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ABSTRACT

Mammal richness, occurrence, diversity and uniformity were assessed in the northwest region of the 
Serra dos Toledos Biological Reserve, in the municipality of Itajubá, Minas Gerais State, Brazil. Richness 
was estimated via direct and indirect methods, and calculated using first- and second-order Jackknife. 
Shannon-Wiener and Simpson’s diversity indices, as well as Pielou’s evenness index, revealed a diverse 
environment, with values of 2.539, 0.8806 and 0.799, respectively. Interpretation of data on such 
diversity aspects indicated ecological heterogeneity in the mammals within the evaluated area. This 
survey identified 24 mammal species: 21 wild and three domestic; it allowed to draw an initial picture 
of the mammal diversity in this forest reserve, given the lack of published data on this fauna group in 
the region. To perform a survey of mammals in such environments, a larger sample effort and in larger 
area is more effective than in a representative area. Moreover, surveys on the geographic distribution 
of mammals in tropical forests are crucial when assessing conservation priorities in South America. The 
presence of humans and domestic mammal species recorded throughout the study reveals the fragility 
of this protected area; thus, monitoring and surveillance should be improved to prevent free movement 
of these individuals within this forest reserve. 

Keywords: Richness; Wild mammals; Endangered species

RESUMO

A riqueza, ocorrência, diversidade e uniformidade de mamíferos foram avaliadas na região noroeste da 
Reserva Biológica Serra dos Toledos no município de Itajubá, Estado de Minas Gerais, Brasil. A riqueza 
foi estimada por métodos diretos e indiretos e calculada usando Jackknife de primeira e segunda 

https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0003-4260-1720
https://orcid.org/0000-0001-9355-6056
https://orcid.org/0000-0003-4568-2220
https://orcid.org/0000-0002-5916-0442


Ci. e Nat., Santa Maria, v. 45, e5, 2023

 | Mammalian biodiversity in a protected area of the Brazilian Atlantic Forest....2

ordem. Os índices de diversidade de Shannon-Wiener e Simpson, bem como o índice de uniformidade 
de Pielou revelaram um ambiente diverso, com valores de 2,539, 0,8806 e 0,799, respectivamente. A 
interpretação dos dados sobre tais aspectos da diversidade indicou heterogeneidade ecológica nos 
mamíferos da área avaliada. Este levantamento identificou 24 espécies de mamíferos: 21 selvagens e 
três domésticos; permitiu traçar um quadro inicial da diversidade de mamíferos desta reserva florestal, 
dada a falta de dados publicados sobre este grupo faunístico na região. Para realizar um levantamento 
de mamíferos em tais ambientes, um esforço amostral maior e em área maior mostra-se mais eficaz 
do que em uma área representativa. Além disso, levantamentos sobre a distribuição geográfica de 
mamíferos em florestas tropicais são cruciais para avaliar as prioridades de conservação na América do 
Sul. A presença de humanos e espécies de mamíferos domésticos registrados ao longo do estudo revela 
a fragilidade dessa área protegida; portanto, o monitoramento e a vigilância devem ser melhorados 
para evitar a livre movimentação desses indivíduos dentro dessa reserva florestal.

Palavras-chave: Riqueza; Mamíferos silvestres; Espécies em extinção

1 INTRODUCTION

Protected Areas (PAs) in Brazil, terrestrial and/or marine, are recognized as Nature 

Conservation Units. They were instituted by the Public Power and are managed by 

legal instruments, which are exclusively dedicated to the protection and maintenance 

of the biological diversity, natural resources and scenic beauty, associated with their 

ecosystem services, which may also include cultural resources (Brasil 2000; IUCN 2008; 

Riondet-Costa 2012; Buitrago 2019). Creation of these areas is an important strategy 

for territorial control, since it establishes use and occupation limits (Milano 2002; 

Buitrago 2019).

Nevertheless, creation of PAs has incorporated other motivations, according to 

cultural, economic and political specificities (Diegues 2008; Buitrago 2019). Scientific 

development, in parallel with the increasing impacts which result from the extraction 

of natural resources and industrial activities, and the consequent decline in global 

biodiversity, prompted the emergence of a new perspective for the PAs: biodiversity 

conservation in a more sustainable basis. In this setting, the rational use of natural 

resources and species management are encouraged (Guerra & Coelho 2009; 

Santamaría et al. 2018).
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Article 7 of Law No. 9,985/2000, which established the National System of 

Conservation Units (NSCU) in Brazil, foresees two PAs groups: Integral Protection, 

of which primary objective is the conservation and preservation of nature, and only 

the indirect use of its resources is allowed (Brasil 2000; Milano 2002; Garbelini 2011); 

and Sustainable Use, of which primary aim is to harmonize nature conservation with 

the sustainable use of part of the existing natural resources (Brasil 2000). Biological 

Reserves are included in the Integral Protection group; their two main goals are to 

preserve the environment in its entirety, and to recover the environment that was 

once changed (Brasil 2000).

According to the NSCU (Brasil 2000), PAs are major instruments employed 

by the public policies to preserve biological diversity and to ensure conservation 

of representative samples of ecosystems, including mammal populations (ICMBio 

2016; Torrecilha et al. 2017; ICMBio 2018a). Therefore, the existence of a protected 

area maintains the integrity of portions of the habitat, protecting against the severe 

population decline of certain species (Torrecilha et al. 2017; ICMBio 2018a). If, on the 

one hand, widely distributed species that struggle with hunting pressure or habitat loss 

can fall into a threatened category, even when protected in PAs, on the other hand, 

many species which have a restricted distribution are considered not threatened for 

occurring in a protected area (Bressan et al. 2009; ICMBio 2018a).

Biological diversity places Brazil as the second country with the greatest number 

of mammal species worldwide (ICMBio 2018a); of the 6,399 extant species (Burgin 

et al. 2018), about 732 species occur in the Brazilian territory (ICMBio 2016, 2018a, 

2018b; Graipel et al. 2017). Comparing, for example, four of the latest published lists of 

Brazilian mammals, one can notice an advance in knowledge regarding the oscillation 

in the number of species (ICMBio 2016; Graipel et al. 2017; ICMBio 2018a, b). Among 

them, 110 were officially considered as threatened (15%) (ICMBio 2016, 2018b).

The Atlantic Forest biome is one of the richest ecosystems worldwide in terms of 

diversity and endemism of plant and animal species; it has approximately 321 species 
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of mammals, 89 of which are endemic (Paglia et al. 2012; Silva 2017). Knowledge on 

Brazilian mammal richness and diversity is rising due to factors as new techniques 

employed to determine species, the growing number of taxonomists/systematics, 

the use of different species and subspecies concepts, new capturing techniques, and 

preparation of inventories in areas considered unexplored in zoological terms (Graipel 

et al. 2017). In the ranking of endangered species, the Atlantic Forest occupies an 

“uncomfortable” first place; of the 1,173 endangered fauna species in Brazil, 593, that 

is, just over 50%, are from the Atlantic Forest, and, of these, 452 are endemic to this 

biome (ICMBio 2018a).

The great biodiversity of the Atlantic Forest, considering the different scales 

of understanding of this term, is one of the reasons for its recognition as a hotspot, 

alongside another 33 regions in the planet (Bononi 2010; Silva 2017). In addition to the 

biodiversity, the region is under high threat of destruction, thus being a priority for 

the conservation of biological diversity worldwide (Galindo-Leal & Câmara 2005; Silva 

2017). Even so, due to the increasing loss and fragmentation of habitats and other 

anthropic activities, more and more species are threatened with extinction, many of 

which remain unknown (Alle Son & Dick 2012; Graipel et al. 2017; ICMBio 2018a, b).

Mammals are considered a good group to indicate ecosystem integrity for playing 

several ecological roles, in addition to certain species having requirements regarding 

the quality of the environment (Luiz, 2008; Jorge et al. 2013; Paise et al. 2020). The use 

of the mammal group may be an essential tool to monitor the tendencies of an entire 

ecosystem, thus being considered as bioindicators (Morrison et al. 2007; Jorge et al. 

2013; Graipel et al. 2017). According to Morrison et al. (2007) and Graipel et al. (2017), 

studies measuring the presence and richness of mammalian species can indicate how 

the environment responds to anthropic pressures.

The loss and low population of mammals in the Atlantic Forest can cause changes 

in the ecological interactions they maintain (Brocardo 2011; Jorge et al. 2013), with 

consequences for the forest composition and future of the biome (Brocardo 2011). 
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Understanding which factors are responsible for maintaining mammalian species and 

which threats they suffer is fundamental to direct efforts towards the conservation 

of mammals and of the entire forest (Jorge et al. 2013; Graipel et al. 2017). Almeida 

(2016) indicates that mammals play a vital role in the maintenance and regeneration 

of tropical forests, with functions in structuring biological communities, predation, 

seed dispersal, pollination, plant growth control through herbivory and frugivory, and 

actively helping in the processes that influence the dynamics and maintenance of 

these ecosystems.

In view of the importance of mammals and their habitat for biodiversity 

conservation of this specific biome as well as of all areas where the wild animals of 

South American occur (Coelho et al. 2018), this research aims to survey mammalian 

species in the Serra dos Toledos Biological Reserve (in the municipality of Itajubá, 

Minas Gerais State), within the Brazilian Atlantic Forest, and obtain data on richness, 

occurrence, diversity, and uniformity.

2 METHODS

2.1 Description of the Study Area

The study was carried out in the Serra dos Toledos Biological Reserve. This 

important fragment of the Atlantic Forest was created by Municipal Law nº 2,088/1996 

(Itajubá 2009) and sits entirely within the territory of the municipality of Itajubá 

(Fig. 1). It has a total area of 1,128.60 hectares and is covered by original vegetation 

represented by Dense and Mixed Ombrophilous Forests. Besides being rich in water 

resources, the reserve also has a great diversity of endemic fauna and flora species 

(Itajubá 2002). Moreover, it is located next to another important protected area, the 

Serra da Mantiqueira Environmental Protection Area, which is the most significant 

portion of preserved Atlantic Forest in the southern region of Minas Gerais State and 

houses a great diversity of endemic fauna and flora species (Itajubá 2002).
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Figure 1 – Geographic location of the Serra dos Toledos Biological Reserve, in the 

municipality of Itajubá, Minas Gerais State, Brazil, and georeferenced sampling points 

where the camera traps and the active search visualization points were set

Source: Authors’ private collection (December 2021)

2.2 Data collection

Data was collected in a 24.77-ha area in the northwest region of the reserve, which 

represents 2.31% of its total area. The methods used to select the areas were based on 

previously observed selective criteria: sites of vestiges, dens and footprints visualization, 

and around bodies of water which are useful and indispensable for animal desedentation 

(Becker and Dal Ponte 1999; Pardini et al. 2003; Reis et al. 2014). Sixteen georeferenced 

sampling points were selected with a 010-00970-00 Garmim eTrex 10 GPS (Fig. 1).

The initial twelve points (01 to 12) are where the camera traps were positioned. 



Ci e Nat., Santa Maria, v. 45, e5,  2023

  Roma, T. N.; Riondet-Costa, D. R. T.; Reis, L.F.; Botezelli, L. | 7

The last four points (13, 14, 15, and 16) refer to where certain species were sighted 

during active search: Lontra longicaudis, point 13; Sciurus aestuans, point 14; Didelphis 

aurita, point 15; and Callithrix aurita and Dasyprocta leporina, point 16 (Fig. 1). Data 

collection occurred from April 29, 2018, to December 27, 2019. The area was visited 

during day-time inspections and, sometimes, until dusk, fortnightly.

The following methods were used in combination to estimate mammal richness: 

indirect method of active search for vestiges on the banks of streams and trails (Becker 

& Dal Ponte 1999; Pardini et al. 2003; Moro-Rios et al. 2008; Reis et al. 2009, 2014; 

Siviero & Setz 2011); and direct methods of visualization in line transects using eight 

camera traps (four Tigrinus Digital® and four Bushnell ThrophyCam®) equipped with 

motion and infrared sensors (Silveira et al. 2003; Tomás & Miranda 2003; Tobler et al. 

2015; Welbourne et al. 2016).

The photographic records were made daily from April 29 to December 27, 2018, 

using Tigrinus Digital® cameras, and from December 28, 2018, to June 4, 2019, using 

Bushnell ThrophyCam® cameras, totaling 371 sampling days with the cameras being 

placed at 12 distinct points within the reserve. The devices were preferably installed 

along trails or close to watercourses at a distance of approximately 100 m apart, fixed 

on tree trunks at 30 to 40 cm above the ground; no baits were used. The geographic 

coordinates of each point were taken with a Garmim eTrex 10 GPS (Santos & Mendes-

Oliveira 2012).

Confirmation of direct and indirect records and species identification and classification 

were performed in laboratory using field guides and specialized literature (Becker & Dal 

Ponte 1999; Moro-Rios et al. 2008; Reis et al. 2009, 2014; Siviero & Setz 2011). Additionally, 

consultations helped solve any uncertainty regarding safe identification of species.

Data collection related to species richness enabled analysis via occurrence, 

diversity and uniformity. The City Hall of Itajubá, Minas Gerais State, Brazil, granted 

permission (Nº 004/2018/SEMEA) for the development of the present scientific research 

(Supplementary Material).
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2.3 Data analysis

Analyses were carried out after having performed the field data collection to 

determine species richness, occurrence, diversity and uniformity. All images of the 

same species obtained in 24 h from all cameras corresponded to one record.

Richness was estimated by first jackknife, which is a non-parametric species 

rich estimator (Zahl 1977; Burnham & Overton 1978, 1979; Palmer 1991; Hellmann & 

Fowler 1999). 

The surveyed animals were related to their conservation status or degree of 

threat in three official lists of wild fauna species: at global level, as in the IUCN Red List 

of Threatened Species (IUCN 2016); at national level, according to the Brazil Red Book of 

Threatened Species of Fauna (ICMBio 2018b); and at regional level, as in Minas Gerais 

State Red List of Endangered Species, in COPAM Normative Resolution no. 147/2010 

(Minas Gerais 2010).

The species were classified into trophic guilds as in Marinho-Filho et al. (2002) 

and Dalponte (2009) by using the predominant feeding habit. The taxa were defined 

according to the species nomenclature followed by Paglia et al. (2012). Exotic species 

are those occurring outside their natural range, that is, outside their area of occurrence, 

as in Falk-Petersen et al. (2006).

The species diversity obtained for each point by camera trapping was analyzed 

via the Shannon-Wiener diversity index (H’), as described by Magurran (1988). 

The Simpson’s index (1/D), a measure of heterogeneity, was calculated in order to 

complement the diversity analysis, as proposed by Alatalo and Alatalo (1977) and 

Routeldje (1979). The Pielou’s evenness index (J’) was applied to measure uniformity of 

the species. The evenness index ranges in value from 0 to 1.0, where 1 represents the 

maximum diversity. The PAST program (version 3.0) was used to statistically analyze 

the data regarding the above mentioned indices.

Species occurrence (presence/absence) was considered throughout the 

surveyper, and the number of records for each species represented the frequency of 
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occurrence. Species occurrence was also expressed by the total amount of photographic 

records for each species in relation to the total amount of photographic records for all 

species, expressed as percentage and graphically presented (Fig. 2).

Figure 2 – Frequency of occurrence for the species surveyed via camera trapping in the 

Serra dos Toledos Biological Reserve, municipality of Itajubá, Minas Gerais State, Brazil

Source: Authors’ private collection (December de 2021)

3. RESULTS 

3.1 Species Richness

This study recorded 24 mammals; 21 of them were wild, ranging from small- 

to large-sized species, and three were domestic. The surveyed animals belong to 13 

families and eight orders. With the total richness surveyed, classification into trophic 

guilds was performed as described by Marinho-Filho et al. (2002) and Dalponte 

(2009). The species were included into four trophic guilds, with a predominance of the 

carnivore category (Table 1). 
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Table 1 – Mammal richness in the Serra dos Toledos Biological Reserve, municipality of 

Itajubá, Minas Gerais State, Brazil

(Continue)

TAXON COMMON NAME RT CT TG
ARTIODACTYLA
Bos taurus taurus* Cattle As - GR
CARNIVORA
Canidae ON
Cerdocyon thous 
(Linnaeus, 1766)

Crab-eating fox Ct - CA

Lycalopex gymnocercus 
(G. Fischer, 1814)

Pampas fox Ct - CA

Chrysocyon brachyurus 
(Illiger, 1815)

Maned wolf As/Ct
NT (IUCN), VU 

(BR, MG)
CA

Canis familiaris 
(Linnaeus, 1758)*

Domestic dog As/Ct - ON

Felidae
Puma concolor 
(Linnaeus, 1771)

Puma Ct VU (BR, MG) CA

Leopardus pardalis 
(Linnaeus, 1758)

Ocelot Ct VU (MG) CA

Leopardus guttulus 
(Hensel, 1872)

Southern Tiger Cat Ct
VU (IUCN, BR, 

MG)
CA

Procyonidae
Nasua nasua 
(Linnaeus, 1766)

South American coati Ct - CA/ON

Mustelidae
Lontra longicaudis 
(Olfers, 1818)

Neotropical otter As
NT (IUCN), VU 

(MG)
CA

Eira barbara 
(Linnaeus, 1758)

Tayra Ct - CA

CINGULATA
Dasypodidae
Euphractus sexcinctus 
(Linnaeus, 1758)

Yellow armadillo Ct - ON

CHIROPTERA
Unidentified Bat (U/I) Ct - -
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Table 1 – Mammal richness in the Serra dos Toledos Biological Reserve, municipality of 

Itajubá, Minas Gerais State, Brazil

(Conclusion)
TAXON COMMON NAME RT CT TG

DIDELPHIMORPHIA

Didelphidae
Didelphis aurita (Wied-
Neuwied, 1826)

Brazilian common 
opossum

As - IN/ON

Didelphis albiventris 
(Lund, 1840)

White-eared opossum Ct - IN/ON

Philander frenatus 
(Olfers, 1818)

Southeastern four-eyed 
opossum

Ct - IN/ON

Gracilinanus microtarsus 
(Wagner, 1842)

Brazilian gracile 
opossum

Ct - IN/ON

PERISSODACTYLA
Equidae
Equus ferus caballus* Horse As - GR
PRIMATA
Cebidae
Cebus nigritus (Goldfuss, 
1809)

Black-horned capuchin Ct
NT (IUCN), VU 
(BR), EN (MG)

ON/FR

Callitrichidae
Callithrix aurita (É. 
Geoffroy, 1812)

Buffy-tufted-ear 
marmoset

As
VU (IUCN), EN 

(BR, MG)
IN/FG/ON

RODENTIA
Dasyproctidae
Dasyprocta leporina 
(Linnaeus, 1758)

Red-rumped agouti As - FG/IN

Cuniculidae -
Cuniculus paca (Wagler, 
1830)

Agouti Ct - FG

Sciuridae
Sciurus aestuans 
(Linnaeus, 1766)

Guianan squirrel As/Ct FG

                 - Rodent (U/I) Ct - -

Source: Authors’ private collection (December de 2021). Record type (RT) - Ct: Camera trap; As: Active 
search (visualization). Category of Threat (Ct) - EN: Endangered; VU: Vulnerable; NT: Near threatened; 
*exotic species; Trophic Guild (TG) - FG: Frugivore; GR: Granivore; ON: Omnivore; CA: Carnivore; IN: 
Insectivore. MG = Minas Gerais; BR = Brazil; IUCN (International Union for Conservation of Nature). U/I: 
unidentified
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Regarding the category of threat of the registered taxa, seven are included in 

the Minas Gerais State Red List of Endangered Species (Minas Gerais 2010): Chrysocyon 

brachyurus (Illiger 1815), Puma concolor (Linnaeus 1771), Leopardus pardalis (Linnaeus 

1758), Leopardus gutulus (Hensel 1872), L. longicaudis (Olfers 1818), Cebus nigritus (Goldfuss 

1809) and C. aurita (É. Geoffroy 1812). C. brachyurus (Illiger 1815), L. gutulus (Hensel 1872), 

C. nigritus (Goldfuss 1809) and C. aurita (É. Geoffroy 1812) are classified as endangered 

species both in the Brazil Red Book of Threatened Species of Fauna (ICMBio 2018b) and in 

the IUCN Red List of Threatened Species (IUCN 2016). P. concolor (Linnaeus 1771) is listed 

in the Brazil Red Book of Threatened Species of Fauna (ICMBio 2018b), and L. longicaudis 

(Olfers 1818) in the IUCN Red List of Threatened Species (IUCN 2016).

3.2 Species Occurrence

Camera trapping allowed to verify the occurrence of several wild species in the 

371 sampling days. Based on the constancy of occurrence, the most frequently-occurring 

species were Eira barbara (31%) and C. brachyurus (31%) (Fig. 2); the latter is classified as 

a near-threatened species by the IUCN Red List of Threatened Species (IUCN 2016) and 

as a vulnerable species by the Brazil Red Book of Threatened Species of Fauna (ICMBio 

2018b) and by the Minas Gerais State Red List of Endangered Species (Minas Gerais 

2010). With a frequency of occurrence of 1% each, D. aurita, D. leporina and P. concolor 

were the least frequently observed species (Fig. 2). P. concolor is listed as vulnerable 

both in the Brazil Red Book of Threatened Species of Fauna (ICMBio 2018b) and in the 

Minas Gerais State Red List of Endangered Species (Minas Gerais 2010).

The richness estimated by the jackknife method is graphically shown (Fig. 3). 

The collection effort (rarefaction), considering each survey sighting, was standardized 

at 371 Trap/day, with a 95% CI. This technique has been used by ecologists to perform 

quantitative comparisons between sets of species (Sanders 1968; Colwell & Coddington 

1994; Gotelli & Colwell 2001). The species accumulation curves of the present study 

were adjusted with the first-order jackknife estimator; 34 species were estimated, being 
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registered in area 24. The second-order jackknife estimated a richness of 41 species 

(Fig. 3). Such data evidence that the Serra dos Toledos Biological Reserve is a rich 

area that must be preserved, and thus requires the implementation of conservation 

strategies.

Figure 3 – Collector curve (rarefaction) considering each survey sighting as a sampling 

unit using first- and second-order jackknife for the sampled area, Serra dos Toledos 

Biological Reserve, municipality of Itajubá, Minas Gerais State, Brazil

Source: Authors’ private collection (December de 2021)

There was no stabilization of the species accumulation curve (red line) in the 

current assessment, but more species can be found in the study area. According to 

this estimate, ten (first-order jackknife) or 17 (second-order jackknife) species remain 

to be found in the surveyed area (Fig. 4). Therefore, the sampling site requires more 

survey time, or more areas should be sampled within the reserve in order to collect all 

the species it contains.

ackknife estimates the potential species richness; so, it estimates the amount of 

species that could still exist in the area but were not sampled (Santos 2003; Magurran 

2011). Therefore, the jackknife technique was developed to be applied in studies 

comprising different taxonomic groups, and it considers the occurrence of rare species 
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(species occurring at low frequencies). This estimator should not be strictly interpreted 

or considered when used to assess wild species, since fauna displacement may occur 

and there may be more species than those estimated ones (Walther and Martin 2001; 

Herzog et al. 2002).

Figure 4 – Collection effort curves considering the sampling unit (survey point) in the 

Serra dos Toledos Biological Reserve, municipality of Itajubá, Minas Gerais State, Brazil

Fonte: Authors’ private collection (December 2021)

3.3 Diversity and Uniformity

Data collected through camera trapping indicated a Shannon-Wiener diversity 

index (H’) of 2.539; this is a relevant value, since the diversity index is typically between 

1.5 and 3.5 (Magurran 1988).  The Simpson’s index (1/D) was also employed in the 

present research to improve results’ reliability; analyses found a value of 0.8806, 

which indicates species diversity and the absence of a dominant species. Moreover, 

a Pielou’s evenness index (J’) of 0.799 was found, thus demonstrating that abundance 

between species is similar; it refers to relatively homogeneous environments, since 

its value is constrained between 0 and 1.0. The diversity, heterogeneity and evenness 

indices showed no significant differences, although the Simpson’s index presented a 

considerable value, evidencing no tendency towards the dominance of one species.
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4 DISCUSSION

4.1 Species Richness 

This study revealed that, despite the small sampling area of the surveyed forest 

fragment (24.77 ha), a relatively high species richness was found in comparison with 

studies conducted in other PAs fragments in the Atlantic Forest Preuss et al. (2016). 

Thus, the assessed area requires further investigation, and more efforts should be 

made targeting its conservation. Although most of the surveyed species do not appear 

in categories of threats on the official lists, it does not mean that they are not impacted 

by anthropogenic activities responsible for habitat degradation and fragmentation 

Rossaneis (2014). These species possibly present greater plasticity and tolerance to 

such effects, besides having a wide geographical distribution, as cited by Preuss et al. 

(2016). Thus, species prioritization is a key component of conservation strategies 

(Brocardo (2011). However, it is not easy to identify threatened species of many taxa 

that require information on distribution (Bressan, Kierulff, Sugieda, 2009).

Earlier investigations have assessed species richness throughout Brazil. In 

Rio de Janeiro State, Araujo et al. (2008) registered 12 species within two Biological 

Reserves with a total area of 7.990 ha. In the west of Santa Catarina State, Preuss et al. 

(2016) found a richness of 23 species in a 220-ha area. In the southwest of Paraná 

State, Wolfart et al. (2013) recorded 20 taxa in a remnant of 220 ha of Atlantic Forest; 

in the north of the same state, Rossaneis (2014) observed 14 taxa in four small forest 

remnants (fragments) with a total area of 27.4 ha. The distinct sizes of the surveyed 

areas, different sampling efforts and the combination of methodologies employed in 

these investigations may account for the differences in the number of registered taxa.

Was surveyed in this study (24) species in comparison to the work of Bovo et 

al. (2018), which reported six small and 16 medium or large species, totaling 22, in 

three forest fragments of 10, 14, and 26 ha within the Atlantic Forest biome; thus, 

the assessment was performed in a 50-ha area, which is two times larger than the 
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fragment sampled in the current research. In view of that, the importance of the Serra 

dos Toledos Biological Reserve as an essential area of preservation is demonstrated.

This investigation found a predominance of the carnivore category. According 

to Machado et al. (2008), carnivores are important for natural ecosystems and for 

conservation of biodiversity in general; as large areas are required to maintain viable 

populations, all efforts towards protecting areas large enough for these species also 

preserve the other animals within the community. Carnivores play an important role in 

keeping ecosystems balanced, since they occupy the top of the food chain and require 

large areas so that sufficient prey is available. Thus, habitat destruction, fragmentation 

and alteration constitute the greatest threats to the survival of the wild species within 

this ecological guild (Machado et al. (2008); Jorge et al. 2013).

All members of the Family Felidae registered in this survey are under the threat 

category at global, national and regional levels. Crooks et al. (2011) and Monroy-Vilchis 

et al. (2019) state that mammals are among the most threatened groups: 27% of the 

species are in danger of becoming extinct. Fragmentation aggravates edge effects, affects 

movement of individuals and reduces connectivity between parts of a landscape (Machado 

et al. (2008). Besides such threats, particular features of wild felids as low population 

density, large home ranges and slow population growth make the probability of extinction 

even greater. It must be highlighted that surveys are the basis for designing specific and 

effective strategies based on the peculiarities of the assessed areas with the aim to ensure 

long-term conservation of ecosystems and species (Monroy-Vilchis et al. 2019).

4.2 Species Occurrence

C. brachyurus is the largest canid of South America (Dietz 1985; Silva 1994), and 

its threat category varies depending on the country (Paula et al. 2013). It used to occur 

in open habitats in the entire continent, but there has been a significant reduction in 

its distribution, especially in the southernmost parts of its former geographic range 

(Torres et al. 2013). Reports on the distribution of this species may reveal the causes 
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which contribute to its decline as well as indicate its current global distribution (Coelho 

et al. 2018). The fact that C. brachyurus is found in official fauna lists at global, national 

and regional levels reinforces the relevance of the studied area. Coelho et al. 2018 

pointed to the southeast and center of Brazil as some of the most favorable areas for 

the presence of this carnivore, along with the northeast of Argentina and the south of 

Paraguay. It is crucial to detect the distribution of C. brachyurus in South America in 

order to guide conservation measures to improve its status.

Santos (2003) claims that when the curve stabilizes (i.e., reaches a point where 

the increase in the collection effort does not imply an increase in the number of 

species), it means that approximately all the richness in the area has been sampled. 

The average frequency of occurrence of L. pardalis in relation to that of P. 

concolor found in this assessment is in line with the results of Massara et al. (2018); 

these authors observed enhanced nocturnal activity of L. pardalis where the probability 

of P. concolor occupancy was high, and also where there was more pasture or close to 

human settlements. Thus, temporal segregation seems to be a strategy adopted by L. 

pardalis in fragments of the Atlantic Forest so that coexistence with P. concolor and 

humans may occur (and/or vice versa). However, the current scenario of degradation 

seen in the Atlantic Forest does not ensure that segregation of L. pardalis will allow it 

to persist within the protected area.

4.3 Diversity and Uniformity

The lower the anthropic interference, the greater the H’, that is, the diversity 

index is related to the level of environmental disturbance. In the north of Paraná 

State, Brazil, Rossaneis (2014) registered diversity indices ranging from 1.97 to 2.02 

in Atlantic Forest remnants with areas varying from 5.4 to 15 ha, respectively. Such 

comparisons indicate that Shannon-Wiener indices above 2.0 in the Atlantic Forest are 

only recorded in heterogeneous areas in good conservation status (Patterson et al. 

2003; Dias et al. 2008; Pires & Fabián 2013).
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The analyses performed in this assessment evidenced the importance of 

conserving this protected area and the need for effective management, given the 

number of species (richness) found in a spot which represents only 2.3% of the 

total area of the reserve. Considerable diversity, occurrence of threatened species 

and uniformity between species were also demonstrated by the findings. This great 

biodiversity struggles with the anthropic pressures of degradation and fragmentation, 

so this forest reserve needs protection.

Another relevant fact refers to the adequate use of the information collected by 

the entities in charge of managing this Conservation Unit, thus encouraging knowledge 

appropriation practices; in this way, the local community and the society in general 

can combine nature conservation with sustainable planning. The Serra dos Toledos 

Biological Reserve is one of the PAs in Minas Gerais State with a predominance of the 

Atlantic Forest. It ranks among the world’s top biodiversity hotspots, and its restoration 

represents a huge challenge. Knowledge on the ecology of mammalian species is of 

great importance to restore this biome, since they play a role in the biological dynamics 

of Neotropical forests. The understanding of such dynamics as well as the knowledge 

on the populations inhabiting forest fragments are also essential to design effective 

conservation management plans.

Further research considering the individual identification of the sampled 

specimens is suggested. The gathered information would enable the development 

of a population-based approach in the surveyed area as well as in the region, thus 

contributing to population studies on forest mammals. Such inventories are highly 

valuable for biodiversity conservation, especially when conducted in the long-term to 

allow comparisons over time.

5 CONCLUSIONS

This study registered 24 mammals ranging from small- to large-sized species 

belonging to 13 families and eight orders. It contributed to improve knowledge 
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regarding the mammals inhabiting this region as well as their importance within this 

ecosystem, all of which are essential to support and guide conservation management 

plans in this Conservation Unit.

Significant results were found regarding species diversity, which was obtained 

by camera trapping. Data indicated a significant Shannon-Wiener diversity index (H’) of 

2.539; it is worth mentioning that the diversity index is typically between 1.5 and 3.5. 

As for species occurrence, attention must be drawn to the presence of C. brachyurus, 

which is classified as a near-threatened species by the IUCN Red List of Threatened 

Species and as a vulnerable species by the Brazil Red Book of Threatened Species of 

Fauna and by the Minas Gerais State Red List of Endangered Species.

Another relevant fact refers to the need for conservation efforts and effective 

management of this PA, since a relatively high species richness was found in a reduced 

sampling unit (2.3% of the total area) along with a significant diversity, the occurrence 

of threatened species and the uniformity between these species.

The Serra dos Toledos Biological Reserve forest is one of the world’s top 

biodiversity hotspots, and its restoration poses a great challenge; it requires knowledge 

on the ecology of the mammal species that occur within this area since they play vital 

roles in the biological dynamics of Neotropical forests. Such dynamics needs to be 

well-understood.
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