
 

 

 

 

 

 

 

 

IRMA ALEJANDRA SOTO WERSCHITZ 

 

 

 

 

EFFECT OF HABITAT AND LANDSCAPE 

FRAGMENTATION ON THE MEDIUM AND LARGE 

MAMMALIAN COMMUNITIES IN THE SOUTHEASTEARN 

ATLANTIC FOREST IN MINAS GERAIS 

 

 

 

 

 

 

 

 

LAVRAS-MG 

2023 
 



IRMA ALEJANDRA SOTO-WERSCHITZ 

 

 

 

 

 

 

 

 

EFFECT OF HABITAT AND LANDSCAPE FRAGMENTATION ON THE MEDIUM 

AND LARGE MAMMALIAN COMMUNITIES IN THE SOUTHEASTEARN 

ATLANTIC FOREST IN MINAS GERAIS 

 

 

 

 

 

Tese apresentada à Universidade Federal de 

Lavras, como parte das exigências do Programa de 

Pós-Graduação em Ecologia Aplicada, área de 

concentração Ecologia e Conservação de Recursos 

em Paisagens Fragmentadas e Agrossistemas, para 

a obtenção do título de Doutora. 

 

 

 

 

 

 

Prof. Dr(ª). Marcelo Passamani 

Orientador 

 

Prof. Dr(ª). Salvador Mandujano 

Coorientador 

 

 

 

LAVRAS-MG 

2023 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



IRMA ALEJANDRA SOTO WERSCHITZ 

 

 

EFEITO DA FRAGMENTAÇÃO DE HABITAT E PAISAGEM SOBRE AS 

COMUNIDADES DE MAMÍFEROS DE MÉDIO E GRANDE PORTE DA MATA 

ATLÂNTICA SUDESTE DE MINAS GERAIS:  

 

EFFECT OF HABITAT AND LANDSCAPE FRAGMENTATION ON THE 

MEDIUM AND LARGE MAMMALIAN COMMUNITIES IN THE 

SOUTHEASTEARN ATLANTIC FOREST IN MINAS GERAIS:  

 

 

Tese apresentada à Universidade Federal de 

Lavras, como parte das exigências do Programa de 

Pós-Graduação em Ecologia Aplicada, área de 

concentração Ecologia e Conservação de Recursos 

em Paisagens Fragmentadas e Agrossistemas, para 

a obtenção do título de Doutora. 

 

 

 

 

 

APROVADA em 13 de março de 2023. 

Dr(ª). REUBER ALBUQUERQUE BRANDAO, UFLA 

Dr(ª). MARCONI SOUZA SILVA, UFLA 

Dr(ª). NELSON HENRIQUE DE ALMEIDA CURI, UNILAVRAS 

Dr(ª). JORGE IGNACIO SERVÍN MARTÍNEZ, UAM, MÉXICO 

 

 

 

 

 

Prof. Dr(a). Marcelo Passamani 

Orientador(a) 

 

Prof. Dr(a). Salvador Mandujano 

Coorientador(a) 

 

 

LAVRAS-MG 

2023 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ao Paolo e Heliangelus por estarem ao meu lado todos os dias, nos momentos de indiferença 

e nos mais criativos.  

Às minhas testemunhas silenciosas, das quais só pude me despedir à distância, minha mãe 

(Irma Werschitz) e meu pai (Jaime Soto). 

À Iván, Laritza, César e Jaime, por estarem ao meu lado incondicionalmente. Muito obrigada 

meus irmãos. Vocês estão sempre em meu coração. 

À bola peluda, meu suposto apoio emocional durante a pandemia da covid. 

DEDICO 



ACKNOWLEDGMENT 

To Marcelo Passamani, my director of these. I will always remember her surprised face 

when she knows I am in Brazil. Thanks to accepting me as your student, by supporting the 

project with the species Nasua nasua - it was only a dream -. And of course, by supporting our 

plan B, which we implemented due to covid. Thank you, Marcelo! I will always remember your 

visits and our conversations. It was great meeting and working with you. 

To Salvador Mandujano, for being my co-tutor. We have kept in touch, but this reunion 

has been great. Thank you for sharing your knowledge and that of your team through the courses 

in Mexico. 

To the Jurors of this Thesis for their contributions to the improvement of this work: 

Marconi Souza, Reuber Albuquerque, Jorge Servín, Nelson Curi, and substitutes, Paulo 

Pompeu, and Clarissa Alves.  

To Renato Gregorin and Eduardo Van Den Berg, for the accompaniment during or 

development of the doctoral project and by the presence and all suggestions of my four 

accompaniments.  

To those professors of the Graduate Program in Applied Ecology, who contributed to 

my doctoral training with their teachings and good conversations. 

To the Federal University of Lavras, Brazil, for allowing me to enjoy a beautiful 

university campus and for granting me an Institutional Scholarship as a Professor at Nucli 

UFLA.  

To PAEC-OAS-GCUB Program, Organization of American States (OEA), International 

Cooperation Group of Brazilian Universities (GCUB), Alliance Program for Education and 

Training (PAEC) for granting me a scholarship for my doctoral studies. 

This study was financed in part by the Coordenação de Aperfeiçoamento de Pessoal de 

Nível Superior – Brasil (CAPES) – Finance Code 001. 

To the Biodiversity Conservation in Hyper-fragmented Tropical Forest Project (Hyper-

Frag) supported by the Conselho Nacional de Desenvolvimento Científico e Tecnológico 

(CNPq). To for allowing us to be part of your work team, trusting in LECOM.  

To Spatial Ecology and Conservation Laboratory (LEEC) at UNESP Rio Claro for 

providing the necessary landscape metrics for the analysis. 

To Ellen Cristina de Carvalho for being that smiling person, always willing to guide me 

in my administrative process as a student at UFLA. 

To the Gammon Presbyterian Institute and the Director Dr. Allyson Massote, for the 

study scholarship for my daughter. This was an excellent opportunity to do the doctorate 

without worries. 



To all the beautiful people I met in Brazil and who accompanied me at different times, 

all of them special. 

To my brothers for always helping me, and for making it easier for me to visit them in 

Mexico. Specially to my two loves, Heliangelus and Paolo. Thank you for always being there 

for me, and for being witnesses of the whole path lived in Brazil.  

I love you family! 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



RESUMO 

A quantidade de habitat e a fragmentação das paisagens na Mata Atlântica brasileira contribuem 

para o declínio da população e extinção de espécies, especialmente de especialistas florestais. 

Descrevemos a composição da comunidade de mamíferos de médio e alto porte no sudeste da 

Mata Atlântica de Minas Gerais e analisamos como as assembleias de mamíferos respondem à 

diferentes variáveis da paisagem. Especificamente: (1) descrever a diversidade, abundância e 

ocupação naïve da comunidade de mamíferos, (2) comparar a diversidade alfa, abundância 

relativa e ocupação naïve das assembleias de mamíferos entre floresta sazonal e floresta 

ombrófila, (3) determinar como a quantidade de habitat, área núcleo, tamanho do fragmento, 

área do fragmento focal, e conectividade estrutural e funcional, influenciam a riqueza das 

comunidades de mamíferos nativos, especialistas, generalistas e exóticos e (4) conhecer a beta-

diversidade entre todos os fragmentos e entre a floresta estacional e ombrófila. Adicionalmente, 

(5) apresentamos uma breve comunicação com o primeiro registro de cachorro-vinagre 

(Speothos venaticus) na Mata Atlântica de Minas Gerais, e (6) produzimos o vídeo “Selfies na 

Mata Atlântica” para divulgar os resultados obtidos nesta tese. Realizamos esta pesquisa entre 

janeiro de 2019 a março de 2020 em 28 fragmentos da Mata Atlântica, em 15 municípios de 

Minas Gerais e um do Rio de Janeiro. Identificamos uma diversidade gama de 33 espécies, 

principalmente das ordens Carnivora e Artiodactyla. Os perfis de diversidade alfa e equidade 

não diferiram entre as florestas, e a abundância relativa diferiu apenas para Leopardus wiedii. 

A ocupação naïve não atingiu a completude (naïve≠1), variando entre 5% – 68%, sendo que as 

espécies Eira barbara e Didelphis aurita apresentaram os maiores valores. As diferenças entre 

os dois tipos de vegetação foram dadas pela β-diversidade, que corresponde praticamente à 

rotatividade de espécies entre as florestas. Portanto, devemos conservar os remanescentes 

florestais nativos, sazonais e ombrófilas, para garantir a persistência dos mamíferos nativos, 

principalmente as espécies mais ameaçadas. A inferência multimodelo confirmou a hipótese 

espécie-área apenas para espécies especialistas, cuja riqueza respondeu positivamente na escala 

de 3000 m. As espécies exóticas responderam negativamente na escala 1000 m, e as espécies 

generalistas e nativas não responderam significativamente à percentagem da quantidade de 

habitat. No entanto, ao comparar o efeito da quantidade de habitat com as outras métricas da 

paisagem, descobrimos que a conectividade funcional é o modelo mais parcimonioso, para 

espécies nativas e especialistas. Além disso, encontramos uma alta diversidade beta e 

substituição de espécies entre os locais (90% e 85%, respectivamente) e uma baixa nidificação 

de espécies (4%). Em conclusão, cada grupo de mamíferos responde de maneira diferente às 

métricas da paisagem em uma grande escala espacial, portanto, para detectar o efeito das 

métricas da paisagem, é necessário considerar grupos de espécies, nativas, especialistas, 

generalistas e exóticas. Esses resultados destacam a importância de promover a conectividade 

funcional entre os fragmentos florestais e aumentar os -stepping stones- a fim de favorecer a 

conservação de um maior número de espécies e reduzir a extinção das espécies especialistas na 

Mata Atlântica brasileira de Minas Gerais.  
 

Palavras-chave: Comunidade de mamíferos. Diversidade. Fragmentação. Perda de habitat. 

Inferência multi-modelo. Speothos venaticus.  
 

 

 

 

 

 

 



ABSTRACT 

The habitat amount and fragmentation of landscapes in the Brazilian Atlantic Forest contribute 

to population size declines and species extinction, especially for forest specialists. We describe 

the composition of medium and high mammals’ community in the southeastern Atlantic Forest 

of Minas Gerais and analyzing how mammal assemblages respond to landscape and different 

landscape variables. Specifically: (1) describe the diversity, abundance, and naïve occupancy 

of the mammal community, (2) compared the α, relative abundance and naïve occupancy of the 

mammal assemblages between seasonal and ombrophilous forest, (3) determine how the habitat 

amount, core area, patch size, area of the focal fragment, structural and functional connectivity, 

influences the richness of native, specialist, generalist, and exotic mammalian communities, 

and (4) know the beta-diversity across the all fragments and seasonal and ombrophilous forests. 

Additionally, (5) we present a short communication with the first record of bush dog (Speothos 

venaticus) in the Minas Gerais Atlantic Forest, and (6) we produce the video “Selfies in the 

Atlantic Forest” to disseminate the results obtained in this thesis. We conducted this research 

between January 2019 to March 2020 in 22 fragments in the southeastern Brazilian Atlantic 

Forest, in 15 municipalities of Minas Gerais and one of Rio de Janeiro. We identified a gamma 

diversity of 33 species, principally of the orders Carnivora and Artiodactyla. Alpha diversity 

and evenness profiles were not different between seasonal and ombrophilous forests, and the 

relative abundance only differed for Leopardus wiedii. The naïve occupancy did not reach 

completeness (naïve≠1), ranging between 5% – 68%, and the species Eira barbara and 

Didelphis aurita had the highest values. The differences between the two types of vegetation 

were given by the β-diversity, corresponds practically to the species turnover between forests. 

Therefore, we must conserve native forest remnants, seasonal and ombrophilous, to ensure the 

persistence of native mammals, mainly the most threatened species. The inference multi-model 

confirms the species-area hypothesis only to specialist species, their richness responds 

positively at the scale of 3000 m. The exotic species responds negatively at the scale 1000 m, 

and the generalist and native species did not respond significantly to percentage the habitat 

amount. However, when contrasting the effect of habitat amount with the other metrics of 

landscape, we found the functional connectivity is the most parsimonious model, for native and 

specialist species, indicating a possible threshold to ensure their occurrence. Additionally, we 

found a high beta diversity and species substitution between sites (90% and 85% respectively), 

and low species nesting (4%). In conclusion, we found that each group of mammals responds 

differently to the landscape metrics at a large spatial scale, therefore, to detect the effect of 

landscape metrics requires considering species groups, like native, specialist, generalist, and 

exotic species. These results highlight the importance of promoting functional connectivity 

between forest fragments and increasing the -stepping stones- to favor the conservation of a 

greater number of species and reduce the extinction of specialist species in the Brazilian 

Atlantic Forest of Minas Gerais. 

 

 

Keywords: Diversity, fragmentation, habitat loss, mammal community, multi-model inference, 

Speothos venaticus.  
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1 GENERAL INTRODUCTION  

The Atlantic Forest of South America is one of the most endangered major ecoregions 

worldwide, with only 11.7% of its original vegetation cover remaining, most of which 

consisting of highly disturbed forest remnants now smaller than 50 ha (Bogoni et al. 2018). 

Therefore, the Brazilian Atlantic Forest is an ideal study system to understand the impacts of 

habitat loss and fragmentation in natural areas (Ribeiro et al. 2009), like medium-sized mammal 

species. The remnants of the Atlantic Forest are mostly isolated, influencing the number of 

species that can survive within the fragments (Beca et al. 2017). The effects of these multiple 

factors result in high levels of defaunation throughout the Atlantic Forest, especially the loss of 

large vertebrates, which could influence the forest composition and ecological cascades (Galetti 

et al. 2017). 

Community structure and diversity arise from intricate and ever-changing phenomena, 

influenced by multiple spatial and temporal processes. Understanding the distribution patterns 

of species across various scales and identifying the underlying factors have been fundamental 

objectives in ecological research (Santos et al., 2021). However, even that habitat loss is an 

important driver of extinction, the relevance of habitat fragmentation remains under debate 

(Semper-Pascual et al. 2021), standardized and large-scale analysis is still lacking (Püttker et 

al. 2020), metrics such as edge effect and connectivity have received comparatively little 

attention (Teixido et al. 2020), and the effect of high environmental impacts correlated with 

changes in composition across space (Beta diversity) remains poorly understood (Palmerin et 

al. 2018), but influence species richness (Norris et al. 2010; Maseko et al. 2020). Therefore, 

through the analysis of alpha, beta, and gamma diversity, we can measure the diversity changes 

at different spatial scales (Socolar et al. 2015), promoting studies multiscale, necessary to 

understand the dynamics of communities in time and space (Presley et al. 2019), species 

change, the degree of homogenization among mammal communities (Palmerin et al. 2018) and 

understand the effects of anthropogenic impacts on landscapes, increasing concerns about the 

threats to the Atlantic Forest (Magioli et al. 2015). 

For most mammal species threatened with extinction included in the Brazilian Red List 

in Minas Gerais, there is not yet sufficient data on their size populations, records, and 

distributions, which makes it difficult to understand their conservation status (Corrêa et al. 

2021). There are gaps in the occurrence of many species, especially in the interior of forests, 

which reinforces the importance of increasing sampling efforts in the Atlantic Forest 

(Figuereido et al. 2021) to develop guidelines for identifying priority areas for species 

conservation (Corrêa et al. 2021). The level of threat and the mammals ecological importance 

highlight the need to estimate new information at large spatial scales, about the mammals 
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richness (Barros et al. 2021), diversity, habitat use, and species distribution (Vilas et al. 2022), 

the organization of assemblages (Barros et al. 2021), the species occurrence (Barros et al. 2021; 

Regolin et al. 2020; Vilas et al. 2022), and beta diversity (Beselga et al. 2010). 

In the chapter 1 of this research, “Influence of forest type on the diversity, abundance, 

and naïve occupancy of the mammal assemblage in the southeastern Brazilian Atlantic Forest” 

our goal was using the species richness, abundance, and distribution of medium and large-sized 

terrestrial mammal recorder in the southeastern of Minas Gerais, to investigate the influence of 

seasonal and ombrophilous forests on the gamma, alpha, and beta diversity in the Brazilian 

Atlantic Forest. In the chapter 2, “Effect of habitat loss and landscape fragmentation on the 

native, specialist, generalist, and exotic mammals communities in the southeastern Atlantic 

Forest of Minas Gerais” our main goal was to examine spatial patterns in the mammalian 

richness, particularly (a) evaluate through a multiscale analysis the effect of the habitat amount 

and core areas in the mammalian richness in native, specialists, generalists and exotic species; 

(b) determine how the habitat amounts, core areas, patch size, area of the focal fragment, 

structural connectivity, and functional area, determine the richness of native, specialists, 

generalists and exotic species; and (c) know what is the turnover and homogenization of 

mammal species between sites, establishing the Beta-diversity of mammals. In the chapter 3, 

we include a short communication, “First record of Bush Dog (Speothos venaticus) in the 

Atlantic Forest of Minas Gerais, Brazil”. Finally, in the chapter 4, we presented one video about 

this thesis.  
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Influence of forest type on the diversity, abundance, and naïve occupancy of the mammal 

assemblage in the southeastern Brazilian Atlantic Forest  
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ensamble de mamíferos en el sureste de la Mata Atlántica brasileña 
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Abstract 

 

The Brazilian Atlantic Forest has the highest rate of native vegetation destruction, one of the principal 
drivers of mammal extinctions. It is a priority to reduce information gaps in terms of the α, β, and γ 
diversity patterns, abundance, occupation records, and habitat use, as well as understand how native 
vegetation helps mammal species to persist in fragmented landscapes. Our objective was establishing 
the γ diversity, and to assess the extent to which the α, and β diversity, the relative abundance, and 
naïve occupation of medium and large-sized mammal communities contrast between seasonal and 
ombrophilous forests. We conducted this research between January 2019 to March 2020 in 22 
fragments in the southeastern Brazilian Atlantic Forest, in 15 municipalities of Minas Gerais and one 
of Rio de Janeiro. We calculate Hill's numbers with iNEXT.4steps package, β-diversity with the Betapart 
package, the relative abundance index (RAI), and naïve occupancy (PAO). To compare the RAIs 
between species and the type of vegetation were used the Kruskal-Wallis and Mann-Whitney statistical 
tests. Finally, we calculated the correlation between the RAIs and the PAOs. We identified 81% native 
and 19% non-native mammals and a gamma diversity of 32 species, principally of the orders Carnivora 
and Artiodactyla. Our results showed that alpha diversity and evenness profiles were not different 
between forests (seasonal q0=0.91, q1=0.99, q2=1, J=0.83; ombrophilous q0=0.96, q1=0.99, q2=1, 
J=0.85). However, in terms of beta diversity, we found a low value of overall beta diversity (βJAC=0.37) 
that corresponds practically to the turnover (βJTU=0.34), while the nestedness is almost non-existent 
(βJNE=0.02). The relative abundance was different for the species of the all-mammal assemblage 
(H=115.24, P=0.000), with the highest values for Didelphis aurita (RAI=4.55±7.66) and Cuniculus paca 
(RAI=2.35±3.73) and the minor values for Speothos venaticus (RAI=0.04±0.24) and Galictis cuja 
(RAI=0.06 ±1.19). The relative abundance of species did not differ between the two vegetation sites 
(U=453.5; Z=0.37; P=0.70), and only Leopardus wiedii showed significant differences between forests 
(U=84.5; P=0.01). The naïve occupancy did not reach completeness for any species (naïve≠1), ranging 
between 5% to 68%. The highest values were for the species Eira barbara (68%) and Didelphis aurita 
(55%), and the lowest values (5%) for Tayassu pecari, Tamandua tetradactyla, and Speothos venaticus, 
while the exotic species had less than 40%. In the seasonal forest, the naïve occupancy was between 
7% to 57%, and in the ombrophilous forest, between 12% to 88%. Eira barbara and Didelphis aurita 
had the highest occupation in both forests. The γ diversity was representative and consistent with the 
species found in the Atlantic Forest, and the relative abundance and naive occupancy reflected the 
rarity of most species in the area and their vulnerability to local extinction. Additionally, the only 
difference between the two forests corresponds to species turnover. Therefore, we must conserve 
native remnants of both forests to ensure the existence of native mammals, mainly the most 
threatened species, to prevent more dramatic scenarios of local extinction in the Atlantic Forest. 
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Resumen 

 

La Mata Atlántica brasileña presenta la mayor tasa de destrucción de la vegetación nativa, causa 
principal de la extinción de mamíferos. Es prioritario reducir las lagunas de conocimiento en cuanto a 
los patrones de diversidad α, β, y γ, abundancia, ocupación y uso del hábitat, así como entender cómo 
la vegetación nativa favorece la persistencia de mamíferos en paisajes fragmentados. Nuestro objetivo 
fue establecer la diversidad γ, y evaluar en qué medida la diversidad α y β, la abundancia relativa y la 
ocupación naïve de las comunidades de mamíferos medianos y grandes, contrastan entre bosques 
estacionales y ombrófilos. Realizamos esta investigación de enero de 2019 a marzo de 2020, en 22 
paisajes del sudeste de la Mata Atlántica. Calculamos los números de Hill con el paquete iNEXT.4steps, 
la abundancia relativa, ocupación naïve, y la β-diversidad, utilizando el paquete Betapart. Obtuvimos 
los índices de abundancia relativa (RAI) y la ocupación relativa o naïve (PAO). Para comparar los RAI 
entre especies y el tipo de vegetación utilizamos las pruebas estadísticas de Kruskal-Wallis y Mann-
Whitney. Finalmente, calculamos la correlación entre los RAI y los PAO. Identificamos 81% de especies 
de mamíferos nativos, 19% de especies no nativas y una diversidad gamma de 32 especies, 
principalmente de los órdenes Carnivora y Artiodactyla. La diversidad alfa y los perfiles de uniformidad 
fueron iguales entre los bosques (estacional q0=0.91, q1=0,99, q2=1, J=0,83; ombrófilo q0=0,96, 
q1=0,99, q2=1, J=0,85). Sin embargo, encontramos un valor bajo de diversidad beta total (βJAC=0,37) 
que corresponde al recambio de especies (βJTU=0,34), mientras que la anidación fue casi inexistente 
(βJNE=0,02). La abundancia relativa difirió para el ensamblaje de mamíferos (H=115,24, P=0,000), 
correspondiendo los valores más altos a las especies Didelphis aurita (RAI=4,55±7,66) y Cuniculus paca 
(RAI=2,35±3,73) y los menores a Speothos venaticus (RAI=0,04 ± 0,24) y Galictis cuja (RAI=0,06±1,19). 
La abundancia no difirió entre los dos sitios de vegetación (U=453,5; Z=0,37; P=0,70), y sólo Leopardus 
wiedii mostró diferencias significativas entre bosques (U=84,5; P=0,01). La ocupación naïve no alcanzó 
la completitud (naïve≠1) y osciló entre el 5% al 68%. Los valores más altos fueron para las especies Eira 
barbara (68%) y Didelphis aurita (55%), los más bajos (5%) para las especies Tayassu pecari, Tamandua 
tetradactyla, y Speothos venaticus, mientras las especies exóticas presentaron valores menores al 40%. 
En el bosque estacional, la ocupación naïve fue de entre el 7% al 57%, y en el bosque ombrófilo, entre 
el 12% al 88%. Eira barbara y Didelphis aurita presentaron la mayor ocupación en ambos bosques. La 
diversidad γ fue representativa y consistente con las especies encontradas en el Bosque Atlántico, la 
abundancia relativa y la ocupación naïve reflejaron la rareza de la mayoría de las especies en el área y 
su vulnerabilidad a la extinción local. Adicionalmente, la única diferencia entre los dos bosques 
corresponde al recambio de especies. Por lo tanto, debemos conservar los remanentes nativos de 
ambos bosques para asegurar la existencia de los mamíferos nativos, principalmente las especies más 
amenazadas, para evitar escenarios más dramáticos de extinción local en el Bosque Atlántico. 
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Introduction 

The Atlantic Forest is a biodiversity hotspot (Myers et al. 2000), but also one of the most 

defaunated subregions of the planet mainly because of anthropogenic drivers (Bogoni et al. 

2020; Galetti et al. 2021). Contains one of the most downsized mammal faunas, with an 

average historical loss of 62 % (Bogoni et al. 2020), among other factors, due to habitat loss, 

fragmentation of the landscape (Bogoni et al. 2018; Haddad et al. 2015; Püttker et al. 2020; 

Ribeiro et al. 2009), expansion of crops and livestock, wildlife trafficking, urbanization, 

industrial development (Campanili and Schäffer 2010), land protection status, habitat type, 

and landscape-scale habitat area (Bogoni et al. 2020). 

Of the 770 mammal species occurring in Brazil (Abreu et al. 2021), the Atlantic Forest 

has 384 species, 262 are terrestrial, and 109 endemics (Figueiredo et al. 2021). Minas Gerais 

state includes approximately 70 % of the mammal species found in the entire Brazilian Atlantic 

Forest, with almost 60 endemics species (Campanili and Schäfer 2010). Unfortunately, Minas 

Gerais has 45 species threatened with extinction (Lista das Espécies da Fauna Ameaçadas de 

Extinção no Estado de Minas Gerais Copam 2010). This vulnerability has caused the local 

species extinction (Bogoni et al. 2020) and the alteration of ecological processes (Oliveira et 

al. 2020) and ecosystem services (Bogoni et al. 2020a). The degree of threat is a consequence 

of the high sensitivity of mammals to changes in landscape structure (Regolin et al. 2020), 

floristic composition (Galetti et al. 2009), modification of the abundance of species (Fahrig et 

al. 2019), the communities composition (Beca et al. 2017), and size of assemblages (Bogoni et 

al. 2020a).  

For most mammal species threatened with extinction included in the Brazilian Red List 

in Minas Gerais, there is not yet sufficient data on their size populations, records, and 

distributions, which makes it difficult to understand their conservation status (Corrêa et al. 

2021). There are gaps in the occurrence of many species, especially rare species, principally in 

the interior of forests, which reinforces the importance of increasing sampling efforts in the 

Atlantic Forest (Figuereido et al. 2021) to develop guidelines for identifying priority areas for 

species conservation (Corrêa et al. 2021). Methods such as camera trapping can yield 

satisfactory results in monitoring medium to large mammals of neotropical forests (Srbek-

Araujo and Chiarello 2005) because it is highly effective compared to other methods (Rovero 

and Spitale 2016) that allows for highly standardized data collection at regional or global scales 

(Wearn et al. 2019). Especially useful to get information about uncommon, rare, or cryptic 

mammals to make decisions for the conservation of biodiversity hotspots (Trolliet et al. 2014). 
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Species richness, abundance, and distribution patterns are defined by environmental 

and landscape conditions and vary according to spatial scale (Bogoni et al. 2017). At small 

scales, species respond to forest type, while at larger scales, their response remains poorly 

understood (Bogoni et al. 2016). Consequently, we need to obtain more information (Barros 

et al. 2021) on species abundance (Galetti et al. 2009; Bogoni et al. 2020), diversity, habitat 

use, species occurrence (Beselga et al. 2010; Vilas et al. 2022) and assemblage organization to 

understand the ecological needs of mammals in different habitat types (Barros et al. 2021; 

Regolin et al. 2020; Vilas et al. 2022).  

Therefore, is a priority to understand how native vegetation helps many species to 

persist in fragmented agricultural landscapes (Ikin et al. 2014), and stablish the α, and β-

diversity components, to understand the processes that cause differences in species 

assemblages (Regolin et al. 2020). This knowledge could be used as a baseline to make 

comparisons between current, past, and future species richness, comparisons between 

locations, and inferences about species distributions (Cooke et al. 2019; Steinbeiser et al. 

2019), the management of natural areas (Corrêa et al. 2021) and land-use decisions (Wearn 

et al. 2017), to expand and strengthen public policies and good agricultural practices, and 

support the Vegetation Protection Law of Brazil to recover the native vegetation in the Atlantic 

Forest (Brancalion et al. 2016).  

Our objective was establishing the γ diversity, and to assess the extent to which the α, 

and β diversity, the relative abundance, and naïve occupation of medium and large-sized 

mammal communities contrast between seasonal and ombrophilous forests. Our specific 

objectives were: (a) analyze variation in gamma diversity, abundance, and naïve occupation 

among forest fragments; (b) compare alpha diversity, abundance, and naïve occupation, 

between seasonal and ombrophilous forests; and (c) assess beta-diversity between forests 

and components, turnover, and nesting. We expected that forest type affects mammalian 

assemblies showing significant differences between α diversity, abundance, and occupancy. 

Additionally, we expected a high beta diversity (> 70%) due the high nestedness species 

between forests.  

Materials and Methods 

Mammal sampling 

This study was carried out at 22 fragments located in the southeastern Brazilian Atlantic 

Forest, in 15 municipalities of Minas Gerais and one of Rio de Janeiro (46°0’W 43°0’W; 23°0’S 

21°0’S) (Figure 1; Supplementary material 1) covering an area of 22 049 km2 approximately. 
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The selection of fragments was based on satellite images provided by Google Earth Pro 

software and on updated maps of remnant forest fragments made available by the SOS Mata 

Atlântica Institute (2013/2014), having as selection criteria, a priori, the presence of seasonal 

and ombrophilous forest. The distance between fragments was greater than 2.85 km. 

We surveyed medium- and large-sized mammals (≥1 kg) using a single sampling station 

in each fragment with one camera trap at each sampling point (Bushnell® HD Bushnell 

Outdoor Products, California, USA). At various times between January 2019 to March 2020, 

the camera trap stations in each fragment operated continuously 24 hours per day for an 

average of 130 days in each station. To avoid pseudo­replication, we used an interval of 24 h 

between pictures of the same species to guarantee independence between them (Porfirio et 

al.2014). 

The survey area was a highly fragmented landscape surrounded by agricultural matrices 

or villages. The regional relief is rugged and occurs at elevations ranging from 887 m to 2,087 

m a.s.l. The lower elevations are predominantly humid temperate sites with dry winters and 

hot summers (Cwa type), while the mountainous areas have dry winters and rainy and 

moderately hot summers (Cwb type) (Instituto Brasileiro de Geografia e Estatística IBGE 2012).   

We organize the data using the Wild.ID Program 0.9.31 (Conservation International 

2018). We identified the species at the lowest taxonomic level possible, grouping the records 

of Mazama americana and Mazama gouazoubira, as Mazama sp., due to the difficulty of 

differentiating between these two species. 

Gamma, alpha, and beta diversity 

We obtained the gamma diversity (Whitaker 1972) in the southeastern Brazilian Atlantic 

Forest using the TEAM library program 1.7.R for Windows (Rovero and Spitale 2016). In order 

to evaluate the effectiveness of the sampling and compare it with the richness of native 

species in other studies of the Atlantic Forest, we excluded the domestic species from this 

analysis. Accumulation curves were generated with the Vegan package (Oksanen et al., 2013) 

and the non-parametric estimator Jackknife 1 with the Biodiversity R package (Kindt and Coe 

2005). The first order Jackknife estimator is one of the most precise techniques to reduce the 

bias of the estimated values (Burnham and Overton 1979). 

To calculate the differences in the alpha diversity between seasonal and ombrophilous 

forests, the R package iNEXT.4steps online was used for rarefaction and extrapolation of 

species diversity with Hill numbers based on abundance data (Chao et al. 2020). We used fifty 

bootstraps and a 95% confidence interval. Hill numbers included the species richness (q = 0), 
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Shannon diversity (q = 1), and Simpson diversity (q = 2) (Chao et al. 2014; Hsieh et al. 2016). 

We applied a four-step procedure to assess each forest (a) the sample completeness profile, 

(b) size-based rarefaction/extrapolation, (c) asymptotic and empirical diversity profiles, (d) 

non-asymptotic coverage-based rarefaction and extrapolation analysis, and (e) evenness 

profile among species abundances (Pielou J) derived from the slopes of the diversity profile 

(Chao et al. 2020).  

To compare the species composition between seasonal and ombrophilous forests we 

used the Partitioning Beta Diversity into Turnover and Nestedness Components package (beta 

part-package) (Baselga and Orme 2012; Baselga et al. 2021) in R v4.1.0 (R Core Team, 2021). 

We computed using a resampling procedure, taking 100 random samples. Obtain the beta.JTU 

value of the turnover, measured as the turnover fraction of Simpson's dissimilarity, the 

beta.JNE of the nesting component, measured as the resulting fraction of Simpson's 

dissimilarity nesting and the beta.JAC value of the overall beta diversity. We did this analysis 

a) grouping the native and non-native species and b) only considering native species. 

Species abundance 

We calculated the relative abundance index (RAI) for each species as follows: RAI ij = Nj/days 

j * 100 nights traps, where “Nj” is the number of independent records of the species, “i” is 

each species, and “j” is each landscape (Mandujano and Pérez 2019), throughout the study 

area and at each forest. We performed all analyses with the RAI.1 (Mandujano and Pérez 

2019) packages.  Finally, we used the Kruskal-Wallis and Mann-Whitney statistical tests to 

compare the RAIs between species and vegetation type. In all the comparative analyzes 

carried out in this study, we used a value of significance of p<0.05. To know the magnitude of 

the differences obtained with the Kruskal Wallis test, we computed the epsilon-squared 

(Tomczak and Tomczak 2014).  

Species distribution in the study area 

We calculated the naïve occupancy also called Percent of Area Occupied PAO (MacKenzie and 

Kendall 2002; sensu Kéry & Royle 2015), throughout the study area and at each type of forest. 

It was calculated as the number of camera trap sites occupied by each species divided by the 

total number of sites surveyed. Maximum values with an occupancy of 1.0 correspond to 100% 

occupancy. Subsequently, to know how the spatial distribution influences the abundance of 

each species, we calculated the correlation between the RAIs and the PAO (Mandujano and 

Pérez 2019). We performed all analyses using the R program 4.2.1 (R Core Team 2021). 
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Results 

Gamma, alpha and beta diversity 

Based on 2 856 camera traps/day, we recorded 589 independent camera trap events of 

mammalian species for the entire region. The mammal richness in the study area was 32 

species (Figures 2-3), distributed among 26 genera, nine orders, and 17 families (Table 1). 

Regarding the species richness of native mammals, there were 26 species distributed among 

22 genera, 8 orders, and 15 families (Table 1). The accumulation curve almost reached the 

asymptote, and according to the expected richness (Jackknife 1 = 29 ± 2 species) of 

mammalian species, the sampling effort was sufficient. Therefore, we obtained a 

representative percentage (90%) of the species in the area.  

The orders Carnivora and Artiodactyla were the most represented, with five and four 

families, respectively. The order Rodentia was represented by two families, while Cingulata, 

Didelphimorphia, Lagomorpha, Perissodactyla, Pilosa, and Primates were represented by only 

one family each. Most of the registered species were native to the Atlantic Forest (81 %), 

domestic (16 %), and exotic (3 %) (Table 1). Additionally, we obtained one new record for 

southeastern Minas Gerais, the bush dog Speothos venaticus (Soto-Werschitz et al. 2023 in 

press). 

There are some differences in the categorization of threatened species at the global 

(International Union for the Conservation of Nature IUCN 2021), national (Instituto Chico 

Mendes de Conservação da Biodiversidade ICMBio 2018), and state levels (Copam 2010). 

Among the species recorded on the List of Endangered Species of Fauna in Minas Gerais state, 

the species Leopardus pardalis, L. guttulus, Pecari tajacu, Puma concolor, and Tamandua 

tetradactyla are classified as vulnerable; L. wiedii is classified as threatened and Sapajus 

nigritus, Speothos venaticus, and Tayassu pecari as critically endangered (Copam 2010) (Table 

1). The other species recorded in the study area, are listed as Least Concern (IUCN 2021; 

ICMBio 2018) or are not included in the state list (Copam 2010). 

We obtained the sample completeness profile with a representative number of species 

in both assemblages (seasonal q0=0.91, q1=0.99, q2=1; ombrophilous forest q0=0.96, 

q1=0.99, q2=1) with 24 and 25 mammal species, respectively (Figures 4-a, 4-b, 4-c; 

Supplementary material 2). The size-based rarefaction and extrapolation analysis and the 

asymptotic empirical diversity profiles indicate that our asymptotic diversity estimates for 

these forests are satisfactory to infer true diversities (q=1 and q=2) (Figures 4-b, 4-c; 

Supplementary material 2). The diversity and evenness measures were calculated up to a 
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standardized coverage value of Cmax = 99.8 %. Finally, the alpha diversity, q=0, q=1, q=2, and 

evenness profile among species abundances, were not different among forests (Figures 4-a, 

4-b, 4-c, 4-d, and 4-e; Supplementary material 2). We observed that the profile curve descends 

abruptly in both vegetations, and the values of Pielou J’ index, showed an equal evenness 

among species abundances in each forest, seasonal (J = 0.83) and ombrophilous (J = 0.85) 

(Figure 4-e; Supplementary material 2).  

Considering the 31 species present in the assemblage, the overall beta diversity between 

sites was βJAC = 0.37, the turnover was βJTU = 0.34, and species nestedness was βJNE = 0.02 

(Figure 5-a). Included only the native species, the total beta diversity between sites was βJAC 

= 0.28, the turnover was βJTU = 0.25, and species nestedness was βJNE = 0.03 (Figure 5-b). 

Therefore, we found a low value of overall beta diversity, presenting a low number of exclusive 

species in each forest. Six species were unique to the seasonal forest (Dasypus septemcinctus, 

Didelphis albiventris, Speothos venaticus, Tamandua tetradactyla, Equus ferus, and Felis 

silvestris), and seven species were unique to the ombrophilous forest (Euphractus sexcinctus, 

Galictis cuja, Herpailurus yagouaroundi, Leopardus wiedii, Tayassu pecari, Bos taurus, and 

Equus africanus). Nevertheless, considering all species in the assemblage and only the native 

species, the overall beta diversity corresponds practically to the turnover, while the 

nestedness is almost non-existent.  

Relative abundance  

The RAIs were different for the mammal species (H = 115.24, d.f. = 30, P=0.000), but the 

difference between the species did not suggest a strong effect (Epsilon-squared ε2 = 0.16). 

Four species had the highest abundance indices, Didelphis aurita (RAI = 4.55 ± 7.66), Cuniculus 

paca (RAI = 2.35 ± 3.73), Pecari tajacu (RAI = 1.65 ± 7.1), Eira barbara (RAI = 1.65 ± 6.03) (Figure 

6-a; Supplementary material 3). In contrast, the species with the lowest indices of abundance 

were Speothos venaticus (RAI = 0.04 ± 0.24) and Galictis cuja (RAI = 0.06 ± 1.19) (Figure 6-a; 

Supplementary material 3). Among the non-native species, Canis familiaris (RAI = 1.08 ± 2.55) 

had the highest relative abundance, while the Sus scrofa (RAI = 0.15 ± 0.56), and Equus ferus 

(RAI = 0.04 ± 0.18), Equus africanus (RAI = 0.04 ± 0.62), and Bos taurus (RAI = 0.06 ± 0.27), the 

lowest values (Figure 6-a; Supplementary material 3).  

The relative abundance of species did not differ between the two vegetation sites (U = 

453.5; Z = 0.37; P = 0.70). Additionally, only the specie Leopardus wiedii showed significant 

differences between forests (U = 84.5; P = 0.01) (Figure 6 - b). In the seasonal forest, the 

species Didelphis aurita (RAI = 4.70 ± 8.28), Puma concolor (RAI = 2.40 ± 7.55), and Sylvilagus 
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brasiliensis (RAI = 2.38 ± 8.91) had the highest abundance indices. In contrast, the species with 

the lowest indices of abundance were Speothos venaticus (RAI = 0.08 ± 0.03) and Sus scrofa 

(RAI = 0.08 ± 0.22) (Figure 6-b; Supplementary material 3). In the ombrophilous forest, the 

species Didelphis aurita (RAI = 4.28 ± 6.97), Cuniculus paca (RAI = 3.26 ± 5.3), and Leopardus 

guttulus (RAI = 2.23 ± 2.16) had the highest abundance indices. The species Cabassous 

unicinctus (RAI = 0.08 ± 0.22) and Sapajus nigritus (RAI = 0.08 ± 0.22) had the lowest indices of 

abundance (Figure 6-b; Supplementary material 3).  

Distribution of species 

The naïve occupancy in the study area did not reach totality for any mammal species (naïve < 

1; detection rate, min = 0, max = 0.88). Therefore, most of the mammalian species presented 

a restricted occupancy to a few localities, and values lower than 50 % (Supplementary Material 

3). The highest values were for the species Eira barbara (68 %), Didelphis aurita (55 %), 

Cuniculus paca (45 %), Pecari tajacu and Puma concolor (41 %), Leopardus guttulus and 

Leopardus pardalis (36 %). The species Tayassu pecari, Tamandua tetradactyla, and Speothos 

venaticus presented the lowest values (5 %). Regarding the exotics species, Canis lupus 

familiaris presented the highest naïve occupancy values (32 %), while Sus scrofa (9 %), Bos 

taurus, Equus ferus, Equus africanus, and Felis silvestris had the lowest values (5 %) 

(Supplementary Material 3).  

In the seasonal forest, the naïve occupancy of the 24 mammal species ranged from 7 % 

to 57 %. The species with the highest values of naïve occupancy were Eira barbara (57 %), 

Didelphis aurita (50%), Puma concolor, and Cuniculus paca (43%) (Supplementary Material 3). 

In the ombrophilous forest, the naïve occupancy of the 25 mammal species ranged from 12 % 

to 88 %. The highest values were for Eira barbara (88 %), Didelphis aurita, Pecari tajacu, and 

Leopardus guttulus (62 %) (Supplementary Material 3).   

Finally, we found a correlation of 75 % between the average RAI and naïve occupancy 

(r2 = 0.75). The species Didelphis aurita, Cuniculus paca, Pecari tajacu and Eira barbara showed 

the high occupancy and RAIs (Figure 7; Supplementary Material 3). 

Discussion 

A total of 32 mammalian species were recorder at Minas Gerais state, of which 9 species (35%) 

are threatened. This gamma diversity represented approximately 12 % of the terrestrial 

species of nonflying mammals recorded in the Brazilian Atlantic Forest (Figueiredo et al. 2021) 

and was very similar with the richness found in different localities of the Atlantic Forest, which 

varies from 17 to 39 species (Bogoni et al. 2016, 2017, 2018; Rios et al. 2021; Souza et al. 
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2019). Therefore, our results indicate the study area safeguarded a represented fraction of 

the original average richness of medium to large-sized in the Atlantic Forest, and that camera 

traps were a suitable method to record rare, uncommon, and cryptic species (Figuereido et al. 

2021; Trolliet et al. 2014; Wearn et al. 2019) such as Speothos venaticus. 

Contrary to expectations, we found no evidence for differences in alpha diversity and 

evenness profiles between forests. However, the order Carnivora was the richest order in both 

forest, which coincides with the results found in other works in the Atlantic Forest (Bogoni et 

al. 2018; Santos et al. 2016; Souza et al. 2019). This order presented the higher proportion of 

threatened species in Minas Gerais State (ICMBio 2018), which probably explains why we only 

recorded one larger mammal, the Puma concolor, who presented restricted naïve occupancy 

and low abundance. That are consequences of the high vulnerability of carnivores to local 

extinction in fragmented landscapes (Bogoni et al. 2018; Galetti et. al. 2021). 71.9 % of all 

mammal species recorded at Atlantic Forest weighed less than 10 kg (Bogoni et al. 2018) and 

mammal species such as Panthera onca and Puma concolor are absent from most landscapes, 

resulting advantageous for the mesocarnivores in the Atlantic Forest (Regolin et al. 2017). 

Therefore, our results reflect that species diversity is dominated by mesocarnivores (87 %), 

probably in agreement with the mesopredator release hypotheses (Crooks and Soulé 1999) 

and the record of Puma concolor is relevant to the Atlantic Forest of Minas Gerais because 

this mammal is a key species (Botelho et al. 2018) in the area.  

We found most species presented distributions restricted to few landscapes (naïve < 

0.5), and the majority had low relative abundances (RAI < 1). Thirty-five percent of the species 

in the area are on the List of Endangered Species of Fauna in Minas Gerais, which explains the 

values obtained. Additionally, in agreement with the elevated levels of defaunation present in 

the Atlantic Forest, proposed by Bogoni et al. (2016, 2018) and Rios et al. (2021), which 

correspond to more than 46% defaunation in our study area, according to Galetti et al. (2021). 

The observed beta-diversity could be due not only to differences between vegetation types 

but likely to a mixture of factors. Other factors could be influencing the results, like body size 

(Bogoni et al. 2017), activity areas (Botelho et al. 2018), and habitat loss and fragmentation 

(Püttker et al. 2020).  

The most abundant species in the study area were Didelphis aurita and Cuniculus paca. 

However, our results differ from those of Souza et al. (2019), who finding the highest 

abundance for Dasypus novemcinctus, Cerdocyon thous, and Procyon cancrivorous. Therefore, 
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our results confirm that variation in species abundance and occupancy varied between 

landscapes, in agreement with Souza et al. (2019).  

The only mammal species with the highest abundance indices and naïve occupancy in 

the seasonal and ombrophilous forest was Didelphis aurita. This didelphid presented strong 

plasticity in habitat, resource use, and higher matrix tolerance (Bogoni et al. 2016), which 

probably allows its presence in landscapes immersed in anthropized areas with agricultural 

matrices such as those in this study. Additionally, the images and characteristics of the animals 

did not allow us to identify them. We photographed the same individuals several times at 

some localities because the cameras were placed right in areas that covered their home range, 

consistent with the assertion that species with small ranges have a higher probability of 

detection (Santos et al. 2021). We did not observe differences in diversity, abundance, and 

evenness between forests, and the beta diversity is almost all turnover between forests. 

Therefore, must highlight the importance of conserving all native forest remnants, seasonal 

and ombrophilous, to ensure the persistence of specialist forest species (Ferreira et al. 2020), 

mainly of the rare and most threatened species, which are susceptible to local extinctions in 

the Atlantic Forest of Minas Gerais state. 

Among the nonnative species, Canis lupus familiaris had mean abundance and restricted 

distribution (RAI = 1.8; 32 % naïve occupancy), and surprisingly, Sus scrofa had the lowest 

values (RAI = 0.15; 9 % naïve occupancy). This is one of the species with the greatest 

distribution in the Atlantic Forest. It continues to expand its distribution in the remnants of 

vegetation (Rosa et al. 2016, Galetti et al. 2021), and they continue to expand their range 

(Rosa et al. 2016, Galetti et al. 2021). Probably the wild boar does not yet extend its population 

to the areas we sampled, or we underestimated its abundance. They form large groups, so the 

probability of capturing all the individuals in a photograph is very low. Thus, we need planning 

management strategies to control their presence (De Assis Morais et al. 2020; Rosa et al. 2016) 

and not minimize their presence in the study area because this species increased disturbances 

to native fauna, predation, competition for resources, and transmission of diseases (Quintela 

et al. 2020). Thus, we need planning management strategies to control their presence (De 

Assis Morais et al. 2020; Rosa et al. 2016). 

Our results reflect the rarity of most species in the Atlantic Forest and bring important 

information about medium and large-sized mammals' use of forests in the southeastern 

Atlantic Forest in Minas Gerais. In conclusion, it is necessary to know the alfa and beta diversity 

among the forest fragments in different landscapes, to design appropriate conservation 
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strategies for mammal species (Beselga 2010). Exists an urgent need for remaining large forest 

fragments and prioritizing restoration programs (de Matos et al. 2021; Ferreira et al. 2020; 

Rios et al. 2021) to conserve native forest remnants to ensure the persistence of forest species 

(Ferreira et al. 2020), improving the quality and complexity of the habitat of the native forest 

patches and the surrounding matrix (Regolin et al. 2020). Therefore, the conservation of both 

types of forests is essential to guarantee the presence of most mammal species in the area in 

the long term. We believe that prompt action may prevent more dramatic scenarios, as stated 

by Bogoni and collaborators (2016).  
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List of figures 

Figure 1. Study area showing the location of the fragments sampled with the camera traps in 

the southeastern Brazilian Atlantic Forest of Minas Gerais.   

Figure 2. Mammal species recorded in the Atlantic Forest in southeastern Minas Gerais, Brazil. 

A. Mazama sp. B. Tajacu pecari. C. Tayassu pecari. D. Cerdocyon thous. E. Leopardus pardalis. 

F. Leopardus guttulus. G. Leopardus wiedii. H. Puma concolor. I. Herpailurus yagouaroundi. J. 

Conepatus semistriatus. K. Eira barbara. L. Galictis cuja.  

Figure 3. Mammal species recorded in the Atlantic Forest in southeastern Minas Gerais, Brazil. 

A. Nasua nasua. B. Dasypus novemcinctus. C. Cabassous unicinctus. D. Euphractus sexcinctus. 

E. Dasypus septemcinctus. F. Didelphis aurita. G. Sylvilagus brasiliensis. H. Tamandua 

tetradactyla. I. Sapajus nigritus. J. Cuniculus paca. K. Sciurus aestuans. L. Sus scrofa. M. Canis 

lupus familiaris. N. Felis silvestris.  

Figure 4. Diversities among assemblages of species mammals in two areas in the Atlantic 

Forest in southeastern Minas Gerais, Brazil. (a) Sample completeness profiles, (b) Size-based 

rarefaction/extrapolation, (c) Asymptotic and empirical diversity profiles, (d) Non asymptotic 

coverage-based rarefaction and extrapolation analysis, and (e) Evenness among species 

abundances based on the normalized slope of Hill numbers. Size-based rarefaction (solid 

curves) and extrapolation (dashed curves).  

Figure 5. Beta-diversity components of species mammals between ombrophilous and seasonal 

forest at the Atlantic Forest in southeastern Minas Gerais, Brazil.  

Figure 6. Differences in Relative Abundance Index (average RAIs) between mammals based on 

camera trap photographs in southeastern Minas Gerais, Brazil. (a) Assemblage, (b) Forest. 

Leopardus wiedii (U = 84.5; P = 0.011*).   

Figure 7. Correlation between the Relative Abundance Index (average RAI) and the naive 

occupancy for the community of mammals in southeastern Minas Gerais, Brazil.  

Tables 

Table 1. Mammalian species richness, conservation status categories, and definition as native 

or exotic species (IUCN 2021; ICMBIO 2018; Copam 2010).  
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Order Family Species Common name IUCN ICMBIO 

 Minas 

Gerais 

COPAM

Species 

type

Artiodactyla Bovidae Bos taurus Cattle NA NA NA Domestic

Cervidae Mazama americana Red Brocket DD DD NA Native

Mazama gouazoubira Gray Brocket LC LC NA Native

Suidae Sus scrofa Wild Boar LC NA NA Exotic

Tayassuidae Pecari tajacu Collared Peccary LC LC VU Native

Tayassu pecari White-lipped Peccary VU VU CR Native

Carnivora Canidae Canis lupus familiaris Domestic Dog NA NA NA Domestic

Cerdocyon thous Crab-eating Fox LC LC NA Native

Speothos venaticus Bush Dog NT VU CR Native

Felidae Felis silvestris Domestic Cat NA NA NA Domestic

Herpailurus  yagouaroundi Jaguarundi LC VU NA Native

Leopardus guttulus Northern Tiger Cat VU VU VU Native

Leopardus pardalis Ocelot LC LC VU Native

Leopardus wiedii Margay NT VU EN Native

Puma concolor Puma LC VU VU Native

Mephitidae Conepatus semistriatus Striped Hog-nosed Skunk LC LC NA Native

Mustelidae Eira barbara Tayra LC LC NA Native

Galictis cuja Lesser Grison LC LC NA Native

Procyonidae Nasua nasua South American Coati LC LC NA Native

Cingulata Dasypodidae Cabassous unicinctus Southern Naked-Tailed Armadillo LC LC NA Native

Dasypus novemcinctus Nine-Banded Armadillo LC LC NA Native

Dasypus septemcinctus Seven-Banded Armadillo LC LC NA Native

Euphractus sexcinctus Yellow Armadillo LC LC NA Native

Didelphimorphia Didelphidae Didelphis albiventris White-eared Opossum LC LC NA Native

Didelphis aurita Brazilian Common Opossum LC LC NA Native

Lagomorphia Leporidae Sylvilagus brasiliensis Tapeti EN LC NA Native

Perissodactyla Equidae Equus asinus Asno NA NA NA Domestic

Equus caballus Hourse NA NA NA Domestic

Pilosa Myrmecophagidae Tamandua tetradactyla Southern Tamandua LC LC VU Native

Primates Cebidae Sapajus nigritus Black-horned Capuchin NT NT EN Native

Rodentia Cuniculidae Cuniculus paca Agouti LC LC NA Native

Sciuridae Sciurus aestuans Guianan Squirrel LC LC NA Native

Not apply (NA), Insufficient data-Know (DD), least concern (LC), vulnerable (VU), near threatened (NT), Endangered (EN) and critically endangered (CR).   
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Supplementary material 1.  

Location and type of habitat in each of the landscapes in the Brazilian Atlantic Forest, in Minas Gerais 

(MG) and Rio de Janeiro (RJ). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Camera trap Forest Municipality State Latitude Longitude Altitude

1 Seasonal Lavras MG -21,2289 -44,9719 951

2 Seasonal Lavras MG -21,3319 -44,9855 1149

3 Seasonal Ingai MG -21,4096 -44,8916 882

4 Seasonal Luminárias MG -21,5488 -44,8304 1098

5 Seasonal Minduri MG -21,6243 -44,5597 989

6 Seasonal Barbacena MG -21,2394 -43,7533 1144

7 Seasonal Lima Duarte MG -21,7072 -43,8846 1444

8 Seasonal Pouso Alegre MG -22,2179 -45,9980 1046

9 Seasonal Santa Rita do Sapucaí MG -22,2024 -45,7296 1040

10 Seasonal Santa Rita do Sapucaí MG -22,1924 -45,6947 1014
11 Seasonal Conceição dos Ouros MG -22,4137 -45,7658 1228

12 Seasonal Conceição dos Ouros MG -22,4798 -45,7465 879

13 Seasonal Piranguçu MG -22,5526 -45,5490 1078

14 Ombrophilous Piranguçu MG -22,6145 -45,5482 1591

15 Ombrophilous Piranguçu MG -22,5843 -45,5325 1614

16 Ombrophilous Delfim Moreira MG -22,5350 -45,2427 1315

17 Ombrophilous Delfim Moreira MG -22,5500 -45,2148 1368

18 Ombrophilous Itamonte MG -22,3593 -44,8056 1560

19 Ombrophilous Itamonte MG -22,3662 -44,7356 2081

20 Seasonal Bocaina de Minas MG -22,2175 -44,5392 1257

21 Ombrophilous Bocaina de Minas MG -22,2210 -44,4836 1383

22 Ombrophilous Itatiaia RJ -22,4359 -44,6118 1070
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Supplementary material 2.  

Diversity of two forest in the Atlantic Forest in southeastern Minas Gerais, Brazil. Diversity of order 0 

(q=0; species richness), diversity of order 1 (q=1; Shannon diversity), diversity of order 2 (q=2; 

Simpson diversity), and evenness among species abundances. 

 

 

 

 

 

 

 

 

 

 

iNEXT 4 steps Summary

STEP 1. Sample completeness profiles

Assemblage q = 0 q = 1 q = 2

Ombrophilous 0.96 0.99 1.00

Seasonal 0.91 0.99 1.00

STEP 2. Asymptotic analysis

Assemblage Diversity Observed Estimator S.E. LCL UCL

Ombrophilous Species richness 25.00 26.00 2.91 25.00 31.70

Ombrophilous Shannon diversity 15.52 16.30 0.94 14.46 18.14

Ombrophilous Simpson diversity 11.23 11.67 0.91 9.89 13.45

Seasonal Species richness 24.00 26.24 5.17 24.00 36.38

Seasonal Shannon diversity 14.46 15.08 0.79 13.53 16.63

Seasonal Simpson diversity 10.52 10.84 0.85 9.18 12.50

STEP 3. Non-asymptotic coverage-based rarefaction and extrapolation analysis

maxC = 0.998 q = 0 q = 1 q = 2

Ombrophilous 25.66 15.85 11.38

Seasonal 25.65 14.85 10.68

`STEP 4: Evenness among species abundances

Forest Pielou J' q = 1 q = 2

Ombrophilous 0.85 0.60 0.42

Seasonal 0.83 0.56 0.39

Notes

method = interpolated, observed, or extrapolated.

order = the diversity order of q (0,1,2).

qD = the estimated diversity of order q for a sample of size m.

SC = the estimated sample coverage for a sample of size m.

qD.LCL, qD.UCL = the bootstrap lower and upper confidence limits for the diversity of order q (value of 0.95).

SC.LCL, SC.UCL = the bootstrap lower and upper confidence limits for the expected sample coverage (value of 0.95).
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Supplementary material 3.  

Comparative Relative Abundance Index (average RAI) and naïve occupancy (NO) between mammals 

based on camera trap in the Atlantic Forest in southeastern Minas Gerais, Brazil. SD standard 

deviation. The sampling effort for the seasonal and ombrophilous forests was 1542 and 1314 days, 

respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

Forest

Assemblage Assemblage  Seasonal Ombrophilous  Seasonal Ombrophilous  

Species  RAIs ± SD NO RAIs ±  SD RAIs ±  SD NO NO

Equus ferus 0.04  ± 0.18 0.05 0.06 ± 0.22 0 0.07 0

Speothus venaticus 0.05  ± 0.24 0.05  0.08 ± 0.03  0 0.07 0

Felis silvestris 0.06  ± 0.19 0.05 0.16 ± 0.61 0 0.07 0

Bos taurus 0.06  ± 0.27 0.05 0 0.16 ± 0.45 0 0.12

Galictis cuja 0.10  ± 0.48 0.09 0 0.16 ± 0.29 0 0.25

Dasypus septemcinctus 0.10 ± 0.46 0.14 0.18 ± 0.37  0 0.21 0

Tamandua tetradactyla 0.11 ± 0.30 0.05 0.15 ± 0.58 0 0.07 0

Cabassous unicinctus 0.12 ± 0.39 0.14 0.24 ± 0.65 0.08 ± 0.22 0.14 0.12

Equus africanus 0.13 ± 0.62 0.05 0 0.36 ± 1.03 0 0.12

Euphractus sexcinctus 0.15 ± 0.56 0.09 0 0.33 ± 0.61 0 0.25

Sus scrofa 0.16 ± 0.63 0.09  0.06 ± 0.22  0.32 ± 0.9 0.07 0.12

Cerdocyon thous 0.18 ± 0.54 0.09 0.16 ± 0.61 0.26 ± 0.72 0.07 0.12

Herpailurus yagouaroundi 0.20 ± 0.64 0.09 0 0.44 ± 1.02 0 0.25

Conepatus semistriatus 0.28 ± 0.73 0.14 0.29 ± 0.77 0.25 ± 0.71 0.14 0.12

Sapajus nigritus 0.37 ± 1.74 0.27 0.76 ± 1.26 0.08 ± 0.22 0.36 0.12

Didelphis albiventris 0.41 ± 0.76 0.18 0.95 ± 1.88 0 0.29 0

Nasua nasua 0.44 ± 1.07 0.27 0.28 ± 0.57 0.65 ± 1.02 0.21 0.38

Tayassu pecari 0.47 ± 1.20 0.05 0 1.02 ± 2.88 0 0.12

Mazama sp 0.51 ± 1.05 0.23 0.36 ± 1.35 0.65 ± 0.95 0.07 0.50

Leopardus wiedii 0.6 ± 1.55 0.18 0 1.20 ± 1.54 0 0.50

Leopardus pardalis 0.81 ± 1.64 0.36 0.85 ± 1.83 0.73 ± 1.36 0.29 0.50

Sylvilagus brasiliensis 0.82 ± 2.43 0.09 2.38 ± 8.91 0.36 ± 1.03 0.07 0.12

Canis lupus familiaris 1.08 ± 2.55 0.32  1.46 ± 3.14  0.43 ± 0.62 0.29 0.38

Puma concolor 1.11 ± 1.74 0.41 2.40 ± 7.55 0.33 ± 0.49 0.43 0.38

Sciurus aestuans 1.16 ± 1.88 0.18 0.72 ± 2.41 0.98 ± 2.63 0.14 0.25

Leopardus guttulus 1.29 ± 1.31 0.36 0.47 ± 1.07 2.23 ± 2.16 0.21 0.62

Dasypus novemcinctus 1.47 ± 4.24 0.27 1.87 ± 5.11 0.76 ± 2.16 0.36 0.12

Eira barbara 1.65 ± 6.03 0.68 1.08 ± 1.41 1.65 ± 1.13 0.57 0.88

Pecari tajacu 1.65 ± 7.10 0.41  0.81 ± 1.54 1.76 ± 2.36 0.29 0.62

Cuniculus paca 2.35 ± 3.73 0.45 1.83 ± 2.57 3.26 ± 5.3 0.43 0.50

Didelphis aurita 4.55 ± 7.66 0.55 4.70 ± 8.28 4.28 ± 6.97 0.50 0.62
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Abstract 

The fragmented Brazilian Atlantic Forest is an ideal study system to understand the 

impacts of habitat loss and fragmentation, habitat amount, and connectivity in richness of the 

mammal communities and the beta diversity. We propose 1) Evaluate how the amount of habitat 

and the size of the core area of vegetation present in different fragments of the Atlantic Forest 

determine the richness of native, specialists, generalists, and exotic species, performing a 

multiscale analysis. 2) Evaluate the influence of habitat amount, path size, area of focal 

fragment, structural connectivity, and functional area on the richness of the mammal species, 

native, specialist, generalist and exotic and 3) Perform a beta diversity analysis to know the 

turnover and homogenization between communities in the Atlantic Forest. We conducted our 

study in 22 landscapes located in the southern Brazilian Atlantic Forest in 15 municipalities 

with native forest. We surveyed medium- and large-sized mammals (≥1 kg) in each landscape 

with one camera trap at each sampling point between January 2019 to March 2020. With the 

sampling effort of 3096 effective camera traps/day, we identified 33 mammal species, 

belonging to 25 genera, nine orders, and 17 families. Of the species recorded, most are native 

to the Atlantic Forest (82%), the rest not native (18%). The applied multi-model inference by 

Akaike information criterion (AICc), applied to complete models built as: richness mammal on 

native, specialist, generalist, or exotic mammal ~ patch size + area of the focal fragment + 

structural connectivity + functional connectivity + habitat amount – best scale + core area – 

best scale. Based on these results, the occurrence the species in the groups of mammals 

presented differences. Only specialist species respond positively to the amount of habitat and 

the core area at the scale of 3000 m, and the exotic species negatively at the scale 1000 m. 

Finally, the group of generalist and native species did not respond to the amount of habitat and 

percentage of the core area. We found that each group of mammals responds differently to the 

landscape metrics. For native and specialist species, with a positive effect, the functional 

connectivity. Indicating a possible minimum critical functional connectivity threshold to ensure 

their occurrence. It is important to mention that when combining the metrics, when averaging 

the models, the specialist species showed a significant influence of functional connectivity, 

corroborating that the effect of the amount of habitat in specialist mammals does not fulfill only 

the species-area hypothesis. Additionally, we found a high beta diversity and highlighting the 

homogenization of species existing in the sampled areas. The total beta diversity between sites 

(100 randomizations) (β SOR) was 0.90±0, species substitution (turnover β STU) was 0.85±0 

and, species nesting (β SNE) was 0.04±0.  This is confirmed because most of the species 

recorded in the area presented distributions restricted to few landscapes, low relative 

abundances, or locally extinctions, probably by the habitat fragmentation, presence of 

geographical barriers and changes in environmental conditions. Therefore, we found that only 

the specialist species responds positively to functional connectivity and to detect the effect we 

need considering species groups, like native, specialist, generalist, and exotic species. These 

results highlight the importance of promoting functional connectivity between forest fragments 

and increasing the -stepping stones- to favor the conservation of the mammalian species and 

reduce the extinction of specialist species in the Brazilian Atlantic Forest of Minas Gerais. 

 

Keywords: camera trapping, fragmentation, habitat loss, mammal communities, multi-

model inference, species richness 
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Introduction 

Changes in landscape configuration and habitat loss are the leading causes of biodiversity loss 

worldwide (Fahrig et al., 2019), influence the species richness (Norris et al., 2010; Maseko et 

al., 2016), and have a pernicious impact on the survival of species (Fahrig, 2003). Therefore, to 

monitor and conserve biodiversity, it is crucial the scientists and resource managers must assess 

changes in species composition in response to anthropogenic impacts (Devarajan et al., 2020). 

However, although land use change is the root cause of the extinction crisis, the links between 

habitat change and biodiversity loss are not yet fully understood (Semper-Pascual et al., 2021). 

Even when there is evidence that habitat loss is an essential driver of extinction, the impact of 

habitat fragmentation remains debatable (Fahrig 2017; Fahrig et al., 2019; Fletcher 2018; 

Semper-Pascual et al., 2021; Teixido et al., 2020) and their consequences for the functioning 

and resilience of ecosystems are still largely unknown (Sitters et al., 2016). Moreover, although 

predicting and managing ecological patterns and processes of animal communities in 

fragmented landscapes is crucial, standardized and large-scale analyses are still lacking (Püttker 

et al., 2020). 

From a landscape perspective, four possible hypotheses can explain the structure and 

dynamics of a community and shape diversity characteristics: (1) the size of the focal patch 

(Patch Area Hypothesis) (Fahrig, 2013); (2) the amount of focal habitat in a landscape (Habitat 

Amount Hypothesis) (Fahrig, 2013; Martin, 2018); (3) the amount of focal habitat in a 

landscape and the configuration of habitat patches (Habitat Configuration Hypothesis) (Villard 

& Metzger, 2014); and finally, (4) composition and configuration, where more heterogeneous 

landscapes support greater species diversity (Multi-Habitat Hypothesis) (Presley et al., 2019). 

For some authors, the reduction in connectivity (Fahrig, 2003) and the edge effect (Santos & 

Telleria, 2006) are decisive. However, landscape metrics such as edge effects and connectivity 

have received little attention in the Atlantic Forest (Teixido et al., 2020). Therefore, it is 

premature and risky to dismiss habitat fragmentation as a significant force driving species 

extinction in tropical forest landscapes (Püttker et al., 2020). 

Variations in the fragmentation level, habitat amount, and connectivity, modify the 

mammal community composition (Palmerin et al., 2018) and the beta diversity values (Wearn 

et al., 2016).  However, this changes across fragmented landscapes remains poorly understood 

(Palmerin et al., 2018). Consequently, we must increase our efforts to clarify these information 

gaps (Ehlers et al., 2020; Palmerin et al., 2018; Regolin et al., 2020; Socolar et al., 2015) 

promoting studies multiscale, necessary to understand the dynamics of communities (Presley 

et al., 2019), and the degree of homogenization among mammal communities (Palmerin et al., 

2018). 
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The Brazilian Atlantic Forest is an ideal study system to understand the impacts of 

habitat loss and fragmentation in natural areas (Ribeiro et al., 2009). The remnants of the 

Atlantic Forest are isolated, which affects the number of species that can survive within the 

fragments (Beca et al., 2017). The combined effects of these factors result in high levels of 

defaunation throughout the Atlantic Forest (Galetti et al., 2016), particularly the loss of large 

vertebrates, which have implications for forest composition and ecological cascades (Beca et 

al., 2017). 

 Our main goal was to examine spatial patterns on the mammalian richness, particularly 

(a) evaluate through a multiscale analysis the effect of the habitat amount and core areas in the 

mammalian richness in native, specialists, generalists, and exotic species; (b) determine how 

the habitat amounts, core areas, patch size, area of the focal fragment, structural connectivity, 

and functional area, determine the richness of native, specialists, generalists and exotic species; 

and (c) know what is the turnover and homogenization of mammal species between sites, 

establishing the mammals beta-diversity. We expect to observe negative impacts of habitat loss 

and fragmentation on the richness of native and specialist mammal species. Furthermore, we 

anticipate a neutral effect on the generalist and exotic species. Lastly, we expect low species 

turnover and high homogenization among landscapes. 

Materials and Methods 

Mammal sampling 

We conducted our study in 28 landscapes located in the southern Brazilian Atlantic 

Forest, in 15 municipalities of Minas Gerais and one of Rio de Janeiro (46°0’W 43°0’W; 23°0’S 

21°0’S) (Figure 1; Supplementary material 1) covering an area of  22,014 km2 approximately. 

The selection of landscapes was based on satellite images provided by the Google Earth Pro 

software and on updated maps of the remaining forest fragments made available by the SOS 

Atlantic Forest Institute (2013/2014), having as selection criteria, a priori, the presence of native 

forest, and a distance between landscapes greater than 2.85 km (Figure 1; Supplementary 

material 1s).  

Each landscape corresponds to fragments of closed-canopy native forest, surrounded by 

agricultural or urban matrices, with no recorded occurrence of fire and/or logging. The 

landscapes presented elevations ranging from 887 m to 2,087 m a.s.l. The lower elevations are 

predominantly humid temperate sites with dry winters and hot summers (Cwa type), while the 

mountainous areas have dry winters and rainy and moderately hot summers (Cwb type) 

(Instituto Brasileiro de Geografia e Estatística IBGE, 2012).   

Regarding mammalian sampling, we surveyed medium- and large-sized mammals (≥1 

kg) using a single sampling station in each landscape with one camera trap at each sampling 
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point (Bushnell® HD Bushnell Outdoor Products, California, USA). At different times between 

January 2019 to March 2020, the camera trap stations operated continuously 24 hours per day 

for an average of 4.3 months in each landscape. We recorded the occurrence of all mammal 

species considered as independent records of the photographs with a minimum of a 24-hour 

interval. The traps were placed 20 cm above the ground and operated for 24 hours daily. 

The sampling effort was 3096 effective camera traps/day, and 589 independent camera 

trap events, were organized using the Wild.ID Program 0.9.31 (Conservation International, 

2018). We identified the species at the lowest taxonomic level possible, grouping the records 

of Mazama americana and Mazama gouazoubira, as Mazama sp., due to the difficulty of 

differentiating both species. We got 21.000 photographs and identified 3567 records of medium 

and large-sized mammals (≥1 kg of body weight).   

Classification of the different groups of mammals  

Mammal species found in the area were classified based on the literature (IUCN 2016; 

Olivieira 2020, Instituto Chico Mendes de Conservação da Biodiversidade (ICMBio) into the 

following groups:  (1) native species - SpNat ~ includes all species present in the assemblage 

of Atlantic Forest mammals in each landscape; (2) habitat specialist mammals – SpEs ~ 

considering natural forest-dependent species; (3) non-habitat-specialist mammals – SpNEs ~ 

included generalist or tolerant species to anthropic activities and, finally, (4) exotic mammals 

– SpEx ~ considering exotic and domestic species in the Atlantic Forest (Table 1).   

Mammalian richness 

We conducted descriptive analyses of mammal community richness using the TEAM 

library program 1.7.R for Windows (Rovero and Spitale 2016). To evaluate the effectiveness 

of the sampling method, we included all the native species and generated a sample-based 

rarefaction with a 95 % confidence interval using the non-parametric richness estimator 

Jackknife 1 with the Biodiversity R package (Kindt and Coe 2005). We chose this estimator 

because it is one of the most precise techniques to reduce the bias of the estimated values 

(Moreno et al. 2001). 

We obtained the gamma diversity and compare the mammalian richness between 

fragments with the R package iNEXT. 4 steps (https://chao.shinyapps.io/iNEXT_4steps) we 

compute the rarefaction, interpolation, and extrapolation curves based on abundance data (Chao 

et al., 2020). We employed 100 bootstraps and 95% confidence interval. We used the mammal 

richness exclusively of the landscapes whose sample coverage was greater than 80 %. 

Therefore, the final analysis included 22 landscapes (Figure 1; Supplementary Material 2s).  

Landscape selection and metrics 
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The landscape metrics were provided by the Laboratory of Spatial Ecology and 

Conservation (LEEC) at UNESP Rio Claro, São Paulo, Brazil (Supplementary material 1s). 

They are 1. Patch size (Patch_Area): Corresponds to each clump of vegetation. 2. Area of the 

focal fragment (Area_f): This is equivalent to the patch size but discards corridors of vegetation 

and the structural connectivity through corridors and branches. 3. Structural connectivity 

(CoEs): This represents how much vegetation is structurally connected to a patch. 4. Functional 

connectivity (Con_fun):  It is a functionally connected area. 5. Habitat amount (HA), and 6. 

Core area (CA): Proportion of habitat present in each area considering three buffer sizes, 1000 

m, 2000 m, and 3000 m, to evaluate the effect of metrics through a multi-scale analysis around 

the centroids of each sampled landscape (Supplementary Material 1s). 

Effect of landscape variables on mammalian species richness  

Generalized Linear Models (GLMs) were used to analyze the data (Porras et al., 2016; 

Loureiro et al., 2020; Maseko et al., 2020; Püttker et al., 2020). The residual showed a Poisson 

distribution therefore the "log" link function was used (m=glm (y ~ x...., family = Poisson, 

data). 

Multimodel inference by Akaike information criterion (AIC) 

The Akaike's Information Criterion (AIC) (Akaike, 1987; Norris et al., 2010; Linley et 

al., 2020) corrected for small samples (AICc) was used to find the most parsimonious model. 

We calculate the AICc Delta values (∆ AICc) and the weight of each model (wAICc) (Anderson 

and Burnham, 2004) with the Tools for General Maximum Likelihood Estimation package (Ben 

Bolker, 2021). 

We compared three simple models non-nested, for each group of mammals. We created 

one model for each buffer, with the aim of evaluating the effect of landscape metrics through a 

multi-scale analysis. Additionally, we obtained a summary of the coefficients for each model 

about the habitat amount and core areas, with and without null model. Afterward, we selected 

the best buffer and used it to build the full models in order to assess the effect of landscape 

metrics on the richness of each group of mammals.  

We adjusted a complete model for each group as follows Richness mammal on native 

specialist, generalist, or exotic mammal ~ patch size + area of the focal fragment + structural 

connectivity + functional connectivity + habitat amount – best scale + core area – best scale. In 

addition, we include the null model, which represents the absence of effect, in the list of 

competing models. For model simplification, we use the collinearity of the variables in the 

regression models, with the Variance Inflation Factor (VIF) considering a VIF<3 as satisfactory 

(Gross, 2003).  

The models that were considered most parsimonious were those with values with ∆ 
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AICc < 2 (Anderson & Burnham 2004). Then, we average the models using the full and subset 

(conditional) methods. Subsequently, we calculated the goodness-of-fit measures of the best-

valued model(s) for each response variable and performed model(s) diagnoses. Subsequently, 

we calculated the goodness-of-fit measures of the best-valued model(s) for each response 

variable and performed model(s) diagnoses. To generate and compare the final GLMs, we used 

the MuMIn (Bartoń 2019), Tidyverse (Wickham 2019), Caret (Kuhn and Johnson 2013), and 

Broom (Robinson and Hayes 2020) libraries. Finally, we graph the best models and the 

coefficients using the MuMIn, Data.table, and Effects libraries. 

Results 

1. Mammalian Richness 

The specific richness of medium and large mammals was 33 species, belonging to 25 genera, 

nine orders, and 17 families. The Orders Carnivora and Artiodactyla were the most represented, 

with five and four families, respectively. The Order Rodentia was represented by two families, 

while Cingulata, Didelfimorphia, Lagomorpha, Perissodactyla, Pilosa, and Primates were 

represented by only one family each. Of the total species, 82% were native to the Atlantic 

Forest, while the remaining species were non-native (Figure 2; Table 1).  

Among the species recorded, Sylvilagus brasiliensis is threatened (EN), Leopardus 

wiedii is near threatened (NT), Sapajus nigritus, Leopardus guttulus, and Tayassu pecari are 

considered vulnerable (VU), the rest of the species are considered of least concern (LC), based 

on the IUCN List of Endangered Species (Soto-Werschitz et al. 2023). The data records for 

Mazama americana and Mazama gouazoubira were excluded from the analysis because it was 

difficult to differentiate between landscapes. The species accumulation curve approached the 

asymptote (30 ± 0). However, according to Jackknife 1 analysis, the estimated species richness 

for the study area was 35 ± 2 species. Therefore, we found 94 % of the estimated species in the 

area. 

2. Multiscale analysis  

Each group of mammals presented particularities about the best models (Table 2; 

Supplementary Material 3s). Without the null model, the native and specialist species, presented 

a positive effect on mammal richness using the analysis scale with a buffer of 3000 m, as habitat 

and core area percentages increased (Table 2a; Figure 3; Supplementary Material 3s). Unlike 

the generalist and exotic species, showed a negative effect when the analysis scale decreased at 

1000 m (Table 2a; Figure 3; Supplementary Material 3s). We did not identify any issues with 

the residuals of the constructed models in any of the groups (Supplementary Material 4s).

 However, included the null model, only the specialist species presented a positive effect 

on mammal richness positively related to the amount of habitat and percentage of the core area, 
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while the exotic species respond negatively at 1000 m (Table 2b; Figure 3; Supplementary 

Material 3s). Finally, the group of generalist and native species did not respond to the amount 

of habitat and percentage of the core area to any scale (Table 2b; Figure 3; Supplementary 

Material 3s) because in these two cases, the best model was the null. We did not identify any 

issues with the residuals of the constructed models in any of the groups (Supplementary 

Material 4s).  

 3. Effect of landscape characteristics on species richness  

The Best Models suggest that the variables with the most significant impact on species 

richness for each group are as follows: 1) Native and specialist species are primarily affected 

by functional connectivity; 2) The richness of generalist species is linked to a null model, 

therefore their richness is not significantly affected by any of the variables analyzed; and 3) the 

richness of exotic species are negatively impacted by the amount of habitat at a 1000 m scale 

(Table 3; Supplementary material 5s). We found that functional connectivity has a positive 

effect on the mammal richness of native and specialist species, while a negative effect for the 

exotic species on the smallest scale (Figure 4; Supplementary material 6s). 

We analyzed the models in each group and observe that are other parsimonious models 

with the delta value with a ∆ < 2, therefore, we calculate the Average Models for each group. 

The most parsimonious models are for the 1) Native species ~ functional connectivity (P = 0.05) 

+ patch area (P = 0.07); 2) Specialist species ~ functional connectivity (P = 0.03) + habitat 

amount 3000 m (P = 0.05) + patch Area (P = 0.06); 3) Generalist species ~ model null + habitat 

amount 1000 m (P = 0.1)  + core area 1000 m (P = 0.2), and in this last group, 4) Exotic species 

only one variable influenced the species richness, habitat amount 1000 m (Table 4; 

Supplementary material 6s). Therefore, the Full Average Model did not show significant values 

for any mammal group, and in the Conditional Models we only observed significant differences 

in the case of functional connectivity, for the specialist species groups (Table 4). No problems 

were detected in the residuals of the built models in any of the groups (Supplementary Material 

7s). 

4. Beta-Diversity 

The beta diversity between the landscape communities (comparison pair by pair) 

showed a high beta diversity, highlighting the homogenization of species across the sampled 

areas. The total beta diversity between sites was 0.90±0 (β SOR), the species substitution was 

0.85±0 (turnover β STU) and, the species nesting was 0.04±0 (β SNE) (Figure 5).  

Discussion 

The gamma diversity in this study indicates that according to the first-order jackknife, 

the overall sampling effort was sufficient to represent the community of medium and large 
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terrestrial mammals in the study area (94%). Therefore, the gamma diversity in this study was 

remarkably like other studies, indicating that the sampling was adequate to represent the 

community of medium and large terrestrial mammals in the Atlantic Forest of Minas Gerais 

(Bogoni et al., 2016, 2017, 2018; Rios et al., 2021; Souza et al., 2019).   

The alfa diversity indicates that each landscape presents a different subset of medium 

and high sized mammals, although the Atlantic Forest regionally retains a set of representative 

species on the ecosystem. The defaunation of forest mammals is severe and is occurring in most 

forest fragments in the Atlantic Forest that we have studied, as it happens in other areas of the 

Atlantic Forest (Rios et al., 2021). The number of species between landscapes varied between 

two and 14, confirm the most species recorded in the area presented restricted distributions to 

few landscapes and low relative abundances (Soto-Werschitz et al., 2023). We found high beta 

diversity between landscapes, characterized by a high turnover and extremely low 

homogenization of species. Probably likely a consequence of habitat loss and fragmentation, 

the anthropogenic conditions and other factors that increase the species dispersion and 

probability of both the gain and loss of mammal species between landscapes (Bogoni et al., 

2017). Therefore, analyzing gamma diversity does not allow us to perceive the true extent of 

biodiversity loss and fragmentation, then we need analyzed the alfa and beta diversity too, to 

create effective species conservation strategies.      

The mammal richness in the area reflects that species diversity is dominant by 

mesocarnivores and generalist species (Soto-Werschitz et al., 2023) reinforcing that habitat loss 

and fragmentation are principal drivers of local extinction of large sized mammals (Fahrig, 

2003; Semper-Pascual et al., 2021). Our results indicate that fragmented landscapes in the 

southeastern of Minas Gerais, retained an impoverished subset of the original assemblage of 

medium to large sized mammals, but regionally safeguarded a regional mammal fauna. Overall, 

these findings underscore the urgent need for conservation efforts that address the root causes 

of habitat loss and fragmentation to preserve the remaining biodiversity in the region.  

Our multiscale analysis showed that performing this type of analysis allows us to find 

thresholds on species richness groups. The native species presented a positive influence of the 

percentage of habitat on the richness, but the value is not significant. Obviously, this is because 

the response to the effect of specialist species is masked. When analyzing the groups of 

mammals separately, only the specialist responded positively to the habitat amount hypothesis, 

and significantly at scale of 3000 m. On the contrary, the increase in the habitat amount had a 

negative impacted on the generalist and exotic richness, but only was significant to exotic 

species at the scale of 1000 m, indicating a possible minimum critical habitat amount threshold 

to ensure their occurrence. The exotic species showed only the structural connectivity have a 
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positive effect on its richness, but the value was not significant. Therefore, only the specialist 

species respond to the habitat amount hypothesis. This result confirms the report by Chiarello 

(1999) and Pardini et al., (2010), who uncovered a plausible effect of forest cover on specialist’s 

species.   

We found that each group of mammals responds differently to the landscape metrics 

too. The best model for native and specialist species, with a positive effect, was functional 

connectivity. Both groups of species appear to be using connectivity to move between different 

forest patches, and probably increment in generalist species the possibility to traverse different 

matrices. Therefore, they were more sensitive to the effect of fragmentation than to the habitat 

amount, path size, area of the focal fragment, structural connectivity, or functional area.  

It is important to mention that when combining the metrics, and when averaging the 

models, the specialist species showed a significant influence of functional connectivity, 

corroborating that the effect of the amount of habitat in specialist mammals is more important 

that the species-area hypothesis. Therefore, to favor conservation strategies for specialist and 

generalist mammal species, we need to increase connectivity between forest remnants through 

of ecological corridors and stepping-stones along the Atlantic Forest that help maintains the 

functional landscape connectivity.  

The overall direction of our results may contribute to better understanding medium- to 

large-bodied mammal diversity patterns and variations in the landscapes of the Atlantic Forest. 

We reinforce that negative habitat fragmentation in the specialist species richness, in 

disagreement with Faring who affirmed that the effects of habitat fragmentation are 

predominantly positive (Fahrig, 2017, 2019) but matches with Püttker et al. (2020), Fletcher Jr. 

et al. (2018). Finally, our findings have important implications for research and conservation 

for mammals in fragmented landscapes to high scale in the Atlantic Forest of Minas Gerais.  
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Figures 

Figure 1. Study area showing the location of the landscape sampled with the camera traps in the 

southeastern Brazilian Atlantic Forest of Minas Gerais.  
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Figure 2. Number of Orders, Families, Genera and Species in the study area. 
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Figure 3. Linear relationship observed in the best models obtained from the multiscale analysis in 

terms of habitat amount (HA) and core areas (CA). Predicted values, 95% confidence intervals.   
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Figure 4. Linear relationship observed in the best models obtained from the multiscale analysis in terms 
of the analysis of effect of landscape characteristics on species richness.  
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Figure 5. Partition of the diversity β that represents the turnover, the nesting components and the 
sum of both values between landscapes. 
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Tables 

Table 1. Species classification as native species (SpNat), specialist species (SpSpe), and, generalist 
species (SpGen), and exotic species (SpEx). Sources: IUCN, Olivieira et. al. 2020, ICMBio-Brazil.  
 

 

 

Order Family Species SpNat SpSpe SpGen SpEx

Artiodactyla Bovidae Bos taurus *

Cervidae Mazama americana * NA

Mazama gouazoubira NA

Suidae Sus scrofa * *

Tayassuidae Pecari tajacu * *

Tayassu pecari * *

Carnivora Canidae Canis lupus familiaris *

Cerdocyon thous *

Speothos venaticus * *

Felidae Felis silvestris * *

Herpailurus  yagouaroundi * *

Leopardus guttulus * *

Leopardus pardalis * *

Leopardus wiedii * *

Puma concolor * *

Mephitidae Conepatus semistriatus * *

Mustelidae Eira barbara * *

Galictis cuja * *

Procyonidae Nasua nasua * *

Procyon cancrivorous * *

Cingulata Dasypodidae Cabassous unicinctus * *

Dasypus novemcinctus * *

Dasypus septemcinctus * *

Euphractus sexcinctus * *

Didelphimorphia Didelphidae Didelphis aurita * *

Didelphis albiventris *

Lagomorphia Leporidae Sylvilagus brasiliensis *

Perissodactyla Equidae Equus asinus *

Equus caballus * *

Pilosa Myrmecophagidae Tamandua tetradactyla *

Primates Cebidae Sapajus nigritus *

Rodentia Cuniculidae Cuniculus paca * *

Sciuridae Sciurus aestuans *
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Table 2. Multiscale comparison and Best Models for native, specialist, generalist and exotic mammals 

considered the habitat amount (HA) and core areas (CA) in the Brazilian Atlantic Forest in the 

southeastern of Minas Gerais.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Best Models excluding the Null Model

Habitat amount Core Area
Native Specialist Generalist Exotic Native Specialist Generalist Exotic

Intercept 1.469*** 0.831** 1.394** 1.439 Intercept 1.625*** 1.144*** 0.887** 0.737

(0.260) (0.322) (0.601) (0.837) (0.165) (0.202) (0.337) (0.480)

HA3000 0.006 0.010* CA3000 0.005 0.008

(0.004) (0.005) (0.004) (0.005)

HA1000 CA1000

(0.008) (0.013) (0.006) (0.012)

Log Likelihood -45.941 -41.468 -29.761 -19.069 Log Likelihood -46.072 -42.083 -30.058 -17.888

AICc 96.550 87.603 64.188 42.805 AICc 96.810 88.833 64.783 40.443

Delta 0.000 0.000 0.000 0.000 Delta 0.000 0.000 0.000 0.000

Weight 0.509 0.562 0.469 0.690 Weight 0.479 0.569 0.469 0.808

Num.obs. 21 21 21 21 Num.obs. 21 21 21 21

***p<0.01; **p<0.05; *p<0.1 ***p<0.01; **p<0.05; *p<0.1

-0.030**-0.012 -0.028** -0.008

Best Models including the Null Model

Habitat amount Core Area
Native Specialist Generalist Exotic Native Specialist Generalist Exotic

Intercepto 1.800*** 0.831** 0.511*** 1.439 Intercepto 1.800*** 1.144*** 0.511*** 0.737

(0.089) (0.322) (0.169) (0.837) (0.089) (0.202) (0.169) (0.480)

HA3000 0.010* CA3000 0.008

(0.005) (0.005)

HA1000 CA1000

(0.013) (0.012)

Log Likelihood -46.900 -41.468 -30.814 -19.069 Log Likelihood -46.900 -42.083 -30.814 -17.888

AICc 96.010 87.603 63.839 42.805 AICc 96.010 88.833 63.839 40.443

Delta 0.000 0.000 0.000 0.000 Delta 0.000 0.000 0.000 0.000

Weight 0.400 0.449 0.358 0.552 Weight 0.417 0.386 0.429 0.741

Num.obs. 21 21 21 21 Num.obs. 21 21 21 21

***p<0.01; **p<0.05; *p<0.1 ***p<0.01; **p<0.05; *p<0.1

-0.028** -0.030**

a) 

b) 
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Table 3. Best Models for each group of mammals and summary of the coefficients. 
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Table 4. Average and conditional models for each group of mammals of the analysis of effect of 

landscape characteristics on species richness.   
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Supplementary material 

Supplementary material 1s. Location of each fragment in the Brazilian Atlantic Forest, in Minas Gerais 

(MG) and Rio de Janeiro (RJ) (Modified from Soto-Werschitz et al. 2023), and landscape metrics in the 

study area provided by UNESP's Laboratory of Spatial Ecology and Conservation (LEEC) in Rio Claro, 

São Paulo, Brazil. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       Habitat amount %         Core area %

Fragment Municipality State Latitude Longitude Altitude Patch_Area Area_f CoEs Com_fun Q1000m Q2000m Q3000m AN1000m AN2000m AN3000m

1 Lavras MG -21,229 -44,972 951 25 6 19 57 23 16 12 1 1 0

2 Lavras MG -21,332 -44,986 1149 417 128 289 5593 60 33 31 36 13 7

3 Ingai MG -21,41 -44,892 882 NA 18 590 9588 36 25 25 5 2 1

4 Luminárias MG -21,549 -44,83 1098 234 155 79 290 57 41 29 29 16 9

5 Minduri MG -21,624 -44,56 989 2309 1436 873 5887 95 80 62 85 66 46

6 Barbacena MG -21,239 -43,753 1144 229 132 97 1253 74 42 31 54 20 11

7 Lima Duarte MG -21,707 -43,885 1444 5421 140 5281 535546 71 47 46 38 15 10

8 Pouso Alegre MG -22,218 -45,998 1046 1023 723 300 1487 96 70 57 84 47 33

9 Santa Rita do Sapucaí MG -22,202 -45,73 1040 1948 1318 630 2129 73 66 48 54 44 29

10 Sta. Rita do Sapucaí MG -22,192 -45,695 1014 185 164 21 247 64 46 39 38 21 20

11 Conceição dos Ouros MG -22,414 -45,766 1228 629 595 34 649 99 67 53 93 54 39

12 Conceição dos Ouros MG -22,48 -45,747 879 1838 1290 548 2319 82 58 50 74 49 33

13 Piranguçu MG -22,553 -45,549 1078 2428 946 1482 535546 69 47 38 48 21 14

14 Piranguçu MG -22,615 -45,548 1591 108736 1760 106976 535546 69 71 73 29 39 41

15 Piranguçu MG -22,584 -45,533 1614 108736 1760 106976 535546 62 62 64 21 36 41

16 Delfim Moreira MG -22,535 -45,243 1315 108736 15228 93508 535546 77 68 69 42 43 43

17 Delfim Moreira MG -22,55 -45,215 1368 108736 15228 93508 535546 66 75 76 32 41 47

18 Itamonte MG -22,359 -44,806 1560 91783 60361 31422 535546 97 82 75 83 59 54

19 Itamonte MG -22,366 -44,736 2081 91783 60361 31422 535546 99 95 90 93 78 73

20 Bocaina de Minas MG -22,218 -44,539 1257 91783 27 91756 535546 48 40 50 11 10 17

21 Bocaina de Minas MG -22,221 -44,484 1383 492 232 260 535546 61 50 57 40 25 32

22 Itatiaia RJ -22,436 -44,612 1070 91783 60361 31422 535546 95 97 98 74 82 88

Patch size (Patch_Area); Area of the focal fragment (Area_f); Structural connectivity (CoEs); Functional area (A_fun); Habitat amount (Q); Core area (AN)
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Supplementary material 2s. Rarefaction and extrapolation curves for each landscape created with the 

INEXT program. The graphics present the coverage of the samples (X axis) and species richness (Y axis). 
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Supplementary material 3s. Multiscale comparison of simplified models for native, specialist, 

generalist and exotic mammals included and excluded the null model for the habitat amount (HA) and 

core areas (CA) in the Brazilian Atlantic Forest in the southeastern of Minas Gerais. (a) Models with 

null model and (b) Models without null model. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Best Models including the Null Model

Native Habitat amount Native Core Area
Model 1 Model 2 Model 3 Model 4 Model 1 Model 2 Model 3 Model 4

Intercept 1.800*** 1.469*** 1.555*** 1.826*** Intercept 1.800*** 1.625*** 1.921*** 1.713***

(0.089) (0.260) (0.286) (0.354) (0.089) (0.165) (0.185) (0.177)

HA3000 0.006 CA3000 0.005

(0.004) (0.004)

HA2000 0.004 CA1000

(0.004) (0.003)

HA1000 CA2000 0.002

(0.005) (0.004)

Log Likelihood -46.900 -45.941 -46.483 -46.897 Log Likelihood -46.900 -46.072 -46.628 -46.735

AICc 96.010 96.550 97.634 98.461 AICc 96.010 96.810 97.923 98.136

Delta 0.000 0.539 1.623 2.450 Delta 0.000 0.800 1.913 2.125

Weight 0.400 0.305 0.178 0.117 Weight 0.417 0.279 0.160 0.144

Num.obs. 21 21 21 21 Num.obs. 21 21 21 21

***p<0.01; **p<0.05; *p<0.1 ***p<0.01; **p<0.05; *p<0.1

Specialist Habitat amount Specialist Core Area
Model 1 Model 2 Model 3 Model 4 Model 1 Model 2 Model 3 Model 4

Intercept 0.831** 0.862** 1.421*** 0.975** Intercept 1.144*** 1.421*** 1.194*** 1.391***

(0.322) (0.357) (0.107) (0.452) (0.202) (0.107) (0.219) (0.230)

HA3000 0.010* CA3000 0.008

(0.005) (0.005)

HA2000 0.009 CA2000

(0.005) (0.005)

HA1000 0.006 CA1000 0.001

(0.006) (0.004)

Log Likelihood -41.468 -42.060 -43.498 -42.958 Log Likelihood -42.083 -46.072 -46.628 -46.735

AICc 87.603 88.786 89.206 90.583 AICc 88.833 89.206 90.167 91.641

Delta 0.000 1.183 1.603 2.980 Delta 0.000 0.373 1.334 2.808

Weight 0.449 0.248 0.201 0.101 Weight 0.386 0.321 0.198 0.095

Num.obs. 21 21 21 21 Num.obs. 21 21 21 21

***p<0.01; **p<0.05; *p<0.1 ***p<0.01; **p<0.05; *p<0.1

Generalist Habitat amount Generalist Core Area
Model 1 Model 2 Model 3 Model 4 Model 1 Model 2 Model 3 Model 4

Intercept 0.511*** 1.394** 1.009* 0.924* Intercept 0.511*** 0.887** 0.717** 0.623**

(0.169) (0.601) (0.503) (0.458) (0.169) (0.337) (0.320) (0.301)

HA1000 CA1000

(0.008) (0.006)

HA2000 CA2000

(0.008) (0.008)

HA3000 CA3000

(0.008) (0.008)

Log Likelihood -30.814 -29.761 -30.293 -30.366 Log Likelihood -30.814 -30.058 -30.543 -30.717

AICc 63.839 64.188 65.252 65.399 AICc 63.839 64.783 65.752 66.100

Delta 0.000 0.350 1.413 1.560 Delta 0.000 0.944 1.913 2.262

Weight 0.358 0.301 0.177 0.164 Weight 0.429 0.268 0.165 0.138

Num.obs. 21 21 21 21 Num.obs. 21 21 21 21

***p<0.01; **p<0.05; *p<0.1 ***p<0.01; **p<0.05; *p<0.1

Exotics Habitat amount Exotics Core Area
Model 1 Model 2 Model 3 Model 4 Model 1 Model 2 Model 3 Model 4

Intercept 1.439 0.657 0.017 Intercept 0.737 0.328

(0.837) (0.277) (0.770) (0.744) (0.480) (0.480) (0.277) (0.471)

HA1000 CA1000

(0.013) (0.012)

HA2000 CA2000

(0.014) (0.015)

HA3000 CA3000

(0.014) (0.014)

Log Likelihood -19.069 -21.314 -20.227 -21.071 Log Likelihood -17.888 -19.616 -21.314 -20.699

AICc 42.805 44.838 45.120 46.810 AICc 40.443 43.899 44.838 46.065

Delta 0.000 2.033 2.315 4.005 Delta 0.000 3.456 4.395 5.622

Weight 0.552 0.200 0.174 0.075 Weight 0.741 0.132 0.082 0.045

Num.obs. 21 21 21 21 Num.obs. 21 21 21 21

***p<0.01; **p<0.05; *p<0.1 ***p<0.01; **p<0.05; *p<0.1

0.006

-0.002

-0.008

-0.026

-0.000

-0.012

-0.009

-0.008

-0.006

-0.004

-0.480*

-0.028**

-0.020

-0.009

-0.030**

-0.480* -0.027

-0.015

(a) 



71 

Supplementary material 4s. Analysis of the residuals in each model obtained for each group of 

mammalian species. Habitat amount (Q), core area (AN). 

 

Best Models excluding the Null Model

Native Habitat amount Native Core Area
Model 1 Model 2 Model 3 Model 1 Model 2 Model 3

Intercept 1.469*** 1.555*** 1.826*** Intercept 1.625*** 1.921*** 1.713***

(0.260) (0.286) (0.354) (0.165) (0.185) (0.177)

HA3000 0.006 CA3000 0.005

(0.004) (0.004)

HA2000 0.004 CA1000

(0.004) (0.003)

HA1000 CA2000 0.002

(0.005) (0.004)

Log Likelihood-45.941 -46.483 -46.897 Log Likelihood -46.072 -46.628 -46.735

AICc 96.550 97.634 98.461 AICc 96.810 97.923 98.136

Delta 0.000 1.084 1.911 Delta 0.000 1.113 1.326

Weight 0.509 0.296 0.196 Weight 0.479 0.274 0.247

Num.obs. 21 21 21 Num.obs. 21 21 21

***p<0.01; **p<0.05; *p<0.1 ***p<0.01; **p<0.05; *p<0.1

Specialist Habitat amount Specialist Core Area
Model 1 Model 2 Model 3 Model 1 Model 2 Model 3

Intercept 0.831** 0.862** 0.975 Intercept 1.144*** 1.194***

(0.322) (0.357) (0.452) (0.202) (0.219)

HA3000 0.010* CA3000 0.008

(0.005) (0.005)

HA2000 0.009 CA2000 0.006

(0.005) (0.005)

HA1000 0.006 CA1000 0.001

(0.006) (0.004)

Log Likelihood-41.468 -42.060 -42.958 Log Likelihood -42.083 -42.750 -43.487

AICc 87.603 88.786 90.583 AICc 88.833 90.167 91.641

Delta 0.000 1.183 2.980 Delta 0.000 1.334 2.808

Weight 0.562 0.311 0.127 Weight 0.569 0.292 0.140

Num.obs. 21 21 21 Num.obs. 21 21 21

***p<0.01; **p<0.05; *p<0.1 ***p<0.01; **p<0.05; *p<0.1

Generalist Habitat amount Generalist Core Area
Model 1 Model 2 Model 3 Model 1 Model 2 Model 3

Intercept 1.394** 1.009* 0.924* Intercept 0.887** 0.717** 0.623*

(0.601) (0.503) (0.458) (0.337) (0.320) (0.301)

HA1000 CA1000

(0.008) (0.006)

HA2000 CA2000

(0.008) (0.008)

HA3000 CA3000

(0.008) (0.008)

Log Likelihood-29.761 -30.293 -30.366 Log Likelihood -30.058 -30.543 -30.717

AICc 64.188 65.252 65.399 AICc 64.783 65.752 66.100

Delta 0.000 1.064 1.211 Delta 0.000 0.969 1.318

Weight 0.469 0.275 0.256 Weight 0.469 0.289 0.243

Num.obs. 21 21 21 Num.obs. 21 21 21

***p<0.01; **p<0.05; *p<0.1 ***p<0.01; **p<0.05; *p<0.1

Exotics Habitat amount Exotics Core Area
Model 1 Model 2 Model 3 Model 1 Model 2 Model 3

Intercept 1.439 0.657 0.017 Intercept 0.737 0.328

(0.837) (0.770) (0.774) (0.480) (0.480) (0.471)

HA1000 CA1000

(0.013) (0.012)

HA2000 CA2000

(0.014) (0.015)

HA3000 CA3000

(0.014) (0.014)

Log Likelihood-19.069 -20.227 -21.071 Log Likelihood -17.888 -19.616 -20.699

AICc 42.805 45.120 46.810 AICc 40.443 43.899 46.065

Delta 0.000 2.315 4.005 Delta 0.000 3.456 5.622

Weight 0.690 0.217 0.093 Weight 0.808 0.144 0.049

Num.obs. 21 21 21 Num.obs. 21 21 21

***p<0.01; **p<0.05; *p<0.1 ***p<0.01; **p<0.05; *p<0.1

-0.002

-0.008

-0.026

-

-0.012

-0.009

-0.008

-0.006

-0.004

-0.028**

-0.020

-0.009

-0.030**

-0.027

-0.015

-0.000

(b) 
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Supplementary material 5s. Comparisons models for each group of mammals of the analysis of effect 

of landscape characteristics on species richness.   
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Supplementary material 6s. Linear relationship observed in the best models obtained from the 
multiscale analysis in terms of the analysis of effect of landscape characteristics on species richness.  
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Supplementary material 7s. Analysis of the residuals in each model obtained for each group of 

mammalian species.  
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Abstract The bush dog Speothos venaticus is a highly social Neotropical canid categorized 

globally on the IUCN Red List as Near Threatened, as Vulnerable in Brazil and as Critically 

Endangered in Minas Gerais and the Atlantic Forest as a result of human pressure. As part of 

the monitoring of this mammal, during January 2019–March 2020 we placed one camera trap 

in each of 22 forest fragments in various landscapes in 15 municipalities of the state of Minas 

Gerais and one municipality of the state of Rio de Janeiro. On average, each camera trap was 

active for 4.3 months in each fragment. In a total of 2,856 trap-days we obtain the first record 

of S. venaticus in Minas Gerais, south-eastern Brazil, c. 2 km from Serra de Santa Rita Mítzi 

Brandão Biological Reserve. This record provides information on the northernmost distribution 

of S. venaticus in the Atlantic Forest and highlights the importance for this species of forest 

remnants in a fragmented landscape. Further monitoring of this area should be a priority, to 

increase knowledge regarding the distribution of this species and for developing conservation 

strategies appropriate to these fragmented landscapes. 

 

Keywords Atlantic Forest, Brazil, bush dog, camera trapping, neotropical canid, Minas Gerais, 

Speothos venaticus  

The bush dog Speothos venaticus occurs in Central and South America (DeMatteo & Loiselle, 

2008), is a strict carnivore (Beisiegel & Zuercher, 2005; Lima et al., 2009) and is considered 

the most social and smallest Neotropical canid (Azevedo et al., 2016; Oliveira et al., 2018). 

Previous research has examined the conservation status, distribution and ecological 

requirements of this species (DeMatteo & Loiselle, 2008; Ferreira et al., 2015; Jorge et al., 

2018; Lima et al., 2015; Michalski, 2010; Oliveira, 2009). Nevertheless, because of the elusive 

behaviour, low density, fragmented occurrence and large home range of the bush dog, the 

species biology is poorly understood (DeMatteo & Kochanny, 2004; Michalski & Pérez, 2005; 

Lima et al., 2012, 2015; Oliveira et al., 2018; Jorge et al., 2018). Consequently, it is necessary 

to increase our knowledge of this species (Azevedo et al., 2016; Oliveira et al., 2018; Tiepolo 

et al., 2016; Jorge et al., 2018) and its distribution (DeMatteo & Loiselle, 2008). 

The bush dog is categorized as Near Threatened globally on the IUCN Red List (DeMatteo et 

al., 2011), as Vulnerable on the Brazilian National List and as Threatened in several Brazilian 

states (Jorge et al., 2018). In the Atlantic Forest the bush dog is categorized as Critically 

Endangered (Jorge et al., 2018), with a few records in the states of São Paulo (Beisiegel, 2009), 

Paraná (Fusco-Costa & Ingberman, 2013; Tiepolo et al., 2016), Santa Catarina, Rio Grande do 

Sul (Fick et al., 2021) and Mato Grosso do Sul, in the Atlantic Forest and the Cerrado ecotone 

(Teribele et al., 2012). In the state of Minas Gerais the bush dog is categorized as Critically 

Endangered (COPAM, 2010; Jorge et al., 2018) and was considered probably extinct (Costa, 

1998) until records of the species were obtained in the north and west of the state (Azevedo et 

al., 2016; Ferreira et al., 2015; Silva et el., 2022). Here we report the first record of the bush 

dog in southern Minas Gerais, the current northernmost known occurrence of this species in the 

Brazilian Atlantic Forest. 

We conducted this study in 22 fragments in various landscapes in 16 municipalities in south-

eastern Minas Gerais (Fig. 1). During January 2019–March 2020 we placed a single camera 

trap (Bushnell HD, Bushnell Outdoor Products, California, USA) in each fragment for a mean 

of 4.3 months, at altitudes of 887–2,087 m. The lowlands are predominantly humid, whereas 

the mountainous sites have dry or rainy winters. The temperature range in this region is 12.2–

19.8°C and the annual total precipitation range is 1,476–2,175 mm (Instituto Brasileiro de 

Geografia e Estatística, 2012). We contemplate the protocols established for camera trapping 

proposed by Rovero & Spitale (2016) and Sharma et al. (2020).  
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After 2,856 trap-days we obtained two photographs of one bush dog (×Plates 1) in the 

municipality of Santa Rita do Sapuçaí (Fig. 1) at 7.40 on 20 May 2019. The image is not clear 

but typical characteristics of the species can be distinguished such as its short legs and tail, 

typical leg shape and elongated, cylindrical and thick body. We obtained five independent 

assessments from Brazilian carnivore specialists that this image was of a bush dog. The nearest 

known records are 725 and 739 km north (Fig. 1). The survey effort was less than that required 

to detect the bush dog in other localities, where recording the species required 4,818 (Beisiegel, 

2009), 4,112 (Fusco-Costa & Ingberman, 2013), 6,000, 7,000, 27,000 (Ferreira et al., 2015), 

4,036 (Azevedo et al., 2016) and 15,888 trap-days (Oliveira et al., 2018). 

We recorded the bush dog in a fragment of the seasonal forest at an altitude of 1,014 m, with 

an area of 164 ha, structural connectivity of 21 ha, and a patch size of 185 ha. The fragment is 

next to Serra de Santa Rita Mítzi Brandão Biological Reserve (2 Km), one conservation unit 

and water recharge region, with seven main springs on its slope, and the Sapucaí River. The 

bush dog would be using area as a corridor towards areas with greater availability of forest 

cover and water. Considering the biological knowledge gaps and the importance of this record, 

designating a long-term monitoring project for the bush dog in this area would increase our 

knowledge about the species to use as a flagship species to promote increased connectivity in 

the Atlantic Forest through corridors and stepping-stones that favors animal dispersal among 

fragmented populations, considering the surrounding matrix.  
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FIG. 1. Locations of the camera traps and of record of bush dog Speothos venaticus in this 

study, historical record (Lund, 1842), and nearest current records (Azevedo et al., 2016; 

Ferreira et al., 2015; Silva et al., 2022) in Minas Gerais, Brazil. 

 

PLATE 1 The two photographs of the bush dog Speothos venaticus obtained at Santa Rita do 

Sapuçaí, in Minas Gerais, Brazil.  
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VIDEO 

 

Selfies na Mata Atlântica.............https://www.youtube.com/watch?v=w8RrVmnwDCU 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


