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RESUMO

Existe uma lacuna na amostragem de mamíferos de médio e grande porte na região Sul de
Minas Gerais, da mesma forma diversos trabalhos sobre mamíferos não levam em conta as
características da paisagem que circunda os fragmentos estudados. Diante disso, esse trabalho
teve como objetivo entender como as espécies de mamíferos de médio e grande porte estão
distribuídas na região Sul de Minas Gerais e se essas espécies são afetadas por modificações
ambientais  em uma  escala  local  ou  uma  escala  regional.  No  primeiro  artigo  temos  um
levantamento das espécies de mamíferos de médio e grande porte nos municípios estudados,
buscando conhecer as espécies e como elas estão distribuídas nesse ambiente. Neste artigo
realizamos uma análise de NMDS para entendermos se existe diferença na composição de
espécies  entre  os  municípios.  Também realizamos  uma  análise  de  beta  diversidade  para
entender se existe diferença na distribuição das espécies entre os municípios estudados, seja
por  substituição  ou  compartimentalização  das  espécies.  Nossos  resultados  mostram  uma
grande  diferença  na  riqueza  e  na  composição  de  espécies,  assim  como  uma  grande
diversidade beta entre os municípios, evidenciando uma grande prioridade para conservação
de toda  essa  região  na  esperança  de  manter  essas  espécies  presentes.  No segundo artigo
buscamos  entender  quais  são  as  variáveis  ambientais  que  melhor  explicam a  riqueza  de
espécies encontradas em oito paisagens com diferentes proporções de vegetação, próximas ao
Complexo da Serra da Mantiqueira. Buscamos ver quais variáveis eram mais influentes tanto
na escala local, quanto na escala regional. Os resultados mostram uma grande influência do
tamanho do fragmento amostrado e o tamanho das árvores, na escala local, e da proporção de
vegetação e média do tamanho do fragmento, na escala regional. Com os resultados obtidos
nessa dissertação esperamos trazer a luz a importância dessa região para conservação dessa
comunidade de mamíferos de médio e grande porte, mostrando a importância de se conservar
uma grande quantidade de fragmentos ao longo de toda a região e que esses fragmentos sejam
manejados para manter, preferencialmente uma grande extensão. 

Palavras-chave:  Ecologia  de  Paisagem;  Mamíferos;  Mata  Atlântica  Camera-trap;
Diversidade



ABSTRACT

There is a gap in the sampling of medium and large mammals in the southern region of Minas
Gerais,  in  the  same  way  several  works  on  mammals  do  not  take  into  account  the
characteristics of the landscape that surrounds the fragments studied. The objective of this
study was to understand how the medium and large sized mammals are distributed in the
southern region of Minas Gerais and whether these species are affected by environmental
modifications at a local or regional scale. In the first article we have a survey of mammal
species of medium and large size in the South of Minas Gerais, seeking to know the species
and how they are distributed in this  environment.  In  this paper  we performed an NMDS
analysis  to  understand  if  there  is  a  difference  in  species  composition  among  the
municipalities.  We  also  performed  a  beta  diversity  analysis  to  understand  if  there  is  a
difference  in  the  distribution  of  the  species  among  the  studied  municipalities,  either  by
substitution or compartmentalization of the species. Our results show a great difference in the
richness  and  composition  of  species,  as  well  as  a  great  beta  diversity  among  the
municipalities, showing a great priority for the conservation of the whole region in the hope
of keeping these species present. In the second article we try to understand which are the
environmental variables that best explain the species richness found in eight landscapes with
differences  in  the  vegetation  proportion,  in  the  proximity  of  the  Serra  da  Mantiqueira
complex. We sought to see which variables were most influenced both locally and regionally.
The results show a great influence of the size of the sampled fragment and the size of the trees
in the local scale, and the proportion of vegetation and average of the size of the fragment, in
the regional scale. With the results obtained in this dissertation we hope to bring to light the
importance  of  this  region  for  the  conservation  of  this  community  of  medium  and  large
sized8+  mammals,  showing  the  importance  of  conserving  a  large  quantity  of  fragments
throughout the region and that these fragments are managed for maintain, preferably to a large
extension.

Keywords: Landscape Ecology; Mammals, Atlantic Forest, Camera-trap; Diversity
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PRIMEIRA PARTE

   1 INTRODUÇÃO

O Domínio Atlântico apresenta aproximadamente 250 espécies de mamíferos, o que

representa aproximadamente 38% do número de espécies de mamíferos presentes no Brasil

(REIS et al., 2011). Devido a localização predominantemente litorânea, esse domínio sofreu

pressões do desenvolvimento econômico desde os primórdios da sociedade brasileira até a

expansão atual da agropecuária e silvicultura, o que culminou no alto grau de fragmentação

encontrado na Mata Atlântica (RIBEIRO et al., 2009). Essas pressões levaram a redução da

vegetação  até  sobrarem  alguns  poucos  remanescentes,  que  se  encontram  isolados  e

perturbados  (OLIVEIRA-FILHO;  FLUMINHAN-FILHO,  1999;  RIBEIRO  et  al.,  2009;

SOSMA E INPE, 2016). A remoção de habitat, causada pela fragmentação, associada com a

alta  pressão de  caça,  tem levado a  uma  alta  taxa  de  declínio  no  número de  espécies  de

mamíferos nessas áreas  (TREVES; BRUSKOTTER, 2014).Se levarmos em conta que cerca

de  50  espécies  são endêmicas  desse  domínio,  o  alto  perigo  de  remoção e  a  importância

ecológica do domínio, fica evidente o porque de considerarmos a Mata Atlântica como um

dos principais hotspots para conservação no Brasil  (HERINGER; MONTENEGRO, 2000;

MITTERMEIER et al., 2005).

Toda esta pressão sobre a comunidade de mamíferos leva a quebra da homeostase do

ecossistema, ocasionando diversos problemas ambientais (ESTES et al., 2011; JORGE et al.,

2013). Esses problemas ambientais causam grandes perdas econômicas para a sociedade, já

que os mamíferos são importantes para manutenção da floresta de uma maneira funcional,

mantendo os serviços ambientais operando em equilíbrio. Já é conhecido que a presença de

mamíferos de médio e grande porte mantêm as taxas de predação de sementes equilibradas

(GALETTI; BOVENDORP; GUEVARA, 2015), uma alta complexidade ambiental mantêm

uma teia trófica mais complexa e a presença de predadores de topo leva a um maior equilíbrio

ambiental   (SMITH;  PETERSON;  HOUSTON,  2003),  além  da  presença  de  espécies  de

mamíferos  ser  extremamente  importante  na  persistência  e  recuperação  de  áreas  florestais

(WILKIE et al., 2011).

A Ecologia  de  Paisagens  é  usada  para  explicar  as  interações  existentes  entre  os

padrões  espaciais/geográficos  da  paisagem  e  as  características  ecológicas  intrínsecas  das
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espécies que estão presentes nela. Buscando entender a importância da configuração espacial

de  uma  paisagem  para  os  processos  ecológicos  das  espécies  (TURNER;  GARDNER;

O’NEILL,  2001).  Portanto,  a  Ecologia  de  Paisagens  é  uma  importante  ferramenta  para

entendermos como a sociedade promove variações ambientais em uma paisagem e quais as

consequências dessas modificações nas comunidades biológicas.

Os mamíferos são extremamente vulneráveis a variação no uso da terra (DAVIDSON

et al.,  2009).  A riqueza e composição de mamíferos também são afetadas pelo formato e

tamanho do fragmento, bem como a qualidade da matriz, em paisagens pequenas. Em estudos

que consideram paisagens com maior escala somente o número de fragmentos foi responsável

pelas variações na assembleia de mamíferos (GARMENDIA et  al., 2013). Outras espécies

também respondem às variações no tamanho dos fragmentos, tanto em florestas tropicais fora

do Brasil   (PRUGH et al.,  2008) como em áreas de Mata Atlântica do sudeste do Brasil

(CHIARELLO, 1999). Também já foi descrito uma grande sensibilidade dos mamíferos de

médio e grande porte a variação na matriz que contorna os fragmentos, mostrando uma grande

modificação  na  composição  entre  diferentes  culturas  agrícolas  (CASSANO;  BARLOW;

PARDINI,  2012;  ROCHA;  PASSAMANI;  YANKOUS  GONÇALVES  FIALHO,  2014;

UMETSU;  PAUL METZGER;  PARDINI,  2008).  As  paisagens estudadas  nesses  trabalhos

são, geralmente, de menores escalas (até 5 km2 no trabalho de GARMENDIA e colaboradores

(2013), por exemplo) ou o efeito das paisagens são desconsideradas inteiramente. 

Perante essa necessidade de conhecimento sobre a influência da interação de variáveis

ambientais locais e regionais sobre a comunidade de mamíferos, este estudo busca ampliar a

escala nos estudos de paisagem para médios e grandes mamíferos, focando em descobrir se as

espécies estudadas respondem à variação que ocorre em uma escala maior do que a que tem

sido tratada nos trabalhos atuais. Buscamos entender quais são as modificações antrópicas que

mais  influenciam  as  espécies  na  área  Sul  de  Minas  Gerais.  Para  isso,  levantamos  as

características estruturais das paisagens, avaliando a qualidade dos remanescentes florestais, o

reflexo do uso da terra (baseado na supressão de áreas naturais) e a porcentagem de vegetação

remanescente na paisagem. Esses impactos foram avaliados em função da variação da riqueza

e a composição de espécies de mamíferos de médio e grande porte, entre as paisagens.
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   2 REFERENCIAL TEÓRICO

.2.1   Mata Atlântica

O  Brasil  é  considerado  um  dos  países  com  maior  biodiversidade  no  mundo,

apresentando um tamanho continental esse país apresenta uma rica variedade ambiental. Essa

variedade favorece a ocorrência de diversos fatores ambientais que possibilitam a presença de

uma  enorme  diversidade  biológica,  tanto  vegetal  quanto  animal.  Dentro  dessa  gama  de

ambientes extremamente ricos, a Mata Atlântica é um dos biomas mais importantes no país e

é considerado como um hotspot para conservação, por conta da sua alta riqueza de espécies,

alta  taxa  de  endemismos  e  pela  enorme  pressão  de  supressão  ao  longo  dos  anos

(MITTERMEIER et al., 2005; MYERS et al., 2000). 

A Mata Atlântica cobria originalmente uma área de 150 milhões de ha e era distribuída

ao logo de quase toda a costa brasileira. Essa larga distribuição geográfica é dita como uma

das  importantes  características  para  explicar  a  alta  diversidade  de  espécies  presentes  ali

principalmente por causa do aumento da quantidade de chuvas próximos ao litoral (RIBEIRO

et al., 2009; SANT’ANNA NETO, 2005) e também por causa da grande variação altitudinal

do bioma (OLIVEIRA-FILHO; FONTES, 2000). Portanto sua distribuição geográfica é uma

das principais causas da alta riqueza do bioma, porém essa distribuição é a causa do grande

desmatamento do bioma (RIBEIRO et al., 2009), principalmente por conta da alta exploração

sofrida desde os primórdios da sociedade brasileira até a expansão atual da agropecuária e

monoculturas  (MITTERMEIER et  al.,  2005).  Essa  exploração  desacerbada  causou  a  alta

fragmentação  da  Mata  Atlântica,  que  hoje  se  encontra  com  alguns  poucos  fragmentos

florestais  isolados  e  altamente  perturbados  (OLIVEIRA-FILHO;  FLUMINHAN-FILHO,

1999; RIBEIRO et al., 2009; SOSMA E INPE, 2016).

.2.2   Minas Gerais

O estado de Minas Gerais é o quarto maior estado da federação brasileira, cobrindo

cerca de 6.89% do território nacional. É recoberto principalmente pelos biomas do Cerrado e

da Mata Atlântica, com uma pequena mancha de caatinga no norte do estado (IBGE, 2012). O

estado se encontra como um dos mais impactados no Brasil, onde a expansão do agronegócio

e a ineficácia de implementação e manutenção de áreas de proteção são as principais causas

para a supressão desses biomas naturais (BOYD et al., 2008; DIAS, 2008; RIBEIRO et al.,
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2009). Como consequência temos uma alta taxa de supressão dos ambientes naturais e uma

baixa taxa de proteção, o que leva os biomas a se apresentarem em extremo perigo.

Na região Sul de Minas Gerais, onde a maior parte desse trabalho foi desenvolvido, a

principal  fonte de supressão de habitats tem sido a expansão da cultura cafeeira  que tem

levado a grandes modificações da paisagem  (FILETTO; ALENCAR, 2001). Diante dessas

pressões, a ecologia de paisagem pode ser usada para entender como que as modificações nas

variáveis  ambientais  causadas  pela  sociedade  impactam as  comunidades  biológicas  nesse

local.

.2.3   Ecologia de Paisagem para Médios e Grandes Mamíferos

A ecologia de paisagem busca explicações para a interação entre os padrões espacias

da paisagem e os processos ecológicos das espécies que a compõem (TURNER; GARDNER;

O’NEILL,  2001),  tentando entender como essas modificações na configuração espacial da

área  (remoção/fragmentação  de  habitats)  vão  influenciar  nos  processos  ecológicos  das

espécies. 

Os  mamíferos  são  extremamente  vulneráveis  a  essas  variações  no  uso  da  terra,

respondendo a pequenas modificações  no mesmo  (DAVIDSON et  al.,  2009).  A riqueza e

composição de mamíferos também são afetadas pelo formato e tamanho do fragmento, bem

como a qualidade da matriz (MAGIOLI et al., 2015; MENDES; RIBEIRO; GALETTI, 2016).

Outras  espécies  também  respondem  às  variações  no  tamanho  dos  fragmentos,  tanto  em

florestas tropicais fora do Brasil (PRUGH et al., 2008) como em áreas de Mata Atlântica do

sudeste do Brasil (CHIARELLO, 1999).

Os  fragmentos  florestais  e  a  comunidade  de  espécies  ali  presente,  são  muito

influenciados pela presença de espécies de mamíferos. Sendo que os mamíferos de médio e

grande porte apresentam uma importância muito grande na manutenção de diversos serviços

ecossistêmicos  nesse  ambiente  (ESTES  et  al.,  2011).  Os  mamíferos  são  influentes  na

manutenção  das  dinâmicas  de  predação/remoção  de  sementes  afetando  a  permanência

(LINDSELL et  al.,  2015) e  colonização  de  novas  áreas  (BORDIGNON;  MONTEIRO-

FILHO, 2000) pelas espécies vegetais; influenciam diretamente na manutenção de uma rede

trófica  equilibrada  tanto  os  grandes  predadores  (RIPPLE;  BESCHTA,  2004) quanto  os

predadores de menor porte (ROEMER; GOMPPER; VALKENBURGH, 2009). 
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Dessa forma, a  manutenção de uma comunidade de mamíferos de médio e grande

porte leva a melhorias no ambiente que possibilitam a restauração ambiental e a manutenção

de uma rede trófica equilibrada, aumentando a resistência dessa rede aos impactos causados

pela fragmentação.
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SEGUNDA PARTE – ARTIGOS

Artigo 1 - Diversity and Richness of Medium and Large Mammals in the South of the

State of Minas Gerais 

Artigo escrito nas normas de formatação da revista Checklist

   1 INTRODUCTION

The  South  Region  of  the  Minas  Gerais  state  present  an enormous  ecological  and

environmental  importance  in  the  maintenance  of  biodiversity  (LE  SAOUT et  al.,  2013).

Although this importance the this region suffers some great environmental impacts, being the

second most populous area in the state, behind only to the central area  (AMM, 2016). The

region’s  main  economy  is  the  coffee,  agribusiness  and  industry  (AMM,  2016).  This

socioeconomic  scenario  leads  to  an  enormous  environmental  pressure,  causing  a  high

suppression rate of the natural areas  (SOSMA E INPE, 2016). The mammal community are

extremely affected by habitat reduction and isolation, and its richness tend to decrease as the

fragmentation increases (CHIARELLO, 1999; GALETTI et al., 2009).

The species richness is one of the first ecological parameters that decrease from the

fragmentation processes. This local loss in the number of species causes great impacts in the

conservation of the environment (FAHRIG, 2003), in the maintenance of complex ecological

services  (CARDINALE et al., 2012), and in the perception and appreciation of the natural

environment by the human being (LINDEMANN-MATTHIES; JUNGE; MATTHIES, 2010).

The way this species are distributed in a landscape is also important to take in account when

thinking for conservation. When higher the difference in species richness and composition

between fragments in a landscape, more important is the protection of the whole landscape for

the conservation of  a  higher  diversity of  species.  This  way this  difference of  the species

richness  between sampling points  can be called  β diversity and it  can be divided in  two

complementary  components:  the  spatial  turnover  component  (βsim),  that  account  for  the

replacement  of  species  between the  sampling points;  and  the  nestedness  component,  that

account for the loss of some of the species between points (BASELGA, 2010). 

Nestedness and turnover are opposite processes, from a conservation point of view, the

species loss or species substitution is always different, and present differences implications
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(BASELGA,  2010).  Understanding  the  divergences  between  the  components  in  the  beta

diversity index is a key point for developing conservation strategies, because a region were

one of the components of the index is prominent (βsim or βnes) will have a different pattern

of species distribution (BASELGA, 2010) and will need different conversation efforts.

 The objective of this work was to access the species richness of medium and large-

sized mammals in the south region of the Minas Gerais state. Seeking to understand how this

species  were distributed between the municipalities and the ecological difference between

them.

   2 MATERIALS AND METHODS

.2.1   Study Site

 This  study  was  conducted  in  eight  municipalities  (São  Gonçalo  do  Sapucaí,

Heliodora,  Conceição  do  Rio  Verde,  Baependi,  São  Sebastião  do  Rio  Verde,  Itajubá,

Conceição das Pedras e Delfim Moreira) in the South Region of Minas Gerais state, in Brazil

(Figure 1). The mean altitude of the sampled areas varies from 962 to 1462 meters and with a

great range of climate variation (Table 1). This range causes differences in the humidity along

the year (Always Humid / Dry Winters / Dry Summers) as did the temperature of the hottest

months (Hot Summer / Soft Summer). 

All the sampling points were located in the Atlantic Domain, within or really close to

the Serra da Mantiqueira Environmental Protection Area (APA Mantiqueira), which is one of

the most irreplaceable areas for the conservation of biodiversity in the world (LE SAOUT et

al., 2013).

.2.2   Data Sampling

The  area  were  sampled  from  October  2015  to  November  2016.  Each  of  the  22

sampling points received a Bushnell digital camera trap (model Trophy Cam HD), and were

two kilometers  apart, seeking the  spatial  independence  between points.  The  camera traps

remained in field for a minimal of 90 days to 122 days, and were checked every 30 days to

replace batteries and acquisition of the recorded photos. 
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.2.3   Data Analysis

Para avaliar a riqueza de espécies foi construída uma curva de rarefação utilizando o

programa Primer (CLARKE; WARWICK, 2001) using the Jacknife 1 estimator. 

Beta diversity analysis was performed for presence/absence data from the community,

excluding accidental sighting (table 2). Thus, we produced the global beta diversity index

(βsor)  that  was  later  subdivided  into  the  spatial  turnover  (βsim)  and  nestedness  (βnes)

components (BASELGA, 2010). The global β diversity (βsor) is an index that varies from 0 to

1, were 1 represents a great difference of species richness among the sampling points. The

turnover component (βsim) is one of the components that explain the variation of the βsor and

also varies from 0 to 1, meaning that higher this index the greater the turnover of species

among the sampling points. Finally, the nestedness component (βnes) is the final component

of βsor and exemplifies how different areas are in terms of nestedness and not turnover.

The analysis of the beta diversity were conducted in the R software (TEAM, 2013),

using the package “betapart” (BASELGA; ORME, 2012).

   3 RESULTS

In  a  total  of  54.960 camera-trapping hours  we founded 22 species,  including two

exotics  species:  domestic  dog (Canis  familiaris)  and  cattle  (Bos  taurus),  which  were  not

included in the analysis. On average, we found 5 species per municipality, with a maximum of

9 and a minimum of 3 species. The rarefaction curve shows that the sampling was enough to

access part of the community in the region, although the Jacknife estimator show that we

would still find new species if we continued the survey (Figure 2).

From the 22 found species,  ten were  from the Order  Carnivora,  three from Order

Rodentia, three from the Order Xenartha, two from the Order Didelphimorphia, one from the

Order Artiodactyla and one from the Order Lagomorpha (Table 2).

The most frequent species found were Leopardus guttulus and Didelphis aurita found

in  six  and  five  of  the  municipalities,  respectively;  Guerlinguetus  ingrami,  Dasypus

novemcincuts and Eira  barbara  were  found  in  four  municipalities;  Leopardus  pardalis,

Sylvilagus brasiliensis and Nasua nasua were found in three of the municipalities; Cuniculus

paca e Didelphis albiventris in two municipalities; The other 10 species were found in only

one municipality.
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One  specie  that  is  present  in  almost  all  the  larger  fragments  of  other  works

(MACHADO et al., 2017; MAGIOLI; FERRAZ; RODRIGUES, 2014; REALE; FONSECA;

UIEDA, 2014; ROCHA; SOARES; PEREIRA, 2015) is the Puma concolor being, one of the

biggest predators in the Atlantic Forest biome (SUNQUIST; SUNQUIST, 2002). We expected

to find this species in our sampling, since most of the landowners said that they are used to

find this specie in almost all the sampling points. This non-detection could be because of the

short sampling periods of this work, that didn't manage to register this species because of it’s

big area of life, that can be of 610 km²  (PAULA et al., 2015) and small population density

(NEGRÕES et al., 2010).

We found two species considered vulnerable (VU), in the Minas Gerais level(table 2),

Leopardus pardalis  and Chrysocyon brachyurus, the last being considered vulnerable in the

Brazil level. We also found the Leopardus guttulus to be the most prominent species in our

study sites appearing in six of the eight municipalities, this species was not evaluated (NE) in

the Minas Gerais level but is vulnerable in the IUCN and in the Brazil level. The presence of

this  species  and  the  high  species  richness  show  the  importance  of  this  region  to  the

maintenance of the biodiversity.

The high value of beta diversity (βsor = 0.79) shows that the municipalities present a

big difference in the species richness, in general, and this is consistent with pattern found in

the sampling, were we found a high number of species but with a low mean richness for each

of the municipalities. This result shows the importance of this area for the conservation of an

expressive diversity of mammals. The bigger turnover than the nestedness component shows

that there is a great species replacement among the municipalities rather than the pattern of a

smaller  community  being  the  partition  of  a  bigger  one.  This  pattern  of  nestedness,  was

observed  between  Bapendi  and  Conceição  das  Pedras  municipalities  (Figure  3)  were  the

mammal community of Baependi (four species) is merely a small part of the Conceição das

Pedras community (ten species)  (Table 2).  This  pattern of  distribution can mean that  the

environmental impacts of the habitat suppression, in the Baependi region, can select species

that withstand this impacts and thrive in this situations.

From a conservation perspective this turnover pattern shows that the region should be

a focus of bigger efforts for conservation and studies and that, in a scenario of planning for

protected areas, we should focus on protecting most of it’s natural environments as possible in

the region because every one of the sampled areas are biologically important to sustain a
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unique  mammal  diversity  seeing  that  most  of  the  Atlantic  Forest  biome  is  extremely

fragmented and that most of its fragments are smaller than 100 ha (RIBEIRO et al., 2009).
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Artigo 2 - Influence of Local and Regional Scale in Medium and Large-Sized Mammals

Artigo escrito nas normas de formatação da revista Plos One

   1 INTRODUCTION

The Minas Gerais state presents the Atlantic Forest and the Cerrado biomes, which are

considered hotspots for biodiversity conservation in the world (MITTERMEIER et al., 2005).

This biomes are currently being extremely impacted by the expansion of agribusiness, most

importantly  in  the  Minas  Gerais  state  the  coffee  and  cattle  exploration  (INÁCIO;  TAI,

2006) and the inefficiency of implementation and maintenance of protected areas (RIBEIRO

et al., 2009). This pattern occur in the south region of Minas Gerais, showing a high historical

economic dependence of the agribusiness  (FILETTO; ALENCAR, 2001) but nowadays the

industry is becoming more prominent being responsible for an important part of the regions

economy (AMM, 2016). As the macroregion grows economically, so does the impacts in the

natural environments (DAVIDSON, 2000) that could lead to losses in habitat area and species

richness (FAHRIG, 2003).

The  loss  in  habitat  area  will  cause  a  huge  variety  of  impacts  in  the  mammal

community,  that  could  lead  to  a  significant  change  in  the  dynamic  equilibrium  of  this

community leading to a new less diverse composition of species (CHIARELLO, 1999). This

usually happens because  of  the local  extinction of  species,  because of  the isolation from

others  forest-like  vegetation  that  could  be  the  source  for  recolonization  (MACARTHUR;

WILSON, 1967). This isolation allied with the inability of the smaller fragments to provide

food or other vital resources (DA FONSECA; ROBINSON, 1990), explain the impact that the

species will suffer from this high fragmentation.

The landscape ecology can be applied to understand what could be the environmental

variables that would determinate the presence of the species in this environment (TAYLOR;

FAHRIG; WITH, 2006). But in the same way the species could be responding to variations in

a  local  scale  since  changes in  the fragment  could  be  modifying  the  natural  responses  of

species, making it unlikely to the species to be able to stay there. This way is necessary to

take into account that the response of mammals, and other species, can be influenced by the

local and landscape scale  (BOWERS; MATTER, 1997), being necessary to understand how

both this scales dictate the prevalence of species.
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With this impacts in mind and taking in account the importance of scale, the aim of

this study was to understand how the variation in the parameters of regional and local scale

would affect the community of medium and large-sized mammals, in the south region of the

Minas Gerais state. Investigating which of the environmental variables were responsible for

modifications in the species richness and composition.

   2 METHODOLOGY

.2.1   Study Area

This  study was conducted in  eight  different  landscapes  in  the  south region  of  the

Minas Gerais state. The area is part of the Atlantic Forest Domain, with vegetation that vary

from 30m high forests to shrubs and grass  (IBGE, 2012). The most representative forest on

the area is Semideciduous Montane Forest,  with some areas of Ombrophilous Forests and

Natural Grasslands on the highest areas (CARVALHO et al., 2008).

The climate (Table 1) variate within the region sampled, with the existence of three

main kinds of  classification:  1)  Cfa -  warm temperate climate,  fully humid and with hot

summers,  2) Cfb - Warm temperate climate,  fully humid and warm summers and 3) Cwa

-Warm temperate climate, with dry winters and hot summers (DE SÁ JÚNIOR et al., 2012;

KOTTEK et al., 2006). 

The studied landscapes are 10 x 10 Km and are located on the Atlantic Domain, with

the mean altitude varying from 900 to 1800 m. The sampling points were arranged randomly

within forest fragments, and each sampling point was within an independent forest fragment.

Each of the landscapes were divided in 20 grids of 2.5km lengthwise and 2km wide, each of

the junctions of this grids were considered a sampling point if there was a forest fragment on

this intersection. This way the number of sampling points was proportional to the vegetation

proportion of the landscapes, because one landscape with bigger vegetation proportion would

have a bigger chance of the sampling points to be on a forest fragment.
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the field multiplied by 24h (Table 1), and for the landscape the sampling effort is the total

number of sampling points of the sampling efforts for each of the sampling points.

The  landscapes  described  as  control  areas  were  sampled  from  2013  to  2015  in

previous studies carried by Gonçalves et at (2015) and Rosa et al. (2015) in Itatiaia National

Park (● - PNI, Table 1, Figure 1) and the Private Reserve of Natural Heritage Alto Montana

(● - RPPN, Table 1, Figure 1) respectively. Their studies took plane in the border between the

south region of the Minas Gerais state and the Rio de Janeiro state. We compared those areas

with our sampling points, as they are part of the Serra da Mantiqueira complex and present a

bigger  vegetation proportion than those found on the other  locations  of  this  study.  These

studies consisted in 8 sampling points each, and were conducted from early 2013 until late

2015.  To  enable  the  comparison  with  our  sampling  points,  we  randomly  selected  three

consecutive months from their annual sampling (April to August 2014).

.2.3   Data Analysis

As individuals could not be identified, each of the records of one specie in the same

sampling  point,  that  happened  within  one  hour  period  were  discarded (following  Srbek-

Araújo & Chiarello (2013)).

To  compare  the  species  richness  between  the  sampling  points,  we  performed  a

rarefaction curve and calculated the expected number of species in each of the landscapes and

also the expected number of species in each of the sampling points. As we have a sampling

design that is proportional to the vegetation coverage in each of the landscapes, the rarefaction

curve allows us to decrease the bias on the variation of species richness due to sampling effort

or different efficiency of capture between different locations.

We  performed  a  Non-metric  multidimensional  scaling  (NMDS)  to  visualize  and

ordinate  the  sampling  points  according  to  the  occurrence  of  medium  and  large-sized

mammals.  To  test  if  there  is  a  significant  difference  between the  areas,  we performed a

Analysis of Similarity (ANOSIM) aiming to corroborate the spatial patterns visualized on the

NMDS.

We performed an  a priori Mantel  test to see the correlation between the sampling

points, and as they were highly correlated (r = 0.102, p = 0.026) we constructed generalized

linear mixed models (GLMM) to analyze which of the environmental variables affected the

species richness of medium and large-sized mammals. This analysis allowed us to understand
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the influence and importance of  each  of  environmental  factors  on the  landscapes.  As we

design the sampling as a landscape experiment (Figure 1) the GLMM analysis was necessary

to define a method for block sampling, where the landscapes were fixated as random effects.

This analysis was conducted in the R software using the MuMIN package for the GLMM and

vegan  package  for  the  Mantel  test  (BARTOŃ,  2013;  OKSANEN  et  al.,  2016;   R

DEVELOPMENT CORE TEAM, 2013).

The environmental variables were divided in two categories, referring to the scale of

this variables: The Environmental Qualities of the Fragment (local scale) and the Landscape

Quality (regional  scale).  All  spatial  variables  were  obtained through  the  ArcGis  software

(ESRI, 2012).

In the Environmental Qualities (local scale) there was four variables: the border area

of the fragment (100 meters of border effect, estimated by the Vlate plugin in ArcGis (LANG;

TIEDE, 2003));  the mean canopy opening (the mean canopy opening of  ten independent

points within a 100 meters long transect for each of the studied fragments) this was conducted

with the  ImageJ  software  (SCHNEIDER;  RASBAND;  ELICEIRI,  2012));  the  tree height

(mean of the estimated heights of four trees for each of the ten points used to estimate the

canopy opening, totaling 40 trees per fragment); and the sampling effort for each sampling

point.

The environmental  variables  in  the category of  Landscape Quality (regional  scale)

were consistent for all the points in each landscapes. These were the mean area of fragments

in the landscape (Vlate);  mean border  area for  all  the fragments  (mean of  100 meters  of

border effect * the fragment perimeter for all the fragments, in the Vlate);  mean perimeter of

fragments (MSI (LANG; TIEDE, 2003)); and mean distance between the fragments (Nndist

(LANG;  TIEDE,  2003)).  The  vegetation  proportion  was  also  used  as  an  environmental

variable, been used to choose the sampling landscape and as a variable in the regional scale

(Table 1).

All the variables were incorporated as explanatory variables in the GLMM analysis, in

order to understand which one of them offered a better explanation for the variation in the

species  richness  of  the  medium  and  large  mammal  community  in  the  landscapes.  This

variables were standardized a priori so that they could be compared between each other. This

standardization consisted in the subtraction of  the mean and the division by the standard
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deviation of all  the values, for each variable.  The analysis  were conducted in both scales

separately.

   3 RESULTS

There was a distinct pattern between the landscapes, as they showed a variation in the

mammal species richness and composition. In the landscapes with small vegetation proportion

(20% vegetation proportion – Sp 1 to 3, Table 1) we found 10 species, in the landscapes with

high vegetation proportion (35% vegetation proportion – Hp 1 to 3, Table 1) we found a

richness of 17 species and in the control landscapes (80% vegetation proportion – PNI and

RPPN, table 1) we found 18 species. The sampling was probably not enough to access all the

species in the community, as showed by the rarefaction curve (Figure 2).

The NMDS analysis (Figure 4) showed the formation of distinct groups, showing that

the fragmented landscapes (Hp and Sp, Table 1) presents a different species composition than

the control landscapes (PNI and RPPN, Table 1). The ANOSIM, confirmed this patterns and

showed that the formed groups were statistically different (p = 0.0013, stress = 0.2995). There

was no difference between the small vegetation proportion and the high vegetation proportion

(p  = 0.5142)  but  there  was  a  difference  between  the  small  vegetation  proportion  when

compared with the PNI (p = 0.0008) and the RPPN (p = 0.0015). This pattern is the same

when we compared the landscapes with high proportion with the PNI (p = 0.0048) and with

the RPPN (p = 0.0063). It also showed a significant difference between the RPPN e PNI (p =

0.0004).
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   4 DISCUSSION

Our results support the hypothesis that the community of medium and large mammals

is  influenced  by  the  variations  in  the  local  scale,  but  its  presence  is  also  influenced  by

variations in the regional scale. This highlights the importance of studying the encircling areas

together  with  the  characteristics  of  the  sampled  fragment,  when  concerning the  study of

medium to large mammals.

The  results  of  the  NMDS  and  the  ANOSIM  analysis  showed  that  the  mammal

community presented in the fragmented landscapes (Hp and Sp, Table 1) are probably equally

impacted,  independent  of  how much habitat  is  left  from the  fragmentation  process.  This

shows that the difference of 35% to 20% of vegetation in the landscape is not a significant

factor to the species composition.  We found that  the PNI and the RPPN have a different

species richness and composition, when compared to the fragmented landscapes and between

themselves. This patterns shows that the vegetation proportion of less than 40% can present

the same impact on the mammal community,  evidencing that  the fragmentation impact is

bigger than we anticipated and even with a relative medium amount of habitat (35% when

compared to 20% of vegetation proportion) the community still suffers the same impacts from

the fragmentation.

.4.1   Local Scale

The  GLMM  results  are  consistent  with  the  importance  of  a  high  quality  forest

fragment, in maintaining a higher number of mammal species (MAGIOLI et al., 2015). The

quality of the fragment is represented here by the importance of bigger fragments and taller

trees.

One possible explanation for this results is that in highly fragmented landscapes there

is  usually  a  decrease  of  fragment  size  which  leads  to  changes  in  the  phenology  of  the

vegetation,  which  excludes  larger  species,  favouring  smaller  trees  (BRIANT;  GOND;

LAURANCE, 2010). Such changes can be the modification in the richness and composition

of  plant  species  (COLLINS  et  al.,  2017) that  would  lead  to  losses  in  the  food  source

availability and diversity (AUGUST, 1983) causing trophic cascade effect. The fragment size

could  be  influencing  directly in  the  species  richness  by the  fact  that  a  smaller  fragment

maintain a smaller community (DEBINSKI; HOLT, 2000; FAHRIG, 2003), since species that
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are habitat specialist and dietary specialist cannot persist in smaller fragment  (MAGIOLI et

al., 2015).

Concerning  the  tree  heights  and  its  influence  in  the  mammal  richness,  the  bigger

and/or  older  trees  are  responsible  for  the  maintenance  of  a  balanced  environment  in  the

forest’s canopy, understory,  as well  as in the forest ground  (DEAN; MILTON; JELTSCH,

1999). High trees are important to promote key sites to many mammal species, they are places

for  social  aggregation,  refuge,  food  source  and  water  filled  cavities  (AUGUST,  1983;

FELTON et al., 2010; GIBBONS; LINDENMAYER, 2002; LINDENMAYER; LAURANCE,

2017;  REMM; LÕHMUS, 2011).  This  allows  the prevalence  of  small  or  medium bodied

animals (rodents, marsupials and other non-mammalian species) that are potential prey for the

predators (SANDOM et al., 2013; TEWS et al., 2004). This increased the heterogeneity of the

environment  (BERNARD,  2001;  DEAN;  MILTON;  JELTSCH,  1999;  LINDENMAYER;

LAURANCE, 2017), possibiliting the structure of a much more complex food web (ESTES et

al., 2011; JORGE et al., 2013) and in this way the increased patch size and tree height could

lead to a higher species richness.

.4.2   Landscape Scale

For the landscape scale, the GLMM results showed the importance of the quantity of

habitat and it’s influence in the large and medium mammal species richness. It shows that the

quantity of habitat present in the landscape is important for the prevalence of the mammal

species in the area. This result were verified by Beca et al. (2017) in areas of Atlantic Forest

in the São Paulo state, making explicit the importance of the landscape scale in the study of

mammals species, were smaller landscapes could mask the requirement of well  structured

landscapes and not only well preserved fragments (BOWERS; MATTER, 1997).  

One explanation for this response to higher quantities of habitat (higher vegetation

proportion  and  bigger  mean  area  of  the  fragments)  could  be  due  to  the  possibility  of

maintaining several populations of the species in the environment, which would lead to a

more  complex  landscape.  This  complexity  would  be  both  geographically  because  of  the

higher availability of habitat and ecologically because of the higher probability of different

species to occur in this said habitats (METZGER, 2001). This would happen since the amount

of habitat is important in maintaining a more diversified community in terms of functional
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diversity of the species (MAGIOLI et al., 2015) increasing the species richness (SAFI et al.,

2011).

Other causes could be that a higher amount of habitat would influence directly the

perseverance of species with bigger body mass, since they are dependant of larger areas for

home range (LINDSTEDT; MILLER; BUSKIRK, 1986).  The presence of this larger species

can lead to significant  changes in the environment,  such as: controlling of mesocarnivore

impacts,  remedying trophic cascade by fear  (SURACI et  al.,  2016) or  actual presence of

predators (ESTES et al., 2011; JORGE et al., 2013). The presence of bigger species can even

help  maintain  the  seed  removal  dynamics  that  can  cause  disbalance  in  tree  populations

(JANZEN, 1970), benefiting small-seeded species  (SHEN et al.,  2012) or even playing an

important role in the restoration of degraded forests (ESTES et al., 2011; LINDSELL et al.,

2015).

   5 CONCLUSION

In conclusion this paper comes in agreement with several others  (MAGIOLI et al.,

2015; MENDES; RIBEIRO; GALETTI, 2016; MENDES PONTES et al., 2016) to show the

importance in the conservation of habitats for the prevalence of a rich mammal community

and shows the importance in preserving larger fragments of the Atlantic Forest intact, as well

as the ecological importance of the south region of the Minas Gerais state.
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