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Resumo Geral

A conectividade de uma paisagem é um dos fatores determinantes da viabilidade de
populagBes animais, frente aos efeitos da perda e fragmentacdo do hébitat. Os corredores
ecoldgicos sdo uma das estratégias defendidas para se manter a conectividade de uma paisagem
fragmentada. No Brasil, a manutencdo de areas de preservacdo permanente (APP) ao longo de
cursos d’agua, é prevista com o objetivo primario de preservar 0S recursos hidricos, mas as
mesmas apresentam o potencial de funcionar como um elemento de conex&o ubiquo em toda a
paisagem. Nesta visdo, elas funcionariam como corredores ecoldgicos. No entanto, € necessario
compreender quais fatores estdo envolvidos na utilizacdo efetiva desses conectores pela fauna,
incluindo aspectos como a largura, qualidade, configuracdo na paisagem, entre outros. Essas
discussdes sdo cruciais no momento em que temos que lidar com os possiveis efeitos negativos
causados pelas alteracbes do Codigo Florestal Brasileiro, que afetam a necessidade de
recomposicdo de um enorme passivo ambiental em APPs no pais. Nesse contexto, a presente tese
avaliou o papel das APPs como componentes espaciais que promovem a conectividade de
paisagens fragmentadas do ponto de vista da fauna, especificamente de mamiferos terrestres de
médio e grande porte. A tese esta dividida em quatro capitulos, sendo o primeiro referente a uma
revisdo que introduz os conceitos e objetivos da manutencdo de corredores ecoldgicos, tanto de
acordo com a literatura ecoldgica quanto com a legislacdo brasileira. Os trés capitulos seguintes
fazem parte do trabalho empirico realizado em uma paisagem fragmentada no sul da Amazonia,
e estdo apresentados no formato de manuscritos cientificos, em inglés.

O primeiro capitulo revisa os conceitos sobre corredores ecoldgicos encontrados na teoria
e aplicados na pratica no Brasil, tanto em escalas locais quanto regionais. Também discute as
vantagens e desvantagens de se investir em corredores como estratégia de manejo, de acordo
com o que defensores e criticos apresentam na literatura. Finalmente, é discutido o potencial das
APPs como elementos conectores em paisagens fragmentadas no Brasil e como as mudancas
recentes (2012) no Cdédigo Florestal Brasileiro podem afetar esses elementos.

O segundo capitulo apresenta um estudo empirico, em que se avaliou o uso dos
corredores ecoldgicos em uma paisagem fragmentada no sul da Amazénia pela comunidade de
mamiferos. Nesse sentido, foi avaliado como varia a riqueza, a composicdo e a diversidade

funcional da comunidade nos fragmentos lineares nas APPs. Foram selecionadas 43 areas
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riparias para o estudo, sendo 38 corredores riparios em APPs e cinco areas pseudo-controles, em
areas de floresta continua, em uma paisagem que compreendia trés municipios no norte do
estado do Mato Grosso (Alta Floresta, Carlinda e Paranaita). Foram instaladas entre quatro e
cinco armadilhas fotograficas em cada area selecionada para amostrar a fauna de mamiferos
durante as estacdes secas de 2013 e 2014. A rigueza, composicao e diversidade funcional foram
comparadas entre as APPs e as areas riparias continuas. Os resultados indicam que todas essas
medidas foram maiores nas areas controle do que em areas riparias desmatadas. Os padrBes da
comunidade nos corredores riparios de acordo com a largura, a qualidade estrutural, a
configuracdo da paisagem também foram avaliados. A degradacdo da qualidade das florestas
esteve associada a uma menor riqueza geral, enquanto a riqueza e diversidade funcional de
espécies estritamente florestais foram maiores em corredores mais largos. A composicdo da
comunidade indicou que a perda e degradacdo dos corredores riparios favorecem espécies
tolerantes a matriz antropica, composta basicamente por pastagens. A conclusdo do estudo é que
as APPs riparias tém o potencial de funcionar como conectores na paisagem, mas que largura e
degradacéo florestal sdo fatores chave na determinacdo do sucesso desses conectores.

O terceiro capitulo consiste também na avaliacdo do papel das APPs como corredores
ecologicos, mas com enfoque nos padrdes de ocupacdo de cada espécie de mamifero. Com o0s
mesmos dados obtidos com a amostragem apresentada no capitulo 2, modelos de ocupacdo que
levam em consideragdo diferencas na detectabilidade foram feitos para 10 espécies: a capivara
(Hydrochaeris hydrochoerus), a paca (Cuniculus paca), a cotia (Dasyprocta leporina), o sarué
(Didelphis marsupialis), o tatu-galinha (Dasypus novemcinctus), a anta (Tapirus terrestris), o
queixada (Tayassu pecari), o cateto (Pecari tajacu), o quati (Nasua nasua) e a irara (Eira
barbara). Esses modelos também foram utilizados para testar o efeito da largura, da qualidade e
do contexto dos corredores riparios avaliados como fatores explanatorios das variacoes
encontradas. Finalmente, os padrdes obtidos foram extrapolados para as 1.915 demais matas
riparias identificadas nos trés municipios e, desta forma, foi possivel identificar as APPs com
maior e menor potencial de manter as diferentes espécies na regido. A ocupacdo de oito espécies
respondeu aos fatores testados, e a degradacao florestal foi novamente uma das variaveis mais
importantes para explicar a probabilidade de ocupacdo de seis espécies. Na paisagem como um
todo, as matas riparias que apresentaram um menor potencial de manter as espécies foram

aquelas com baixa com qualidade florestal e este aspecto foi mais importante do que a estrutura
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de paisagem. Tais areas, ou seja, APPs mais degradadas e com menor potencial de promover
conectividade, estdo localizadas no norte do municipio de Alta Floresta e em Carlinda, regifes
com ocupagdo mais antiga.

O quarto capitulo apresenta uma avaliacdo dos determinantes de perda e degradacéo de
APPs riparias, tanto ao longo de cursos d"agua quanto de nascentes. Essa anélise foi realizada
somente no municipio de Alta Floresta, para onde havia um mapa disponivel da rede
hidrogréfica completa (rios e nascentes) e de mais de 3.000 propriedades privadas delimitadas.
Foi examinado como determinantes espaciais (distancia da cidade, distancia de estradas e o
tamanho da propriedade) influenciam a area mantida e a qualidade da floresta nessas APPs.
Ademais, os padrbes observados foram relacionados a obediéncia a legislacéo, de acordo com o
antigo (Lei 4771/65) e o novo Codigo Florestal (Lei 12.651/12). Os padrdes de alteracdo que
ocorrem no interior das matas riparias em resposta a degradacdo florestal também foram
descritos e explorados em uma escala mais local, com os dados empiricos coletados durante o
estudo descrito nos capitulos 2 e 3. A perda de habitat e a degradacéo florestal estio comumente
associadas, mas ambos os aspectos podem responder de modo independente aos mesmos
determinantes. Florestas ao redor de nascentes estavam em pior estado do que florestas ao longo
de cursos d’agua, e ambos pequenos e grandes proprietarios tenderam a remover areas de
nascente mais do que o permitido legalmente. A proximidade de estradas também influenciou
negativamente a qualidade e quantidade de floresta remanescente nos dois casos, e a distancia de
cidades afetou todas as variaveis testadas exceto qualidade de mata de nascente. A degradacédo
foi maior em florestas riparias mais estreitas, e as mudancas estruturais detectadas no interior das
matas inclui a intrusdo de gado, que afeta a densidade de sub-bosque, e a diminuicdo da altura e

homogeneidade do perfil da floresta.

Palavras-chave: corredores ecoldgicos, conectividade, degradacdo florestal, ecologia de

paisagem, matas riparias.
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General Abstract

Landscape connectivity is one of the determinants of animal population viability in the
face of habitat loss and fragmentation, and ecological corridors are one of the strategies used to
safeguard the connectivity of a fragmented landscape. In Brazil, the maintenance of riparian
forest buffers (Permanent Protection Areas, APP) along streams and rivers is prescribed by the
environmental legislation with the primary goal of preserving the health of the hydrological
systems, but they also have the potential of serving as a landscape connector, functioning as
ecological corridors. It is however necessary to understand which factors influence the effective
use of these connectors by the local fauna, such as corridor width, quality, configuration of the
surrounding landscape, among others. This discussion is far from trivial, since we currently have
to deal with the possible deleterious effects of the newly approved changes in the Brazilian
Forest Code, which affect the restoration requirements in APPs across the country. In this
context, the current work aimed at assessing the role of these APPs in promoting landscape
connectivity for the native fauna, specifically the medium- and large-bodied terrestrial mammals.
The thesis is divided into four chapters. The first is a review of the theme, which introduces the
concepts and general goals of ecological corridors, both according to the scientific literature as
well as to the Brazilian legislation. The following three chapters comprise the empirical work
conducted in a highly fragmented landscape in the southern Amazon, and are presented in the
form of scientific manuscripts, in English.

The first chapter revises the concepts of ecological corridors found in the literature and
applied in practice in Brazil, both at local and regional scales. It also presents the arguments pro
and against corridors as a management strategy, according to proposers and critics of ecological
corridors. Finally, we discuss the potential of APPs to act as landscape connectors in Brazil, and
how the recent changes (2012) in the Brazilian Forest Code may affect this potential.

The second chapter presents an empirical study, in which we assessed the use of
ecological corridors by the community of terrestrial mammals in a fragmented landscape in
southern Amazonia. We tested how community richness, composition, and functional diversity
vary within linear riparian APP patches. We selected 43 riparian areas for the study, 38 of which
were riparian remnants, and 5 were pseudo-control riparian areas embedded in continuous forest.
The study landscape spanned three municipalities in the North of the state of Mato Grosso (Alta

Floresta, Carlinda, and Paranaita). From four to five camera traps were installed within each area
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selected to sample the mammal community during the dry seasons of 2013 and 2014.
Community richness, composition, and functional diversity were compared between APPs and
continuous riparian areas. Results indicated that all these response variables were higher in
control areas. Community patterns within riparian remnants were also assessed according to
corridor width, structural quality, and landscape configuration. Forest quality erosion was
associated to a general lower richness, while the richness and functional diversity of forest
specialist species were higher in larger corridors. Community composition shifts indicated that
loss and degradation of riparian corridors favour matrix-tolerant species. This study concludes
that riparian APPs have the potential of acting as landscape connectors, but that corridor width
and degradation are key factors in determining the success of these elements as a management
strategy.

The third chapter also evaluates the role of the APPs as ecological corridors, but focuses
on occupancy patterns of each analysed mammal species. With the same empirical data
presented in Chapter 2, occupancy models, which take into consideration differences in detection
probability, were built for ten species: the capybara (Hydrochaeris hydrochoerus), the lowland
paca (Cuniculus paca), the red-rumped agouti (Dasyprocta leporina), the posssum (Didelphis
marsupialis), the nine-banded armadillo (Dasypus novemcinctus), the tapir (Tapirus terrestris),
the white-lipped peccary (Tayassu pecari), the collared peccary (Pecari tajacu), the coati (Nasua
nasua) and the tayra (Eira barbara). These models were also used to test the effect of width,
quality and landscape context of the sampled riparian remnants as explanatory variables. Finally,
the observed patterns were extrapolated to 1915 remaining riparian forests, manually identified
in the three municipal counties. We were therefore able to identify the APPs with the highest and
lowest potential for maintaining the different species in the region. The occupancy probabilities
of eight species responded to either one or more of the factors tested, and forest degradation was
again the most important variable, explaining occupancy patterns of six species. In the landscape
as a whole, the riparian patches that presented a lower potential for harbouring the species were
those with low internal quality, and this factor was more important than landscape structure.
These more highly degraded areas, with lower potential to promote landscape connectivity, were
located in the North of the municipal county of Alta Floresta and in Carlinda, portions of the

landscape with an earlier history of human occupation.
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The fourth and last chapter presents an evaluating of the driver of riparian APP loss and
degradation, both along streams and around headwaters. This analysis was conducted for the
Alta Floresta municipal county only, for which we had a map of the complete hydrological
network and the headwaters sites, as well as a map of over 3000 private landholdings. We
examined how spatial drivers (distance to town, distance to roads, and landholding size) affect
the amount of forest set-asides and the quality of the forest in these APPs. Moreover, the
observed patterns were associated to legislative compliance, according to both the previous (Bill
4771/65) and the new Forest Code (Bill 12.651/12). Environmental changes that occur within
riparian forests associated to forest degradation were also explored at a more local scale, using
the empirical data we obtained during the field study described in Chapters 2 and 3. Habitat loss
and degradation are commonly associated, but they may also respond independently to the same
drivers. Forest remnants around headwaters were generally worse off than remnants along
streams, and both small and large landholders removed headwater forests more than legally
permitted. Proximity to roads also negatively influenced the quality and amount of remnants
forest in both cases, while distance to town affected all but one variable — headwater forest
quality. Forest degradation was higher in narrower riparian forests, and structural changes
detected within the remnants included: cattle intrusion, which affects understory density, and

forest profile height and homogeneity.

Keywords: ecological corridors, connectivity, forest degradation, landscape ecology, riparian

forests.
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Capitulo 1

Conservacdo da fauna em paisagens fragmentadas: uma revisao sobre &reas de preservacao
permanente como corredores ecoldgicos no Brasil

Introducao

A perda e fragmentacdo de habitat causam, entre suas principais consequéncias, a
fragmentacdo das populagfes animais anteriormente continuas. O corpo tedrico que discute as
implicacBes desse processo inclui a teoria de metapopulacbes (Hanski, 1998), que compartilha
com a teoria de biogeografia de ilhas (MacArthur & Wilson, 1967) a no¢do de que as taxas de
imigragdo e extingdo em manchas (ou originalmente, ilhas) irdo definir a probabilidade de
permanéncia das populacdes (ou originalmente, comunidades). Nesse contexto, conclui-se que
um dos fatores envolvidos na viabilidade de uma populagédo fragmentada é a conectividade dos
elementos de uma paisagem, que define a taxa de troca de individuos entre as sub-populacdes
(Noss 1987; Haddad & Tewksbury 2006). O que representa conectividade, no entanto, depende
do ponto de vista dos organismos em questdo, e isso complica o estudo da conectividade como
estratégia de manejo para um grupo abrangente de animais. Observa-se uma grande
idiossincrasia nos padres observados com relacdo as respostas de cada grupo ao processo de
fragmentacdo, a estrutura das paisagens e as estratégias de manejo (Harrison 1992).

No centro dessa discussdo, como uma das estratégias mais defendidas de se manter a
conectividade de uma paisagem, estdo os corredores ecoldgicos. A partir principalmente da
década de 1980, as controvérsias relacionadas aos corredores tomaram espaco na literatura
ecologica, com grupos defendendo o potencial desses elementos como mitigacdo do isolamento
das populagdes ameacadas pela fragmentacdo, e outros chamando atencdo para a incerteza da
eficAcia e para os possiveis custos dessa estratégia (Noss 1987; Simberloff & Cox 1987;
Saunders et al. 1991; Hobbs 1992). O principal mecanismo envolvido na importancia dos
corredores ecoldgicos consistiria no "efeito resgate” (Brown & Kodric-Brown 1977), em que
individuos migrantes atingem &reas anteriormente isoladas, revertendo os eventos de extin¢do da
populacdo residente (Gonzalez et al. 1998), protegendo as sub-populacdes de depressdes

endogamicas (Noss 1987) e, preservando processos ecoldgicos (Bennet 1999).
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Por outro lado, discutiu-se que corredores ecoldgicos poderiam aumentar o risco de
invasdo de espécies exoticas, de dispersdo de doencas, a susceptibilidade das manchas a
perturbacdes (e.g. o fogo), e aumentar de forma a taxa de imigracdo em manchas do tipo "pogo”,
por atrair os individuos para uma area com maior mortalidade (Simberloff & Cox 1987; Henein
& Merriam 1990; Bennet 1999). No entanto, ao longo do tempo, estudos sobre o tema foram se
acumulando na literatura, e a conclusdo de muitos trabalhos de revisdo da literatura afirmam que
h& mais indicacdes de efeitos positivos do que de efeitos negativos em estudos empiricos, mas
que os resultados ainda sao idiossincraticos e por vezes controversos (Hobbs 1992; Beier & Noss
1998; Haddad et al. 2003; MacDonald 2003; Haddad & Tewksbury 2006; Gilbert-Norton et al.
2010).

Entre os estudos empiricos que identificaram resultados positivos da presenca de
corredores para a dispersdo de organismos, encontram-se trabalhos com oncgas pardas (Beier
1995), pequenos mamiferos (Bennett 1990; Bennett et al. 1994; Pardini et al. 2005), borboletas
(Haddad & Baum 1999) e aves (Bentley & Catterall 1997; Lees & Peres 2008). No entanto,
resultados menos claros, com algumas espécies se beneficiando da presenca de corredores e
outras ndo, foram observados também pequenos mamiferos (Lindenmayer et al. 1993; Bowne et
al. 1999; Danielson & Hubbard 2000), lagartos (Dixo & Metzger 2009) e insetos (Collinge
2000).

Como explicagdo para os resultados conflitantes observados depois de uma década de
estudos empiricos e manipulativos, sugerem-se as falhas de replicacdo nos estudos, a presenca de
fatores sinergéticos ndo levados em conta pelos estudos (como o efeito da area, o impacto da
matriz, a proximidade a estradas e cidades, etc.) e a escala dos estudos (Beier & Noss 1998;
Haddad & Tewksbury 2006). Enquanto estudos experimentais e manipulativos sdo defendidos
por corrigirem alguns desses complicadores (Inglis & Underwood 1992), outros autores
defendem que a utilidade desses estudos é limitada e a extrapolacdo de seus resultados é
problematica, pois geralmente séo realizados em escalas mais finas do que as escalas do processo
real de fragmentacdo e geralmente com grupos de facil manipulacdo, que nédo séo de interesse
real de conservacdo (Harrison 1992; Noss & Beier 2000).

O efeito positivo da presenca de corredores pela facilitagdo do movimento devem ser
especialmente relevantes para aquelas espécies que apresentam areas de vida maior do que a

média da area dos fragmentos (Rosenberg et al. 1997) e que evitam a dispersdo pela matriz

16



65

70

75

80

85

90

antropica (Haddad & Tewksbury 2006). Por outro lado, o uso dos corredores como habitat por
algumas espécies com areas de vida pequenas, apesar de ndo contribuir diretamente para a taxa
de movimento pelo corredor, deve ser indicativo de que o corredor também cumpre sua fungéo
de conector (Beier & Loe 1992; Bennett et al. 1994). No entanto, deve-se manter em mente que a
area de vida por si s6, assim como caracteristicas basicas comportamentais e morfologicas, ndo é
suficiente para prever o comportamento das espécies em corredores e 0 sucesso na dispersdo
(Lidicker & Koenig 1996). Como ressaltado por Lidicker Jr. (1999), a maneira com a qual uma
espécie se comporta em ambientes dominados pelo efeitos de borda (que é basicamente o caso
em corredores lineares; Hobbs 1992; Matlack & Litvaitis 1999; Hilty et al. 2006) deve ser o
principal fator explicativo do sucesso daquele grupo na utiliza¢éo do corredor.

Para que as espécies sensiveis a matriz e ao efeito de borda possam escolher e percorrer
com sucesso um corredor, este deve ser de preferéncia largo (Bennett 1999), curto (Wilson &
Lindenmayer 1995) e de boa qualidade estrutural interna (Harrison 1992; Bennett et al. 1994).
Para se atingir o objetivo da criacdo ou manutencdo de corredores, Lindenmayer e Nix (1993)
recomendam, ainda, considerar a configuracdo geral do corredor na paisagem. Na literatura,
sugere-se que a maximizacdo da largura € a forma mais pratica de aumentar o sucesso do uso dos
corredores, pela diminuicdo do efeito de borda, mas pode, por outro lado, aumentar o tempo de
transito no corredor, diminuindo o sucesso na dispersdo através dele (Harrison 1992; Andreassen
et al. 1996; Rosenberg et al. 1998; Lidicker Jr. 1999).

As discussBes sobre o valor dos corredores ecoldgicos como estratégia de manejo ja ndo é
mais tdo acirrada como foi nas décadas de 1980 e 1990, mas estudos empiricos ainda sdo
frequentemente feitos para tentar resolver as idiossincrasias observadas. No entanto, os
corredores ja sao uma das estratégias de manejo mais recomendadas e implementadas na pratica.
Criticos de corredores ecoldgicos afirmam que o custo de se alocar recursos para implementar
corredores entre fragmentos € alto demais para um elemento de paisagem tdo controverso
(Simberloff & Cox 1987; Simberloff et al. 1992; Rosenberg et al. 1997). Segundo eles, a
conservagdo de novos fragmentos, mesmo que isolados, traria mais beneficios a persisténcia da
diversidade regional do que elementos lineares, que discutivelmente aumentam a conectividade
entre fragmentos, mas nao acrescentam habitat de qualidade a paisagem como um todo.

No Brasil, no entanto, j& esta prevista a necessidade de manutencdo dos remanescentes

riparios como area de protecdo permanente (APPs) nas propriedades rurais de todo o territorio
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nacional, e a discussdo do potencial dos corredores ecologicos tem valor na defesa desse
instrumento como oportunidade de manejo nas paisagens brasileiras. As APPs tém como
objetivo primério a preservacdo dos recursos hidricos (Laurance & Gascon 1997), e quando
adequadamente mantidas, apresentam um elemento linear de conexdo ubiquo em toda a
paisagem. A preservacao desses elementos nao incorre em custo adicional de conservacao e eles
sdo uma oportunidade clara de se criar uma rede abrangente de corredores ecoldgicos. Defende-
Se que mesmo que essas areas ndo conectem necessariamente dois fragmentos de grande
importancia bioldgica, eles devem contribuir para a manutencdo da conectividade da paisagem
como um todo (Hawes et al. 2008). Além disso, ambientes riparios, e consequentemente as
APPs, sdo um repositério de biodiversidade (Hilty et al. 2006; Hilty & Merenlender 2004), ja
que quase todos os elementos da fauna utilizam ambientes riparios em algum processo de seu
ciclo de vida (Naiman et al. 1993). Essas circunstancias oferecem a oportunidade de tratar essas
areas como corredores ecologicos riparios, com o potencial de fornecer conectividade para
diversos grupos ameacados pelo avanco do desmatamento e pela consequente perda e
fragmentacdo de habitat. Esse estudo visard, portanto, revisar o conhecimento sobre o papel das
areas de preservacdo permanente (APPs) como conectores de paisagem para diversos grupos

animais no Brasil.

Conceitos de corredores ecoldgicos e suas aplicacdes no Brasil

Antes de proceder na discussdo sobre o valor das area de preservacdo permanente como
corredores ecoldgicos, devemos discutir as definicbes de corredor ecoldgico utilizadas na
literatura e com aplicacGes especificas no Brasil. H4 uma miriade de conceitos sobre corredores
ecologicos, que podem diferir com relacdo a funcao, a estrutura e a escala (Noss & Daly 2006).
Uma variedade de termos pode ser localizada, incluindo: corredor ecologico, corredor de
biodiversidade, corredor de fauna, corredor de vida selvagem, entre outros (Hess & Fischer
2001). Entre as defini¢cbes funcionais, ressaltam-se as de conector ou habitat (Noss 1993),
barreiras ou filtros, e fonte ou sumidouro (Pulliam 1988). No entanto, de especial interesse, esta
a distincdo entre dois conceitos do termo corredores ecoldgicos, que variam com relacdo a

escala: corredores ecoldgicos regionais e corredores lineares locais.
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Corredores ecoldgicos regionais consideram o arquipélago dos remanescentes nativos
(como fragmentos stepping-stones), a variabilidade de atividades presente na matriz e, onde
possivel, a presenca de fragmentos lineares e busca identificar maneiras abrangentes de manter
os eventos de dispersdo para grupos de interesse para conservacao em uma escala regional ou até
continental (Hilty et al. 2006; Tabarelli et al. 2010). Para se atingir esse objetivo, o desenho dos
corredores deve incluir duas escalas de manejo: a manutencdo de conectividade numa escala
fina, identificando fatores locais de ameaga, e 0 zoneamento regional dos elementos da paisagem
para otimizar a conectividade em larga escala, identificando fatores regionais de ameaca. Seu
planejamento deve, entdo, levar em consideracdo os fatores socioeconémicos, culturais e
bioldgicos da regido (Sanderson et al. 2006).

No Brasil, esse primeiro conceito de corredor ecoldgico esta definido na Lei 9.985/2000,
que institui o Sistema Nacional de Unidades de Conservagdo (SNUC), como: "porcdes de
ecossistemas naturais ou seminaturais, ligando unidades de conservagdo, que possibilitam entre
elas o fluxo de genes e o movimento da biota, facilitando a dispersdo de espécies e a
recolonizacgdo de areas degradadas, bem como a manutencéo de populacdes que demandam para
sua sobrevivéncia areas com extensao maior do que aquela das unidades individuais" (SNUC,
art. 2, paragrafo XIX). Apesar de se tratar de um conceito funcional, que promove a conexao
entre areas nativas remanescentes, o termo tem sua aplicacdo oficial no Projeto Corredores
Ecoldgicos, do Ministério do Meio Ambiente. Esse programa governamental busca realizar a
gestdo regional do territorio nacional, integrando unidades de conservacéo, areas indigenas e as
chamadas zonas de intersticio, que incluem areas particulares de grandes e pequenos produtores,
comunidades, assentamentos, e até areas urbanas. Essa gestdo integrada tem como objetivo
otimizar a conectividade a nivel regional, com a manutencdo dos processos ecoldgicos de
dispersdo e fluxo génico (IBAMA 2007). No ambito desse projeto, dois corredores ecoldgicos
regionais estdo sendo planejados e gradualmente implementados: o Corredor Central da
Amazonia, que abrange cerca de um terco do estado do Amazonas (52 milhdes de hectares), e o
Corredor Central da Mata Atlantica, que abrange 12 milhdes de hectares nos estados da Bahia e
do Espirito Santo, incluindo areas marinhas. Outros corredores regionais sdo planejados e
implementados no Brasil, envolvendo outros Orgdos, instituicbes e organizacfes nao-
governamentais, como por exemplo: o Corredor Ecoldgico Cerrado-Pantanal, que inclui quatro

trechos (Emas-Taquari, Parand-Pirineus, Chapada dos Veadeiros-Serra do Tombador e no
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Jalapdo), o Corredor de Biodiversidade da Serra do Mar, o Corredor de Biodiversidade do
Amapa, o Corredor Sul-Amazénico, entre outros.

A segunda abordagem define corredores ecoldgicos locais, ou corredores lineares, e é 0
conceito amplamente utilizado nos estudos empiricos na literatura de Ecologia de Paisagens, e
normalmente se baseia em aspectos estruturais (Hess & Fischer 2001). Soulé e Gilpin (1991)
definem corredor de vida selvagem como ‘um elemento bidimensional da paisagem que conecta
dois ou mais fragmentos de hébitat da vida selvagem (animal) que eram conectados no passado
...", enquanto Parminter (1998) define corredor como ‘...um elemento estreito ou linear que difere
do elemento de paisagem adjacente em ambos os lados’. De forma semelhante, Forman e Godron

(1986) caracterizaram corredores como "...fragmentos estreitos que diferem da matriz [o
ambiente em qual os fragmentos de hébitat estdo imersos] em ambos os seus lados".
Considerando explicitamente suas funcGes, os corredores lineares também foram definidos como
manchas continuas e estreitas de vegetacdo, que facilitam o movimento entre fragmentos na
paisagem e previnem o isolamento de popula¢des animais (Merriam 1984).

Seu conceito na legislacdo brasileira pode ser ligado ao conceito de areas de preservacdo
permanentes (APP), oriunda do Codigo Florestal Brasileiro (anteriormente Lei 4.771/1965, Art.
1, paragrafo 2, inciso I, e atualmente, Lei 12.651/2012, Art. 3, inciso II), como "éarea protegida,
coberta ou ndo por vegetagao nativa, com a fun¢do ambiental de preservar os recursos hidricos, a
paisagem, a estabilidade geoldgica, a biodiversidade, o fluxo génico de fauna e flora, proteger o
solo e assegurar 0 bem-estar das populagdes humanas". Entre os varios elementos de paisagem
que sdo considerados APP, a funcdo como corredor linear para a biodiversidade se da por meio
das APPs riparias, definidas como as faixas marginais de qualquer curso d’agua natural perene e
intermitente, cujas dimens@es sofreram modificacbes com o novo Cddigo Florestal (discutido
abaixo).

O atual trabalho se baseia no segundo conceito apresentado para um corredor ecoldgico,
que envolve a escala mais fina do planejamento para a manutencdo da conectividade e,
eventualmente, a atenuacéo dos efeitos negativos da fragmentacdo e isolamento de areas nativas.
O planejamento bem feito para a manutencdo da conectividade nas paisagens reais envolve
elementos em todas as escalas e inclui a interagdo dos dois niveis, de forma que os corredores
lineares locais s&o um dos elementos a serem considerados no planejamento de corredores

ecologicos regionais (Noss & Daly 2006). Nesse sentido, 0 estudo empirico da importancia de

20



185

190

195

200

205

210

corredores lineares locais tem importancia para o planejamento da conservacao da conectividade

em larga escala.

Areas de Preservacdo Permanente (APPs) como corredores ecoldgicos

A existéncia de estudos empiricos no Brasil discutindo o papel dos corredores riparios
normalmente focam na confirmagcdo de uso dos corredores por parte das espécies, cujos
resultados confirmam a idiossincrasia observada na literatura, e na definicdo da largura de
corredores adequada para manter a diversidade de grupos especificos. A comparacdo entre
fragmentos conectados e ndo-conectados na Mata Atlantica indicou um efeito positivo da
presenca de corredores para algumas espécies. Por exemplo, pequenos mamiferos Pardini et al.
(2005) observaram que a abundancia e a riqueza de espécies era maior, e a diversidade beta era
menor, em fragmentos conectados do que naqueles ndo conectados, indicando um efeito positivo
dos corredores na movimentacao de pequenos mamiferos na paisagem fragmentada. No caso de
aves com caracteristicas bioldgicas semelhantes, foram observadas respostas distintas a estrutura
do habitat, com uma espécie se beneficiando da conectividade provida pela presenca de
corredores, e outra respondendo mais a distancia entre fragmentos (Uezu et al. 2005). Martensen
et al. (2008) também detectaram efeitos positivos da presenca de corredores para a abundancia
de algumas espécies de aves em fragmentos conectados. Em um estudo com lagartos, o efeito da
presenca de corredores ndo foi detectado, mas os autores reconhecem que esse resultado pode ter
sido causado pelo fato de que a escala dos fragmentos na paisagem estudada ndo ter sido a ideal
para esse tipo de analise, por ser maior do que as areas de vida das espécies (Dixo & Metzger
2009).

Florestas riparias e a heterogeneidade ambiental provida por elas foram consideradas
importantes para a fauna da anfibios (Maltchik et al. 2008) e para queixadas (Keuroghlian &
Eaton 2008) na Mata Atlantica. Também existem evidéncias de uso de areas riparias nao
fragmentadas por ongas-pintadas no Pantanal (Quigley & Crawshaw Jr. 1992) e na Mata
Atlantica (Cullen et al. 2005), o que sugere o potencial para que corredores riparios sejam uma
estratégia de manejo adequada para esse felino. O uso de corredores riparios na Amazénia foi
observado para jaguatiricas (Michalski et al. 2010a), mas o conhecimento acumulado para

mamiferos terrestres de médio e grande porte ainda é escasso.
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Com relacéo a determinacdo da largura adequada para se estabelecer corredores riparios,
todos os estudos realizados no Brasil recomendam valores de largura de APPs maiores do que
previstos em lei (30 m de cada lado de rios mais estreitos que 10 m, que é a grande maioria dos
cursos d’agua em uma paisagem tipica). Laurance e Gascon (1997) propdem uma largura de pelo
menos 300 m para minimizar o efeito de borda no interior dos corredores na Amazonia. Lima e
Gascon (1999) observaram que pequenos mamiferos e anfibios amazdnicos podem utilizar
remanescentes riparios entre 140 e 190 m como hébitat, pois ndo detectaram diferencas na
riqueza, na composigao e na abundancia desses grupos com relacdo a area riparia continua. Um
estudo realizado na Reserva Ducke, no estado do Amazonas, sugeriu que os valores de APPs
previstos em lei sdo insuficientes para manter a heterogeneidade da comunidade de serpentes (De
Fraga et al. 2011). Também na Reserva Ducke, Bueno et al. (2012) sugeriram corredores de pelo
menos 400 m para proteger a heterogeneidade ambiental necesséria para manter a comunidades
original de aves, e esse valor confirma os resultados de um estudo com aves em corredores
riparios em uma paisagem fragmentada da Amazonia (Lees & Peres 2008). Um aumento na
largura das APPs para pelo menos 120 m também foi defendida por Tubelis et al. (2004) para
manter a heterogeneidade de habitat importante para a comunidades de aves no Cerrado.

Em geral, hd consenso do efeito positivo de corredores riparios para a manutencdo da
diversidade de grupos animais, mas a largura adequada estimada deve ser maior do que a
requerida por lei. No entanto, é desejavel uma consideracdo maior e explicita de outros fatores,
além da largura, que afetam o uso de corredores pelas espécies, incluindo configuracdo na
paisagem e qualidade (Lees & Peres, 2008). Da mesma forma, a pergunta sobre quais espécies
sdo mais beneficiadas pela presenca de corredores riparios (e por qué) ainda ndo esta bem
resolvida, e a idiossincrasia continua sendo a regra.

Com as discussdes das alteracdes da legislacdo, surgiram alguns estudos quantificando e
discutindo o status atual das APPs no Brasil e estes oferecem resultados preocupantes. Um baixo
grau de obediéncia ao Caodigo Florestal antigo ja era observado em todos os biomas. No estado
de S&o Paulo, apenas 25% das areas previstas para serem APPs riparias estavam de fato
preservadas (Silva et al. 2007). Na Amazonia, a situa¢do € um pouco melhor, com 73% das APPs
preservadas no interior de propriedades privadas, mas o passivo ambiental € maior por parte dos
pequenos produtores, j que a proporcdo de area produtiva disponivel é menor no caso deles

(Michalski et al. 2010b). No entanto, observa-se que existe uma importancia maior dada pelos
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produtores em geral a protecdo de areas riparias, do que de areas longe de rios (Teixeira et al.
2009; Michalski et al. 2010b). Isso fornece uma oportunidade de planejamento para a
preservacao das reservas requeridas por lei em posicOes adjacentes as areas ripérias, utilizando
esses remanescentes para aumentar o tamanho das areas riparias, minimizando o efeito de borda
nos corredores e aumentando a heterogeneidade presente dentro deles (Bueno et al. 2012). Essas
discussbes sdo cruciais especialmente no momento em que temos que lidar com 0s prejuizos
causados pela aprovacao das alteracdes do Codigo Florestal.

A base técnica da importéncia ecoldgica das APPs ja foi amplamente defendida na época
da discusséo do Projeto de Lei do novo Codigo Florestal (Develey & Pongiluppi 2010; Freitas
2010; Galetti et al. 2010; Metzger 2010; Toledo et al. 2010), e a comunidade cientifica se
pronunciou, advertindo sobre a irresponsabilidade de se alterar a lei ambiental sem consulta dos
especialistas (Lewinsohn 2010; Metzger et al. 2010; Michalski et al. 2010c). Juntamente com a
pressdo popular, vérias alteracGes foram vetadas, e algum sucesso foi atingido no que tange a
manutencdo das larguras de APPs e as proporcdes de reserva legais para cada bioma. No entanto,
a Lei aprovada (Lei 12.651/2012) apresenta mudancas que terdo consequéncias negativas para a
biodiversidade, e incluem: (1) largura de APP contabilizada a partir do leito regular do rio, e ndo
do leito maximo, o que causara a perda de areas de varzea importantes biologicamente; (2)
dispensa de recomposicdo de APPs dependendo do tamanho (modulo fiscal) da propriedade e
dependendo da data da retirada da vegetacdo (definicdo da APP de uso consolidado que foram
desmatadas antes de 22 de julho de 2008), o que diminui o passivo ambiental em todas as regides
e portanto diminui a largura das APPs que devera ser recomposto; (3) possibilidade de
recomposicdo florestal com plantio intercalado de plantas nativas e culturas exdéticas de baixo
impacto, o que afeta a qualidade estrutural da vegetacdo presente nas APPs; (4) possibilidade de
contabilizar a APP no calculo da reserva legal, o que diminui a area nativa total remanescente na
regido; e (5) possibilidade de recomposicdo da cota de reserva legal em outra propriedade no
mesmo bioma, isentando o produtor da obrigacdo de compensar o impacto no local, o que
representard uma maior area nativa total alocada em regibes em que a terra é barata e
improdutiva, sem considerar o valor bioldgico da regido desmatada.

Essas alteraces terdo consequéncias emergentes nos sistemas ecoldgicos e a perda de
biodiversidade que se deve esperar pela maior retirada e diminuicéo das larguras e da integridade

vegetacional das APPs riparias ainda ndo é completamente compreendida. Necessitamos,
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portanto, preencher as lacunas empiricas sobre corredores riparios que contribuam para acumular
conhecimento sobre o uso desses elementos pela fauna e sobre os impactos das alteracdes que
iremos observar ao longo do tempo, em uma escala local e regional. Principalmente, é preciso
avaliar fatores pouco explorados sobre o tema, como o papel da configuracdo da paisagem e da
qualidade interna dos corredores no potencial de uso desses elementos. Esses fatores se
relacionam diretamente a itens flexibilizados pela nova legislacdo e, ao sabermos o que esperar

frente as alteracdes, teremos maior habilidade em planejar e indicar medidas mitigadoras.
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Abstract

Extensive 1970-2010 deforestation in the Brazilian Amazon has generated a ~1.5 Mha
fragmented region known as the ‘arc of deforestation’. Farmers and cattle ranchers throughout
Brazil are legally required to set-aside riparian forest strips within their landholdings, but recent
legislative changes have relaxed the strip width of these riparian forests. In this context, we
assessed the functional role of riparian forest remnants as landscape connectors for medium to
large-bodied terrestrial mammals in a vast fragmented landscape of southern Amazonia. We
selected 38 riparian forest strips and five riparian sites within continuous forest. We installed
four to five camera-traps along each riparian zone (199 camera-trap stations), and sampled the
terrestrial mammal assemblage for 60 days per station during the dry seasons of 2013 and 2014.
We compared mammal use of riparian forests within both continuous and highly fragmented
forests, and examined the effects of corridor size, corridor habitat structure, and landscape
context on species richness, composition, and functional diversity, all of which were higher in
continuous forests than in riparian remnants. Forest habitat degradation was associated with
overall lower species richness, whereas forest specialist species richness and functional diversity
were higher in increasingly wider corridors. Compositional shifts indicate that deforestation and
forest degradation favours matrix-tolerant species with lower levels of forest habitat specificity.
We highlight the potential of riparian corridors in maintaining landscape connectivity for forest
mammals, and that both corridor width and forest degradation are key predictors of community-
wide responses. Planning of riparian forest networks that can function at local to landscape
scales will need to consider corridor structure and be coordinated across neighbouring
landholdings.

Keywords: ecological corridors, forest degradation, functional diversity, landscape connectivity,
riparian zones.
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Introduction

Brazilian Amazonia retains ~28% of the world’s remaining tropical forests (FAO 2015),
but has exhibited the fastest absolute tropical deforestation rates in human history (Peres et al.
2010). Deforestation over the last four decades has therefore created extensive fragmented forest
landscapes with varying degrees of forest cover, largely within the so-called Amazonian ‘arc of
deforestation’ (Fearnside 2005). This region comprises ~1.5 million km? over 248 municipal
counties of southern Amazonia that are currently dominated by cattle pastures and, to a lesser
extent, cropland (IBGE-SIDRA 2016). This resulted in both the fragmentation and degradation
of large tracts of once continuous forest (Soares-Filho et al. 2006). Although governmental
efforts in the past decade have successfully curbed much of this trend, a recent set-back in the
Brazilian Forest Bill, brought forward by the political pressure exerted by agribusiness lobbyists,
has caused deforestation rates to rise once again across the Brazilian Amazon (Fonseca et al.
2015). In particular, changes sanctioned by congress members have reduced the total and
proportional amount of legally required forest set-asides within private landholdings. These
changes are non-trivial, since over half of the land throughout Brazil lies within private
properties (Sparovek et al. 2015), and there are few forest reserves in the public domain set-aside
for biodiversity conservation throughout most of the ‘arc of deforestation’ region (Ferreira et al.
2012).

It is therefore highly relevant to understand how biodiversity, especially taxa of
conservation concern, respond to forest-pasture conversion in one of Earth’s most biodiverse
regions. Medium and large-bodied terrestrial mammals can be used as ecological indicator taxa,
since their response patterns to deforestation and forest degradation are highly idiosyncratic
(Wiens et al. 1993), mainly because their ecology and patterns of habitat use are highly diverse.
This includes small to large-bodied species of varying population densities, several trophic
guilds from herbivores to carnivores, species using small to very large home ranges, and a
diverse socioecological profile, ranging from solitary to large-group-living species (Eisenberg &
Thorington Jr. 1973). Ecological tolerance to anthropogenic land uses is also widely variable,
since some species may freely venture into the modified open-habitat matrix, while others are
strict forest specialists, strongly avoiding highly degraded areas (Parry et al. 2007). This

ecological and behavioural diversity likely reflects both species responses to habitat loss, and
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ripple effects on ecosystem functions mediated by these species, ranging from seed dispersal to
top-down control of prey populations (Ahumada et al. 2011; Pavoine & Bonsall 2011). Strategies
that aim to preserve viable mammal populations are therefore a priority for the environmental

management of highly fragmented tropical forest landscapes.

Maintaining riparian corridors is one of the most widespread landscape management
strategies, and by no means a new conservation tool (Beier & Noss 1998). Brazilian law requires
that a minimum riparian forest remnant should be set-aside as a ‘Permanent Protection Area
(APP)’ within all ~5.5 million private landholdings throughout the country to protect both
hydrological functions and biodiversity. Such riparian strips are ubiquitous throughout the
country, providing an obvious opportunity to maintain landscape-scale connectivity through a
functioning network of ecological corridors. Relict riparian strips, even where they fail to
connect two ecologically important forest patches, still play a key role in maintaining overall
landscape connectivity by reducing patch isolation (Hawes et al. 2008). Moreover, riparian
habitats, and consequently, riparian corridors are important biodiversity repositories (Hilty et al.
2006; Hilty & Merenlender 2004), and safeguard critical resources, since a large fraction of local
faunas depend on access to water and riparian food sources (Naiman et al. 1993). However, the
way in which different species use these connectors is far from straightforward, with many
studies concluding that the importance of ecological corridors for biodiversity is highly
idiosyncratic and should be considered on a case-by-case basis (Wiens 1989; Beier & Loe 1992;
Taylor et al. 1993; Uezu et al. 2005; Tracey 2006).

Several environmental factors have been shown to affect the performance of forest
corridors as a management strategy, including (1) the structural features of corridors (e.g. width,
length and continuity) (Hilty et al. 2006; Hawes et al. 2008); (2) the internal quality of the
vegetation (Harrison 1992; Lees & Peres 2008); (3) the surrounding landscape configuration
(Saunders et al., 1991; Prist et al., 2012); (4) the intrusion of external disturbances from the
matrix (e.g. logging activity, overgrazing by domesticated livestock) (Beier & Noss 1998); (5)
the harshness of the matrix to any given species (Umetsu et al. 2008); and (6) the quality of
forest source patches connecting corridors (Lindenmayer, 1994). The extent of a forest corridor

in relation to the perceived scale of an organism should also affect corridor use for dispersal, and
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ultimately discriminate those species that use corridors only as landscape connectors from those

that use them as integral parts of their foraging home ranges (Ricketts 2001).

Here, we assess the role of remnant riparian forests as landscape connectors for medium
to large-bodied terrestrial mammals in a fragmented landscape of southern Brazilian Amazonia.
In particular, we compare mammalian use of riparian forests embedded within large tracks of
continuous forest from those remaining as relict habitat in highly fragmented landscape contexts.
We expect that community richness and functional diversity to be higher in continuous riparian
forests than in remnant corridors, as well as a shift in community composition between these
forest types. Secondly, we quantitatively assess corridor use by the entire mammal assemblage,
and relate richness, functional diversity, and composition patterns to corridor structure and
quality, and landscape context. We hypothesize that richness and functional diversity will be
smaller and composition will be different in narrower and more isolated corridors of lower
quality, connected to distant and smaller source patches. This study focused on observed patterns
of corridor use, resulting in direct conclusions on how intrinsic features of corridors affect their
use by different species, and indirect conclusions on the role of riparian corridors in maintaining
landscape connectivity. We provide evidence on the importance of these riparian strips to forest
vertebrate populations, thereby strengthening the technical and scientific arguments that help
justify the recently embattled legal requirements to maintain effective riparian corridors in Brazil

and other tropical forest countries.

Materials and methods

Study area

This study was conducted across a 16,200-km? landscape encompassing three municipal
counties in the northern state of Mato Grosso, southern Brazilian Amazonia: Alta Floresta
(09°53°S, 56°29° W), Paranaita (09°40°S, 56°28* W), and Carlinda (09°58’S, 55°49°W). All
three counties were subjected to high deforestation rates in the past four decades, and
collectively represent one of the most fragmented regions of the Amazonian ‘arc of
deforestation’. Prior to the onset of deforestation in 1978, this entire region consisted of a similar

baseline mosaic of forest formations, including mostly upland (terra firme) forests and to a lesser
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extent seasonally flooded forests. However, only ~53% of the study landscape currently retains
its original forest cover. Although human settlement patterns vary among those three counties,
their anthropogenic habitat matrix is similar, and consists primarily of extensively managed
livestock pastures under low cattle stocking densities (Michalski et al. 2008).

Study design

We selected 43 sampling sites including 38 remnant riparian forest corridors of varying
width, which were embedded into a cattle pasture matrix, and five intact pseudo-control riparian
areas embedded within large tracts of continuous forest (> 5 000 ha; Fig. 1). We defined a
riparian corridor structurally, as a narrow forest remnant (relatively to its length) maintained
along streams. All riparian sites were at least 1 000 m in length and spaced apart by a minimum
distance of 1,500 m. At each sampling site, we installed four to five digital camera traps
(Bushnell Trophy Cam and Reconyx HC500 HyperFire) along the riparian zone, which were
spaced apart by 250-300 m. Our observational sample size thus amounted to 199 camera-

trapping stations, whereas our inferential sample size consisted of 43 independent sampling

areas.
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Figure 1. Study area in the northern state of Mato Grosso, Brazil, showing the 43 sampling areas
including 38 remnant riparian forest corridors (red circles) and five comparable riparian areas
within large tracks of continuous forest (yellow triangles). Inset map (top right) shows an
example of the 4 to 5 camera trapping stations (solid circles) installed within a riparian corridor,
and the two forest cover classes obtained with a supervised classification of RapidEye® images
(mature closed-canopy forest in green, degraded forest in light orange). White background
indicates nonforest areas consisting primarily of bovine cattle pastures.

At least 45 camera traps were used to sample batches of 10 riparian sites simultaneously
for a period of 30 consecutive days. All cameras were then translocated to a new set of between
seven to ten additional sites each month, until all 43 sites had been sampled over a 5-month
period. This sampling schedule was deliberately restricted to the dry season (May-October), and
repeated over two consecutive years (2013 and 2014). The chronological sequence of sampling
across all sites was systematically rotated between years, so that sites that had been sampled at
either the onset or at the end of the dry season in the first year were sampled during the peak of
the dry season in the second year. We chose to restrict sampling to the dry season due to
logistical reasons, including lack of physical access during the wet season, when large portions
of all riparian floodplains were inundated. All camera-trap stations were baited with sardine tins
pierced with multiple holes and fixed 0.75 m above ground on trees or poles placed in front of
the cameras. Because of technical problems with some cameras and exceptional cases of camera
theft, sampling of some riparian corridors were restricted to only four stations, resulting in a
variable exposure time between stations considering both years of study (range = 28 — 62
sampling days). This difference in sampling effort was, however, subsequently taken into
account in the analyses. Consecutive camera-trapping records of the same mammal species were

defined as independent if they were separated in time by a minimum interval of 24 h.
Environmental variables

We performed a supervised classification of 43 georeferenced RapidEye scenes, with a 15-m
resolution, from the years 2011-2013, which were obtained from the Brazilian Ministry of
Environment. All classification procedures were conducted in ENV1 5.0 (Exelis Visual
Information Solutions, Boulder, Colorado) and could resolve five mutually exclusive land cover
classes: 1) closed-canopy primary forest; 2) open-canopy forest (interpreted as either degraded or
secondary forest); 3) shrubby vegetation; 4) managed and unmanaged cattle pastures; 5) and

eucalyptus/teak plantations. Local forest patch and landscape metrics were quantified and
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extracted in ArcGIS 10.2.2 (ESRI 2015), and included: (1) riparian corridor width (m); (2)
nonlinear distance to the nearest source forest patch (m); (3) size of source forest patch (ha); (4)
the total proportion of both closed-canopy and degraded forest retained within a 1,000-m buffer
around the camera-trap line while excluding the area of the corridor, which we defined as
measure of corridor isolation in the landscape; and (5) proportion of degraded forest within a 50-
m buffer around each camera-trap station. Riparian strip width and non-linear distances from
each camera-trap station to the nearest source patch were measured manually using the classified
landscape map. The nearest source patch connected to each corridor was identified and isolated,
and its total area quantified. This was done by generating the core areas within all forest patches
across the entire landscape, defined as the forest interior area farther than 100m from the nearest
forest edges, and subsequently buffering those core areas at the same distance, thereby producing
isolated patches that excluded narrow protrusions and connections. The first four variables above
were analysed as landscape metrics, whereas the proportion of degraded forest within a 50-m

buffer around each station was used as a patch metric describing corridor quality.

We also conducted in situ habitat sampling around each camera-trap station following a
plotless (point-quadrant) protocol, and quantified key features of within-corridor habitat structure
and vegetation status. These variables included: 1) tree basal area density (m*/ha), 2) understorey
density, 3) number of mauritia (Mauritia flexuosa) arborescent palms, 4) and degree of bovine
cattle intrusion. The first two variables were measured with a point-quadrant method, in which
four points centred at each camera-trap station were placed 20 m apart along a parallel line to the
forest-pasture edge of the corridor. At each of those points, a circle of 10-m in radius was
established and divided into four quadrants. Within each quadrant, we measured and identified
the nearest tree >20cm in DBH (diameter at breast height) and its distance to the central point.
This resulted in 16 trees measured per camera-trap station, or 80 trees per riparian corridor.
These two measurements were then used to calculate tree basal area density for each camera-trap
station. In addition, at each of the four point-quadrants, understorey density was quantified using
a 200-cm segmented pole held upright by one observer a while a second observer counted the
number of 10-cm segments that were entirely visible from a distance of 10 m. We thus obtained
four understorey density measurements for each camera-trap station, or 20 measurements per

corridor.
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M. flexuosa palms represent an important food source for many terrestrial and arboreal
frugivores, and their clusters typically indicate the presence of vereda habitats, which are
permanently water-logged environments. From a distance of 60 m outside the corridor edge, we
therefore visually counted all mauritia palms present within 100-m corridor segment, thus
providing a measure of arborescent palm density. Finally, a rank variable (0 — 4) describing the
degree of bovine cattle penetration (or intrusion) into the forest corridor was estimated based on
direct observations of cattle tracks within a 30-m radial area around each camera-trap station, as
following: (0) no evidence of cattle trampling; (1) rare; (2) occasional; (3) frequent; and (4) very

severe trampling.
Data Analysis

Measures of terrestrial mammal species richness and functional diversity (FD) were used to
assess the effects of environmental gradients associated with each corridor on the entire mammal
assemblage. Estimated species richness (Sex;) was generated using an extrapolation procedure
based on the Chaol estimator (Colwell et al. 2012), which estimates the number of species
expected for each sampling site (camera-trap station) at the highest level of sampling effort per
station (a census and recensus of 30 days = 60 sampling days). This procedure was necessary to
account for variation in sampling days due to occasional camera failure, malfunction or theft
(total amount of sampling time lost due to those events amounted to 23% of an expected 286,560
camera-trap-hours under a zero-failure rate), and the variable number of stations per corridor.
We considered both total species richness and the richness of forest-specialists only, here defined
as strict forest species that are not known to use nonforest habitats (see our classification of

degree of forest-specificity below).

Species life-history traits selected to generate the FD metric included: (1) group biomass,
calculated by multiplying the mean adult body size by the mean group size as reported in the
literature; (2) forest habitat specificity, which we classified on a scale from the least (1.
frequently found in open habitats such as pasture) to the most strict forest species (3: entirely
restricted to forested areas, strongly avoiding open habitats), based on the literature and our own
combined field experience on the ecology of neotropical forest mammals; (3) home range size
(ha); (4) a categorical measure of the main vertical locomotion strata (terrestrial, scansorial or

arboreal); and (5) a trophic index, generated as a weighted mean of the energetic level of a
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species diet given the proportion of dietary items, as compiled by Wilman et al. (2014). The
energetic levels considered for each diet category were assigned as an ordinal sequence including
1 (folivores: leaves), 2 (frugivores: fruit pulp), 3 (granivores: seeds), 4 (insectivore/faunivores:
invertebrates), and 5 (carnivores: vertebrates). All traits assigned to each species, and the
references used to compile them are provided in the online Supporting Information (Table Al).
From the overall trait matrix, we then calculated the observed functional diversity metric (FDobs)
using the Euclidean distance and the unweighted paired-group clustering method. This was done
by calculating arithmetic averages to generate a functional dendrogram from the trait matrix
(Figure A1), and computing the branch length of the standardized tree for each sampling point
based on the local pool of species (S) that we recorded. In order to account for the high
correlation between S and FD, we randomized the tips of the functional tree 1,000 times to
generate an expected FD metric (FDeyp) for each level of richness, calculated as: (FDo,s — mean
FDrang) / sd (FDrang). In doing so, we obtained a functional diversity measure that is independent
of species richness, thereby indicating whether any loss in functional diversity is greater
(suggesting non-random trait losses) or lower (suggesting idiosyncratic trait losses) than
expected by any reduction in species richness.

Differences in S and FD between riparian forest types (corridors vs. continuous forests)
were examined with likelihood-ratio tests and variance component analyses, in which the 199
camera-trap stations were nested within the 43 riparian forests. We fitted generalized linear
mixed-models (GLMM) to examine the effects of corridor quality (proportion of degraded forest,
tree basal area density, understorey density, M. flexuosa count, and cattle intrusion) on total
species richness, richness of forest-specialists, and FDeyp, With a random factor for the corridor in
which camera-trap stations were nested. To examine the effects of both patch and landscape
variables (mean corridor width, mean distance to the nearest source patch, source patch area, and
isolation) on the same mammal assemblage properties, we fitted generalized linear models
(GLM) for riparian corridors as a whole. First, we ascertained that there was no strong
multicollinearity (r < 0.6) between the variables entered into the global models. We then tested
for residual overdispersion of the global models, and in case this was detected, overdispersion
was corrected by including an observation-level random effect (Harrison 2014). GLM models
that required the overdispersion correction parameter were thus transformed into GLMM models

to include the random factor. We identified meaningful predictors of community measures on the
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basis of a model selection procedure, considering all combinations of the variables included in
the global models, with the Akaike Information Criterion corrected for small sample sizes (AlCc,
Burnham & Anderson 2002). The relative importance of each variable was compared using their
regression coefficients and unconditional standard errors generated by model-averaging. As a
post-hoc analysis, we also ran a piecewise regression between corridor width (at the scale of
camera-trap stations) and the response variables to assess whether this relationship was
asymptotic, thereby indicating a specific width threshold that supports the highest levels of

mammal species richness and functional diversity.

Community composition was analysed using a Principal Coordinate Analysis (PCoA),
which ordinated the communities based on a Bray-Curtis similarity index, and identified which
variables (describing both local forest habitat quality and landscape structure) significantly
affected mammal species composition. We therefore based our similarity index on an imperfect
proxy for abundance — temporally independent camera-trapping rates — because we considered
that a measure of observed incidence would be informative to elucidate patterns of corridor use,
in addition to the presence/absence data. We again performed this analysis for both the entire
local assemblage and forest-specialists only. Finally, to elucidate the way in which composition
was changing in space, we generated metrics of B-diversity that describe which proportion of the
dissimilarity between local assemblages is explained by either species loss (community
nestedness) or by species replacement (community turnover) (Carvalho et al. 2011). All analyses
were conducted within the R 3.1.2 platform (R Core Team 2014).

Results

We obtained 4 459 independent records of 25 terrestrial mammal species during a total of
10 441 sampling days. Nine-banded armadillo (Dasypus novemcinctus), the most recorded
species (1 369 independent records, 30.7%), was detected at all corridors and all but one control
continuous forest sites. Other frequently detected species occurring in most surveyed sites
included lowland tapir (Tapirus terrestris, 579 records), paca (Cuniculus paca, 569 records),
red-rumped agouti (Dasyprocta leporina, 325 records), and collared-peccary (Pecari tajacu, 315
records). The least detected species included jaguarundi (Puma yagouaroundi, 1 record),
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Brazilian porcupine (Coendou prehensilis, 6 records), crab-eating fox (Cerdocyon thous, 7

records), margay (Leopardus wiedii, 7 records), and bush-dog (Speothos venaticus, 9 records).

Patterns of diversity

Both observed and estimated species richness were significantly higher at riparian sites
within continuous forests than those in remnant corridors, which were more variable (corridors:
Sobs = 3 - 19 species; continuous forests: Sqps =14 - 19 species; Table 1). The same pattern was
observed for forest-specialists only, whose observed richness ranged from 12 to 15 species in
continuous forests, and from 2 to 14 in corridors. Observed functional diversity, which was the
most divergent metric of mammal diversity, was also significantly higher in continuous forests

than in corridors (Table 1).

Table 1. Mean [SD] observed and estimated measures of diversity considered in the study,
including likelihood ratio comparisons between remnant riparian forest (RF) corridors and those
within continuous forest areas (significant differences shown in bold).

Variance explained*

Variable Corridor Co?tlnuous 2 p RFtype  Corridor
orest

subset
All species (Sobs) 6.23[2.56] 8.76 [2.22] 10.99  0.0009 0.173 0.345
All species (Sext) 8.23[4.68] 12.20[5.12] 12.33 0.0004 0.077 0.155
Forest specialists 4.68 [2.38] 7.48 [1.83] 13.48 0.0002 0.212 0.423
(Sobs)
Forest specialists 6.12 [4.08] 9.96 [3.46] 1448 0.0001 0.092 0.184
(Sext)
Functional 3.80[1.28] 5.08[0.99] 9.65 0.0018 0.369 0.184
diversity, FD

*Percentage variance explained by each hierarchical site factor estimated using variance
component analysis.

Models explaining estimated species richness as a function of corridor quality indicated
that habitat degradation and M. flexuosa palm abundance were both associated with lower
numbers of species for both the entire community and for forest-specialists only (Fig. 2 and 4).
Patch structure, as measured by corridor width, however, had a positive effect on forest-specialist
species richness (Fig. 2 and 4). These models also indicated that observed functional diversity
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was negatively associated with riparian forest habitat degradation and M. flexuosa abundance,

but positively associated with corridor width (Fig. 3 and 5). However, when accounting for the

315  effect of species richness on the FD metric, we failed to detect any effect of explanatory
variables on expected functional diversity (Fig. 3). The relationship between riparian corridor
width and all measures of mammal assemblage diversity was monotonically positive, and given
the wide variation in corridors surveyed (range = 32 — 1359 m in width), we failed to detect any
asymptotic tendency using piecewise regression.
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Figure 2. Regression coefficient values and confidence intervals for all variables included in the
global models, and obtained by the model averaging procedure. Models generated for: (a)
riparian corridor quality predictors of total estimated species richness (Chaol); (b) corridor
325 quality predictors of estimated richness of forest-specialists (Chaol); (c) landscape structure

predictors of total estimated species richness (Chaol); and (d) landscape structure predictors of
richness of forest-specialists (Chaol).
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330 Figure 3. Regression coefficient values (and 95% confidence intervals) for all predictors

included in the global models, and obtained by the model averaging procedure. Models
generated for: (a) riparian corridor quality predictors of expected functional diversity (FDexp); (D)
riparian corridor quality predictors of observed functional diversity (FDgps); (C) landscape
structure predictors of FDeyp; and (d) landscape structure predictors of FDgps.
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Figure 4. Relationships between estimated species richness (Chaol) and key predictors selected
by the model averaging procedure, including: (a) mean riparian corridor width (m) (n=43), (b)
340 proportion of degraded forest around each camera station (n=173), and (c) abundance of
Mauritia flexuosa palms around each camera station (n=173). Blue and green solid circles
represent all terrestrial mammal species and forest-specialists, respectively.
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Figure 5. Predictors of observed functional diversity (FD) selected by the model averaging
procedure, including: (a) mean riparian corridor width (m) (n=43), (b) proportion of degraded
forest around each camera-trap station (n=173), and (c) Mauritia flexuosa palm count around
each camera-trap station (n=173).

Patterns of assemblage composition

Mammal assemblage composition in remnant riparian forests diverged from those in continuous
forests, although they had a high degree of species overlap, suggesting that some corridors
shared a similar set of species with riparian zones in continuous forests. Community composition
varied strongly among camera trap stations within the same riparian forest (Fig. 6), and although
there was a clear effect of overall species richness on these community-wide differences, species
turnover played an even stronger role in explaining the dissimilarity (Fig. 6 and 7a). Measures of
habitat quality that were significantly associated with these differences included M. flexuosa
abundance and the proportion of neighbouring degraded forest for the entire assemblage, and
understorey density, cattle intrusion, and mauritia abundance for forest specialists. However,
community nestedness in forest specialists was more important in explaining dissimilarities than
species turnover (Fig. 7b). In terms of the overall landscape structure, species replacements
affected overall community dissimilarity more than did species losses, and both corridor width
and corridor isolation were significantly associated with those community differences (Fig. 7c).
Finally, corridor width was again significantly associated with community dissimilarity of forest-

specialists, and both nestedness and species replacements explained those differences (Fig. 7d).
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Figure 6. Principal Coordinate Analysis (PCoA) ordination of the dissimilarity of terrestrial
mammal species between camera-trapping stations within remnant riparian corridors (blue
circles) and continuous riparian forests (red circles) based on Bray-Curtis index. Mean [SD] of
the degree to which mammal beta-diversity was accounted for by either species turnover (Birm)
or community nestedness (Bnest) are also shown. Size of solid circles was scaled according to the
species richness observed at the scale of camera-trapping stations.
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Figure 7. Principal Coordinate Analysis (PCoA) ordination of the dissimilarity between sampling
points within corridors (blue symbols) and between corridors (red symbols) on the basis of Bray-
Curtis dissimilarity. Corridor quality (D: proportion of degraded forest around each camera-trap
station; M: Mauritia palm count; C: degree of cattle intrusion; U: understorey density) or
structure variables (PF: proportion of forest around the corridor; W: corridor width) that
significantly affected the composition dissimilarity between mammal communities. PCoA
ordination was performed considering both all terrestrial mammal species (open circles) and only
species defined as forest specialists (open triangles). Beta-diversity [mean + SD] explained by
either the species turnover (Bwym) Or community nestedness (Prest) are also shown. Symbol sizes
are scaled according to the observed species richness.

Discussion

Riparian forest remnants present a huge potential for planning and implementing connectivity
networks that can not only ensure the retention of relict forest habitat but maintain the flux of
many forest species across the landscape, ultimately contributing to a healthier ecosystem

functioning (Crooks & Sanjayan 2006). However, the structure of these remnant features will

ultimately determine whether or not they can effectively serve their full functional connectivity
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role for a wide range of species. In our study region in southern Amazonia, riparian forest
remnants retained within private landholdings by migrant farmers less than four decades ago
ranged widely in their integrity status in terms of both corridor structure and vegetation quality.
We uncovered marked differences in mammal community structure between narrow (<30m
wide) and highly degraded corridors, and wide, high-quality corridors (up to 1 200m wide).
Comparisons between remnant riparian strips within cattle pastures and those embedded into
large continuous tracts of forest also confirmed that wide and well-preserved remnants can
function as suitable habitat and/or landscape conduits for a wide range of terrestrial vertebrates.
There were significant differences in species richness, species composition and functional
diversity between remnant riparian corridors and riparian zones within continuous forests.
However, the high mammal community overlap between wide, high-quality riparian remnants
and continuous riparian sites indicate that well-preserved corridors are the best available
opportunity to maintain terrestrial mammal diversity in highly deforested landscapes. This is,
however, a conservative estimate of community similarity because even our continuous “pseudo-
control” sites had already been degraded to some extent, thereby serving as an imperfect baseline
of the observed patterns. Although these continuous areas were embedded within exceptionally
large forest fragments (>5 000 ha) compared to most other forest patches remaining in the
region, they do not represent the vast unbroken tracts of forests present in our study region until
the late 1970s.

As expected, the species richness of forest-specialists was higher in wide corridors. Those
species are intolerant to the open habitat matrix, and are most sensitive to the multi-pronged edge
effects that dominate narrow corridors (Hobbs 1992; Hilty et al. 2006). In our landscape,
corridors had to be at least 100-m wide to retain the same average number of forest-dependent
species typical of continuous riparian areas, although the species richness in corridors of 100 —
400 m in width was widely variable. A study in Central Amazonia also concluded that the
