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despite our pleas. What about the holy land? Teartaby greed. What about

everything? Where did we go wrong? What about us?"

Trechos da musica Earth Song (Michael Jackson)



RESUMO GERAL

Globalmente, as florestas tropicais estdo expetanelo um aumento na
taxa de perda de habitat maior do que qualquerooatrossistema. A
fragmentacdo florestal e perda de habitat causarersdis alteraces na
paisagem como aumento do isolamento entre remartesceflorestais,
diminuicdo do tamanho dos remanescentes e sub&ttadia floresta nativa por
areas agricolas. Estas alteragbes na paisagemotgsequéncias drasticas, no
gue se refere a perda de espécies e disrupcaocodespos ecoldgicos, como
alteracdo nas interacdes planta-animais, o que lavaalteracdes no
funcionamento do ecossistema. Dessa forma, a seéneia a longo prazo das
espécies em florestas tropicais depende de umadeedemanescentes com um
elevado nivel de conexdo, seja por meio de coresdde vegetacdo ou através
de matrizes com alta permeabilidade. Assim, a ¢ividade da paisagem e as
caracteristicas estruturais dos remanescentestiiigesdo componentes-chave
para a manutencdo de espécies e processos ecelogito paisagens
fragmentadas e por isso, precisam ser melhor cemgidos. Desta  forma,
nosso estudo avaliou a influéncia de um conjunteat&veis - relacionadas a
caracteristicas de fragmentos e conectividadetesitu a nivel de comunidade
(composicao, estrutura e diversidade), sob umaeetisa funcional e por fim,
a um nivel de interacdo, considerando as espéciEseas com dispersao
zoocorica. Mais especificamente, nosso objetivo dwaliar o efeito das
caracteristicas estruturais e configuracdo espdadslremanescentes lineares
sobre essas variaveis para guiar estratégias deervagdo relacionadas a
importancia e adesign de corredores de vegetacdo em paisagens fragrasntad
uma vez que poucas informacdes estao disponiais.aPandlise de diversidade
funcional, consideramos trés indices: riqueza fumadi equabilidade funcional e
divergéncia funcional. Consideramos como tracos cifumais, aqueles
relacionados a senibilidade das espécies a fragg@mt como tamanho do
corpo, tamanho da prole, dieta e locomocdo. Pareesgecies arboéreas,
consideramos o tipo de dispersdo e o tamanho ditssfe sementes. Nosso
estudo foi realizado em uma &rea de Floresta Adtamdcalizada no sudeste do
Brasil. Amostramos cinco areas, dentre: 1) intederfragmento controle, 2)
borda de fragmento controle, 3) remanescente Bneanectado a floresta
controle, proximo a area de conexao, 4) remanestiesaar conectado a floresta
controle, distante da area de conexdo e 5) remamestinear ndo conectado.
Para analise de dados, construimos modelos mistbdizamos o critério de
informacdo Akaike para selecionar os melhores nesdeNossos resultados
mostraram que tanto a distancia dos remanescémeasds em relacdo a floresta
continua como a composicdo da matriz, influenciasagnificativamente a
maior parte dos atributos analisados. Por exenaplopmposicdo e estrutura de



pequenos mamiferos se diferenciou nos tratamentosdéda que a distancia a
floresta controle aumenta. Além disso, tanto a x&omedos remanescentes
lineares como a matriz circundante, influenciarambandancia de individuos
zoocoricos, bem como a abundéancia de individuosfoatos secos e carnosos
de diferentes tamanhos, mais do que caracteristiestsuturais dos
remanescentes. Remanescentes lineares circundadosngirizes agricolas
abrigaram elevada abundancia de generalistas endleiduos com baixa
sensibilidade a fragmentacdo. Além disso, nosssslteglos mostraram pela
primeira vez que a diversidade funcional de pegsiemamiferos pode ser
deteriorada mais pela influéncia de espécies egto que pelas caracteristicas
estruturais e conectividade dos remanescentestiise Assim, concluimos que
a implantagdo de remanescentes lineares em passiiggmentadas precisa ser
cuidadosamente avaliada. A matriz do entorno dosnescentes lineares deve
ser considerada/manejada quando avaliamosdesgn dos corredores de
vegetacdo em paisagens fragmentadas. Os remamsstiatires conectados a
fragmentos de maior tamanho devem ser consideremio® prioridade para
conservacao em relacdo aos fragmentos isoladadnténte, concluimos que se
adequadamente manejados os remanescentes linea®s funcionar como
importantes componentes para a conservacao e grecsr considerados em
futuras decisdes de conservacdo em paisagens lesdé existem.

Palavras-chave Ecologia de paisagem. Corredores de vegetacawseBmcao.
Manejo. Conexdo. Composi¢cdo de matriz. Pequenosiferas Diversidade
funcional. Espécie exotica. Disperséo.



ABSTRACT

Globally, tropical rainforests are experiencingighler rate of habitat
loss than any other ecosystem. The forest fragrtientand habitat loss cause
diverse alterations in the landscape as incredsisotation among forest
remnants, decrease of remnants size and replaceafenttive forest by
agricultural matrices. These alterations drive filtdsiodiversity loss in terms of
species and ecological disruption as plant-aninvaisraction, changing the
ecosystem functioning. Nevertheless, the long-teumvival of many tropical
species depends on a network of remnants withlalkigel of connectivity due
to the presence of wildlife corridors and/or thernpeable matrices. Thus,
landscape connectivity and the structural featwfeforest remnants are key
components for maintaining species and ecologicatgsses in fragmented
landscapes. In this way, we accessed the influefdhe set of variables -
fragment characteristics and structural connegtinit a community perspective
(composition, structure and diversity), functiortiersity perspective and a
interaction level, evaluating the arboreal speuigh zoochoric dispersion. The
main objective of our study was to infer about gmatial arrangement and
configuration of linear remnants, providing a gliitke to enhance the
conservation value of these structures in fragnietéedscapes and also, to
bring information about the management of theagcsires, once these are still
little understood. For the functional diversity Bs#&s, we considered three
indices: functional richness, functional evenness fnctional divergence. For
the functional traits analysis, we considered thodated to fragmentation
sensitivity, such as body and litter size, diet émwbmotion. To the arboreal
species, we considered the dispersion type anfiuiseed size. Our study was
carried out in an Atlantic Forest placed in sousiera Brazil. We sampled five
rainforest habitats: 1) control forest fragmentiidr, 2) control forest edge, 3)
linear remnants connected to the control foresdy tige connection area and 4)
linear remnants connected to the control forestfréan the connection area and
5) unconnected linear remnants. We used mixed raddetlata analysis and the
Akaike Information Criterion to find the best mosleDur results showed that
both, the distance of linear remnants until thers®dragment and the matrix
composition have significant influences on the nafsattributes. For example,
the small mammals composition and structure intis@ments change with the
increase of isolation from the source forest fragméloreover both, linear
remnants connected and/or the surrounding maitrkienced the abundance of
zoochoric individuals and the abundance of spewgits fleshy and non-fleshy
fruits of different sizes, more than structural relwéeristics. Linear remnants
surrounded by the most forest matrices harbor kgheralist abundance and
individuals with low fragmentation sensitivity. Alsour results showed at the



first time, that the small mammal functional diigrscan be decayed by the
influence of exotic species more than drive by dtmal characteristics and
connectivity of forest remnants. As such, we codetlithat the implantation of
linear remnants in fragmented landscapes needs tratefully designed. The
matrix around the linear remnants needs to be derail in the vegetation
corridor design in fragmented landscapes and intncases, managed in
conservation programs.The linear remnants conndotelde largest fragments
need to be consider as important targets for ceasen in relation to the most
isolated patches. In conclusion, the linear renmidnhanagement, can work to
conservation and need to be implemented in consenvalans in landscapes
where their are.

Key-words: Landscape ecology. Vegetation corridors. Congenva
Management. Connection. Matrix composition. Smadmmals. Functional
diversity. Exotic species. Dispersion.
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1 INTRODUCAO GERAL

A fragmentacdo de habitats pode ser entendida eoméprocesso no
gual uma grande quantidade de habitat é transf@math habitats
remanescentes de menor tamanho, isolados um do patruma matriz de
habitats diferente do original" (WILCOVE; MCLELLANDOBSON, 1986, p.
237). Seguindo esse conceito, pode-se distinguitrguefeitos diretos desse
processo: (l) subdivisdo da vegetacdo remanescentie fragmentos e
consequente aumento no numero de fragmentos #@edl) perda na
quantidade de vegetacdo original; (lll) diminuicdto tamanho dos
remanescentes florestais e (IV) aumento da digtétire esses remanescentes
(FAHRIG, 2003; BENNET; SAUNDERS, 2010).

As consequéncias negativas dos efeitos da fraggémtflorestal na
diversidade biolégica ja sdo bastante conhecigeslem ser entendidas como a
perda de espécies e mudangas na estrutura da cdaderde diversos grupos
biolégicos (LAURANCE et al., 2002; FAHRIG, 2003; MEIRA; GRILLO;
TABARELLI, 2004; EWERS; DIDHAM, 2006; PERES; PALAOCS, 2007,
MAGNAGO et al., 2014). No entanto, o impacto dagfrentacdo pode ser
ainda mais drastico quando consideramos os efgitheetos desse processo
(LAURANCE, 2001) como as consequéncias advindasxgasicdo aos efeitos
de borda (MURCIA, 1995; LAURANCE et al., 2002; OIBRA; GRILLO;
TABARELLI, 2004; EWERS; DIDHAM, 2008; MAGNAGO et g12014), caca
(REDFORD, 1992; PERES, 2000; PERES; PALACIOS, 2@AXNALE et al.,
2012), invasdo de espécies exéticas (GIBSON eR@l3) e substituicdo da
cobertura vegetal por matrizes nédo florestais (LANRE, 2008; GARDNER
et al., 2009; PARDINI et al., 2010; LAURANCE; SAYERASSMAN., 2014).

Ainda mais alarmante, é saber que estes efeitoenposer mais
drasticos do que os ja relatados, uma vez que pacios da fragmentacao

16
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podem promover mudang¢as no funcionamento dos istamsas, alterando a
diversidade funcional e as caracteristicas fun¢sodas espécies em paisagens
intensamente fragmentadas (ver FLYNN et al., 2B0RRAGAN et al., 2011;
CADOTTE et al., 2011; MAGNAGO et al., 2014). Notamo, os estudos que
mostram esse tipo de relacéo ainda sdo escass@EHMNAt al., 2012).

Em paisagens fragmentadas dominadas por matripes loaixa
permeabilidade ao deslocamento dos organismosprosdores de vegetacao
tém se mostrado uma alternativa para conectar éoanectar) espécies e
popula¢des nos fragmentos florestais isolados (RENEOSS, 1998; PARDINI
et al., 2005). Apesar da utilidade dos corredoartar dependendo da espécie
considerada, em termos gerais, atualmente, a iémpmat dos corredores de
vegetacdo em paisagens fragmentadas é inquestiq@BERT-NORTON et
al., 2009). No entanto, estudos tém mostrado qgenss caracteristicas
estruturais dos corredores de vegetacdo, comordgrgomprimento e estrutura
florestal sdo determinantes do seu uso pelas espéobm diferentes
requerimentos de habitat e sdo importantes naag@alido potencial destas
estruturas para conservacdo (LAURANCE; LAURANCE99,9LAURANCE,
2004; HAWES et al., 2008; LEES; PERES, 2008; BARLQ@4Val., 2010).
Também ja é sabido que, além das caracteristitagueais, as caracteristicas
da paisagem e o arranjo espacial dos fragmenm®e @ composicao da matriz
do entorno, a proximidade com fragmentos fontadluénciam a manutencao
de espécies e processos ecoldgicos em paisaggnefreadas (FAHRIG, 2003;
LAURANCE, 2004; PARDINI et al., 20059AMSCHEN et al., 2006EWERS;
DIDHAM, 2006; HAWES et al., 2008; LEES; PERES, 2008ARTENSEN;
PIMENTEL; METZGER, 2008; BRUDVIG et al., 2009; BARIW et al., 2010;
PARDINI et al., 2010; MAGRACH; LARRINAGA; SANTAMARA, 2011;
MARTENSEN et al, 2011; PASSAMANI; FERNANDEZ, 2011;
GARMENDIA et al., 2013).
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Apesar disso, nenhum estudo avaliou juntamenténflaéncia da
conectividade, das caracteristicas estruturaisardajo espacial dos corredores
de vegetacdo para a conservagcdo em paisagens Itagiee Esse
conhecimento é importante, pois a partir dele, gejayuiar estratégias efetivas
de manejo em paisagens fragmentadas, considerarafcaigjo espacial e a
configuracéo dos corredores de vegetacao. Estiels® dipo tém sido bastante
recomendados (EWERS; DIDHAM, 2006; LEES; PERES, 8200
principalmente quando realizados em florestas ¢eigi que atualmente séo
representadas por poucos fragmentos que de fatantger protecdo a
biodiversidade (RIBEIRO et al., 2009; LAURANCE &t 2012) e situados em
uma paisagem constituida em sua maior extensdodifenentes tipos de
interferéncia antropica (RIBEIRO et al., 2009; BEHNN SAUNDERS, 2010;
LAURANCE; SAYER; CASSMAN, 2014). Apesar disso, poscestudos com
essa abordagem foram realizados e o conhecimentta & muito limitado
(HAWES et al., 2008; LEES; PERES, 2008; MARTENSEMIe 2011).

Desta forma, o objetivo do presente trabalho ¥aliar a influéncia das
caracteristicas estruturais de fragmentos florestadmo tamanho e formato - e
da conectividade estrutural da paisagem na comadmida pequenos mamiferos,
na sua diversidade funcional e nos tracos funciodas espécies. Além disso,
esses efeitos foram testados na abundéncia delessp#odreas com dispersdo
zoocoérica e na produtividade primaria das florestasa vez que estes sao
considerados importantes preditores para avaliafats da fragmentacéo na
comunidade arbdrea e também descrevem as interdgedesursos com a fauna
(HAGEN et al., 2012). Mais especificamente, objete avaliar o efeito das
caracteristicas estruturais e configuragdo espddslremanescentes lineares
sobre essas varidveis para guiar estratégias deersagdo relacionadas a

importancia e adesign de corredores de vegetacdo em paisagens fragraentad
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2 REFERENCIAL TEORICO

2.1 A Teoria da Biogeografia de llhas (MACARTHUR; WILSON, 1963,

1967) e sua influéncia nos estudos em paisagengfreentadas

Na década de 60, MacArthur & Wilson (1963; 196Mppiserem um
modelo para explicar o numero de espécies presemteshas insulares. De
acordo com esse modelo, ilhas maiores teriam migjoeza de espécies do que
ilhas menores, seja, pelo préprio tamanho da ilh@ela menor probabilidade
de extincdo das populacbes por eventos estocasfla@mbém, ilhas mais
préxima ao continente, teriam maior probabilidadesdrem colonizadas ou re-
colonizadas (via imigracao de espécies a partzaidinente) do que ilhas mais
distante. Essas predicdes mostraram a importarcitamanho da ilha e da
distancia destas até o continente (ou isolamerdéoq jprever a extingdo e
colonizacdo de espécies em uma area.

A Teoria da Biogeografia de llhas inspirou divergaesquisas em
ecossistemas fragmentados (LAURANCE, 2008), umaqeez o processo de
fragmentacao florestal leva a reducéo do tamanisofrd@mentos florestais e
aumento do isolamento entre eles (FARHIG, 2003; BEN, SAUNDERS,
2010), variaveis ja conhecidas por influenciar snatb de espécies em ilhas
insulares. Diversos estudos foram realizados pagdicar o impacto da
fragmentacao florestal sobre diversos grupos bicdég (TURNER, 1996;
CHIARELLO, 1999; PARDINI, 2004; VIEIRA et al., 200PASSAMANI,;
FERNANDEZ, 2011). Apesar de alguns estudos teremfirosado as predi¢des
da Teoria da Biogeografia de llhas para "ilhasetres" ou fragmentos
florestais (ver VIEIRA et al., 2009; PREVEDELLO; MRA, 2010) outros
encontraram resultados que contradiziam essa TeamiaLAURANCE et al.,
2002; PARDINI, 2004; PASSAMANI; FERNANDEZ, 2011).

19
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Dessa forma, os estudos avaliando os impactosagméntacdo sobre a
diversidade biolégica comegaram a verificar queasufatores, que nao sé o
tamanho e o isolamenfeer se dos remanescentes florestais, influenciavam a
diversidade de espécies e a dinamica em paisagagmédntadas. Assim,
importante atencdo foi e ainda é dada para a cagéwoda matriz no entorno
dos fragmentos (LAURANCE et al., 2002; PIRES et 2002; LAURANCE,
2008; UMETSU; PARDINI, 2007; PASSAMANI; RIBEIRO, PO; WATLING
et al., 2011), aos efeitos de borda (MURCIA, 1998JRANCE et al., 2007;
EWERS; DIDHAM, 2008), presséo de caca (REDFORD 21 9HIARELLO,
1999; PERES, 2000; PERES; PALACIOS, 2007; CANALEakt 2012) e
impacto de espécies exdticas (GIBSON et al., 2@bRernando a riqueza e
abundancia de espécies em paisagens fragmentast®e Modo, a aplicagéo da
Teoria da Biogeografia de llhas em estudos comagaiss fragmentadas possui
limitacBes, uma vez que importantes fendmenos gogem nessas paisagens
ndo sdo levados em consideracdo (ver LAURANCE, 208& uma breve
revisdo). Apesar disso, € inegavel a importancesaleeoria na discussdo de
tamanhos de reservas e da conectividade na maéatalg; diversidade de
espécies em paisagens fragmentadas (LAURANCE, 2008)

2.2 Corredores de vegetacdo e sua importdncia no ntexto da

fragmentacao florestal

O conceito de fragmentacao florestal propostoVgibcove, McLellan e
Dobson (1986) mostra que a fragmentacdo provod&fdiretos no contexto
de paisagem, alterando a estrutura e o arranjociebpdos remanescentes
florestais (FARIGH, 2003; LAURANCE, 2008; BENNETASNDERS, 2010).
Dentre esses efeitos, o isolamento efetivo entagnfentos florestais tém

consequéncias negativas para a diversidade bialdgipara a manutencéo de
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processos ecoldgicos, como interacbes entre plantexdricas e seus
dispersores (JORDANO et al.,, 2006; HAGEN et al.120MAGRACH,;
LARRINAGA; SANTAMARIA, 2012).

Dessa forma, a conectividade funcional da paisagdada pela
capacidade de movimentacdo dos individuos em paisadragmentadas
(TISCHENDORF; FAHRIG, 2000), é associada a penmsiséédas espécies em
paisagens fragmentadas (LAURANCE, 1994; PIRES .et2802; VIVEIROS
DE CASTRO; FERNANDEZ, 2004; PARDINI, 2004; UMETSWARDINI,
2007; PASSAMANI; RIBEIRO, 2009).

Em paisagens fragmentadas dominadas por matripes loaixa
permeabilidade ao deslocamento dos organismospmsdores de vegetacdo
tém se mostrado uma alternativa para conectar éoanectar) espécies e
popula¢des nos fragmentos florestais isolados (RENEOSS, 1998; PARDINI
et al., 2005). No entanto, apesar dos corredorgsgitacéo contribuirem para a
conexdo estrutural da paisagem (ver definicdo dedatividade estrutural em
TISCHENDORF; FAHRIG, 2000), sua presenca nao garantonectividade
funcional de paisagens fragmentadas. Para sereronhegidos como
componentes da conectividade da paisagem, os ocesede vegetacdo devem
permitir/facilitar o movimento de espécies entreagfentos florestais
(TISCHENDORF; FAHRIG, 2000).

A importancia dos corredores como elemento conectocontroversa e
bastante discutida em meados da década de 199@ndeeglguns autores, 0s
corredores facilitavam a propagacao de disturlgiosio patégenos e incéndios,
aumentavam a exposicdo a predadores e, quandoiguspequena largura,
poderiam facilitar a entrada de espécies exdticasrem mais suscetiveis aos
efeitos negativos associados a borda, aumentanalouadancia de espécies
generalistas e restringindo seu uso para espécis restritas a florestas
(SIMBERLOFF e COX, 1987; HOBBS, 1992). Apesar ddlida#de dos
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corredores variar dependendo da espécie considemdatermos gerais,
atualmente, a importancia dos corredores de vefetagm paisagens
fragmentadas é inquestionavel. Diferentes estudastraram que estas
estruturas, além de contribuirem para o deslocamele espécies entre
fragmentos florestais (BENNETT, 1990; HOBBS, 199umentam a
diversidade alfa em fragmentos florestais conestd@ARDINI et al., 2005;
DAMSCHEN et al.,, 2005 compartilham espécies em comum com 0S
fragmentos fontes a que estdo conectados (LIMA; GAS, 1999; HAWES et
al.,, 2008; LEES; PERES, 2008; BARLOW et al., 201B0OCHA,;
PASSAMANI; LOUZADA, 2011) e ainda contribuem parareanutencéo de
interacbes mutualisticas entre fragmentos conegtadpermitindo a
conectividade ecolégica de paisagens fragmentdda&KSBURY et al., 2002;
MAGRACH; LARRINAGA; SANTAMARIA, 2012). Ainda, os coedores de
vegetacao funcionam para a retengdo do estoquarbdeno e podem abrigar
alta rigueza de espécies e endemismos, a um basto econdmico (JANTZ;
LAPORTE, 2014).

Dessa forma, pode-se concluir que o estudo commedmares de
vegetacdo contribuiu bastante para o entendimeniboe sa importancia da
conectividade para a conservagdo de paisagens dragdas. No entanto, o
conhecimento sobre essas estruturas e sobre ggraisan que estdo inseridas é
muito limitado, o que pode subestimar sua efetdléd@ara conservacdo no
manejo de paisagens fragmentadas.
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3 CONCLUSOES GERAIS

A partir dos resultados obtidos nos trés capitutmispossivel concluir
que:

1) A conectividade estrutural da paisagem, proye& presenca de
remanescentes florestais conectados a florestaiotmre pela composicao da
matriz, exerceram influéncias significativas naeddidade beta, na composicéao
e estrutura da comunidade de pequenos mamiferasabumdancia de espécies
especialistas e generalistas. Também influenciasagnificativamente a
distribuicdo de espécies zoocéricas na paisageambém a abundancia de
diferentes atributos relacionados & zoocoria. Essssitados mostram a
importancia da conectividade estrutural da paisaganreducdo dos efeitos
negativos do isolamento;

2) Remanescentes florestais lineares conectadmsesth controle séo
mais importantes para conservacdo do que remarnescdimeares nao
conectados e por isso devem ser priorizados. Rodérmar isso uma vez que a
composicdo e estrutura da comunidade de pequenamifenas nos
remnanescentes florestais lineares conectados iféioaiin significativamente
da comunidade amostrada na floresta controle. NEn&n os remnanescentes
florestais lineares ndo conectados apresentaramcomanidade de pequenos
mamiferos mais homogéneos (menor diversidade hmia), maior abundancia
de generalistas e distinta da floresta control&mAldisso, os remanescentes
lineares conectados apresentaram atributos rekdiena zoocoria que foram
encontrados também no interior da floresta contadeno maior abundéancia de
espécies com frutos carnosos e espécies com fmédos e carnosos. Alguns
atributos relacionados a comunidade de pequenodferame a zoocoria, foram
diferentes no mesmo remanescente linear, quanugidesado a distancia de
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conexdo até a floresta fonte. Dessa forma, a distéentre os remanescentes
lineares e a floresta fonte (ou grandes blocosedtais) é uma importante
variavel a ser considerada em estratégias de marmjoservacdo em paisagens
fragmentadas;

3) Remanescentes lineares circundados por matepostas de areas
agricolas tiveram maior abundancia de espéciesaetas e de individuos com
tracos funcionais relacionados a baixa sensibiéidadragmentacédo. De forma
oposta, remanescentes lineares circundados porizesatmais florestadas
apresentam menor abundancia de generalistas e ritpiera e abundéancia de
individuos com tracos funcionais relacionados a omasensibilidade a
fragmentacao. Assim, em longo prazo, é esperada guéstituicdo de matrizes
florestais por matrizes agricolas tenha conseqagéneegativas, causando a
perda de grupos funcionais mais sensiveis a fragg@m Dessa forma, o
manejo da matriz no entorno dos remanescentesrdmed extremamente
necessario para aumentar o valor de conservac&esleésmanescentes em
paisagens fragmentadas;

4) Caracteristicas estruturais dos remanescetestthis lineares, como
forma, area e largura também precisam ser levadosce@nsideracdo no
delineamento ou escolha dos corredores de veggtacdserem conservados;

5) A presenca e alta abundéancia de espécies exdBoa influéncias
negativas na diversidade funcional (representada pigueza funcional,
equabilidade funcional e divergéncia funcional) @s rtracos funcionais de
pequenos mamiferos;

6) Dessa forma, os resultados mostram que os coe®de vegetacdo se
adequadamente manejados, sdo importantes paranagEe em paisagens
fragmentadas e precisam ser considerados em fude@sdes de conservagao

em paisagens onde eles ja existem.
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Patch characteristics and structural connectivity galuation to assess the

effectiveness of linear remnants in a Tropical Lanscape
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ABSTRACT

Globally, tropical rainforests are experiencingighler rate of habitat
loss than any other ecosystem. Nevertheless, tigtym survival of many
tropical species depends on a network of remnarits & high level of
connectivity due to the presence of wildlife coorisl and/or the permeable
matrices. Thus, landscape connectivity and thectiral features of forest
remnants are key components for maintaining spegidsecological processes
in fragmented landscapes. Our main objective wamfer about the spatial
arrangement and configuration of linear remnantsyiging a guideline to
enhance the conservation value of these struciorésagmented landscapes,
using the small mammal group. For this, we accettseihfluence of the set of
variables - fragment characteristics and structtwahectivity - on the alpha and
beta diversity, species composition and communitycture. We also verified if
there is a difference in the habitat preferencesnodll mammal specialist and
generalist species. Our study was carried out irAtantic Forest placed in
southeastern Brazil. We sampled five rainforestitatb 1) control forest
fragment interior, 2) control forest edge, 3) lineamnants connected to the
control forest, near the connection area and 4pnlimemnants connected to the
control forest, far from the connection area andrijonnected linear remnants.
We sampled at total 25 sites, using an effort qDQ@trap-nights. We used
mixed models for data analysis and the Akaike mfation Criterion to find the
best models. Our results showed a strong influesfcéragments size and
connectivity on the alpha and beta diversity. Atbe, linear connected remnants
shared a small mammal community more similar ta tdiathe control forest,
whilst the unconnected linear remnants had a sogmifly different small
mammal community. We found strongest effects oflthear remnant spatial
arrangements, provided by the surrounding matrix, tle small mammal
attributes and the specialist and generalist amaeta As such, we concluded
that the implantation of linear remnants in fragteenlandscapes needs to be
carefully designed. The linear remnants conneaidtia largest fragments need
to be consider as important targets for consemaitio relation to the most
isolated patches. Also, the width and shape ofalineemnants and the
management of the surrounding matrix have to beidered in the vegetation
corridor design in fragmented landscapes.

Key-words: Brazilian Atlantic Forest. Isolation. Matrix. Veggion corridors.
Conservation. Management. Small mammals. Fragmésueldcapes.
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1 INTRODUCTION

The importance of Tropical Forests for biodiversignservation is well
known since they are the biologically richest estems on Earth (GENTRY,
1992; GARDNER et al., 2009). These environments pfsvide local, regional
and global benefits for humans through the prowigibeconomic benefits and
ecosystem services (GARDNER et al., 2009). Prinfangsts are the main
repository of the tropical biodiversity (GIBSON at, 2011). However, the
current number of primary and large control foresié preserved is too small
(Lairana, 2005), and half of the protected areamurad the world are not
effective for biodiversity conservation (LAURANCE &., 2012).

Worse and more alarming is that, in consequendbeofragmentation
process, most of the biodiversity is living indet fragments of different sizes
and shapes with different degrees of isolation MO et al., 2009; BENNET;
SAUNDERS, 2010; ELLIS et al., 2010, HILL et al.,12). Species composition
in these remnants and in the surrounding non-fdnebitats are a subset of
species found in primary forests (LOUZADA et ab1B; HILL et al., 2011).

As reported by MacArthur and Wilson (1967) for tmesular biota,
changes in island size and isolation also affeettérrestrial biota in tropical
forest fragments (see LAURANCE et al., 1998; CHIARD, 1999; PARDINI,
2004; FERRAZ et al., 2007; PASSAMANI; FERNANDEZ, 20 VIEIRA et
al., 2009; PREVEDELLO; VIEIRA, 2010; GARMENDIA et.a2013; GIBSON
et al.,, 2013). However the terrestrial biota losaes mainly influenced by
secondary fragmentation effects, related to higgeedxposition (MURCIA,
1995; LAURANCE et al., 2002; EWERS; DIDHAM, 2008)unting pressure
(REDFORD, 1992; CHIARELLO, 1999; PERES, 2000; PERBBLACIOS,
2007; CANALE et al., 2012), logging and fire incsea (LAURANCE et al.,
2012), exotic species invasion (FERREIRA et al12and introduction of new
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land-use forms in the landscape which may not bameable to animal
displacement (FOLEY et al., 2005; LAURANCE, 2008IXD; METZGER,
2009; GARDNER et al., 2009; MORRIS, 2010; MAGRACHARRINAGA,
SANTAMARIA, 2012; LAURANCE; SAYER; CASSMAN, 2014)For this
reason the most effective conservation strategieesh@se focused on providing
information regarding how biodiversity is affectaad maintained in fragmented
landscapes, recovering and managing ecosystemsddethén anthropogenic
lands (PARDINI et al., 2005; EWERS; DIDHAM, 2006, ABDNER et al.,
2009; ELLIS et al., 2010).

In the last decades the importance of landscapmentivity for
reducing biodiversity loss was highlighted (LUQUEAURA; FORTIN, 2012).
This connectivity is provided through the assoomtof structural connectivity
(for example, by the presence of vegetation corsidmd matrix composition)
and functional connectivity, related to the pernilégbof these landscape
elements to the movement/dispersion of individuglEISCHENDORF;
FAHRIG, 2000; LAURANCE et al.,, 2002; LAURANCE, 2004#ARDINI,
2004; PARDINI et al., 2005; UMETSU; PARDINI, 200MARTENSEN;
PIMENTEL; METZGER, 2008; DIXO; METZGER, 2009; MAGR2H;
LARRINAGA; SANTAMARIA, 2011; ROCHA; PASSAMANI; LOUZADA,
2011; MESQUITA; PASSAMANI, 2012; CASTRO; VAN DEN B3, 2013).

In this way the structural features of remnarlilse- size and shape - and
the structural connectivity - given by the distabaehe source forest fragment,
the composition of matrix surrounding the fragmemtsd the structural
connection by linear remnants - are key comporfentsaintaining species and
ecological processes in fragmented landscapes €mnants size, see
LAURANCE, 2004; EWERS; DIDHAM, 2006; LEES; PERES,008;
MARTENSEN; PIMETEL; METZGER, 2008; MARTENSEN et al2012;
GARMENDIA et al.,, 2013; to remnants shape, see LADNKE, 2004;
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MAGRACH; LARRINAGA; SANTAMARIA, 2011; GARMENDIA et al.,
2013; to remnants width, LAURANCE, 2004; LEES; PERR008; ASKINS;
FOLSOM-O'KEEFE; HARDY, 2012; to forest cover, contigity and matrix
quality, see LAURANCE, 1994; GASCON et al., 199AUWRANCE, 2004;
PARDINI et al., 2005; HAWES et al., 2008; MARTENSERIMENTEL,
METZGER, 2008; BARLOW et al., 2010; PARDINI et &010; MAGRACH,;
LARRINAGA; SANTAMARIA, 2011 and 2012; ROCHA; PASSAANI;
LOUZADA, 2011; WATLING et al., 2011; MARTENSEN etl.a 2012;
GARMENDIA et al.,, 2013). Moreover, these charactiits are important to
infer about the best spatial arrangement and cardtmpn of linear remnants for
conservation in human-dominated landscapes anpoamy understood, mainly
in tropical areas (HAWES et al., 2008; LEES; PERE®)8; MARTENSEN et
al., 2012). Also, the synergistic effects of theistural features and connectivity
to evaluate the effective value of linear remndnatée never been tested before,
which hinders any decision for the protection/inmpédion of linear remnants in
fragmented landscapes. Furthermore, studies wiith focus have been
recommended as broadly relevant to conservatiormanaged landscapes
(EWERS; DIDHAM, 2006; LEES; PERES, 2008; FERREIRAk, 2012).

We evaluated the effects of fragment structuresl dandscape
connectivity on the small mammal group, considerthg alpha and beta
diversity, species composition and community street We also wanted to
verify if there are differences in the responsespacialist and generalist species
to these effects. More specifically, our main objer was to to assess the
influences of structural characteristics and spatianfiguration of linear
remnants on the small mammal community to guidectheservation strategies

and the vegetation corridor design in fragmenteddaapes.
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2 MATERIAL AND METHODS

2.1 Study area

Our study was carried out in southeastern Bra8if (@1 '52 "S and 40°
5'29" W - 18° 54 '18 "S and 40° 5' 19 "W). Thedst@area is located in one of
the most important global hotspots (MYERS et ab0® in a keystone
biodiversity area (PAESE et al., 2010). The lanfdscstudied comprises a large
forest of 46,000 ha belonging to the Companhia \&ak., a privately-owned
company, and to the federal government (Reservdo@oa de Sooretama)
surrounded by a matrix composed mainlyeatalyptus spp., papaya and coffee
plantations and pasture (PEIXOTO et al., 2008; R®Dlet al., 2005) and by
forest fragments of different sizes, shapes, widttis degrees of isolation. This
forest is the second largest reserve of Tablelamdst (PEIXOTO et al., 2008;
PEIXOTO; SIMONELLI, 2007; SBREK-ARAUJO; CHIARELL0O2008) and
the one of the largest forest remnants of the AitlalRorest (RIBEIRO et al.,
2009). Furthermore it is considered one of the drters with the highest plant
diversity in Brazil (PEIXOTO; GENTRY, 1990; PEIXOTGILVA, 1997), the
second most important area for mammal conservatidhe Brazilian Atlantic
Forest (GALLETI et al.,, 2009) and a refuge for #Htemed bird species
(MARSDEN; WHIFFIN; GALETTI, 2001; SRBEK-ARAUJO; CHRELLO,
2006) and mammals (CHIARELLO, 1999).

The forest in the region is classified as Lowld®ain Forest (IBGE,
1987) or Tertiary Tableland because of its occugeon Cenozoic sediments
from the Barreiras group, with altitudes rangingnir28 to 65 m (PEIXOTO et
al., 2008). The lowland forest is characterizechwites up to 40 m tall, girths
up to 400 cm and a sparse understory, with the mimee of the Fabaceae,
Myrtaceae, Rubiaceae, Annonaceae, Sapotaceae gndniziceae tree families
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(JESUS; ROLIM, 2005; PEIXOTO et al., 2008; PEIXOTS|MONELLI,
2007).

2.2 Sampling design

We selected the large forest previously mentionatedontrol and we
sampled the small mammals within five rainforesbites or treatments: 1)
interior of control forest, 2) edge of control fete3) unconnected linear forest
remnants (termed “unconnected linear remnants”)&rthear forest remnants
connected to the control forest (termed “connediedar remnants”). We
separated the last treatment in two categoriesrdicepto the distance until the
structural connection as i) linear remnants corateatear the control forest
(placed after the edge), and ii) linear remnantsnected far from the control
forest, with the sample transect located along eotau remnants and with a
minimum distance of 400 m until the control foreate chose these treatments
considering the similarity in the composition ottburrounding matrix and a
minimum distance of 400 m from the interior to tiearest edge of the control
forest (range = 400 to 2,642 m) (see Figurel).

Our study included five sites per treatment totplgb sampling sites
with a mean distance of 7,314 m between them. Wabkshed a 100 m transect
in each sampling site, composed of six captureiositdisposed in 20 m
intervals. Each capture station received one laage trap (45 x 16 x 16 cm) or
one large Sherman (45 x 12.5 x 14.5 cm) on thergtoand one small Sherman
trap (25 x 8 x 9 cm) in the understory vegetatiaina height of two meters.
Traps were baited daily with a mixture of banansamut crumbs and sardine
(fresh fish). We used the mark-recapture methodvatuate the small mammal
community in each treatment. All captured individuaere identified, weighed,

measured, sexed, received a unique numbered eéNatignal Band and Tag
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Inc.), and were released at the same capture rstatimucher specimens of all
species were collected and deposited in the mamoikction at the Federal
University of Espirito Santo (UFES-MAM). All proceres regarding the
capture and marking of animals were conducted utttedegal approval and
consent of the Brazilian Federal Authority (IBAM&énse number 27369-4).
We sampled each site for a total of 40 days disteith between April
2012 and May 2013, providing a combined total samgpéffort of 12,00Grap-
nights. We randomized the sites to be sampled atetted fifteen sites to

sample for 10 days in each month.
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Figure 1 Study area and sampled treatments in kel&al Forest in southeastern Brazil.
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2.3 Land cover analysis and Independent variables

The metrics utilized to characterize the landscaj@nges and
connectivity were extracted from a land cover magapced with an image with
a high spatial resolution classification. We usednaage with resolution of one
meter, acquired in the year 2008. The orthoredtifienages and with
atmospheric correction and visual evaluation ofgeneegistration, was obtained
through the Vale Natural Reserve.

To classify the land cover we an used image basednultiscale
segmentation The segmentation partitioned the imiag®e groups of pixels
spectrally similar and spatially adjacent (DESCLEBBORGAERT;
DEFOURNY, 2006; DUVEILLER et al.,, 2008), using aridt-and-error"
attempt to find an fragmentation scale appropnatieie. Once a successfully
segmented image was obtained using 40 as a scide, fave applied an object-
based classification using Nearest Neighborhood)(NMe used 20 trained
samples obtained in the field to apply the NN dfasgion algorithm. The result
is a class label for each of the segments in elads.cA few wrongly-classified
image objects were reassigned manually to the coolasses based on field
knowledge and on visual interpretation of the imaQkassification validation
was obtained using 15Mdependent data sources as referemaedomly
distributed over each class. User accuracy, prodameuracy, overall accuracy
and kappa coefficient obtained high values, ab®%.8

The resulting map was converted to vector formmat e computed
seven continuous variables using ArcGis (Table Sdpplementary material).
For each sample treatment, we obtained their stralctharacteristics, such as
size (hectare) and shape, using the ratio betwesnaad perimeter according to
Helzer and Jelinski (1999) and the mean width.tRermean width calculation,

we obtained three widths for each treatment andidered the average among
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them. Also, to access the structural connectiviky,constructed a buffer with 2
km around each sampling treatment (total of 25). Wentified the amount of
agricultural areas in the buffer (representing bjfex, Eucalyptus spp. and
papaya plantations), the amount of native foreshénmatrix and the amount of
native forest of each treatment. Also, we measuhed minimum distance
between the sample treatment and the nearest sbagment and also, the
mean distance to the neighbors nearest fragmeaotsthis, we considered the
four fragments nearest the sample treatment. Wel tkese variables to
characterize the spatial arrangement of linear eat®) as well. We chose these
variables since they are key components to mairgpecies and ecological
processes in fragmented landscapes, are esseniidét about the best spatial
arrangement and to the evaluate the configuratibdinear remnants for
conservation in human-dominated landscape (see LWNEE, 2004;
PARDINI et al., 2005; EWERS; DIDHAM, 2006; HAWES at, 2008; LEES;
PERES, 2008; MARTENSEN; PIMENTEL; METZGER, 2008; BROW et
al., 2010; MAGRACH; LARRINAGA; SANTAMARIA, 2011; RQHA;
PASSAMANI; LOUZADA, 2011; MARTENSEN et al., 2012; ARMENDIA
et al., 2013).

We used two categorical variables to evaluate tfiects of the
structural connection among linear remnants andrabforest (connected and
unconnected), and the distance of the connectioth@éoremnants (connected
near and far). Furthermore, we used the widthrafdi remnants connected and
unconnected as structural features. We considéredame variables used for
evaluate the structural connectivity (describedvebao characterize the spatial
arrangement of linear remnants.

Thus, we verified the influence of habitat altesati habitat features,

structural connectivity and the effects of the dwal features and spatial
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arrangement of linear remnants on the small mamtoatmunity (species

composition and structure) and on the specialidtgemeralist abundances.

2.4 Dependent variables

We chose the small mammal group (rodents and optgssince they
are sensitive to landscape changes and can prandeers to important
questions related to the biodiversity maintenantdragmented ecosystems
(PARDINI et al., 2005). Forest-specialist and enitespecies are negatively
affected by the size and isolation of Atlantic Farragments (VIEIRA et al.,
2009), the loss of vegetation cover and the coimmersf native forests into
agricultural areas (UMETSU; PARDINI, 2007; PARDIN#t al.,, 2010;
PASSAMANI; FERNANDEZ, 2011). We considered the sdmaiammal
composition and structure, the alpha and beta sliyerand the specialist and
generalist abundances as dependent variables.

We classified the captured species into speciaist generalist
categories (Table B.1, Supplementary Material)etiam species distribution in
relation to the major neotropical bioma and habitgie, considering the
information available in the literature (see PARDIIR004; PARDINI et al.,
2005; UMETSU; PARDINI, 2007; PASSAMANI; RIBEIRO, 29; PARDINI
et al., 2010; PASSAMANI; FERNANDEZ, 2011). Thusgsjes which occur in
the Atlantic Forest biome and were captured exehlgiin the interior of
fragments and/or that presented a high abundanc¢hign habitat, were
considered as "specialists". Otherwise, we consitléie most captured species
or most abundant species in the edge of fragmarits the agricultural matrix
surrounding the forest fragments as “generalisiéEctomys squamipes was
considered generalist in our study since this sgepresents a preference for

aquatic habitats, independent of being placedarirtterior or forest edge.
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2.5 Data analysis

As the sampling effort was equal for all treatmeeich transect was
considered a sampling unit or replicate. In thiy,wee obtained the abundance
of specialist and generalist species by the nurobiedividuals captured in each
replicate.

We obtained the alpha and beta diversity valueaah treatment trough
the linear regression of log-species and log-imtlimis (HUBBEL, 1997), using
the linearized power-law model of Arrhenius (192#)ere Lo = Logc +
ZLogA and considered the concept of alpha and beta siiyesuggested by
Hubbel (1997). Thus, in a linear regression moalpha diversity is represented
by the regression intercept and corresponds tontheber of species added
considering a minimum number of samples (individuaThe beta diversity is
represented by the line slope (z-slope) and a stesppe indicates that a greater
number of species is pooled as more individualssarepled. We compared the
diversities through the F test and their confidemtervals and considered a
significance of g0.05.

We assessed the small mammal composition and tinemaoaity
structure (abundance of individuals) using a NonrimeMulti-dimensional
Scaling (NMDS) ordination index based on Jaccawd ¢bmposition) and Bray-
Curtis (for community structure) similarities withO0O restarts in the Primer
Program (v.6). We used these analyzes to identlignges in species
composition and community structure between thepseaintreatments. We then
used the two axis values generated by the NMDS ddfyv if species
composition and community structure is affectedthg fragment structural
features and structural connectivity, consideridp teeatments. For these
analyses, we used the R package version 2.15.1efRI@pment Core Team

2012), and constructed generalized mixed modedslie the pseudoreplication
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problem between replicates placed in the samentiedt The same framework
was used for specialist and generalist specieg/sinabut in this case we used
the abundance data.

We also ran the model analyses considering only the
connected/unconnected linear remnants to evalulage influence of the
structural features and the spatial arrangemefineér remnants on the small
mammal composition and community structure. Moreowe wanted to verify
if the habitat preferences of specialist and gdiserspecies are influenced by
these effects. Within the models considering jostlinear remnants, we used an
interaction with three levels (connected near, eoted far and unconnected) to
check the effects of linear remnant connectionsifeoted and unconnected)
and to assess the influences of the distance effitoin connected remnants
(connected near and far) between these levelsateparThe analyses regarding
structural features and structural connectivityavarm separately to verify the
influence of each variable on the small mammal cusitjipn and structure and
on the specialists and generalists abundances.

For the analyses with count data (abundance), westaated mixed
models using thegimmadmb function from theglmmADMB package and
Negative Binomial error distributions for count aatince all data showed
significant overdispersion. For uncountable dat®I[M axis) we used ammer
function from thelme4 package with Gaussian family distribution. Theesit
(each treatment) were codified as a random variakd#l analyses (BOLKER et
al. 2009). We used thdredge function from theMuMIn package to test all
possible combinations of variables included in ghebal model. We excluded
the same model variables with autocorrelationsedin Pearson correlation
higher or equal to 0.5) to avoid multicollinearity.

To select the best model for both analyses (withredtments and for

linear remnants only) we used a theoretical infdimmaapproach based on the
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Akaike Information Criterion of Second Order, which indicated for small
sample sizes (AICc) and chose the models accotdirige lowest AICc value
(BURNHAM; ANDERSON; HUYVAERT, 2011). The plausibii of
alternative models was given by the differencethé@ir AlICc values in relation
to the AICc of the most plausible mod@alAICc). We considered as plausible
models those with a value afAlICc<2. When the models showed thalCc
value <2 and the variable included in the models significant (considering
p<0.05), we considered the variable appropriate thudée changes in species

composition, community structure, and specialist generalist abundances.

3 RESULTS

3.1 Small mammal community in a fragmented landscap

We captured 194 small mammal individuals of a tofall native and
one exotic species, represented by eight marsugmalour rodents (Table B.1,
Supplementary Material). The abundance acrossréiagntents ranged from 17
individuals in the interior of the control forest 65 individuals in unconnected
linear remnants. In the edges of the control fonestecorded 45 individuals, 44
individuals in the far linear connected remnantd 28 individuals in the near

linear remnants connected.

3.2 The alpha and beta diversity and influences ofhe structural
characteristics of fragments and the structural conectivity on the small

mammal community

The alpha diversity was significantly lower in thmontrol forest
compared to connected and unconnected linear ramfBigure 2, Table 1).
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The highest alpha diversity was observed to theommected remnants, as
illustrated by the linear regression intercept. fdlmd the opposite result for the
beta diversity, as showed by the slope of log-g#eaind log-individual in the

linear regression in the graph (Figure 2, Table The beta diversity was

significantly higher in the interior of the contrfarest than in other treatments,
did not differ between the edge of the control ébrend the connected near
linear remnants, decreased in the far connectegarimemnants and was

significantly lower in the unconnected linear remisa

Table 1 Significance df test for alpha (intercept) and beta diversity gehoof linear
regression between the treatments on a Tablelamdstdn southeastern
Brazil. Different letters denote significant diféerces at the g 0.05 using
pairwise comparisons of confidence intervals (CBbel: interior of control
forest (CFi), edge of control forest (CFe), line@mnants connected near
(CRn), linear remnants connected far (CRf) andalimemnants unconnected

(UC).
Estimator CFi CFe CRn CRf uc
Log c (intercept) 0.021 0.025 0.142 o0.187 0.28
Z (slope) 0.667 0.534 057 047 0.37

Z (slope) = b-diversity; Log c (intercept) = alptieersity
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Figure 2 Linear regression showing the oppodinges in alpha and beta diversity of
small mammal between the treatments on a Tabldfandst in southeastern
Brazil. All the linear regression had R 0.98. Label: interior of control forest
(CFi), edge of control forest (CFe), linear remsacbnnected near (CRn),
linear remnants connected far (CRf) and linear @msunconnected (UC).

The habitat alteration had influence on bothcEsecomposition and
small mammal community structure from the NMDS akisnalysis. Species
composition was significantly different betweencannected linear remnants
and the other treatments, and did not differ betwé#®e connected linear
remnant and the control forest (Table C.1, Suppigarg Material). A similar
result was observed for the community structuréhdugh this parameter
showed a significant difference between the uncoedelinear remnants and
the control fragment, the community structure diad differ among connected
and unconnected linear remnants (Table C.1, Sumgpitary material). Changes
in species composition and community structureAfkis 2 cannot be explained
by the selected models (no significant results, |§aB.1, Supplementary
Material).
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The fragment size and shape did not influence gdsnin species
composition and community structure for both NMDSisa(Table D.1,
Supplementary Material). In contrast, an increasthé distance to the control
forest significantly influenced the species compogiand community structure,
as showed by the models for Axis 1 (Table D.2, $mpntary Material; Figure
3).
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igure 3 Best models results from Generalizegalirmixed models showing the small
mammal composition and community structure, obtaiinem NMDS axis 1,
changes with the increase in the distance to th&@dorest, on a Tableland
Forest in southeastern Brazil. Filled black andygcécles represent the
interior and edge of control forest. Black and gtegngles represents the
linear remnants connected near and far, respegtiaatl the empty triangles,
the linear remnants unconnected.

In the sampled landscape, we captured 145 gesteraldividuals
(5.8+3.77) and 49 specialists (1.96+2.26). The gdists abundance did not
differ among the edge of the control forest, theclannected remnants and the
unconnected remnants, and was significantly higheéhese treatments than in
the interior of the control forest and in the neannected remnants (Table E.1,
Supplementary Material). Unexpectedly, the spestmkibundance was higher in
unconnected remnants than in other treatments pteador the edge of the

control forest.
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The fragment size and shape did not influence rgéiseand specialist
abundances (Table D.1, Supplementary Material). éd@w the best models
selected showed that generalists abundance indregifie an increase in the
amount of agricultural areas (Figure 4, Table BRpplementary Material),
while the specialists abundance did not responiganatrix in this fragmented

landscape, with all results not significant (Tabl@, Supplementary Material).
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Figure 4 Best model result from Generalized Mikéddels showing that generalists
abundance increase in fragments surrounded by $tigineount of agricultural
areas on a Tableland Forest in southeastern Brazil.

3.3 Influences of the structural features and spadl arrangement of linear

remnants on the small mammal community

The species composition and community structurengba from the
NMDS axis 2 and were explained by the selected tsggégure 5; Table F.1,
Supplementary Material). Shifts in species compmsihappened as an isolation
effect (GLMM; t= -3.56; p=0.004) and in consequenufe the amount of
agricultural areas in the matrix surrounding theedir remnants (GLMM; t= -
3.49; p=0.003).



52

Small mammal composition (Axis 2)
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Figure 5 Best model result from Generalized lineaxed models showing that the
changes on small mammal composition (from NMDS &jigire influenced
by the average distance from the linear remnantse¢mearest fragment (A),
and by the amount of agricultural areas in matrisesounding the linear
remnants (B) on a Tableland Forest in southeadeazil. Black and gray
triangles represents linear remnants connected arehiffar respectively, and
empty triangles represents linear remnants uncéedec

The small mammal community structure changed irsequence of the
linear remnant shape (GLMM; t= -3.87; p=0.02). Aldte community structure
differed from the connected linear remnants touheonnected linear remnants
(GLMM; t=2.86; p=0.013, results from CRn and UC garison and; t=4.1;
p=0.001, results from CRf and UC comparison). Adll ves the species
composition, the community structure was influendeygl the amount of
agricultural areas (GLMM; t=2.705; p=0.016) andivefforests (GLMM; t= -
3.49; p=0.016) in the surrounding matrix (Table Subplementary Material).

The generalist and specialist abundances respoulifgetently to
changes in the spatial arrangement and structeedifes of linear remnants.
The generalist abundance was lower in remnantsembed near the control
forest compared to the linear remnants connecte@aMM; z=2.65; p=0.08;
Figure C.1, Supplementary Material) and the uncormeremnants (GLMM;
z=2.22; p=0.026). Also, the highest generalist dlamece was observed in the
remnants more isolated from the source fragmentMiL z=3.05; p=0.002),
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surrounded by the largest amount of agriculturaaar (GLMM; z=2.93;
p=0.003) and with lowest amount of native fore&ENIM; z= -3.00; p=0.003),
as demonstrated by the three best models selettdade(F.1, Supplementary
Material; Figure 6).

Abundance of generalist
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Figure 6 Best models results from Generalized finmixed models showing that
generalists abundance increase in linear remnamtunded by most
agricultural matrices (A), in linear remnants madistant to the control forest
(B) in linear remnants surrounded by most deforestatrices (C), on a
Tableland Forest at southeastern Brazil.

The specialist abundance was influenced negatiwslythe linear
remnant sizes (GLMM; z=-2.44; p=0.01) and shapdsVd; z=-2.53; p=0.01),
and positively influenced by the linear remnant thid (GLMM; z=2.72;
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p=0.007). The unconnected linear remnants harbohigher specialists
abundance than the linear connected near (GLMM;22;2=0.027). However,
the specialist abundance did not differ betweerutfmnnected remnant and the
linear remnant far (GLMM; z=0.32; p=0.75). Alsoethpecialist abundance was
influenced positively by the isolation and increhse the more isolated linear
remnants (GLMM; z=2.62; p=0.009).

4 DISCUSSION

4.1 Habitat changes and structural connectivity infiences on the small

mammal community

Our results showed that both, the size effect anel $tructural
connectivity provides by linear remnants had strorilgience on the alpha and
beta diversity of small mammals. The higher alph&mity in linear remnants
compared to the control forest shows that, accgrtbnHubbell's unified theory
(1997) more species can be found in these linganaats when analyzing the
same number of captured individuals. It shows doabreflection of the size
effect, broadly demonstrated by the species-aréatioe (ROSENZWEIG,
1995). As the linear remnants have smaller sizeoimparison with the control
forest, a high number of species is clustered small space, resulting in a
higher alpha diversity. However, if we had consédethe entire control forest in
the samples, probably we would have found a highgra diversity within this
habitat than in the linear remnants, according He species-area relation
(ROSENZWEIG, 1995). In this way, small fragmentdl Wwave a subset of the
species found in the large fragments and primargsts (LOUZADA et al.,
2010; HILL et al., 2011; MENEZES; FERNANDEZ, 2013).
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The alpha diversity in the unconnected linear remsavas higher than
in connected linear remnants. However, beside this, unconnected linear
remnants harbor more species and a higher abundégemeralists - which are
considered non-sensitive to habitat alterations RBANI, 2004; UMETSU;
PARDINI, 2007; PARDINI et al., 2010) - than theenbr of the control forest
and the linear remnants connected near (see Pesults

The interior of the control forest had highestabéiversity, that means
that it has a higher small mammal heterogeneousmonity. The beta diversity
decreased significantly from the interior of thentol forest and with the
isolation increase, however it did not differ betwethe edges of the control
forest and the linear remnants connected near First of all, these results point
out that the small mammal community in the lineammnants is influenced by
the connectivity to the control forest; i.e., thentrol forest has a great influence
on the small mammal community found in linear remaaonnected near it and
this can be explained through the spillover effastpredicted by Brudvig et al.
(2009). Second, the lowest beta diversity in thedr remnants unconnected in
comparison to the other treatments can be a coasequof isolation, since
species turnover is related to the animal displargsn (HUBBELL, 1997;
CONDIT et al., 2002). Thus, as the unconnectedalimemnants are the most
isolated areas, the small mammal community is rhoreogeneous there than in
other treatments. Therefore, we can highlight tlo@nectivity importance
provided by linear remnants in reducing the isolat{CONDIT et al., 2002;
PARDINI et al, 2005; ROCHA; PASSAMANI; LOUZADA, 24,
MESQUITA; PASSAMANI, 2012) and increasing the spsciturnover in
fragmented landscapes.

The connected linear remnants shared the smallnmahroomposition
and community structure with the control forest,iletihe unconnected linear

remnants harbor a composition and a community strecignificantly different
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from the control forest. In fact, the small mamroainposition and community
structure changed with an increase in the distemtiee control forest, and were
not influenced by the fragment structural featyses results). Once again, these
findings show the spillover effect from the contfotest influencing the small
mammal attributes in connected linear remnants riane in linear remnants far
away (see COOK et al., 2002; BRUDVIG et al., 200@nreover, this means
that connectivity provided by linear remnants hageat importance for native
wildlife richness, composition and structure comagon, as observed by other
studies (PARDINI et al., 2005; HAWES et al., 200BIARTENSEN;
PIMENTE; METZGER, 2008; BARLOW et al., 2010; ROCHRASSAMANI;
LOUZADA, 2011; CASTRO and VAN DEN BERG, 2013), ragilog the impact
of fragment size reductions.

The generalists responded to landscape changewea®xpected,
showing lowest abundance in the interior of thatam forest and in linear
remnants connected near, and highest abundanbe iother treatments. Also,
our results showed that the generalists abundaasenat affected by fragment
isolation nor fragment size and shape reductiorsvd¥er we found a strong
influence of matrix composition on generalist abamze, which increased in
fragments surrounded by a high amount of agricalt@reas. These results
corroborate with other studies which consider thatsmall mammal generalist
species are not sensitive and can benefit from tdtakilteration, such as
fragment size reduction, forest loss and introductdf new land-uses in the
landscape, like agricultural matrices (PARDINI, 20QJMETSU; PARDINI,
2007; PARDINI et al., 2010; ESTAVILLO; PARDINI; RG4A, 2013).

In contrast, the specialists abundance was highenconnected linear
remnants than in the other treatments, and didesgtond neither to fragment
structural features nor to landscape connectivitge specialists are found
mainly in mature and control forests (PARDINI et, &010; ESTAVILLO;
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PARDINI; ROCHA, 2013), being highly sensitive toafiment isolation
(VIEIRA et al., 2009), vegetation cover loss andtlie conversion of native
forests into agricultural areas (UMETSU; PARDINQ®; PARDINI et al.,
2010, PASSAMANI; FERNANDEZ, 2011). Thus, we belietrat the studied
landscape, althought fragmented, still retains s@menectivity level, which
explains the highest specialist abundance in tieenurected linear remnants and
the absence of patch size influence on these speai predicted by the
conceptual model proposed for fragmented landscéges PARDINI et al.,
2010). In fact, the unconnected linear remnantssareounded by the forest
fragments with different sizes (including large dgim@ents) and mainly by
matrices composed dEucalyptus spp. plantations. The most of the forest
matrices have shown to be the most permeable tmahndisplacement
(UMETSU; PARDINI, 2007; PREVEDELLO; VIEIRA, 2010; ATLING et
al., 2011). As such, both the forest fragmentseuahlyptusmatrices should be
working as stepping-stones in this fragmented leayos, increasing the
specialist abundance in hon-connected habitats.

4.2 Influences of the structural features and apadirrangement of linear

remnants on the small mammal community

Our results showed that shifts in small mammal position were
strongly influenced by the spatial arrangementradr remnants, changing with
the isolation of the linear remnants and with theant of agricultural areas in
the surrounding matrix. Also, the small mammal camity structure did not
differ significantly from that in linear remnantermnected near, and far from, the
control forest, however it differed from that in aesmnected linear remnants.
These results highlight the effect of connectiyitpvided by connected linear

remnants on the native biota community. Also, thessults pointed out the
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importance of considering the isolation distancedgetation corridor design, as
demonstrated by other studies developed on birdd\BS et al., 2008) and
dung beetles (BARLOW et al., 2010).

Differently from the results found for the all ttreatments sampled, the
small mammal community structure changed in fumct@ linear remnant
shape. This structural characteristic determinesatinount of area exposed to
the edge (HELZER; ELINSKI, 1999) and has shown eagrimportance in
determining the native biota distribution and dgngi fragmented landscapes
(MAGRACH; LARRINAGA; SANTAMARIA, 2011; GARMENDIA et al.,
2013), since edge effects have a high influenclmst biodiversity (MURCIA,
1995; STEVENS; HUSBAND, 1998; LIDICKER JR, 1999AURANCE et al.,
2002; EWERS; DIDHAM, 2008).

We found a great effect of linear remnant featuoesthe habitat
preference of specialist speci@fe highest specialist abundance was observed
in the smallest, most irregular and in the widéstdr remnants. In fact, the
width of linear remnants is related to specificreloteristics of each species, this
characteristic being mentioned as important for #healuation of its
conservation value (LAURANCE; LAURANCE, 1999; LAURMCE, 2004;
LEES; PERES, 2008) since it determines the avaldtabitat area and its
vulnerability to edge effects.

The lower abundance of generalist species indiranants connected
near, in comparison to linear connected far ancdmmected linear remnants,
showed that these landscape elements are not dowgigoiding generalist
species to the control forest to which they arenegted, as previously reported
(SIMBERLOF; COX, 1987). This result can be enhanbgdthe fact of the
highest generalist abundance was observed in Ineeamants far away from the
control forest (see results). In fact, recent sssdihow that connected linear

remnants harbor native biota species sensitive uman-disturbance in the
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landscape (PARDINI et al., 2005; HAWES et al., 200BES; PERES, 2008;
BARLOW et al., 2010; ROCHA; PASSAMANI; LOUZADA , 24; JANTZ,
LAPORTE, 2014).

The input of our study, not mentioned in previousgiges, was to show
that both the connectivity and the spatial arrargy@nof linear remnants have
significant influences on small mammal attributdsurthermore, species
responses to changes in the spatial arrangemdinteaf remnants varied as a
function of the species habitat preferences (géiseraand specialists).
Therefore, the implantation of linear remnantsragimented landscapes needs

to be carefully designed.

5 CONCLUSIONS AND IMPLICATIONS FOR CONSERVATION

Our results showed the strong influence of the robrfbrest on the
connected linear remnants and matrix compositionirgy the shifts in the small
mammal composition and community structure and e generalists
abundance. First, the beta diversity decreasedfismmntly from the interior of
the control forest to other treatments, with theréase of isolation. The linear
remnants connected near the control forest had r& imeterogeneous (higher
beta diversity) small mammal community than lineamnants connected far
and unconnected linear remnants, which had a loetatdiversity. Second, the
connected linear remnants shared a small mammapasition and structure
with the control forest, whilst the small mammalhoounity in unconnected
linear remnants differed significantly from the trah forest. In fact, the best
models showed that the small mammal composition @mmunity structure
changed with an increase in the distance to théraoforest. In fact a great
spillover of biodiversity occur around reservesttharbor a large number of

species (the largest reserves), in this case,aheected linear remnants, which
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increases its importance for conservation (BRUD\&Gal., 2009). Third, we
found that the amount of agricultural areas inrtedrix had significant effects
on small mammal composition and structure in timear remnants. The
generalist abundance increased within linear retsnaaorrounded by most
agricultural matrices and most distant from the te@nforest. Yet, the

community structure and generalist abundance wélteenced by the amount of
native forest in the surrounding matrix.

These results highlight the linear remnants comteto large forests as
important conservation targets in relation to thestrisolated patches. In this
way, we point out that these structures should desider in management
decisions regarding fragmented landscapes. Thatiisoldistance between the
linear remnants and the largest fragment in a ks is a important variable to
enhance the conservation value of linear remnamisshould be included in
vegetation corridor design. Yet, the surroundedrimmabanagement has to be
considered to ensure the conservation of the ndivl assemblage, because
the matrix composition influences the communityilatites, as we verified, and
drive different processes in fragmented landscafiesURANCE, 1994;
GASCON et al., 1999; LAURANCE et al., 2002; UMETSBARDINI, 2007;
FRANKLIN; LINDENMAYER, 2009; PARDINI et al., 2010PREVEDELLO;
FORERO-MEDINA; VIEIRA, 2010; PREVEDELLO and VIEIRA2010;
WATLING et al., 2011).

Once again, we can point out the structural caivigcimportance,
provided by the matrix composition, to explain ttighest specialist abundance
in the unconnected linear remnants and the absafhpatch size influence on
these species. Also, our results showed that thetstal characteristics of linear
remnants, such as shape and width, need to bedeoadifor the implantation or
management of linear remnants. These featuresndegthe available habitat

area, its vulnerability to edges effects and counsstly, its use by species more
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sensitive to fragmentation effects (LAURANCE; LAURKE, 1999; LEES;
PERES, 2008). Other important structural charasties which need to be
considered to enhance the biodiversity and funatiamonnectivity of linear
remnants are the vegetation structure inside thaanita length (LAURANCE;
LAURANCE, 1999; HAWES et al., 2008; BARLOW et &010).

Finally, we known that primary forests are irre@able regarding the
maintenance of tropical biodiversity (GIBSON et, &011). Also, they are
important in fragmented landscapes, as they hadhgohighest beta diversity and
can have strong influence on the forest remnamtsnar them (as we showed).
However, the largest reserves represents less i8anof Atlantic Forest
remnants (RIBEIRO et al., 2009). As such, we nedflink of other alternatives
for biodiversity conservation and our study shokat if properly managed, the

linear remnants can work towards conservationagrfrented landscapes.
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Table A.1 Mean values (+SD) of independent varighlsed to characterize the structural and landscapables of the sampled
treatments on a Tablelan Forest in southeasterzilBkabel: Label: CFi=interior of control forestFe=edges of control
forest; CRn=linear remnants connected near; CRéalimemnants connected far; UC=linear remnantsrurested.

Structural variables Landscape variables
Amount of
Amount of native forest Distance to Mean distance

Sampling Mean Width agricultural in the matrix source to neighbors
treatments Size (ha) (m) Shape (m) areas (ha) (m) fragment (m)  fragments (m)

CFi 16,48+7,75 - 0.00149+ 00007.8 29.4+18.3 1.910. - -

CFe 16,48+7,75 - 0.00149+ 00007.8 98.6+36.8 21337 - -

CRn 22.8+14.27 75+18.58 0.038+0.00608 107.8#51.5 9+646.5 95.7+106.3 767.31218.54

CRf 22.8+14.27 75+18.58 0.038+0.00608 138451.6 38M.8 347.9£156.2 815.8+122.17

ucC 12.5+£7.06 93+50.73 0.0365+0.0169 259.6+10 25431 1,277+775 1,45+363.45

2L
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Table B.1 Small mammals species captured in eaciplsd tretatment on a Tableland Forest in soutbeasBrazil, and their
classification in relation of habitat preferencabkl: CFi=interior of control forest; CFe=edge ohtrol forest; CRn=linear
remnants connected near; CRf=linear remnants coehéar; UC=linear remnants unconnected.

Sampled treatments

Habitat preference

Species CFi CFe CRn CRf uc Specialist Generalist
Marsupials

Caluromys philander 1 0 1 3 0 X

Didelphis aurita 8 24 4 12 11 X
Gracilinanus microtarsus 1 1 4 0 1 X

Marmosa murina 1 4 4 14 10 X
Marmosa paraguayana 0 6 0 1 0 X

Marmosops incanus 4 5 4 4 16 X
Metachirus nudicaudatus 0 1 0 0 1 X

Monodelphis americana 1 1 1 0 0 X

Rodents

Nectomys squamipes 0 0 4 6 4 X
Rhipidomys mastacalis 0 0 0 2 0 X

Trinomys setosus 0 0 0 1 22 X

Rattus rattus 1 3 1 1 0 X
Total abundance (+SD) 17 (£1.67) 45 (+3.24) 23 (+1.81) 44 (+3.11) 65 (£5.20) 7 5
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Table C.1 Results from Generalized Linear Modelsdmpare the small mammal composition and commustitycture (obtained
from both NMDS axis) between sampled treatmenta diableland Forest in southeastern Brazil. LaBEi=interior of

control forest; CFe=edge of control forest; CRnedin remnants connected near; CRf=linear remnantaected far;
UC=linear remnants unconnected. Bold number indisagnificat results.

Species composition Community structure

Axis 1 Axis 2 Axis 1 Axis 2
Treatments t-value p value t-value p value t-value p value t-value p value
CFi x CFe -0.35 0.74 -1.22 0.25 0.10 0.93 -0.10 209
CFix CRn -0.85 0.40 0.47 0.64 -0.78 0.44 -0.56 80.5
CFi x CRf -0.50 0.63 -0.45 0.65 -1.22 0.23 1.36 90.1
CFix uC -3.19 0.004 0.13 0.90 -2.78 0.01 -1.36 0.19
CFe x CRn -0.63 0.53 1.60 0.12 -0.87 0.39 0.46 0.65
CFe x CRf -0.27 0.79 0.67 0.51 -1.31 0.20 1.46 0.16
CFexUuC -2.97 0.01 1.25 0.22 -2.87 0.01 -1.26 0.22
CRn x CRf 0.56 0.53 -1.01 0.33 -0.48 0.64 1.92 0.07
CRnx UC -2.33 0.03 -0.35 0.73 -2.00 0.06 -0.79 0.43
CRfx UC -2.69 0.01 0.58 0.57 -1.56 0.13 -2.72 0.01
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Table D.1Best models results from Generalized linear mixemti@s showing that fragments size and shape didnfloience
changes in the small mammal attributes and on pleeialist and generalist abundances, on a Tabldfamdst in
southeastern Brazil. Values inside the bracketsvsti® coefficient estimates and standard errorsefech selected

model.
Small mammal attributes Size Shape
Species composition (NMDS axis 1) 0.165 (0.121%° - 7.647 (9.624%

Species composition (NMDS axis 2)
Community structure (NMDS axis 1)
Community structure (NMDS axis 2)
Generalists abundance

Specialists abundance

-0.110 (0.086)°
0.183 (0.107)°
0.023 (0.083)°
- 0.052 (0.093}°
- 0.238 (0.183}°

6.005 (6.962°

- 12.332 (8.496)°
3.269 (6.528)°
2.381 (6.969)°
1.911 (14.421)°

ns = not significant results
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Table D.2 Best models results from Generalizeddinmixed models evaluating the structural conuiggtinfluence on small
mammal attributes and on the generalist and sp&caiundances, on a Tableland Forest in soudr@aBtazil. Values
inside the brackets show the coefficient estimated standard errors for each selected model. Adittnents were

considered in these analysis.

Small mammal attributes

Species composition (axis 1) Community structure (axis 1) Generalists abundance Specialists abundance

Distance to source fragment -0.267 (0.117)* -0.318 (0.108)** - 0.367 (0.196Y%
Average distance to neighbors fragments -0.229 (0.116¥ - -0.118 (0.096Y 0.257 (0.194¥%
Amount of agricultural areas - - 0.946 (0.333)** 1.03 (0.581y
Amount of native forest - - -0.195 (0.168Y -

* p< 0.05, ** p< 0.01, ns = not significant result.

Table E.1 Results from Generalized Linear Modelsampare the abundance of specialist and geneltadistteen sampled treatments
on a Tableland Forest in southeastern Brazil. LaB€&i=interior of control forest; CFe=edge of cumit forest;



79

CRn=linear remnants connected near; CRf=linear egntsnconnected far; UC=linear remnants unconneBtald. number

indicate significat results.

Specialist abundance

Generalist abundance

Treatments z-value p value z-value p value
CFix CFe 1.45 0.15 3 0.0027
CFix CRn 0.61 0.54 0.39 0.7
CFi x CRf 0.89 0.37 2.46 0.0138
CFixucC 2.56 0.01 2.79 0.0053
CFe x CRn -0.75 0.45 -2.14 0.03
CFe x CRf -0.52 0.61 -0.01 0.99
CFex UuC 1.81 0.07 0.35 0.73
CRn x CRf 0.28 0.78 2.65 0.008
CRn x UC 2.45 0.01 2.47 0.014
CRfx UC 2.21 0.03 0.36 0.72




80

Table F.1 The best models results from Generalizer mixed models evaluating the influences dtisth arrangement of linear
remnants on small mammal attributes and on therghsteand specialist abundances on a Tablelarebsfan southeastern
Brazil. Values inside the brackets show the coigfficestimates and standard errors for each sdlenbelel.

Small mammal attributes

Community structure

Spatial arrangement of remnants Species composition (axis 2) (axis 2) Generalists abundance Specialists abundance
Distance to source fragment - - 0.816 (0.267)** -

Average distance to neighbors fragments  -2.729 (0.767)** - - 4.76 (1.81)*
Amount of agriculture areas -1.960 (0.562)** 1.488 (0.550)* 2.076 (0.708)** -

Amount of native forest - -0.824 (0.269)* -0.914 (0.304)** -

* p< 0.05 and ** g 001
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ABSTRACT

Besides the importance of studies that have evaduhte fragmentation
impacts on the composition and abundances of spéeigifferent biological
groups, they can bring out misunderstood interficets about the real effect of
forest fragmentation on biodiversity and importamtormation can be lost.
Thus, the evaluation of functional diversity ané ghifts in species functional
traits is a important step to guide biological @mwation decisions about
landscapes fragmented by humans, although stii litnderstood. Our study
was the first that has evaluated the impacts afpetharacteristics and structural
connectivity from a functional perspective of theadl mammal community.
Also, we considered the effects of configuratiord apatial arrangement of
linear remnants on the functional diversity and #pecies functional traits
related to fragmentation sensitivity. Our study veasried out in a Brazilian
Atlantic Forest and we sampled five habitats: I)tad forest interior, 2) control
forest edge, 3) linear remnants connected to thetraoforest, near the
connection area 4) linear remnants connected tedh&ol forest, far from the
connection area and 5) unconnected linear remn#assampled at total 15
sites, using a combinated effort of 7,2€p-nights and 3,60pitfall-nights. We
used mixed models for data analysis, the Akaikermétion Criterion (AICc)
being used to find the best models. For the funeliagiversity analysis, we
considered three indices: functional richness, tional evenness and functional
divergence. For the functional traits analysis, eemsidered those related to
fragmentation sensitivity, such as body and ligiee, diet and locomotion. Our
results showed that the functional richness andtiomal evenness not differ
significantly from the interior of the control fakto other habitat types. Also,
the functional divergence was lower in the confooést interior than edges and
did not differ from the other sites. We associatezbe results to the presence of
an exotic speciedus musculus, because within the habitats where this species
was most abundant, the functional richness was &wl the functional
redundancy was high. Thus, this result is the fgsp to understand the
influence of exotic species on the functional déityrin tropical forests. The
matrix compaosition around the fragments (lineanot) had great influence on
the species functional traits. In general, mostgomatrices harbor species and
individuals into functional traits considered asinge most sensitive to
fragmentation effects, whilst most deforested matiharbor those less sensitive
to the fragmentation effects. Thus, over the logmgnt it is expected that the
replacement of forest matrices by the agricultucalild lead to the loss of
functional traits and harbor a more impoverishedmmmnity from a
conservation point of view. In this way, we can dade that both the structural
characteristics and matrix management should bsidered in the planning of
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fragmented landscapes to ensure the conservatispegies most sensitive to
fragmentation effects. Also, our results highlighie importance of exotic

species management in large fragments and in tls fregmented landscapes
as well.

Key-words: Exotic species. Small mammal. Community disruption.
Homogenization. Matrix. Vegetation corridor. Fragresl landscape. Structural
connectivity. Management. Functional diversity.
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1 INTRODUCTION

The negative impacts of direct and indirect effea$ forest
fragmentation are considered as one of the mostortamt threats for
biodiversity (TURNER, 1996; LAURANCE, 2001; LAURANE et al., 2002;
FARIGH, 2003; EWER; DIDHAM, 2006; GIBSON et al., P0). These impacts
are driven mostly by the loss of plant cover (sdeTMGER, 2010; PARDINI et
al., 2010; PUTTKER et al., 2011; LIRA et al., 20IMARTENSEN et al.,
2011), forest fragment size reductions (see PUTZ.e2011; GIBSON et al.,
2013; MAGNAGO et al., 2014), edge effects (see MURA995; OLIVEIRA;
GRILLO; TABARELLI, 2004; LAURANCE et al., 2007; EWRES; DIDHAM,
2008; MAGNAGO et al., 2014) and introduction of nkamd-use forms on the
landscape, such as agricultural areas (see FOLEA.,e2005; LAURANCE,
2008; FLYNN et al., 2009; GARDNER et al., 2009; MEJER, 2010;
MORRIS, 2010; LAURANCE; SAYER; CASSMAN, 2014). Thedabitat
modifications contribute to increase hunting pressusee REDFORD, 1992;
CHIARELLO, 1999; PERES, 2000; PERES; PALACIOS, 200CANALE et
al., 2012) and biological invasion by exotic specfsee MCKINNEY, 2006;
FERREIRA et al., 2012). Previous studies have tegathe influences of these
effects, changing the species composition and amgadof serveral biological
groups (TURNER, 1996; CHIARELLO, 1999; LAURANCE a., 2002;
LAURANCE; SAYER; CASSMAN, 2014; PARDINI, 2004; FER¥Z et al.,
2007; UMETSU; PARDINI, 2007; PARDINI et al., 201ARTENSEN et al.,
2011; PASSAMANI; FERNANDEZ, 2011).

These effects can be more drastic than thosedglresported, since
fragmentation impacts can promote changes in etmrags functioning via
strong shifts in functional traits and functionalvetsity inside the habitat
remnants (see FLYNN et al., 2009; BARRAGAN et &Q011; CADOTTE;
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CARSCADDEN; MIROTCHNICK, 2011; MAGNAGO et al., 2014However,
community changes considering the ecosystem fumatidevel was not
previously detected or poorly explored by the tiadal diversity and
composition  analysis (PETCHEY; HECTOR; GASTON, 2004
CIANCIARUSO; SILVA; BATALHA, 2009). The initial stp has been taken to
understand the changes in functional traits contiposand loss of important
species traits facing intense human fragmentedstaapks. Studies that use the
functional group of analyses predict which of sompecies traits are most
sensitive to fragmentation effects (TURNER, 1996YEIROS DE CASTRO;
FERNANDEZ, 2004; EWERS; DIDHAM, 2006; FORERO-MEDINAt al.,
2009a). Others have shown that some functionastrasuch as forest dependent
species, species with more specialized diet argt lapdy size, shade tolerant
species, large trees, species with large seedmagalfruits, zoochoric species -
are in general, found in the largest fragmentseriot and mostly forested
habitats, whilst the others — such as non-forepen@ent species, species with
less specialized diet and small body size, piospecies, non-zoochoric species,
species with small seeds and fruits - are founthastly disturbed areas, like
smaller forest fragments, habitat edges and dtuial matrices (CHIARELLO,
1999; OLIVEIRA; GRILLO; TABARELLI, 2004; UMETSU; PRDINI, 2007,
FLYNN et al., 2009; BARGAMAN et al., 2011; PARDINét al., 2010;
PREVEDELLO; FORERO-MEDINA; VIEIRA, 2010; PUTZ et .al2011;
LUCK; CARTER; SMALLBONE, 2013; MAGNAGO et al, 20}4
Nevertheless the majority of these studies did dwectly evaluate the
influence/impacts of disturbance (in our particulease, related to the
fragmentation) on the functional traits or functbnoles performed by species.
Thus, our understanding about it is very limitedlYNN et al., 2009;
GARDNER et al.,, 2009; CADOTTE; CARSCADDEN; MIROTCHGEK,
2011).
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Along these lines, the functional diversity measumproposed by
Villéger et al. (2008) takes the multiple functibrimaits of species and
individuals into consideration and in summary, ee#s the variety of
functional roles played by the species and assebsesomplementarity or
redundancy on the functional traits performed bg thdividuals (see also
MASON et al., 2005; CADOTTE; CARSCADDEN; MIROTCHNKG 2011).
Thus, the functional diversity measures (functiarainess, functional evenness
and functional divergence, see VILLEGER; MASON; MIQUOT, 2008) give
us more precise information about how the consenvaif biological diversity
and the maintenance of functional process integaithin communities are
being affected by environmental disturbances (VIGER; MASON;
MOUILLOT, 2008; CADOTTE; CARSCADDEN; MIROTCHNICK, @11;
MASON and DE BELLO, 2013), such as forest fragmemteand management
(MAGNAGO et al., 2014) and other types of human aatp, like land-use
alteration (FLYNN et al., 2009; BARGAMAN et al., 20; LUCK; CARTER;
SMALLBONE, 2013). However, our knowledge about th#luences of
fragmentation effects (directs or indirect) on fiimwal diversity and on the
functional traits replacement in fragmented langseds still poorly understood.

Although some studies have shown and discussedmntpertance of
linear remnants (or forest strips, vegetation doms) to fragmented landscapes
(LIMA; GASCON, 1999; HADDAD et al., 2003; PARDINIteal., 2005;
HAWES et al.,, 2008; LEES; PERES, 2008; MARTENSENMENTEL,;
METZGER, 2008; BARLOW et al, 2010; ROCHA; PASSAMAN
LOUZADA, 2010; MARTENSEN et al., 2011; MESQUITA; FBSAMANI,
2012; CASTRO; VAN DEN BERG, 2013), none evaluatée functional
diversity within them. More importantly, none wasrfpomed comparing the
functional diversity in the control forest and indar remnants connected or not

and evaluate if the configuration and spatial agesment of these remnants
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influence the functional diversity and also, thendtional traits related to
fragmentation sensitivity in fragmented and humistudoance landscapes.
Thus, this is the first study that has evaluatee ¢ffects of patch
characteristics and structural connectivity fronfuactional perspective of the
small mammal. Also, we evaluated the influence inkdr remnants, their
configuration and spatial arrangements on functiodiersity index and
functional traits of small mammals. Our main goaswo guide conservation
strategies in fragmented landscapes through evatuadf more precise
information about the conservation and maintenaotdunctional process

integrity within communities.

2 MATERIAL AND METHODS

2.1 Study area

Our study was carried out in southeastern Bra8il°(11 '52 "S and 40 °
5'29"W -18°54'18 "S and 40 ° 5' 19 "W). Tlhedy area is located in one of
the most important global hotspot (MYERS et al.,0@0in a keystone
biodiversity area (PAESE et al., 2010). The landscstudied comprises of a
large forest of 46,000 ha belonging to the Compantile S.A., a privately-
owned company, and to the federal government (Rasd&ioldgica de
Sooretama) surrounded by a matrix composed maihl\Ewzalyptus spp.,
papaya and coffee plantations and pasture (PEIX@T@l., 2008; ROLIM et
al., 2005) and by forest fragments of differentsjzshapes, width and degrees
of isolation. This forest is the second largesteres of Tableland Forest
(PEIXOTO et al., 2008; PEIXOTO; SIMONELLI, 2007; BEK-ARAUJO;
CHIARELLO, 2008) and the one of the largest fonesthnant of the Atlantic
Forest (RIBEIRO et al.,, 2009). Furthermore it imsidered one of the 14
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centers with the highest vegetal diversity in Bré2EIXOTO; GENTRY, 1990;
PEIXOTO; SILVA, 1997), the second most importanearfor mammal
conservation in the Brazilian Atlantic Forest (GALLI et al., 2009) and a
refuge for threatened bird species (MARSDEN; WHNFFGALETTI, 2001,
SRBEK-ARAUJO; CHIARELLO, 2006) and mammals (CHIARED, 1999).

The forest in the region is classified as Lowld®ain Forest (IBGE,
1987) or Tertiary Tableland becaused its occurremteCenozoic sediments
from the Barreiras group, with altitudes rangingnir28 to 65 m (PEIXOTO et
al., 2008). The lowland forest is characterizechwites up to 40 m tall, girths
up to 400 cm and a sparse understory, with the mmee of the Fabaceae,
Myrtaceae, Rubiaceae, Annonaceae, Sapotaceae gndniziceae tree families
(JESUS; ROLIM, 2005; PEIXOTO et al.,, 2008; PEIXOTSIMONELLI,
2007).

2.2 Sampling design

We selected the large forest previously mentiahate control and we
sampled the small mammals within five rainforesbites or treatments: 1)
interior of control forest, 2) edge of control fete3) unconnected linear forest
remnants (termed “unconnected linear remnants”)&rthear forest remnants
connected to the control forest (termed “connediedar remnants”). We
separated the last treatment in two categoriesrdicepto the distance until the
structural connection as i) linear remnants coratectear the control forest
(placed after the edge), and ii) linear remnantsneoted far from the control
forest, with the sample transect located along eor@a remnants and with a
minimum distance of 400 m until the control foraate chose these treatments

considering the similarity in the composition ofthurrounding matrix and a
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minimum distance of 400 m from the interior to thearest edge of the control
forest (range = 400 to 2,642 m) (see Figurel).

Our study included three replicates per treatmdtit a mean distance
between sites of 6,391m between them and totalizliggampling sites. We
established a 100 m transect in each sampling sit@posed by six capture
stations disposed in 20 m intervals. Each captiatéon received one large cage
trap (45 x 16 x 16 cm) or one large Sherman (42X% X 14.5 cm) on the
ground, and one small Sherman trap (25 x 8 x 9 @mjhe understory
vegetation, at a height of two meters. Traps vaited daily with a mixture of
banana, peanut crumbs and sardine (fresh fishjigdke same sample protocol,
in each site, we set a 100 m transect sequendg pitfall traps (plastic buckets
of 60 liter volume) connected by plastic fence oeometer on height and
without bait. We used both capture methods at #imestime and we sampled
each site for a total of 40 days between April 26h8 May 2013 providing a
combined total sampling effort of 7,2@@p-nights and 3,600itfall-nights. We
randomized the sites to be sampled for 10 dayadh enonth.

All captured individuals were identified, weighetheasured, sexed,
received a unique numbered ear tag (National Bawt Tag Inc.), and were
released at the same capture station. Vouchermspsesi of all species were
collected and deposited in the mammal collectiothatFederal University of
Espirito Santo (UFES-MAM). All procedures regardthg capture and marking
of animals were conducted under the legal apprandlconsent of the Brazilian
Federal Authority (IBAMA license number 27369-4).
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Figure 1 Study area and sampled treatments in kel&ald Forest in southeastern Brazil.

2.3 Land cover analysis and Independent variables

The metrics utilized to characterize the landscappmnges and
connectivity were extracted from a land cover magapced with an image with
a high spatial resolution classification. We usedmaage with resolution of one
meter, acquired in the year 2008. The orthorectifimages and with
atmospheric correction and visual evaluation ofgeneegistration, was obtained
through the Vale Natural Reserve.

To classify the land cover we an used image basednultiscale
segmentation The segmentation partitioned the image groups of pixels
spectrally similar and spatially adjacent (DESCLBEBIGAERT; DEFOURNY,
2006; DUVEILLER et al., 2008), using a "trial-and-e™ attempt to find an
fragmentation scale appropriate value. Once a seb@deyy segmented image
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was obtained using 40 as a scale factor, we apaliazbject-based classification
using Nearest Neighborhood (NN). We used 20 trassedples obtained in the
field to apply the NN classification algorithm. Thesult is a class label for each
of the segments in each class. A few wrongly-clfeskiimage objects were
reassigned manually to the correct classes basefieldnknowledge and on
visual interpretation of the image. Classificatimlidation was obtained using
150 ndependent data sources as refergraralomly distributed over each class.
User accuracy, producer accuracy, overall accumng kappa coefficient
obtained high values, above 85%.

The resulting map was converted to vector formmat we computed
seven continuous variables using ArcGis (Table Adpplementary material).
For each sample treatment, we obtained their straictharacteristics, such as
size (hectare) and shape, using the ratio betwesnaad perimeter according to
Helzer and Jelinski (1999) and the mean width.tRermean width calculation,
we obtained three widths for each treatment andidered the average among
them. Also, to access the structural connectivity,constructed a buffer with 2
km around each sampling treatment (total of 15). gWentified the amount of
agricultural areas in the buffer (representing bffex, Eucalyptus spp. and
papaya plantations), the amount of native foreshénmatrix and the amount of
native forest of each treatment. Also, we measuhesd minimum distance
between the sample treatment and the nearest sbagment and also, the
mean distance to the neighbors nearest fragmeatsthis, we considered the
four fragments nearest the sample treatment. Wel tisese variables to
characterize the spatial arrangement of linear eerts) as well. We chose these
variables since they are key components to mairgpecies and ecological
processes in fragmented landscapes, are esseniidét about the best spatial
arrangement and to the evaluate the configuratibdinear remnants for

conservation in human-dominated landscape (see LWNEE, 2004;
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PARDINI et al., 2005; EWERS; DIDHAM, 2006; HAWES at, 2008; LEES;
PERES, 2008; MARTENSEN; PIMENTEL; METZGER, 2008; BROW et
al., 2010; MAGRACH; LARRINAGA; SANTAMARIA, 2011; RQHA;

PASSAMANI; LOUZADA, 2011; MARTENSEN et al., 2012; ARMENDIA

et al., 2013).

We used two categorical variables to evaluate tfiects of the
structural connection among linear remnants andrabforest (connected and
unconnected), and the distance of the connectioth@éoremnants (connected
near and far). Furthermore, we used the widthrefdi remnants connected and
unconnected as structural features. We considéedame variables used for
evaluate the structural connectivity (describedvebao characterize the spatial
arrangement of linear remnants.

Thus, we verified the influence of habitat altesati habitat features,
structural connectivity and the effects of struatufeatures and spatial
arrangement of linear remnants on the small mamifmattional diversity
(represented by functional richness, functional neess and functional
divergence index) and on the functional traitsrof mammal community.

2.4 Dependent variables

We classified the captured species into four fonel traits: (i)
locomotion type, (ii) diet, (iii) body size and Jiditter size (Table A.1,
Suplementary material). We choose these functitraits due to the previous
knowledge that these traits describe the speciestséty to landscape changes
and are related to species persistence in fragohelatedscapes (DAVIES;
MARGULES; LAWRENCE, 2000, HENLE et al., 2004). Areal species show
the lowest rate of interfragment movements trouggnoareas or in less forested
matrices than terrestrial species (PIRES et alQ22QIRA et al., 2007;
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PASSAMANI; FERNANDEZ, 2011) and are consequentlyrendependent on
forested areas and more sensitive to forest fratatien. In the same way, the
food supply is determinant for the species distidny species with a more
specialized diet having a more restrict territo@RINNEL, 1917). The small
mammal population size is also limited by the feugply (PREVEDELLO et
al., 2013). As fruits are seasonal sources, spediesh mainly feed on fruit are
less likely to persist in more disturbed habitatse( MILTON; MAY, 1976;
CHIARELLO et al., 1999). On the other hand, theets/ore species are less
vulnerable to the landscape modification, sincedts are constantly available.
Furthermore, the body size of small mammals iscthrirelated to their
displacement ability between habitat patches, their perceptual range. Larger
small mammal species have more perceptual range shealler species and
cross larger distances between forest fragmentandidower sensitivity to
landscape modifications (FORERO-MEDINA; VIEIRA, 1]
PREVEDELLO; FORERO-MEDINA;VIEIRA, 2010). Moreovegpecies with
larger litter size are expected to maintain highgpulation sizes and to recover
faster from population declines (MCKINNEY; LOCKWOQD999) in human-
disturbed areas. Otherwise, species with lowerodhmtive potential are more
dependent on larger habitat amounts for persistenéegmented landscapes
(FAHRIG, 2001).

Below, we show the detailed classification of efgittional group:

(1) Locomotion the captured species were classified in thresgcaies:
arboreal, scansorial and terrestrial, accordingtite Paglia et al. (2012)
classification and based on the available glob#d d#ormation for mammals,
the PanTheria database (Jones et al., 2009), witle sadaptations. For the
exotic speciedMus musculus, this information was unavailable, so we used the
Shiels (2010) classification.
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(2) Diet we considered five categories: omnivore, insecéomnivore,
frugivore/omnivore, frugivore/granivore and frugretsseed predator. We
adopted the classification used by Paglia et al1Z? and the available
information from the PanTheria database (JONES.e@09). However, we
considered the diet dbidelphis aurita as omnivore. FoMus musculus, for
which did not have available information, we usedte tShiels (2010)
classification.

(3) Body size we used three categories: large, medium and small
considering the continuous measures availablearPanTheria database (Jones
et al., 2009). For the species without availabfermation we used used either
genus or family values. We transformed the contisuovariables into
categorical variables, considering the body siffedince between marsupials
and rodents and using the rank adopted by RossljZd0able B.1).

(4) Litter size we used continuous values according to the laila
information from the PanTheria database (JONES.eR@09). The litter size
was given by the number of offspring born per flifter female, either counted
before birth, at birth or after birth. For the sigscwithout available information
we used either genus or family mean values.

2.5 Data analysis

As the sampling effort was equal for all study siteach sampled
treatment was considered as replicate. Thus, weiaea the data obtained for
live-trap and pitfall together.

To calculate the three functional diversity indiees used methods and
scripts from Villéger et al. (2008), who describderee functional indices:
functional richness (FRic), functional evenness W&E and functional

divergence (FDiv), according with Villéger et &008). The first one represents
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the volume of space of a functional convex hullumed by the community,
FEve the regularity of the distribution in abundamm this volume, and FDiv
the divergence in the distribution of species ctiaréstics within the volume
occupied by each functional trait. We got thesei@sland we access if the small
mammal functional diversity were affected by thaginent size, shape and
structural connectivity. For this analysis, we ddeeed all treatments together
and constructed mixed models in R version 2.15.DéRelopment Core Team
2012). Secondarily, we constructed the models énsime package, however
considering just the connected/unconnected lineamnants in the analysis.
Thus, we evaluated the influence of structuraluiesst and spatial arrangement
of the linear remnants on small mammal functionaleiity and to each
functional trait. Within these models, we used @ieraction with three levels
(connected near, connected far and unconnectecheck the effects of linear
remnants connection (connected and unconnectefiinational diversity and to
assess the influences of the distance effect witbimnected remnants
(connected near and far) between these levels ateparWe constructed the
mixed models using Imer function from the Ime4 @k with Gaussian family,
once all data were uncontable. The same framewask wged to evaluate the
richness by functional trait.

For the analysis with countable data (abundanctibstional trait) we
constructed the mixed models usigignmadmb function from theglmmADMB
package with Poisson family. When these data shaweddispersion, we used
the Negative Binomial family. We used theedges function from theMuMIn
package to test all possible combinations of végmlincluded in the global
model. However, to avoid multicollinearity betweerplanatory variables we
not include in the same model the variables witlo@urrelations (linear Pearson

correlations large or equal to 0.6).



96

The sites (each treatment) were codified as aorandariable in all
analyses (BOLKER et al., 2009). To select the Ipestel for both analyses
(with all treatments and for linear remnants onlyg® used a theoretical
information approach based on the Akaike Informmatieriterion of Second
Order, which is indicated for small sample size$0@& and chose the models
according to the lowest AICc value (BURNHAM ; ANDERN; HUYVAERT,
2011). The plausibility of alternative models waseg by the differences in
their AlCc values in relation to the AICc of the saglausible modelAAICc).
We considered as plausible models those with eevafinAlCc<2. However we
only considered the variables in the models asnapoitant to induce the
changes in functional diversity and traits whenyhkie ofAAICc<2 and when
the variables included in the model was significannsidering g 0.05. These
analyses were performed in the R version 2.15.DéRelopment Core Team
2012).

3 RESULTS

3.1 Small mammal community and proliferation of anexotic species

In all, we captured 211 small mammal individualeni 16 species,
including eight marsupials and eight rodents, &ma exotic species among
them (Table B.1, Suplementary material).

Surprisingly the most abundant species, the exntiaseM.musculus,
also was the most abundant species in the intarfothe control forest,
accounting for more than half of the captured iiwlials (54.3%), and in linear
remnants connected near (31.6% of captured indi&)lu Moreover, the
abundance of this species was higher within thdrebiforest and in linear

connected near than in unconnected linear remf@igsre A.1, Supplementary



97

material). The interior of the control forest difefrom linear connected far as
well. Our best models confirmed these results (f€igi.2, Suplementary
material), showing that thd.musculus abundance decreases with the distance to

source fragments (GLMM; z= -2.16, p=0.024) and Vitgments size (GLMM,;
z=0.247, p=0.024).

3.2 Do the habitat changes, forest fragments sizeduction and structural
connectivity impact on small mammal functional divesity and functional
traits?

The model results showed that the functional ®sisndid not differ
significantly between the interior of the controkdst and the other treatments
(Figure 2). Also, our best model selected indicatedsignificant impact of
fragment size reduction on functional richness (@ab.1, Suplementary
material). Otherwise, the structural connectivifiven by the matrix features
and distance to the source fragment, had signifieiacts on this index (Table
D.1, Supplementary material; Figure 3). The funwiorichness increased in
forest fragments with the lowest amount of natigee$t, surrounded by most
agricultural matrices and apart from the controkéd (Figure 3).
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Figure 2 The graphs showing the influence of Rbdtiteration on small mammal
functional divergence and no effects on the fumetiogichness and functional
evenness on a Tableland Forest in southeasterii.Brakzel: CFi=interior of
control forest; CFe=edge of control forest; CRneéir remnants connected

near; CRf=linear remnants connected far and UCatineemnants
unconnected. Different letter denote significafftedences at $£0.02.
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Figure 3 Best models results from Generalized aiindixed Models showing that the
functional richness decrease with the amount df/edbrest in the fragments
and in opposite way, increase in fragments surredrgy most agricultural
matrices and in treatments far away from controed$bon a Tableland Forest
in southeastern Brazil. All the results were siigaifit at g<0.02.

Surprisingly the functional divergence was sigifitty lower within the
interior than the edge of the control forest anthim linear remnants connected
to the control forest, compared with the remnamtsnected far, and did not
have significant differences with the other treattag(Figure 2). Furthermore,
the functional evenness did not differ significgritbm interior of control forest
and the other habitat types (Figure 2). Both tlagrfrent size and structural
connectivity had no significant impacts on the fimmal diversity and

functional evenness (Table D.1, Suplementary najeri
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The richness of omnivore species was significamityer in the interior
of the control forest than in unconnected lineanmants. The richness of large
bodied species was higher in linear connected Han tin near (Figure B.1,
Suplementary material). For other functional atttéfs considering diet,
locomotion and body size, the species richness ndid differ significantly
between the sampled treatments (no significanttedsu

The functional trait richness was not significgnihfluenced by
fragment size and shape (Table D.2, Suplementatgriah. On the contrary,
the structural connectivity had significant effean this attribute attribute
(Figure B.1, Table C.2, Supplementary materiale @lcrease of the amount of
native forest fragments had a significant and pasiteffect on the
insectivore/omnivore richness, large bodied speares terrestrial species. The
terrestrial species richness was negatively infledrby the proximity to source
fragments. Further, the amount of agricultural areathe matrix surrounding
the fragments negatively affected the arborealispemnd positively affected the
species with insectivore/omnivore diet. Otherwibe,amount of native forest in
the matrix had a positive influence on the arborspécies and negative
influence on the terrestrial species in the samjrlatments.

When we considered the small mammal abundancermtibnal trait,
the model results showed that the omnivore aburaddittnot differ among the
interior, control forest edge and linear remnamsnected near. However, the
omnivore abundance was higher in the control fatest in the linear remnants
connected far and those unconnected (Figure C.ple®entary material).
Furthermore the interior of the control forest Hadier scansorial abundance
than edges and unconnected remnants. Also, th&ointearbors a higher
abundance of terrestrial individuals than edgeslmeer connected far (Figure
C.1, Suplementary material). The individuals inestfunctional traits did not

differ significantly between the sampled treatments
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The fragments size had significant effect only dre tomnivore
abundance, which increased positively with fragnsre, as shown by the best
model selected (Table D.3 and Figure C.2, Supleangmbaterial). Furthermore,
the omnivore abundance and individuals with higliter size were most
abundant in fragments closest to the source fraggn@n the other hand, the
terrestrial abundance was highest in fragmentbdarway from control forest
(Figure C.2, Suplementary material). Moreover, timenivore abundance was
highest in fragments closer to each other. Theeam® of native forest in the
surrounding matrix positively influenced the artadrabundance and negatively
influenced the terrestrial abundance abundanceul&igC.2, Supplementary
material). Furthermore, fragments with more agtigal areas around them
harbor more insectivore/omnivore individuals (FiguC.2, Supplementary
material). Yet, the insectivore omnivore and scaatoabundances were
positively influenced by the reduction in nativerdst amount (Figure C.2,

Suplementary material).

3.3 Is the functional diversity and small mammal fuctional traits
influenced by the structural connection, structural features and spatial

arrangement of the linear remnants?

The functional richness and functional divergemge significantly
lower in linear remnants connected near than igalirconnected far (Figure 4).
However, both indices did not differ in these tneamts in comparison with the
unconnected linear remnants. The functional evenndil not differ

significantly between the linear remnants (Figure 4
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Figure 4 The graphs showing the influence of stmadt connection on the small
mammal functional richness and functional divergen©therwise, no
significant effect was verified on the functionaleeaness on a Tableland
Forest in southeastern Brazil. Label: CRn=lineanrrants connected near;
CRf=linear remnants connected far and UC=linearnams unconnected.
Different letter in each graph denote significaififedences at §0.04.

Our best model showed that the structural featafdmear remnants
had significant effects on the small mammal funwiadiversity (Figure 5). The
functional richness increased with the increasénefr remnants width and in
large linear remnants far. On the other hand,ittdex decreased with the size
increase of unconnected linear remnants. The fumaltidivergence was highest
on the wide remnants connected far and the furaitiemenness rose with the
increase of linear remnants size. Conversely, fexiedf the spatial arrangement

of linear remnants influenced the small mammal fional diversity.
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Figure 5 Best models results from Generalized &irdixed Models showing that the
influence of structural features of linear remnamts small mammal
functional richness and functional evenness on Aale€land Forest in
southeastern Brazil. Label: CRn=linear remnantsieoted near; CRf=linear
remnants connected far and UC=linear remnants urembad. All the results
were significant at £0.02.

The functional traits richness was significantifluenced by the linear
remnant features (Figure E.1 and E.2, Table D.ppEmentary material),
unlike results found for the fragment structuratéees (previously described).
The linear remnant width significantly and positiwenfluenced the richness of
insectivore/onmivore  and arboreal species and eyt the
frugivore/omnivore richness. Moreover, our best siedshowed that the
interaction between width and connection had siggnit influences on these
functional traits. Thus, the richness of insea@onmivore and small body size
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species was highest in the widest linear connefdiedThe arboreal species
richness increased in linear remnants connected afad in the widest
unconnected remnants, whilst the frugivore/omnivicaness was lower. The
scansorial richness was lowest in the connectedvidr more width as well.
Like the width, the remnants size had significarfltuences on small mammal
functional traits (Figure D.1, Table E.1, Suppletaeyn material). The increase
of the linear remnant size influenced positivelg tichness of arboreal, small-
bodied and omnivore species. Furthermore, the daoten between linear
remnant size and connection had influence on tigelbodied species richness,
which was highest in larger linear remnants coretkér and lowest within the
unconnected remnants.

In contrast to the strong influence of the strradticharacteristics of
linear remnants, the composition of the matrix @unding the linear remnants
and the distance to other fragments influencedthesftunctional traits related to
species locomotion and the richness of frugivoesiyores (Table E.1 and
Figure D.3, Suplementary material). Thus the ardor&hness increased in
linear remnants most close to the source fragméhis.terrestrial richness was
highest in linear remnants with the lowest amouhtnative forest and
surrounded by a matrix with less amount of nativee$t. Also the structural
connection had significant influence on the fruge/granivore richness (Figure
D.3, Suplementary material), which was higher ie thnconnected linear
remnants than in those connected far. The othestiiral traits did not have
significant differences between the sampled treatsnand were not influenced
by the landscape effects (Table E.1, Suplementaigmal).

Conversely, the spatial arrangement of linear rertsninfluenced the
abundance of all functional traits analyzed (Talde and Figure E.1,
Supplementary material). The abundance of arbaretividuals increased in

linear remnants with the highest amount of natoredt, surrounded by matrices
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with low amount of agricultural areas and high antoof native forest areas.
Otherwise, the most deforested linear remnants Jdtlwest amount of

surrounding native forest harbor more terrestrndividuals and unexpectedly,
more scansorial individuals. Also, the scansorialralance increased in linear
remnants far away from the control forest, whitg ibundance of individuals
with large litter size rose in linear remnants ekisto the control forest. The
abundance of individuals with medium body size weveest in linear remnants
surrounded by most agricultural matrices. Otherwds®l surprisingly, the

abundance of individuals with frugivore/gramivorigtdwere highest in linear

remnants surrounded by most agricultural matri€he. large-bodied individuals
were most abundant in linear remnants more isolétteth the neighboring

fragments. The other attributes were not influertmgthe linear remnant spatial
arrangement.

The size of linear remnants had strong influenceah® abundance of
functional traits and was present in many of th&t beodels selected (Table E.2
and Figure E.2, Supplementary material). The linesnnants size decrease
positively affected the arboreal abundance andindésiduals with medium
body size and negatively affected the terrestbalhaance. Also, the individuals
with small litter size were most abundant in theammected large remnants and
within wide remnants. Furthermore, the arborealndlance was highest in the

linear remnants with more irregular shape.
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4 DISCUSSION

4.1 The proliferation of an exotic species and itinfluence on the small

mammal functional diversity and functional traits

It is already known that the availability of pringaenergy in the forest
environments is largely dependent on plant prodifgt{EVANS et al., 2005).
Also, areas with high productivity have more reseumbundance and this
influences the niche overlap, because differentispecan explore different
resources, decreasing the niche overlap and breadtlkonsequently increasing
the species co-existence (HUTCHINSON, 1957; MACARIR] LEVINS,
1967; EVANS et al., 2005). As the functional riceeds strongly linked with
the amount of available niche (MASON et al., 208&HEUTER et al., 2010),
we expected that in the interior of the controlefir which showed the highest
productivity (see results from Chapter 3), speciese playing more distinct
roles than in other treatments (meaning high faneti richness; see MASON et
al., 2005; VILLEGER; MASON; MOUILLOT, 2008; SCHEUEet al., 2010).
Furthermore, areas with higher productivity andomse abundance (and
consequently with less restrictive conditions) asgpected to support more
species and individuals co-existing (HUTCHINSON, 519 PAGLIA;
FERNANDEZ; DE MARCO, 2006) and having more distitnctions, playing
different ecological roles (meaning high functioeaknness; see WELLNITZ;
POFF, 2001; VILLEGER; MASON; MOUILLOT, 2008; CADOE:
CARSCADDEN; MIROTCHNICK, 2011). The functional dingence concept
includes the overlap on the functionality of the sth@abundant species (see
VILLEGER; MASON; MOUILLOT, 2008). Thus, in areas wte the most
abundant species have similar ecological functitimes functional divergence is
lower (see VILLEGER; MASON; MOUILLOT, 2008) and csequently, the
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niche differentiation is smaller and the resourampetition is higher (MASON
et al.,, 2005; SCHEUTER et al.,, 2010). Moreover,sthehree indices are
dependent on landscape context, becoming reducedhanging in more
disturbed areas with more land use intensificationthe most diverse groups
(FLYNN et al., 2009; VILLEGER et al., 2010; BARRA®A et al., 2011;
CADOTTE; CARSCADDEN; MIROTCHNICK, 2011; EDWARDS eal.,
2013; LUCK; CARTER; SMALLBONE, 2013; MASON AND DE B.LO,
2013; MAGNAGO et al., 2014).

As the interior of primary forests is more produet(see resuls Chapter
3), are the most intact areas in our landscapesgb(iarge control forest) and as
we know that the primary forest are the most imgudrtareas to maintain the
tropical biodiversity (GIBSON et al.,, 2011), we exped higher functional
diversity in this area (i.e., highest functionalhmess, functional evenness and
functional divergence, see VILLEGER; MASON; MOUILOD 2008) than in
the other sampled habitat types. However, conti@arhe expected results, we
found that the functional richness and functiongkrmess did not differ
significantly in the interior of the control foreahd the other habitat types. Most
important and surprising, the functional richnesgéased in fragments far away
from the control forest, with the lowest amountnative forest and surrounded
by the most agricultural matrices and was not arited by the fragment size
(see results). Furthermore, the functional divecgewas significantly lower
within the interior than the control forest edgesl éower in the linear remnants
connected near to this control forest compared witb linear remnants
connected far from it.

Our results showed that the exotic moldenusculus was the most
abundant species in the interior of the controk$dr{accounting for more than
half of the captured individuals, 54.3%) and in lihear connected near (31.6%

of captured individuals). Also, the abundance &f #pecies was higher in these
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habitats than in unconnected linear remnants anftagments closer to the
control forest and with largeer sizes (see resulibus, considering that the
functional diversity index is directly influenceg the presence of exotic species
in the natural ecosystems (MASON et al.,, 2005) thijorovide niche
homogenization and biodiversity loss (MCKINNEY; L&®/OOD, 1999;
CUTHBERT; HILTON, 2004; OLDEN et al., 2004; GALETTdt al., 2009;
MORRIS, 2010; FERREIRA et al., 2012; GIBSON et &2i013), our results
show that the high abundanceMf musculus could explain the high functional
redundancy (low functional evenness and functiatigergence) within the
interior of the control forest, due to the high attance of this species which
plays the same functional role.

Moreover, the lower functional divergence in theerior of the control
forest and in linear connected near than in ed§éseocontrol forest and linear
connected far, indicate that the resource competis higher within of interior
and linear connected near than in the other habjtste MASON et al., 2005;
CADOTTE; CARSCADDEN; MIROTCHNICK, 2011). Also, itam be related
to the higher abundance bf.musculus. In this way, we highlight the negative
impact of an exotic species on functional diversityd show that even the
largest and most intact forest can be impactedhbyekotic species. Thus, we
found a different result about the exotic speciegndances in tropical forest
areas. In general, exotic species seem to be mmredant in the smallest
fragments and in the agricultural matrices or otlisturbed areas and in most
cases, not invading the largest and intact fragen@fELICIANO et al., 2002;
MCKINNEY et al., 2006; UMETSU; PARDINI, 2007; GIB9Oet al., 2013).

Also, besides functional richness not differingngiicantly among the
habitat types, we found significantly more omnivepecies in the interior of the
control forest than in unconnected linear remnawts)e frugivore/granivore

species were captured just in the linear connefaeénd in the unconnected
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remnants. Once more, these results showed the itpfrosn what we expected.
The food supply is determinant for species distidny that species with more
specialized diet having more restricted territoBR(NNEL, 1917). Also, the
small mammal populations have highest densitiesréas with the most food
supplementation (PREVEDELLO et al., 2013). In thizy, omnivore species,
which are generalists in the use of food resowm considered less sensitive to
fragmentation effects, such as habitat loss anéisshi the available food
resources. Otherwise, frugivore/granivore speaieglae most sensitive to these
effects, because they are dependent on specificiness, being most common
in medium and large fragments than in small ones AYSON; MAY, 1976;
CHIARELLO, 1999; RIBON; SIMON; MATTOS, 2003). In ihway, beyond
functional diversity loss, the species functioralitt are reversed within the
interior of the control forest and in the unconeédinear remnants.

Although the functional evenness did not diffegndficantly between
the habitat types, our results showed that mogsvithaals with omnivore diet
occur in the control forest (both, edges and intehiabitats) and in linear
remnants connected near. Moreover, the omnivoraddnce was higher in the
control forest than in linear connected far andommected remnants. Contrary
to what we thought, more of the individuals wittassorial locomotion were
captured in the unconnected linear remnants thaherinterior of the control
forest. However, more of the terrestrial individualere sampled in the interior
than within edges and linear connected far. Neetrtis we expected that the
interior of the control forest would be the habithat harbored the most
individuals sensitive to fragmentation effects (seetodology, Page 75),
whereas the unconnected linear remnants would havemall mammal
community with more individuals which have low fragntation sensitivity, like
most omnivores, terrestrials, large- bodied andviddals with a large litter size

(see traits description, Page 75). Also, the lovigsttional divergence, shown
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in the interior of the control forest and in linemmnants connected neatr,
pointed to the highest functional redundancy of funectional trait over the
others (see VILLEGER; MASON; MOUILLOT, 2008; CADOET
CARSCADDEN; MIROTCHNICK, 2011). This result can kgplained by the
high abundance of omnivore individuals, in thise;asy the high abundance of
M. musculus within these habitats, causing a strong impactthen fragment
function, via homogenization and simplification thie functional roles played
by the community (MCKINNEY; LOCKWOOD, 1999; OLDEN al., 2004).

Moreover, as we expected, changes in the matrimposition
surrounding the fragments had significant effeetgiohness and abundance of
functional traits. These results enhance our kndgde about the strong
influence of the matrix composition in the fragneshtlandscapes (see
LAURANCE, 1994; GASCON et al.,, 1999; LAURANCE et.,al2007;
UMETSU; PARDINI, 2007, LAURANCE, 2008; FRANKLIN;
LINDENMAYER, 2009; METZGER, 2010; WATLING et al., (&A1,
TSCHARNTKE et al., 2012). Also, our results showhdt the loss of native
forest in the matrix negatively affected the rick@nd abundance of arboreal
species. Otherwise, fragments surrounded by moreuttyral areas had the
least arboreal species and more insectivore/ommigpecies and individuals
(see results). Thus, these results show thatatities in the matrix composition
has an influence on the species and individual tional traits of the small
mammal community. Most importantly our results shinat more deforested
matrices drive the replacement of functional traitsd harbor species and
individuals with little sensitivity to the fragmeatton effects.

4.2 Are the small mammal functional diversity and @inctional traits
influenced by the structural connection, structural features and spatial
arrangement of linear remnants?
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We found that the functional richness and funclodivergence was
lower in linear remnants connected near than i@alirconnected far. However
the functional evenness did not differ significgrdimong the linear remnants
(see results). Some studies have shown that threesénagment influences the
species composition in the surrounding forest fragi: (LOUZADA et al.,
2010; HILL et al.,, 2011; MENEZES; FERNANDEZ, 2013¥owever, the
stronger influences occur in habitats closest ¢osiburce fragment more than in
remnants far away (see results from Chapter 1; RICES et al., 2001; COOK
et al., 2002; RICKETTS, 2004; BRUDVIG et al., 200%his can be explained
through the spillover effect, which can be underdt@s the movement of
organisms from one habitat to another distinct taaltype (TSCHARNTKE et
al., 2012). In fragmented landscapes, the highosgit effect happens from the
source fragment (or in the large ones) to theirndemies (BRUDVIG et al.,
2009; TSCHARNTKE et al., 2012; ESTAVILLO; PARDINROCHA, 2013).
Therefore, large the control forest has stronguarites on the sorrounding
environments, in our case, in the linear forestramts or not. In this way, we
believe that our results could be the consequefdbeoproximity of linear
remnants to the control forest.

Furthermore, our results showed that the distamt# the connection
with the fragment source (near or far), influenaegriety of functional traits of
species and the ecological roles played by theispén the linear remnants.
Moreover, the functional richness and species straihanged when we
considered both the linear remnant structural ateratics (size and width) and
the structural connection (i.e. connected or uneoted). For example, the
functional richness increased in largest lineamants far and to the contrary, in
unconnected linear remnants with smaller size (sselts). Therefore these
results shows that we need to consider the commeclistances from linear

remnants until the fragment source and also, thesemrce of structural
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connection (connected or unconnected linear rershaimt future studies
development within fragmented landscapes.

According to niche theory, larger areas show nmiche space than the
small ones (MacArthur, 1972). This assumption iegplin more species and
individuals occupying different niches and playutigtinct ecological functions
in the environment (that means higher functionethmess, functional evenness
and functional divergence, see MASON et al., 200E:LEGER; MASON;
MOUILLOT, 2008). In this way, as we expected, thendtional diversity
(functional richness, functional divergence and cfional evenness) was
positively influenced by the high amount of avaidahabitat (larger and wider
linear remnants).

Although the surrounding matrix composition of tleear remnants
showed no significant influences on functional déity, we found strong matrix
influences on the functional trait richness and thgp®n the functional trait
abundances (see results). Arboreal species, whagh kBtrong dependence of
forest habitats and low interfragment movementsréteough open areas or in
less forested matrices (PIRES et al., 2002; LIRAIgt2007;) increased in linear
remnants closest to the control forest. Also, thmundance of arboreal
individuals was highest in linear remnants with enanative forest and
surrounded by most forest matrices, decreasinigéat remnants surrounded by
non-forest matrices (see results). The scansoriiduals, which use both the
terrestrial and arboreal strata in the forest, waositively influenced by the
increase of native forest and by the increase m&fstan the matrices. However,
some ecological groups, with low sensitivity togineented effects like terrestrial
and large-bodied individuals (see PIRES et al.,2200RA et al., 2007;
PASSAMANI; FERNANDEZ 2011; FORERO-MEDINA; VIEIRA, @9;
PREVEDELLO; FORERO-MEDINA; VIEIRA, 2010), were ptisely

influenced by the loss of native forest and byitimation of linear remnants as
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well (see results). In this way, as discussed presly, our results showed the
strong influence of the surrounding matrix compgongitto drive shifts in
functional traits found in forest remnants (linear not) in fragmented

landscapes.

5 CONCLUSIONS AND IMPLICATIONS FOR CONSERVATION

Unexpectedly, we found that the functional richnessl functional
evenness did not differ significantly from the e of the control forest to the
other habitat types. Also, the functional divergem@s lower in the interior of
the control forest than edge and did not differfrihe other treatments as well.
Furthermore, our results indicate, at the firsteirthat the exotic species can
have strong influence on functional diversity (ftiacal richness, functional
evenness and functional divergence) and on thetifunad traits found in the
interior of large forests. Within the habitat typehere M.musculus was most
abundant, the variety of functional traits displysy the species was lowest and
the functional redundancy was highest. In this wayr results indicate that
even the most large and intact forest can be utiilese negative effects
provided by exotic species more than small remnants

Our results were the first step for understandimginfluences of exotic
species on the functional diversity in tropical ésts placed in fragmented
landscapes. Thus, future studies should directijuate this relation to aid the
management decisions for biodiversity conservafidns is true for the sampled
control forest. Our study area, plus the SooretBinkgical Reserve forms an
area with more than 40,000 ha, and one of the ll@ge Atlantic Forest
fragments in Brazil, which is composed mainly bglaged fragments smaller
than 250 ha (RIBEIRO et al., 2009). Furthermorés tbrest is very important
for biodiversity conservation, from plant divers{EIXOTO; GENTRY, 1990;
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PEIXOTO; SILVA, 1997) to the medium and large vbrtdes, like birds and
mammals, harboring large frugivores and top-preda(@HIARELLO, 1999;
MARSDEN; WHIFFIN; GALETTI, 2001; SRBEK-ARAUJO; CHIRELLO,
2006; GALETTI et al., 2009).This control forest bars arboreal species which
promote food resources, such as medium and laues find large seeds, for
large frugivores (MAGNAGO et al., 2014). These fimgbs indicate that strong
impacts on this control forest can drive the lo$sngportant biological and
ecological functioning.

Moreover, our results showed that the structunalacteristics of linear
remnants and the structural connection (connectediot) have significant
influences on the functional diversity within th@dar remnants and on the
functional traits of species and individuals. Als® found that larger and wider
linear remnants had more species playing differeclogical roles (high
functional richness) and low functional redundaridyese findings highlight the
importance of these structural features to maintégi functional diversity in
fragmented landscapes.

We also verified strong influences of the matromposition on the
functional traits of species and abundances. Ireiggnmore forested matrices
harbor more species and individuals with functiotraits considered most
sensitive to the fragmentation effects. Otherwismre deforested matrices
harbor species and individuals with functionaltta@ionsidered less sensitive to
the fragmentation effects. Thus, over the long teitris expected that the
replacement of forest matrices by the agricultanatrices could drive the loss
of functional groups and harbor a more impoverisitednmunity from a

conservation point of view.
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7 SUPPLEMENTARY MATERIAL

7.1 Tables



Table A.1 Mean values (+SD) of independent varighleed to characterize the structural and landseapables of the sampled
treatments on a Tableland Forest in southeasterilBLabel: interior of control forest (CFi), edgécontrol forest (CFe),
linear remnants connected near (CRn), linear retsr@mnected far (CRf) and linear remnants uncdedgt)C).

Structural variables

Landscape variables
Amount of
Amount of native forest Distance to Mean distance
Sampling Mean agricultural in the matrix source to neighbors
treatments Size (ha) Width (m) Shape (m) areas (ha) (m) fragment (m) fragments (m)
CFi 16,48+7,75 - 0.00149+ 00007.8 29.4+18.3 1.9+0. - -
CFe 16,48+7,75 - 0.00149+ 00007.8 98.6+£36.8 21337 - -
CRn 22.8+14.27 75+18.58 0.038+0.00608 107.8+51.5 9+86.5 95.7+£106.3 767.3+218.54
CRf 22.8+14.27 75+18.58 0.038+0.00608 138+51.6 38m4.8 347.9£156.2 815.8+122.17
uc 12.5+7.06 93+50.73 0.0365+0.0169 259.6+10 2541 1,277£775 1,45+363.45

Table B.1 Description of categories used for srmalinmal classification into body size functionalttras proposed by Rossi (2011).

Order Categories

Body size (gram)

Marsupialia Small
Medium

Large

Rodentia Small
Medium

Large

average weight untill 2009
average weight between 100 and 500g
average weight larger than 500g
average weight untill 50g
average weight between 50 and 100g
average weight larger than 100g

TET



Table C.1 List of small mammal species capture@ dmableland Forest in southeastern Brazil, withabendance in each treatment
and its classification into functional trait, cotsiing the diet, locomotion, body size and thelidize (represented by the
number of offspring). Label: interior of controlrést (CFi), edge of control forest (CFe), lineanmants connected near
(CRn), linear remnants connected far (CRf) and aineremnants unconnected (UC). Diet categories:
Ins/Omn=insectivore/omnivore; Fr/Gra=frugivore/gkeme; Fr/Se=furgivore/seed predator; Fr/Omn=froge/omnivore
and Omn=omnivore. Locomotion categories: Ar=arblpr8a=scansorial; Te=terrestrial. Body size categgorS=small
bodied; M=medium; L=large.

Species Sampled treatments Functional traits

CFi CFb CRn CRf uc Diet; Locomotion; Body size  Litter size
Didelphidae
Didelphis
aurita 7 17 5 6 5 Omn; Sc; L 6.11
Marmosops
incanus 2 4 3 2 15 Ins/Omn; Sc; S 4.76
Marmosa
murina 0 2 3 12 3 Ins/Omn; Ar; S 8.4
Monodelphis
americana 8 2 4 3 2 Ins/Omn; Te; S 8.84
Gracilinanus
microtarsus 0 0 5 0 1 Ins/Omn; Sc; S 8.99
Caluromys
philander 1 1 1 1 0 Fr/Omn; Ar; M 4.18
Marmosa
paraguayana 0 2 0 0 0 Ins/Omn; Sc; L 5.56
Metachirus
nudicaudatus 0 1 0 0 1 Ins/Omn; Te; M 3.87
Rodents
Trinonmys
setosus 0 0 0 1 17 Frug/Gra; Te; L 1.83

£ET



“Table C.1, conclusion”

Nectomys

squamipes 1 0 3 4 3 Frug/Omn; Te; L 4.5

Necromys

lasiurus 0 0 1 0 3 Omn; Te; S 45

Blarinomys

breviceps 1 0 1 0 1 Ins/Omn; Te; S 1.21

Rhipidomys

mastacalis 0 0 2 0 Fr/Se; Ar; M 3.8

Akodon cursor 0 0 0 1 0 Ins/Omn; Te; S 4.2

Mus musculus 25 9 12 4 1 Oomn; Te; S 5.54

Rattus rattus 1 0 0 1 0 Oomn; Sc; L 5.88
46 38 38 52

Total (15.33+7.57) (12.66+4.51) (12.66+3.21) 37 (12.334#6.66) (17.33+5.86)

Table D.1 Best models results from Generalizewar Mixed Models to verify if the small mammal étional diversity index are
influenced by the structural features of treatmemd/or structural connectivity on a Tableland Bbia southeastern
Brazil. Values inside the brackets shows coefficesiimates and standard errors, for each model.

Structural features Structural connectivity
Mean distance Amount of Amount of

Functional Distance to to neighbors Amount of agricultural native forest

Diversity Size Shape source fragment fragments native forest areas around
Functional
richness -0.47 (0.2%)  34.4 (23.71¥ 0.69 (0.25)* - -2.66 (0.9)* 2.82 (1.09)* -
Functional
divergence  0.0003 (0.0%) -0.27 (1.91y 0.002 (0.0Z¥  -0.001 (0.01¥ -0.006 (0.05F  0.03 (0.06y 0.03(0.03y°
Functional
evenness  0.007 (0.02f  0.02 (1.30) -0.019 (0.02y  -0.01 (0.02y 0.09 (0.08y -0.07 (0.05)° -

Significant results at *90.05, ns = no significant result.

FET



Table D.2 Best models results from Generalized Linear Mixeadd®ls to verify the influence of fragments struatdeatures and/or
structural connectivity on the richness of smallnmaal functional traits on a Tableland Forest intkeastern Brazil.

Values

inside

the brackets shows coefficient

edBmaand standard errors,

for

each model. Label:

Frug/Omn=frugivore/omnivore; Ins/Omn=insectivorefiwore and Omn=omnivore; A= arboreal; S= scansprlal

terrestrial.

Structural features of treatments

Structural connectivity

Distance Mean distance to
to source neighbors Amount of Amount of Amount of native
Diet Size Shape fragment fragments native forest agricultural areas forest around
I(:)rrl:]%]/ -0.098 (0.118¥  6.952 (11.148F 0.087 (0.128F 0.052 (0.118f 0.027 (0.443y  -0.391 (0.504% 0.106 (0.241¥
Ins/lOmn 0.256 (0.187F 21.520 (17.615§ - - -1.540 (0.704)* 1.995 (0.808)* -
Omn  0.183(0.094j -12.429(9.377f -0.183(0.111y -0.157 (0.101¥ 0.513(0.397 -0.598 (0.475Y -
Locom.
A -0.149 (0.148F  16.490 (14.1605 - - - -1.151 (0.408)**  0.953 (0.193)***
S -0.063 (0.177§  8.615 (16.61% - - -0.921 (0.641F 1.4315 (0.717% -

T  -0.122(0.163%

4.978 (15.407§

0.588 (0.151)**

-1.581 (0.54)*

-0.998 (0.297)*

Body

Small -0.207 (0.198) 22.674 (18.168f 0.286 (0.220f  0.312 (0.19F -1.075 (0.789F 0.1628 (0.897F -
Medium -0.083 (0.117F 3.518 (11.374F 0.013 (0.130% -0.005 (0.120f  0.117 (0.44F  -0.049 (0.512% 0.206 (0.237%
Large -0.087 (0.138) 5.389 (13.162§ 0.230 (0.147} - -1.022 (0.483% - -

Significant results at *$0.05, ** p< 0.01 and ***p< 0.001; ns = no significant result.

SET



Table D.3Best models results from Generalized Linear Mixead®ls to verify if the abundance of small mammaictional traits
were influenced by the fragments structural featwaed/or structural connectivity on a TablelandeBbin southeastern
Brazil. Values inside the brackets show coefficiesgtimates and standard errors, for each model.elLab
Frug/Omn=frugivore/omnivore; Insect/Omn=insectivorenivore and Omn=omnivore. Significant result p& 0.05, **
p< 0.01 and ***p< 0.001; ns = no significant result.

Structural features of treatments Structural connectivity

Mean distance Amount of
Distance to to neighbors Amount of native agricultural Amount of
Diet Size Shape source fragment  fragments forest areas native forest around
Frug/Omn -0.38 (0.3)° 25.45 (27.9¥ 0.42 (0.29¥ 0.34 (0.29¥ - - -1.03 (0.87%
Ins/lOmn  -0.15 (0.09) 10.16 (8.7 - - - 1.11 (0.42)** -
Omn 0.32 (0.09)*** - -0.35(0.12)*  -0.30 (0.01)** -0.94 (0.28)*** - -
Locom.
A -0.41 (0.44)° 41.13 (41.16F -0.057 (0.287)* - 3.3(1.8) - 2 (0.82)*
S -0.01 (0.1  -12.52(9.12% - - -0.79 (0.3)° 0.86 (0.46)° -
T 0.09 (0.13° -10.07 (12.14y  0.245 (0.11)* - - - -0.6 (0.25)*
Body size
Small -0.02 (0.185 6.6 (13.49y 0.03 (0.26%° 0.044 (0.146¥ 0.26 (0.59)°  -0.29 (0.697¥% 0.003 (0.32¥%
Medium  -0.23 (0.3¥ 11.2 (28.35% 0.02 (0.36Y° - 0.83 (1.35)° -0.85 (1.4y° 0.6 (0.65)°
Large -0.04 (0.11§ 6.83 (10.2)° 0.14 (0.11D)h - -0.65 (0.35)° 0.88 (0.47y -
Litter size  0.15 (0.17)° -6.4 (17.2%° -0.37 (0.17)* - 1 (0.53y - -

QET



Table E.1 Best models results from Generalized Linear Mixeadldkls to verify if the functional trait richness srthall mammal is
influenced by the structural features of linear mamts on a Tableland Forest in southeastern Bidalles inside the
brackets show coefficient estimates and standardrsgrfor each model. Labels: Frug/Omn=frugivorefiorare;

Insect/Omn=insectivore/omnivore; Frug/Gran=frugafgramnivore; Omn=omnivore.

Functional
traits Structural features of linear remnants
Diet Size Size*CRf Size*UC Width Width*CRf Width*UC
Frug/Omn 0.1 (0.16%° - - -3.76 (0.78)** -3.93 (0.32)** 6.73 (1)***
Insect/Omn 0.57 (0.59%° - - 10.18 (3.5)* -18.68 (4.38)* -6.45 (4°%)
Frug/Gran - - - - - -
Omn 1.06 (0.35)* - - -3 (2.1% 0.942 (2.598y 3.26 (2.7
Locom.
Arboreal -1.8 (0.03)*** - - -4.15 (0.15)*** -3.92 (0.19)*** -7.87 (0.19)**
Scansorial 1.21 (0.79)° - - 1.44 (3.75% -7.85 (0.63)** 2.6 (4.76%
Terrestrial -0.33 (0.59%° 1.72 (0.77y 2.12 (2.03y 3.52 (1.64y - -
Body size
Small 1.4 (0.58Y° - - 7.83 (3.49% -16.25 (4.35)** -7.36 (4.469
Medium -1.05 (0.11%° -0.86 (0.00¥° -0.549 (0.4y 1.43 (0.36)° - -
Large 0.54 (0.26)° 1.29 (0.34)** -5.59 (0.88)*** -0.83 (0.7 - -

Significant results at *90.05, ** p< 0.01 and g 0.001; ns = no significant result.
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Table E.2Best models results frogeneralized linear mixed models to verify if tHmiadance of small mammal in each functional
trait was influenced by the structural featuretirefar remnants on a Tableland Forest in southeaBt@zil. Values inside

the brackets show coefficient estimates and stanel@ors, for each model

Functional traits

Structural featrures of remnants

Diet Size Size*CRf Size*UC Shape Width
Insect/Omn - - - -32.86 (25.48) -
Frug/Gran 0.23 (1.8) - - 45.46 (748.9§

Oomn 0.83 (0.445 - - - -

Locomotion
Arboreal -2.61 (0.81)** - - 256.5 (81.73)** -
Terrestrial 1.06 (0.44)* - - - -
Body size
Medium -3.14 (1.38)* - - - -
Litter size -0.02 (0.35¥° -0.13 (0.46)° -6.14 (1.21)**=* - -2.88 (0.98)*

Significant results at *90.05 and **p< 0.01; ns = no significant result.

BT
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7.2 Figures
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Figure A.1 The graph showing that the abundancexaftic speciesMus musculus
decrease significantly from the control forest &indar remnants connected
near to the other treatments on a Tableland Famesbutheastern Brazil.
Different letter denote significant differences @t0.05. Label: CFi =
interior of control forest; CFe = edge of contrardst; CRn = linear
remnants connected near; CRf = linear remnantsemted far; UC = linear
remnants unconnected.
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Figure A.2 Best models results from Generalizedebr Mixed Models showing that
the Mus musculus abundance increase with the augmentation of fratgne
size (graph on the left) and is highest in confimlest, decreasing in
treatments far away from this control forest on abl€land Forest in
southeastern Brazil. All the results were signifitcat p<0.03.
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control forest (CFi), edge of control forest (CH&)ear remnants connected
near (CRn), linear remnants connected far (CRf) #indar remnants
unconnected (UC).
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139

2 =
) =
> Q .
Z 12 a élz od )
glz X 510 od
5 ab o od
2 8 b 9 6|
S 6 b = c
= g 49
2 4 =
| 2 Hﬂ d“ S 2
E 0 : : : : ! 50
= CFi CFe CRnCRf UC < CFi CFe CRn CRf UC
=
2
gl4 e o
812 )
g 10 FooS
ot 8 f
56
s 4
2 2
g0 -
S CFi CFe CRn CRf UC

Figure C.1 The graphs showing the influence ofthablteration on the functional traits
abundances of small mammal on a Tableland Forestutheastern Brazil.
Different letter in each graph denote significaiitfedences at $0.03.
Label: interior of control forest (CFi), edge ofntml forest (CFe), linear
remnants connected near (CRn), linear remnantsecteah far (CRf) and
linear remnants unconnected (UC).



140

216 16 16
s . . .
E14 14 4 14
=] . 1
512 . 12 . 12
510 e 101 10
Q8 O 8 L 8
o * ° ~
g 6 . = 6 . e 6 . S
= - A ~e s .
S " e e So o 3’
S 2k L 2 . 2 L X
< 9 1 2 3 4 5 a1 0 1 23 4 0 1 2 3 4
Fragments size (log) Distance to source fragment (log) Average distance to neighbour (log)
g -
2 —_ © =
210 sS4, E50
g 5 7] .
o . d=)y /240
— 8 / = 3 / B
= Y < ¢ O
3 . = = 30
7] =] / S
= 61 [ o 2] A o
= e o = y 820 .
=] re ° = / g L3 .-
o4 o o ™ S 1 A =10 — U
2 - U g A e = M
-§ 2le ® - : = gofh‘*f'/. . 20 I —
g 14 16 18 20 22 24 26 00 05 10 15 20 2.5<C 00 05 10 15 20 25
O
< Amount of agricultural areas (log) Amount of native forest around the forest fragments (log)
o —
S B16,, =
= i o 2 35 .
=12 ° @14 1 4
g g . E 30
9) 12 LJ 5]
o 10 A 810 S . E s
g s s N S 2 o
* 1 T 5
£ 6 e 8 | °« A g 15 .
e ~_ oo g6 — s 10 e e
© 4 . ~——eo = ® o o . ——e o
o ® o o — £ 4 4 ° L e = 5 — o 2
g 2! s 2 5 o
S 52 54 56 58 60 62 64 66 < 52 54 56 58 60 62 64 665 -1 0 1 2 3 4
E] . :
2 Amount of native forest (log) Distance to source fragment (log)
a0
g
g 7.0
W2
5 65 -8
[ 3
G ™~
o s ]
5 6.0 ~
K e
< .
E 2.9 c‘
= _ P e
g 5.0 .
= ‘
= 1 0 1 2 3 4

Distance to source forest fragment (log)

Figure C.2 Best models results from generalizedethimodels showing that the
omnivore abundance increased with the fragmenés sBiZragments most
closest to the control forest and in fragments ieskated (the top tree first
graphs); the other graphs show the influence absiding matrix around
the fragments and of the distance until the sodragments on the
abundance of small mammal functional traits on al&land Forest in
southeastern Brazil. All results were significainp<0.02.



Richness of small specie
Richness of insect. omnivore

Richness of scansorial

2 g
215 E 7 =
= N A A L]
%bo.s ] S T; 4 . N
o=] . = °
o 0.0 - S =3 . @
g G k4
2 0.5 2> £

= 4 172]
& - §1 S
S-1.0 ~ S0 [
£ 17 18 19 20 21 22 23& 17 18 1.9 20 21 22 23

Richness of arboreal

2.5

141

2.0 4

1.0 1
0.5 4

1.7

18 1.9 20 21 22 23

1.7 18 19 20 21 22 23

3.0

254
2.0 4
1.5 1
1.0

e
0.5

1.7 18 19 20 21 22 23

Linear remnants width (log)

1.7 18 19 20 21 22 23
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ARTIGO 3

Importance of connectivity for the distribution of tree species resources in a

tropical fragmented landscape
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ABSTRACT

The forest fragmentation and its associated effatrise drastic
ecological losses in tropical forest. The planpdisal mode and fruit/seed type
and size are relevant predictors for assessingfrimmentation effects on
biodiversity and drive important ecological progess interaction between plant
and animal disperser. However, the fragmentatidiecef on plant-animal
dispersed is still poorly understood. In this waxe had two main goals. The
first was to evaluate the importance of fragmerdrahbteristics and structural
connectivity on the abundance of tree zoochoriciegewith different fruit/seed
type and sizes in a fragmented landscape of Bamzitlantic Forest. The
second was evaluate the effect of linear remnémts, configuration and spatial
arrangement on those plant-tree traits to acces¥ téffectiveness for
maintenance of plant-animal disperser interacti@ng. study was carried out in
five habitats: 1) control forest interior, 2) casitforest edge, 3) linear remnants
connected near to the control forest, 4) linearnams connected far and 5)
unconnected linear remnants. We sampled at adbg8 sites. In each sampling
unit we established one 10 x 30m plot and sampleetyestanding live
individual tree with a diameter4.8 cm. To evaluate the influence of each
variable on abundance of zoochoric species andagh druit type/size we
constructed mixed models and to find the best nsode¢ used Akaike
Information Criterion (AICc). Our results showedatlzoochory was the main
dispersion type even in fragmented landscapes,tiogufor 80.5% of samples
and was effective for individual trees and spedistribution in the landscape.
Moreover both, linear remnants connected and/or gheounding matrix,
influenced the abundance of zoochoric individualg the abundance of species
with fleshy and non-fleshy fruits of different sizemore than structural
characteristics. This result shows the importarfcstroictural connectivity and
indicate that connected linear remnants and theownding matrix are
promoting the ecological connectivity of fragmentaddscapes, through plant-
animal disperser interactions. Concluding, our ltestshowed that the
conservation of linear remnants needs to be engedraconsidering the
surrounding matrix management, to maintain the ioaity of animal-pant
interactions in fragmented landscapes.

Key-words: Fragmentation. Isolation. Matrix permeability. Vég@n corridor.
Conservation. Animal-plant interaction. Dispersi&ological connectivity.
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1 INTRODUCTION

Biodiversity conservation in the human-dominataadiscapes currently
a challenge for ecology researchers around thdéctafh AURANCE, 1999;
EWERS; DIDHAM, 2006; GARDNER et al., 2009; LOUZAD#t al., 2010).
Within the forest fragmentation context concernsoubbiodiversity and
ecosystem services management appears on the WgRANCE, 1999;
FAHRIG, 2003), since their effect can act on losedles, such as biodiversity
extinctions, habitat alterations and changes iwtfanal diversity (LAURANCE
et al., 2002; FERNANDEZ, 2004; CRAMER; MESQUITA; WIAMSON,
2007; SANTOS et al., 2008; JORGE et al., 2013; MAGEOD et al., 2014), as
well as on large scales, like global climatic chesygvhich can lesd to complere
alteration of wildlife functioning (LAURANCE et al.1999; NASCIMENTO;
LAURANCE, 2004; GARDNER e al., 2009; LAURANCE et,d011a).

The literature contains a lot of concepts, terns pwcedures to study
the fragmentation effects, which makes it importanfollow a specific set of
definitions to avoid the misunderstanding of theuls and conclusions of these
impacts (FAHRIG, 2003; EWERS; DIDHAM, 2006). Theyef we considered
the habitat fragmentation as a process during whizhlarge habitat is
transformed into a number of smaller patches oflsmital area, isolated from
each other by a matrix of habitats unlike the oadji (WILCOVE et al., 1986).
Following this definition, we can distinguish fodirect effects provided by
habitat fragmentation: (I) subdivision of the reniag vegetation into fragments
and consequent increase in their number (1) réolnigh the total amount of the
original vegetation, (Ill) decrease of forest remisasize and (V) increase of
isolation among these remnants (FAHRIG, 2003; BENNSAUNDERS,
2010).
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Most fragment studies working with species and roomity responses
to fragmented landscapes consider mainly the inflaeof five spatial attributes
of forest remnants: (i) fragment size, (ii) fragrhehape, (iii) edge effects, (iv)
fragment isolation and (v) introduction of new farrof land-use to replace
vegetation that was lost, or matrix structure (EVBERDIDHAM, 2006;
BENNET; AUNDERS, 2010). Moreover it is already knowhat the forest
fragmentation process and its associated consegsideads to high loss of
species and ecological processes in the highlyrgivéropical forests of the
planet (LAURANCE et al., 2002; FAHRIG, 2003; OLIVEA; GRILLO;
TABARELLI, 2004; EWERS; DIDHAM, 2006; CRAMER; MESQUA;
WILLIAMSON, 2007; PERES; PALACIOS, 2007; SANTOS at., 2008;
JORGE et al., 2013; MAGNAGO et al., 2014) and setarise more severe in
human-dominated landscapes (LAURANCE et al., 2006).

Furthermore, the fragment size reduction, isotati@rease and creation
of non-forest matrices also promote negative imftgs on species abundance of
frugivores (CHIARELLO, 1999; MARSDEN; WHIFFIN; GALETI, 2001;
RIBON; SIMON; MATTOS, 2003; UEZU; METZGER; VIELLIAR, 2005;
GALETTI et al., 2006; PERES; PALACIOS, 2007; RODRIEZ-CABAL;
AIZEN; NOVARO, 2007; MARTENSEN; PIMENTEL; METZGER_2008;
MAGRACH; LARRINAGA; SANTAMARIA, 2012), mainly the &rge-bodied
species (REDFORD, 1992; GALETTI; PIZO, 1996; CHIARBD, 1999;
PERES, 2000; CRAMER; MESQUITA; WILLIAMSON, 2007; RGE et al.,
2013; VIDAL; PIRES; GUIMARAES, 2013). Since most tife trees in the
Neotropics are dependent on animals for seed digmer (HOWE;
SMALLWOOD, 1982; FLEMING; BREITWISCH; WHITESIDES, 9B7;
JORDANO, 2000; ALMEIDA-NETO et al., 2008; FLEMINGSRESS, 2011),
the presence and movement of frugivores throughnthtix surrounding the

remnants could be considered a very important geode connect plant
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populations across fragmented landscapes (VIDALEIgt2013). Also, the
capacity of dispersers to move across matricegrm@ie the persistence of
plants by disperser animals in these landscapeC@NKEY et al., 2012).

Some studies have indirectly shown that edge ioreand isolation
among remnant patches negatively affect the pldiptsrsed by animals (see
OLIVEIRA; GRILLO; TABARELLI, 2004; SANTOS et al., @08; MAGNAGO
et al., 2014) and that the dispersion of large séedrastically reduced in small
fragments (LAURANCE et al, 2006a; CRAMER; MESQUITA
WILLIAMSON, 2007; MELO; LEMIRE; TABARELLI, 2007; SATOS et al.,
2008). Other studies directly tested the influeotcfragment size (GALETTI et
al.,, 2006) and structural connectivity, provided kggetation corridors
(TEWKSBURY et al., 2002L.EVEY et al., 2005BRUDVIG et al., 2009) and
by the matrix permeability (MAGRACH; LARRINAGA; SANAMARIA,
2012) on plant-animal mutualistic relations. Howewbke direct effects of
fragmentation and the influence of structural amtivity on plant-disperser
interaction is still poorly understood (MCCONKEY at, 2012; HAGEN et al.,
2012).

Therefore we evaluated the influence of patch dtarstics and
structural connectivity on abundance of individuafszoochoric tree species,
which are relevant predictors for assessing thgnfemtation effects on plant-
community and for describing the fauna resourcerautions (HAGEN et al.,
2012). More specifically, our main goal was to mfbout the best spatial
arrangement and configuration of linear remnantsm@intain plant-animal
dispersers in the human-dominated landscape. Quttsewill potentialy guide
strategies for designing of linear remnants to engie ecological connectivity

in fragmented landscapes.
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2 MATERIAL AND METHODS

2.1 Study area

Our study was carried out in southeastern Bra8if @1 '52 "S and 40°
5'29" W - 18° 54 '18 "S and 40° 5' 19 "W). Thedst@area is located in one of
the most important global hotspots (MYERS et ab0® in a keystone
biodiversity area (PAESE et al., 2010). The landscstudied comprises a large
forest of 46,000 ha belonging to the Companhia \&ak., a privately-owned
company, and to the federal government (Reservdo@oa de Sooretama)
surrounded by a matrix composed mainlyeatalyptus spp., papaya and coffee
plantations and pasture (PEIXOTO et al., 2008; R®Dlet al., 2005) and by
forest fragments of different sizes, shapes, widttis degrees of isolation. This
forest is the second largest reserve of Tablelardst (PEIXOTO et al., 2008;
PEIXOTO; SIMONELLI, 2007; SBREK-ARAUJO; CHIARELLO2008) and
the one of the largest forest remnants of the AitlalRorest (RIBEIRO et al.,
2009). Furthermore it is considered one of the drters with the highest plant
diversity in Brazil (PEIXOTO; GENTRY, 1990; PEIXOTGILVA, 1997), the
second most important area for mammal conservatidhe Brazilian Atlantic
Forest (GALLETI et al.,, 2009) and a refuge for #Htemed bird species
(MARSDEN; WHIFFIN; GALETTI, 2001; SRBEK-ARAUJO; CHRELLO,
2006) and mammals (CHIARELLO, 1999).

The forest in the region is classified as Lowld®ain Forest (IBGE,
1987) or Tertiary Tableland because of its occueeon Cenozoic sediments
from the Barreiras group, with altitudes rangingnir28 to 65 m (PEIXOTO et
al., 2008). The lowland forest is characterizechwites up to 40 m tall, girths
up to 400 cm and a sparse understory, with the mmmee of the Fabaceae,
Myrtaceae, Rubiaceae, Annonaceae, Sapotaceae gndniziceae tree families
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(JESUS; ROLIM, 2005; PEIXOTO et al., 2008; PEIXOTSIMONELLI,
2007).

2.2 Sampling design

We selected the large forest previously mentiahate control and we
sampled the small mammals within five rainforesbiteds or treatments: 1)
interior of control forest, 2) edge of control fete3) unconnected linear forest
remnants (termed “unconnected linear remnants”)&rthear forest remnants
connected to the control forest (termed “connediedar remnants”). We
separated the last treatment in two categoriesrdicepto the distance until the
structural connection as i) linear remnants corateatear the control forest
(placed after the edge), and ii) linear remnantsneoted far from the control
forest, with the sample transect located along eorma remnants and with a
minimum distance of 400 m until the control foreate chose these treatments
considering the similarity in the composition ottlurrounding matrix and a
minimum distance of 400 m from the interior to tiearest edge of the control
forest (range = 400 to 2,642 m) (see Figurel).

Fieldwork was conducted from April 2012 to May 2012 each
sampling unit we established one plot of 10 x 30tataling 25 plotsinside
each plot, we sampled every standing live treeviddal with a diameter4.8
cm at breast height (1.3m above the ground) (DBWE identified trees
comparing with material references of collectiofiglee CVRD Herbarium of
the Vale and the VIES Herbarium of the Federal drsity of Espirito Santo,

and with aid of taxonomic specialists.
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Figure 1 Study area and sampled treatments inbdelBad Forest in southeastern
Brazil. To check the respective information abcattretreatment see the table
Al

2.3 Land cover analysis and Independent variables

The metrics utilized to characterize the landscajenges and
connectivity were extracted from a land cover magapced with an image with
a high spatial resolution classification. We usedmaage with resolution of one
meter, acquired in the year 2008. The orthoredtfimages and with
atmospheric correction and visual evaluation ofgeneegistration, was obtained
through the Vale Natural Reserve.

To classify the land cover we an used image basednultiscale
segmentation The segmentation partitioned the imiage groups of pixels
spectrally similar and spatially adjacent (DESCLBEB)GAERT; DEFOURNY,
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2006; DUVEILLER et al., 2008), using a "trial-and@" attempt to find an
fragmentation scale appropriate value. Once a ssfidyy segmented image
was obtained using 40 as a scale factor, we apaliezbject-based classification
using Nearest Neighborhood (NN). We used 20 trassdples obtained in the
field to apply the NN classification algorithm. Thesult is a class label for each
of the segments in each class. A few wrongly-clieskiimage objects were
reassigned manually to the correct classes basefitldnknowledge and on
visual interpretation of the image. Classificatimlidation was obtained using
150 ndependent data sources as refergrarelomly distributed over each class.
User accuracy, producer accuracy, overall accumng kappa coefficient
obtained high values, above 85%.

The resulting map was converted to vector formmat we computed
seven continuous variables using ArcGis (Table Adpplementary material).
For each sample treatment, we obtained their straictharacteristics, such as
size (hectare) and shape, using the ratio betwesnaad perimeter according to
Helzer and Jelinski (1999) and the mean width.tRermean width calculation,
we obtained three widths for each treatment andidered the average among
them. Also, to access the structural connectivity,constructed a buffer with 2
km around each sampling treatment (total of 25). gWentified the amount of
agricultural areas in the buffer (representing bjfex, Eucalyptus spp. and
papaya plantations), the amount of native foreshénmatrix and the amount of
native forest of each treatment. Also, we meastuhed minimum distance
between the sample treatment and the nearest sbagment and also, the
mean distance to the neighbors nearest fragmeatsthis, we considered the
four fragments nearest the sample treatment. Wel tkese variables to
characterize the spatial arrangement of linear eart®) as well. We chose these
variables since they are key components to mairgpecies and ecological

processes in fragmented landscapes, are esseniidét about the best spatial
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arrangement and to the evaluate the configuratibdinear remnants for
conservation in human-dominated landscape (see LOWNEE, 2004;
PARDINI et al., 2005; EWERS; DIDHAM, 2006; HAWES at, 2008; LEES;
PERES, 2008; MARTENSEN; PIMENTEL; METZGER, 2008; BROW et
al., 2010; MAGRACH; LARRINAGA; SANTAMARIA, 2011; RQHA;
PASSAMANI; LOUZADA, 2011; MARTENSEN et al., 2012; ARMENDIA
et al., 2013).

We used two categorical variables to evaluate dffects of the
structural connection among linear remnants andrabforest (connected and
unconnected), and the distance of the connectioth@oremnants (connected
near and far). Furthermore, we used the widthrafdi remnants connected and
unconnected as structural features. We considéeedame variables used for
evaluate the structural connectivity (describedvaebao characterize the spatial
arrangement of linear remnants.

Thus, we verified the influence of habitat altemat habitat features,
structural connectivity and the effects of struatufeatures and spatial
arrangement of linear remnants on remnants on tthadance of tree species
with seed dispersed by wildlife.

2.4 Dependent variables

We categorized the tree species according to tpediion mode
following Van Der Pijl (1982). We used two cate@si zoochoric and non-
zoochoric. A zoochoric tree produces diasporesosaded by fleshy pulp, an
arill or other features that are typically assamiatvith dispersal by animals. The
non-zoochoric trees have characteristics that adidispersal by abiotic means,
such as winged seeds, feathers, or a lack of &=sthat indicate dispersal via

methods other than downfall or explosive dehiscence
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Moreover, we classified the sampled zoochoric streéeto three
categorical variables that are relevant to asshkesrole of trees as food
resources: fruit type, fruit size and seed sizee (BOWE; SMALLWOOD,
1982; VAN DER PIJL, 1982; FLEMING; BREITWISCH; WHHSIDES,
1987; TABARELLI; PERES 2002; MORAN; CATTERALL, 20)0We used
these dependent variables because they are releratittors for assessing the
fragmentation effects on the plant-community, arpraexy describing plant-
animal interactions and have important consequefocate biodiversity of the
entire area (ORIANS; DIRZO; CUSHMAN, 1996; HAGEN RL., 2012)

The detail classification for each category of tmmochoric species
follows:

(1) Fruit type the fruits were categorized into (i) fleshy fauiti.e., the
pericarp can accumulate water and many organic oangs, see Coombe,
1976) and (ii) non-fleshy fruits.

(2) Fruit and seed sizewe categorized the fruit and seed sizes into fou

categories according to Tabarelli and Peres (208®)all (size values <0.6 cm
in length), medium (size between 0.6 and 1.5 canjd (size between 1.6 to 3.0
cm) and very large (more than 3.0 cm).

2.5 Data analysis

As the sampling effort was equal for all treatmemei@ch transect was
considered a sampling unit or replicate. In thiy,wae obtained the zoochoric
species abundances by the number of sampled tiédimals.

First, we constructed mixed models with all treatteetogether in R
version 2.15.1 (R Development Core Team 2012) @aluate the effects of
fragment structural features and structural corvigcton the abundance of

zoochoric species. After, the mixed models weresttonted to evaluate the
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effect of these variables on the abundance ofsppeeies with different fruit type
(fleshy fruits and non-fleshy fruits) and with difent fruit and seed size (small,
medium, large and very large).

Secondarily, we constructed the mixed models, heweansidering just
the connected/unconnected linear remnants in thé/sis. Thus, we evaluate
the influence of structural features and the spatieangement of the linear
remnants on the same dependent variables. Witldnntbdels, we used an
interaction with three levels (connected near, eoted far and unconnected) to
check the effects of linear remnants connectiomrfeoted and unconnected)
and to assess the influences of the distance effitoin connected remnants
(connected near and far) between these levelsateparThe analysis regarding
to structural features and structural connectiwigye run separately to verify the
influence of each variable on the tree zoochorimdance.

We constructed the mixed models usmigimadmb function from the
gmmADMB package with Poisson family, once all data werentable
(abundance). When these data showed overdispems®mnsed the Negative
Binomial family. The sites (each treatment) wereified as a random variable
in all analyses (BOLKER et al., 2009). We used dhexige function from the
MuMIn package to test all possible combinations of Wem included in the
global model. However, to avoid multicollinearityetiveen explanatory
variables we not include in the same model theatdaE with autocorrelations
(linear Pearson correlations large or equal to. 0.6)

We selected the best model using an theoreticalrirdtion approach
based on the Akaike Information Criterion of Sec@rder, which is indicated
for small sample sizes (AlCc) and chose the modetording with the lowest
AICc value (BURNHAM; ANDERSON; HUYVAERT, 2011). Thplausibility
of alternative models was given by the differengesheir AlCc values in

relation to the AICc of the most plausible mod&A[(Cc). We considered as
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plausible models those with a valueA#ICc<2. When the models showed the
AAICc value <2 and the variable included on the n®deas significant
(considering g 0.05) we considered the variables in the modelnasportant
result to induce the changes on abundance of treehoric individuals. These
analyses were performed in the R version 2.15.DéRelopment Core Team
2012).

3 RESULTS

3.1 Tree species characteristsics in the sampledtiscape

We sampled a total of 1209 tree individuals of 2fi&cies and two
indeterminate species. Of these, 234 individuals56f species were non-
zoochoric and 973 tree individuals were zoochagpresented by 206 species
(Table B.1, Suplementary material). We found 15&ci&s and 633 individuals
with fleshy fruits and 53 species and 340 individugith non-fleshy fruits. The
abundance of tree species with large fleshy frwdis highest (299 individuals)
and the species with small fleshy fruits had thevelst abundance (43).
Considering the tree species with non-fleshy fruite abundance was highest
for species with medium fruits (109) and lowest $pecies with small fruits
(54). The most abundant tree species had smallseed371) and medium size
(346), followed by the large (156) and very lagiee (100), as shown by the
Anova results (F=18.01; p<0.001) and by the pastieriest (comparison
between small and medium seed: p=0.95; small age Iseed: p<0.001; small
and very large seed: p<0.001; medium and large $e€d01; medium and very
large seed: p<0.001).
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3.2 Impacts of landscape changes, habitat clearancand structural

connectivity on zoochoric species components

The abundance of tree species with zoochoric diggeiin the interior
of control forest was 214 (42.8+13.97), 205 (41854.in the linear remnants
connected near, the edges of the control foresibhd95 individuals (39+7.52),
188 (37.6115.65) in the linear remnants connectedahd 177 (34.2+13.31)
individuals in the unconnected linear remnants, 20%er than the number
found in the interior to the control forest (Talide2, Supplementary material).
Despite this, the models results did not show &gt differences related to
habitat alteration for the tree zoochoric speci€able B.1 and Figure A.1,
Supplementary material). Also, ours best modelsveldahat the fragment size,
shape and the structural connectivity had no digant influence on the tree
zoochoric abundances (Table C.1, Supplementaryrialte

When we consider the fruit type our results showred the abundance
of tree species with fleshy fruits was significgntlower within linear
unconnected remnants than the interior, edge aeadiconnected near (Table
B.2, Supplementary material). Otherwise, the nundfetree individuals with
non-fleshy fruits did not differ significantly beégn the sampled treatments
(Table B.2, Supplementary material). The fragmeatdres (fragments size and
shape) and the structural connectivity had no Bggmt influence on the
abundance of tree individuals with fleshy fruitglaron-fleshy fruits as showned
by the results from selected best models (Table Sufpplementary material).

We found that the habitat alteration promotedtstiif the abundance of
tree species depending on fruit size and type.abhmdance of tree individuals
with very large fleshy fruits was significantly lhigr in the interior of the control
forest than in other treatments, except for theceafgthe control forest (Table

B.2, Supplementary material). However, the abuneasfcthese individuals in
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the linear remnants connected near and unconndictet differ from the edge
of the control forest. The abundance of individuaith medium fleshy fruits in
the interior of the control forest was significgntligher when compared with
connected far and unconnected remnants, and didiffet for the connected
near and edge of the control forest (Table B.2,ISnentary material). The
abundance of species with medium fleshy fruits e unconnected linear
remnants differed significantly for all treatmeragcept for the connected far.

The abundance of tree species with large nonyflésiits did not differ
significantly between the edge of the control foréieear remnants connected
far and unconnected linear remnants (Table B.2)eBugntary material). We
found that the abundance of species with very large-fleshy fruits was
significantly lower in linear remnants connected dampared with the edge of
the control forest, linear remnants near and unected (Table B.2,
Suplementary material). Also, the abundance ofetliredividuals was highest in
unconnected linear remnants, however no signifiddfgrence was found.

The fragment features had effects on the abundeainitee species with
medium and very large fleshy fruits, however, thieeo fruit types and sizes
were not influenced by this variable (Table C.1pl8mentary material). The
fragment size had a significantly positive influengn the abundance of tree
species with medium fleshy fruits (GLMM; z=3.4, p801, Figure 2). The
fragment shape had a significantly negatively iafloe on the abundance of tree
species with very large fleshy fruits (GLMM; z=-8,5p<0.001, Figure 3).
Also, the abundance of tree individuals with medifleshy fruits was lower in
fragments more distant from the source fragment arade distant from
neighboring fragments (GLMM; z=-3.66, p<0.001, fdistance to source
fragment and GLMM; z=-3.62, p<0.001 for distancentghboring fragments,
Figure 2). The abundance of species with very |dleghy fruits declined with
the increase of native forest in the matrix (GLM&#4-3.27, p<0.01, Figure 5).
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The abundance of tree species with non-fleshysfranitd different seed size was
not significantly explained by the structural cociaty (Table C.1,
Suplementary material).
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Figure 2 Best models results from Generalized lineéxed models showing the
influences of structural connectivity (upper grgpaisd fragments size on the
abundance of tree zoochoric trees with medium fldshits on a Tableland
Forest in southeastern Brazil. All the results wagmificant at g0.001.
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Figure 3 Best models results from Generalized lineéxed models showing the
influences of fragments shape (on the left grapid) structural connectivity
(on the right graph) on the abundance of tree zmactspecies with very
large fleshy fruits on a Tableland Forest in soasitern Brazil. All the results
were significant at p<0.05.

Ours results showed that, independent of seed sigeabundance of
tree species was not influenced by the habitat, typé differing significantly
among sampled treatments (Table B.2, Suplementaaterial). Only the
abundance of tree species with very large seedisgar remnants connected
near was different from abundance in connectef@aMM z=2.2 p =0.03).

The fragment shape had a significantly negativduémice on the
abundance of tree species with small seeds (GLMM1z86 p = 0.05, Figure
B.1). The other species with medium, large and Jarge seeds were not
influenced by the fragment features, as shown ey st models selected
(Table C.1, Suplementary material). In the same, Wagystructural connectivity,
represented by the matrix permeability and proxirtotthe other fragments, had
no significant influence on the abundance of tyeecies of any seed size (Table

F.1, Suplementary material).
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3.3 Are the tree species which provide wildlife remirce through fruits and
seed affected by the features and spatial arrangemie of the linear

remnants?

Considering just the linear remnants (connectedwrmbnnected), our
results showed that the abundance of zoochoric iespewas negatively
influenced by the linear remnants shape (GLMM; 2281 p=0.048, Table H.1,
Supplementary material). Otherwise, the abundarficeoochoric species was
not influenced by the spatial arrangement of lineamnants (null model
selected, Table D.1, Supplementary material).

The zoochoric tree abundance with fleshy and tesf fruits was not
influenced by the size, shape and width of thealineemnants (Table D.1,
Supplementary material). Also, the abundance oividdals with fleshy and
non-fleshy fruits was not influenced by the spatatangement of linear
remnants (Table D.1, Supplementary material).

The structural connection and the distance of dmmection, affected the
abundance of tree species with small non-fleshiysfrirhe abundance of these
individuals was higher in linear remnants connectear than in linear remnants
connected far (GLMM; z= -3.62, p<0.01) and uncome@clinear remnants
(GLMM; z= -4.02, p<0.001) and did not differ forethtwo last treatments
(GLMM; z= -1.78, p=0.075). However, the spatial amgement of linear
remnants had no significant influences on the abhnod of tree species with
small non-fleshy fruits (Table D.1, Suplementarytenial). For other species
with fleshy and non-fleshy fruits of different sizeneither linear remnant
features nor their spatial arrangement was sigmifi¢Table D.1, Suplementary
material).

The abundance of tree species with small seedsiggsficantly and

negatively influenced by the linear remnants sh@eMM z= -2.25 p =0.03,
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Figure B.1, Supplementary material), while the otinee species with different
seed sizes was not influenced by the linear remffieatures (Table D.1,
Supplementary material). Also, the spatial arrargygnof the linear remnants
did not influence the dispersion of zoochoric speawith different seed sizes
(Table D.1, Supplementary material).

4 DISCUSSION

4.1 Features of tree species with zoochoric disp&a in the sampled
landscape and their responses to landscape changbabitat clearance and

structural connectivity

Our results showed that 80.5% of tree individwedse zoochoric, four
times more than individuals with non-zoochoric dision. The abundance of
individuals with fleshy fruits was also higher thaee individuals with non-
fleshy. The zoochoric individuals were widely distited over the entire
landscape, not differing significantly between tlampled treatments.
Moreover, the abundance of zoochoric species wdsinflmenced by the
structural characteristics of fragments and matdaxnposition. These results
together show that zoochoric dispersion was thenrdaipersion type found in
the sampled landscape. Our result corroborated ihh studies in the
Neotropics, showing that animals play a major inlseed dispersal (HOWE;
SMALLWOOD, 1982; FLEMING; BREITWISCH; WHITESIDES, 9B7,
JORDANO, 2000; ALMEIDA-NETO et al., 2008; FLEMINGSRESS, 2011).
Furthermore, our results demonstrate that zoochdisigersion was efficiently
even in fragmented landscapes.

The habitat alteration did not affect the zooahdrée abundance with
non-fleshy fruits (no significant results for thesb models). However, the
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zoochoric tree abundance with fleshy fruits wasificantly affected by the
connection provided by the linear remnants, beiighdr in the control forest
and within the connected linear remnant than inoanected linear remnants
(see results), showing that individuals with théstjgular trait are more sensitive
to isolation effects than those with non-fleshyitfusee MAGNAGO et al.,
2014). Moreover, since frugivores are predominanthie same control forest
sampled (CHIARELLO, 1999) these results indicatat tfthe animal disperser
can be moving through connected linear remnantsalge fragment isolation is
a important factor which can restrict the interasi between plants and animal
disperser (JORDANO et al.,, 2006; HAGEN e al., 20MAGRACH,;
LARRINAGA; SANTAMARIA, 2012), our results indicatehat connected
linear remnants could be working for the functioaatl ecological connectivity
in the fragmented landscapes, as predicted by etieak studies (Hagen et al.,
2012) and observed by other studies as well (TEWHIRB et al., 2002;
LEVEY et al., 2005; BRUDVIG et al., 2009).

In this way, these findings show that the conwégtprovided by linear
remnants ensures that the tree species, whichigperged by animals and also
the interactions between plant and disperser amgplately dependent on two
major landscape conditions: (i) large fragmentaf ttan act as source areas for
plant and animal dispersers (CHIARELLO, 1999; BRUBVet al., 2009;
MAGNAGO et al., 2014); and (ii) structural/functiminconnection between the
linear remnants with a source forest fragment, Wwihillows species movement
between the connected linear remnants and ,aintlimecological interaction
(see TEWKSBURY et al., 2002; LEVEY et al., 2005;RIDANO et al., 2006;
BRUDVIG et al., 2009; HAGEN e al.,, 2012; MAGRACH;ARRINAGA;
SANTAMARIA, 2012).

Our results show that the resource type providetlde species changes

significantly depending on habitat type, fragmeitesand isolation. The
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zoochoric trees with medium fleshy fruits were matmindant in the control
forest and within linear remnants connected nean tim unconnected linear
remnants. Otherwise the zoochoric trees with neshfy fruits were highest in
unconnected linear remnants, linear connectedrfdrcantrol forest edges. The
highest abundance of medium fleshy fruits in thetra forest means that this
forest type is providing more resource for the fgubecause fleshy fruits
present greater quantities of nutrients and watethé pericarp than the non-
fleshy fruits (COOMBE, 1976; VAN DER PIJL, 1982)caving large-bodied
frugivore fauna to exist (see VAN DER PIJL, 1982HIBRELLO, 1999;
ANDREAZZI; PIRES; FERNANDEZ, 2009). However the zboric non-
fleshy fruits have other kinds of resources (erifjate seeds, fleshy funicles and
sarcotesta, see VAN DER PIJL, 1982), which genewmalé food resources for
some birds and small mammal species (VAN DER PLR8§2; GALETTI;
P1ZO, 1996; ANDREAZZI; PIRES; FERNANDEZ, 2009), baire mostly
consumed by invertebrates (FLEMING; KRESS, 2011hesk results shows
that each component of the landscape (i.e. ourtdtatype) provides different
kinds of resources for fauna. Thus, we can expeshéts in the plant disperser
species and in the interaction level between faligperser and different fruit
type in each sampled habitat, which will impact fhectional diversity of the
forest fragments (see MAGNAGO et al., 2014).

4.2 Influences of the structural features and spadl arrangement of linear

remnants on zoochoric tree species abundance

The abundance of tree species with zoochoric disperdecreased
significantly in linear remnants with more irregulahapes (see results),
corroboring with the studies which showed thatah®unts of area exposed to

the edge effects promote changes in the speciegtidoal attributes (see
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HELZER; ELINSKI, 1999; OLIVEIRA; GRILLO; TABARELLI,2004; MELO;
LEMIRE; TABARELLI, 2007; MAGNAGO et al., 2014). Thedge effects
could have negative consequences for disperset-pitgractions, either by
driving larger loss of species/abundance of treecisg in the edge habitat
(LAURANCE et al., 1997; LAURANCE et al., 2002; OLBIRA; GRILLO,
TABARELLI, 2004; LAURANCE et al., 2007; EWERS; DHAM, 2008;
OLIVEIRA et al., 2008; SANTOS et al., 2008; MAGNAGE al., 2014) or by
causing abundance and richness impoverishmentysfdwe native dispersers in
this habitat (CRAMER; MESQUITA; WILLIAMSON, 2007; ERES;
PALACIOS, 2007).

No linear remnant spatial arrangement charadterisfluenced the
zoochoric individual abundance. The main group etebrate dispersers in the
Tropics, medium/large mammals and birds (HOWE; SMAOOD, 1982;
FLEMING et al., 1987; FLEMING; KRESS, 2011), is m¢gely influenced by
the landscape changes in the same sampled landéCapARELLO, 1999;
MARSDEN; WHIFFIN; GALETTI, 2001). Large mammal frivpres had
higher abundance in the control forest than in madand small fragments
(CHIARELLO, 1999) and few bird species use the ggtas plantation matrix
that surrounds the forest fragments (MARSDEN; WHNEFGALETTI, 2001).
In this way, considering that isolation is an intpat factor which restricts the
interactions between plant and animal disperseBREANO et al., 2006;
HAGEN et al., 2012; MAGRACH; LARRINAGA; SANTAMARIA,2012), our
findings indicate that the composition of the matsurrounding the linear
remnants permits, to a certain extent, the movewfeguimal dispersers. In fact,
near the sampled landscape, the presence of geelladied frugivoreTapirus
terrestris, was recorded, using of eucalyptus plantation ateaeach forest
fragments (CENTODUCATTE et al., 2011). Thus, theasional displacement
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of frugivores through the matrix can be contribgtito the dispersion of
zoochoric trees in this fragmented landscape.

The movement throught the matrix by some large ellissgr species
could also explain the absence of significant irfice of spatial arrangement of
linear remnants on the abundance of tree specibsdifferent fruits and seed
size, because the larger dispersers are heavdgtdsfy the forest fragment size
and isolation (CHIARELLO, 1999; RIBON; SIMON; MATT® 2003; UEZU;
METZGER; VIELLIARD, 2005; CRAMER; MESQUITA; WILLIAMSON,
2007; JORGE et al., 2013; VIDAL; PIRES; GUIMARAEX)13).

We have to consider that most of the tree speegled in the studied
landscape had small and medium seed sizes, follyddrge and very large
(see results). Smaller seed sizes can be dispeysatiuge variety of dispersers,
from small bodied species to the larger ones (DONIAGL al., 2011). Also, the
effects of landscape changes do not affect theddnae of these species, since
most of these animal dispersers are not influetgethe habitat alteration and
isolation effects and are able to use differentitatsbin the landscape, such as
primary forest and matrix (GALETTI; PIZO, 1996; FMR et al., 2007,
MEDINA et al.,, 2007; PARDINI et al., 2009). This m@ains why the tree
species with smaller seed size are more broadiyildited in the fragmented

landscape.

5 CONCLUSION AND IMPLICATIONS FOR CONSERVATION

Our results showed that zoochory was the main digpetype even in
fragmented landscapes and was effective for thaddamce and distribution of
tree zoochoric species in the entire landscapesdaHimdings reinforce the
importance of frugivores as seed dispersers anddfspersion of plants.
Furthermore, the higher abundance of trees spedibsbigger fruits in the
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sampled landscape indicates that the dispersemf@aimomposed mainly of
species with large body size, since the body sfze disperser and the fruit
size are positively correlated (DONATTI et al., 2D1Also, higher abundance
of these frugivores, such as large/medium mammadshkérds, is found in the
control forest sampled in comparison with the srfralyments and eucalyptus
plantations (CHIARELLO, 1999; MARSDEN; WHIFFIN; GATTI, 2001). As
such, our results indicate that large frugivoree key components of tree
dispersion in this fragmented landscape. The Idskegstone frugivores has
drastic consequences for tropical forest dynanfRESRES; PALACIOS, 2007;
FLEMING; KRESS, 2011) since it has a direct andatieg influence on plant
recruitment, species richness and diversity of tpsgrecies (REDFORD, 1992;
GALETTI et al.,, 2006; CORLETT, 2011; BUENO et a2013; KURTEN,
2013). Over the long term, the absence of keysfamgvores can lead to the
local extinction of tree species with large fruarsd their replacement by species
with small fruits (CARDOSO; TABARELLI, 2000), regial extinction of tree
species (GALETTI et al., 2006) and, can also lead\olutionary losses in
important plant traits (GALETTI et al.,, 2013; GALET, DIRZO, 2013).
Furthermore, these findings, together, highliglgt tonservation importance of
this control forest, because large frugivores apdpredators are locally extinct
in most of the Atlantic Forest areas (CANALE et 2012; JORGE et al., 2013).
Moreover, we found that some traits of zoochorée$, such as fruit
type and size, found in the control forest wererathavith the linear remnants
connected to this control forest (for example, dbandance of fleshy fruits and
medium fleshy fruits). Being that, we can concluflat the control forest is
acting as a source of frugivores and they are ngpthiwught these connected
linear remnants (including the large body species) consequently contributing
to the functional and ecological connectivity ore tfragmented landscapes,

maintaining the plant-animal disperser relation.
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Also, some results — such as zoochoric tree disperabundance of
species with very large fleshy fruits and large -fleshy fruits, did not differ
between linear remnants connected near and undedhkeear remnants, the
absence of significant influence of spatial arranget of linear remnants on the
abundance of tree species with medium, large amyg lkeege seed size and
others - indicate that the matrix should be perrdggabecause the larger
dispersers are heavily affect by the forest fragmeize and isolation
(CHIARELLO, 1999; RIBON; SIMON; MATTOS, 2003; UEZUWETZGER;
VIELLIARD, 2005; CRAMER; MESQUITA, WILLIAMSON, 2007 JORGE et
al., 2013; VIDAL; PIRES; GUIMARAES, 2013). Howevetthe matrix
permeability must be evaluated carefully. Besidasording one of the large
frugivore species in the matrix of the eucalyptlanfation (CENTODUCATTE
et al., 2011) most of the studies in the same lzaqms have shown that the
mammals and bird species are negatively affectedhkyhabitat loss and
fragmentation (CHIARELLO, 1999; MARSDEN; WHIFFIN;ALETTI, 2001).
However, these findings show that the occasionalement of frugivores
throught the matrix must occur and contribute gpdision of zoochoric trees in
this fragmented landscape.

In conclusion, we can point out the importancestaictural connectivity
in this fragmented landscape, enabling the dispesjgecies movement among
forest fragments and connecting plant-animal pdmra across the fragmented
landscape (see TEWKSBURY et al., 2002; LEVEY et 2005; BRUDVIG et
al.,, 2009; MAGRACH; LARRINAGA; SANTAMARIA, 2012). Ffus the
conservation of linear remnants in fragmented leapss needs be encouraged,
considering the surrounding matrix management adl, we ensure the
maintenance of plant-animal mutualistic interactioand consequently, the
conservation of native biota in the entire landscégee TSCHARNTKE et al.,

2012). These conservation strategies should beeimmaited as soon as possible,



170

because forest remnants are very small and isolatéde Brazilian Atlantic
Forest, which has a negative impact on animal-planteractions
(TEWKSBURY et al.,, 2002; ANDREAZZI; PIRES; FERNANLE 2009;
BRUDVIG et al.,, 2009; HAGEN et al., 2012; MAGRACHARRINAGA,

SANTAMARIA, 2012) and makes the remaining foreseaw insufficient to
maintain key ecological processes (SILVA; TABARELRDO1).

In deed, we cannot forget the high importance rohary and control
forests for biodiversity conservation (CHIARELLO,999; MARSDEN;
WHIFFIN; GALETTI, 2001; LOUZADA et al., 2010; GIBS® et al., 2011),
and as a biodiversity source for other fragmentdragmented landscapes,
thought spillover effects (see results from Chagteand COOK et al., 2002;
BRUDVIG et al., 2009). We are just searching faable solutions to manage
the strong impact of isolation in fragmented larges where these primary and
control forest no longer exist or are relics of wisaleft, immersed in a heavily
fragmented landscape, which consists predominaoftiggricultural matrices
and fragments with different sizes and shapes, wifferent degrees of
isolation.
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7 SUPPLEMENTARY MATERIAL

7.1 Tables



Table A.1 Mean values (£SD) of independent varighlsed to characterize the structural and landscapables of
sampled treatments on a Tableland Forest in saatr@aBrazil. Label: interior of control forest ((,Fedges

of control forest (CFe), linear remnants connectear (CRn), linear remnants connected far (CRf)luchr
remnants unconnected (UC).

Structural variables

Landscape variables
Amount of Distance to  Mean distance to
Sampling Mean Amount of native native forest source neighbors

sites Size (ha)  Width (m) Shape (m) forest around (ha) (ha) fragment (m) fragments (m)
CFi 16,48+7,75 - 0.00149+ 7.84 1.89+0.90 269.83329 - -
CFe 16,48+7,75 - 0.00149+ 7.84 21.06+37.32 1891838 - -
CRn 22.8+14.27 75.0+£18.58 0.038+0.00608 168.9585.4 177.59+63.21 95.75+106.3 767.30+218.54
CRf 22.8+14.27 75.0+18.58 0.038+0.00608 139.33184.7 149.82+71.97 347.9+156.2 815.80+122.17
uc 12.5+7.06 93450.73 0.0365+0.01689 25.44+14.91 .6&8413.13 1,277+775 1,452+363.45

L21



Table B.1 List of zoochoric tree species sampleddrableland Forest in southeastern Brazil, with dbundance in
each treatment and its classification into eadtibate, considering the fruit type and size andgbed size.
Label Label: CFi = interior of control forest; CEeedge of control forest; CRn = linear remnantsneated
near; CRf = linear remnants connected far; UC edimremnants unconnected. Lable: For fruit typd:l€&shy
fruit; NF=Non-fleshy fruit; For fruit and seed siz&=Small size; M=Medium size; L=Large size and
VL=Very large size.

Fruit
Zoochoric species Sampled treatments type Fruit size Seed size
CFi CFe CRn CRf UC F NF S M L VL S M L VL

Alchornea triplinervia (Spreng.)
Mull.Arg.

Allophylus petiolulatus Radlk. 1 - - - -
Amphirrhox longifolia (A.St.-Hil.)
Spreng 1 - - 1 3
Andira fraxinifolia Benth. - - 2 2 -
Aniba firmula (Nees & C. Mart.) Mez - - 1

Annona cacans Warm. - - - - 2

Annona dolabripetala Raddi - - 6 - 3
Astrocaryum acul eatissimum (Schott)
Burret 7 5 4 3 7

Bactrisferruginea Burret - - - - 1
Beilschmiedia linharensis Sachiko
Nishida & H.van der Werff

1
Bixa arborea Huber 1
Brosimum glaucum Taub. 3
Brosimum glaziovii Taub. -
Byrsonima cacaophila W.R. Anderson 2
Byrsonima sericea DC. -
Byrsonima stipulacea (Juss.) Nied. - 2 1
Cabralea canjerana (Vell.) Mart. subsp. - - -
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x
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canjerana
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881

Calophyllum brasiliense Cambess.
Calyptranthes lucida var. polyantha
(Berg) C.D.Legrand

Calyptranthes sp.1

Campomanesia espiritosantensis Landrum
Campomanesia guazumifolia (Cambess.)

O.Berg

Carpotroche brasiliensis (Raddi.) A. Gray

Caryodendron grandifolium Pax
Casearia arborea (L.C.Richard) Urban
Casearia commersoniana Cambess.
Casearia decandra Jacq.

Casearia javitensisH.B. & K.

Casearia sp. new

Casearia sp.2

Casearia ulmifolia Vahl. ex Vent.
Cecropia glaziovi Snethl.

Cecropia hololeuca Mig.

Cecropia pachystachya Trécul.
Chrysophyllum januariense Eichler
Chrysophyllum lucentifolium Cronquist
Citharexylum laetum Hiern.

Citronella paniculata (Mart.) Howard
Clarisiailicifolia (Spreng.) Lanj. &

oW

x

X X XX X x

X X X X X X x X

X X x X X X x '

x

xX X !

X X X X X X X

x



Rossb.

Clarisia racemosa Ruiz & Pav.

Coccoloba tenuiflora Lindau
Coccoloba warmingii Meisn
Copaifera langsdorffii Desf.
Copaifera lucens Dwyer
Cordia acutifolia Fresen.

X X X X X X

X X X

6E]
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Cordia ecalyculata Vell.

Cordia magnoliaefolia Cham.

Cordia sp.1

Cordia trichoclada DC.

Couepia schottii Fritsch
Crepidospermum atlanticum D.C. Daly
Cupania bracteosa Radlk.

Cupania cf. scrobiculata L.C. Rich.
Cupania rugosa Radlk.

Cupaniasp.1

Cybianthus brasiliensis (Mez) G.Agostini
Drypetes sp.1

Duguetia chrysocarpa Maas

Ecclinusa ramiflora Mart.
Ephedranthus dimerus J.C. Lopes ,
Chatrou & Mello-Silva

Eschweilera ovata (Cambess.) Miers
Eugenia bahiensisDC

Eugenia batingabranca Sobral
Eugenia beaurepaireana (Kiaersk.)
D.Legrand

Eugenia cf. badia O.Berg
Eugenia cf. tinguyensis Cambess.
Eugenia excelsa O.Berg

Eugenia fluminensis Berg

N W -

= W

~N NN P W N

N

X X X X X X

X x X X X '

X X x X X X X

X X X X X X X X X X

x

X X X X X x

X X

X X X X X

x



Eugeniainvolucrata DC.
Eugenia platyphylla O.Berg

10

0aT
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Eugenia plicatocostata O.Berg

Eugenia prasina O.Berg

Eugenia sp.new

Eugenia subterminalis DC.

Euterpe edulis Mart.

Exellodendron gracile (Kuhlmann) Prance

Ficus gomelleira Kunth & C.D. Bouché
Ficus mariae C.C. Berg, Emygdio &
Carauta

Ficus nymphaeifolia Mill.

Ficus pulchella Schott
Geissospermum laeve (Vell.) Baill.
Glycydendron espiritosantense Kuhim.
Guapira noxia (Netto) Lundell
Guapira opposita (Vell.) Reitz
Guapira venosa (Choisy) Lundell
Guarea aff. juglandiformis Pennington
Guarea penningtoniana Pinheiro
Guatteria australis A.St.-Hil.

Guatteria villosissima A. St.-Hil.

Guettarda angelica Mart. ex Muell. Arg.
Helicostylis tomentosa (Poep. et Endl.)
Rusby

Hirtella hebeclada Moric. ex A. P. DC.
Hymenaea rubriflora Ducke var.
rubriflora

Inga aff. cylindrica (Vell.) Mart.

X X X ¢ X X X X X X X XX X X X x X x X

X %

X X

X X

xX X



Inga capitata Desv.
Inga flagelliformis (Vell.) Mart.
Inga lanceifolia Benth.

Tal
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Inga striata Benth.
Inga subnuda Salzm. ex Benth. subsp.
subnuda

Joannesia princeps Vell.
Lacistema recurvum Schnizl.
Lecythis lanceolata Poir.
Lecythis lurida (Miers) S.A.Mori
Lecythis pisonis Cambess.

Licania belemii Prance
Licania heteromorpha Benth. var.
heteromorpha

Licania kunthiana Hook.f.

Licaria bahiana Kutz
Manilkara elata (Allemao ex Miq. )
Monach.

Manilkara salzmannii (A.DC.) H.J.Lam
Maprounea cf. guianensis Aubl.
Marlierea excoriata Mart.

Marlierea grandifolia O. Berg

Marlierea obversa Legrand.

Marlierea sucrei G.M. Barroso et Peixoto
Matayba guianensis Aubl.

Maytenus cestrifolia Reiss.

Maytenus multiflora Reiss.
Melanopsidium nigrum Colla

Miconia cf. cinnamomifolia (DC.) Naudin
Micropholis gardneriana (A.DC.) Pierre

X X X X s XX



Monilicarpa brasiliana (Banks ex DC.)
Cornejo & lltis
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Mouriri sp.1

Myrcia brasiliensis Kiaersk.

Myrcia fallax DC.

Myrciafollii G.M. Barroso & Peixoto
Myrcialineata (Berg) G.M. Barroso
Myrcia rufipes DC.

Myrciaria aureana Mattos

Naucleopsis oblongifolia (Kuhlm.) Carauta
Neomitranthes langsdorffii (O.Berg) J.R.
Mattos

Ocotea confertiflora (Meisn.) Mez
Ocotea divaricata (Nees & Mart.) Mez
Ocotea glauca (Nees & Mart.) Mez
Ocotea lancifolia (Schott) Mez
Ocotea odorifera (Vell.) Rohwer
Ocotea prolifera (Nees & Mart.) Mez
Ocotea pulchella (Nees) Mez.
Ocotea sp.1

Ormosia nitida VVogel

Oxandra reticulata Maas

Pachira stenopetala Casar.

Parinari parvifolia Sandw.

Pera furfuracea Miill.Arg.

WR PPN
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Pera glabrata (Schott) Baill.
Picramnia ramiflora Planch.
Pliniarenatiana G.M.Barroso & Peixoto

£al
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Polyandrococos caudescens (Mart.) Barb.
Rodr.

Posoqueria latifolia (Rudge) Roem &
Schult.

Pouteria aff. bapeba T.D.Pennington
Pouteria aff. filipes Eyma

Pouteria bangii (Rusby) T.D.Pennington
Pouteria bullata (S.Moore) Baehni
Pouteria cuspidata (A.DC.) Baehni
Pouteria durlandii ( Standl. ) Baehni
Pouteria macrophylla (Lam) Eyma

Pouteria pachycalyx T.D. Penn.
Pouteria venosa subspamazonica
T.D.Pennington

Pradosia lactescens (Vellozo) Radlk.
Protiumbrasiliense (Spreng.) Engl.
Protiumglaziovii Swart

Protium heptaphyllum (Aubl.) Marchand.
Protium warmingianum Marchand
Pseudima frutescens (Aubl.) Radlk.
Pseudoxandra spiritus-sancti Maas

Psidium oblongatum O.Berg
Quararibea penduliflora (A.St.Hil.) K.
Schum.

Randia armata D.C.

Rauvolfia capixabae |I. Koch & Kin.-Gouv.

Rheedia gardneriana Triana & Planch.
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Rinorea bahiensis (Moric.) Kuntze
Rouria sp.

Sapium glandulatum (Vell.) Pax.
Schefflera morototoni (Aubl.) Maguire,
Steyermark & Frodin

Schoepfia brasiliensisA. DC.
Schoepfia obliquifolia Turcz.
Senefeldera multiflora Mart.
Smaruba amara Aubl.

Sparuna reginae (Tul.) A. DC.
Soanea eichleri K. Schum.
Solanum pseudo-quina A.St.-Hil.
Solanum sooretamum Carvalho
Sorocea guilleminiana Gaudich.
Spondias macrocarpa Engl.
Sephanopodium blanchetianum Baill.
Serculia speciosa Ducke

Swartzia apetala Raddi

Swartzia simplex var. continentalis Urban
Syagrus botryophora (Mart.) Mart.
Syzygium cumini (L.) Skeels
Tabernaemontana salzmanni A. DC.
Talisia intermedia Radlk.

Tapirira guianensis Aubl.
Thyrsodium spruceanum Benth.
Trichilia aff. surumuensis C.DC.
Trichilia casaretti C.DC.
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Trichilia lepidota subsp schumanniana
(Harms) T.D.Pennington

cal
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Vatairea heteroptera (Allem.) Ducke ex
de Assis Iglesias

Vataireopsis araroba (Aguiar) Ducke
Virola gardneri (A.DC.) Warb.
Vismia aff. martiana Reichardt.
Vitex orinocensis Kunth

Xylopia ochrantha Mart.

Xylopia sericea A. St.-Hil.
Zanthoxylum acuminatum (Sw.) Sw.

Zollernia modesta A.M.de Carvalho &
R.C.Barneby

w ke

= e

=N A

w
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Table B.2 Total abundance (mean + SD) of tree zaiclispecies for each attribute (fruit type an@ sind seed size) in
the sampled treatments on a Tableland Forest ithaastern Brazil Label: CFi = interior of controtést;
CFe = edge of control forest; CRn = linear remnaontmnected near; CRf = linear remnants connected)ta
= linear remnants unconnected. F=Fleshy fruit; N&rfleshy fruit; For fruit and seed size: S=Smalks

M=Medium size; L=Large size and VL=Very large size

Sampled treatments

CFi CFb CRn CRf uc
Fruit type F 154 (30.8 + 9.34) 131 (26.2 + 7.76) 138 (27.6 £ 10.97 128 (25.6 + 9.66)" 82 (16.4 + 10.76)
NF 60 (12 + 4.74} 64 (12.8 +4.97 67 (13.4 + 8.47} 60 (12 +7.78F 89 (17.8 + 9.65%
S 5(1+1)? 11 (2.2 + 3.35% 9(1.8+1.79} 10 (2 £1.87} 8 (1.6 +1.67%
Fleshy fruit M 63 (12.6 + 5.41% 46 (9.2 + 4.09§ 35 (7 +4.47F 26 (5.2 + 4.09§° 13 (2.6 + 1.95%
size L 49 (9.8 +4.02§ 47 (9.4 +5.41% 69 (13.8 +5.813 91 (18.2  10.94) 43 (8.6 + 8.05%
VL 37 (7.4 £4.39% 27 (5.4 +2.07% 17 (3.4 +2.51%° 9 (1.8 + 1.30f 18 (3.6 + 2.88¥°
S 17 (3.4 +2.79% 15 3+ 2y 12 (2.4 +3.21% 5(1+1) 5(1+1)
Non-flesfy M 19 (3.8 +1.30% 15 (3 + 2.55} 25 (5 + 2.74% 24 (4.8 +5.36} 26 (5.2 + 5.36}
fruit size L 11 (2.2 +0.84f 15 (3 + 1.87§° 11 (2.2+ 2.28} 24 (4.8 £2.49) 14 (2.8 + 1.79}
VL 13 (2.6 + 1.95§° 19 (3.8 +1.92% 21 (4.2+ 4.76% 5(1+1.22f 44 (8.8 +12.3%)
S 92 (18.4 + 6.58§ 73 (14.6 + 6.47% 62 (12.4 + 8.47% 67 (13.4 +9.07} 77 (15.4 + 9.96%
Seedsize M 61 (12.2 + 5.45% 58 (11.6 + 6.19% 90 (18 + 14.71% 88 (17.6 + 7.09} 49 (9.8 + 6.38}
L 37 (7.4 + 3.44% 43 (8.6 + 4.56} 30 (6 + 4.18) 23 (4.6 £ 5.41% 23 (4.6 + 3.58}
VL 24 (4.8 + 3.83§° 21 (42+217%° 23 (4.6 £4.22% 10 (2 + 1.58) 22 (4.4 +3.78§°

Different letter in each line denote significatnesults at p<0.05, obtained throught pairwise caispas.

Lal



Table C.1 Best models results from Generalizegblirmixed models evaluating the influences of stinat features and
structural connectivity on abundance of tree spewith zoochoric dispersion and with different frtype,
size and seed size on a Tableland Forest in s@idieaBrazil. Values inside the brackets shows the
coefficient estimates and standard errors for esmtbcted model. All treatments were considerechésé
analysis.

Structural features of treatments Structural connectivity

Distance to Mean distance Amount of
source to neighbors Amount of native forest
Size Shape fragment fragments native forest around
Abundance of zoochoric
species 0.05 (0.05}y° -5.49 (3.63)° -0.04 (0.08y° -0.04 (0.05y° -0.05 (0.1}° 0.03 (0.19y°
Fruit type

Fleshy fruits 0.10 (0.1 -9.3 (0.06)° -0.13 (0.06y° -0.10 (0.13y - 0.4 (0.11°
Non fleshy fruits -0.03 (0.08) -0.21 (6.17% 0.09 (0.08y - -0.5 (0.26)°

Abundance of species

with different fleshy

fruits size

Small fruits 5.53 (11.0% -0.01 (0.15% 0.06 (0.17y 0.08 (0.02y° -0.2 (0.58)° 0.148 (0.3°
Medium fruits 0.27 (0.08)** - -0.35 (0.01)** -0.2®.08)** - -
Large fruits -0.04 (0.1% -0.65 (8.67y 0.02 (0.11¥ 0.06 (0.11% 0.06 (0.38) 0.15 (0.18y
Very large fruits 0.13 (0.08) -24.4 (6.9)** - - - -0.61 (0.19)**

Abundance of species

with different non-
fleshy fruits size

Small fruits 0.24 (0.14§ -21.14 (11.48y -0.3 (0.17% -0.27 (0.14y - -0.36 (0.3)°
Medium fruits -0.08 (0.13§ 2.35 (10.07¥ 0.94 (0.14y 0.08 (0.13)° -0.52 (0.46) -0.17 (0.3y°

261
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Large fruits -0.006 (0.0%)  5.17 (6.68) 0.09 (0.10)° 0.07 (0.09) 0.02 (0.37°  0.15 (0.18)
Very large fruits 0.03(0.1%)  -0.29 (14.29% - 0.002 (0.19F  -0.66 (0.64°  0.01 (0.39)

Abundance of species
with different seed size

Small seed - -10.9 (5.18) -0.05 (0.09¥° -0.08 (0.07)° -02(0.31°  -0.21 (0.14y
Medium seed -0.02(0.09)  0.73(7.02) -0.02 (0.1° 0.04 (0.09y° 0.31 (0.35)° 0.24 (0.17y
Large seed 0.15(0.1%)  -10.28 (8.54 -0.22 (0.13y -0.19 (0.11° - -0.29 (0.21y
Very large seed 0.08 (0.11)  -6.22(8.89)° -0.08 (0.13)° -0.08 (0.12°  -0.09 (0.45) -0.2 (0.23)°

Significant results at *90.05, ** and g 0.001; ns = not significant result
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Table E.1 Best models results from Generalizedalirmixed models evaluating the influences of stinat features and spatial
arrangement of linear remnants on the abundante®fspecies with zoochoric dispersion and witfed#nt fruit type,
size and seed size on a Tableland Forest in satdraaBrazil. Values inside the brackets showsfimefit estimates
and standard errors for each model. Significantltest * < 0.05, ** and g 0.001; ns = not significant result.

Structural features of linear remnants

Spatial arrangement of linear remnants

Size

Shape

Width

Distance to  Mean distance Amount of
source to neighbors Amount of native
fragment fragments native forest forest around

Abundance of
zoochoric
species 0.3(0.3)
Abundance of
species with
different fruit
__ type
Fleshy fruits 0.4 (0.3§

Non fleshy fruits -
“Table E.1conclusion”

Abundance of
species with
different fleshy
fruits size
Small -

Medium -
Large 0.7 (0.8%
Very large -

-17.3 (8.75)

-16.5 (13)°
-13.5 (18)

-24.3_(1975
-40.3 (239

2.1 (147

-1.9 (1.6}

1.3 (1.2%°
1.93 (1.38)°

0.3 (0.2 -0.7 (0.8%° ; ;
0.2 (0.2)° - -0.4 (0.4 -0.3 (0.4%°

- - 0.7 (0.6)° 0.6 (0.5Y°
-0.2 (0.3)° -0.9 (1° - )
- 2 (1.26%° -0.74 (0.42F  -0.83 (0.53f°
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“Table E.1, conclusion”

Abundance of
species with
different non-
fleshy fruits
size
Small
Medium
Large

Very large

Abundance of

species with
different seed
size

Small
Medium
Large
Very large

- -38 (16.9)*
0.5 (0.4 -
-0.6 (0.6} -

1.4 (1.1
2.7 (16Y°

0.4 (0.3
-0.3 (0.2

-0.6 (0.4)°
0.5 (0.5)°

-0.34 (0.65)

-0.5 (0.4%°
0.4 (0.4
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7.2 Figures
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Figure A.1 The graph showing that the abundanc&e®f zoochoric species was not
influenced by the habitat alteration on the Talmdl&orest in southeastern
Brazil. Equal letter denote no significant reswdtsp<0.05. Label: CFi =

interior of control forest; CFe
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Fragments shape (log)

edge of contrardst; CRn = linear
remnants connected near; CRf = linear remnantsestad far; UC = linear
remnants unconnected.
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Figures B.1 Best models results from Generalizeglali mixed models showing that the
tree zoochoric with small seeds were influencedhigyfragments shape (A)
and linear remnants shape (B) on a Tableland Foresiutheastern Brazil.
All the results were significant akfp.02



