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RESUMO

Para borboletas, tolerancia a matriz pode ser outro critério importante para sua ocorréncia em
paisagens fragmentadas. Aqui nos examinamos os efeitos relativos da fragmentacdo do
habitat e da matriz agricola na composicdo funcional de borboletas frugivoras na Mata
Atlantica do sudeste do Brasil. Modelos lineares generalizados foram utilizados para detectar
os efeitos das métricas da paisagem na riqueza e abundancia de borboletasna assembleia total
e nos grupos funcionais, e estatistica circular tambeém foi utilizado para analisar os padrdes de
abundancia mensal do conjunto total e grupos funcionais nos remanescentes florestais e nas
matrizes circundantes. No total, 650 borboletas representando 57 espécies foram capturados e
a composicdo de espécies diferiu significativamente entre os fragmentos florestais e as
matrizes adjacentes. Foram registradas 23 espécies especialistas de floresta, 18 espécies
tolerantes a matriz e 16 ndo mostraram preferéncias de habitat. A riqueza e a abundancia de
espécies florestais foram mais bem explicadas pela proximidade eo tamanho dos fragmentos
florestais circundantes, enquanto as espécies tolerantes a matriz e generalistas sem preferéncia
de habitat eram particularmente sensiveis a forma do fragmento florestal ea porcentagem de
matrizes em torno, especialmente pastagens. A analise circular revelou que as espécies
florestais estiveram concentradas na estacdo chuvosa (setembro-margo), enquanto que as
espécies tolerantes a matriz estiveram concentradas entre abril e agosto. Alem disso, as
espécies generalistas sem preferéncia de habitat apresentaram menor sazonalidade que as
especialistas. Entretanto mantendo-se a conectividade dos fragmentos florestais pode se
aumentar a mobilidade e a dispersdo de algumas espécies, 0s nossos resultados mostram que
iss0 pode ser importante apenas para 0s especialistas em florestas. No entanto, nossos
resultados sugerem que as recomendacdes de gestdo podem ter impactos diferentes,

dependendo de qual grupo funcional de borboletas frugivoras esta sendo considerado.

Palavras-chave: Assembleias de borboletas. Fragmentacdo do habitat. Mata Atlantica. Matriz

de paisagem.



ABSTRACT

For butterflies, tolerance to the matrix may be another important criterion of habitat
occurrence in fragmented landscapes. Here we examine the relative effects of habitat
fragmentation and agricultural matrix in the surrounding on fruit-feeding butterfly functional
composition in the Atlantic rain forest of southeastern Brazil. Generalized linear models were
used to detect the effects of landscape metrics on butterfly richness and abundance of the total
assemblage and functional groups and circular statistics was used for analyzed the patterns of
monthly abundance of the total assemblage and functional groups in the forest remnants and
the surrounding matrices. In total, 650 butterflies representing 57 species were captured and
species composition differed significantly between the forest fragments and the surrounding
matrices. We recorded 23 forest specialists, 18 matrix-tolerant species and 16 did not show
habitat preferences. Richness and abundance of forests species were best predicted with the
proximity and size of surrounding forest fragments, while matrix-tolerant and generalists
without habitat preference were particularly sensitive to forest fragment shape and the
percentage of surrounding matrices, especially pastures. Circular analysis revealed that forest
specialist species were concentrated in the rainy season (September - March) while matrix-
tolerant species concentrated in April-August. Moreover, generalist without habitat preference
showed lower seasonality than specialists. Although maintaining connectivity of forest
fragments may increase the mobility and dispersion of some species, our results show that it is
important only for forest specialists. However, our results suggest that management
recommendations may have different impacts depending on which functional group of fruit-
butterflies is being considered.

Keywords: Butterfly assemblages. Habitat fragmentation. Landscape matrix. Atlantic forest.
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1 INTRODUCAO

A fragmentacdo € o processo pelo qual uma area grande e de habitat continuo é tanto
reduzida em tamanho quanto dividida em dois ou mais fragmentos (WILCOVE;
MCLELLAN; DOBSON, 1986). A fragmentacdo e a perda de hébitat sdo processos
intimamente relacionados (LAURANCE; BIERREGAARD, 1997). A alteracdo da cobertura
do solo produz, além da perda direta de habitat, a reducdo no tamanho das populacdes e o
aumento na distancia entre os fragmentos, efeito que dificulta o intercdmbio de individuos ou

a reposicao por recolonizacéo de eventuais extingdes (TURNER, 1996).

O estudo da fragmentacdo tem suas raizes na classica Teoria da Biogeografia de Ilhas,
que prevé que espécies de ocorréncias no interior dos fragmentos séo reguladas por dinamica
de colonizacdo-extingdo (MACARTHUR; WILSON, 1967). Vérios estudos tém fornecido
evidéncias de que o tamanho das "ilhas" dentro de uma exploracdo agricola ou matriz de
pastagem esta relacionado tanto com probabilidades de extingcdo e a taxa de emigracdo de
muitos taxa (THOMAS et al., 1998).

O complexo mosaico de tipos de vegetacdo que se situa entre fragmentos de floresta é
conhecido como “matriz” (RICKETTS, 2001). A abordagem classica derivada da Teoria da
Biogeografia de lIlhas e Metapopulacfes que lida com os efeitos do tamanho e da
configuracdo espacial dos fragmentos florestais e riqueza de espécies (MACARTHUR;
WILSON, 1967; HANSKI, 1999), esta sendo complementada por um crescente interesse em
avaliar a importancia da matriz agricola para a conservacao de espécies florestais (HORNER-
DEVINE; DAILY; EHRLICH, 2003).

A matriz pode interagir com os tragcos especificos da espécie e modificar as suas
respostas a fragmentacdo do habitat (BENDER; FAHRING, 2005). Matrizes que sao
estruturalmente semelhantes ao fragmento facilitam os movimentos individuais e aumentam a
conectividade entre os fragmentos (RICKETTS, 2001). Para as espécies que habitam a
floresta, as matrizes de alta qualidade sdo definidas como habitats estruturalmente complexos,
que oferecem ambientes microclimaticos, refugios, ou recursos alimentares similares aos da
floresta (PERFECTO; VANDERMEER, 2002).

A fragmentacdo afeta de diferentes maneiras os invertebrados. Diversos trabalhos
mostram alteracfes na composi¢cdo de espécies em diferentes grupos de insetos (UEHARA-
PRADO; BROWN JR.; FREITAS,2005;CAIRNS et al.,2005). Esta alteracdo geralmente
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beneficia organismos generalistas/oportunistas em detrimento dos organismos especialistas. A
fragmentacdo florestal também leva a uma diminuigdo da riqueza e da diversidade de alguns
grupos de insetos nativos e facilita a invaséo de insetos oportunistas vindos de outros sistemas
(SHAHABUDDIN; PONTE, 2005).

Alguns trabalhos mostraram que a riqueza, a diversidade e a composicdo da
comunidade de borboletas frugivoras podem ser afetadas pela fragmentacdo
(SHAHABUDDIN; PONTE, 2005). Além disso, as caracteristicas da vegetacdo e a
permeabilidade da matriz s&o fatores que estdo correlacionados com a distribuicdo de
borboletas (SHAHABUDDIN; TERBORGH, 1999; UEHARA-PRADO; BROWN JR;
FREITAS, 2005). O conhecimento dos efeitos da heterogeneidade de habitats e o arranjo
espacial das espécies sdo essenciais para a compreensao do papel das interacGes entre espécies

na prestacdo de servicos dos ecossistemas em agroecossistemas (DIEKOTERet al., 2007).

1.1 FlorestaMata Atlantica Brasileira

A Mata Atlantica brasileira € um dos 34 hotspotsmundiais, sendo uma area prioritaria
para conservacdo (HERINGER; MONTENEGRO, 2000). Estas areas sdo compostas por um
mosaico de biodiversidade e abrigam mais de 60% de todas as espécies terrestres do planeta.
Extremamente heterogénea em sua composicdo, a Mata Atlantica estende-se de 4° a 32°S e
cobre um amplo rol de zonas climaticas e formacbes vegetacionais, de tropicais a
subtropicais. A elevacdo vai do nivel do mar até 2.900m, com mudancas abruptas no tipo e
profundidade dos solos e na temperatura média do ar (MANTOVANI, 2003). Variacdes
longitudinais sdo igualmente marcantes. Quanto mais interioranas, mais sazonais tornam-se as
florestas, com indices de pluviosidade caindo de 4000 mm a 1000 mm em algumas areas da
Serra do Mar (OLIVEIRA-FILHO; FONTES, 2000; MANTOVANI, 2003).

O bioma Mata Atlantica é composto por formacdes florestais bem distintas, incluindo
a floresta ombrofila do litoral (Serra do Mar), a floresta semidecidua do planalto, a floresta
com araucaria dos estados sulinos, manguezais, restingas e campos de altitudes. As
caracteristicas topogréaficas da Mata Atlantica foram fundamentais para o desenvolvimento da
sua fauna e flora. A precipitacdo abundante e continua, junto com a alta incidéncia solar,
tipica das regibes subtropicais, cria as condicOes ideias para a proliferacéo e diversificagdo da
vegetacdo (TONHASCA, 2005). A diversidade de habitats promove a diversificagdo das
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comunidades vegetais e de recursos disponiveis para a fauna, contribuindo para a excepcional

riqueza de espécies vegetais e animais (TUOMISTO et al., 1995).

Nas ultimas décadas, o reconhecimento da importancia e da fragilidade da Mata
Atléantica cresceu timidamente junto a sociedade brasileira. Apesar de ser protegido pela
Constituicdo, o bioma continua a ser devastado devido a especulagdo imobiliaria, extracdo
ilegal de madeira e atividades agropecuarias (FONSECA, 1985). Cerca de metade da
populacéo brasileira vive em areas originalmente cobertas pela Mata Atlantica (COUTINHO,
2001). O crescimento urbano desordenado e geralmente ilegal tem diminuido ainda mais as
areas de cobertura florestal, gerando um grande impacto ambiental (CARRANCAS, 2001).
Apos séculos de desmatamento, restam menos de 10% da floresta original, a qual cobria cerca
de 12% do territorio brasileiro (FUNDACAO SOS MATA ATLANTICA, 2008).

A dizimacdo da Mata Atlantica brasileira € um dos problemas de conservagdo mais
alarmantes no mundo (MORI; BOOM; PRANCE, 1981; TERBORGH, 1992; VIANA;
TABANEZ; BATISTA, 1997). A destruicdo da floresta resultou na eliminacdo de varias
populacdes de organismos, e, potencialmente, na perda da diversidade genética de varias
espécies (BROWN JR.; BROWN, 1992). Baseada na destruicdo quase total do bioma e no
elevado numero de espécies endémicas especializadas para 0 ambiente de floresta € razoavel
supor que muitas espécies ja foram extintas antes de serem descritas, e que muitos outros vao

desaparecer em breve.

Diante desse cenario atual extremamente fragmentado e dindmico da Mata Atlantica, a
importancia dos ultimos grandes remanescentes florestais aumenta exponencialmente, e sua
gestdo deve ser cuidadosamente projetada e sua transformacgdo em reservas naturais deve ser
cuidadosamente considerada. Cada remanescente possui um importante papel para a
conservacdo das espécies. As diferencas claras na quantidade de floresta nos remanescente e
como eles sdo organizados em cada sub-regido devem ser considerados no planejamento de
conservacdo da biodiversidade (TONHASCA, 2005).

1.2 Fragmentacéo

As atividades humanas vém transformando os ambientes naturais a muitos séculos, de
modo que a maior parte dos sistemas apresenta-se hoje alterada ou com diferentes graus de
fragmentacdo (DEAN, 1997). A fragmentacdo é o processo pelo qual uma area grande e de

habitat continuo é tanto reduzida em tamanho quanto dividida em duas ou mais partes
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(WILCOVE; MCLELLAN; DOBSON,1986). Esses habitats que anteriormente ocupavam
grandes areas sdo divididos em pequenos pedacos por estradas, campos, cidades e um grande
ndmero de outras atividades humanas (PRIMACK; RODRIGUES, 2001).

O estudo de fragmentacao tem suas raizes na classica Teoria da Biogeografia de Ilhas,
que prevé que espécies de ocorréncias no interior dos fragmentos séo reguladas por dinamica
de colonizacdo-extincdo (MACARTHUR; WILSON, 1967). Vérios estudos tém fornecido
evidéncias de que o tamanho das "ilhas" dentro de uma exploragdo agricola ou matriz de
pastagem esté relacionado tanto com probabilidades de extingdo e a taxa de emigracdo de
muitos taxa (THOMAS et al., 1998). Desenvolvimentos tedricos em Teoria Espacial
(FORMAN, 1997) e Macroecologia (GASTON; BLACKBURN, 2000) substituiram a Teoria
da Biogeografia de Ilhas em 1980 por Ecologia da Paisagem, com um novo foco sobre o
arranjo espacial de fragmentos e da estrutura da matriz (LAURANCE; COCHRANE, 2001;
HAILA, 2002).

No entanto, os principios basicos da Teoria da Biogeografia de llhas continuam a ser
relevantes para a fragmentacao, e a recente teoria tem que superar algumas das deficiéncias do
classico modelo de paisagem, incorporando principios ecologicos (HANSKI;
GYLLENBURG, 1997; POLIS; ANDERSON; HOLT, 1997). A Teoria da Biogeografia de
Ilha também prediz que a diversidade e a abundancia de organismos nas “ilhas” dependem da
area e da distancia entre as “ilhas” (WU; VANKAT, 1995; COOK et al., 2002). Em ambientes
fragmentados a area terrestre e o isolamento sdo varidveis chaves na determinacdo da
populacdo e da comunidade de organismos (HANSKI, 1999; STEFFAN-DEWENTER,
2003). Assim, a fragmentacdo influéncia negativamente a biota nativa e € uma das principais
causas de perda de biodiversidade em florestas tropicais e temperadas (SAUNDERS;
HOBBS; MARGULES, 1991; TABARELLI; MANTOVANI; PERES, 1999).

Dada a proporcéo cada vez maior de florestas que existem em um estado fragmentado,
uma questdo importante a considerar € o grau em que pequenos fragmentos contribuem para a
preservacdo das comunidades bioldgicas tipicas da floresta original. Fragmentos pequenos
provavelmente diferem marcadamente na composicdo da floresta original (TABARELLI;
MANTOVANI; PERES, 1999), e na riqueza de espécies (TURNER; CORLETT, 1996).
Além do isolamento e da reducdo de habitat, o processo de fragmentacéo florestal produz um
aumento do microhabitat de borda. Este aumento leva a gradual perda de diversidade devido a
alteracdes abiotica e biodticas fazendo com que remanescentes florestais ndo comportem a

mesma diversidade que habitats continuos.
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A fragmentacdo e perda do habitat sdo processos intimamente relacionados
(LAURANCE; BIERREGAARD, 1997). A alteracdo da cobertura do solo produz, além da
perda direta de habitat, a reducdo no tamanho das populagdes e aumento na distancia entre os
fragmentos, efeito que dificulta o intercambio de individuos ou a reposicao por recolonizardo
de eventuais extingdes (TURNER, 1996). Pequenos fragmentos podem ndo possuir condigdes
tipicas de interior de mata, e como resultado podem sofrer mudancas dramaticas na
composicdo natural de espécies (FONSECA; ROBINSON, 1990; LAURANCE, 1994;
STEVENS; HUSBAND, 1998; YANER, 1998).

A fragmentacdo também muda as condicOes fisicas através de efeitos de borda, sendo
que a proporcao de borda é inversamente proporcional ao tamanho do fragmento. A borda é
fisicamente diferente do habitat no interior, diferindo no microclima, na incidéncia de
radiacéo solar, umidade e padréo do vento, que s@o importantes para sobrevivéncia de muitos
organismos (LAURANCE, 1994). A borda da mata pode ser considerada um microhabitat
transicional entre os ecossistemas florestal e o adjacente, cuja criacdo pode induzir a
alteracdes microclimaticas (KAPOS, 1989; MALCOM, 1994; CAMARGO; KAPOS, 1995;
JOSE et al., 1996; KAPOS et al., 1997; BALDI, 1999; COPPLESTONE; JOHNSON;
JONES,2000), causando aumentos na mortalidade de arvores (LAURANCE et al., 1998;
2000), na densidade arborea (WILLIAMS-LINERA, 1990), no desenvolvimento vegetal e na
invasdo de espécies exoticas (BROTHERS; SPINGARN, 1992; MURCIA, 1995) e
diminuicdo do recrutamento de plantulas (WAHUNGU; CATTERALL; OLSEN,2002).
Formando assim um microhabitat antrépico, distinto dos florestais, com diferente composi¢éo
de espécies e estrutura da vegetacdo (LOVEJOY et al., 1986; LAURANCE, 1991; BROWN
JR.; HUTCHINGS, 1997).

Com o tempo, estas alteracbes podem afetar drasticamente os processos ecoldgicos
como polinizacdo, predacdo, comportamento territorial e habitos alimentares (LOVEJOY et
al., 1986; LAURANCE, 1991; RESTREPO; GOMEZ, 1999) levando a perda da diversidade
de plantas e animais. Consequentemente fragmentos pequenos possuem maior proporcao de
ambiente alterado, e assim, espécies vegetais e animais que dependem das condicdes
exclusivas do interior da mata perdem seus habitats pela expansdo da borda ao interior do
remanescente (STEVENS; HUSBAND, 1998).

Como resultados destas alteracBes, os ecossistemas fragmentados geralmente ndo
suportam comunidades de espécies encontradas no ecossistema intacto (LOVEJOY et al.,
1984). Por isso a compreensao dos processos ecoldgicos pode trazer informagdes importantes

e fundamentais para 0 manejo de espécies florestais e recuperagédo de areas degradadas.
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1.3 Matriz

O complexo mosaico de tipos de vegetacdo que se situa entre fragmentos de floresta é
conhecido como “matriz” (RICKETTS, 2001). A abordagem classica derivada da Teoria da
Biogeografia de lIlhas e Metapopulagdes que lida com os efeitos do tamanho e da
configuracdo espacial dos fragmentos florestais e riqueza de espécies (MAC ARTHUR;
WILSON, 1967; HANSKI, 1999), est4 sendo complementada por um crescente interesse em
avaliar a importancia da matriz agricola para a conservacdo de espécies florestais (HORNER-
DEVINE; DAILY; EHRLICH, 2003).

Em ambientes terrestres o tamanho das manchas e o isolamento séo varidveis-chave na
determinacdo da populacdo e processos ao nivel da comunidade (STEFFAN-DEWENTER,
2003). A matriz pode interagir com os tracos especificos da espécie e modificar as suas
respostas a fragmentacdo do habitat (LOMOLINO; PERAULT, 2001; BENDER; FAHRING,
2005). Assim, a matriz em torno dos fragmentos pode ser uma parte importante do ambiente
de um organismo. O tipo adequado de matriz varia para diferentes organismos, dependendo
da area, do ambiente abiotico, estrutura do habitat, e da composicao de especies (FORMAN;
GODRON, 1986; WIENS, 1997).

O ajuste da classica Teoria de Biogeografia de llhas para o contexto do continente faz
com que este modelo seja uma ferramenta Util para avaliar os efeitos do tipo de matriz, assim
0 isolamento pode agora ser visto ndo s6 em termos de distancia, mas também com relagéo a
qualidade da matriz. Suporte tedricos e os modelos de Malanson (2003) e Bender & Fahrig
(2005) sugerem que a colonizacao e a dispersdo dos taxa nos fragmentos estdo relacionadas
com a estrutura da matriz. Evidéncias empiricas que demonstram a importancia da
permeabilidade da matriz para as taxas de colonizacdo nos fragmentos vem de estudos com
vertebrados (VERBEYLEN et al., 2003) e invertebrados (CHARDON, ADRIAENSEN &
MATTHYSEN, 2003).

H& um consenso emergente de que as comunidades em fragmentos, mesmo
fragmentos muito grandes, sdo profundamente influenciadas pela qualidade da matriz
circundante (GASCON; LOVEJOY, 1998; FAHRIG, 2001; BROTONS; MONKKONEN;
MARTIN, 2003; JULES; SHAHANI, 2003; LOMOLINO; SMITH, 2003; RODEWALD,
2003; CARROLL et al., 2004; GRAY, SMITH; LAYVA, 2004; FISCHER et al., 2005;
MURPHY; LOVETT- DOUST, 2004; WETHERED; LAWES, 2005). Os efeitos negativos
do isolamento sdo reduzidos com o aumento da qualidade da matriz (CARROLL et al.,2004),

aumentando a permeabilidade da matriz para potenciais colonizag6es e reduzindo as taxas de
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extinggo nos fragmentos (MARZLUFF;, EWING, 2001; RICKETTS, 2001;
ANTONGIOVANNI; METZGER, 2005; BERRY et al., 2005).

Matrizes que séo estruturalmente semelhantes ao fragmento facilitam os movimentos
individuais e aumentam a conectividade entre os fragmentos (RICKETTS, 2001). Para as
espécies que habitam a floresta, as matrizes de alta qualidade sdo definidas como héabitats
estruturalmente complexos, que oferecem ambientes microclimaticos, refugios, ou recursos
alimentares similares aos da floresta (PERFECTO; VANDERMEER, 2002). A matriz pode
ser usada como uma rota de dispersdo ou como um habitat que proporciona recursos
alternativos ou complementares. Perfecto e Vandermeer (2002) desmonstraram em seus
estudos que uma matriz agricola mais parecida com o remanescente de floresta mantém uma
maior diversidade de formigas do que matrizes menos semelhantes. Em outras palavras, se a
matriz mantem um elevado grau de semelhanca estrutural com os fragmentos, entdo a matriz
tende a apoiar uma maior riqueza de espécies em relacdo as outras matrizes com menor
semelhanca estrutural.

Por outro lado, a evidéncia direta da capacidade de migracdo dos organismos através
dos diferentes tipos de matrizes € mais escassa. Castellon e Seiving (2006), por exemplo,
relataram que as aves de sub-bosque preferem percorrer matrizes de arbustos ou corredores,
ao invés de pastagens. Para os invertebrados, a maioria dos melhores dados que mostram
como o tipo de matriz influencia a migragéo entre os fragmentos de vegetacdo foram obtidos
para as borboletas (HADDAD, 1999; ROLAND; KEYGHOBADI;FOWNES,2000;
RICKETTS, 2001; RIES; DEBINSKI, 2001; KRAUSS; STEFFAN-DEWENTER;
TSCHARNTKE, 2003).

A matriz pode ser importante na evolucao da dindmica do fragmento por varias razdes.
Primeiro, a matriz, muitas vezes, atua como um filtro seletivo (ndo como uma barreira
absoluta) para os movimentos de espécies entre os fragmentos. O tipo de vegetacdo da matriz
ird determinar o tamanho dos poros do filtro para 0s movimentos de individuos. Uma floresta
secundaria, por exemplo, seria analoga a um filtro com grandes poros que permite mais
movimento da fauna devido a sua similaridade estrutural com a floresta primaria, enquanto
uma matriz do tipo pastagem teria pequenos poros gque impedem o movimento de alguns
organismos (MALCOLM, 1991).

Se esta analogia com um filtro for correta, seria de esperar um aumento gradual na
riqgueza de espécies, pelo menos daquelas associadas com o habitat primario, a partir dos
menores poros (como pastagem) para 0s habitats com maiores poros (como crescimento

secundario). Para as espécies florestais esperasse que ocorra uma variagdo quanto aos
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requisitos para o tamanho dos poros, espécies que toleram menores poros seram mais capazes
de persistirem em remanescentes florestais (LAURANCE, 1990; 1991; 1994).

A qualidade da matriz agricola tem implicacbes importantes na riqueza de espécies,
dispersdo e servicos dos ecossistemas. Muitos trabalhos compararam a biodiversidade em
diferentes tipos de sistemas agricolas (por exemplo, sombra e sol, cacau, café, pastagem), e 0s
resultados desses estudos mostram que as areas com vegetacdo que mimetizam os fragmentos
florestais geralmente tém maior riqueza de espécies (LUCK; DAILY, 2003; PERFECTO et.
al., 2007; PHILPOTT et al., 2008).

Os efeitos da matriz sdo importantes para compreender 0s movimentos individuais e a
dindmica de populacbes nos fragmentos distribuidos (WIENS, 1994; PITHER; TAYLOR,
1998; RICKETTS, 2001; TISCHENDORF; FAHRIG, 2001; HAYNES; CRONIN, 2003;
SCHOOLEY; WIENS, 2004; FAHRING, 2007). Portanto, o conhecimento dos efeitos da
heterogeneidade de habitats e o arranjo espacial das espécies sdo essenciais para a
compreensdo do papel das interacGes entre espécies na prestacao de servigos dos ecossistemas
em agroecossistemas (DIEKOTER et al., 2007).

1.4 O efeito da fragmentacdo na fauna

Embora geralmente observemos um declinio na biodiversidade global quando uma
grande area de habitat é particionada em fragmentos, algumas espécies tornam-se mais
abundantes apos a fragmentacdo. As espécies que se beneficiam sdo tipicamente aquelas
especializadas em viver em ecdtonos, entre dois tipos de habitat. Mesmo que alguns animais
ndo sejam afetados ou possam ser favorecidos por estas condigdes (DEBINSKI; HOLT,
2000), a abundancia de diversos grupos € significativamente reduzida em fragmentos
(BIERREGAARD et al., 2001), j& que muitas espécies sdo sensiveis a estrutura da vegetacao
e ao seu microclima (LEVEY, 1988).

Laurance e Bierregaard (1997) fizeram uma busca dos trabalhos tedricos e aplicados
sobre o assunto e concluiram que, de modo geral, espécie com densidade populacional e
capacidade de dispersdo baixas possuem maior probabilidade de desaparecerem em
fragmentos, assim como as espécies mais sensiveis a distlrbios. Espécies naturalmente
sujeitas a grandes flutuacdes populacionais também possuem maiores riscos de extincao local
(SIMBERLOFF, 1986). Animais como as antas e onc¢as que sdo mamiferos de grande porte,
sd0 mais vulnerdveis por necessitarem de extensas areas de forrageamento
(ROBINSON;REDFORD, 1986). Tabarelli, Mantovani e Peres (1999) relataram o declinio da
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densidade de lauraceas, mirtaceas, rubiaceas e sapotaceas em fragmentos de Mata Atlantica.
Os frutos dessas plantas sdo importantes na dieta de diversos animais e aves, sendo assim
pode-se esperar que os riscos de extingdo local de frugivoros por falta de alimento sejam mais
acentuados.

Muitas espécies de aves e de outros animais ndo ingressam em &reas abertas, com a
fragmentacdo suas populacfes acabam ficando isoladas, mesmo quando 0s remanescentes
florestais sdo préximos entre si (TURNER, 1996). Alguns mamiferos de pequeno porte
encontrados na Mata Atlantica podem se deslocar por até 1 km entre fragmentos, mas outras
espécies exibem pouca ou nenhuma movimentacdo (PIRES et al., 2002). Existem alguns
casos onde apenas 0s machos transitam entre os fragmentos, o que pode gerar um desvio na
razdo sexual das populagdes isoladas (FERNANDEZ; BARROS; SANDINO, 2003). O que
faz com que essas populacdes sejam muito vulneraveis a flutuacbes demogréaficas aleatdrias
aumentando o risco de extingdo (RALLS; BALLOU, 1983). Como a diversidade genética
esta associada ao numero de individuos (FRANKHAM, 1995), o isolamento provocado pela
fragmentacdo pode reduzir a heterozigose e tornar as popula¢fes inviaveis a longo prazo
(ALLENDOREF; LEARY, 1986).

Quando as ameacas de extingdo vém de perdas de habitat, a estratégia de conservacgao
é relativamente direta: 0 habitat precisa ser preservado. Mas isso pode ser dispendioso e
politicamente dificil de conseguir. E também impraticavel desenvolver uma estratégia de
conservacdo para todas as espécies, e 0 bem-estar da maioria necessariamente dependera dos
esforcos de conservacdo dirigidos para umas poucas dessas espécies, mais notaveise
criticamente ameacadas. A medida que a preservacio de habitat se tornar mais e mais o foco
dos esforcos de conservacao, torna-se especialmente importante identificar os habitats que sao
mais criticos para manter a diversidade de espécies como um todo e determinar a area
daqueles habitats exigida para manter populacdes minimas vidveis da maioria das espécies
(RICKLEFS, 2011).

1.5 Insetos

Estima-se que existam entre 5 e 10 milhes de espécies de insetos (GASTON, 1991), o
que faz destes artropodes de longe o principal componente da biodiversidade do planeta. Eles
ocupam os mais variados habitats, sendo os principais consumidores e decompositores dos
ecossistemas terrestres (WILSON, 1987) e representam o mais importante recurso alimentar

para diversos animais de diferentes grupos taxonémicos (MAJER, 1987). Mais da metade das
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espécies de péssaros e morcegos e entre 30 e 40% dos outros mamiferos nas florestas
neotropicais sdo insetivoros (MALCOM, 1997). Nesses ecossistemas, 0s insetos sdo ainda
vitais como agentes polinizadores e predadores de sementes.

Segundo Bawa (1990), cerca de 90% das espécies de plantas que produzem flores nas
florestas tropicais sdo polinizadas por animais, principalmente insetos. As abelhas em geral
polinizam o maior nimero de espécies, principalmente das arvores localizadas no estrato
superior da floresta. Borboletas, mariposas, besouros, vespas e moscas S80 Outros grupos
importantes (BAWA, 1990; KRESS; BEACH, 1994). Os insetos possuem uma excepcional
capacidade de localizar plantas em baixas densidades, o que tornar a polinizacdo muito
eficiente (FRANKIE, 1976) podendo assim compensar os efeitos negativos da fragmentacao
florestal.

Os insetos sdo os principais herbivoros das florestas tropicais, consumindo entre 8 e
12% de toda matéria verde (a0 passo que o consumo dos vertebrados ndo passa de 3%)
(LEIGH, 1975; GOLLEY, 1983). Porém o impacto causado pelos insetos é provavelmente
subestimado, j& que as espécies sugadoras de seivas, extremamente abundantes na copa das
arvores, geralmente ndo consideradas nas avaliacbes de herbivoria (JANZEN, 1983).
Cigarras, pulg@es, cochonilhas e outros insetos sugadores removem quantidades significativas
de nitrogénio, carboidratos e agua das arvores, além de serem importantes no controle de
vetores de doencas (DAVIDSON et al., 2003).

Estudos e varidveis envolvidas demonstram uma grande complexidade envolvida nas
relacBes entre espécies na floresta neotropical. Organismos que a primeira vista poderiam ser
considerados irrelevantes podem ser cruciais para o funcionamento dos mecanismos das
florestas. Pode-se esperar que estudos futuros, especialmente na Mata Atlantica, revelaram

associagdes intrincadas e igualmente importantes.

1.6 Ordem Lepiddptera

A ordem Lepiddptera constitui um grupo de insetos muito diversificado e bem
sucedido ecologicamente. As mariposas representam a grande maioria dos insetos desta
ordem, com cerca de 127.000 espécies descritas, distribuidas em 25 superfamilias. Ja as
borboletas, apresentam cerca de 19.000 espécies descritas, distribuidas em duas superfamilias:
Hesperioidea e Papilionoidea (HEPPNER, 1991; BROWN JR.; FREITAS, 1999).

Sédo insetos terrestres e holometabolos (metamorfose completa), em geral mastigadores

de material vegetal no estagio larval e sugadores de liquidos (néctar, seiva, agua enriguecida,
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material organico em putrefacdo) na fase adulta. Estdo presentes em todos 0s ecossistemas
terrestres, com adaptacOes especiais para viver em desertos (formas de diapausa profunda,
geralmente na pupa, que pode esperar anos até eclodir), regides articas (estocagem de
anticongelantes na hemolinfa) e florestas tropicais com pressdo exagerada de patdgenos,
predadores e parasitoides (diferentes sindromes de camuflagem, construcdo de abrigos,
atividade noturna, espordes nas pernas e altas concentragdes externas e internas de substancias
quimicas amargas ou venenosas) (BROWN; FREITAS, 1999).

Em ambientes ndo perturbados, as larvas e os adultos sdo encontrados em qualquer
época do ano, ocupando as mesmas plantas-hospedeiras no mesmo microhabitat (territério,
area de vida, ou espaco de procura de recursos, inclusive parceiro). Quanto mais instavel,
imprevisivel ou ciclico seja 0 ambiente, ou mais variavel seja a densidade da subpopulacéo,
mais aberta e fluida esta fica, com muitas adaptacdes para procurar, encontrar, reconhecer e
colonizar novos ambientes (BROWN; FREITAS, 1999).

Especialmente em ambientes complexos e variaveis (como a Mata Atlantica), o
“empacotamento” de populacbes de diferentes espécies em pequenos nichos é muito fino,
sendo a instabilidade local das subpopulac@es bastante alta. Isso faz com que as comunidades
de lepiddpteros estejam sempre em fluxo, tipicamente com até a metade das espécies locais
tendo presenca erratica, muito dificil de verna fase adulta (a mais evidente e visivel)
(BROWN; FREITAS, 1999).

A recomposicdo comunitaria de lepidopteros apos perturbacdo natural é rapida e
complexa, acompanhando as séries sucessionais das plantas-hospedeiras. Por outro lado, em
ambientes profundamente alterados, antropicos ou poluidos, a vasta maioria das espécies de
Lepiddptera desaparece por completo, deixando umas poucas “pragas” resistentes, adaptaveis
ou colonizadoras, que podem atingir densidades populacionais muito altas. Isto retarda ou
inibe a sucessdo vegetal e animal, eventualmente levando a um sistema muito empobrecido,

que torna a recuperacdo da comunidade original impraticavel (BROWN; FREITAS, 1999).

1.7 Borboletas

O termo popular borboleta refere-se aqueles lepidopteros de habitos diurnos e
crepusculares, com representantes distribuidos em seis familias: Hesperiidae, Papilionidae,
Pieridae, Lycaenidae, Riodinidae e Nymphalidae (WAHLBERG et al., 2005).As borboletas
sdo normalmente divididas em duas guildas, segundo os habitos alimentares dos adultos

(DEVRIES, 1987): nectarivoras e frugivoras. As nectarivoras, que se alimentam de néctar
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durante a vida adulta, incluem a maior parte das espécies de Papilionidae, Lycaenidae,
Riodinidae, e a maioria dos Nymphalidae (DEVRIES, 1987). As frugivoras, que obtém a
maior parte de seus nutrientes de frutas fermentadas e seiva de plantas, sdo representadas na
regido neotropical principalmente pela linhagem satiroide de Nymphalidae (FREITAS;
BROWN JR., 2004): representada pelas subfamilias Satyrinae, Brassolinae, Morphinae,
Charaxinae e Biblidinae), e pela tribo Coeini (Nymphalinae).

No Brasil, existem aproximadamente entre 3.130 e 3.300 espécies descritas de
borboletas (BECCALONI; GASTON, 1995; BROWN JR.; FREITAS, 1999). Por ter sua
sistematica relativamente bem conhecida, as borboletas sdo objetos de investigagdo em
diversos estudos bioldgicos, dentre eles: interacdes inseto-planta, conservacdo de habitats
naturais, variabilidade genética em populacdes, biogeografia e uso como bioindicadores, entre
outros (BROWN JR.; FREITAS, 1999). As borboletas estdo envolvidas em muitas interacdes
ecoldgicas dentro das comunidades a que pertencem, destacando-se as mutualisticas
(polinizagéo) e de predacgéo (herbivoria), dentre outras. Elas ainda servem como modelo para
pesquisas de ecologia de populacdes e comportamento (pela facilidade de marcagéo nas asas);
genética da selecdo natural e em processos basicos como: alimentacdo, parasitismo,
competicdo e predacdo (identificacdo de substdncias toxicas presentes, camuflagem e
mimetismo) (BOGGS; WATT; EHRLICH, 2003). Por possuirem representantes com
tamanho grande, coloridos e de facil visualizacdo, as borboletas podem ser usadas como
espécies “bandeiras” para a conservagdo e indicadores para monitoramento ambiental.
Destaca-se também o fato de serem comuns no ano inteiro, apresentarem grande diversidade,
facilidade de amostragem e identificacdo, ciclos de vida pequenos e facilidade de criagdo em
laboratério (BROWN JR.; FREITAS, 1999).

A regido da Mata Atlantica possui uma fauna de borboletas muito diversa,
representando cerca de 2/3 das espécies brasileiras, muitas das quais sdo raras e dificeis de
encontrar (BROWN JR., 1996). Ao contrario da maioria das espécies da Floresta Amazonica,
cujos habitats permanecem relativamente integros, grande parte das populagdes de borboletas
da Mata Atlantica encontra-se hoje em fragmentos menores que 1.000 ha (BROWN JR.,
1996; BROWN JR.; FREITAS, 2000a; b). Nesses ambientes complexos e variaveis, a
instabilidade local das populacdes ¢ muito alta fazendo com que as comunidades de
borboletas estejam sempre em fluxo, tipicamente com até metade das espécies locais tendo
presenca erratica nos fragmentos menores (BROWN JR.; FREITAS, 1999; 2000b; 2002).

A diversidade de borboletas (mais do que a riqueza) esta significativamente

correlacionada tanto com a area de mata como seu grau de isolamento (BAZ; BOYERO,
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1995). As diferengcas na diversidade entre habitats podem ser atribuidas a variedade de
condi¢des apropriadas para as borboletas, o que inclui fonte de néctar, agua, lama e incidéncia
de luz solar (BROWN JR.; HUTCHINGS, 1997), além da conectividade entre areas de mata e
jardins cultivados (BROWN JR.; FREITAS, 2002).

Para as borboletas, a fragmentacao ocasiona mudancas na area, qualidade e quantidade
de habitats, e aumenta a distancia entre habitats semelhantes. Quando menos intensa, a
fragmentagdo resulta em um mosaico de ambientes e, consequentemente, numa grande
heterogeneidade, com aparente aumento da diversidade total devido ao aumento do nimero de
espécies de estagios sucessionais iniciais, mas com perda de espécies climax e da diversidade
genética (BROWN JR., 1991). No entanto, muitos grupos de borboletas aparentam ser
resistentes aos efeitos da fragmentagdo (LEWIS, 2001), possuindo popula¢des viaveis mesmo
em pequenos fragmentos localizados em matriz urbana (BROWN JR.; FREITAS, 2002).

Alguns trabalhos mostraram que a fragmentacéo pode afetar a riqueza, a diversidade e a
composicdo da comunidade de borboletas frugivoras (HORNER-DEVINE; DAILY;
EHRLICH, 2003; VEDDELER et al.,2005; SHAHABUDDIN; PONTE, 2005). Componentes
desta fragmentacdo como o grau de isolamento e o tamanho do fragmento afetam a
assembléia de borboletas frugivoras (VEDDELER et al.,2005). Além disso, as caracteristicas
da vegetacdo e a permeabilidade da matriz sdo fatores que estdo correlacionados com a
distribuicdo de borboletas (SHAHABUDDIN; TERBORGH, 1999; RAMOS, 2000;
UEHARA-PRADO; BROWN JR.; FREITAS, 2005).

Trabalhando em um sistema tropical bastante antropizado na Indonésia, Veddeler et
al.(2005) encontraram uma riqueza de 33 espécies, nimero bem préximo ao encontrado por
Fortunato e Ruszczyk (1997) em parques urbanos de Minas Gerais (36 espécies). Hamer et
al.(2003) e Schulze, Linsenmair e Fiedler,(2001) trabalhando em florestas de Borneo
encontraram uma riqueza de 53 espécies de borboletas frugivoras. Trés trabalhos realizados
na bacia do Amazonas encontraram diferentes riquezas de borboletas frugivoras. DeVries e
Walla (2001) capturaram 128 espécies na reserva La Selva Lodge, Equador, enquanto Ramos
(2000) trabalhando em fragmentos florestais registrou uma riqueza de 90 espécies e
Shahabuddin e Terborgh (1999) amostraram 41 espécies na Venezuela. Apesar destes
trabalhos apresentarem uma grande amplitude de métodos e resultados, é evidente que para
borboletas frugivoras, sistemas muito simplificados devido a perturbacdo tendem a ter menos
espécies que areas ndo perturbadas e areas com niveis intermediarios de perturbacdo
(HAMER; HILL, 2000).
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Apesar de varios estudos relatarem alteracdes nestes parametros, ndo existe um padrao
claro nestas alteragdes, e alguns autores chegam a relatar padrfes opostos nas suas conclusoes
(SUMMERVILLE; CRIST, 2001; SHAHABUDDIN; PONTE, 2005). Portanto, apesar das
borboletas frugivoras serem consideradas um grupo com grande potencial para estudos de
monitoramento (BROWN JR.; FREITAS, 2000b), sdo necessarios mais estudos para elucidar
os padrdes de distribuicdo e os fatores que afetam as borboletas frugivoras em ambientes
fragmentados.
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2 OBJETIVOS

Para melhorar a compreensdo dos padrdes de diversidade de assembleias das
borboletas frugivoras em paisagens fragmentadas, buscou-se determinar se existem diferencas
na assembleia de borboletas frugivoras entre os fragmentos florestais e as matrizes agricolas.
Prevemos que: (1) riqueza e abundancia de grupos funcionais de borboletas frugivoras ira ser
influenciada de forma diferente por caracteristicas da matriz envolvente e (2) a sua fenologia
sazonal poderia ser explicada pela variagdo de flutuagcdes sazonais recursos alimentares dos

fragmentos.
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Functional composition and phenology of fruit-feeding butterflies in a fragmented landscape:

habitat generalists show lower seasonality than forest and matrix specialists

Abstract

For butterflies, tolerance to the matrix may be another important criterion of habitat occurrence in fragmented
landscapes. Here we examine the relative effects of habitat fragmentation and agricultural matrix in the
surrounding on fruit-feeding butterfly functional composition in the Atlantic rain forest of southeastern Brazil.
Generalized linear models were used to detect the effects of landscape metrics on butterfly richness and
abundance of the total assemblage and functional groups and circular statistics was used for analyzed the
patterns of monthly abundance of the total assemblage and functional groups in the forest remnants and the
surrounding matrices. In total, 650 butterflies representing 57 species were captured and species composition
differed significantly between the forest fragments and the surrounding matrices. We recorded 23 forest
specialists, 18 matrix-tolerant species and 16 did not show habitat preferences. Richness and abundance of
forests species were best predicted with the proximity and size of surrounding forest fragments, while matrix-
tolerant and generalists without habitat preference were particularly sensitive to forest fragment shape and the
percentage of surrounding matrices, especially pastures. Circular analysis revealed that forest specialist species
were concentrated in the rainy season (September - March) while matrix-tolerant species concentrated in April-
August. Moreover, generalist without habitat preference showed lower seasonality than specialists. Although
maintaining connectivity of forest fragments may increase the mobility and dispersion of some species, our
results show that it is important only for forest specialists. However, our results suggest that management
recommendations may have different impacts depending on which functional group of fruit-butterflies is being
considered.

Keywords: butterfly assemblages; habitat fragmentation; landscape matrix; Atlantic forest;

Introduction

Habitat fragmentation is one of the major causes of the increased rate of species extinction observed in
recent decades (Fahrig 2003; Foley et al. 2005). It not only influences species richness, but can result in
persistent changes in ecological function (Laurance et al. 2006), reducing diversity of plants, seed dispersers and
pollinators (Laurance et al. 2000; Lopes et al. 2009). The effects of forest fragmentation on the functional
composition of insects, however, have been poorly studied, despite them mediating many key ecological
functions such as herbivory and pollination (e.g. Didham et al. 1996; Wirth et al. 2008). Butterflies are excellent
model for the study of habitat fragmentation because many butterfly species are influenced by habitat
degradation (Dover and Settele 2009; Hanski 1999), and also because most species are very specific concerning
their local habitat requirements, such as food resources and host plants (Munguira et al. 2009). Butterflies also
respond to characteristics of vegetation structure (Dover and Settele 2009, Ribeiro et al. 2012) and may explore
the surrounding matrix (Dennis and Hardy 2007). Moreover, fruit-feeding butterflies are excellent models to
study temporal diversity variation, because of their seasonal distribution (Hamer et al. 2005, Molleman et al.

2006). Seasonal variation in abundances can also rise from phenological adaptations to seasonal environmental



38

fluctuations, i.e., species could respond to environmental cues such as changes in environmental factors, which
help them to time the life-cycle optimally (Wolda 1989). For certain species, the seasonal variation in abundance
can also be explained by their ability to track resources spatially and migrate over distances, often over several
generations (Brower 1996). However, there is not information about the phenological adaptations of tropical
butterflies induced by different habitat types in a fragmented landscape.

The availability of resources in the matrix is a key factor determining the presence of fragment-
dependent species in fragmented landscapes (Jokimaki and Huhta 1996). For butterflies, tolerance to the matrix
may be another important criterion of habitat occurrence in fragmented landscapes. Ries and Debinski (2001)
found a high matrix permeability for generalist butterfly species, whereas specialists were unlikely to emigrate
from a fragment. Considering their low dispersal and matrix tolerance capabilities, the effects of configuration
and composition of landscape may be different for forest specialist and matrix-tolerant species. Thus, we can
assume that species whose food resources (for larvae and/or adults) are cultivated by humans in the agricultural
matrices are matrix-tolerant species. Recently, many empirical studies have reported strong influences of the
matrix composition on species distribution and colonization—extinction dynamics in fragmented landscapes
(Dormann et al. 2007; Prugh et al. 2008; Umetsu et al. 2008; Watling et al. 2011). In terrestrial environments, the
matrix may interact with species-specific traits to modify species responses to habitat fragmentation (Lomolino
and Perault 2001; Bender and Fahrig 2005). Matrices that are structurally similar to the habitat patch facilitate
individual movements and increase fragment connectivity (Ricketts 2001). For forest specialist, high-quality
matrices are defined as structurally complex habitats that offer microclimatic environments, refuges, or food
resources similar to those in the forest (Perfecto and VVandermeer 2002).

In Southeastern Brazil, the Atlantic rain forest is a severely fragmented and threatened biome that
represents a biodiversity hotspot characterized by high levels of endemism and species diversity (Brown Jr. and
Brown 1992; Morellato and Haddad 2000). This destruction has resulted in a fragmented landscape composed of
remnants of native forest surrounded by a matrix composed of crops, pastures and vegetation in different stages
of succession (Saunders et al. 1991). For species occupying fragmented habitats, understanding the behavioral
mechanisms that lead to successful between habitat movements enhances the efficacy of conservation planning
for current and prospective landscapes (Fahrig 2007; Mclintire et al. 2007; Vos et al. 2008; Knowlton and
Graham 2010). To enhance the understanding of diversity patterns of fruit-feeding butterflies’ assemblages in a
fragmented landscapes, we sought to determine whether there are differences in the assembly of fruit-feeding
butterflies between the forest fragments and the agricultural matrices. We evaluate the effect of habitat
fragmentation monitoring responses of functional groups of fruit-feeding butterflies in sites with different levels
of fragmentation. We predict that: (1) richness and abundance of functional groups of fruit-feeding butterflies
will be influenced differently by characteristics of the surrounding matrix; (2) forest specialist species will be
more affected by fragment isolation than generalist and matrix-tolerant species; and (3) specialist butterflies will
show stronger seasonality than generalist butterflies without habitat preference.

Methods

Study Area

This study was conducted in the region of Alfenas (21° 25'45" S and 45° 56'50" W), Minas Gerais State
(MG), south-eastern Brazil. The original landscape of the region was described as semi-deciduous seasonal

Atlantic rainforest (IBGE 2004) that covered the Alfenas region, but agricultural development fragmented the
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vegetation resulting in a largely deforested landscape with pastures, coffee and sugarcane plantations, and native
forest fragments (Fundagdo SOS Mata Atlantica and INPE 2009). The climate is seasonal and moderately humid,
altitude ranging from 720 to 1350 m, the annual mean temperature and rainfall are 23 °C and 1513 mm,
respectively (Costa 1998). The region experiences a single long dry season from June to September.

We conducted our surveys in 9 sites containing forest fragments ranging from 20.91 to 87.18 ha in size

and adjacent matrices of pastures and plantations of coffee and sugarcane (Fig. 1).
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Fig. 1 Map of the sites containing fragments of semi-deciduous seasonal rainforest in
Alfenas region and the land use classification of one of them (buffer = 400m)

The selection of sampled landscapes followed a land cover map generated from digital image processing
of the satellite Sino-Brazilian CBERS-2B, from 2009 and resolution of 20m. The criteria adopted for the

selection of the nine sites were: i) similarity of degradation, by observing spectral attributes such color and
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texture; ii) minimum distance of four kilometers between areas, for guarantee sample independence, and; iii) a
gradient of natural habitat amount from 8 to 62%, along the selected landscapes, into a 1000 m radii (Table 1).
Since fragmentation and deforestation are commonly associated with many synergistic disturbances that can
transform fragments into entirely new ecosystems (Peres et al. 2010). To characterize the intensity and extent of
fragmentation within each site, we obtained landscape metrics using the ArcGis software (Version 10.0) on the
basis of the extensions V-LATE and Patch Analyst 5.0. For each site, we analyzed landscape metrics at two
different scales (buffer of 200 and 400 m radius) around the center of each forest fragment. We choose these
spatial scales because the structure of fruit-feeding butterfly assemblages is mainly influenced by the
characteristics of the landscape in the immediate surrounding (Ribeiro et al. 2012). We calculated the following

landscape metrics potentially affecting butterfly populations.

-

. Fragment area (AREA) (m3);

N

. Nearest Neighbor Distance (NNDist); distance to the nearest forest fragment (m);
3. Nearest Neighbor Area (NNA); the respective area of the nearest forest fragment (m2);

4. Proximity Index (PROX); an index of patch connectivity accounting for the amount (i.e. area) and proximity
(i.e., distance) of neighboring patches of the same patch type (or class) surrounding a focal patch, calculated
for each discrete patch and then summarized across all patches in the landscape as a simple arithmetic mean;

5. Area Weighted Mean Patch Fractal Dimension (AWM); since larger patches tend to be more complex than

smaller patches, this index quantifies shape complexity by weighting patches according to their size;

6. Percentage of landscape; the percentage of the landscape comprised of a particular patch type, corresponding
to its proportion related to the entire landscape area (buffer of 200 m= 12.4 ha; buffer of 400 m= 50.2 ha).
NC: percentage of natural forest; CF: percentage of coffee plantations; SC: percentage of sugarcane

plantations; PS: percentage of pastures.
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Table 1 Landscape metrics at two buffer scales of the sites containing fragments of semi-deciduous rainforest in the Alfenas region, Southeastern Brazil

Buffer scale
200 m 400 m
SITES | Forest Fragmentand Totalarea | AREA NC CF SC PS NND NNA PROX AWM | AREA NC CF SC PS NND NNA PROX AWM
1 Cemitério (22.99 ha) 124 99 1 0 0 2280 0.3 0.4 1.2 368 73 0 27 0 2095 39 2.6 1.2
2 Séao José (28.57 ha) 102 81 19 0 0 1545 0.0 5.6 1.2 218 43 6 37 1 0.0 0.0 1.7 1.3
3 Paraiso (36.85 ha) 119 94 6 0 0 1545 0.0 0.0 1.2 242 48 49 0 2 317.7 16.9 0.1 1.2
4 I (37.05 ha) 109 87 0 5 0 1545 0.0 0.7 1.2 204 41 0 37 0 1123 27 0.6 1.3
5 Porto (87.18 ha) 114 91 0 9 0 2280 0.3 0.0 1.2 368 73 0 27 0 2095 3.9 2.6 1.2
6 M (56.05 ha) 8.0 64 0 28 8 0.0 0.0 0.3 1.3 218 43 6 37 14 00 0.0 1.7 1.3
7 Matéo (20.91 ha) 114 91 0 O 6 2280 0.3 0.1 1.2 259 52 0 0 31 3452 151 0.2 1.3
8 N (27.72 ha) 126 100 0 O O 0.0 0.0 1.6 1.2 249 49 0 25 26 0.0 0.0 2.8 1.2
9 Gaspar (81.55 ha) 126 100 0 O O 1545 0.0 0.1 1.2 440 8 5 5 0 3177 16.9 0.0 1.2

Sites= number of the correspondent landscape studied; AREA (ha)= area of the forest fragment; NC= percentage of natural forest; CF= percentage of coffee plantations; SC=
percentage of sugarcane plantations; PS= percentage of pastures; NND= Nearest Neighbor Distance (m); NNA= Nearest Neighbor Area (ha); PROX= Proximity index mean of
landscape; AWM= forest fragment shape complexity
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Butterfly surveys

Frugivorous butterflies (Lepidoptera: Nymphalidae) were captured with attraction traps (Shuey 1997),
containing fermented banana and sugarcane juice bait prepared at least 48 h before setting traps. We conducted
12 trapping sessions from October/ 2011 to September/2012, 6 sessions over the wet season and 6 over the dry
season. In each session, the traps remained open in the field during three consecutive days and were visited daily.
Bait was placed at 7:00 am and refreshed after 24 hours. Catch effort at each sampling session consisted of 54
traps open simultaneously at the nine sites. Most of the traps were placed in shaded areas and were hung from
tree branches or wood poles with the base at about 90-110 cm from the ground. Traps were placed 50 m from
the border within the forest fragments using an orthogonal setting rule, whenever feasible. Distances between
traps were around 30 m, along a linear transect. On each visit, the butterflies captured were killed by
compression of the thorax, placed in a small envelope for subsequent identification. The voucher specimens were

deposited in the Entomology Collection of Universidade Federal de Alfenas.
Functional groups

To identify the factors that best explained the distribution of frugivorous butterflies to their habitats, we
modeled regression trees for butterfly richness (response variable) using habitat type, habitat preference as
predictor variables. Habitat preference was calculated using individual abundances. Optimal tree size was
determined via the change in deviance explained with increasing tree size. Performance of the regression tree
was assessed via a correlation of observed and expected values and the R? (De’ath and Fabricius 2000).
Regression trees were modeled using Statistica v7.0 (StatSoft). Habitat specificity appears to be one of the key
predictor variables associated with variation in butterfly richness. Differences occurred further along the
successive node partitioning. Habitat preference and habitat type were the secondary predictor variable for
butterfly richness with the highest richness recorded for habitat specialist species and generalists without habitat
preference (Fig. 2). The functional groups obtained in this analysis were: (1) Generalists with forest preference,
(2) Forest specialists, (3) Generalists without habitat preference, (4) Matrix specialists, and (5) Generalists with

matrix preference (Table 2).

Specialists Generalists

Habitat specificity

With Without
Habitat preference

Forest Matrix

Habitat type

Forest Matrix
Habitat type Generalists without
Forest Matrix habitat preference (16)
specialists specialists (16)
(19)
Generalists with Generalists with
forest preference matrix preference (2)
(4)

Fig. 2 Regression tree analysis for butterfly richness. Habitat specificity, habitat preference and habitat type
were the predictor variables. Species were sorted by traits into groups at the tips of the regression trees and the
value between parentheses signifies the number of species in that group which were present in the landscape
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Table 2Butterfly species classified according to the functional groups obtained by regression tree analysis

Functional group Subfamily Species
Satyrinae Forsterinaria quantius(Godart, [1824])
Group 1. Generalists with forest Satyrinae Paryphthimoides poltys(Prittwitz, 1865)
preference Satyrinae Taygetis ypthima(Hubner, 1816)
Satyrinae Yphthimoides straminea(Butler, 1867)
Biblidinae Hamadryas epinome (Felder and Felder, 1867)
Morphinae Morpho helenor(Cramer, 1776)
Charaxinae Archaeoprepona demophoon(Hubner, [1814])
Brassolinae Caligo arisbe(Hubner, [1822])
Brassolinae Caligo illioneus(Cramer, 1776)
Biblidinae Callicore astarte(Guenée, 1872)
Satyrinae Carminda griseldis(\Weymer, 1910)
Nymphalinae Colobura dirce (Linnaeus, 1758)
Brassolinae Eryphanis reevesi(Doubleday, 1849)
Group 2. Forest specialists Biblidinae Eunica sydonia(Godart, 1824)
Biblidinae Hamadryas chloe(Stoll, 1787)
Biblidinae Hamadryas sp.
Nymphalinae Historis odius(Fabricius, 1775)
Satyrinae Moneuptychia soter(Butler, 1877)
Biblidinae Myscelia orsis(Drury, 1782)
Brassolinae Opoptera syme(Hubner, 1822)
Satyrinae Taygetis acuta(Weymer, 1910)
Satyrinae Taygetis laches(Fabricius, 1793)
Satyrinae Yphthimoides angularis(Butler, 1867)
Charaxinae Archaeoprepona demophon(Linnaeus, 1758)
Biblidinae Biblis hyperia(Cramer, 1780)
Satyrinae Carminda peon(Godart, 1823)
Brassolinae Catoblepia berecynthia(Cramer, 1777)
Satyrinae Fosterinaria necys(Godart, 1823)
Satyrinae Godartiana muscosa(Butler, 1870)
Biblidinae Hamadryas amphinome(Linnaeus, 1767)
Group 3. Generalists without habitat Biblidinae Hamadryas februa(Hubner, 1823)
preference Satyrinae Hermeuptychia atalanta(Butler 1867)
Charaxinae Memphis moruus(Fabricius, 1775)
Brassolinae Opsiphanes invirae(Hubner, [1808])
Satyrinae Paryphthimoides phronius(Godart, 1823)
Nymphalinae Smyrna blomfildia(Fabricius, 1781)
Satyrinae Yphthimoides affinis(Butler, 1867)
Satyrinae Yphthimoides ochracea(Butler, 1867)
Satyrinae Yphthimoides renata(Stoll, [1780])
Brassolinae Blepolenis batea(Hlibner, 1822)
Biblidinae Callicore hydaspes(Drury, 1782)
Biblidinae Callicore sorana(Godart, 1823)
Satyrinae Capronnieria galesus(Godart, [1824])
Biblidinae Epiphile huebneriHewitson, 1867
Biblidinae Eunica tatila(Rerrich-Schaffer, 1855)
Biblidinae Hamadryas feronia(Linnaeus, 1758)
. - Satyrinae Hermeuptychia sp.
Group 4. Matrix specialists Charaxinae Memphis acidalia(Hubner, [1819])
Charaxinae Memphis appias(Hiibner, 1825)
Brassolinae Opoptera aorsa(Godart, 1824)
Satyrinae Pharneuptychia pharella(Butler, 1866)
Biblidinae Temenis laothoe(Cramer, 1777)
Charaxinae Zaretis isidora(Cramer, 1777)
Biblidinae Diaethria candrena(Godart, 1821)
Charaxinae Memphis arginussa(Geyer, 1832)
Group 5. Generalists with matrix Charaxinae Fountainea ryphea(Cramer, 1775)

preference Satyrinae Pharneuptychia sp.
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Data analysis

We used additive partitioning of species diversity to identify patterns of beta diversity between forest
fragments and the agricultural matrices (Veech et al. 2002). Beta diversity was calculated as the average number
of species not present in each site, defined as p = y - a, where vy is thesum of species sampled in all the sites
(gamma diversity) and o is the averagenumber of species present at a given site (alpha diversity). The sampling
efficiency was assessed by calculating the number of observed species as a percentage of the total species
richness, which was estimated based on the average of two parametric estimators Chao 1 and Jacknife 2 (Colwell
2005). We used individual-based rarefaction curves obtained using EstimateS 9.1.0 (Colwell et al. 2012) to
compare patterns of species richness between forest fragments and the matrices. Comparison was carried out
visually with a 95 % confidence interval of the forest fragment assemblage. To investigate differences among
taxonomic groups, we analyzed the distributions of species among forest fragments and the adjacent matrices by
subfamily with a G test.

To examine the similarity of species composition among sites and sites types, we calculated Sorensen
similarity coefficients for each pair of sites. We then used an ordination analysis by non-metric multidimensional
scaling (NMDS) to reveal clustering by site type and calculated dissimilarity by Bray-Curtis index (Hammer et
al. 2001). The robustness of the groups obtained by NMDS was verified with a one-way analysis of similarity
ANOSIM performed with 10.000 permutations. The one-way ANOSIM was also calculated with Bray-Curtis
index and results in an R statistic with a corresponding p value, which indicate the dissimilarity among the sites
(Clarke and Green 1988). SIMPER analysis was employed to determine which species were good discriminators
of the differences in composition between the forest fragments and the matrices. All the analyses were carried
out using PAST program (Hammer et al. 2001).

We analyzed the patterns of monthly abundance of the total assemblage and functional groups of fruit-
feeding butterflies in the two habitats types (fragments and matrices) using circular statistics (Morellato et al.
2000). We converted the dates of the abundance peaks to angles, from 0° to 240° are for the months of January
to September 2012, and the angles of 270° to 330° are for October to December 2011, the intervals are 30° per
month (Ramos and Santos 2005; Morellato et al. 2010). We used the Rayleigh test to assess the occurrence (or
absence) of seasonal patterns within the two study sites (Batschelet 1981). To compare seasonal patterns among
interior of fragments and matrix, and between functional groups, we performed the Watson-Williams
Multisampling Test that compares whether variables had the same data distribution over the year (Zar 1996). All

circular statistical analyses were performed using Oriana 3 (Kovach 2010).

In order to test whether habitat fragmentation alters butterfly functional diversity, we used richness and
abundance as response variables in our models. Generalized linear models (GLM) were used to detect the effects
of landscape metrics (see above) on observed and estimated species butterfly richness and abundance of the total
assemblage and functional groups. Model selection was based on Akaike Information Criterion corrected for
small sample sizes (AICc). The best model has the lowest AIC value. We evaluated the support for each
alternative model by calculating: (1) AICc differences A;, where models with A; < 2 are considered to have
substantial support and (2) Akaike weights (WAIC) which describe the weight of evidence that model i is the

best model from the set of alternative models (Burnham and Anderson 2002).
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Results

We captured 650 frugivorous butterflies representing 57 species and 5 subfamilies as follows: Satyrinae
(twenty species, nine genera), Biblidinae (sixteen species, eight genera) and Charaxinae (eight species, four
genera). Forest fragments exhibited the highest number of species (41) followed by their adjacent areas (38). The
most abundant genera was Paryphthimoides (78 individuals) and Taygetis (77 individuals) both belonging to the
subfamily Satyrinae. The most abundant species inside the fragments were Taygetis ypthima (52 individuals),
Paryphthimoides poltys (45 individuals) and Hamadryas epinome (42 individuals). In the matrices, the most
abundant species were Pharneuptychia sp. (65 individuals),Diaethria candrena (37 individuals) and Fountainea
ryphea (22 individuals) (see Suplementary material). Twenty two species found in the forest fragments were
shared with the matrices. The richest functional group was Forest Specialists (19), followed by Matrix
Specialists (16), Generalist without habitat preference (16), Generalists with forest preference (4) and Generalist
with matrix preference (2) (Table 2). Except for Morphinae which was captured only in the forest fragments, all
the frugivorous butterfly subfamilies were found in the entire landscape, but they differed significantly in their
distribution between forest fragments and their adjacent matrices (G. = 51.52; df = 4; p< 0.001). Butterfly
richness varied markedly between forest fragments from 6 (fragment area with 81.55 ha) to 19 species (fragment
areas with 27.72 ha and 87.18 ha) and also in the surrounding matrices from 6 to 22. Sampling efficiency was
close to 98 % for both systems and the richness was not different between forest fragments and the adjacent
matrices. Beta diversity contributed to 15.79 and 45.61 % of the total gamma diversity for forest fragments and
surrounded matrices, respectively. The rarefaction showed that the richness of some forest fragments and
agricultural matrices were inside the confidence interval for the total sampled assemblage, while the remaining

presented lower species richness than expected (Fig. 3).
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Fig. 3 Individual-based rarefaction curve on the assemblage of frugivorous butterflies in
fragmented landscape in Alfenas region, MG, Brazil. The dotted lines represent the 95%
confidence interval. Filled circles: forest fragments. Empty circles: agricultural matrices
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We found significant differences in butterfly composition between forest fragments and the adjacent
matrices (R= 0.71; p< 0.001; ANOSIM). Average similarity among all forest fragments and the matrices for
Sorensen index was 38.4% and 35.1%, respectively (Fig. 4).
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Fig. 4 Results of the ordination by non-metric multidimensional scale (NMDS) based on a
binary matrix of species presence-absence data and Bray-Curtis dissimilarity calculated
index. The squares represent forest fragments and crosses agricultural matrices. (Stress =
0.10)

According to SIMPER analysis, the average dissimilarity between forest fragments and the agricultural
matrices was 80.69 %. Forest Specialists and Generalists without preference were the butterfly species that more
contributed to dissimilarity between forest fragments and the adjacent matrices (Table 3).

Table 3 Fruit-feeding butterfly species and functional group contribution to average dissimilarity between forest fragments and
agricultural matrices determined by SIMPER analysis

Species Functional group Dissimilarity contribution (%)
Hamadryas epinome (Felder and Felder, 1867) Forest Specialist 3.90
Morpho helenor(Cramer, 1776) Forest Specialist 3.46
Taygetis laches(Fabricius, 1793) Forest Specialist 2.19
Taygetis acuta(Weymer, 1910) Forest Specialist 2.09
Eryphanis reevesi(Doubleday, 1849) Forest Specialist 1.90
Myscelia orsis(Drury, 1782) Forest Specialist 1.82

Colobura dirce(Linnaeus, 1758) Forest Specialist 1.82
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Hamadryas chloe(Stoll, 1787) Forest Specialist 1.79
Hermeuptychia sp. Matrix Specialist 2.43
Memphis appias(Hubner, 1825) Matrix Specialist 3.43
Diaethria candrena(Godart, 1821) Matrix Specialist 2.32
Paryphthimoides phronius(Godart, 1823) Generalist without preference 2.37
Biblis hyperia(Cramer, 1780) Generalist without preference 2.23
Hamadryas februa(Hubner, 1823) Generalist without preference 2.22
Archaeoprepona demophon(Linnaeus, 1758) Generalist without preference 2.20
Yphthimoides renata(Stoll, [1780]) Generalist without preference 1.84
Pharneuptychia sp. Generalist with matrix preference 2.34
Fountainea ryphea(Cramer, 1775) Generalist with matrix preference 2.33
Taygetis ypthima(Hubner, 1816) Generalist with forest preference 2.49

The degree of seasonality in the peaks of abundance of the total assemblage of fruit-feeding butterflies
was different between forest fragments and the surrounded matrices (F = 265.24; p <0.001; Watson-Williams
Multisampling Test; Fig. 5). Peaks of abundance occurred in late October in forest fragments, while occurred in

July in the surrounding matrices.
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Fig. 5 Monthly abundances of fruit-feeding butterflies inside the fragments and the surrounding matrices from
October 2011 to September 2012. Each triangle represents the number of individuals found in each month. The
arrows represent the average vector length (r) of abundance. See Table 4 for statistical analyses

All the functional groups showed different degrees of seasonality in their peaks of abundance around
the collection period. Forests specialists and generalists with forest preference showed the highest abundance in
October. Moreover, matrix specialists and generalists with matrix preference showed their highest abundances
between March and August. The generalists without habitat preference showed low seasonality around the
collection period, reaching the highest peak of abundance in April (Fig. 6; Table 4).
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Fig. 6 Monthly abundances of fruit-feeding butterflies for functional groups from October 2011 to
September 2012. Each triangle represents the number of individuals found in each month. The arrows
represent the average vector length (r) of abundance, and the small circles represent the Rayleigh critical

values. See Table 4 for statistical analyses
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Table 4 Results of circular statistical analyses for the occurrence of seasonality of fruit feeding butterflies in two different
habitat types and for functional groups. Angular deviation (s) indicates synchrony of abundance distributions. Rayleigh Test
(2) was used to determine whether seasonality was statistically significant

Mean angle” Angular
Habitat type® N (@) g Mean date deviation Rayleigh test (z) p
()
Forest 342 309.68° 13/11/2011 67.40° 3241 <0.001
Matrix 307 176.35° 28/07/2012 67.84° 27.43 <0.001
Mean angle” Angular
Functional Groups N (@) g Mean date deviation Rayleigh test (z) p
©)
Forest Specialists 131 335.9°a 07/12/2011 71.69° 6.140 0.002
Generalists with forest ;) 330.8°a 01/12/2011  67.94° 14,228 <0.001
preference
Generalists without habitat 35440 26/12/2011  77.63° 0.935 0.302
preference
Matrix Specialists 124 208.0°b 28/07/2012 67.94° 10.963 <0.001
Generalists with matrix g 217.8° 07/08/2012  60.96° 17.532 <0.001
preference

% total assemblage of fruit-feeding butterflies for each habitat type
*different letters indicate significant differences of abundance distribution among functional groups of fruit-feeding
butterflies. Watson-Williams Multisampling Test, p< 0.05

GLM maodels indicated that the response variables of all the functional groups can be predicted by some
landscape metrics of the study site. The percentage of pasture cover in the surrounding 200 m radius was the best
model description of the variation of richness and abundance of the total assemblage of matrix-tolerant and
generalists without habitat preference species. For generalists with forest preference, the area of the nearest
forest fragments was the best predictor of species richness. Additionally, the abundance of matrix specialists was
also explained, at least, by the percentage of surrounding sugarcane plantations (AAICc= 1.58). For forest
specialists and the total assemblage of butterflies collected in the forest fragments, there was a positive
relationship between fragment connectivity and species richness and abundance at the buffer scale of 400 m.
Fragment shape and the percentage of coffee plantations were the best predictors of butterfly abundance for

Matrix Specialists and Generalists with matrix preference, respectively, at 400 m (Table 5).
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Table 5 Results of the GLM valid models (AAICc< 2) for the effects of landscape metrics on richness and abundance
of the total observed assemblage and functional groups of fruit-feeding butterflies collected from nine sites in the
Alfenas region. Models are ranked from best to worst according to AAICc at two buffer scales. AREA (ha)= area of
forest fragment of each site; Natural cover= percentage of natural forest; Coffee= percentage of coffee plantations;
Sugarcane= percentage of sugarcane plantations; Pasture= percentage of pastures; NNA= Nearest Neighbor Area (ha);

PROX= Proximity index; AWM= forest fragment shape complexity

Functional Groups Parameters Buffer Models AAICc wAICc B
) Pasture 0.0 0.91 1.403
Richness 200
Null 8.3 0.01
Pasture 0.0 0.43 7.323
Abundance 200 Natural cover 1.3 0.22 -1.915
Total matrix assemblage Null 34 0.08
AWM 0.0 0.78 170.1
Richness 400
Null 3.7 0.12
AWM 0.0 0.60 939.0
Abundance 400
Null 2.1 0.21
_ PROX 0.0 0.70 3.186
Richness 400
Null 3.0 0.16
Total forest assemblage
PROX 0.0 0.53 14.13
Abundance 400
Null 2.3 0.17
i i NNA 0.00 0.73 8.206
Generalists with forest Richness 200
preference Null 4.10 0.10
; Richness 200
habitat preference Null 6.50 0.04
i i Pasture 0.00 0.91 1.667
Gent_arallsts without Abundance 200
habitat preference Null 6.84 0.02
Pasture 0.00 0.57 5.173
Matrix Specialists Abundance 200 Sugar Cane 1.58 0.26 1.745
Null 8.70 0.006
o PROX 0.00 0.61 5.517
Forest Specialists Abundance 400
Null 2.92 0.14
] o AWM 0.00 0.92 666.7
Matrix Specialists Abundance 400
Null 6.20 0.04
; ; ; Coffee 0.00 0.77 0.443
Generalists with matrix Abundance 400
preference Null 3.86 0.11
Discussion

Our study investigated how forest fragments, habitat type and landscape metrics influence composition

and functional diversity of fruit-feeding butterflies in a fragmented landscape of semi-deciduous seasonal rain

forest in southeastern Brazil. This study showed that species composition differed significantly between the
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forest fragments and the surrounding matrices. Especially, forest fragments harbored more species than the
matrices and beta diversity contributed to almost 50 % of the total diversity in deforested areas. A similar pattern
is reported by Uehara-Prado et al. (2007) and Ribeiro et al. (2012) in a fragmented landscape of the Atlantic
Plateau. By using habitat predictors on richness and abundance, 23 species were classified into forest specialists
or generalists with forest preference, 18 were matrix-tolerant species (matrix specialists or generalists with
preference for agricultural matrices) and 16 did not show habitat preferences (generalists without habitat
preference). The number of species sampled in the forest fragments (41) and in the surrounding matrices (38) is
close to the estimated total number of species, indicating that the sampling was adequate to provide an accurate
representation of the local assemblage (Magurran 2004).The most abundant species sampled were matrix-
tolerant and generalist without habitat preference species. This finding indicates forest fragmentation favored
organisms more tolerant to sunlight and drought, conditions that are typical of these environments (Otero 1971;
Devries 1987; Hogue 1993; Brown Jr. 1992).

Butterfly species respond in different ways to the environment and knowledge of their distribution is
crucial for understanding the dynamics of biological communities (Walla et al. 2004). In this study the majority
of species, including the most abundant Satyrinae (Pharneuptychia sp, Paryphthimoides poltys and Tayetis
ypthima); Biblidinae (Diaethria candrena) and Charaxinae (Fontainea ryphea and Archaeoprepona demophon)
were habitat generalists and have larvae that feed on plants typical of forest edges and early stages of succession
(Brown Jr. 1992; Beccaloni et al. 2008). Similarly to what was observed in the study site, Morphinae is also
poorly represented in other deciduous forests (Devries 1987). Although there is little information about the
biology of most of the collected species, most Satyrinae feed on grasses (Poaceae) and the adults feed on
fermented fruit, nectar, plant sap, and animal excrement (Devries 1987; Freitas and Brown 2004; Beccaloni et al.
2008; Pefia and Wahlberg 2008). Moreover, Charaxinae butterflies are good dispersers since they have a large
mass proportion of flight muscles and are very active during the warmest times of the day (Marini-Filho and
Martins 2010, and references therein). All these characteristics may predispose some matrix-tolerant and

generalist species to colonize and exploit the agricultural matrices in the fragmented landscape of the study site.

The temporal distribution of organisms is related to different aspects of their foraging strategies, mating,
predator avoidance, and their consequent reproductive success. In the present study, the circular analyses showed
that fruit-feeding butterflies are not uniformly distributed throughout the year, but rather concentrated between
September to March (rainy season) for forest species and between April to August (dry season) for matrix-
tolerant species. One of the most important findings of the present study was the distribution throughout the year
of the functional groups abundances: specialists showed stronger seasonality than generalist without habitat
preference. In general, seasonal variation in resource availability, as decaying fruits and larval host plants, are
both subject to seasonal variation of climate in the forests of southeastern Brazil (Morellato et al. 2000).
Seasonal variation in the availability of leaf biomass determines the optimum period for butterfly larval
development (Murakami et al. 2008). For adults, which obtain the majority of their nutritional requirements from
decaying fruits, the temporal availability of these resources can also influence their seasonal pattern of activity
(Hamer et al. 2006). Larval host plants in the study region typically respond to increased precipitation by
producing new leaves and fruits, which could explain the seasonality of forest specialist species from September
to March (rainy season). On the other hand, matrices of pastures and coffee plantations could offer a continuous

availability of resources to both larvae and adults of matrix-tolerant species. Since the resources of
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generalistspecies without habitat preference existed in both site types, they may have been able to easily disperse
from theforest fragments and colonize matrices. It is possible that generalist species without habitat preference
fruit-feeding butterflies synchronize their cycles with the highest offering of fruits and host plants in the two
types of habitats (Brown Jr. 1992; Ribeiro et al. 2010).

The results show the importance of forest fragment isolation, fragment shape and the percentage of
matrix cover and their relationship with taxonomic and functional composition of fruit-feeding butterflies in the
fragmented landscape of a Neotropical forest. Precisely, richness and abundance of forests species had a positive
relationship with the proximity and size of surrounding forest fragments, while matrix-tolerant and generalists
without habitat preference were particularly sensitive to forest fragment shape and the percentage of surrounding
matrices, especially pastures. Generalist insects can be assumed to move more between forest fragments than
specialists (Rosch et al. 2013) and responses to isolation could differ between matrix-tolerant species and forest
specialists since host plant resources of feeding generalists are distributed over a wide range of habitats, so they
may be able to move between fragments and matrices regardless of the underlying environmental heterogeneity.
Moreover, forest fragment shape is an interacting factor whereby more complex fragments are subject to more
edge-effects (Dove and Settele 2009) increasing habitat heterogeneity and availability the resources for
generalist species, which explain the positive relationship of fragment shape with richness and abundance of
matrix-tolerant species found in this study. In contrast, forest specialists are less likely to move across adjacent
forest fragments, therefore, the positive relationship between forest specialists and isolation may reflect their
limited dispersal ability. In this study, generalists without habitat preference seem to be more successful in the
fragmented landscape than specialists. Additionally, the species favored by more intensive agriculture in this
study were typically mobile users or have grasses as host plants (Devries 1987). It seems that generalists without
habitat preference are able to compensate for a loss of their natural forest habitat by moving into the agricultural
matrices remaining stable throughout the year in the landscape. Similar results in habitats dominated by
agricultural matrices were found also in isolated forest fragments of Europe, North America, and Asia (Bergman
et al. 2004; Summerville and Crist 2004; Soga and Koike 2013).

This study shows that habitat generalist and specialist species reacted to landscape influences in
different ways and this could be accentuated by species’ specific characteristics related to the availability of
resources of the fragmented landscape. Forest connectivity only affects forest specialists while matrix-tolerant
species depended on fragment shape and pasture cover area. According to Ricketts (2001), modifying the matrix
in order to increase its permeability to dispersing butterflies may be an easier approach to restoring connectivity
than creating/restoring corridors. Therefore, maintaining the connectivity among forests fragments will be
important for the conservation of forest specialists. However, our results suggest that management
recommendations may have different impacts depending on which functional group of fruit-butterflies is being
considered. Our results show that forest fragment connectivity is the more important variable influencing forest
specialist butterflies, but some species are favored by characteristics of the surrounding agricultural matrices.
This implies that the focus in conservation and management should also incorporate the matrix perspective on
functional groups of organisms and the patterns of temporal distribution of these groups will be also helpful in

planning future studies on fruit-feeding butterflies of the Atlantic forests of Brazil.
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Supplementary material List of the 57 fruit-feeding butterfly subfamilies and species that were recorded on 9 sites. Abundances of the species of forest fragments (F) and
agricultural matrices (M) sites are shown separately

SITES
1 2 3 4 5 6 7 8 9
M
3

SUBFAMILIES M
Biblidinae 2
Brassolinae -
Charaxinae 3
Morphinae -
Nymphalinae - 2
Satyrinae 50 18 36 44 16 13 2
SPECIES M F M F M F M
Archaeoprepona demophon(Linnaeus, 1758) 1 1 - 3 - 2 1
Archaeoprepona demophoon(Hubner, [1814]) - - - - - - - - - - - 1 - - - L. -
Biblis hyperia(Cramer, 1780) 1 - - - - - 1r - - -
Blepolenis batea(Hubner, 1822) - - - - - - - - - -
Caligo arisbe(Htibner, [1822]) - - - - - - - - - - - - - oL -
Caligo illioneus(Cramer, 1776) - - - 1 - - - - .- - 1 - - - - o -
Callicore astarte(Guenée, 1872) - - - - - - - 1 - - - - - - - - - -
Callicore hydaspes(Drury, 1782) - - - - - - - -1 - - - - - 1 - 1
Callicore sorana(Godart, 1823) - - - - - - - - - - 2 - - - - - 2 -
Capronnieria galesus(Godart, [1824]) - - - - - . - -9 - - . . -
Carminda griseldis(Weymer, 1910) - - - - - 2 - - - - - - - - - - . .
Carminda peon(Godart, 1823) - - 1 - 1 - - - - - - - -
Catoblepra berecynthia(Cramer, 1777) - - - - - - -
Colobura dirce(Linnaeus, 1758) - 1 - - - - -
Diaethria candrena(Godart, 1821) - - - - - -1 - 1 - 3 - 1 - - - 4 -
Epiphile huebneriHewitson, 1867 - - - - - - - - .- 1 - - - - - - -
Eryphanis reevesi(Doubleday, 1849) - 1 - - - - - 4 - - - 1 - - -2 . -
Eunica sydonia(Godart, 1824) - - - - - - - - - - - - - . -1

Eunica tatila(Rerrich-Schaffer, 1855) - - - - - - - -1 - - - - - - - - -
Forsterinaria quantius(Godart, [1824]) - 8 - 11 - - - - = - - 1r - - - - 1
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Fosterinaria necys(Godart, 1823)
Fountainea ryphea(Cramer, 1775)
Godartiana muscosa(Butler, 1870)
Hamadryas amphinome(Linnaeus, 1767)
Hamadryas chloe(Stoll, 1787)
Hamadryas epinome (Felder and Felder, 1867)
Hamadryas februa(Hubner, 1823)
Hamadryas feronia(Linnaeus, 1758)
Hamadryas sp.

Hermeuptychia atalanta(Butler 1867)
Hermeuptychia sp.

Historis odius(Fabricius, 1775)
Memphis acidalia(Hubner, [1819])
Memphis appias(Hubner, 1825)
Memphis arginussa(Geyer, 1832)
Memphis moruus(Fabricius, 1775)
Moneuptychia soter(Butler, 1877)
Morpho helenor(Cramer, 1776)
Myscelia orsis(Drury, 1782)

Opoptera aorsa(Godart, 1824)
Opoptera syme(Hubner, 1822)
Opsiphanes invirae(Hibner, [1808])
Paryphthimoides phronius(Godart, 1823)
Paryphthimoides poltys(Prittwitz, 1865)
Pharneuptychia pharella(Butler, 1866)
Pharneuptychia sp.

Smyrna blomfildia(Fabricius, 1781)
Taygetis acuta(Weymer, 1910)
Taygetis laches(Fabricius, 1793)
Taygetis ypthima(Hubner, 1816)
Temenis laothoe(Cramer, 1777)

RN

13

60



Yphthimoides affinis(Butler, 1867) - 1 - - - - - - 1 1 - 7 - - - 1 -
Yphthimoides angularis(Butler, 1867) - - - - - - - - - - 1 - - - 3 - -
Yphthimoides ochracea(Butler, 1867) 1 1 - - - - - - 4 - - 1 - - - - -
Yphthimoides renata(Stoll, [1780]) - - - 5 - 1 - - 1 1 - - - - 5 . -
Yphthimoides straminea(Butler, 1867) 3 - - 2 - - - - 21 1 - 3 - - - - -
Zaretis isidora(Cramer, 1777) - - 2 - - - 1 - - - - - - - - - -
ABUNDANCE 55 28 47 59 17 25 12 28 83 100 19 43 20 11 48 17 32
RICHNESS 13 17 9 15 6 9 10 10 19 22 10 15 13 7 19 11 6
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4 CONSIDERACOES FINAIS

Os resultados desse trabalho sugerem que a matriz pode ser parte do habitat
funcional para algumas espécies de borboletas. Nossos resultados também sugerem que
0s regimes agroambientais favorecem as espécies generalistas. Esse cenario s6 podera ser
alterado a menos que os sistemas sejam projetados possibilitando fragmentos bem
conectados e com quantidade suficiente de habitat, permitindo a coloniza¢do por
especialistas. Varios estudos tém de demonstrado que a matriz pode realmente
representar um importante elemento que vai fornecer habitat para uma variedade de
espécies, permitindo o fluxo de individuos entre fragmentos.

Para a preservacdo da biodiversidade, é preciso priorizar acfes para espécies
especialistas e com baixa tolerancia a matriz e ndo apenas incidir sobre todas as espécies.
Para isso, € importante entender que a configuracdo dos fragmentos e a composicao da
paisagem sao importantes para a conservacdo do habitat de espécies especialistas. Com
base em nossos resultados, o tamanho dos fragmentos, complexidade da sua forma e a
conectividade entre eles pode ser importante para a persisténcia das espécies. Isto sera
particularmente importante para a sobrevivéncia em longo prazo de espécies especialistas

de florestas em paisagens altamente fragmentadas.



