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RESUMO

Os efeitos da fragmentacao do habitat sobre as espécies sdo bastante conhecidos.
No entanto, ha poucos estudos semelhantes sobre a diversidade funcional (DF), um
componente chave para manter o funcionamento do ecossistema. Além disso,
devido a uma maior dependéncia de nicho, a DF pode apresentar mais associacdes
com as caracteristicas de fragmentos (por exemplo, tamanho, forma de isolamento)
do que a diversidade de espécies. Aqui, vamos avaliar os impactos das
caracteristicas de fragmentos na DF de aves da Mata Atlantica na regiao de Murici
de Nordeste do Brasil, que abriga o maior numero de espécies de aves ameacgadas
de extingdo nas Américas e também uma das mais altas concentragdes de aves
ameacadas do Mundo. Primeiro, testamos se os niveis de DF observados difere do
esperado ao acaso. Em seguida, foi avaliado se existe alguma relacdo entre
tamanho do fragmento, da forma e do grau de isolamento dos fragmentos e a DF de
aves. Nossos resultados indicaram que a DF deu diferente do esperado ao acaso.
Além disso, apenas a variavel tamanho teve influéncia na DF, as variaveis forma e
grau de isolamento dos fragmentos nao tiveram influéncia sobre a DF. Estes
resultados indicam que a construcdo das assembléias locais estudados parece ter
sido influenciado pelas relagbes ecoldgicas entre as espécies e fragmentos maiores,
por ter uma ampla gama de recursos, mostram um padrdo caracterizado por
diferencgas entre os grupos.

Palavras chave: Fragmentacédo. Centro de Endemismo Pernambuco. Estrutura de

comunidades. Conservagao de aves.



ABSTRACT

The effects of habitat fragmentation on species are well known. However, there have
been few similar studies on functional diversity (FD), a key component for
maintaining ecosystem functioning. Moreover, due to a greater dependence on niche
partitioning, FD may show different associations with fragment characteristics (e.g.
size, shape isolation) than species diversity. Here, we examine the impacts of
fragment characteristics on the FD of birds of the Atlantic forest in the Murici region of
northeast Brazil, home to the largest number of species of endangered birds in the
Americas and one of the highest concentration of threatened birds in the World. First,
we tested whether observed levels of FD differed from those expected by chance.
Second, we quantified the effect of fragment size, shape and degree of isolation on
bird FD. Our results indicate that bird FD was different from random expectations.
Moreover, only size had influence on FD, shape and degree of isolation of fragments
had no measurable influence on FD. Furthermore, indicate that the construction of
the local assemblies studied appears to have been influenced by the ecological
relationships between species and larger fragments by having a wider range of
features show a pattern characterized by differences between groups.

Keyword: Fragmentation. Pernambuco Center of Endemism. Community structure.

Bird conservation.



LISTA DE FIGURAS

Figura 1 — Formas de fragmentos e seus efeitos de borda. a) Forma
irregular alongada, b) Forma Circular...............ccuvvviiiiiicieeeeeeeeeeeeeeeeeen

Figura 2 — Heterogeneidade de habitat...............cccccooei i,

Figura 3 — Espécies endémicas do CPE...........cccooiiiiiiiiiiiiiiieeeeeeeeeeeeeee
Figura 4 — A diversidade funcional (FD)..........ccouoiiiiiii e

Figura 5 — Map of location and identification of the Atlantic forest fragments
sampled in Murici Environmental Protection Area, Alagoas,
Brazil. Legend: SFR = small fragment, MFR = medium fragment;
and LFR =large fragment..............coooiii i

Figura 6 — Rarefaction curves of observed and predicted (Chao1) species
richness to total recorded bird species for the three size classes
of Atlantic Forest fragments: 15 ha < small fragment (SFR) < 100 ha;
100 ha < medium fragment (MFR) < 1000 ha; and large fragment
(o 1= 010 L0 o - PP

Figura 7 — The functional relationships among 138 bird species in 18 sites of
the Atlantic forest fragments sampled in Murici Environmental
Protection Area, Alagoas, Brazil. The dendrogram is produced by
hierarchical clustering by UPGMA algorithm of the distance matrix
calculated from the functional traits of species..................coveiiiiinls

Figura 8 — The functional relationships among 53 bird species in SFR2
fragment of Murici Environmental Protection Area, Alagoas,
BrazZIl. .

Figura 9 — The functional relationships among 52 bird species in LFR3A
fragment of Murici Environmental Protection Area, Alagoas,
Brazil. ..o



LISTA DE TABELAS

Tabela 1 — Localities (Municipality) and explanatory variables of the Atlantic
forest fragments sampled in Murici Environmental Protection
Area, Alagoas, Brazil...........cooiiiiii i

Tabela 2 — Total richness (S), functional diversity (MPD), standardized effect
size (SES) and “p” values (p) in 18 sites of the Atlantic forest
fragments sampled in Murici Environmental Protection Area,

Alagoas, Brazil..........c.ooiiii e

Tabela 3 — Values of Size, Proxim and ElevationTotal.............ccooviiiiiiiiiiin ..



SUMARIO

1 1 3{0] 5101 03\ o TR 10

REFERENCIAS.........ooo ittt 12
2 REVISAO DE LITERATURA . .........ooooooeiee ettt 14
2.1 Estrutura de comunidades florestais.................cccccceiiiiiiiiiiiiic e 14
2.1.1 0 papel das aves na estrutura de comunidades..............cceeevvveiiiiniieieeieeieeinnns 15
2.1.2 Fatores que influenciam a estrutura de comunidades de aves......................... 16
2.2 Efeitos da Fragmentacao de habitats nas comunidades de aves.............. 19
2.2, 1Mata AtIANTICA. ... .o 20
2.2.2Centro Pernambucano de Endemismo (CPE)..........coooiiiiiiie 21
2.3 Medidas de Diversidade..............ccooooiiiiiiiiiiiii s 23
2.3.1Medidas de Diversidade FUNCIONAL.............ccoiiiiiiiiiiiiiiiee e 23
2.3.2FUNCional DIVEISItY. ... s 25

REFERENCIAS..........oiiiiiiiiiiiii it 28

3.1 INtrodUCtion.........oooi 38
3.2 MethOdS........oeee e 39
3.3 RESUIS....o 44
3u4  DISCUSSION. ...t 48

REFERENCIAS .......coiitiiiiiiiiiii ettt 52

APENDICES..........oooiieieeeeeeeeeeeee ettt 60



10

1 INTRODUGAO

A Mata Atlantica Brasileira esta entre os vinte e cinco hotspots de
biodiversidade no mundo (MYERS et al., 2000). Por abrigar um alto numero de
espécies endémicas, alguns estudos foram feitos para identificar areas de
endemismo na Mata Atlantica. Uma das areas de endemismo é chamada de Centro
Pernambuco de Endemismo (PRANCE, 1982; BROWN, 1982), que possui a maior
concentracdo de espécies endémicas entre todos os centros, porém é o mais
afetado antropicamente entre eles (HEYER, 1988; LIMA; CAPOBIANCO, 1997;
SILVA; TABARELLI, 2001).

Na regiao do Centro Pernambuco de Endemismo (CPE) existe uma area
(Murici, Alagoas) que abriga a maior quantidade de espécies de aves ameacgadas de
extingdo nas Américas (WEGE; LONG, 1995). Desde 1970, as florestas de Murici
estdo sendo substituidas por plantagdes de cana-de-agucar e pasto para pecuaria,
restando apenas 2% de sua vegetagéao original (TEIXEIRA; GONZAGA,1985).

Frente aos disturbios antrépicos atuais, a capacidade e velocidade de
previsdo das teorias ecoldgicas precisa ser melhorada (PETERS, 1991) para que
questdes importantes possam ser respondidas pela ecologia de comunidades. Entre
elas, a relagao entre diversidade e funcionamento do ecossitema é um tépico em
constante debate (RICOTTA, 2005), pois estudar o funcionamento dos
ecossistemas € um grande desafio, visto que, devido a grande complexidade de
interagcbes, torna-se quase impossivel abranger a biodiversidade em toda sua
extensao (VANDEWALLE et al., 2010).

No entanto, autores modernos afirmam que medidas de diversidade que
avaliem informacgdes relativas as relagdes filogenéticas das espécies (WEBB, 2000;
RICOTTA, 2005) e/ou as caracteristicas funcionais das mesmas (DiAS; CABIDO,
2001; PETCHEY; GASTON, 2006) proveem melhores anadlises sobre o
funcionamento das comunidades do que as medidas tradicionais.

Uma nova abordagem prioriza a avaliagdo da diversidade como diretriz dos
processos que ocorrem nas comunidades, no qual o principal objetivo é
compreender o papel que cada espécie desempenha dentro de uma dada
comunidade e desta forma prever as consequéncias de alteragdes na composi¢cao
desta comunidade (HOOPER et al., 2005; HILLEBRAND; MATTHIESSEN, 2009).
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Esta nova abordagem é conhecida como Diversidade funcional e pode ser
definida como “o valor e a variacdo das espécies e de suas caracteristicas que
influenciam o funcionamento das comunidades” (TILMAN; LEHMAN; THOMSON,
1997). Pode-se dizer que comunidades com alta diversidade de tragos funcionais
irdo operar mais eficientemente (TILMAN; LEHMAN; THOMSON, 1997). Portanto, ao
estudar a diversidade funcional podemos obter respostas sobre predicbes de
consequéncias funcionais das mudangas causadas por humanos (LOREAU et al.,
2001).

Modificagbes no habitat podem gerar varios efeitos no padrao de distribuicédo
de algumas espécies (p.e. aves especialistas) que ndo se adaptam a estas
modificagdes (ALEIXO, 1999). Os efeitos da fragmentacdo florestal sobre
comunidades de aves tem originado uma imensa quantidade de estudos sobre as
mais variadas perspectivas, onde a preocupacao central é a de analisar a perda de
espécies e a manutengao de metapopulagdes viaveis em paisagens fragmentadas
(STOTZ al., 1996).

As aves possuem uma estreita relacdo com o tipo de ambiente e seu estado
de conservagédo e sao sensiveis a modificacdo dos habitats (KARR; FREEMARK,
1983), representando bons modelos em trabalhos relacionados as alteragbes
funcionais dos ecossistemas. Portanto conhecer a resposta da avifauna as
modificacdes do habitat pode fornecer embasamento cientifico para a priorizagao na

conservagao dos fragmentos do Centro Pernambuco de Endemismo.
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2 REVISAO DE LITERATURA

2.1 Estrutura de comunidades florestais

Comunidades bioldgicas sdo compostas por um conjunto de populacdes e
espécies que ocorrem em um mesmo lugar ao mesmo tempo e estdo conectadas
umas as outras por suas interagdes (BEGON; TOWNSEND; HARPER, 2006). Para
se entender como estas comunidades estdo estruturadas, deve-se conhecer as
regras que regem o processo de sua montagem, tais como os padrbes observados
de riqueza e abundancia de espécies, as interacbes entre elas e as respostas
individuais das espécies as condigbes ambientais (WILSON; GITAY, 1995; KRAFT;
VALENCIA; ACKERLY, 2008). Estudos neste sentido normalmente se iniciam pela
busca de padrdes na comunidade, como por exemplo, formas de crescimento ou
tendéncias similares na riqueza de espécies em diferentes ambientes (BEGON;
TOWNSEND; HARPER, 2006).

Em adicdo, diversas teorias tentam explicar padrdes de estruturacao de
comunidades baseadas em caracteristicas adaptativas ou em dispersdo de
individuos (GRINEL, 1924; GAUSE, 1934; HUBELL, 2001).Assim, quando espécies
entram em uma comunidade através de imigracdo de um pool regional de espécies,
esta comunidade pode ser em grande parte moldada por processos aleatorios ou
alternativamente, por processos ecoldgicos. A teoria neutra, considera que todas as
espécies sdo ecologicamente equivalentes e que as comunidades s&o estruturadas
por deriva (estocasticidade demografica), ou seja, os individuos existentes naquela
comunidade tiveram igual probabilidade de nascer, reproduzir, morrer e migrar
(HUBELL, 2001). Desta forma, ha uma saturagao na disponibilidade de recursos em
uma comunidade e deve-se ocorrer morte de individuos ou aumento nos diferentes
recursos da comunidade, para que ocorram novas coloniza¢gdes de individuos
(HUBELL, 2006).

Porém, de acordo com a teoria do nicho proposta por Grinnel (1924), a
distribuicdo das espécies, esta relacionada a barreiras fisicas e climaticas, ou seja,
as espécies se estabelecerdo apenas em habitats onde as condicdes ambientais
locais (filtros) forem propicias a sua sobrevivéncia e reproducdo, neste caso, as
espécies desta comunidade tendem a ser mais semelhantes. Posteriormente, outras

teorias, enfatizaram interacbes biodticas (GAUSE, 1934), exclusdao competitiva
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(GRINNEL, 1917) e similaridade limitante (MACARTHUR; LEVINS, 1967), também
como responsaveis pela distribuicdo de espécies em escala local. Mesmo
consideradas extremos opostos, as teorias do nicho e da neutralidade também
podem atuar em conjunto na estruturagdo das comunidades, a qual tem uma série
de espécies redundantes e complementares, com suas abundancias determinadas
por condigdes ambientais e imigracées (GRAVEL et al., 2006; KRAFT; VALENCIA;
ACKERLY, 2008).

Particularmente, a estrutura de comunidades animais € altamente dependente
da estrutura de comunidades vegetais, a qual vai ser responsavel pela
heterogeneidade de habitats, e consequentemente maior possibilidade de nichos e
diversidade de espécies (MAGURRAN, 1988).Assim, a disponibilidade de recursos e
a heterogeneidade de habitats sdo fortes preditores de riqueza de espécies,
juntamene com a dieta e habitos especialistas, especialmente em grandes escalas
(BELMAKER; SEKERCIOGLU; JETZ, 2012). Portanto, quanto maior a diversidade
de espécies vegetais, maior a variedade de recursos e locais de forrageio,
consequentemente maior a complexidade estrutural e a riqueza de espécies animais
(GIMENES; ANJOS, 2003). Nesse sentido, as aves tém papel importante na
explicagdo dos padrbes de riqueza na paisagem e na influéncia da
complexidade/heterogeneidade do habitat (MACARTHUR, J.; MACARTHUR, W.,
1961; TEWS et al., 2004).

2.1.1 O papel das aves na estrutura de comunidades

Aves sao responsaveis por diversas funcdes nas comunidades florestais tais
como polinizagao, dispersdo de sementes, herbivoria, predacdo, entre outros,
auxiliando na manutengdo das comunidades de espécies vegetais (SAUNDERS;
HOBBS; MARGULES, 1991; LAURANCE et al., 1998). A presencga ou auséncia de
aves que realizam estas fungdes podem servir de subsidio para agdes de manejo de
areas florestais (MOTTA-JUNIOR 1990; DONATELLI; COSTA; FERREIRA,
2004).Nesse sentido, existem espécies que possuem fungdes muito importantes
para a estruturacdo de comunidades, como por exemplo, os animais dispersores de
sementes. Em florestas tropicais, mais de 90% das espécies de arvores sao
dispersas por animais; 56% das angiospermas s&o dispersas por vertebrados. As

aves frugivoras, dispersoras de sementes, sdo fundamentais para a manutencéo da
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diversidade de plantas em uma floresta e pode ser uma das fungdes ecoldgicas mais
influente nos trépicos (SEKERCIOGLU, 2006).

Outro papel importante que as aves desempenham €& o controle de presas,
como os insetos controlados por aves insetivoras (PERFECTO et al.,, 2004), e
roedores e aves invasoras controladas por raptores(ABRAMSK; ROSENZWEIG;
SUBACH, 2002). Similarmente, aves decompositoras ajudam a manter o fluxo de
energia em teias alimentares e limitam a propagacao de doencgas, enquanto que as
aves polinizadoras proporcionam polinizagdo de alta qualidade possuindo grande
importancia ecoldgica, econdmica, evolutiva e de conservagao, especialmente em
arvores de sub-bosque de florestas tropicais (SEKERCIOGLU, 2006). Portanto, a
estrutura de vegetacao esta fortemente associada a riqueza e a composicdo de
espécies de aves na comunidade (WIENS, 1969; GIMENES; ANJOS, 2003), a qual

¢é influenciada por diversos fatores.

2.1.2Fatores que influenciam a estrutura de comunidades das aves

Existem alguns fatores ambientais que influenciam a riqueza e a composi¢ao
de espécies de aves em um ambiente florestal tais como area e formato da floresta,
heterogeneidade dos habitats e grau de isolamento dos fragmentos(GIMENES;
ANJOS, 2003; HEIKKINEN et al., 2004; GULDEMOND; VAN ARDE, 2010; CINTRA,;
NAKA, 2012).De fato, o tamanho da area do fragmento esta intimamente ligado a
complexidade do habitat, indicando que pequenos fragmentos, independentemente
da paisagem, tendem a ter estrutura de habitat mais simples e maiores fragmentos
tendem a ter estrutura de habitat mais complexo (WATSON; WHITTAKER;
FREUDENBERGER, 2005), podendo abrigar maior diversidade de nichos e
consequentemente maior riqueza de aves.

Com base na teoria de biogeografia de ilhas de MacArthur e Wilson (1967),
espera-se que o numerode espécies de avesde uma floresta diminuacom
fragmentos menores ecom fragmentos mais isolados. O processo de fragmentacao
leva a uma diminuicdo da area florestal, afetando ndo apenas o numero, mas
também a composicao das espécies de aves presentes (GIMENES; ANJOS, 2003).

Similarmente, formas complexas de fragmentos podem contribuir com o
aumento da heterogeneidade de ambientes e consequentemente oferecer maior

numero de recursos e nichos, suportando maior diversidade de espécies
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(MACARTHUR, J.; MACARTHUR, W., 1961). Por outro lado, formas menos
complexas de fragmentos podem tornar a floresta mais exposta a efeitos de borda
(BANKS-LEITE; EWERS; METZGER, 2010). De fato, fragmentos com formato
alongado (Figura 1a) tém grande proporg¢ao de borda em relagédo ao nucleo, o que
significa maior prejuizo para as aves adaptadas ao interior da floresta (WILCOVE;
ROBINSON, 1990; RANTA et al., 1998) enquanto fragmentos florestais com formato
circular (Figura 1b) proporcionam maior area de nucleo em relagéo a borda, o que
faz com que menor porgcao da floresta sofra os danos do efeito de borda (TURTON;
FREIBURGER, 1997; PORENSKY; YOUNG, 2013).

Figura 1 — Formas de fragmentos e seus efeitos de borda. a) Forma irregular
alongada, b) Forma circular.

ito de borda

Fonte: Autora, 2014.

O sucesso das aves em obter seus recursos € influenciado pela fisionomia da
vegetacdo, esta fisionomia, corresponde a diferentes microhabitats para as aves
(Figura 2), ou seja, quanto maior heterogeneidade do habitat havera maiores
alternativas para diferentes espécies de aves encontrar substratos adequados para
suas atividades (HOLMES,1990).
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Figura 2 — Heterogeneidade de habitat
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Fonte: Autora, 2014.

Nota: Quanto maior a heterogeneidade dos fragmentos, maior € a quantidade de recursos e
consequentemente, maior € o numero de espécies.

A diferenciagado nas estratégias de uso de recursos em diferentes substratos
(alta heterogeneidade) ao longo das espécies, contribui para uma melhor
manutencéo da diversidade (KRAFT; VALENCIA; ACKERLY, 2008).

Outro fator importante que altera a composi¢cao de espécies de aves € o grau
de isolamento das florestas. Neste sentido, MacArthur e Wilson (1963) observaram
que a avifauna de ambientes insulares tornava-se progressivamente mais
empobrecida quanto maior fosse a distancia da ilha em relacdo ao continente.
Similarmente, fragmentos florestais circundados por ambientes alterados (matrizes)
e isolados de outras florestas tendem a apresentar os mesmos efeitos verificados
nos ambientes insulares (TERBORGH et al., 1997).

As matrizes podem representar barreiras de deslocamento significativas para
muitas espécies de aves adaptadas ao interior das florestas, impedindo o fluxo de
individuos entre os fragmentos e diminuindo com o tempo a variabilidade genética
dessas populagdes (SIMBERLOFF; ABELLE, 1982; WATSON; WHITTAKER;
FREUDENBERGER, 2005).

Geralmente, todos estes fatores citados acima sao potencializados por
disturbios e perturbagdes antropicas que levam a perda e fragmentagao dos habitats
naturais (LOREAU, 2010).
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2.2 Efeitos da fragmentagao de habitats nas comunidades de aves

Os primeiros estudos sobre os efeitos da fragmentagéo florestal estdo
relacionados a teoria de biogeografia de ilhas proposta por MacArthur e Wilson
(1967) e aumentaram bastante nas ultimas décadas (WATSON; WHITTAKER,;
FREUDENBERGER, 2005). Muitos desses estudos demonstram que a perda de
habitat tem efeitos negativos grandes sobre a biodiversidade, enquanto que o
desmembramento do habitat por si sé teria efeitos muito fraco, podendo ser visto
tanto como positivo como negativo (FAHRIG, 2003). Recentemente trabalhos tem
discutido com mais énfase as respostas das espécies aos problemas causados pela
fragmentacao dos habitats (FARIA et al., 2007; DIXO; et al., 2009; GULDEMOND,
VAN ARARDE, 2010).

Certamente, os efeitos bioldgicos e fisicos da fragmentagdo acabam levando
a diminuicdo do tamanho das populagdes, aumentando a ocorréncia de delecdes
genéticas e o risco de rapidas extingbes diante de eventos estocasticos
(SIMBERLOFF, 1994). Em relacéo as aves, espécies que requerem grandes areas
de uso ndo sobrevivem em pequenos fragmentos (BIERREGAARD et al.,1992). Em
um habitat florestal fragmentado, pode ocorrer a perda de grandes predadores,
como os rapinantes, levando a um aumento na populacido de dispersores de
sementes (frugivoros), que por sua vez, pode afetar a composicdo de espécies de
arvores na floresta. Esse evento cascata afeta o funcionamento e estrutura dos
ecossistemas (TERBORGH; 1992).

Grandes frugivoros, que necessitam de diferentes espécies vegetais
frutificando em diferentes estagées do ano, s6 ocorrem em grandes florestas e séo
sensiveis a fragmentacdo (WILLIS, 1979). Outras espécies bastante susceptiveis
sdo as que se associam em grupos de forrageamento, como os bandos mistos e os
seguidores de formigas. Por outro lado, espécies omnivoras e que se adaptam bem
a ambientes alterados podem se beneficiar com a fragmentagdao (GIMENES;
ANJOS, 2003).

A perda de espécies € muitas vezes nao aleatéria, em resposta particular aos
impactos antrépicos (OSTFELD; LOGIUDICE, 2003). Cada vez mais, modelos e
estudos empiricos sugerem que a identidade e a ordem da perda ou ganho de
espécies causem efeitos sobre o funcionamento das comunidades (LYONS;
SCHWARTZ, 2001; SMITH; KNAPP, 2003).
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Sequéncias de extingdo podem ter grandes efeitos, se a perda de espécies
estiver associada a perda de interagdes inter-especificas, essas interacdes
aumentam o numero de funcbes através da complementaridade, tendo como
consequéncia, comunidades com baixa diversidade, nas quais faltam grupos
funcionais que sdo encontrados em assembléias com maior diversidade
(ZAVALETA; HULVEY, 2004).

Nao obstante, a fragmentagao florestal € um fenbmeno comum nas regides
tropicais que ameaga a biota florestal (TABARELLI; LOPES; PERES, 2008) e vem
crescendo em taxas alarmantes em todo o mundo (MYERS et al., 2000; TABARELLI
et al., 2005). Nos anos de 1970 e 1980, o advento do agronegécio fez crescer a
fragmentacao das florestas tropicais em grande escala no Brasil (FEARNSIDE,
1987) e a Mata Atlantica sofreu muito com isso (BROCKERHOFF et al., 2013).

2.2.1 Mata Atlantica

A Mata Atlantica Brasileira é considerada um hotspot de biodiversidade por
possuir um elevado numero de espécies endémicas e devido a grande perda de
habitats (MYERS et al., 2000). Pode-se destacar 2.7% do total global de plantas
endémicas e 2.1% de vertebrados endémicos nesta regido, o que o deixa em quarto
lugar, possuindo a maior concentracdo de espécies endémicas dos hotspots
(MYERS et al., 2000). Esta grande diversidade esta atribuida principalmente a sua
localizacdo geografica e a seus gradientes latitudinal, longitudinal e de altitude
(SILVA; CASTELETI, 2003).

A Mata Atléntica devido a intensa perda florestal hoje possui apenas 11,7%
de sua vegetagao original, predominando remanescentes pequenos (<50 ha), que
perfazem 20.2% dos remanescentes florestais totais, enquanto que os grandes
fragmentos (>10.000ha) perfazem apenas 0.03% dos remanescentes totais
(RIBEIRO et al., 2009). A maioria destes fragmentos esta isoladae é composta por
florestas secundarias em estagios sucessionais iniciais a médios (METZGER et al.,
2009). Diversos estudos ja foram feitos sobre os efeitos da fragmentacéo sobre as
aves em fragmentos de Mata Atlantica (WILLIS, 1979; ALEIXO; VIELLIARD,1995;
GALETTI; ALVES-COSTA; CAZETTA, 2003; MALDONADO-COELHO; MARINI,
2003; RIBON; SIMON; MATTOS, 2003). Estudos mais recentes ampliaram a
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avaliagado para estes efeitos em escala macro regional (METZGER et al, 2009;
RIBEIRO et al., 2009; LOBO-ARAUJO, 2013).

Por existir uma grande quantidade de espécies endémicas, uma das
propostas mais aceitas parase caracterizar areas de endemismos na Mata Atlantica
para as aves, delimitou quatro areas de endemismo conhecidas como Centro da
Bahia, Costa da Bahia, Serra do Mar e Pernambuco (SILVA; SOUSA;
CASTELLETTI, 2004).

2.2.2 Centro Pernambuco de Endemismo (CPE)

O Centro Pernambuco de Endemismo (SILVA; CASTELETI, 2003) inclui
florestas semideciduas e deciduas que seguem a costa do Atlantico, ao norte do rio
Sé&o Francisco. Ele esta inserido nos estados da Paraiba, Pernambuco e Alagoas
(SILVA; SOUSA; CASTELLETTI, 2004)e é considerado o centro mais ameacado e
fragmentado entre todos os centros da Mata Atlantica (SILVA; TABARELLI, 2001).
Recentemente o CPE, vem sendo também chamado de Refugio Pernambuco
(CARNAVAL; MORITZ, 2008). Esta regiao abriga um grande niumero de espécies de
aves ameacadas de acordo com a BirdLife International (THREATENED..., 2000) e
o Ministério do Meio Ambiente (BRASIL, 2003).

O Centro Pernambuco é um dos setores da floresta Atlantica brasileira que
mais cedo sofreu um processo intenso e, em larga escala, de conversao da floresta
em areas agricolas e urbanas. Desde o século XVI a floresta € convertida em
lavoura de cana-de-acucar e pasto, mas o processo de expansao da lavoura
canavieira teve maior intensidade na década de 70, com os incentivos para a
producdo de alcool (RANTA et al.,1998; SILVA; TABARELLI, 2000; GOERCK;
WEGE, 2005). Nesta época, quase todos os grandes remanescentes de floresta
desapareceram. Estima-se que exista menos de 5% de sua floresta original
(GALINDO-LEAL; CAMARA, 2003), a qual é composta por fragmentos florestais
muito pequenos e isolados (GASCON; WILLIAMSON; FONSECA, 2000).

As florestas do centro de Pernambuco originalmente cobriam 56.000 km?2, ou
seja, 4,6% de toda a Mata Atlantica. Os principais tipos eram florestas de transigéo
(34,9%), florestas semideciduas (28,4%) e florestas ombrdfilas
abertas(20,5%).Dadosdeimagensdesatélite, mostraram que em 1995 remanescentes
cobriam apenas 2.124 km? (SILVEIRA; OLMOS; LONG, 2003).
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No Centro Pernambuco as areas mais importantes para a conservagao, sao
aqueles remanescentes onde ocorrem os endemismos mais ameagados (p. ex.
cara-suja Pyrrhura anaca, limpa-folha-do-nordeste Philydor novaesi, choquinha-de-
alagoas, Myrmotherula snowi, zidedé-do-nordeste, Terenura sicki e cara-pintada
Phylloscartes ceciliae) (OLMOS, 2005). Neste sentido, uma das regides do CPE,
onde estes remanescentes ainda resistem é a regido do Complexo Murici, no estado
de Alagoas, que abriga o maior numero de aves ameagadas das Américas
(SILVEIRA; OLMOS; LONG, 2003).

De acordo com Barnett, Carlos e Roda e colaboradores em 2005, os esforcos
de conservagao na regiao de Murici tiveram inicio na década de 1980 apds a
descoberta de quatro novas espécies de aves (Figura 3).: Philydor novaesi
(TEIXEIRA; GONZAGA, 1983b), Terenura sicki (TEIXEIRA; GONZAGA 1983a),
Myrmotherula snowi (TEIXEIRA; GONZAGA 1985), e Phylloscartes ceciliae
(TEIXEIRA, 1987).

Figura 3 — Espécies endémicas do CPE.
7 ™

Philvdor novaesi

Myrmotherula snowi

Fonte: Internet Bird Colection (IBC)

Estes esforcos resultaram na criagdo de uma Area de Protecdo Ambiental
estadual - APA de Murici (GOERCK, 1995) e de uma Estagcédo Ecoldgica federal
(MENEZES; CAVALCANTE; AUTO, 2004). No entanto, desde a década de 1970, as
florestas de Murici, estdo dando lugar a plantagbes de cana-de-agucar e pecuaria,
restando apenas 2% da cobertura florestal (TEIXEIRA; GONZAGA, 1985) desta area
de grande diversidade (ROBERTO et al., 2010).
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2.3 Medidas de diversidade

Neste sentido, um dos desafios da ecologia € entender como a alteragao de
habitats afeta a biodiversidade. E esta diversidade pode variar de acordo com a
escala utilizada, podendo-se distinguir trés tipos de diversidade: alfa (a), beta (B) e
gama (y). A diversidade a, ou local, corresponde a diversidade dentro de um habitat
ou comunidade. A diversidade y, ou regional, corresponde a diversidade de uma
grande area, bioma, continente, ilha, etc. A diversidade 3 corresponde a diversidade
entre habitats (BEGON; TOWNSEND; HARPER, 2006).

Essas medidas tradicionais de diversidade assumem que todas as espécies e
individuos séo iguais (MAGURRAN, 2004). Por exemplo, duas espécies (A e B)
pesando 20 g e 130 kg, de habitos arboricolas e terricolas, especialista e
generalista, respectivamente, s&o consideradas idénticas. No entanto, para se evitar
gue espécies totalmente diferentes sejam consideradas idénticas, pode-se incluir a
contribuicdo relativa de cada espécie (como altura e biomassa ou contagem do
numero de individuos) e para se incluir essa contribuicao, sdo utilizados os indices
de diversidade propostos por Shannon e Simpson (CIANCIARUSO; SILVA;
BATALHA, 2009).

E fato que as tradicionais medidas de diversidade, que utilizam apenas a
riqueza de espécies sao consideradas estimativas pouco preditivas da estrutura e do
funcionamento das comunidades (RICOTTA, 2005b). Desta forma, autores como
Dias e Cabido (2001) e Petchey e Gaston (2006) afirmam que medidas de
diversidade que avaliem as caracteristicas funcionais conseguem fazer melhores
analises do que as medidas tradicionais. Elas sdo chamadas de medidas de
diversidade funcional e podem ser utilizadas para entendermos como as
comunidades locais s&o estruturadas, atravées da medicdo das caracteristicas
funcionais de cada espécie (WEIHER; KEDDY 1999, PETCHEY et al., 2007).

2.3.1 Medidas de diversidade funcional

A diversidade funcional tem o potencial de conectar variagdes morfologicas,
fisiologicas e fenologicas entre os individuos nos processos e padrbes do
ecossistema e pode ser usada em estudos com enfoque no funcionamento dos
ecossistemas ao longo de gradientes ambientais, bem como frente a mudangas de
disponibilidade de recursos e de estrutura de habitat (GOMEZ et al., 2010). Assim, a
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diversidade funcional pode nos dar informagdes sobre como as espécies
compensam a perda de outra espécie. Podemos considerar, portanto, que algumas
espécies sao funcionalmente semelhantes, e outras sao funcionalmente diferentes
(PETCHEY; O'GORMAN; FLYNN, 2009). Neste sentido, espécies similares acessam
0 mesmo conjunto de recursos e se uma destas espécies desaparecer outras
espécies com funcdes similares aumentam o uso desses MesMOS recursos,
ocorrendo, portanto uma perda pequena na diversidade funcional da comunidade
(DIAS; CABIDO, 2001).

No entanto, se as espécies que desaparecerem forem muito diferentes das
outras em suas caracteristicas funcionais, a diversidade funcional e a utilizagdo do
conjunto de recursos vai diminuir em conjunto, levando a uma redugdo nos
processos do ecossistema. Assim, a diversidade funcional € uma medida da
diversidade que implicitamente incorpora alguns mecanismos de interagbes
ecologicas entre as espécies (PETCHEY; O’'GORMAN; FLYNN, 2009) prevendo as
consequéncias funcionais das mudangas causadas pelo homem (LOREAU et al.,
2001).

Além disso, a abordagem funcional esta baseada na teoria de nicho ecolégico
(HUTCHINSON, 1959) que considera as espécies como entidades heterogéneas, as
quais respondem diferentemente as condicbes ambientais, mudando o foco da
espécie em si para seus tragos funcionais. Ou seja, a ideia central da abordagem
funcional é que tracos, ndo entidades taxonémicas, sdo as unidades fundamentais
selecionadas através de filiros ambientais (WEIHER; CLARKE; KEDDY, 1998).
Desta perspectiva funcional surge o interesse em classificar espécies em grupos que
se relacionam diretamente com as fungbes do ecossistema. Assim, grupos
funcionais podem ser definidos como um conjunto de espécies com ou sem
afinidades filogenéticas, que tém tragos funcionais similares e que respondem de
forma parecida as condigdes ambientais (LAVOREL et al., 1997).

Atualmente, diversas medidas de diversidade funcional estao disponiveis na
literatura. A medida da riqueza de grupos funcionais (FGR, functional group
richness) foi a primeira medida proposta e ela agrupa as espécies através de algum
método de classificagdo, deixando as espécies mais similares dentro de um mesmo
grupo (DIAZ; CABIDO, 2001). Essa medida possui algumas limitacdes importantes,
uma delas é que nao se sabe até que ponto espécies sdo consideradas idénticas e

redundantes para fazerem parte de um mesmo grupo, sendo necessario tomar
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varias decisbes sobre as diferengas funcionalmente significativas das espécies
(PETCHEY; GASTON, 2006). Uma outra medida, a FAD (functional attribute
diversity), foi a primeira medida proposta obtida das caracteristicas funcionais das
espécies (WALKER; KINZIG; LANGRIDGE, 1999) e é calculada através da média da
distancia entre espécies num espagco multidimensional (PETCHEY; O’'GORMAN;
FLYNN, 2009). A medida Rao (Q) é semelhante a anterior, porém utiliza a
abundancia das espécies (RAO, 1982). Recentemente foi proposta uma nova versao
da Q, utilizando valores arbitrarios de ponderacdo ao invés de usar abundancia
relativa (WEIGELT et al., 2008). Por ultimo, a medida FD (Functional Diversity)
incorpora alguns mecanismos de interacdes ecoldgicas entre espécies. Em adicio,
ela fornece uma abordagem geralsobre a adicdo de caracteristicas deindividuosas
propriedadesdas comunidades.Isto faz com que a FD seja potencialmenteum
poderosoconceitodeecologia (PETCHEY; O’'GORMAN; FLYNN, 2009). Pois, quando
ocorrem extingdes, as medidas de diversidade funcional devem diminuir e quando
ocorrem adicdes de espécies, essas medidas devem aumentar, uma vez que a
relagéo entre riqueza e diversidade funcional é positiva (RICOTTA, 2005a). Neste
sentido, a medida FD é uma das duas uUnicas que leva em conta esse critério
(PETCHEY; O'GORMAN; FLYNN, 2009).

2.3.2Diversidade Funcional (FD)

Para se medir a FD, sdo necessarias, informagdes funcionais apropriadas
sobre as espécies. Dependendo do grupo a analisar (vegetais ou animais) a
quantidade e tipos de tracos escolhidos se diferenciam. Para animais, importantes
coletas de tragos funcionais, seriam os recursos utilizados,forrageio observado,ou
também analise do conteudodo intestino, bem como pode-se utilizar tracos como a
morfologia dental (PETCHEY; GASTON, 2006). Portanto, previamente deve-se
construir uma matriz de caracteristicas funcionais versus espécies e posteriormente
converter essa matriz em uma matriz de distancia (CIANCIARUSO; SILVA;
BATALHA, 2009).

Desta forma, para dados continuos a matriz de distancia euclidiana é a mais
adequada enquanto para dados continuos e catégéricos juntos, o ideal seria utilizar
a distancia de Gower (PAVOINE et al., 2009). Apés a construcdo da matriz de

distdncia deve-se produzir o dendrograma utilizando o UPGMA como método
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padrdo, conforme sugerido por Podani e Schmera (2006),e por ultimo somar o
comprimento dos bragos do dendrograma (PETCHEY; GASTON, 2002) (Figura 4).
Nesta forma de calculo o dendrograma funcional descreve as relagdes funcionais
entre as espécies em uma regido e € construido a partir das caracteristicas das
espécies das comunidades locais (PETCHEY; O'GORMAN; FLYNN, 2009).

Figura 4 — A diversidade funcional (FD)
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Fonte: Cianciaruso, Silva e Batalha, 2009.

Nota: E igual a soma de todos os bragos necessarios para conectar as espécies presentes em uma
dada comunidade. Por exemplo, uma comunidade formada pelas espécies 1, 2, 5 e 6 tera uma
FD igual a b+a+c+d+f+g+i+j+k.

Assim, se o valor da FD for igual a zero, significa que aquela comunidade foi
estruturada baseada na teoria neutra, ou seja, a distribuicdo das espécies foi
aleatéria, ou seja, por dispersdo, reprodugcdo e morte dos individuos (OSTLING,
2005).

Por outro lado, se o valor da FD for diferente de zero, significa que aquela
comunidade pode ter sido estruturada baseada na teoria de nicho, de duas
maneiras: a) pela hipotese do filtro ambiental (FD<0), em que espécies coexistentes
tendem a ser mais similares do que se esperaria ao acaso, as condicdes ambientais
atuam como um filtro selecionando e possibilitando a persisténcia de um espectro
relativamente pequeno de tragos funcionais das espécies (KEDDY, 1992) ou b) pela
hipétese da similaridade limitante entre as espécies (FD>0), assumindo a maior
coexisténcia de espécies ecologicamente diferentes entre si (MACARTHUR;
LEVINS, 1967).
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Em relacédo a medida de diversidade funcional, diversos estudos avaliam a
influencia de alteragbes antropicas na diversidade funcional (FLYNN et al., 2009;
BIHN; GEBAUER; BRANDL, 2010; BARRAGAN et al., 2011) e tem concluido que
as atividades humanas resultam na perda ou adicido de espécies com certos tracos
fruncionais, modificando o funcionamento dos ecossistemas (KREMEN, 2005).
Entretanto, nosso entendimento sobre a magnitude dos efeitos das mudangas na
diversidade funcional e seus impactos na dinAmica de processos ecoldgicos ainda &
limitado (BARRAGAN et al., 2011).

Diversos estudos também sugerem a associagao entre diversidade funcional
de aves e variaveis ambientais, a fim de predizer a resposta das aves frente a
mudancas nas condigdes ambientais (PETCHEY et al., 2007; CLOUGH et al., 2009;
GOMEZ et al., 2010). Alguns destes estudos foram feitos no Brasil, no Cerrado
(BATALHA; CIANCIARUSO; MOTTA-JUNIOR, 2010), na Amazbnia (HIDASE-NETO
et al., 2012) e na Mata Atlantica (TRINDADE-FILHO et al., 2012), no entanto, nao
existem estudos sobre a diversidade funcional em uma regiao tado fragmentada como
o Centro Pernambuco de Endemismo.

As aves exibem a mais diversa gama de fungdes ecoldgicas entre os
vertebrados e servem como importante representante da biodiversidade de uma
area (SEKERCIOGLU, 2006), bem como € um excelente grupo para compreender
as variagoes das estruturas florestais (MASON, 1996; BARLOW; PERES, 2004) e
assembléias ecoldgicas através do espago e do tempo, uma propriedade
fundamental do mundo natural (BROWN, 1995, GASTON; SPICER, 2003).
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ABSTRACT

The effects of habitat fragmentation on species are well known. However, there have
been few similar studies on functional diversity (FD), a key component for
maintaining ecosystem functioning. Moreover, due to a greater dependence on niche
partitioning, FD may show different associations with fragment characteristics (e.g.
size, shape isolation) than species diversity. Here, we examine the impacts of
fragment characteristics on the FD of birds of the Atlantic forest in the Murici region of
northeast Brazil, home to the largest number of species of endangered birds in the
Americas and one of the highest concentration of threatened birds in the World. First,
we tested whether observed levels of FD did not differfrom those expected by
chance. Second, we quantified the effect of fragment size,shape anddegree of
isolationon bird FD. Our results indicate that bird FD was different from random
expectations. Moreover, only size had influence on FD, shape and degree of isolation
of fragments had no measurable influence on FD. These results, indicate that the
construction of the local assemblies studied appears to have been influenced by the
ecological relationships between species and larger fragments by having a wider
range of features show a pattern characterized by differences between groups.

Key words: Fragmentation, Pernambuco Center of Endemism, Community structure,
Regional and local conservation, Bird conservation
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3.1 Introduction

The effects of habitat fragmentation on species diversity have been intensively
investigated (Silveira et al. 2003; Silva et al. 2004; Barnett et al. 2005; Goerk & Wege
2005; Zurita et al. 2006;Anjos 2006). In contrast, the impacts of fragmentation on
functional diversity (FD) are poorly understood with relatively few studies (Ding et al.
2013). Such studies are needed because, by measuring the distribution of traits
within a community, FD is more directly related tocommunity assembly and

ecosystem function (Girao et al. 2007; Cadotte et al. 2011).

From a conceptual perspective, functional diversity should, ceteris paribus,
decrease with fragment size due to the loss of habitat heterogeneity — although this
decline will not necessarily follow the same pattern as that seen for species diversity.
Indeed, the relationship between taxonomic diversity and functional diversity is
complex, depending on how a change in the environment (e.g. loss of area,
degradation, increase in isolation) adds or deletes a particular species or suite of

species with particular traits (Chown et al. 2004).

Furthermore, it has been suggested that communities with greater diversity of
functional traits, that is, with a higher functional diversity, will operate more efficiently
(Tilman et al. 1997). In this sense, FD predict the functional consequences of caused
for humans activities (Loreau et al. 2001) and provides insight on the future of

habitats highly fragmented.

Likewise, effects of habitat fragmentation on bird have been intensively
investigated in the literature too (for a review, see Debinski & Holt 2000).However, in

Brazil, some studies about functional diversity in birds communities were made in the
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Cerrado (Batalha et al. 2010), Amazon (Hidase-Neto et al. 2012) and Atlantic Forest
(Trindade-Filho et al. 2012), but none specifically addressed an area of endemism.
Certainly,one of the most highly fragmented forest habitats in the world is the Atlantic

forest of northeast Brazil (Silva & Tabarelli 2000).

One particular area, known as the Pernambuco Center of Endemism (PCE)
sensu Silva & Casteleti (2003) or Pernambuco Refuge (Carnaval & Moritz 2008), due
to the high proportion of endemic bird species, is one of the most severely affected
and least known parts of this forest (Heyer 1988; Lima & Capobianco 1997; Silva &
Tabarelli 2001). Moreover, the PCE in general and the highly fragmented forests of
Murici, Alagoas, in particular are home to the largest number of species of
endangered birds in the Americas (Wege & Long 1995) and probably host the

highest concentration of threatened birds in Brazil (BirdLife International 2000).

Therefore, the aim of thisstudy is assess the relationship between
birdfunctional diversity (FD) and forest fragment characteristics in the Atlantic forest
of Murici, northeast Brazil. Specifically, we aim to assess thedistribution of traits of
the birds found within forest fragments that vary withsize, shape and degree

ofisolation.

3.2 Methods

The study was conducted in forest remnants of Atlantic Forest located within
the Murici “Area of Environmental Protection (EPA)” (09 ° 15'14" S, 35 °© 47'59" W).
Thus, sampling effort was focused on Dense Ombrophilous Forest fragments to the
south of the Pernambuco Center of Endemism (PCE), Alagoas, northeastern Brazil
(Figure 5).
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Figure 5 — Map of location and identification of the Atlantic forest fragments sampled
in Murici Environmental Protection Area, Alagoas, Brazil. Legend: SFR = small
fragment, MFR = medium fragment; and LFR = large fragment.
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The bird richness and abundance were investigated between February
2012and2014,when 18fragmentswere sampledbyLWLA using point counts and
MacKinnon lists (one sample = one 10-species list, MacKinnon & Phillips 1993).To
the bird survey were used Ecotone binoculars and Marantz recorder with Sennheiser
microphone.Birds were registered in all directions (unlimited distance) for 10 min at
each point (Bibby et al. 2000). Species identity was confirmed by consulting the
specialist literature (Sick 1997;Sigrist 2009; Grantsau 2010).Each fragment was
visited three times to point counts and the study ran over 54 days of field work,
providing a total of 432 point counts (72 hours)spread overequidistanttransects150m.
To MacKinnon listsfragment was visitedonly once.Fragments were divided into three
categories according to their length: six small (15 ha < SFR <100 ha) and six medium
(= 100 ha MFR <1000 ha), plus three forests fragments of the largest area (LFR =
1000 ha) with two sites samples each, categorized as ‘control’ areas. Rarefaction
curves prepared using the program ESTIMATE S (Colwell 2000) confirmed that
different sites were sufficiently sampled (Figure 6).Sampling completeness more than

80% (according to Shiu & Lee 2003) in all size categories.
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Figure 6 — Rarefaction curves of observed and predicted (Chao1) species richness to
total recorded bird species for the three size classes of Atlantic Forest fragments: 15
ha < small fragment (SFR) < 100 ha; 100 ha < medium fragment (MFR) < 1000 ha; and
large fragment (LFR) 2 1000 ha.
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A total of 19 traits traditionally used to access bird functional diversity were
used following Petchey et al. (2007), with minor modifications for local characteristics:
diet (a. vertebrates; b. invertebrates; c. foliage, tubers, and stems; d. fruits and
arillate seeds; e. grains; f. nectar), foraging method (a. pursuit; b. gleaning; c.
pouncing; d. pecking; e. probing), foraging substrate (a. water; b. mud; c. ground; d.
vegetation; e. air), and activity period (a. diurnal; b. nocturnal) and body mass (see
Supporting Information A for details). Traits were derived from information collated
from Sick (1997), Batalha et al. (2010), Hidasi Neto et al. (2012) and Trindade Filho
(2012).

Statistical Analyses

After compiling functional data, we constructed a matrix of species (rows) and
functional traits (columns) in order to calculate the functional diversity (FD) index.
Specifically, mean pairwise distance (MPD) with a measure of the functional distance
among species within a communityas proposed byHidasi Neto et al. (2012). Next, we

used a modification of Gower distance (Pavoine et al. 2009) and the unweighted pair-
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group method using arithmetic averages (UPGMA) clustering method to generatethe

dendrogram.

Potentials patch-level explanatory variables (Table 1) were calculated. The
Shape (the complexity of patch shape compared to a square shape of the same size)
and Proximity (the size and distance to all neighboring patches of the same type
within the study area) were derived from Fragstats 3.3 (Mcgarigal et al. 2002), a
software extension of ArcView 3.3. Proximity measures the degree of isolation of
forest remnants and was computed considering a buffer of 3 km. Proximity is based
on the distances between the edges of the fragments within a certain radius relative
to the focal fragment, taking into account the sizes of all the fragments (Guldemond &
van Aarde 2010).Fragment size was calculated and mappedin ArcGIS10 usingthe
vegetation mapof Alagoas database (Menezes 2010) andAverage Elevation was
calculated as the mean of the sampling points measured through GPS during field
visits.

Table 1 — Localities (Municipality) and explanatory variables of the Atlantic forest
fragments sampled in Murici Environmental Protection Area, Alagoas, Brazil.

Continues
Fragment . Size - Average .
Code Locality (ha) Shape  Proximity Elevation Richness
Santa Rosa and
SFR1  Tapado Farms (Murici) 229 22 656.9 447.20 37
SFR2  Cavaleiro Farm (Murici) 24.4 1.9 0.6 135.50 53
SFR3  Corte Novo Farm (Flexeiras) 26.1 1.8 9345.9 362.10 41
Solidade | Farm (Joaquim
SFR4  Gomes) 34.1 1.4 36 277.90 44
Boa Vontade Farm (J.
SFR5 Gomes) 474 23 36 349.00 46
Santa Maria Farm (J.
SFR6  Gomes) 76.6 24 8.2 262.43 51
MFR1  Solidade | Farm (J. Gomes) 128.5 2 206.6 257.69 59
Santa Fé, Barra
Nova and Limeira Farms
MFR2 (Murici and Messias) 155.5 23 12 157.59 44
Sitio Velho, Sumaré
Boa Vontade Farms,
MFR3 and Serrana’s settlements 198.1 21 66.6
(J. Gomes) 437.27 50

Santos Apéstolos,
Ribeiro, Riacho
MFR4 Branco and, Flor de Maria 315.3 3.2 723.2
Farms (J. Gomes) 372.53 53
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Table 1 — Localities (Municipality) and explanatory variables of the Atlantic forest
fragments sampled in Murici Environmental Protection Area, Alagoas, Brazil.

Conclusion
Frg%rgeent Locality (Sr';? Shape  Proximity é\é\e/rae:i%i Richness

Bom Futuro and Sitio Canto

MFR5 | Farms (J. Gomes) 338.1 3.9 831.9 419.01 39
Solidade |,
Solidade Il Farms and

MFR6  Galho Seco settlements 454 1 3.5 352
(Flexeiras) 302.60 55
Usina Serra Grande,
Petrépolis and Coimbra

LFR1A Farms (Ibateguara) 32213 8.1 368.7 467.45 57
Sao Roque Farm (J.

LFR1B Gomes) 3227.3 8.1 368.7 272.85 50
Corte Novo Farm (Messias

LFR2A e Flexeiras) 2861.6 8.2 395.3 360.31 54
Socorré and Bananeira

LFR2B Farms (Murici) 2861.6 8.2 395.3 373.40 57
Bananeira, Angelim, Pedra
Branca and Retiro Farms

LFR3A  (Murici e Flexeiras) 77875 106 6415 go53 52

LFR3B Pacas settlements (Murici) 7787.5 10.6 641.5 330.55 64

Source: Lobo-Araujo(2014)

The standardized effectsizeofMPD (or nearest relative index or nearest taxon
index in Gomez etal. 2010) is considered to indicate functional clustering whenthe
values areless than zero, orfunctionaloverdispersion when thevalues are greaterthan
zero(Gomez etal. 2010). Here, we calculated standardized effect size based on the
formula “standardized effect = —-(obsMetric — rndMetric) sd.rndMetric”, where
obsMetric is the observed value of MPD,rndMetric is the metric corresponding mean
value of randomizedcommunities, and sd.rnd is the respective standarddeviation of
the 1000 randomized values, as suggested by Hidase-Neto et al. (2012). All analyses
were performed in R version 2.13.0 (R Development Core Team 2011), using the
‘ses.mpd’ functions from the picante package (Kembel et al. 2010). Null modelswere
used to testthe similarityof coexistingspeciesat randomin communitiesusingthe
algorithm"independentswap" (Gotteli &Entsmingere2001). Finally, the potential
influence of thesize, shape,proximity andaverage elevationonFDwas calculated using
general linear model (GLM) in R version 2.13.0 (R Development Core Team 2011). In
this analysisthe variableshapeof the fragmentwas excludeddue tohigh correlationwith

thesize(>0.95). The normality was tested with Shapiro-Wilk test.
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3.3 Results

In the 18 sites, a total of 138bird species were observed. Of these,15species
eat predominantly vertebrates, 114 invertebrates, 4 foliage, tubers and stems,
67fruits and seeds, 12 fed on grains and 20 fed on nectar. Feeding strategy also
varied considerably: 10 specieshadas a method offoraging pursuit; 82 gleaning; 41
pouncing; 69 pecking; 18 probing. Substrate use was more limited with 2 species
foraging mainly on water, one on mud, 36 on the ground, 127 on vegetation and 34 in

the air. Only onespecieshad anocturnal periodactivity and therest were day active.

Il fragmentshad a calculated FD of birdsdifferentto that expectedby chance,
inother words, non-random patternsinfunctional diversity(MPD >0; Table2). However,
the standardized effect size (SES; Table 2) indicated a tendency to functional
overdispersion in one of the smallest fragments (SFR2), and in one large fragments
(LFR3A) (SES>0;p>0.95; Table 2).

Table 2 — Total richness (S), functional diversity (MPD), standardized effect size (SES)
and “p” values (p) in 18 sites of the Atlantic forest fragments sampled in Murici
Environmental Protection Area, Alagoas, Brazil.

S MPD SES p
SFRA1 37 1.248 -1.617 0.061
SFR2 53 2.077 2.437 0.975
SFR3 41 1.571 0.169 0.543
SFR4 44 1.729 0.941 0.862
SFR5 46 1.747 0.820 0.833
SFR6 51 1.888 1.262 0.916
MFRA1 59 1.761 -0.665 0.225
MFR2 44 1.798 1.470 0.945
MFR3 50 1.759 0.385 0.684
MFR4 53 1.725 -0.271 0.382
MFR5 39 1.573 0.486 0.679
MFR6 55 1.745 -0.322 0.365
LFR1A 57 1.938 0.942 0.867
LFR1B 50 1.739 0.235 0.615
LFR2A 54 1.994 1.682 0.943
LFR2B 57 1.850 0.259 0.654
LFR3A 52 1.974 1.777 0.951
LFR3B 64 1.882 -0.316 0.407

Source: Author, 2014

The cluster analysis for species grouped them into ecologically meaningful
categories and the functional dendrogram visualizes the functional relationships and

clearly indicates the presence of five distinct groupings (Figure 7): cluster a) diurnal
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carnivores + Chordeiles nacunda,cluster b) nectarivores/insectivores, cluster c)
omnivores/insectivores, cluster d) understory and canopy frugivores/insectivores and
cluster e) terrestrial and arboreal granivores/frugivores.Furthermore, Caracara

plancus appears as the most differentiated species.

The functional dendrogram in SFR2 fragment (SES>0; Figure 8) visualizes
some important sensitive species to fragmentation as a frugivorous (C. parvirostris)
and two species of top predators (B. nitidus e H. cachinnans). The functional
dendrogram in LFR3A fragment (SES> 0; Figure 9) visualizes two canopy frugivores
(R. vitellinus e P. aracari) and three top predators (M. semitorquatus, H. cachinnans

e L. forbese) the latter threatened extinction.
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Figure 7 — The functional relationships among 138 bird species in 18 sites of the
Atlantic forest fragments sampled in Murici Environmental Protection Area, Alagoas,
Brazil. The dendrogram is produced by hierarchical clustering by UPGMA algorithm of
the distance matrix calculated from the functional traits of species.
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Figure 8 — The functional relationships among 53 bird species in SFR2 fragment of

Murici Environmental Protection Area, Alagoas, Brazil.
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Figure 9 — The functional relationships among 52 bird species in LFR3A fragment of

Murici Environmental Protection Area, Alagoas, Brazil.
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Table 3;

(p <0.02;

andFD,
SeeSupportingInformationBfor details)wasable topredict thefunctional diversity.
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Table 3 — GLM Values of Size, Proxim and ElevationTotal.

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 1.974e+00  1.295e-01 15.242 4.12e-10 ***
Size 4.457e-05 1.743e-05  2.556 0.0228 *
Proxim -1.783e-05 1.861e-05 -0.958 0.3542
Elevation -7.377e-04  3.965e-04  -1.861 0.0839 .

Signif. codes: 0 *** 0.001 ** 0.01 ** 0.05"" 0.1’ 1

3.4 Discussion

When assessing the impacts of fragmentation on the diversity, it is important
to check at what scale the process occurs (OIff & Ritchie 2002; Fahrig 2003). For
indeed, the species in forest fragments are influenced by the combination of two
scales, the landscape and a more local scale, the fragment (Debinski et al. 2001;
Graham & Blake 2001; Pearman 2002). In this sense, our results indicate that
regionally andlocally, the constructionof the assemblies studied appears to have
been influenced by the ecological relationships between species.

Indeed, habitat fragmentation may filter species with particular set of traits
leading to trait convergence (Grime 2006) causing decrease in functional diversity in
highly fragmented forests.Likewise, the formation of the assemblages is scale
dependent, whereby the environmental filters that structure assemblages tend to act
at larger spatial scales (Sobral & Cianciaruso 2012). However, our results showed
that all fragments had a calculated FD of birds different to that expected by chance
(MPD > 0; Table 2) indicating functional overdispersionof the studied bird
assemblages. This tendency of functional diversity (FD) different to that expected by
chance indicates that fragmentationnot acton the landscape as an environmental
fiter to promote the coexistence of bird species that are more similar in their
ecological traits.Likewise, temporal and spatial scales larger it is expected that
neutral processes biogeographic and phylogenetic structure have great influence on
the organization of the current ecological communities (Cavender-Bares 2009).
Therefore, regionally the construction of the assemblies studied appear to have been

influenced by the specific biogeographical characteristics of a center of endemism.
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In addition, non-random patterns in the diversity of functional traits indicate the
importance of processes related to the niches of species (environmental filtering and
limiting similarity) to the species composition of communities (Petchey et al. 2007).
Therefore, in this landscape, our results corroborate with the theory of limiting
similarity (MacArthur & Levins 1967), i.e. species have different characteristics
shaped by biotic interactions such as competition (Chesson 2000; Stubbs & Wilson
2004), resulting in local assemblies withtrait divergence assembly patterns (Pillar et
al. 2009).

Besides, locally, the standardized effect size (SES; Table 2) indicated a
tendency to functional overdispersion in two fragments. In the
largestfragment(LFR3A), there is agreaterareaand thereforegreaterstructural
complexity, in this case more resources areleading toa greater chance ofniche,
causinga functionaldispersion. In contrast, the SFR2fragment, is a smallfragment,
andan explanationforfunctionaldispersion, may bethe influenceof structuralcomplexity
ofvegetation, even as asmall fragment.This two functional dispertion corroborates
with  Holmes 1990a that say, greaterdiversityof habitatwill havemore
alternativesforvariousspecies of birdsfindsuitable substratesfor their activities.

In this sense, fragment scale processes such as competition, predation,
parasitism and disturbance may account for the overdispersion observed in this
fragments. These processes have the potential to prevent coexisting species from
being too similar in their traits, driving ecologically distinct assemblages.

Equally important, the Functional Groups had consistent patterns of
association linking birds with with diet, foraging methods and substrates. However,
fragmentation affects differently the various groups of species (Machado & Lamas
1996; Christiansen & Pitter 1997; Bennet et al. 2004; Antunes 2005), since the
degree of tolerance of each to environmental change varies with the capacity for
modification or expansion of niches to new habitat conditions (Welty & Baptistal
1962). In this sense, groups with larger body size, limited dispersal ability, dependent
of the nuclear area and specialist resources, represented by the species of the
clusters “a”, “b”, “d” in our study, are more susceptible to the processes of forest
fragmentation (Aleixo & Villiard 1995; Canaday 1997; Fahrig 2003; Uezu et al. 2005).

Particularly, specialists and large body size species (cluster “a”) are negatively

affected by the loss of environmental (Fahrig 2003), since they have lower densities
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(Goerck 1997; Laurance 2008), require larger areas to maintaina stable population
locally (Rappole & Morton 1985) becoming more vulnerableto local extinction
processes (Lord & Norton 1990; Ribon et al. 2003; Ferraz et al. 2007). In special,
birds of prey are one of the major environmental indicator groups (Ferguson-Lees &
Christie 2001) and are typically rare in fragmented Atlantic forest(Sick 1997; Silveira
et al. 2003; Roda 2006) because they require large forested areas and often have
specialized feeding requirements (Leck 1979; Bennet & Owens 1997). Likewise, the
ground insectivores (cluster “b”) are highly specialized (Canaday 1997; Aleixo 2001;
Ribon et al. 2003) and dependent on the nuclear area, avoiding forest edges
(Stouffer & Bieerregaard 1996; Lees & Peres 2008) and dependent on the nuclear
area, avoiding forest edges and becoming one of the bird groups most affected by
fragmentation and prone to local extinction (Aleixo 2001). Similarly, large canopy
frugivores (cluster “d”) also have a strong relationship with the nuclear area of the
fragments and are usually more vulnerable to local extinctions (Christiansen & Pitter
1997; Aleixo 2001; Lees & Peres 2008). Like the understory insectivores and ground
frugivores (Aleixo & Vielliard 1995;Stouffer & Bierregard 1995b;Zanette et al. 2000;
Ribon et al. 2003; Uezu et al. 2005). On the other hand,nectarivorous (cluster “b”) as
hummingbirds can demonstrate significant increase in abundance at edges (Stouffer
& Bierregaard 1995a, 1995b; Restrepo & Gomez 1998; Laurance 2004).

Likewise, species of the cluster "c" are considered generalists and not strictly
forest may move between forest fragments and use open areas (Lees & Peres 2008)
being, sometimes, favored by changes of natural habitats (Maldonado-Coelho &
Marini 2003; Marini & Garcia 2005; Tabarelli & Gascon 2005). However, large and
more specialized frugivorous of the cluster “e” tendto move in search of resource,
regardless of habitat quality (D'Angelo Neto et al. 1998; Pizo 2001; Telino-Junior et
al. 2005), and disappear with the fragmentation of forests (Willis 1979; Aleixo &
Villiard 1995) while granivores may benefit fromforest fragmentation process, where
their feeding areas are enlarged (Anjos 1998). In addition, ground frugivores are
heavily dependent on seasonal fruits and flowers with good spatial heterogeneity and
must have a high mobilityto achieve the resources (Pizo 2001; Yabe & Marques

2001).
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In fact, one of the exceptions was the presence of Chordeiles nacunda in the
cluster “a” probably due to sharing features asforaging method pursuit and pouncing
and aerial foraging substrate. Other exceptions, the isolation of Caracara plancus as
the species most differentiated, which is related to its generalist habits and varied

diet, foraging methods and substrates.

Indeed, species within a functional group are by definition ecologically
equivalent and provide some degree of redundancy to the system (Alley 1982). In
this sense, our results showed that species are rather unique and will have low
intrinsic redundancy, i.e. all species can be equidistant in trait space or resulted from
differences in species’ abundances and distributions, indicating that the species of

the landscape studied retains the conservation of their niches (De Mazancourt 2008).

In summary, patterns of FD in diverse forest fragments in Murici showed that
regionally and locally, the construction of the assemblies studied appears to have
been influenced by the ecological relationships between species. Finally, in
landscape studied only size was able to predict the functional diversity thus
supporting the hypothesis that larger fragments by having a wider range of features
show a pattern characterized by differences between groups (Bihn et al. 2010;
Barragan et al. 2011). Fragment size is too the most important parameter in
explaining variation in species richness (Metzger 1999) in bird richness and others
groups and areas (Howe 1984; Martin 1988;Brotons& Herrando 2001;Echeverria et
al. 2007; Cintra et al. 2013).
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espec_traits | " | e | Ghor | atlr. | G| Yo | Pt | e | Poun | Pk | | Vit | 1| G| Vegeta |y | Nocun | | M
|
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Columbina_talpacoti ol o| oo |1]ojofo]o|1]|ofojof1|o 0| o [1]%
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APENDICE B - SupportingInformationB

glm(formula = FD ~ Size + Proxim + Elevation)

Deviance Residuals:
Min 1Q Median 3Q Max
-0.38412 -0.05920 0.02756 0.10383 0.20313

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 1.974e+00  1.295e-01 15.242 4.12e-10 ***
Size 4.457e-05 1.743e-05  2.556 0.0228 *
Proxim -1.783e-05 1.861e-05 -0.958 0.3542
Elevation -7.377e-04  3.965e-04 -1.861 0.0839.

Signif. codes: 0 “** 0.001 *** 0.01 ** 0.05 """ 0.1’ 1

(Dispersion parameter for gaussian family taken to be 0.02580701)

Null deviance: 0.60381 on 17 degrees of freedom

Residual deviance: 0.36130 on 14 degrees of freedom

AIC: -9.2698

Number of Fisher Scoring iterations: 2

Shapiro-Wilk normality test

data: m1%residuals
W = 0.934, p-value = 0.2282
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	3	BIRD FUNCTIONAL DIVERSITY IN A HIGHLY FRAGMENTED TROPICAL FOREST

	Ana Cecília P. A. Lopes1, Lahert W. Lobo-Araújo¹, Ana C. Malhado2, Márcio A. Efe1,*

	¹ Bioecology and Conservation of Neotropical Birds Laboratory – LABECAN/ ICBS, Federal University of Alagoas. Av. Lourivl Melo Mota, s/n, Cidade Universitária - Maceió - AL, Brazil, 57072-900.

	2 Institute of Biological Sciences and Health - ICBS, Federal University of Alagoas/UFAL, Av. Lourival Melo Mota, s/n, Cdade Universitária - Maceió - AL, Brazil, 57072-900.

	*Corresponding author – marcio_efe@yahoo.com.br

	The effects of habitat fragmentation on species are well known. However, there have been few similar studies on functionl diversity (FD), a key component for maintaining ecosystem functioning. Moreover, due to a greater dependence on niche partitioning, FD may show different associations with fragment characteristics (e.g. size, shape isolation) than species diversity. Here, we examine the impacts of fragment characteristics on the FD of birds of the Atlantic forest in the Murici region of northeast Brazil, home to the largest number of species of endangered birds in the Americas and one of the highest concentration of threatened birds in the World. First, we tested whether observed levels of FD did not differfrom those expected by chance. Second, we quantified the effect of fragment size,shape anddegree of isolationon bird FD. Our results indicate that bird FD was different from random expectations. Moreover, only size had influence on FD, shape and degree of isolation of fragments had no measurable influence on FD. These results, indicate that the construction of the local assemblies studied appears to have been influenced by the ecological relationships between species and larger fragments by having a wider range of features show a pattern characterized by differences between groups.

	3.1	Introduction

	The effects of habitat fragmentation on species diversity have been intensively investigated (Silveira et al. 2003; Silv et al. 2004; Barnett et al. 2005; Goerk & Wege 2005; Zurita et al. 2006;Anjos 2006). In contrast, the impacts of fragmentation on functional diversity (FD) are poorly understood with relatively few studies (Ding et al. 2013).  Such studies are needed because, by measuring the distribution of traits within a community, FD is more directly related tocommunity assembly and ecosystem function (Girao et al. 2007; Cadotte et al. 2011). 

	From a conceptual perspective, functional diversity should, ceteris paribus, decrease with fragment size due to the lossof habitat heterogeneity – although this decline will not necessarily follow the same pattern as that seen for species diversity. Indeed, the relationship between taxonomic diversity and functional diversity is complex, depending on how a change in the environment (e.g. loss of area, degradation, increase in isolation) adds or deletes a particular species or suite of species with particular traits (Chown et al. 2004). 

	Furthermore, it has been suggested that communities with greater diversity of functional traits, that is, with a higher unctional diversity, will operate more efficiently (Tilman et al. 1997). In this sense, FD predict the functional consequences of caused for humans activities (Loreau et al. 2001) and provides insight on the future of habitats highly fragmented.

	Likewise, effects of habitat fragmentation on bird have been intensively investigated in the literature too (for a revie, see Debinski & Holt 2000).However, in Brazil, some studies about functional diversity in birds communities were made in the Cerrado (Batalha et al. 2010), Amazon (Hidase-Neto et al.  2012) and Atlantic Forest (Trindade-Filho et al. 2012), but none specifically addressed an area of endemism. Certainly,one of the most highly fragmented forest habitats in the world is the Atlantic forest of northeast Brazil (Silva & Tabarelli 2000). 

	One particular area, known as the Pernambuco Center of Endemism (PCE) sensu Silva & Casteleti (2003) or Pernambuco Refug (Carnaval & Moritz 2008), due to the high proportion of endemic bird species, is one of the most severely affected and least known parts of this forest (Heyer 1988; Lima & Capobianco 1997; Silva & Tabarelli 2001). Moreover, the PCE in general and the highly fragmented forests of Murici, Alagoas, in particular are home to the largest number of species of endangered birds in the Americas (Wege & Long 1995) and probably host the highest concentration of threatened birds in Brazil (BirdLife International 2000). 

	Therefore, the aim of thisstudy is assess the relationship between birdfunctional diversity (FD) and forest fragment chaacteristics in the Atlantic forest of Murici, northeast Brazil. Specifically, we aim to assess thedistribution of traits of the birds found within forest fragments that vary withsize, shape and degree ofisolation.

	3.2 	Methods

	The study was conducted in forest remnants of Atlantic Forest located within the Murici “Area of Environmental Protectio (EPA)” (09 ° 15'14'' S, 35 º 47'59'' W). Thus, sampling effort was focused on Dense Ombrophilous Forest fragments to the south of the Pernambuco Center of Endemism (PCE), Alagoas, northeastern Brazil (Figure 5). 

	Figure 5 – Map of location and identification of the Atlantic forest fragments sampled in Murici Environmental Protectio Area, Alagoas, Brazil. Legend: SFR = small fragment, MFR = medium fragment; and LFR = large fragment.

	/

	Source: Author, 2014

	The bird richness and abundance were investigated between February 2012and2014,when 18fragmentswere sampledbyLWLA using oint counts and MacKinnon lists (one sample = one 10-species list, MacKinnon & Phillips 1993).To the bird survey were used Ecotone binoculars and Marantz recorder with Sennheiser microphone.Birds were registered in all directions (unlimited distance) for 10 min at each point (Bibby et al. 2000). Species identity was confirmed by consulting the specialist literature (Sick 1997;Sigrist 2009; Grantsau 2010).Each fragment was visited three times to point counts and the study ran over 54 days of field work, providing a total of 432 point counts (72 hours)spread overequidistanttransects150m. To MacKinnon listsfragment was visitedonly once.Fragments were divided into three categories according to their length: six small (15 ha < SFR <100 ha) and six medium (≤ 100 ha MFR <1000 ha), plus three forests fragments of the largest area (LFR ≥ 1000 ha) with two sites samples each, categorized as ‘control’ areas. Rarefaction curves prepared using the program ESTIMATE S (Colwell 2000) confirmed that different sites were sufficiently sampled (Figure 6).Sampling completeness more than 80% (according to Shiu & Lee 2003) in all size categories.

	Figure 6 – Rarefaction curves of observed and predicted (Chao1) species richness to total recorded bird species for the hree size classes of Atlantic Forest fragments: 15 ha < small fragment (SFR) < 100 ha; 100 ha ≤ medium fragment (MFR) < 1000 ha; and large fragment (LFR) ≥ 1000 ha. 

	/

	Source: Author, 2014.

	A total of 19 traits traditionally used to access bird functional diversity were used following Petchey et al. (2007), wth minor modifications for local characteristics: diet (a. vertebrates; b. invertebrates; c. foliage, tubers, and stems; d. fruits and arillate seeds; e. grains; f. nectar), foraging method (a. pursuit; b. gleaning; c. pouncing; d. pecking; e. probing), foraging substrate (a. water; b. mud; c. ground; d. vegetation; e. air), and activity period (a. diurnal; b. nocturnal) and body mass (see Supporting Information A for details). Traits were derived from information collated from Sick (1997), Batalha et al. (2010), Hidasi Neto et al. (2012) and Trindade Filho (2012).

	Statistical Analyses

	After compiling functional data, we constructed a matrix of species (rows) and functional traits (columns) in order to clculate the functional diversity (FD) index. Specifically, mean pairwise distance (MPD) with a measure of the functional distance among species within a communityas proposed byHidasi Neto et al. (2012). Next, we used a modification of Gower distance (Pavoine et al. 2009) and the unweighted pair-group method using arithmetic averages (UPGMA) clustering method to generatethe dendrogram. 

	Potentials patch-level explanatory variables (Table 1) were calculated. The Shape (the complexity of patch shape compare to a square shape of the same size) and Proximity (the size and distance to all neighboring patches of the same type within the study area) were derived from Fragstats 3.3 (Mcgarigal et al. 2002), a software extension of ArcView 3.3. Proximity measures the degree of isolation of forest remnants and was computed considering a buffer of 3 km. Proximity is based on the distances between the edges of the fragments within a certain radius relative to the focal fragment, taking into account the sizes of all the fragments (Guldemond & van Aarde 2010).Fragment size was calculated and mappedin ArcGIS10 usingthe vegetation mapof Alagoas database (Menezes 2010) andAverage Elevation was calculated as the mean of the sampling points measured through GPS during field visits.

	Table 1 – Localities (Municipality) and explanatory variables of the Atlantic forest fragments sampled in Murici Environental Protection Area, Alagoas, Brazil. 

	Continues

	Source: Lobo-Araujo(2014)

	The standardized effectsizeofMPD (or nearest relative index or nearest taxon index in Gómez etal. 2010) is considered toindicate functional clustering whenthe values ​​areless than zero, orfunctionaloverdispersion when thevalues ​​are greaterthan zero(Gómez etal. 2010). Here, we calculated standardized effect size based on the formula “standardized effect = −(obsMetric − rndMetric) sd.rndMetric”, where obsMetric is the observed value of MPD,rndMetric is the metric corresponding mean value of randomizedcommunities, and sd.rnd is the respective standarddeviation of the 1000 randomized values, as suggested by Hidase-Neto et al. (2012). All analyses were performed in R version 2.13.0 (R Development Core Team 2011), using the ‘ses.mpd’ functions from the picante package (Kembel et al. 2010). Null modelswere used to testthe similarityof coexistingspeciesat randomin communitiesusingthe algorithm"independentswap" (Gotteli &Entsmingere2001). Finally, the potential influence of thesize, shape,proximity andaverage elevationonFDwas calculated using general linear model (GLM) in R version 2.13.0 (R Development Core Team 2011). In this analysisthe variableshapeof the fragmentwas excludeddue tohigh correlationwith thesize(>0.95). The normality was tested with Shapiro-Wilk test.

	3.3 	Results

	In the 18 sites, a total of 138bird species were observed. Of these,15species eat predominantly vertebrates, 114 inverterates, 4 foliage, tubers and stems, 67fruits and seeds, 12 fed on grains and 20 fed on nectar. Feeding strategy also varied considerably: 10 specieshadas a method offoraging pursuit; 82 gleaning; 41 pouncing; 69 pecking; 18 probing. Substrate use was more limited with 2 species foraging mainly on water, one on mud, 36 on the ground, 127 on vegetation and 34 in the air. Only onespecieshad anocturnal periodactivity and therest were day active. 

	ll fragmentshad a calculated FD of birdsdifferentto that expectedby chance, inother words, non-random patternsinfunctionl diversity(MPD >0; Table2). However, the standardized effect size (SES; Table 2) indicated a tendency to functional overdispersion in one of the smallest fragments (SFR2), and in one large fragments (LFR3A) (SES>0;p>0.95; Table 2). 

	Table 2 – Total richness (S), functional diversity (MPD), standardized effect size (SES) and “p” values (p) in 18 sites f the Atlantic forest fragments sampled in Murici Environmental Protection Area, Alagoas, Brazil. 

	Source: Author, 2014

	The cluster analysis for species grouped them into ecologically meaningful categories and the functional dendrogram visulizes the functional relationships and clearly indicates the presence of five distinct groupings (Figure 7): cluster a) diurnal carnivores + Chordeiles nacunda,cluster b) nectarivores/insectivores, cluster c) omnivores/insectivores, cluster d) understory and canopy frugivores/insectivores and cluster e) terrestrial and arboreal granivores/frugivores.Furthermore, Caracara plancus appears as the most differentiated species.

	The functional dendrogram in SFR2 fragment (SES>0; Figure 8) visualizes some important sensitive species to fragmentatio as a frugivorous (C. parvirostris) and two species of top predators (B. nitidus e H. cachinnans). The functional dendrogram in LFR3A fragment (SES> 0; Figure 9) visualizes two canopy frugivores (R. vitellinus e P. aracari) and three top predators (M. semitorquatus, H. cachinnans e L. forbese) the latter threatened extinction. 

	Figure 7 – The functional relationships among 138 bird species in 18 sites of the Atlantic forest fragments sampled in Mrici Environmental Protection Area, Alagoas, Brazil. The dendrogram is produced by hierarchical clustering by UPGMA algorithm of the distance matrix calculated from the functional traits of species. 

	/

	Source: Author, 2014

	Figure 8 – The functional relationships among 53 bird species in SFR2 fragment of Murici Environmental Protection Area, lagoas, Brazil. 

	/

	Source: Author, 2014

	Figure 9 – The functional relationships among 52 bird species in LFR3A fragment of Murici Environmental Protection Area,Alagoas, Brazil. 

	/

	Source: Author, 2014

	The relationshipbetween the fragmentcharacteristics(size,proximity andaverage elevation) andFD, showed that only size (p<0.02; Table 3; SeeSupportingInformationBfor details)wasable topredict thefunctional diversity.

	Table 3 – GLM Values of Size, Proxim and ElevationTotal. 

	Coefficients:

	Estimate 	Std. Error	 t value	 Pr(>|t|)    

	(Intercept)  	1.974e+00  	1.295e-01  	15.242 	4.12e-10 ***

	Size         	4.457e-05  	1.743e-05   	2.556   	0.0228 *  

	Proxim      	-1.783e-05  	1.861e-05 	 -0.958   	0.3542    

	Elevation   	-7.377e-04 	 3.965e-04  	-1.861   	0.0839 .  

	---

	Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

	3.4 	Discussion

	Particularly, specialists and large body size species (cluster “a”) are negatively affected by the loss of environmental(Fahrig 2003), since they have lower densities (Goerck 1997; Laurance 2008), require larger areas to maintaina stable population locally (Rappole & Morton 1985) becoming more vulnerableto local extinction processes (Lord & Norton 1990; Ribon et al. 2003; Ferraz et al. 2007). In special, birds of prey are one of the major environmental indicator groups (Ferguson-Lees & Christie 2001) and are typically rare in fragmented Atlantic forest(Sick 1997; Silveira et al. 2003; Roda 2006) because they require large forested areas and often have specialized feeding requirements (Leck 1979; Bennet & Owens 1997). Likewise, the ground insectivores (cluster “b”) are highly specialized (Canaday 1997; Aleixo 2001; Ribon et al. 2003) and dependent on the nuclear area, avoiding forest edges (Stouffer & Bieerregaard 1996; Lees & Peres 2008) and dependent on the nuclear area, avoiding forest edges and becoming one of the bird groups most affected by fragmentation and prone to local extinction (Aleixo 2001). Similarly, large canopy frugivores (cluster “d”) also have a strong relationship with the nuclear area of ​​the fragments and are usually more vulnerable to local extinctions (Christiansen & Pitter 1997; Aleixo 2001; Lees & Peres 2008). Like the understory insectivores and ground frugivores (Aleixo & Vielliard 1995;Stouffer & Bierregard 1995b;Zanette et al. 2000; Ribon et al. 2003; Uezu et al. 2005). On the other hand,nectarivorous (cluster “b”) as hummingbirds can demonstrate significant increase in abundance at edges (Stouffer & Bierregaard 1995a, 1995b; Restrepo & Gomez 1998; Laurance 2004).

	Likewise, species of the cluster "c" are considered generalists and not strictly forest may move between forest fragment and use open areas (Lees & Peres 2008) being, sometimes, favored by changes of natural habitats (Maldonado-Coelho & Marini 2003; Marini & Garcia 2005; Tabarelli & Gascon 2005). However, large and more specialized frugivorous of the cluster “e” tendto move in search of resource, regardless of habitat quality (D'Angelo Neto et al. 1998; Pizo 2001; Telino-Júnior et al. 2005), and disappear with the fragmentation of forests (Willis 1979; Aleixo & Villiard 1995) while granivores may benefit fromforest fragmentation process, where their feeding areas are enlarged (Anjos 1998). In addition, ground frugivores are heavily dependent on seasonal fruits and flowers with good spatial heterogeneity and must have a high mobilityto achieve the resources (Pizo 2001; Yabe & Marques 2001).

	In fact, one of the exceptions was the presence of Chordeiles nacunda in the cluster “a” probably due to sharing feature asforaging method pursuit and pouncing and aerial foraging substrate. Other exceptions, the isolation of Caracara plancus as the species most differentiated, which is related to its generalist habits and varied diet, foraging methods and substrates. 

	Indeed, species within a functional group are by definition ecologically equivalent and provide some degree of redundanc to the system (Alley 1982). In this sense, our results showed that species are rather unique and will have low intrinsic redundancy, i.e. all species can be equidistant in trait space or resulted from differences in species’ abundances and distributions, indicating that the species of the landscape studied retains the conservation of their niches (De Mazancourt 2008).
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	APÊNDICE B – SupportingInformationB

	glm(formula = FD ~ Size + Proxim + Elevation)

	Deviance Residuals: 

	Min        1Q    Median        3Q       Max  

	-0.38412  -0.05920   0.02756   0.10383   0.20313  

	Coefficients:

	Estimate 	Std. Error	 t value	 Pr(>|t|)    

	(Intercept)  	1.974e+00  	1.295e-01  	15.242 	4.12e-10 ***

	Size         	4.457e-05  	1.743e-05   	2.556   	0.0228 *  

	Proxim      	-1.783e-05  	1.861e-05 	 -0.958   	0.3542    

	Elevation   	-7.377e-04 	 3.965e-04  	-1.861   	0.0839 .  

	---

	Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

	(Dispersion parameter for gaussian family taken to be 0.02580701)

	Null deviance: 0.60381  on 17  degrees of freedom

	Residual deviance: 0.36130  on 14  degrees of freedom

	AIC: -9.2698

	Number of Fisher Scoring iterations: 2 

	Shapiro-Wilk normality test

	data:  m1$residuals

	W = 0.934, p-value = 0.2282




