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RESUMO

Existe uma extensa discussdo em ecologia de comunidades sobre quais sdo os
mecanismos que agem de modo a gerar padrées em comunidades naturais. Regras de
assembleia sdo um conjunto de mecanismos propostos para explicar estes padrées com
base em elementos deterministicos como a competicdo interespecifica. Embora este
conceito tenha sido empregado para explicar padrbes de composicdo em ilhas e
continentes, sua aplicagdo para explicar padrbes de coexisténcia em grupos sociais
ainda é pouco explorada. Bandos mistos sdo agrupamentos sociais multiespecificos no
qgual seus membros se movimentam em conjunto e desempenham um comportamento
ativo para mante a coesdo do grupo. A compreensdo dos mecanismos que agem para
compor os padrdes de composicdo destes bandos pode nos dar pistas sobre como
funciona 0s mecanismos que agem na composicdo de comunidades em um sentido
mais amplo. Esta tese tem como objetivo avaliar se se as composi¢cbes de bandos
mistos de aves em florestas de Mata Atlantica podem ser explicadas por regras de
assembleia baseada na competicdo interespecifica. Para tanto, nds fizemos uma analise
de co-ocorréncia par a par utilizado bandos amostrados em 9 fragmentos de Mata
Atlantica. NGs comparamos quais tipos de co-ocorréncia (negative, positive, aleatéria)
sdo predominantes na composicao destes bandos. Entdo, nds cruzamos os padrbes de
co-ocorréncia com dados morfolégicos do bico. Nés fizemos analises separadas para
estacao seca e chuvosa pois acreditamos que variagdes sazonais podem influenciar na
estrutura e composicdo destes bandos. NOs encontramos uma predominancia de co-
ocorréncia negativas na composicdo dos bandos, o que sugere que competicao
interespecifica desempenha uma funcdo importante na estrutura dos bandos.
Entretanto, a acdo das diferencas morfolégicas nos bicos das espécies é sutil. Este
padréo foi observado durante a estagdo seca, mas nao durante a estacdo chuvosa.
Nossos resultados sugerem que padroes de assembleia em bandos mistos variam
temporalmente. Tal resultado é condizente com a hipétese de que competicao
interespecifica é o principal mecanismo atuante sobre a composi¢cdo destes bandos.
Noés propomos entédo, que se regras de assembleia atuam em comunidades de forma
semelhante ao bandos-mistos, a co-ocorréncia de espécies em comunidades naturais

pode ser explicada por variagdes temporais na disponibilidade de recursos.

Palavras-chave: regras de assembleia, bandos mistos, competicdo interespecifica,

sazonalidade, co-ocorréncia.



ABSTRACT

There is a long discussion in community ecology about what are the mechanism that
act in order to generate patterns in natural communities. Assembly rules are a set of
mechanisms proposed to explain these patterns based on deterministic elements,
especially interspecific competition. Although this concept have been employed to
explain composition patterns in islands and mainland, it is seldom applied to
multispecific flocks. Mixed flocks are multispecific flocks that members move together
and acts actively to maintain group cohesion. Understand the composition patterns
for these groups can give clues about how process generates patterns in
communities in a broader sense. This thesis aims to assess if birds mixed flocks
composition in Atlantic Forest fragments can be explained by assembly rules based
on interspecific competition. We made a pairwise co-occurrence analysis for mixed
flocks’ species in nine Atlantic Forest fragments. We compared which kind of co-
occurrence (negative, positive, random) are predominant in flock’s composition.
Then, we related the co-occurrence patterns with beak traits. We made theses
analyses separately for the wet and dry seasons. We found that for overall co-
occurrence dataset there was a predominance of negative co-occurrences, which
suggests that interspecific competition plays a role in structuring mixed flocks.
However, the beak traits had weak influence on the negative co-occurrences. This
pattern was observed during the dry season, but not during the rainy season. During
the rainy season, there was no difference between the number of negative and
random co-occurrences, there is no difference in niche overlap between negative and
random co-occurrences. Our results suggest that assembly patterns in mixed flocks
varies temporally. This variation reinforce the hypothesis that interspecific competition
are acting in order to generate the negative co-occurrence in the flocks, and that
there are a relief in competitive pressure during the rainy season, and an increase
during the dry season. We propose that if assembly rules generate patterns in natural
communities in a similar way it acts in generating patterns in mixed flocks, the co-
occurrence of similar species in the same community could be explained by temporal

variation in resource availability.

Keywords: assembly rules, mixed flocks, interspecific competition, seasonality, co-

occurrence
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1 INTRODUCAO GERAL

A biodiversidade € um fenbémeno intrigante: existem milhdes de espécies
diferentes compartilhando o mesmo planeta e a existéncia de cada uma destas
espécies (incluindo a nossa propria) depende da existéncia de centenas de outras.
Tal fenbmeno néo deveria ser possivel quando considerarmos a teoria da selecao
natural de forma isolada. Se todas as espécies estdo em constante luta pela vida,
espera-se gque uma espécie se sobressaia enquanto outras perecam. Desta forma, a
espécie mais bem-sucedida deveria ser a Unica a cobrir todo o planeta. Contudo, isto
ndo acontece; espécies diferentes coexistem e a coexisténcia de espécies diversas
formam comunidades diversas. Entender como funcionam 0s mecanismos que
permitem a coexisténcia destas espécies e como estes mecanismos geram padrdes
de composicdo em comunidades € um passo fundamental para entender como a
biodiversidade se mantem.

Varios mecanismos atuam em conjunto sobre a coexisténcia de espécies.
Vellend (2010) propdéem organizar 0S mecanismos em quatro grandes processos:
selecdo, deriva, especiacdo e dispersdo. Selecdo diz respeito aos processos
deterministicos que ditam a composicdo em escala local (como filtros ambientais e
interacdes interespecificas) deriva diz respeito a influéncia de flutuacbes
estocasticas na composicdo de comunidades; especiacdo diz respeito aos
processos que geram diversidade em macro escala; e dispersdo diz respeito ao
efeito do deslocamento de organismos entre ambientes e seus efeitos sobre
comunidades a nivel regional (SWINEBROAD; MACARTHUR; WILSON, 1969;
DIAMOND, 1975; VAN NOUHUYS; HANSKI, 2002; CHASE; LEIBOLD, 2003,
HUBBELL, 2011). Tendo organizado os mecanismos em uma sintese tedrica € mais
simples localizar qual a esfera de atuacdo do mecanismo em andlise e mantém uma
perspectiva da acdo conjunta dos mecanismos.

Embora compreendemos que varios processos atuam em conjunto de modo a
moldar a composicdo em comunidades, ainda precisamos entender melhor como
cada mecanismo age e em quais cenarios cada mecanismo se sobressai
(VELLEND, 2012). Entre os mecanismos relacionados as interacdes interespecificas
€ um dos mais debatidos, e ainda sim muito pouco compreendida (KEDDY, 2001;
HILLERISLAMBERS, 2012). Isto porque estudos que buscaram adotar as interagoes

como explicacdo para a coexisténcia ignoram a influéncia de varidveis importantes
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como: efeito de contextos ambientais, capacidade de dispersao, efeitos estocasticos.
A falta de controle destas varidveis fez com que muitos modelos que atestavam o
efeito das interagcdes na coexisténcia de espécies fossem vistos como pouco
realistas, principalmente em estudos em larga escala. Este tipo de problema tem
levado aos estudos sobre coexisténcia de espécies a focaram no efeito das
interagcBes em modelos locais como um modo de facilitar o controle destas variaveis.

Tipicamente, os modelos locais utilizados em estudos que investigam o papel
das interacdes na coexisténcia de espécies se desenvolvam em ilhas e pequenas
porcdes continentais. Contudo, mesmo reduzindo escala, ainda h& problemas em
assumir que todas as espécies serdo capazes de colonizar todos os sitios ou que as
influéncias ambientais ndo causaram interferéncia (SIMBERLOFF, 1984;
SIEPIELSKI; MCPEEK, 2010). Uma possivel abordagem para com estes problemas
€ a analise de bandos mistos como modelo de estudos (GRAVES; GOTELLI, 1993).
Bandos mistos séo coalisbes de diferentes espécies em que os membros se
movimentam juntos e operam para manter a coesdo do grupo. Ao analisar a
coexisténcia de espécies nos bandos ao invés de ilhas ou machas de habitat, se
torna mais simples controlar os efeitos da dispersdo e das influéncias ambientais,
posto que todas as espécies em uma regido sao capazes de alcancar todos os
bandos e que todos os bandos estdo sujeitos as mesmas pressdes ambientais.
Contudo, estudos sobre coexisténcia em bandos n&o costumam levar em
consideracdo o efeito das variacbes ambientais, como a sazonalidade, na
composicdo dos bandos. A implementacdo destas variaveis poderia fazer dos
bandos mistos modelos mais realistas e gerar novas perspectivas sobre como as
interacdes interespecificas podem permitir a coexisténcia.

Esta tese tem por objetivo estudar o papel das interacdes interespecifica na
coexisténcia de espécies e como esta € influenciada por flutuacées ambientais. Para
isso nos desenvolveremos um panorama geral sobre as principais abordagens
usadas para explicar os padrdes de composicdo de comunidades naturais,
discorreremos sobre o historico do conflito entre teoria de nicho e teoria neutra na
composicao de comunidades, descreveremos com mais detalhes o que sdo bandos
mistos e discutiremos como eles podem no ajudar a compreender melhor os

mecanismos que levam a coexisténcia.
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2 REVISAO DE LITERATURA

2.1 NICHO E NEUTRALIDADE

Uma das questdes centrais em ecologia de comunidades envolvem os
debates nicho vs. neutro. Estes debates propdem responder se a montagem de
comunidades naturais é determinada pelas interacfes das espécies com o ambiente
e outras espécies (teoria de nicho), ou se é o um produto de variacdes nas taxas de
natalidade, imigracdo e mortalidade (teoria neutra). O embate entre nicho e
neutralidade pode ser resumido como um embate entre determinismo e
estocasticidade e as controvérsias e discussdes acaloradas que surgiram a partir
desta discussdo ajudaram a moldar a nossa visdo atual sobre comunidades
(VANDERMEER, 1972; CHASE; LEIBOLD, 2003; POCHEVILLE, 2014). Contudo,
novos avancos no campo dependem de uma base teodrica consolidada e conceitos
bem definidos. Para tanto, é necessario conhecer a historia do debate e como ele se
desenvolveu até as teorias mais modernas.

As discussbes se comunidades sdo estruturadas por fatores
deterministicos ou estocasticos remetem ao comeco do século. Clements (1916)
defendia que a composicdo de comunidades eram o produto da competicdo e do
ambiente. Em contraponto a Clements, Gleason (1926) prop6s que comunidades
eram o resultado de combinacbes aleatdrias de espécies capazes de tolerar as
mesmas condi¢cdes ambientais. A diferenca de propostas de Clemments e Gleason é
um marco para as discussdes sobre composicdo de comunidades no século XX.
Muitas das pautas discutidas nesta época permanecem em debate até os dias de
hoje, o0 que levou a muitos nhomes a afirmarem que as discussdes atuais sdo apenas
uma nova “roupagem” das propostas de Clemments e Gleason.

Apesar da semelhanca dos debates atuais com os debates entre
Clemments e Gleason, as discussfes sobre nicho e neutralidade fez avancos
importantes. Um destes avancos, foi a criagdo do conceito de nichos ecoldgicos. O
termo nicho em um contexto ecoldgico, foi utilizado pela primeira vez por Grinnell
(1917) para descrever o “lugar” ocupado por uma espécie no ambiente. Por lugar,
Grinnell se referia a todas as condicbes necessarias para uma espécie sobreviver:
tolerancia as pressfes ambientais, habitats alimentares e interacdées com outros

membros das comunidades. A relagdo de nicho como “lugar” sugere que o nicho



14

como proposto por Grinnell é uma propriedade do ambiente e que este ambiente é
capaz de suportar um numero limitado de nichos. Saber se o0s nichos
disponibilizados pelo ambiente estdo saturados ou ndo, sdo temas importantes nos
estudos sobre comunidades até os dias atuais.

Ao longo dos anos a teoria de nicho se tornou bastante popular, esta
popularidade fez com que ela ganhasse novas abordagens e acumulasse conceitos.
Dentre estas novas abordagens, a mudanca de perspectiva proposta por Elton e
Hutchinson se destacam. Elton (1927) propdem uma nova abordagem para o
conceito de nicho, como uma propriedade da espécie, ndo do ambiente. O nicho
eltoniano diz respeito a fungdo que um animal desempenha em uma comunidade;
sua relacdo com comida e inimigos naturais. A abordagem de Elton apresentou uma
nova visdo sobre nicho, mas ndo substituiu a visdo proposta por Grinnel, pelo
contrario, esta continuou adquirindo conceitos (CHASE; LEIBOLD, 2003;
POCHEVILLE, 2014). Hutchinson (1959), assim como Grinnell (1917), assume nicho
como o conjunto de recursos e condicdes que uma espécie necessita para
sobreviver. O diferencial da proposta de Hutchinson € que ela pode ser representada
por um modelo grafico. Hutchinson propdem o nicho como um volume em um
espaco n-dimensional. Aléem de ser mais didatico por ser um modelo visual, a
proposta de Hutchinson torna possivel que o nicho e a sobreposicdo de nichos
sejam mensuraveis, dando uma maior robustez aos modelos baseados em nicho.

Outra contribuicdo de Hutchinson, foi a divisdo do conceito de nicho em
nicho fundamental e nicho especifico. Nicho Fundamental, se refere ao nicho
desempenhado por um organismo na auséncia de qualquer outro, e Nicho Efetivo
para o nicho exibido considerando as intera¢cdes bidticas com outros individuos. A
separacdo destes termos, possibilitou observar o deslocamento do nicho
fundamental de uma espécie, para seu nicho efetivo (HUTCHINSON, 1959). Este
deslocamento de nichos se tornou uma peca importante para se entender o efeito da
presenca de uma espécie sobre a outra, como em interagdes interespecificas.

Os avancos tedricos proporcionados por Hutchinsou inspiraram uma grande
guantidade de publicacdes sobre nichos ecolégicos. Dentre elas, os estudos sobre
similaridade limitante de MacArthur e Levins (1967) foram especialmente relevantes.
MacArthur e Levins (1967) propdem que existe um limite na similaridade de nicho
entre que coexistem. A limitacdo na similaridade se deve ao fato que se duas

espécies ocuparem nichos exatamente iguais, uma excluiria a outra por competicao.
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Por permitir mensurar as quéo diferentes duas espécies devem ser para que possam
coexistir, a teoria da similaridade limitante avancou o delineamento de estudos em
campo (ABRAMS, 1983).

Um dos estudos em campo mais relevantes dentro do escopo dos nichos
ecoldgicos sdo as distribuicdes em tabuleiro de xadrez proposto por Diamond
(1975). Diamond (1975) sugeriu que a exclusdo competitiva limita quais espécies
podem co-ocorrer. Esta exclusdo competitiva gera padrdes de distribuicdo em que a
presenca de espécie inibe a presenca de espécies competidoras, 0 que cria um
padrdo de distribuicdo interdigital (onde uma esta a outra ndo esta) no arquipélago,
semelhante a um tabuleiro de xadrez. Diamond destaca que os padrbes de co-
ocorréncia poderiam se dar pela interacao isolada de um par de espécies e pela
acao conjunta das interacdes de varias espécies, o que ele chamou de competicao
difusa (DIAMOND, 1975).

Diamond ampliou sua teoria criando o0 conceito de regas de assembleia.
Regras de assembleia sdo um conjunto de fatores que atuam de modo a restringir
guais espécies seriam capazes de coexistir. As regras propostas por Diamond se
baseiam em dois principios: 1-) alguns pares de espécies nunca co-ocorrem, seja
pelo resultado de uma interacdo direta entre duas espécies ou pelo efeito cumulativo
da interacdo de varias espécies 2-) espécies que co-ocorrem devem apresentar
menor sobreposicdo de nichos do que espécies arranjadas de maneira aleatéria
(DIAMOND, 1975). O conceito de regras de assembleia enfatiza o papel da
competicdo como processo estruturador de padrdes em comunidades e ajudou
consolidar a hegemonia dos estudos sobre competicdo durante a década de 70
(VANDERMEER, 1972; CHASE; LEIBOLD, 2003; POCHEVILLE, 2014).

A popularidade das regras de assembleia foi seguida de criticas as suas
reinvindicacdes. As principais criticas vieram de Conner & Simberloff (1979), que
guestionaram se as diferencas de composicdo nas ilhas sdo explicadas pela
competicdo interespecifica, ou se sdo explicadas pela distribuicdo aleatoria das
espécies da regido (CONNOR; SIMBERLOFF, 1979; SIMBERLOFF, 1984;
SIEPIELSKI; MCPEEK, 2010). Simberloff apontou a falta de comparacdo com
modelos aleatérios (modelos nulos) nas analises de Diamond (1975). Connor &
Simberloff também criticaram a falta de controle de varidveis que podem gerar
padrées semelhantes a competicdo como o efeito de filtros ambientais e restricdes
na capacidade de dispersdo das espécies (SIMBERLOFF, 1984; BONSALL,;
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HASSELL, 1997). Os questionamentos de Connor e Simberloff refletem uma
mudanca de paradigma na filosofia da ciéncia em que a analise descritiva de
padrées observados se tornou insuficiente para avaliar os processos sendo
necessario a elaboracéo de hipoteses testaveis e controle de multiplas variaveis.

As criticas de Simberloff desencadearam um longo debate sobre como
deveria ser um modelo nulo adequado. Este debate gerou avancos significativos em
analises estatisticas relacionadas a testes de padrdes de co-ocorréncia. Outro
resultado das criticas de Simberloff foi a queda da hegemonia da competicdo como
explicacdo para os padrdes de composicdo de espécies. A queda deste conceito é
reflete um maior cuidado por parte dos pesquisadores em relacionar padrbes e
processos. Uma vez que processos distintos podem resultar em padrdes
semelhantes (BONSALL; HASSELL, 1997).

Apesar das criticas que os modelos de Simberloff fazem as explicacbes
deterministas para a composicdo de comunidades, vale destacar que os modelos
nulos em si ndo sado um tipo de modelo neutro. Isto porque eles séo critérios para
avaliar a validade das explicacbes deterministas para co-ocorréncia de espécies,
nao uma explicacdo em si (SIMBERLOFF, 1984; GOTELLI 2002). Entretanto ele foi
inegavelmente um elemento importante para a queda da hegemonia das explicacdes
deterministas, o que pode ter aberto espaco para o desenvolvimento de modelos
estocasticos.

Modelos estocasticos retornaram aos debates sobre comunidades com a
publicacdo da teoria neutra da biodiversidade (HUBBELL, 2001). A teoria neutra
propde explicar os padrdes de diversidade, no sentido de distribuicdo e abundancia,
a partir das variacbes estocasticas de natalidade mortalidade e migracdo. Na
perspectiva neutra, todas possuem com nichos equivalentes, ou seja, nenhuma
vantagem competitiva resulta em diferencas na abundéncia e distribuicdo das
espécies e dos individuos. O alcance da teoria neutra surpreendeu estudiosos por
apresentar uma proposta que nega o efeito da selecéo, até entdo um dos pilares das
teorias de nicho, e ainda sim ter um relativo sucesso em prever os padrdes de
composicao de comunidades.

Um dos méritos da teoria neutra foi sua capacidade de explicar padrdes de
distribuicdo de espécies em comunidades de arvores em florestas tropicais
(HUBBELL, 2001). A teoria neutra também tem importancia em explicar a

distribuicdo de espécies coespecificas, que co-ocorrém mesmo apresentando alta
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sobreposicado de nichos. Os sucessos obtidos pela teoria neutra abalaram muitas
das bases da teoria de nichos que até estavam consolidadas, como o pressuposto
de que diferencas na distribuicdo e abundancia de espécies eram intermediadas
pela sele¢céo natural, o que contribuiu para um maior amadurecimento das teorias de
nicho.

Ao ignorar o efeito do nicho na distribuicdo e abundancia de espécies, a teoria
neutra faz um desafio a teoria de nichos. Contudo, nem os defensores mais
ferrenhos da teoria neutra negam a existéncia dos nichos ecoldgicos. Nichos ainda
sdo relevantes para prever varios padrées em comunidades que a teoria neutra
ainda ndo explica de maneira satisfatoria como: a estabilidade e resiliéncia de
comunidades naturais e resisténcia a invasao bem como a explosao de espécies
invasoras (BELL; LECHOWICZ; WATERWAY, 2006; HILLERISLAMBERS et al.,
2012). O que a teoria neutra discute, no entanto, € que nem toda e qualquer
diferenca de distribuicéo reflete uma diferenca de nichos (HU; HE; HUBBELL, 2006)
pesar do contraponto que a teoria neutra faz a teoria de nichos, as duas teorias nao
sd0 necessariamente contraditorias. A teoria de nichos tenta explicar a coexisténcia
de espécies apesar da sua tendéncia a se excluirem (CHESSON, 2000; CHASE;
LEIBOLD, 2003). A teoria neutra por outro lado, assume que a composicdo de
comunidades flutua de acordo com a capacidade de disperséo das espécies (BELL,
2001; HUBBELL, 2001). Desta forma, a teoria neutra pode ser encarada como um
modelo adicional para se compreender a composicdo de comunidades (CLARK,
2009).

Atualmente, o consenso académico caminha para modelos que levam em
consideracao tanto o nicho quanto modelos neutros (ADLER; HILLERISLAMBERS;
LEVINE, 2007 GEWIN, 2006; GRAVEL; 2006). O sucesso destes modelos deslocou
os debates académicos de perguntas hegemdénicas como: qual processo (nicho ou
neutro) explicam os padrées em comunidades para perguntas mais pluralistas como:
gual a importancia relativa de cada processo para a composicdo de comunidades.
Outra pergunta que surge do consenso nicho/neutro € sobre quais escalas
(temporal/espacial) e quais circunstancias um padrdo encontrado na natureza pode
ser atribuido a processos neutros ou a processos de nicho. Para responder tais
perguntas, é preciso uma abordagem capaz de detectar padrdes e associa-los a

mecanismos que refletem processos de nicho ou neutros.
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2.2 BANDOS MISTOS COMO MODELQOS

A mudanca de paradigma sobre padrbes em comunidades deslocou o
foco de pesquisas em grandes escalas para pesquisas em menores escala local em
que é mais facil controlar varidveis que confundem a interpretacdo dos padrbes
(VELLEND, 2012). Encontrar modelos adequados para testar a influéncia do nicho e
da estocasticidade na composicdo de comunidades passou a ser um elemento
importante nos estudos de ecologia tedrica. A utilizacdo de bandos mistos pode ser
um modelo oportuno para controlar varidveis que causam confusdo nestes estudos.

Bandos mistos sdo coalizbes interespecificas em que os membros do bando
se movimentam em conjunto. Bandos que se movimentam motivados por uma fonte
de alimento, como aves seguindo formigas de correicdo, ndo sao considerados
bandos mistos jA que neste caso a coesao do bando se mantém por um interesse
comum e ndo por um comportamento coeso (MOYNIHAN, 1962; POWELL, 1985;
SRIDHAR; BEAUCHAMP; SHANKER, 2009). A formacdo de bandos mistos € um
fendbmeno cosmopolita e seus membros costumam possuir certa proximidade
taxonbmica, sendo mais comuns em grupos de aves insetivoras (HSIEH; CHEN,
2011). Contudo, bandos mistos de grupos taxondémicos distintos como aves e
primatas foram registrados (TERBORGH, 1987). Aves sdo 0 grupo mais
extensivamente estudado devido a uma maior propensao deste taxon em formar os
bandos e maior facilidade em detectar os bandos deste grupo (DIAMOND, 1975;
HSIEH; CHEN, 2011).

Um componente importante para a coesdao dos bandos, especialmente em
aves, € o comportamento de ‘liderangca” desempenhando pelas espécies
nucleadoras (DEVELEY; PERES 2000; SRIDHAR; BEAUCHAMP; SHANKER, 2009;
SRIDHAR et al., 2012). Espécies nucleadoras, sdo espécies gregarias que se
movimentam e vocalizam de modo a coordenar o movimento de todo o bando. A
retirada destas espécies em muitos casos implica na dissolu¢cdo do bando (MORSE,
1970). Espécies nucleadoras sdo acompanhadas de espécies satélites. Estas
espécies compdem a maior parte do bando, elas se movem e vocalizam com o
bando, mas seu comportamento menos efusivo do que o das espécies nucleadoras
e ndo sao tdo fundamentais na coeséo do grupo.

As vantagens envolvidas na formacdo dos bandos ainda s&o pouco

conhecidas e muito dos estudos envolvendo bandos mistos tentam entender as
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razbes por trds da formacdo destes bandos. Embora ndo haja consenso sobre o
porqué da formagéo dos bandos, o melhor desempenho no forrageio e defesa contra
predadores costumam ser apontadas como as hipéteses mais provaveis (JULLIEN;
CLOBERT 2000; KREBS 1973; POWELL 1985). As melhorias no forrageio estéo
relacionadas a: obtencdo de informacao por individuos mais jovens de individuos
mais velhos e experientes, irrupcdo de insetos gerada pelo forrageio de outras
espécies, cleptoparasitismo. Enquanto que a evitacédo de predadores seria por: efeito
de diluicdo, aumento da vigilancia, efeito de bando egoista e efeito de confusdo
(MORSE, 1970; HAMILTON, 1971; POWELL, 1985; TERBORGH, 1987;
SATISCHANDRA et. al. 2010). E importante ressaltar que explica¢bes relacionadas
com forrageio e explicacOes relacionadas com defesa contra predadores nédo sé&o
mutuamente excludentes, podendo ocorrer em conjunto inclusive sinergia entre elas
haver. O efeito de vigilancia em grupo por exemplo, € um recurso capaz tanto de
reduzir os riscos de predacdo, quanto de implementar o potencial de forrageio.
Embora ndo haja consenso sobre os ganhos e prejuizos da formacéo dos bandos na
biologia das espécies membros, a diferencas comportamentais das espécies que
compdem os bandos sugerem que que 0s custos e 0s beneficios de se participar
dos bandos sao variaveis (HSIEH; CHEN, 2011).

Apesar das potenciais vantagens da formacdo dos bandos, os possiveis
prejuizos da sua formacdo também sdo objeto de estudos. Os custos adaptativos
para a formacdo destes bandos, envolvem: competicdo por recursos, maior
visibilidade a predadores, custos evolutivos em desenvolver aparatos cognitivo que
permitem comunicacdo entre 0s membros e Interacbes agressivas entre o0s
membros (KREBS, 1973; TERBORGH, 1987; COLORADO; RODEWALD, 2014).
Parte importante da compreensdo da composi¢cao dos bandos mistos perpassa por
compreender o balaco entre os ganhos e custos envolvendo da composi¢cao dos
bandos.

Tanto os beneficios quanto os custos podem ser aplicados tanto a bandos
coespecificos quanto a bandos-mistos. Entretanto, ao contrario do que ocorre com
bandos coespecificos, em bandos-mistos podem haver beneficios que advém das
diferencas entre as espécies. Por exemplo, ao participar de um bando misto, uma
espécie pode se beneficiar das capacidades sensoriais de espécies com sentidos
apurados (HARRISON; WHITEHOUSE, 2011). Além disto, embora espécies que

compdem bandos mistos possuam uma certa sobreposicdo de nichos, espera-se
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que esta sobreposi¢cdo seja menor do que a presente em grupos coespecificos em
gue a sobreposicao é total. A reducdo na sobreposi¢do de nichos dos bandos mistos
pode implicar que as espécies destes bandos competem menos que espécies de
bandos coespecificos. Desta forma, os custos dos bandos mistos poderiam ser
atenuados ao mesmo tempo em que os beneficios da vida em grupo sdo mantidos

Embora bandos mistos sejam bem estudados em termos de composicao,
estrutura e comportamento, pouco se sabe sobre os processos subjacentes a
escolha de parceiros em sua formacédo (GRAVES; GOTELLI, 1993). Tal informacao
nos ajudaria ndo s6 a entender melhor os mecanismos comportamentais da
composi¢cdo dos bandos mistos, como também poderia nos trazer pistas sobre
processos subjacentes a composicdo de comunidades. Isto porque existe uma série
paralelos entre os critérios de escolha de uma espécie ao compor o bando com as
regras de montagem de comunidades. Para obter uma composicdo oOtima dos
bandos, uma espécie deve escolher ou nao participar dos bandos com base no
nicho alimentar das espécies que estdo o compondo. Desta forma, participar de um
bando € mais vantajoso quando os nichos estdo insaturados, da mesma como se
espera na montagem de comunidades quando esta € organizada por processos de
nicho.

O estudo da formacdo de bandos mistos pode oferecer perspectivas sobre
como o efeito de nicho atua na composicdo de comunidades em uma escala em que
€ possivel controlar algumas variaveis que geram confusdo. Uma das criticas as
tentativas de se estabelecer regras baseadas em nicho para a montagem
comunidades era que padroes de segregacdo poderiam ndo ser gerados por
interacdes competitivas, mas pela limitacdo na capacidade de dispersdo de algumas
espécies (SIMBERLOFF, 1984). Os métodos usados para resolver este problema
incluiam incorporar dados de dispersdo das espécies ou considerar, a partir de um
pool de espécies regionais, que todas espécies seriam capazes de alcancar os sitios
amostrados. Dados exatos sobre a capacidade de dispersdo raramente estao
disponiveis (quase nunca eu diria) e assumir que todas as espécies que compdem o
pool serdo capazes de alcancar todos os sitios costuma ser uma prerrogativa
irrealista. Porém, quando consideramos cada bando como sitio (ou ilhas) e as
espécies que participam de bandos mistos como o pool regional, € mais razoavel
assumir que todos os individuos sdo capazes de alcancar os bandos da area de
analise (GRAVES; GOTELLI, 1993).
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Desde a tentativa de Diamond (1975) de estabelecer regras de assembleia
para as comunidades de aves das llhas Bismark, poucos estudos exploram o uso de
bandos mistos como modelos para o estudo de composicdo de comunidades. Os
estudos que se propuseram abordar o tema costumam usar massa corporal, guildas
e proximidade taxond6mica como critério para estabelecer o grau dissimilaridade
entre espécies (COLORADO; RODEWALD, 2014; GRAVES E GOTELLI, 1993;
HARRISON; WHITEHOUSE, 2011). Apesar destas informacdes gerarem pistas
sobre os padrbes de composicdo dos bandos, elas ndo levam em consideracdo o
efeito de multiplos trogcos morfolégicos na delimitacdo dos nichos apresentados.
Estudos capazes de analisar de maneira mais precisa o efeito da similaridade
alimentar sobre a co-ocorréncia de espécies em bandos mistos poderia contribuir
com informa¢des mais robustas sobre os processos subjacentes a formacao destes
bandos (D’ANDREA; OSTLING, 2016; KEDDY, 1992).
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ASSEMBLY PATTERN IN MIXED FLOCKS: WHEN RULES MATTER?

Resumo

Existe uma extensa discussdo em ecologia de comunidades sobre quais sdo o0s
mecanismos que agem de modo a gerar padrbes em comunidades naturais. Regras
de assembleia sdo um conjunto de mecanismos propostos para explicar estes
padrdes com base em elementos deterministicos como a competi¢éo interespecifica.
Embora este conceito tenha sido empregado para explicar padrbes de composi¢céo
em ilhas e continentes, sua aplicacdo para explicar padrdes de coexisténcia em
grupos sociais ainda é pouco explorada. Bandos mistos sdo agrupamentos sociais
multiespecificos no qual seus membros se movimentam em conjunto e
desempenham um comportamento ativo para mante a coesdo do grupo. A
compreensao dos mecanismos que agem para compor os padrbes de composicao
destes bandos pode nos dar pistas sobre como funciona os mecanismos que agem
na composi¢do de comunidades em um sentido mais amplo. Esta tese tem como
objetivo avaliar se se as composi¢coes de bandos mistos de aves em florestas de
Mata Atlantica podem ser explicadas por regras de assembleia baseada na
competicdo interespecifica. Para tanto, nos fizemos uma analise de co-ocorréncia
par a par utilizado bandos amostrados em 9 fragmentos de Mata Atlantica. Nos
comparamos quais tipos de co-ocorréncia (negative, positive, aleatoria) sao
predominantes na composicao destes bandos. Entdo, nds cruzamos os padrdes de
co-ocorréncia com dados morfolégicos do bico. NOs fizemos analises separadas
para estacdo seca e chuvosa pois acreditamos que variagbes sazonais podem
influenciar na estrutura e composicdo destes bandos. NOs encontramos uma
predominancia de co-ocorréncia negativas na composi¢cao dos bandos, o que sugere
gue competicdo interespecifica desempenha uma funcdo importante na estrutura
dos bandos. Entretanto, a acéo das diferencas morfolégicas nos bicos das espécies
€ sutil. Este padrdo foi observado durante a estacdo seca, mas ndo durante a
estacdo chuvosa. Nossos resultados sugerem que padroes de assembleia em
bandos mistos variam temporalmente. Tal resultado € condizente com a hipétese de
gue competicao interespecifica é o principal mecanismo atuante sobre a composicao
destes bandos. N6s propomos entdo, que se regras de assembleia atuam em
comunidades de forma semelhante ao bandos-mistos, a co-ocorréncia de espécies
em comunidades naturais pode ser explicada por variagcbes temporais na
disponibilidade de recursos.

Palavras-chave: regras de assembleia, bandos mistos, competicdo interespecifica,
sazonalidade, co-ocorréncia.
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Abstract

There is a long discussion in community ecology about what are the mechanism that
act in order to generate patterns in natural communities. Assembly rules are a set of
mechanisms proposed to explain these patterns based on deterministic elements,
especially interspecific competition. Although this concept have been employed to
explain composition patterns in islands and mainland, it is seldom applied to
multispecific flocks. Mixed flocks are multispecific flocks that members move together
and acts actively to maintain group cohesion. Understand the composition patterns
for these groups can give clues about how process generates patterns in
communities in a broader sense. This thesis aims to assess if birds mixed flocks
composition in Atlantic Forest fragments can be explained by assembly rules based
on interspecific competition. We made a pairwise co-occurrence analysis for mixed
flocks’ species in nine Atlantic Forest fragments. We compared which kind of co-
occurrence (negative, positive, random) are predominant in flock’s composition.
Then, we related the co-occurrence patterns with beak traits. We made theses
analyses separately for the wet and dry seasons. We found that for overall co-
occurrence dataset there was a predominance of negative co-occurrences, which
suggests that interspecific competition plays a role in structuring mixed flocks.
However, the beak traits had weak influence on the negative co-occurrences. This
pattern was observed during the dry season, but not during the rainy season. During
the rainy season, there was no difference between the number of negative and
random co-occurrences, there is no difference in niche overlap between negative and
random co-occurrences. Our results suggest that assembly patterns in mixed flocks
varies temporally. This variation reinforce the hypothesis that interspecific competition
are acting in order to generate the negative co-occurrence in the flocks, and that
there are a relief in competitive pressure during the rainy season, and an increase
during the dry season. We propose that if assembly rules generate patterns in natural
communities in a similar way it acts in generating patterns in mixed flocks, the co-
occurrence of similar species in the same community could be explained by temporal

variation in resource availability.

Keywords: assembly rules, mixed flocks, interspecific competition, seasonality, co-

occurrence
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1 INTRODUCTION

One intriguing and hotly debated topic in community ecology, concerns how
assemble mechanisms operate in order to generate assembly in natural communities
(CHASE & LEIBOLD, 2003; CONNOR, COLLINS, & SIMBERLOFF, 2013;
HILLERISLAMBERS ET AL. 2012; HUBBELL, 2001; WEIHER & KEDDY, 1999). One
of the most classical propose to explain community compositions are the Diamond
(1975) assembly rules. This concept refers to the set of “rules” which underlies the
sorting of a local community from a regional species pool (DIAMOND, 1975; DRAKE,
1990; WEIHER & KEDDY, 1999; YODZIS, 1981). Two of the core principles
proposed by Diamond (9175) were that some pairs of species never coexist due
interspecific competition, and that pairs of co-occurring species should have less
niche overlap than pairs of species randomly assembled from the regional pool.

These assembly rules propose that deterministic mechanisms, focusing in
interspecific competition, are the main driver of species composition patterns
(DIAMOND, 1975; HUTCHINSON, 1959). This hegemonic approach to understand
assembly patterns has been harshly criticized (CONNOR, COLLINS, &
SIMBERLOFF, 1979; HUBBELL 2001; WEIHER & KEDDY, 1999). These criticisms
are due the fact that many studies have shown that many mechanisms, such as
environmental filters (KEDDY, 1992; WOODWARD & DIAMENT, 1991) and
stochastic factors (CHESSON, 2000; HUBBELL, 2001) also play important roles in
defining community’s composition patterns. Moreover, these mechanisms can also
influence the way each other operates. For example, temporal and spatial variation in
resources availability could reduce the competitive effects to the point that it does not
affect compositional patterns at all (ADLER & DRAKE, 2008; ARMSTRONG &
MCGEHEE, 1976; WARNER & CHESSON, 1985).

This does not mean that interspecific competition does not play a role in
community compositions at all. On the contrary, many studies pointed out its
importance, especially in structuring local communities (DHONDT & EYCKERMAN,
1980; FOX & BROWN, 1993; LACK, 1964; CHASE & LEIBOLD, 2003). However,
instead of the radical view that interspecific competition dictates the assembly
patterns, could be more fruitful to ask: In which scenarios interspecific competition
are important in determining assembly patterns, and how interspecific competition

interacts with other mechanism in order to generate patterns in communities
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(ADLER, HILLERISLAMBERS, & LEVINE, 2007; GRAVEL ET AL. 2006; LEIBOLD &
MCPEEK, 20086).

One scenario, where interspecific competition can play an important role in
assemble patterns are in bird mixed flocks composition. Mixed flocks are social
systems of different species moving and looking for food together (MORSE, 1970;
POWELL, 1985). Since the members of these flocks feed together, they can be
benefited if they select partners with whom they compete less for food (HUTTO,
1988; TERBORGH, 1990). In addition, since these flocks are a subset of local
community, the process which lead the aggregation and segregation in this flocks can
provide clues about how interspecific competition acts to generate patterns in
communities (GRAVES & GOTELLI, 1993).

Other reason why mixed flocks can be a useful tool to understand interspecific
competition is that it is easier to control some variables that can bias traditional
competition studies (GRAVES & GOTELLI, 1993). Typically, studies that seek to
evidence assembly rules in natural communities, try to explain the whole
community’s composition by analyzing the species co-occurrence patterns in islands
and continuous landscapes (DIAMOND, 1975; WEIHER & KEDDY, 2001). However,
other processes like environmental filters and dispersal limitations can generate
similar patterns, and disentangle them can be a challenging task (HASTINGS, 1987;
SIEPIELSKI & MCPEEK, 2010; SIMBERLOFF, 1984). In mixed flocks on the other
hand, all species live in the same habitat, so all of them are an outcome of the same
environmental filters so the environmental will not bias the flocks assembles.
Differently from island studies, it is possible assume that all species in a given
environment can be able to reach all flocks. Therefore, in this scenario, we can
assume that dispersion ability will not be a limiting factor (GRAVES & GOTELLI,
1993).

In addition to the potential of generating clues about communities’
composition, the application of assembly rules in mixed flocks can help give light to
the discussion about the adaptive role of mixed flocks. Some studies suggest that in
mixed flocks member suffer lesser effect of food competition because of niche
partitioning (GRAVES & GOTELLI, 1993); and others suggest that mixed flocks
member can benefit of other members capacities (SRIDHAR ET AL., 2009). So if the
mixed flocks is assembled in order to indicate specie avoidance, it could give support

to the niche partitioning hypothesis, while if the flocks are assembled in order to
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indicate specie aggregation, it could give support to the facilitation hypothesis
(SRIDHAR ET AL., 2012).

Previous attempt associating birds mixed flocks and assembly rules had
contrasting results. While Graves & Gotelli (1993) and Colorado & Rodewald (2014)
found an assembly patterns related to interspecific competition. Sridhar et al (2012)
meta-analysis on the other hand, suggest that mixed flocks assembles by facilitation.
All these studies rely on co-occurrence simulation models that encompasses all
species association in single analyses (GOTELLI & MCCABE, 2002). This kind of
analysis don’t consider the niche overlap for each pair of species and this information
could help us to better understand the mechanism that generate the co-occurrence
patterns (VEECH 2013).

These studies also used body mass, phylogenetic relatedness and guild
participation as a proxy for niche overlap. These approaches can provide insightful
clues since closely related species to present more similar feeding habits and
therefore their niche tends to overlaps more (GOMEZ ET AL. 2010; KEMBEL, 2009;).
The same can be said of species with similar body size (DIAMOND, 1973), and
species from the same guild (FOX & BROWN, 1993; WEIHER & KEDDY, 1999).
However, they can makes subtler niche partitioning which could better explain the
assemble patterns in the mixed flocks (BRANDL, KRISTIN, & LEISLER, 1994; LACK,
1953). Beak morphology otherwise, could be a more accurate trait to infer niche
overlap. Because the slightest variation in beak shape and length might reflect
differences in diet and behavior (ABZHANOV ET AL., 2006; DE LEON, PODOS,
GARDEZI, HERREL, & HENDRY, 2014; GRANT & GRANT, 1996). Therefore, they
could provide a better trait to understanding of the relationship between diet overlap,
and birds mixed flocks’ patterns.

Other factor not considered in previous studies is the seasonal in mixed flocks
co-occurrence patterns. Many studies have shown seasonal variation in mixed flocks
composition even for tropical biomes (DAVIS, 1946; DEVELEY & PERES, 2000;
MALDONADO-COELHO & MARINI, 2004). These variations in mixed flocks
composition can be due a variation in resource availability (DEVELEY & PERES,
2000). Moreover, since the resource availability can influence the interspecific
competition (CHASE, 2000), the co-occurrence patterns can also be affect by
seasonality.

Therefore, in order to know if competition for food can drive mixed flocks’
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compositions, we evaluated the relationship between co-occurrence patterns and
niche overlap. Our hypothesis is that interspecific competition lead to assembly
patterns in mixed flocks (DIAMOND, 1975). So we based our predictions in two
principles assembly rules, that 1-) some pairs of species avoid themselves more
often than expected by chance and 2) co-occurring species should have less niche
overlap than random assembled species (DIAMOND, 1975; WEIHER & KEDDY,
1999). If interspecific competition for food structure composition patterns in mixed
flocks according to assembly patterns, we expect that: 1) There will be negative co-
occurrence patterns in most pairs of species composing mixed flocks; 2) Pairs of
species greater niche overlap will co-occur in flocks less often. Moreover, there is a
close relationship between competitive pressure, and food availability. And since food
availability can vary with the seasons, so we also hypothesized that 3) the co-

occurrence patterns will varies across seasons.

2 MATERIAL AND METHODS

2.1 STUDY AREA

The study was carried out in nine forest fragments sites of different
sizes (from 3.6 to 384.5 ha) located at the state of Minas Gerais, southeastern Brazil
(Figure 1). The climate in the region is seasonal, with two well-defined seasons, a
wet (October - March) and a dry season (April - September). The region has an
average altitude of 650 m (VALVERDE, 1958), mean temperature is 22.24 °C and
mean pluviosity is 207.64 mm during the wet, while mean temperature is 18.32 °C
and mean pluviosity is 37.95 mm during the dry season (INMET, 2020). The native
vegetation is composed of montane semi-deciduous Atlantic Forest (VELOSO et al.,
1991), which is part of the Atlantic Forest biodiversity hotspot (MITTERMEIER et al.,
1998; MYERS et al., 2000). Due to the broad use of the landscape for agricultural
purposes (mostly pasture), native vegetation was highly deforested. It composed
approximately 24% of land, when the data were sampled, with forest remnants
surrounded by agricultural matrix (MAPBIOMAS v.3.1, 2019).

To assure the selected sites are representative of the region, forest fragment
sites were selected by a stratified random strategy (Fortin & Dale, 2005). All forest

fragments in an area of 10.000 ha were classified according to fragment size,
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vegetation structure, and topography. Then one fragment was randomly chosen from
a set of fragments of similar size and characteristics. The vegetal structure was
standardized by selecting only fragments composed by secondary forest with no
evidence of disturbance (such as logging, fire, and grazing). The topographic
structures were standardized by selecting only fragments in hilltops and hillsides. To
avoid sampling dependence, it was taken a minimum range of 160 meters from each

sampled fragment.

2.2 FLOCKS SAMPLING

Data sampling was carried out between October 1998 and August 1999. The
sampling was made separately for each season, so we could compare the seasonal
effect on flock composition. Wet season sampling was conducted between October
1998 and January 1999 while dry season sampling was conducted between May and
August 1999. Mixed flocks were classified as an association between two or more
species following the same direction for at least 5 minutes, excluding flocks
stimulated by an external source of food, like birds following army ants (STOTZ,
1993). The flocks were observed by walking along a set of trials covering the
fragment (see Maldonado-Coelho & Marini, 2004 for more details). When spotted,
the flocks were followed for an hour or until it was, loose from sight. To reduce
duplicate observations, after one flock was followed, the observers walked in the
opposite direction. Sampling effort (days and hours of observations) was
standardized independently of fragment size. However, because many different
flocks were found in three of the nine in forest fragments (38.8; 75 and 384.5 ha),

additional sampling efforts were necessary.
2.3 DATAANALYSES
2.3.1 Co-occurrence analysis
We assessed the co-occurrence pattern in the flocks using the probabilistic
analysis proposed by Veech (2013), this approach calculates the probability of two

species co-occur in a site less or more than the observed co-occurring frequency. In

our study, we consider each flock as a site in our co-occurrence matrix. So if the two
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species a pair co-occur in a flock, we count as a positive co-occurrence and if one
species occur and the other don’t, we count as a negative co-occurrence. Then we
compare the probability that the observed number of co-occurrence is greater than
(Pgt) or lesser than (PIt) the observed co-occurrence frequency. By establishing a
significance value of 0.05 for Pgt and PIt, we could determine if the pair of species:
they attract each other (Pgt < 0.05), avoid each other (Pgt < 0.05), or co-occur
randomly (Pgt and PIt > 0.05). Species with low occurrence can lead to a “false”
random association, so to avoid statistical bias we removed pairs of species that
were expected to co-occurrence in less than 1 site (GRIFFITH ET AL., 2016).

This kind of analysis has some limitations: 1- ) It does not account for the
effect of multiple interactions or diffuse competition and 2- ) It considers each site
equally probable of occurrence, so if one or more sites are more likely for occurrence
than the others, other complementary tests would be necessary. About the diffuse
competition, we must assume this limitation and maintain it out of the scope of this
study. However, the equiprobability of the sites will not be an issue in our study since
we are using the flocks as sites, and thus we assume that all species in a fragment
are capable of reaching each flock equally.

To evaluate what kind of co-occurrence leads coexistence in mixed flocks, we
compared the number of co-occurrence patterns (positive co-occurrence, negative
co-occurrence, random co-occurrence) in the mixed flocks among the nine
fragments. For this comparison, we used Mann-Whitney U test for nonparametric
data after checking the data normality with the Shapiro-Wilk test. We pulled out the

positive co-occurrences from this analysis due to its low incidence (N=2).

2.3.2 Niche Overlap

To test if interspecific competition for food could lead patterns in mixed
flocks composition, we need to know the degree in which each pair of species
compete. Niche overlap gives us a measure about how intensively a pair of species
compete with each other. We used beak traits as a proxy for niche overlap since
many studies have shown that species with similar beaks present similar diet (DE
LEON ET AL., 2014; SCHLUTER & GRANT, 1984) and hence they should compete
more. To assess mixed flocks beak traits we used Rodrigues (2019) database. We

looked for beak traits, beak length, beak width, and beak depth because these traits
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have shown influential in determining birds’ diet (ABZHANOV ET AL., 2006).
Unfortunately, we could not find the beak measures for all species sampled in mixed
flocks, so we restricted our analyses for 59 from 73 species we found in the flocks.

In order to know the degree of niche overlap for each pair of species we found
in the flocks, we did a principal component analysis (PCA) for all species beak traits.
In this analysis, each species is plotted in a graph according to the weighted mean of
scores based on its traits. The farther one species is plotted from another, the more
different their beaks will be and hence, the greater will be their niche overlap
(CARNES & SLADE, 1982). We could assess the niche overlap between a pair of
species by calculating the distance between their respective points through a
trigonometric calculation.

The value obtained by the trigonometric calculation provides us with the
distance, and therefore the dissimilarity between two species. A similarity value could
be easier to infer niche overlap, so we converted the dissimilarity data by converting
the data into percentage values and then subtracting the total value from 100. This
way we could assess the inverse value (similarity value) as the distance between

values is conserved.

3.2.3 Statistical Analyses

To evaluate if niche overlap leads patterns in flocks composition, we compare
beak similarity among species with negative and random co-occurrences, we also
removed positive co-occurrence from these analyses we did for co-occurrence mean
calculation. We compare the mean beak similarity using Student t-test when data
were parametric and using Mann-Whitney test when data were non-parametric. We
used Lilliefors’ test for normality calculation since sampled data were > 70. In order to
know how much, niche overlap affects the co-occurrences we also included effect
size tests in our analyses (FRITZ ET AL., 2012). We used d test for parametric data
(Cohen, 1988) and r test for non-parametric data (ROSNOW & ROSENTHAL, 1996).
For d test, we assumed d < 0.2 as a small effect size and d > 0.8 as great effect size,
for r test, for r test, we assumed r < 0.1 as a small effect size and r > 0.371 as great
effect size (BECKER 2000). To assess the effect of seasonal variation in species
interaction inside the flocks, we repeat these calculations for the wet and dry season

separately.
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3 RESULTS

3.1 DESCRIPTIVE DATA

It was recorded 246 mixed flocks, being 105 flocks in the rainy season, and
146 flocks in the dry season. The abundance of individuals in the flocks were higher
during the dry season (mean = 18.1+ 3.0) than in the rainy season (mean = 9.9 +
3.7). The flocks were composed by 73 species belonging to 20 different families
participating in these flocks (sup. table 2). The flocks were also richer in species
during the dry season (mean = 11.1+ 2.4) than during the rainy season (mean of 6.8
+ 2.7) (Maldonado-Coelho & Marini 2003, table 1). The most representative family
was Tyrannidae (n=19), followed Thraupidae (n=12) and Furnariidae (n=11).

3.2 CO-OCCURRENCE ANALYZES

In our co-occurrence analyzes, we obtained 4606 co-occurrences, being 1125
random co-occurrences, and 3481 negative co-occurrences (sup. table 3 and 4).
There were only two positive co-occurrence, which corresponds to 0.7% of the total
classifiable co-occurrences. Only two pairs of species showed the same co-
occurrence pattern (negative co-occurrence) in all nine fragments, which also
correspond to 0.7% of the total co-occurrence analyses. We found that negative co-
occurrences could explain the most part of co-occurrence patterns in mixed flocks
considering data from all seasons together. (Mann-Whitney test, p = 0.019) (Figure
2).

3.3 NICHE OVERLAP

We found that species with negative co-occurrence (Mdn = 84.18) have more
niche overlap than species with random co-occurrences (Mdn = 81.74), (Mann-
Whitney test, p = < 0.001, r = 0.08 (figure 3). However, the small effect size (r < 0.1)
(ROSNOW & ROSENTHAL, 1996) suggest that the difference in niche overlap

between pairs with negative and random co-occurrence are trivial.
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3.4 SEASONAL VARIATION

We found significant difference between co-occurrence type (negative and
random) across the seasons (Kruskal-Wallis, p < 0.01). We also found that there
were no difference between negative co-occurrences (R = 10.78) and random co-
occurrences (R = 11.28, p = 0.92) during the rainy season, while there were greater
negative co-occurrence (R = 30.61) than random co-occurrence (R = 21.33) during
the dry season, (considering, p = 0.06). Besides that, there were more negative co-
occurrences during the dry season, than during the rainy season (p < 0.01), and
more random co-occurrences during the dry season, than during the rainy season (p
= 0.04) (figure 4). We found differences in niche overlap between pairs of species
with negative co-occurrence (Mdn = 83.65) and pairs of species random co-
occurrences (Mdn = 83.57) during the rainy season, (Mann-Whitney, p = 0.07, r =
0.06). However, to consider difference in niche overlap during the rainy season its
necessary non-conservative approach for ] value. Otherwise, during the dry season,
the difference in niche overlap between pairs with negative (M = 78.46, SD = 19.4)
and random co-occurrences (M = 75.78, SD = 20) were significant even for a
conservative approach for [1 value (Stuart’s t test, p < 0.01, d = 0.14) (figure 5). More
similar in their beak morphology than pairs of species with random co-occurrences
(Stuart’s t test, p < 0.01, d = 0.14) (figure 5), although the effect size were still week.
For both rainy and dry season, the effect size was small (r < 0.1; d < 0.2) (COHEN,
1988; ROSNOW & ROSENTHAL, 1996).

4 DISCUSSION

Our results corroborate the hypothesis that mixed flocks are structured
according to assembly rules, however this structure varies temporally. During the dry
seasons there were more negative than random co-occurrence and pairs of species
with negative co-occurrences had more niche overlap than pairs of species with
random co-occurrences (however the niche overlap had a small effect in co-
occurrence differences d = 0.14). During the rainy season otherwise, there was no
difference between negative and random co-occurrences, and there were a decrease
in statistical significance for niche overlap. These patterns suggest that: 1)

Deterministic elements plays a major role in structuring birds mixed flocks; 2) If niche
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overlap plays any role in mixed flocks co-occurrence patterns, this role manifest
through subtle differences; and 3) The assembly structure in mixed flocks change
across seasons. These results can offer some insights about the adaptive role of

mixed flocks, and how community assembles in a broader sense.

4.1 ASSEMBLY STRUCTURE IN BIRDS MIXED FLOCKS.

For decades, there have been an extensive debate about whether the
composition of local communities are structured according to assembly rules (CODY
& DIAMOND, 1975; CONNOR & SIMBERLOFF, 1979; CONNOR, COLLINS, &
SIMBERLOFF, 2013; DIAMOND, PIMM, & SANDERSON, 2015; GOTELLI &
MCCABE, 2002; SIEPIELSKI & MCPEEK 2010). The several studies which
attempted to apply the assembly rule concept to bird mixed flocks, found that: mixed
flocks are assembled according to negative association between close related
species (GRAVES & GOTELLI, 1993); mixed flocks are assembled according to
negative association in guild structure, but with no relationship with morphology
(body size) (COLORADO & RODEWALD, 2014); and that mixed flocks are
assembled according to positive association in phylogeny, guild structure and
morphology (body size) (Sridhar et al., 2012). Our results are in accordance with the
first and the second study, in the sense that negative associations are the main factor
in structuring of mixed flocks, while they diverge from the third study since we found
no evidence that positive associations are relevant for structuring the flocks (only
0.07% of total classificable co-occurrences) (figure 4).

Our results together with Graves & Gotelli (1993) and Colorado & Rodewald
(2014) support the idea that mixed flocks obeys an assembly rules based on
deterministic process, since we found that the most interactions between members of
mixed flock deviate from the random expectation (table) (DRAKE, 1990;
SIMBERLOFF, 1984; WEIHER & KEDDY, 1999). In addition, the amount of negative
co-occurrences observed in our analyses give some support to the first assembly rule
proposed by Diamond (1975) that there are forbidden combination between species
in assembly. However, our results show that only 0,7% of the total classicable co-
occurrences presented a negative co-occurrence in all 9 fragments. This suggest that
the forbidden combination in mixed flocks are somewhat more variable than the rule

propose. So, instead of the classic “some pairs of species never coexist, either by
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themselves or as part of a larger combination” (DIAMOND 1975); our results support
a more flexible version of this rule: some pairs of species prone to compose mixed-
flocks are less likely to co-occur in the same flock.

With regard to the second assembly rule proposed by Diamond (1975):
“species co-occurring in the same place should have less niche overlap than random
assembled species”, our results can provide only a week support (CASE, 1983;
CHASE & LEIBOLD, 2003). Unlike Colorado & Rodewald (2014), we found a
significant relationship between morphological trait and co-occurrence. However the
small effect size in beak similarity can suggest that 1-) Niche partitioning in mixed
flocks members manifests through subtle differences in beak morphology; or 2-) The
effect of beak morphology in co-occurrence patterns is trivial. There are some
empirical support to the hypothesis that subtle differences in beak morphology can
provide niche partitioning in birds diet. Many studies with birds from Geopiza genus
(Darwin finches) showed that subtle differences in beak ratio can help these birds to
use different kinds of food (ABZHANOV ET AL., 2006; DE LEON ET AL.2014,
SCHLUTER & GRANT, 1984; SOONS ET AL., 2010). Such subtle differences in beak
morphology could also allow why pair of species with negative co-occurrence the
relationship between. So species in mixed flocks would be more prone to avoid other
if similar diet in order to avoid interspecific competition. This could explain why
species if negative co-occurrences are more similar in beak morphology than species
with random co-occurrences. The small effect beak morphology could be explained
by the fact that other factors such as differences in foraging behavior (COULSON &
LACK, 1971 P. 23; INOUYE, 1978; JONES, MANDELIK, & DAYAN, 2001) and
foraging stratum (LACK, 1945) could also play a role in niche partitioning of the
mixed flock members. Therefore, the week of beak morphology could reflect the
small role that this trait plays in the mixed flocks’ niche partitioning.

These results have implications for the adaptive role of the mixed flocks. There
are unsolved discussion about what would be the potential advantages of mixed
flocks in relation to conspecific flocks (DIAMOND, 1981; MORSE, 1970; SRIDHAR,
BEAUCHAMP, & SHANKER, 2009; TERBORGH, 1990). The two main hypotheses:
1) in mixed flocks, members have less niche overlap than conspecific flocks. So the
member of mixed flocks could benefit from group life at the same time they reduce
the competition costs with other members (GRAVES & GOTELLI, 1993); and 2)

Members of mixed flocks can benefit from sensorial accuracy, and foraging
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capacities from members of other species. So the presence of some species facilitate
the presence of other species (GOODALE & KOTAGAMA, 2005; HSIEH & CHEN,
2011; KREBS, 1973). Our findings holds the niche overlap reduction hypothesis,
since the predominance of negative co-occurrences are what we expected in a niche
partitioning scenario (DAYAN & SIMBERLOFF, 2005; GOMEZ, BRAVO,
BRUMFIELD, TELLO, & CADENA, 2010). Even though the two hypotheses are not
necessarily exclusive (MONKKONEN, FORSMAN, HELLE, & MONKKONEN, 1996)
our finding does not confer sustentation to the facilitation hypothesis. That is because
this hypothesis predicts a positive association between the members (HSIEH &
CHEN, 2011; SRIDHAR ET AL., 2012), and we found too little positive co-
occurrences (only 0,7% of total classifiable co-occurrences). Therefore, if there is any
effect of facilitation between the species composing mixed flocks, our results suggest
that there are no preferential choice for one particular facilitator.

4.2 WHEN DO RULES MATTER?

Many studies have shown that seasonal variations have effect in mixed flocks
compositions (BELL, 1980; DAVIS, 1946; DEVELEY & PERES, 2000; JAYARATHNA,
KOTAGAMA, & GOODALE, 2013; MALDONADO-COELHO & MARINI, 2004;
OGASAWARA, 1975). Our results complement those studies in the sense that not
only the flock composition varies with seasons, but the assembly rules underlying the
flocks compositions also changes. We found an increase in both negative (p < 0.01),
and random (p = 0.04) co-occurrence from the dry season relating to the rainy
season. In addition, during the dry season there were more negative than random co-
occurrences (p = 0.06) (figure x); which match with an assembly rules structure
(DRAKE, 1990; GRAVES & GOTELLI, 1993; WEIHER & KEDDY, 1999). And species
with negative co-occurrence presented more similar beaks than species with random
co-occurrence, (p < 0.01, d = 0.14) which however week, give some support to an
interspecific hypothesis to explain the patterns. During the rainy season on the other
hand, the co-occurrences patterns became more random, in such way that mixed
flocks wasn’t assembled mainly by assembly rules anymore. There was no difference
between negative and random co-occurrence, and species with negative co-
occurrence presented more similar beaks than species with random co-occurrence

only for a p = 0.07. This suggest that assembly rules in mixed flocks are constrained
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by temporal variation (CHESSON, 2000, LOREAU, 1992).

It is expected that competitive pressure be released in situations where there
are plenty of resources (CHESSON 2000; CODY, 1999, P 190; DIAMOND, 1975;
DHONDT & EYCKERMAN, 1980), while in situation of shortage higher (CODY, 1999,
P. 198; DHONDT & EYCKERMAN, 1980; KUBO & IWASA, 1996). In addition, that
temporal variation in resource availability can reduce the effect of competitive
processes, and therefore change the assembly structure (ARMSTRONG &
MCGEHEE, 1976; CHESSON 2000; KUBO & IWASA, 1996; MILLER & CHESSON,
2009), but see (RICKLEFS, 1966). Therefore, one possible explanation for seasonal
variation in mixed flocks assemblage is that the shortage of food during the dry
season makes the birds needier to form flocks, at the same time it increases
interspecific competition pressure acting in flocks’ assemblage. This explanation
match the two main patterns found in the seasonal variation: the increase in co-
occurrences from the rainy season to the dry season, and the difference in the
assemblage structure between the two seasons. However, this explanation makes
two assumptions. The first one is that there are shortage of food during the dry
season and/or and abundance of food during the rainy season. Moreover, the second
one is that mixed flocks enhance foraging efficiency of the members. A previous
study about seasonality and mixed flocks composition in Atlantic forest, evidenced an
increase arthropods abundance during the rainy season (DEVELY, 2000), since 72
from 73 species in our analyses includes arthropods in their diet (WILMAN ET AL.,
2014), this find gives support to the first assumption. For the assumption that flocks
enhance foraging efficiency, the support is somewhat controversial. That is because
another unsolved discussion about mixed flocks is whether the adaptive function are
directed to increase foraging efficiency or to avoid predators (BEAUCHAMP, 2005;
HUTTO, 1988; MORSE, 1977; SRIDHAR, BEAUCHAMP, & SHANKER, 2009;
THIOLLAY, 1999). The detailed discussion about this topic is beyond the scope of
this thesis, however, we should point out that the two statements are not necessarily
exclusive, and may even be complementary (MARTINEZ ET AL. 2018; SRIDHAR,
BEAUCHAMP, & SHANKER, 2009). If a specie can avoid predators by forming mixed
flocks, it will have more time and energy to invest in foraging (MARTINEZ ET al.
2018). Therefore, even though the mixed flocks are formed in order to avoid
predators, it also could support the second assumption.

Other explanation for the seasonal influence in mixed flocks assemble
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patterns, is that the rainy season match the breeding season for most part of species
composing mixed flocks in Atlantic Forest (DEVELY, 2000). Then the mixed flocks’
members could less prone to form mixed flocks because they need to invest energy
and time in breeding activities like mate selection, and offspring feeding (POWELL,
1985). In addition, offspring could demand a different kind of food than that the
species usually use, which could change parent feeding behavior. This hypothesis
explains the increment in co-occurrences in the dry season related to the rainy
season; however, it does not explain the presence off an assembly structure in the
dry season, and the absence of assembly structure during the rainy season. It is
possible that both, seasonal food availability and breeding activities, operate together

in order to generate variation in mixed flocks’ co-occurrence patterns.

4.3 LESSONS FOR COMMUNITY ASSEMBLY

To extend the patterns found in mixed flocks to community assembly is a tricky
task. That is because the same elements present in mixed flocks that allows the
control of confounding variables also can make them an unrealistic model. The
environmental filter act in species pool (species in the region), but not in the
assembly sorting (species in the flocks) (DIAZ, CABIDO, & CASANOVES, 1999;
MAGURA & LOVEI, 2017); dispersion is not a limiting factor (CONNOR, COLLINS, &
SIMBERLOFF, 2013); and the flocks assemblage are not influenced by speciation or
populational drift (HUBBELL, 2011; RICKLEFS, 2006). In addition, the interspecific
competitive in the mixed flocks happens at a behavioral level (FARINE ET AL. 2014;
TERBORGH, 1990) Species that experience a high competitive pressure in a flock,
can leave it, or they can simply avoid flocks with too many competitors. The same
species still will be alive and can participate in other flocks. On natural communities
on the other hand, interspecific competition happens at selection level (DHONDT,
2012; DIAMOND 1975; WEIHER & KEDDY, 1999). Species, which experiences high
competitive pressure, suffer a decrease in their fithess, and can be locally extinct.
Despite these, mixed flocks assembly patterns found in this study could still give
insights that help us to understand how communities are organized in a broader
sense. Our results give empirical support to the proposal that agonistic elements
plays a role in groups’ assemblage (DIAMOND, 1975; FOX & BROWN, 1993;
GRAVES & GOTELLI, 1993; HILLERISLAMBERS et al. 2012), at least for a subset of
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local communities. Besides this, our finds also illustrate how interspecific competition
and temporal variations could interacts in order to generate patterns in natural
communities (ADLER & DRAKE, 200; CHESSON ET AL., 2004; RICKLEFS, 1966;
WARNER & CHESSON, 1985). If temporal variations change the competitive
pressure in the same way that seasonal effects changes mixed flocks’ co-occurrence
patterns, than the competitive pressure could be released to the point that it has no
organizational effect. This could help to explain how similar species can coexist in the
same place, and why is so difficult to find competition-mediated assembly at

community scale.

5 CONCLUSIONS

We concluded that mixed flocks co-occurrence patterns present an assembly
structure. Although the increment in negative co-occurrences during the period of
shortage of food suggest that interspecific competition is a possible explanation for
co-occurrence patterns, we found that niche overlap provides only a week
explanation for these patterns. Besides that, we found that co-occurrence patterns in
mixed flocks are conditioned to seasonality, with the presence of assembly structure
during the dry season, and an absence during the rainy season. We propose that if
competitive pressure in natural communities behave at the same way than co-
occurrence patterns in mixed flocks, the co-occurrence of similar species could be
explained by temporal variations in resource availability. We suggest that further
studies in biomes with less seasonality could be important to determine how far
seasonal variations can influence mixed flocks co-occurrence patterns. Besides that,
long-term studies assessing the effect of seasonal variation on mixed flocks’ patterns
would be important for a better understanding how seasonality acts on mixed flocks’
patterns. At least, studies that integrates co-occurrence analyses and demographic
data are important to understand how patrticipation in the flocks influence population
dynamics of the members, and therefore how participating in mixed flocks influence

can influence the dynamics of local communities.
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green patch are the Atlantic forest remnants, and the red spot mark the fragments where

the study were conducte
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Figure 2. Boxplot graph showing the median difference between negative and random
co-occurrences (wilcoxon test p = 0.019) considering both dry and rainy season. The two
birds turning their back to each other represents the negative co-occurrences, and the

two dices represent the random co-occurrences.
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Figure 4. Boxplot graph showing the median difference between negative and random
co-occurrences separated by seasons. The weeping cloud represents the co-
occurrences in the rainy season, while the sun represents the co-occurrences in

the dry season.
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Figure 4. Boxplot graph showing the median difference between negative and random
co-occurrences separated by seasons. The weeping cloud represents the co-
occurrences in the rainy season, while the sun represents the co-occurrences in the dry

season.
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