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Resumo 

A ema (Rhea americana) é a maior ave da América do Sul, habitando, por exemplo, as 

planícies alagáveis do Pantanal e as savanas conhecidas como Cerrado no Brasil. Nesse 

estudo, a dieta da ema foi avaliada no Pantanal, revelando uma variedade de alimentos, 

com destaque para folhas, frutos/sementes, invertebrados e pequenos vertebrados. A 

diversidade de plantas consumidas incluiu leguminosas e espécies com frutos carnosos, 

como Psidium sp. (Myrtaceae) e sementes grandes de palmeiras. Essa alimentação 

variada sugere um potencial papel na dispersão de sementes, com a presença de sementes 

aparentemente intactas nas fezes. Numa segunda etapa realizada com emas em em 

cativeiro revelaram que elas possuem um tempo de passagem gastrointestinal longo, 

permitindo a dispersão de sementes a longas distâncias. As sementes ingeridas pela R. 

americana apresentaram resultados variáveis na germinação, com algumas espécies 

beneficiadas e outras não. O declínio populacional das emas pode afetar a regeneração de 

plantas, especialmente quando se pensa no componente quantitativo da dispersão de 

sementes ou nas distâncias de dispersão. Compreender a relação ecológica entre a R. 

americana e as plantas nativas parece importante para a a dinâmica e conservação dos 

ecossistemas onde a espécie ocorre. 
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1. Introdução geral 
Destruição e degradação dos ecossistemas naturais são as principais causas de 

declínio da biodiversidade global (Pereira et al. 2010). Os biomas brasileiros constituem 

uma porção significativa da biodiversidade mundial, com altos níveis de riqueza e 

endemismo de espécies da flora e fauna (Myers et al. 2000). Contudo, toda essa 

biodiversidade observada vem sendo crescentemente ameaçada por ações antrópicas, 

como a fragmentação, procedimento de divisões de habitats em fragmentos menores, que 

se tornam isolados e separados por uma matriz, ou seja, ambientes não nativos (Haddad 

et al. 2015). Neste processo, além da alteração dos habitats naturais (Durigan et al.  2008; 

Fahrig, 2003), outras intervenções em vegetações nativas podem ocorrer, tais como, caça, 

queimadas, extração madeireira e plantio de monoculturas, alterando toda a paisagem 

nativa da região, consequentemente diminuindo a biodiversidade (Laurance et al.  2012; 

Tabarelli et al.  2004). No Brasil, este processo de fragmentação tem sido uma das causas 

da diminuição da diversidade biológica (Machado et ale Filho,  2010), como o efeito de 

várias mudanças na estrutura e dinâmica da diversidade e abundância da fauna e na 

comunidade vegetal (Rausch, et al. 2019).  Enormes alterações paisagísticas e ambientais 

já colocaram determinados biomas como principais vítimas deste processo, como no caso 

do Cerrado e do Pantanal (Strassburg et al.  2017).   

O Cerrado, considerado a savana brasileira, predomina na região no Planalto 

Central do Brasil, classificado como hotspot de biodiversidade com mais de 10.000 

espécies de plantas, onde engloba as três maiores bacias hidrográficas da América do Sul, 

distribuindo 43% das águas superficiais brasileiras e prestando serviços ecossistêmicos 

essenciais (Strassburg, et al. 2017). Para mais, este bioma atua na conservação das 

espécies dos diferentes grupos faunísticos, atingindo aproximadamente 837 espécies de 

avifauna (Silva, 1995), 199 espécies de mamíferos, centenas de espécies de répteis e 

anfíbios e 1.200 espécies de peixes (MMA, 2021b). 

Já o Pantanal é considerada a maior planície alagável do mundo, ocupando uma 

área de 210.000 Km2 entre o Brasil, Bolívia e Paraguai. Sua biodiversidade é constituída 

por 3.500 espécies de plantas, 124 espécies de mamíferos, 463 espécies de aves e 325 

espécies de peixes (Júnior et al., 2014).  Neste bioma a dinâmica das comunidades de 

aves está intimamente relacionada à heterogeneidade do ambiente e aos eventos de 

inundação (Figueira et al.  2006) 
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O grupo das aves é uma das peças fundamentais para o bom funcionamento e 

dinâmica dos ecossistemas brasileiros. Por meio de interações tróficas, as aves participam 

das interações com a comunidade, como as plantas, onde podem influenciar a distribuição 

de espécies ao longo de um ambiente ou região por meio de frugivoria e dispersão de 

sementes (Sekercioglu et al.  2016). A dispersão de sementes, processo pelo qual os 

diásporos são retirados de alguma distância além do limite da copa da planta-mãe 

(Christianini e Martins, 2015), está associada ao final do ciclo reprodutivo de plantas 

adultas com o estabelecimento de seus descendentes em novos ambientes, influenciando 

em muitos aspectos chave para a biologia das espécies de plantas (Nathan e Muller-

Landau, 2000, Wilson e Traveset, 2000). A maioria das árvores encontradas em florestas 

tropicais possuem sementes dispersas por animais (Jordano, 2000; Nathan e Muller-

Landau, 2000, Wilson e Traveset, 2000). De 80% a 95% das árvores destas florestas 

produzem diásporos com adaptações aparentes à dispersão de sementes por animais 

(zoocóricos). Isto indica que animais frugívoros devem ter um papel funcional formidável 

na dispersão de sementes de diversas espécies de plantas, influenciando à dinâmica 

espacial e sobrevivência dos regenerantes (Christianini e Martins, 2015). As aves têm o 

maior número de espécies de vertebrados frugívoros nestes ambientes tropicais, 

contribuindo de forma significativa no papel funcional de dispersores de sementes 

(Jordano, 2000). A dispersão de sementes molda a estrutura espacial e a composição de 

espécies das comunidades vegetais (Nathan e Muller-Landau, 2000; Levine e Murrell, 

2003; Snell et al.  2019). Portanto, esta funcionalidade torna-se essencial para toda a 

estrutura ecossistêmica na paisagem natural.  

As plantas podem se beneficiar da dispersão de sementes mediada por animais, 

uma vez que a chance de serem depositadas em ambientes com as condições favoráveis 

aumenta, pois, o dispersor pode garantir maior distanciamento da semente com a planta-

mãe (planta que produz os diásporos), facilitando a sua chance de colonização em um 

novo ambiente sem a presença de outros indivíduos da mesma espécie, diminuindo assim, 

a competitividade instraespecífica (Janzen, 1970; Connell, 1971). Sendo assim, a 

contribuição dos dispersores pode se dar pelo transporte de sementes para longe da planta-

mãe e/ou sua deposição em microsítios, que oferecem condições favoráveis e 

potencialmente ambientes seguros para o estabelecimento da prole e o desenvolvimento 

da plântula (Primack e Miao 1992; Howe e Miriti 2000; Herrera 2002).  
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Além disso, outra contribuição das aves é a qualidade de tratamento, onde, elas 

influenciam no sucesso da germinação após a passagem da semente pelo sistema 

digestório do animal (Schupp, 1993). Vertebrados frugívoros podem afetar a aptidão das 

plantas dispersando as sementes para locais favoráveis ao estabelecimento e passando 

pelo seu intestino, alterando assim os padrões de germinação, melhorando a taxa de 

germinação e/ou sucesso de colonização. Um dos principais benefícios que as sementes 

obtêm dos animais frugívoros, é a retirada da polpa, após a passagem intestinal do fruto 

no animal (Levey, 1986; Schupp et al. 2010; Fricke et al.  2019). Além da remoção da 

polpa pelo trato digestório do animal, pode ocorrer o processo de escarificação física e/ou 

química na semente, pelo qual a semente altera seu tempo de germinação, podendo 

melhorar ainda mais a qualidade da dispersão das sementes (Levey, 1986; Schupp et al.  

2010). Deste modo, as aves podem ter funções significativas, em que, além de carregar 

as sementes possivelmente para locais propícios (microsítios) também podem induzir a 

germinação das sementes, após a passagem das mesmas pelo trato digestivo (Samuels e 

Levey, 2005).  

O tempo de passagem, isto é, o tempo entre a ingestão e a regurgitação ou 

defecação (TPD) por um animal frugívoro, é um componente essencial para avaliar a 

eficácia da dispersão de sementes (Gasperin e Pizo, 2012). Para mais, o tamanho da 

semente é especialmente importante, pois determina em grande parte se a semente será 

defecada ou regurgitada. Sabendo o TPD e combinando esta informação com a 

movimentação das aves, pode-se estimar a distribuição espacial das sementes ingeridas 

(Westcott et al., 2008). No caso das aves, o TPD das sementes é influenciado por diversos 

fatores como: taxa de ingestão, massa corporal, dieta (quantidade de frutos consumidos), 

tamanho do fruto, a química e textura do fruto (Herrera 1984, Levey 1986, Worthington 

1989, Schabaker e Curio 2000). Os frutos são constituídos por diferentes nutrientes ou 

substâncias adstringentes que podem reter a sementes por maior tempo, como os lipídeos 

e carboidrados (Traveset, 1998); outras, podem acelerar a defecação, dependendo da 

espécie. Sementes defecadas costumam ter um TPD mais longo do que as regurgitadas, 

devido ao tempo retido no estômago do animal, o que pode influenciar na escarificação 

do tegumento e na distância da dispersão das mesmas (Traveset e Verdú, 2002). Embora 

as aves contribuam para a manutenção das comunidades vegetais, muitas espécies de aves 

encontram-se ameaçadas de extinção (Rogers et al., 2021). E uma delas, sendo o enfoque 

do nosso estudo, é a ema (Rhea americana).  
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A ausência de animais de maior porte em ambientes naturais, como as emas, pode 

gerar grandes consequências para todo o contexto dinâmico de um ecossistema. Existem 

diversas plantas que exibem estruturas carnosas como polpa, arilo, carúncula que 

revestem e protegem as sementes. Estas estruturas além de abrigar o embrião da semente, 

também atuam como atrativos e recompensas alimentares para animais frugívoros 

(Christianini e Martins, 2015). Plantas com diásporos maiores impedem que muitos 

animais menores os engulam; assim, frugívoros com maior porte, acabam 

desempenhando a função de dispersar sementes maiores, por terem condições 

morfológicas e anatômicas ideais para tal função, ajudando a moldar comunidades de 

plantas através da capacidade de dispersarem sementes grandes (Lord, 2004). O tamanho 

do fruto pode ser uma variável significativa na habilidade alimentar ou preferências para 

os frugívoros. A massa corporal e o tamanho do bico se correlacionam positivamente com 

o tamanho/diâmetro do fruto consumido (Pratt e Stiles 1985; Wheelwright 1985; 

Williams e Karl 1996). A morfologia das aves tende a ser associada ao tipo de fruto 

consumido, onde o bico é uma estrutura diretamente relacionada à obtenção destes 

recursos (Wheelwright, 1985), e seu tamanho influencia no tipo de dieta e alimento que 

o animal consome, ou seja, se ele é capaz de engolir frutos maiores ou menores 

dependendo do tamanho de seu bico e capacidade de ingestão (figura 1). Infelizmente, 

quando se fala de extinções e declínios populacionais, os frugívoros de maior tamanho 

são os primeiros a serem citados (Méndez et al., 2018) Com ausência de frugívoros de 

grande porte em ambientes naturais,  o recrutamento de plantas com frutos carnosos de 

todos os tamanhos de sementes deixa de ocorrer e consequentemente efeitos drásticos no 

fluxo gênico, a composição e estruturação espacial das espécies de plantas (Bagchi et al., 

2018). A eficácia na dispersão de semente pode estar positivamente relacionada com a 

massa corporal das aves, grandes aves, como as emas (Rhea americana) removem maior 

número de frutos/sementes, e conseguem reter por maior tempo intestinal do que aves 

menores (Jordano, 2000; 2016; Nathan et al.  2008; Schurr et al.  2009). Deste modo, a 

capacidade de reter sementes em seu intestino por mais tempo comparado aos animais 

menores, a sua área de vida grande, com alta capacidade de deslocamento, fazem com 

que as emas possam ser boas dispersores de sementes por longas distâncias, o que 

aumenta a possibilidade de sucesso das sementes na colonização de novas áreas, através 

da redução da competição com a planta-mãe ou com outros indivíduos da mesma espécie 

(Alcántara et al. 2000; Pakeman 2001; Aerts et al. 2006). Se as emas são dispersoras 
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eficazes de sementes, elas podem ser uma espécie-chave como agentes na restauração ou 

regeneração de vegetação. Devido a sua capacidade em consumir frutos maiores, sendo 

uma barreira para pequenos frugívoros. Além disso, as emas apresentam alta mobilidade, 

fornecendo oportunidades de alcance das sementes em longas distâncias em média de 60 

Km/h, dependendo das condições ambientais (Azevedo, 2010).  

Devido as alterações nos habitats, algumas espécies vegetais do Cerrado 

enfrentam risco de extinção pela falta de dispersores de sementes, uma vez que suas 

sementes muito grandes dependem de frugívoros maiores para serem dispersas no 

ambiente (Guimarães et al. 2008). As alterações na qualidade de sistemas e perda de 

habitat podem determinar um processo seletivo de perda no geral de espécies da fauna e 

flora (MacArthur et al.  1972). Espécies de maior porte estão sofrendo mais com a caça e 

perdas de hábitat, onde dependem de maiores áreas para obtenção de recursos (Dirzo et 

al. 2014). Isto leva a um impacto seletivo, pelo qual os impactos antrópicos ocasionam 

primeiro a perda de aves frugívoras de maior tamanho corporal que dispersam sementes 

de maior tamanho (Silva e Tabarelli 2000, Bleher e Böhning-Gaese 2001).  Por 

conseguinte, a ausência de grandes frugívoros, como as emas, podem trazer problemas 

para as populações de plantas, uma vez que a dispersão de sementes diminuiria, por serem 

uma das poucas aves que possivelmente disperse grandes sementes e que além disso, 

também disperse grandes quantidade de sementes menores, devido a sua morfologia e 

capacidade de ingerir e reter uma quantidade alta no volume de sementes quando 

comparado aos frugívoros menores, consequência também de sua morfologia e fisiologia 

(Chen, 2015). Além disso, as espécies de aves maiores são geralmente mais eficazes como 

dispersores de sementes, pois conseguem percorrer maiores distâncias, com um tempo de 

retenção intestinal mais longo; entretanto, essa eficácia normalmente depende do 

tamanho das sementes consumidas (Godínez Alvarez et al.  2020).  

A Rhea americana, uma vez já vista como uma ave comum, facilmente observada 

em toda a sua extensão territorial, atualmente e infelizmente, está sendo intensamente 

ameaçada de extinção. Exibindo enorme declínio populacional observado nos últimos 

anos nos estados brasileiros, é classificada como quase ameaçada de extinção segundo a 

União Internacional para Conservação da Natureza (International Union for 

Conservation of Nature; IUCN, 2016). Ações antrópicas como a caça, queimadas, perda 

de habitat para agricultura, como também a eliminação de ovos por maquinários agrícola 
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(Dani 1993; Giannoni 1996) contribuem para a diminuição das populações da espécie. O 

manejo inadequado e falhas de reintrodução também contribuem para tal diminuição da 

população. Animais domésticos podem predar as espécies nativas após a soltura sem o 

devido estudo detalhado (Short et al. 1992; Miller et al. 1994). O objetivo de salvar uma 

espécie está diretamente relacionado à conservação e proteção de seu habitat (Bergel, 

2018). Por isso, a importância de um estudo biológico, detalhado e prévio, possibilita a 

reintrodução da espécie em seu ambiente natural. 

A Rhea americana considerada oportunista em seus hábitos alimentares 

(Azevedo, 2010) é uma espécie que demonstra especializações morfológicas e 

comportamentais, onívora, consome uma grande variedade de matéria vegetal disponíveis 

no ambiente, como frutos, folhas, flores e sementes, embora também consumam 

pequenos vertebrados e invertebrados (Azevedo et al. 2006; Comparatore e yageddú 

2007). Sua pastagem é de forma lenta, ingerindo pedras e areia que auxiliam a trituração 

dos alimentos (Sick, 1997). A morfologia é diferente quando comparada as outras 

espécies de aves, ela apresenta um bico de tamanho grande chato e largo, um tipo de bico 

adequado para engolir alimentos inteiros e não os triturar (figura 1) (Lima et al.  2014). 

A ema não é seletiva durante o forrageamento. Para mais, seu comportamento alimentar 

é um típico comportamento do “pegue e jogue” (Figura 2), onde no momento da ingestão 

o assoalho da boca e sua faringe alteram, possibilitando o aumento de volume total da 

cavidade bucal, sendo capaz de consumir uma carga alta de frutos/sementes (Gussekloo, 

2000).  
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Figura 1: Setas indicando a largura do bico em Rhea americana (imagem modificada 

pelo autor, fonte: Flickr) 

 

 

 

Figura 2: Comportamento alimentar de ingestão de fruto de Rhea americana. As linhas 

horizontais representam o nível do solo. (Fonte: Gussekloo, 2000) 
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A ema (Rhea america) é uma das maiores espécies de frugívoros da fauna 

existentes no cerrado, sendo a maior ave da América do Sul (Schauensee, 1982). O macho 

e a fêmea podem atingir 35 Kg e 32 Kg e 170 e 134 cm de altura respectivamente (Sick, 

1997). Sua anatomia digestória é constituída por um cólon curto com cecos compridos 

emparelhados, onde ocorrem fermentações microbianas, com altas concentrações de 

ácidos graxos voláteis, o que ajuda na digestão de celulose (Stevens e Hume, 2004). Isso 

se assemelha à fisiologia digestiva dos cavalos (Skadhauge et al.  1996).  

Além disso, elas apresentam dimorfismo sexual: o macho é mais robusto, com 

pescoço mais grosso com base preta, tem a cabeça perfilada e o restante da plumagem é 

acinzentada, já a fêmea um pouco mais clara de modo geral e com o tamanho de corpo 

um pouco menos robusto (Brandt & Neto, 1997), (Figura 3). A ema como outras ratitas 

por não voar, não precisam evitar o excesso de peso, o que possibilita ter uma dieta 

diversificada com alto volume no consumo de alimentos (Wright e Bowmaker 2001). 

Para mais, as ratitas substituíram efetivamente a capacidade de execução de voo, 

diminuindo sua asa, pelo tamanho de sua perna, exibindo alta capacidade em correr em 

altas velocidadades. Isto não é só um mecanismo de defesa conveniente de predadores, 

mas também permite que essas aves percorram grandes distâncias (Noble, 1991). As 

emas, como outras aves, possuem adaptações morfofisiológicas em sua anatomia, tais 

como a presença de moela e o proventrículo, cujas funções estão relacionadas ao 

armazenamento de alimentos.  
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Figura 3: Dimorfismo sexual entre macho (lado direito) e fêmea (lado esquerdo) de 

emas (Rhea americana) (foto: autor) 

 

As emas (Rhea americana), vivem em regiões campestres e Cerrados, 

distribuindo-se pelo Brasil, Uruguai, Argentina e Sul da Bolívia (Giannoni, 1996). No 

Brasil encontram-se nas regiões sul do Pará, além do nordeste, centro-oeste, sudeste e sul 

do País (Sick, 1997) (figura 4), sempre em vegetações abertas, em camposcampos e 

savanas. Como já foi citado anteriormente é uma boa dispersora de sementes de algumas 

espécies de plantas do cerrado (Azevedo, 2013). São animais terrestres que conseguem 

alcançar grandes velocidades em média de 60 Km/h, correndo em ziguezagues ou linhas 

retas como forma de estratégia de escape de predadores (Codenotti et al.  1995). É uma 

ave que vive em grupos de 5 a 30 indivíduos mistos de machos e fêmeas, jovens e adultos 

(Bruning, 1974).  

Na Argentina, a espécie tem o habito de se alimentar de gramíneas de maior porte, 

presentes no bioma Pampa (Folch, 1992). Infelizmente, estas áreas estão sendo 

fortemente modificadas pelas práticas de uso da terra (Bilenca e Minãrro, 2004; Viglizzo 

et al.  2011). Alterações do ambiente natural devido a pastagens, fragmentação de habitat, 

aumento da população humana, construção de estradas e caça por sua pele, carne e 
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plumas, além da coleta de ovos afetou de forma significativa as populações de emas (Rhea 

americana) (Sick 1997)). Por mais que as emas sejam encontradas em diferentes regiões 

do continente, particularmente em áreas protegidas e em algumas fazendas, o número 

populacional foi bastante reduzido, a ponto de ocorrer extinções locais em muitas áreas.  

 

 

Figura 4: Distribuição da ema Rhea americana e suas cinco 

Subespécies na América do Sul (fonte: Azevedo, 2010). 

 

Em relação ao papel funcional das emas, estudos que incluem elas como 

dispersoras de sementes são bastante recentes. O trabalho do Azevedo (2010), 

desenvolvido em Minas Gerais, conseguiu indicar que a ema atua como eficiente 

dispersor de sementes dependendo da espécie de planta; seu hábito de ir andando e 

forrageando em grandes áreas (Davies, 2002) e sua capacidade de engolir grandes frutos 

(Renison et al.  2010) aumentam seu papel na dispersão de sementes e restauração de 

habitats. Estudos com outras Ratitas, do mesmo grupo que as emas (Rhea americana), já 

mostraram que estes animais, considerados “aves terrestres gigantes” tem um importante 

papel funcional na dinâmica e distribuição das sementes. Como outro exemplo, Stocker 
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e Irvine (1983) conseguiram observar e registrar durante o período de dois anos, que as 

aves Casuar (Casuarius casuarius) espécie do mesmo grupo (ratitas) são as únicas 

frugívoras existentes grandes o suficiente para dispersar efetivamente muitas espécies de 

plantas encontradas nas florestas tropicais australianas. Nas fezes do animal foram 

encontradas 78 espécies de diásporos de plantas, o que mostra a eficácia no papel 

funcional como dispersor de sementes. Outro estudo na savana africana, observou que, 

com a presença dos frugívoros como os avestruzes (Struthio camelus), as sementes das 

diferentes espécies de acácia africana (Acacia spp.) estavam sendo dispersas e 

depositadas em ambientes abertos em condições físicas mais ideais para sobrevivência e 

desenvolvimento do embrião do que. Quando comparado à ausência dos frugívoros, as 

sementes caiam em ambientes sem as condições ideias para o desenvolvimento das 

espécies de plantas (Miller, 1996). Para mais, as emas (Rhea americana) e os emus 

(Dromaius novaehollandiae) podem desempenhar um papel semelhante dos avestruzes 

(Struthio camelus) na dispersão de uma ampla variedade de diásporos (Calviño-Cancela 

et al.  2006). Deste modo, o grupo das ratitas pode desempenhar o importante papel 

funcional como dispersores eficazes de sementes em ambientes naturais, contribuindo 

com a dinâmica das comunidades ecológicas. De qualquer forma, existem poucos 

trabalhos que investigaram o papel das Ratitas, como as emas, na dispersão e germinação 

de sementes. Grandes vertebrados em sistemas neotropicais, como ungulados, primatas, 

tucanos e as emas, são capazes de dispersar sementes grandes e tendem a dispersar 

sementes por longas distâncias, o que os torna influentes na manutenção da diversidade 

do ecossistema e na dinâmica da paisagem natural (Levey, 1987; Vidal et al. 2013; 

Andresen et al.  2018; Fuzessy et al.  2018).  

Sua influência na dispersão de sementes pode afetar a diversidade de espécies, as 

taxas de migração, a dinâmica de metapopulações e o fluxo gênico. Desta forma, o 

presente estudo busca pesquisar e compreender a ecologia da Rhea americana para a 

conservação e preservação dos ecossistemas onde estão presentes. 

Para isso esse trabalho se divide em dois capítulos. O capítulo 1 é sobre a dieta e 

o papel da Ema (Rhea americana) no Pantanal. O capítulo 1 oferece insights valiosos 

sobre a dieta da Ema durante a estação seca no Pantanal, uma região de extrema 

importância ecológica e de biodiversidade. Compreender o que essa espécie consome é 

fundamental para entender suas necessidades nutricionais e sua importância nas 
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interações ecológicas e serviços ecossitêmicos. A ema inclui grande variedade e 

quantidade de frutos na dieta. Com base nessas informações no capítulo 2 investigamos 

o papel funcional da ema como dispersora ou predadora de sementes de plantas nativas 

do Cerrado. Encontramos papéis variáveis para as emas, de acordo com a espécie 

consumida, e um potential de dispersão de sementes em distâncias bastante longas, dado 

o longo tempo de passagem dos itens ingeridos no aparelho digestivo. Investigar o papel 

funcional da ema com as sementes parece essencial para compreender sua contribuição 

para as relações ecológicas que afetam a manutenção da diversidade de plantas no 

Cerrado.  
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Summary: 

The Greater Rhea (Rhea ameriana) is the largest extant bird in South America (32kg - 

35kg) and may potentially play a significant role in interactions with plants. However, 

little is known about its diet in the wild. We investigated the Greater Rhea's diet in the 

world's largest wetland, the Pantanal in western Brazil, during the dry season (April-July). 

We collected 61 fecal samples (ranging from 1.9 g to 96.7 g dry weight each) which were 

sorted in the laboratory. The items were classified and their dry biomass measured. The 

Greater Rhea's diet was composed of a variety of foods, especially leaves, found in all 

samples (1.97 g to 62.5 g per sample), followed by fruits/seeds (0g to 47.1 g), 

invertebrates (0g to 0.06 g), and vertebrates (0g to 0.3 g). We recorded fruits/seeds from 

32 species/morphospecies of plants. Common species were from Leguminosae and plants 

with fleshy fruits, such as Psidium sp. and Ximenea americana. Large seeds from palms, 
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such as Attalea phalerata, Acrocomia aculeata, and Copernicia alba, were also 

commonly found. Greater Rheas exhibited a diet dominated by plant material (leaves, 

fruits, and seeds), with occasional presence of animal prey, therefore, a folivore-frugivore 

based diet. Their robust body and wide gape width enable them to ingest large-sized fruits. 

The presence of many apparently intact seeds in the feces suggests the potential role of 

the Greater Rhea in seed dispersal, likely contributing to gene flow among plant 

populations in the Pantanal. The decline of Greater Rhea populations throughout their 

range may affect long-distance plant dispersal, given their ability to carry seeds over long 

distances. 

Keywords: defaunation; frugivory; herbivory seed dispersal; palms. 
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3.1 Introduction 

The Greater Rhea, Rhea ameriana (Rheiformes, Rheidae), is the largest extant 

bird in South America, found in grasslands and savannas in Brazil, Argentina, Bolivia, 

Paraguay, and Uruguay (Schauensee, 1982). Males and females can reach weights of 35 

kg and 32 kg, and heights of 170 cm and 134 cm, respectively (Sick, 1997). The Greater 

Rhea has a very wide gape width (54.3 mm, Mariana L. Campgnolli, unpublished data), 

enabling it to swallow large items that smaller birds could not (Wheelwright 1985). 

Little is known about the Greater Rhea's diet in the wild. Most of the available 

information on its diet comes from opportunistic anecdotal observations (Sick 1997; 

Azevedo et al., 2006), with few studies systematically investigating the diet (Martella et 

al., 1996; Comparatore and Yagueddú, 2007; Puig et al., 2011; Comparatore and 

Yagueddú, 2016). Available data suggest a diet consisting of fruits, seeds, leaves, insects, 

and small vertebrates (Martella et al., 1996; Sick 1997; Azevedo et al., 2006). Some 

studies mention a diet more focused on dicotyledonous leaves (mainly legumes) when 

food availability is abundant and diversified (Comparatore and Yagueddú, 2007). The 

Greater Rhea may also opportunistically consume other types of food, such as small 

vertebrates (Azevedo, 2006; Comparatore and Yagueddú, 2016). Rheas also ingest stones 

and hard items probably to aid in food grinding in their very large gizzards (Sick, 1997). 

Rheas do not have a crop, but they have a large cecum that aids in food digestion (Angel, 

1996). Due to their large body size, R. ameriana likely plays an important role in 

maintaining ecosystem services such as long-distance seed dispersal for a variety of plant 

species, likely promoting gene flow at further distances than smaller bird species 

(Azevedo 2013; Valladares & Martella, 2010; Campos et al., 2020). 

 The Greater Rhea has unfortunately experienced a significant population decline 

in recent years. It is currently classified as near threatened by the International Union for 

Conservation of Nature (IUCN, 2016). Hunting, extensive uncontrolled wildfires, habitat 

loss due to agricultural activities, as well as the destruction of eggs by agricultural 

machinery (Dani, 1993; Giannoni, 1996) all contribute to the decrease in the species' 

populations. The implications of defaunation, the rapid and drastic decline of animal 

species in natural ecosystems, have not been fully understood yet. Some studies indicate 

that population declines of frugivorous animals can negatively impact seed dispersal, 
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causing changes in plant regeneration and vegetation diversity (Dirzo 2010; Wilkie et al., 

2011; Effiom et al., 2013; Gutiérrez-Granados; Harrison et al., 2013). The extinction of 

fauna species with large mass may have more significant impacts for plants with larger 

fruits and seeds, as they depend on larger animals to disperse their seeds (Chen and Moles, 

2015). 

 The Pantanal, located in the center of South America, spans an area of 150,355 

km2 across Brazil, Paraguay, and Bolivia. It is a seasonally flooded plain, with the main 

water source being the Paraguay River and its tributaries (Alho, et al., 2019). Comprising 

approximately 2,000 plant species, the Pantanal exhibits strong influences from 

neighboring vegetation domains: the Amazon Rainforest to the north, the Cerrado to the 

east, the Atlantic Forest to the central-south, and the Chaco of Bolivia and Paraguay to 

the west (Alho, 2005; Pott et al., 2011a). The Pantanal included seasonally flooded 

grasslands, savannas (Cerrado), and forested environments (patches of forest, ridges, 

riparian forests, and cerradões) (Pott and Adámoli 1999, Silva et al. 2000; Alho, et al., 

2019). In the Pantanal, bird community dynamics are closely related to environmental 

heterogeneity and flooding events (Figueira et al., 2006). The Pantanal plain serves as a 

wintering region for various bird species from different regions of the Northern and 

Southern Hemispheres, as well as from the northern region of South America, Bolivia, 

and Paraguay (Nunes and Tomas, 2004), being considered important habitat for Brazilian 

birds (Nunes, et al., 2006). The bird fauna of the Pantanal comprises 580 species, among 

which considerable populations of Greater Rheas (Rhea ameriana) can still be found 

(Hasenclever et al., 2004; Nunes, 2011). Approximately bird species facing risks of 

extinction at global and regional levels in the Pantanal are the Hyacinth Macaw 

(Anodorhynchus hyacinthinus) and the Greater Rheas (Rhea ameriana), both presenting 

reasonable wealthy populations (Nunes et al., 2008). 

 Despite previous research efforts on Greater Rheas (Sick, 1997; Azevedo, 2006; 

Navarro and Martella, 2009; Azevedo, 2010; Comparatore and Yagueddú, 2007 and 

2016; Bazzano), little is known about their ecological significance in natural ecosystems 

(Nunes et al., 2008). This is especially true for the Pantanal region, characterized by 

annual cycles of flooding and a severe dry season, leading to variations in food resource 

availability. We investigate the diet of R. ameriana with the aim of describing its diet and 

assessing its potential role in interactions with native plant species. 
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3.2 Materials and Methods 

The study was conducted at Fazenda Rio Negro (FRN hereafter) (19°34'30.60''S; 

56°14'44.79''W), located in the Nhecolandia region, Municipality of Aquidauana, MS, 

Western Brazil. The farm is composed of a mosaic of different vegetation types, 

representative of the main phytophysiognomies of the Pantanal (according to Prance and 

Schaller, 1982), including semideciduous forests, grasslands, and savannas (Cerrado). 

The region's climate is classified a tropical sub-humid, with average temperatures ranging 

from 20°C to 27°C (Tarifa, 1984). The annual rainfall ranges between 1000 and 1400 

mm, with 80% of the rain concentrated in the summer (Allem and Valls, 1987). In FRN, 

it is possible to observe distinct groups of Rheas (Rhea ameriana), and at least one group 

regularly visits the surroundings of the farm's headquarters (AV Christianini, personal 

observation). 

To describe the diet of the Greater rheas, we opportunistically collected 61 fresh 

feces between April and July 2002 during the dry season in the region. During this period, 

rheas expand their habitat use to areas previously covered by water during the flooding 

season, including grasslands near the headquarters of FRN (AV Christianini, personal 

observation). The feces were recognizable by their large size, presence of uric acid, and 

abundant plant material. Once collected, the samples were dried in an oven 

(approximately 60°C) for 48 hours and stored in paper bags at room temperature. The 

samples were later sorted in the laboratory, and their contents were separated into animal 

and plant components with the aid of a stereomicroscope. We classified the contents in 

leaves, seeds, vertebrates, and invertebrates present in the 61 fecal samples of Rhea 

ameriana and quantified the mass of each item separately using a precision balance 

(Shimadzu). The quantification of items was performed based on the frequency of 

occurrence and the percentage of mass the item represents per sample (Herrera, 1998). 

We counted the seeds in each sample and identified them to the lowest possible taxonomic 

level based on a reference collection and specialized literature (Pott and Pott, 2007; 

Kuhlmann, 2012 and 2018). To test if Greater rheas included more leaves or fruits in diet 

we compared the mass of leaves and seeds found in sample with a Kruskal-Wallis test, 

because data was not normaly distributed. Due to the low record of invertebrates and 

vertebrates in the feces, their comparisons with other food items were only qualitative.  
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3.3 Results 

In the fecal samples analyzed (n = 61), we observed a predominance of plant 

material (100 % of the samples), mainly leaves, with a notable presence of grasses that 

were not identified at species level (Table 1). We were able to identify the consumption 

of various fruit species through the seeds found in the feces, as well as the presence of 

invertebrates and vertebrates (Table 1). The mass of plant material (leaves) was higher 

than the seeds found in the Rheas' feces (Kruskal Wallis: H = 13; GL = 1; P = 0.0003). 

Leaves presented an average of 11 ± 10 g (mean ± standard deviation) per fecal sample, 

while seeds (8 ± 10 g), and arthropods (0.003 ± 0.004 g) attained lower values. Seeds 

were found in almost all feces (95% of the samples), with a high variation in the quantity 

of seeds from different plant species (CV = 190%). Invertebrates accounted for 16 ± 

0.37% present in feces, and vertebrates had only one record in all fecal samples (1%) 

(Figure 1). In total, seeds from 32 species/morphospecies of plants were observed. 

Psidium (Myrtaceae) contributed the most to the number of seeds found (a total of 141 

seeds), distributed in 11 feces (18%) out of the 61 fecal samples analyzed. Seeds of 

Leguminosae sp. 1 had the highest distribution among all the fecal samples analyzed with 

24.5%. On the other hand, plants such as Psycothria sp., Myrtaceae, Meliaceae, 

Lauraceae, Leguminosae sp. 2, and unidentified species were found in only one sample 

each (1%) (Table 1). 

In addition to plants, there was ingestion of some invertebrates, always in small 

quantities, such as Coleoptera (n=1 sample), Hemiptera (n=1), Hymenoptera (n=5), and 

Lepidoptera (n=1). Traces of vertebrates (fish scales) were observed in one of the 

analyzed fecal samples (Table 1). Thus, items of animal-origin contributed only a very 

small fraction of the biomass ingested by the Greater Rheas (Table 1).  
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Table 1: Total number, frequency, and mass of seeds observed in the feces of Rhea 

ameriana. Number, percentage, mean, and standard deviation of each seed species in the 

feces (n=61). For plant species recorded in three or more samples, the mean and standard 

deviation of the numbers are presented, otherwise absolute values are presented. 

Item identified  

Total number of 

items in the feces 

(n=61) 

Frequency of each item 

present in all feces 

(n=61) (%) 

Mean and standard deviation 

quantity of item distributed in 

feces (n =61) (%) 

MATERIAL 

VEGETAL - 

61 (100) 
-  

PLANTAE     

Psidium sp.  141 11 (18) 13 ± 16 

Copernicia alba 116 12 (19) 10 ± 8 

Ximenea americana 20 2 (3) 19; 1 

Malpighia emarginata 48 9 (15.) 5 ±7 

Acrocomia aculeata 18 14 (23.) 2 ±1 

Bactris setosa 14 9 (15.) 1 ±1 

Licania sp. 11 3 (5.)  5 ±6 

Attalea phalerata 8 4 (6) 2 ±1 

Guazuma ulmifolia 6 4 (6) 1 ± 0.6 

Miconia sp. 5 3 (5) 1 ± 0.6 

Vitex cymosa  3 3 (5) 1 ± 0 

Psycothria sp. 2 1 (1) 2 

Rheedia gardneriana 2 2 (3) 1; 1 

Ficus sp. 

It was not possible 

to count 

 

6 (10) 13 ± 20 

    

    

Rutaceae 15 5 (8) 3 ± 1 

Rubiaceae 14 7 (11)  2 ± 1 

Annonaceae 11 5 (8) 2± 2 

Myrtaceae 2 1 (1) 2 

Meliaceae 1 1 (1) 1 
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Lauraceae 1 1 (1) 1 

Sapotaceae Broken seeds  - 

Leguminosae sp. 3  3 2 (3) 1 ± 1 

Leguminosae sp. 1 55 15 (24) 3 ± 4 

Leguminosae sp. 2 2 1 (1) 2 

Graminea sp. 1 1 1 (1) 1 

Graminea sp. 2 11 3 (5) 3 ± 4 

Unidentified 1 4 4 (6) 1±0 

Unidentified 2 1 1 (1) 1 

Unidentified 3 1 1 (1) 1 

Unidentifies 4 2 1 (1) 1 

Unidentified 5 2 1 (1) 2 

Unidentified 6 2 2 (3) 1 ± 0 

    

INVERTEBRATES    

Coleoptera 1 1 (1) 1 

Hemiptera 1 1 (1) 1 

Hymenoptera 5 5 (8) 1 

Lepidoptera 

(caterpillar) 1 

1 (1) 

1 

    

VERTEBRATES    

Fish scale 1 1 (1) 1 

Total  530 - - 

 

3.4 Discussion 

We found a predominance of plant material in the diet of Greater Rheas, either in 

the form of leaves or fruits/seeds. Invertebrates and vertebrates seem to be consumed 

opportunistically. Although R. ameriana has been classified as omnivorous (Azevedo, 

2010; Masat et al., 2011), our study suggests that Greater Rheas has a predominantly 

folivore-frugivore diet, at least during the dry season in the Pantanal. These results 

support the findings of Azevedo (2006); Pereira et al. (2003) and Moojen et al. (1941) 
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(Table 2), which found that the diet of R. ameriana consisted mainly of plant material, 

and items of animal origin were only occasionally found, as observed in our study. 

 

Table 2: Frequency of items in the ratite diet based on different studies availabe. Other 

items include stones and small rocks.  

Authors 

 

Ratite 

 

plant 

leaf% 

 

Seeds% 

 

Vertebrates% 

 

Invertebrates% 

 

items % 

 

This study 

Rhea 

americana 100 96 1.63 3.24 absence 

 

Moojen et al. 1941 

Rhea 

americana presence absence absence presence absence 

Martella, 1965 

 

Rhea 

americana 90 8.9 0 0.1 0.1 

Pereira, 2003 

 

Rhea 

americana presence absence absence presence absence 

Azevedo, 2006 

 

Rhea 

americana 60.3 48.2 4.72 17 13.7  

 

Puig et al., 2013 

Rhea 

pennata 93.61 6.12 0 0.06 0.2 

 

The consumption of certain food may be associated with the availability and 

abundance of resources in the environment. Depending on the seasons, R. americana 

appears to be more selective in including items in its diet (Comparatore and Yagueddú, 

2016). It is likely that seasonal variations in the availability of fruits from certain species 

may explain the predominance of fruits from some plant species in the feces during the 

study. Additionally, it was observed that Greater Rheas also consume invertebrates 
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(Coleoptera, Hemiptera, Hymenoptera, and Lepidoptera) and vertebrates, such as fish 

scales found in the feces (also see Azevedo, 2006), perhaps taking advantage of dead fish 

or fish present in shallow waters as natural pools shrink and recede during the dry season 

in the region. Other studies on ratites such as R. pennata (Bonino et al., 1986; Cajal, 1988; 

Paoletti and Puig, 2007; Echaccaya et al., 2017; Marinero et al., 2017), reveal a selective 

feeding behavior, favoring leaves, but also incorporating a variety of other foods such as 

fruits and seeds depending on their availability in the habitat. 

The large number of seeds found in the feces of R. ameriana demonstrates the 

bird's ability to ingest a large quantity of fruits/seeds, including those of large size, such 

as palm fruits. Although larger frugivorous birds in a community are often less abundant 

and make less frequent visits to fruiting plants compared to smaller frugivorous birds, 

larger birds also disperse a substantial number of smaller seeds (Chen & Moles, 2015), 

compensating for their lower visitation frequency with a greater volume of fruit intake 

per visit (Campagnoli & Christianini, 2021). Seed dispersal is influenced by various 

factors, with the size of the agents interacting with the plants being a crucial element 

(Carvalho et al., 2023). Plants that produce large diaspores, such as larger fruits, have 

their ingestion by smaller birds restricted due to narrow gape width of their beaks. Thus, 

it is likely that Rheas can perform seed dispersal of some plants not attended by smaller 

frugivorous birds (e.g. large seeded palms). 

In relation to the frequency of plant species found in the feces (Table 1), the 

predominance of legumes may be associated with the high nitrogen (N) content in the 

seeds, a vital element for the morphological and physiological formation of animals 

(Matsson,1980). Additionally, R. americana reproduces in the dry season (Pinto, 1964) 

and likely consumes more protein-rich items as a source of nutritional reserves to account 

for the physiological stress of egg production and nesting (Robbins, 1981; Camparatore 

and Yagueddú, 2007). Other carbohydrate-rich fruit species, such as Psidium sp. (Psidium 

guineense: 4.74 ± 0.259g/100g carbohydrate content in the fruit; Caldeira et al., 2004), 

also contribute to the diet of R. ameriana in smaller proportions. Studies have revealed 

that young R. ameriana consume more items of animal origin (Azevedo, 2006). The 

differences in the diet of young and adult individuals may be related to the energy and 

protein needs of the chicks for proper development. Thus, some feces of smaller mass 

(for example, samples of 15.13 g and 18.35 g obtained by us) containing legume seeds 
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may be associated with young individuals requiring more protein for morphological 

development, while larger feces (38.54 g and 44.35 g) are likely from adults associated 

with the reproductive period when there is also a higher demand for protein. 

Although there is currently no study on seed dispersal by Rhea ameriana including 

plants from the Pantanal, its diet can be considered as an indicative of seed dispersal 

effectiveness, as whole seeds of various species were found and are therefore likely viable 

for germination (De Azevedo et al., 2013). Moreover, seeds of different sizes were found 

in the feces, revealing the ability of the Greater Rheas to consume seeds of various 

dimensions, for example, from palms like Attalea phalerata (8 – 11 cm in length; 3.5 – 5 

cm in diameter and 57.1 – 91.7 g in weight; Negrelle, 2015; Lima, 2010) or Bactris 

grassipes (1.6 cm in length; 1.53 cm in width and 2.1 g in weight, unpublished data). 

Indeed, there are correlations between the body size of dispersers, such as Greater Rheas, 

and fruit size (especially diameter and mass) (Donatti et al., 2011). Furthermore, R. 

ameriana, due to its robust body, allows for a prolonged retention of seeds in its digestive 

tract (61.6 ± 13.5 hours, average of eleven species (CLBJ, unpublished data, Capitulo 2)) 

and also because it can cover large areas (453 hectares over three months; Juan et al., 

2013), potentially play a crucial role as seed dispersers over longer distances. Indeed, due 

to their morphology, behavior, and interactions with fruits the Greater Rhea is considered 

functionally similar to mammals as seed dispersers (Donatti et al., 2011). 

The understanding of the rhea's diet in the environment reveal the potential 

important functional role that this species plays in natural ecosystems and the potential 

consequences of its absence. Therefore, further investigations about the role of the 

Greater Rhea in seed dispersal will likely provide valuable insights into the contribution 

of the species to ecological processes that sustain the dynamics of natural ecosystems. 
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4.0 Capítulo 2 

Seed predator or disperser? The role of the Greater Rhea (Rhea americana) in the 

brazilian Cerrado 

 

Abstract 

The Greater rhea (Rhea americana) is the largest (32-35 kg) flighless bird that inhabits 

the grasslands and savannas of South America. Rheas likely play important ecological 

roles in these ecosystems (e.g. seed dispersal or predation) but the outcome of fruit 

ingestion by Rheas is largely unknown. We investigated the potential role of Greater 

rheas in seed dispersal using fruit feeding trials with captive animals and seed 

germination experiments for 11 plant species from the Brazilian savannas (Cerrado). 

Rheas have a long gut passage time (GPT) (mean ± SD: 61.6 ± 13.5 hours), allowing 

them to carry seeds to long distances. Seeds within heavier fruits and those with lipid-

rich fruit pulp had shorter and longer GPT, respectively, which influences the potential 

distances of seed dispersal achieved. The impact of seed ingestion varied from seed 

destruction (for Myrsine guianensis, Amaioua guianensis and Ocotea pulchella) to 

successful (Erythroxylum pelleterianum, Campomanesia adamantium, Schinus 

terebinthifolia) or improved germination (Myrcia guianensis, Alibertia concolor) 

compared to controls. The impact of Rheas on seed germination was inconclusive for 

other three species. Dispersal is done at the cost of some seed losses probably due to 

prolonged abrasion inside gut. Rheas perform different ecological roles depending on 

the fruits consumed and their characteristics. Given the consumption of a great quantity 

and diversity of fruits combined with a long GPT and large home range, Rheas may 

influence the fate of a great ammount of seeds. Current pervasive population declines of 

Rheas can disrupt these processes, affecting plant regeneration, particularly for species 

that depend on them for long-distance seed dispersal. 

Keywords: ratites, retention capacity, savanna, seed dispersal, seed predation. 
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4.1 Introduction 

Birds play important roles in ecosystems, many of them while interacting with 

plants, including pollination, herbivory, seed dispersal and seed predation (Sekercioglu 

2006). Seed dispersal and predation are linked to the reproductive cycle of plants and 

the establishment of their subsequent generations, influencing several aspects of plant 

species biology, the spatial distribution of individuals and species composition of plant 

communities (Nathan and Muller-Landau, 2000; Levine and Murrell, 2003; Jordano et 

al.  2007; Snell et al.  2019). The potential importance of animals for seed dispersal of 

plants is exemplified by the reliance of the vast majority of tropical shrubs and trees on 

seed dispersal by animals, notably birds and mammals (Jordano, 2000; Willson and 

Traveset, 2000).  

Animal characteristics may influence seed dispersal, and one of the primary 

elements is the body size of the animals that interact with plants (Jordano et al.  2007). 

For instance, birds of large body size have also a large gape width that allow them to 

swallow large diaspores (i.e. fruits and seeds) and disperse the seeds from those plants 

by endozoochory (Pratt and Stiles, 1985; Wheelwright, 1985; Williams and Karl, 1996; 

Jordano 2000; Godínez-Álvarez et al.  2020). In the absence of such large birds, most of 

the large seeds would achieve no dispersal away from parental plants, which often 

translate into very small probabilities of recruitment (Galetti et al.  2013; Pérez-Méndez 

et al.  2018). Large frugivores can also be important dispersers of smaller seeds due to 

their great gut capacity to ingest a larger quantity of fruits and seeds when compared to 

smaller frugivores (Chen and Moles 2015; Godínez-Álvarez et al.  2020). Indeed, in 

spite large frugivorous birds are often less abundant compared to smaller birds - and 

thus perform less frequent visits to fruiting plants - larger birds may disperse a great 

number of smaller seeds, compensating for their lower visitation frequency with a 

higher volume of fruit intake per visit (Campagnoli and Christianini, 2021).  

Large-bodied frugivores also retain seeds for longer periods in their guts 

compared to relatively small body-sized frugivores (Jordano et al.  2007; Westcott et al.  

2005). Data on gut passage time of seeds (GPT) combined to bird movements allow 

researchers to estimate the potential spatial distribution of defecated seeds (Westcott 

and Graham 2000; Westcott et al.  2005; Donoso et al.  2020). Frugivore GPT may also 
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be influenced chemical components in fruit pulp that affect the speed of seed passage 

through the bird gut and the potential distances achieved through dispersal (Murray et 

al.  1994; Traveset 1998; Donoso et al.  2020). An extended GPT, combined with the 

typical large home range and high mobility of animals with large body size, make larger 

frugivores effective long-distance seed dispersers (Westcott et al.  2005, Jordano et al.  

2007, Donoso et al.  2020). Consequently, large birds are often more effective seed 

dispersers, increasing the likelihood of plant colonization/recolonization of new sites, 

influencing metapopulation dynamics, and often reducing parent-offspring competition 

and negative density-dependent effects near parental plants (Alcántara et al.  2000; 

Pakeman, 2001; Aerts et al.  2006; Calviño‐Cancela et al.  2008; Godínez-Alvarez et al.  

2020).  

Seed ingestion and gut treatment by birds often also influence the success of 

seed germination (Traveset 1998; Traveset and Verdu 2002). This benefit may be due to 

the simple removal of fruit pulp covering the seed, that sometimes harbors inhibitors of 

seed germination (Samuels and Levey 2005), or due to seed scarification in the gut that 

facilitates water intake and triggers germination (Traveset 1998; Traveset and Verdu 

2002; Samuels and Levey 2005; Fricke et al.  2019). Seed scarification can increase 

germination percentage and speed, further enhancing seed dispersal effectiveness 

(Levey, 1987; Samuels and Levey 2005; Schupp et al.  2010; Fricke et al.  2019). When 

frugivores do not interact with fruits, seeds remain embeeded in fruit pulp after fruit 

falls to the ground and are subjected to a higher risk of pathogenic attack that decrease 

survival and germination (Traveset, 1998; Traveset and Verdu 2002).  

The Brazilian savanna, known as the Cerrado, is a predominant vegetation once 

covering more than 2 million km2 in the Central Plateau of Brazil. It is recognized as a 

biodiversity hotspot, harboring a diversity of over 10,000 plant species, of which more 

than 40% are endemic (Klink and Machado, 2005, Strassburg et al.  2017). The Cerrado 

also hosts approximately 837 avian species (Silva, 1995), 199 mammal species, a 

variety of reptiles and amphibians, as well as 1,200 fish species (Klink and Machado, 

2005). These animals perform intricate interactions with fruiting plants in Cerrado 

(Carvalho et al.  2023). Among them are Greater rheas (Rhea americana; Rheidae), the 

largest non-flying extant bird in South America. Female and male Rheas can reach 32-

35 kg and heights of 134-170 cm, respectively (Sick, 1997). Greater rheas have also a 
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large gape width (54.3 mm; N = 3; unpubl. data), enabling them to swallow large fruits 

and seeds that otherwise could not be eaten and dispersed by endozoochory by smaller 

frugivores due to gape width limitation. However, R. americana has been facing a 

significant population decline in recent years, and it is currently, classified as near 

threatened (IUCN, 2016). There is evidence that Greater Rheas may behave as seed 

dispersers, but only a few plant species were tested so far (Azevedo, 2013). Given its 

large body size, it is likely that Greater rheas may disperse seeds farther than other 

birds, but no data about GPT in Rheas is available (Azevedo, 2013; Renison et al.  

2010; Campos et al.  2020). The passage of seeds through the Greater Rhea's digestive 

tract may increases the germination rate of some plants, inducing dormancy break after 

gut passage. For example, seeds of Solanum palinacanthum (Solanaceae) germinate 

more quickly after being ingested by R. americana, a similar result found for Ziziphus 

mistol, which has large seeds (Azevedo, 2013). However, the potential granivorous role 

of Greather rhea was not investigated so far.  

The objectives of this study were to describe, for the first time, the gut passage 

time of seeds after ingestion by Greather rheas and estimate the impact of seed ingestion 

on the number and speed of seeds germinating compared to uningested seeds used as 

controls. We show that the Greather rhea performs different roles, behaving as a seed 

predator for some plants, while providing seed dispersal and increased seed germination 

for others, with potential quite long distances of seed dispersal thanks to a very long 

GPT. Furhermore, analyze whether the composition of lipids in the fruit pulp can 

influence the GPT of the seeds.  

 

4.2 Materials and Methods 

4.2.1 Feeding experiments with captive Rheas 
 This study was conducted with captive Rheas kept in a Zoo located in the 

municipality of São Carlos, SP, southeast Brazil (21° 59' 16'' S and 47° 52' 37'' W). The 

Zoo maintains a group of 27 Greater Rheas (Rhea americana). To assess Gut Passage 

Time (GPT) and the impact of seed ingestion by Greater rheas on germination, we 

offered fruits from eleven native species from Cerrado (Table 1). The morphological 

and chemical characteristics of the fruits/seeds used in experiments are found in Table 
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S1. All individual birds used in the experiments (N = 12) were adults, and the tests were 

conducted with both males and females. For the experiments the GPT, one R. 

americana was isolated at a time in an enclosure measuring 30 m² at around 4:00 PM. 

The bird was kept fasting until the following morning. At 8:00 AM we offer to the bird 

some fruits of a selected species. Only one fruit species was used in each feeding trial. 

After consuming the fruits, the Greater rhea was again provided with the regular diet, 

including corn, wheat, soybeans, rice husk, and vegetables (leaves and flowers). 

 

4.2.2Estimates of GPT and its conditionants  
We recorded the GPT for each fruit species with the aid of focal observations 

and remote monitoring using a camera trap. First, we described GPT from the first 

fruit/seed ingested up to the first seed recovered in feces (Table S1). We also described 

GPT as the time from ingestion of first fruit of a given species to defecation of the last 

seed of the same species. We defined the last seed defecated as those seeds that were 

not followed by subsequent seed defecations up to four days after the last seed was 

encountered in feces. Since Rheas may defecate seeds in different times after ingestion 

(see below), we also calculated a mean GPT. In cases where the total number of seeds 

retrieved from feces did not match the number of seeds ingested by the Greater rhea, we 

continued to sample feces for seeds for another four consecutive days. We assume that 

seeds not recovered up to this period were destroyed during gut passage.  

 

4.2.3Comparisons of seed germination 
 We collected all feces produced from the Rhea used in experiments at least once 

a day. Feces were washed in a 5 mm sieve under a constant water flow to separate seeds 

from the rest of the fecal material. We removed whole seeds and seed fragments and left 

them to dry in the shade at room temperature. After up to 24 hs the seeds were sowed in 

vermiculite, kept under regular watering (twice a day), natural temperature and light 

conditions. To test the influence of Greater rhea in seed germination, we compared the 

germination of seeds that passed through the digestive tract of the Greater rhea 

(treatment T) with those obtained from two controls: Control 1 (C1) – seeds embeeded 

in fruit pulp. The fruits were introduced directly into the substrate, simulating a fruit 

that falls below the crown of the parental plant without interaction with animals; 
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Control 2 (C2) - seeds extracted from the fruits (de-pulped manually), simulating seeds 

cleaned by an animal, but not ingested. With those three germination treatments, we 

were able to test if a potential improvement in seed germination after gut passage would 

be due to mechanical/chemical abrasion on the seeds (by comparing gut passed versus 

manually de-pulped seeds), or release from germination inhibitors commonly found in 

fruit pulp (whole fruits versus manually de-pulped seeds) (Samuels and Levey 2005). 

Germination tests run for up to 60 days after seed sowing. We monitored seeds daily 

and recorded germination by the protrusion of the radicle (Borghetti and Ferreira 2004).  

 

4.2.4 Statistical Analysis  
To test the influence of fruit and seed traits on the average GPT, we used the 

weight, width, and length of both the fruit and the seed as independent variables and 

GPT as our response variable. Given the potential collinearity among morphological 

variables of fruits and seeds, first we conducted a Spearman correlation ("psych" 

package: William 2023) in R (R Core Team 2022) among all independent variables. 

There was a strong correlation between fruit weight, fruit width, and fruit length (all 

with r > 0.80 between each pair of variables compared; supplementary material Table 

S2). Similarly, seed characteristics, such as weight, also showed a strong correlation 

with seed width and length (all r > 0.78; Table S2). Seed and fruit traits, however, were 

weakly correlated (Table S2). Therefore, we chosed to work with fruit and seed weights 

as independent variables to test the influence of fruit and seed traits on GPT. Given the 

exponential nature of GPT values, we performed a regression using log GPT as 

response variable. To test the influence of fruit chemical content on GPT, we first 

compiled information on the total amount of lipids in fruit pulp from the literature 

(Silva and Fonseca, 2016; Camargo 2014; Hosni et al.  2011; Vallilo 2006; Otegui et al.  

1998) and after conducted another logarithmic regression testing the influence of lipid 

content in fruit pulp on GPT. 

To compare seed germination among the treatments (T, C1, and C2), we applied 

the chi-square test with the "chisq.test ()" function. To test if Rhea ingestion influence 

germination speed we used survival analysis with the aid package "survival" (Therneau, 

2023) in R (R Core Team, 2022).   
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4.6 Results  

4.6.1 Estimates of GPT and its conditionants 
The Gut Passage Time (GPT) of Greather rhea was long (often more than two days), 

with a coefficient of variation of 21.9% among the eleven plants studied (Table 1). The 

longest GPT was obtained for Aegiphila lhotzkiana (81 ± 34 hours; mean ± SD) and the 

lowest was Campomanesia adamantium (38.3 ± 17.7 hours). Light fruits had a higher 

GPT (P = 0.001, r² = 0.65; b = -0.14) (Figure 1), indicating an inverse relationship 

between fruit mass and GPT. Seed weight did not influence GPT (r = 0.17, P = 0.50). 

Lipid content in fruit pulp had a small but positive effect on GPT (P = 0.05, r2 = 0.39, 

equation: Y=47.4022*X0.1070) (Figure 3). 

Looking at the times of seed defecation for the five plants whose seeds 

germinated after gut passage, we found that Rheas defecated the seeds at different times 

after ingestion (Figure 4). Seeds from these five species were defecated everyday up to 

five days after ingestion. Therefore, Rheas are likely to spread seeds at different times, 

locations and distances from the same parental plants after feeding, potentially 

increasing the intraspecific variability in seed conditions and places of seed deposition 

in the field. 

 

4.6.2Comparisons of seed germination 

Considering seed germination, seeds from six species did not germinate after gut 

passage: Aegiphila lhotzkiana, Byrsonima intermedia, Smilax polyantha, Myrsine 

guianensis, Amaioua guianensis, and Ocotea pulchella (Table 2). However, the seeds of 

the first three species also did not germinate in controls (i.e. seeds not ingested by 

Rheas). Therefore, we cannot rule out the possibility that some specific triggers for seed 

germination may be missing, and the role of Rheas in the seed germination of these 

species was inconclusive. For the last three species, Rheas behave as seed predators, 

since a low proportion of seeds ingested were retrieved from feces, and seeds 

germinated only in controls (Table 2). On the other hand, seeds from other five species 

(Myrcia guianensis, Erythroxylum pelleterianum, Campomanesia adamantium, 

Alibertia concolor, and Schinus terebinthifolia) successfully germinated after passing 

through the Rhea’s digestive tract, with considerable variations among them (Table 2). 
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For instance, only one seed from each Campomanesia adamantium, Erythroxylum 

pelleterianum and Schinus terebinthifolia germinated among those recovered (from 76 

to 3 seeds recovered per species) after passing through the Rhea gut. All seeds that 

germinated from these three species were obtained from the first defecation after 

ingestion, i.e. spent less time inside the gut (Figure 4). Given the low sample sizes of 

germinated seeds, it was not feasible to carry out survival analyzes for these species. 

However, Myrcia guianensis and Alibertia concolor had larger sample sizes that 

allowed statistical comparisons. For M. guianensis germination percentages in T (45%) 

was similar to that found for C1 (seeds within fruits; 54%; X2 < 0.1; p = 1.0), while 

seeds ingested germinated less than C2 (seeds de-pulped manually; 94%; X2 = 6.03; p = 

0.01). In M. guianensis germination speed was higher for seeds ingested by Rheas (T) 

compared to C1 (X2 = 7.27; p = 0.006), while T and C2 did not differ in germination 

speed (X2 = 1.47; p = 0.20) (Figure 5A). For A. concolor, germinatio in T (30%) was 

smaller than C1 (40%; X2 = 22.25; p <00.1), but showed no difference compared to C2 

(100%; X2 = 0.01; p = 0.91). Seeds of A. concolor ingested by Rheas also showed a 

faster germination compared to both C1 (X2 = 28.34; test: p = 0.0001) and C2 (X2 = 

9.41; test: p = 0.002) (Figure 5B). 

4.7 Discussion  
We found a long GPT in Rheas, with an average of 61.6 ± 13.5 hours (mean ± 

SD) across the eleven plant species analyzed. Fruits with lower weight have a longer 

GPT, but seed characteristics do not influence GPT. The Greater rhea defecates the 

seeds it consumes at considerable different time intervals, and higher lipid content in 

fruit pulp delay GPT. Five among the eleven seed species tested germinated after 

passing through the Rhea’s digestive tract, with at least two of them showing a higher 

germination speed compared to controls. These potential benefits came at the cost of 

some seeds destroyed during gut passage. Indeed, for some species (Amaioua 

guianensis, Myrsine guianensis and Ocotea pulchella) Rheas behave as seed predators. 

Taken together these results suggest that Greather rheas play different roles as seed 

predators or dispersers, depending on the fruit species ingested, and that seeds dispersed 

by Rheas may be spread up to quite long distances. 

When comparing the GPT of R. americana with that of other ratites such as 

Cassowary (Casuarius casuarius) (mean GPT = 7.45 ± 6.77 hours for eleven plant 
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species; Westcott and Bradford, 2005), GPT in Greater rhea is longer, but similar to the 

Common Emu Dromaius novaehollandiae (GPT varies from one to eleven days, 

depending on the species consumed) (Calviño‐Cancela et al.  2008). Therefore, a long 

GPT is common among ratites and much larger than in small-bodied frugivorous birds. 

For instance, the longest record among forty bird species with body mass up to 300 g is 

only 73.3 minutes for Erithacus rubecula (reviewed in Antoni, 2020). In Argentinean 

Pampas, Greater rheas have an average home range of 452.8 hectares (Juan et al.  

2013). Rheas can cover long distances, with mean daily displacement of 1.08 km 

(Azevedo, 2010). Thus, by combining long seed retention times and long-distance 

movement patterns, R. americana can transport seeds to long distances from parental 

plants and connect plant populations through seed dispersal, a role often exclusively 

played by the larger-bodied frugivores (Jordano et al.  2007). Long-distance seed 

dispersal in Cerrado should be useful to allow colonization/recolonization of sites after 

disturbances. Wildfires, which are common in savannas like the Cerrado, may kill some 

plants (Hoffmann, 2009) and often triggers increased removal of seeds by some 

granivorous taxa, potentially decreasing seeds available for recruitment right after fire 

(Alcolea et al.  2022). Rheas can provide seed inputs to those disturbed sites, by 

defecating seeds ingested far away in spots not hited by fire. This dispersal however, is 

achieved at the cost of at least some seeds preyed upon during gut passage for the 

species investigated, a cost that seems to increase with the time the seed is retained in 

the gut (Figure 4). 

Plants with heavier fruits have faster GPT through the Rheas's gut when 

compared to plants with lighter fruits, consistent with the results from studies with other 

birds (e.g. Levey and Grajal 1991; Stanley and Lill, 2002). A faster passage of larger 

fruits perhaps is just the effect of gravity, or serves as a strategy to eliminate seed ballast 

that hinders the frugivore's movements or further food ingestion (Jordano, 2000). A fast 

GPT potentially reduces the adverse effects of excessive chemical and abrasive 

conditions in the frugivore's gizzard which seems to affect seed germination after 

ingestion of at least some plants by Rheas (Figure 4).  

The presence of soluble chemical substances, such as those with a laxative 

effect, can increase intestinal transit rates in frugivores (Murray et al.  1994). In our 

study, a constipative effect was found for fruits whose pulp is rich in lipids that present 
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a longer passage time compared to lipid-poor fruit (Figure 3). Lipid-rich fruit often has 

low water content (Jordano, 2000), which may help explain the constipative effect 

observed. Seeds from lipid-rich fruits can thus potentially achieve longer distances of 

seed dispersal by Rheas than lipid-poor fruit, as the first are retained in the gut for 

longer periods of time enabling long travel distances. Therefore, the effect of seed 

ingestion by Greater rheas on GPT is complex and related not only to the physical 

characteristics of fruits, but also to the chemical composition of fruit pulp influencing 

GPT. More studies on this topic would be worthwhile.  

Our results suggest that an excessively long GPT in Rheas can decrease seed 

viability (Figure 4). This may be due to unfavorable conditions for seed survival over 

extended periods of exposition to mechanical abrasion and digestive enzymes during 

GPT (Murray et al.  1994, Traveset and Verdu, 2002). This seems to be the case for at 

least some of our species that did not germinate after gut passage (Amaioua guianensis, 

Myrsine guianensis and Ocotea pulchella, Table 2) or those species that germinated 

only from the first defecations after ingestion by Rheas (Figure 4). Seeds that do not 

germinate after gut passage in Rheas tend to be those retained for longer periods of time 

(Figure 4). Many species from Cerrado also usually present seed dormancy or low 

levels of seed viability (Dayrell et al.  2016) precluding a detailed evaluation of the 

effect of gut passage through the Rhea digestive tract on seed germination. This is 

probably the case of species such as A. lhotskiana, B. intermedia and S. polyantha that 

did not germinate even in controls (Table 2). For those species, the effect of fruit 

ingestion by Greater rheas in seed germination was inconclusive. However, in M. 

guianensis and A. concolor seeds that germinated after ingestion by Rheas exhibited a 

faster germination compared to the controls. For M. guianensis, the effect of seed 

ingestion by Greater rhea seems to be mainly removal of fruit pulp, given an increased 

germination speed of ingested seeds compared to Control 1 (seeds still embeeded in 

fruit pulp), but not to Control 2 (mannually de-pulped seeds) (Figure 5A). For A. 

concolor, seed ingestion by Rheas induces faster germination compared to both 

controls, indicating that seed abrasion in the gut triggered germination (Figure 5B). 

These results highlight the influence of Greater rheas in promoting germination and an 

effective dispersal of certain plant species (see also Azevedo, 2013), while behaving as 

a seed predator for others. 
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The Greater rheas are also able to distribute the seeds ingested once in 3 to 7 

different defecations spread over 17.6 to 88.6 hours (Figure 4). For instance, seeds of M. 

guianensis able to germinate were released by Rheas after 23.0, 46.1 and 70.8 hours. 

This great variance in GPT means that seeds are likely to be deposited in different 

locations, increasing their chances of finding favorable microsites for germination and 

seedling establishment if favorable locations are randomly distributed (Green, 1983). 

Dispersal at distance is also more likely to decrease negative density dependent effects 

commonly observed during early stages of plant regeneration. Variance in places of 

seed deposition should be especially useful for plants dispersed by Rheas given the 

mosaic-like pattern of vegetation in the Cerrado, the often clustered and limited spatial 

distribution of seed rain, coupled with the specific germination requirements of different 

plants (Mariano et al.  2019 and references therein).  

Indeed, ratites such as Greather rheas, often play crucial roles in seed 

distribution and vegetation dynamics. For instance, the Cassowary C. casuarius found 

in the tropical forests of Australia effectively disperses seeds from 78 plant species over 

a two-year period (Stocker and Irvine, 1983). In savannas and sclerophylous vegetation 

in Australia, Common Emus D. novaehollandiae provide opportunities of very long-

distance seed dispersal for myrmecochorous plants that otherwise would reach only 

small distances of seed dispersal by ants (Calviño-Cancela et al.  2008). In African 

savannas, Ostriches Struthio camelus also contribute to the dispersal of seeds from 

various species of African acacias (Acacia spp.) in open environments more favorable 

for plant development. In the absence of these large terrestrial frugivorous birds, many 

seeds often fell at shorter distances from parental plants, in less suitable environments 

for plant growth (Miller, 1996).  

Current ecological networks of fruit-frugivore interactions for the Cerrado 

clearly underestimate the role of large birds, such as Greater rheas, in frugivory, seed 

dispersal and predation (see Carvalho et al.  2023). Given the large body size and gape 

width of Rheas, and current available data (Renison et al.  2010, Azevedo et al.  2013, 

this study), it is likely that the impact of Greater rheas in seed dispersal and predation is 

considerable. In the field, Rheas ingest very large and hard seeds such as those from the 

palm Attalea phalerata (CLBJ and AVC unpubl. data) that may be more likely to 

survive long term retention in the gut, as well as other palms reported in their diet 
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(Carvalho et al.  2023). Greater rheas may also disperse seeds of epizoochorous plants 

attached to their plumage (A.V. Christianini, pers. obs.). Those characteristics, together 

with a very long GPT, turn Greather rhea’s seed dispersal functionally similar to that 

performed by large mammals, that have been vanishing (Pires, 2023). Unfortunately, 

Greater Rheas are disappearing from large tracts of Cerrado and grasslands in South 

America (IUCN, 2016). The rare detection of Greather rheas in interaction networks is 

probably a reflection of their low occurrence in most landscapes of Cerrado which are 

defaunated nowadays, leaving many fruits unattended or probably relying on dispersal 

services performed by species of small sizes which are unlikely to deliver the same 

services (Galetti et al.  2013; Pérez-Méndez et al.  2018; Christianini et al.  2014). The 

loss of the seed dispersal services from Greater rheas could have long-term 

implications, as plants may lose this long-distance dispersal vector and consequently 

fail to colonize/recolonize new sites and connect plant populations through dispersal 

(see Jordano et al.  2007). The conservation of large birds, such as Greater rheas, is 

therefore crucial not only for their own survival but likely for maintaining biodiversity 

and healthly ecosystem processes in South American savannas and grasslands.  
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5.0 Figures 
 
 

 

Figure 1: Influence of fruit weight (in g) on the gut passage time of Greater rhea (in 

average hours). Plant species are indicated by their genera. Shade indicates 95% 

confidence interval around regression line. 
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Figure 3: Influence of lipid content in fruit pulp (g 100 g-1) from eleven plants 

from Cerrado on the average GPT (P = 0.05, r2 = 0.39, equation: Y = 

47.4022*X0.1070). Plant species are indicated by their genera. Shade indicates 95% 

confidence interval around regression line. 

 

 

 

 

 

 

 

 

 

 

 

 



65 
 
 

 

Figure 4: Rheas can spread seeds into different locations after ingestion, given 

the high within species variation in gut passage time. Cumulative percentage of seeds 

recovered from feces after ingestion for the five plant species (indicated by their genera, 

see Table 1) that germinated after gut passage in Rhea americana. Large and collored 

circles (each species depicted in a color) point out the time of defecation that provided 

seeds that germinate in experiments. Black and small filled circles indicate the times of 

gut passage when seeds released in feces did not germinate during experiments. 
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Figure 5: Comparions of germination speed among seeds ingested by Rheas (T) (design 
with Rhea), seeds embeeded in fruit pulp (C1) (design with the whole fruitand manually 
de-pulped seeds (C2) (design of the seed only). Speed of seed germination of Myrcia 
guianensis (T versus C1: X2 = 7.27, p = 0.006; T versus C2: X2 = 1.47, p = 0.20) and 
Alibertia concolor (T versus C1: X2 = 28.34, p = 0.0001; T versus C2: X2 = 9.41, p = 
0.002).  
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5.1 Tables 
 

Table 1. Fruit species offered to R. americana and subsequent output after ingestion. Gut passage time (GPT) is reported as mean ± SD in hours for each plant 

species. Results of germination experiments for three treatments: T: ingested by Rheas; C1 and C2 are the seeds embeeded in fruit pulp and manually de-

pulped seeds that were sowed as controls, respectively. Number of seeds used in each treatment followed by the number of seeds germinated (under 

parenthesis). The symbol * denotes the species for which it was possible to carry out survival analyzes given sample sizes.  

Plant Species Fruits offered 

(ingested) 

GPT (hours) T C1 C2 

Aegiphila verticillata 40(40) 81 ±34.0 22(0) 10(0) 13(0) 

Ocotea pulchella 30(14) 77.7 ± 43.7 14(0) 15(0) 15 (6) 

Erythroxylum pelleterianum 30(25) 64 ± 28.5 21(1) 24 (6) 24 (13) 

Myrcia guianensis* 37(30) 55.3 ± 22.0 11(5) 22(11) 17(16) 

Campomanesia adamantium 10(4) 38.3 ±17.7 15(1) 6(5) 14(10) 

Alibertia concolor* 20(2) 46 ± 17.3 13(4) 30 (30) 15 (6) 

Myrsine guianensis 15(9) 70.2 ± 52.0 5(0) 20 (3) 29(17) 

Byrsonima intermedia 61(61) 54.5 ± 30.1 35(0) 10(0) 10(0) 
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Schinus terenbinthifolia 100(100) 74.8 ± 21.6 40(1) 32(11) 32(26) 

Amaioua guianensis 12(8) 52.2 ± 16.0 95(0)    0 92(72) 

Smilax polyantha 100(100) 61.3 ± 20.0 67(0) 82(0) 0 
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Table 2. Final germination (%) and speed (mean in days) of seed germination for the three treatments applied to eleven plant species form Cerrado: T (seeds 

that passed through R. americana), C1 (seeds embeeded in fruit pulp) and C2 (manually de-pulped seeds). The symbol * means the values that were possible 

to carry out survival analyzes because of sample size. 

 

Plant species 

% Germination 

(T) 

% Germination 

(C1) 

% Germination 

(C2) 

Germination 

speed (T) 

Germination 

speed (C1) 

Germination 

speed (C2) 

Myrcia guianensis 36 54 94 2.2* 12.5 4 

Erythroxylum pelleterianum 2.4 19 40 6 13 11 

Campomanesia adamantium 6 83 71 5 34 6 

Alibertia concolor 13 37 100 8.5* 37 15 

Schinus terebinthifolia 2.5 25 81 5 5.5 29 

Ocotea pulchella 0 0 50 0 0 20 

Smilax polyantha 0 0 0 0 0 0 

Amaioua guianensis 0 0 65 0 0 47 

Byrsonima intermedia  0 0 0 0 0 0 

Myrsine guianensis 0 0 31 0 57 35 

Aegiphila verticillata  0 0 0 0 0 0 
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5.2 Supplementary material 
 

Table S1: Description of fruit species used in feeding trials with captive Rheas. GPT = gut passage time (in hours). Values refer to fleshy fruits and seeds. 

Lenghts and widths in cm, weights in g and lipid content in g/100g. All values are means, otherwise indicated.   

Plant species Min/max 
GPT 

GPT Fruit 

length 

Fruit 

width 

Fruit 

weight 

Seed 

length 

Seed 

width 

Seed 

weight 

Lipid 

content 

Number 

of seeds 

per fruit 

Aegiphila verticillata  22.0/144.3 81.1 0.70 0.49 0.0960 0.56 0.34 0.0350 21.90 1 

Ocotea pulchella 23.0/167.4 77.71 1.08 0.62 0.1942 0.91 0.54 0.1396 33.30 1 

Schinus terenbinthifolia  25.5/119.5 74.87 0.77 0.92 0.4182 0.54 0.60 0.1107 5.35 1 

Myrsine guianensis 41.7/161.6 70.17 0.40 0.39 0.0394 0.37 0.34 0.0251 5.90 1 

Erythroxylum pelleterianum 19.0/111.1 64.12 0.68 0.53 0.1173 0.61 0.37 0.0447 31.40 1 

Smilax polyantha 22.0/117.5 61.66 0.91 0.84 0.3050 0.53 0.48 0.0613 18.80 1 

Byrsonima intermedia  22.0/117.8 54.5  0.77 0.92 0.4182 0.54 0.60 0.1107 27.50 1 

Myrcia guianensis  23.0/94.8 55.29 0.84 0.73 0.2480 0.56 0.46 0.0798 29.30 1 

Amaioua guianensis  22.0/117.5 52.26 1.75 0.83 0.4740 0.37 0.33 0.0115 5.10 14 
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Alibertia concolor 16.6/88.6 46.09 2.22 1.56 2.6837 0.52 0.38 0.0267 0.63 15 

Campomanesia adamantium  17.6 38.33 1.14 1.15 0.8219 0.50 0.37 0.0360 1.50 4 
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Table S2: Spearman rank correlations among all variables (dependent and independent). Statistically significant numbers (equal to 1) are in bold. 

  

- Fruit Length (cm) Fruit Width 

(cm) 

Fruit 

Weight (g) 

Seed Length (cm) Seed Width 

(cm) 

Seed Weight 

(g) 

Germination 

Percentage (%) 

GPT - 0.65 -0.85 -0.88 0.43 0.01 0.16 -0.44 

- Fruit Length (cm) 0.81 0.89 -0.07 0.07 0.00 0.20 

- - Fruit Width 

(cm) 

0.95 -0.10 0.36 0.17 0.34 

- - - Fruit 

Weight (g) 

-0.15 0.12 0.02 0.25 

- - - - Seed Length (cm) 0.41 0.78 -0.02 

- - - - - Seed Width 

(cm) 

0.81 0.07 

- - - - - - Seed Weight 

(g) 

- 0.02 

- - - - - - - Germination 

Percentage (%) 
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6.0 Conclusão  
 

A análise da dieta da ema revelou uma diversidade em sua alimentação, incluindo 

material vegetal, frutos, sementes, invertebrados e vertebrados. Essa variedade reflete a 

importância da ema como dispersora de sementes de espécies de plantas nativas 

contribuindo para a regeneração e manutenção das paisagens naturais.  

As aves de grande porte, como as emas, são animais importantes nas interações 

ecológicas e nos processos de dispersão de sementes nos ecossistemas. As características 

físicas das emas, aliadas ao seu longo tempo de passagem gastrointestinal, tornam-nas 

agentes eficazes na dispersão de sementes, desempenhando um papel semelhante ao de 

mamíferos de grande porte. No entanto, o declínio das populações de emas em vastas 

áreas representa uma ameaça à manutenção da biodiversidade e aos processos 

ecossistêmicos. A perda dos serviços de dispersão de sementes das emas pode ter 

consequências de longo prazo, afetando a capacidade das plantas de colonizar novos 

locais e conectar populações através da dispersão. Portanto, a conservação das emas é 

crucial não apenas para garantir sua sobrevivência, mas também para a preservação da 

biodiversidade e da integridade dos ecossistemas como o Cerrado e o Pantanal. 

Investigações mais aprofundadas sobre o papel das emas na dispersão de sementes, como 

neste estudo, fornecem insights valiosos para a conservação e gestão dos ecossistemas 

naturais, destacando a necessidade urgente de proteger essas espécies e seus habitat. 


