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FATORES NUTRICIONAIS QUE AFETAM O COMPORTAMENTO DE 

CECOTROFIA NA PACA ( Cuniculus paca) 

 
RESUMO 

 
A carne da paca (Cuniculus paca) é considerada como uma das  mais apreciada dentre 
os animais Neotropicais devido suas características organolépticas. Por este motivo, há 
grande interesse na criação desta espécie. Sabe-se que as pacas realizam a cecotrofia e 
que o cecotrofo, é rico em proteínas de alto valor biológico. Os mecanismos envolvidos 
no processo de cecotrofia em pacas, porém, ainda são desconhecidos. Desta forma, o 
presente estudo teve como objetivo descrever aspectos comportamentais e nutricionais 
na espécie para entender seu processo de cecotrofia.  Para isso, foram propostos dois 
experimentos. O primeiro experimento  (exp 1) descreve os horários de maior 
frequência do comportamento de cecotrofia e avalia o efeito do manejo alimentar sobre 
a latência para início da realização da cecotrofia. Neste experimento, os animais 
receberam uma dieta composta por ração de coelho e suplemento (banana, manga e 
batata-doce) diferindo os momentos de alimentação. O segundo experimento (exp 2) 
teve como objetivo avaliar as proporções de fibra alimentar, proteína bruta e energia 
digestível e a formação do cecotrófo. Neste experimento, os tratamentos experimentais 
foram caracterizados pela oferta de quatro dietas com diferentes níves de fibra, proteína 
bruta e energia disgetível com a adição de marcadores (fibra mortante com lantânio, 
cério e cromo (fase sólida) e cobalto edta (marcador da fase liquida)). Ambos os 
experimentos foram realizados por meio do delineamento experimental de quadrado 
latino (4x4) em que utilizou-se quatro machos adultos de paca alojados individualmente 
em gaiolas de metabolismo. Como resultado do exp1, foi observado 142 atos de 
cecotrofia nas pacas, perfazendo 87 (61%) cecotrofias diretas e 55 (39%) indiretas com 
um tempo de matigação do cecotrofo de 3 a 5 segundos. Estes comportamentos foram 
praticados entre o crepúsculo e o amanhecer. Já no experimento 2 foi observado que as 
diferentes dietas não alteraram o consumo de matéria seca, ganho de massa corporal, 
tempo gasto com a cecotrofia e digestibilidade dos nutrientes e energia, entretanto, foi 
observado alterações significativas no tempo médio de retenção com o marcador cromo, 
lantônio e cério com maiores valores para o tratamento com o menor valor de fibra 
bruta. Este estudo comprova que o comportamento de cecotrofia das pacas é similar ao 
de outros roedores e que valores maiores de fibra devem ser inclusos em dietas para que 
a paca utilize a cecotrofia como estratégia digestiva nos sistemas de produção. 
 
Palavras-chave: coprofagia, fermentadores pós-gástricos, herbívoro, histricomomorfos, 
mecanismo de separação colônico. 
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 NUTRICIONAl FACTORS THAT AFFECT CECOTROPHY BEHAVIO R IN 
PACA (Cuniculus paca) 

 
ABSTRACT 

 
The meat  of paca (Cuniculus paca) is considered the most appreciated among 
Neotropical animals because of its organoleptic characteristics. For this reason, there is 
great interest in breeding this species in captivity. We know that pacas perform 
cecotrophy behavior, and cecotroph is rich in proteins of high biological value. 
However, the mechanisms involved in cecotrophy process is barely known. Thus, we 
aimed to describe the behavioral and nutritional factors to better understand cecotrophy 
in the species. To this, two experiments were proposed. Due to conflicting reports on 
the occurrence of caecotrophy in this species, in the first experiment (exp 1), we 
obtained digestive tracts of three adult animals and observed the behaviour of four 
specimens maintained on a diet of a pelleted feed (P) and a supplemental mix of fruits 
and sweet potato (S, a source of structural fibre). In a Latin square design, P and S were 
both offered either in the morning (M) or in the afternoon (A), or with one item in the 
morning and the other in the afternoon (SP or PS). The paca’s proximal colon is 
characterized by a distinct furrow typical for the colonic separation mechanism of 
hystricomorph rodents. Caecotrophy, both ‘direct’ (from the anus) and ‘indirect’ (from a 
pile of defecated faeces), was a regular component of the paca’s behavioural repertoire, 
and caecotrophs contained more nitrogen and less fibre than hard faeces. Higher food 
intake led to less overall caecotrophy. To better understand the effects of diets on 
cecotrophy behaviour of paca and its mechanisms, in the exp 2, we evaluated four diets 
with different concentration levels of protein (increasing) and fibre (decreasing). Four 
adult paca males were kept for 7 days in metabolic cages and recorded for 24 hours for 
the first 5 of these days. The diet was marked with a solute marker (cobalt (Co)-EDTA) 
and three particle markers (chromium (Cr)-mordanted fibre <2 mm, lanthanum (La)-
mordanted fibre ~5mm, cerium (Ce)-mordanted fibre ~8 mm). Proportion of indirect 
cecotrophy was higher when overall cecotrophy was rare and the time spent with direct 
cecotrophy tended to be highest in diet with more grass and lowest in the diet without 
grass (P = 0.087). There was a negative correlation between the percentage of indirect 
cecotrophy and the total time spent in cecotrophy (R = -0.57, P = 0.028), indicating that 
animals that spent less overall time in cecotrophy spent more of that time in indirect 
cecotrophy. Additionally, there were significant positive correlations between the 
dietary crude protein content and all three-particle markers mean retention time, 
indicating shorter digesta retention, a higher degree of digesta phase separation, and 
more cecotrophy behaviour on the lower-protein diets. Our results thus corroborate the 
impression that the paca has a comparatively slightly lower metabolism than the average 
mammal and confirm general concepts about cecotrophy in hystricomorph rodents with 
a 'mucus trap' colonic separation mechanism. 
 
Keywords: Coprophagy, cecum fermenter, colonic mecanism separation, hindgut 
fermenter, hystrocomorph.   
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1 INTRODUÇÃO  

 
Entre os mamíferos neotropicais do Brasil com potencial zootécnico, a paca 

destaca-se por produzir uma das carnes mais apreciadas (NOGUEIRA-FILHO; 

NOGUEIRA, 1999; GOMES, 2013). Este fato está associado ao acúmulo de gordura 

subcutânea que a espécie apresenta, oriunda do processo de armazenamento da energia. 

O sabor da carne potencializa o valor do produto, possibilitando que este atinja valores 

comerciais mais elevados (NOGUEIRA-FILHO; NOGUEIRA, 1999). A carne de paca 

pode ser encontrada no mercado por um preço três vezes maior que o valor da carne 

bovina, indicando que a demanda pelo produto é maior do que sua produção 

(LOURENÇO et al., 2008).  

Com a inclusão de co-produtos agrícolas de baixo custo na dieta da paca, como a 

raspa de mandioca e resíduos de polpa de frutos (MONTEIRO, 2013; MATTOS, 2015) 

é possível reduzir os custos de produção desta espécie. A espécie tem a capacidade de 

aproveitar alimentos ricos em fibra devido às suas características anatômicas e 

fisiológicas (MONTEIRO, 2013; MATTOS, 2015). A paca possui um ceco bem 

desenvolvido onde ocorrem os processos de fermentação, síntese e absorção de 

nutrientes (GARCÍA, 2000). No ceco da paca ocorrem microrganismos capazes de 

degradar a celulose e outros compostos da fibra alimentar (GARCÍA, 2000). Os 

processos fermentativos explicam os elevados coeficientes de digestibilidade da fibra 

em detergente neutro (63,8 ± 21,4%) que são superiores aos encontrados para coelhos 

domésticos (MONTEIRO, 2013; MATTOS, 2015).  

A fermentação microbiana resulta na síntese de ácidos graxos de cadeia curta 

que são absorvidos e usados no metabolismo energético do hospedeiro como verificado 

em outros roedores (HORNICKE; BJORNHAG, 1980; SAKAGUCHI, 2003; CLAUSS, 

2008). Como mecanismo de aproveitamento proteico dos microorganismos 

provenientes do ceco, a espécie desenvolveu o comportamento de cecotrofia 

(SABATINI; PARANHOS DA COSTA, 2001). Por meio deste comportamento o 

animal ingere o conteúdo proveniente do ceco, o cecotrofo (MOROT,1882; ÉDEN, 

1940; BARNES, 1962). Este processo é distinto da coprofagia (consumo de fezes), que 

é um distúrbio comportamental (HOOPER et al., 2016), geralmente associado a 

deficiências nutricionais (HORNICKE; BJORNHAG, 1980).  

O cecotrofo é diferenciado das fezes por conter menores teores de fibra e 
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maiores teores de proteína, proveniente da microflora do ceco (HORNICKE; 

BJORNHAG, 1980). Este comportamento foi descrito para os lagomorfos (EDEN, 

1940; BELENGUER et al., 2012), uma espécie de lêmure (Lepilemur leucopus) 

(HLADIK et al., 1971) e alguns roedores, como o porquinho da índia (Cavia porcellus) 

(BJORNHAG; HOLTENIUS, 1983) e a capivara (Hydrochoerus hydrochaeris) 

(MENDES et al., 2000). No caso da paca, este processo foi ainda pouco estudado, 

havendo apenas a descrição do ato comportamental de cecotrofia por Sabatini e 

Paranhos da Costa (2001). Não há, entretanto, um entendimento sobre os fatores 

nutricionais que interferem em sua ocorrência e também ha ausência sobre a descrição 

da composição do cecotrofo.  

No ceco, sabemos que ocorre a síntese de proteína, vitaminas do complexo B e 

vitamina K por ação dos microorganismos (OLCESE, 1948; HIRAKAWA, 2001; 

ARRUDA, 2003).  Por meio da cecotrofia, os animais conseguem aproveitar tanto as 

proteínas microbianas quanto as vitaminas, além de aumentar o aproveitamento dos 

nutrientes dos alimentos consumidos que passam novamente pelo seu trato digestório 

(BROWN-UDDENBERG et al., 2004; SABATINI; PARANHOS DA COSTA, 2001). 

A importância da cecotrofia no ciclo nitrogenado/protéico das pacas foi verificada pela 

baixa exigência protéica da espécie (NOGUEIRA-FILHO et al., 2016). Além disso, 

sabe-se que a ocorrência deste processo pode ser estimulada por meio de práticas de 

manejo alimentar que podem ser empregadas para o animal como verificado em coelhos 

(RODRIGUEZ–ROMERO, 2012) e capivaras (MENDES et al., 2000; MENDES; 

NOGUEIRA-FILHO, 2013). Sabe-se, por exemplo, que a oferta de alimento 

concentrado e volumoso em horários diferentes resulta na manutenção de níveis de 

glicemia relativamente constantes causando a redução da ocorrência de cecotrofia em 

capivaras (NOGUEIRA-FILHO et al., 2013). 

Neste contexto, há necessidade de incremento na pesquisa sobre o 

comportamento de cecotrofia na espécie com o objetivo de diminuir os custos para sua 

produção e obter o sucesso na criação de pacas em cativeiro. Assim sendo, neste estudo 

foram realizados dois experimentos com o objetivo de descrever tanto os aspectos 

comportamentais, quanto os nutricionais na espécie, para entender melhor seu processo 

de cecotrofia. Optamos por escrever os resultados dos dois experimentos em formato de 

manuscrito, um dos quais já foi submetido e está sobre avaliação de revisores e foi 

incluído neste documento na língua inglesa. 
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2 OBJETIVOS 

 

2.1 Geral 

Analisar a anatomia e fisiologia do ceco da paca, a influência da dieta no tempo 

gasto com o comportamento de cecotrofia e o mecanismo de formação do cecotrofo.  

2.2 Específicos 

1- Caracterizar a anatomia digestiva de paca.  

2- Descrever o comportamento de cecotrofia na paca. 

3- Avaliar a influência do regime alimentar sobre o comportamento de cecotrofia 

em pacas. 

4- Caracterizar as diferenças morfológicas e químicas entre fezes e cecotrófos. 

5- Avaliar o fornecimento de dietas com níveis distintos de proteína bruta (PB), 

energia digestível (ED), carboidratos solúveis e fibra alimentar (FDN e FDA) sobre o 

comportamento de cecotrofia e digestibilidade de nutrientes e energia em paca. 

6- Avaliar o efeito de diferentes componentes da dieta sobre a taxa de passagem da 

porção fibrosa e da porção fluida no trato digestivo da paca.  

7- Avaliar o efeito do horário de fornecimento do alimento no comportamento de 
cecotrofia em pacas.  

 
 
 

 3 REVISÃO DE LITERATURA 

 

3.1 Descrição da espécie 3.1 Descrição da espécie 3.1 Descrição da espécie 3.1 Descrição da espécie Cuniculus pacaCuniculus pacaCuniculus pacaCuniculus paca    

3.1.1 Classificação taxonômica e morfologia 

A paca, anteriormente denominada como Agouti paca, é da classe Mammalia, 

pertencente à ordem Rodentia e a família Cuniculidae. Em 1998 a nomenclatura 

original Cuniculus paca foi restabelecida pela Comissão Internacional de Nomenclatura 

Zoológica (Bulletin of Zoological Nomenclature, 1998). O número cromossômico da 

paca é 2n=74, sendo 29 pares de cromossomos subtelocêntricos, dois cromossomos 

acrocêntricos e cinco pares de cromossomos metacêntricos (LOPEZ et al., 1997). Os 

indivíduos podem pesar até 12 kg e atingem até 72 cm de comprimento (cabeça a 

cauda) e a pelagem varia de marrom escuro a marrom avermelhado, com faixas de pelo 
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branco (Figura 1), que auxiliam na camuflagem do animal (EMMONS, 1987; 

HOSKEN; SILVEIRA, 2001). As patas anteriores possuem quatro dedos e as 

posteriores cinco dedos, sendo que dois destes são curtos e não tocam o solo. Possuem 

dois conjuntos de pelos táteis, o primeiro está localizado no focinho, próximos das 

aberturas nasais, e o segundo, localizado na região da têmpora, entre o olho e a orelha. 

Esses pelos possuem função de auxiliar na identificação e exploração do ambiente, 

complementando a visão que é pobre (BONILLA-MORALES et al., 2013).  

A paca é o único roedor a apresentar o tapetum lucidum, que auxilia na visão 

noturna, sendo mais um indicativo dos hábitos da espécie (BRAEKEVELT, 1993). Os 

indivíduos machos possuem bochechas protuberantes devido a arcada zigomática, que é 

utilizada como uma câmara de ressonância para ampliar a emissão de sons que 

contribuem para a comunicação entre os animais (SMYTHE; BROWN DE GUANTI, 

1995). Esses animais não possuem dentes caninos, mas são portadores de um par de 

incisivos bem desenvolvidos, assim como ocorre em outros roedores. Além destes, 

possuem oito dentes - dois pré-molares e seis molares - resultando em 20 dentes em 

cada animal adulto (EISENBERG, 1989). Os incisivos, tanto superiores como 

inferiores, crescem continuamente, sendo necessário que o animal os desgastem roendo 

madeiras ou objetos rijos (PEREZ-TORRES, 1996). Smythe e Brown de Guanti (1995) 

sugerem que para pacas criadas em cativeiro deve ser oferecido pedaços de madeira e 

troncos para que os animais consigam desgastar os incisivos e controlar seu 

crescimento.   
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Figura 1. Exemplar macho adulto da espécie.  Fonte: Arquivo pessoal 

 

3.1.2 Distribuição geográfica e estado de conservação da paca  

É uma espécie Neotropical com ampla distribuição desde o sul do México até o 

norte da Argentina e Uruguai (BONILLA-MORALES et al., 2013; 

LEUCHTENBERGER et al., 2015). Os animais são mais encontrados em florestas de 

galeria, vivendo preferencialmente próximos a cursos d’água, utilizados como rota de 

fuga quando perseguidas por predadores (NOGUEIRA-FILHO; NOGUEIRA, 1999). É 

encontrada também em áreas antropizadas, desde que tenha restado um pouco de 

floresta original (BLATT SPEZIA et al., 2013). É um animal de hábito noturno, sendo 

que durante o dia se refugiam em tocas ou ocos de árvores (MONDOLFI, 1972). Ao 

anoitecer iniciam sua atividade saindo das tocas e percorrendo trilhas bem definidas que 

às levam para áreas de alimentação e água, chegando a percorrer áreas de quatro 

hectares por noite (SMYTHE, 1987; EMMONS, 1987). Como as pacas transportam as 

sementes e frutos para lugares onde possam consumi-los em proteção, acabam atuando 

como dispersores de sementes não consumidas (SMYTHE, 1983). Locomovem-se 

através da selva em trilhas bem definidas e a área de seu território varia de 2,0 a 3,0 

hectares.  

Em virtude da ampla distribuição da espécie, seu estado de conservação é 

classificado pela Internation Union Conservation Nature (IUCN) como pouco 
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preocupante (least concern). Esta classificação, no entanto, pode tornar-se mais grave 

devido à caça intensificada da espécie por populações rurais e indígenas em todo 

território de distribuição da espécie (AYRES et al. 1991; MONTES, 2005; 

BARQUERO-RODRÍGUEZ; BARQUERO-ARROYO 2008; GALLINA et al. 2012). 

Em algumas regiões da América Latina há perda de seu hábitat em virtude das ações 

antrópicas, contribuindo para diminuição da espécie em vida livre (SMYTHE, 1987; 

NOGUEIRA-FILHO; NOGUEIRA, 1999; BONILLA-MORALES et al., 2013).  

 

3.1.3 Aspectos reprodutivos 

A espécie é classificada como monogâmica, sendo que os casais ocupam um 

território de 3,0 ha (SMYTHE et al., 1983). A fêmea apresenta ovulação espontânea e é 

classificada como poliéstrica não estacional (BARQUERO, 2002; RENGIFO et al., 

1996). O período de estro dura entre 19 e 28 horas, sendo que o ciclo estral completo 

apresenta duração entre 20 a 40 dias (MONTES, 2005; SMYTHE, 1991). Há registros 

de acasalamentos ao longo de todo ano, com maiores concentrações de nascimentos nos 

meses de março a maio na Costa Rica, Panamá e Venezuela, março, agosto e setembro 

no Peru, e de outubro a janeiro na mata amazônica e mata atlântica brasileira 

(APARÍCIO; FITA; BÉJAR, 2007; QUESADA et al., 2011). Em cativeiro há relatos de 

acasalamentos de machos de aproximadamente oito meses de idade e fêmeas com seis 

meses de idade (APARÍCIO; FITA; BÉJAR, 2007). A primeira parição foi observada 

em cativeiro entre os 12 e 23 meses de idade, com intervalo entre partos de 97 a 251 

dias e gestação com duração média de 114 dias, mas podendo variar entre 96 e 156 dias 

(APARÍCIO; FITA; BÉJAR, 2007). As crias são precoces, nascem normalmente 

pesando entre 600 e 800g, com olhos abertos, corpo coberto de pelos, dentes incisivos e 

molares visíveis, capazes de se locomoverem e se alimentarem de alimentos sólidos 

com poucas horas de vida (FRÍAS, 2009; QUESADA et al., 2011). O desmame das 

crias de vida livre ocorre por volta dos 70 dias, enquanto que, em cativeiro, são 

desmamadas com 30 a 40 dias após o nascimento, com peso entre 1,5 e 2,0 kg 

(BELAUNDE; ANGULO; RAMIREZ, 2009; SMYTHE; BROWN DE GUANTI, 

1995). Com objetivo de tornar as crias mais mansas, também é sugerida a antecipação 

do desmame para 15 ou 20 dias (BELAUNDE; ANGULO; RAMIREZ, 2009). A paca 

não é uma espécie prolífica, gerando na grande maioria dos casos, apenas um filhote por 
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parto em cada gestação, o que dificulta sua produção comercial (SMYTHE, 1987; 

NOGUEIRA-FILHO; NOGUEIRA, 1999; BONILLA-MORALES et al., 2013). 

 

3.1.4 Anatomia e fisiologia digestiva 

Todos os herbívoros possuem uma expansão em alguma região do trato 

gastrointestinal. Essa expansão serve para abrigar as populações de microorganismos 

que degradam a parede celular das plantas e a celulose, já que os vertebrados não 

possuem enzimas digestivas eficazes para isso (ALEXANDER,1993). A localização 

desse sítio de fermentação permite classificar os herbívoros em fermentadores pré-

gástricos (foregut) quando se localiza antes da digestão químico-enzimática ou 

fermentadores pós-gástricos (hindgut) quando se localiza após digestão químico-

enzimática (HUME, 1999). Nas pacas, assim como em outras espécies de grandes 

roedores, o ceco é bastante desenvolvido, chegando pesar o equivalente a 15% do peso 

vivo do animal (HARGADEN; SINGER, 2012). É, portanto, uma espécie fermentadora 

pós-gástrica. Segundo Sakaguchi (2003), no interior do ceco de lagomorfos e roedores 

como a paca ocorre a separação entre partículas maiores e menores, facilitando a 

fermentação microbiana e a formação do cecotrofo.  

O cecotrofo nada mais é do que o alimento que sofreu a primeira digestão, 

enriquecido pelos compostos resultantes da fermentação microbiana, como vitaminas do 

complexo B, vitamina K e proteína de alto valor biológico proveniente dos próprios 

microrganismos do ceco (SAKAGUCHI, 2003). A espécie aproveita- se dos nutrientes 

do cecotrofo por meio da cecotrofia. O comportamento de cecotrofia é uma adaptação 

dos lagomorfos e roedores herbívoros para melhorar o aproveitamento do alimento. 

Esse comportamento é facilmente observado em coelhos e também já foi observado em 

capivaras (MENDES et al., 2000) e outros roedores como o porquinho da índia (Cavia 

porcellus) (BJORNHAG; HOLTENIUS, 1983). Muitas vezes, no entanto a cecotrofia é 

confundida com a coprofagia, que é a ingestão das fezes. Na cecotrofia, os animais 

retiram o cecotrofo diretamente do ânus ou defecam e separam as fezes do cecotrofo 

com ajuda das patas dianteiras e ingerem o material selecionado (MARTINO et al., 

2007).  Adicionalmente, as fezes e o cecotrofo possuem aparência e composição 

distintas. As fezes geralmente são mais secas e sem brilho, enquanto o cecotrofe possui 
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uma aparência úmida e brilhante, com teores mais elevados em proteínas e vitaminas 

(EDEN, 1940; CHILCOTT; HUME, 1985). 

Para que ocorra o comportamento de cecotrofia os movimentos anti-peristálticos 

cessam e o conteúdo do ceco é liberado, passando pelo cólon, reto e ânus 

(RUCKEBUSCH; HORNICKE, 1977; BJORNHAG, 1981). A ingestão do cecotrofo 

não é apenas uma reciclagem de material que não foi digerido (HIRAKAWA, 2001), 

pois esse material é enriquecido por meio da atividade dos microrganismos e fornece 

proteína de alta qualidade ao passar pelo estômago químico e intestino delgado, 

consequentemente, essa prática reduz a necessidade de nitrogênio na dieta para 

pequenos herbívoros (CORK E FOLEY, 1997).  O cecotrofo é diferente das fezes tanto 

no formato quanto na composição química, possui maior porcentagem de umidade, 

sendo rico em proteína e com menores concentrações de fibra do que as fezes (Tabela 1) 

(EDEN, 1940; CHILCOTT; HUME, 1985; TAKAHASHI; SAKAGUSHI, 1998).  

 

Tabela 1. Composição química das fezes e cecotrofo em três diferentes espécies.  
Nome comum

Nome científico

Autor

Fezes Cecotrofo Fezes Cecotrofo Fezes Cecotrofo

Matéria seca ― ― 53-57 23 40,7 32,6

Proteína bruta 9,2 28,5 13,125 29,375 13,4 19,1

Extrato etéreo 1,7 1,1 ― ― 2,77 3,55

Fibra bruta 28,9 15,5 ― ― ― ―

FDN ― ― 67,3 38,7 ― ―

FDA ― ― 57,7 31,1 33,6 29,5

Matéria mineral 8,2 11,2 ― ― 14,9 14,7

Ratão-do-banhado

Takahashi e Sakagushi, 1998

 Oryctolagus cuniculus Myocastor coypus

Coelho 

Eden, 1940

Pseudocheirus peregrinus

Gambá de rabo-anelado

Chilcott e Hume, 1985

 

Adaptado de Eden (1940), Chilcott e Hume (1985), Takahashi e Sakagushi (1998). 

 

Para realizar o comportamento de cecotrofia os animais apoiam- se nas patas 

traseiras e posicionam a cabeça entre a patas em direção ao ânus (Figura 2).  Os horários 

de ocorrência da cecotrofia variam. Em coelhos-cauda-de-algodão selvagens (Sylvilagus 

floridanus mearnsi) o comportamento foi avistado durante o dia (KIRKPATRICK, 

1956). Não existe consenso sobre o horário de ocorrência da cecotrofia em coelhos. 

Para Eden (1940), Thacker e Brandt (1955) e Sharkey (1971) o comportamento ocorre 

durante a noite. Taylor (1940) e Bonnafous e Raynaud (1967), por outro lado, relataram 

que a cecotrofia ocorre durante o dia. Enquanto Scheunert e Zimmermann (1952) 
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descreveram que ocorre tanto durante o dia quanto à noite. No ratão-do-banhado 

(Myocastor coypus) mantido em laboratório o comportamento de cecotrofia foi 

registrado entre 2h00min e 5h00min (TAKAHASHI; SAKAGUSHI, 1998). 

Aparentemente, segundo esses autores, o padrão está associado ao momento de maior 

tranquilidade no ambiente que o animal está alocado.  

 

Figura 2. Postura adotada por quatro espécies durante o comportamento de cecotrofia. 

A: Dipodomys microps (KENAGY E HOYT, 1980); B: Pseudocheirus peregrinus 

(CHILCOTT, 1984); C: Hydrochoerus hydrochaeris (MENDES, 1999); Lagostomus 

maximus (HAGEN et al., 2015). 
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3.2 Alimentação e nutrição em pacas 

As pacas alimentam-se de folhas, grãos, frutos, raízes e sementes, sendo que em 

vida livre a grande maioria da dieta é composta por frutas e sementes da estação 

(SMYTHE, 1987; ANTUNES, 2005). Existem poucos estudos sobre a nutrição de 

pacas. Em cativeiro, devido às similaridades fisiológicas entre pacas e coelhos 

(BENTTI, 1981), Nogueira-Filho e Nogueira (1999) sugeriram que em cativeiro seja 

usada ração comercial de coelhos suplementada com frutos e raízes para atender as 

exigências nutricionais da espécie. A necessidade da suplementação com frutos foi 

posteriormente confirmada pelo estudo de Laska et al. (2003) que descreveram a 

preferência das pacas em ingerir frutos ricos em ácido ascórbico, fato que levou os 

autores a sugerirem de que a espécie não sintetiza vitamina C, informação que ainda 

precisa ser confirmada. 

Devido à ação microbiana no ceco e à cecotrofia, a paca apresenta coeficientes 

de digestibilidade da fibra em detergente neutro (63,8 ± 21,4%) relativamente elevados 

quando comparados com os de outros animais monogástricos, como coelhos domésticos 

(MONTEIRO, 2013; MATTOS, 2015). Mais recentemente, Nogueira-Filho e 

colaboradores (2016) determinaram a exigência dietética de proteína bruta (5,5% PB), 

que é relativamente baixa para a paca quando comparada a exigência de coelhos (12% 

PB). Estes autores sugeriram que esta baixa exigência é devido ao comportamento de 

cecotrofia, que permite a ingestão de proteína microbiana de alto valor biológico, o que 

precisa ser confirmado. Estudos complementares sobre alimentação e nutrição de pacas 

em cativeiro precisam ser estimulados para a redução dos custos de produção e assim 

melhorar tanto a performance dos animais, quanto o aproveitamento dos alimentos 

fornecidos.   
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Abstract  

 

The colonic separation mechanism in lagomorphs and some rodents, associated with 

caecotrophy, serves to retain microbial protein. As tropical fruits have low protein 

concentrations, caecotrophy could be important microbial protein source in frugivorous 

rodents such as the paca (Cuniculus paca). Due to conflicting reports on the occurrence 

of caecotrophy in this species, we obtained digestive tracts of three adult animals and 

observed the behaviour of four specimens maintained on a diet of a pelleted feed (P) 

and a supplemental mix of fruits and sweet potato (S, a source of structural fibre). In a 

Latin square design, P and S were both offered either in the morning (M) or in the 

afternoon (A), or with one item in the morning and the other in the afternoon (SP or 

PS). The paca’s proximal colon is characterized by a distinct furrow typical for the 

colonic separation mechanism of hystricomorph rodents. Caecotrophy, both ‘direct’ 

(from the anus) and ‘indirect’ (from a pile of defecated faeces), was a regular 

component of the paca’s behavioural repertoire, and caecotrophs contained more 

nitrogen and less fibre than hard faeces. Higher food intake led to less overall 

caecotrophy. With afternoon feeding of S, the onset of caecotrophy was delayed and the 

proportion of indirect caecotrophy increased, with hard faeces and caecotrophs often 

defecated together. No indirect caecotrophy occurred on treatment M. The results 

suggest that the time available after ingestion of structural fibre determines the 

efficiency of the colonic mechanism for the separation of hard faeces and caecotrophs. 

 

Keywords: comparative physiology; coprophagy; hindgut fermenter 

 

Summary statement 

Paca performs caecotrophy; the occurrence of direct and indirect caecotrophy suggest 

that the efficiency of the colonic separation mechanism depends on the time available 

and the diet structure. 
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4.1 Introduction  
 

Lagomorphs and many rodents include ceacotrophy in their digestive strategy 

(Karasov and Martínez, 2007). Caecotrophy is the ingestion of special, soft faeces 

produced in the caecum that are voided and reingested directly from the anus 

(Hirakawa, 2001; Langer, 2002). The soft faeces, or ‘caecotrophs’, consists of caecal 

material rich in short-chained fatty acids, protein, and B vitamins from microbial 

sources, which is of great importance for the processes of digestion and nutrient 

utilization as allows the animal to obtain additional energy, amino acids, and vitamins 

(Carabaño et al., 2010; Gidenne et al., 2010). There is some discrepancy in the literature 

as to whether paca (Cuniculus paca) perform caecotrophy. Kraus et al. (1970) 

proactively claimed that paca do not practice caecotrophy. Matamorros (1982) observed 

that captive paca sometimes eat faeces deposited on the floor. In turn, Pérez (1992) state 

that ‘coprophagy is rare’ in the species. Later, Sabatini and Paranhos da Costa (2001a) 

reported that captive paca regularly perform caecotrophy, i.e. ingestion of soft faeces 

directly from the anus in a sitting position.  

In the Neotropics, the paca is one of the most hunted species due to the renowned 

flavour of its meat (Gallina et al., 2012; Valsechi et al., 2014; Martínez-Salas et al., 

2016). Because of that, farming of paca and other Neotropical species is pointed out as a 

possible conservation tool that may help to take the pressure off wild populations 

(Nogueira and Nogueira-Filho, 2011). Farmers of Brazil (Le Pendu et al., 2011), as well 

as of others Latin-American countries (Barquero and Barquero, 2008; Bonilla-Morales 

et al., 2013), are expanding the domestication of this species after the use of techniques 

that allowed to increase its productivity and economic feasibility. For instance, training 

captive-born animals to be more gregarious allows to breed paca in groups instead of 

couples as used in the traditional farming approach (Smythe, 1987; Smythe and Brown 

de Guanti, 1995). Advanced reproductive handling can take advantage of the post-

partum oestrous, which allows obtaining two litters per year, which can counter-balance 

the paca’s low reproductive potential of just one young per litter (Nogueira-Filho and 

Nogueira, 1999).  

Despite the value of paca meat and the efforts to farm the species, its digestive 

physiology has hardly been investigated. The paca is predominantly frugivorous, with a 
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small proportion of leaves and negligible amounts of insects in their natural diet (Beck-

King et al., 1999). As other hystricomorph rodents, such as viscacha (Lagostomus 

maximus, Hagen et al., 2015) and capybara (Hydrochoerus hydrochaeris, Mendes et al., 

2000), the paca has a voluminous cecum in which the microbial fermentation of plant 

fibre occurs (Garcia and Silva, 2000), although conclusive evidence (such as the 

presence of short-chained fatty acids) are lacking so far. It is reasonable to expect that 

paca has a colonic separation mechanism linked to a colonic furrow (Hume and 

Sakaguchi, 1991, Björnhag and Snipes, 1999), similar to other hystricomorph rodents. 

This mechanism leads to a separation of indigestible material excreted as ‘hard faeces’ 

on the one and caecotrophs on the other hand.  

The colonic separation mechanism in rodents and rabbits, and the associated 

behaviour of caecotrophy, is typically understood as a mechanism to retain microbial 

protein (Björnhag and Snipes, 1999, Takahashi and Sakaguchi, 2000, 2006). Because 

tropical fruits generally do not contain high concentrations of protein (Nogueira-Filho et 

al., 2016), caecotrophy could be considered a reasonable adaptation in frugivorous 

rodents as well. Therefore, one aim of this study was to describe the digestive tract of 

the paca, verifying the presence of a colonic furrow, which is linked to the colonic 

separation mechanism. We also intended to document the regular occurrence of 

caecotrophy in this species. Because both Matamorros (1982) and Sabatini and 

Paranhos da Costa (2001a) mentioned that paca sometimes eat parts of the faeces that 

are defecated, i.e. not directly from the anus, we payed special attention to the 

distinction between ‘direct’ (directly from anus) and ‘indirect’ caecotrophy behaviour. 

Additionally, we investigated whether the occurrence and timing of caecotrophy 

changed when the same diet was offered at different times of the day. Separating the 

daily diet into two distinct batches (a pelleted compound feed vs. a portion of fruits and 

sweet potato) that were either fed together or at different times of the day, we 

hypothesized that the time lag between ingestion and caecotrophy should remain more 

similar for the batch that had the stronger effect on the colonic separation mechanism. 

4.2  Materials and methods 

This study followed the principles of care applied to laboratory animals (NIH 

publication No. 86-23, revised in 1985) and was approved by the Committee on Ethics 
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in the Use of Animals of the Universidade Estadual de Santa Cruz (UESC) (Protocol 

No. 019/15). 

Digestive anatomy 

 

Digestive tracts of three 1-2-year-old male pacas (4.6 ± 0.7 kg) obtained from an 

abattoir and not related to the present study, were removed, freed from mesenteries, and 

layed out for length measurements and photographic documentation. Subsequently, the 

caecum head and the proximal colon were opened on the antimesenteric side and 

cleaned from contents to visualize the colonic groove or furrow. 

 

Study site and experimental animals 

 

The experiment was carried out at the Laboratory of Applied Ethology, 

Universidade Estadual de Santa Cruz, Ilhéus, Bahia, Brazil. At this site, four adult 

males Cuniculus paca, born and raised in captivity, approximately six years old and 

weighing on average 6.5 (± 0.5) kg, were individually housed in metabolism cages 

(1.2 m long, 0.8 m wide, and 0.8 m high). The cages were made of metal with a grid 

floor that allowed the separation and collection of faeces and urine in collectors located 

below the cages. Each metabolism cage had a feeder, a drinking trough, and a shelter. 

All animals were dewormed before the start of the study. 

 

Feeding regime 

 

The experimental design was a Latin square, in which all animals underwent four 

treatments in four consecutive experimental phases. Each phase was composed of 15 

days of adaptation to the feeding regime, followed by three days of data collection. 

Animals were weighed at the beginning and end of each treatment. In all treatments, the 

animals were offered, in original matter, 60 g of a pelleted compound rabbit feed 

(Nutricoelho, Nutriave, Viana-ES, Brazil), 80 g banana (Musa spp.), 180 g of mango 

(Mangifera indica), and 100g of sweet potato (Ipomoea batatas). The mango was 

offered without peel and seed, the banana was offered without peel and the sweet potato 

was offered raw and shelled.  
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Treatments differed in the timing of the feeding. In treatment M (morning), both the 

pelleted compound feed and supplements (mango, banana, and sweet potato) were 

provided at 8.00 am. In treatment A (afternoon), both the pelleted compound feed and 

supplements were provided at 4.00 pm. In treatment PS (pellets, then supplements), the 

pelleted compound feed was provided at 8.00 am and the supplements at 4.00 pm. In 

treatment SP (supplements, then pellets), the supplements were provided at 8.00 am and 

the pelleted compound feed at 4.00 pm. 

 

Behavioural observations 

 

The behaviour of the animals was recorded during the three consecutive data 

collection days (i.e., 72 hours) using digital cameras (CX-1620, Citrox, Manaus, Brazil) 

with infrared function connected to a digital image recorder (DVR Stand Alone, 

Greatek GTK-DVR08A, Manaus, Brazil). Then, the digital recorders were analysed by 

a single observer (LGA) using the ‘all occurrences’ sampling method (Altmann, 1974). 

Every incidence of caecotrophy was recorded including its duration (in seconds). To 

register caecotrophy, we followed Martino et al. (2007) by differentiating between 

‘direct’ and ‘indirect’ caecotrophy. In direct caecotrophy the animal licks the material 

directly as it is excreted from the anus, while during the indirect caecotrophy, the 

animal defecates, sniff the defecated material immediately or at some later time, and 

selectively ingests parts of this material. With these data, we calculated the average 

duration and average frequency of direct, indirect and total caecotrophy for each one of 

the four treatments. Moreover, we also determined the time elapsed between the intake 

of diet items and the beginning of caecotrophy. 

 

Sample, data collection, and chemical analysis 

 

Samples of feed items were collected during feeding times, identified and stored at 

-20oC for further analysis. We also collected and weighed the leftovers one hour after 

the diet was offered, to calculate the feed intake by the difference between the amount 

offered and the leftovers of each item during the three consecutive days of data 

collection. The animals always consumed both fruits and sweet potato completely. 
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Overall feed intake only differed due to varying intake of the pelleted compound feed, 

which had higher crude protein contents than supplements (Table 1).  

 

Table 1 Chemical composition of feedstuffs supplied, based on dry matter, g kg-1 dry 
matter (DM), unless stated. 
Nutrient Compound feed Banana Sweet potato Mango 
Dry matter (g kg-1 as fed) 842 216 208 156 
Total ash 157 28 41 25 
Crude protein 174 36 65 51 
Ether extracts 26 32 24 14 
Neutral detergent fibre 343 130 225 140 
Acid detergent fibre  169 34 118 37 
Gross energy (MJ kg-1 DM) 17.2 17.4 17.4 17.9 

 

In addition, samples of putative hard faeces and caecotrophs were collected for 

analysis and pooled per faeces type, animal and treatment. All material defecated was 

collected at 8.00 am, 11.00 am, 2.00 pm and 5.00 pm, identified, grouped and stored per 

day of freezer collection at -20° C for further analysis at the UESC Animal Nutrition 

Laboratory. Nutrient analyses for dry matter, total ash, nitrogen (crude protein), ether 

extracts, neutral detergent fibre, acid detergent fibre, and gross energy followed 

standard protocols (AOAC, 2016). NDF-bound nitrogen was analysed as nitrogen in 

neutral detergent fibre residue. Metabolic faecal nitrogen was calculated as total faecal 

nitrogen minus NDF-bound nitrogen. 

 

Statistical analysis 

 

Differences in duration and in the number of caecotrophy bouts between treatments 

were tested by a General Linear Model with individual as random factor and treatment 

as fixed factor, with Tukey’s post hoc tests for differences between treatments. Using 

linear regression analysis, with the total time spent as caecotrophy as the dependent and 

the number of caecotrophy bouts as the independent variable, the average time per bout 

was estimated as the slope of the linear regression. Correlations were tested by 

Pearson’s correlation coefficient. Differences between faeces and caecotrophs were 

assessed by paired t-test, using one value for each material per animal and treatment. All 

analyses were performed in SPSS 23.0 (IBM, Armonk, New York, USA) with the 

significance level set to 0.05.  



19 

 

 

4.3 Results 

 

Digestive anatomy 

 

The digestive tract of the paca was characterized by unilocular stomach and a very 

large caecum (Fig. 1A), and a distinct colonic furrow in the proximal colon (Fig. 1B). 

The lengths of the small intestine, caecum, and large intestine were 537.5 ± 22.5, 

40.3 ± 1.8, and 271.8 ± 3.3 cm, respectively. 

 

Figure 1. A) Macroscopic appearance of the digestive tract of a male paca (Cuniculus 
paca; drawing by Jeanne Peter and Letícia Guerra Aldrigui); B) inner aspect of the 
proximal colon (from the border to the caecum on the left towards the lower proximal 
colon on the right) with a distinct, dark colonic groove; C) Posture of paca (Cuniculus 
paca; Photo provided by Midian Monteiro) during direct caecotrophy. The animal bends 
backwards to lick up caecotrophs directly from the anus.  
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Description of the caecotrophy behaviour 

 

In the experimental period, we recorded 142 caecotrophy acts; 87 (61%) of them 

were direct caecotrophy and 55 (39%) were indirect caecotrophy. In either mode of 

caecotrophy, the paca chewed the caecotrophs for about 3 to 5 seconds. To perform 

direct caecotrophy, the animals sat down and lifted one of the hind legs. They then 

placed the snout in the region of the anus, sniffed the region several times before 

beginning to lick the caecotrophs directly from the anus (Fig. 1C). Sometimes, after 

sniffing its anus region, the animal just dropped the material on the cage’s floor. In turn, 

indirect caecotrophy occurred when the animal defecated on the floor of the cage and 

then, after sniffing the excreted material, separated a part, with the help of the front 

paws, and ingested it. The material was not always ingested, with portions of 

caecotrophs being found with bite marks. Both caecotrophy modes were performed 

nearly exclusively between dusk and dawn, with a single occurrence during the whole 

study between 8.00 am and 5.00 pm (Fig. 2). A linear regression analysis [with 95% 

confidence intervals, R2 = 0.68, P < 0.001] yielded the equation: 

 

 

 

Suggesting an average bout length of approximately 100s. 
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Figure 2. Distribution of caecotrophy events in paca (Cuniculus paca) across the day 
during four different feeding regimes of a combination of a pelleted compound feed and 
supplements - fruits and sweet potato (M - pellets and supplements in the morning, A - 
pellets and supplements in the afternoon, PS - pellets in the morning, supplements in the 
afternoon, SP - supplements in the morning, pellets in the afternoon). Columns indicate 
the average time spent in caecotrophy in the respective hour of the day. Arrows indicate 
the feeding times. 

 

Influence of the feeding regime on caecotrophy behaviour 

 

The statistical model showed no differences neither in the duration (P = 0.175; 

Table 2) nor in the number of caecotrophy bouts between treatments (P = 0.231; Table 

2). However, the percentage of indirect caecotrophy was lower (zero) in M compared to 

A and PS, with SP having an intermediate position (Table 2). There was also no 

difference between treatments (P = 0.203) in the average time of day when caecotrophy 

(direct or indirect) was performed. The average time of direct caecotrophy was earlier in 

M (before midnight) compared to PS (after 3.00 am), with A and SP in between (Table 

2). Among the three treatments in which we recorded indirect caecotrophy, it occurred 

on average earlier in SP than in A, with PS in between (Table 2). 
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Table 2 Measurements of body mass, intake and caecotrophy in paca (Cuniculus paca) under four 
different feeding regimes. 
  Treatment 

  M A PS SP 

Body mass kg 7.17 ±0.46 7.29 ±0.50 7.18 ±0.40 7.29 ±0.44 

Body mass gain g d-1 1.6 ±2.9 1.3 ±7.5 -1.1 ±8.4 7.8 ±8.4 

Pelleted feed intake* g DM d-1 30.3 ±11.7 28.7 ±13.4 26.9 ±14.2 28.6 ±8.8 

Fruit intake g DM d-1 66.3 66.3 66.3 66.3 

Relative dry matter intake* g kg-0.75 d-1 22 ±2 21 ±2 21 ±2 21 ±1 

Apparent dry matter digestibility % 87 ±3 85 ±2 87 ±2 86 ±3 

      

Total coprophagy bouts* n d-1 1.6 ±1.1 3.2 ±2.3 3.3 ±3.1 3.8 ±2.9 

Total coprophagy time* s d-1 188 ±137 291 ±226 519 ±473 301 ±307 

Direct caecotrophy bouts* n d-1 1.6 ±1.1 1.8 ±1.4 1.3 ±1.7 2.7 ±2.6 

Direct caecotrophy time* s d-1 188 ±137 148 ±128 196 ±247 229 ±306 

Indirect caecotrophy bouts n d-1 - 1.5 ±0.9 2.0 ±1.8 1.1 ±0.9 

Indirect caecotrophy time s d-1 - 143 ±123 323 ±330 71 ±70 

Indirect caecotrophy* % (s/s) 

caecotrophy  

0a 55 ±33b 58 ±45b 34 ±27ab 

      

Mean caecotrophy  time of day 23:26 03:30 01:34 23:28 

Mean direct caecotrophy  time of day 23:26a 03:05ab 03:46b 00:10ab 

Mean indirect caecotrophy  time of day - 03:40a 00:04ab 22:00b 

Mean delay first feeding - caecotrophy  h 15.4 ±2.2ab 11.5 ±1.3b 17.6 ±3.0a 15.5 ±1.1ab 

Mean delay pellet feeding - caecotrophy  h 15.4 ±2.2ab 11.5 ±1.3bc 17.6 ±3.0a 7.5 ±1.1c 

Mean delay supplements feeding - 

caecotrophy  

h 15.4 ±2.2a 11.5 ±1.3ab 9.6 ±3.0b 15.5 ±1.1a 

Feeding regimes: M - pellets and supplements in the morning, A - pellets and supplements in the 

afternoon, PS - pellets in the morning, supplements in the afternoon, SP - supplements in the morning, 

pellets in the afternoon. 

a, b, c different superscripts within lines indicate significant differences (ANOVA, Tukey post hoc test) 

between treatmens 

*significant effect of individual 

 

The delay between the first feeding of the day and the average time of caecotrophy 

differed between treatments (P = 0.016), with one difference at post hoc testing 

(P = 0.014), with lower values for A than for PS (Table 2). The delay between the 

delivery of pelleted feed and average caecotrophy time differed between treatments 
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(P = 0.002). The post hoc testing revealed three significant differences - with lowest 

values for SP (Table 2). The delay between delivery of supplements and average 

caecotrophy time also differed between treatments (P = 0.009), and post hoc testing 

revealed two significant differences - with lower values for PS than for M and SP 

(Table 2). 

The percentage (s/s) of indirect caecotrophy of overall caecotrophy was not 

correlated to the mean delay of caecotrophy since the first feeding (P = 0.416) or since 

the delivery of pelleted feed (P = 0.721), but was significantly, negatively correlated to 

the mean delay of caecotrophy since the delivery of supplements (r = -0.61, P = 0.021). 

In other words, the more time passed between delivery of fruits and sweet potato and 

caecotrophy, the lower the percentage of indirect caecotrophy. 

There were no differences in body mass gain, feed intake, and apparent digestibility 

among the four treatments (Table 2). However, there were significant differences 

among individuals, with one animal gaining weight and another one losing weight 

consistently across all treatments (Table 2). There was a positive correlation between 

the relative daily feed intake and the daily body mass gain (r = 0.57, P = 0.022, Fig 3A). 

Feed intake was also positively correlated to the protein concentration of the overall diet 

(r = 0.95, P < 0.001). Across all animals, intake was negatively correlated to overall 

caecotrophy duration (r = -0.71, P = 0.002, Fig. 3B) and to the duration of indirect 

caecotrophy (r = -0.59, P = 0.015), and there was a trend towards a negative correlation 

with the duration of direct coprophagy (r = -0.49, P = 0.054).  
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Figure 3. Correlations of the relative dry matter intake with A) the daily weight gain 
and B) the daily duration of caecotrophy in paca (Cuniculus paca) on four different 
feeding regimes (M - pellets and supplements in the morning, white symbols; A - pellets 
and supplements in the afternoon, black symbols; PS - pellets in the morning, 
supplements in the afternoon, light grey symbols; SP - supplements in the morning, 
pellets in the afternoon, dark grey symbols). 

 

Morphological and chemical differences of faeces and caecotrophs 

 

Sometimes, faecal material contained accumulations of fibrous strands derived 

from mango pulp (Fig. 4A); the occurrence of such material was, however, not recorded 

systematically. Two distinct types of defecated material were evident. Small, longish, 

compact pellet-like material was interpreted as ‘hard faeces’; these pellets mostly stuck 

together in a larger elongated shape (Fig. 4B, C). Material interpreted as ‘caecotrophs’ 

had a similar overall elongated shape but was amorphous, pasty, without any 

subdivisions, and softer to the touch. Repeatedly, an elongated piece of defecated 

material consisted first of a conglomerate of pelleted hard faeces and an attached 

amorphous part of soft faeces.  
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Figure 4. A) Strands of fibrous material deriving from mango pulp close to the kernel as 
found in the faeces of paca (Cuniculus paca); B) Defecated material of paca. Various 
portions representing hard faeces, soft or ‘caecotrophs’, either excreted separately or 
combined; C) Combined portion of hard and caecotrophs 

 

Hard faeces did not have a distinctive odour for humans, but caecotrophs had a 

pronounced acid odour, like that of silage. On the videos, material ingested during 

direct caecotrophy appeared to have the typical appearance of the amorphous 

caecotrophs. Moreover, indirect caecotrophy typically targeted amorphous and pasty 

parts of elongated structures, which were bitten off from the pelleted section. When 

comparing amorphous soft caecotrophs and pelleted hard faeces, caecotrophs were 

higher in moisture, total ash, total faecal nitrogen and metabolic faecal nitrogen, lower 

in NDF, ADF and NDF-bound nitrogen, and similar in ether extracts and gross energy 

as pelleted hard faeces (Table 3). 
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Table 3. Average composition of pelleted ‘hard faeces’ and amorphous 
‘soft faeces/caecotrophs’ of paca (Cuniculus paca). 

 

 

 

 

 

 

 

4.4 Discussion 

 

As expected, we confirmed the presence of a colonic furrow in the proximal colon 

of the digestive tract of the paca. This anatomic feature allows the colonic separation 

mechanism of ‘hard faeces’ (indigestible material excreted) and ‘soft faeces’ or 

‘caecotrophs’ similar to other hystricomorph rodents (Hume and Sakaguchi, 1991, 

Björnhag and Hörnicke, 1999). Our observational results confirm that caecotrophy is a 

regular component of the behavioural repertoire of the paca. The postural behaviour of 

the paca when practising caecotrophy involves a sideways retroflexion rather than the 

vertical ventroflexion typical for smaller rodents (e.g., Hagen et al., 2015), and is very 

similar to that of another large South American rodent, the capybara (c.f. Fig. 15.1 in 

Mendes and Nogueira-Filho, 2013). The physical appearances of hard and soft faeces or 

caecotrophs of paca are also very similar to those ones of capybara (c.f. Fig. 15.2 in 

Mendes and Nogueira-Filho, 2013). In the present study, the paca were always observed 

to chew when ingesting caecotrophs, both during direct or indirect caecotrophy. This is 

typical for other hystricomorph rodents such as nutria Myocastor coyopus (Takahashi 

and Sakaguchi, 1998) or capybara (Mendes et al., 2000), and in contrast to lagomorph 

rabbits (Oryctolagus cuniculus) that swallow their caecotrophs without chewing (Davies 

and Davies, 2003).  

The higher protein concentrations of the pelleted feed than the supplements (fruits 

and sweet potato) explains the positive correlation between the daily feed intake and the 

Nutrient  Hard faeces 
(n=16) 

Soft faeces 
(n=16) 

Dry matter (DM)* g kg-1 fresh 
matter 

433 ±6 327 ±4 

Total ash* g kg-1 DM 178 ±41 199 ±44 
Total faecal nitrogen* g kg-1 DM 43 ±6 50 ±9 
Ether extracts g kg-1 DM 33 ±14 34 ±14 
Neutral detergent fibre 
(NDF)* 

g kg-1 DM 414 ±45 355 ±33 

Acid detergent fibre* g kg-1 DM 300 ±40 159 ±34 
NDF-bound nitrogen* g kg-1 DM 4.4 ±0.7 3.8 ±1.2 
Metabolic faecal nitrogen* g kg-1 DM 38 ±6 46 ±8 
Gross energy kJ g-1 DM 18.3 ±1.2 18.3 ±1.2 

*difference 

between 

hard and soft 

faeces 

significant 

(paired t-

test, P ≤ 

0.01) 
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daily body mass gain. Moreover, the finding that animals that ingested less pelleted feed 

and hence also less protein had a higher frequency of caecotrophy matches reports in 

other species where lower quality food is linked to a higher use of caecotrophy, such as 

in rabbit (Fekete and Bokori, 1985; Carabaño et al., 1988; García et al., 1995), tuco-tuco 

(Ctenomys talarum) (Martino et al., 2007), capybara (Nogueira-Filho et al., 2013), and 

viscacha (Hagen et al., 2015). Finally, the comparatively low protein requirement 

documented in paca (Nogueira-Filho et al., 2016) matches the reliance of this species on 

the recycling of microbial nitrogen by caecotrophy. 

In smaller rodents such as voles (Lasiopodomys brandtii, Liu et al., 2007), bouts of 

feeding and coprophagy alternate several times during the day, whereas in larger 

rodents, a distinct biphasic pattern of foraging activity and a combination of resting and 

caecotrophy is evident (Takahashi and Sakaguchi, 1998). The pacas of the present study 

match the latter category: they showed a clear diurnal activity pattern, triggered most 

likely by the feeding times during daylight hours. The diurnal activity pattern can also 

be explained by the position of the enclosures that were exposed to traffic and campus 

noises during the day, and the lack of contact to conspecifics that could have helped to 

maintain the natural activity pattern. In the wild, paca are strictly nocturnal (Beck-King 

et al., 1999), spending the day in dens (Pérez, 1992) where they most likely also 

perform caecotrophy. Different reports have shown that in captivity, paca maintain their 

nocturnal activity pattern, practicing caecotrophy mainly during daylight hours 

(Sabatini and Paranhos da Costa, 2001b), or that an individual animal can shift towards 

daytime activity due to the respective management routine (e.g., Pilleri, 1960) but revert 

to nocturnal activity when this routine is changed again (Kraus et al., 1970). The periods 

during which the paca performs caecotrophy can change correspondingly, and the 

behaviour only occurred during night-time hours in the present study. When more feed 

was ingested later during the day, caecotrophy occurred later during the night, 

indicating that the colonic separation mechanism requires a certain time to prepare the 

caecotrophs. 

To our knowledge, the peculiar combination of pellet-shaped, formed ‘hard faeces’ 

and pasty, unformed, ‘soft faeces’ (caecotrophs) during the same defecation event has 

not been described in the literature on rodents so far. These defecations suggest that an 

emptying of the colon and rectum, where hard faeces are stored, can occur 

simultaneously with an emptying of the caecum, and lead to the ‘indirect caecotrophy’ 
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observed in the present study, which has also, to our knowledge, only been reported 

systematically in one other rodent species, the tuco-tuco (Martino et al. 2007). Indirect 

caecotrophy represented only 6% of all caecotrophy of the tuco-tuco, with no variation 

among the three diets used in that study. In the present study, one factor that possibly 

explain the simultaneous excretion of hard and soft faeces may be the comparatively 

high digestibility of the diet used, which led to a generally low amount of faeces that 

had to be excreted. A second factor was the time elapsed between the intake of diet 

items containing some structural fibre and the beginning of caecotrophy. The time that 

elapsed between intake of the supplement and caecotrophy was negatively correlated to 

the proportion of indirect caecotrophy. Notably, with the largest time difference 

between the intake of all diet components and the beginning of caecotrophy (treatment 

M), no indirect caecotrophy was observed. In contrast to the pelleted compound feed, 

which consisted of finely ground and compressed material, fruits and sweet potato 

supplements contained fibrous strands that were also observed sporadically in the hard 

faeces. Presumably, such fibrous material can be beneficial for the function of the 

separation mechanism that occurs in the colon, providing a substrate from which the 

very fine particles and microbes can be separated more easily, and also by providing 

mechanical stimulation and hence increased peristalsis that supports a separation of the 

different digesta components. 

The present study corroborates that the digestive strategy of paca comprises 

caecotrophy, with many similarities to other rodents. Additionally, the differentiation 

between direct and indirect caecotrophy indicates that the colonic separation mechanism 

operates under constraints related to the time and substrate provided for it. To make 

optimal use of the paca’s digestive strategy, farmers must minimise the losses of 

caecotrophs. Such losses inevitably occur when hard and soft faeces are excreted 

together and the proportion of indirect caecotrophy increases. To avoid this, the 

provision of a diet with an appropriate structural fibre component at the beginning of 

the period of feeding activity is recommended (which may be, depending on the 

husbandry regime, either in the morning or the evening). 
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5. ARTIGO CIENTÍFICO II 
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Abstract 

In small herbivores two types of colonic separation mechanism (CSM) occur: a wash-

back and a mucus-trap. The CSM can be differentiated by the ratio of the mean 

retention time (MRT) of a solute and a particle marker, and a secondary marker peaks 

can be explained by a re-ingestion of the markers via cecotrophy. The paca (Cuniculus 

paca), a Neotropical rodent practices cecotrophy behaviour (direct and indirect). To 

better understand the effects of diets on cecotrophy behaviour of paca and its 

mechanisms; we evaluated four diets with different concentration levels of protein 

(increasing) and fibre (decreasing). Four adult paca males were kept for 7 days in 

metabolic cages and recorded for 24 hours for the first 5 of these days. The diet was 

marked with a solute marker (cobalt (Co)-EDTA) and three particle markers (chromium 

(Cr)-mordanted fibre <2 mm, lanthanum (La)-mordanted fibre ~5mm, cerium (Ce)-

mordanted fibre ~8 mm). Proportion of indirect cecotrophy was higher when overall 

cecotrophy was rare and the time spent with direct cecotrophy tended to be highest in 

diet with more grass and lowest in the diet without grass (P = 0.087). There was a 

negative correlation between the percentage of indirect cecotrophy and the total time 

spent in cecotrophy (R = -0.57, P = 0.028), indicating that animals that spent less overall 

time in cecotrophy spent more of that time in indirect cecotrophy. Additionally, there 

were significant positive correlations between the dietary crude protein content and all 

three particle marker mean retention time, indicating shorter digesta retention, a higher 

degree of digesta phase separation, and more cecotrophy behaviour on the lower-protein 

diets. Our results thus corroborate the impression that the paca has a comparatively 

slightly lower metabolism than the average mammal and confirm general concepts 

about cecotrophy in hystricomorph rodents with a 'mucus trap' colonic separation 

mechanism. 
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5.1 Introduction 

 

Many, if not most, small herbivorous mammals typically ingest of a certain 

fraction of their own faeces, a process that is generally termed ‘coprophagy’ or 

‘cecotrophy’ (Cork et al. 1999; Karasov and Martínez del Rio 2007). The physical 

appearance and chemical composition of those faeces that not ingested ('hard faeces') 

and the other fraction of the faeces that is re-ingested (‘cecotrophs’ or ‘soft faeces’) 

typically differs, as for example demonstrated in the capybara (Hydrochoeris 

hydrochairis) (Mendes and Nogueira-Filho 2013) and the paca (Cuniculus paca) 

(Aldrigui et al. 2018). 

The two types of faeces are produced in the hindgut by a colonic separation 

mechanism (CSM) (Hörnicke and Björnhag 1980; Björnhag and Snipes 1999). In the 

digestive physiology of small herbivores, two types of CSM are usually compared: a 

wash-back and a mucus-trap CSM (Hume and Sakaguchi 1991; Björnhag and Snipes 

1999; Pei et al. 2001; Franz et al. 2011). According to Pei et al. (2001), CSM can be 

differentiated by the ratio of the mean retention time (MRT) of a solute and a particle 

marker (MRTsolute/MRTparticle), with ratios of up to 1.2 indicating a mucus-trap CSM and 

values above 1.3 indicating a wash-back CSM. Additionally, when measuring MRT and 

plotting the marker excretion over time after marker feeding, secondary marker peaks 

can often be identified that are most parsimoniously explained by a re-ingestion of the 

markers via cecotrophy (Clauss et al. 2007; Franz et al. 2011; Hagen et al. 2016). 

Cecotrophy should not be considered as a fixed but rather as a flexible process that 

responds to the quality and amount of the ingested diet. Diets of higher quality, often 

measured as protein concentration, typically trigger a lower frequency and reliance on 

cecotrophy, as demonstrated in rabbits (Fekete and Bokori 1985; Carabaño et al. 1988; 
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García et al. 1995), tuco-tucos (Ctenomys talarum) (Martino et al. 2007), capybara 

(Nogueira-Filho et al. 2013) or vicachas (Lagostomus maximus) (Hagen et al. 2015a). 

The paca is a hystricomorph South American rodent that occurs from Central 

Mexico to the pampas region of Brazil and Uruguay and the north of Argentina 

(Ramírez-Bravo and Hernández-Santín 2012; Bonilla-Morales et al. 2013; 

Leuchtenberger et al. 2016). Across Latin America, paca are hunted for their tasty meat 

(Ojasti 1993); for the same reason, farming and domestication efforts have been 

promoted (Smythe 1987; Smythe 1991; Silva Mattos and da Silva 2016). The species’ 

natural diet consists mainly of fruits and seeds (Beck-King et al. 1999). For captive 

animals, diets containing rabbit pellets have been promoted for high weight gains 

(Barquero Rodríguez and Barquero Arroyo 2008), but Nogueira-Filho et al. (2016) 

suggested that the protein requirements of pacas are lower compared to those of rabbits, 

due to a lower basal metabolic rate and lower endogenous protein losses. This would 

imply that some breeders are offering more protein than necessary, which means 

economic losses. These latter authors stated that it is important to prepare diets of 

sufficient fibre levels to utilize the species’ propensity for cecotrophy. 

In a previous study on paca, we investigated the effect of the timing of the feeding 

of individual ingredients of a uniform diet on the timing of cecotrophy and the 

proportions of direct (cecotrophs taken directly from the anus) and indirect (cecotrophs 

defecated with hard faeces and ingested after defecation) cecotrophy (Aldrigui et al. 

2018). This study had shown that in particular the feeding of ingredients that provided a 

source of structural fibre influenced cecotrophy behaviour. In the present study, we 

expanded this approach and used similar amounts of diets that differed in the proportion 

of fresh grass, a source of structural fibre, to test effects on cecotrophy. We 
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hypothesized that a higher proportion of grass in the overall diet would lead to a more 

frequent and/or prolonged cecotrophy, with a concurrent increase in secondary marker 

peaks. Additionally, we investigated other characteristics of the marker excretion 

pattern in paca such as the occurrence of passage markers in hard or soft faeces, or the 

time between a cecotrophy bout and the subsequent secondary marker peak. 

5.2 Methods 

This study followed the principles of care applied to laboratory animals (NIH 

publication No. 86-23, revised in 1985) and was approved by the Committee on Ethics 

in the Use of Animals of the Universidade Estadual de Santa Cruz (UESC) (Protocol 

No. 019/15). 

Animals and husbandry 

The experiment was carried out at the Laboratory of Applied Ethology (LABET 

14º47'39.8 ''S. 39º10'27.7''O) from UESC, Ilhéus, Bahia, Brazil. Five adult males of the 

species Cuniculus paca were obtained from a commercial breeder. The animals were 

approximately six years old, born and bred in captivity, weighing on average 5.8 (± 0.6) 

kg. All animals were dewormed before the start of the study. The animals were 

individually housed in metabolism cages (0.8 m high x 0.7 m wide x 1.5 m deep) made 

of metal with a grid floor that allowed the separation and collection of faeces and urine 

in collectors located below the cages; each animal had a tunnel-type shelter that 

facilitated constant behavioural surveillance by the cameras (see below). Cages were 

protected from direct exposure to sunlight. Cecotrophy was not prevented. 

The experiment was designed as a Latin square, in which four animals underwent 

four dietary treatments in four consecutive experimental phases. Each phase was 
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composed of eight days for adaptation to the feeding regime, followed by seven days of 

data collection. Animals were weighed at the beginning and end of each treatment. 

Water was provided ad libitum from a bucket positioned on an elevated platform to 

prevent defecation into the water, and the consumption of daily water was monitored by 

weighing (without accounting for evaporation due to the large amount of water 

consumed). The food was provided once per day. One hour after the diet was offered, 

the feeders were removed to verify the existence of leftovers; however, the animals 

always consumed the diets completely. All diets, i.e. high grass (HG), medium grass 

(MG), low grass (LG) and no grass (NG) contained, in original matter, 206.1 g of silver 

banana (Musa spp.), 121.5 g of tommy mango (Mangifera indica), as well as rabbit 

pellet, a horse pellet, soybean meal and fresh napier grass (Pennisetum purpureum) in 

different proportions (Table 1). The mango was offered without peel and seed, and the 

banana was offered without peel. Mango was supplied as a vitamin C source because it 

has been speculated that the paca is unable to synthesize ascorbic acid (Laska et al. 

2003). The grass was chopped to a particle length of approximately 0.5 cm. Diets were 

fed to achieve a constant dry matter intake across treatments, so that effects could be 

attributed to differences in diet composition. The ingredient and nutrient composition of 

the different diets is given in Table 1. In the course of the study, one animal died of 

causes unrelated to the study, and was replaced by a fifth animal. 
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Behaviour data 

The behaviour of the animals was recorded completely for the first five sampling days 

(i.e., 120 hours) using digital cameras (CX-1620, Citrox, Manaus, Brazil) with infrared 

function connected to a digital image recorder (DVR Stand Alone, Greatek GTK-

DVR08A, Manaus, Brazil). Then, the digital recorders were analysed by a single 

observer (LGA) using the ‘all occurrences’ sampling method (Altmann 1974). Every 

incidence of caecotrophy was recorded including its duration (in seconds). Following a 

previous study on paca (Aldrigui et al. 2018), the number of cecotrophy bouts as well as 

the total time spent in direct (cecotrophs taken directly from the anus) and indirect 

(cecotrophs defecated with hard faeces and ingested after defecation) was noted. With 

these data, we calculated the average duration and average frequency of direct, indirect 

and total caecotrophy for each one of the four treatments. 

 

Digestibility and digesta passage study 

For each animal and treatment, a diet sample was taken. Urine production was 

determined by measuring the urine excreted once daily. The digesta mean retention 

times (MRT) of a solute marker (cobalt (Co)-EDTA) and three particle markers 

(chromium (Cr)-mordanted fibre <2 mm, lanthanum (La)-mordanted fibre ~5mm, 

cerium(Ce)-mordanted fibre ~8 mm) were measured. Markers were prepared according 

to Udén et al. (1980) and were from the same batch used previously by Matsuda et al. 

(2015). Concentrations (in g per kg dry matter) in the Co-EDTA were 140 for Co, and 

in the mordanted material 38 for Cr, 16 for La and 13 for Ce. Markers were dosed 

according to the body mass of each animal (0.03 g Co-EDTA/kg; 0.2 g of each 
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mordant/kg). All markers were offered at one time (the Co-EDTA dissolved in water) 

mixed into the diet in the morning (9.00 am). For the subsequent seven days, all faeces 

were collected, checking enclosures every two hours during the day and using the video 

footage to determine the exact time of defecation during the night. Faeces were weighed 

and separated, based on visual appearance (Aldrigui et al. 2018) into hard faeces (bean-

shaped pellets) and soft faeces (homogenous, pasty faeces). Faecal samples were 

separated into individual samples for MRT marker analysis and a pooled faecal sample 

per animal and treatment for nutrient analysis. One faecal sample per animal taken 

before marker feeding served to quantify the baseline excretion of the marker elements. 

 

Analyses and calculations 

Diet and faecal pool samples were analysed by standard methods (AOAC 2012) in 

duplicate for dry matter and total ash (AOAC no. 942.05), nitrogen (AOAC no. 977.02), 

neutral detergent fibre (NDF, AOAC no. 2002.04), acid detergent fibre (ADF) and acid 

detergent lignin (ADL; AOAC no. 973.18). All detergent fibre values are expressed 

without residual ash. Gross energy was measured by bomb calorimetry. Diet samples 

were additionally analysed for ether extracts (AOAC no. 963.15) and crude fibre 

(AOAC no. 930.10). Individual faecal MRT samples were processed following Frei et 

al. (2015) by microwave digestion, followed by ICP-MS analysis for the elements Co, 

Cr, La and Ce; diet samples, and the last three samples of an animal per treatment, and 

those samples for which hard and soft faeces were recovered together, were additionally 

analysed by ICP-MS for sodium (Na), potassium (K), calcium (Ca), phosphorus (P), 

magnesium (Mg), copper (Cu), iron (Fe), manganese (Mn) and zinc (Zn). 
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Unfortunately, all samples of one animal on treatment NG were lost prior to lab 

processing. 

Apparent digestibility was calculated as the proportion of a nutrient not excreted 

of the overall intake (Robbins 1993). The MRT through the whole digestive tract was 

calculated according to Thielemans et al. (1978) as follows, 

MRT = 
Σ ti Ci dti 

Σ Ci dti 

 

where Ci = marker concentration in the faecal samples from the interval represented by 

time ti (h after marker administration, using the midpoint of the sampling interval) and 

dti = the interval (h) of the respective sample 

dti = 
(ti+1-ti)+(ti-ti-1) 

2 

The marker was assumed to have been excreted completely once the faecal marker 

concentrations were similar to the background-levels determined in pre-dose faecal 

samples. Marker concentrations were plotted as percentage of their maximum peak over 

time (Matsuda et al. 2015). Marker peaks were identified visually as samples in which 

concentrations were higher than in previous and subsequent samples; the time to the 

first marker peak, the time between the onset of cecotrophy (as timed from video 

sequences) and the corresponding secondary marker peaks, as well as the number of 

secondary marker peaks were noted. 

Statistics 
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Because one animal was replaced during the experiment, and the samples of one animal 

for one treatment were lost, the statistical approach typical for a Latin square could not 

be pursued, and differences between treatments were only analysed by a simple 

ANOVA with subsequent Sidak post hoc test. The marker concentrations of faeces and 

cecotrophs defecated at the same time were compared using the nonparametric paired 

Wilcoxon test. Differences in MRT between markers were assessed by paired t-tests 

(with a planned subsequent Sidak correction for multiple, but no significant differences 

were detected in the t-tests), and correlations between measures were performed, as 

appropriate, by parametric Pearson’s (R) or nonparametric Spearman’s (ρ) test. All 

analyses were performed in SPSS 23.0 (IBM, Armonk, New York, USA) with the 

significance level set to 0.05. 

5.3 Results 

 

The four diets differed significantly in several nutrients, with an increase (from HG to 

MG, LG and NG) in crude protein, P, Mg and gross energy, and a decrease in crude 

fibre, ADF and Fe (Table 1). As intended, there were no significant differences in dry 

matter intake or body mass gain between treatments (Table 2). There was no significant 

relationship between the relative digestible energy intake and body mass change (P = 

0.339) (Figure 1); however, a constant body mass appeared to be facilitated by a 

digestible energy intake of 350 kJ kg-0.75 d-1. Dietary water intake was highest on HG (P 

= 0.011, Table 2); by contrast drinking water and relative drinking water intake were 

highest on NG, but differences between treatments only tended towards significance 

(drinking water intake: P = 0.054; relative drinking water intake: P = 0.077). There was 

no difference in dry matter faecal excretion nor in the digestibility of any nutrient or 
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mineral (Table 2). The relative urine excretion tended to differ (P = 0.043, with no 

significance ad post hoc testing), with higher values on NG, and it was significantly 

correlated to the relative drinking water intake (R = 0.91, P < 0.001). 

Table 1 Ingredient and nutrient, fibre, mineral and energy composition of the four diets 
(high grass HG, medium grass MG, low grass LG, no grass NG) fed to pacas 
(Cuniculus paca) in the present study. 
 
  HG MG LG NG 
Rabbit pellet1 g as fed 11.9 8.3 3.6 0 
Horse pellet2  6.8 9.4 12.9 15.6 
Soybean meal  6.1 10.2 15.8 20.0 
Grass  35.9 25.2 10.8 0 
Banana  206.1 206.1 206.1 206.1 
Mango  121.5 121.5 121.5 121.5 
      
Dry matter (DM) g/kg as fed 232 ±7 236 ±18 249 ±19 240 ±16 
Total ash g/kg DM 70 ±3a 65 ±3ab 61 ±3bc 56 ±1c 
Crude protein  114 ±4a 129 ±4b 151 ±9c 169 ±3d 
Ether extracts  10 ±3 10 ±2 8 ±2 10 ±2 
Crude fibre  62 ±6a 55 ±2a 41 ±1b 31 ±2c 
NDF  206 ±6 203 ±16 176 ±13 182 ±25 
ADF  105 ±2a 96 ±9ab 89 ±4bc 75 ±4c 
ADL  33 ±2 31 ±6 33 ±2 29 ±6 
Na  0.48 ±0.03 0.45 ±0.07 0.42 ±0.04 0.44 ±0.04 
K  16.9 ±0.7 16.9 ±0.5 17.7 ±1.4 19.1 ±0.7 
Ca  5.1 ±0.7 5.0 ±0.5 4.6 ±0.6 5.3 ±0.7 
P  3.7 ±0.1a 3.7 ±0.1a 4.1 ±0.3ab 4.4 ±0.3b 
Mg  2.2 ±0.0a 2.2 ±0.1a 2.3 ±1.4ab 2.4 ±0.2b 
Cu mg/kg DM 15.9 ±3.3 14.0 ±0.8 17.7 ±2.5 19.1 ±1.6 
Fe  398 ±18a 352 ±25a 268 ±31b 231 ±14b 
Mn  76 ±13 74 ±13 65 ±11 61 ±13 
Zn  70 ±4 73 ±2 68 ±8 70 ±4 
Gross energy MJ/kg DM 18.4 ±0.1a 18.6 ±0.1a 18.9 ±0.0b 19.1 ±0.2b 
1Do Sítio Coelhão (Guabi, Campinas-SP, Brazil) 
2Equitage Potro Peletizado (Guabi, Campinas-SP, Brazil) 
a,bwithin lines, superscripts indicate significant differences (ANOVA, Sidak post hoc) between 
treatments 
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Figure 1 Relationship between the relative intake of digestible energy and the daily 
body mass change in paca (Cuniculus paca) fed four diets (high grass HG, medium 
grass MG, low grass LG, no grass NG). 

 

The time spent with direct cecotrophy tended to be highest in HG and lowest in 

NG (P = 0.087). All other measures of total, direct and indirect cecotrophy did not 

differ significantly between treatments (Table 2). Generally, there were significantly 

more direct than indirect cecotrophy bouts within each treatment (Table 2), but there 

was a negative correlation between the percentage of indirect cecotrophy and the total 

time spent in cecotrophy (R = -0.57, P = 0.028; Fig. 2), indicating that animals that 

spent less overall time in cecotrophy spent more of that time in indirect cecotrophy. 
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Table 2 Body mass, food and water intake, faeces and urine excretion, indicators of cecotrophy behaviour, 
nutrient digestibility, mean retention times and passage marker excretion characteristics in pacas 
(Cuniculus paca) fed four diets (high grass HG, medium grass MG, low grass LG, no grass NG). 

 
  Treatment* 
  HG MG LG NG 
Body mass kg 5.7 ±0.5 5.9 ±0.3 5.8 ±0.4 6.0 ±0.6 
Body mass gain g d-1 3.6 ±21.8 4.6 ±7.4 11.4 ±14.4 -3.6 ±7.7 
Dry matter intake g DM d-1 91 ±4 90 ±7 92 ±7 87 ±6 
Drinking water intake g d-1 306 ±45 390 ±149 561 ±168 586 ±167 
Diet water intake g d-1 301 ±4a 285 ±7ab 285 ±12ab 276 ±6b 
      
Relative dry matter intake  g kg-0.75 d-1 25 ±1 24 ±2 25 ±3 23 ±3 
Relative water intake g kg-0.75 d-1 164 ±15 200 ±54 203 ±42 228 ±61 
Relative dry matter excretion g kg-0.75 d-1 4.3 ±0.9 4.2 ±0.5 4.3 ±0.3 3.3 ±0.3 
Relative urine excretion g kg-0.75 d-1 86 ±24 96 ±20 166 ±51 158 ±63 
      
Total cecotrophy n d-1 17.8 ±3.8 12.0 ±6.9 9.5 ±5.5 9.4 ±1.7 
 s d-1 1196 ±272 707 ±504 581 ±318 614 ±172 
Direct cecotrophy n d-1 16.1 ±3.3A 11.1 ±6.1A 8.2 ±5.6A 7.3 ±1.8A 
 s d-1 1073 ±294A 648 ±449 648 ±167 440 ±163 
Indirect cecotrophy n d-1 1.7 ±1.2B 0.9 ±1.3B 1.3 ±1.2B 2.1 ±0.5B 
 s d-1 123 ±94B 58 ±92 69 ±63 174 ±69 
 % (s/s) cecotrophy 10.7 ±9.2 11.1 ±14.1 21.8 ±25.3 29.1 ±10.0 
      
      
Apparent digestibility %     
Dry matter  82 ±3 82 ±2 83 ±1 86 ±1 
Organic matter  84 ±3 84 ±1 84 ±1 87 ±1 
Nitrogen  67 ±8 74 ±1 73 ±4 76 ±1 
NDF  56 ±6 47 ±8 41 ±2 58 ±6 
ADF  48 ±8 29 ±12 28 ±1 35 ±6 
Gross energy  84 ±1 83 ±2 82 ±2 85 ±0 
Na  92 ±2 86 ±5 91 ±3 93 ±1 
K  85 ±8 81 ±18 91 ±2 95 ±2 
Ca  64 ±14 66 ±4 70 ±8 63 ±19 
P  36 ±16 33 ±9 36 ±9 42 ±3 
Mg  91 ±2 91 ±1 91 ±3 91 ±2 
      
rDEI kJ kg-0.75 d-1 378 ±16 380 ±33 384 ±57 374 ±48 
      
Mean retention time (MRT) h     
Co (solutes)  43 ±7 43 ±11 41 ±6 62 ±15 
Cr (particles <2mm)#  37 ±4a 37 ±7a 45 ±6ab 64 ±16b 
La (particles ~5mm)#  36 ±5a 37 ±8a 42 ±5ab 64 ±17b 
Ce (particles ~8mm)#  36 ±5a 38 ±8a 43 ±5ab 63 ±17b 
MRTCo/MRTCr  1.17±0.17a 1.15 ±0.11a 0.90 ±0.05b 0.98 ±0.03ab 
Time to first peak h 16 ±3 17 ±9 22 ±4 27 ±2 
Time between cecotrophy and 
secondary peak 

h 19 ±2 16 ±2 19 ±7 21 ±9 

Secondary peaks n 2.0 ±1.4 1.8 ±1.0 0.8 ±0.5 0.7 ±0.6 

* n=4 animals per treatment, except for NG (n=3) 
# particle size of the marker as fed (likely modified by chewing during marker ingestion) 

a,b within lines, superscripts indicate significant differences (ANOVA, Sidak post hoc) between 
treatments 
A,B significant differences between measures of identical unit within a column (paired t-test; no 
significant differences for the MRT of different markers) 
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Figure 2 Negative correlation between the total time spent in cecotrophy and the 
percentage of indirect cecotrophy of all cecotrophy in paca (Cuniculus paca) fed four 
diets (high grass HG, medium grass MG, low grass LG, no grass NG). 

 

The MRT of the different markers did not differ significantly within animals in 

any treatment (Table 2). MRT were generally lowest on HG and highest on NG, with 

significant differences between treatments for the particle markers (Table 2), but only a 

trend for the solute marker (P = 0.059). Similarly, there was a trend for an earlier first 

marker peak on HG and a later one on NG (P = 0.066). A negative correlation between 

the relative faecal dry matter excretion and the MRT of the small particle marker (R = -

0.55, P = 0.028; Fig. 3) indicates that differences in MRT can probably be linked to 

differences in the amount of indigestible material processed per day. There was no 

correlation between the MRT of the solute marker and the relative drinking water (P = 

0.656) or total water intake (P = 0.624). The MRTCo/MRTCr ratio differed significantly 

between treatments (P = 0.015, Table 2), with highest values on HG and lowest values 

on LG. 
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Figure 3 Negative correlation between the relative faecal dry matter excretion and the 
mean retention time (MRT) of the small particle marker (<2mm) in paca (Cuniculus 
paca) fed four diets (high grass HG, medium grass MG, low grass LG, no grass NG). 

 

Representative marker excretion curves, including an indication of secondary 

marker peaks as well as the timing of cecotrophy bouts, are displayed in Fig. 4. The 

average time between marker feeding and the first marker peak was 20.1 ±6.3 hours, 

and the average time between a cecotrophy event and the subsequent secondary marker 

peak was 18.4 ±4.6 hours, with no significant difference between the two times within 

animals (paired t-test, P = 0.648). The number of secondary peaks identified on the 

marker excretion graphs ranged from 1-4 on HG, 1-3 on MG, and 0-1 on both LG and 

NG, with no significant difference between the treatments (Table 2). There were no 

correlations between the number of secondary peaks and MRT (P = 0.390-0.610), the 

time spent in cecotrophy (P = 0.156) or the number of cecotrophy bouts (P = 0.246), but 

the number of secondary peaks correlated positively with the MRTCo/MRTCr ratio (ρ = 

0.68, P = 0.005). Additionally, there were a significant positive correlations between the 

dietary crude protein content and all three particle marker MRT (R = 0.68-0.71, P = 

0.003-0.005), and significant negative correlations between the dietary crude protein 
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content and the MRTCo/MRTCr ratio (R = -0.64, P = 0.010), the time spent in cecotrophy 

(R = -0.53, P = 0.044, Fig. 5A), the number of cecotrophy bouts (ρ = -0.53, P = 0.042) 

and the number of secondary marker peaks (ρ =-0.55, P = 0.036, Fig. 5B), indicating 

shorter digesta retention, a higher degree of digesta phase separation, and more 

cecotrophy behaviour on the lower-protein diets. 

HG 

 

MG 

 

LG 

 

NG 

 

Figure 4 Marker excretion curves in individual paca (Cuniculus paca) fed four diets 
(high grass HG, medium grass MG, low grass LG, without grass WG), for a solute 
marker (Co) and three particle markers fed at different sizes (particle lengths Cr <2mm, 
La ~5mm, Ce ~8mm). Secondary marker peaks are indicated by the arrows, cecotrophy 
events by black diamonds, and Co concentrations of soft faeces are indicated by white 
boxes. 
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Figure 5 Correlation between the dietary crude protein content (in % dry matter) and 
(A) the time spent in cecotrophy per day and (B) the number of secondary marker peaks 
on the marker excretion graphs (cf. Fig. 3) in paca (Cuniculus paca) fed four diets (high 
grass HG, medium grass MG, low grass LG, no grass NG). 

 

In paired samples of hard and soft faeces, the soft faeces had significantly higher 

concentrations of nitrogen and total ash, and lower concentrations of dry matter and 

detergent fibre components (Table 3). No individual mineral concentrations 

corresponded to the overall total ash difference (Table 3). There was a significant 

difference in the concentration of the solute marker (Co) between faeces and cecotrophs 

defecated together (cf. Fig. 4 MG, LG and NG), with higher concentrations in 

cecotrophs (median [interquartile range] faeces 74.5 [32.0-356.5] vs. cecotrophs 137.3 

[59.0-310.1] mg/kg DM, P = 0.016, Fig. 6), whereas no such difference was found for 

the three particle markers (Cr: 162.0 [35.3-641.5] vs. 174.0 [54.8-526.9] mg/kg DM, P 

= 0.954; La: 81.5 [23.3-359.1] vs. 95.0 [39.9-317.9] mg/kg DM, P = 0.241; Ce: 59.0 

[20.4-279.1] vs. 89.9 [32.0-260.1] mg/kg DM, P = 0.130. respectively). 

A B 
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Table 3 Nutrient composition of pairs of hard faeces and soft faeces ('cecotrophs') 
defecated simultaneously by the pacas (Cuniculus paca) during the present study. 
 
Nutrient  n (pairs) Hard faeces Soft faeces P* 
Dry matter (DM) g/kg fresh matter 12 384 ±48 306 ±23 <0.001 
Total ash g/kg DM 10 119 ±27 133 ±20 0.019 
Nitrogen  11 38 ±6 45 ±7 0.002 
NDF  8 577 ±57 492 ±51 0.022 
ADF  8 362 ±40 298 ±29 0.012 
ADL  8 193 ±39 149 ±33 0.021 
Na  15 0.30 ±0.26 0.18 ±0.16 n.s. 
K  15 12.2 ±9.0 8.0 ±6.9 n.s. 
Ca  15 10.1 ±4.0 7.3 ±6.4 n.s. 
P  15 14.5 ±2.0 12.8 ±9.6 n.s. 
Mg  15 1.2 ±0.3 1.1 ±0.8 n.s. 
Cu mg/kg DM 15 71 ±14 60 ±45 n.s. 
Fe  15 2078 ±467 1433 ±1093 n.s. 
Mn  15 389 ±96 289 ±221 n.s. 
Zn  15 284 ±51 230 ±173 n.s. 
Gross energy MJ/kg DM 9 19.2 ±0.6 19.3 ±0.7 n.s. 
*paired t-test 

 

 

Figure 6 Comparison of the concentration of the solute marker (cobalt Co) between 
samples of faeces and cecotrophs defecated simultaneously in paca (Cuniculus paca) 
across all animals and diets of the present study. The large differences in Co 
concentration between the sample pairs reflect their respective position in the marker 
excretion curves. 
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5.4 Discussion 

 

The results of the present study confirm general concepts about cecotrophy in 

hystricomorph rodents with a ‘mucus trap’ colonic separation mechanism (CSM) and 

illuminate certain details on this CSM and the behaviour of cecotrophy not 

demonstrated so far. For example, the results indicate an effect of diet composition on 

the occurrence of direct and indirect cecotrophy and associated secondary marker peaks 

in marker excretion curves; they indicate a particular effect of the paca’s CSM on the 

solute marker; and they show that the time between primary marker ingestion and the 

first marker excretion peak is not different from the time of cecotrophic marker 

ingestion and a secondary marker excretion peak. 

Apart from the unfortunate death of one experimental animal and the loss of a set 

of samples of another animal, the main limitation of the present study were the 

comparatively low dietary fibre levels of the different treatments. Although the organic 

matter digestibilities measured correspond to these low fibre levels in a comparative 

context (Fig. 7A), it remains debatable whether the combination of a low food intake, 

high digestibility and long digesta MRT of the present study is representative for free-

ranging paca, or whether these animals typically consume diets of higher fibre levels 

and subsequently have higher intakes, shorter MRT and lower digestibilities. Another 

indication for a comparatively low food intake in the present study is the relationship 

between dry matter and total water intake, where the paca show comparatively high 

water intakes (mainly derived from drinking water, and in particular on diet NG, Table 

2) for their dry matter intake (Fig. 7B). Water intake may compensate for a lack of oral 

stimulation on high-energy, low-volume diets (Balsiger et al. 2017). But even within the 
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narrow range of dietary fibre and with the corresponding low food intake level, the 

present study found associations between diet and cecotrophy, and hence contributes to 

the understanding of the digestive physiology of hystricomorph rodents. 

A 

 

B 

 

C 

 

D 

 

Figure 7 Comparison of the paca (Cuniculus paca) of the present study with 
relationships across hindgut-fermenting herbivores from the literature (Hagen et al., 
2015a; Hagen et al., 2015b) for (A) dietary crude fibre concentration and the apparent 
digestibility (aD) of organic matter (OM), (B) dry matter and total water intake, (C) 
dietary concentrations of crude protein and apparently digestible crude protein, (D) 
dietary concentrations of calcium and apparently digestible calcium. 

 



53 

 

Although the present study did not aim to assess maintenance energy 

requirements in pacas, the comparison of digestible energy intake and body mass 

changes suggest a DE maintenance requirement of approximately 350 kJ kg-0.75 d-1; 

assuming that metabolizable energy ME represents 95% of DE in the case of hindgut 

fermenting herbivores on fruits and herbage (Robbins 1993), this translates into 333 kJ 

ME kg-0.75 d-1 or 1.1 times the mammalian basal metabolism average of 293 kJ ME kg-

0.75 d-1 (Kirkwood 1996) or 1.3 times the basal metabolism of 252 kJ ME kg-0.75 d-1, 

cited by McNab (2008) for paca. The data of the present study thus corroborate the 

impression that the paca has a comparatively slightly lower metabolism than the average 

mammal. When comparing findings on protein or calcium digestibility with literature 

data on other hindgut fermenters (Fig. 7CD), it appears that the paca is no different from 

other species, and in particular shares the physiological strategy of high calcium 

digestibility observed in many hindgut fermenters (Hagen et al. 2015b). 

There was no discernible difference in the excretion of the three particle markers 

within animals, which might tentatively suggest that for particulate matter that is 

ingested in the range of one to several millimetres, no evident size-dependent 

differentiation applies. This contrasts with ruminants and camelids, in which systematic 

differences in retention times exist between particle markers of different sizes, whereas 

it is similar to findings in non-ruminant foregut fermenters (Schwarm et al. 2008; 

Schwarm et al. 2009; Dittmann et al. 2015; Matsuda et al. 2015). In hindgut fermenters, 

a differential excretion of different-sized particles is often assumed, with a faster 

excretion of larger, indigestible particles and a selective retention of small particles 

(bacteria) by a CSM (Björnhag et al. 1984; Björnhag and Snipes 1999). While this can 

be corroborated by comparative sieve analyses of faeces and caecum content that 
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indicated a higher proportion of smaller particles in the caecum (Vispo and Hume 

1995), the problem of assessing this by markers of different particle sizes is to be sure 

these particle sizes really reflect the particles reaching the CSM. When, as in the present 

study, markers are fed and hence subjected to an uncontrolled amount of mastication, 

we cannot know whether they still reflect particles of different sizes in the faeces. 

Ideally, this question would be assessed as recently done in horses, by marking a whole 

forage and assessing marker excretion in different particle size fractions of the faeces 

separated by wet sieving (Hummel et al. 2018). Another approach would be to use 

markers of a particle size at and below the mean faecal particle size, to mimic the size of 

indigestible fibre and bacteria in the faeces. 

General aspects of retention studies were also found in the present study, such as 

shorter MRT at higher excretion of faecal dry matter, and an absence of a correlation 

between drinking water intake and the MRT of a solute marker (i.e., ‘fluid passage’) 

(Clauss et al. 2010; Hebel et al. 2011). In contrast to particle markers, the passage of 

solute markers do not only represent the uni- or bidirectional movement of digesta, but 

may also reflect the mechanisms of absorption, secretion and re-absorption of fluid, 

with variable marker concentrations per unit fluid along the gastrointestinal tract. This is 

particularly evident in herbivores with a ‘wash-back’ CSM where the solute marker is 

particularly retained in the caecum. In ‘mucus trap’ CSM, there is typically very little 

difference in the MRT of solutes and particles, and the MRTCo/MRTCr ratios measured 

in our pacas were, at 0.8-1.3 (and only one out of 15 measurements reaching 1.4), 

mainly within the range considered indicative of the ‘mucus trap’ CSM (Pei et al. 2001).  
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The ‘mucus trap’ CSM is associated with the anatomical structure of the colonic 

‘groove’ or ‘furrow’ (Hume and Sakaguchi 1991; Takahashi and Sakaguchi 2000; 

Takahashi and Sakaguchi 2006) also documented in paca (Aldrigui et al. 2018). In this 

groove, mucins secreted from mucoid glands (Snipes et al. 1988; Tano de la Hoz et al. 

2017) are transported retrogradely into the caecum, taking along fine particles, 

especially bacteria. In the present study, the direct comparison of hard and soft faeces 

excreted simultaneously suggested that the mucus trap mechanism segregates the solute 

marker at a higher efficiency into the caecum than the particle markers. This could 

mean that the solute marker transferred from other digesta fluid to the mucins, or that 

the fluid transporting the solute marker is selectively guided by the same mechanism 

that also directs the mucins towards the caecum. 

When discussing secondary marker peaks as indicators of cecotrophy, Clauss et 

al. (2007) suggested that one could use the time between marker ingestion and the first 

marker peak to reconstruct the timing of cecotrophy, by subtracting the same period 

from the time of the secondary peaks. These authors did not have data from behavioural 

observations to test this hypothesis. In the present study, this hypothesis could be tested, 

due to the simultaneous application of passage markers and behavioural observations. 

The time between marker feeding and the primary marker excretion peak, indeed, did 

not differ significantly, within animals, from the time between the onset of cecotrophy 

and the corresponding secondary marker peak. Therefore, reconstructing cecotrophy 

events from marker peaks is feasible. However, scrutinizing for example the data 

represented in Fig. 4 for diet MG, one must acknowledge that not every bout of 

cecotrophy is necessarily reflected in a secondary marker peak. The lack of a 

corresponding peak can be a consequence of a comparatively infrequent defecation 
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pattern that collects the differential marker movements in a signal integrated over half a 

day: On average, the paca of the present study defecated two times per day, much less 

than guinea pigs (Franz et al. 2011), viscachas (Clauss et al. 2007; Hagen et al. 2015a) 

or chinchillas (Hagen et al. 2016). Most likely, this infrequent defecation regime is a 

consequence of the low fibre-low intake feeding regime of the present study. 

The results confirm that the strategy of cecotrophy adapts to the quality of the 

ingested diet, with indicators of cecotrophy, including behavioural observation and 

secondary marker peaks, increasing in intensity with lower-protein diets. ‘Indirect’ 

cecotrophy a peculiarity of cecotrophy only described in the tuco-tuco (Martino et al. 

2007) and the paca (Aldrigui et al. 2018) so far. We have suggested previously that in 

the paca, this behaviour is likely the consequence of the simultaneous defecation of hard 

and soft faeces, which in turn may be an indication for a CSM not functioning optimally 

due to a lack of dietary structured fibre (Aldrigui et al. 2018). The results of the present 

study corroborate this concept, as the proportion of indirect cecotrophy was higher 

when overall cecotrophy was rare. Therefore, we recommend that diets higher in fibre 

than in the present study are fed to paca in production systems to make optimal use of 

their digestive strategy of cecotrophy. 
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6. CONSIDERAÇÕES FINAIS 
 

O presente estudo corrobora que a estratégia digestiva de paca compreende a 
caecotrofia, com o mecanismo de separação colônico conhecido como “mucous trap”, 
com muitas semelhanças com outros roedores. Além disso, a diferenciação entre a 
caecotrofia direta e indireta indica que o mecanismo de separação do colônico opera sob 
restrições relacionadas ao tempo e ao substrato fornecidos.  

Os resultados confirmam que o comportamento de cecotrofia adapta-se à qualidade da 
dieta ingerida, aumentando a frequência do comportamento com o uso de dietas mais 
pobres em proteínas. 

Portanto, recomendamos que dietas mais altas em fibra do que no presente estudo sejam 
fornecidas para pacas em sistemas de produção para fazer o melhor uso de sua estratégia 
digestiva de cecotrofia. 
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send an outline to the Editorial Office for approval prior to submission. 
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Original Articles 
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results of experiments carried out in order to test a novel hypothesis. Original articles should contain the following 

sections: Summary, Introduction, Materials and Methods, Results, Discussion, References. 

 

Review Articles 

The journal welcomes review articles on topics of high current interest within the scope of the journal. Review 

articles must also include a Summary, Introduction and References, but the other headings may be chosen depending 

on the structure of the article. 
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Short Communications 

Short communications are brief articles that present particularly novel or exciting results, introduce new theories or 
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important results in concise form or (b) introduce significant new concepts or methods that are supported by a limited 
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approaches. They should stimulate thought, serving as precursors to new research programs or working groups. In 
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iii. The full names of the authors 

iv. The author's institutional affiliations where the work was carried out, with a footnote for the author’s present 

address if different from where the work was carried out 

v. Acknowledgments 
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viii. References 
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x. Figure legends 

xi. Appendices (if relevant). Figures and supporting information should be supplied as separate files. 
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contain abbreviations (see Wiley's best practice SEO tips). 

Authorship. For details on eligibility for author listing, please refer to the journal’s Authorship policyoutlined in 

the Editorial Policies and Ethical Considerations section. 

Acknowledgements. Contributions from individuals who do not meet the criteria for authorship should be listed, with 

permission from the contributor, in an Acknowledgments section. Financial and material support should also be 

mentioned. Thanks to anonymous reviewers are not appropriate. 

Conflict of interest Statement. Authors will be asked to provide a conflict of interest statement during the submission 

process. See ‘Conflict of Interest’ section in Editorial Policies and Ethical Considerations for details on what to 

include in this section. Authors should ensure they liaise with all co-authors to confirm agreement with the final 

statement. 

Summary 

The summary should not exceed 300 words, while giving the major objectives, methods, results, conclusions and 

practical applications of the research. 



68 

 

Keywords 

Please provide up to six keywords. 

References 

References should be prepared according to the Publication Manual of the American Psychological Association (6th 

edition). This means in text citations should follow the author-date method whereby the author's last name and the 

year of publication for the source should appear in the text, for example, (Jones, 1998). The complete reference list 

should appear alphabetically by name at the end of the paper. 

A sample of the most common entries in reference lists appears below. Please note that a DOI should be provided for 

all references where available. For more information about APA referencing style, please refer to the APA FAQ. 

Please note that for journal articles, issue numbers are not included unless each issue in the volume begins with page 

one. 

Journal article 

Beers, S. R. , & De Bellis, M. D. (2002). Neuropsychological function in children with maltreatment-related 

posttraumatic stress disorder. The American Journal of Psychiatry, 159, 483–486.doi:10.1176/appi.ajp.159.3.483 

Book 

Bradley-Johnson, S. (1994). Psychoeducational assessment of students who are visually impaired or blind: Infancy 

through high school (2nd ed.). Austin, TX: Pro-ed. 

Internet Document 

Norton, R. (2006, November 4). How to train a cat to operate a light switch [Video file]. Retrieved 

from http://www.youtube.com/watch?v=Vja83KLQXZs 

Reference formatting by number of authors 

One or two authors 

First text citation - Palmer & Roy, 2008 

Subsequent text citations - Palmer & Roy, 2008 

Three, four, or five authors 

First text citation - Sharp, Aarons, wittenberg, & Gittens, 2007 

Subsequent text citations - Sharp et al., 2007 

Six or more authors 

First text citation - Mendelsohn et al., 2010 

Subsequent text citations - Mendelsohn et al., 2010 

Tables 

Tables should be self-contained and complement, not duplicate, information contained in the text. They should be 

supplied as editable files, not pasted as images. Legends should be concise but comprehensive – the table, legend, and 

footnotes must be understandable without reference to the text. All abbreviations must be defined in footnotes. 

Footnote symbols: †, ‡, §, ¶, should be used (in that order) and *, **, *** should be reserved for P-values. Statistical 

measures such as SD or SEM should be identified in the headings. 

Figure Legends 

Legends should be concise but comprehensive – the figure and its legend must be understandable without reference to 

the text. Include definitions of any symbols used and define/explain all abbreviations and units of measurement. 

Figures 
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Although authors are encouraged to send the highest-quality figures possible, for peer-review purposes, a wide 

variety of formats, sizes, and resolutions are accepted. Click here for the basic figure requirements for figures 

submitted with manuscripts for initial peer review, as well as the more detailed post-acceptance figure requirements. 

Figures submitted in colour may be reproduced in colour online free of charge. Please note, however, that it is 

preferable that line figures (e.g. graphs and charts) are supplied in black and white so that they are legible if printed 

by a reader in black and white. If an author would prefer to have figures printed in colour in hard copies of the 

journal, a fee will be charged by the Publisher. Please use the Colour Work Agreement Form. 

Additional Files 

Appendices 

Appendices will be published after the references. For submission they should be supplied as separate files but 

referred to in the text. 

Supporting Information 

Supporting information is information that is not essential to the article, but provides greater depth and background. It 

is hosted online and appears without editing or typesetting. It may include tables, figures, videos, datasets, etc. Click 

here for Wiley’s FAQs on supporting information. 

Note: if data, scripts, or other artefacts used to generate the analyses presented in the paper are available via a 

publicly available data repository, authors should include a reference to the location of the material within their paper. 

General Style Points 

The following points provide general advice on formatting and style. 

• Abbreviations: Abbreviations of biological, medical, chemical, and other terms should only be used when such 

abbreviations are both internationally recognized and unambiguous. The first use of an abbreviation must be 

explained by also giving the unabbreviated term. All biological, medical, chemical, and other names should be given 

in keeping with the latest international nomenclature. If an animal is being mentioned in the text for the first time, the 

binomial name should be given, e.g. carp (Cyprinus carpio L.). Thereafter, this can be abbreviated to C. carpio. 

 

• Units of measurement: Measurements should be given in SI or SI-derived units. Visit the Bureau International des 

Poids et Mesures (BIPM) website at www.bipm.fr for more information about SI units. Concentrations of solutions 

should be given as molar concentrations. All other concentrations should be expressed as percentages. 

 

• Statistics: Descriptions of the statistical evaluation of results should be accompanied by the name of the computer 

software and the procedures applied (one- two-factorial ANOVA, Tukey's test etc.). Average values given in tables 

should be accompanied by the standard deviation (SD) values, or in experiments where the greater number of 

samples (animals, units etc.) have been considered, the SEM value as well as probability P should be given. 

 

• Numbers: numbers under 10 are spelt out, except for: measurements with a unit (8mmol/l); age (6 weeks old), or 

lists with other numbers (11 dogs, 9 cats, 4 gerbils). 

 

• Trade Names: Chemical substances should be referred to by the generic name only. Trade names should not be 

used. Drugs should be referred to by their generic names. If proprietary drugs have been used in the study, refer to 

these by their generic name, mentioning the proprietary name and the name and location of the manufacturer in 

parentheses. 
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Wiley Author Reseources 

Manuscript Preparation Tips: Wiley has a range of resources for authors preparing manuscripts for submission 

available here. In particular, authors may benefit from referring to Wiley’s best practice tips on Writing for Search 

Engine Optimization. 

Editing, Translation, and Formatting Support: Wiley Editing Services can greatly improve the chances of a 

manuscript being accepted. Offering expert help in English language editing, translation, manuscript formatting, and 

figure preparation, Wiley Editing Services ensures that the manuscript is ready for submission. 

5. EDITORIAL POLICIES AND ETHICAL CONSIDERATIONS  

Editorial Review and Acceptance 

The acceptance criteria for all papers are the quality and originality of the research and its significance to journal 

readership. Papers will only be sent to review if the Editor-in-Chief determines that the paper meets the appropriate 

quality and relevance requirements. 

Wiley's policy on confidentiality of the review process is available here. 

Data Sharing and Accessibility 

The journal encourages authors to share the data and other artefacts supporting the results in the paper by archiving it 

in an appropriate public repository. Authors should include a data accessibility statement, including a link to the 

repository they have used, in order that this statement can be published alongside their paper. 

Animal Studies 

A statement indicating that the protocol and procedures employed were ethically reviewed and approved, as well as 

the name of the body giving approval, must be included in the Methods section of the manuscript. Authors are 

encouraged to adhere to animal research reporting standards, for example the ARRIVE reporting guidelines for 

reporting study design and statistical analysis; experimental procedures; experimental animals and housing and 

husbandry. Authors should also state whether experiments were performed in accordance with relevant institutional 

and national guidelines for the care and use of laboratory animals: 

• US authors should cite compliance with the US National Research Council's Guide for the Care and Use of 

Laboratory Animals, the US Public Health Service's Policy on Humane Care and Use of Laboratory Animals, 

and Guide for the Care and Use of Laboratory Animals. 

 

• UK authors should conform to UK legislation under the Animals (Scientific Procedures) Act 1986 Amendment 

Regulations (SI 2012/3039). 

 

• European authors outside the UK should conform to Directive 2010/63/EU. 

In the interests of the reproducibility of results, accurate information about any test animals used in the experiments 

(origin, genotype, etc.), as well as information about the housing conditions (diet, environment, etc.), should be given. 

Species Names 

Upon its first use in the title, abstract, and text, the common name of a species should be followed by the scientific 

name (genus, species, and authority) in parentheses. For well-known species, however, scientific names may be 

omitted from article titles. If no common name exists in English, only the scientific name should be used. 

Genetic Nomenclature 
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Sequence variants should be described in the text and tables using both DNA and protein designations whenever 

appropriate. Sequence variant nomenclature must follow the current HGVS guidelines; see varnomen.hgvs.org, 

where examples of acceptable nomenclature are provided. 

Sequence Data 

Nucleotide sequence data can be submitted in electronic form to any of the three major collaborative databases: 

DDBJ, EMBL, or GenBank. It is only necessary to submit to one database as data are exchanged between DDBJ, 

EMBL, and GenBank on a daily basis. The suggested wording for referring to accession-number information is: 

‘These sequence data have been submitted to the DDBJ/EMBL/GenBank databases under accession number 

U12345’. Addresses are as follows: 

• DNA Data Bank of Japan (DDBJ) www.ddbj.nig.ac.jp 

• EMBL Nucleotide Archive: ebi.ac.uk/ena 

• GenBank www.ncbi.nlm.nih.gov/genbank 

Proteins sequence data should be submitted to either of the following repositories. 

• Protein Information Resource (PIR): pir.georgetown.edu 

• SWISS-PROT: expasy.ch/sprot/sprot-top 
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Authors should list all funding sources in the Acknowledgments section. Authors are responsible for the accuracy of 
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Authorship  
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4. Agreed to be accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity 

of any part of the work are appropriately investigated and resolved. 
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