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RESUMO 

Os anfíbios anuros formam um grupo comprovadamente monofilético e 

apresentam várias características em comum que estão relacionadas, principalmente, a 

adaptação das espécies à ambientes úmidos, aonde estas se desenvolvem e 

reproduzem. Apesar da restrição do ambiente de reprodução, as espécies de anfíbios 

anuros apresentam grande diversidade morfológica, como também a maior 

diversidade de modos reprodutivos relatados para todos os grupos de tretápodas 

atuais. O Brasil é o país com maior riqueza de anfíbios anuros com, 

aproximadamente, 950 espécies descritas até o momento. A maioria das espécies do 

território brasileiro apresentam uma fase larval que, na maioria dos casos, se 

desenvolve no ambiente aquático e não apresenta qualquer semelhança com a sua 

forma adulta, seja na sua morfologia ou no nicho ecológico que ocupa. As larvas de 

anfíbios anuros são comumente utilizadas em estudos taxonômicos e fornecem 

informações importantes que auxiliam na classificação das espécies. Além disso,  a 

identificação das espécies baseadas na forma larvária facilitam estudos de ecologia de 

populações e comunidades, como também, tornam mais precisos inventários 

faunísticos. Apesar disso, aproximadamente 50% dos girinos das espécies de anuro 

que ocorrem no território brasileiro não são conhecidas e existem poucos trabalhos 

com foco na variação dos caracteres larvais ao longo de várias populações, o que 

dificulta a avaliação da sua utilidade em estudos taxonômicos e pode contribuir, por 

exemplo, para a existência de espécies crípticas. Além disso, existem poucos 

trabalhos que descrevem a diversidade morfológica larval com enfoque em regiões 

específicas e, no Brasil, exsitem, apenas, três chaves de identificação de espécies com 

base nos caracteres larvais. A falta de descrições afeta diretamente trabalhos sobre 

anurofauna no país, e dificultam o desenvolvimento de trabalhos experimentais ou de 



	  

	  

interações ecológicas, por exemplo. Logo, descrições de girinos são necessários para 

tornar mais completo o conhecimento sobre a anurofauna das espécies que ocorrem 

no território brasileiro. Com isso, este trabalho teve como objetivo fornecer dados que 

complementam o conhecimento existente sobre as formas larvais no território 

brasileiro, com foco na anurofauna da região sudeste do Estado do Rio Grande do 

Norte. Neste trabalho, são descritos os girinos de cinco espécies cuja forma larval 

ainda não era conhecida, como também, elaboro uma chave de identificação 

dicotômica baseada em caracteres larvais para a região sudeste do Estado do Rio 

Grande do Norte e comento sobre a utilidade dos caracteres larvais para a taxonomia e 

sistemática dos diversos grupos de anfíbios anuros abordados neste trabalho. Além 

disso, uma nova espécie do gênero Pseudopaludicola é descrita e os caracteres larvais 

auxiliaram em sua diagnose e na diferenciação de congeneros. Os resultados gerados 

aqui poderão ser úteis ou auxiliar em trabalhos futuros que necessitem da 

identificação das formas larvais de anfíbios anuros, principalmente, no Estado do Rio 

Grande do Norte. 

Palavras-Chave: Anurofauna; diversidade larval; caracteres morfológicos larvais; 

taxonomia; sistemática 



	   6	  

	  

INTRODUÇÃO GERAL 

1. Lissamphibia: uma visão geral 

Os anfíbios atuais (Lissamphibia) descendem de uma única linhagem 

ancestral de tretápodas não amnióticas que divergiram acerca de 260 milhões de anos 

atrás, no final período do Permiano, formando um grupo comprovadamente 

monofilético (Wells, 2007; Vitt e Caldwell, 2009). Todas as espécies que estão 

incluídas em Lissamphibia apresentam em geral um tegumento fino, bastante 

vascularizado e adaptado à respiração cutânea, mas ao mesmo tempo passível de 

perda de água por evaporação sendo, portanto, dependentes da água ou de ambientes 

úmidos para sobreviver e reproduzir. Por apresentarem tais características, a atividade 

dos anfíbios adultos está relacionada principalmente ao período noturno e aos meses 

mais chuvosos do ano. Apesar dessas limitações, demonstram grande diversificação 

de modos e estratégias de vida habitando praticamente todos os tipos de ambiente 

terrestre, exceto os polos, regiões mais frias e desérticas (Wells, 2007; Vitt e 

Caldwell, 2009). 

Os Lissamphibia estão divididos em três linhagens distintas (Frost, Grant 

et al., 2006; Pyron e Wiens, 2011): Os Anuros, que incluem os animais adaptados ao 

salto e não possuem cauda, conhecidos popularmente como sapos, rãs e pererecas, 

onde os machos das espécies emitem cantos para atrair as fêmeas; Os Gymnophiona, 

que são animais de corpo alongado, sem membros locomotores, adaptados a vida 

fossorial, conhecidos como cobra-cegas ou cecílias; E os Urodela ou Caudata que 

incluem as salamandras e tritões, com cauda alongada com movimento similar aos 

primeiros Tetrápodas reptiliformes. Devido a essa característica, acredita-se que o tipo 
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dos primeiros anfíbios eram semelhante às Salamandras, e que os Anuros e Cecílias 

evoluíram de forma peculiar habitando nichos ecológicos distintos. 

O Brasil é, atualmente, o país com maior riqueza de anfíbios do mundo 

com cerca de 950 espécies de registrados, sendo Anura o mais diverso com 913 

espécies descritas até o momento (Segalla, Caramaschi et al., 2012). Os diferentes 

táxons de anfíbios anuros incluem espécies com aspectos ecológicos e biológicos 

distintos e bastante variados. As espécies de anfíbios anuros podem ser classificadas 

como aquáticas, aquático-terrestre, terrestres ou arbóreas (Wells, 2007; Vitt e 

Caldwell, 2009). Igualmente, espécies de anuros que compartilham do mesmo hábito 

ecológico também compartilham de características adaptativas similares, sejam elas 

por ancestralidade comum ou por convergência evolutiva (e.g. membranas 

interdigitais extensamente desenvolvidas nos membros posteriores como adaptação ao 

hábito aquático; presença de discos adesivos na extremidade dos artelhos dos 

membros como adaptação ao hábito arborícola). Além disso, os anfíbios anuros 

apresentam a maior diversidade de modos reprodutivos entre os tetrápodes existentes 

(Haddad e Prado, 2005). Modos reprodutivos podem ser conceituado como conjunto 

de traços que incluem características como escolha do sítios oviposição, característica 

da ninhada e tipos de cuidado parental, se presente. Tal diversidade no uso do 

ambiente também é refletida na morfologia da sua larva (ver adiante).  

Assim, existe uma diversificação muito grande dentre os diferentes táxons 

dos anfíbios. Entretanto, a evolução morfológica das espécies de anuros de clados 

mais próximos ocorreu de forma conservada e, portanto, os táxons resultantes 

comumente são crípticos (Chek, Lougheed et al., 2001; Fouquet, Gilles et al., 2007). 

Espécies crípticas são espécies morfologicamente indistinguíveis, e a ocorrência 

dessas formas em simpatria pode ocasionar, por exemplo estimativas imprecisas de 
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diversidade ou gerar dados imprecisos em trabalhos ecológicos e etológicos, uma vez 

que espécies distintas podem ser tratadas como a mesma se não forem corretamente 

examinadas (Bickford, Lohman et al., 2006; Pfenninger e Schwenk, 2007). Casos 

recém-estudados que envolvem o reconhecimento de vários desses complexos (Toda, 

Matsui et al., 1998; Fouquet, Vences et al., 2007; Padial e De La Riva, 2009; Mcloed, 

2010), ou que determinaram a relação de identidades biológicas em grupos 

taxonomicamente problemáticos (Faivovich, García et al., 2004; Vallinoto, Sequeira 

et al., 2010; Canedo e Haddad, 2012) só foram evidenciados devido, principalmente, 

ao avanço das técnicas moleculares. Entretanto, apenas uma pequena parte do 

complexo de espécies existentes foram estudados ate hoje, o que torna o problema de 

espécies crípticas especialmente grave para anfíbios (Bickford, Lohman et al., 2006). 

Além disso, recentes reconstruções filogenéticas (Faivovich, Haddad et al., 2005; 

Frost, Grant et al., 2006; Pyron e Wiens, 2011), baseadas principalmente em dados 

moleculares, conseguiram estabelecer as relações evolutivas entre diversos clados, 

modificando drasticamente a sistemática dos anfíbios Neotropicais. Essa revolução 

molecular levou a uma revitalização da taxonomia atual dos anfíbios, principalmente 

com as recentes descobertas de espécies crípticas (Fouquet, Vences et al., 2007; 

Mcloed, 2010; Fouquet, Cassini et al., 2013). 

Caracteres morfológicos são, tradicionalmente, os mais aceitos para 

separar espécies distintas em anfíbios. Entretanto, para anfíbios anuros, as 

características do canto de anúncio emitido pelos machos adultos, assim como a 

morfologia dos girinos, também podem ser utilizados para tal propósito (Mcdiarmid e 

Altig, 1999; Wells, 2007). Por serem espécie-específicas, apresentam grande 

importância taxonômica seja para descrição de novas espécies (ardt e Davis, 1988; 

Heyer e Juncá, 2003; Anstis, Tyler et al., 2010) ou para a definição de grupos 
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superiores (Orton, 1953; Cruz, 1990). Portanto, a utilização destes caracteres é 

imprescindível quando se está estudando a taxonomia ou sistemática de algum grupo 

de Anuro (Wells, 2007; Vitt e Caldwell, 2009). Desse modo, quanto mais ferramentas 

taxonômicas comparativas forem usadas, mais precisos serão os resultados 

encontrados e mais claramente estabelecida será a relação entre grupos ou complexo 

de espécies que se está estudando (Padial e De La Riva, 2009). A utilização de 

ferramentas taxonômicas sejam elas morfológicas ou moleculares vem ajudando a 

desvendar vários problemas acerca de espécies muito semelhantes e, assim, 

aumentando nosso conhecimento sobre a real diversidade de anuros que pode estar 

muito além da nossa compreensão (Bickford, Lohman et al., 2006; Pfenninger e 

Schwenk, 2007; Fouquet, Cassini et al., 2013). 

 

2. Diversidade morfológica larval e sua importância para a taxonomia de Anura 

2.1 Histórico de descrições e atual conhecimento 

Na maioria dos anfíbios anuros (exceto alguns clados onde a fase larval 

foi completamente perdida e o desenvolvimento ocorre de forma direta) existem duas 

fases durante seu ciclo de vida com nenhuma relação entre si tanto do ponto de vista 

morfológico, ecológico, fisiológico ou comportamental: uma fase larval que é, na 

maioria dos casos, aquática e geralmente herbívora; e uma fase adulta que é terrestre e 

carnívora (Mcdiarmid e Altig, 1999). Esta característica biológica provavelmente 

permaneceu neste grupo até os dias atuais pois diminui a competição entre os adultos 

e a fase de girino, já que durante ambos ciclos de vida os indivíduos ocupam nichos 

ecológicos distintos (Mcdiarmid e Altig, 1999), o que é corroborado pelas adaptações 

que co-evoluíram tanto para aumentar o desempenho quanto para auxiliar na obtenção 
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de recursos e uso do espaço durante cada ciclo de vida (Altig e Mcdiarmid, 1999; 

Harris, 1999).  

Os girinos de anfíbios anuros são estritamente adaptados ao tipo de 

ambiente e apresentam uma grande diversidade morfológica, que evoluiu para 

explorar diversos tipos de microhábitats dentro de ambientes aquáticos lênticos ou 

lóticos (Altig e Mcdiarmid, 1999). Logo, o conhecimento de sua morfologia é crucial 

para a interpretação de alguns dos aspectos da sua biologia e ecologia (Mcdiarmid e 

Altig, 1999; Altig, 2007; Candioti, 2007; Roelants, Haas et al., 2011), como também 

para avaliar a sua utilidade para a sistemática de diversos grupos (Mcdiarmid e Altig, 

1999) e evolução e manutenção do estágio larval (Harris, 1999).  

A importância do uso de caracteres larvais para o reconhecimento de 

espécies de anfíbios anuros começou a ganhar mais visibilidade a partir do final do 

século XIX, quando Boulenger (1892) descreveu os girinos de 19 espécies que 

ocorrem na Europa e elaborou uma chave de identificação baseada nos caracteres 

larvais destas espécies. O interesse pelo estudo dos girinos na América do Norte 

também aumentou a partir do início do século XX, com a realização de alguns 

importantes trabalhos taxonômicos aonde  Wright (1929) e Orton (1953) ressaltaram a 

importância de se utilizar os caracteres morfológicos larvais para auxiliar na 

classificação de anfíbios anuros. Além disso, Altig (1970) desenvolveu uma chave 

para identificação dos girinos de 72 espécies de anuros dos Estados Unidos e Canadá. 

Tal conhecimento se desenvolveu de forma acelerada, e até o final dos anos 90, os 

girinos de praticamente todas as espécies descritas do país já eram conhecidos (Altig, 

Mcdiarmid et al., 1998).  
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Estudos regionais, em outras partes do mundo, também contribuíram 

significativamente para a apreciação e conhecimento da diversidade dos girinos, entre 

os quais se destacam os trabalhos de Duellman (1970) na América Central, e na 

Amazônia equatorial (Duellman, 1978), Cei (1980) para espécies da Argentina, e 

Altig (1987) no México, este ultimo elaborando uma chave de identificação para 

aproximadamente 100 espécies. Estes estudos possibilitaram um bom conhecimento 

da taxonomia e diversidade larval, o que tem permitido a realização de diversos 

trabalhos de filogenia, ecologia de populações e de comunidades e estudos 

experimentais (Alford e Harris, 1988; Buskirk e Relyea, 1998; Grosjean, 2005; Altig, 

2006; Pfenning, Rice et al., 2007). 

Pesquisas sobre morfologia de girinos vêm crescendo rapidamente e, no 

Brasil, muitos trabalhos importantes de descrição têm contribuído para o 

conhecimento sobre os girinos de diversas espécies (Andrade, Eterovick et al., 2007). 

Ainda assim, os girinos da maioria das espécies do Brasil que apresentam fase larval 

durante seu desenvolvimento (cerca de 800 espécies) não são conhecidos: apenas, 

56% das espécies de anuros brasileiros têm sua fase larval descrita (Provete, Garey et 

al., 2011). Este número tende a ser criticamente maior, visto que a real diversidade de 

espécies no Brasil ainda é subestimada (Fouquet, Gilles et al., 2007; Fouquet, Cassini 

et al., 2013). Logo, estudos básicos com enfoque na caracterização e descrição 

morfológica são necessários, principalmente em regiões aonde a anurofauna é pouco 

conhecida. Além disso, sem o conhecimento das formas larvais, os estudos sobre a 

anurofauna, principalmente no território brasileiro, continuarão focados apenas na 

fase adulta.  
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2.2 Caracteres larvais e sua utilidade em estudos taxonômicos 

Girinos de anfíbios anuros são utilizados para auxiliar na clarificação da 

sistemática, assim como fornecem dados que auxiliam em estudos taxonômicos de 

diversas espécies. Por exemplo, caracteres larvais de anfíbios anuros foram utilizados 

com sucesso em trabalhos de reconstruções filogenéticas (Haas, 2003; Pugener, 

Maglia et al., 2003; Wiens, Fetzner Jr. et al., 2005). Além disso, sua morfologia foi 

crucial no reconhecimento e validação de gêneros (Cruz, 1990) e novas espécies 

(Haddad e Martins, 1994; Peixoto, Caramaschi et al., 2003; Anstis, Tyler et al., 

2010), como também, se mostra uma ferramenta importante para vários trabalhos 

taxonômicos, uma vez que sua morfologia fornece suporte à espécies validadas 

unicamente pela comparação morfológica de espécimes adultos (Heyer, 1978; Hillis e 

De-Sá, 1988; Eterovick e Sazima, 2000; Kolenc, Borteiro et al., 2008; Randrianiaina, 

Straub et al., 2011). Apesar de existir grande convergência em diversos caracteres 

larvais em várias linhagens distintas de anfíbios anuros (Altig e Mcdiarmid, 1999) e 

apresentar variação morfológica de acordo com os estágios de desenvolvimento 

(Grosjean, 2005; Larson, 2005), tais caracteres também são utilizados em trabalhos 

que envolvem a resolução das relações filogenéticas de anuros, e fornecem dados que 

dão suporte a alguns clados monofiléticos recuperados através de dados moleculares 

(Haas, 2003; Faivovich, Haddad et al., 2005; Wiens, Fetzner Jr. et al., 2005; Frost, 

Grant et al., 2006).  

Em vários casos, a morfologia do adulto não fornece dados que suportem 

esta monofilia pois é, geralmente, mais conservada (Faivovich, Haddad et al., 2005). 

Além disso, o reconhecimento de espécies a partir da morfologia larval contribui para 

o desenvolvimento de trabalhos de levantamentos faunísticos (Vaira, 2002; Vences, 

Chiari et al., 2008; Magalhães, Dantas et al., 2013) e permite o desenvolvimento de 
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trabalhos de ecologia de comunidades e populações (Peltzer e Lajmanovich, 2004; 

Eterovick, Rievers et al., 2008; Woolrich-Piña, Smith et al., 2010), de interações 

ecológicas (Alford, 1999; Wells, 2007; Crossland, Brown et al., 2008), facilita 

planejamentos para conservação de espécies (Vaira, 2002; Vences, Chiari et al., 2008) 

e auxilia no monitoramento de qualidade de ambientes aquáticos (Bridges e 

Semlitsch, 2000; Relyea, 2005; Smith, Schreiber et al., 2007). Para tanto, a 

identificação correta das espécies é fundamental para o desenvolvimento destes 

diversos trabalhos, uma vez que erros na identificação podem levar a interpretações 

equivocadas, por exemplo, em estudos ecológicos. 

Grande parte da contribuição sobre o conhecimento da morfologia larval 

das espécies de anuros brasileiros advém de trabalhos de descrição isolados (Provete, 

Garey et al., 2011). Tais estudos contribuem para o conhecimento da morfologia 

larval e dão suporte a validação de espécies já descritas, uma vez que estas descrições 

são acompanhadas de comparações morfológicas entre espécies do mesmo grupo 

morfológico ou que são mais aparentadas morfologicamente. Logo, tais descrições 

são de grande importância para a apreciação da morfologia larval das espécies 

brasileiras (Andrade, Eterovick et al., 2007; Provete, Garey et al., 2011).   

Apesar da importância do conhecimento da morfologia larval e de suas 

aplicações em diversas áreas da biologia e ecologia, poucos trabalhos com enfoque na 

descrição da diversidade morfológica larval de comunidades existem no território 

brasileiro. Por exemplo, apenas três chaves de identificação de girinos baseadas em 

caracteres morfológicos externos foram publicadas até o momento: uma para a região 

central da Amazônia (Hero, 1990); uma para a região Noroeste do Estado de São 

Paulo (Rossa-Feres e Nomura, 2006) e uma para o Estado do Rio Grande do Sul 

(Machado e Maltchik, 2007). A falta de chaves taxonômicas dificulta a apreciação da 
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variação geográfica intra-específica nos caracteres larvais entre diversas populações 

(Langone e De Sá, 2005) e pode contribuir para a existência de espécies crípticas.  

Por exemplo, existem várias espécies com ampla distribuição que 

apresentam grande variabilidade nos caracteres larvais anatômicos externos (Rossa-

Feres e Nomura, 2006). Tais estudos apontam que esta variabilidade pode estar 

relacionada ao isolamento geográfico das espécies, o que pode ter contribuído para a 

fixação de diferentes estados de caracteres entre essas populações. Ao mesmo tempo, 

as diferenças encontradas podem estar relacionadas à ineficiência em estimar a real 

diversidade morfológica larval da espécie devido à avaliação de poucos espécimes nas 

descrições originais. Mesmo assim, essa grande variação morfológica larval 

encontrada em diferentes populações dão indícios que espécies com ampla 

distribuição, na verdade, pode representar complexos de espécies (Rossa-Feres e 

Nomura, 2006).  

 Além da morfologia externa, existem outros caracteres anatômicos internos 

que também fornecem dados que são relevantes para a taxonomia e sistemática de 

diversos grupos de anfíbios. A morfologia oral interna está estritamente relacionada a 

tipo de recurso que o girino consome e, assim como a morfologia externa, a sua 

anatomia fornece indícios de sua ecologia e uso de habitat, e pode ser utilizada para a 

identificação e diferenciação de espécies (Wassersug, 1980; Wassersug e Heyer, 

1988). Assim como, a morfologia do condocrânio e do aparato hiobraquial também é 

estritamente adaptada ao ambiente e fornece informações úteis para sistemática e 

taxonomia de anfíbios (Larson e De Sá, 1998; Cannatella, 1999). Com isso, é 

imprescindível para qualquer estudo com enfoque na sistemática ou taxonomia de 

qualquer grupo de Anuro, que apresente fase larval, a análise de diversos caracteres 

larvais, sejam eles externos ou internos, pois quanto mais caracteres forem analisados, 
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melhor e mais clara será a compreensão das relações entre as espécies de Anuro 

estudadas. 

5. Objetivo Geral 

Este trabalho tem como objetivo geral contribuir para o conhecimento a 

morfologia larval de espécies de anuros neotropicais. 

5.1 Objetivos específicos 

- Descrever a morfologia de girinos ainda não conhecidos na literatura e fornecer 

dados que auxiliem na taxonomia da espécie ou do grupo morfológico da espécie em 

questão; 

- Descrever a morfologia externa e oral interna de girinos da região sudeste do Estado 

do Rio Grande do Norte; 

- Comparar as descrições aqui realizadas com dados de co-específicos previamente 

publicados; 

- Desenvolver uma chave de identificação com base em caracteres larvais externos 

para as espécies que ocorrem na região sudeste do Estado do Rio Grande do Norte;  
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Abstract 

Basic information on tadpole morphology and natural history is lacking 

for approximately 50% of Brazilian anurofauna that exhibit a larval stage during its 

life cycle. Although larval features are commonly used in anuran systematics and 

taxonomy researches, tadpole external morphology and character variation across 

populations are severely understudied in Brazil. Moreover, the scarcity of regional 

guide keys based on larval morphology along the Brazilian territory directly affects 

studies on population and community ecology of the larvae and may contribute to the 

existence of cryptic species. Furthermore, faunal inventories also suffer from the lack 

of tadpole’s correct identification. Moreover, without basic knowledge on larvae, 
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most of studies on anurofauna will remain focused solely on adults. Such kind of data 

is even more necessary for regions where the anurofauna is poorly known such as Rio 

Grande do Norte State.  Little is known about anuran amphibians in Rio Grande do 

Norte State, Brazil, and the available literature is mostly focused on adult specimens. 

Herein, we characterize the external morphology and buccal cavity anatomy of 29 

anuran tadpoles from southeastern region of Rio Grande do Norte State, and present a 

dichotomous key for species identification based on larval external morphology. 

Moreover, we comment on their habits, occurrence, and aspects of natural history. 

Most species are readily distinguished based on larval external morphology, and 

tadpoles described herein exhibited morphological differences on their morphology in 

comparison to conspecific tadpoles described from other populations. These results 

reinforce the importance of anuran tadpole morphology for taxonomy and provide 

evidences that widely distributed species may represent complexes of undescribed 

taxa or the external morphology variation was no fully accessed on their original 

description. Moreover, the buccal cavity anatomy of 18 species tadpoles is herein 

reported for the first time. Such features morphologically distinguish all tadpoles we 

analyzed even when the species exhibit a very conservative external morphology and 

are in few cases indistinguishable. Finally, our results yield information that may help 

future researches focused on anuran tadpoles across the region. 

 

Key-words: Anurofauna; larval morphological diversity; buccal cavity anatomy; 

ecomorphological guilds; natural history; geographic variation. 
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Resumo 

Informações básicas sobre a morfologia e história natural de girinos da 

anurofauna brasileira ainda não são conhecidas para aproximadamente 50% das 

espécies que apresentam fase larval durante o seu ciclo de vida. Apesar de caracteres 

larvais serem comumente utilizados em estudos sobre sistemática e taxonomia de 

anuros, a caracterização morfológica externa dos girinos e a variação em sua 

morfologia ao longo de populações é praticamente desconhecida no Brasil. Além 

disso, a falta de chaves de identificação baseadas na morfologia larval ao longo do 

território brasileiro afeta diretamente estudos sobre ecologia de populações e 

comunidades das larvas e, provavelmente, contribui para a existencia de espécies 

crípticas. Como também, inventários faunísticos sofrem com erros ou falta de 

identificações dos girinos. Não obastante, sem o conhecimento básico sobre a 

morfologia larval, os estudos com enfoque na anurofauna continuarão a focar, apenas, 

na forma adulta. Estudos que foquem na diversidade larval de comunidades é ainda 

mais necessário para regiões aonde a anurofauna é pouco conhecida, como é o caso 

do Estado do Rio Grande do Norte (RN).  A anurofauna do Estado do RN é pouco 

conhecida e a literatura disponível sobre as espécies que ocorrem no Estado focam, 

praticamente, nos espécimes adultos. Devido a falta de dados sobre as formas larvais, 

nós caracterizamos a morfologia externa e a anatomia da cavidade oral de 29 girinos 

de anuros que ocorrem na região sudeste do Estado do RN e elaboramos uma chave 

dicotômica para identificação das espécies baseada na sua morfologia externa. Além 

disso, nos comentamos sobre os hábitos das larvais, sua ocorrência e aspectos da 

história natural. A maioria das espécies são prontamente distinguíveis umas das outras 

pela sua morfologia externa e, além disso, alguns dos girinos aqui descritos 

apresentaram diferenças morfológicas em comparação a co-específicos descritos para 
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outras populações. Tais resultados reforcám a importância da morfologia larval para 

taxonomia e fornecem evidencias que espécies amplamente distribuídas podem 

representar complexos de espécies não descritas, ou a variação na morfologia larval 

destas espécies não foram completamente avaliadas nas descrições originais. Além 

disso, a anatomia da cavidade oral de 18 espécies é descrita pela primeira vez neste 

trabalho e sua morfologia distingue inequivocamente todos os girinos que nós 

analisamos, mesmo quando pares de espécies similares apresentam uma morfologia 

larval externa muito conservada e são, em poucos casos, indistinguíveis. Por fim, 

nossos resultados geram informações que podem auxliliar estudos futuros com 

enfoque em girinos de anuros ao longo da região.   

 

Palavras-chaves: Anurofauna; diversidade morfológica larval; anatomia da cavidade 

oral; guildas ecomorfológicas; história natural; variação geográfica. 
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Introduction 

Brazil hosts the highest diversity of anuran amphibians in the world (Duellman 

1999). Nevertheless, basic knowledge on biology and morphological diversity of most 

anuran larvae is incipient. In a recent assessment on larval descriptions, Provete et al. 

(2011) showed that only 54% of the described species that occur in Brazil have had 

their tadpoles described. Considering that approximately 800 of the 946 species 

described have a larval phase during development, almost 400 anuran larvae await 

description in Brazil. Even with an increasing number of publications on larval 

morphology since 1950s (Andrade et al. 2007), there are probably many more 

tadpoles to be described, given that the real species diversity in the Brazilian territory 

is highly underestimated (Fouquet et al. 2013; Fouquet et al. 2007).  

The lack of appropriate tadpole descriptions directly impacts research on 

anuran systematics, ecology, and evolution. For instance, larval external morphology 

helped to clarify taxonomic problems in distinct anuran clades (Cruz 1982;1990; 

Larson 2005), has been used as a source of characters for phylogenetic 

reconstructions (Haas 2003; Pugener et al. 2003) and provide relevant information for 

anuran systematics relationships (Faivovich et al. 2005; McDiarmid & Altig 1999; 

Orton 1953) and evolution (Buskirk 2002; Pfenning et al. 2007; Richardson 2001). 

For all these researches, precise identification of larvae is fundamental otherwise 

research on anurans in Brazil will continue to focus solely on adults. Besides external 

morphology, larvae internal oral anatomy also provides relevant information for 

researches focused on anuran systematics, evolution and ecology (Wassersug 1980; 

Wassersug & Heyer 1988). The internal oral morphology is also strictly related to 

their habitats (Wassersug & Heyer 1988) and can differ tadpoles from closely related 

species even when their external morphology is very similar or undistinguishable 
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(Nascimento et al. 2013; Oliveira et al. 2013; Ruggeri & Weber 2012). Nevertheless, 

such descriptions are even scarcer for anuran tadpoles that occur in Brazil.  

The scarcity of such tadpole descriptions and identification guides in Brazil 

(Provete et al. 2011) hinders the geographic appreciation of morphological 

differences and may contribute to the existence of many cryptic species. Likewise, 

research focused on biodiversity conservation, protected areas management plans, and 

faunal inventories also suffer from the lack of tadpole’s taxonomic keys.  

Anuran inventories is most efficiently conducted by visually sampling adults, 

acoustic survey of breeding species, and tadpole sampling (Silva 2010). Collecting 

larvae is a very good way of sampling anuran richness, because besides relatively 

easy to collect tadpoles often remain in aquatic habitats long after adults are gone 

(McDiarmid & Altig 1999). Hence, identification in the field or even in the laboratory 

is frequently hard (Altig et al. 1998). Nevertheless, several characters exist that allow 

us to precisely identify and separate larvae almost to the species level. Therefore, 

taxonomic keys based on larval morphology are very important for the study of 

amphibian biology, especially in areas where the local fauna is poorly known within 

the Brazilian territory, as is the case of Rio Grande do Norte State. 

Only scarce information on frogs from Rio Grande do Norte State is 

currently available, such as scattered information on the advertisement call (Garda et 

al. 2010; Santana et al. 2011; São-Pedro et al. 2011) and morphological 

characterization of tadpoles (Magalhães et al. 2013b; Magalhães et al. 2012; Peixoto 

1982) of a few species, and one species list for a single site in the State (Magalhães et 

al. 2013a). Furthermore, information of most of these studies is restricted to adults, 

making our understating of the ecology and natural history of species incomplete. In 
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the present study we characterized the external morphology, and buccal cavity 

anatomy and build an identification key for tadpoles of 29 species of frogs that occurs 

along the southeastern region of Rio Grande do Norte State. We also briefly comment 

on natural history aspects of some species and, when available compare tadpoles with 

previous descriptions in the literature.  
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Material and Methods 

Tadpoles were collected from March 2009 to September 2013 along 

permanent and temporary ponds and lakes across the southeastern region of Rio 

Grande do Norte State, but mainly at two sites within this region: Escola Agrícola de 

Jundiaí, municipality of Macaíba (5º53’07’’S, 35º 22’01’’W; Datum WGS–84), an 

ecotonal forest fragment under influence of both Atlantic Forest and Caatinga 

morphoclimatic domains, in which 34 anuran species were previously reported to 

occur within (Magalhães et al. 2013a); and Floresta Nacional de Nísia Floresta, Nísia 

Floresta municipality (6°4'54"S, 35°10'58"W; Datum WGS–84) a small fragment of 

forest under influence of Atlantic Forest domain. This region is marked by a wet 

season that extends from March/April to July/August and a dry season that lasts from 

September/October to March. The average annual rainfall (precipitation) across the 

region is 1500mm.  

Tadpoles were mainly collected during the raining season (March to August) 

and posteriorly anesthetized and preserved in formalin 10% (Collecting permits to 

#####). For species tadpole correct identification, almost all were raised throughout 

metamorphosis or raised after collecting amplectant pairs of the species. As well, few 

were identified comparing tadpoles collected with available descriptions in the 

literature or assigned to the species based on tadpoles collected in small and restricted 

ponds in which no other species or tadpoles were found in sintopy (Table 1).  

For the elaboration of the taxonomic key, we preferentially examined tadpoles 

between stages 35 to 39 (Gosner 1960), as tadpoles tend to show less variation on 

external characters between these stages (Altig & McDiarmid 1999a; Grosjean 2005; 

Laufer et al. 2013). Tadpoles in early stages were used for description and 
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morphometric characterization only if specimens in advanced stages (35–39) were not 

obtained. Terminology adopted for external morphology and oral features descriptions 

follows Altig and McDiarmid (1999). We measured fifteen morphometric variables 

from five individuals per species with a Mitutoyo® digital calliper (0.01 mm 

precision) and an ocular micrometre in a Leica-EZ4D stereomicroscope as depicted in 

Figure 1. All measurements shown are in millimeters.  

For oral cavity anatomy (OCA) descriptions, we dissected two tadpoles per 

species preferentially between Gosner stages 35–39. Morphological features were 

recorded using the methodology and terminology presented by Wassersug (1976). 

After dissected, tadpoles were stained with an Alcian Blue solution and its anatomy 

analysed under an ocular micrometre in a Leica-EZ4D stereomicroscope. The 

drawings were prepared with the aid of a lucid camera. All specimens collected are 

deposited at Coleção do Laboratório de Anfíbios e Répteis da Universidade Federal 

do Rio Grande do Norte (CLAR-UFRN, Appendix 1). 
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Figure 1. Dorsal (A) and ventral (B) views, and an oral disc (C) of a regular tadpole. Abreviations: TL (total length); BL (body length); BH( body height); BW (body width); 

TAL (tail length); DFH (dorsal fin height); VFH (ventral fin height); MTH (maximum tail height); TMH (tail muscle height);  ED (eye diameter); IOD (interorbital distance); 

ESD (eye-snout distance); SSD (spiracle-snout distance); ODW (oral disc width); OD (oral disc); SP (spiracle); TM (tail muscle); A-1 e A-2 (first and second tooth rows of 

the anterior labium); MP (marginal papillae); SMP (submarginal papillae); EM (emargination); P-1, P-2 e P-3 (first, second and thrid tooth rows of the posterior labium). 

Figure adapted from Altig, R. (2007) 
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Results  

 

Morphological characterization, ecological aspects and comments 

 

Bufonidae Gray, 1825 

Rhinella granulosa (Spix, 1824) – Figure 2 (A, B, C and D) 

Measurements (Stages 33–40): TL 14.8 ± 0.1 (14.7–14.9); BL 6.0 ± 0.4 (5.4–6.6); 

BH 3.0 ± 0.4 (2.4–3.4); BW 3.9 ± 0.1 (3.8–4.0); TAL 8.8 ± 0.5 (8.1–9.3); DFH 0.8 ± 

0.1 (0.7–0.9); VFH 0.5 ± 0.1 (0.4–0.5); MTH 2.0 ± 0.1 (1.9–2.2); TMH 1.4 ± 0.1 

(1.3–1.5); TMW 0.9 ± 0.2 (0.7–1.1); ED 0.9 ± 0.2 (0.6–1.0); IOD 1.9 ± 0.2 (1.6–2.2); 

ESD 1.9 ± 0.1 (1.7–2.1); SSD 3.3 ± 0.2 (3.0–3.5); ODW 1.6 ± 0.2 (1.4–1.8).  

External morphology: At stage 39, the body is slightly dorsal-ventrally depressed 

(BH/BW = 77%) with a globular aspect and represents 41% of the total length. Snout 

is rounded in all views. Eyes are big (ED/BL = 15%) and positioned dorsally. Nares 

are wide, rounded and dorsally positioned closest to eyes than to snout, with a small 

semicircular projection on the outer marginal rim. Spiracle is sinistral, short and 

located on body`s middle third (SSD/BL = 55%) bellow body`s middle line; its 

opening is narrow, rounded and dorso-posteriorly directed, with internal wall fused to 

body. Cloacal tube is short, medial and fused to the fin. Dorsal fin is low, with a 

slightly convex margin and emerges at body-tail junction; ventral fin low with margin 

parallel to the longitudinal axis of the tail; both fins are similar in height. Tip of the 

tail is rounded and not acuminate. Tail musculature is poorly developed, represents 

70% of maximum tail height and do extends to tail`s tip. 
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Oral disc: Medium sized (ODW/BW = 41%), ventral and laterally emarginated; one 

row of conical marginal papillae surrounds the oral disc with a wide interruption 

anteriorly and a narrow interruption posteriorly; marginal papillae are conical, longer 

than wide with a rounded tip; submarginal papillae absent. Labial Tooth row formula: 

2(2)/3; A-1 shorter than A-2; P-3 shorter than P-1 and P-2. Jaw sheaths are wide, with 

triangular serration; upper jaw sheath “arc” shaped and lower jaw sheath “V” shaped. 

Coloration: In life, both body and tail musculatures are indistinctively dark-gray with 

non-pigmented and translucent fins. Viscera are visible. 

Oral cavity anatomy: Buccal roof overall ovoid, with a narrow prenarial arena. A 

broad and inverted U-shaped ridge is present. Nares opening are narrow and elliptical. 

Narial walls are thick with both anterior and posterior edges smooth, which do not 

covers the nares opening. Postnarial arena with one pair of small and conical 

postnarial papillae. A pair of wide lateral ridge papillae is oriented transversely, 

located laterally on each side of the median ridge. They project medially and have 

smooth margins with three digitiform projections each. The median ridge is overall 

narrow, tall, and has a smooth edge with a pointed tip. The buccal roof arena (BRA) is 

rectangular, bounded anteriorly by the median ridge and laterally by four pairs of 

pointed papillae. The BRA field is evenly scattered with pustulations. The dorsal 

velum is broad, curving gradually towards the midline. Buccal floor: The buccal floor 

is triangular and distinctly broad posteriorly. Two pairs of infralabial papillae are 

oriented transversely; the anterior most papillae are short, centralized and rounded, 

whereas the posterior most papillae are wide and exhibit two pointed projections each. 

Four short and conical lingual papillae are present. The buccal floor arena (BFA) is 

U-shaped and bounded by about five pairs of long, attenuate papillae. The anterior 

half of the BFA is mostly devoid of pustulations; pustulations are homogenously 
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scattered within the posterior half of the BFA. Pustulations and small pre-pocket 

papilla occur anteriorly and on each side of the BFA and anterior to the buccal 

pockets. The velar surface is free, long, with no projections on its posterior margin; a 

median notch is present.  

Comments: The tadpoles of Rhinella granulosa can be usually found scattered and 

evenly distributed along small ponds margins with 10–20cm depth. The tadpoles are 

exotroph, lentic and benthic according to Altig & McDiarmid (1999b) 

ecomorphological guilds. The external morphology described herein agrees with a 

previous description of R. granulosa tadpole for a population from Feira de Santana 

municipality, Bahia State (Mercês et al. 2009). The buccal cavity anatomy overall 

agrees with a previous description of R. granulosa tadpole for a population also from 

Feira de Santana municipality, Bahia State (Oliveira et al. 2013). 
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Figure 2. Lateral view (A), and schematic representation of oral disc (B), buccal floor 

(C), and buccal roof (D) of Rhinella granulosa tadpole at stage 39.  
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Rhinella jimi (Stevaux, 2002) – Figure 3 (A, B, C and D) 

Measurements (Stages 39–40): TL 21.4 ± 0.7 (20.4–22.4); BL 8.4 ± 0.7 (7.4–9.4); 

BH 3.8 ± 0.1 (3.7–3.8); BW 6.1 ± 0.2 (5.9–6.3); TAL 13.0 ± 0.8 (12.0–14.0); DFH 

1.5 ± 0.1 (1.4–1.5); VFH 1.6 ± 0.1 (1.4–1.8); MTH 4.0 ± 0.2 (3.8–4.2); TMH 1.9 ± 

0.3 (3.1–3.8); TMW 1.1 ± 0.1 (1.0–1.2); ED 1.2 ± 0.1 (1.0–1.3); IOD 2.6 ± 0.1 (2.4–

2.8); ESD 3.1 ± 0.2 (2.9–3.4); SSD 5.3 ± 0.2 (4.9–5.5); ODW 2.1 ± 0.1 (2.0–2.3).  

External morphology: At stage 39, the body is slightly dorsal-ventrally depressed 

(BH/BW = 63%) with a globular aspect and represents 39% of the total length. Snout 

is rounded in all views. Eyes are medium sized (ED/BL = 14%) and dorsally 

positioned. Nares opening are wide, rounded and dorsally positioned closest to eyes 

than to snout, without projections on marginal rim. Spiracle is sinistral, short and 

located on body`s middle third (SSD/BL = 63%) bellow body`s middle line; its 

opening is broad, rounded and dorso-posteriorly directed, with internal wall fused to 

body. Cloacal tube is short, medial and fused to the fin. Dorsal fin is low, with a 

slightly convex margin and emerges at body-tail junction; ventral fin low with margin 

parallel to the longitudinal axis of the tail. Both fins are similar in height. Tip of the 

tail is rounded and not acuminate. Tail musculature is poorly developed, represents 

48% of maximum tail height and do not extends to tail`s tip. 

Oral disc: Small (ODW/BW = 34%), ventral and laterally emarginated; one row of 

conical marginal papillae surrounds the oral disc with a wide interruptions anteriorly 

and posteriorly; marginal papillae are conical, longer than wide with a rounded tip;. 

Labial Tooth row formula: 2(2)/3; anterior and posterior labial tooth rows with the 

same length. Jaw sheaths are wide, with triangular serration; upper jaw sheath “arc” 

shaped and lower jaw sheath “V” shaped. 
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Coloration: In life, both body and tail musculatures are indistinctively dark-gray with 

non-pigmented translucent fins. Viscera are visible. 

Oral cavity anatomy: Buccal roof overall rectangular, with a narrow prenarial arena. 

Nares opening are broad and elliptical. Narial walls are thick with both anterior and 

posterior edges smooth, which do not cover the nares opening. Postnarial arena with 

three pairs of postnarial papillae; the edges of these papillae are smooth and the tips of 

the middle pair are divided in two points. A pair of wide lateral ridge papillae is 

oriented transversely, located laterally on each side of the median ridge. They project 

medially and have smooth margins with three digitiform projections each. The median 

ridge is overall narrow, tall, and has a smooth and rounded edge. The buccal roof 

arena (BRA) is rectangular, bounded anteriorly by the median ridge and laterally by 5 

pairs of short and pointed papillae. The BRA field is evenly scattered with 

pustulations. The dorsal velum is broad, curving gradually towards the midline. 

Buccal floor is triangular and distinctly broad posteriorly. One pair of wide and short 

infralabial papillae is oriented transversely; the tip of these papillae is irregular with 

3–4 digitiform projections. Four lingual papillae with similar length are present. The 

buccal floor arena (BFA) is U-shaped and bounded by about 11–13 pairs of long, 

attenuate papillae. The anterior half of the BFA is mostly devoid of pustulations (a 

few pustulations are found laterally); pustulations are homogenously scattered within 

the posterior half of the BFA. Pustulations and small pre-pocket papilla occur 

anteriorly and on each side of the BFA and anterior to the buccal pockets. The velar 

surface is free, long, with no projections on its posterior margin; a median notch is 

present.  

Comments: The tadpoles of Rhinella jimi can be found at both temporary and 

permanent ponds mostly associated with the substrate within the studied areas. They 
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are usually found aggregated along the pond margins. The tadpoles are benthic, lentic 

exotroph according to Altig & McDiarmid (1999b) ecomorphological guilds. The 

external morphology described herein agrees with a previous description of R. jimi 

tadpole for a population from Fernando de Noronha, Pernambuco State (Tolledo & 

Toledo 2010) and Feira de Santana municipality, Bahia State (Mercês et al. 2009). 

The buccal cavity anatomy overall agrees with a previous description of R. jimi 

tadpole for a population from Bahia State (Oliveira et al. 2013). 

 

Figure 3. Lateral view (A), and schematic representation of oral disc (B), buccal floor (C), and buccal roof (D) of 

Rhinella jimi tadpole at stage 39.  
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Cycloramphidae Bonaparte, 1850 

Proceratophrys cristiceps (Muller, 1883) – Figure 4 (A, B, C and D) 

Measurements (Stages 35–38): TL 28.5 ± 1.8 (26.5–31.1); BL 11.1 ± 0.7 (10.5–

12.0); BH 5.0 ± 0.4 (4.6–5.5); BW 7.6 ± 0.3 (7.2–8.0); TAL 17.3 ± 1.3 (16.0–19.3); 

DFH 2.3 ± 0.5 (1.7–2.9); VFH 1.9 ± 0.3 (1.4–2.2); MTH 5.9 ± 0.8 (5.0–7.0); TMH 

3.1 ± 0.2 (2.8–3.4); TMW 2.1 ± 0.3 (1.7–2.5); ED 1.5 ± 0.2 (1.3–1.9); IOD 3.7 ± 0.3 

(3.4–4.1); ESD 4.0 ± 0.1 (3.8–4.2); SSD 6.0 ± 0.4 (5.6–6.5); ODW 2.6 ± 0.2 (2.3–

2.7).  

External morphology: At stage 38, the body is dorsal-ventrally depressed (BH/BW 

= 66%) with a globular aspect and represents 39% of the total length. Snout is 

rounded in all views. Eyes are medium sized (ED/BL = 14%) and arranged dorsally. 

Nares opening are narrow, elliptical and dorsally located midway between eyes and 

snout, without projection on marginal rim. Spiracle is sinistral, short and located on 

body`s middle third (SSD/BL = 54%) bellow body`s middle line; its opening is 

narrow, rounded and dorso-posteriorly directed, with internal wall fused to body. 

Cloacal tube is short, medial and fused with the fin. Dorsal fin low, with convex 

margin, emerging at body-tail junction at a slow slope; ventral fin low with margin 

parallel to the longitudinal axis of the tail. Both fins are similar in height. Tip of the 

tail is rounded and not acuminate. Tail musculature is moderately developed, 

represents 53% of maximum tail height and extends to tail`s tip. 

Oral disc: Small (ODW/BW = 34%), ventral and laterally emarginated; one row of 

conical marginal papillae surrounds the oral disc with a wide interruption anteriorly; 

marginal papillae are conical, longer than wide with a rounded tip; submarginal 

papillae absent. LTRF: 2(2)/3(1); anterior tooth rows with similar length; posterior 
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rows with similar length, although in some tadpoles P3 is slightly shorter than P-1 and 

P-2. Jaw sheaths are wide, with triangular serration; upper jaw sheath “arc” shaped 

and lower jaw sheath “U” shaped. 

Coloration: In life, tadpoles are dark olive with scattered brown blotches along body 

dorsal surface. Tail musculature and fins present brown dots and blotches along its 

extension. Both fins are translucent. Viscera are visible.  

Oral cavity anatomy: Buccal roof overall rectangular, with a simple and broad 

prenarial arena. Nares opening are narrow and elliptical. Narial walls are thick with 

both anterior and posterior edges smooth, which do not covers the nares opening. 

Postnarial arena with three pairs of small and pointed postnarial papillae. A pair of 

wide ridge of papillae is oriented transversely, located laterally on each side of the 

median ridge. They project medially and have irregular margins with four digitiform 

projections each. The median ridge is overall broad, short, and has a smooth edge 

with a rounded tip. The buccal roof arena (BRA) is rectangular, bounded anteriorly by 

the median ridge and laterally by 8–12 pairs of pointed papillae. The BRA field is 

evenly distributed with pustulations. The dorsal velum is broad, curving gradually 

towards the midline and interrupted medially. The medial margin of velum presents 

2–3 small indentations. Buccal floor is triangular and distinctly broad posteriorly. 

Two pairs of infralabial papillae are present; the inner papillae are oriented in parallel, 

are short and with acuminate tips, whereas the outer papillae are short, oriented 

transversely and with bifurcated tips. Four long and bifurcated lingual papillae are 

present. The buccal floor arena (BFA) is U-shaped and bounded by about 10–12 pairs 

of long and attenuate papillae. The BFA is mostly devoid of pustulations; small and 

triangular papillae are homogenously and densely distributed within the posterior half 

of the BFA. Pre-pocket papilla occurs anteriorly and on each side of the BFA and 
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anterior to the buccal pockets. The velar surface is free, long, without projections on 

its posterior margin; a median notch is absent.  

Comments: The tadpoles of Proceratophrys cristiceps can be found evenly 

distributed along small temporary ponds about 20–60cm depth with almost 100% of 

canopy cover and at narrow streamlets. The tadpoles are exotroph, lentic and benthic 

according to Altig & McDiarmid (1999b) ecomorphological guilds. The external 

morphology and buccal cavity anatomy described herein agrees with a previous 

description of P. cristiceps tadpole for a population from Paraíba State (Vieira et al. 

2007a). 
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Figure 4. Lateral view (A), and schematic representation of oral disc (B), buccal floor 

(C), and buccal roof (D) of Proceratophrys cristiceps tadpole at stage 38.  
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Hylidae Rafinesque, 1815 

Corythomantis greeningi Boulenger, 1896 – Figure 5 (A, B, C and D) 

Measurements (Stages 36–38): TL 31.7 ± 3.1 (28.3–36.0); BL 12.2 ± 0.6 (11.5–

13.0); BH 4.2 ± 0.4 (3.8–4.9); BW 6.4 ± 0.4 (6.0–7.0); TAL 19.5 ± 2.8 (16.0–23.0); 

DFH 2.1 ± 0.2 (1.9–2.4); VFH 1.7 ± 0.2 (1.5–2.0); MTH 6.3 ± 0.4 (5.7–6.7); TMH 

3.5 ± 0.3 (3.1–3.8); TMW 2.4 ± 0.2 (2.2–2.7); ED 1.5 ± 0.1 (1.4–1.6); IOD 2.9 ± 0.1 

(2.8–3.0); ESD 4.0 ± 0.4 (3.3–4.3); SSD 6.0 ± 0.4 (5.6–6.5); ODW 4.5 ± 0.3 (4.1–

4.7).  

External morphology: At stage 38, the body is dorsal-ventrally compressed (BH/BW 

= 66%) with a rectangular aspect in dorsal view, wider on its first third and represents 

38% of the total length. Snout is wide, rounded in dorsal and ventral views and 

slightly truncated in lateral view. Eyes are medium sized (ED/BL = 12%) and 

positioned dorso-laterally. Nares opening are narrow, rounded and dorsally located 

closest to eyes than snout, without projection on marginal rim. Spiracle is sinistral, 

short and located on body`s middle third (SSD/BL = 49%) bellow body`s middle line; 

its opening is narrow, rounded and dorso-posteriorly directed, with internal wall fused 

to body. Cloacal tube is dextral and fused to the fin. Dorsal fin margin is slightly 

convex and emerges at body-tail junction at a slow slope; ventral fin margin is parallel 

to the longitudinal axis of the tail. Tip of the tail is rounded or pointed and slightly 

acuminate. Tail musculature is well developed, represents 56% of maximum tail 

height and do not extends to tail`s tip. 

Oral disc: Large (ODW/BW = 70%), ventral with two folds on the posterior labium; 

one row of marginal papillae completely surrounds the oral disc, except for the 

posterior labium where two rows are found; marginal papillae are conical and longer 
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than wide; papillae from posterior labium are larger than the anterior; submarginal 

papillae present laterally on oral disc commissure. Labial Tooth row formula: 6(6)/7–

8(1); A-1 shorter the other anterior rows and usually fragmented; P-7 or P-8 shorter 

than other posterior tooth rows and are usually fragmented; anterior tooth row gap is 

wider than P-1. Jaw sheaths are wide, with triangular serration; upper jaw sheath “M” 

shaped and lower jaw sheath “U” shaped. 

Coloration: In life, tadpoles are homogeneously light brown with sparse small dots 

along body and tail musculature surface absent on body`s ventral surface. Both fins 

are translucent with few scattered brown blotches along its margins. Viscera are 

visible. 

Oral cavity anatomy: Buccal roof overall rectangular, with a simple and broad 

prenarial arena. Nares opening are narrow and elliptical. Narial walls are thick with 

both anterior and posterior edges smooth, which do not covers the nares opening. 

Postnarial arena with three pairs of small and pointed postnarial papillae. A pair of 

narrow lateral ridge papillae is oriented transversely, located laterally on each side of 

the median ridge. They project medially, have smooth margins and bifurcated tips. 

The median ridge is overall narrow, short, and has a smooth edge with a pointed tip. 

The buccal roof arena (BRA) is rectangular, bounded anteriorly by the median ridge 

without papillae. The BRA field is evenly scattered with pustulations. The dorsal 

velum is broad, curving gradually towards the midline and interrupted medially. 

Buccal floor is triangular and broad posteriorly. One pair of infralabial papillae is 

present; they are wide, oriented transversely with irregular edges. Two short and 

simple lingual papillae are present. The buccal floor arena (BFA) is U-shaped and 

bounded by about 8–9 pairs of short and conical papillae. The anterior half of the 

BFA is mostly devoid of pustulations; postulations are found homogenously scattered 
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within the posterior half of the BFA. Pre-pocket papilla occurs anteriorly and on each 

side of the BFA and anterior to the buccal pockets. The velar surface is free, long, 

with short projections on its posterior margin; a median notch is present.  

Comments: The tadpoles of C. greeningi are found in small streamlets within the 

studied area associated with the substrate. The tadpoles are exotroph, lotic and 

suctorial according to Altig & McDiarmid (1999b) ecomorphological guilds. The 

external morphology described herein agrees with a previous description of C. 

greeningi tadpole for a population from Bahia State (Juncá et al. 2008). The buccal 

cavity anatomy is herein reported for the first time. 
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Figure 5. Lateral view (A), and schematic representation of oral disc (B), buccal floor 

(C), and buccal roof (D) of Corythomantis greening tadpole at stage 38.  
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Dendropsophus minutus (Peters, 1872) – Figure 6 (A, B, C and D) 

Measurements (Stages 35–39): TL 33.7 ± 1.6 (31.8–35.3); BL 9.1 ± 0.2 (8.8–9.3); 

BH 4.5 ± 0.7 (3.7–5.2); BW 4.8 ± 0.3 (4.3–5.2); TAL 24.6 ± 1.7 (22.6–26.5); DFH 

1.9 ± 0.4 (1.5–2.5); VFH 2.2 ± 0.9 (1.2–3.5); MTH 7.2 ± 0.5 (6.4–7.7); TMH 2.8 ± 

0.2 (2.5–3.1); TMW 2.2 ± 0.2 (2.0–2.5); ED 1.8 ± 0.2 (1.6–2.0); IOD 3.0 ± 0.1 (2.9–

3.1); ESD 2.7 ± 0.4 (2.2–3.2); SSD 5.2 ± 0.3 (4.8–5.6); ODW 1.4 ± 0.2 (1.2–1.6). 

External morphology: At stage 39, the body is laterally compressed (BH/BW = 

94%) with triangular aspect in lateral view and represents 27% of the total length. 

Snout is rounded in dorsal and ventral views and truncated in lateral view. Eyes are 

big (ED/BL = 20%) and arranged laterally. Nares opening are small, rounded and 

located at the tip of the snout, without projection on marginal rim. Spiracle is sinistral, 

very short and located on body`s middle third (SSD/BL = 57%) bellow body`s middle 

line; its opening is narrow, rounded and posteriorly directed, with internal wall fused 

to body; the external wall mostly covers the spiracle opening.  Cloacal tube is short, 

dextral and fused to the fin. Dorsal fin with convex margin, emerging at posterior 

third of the body at a high slope; ventral fin is high with convex margin; both fins are 

similar in height.  Tip of the tail is pointed and acuminate into a flagellum. Tail 

musculature is moderately developed, represents 39% of maximum tail height and 

extends to tail`s tip. 

Oral disc: Small (ODW/BW = 29%), anteroventral, rounded and not emarginated; 

one or two rows of marginal papillae surrounds the oral disc with a broad interruption 

on the anterior labium; marginal papillae conical with a rounded tip; submarginal 

papillae absent. Labial Tooth row formula: 0/1, 1/1 or 1/2; tooth rows weak and 
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usually fragmentized. Jaw sheaths are wide, with triangular serration; upper jaw 

sheath “M” shaped and lower jaw sheath “V” shaped. 

Coloration: In life, body dorsal surface and tail musculature are yellowish whereas 

ventral surface has a bright silver coloration. Both fins are translucent. Viscera are 

visible. 

Oral cavity anatomy: Buccal roof overall rectangular, with a simple and broad 

prenarial arena. Nares opening are narrow and elliptical. Narial walls are thick with 

both anterior and posterior edges smooth, which do not covers the nares opening. 

Postnarial arena is simple with few postulations evenly distributed. A pair of simple 

and narrow ridge of papillae is oriented transversely, located laterally between nares 

and the median ridge. The median ridge is overall broad, short, and has a smooth 

edge. The buccal roof arena (BRA) is rectangular, bounded anteriorly by the median 

ridge and laterally by 3–4 pairs of short papillae. The BRA field is evenly scattered 

with pustulations. The dorsal velum is broad, curving gradually towards the midline 

and interrupted medially. Buccal floor is triangular and broad posteriorly. Two pairs 

of infralabial papillae are present; the inner pair of papillae is long, similar in length 

and oriented in parallel to each other, whereas the outer pair of papillae are wide, 

oriented transversely and with irregular edges. Tongue anlage is broad and devoid of 

lingual papillae. The buccal floor arena (BFA) is U-shaped and bounded by about 3 

pairs of short papillae. The anterior half of the BFA is mostly devoid of pustulations; 

postulations are found homogenously scattered within the posterior half of the BFA. 

Few pre-pocket postulations occur anteriorly and on each side of the BFA and 

anterior to the buccal pockets. The velar surface is free, long, with short projections 

on its posterior margin; a median notch is absent.  
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Comments: Tadpoles of D. minutus can be found evenly distributed throughout at 

temporary ponds with approximately 50 cm depth mostly associated with aquatic 

vegetation. The tadpoles are exotroph, lentic and nektonic according to Altig & 

McDiarmid (1999b) ecomorphological guilds. The marginal papillae configuration of 

D. minutus from EAJ population (simple or double laterally and simple posteriorly) 

differs from tadpoles described from Trinidad populations by its marginal papillae 

(only simple marginal papillae were observed,Kenny 1969). Furthermore, the 

marginal papillae arranged in two rows along its entire extension differs the tadpoles 

from São Paulo (Heyer et al. 1990; Rossa-Feres & Nomura 2006) and Brazilian 

Amazonia (Hero 1990) populations from tadpoles described herein. Although some of 

the LTRF observed herein were not observed in other descriptions, this feature can 

extensively overlap across populations. Such variation was also observed for tadpoles 

from São Paulo populations (Rossa-Feres & Nomura 2006) and is probably related to 

damages on the disc as the tooth rows are mostly fragmentized. Nevertheless, these 

variations found among isolated populations may support the hypotheses of species 

complex within D. minutus clade. The buccal cavity anatomy is herein reported for 

the first time. 
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Figure 6. Lateral view (A), and schematic representation of oral disc (B), buccal floor 

(C), and buccal roof (D) of Dendropsophus minutus tadpole at stage 39.  
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Dendropsophus nanus (Boulenger, 1889) – Figure 7 (A, B, C and D) 

Measurements (Stages 36–39): TL 24.9 ± 1.7 (22.3–26.3); BL 6.2 ± 0.6 (5.6–7.0); 

BH 2.8 ± 0.5 (2.2–3.3); BW 3.3 ± 0.4 (2.9–3.7); TAL 18.7 ± 1.2 (16.7–19.8); DFH 

1.5 ± 0.4 (1.0–2.1); VFH 0.7 ± 0.2 (0.6–1.0); MTH 3.7 ± 0.6 (2.6–4.1); TMH 1.7 ± 

0.2 (1.5–1.9); TMW 1.5 ± 0.3 (1.1–1.8); ED 1.1 ± 0.2 (0.9–1.2); IOD 2.2 ± 0.2 (1.9–

2.4); ESD 2.4 ± 0.2 (2.0–2.6); SSD 3.6 ± 0.4 (3.2–4.0); ODW 0.7 ± 0.1 (0.6–0.8). 

External morphology: At stage 39, the body is laterally compressed (BH/BW = 

85%), elliptical in lateral view and represents 25% of the total length. Snout is 

rounded in dorsal and ventral views and truncated in lateral view. Eyes are big 

(ED/BL = 18%) and arranged laterally. Nares opening are narrow, rounded and 

located at the tip of the snout, without projection on marginal rim. Spiracle is sinistral, 

short and located on body`s middle third (SSD/BL = 58%) bellow body`s middle line; 

its opening is narrow, rounded and posteriorly directed, with internal wall fused to 

body; the external wall mostly covers the spiracle opening. Cloacal tube is short, 

dextral and fused to the fin. Dorsal fin with a convex margin, emerging at the 

posterior third of the body with maximum height in its middle third; ventral fin is 

slightly arched, with convex margin; both fins are similar in height. Tip of the tail is 

pointed and acuminate into a flagellum. Tail musculature is moderately developed, 

represents 46% of maximum tail height and extends to tail`s tip. 

Oral Disc: Small (ODW/BW = 21%), terminal and modified in a protractile tube 

without marginal papillae or tooth rows. Jaw sheaths are narrow, with triangular 

serration; upper jaw sheath “arc” shaped and lower jaw sheath “V” shaped. 

Coloration: In life, body dorsal surface and tail are reddish with scattered brown 

blotches whereas body ventral surface is light cream. Also, a black stripe extends 
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from the snout to eyes bellow nares. Areas of dark red colorations are located laterally 

behind eyes. Viscera are visible. Fins are slightly translucent with light blotches along 

its margins.  

Oral cavity anatomy: Buccal roof overall rectangular and simple without papillae or 

median ridge. Post and prenarial arena are indistinct. The buccal roof arena (BRA) is 

also indistinct. The dorsal velum is broad, curving gradually towards the midline and 

interrupted medially. Buccal floor is triangular and broad posteriorly. Two pairs of 

infralabial papillae are present; the anterior most pair of papillae is wide, oriented 

transversely with irregular edges and located on the cavity entrance, whereas the 

posterior pair of papillae is globose and located medially. Tongue anlage is broad and 

devoid of lingual papillae. The buccal floor arena (BFA) is not well defined and 

bounded posteriorly by about one pair of short papillae. The anterior half of the BFA 

is mostly devoid of pustulations; postulations are found homogenously scattered 

distributed within the posterior half of the BFA. Pre-pocket papillae are absent. The 

velar surface is free, short, without projections on its posterior margin; a median notch 

is absent.  

Comments: Tadpoles can be found evenly distributed throughout temporary ponds 

margins (with 10–20 cm depth) mostly associated with substrate. The tadpoles are 

exotroph, lentic and macrophagus according to Altig & McDiarmid (1999b) 

ecomorphological guilds. The external morphology described herein agrees with a 

previous description of Bokermann (1963) e Rossa-Feres & Nomura (2006) for 

populations from São Paulo State. The buccal cavity anatomy overall agrees with a 

previous description of D. nanus tadpole for a population from Santa Fé province, 

Argentina (Candioti 2007). 
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Figure 7. Lateral view (A), and schematic representation of oral disc (B), buccal floor 

(C), and buccal roof (D) of Dendropsophus nanus tadpole at stage 39.  
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D. oliveirai (Bokermann, 1963) – Figure 8 (A, B, C and D) 

Measurements (Stages 31–40): TL 20.9 ± 5.1 (16.0–27.2); BL 7.0 ± 1.3 (5.6–8.4); 

BH 3.1 ± 1.0 (2.2–4.5); BW 3.8 ± 1.0 (3.1–5.5); TAL 14.0 ± 3.8 (10.4–19.0); DFH 

1.2 ± 0.2 (1.0–1.4) VFH 1.0 ± 0.3 (0.8–1.3); MTH 3.9 ± 0.9 (3.0–5.1); TMH 1.9 ± 

0.8 (1.3–2.8); TMW 1.4 ± 0.5 (1.0–2.2); ED 1.1 ± 0.3 (0.7–1.3); IOD 2.7 ± 0.8 (1.8–

3.6); ESD 2.2 ± 0.4 (1.8–2.9); SSD 4.1 ± 1.1 (3.4–5.8); ODW 1.0 ± 0.3 (0.7–1.3). 

External morphology: At stage 37, the body is slightly dorso-ventrally compressed 

(BH/BW = 82%), rectangular in dorsal and ventral views with triangular aspect in 

lateral view, and represents 33% of the total length. Snout is rounded in dorsal and 

ventral views and truncated in lateral view. Eyes are small (ED/BL = 16%) and 

arranged laterally. Nares opening are small, rounded and located at the tip of the 

snout, without projection on marginal rim. Spiracle is sinistral, short and located on 

body`s middle third (SSD/BL = 59%) bellow body`s middle line; its opening is 

narrow, rounded and posteriorly directed, with internal wall not fused to body; the 

external wall mostly covers the spiracle opening. Cloacal tube is short, dextral and 

fused to the fin. Dorsal fin is slightly arched, emerging at posterior third of the body at 

a low slope; ventral fin emerges at body`s ventral middle third with convex margin. 

Tip of the tail is pointed and slightly acuminate. Tail musculature is moderately 

developed, represents 49% of maximum tail height and extends to tail`s tip.  

Oral disc: Small (ODW/BW = 27%), terminal and rounded without folds. One row of 

marginal papillae surrounds the oral disc with a broad interruption on the anterior 

labium; marginal papillae conical with rounded tip; submarginal papillae absent. 

LTRF 0/0. Jaw sheaths are wide, with triangular serration; upper jaw sheath “arc” 

shaped and lower jaw sheath “V” shaped. 
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Coloration: In life, body is black colored with big scattered dark dots along body`s 

dorsal and ventral surfaces. Tail is indistinctively black with two to three white 

vertical bars along tail extension. Viscera are not visible. 

Oral cavity anatomy: Buccal roof overall rectangular, with a simple and broad 

prenarial arena. Nares opening are narrow and elliptical. Narial walls are thick with 

both anterior and posterior edges smooth, which do not covers the nares opening. 

Postnarial arena is simple without papillae or postulations. A pair of simple and 

narrow ridge of papillae is oriented transversely, located laterally on each side of the 

median ridge. The median ridge is overall broad, short, and has a smooth edge with 

rounded tip. The buccal roof arena (BRA) is rectangular, bounded anteriorly by the 

median ridge and laterally by one pair of short papillae. The BRA field is evenly 

scattered with pustulations. The dorsal velum is broad, curving gradually towards the 

midline and interrupted medially. Buccal floor is triangular and broad posteriorly. 

Two pairs of infralabial papillae are present; the inner pair of papillae is long, similar 

in length and oriented in parallel to each other, whereas the outer pair of papillae are 

wide, oriented transversely and with irregular edges. Tongue anlage is broad and 

devoid of lingual papillae. The buccal floor arena (BFA) is U-shaped and bounded 

posteriorly by one pair of wide and short papillae with multifid margins. Postulations 

are found homogenously scattered within the BFA. A pair of pre-pocket papillae 

occurs anteriorly and on each side of the BFA. The velar surface is free, long, with 

short projections on its posterior margin; a median notch is absent.  

Comments: Tadpoles can be found at temporary ponds margins about 20 depth 

associated with aquatic vegetation. The tadpoles are exotroph, lentic and nektonic 

according to Altig & McDiarmid (1999b) ecomorphological guilds. The external 

morphology described herein agrees with a previous description of Pugliese et al. 
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(2000) for a population from Alagoas State. The buccal cavity anatomy is herein 

reported for the first time. 

 

Figure 8. Lateral view (A), and schematic representation of oral disc (B), buccal floor (C), and buccal 

roof (D) of Dendropsophus oliveirai tadpole at stage 37.  
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D. soaresi (Caramaschi and Jim, 1983) – Figure 9 (A, B, C and D) 

Measurements (Stages 30–38): TL 21.6 ± 3.8 (15.0–24.4); BL 6.6 ± 0.9 (5.1–7.5); 

BH 3.1 ± 0.8 (2.0–3.9); BW 3.7 ± 0.6 (2.8–4.2); TAL 14.9 ± 3.0 (9.9–16.9); DFH 1.7 

± 0.2 (1.4–1.9) VFH 1.8 ± 0.3 (1.4–2.2); MTH 5.5 ± 0.8 (4.1–6.3); TMH 2.0 ± 0.3 

(1.5–2.2); TMW 1.3 ± 0.3 (0.8–1.5); ED 1.0 ± 0.1 (0.8–1.1); IOD 2.3 ± 0.3 (1.8–2.6); 

ESD 2.2 ± 0.2 (1.9–2.5); SSD 3.5 ± 0.5 (2.8–4.2); ODW 1.0 ± 0.1 (0.9–1.1). 

External morphology: At stage 38, the body is laterally compressed (BH/BW = 

84%) with triangular aspect in lateral view and represents 31% of the total length. 

Snout is rounded in dorsal and ventral views and truncated in lateral view. Eyes are 

big (ED/BL = 15%) and arranged laterally. Nares opening are broad, rounded and 

located at the tip of the snout, without projection on marginal rim. Spiracle is sinistral, 

short and located on body`s middle third (SSD/BL = 53%) bellow body`s middle line; 

its opening is narrow, rounded and posteriorly directed, with internal wall not fused to 

body; the external wall mostly covers the spiracle opening. Cloacal tube is short, 

dextral and fused to the fin. Dorsal fin with a convex margin, emerging at body's 

middle third at a high slope with maximum height in its middle third; ventral fin is 

high with convex margin. Tip of the tail is pointed and slightly acuminate. Tail 

musculature is moderately developed, represents 36% of maximum tail height and 

extends to tail`s tip. 

Oral Disc: Small (ODW/BW = 27%), anteroventral and rounded without folds. 

Papillae agglomerate on each side of the anterior labium in small amounts and on the 

posterior labium, whereas the rest of the oral disc is bare; marginal papillae conical 

with a rounded tip; submarginal papillae absent. Labial tooth row formula: 0/1; tooth 
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row weak and usually fragmentized. Jaw sheaths are wide, with triangular serration; 

upper jaw sheath “M” shaped and lower jaw sheath “U” shaped. 

Coloration: In formalin, body and tail musculature surface is light brown with a pale 

aspect covered and with scattered small dots. Ventral surface of the body is 

imaculate.. Viscera are visible. Both fins are translucent with scattered brown dots 

and nervures along its margins.  

Oral cavity anatomy: Buccal roof overall rectangular, with a simple and broad 

prenarial arena. A rounded and broad keratinized structure is present. Nares opening 

are narrow and elliptical. Narial walls are thick with both anterior and posterior edges 

smooth, which do not covers the nares opening. Postnarial arena is simple with evenly 

distributed pustulations. A pair of simple and narrow ridge of papillae is oriented 

transversely, located laterally on each side of the median ridge. The median ridge is 

overall narrow, short, and has a smooth edge with rounded tip. The buccal roof arena 

(BRA) is rectangular, bounded anteriorly by the median ridge without papillae. The 

BRA field is evenly and densely distributed with pustulations. The dorsal velum is 

broad, curving gradually towards the midline and interrupted medially. Buccal floor 

is triangular and broad posteriorly. One pair of broad and globose infralabial papillae 

is present and located on the cavity entrance. Tongue anlage is broad, with 

pustulations and devoid of lingual papillae. The buccal floor arena (BFA) is not well 

defined and bounded anteriorly by one pair of wide and short papillae with pointed 

tips. Pustulations are found homogenously and densely distributed within the BFA. 

Pre-pocket papillae are absent. The velar surface is free and not well defined; a 

median notch is present.  
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Comments: Tadpoles can be found at temporary ponds margins about 20cm depth 

associated with aquatic vegetation. The tadpoles are exotroph, lentic and nektonic 

according to Altig & McDiarmid (1999b) ecomorphological guilds. The external 

morphology described herein agrees with a previous description of Gomes & Peixoto 

(1992) for a population from Bahia State. The buccal cavity anatomy is herein 

reported for the first time. 

 

Figure 9. Lateral view (A), and schematic representation of oral disc (B), buccal floor (C), and buccal 

roof (D) of Dendropsophus soaresi tadpole at stage 38.  
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Hypsiboas albomarginatus (Spix, 1824) – Figure 10 (A, B, C and D) 

Measurements (Stages 37): TL 46.8 ± 5.8 (41.5–54.1); BL 14.5 ± 1.5 (13.0–16.6); 

BH 7.3 ± 0.5 (6.9–8.2); BW 9.5 ± 0.5 (8.7–9.9); TAL 32.2 ± 4.6 (26.9–37.4); DFH 

3.0 ± 0.6 (2.3–3.7); VFH 2.1 ± 0.1 (2.0–2.3); MTH 8.1 ± 0.8 (7.1–9.0); TMH 4.9 ± 

0.9 (4.3–6.5); TMW 3.0 ± 0.6 (2.6–4.0); ED 1.7 ± 0.4 (1.4–2.3); IOD 4.0 ± 0.2 (3.8–

4.4); ESD 4.6 ± 0.4 (4.2–5.3); SSD 9.6 ± 0.6 (8.5–10.2); ODW 3.4 ± 0.1 (3.3–3.5). 

External morphology: At stage 37, the body is dorso-ventrally depressed (BH/BW = 

77%) with a robust globular aspect and represents 31% of the total length. Snout is 

rounded in all views. Eyes are medium sized (ED/BL = 12%) and positioned dorso-

laterally. Nares opening are broad, reniform, dorsally located closest to eye than to 

snout with a rounded projection on its marginal rim. Spiracle is sinistral, long and 

located on body`s posterior third (SSD/BL = 66%) at body`s middle line; its opening 

is narrow, rounded and posteriorly directed, with internal wall not fused to body. 

Cloacal tube is long, dextral and fused with the fin. Dorsal fin is high, with convex 

margin, emerging at body-tail junction at a slow slope and with maximum height in 

its middle third; ventral fin low with margin parallel to the longitudinal axis of the 

tail. Tip of the tail is pointed and slightly acuminate. Tail musculature is moderately 

developed, represents 60% of maximum tail height and extends to tail`s tip. 

Oral disc: Small (ODW/BW = 33%), ventral and with two folds on the posterior 

labium; one row of marginal papillae surrounds the oral disc with a narrow 

interruption on the anterior labium; marginal papillae conical with a rounded tip; 

submarginal papillae absent. Labial Tooth row formula: 2(2)/4(1); anterior tooth rows 

with same length; P-3 is longer than others and extends to the lateral region of the oral 
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disc. Jaw sheaths are wide, with triangular serration; upper jaw sheath “arc” shaped 

and lower jaw sheath “U” shaped.  

Coloration: In life, body dorsal surface and tail musculature are dark brown with 

scattered dark dots; Viscera are visible. Both fins are translucent with sparse black 

blotches along its margins. 

Oral cavity anatomy: Buccal roof overall rectangular, with a simple and broad 

prenarial arena. Nares opening are broad and elliptical. Narial walls are thick with 

both anterior and posterior edges irregular, which covers the nares opening forming a 

narial valve. Postnarial arena with scattered distributed pustulations. A pair of narrow 

ridge of papillae is oriented transversely, located laterally on each side of the median 

ridge. They project medially and have irregular margins. The median ridge is overall 

broad, short, and has an irregular edge. The buccal roof arena (BRA) is rectangular, 

bounded anteriorly by the median ridge without papillae. The BRA field is evenly and 

densely distributed with pustulations. The dorsal velum is broad, curving gradually 

towards the midline and not interrupted. Buccal floor is triangular and broad 

posteriorly. One pair of infralabial papillae is present; they are wide, oriented 

transversely with irregular edges. Two short and simple lingual papillae are present. 

The buccal floor arena (BFA) is U-shaped and bounded by about 4–5 pairs of short 

papillae. The anterior half of the BFA is mostly devoid of pustulations; postulations 

are found homogenously scattered within the posterior half of the BFA. Pre-pocket 

papilla occurs anteriorly and on each side of the BFA and anterior to the buccal 

pockets. The velar surface is free, long, without projections on its posterior margin; a 

median notch is absent. 
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Comments: Tadpoles can be found in temporary ponds about 20–70cm depth close to 

aquatic vegetation or at the margins. The tadpoles are exotroph, lentic and benthic 

according to Altig & McDiarmid (1999b) ecomorphological guilds. The external 

morphology described herein agrees with a previous description of Peixoto & Cruz 

(1983) for a population from Rio de Janeiro. The buccal cavity anatomy is herein 

reported for the first time. 

 

Figure 10. Lateral view (A), and schematic representation of oral disc (B), buccal floor (C), and buccal 

roof (D) of Hypsiboas albomarginatus tadpole at stage 37.  
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H. raniceps (Cope, 1862) – Figure 11 (A, B, C and D) 

Measurements (Stages 31–34): TL 38.7 ± 4.0 (32.3–42.7); BL 11.6 ± 1.0 (10.3–

12.5); BH 5.3 ± 0.3  (5.0–5.8); BW 7.3 ± 0.5 (6.8–7.8); TAL 27.1 ± 3.1 (22.0–30.2); 

DFH 2.7 ± 0.3 (2.2–2.9); VFH 1.7 ± 0.2 (1.4–2.0); MTH 6.6 ± 0.5 (6.0–7.3); TMH 

2.6 ± 0.1 (2.4–2.7); TMW 2.3 ± 0.2 (2.0–2.5); ED 1.7 ± 0.2 (1.5–2.0); IOD 2.7 ± 0.2 

(2.5–3.0); ESD 3.3 ± 0.2 (3.0–3.5); SSD 7.9 ± 0.3 (7.5–8.3); ODW 2.4 ± 0.1 (2.3–

2.6).  

External morphology: At stage 34, body is dorsal-ventrally depressed (BH/BW = 

73%) with a robust globular aspect and represents 30% of the total length. Snout is 

rounded in all views. Eyes are moderately big (ED/BL = 15%) and positioned dorso-

laterally. Nares opening are narrow, reniform, dorsally located closest to eye than to 

snout with a triangular projection on its marginal rim. Spiracle is sinistral, long and 

located on body`s posterior third (SSD/BL = 68%) at body`s middle line; its opening 

is narrow, rounded and posteriorly directed, with internal wall not fused to body. 

Cloacal tube is long, dextral and fused with the fin. Dorsal fin is high, with convex 

margin, emerging at body-tail junction at a slow slope with maximum height in its 

middle third; ventral fin low with margin parallel to the longitudinal axis of the tail. 

Tip of the tail is pointed and slightly acuminate. Tail musculature is moderately 

developed, represents 39% of maximum tail height and extends to tail`s tip. 

Oral disc: Small (ODW/BW = 33%), ventral and with two folds on the posterior 

labium; one row of marginal papillae surrounds the oral disc with a narrow 

interruption on the anterior labium; marginal papillae conical with a rounded tip; 

submarginal papillae absent or present in few amounts laterally. Labial Tooth row 

formula: 2(1,2)/3(1); anterior tooth rows with same length; P-3 is shorter than others. 
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Jaw sheaths are wide, with triangular serration; upper jaw sheath “arc” shaped and 

lower jaw sheath “U” shaped. 

Coloration: In life, body dorsal surface and tail musculature are dark brown with 

reddish aspect. Viscera are visible. Both fins are translucent with sparse black 

blotches along its margins.  

Oral cavity anatomy: Buccal roof overall rectangular, with a simple and broad 

prenarial arena. Nares opening are broad and elliptical. Narial walls are thick with 

both anterior and posterior edges irregular, which covers the nares opening forming a 

narial valve. Postnarial arena relatively simple without papillae or pustulations. A pair 

of narrow ridge of papillae is oriented transversely, located laterally on each side of 

the median ridge. They project medially and have irregular margins. The median ridge 

is overall broad, short, and has a smooth edge. The buccal roof arena (BRA) is 

rectangular, bounded anteriorly by the median ridge without papillae. The BRA field 

is evenly distributed with pustulations. The dorsal velum is broad, curving gradually 

towards the midline and not interrupted. Buccal floor is triangular and broad 

posteriorly. One pair of infralabial papillae is present; they are narrow and oriented 

transversely with irregular edges. Two short and simple lingual papillae are present. 

The buccal floor arena (BFA) is U-shaped and bounded by about 3–4 pairs of short 

papillae. The anterior half of the BFA is mostly devoid of pustulations; postulations 

are found homogenously scattered within the posterior half of the BFA. Few pre-

pocket papilla occurs anteriorly and on each side of the BFA and anterior to the 

buccal pockets. The velar surface is free, long, without projections on its posterior 

margin; a median notch is absent. 
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Comments: Tadpoles can be found in temporary ponds about 20–70cm depth close to 

the pond`s margins hidden among dead leaves accumulated on the subtract. The 

tadpoles are exotroph, lentic and benthic according to Altig & McDiarmid (1999b) 

ecomorphological guilds. The external morphology described herein agrees with a 

previous description Kolenc et al. (2008) and Rossa-Feres & Nomura (2006) for 

populations from Argentina and São Paulo, respectively. The buccal cavity anatomy 

overall agrees with a previous description of H. raniceps tadpole for a population 

from Corrientes Province, Argentina (Kolenc et al. 2008). 

 

Figure 11. Lateral view (A), and schematic representation of oral disc (B), buccal floor (C), and buccal roof (D) of Hypsiboas 

raniceps tadpole at stage 34.  
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Phyllomedusa nordestina Caramaschi, 2006 – Figure 12 (A, B, C and D) 

Measurements (Stages 37): TL 47.4 ± 4.5 (42.7–53.0); BL 13.0 ± 0.5 (12.5–13.6); 

BH 7.6 ± 0.2 (7.4–7.9); BW 6.9 ± 0.5 (6.3–7.4); TAL 34.4 ± 4.1 (30.1–39.5); DFH 

1.1 ± 0.4 (0.4–1.4); VFH 3.8 ± 0.2 (3.4–3.9); MTH 8.6 ± 0.3 (8.2–9.0); TMH 5.5 ± 

0.3 (5.2–5.8); TMW 3.8 ± 0.2 (3.6–4.0); ID 2.2 ± 0.2 (2.0–2.4); IOD 4.4 ± 0.5 (3.9–

4.9); ESD 3.4 ± 0.2 (3.2–3.6); SSD 6.5 ± 0.3 (6.0–6.9); ODW 2.4 ± 0.1 (2.2–2.5).  

External morphology: At stage 37, body is laterally compressed (BH/BW > 100%) 

with triangular aspect in lateral view and represents 27% of the total length. Snout is 

rounded in dorsal and ventral views and truncated in lateral view. Eyes are big 

(ED/BL = 17%) and arranged laterally. Nares opening are broad, rounded and located 

closest to the snout than eyes, without projection on marginal rim. Spiracle is 

ventrally positioned, short and located on body`s middle third (SSD/BL = 50%); its 

opening is narrow, elliptical and posteriorly directed, with internal wall totally fused 

to body; the external wall mostly covers the spiracle opening. Cloacal tube is short, 

dextral and fused to the fin. Dorsal fin is reduced and parallel to the longitudinal axis 

of the tail, emerging at tail musculature medial portion; ventral fin is parallel to tail 

musculature axis and abruptly tappers on the last third of the tail. Tip of the tail is 

pointed and acuminate in a flagellum. Tail musculature is well developed, represents 

64% of maximum tail height and extends to tail`s tip.  

Oral disc: Small (ODW/BW = 35%), anteroventral and not emarginated; one row of 

conical marginal papillae surrounds the oral disc except on a wide portion of the 

anterior labium; marginal papillae are conical with rounded tips; submarginal papillae 

absent. Labial tooth row formula: 2(2)/3(1); anterior tooth rows with same length; A-2 

widely interrupted and P-1 interruption is narrow; P-3 is shorter than others. Jaw 
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sheaths are wide, with triangular serration; upper jaw sheath “M” shaped and lower 

jaw sheath “U” shaped.  

Coloration: In life, body dorsal surface is light brown whereas the ventral region is 

gray. Tail musculature is indistinctively gray. Viscera are visible. Both fins are 

translucent. Black blotches can be found along the ventral fin margins and are denser 

on tail`s last third.  

Oral cavity anatomy: Buccal roof overall rectangular, with a simple and broad 

prenarial arena. A pair of arc-shaped ridges is present. Nares opening are broad and 

elliptical. Narial walls are thick with both anterior and posterior edges smooth, which 

do not cover the nares opening. Postnarial arena is relatively simple with a pair of 

postnarial papillae. A pair of wide ridge of papillae is oriented transversely, located 

laterally on each side of the median ridge. They project medially and have smooth 

margins. The median ridge is overall broad, short, and has a irregular edge. The 

buccal roof arena (BRA) is rectangular, bounded anteriorly by the median ridge and 

laterally by three pairs of papillae. The BRA field is evenly distributed with 

pustulations. The dorsal velum is broad, curving gradually towards the midline and 

interrupted medially. Buccal floor is triangular and broad posteriorly. One pair of 

infralabial papillae is present; they are narrow and oriented transversely with smooth 

margins. Two short and simple lingual papillae are present. The buccal floor arena 

(BFA) is U-shaped and bounded by about 7–8 pairs of short papillae. The anterior 

half of the BFA is mostly devoid of pustulations; postulations are found 

homogenously scattered within the posterior half of the BFA. Few pre-pocket papillae 

occurs anteriorly and on each side of the BFA and anterior to the buccal pockets. The 

velar surface is free, long, with 3–4 indentations along its posterior margin; a median 

notch is present. 
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Comments: Tadpoles can be found at temporary ponds about 20–70cm depth close to 

the surface and related to aquatic vegetation usually away from the margins. The 

tadpoles are exotroph, lentic and suspender feeder according to Altig & McDiarmid 

(1999b) ecomorphological guilds. The external morphology described herein agrees 

with a previous description of Cruz (1982), as P. hypochondrialis, for a population 

from Bahia. The buccal cavity anatomy is herein reported for the first time. 

 

Figure 12. Lateral view (A), and schematic representation of oral disc (B), buccal floor (C), and buccal roof (D) of Phyllomedusa 

nordestina tadpole at stage 37.  
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Scinax cretatus Nunes & Pombal Jr, 2011 – Figure 13 (A, B, C and D) 

Measurements (Stages 31–38): TL 30.5 ± 3.2 (26.4–35.1); BL 8.1 ± 0.7 (7.2–8.8); 

BH 4.9 ± 0.5 (4.4–5.5); BW 5.0 ± 0.5 (4.4–5.6); TAL 22.4 ± 2.7 (19.1–26.6); DFH 

1.9 ± 0.4 (1.6–2.4); VFH 2.2 ± 0.2 (2.0–2.5); MTH 6.4 ± 0.6 (5.7–7.3); TMH 2.7 ± 

0.5 (2.2–3.4); TMW 1.9 ± 0.3 (1.4–2.2); ED 1.4 ± 0.1 (1.3–1.6); IOD 3.2 ± 0.3 (2.8–

3.5); ESD 2.9 ± 0.4 (2.4–3.3); SSD 4.6 ± 0.5 (4.1–5.3); ODW 1.6 ± 0.2 (1.4–1.8).  

External morphology: At stage 38, body is almost as high as wide and laterally 

compressed (BH/BW = 98%) with triangular aspect in lateral view and represents 

27% of the total length. Snout is rounded in dorsal and ventral views and truncated in 

lateral view. Eyes are big (ED/BL = 17%) and arranged laterally. Nares are small, 

rounded and located closest to the snout than eyes, without projection on marginal 

rim. Spiracle is sinistral, short and located on body`s middle third (SSD/BL = 57%) at 

body`s middle line; its opening is narrow, rounded and dorso-posteriorly directed, 

with internal wall totally fused to body. Cloacal tube is short, dextral and fused to the 

fin. Dorsal fin is low and slightly arched, emerging at body-tail junction at a slow 

slope with maximum height in its middle third; ventral fin is high with a convex 

margin. Tip of the tail is pointed and slightly acuminate. Tail musculature is 

moderately developed, represents 42% of maximum tail height and extends to tail`s 

tip. 

Oral disc: Small (ODW/BW = 32%), anteroventral and not emarginated; one row of 

conical marginal papillae surrounds the oral disc except for interruptions on the 

anterior labium and posterior labium; marginal papillae are conical with rounded tips; 

submarginal papillae present aggregated laterally in the oral disc. Labial tooth row 

formula: 2(2)/3(1); anterior tooth rows with same length; P-2 is longer than P-1 and P-
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3 which is the shorter. Jaw sheaths are wide, with triangular serration; upper jaw 

sheath “arc” shaped and lower jaw sheath “U” shaped. 

Coloration: In life, body surface and tail musculature are gray with bright light areas 

on the lateral and ventral regions of the body. Viscera are visible. Both fins are 

translucent with small dots and venulations scattered distributed along its extension.  

Oral cavity anatomy: Buccal roof overall rectangular, with a simple and broad 

prenarial arena. Nares opening are broad and elliptical. Narial walls are thick with 

both anterior and posterior edges smooth, which partially cover the nares opening 

forming a narial valve. Postnarial arena with three pairs of postnarial papillae; the 

medial papillae are short and located close to the medial ridge. A pair of wide ridge of 

papillae is oriented transversely, located laterally on each side of the median ridge. 

They project medially and have smooth margins. The median ridge is overall broad, 

short, and has an irregular edge. The buccal roof arena (BRA) is rectangular, bounded 

anteriorly by the median ridge without papillae. The BRA field is evenly distributed 

with pustulations. The dorsal velum is broad, curving gradually towards the midline 

and not interrupted medially. Buccal floor is triangular and broad posteriorly. One 

pair of infralabial papillae is present; they are narrow and oriented transversely with 

smooth margins. Lingual papillae are absent. The buccal floor arena (BFA) is U-

shaped and bounded by about 5–6 pairs of short papillae. The anterior half of the BFA 

is mostly devoid of pustulations; postulations are found homogenously scattered 

within the posterior half of the BFA. Few pre-pocket pustulations occur anteriorly and 

on each side of the BFA and anterior to the buccal pockets. The velar surface is free, 

long, without projections on its posterior margin; a median notch is present. 
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Comments: Tadpoles can be found in temporary ponds about 20–70 cm depth related 

to aquatic vegetation and usually away from the margins. The tadpoles are exotroph, 

lentic and nektonic according to Altig & McDiarmid (1999b) ecomorphological 

guilds. The external morphology described herein agrees with a previous description 

of Alves et al. (2004), as S. auratus, for a population from Alagoas State. The buccal 

cavity anatomy is herein reported for the first time. 

 

Figure 13. Lateral view (A), and schematic representation of oral disc (B), buccal 

floor (C), and buccal roof (D) of Scinax cretatus tadpole at stage 38.  
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S. fuscomarginatus (Lutz, 1925) – Figure 14 (A, B, C and D) 

Measurements (Stages 32–37): TL 22.9 ± 4.0 (17.2–27.5); BL 6.5 ± 0.7 (5.7–7.5); 

BH 3.2 ± 0.5  (2.5–3.7); BW 3.6 ± 0.3 (3.3–3.9); TAL 16.4 ± 3.6 (10.9–20.4); DFH 

1.7 ± 0.4 (1.0–2.1); VFH 1.2 ± 0.3 (0.8–1.6); MTH 4.6 ± 0.9 (3.4–5.7); TMH 1.7 ± 

0.2 (1.5–2.0); MTH 1.4 ± 0.3 (1.1–1.7); ED 1.3 ± 0.1 (1.1–1.4); IOD 2.1 ± 0.2 (1.7–

2.3); ESD 2.4 ± 0.2 (2.1–2.6); SSD 3.5 ± 0.5 (3.1–4.2); ODW 2.0 ± 0.2 (1.7–2.3). 

External morphology: At stage 37, the body is almost as high as wide and 

compressed laterally (BH/BW = 89%), with triangular aspect in lateral view and 

represents 28% of the total length. Snout is rounded in dorsal and ventral views and 

truncated in lateral view. Eyes are big (ED/BL = 20%) and arranged laterally. Nares 

opening are narrow, rounded and located closest to the snout than eyes, without 

projection on marginal rim. Spiracle is sinistral, short and located on body`s middle 

third (SSD/BL = 54%) bellow body`s middle line; its opening is narrow, rounded and 

dorso-posteriorly directed, with internal wall totally fused to body. Cloacal tube is 

short, dextral and fused to the fin. Dorsal fin emerges at the posterior third of the 

body; its margins is slightly convex and reaches maximum height on its first third; 

ventral fin also with a convex margin. Tip of the tail is pointed and slightly 

acuminate. Tail musculature is moderately developed, represents 37% of maximum 

tail height and extends to tail`s tip. 

Oral Disc: Medium sized (ODW/BW = 56%), ventral with two folds on posterior 

labium; one row of conical marginal papillae surrounds with a narrow interruption 

anteriorly; marginal papillae are conical with rounded tips; submarginal papillae 

absent or present in few amounts on oral disc commissure. Labial Tooth row formula: 

2(2)/3(1); anterior labium is divided into two flaps that covers A-2; P-2 is longer than 
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P-1 and P-3; in some individuals P-3 is shorter than others. Jaw sheaths are wide, with 

triangular serration; lateral process longer than wide; upper jaw sheath “arc” shaped 

and lower jaw sheath “U” shaped. 

Coloration: In life, body surface and tail musculature are yellowish with brown 

markings between eyes, on nares rim and at spiracle bases. Also, a mediolateral 

brown stripe is present along the tail musculature. Viscera are visible. Both fins are 

translucent with dense brown markings on its final third.  

Oral cavity anatomy: Buccal roof overall rectangular, with a simple and broad 

prenarial arena. Nares opening are narrow and elliptical. Narial walls are thick with 

both anterior and posterior edges smooth, which do not cover the nares opening. 

Postnarial arena with scattered pustulations. A pair of narrow ridge of papillae is 

oriented transversely, located laterally on each side of the median ridge. They project 

medially and have smooth margins. The median ridge is overall broad, short, and has 

an irregular edge. The buccal roof arena (BRA) is rectangular, bounded anteriorly by 

the median ridge without papillae. The BRA field is evenly distributed with 

pustulations. The dorsal velum is broad, curving gradually towards the midline and 

interrupted medially. Buccal floor is triangular and broad posteriorly. One pair of 

infralabial papillae is present; they are narrow, short and oriented transversely with 

smooth margins. Lingual papillae are absent. The buccal floor arena (BFA) is U-

shaped and bounded by about 5 pairs of short papillae. The anterior half of the BFA is 

mostly devoid of pustulations; postulations are found homogenously scattered within 

the posterior half of the BFA. Few pre-pocket pustulations occur anteriorly and on 

each side of the BFA and anterior to the buccal pockets. The velar surface is free, 

long, without projections on its posterior margin; a median notch is absent. 
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Comments: Tadpoles can be found in temporary ponds about 20–70cm depth related 

to aquatic vegetation and usually away from the margins. The tadpoles are exotroph, 

lentic and nektonic according to Altig & McDiarmid (1999b) ecomorphological 

guilds. The external morphology described herein agrees with a previous description 

Rossa-Feres & Nomura (2006) for a population from São Paulo State. The buccal 

cavity anatomy is herein reported for the first time. 

 

Figure 14. Lateral view (A), and schematic representation of oral disc (B), buccal 

floor (C), and buccal roof (D) of Scinax fuscomarginatus tadpole at stage 37.  
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S. pachycrus (Miranda-Ribeiro, 1937) – Figure 15 (A, B, C and D) 

Measurements (Stages 30–32): TL 23.1 ± 2.2 (20.8–26.4); BL 6.9 ± 0.4 (6.6–7.4); 

BH 4.1 ± 0.4  (3.6–4.5); BW 4.3 ± 0.4 (3.9–4.9); TAL 16.2 ± 2.0 (14.1–19.3); DFH 

2.4 ± 0.2 (2.2–2.5); VFH 2.6 ± 0.2 (2.3–2.9); MTH 6.8 ± 0.4 (6.3–7.5); TMH 2.2 ± 

0.1 (2.0–2.3); TMW 1.4 ± 0.2 (1.2–1.7); ED 1.3 ± 0.1 (1.2–1.5); IOD 2.6 ± 0.2 (2.3–

2.9); ESD 2.6 ± 0.3 (2.3–3.0); SSD 4.7 ± 0.4 (4.2–5.3); ODW 1.7 ± 0.1 (1.6–1.8). 

External morphology: At stage 35, the body is almost as wide as tall and laterally 

compressed (BH/BW = 95%), with triangular aspect in lateral view and represents 

30% of the total length. Snout is rounded in dorsal and ventral views and truncated in 

lateral view. Eyes are big (ED/BL = 19%) and arranged laterally. Nares opening are 

small, rounded and located closest to the snout than eyes, without projection on 

marginal rim. Spiracle is sinistral, short and located on body`s posterior third 

(SSD/BL = 69%) bellow body`s middle line; its opening is broad, rounded and dorso-

posteriorly directed, with internal wall totally fused to body. Cloacal tube is short, 

dextral and fused to the fin. Dorsal fin is high, with a convex margin and emerging at 

the posterior third of the body at a high slope with maximum height in its first third; 

ventral fin is high with a convex margin. Tip of the tail is rounded and slightly 

acuminated. Tail musculature is moderately developed, represents 32% of maximum 

tail height and extends to tail`s tip. 

Oral disc: Medium sized (ODW/BW = 40%), anteroventral and present two folds on 

the posterior labium (some tadpoles do not exhibit these folds); one of conical 

marginal papillae surrounds the anterior and posterior labium, whereas two rows are 

found laterally, with a narrow interruption anteriorly; marginal papillae are conical 

with a slightly pointed tips; submarginal papillae present and aggregated laterally in 
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the oral disc. Labial Tooth row formula: 2(2)/3; anterior labium is divided into two 

flaps that covers A-2; anterior tooth rows with same length; P-2 is longer than P-1 and 

P-3 which is the shorter. Jaw sheaths are wide, with triangular serration; upper jaw 

sheath “arc” shaped and lower jaw sheath “U” shaped. 

Coloration: In life, body surface and tail musculature is light gray with bright light 

areas on the lateral and ventral regions of the body. Viscera are visible. Both fins are 

translucent with small dots and venulations scattered distributed along its extension. 

Oral cavity anatomy: Buccal roof overall rectangular, with a simple and broad 

prenarial arena. Nares opening are broad and elliptical. Narial walls are thick with 

both anterior and posterior edges smooth, which do not cover the nares opening. 

Postnarial arena with two pairs of postnarial papillae; also, one single and central post 

narial papillae is located within the postnarial arena close to the median ridge. A pair 

of wide ridge of papillae is oriented transversely, located laterally on each side of the 

median ridge. They project medially and have irregular margins. The median ridge is 

overall broad, short, and has an irregular edge. The buccal roof arena (BRA) is 

rectangular, bounded anteriorly by the median ridge without papillae. The BRA field 

is evenly distributed with pustulations. The dorsal velum is broad, curving gradually 

towards the midline and interrupted medially. Buccal floor is triangular and broad 

posteriorly. One pair of infralabial papillae is present; they are narrow, short and 

oriented transversely with smooth margins. Lingual papillae are absent. The buccal 

floor arena (BFA) is U-shaped and bounded by about 6–7 pairs of long and attenuated 

papillae. The anterior half of the BFA is mostly devoid of pustulations; postulations 

are found homogenously and densely scattered within the posterior half of the BFA. 

Pre-pocket pustulations and papillae occur anteriorly and on each side of the BFA and 
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anterior to the buccal pockets. The velar surface is free, long, without projections on 

its posterior margin; a median notch is present. 

Comments: Tadpoles can be found in temporary ponds about 20–70cm depth related 

to aquatic vegetation and usually away from the margins. The tadpoles are exotroph, 

lentic and nektonic according to Altig & McDiarmid (1999b) ecomorphological 

guilds. The external morphology described herein overall agrees with a previous 

description of Carneiro et al. (2004) for a population from Bahia, except for the 

marginal papillae configuration, which was described as irregular (described herein as 

simple anteriorly and posteriorly, and double laterally). Such incompatibility was 

might caused by the high density of submarginal papillae found on the oral disc 

commissure. The buccal cavity anatomy is herein reported for the first time. 
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Figure 15. Lateral view (A), and schematic representation of oral disc (B), buccal 

floor (C), and buccal roof (D) of Scinax pachycrus tadpole at stage 32.  
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S. x-signatus (Spix, 1824) – Figure 16 (A, B, C and D) 

Measurements (Stages 35–40): TL 43.6 ± 3.7 (39.4–49.0); BL 11.7 ± 1.1 (10.7–

13.5); BH 8.9 ± 0.4  (8.3–9.5); BW 7.4 ± 0.3 (7.1–7.9); TAL 31.9 ± 2.8 (28.7–35.5); 

DFH 4.5 ± 0.4 (3.8–4.9); VFH 4.8 ± 0.3 (4.5–5.3); MTH 12.7 ± 0.7 (11.6–13.1); 

TMH 3.9 ± 0.2 (3.8–4.2); TMW 2.9 ± 0.4 (2.4–3.4); ED 2.2 ± 0.1 (2.1–2.4); IOD 7.4 

± 0.3 (7.1–7.9); ESD 5.8 ± 0.7 (4.6–6.6); SSD 8.6 ± 0.5 (8.0–9.1); ODW 3.2 ± 0.2 

(2.9–3.5). 

External morphology: At stage 39, the body is laterally compressed (BH/BW > 

100%) with triangular aspect in lateral view and represents 27% of the total length. 

Snout is rounded in dorsal and ventral views and truncated in lateral view. Eyes are 

big (ED/BL = 19%) and arranged laterally. Nares opening are narrow, rounded and 

located closest to the snout than eyes, without projection on marginal rim. Spiracle is 

sinistral, short and located on body`s posterior third (SSD/BL = 74%) bellow body`s 

middle line; its opening is narrow, rounded and dorso-posteriorly directed, with 

internal wall totally fused to body. Cloacal tube is short, dextral and fused to the fin. 

Dorsal fin is high, with a convex margin and emerging at the middle third of the body 

at a high slope with maximum height in its first third; ventral fin is high with a convex 

margin. Tip of the tail is pointed and acuminated in a flagellum. Tail musculature is 

poorly developed, represents 31% of maximum tail height and extends to tail`s tip. 

Oral disc: Medium sized (ODW/BW = 43%), anteroventral with two folds on the 

posterior labium; one row of conical marginal papillae surrounds the oral disc, except 

on the anterior labium where a narrow interruption is found; marginal papillae are 

conical with a pointed tips; 6 to 10 submarginal papillae may be present aggregated 

on the commissure of the oral disc. Labial Tooth row formula: 2(2)/3(1); anterior 
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tooth rows with same length; P-2 is longer than P-1 and P-3. Jaw sheaths are wide, 

with triangular serration; upper jaw sheath “arc” shaped and lower jaw sheath “U” 

shaped 

Coloration: In life, body surface and tail musculature is light gray with bright light 

areas on the lateral and ventral regions of the body. Viscera are visible. Both fins are 

translucent with brown blotches and venulations scattered distributed along the tail`s 

extension. 

Oral cavity anatomy: Buccal roof overall rectangular, with a simple and broad 

prenarial arena. Nares opening are broad and elliptical. Narial walls are thick with 

both anterior and posterior edges smooth, which do not cover the nares opening. 

Postnarial arena with one pair of long postnarial papillae; also, small papillae and 

pustulations are found within the central portion of the postnarial arena. A pair of 

wide ridge of papillae is oriented transversely, located laterally on each side of the 

median ridge. They project medially and have irregular margins. The median ridge is 

overall broad, short, and has an irregular edge. The buccal roof arena (BRA) is 

rectangular, bounded anteriorly by the median ridge without papillae. The BRA field 

is evenly distributed with pustulations. The dorsal velum is broad, curving gradually 

towards the midline and not interrupted medially. Buccal floor is triangular and broad 

posteriorly. One pair of infralabial papillae is present; they are narrow, short and 

oriented transversely with smooth margins. Lingual papillae are absent. The buccal 

floor arena (BFA) is U-shaped and bounded by about 6–7 pairs of short and conical 

papillae. The anterior half of the BFA is mostly devoid of pustulations; postulations 

are found homogenously and densely scattered within the posterior half of the BFA. 

Pre-pocket pustulations occur anteriorly and on each side of the BFA and anterior to 
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the buccal pockets. The velar surface is free, long, without projections on its posterior 

margin; a median notch is present. 

Comments: Tadpoles can be found in temporary or permanent ponds about 20–70cm 

depth related to aquatic vegetation at ponds margins or away from it. The tadpoles are 

exotroph, lentic and nektonic according to Altig & McDiarmid (1999b) 

ecomorphological guilds. The external morphology described herein overall agrees 

with a previous description of Lynch (2006) and León (1975) for populations from 

Colômbia and Venezuela, respectively. The buccal cavity anatomy is herein reported 

for the first time. 
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Figure 16. Lateral view (A), and schematic representation of oral disc (B), buccal 

floor (C), and buccal roof (D) of Scinax x-signatus tadpole at stage 39.  
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Leptodactylidae Werner, 1896 

Physalaemus albifrons (Spix, 1824) – Figure 17 (A, B, C and D) 

Measurements (Stages 37–40): TL 19.7 ± 0.5 (19.3–20.5); BL 6.3 ± 0.3 (5.9–6.6); 

BH 2.6 ± 0.1 (2.5–2.8); BW 4.4 ± 0.2 (4.2–4.5); TAL 13.4 ± 0.3 (13.1–13.9); DFH 

0.9 ± 0.2 (0.8–1.2); VFH 0.5 ± 0.1 (0.3–0.6); MTH 2.5 ± 0.4 (1.9–3.0); TMH 1.4 ± 

0.1 (1.2–1.5); TMW 1.0 ± 0.1 (0.9–1.1); ED 1.0 ± 0.05 (1.0–1.1); IOD 0.8 ± 0.05 

(0.8–0.9); ESD 1.6 ± 0.2 (1.4–1.8); SSD 3.7 ± 0.2 (3.4–4.0); ODW 1.3 ± 0.1 (1.2–

1.5). 

External morphology: At stage 39, the body is dorsal-ventrally depressed (BH/BW 

= 59%) with a globular aspect and represents 32% of the total length. Snout is 

rounded in all views. Eyes are big (ED/BL = 16%) and positioned dorsally. Nares 

opening are wide, elliptic, dorsally positioned and located closest to eyes than to snout 

with a small projection on marginal rim. Spiracle is sinistral, short and located on 

body`s middle third (SSD/BL = 59%) bellow body`s middle line; its opening is 

narrow, rounded and dorso-posteriorly directed, with internal wall totally fused to 

body. Cloacal tube is short, medial and fused with the fin. Dorsal fin low and slightly 

arched, emerging at body-tail junction at a slow slope; ventral fin is low with margin 

parallel to the longitudinal axis of the tail. Tip of the tail is rounded and not 

acuminated. Tail musculature is moderately developed, represents 56% of maximum 

tail height and do not extends to tail`s tip. 

Oral disc: Small (ODW/BW = 30%), anteroventral and laterally emarginated; one 

row of conical marginal papillae surrounds the oral disc with one interruptions on the 

anterior labium and three interruptions on the posterior labium; marginal papillae are 

conical with a rounded tip; submarginal papillae absent. Labial Tooth row formula: 
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2(2)/3(1); anterior labial tooth rows with the same length; P-3 shorter than others. Jaw 

sheaths are wide, with triangular serration; upper jaw sheath “arc” shaped and lower 

jaw sheath “V” shaped. 

Coloration: In life, body and tail musculature are dark-brown; fins are translucent 

with scattered brown blotches along its extension. Viscera are visible.  

Oral cavity anatomy: Buccal roof overall rectangular, with a simple and broad 

prenarial arena. Nares opening are broad and elliptical. Narial walls are thick with 

both anterior and posterior edges smooth, which do not cover the nares opening. 

Postnarial arena with one pair of long postnarial papillae. A pair of wide ridge of 

papillae is oriented transversely, located laterally on each side of the median ridge. 

They project medially and have three projections each. The median ridge is overall 

broad, short, and has an smooth and rounded edge. The buccal roof arena (BRA) is 

rectangular, bounded anteriorly by the median ridge and laterally by 4–5 pairs of 

papillae. The BRA field is evenly distributed with pustulations. The dorsal velum is 

broad, curving gradually towards the midline and interrupted medially. Buccal floor 

is triangular and broad posteriorly. One pair of infralabial papillae is present; they are 

narrow, short and oriented transversely with smooth margins. Three lingual papillae 

are present. The buccal floor arena (BFA) is U-shaped and bounded by about 3–4 

pairs of long papillae. The anterior half of the BFA is mostly devoid of pustulations; 

postulations are found homogenously and scattered distributed within the posterior 

half of the BFA. Pre-pocket pustulations occur anteriorly and on each side of the BFA 

and anterior to the buccal pockets. The velar surface is free, short, without projections 

on its posterior margin; a median notch is present. 
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Comments: Tadpole can be most commonly found at shallow temporary ponds or at 

margins of more large ponds related to the substrate. The tadpoles are exotroph, lentic 

and benthic according to Altig & McDiarmid (1999b) ecomorphological guilds. The 

external morphology and buccal cavity anatomy described herein overall agrees with 

a previous description of Oliveira et al.(2010) for a population from Brotas de 

Macaúbas municipality, Bahia State, but the LTRF described herein do not match 

with the original description [2(2)/3(1,2) in P. albifrons from Bahia; Oliveira et al. 

2010].  

 

Figure 17. Lateral view (A), and schematic representation of oral disc (B), buccal floor (C), and buccal 

roof (D) of Physalaemus albifrons tadpole at stage 39.  
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Physalaemus cuvieri Fitzinger, 1826 – Figure 18 (A, B, C and D) 

Measurements (Stages 37–40): TL 22.2 ± 2.0 (20.3–24.7); BL 7.2 ± 0.6 (6.6–8.0); 

BH 3.2 ± 0.2 (3.0–3.4); BW 4.9 ± 0.3 (4.5–5.3); TAL 15.0 ± 1.4 (13.7–16.7); DFH 

1.4 ± 0.3 (1.1–1.8); VFH 0.7 ± 0.1 (0.5–0.8); MTH 3.5 ± 0.5 (2.6–3.9); TMH 1.8 ± 

0.2 (1.7–2.1); TMW 1.2 ± 0.3 (0.8–1.5); ED 1.1 ± 0.1 (1.0–1.3); IOD 1.2 ± 0.2 (1.0–

1.5); ESD 1.7 ± 0.1 (1.6–1.9); SSD 4.2 ± 0.2 (3.8–4.5); ODW 1.4 ± 0.1 (1.3–1.6). 

External morphology: At stage 39, the body is dorsal-ventrally depressed (BH/BW 

= 65%) with a globular aspect and represents 32% of the total length. Snout is 

rounded in all views. Eyes are big (ED/BL = 17%) and positioned dorsally. Nares 

opening are wide, rounded (or elliptic in some individuals), dorsally positioned and 

located closest to eyes than to snout with a small rounded projection on the internal 

marginal rim. Spiracle is sinistral, short and located on body`s middle third (SSD/BL 

= 48%) bellow body`s middle line; its opening is wide, rounded and dorso-posteriorly 

directed, with internal wall totally fused to body. Cloacal tube is short, medial and 

fused with the fin. Dorsal fin low and slightly arched, emerging at body-tail junction 

at a slow slope; ventral fin is low with margin parallel to the longitudinal axis of the 

tail. Tip of the tail is rounded and not acuminated. Tail musculature is moderately 

developed, represents 51% of maximum tail height and do not extends to tail`s tip. 

Oral disc: Small (ODW/BW = 29%), anteroventral and laterally emarginated; one 

row of conical marginal papillae surrounds the oral disc with one interruptions on the 

anterior labium and three interruptions on the posterior labium; marginal papillae are 

conical with a rounded tip; submarginal papillae absent. Labial Tooth row formula: 

2(2)/3(1); anterior labial tooth rows with the same length; P-3 shorter than others. Jaw 
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sheaths are wide, with triangular serration; upper jaw sheath “arc” shaped and lower 

jaw sheath “V” shaped.  

Oral cavity anatomy: Buccal roof overall rectangular, with a simple and broad 

prenarial arena. Nares opening are broad and elliptical. Narial walls are thick with 

both anterior and posterior edges irregular, which partially cover the nares opening 

forming a narial valve. Postnarial arena with one pair of long postnarial papillae. A 

pair of wide ridge of papillae is oriented transversely, located laterally between the 

nares and the median ridge. They project medially, have 2–3 projections each and 

irregular edges. The median ridge is overall broad, short, and has an irregular edge. 

The buccal roof arena (BRA) is rectangular, bounded anteriorly by the median ridge 

and laterally by four pairs of papillae. The BRA field is evenly distributed with 

pustulations. The dorsal velum is broad, curving gradually towards the midline and 

interrupted medially. Buccal floor is triangular and broad posteriorly. One pair of 

infralabial papillae is present; they are narrow, short and oriented transversely with 

smooth margins. Three lingual papillae are present. The buccal floor arena (BFA) is 

U-shaped and bounded by about 3–4 pairs of long papillae. The anterior half of the 

BFA is mostly devoid of pustulations; postulations are found homogenously and 

scattered distributed within the posterior half of the BFA. Pre-pocket papillae are 

absent. The velar surface is free, long, without projections on its posterior margin; a 

median notch is present. 

Coloration: In life, body and tail musculature are dark-brown; fins are translucent 

with scattered brown blotches along its extension. Viscera are visible. 

Comments: Tadpole can be most commonly found at shallow temporary ponds or at 

margins of more large ponds related to the substrate. The tadpoles are exotroph, lentic 
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and benthic according to Altig & McDiarmid (1999b) ecomorphological guilds. The 

external morphology described herein overall agrees with a previous description for 

populations from Argentina (Cei 1980) and São Paulo State (Heyer et al. 1990; 

Rossa-Feres & Nomura 2006). The conservative larval traits of isolated and distant 

populations reinforce that P. cuvieri is widely distributed throughout open formation 

areas across South America. The buccal cavity anatomy overall agrees with a 

previous description of P. cuvieri tadpole for a population from Chapada dos 

Guimarães, Mato Grosso State (Miranda & Ferreira 2009). 

 

Figure 18. Lateral view (A), and schematic representation of oral disc (B), buccal floor (C), and buccal 

roof (D) of Physalaemus cuvieri tadpole at stage 39.  
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Pleurodema diplolister (Peters, 1870) – Figure 19 (A, B, C and D) 

Measurements (Stages 32–34): TL 16.9 ± 1.0 (15.6–17.9); BL 6.0 ± 0.2 (5.8–6.2); 

BH 2.5 ± 0.2 (2.3–2.7); BW 3.4 ± 0.2 (3.1–3.7); TAL 10.9 ± 0.9 (9.8–11.8); DFH 0.9 

± 0.1 (0.7–1.0); VFH 0.7 ± 0.2 (0.5–0.9); MTH 2.7 ± 0.4 (2.1–3.1); TMH 0.9 ± 0.1 

(0.8–1.0); TMW 0.7 ± 0.2 (0.5–0.9); ED 0.7 ± 0.05 (0.6–0.7); IOD 1.2 ± 0.2 (0.9–

1.4); ESD 1.7 ± 0.3 (1.4–2.0); SSD 2.9 ± 0.2 (2.7–3.2); ODW 1.6 ± 0.1 (1.5–1.8). 

External morphology: At stage 34, the body is dorsal-ventrally compressed (BH/BW 

= 74%) with a globular aspect and represents 36% of the total length. Snout is 

rounded in all views. Eyes are big (ED/BL = 20%) and positioned dorsally. Nares 

opening are narrow, oval and located closest to eyes than snout without projection on 

marginal rim. Spiracle is sinistral, short and located on body`s middle third (SSD/BL 

= 48%) bellow body`s middle line; its opening is narrow, rounded and dorso-

posteriorly directed, with internal wall totally fused to body. Cloacal tube is short, 

medial and fused with the fin. Dorsal fin low and slightly arched, emerging at body-

tail junction at a slow slope; ventral fin is low with margin parallel to the longitudinal 

axis of the tail. Tip of the tail is rounded and not acuminated. Tail musculature is 

poorly developed, represents 33% of maximum tail height and extends to tail`s tip. 

Oral disc: Medium sized (ODW/BW = 47%), ventral and laterally emarginated; one 

row of marginal papillae surrounds the oral disc with a broad interruption on the 

anterior labium; marginal papillae are conical with a rounded tip; submarginal 

papillae absent. Labial Tooth row formula: 2(2)/3(1); anterior labial tooth rows with 

the same length; P-3 usually equal or less than 50% of other posterior rows. Jaw 

sheaths are narrow, with triangular serration; upper jaw sheath “arc” shaped and lower 

jaw sheath “V” shaped.  
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Coloration: In life, body and tail musculature are dark-brown; fins are translucent 

with scattered brown blotches along its extension. Viscera are visible. 

Oral cavity anatomy: Buccal roof overall rectangular, with a simple and broad 

prenarial arena. Nares opening are broad and elliptical. Narial walls are thick with 

both anterior and posterior edges smooth, which do not cover the nares opening. 

Postnarial arena with two pairs of short postnarial papillae. A pair of wide ridge of 

papillae is oriented transversely, located laterally between the nares and the median 

ridge. They project medially, have 2–3 projections each and smooth edges. The 

median ridge is overall broad, short, and has two projections on its tip. The buccal 

roof arena (BRA) is rectangular, bounded anteriorly by the median ridge and laterally 

by 3–4 pairs of papillae. The BRA field is evenly distributed with pustulations. The 

dorsal velum is broad, curving gradually towards the midline and interrupted 

medially. Buccal floor is overall triangular. One pair of infralabial papillae is present; 

they are narrow, short and oriented transversely with smooth margins. Four lingual 

papillae are present. The buccal floor arena (BFA) is U-shaped and bounded by about 

4–5 pairs of long papillae. The anterior half of the BFA is mostly devoid of 

pustulations; postulations are found homogenously and scattered distributed within 

the posterior half of the BFA. Pre-pocket papillae are absent. The velar surface is free, 

long, with small projections on its posterior margin; a median notch is present. 

Comments: Tadpole can be most commonly found at shallow temporary ponds 

margins. The tadpoles are exotroph, lentic and benthic according to Altig & 

McDiarmid (1999b) ecomorphological guilds. The external morphology described 

herein agrees with a previous description of Peixoto (1982) from another population 

within Rio Grande do Norte State. The buccal cavity anatomy is herein reported for 

the first time. 
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Figure 19. Lateral view (A), and schematic representation of oral disc (B), buccal 

floor (C), and buccal roof (D) of Pleurodema diplolister tadpole at stage 34.  
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Pseudopaludicola mystacalis (Cope, 1887) – Figure 20 (A, B, C and D) 

Measurements (Stages 37–39): TL 21.2 ± 1.2 (19.9–22.8); BL 6.9 ± 0.4 (6.3–7.3); 

BH 3.3 ± 0.2 (3.0–3.5); BW 4.1 ± 0.2 (3.8–4.4); TAL 14.3 ± 1.0 (13.3–15.7); DFH 

1.2 ± 0.5 (0.7–1.9); VFH 0.9 ± 0.2 (0.6–1.0); MTH 3.5 ± 0.6 (3.0–4.4); TMH 1.7 ± 

0.3 (1.4–2.2); TMW 1.3 ± 0.2 (1.0–1.6); ED 1.2 ± 0.2 (1.0–1.4); IOD 1.2 ± 0.1 (1.0–

1.3); ESD 1.9 ± 0.1 (1.7–2.1); SSD 3.8 ± 0.5 (3.0–4.2); ODW 1.3 ± 0.2 (1.2–1.5).  

External morphology: At stage 39, the body is slightly dorsal-ventrally compressed 

(BH/BW = 80%) with a globular aspect and represents 33% of the total length. Snout 

is rounded in all views. Eyes are big (ED/BL = 18%) and positioned dorsally. Nares 

opening are wide, oval and located closest to eyes than snout without projection on 

marginal rim. Spiracle is sinistral, short and located on body`s middle third (SSD/BL 

= 55%) bellow body`s middle line; its opening is wide, rounded and dorso-posteriorly 

directed, with internal wall totally fused to body. Cloacal tube is short, medial and 

fused with the fin. Dorsal fin low and slightly arched, emerging at body-tail junction 

at a slow slope; ventral fin is low with margin parallel to the longitudinal axis of the 

tail. Tip of the tail is rounded and slightly acuminated. Tail musculature is poorly 

developed, represents 49% of maximum tail height and extends to tail`s tip. 

Oral disc: Small (ODW/BW = 32%), ventral and laterally emarginated; one row of 

conical marginal papillae surrounds the oral disc with a broad interruption on the 

anterior labium and two interruptions on the posterior labium; submarginal papillae 

absent. Labial Tooth row formula: 2(2)/2(1), 2(1,2)/2 or 2(2)/2; anterior and posterior 

labial tooth rows about the same length; A-2 is widely interrupted. Jaw sheaths are 

narrow, with triangular serration; upper jaw sheath “arc” shaped and lower jaw sheath 

“V” shaped.  
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Coloration: In life, body and tail musculature are dark-brown with translucent fins. 

Dark brown transversal bars are found on tail`s last third. Viscera are visible.  

Oral cavity anatomy: Buccal roof overall rectangular, with a simple and broad 

prenarial arena. Nares opening are narrow and elliptical. Narial walls are thick with 

both anterior and posterior edges smooth, which do not cover the nares opening. 

Postnarial arena with one pair of long postnarial papillae. A pair of wide ridge of 

papillae is oriented transversely, located laterally between the nares and the median 

ridge. They project medially, have two projections each and smooth edges. The 

median ridge is overall broad, short, and has smooth edge. The buccal roof arena 

(BRA) is rectangular, bounded anteriorly by the median ridge and laterally by two 

pairs of papillae. The BRA field is evenly distributed with pustulations. The dorsal 

velum is broad, curving gradually towards the midline and interrupted medially. 

Buccal floor is overall triangular and broad posteriorly. Two pairs of infralabial 

papillae are present; they are narrow, short and oriented transversely with smooth 

margins. Three long lingual papillae are present. The buccal floor arena (BFA) is U-

shaped and bounded by four pairs of long papillae. The anterior half of the BFA is 

mostly devoid of pustulations; postulations are found homogenously and scattered 

distributed within the posterior half of the BFA. Pre-pocket papillae are absent. The 

velar surface is free, long, without projections on its posterior margin; a median notch 

is absent. 

Comments: Tadpoles can be found at small ponds with muddy bottom and about 

10cm depth usually hid on the mud. The tadpoles are exotroph, lentic and benthic 

according to Altig & McDiarmid (1999b) ecomorphological guilds. The external 

morphology described herein agrees with a previous description of Giaretta & Facure 
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(2009) for populations from Uberlândia and Monte Alegre municipalities, Minas 

Gerais State. The buccal cavity anatomy is herein reported for the first time. 

 

Figure 20. Lateral view (A), and schematic representation of oral disc (B), buccal 

floor (C), and buccal roof (D) of Pseudopaludicola mystacalis tadpole at stage 39.  
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Pseudopaludicola pocoto Magalhães, Loebmann, Kokubum, Haddad & Garda – 

Figure 21 (A, B, C and D) 

Measurements (Stages 36–40): TL 19.3 ± 1.4 (17.6–20.9); BL 5.9 ± 0.4 (5.2–6.2); 

BH 3.0 ± 0.2  (2.7–3.3); BW 4.0 ± 0.2 (3.7–4.2); TAL 13.4 ± 1.2 (11.8–14.7); DFH 

1.5 ± 0.3 (1.2–2.0); VFH 0.9 ± 0.2 (0.6–1.1); MTH 3.8 ± 0.4 (3.2–4.1); TMH 2.1 ± 

0.2 (1.8–2.3); TMW 1.6 ± 0.2 (1.2–1.8); ED 1.1 ± 0.1 (1.0–1.2); IOD 2.2 ± 0.3 (1.9–

2.6); ESD 2.4 ± 0.3 (1.9–2.8); SSD 4.0 ± 0.2 (3.8–4.2); ODW 1.4 ± 0.1 (1.2–1.6). 

External morphology: See the description of Pseudopaludicola pocoto tadpole 

provided by Magalhães et al. (no prelo) for a population from Macaíba municipality, 

Rio Grande do Norte State. 

Oral cavity anatomy: Buccal roof overall rectangular, with a simple and broad 

prenarial arena. Nares opening are narrow and elliptical. Narial walls are thick with 

both anterior and posterior edges smooth, which do not cover the nares opening. 

Postnarial arena with one pair of long postnarial papillae. A pair of wide ridge of 

papillae is oriented transversely, located laterally between the nares and the median 

ridge. They project medially, have three projections each and smooth edges. The 

median ridge is overall broad, short, and has a smooth edge. The buccal roof arena 

(BRA) is rectangular, bounded anteriorly by the median ridge and laterally by 4–5 

pairs of papillae. The BRA field is evenly distributed with pustulations. The dorsal 

velum is broad, curving gradually towards the midline and interrupted medially. 

Buccal floor is overall triangular and broad posteriorly. One pair of infralabial 

papillae is present; they are narrow, short and oriented transversely with smooth 

margins. Three long lingual papillae are present, each with three digitiform 

projections. The buccal floor arena (BFA) is U-shaped and bounded by three pairs of 
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long papillae. The anterior half of the BFA is mostly devoid of pustulations; 

postulations are found homogenously and scattered distributed within the posterior 

half of the BFA. Pre-pocket papillae are absent. The velar surface is free, long, 

without projections on its posterior margin; a median notch is absent. 

Comments: Magalhães et al. (no prelo) provided comments on the larval morphology 

and aspects of natural history of this species tadpole from the same locality, but in 

early development stages. Nevertheless, we observed no differences between tadpoles 

in early stages (29–31) compared to tadpole in later stages (36–40). The buccal cavity 

anatomy is herein reported for the first time. 

 

Figure 21. Lateral view (A), and schematic representation of buccal floor (B), and 

buccal roof (C) of Pseudopaludicola pocoto tadpole at stage 39.  
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Leptodactylus caatingae Heyer and Juncá, 2003  

Comments: See Magalhães et al. (2013b) for a description of Leptodactylus 

caatingae tadpole external morphology, buccal cavity anatomy and chondrocranium 

features for a population from Escola Agrícola de Jundiaí, Macaíba municipality, Rio 

Grande do Norte State.  

 

L. fuscus (Schneider, 1799) – Figure 22 (A, B, C and D) 

Measurements (Stages 38–39): TL 44.7 ± 2.2 (41.6–47.3); BL 15.4 ± 0.8 (14.4–

16.2); BH 8.2 ± 0.4  (7.6–8.8); BW 11.8 ± 0.4 (11.4–12.4); TAL 29.4 ± 2.4 (25.4–

32.1); DFH 3.4 ± 0.2 (3.1–3.5); VFH 3.1 ± 0.2 (2.7–3.3); MTH 9.7 ± 0.4 (9.2–10.0); 

TMH 4.2 ± 0.4 (3.8–4.7); TMW 3.2 ± 0.1 (3.0–3.3); ED 1.7 ± 0.2 (1.6–2.0); IOD 4.9 

± 0.3 (4.5–5.2); ESD 5.0 ± 0.2 (4.9–5.4); SSD 8.6 ± 0.6 (7.5–9.2); ODW 3.3 ± 0.2 

(3.0–3.6). 

External morphology: At stage 39, the body is dorsal-ventrally depressed (BH/BW 

= 69%) with a robust globular aspect and represents 34% of the total length. Snout is 

rounded in dorsal and ventral views and slightly truncated in lateral view. Eyes are 

medium sized (ED/BL = 11%) and positioned dorsally. Nares opening are small, oval 

and located midway between eyes and snout without projection on marginal rim. 

Spiracle is sinistral, short and located on body`s middle third (SSD/BL = 56%) bellow 

body`s middle line; its opening is narrow, rounded and dorso-posteriorly directed, 

with internal wall totally fused to body. Cloacal tube is short, medial with a wide 

opening posteriorly directed and fused to the fin. Dorsal fin is low and slightly arched, 

emerging at body-tail junction at a slow slope; ventral fin is low with margin parallel 



	   97	  

	  

to the longitudinal axis of the tail muscle. Tip of the tail is rounded and not 

acuminated. Tail musculature is moderately developed, represents 43% of maximum 

tail height and do not extends to tail`s tip. 

Oral disc: Small (ODW/BW = 29%), ventral and not emarginated; row of marginal 

papillae is simple around the entire disc or simple anteriorly and double ventro-

laterally with a broad interruption on the anterior labium; marginal papillae conical, 

longer than wide with a rounded tip; submarginal papillae absent. Labial Tooth row 

formula: 2(2)/3(1); interruption on A-2 is wider than P-1 interruption; anterior and 

posterior labial tooth rows with similar length. Jaw sheaths are narrow, with triangular 

serration; upper jaw sheath “arc” shaped and lower jaw sheath “U” shaped.  

Oral cavity anatomy: Buccal roof overall rectangular, with a simple and broad 

prenarial arena. An inverted U-shaped ridge is present. Nares opening are narrow and 

elliptical. Narial walls are thick with both anterior and posterior edges smooth, which 

do not cover the nares opening. Postnarial arena with one pair of long postnarial 

papillae, and scattered pustulations. A pair of wide ridge of papillae is oriented 

transversely, located laterally between the nares and the median ridge. They project 

medially, have two small projections each and smooth edges. The median ridge is 

overall broad, short, and has a smooth edge. The buccal roof arena (BRA) is 

rectangular, bounded anteriorly by the median ridge and laterally by 4–5 pairs of 

papillae. The BRA field is evenly distributed with pustulations. The dorsal velum is 

broad, curving gradually towards the midline and interrupted medially. Buccal floor 

is overall triangular and broad posteriorly. One pair of infralabial papillae is present; 

they are narrow, short and oriented transversely with smooth margins; also, a single 

bifid infralabial papillae is present and located medially in the oral entrance. Four 

long lingual papillae are present. The buccal floor arena (BFA) is U-shaped and 



	   98	  

	  

bounded by 7–8 pairs of long and attenuated papillae. The anterior half of the BFA is 

mostly devoid of pustulations; postulations are found homogenously and evenly 

distributed within the posterior half of the BFA. Pre-pocket papillae occur anteriorly 

and on each side of the BFA and anterior to the buccal pockets. The velar surface is 

free, long, with 2–3 projections on its posterior margin; a median notch is present. 

Coloration: In life, body and tail musculature are dark-brown. Light blotches can be 

found between eyes and snout bellow the nares and on the lateral region of the body. 

Tail musculature is distinct with irregular light blotches to the tail`s anterior half. Both 

fins are translucent with dense brown blotches along its margins. Viscera are visible. 

Comments: Tadpoles can be found evenly distributed at temporary ponds with 

muddy or sandy bottom and about 50cm depth. The tadpoles are endotroph, lentic and 

benthic according to Altig & McDiarmid (1999b) ecomorphological guilds. The 

external morphology described herein overall agrees with a previous description of L. 

fuscus (Hero 1990; Kenny 1969; Langone & de Sá 2005; Rossa-Feres & Nomura 

2006). Nevertheless, the marginal papillae arranged in two rows ventrally, oral disc 

ventral, posterior tooth rows with similar length, spiracle bellow body middle line and 

body with a rectangular aspect differs the tadpole described herein from L. fuscus 

tadpoles for populations from São Paulo (marginal papillae simple, oral disc 

anteroventral and body oval in dorsal view,Rossa-Feres & Nomura 2006), Brazilian 

Amazonia (body oval in dorsal view and P1 longer than other posterior rows 

according to tadpole illustration,Hero 1990), and French Guiana (marginal papillae 

double,Lescure 1973). Such differences found in several larval traits between distant 

and isolated populations corroborates the molecular hypothesis that L. represents a 

complex of cryptic lineages (Camargo et al. 2006). The buccal cavity anatomy overall 

agrees with previous descriptions of L. fuscus tadpole oral cavity for populations from 
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Corrientes Province, Argentina (Sandoval 2004), Chapada dos Guimarães, Mato 

Grosso State, Brazil (Miranda & Ferreira 2009), and Teresópolis municipality, Rio de 

Janeiro State, Brazil (Wassersug & Heyer 1988). 

 

Figure 22. Lateral view (A), and schematic representation of oral disc (B), buccal floor (C), and buccal roof (D) of 

Leptodactylus fuscus tadpole at stage 39.  
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L. macrosternum (Miranda-Ribeiro, 1926) – Figure 23 (A, B, C and D) 

Measurements: (Stages 32–34): TL 32.5 ± 2.7 (29.3–35.3); BL 11.9 ± 0.6 (11.1–

12.7); BH 6.0 ± 0.5 (5.4–6.7); BW 6.6 ± 0.8 (5.7–7.8); TAL 20.6 ± 2.1 (18.2–23.2); 

DFH 2.6 ± 0.2 (2.3–2.8); VFH 2.8 ± 0.2 (2.5–3.0); MTH 7.3 ± 0.1 (7.1–7.4); TMH 

2.5 ± 0.6 (1.8–3.3); TMW 1.8 ± 0.3 (1.5–2.3); ED 0.9 ± 0.1 (0.8–1.0); IOD 2.8 ± 0.2 

(2.5–3.1); ESD 3.5 ± 0.4 (3.0–4.0); SSD 5.3 ± 0.4 (4.9–5.7); ODW 2.6 ± 0.1 (2.5–

2.8).  

External morphology: At stage 34, the body is slightly dorso-ventrally compressed 

(BH/BW = 90%) with an oval elongated aspect and elliptical in lateral view. Snout is 

rounded in all views. Eyes are small (ED/BL = 8%) and positioned dorsally. Nares 

opening are narrow, oval and located midway between eyes and snout without 

projection on marginal rim. Spiracle is sinistral, short and located on body`s middle 

third (SSD/BL = 45%) bellow body`s middle line; its opening is narrow, rounded and 

dorso-posteriorly directed, with internal wall totally fused to body. Cloacal tube is 

short, medial and fused with the fin. Dorsal fin is low, with a convex margin, 

emerging at body-tail junction at a slow slope; ventral fin is low with margin parallel 

to the longitudinal axis of the tail. Tip of the tail is rounded and not acuminated. Tail 

musculature is poorly developed, represents 34% of maximum tail height and do not 

extends to tail`s tip. 

Oral disc: Small (ODW/BW = 39%), ventral and with two folds ventrally; two rows 

of conical marginal papillae with a wide dorsal gap; submarginal papillae present 

laterally in the oral disc in few amounts. Labial tooth row formula: 2/3; anterior and 

posterior labial tooth rows about the same length; Jaw sheaths are narrow, with 

triangular serration; upper jaw sheath “arc” shaped and lower jaw sheath “U” shaped.  
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Coloration: In life, body and tail musculature are homogeneously dark-brown with 

slightly translucent light brown fins. Viscera are visible.  

Oral cavity anatomy: Buccal roof overall rectangular, with a simple and broad 

prenarial arena. Nares opening are narrow and elliptical. Narial walls are thick with 

both anterior and posterior edges smooth, which do not cover the nares opening. 

Postnarial arena with two pairs of short postnarial papillae. A pair of narrow and short 

ridge of papillae is oriented transversely, located laterally on each side of the median 

ridge. They project medially and have smooth edges. The median ridge is overall 

broad, short, and has two small projections on its tip. The buccal roof arena (BRA) is 

rectangular, bounded anteriorly by the median ridge and laterally by 7–8 pairs of 

papillae. The BRA field is evenly distributed with pustulations. Granular zone is well 

defined. The dorsal velum is broad, curving gradually towards the midline and 

interrupted medially. Buccal floor is overall triangular and broad posteriorly. One 

pair of infralabial papillae is present; they are narrow, short and oriented transversely 

with smooth margins. Three short lingual papillae are present. The buccal floor arena 

(BFA) is U-shaped and bounded by 6–7 pairs of long and conical papillae. The 

anterior half of the BFA is mostly devoid of pustulations; postulations are found 

homogenously and evenly distributed within the posterior half of the BFA. Pre-pocket 

papillae occur anteriorly and on each side of the BFA and anterior to the buccal 

pockets. The velar surface is free, long, with 2–3 projections on its posterior margin; a 

median notch is present. 

Comments: Tadpoles can be found actively swimming in well-organized schools 

within large or small temporary ponds with muddy or sandy bottom and about 10 to 

50 cm depth. Such behavior was already reported for this and other closely related 

species within L. latrans species group (Castro et al. 2013). The tadpoles are 
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exotroph, lentic and nektonic according to Altig & McDiarmid (1999b) 

ecomorphological guilds. The external morphology described herein overall agrees 

with a previous description of Dixon (1979) for a population from Venezuela. The 

buccal cavity anatomy is herein reported for the first time. 

 

Figure 23. Lateral view (A), and schematic representation of oral disc (B), buccal floor (C), and buccal roof (D) of 

Leptodactylus macrosternum tadpole at stage 34.  
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L. natalensis Lutz, 1930 – Figure 24 (A, B, C and D) 

Measurements: (Stages 37): TL 33.5 ± 0.6 (33.0–34.4); BL 11.2 ± 0.2 (11.1–11.6); 

BH 5.5 ± 0.3 (5.2–5.8); BW 6.7 ± 0.3 (6.3–7.1); TAL 22.3 ± 0.4 (21.8–22.8); DFH 

2.1 ± 0.2 (1.9–2.3); VFH 2.0 ± 0.2 (1.8–2.3); MTH 6.6 ± 0.2 (6.4–6.9); TMH 3.1 ± 

0.1 (2.9–3.1); TMW 2.6 ± 0.1 (2.5–2.8); ED 1.2 ± 0.1 (1.0–1.3); IOD 1.6 ± 0.1 (1.5–

1.7); ESD 2.0 ± 0.1 (1.9–2.1); SSD 6.2 ± 0.2 (6.1–6.5); ODW 2.6 ± 0.1 (2.5–2.7).  

External morphology: At stage 37, the body is dorsal-ventrally depressed (BH/BW 

= 82%) with a globular aspect and represents 33% of the total length. Snout is 

rounded in all views. Eyes are moderately small (ED/BL = 11%) and are positioned 

dorsally. Nares opening are narrow, oval and located closest to eyes than snout 

without projection on marginal rim. Spiracle is sinistral, short and located on body`s 

middle third (SSD/BL = 55%) bellow body`s middle line; its opening is narrow, 

rounded and dorso-posteriorly directed, with internal wall totally fused to body. 

Cloacal tube is short, medial and fused with the fin. Dorsal fin is low, with a convex 

margin, emerging at body-tail junction at a slow slope; ventral fin is low with margin 

parallel to the longitudinal axis of the tail. Tip of the tail is rounded and not 

acuminated. Tail musculature is poorly developed, represents 47% of maximum tail 

height and do not extends to tail`s tip.  

Oral disc: Small (ODW/BW = 39%), ventral and ventrally emarginated; two row of 

marginal papillae surrounds the oral disc except on a narrow portion of the anterior 

labium; marginal papillae is conical with rounded tips; submarginal papillae present 

laterally in the oral disc in few amounts. Labial tooth row formula: 2/3; anterior and 

posterior labial tooth rows about the same length; Jaw sheaths are narrow, with 

triangular serration; upper jaw sheath “arc” shaped and lower jaw sheath “U” shaped. 
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Coloration: In life, body and tail musculature are homogeneously dark-gray with 

translucent fins. Viscera are visible. 

Oral cavity anatomy: Buccal roof overall rectangular, with a simple and broad 

prenarial arena. An inverted U-shaped ridge is present. Nares opening are narrow and 

elliptical. Narial walls are thick with both anterior and posterior edges smooth, which 

cover the nares opening forming a narial valve. Postnarial arena with one pair of short 

postnarial papillae. A pair of narrow and short ridge of papillae is oriented 

transversely, located laterally on each side of the median ridge. They project medially 

and have irregular edges. The median ridge is overall broad, tall, and has a smooth 

edge. The buccal roof arena (BRA) is rectangular, bounded anteriorly by the median 

ridge and laterally by 5–7 pairs of papillae. The BRA field is evenly distributed with 

pustulations. The dorsal velum is broad, curving gradually towards the midline and 

interrupted medially. Buccal floor is overall triangular and broad posteriorly. Two 

pairs of infralabial papillae are present; they are narrow, short and oriented 

transversely with smooth margins; also, an infralabial papillae is also present medially 

with four small projections. Tongue anlage rounded, relatively large, devoid of lingual 

papillae and with some pustulations. The buccal floor arena (BFA) is U-shaped and 

bounded by 7–8 pairs of long and conical papillae. The anterior half of the BFA is 

mostly devoid of pustulations; postulations are found homogenously and evenly 

distributed within the posterior half of the BFA. Pre-pocket papillae occur posteriorly 

and on each side of the BFA and posterior to the buccal pockets. The velar surface is 

free, long, with 4–5 projections on its posterior margin; a median notch is present. 

Comments: Tadpoles can be found at temporary ponds surface margins with muddy 

bottom and about 20cm depth with canopy cover. The tadpoles are exotroph, lentic 

and nektonic according to Altig & McDiarmid (1999b) ecomorphological guilds. The 



	  105	  

	  

external morphology described herein overall agrees with a previous description of 

Oliveira & Lírio-Junior (2000) for a population from Sergipe State. The buccal cavity 

anatomy is herein reported for the first time. 

 

Figure 24. Lateral view (A), and schematic representation of oral disc (B), buccal floor (C), and buccal 

roof (D) of Leptodactylus natalensis tadpole at stage 37.  
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L. troglodytes Lutz, 1926 – Figure 25 (A, B, C and D) 

Measurements (Stages 37–39): TL 41.6 ± 1.1 (40.9–43.4); BL 14.3 ± 0.9 (13.3–

15.7); BH 6.7 ± 0.7 (5.7–7.3); BW 8.8 ± 0.9 (7.7–9.5); TAL 27.3 ± 0.3 (26.9–27.7); 

DFH 2.1 ± 0.2 (1.9–2.3); VFH 2.2 ± 0.1 (2.0–2.3); MTH 6.8 ± 0.6 (6.0–7.5); TMH 

3.8 ± 0.4 (3.2–4.1); TMW 2.6 ± 0.4 (2.4–3.0); ED 1.8 ± 0.1 (1.6–1.9); IOD 2.5 ± 0.3 

(2.3–2.9); ESD 3.2 ± 0.2 (3.0–3.5); SSD 8.4 ± 0.7 (7.4–9.2); ODW 3.5 ± 0.2 (3.1–

3.7). 

External morphology: At stage 39, the body is dorsal-ventrally compressed (BH/BW 

= 76%) with a robust globular aspect and represents 34% of the total length. Snout is 

rounded in dorsal and ventral views and slightly truncated in lateral view. Eyes are 

medium sized (ED/BL = 13%) and positioned dorsally. Nares opening are narrow, 

oval and located midway between eyes and snout without projection on marginal rim. 

Spiracle is sinistral, short and located on body`s middle third (SSD/BL = 58%); its 

opening is wide, rounded and dorso-posteriorly directed, with internal wall totally 

fused to body. Cloacal tube is short, medial with a wide opening posteriorly directed 

and fused to the fin. Dorsal fin is low and slightly arched, emerging at body-tail 

junction at a slow slope; ventral fin is low with margin parallel to the longitudinal axis 

of the tail muscle. Tip of the tail is rounded and slightly acuminated. Tail musculature 

is moderately developed, represents 56% of maximum tail height and extends to tail`s 

tip. 

Oral disc: Medium sized (ODW/BW = 40%), ventral and not emarginated; one row 

of marginal papillae surrounds the oral disc except on a wide portion of the anterior 

labium; marginal papillae is longer than wide, conical with rounded tips; a pair of 

submarginal papillae is present on each side of the oral disc in some individuals. 
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Labial Tooth row formula: 2(2)/3(1) or 2(2)/3; anterior and posterior labial tooth rows 

about the same length. Jaw sheaths are narrow, with triangular serration; upper jaw 

sheath “arc” shaped and lower jaw sheath “U” shaped.  

Coloration: In life, body and tail musculature are dark-brown. Dark transversal bars 

can found between eyes and on body`s dorsal surface in later development stages. Tail 

musculature is distinct with irregular light blotches to the tail`s anterior half. Both fins 

are translucent with dense brown blotches along its margins. Viscera are visible. 

Oral cavity anatomy: Buccal roof overall rectangular, with a simple and broad 

prenarial arena. An inverted U-shaped ridge is present. Nares opening are narrow and 

elliptical. Narial walls are thick with both anterior and posterior edges irregular, 

which cover the nares opening forming a narial valve. Postnarial arena with one pair 

of long postnarial papillae, and scattered pustulations. A pair of wide ridge of papillae 

is oriented transversely, located laterally between the nares and the median ridge. 

They project medially and have smooth edges. The median ridge is overall broad, 

short, and has an irregular edge. The buccal roof arena (BRA) is rectangular, bounded 

anteriorly by the median ridge and laterally by four pairs of papillae. The BRA field is 

evenly distributed with pustulations. The dorsal velum is broad, curving gradually 

towards the midline and interrupted medially. Buccal floor is overall triangular and 

broad posteriorly. Two pairs of infralabial papillae are present; the outer papillae are 

narrow, short and oriented transversely with smooth margins, whereas the inner 

papillae are longer, positioned in parallel to each other and with smooth edges. Four 

long lingual papillae are present. The buccal floor arena (BFA) is U-shaped and 

bounded by 9–10 pairs of long and attenuated papillae. The anterior half of the BFA is 

mostly devoid of pustulations; postulations are found homogenously distributed 

within the posterior half of the BFA. Pre-pocket papillae occur anteriorly and on each 
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side of the BFA and anterior to the buccal pockets. The velar surface is free, long, 

without projections on its posterior margin; a median notch is present. 

Comments: Tadpoles can be found evenly distributed at temporary ponds with 

muddy or sandy bottom and about 50cm depth. The tadpoles are endotroph, lentic and 

benthic according to Altig & McDiarmid (1999b) ecomorphological guilds. The 

external morphology described herein overall agrees with a previous description of 

Cascon & Peixoto (1985) and Oliveira and Lírio-Junior (2000) for a population from 

Pernambuco and Sergipe States, respectively. The buccal cavity anatomy is herein 

reported for the first time. 



	  109	  

	  

 

Figure 25. Lateral view (A), and schematic representation of oral disc (B), buccal 

floor (C), and buccal roof (D) of Leptodactylus troglodytes tadpole at stage 39.  
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L. vastus Lutz, 1930 – Figure 26 (A, B, C and D) 

Measurements (Stages 31–40): TL 44.1 ± 14.9 (30.3–62.7); BL 11.4 ± 3.6 (7.4–

15.9); BH 5.3 ± 1.0 (4.2–6.7); BW 7.9 ± 2.1 (5.7–11.0); TAL 32.7 ± 11.3 (21.8–

46.8); DFH 1.6 ± 0.8 (0.7–2.6); VFH 1.6 ± 0.5 (1.2–2.4); MTH 6.4 ± 2.3 (4.2–9.2); 

TMH 3.1 ± 1.3 (2.0–4.7); TMW 2.5 ± 1.2 (1.5–3.9); ED 1.4 ± 0.7 (0.8–2.5); IOD 2.4 

± 0.9 (1.5–3.5); ESD 3.0 ± 0.9 (1.9–4.1); SSD 6.9 ± 2.0 (4.9–9.7); ODW 2.1 ± 0.6 

(1.4–2.8). 

External morphology: At stage 36, the body is dorsal-ventrally depressed (BH/BW 

= 67%) with a robust globular aspect and represents 26% of total length. Snout is 

rounded in dorsal and ventral views and slightly truncated in lateral view. Eyes are 

medium sized (ED/BL = 12%) and positioned dorso-laterally. Nares opening are 

narrow, oval and located midway between eyes and snout without projection on 

marginal rim. Spiracle is sinistral, short and located on the end of body`s middle third 

(SSD/BL = 61%) bellow body`s middle line; its opening is wide, rounded and dorso-

posteriorly directed, with internal wall totally fused to body. Cloacal tube is medial 

and fused to the fin; cloacal opening is wide and rounded, and posteriorly directed. 

Dorsal fin is low and slightly arched, emerging at first third of the tail muscle at a 

slow slope; ventral fin is low with margin parallel to the longitudinal axis of the tail 

muscle. Tip of the tail is pointed and slightly acuminated. Tail musculature is 

developed anteriorly and poorly developed posteriorly, represents 49% of maximum 

tail height and extends to tail`s tip. 

Oral disc: Small (ODW/BW = 27%) anteroventral, rounded and not emarginated; 

one row of marginal papillae surrounds the oral disc except on a wide portion of the 

anterior labium; marginal papillae is wider than tall, rounded and with rounded tips; 
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submarginal papillae absent. Labial Tooth row formula: 1/2(1); P-2 shorter than P-1. 

Jaw sheaths are wide, with triangular serration; upper jaw sheath “arc” shaped and 

lower jaw sheath “U” shaped. 

Coloration: In life, body and tail musculature are dark-brown with translucent fins. 

Tail may present dense dark-brown pigments on its last third. Viscera are visible.  

Oral cavity anatomy: Buccal roof overall rectangular, with a simple and broad 

prenarial arena. Nares opening are narrow and elliptical. Narial walls are thick with 

both anterior and posterior edges irregular, which cover the nares opening forming a 

narial valve. Postnarial arena with one pair of short postnarial papillae. A pair of 

narrow ridge of papillae is oriented transversely, located laterally on each side of the 

median ridge. They project medially and have smooth edges. The median ridge is 

overall broad, short, and has a smooth edge. The buccal roof arena (BRA) is 

rectangular, bounded anteriorly by the median ridge without papillae. The BRA field 

is evenly distributed with pustulations. The dorsal velum is broad, curving gradually 

towards the midline and interrupted medially. Buccal floor is overall triangular and 

broad posteriorly. Two pairs of infralabial papillae are present; the outer papillae are 

narrow, short and oriented transversely with smooth margins, whereas the inner 

papillae are longer, positioned in parallel to each other and with smooth edges. Three 

long lingual papillae are present. The buccal floor arena (BFA) is U-shaped and 

bounded by 4–5 pairs of long and conical papillae. The anterior half of the BFA is 

mostly devoid of pustulations; postulations are found homogenously distributed 

within the posterior half of the BFA. Pre-pocket papillae occur anteriorly and on each 

side of the BFA and anterior to the buccal pockets. The velar surface is free, long, 

without projections on its posterior margin; a median notch is absent. 
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Comments: Tadpoles can be found evenly distributed at temporary ponds with 

muddy or sandy bottom and about 20–50cm depth or at narrow streamlets fully 

covered by canopy. The tadpoles are exotroph, lentic or lotic and benthic according to 

Altig & McDiarmid (1999b) ecomorphological guilds. The external morphology and 

buccal cavity anatomy described herein overall agrees with a previous description of 

Leptodactylus vastus for a population from Paraíba State (Vieira et al. 2007b).  

 

Figure 26. Lateral view (A), and schematic representation of oral disc (B), buccal floor (C), and buccal roof (D) of 

Leptodactylus vastus tadpole at stage 36.  
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Microhylidae Gunther, 1858 

Dermatonotus muelleri (Boettger, 1885) – Figure 27 (A, B, C and D) 

Measurements (Stages 38–40): TL 40.9 ± 1.9 (39.4–43.5); BL 14.8 ± 0.5 (14.3–

15.5); BH 8.1 ± 0.4 (7.4–8.6); BW 10.3 ± 0.4 (9.8–10.9); TAL 26.0 ± 2.1 (23.9–

28.6); DFH 2.9 ± 0.1 (2.7–3.0); VFH 3.8 ± 0.5 (3.2–4.5); MTH 9.5 ± 0.5 (9.1–10.2); 

TMH 4.1 ± 0.3 (3.9–4.5); TMW 3.1 ± 0.2 (2.9–3.3); ED 1.5 ± 0.2 (1.4–1.7); IOD 

10.2 ± 0.4 (9.8–10.6); ESD 6.9 ± 0.6 (6.4–7.7); SSD 12.6 ± 1.0 (11.7–14.2); ODW 

3.4 ± 0.2 (3.3–3.7). 

External morphology: At stage 39, the body is slightly dorso–ventrally compressed 

(BH/BW = 79%), with a rectangular in dorsal view and represents 36% of total 

length. The snout is truncated in lateral view, and rounded in dorsal and ventral views. 

Eyes are small (ED/BL = 10%) and arranged laterally. Nares are absent. Spiracle is 

ventral, medial and located on body`s last third; its opening is wide, rounded and 

cover the cloacal tube opening. The cloacal tube is short, medial, with the opening 

directed ventro-posteriorly and fused to ventral fin. Dorsal fin is slightly arched, 

emerging at the body-tail junction at a slow slope. Ventral fin margin is convex and 

parallel to the body axis until the middle of the tail, after which it converges towards 

the tail tip. Tip of the tail is triangular and slightly acuminated. Tail musculature is 

moderately developed, represents 43% of maximum tail height and do extends to 

tail`s tip. 

Oral disc: Small (ODW/BW = 33%) and terminal, without keratinized parts or 

papillae and with two short semicircular dermal flaps located in front of the mouth. 
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Coloration: In life, body dorsal surface is brown with variable colored blotches on 

the lateral region whereas the ventral surface is light cream. Tail musculature is brown 

with a longitudinal light stripe on its first half. Both fins are not translucent and 

pigmented with brown and white markings on the anterior half whereas the posterior 

half of the tail is translucent and pigmented with less dense brown blotches. Viscera 

are partially visible. 

Oral cavity anatomy: Buccal roof overall rectangular, with a simple and broad 

prenarial arena. Single bifid papilla is present in the prenarial arena. Nares are broad, 

rounded and imperforated. From the posterior margin of each nares, a large, flat and 

multifid narial papilla arises. Laterally to the nares, 3–4 papillae are found. Postnarial 

arena not defined. The median ridge is overall narrow, tall, and bifid with a smooth 

edge. The buccal roof arena (BRA) is rectangular, mostly indistinct with two pairs of 

short papillae. The BRA field is evenly distributed with pustulations. The dorsal 

velum is broad, curving gradually towards the midline and interrupted medially. 

Buccal floor is overall triangular and broad posteriorly. One pair of infralabial 

papillae is present and oriented transversely with smooth margins. Tongue anlage is 

small and devoid of lingual papillae. The buccal floor arena (BFA) is not defined and 

bounded posteriorly by 11–13 pairs of long and conical papillae. Also, the glottis is 

far anteriorly placed, on the medial posterior margin of the BFA. Pre-pocket papillae 

absent. The velar surface is free, long, without projections on its posterior margin; a 

median notch is present.  

Comments: Tadpoles can be found evenly distributed or aggregated at temporary 

ponds surface with muddy or sandy bottom and about 20–50cm depth without canopy 

cover. The tadpoles are exotroph, lentic and filters according to Altig & McDiarmid 

(1999b) ecomorphological guilds. The external morphology described herein overall 
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agrees with a previous description for populations from São Paulo (Rossa-Feres & 

Nomura 2006) and Salta provice, Argentina (Cei 1980; Fabrezi et al. 2012). 

Nevertheless, the single dermal flap configuration described by Rossa-Feres and 

Nomura (2006) do not match our description (two short and semicircular flaps). The 

dermal flaps divided into two short flaps were also observed in tadpoles from 

Argentina (Cei 1980; Fabrezi et al. 2012). The buccal cavity anatomy overall agrees 

with a previous description of D. muelleri tadpole for a population from Salta 

Province, Argentina (Candioti 2007). 

 

Figure 27. Lateral view (A), and schematic representation of oral disc (B), buccal floor (C), and buccal 

roof (D) of Dermatonotus muelleri tadpole at stage 39.  
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Elachistocleis cesarii (Miranda-Ribeiro, 1920) – Figure 28 (A, B, C and D) 

Measurements (Stages 35–38): TL 24.2 ± 2.6 (21.3–27.0); BL 8.8 ± 0.5 (7.9–9.3); 

BH 4.7 ± 0.4 (4.1–5.3); BW 7.2 ± 0.5 (6.4–7.8); TAL 16.4 ± 1.6 (14.7–18.1); DFH 

2.0 ± 0.3 (1.6–2.3); VFH 2.2 ± 0.3 (1.6–2.3); MTH 5.6 ± 0.3 (5.2–6.1); TMH 2.7 ± 

0.2 (2.5–3.0); TMW 1.7 ± 0.2 (1.4–1.9); ED 0.9 ± 0.1 (0.9–1.0); IOD 6.8 ± 0.3 (6.3–

7.1); ESD 4.0 ± 0.3 (3.6–4.4); SSD 7.0 ± 0.8 (5.8–7.9); ODW 3.2 ± 0.5 (2.4–3.7). 

External morphology: see Magalhães et al. (2012) for the description of 

Elachistocleis cesarii tadpoles for a population from Macaíba municipality, Rio 

Grande do Norte State. Except for the dermal flap morphology, which is expanded 

and circular, and entirely covers the mouth opening, we found no other morphological 

differences between tadpoles at stages 38 and at stages 28–31.  

Coloration: In life, at Stage 38, body dorsal and ventral surface are dark gray with 

small light blotches and stripes on the lateral region. Also a white longitudinal line 

can be present in some tadpoles extending from the tip of the snout to body and tail 

junction. Tail musculature coloration is similar to body with a lateral light stripe on its 

first half. Both fins are not translucent and pigmented on dark gray on the anterior half 

whereas the posterior half of the tail is translucent and pigmented with less dense dark 

gray blotches. Viscera are partially visible. 

Oral cavity anatomy: Buccal roof overall rectangular, with a simple and broad 

prenarial arena. Single bifid papilla is present in the prenarial arena. Nares are broad, 

rounded and imperforated. From the posterior margin of each nares, a large, flat and 

multifid narial papilla arises. Laterally to the nares, 1–2 small papillae are found. 

Postnarial arena not defined. The median ridge is overall broad, tall, and multifid with 

an irregular edge. The buccal roof arena (BRA) is rectangular, mostly indistinct 



	  117	  

	  

without papillae. The BRA field is evenly, but scattered distributed with pustulations. 

The dorsal velum is narrow, curving gradually towards the midline and interrupted 

medially. Buccal floor is overall triangular and broad posteriorly. One pair of multifid 

infralabial papillae is present and oriented transversely in the oral cavity. Tongue 

anlage is small and devoid of lingual papillae. The buccal floor arena (BFA) is not 

defined and bounded posteriorly by 6–7 pairs of long and conical papillae. Also, the 

glottis is far anteriorly placed, on the medial posterior margin of the BFA. A pair of 

trifid pre-pocket papillae is present anterior to the buccal pockets. The velar surface is 

free, long, with small projections on its posterior margin; a median notch is present.  

Comments: Although the tadpole description of E. cesarii provided herein comes 

from specimens obtained from the same population studied on the original description 

(Magalhães et al. 2012), the authors evaluated tadpoles in early development stages 

(27–28). The overall morphology is similar, but tadpoles in later stages (35–38) 

exhibit an expended and circular dermal flaps distinguishing it from tadpoles in early 

stages (short and semicircular; Magalhães et al. 2012). As showed by Laufer et al. 

(2013), the oral flap configuration of Elachistocleis tadpoles changes according to 

their development stages. Our results also corroborate these observations. This 

reinforces the importance to describe and compare tadpoles in similar stages of 

development. The buccal cavity anatomy is herein reported for the first time. 
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Figure 28. Lateral view (A), and schematic representation of oral disc (B), buccal floor (C), and buccal 

roof (D) of Elachistocleis cesarii tadpole at stage 38.  
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Ranidae Rafinesque, 1814 

Lithobates palmipes (Spix, 1824) – Figure 29 (A, B, C and D) 

Measurements (Estágios 33–35): TL 77.1 ± 4.5 (73.7–84.2); BL 30.9 ± 1.7 (29.3–

33.7); BH 19.2 ± 1.5 (17.7–20.8); BW 22.4 ± 0.7 (21.2–23.1); TAL 46.3 ± 2.9 (44.0–

50.5); DFH 8.8 ± 0.7 (7.8–9.8); VFH 7.6 ± 0.5 (7.1–8.2); MTH 22.8 ± 1.6 (21.1–

25.3); TMH 10.9 ± 1.5 (9.6–13.0); TMW 7.8 ± 0.7 (7.0–8.6); ED 3.6 ± 0.2 (3.3–3.8); 

IOD 8.9 ± 0.6 (7.9–9.4); ESD 8.4 ± 0.7 (7.9–9.7); SSD 17.4 ± 1.3 (16.1–18.9); ODW 

6.1 ± 0.3 (5.7–6.3).  

External morphology: At stage 35, the body is slightly dorso-ventrally compressed 

(BH/BW = 86%) with a robust globular aspect and represents 41% of the total length. 

Snout is rounded in all views. Eyes are medium (ED/BL = 12%) and positioned 

dorso-laterally. Nares are rounded and dorsally located midway between eye and 

snout without projections on the marginal rim. Spiracle is sinistral, short and located 

on the middle third of the body (SSD/BL = 56%) bellow body`s midline; spiracle 

opening is rounded, dorso-posteriorly directed with centripetal wall partially fused to 

body. Cloacal tube is short, dextral and fused with the fin; cloacal opening is wide, 

rounded and directed posteriorly. Dorsal fin is high, with convex margin, emerging at 

body posterior third at a high slope with maximum height in its middle third; ventral 

fin high with a convex margin. Tip of the tail is rounded and not acuminated. Tail 

musculature is moderately developed, represents 48% of maximum tail height and do 

not extends to tail`s tip. 

Oral disc: Small (ODW/BW = 27%), anteroventral and laterally emarginated; single 

row of conical and large marginal papillae, widely interrupted anteriorly; submarginal 

papillae present laterally in the oral disc. Labial tooth row formula: 4(2-4)/4(1); A-1 
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and A-2 longer than A-3 and A-4; A-2 and A-3 widely interrupted and arranged on 

either side of the upper jaw sheath; P-4 is shorter than others posterior rows. Jaw 

sheaths are wide, with triangular serration; upper jaw sheath “arc” shaped and lower 

jaw sheath “U” shaped. 

Coloration: In life, body dorsal and ventral surface are dark gray with scattered dark 

dots along dorsal and lateral regions. Tail musculature coloration is similar to body 

with. Both fins are slightly translucent and pigmented with scattered brown blotches 

along its margins. Viscera are partially visible. 

Oral cavity anatomy: Buccal roof overall rectangular, with a simple and broad 

prenarial arena. A flattened broad ridge is present. Nares opening are broad and 

elliptical. Narial walls are thick with both anterior and posterior edges irregular, 

which cover the nares opening forming a narial valve. Narial papillae are present on 

the anterior margins of the nares. Postnarial arena with one pair of long postnarial 

papillae and a single trifid medial papillae. A pair of wide and short trifid ridge of 

papillae is oriented transversely, located laterally between the nares and the median 

ridge. They project medially and have smooth edges. The median ridge is overall 

broad, short, and has a smooth edge. The buccal roof arena (BRA) is rectangular, 

bounded anteriorly by the median ridge and laterally by 4–5 pairs of papillae. The 

BRA field is evenly distributed with pustulations. The dorsal velum is broad, curving 

gradually towards the midline and not interrupted medially. Buccal floor is overall 

triangular and broad posteriorly. One pair of broad and short infralabial papillae are 

present. Two long lingual papillae are present. The buccal floor arena (BFA) is U-

shaped and bounded by 5–6 pairs of short and conical papillae. The anterior half of 

the BFA is mostly devoid of pustulations; postulations are found homogenously 

distributed within the posterior half of the BFA. Pre-pocket papillae occur anteriorly 
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and on each side of the BFA and along the buccal pockets. The velar surface is free, 

long, with 4–5 projections on its posterior margin; a median notch is present. 

Comments: Tadpoles can be found evenly distributed at permanent river margins 

mostly associated with aquatic vegetation or found at the bottom of large flooded 

areas about 60–100cm depth without canopy cover. The tadpoles are exotroph, lentic 

and nektonic or benthic according to Altig & McDiarmid (1999b) ecomorphological 

guilds. The external morphology described herein does not match previous 

descriptions from Ecuadorian (Duellman 1978; Hillis & de-Sá 1988) and Trinidad 

populations. The body shape globular laterally, fins arched emerging at a high slope 

with height superior to the tail muscle, dorsal fin extending on to body, tip of the tail 

rounded, cloacal tube dextral, spiracle at body midline, marginal papillae simple and 

tooth rows arrangement (four rows on the anterior labium whereas P3 and P4 are 

arranged on either side of the superior beak) differs the tadpoles described herein 

from Ecuador (body shape elliptical laterally, both fins slightly arched and almost 

parallel to tail muscle axis with maximum height inferior to the tail musculature, 

dorsal fin not extending on to body, tip of the tail pointed and triangular, cloacal tube 

medial and spiracle bellow body middle line; Duellman 1978; Hillis & de-Sá 1988) 

and Trinidad (P3 and P4 are not interrupted by the superior beak and marginal 

papillae arranged in multiple rows based on the tadpole illustration; Kenny 1969) 

populations. Although this species is widely distributed on the low lands of South 

America, tadpoles from isolated and distant populations are different in many aspects 

of their external morphological. Such differences point out that L. palmipes may 

represent a complex needing further investigations on their identity, specially 

populations from northeastern Brazil. The buccal cavity anatomy is herein reported 

for the first time. 
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Figure 29. Lateral view (A), and schematic representation of oral disc (B), buccal 

floor (C), and buccal roof (D) of Lithobates palmipes tadpole at stage 35.   
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Identification key 

1 Keratenized mouthparts and nares opening absent................................................... 2 

- Keratenized mouthparts and nares opening present.................................................. 3 

 

2 Retangular body shape in dorsal view; dermal flaps dermal semicircular and not 

expanded................................................................................... Dermatonotus muelleri  

- Oval body shape in dorsal view; dermal flaps circular, and extended covering the 

mouth opening........................................................................... Elachistocleis cesarii 

 

3 Nares located on the tip of the snout and not visible on dorsal view........................ 4 

- Nares located between eyes and snout and visible on dorsal view............................ 7 

 

4 Oral disc modified in a protractile tube…............................... Dendropsophus nanus 

- Oral disc not modified in a protractile tube................................................................ 5 

 

5 Body with a dark coloration; tail is dark with vertical white bars on medial and 

posterior regions; oral disc without tooth rows...................... Dendropsophus oliveirai 

- Body with a yellowish and light cream coloration; Dorsal fin emerges at body; 

flagellum present and LTRF 0/0, 0/1 or 1/1................................................................. 6 
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6 Marginal papillae arranged in one or two rows broadly interrupted on the anterior 

labium; LTRF 0/1, 1/1 or 1/2.................................................. Dendropsophus minutus 

- Marginal papillae simple with broad interruptions anteriorly and ventrolaterally; 

LTRF 0/1.................................................................................. Dendropsophus soaresi 

 

7 Spiracle with internal wall not fused to the body; nares reniforms with triangular 

projections present on nares internal margins............................................................... 8 

- Spiracle with internal wall fused to the body; nares not reniforms........................... 9 

 

8 LTRF 2(2)/4(1)................................................................. Hypsiboas albomarginatus 

- LTRF 2(1,2)/3(1).......................................................................... Hypsiboas raniceps 

 

9 Number of tooth rows in the oral disc higher than 8; marginal papillae without 

interruptions........................................................................... Corythomantis greeningi 

- Number of tooth rows in the oral disc equal or lower than 8; marginal papillae with 

at least a single interruption....................................................................................... 10 

 

10 Marginal papillae with ventral or ventrolateral interruptions............................... 11 

- Marginal papillae without ventral or ventrolateral interruptions.............................. 16 
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11 One interruption on the posterior labium marginal papillae.................................. 12 

- Two or more interruptions on the posterior labium marginal papillae..................... 14 

 

12 Body dark brown, ovoid with eyes arranged dorsally; LTRF 2(2)/3..................... 13 

- Body compressed laterally, triangular in lateral view with yellowish coloration; 

LTRF 2(2)/3(1) and P3 length less than 50% of other tooth rows......... Scinax cretatus 

 

13 P3 length equal to others...................................................................... Rhinella jimi 

- P3 length less than 50% of others................................................. Rhinella granulosa 

 

14 Marginal papillae with two ventrolateral interruptions; posterior labium with two 

tooth rows................................................................................................................... 15 

- Marginal papillae with two ventrolateral and one central interruption on the posterior 

labium; LTRF 2(2)/3(1).................................................. Physalaemus albifrons/cuvieri 

 

15 dark brown transversal bars located on tail`s posterior 

region.................................................................................Pseudopaludicola mystacalis 

- Tail homogenously pigmented with few scattered brown blotches along its 

edges...................................................................................... Pseudopaludicola pocoto 
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16 Dorsal fin lower than the ventral fin (about 25% of ventral fin height); spiracle 

located on the medial region of the body venter.................... Phyllomedusa nordestina 

- Dorsal fin higher or with similar height in comparison with the ventral fin............ 17 

 

17 Eyes arranged laterally; body shape triangular in lateral view; vent tube opening 

dextrally....................................................................................................................... 18  

- Eyes arranged dorsally; body shape globular in lateral view; vent tube opening 

medial.......................................................................................................................... 21 

 

18 Body robust and ovoid with a dark gray coloration; dorsal fin emerging at body 

and tail junction; tip of the tail rounded and not acuminated; oral disc with lateral 

folds; LTRF 4(2-4)/4(1)................................................................. Lithobates palmipes 

- Body laterally compressed with a light gray coloration; oral disc with ventral folds; 

dorsal fins emerges at body; tip of the tail slightly acuminated or acuminated in a 

flagellum..................................................................................................................... 19 

 

19 Tail musculature with a dark brown mediolateral stripe; marginal papillae absent 

or present in few amounts........................................................ Scinax fuscomarginatus 

- Tail musculature indistinct and submarginal papillae present................................. 20 
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20 LTRF 2(2)/3; P3 is shorter than other tooth rows........................ Scinax pachycrus 

- LTRF 2(2)/3(1); P3 with similar length of other rows.................... Scinax x-signatus 

 

21 Oral disc with lateral folds.................................................................................... 22 

- Oral disc without lateral folds................................................................................. 23 

 

22 P3 length similar to others................................................ Proceratophrys cristiceps 

- P3 shorter than other tooth rows............................................. Pleurodema diplolister 

 

23 Body elongated and slightly compressed laterally; body and tail musculature with a 

homogeneous and indistinct dark brown coloration; LTRF 2/3............................. 24 

- Body with light brown coloration, dorso-ventrally depressed, ovoid and overall 

robust; tail musculature distinct; oral disc without folds........................................... 25 

 

24 Marginal papillae arranged in three rows laterally and ED represents less than 10% 

of BL................................................................................ Leptodactylus macrosternum 

- Marginal papillae arranged in one or two rows laterally and ED represents more than 

10% of BL.............................................................................. Leptodactylus natalensis 
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25 Dorsal fin emerging at body and tail junction; LTRF 2(2)/3(1) or 2(2)/3............. 26 

- Dorsal fin emerging on tail musculature; LTRF 1/2(1).............. Leptodactylus vastus 

 

26 Body oval in dorsal view and the IOD represent less than 40% of BW............... 27 

- Body rectangular in dorsal view and the IOD represent more than 40% of 

BW............................................................................................... Leptodactylus fuscus 

 

27 P3 slightly shorter than other tooth rows; body with light blotches between eyes 

and snout bellow nares......................................................... Leptodactylus caatingae 

- P3 length equal to other tooth rows; body with dark brown transversal bars at body`s 

dorsal surface..................................................................... Leptodactylus troglodytes 
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Discussion 

Despite the absence of historical records of the herpetofauna from this region, 

we found a low diversity of reproductive modes (five modes, whereas 63% of anuran 

species present reproductive mode 1; Table 1), once 39 reproductive modes have 

already been documented for anuran species that occurs on the Atlantic Forest 

(Haddad & Prado 2005). Nevertheless, the number of species that were noticed to 

occur within our studied area is similar and relatively high in comparison to other 

areas along the northeastern region located within the Atlantic Forest ecoregion (see 

Magalhães et al. 2013a). The vegetation along the southeastern region of Rio Grande 

do Norte State is mostly fragmentized due to human activity. Such impacts caused a 

severe habitat loss and, likely reduced the reproductive sites availability, which 

restricts most of species to reproduce only during the raining season and in ponds 

formed after heavy rains located in open areas. Therefore, restraining the diversity of 

reproductive modes of anuran species found in the region.  

Among the tadpoles found in this region, four from 15 exotrophic 

ecomorphological guilds revised by McDiarmid & Altig (1999) are represented: 

benthic, carnivorous, nektonic, macrophagous and suspension feeders (type 1) 

tadpoles (Table 1). Our results on the morphological diversity and habitat use are 

similar to other researches conducted along degraded gradients and, therefore, can 

also be considered great (Rossa-Feres & Nomura 2006).  

We were able to unequivocally differ almost all species analyzing its external 

morphological features, whereas body and tail shape, and oral disc features are the 

characteristics that better distinguish species, except for both Physalaemus species, 

which exhibited the same morphological features. Likewise, a couple of tadpole pairs 



	  130	  

	  

are likely similar morphologically (e.g, Leptodactylus fuscus and L. troglodytes; 

Pseudopaludicola mystacalis and P. pocoto) and are differentiated from each other 

based on some coloration aspects. Although coloration patterns can vary due to a 

combination of several environmental pressures (Thibaudeau & Altig 2012), most of 

tadpoles were collected in sympatry and probably, under similar environmental 

condition. Likewise, behavioral aspects can help to recognize some anuran larvae in 

the field. For instance, L. macrosternum is the only species in which tadpoles are 

found grouped in synchronized schools. Other tadpoles agglomerate along ponds 

surface (microhylidae larvae) or along the margins (Rhinella jimi tadpoles) but do not 

form schools such as L. macrosternum larvae.  

The oral cavity anatomy of 18 species is described herein for the first time. 

The remaining species for which the OCA was already described agreed with the 

morphology described herein, even in specimens from distant and isolated 

populations, such as Hypsiboas raniceps (Kolenc et al. 2008), and Dermatonotus 

muelleri and Dendropsophus nanus (Candioti 2007) described for populations from 

Argentina. Nevertheless, the use of oral internal features provide relevant information 

to identify and distinguish tadpoles with very similar morphology (Oliveira et al. 

2013; Ruggeri & Weber 2012); such utility was also corroborated in this study. For 

instance, Pseudopaludicola pocoto exhibit three digitiform projections on the edges of 

the lingual papillae and lateral ridge papillae, whereas P. mystacalis (which is found 

in sympatry and exhibit a very similar external appearance) has simple lingual 

papillae with acuminated edge and the lateral ridge papillae has two projections on 

their edges, whereas their external morphology is similar and are mainly diferenciated 

based on coloration patters.  



	  131	  

	  

  Most of the tadpoles described herein corroborated previous descriptions. 

Nevertheless, some species tadpoles showed interpopulational variation in some 

morphological features. This fact highlight the importance of assesses great amounts 

of tadpole specimens during descriptions because we are not aware if the variation 

observed herein was not assessed on the original descriptions, or are indeed evidence 

of interpopulational differences. Nevertheless, such variations may suggest that these 

populations represent a complex of species, as is the case of L. fuscus, D. minutus and 

L. palmipes.  
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Table I. Anuran tadpoles collected along the surveyed areas. EMG: Ecomorphological guild 

according to Altig and McDiarmid (1999b). B: Benthic; N: Nektonic; M: Macrophagous; S: 

Suspension feeder; RM: Reproductive mode according to Haddad and Prado (2005). ID: 

identification method. A: amplectant pairs; D: desova; M: throughout metamorphosis; L: 

literature assistance; Si: tadpole collected in restricted ponds where no other species occurs 

sintopically. Le: Lentic; Lo: Lotic. E: EAJ; F: Flona-NF. 

Taxa  (N=30) EMG RM ID Habitat 

Bufonidae 

    Rhinella granulosa B 1 A, L Le 

Rhinella jimi B 1 M, L Le 

Cycloramphidae 

    Proceratophrys cristiceps  B 1 M Le, Lo 

Hylidae 

    Corythomantis greeningi  B 2 M Lo 

Dendropsophus branneri M 1 A Le 

D. minutus N 1 M Le 

D. nanus  N 1 M Le 

D. oliveirai  N 1 M, L Le 

D. soaresi  N 1 L Le 

Hypsiboas albomarginatus  B 1 M, L Le 

H. raniceps B 1 M, L Le 

Phyllomedusa nordestina  S 24 A, M Le 

Scinax cretatus  N 1 L Le 

S. fuscomarginatus N 1 M, L Le 

S. pachycrus N 1 L Le 

S. x-signatus N 1 M, L Le 

Leptodactylidae 

    Leptodactylus caatingae  B 30 M Le 
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L. fuscus  B 30 M, Si Le 

L. macrosternum B 11 M, D Le 

L. natalensis B 13 M Le 

L. troglodytes B 30 M, D Le, Lo 

L. vastus B 11,13 M, D Le, Lo 

Physalaemus albifrons B 11 A Le 

Physalaemus cuvieri B 11 A Le 

Pleurodema diplolister B 11 A, D Le 

Pseudopaludicola mystacalis B 1 M, Si Le, Lo 

Pseudopaludicola sp.  B 1 Si Le 

Microhylidae 

    Dermatonotus muelleri  S 1 A, M Le 

Elachistocleis cesarii S 1 A, M Le 

Ranidae 

    Lithobates palmipes  N,B 1 L, Si Lo 
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APPENDIX 1 

Specimens examined  

Corythomantis greeningi: Macaíba: Escola Agrícola de Jundiaí (AGARDA 1300). 

Dendropsophus minutus: Macaíba: Escola Agrícola de Jundiaí (AAGARDA 3778). 

D. nanus: Macaíba: Escola Agrícola de Jundiaí (AAGARDA 3786).  

D. oliveirai: Macaíba: Escola Agrícola de Jundiaí (AAGARDA 3215). 

D. soaresi: Macaíba: Escola Agrícola de Jundiaí (AAGARDA 3777). 

Dermatonotus muelleri: Macaíba: Escola Agrícola de Jundiaí (AAGARDA 3787). 

Elachistocleis cesarii: Macaíba: Escola Agrícola de Jundiaí (AAGARDA 3784). 

Hypsiboas albomarginatus: Macaíba: Escola Agrícola de Jundiaí (AAGARDA 3211). 

H. raniceps: Macaíba: Escola Agrícola de Jundiaí (AAGARDA 3212). 

Phyllomedusa nordestina: Macaíba: Escola Agrícola de Jundiaí (AAGARDA 3779). 

Physalaemus albifrons: Macaíba: Escola Agrícola de Jundiaí (AAGARDA 2970). 

P. cuvieri: Macaíba: Escola Agrícola de Jundiaí (AAGARDA 9506). 

Pleurodema diplolister: Macaíba: Escola Agrícola de Jundiaí (AAGARDA 9507). 

Proceratophrys cristiceps: Macaíba: Escola Agrícola de Jundiaí (AAGARDA 9508; 9509). 

Pseudopaludicola mystacalis: Goianinha (AAGARDA 3783). 

P. pocoto: Macaíba: Escola Agrícola de Jundiaí (AAGARDA 8825; 9510). 

Leptodactylus caatingae: Macaíba: Escola Agrícola de Jundiaí (AAGARDA 6293). 

L. fuscus: Macaíba: Escola Agrícola de Jundiaí (AAGARDA 9367).  

L. macrosternum: Macaíba: Escola Agrícola de Jundiaí (AAGARDA 3784). 



	  144	  

	  

L. natalensis: Macaíba: Escola Agrícola de Jundiaí (AAGARDA 9366). 

L. troglodytes: Macaíba (AAGARDA 9365); Nísia Floresta: FLONA Nísia Floresta 

(AAGARDA 9516) 

L. vastus: Macaíba: Escola Agrícola de Jundiaí (AAGARDA 3785; 9511; 9512) 

Lithobates palmipes: Macaíba: Escola Agrícola de Jundiaí (AAGARDA 9513); Parnamirim 

(AAGARDA 1977). 

Rhinella granulosa: Macaíba (AAGARDA 9514). 

Rhinella jimi: Macaíba (AAGARDA 9517). 

Scinax cretatus: Macaíba: Escola Agrícola de Jundiaí (AAGARDA 3216).  

S. fuscomarginatus: Macaíba: Escola Agrícola de Jundiaí (AAGARDA 3780). 

S. pachycrus: Macaíba: Escola Agrícola de Jundiaí (AAGARDA 3781). 

S. x-signatus: Macaíba: Escola Agrícola de Jundiaí (AAGARDA 3782; 9515). 
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CARACTERIZAÇÃO DA MORFOLOGIA EXTERNA 

1. CORPO 

 

1.1 Formato em vista dorsal 

                    Oval                                                                                  Retangular                                               

                                   

                  Redondo                                                                             Elíptico alogado 
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1.2 Formato em vista lateral 

                      Triangular                                                     Elíptico                                                                 Oval 

  

 

3.2 OLHOS 

 

2.1 Posição 

Lateral                                                                                                 Dorsal                                                            Dorsolateral 
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3.2.1 Tamanho 

                           Pequeno                                                             Médio                                                                     Grande 

                                                  

 

 

Definição:  

Pequeno: quando o diâmetro do olho corresponder a menos de 10% do comprimento do corpo. 

Médio: quando o diâmetro do olho corresponder entre 10 a 15% do comprimento do corpo. 

Grande: quando o diâmetro do olho corresponder mais de 15% do comprimento do corpo. 
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3.3 NARINAS 

 

3.3.1 Formato 

Oval                                                     Elíptica                                         Reniforme 

                                        

3.3.2 Posição 

Entre o olho e focinho                                                             No focinho 
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3.3.2 Projeções na margem interna 

Curtas                                                       Expandida redonda                                  Expandida triangular 

                                                                                 

 3.4 ESPIRÁCULO 

 

 

3.4.1 Tipo de espiráculo 

                      Sinistro                                               Ventromedial                                                               Posteroventral 
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3.4.2 Posição em relação a linha média 

                Na linha média corporal                                                       Abaixo da linha média corporal 

                           

 

3.4.3 Parede interna do espiráculo 

              Ausente                                                 Fundida ao corpo                                          Livre  
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3.5 TUBO ANAL 

 

3.5.1 Posição da abertura 

                    Medial                                                                              Dextro 
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3.6 NADADEIRA DORSAL 

             

3.6.1 Arqueamento 

                           Convexo                                           Levemente convexa                                  Paralela ao plano da musculatura 

   

 

3.6.2 Inserção  

                       No corpo                                                    Na junção corpo-cauda                                   Na cauda 
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3.7 NADADEIRA VENTRAL 

 

3.7.1 Arqueamento 

Convexa                                                                       Levemente convexa                          Paralela ao plano da musculatura da cauda 

            

 

3.7.2 Inserção  

                  Término do ventre do corpo                                                                      Na região média do ventre 
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3.8 MUSCULATURA DA CAUDA 

 

3.8.1 Desenvolvimento 

              Indistinta                                                   Moderadamente desenvolvida                            Desenvolvida 

     

3.8.2 Extensão à cauda 

Extende ao final da cauda                            Não extende ao final da cauda 

                      

  



	  155	  

	  

3.9 CAUDA 

 

3.9.1 Afilamento posterior da cauda      

Não acuminada                                                  Levemente acuminada                                          Acuminada em um flagelo 

                                               

3.9.2 Formato da ponta da cauda 

Triangular                                                                                                                           Redonda 
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3.9 DISCO ORAL 

 

3.9.1 Lábios (Labium) 

                       Anterior                                                                                                   Posterior 
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3.9.2 Fileira de dentículos (Tooth row)                                                         3.9.3 Bico Córneo (Jaw shealths) 

                                                            

 

3.9.4 Papila marginal (Marginal papillae)                                                     3.9.5 Papila submarginal (Submarginal papillae) 
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3.9.6 Interrupções na papila marginal (papillae interruption ou gaps) 

                                 

 

3.9.7 Dobras no disco oral (oral disc folds ou emargination) 
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3.9.8 Fórmula oral (Labial tooth row formula) 

     
Obs: As fileiras de dentículos são contadas sempre de cima para baixo e indicadas com a letra A, quando forem do lábio anterior, e pela   letra P, quando forem do 
lábio posterior. A barra entre os números indica a separação entre os lábios inferior e superior. Logo, 2/3 indica que o girino tem duas fileiras de dentículos no 
lábio anterior e três no lábio inferior.   

                        
Obs: os números entre parênteses representam uma interrupção na fileira de dentículos  
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4. Caracterização da morfologia da cavidade bucal 

4.1 Assoalho bucal (Buccal floor) 

 

Terminologia: Arena do assoalho bucal (Buccal roof arena); Bolsa bucal (Buccal pocket); Glótis (Glottis); Nó médio (Median 
notch); Papila do assoalho bucal (Buccal roof papillae); Papila infralabial (infralabial papillae); Papila lingual (Lingual 
papillae); Papila anterior à bolsa bucal (Pre-pocket papillae); Velum ventral (Ventral velum). 
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4.2 Teto bucal (Buccal roof) 

 

 

Terminologia: Arena pré-nasal (Prenarial arena); Arena pós-nasal (Posnarial arena); Arena do teto bucal (Buccal roof arena, 
BRA) Coanas (Choanaes ou narial openings); Crista medial (Median ridge); Papila pós-nasal (Postnarial papillae); Papila 
lateral à crista medial (lateral ridge papillae); Papilas do teto buccal (Buccal roof papillae); Velum dorsal (Dorsal velum). 
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ABSTRACT: We describe a new species of Pseudopaludicola endemic to the Caatinga ecoregion of 

northeastern Brazil. The new species is characterized morphologically by small size, lack of T–shape 

terminal phalanges, smooth upper eyelids, presence of abdominal and vocal sac folds, light cream-colored 

vocal sac, and short hind limbs with tibia–tarsal articulation reaching the eye. The tadpole has a globular 

body shape, low tail fins, and a ventral oral disc bordered by a single row of marginal papillae with a wide 

anterior gap and two ventrolateral gaps; oral formula: 2(2)/2(1). The advertisement call consists of a well-

defined sequence of notes comprising three nonconcatenated pulses, each with long interpulse intervals 

(111 ± 21 ms) and average note duration of 238 ± 31 ms. The average dominant frequency is 5636 ± 300 

Hz and increases from the first to the last pulse in each note. The advertisement call easily distinguishes 

the new species from all other congeners for which calls are known. 

 

Key words: Advertisement call; Caatinga; Distribution; Pseudopaludicola pocoto; Tadpole 
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THE GENUS Pseudopaludicola comprises 18 species of small frogs in South America, occurring from 

northern Argentina to Venezuela east of the Andes (Frost, 2013). The genus forms the basal taxon in the 

leptodactylid subfamily Leiuperinae (Pyron and Wiens, 2011). They are frequently found calling during 

the day (and occasionally at night) around open areas in tropical forests (Amazon and Atlantic forests) and 

in open formations (Chaco, Pampas, Cerrado, and Caatinga). Several new Pseudopaludicola species have 

been described in recent years (Toledo, 2010; Toledo et al., 2010; Pansonato et al., 2012; Roberto et al., 

2013) and the calls and tadpoles of described species have been characterized (Pereira and Nascimento, 

2004; Laufer and Barreneche, 2008; Giaretta and Facure, 2009). The number of recognized species 

increased from five in the late 1980s (Haddad and Cardoso, 1987) to 18 in 2013 (Frost, 2013). Some of 

the recently described species occur in heavily studied areas (such as Minas Gerais and São Paulo states; 

Toledo, 2010; Toledo et al., 2010). The discovery of new species in well-studied regions suggests that 

additional undescribed species are likely to occur in poorly studied areas such as the semi–arid Brazilian 

Caatinga (Tabarelli and Silva, 2003; see Roberto et al., 2013). 

 The most recent compilation for the herpetofauna of the Caatinga lists 173 species (47 lizards, 10 

amphisbaenids, 52 snakes, 10 turtles, 3 crocodylians, 48 anurans, and 3 caecilians; Rodrigues, 2003). 

However, these numbers are likely to increase substantially as 40% of the biome has never been studied 

and about 80% remained understudied until very recently (Tabarelli and Silva, 2003). Indeed, several 

lizard (Arias et al., 2011a,b; Passos et al., 2011) and frog (e.g., Pombal-Jr et al., 2012) species have been 

described recently for the region. 

 Here we described a new species of Pseudopaludicola, which is widespread in the Caatinga 

ecoregion. We characterize the species advertisement call and tadpole external morphology, and we 

compare it to other allied species. 
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MATERIALS AND METHODS 

 We collected frogs at several localities throughout Northeastern Brazil (see geographic 

distribution, Fig. 3). We euthanized specimens by rubbing lidocaine cream onto their abdomen or through 

CO2 asphyxiation, individually tagged each specimen, collected tissue samples, fixed specimens in 10% 

formalin, and transferred them to 70% ethanol for permanent storage (collecting permits to AAG SISBIO 

# 32527–1, DL SISBIO # 12545-2 and MNCK SISBIO # 25267-1). We measured morphometric variables 

using a Digimess digital caliper (0.01 mm precision) according to Pansonato et al. (2013) and adopted the 

terminology for frog external morphology from Duellman (1970). Specimens used in this description are 

housed in the Célio F. B. Haddad Collection at the Departamento de Zoologia, Universidade Estadual 

Paulista, Campus de Rio Claro, São Paulo, Brazil (CFBH) and in the Herpetological Collection of 

Universidade Federal do Rio Grande, Rio Grande, Rio Grande do Sul, Brazil (FURG). Tissue samples are 

housed in Coleção de Anfíbios de Répteis da Universidade Federal do Rio Grande do Norte (CLAR–

UFRN) and Laboratório de Herpetologia da Universidade Federal de Campina Grande (LHUFCG). 

Specimens examined for species comparisons are listed in Appendix I. 

 We described the species’ advertisement call based on recordings of nine individuals from 

five localities (Table 2): Missão Velha (7°14'S, 39°8'W, Datum WGS–84; 363 m above sea level), Morada 

Nova (5°6'S, 38°22'W, Datum WGS–84; 50 m above sea level), and Nova Russas (4°42'S, 40°33'W, 

Datum WGS–84; 230 m above sea level) municipalities, Ceará State; Aguiar municipality (7º00'S, 

38º13'W, Datum WGS–84; 380 m above sea level), Paraíba State and Macaíba municipality (5°53'S, 

35°22'W, Datum WGS–84; 11 m above sea level), Rio Grande do Norte State. Frogs were recorded using 

a Marantz PMD 661 coupled with a Sennheiser ME66 directional microphone (Rio Grande do Norte; from 

18:00 to 21:00 h), a Sony TCM 5000 EV coupled with a Sennheiser ME66 (Morada Nova, Ceará; at 20:00 

h), an Olympus S11 with a built in microphone (Missão Velha, Ceará; at 19:27 h), and a Microtreck II 

coupled with a Sennheiser ME66 directional microphone (Paraíba; from 18:00 to 23:00 h). We analyzed 
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advertisement calls (15 notes per recording) in Raven Pro 1.4 and constructed audio spectrograms with the 

following parameters: FFT window width = 512, Frame = 100, Overlap = 75, and flat top filter. Variables 

used in comparisons are listed in Table 2. We follow the terminology for frog call descriptions used by 

Duellman and Trueb (1986) and McLister (1995), who consider a “note” as a single unit of sound, 

consisting of one or more pulses, produced during a single airflow cycle. We deposited call recording files 

in the following collections: Arquivos Sonoros da Universidade Federal do Rio Grande do Norte 

(ASUFRN), Daniel Loebmann Sound Collection (DL), and Laboratório de Herpetologia da Universidade 

Federal de Campina Grande (LHUFCG). 

 We collected tadpoles in a pond at the gates of Escola Agrícola de Jundiaí (5°53'S, 35°21'W, 

Datum WGS–84; 11 m above sea level), Macaíba municipality, Rio Grande do Norte State, Brazil, in June 

2012, a week after amplectant pairs were observed in the same pond. No other species of frogs were 

observed reproducing at this site and no other tadpoles were collected during this period. An extensive 

survey of frogs of the region has been published for the region (Magalhães et al., 2013), and a key to 

tadpoles of the area is being completed by one of us (Magalhães, in prep.). Hence, although we were not 

able to rear tadpoles to metamorphosis to confirm their identity, our knowledge of the species and their 

tadpoles in the region, and the characteristics of the site where they were collected, enable us to 

unequivocally attribute the tadpole to the new species. We anesthetized and preserved tadpoles in 10% 

formalin and took morphometric measurements using Mytutoyo digital calipers (0.01mm precision), 

except for eye diameter, interorbital and internarial distance, and spiracle and cloacal tube length, which 

were measured with an ocular micrometer in a Leica-EZ4D stereomicroscope. We described tadpoles 

using the terminology and measurements from Altig and McDiarmid (1999) and determined development 

stage according to Limbaugh and Volpe (1957), as modified by Gosner (1960); variables used in this work 

are listed in Table 4. The specimen used for the illustration and description (AAGARDA 9438) and the 

remaining lot with 11 specimens (AAGARDA 8825) were also deposited in the CLAR–UFRN. 

DESCRIPTION 
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Pseudopaludicola pocoto sp. nov. 

(Figs. 1,2; Table 1) 

 Holotype.—CFBH 26842, adult male, Santa Quitéria Municipality, Ceará State, Brazil (04°19'S, 

40°10'W, Datum WGS–84; 20 m above sea level), collected on March 25, 2009, by D. Loebmann. 

 Paratypes.— CFBH 26843–26847, all adult males, collected with the holotype: CFBH 20185–

20287 adult males, Novas Russas Municipality, Ceará State, Brazil (04°41'S, 40°33'W, Datum WGS–84; 

270 m above sea level), collected on March 16, 2008, by D. Loebmann: FURG 2179–2184, adult males, 

Fortaleza Municipality, Ceará State, Brazil (03°46'S, 38°39'W, Datum WGS–84; 17 m above sea level), 

collected on January 25, 2009, by D. Loebmann and I.J. Roberto. 	  

 Diagnosis.—The new species is assigned to the genus based on the small size and 

presence of hypertrophied antebrachial tubercles (Lobo, 1995). It is distinguished from all other 

species of the genus by the following combination of characters: (1) smaller size (SVL 11.5–14.5 

mm in adult males); (2) light cream-colored vocal sac with a longitudinal fold; (3) absence of T–

shaped terminal phalanges (phalange shape similar to P. facilpes; see figure 2B in Cardozo and 

Suaréz, 2012); (4) short hind limbs (tibio–tarsal articulation reaching eye); (5) abdominal folds 

complete; (6) advertisement call emitted as a series of well-defined sequences of three 

nonconcatenated pulses per note with long intervals (111 ± 21 ms; range 43–166) between each 

pulse; (7) mean note duration 238 ± 31 ms (range 126–290); (8) average dominant frequency 

5636 ± 300 Hz (range 5168–6374).  

 The new species is distinguished morphologically from all congeners belonging to the P. pusilla 

species group (P. boliviana, P. ceratophyes, P. llanera, and P. pusilla) by the absence of either T–shaped 

terminal phalanges (see Cardozo and Suaréz, 2012) or expanded toe tips (disks or pads). We did not 

include P. canga as a member of P. pusilla group based a on recent reassessment of its osteological 
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features (Cardozo and Suarez, 2012). Also, the new species is differentiated from P. boliviana, P. 

ceratophyes, and P. llanera by the absence of palpebral tubercles (tubercles are present on the upper 

eyelids of these three species; Lynch, 1989).  

Compared to other species of Pseudopaludicola that are not part of P. pusilla group (P. ameghini, 

P. canga, P. facureae, P. falcipes, P. giarettai, P. hyleaustralis, P. mineira, P. murundu, P. mystacalis, P. 

parnaiba, P. riopiedadensis, P. saltica, P. serrana, and P. ternetzi), the new species differs 

morphologically from P. falcipes by the presence of a continuous abdominal fold (abdominal fold 

interrupted or absent in P. falcipes; Lobo, 1994); from P. canga, by the absence of dorsal folds and small 

size with SVL reaching 14.5 mm in males (dorsal folds are present in P. canga and male SVL ranges 

14.6–16.2 mm; Giaretta and Kokubum, 2003); from P. murundu, P. saltica, and P. serrana by shorter 

hind limbs with tibio-tarsal articulation reaching the eyes (these three species have very long hind limbs 

with tibio-tarsal articulation reaching beyond the end of the snout; Toledo, 2010) and by the presence of a 

light cream-colored vocal sac (vocal sac is dark gray in P. serrana and P. murundu; Toledo, 2010). From 

P. ameghini (males SVL range 14.1–19.3 mm; Pansonato et al., 2013) and P. giarettai (males SVL range 

16.2–18.0 mm; Carvalho, 2012) by its smaller size and less robust body. 

Even though we found no reliable characters that morphologically distinguish adults of P. pocoto 

from P. facureae, P. hyleaustralis, P. mineira, P. mystacalis, P. parnaiba, P. riopiedadensis, and P. 

ternetzi the distinctive advertisement call distinguishes the new species from these species and from all 

other congeners for which call descriptions are available. The call of P. pocoto is characterized by well-

defined sequences of three nonconcatenated pulses per note. This easily distinguishes the new species 

advertisement call from P. canga (Pansonato et al., 2012), P. facureae (Andrade and Carvalho, 2013), P. 

giarettai (Carvalho, 2012), P. hyleaustralis (Pansonato et al., 2012), and P. parnaiba (Roberto et al., 

2013), which emit calls with single pulsed notes. Additionally, the call structure (three nonconcatenated 

pulses/note) distinguishes the calls of P. pocoto from P. boliviana (calls with sets of five notes each one 

formed by 3–6 concatenated pulses; Dure et al., 2004) and P. mystacalis (12–14 concatenated pulses/note; 
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Pansonato et al., 2013). Longer interpulse interval and note duration distinguish the advertisement call of 

P. pocoto from all other congeners that emit calls with nonconcatenated pulses (Table 3). Such parameters 

also distinguish calls of P. pocoto from those of P. riopiedadensis and P. ternetzi, which are currently 

being described (note duration and interpulse interval are below 100 ms and 10 ms, respectively, in these 

two species; Luís F. Toledo, pers. comm.). 

Furthermore, the marginal papillae configuration (single row of marginal papillae with one 

anterior and two ventrolateral gaps) distinguishes the tadpole of P. pocoto from those of P. mineira, P. 

murundu, and P. serrana (gaps on the posterior labium absent, Pereira and Nascimento, 2004; Toledo, 

2010; Toledo et al., 2010), P. boliviana (only one central gap on the posterior labium; Kehr and Schaefer, 

2005), P. falcipes, and P. facureae (two ventrolateral and one central gap on the posterior labium; Giaretta 

and Facure, 2009). Also, the labial tooth row formula [2(2)/2(1)] separates the tadpole of P. pocoto from 

the tadpoles of P. facureae and P. falcipes [2(2)/3 in these species; Giaretta and Facure, 2009]. 

Description of the holotype.—Body elliptical and robust. Head elliptical, as wide as long. Snout 

sub–elliptical in dorsal view and rounded in profile (Fig. 1A,B). Nostrils protuberant, directed 

dorsolaterally. Canthus rostralis rounded. Loreal region slightly concave. Choanae rounded. Eye not 

protuberant as a result of fixation, and its diameter represents about 57% of the interorbital distance 

Interorbital area flat. Tympanum not visible externally. Vocal sac singular, slightly expanded externally 

with longitudinal folds; vocal slits developed, laterally on mouth floor. Vomerine teeth absent. Tongue 

elliptical, longer than wide. Finger length I<II<IV<III. Toe length I<II<V<III<IV. Finger and toe tips 

without disks, slightly expanded and round (Fig. 1C,D). Thumb with keratinized brown nuptial pad. 

Finger webbing absent and toe webbing reduced I–II 2+–3 III 3+–4 IV–V. Fringes developed on all toes 

(mainly II, III and IV) and less developed on fingers. External fringe on Toe V continues almost to the 

external metatarsal tubercle. Fingers and toes with conical, singular subarticular tubercles. Large 

subconical ulnar tubercle. Internal metacarpal tubercle elliptical; external metacarpal tubercle ovoid. Hind 

limbs robust and long with tibia-tarsal articulation reaching eye. Thigh length similar to tibia length; foot 
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slightly longer than thigh. Toes long. Supernumerary tubercles absent on the sole of foot. Metatarsal 

tubercles present, internal elliptical and larger than the external; external more protuberant and conical in 

shape compared to internal. Well-developed fold from internal metatarsal tubercle to the mid–ventral 

tarsus, ending in a tarsal tubercle less protuberant than the external metatarsal tubercle. Abdominal folds 

are also present; belly skin smooth. Ventral surface of thigh granular. Skin texture smooth. Measurements 

of the holotype are presented in Table 1. 

 Coloration of the holotype.—In preservative, dorsal surfaces of dorsum and limbs are pale brown, 

belly is while, and vocal sac is pale cream-colored. White spots on upper lips extending to the flanks. 

Dorsal surface of legs with brown stripes. 

Color in life.—There are no data about color in life of the holotype. Therefore, color in life and its 

variation is described based on paratypes and specimens from other localities (Fig. 2). As with most 

congeneric species, individuals of P. pocoto vary in whether they have a vertebral line (white, orange or 

red). Usually, dorsal surfaces of body and limbs are light brown. In some individuals, well-defined dark 

brown stripes are present on the dorsal surface of thighs (a few), the interorbital region (single), and post-

cranial region (single W-form stripe). Scattered orange blotches are also present on the dorsal surface of 

the body and thighs. Upper jaw with white spots, extending to the flanks. Belly and vocal sac light cream-

colored.  

Variation in the type series.—Variation in morphometric measures from 14 specimens is 

presented in Table 1. The type series comprises only males; therefore, comparisons between males and 

females are not possible. Males have nuptial pads well–developed as well as a single rounded vocal sac. 

The ratio of head to snout–vent length ranges from 0.34 to 0.39 (mean 0.37). Tympanic membrane does 

not exhibit circumferential grooves nor is visible or is difficult to discern. Head is slightly wider or equal 

to its length; the ratio of head width to head length ranges from 0.81 to 1.00 (mean 0.92). Hand length 

comprises approximately one-half the foot length (the ratio of hand length to foot length ranges 0.45 – 

0.55 mm, mean = 0.49). The ratio of foot length to SVL ranges from 0.54 to 0.65 (mean = 0.59), whereas 
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the ratio of hand length to SVL ranges from 0.26 to 0.33 (mean = 0.29). Forearm length to hand length 

ratio ranges from 0.50 to 0.63 (mean = 0.56). The ratio of internarial distance to interorbital distance 

ranges from 0.33 to 0.46 (mean = 0.39). The ratio of eye diameter to eye–snout distance ranges from 0.70 

to 0.90 (mean = 0.77). The ratio of snout width to head width ranges from 0.34 to 0.52 (mean = 0.44). 

Specimens with a vertebral line, a feature usually present in other species of the genus, were recorded 

within the type series of P. pocoto. 

Etymology.—The specific epithet refers to the similarity of the advertisement call to the sound of 

a horse trotting, which in Portuguese is expressed by the onomatopoeia "pocotó." 

 Distribution.—Pseudopaludicola pocoto has been collected in three adjacent states in Brazil at 

sites within the Caatinga ecoregion: 1) in Rio Grande do Norte State it was found in Escola Agrícola de 

Jundiaí (Macaíba Municipality) and Estação Ecológica do Seridó, Serra Negra Municipality (6°39'S, 

37°24'W, Datum WGS–84; 178 m above sea level), 2) in Paraíba State at Serra de Santa Catarina, Aguiar 

Municipality and Patos Municipality (07°01'S, 37°16'W, Datum WGS–84; 250 m above sea level), and 3) 

in Ceará State at Fortaleza Municipality, semi-permanent ponds between Crateus and Nova Russas 

municipalities and at Santa Quitéria, Morada Nova and Missão Velha municipalities (Fig. 3). 

Additionally, the new species has been documented in Reserva Particular do Patrimônio Nacional 

Maurício Dantas, Betânia municipality, Pernambuco State, where it was identified as Pseudopaludicola 

sp.2 (Borges-Nojosa and Santos, 2005). 

 Natural history notes.—The new species can be found in open areas within the Caatinga 

ecoregion. Males can be found calling at dusk (17:30 h) and are active mostly during the night (the last 

recording occurred at 23:00 h). We observed that males preferentially call from the margins of shallow 

temporary ponds (about 5 cm depth) with sandy or muddy bottoms, actively call during the entire rainy 

season, and maintain their activity for as long as the reproductive sites remain flooded (usually from 

March to September). We also found males of Dendropsophus branneri, Dermatonotus muelleri, 

Elachistocleis cesarii, Physalaemus albifrons, P. cuvieri, Pseudopaludicola mystacalis, Rhinella 
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granulosa, and Scinax x–signatus calling in and around the same habitats. The tadpoles of P. pocoto can 

be found along the margins of shallow semi–permanent ponds (about 2–5 cm in depth) with sparse 

vegetation and they hide in the mud when disturbed. The tadpoles of the previously mentioned species can 

also be found in the same habitats as P. pocoto. 

 Advertisement call description.—We analyzed the advertisement calls of nine specimens (15 notes 

per recording) of P. pocoto from five localities encompassing its entire known distribution (Table 2). All 

males were recorded at night calling on the ground at the margins of temporary ponds. The advertisement 

call of P. pocoto consists of a well–defined sequence of notes, each one formed by sets of three 

nonconcatenated pulses (Fig. 4) with mean note duration of 238 ± 31 ms (126–290) emitted at intervals of 

220 ± 59 ms (136–507) between each note. Also, P. pocoto may occasionally emit notes with one, two 

(more frequent), or four nonconcatenated pulses. One or two pulse notes may be emitted prior to starting 

the three-pulsed note sequences, but these and the four-pulsed note are rarely emitted. Mean duration of 

each pulse is 5 ± 1 ms (range 3–8). Each pulse is followed by an interpulse interval of 111 ± 21 ms (range 

43–166). The average rate of emission is 13 ± 2 (range 10–18) pulses/s and 124 ± 16 (range 94–150) 

notes/min. Mean dominant frequency is 5636 ± 300 Hz (range 5168–6374). The call exhibits frequency 

modulation, increasing from the first to the last pulse in each note. A single note is emitted during a single 

airflow (personal observations of FMM and AAG). 

 Tadpole description.—Body is dorsoventrally compressed with a globular appearance (Fig. 5). 

Snout is rounded in all views. Eyes are small and positioned dorsally. Nares are oval and located closer to 

eyes than to snout, without projection on marginal rim. Spiracle is sinistral, short and narrow, opening on 

the middle third of the body bellow the lateral line with proximal wall fused to it. Cloacal tube is medial, 

narrow, and fused to the fin. Dorsal fin slightly arched, emerging on the last third of the body; ventral fin 

with margin parallel to the longitudinal tail axis; both fins are lower than body and similar in height. Tail 

ending in a rounded tip. Oral disc is ventral and laterally emarginated; single row of marginal papillae 

with a wide gap on the anterior labium and two ventrolateral gaps on the posterior labium; submarginal 
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papillae absent. Labial tooth row formula: 2(2)/2(1); A–1, A–2; P–1 with similar length whereas P–2 is 

slightly shorter; A–2 is widely interrupted and P–1 is narrowly interrupted. Jaw sheaths are narrow with 

triangular serration; upper jaw sheath is arc-shaped and lower jaw sheath v-shaped. In life, body and tail 

musculature are dark–brown, and fins are translucent with few scattered brown-pigmented blotches along 

its extension. 

Remarks.—Pseudopaludicola pocoto is widely distributed across the Caatinga and several 

populations were found within protected and disturbed areas. Therefore, we consider the new species not 

endangered and recommend it be listed as Least Concern following IUCN categories. Because we only 

collected the new species at sites within the Caatinga or in ecotonal areas, it is likely endemic to this 

ecoregion, and thereby provides additional evidence that the species richness of this region is likely 

underestimated.   

DISCUSSION 

The conservative external morphology and small size of species of Pseudopaludicola hamper the 

assessment of species diversity of the genus. Nevertheless, advertisement call parameters and tadpole 

morphology can aid in the comparison and delimitation of species in the genus. Indeed, several recently 

described and re-validated species are diagnosed primarily through advertisement calls (Carvalho, 2012; 

Pansonato et al., 2012; Andrade and Carvalho, 2013; Pansonato et al., 2013). 

Despite the importance of advertisement calls in the delimitation of species of Pseudopaludicola, 

the terminology used for call parameters in different studies is not always compatible. For example, for P. 

saltica the term "note" (Pansonato et al., 2013) was used to refer to the same structure previously named 

"pulse" (Toledo, 2010), while the term "call" (Pansonato et al., 2013) was applied to the structure 

previously named "note" (Toledo, 2010). Likewise, the call of P. canga was described as notes composed 

of 1–9 nonconcatenated pulses (Giaretta and Kokubum, 2003), and later considered as a series of single 

pulsed notes (Pansonato et al., 2012). We recommend that authors consider a note as the sound emitted 
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during a single airflow cycle (McLister et al., 1995). In Pseudopaludicola this note may be formed by 

single pulses (P. canga, P. facureae, P. hyleaustralis, P. giarettai, and P. parnaiba), by concatenated 

pulses (P. mystacalis and P. boliviana), or by sets of nonconcatenated pulses (species in Table 3). 

Ecological and behavioral characteristics can also help to distinguish syntopic species. For 

instance, we found P. pocoto in syntopy with P. mystacalis, and both species are morphologically 

indistinguishable. Nevertheless, P. mystacalis calls mostly during the day whereas P. pocoto calls mostly 

during the night, and the advertisement calls are easily distinguished. Other researchers have also found 

different species of Pseudopaludicola calling during different hours of the day at different sites 

(Loebmann and Haddad, 2010; Pansonato et al., 2013). Finally, the use of molecular tools will be 

important for understanding species diversity and evolutionary relationships within the genus, as relatively 

few species have been included in previous molecular phylogenetic analyses (e.g., Pyron and Wiens, 

2011). 
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APPENDIX I 

Specimens Examined 

Pseudopaludicola ameghini: BRAZIL: GOIÁS: Baliza: Fazenda Bandeirantes (CFBH 627; 643–647); 

MATO GROSSO: Chapada dos Guimarães: Aldeia Velha (CFBH 114–117; 149–151); MATO 

GROSSO DO SUL: Nioaque (CFBH 3431); Costa Rica: Córrego Morro Alto (CFBH 3476–3478; 3548–

3550; 7281–7282); Bonito: Fazenda Paraíso (CFBH 5678); Paraíso (CFBH 7285); Inocência: Fazenda 

Lagoinha (CFBH 9449; 9452); Itajá: Fazenda Lindos Campos (CFBH 9459). 

Pseudopaludicola canga: BRAZIL: PARÁ: Marabá: Serra dos Carajás (CFBH 157; 379–381). 

Pseudopaludicola falcipes: BRAZIL: RIO GRANDE DO SUL: São Sepé: Granja das Capelas (CFBH 

12026–12030; 12123–12133; 13137; 13150) Santa Vitória do Palmar: Praia do Cassino (CFBH 14056–

14057). 

Pseudopaludicola mineira: BRAZIL: MINAS GERAIS: Santana do Riacho: Serra do Cipó (CFBH 285; 

9262–9267; 30894–30895). 

Pseudopaludicola murundu: BRAZIL: SÃO PAULO: Rio Claro: Itapé (CFBH 8235–8243). 

Pseudopaludicola mystacalis: BRAZIL: CEARÁ: Ubajara: Neblina (CFBH 15855–15856; 15915–

15916); Viçosa do Ceará: Sítio Santo Mano (CFBH 20298–20300; 20303). 

Pseudopaludicola pocoto: BRAZIL: RIO GRANDE DO NORTE: Macaíba: Escola Agrícola de Jundiaí 

(AAGARDA 1065; 5584–5597; 8965). BRAZIL: PARAÍBA: Patos (LHUFCG 0072–0081). BRAZIL: 

PARAÍBA: Aguiar: Serra de Santa Catarina (LHUFCG 0300–0305). BRAZIL: CEARÁ: Jati: Sítio 

Bálsamo (MNRJ 55887; 55893). 

Pseudopaludicola saltica: BRAZIL: MATO GROSSO: Chapada dos Guimarães (CFBH 170–172; 

14372–14378).
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TABLE 1.—Measurements (in millimeters) of Pseudopaludicola pocoto sp. nov. type series from 

municipalities of Fortaleza, Novas Russas, and Santa Quitéria, Ceará State, Brazil. N = number of 

measured individuals. 

Measurements Holotype Paratypes (N=14) 

  Mean ± SD Range 

Snout–vent length 14.3 13.3 ± 1.0 11.5 – 14.5 

Head length 5.6 4.9 ± 0.5 4.0 – 5.6 

Head width 5.6 5.4 ± 0.4 4.7 – 6.2 

Eye diameter 1.7 1.6 ± 0.1 1.4 – 1.9 

Interorbital distance 3.0 2.8 ± 0.2 2.4 – 3.0 

Eye–nostril distance 1.2 1.1 ± 0.1 1.0 – 1.3 

Internarial distance 1.0 1.1 ± 0.1 1.0 – 1.2 

Eye–snout distance 2.2 2.1 ± 0.1 2.0 – 2.3 

Hand length 4.0 3.9 ± 0.2 3.5 – 4.2 

Thigh length 7.6 6.8 ± 0.4 6.2 – 7.6 

Tibia length 7.7 7.4 ± 0.3 6.9 – 8.0 

Tarsus length 4.0 3.7 ± 0.3 3.3 – 4.1 

Foot length 8.0 7.9 ± 0.4 7.3 – 8.7 
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TABLE 2.—Advertisement call parameters of Pseudopaludicola pocoto sp. nov. Mean ± SD (range). At: Air temperature. Brazilian state acronyms: 

RN: Rio Grande do Norte; CE: Ceará; PB: Paraíba. 

Collection 

Number 

Note Duration 

(ms) 

Pulses/N

ote 

Pulse Duration 

(ms) 

Interpulse Interval 

(ms) 

Dominant Frequency 

(Hz) 

At 

[°C] 
Municipality/State 

ASUFRN145 
228 ± 25 

(190–284) 

3 5 ± 1 (4–8) 106 ± 15 (82–136) 
5608 ± 87  

(5513–5685) 

24 Macaíba/RN 

ASUFRN146 
268 ± 16  

(226–289) 

3 4 ± 0.6 (3–5) 127 ± 20 (94–166) 
5581 ± 100  

(5513–5857) 

24 Macaíba/RN 

ASUFRN153 

220 ± 37  

(126–263) 
3 4 ± 0.6 (3–5) 104 ± 26 (49–160) 

5340 ± 142  

(5168–5513) 
24.3 Macaíba/RN 

ASUFRN224 

266 ± 15  

(224–281) 
3 6 ± 1 (4–8) 124 ± 11 (78–135) 

5562 ± 87  

(5340–5685) 
– Missão Velha/CE 

ASUFRN225 211 ± 4  3 5 ± 1 (4–6) 97 ± 6 (81–109) 6278 ± 125  – Morada Nova/CE 
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(204–220) (5857–6374) 

DL005 

269 ± 15  

(237–290) 

3 5 ± 1 (3–7) 
126 ± 16 (105–

156) 

5455 ± 97  

(5168–5685) 

– Novas Russas/CE 

LHUFCG453 
207 ± 14  

(176–227) 

3 4 ± 0.5 (3–5) 92 ± 18 (43–128) 
5872 ± 155  

(5513–6202) 

26 
Serra de Santa 

Catarina/PB 

LHUFCG452 
245 ± 26  

(194–286) 

3 4 ± 0.6 (3–5) 116 ± 15 (87–147) 
5621 ± 108  

(5340–5857) 

25.3 
Serra de Santa 

Catarina/PB 

LHUFCG306 
243 ± 23  

(202–282) 

2–3 3 ± 0.5 (3–5) 116±14 (85–146) 
5376 ± 94  

(5186–5513) 

25 
Serra de Santa 

Catarina/PB 

Mean 

238 ± 31  

(126–290) 
3 5 ± 1 (3–8) 111±21 (43–166) 

5636 ± 300  

(5168–6373) 
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TABLE 3.—Advertisement call parameters of Pseudopaludicola species that emit calls with nonconcatenated pulses. Mean ± SD (range). 

Species Note duration (ms) Interpulse interval (ms) Pulses/Note Dominant Frequency (Hz) Reference 

P. ameghini 
70 ± 10  

(40–110) 

20 ± 6  

(1–30) 

4.3 ± 0.3  

(3–6) 

3989 ± 247  

(3187–4399) 
Pansonato et al., 2013 

P. falcipes 40 30 2 4200 – 5800 Haddad and Cardoso, 1987 

P. mineira 40 ± 4   20 ± 2 2 4593 ± 263 Pereira and Nascimento, 2004 

P. murundu 
99 ± 9  

(87–112) 

3 ± 4  

(0–12) 

4.93 ± 0.70  

(3–6) 

5720 ± 320  

(5170–6370) 
Toledo, 2010 

P. pocoto sp. nov. 
238 ± 31  

(126–290) 

111 ± 21  

(49–166) 
3  

5636 ± 300  

(5168–6373) 
This work 

P. saltica 
60 ± 10  

(30–100) 

20 ± 4  

(3–40) 

3.3 ± 0.8  

(1–4) 

4547 ± 531  

(3359–5469) 
Pansonato et al., 2013 

P. saltica 
76 ± 19  

(30–90) 

19 ± 10  

(0–32) 

2.08 ± 0.51  

(1–3) 

4600 ± 180  

(4390–4910) 
Toledo, 2010 

P. serrana 
85 ± 22   

(25–115) 

12 ± 7  

(0–26) 

3.07 ± 0.80  

(1–4) 

5750 ± 110  

(5510–6030) 
Toledo, 2010 
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TABLE 4.—Measurements (in millimeters) of Pseudopaludicola pocoto sp. nov. tadpoles at 

Gosner stages 29–31 from Escola Agrícola de Jundiaí, Macaíba municipality, Rio Grande do 

Norte State. N = number of measured individuals.  

Measurements Stages 29–31 (N=12) 

  Mean ± SD Range 

Total Length 10.6 ± 0.4 10.0 – 11.3 

Body Length 4.2 ± 0.2 4.0 – 4.5  

Body Height 2.1 ± 0.2 1.7 – 2.3  

Body Width 2.6 ± 0.2  2.2 – 2.9  

Tail Length 6.4 ± 0.3  6.1 – 6.8  

Maximum Tail Height 2.4 ± 0.3  1.8 – 2.7  

Tail Muscle Height 1.2 ± 0.2  1.0 – 1.4  

Tail Muscle Width 0.7 ± 0.1 0.6 – 0.8  

Eye Diameter 0.4 ± 0.04 0.4 – 0.5  

Inter–orbital Distance 1.2 ± 0.2  0.9 – 1.4  

Inter–narial Distance 0.6 ± 0.1 0.4 – 0.7  

Eye–snout Distance 1.5 ± 0.1  1.3 – 1.7  

Nare–snout Distance 0.7 ± 0.1 0.5 – 0.8  

Spiracle Length 1.0 ± 0.1 0.9 – 1.2  

Cloacal Tube Length 1.1 ± 0.1 0.9 – 1.2  

Mouth Width 0.6 ± 0.04  0.6 – 0.7  
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FIGURE CAPTIONS 

 

FIG. 1.—Pseudopaludicola pocoto sp. nov., CFBH 26842 (holotype) from Santa Quitéria 

Municipality, Ceará State. (A) Dorsal and (B) lateral views of head, (C) left hand, and (D) left 

foot. 
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FIG. 2.—Unvouchered male of Pseudopaludicola pocoto sp. nov. in life from Estação Ecológica 

do Seridó, Serra Negra Municipality, Rio Grande do Norte State, Brazil.  

 

FIG. 3.—Geographic distribution of Pseudopaludicola pocoto sp. nov. in South America. The 

inset shows the Northeastern Region of Brazil and the grey area represents the boundaries of the 

Caatinga morphoclimatic domain. Symbols denote the type locality (triangle) and aditional 

localities where the new species was collected (circles). CEARÁ (CE): 1 – Santa Quitéria; 2 – 

Novas Russas; 3 – Fortaleza; 4 – Missão Velha; RIO GRANDE DO NORTE (RN): 5 – 

Macaíba; 6 – Serra Negra; PARAÍBA (PB): 7 – Patos; 8 – Serra de Santa Catarina; 

PERNAMBUCO (PE): 9 – Betânia. 
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FIG. 4.—Advertisement call of Pseudopaludicola pocoto sp. nov. from Escola Agrícola de 

Jundiaí, Macaíba Municipality, Rio Grande do Norte State. (A) Amplitude of the waveform; (B) 

Spectrogram. Air temperature 24.0°C. 
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FIG. 5.—Schematic representation of Pseudopaludicola pocoto sp. nov. tadpole from Escola 

Agrícola de Jundiaí, Macaíba Municipality, Rio Grande do Norte State, Brazil. (A) Lateral, 

dorsal, and ventral views; (B) detail of the oral disk. 
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ABSTRACT 

We describe and illustrate the external morphology, oral disc, chondrocranium, and 

internal oral anatomy of Leptodactylus caatingae larvae. We analyze the internal oral 

anatomy using Scanning Electron Microscopy (SEM) of a larva in Gosner stage 38 and 

chondrocranial anatomy is reported for Gosner stage 34. The tadpole at Gosner stage 38 

has a globular body shape with low tail fins and a ventral oral disc bordered by two 

rows of marginal papillae on most of the disc, except for the anterior labium and a 

medial portion of the posterior labium where papillae are simple; a wide rostral gap is 

present; labial tooth row formula: 2(2)/3(1). Observations on the natural history of 

adults and tadpoles are also reported. The external morphology of these tadpoles is 

compared with available descriptions for larvae of L. latinasus and other congeners that 

occur in sympatry with L. caatingae. Internal oral morphology and chondrocranial 

anatomy are discussed in relation to available data for other species in the L. fuscus 

species group.  
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INTRODUCTION 

The Leptodactylus fuscus species group (Heyer, 1978) comprises 25 recognized 

species broadly distributed from Central to South America and east of the Andes (Heyer 

and Juncá, 2003; Fernández et al., 2009). Although external larval morphology of most 

species has been described (Langone and de Sá, 2005; Candioti et al., 2007 and 

references therein), overall similarity hampers their identification and utility in 

population and ecological studies. The utility of larval characters for species 

identification is further limited by inadequate or unavailable descriptions. Still, external 

and internal larval features are important for anuran taxonomy and phylogeny (Larson 

and de Sá, 1998; Haas, 2003; Langone and de Sá, 2005; Candioti et al., 2007) and to 

understand character variation across populations and species (Langone and de Sá, 

2005).  

Leptodactylus caatingae, a member of L. fuscus species group, is a medium size 

terrestrial frog distributed throughout northeastern Brazil, associated mostly with the 

Caatinga morphoclimatic domain but also found in open areas within the Atlantic Forest 

(Heyer and Juncá, 2003). The species was previously confused with L. latinasus but 

later separated based mostly on its advertisement call acoustic properties (Heyer and 

Juncá, 2003). Almost nothing is known about the species’ reproductive biology or 

natural history; only geographic distribution notes and short field observations have 

been published since its description (Vieira et al., 2006; Vieira et al., 2012; Magalhães 

et al., 2013). 

Herein, we describe the external morphology, internal oral anatomy, and 

chondrocranium of Leptodactylus caatingae larvae and compare it with other tadpoles 

of the L. fuscus species group described in the literature. In addition, we provide field 

observations on the natural history of adults and larvae.  
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MATERIALS AND METHODS 

We collected tadpoles of Leptodactylus caatingae in June 2012 at Escola 

Agrícola de Jundiaí, Macaíba Municipality, Rio Grande do Norte state, Brazil 

(5º53’06.68”S; 35º22’01.28”W). Tadpoles were anesthetized and preserved in 5% 

formalin solution. Six larvae were raised in an aquarium until completion of 

metamorphosis to allow species identification. Froglets were fed with termites and 

survived for about two weeks after metamorphosis, although only one reached the 

juvenile stage (Fig. 2C, AAGARDA 9323). Terminology for external morphology and 

oral anatomy follows Altig and McDiarmid (1999) and larval developmental stages 

determination follows Gosner (1960). A lot with 15 individuals at Gosner stages 33–40 

was used to describe external morphology and is deposited at Coleção do Laboratório 

de Anfíbios e Répteis da Universidade Federal do Rio Grande do Norte (CLAR-UFRN, 

AAGARDA 6293). Tadpole description and illustrations are based on a specimen at in 

Gosner stage 38 (AAGARDA 9368).  

We measured 18 morphometric variables with a digital caliper (0.01 mm 

precision) and an ocular micrometer in a Leica-EZ4D stereomicroscope following Altig 

and McDiarmid (1999): total length (TL), body length (BL), tail length (TAL), 

maximum tail height (MTH), tail muscle height (TMH), tail muscle width (TMW), 

interorbital distance (IOD), internarial distance (IND). The remaining variables were 

measured as follows: body height (BH, maximum height), body width (BW, at widest 

area), maximum dorsal fin height (DFH), maximum ventral fin height (VFH), eye 

diameter (ED, longitudinal distance from anterior to the posterior eyes edges), eye-snout 

distance (ESD, from pupil to the tip of the snout), eye-naris distance (END, distance 

from pupil to naris center), naris-snout distance (NSD, distance from naris center to the 

tip of the snout), naris diameter (ND, longitudinal distance in the antero-posterior axis), 
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oral disc width (ODW, the widest portion of the oral disc). Measurements (mean and 

standard deviation) are provided in Table I and were rounded to the nearest 0.1 mm.  

Two tadpoles (Gosner stages 34 and 38) were cleared and stained for 

chondrocranial analysis, methods and terminology follows Larson and de Sá (1998). For 

SEM analysis, a tadpole in Gosner stage 38 was dissected and prepared as follows: 

ultrasonically cleaned for 15 min, fixed in 3–4% solution of glutaraldehyde for 2 h at 

room temperature (rt), followed by three 15 min washes with 0.1 M phosphate buffer, 

post fixed for 2 h in a 1% solution of osmium tetroxide rt, three 15 min washes in 0.1 M 

phosphate buffer were repeated. Subsequently, samples were dehydrated using 15 min 

changes of the following graded ethanol series: 35%, 50%, 70%, 80%, 95%, and three 

100% changes. Specimens were critical point dried in CO2, mounted on aluminum 

stubs and sputter coated with gold/palladium, 22 nanometers thick, using a Hummer VII 

sputtering system. Internal oral anatomy was examined in a JOEL 6360 SEM at 15 and 

20kV. Morphological features were recorded using the methodology presented by 

Wassersug (1976) and Wassersug and Heyer (1988); terminology follows de Sá and 

Langone (2002).  

Tadpoles of Leptodactylus fuscus, L. macrosternum, L. natalensis, L. 

troglodytes, and L. vastus were collected at the same study area and compared to L. 

caatingae tadpoles. The identity of all tadpoles was confirmed by raising larvae up to 

metamorphosis. All voucher specimens are deposited at the Coleção de Anfíbios e 

Répteis da UFRN with the following respective catalog numbers: AAGARDA 9367, 

3784, 9366, 9365 and 3785. 



	  194	  

	  

RESULTS 

Tadpole description (Stage 38; Fig. 1A–D, 2A) 

External morphology. Body overall globular and robust in dorsal and ventral views 

(Fig. 1B, C) and elliptical in lateral view (Fig. 1A), slightly depressed (BL/BW= 74%) 

and about 35% of total length (Table 1). Maximum body width is behind eyes at level of 

spiracle. Snout rounded in dorsal, ventral, and lateral views. Eyes relatively large 

(ED/BL = 12%) and positioned dorsally. Nares small (ND/ED = 23%), oval, and 

located slightly closer to snout than to eyes (NSD/ESD= 40%); narial opening with 

distinctively white rim and without projections. Lateral line system is poorly visible or 

indistinct in preserved specimens, extending from snout and around eyes posteriorly 

onto body's dorsal surface and tail musculature (Fig. 2A). Dorsal and ventral fins of 

about equal heights, lower than body. Origin of dorsal fin at body-tail junction, arching 

slightly and sloping gradually to tail tip; origin of ventral fin at posteroventral terminus 

of the body, parallel to longitudinal axis of the tail musculature. Tail tip rounded. 

Myotomes of tail musculature are distinct but not strongly marked, mostly visible on 

anterior half of tail. Spiracle short, sinistral, located at approximately midpoint of body 

on body midline, oriented dorso-posteriorly with centripetal wall fused to body; spiracle 

opening is rounded. Cloacal tube medial, attached to ventral fin and directed 

posteriorly; cloacal walls pigmented on anteriormost 2/3 of length.  

Oral disc ventral, not emarginated (Fig. 1D); marginal papillae are arranged in 

two rows laterally and ventrolaterally, whereas on each side of the wide rostral gap 

there is a single row of 5–6 papillae; a single row of papillae is also found medially on 

the posterior labium but they alternate in direction giving the appearance of a double 

row. Papillae are longer than wide, conical with tips rounded; Submarginal papillae 

absent. Labial tooth row formula (TRF): 2(2)/3(1); anterior and posterior labial tooth 
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rows subequal in length, with P-3 slightly shorter than others. Tooth row interruption in 

A-2 wider than in P-1. Jaw sheaths pigmented on ca.1/3 of width, jaw edge serrated; 

upper jaw sheath arc-shaped, lower jaw sheath U-shaped.  

Variation in external morphology. Some specimens show a slight constriction medially 

on the body; in 13% of tadpoles the nares are elliptical instead of rounded and the 

ventral fin is slightly higher than the dorsal fin; the gap on P-1 can be indistinct (13% of 

tadpoles) or twice as wider than depicted in Figure 1D (20% of tadpoles). At last, in 

20% of tadpoles P-3 is almost as long as P-2. 

Coloration. In life (Fig. 2A), the dorsal surface of body is dark-brown with scattered 

light blotches along the lateral region of the body. Overall, the body's ventral surface is 

translucent (intestinal coils are visible); anterior ventral body surfaces with scattered 

brown markings. Epaxial musculature is homogeneously brown, whereas hypaxial 

musculature is light cream with few scattered brown spots and markings of variable 

sizes, mostly found on the ventral margin of the musculature. The last 1/7th of the tail 

musculature is homogeneously brown. Fins are overall translucent with scattered brown 

spots and blotches that accumulate more densely along the dorsal and ventral edges of 

the fins (slightly denser on the dorsal fin). Also, areas of light coloration are found 

extending from the snout, below the nares, to the eyes.  

Coloration of preserved specimens (5% formalin) follows the same pattern as in 

life but with a lighter brown coloration and in some individuals the light blotches 

between eyes and snout are less visible. 
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SEM of internal oral anatomy.  

Buccal roof: Buccal roof overall rectangular, with a broad prenarial arena. An inverted 

T-shaped ridge is present in the prenarial arena, its width is about 4x its height. Nares 

are narrow, elliptical, perpendicular oriented, and placed about one-third way back on 

buccal roof (Fig. 3A). Anterior narial walls are thick and their anterior margins extend 

into a flap whose edge is marked by 3–4 distinct indentations.  The posterior edge is 

smooth and tall and forming, towards the inner corner of the nares, a narial valve; a 

large and blunted-tip narial papilla is found on the outer corners of the nares. The 

postnarial arena is relatively simple. A pair of well-developed, large and broad 

postnarial papillae is found posterior to the naris. The edges of these papillae, 

particularly the anterior edge, are serrated and their tips lie behind the internal nares, 

extending to about the inner corner of the nares. A few pustulations are found on the 

postnarial arena between the postnarial papillae and the median ridge. A pair of simple 

and wide (i.e., fan-like with a narrow base and broad distal margin) ridge of papillae is 

oriented transversely on each side, laterally between the postnarial papillae and the 

median ridge. They project medially and have irregular margins. The median ridge is 

overall broad, low, and has an irregular edge. the buccal roof arena (BRA) is 

rectangular, bounded anteriorly by the median ridge and laterally by 3–4 pairs of short, 

pointed papillae. The BRA field is evenly, but not densely, scattered with pustulations. 

The dorsal velum is broad, curving gradually towards the midline. The margin of velum 

bears a few papillae mostly located on the distinct medial gap. The glandular zone of the 

velum is wide and well defined.  

Buccal floor: The buccal floor is triangular and distinctly broad posteriorly (Fig. 3B). 

One pair of large infralabial papillae is oriented transversely. Three short and conical 

lingual papillae are present (Fig. 3).  The buccal floor arena (BFA) is U-shaped and 
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bounded by about 5–6 pairs of long, attenuate papillae. The anterior half of the BFA is 

mostly devoid of pustulations (a few pustulations are found laterally) and papillae; 

pustulations are homogenously scattered within the posterior half of the BFA. 

Pustulations and small pre-pocket papilla occur anteriorly and on each side of the BFA 

and anterior to the buccal pockets. The velar surface is free, long, and bearsa few 

digitiform projections on its posterior margin; a median notch is present. Secretory pits 

occuralong the posterior margin of the velar surface 

Chondocranial anatomy. The chondrocranium of Leptodactylus caatingae is slightly 

longer than wider (about 15% longer than wide, Fig. 4A–C). The suprarostral is robust 

and consists of rectangular and ventromedially fused corpora that define a U-shaped 

area. The corpora are dorsolaterally continuous with the alae of the suprarostrals. A 

small and rounded protuberance, found close to the dorsomedial margin of the alae, 

serves as the point of articulation of the cornua trabeculae to the suprarostral. The 

postero-dorsal margin of the alae exhibits an overall rectangular and well-developed 

processusposteriordorsalis. The cornua trabeculae are broad, slightly broader anteriorly, 

and their length is ca. 21% of the total chondrocranial length. The p. lateralis trabeculae 

of the cornua trabeculae is not visible whereas the p. quadratoethmoidalis of the 

commissura quadratocranialis anterior is distinct. At stage 34, the cranial floor is not 

fully chondrified; consequently, the foramina craniopalatina and f. carotica primaria are 

not distinguishable. The orbital cartilages are well developed and confluent with the otic 

capsules, forming the lateral wall of the braincase, where the ff. opticum, 

oculomotorium, and prooticum are visible. The f. opticum is rounded, smaller, and 

anterior to the elliptical f. oculomotorium. Dorsally, the frontoparietal fontanella is 

open. The otic capsule is ca. 26% of the total chondrocranial length and possesses a 

laterally expanded crista parotica that bears distinct p. anterolateralis and p. 
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posterolateralis (Fig. 4C). The palatoquadrate connects to the braincase via the 

commissura quadratocranialis anterior, which lacks a p. pseudopterygoideus, and 

posteriorly via the p. ascendens; the p. ascendens  exhibits an intermediate attachment 

to the braincase (Sokol, 1981). The posterior curvature of the palatoquadrate does not 

extend beyond the level of the attachment of the p. ascendens to the braincase. The p. 

muscularis quadrati is wide and connects to the commissura quadratocranialis anterior 

by a chondrified commissura quadratoorbitalis. The pars articularis quadrati is short 

and distinct from the p. muscularis quadrati; it articulates with a robust and sigmoid 

Meckel’s cartilage. The infrarostrals are fused, forming a robust and wide M-shaped 

structure. The ceratohyalia of the visceral skeleton are wide and bear a short, blunt p. 

anterior hyalis and a shorter, pointed p. anterolateralis hyalis (Fig. 4D). The 

ceratohyalia are connected by the pars reuniens, which is continuous with the copula 

posterior and bears a distinct p. urobranchialis. The hyobranchial plates are medially 

fused throughout their length. The branchial baskets consist of four well-developed 

ceratobranchials; ceratobranchials II and III have a closed p. branchialis. Distally, 

ceratobranchials I—III have a dorsally projecting speculum. 

Natural history. Tadpoles of Leptodactylus caatingae tadpoles were observed 

swimming at mid-depth on the water column and evenly distributed throughout a 

temporary pond. The pond flooded immediately after heavy rains and had a depth of 

about 50 cm in its center. The pond had a muddy substrate with extensive aquatic 

vegetation and surrounded by small bushes in a large pasture. Tadpoles of 

Dendropsophus branneri, D. oliveirai, Dermatonotus muelleri, Elachistocleis cesarii, 

Hypsiboas albomarginatus, H. raniceps, Leptodactylus fuscus, L. macrosternum, L. 

natalensis, L. troglodytes, L. vastus and Scinax x-signatus were also collected in this 

pond. Adult males were found in open areas calling in the afternoon from ca.15:00 hrs 
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(when the weather was cloudy) to late at night (12 am). Males called from inside cracks 

or holes on the ground and between small bushes before the rainy season; they 

maintained calling activity when the reproductive sites were dried were dry. Males 

usually called from 2–3 m apart, suggesting that they may be territorial, although no 

physical interaction between males was observed.  

 

DISCUSSION 

The external morphology of Leptodactylus caatingae tadpoles is similar to other 

tadpoles of L. fuscus species group (Langone and de Sá, 2005; Candioti et al., 2007 and 

references therein), including L. latinasus (Cei, 1980; Fernández and Fernández, 1921; 

Borteiro and Kolenc, 2007). However, the larvae of these closely related species differ 

mostly on relative body size, oral disc features, and coloration patterns. Leptodactylus 

caatingae larvae have the following combination of characters (L. latinasus characters 

in parentheses): TRF 2(2)/3(1) (TRF 2(2)/3 in tadpoles from Argentina populations, 

Cei, 1980; Fernández and Fernández, 1921); body slightly depressed and mostly 

globular (body depressed and elliptical in tadpoles from Uruguay populations; Borteiro 

and Kolenc, 2007); body relative length 35% (BRL, body length/total length; BRL 

about 40% in tadpoles from Uruguay, Borteiro and Kolenc, 2007; and about 38% in 

tadpoles from Argentina, Fernández and Fernández, 1921); lateral line system visible 

(not visible in tadpoles from Uruguay, Borteiro and Kolenc, 2007; feature was not 

reported or illustrated in tadpoles from Argentina, Cei, 1980; Fernández and Fernández, 

1921); anterior caudal musculature distinct (indistinct based on illustration of tadpoles 

from Uruguay; Borteiro and Kolenc, 2007); strongly marked light blotches between 

snout and eye and caudal coloration with a longitudinal light line that extends over the 

anterior ¾ of tail’s musculature (only irregular light blotches on the anterior half of tail 
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musculature in tadpoles from Argentina, Cei 1980; Fernández and Fernández, 1921; or 

homogeneously pigmented in the illustration of tadpoles from Uruguay, Borteiro and 

Kolenc, 2007); spiracle located at body’s middle line (spiracle located below body’s 

middle line, Borteiro and Kolenc, 2007; Cei, 1980; Fernández and Fernández, 1921); 

and closed p. brachialis (open; Larson and de Sá, 1998).  

 Within the study area, Leptodactylus caatingae is found in sympatry with six 

congeners:  L. fuscus, L. macrosternum, L. mystaceus, L. natalensis, L. troglodytes, and 

L. vastus (Magalhães et al., 2013). Except for the tadpole of L. mystaceus (which was 

not collected), the tadpoles of these species were contemporaneous with those of L. 

caatingae. The TRF 2(2)/3(1) can easily distinguish tadpoles of L. caatingae from 

tadpoles of L. macrosternum and L. natalensis (TRF 2/3) and L. vastus [TRF 1/2(1)]. 

Further, the overall globular, robust, and brown-pigmented body also distinguishes L. 

caatingae from L. macrosternum and L. natalensis tadpoles (elongated and elliptical 

bodies with a homogeneously and overall darker gray coloration). Also, the presence of 

light blotches between the snout and the eye and P-3 slightly shorter than the other tooth 

rows differentiate L. caatingae from L. fuscus (all tooth rows similar in length and 

homogeneously brown pigmented body without light markings or blotches) and L. 

troglodytes (all tooth rows similar in length and dark brown transversal bars located 

between eyes and over the body surface, visible beginning in Gosner stages 39).   

The coloration of Leptodactylus caatingae tadpoles does not agree with the 

descriptions and illustrations of L. mystaceus tadpoles for populations from Ecuadorian 

(Duellman, 1978) and Brazilian Amazonia (Hero, 1990). Furthermore, L. mystaceus 

tadpoles described from Ecuador differ from L. caatingae by their tooth row formula 

and arrangement of marginal papillae (TRF 2(2)/3 and single row of marginal papillae 
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in L. mystaceus; Duellman, 1978). Moreover, the illustration of L. mystaceus tadpole 

from the Brazilian Amazon shows all tooth rows of similar length (Hero, 1990). 

Preserved and in vivo coloration patterns were not mentioned in previous studies 

as a possible diagnostic character among tadpoles of Leptodactylus fuscus group. 

Although coloration can vary according to pond conditions, predator density, or 

ontogeny (Thibaudeau and Altig, 2012), we observed that living L. caatingae tadpoles 

present brighter coloration on the lateral region of the body and close to the snout than 

living tadpoles of L. troglodytes and L. fuscus collected in the same pond, which are 

homogeneous brown without bright coloration. As mentioned before, preserved 

tadpoles of these species have different and specific coloration patterns; such patterns in 

syntopic tadpoles are probably not related to differences in selective pressures. 

Unfortunately most tadpole descriptions do not report information on coloration in life 

that could be used as diagnostic characters.  

SEM of the internal oral anatomy of Leptodactylus caatingae overall 

Leptodactylus caatingae agrees with previous descriptions for the genus and 

particularly with descriptions for the L. fuscus species group (Miranda and Ferreira, 

2009 for a summary of internal oral features of L. fuscus species group tadpoles). In this 

species group, the buccal floor is triangular, the BFA is U-shaped, limited only by a low 

number of BF papillae, and the anterior half of the BFA is mostly devoid of pustulations 

(L. gracilis and L. mystacinus, Wassersug and Heyer, 1988; L. fuscus, Wassersug and 

Heyer, 1988; Miranda and Ferreira, 2009; L. elenae, Prado and d'Heursel, 2006; L. 

notoaktites, de Sá et al., 2007); L. furnarius, Miranda and Ferreira, 2009). However, all 

descriptions reported four lingual papillae, except that of L. notoaktites, which has only 

three lingual papillae, as reported herein for L. caatingae. A close examination of the 

lingual papillae does show three distinct bases of the lingual papillae (inset in Fig. 3); 



	  202	  

	  

however, we cannot eliminate the possibility that this could be a developmental 

anomaly resulting in the fusion of two lingual papillae. Also, L. caatingae has a T-

shaped ridge in the prenarial arena, whereas a rectangular or M-shaped ridge was 

reported for other species in the L. fuscus group. The BFAs of L. caatingae and L. 

notoaktites have fewer pustulations that those observed in other species.  

A detailed description of variation in the chondrocranial anatomy of 22 species 

of Leptodactylus was previously reported (Larson and de Sá, 1998); overall, L. 

caatingae exhibits the 12 main characteristics reported for the genus Leptodactylus. 

Furthermore, L. caatingae possesses a robust suprarostral and an intermediate condition 

of the p. ascendens of the palatoquadrate (sensu Sokol, 1981); characteristics from other 

species of the fuscus species group (Larson and de Sá, 1998). However, L. caatingae 

has a closed p. branchialis of the visceral skeleton, i.e, cartilaginous bridge between 

ceratobranchials II and III. All previous descriptions of other species of the L. fuscus 

species group report an open condition of the p. brachialis; a closed condition was 

proposed as a synapomorphy of the L. latrans-L. melanonotus clades (Larson and de Sá, 

1998). The closed p. brachialis in L. caatingae is herein considered a putative 

autoapomorphic state for the species. 
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Table 1.Measurements (in mm; mean ± standard deviation) of Leptodactylus 

caatingae larvae. N = number of individuals. 

Stage 33 (N=3) 34 (N=6) 35 (N=1) 38 (N=3) 40 (N=2) 

TL 
28.4 ± 2.3 
(26.9–31.0) 

29.1 ± 1.7  
(27.1–31.2) 

31.7 
32.1 ± 0.8  
(31.2–32.8) 

26.6–27.2 

BL 
10.1 ± 0.3  
(9.9–10.3) 

10.1 ± 0.8  
(9.3–11.3) 

11.4 
11.6 ± 0.7  
(10.9–12.2) 

9.5–10.0 

BH 
5 ± 0.3  
(4.7–5.3) 

4.8 ± 0.4  
(4.1–5.1) 

5.5 
5.6 ± 0.1  
(5.4–5.7) 

4.1–4.6 

BW 
6.2 ± 0.5  
(5.7–6.5) 

6.3 ± 0.6  
(5.3–6.9) 

7.3 
7.6 ± 0.8  
(6.8–8.5) 

5.7–6.0 

TAL 
18.3 ± 2.0  
(17.0–20.7) 

18.9 ± 1.3  
(17.1–20.3) 

20.3 
20.5 ± 1.2  
(19.5–21.9) 

17.1–17.2 

MTH 
5.5 ± 0.4  
(5.0–5.8) 

5.8 ± 0.7  
(4.8–6.7) 

6.3 
6.9 ± 0.6  
(6.5–7.6) 

5.6–6.1 

DFH 
2.1 ± 0.2  
(2.0–2.3) 

2.3 ± 0.2  
(1.9–2.5) 

2.4 
2.4 ± 0.2  
(2.3–2.7) 

2.0–2.2 

VFH 
2.0 ± 0.2  
(1.8–2.2) 

2.2 ± 0.3  
(1.8–2.5) 

2.1 
2.2 ± 0.1  
(2.2–2.3) 

1.8–1.9 

TMH 
2.4 ± 1.0  
(1.7–3.4) 

2.4 ± 0.3  
(2.1–3.1) 

2.9 
3.0 ± 0.2  
(2.8–3.1) 

2.4–2.6 

TMW 
1.9 ± 0.3  
(1.5–2.2) 

2.1 ± 0.2  
(1.8–2.3) 

2.6 
2.6 ± 0.2  
(2.4–2.8) 

1.9–2.3 

ED 
1.2 ± 0.3  
(0.9–1.5) 

1.1 ± 0.1  
(1.0–1.2) 

1.7 
1.8 ± 0.0  
(1.8–1.8) 

1.5–1.6 

IOD 
3.1 ± 0.3  
(2.7–3.3) 

3.2 ± 0.3  
(2.0–3.5) 

3.9 
4.2 ± 0.4  
(4.0–4.7) 

3.1–3.2 

ESD 
3.6 ± 0.3  
(3.4–3.9) 

3.2 ± 0.4  
(2.5–3.7) 

3.7 
4.0 ± 0.5  
(3.4–4.4) 

3.4–3.5 

END 
2.1 ± 0.1  
(2.0–2.2) 

1.9 ± 0.2  
(1.6–2.1) 

2.0 
2.4 ± 0.4  
(2.1–2.8) 

2.0–2.3 

NSD 
1.5 ± 0.2  
(1.4–1.8) 

1.3 ± 0.2  
(0.9–1.6) 

1.7 
1.6 ± 0.2  
(1.3–1.7) 

1.1–1.5 

ND 
0.3 ± 0.1  
(0.2–0.4) 

0.4 ± 0.1  
(0.3–0.5) 

0.4 
0.4 ± 0.0  
(0.4–0.4) 

0.4–0.4 

IND 
1.7 ± 0.2  
(1.5–1.9) 

1.7 ± 0.2  
(1.4–2.0) 

1.9 
2.0 ± 0.0  
(2.0–2.0) 

1.6–1.9 

ODW 
2.4 ± 0.3  
(2.1–2.7) 

2.4 ± 0.2  
(2.0–2.6) 

2.6 
2.6 ± 0.3  
(2.4–2.9) 

2.3–2.4 
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Figure Captions. 

 

Figure 1. Tadpole of Leptodactylus caatingae (AAGARDA 9368), stage 38. 

(A) Lateral. (B) Dorsal, and (C) Ventral views; (D) Oral disc. 
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Figure 2. Leptodactylus caatingae (A) living tadpole, (B) metamorphic, and 

(C) juvenile. Note the white coloration between the tadpole's eye and snout and 

the homologous white bar present on the juvenile's upper lip (Photos: W. P. da 

Silva). 

 

Figure 3. Scanning electron microscopy of the internal oral anatomy of 

Leptodactylus caatingae tadpole at Stage 38: (A) Buccal roof; (B) Buccal floor, 

inset: detail of the lingual papillae. 
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Figure 4. Chondrocranial anatomy of Leptodactylus caatingae tadpole at stage 

34: (A) Dorsal; (B) Ventral; (C) Lateral views and (D) Hyobranchial apparatus. 
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Manuscrito IV 

The tadpole of Elachistocleis cesarii Miranda–Ribeiro, 1920 (Anura, Microhylidae) 

 

FELIPE DE MEDEIROS MAGALHÃES1, DIEGO JOSÉ SANTANA1,2, ANTONIO 

MOLLO NETO3, ADRIAN ANTONIO GARDA1,* 

 

1 Laboratório de Anfíbios e Répteis, Departamento de Botânica, Ecologia e Zoologia, 

Universidade Federal do Rio Grande do Norte, Campus Universitário, Lagoa Nova, 

59078–900, Natal, RN, Brasil. 

2 Programa de Pós–Graduação em Ciências Biológicas (Zoologia), Departamento de 

Sistemática e Ecologia, Centro de Ciências Exatas e da Natureza, Universidade Federal 

da Paraíba, 58059–900, João Pessoa, PB, Brasil 

3 Laboratório de Vertebrados, Universidade Federal do ABC, 09210–971, Santo André, 

SP, Brasil. 

* Corresponding author. Email: pseudis@gmail.com 

 

The genus Elachistocleis Parker currently comprises 13 species widely distributed from 

Panama to central Argentina, east of the Andes (Caramaschi 2010). Because most 

species are difficult to diagnose and several currently recognized species might 

represent more than one lineage, tadpoles can contribute to the resolution of taxonomic 

problems (Rossa-Feres & Nomura 2006). 

Tadpoles used in the present study were collected at Escola Agrícola de Jundiaí 

(5º 53’ 06.68’’S 35º 22’ 01.28’’W), municipality of Macaíba, Rio Grande do Norte 

State, Brazil, in June 2010 and March 2011 (collection permits by IBAMA/SISBIO 
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#15363–1). We took two amplexing pairs to the laboratory, where they spawned and 

allowed us to confirm the identity of tadpoles collected previously in field. Adult frogs 

were later identified by U. Caramaschi and deposited at the Coleção do Laboratório de 

Anfíbios e Répteis da UFRN (CLAR-UFRN, AAGARDA 2473, 2474) and Coleção do 

Museu Nacional (AAGARDA 2471, 2472, Museu Nacional numbers not yet available). 

We anesthetized tadpoles in 10% ethanol and preserved them in 10% formalin. We took 

morphometric measurements from fifteen tadpoles at stage 27 and eighteen at stages 

32–34 (Gosner 1960) and described them using the terminology and measurements 

from Altig and McDiarmid (1999). The variables used in this work are listed in Table I. 

All measurements shown are in millimeters and were taken using a Mytutoyo digital 

caliper (0.01 mm precision). A voucher lot of tadpoles at stage 27 used in the 

description was deposited at Museu de Zoologia da Universidade de São Paulo 

(MZUSP 145200). The remaining tadpoles are deposited at CLAR-UFRN (AAGARDA 

3734). 

Description: The body is slightly depressed dorso–ventrally and oval in dorsal 

and ventral views, with a triangular aspect in lateral view (fig. 1A, B, C). The snout is 

truncated in lateral view, and rounded in dorsal and ventral views. Eyes are small, 

located in the anterior third of body and positioned laterally. Nares are absent. A single 

ventral and medial spiracle, with a wide opening located in the last third of the body, 

sometimes covering the opening of the cloacal tube. The cloacal tube is short, medial, 

with the opening directed ventroposteriorly and fused with the ventral fin, without a free 

margin. The oral disc opening is terminal, without keratinized parts or papillae, and 

with short and paired semicircular dermal flaps in front of the mouth (Fig. 1D). The 

caudal musculature is moderately developed, tapering gradually to the posterior region. 

The maximum height of the ventral fin is slightly larger than the dorsal fin. The dorsal 
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fin originates at the body and tail junction and gradually tappers anteroposteriorlly to 

the tip of the tail. The lower tail fin margin is parallel to the body axis until the middle 

of the tail, after which it converges towards the tail tip. 

Coloration: In life, body ranges from dark to light brown on the dorsal region, 

while lightly pale and slightly transparent on the ventral region. The dorsal and lateral 

regions present numerous dots, present in smaller numbers on the ventral region. The 

viscera are partially visible, and the tail has the same color patterns of the body. 

Pigmentation of the ventral edge of the fin scarce or absent, but always present on the 

dorsal edge. 

Variation: We observed that E. cesarii tadpoles vary in body and tail muscle 

coloration according to development stage. In early stages the tadpoles present light 

pale pigmentation different from the tadpoles of advanced stages that present a dark 

brown pigmentation. Also, a thin light stripe in the first third of the tail occurs in some 

individuals in advanced stages. 

Natural history notes: Elachistocleis cesarii larvae and calling adult frogs were 

found within the study area in a temporary pond near rocks or plant leaves and roots 

during the raining season. They do not aggregate when fully developed, but were 

observed forming small groups right after eggs hatched in the laboratory. We also 

collected tadpoles of Dendropsophus nanus, Hypsiboas albomarginatus, H. raniceps, 

Leptodactylus vastus, L. macrosternum, Physalaemus cuvieri and Scinax x-signatus at 

the same environment.  

The morphology of E. cesarii tadpoles resembles other tadpoles described for 

the group, such as E. bicolor (Rossa-Feres & Nomura 2006; Williams & Gudynas 

1987), an undescribed species from a population in the municipality of Vitória Brasil, 
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São Paulo state (Rossa-Feres & Nomura 2006, herein referred to as Elachistocleis sp.), 

E. erythrogaster (Kwet & Di-Bernardo 1998), and E. ovalis and E. surinamensis from 

Trinidad (Kenny 1969). Main characters shared are: body triangular in lateral view and 

oval in dorsal and ventral views; eyes arranged laterally; single spiracle; oral apparatus 

lacking keratinized of parts or papillae, and paired dermal flaps in front of the mouth 

opening. The tadpole of E. cesarii is distinguished from the tadpole of E. bicolor and E. 

ovalis by the morphology of the dermal flap, which is short and semi–circular in E. 

cesarii and circular and expanded in E. bicolor and E. ovalis. Furthermore, the tadpole 

of E. bicolor has a light stripe between the eye and snout (Rossa-Feres & Nomura 2006) 

not seen in the tadpole of E. cesarii. Elachistocleis cesarii tadpoles differ from 

Elachistocleis sp. and E. surinamensis by the morphology of dermal flaps, which are 

jagged, circular and expanded in Elachistocleis sp. and E. surinamensis and not jagged, 

short and semi–circular in E. cesarii. Elachistocleis sp. has stripes and bright spots 

between the eye and snout also absent in the tadpole of E. cesarii. There are no 

characters that unequivocally distinguish tadpoles of E. erythrogaster from E. cesarii 

but not all variables used in the present work were used in its description (Kwet & Di-

Bernardo 1998). Considering recent taxonomic revisions and species descriptions 

(Caramaschi 2010; Lavilla et al. 2003; Toledo et al. 2010), knowledge of the larvae for 

the genus is still incipient. To be sure, this is only the fifth tadpole of Elachistocleis to 

be described.  
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Figure Captions 

TABLE 1. Morphometric measurements (in mm) of Elachistocleis cesarii tadpoles 

(mean ± standard deviation). 

Measurements Stage 27 (N=15) Stage 32–34 (N=18) 
Total Length 15.9 ± 1.1 (14.0–17.6) 23.0 ± 3.3 (18.4–27.1) 
Body Length 7.2 ± 0.4 (6.3–8.0) 9.1 ± 1.7 (7.0–11.6) 
Body Height 4.2 ± 0.5 (4.0–5.0) 5.1 ± 1.3 (3.4–7.0) 
Body Width 6.0 ± 0.7 (5.0–7.0) 6.5 ± 1.1 (5.0-8.4) 
Tail Length 8.7 ± 1.1 (6.7–10.3) 13.8 ± 1.4 (10.3–16.0) 
Maximum Tail Height 3.1 ± 0.6 (2.3–3.8) 5.7 ± 1.9 (3.9–7.7) 
Tail Muscle Height 1.5 ± 0.2 (1.1–1.7) 2.6 ± 0.6 (1.8–3.3) 
Tail Muscle Width 0.9 ± 0.1 (0.6–1.1) 1.6 ± 0.5 (1.0–2.4) 
Eye Diameter 0.8 ± 0.1 (0.7–0.8) 1.1 ± 0.1 (1.0–1.3) 
Interorbital Distance 5.3 ± 0.5 (4.3–5.9) 6.8 ± 1.1 (5.7–8.2) 
Eye-Snout Distance 3.3 ± 0.2 (3.1–3.5) 4.7 ± 0.5 (3.8–5.4) 
Spiracle Length 1.2 ± 0.1 (1.0–1.4) 2.0 ± 0.6 (1.2–2.9) 
Cloacal Tube Length 0.3 ± 0.1 (0.3–0.4) 0.7 ± 0.2 (0.4–1.1) 
Mouth Width 2.2 ± 0.3 (1.9–2.8) 2.9 ± 0.8 (1.7–4.0) 
 

FIGURE 1. Tadpole of Elachistocleis cesarii at stage 27 (Gosner, 1960). (A) Dorsal, 

(B) ventral, and (C) lateral views (scale=5mm); (D) oral apparatus (scale=1mm). 
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Manuscrito VI 
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Bokermannohyla ibitipoca, a member of B. circumdata group (Faivovich et al. 2005), is 

a small-sized hylid frog (males reaching 43 mm in snout-vent length) restricted to the 

Atlantic Forest Biome, found mainly along creeks in small gallery forests, usually in 

holes formed by tree roots (Caramaschi & Feio 1990). Faivovich et al. (2005) diagnosed 

the genus Bokermannohyla based on molecular data without morphological 

synapomorphies that support the monophyly of this clade. Despite the relevance of 

tadpoles characters for the establishment of phylogenetic relationships among different 

anuran taxa (Haas 2003), no information about B. ibitipoca larva is known so far. 
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We analyzed a lot of tadpoles collected from June 1997 to June 2000 at Parque 

Estadual do Ibitipoca (21º42’48’’S 43º53’54’’W) municipality of Lima Duarte, Minas 

Gerais State, Brazil. The Park is located near the village of Conceição do Ibitipoca, 

Southern Minas Gerais State, with altitudes ranging from 1.050 to 1.784 m above sea 

level and vegetation composed by altimontane fields, rupiculous grasslands, natural 

forest fragments and a mountain forest (Cruz et al. 2009). We collected tadpoles with 

hand nets in a streamlet inside a gallery forest. We anesthetized tadpoles in 10% ethanol 

and preserved them in 10% formalin. Some tadpoles were reared to metamorphosis to 

confirm species identity. We took morphometric measurements from twenty five 

tadpoles at stages 35 to 39 (Gosner 1960), and described them using the terminology 

and measurements from Altig and McDiarmid (1999). Variables used are listed in Table 

1. All measurements shown are in millimeters and were taken using a digital caliper 

(0.1 mm precision). The tadpole used for the description at stage 35 and the remaining 

lot were deposited at Coleção de Anfíbios da Universidade Federal de Juíz de Fora 

under the voucher number CAUFJF (1189) and CAUFJF (1107) respectively. 

Tadpole Description: Body oval, elongated in dorsal and ventral views and 

elliptic in lateral view (Fig. 1A, B and C). Snout slightly truncated in lateral view and 

rounded in dorsal and ventral views. Eyes big and positioned dorsolaterally on the 

anterior third of body. Nares small, elliptic and dorsally located closer to eyes than to 

snout, with a rounded projection in the medial marginal rim. A single sinistral spiracle 

is located on the middle third of the body, with inner wall fused to it. Cloacal tube short, 

dextral, and fused to the fin. Oral disc ventral, detached from body with two folds on 

posterior labium; row of marginal papillae in two series with a narrow gap on the 

anterior labium; marginal papillae long and conical, with posterior labium marginal 

papillae larger than anterior labium papillae. Submarginal papillae absent, although a 
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minor portion of the lot present few amounts laterally in the oral disc. Labial tooth row 

formula (LTRF): 2(2)/4(1) (Fig. 1D); A-1 and A-2 with the same length, P-4 weak, 

fragmented, and slightly shorter than P-1, P-2 and P-3, which are similar. Jaw sheaths 

narrow, with triangular serration; upper jaw sheath shaped as an arc, and lower jaw 

sheath “U” shaped. Dorsal fin low, emerging at body-tail junction; ventral fin low and 

parallel to the longitudinal tail axis; dorsal and ventral fin maximum heights are similar. 

Caudal musculature moderately developed and tappers gradually to the posterior region 

of the tail. Lateral line system visible between nostrils and eyes, behind the posterior 

edges of eyes and along the lateral region of body and tail muscle. 

Coloration: In formalin 10%, body ranges from dark to a light brown color with 

big scattered black spots along the dorsal and lateral region. Tail muscle follows the 

same color pattern of the body. Viscera are partially visible. Fins are transparent with 

some brown pigmentation on the dorsal fin edge. Spiracle edge with no pigmentation.  

Notes on natural history: Bokermannohyla ibitipoca adults spawn a gelatinous 

mass in shallow waters, usually in tree holes on streamlet margins (Fig. 1E). We 

observed that tadpoles remain close to spawning sites until fully developed, but are 

eventually found in deeper waters along the stream. They are more active at night and 

usually stay underneath fallen leaves or hide in the mud when disturbed. We also 

collected tadpoles of B. circumdata at the same environment. 

The B. circumdata group comprises eighteen recognized species (Napoli & 

Pimenta 2009) and to date, only nine have had their tadpoles formally described. 

Bokermannohyla circumdata species group tadpoles are mainly distinguished by their 

external oral disc features (Table 2). Bokermannohyla ibitipoca tadpole has the same 

LTRF as B. capra (Mercês et al. 2012), B. feioi (Napoli & Caramaschi 2004), B. hylax 

(Bertoluci et al. 2003) and B. sazimai (Cardoso & Andrade 1982). However, only B. 
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ibitipoca has two rows of marginal papillae around the entire oral disc with a narrow 

gap on the anterior labium (gap on marginal papillae absent in B. feioi and B. hylax; 

single row of marginal papillae in B. sazimai; two rows of marginal papillae on superior 

and inferior labium, but one row laterally in B. capra). Remaining tadpoles in B. 

circumdata group differs from B. ibitipoca especially by their LTRF (see Table 2 for 

detailed comparisons). Leite & Eterovick (2010) commented on the morphology of the 

known tadpoles of species in the B. claresignata, B. martinsi, and B. pseudopseudis 

groups and showed that external morphology characteristics can help to diagnose 

species. Indeed, all tadpoles in B. circumdata group described so far are 

morphologically distinguishable, reinforcing that larval characteristics are useful in 

taxonomic comparisons in this genus. However, we did not find morphological features 

that unequivocally distinguish tadpoles within this group from other Bokermannohyla 

tadpoles. We noted, and as mentioned by Eterovick & Brandão (2001), that the known 

B. circumdata group tadpoles are characterized by possessing two tooth rows on the 

anterior labium and three to five tooth rows on the posterior labium with variable 

marginal papillae features. Nevertheless, this cannot be considered as a distinct 

characteristic because some tadpoles in B. pseudopseudis group present the same pattern 

(sensu Leite & Eterovick 2010).  

Acknowledgments: We are grateful to Adrian Antonio Garda and Diego José 

Santana for suggestions and Raphael Dutra for the tadpole illustration. RMHC thanks to 

Cordenação de Aperfeiçoamento de Pessoal de Nível Superior (CAPES) for her PhD 
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Figure Captions	  

	  

FIGURE 1. Tadpole of Bokermannohyla ibitipoca, Gosner stage 35 (CAUFJF 1189). 

(A) Dorsal, (B) ventral, and (C) lateral views; (D) Oral disc; (E) Bokermannohyla 

ibitipoca spawning. Photo by de Carvalho, R. M. H.  
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TABLE 1. Measurements (in mm) of Bokermannohyla ibitipoca larvae. Values are mean ± standard deviation; range given in brackets 

Measurements Stage 35 (N=5) Stage 36 (N=8) Stage 37 (N=3) Stage 38 (N=7) Stage 39 (N=2) 

Total Length 46.7 ± 2.5  
(43.4 – 49.2) 

48.8 ± 3.6  
(44.2 – 54.9) 

46.7 ± 4.4  
(42.5 – 51.3) 

44.4 ± 1.7  
(41.0 – 46.4) 

46.9 ± 4.6  
(43.7 – 50.2) 

Body Length 16.1 ± 0.6  
(15.2 – 16.7) 

17.1 ± 0.7 
 (16.1 – 18.0) 

14.9 ± 2.9  
(11.8 – 17.5) 

15.8 ± 0.4  
(15.0 – 16.0) 

15.6 ± 0.4  
(15.3 – 15.8) 

Body Height 7.4 ± 0.5  
(7.0 – 8.0) 

7.8 ± 0.4  
(7.0 – 8.2) 

7.5 ± 0.3 
 (7.3 – 7.8) 

7.0 ± 0.6  
(6.2 – 8.2) 

6.3 ± 0.1  
(6.2 – 6.4) 

Body Width 8.2 ± 0.8  
(7.2 – 9.5) 

8.6 ± 0.7  
(7.7 – 9.9) 

8.6 ± 0.3 
 (8.4 – 9.0) 

8.4 ± 0.9  
(7.5 – 10.0) 

8.0 ± 0.9 
 (7.3 – 8.6) 

Tail Length 30.6 ± 2.6  
(27.7 – 33.8) 

31.6 ± 3.2  
(28.0 – 36.9) 

31.8 ± 4.1  
(27.1 – 34.5) 

28.6 ± 1.3  
(26.0 – 30.4) 

31.4 ± 4.2  
(28.4 – 34.4) 

Maximum Tail Height 7.6 ± 0.2  
(7.3 – 7.9) 

8.1 ± 1.9  
(6.6 – 11.6) 

6.9 ± 0.8  
(6.0 – 7.6) 

6.7 ± 0.5  
(6.0 – 7.2) 

6.9 ± 0.2  
(6.7 – 7.0) 

Eye Diameter 1.9 ± 0.1  
(1.8 – 2.0) 

2.0 ± 0.1  
(1.8 – 2.0) 

1.9 ± 0.1  
(1.8 – 2.0) 

2.0 ± 0.1  
(1.8 – 2.0) 

1.9 ± 0.1  
(1.8 – 2.0) 

Interorbital Distance 3.9 ± 0.3  
(3.4 – 4.2) 

3.9 ± 0.4  
(3.2 – 4.5) 

4.2 ± 0.3  
(4.0 – 4.5) 

3.9 ± 0.2  
(3.7 – 4.2) 

4.1 ± 0.4  
(3.8 – 4.3) 

Eye–Snout Distance 4.0 ± 0.2  
(3.9 – 4.3) 

4.2 ± 0.3  
(4.0 – 4.8) 

4.0 ± 0.1  
(3.9 – 4.0) 

3.8 ± 0.3  
(3.3 – 4.0) 

3.8 ± 0.3  
(3.6 – 4.0) 

Internarial Distance 2.9 ± 0.2  
(3.0 – 2.6) 

2.8 ± 0.2  
(2.6 – 3.0) 

2.9 ± 0.1  
(2.8 – 3.0) 

2.6 ± 0.2  
(2.3 – 2.8) 

2.7 ± 0.2 
 (2.5 – 2.8) 

Nare–Snout Distance 2.0 ± 0.2  
(1.7 – 2.3) 

2.1 ± 0.3  
(1.6 – 2.5) 

1.7 ± 0.1  
(1.6 – 1.8) 

2.0 ± 0.2  
(1.6 – 2.3) 

1.9 ± 0.2  
(1.7 – 2.0) 

Spiracle–Snout Distance 9.6 ± 0.5  
(9.0 – 10.0) 

9.8 ± 0.2  
(9.5 – 10.0) 

9.8 ± 0.3  
(9.5 – 10.0) 

9.6 ± 0.4  
(8.8 – 10.0) 

9.7 ± 0.2  
(9.5 – 9.8) 

Spiracle Length 1.2 ± 0.2  
(1.0 – 1.5) 

1.3 ± 0.4  
(1.0 – 2.0) 

1.3 ± 0.5  
(1.0 – 1.9) 

1.3 ± 0.4  
(1.0 – 2.2) 

1.0   
(1.0 – 1.0) 

Mouth Width 3.3 ± 0.2  
(3.2 – 3.6) 

3.4 ± 0.3  
(3.0 – 3.9) 

3.3 ± 0.2  
(3.1 – 3.5) 

3.1 ± 0.3  
(2.8 – 3.5) 

2.9 ± 0.1  
(2.8 – 2.9) 
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TABLE 2. Oral disc features of known B. circumdata group tadpoles. TL: Total Length; ULG: Upper Labium Gap; MP: Marginal Papillae; SP: Submarginal Papillae; 

VODF: Ventral Oral Disc Folds. 

Species 
Stag
e 

TL LTRF ULG MP SP VODF Locality Reference 

Bokermannohyla 
capra 

34-
37 

46–
51mm 

2(2)/4(1) present 

biseriate anteriorlly 
and posteriorly 
and uniseriate 
laterally 

absent or 
rare 

present Serra da Jibóia (Bahia) Mercês et al. 2012 

B. carvalhoi 31 47mm 2(2)/5(1) present 
uniseriate anteriorly 
and 
biseriate posteriorly 

absent present 
Serra dos Órgãos (Rio 
de Janeiro) 

Peixoto 1981 

B. circumdata 36 40mm 2(2)/3(1) present 
uniseriate anteriorly 
and 
biseriate posteriorly 

present present 
Teresópolis (Rio de 
Janeiro) 

Peixoto 1981 

B. feioi 36 54mm 2(2)/4(1) absent biseriate absent absent 
Parque do Ibitipoca 
(Minas Gerais) 

Napoli & Caramaschi 
2004 

B. gouveiai 
30-
37 

38–
52mm 

2(2)/3 present uniseriate absent absent 
Parque do Itatiaia 
(Minas Gerais) 

Costa et al. 2010 

B. hylax 38 34mm 2(2)/4(1) absent biseriate occasional absent Boracéia (São Paulo) Bertoluci et al. 2003 

B. ibitipoca 35 46mm 2(2)/4(1) present biseriate occasional present 
Parque do Ibitipoca 
(Minas Gerais) 

This study 

B. luctuosa 25 15mm 2(2)/3(1) present uniseriate or biseriate absent absent 
Serra do Japí (São 
Paulo) 

Pombal Jr. & Haddad 
1993 

B. nanuzae 34 65mm 2(2)/5(1) absent biseriate absent present 
Serra do Cipó (Minas 
Gerais) 

Bokermann & Sazima 
1973 

B. sazimai 27 60mm 2(2)/4(1) present uniseriate absent present 
Serra da Canastra 
(Minas Gerais) 

Cardoso & Andrade 
1982 
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Abstract. The genus Phyllodytes comprises twelve species strictly associated to bromeliads. 

Despite the importance of a species reproductive biology and natural history for its 

conservation and systematics, advertisement calls and tadpoles of most species of Phyllodytes 

have not been described. Herein we describe the tadpole (external and oral internal 

morphology) and the calls of Phyllodytes wuchereri. We conducted distinct field survey at 

Serra da Jibóia, Elísio Medrado municipality, Bahia State. The advertisement call is long 

(mean duration of 4.3 ± 0.3 s) and emitted in series of 18 ± 2 multi-pulsed notes per call. The 

courtship call is reported herein for the first time in the genus. The tadpole inhabits bromeliad 

tanks and has depressed body, with low fins and a ventral oral disc bordered by a single row 

of marginal papillae, with a wide anterior gap; oral formula is 2(2)/4(1). We also provide field 

observations on the adults and tadpole natural history. Finally, we compare our results with 

available data for Phyllodytes species regarding their tadpole morphology and calls. 

Key words. Acoustic repertoire; larval external morphology; internal oral anatomy; 

reproductive biology; natural history; systematics  
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Introduction 

The genus Phyllodytes WAGLER, 1830 comprises 11 recognized species distributed from 

Paraíba to northern Rio de Janeiro States, Eastern Brazil, and strictly associated to bromeliads 

(PEIXOTO et al. 2003; FROST 2013). Despite many attempts, mainly based on coloration 

patterns (PEIXOTO et al. 2003; CARAMASCHI et al. 2004) and call structure (ROBERTO & 

ÁVILA 2013), to establish phenetic groups among Phyllodytes species, their phylogenetic 

relationships are not clear, as only few species were included in recent molecular 

phylogenetic analyses (FAIVOVICH et al. 2005; JOWERS et al. 2008). Moreover, even though 

larval and acoustic features provide relevant information for anuran taxonomy and phylogeny 

(GERHARDT & DAVIS 1988; HAAS 2003; GINGRAS et al. 2013), lack of proper call and tadpole 

descriptions for most Phyllodytes species, including P. wuchereri, hampers the use of such 

characters in the clarification of the systematic relatioships within the genus. 

Phyllodytes wuchereri (Figure 1) is endemic to the Atlantic Forest morphoclimatic 

domain and known only from a few localites on the southern region of Bahia State 

(CARAMASCHI et al. 2004; JUNCÁ 2006). This species was revalidated and distinguised from 

P. luteolus based on the presence of two dorsolateral white stripes from the posterior corner 

of eyes to the groin, outlined by a dark black line, absent in P. luteolus and the remaining 

congeners (CARAMASCHI et al. 2004). Still, no information on the species’ reproductive 

biology or natural history has been published.  

In order to contribute to the systematics and natural history of the genus, we describe 

the advertisement and courtship calls along with the tadpole external and oral internal 

morphology of Phyllodytes wuchereri and compare our results with the available information 

on calls and tadpoles for other congeners.  

Material and methods 

We conducted field surveys in different occasions at Serra da Jibóia, Elísio Medrado 

municipality, Bahia State, Brazil (12°51'S, 39°28'W; 815 m above sea level). We recorded 

and collected each of the following four Phyllodytes wuchereri males in distinct field surveys: 

two males (SUEFS 1815, SVL 20 mm; SUEFS 1816, SVL 22 mm) were recorded on 

December 05, 1999 at approximately 20:00 h, 20°C air temperature; a third male (ASUFRN 

275, SVL 23 mm) was recorded on September 27, 2013 at 22:00 h, 19°C air temperature 

inside the plastic bag right after being collected; whereas the fourth male (ASUFRN 541, 
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SVL 22 mm) was recorded on November 22, 2013 at 20:00 h, 20.2°C air temperature. 

Advertisement calls of the first two males were recorded using a SONY WM-D6 Digital 

Audio Track (DAT) and a SONY ECM-MS907 Electret Condenser Microphone, whereas the 

last two were recorded using a Marantz PMD 661 coupled with a Sennheiser ME66 

directional microphone. We analyzed advertisement calls in Raven Pro 1.4 and constructed 

audio spectrograms with the following parameters: FFT window width = 512, Frame = 100, 

Overlap = 75, and flat top filter. We follow the terminology for call descriptions used by 

DUELLMAN & TRUEB (1986). Recording files are deposited at Arquivos Sonoros da 

Universidade Federal do Rio Grande do Norte (ASUFRN) and Sound Library of the 

Universidade Estadual de Feira de Santana (SUEFS). Voucher specimens of P. wuchereri are 

deposited at the Museu de Zoologia da Universidade Estadual de Feira de Santana (MZFS) 

and Coleção de Anfíbios e Répteis da UFRN (CLAR-UFRN, AAGARDA).  

We collected seven tadpoles of P. wuchereri along with an adult couple (the male is 

the third voucher specimen recorded), all inhabiting the same bromeliad. The presence of 

adult couples occurring in the same bromeliad within the study site assures us that the 

tadpoles collected are assigned to the species. Moreover, the overall morphology matches 

other tadpoles described for the genus. Tadpoles were anesthetized with 5% lydocaine, fixed 

and preserved in 10% formalin. We adopted the terminology for external morphology and 

oral anatomy of ALTIG & MCDIARMID (1999) and determined the development stage 

according to LIMBAUGH & VOLPE (1957), as modified by GOSNER (1960). The lot with six 

specimens used for external morphology analyses is deposited at CLAR-UFRN (AAGARDA 

9492). Tadpole description and illustrations are based on a specimen at Gosner stage 36 

(AAGARDA 9493). One tadpole at stage 41 died during transportation and was subsequently 

fixed in alcohol absolute for DNA sample. Therefore, we did not use this specimen for the 

morphometric data.  

We measured twenty morphometric variables with a Mitutoyo® digital calliper (0.01 

mm precision) and an ocular micrometre in a Leica-EZ4D stereomicroscope following ALTIG 

& MCDIARMID (1999): total length (TL), body length (BL), tail length (TAL), maximum tail 

height (MTH), tail muscle height (TMH), tail muscle width (TMW), interorbital distance 

(IOD), internarial distance (IND). The remaining variables were measured as follows: body 

height (BH, maximum height), body width (BW, at widest area), body with at eyes level 

(BDE), maximum dorsal fin height (DFH), maximum ventral fin height (VFH), eye diameter 

(ED, longitudinal distance from anterior to the posterior eyes edges), eye-snout distance 
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(ESD, from pupil to the tip of the snout), eye-naris distance (END, distance from pupil to 

naris centre), naris-snout distance (NSD, distance from naris centre to the tip of the snout), 

naris diameter (ND, longitudinal distance in the antero-posterior axis), spiracle-snout distance 

(SSD, straight linear distance from spiracle opening to the tip of snout), mouth width (MW, 

the widest portion of the oral disc). Measurements are provided in Table I and were rounded 

to the nearest 0.1 mm.  

For internal oral anatomy, a tadpole in Gosner stage 36 was dissected and its structures 

stained with an Alcian Blue solution. We analysed its anatomy under an ocular micrometre in 

a Leica-EZ4D stereomicroscope. The drawings were prepared with the aid of camera lucid. 

Morphological features were recorded using the methodology and terminology presented by 

WASSERSUG (1976) and WASSERSUG & HEYER (1988). The specimen dissected is housed at 

CLAR-UFRN under the voucher number AAGARDA 9494. 

 

Results 

Call Description (Figure 2) 

All males were observed calling over bromeliad leaves located on open rocky outcrops fields. 

We identified two distinct calls emitted in different situations: we considered the most 

frequently emitted call as the “Advertisement call” because it was always emitted in presence 

of other males that were also calling in neighbour bromeliads; the second call type is probably 

the “Courtship call” because it was emitted in presence of a female and no other males were 

heard calling close to the bromeliad.  

Advertisement call: The advertisement call (N = 10 calls) of Phyllodytes wuchereri consists 

of a series of multi-pulsed notes (Fig. 2A,B) with mean duration of 4.3 ± 0.3 s (range 3.9–4.7) 

and emitted in intervals of 134 ± 10 s (range 120–143) between the calls. Each call is 

composed of 18 ± 2 (16–20) notes with mean duration of 121 ± 13 ms (range 49–140) emitted 

at intervals of 123 ± 19 ms (range 87–195) between each note. The average rate of emission is 

4.2 ± 0.2 (range 3.9–4.4) notes/s. Mean dominant frequency is 3247 ± 81 Hz (range 3188–

3445). The call exhibits amplitude modulation, usually starting with low intensity and 

increasing along the call. 

Courtship call: The courtship call of Phyllodytes wuchereri (n = 5) consists of a short multi-

pulsed note, each one formed by sets of 8-10 nonconcatenated pulses (Fig. 2C,D) with mean 

note duration of 655 ± 92 ms (rang 531–752). The pulses are usually similar in duration, 
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except for the last pulse, which is five times longer than others. Mean duration of pulses is 13 

± 7 ms (range 4–31) meanwhile the last pulse duration is 113 ± 4 ms (range 109–125). Each 

pulse is followed by an interpulse interval of 63 ± 21 ms (range 14–86). Mean dominant 

frequency is 3704 ± 99 Hz (range 3618–3790). 

Tadpole Description (Stage 36, Fig. 3A–E) 

External morphology: The body is overall globular in dorsal and ventral views (Fig. 3B, C), 

elliptical in lateral view (Fig. 3A), dorso-ventrally compressed (BH/BW = 56%) and 

represents about 38% of total length (Table 1). The maximum body width is on the posterior 

third of the body, at the intestinal coils portion. Snout is rounded in dorsal, ventral, and lateral 

views. Eyes are relatively large (ED/BL = 11%), positioned dorsally and directed dorso-

laterally. Nares are small (ND/IND = 16%), oval, directed anteriorly and located closer to 

snout than to eyes and without projections on the internal rim. A short and sinistral spiracle is 

located at about halfway of the body length (SSD/BL = 60%), below body middle line; 

spiracular opening is rounded and dorso-posteriorly oriented with internal wall fused to body. 

Cloacal tube opening is dextral, rounded and directed posteriorly with inner wall attached to 

the ventral fin. Dorsal fin is slightly arched and emerges at the body-tail junction at a low 

slope; the posterior region of the dorsal fin is injured; ventral fin originates at the posterior 

ventral terminus of the body and is parallel to the longitudinal axis of the tail musculature. 

Dorsal and ventral fins of about equal heights and lower than body and tail musculature 

height. Tail tip end is rounded. Tail musculature is indistinct. Lateral line system is not 

visible. 

Oral disc: Ventral, not emarginated and represents 35% of the maximum width of the body 

(Fig. 3D); one row of conical marginal papillae surrounds the oral disc with a broad 

interruption anteriorly. Papillae are longer than wide, conical and with rounded tips. 

Submarginal papillae are mostly absent but some papillae aggregate on each side of the disc 

commissure. Labial tooth row formula (LTRF): 2(2)/4; anterior tooth rows, P2 and P4 are 

similar in length, meanwhile P3 is slightly longer and P1 is slightly shorter than others; P4 is 

fragmentized. Jaw sheaths are pigmented and have a serrated edge; upper jaw sheath arc-

shaped and lower jaw sheath U-shaped.  

Morphological variation: The LTRF of one tadpole specimen at stage 29 is 2(1,2)/4. On 

tadpoles at stage 27, 36 and 38, P4 is fragmented with two to three gaps along the teeth row. 

In tadpoles in early stages (27–29) the submarginal papillae are found in greater amounts and 
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density in comparison to tadpoles in later stages, which are mostly devoid of submarginal 

papillae (36–38). Most tadpoles exhibit some kind of injury along theirs fins. 

Coloration: In life, the body is overall yellowish grey with translucent skin. Few golden 

blotches can be found on the body's dorsal posterior surface. Body's ventral surface is also 

translucent with intestinal coils visible. Tail musculature is homogeneously pigmented, such 

as the body surface. Fins are not pigmented and slightly translucent with small brown 

scattered dots along both fins extension. Finally, a conspicuous white and rounded mark is 

found on the tip of the snout between nostrils with diameter slightly smaller than the eyes and 

represents about 11% of body width (Fig. 3E). Coloration of specimens preserved (10% 

formalin) follows the same pattern as in life, but the overall coloration is grey and the white 

rounded mark between nares becomes less conspicuous.  

Internal oral anatomy: Buccal floor is triangular and posteriorly broader (Fig. 4A). One pair 

of large infralabial papillae is oriented transversely. Two short and conical lingual papillae are 

present.  The buccal floor arena (BFA) is poorly defined and posteriorly bounded by one pair 

of long papillae with rounded tips. The anterior half of the BFA and the pre-pocket are devoid 

of pustulations and papillae. Buccal pocket is transversally oriented on each side of the buccal 

floor medial region. The velar surface is free, long, and bears a few digitiform projections on 

its posterior margin. Glottis is small and tall, with moderately thick lips. Buccal roof  (Fig. 

4B) is overall triangular, with a narrow prenarial arena. An inverted U-shaped ridge is present 

in the prenarial arena; its width is about 4x its height. Nares are long, elliptical, perpendicular 

oriented, and placed about one-third way back on buccal roof. Narial walls are thick and 

smooth; the outer margins extend into a flap, which covers most of the narial opening. 

Posterior edges are also smooth and form, towards the inner corner of the nares, a narial 

valve; narial papilla is absent. The postnarial arena is simple and devoid of papillae with few 

postulations scattered distributed. The median ridge is overall broad, low, and has a smooth 

edge. The buccal roof arena (BRA) is rectangular and devoid of papillae with scarce 

postulations distributed posteriorly. Glandular zone poorly defined. Dorsal velum gradually 

curving, interrupted medially and with free edges without pustulations.  

Natural history: Tadpoles were visualized in small water bodies accumulated inside 

bromeliads axils. According to ALTIG & JOHNSTON (1989) these tadpoles belong to the 

arboreal-type 3 ecomorphological guild. We observed that tadpoles usually occur alone in 

different axils of the same bromeliad, whereas only one pair of tadpoles was observed in the 
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same axil. We also observed a defensive behaviour similar to that of adults: when disturbed, 

tadpoles swim deeply into the bromeliad axils bottom avoiding to be captured. Few 

invertebrate larvae (probably Odonata) were also noticed to inhabit the same bromeliad. 

Although most of tadpoles exhibited injuries along their fins, no predation attempt by the 

invertebrate larvae was observed. We only observed one adult male calling from each 

bromeliad suggesting that they may be territorial, although no physical interaction between 

males was observed.  

Discussion 

The advertisement call Phyllodytes wuchereri resembles the ones described for P. 

brevirostris (JUNCÁ et al. 2012), P. edelmoi (LIMA et al. 2008), and P. luteolus (WEYGOLDT 

1981). Calls of these four species are characterized by long sequences of multi-pulsed notes 

emitted in regular intervals, with overlap in some acoustic parameters (e.g., call duration, 

dominant frequency and number of notes per call). Nevertheless, there are small differences 

that distinguish their calls (call parameters of P. brevirostris, P. edelmoi and P. luteolus are 

given in parentheses): higher mean call duration (6.7 ± 1.7 s, range 4.7–9.4 in P. brevirostris; 

5.2 ± 0.4 s, range 4.3–5.7 in P. edelmoi) with lower mean dominant frequency (2.6 ± 0.5 kHz, 

range 2.2–3.3 in P. brevirostris; 2.8 ± 0.2 kHz, range 1.5–3.3 in P. edelmoi) differ the calls of 

P. brevirostris and P. edelmoi from those of P. wuchereri; Moreover, the number of notes per 

call (26.5 ± 2.3; 22–29) is higher in P. edelmoi and do not overlap with P. wuchereri; whereas 

the lower number of notes per call (8–15) and higher call duration (ca. 5 s) differentiate the 

calls of P. luteolus from P. wuchereri calls.  

The call structure (long series of multi-pulsed notes emitted in regular intervals) 

distinguishes P. wuchereri calls from those of P. melanomystax (NUNES et al. 2007) and P. 

kautskyi (SIMON & GASPARINI 2003), which emit harmonic calls. Moreover, longer duration 

(4.3 ± 0.3 s) and high number of notes per call (18 ± 2) easily separates the calls of P. 

wuchereri from those of P. gyrinaethes (mean call duration of 1.7 ± 0.3 s with 4.9 ± 0.6 notes 

per call in P. gyrinaethes; ROBERTO & ÁVILA 2013). The presence of a courtship call is 

herein reported for the first time in the genus. Nevertheless, JUNCÁ et al. (2012) reported other 

call types, such as territorial calls, in other Phyllodytes species. 

Many phytotelm-breeding anurans have evolved in parallel similar reproductive 

strategies to enhance their reproductive success in a non-recycling environment with limited 

food resource such as water tanks accumulated within bromeliad axils (LANNOO et al. 1987; 
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LEHTINEN et al. 2004). For instance, the reduction of the egg-clutch size with eggs being laid 

separately in distinct water tanks within the same bromeliad is a common strategy among 

anuran species that reproduce inside bromeliads (BOKERMANN 1966; LANNOO et al. 1987; 

ALVES-SILVA & SILVA 2009). Although we did not observe the species reproductive 

behaviour, it is likely that P. wuchereri also exhibits such strategy mostly because only seven 

tadpoles were noticed to occur within the same bromeliad and inhabiting distinct tanks. 

Moreover, tadpoles were collected in different developmental stages (range 27–41), 

suggesting that they were laid separately. Such reproductive strategy was also reported for 

other species in the genus, such as P. luteolus (BOKERMANN 1966), P. melanomystax 

(CARAMASCHI et al. 1992), and P. edelmoi (PEIXOTO et al. 2003). Still, adequate natural 

history observations on P. wuchereri reproductive biology are needed to confirm these 

hypotheses. 

Tadpole morphology of P. wuchereri overall resembles previous larval descriptions 

for the genus, except for the unusual P. gyrinaethes tadpole (PEIXOTO et al. 2003), which 

presents a flattened snout and a superior labium of the oral disc divided into two flaps, a body 

constricted on its middle portion and dorsal fins emerging at the body with small tubercles 

along its extension (all of these characters are absent in P. wuchereri). Furthermore, the 

combination of LTRF 2(2)/4, marginal papillae arranged in one row, spiracle located at body's 

mid-length below midline and dorsal fin emerging at body-tail junction distinguishes the 

tadpole of P. wuchereri from other Phyllodytes species for which tadpoles are known (see 

Table 2 for a summary of external larval features of Phyllodytes species).  

The presence of a conspicuous white rounded mark between nares also separates the 

tadpole of P. wuchereri from all other tadpoles described so far, except for P. edelmoi that has 

also been reported to exhibit a white rounded dot on the upper tip of snout in living tadpoles 

(PEIXOTO et al. 2003). Although tadpole coloration patterns vary according to distinct 

selective environmental pressures (CALDWELL 1982; THIBAUDEAU & ALTIG 2012), the white 

rounded mark is present on all tadpole individuals we analysed and observed within this 

population, during distinct field surveys. As most of Phyllodytes tadpole descriptions did not 

account for such a visible characteristic, we believe that it is a valid taxonomic feature and 

can be used to distinguish P. wuchereri from other species tadpoles among the genus.  

The internal oral anatomy of Phyllodytes wuchereri overall agrees with the only 

previous descriptions available for P. brevirostris tadpole (VIEIRA et al. 2009). These two 
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species exhibit a pair of transverse infralabial papillae, two lingual papillae and both buccal 

and roof floors are triangular in shape. The main differences found are: P. wuchereri is mostly 

devoid of pustulations (14–26 pustulations are present over buccal and roof surfaces in P. 

brevirostris) and only one pair of papillae is found bordering the posterior edge of the BFA 

(two pairs of papillae in P. brevirostris).  

The phenetic grouping proposed by CARAMASCHI et al. (2004) places P. wuchereri in 

the P. auratus species group. Nevertheless, P. auratus was later allocated to a different genus 

in a molecular assessment of the species (JOWERS et al. 2008). Thus, the similarity in 

coloration pattern is probably convergent. Therefore, P. wuchereri is not assigned to any 

phenetic species group proposed previously based on coloration patterns (PEIXOTO et al. 

2003; CARAMASCHI et al. 2004). On the other hand, ROBERTO & ÁVILA (2013) proposed a 

distinct species cluster based on the advertisement call structure: harmonic calls belonging to 

P. kautskyi species group and multipused calls belonging to P. luteolus species group (see 

ROBERTO & ÁVILA 2013). Hence, P. wuchereri should be assigned to the P. luteolus species 

group based on its advertisement call structure.  
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Table 1. Morphometric measurements (in mm) of Phyllodytes wuchereri tadpoles from Serra 

da Jibóia, Elísio Medrado municipality, Bahia State, Brazil. 

	  	  

Variable	  

Tadpole	  Stage	   	  	  

mean ± SD (range)	  27 29 30 36 36 38 

TL 17.3 26 29.6 29.9 31.5 33.1 27.9 ± 6 (17.3–33.1) 

BL 8.1 9.2 10.7 11.5 12.1 12.6 10.7 ± 2 (8.1–12.6) 

BH 3 3.1 4 4.1 4 4.6 3.8 ± 0.6 (3.0–4.6) 

BW 5.2 6 7.1 7.9 7.4 7.4 6.8 ± 1 (5.2–7.9) 

BWE 4.5 5.4 5.7 6.1 6.7 6.9 5.9 ± 1 (4.5–6.9) 

TAL 9.2 16.8 18.9 18.4 19.4 20.5 17.2 ± 4 (9.2–20.5) 

DFH 0.8 0.9 1.2 1.5 1.7 1.8 1.3 ± 0.4 (0.8–1.8) 

VFH 0.9 0.7 0.9 1.4 1.6 1.3 1.1 ± 0.4 (0.7–1.6) 

MTH 3.8 3.7 4.1 6.3 5.2 5.6 4.8 ± 1 (3.7–6.3) 

TMH 1.6 1.9 2.8 2.5 2.9 2.9 2.4 ± 0.6 (1.6–2.9) 

TMW 1.8 2 2.3 3.1 3.3 3.2 2.6 ± 0.7 (1.8–3.3) 

ED 0.9 1 1.1 1.5 1.4 1.5 1.2 ± 0.3 (0.9–1.5) 

IOD 3.2 3.7 3.4 4.7 4.3 4.8 4.0 ± 0.7 (3.2–4.8) 

ND 0.3 0.4 0.3 0.4 0.4 0.3 0.35 ± 0.05 (0.3–0.4) 

IND 1.9 1.8 1.8 2.4 2.3 2.2 2.1 ± 0.3 (1.8–2.4) 

ESD 2.8 2.9 3 3.7 3.7 3.4 3.3 ± 0.4 (2.8–3.7) 

END 1.6 1.6 2 2.4 2.5 2.3 2.1 ± 0.4 (1.6–2.5) 

NSD 1.2 1.3 1 1.3 1.2 1.1 1.2 ± 0.1 (1.0–1.3) 

SSD 4.8 5 7.1 7.3 7.3 7.1 6.4 ± 1.2 (4.8–7.3) 

MW 1.9 2.1 2.3 2.7 2.5 2.6 2.4 ± 0.3 (1.9–2.7) 
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Table 2. External morphological characteristics of Phyllodytes tadpoles described in the literature and in the present paper. TL: total length (in 

mm); BRL: body relative length to TL (BL/TL); MP: Marginal Papillae; ODC: oral disc constrictions; DFO: dorsal fin origins; SP: spiracle 

position; EP: eye position. * Characters based on tadpole illustrations provided on the original description. 

Spe
cies P. brevirostris P. edelmoi P. gyrinaethes P. luteolus 

P. 
melanomystax 

P. 
tuberculosus P. wuchereri 

Sta
ge 35 28 34 36 36 35 36 

TL 17.3–32.7 27.1 30 29 34.6 31 31.5 
BR
L 38% 36% 35% – 32% – 38% 

LT
RF 2(2)/5 2(2)/5-6 1(1)/5 2(2)/4 2(2)/3 2(2)/4 2(2)/4 

MP 
one row anteriorly and 
two rows posteriorly 

two rows anteriorly and 
three rows posteriorly one row one row one row one row one row 

OD
C 

absent absent anteriorly and 
laterally 

laterally absent laterally absent 

DF
O on body on body body-tail 

junction 
on tail 
musculature* 

on tail 
musculature* 

on tail 
musculature* 

body-tail 
junction 

VF
O on body on body on body on body* on tail 

musculature* on body* on body 

SP body's midlength at 
midline 

body's last third bellow 
midline 

body's last third 
bellow midline 

body's 
midlength at 
midline 

body's 
midlength at 
midline 

body's 
midlength at 
midline 

body's midlength 
bellow midline 

EP dorsal dorsolateral lateral dorsal* dorsolateral dorsal* dorsal 

Ref (VIEIRA et al. 2009) (PEIXOTO et al. 2003) (PEIXOTO et al. 
2003) 

(BOKERMANN 
1966) 

(CARAMASCHI 
et al. 1992) 

(BOKERMANN 
1966) 

Present study 
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FIGURE CAPTIONS 

Figure 1. Adult male Phyllodytes wuchereri (AAGARDA 9685) from Serra da Jibóia, 

Elísio Medrado Municipality, Bahia State, Brazil. 
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Figure 2. Calls of Phyllodytes wuchereri from Serra da Jibóia, Elísio Medrado 

Municipality, Bahia State, Brazil. (A) Amplitude of the waveform, and (B) Spectrogram 

of the Advertisement call composed of 20 notes (ASUFRN 541). Air temperature 

20.2°C. (C) Amplitude of the waveform, and (D) Spectrogram of the Courtship call 

with 8 pulses (ASUFRN 275). Air temperature 24.0°C. 
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Figure 3. Tadpole of Phyllodytes wuchereri (AAGARDA 9493) at Gosner stage 36 

from Serra da Jibóia, Elísio Medrado Municipality, Bahia State, Brazil. (A) Lateral. (B) 

Dorsal, and (C) Ventral views, scale = 5 mm; (D) Oral disc, scale = 1 mm. (E) Frontal 

view. 

 
 

Figure 4. Internal oral anatomy of Phyllodytes wuchereri (AAGARDA 9494) tadpole at 

Stage 36: (A) Buccal floor; (B) Buccal roof. Scale = 1 mm. 

 


