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Early one day, just before sunrise, 

I went up the hills, and into the mountains, 

Where the air is clean, where the birds can sing, 

Where the wind can blow, and clear streams can flow. 

Misty mountain, mellow morning, make all my days worth living. 

Misty mountain, mellow morning, where it all begins. 

Misty Mountain, Blues Etílicos 
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Resumo 

A presente tese é dividida em dois capítulos e trata da aplicação das ferramentas 

moleculares para a conservação in-situ de espécies de anfíbios no Brasil. O primeiro 

capítulo é uma extensa revisão acerca do atual estado do conhecimento dos estudos 

moleculares com espécies de anfíbios brasileiras. Compilou-se nesta revisão todos os 

estudos já publicados que empregaram algum tipo de marcador molecular e pelo menos 

uma espécie de anfíbio com ocorrência no território brasileiro. Avaliou-se a partir destas 

informações o status de conservação das espécies encontradas, os tipos de marcadores 

moleculares empregados e as áreas de conhecimento abordadas, sendo que direções para 

estudos futuros são propostos com base nestes resultados. O segundo capítulo constitui 

um estudo sobre a influência das oscilações climáticas do Quaternário na evolução e 

estruturação genética de duas espécies de anfíbios anuros endêmicas de áreas de altitude 

no complexo geomorfológico do Espinhaço, nos estados de Minas Gerais e Bahia. 

Empregou-se modelagem de nicho ecológico e métodos coalescentes para se obter 

inferências sobre os padrões pretéritos de distribuição e estruturação genética das 

populações estudadas, e tais informações foram utilizadas na construção de modelos de 

diversificação que foram testados por Computação Bayesiana Aproximada. 

 

 

 

Palavras chave: Anfíbios, conservação, espécies ameaçadas, filogeografia, marcadores 

moleculares 
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Abstract 

The presente thesis is divided in two chapters and evaluates the applications of 

molecular tools to the in-situ conservation of amphibian species in Brazil. The first 

chapter is an extensive revision on the actual state of knowledge of molecular studies 

with Brazilian amphibian species. We compiled in this revision all published studies 

that employed some type of molecular marker and at least one amphibian species with 

occurrence in the Brazilian territory. From these data, we evaluated the conservation 

status of each species, the types of molecular markers employed and the areas of 

knowledge approached, where guidelines for future research are then proposed. The 

second chapter is a study that evaluated the influence of Quaternary climatic oscil lations 

on the evolution and genetic structuring of two amphibian species endemic to high 

elevation sites in the Espinhaço Mountain Range, in the states of Minas Gerais and 

Bahia. We employed niche modelling and coalescent methods to gather inferences on 

past distribution ranges and genetic structuring for both species, and these informations 

were used in the construction of diversification models that were tested through 

Approximate Bayesian Computation. 

 

 

 

Key words: Amphibians, conservation, molecular markers, phylogeography, threatened 

species 
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Introdução geral 

O campo multidisciplinar da ecologia molecular envolve abordagens distintas 

com aplicações em diversas áreas das ciências biológicas, como na biologia da 

conservação, ecologia, filogenia e genética. O emprego de ferramentas e marcadores 

moleculares auxilia por exemplo na determinação de padrões biogeográficos, 

identificando as regiões com maiores valores de diversidade genética e endemismos. 

Além disso, o estudo da ecologia molecular contribui para o mapeamento da 

diversidade genética críptica e das unidades evolutivas significantes ao longo do espaço, 

bem como na compreensão do papel das oscilações climáticas e dos processos 

geológicos na evolução e diversificação das taxocenoses (Freeland et al. 2012). Tais 

informações devem ser levadas em conta durante a elaboração de estratégias que visem 

a conservação in-situ da biodiversidade, onde a manutenção do potencial evolutivo e 

adaptativo das populações e linhagens é crucial para se garantir sua viabilidade a médio 

e longo prazo. 

A aplicação de marcadores moleculares na biologia da conservação e na 

ecologia molecular remonta aos estudos com aloenzimas na década de 60 (e.g., 

Lewontin & Hubby 1966), tendo sofrido um aumento significativo com o 

desenvolvimento do método de sequenciamento de Sanger na década de 1970 (Sanger 

& Coulson 1975) e mais recentemente, com as plataformas de sequenciamento de 

última geração (Ekblom & Galindo 2011; McCormack et al. 2013). Nesse contexto, 

muito ainda resta a ser feito em relação aos estudos moleculares com espécies de 

anfíbios, considerando-se sua enorme diversidade e a complexidade dos processos 

envolvidos na sua evolução e diversificação. 

Os anfíbios atuais compreendem cerca de 7800 espécies conhecidas (Frost 2018) 

com distribuição global, exceto no continente Antártico, sendo que o número de novas 
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espécies formalmente descritas aumenta a cada ano. Esse grupo é especialmente 

vulnerável a alterações climáticas e à alterações na estrutura dos habitats em que 

ocorrem (estas últimas afetam por consequência a disponibilidade dos sítios para 

vocalização, ovoposição e desenvolvimento larval), devido à natureza bifásica de seus 

ciclos de vida e pele permeável, juntamente com a especificidade a determinados 

microambientes e distribuição geográfica restrita de muitas espécies (Lips et al. 2003; 

Hero et al. 2005). Tais características contribuem para que esse seja o grupo de 

vertebrados com maior número de espécies atualmente extintas e classificadas dentro de 

categorias de ameaça por órgãos e entidades voltadas à conservação (Stuart et al. 2004; 

Monastersky 2014; IUCN 2017).  

O Brasil ocupa a primeira posição em número de espécies de anfíbios, com mais 

de mil já descritas (Segalla et al. 2016). Com dimensões geográficas continentais, o 

território brasileiro abrange diversos biomas e formações geológicas, se destacando o 

Cerrado e a Mata Atlântica, considerados áreas terrestres prioritárias para conservação, 

os chamados ñhotspotsò da biodiversidade (sensu Myers et al. 2000), juntamente com a 

extensa e megadiversa floresta Amazônica e a pouco conhecida Caatinga. Alguns 

trabalhos revelam índices alarmantes de devastação em tais domínios, causados pelas 

mais diversas atividades antrópicas como deflorestamento e poluição (Klink & 

Machado 2005; Leal et al. 2005; Tabarelli et al. 2005). De fato, de acordo com a última 

atualização da lista brasileira de espécies ameaçadas, um total de 41 espécies de anfíbios 

se enquadram atualmente em alguma categoria de ameaça, juntamente com 22 espécies 

na categoria ñquase amea­adaò, e outras 167 esp®cies como ñdeficiente de dadosò 

(Ministério do Meio Ambiente 2014). Estudos aplicados à conservação in-situ de 

espécies de anfíbios que empregam marcadores moleculares podem ser encontrados no 

Brasil desde a década de 1990 (e.g., Gascon et al. 1996). Com base nesses dados, 
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estudos moleculares que auxiliem na determinação dos padrões filogenéticos e na 

resolução de incertezas taxonômicas, bem como na avaliação dos processos envolvidos 

na origem e diversificação de linhagens e no mapeamento espacial da diversidade 

genética são cruciais para a conservação efetiva desse grupo. 

Um dos campos mais prolíficos dentro da ecologia molecular é o da 

filogeografia (sensu Avise et al. 1987), área também multidisciplinar que constitui uma 

interface entre o estudo da genética de populações e filogenia, e deste modo entre os 

processos que operam em escalas micro e macroevolutiva (Hickerson et al. 2010). 

Caracteriza-se pela incorporação do componente espacial no entendimento dos 

processos históricos que determinaram os padrões de origem e diversificação de 

linhagens (Avise et al. 2016). Em relação aos estudos filogeográficos, Avise 2009 

salienta a necessidade de abordagens comparativas com espécies co-distribuídas em 

escala regional, no intuito de se obter informações sobre os fatores que determinaram a 

evolução e diversificação da biota em domínios morfoclimáticos ou em formações 

geológicas específicas, contribuindo assim para o entendimento dos padrões evolutivos 

em escalas continental e global. 

Nesse contexto, é atualmente reconhecida a influência das oscilações climáticas 

do Quaternário nos processos de especiação e diversificação de linhagens no continente 

sul-americano (Haffer 1969; Prance 1973; Hooghiemstra & Van der Hammen 1998; 

Haffer 2008), juntamente com os eventos geológicos e climáticos ocorridos durante o 

Terciário (Pennington et al. 2004; Hoorn et al. 2010; Rull 2011). A compreensão dos 

padrões evolutivos da biota sul-americana se torna ainda mais complexa quando se 

avalia os resultados de estudos recentes com espécies da herpetofauna, demonstrando a 

influência de múltiplos processos nos padrões de origem e diversificação de linhagens 
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(Thomé et al. 2010; Amaro et al. 2012; Werneck et al. 2012; Thomé et al. 2014; 

Oliveira et al. 2015; Werneck et al. 2015; Firkowski et al. 2016; Menezes et al. 2016). 

Considerando o exposto acima, o primeiro capítulo da presente tese constitui 

uma revisão sobre o atual estado do conhecimento dos estudos moleculares que 

avaliaram espécies de anfíbios com ocorrência no território brasileiro. São propostas 

diretrizes para estudos futuros, com base nos resultados de amostragem taxonômica, 

status de conservação das espécies e áreas do conhecimento avaliadas nos ramos da 

ecologia molecular e genética. Este capítulo já se encontra no formato de manuscrito 

para a submissão ao periódico South American Journal of Herpetology. 

O capítulo seguinte é relacionado à filogeografia de duas espécies de anfíbios 

anuros endêmicos de áreas elevadas no complexo geomorfológico do Espinhaço, nos 

estados de Minas Gerais e Bahia. Avaliou-se o papel das oscilações climáticas do 

Quaternário nos padrões de diversificação e distribuição geográfica de ambas espécies, 

e os resultados obtidos contribuem para o entendimento da evolução e diversificação da 

biota end°mica das ilhas de altitude (ñsky islandsò, sensu Heald 1951) na região 

Neotropical. Nesse contexto, espécies endêmicas de altitudes elevadas são mais 

vulneráveis aos efeitos das alterações climáticas atuais causadas pelas atividades 

antrópicas (Parmesan 2006), devido à perda significativa de habitat em decorrência do 

aquecimento global (Foster 2001; Moritz et al. 2008; Chen et al. 2011). Deste modo, a 

elaboração de medidas que garantam a conservação a longo prazo de unidades 

evolutivas significantes e de seu potencial adaptativo frente a tais mudanças ambientais 

constitui uma estratégia fundamental para a manutenção dos processos evolutivos 

(Byrne 2008). Este capítulo foi elaborado no formato de manuscrito para a submissão 

ao periódico Journal of Biogeography. 
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ABSTRACT 

We present a revision on studies that assessed amphibian species with occurrence in Brazil 

and employed some type of molecular marker. We evaluated in each selected study: i) the 

conservation status of each species, ii) the research areas in the fields of applied genetics and 

molecular ecology, iii) the types of molecular markers employed, iv) proportion of institutions 

per region in Brazil and from other countries, together with fomentation sources. We propose 

future research guidelines and conservation actions, based in the results from taxonomic 

sampling, area of knowledge, and the conservation status of the assessed species. We 

evaluated all published papers until the end of 2016 and found 775 amphibian species in 188 

published articles. From these, 113 were mainly related to the fields of phylogenetics, 

systematics and taxonomy, 74 to the fields of population genetics, phylogeography and 

landscape genetics, and three were related to other areas such as genomic evolution. The most 

frequently employed molecular markers were mitochondrial and nuclear DNA fragments, 

present in 147 and 121 papers, respectively. A total of 25 amphibian families were included in 
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the evaluated studies, where the most common were Leptodactylidae (n = 50), and Hylidae (n 

= 48). A great gap of knowledge was identified for the orders Gymnophiona and Caudata, 

where only six articles (3.19 % of the total) included species of these orders. A total of 33 

species fit in some threat category according to the latest update of the Brazilian and the 

IUCN red lists of endangered species, and other 28 and 186 species are classified as near 

threatened and data deficient, respectively. Future molecular studies should encompass more 

species that fit in these categories, determining its demographical and population parameters, 

together with the long-term viability of its populations, especially for range restricted species 

in which the quantification of such parameters is crucial to ensure their evolutionary and 

adaptative potential. More taxonomic studies should focus on species with broad geographic 

ranges, in order to elucidate taxonomic uncertainities and determine the existence of cryptic 

species. Such approaches should also encompass additional species in the orders 

Gymnophiona and Caudata. 
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INTRODUCTION  

The ñcrisis disciplineò of conservation biology (sensu Soulé 1985) has improved 

considerably with the use of molecular information, since the development of techniques and 

tools for sequencing distinct regions of the genome, together with statistical advances for their 

interpretation and data analysis (Ross et al. 2008; Hadfield and Nakagawa 2010). Several 

fields of applied research such as systematics, taxonomy, phylogenetics, biogeography, 

population and landscape genetics, and phylogeography have benefited from such advances, 

allowing for a clearer understanding of both macro and micro evolutionary processes, 

therefore improving the understanding about the actual patterns of species richness and 

endemism. These advances apply to molecular studies with amphibians, enhancing the 

applicability of  such fields to the in situ conservation of species and allowing, among other 

things: the elucidation of biogeographical patterns in phylogenetic and phylogeographical 

studies (Santos et al. 2009; Maciel et al. 2010), the evaluation of the influence of historical 

processes and landscape features in species differentiation, and in the speciation patterns 

through time and space (Funk et al. 2005; Carstens and Knowles 2007; Carnaval et al. 2009; 

Carnaval et al. 2014; Thomé et al. 2016), the elucidation of taxonomic uncertainties, 

identification of cryptic genetic diversity, cryptic species and species delimitation (Fusinatto 

et al. 2013; Gehara et al. 2013; Fouquet et al. 2014). All these advances allow a clearer 

comprehension about the origin and distribution of biological diversity. 

Despite its potencial for the conservation of biodiversity in several levels of biological 

organization (from individuals and populations to ecosystems and biomes), molecular studies 

are still in their infancy, contributing to understand the prime processes behing the evolution 

and diversification of the biota. Especially in less developed countries with continental 

proportions and megadiverse fauna such as Brazil, much more remains to be done in order to 

understand the patterns of origin and distribution of the biological diversity. Considering the 
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actual rate of habitat loss caused by human activities in terrestrial biomes worldwide, 

conservation actions become urgent for all vertebrate taxa (Olson et al. 2001; Olson et al. 

2002), and these can greatly benefit from the information generated in molecular studies 

(Morin et al. 2004; Narum et al. 2013). 

Amphibians are especially vulnerable to alterations in habitat features and climate 

parameters, due to their bi-phasic life cycles, permeable skin, to site specificity for 

reproduction, and restricted geographic ranges in many species (Lips et al. 2003; Hero et al. 

2005). Such traits are responsible for placing amphibians as the most threatened vertebrate 

group (Bishop et al. 2012), and their current extinction rates may be of orders of magnitude 

higher than background extinction rates from the fossil record (McCallum 2007). In fact, 

more than 160 amphibian species have gone extinct by the end of the 20th century (Stuart et 

al. 2004). Also, more than 2000 of all described amphibian species are currently under some 

level of threat (Monastersky 2014). The latest update of the IUCN red list revealed a total of 

2100 species that fit in some threat category, together with other 400 near threatened and 

about 1500 data deficient species (International Union for the Conservation of Nature 2017). 

Such numbers reinforce the need of additional molecular studies in order to elucidate their 

evolutionary, biogeographic and diversification patterns, generating relevant information that 

will contribute to the planning of efficient measures for their conservation.  

Brazil is the richest country in number of amphibians, with more than one thousand 

described species (Segalla et al. 2016), and the country with the largest territorial area in 

South America, the world most species rich and biodiverse continent (Turchetto-Zolet et al. 

2013). Brazil encompasses two terrestrial biodiversity hotspots for conservation priorities 

(sensu Myers et al. 2000): the Atlantic Forest and the Cerrado which, together with other 

species rich and extensive domains such as the Amazonian tropical forest and the semi-arid 

Caatinga, are suffering from severe human impact due to many types of economical activities, 
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such as deforestation for livestock raising, agriculture and for development of urban zones 

(Klink and Machado 2005; Leal et al. 2005; Tabarelli et al. 2005). The latest update in the 

Brazilian list of threatened species revealed a total of 41 amphibians that fit in some threat 

category, 22 species categorized as near threatened and 167 species as data deficient 

(Ministério do Meio Ambiente 2014). Considering its enormous species richness and the 

antropogenic pressure over its reminiscent ecosystems, molecular studies with amphibian 

species in Brazil are of paramount importance in order to support conservation actions. 

To the present day, some reviews related to molecular studies with vertebrate taxa 

were undertaken in distinct fields such as conservation genetics (Frankham 2003; Frankham 

2010; Shaffer et al. 2015), and phylogeography (Beherengaray 2008; Hickerson et al. 2009; 

Turchetto-Zolet et al. 2013; Avise et al. 2016). However, a specific evaluation of publications 

on molecular studies with direct applications for the conservation of amphibians in Brazil is 

lacking. Considering its huge levels of biodiversity and endemism, as well as the accelerated 

anthropogenic alterations in its natural ecosystems, such evaluation becomes crucial, in order 

to gather all the present molecular information already generated for this taxon in one of the 

most biodiverse countries. Therefore, the present study aimed to summarize the state of the art 

of molecular studies with amphibian species in Brazil. We compiled all published studies 

which employed some type of molecular marker and included some amphibian species with 

distribution in Brazil, approaching research fields in genetics and molecular ecology, and 

containing relevant information for the in-situ conservation of the amphibian fauna. 

Furthermore, we aimed to identify information gaps and suggest future research guidelines 

and approaches with molecular tools as effective conservation measures for Brazilian 

amphibian species.  
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MATERIAL S AND METHODS 

We based in the following criteria for selecting published studies: a) At least one type 

of molecular marker from the mitochondrial or nuclear genome must have been employed. 

Previous studies with alloenzimes were also included, and b) At least one amphibian species 

with occurrence in the Brazilian territory must have been evaluated or included in a given 

study, according to the latest update of the species list of the Sociedade Brasileira de 

Herpetologia (Segalla et al. 2016). Only species with confirmed taxonomic identification 

were included. We also included papers that evaluated amphibian species which are native to 

South America and occurs in Brazil but have been introduced in other regions or continents 

(e.g., Rhinella marina, Linnaeus, 1758). Only species that had some region of its DNA 

sequenced in each selected article were considered, including outgroups in phylogenetic trees.  

We accessed all published works availble until December 2016 in the following 

databases: web of knowledge (available at: webofknowledge.com) and google scholar 

(available at: scholar.google.com). Unpublished dissertations or thesis were not included. A 

broad array of key-word combinations was employed during each search (Table 1). We also 

searched individually for each amphibian genus with occurrence in the Brazilian territory, 

according to Segalla et al. (2016). In this case, we inserted the name of each genus in both 

databases. 

We determined the number of published articles per year until the end of 2016 and the 

amphibian species present in each study, also evaluating the proportion of studied species in 

each family in relation to the total number of species per family in Brazil, according to 

Segalla et al. (2016). We also addressed the conservation status of each species according to 

the latest update of the Brazilian list of threatened species (available at www.mma.gov.br), as 

well as in the IUCN red list (available at www.iucnredlist.org). In all studies, we checked for 

http://www.iucnredlist.org/
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taxonomic changes in species nomenclature between the original publication and the current 

taxonomy according to Segalla et al. (2016). 

Following this, we classified each selected study according to its research fields, given 

the broad scope of the present revision. We classified selected studies in two distinct 

categories: 1) those related to the fields of systematics, taxonomy and phylogenetics 

(hereafter Sy-Ta-Ph studies), and 2) those related to population genetics, phylogeography and 

landscape genetics (hereafter Pg-Py-Lg studies). Studies specifically aimed to the 

development of new molecular tools or new molecular markers, such as microssatelites for 

target species or species groups were included in the second category (assuming their major 

applicability in population genetics, phylogeographic and landscape genetics studies). In this 

procedure, we searched for the following words and terms in the articleôs running title, key 

words, and in the studyôs objectives and aims: 1) cryptic species, 2) landscape genetics, 3) 

population genetics, 4) population structure, 5) phylogenetics, 6) phylogeny, 7) 

phylogeography, 8) phylogeographic, 9) phylogeogaphical, 10) systematics, 11) species 

delimitation, 12) species complex, 13) taxonomy, and 14) taxonomic. Therefore, we grouped 

studies based on their scope, as well as according to its affinities in methodological 

approaches. In this context, phylogenetic studies were considered as those evaluating 

evolutionary patterns and delimiting monofiletic units among higher taxonomic groups (e.g., 

species, genus and families) through the use of phylogenetic trees, mainly in a temporal 

perspective (from where biogeographical patterns can be inferred from tree topologies). 

Phylogeographic and landscape genetics studies evaluate such patterns in an intraspecific 

approach or among non-related and co-distributed species, focusing both in the temporal and 

spatial components (e.g., the influence of historical processes) which influence in lineage 

diversification, generally employing population genetic approaches and methods not used in 

phylogenetic studies. In the few cases when the words in the title, key words or in the 
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objectives in a given study generated overlap between these two proposed categories (e.g., 

phylogenetics together with population genetics, or systematics together with 

phylogeography), we classified it in both categories. Althouth we recognize there is overlap 

between these two proposed categories, we opted for this more conservative approach (to 

restrict the classification according to the title, key words and objectives) in order to minimize 

subjective and biased choices in the classification procedure. Accordingly, although a given 

phylogeographic study may have taxonomic implications in its results, its title, objectives and 

methods were mainly related to the fields of population genetics and phylogeography, being 

therefore classified in this latter category. 

We then reevaluated the proportion of species in each family in relation to the total 

number of species per family in Brazil according to Segalla et al. (2016), and their respective 

conservation status within these two proposed categories. We also grouped all selected studies 

(except those employing aloenzimes) in two categories: 1) those that used the Sanger 

sequencing (Sanger and Coulson 1975; Sanger et al. 1977a, b), and 2) those using next-

generation sequencing platforms, such as Illumina MiSeq. In this procedure, we counted the 

number of studies which employed mitochondrial and nuclear markers, also classifying 

nuclear markers in the following categories: STR (Short Tandem Repeats or microssatelites), 

ISSR (Inter Simple Sequence Repeats), RAPD (Rapid Amplified Polymorphic DNA), RFLP 

(Restriction Fragment Length Polymorphism), and ñother introns and exonsò (non-coding and 

coding nuclear regions such as beta-fibrinogen and tyrosinase genes). 

Considering that some selected studies included amphibian species with occurrence in 

Brazil but were carried out exclusively by foreign institutions and research centers, we also 

determined the proportion of studies carried out by Brazilian and foreign institutions, as well 

as the origin of fomentation resources (national and foreign) involved in each of them. For 

this, we searched for the authorôs affiliation in each article, together with the fomentation 
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agencies cited in the acknowledgements section. We then selected the studies that included at 

least one national institution (e.g., Brazilian universities and research centers) and classified 

each of them according to the region in Brazil where it is established: south, southeast, north, 

northeast and central-west, also determining the proportion of national and international 

finantial resources allocated in each of them. 

 

RESULTS 

We found 188 publications which employed some type of molecular marker in studies 

on amphibian species with occurrence in Brazil (Appendix S1), with a greater increase in the 

number of published papers from 2006 to 2016 (Fig. 1). A total of 775 amphibian species 

were registered in 25 families (Table S1), corresponding to 71.75 % of all Brazilian species (n 

= 1080) and all amphibian families with occurrence in Brazil (n = 25).  

The most addressed amphibian families were Leptodactylidae (n = 50 studies or 

26.59% of the total, Table 2), followed by Hylidae (n = 48 or 25.53%), Bufonidae (n = 38 or 

20.21%), Aromobatidae (n = 28 or 14.89%), and Craugastoridae (n = 25 or 13.29%). 

Percentage values in Table 2 correspond to relative values in relation to the total number of 

studies (n = 188), where a considerable gap was identified for the orders Gymnophiona and 

Caudata, with species present in only six publications (3.19 % of the total, Table 2). 

 Among the 188 published articles, 113 were classified in the first category (Sy-Ta-Ph 

studies) and 74 in the second category (Pg-Py-Lg studies), where two selected articles fit in 

both categories (Appendix S1).  Other three articles were related to areas such as genomic 

evolution, being not classified in any of these two previous categories (Appendix S1). A total 

of 762 species (98.32% of the total) were included in the first category, and 145 species 

(18.70 % of the total) in the second category (Table S1). In addition, five species were 
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included in other studies (n = 3) which did not fit specifically in these two categories, 

according to the criteria adopted for the classification of studies (Table S1, see methods).  

The families Hylidae (n = 282) and Leptodactylidae (n = 130) were those with the 

highest numbers of species in all evaluated studies and are also those with the highest number 

of species in Brazil (Fig. 2a). Other families with higher numbers of species also presented 

higher values of relative proportion (number of evaluated species in relation to the total 

number of species in Brazil) when all studies were considered, such as Brachycephalidae, 

Craugastoridae, Dendrobatidae, Phyllomedusidae and Microhylidae, all of them with values 

above 80% (Fig. 2a). However, some families with fewer species such as Alsodidae, 

Centrolenidae, Ceratophryidae and Ranidae also presented higher values of relative 

proportion (Fig. 2a). The least represented families (those with the lowest values of relative 

proportion) included most families in the orders Gymnophiona and Caudata (Typhlonectidae, 

Caeciliidae and Siphonopidae, Fig. 2a). However, some families with higher numbers of 

species in Brazil such as Cycloramphidae, Hylodidade and Odontophrynidae were also 

subsampled, with relative values of less than 50% (Fig, 2a). When the species present only in 

the first category (Sy-Ta-Ph studies) were evaluated, its numbers and values of relative 

proportion were close to the total (Fig. 2b). However, when the proportion of species included 

in the second category (Pg-Py-Lg studies) was evaluated, these numbers decreased 

dramatically (Fig. 2c). In fact, some families were not contemplated in this category, with 

relative proportions of zero (Alsodidae, Eleutherodactylidae, Ranidae, Rhinatrematidae, 

Siphonopidae and Typhlonectidae). Other families were also poorly sampled, with values less 

than 10% (Brachycephalidae, Craugastoridae, Cycloramphidae, Hemiphractidae, Hylodidae 

and Odontophrynidae). The families Allophrynidae and Pipidae were those with the highest 

values of relative proportion (50%) in this second category (Fig. 2c). 
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A total of 33 species fit in some threat category according to the latest update of the 

IUCN and the Brazilian red lists of endangered species, and other 28 and 186 species are 

classified as near threatened and data deficient, respectively (Table 3, Fig. 3a and 3d). When 

only Sy-Ph-Ta were evaluated, the number of threatened, near threatened and data deficient 

species was very close to numbers when all studies are considered (Fig. 3b and 3e). In the 

opposite, studies in the second category (Pg-Py-Lg) evaluated only a small fraction of all 

threatened, near threatened and data deficient species (Fig. 3c and 3f), due to their species-

specific approaches. In fact, when the IUCN list is considered in this second category (Fig. 

3c), only 50% of critically endangered species (n = 4), 11.11% of vulnerable species (n = 1), 

5.26% of near threatened species (n = 1), and 8.53% of data deficient species (n = 14) were 

evaluated. The same occurs when the Brazilian red list is considered in this second category 

(fig. 3f): Only 25% of all critically endangered species were evaluated (n = 2), 16.67% of 

endangered species (n = 1), 12.5% of vulnerable species (n = 1), 8.33% of near threatened 

species (n = 1), and only 3.65% of data deficient species (n = 3).  

The most common molecular marker employed was mitochondrial DNA, which was 

used in 147 publications, followed by nuclear markers in the ñother introns and exonsò 

category, which includes specific intron and exon regions of the genome, but excludes other 

categories such as RFLPs, RFLPs and ISSRs, occurring in 71 studies (Fig. 4). Other types of 

molecular markers followed in the number of publications, such as STRs (n = 33), and 

RAPDs (n = 5). New sequencing techniques such as next-generation sequencing (in platforms 

such as Illumina) were present in only ten studies, starting in 2014 (Fig. 4). 

Some studies were related to the development of new markers, such as species-

specific microsatellite primers (Appendix S1), where 41 amphibian species had microsatellite 

loci developed specifically for them or have been adressed in cross-amplification tests (Table 

S2). Among these, three species are listed under some threat category according to the latest 
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update of the Brazilian red list: Proceratophrys moratoi, Ololygon alcatraz and Ololygon 

faivovichi (Table 3 and Table S2).  

From the 188 evaluated studies, 69 of them presented the authorôs affiliation 

exclusively in foreign institutions, and 119 included some Brazilian university or research 

center. In these latter, a greater proportion of evaluated institutions are located in southeastern 

Brazil, with foreign institutions also occurring in a significant number of studies (n = 78, Fig. 

5a). In fact, a much lower number of studies included institutions from other regions of 

Brazil, where those from southern, northern, northeastern and central-western Brazil are 

present in only 15, 28, 18 and 13 studies, respectively (Fig. 5a). In addition, from these 119 

studies that included some Brazilian institution, 109 of them cited some Brazilian fomentation 

agency and 66 cited some foreign source of fomentation (Fig. 5b). 

 

DISCUSSION 

MOLECULAR STUDIES IN BRAZIL : PAST, PRESENT AND FUTURE 

Efficient molecular tools for genome sequencing became available since the advent of 

the Sanger method (Sanger and Coulson 1975; Sanger et al. 1977a, b), with an increase of its 

use in the past three decades, when the development of new types of molecular markers also 

occurred. However, the finantial costs for the development and sequencing of some markers 

were initially high, what restricted their access by most research and educational centers, 

especially in countries with few sponsorships like Brazil. This picture has progressively 

changed since the beginning of the 21st century with the emergence of other genome 

sequencing techniques, which allowed the access to cheaper and more efficient methods, such 

as next-generation sequencing platforms (Schendure and Ji 2008). Also, in the particular case 

of Brazil, an increase in research funding by the Brazilian government occurred between 2007 

and 2013 (Fernandes et al. 2017). These factors possibly explain the scarcity of molecular 
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studies in Brazil before the 21th century, when a greater increase in the number of published 

papers is observed, specially since 2006 (Fig. 1). 

As molecular tools will become even cheaper in the near future and able to sequence 

whole genomes at once, with next-generation sequencing platforms as the greatest promise in 

the field (Schendure and Ji 2008; McCormack et al. 2013), an exponential increase in the 

amount of data that will be simultaneously analyzed in molecular studies is expected (Garrick 

et al. 2015). In such context, the continuous mapping of the metazoan genome with the 

discovery of new regions are a promising source for phylogenetic and taxonomic studies 

through the use of these next-gen platforms, such as conserved areas across vertebrate 

genomes flanked by less conserved regions (Peloso et al. 2015). 

 

THE STATUS OF MOLECULAR  STUDIES WITH AMPHIB IANS IN BRAZIL PER TAXA , AREA OF 

KNOWLEDGE  AND MAIN  BIOMES  

In relation to the taxa included in the evaluated studies, a considerable gap of 

knowledge is observed for all amphibian families, where few of them reached between 20% 

to 25% of relative frequency in all evaluated studies (Leptodactylidae, Hylidae and 

Bufonidae, Table 2). These families are also among the richest in number of species in Brazil, 

a factor that may explain their higher relative frequencies. It is important to reinforce the poor 

sampling of some anuran families that are well represented in number of species in Brazil, 

such as Cycloramphidae, Hylodidade and Odontophrynidae, but otherwise presented low 

values of relative proportion (Fig. 2a and 2c). Many data deficient and threatened species can 

be found in these families, what reinforces the need of additional species-oriented studies in 

these taxa. Among the poorly sampled taxa, families of Gymnophiona (Siphonophidae, 

Rhinatrematidae and Caecilidae) and Caudata (Plethodontidae) are included only in broad 

systematic and phylogenetic studies, a pattern also observed for some anuran families, such as 
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Alsodidae, Eleutherodactylidae and Ranidae (Table 2, Fig. 2, Appendix S1). The restricted 

distributional range (with few known populations), naturally small population sizes, secretive 

behavior and biology, as well as the seasonal breeding patterns of several amphibian species 

in Brazil may be factors that difficult the in-situ collecting of samples, impeding thus the 

execution of more species-oriented studies that demands a greater number of samples per 

population. In such context, the increase in sampling effort and the in-situ collection of 

specimens are possible measures to ensure a greater taxonomic coverage for amphibian 

species in Brazil, which rely upon funding from governmental and non-governmental 

agencies. 

The high proportion of species in the first category (Sy-Ph-Ta studies, Fig. 2b) is 

related to the inclusion of most amphibian species (98.32% of all evaluated species) as branch 

terminals in phylogenetic trees in taxonomic and phylogenetic studies, such as in Faivovich et 

al. (2005); Frost et al. (2006); Grant et al. (2006); Faivovich et al. (2010); Pyron and Wiens 

(2011), and Duellman et al. (2016) (Appendix S1). However, few species were evaluated 

individually in such studies, where mitochondrial DNA barcoding is among the most used 

tools to elucidate taxonomic uncertainities, as in Hawkings et al. 2007; Jennings et al. 2015, 

and Estupiñán et al. 2016 (Appendix S1). Such results indicate the paucity of species-oriented 

studies designed to elucidate taxonomic uncertainities and to uncover genetic cryptic 

diversity, or to identify cryptic species. In this context, only 25 studies in the first category 

employed some species delimitation approach or included DNA barcoding in its methods. 

Therefore, at first glance, the high proportion of species in the first category (about 98% of 

the total) may falsely indicate that Brazilian amphibians are well contemplated in Sy-Ph-Ta 

studies.  

An even larger gap in taxonomic sampling is identified in population genetics and 

phylogeographical studies (Fig. 2c), which evaluated the patterns of population structure and 
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diversification within species or clades, also assessing its relationships with historical 

processes. In these studies, few species complexes and clades with occurrence in Brazil were 

investigated: Those which the phylogenetic relationships have been previously established, 

such as in the Rhinella cruficer (Thomé et al. 2010; Thomé et al. 2012, and Thomé et al. 

2014a, Appendix S1) and the Phyllomedusa burmeisteri species group (Brunes et al. 2014; 

Brunes et al. 2015, Appendix S1) in the Atlantic Forest domain. In addition, some species in 

the genus Leptodactylus (Arruda and Morielle-Versute 2008; Camargo et al. 2009, Appendix 

S1), and Pleurodema (Thomé et al. 2016a, Appendix S1), as well as some Terrarana (Elmer 

2007; Fouquet et al. 2015; Moraes et al. 2016, Appendix S1), were specifically evaluated. 

Additional studies evaluated codistributed species in the Amazonian (Fouquet et al. 2012d, 

Appendix S1), and in the Atlantic Forest (Firkowski et al. 2016, Appendix S1) domains, as 

well as some species with broad geographical ranges, such as Physalaemus cuvieri (Telles et 

al. 2006; Telles et al. 2007; Conte et al. 2011; Conte et al. 2014, Appendix S1), and Boana 

albopunctata (Prado et al. 2012, Appendix S1). 

Some studies evaluated the spatial and temporal patterns of diversification, population 

structure and genetic diversity for amphibian species in the Atlantic Forest, checking the 

possible role of Quaternary climatic oscilations, which suposedly generated habitat switches 

in diferent magnitudes between its northern and southern portions (Carnaval and Bates 2007; 

Carnaval et al. 2009; Fitzpatrick et al. 2009; Amaro et al. 2012; Bell et al. 2012; Tonini et al. 

2013; Thome et al. 2014a; Firkowski et al. 2016; Menezes et al. 2016, Appendix S1). Some 

of them also verified the adequability of the proposed areas of climatic stability modeled by 

Carnaval and Moritz (2008) over such parameters and processes (Carnaval et al. 2009; Amaro 

et al. 2012; Tonini et al. 2013; Thome et al. 2014a; Menezes et al. 2016). Altough the 

Atlantic Forest is one of the most species rich (Tabarelli et al. 2005) and best studied domains 

in Brazil, with the highest endemism rates for some vertebrate groups (Costa et al. 2000; Da 
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Silva et al. 2004; Tabarelli et al. 2005), other less sampled domains also present relevant 

patterns of species richness and endemism, such as those belonging to the open diagonal 

vegetation formations of central South America (Rizinni 1979). Specific molecular studies on 

target species or species groups with amphibians endemic to these domains can be considered 

incipient, where few genus have been investigated, such as Bokermannohyla in the Cerrado 

(Eterovick et al., 2009; Eterovick et al., 2012; Nali et al., 2014, Appendix S1), and 

Pleurodema in the Caatinga (Thomé et al. 2016a, Appendix S1). 

The amazonian tropical forest is the biggest domain in South America in surface area, 

presenting an astonishing climatic and topographic heterogeneity, which generated high levels 

of species richness for several vertebrate groups, as well as old diverged lineages along its 

biogeographical regions (Elmer et al. 2007; Santos et al. 2009; Antonelli et al. 2010; Wiens et 

al. 2011). Considering its enourmous size and patterns of species richness, this domain is also 

underepesented in number of molecular studies with Brazilian amphibian species, where only 

21 articles evaluated the influence of historical processes in the evolution and diversification 

of species and lineages (Appendix S1). Among them, the role of climatic oscillations and 

Quaternay refugia (Noonan and Gaucher 2005; Fouquet et al. 2012d, Appendix S1), as well 

as riverine barriers and avulsion (Gascon et al. 1998;  Funk et al. 2007; Lougheed et al. 2009; 

Fouquet et al. 2012c, d; Kaefer et al. 2013; Moraes et al. 2016, Appendix S1) have been 

investigated, whereas other studies focused in quantifying patterns of genetic structure and 

variability for target species (Bessa-Silva et al. 2016, Appendix S1), as well as hybridization 

between close related species (Simões et al. 2012, Appendix S1). 

A considerable gap is also observed in the field of landscape genetics, where few 

studies evaluated patterns of genetic structuring and diversity in the spatial context of gene 

flow and connectivity among populations (Telles et al. 2007; Dixo et al. 2009; Arruda et al. 

2011, Appendix S1). Landscape genetics approaches provide a powerful framework for 
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directly analyzing relationships between population processes and landscape structure 

(Segelbacher et al. 2010). In such context, conservation planning at the regional and 

landscape levels requires information on past and current connectivity between adjacent 

populations (Shaffer et al. 2015), together with the influence of natural landscape barriers 

(such as rivers and mountain chains) in the actual rates of gene flow and dispersion between 

populations. Most Brazilian domains are suffering from accelerated rates of habitat 

fragmentation with concomitant negative effects such as isolation of populations and habitat 

loss (Fahrig 2003; Ribeiro et al. 2009). Considering this, more studies that evaluate spatial 

patterns of gene flow and population structure in relation to habitat connectivity are needed in 

landscapes with distinct levels of fragmentation, in order to effectively conserve amphibian 

species, especially those with restricted habitat requirements (Shaffer et al. 2015).  

In the context of the ñLinnean and Wallacean shortfallsò (Lomolino 2004; Whittaker 

et al. 2005), although many amphibian species in Brazil with broad geographic ranges may 

constitute species complexes, most amphibian genera and species have their genetic diversity 

and diversification history undetermined to this day. Some published studies addressed the 

questions about species delimitation and diversification history (Brunes et al. 2010; Funk et 

al. 2011; Fouquet et al. 2012b; Prado et al. 2012; Fusinatto et al. 2013; Gehara et al. 2013; 

Brunes et al. 2014; Fouquet et al. 2014; Gehara et al. 2014; Brunes et al. 2015; Dos Santos et 

al. 2015; Ferrão et al. 2016; Firkowski et al. 2016; Rojas et al. 2016, Appendix S1). In these 

studies, a considerable amount of cryptic genetic diversity has been found in species of the 

genus Adelophryne (Fouquet et al. 2012b), Adenomera (Fouquet et al. 2014), Boana and 

Engystomops in Amazonia (Funk et al. 2011), Euparkerella (Fusinatto et al. 2013), and 

Ischnocnema (Gehara et al. 2013) in the Atlantic Forest, as well as in species groups and 

complexes such as Amazophrynella minuta (Rojas et al. 2016), Phyllomedusa burmeisteri 

(Brunes et al. 2010; Brunes et al. 2014; Brunes et al. 2015) and Rhinella margaritifera (Dos 
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Santos et al. 2015). These results corroborate the existence of intricate and complex 

diversification patterns in many amphibian taxa in Brazil and South America, influenced by 

diverse historical processes, such as climate oscillations and geological activity (Turchetto-

Zolet et al. 2013). However, most species-rich genera and nominal species with broad 

distribution in Brazil have not been systematically evaluated to the present day, such as most 

species from the families Hylidae (such as in the genus Dendropsophus and Boana), 

Leptodactylidae (most Leptodactylus and Physalaemus species), and Bufonidae (most 

Rhinella species), just to cite the most diverse amphibian families in Brazil, which possibly 

correspond to species complexes and may uncover the existence of cryptic species.  

 

MOLECULAR STUDIES AND THE CONSERVATIO N STATUS OF AMPHIBIA N SPECIES IN BRAZIL  

As cited in the results, the number of threatened and data deficient species in the first 

category (Sy-Ph-Ta studies, Fig. 3b and 3e) did not change considerably in relation to the 

number of species in such categories in all evaluated studies (Fig. 3a and 3d) due to the 

inclusion of most species as branch terminals in phylogenetic trees. However, few species or 

species complexes were individually evaluated in such studies (see above), what may 

generate a false scenario of high taxonomic coverage in this category. In the above context, 

the results from the second category (Pg-Py-Lg studies) evidence a considerable gap in 

sampling, where additional studies aiming to quantify genetic parameters with conservation 

applications, such as spatial patterns of genetic structure and diversity, rates of gene flow and 

diversification history should focus in other threatened and data deficient amphibians with 

occurrence in Brazil, specially range restricted species and species from the families with low 

values of relative proportions of occurrence such as Cycloramphidae, Hylodidade and 

Odontophrynidae (Fig. 2a and 2c). The quantification of such parameters for these species is 

crucial to ensure their evolutionary and adaptative potential, and to the identification and 
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mapping of Management Units (MUs) and Evolutionary Significant Units (ESUs, Shaffer et 

al. 2015). In addition, more intraspecific systematic and taxonomic studies should focus on 

broad distributed species in order to elucidate taxonomic issues and determine the existence 

of cryptic species. 

 

MOLECULAR MARKERS , SEQUENCING PLATFORMS  AND FOMENTATION IN MOLECULAR 

STUDIES WITH AMPHIBIANS  IN BRAZIL  

The mitochondrial DNA as the most commonly employed marker in molecular studies 

was an expected pattern, and its wide use is related to its lower finantial costs for sequencing 

and to some previously alleged properties, such as high variability, high effective population 

size, neutrality, clock-like rate of evolution, and clonal mode of heritage through generations 

(Freeland et al. 2012), what facilitates the inference of genealogies and the diversication 

history of populations and lineages. However, some of these properties have been questioned, 

such as its clonal heritage (Galtier et al. 2009), neutrality (Ballard and Whitlock 2004; Bazin 

et al. 2006), and clock-like rate (Galtier et al. 2009), while the occurrence of introgression is 

also proposed (Ballard and Whitlock 2004), suggesting that mtDNA should be used together 

with nuclear markers in order to reconstitute the evolutionary history of taxa (Moritz 1994; 

Ballard and Whitlock 2004).  

Only 41 amphibian species with occurrence in Brazil have microsatellite primers 

specifically developed for them or have been evaluated in cross-amplification tests (Table 

S2), what may be related to the high finantial costs for the development and sequencing of 

these markers. From a total of 33 articles related to this type of molecular marker (Fig. 4),  

only 17 evaluated or quantified population and demographic parameters with relevance to the 

in-situ conservation of species, evaluating rates of gene flow (Arruda et al. 2011, Appendix 

S1), levels of cryptic genetic diversity (Elmer et al. 2007, Appendix S1), the occurrence of 
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hybridization (Simões et al. 2012, Appendix S1), patterns of sexual selection and 

reproduction (Ringler et al. 2012, Appendix S1), as well as the influence of historical 

processes in determining population structure (Bell et al. 2012; Fouquet et al. 2012c; Duryea 

et al. 2015; Bessa-Silva et al. 2016; Thomé et al. 2016a, Appendix S1). Also, only a handful 

of species which are under some threat category or data deficient according to the latest 

update of the Brazilian red list were included in these studies, such as: Ololygon alcatraz, O. 

ardous, O. faivovichi, O. peixotoi (Bell et al. 2012, Appendix S1), and Proceratophrys 

moratoi (Arruda et al. 2012, Appendix S1).  

Other molecular markers such as allozymes, RAPDs, RFLPs and ISSRs were present 

in few studies (n = 9, Fig. 4). Many factors explain this pattern, all them related to the low 

credibility of such markers for an accurate interpretation of molecular data. Among the most 

common bias related to these markers is the possible underestimation of genetic variability 

and lack of neutrality in the use of allozymes, as well as the methodological problems related 

to the use of RAPDs, such as the influence of primer annealing temperatures, which may also 

influence in data interpretation (Freeland et al. 2012). 

Next-generation sequencing platforms constitute the new tendency for molecular 

studies in the fields of applied genetics and molecular ecology (Schendure and Ji 2008; 

McCormack et al. 2013), but its use in Brazil with amphibian species can be considered 

incipient, with only ten published papers from 2014 to 2016 (Fig. 4).  Although its higher 

efficiency for simultaneously analyzing a greater amount of data with proportionately lower 

finantial costs (Narum et al. 2013), its wider implementation in Brazil is going to face serious 

challenges in the near future, in light of the actual crisis in academic research in which the 

country is currently submerged, with drastic reductions in research funding since 2014 

(Fernandes et al. 2017).  



22 
 

In the context of research affiliation and fomentation, the prevalence of universities 

and institutions from southeastern Brazil (Fig. 5a) was an expected pattern, considering the 

higher economical development and resource allocation to this region in relation to the others. 

In fact, the results in the present study reveals a serious gap in the number of published papers 

with institutions from other regions of Brazil, with a concomitant participation of researchers 

and institutions from other countries (Fig. 5a), that in many cases also contributes with 

research funding (Fig. 5b). Considering this, its is imperative the higher allocation of research 

funding from the Brazilian government to the other four regions of Brazil in the near future 

(Fig. 5a), in order to diminish their dependency over the funding from foreign institutions 

(Fig. 5b) and the observed discrepancy in relation to southeastern Brazil. 

 

CONCLUSIONS AND COMMENTS ON FUTURE DIRECTIONS  

Despite being the world most biodiverse country and one of the most threatened by 

human activities, molecular studies with amphibians in Brazil still have a long way ahead, and 

much remains to be done in order to ensure the long-term conservation of this taxa, together 

with the reminiscent ecosystems in which they inhabit. In such context, additional studies in 

the fields of population genetics, phylogeography and landscape genetics are necessary, to 

determine the patterns of population structure and diversity, gene flow, and the role of 

historical factors in shaping the evolution and diversification of lineages. Such results will 

help to map the spatial patterns of genetic diversity, identifying and protecting relevant 

management units (MUs), and evolutionary significant units (ESUs) in endangered and 

species rich domains such as the Atlantic Forest and Amazonia. These studies should also 

focus on poorly sampled domains such as those belonging to the seasonally dry tropical 

forests, such as the Cerrado and the Caatinga. Additional studies are also needed in order to 

clarify taxonomic uncertainities, especially for broad distributed species which may constitute 
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species complexes and in which significant amount of cryptic genetic diversity and cryptic 

species may be found. All these approaches should be focused in threatened and data deficient 

species which have not been evaluated to the present day. Molecular studies with amphibians 

in Brazil should also focus in poorly sampled taxa, such as most anuran families, and the 

orders Gymnophiona and Caudata. With the advent of next generation sequencing platforms 

for sequencing entire genomes simultaneously, molecular studies which will contribute to the 

in-situ conservation of the biota have a promising future, where a vast amount of information 

can be simultaneously evaluated, disentangling complex and unknown patterns about the 

origin and diversification of lineages at distinct taxonomic levels. In this context, researchers 

and conservation managers must fight against the odds to implement such measures in the 

near future, in face of the political and economical crisis through which Brazil is currently 

facing, which greatly restricts the funding of academic research and the in-situ conservation 

of wildlife. 
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TABLES 

 

Table 1. List of words employed during the 

bibliographical searches in the present study. 

The first and third words were always 

ñamphibianò and ñbrazilò, respectively. 
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Table 2. Number of studies per amphibian family with occurrence in Brazil, 

together with its percentage in relation to the total number of studies (n = 

188).  

Taxon Number of studies Percentage 

Order Anura   

Allophrynidae 8 4.25 

Alsodidade 4 2.12 

Aromobatidae 28 14.89 

Brachycephalidae 15 7.97 

Bufonidae 38 20.21 

Centrolenidae 8 4.25 

Ceratophryidae 13 6.91 

Craugastoridae 25 13.29 

Cycloramphidae 9 4.78 

Dendrobatidae 19 10.1 

Eleutherodactylidae 7 3.72 

Hemiphractidae 12 6.38 

Hylidae 48 25.53 

Hylodidae 8 4.25 

Leptodactylidae 50 26.59 

Microhylidae 14 7.44 

Odontophrynidae 14 7.44 

Phyllomedusidae 22 11.7 

Pipidae 5 2.65 

Ranidae 3 1.59 
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Order Caudata   

Plethodontidae 3 1.59 

Order Gymnophiona   

Caecilidae 5 2.65 

Rhinatrematidae 5 2.65 

Siphonopidae 5 2.65 

Typhlonectidae 2 1.06 
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Table 3. List of amphibian species registered in the present study that are classified under some threat category according 

to the latest update of the Brazilian and IUCN red lists of threatened species. Legends for threat categories are the same 

as in Figure 3. 

 

Family Species Brazilian red list IUCN red list 

Aromobatidae Allobates brunneus (Cope, 1887) CR  

Aromobatidae Allobates olfersioides (A. Lutz, 1925) VU VU 

Brachycephalidae Brachycephalus pernix Pombal, Wistuba and Bornschein, 1998 CR  

Brachycephalidae Ischnocnema manezinho (Garcia, 1996) VU  

Bufonidae Atelopus flavescens Duméril and Bibron, 1841  VU 

Bufonidae Atelopus spumarius Cope, 1881  VU 

Bufonidae Dendrophrynicus carvalhoi Izecksohn, 1994 ñ1993ò  EN 

Craugastoridae Holoaden bradei B. Lutz, 1959 ñ1958ò CR CR 

Craugastoridae Holoaen luederwaldti Miranda-Ribeiro, 1920 EN  

Craugastoridae Euparkerella robusta Izecksohn, 1988  VU 

Craugastoridae Euparkerella tridactyla Izecksohn, 1988  VU 
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Cycloramphidae Cycloramphus acangatan Verdade and Rodrigues, 2003  VU 

Eleutherodactylidae Adelophryne maranguapensis Hoogmoed, Borges and Cascon, 1994 VU EN 

Eleutherodactylidae Adelophryne baturitensis Hoogmoed, Borges and Cascon, 1994  VU 

Hylidae Bokermannohyla izecksohni (Jim and Caramaschi, 1979)  CR 

Hylidae Boana curupi Garcia, Faivovichi and Haddad, 2007 VU  

Hylidae Boana cymbalum (Bokerman, 1963) CR CR 

Hylidae Boana semiguttata (A. Lutz, 1925) EN  

Hylidae Ololygon alcatraz (B. Lutz, 1973) CR CR 

Hylidae Ololygon faivovichi (Brasileiro, Oyamaguchi and Haddad, 2007) VU CR 

Hylidae Ololygon peixotoi (Brasileiro, Haddad, Sawaya andMartins, 2007) CR CR 

Hylidae Phyllodytes gyrinaethes Peixoto, Caramaschi and Freire, 2003 CR  

Hylidae Scinax duartei (B. Lutz, 1951) VU  

Hylidae Xenohyla truncata (Izecksohn, 1959) EN  

Leptodactylidae Physalaemus maximus Feio, Pombal and Caramaschi, 1999 VU  

Leptodactylidae Physalaemus soaresi Izecksohn, 1965 CR EN 

Leptodactylidae Physalaemus atlanticus Haddad and Sazima, 2004  VU 



37 
 

Microhylidae Chiasmocleis alagoanus Cruz, Caramaschi and Freire, 1999 EN  

Microhylidae Dasypops schirchii Miranda-Ribeiro, 1924  VU 

Odontophrynidae Proceratophrys moratoi (Jim and Caramaschi, 1980) EN CR 

Phyllomedusidae Agalychnis granulosa Cruz, 1989 ñ1988ò VU  

Phyllomedusidae Pithecopus ayeaye B. Lutz, 1966  CR 

Plethodontidae Bolitoglossa paraensis (Unterstein, 1930) EN  
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FIGURE CAPTIONS 

 

Figure 1. Number of published studies per year which included some type of molecular 

marker and at least one amphibian species with occurrence in Brazil, according to 

Segalla et al. (2016) (n = 188).  

 

Figure 2. Number of species per amphibian family in the evaluated studies (white bars) 

in relation to the total number of species per family in Brazil according to Segalla et al., 

(2016) (black bars). a) 775 species in all evaluated studies (n = 188), b) 762 species in 

systematic, phylogenetic and taxonomic (SY/PH/TA) studies (n = 113), and c) 145 

species in population genetics, phylogeographic, and landscape genetics (PG/PY/LG) 

studies (n = 74). Number in brackets in each family are relative proportions of 

occurrence (in percentage): Number of species recorded in relation to its total number in 

Brazil. Values in the x axis are in logarithm scale. 

 

Figure 3. Number of threatened and data deficient amphibian species included in the 

evaluated studies according to the latest update of the IUCN red list (IUCN, 2017), and 

the Brazilian red list of endangered species (MMA, 2014) in: 1) All evaluated studies (n 

= 188), 2) Systematics (SY), taxonomic (TA), and phylogenetics (PH) studies (n = 113), 

and 3) Population genetics (PG), phylogeographic (PY), and landscape genetic (LG) 

studies (n = 74).  
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Figure 4. Number of studies per category of molecular marker that included some 

amphibian species with occurrence in Brazil according to Segalla et al. (2016). Legends 

for each category of molecular marker: mtDNA (mitochondrial DNA), STR (Short 

Tandem Repeats or microssatelites), ISSR (Inter Simple Sequence Repeats), RAPD 

(Rapid Amplified Polymorphic DNA), RFLP (Restriction Fragment Length 

Polymorphism). In the category ñother introns and exonsò are non-coding and coding 

nuclear regions such as beta-fibrinogen and tyrosinase genes. Proportions of studies per 

sequencing method and plataform (Sanger and Illumina next-generation sequencing) are 

also provided.  

 

Figure 5. a) Proportion of universities and research centers per region of Brazil together 

with the total number of foreign institutions (according to authorôs affiliation) in all 

evaluated studies that included at least one Brazilian institution (n = 119), b) Proportion 

of fomentation in these 119 studies according to its source: National and foreign 

fomentation. 
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Figure 1. 

 

 

 

 

 

 

 

 

 

 

 



41 
 

Figure 2. 
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Appendix S1. List of published articles used in the present study which included some 

amphibian species with occurrence in Brazil according to Segalla et al. (2016) and employed 

some type of molecular marker (n = 188). Numbers after each reference are the proposed 

categories according to the main fields in applied genetics: 1) Systematics, phylogenetics and 

taxonomy; 2) Landscape genetics, population genetics and phylogeography; 3) Other areas. 
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   Supplementary Tables   

 

Table S1. List of amphibian species registered in the present study (n = 775) with occurrence in Brazil according to Segalla et al. (2016) summing 

all evaluated articles which employed some type of molecular marker (n = 188). Current and original taxonomy (as cited in the orginal publication) 

are provided, together with their respective conservation status according to the Brazilian and IUCN red lists of threatened species. Numbers after 

each species are the proposed categories according to the main fields in applied genetics in studies that it was recorded: 1) Systematics, phylogenetics 

and taxonomy; 2) Landscape genetics, population genetics, phylogeography; 3) Other areas. Legends for conservation categories: CR ï Critically 

endangered, EN ï Endangered, VU ï Vulnerable, NT ï Near threatened, DD ï Data deficient, LC ï Least concern. 

 

 

Family Current taxonomy Original taxonomy 
Brazilian 

red list 

IUCN 

red list 

Allophrynidae Allophryne ruthveni Gaige, 19261,2 Allophryne ruthveni   LC 

Alsodidae Limnomedusa macroglossa (Duméril & Bibron, 1841)1 Limnomedusa macroglossa   LC 

Aromobatidae Allobates brunneus (Cope, 1887)1 Allobates brunneus  CR LC 

Aromobatidae Allobates caeruleodactylus (Lima & Caldwell, 2001)1 Allobates caerulodactylus   DD 

Aromobatidae Allobates conspicuus (Morales, 2002 ñ2000ò)1 Colostethus cospicuous  DD 

Aromobatidae Allobates crombiei (Morales, 2002 ñ2000ò)1 Allobates crombiei  DD DD 

Aromobatidae Allobates femoralis (Boulenger, 1884)2,3 Epipedobates femoralis  LC 

Aromobatidae Allobates flaviventris Melo-Sampaio, Souza & Peloso, 20131 Allobates flaviventris    

Aromobatidae Allobates fuscellus (Morales, 2002 ñ2000ò)1 Allobates fuscellus   DD 

Aromobatidae Allobates gasconi (Morales, 2002 ñ2000ò)1 Allobates gasconi   DD 

Aromobatidae Allobates hodli Simões, Lima, and Farias, 20102 Allobates hodli    

Aromobatidae Allobates magnussoni Lima, Simões & Kaefer, 20141 Allobates magnussoni    
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Aromobatidae Allobates marchesianus (Melin, 1941)1 Colostethus marchesianus  LC 

Aromobatidae Allobates masniger (Morales, 2002 ñ2000ò)1,2 Allobates masniger   DD 

Aromobatidae Allobates nidicola (Caldwell & Lima, 2003)1 Colostethus nidicola DD DD 

Aromobatidae Allobates olfersioides (A. Lutz, 1925)1 Phyllobates alagoanus VU VU 

Aromobatidae Allobates paleovarzensis Lima, Caldwell, Biavati & Montanarin, 20102 Allobates paleovarzensis  DD NT 

Aromobatidae Allobates tapajos Lima, Simões & Kaefer, 20151,2 Allobates tapajos    

Aromobatidae Anomaloglossus baeobatrachus (Boistel & de Massari, 1999)1,2,3 Colostethus baeobatrachus  DD 

Aromobatidae Anomaloglossus roraima (La Marca, 1998)1 Colostethus roraima  DD 

Aromobatidae Anomaloglossus stepheni (Martins, 1989)1 Colostethus stepheni  LC 

Brachycephalidae Brachycephalus alipioi Pombal & Gasparini, 20061,2 Brachycephalus alipioi  NT DD 

Brachycephalidae Brachycephalus auroguttatus Ribeiro, Firkowski, Bornschein & Pie, 20151 Brachycephalus auroguttatus   
 

Brachycephalidae Brachycephalus boticario Pie, Bornschein, Firkowski, Belmonte-Lopes & Ribeiro 20151 Brachycephalus boticario   
 

Brachycephalidae Brachycephalus brunneus Ribeiro, Alves, Haddad & dos Reis, 20051,2 Brachycephalus brunneus   DD 

Brachycephalidae Brachycephalus didactylus (Izecksohn, 1971)1,2 Brachycephalus didactylus   LC 

Brachycephalidae Brachycephalus ephippium (Spix, 1824)1 Brachycephalus ephippium   LC 

Brachycephalidae Brachycephalus ferruginus Alves, Ribeiro, Haddad & dos Reis, 20061 Brachycephalus ferruginus   DD 

Brachycephalidae Brachycephalus fuscolineatus Pie, Bornschein, Firkowski, Belmonte-Lopes & Ribeiro, 20151 Brachycephalus fuscolineatus   
 

Brachycephalidae Brachycephalus garbeanus Miranda-Ribeiro, 19201 Brachycephalus garbeana  
 

Brachycephalidae Brachycephalus hermogenesi (Giaretta & Sawaya, 1998)1 Brachycephalus hermogenesi   LC 

Brachycephalidae Brachycephalus izecksohni Ribeiro, Alves, Haddad & dos Reis, 20051 Brachycephalus izecksoni   DD 

Brachycephalidae Brachycephalus leopardus Ribeiro, Firkowski & Pie, 20151 Brachycephalus leopardus   
 

Brachycephalidae Brachycephalus mariaterezai Bornschein, Morato, Firkowski, Ribeiro & Pie, 20151 Brachycephalus mariaterezai   
 

Brachycephalidae Brachycephalus nodoterga Miranda-Ribeiro, 19201 Brachycephalus nodoterga  DD DD 

Brachycephalidae Brachycephalus olivaceus Bornschein, Morato, Firkowski, Ribeiro & Pie, 20151 Brachycephalus olivaceus   
 

Brachycephalidae Brachycephalus pernix Pombal, Wistuba & Bornschein, 19981 Brachycephalus pernix  CR DD 

Brachycephalidae Brachycephalus pitanga Alves, Sawaya, dos Reis & Haddad, 20091 Brachycephalus pitanga   
 

Brachycephalidae Brachycephalus pombali Alves, Ribeiro, Haddad & dos Reis, 20061 Brachycephalus pombali   DD 

Brachycephalidae Brachycephalus quiririensis Pie & Ribeiro, 20151 Brachycephalus quiririensis   
 

Brachycephalidae Brachycephalus sulfuratus Condez, Monteiro, Comitti, Garcia, Amaral & Haddad, 20161 Brachycephalus sulfuratus   
 

Brachycephalidae Brachycephalus toby Haddad, Alves, Clemente-Carvalho & Reis, 20101 Brachycephalus toby   
 

Brachycephalidae Brachycephalus tridactylus Garey, Lima, Hartmann & Haddad, 20121 Brachycephalus tridactylus   
 

Brachycephalidae Brachycephalus verrucosus Ribeiro, Firkowski, Bornschein & Pie, 20151 Brachycephalus verrucosus   
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Brachycephalidae Brachycephalus vertebralis Pombal, 20011 Brachycephalus vertebralis  DD DD 

Brachycephalidae Ischnocnema abdita Canedo & Pimenta, 20101 Ischnocnema abdita    

Brachycephalidae Ischnocnema bolbodactyla (A. Lutz, 1925)1 Ischnocnema bolbodactyla   LC 

Brachycephalidae Ischnocnema concolor Targino, Costa & Carvalho e Silva, 20091 Ischnocnema concolor    

Brachycephalidae Ischnocnema epipeda (Heyer, 1984)1 Ischnocnema epipeda  DD NT 

Brachycephalidae Ischnocnema erythromera (Heyer, 1984)1 Ischnocnema erythromera   DD 

Brachycephalidae Ischnocnema gehrti (Miranda-Ribeiro, 1926)1 Ischnocnema gehrti  DD DD 

Brachycephalidae Ischnocnema gualteri (B. Lutz, 1974)1 Ischnocnema gualteri   LC 

Brachycephalidae Ischnocnema guentheri (Steindachner, 1864)1 Ischnocnema guentheri   LC 

Brachycephalidae Ischnocnema henselii (Peters, 1872)1,2 Ischnocnema henselii   LC 

Brachycephalidae Ischnocnema hoehnei (B. Lutz, 1959 ñ1958ò)1 Ischnocnema hoehnei   LC 

Brachycephalidae Ischnocnema holti (Cochran, 1948)1 Ischnocnema holti   DD 

Brachycephalidae Ischnocnema izecksohni (Caramaschi & Kisteumacher, 1989 ñ1988ò)1 Ischnocnema izecksohni   DD 

Brachycephalidae Ischnocnema juipoca (Sazima & Cardoso, 1978)1 Ischnocnema juipoca   LC 

Brachycephalidae Ischnocnema lactea (Miranda-Ribeiro, 1923)1 Ischnocnema lactea  DD LC 

Brachycephalidae Ischnocnema manezinho (Garcia, 1996)1 Ischnocnema manezinho  VU NT 

Brachycephalidae Ischnocnema melanopygia Targino, Costa & Carvalho e Silva, 20091 Ischnocnema melanopygia   
 

Brachycephalidae Ischnocnema nasuta (A. Lutz, 1925)1 Ischnocnema nasuta   LC 

Brachycephalidae Ischnocnema nigriventris (A. Lutz, 1925)1 Ischnocnema nigriventris   DD 

Brachycephalidae Ischnocnema octavioi (Bokermann, 1965)1 Ischnocnema octavioi   LC 

Brachycephalidae Ischnocnema oea (Heyer, 1984)1 Ischnocnema oea  NT NT 

Brachycephalidae Ischnocnema paranaensis (Langone& Segalla, 1996)1 Ischnocnema paranaensis  DD DD 

Brachycephalidae Ischnocnema parva (Girard, 1853)1,2 Ischnocnema parva   LC 

Brachycephalidae Ischnocnema penaxavantinho Giaretta, Toffoli & Oliveira, 20071 Ischnocnema penaxavantinho  DD DD 

Brachycephalidae Ischnocnema pusilla (Bokermann, 1967)1 Ischnocnema pusilla  DD DD 

Brachycephalidae Ischnocnema randorum (Heyer, 1985)1 Ischnocnema randorum  DD DD 

Brachycephalidae Ischnocnema sambaqui (Castanho & Haddad, 2000)1 Ischnocnema sambaqui   DD 

Brachycephalidae Ischnocnema spanios (Heyer, 1985)1 Ischnocnema spanios   DD 

Brachycephalidae Ischnocnema venancioi (B. Lutz, 1959 ñ1958ò)1 Ischnocnema venancioi   LC 

Brachycephalidae Ischnocnema verrucosa (Reinhardt & Lütken, 1862)1 Ischnocnema verrucosa   DD 

Brachycephalidae Ischnocnema vizottoi Martins & Haddad, 20101 Ischnocnema vizottoi    

Bufonidae Amazophrynella bokermanni (Izecksohn, 1994 ñ1993ò)1 Dendrophryniscus bokermanni  LC 
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Bufonidae Amazophrynella manaos Rojas, Carvalho, Gordo, Ávila, Farias & Hrbek, 20141 Amazophrynella manaos   
 

Bufonidae Amazophrynella minuta (Melin, 1941)1 Dendrophryniscus minutus  LC 

Bufonidae Amazophrynella vote Avila, Carvalho, Gordo, Kawashita-Ribeiro & Morais, 20121,2 Amazophrynella vote    

Bufonidae Atelopus flavescens Duméril & Bibron, 18411,2 Atelopus flavescens   VU 

Bufonidae Atelopus hoogmoedi Lescure, 19741,2 Atelopus hoogmoedi    

Bufonidae Atelopus spumarius Cope, 18711 Atelopus spumarius   VU 

Bufonidae Dendrophryniscus berthalutzoe Izecksohn, 1994 ñ1993ò1 Dendrophryniscus berthalutzoe   LC 

Bufonidae Dendrophryniscus carvalhoi Izecksohn, 1994 ñ1993ò1 Dendrophrynicus carvalhoi   EN 

Bufonidae Dendrophryniscus krausae Cruz & Fusinatto, 20081 Dendrophryniscus krausae  DD DD 

Bufonidae Dendrophryniscus leucomystax Izecksohn, 19681 Dendrophryniscus leucomystax   LC 

Bufonidae Dendrophryniscus oreites Recoder, Teixeira, Cassimiro, Camacho & Rodrigues, 20101 Dendrophryniscus oreites  DD  

Bufonidae Dendrophryniscus organensis Carvalho-e-Silva, Mongin, Izecksohn & Carvalho-e-Silva, 20101 Dendrophryniscus organensis  DD  

Bufonidae Dendrophryniscus proboscideus (Boulenger, 1882)1 Dendrophryniscus proboscideus   DD 

Bufonidae Dendrophryniscus stawiarsky Izecksohn, 1994 ñ1993ò1 Dendrophryniscus stawiarsky  DD DD 

Bufonidae Melanophryniscus alipioi Langone, Segalla, Bornschein & de Sá, 20081 Melanophryniscus alipioi  DD DD 

Bufonidae Melanophryniscus klappenbachi Prigioni & Langone, 20001 Melanophryniscus klappenbachi   LC 

Bufonidae 
Melanophryniscus milanoi Bornschein, Firkowski, Baldo, Ribeiro, Belmonte-Lopes, Corrêa, 

Morato & Pie, 20151 
Melanophryniscus milanoi    

Bufonidae Melanophryniscus simplex Caramaschi & Cruz, 20021,2 Melanophryniscus simplex   DD 

Bufonidae Melanophryniscus vilavelhensis Steinback-Padilha, 20091 Melanophryniscus vilavelhensis    

Bufonidae 
Melanophryniscus xanthostomus Bornschein, Firkowski, Baldo, Ribeiro, Belmonte-Lopes, 

Corrêa, Morato & Pie, 20151 
Melanophryniscus xanthostomus    

Bufonidae Rhaebo guttatus (Schneider, 1799)1,2 Rhaebo guttatus   LC 

Bufonidae Rhinella abei (Baldissera-Jr, Caramaschi & Haddad, 2004)1,2 Rhinella abei   LC 

Bufonidae Rhinella achavali (Maneyro, Arrieta, & de Sá, 2004)1 Bufo achavali  LC 

Bufonidae Rhinella arenarum (Hensel, 1867)1 Bufo arenarum  LC 

Bufonidae Rhinella castaneotica (Caldwell, 1991)1,2 Bufo castaneoticus  LC 

Bufonidae Rhinella cerradensis Maciel, Brandão, Campos & Sebben, 20071 Rhinella cerradensis   DD 

Bufonidae Rhinella crucifer (Wied-Neuwied, 1821)1,2 Bufo crucifer, Rhinella pombali  LC 

Bufonidae Rhinella dapsilis (Myers & Carvalho, 1945)1 Bufo dapsilis  LC 

Bufonidae Rhinella granulosa (Spix, 1824)1 Bufo granulosus, Chaunus granulosus  LC 

Bufonidae Rhinella henseli (A. Lutz, 1934)2 Rhinella henseli   LC 

Bufonidae Rhinella icterica (Spix, 1824)1 Bufo ictericus  LC 

Bufonidae Rhinella inopina Vaz-Silva, Valdujo & Pombal, 20121 Rhinella inopina    
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Bufonidae Rhinella jimi (Stevaux, 2002)1,3 Rhinella jimi   LC 

Bufonidae Rhinella magnussoni Lima, Menin & Araújo, 20072 Rhinella magnussoni   LC 

Bufonidae Rhinella margaritifera (Laurenti, 1768)2 Bufo margaritifer  LC 

Bufonidae Rhinella marina (Linnaeus, 1758)1,2,3 Bufo marinus, Chaunus marinus  LC 

Bufonidae Rhinella mirandaribeiroi (Gallardo, 1965)1 Bufo mirandariberoi   

Bufonidae Rhinella ocellata (G¿nther, 1859 ñ1858ò)1 Bufo ocellatus  LC 

Bufonidae Rhinella ornata (Spix, 1824)1,2 Rhinella pombali  LC 

Bufonidae Rhinella rubescens (A. Lutz, 1925)1 Rhinella rubescens   LC 

Bufonidae Rhinella schneideri (Werner, 1894)1,2,3 Bufo schneideri  LC 

Bufonidae Rhinella veredas (Brandão, Maciel & Sebben, 2007)1 Rhinella veredas   LC 

Caecilidae Caecilia tentaculata Linnaeus, 17581,2,3 Caecilia tentaculata   LC 

Centrolenidae 
Hyalinobatrachium carlesvilai Castroviejo-Fisher, Padial, Chaparro, Aguayo & De la Riva, 

20091 
Hyalinobatrachium carlesvilai    

Centrolenidae Hyalinobatrachum iaspidiense (Ayarzaqüena, 1992)1 Hyalinobatrachum iaspidiense    

Centrolenidae Hyalinobatrachum mondolfii Señaris & Ayarzaguena, 20011 Hyalinobatrachum mondolfii   LC 

Centrolenidae Hyalinobatrachum munozorum (Lynch & Duellman, 1973)1 Hyalinobatrachum munozorum   LC 

Centrolenidae Hyalinobatrchium cappellei (van Lidth de Jeude, 1904)1,2 Hyalinobatrachium crurifasciatum   

Centrolenidae Teratohyla adenocheira Harvey & Noonan, 20051 "Cochranella" adenocheira  LC 

Centrolenidae Teratohyla midas (Lynch & Duellman, 1973)1 Cochranella midas  LC 

Centrolenidae Vitreorana eurygnatha (A. Lutz, 1925)1 Hyalinobatrachium eurygnathum  LC 

Centrolenidae Vitreorana parvula (Boulenger, 1895 ñ1894ò)1 Vitreorana parvula  DD DD 

Centrolenidae Vitreorana ritae (B. Lutz in B. Lutz & Kloss, 1952)1,2 "Cochranella" ritae  DD 

Centrolenidae Vitreorana uranoscopa (Müller, 1924)1 Vitreorana uranoscopa   LC 

Ceratophryidae Ceratophrys aurita (Raddi, 1823)1 Ceratophrys aurita   LC 

Ceratophryidae Ceratophrys cornuta (Linnaeus, 1758)1,2 Ceratophrys cornuta   LC 

Ceratophryidae Ceratophrys cranwelli Barrio, 19801 Ceratophrys cranwelli   LC 

Ceratophryidae Ceratophrys joazeirensis Mercadal de Barrio, 19861 Ceratophrys joazeirensis   DD 

Ceratophryidae Ceratophrys ornata (Bell, 1843)1 Ceratophrys ornata  NT NT 

Ceratophryidae Lepidobatrachus asper (Budgett, 1899)1 Lepidobatrachus asper   NT 

Craugastoridae ñEleutherodactylus bilineatusò (Bokermann, 1975) Incertae sedis1 Ischnocnema bilineatus  LC 

Craugastoridae Barycholos ternetzi (Miranda Ribeiro, 1937)1 Barycholos ternetzi   LC 

Craugastoridae Ceuthomantis cavernibardus (Myers & Donnelly, 1997)1 Ceuthomantis cavernibardus   DD 

Craugastoridae Euparkerella brasiliensis (Parker, 1926)1,2,3 Euparkerella brasiliensis   LC 
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Craugastoridae Euparkerella cochranae Izecksohn, 19881 Euparkerella cochranae   LC 

Craugastoridae Euparkerella robusta Izecksohn, 19881 Euparkerella robusta  DD VU 

Craugastoridae Euparkerella tridactyla Izecksohn, 19881 Euparkerella tridactyla  NT VU 

Craugastoridae Haddadus aramunha (Cassimiro, Verdade & Rodrigues, 2008)1 Strabomantis aramunha  DD 

Craugastoridae Haddadus binotatus (Spix, 1824)1 Eleutherodactylus binotatus  LC 

Craugastoridae Haddadus plicifer (Boulenger, 1888)1 Haddadus plicifer  DD DD 

Craugastoridae Holoaden bradei B. Lutz, 1959 ñ1958ò1 Holoaden bradei  CR CR 

Craugastoridae Holoaden luederwaldti Miranda-Ribeiro, 19201 Holoaen luederwaldti  EN DD 

Craugastoridae Noblella myermecoides (Lynch, 1976)1 Noblella myermecoides   LC 

Craugastoridae Oreobates heterodactylus (Miranda-Ribeiro, 1937)1 Oreobates heterodactylus   DD 

Craugastoridae Oreobates quixensis Jiménez de la Espada, 18721 Ischnocnema quixensis  LC 

Craugastoridae Oreobates remotus Teixeira, Amaro, Recoder, Sena & Rodrigues, 20121 Oreobates remotus   
 

Craugastoridae Pristimantis acuminatus (Schreve, 1935)1 Pristimantis acuminatus   LC 

Craugastoridae Pristimantis altamazonicus (Barbour & Dunn, 1921)1 Pristimantis altamazonicus   LC 

Craugastoridae Pristimantis aureolineatus Guayasamin, Ron, Cisneros-Heredia, Lamar & McCracken, 20061 Pristimantis aureolineatus   LC 

Craugastoridae Pristimantis buccinator (Rodriguez, 1994)1 Pristimantis buccinator   LC 

Craugastoridae Pristimantis carvalhoi (B. Lutz in B. Lutz & Kloss, 1952)1 Pristimantis carvalhoi   LC 

Craugastoridae Pristimantis chiastonotus (Lynch & Hoogmoed, 1977)1 Eleutherodactylus chiastonotus  LC 

Craugastoridae Pristimantis conspicillatus (Günther, 1858)1 Pristimantis conspicillatus   LC 

Craugastoridae Pristimantis delius (Duellman & Mendelson, 1995)1 Pristimantis delius   DD 

Craugastoridae Pristimantis diadematus (Jiménez de la Espada, 1875)1 Pristimantis diadematus   LC 

Craugastoridae Pristimantis eurydactylus (Hedges & Schlüter, 1992)1 Pristimantis eurydactylus   LC 

Craugastoridae Pristimantis fenestratus (Steindachner, 1864)1,3 Eleutherodactylus fenestratus  LC 

Craugastoridae Pristimantis gutturalis (Hoogmoed, Lynch & Lescure, 1977)1 Pristimantis gutturalis   LC 

Craugastoridae Pristimantis inguinalis (Parker, 1940)1 Pristimantis inguinalis  LC 

Craugastoridae Pristimantis lacrimosus (Jiménez de la Espada, 1875)1 Pristimantis lacrimosus   LC 

Craugastoridae Pristimantis lanthanites (Lynch, 1975)1 Pristimantis lanthanites  LC 

Craugastoridae Pristimantis luscombei (Duellman and Mendelson, 1995)1 Pristimantis achuar   LC 

Craugastoridae Pristimantis malkini (Lynch, 1980)1 Pristimantis malkini   LC 

Craugastoridae Pristimantis marmoratus (Boulenger, 1900)1 Eleutherodactylus marmoratus  LC 

Craugastoridae Pristimantis martiae (Lynch, 1974)1 Pristimantis martiae   LC 

Craugastoridae Pristimantis memorans (Myers & Donelly, 1997)1 Pristimantis memorans   DD 

http://research.amnh.org/vz/herpetology/amphibia/index.php/Amphibia/Anura/Brachycephaloidea/Craugastoridae/Ceuthomantinae/Pristimantis/Pristimantis-luscombei
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Craugastoridae Pristimantis ockendeni (Boulenger, 1912)1,2,3 Eleutherodactylus ockendeni  LC 

Craugastoridae Pristimantis paulodutrai (Bokermann, 1975 ñ1974ò)1 Ischnocnema paulodutrai  LC 

Craugastoridae Pristimantis peruvians (Melin, 1941)1 Pristimantis peruvians   LC 

Craugastoridae Pristimantis ramagii (Boulenger, 1888)1 Ischnocnema ramagii  LC 

Craugastoridae Pristimantis reichlei Padial & de La Riva, 20091,2 Pristimantis reichlei  DD  

Craugastoridae Pristimantis skydmainos (Flores & Rodriguez, 1997)1 Pristimantis skydmainos   LC 

Craugastoridae Pristimantis toftae (Duellman, 1978)1 Pristimantis toftae   LC 

Craugastoridae Pristimantis variabilis (Lynch, 1968)1 Pristimantis variabilis   LC 

Craugastoridae Pristimantis ventrimarmoratus (Boulenger, 1912)1 Pristimantis ventrimarmoratus   LC 

Craugastoridae Pristimantis vilarsi (Melin, 1941)1 Pristimantis vilarsi   LC 

Craugastoridae Pristimantis vinhai (Bokermann, 1975)1 Ischnocnema vinhai  LC 

Craugastoridae Pristimantis zeuctotylus (Lynch & Hoogmoed, 1977)1,2 Eleutherodactylus zeuctotylus  LC 

Craugastoridae Pristimantis zimmermanae (Heyer & Hardy, 1991)1 Pristimantis zimmermanae  LC 

Craugastoridae Strabomantis sulcatus (Cope, 1874)1 Pristimantis sulcatus  LC 

Cycloramphidae Cycloramphus acangatan Verdade & Rodrigues, 20031 Cycloramphus acangatan   VU 

Cycloramphidae Cycloramphus boraceiensis Heyer, 19831 Cycloramphus boraceiensis   LC 

Cycloramphidae Thoropa miliaris (Spix, 1824)1,2 Thoropa miliaris   LC 

Cycloramphidae Thoropa taophora (Miranda-Ribeiro, 1923)1,2,3 Thoropa taophora    

Cycloramphidae Zachaenus parvulus (Girard, 1853)1 Zachaenus parvulus   LC 

Dendrobatidae Adelphobates castaneoticus (Caldwell & Myers, 1990)1,2 Dendrobates castaneoticus  LC 

Dendrobatidae Adelphobates galactonotus (Steindachner, 1864)1,2 Dendrobates galactonotus  LC 

Dendrobatidae Adelphobates quinquevitattus (Steindachner, 1864)1,2 Dendrobates quinquevittatus  LC 

Dendrobatidae Ameerega braccata (Steindachner, 1864)1 Epipedobates braccatus  LC 

Dendrobatidae Ameerega flavopicta (A. Lutz, 1925)1 Epipedobates flavopictus  LC 

Dendrobatidae Ameerega hahneli (Boulenger, 1884 ñ1883ò)1,2 Epipedobates hahneli  LC 

Dendrobatidae Ameerega macero (Rodriguez & Myers, 1993)1 Epipedobates macero  LC 

Dendrobatidae Ameerega petersi (Silverstone, 1976)1 Epipedobates petersi  LC 

Dendrobatidae Ameerega picta (Bibron in Tschudi, 1838)1 Epipedobates pictus  LC 

Dendrobatidae Ameerega pulchripecta (Silverstone, 1976)1 Epipedobates pulchripectus  DD 

Dendrobatidae Ameerega trivittata (Spix, 1824)1,2 Epipedobates trivittatus, Phopobates trivittatus  LC 

Dendrobatidae Dendrobates leucomelas Steindachner, 18642,3 Dendrobates leucomelas   LC 

Dendrobatidae Dendrobates tinctorius (Cuvier, 1797)1,3 Dendrobates tinctorius   LC 
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Dendrobatidae Hyloxalus chlorocraspedus (Caldwell, 2005)1 Cryptophyllobates chlorocraspedus DD DD 

Dendrobatidae Ranitomeya amazonica (Schulte, 1999)1,2 Dendrobates amazonicus  DD 

Dendrobatidae Ranitomeya flavovittata (Schulte, 1999)1 Dendrobates flavovittatus  LC 

Dendrobatidae Ranitomeya sirensis (Aichinger, 1991)1 Ranitomeya sirensis   LC 

Dendrobatidae Ranitomeya uakarii Brown, Schulte & Summers, 20061 Dendrobates uakarii  LC 

Dendrobatidae Ranitomeya vanzolinii (Myers, 1982)1,2 Dendrobates vanzolinii  LC 

Dendrobatidae Ranitomeya variabilis (Zimmermann & Zimmermann, 1988)1,3 Dendrobates variabilis  DD 

Dendrobatidae Ranitomeya ventrimaculata (Shreve, 1935)1 Ranitomeya ventrimaculata  
 

LC 

Eleutherodactylidae Adelophryne adiastola Hoogmoed & Lescure, 19841 Adelophryne adiastola   LC 

Eleutherodactylidae Adelophryne baturitensis Hoogmoed, Borges & Cascon, 19941 Adelophryne baturitensis   VU 

Eleutherodactylidae Adelophryne gutturosa Hoogmoed and Lescure, 19841 Adelophryne gutturosa   LC 

Eleutherodactylidae Adelophryne maranguapensis Hoogmoed, Borges & Cascon, 19941 Adelophryne maranguapensis  VU EN 

Eleutherodactylidae Adelophryne pachydactyla Hoogmoed, Borges & Cascon, 19941 Adelophryne pachydactyla   DD 

Eleutherodactylidae Phyzelaphryne miriamae Heyer, 19771 Phyzelaphryne miriamae   LC 

Hemiphractidae Fritziana fissilis (Miranda Ribeiro, 1920)1 Fritziana fissilis   LC 

Hemiphractidae Fritziana goeldii (Boulenger, 1895 ñ1894ò)1 Fritziana goeldii   LC 

Hemiphractidae Fri tziana ohausi (Wandolleck, 1907)1 Fritziana ohausi   LC 

Hemiphractidae Gastrotheca albolineata (Lutz & Lutz, 1939)1 Gastrotheca albolineata   LC 

Hemiphractidae Gastrotheca ernestoi Miranda Ribeiro, 19201 Gastrotheca ernestoi   DD 

Hemiphractidae Gastrotheca fissipes (Boulenger, 1888)1 Gastrotheca fissipes  DD LC 

Hemiphractidae Gastrotheca fulvorufa (Andersson, 1911)1 Gastrotheca fulvorufa  DD DD 

Hemiphractidae Gastrotheca megacephala Izecksohn, Carvalho-e-Silva & Peixoto, 20091 Gastrotheca megacephala    

Hemiphractidae Gastrotheca microdiscus (Andersson in Lönnberg & Andersson, 1910)1 Gastrotheca microdiscus   LC 

Hemiphractidae 
Gastrotheca prasina Teixeira, Dal Vechio, Recoder, Carnaval, Strangas, Damasceno, de Sena & 

Rodrigues, 20121 
Gastrotheca prasina    

Hemiphractidae Gastrotheca pulchra Caramaschi & Rodrigues, 20071 Gastrotheca pulchra   DD 

Hemiphractidae 
Gastrotheca recava Teixeira, Dal Vechio, Recoder, Carnaval, Strangas, Damasceno, de Sena & 

Rodrigues, 20121 
Gastrotheca recava    

Hemiphractidae Hemiphractus helioi Sheil & Mendelson, 20011 Hemiphractus helioi   LC 

Hemiphractidae Hemiphractus scutatus (Spix, 1824)1,2,3 Hemiphractus scutatus   LC 

Hylidae Aparasphenodon bokermanni Pombal, 19931 Aparasphenodon bokermanni   DD 

Hylidae Aparasphenodon brunoi Miranda-Ribeiro, 19201 Aparasphenodon brunoi  LC 

Hylidae Aparasphenodon venezolanus (Mertens, 1950)1 Aparasphenodon venezolanus   LC 

Hylidae Aplastodiscus albofrenatus (A. Lutz, 1924)1 Aplastodiscus albofrenatus   LC 
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Hylidae Aplastodiscus albosignatus (A. Lutz & B. Lutz, 1938)1 Aplastodiscus albosignatus   LC 

Hylidae Aplastodiscus arildae (Cruz & Peixoto, 1987 ñ1985ò)1 Aplastodiscus arildae   LC 

Hylidae Aplastodiscus callipygius (Cruz & Peixoto, 1985)1 Aplastodiscus callipygius  
 

LC 

Hylidae Aplastodiscus cavicola (Cruz & Peixoto, 1985 ñ1984ò)1 Aplastodiscus cavicola   NT 

Hylidae Aplastodiscus cochranae (Mertens, 1952)1 Aplastodiscus cochranae   LC 

Hylidae Aplastodiscus ehrhardti (Müller, 1924)1 Aplastodiscus ehrhardti   LC 

Hylidae Aplastodiscus eugenioi (Carvalho e Silva & Carvalho e Silva, 2005)1 Aplastodiscus eugenioi   NT 

Hylidae Aplastodiscus flumineus (Cruz & Peixoto, 1985 ñ1984ò)1 Aplastodiscus flumineus  DD DD 

Hylidae Aplastodiscus ibirapitanga (Cruz, Pimenta & Silvano, 2003)1 Aplastodiscus ibirapitanga   LC 

Hylidae Aplastodiscus leucopygius (Cruz & Peixoto, 1985 ñ1984ò)1 Aplastodiscus leucopygius   LC 

Hylidae Aplastodiscus musicus (B. Lutz, 1948)1 Aplastodiscus musicus  DD DD 

Hylidae Aplastodiscus perviridis A. Lutz in B. Lutz, 19501 Aplastodiscus perviridis  LC 

Hylidae Aplastodiscus sibilatus (Cruz, Pimenta & Silvano, 2003)1 Aplastodiscus sibilatus   DD 

Hylidae Aplastodiscus weygoldti (Cruz & Peixoto, 1987 ñ1985ò)1 Aplastodiscus weygoldti   NT 

Hylidae Bokermannohyla ahenea (Napoli & Caramaschi, 2004)1 Bokermannohyla ahenea  DD DD 

Hylidae Bokermannohyla alvarengai (Bokermann, 1956)1,3 Bokermannohyla alvarengai   LC 

Hylidae Bokermannohyla astartea (Bokermann, 1977)1 Hyla astartea  LC 

Hylidae Bokermannohyla caramschii (Napoli, 2005)1 Bokermannohyla caramschii   LC 

Hylidae Bokermannohyla carvalhoi (Peixoto, 1981)1 Bokermannohyla carvalhoi   LC 

Hylidae Bokermannohyla circumdata (Cope, 1871)1,3 Hyla circumdata  LC 

Hylidae Bokermannohyla claresignata (A. Lutz & B. Lutz, 1939)1 Bokermannohyla claresignata  DD DD 

Hylidae Bokermannohyla clepsydra (A. Lutz, 1925)1 Bokermannohyla clepsydra  DD DD 

Hylidae Bokermannohyla feioi (Napoli & Caramaschi, 2004)1 Bokermannohyla feioi  DD DD 

Hylidae Bokermannohyla goueveai (Peixoto & Cruz, 1992)1 Bokermannohyla goueveai  DD DD 

Hylidae Bokermannohyla hylax (Heyer, 1985)1,3 Hyla hylax  LC 

Hylidae Bokermannohyla ibitiguara (Cardoso, 1983)1,3 Bokermannohyla ibitiguara   DD 

Hylidae Bokermannohyla ibitipoca (Caramaschi & Feio, 1990)1 Bokermannohyla ibitipoca   DD 

Hylidae Bokermannohyla itapoty Lugli & Haddad, 20061 Bokermannohyla itapoty   LC 

Hylidae Bokermannohyla izecksohni (Jim & Caramaschi, 1979)1 Bokermannohyla izecksohni  DD CR 

Hylidae Bokermannohyla langei (Bokermann, 1965)1 Bokermannohyla langei  DD DD 

Hylidae Bokermannohyla lucianae (Napoli & Pimenta, 2003)1 Bokermannohyla lucianae  NT DD 

Hylidae Bokermannohyla martinsi (Bokermann, 1964)1 Bokermannohyla martinsi  NT LC 
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Hylidae Bokermannohyla nanuzae (Bokermann & Sazima, 1973)1 Bokermannohyla nanuzae   LC 

Hylidae Bokermannohyla oxente Lugli & Haddad, 20061 Bokermannohyla oxente   LC 

Hylidae Bokermannohyla pseudopseudis (Miranda-Ribeiro, 1937)1 Bokermannohyla pseudopseudis   LC 

Hylidae Bokermannohyla ravida (Caramaschi, Napoli & Bernardes, 2001)1 Bokermannohyla ravida  DD DD 

Hylidae Bokermannohyla saxicola (Bokermann, 1964)1,2,3 Bokermannohyla saxicola   LC 

Hylidae Bokermannohyla sazimai (Cardoso & Andrade, 1983 ñ1982ò)1 Bokermannohyla sazimai   DD 

Hylidae Corythomantis greeningi Boulenger, 18961 Corythomantis greeningi   LC 

Hylidae Dendropsophus acreanus (Bokermann, 1964)1 Dendropsophus acreanus   LC 

Hylidae Dendropsophus anataliasiasi (Bokermann, 1972)1 Dendropsophus anataliasiasi   LC 

Hylidae Dendropsophus anceps (A. Lutz, 1929)1 Dendropsophus anceps   LC 

Hylidae Dendropsophus berthalutzae (Bokermann, 1962)1 Dendropsophus berthalutzae   LC 

Hylidae Dendropsophus bifurcus (Andersson, 1945)1 Hyla bifurca  LC 

Hylidae Dendropsophus bipunctatus (Spix, 1824)1 Dendropsophus bipunctatus   LC 

Hylidae Dendropsophus bokermanni (Goin, 1960)1,2 Dendropsophus bokermanni   LC 

Hylidae Dendropsophus branneri (Cochran, 1948)1,2 Hyla branneri  LC 

Hylidae Dendropsophus brevifrons (Duellman & Crump, 1974)1 Hyla brevifrons  LC 

Hylidae Dendropsophus cachimbo (Napoli & Caramaschi, 1999)1 Dendropsophus cachimbo   LC 

Hylidae Dendropsophus cerradensis (Napoli & Caramaschi, 1998)1 Dendropsophus cerradensis  DD DD 

Hylidae Dendropsophus cruzi (Pombal & Bastos, 1998)1 Dendropsophus cruzi   LC 

Hylidae Dendropsophus decipiens (A. Lutz, 1925)1 Dendropsophus decipiens   LC 

Hylidae Dendropsophus dutrai (Gomes & Peixoto, 1996)1 Dendropsophus dutrai  DD DD 

Hylidae Dendropsophus elegans (Wied-Neuwied, 1824)1,2 Hyla elegans  LC 

Hylidae Dendropsophus elianeae (Napoli & Caramaschi, 2000)1 Dendropsophus elianeae   LC 

Hylidae Dendropsophus gaucheri (Lescure & Marty, 2000)1 Dendropsophus gaucheri   LC 

Hylidae Dendropsophus giesleri (Mertens, 1950)1 Dendropsophus giesleri  LC 

Hylidae Dendropsophus haddadi (Bastos & Pombal, 1996)1 Dendropsophus haddadi   LC 

Hylidae Dendropsophus haraldschultzi (Bokermann, 1962)1 Dendropsophus haraldschultzi   LC 

Hylidae Dendropsophus jimi (Napoli & Caramaschi, 1999)1 Dendropsophus jimi   LC 

Hylidae Dendropsophus koechlini (Duellman & Trueb, 1989)1 Dendropsophus koechlini   LC 

Hylidae Dendropsophus leali (Bokermann, 1964)1 Dendropsophus leali   LC 

Hylidae Dendropsophus leucophyllatus (Beireis, 1783)1,2 Hyla leucophyllata  LC 

Hylidae Dendropsophus limai (Bokermann, 1962)1 Dendropsophus limai  DD DD 



85 
 

Hylidae Dendropsophus marmoratus (Laurenti, 1768)1 Hyla marmorata  LC 

Hylidae Dendropsophus melanargyreus (Cope, 1887)1 Dendropsophus melanargyreus   LC 

Hylidae Dendropsophus meridianus (B. Lutz, 1954)1 Dendropsophus meridianus   LC 

Hylidae Dendropsophus microcephalus (Cope, 1886)1 Hyla microcephala  LC 

Hylidae Dendropsophus microps (Peter, 1872)1 Dendropsophus microps   LC 

Hylidae Dendropsophus minimus (Ahl, 1933)1 Dendropsophus minimus  DD DD 

Hylidae Dendropsophus minusculus (Rivero, 1971)1,2 Hyla minuscula  LC 

Hylidae Dendropsophus minutus (Peters, 1872)1,2,3 Hyla minuta  LC 

Hylidae Dendropsophus miyatai (Vigle & Goberdhan-Vigle, 1990)1 Dendropsophus miyatai   LC 

Hylidae Dendropsophus nanus (Boulenger, 1889)1 Hyla nana  LC 

Hylidae Dendropsophus novaisi (Bokermann, 1968)1 Dendropsophus novaisi   DD 

Hylidae Dendropsophus oliverai (Bokermann, 1963)1 Dendropsophus oliverai   LC 

Hylidae Dendropsophus parviceps (Boulenger, 1882)1 Hyla parviceps  LC 

Hylidae Dendropsophus pauiniensis (Heyer, 1977)1 Dendropsophus pauiniensis   LC 

Hylidae Dendropsophus pseudomeridianus (Cruz, Caramaschi & Dias, 2000)1 Dendropsophus pseudomeridianus   LC 

Hylidae Dendropsophus rhea (Napoli & Caramaschi, 1999)1 Dendropsophus rhea  DD DD 

Hylidae Dendropsophus rhodopeplus (G¿nther, 1859 ñ1858ò)1 Dendropsophus rhodopeplus   LC 

Hylidae Dendropsophus riveroi (Cochran & Goin, 1970)1 Dendropsophus riveroi   LC 

Hylidae Dendropsophus rossalleni (Goin, 1959)1 Dendropsophus rossalleni   LC 

Hylidae Dendropsophus rubicundulus (Reinhardt & L¿tken, 1862 ñ1861ò)1 Dendropsophus rubicundulus   LC 

Hylidae Dendropsophus ruschii (Weygoldt & Peixoto, 1987)1 Dendropsophus ruschii  NT DD 

Hylidae Dendropsophus sanborni (Schmidt, 1944)1 Dendropsophus sanborni   LC 

Hylidae Dendropsophus sarayacuensis (Shreve, 1935)1 Hyla sarayacuensis  LC 

Hylidae Dendropsophus schubarti (Bokermann, 1963)1 Dendropsophus schubarti   LC 

Hylidae Dendropsophus seniculus (Cope, 1868)1 Dendropsophus seniculus   LC 

Hylidae Dendropsophus soaresi (Caramaschi & Jim, 1983)1 Dendropsophus soaresi   LC 

Hylidae Dendropsophus studerae (Carvalho e Silva, Carvalho e Silva & Izecksohn, 2003)1 Dendropsophus studerae  DD LC 

Hylidae Dendropsophus timbeba (Martins & Cardoso, 1987)1 Dendropsophus timbeba   LC 

Hylidae Dendropsophus tintinnabulum (Melin, 1941)1 Dendropsophus tintinnabulum  DD DD 

Hylidae Dendropsophus triangulum (G¿nther, 1869 ñ1868ò)1 Hyla triangulum  LC 

Hylidae Dendropsophus tritaeniatus (Bokermann, 1965)1 Dendropsophus tritaeniatus  DD LC 

Hylidae Dendropsophus walfordi (Bokermann, 1962)1 Dendropsophus walfordi   LC 



86 
 

Hylidae Dendropsophus werneri (Cochran, 1952)1 Dendropsophus werneri   LC 

Hylidae Dendropsophus xapuriensis (Martins & Cardoso, 1987)1 Dendropsophus xapuriensis   LC 

Hylidae Dryaderces pearsoni (Gaige, 1929)1 Dryaderces pearsoni   LC 

Hylidae Tepuihyla tuberculosa (Boulenger, 1882)1 Ecnomiohyla tuberculosa   LC 

Hylidae Boana albomarginata (Spix, 1824)1,2 Hyla albomarginatus  LC 

Hylidae Boana albopunctata (Spix, 1824)1,2 Hyla albopunctata  LC 

Hylidae Boana atlanticus (Caramaschi & Velosa, 1996)1 Hypsiboas atlanticus   LC 

Hylidae Boana beckeri (Caramaschi & Cruz, 2004)1 Hypsiboas beckeri   DD 

Hylidae Boana benitezi (Rivero, 1961)1 Hypsiboas benitezi    

Hylidae Boana bischoffi (Boulenger, 1887)1 Hyla bischoffi  LC 

Hylidae Boana boans (Linnaeus, 1758)1,2 Hyla boans  LC 

Hylidae Boana buriti (Caramaschi & Cruz, 1999)1 Hypsiboas buriti   DD 

Hylidae Boana caingua (Carrizo, 1991 ñ1990ò)1 Hyla caingua  LC 

Hylidae Boana caipora Antunes, Faivovich & Haddad, 20081 Hypsiboas caipora    

Hylidae Boana calcarata (Troschel in Schomburgk, 1848)1,2 Hyla calcarata  LC 

Hylidae Boana cinerascens (Spix, 1824)1,2 Hypsiboas granosus  LC 

Hylidae Boana cipoensis (B. Lutz, 1968)1 Hypsiboas cipoensis   NT 

Hylidae Boana crepitans (Wied-Neuwied, 1824)1 Hypsiboas crepitans   LC 

Hylidae Boana curupi Garcia, Faivovichi & Haddad, 20071 Hypsiboas curupi  VU LC 

Hylidae Boana cymbalum (Bokerman, 1963)1 Hypsiboas cymbalum  CR CR 

Hylidae Boana dentei (Bokermann, 1967)1 Hyla dentei EN LC 

Hylidae Boana ericae (Caramaschi & Cruz, 2000)1 Hyla ericae  DD 

Hylidae Boana exastis (Caramaschi & Rodriguez, 2003)1 Hypsiboas exastis   DD 

Hylidae Boana faber (Wied-Neuwied, 1821)1,2 Hyla faber  LC 

Hylidae Boana fasciata (G¿nther, 1859 ñ1858ò)1,2 Hyla fasciata  LC 

Hylidae Boana freicanecae (Carnaval & Peixoto, 2004)1 Hypsiboas freicanecae  DD DD 

Hylidae Boana geographica (Spix, 1824)1,2 Hyla geographica  LC 

Hylidae Boana goiana (B. Lutz, 1968)1 Hypsiboas goianus   LC 

Hylidae Boana guentheri (Boulenger, 1886)1 Hyla guentheri  LC 

Hylidae Boana joaquini (Lutz, 1968)1 Hyla joaquini  LC 

Hylidae Boana lanciformis (Cope, 1871)1 Hyla lanciformes  LC 

Hylidae Boana latistriata (Caramaschi & Cruz, 2004)1 Hypsiboas latistriatus   DD 
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Hylidae Boana leptolineata (P. Braun & C. Braun, 1977)1 Hyla leptolineata  LC 

Hylidae Boana leucocheila (Carmaschi & Niemeyer, 2003)1 Hypsiboas leucocheilus   DD 

Hylidae Boana lundii (Burmeister, 1856)1 Hypsiboas lundii   LC 

Hylidae Boana marginata (Boulenger, 1887)1 Hyla marginata  LC 

Hylidae Boana microderma (Pyburn, 1977)1 Hypsiboas microderma   LC 

Hylidae Boana multifasciata (G¿nther, 1859 ñ1858ò)1,2 Hyla multifasciata  LC 

Hylidae Boana nympha Faivovich, Moravec, Cisnerosheredia & Köhler, 20061 Hypsiboas nympha   LC 

Hylidae Boana ornatissima (Noble, 1923)1 Hyla ornatissima  LC 

Hylidae Boana pardalis (Spix, 1824)1 Hypsiboas pardalis   LC 

Hylidae Boana phaeopleura (Caramaschi & Cruz, 2000)1 Hypsiboas phaeopleura  DD DD 

Hylidae Boana polytaenius (Cope, 1870 ñ1869ò)1 Hypsiboas polytaenius   LC 

Hylidae Boana pombali (Caramaschi, Pimenta & Feio, 2004)1 Hypsiboas pombali   LC 

Hylidae Boana prasina (Burmeister, 1856)1 Hyla prasina  LC 

Hylidae Boana pulchella (Duméril & Bibron, 1841)1 Hyla pulchella  LC 

Hylidae Boana punctata (Schneider, 1799)1 Hyla punctata  LC 

Hylidae Boana raniceps Cope, 18621,3 Hyla raniceps  LC 

Hylidae Boana secedens (B. Lutz, 1963)1 Hypsiboas secedens  DD DD 

Hylidae Boana semiguttata (A. Lutz, 1925)1 Hyla semiguttata EN LC 

Hylidae Boana semilineata (Spix, 1824)1,2 Hypsiboas semilineatus   
LC 

Hylidae Hysiboas stenocephala (Caramaschi & Cruz, 1999)1 Hysiboas stenocephalus   DD 

Hylidae Hyspsiboas wavrini (Parker, 1936)1 Hyspsiboas wavrini   LC 

Hylidae Itapotihyla langsdorffii  (Duméril & Bibron, 1841)1 Itapotihyla langsdorfii   LC 

Hylidae Julianus pinimus (Bokermann & Sazima, 1973)1 Scinax pinima  DD 

Hylidae Julianus uruguayus (Schmidt, 1944)1 Scinax uruguayus  LC 

Hylidae Lysapsus boliviana Gallardo, 19611 Lysapsus limellus bolivianus  DD 

Hylidae Lysapsus caraya Gallardo, 19641 Lysapsus caraya   LC 

Hylidae Lysapsus laevis (Parker, 1935)1 Lysapsus laevis   LC 

Hylidae Lysapsus limellum Cope, 18621 Lysapsus limellum   LC 

Hylidae Ololygon agilis (Cruz & Peixoto, 1983)1 Scinax agilis  LC 

Hylidae Ololygon albicans (Bokermann, 1967)1 Scinax albicans  LC 

Hylidae Ololygon alcatraz (B. Lutz, 1973)1,3 Scinax alcatraz CR CR 

Hylidae Ololygon angrensis (B. Lutz, 1973)1 Scinax angrensis NT LC 



88 
 

Hylidae Ololygon arduous Peixoto, 20021,3 Scinax arduous DD DD 

Hylidae Ololygon argyreornata (Miranda-Ribeiro, 1926)1,3 Scinax argyreornatus  LC 

Hylidae Ololygon ariadne (B. Lutz, 1973)1 Scinax ariadne  DD 

Hylidae Ololygon aromothyella Faivovich, 20051 Scinax aromothyella  DD 

Hylidae Ololygon atrata (Peixoto, 1989)1 Scinax atratus DD DD 

Hylidae Ololygon berthae (Barrio, 1962)1 Scinax berthae  LC 

Hylidae Ololygon brieni (Witte, 1930)1 Scinax brieni  LC 

Hylidae Ololygon canastrensis (Cardoso & Haddad, 1982)1 Scinax canastrensis  DD 

Hylidae Ololygon carnevallii Caramaschi & Kisteumacher, 19891 Scinax carnevallii  LC 

Hylidae Ololygon catharinae (Boulenger, 1888)1 Scinax catharinae  LC 

Hylidae Ololygon centralis Pombal & Bastos, 19961 Scinax centralis  LC 

Hylidae Ololygon faivovichi (Brasileiro, Oyamaguchi & Haddad, 2007)1,2,3 Scinax faivovichi VU CR 

Hylidae Ololygon flavoguttata (Lutz & Lutz, 1939)1 Scinax flavoguttatus  LC 

Hylidae Ololygon heyeri Peixoto & Weygoldt, 19861 Scinax heyeri DD DD 

Hylidae Ololygon hiemalis (Haddad & Pombal, 1987)1 Scinax hiemalis  LC 

Hylidae Ololygon humilis (B. Lutz, 1954)1 Scinax humilis  LC 

Hylidae Ololygon jureia (Pombal & Gordo, 1991)1 Scinax jureia DD DD 

Hylidae Ololygon kautskyi Carvalho e Silva & Peixoto, 19911 Phyllodytes kautskyi DD DD 

Hylidae Ololygon littoralis (Pombal & Gordo, 1991)1 Scinax littoralis  LC 

Hylidae Ololygon littoreus Peixoto, 19881 Scinax littoreus  LC 

Hylidae Ololygon longilinea (B. Lutz, 1968)1 Scinax longilineous  LC 

Hylidae Ololygon luizotovioi Caramaschi & Kisteumacher, 19891 Scinax luizotavioi  LC 

Hylidae Ololygon machadoi (Bokermann & Sazima, 1973)1 Scinax machadoi  LC 

Hylidae Ololygon melloi Peixoto, 19891 Scinax melloi DD DD 

Hylidae Ololygon obtriangulata (B. Lutz, 1973)1 Scinax obtriangulatus  LC 

Hylidae Ololygon peixotoi (Brasileiro, Haddad, Sawaya &Martins, 2007)1,3 Scinax peixotoi CR CR 

Hylidae Ololygon perpusilla (A. Lutz & B. Lutz, 1939)1,2 Scinax perpusillus  LC 

Hylidae Ololygon ranki (Andrade & Cardoso, 1987)1 Scinax ranki NT DD 

Hylidae Ololygon rizibilis (Bokermann, 1964)1 Scinax rizibilis  LC 

Hylidae Ololygon strigilata (Spix, 1824)1 Scinax strigilata DD DD 

Hylidae Ololygon trapicheiroi (B. Lutz, 1954)1 Scinax trapicheiroi   NT 

Hylidae Ololygon v-signata (B. Lutz, 1968)1 Scinax v-signatus  LC 



89 
 

Hylidae Osteocephalus buckleyi (Boulenger, 1882)1,2 Hylomantis buckleyi  LC 

Hylidae Osteocephalus cabrerai (Cochran & Goin, 1970)1 Osteocephalus cabrerai   LC 

Hylidae 
Osteocephalus castaneicola Moravec, Aparicio, Guerrero-Reinhard, Calderón, Jungfer & 

Gvoģd²k, 20091 
Osteocephalus castaneicola   LC 

Hylidae Osteocephalus helenae (Ruthven, 1919)1,2 Osteocephalus helenae   DD 

Hylidae Osteocephalus leprieurii (Duméril & Bibron, 1841)1,2 Osteocephalus leprieurii   LC 

Hylidae Osteocephalus oophagus Jungfer & Schiesari, 19951 Osteocephalus oophagus   LC 

Hylidae Osteocephalus planiceps Cope, 18741 Osteocephalus planiceps   LC 

Hylidae Osteocephalus subtilis Martins & Cardoso, 19871 Osteocephalus subtilis   LC 

Hylidae Osteocephalus taurinus Steindachner, 18621,2 Osteocephalus taurinus   LC 

Hylidae Phyllodytes brevirostris Peixoto & Cruz, 19881 Phyllodytes brevirostris  NT DD 

Hylidae Phyllodytes edelmoi Peixoto, Caramaschi & Freire, 20031 Phyllodytes edelmoi  NT DD 

Hylidae Phyllodytes gyrinaethes Peixoto, Caramaschi & Freire, 20031 Phyllodytes gyrinaethes  CR DD 

Hylidae Phyllodytes kautskyi Peixoto & Cruz, 19881 Phyllodytes kautskyi   LC 

Hylidae Phyllodytes luteolus Wied-Neuwied, 18241 Phyllodytes luteolus   LC 

Hylidae Phyllodytes melanomystax Caramaschi, Da Silva & Britto-Pereira, 19921 Phyllodytes melanomystax   LC 

Hylidae Phyllodytes punctatus Caramaschi & Peixoto, 20041 Phyllodytes punctatus  DD DD 

Hylidae Phyllodytes tuberculosus Bokermann, 19661 Phyllodytes tuberculosus   DD 

Hylidae Phyllodytes wuchereri (Peters, 1873 ñ1872ò)1 Phyllodytes wuchereri   DD 

Hylidae Pseudis bolbodactyla A. Lutz, 19251 Pseudis bolbodactyla   LC 

Hylidae Pseudis cardosoi Kwet, 20001 Pseudis cardosoi   LC 

Hylidae Pseudis fusca Garman, 18831 Pseudis fusca   LC 

Hylidae Pseudis minuta Günther, 18581 Pseudis minuta   LC 

Hylidae Pseudis paradoxa (Linnaeus, 1758)1 Pseudis paradoxa   LC 

Hylidae Pseudis platensis Gallardo, 19611 Pseudis platensis   DD 

Hylidae Pseudis tocantins Caramaschi & Cruz, 19981,2 Pseudis tocantis   LC 

Hylidae Scarthyla goinorum (Bokermann, 1962)1,2 Scarthyla ostinodactyla  LC 

Hylidae Scinax acuminatus (Cope, 1862)1 Scinax acuminatus   LC 

Hylidae Scinax alter (B. Lutz, 1973)1 Scinax alter   LC 

Hylidae Scinax auratus (Wied-Neuwied, 1821)1 Scinax auratus   LC 

Hylidae Scinax blairi (Fouquette & Pyburn, 1972)1 Scinax blairi   LC 

Hylidae Scinax boesemani (Goin, 1966)1,2 Scinax boesemani   LC 

Hylidae Scinax caldarum (B. Lutz, 1968)1 Scinax caldarum  DD LC 
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Hylidae Scinax cardosoi (Carvalho e Silva & Peixoto, 1991)1 Scinax cardosoi   LC 

Hylidae Scinax crospedospilus (A. Lutz, 1925)1 Scinax crospedospilus   LC 

Hylidae Scinax cruentomma (Duellman, 1972)1,2 Scinax cruentomma  LC 

Hylidae Scinax curicica Pugliesse, Pombal & Sazima, 20041 Scinax curicica   DD 

Hylidae Scinax cuspidatus (A. Lutz, 1925)1 Scinax cuspidatus   LC 

Hylidae Scinax dolloi (Werner, 1903)1 Scinax dolloi  DD 
 

Hylidae Scinax duartei (B. Lutz, 1951)1 Scinax duartei  VU LC 

Hylidae Scinax eurydice (Bokermann, 1968)1,2 Scinax eurydice   LC 

Hylidae Scinax exiguus (Duellman, 1986)1 Scinax exiguus   LC 

Hylidae Scinax funereus (Cope, 1874)1 Scinax funereus   LC 

Hylidae Scinax fuscomarginatus (A. Lutz, 1925)1 
Scinax lutzorum, Scinax parkeri, Scinax pusillus, Scinax 

trilineatus, Hyla madeirae 
 LC 

Hylidae Scinax fuscovarius (A. Lutz, 1925)1 Scinax fuscovarius   LC 

Hylidae Scinax garbei (Miranda-Ribeiro, 1926)1,2 Scinax garbei   LC 

Hylidae Scinax granulatus (Peters, 1871)1 Scinax granulatus   LC 

Hylidae Scinax hayii (Barbour, 1909)1 Scinax hayii    LC 

Hylidae Scinax iquitorum Moravec, Tuanama, Perez-Pena & Lehr, 20091 Scinax iquitorum   LC 

Hylidae Scinax lindsayi Pyburn, 19921 Scinax lindsayi   LC 

Hylidae Scinax madeirae Brusquetti, Jansen, Barrio-Amorós, Segalla & Haddad, 20141 Scinax madeirae    

Hylidae Scinax maracaya (Cardoso & Sazima, 1980)1 Scinax maracaya   DD 

Hylidae Scinax nasicus (Cope, 1862)1 Scinax nasicus   LC 

Hylidae Scinax nebulosus (Spix, 1824)1,2 Scinax nebulosa  LC 

Hylidae Scinax pachycrus (Miranda-Ribeiro, 1937)1 Scinax pachycrus   LC 

Hylidae Scinax pedromedinae (Henle, 1991)1 Scinax pedromedinae   LC 

Hylidae Scinax perereca Pombal, Haddad & Kasahara, 19951 Scinax perereca   LC 

Hylidae Scinax proboscideus (Brongersma, 1933)1 Scinax proboscideus   LC 

Hylidae Scinax rostratus (Peter, 1863)1 Scinax rostratus   LC 

Hylidae Scinax ruber (Laurenti, 1768)1,2 Scinax rubra  LC 

Hylidae Scinax similis (Cochran, 1952)1 Scinax similis   LC 

Hylidae Scinax squalirostris (A. Lutz, 1925)1,2 Scinax squalirostris   LC 

Hylidae Scinax villasboasi Brusquetti, Jansen, Barrio-Amorós, Segalla & Haddad, 20141 Scinax villasboasi    

Hylidae Scinax x-signatus (Spix, 1824)1,2 Scinax x-signatus   LC 

Hylidae Sphaenorhynchus bromelicola Bokermann, 19661 Sphaenorhynchus bromelicola, S. orophilus DD DD 
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Hylidae Sphaenorhynchus carneus (Cope, 1868)1 Sphaenorhynchus carneus   LC 

Hylidae Sphaenorhynchus dorisae (Goin, 1957)1 Sphaenorhynchus dorisae   LC 

Hylidae Sphaenorhynchus lacteus (Daudin, 1800)1 Sphaenorhynchus lacteus   LC 

Hylidae Sphaenorhynchus palustris Bokermann, 19661 Sphaenorhynchus palustris   LC 

Hylidae Sphaenorhynchus pauloalvini Bokermann, 19731 Sphaenorhynchus pauloalvini   DD 

Hylidae Sphaenorhynchus planicola (A. Lutz & B. Lutz, 1938)1 Sphaenorhynchus planicola  LC 

Hylidae Sphaenorhynchus prasinus Bokermann, 19731 Sphaenorhynchus prasinus   LC 

Hylidae Sphaenorhynchus surdus (Cochran, 1953)1 Sphaenorhynchus surdus   LC 

Hylidae Tepuihyla exophthalma (Smith & Noonan, 2001)1 Tepuihyla exophthalma   DD 

Hylidae Trachycephalus atlas Bokermann, 19661 Trachycephalus atlas   LC 

Hylidae Trachycephalus coriaceus (Peters, 1867)1,2 Phrynohyas coriacea  LC 

Hylidae 
Trachycephalus cunauaru Gordo, Toledo, Suárez, Kawashita-Ribeiro, Ávila, Morais & Nunes, 

20131,2 
Trachycephalus cunauaru    

Hylidae Trachycephalus hadroceps (Duellman & Hoogmoed, 1992)1 Trachycephalus hadroceps   LC 

Hylidae Trachycephalus helioi Nunes, Suárez, Gordo & Pombal, 20131,2 Trachycephalus helioi    

Hylidae Trachycephalus imitatrix (Miranta-Ribeiro, 1926)1 Trachycephalus imitatrix   LC 

Hylidae Trachycephalus mesophaeus (Hensel, 1867)1 Trachycephalus mesophaeus   LC 

Hylidae Trachycephalus nigromaculatus Tschudi, 18381 Trachycephalus nigromaculatus   LC 

Hylidae Trachycephalus resinifictrix (Goeldi, 1907)1 Trachycephalus resinifictrix   LC 

Hylidae Trachycephalus typhonius (Linnaeus, 1758)1 Phrynohyas typhonius, Trachycephalus venulosus  LC 

Hylidae Xenohyla eugenioi Caramaschi, 19981 Xenohyla eugenioi   DD 

Hylidae Xenohyla truncata (Izecksohn, 1959)1 Xenohyla truncata  EN NT 

Hylodidae Crossodactylus caramaschii Bastos & Pombal, 19951 Crossodactylus caramaschii   LC 

Hylodidae Crossodactylus gaudichaudii Duméril & Bibron, 18411 Crossodactylus gaudichaudii   LC 

Hylodidae Crossodactylus schmidti Gallardo, 19611 Crossodactylus schmidti  NT NT 

Hylodidae Hylodes amnicola Pombal, Feio & Haddad, 20021 Hylodes amnicola  DD DD 

Hylodidae Hylodes asper (Müller, 1924)1,2 Hylodes asper   LC 

Hylodidae Hylodes dactylocinus Pavan, Narvaes & Rodrigues, 20011 Hylodes dactylocinus   DD 

Hylodidae Hylodes japi de Sá, Canedo, Lyra & Haddad, 20151 Hylodes japi    

Hylodidae Hylodes meridionalis (Mertens, 1927)1,2 Hylodes meridionalis   LC 

Hylodidae Hylodes nasus (Lichtenstein, 1823)1 Hylodes nasus   LC 

Hylodidae Hylodes ornatus (Bokermann, 1967)1 Hylodes ornatus   LC 

Hylodidae Hylodes perere Silva & Benmaman, 20081 Hylodes perere  DD  
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Hylodidae Hylodes perplicatus (Miranda-Ribeiro, 1926)1 Hylodes perplicatus   LC 

Hylodidae Hylodes phyllodes Heyer & Cocroft, 19861 Hylodes phyllodes   LC 

Hylodidae Hylodes pipilans Canedo & Pombal, 20071 Hylodes pipilans   DD 

Hylodidae Hylodes sazimai Haddad & Pombal, 19951 Hylodes sazimai   DD 

Hylodidae Megaelosia goeldii (Baumann, 1912)1 Megaelosia goeldii   LC 

Leptodactylidae Adenomera ajurauna (Berneck, Costa & Garcia, 2008)1 Adenomera ajurauna   DD 

Leptodactylidae Adenomera andreae (Müller, 1923)1,2,3 Adenomera andreae   LC 

Leptodactylidae Adenomera araucaria Kwet & Angulo, 20031 Adenomera araucaria   LC 

Leptodactylidae Adenomera bokermanni (Heyer, 1973)1 Adenomera bokermanni   LC 

Leptodactylidae Adenomera dyptix (Boettger, 1885)1 Adenomera dyptix   LC 

Leptodactylidae Adenomera engelsi (Kwet, Steiner & Zillikens, 2009)1 Adenomera engelsi    

Leptodactylidae Adenomera heyeri Boistel, Massary & Angulo, 20061,3 Adenomera heyeri   LC 

Leptodactylidae Adenomera hylaedactyla (Cope, 1868)1,3 Adenomera hylaedactyla   LC 

Leptodactylidae Adenomera marmorata (Steindachner, 1867)1 Adenomera marmorata   LC 

Leptodactylidae Adenomera martinezi (Bokermann, 1956)1 Adenomera martinezi   LC 

Leptodactylidae Adenomera nana Müller, 19221 Adenomera nana   LC 

Leptodactylidae Adenomera saci Carvalho & Giaretta, 20131 Adenomera saci    

Leptodactylidae Adenomera thomei (Almeida & Angulo, 2006)1 Adenomera thomei   LC 

Leptodactylidae Edalorhina perezi Jiménez de la Espada, 1871, "1870"1 Edalorhina perezi   LC 

Leptodactylidae Engystomops freibergi (Donoso-Barros, 1969)1,2 Physalaemus freibergi  LC 

Leptodactylidae Engystomops petersi Jiménez de la Espada, 18721,2 Physalaemus petersi  LC 

Leptodactylidae Leptodactylus bolivianus Boulenger, 18981 Leptodactylus insularum  LC 

Leptodactylidae Leptodactylus bufonius Boulenger, 18941,3 Leptodactylus bufonius   LC 

Leptodactylidae Leptodactylus caatingae Heyer & Juncá, 20031 Leptodactylus caatingae   LC 

Leptodactylidae Leptodactylus camaquara Sazima & Bokermann, 19781 Leptodactylus camaquara  DD 

Leptodactylidae Leptodactylus chaquensis Cei, 19501,3 Leptodactylus chaquensis   LC 

Leptodactylidae Leptodactylus cunicularius Sazima & Bokermann, 19781 Leptodactylus cunicularius   LC 

Leptodactylidae Leptodactylus cupreus Caramaschi, Feio & São-Pedro, 20081 Leptodactylus cupreus  DD DD 

Leptodactylidae Leptodactylus didymus Heyer, García-Lopez & Cardoso, 19961 Leptodactylus didymus   LC 

Leptodactylidae Leptodactylus diedrus Heyer, 19941 Leptodactylus diedrus   LC 

Leptodactylidae Leptodactylus discodactylus Boulenger, 1884 ñ1883ò1 Vanzolinius discodactylus  LC 

Leptodactylidae Leptodactylus elenae Heyer, 19781 Leptodactylus elenae  LC 
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Leptodactylidae Leptodactylus flavopictus Lutz, 19261 Leptodactylus flavopictus   LC 

Leptodactylidae Leptodactylus furnarius Sazima & Bokermann, 19781 Leptodactylus furnarius   LC 

Leptodactylidae Leptodactylus fuscus (Schneider, 1799)2,3 Leptodactylus fuscus   LC 

Leptodactylidae Leptodactylus gracilis (Duméril & Bibron, 1841)1 Leptodactylus gracilis   LC 

Leptodactylidae Leptodactylus guianensis Heyer & De Sá, 20111 Leptodactylus guianensis    

Leptodactylidae Leptodactylus hylodes (Reinhardt & Lütken, 1862 ñ1861ò)1 Leptodactylus hylodes  DD DD 

Leptodactylidae Leptodactylus jolyi Sazima & Bokermann, 19781 Leptodactylus jolyi   DD 

Leptodactylidae Leptodactylus knudseni Heyer, 19721,2,3 Leptodactylus knudseni  LC 

Leptodactylidae Leptodactylus labyrinthicus (Spix, 1824)1 Leptodactylus labyrinthicus   LC 

Leptodactylidae Leptodactylus laticeps Boulenger, 19181 Leptodactylus laticeps   NT 

Leptodactylidae Leptodactylus latinasus Jiménez de la Espada, 18751 Leptodactylus latinasus   LC 

Leptodactylidae Leptodactylus latrans (Steffen, 1815)1 Leptodactylus ocellatus  LC 

Leptodactylidae Leptodactylus lauramiriamae Heyer & Crombie, 20051 Leptodactylus lauramiriamae  DD DD 

Leptodactylidae Leptodactylus leptodactyloides (Andersson, 1945)1,2 Leptodactylus leptodactyloides  LC 

Leptodactylidae Leptodactylus longirostris Boulenger, 18821,2,3 Leptodactylus longirostris  LC 

Leptodactylidae Leptodactylus macrosternum Miranda-Ribeiro, 19261 Leptodactylus macrosternum   LC 

Leptodactylidae Leptodactylus marambaiae Izecksohn, 19761 Leptodactylus marambaiae   LC 

Leptodactylidae Leptodactylus myersi Heyer, 19951,2,3 Leptodactylus myersi   LC 

Leptodactylidae Leptodactylus mystaceus (Spix, 1824)1,2,3 Leptodactylus mystaceus   LC 

Leptodactylidae Leptodactylus mystacinus (Burmeister, 1861)1 Leptodactylus mystacinus   LC 

Leptodactylidae Leptodactylus natalensis A. Lutz, 19301 Leptodactylus natalensis   LC 

Leptodactylidae Leptodactylus notoaktites Heyer, 19781 Leptodactylus notoaktites   LC 

Leptodactylidae Leptodactylus ochraceus A. Lutz, 19301 Leptodactylus ochraceus  DD LC 

Leptodactylidae Leptodactylus oreomantis Carvalho, Leite & Pezzuti, 20131 Leptodactylus oreomantis    

Leptodactylidae Leptodactylus paraensis Heyer, 20051,2 Leptodactylus paraensis   LC 

Leptodactylidae Leptodactylus pentadactylus (Laurenti, 1768)1,2,3 Leptodactylus pentadactylus   LC 

Leptodactylidae Leptodactylus petersii (Steindachner, 1864)1,2,3 Leptodactylus petersii   LC 

Leptodactylidae Leptodactylus plaumanni Ahl, 19361 Leptodactylus plaumanni   LC 

Leptodactylidae Leptodactylus podicipinus (Cope, 1862)1,3 Leptodactylus podicipinus   LC 

Leptodactylidae Leptodactylus pustulatus (Peters, 1870)1 Leptodactylus pustulatus   LC 

Leptodactylidae Leptodactylus rhodomystax Boulenger, 1884 ñ18831,2,3 Leptodactylus rhodomystax   LC 

Leptodactylidae Leptodactylus rhodonotus (G¿nther, 1869 ñ1868ò)1 Leptodactylus rhodonotus   LC 
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Leptodactylidae Leptodactylus riveroi Heyer & Pyburn, 19831 Leptodactylus riveroi   LC 

Leptodactylidae Leptodactylus rugosus Noble, 19231 Leptodactylus rugosus   LC 

Leptodactylidae Leptodactylus sabanensis Heyer, 19941 Leptodactylus sabanensis   LC 

Leptodactylidae Leptodactylus sertanejo Giaretta & Costa, 20071 Leptodactylus sertanejo   LC 

Leptodactylidae Leptodactylus spixi Heyer, 19831 Leptodactylus spixi   LC 

Leptodactylidae Leptodactylus stenodema Jiménez de la Espada, 18751,2 Leptodactylus stenodema   LC 

Leptodactylidae Leptodactylus syphax Bokermann, 19691 Leptodactylus syphax  LC 

Leptodactylidae Leptodactylus tapiti Sazima & Bokermann, 19781 Leptodactylus tapiti  DD DD 

Leptodactylidae Leptodactylus troglodytes A. Lutz, 19261 Leptodactylus troglodytes   LC 

Leptodactylidae Leptodactylus validus Garman, 18881,2 Leptodactylus validus   LC 

Leptodactylidae Leptodactylus vastus A. Lutz, 19301 Leptodactylus vastus   LC 

Leptodactylidae Leptodactylus viridis Jim & Spirandeli-Cruz, 19731 Leptodactylus viridis   DD 

Leptodactylidae Leptodactylus wagneri (Peters, 1862)1,3 Leptodactylus wagneri   LC 

Leptodactylidae Lithodytes lineatus (Schneider, 1799)1,2,3 Lithodytes lineatus  LC 

Leptodactylidae Paratelmatobius cardosoi Pombal & Haddad, 19991 Paratelmatobius cardosoi   DD 

Leptodactylidae Paratelmatobius poecilogaster Giaretta & Castanho, 19901 Paratelmatobius poecilogaster   DD 

Leptodactylidae Physalaemus aguirrei Bokermann, 19661 Physalaemus aguirrei   LC 

Leptodactylidae Physalaemus albifrons (Spix, 1824)1 Physalaemus albifrons   LC 

Leptodactylidae Physalaemus albonotatus (Steindachner, 1864)1,3 Physalaemus albonotatus   LC 

Leptodactylidae Physalaemus atlanticus Haddad & Sazima, 20041 Physalaemus atlanticus   VU 

Leptodactylidae Physalaemus barrioi Bokermann, 19671 Physalaemus barrioi   DD 

Leptodactylidae Physalaemus biligonigerus (Cope, 1861 ñ1860ò)1 Physalaemus biligonigerus   LC 

Leptodactylidae Physalaemus bokermanni Cardoso & Haddad, 19851 Physalaemus bokermanni   DD 

Leptodactylidae Physalaemus camacan Pimenta, Cruz & Silvano, 20051 Physalaemus camacan   DD 

Leptodactylidae Physalaemus centralis Bokermann, 19621 Physalaemus centralis   LC 

Leptodactylidae Physalaemus cicada Bokermann, 19661 Physalaemus cicada   LC 

Leptodactylidae Physalaemus crombiei Heyer & Wolf, 19891 Physalaemus crombiei  LC 

Leptodactylidae Physalaemus cuvieri Fitzinger, 18261,2,3 Physalaemus cuvieri   LC 

Leptodactylidae Physalaemus deimaticus Sazima & Caramaschi, 1988 ñ1986ò1 Physalaemus deimaticus  DD DD 

Leptodactylidae Physalaemus ephippifer (Steindachner, 1864)1,2,3 Physalaemus ephippifer   LC 

Leptodactylidae Physalaemus erikae Cruz & Pimenta, 20041 Physalaemus erikae   LC 

Leptodactylidae Physalaemus erythros Caramaschi, Feio & Guimarães-Neto, 20031 Physalaemus erythros  DD DD 
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Leptodactylidae Physalaemus evangelistai Bokermann, 19671 Physalaemus evangelistai   DD 

Leptodactylidae Physalaemus feioi Cassini, Cruz & Caramaschi, 20101 Physalaemus feioi    

Leptodactylidae Physalaemus gracilis (Boulenger, 1883)1 Physalaemus gracilis   LC 

Leptodactylidae Physalaemus henselii (Peters, 1872)1 Physalaemus henselii   LC 

Leptodactylidae Physalaemus jordanensis Bokermann, 19671 Physalaemus jordanensis   DD 

Leptodactylidae Physalaemus kroyeri (Reinhardt & L¿tken, 1862 ñ1861ò)1 Physalaemus kroyeri   LC 

Leptodactylidae Physalaemus lateristriga (Steindachner, 1864)1 Physalaemus lateristriga    

Leptodactylidae Physalaemus lisei Braun & Braun, 19771 Physalaemus lisei   LC 

Leptodactylidae Physalaemus maculiventris (Lutz, 1925)1 Physalaemus maculiventris   LC 

Leptodactylidae Physalaemus marmoratus (Reinhardt & L¿tken, 1862 ñ1861ò)1 Physalaemus marmoratus   LC 

Leptodactylidae Physalaemus maximus Feio, Pombal & Caramaschi, 19991 Physalaemus maximus  VU DD 

Leptodactylidae Physalaemus moreirae (Miranda-Ribeiro, 1937)1 Physalaemus moreirae   DD 

Leptodactylidae Physalaemus nanus (Boulenger, 1888)1 Physalaemus nanus   LC 

Leptodactylidae Physalaemus nattereri (Steindachner, 1863)1 Eupemphix nattereri  LC 

Leptodactylidae Physalaemus obtectus Bokermann, 19661 Physalaemus obtectus   DD 

Leptodactylidae Physalaemus olfersii (Lichtenstein & Martens, 1856)1 Physalaemus olfersii   LC 

Leptodactylidae Physalaemus riograndensis Milstead, 19601 Physalaemus riograndensis  LC 

Leptodactylidae Physalaemus rupestris Caramaschi, Carcerelli & Feio, 19911 Physalaemus rupestris  DD DD 

Leptodactylidae Physalaemus signifer (Girard, 1853)1 Physalaemus signifer   LC 

Leptodactylidae Physalaemus soaresi Izecksohn, 19651 Physalaemus soaresi  CR EN 

Leptodactylidae Physalaemus spiniger (Miranda-Ribeiro, 1926)1 Physalaemus spiniger  LC 

Leptodactylidae Pleurodema alium Maciel and Nunes, 20101,2,3 Pleurodema alium   

Leptodactylidae Pleurodema bibroni Tschudi, 18381 Pleurodema bibroni   NT 

Leptodactylidae Pleurodema brachyops (Cope, 1869 ñ1868ò)1 Pleurodema brachyops   LC 

Leptodactylidae Pleurodema diplolister (Peters, 1870)1,2,3 Pleurodema diplolister   LC 

Leptodactylidae Pseudopaludicola ameghini (Cope, 1887)1 Pseudopaludicola ameghini  DD  

Leptodactylidae Pseudopaludicola boliviana Parker, 19271 Pseudopaludicola boliviana   LC 

Leptodactylidae Pseudopaludicola canga Giaretta & Kokubum, 20032,3 Pseudopaludicola canga   DD 

Leptodactylidae Pseudopaludicola facureae Andrade & Carvalho, 20131 Pseudopaludicola facureae    

Leptodactylidae Pseudopaludicola falcipes (Hensel, 1867)1,2 Pseudopaludicola falcipes   LC 

Leptodactylidae 
Pseudopaludicola hyleaustralis Pansonato, Morais, Ávila, Kawashita-Ribeiro, Strüssmann & 

Martin, 20131 
Pseudopaludicola hyleaustralis    

Leptodactylidae Pseudopaludicola mineira Lobo, 19941 Pseudopaludicola mineira   DD 
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Leptodactylidae 
Pseudopaludicola murundu Toledo, Siqueira, Duarte, Veiga-Menoncello, Recco-Pimentel & 

Haddad, 20101 
Pseudopaludicola murundu  DD  

Leptodactylidae Pseudopaludicola mystacalis (Cope, 1887)1 Pseudopaludicola mystacalis   LC 

Leptodactylidae Pseudopaludicola pocoto Magalhães, Loebmann, Kokubum, Haddad & Garda, 20141 Pseudopaludicola pocoto    

Leptodactylidae Pseudopaludicola saltica (Cope, 1887)1 Pseudopaludicola saltica   LC 

Leptodactylidae Pseudopaludicola ternetzi Miranda-Ribeiro, 19371 Pseudopaludicola ternetzi  LC 

Leptodactylidae Rupirana cardosoi Heyer, 19991 Rupirana cardosoi   NT 

Leptodactylidae Scythrophrys sawayae (Cochran, 1953)1 Scythrophrys sawayae   LC 

Microhylidae Adelastes hylonomus Zweifel, 19861 Adelastes hylonomus  
 

DD 

Microhylidae Arcovomer passarellii Carvalho, 19541 Arcovomer passarellii  LC 

Microhylidae Chiasmocleis alagoana Cruz, Caramaschi & Freire, 19991 Chiasmocleis alagoanus EN DD 

Microhylidae Chiasmocleis albopunctata (Boettger, 1885)1 Chiasmocleis albopunctata   LC 

Microhylidae Chiasmocleis antenori (Walker, 1973)1 Syncope antenori  LC 

Microhylidae Chiasmocleis atlantica Cruz, Caramaschi & Izecksohn, 19971 Chiasmocleis atlantica Cruz  LC 

Microhylidae Chiasmocleis avilapiresae Peloso & Sturaro 20081,2 Chiasmocleis avilapiresae   LC 

Microhylidae Chiasmocleis bassleri Dunn, 19491,2 Syncope bassleri  LC 

Microhylidae Chiasmocleis capixaba Cruz, Caramaschi & Izecksohn, 19971 Chiasmocleis capixaba   LC 

Microhylidae Chiasmocleis carvalhoi Cruz, Caramaschi & Izecksohn, 19971,2 Chiasmocleis lacrimae, Chiasmocleis carvalhoi  LC 

Microhylidae Chiasmocleis centralis Bokermann, 19521 Chiasmocleis centralis  DD DD 

Microhylidae Chiasmocleis cordeiroi Caramaschi & Pimenta, 20031 Chiasmocleis corderoi  DD DD 

Microhylidae Chiasmocleis crucis Caramaschi & Pimenta, 20031 Chiasmocleis crucis  DD DD 

Microhylidae Chiasmocleis gnoma Canedo, Dixo & Pombal, 20041 Chiasmocleis gnoma  DD DD 

Microhylidae Chiasmocleis haddadi Peloso, Sturaro, Forlani, Gaucher, Motta & Wheeler, 20141 Chiasmocleis haddadi    

Microhylidae Chiasmocleis hudsoni Parker, 19401,2 Syncope hudsoni  LC 

Microhylidae Chiasmocleis leucosticta (Boulenger, 1888)1 Chiasmocleis leucosticta   LC 

Microhylidae Chiasmocleis mantiqueira Cruz, Feio & Cassini, 20071 Chiasmocleis mantiqueira  DD DD 

Microhylidae Chiasmocleis mehelyi Caramaschi & Cruz, 19971 Chiasmocleis mehelyi   DD 

Microhylidae Chiasmocleis papachibe Peloso, Sturaro, Forlani, Gaucher, Motta & Wheeler, 20141 Chiasmocleis papachibe  DD  

Microhylidae Chiasmocleis quilombola Tonini, Forlani & De Sá, 20141 Chiasmocleis quilombola    

Microhylidae Chiasmocleis royi Peloso, Sturaro, Forlani, Gaucher, Motta & Wheeler, 20141 Chiasmocleis royi    

Microhylidae Chiasmocleis sapiranga Cruz, Caramaschi & Napoli, 20071 Chiasmocleis sapiranga  DD DD 

Microhylidae Chiasmocleis schubarti Bokermann, 19521 Chiasmocleis schubarti   LC 

Microhylidae Chiasmocleis shudikarensis Dunn, 19491 Chiasmocleis shudikarensis  LC 
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Microhylidae Chiasmocleis tridactyla (Duellman & Medelson, 1995)1 Syncope tridactyla  LC 

Microhylidae Chiasmocleis ventrimaculata (Andersson, 1945)1 Chiasmocleis ventrimaculata   LC 

Microhylidae Ctenophryne geayi Mocquard, 19041 Ctenophryne geayi   LC 

Microhylidae Dasypops schirchi Miranda-Ribeiro, 19241 Dasypops schirchii  VU 

Microhylidae Dermatonotus muelleri (Boettger, 1885)2,3 Dermatonotus muelleri   LC 

Microhylidae Elachistocleis bicolor (Valenciennes in Guérin-Menéville, 1838)1 Elachistocleis bicolor   LC 

Microhylidae Elachistocleis bumbameuboi Caramaschi, 20101 Elachistocleis bumbameuboi   DD 

Microhylidae Elachistocleis carvalhoi Caramaschi, 20101 Elachistocleis carvalhoi   LC 

Microhylidae Elachistocleis cesarii (Miranda Ribeiro, 1920)1 Elachistocleis cesarii    

Microhylidae Elachistocleis erythrogaster Kwet & Di-Bernardo, 19981 Elachistocleis erythrogaster  DD NT 

Microhylidae Elachistocleis helianneae Caramaschi, 20101 Elachistocleis helianneae   LC 

Microhylidae Elachistocleis magna Toledo, 20101 Elachistocleis magnus   

Microhylidae Elachistocleis matogrosso Caramaschi, 20101 Elachistocleis matogrosso   LC 

Microhylidae Elachistocleis ovalis (Schneider, 1799)1 Elachistocleis ovalis   LC 

Microhylidae Elachistocleis piauiensis Caramaschi & Jim, 19831 Elachistocleis piauiensis   LC 

Microhylidae Elachistocleis surumu Caramaschi, 20101 Elachistocleis surumu   DD 

Microhylidae Hamptophryne alios (Wild, 1995)1 Altigius alios DD DD 

Microhylidae Hamptophryne boliviana (Parker, 1927)1,2 Hamptophryne boliviana   LC 

Microhylidae Myersiella microps (Duméril & Bibron, 1841)1 Myersiella microps   LC 

Microhylidae Otophryne pyburni Campbell & Clarke, 19981 Otophryne pyburni   LC 

Microhylidae Stereocyclops histrio (Carvalho, 1954)1 Hyophryne histrio  LC 

Microhylidae Stereocyclops incrassatus Cope, 1870 ñ1869ò1 Stereocyclops incrassatus   LC 

Microhylidae Stereocyclops parkeri (Wettstein, 1934)1 Stereocyclops parkeri  LC 

Microhylidae Synapturanus mirandariberoi Nelson & Lescure, 19751 Synapturanus mirandariberoi   LC 

Microhylidae Synapturanus salseri Pyburn, 19751 Synapturanus salseri   LC 

Odontophrynidae Macrogenioglottus aplipioi Carvalho, 19461 Macrogenioglottus aplipioi   LC 

Odontophrynidae Odontophrynus americanus (Duméril & Bibron, 1841)1 Odontophrynus americanus   LC 

Odontophrynidae Odontophrynus carvalhoi Savage & Cei, 19651 Odontophrynus carvalhoi   LC 

Odontophrynidae Odontophrynus cultripes Reinhardt & L¿tken, 1861 ñ1862ò1 Odontophrynus cultripes   LC 

Odontophrynidae Proceratophrys appendiculata (Günther, 1873)1 Proceratophrys appendiculata   LC 

Odontophrynidae Proceratophrys avelinoi Mercadal del Barrio & Barrio, 19931 Proceratophrys avelinoi   LC 

Odontophrynidae Proceratophrys bigibbosa (Peters, 1872)1 Proceratophrys bigibbosa   NT 
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Odontophrynidae Proceratophrys boiei (Wied-Neuwied, 1825)1,2 Proceratophrys boiei   LC 

Odontophrynidae Proceratophrys concavitympanum Giaretta, Bernarde & Kokubum, 20001,2 Proceratophrys concavitympanum   DD 

Odontophrynidae Proceratophrys cristiceps (M¿ller, 1884 ñ1883ò)1 Proceratophrys cristiceps   LC 

Odontophrynidae Proceratophrys cururu Eterovick & Sazima, 19981 Proceratophrys cururu   DD 

Odontophrynidae Proceratophrys goyana (Miranda-Ribeiro, 1937)1 Proceratophrys goyana   LC 

Odontophrynidae Proceratophrys laticeps Izecksohn & Peixoto, 19811 Proceratophrys laticeps   LC 

Odontophrynidae Proceratophrys melanopogon (Miranda-Ribeiro, 1926)1 Proceratophrys melanopogon   LC 

Odontophrynidae Proceratophrys moratoi (Jim & Caramaschi, 1980)2,3 Odontophrynus moratoi EN CR 

Odontophrynidae Proceratophrys renalis (Miranda-Ribeiro, 1920)1 Proceratophrys renalis   
 

Odontophrynidae Proceratophrys schirchi (Miranda-Ribeiro, 1937)1 Proceratophrys schirchi   LC 

Phyllomedusidae Callimedusa atelopoides Duellman, Cadle & Cannatella, 19881 Phyllomedusa atelopoides   LC 

Phyllomedusidae Callimedusa tomopterna (Cope, 1868)1,2 Phyyllomedusa tomopterna   LC 

Phyllomedusidae Cruziohyla craspedopus (Funkhouser, 1957)1,2 Cruziohyla craspedopus   LC 

Phyllomedusidae Hylomantis aspera Peters, 1873 ñ1872ò1 Hylomantis aspera  LC 

Phyllomedusidae Hylomantis granulosa Cruz, 1989 ñ1988ò1 Agalychnis granulosa  VU LC 

Phyllomedusidae Phasmahyla cochranae (Bokermann, 1966)1 Phasmahyla cochranae   LC 

Phyllomedusidae Phasmahyla cruzi Carvalho e Silva, Silva & Carvalho e Silva, 20091 Phasmahyla cruzi    

Phyllomedusidae Phasmahyla exilis (Cruz, 1980)1 Phasmahyla exilis   LC 

Phyllomedusidae Phasmahyla guttata (A. Lutz, 1924)1 Phasmahyla guttata   LC 

Phyllomedusidae Phasmahyla jandaia (Bokermann & Sazima, 1978)1 Phasmahyla jandaia   LC 

Phyllomedusidae Phrynomedusa appendiculata (Lutz, 1925)1 Phrynomedusa appendiculata  DD NT 

Phyllomedusidae Phrynomedusa bokermanni Cruz, 19911 Phrynomedusa bokermanni  DD DD 

Phyllomedusidae Phrynomedusa marginata (Izecksohn & Cruz, 1976)1 Phrynomedusa marginata  DD LC 

Phyllomedusidae Phrynomedusa vanzolinii Cruz, 19911 Phrynomedusa vanzolinii  DD DD 

Phyllomedusidae Phyllomedusa bahiana A. Lutz, 19251,2,3 Phyllomedusa bahiana   DD 

Phyllomedusidae Phyllomedusa bicolor (Boddaert, 1772)1 Phyllomedusa bicolor   LC 

Phyllomedusidae Phyllomedusa boliviana Boulenger, 19021 Phyllomedusa boliviana  DD LC 

Phyllomedusidae Phyllomedusa burmeisteri Boulenger, 18821,2,3 Phyllomedusa burmeisteri   LC 

Phyllomedusidae Phyllomedusa camba De la Riva, 2000 ñ1999ò1 Phyllomedusa camba   LC 

Phyllomedusidae Phyllomedusa distincta A. Lutz in B. Lutz, 19501,2 Phyllomedusa distincta   LC 

Phyllomedusidae Phyllomedusa iheringii Boulenger, 18851,2 Phyllomedusa iheringii   LC 

Phyllomedusidae Phyllomedusa sauvagii Boulenger, 18821 Phyllomedusa sauvagii   LC 
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Phyllomedusidae Phyllomedusa tarsius (Cope, 1868)1 Phyllomedusa tarsius   LC 

Phyllomedusidae Phyllomedusa tetraploidea Pombal & Haddad, 19921,2 Phyllomedusa tetraploidea   LC 

Phyllomedusidae Phyllomedusa vaillanti Boulenger, 18821,2 Phyllomedusa vaillanti   LC 

Phyllomedusidae Phyllomedusa tomopterna (Cope, 1868)1,2 Phyyllomedusa tomopterna   LC 

Phyllomedusidae Pithecopus ayeaye B. Lutz, 19661 Phyllomedusa ayeaye  CR 

Phyllomedusidae Pithecopus azureus (Cope, 1862)1 Phyllomedusa azurea  DD 

Phyllomedusidae Pithecopus centralis (Bokermann, 1965)1 Phyllomedusa centralis  DD 

Phyllomedusidae Pithecopus hypochondrialis (Daudin, 1800)1 Phyllomedusa hypochondrialis  LC 

Phyllomedusidae Pithecopus megacephalus (Miranda-Ribeiro, 1926)1 Phyllomedusa megacephala  DD 

Phyllomedusidae Pithecopus nordestinus (Caramaschi, 2006)1 Phyllomedusa nordestina  DD 

Phyllomedusidae Pithecopus oreades (Brandão, 2002)1 Phyllomedusa oreades  DD 

Phyllomedusidae Pithecopus palliatus (Peters, 1873 ñ1872ò)1 Phyllomedusa palliata  LC 

Phyllomedusidae Pithecopus rohdei Mertens, 19261 Phyllomedusa rohdei   LC 

Pipidae Pipa arrabali Izecksohn, 19761,2 Pipa arrabali   LC 

Pipidae Pipa carvalhoi (Miranda-Ribeiro, 1937)1 Pipa carvalhoi   LC 

Pipidae Pipa pipa (Linnaeus, 1758)2,3 Pipa pipa   LC 

Plethodontidae Bolitoglossa altamazonica (Cope, 1874)1 Bolitoglossa altamazonica  LC 

Plethodontidae Bolitoglossa paraensis (Unterstein, 1930)1 Bolitoglossa paraensis  EN DD 

Plethodontidae Bolitoglossa tapajonica Brcko, Hoogmoed & Neckel- Oliveira, 20132 Bolitoglossa tapajonica   
 

Ranidae Lithobates catesbeianus (Shaw, 1802)1 Aquarana catesbeiana  LC 

Ranidae Lithobates palmipes (Spix, 1824)1 Rana palmipes  LC 

Rhinatrematidae Rhinatrema bivittatum (Guérin-Méneville, 1838)1 Rhinatrema bivittatum   LC 

Siphonopidae Luetkenotyphlus brasiliensis (L¿tken, 1852 ñ1851ò)1 Luetkenotyphlus brasiliensis   DD 

Siphonopidae Siphonops annulatus (Mikan, 1820)1 Siphonops annulatus   LC 

Siphonopidae Siphonops hardyi Boulenger, 18881 Siphonops hardyi   LC 

Siphonopidae Siphonops paulensis Boettger, 18921 Siphonops paulensis  LC 

Typhlonectidae Chthonerpeton indistinctum (Reinhardt & L¿tken, 1862 ñ1861ò)1 Chthonerpeton indistinctum    LC 
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Table S2. List of amphibian species with occurrence in Brazil with microsatellite primers specifically developed for them. Asterisks (*) indicates 

additional species which have been addressed in cross-amplification tests. See Appendix S1 for references. 

Family Species Reference 

Aromobatidae Allobates femoralis (Boulenger, 1984) Jehle et al. 2008; Ringler et al. 2013 

Bufonidae Rhinella jimi (Stevaux, 2002)* Bessa-Silva et al. 2014 

Bufonidae Rhinella marina (Linnaeus, 1758) Bessa-Silva et al. 2014 

Bufonidae Rhinella schineideri (Werner, 1894) Arruda et al. 2011; Bessa-Silva et al. 2014 

Craugastoridae Euparkerella brasiliensis (Parker, 1926) Fusinatto et al. 2013 

Craugastoridae Pristimantis ockendeni (Boulenger, 1912) Elmer et al. 2006 

Odontophrynidae Proceratophrys moratoi (Jim and Caramaschi 1980) Arruda et al. 2012 

Cycloramphidae Thoropa taophora (Miranda-Ribeiro, 1923) Duryea et al. 2008 

Dendrobatidae Dendrobates tinctorius (Cuvier, 1797)* Ringler et al. 2013 

Dendrobatidae Ranitomeya variabilis (Zimmermann and Zimmermann, 1988) Brown et al. 2009 

Hemiphractidae Hemiphractus scutatus (Spix, 1824) Schmid et al. 2012 

Hylidae Bokermannohyla alvarengai (Bokermann, 1956)* Nali et al. 2014 

Hylidae Bokermannohyla circumdata (Cope, 1871)* Nali et al. 2014 

Hylidae Bokermannohyla ibitiguara (Cardoso, 1983) Nali et al. 2014 



101 
 

Hylidae Bokermannohyla hylax (Heyer, 1985)* Nali et al. 2014 

Hylidae Bokermannohyla saxicola (Bokermann, 1964) Eterovick et al. 2012 

Hylidae Dendropsophus minutus (Peters, 1872) Oyamaguchi et al. 2015 

Hylidae Boana raniceps Cope, 1862 Arruda et al. 2010a 

Hylidae Ololygon alcatraz (B. Lutz, 1973) Duryea et al. 2009 

Hylidae Ololygon arduous Peixoto, 2002 Duryea et al. 2009 

Hylidae Ololygon argyreornata (Miranda-Ribeiro, 1926) Duryea et al. 2009 

Hylidae Ololygon faivovichi Oyamaguchi and Haddad, 2007 Duryea et al. 2009 

Leptodactylidae Adenomera andreae (Müller, 1923) Fouquet et al. 2009 

Leptodactylidae Adenomera heyeri  Boistel, Massary and Angulo, 2006* Fouquet et al. 2009 

Leptodactylidae Adenomera hylaedactyla (Cope, 1868)* Fouquet et al. 2009 

Leptodactylidae Leptodactylus bufonius Boulenger, 1894 Faggioni et al. 2014 

Leptodactylidae Leptodactylus chaquensis  Cei, 1950 Arruda et al. 2010b; Faggioni et al. 2014 

Leptodactylidae Leptodactylus knudseni Heyer, 1972* Fouquet et al. 2009 

Leptodactylidae Leptodactylus longirostris Boulenger, 1882* Fouquet et al. 2009 

Leptodactylidae Leptodactylus myersi Heyer, 1995* Fouquet et al. 2009 

Leptodactylidae Leptodactylus mystaceus (Spix, 1824)* Fouquet et al. 2009 
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Leptodactylidae Leptodactylus pentadactylus (Laurenti, 1768)* Fouquet et al. 2009 

Leptodactylidae Leptodactylus rhodomystax Boulenger, 1884 ñ1883"* Fouquet et al. 2009 

Leptodactylidae Leptodactylus wagneri (Peters, 1862)* Fouquet et al. 2009 

Leptodactylidae Physalaemus albonotatus (Steindachner, 1864)* Conte et al. 2011 

Leptodactylidae Physalaemus cuvieri Fitzinger, 1826 Conte et al. 2009; Conte et al. 2011 

Leptodactylidae Physalaemus ephippifer (Steindachner, 1864)* Conte et al. 2009 

Leptodactylidae Pleurodema alium Maciel and Nunes, 2010 Thomé et al. 2104b 

Leptodactylidae Pleurodema diplolister (Peters, 1870) Thomé et al. 2104b 

Phyllomedusidae Phyllomedusa bahiana A. Lutz, 1925* Brunes et al. 2013 

Phyllomedusidae Phyllomedusa burmeisteri Boulenger, 1882 Brunes et al. 2013 

 

 



103 
 

 

 

CAPÍTULO 2 

 

 

 

 

 

 

Quaternary climatic fluctuations influence the evolution of two species of sky island 

endemic amphibians in the Neotropics 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



104 
 

Quaternary climatic fluctuations influence the evolution of two species of sky 

island endemic amphibians in the Neotropics 

 

Francisco Fonseca Ribeiro de Oliveira1*, Marcelo Gehara2, Mirco Solé1, Mariana Lyra3, 

Célio Fernando Baptista Haddad3, Daniel Paiva Silva4, Rafael Félix de Magalhães5, 

Felipe Sá Fortes Leite6 and Frank Thomas Burbrink2 

 

1 - Programa de Pós-Graduação em Ecologia e Conservação da Biodiversidade, 

Universidade Estadual de Santa Cruz, Bahia, Brasil. 

2 - Department of Herpetology, American Museum of Natural History, New York, NY, 

USA. 

3 - Universidade Estadual Paulista (UNESP), Departamento de Zoologia, Instituto de 

Biociências e Centro de Aquicultura (CAUNESP), Campus Rio Claro, 13506-900 Rio 

Claro, São Paulo, Brasil. 

4 - Instituto Federal Goiano ï IF Goiano, Departamento de Biologia, Urutaí, Goiás, 

Brasil. 

5 - Programa de Pós-Graduação em Zoologia, Instituto de Ciências Biológicas, 

Universidade Federal de Minas Gerais ï UFMG, Belo Horizonte, Minas Gerais, Brasil 

6 - Laboratório Sagarana, Instituto de Ciências Biológicas e da Saúde, Universidade 

Federal de Viçosa ï UFV, Florestal, Minas Gerais, Brasil 

 

*Corresponding author: chicofonsecaoliveira@gmail.com 

 

 

 



105 
 

ABSTRACT 

Aim 

Determine the role of Quaternary climatic fluctuations on the evolution of amphibian 

species endemic to the ócampos rupestresô in the Neotropics, evaluating their 

distributional shifts, demographic changes and diversification from the end of 

Pleistocene to present.  

Location  

The Espinhaço Mountain Range (EMR) in northeastern and southeastern Brazil. 

Methods 

We chose two anuran species endemic to the high-elevated ócampos rupestresô in the 

EMR (Bokermannohyla alvarengai and Bokermannohyla oxente), as models to test the 

role of Quaternary climatic fluctuations over amphibians endemic to this ecosystem. We 

collected tissue samples throughout their distribution range and used statistical 

phylogeography to evaluate the molecular data in a multi-loci approach. Spatial-

temporal reconstructions were generated using Bayesian inference in a coalescent 

framework in combination with past projections of species distribution models (SDMs). 

Our results were combined with literature information to build alternative 

diversification scenarios through approximate Bayesian computation (ABC). 

Results 

Quaternary climatic fluctuations determined changes in the geographic ranges of both 

species, with population expansions occurring during periods of cooler temperatures 

(the last glacial maximum - LGM) and range contractions during interglacials, as 

inferred from selected ABC models and from past projections of SDMs. We recovered a 

Pleistocene diversification for both species. An old diverged and range restricted lineage 
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was recovered in one species in a geographically isolated geological massif, deserving 

conservation and taxonomic concern. 

Main conclusions 

The diversification and distribution of these amphibian species endemic to the 

Neotropical ócampos rupestresô were influenced by Quaternary climatic fluctuations, a 

pattern already registered for co-distributed angiosperms. The expansion of cold 

adapted species restricted to higher elevations during glacial periods and their 

concomitant retraction during interglacials may be crucial for determining patterns of 

species richness and endemism along the elevation gradient in tropical and subtropical 

domains, influencing the evolution of the biota actually distributed in heterogeneous 

landscapes. 

Key words 

ABC, campos rupestres, climate change, diversification, elevation shifts, evolution, 

statistical phylogeography. 
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INTRODUCTION  

One of the main goals in evolutionary biology is to determine the historical 

factors that influence in lineage diversification, generating the observed patterns of 

endemism, species ranges and richness (Wollenberg et al., 2008). Such processes are 

important for understanding the evolution of species endemic to high-elevation areas 

that are spatially distributed as ñislandsò isolated by a ñseaò of lowland assemblages 

(Warshall, 1995), the so-called sky island systems (sensu Heald, 1951). Patterns in 

species richness are ultimately influenced by the evolutionary and biogeographic 

processes of speciation, extinction, and dispersal, which directly influence the number 

of species within a community or region (Smith et al., 2007). In this context, patterns of 

population structure and species richness in sky islands may be determined by 

distributional shifts in response to climatic and geological processes, adaptations to 

environmental constraints, and biotic exchanges with the surrounding lowlands. 

Regarding distribution shifts, the elevation shift model (sensu Galbreath et al., 

2009) states that populations of cold adapted species inhabiting high elevations expand 

to lowland areas during periods of climate cooling, increasing spatial connectivity and 

gene flow (DeChaine & Martin, 2005; Galbreath et al., 2009; Newman & Austin, 

2015). Consequently, the present distribution of these sky island endemics may be 

relictual (McCormack et al., 2008; Galbreath et al., 2009; Brown & Knowles, 2012). 

Considering this, in a sky island system it is expected that such elevation shifts may 

generate distinct patterns of population structure between such spatially isolated high-

elevation habitats. Accordingly, previous studies suggest that during interglacial periods 

(i.e. warmer climates), high-elevation species in tropical and subtropical domains 

migrated vertically causing allopatric speciation (Zhang et al., 2008; Collevatti et al., 

2009; Antonelli et al., 2010; Robin et al., 2010; Bonatelli et al., 2014). However, 
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population stability is also observed (Wilmé et al., 2006; Amaro et al., 2012; Batalha-

Filho et al., 2012; Firkowski et al., 2016) indicating the existence of different 

diversification processes in high-elevation taxa in tropical and sub-tropical latitudes.  

One of the most understudied systems in tropical South America is the 

Espinhaço Mountain Range (hereafter EMR), which encompass a significant portion of 

the remaining ócampos rupestresô in the continent (Rapini, 2008). These are savanna 

like formations associated to oligotrophic soils, which are formed over quartzitic rocky 

outcrops in eastern and central Brazil (Bonatelli et al., 2014), generally occurring in 

elevations above 1000 meters a.s.l. (Giulietti et al., 1997; Rapini, 2008; Antonelli et al., 

2010). Such high-elevation ecosystems occupy less than 1% of the Brazilian territory 

(Magalhães et al., 2017), yet are recognized by their high endemism for angiosperms, 

birds and amphibians (Rapini, 2008; Silveira et al., 2016). The ócampos rupestresô are 

threatened due to high levels of human impact (Rapini, 2008), and to the inefficiency of 

the actual network of protected areas in preserving its endemic biota, particularly for 

amphibians (Magalhães et al., 2017; Ramos et al., 2017). Studies of angiosperm taxa 

endemic to these ecosystems support population expansions during glacial periods in 

the southeastern and central regions of Brazil (Collevatti et al., 2009; Antonelli et al., 

2010; Bonatelli et al., 2014). Considering this, one important issue remains to be 

answered in the context of Quaternary climatic fluctuations: Do the vertebrate taxa 

endemic to these environments present similar patterns of distribution shifts ? Do they 

show population stability?  

A more comprehensive understanding over these processes may allow a better 

prediction about the role of future climate change over the diversity of high-elevation 

endemic taxa (Bonatelli et al., 2014; Fernandes et al., 2014). Distribution model 

projections point out that as much as 95% of suitable areas of the ócampos rupestresô 
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will be lost by the end of the century (Fernandes et al., 2014). Future projections on the 

distribution of anurans endemic to these areas are still scarce and controversial given 

that recent studies indicate future increases in distribution ranges in a sky island 

endemic amphibian (Pithecopus ayeaye, Magalhães et al., 2017). Therefore, additional 

studies with co-distributed species endemic to these ecosystems are needed. 

Particularly, statistical phylogeographical approaches which can be used to validate 

ecological niche models are necessary for helping to predict the role of climate change 

on the viability of these populations.  

In the present study we investigated the evolutionary history of two amphibian 

species endemic to the ócampos rupestresô in the EMR: Bokermannohyla alvarengai 

(Bokermann, 1956, Fig. 1), and Bokermannohyla oxente (Lugli & Haddad, 1996, Fig. 

2), evaluating their diversification and range shifts from the end of Pleistocene to 

present. Considering their ecological specificity to environments in the high-elevation 

ócampos rupestresô, these species are adequate models to infer the influence of past 

climatic fluctuations in the population dynamics of amphibians endemic to this 

Neotropical ecosystem. For a more complete description of the study system (the EMR) 

and the target species, see Appendix S1. 

The present study aims to answer the following questions: 1) Will amphibian 

species show a historical pattern of diversification and demography associated with the 

elevation shift model (hereafter ESM)? According to this hypothesis, populations of 

amphibians endemic to high-elevation ócampos rupestresô were widespread and 

spatially connected during periods of glacial maxima, revealing a relictual distribution 

during interglacials. Alternatively, amphibian populations inhabiting high elevations 

may show demographic stability during the last glacial maximum (hereafter the glacial 

stability model, GSM). Considering that range shifts and demographic responses in both 
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models can generate similar patterns of population structure and phylogeographic 

breaks between distinct sky islands, coalescent-based simulations under Bayesian 

inference are a useful tool to evaluate the role of such processes, determining the most 

probable model which explains their diversification. 

 

MATERIALS AND METHOD S 

Population sampling, DNA extraction, amplification and sequencing 

We collected samples for both target species through their known distribution 

range (Table S1, Fig. S1), and these were further extracted and sequenced. Vouchers 

were deposited in the zoological collections of the Universidade Estadual de Santa Cruz 

(UESC), in the Universidade Federal de Minas Gerais (UFMG), and in the Pontifícia 

Universidade Católica de Minas Gerais (PUC Minas). We took tissue samples from 

muscle, toe clip and liver, preserving them in 100% ethanol. We sequenced five distinct 

gene regions: One region of the mitochondrial genome, the cytochrome oxidase I gene 

(CO-I), and four nuclear loci, b-fibrinogen intron 7 gene (ɓ-fibrin7), a segment of the 

exon 1 of tyrosinase gene (TYR), a segment with exon 2 and intron 2 of the cellular 

myelocytomatosis gene (C-myc2), and a segment of the exon 3 of tensine gene (TNS3). 

Details and specifications of DNA extraction, amplification and sequencing are given 

on the supplementary material (Appendix S2 and Table S2). 

Sequences were edited using GENEIOUS v 7.1.3. (Kearse et al., 2012). For 

nuclear genes, the polymorphic nucleotide positions of heterozygous individuals were 

coded with the IUPAC ambiguity codes. For the heterozygous genotypes, phased 

haplotypes were inferred with the Bayesian algorithm implemented in PHASE v 2.1.1. 

(Stephens et al., 2001). Sequences with probabilities of 80% or above for 

heterozygosity in each pairs of alleles were included in all subsequent analyses. 
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Sequences were aligned in MEGA v 6.1 (Tamura et al., 2013) using the Muscle 

algorithm. 

 

Population structure and assignment  

We used three different methods to evaluate patterns of population structure 

including single locus and multi-loci approaches, in order to detect genetic breaks in our 

dataset. First, we delimited mitochondrial lineages using the Bayesian implementation 

of the Generalized mixed Yule-coalescent (bGMYC) (Reid & Carstens, 2012; Fujisawa 

& Barraclough, 2013) in the R 3.1.1 software (R Core Team, 2017). We used 100 

mitochondrial gene trees obtained from BEAST 1.8 (Drummond et al., 2012) as input 

for this analysis (see below).  

We also investigated population structure through multi-loci approaches. First, 

we used the software STRUCTURE 2.3.4 (Pritchard et al., 2000) to determine 

population structure with the four nuclear loci using the linkage model. We built a 

genotype matrix for each species from phased alignments in the software 

XMFAS2STRUCT (available at 

http://www.xavierdidelot.xtreemhost.com/clonalframe.htm), and explored a range of 

values from 1 to 8 populations (k) in 10 replicate analyses. Each independent run was 

implemented in 10 x 106 generations following a burn-in of 10 x 104 generations and 

assuming uncorrelated allele frequencies. We chose the best value of k based on the rate 

of changes in the log-probability of data between successive k values (Dk, Evanno et al., 

2005), using STRUCTURE HARVESTER v0.6.9 (Earl & vonHoldt, 2012).  

To further evaluate population structure in the spatial context, we used 

GENELAND 4.0.3 (Guillot, Estoup et al., 2005, Guillot, Mortier et al., 2005) also 

implemented in the R 3.1.1 software using all five loci, together with respective geo-

http://www.xavierdidelot.xtreemhost.com/clonalframe.htm


112 
 

referenced data (Table S1). The number of populations (k) was determined using the 

Markov Chain Monte Carlo (MCMC) algorithm in two distinct runs. We ran this for 1 x 

106 iterations with a thinning interval of 100 along ten replicates, employing 

uncorrelated allele frequencies and checking for a range of values from 1 to 8 

populations (k). We accessed convergence by comparing k values in each replicate. 

Population membership was estimated in the second run with a ýxed k value (the one 

with highest posterior probability obtained in the first run), also in 1 x 106 iterations. 

 

Parameters and tree estimates  

We ran BEAST to estimate clock rates for all partitions and relative substitution 

rates for nuclear loci, as well as to build mitochondrial gene trees for both species. We 

also built species trees in order to obtain divergence time estimates (in million years) 

between each assigned population. Prior to this, we determined substitution models for 

each partition in the software JMODELTEST (Posada, 2008) using the Bayesian 

information criterion. Models with values of BIC delta < 3 were considered adequate, 

and models with the lowest value for this parameter were selected for each partition 

(Table S3). 

On each run, we employed different tree priors according to the parameter or 

tree being estimated, and these also differed given their respective MCMC chain lengths 

(Table S3). In all runs, we used a burn-in of 25%, and the software TRACER v.1.6 

(Rambaut et al., 2014) was used for checking for effective sample sizes (ESS values Ó 

200), and for convergence of MCMC runs. Consensus trees were built in 

TREEANNOTATOR 1.8 (Drummond et al., 2012). We performed three independent 

runs using different seed numbers to check for convergence of parameters. For a 

complete description of each run for parameters and tree estimates, see Appendix S3. 
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Haplotype genealogies and population genetic statistics 

We constructed haplotype networks for nuDNA (phased) genes using the 

median-joining (MJ) algorithm (Bandelt et al., 1999) in the software PopART (available 

in http://popart.otago.ac.nz). Individuals on each network were assigned to populations 

following the results from previous assignment tests. We also generated the following 

summary statistics and performed neutrality tests for each assigned population: Number 

of polymorphic sites (S), haplotype number (h), haplotype diversity (Hd), nucleotide 

diversity (p) and Tajimaôs D (with respective p values), calculated for each locus using 

DNAsp v. 5.10.1 (Librado & Rozas, 2009). 

 

Estimates of demographic parameters  

We ran MIGRATE-N 3.5.1 (Beerli, 2006) to test if migration rates are in 

agreement with the expectations of non-independently evolving populations. Fot this, 

we quantified rates of gene þow (migration) and effective population sizes between 

each assigned population. Runs were composed of four multiple replicates employing 

four heated chains along 10 x 106 generations, sampled every 10 x 104 steps and with a 

burn-in which varied from 10 x 106 to 20 x 107 generations, according to the robustness 

of results given by posterior distributions. We adopted the static scheme for heated 

chains with a swapping interval of 10 and initial temperatures of 1.0, 1.5, 3.0 and 

10.000, following the manual instructions, together with four demographic models 

which were tested for each species: a) Panmitic model, b) Full migration model, c) 

Migration from population 1 to 2 and d) Migration from population 2 to 1. We used 

inheritance scalars for each locus, together with estimates of substitution rates obtained 

from BEAST runs for nuclear loci (see above) for estimating demographic parameters. 
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Marginal likelihood values were calculated for each model and compared with the 

Bayes factor test using the Bezierôs approximation score (Beerli & Palczewski, 2010).  

 

Historical demography 

We investigated the demographic histories for each population obtained from 

assignment tests using all loci in the Extended Coalescent Skyline Plots (ECSPs, Heled 

& Drummond, 2008), available in BEAST 1.8. This enabled us to obtain additional 

evidence of the role of Quaternary climatic oscilations over the target species, 

determining if their populations remained stable during the sampled period (Last 

Interglacial to present), or suffered changes in their population sizes. We used the mean 

substitution rate of one percent per million years for the mitochondrial genome, together 

with the estimated rates for nuclear genes from BEAST runs (Table S3), which were 

used as estimates of initial root heights. We ran ECSPs with all five loci for 1 x 108 

generations and sampled every 1 x 104 generations, using the linear model. Procedures 

for burn-in, checking for ESSs, convergences of MCMC runs and parameters were the 

same as in previous BEAST runs (see above). Population sizes and estimated 

coalescence intervals from output files were used for generating plots of population 

dynamics through time in the interval from present to 200 thousand years ago (kyr). 

 

Species distribution modeling (SDM) and projection into past scenarios 

In order to gather additional evidence for model building during the test of 

diversification scenarios (see below), we estimated changes in habitat suitability during 

specific periods in the Pleistocene and Holocene through past projections of 

contemporary species distribution models (SDMs). These were used as indirect 
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evidence for the occurrence of past population expansions or contractions in both 

species.  

Contemporary niche models were built for both species using the Maximum 

Entropy algorithm in MAXENT 3.3.3k (Phillips et al., 2006), which is a machine 

learning approach to model species niches and distributions based on presence-only 

occurrence data (Phillips et al., 2006), and has performed well in comparison with other 

presence-only methods (Elith et al., 2006; Wisz et al., 2008). We projected species 

ranges into two Pleistocene and one Holocene timeframes: The Last Interglacial (LIG, 

120 kyr) and the Last Glacial Maximum (LGM, 21 kyr), and the Mid-Holocene (MH, 6 

kyr). Bioclimatic variables were downloaded from Worldclim v 1.4 

(www.worldclim.org) at 2.5 minutes resolution and were used to produce different 

models for the present (1960 to 1990), as well as for the aforementioned past scenarios. 

We used downscaled data derived from two Global Climate Models (GCMs): CCSM4 

and MIROC-ESM models for LGM and Mid-Holocene, and one additional GCM for 

LIG (Otto-Bliesner et al., 2008). Past changes in habitat availability were inferred from 

respective changes in habitat suitability in each period, and we generated final stability 

maps by summing models from each period and GCMs, from intersections of all 

projections. For additional information on modeling procedures (occurrence records, 

variable selection and model procedures and evaluation), see appendix S4. 

 

Tests of diversification scenarios and biogeographical hypothesis  

In order to investigate the influence of Quaternaty climatic fluctuations in the 

evolution of high-elevation endemic amphibians, we tested alternative diversification 

scenarios from proposed biogeographical hypothesis (see below) using Approximate 

Bayesian Computation (ABC). ABC is a likelihood-free method that evaluate distinct 
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scenarios via simulation (Bertorelle et al., 2010; Csilléry et al., 2010). The simulated 

scenarios in ABC were built from distinct sources, such as literature information and 

results from population assignments, historical demography, SDMs, as well as from 

estimates of migration rates and divergence times, to test the following hypothesis: 

1) The elevation shift model, in which population expansions took place 

during the LGM, as shown for other vertebrate species endemic to tropical and 

subtropical high-elevation habitats (Zhang et al., 2008; Robin et al., 2010), as well as 

from SDMs results and from evidence found in the literature for the expansion of 

angiosperms endemic to the ócampos rupestresô in central and eastern Brazil during this 

period (Collevatti et al., 2009; Antonelli et al., 2010; Bonatelli et al., 2014). 

2) The glacial stability model, which states demographic stability during 

LGM, according to trends from vertebrates endemic to high elevations in southeastern 

Brazil (Amaro et al., 2012; Batalha-filho et al., 2012; Firkowski et al., 2016), and from 

other tropical regions (Wilmé et al., 2006), as well as from the results of demographic 

reconstructions. 

According to results from MIGRATE-N for each species, we included models 

with and without migration, also incorporating two distinct parameters for ancestral 

populations, in order to reconstruct historical patterns of diversification between sky 

islands in a more realistic way: We considered that current populations may have arisen 

from a single widespread ancestral population, as well as through the occurrence of 

founder effects, where one current population originated from the other through 

historical colonization (see Fig. 5 for a complete description of each model.) 

We used the beta version of PipeMaster 0.0.7 R-package (Gehara et al., 

unpublished) (R Core Team, 2017) available in Github 

(http://github.com/gehara/PipeMaster) to sample parameters from uniform prior 
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distributions in demographic quantities, rescale parameters to theta, simulate coalescent 

data and calculate summary statistics. Priors distributions were based in wide uniform 

intervals for each species encompassing the parameters cited previously (effective 

population sizes, migration and divergence times). A single value for population 

parameters and specific mutation rates for each gene was sampled in each simulation. 

Values for these priors distributions are shown on Table S4. 

For each gene, the following summary statistics were calculated between 

populations and for all populations in each species: Mean number of segregating sites, 

mean nucleotide diversity, mean haplotype diversity, mean Tajimaôs D coefficient, 

mean Fu & Li D coefficient, mean Fu & Li F coefficient, mean haplotype FST, and mean 

nucleotide FST. These metrics were used in all simulations to test the fit of each model 

to the observed data. 

 We performed 1 x 105 simulations per model and evaluated the model-fit using 

a principal component analysis (PCA), and also by plotting the distribution of each 

simulated summary statistics against the observed values. To calculate the probability of 

each model we used a neural network classification algorithm implemented in the R-

packages nnet (Venables & Ripley, 2002), and caret (Kuhn, 2016). To reduce the 

number of models per classification we compared the models hierarchically. First, we 

compared all four of the Glacial Stability models against each other, and all four 

Interglacial Refugia models also against each other. These two comparisons identify the 

best Glacial Stability model and the best Interglacial Refugia model. In the final 

analysis we took the best models selected in each category and compared them against 

each other to infer which hypothesis best fit our data. 

To train the neural network, we used 10% of the simulations and the remaining 

90% was used for testing and accuracy calculation. To tune the parameters of the 
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algorithm we used 10 bootstrap replicates and selected the parameters that yielded the 

highest accuracy in model identification. Before training we centered and scaled the 

simulated data. After training we calculated the accuracy of model identification and 

used the trained neural network to classify our empirical data and calculate the 

respective probability. 

After selecting the best model, we proceeded with parameter estimation. To do 

that we used a neural network regression implemented by the nnet as part of the abc 2.1 

R-package (Csilléry et al., 2012). We run 1 x 106 simulations for the best model and 

evaluated confidence in parameter estimation using the cross-validation function of the 

abc package with 100 replicates. After that we estimated each model parameter using a 

tolerance of 0.001.    

 

RESULTS 

We extracted and sequenced a total of 63 samples for Bokermannohyla 

alvarengai and 46 for Bokermannohyla oxente throughout their geographic range (Table 

S1, Fig. S1). We obtained ~4400 base pairs in total (~2300 bp and 2100 bp, 

respectively) and 700 sequences (after the exclusion of unresolved phased sequences) 

summing all five loci (Tables S1, S3, S5 and S6). 

 

Population structure, assignment and mitochondrial lineages 

Population structure results were mostly concordant among methods, depicting 

the existence of concordant genetic breaks in both species (Fig. 1 and 2), and few 

individuals were assigned to distinct populations. For B. alvarengai, bGMYC delineated 

two mitochondrial lineages distributed through the north-south axis of its geographical 

range (k = 2, Fig. S2a), a result similar to the mitochondrial tree generated in BEAST 
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(Fig. S5), which recovered these two lineages with high support (Fig. 1c). These two 

populations were also recovered in STRUCTURE using only nuclear loci (Fig. S3), and 

in the GENELAND spatial model with all five loci (Fig. 1b). These groups are named 

hereafter northern and southern populations, because the phylogeographic break which 

divides them is located in the central EMR (Fig. 1b). The main discrepancy among 

these three methods was related to the assignment of two sampled localities in this 

region (Itacambira and Botumirim), which are geographically adjacent but separated by 

a low altitude valley of about 20 kilometers wide (Figs. 1b, 1c and Fig. S1, see localities 

2 and 9).  

The mitochondrial tree in bGMYC (Fig. S2b) and in BEAST (Fig. S6) 

delineated three mitochondrial lineages in B. oxente (k = 3, Fig. 2c): One old diverged 

and spatially isolated lineage (named hereafter Jacobina lineage), one composed only by 

localities from the Serra do Sincorá (hereafter named Sincorá lineage), and another 

geographically broad lineage encompassing samples from several regions along the 

Chapada Diamantina, including its southern portion (hereafter named southern lineage), 

together with localities from the Serra do Sincorá (Mucugê and Palmeiras), as well as 

from other localities (Morro do Chapéu, Brotas de Macaúbas, and Utinga). These latter 

two mitochondrial lineages lack more fine-scaled geographic structure, where a 

parapatric zone with possible admixture/introgression is observed in the Serra do 

Sincorá, in the localities of Mucugê and Palmeiras (Figs. 2b, 2c and S6). When 

evaluated under the spatial model with five loci, GENELAND grouped the Southern 

and Sincorá lineages together (k = 2, hereafter named the Southern-Sincorá population, 

Fig. 2b). STRUCTURE results from the four nuclear loci were intermediate between 

both previous methods, determining three populations (k = 3, Fig. S4), but with high 

levels of admixture between the southern and Sincorá lineages (Fig. 2c and S4). 
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Therefore, STRUCTURE corroborates GENELAND results and the observed admixture 

between the southern and Sincorá mitochondrial lineages (Fig. 2c and S6). The Jacobina 

lineage was clearly assigned in all three methods (with a little admixture in 

STRUCTURE, Fig. S4), and is located in a small and isolated geological massif in the 

northeastern most portion of the EMR (the Serra da Jacobina, Fig. 2b and 2c).  

 

Estimations of substitution rates for nuclear loci and divergence times 

between populations  

Divergence times estimated from the species trees recovered diversification 

during late Pleistocene in B. alvarengai (0.340 Ma, 95% HPD = 0.153 - 0.597 Ma), and 

an older divergence in B. oxente, where the Southern-Sincorá population split from the 

Jacobina population in the Plio-Pleistocene transition (2.207 Ma, 95% HPD = 0.816 ï 

4.377 Ma).  

 

Haplotype genealogies and population genetic statistics 

A total of 158 haplotypes were recovered for both species summing all five loci 

(85 for B. alvarengai and 73 for B. oxente, Tables S5 and S6). Networks constructed 

with the median joining algorithm showed few shared nuclear haplotypes among 

populations in both species: one shared haplotype in the b-fibrinogen7, C-myc2 and 

tensin genes, and four shared haplotypes in the tyrosinase gene in B. alvarengai, as well 

as one shared haplotype in the C-myc2 gene and two in the tyrosinase gene for B. 

oxente (Fig. S7). Haplotype sharing was absent in the b-fibrinogen7 and tensin genes in 

this later species, depicting geographical structure and complete lineage sorting. 

The number of polymorphic sites (S) in B. alvarengai varied from two to 29 and 

was higher for the northern population in the mitochondrial gene (n = 27), and higher 
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for the southern population for most genes (maximum n = 29 for tensine, Table S5).  

This parameter varied in B. oxente from zero to 69, and the southern-Sincorá population 

presented the highest values for most partitions (Table S6). Haplotype diversity (Hd) 

was similar between both populations in B. alvarengai for all five genes (varying from 

0.3839 to 0.8833), whereas nucleotide diversity (p) varied from 0.00083 to 0.01587, 

being higher in the southern population for most nuclear genes. In B. oxente, haplotype 

diversity varied from zero to 0.9074, being higher for the southern-Sincorá population 

in all genes except tensine and varying from 0.9074 to 0.8042, a pattern similar to 

nucleotide diversity, which varied from zero to 0.06227 (Table S6). Values of Tajimaôs 

D coefficient were non-significant for most populations and partitions, except for the 

tensine gene in the southern population in B. alvarengai and for the CO-I gene in the 

southern-Sincorá population in B. oxente (Tables S5 and S6). 

 

Estimates of demographic parameters and historical demography 

The selected models from MIGRATE-N runs shows the existence of 

unidirectional migration for both species, with current migration from southern to 

northern populations in B. alvarengai and from the Jacobina to southern-Sincorá 

populations in B. oxente (Table S7). Number of migrants per generation was higher in 

B. oxente (mean of 2.08 individuals) than in B. alvarengai (mean of 0.7 individuals, 

Table S7). 

The results from Extended Bayesian Skylines Plots show population stability for 

all populations in both species during the selected interval of 200 kyr, with no 

significant alterations in effective population sizes (Fig. S8 and S9).  
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Species distribution modeling (SDM) and projection into past scenarios 

Both current models accurately predicted the distributions of the evaluated 

species, with AUC values of 0.986 (° 0.001) and 0.985 (° 0.002), and TSS values of 

0.906 (° 0.006) and 0.902 (° 0.022), for B. alvarengai and B. oxente, respectively (Fig. 

3a and 4a). 

Areas of greater suitability in the current model for B. alvarengai encompasses 

most of its geographic range, with less suitable areas also occurring in the eastern 

portion of the EMR and in the Chapada Diamantina (Fig. 3a). The current model for B. 

oxente predicted a greater suitability in the southern portion of the Chapada Diamantina 

(Fig. 4a).  

As a general trend, both species presented an increase in habitat suitability 

during the LGM (Fig. 3d, 3e, 4d and 4e) if compared to the other evaluated past periods 

(Mid-Holocene and LIG). During LGM, B. alvarengai is predicted to occupy most of 

the EMR (Fig. 3d, 3e), whereas B. oxente is supposed to expand to northern areas 

outside its current range (the Chapada Diamantina), amidst the semi-arid Caatinga 

domain (Fig. 4d and 4e). As a general trend, suitable areas were similar during both 

interglacial periods (current and LIG) for both species (Fig. 3a and 3f, 4a and 4f), with 

B. oxente showing higher values of suitability during the LIG inside the range of the 

EMR (Fig. 4f), whereas suitable areas for B. alvarengai were similar between both 

periods, with an increase in the southern EMR in the current model (Fig. 3a). 

 

Tests of diversification scenarios and biogeographical hypothesis 

The selected diversification models in ABC with highest values of posterior 

probabilities were those which corroborate the ESM with a widespread ancestor for 

both species, where the model with unidirectional migration (Fig. 5b1) was selected for 
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B. alvarengai (P = 0.688, Table 1), and the model without migration (Fig. 5a1) was 

selected for B. oxente (P = 0.609, Table 2).  Both models showed adequate fit to the 

observed data as seen by the first two axis of the PCA (Fig. S10), recovering a 

Pleistocene divergence between populations (Tables S8 and S9), a result similar to 

BEAST estimates. However, the estimated divergence times differed from BEAST, 

especially for B. oxente (mean of 1100387 years), if compared to B. alvarengai (mean 

of 462481 years). A mean migration rate of 0.46 gene copies per generation was 

estimated between lineages for B. alvarengai (Table S9), a result similar to MIGRATE-

N estimates (Table S7). 

 

DISCUSSION 

The role of Quaternary climatic fluctuations in the diversification of the 

ócampos rupestresô endemic biota 

 In the present study, we found support for the influence of Quaternary climatic 

fluctuations in the diversification and distribution of two amphibian species endemic to 

the ócampos rupestresô of the EMR. These findings suggest the existence of a dynamic 

demographic system in these high-elevation areas determined by recurrent range shifts 

through the elevation gradient. In this scenario, the target species increased their 

population sizes and expanded their ranges during periods of glacial maxima, presenting 

concomitant retractions during interglacials (as shown by the results from SDMs and 

the selected ABC models). In opposion to these results, the graphs from EBSPs depicts 

population stability during the second half of the Pleistocene (Fig. S8 and S9), which 

may be related to the trend in this method in generating the type two error (not detecting 

past demographic changes) when few loci are used (Ho & Shapiro, 2011). We 

recovered a range restricted and old diverged lineage in Bokermannohyla oxente, 
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located in a small and geographically isolated massif, deserving conservation concern 

and further taxonomic investigation. Such results improve the understanding about the 

evolution of sky island endemic amphibians in the Neotropics, and the role of climatic 

fluctuations over their demographic trends. In addition, the present study demonstrates 

the role of environmental factors (temperature oscillations through Quaternary climatic 

cycles) in generating concordant demographic patterns in non-related co-distributed 

taxa (amphibians and angiosperms endemic to high-elevation ócampos rupestresô in 

South America). 

The phylogeographic break in B. alvarengai is located in a low altitude valley of 

about 700 meters a.s.l. with only 20 kilometers wide (Fig. 1b) in the region of the Grão 

Mogol municipality (Fig. S1, number 8), where a microendemic angiosperm species 

(Pilosocereus aurisetus, Apocynaceae) is recorded with an estimated divergence also 

during the second half of Pleistocene (Bonattelli et al., 2014). These results may 

indicate similar responses to climate fluctuations for the fauna and flora associated to 

the ócampos rupestresô in the central portion of the EMR, leading to insularization in 

mountain tops during interglacial periods. Unidirectional migration was recovered in 

this species from southern to northern regions through the EMR from MIGRATE-N and 

ABC simulations (Tables S7 and 1, Fig. 5b1). This south to north pattern is also 

observed in the diversification of the endemic orchid genus Hoffmannseggella 

(Antonelli et al., 2010). Such congruence between unrelated species may evidence the 

role of climate-driven demographic changes in co-distributed species through the 

existence of historical corridors for the dispersion of high-elevation taxa during periods 

of climate cooling (Antonelli et al., 2010).  The recent divergence time recovered in B. 

alvarengai (between 400 and 450 kyr, Table S8) together with the migration model 

recovered by MIGRATE-N (unidirectional migration from south to north, Table S7), 
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and the selected ABC model with migration (ESM with migration, Table 1) may 

indicate historical gene flow in this species, an expected pattern considering its life 

history traits such as large body size and basking behavior (Tattersall et al., 2006), 

which likely increase its dispersal rates. Magalhães et al. (2017) and Ramos et al. 

(2017) recovered evolutionarily independent lineages and spatially isolated populations 

in frogs of the genus Pithecopus (P. ayeaye and P. megacephalus) endemic to the 

ócampos rupestresô in the Cerrado domain and in the EMR, respectively. In both studies, 

relictual distributions during interglacial periods triggered by Quaternary climatic 

fluctuations were proposed to explain the observed patterns of population structure and 

lineage diversification. Machado et al. (2014) also found a mid to late Pleistocene 

diversification possibly influenced by Quaternary climatic fluctuations in the Bothrops 

neuwiedi species complex, where one clade is endemic to the southern portion of the 

EMR.  

In the Chapada Diamantina, two mitochondrial lineages of B. oxente overlaps 

their present ranges in the Serra do Sincorá (Fig. 2b). This may indicate recurrent events 

of range contractions and expansions that generated recent secondary contact in this 

region, a pattern already registered in other hylid clade endemic to high elevations in the 

subtropical Andean cordillera (Koscinski et al., 2008). The older divergence time 

recovered in this species between the Southern-Sincorá and Jacobina populations (about 

1000 kyr, Table S9) agree with intra lineage diversification of the Neotropical 

herpetofauna, which seemingly occurred mainly during Pleistocene (Thomé et al., 2010; 

Tonini et al., 2013; Machado et al., 2014; Gehara et al., 2017). Considering the 

estimated divergence times and the selected model in the ABC analysis, the origin of 

the Jacobina population may be related to a widespread ancestral population during 

Pleistocene, a pattern already observed in other amphibian taxa in the Neotropical 
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region (Thomé et al., 2010; Tonini et al., 2013; Menezes et al., 2016; Gehara et al., 

2017). Few studies determined divergence times for amphibians in the Neotropical 

ócampos rupestresô, where Magalhães et al. (2017) found a recent Pleistocene 

diversification in P. ayeaye. In addition, some speciation events in birds endemic to 

high elevations in eastern and southern Brazil are also estimated during late Pleistocene 

(Chaves et al., 2014), what may indicate the common role of historical processes in the 

evolution of co-distributed vertebrate species in the Neotropical ócampos rupestresô. 

Species specific biological attributes influence the demographic patterns of 

Neotropical vertebrates, generating idiosyncratic (Prates et al., 2016) or synchronous 

(Gehara et al., 2017) responses through time. In this context, most amphibians rely upon 

water bodies for reproduction, and in the present study some events of population 

expansions during past periods in the Quaternary may be related to increased rainfall in 

addition to climate cooling. Such pattern is proposed for B. alvarengai considering the 

complex dynamics of climatic fluctuations registered in the past 60 kyr along its present 

distribution range (Hórak-Terra, 2014, unpublished data), where a mesic climate 

predominated from the end of Pleistocene to mid Holocene (28 to 6.6 kyr) in the southern 

and central portions of the EMR, with a marked decrease in temperatures and increased 

rainfall, a pattern also observed in another montane site in southeastern Brazil during 

LGM (Silva et al., 2004). Such historical climate pattern along the range of this species 

during LGM may corroborate the interglacial refugia hypothesis as the most plausible to 

explain its diversification, with population expansions also occurring in response to 

increased rainfall, which may have triggered a concomitant increase in the availability 

temporary pools used for reproduction. In this context, Magalhães et al. (2017) also 

discuss the existence of a interglacial relictual distributions for P. ayeyaye, which presents 
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a reproductive mode similar to B. alvarengai, also using temporary environments during 

the rainy season.  

Distinct sources indicate the predominance of a mesic climate also in the semi arid 

Caatinga from the end of Pleistocene to the beginning of Holocene, from about 25 to 9 

kyr (Arz et al., 1998, Czaplewski & Cartelle, 1998, Auler et al., 2001). In fact, De 

Oliveira, 1999 and Wang et al., 2004 suggests the existence of a wide Pleistocene corridor 

of mesic vegetation encompassing a significant portion of the Chapada Diamantina 

region, which may have influenced the diversification of the amphibian fauna in the 

second half of this period (Thomé et al., 2016). Also, Sobral et al., 2015 using past 

projections of ENMs postulates the expansion of the Atlantic Forest over this region in 

the period corresponding to the LGM. Such biogeographic processes may be additional 

factors which determined the observed pattern of increased habitat suitability for B. 

oxente during the LGM, with a concomitant decrease from this period to present (Fig. 4e 

to 4a). Therefore, this species may present a historical demographic response which may 

follow past expansions of forested environments in this semi arid domain, a pattern 

already registered for another anuran species endemic to mesic enclaves in high 

elevations in the Brazilian semi arid (Carnaval & Bates, 2007). Also, the decrease of 

habitat suitability for this species from LGM to present as seen in the results of SDMs 

(Fig. 4e to 4a) is in accordance with results of recent population expansions in co-

distributed vertebrates endemic to low elevation areas in the Caatinga domain (Gehara et 

al., 2017), indicating an expansion of the xeric vegetation and a concomitant decrease of 

mesic enclaves since the end of Pleistocene. Such evidence is in accordance with the 

interglacial refugia hypothesis recovered through Approximate Bayesian computation for 

this species. 
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A low altitude plateau separates the Chapada Diamantina from the northern 

EMR (Figure S1), and it is characterized by the predominance of xeric Caatinga 

vegetation, coinciding with the geographic break in the ranges of both studied species 

(Fig. S1, 1a and 2a). Other anurans endemic to sky islands in the EMR display similar 

distribution ranges, such as P. megacephalus, which presents its northernmost record 

also in the setentrional portion of northern EMR, right to the south of this low elevation 

plateau (Brandão et al., 2012). This may evidence this region as an important 

biogeographical barrier dividing the Caatinga imersed Chapada Diamantina in the north 

from the ecoton Cerrado-Atlantic Forest massifs to the south. This region is also 

inferred as a potential geographic zone influencing vicariant speciation in the bird genus 

Augastes during the Plio-Pleistocene transition (Vasconcelos et al., 2012), and for 

promoting differentiation in angiosperms endemic to the EMR ócampos rupestresô 

(Bünger et al., 2014). Past projections of SDMs depict increases in habitat suitability for 

both species during LGM (Fig. 3d, 3e, 4d and 4e). In the case of B. alvarengai, this 

species may have overcome this geographic barrier during cooler periods in the past, 

possibly inhabiting the Chapada Diamantina region (Fig. 3d, and 3e), when 

temperatures were cooler. 

 

Relevance of the present study to the conservation of high-elevation 

endemic amphibians  

The present study has important implications for the conservation of the biota 

endemic to the South American ócampos rupestresô. The population structure and 

diversification patterns found in both species may provide guidelines for effective 

conservation measures for amphibians endemic to these ecosystems, which may be 

negatively impacted by the current human induced climate change.  
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In such context, the Jacobina population should be treated as an independent 

evolving lineage in B. oxente and be given adequate conservation measures, due to 

higher extinction risks for small-ranged vertebrates in montane habitats (Fjeldsa et al., 

2012). Considering that disjunct distributions of populations is the ýrst step in the 

process of allopatric speciation (Chaves et al., 2014), further taxonomic studies should 

reveal if this lineage may fulfill the full species status and therefore be considered as a 

microendemic species (Ochoa-Ochoa et al., 2011). Deep lineage divergence between 

spatially isolated populations with possible existence of cryptic species is observed in 

other studies with vertebrate taxa endemic to tropical and subtropical high elevations 

(Koscinski et al., 2008; Robin et al., 2010; Gehara et al., 2013; Magalhães et al., 2017). 

In these regions, phylopatric species such as small bodied vertebrates may show distinct 

genetic structure between populations in finer spatial scales (Hollycross & Douglas, 

2007). Therefore, conservation measures for sky island endemics should take into 

account patterns of genetic structure and the existence of independent evolving lineages 

between distinct mountain tops. 

Species inhabiting high elevations (i.e. montane endemics) may be particularly 

susceptible to rapid climate changes (Parmesan, 2006), where a considerable amount of 

its available habitats may be lost in the near future due to climate warming (Moritz et 

al., 2008; Chen et al., 2011). In this context, ensuring biodiversity conservation 

strategies that preserves unique evolving lineages and the adaptive potential of species 

to respond to climate change is a key component for maintaining ongoing evolutionary 

processes (Byrne, 2008). The present study shows a direct relationship between 

amphibian distribution range and historical climatic fluctuations in the Neotropical 

ócampos rupestresô, with population expansions occurring during periods of climate 

cooling. In face of such results, these populations are expected to dramatically suffer 
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from the effects of future global warming, possibly undertaking several events of local 

extinctions and population declines due to severe habitat reduction in the next decades 

(Bonatelli et al., 2014; Fernandes et al., 2014). Future projections on the distribution of 

anurans endemic to these areas are still scarce and controversial, where based model 

projections point out that as much as 95% of suitable areas in these ecosystems will be 

lost by the end of the century, in central Brazil and through the EMR (Fernandes et al., 

2014). However, contrasting trends of future increases in distribution ranges in one sky 

island endemic amphibian (Magalhães et al., 2017) reinforces the need of additional 

studies with co-distributed species endemic to these ecosystems, which should employ 

statistical phylogeography and ecological niche modeling in order to predict the role of 

future climate change over the viability of their populations. Also, considering the trend 

of demographic stability observed during late Pleistocene for some vertebrate taxa in 

high elevations in the Atlantic Forest domain (Amaro et al., 2012; Batalha-Filho et al., 

2012; Firkowski et al., 2016), additional studies with co-distributed species are needed 

in order to understand the role of climatic cycles in the evolution and diversification of 

the South American biota endemic to high-elevation sites.  
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TABLES 

Table 1. Probabilities using the neural network algorithm in Bokermannohyla alvarengai for the two proposed diversification models (GSM and 

ESM) tested with ABC, and the four distinct parameterizations employed in each of them regarding divergence and migration: FE1 and FE2 

(founder effect), I (isolation) and IM (isolation with migration). The first run compares models only within a given category (GSM and ESM), 

using each of the four parameterizations. Models and parameters on run #2 were the ones with highest probabilities in run #1. For more details in 

each model, see Figure 5. 

Run # 1 FE1 FE2 I IM Accuracy Kappa 

Glacial stability model (GSM) 3.73e-08 0.027 0.337 0.635 0.739 0.652 

Elevation shift model (ESM) 2.75e-05 0.03 0.388 0.581 0.739 0.652 

Run # 2       

GSM - IM ESM - IM Accuracy Kappa    

0.311 0.688 0.728 0.456    
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Table 2. Probabilities using the neural network algorithm in Bokermannohyla oxente for the two proposed diversification models (GSM and 

ESM) tested with ABC, and the four distinct parameterizations employed in each of them regarding divergence and migration: FE1 and FE2 

(founder effect), I (isolation) and IM (isolation with migration). The first run compares models only within a given category (GSM and ESM), 

using each of the four parameterizations. Models and parameters on run #2 were the ones with highest probabilities in run #1. For more details 

in each model, see Figure 5. 

Run # 1 FE1 FE2 I IM Accuracy Kappa 

Glacial stability model (GSM) 1.146e-05 9.366e-05 0.285 0.714 0.843 0.791 

Elevation shift model (ESM) 0.002 0.005 0.55 0.44 0.868 0.803 

Run # 2       

GSM - IM ESM - I Accuracy Kappa    

0.39 0.609 0.914 0.829    
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FIGURE CAPTIONS  

 

Figure 1. a) Geographic distribution of sampled localities for Bokermannohyla 

alvarengai in the northern, central and southern portions of the EMR (black dots), and 

its location in South America, among the Cerrado (Ce), Caatinga (Ca) and Atlantic 

Forest (AF) domains. b) Elevation map depicting the two delineated mitochondrial 

lineages (right), together with assignment results from GENELAND (left). c) 

Mitochondrial coalescent tree from COI gene showing the main divergence events 

between the two delineated lineages, with results from population assignment methods. 

Black dots show posterior probabilities > 0.90. 

 

Figure 2. a) Geographic distribution of sampled localities for Bokermannohyla oxente in 

the Chapada Diamantina region (black dots) and the location of the EMR in South 

America, among the Cerrado (Ce), Caatinga (Ca) and Atlantic Forest (AF) domains. b) 

Elevation map depicting the three delineated mitochondrial lineages (right), with results 

from GENELAND (left), which assembled the Southern and Sincorá lineages. c) 

Mitochondrial coalescent tree from COI gene showing the main divergence events 

among the three delineated lineages, with results from population assignment methods. 

Black dots show posterior probabilities > 0.90. 

 

Figure 3. Species distribution models (SDMs) for Bokermannohyla alvarengai during 

current (a), Mid-Holocene (b, c), LGM (d, e) and LIG (f) periods, together with stability 

maps for these four evaluated periods with the GCMs Miroc (g) and CCSM4 (h), as 

well as from the intersection of both GCMs (i). Stability maps were generated only from 

suitable areas that overlapped among all models (current, Mid-Holocene, LGM and 
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LIG). Areas inside the black dotted line indicate regions in the EMR that are higher than 

500 meters above sea level. 

 

Figure 4. Species distribution models (SDMs) for Bokermannohyla oxente during 

current (a), Mid-Holocene (b, c), LGM (d, e) and LIG (f) periods, together with stability 

maps for these four evaluated periods with the GCMs Miroc (g) and CCSM4 (h), as 

well as from the intersection of both GCMs (i). Stability maps were generated only from 

suitable areas that overlapped between all models (current, Mid-Holocene, LGM and 

LIG). Areas inside the black dotted line indicate regions in the EMR that are higher than 

500 meters above sea level. 

 

Figure 5. Models used for testing the diversification scenarios with approximate 

Bayesian computation for Bokermannohyla alvarengai and Bokermannohyla oxente 

through sky islands in the EMR, based in the elevation shift model (1) and in the glacial 

stability model (2). a) Models without migration. Both populations originate from a 

widespread ancestral population in the past, expanding during the last glacial maximum 

(a.1), or remaining at a constant size until the present (a.2). b) Models with migration. 

Both populations originate from a widespread ancestral population in the past, 

expanding during the last glacial maximum (b.1) or remaining at a constant size until 

the present (b.2). c) and d) Founder effect models: Populations are originated from each 

other through past dispersion events, expanding during the last glacial maximum (c.1 

and d.1), or remaining at a constant size until the present (c.2 and d.2). Legends for 

icons: t1, t2, t3 = Time intervals between simulated periods. td = Divergence time 

between populations. NE1, NE2, NE3 and NEA:  Effective population sizes. For prior 
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values of t and NE see Fig. S4. Black arrows indicate unidirectional migration between 

populations.
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Figure 1. 
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Figure 2. 
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Figure 3. 
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Figure 4.  
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Figure 5. 
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SUPPLEMENTARY MATERI AL  

Appendix S1. Study system and target species 

The EMR is among the main geological formations in South America harboring 

disjunct high-elevation ecosystems, together with the Andean cordillera and the Tepuis 

in the Guiana shield, being one of the main sky island systems in this continent 

(Warshall, 1995). It presents a Precambrian orogenic formation (Derby, 1966; Almeida-

Abreu & Renger, 2002), and is located in northeastern and southeastern Brazil, with an 

extension of about 1.200 kilometers along its north-south axis (Fig. S1). Despite poorly 

sampled for most animal and plant groups, its ócampos rupestresô are actually 

recognized as important centers of endemism for amphibians (Leite, 2008), squamates 

(Nogueira et al., 2011), and birds (Vasconcelos et al., 2008; Chaves et al., 2014), as 

well as for angiosperm taxa (Versieux et al., 2008; Ribeiro et al., 2014). Three of the 

main Brazilian domains are actually distributed through the EMR, with its northernmost 

region (the Chapada Diamantina) completely immersed in the semi-arid Caatinga, 

whereas its southern geological massifs (the Serra do Cabral, southern, central and 

northern Espinhaço, sensu Chaves & Brandão, 2004) compose an ecoton zone between 

the Cerrado and the Atlantic Forest, two of the worldôs endangered terrestrial hotspots 

(Myers et al., 2000, Fig. 1a and 2a).  

The target species are close related hylid frogs with distribution through the 

campos rupestres of the EMR: Bokermannohyla alvarengai (Fig. 1), with distribution 

from southern to northern EMR (Fig. S1), and Bokermannohyla oxente (Fig. 2), which 

is endemic to the Chapada Diamantina region (Fig. S1). Both belong to the 

Bokermannohyla pseudopseudis species group (sensu Faivovich et al., 2005), a speciose 

clade of stream breeding amphibians with distribution in the campos rupestres of central 

Brazil and through the EMR, generally in elevations from 900 to up to 2000 meters 
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a.s.l. Bokermannohyla oxente breeds in permanent streams in rocky outcrops generally 

surrounded by gallery forests amidst the semi-arid Caatinga domain. Bokermannohyla 

alvarengai is endemic to the Cerrado domain (Valdujo et al., 2012), and uses temporary 

pools and streams for oviposition which are formed only during the rainy season. 
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Appendix S2. DNA extraction and PCR protocols 

We extracted DNA using the ammonium acetate precipitation protocol (Maniatis et al., 

1982) adapted for microcentrifuge tubes (Lyra et al., 2016), and re-suspended total 

genomic DNA in 100 mL. PCRs were performed in a total volume of 20 mL, using the 

Ampliqon Taq DNA Polymerase Master Mix 1.5 mM MgCl2 (0.4 mM of each primer 

and 1 mL of DNA). PCR specifications for each locus are as follows: CO-I gene: We 

used UP reaction regime from Lyra et al. (2016) with extension temperature of 60 oC 

and primers AnF1/AnR1 (Table S2). TYR and Cmyc-2 genes: We used the nested 

procedure described in Fusinatto et al. (2013), and the following primers: 

Tyr1B/Tyr1C/Tyr1E/Tyr1G/CmycF/CmycU/Cmyc3Cat (Table S2). ɓ-fibint7 gene: 

Initial denaturation for 3 min, 40 fluctuations of 95º C for 20 s, 50º C for 20 s and 68º C 

for 1 min, and primers FIB-17U/17L (Table S2). TNS3 gene: Initial denaturation for 3 

min, 40 fluctuations of 95º C for 20 s, 52º C for 20 s and 68º C for 1 min, primers WL 

421/WL423 (Table S2).  We purified PCR products using a mix of 0.5 unit of 

thermosensitive alkaline phosphatase (FastAP) and 1 unit of Exonuclease I (Thermo 

Fisher Scientific Inc.) at 37 oC for 30 min as in Lyra et al. (2016). The purified samples 

were sent to Macrogen Inc (Seoul, South Korea) for sequencing. 
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Appendix S3. Parameters and tree estimates  

Estimates of clock and substitution rates  

Estimates of clock rates for each gene partition as well as relative substitution rates for 

nuclear loci were carried out using BEAST 1.8 in two different runs. We estimated 

clock rates employing a lognormal relaxed clock for all partitions and a fixed rate of 

1.0. We inspected values of standard deviation (SD) for all loci in TRACER 1.6, and 

those close to zero were taken as inference for the strict clock rate. As expected, 

mitochondrial clock rates were relaxed log normal, whereas all nuclear loci presented a 

strict rate, according to the slower mutation rates for these latter markers, which 

generates lower levels of variation (Drummond & Bouckaert, 2015, Table S3).  

In the second run, we estimated substitution rates for nuclear loci using the clock 

rates from this previous run. For this, the mitochondrial gene (COI) had its substitution 

rate fixed in one percent per million years, according to the mean mitochondrial rate 

estimated for other amphibian species (Mulcahy & Mendelson, 2000; Crawford, 2003; 

Stöck et al., 2012), and substitution rates for the nuclear loci were estimated from it. We 

opted for adopting this mean evolutionary rate due to the size of the cytochrome oxidase 

I region (more than 1500 base pairs), in which two different partitions are available for 

the taxa that would be used to build the calibrated tree, as well as due to the lack of 

Cenozoic hylids fossils in the Neotropical region. The estimates of substitution rates for 

nuclear loci were based on median values from BEAST runs and were further used in 

the determination of demographic parameters, as well as in demographic 

reconstructions, and are shown in Table S3. On both runs, the Birth-Death Process prior 

(Gernhard, 2008) was used in 2 x 108 generations, sampled every 2 x 104 generations.  
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Mitochondrial gene trees 

Gene trees for the mitochondrial (CO-I) gene were built for both species through 

Bayesian inference also in BEAST 1.8, using the substitution models determined in 

JMODELTEST (Table S3, Fig. S5 and S6). We used a Coalescent constant size tree 

prior with a lognormal relaxed clock and a fixed rate of 1.0 percent per million years. 

MCMC runs were composed of 1 x 108 generations sampled every 1 x 104 generations. 

 

Species trees and estimates of divergence times 

Species trees were constructed for each species using previous results from population 

assignments, as well as from clock and substitution rates estimated for nuclear loci (see 

above), in order to obtain estimates of divergence times (in million years, as inferred 

from the time to the most recent common ancestor, TMRCA) between assigned 

populations of each species. The Birth-Death Process prior was used to build the species 

trees in BEAST 1.8 with 2 x 108 generations, sampled every 2 x 104 generations.  

For all these runs, specifications on burn-in, checking for ESS and convergence of 

MCMC runs, and procedures for building consensus trees are given in the Material and 

methods section. 
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Appendix S4. Species distribution modeling (SDM) and projection into past 

scenarios 

We gathered occurrences records for both target species through field sampling and 

from zoological collection records, in a total of 54 and 62 occurrences points for B. 

alvarengai and B. oxente, respectively, encompassing their known distribution ranges. 

These were reduced to 44 and 41 geographically unique points, respectively (Table 

S10), after the adoption of a minimum distance of four kilometers between registers, 

according to recommendations in Guisan et al., 2007. 

We used pair-wise correlations between all variables to build a matrix 

employing the Pearsonôs correlation coefficient between each pair of variables. For 

correlations with values higher than 0.8, redundant variables were discarded. Therefore, 

a total of seven variables were used to build the current model: Bio1 (Annual Mean 

Temperature), Bio2 (Mean Diurnal Range), Bio3 (Isothermality), Bio4 (Temperature 

Seasonality), Bio12 (Annual Precipitation), Bio14 (Precipitation of Driest Month) and 

Bio18 (Precipitation of Warmest Quarter).  

We built niche projections using a background area encompassing 200 

kilometers radius from the geographic limits of the EMR, in order to detect possible 

events of past population expansions for the studied species outside its actual 

distribution range. The spatial limit of the EMR was defined as the area inside a 500 

meters elevation shapefile (Fig. 3 and 4). Pseudo absences were randomly allocated 

from this extent and used for model adjustment, using the default number available in 

MAXENT (10,000 points). We randomly assigned occurrence records into training and 

testing subsets using 75 % and 25 % proportions, respectively, in a total of 10 subsets. 

Prior to the species modeling, we used the ENMeval R package (Muscarella et 

al., 2014) in all scenarios to select the best MAXENTôs parameters and regularization 
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multiplier combinations capable of generating the best range predictions for both 

species in all of their occurrence subsets. This package allows for model adjustment, 

prediction and evaluation, the choice for the best features and regularization multipliers, 

also balancing model goodness-of-fit and complexity (thresholds for balancing omission 

and commission errors). Parameters choice is based in a combination of features and 

range values of regularization multipliers that generates the lowest AIC value for a 

given model. The Receiver Operating Characteristic (ROC) threshold (which balances 

both omission and commission errors) was used to cut the suitability matrices into 

presence/absence maps. To assess model performance, we used the threshold 

independent metric Area Under the Curve (AUC, Fielding & Bell, 1997), together with 

threshold dependent True Skilled Statistic (TSS, Allouche et al., 2006), considering that 

AUC values may vary with the spatial extent used to select background points (Lobo et 

al., 2007; Jiménez-Valverde, 2011). 
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SUPPLEMENTARY TABLES  AND FIGURES 

Table S1. Samples of Bokermannohyla alvarengai (1) and Bokermannohyla oxente (2) 

used in present study, with map code numbers according to Fig. S1, voucher and tissue 

numbers, municipality, state, geographic coordinates (latitude and longitude in decimal 

degrees), and the results from assignment tests according to different methods: 

bGMYC, STRUCTURE and GENELAND.  
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Species Map Code Tissue number Voucher number Municipality State Lat Long bGMYC STRUCTURE GENELAND 

1 1 UFMG4247 UFMG4247 Barão de Cocais MG -19.893566 -43.520381 Southern Southern Southern 

1 1 UFMG4248 UFMG4248 Barão de Cocais MG -19.893566 -43.520381 Southern Southern Southern 

1 1 UFMG4249 UFMG4249 Barão de Cocais MG -19.893566 -43.520381 Southern Southern Southern 

1 1 UFMG4250 UFMG4250 Barão de Cocais MG -19.893566 -43.520381 Southern Southern Southern 

1 2 UFMG3072 UFMG3072 Botumirim MG -16.84405278 -43.06208889 Southern Northern Northern 

1 2 UFMG3075 UFMG3075 Botumirim MG -16.85449167 -43.05459167  Northern  

1 2 UFMG3080 UFMG3080 Botumirim MG -16.83481944 -43.05906667 Southern Northern Northern 

1 2 UFMG3130 UFMG3130 Botumirim MG -16.83481944 -43.05906667 Southern Northern Northern 

1 3 UFMG0267 UFMG0267 Caetité BA -14.519056 -42.534889 Northern Northern Northern 

1 4 UFMG1115 UFMG1115 Catas Altas MG -20.2180555 -43.57944 Southern Southern Southern 

1 5 UFMG0078 UFMG0078 Congonhas do Norte MG -18.808053 -43.751991 Southern Southern Southern 

1 5 UFMG0079 UFMG0079 Congonhas do Norte MG -18.808053 -43.751991 Southern Southern Southern 

1 5 UFMG0080 UFMG0080 Congonhas do Norte MG -18.808053 -43.751991 Southern  Southern 

1 5 UFMG0081 UFMG0081 Congonhas do Norte MG -18.808053 -43.751991 Southern Southern Southern 

1 6 UFMG0415 UFMG0415 Conselheiro Mata MG -17.92387 -43.9021 Southern Southern Southern 

1 6 UFMG0416 UFMG0416 Conselheiro Mata MG -17.92387 -43.9021  Southern  

1 7 UFMG2934 UFMG2934 Diamantina MG -18.26569444 -43.74536667 Southern  Southern 

1 7 UFMG2936 UFMG2936 Diamantina MG -18.25093611 -43.71718333 Southern Southern Southern 

1 7 UFMG2956 UFMG2956 Diamantina MG -18.24689722 -43.73866389 Southern Southern Southern 

1 7 UFMG3710 UFMG3710 Diamantina MG -17.95758 -43.78367 Southern Southern Southern 

1 7 UFMG3711 UFMG3711 Diamantina MG -17.74504 -43.76809 Southern Southern Southern 

1 7 UFMG3712 UFMG3712 Diamantina MG -17.74504 -43.76809  Southern  

1 8 UFMG4276 UFMG4276 Grão Mogol MG -16.6316666 -42.8083333 Northern Northern Northern 

1 8 UFMG4277 UFMG4277 Grão Mogol MG -16.6316666 -42.8083333 Northern Northern Northern 

1 8 UFMG4311 UFMG4311 Grão Mogol MG -16.6375 -42.98527778 Northern Northern Northern 

1 8 UFMG4326 UFMG4326 Grão Mogol MG -16.82305556 -43.09277778 Northern Northern Northern 

1 9 UFMG2020 UFMG2020 Itacambira MG -16.99057 -43.31653 Southern Northern Southern 

1 9 UFMG2042 UFMG2042 Itacambira MG -16.99057 -43.31653 Southern Northern Southern 

1 9 UFMG2043 UFMG2043 Itacambira MG -16.99057 -43.31653  Northern  

1 9 UFMG2991 UFMG2991 Itacambira MG -16.98972222 -43.31555556 Southern Northern Southern 

1 9 UFMG2993 UFMG2993 Itacambira MG -16.98972222 -43.31555556 Southern  Southern 

1 9 UFMG2999 UFMG2999 Itacambira MG -16.99027778 -43.31222222 Southern  Southern 

1 10 UFMG1435 UFMG1435 Jacaraci BA -14.89655 -42.516851 Northern Northern Northern 

1 10 UFMG1436 UFMG1436 Jacaraci BA -14.89655 -42.516851 Northern Northern Northern 

1 10 UFMG1437 UFMG1437 Jacaraci BA -14.89655 -42.516851 Northern Northern Northern 
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1 10 UFMG1441 UFMG1441 Jacaraci BA -14.895584 -42.517699 Northern  Northern 

1 11 UFMG1524 UFMG1524 Morro do Pilar MG -19.16218333 -43.51371389 Southern Southern Southern 

1 11 UFMG1525 UFMG1525 Morro do Pilar MG -19.16218333 -43.51371389 Southern Southern Southern 

1 12 UFMG0404 UFMG0404 Ouro Branco MG -20.46943 -43.730152 Southern Southern Southern 

1 12 UFMG0411 UFMG0411 Ouro Branco MG -20.46943 -43.730152  Southern  

1 12 UFMG0412 UFMG0412 Ouro Branco MG -20.46943 -43.730152  Southern  

1 13 
MCNAM 17524 

 
T226 PARNA Serra do Cipó MG -19.2883333 -43.590277 Southern Southern Southern 

1 13 MCNAM 17927 T581 PARNA Serra do Cipó MG -19.2883333 -43.590277 Southern Southern Southern 

1 13 MCNAM 17925 T582 PARNA Serra do Cipó MG -19.2883333 -43.590277 Southern Southern Southern 

1 13 MCNAM 17926 T583 PARNA Serra do Cipó MG -19.2883333 -43.590277  Southern  

1 14 UFMG0180 UFMG0180 Rio Pardo de Minas MG -15.642349 -42.794559 Northern Northern Northern 

1 14 UFMG0193 UFMG0193 Rio Pardo de Minas MG -15.642349 -42.794559 Northern Northern Northern 

1 14 UFMG0217 UFMG0217 Rio Pardo de Minas MG -15.642349 -42.794559 Northern Northern Northern 

1 15 UFMG2865 UFMG2865 Rio Vermelho MG -18.08207 -43.06224 Southern Southern Southern 

1 15 UFMG3511 UFMG3511 Rio Vermelho MG -18.08787 -43.07492 Southern Southern Southern 

1 15 UFMG3959 UFMG3959 Rio Vermelho MG -18.08787 -43.07492 Southern  Southern 

1 15 UFMG3960 UFMG3960 Rio Vermelho MG -18.08787 -43.07492 Southern Southern Southern 

1 16 UFMG1098 UFMG1098 Santana do Riacho MG -19.293971 -43.512186 Southern Southern Southern 

1 16 UFMG2156 UFMG2156 Santana do Riacho MG -19.29116 -43.582484 Southern Southern Southern 

1 16 UFMG2175 UFMG2175 Santana do Riacho MG -19.29116 -43.582484 Southern Southern Southern 

1 16 UFMG2176 UFMG2176 Santana do Riacho MG -19.29116 -43.582484 Southern Southern Southern 

1 17 UFMG3264 UFMG3264 Santo Antônio do Itambé MG -18.490036 -43.368 Southern  Southern 

1 17 UFMG3265 UFMG3265 Santo Antônio do Itambé MG -18.490036 -43.368 Southern Southern Southern 

1 17 UFMG3289 UFMG3289 Santo Antônio do Itambé MG -18.490036 -43.368 Southern  Southern 

1 17 UFMG4168 UFMG4168 Santo Antônio do Itambé MG -18.490036 -43.368 Southern Southern Southern 

1 17 UFMG4205 UFMG4205 Santo Antônio do Itambé MG -18.460542 -43.369785 Southern Southern Southern 

1 17 UFMG4206 UFMG4206 Santo Antônio do Itambé MG -18.460542 -43.369785 Southern Southern Southern 

1 18  ID115 Urandi BA -14.7708333 -42.655 Northern Northern Northern 

2 19 MZUESC 17394 FO 919 Brotas de Macaúbas BA -11.98694 -42.69365 Southern Southern Southern - Sincorá 

2 19 MZUESC 17395 FO 920 Brotas de Macaúbas BA -11.98694 -42.69365 Southern Southern Southern - Sincorá 

2 20 UFMG1385 UFMG1385 Ibicoara BA -13.292481 -41.252707 Sincorá Southern Southern - Sincorá 

2 20 UFMG1386 UFMG1386 Ibicoara BA -13.292481 -41.252707 Sincorá Mixed Southern - Sincorá 

2 20 UFMG1387 UFMG1387 Ibicoara BA -13.292481 -41.252707 Sincorá Sincorá Southern - Sincorá 

2 21 MZUESC 17254 FO 798 Igatú BA -12.89588 -41.31605 Sincorá Southern Jacobina 

2 21 MZUESC 17255 FO 799 Igatú BA -12.89588 -41.31605 Sincorá Mixed Jacobina 
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2 21 MZUESC 17315 FO 800 Igatú BA -12.89588 -41.31605 Sincorá Southern Jacobina 

2 21 MZUESC 17316 FO 801 Igatú BA -12.89588 -41.31605  Sincorá  

2 22 FO 749 FO 749 Jacobina BA -11.1420771 -40.4869203 Jacobina Jacobina Jacobina 

2 22 MZUESC 17211 FO 753 Jacobina BA -11.1420771 -40.4869203 Jacobina Jacobina Jacobina 

2 22 MZUESC 17225 FO 767 Jacobina BA -11.1420771 -40.4869203 Jacobina Jacobina Jacobina 

2 22 MZUESC 17232 FO 774 Jacobina BA -11.1420771 -40.4869203 Jacobina Jacobina Jacobina 

2 22 FO 776 FO 776 Jacobina BA -11.1420771 -40.4869203  Sincorá  

2 23 UFMG4262 UFMG4262 Lençóis BA -12.729962 -41.496683 Sincorá Southern Southern - Sincorá 

2 23 UFMG4264 UFMG4264 Lençóis BA -12.729962 -41.496683 Sincorá Southern Southern - Sincorá 

2 24 MZUESC 17243 FO 786 Miguel Calmon BA -11.37499 -40.53267 Jacobina Jacobina Jacobina 

2 24 MZUESC 17249 FO 792 Miguel Calmon BA -11.37499 -40.53267 Jacobina Jacobina Jacobina 

2 24 MZUESC 17250 FO 793 Miguel Calmon BA -11.37499 -40.53267 Jacobina Jacobina Jacobina 

2 24 MZUESC 17253 FO 796 Miguel Calmon BA -11.37499 -40.53267 Jacobina Jacobina Jacobina 

2 25 MZUESC 17136 FO 728 Morro do Chapéu BA -11.6930833 -41.03338889 Southern Southern Southern - Sincorá 

2 25 MZUESC 17137 FO 729 Morro do Chapéu BA -11.6930833 -41.03338889 Southern Southern Southern - Sincorá 

2 25 MZUESC 17142 FO 734 Morro do Chapéu BA -11.6930833 -41.03338889 Southern Southern Southern - Sincorá 

2 25 MZUESC 17198 FO 738 Morro do Chapéu BA -11.6930833 -41.03338889 Southern Southern Southern - Sincorá 

2 26 MZUESC 17054 FO 676 Mucugê BA -13.1463889 -41.46916667 Southern Southern Southern - Sincorá 

2 26 MZUESC 17058 FO 681 Mucugê BA -13.1463889 -41.46916667 Sincorá Southern Southern - Sincorá 

2 26 UFMG1334 UFMG1334 Mucugê BA -13.1463889 -41.46916667 Sincorá Southern Southern - Sincorá 

2 27 MZUESC 17083 FO 708 Palmeiras BA -12.5436111 -41.71527778 Southern Southern Southern - Sincorá 

2 27 MZUESC 17084 FO 709 Palmeiras BA -12.5436111 -41.71527778 Southern Mixed Southern - Sincorá 

2 27 FO 712 FO 712 Palmeiras BA -12.5436111 -41.71527778  Mixed  

2 27 UFMG1247 UFMG1247 Palmeiras BA -12.5436111 -41.71527778  Sincorá  

2 28 UFMG1586 UFMG1586 Piatã BA -13.194738 -41.816471  Mixed  

2 28 UFMG1588 UFMG1588 Piatã BA -13.194738 -41.816471 Southern  Southern - Sincorá 

2 28 UFMG1590 UFMG1590 Piatã BA -13.194738 -41.816471 Southern Southern Southern - Sincorá 

2 29 MZUESC17350 FO 871 Pindobaçú BA -10.69198 -40.3854 Jacobina Jacobina Jacobina 

2 29 FO 883 FO 883 Pindobaçú BA -10.69198 -40.3854 Jacobina Jacobina Jacobina 

2 29 MZUESC 17361 FO 885 Pindobaçú BA -10.69198 -40.3854 Jacobina Jacobina Jacobina 

2 29 MZUESC 17362 FO 886 Pindobaçú BA -10.69198 -40.3854 Jacobina Jacobina Jacobina 

2 30 MZUESC 17051 FO 673 Rio de Contas BA -13.6480556 -42.05972222 Southern Southern Southern - Sincorá 

2 30 MZUESC17052 FO 674 Rio de Contas BA -13.6480556 -42.05972222 Southern Southern Southern - Sincorá 

2 30 UFMG1286 UFMG1286 Rio de Contas BA -13.6480556 -42.05972222 Southern Southern Southern - Sincorá 

2 30 UFMG1287 UFMG1287 Rio de Contas BA -13.6480556 -42.05972222 Southern  Southern - Sincorá 

2 31 MZUESC 17385 FO 910 Utinga BA -11.9931 -41.09771 Southern Southern Southern - Sincorá 



167 
 

 

 

2 31 MZUESC 17386 FO 911 Utinga BA -11.9931 -41.09771 Southern Southern Southern - Sincorá 

2 31 MZUESC 17387 FO 912 Utinga BA -11.9931 -41.09771 Southern Southern Southern - Sincorá 

2 31 MZUESC 17389 FO 914 Utinga BA -11.9931 -41.09771  Southern  
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Table S2. List of primers used in the present study for each gene partition.  

 
Gene Primer abbreviation ï Sequence (5ôï3ô) Reference 

Cytochrome oxidase I (COI) AnF1 - ACHAAYCAYAAAGAYATYGG  Lyra et al., 2016 

Cytochrome oxidase I (COI) AnR1 - CCRAARAATCARAADARRTGTTG Lyra et al., 2016 

b-fibrinogen, intron 7 (ɓ-fibint7) Fib_B17L - TCCCCAGTAGTATCTGCCATTAGGGTT Prychitko & Moore, 1997 

b-fibrinogen, intron 7 (ɓ-fibint7) Fib_b17U - GGAGAAAACAGGACAATGACAATTCAC Prychitko & Moore, 1997 

Mielocitomatose celular, exon 2 and intron 2 (Cmyc-2) Cmyc F - ATAGGAACCTGTAGGACCAG Brunes et al., 2010 

Mielocitomatose celular, exon 2 and intron 2 (Cmyc-2) Cmyc1U - GAGGACATCTGGAARAARTT Crawford, 2003 

Mielocitomatose celular, exon 2 and intron 2 (Cmyc-2) Cmyc3Cat - GTTGYTGCTGATCTGTTTGAG Brunes et al., 2010 

Tyrosinase, exon 1 (TYR) Tyr1B - AGGTCCTCYTRAGGAAGGAATG Bossuyt & Milinkovitch, 2000 

Tyrosinase, exon 1 (TYR) Tyr1C - GGCAGAGGAWCRTGCCAAGATGT Bossuyt & Milinkovitch, 2000 

Tyrosinase, exon 1 (TYR) Tyr1E - GAGAAGAAAGAWGCTGGGCTGAG Bossuyt & Milinkovitch, 2000 

Tyrosinase, exon 1 (TYR) Tyr1G - TGCTGGGCRTCTCTCCARTCCCA Bossuyt & Milinkovitch, 2000 

Tensine, exon 3 (TNS3) WL421_R - CAGTGTTGGAGAAGATGGTATGTC Smith, et al., 2007 

Tensine, exon 3 (TNS3) WL423_F - CAGCATAGGTACTTTATCATCATCAG Smith, et al., 2007 
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Table S3. Main parameters of BEAST runs for mitochondrial and species trees in Bokermannohyla alvarengai and Bokermannohyla oxente. Locus, number of 

samples (N), together with nucleotide substitution models, clock rates and substitution rates for each partition estimated in previous runs (see the Material and 

methods section and Appendix S3). Tree priors, MCMC chain length and sampling are: 1) for mitochondrial gene trees, and 2) for species trees. *Number of 

phased sequences. 

 

 

Species Locus N Nucleotide model Clock Rate Tree prior MCMC chain length MCMC sampling 

Bokermannohyla alvarengai COI 56 HKY + I  Relaxed lognormal 1 x 10-8 (fixed) 

1) Coalescent constant 

      2) Speciation: BDP 

1) 1 x 108 

2) 2 x 108 

1) 1 x 104 

2) 2 x 104 

 ɓ-fibint7 98* GTR + I Strict 0.1.6764e-09 (fixed) 

 Cmyc-2 82* HKY + I  Strict 1.2532e-09 (fixed) 

 TNS3 80* GTR + I Strict 3.0327e-09 (fixed) 

 TYR 94* HKY + I  Strict 1.7952e-09 (fixed) 

Bokermannohyla oxente COI 40 HKY + G Relaxed lognormal 1 x 10-8 (fixed) 

1) Coalescent constant 

 2) Speciation: BDP 

1) 1 x 108 

2) 2 x 108 

1) 1 x 104 

2) 2 x 104 

 ɓ-fibint7 72* HKY + I  Strict 1.5027e-09 (fixed) 

 Cmyc-2 44* JC Strict 1.41e-09 (fixed) 

 TNS3 68* JC Strict 4.1086e-10 (fixed) 

 TYR 66* HKY + I  Strict 1.3891e-09 (fixed) 



 
 

Table S4. Parameters and prior distributions used to test alternative 

diversification scenarios for both species using the ABC approach: 

The elevation shift model and the glacial stability model: Effective 

population sizes (NE), population divergence in years (t), number 

of gene copies per generation (2Nm) and mutation rates in millions 

of years. See Fig. 5 for a schematic representation of each model. 

In all simulations, NE1 <NE2, NE2<NE3, NE3<NE4, and t3< td. 

Legends for icons: t1, t2, t3 = Time intervals between simulated 

periods. td = Divergence time between populations. NE1, NE2, NE3 

and NE4:  Effective population sizes. 

Species Interval 

Bokermannohyla alvarengai min max 

NE1 10000 2000000 

NE2 10000 2000000 

NE3 10000 2000000 

NE4 10000 2000000 

2Nm 0.02 2.3 

mtDNA rate 5e-9 1.5e-8 

nDNA rate 1e-9 4e-9 

t1 5000 20000 

t2 20000 40000 

t3 150000 600000 

td 150000 600000 

Bokermannohyla oxente min max 

NE1 500000 3500000 

NE2 500000 3500000 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NE3 500000 3500000 

NE4 500000 3500000 

2Nm 0.4 5.4 

mtDNA rate 5e-9 1.5e-8 

nDNA rate 1e-9 4e-9 

t1 5000 20000 

t2 20000 40000 

t3 500000 5000000 

td 500000 5000000 



 
 

Table S5. Summary statistics for each locus in the assigned populations of Bokermannohyla alvarengai. 

Legends: L = length in base pairs; N = sample size (in phased sequences for nuclear genes); S = number 

of polymorphic sites; H = number of haplotypes; Hd = haplotype diversity;  ́= nucleotide diversity; 

Tajimaôs D tests with respective P values. *(P<0.05).  

 

 

 

 

 

 

 

 

 

 

 

Locus Population L(bp) N S H Hd p Tajimaôs D p value 

COI Northern 499 16 27 9 0.8833 0.01587 -0.11124 P > 0.10 

COI Southern 499 40 14 13 0.8282 0.00408 -1.47444 P > 0.10 

b-fibrinogen7 Northern 479 30 2 3 0.3839 0.00083 -0.43471 P > 0.10 

b-fibrinogen7 Southern 479 68 9 13 0.5579 0.00325 -0.45699 P > 0.10 

C-myc2 Northern 416 28 2 3 0.5185 0.00148 0.40630 P > 0.10 

C-myc2 Southern 416 54 9 9 0.7365 0.00365 -0.63597 P > 0.10 

Tensine Northern 515 26 13 6 0.5200 0.00198 -1.46404 P > 0.10 

Tensine Southern 515 54 29 12 0.5052 0.00359 -2.07074 P < 0.05* 

Tyrosinase Northern 442 30 6 6 0.6207 0.00409 -1.20767 P > 0.10 

Tyrosinase Southern 442 64 6 11 0.7768 0.00492 0.17807 P > 0.10 



 
 

Table S6. Summary statistics for each locus in the assigned populations of Bokermannohyla oxente. Legends: L = 

length in base pairs; N = sample size (in phased sequences for nuclear genes); S = number of polymorphic sites; H 

= number of haplotypes; Hd = haplotype diversity; ́ = nucleotide diversity; Tajimaôs D tests with respective P 

values. **(P<0.01).  

 

 

 

 

 

 

 

 

 

Locus Population L(bp) N S H Hd p Tajimaôs D p value 

COI Southern-Sincorá 495 28 69 12 0.9074 0.06227 2.54913 P < 0.01** 

COI Jacobina 495 12 13 4 0.6515 0.0093 0.31133 P > 0.10 

b-fibrinogen7 Southern-Sincorá 465 50 13 14 0.8808 0.00696 0.32357 P > 0.10 

b-fibrinogen7 Jacobina 465 22 4 7 0.7662 0.00248 0.13879 P > 0.10 

C-myc2 Southern-Sincorá 368 28 21 9 0.8042 0.00704 -1.14113 P > 0.10 

C-myc2 Jacobina 368 16 1 2 0.5000 0.00870 1.30896 P > 0.10 

Tensine Southern-Sincorá 384 44 0 1 0 0 _ _ 

Tensine Jacobina 384 24 3 5 0.6848 0.00277 0.81983 P > 0.10 

Tyrosinase Southern-Sincorá 401 42 20 12 0.8362 0.00995 -1.39185 P > 0.10 

Tyrosinase Jacobina 401 24 19 7 0.6051 0.00136 -1.13998 P > 0.10 



 
 

Table S7. Migration rates (as number of migrants per generation) for Bokermannohyla alvarengai and Bokermannohyla oxente estimated though Migrate-N 

3.5.1, together with the respective simulated models. Migration per generation values are median, 2.5% and 97.5 % intervals, respectively. 

Species Populations Model Bezier scores Probability Migrants per generation 

Bokermannohyla alvarengai Southern (A), Northern (B) Panmixia (AB) -4713.82 2.5621E-39 - 

 Southern (A), Northern (B) Full model (A, B) -4636.43 1.0439E-05 - 

 

Southern (A), Northern (B) Unidirecional migration (A ­ B) -4624.96 1 

0.7038 (0.02454 ï 2.31294) 

 

 Southern (A), Northern (B) Unidirecional migration (B ­ A) -4651.59 2.7211E-12 - 

Bokermannohyla oxente Southern-Sincorá (A), Jacobina (B) Panmixia (AB) -4915.57 1.058E-130 - 

 Southern-Sincorá (A), Jacobina (B) Full model (A, B) -4633.6 3.0364E-08 - 

 Southern-Sincorá (A), Jacobina (B) Unidirecional migration (A ­ B) -4642.5 4.1413E-12 - 

 Southern-Sincorá (A), Jacobina (B) Unidirecional migration (B ­ A) -4616.29 1 2.083939 (0.406031 ï 5.419231) 



 
 

Table S8. Parameter estimates from ABC using the Neural Network regression for the elevation shift model with unidirectional 

migration and a common widespread ancestor in Bokermannohyla alvarengai (Fig. 5b1). Pop. 1: Southern population, Pop. 2: 

Northern population. Ne1: effective population size between t1 and present, Ne2: effective population size between t2 and t1, Ne3: 

effective population size between td and t2, NeA: Ancestral effective population size, Tau: Estimated divergence time between 

populations at td, 2Nm: number of migrant gene copies moving from population 1 to population 2. 

 

 

 

Ne1 pop1 Ne1 pop2 Ne2 pop1 Ne3 pop1 Ne2 pop2 Ne3 pop2 NeA Tau 2Nm 

Min. -192836 84028 417638 109355 245816 41418 148751 158677 -0.077 

Weighted 2.5 % Perc. 88626 174902 692240 356944 618076 121865 293860 257737 0.002 

Weighted Median 542700 813015 1482216 668121 1516299 361236 820977 478047 0.409 

Weighted Mean 633994 878719 1452430 723938 1422964 404297 887187 462481 0.459 

Weighted Mode 291100 603683 1467579 606768 1612925 321021 693864 542193 0.171 

Weighted 97.5 % Perc. 1542052 1776511 2008594 1360027 1952680 903101 1786448 610799 1.031 

Max. 1947665 2116830 2131770 1788327 2060937 1534228 1976929 692692 1.129 



 
 

Table S9. Parameter estimates from ABC using the Neural Network regression for the elevation shift model with a 

common widespread ancestor in Bokermannohyla oxente (Fig. 5a1). Pop. 1: Southern-Sincorá population, Pop. 2: 

Jacobina population. Ne1: effective population size between t1 and present, Ne2: effective population size between t2 and 

t1, Ne3: effective population size between td and t2, NeA: Ancestral effective population size, Tau: Estimated divergence 

time between populations at td. 

 

 

 

Ne1 pop1 Ne1 pop2 Ne2 pop1 Ne3 pop1 Ne2 pop2 Ne3 pop2 NeA Tau 

Min. 443738 312154 912992 485678 726023 353453 1506245 270592 

Weighted 2.5 % Perc. 679719 600742 1321491 572810 1255509 404696 1963248 668648 

Weighted Median 1340695 1249607 2402700 879453 2527828 579805 2769814 1053452 

Weighted Mean 1452957 1382544 2377250 918859 2439329 628824 2744913 1100387 

Weighted Mode 961314 949493 2638883 715867 2848781 496148 2823368 947004 

Weighted 97.5 % Perc. 2704438 2726227 3343091 1499828 3319606 1114424 3375008 1734072 

Max. 3688868 3071590 3649904 2204800 3591248 1975987 3639902 2398658 



 
 

Table S10. Occurrence points used for the construction of species distribution models 

(SDMs), based on filed sampling and museum records. 

Species Longitude Latitude Municipality State 

Bokermannohyla alvarengai -43.73015 -20.46943 Ouro Branco MG 

Bokermannohyla alvarengai -43.5106 -20.24812 Antônio Pereira MG 

Bokermannohyla alvarengai -43.5625 -20.23444 Antônio Pereira MG 

Bokermannohyla alvarengai -43.45333 -20.13444 Catas Altas MG 

Bokermannohyla alvarengai -43.44794 -20.11181 Catas Altas MG 

Bokermannohyla alvarengai -43.50584 -19.89351 Barão de Cocais MG 

Bokermannohyla alvarengai -43.51667 -19.35 PARNA Serra do Cipó MG 

Bokermannohyla alvarengai -43.5275 -19.32639 PARNA Serra do Cipó MG 

Bokermannohyla alvarengai -43.51219 -19.29397 Cardeal Mota MG 

Bokermannohyla alvarengai -43.58248 -19.29116 Cardeal Mota MG 

Bokermannohyla alvarengai -43.5387 -19.25384 Cardeal Mota MG 

Bokermannohyla alvarengai -43.51371 -19.16218 Santana do Riacho MG 

Bokermannohyla alvarengai -43.57585 -19.10022 Santana do Riacho MG 

Bokermannohyla alvarengai -43.55148 -19.09206 Santana do Riacho MG 

Bokermannohyla alvarengai -43.61444 -19.00428 Santana do Riacho MG 

Bokermannohyla alvarengai -43.43449 -18.86731 Congonhas do Norte MG 

Bokermannohyla alvarengai -43.75199 -18.80805 Congonhas do Norte MG 

Bokermannohyla alvarengai -43.44648 -18.78627 Congonhas do Norte MG 

Bokermannohyla alvarengai -43.368 -18.49004 Diamantina MG 

Bokermannohyla alvarengai -43.38306 -18.38139 Diamantina MG 

Bokermannohyla alvarengai -43.55083 -18.34556 Diamantina MG 

Bokermannohyla alvarengai -43.85036 -18.29547 Conselheiro Mata MG 

Bokermannohyla alvarengai -43.75272 -18.28017 Conselheiro Mata MG 



 
 

Bokermannohyla alvarengai -43.3125 -18.20497 Diamantina MG 

Bokermannohyla alvarengai -43.07492 -18.08787 Diamantina MG 

Bokermannohyla alvarengai -43.78367 -17.95758 Guarda Mor MG 

Bokermannohyla alvarengai -43.9021 -17.92387 Curimataí MG 

Bokermannohyla alvarengai -43.78657 -17.77508 Curimataí MG 

Bokermannohyla alvarengai -43.07778 -17.16096 Itacambira MG 

Bokermannohyla alvarengai -43.31 -16.99726 Itacambira MG 

Bokermannohyla alvarengai -43.31653 -16.99057 Itacambira MG 

Bokermannohyla alvarengai -43.30319 -16.98374 Itacambira MG 

Bokermannohyla alvarengai -43.05459 -16.85449 Botumirim MG 

Bokermannohyla alvarengai -43.06264 -16.84205 Botumirim MG 

Bokermannohyla alvarengai -42.91278 -16.54936 Grão Mogol MG 

Bokermannohyla alvarengai -42.76563 -15.66144 Rio Pardo de Minas MG 

Bokermannohyla alvarengai -42.75825 -15.65605 Rio Pardo de Minas MG 

Bokermannohyla alvarengai -42.79456 -15.64235 Rio Pardo de Minas MG 

Bokermannohyla alvarengai -42.78169 -15.19681 Monte Azul MG 

Bokermannohyla alvarengai -43.04064 -14.92808 Monte Azul MG 

Bokermannohyla alvarengai -42.5177 -14.89558 Jacaraci BA 

Bokermannohyla alvarengai -42.583 -14.74859 Urandi BA 

Bokermannohyla alvarengai -42.53489 -14.51906 Caetité BA 

Bokermannohyla oxente -41.96569 -13.54507 Rio de Contas BA 

Bokermannohyla oxente -41.94992 -13.52202 Rio de Contas BA 

Bokermannohyla oxente -41.21376 -13.42527 Rio de Contas BA 

Bokermannohyla oxente -42.03754 -13.38721 Érico Cardoso BA 

Bokermannohyla oxente -41.88075 -13.37413 Catolés BA 

Bokermannohyla oxente -41.89403 -13.36776 Catolés BA 

Bokermannohyla oxente -41.8865 -13.36346 Catolés BA 



 
 

Bokermannohyla oxente -41.90082 -13.29141 Catolés BA 

Bokermannohyla oxente -41.7978 -13.29101 Catolés BA 

Bokermannohyla oxente -41.26886 -13.28921 Mucugê BA 

Bokermannohyla oxente -41.88984 -13.28798 Catolés BA 

Bokermannohyla oxente -41.28214 -13.2284 Mucugê BA 

Bokermannohyla oxente -41.42861 -13.21306 Mucugê BA 

Bokermannohyla oxente -41.81647 -13.19474 Piatã BA 

Bokermannohyla oxente -41.46917 -13.14639 Mucugê BA 

Bokermannohyla oxente -41.385 -13.0975 Mucugê BA 

Bokermannohyla oxente -41.6434 -13.07765 Mucugê BA 

Bokermannohyla oxente -41.5 -13.03472 Mucugê BA 

Bokermannohyla oxente -41.31605 -12.89588 Andaraí BA 

Bokermannohyla oxente -41.44333 -12.81143 Andaraí BA 

Bokermannohyla oxente -41.45819 -12.77749 Andaraí BA 

Bokermannohyla oxente -41.48402 -12.77706 Andaraí BA 

Bokermannohyla oxente -41.48903 -12.66938 Palmeiras BA 

Bokermannohyla oxente -41.49215 -12.57234 Palmeiras BA 

Bokermannohyla oxente -41.40417 -12.55611 Lençóis BA 

Bokermannohyla oxente -41.45417 -12.55528 Palmeiras BA 

Bokermannohyla oxente -41.71528 -12.54361 Palmeiras BA 

Bokermannohyla oxente -41.341 -12.29153 Lençóis BA 

Bokermannohyla oxente -41.09771 -11.9931 Utinga BA 

Bokermannohyla oxente -42.69365 -11.98694 Brotas de Macaúbas BA 

Bokermannohyla oxente -41.03339 -11.69306 Morro do Chapéu BA 

Bokermannohyla oxente -40.53267 -11.37499 Miguel Calmon BA 

Bokermannohyla oxente -40.49543 -11.16912 Jacobina BA 

Bokermannohyla oxente -40.48692 -11.14208 Jacobina BA 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Bokermannohyla oxente -40.38095 -10.69078 Pindobaçú BA 

Bokermannohyla oxente -41.34547 -10.47556 Umburanas BA 

Bokermannohyla oxente -41.15468 -10.3406 Umburanas BA 

Bokermannohyla oxente -41.16454 -10.3022 Umburanas BA 

Bokermannohyla oxente -41.1891 -10.29307 Umburanas BA 



 
 

 

Figure S1. Geographic distribution of sampled localities in Bokermannohyla alvarengai 

(triangles) and Bokermannohyla oxente (circles) through the Espinhaço Mountain Range 

(gray areas). Numbers correspond to locality codes in Table S1. Dotted lines encompass 

its main geological massifs, adapted from Chaves & Brandão, 2004: A) Southern 

Espinhaço including the Serra do Cabral, B) Central and Northern Espinhaço, and C) 

Chapada Diamantina. State abbreviations: Minas Gerais (MG) and Bahia (BA). 



 
 

 
Figure S2. bGMYC results from the COI mitochondrial tree for Bokermannohyla 

alvarengai (A) and Bokermannohyla oxente (B). Colors in the chart shows probabilities 

for conspecificity. Gray rectangles depicts the lineages identified with a threshold of 0.5 

on probability of membership of individuals.



 
 

 

 
Figure S3. STRUCTURE results for Bokermannohyla alvarengai. a) Rate of changes in the log-probability between 

successive k values (Dk) according to Evanno et al., 2005, b) log-likelihood value (LnPr(X|k) versus the number of 

potential populations (k), c) STRUCTURE plot with the most probable k value (k = 2) based on the rates of changes in 

Dk.



 
 

 
 

Figure S4. STRUCTURE results for Bokermannohyla oxente. a) Rate of changes in the log-probability between 

successive k values (Dk) according to Evanno et al., 2005, b) log-likelihood value (LnPr(X|k) versus the number of 

potential populations (k), c) STRUCTURE plot with the most probable k value (k = 3) based on the rates of changes in 

Dk. 



 
 

 
Figure S5. Coalescent tree for the cytochrome oxidase I (CO-I) gene in Bokermannohyla alvarengai. Codes on terminals are tissue vouchers 

according to Table S1. Black dots on nodes are posterior probabilities > 0.90. 



 
 

 
Figure S6. Coalescent tree for the cytochrome oxidase I (CO-I) gene in Bokermannohyla oxente. Codes on terminals are tissue vouchers 

according to Table S1. Black dots on nodes are posterior probabilities > 0.90. 



 
 

 

 
 

Figure S7. Haplotype networks for the four nuclear (phased) loci constructed with the Median-Joining algorithm and based on the results of 

assignment tests. A) Bokermannohyla alvarengai: Southern (red circles) and Northern (blue circles) populations, and B) Bokermannohyla oxente: 

Southern-Sincorá (red circles) and Jacobina (blue circles) populations. Branch lengths are proportional to the number of mutational steps.



 
 

 

 
 

 

Figure S8. Extended Bayesian Skyline plots (EBSPs) for the assigned populations of Bokermannohyla alvarengai. Median values are given by the 

dotted line and solid lines are values for upper and lower 95% highest posterior density (HPD). 

 



 
 

 
 

Figure S9. Extended Bayesian Skyline plots (EBSPs) for the assigned populations of Bokermannohyla oxente. Median values are given by the 

dotted line and solid lines are values for upper and lower 95% highest posterior density (HPD).  


