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Early one day, just before sunrise,
| went up the hills, and into the mountains,
Where thair 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 Etilicos
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Resumo

A presente tese € dividida em dois capitulos e trata da aplicagédo das ferramentas
moleculareparaa conservacaim-situ de espécies de anfibios no Brasil. O primeiro

capitulo é uma extensa revisdem@a do atual estado do conhecimetusestudos

moleculares com espécies de anfibios brasileiras. Corrgelosta revisdo todos os

estudos j& publicadape empregaram algum tipo de marcador molecular e pelo menos

uma espécie de anfibio carorrénciano territorio brasileiro. Avaliotse a partir destas
informacdes o status de conservacdo das espécies encontradas, os tipos de marcadores
moleculares empregados e as areas de conhecimento abordadas, sendo que direcbes para
estudos futuros sdo propostmsnbase nestes resultados. O segundo capitulo constitui

um estudo sobre a influéncia das oscila¢gBes climéaticas do Quaternario na evolugao e
estruturacdo genética de duas espécies de anfibios anuros endémicas de areas de altitude
no complexo geomorfoldgico déspinhaco, nos estados de Minas Gerais e Bahia.
Empregouse modelagem de nicho ecoldgico e métodos coalescentes para se obter
inferéncias sobre os padrdes pretéritos de distribuicdo e estruturacdo genética das
populacdes estudadas, e tais informacgdes fatdizadas na construcdo de modelos de

diversificacdo que foram testados por Computacdo Bayesiana Aproximada.

Palavras chavéinfibios,conservacacespécies ameadasfilogeografig marcadores

moleculares
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Abstract

Thepresentahesis is dvided in two chapters anglvaluats the applications of
molecular toolgo thein-situ conservéion of amphiban spea@s in Brazil.The first
chapter is an extensive revision the atualstate of knowledge of molecular sied
with Brazilianamphibian spaes.We compiled in this revision all publised studies
that enployed sme type ofmolecular marker and at least onepduibian species with
occurrence ithe Brazilian territoryFrom these data, we evaluated the conservation
statis of each species, the typdsiwolecular markers employed and #reas of
knowledgeapproached, where guidelines foture research atben proposed. The
second chaptas a study that evaluated théluence ofQuaternary climatic od¢ations
on the evolution and genetic structuring of two arbjam specis endemic to high
elevation sites in the Espinhaco MountRange in the statesfdMinas Gerais and
Bahia. We emplged riche modding and coalescent rtfeods to gather fierence on
past distributiorangesandgenetic structuringor both specigsandthese informations
were used in the constitionof diversificgion modés that were tested through

ApproximateBayesian Computatio

Key words:Amphibians, conservatiomolecular markerghylogeographythreatened

species



Introducéo geral

O campo multidisciplinar da ecologia molecular envolve abordagens distintas
com aplicagbes em diversas areas das ciéncias biolégicas, como na biologia da
conservacgao, ecologia, filogenia e genética. O emprego de ferramemndasadores
moleculares auxilipor exemplaa determinagéo de padrdes biogeogréficos,
identificando as regides com maiores valores de diversidade genética e endemismos.
Além disso, o estudo da ecologia molecular contribui para 0 mapeamento da
diversida@ genética criptica e das unidades evolutivas significantes ao longo do espaco,
bem como na compreensdo do papel das oscilagdes climéticas e dos processos
geoldgicos na evolucao e diversificacdo das taxocenoses (FreeirizD12). Tais
informacdes deva ser levadas em conta durante a elaboracéo de estratégias que visem
a conservacgam-situ da biodiversidade, onde a manutencgéo do potencial evolutivo e
adaptativo das populacdes e linhagens € crucial para se garantir sua viabilidade a médio
e longo prazo.

A aplicagdo de marcadores moleculares na biologia da conservagéo e na
ecologia molecular remonta aos estudos com aloenzimas na década de 60 (e.g.,
Lewontin & Hubby1966), tendo sofrido um aumento significativo com o
desenvolvimento do método de sequeneiatm de Sanger na década de 1970 (Sanger
& Coulson1975) e mais recentemente, com as plataformas de sequenciamento de
ltima geracao (Ekblom & Galind2011 McCormacket al.2013). Nesse contexto,
muito ainda resta a ser feito em relac@oemtsdos moledares com espécies de
anfibios considerand@e sua enorme diversidade e a complexidade dos processos
envolvidos na sua evolugao e diversificacao.

Os anfibios atuais compreendem cerca de 7800 espécies conhecida)(Rpst

com distribuicéo global, excetm continente Antartico, sendo que o numero de novas



espécies formalmente descritas aumenta a cada ano. Esse grupo é especialmente
vulneravela alteraces climaticasaalteracdesa estrutura dos habitats em que
ocorrem(estas ultimas afetam por conséncia a disponibilidade dos sitios para
vocalizagéo, ovoposicao e desenvolvimento lajamyido & natureza bifasica de seus
ciclos de vida e pele permeavel, juntamente com a especificidade a determinados
microambientes e distribuicdo geogréfica resttéanuitas espécies (Ligs$ al.2003
Heroet al.2005). Tais caracteristicas contribuem para que esse seja 0 grupo de
vertebrados com maior nimero de espécies atualmente extintas e classificadas dentro de
categorias de ameaca por 6rgdos e entidades asléacbnservacao (Stuattal. 2004
Monastersky2014 IUCN 2017).

O Brasil ocupa a primeira posicdo em numero de espécies de anfibios, com mais
de mil ja descritas (Segakd al.2016). Com dimensdes geograficas continentais, o
territério brasileiro atange diversos biomas e formacdes geoldgicas, se destacando o
Cerrado e a Mata Atlantica, considerados areas terrestres prioritarias para conservacao
os chamados fAhot s psensuyerset al.2000), judtamerdercemad a d e (
extensa e megadivergloresta Amazonica e a pouco conhecida CaatiNgans
trabalhogevelam indices alarmantes de devastac@o em tais dominios, causados pelas
mais diversas atividades antropicas como deflorestamento e polui¢cdo (Klink &
Machada2005 Leal et al.2005 Tabaelli et al.2005). De fato, de acordo com a ultima
atualizacdo da lista brasileira de espécies ameagadas, um total de 41 espécies de anfibios
se enquadram atualmente em alguma categoria de ameaca, juntamente com 22 espécies
na categoria Aqutarses alnke7a -adm®ci ees como Adef
(Ministério do Meio Ambient@014). Estudos aplicados a conservapagitu de
espécies de anfibios que empregam marcadores moleculares podem ser encontrados no

Brasil desde a década de 1990 (e.g., Gastain1996). Com base nesses dados,
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estudos moleculares que auxiliem na determinacao dos padrdes filogenéticos e na
resolucao de incertezas taxondémicas, bem como na avaliagdo dos processos envolvidos
na origem e diversificacdo de linhagens e no mapeamegdaoiaisda diversidade

genética sdo cruciais para a conservacao efetiva desse grupo

Um dos campos mais prolificos dentro da ecologia molecular € o da
filogeografia éensuAvise et al. 1987), area também multidisciplinar que constitui uma
interface entre estudo da genética de populacdes e filogenia, e deste modo entre os
processos que operam em escalas micro e macroevolutiva (Hickeedd2010).
Caracterizese pela incorporacédo do componente espacial no entendimento dos
processos historicos que detemaram os padrdes de origem e diversificacao de
linhagens (Aviseet al.2016). Em relacdo aos estudos filogeograficos, AXED
salienta a necessidade de abordagens comparativas com espé@gibcidas em
escala regional, no intuito de se obter infagcdes sobre os fatores que determinaram a
evolucéo e diversificacdo da biota em dominios morfoclimaticos ou em formacdes
geoldgicas especificas, contribuindo assim para o entendimento dos padrdes evolutivos
em escalas continental e global.

Nesse context@ atualmente reconhecida a influéncia das oscilages climéticas
do Quaternario nos processos de especiacao e diversificacdo de linhagens no continente
sukamericano (Haffet969 Prancel973 Hooghiemstra & Van der Hammém®98
Haffer 2008), juntamente @ 0s eventos geoldgicos e climaticos ocorridos durante o
Terciario (Penningtoet al.2004 Hoornet al.201Q Rull 2011). A compreenséao dos
padrdes evolutivos da biota saarhericana se torna ainda mais complexa quando se
avalia os resultados de estudaserges com espécies da herpetofauna, demonstrando a

influéncia de multiplos processos nos padrées de origem e diversificacdo de linhagens
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(Thoméet al.201Q Amaroet al.2012 Wernecket al.2012 Thomeéet al.2014
Oliveiraet al.2015 Wernecket al. 2015; Firkowskiet al.2016 Menezest al.2016).

Considerando o exposto acima, o primeiro capitulo da presente tese constitui
uma revisao sobre o atuedtadado conhecimento dos estudos moleculares que
avaliaram espécies de anfibios com ocorréncia nitorésrbrasileiro. Sdo propostas
diretrizes para estudos futuros, com base nos resultados de amostragem taxondmica,
status de conservacédo das espécies e areas do conhecimento avaliadas nos ramos da
ecologia molecular e genética. Este capitulo ja se emcoatformato de manuscrito
para a submissdo ao periodgouth American Journal of Herpetology

O capitulo seguinte é relacionado a filogeografia de duas espécies de anfibios
anuros endémicos de aredsvadaso complexo geomorfolégico do Espinhago, nos
estados de Minas Gerais e Bahia. Avalgmio papel das oscilagdes climaticas do
Quaternério nos padrdes de diversificacdo e distribuicdo geogréfica de ambas espécies,
e os resultados obtidos contribuem para o entendimento da evolucao e diversificacdo da
bot a end°mica das i | hsessuiHdadd 13b1)naregidad e (Asky i
Neotropical. Nesse contexto, espécies endémicas de altitudes elevadas sdo mais
vulneraveis aos efeitos das alteracfes climaticas atuais causadas pelas atividades
antrépicas (Panesar2006), devido a perda significativa de habitat em decorréncia do
aguecimento global (Foster 2Q0oritz et al.2008 Chenet al.2011).Deste modo, a
elaboracao dmedidagjue garantam a conservacéao a longo prazo de unidades
evolutivas significantes de seu potencial adaptativo frente a tais mudancas ambientais
constitui uma estratégia fundamental para a manutencéo dos processos evolutivos
(Byrne 2008).Estecapitulo foi elaborado no formato de manuscrito para a submisséo

ao periddicalournal of Bigeography.
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ABSTRACT
We present a revision atudieshatassessedmphibian speciesith occurrencen Brazil
and employed some type of molecular markée.evallatedin each selected study the
conservation statusf eachspeciesii) theresearclareas in the fiek of appliedgeneticsand
molecular ecologyjiji) thetypes of molecular markeenployed iv) proportionof institutions
per region in Brazil anffrom other countriegogether with fomentation sourcéVe propose
futureresearch guidelines amdnservation actiondased in the results frotaxonomic
samplng, area of knowledgend the conservation status of desessedpeciesWe
evaluated all pblished paperantil theend of2016andfound 75 amphibian species ih88
publishedarticles. From thesd13 were mainlyrelated tahe fields ofphylogenetics,
systematicend taxonomy74 to the fields of population genetics, phylogeography and
landsape genetics, artireewere related to other areas such as genomic evolUt@most
frequently employed molecular markers were mitochondrial and nuclear DNA fragments,

present inl47 and121 papers, respectively. A total 85 amphibian familiesvereincluded in
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the evaluated studigwhere the most common wdreptodactylidae (n = 50andHylidae (n

= 48). A great gap of knowledge was identified for the orders Gymnophion€andata
whereonly six articles(3.19% of the totaljncluded species dheseorders A total of 33
species fit in some threat category according to the latest updateBrathikanand the

IUCN red liss of endangered species, amttier28 and186 species are classified asar
threatened andatadeficient, respectivelyFuturemolecularstudies should encompas®re
specieghat fit in these categorigdeterminng its demographical and population parameters,
together with the longerm viability of its populationsespecially for range restricted species
in whichthe quatfification of such parameters is crucial to ensure their evoluticarady
adaptativepotential. More taxonomic studies should focus on spewidis broad geographic
ranges, in order to elucidate taxonomiertainitis and determine the existence of ciypt
speciesSuch approacheshouldalsoencompasadditionalspecies in the orders

Gymnophionaand Caudat.

Key words Anurg CaudataGymnophionageneticsmolecular markersthreatened species



INTRODUCTION

TheAcri si s di s c iiopbidlogyésensuBdulél®85 hasimproveal t
considerably with the use ofolecular informationsincethe devebpment of techniquesnd
toolsfor sequencing distinct regions of the genome, togetherstatistical advancdsr their
interpretatioranddat analysigRosset al.2008 HadfieldandNakagaw&010. Several
fields of applied researcbuch asystematics, taxonomy, phylogenetics, biogeography,
population and landscape genetasdphylogeograpy have benefiedfrom such advances
allowing foraclearer understanding bbthmacroand microevolutionaryprocesses
thereforemproving theunderstanding abotite actual patterns of species richness and
endemismTheseadvances applto molecular studies with amphibiamsihancinghe
applicabilityof such fieldgo thein situ conservation of speciesdallowing, among other
things the elucidation of biogeographical patteiingphylogenetiand phylogeographical
studiesg(Santoset al.2009;Maciel et al. 2010, theevaluation of thénfluence ofhistorical
processeand landscape featurgsspecies differentiatigrandin thespeciaiton paterns
through time and spa¢Bunket al.2005; Carstens and Knowl2807;Carnavalkt al.2009
Carnavakt al.2014; Thoméet al.2016), theelucidation oftaxonomic uncertainties
identification of cryptic genetic diversitgryptic specieand species delimitatigifrusinatto
et al.2013 Gehareet al.2013 Fouquetet al.2014) All these advancallow a cleare
comprehensioabout the origin and distribion of biological diversity

Despite itgpotencialfor the conservation dfiodiversityin several levels of biological
organizationfrom individuals andoopulations to ecosystems and biomeg)lecularstudies
are stillin their infancy, contributing tanderstand the prime processes behing the evolution
and diversification of the biot&speciallyin lessdeveloped countries with continaht
proportions and megadiverfinasuch as Brazilmuch more remains to be done in order to

understand the pattern§origin and distribution of the biological diversit@onsidering the



actual rate of habitat loss caused by human activities in terrestrial biomes worldwide,
conservatioractionsbecome urgent for all vertebrate tg&dsonet al.2001; Olsoret al.
20(), and these can greatly benefit from the information generatadlecular studies
(Morin et al.2004 Narumet al.2013.

Amphibians are especially vulnerable to alterations in habitat features and climate
parameters, due to their-phasic life cyclespermeable skin, tsite specificity for
reproductionand restricted geographianges in many speciefLips et al.2003; Hercet al.

2005. Suchtraits are responsible for placing amphibians as the most threatened vertebrate
group(Bishopet al.2012) and theircurrent extinction rates may beafers of magnitude

higher than background extinctioates fronthe fossil recorgMcCallum 2007)In fact,

more than 160 amphibian species have gone extinct by the end of"tber@0ry (Stuaret

al. 2004).Also, more than 2000 of all described amphibian species are currently under some
level of threat (Monastersky 2014)he latest update of the IUCN red list revealed a total of
2100 species that fit in some threat category, together with other 400 eadetiedhnd

about 1500 data deficient species (International Union for the Conservation of Nature 2017).
Such numbers reinforabe need of additional molecular studies in order to elucttiate
evolutionary biogeographi@and diverdication patternsgeneraing relevant information that

will contribute to the planning of efficient measufestheir conservation

Brazil is therichestcountryin number ofamphibiars, with more tharonethousand
describedspeciegSegallaet al. 2016, and the country ith the largesterritorial arean
SouthAmerica, the world most species righd biodiverseontinent (Turchett@oletet al.

2013) Brazil encompasses two terrestrial biodiversity hotspots for conservation priorities
(sensuMyerset al.2000):the Atlantic Forest and the Cerraduhich, togethemwith other
species rictand extensive domairssich as the Amazcaem tropical forest and the sedmid

Caatingaare suffering from severe human impedae tomany types of economical activities,



suchas debrestaion for livestock raising, agriculture and fdevelopmenof urban zones
(Klink and Machad®005; Lealet al.2005; Tabarellet al.2005. The latest update in the
Brazilianlist of threatened species revealed a totdllcimphibans that fit in some tieat
category 22 speciescategorizedhs nearhireatened antl67 species as da deficient
(Ministério do Meio Ambient@014). Consideringts enormous species richness and the
antropogenic pressure over its reminiscent ecosystems, molecular studiesptithian
species in Brazil are of paramount importance in ordsupportconservatioractions

To the present daypmereviewsrelated to moleculastudieswith vertebrate taxa
were undertaken in distinct fields suchcasservation genetics (Frankh&003; Frankham
201Q Shafferet al.2015, and phylogeograph{Beherengarag008 Hickersonet al.2009
TurchetteZoletet al.2013 Avise et al.2016. However,a specificevaluation of pubtations
on molecular studiewith direct applicationgor theconservation of amphibianin Brazil is
lacking. Considering its huge levels of biodiversity and endemism, as well as the accelerated
anthropogenic alterations in its natural ecosystems, such evalbatomes crucialn order
to gather all the present nealular information already generated tlois taxonin one ofthe
most biodiverseounties. Therefore, he present study aimeid summaize the state ahe art
of molecularstudieswith amphibian specigga Brazil. We compiled all published studies
which employed some type of molecular markedincluded some amphibian species with
distribution in Brazil approacing researcHields in genetics and molecular ecolpgynd
containingrelevantinformation for than-situ conservation of the amphibian fauna.
Furthermorewe aimed to identify information gaps and suggest future research guidelines
and approachesith molecular tools asffective conservation measures Byazilian

amphibian species.



MATERIAL SAND METHODS

We based in the followingriteriafor selecting published studies) At least one type
of molecular markefrom the mitochondrial or nuclear genomesthavebeen employed
Previous studies with alloenzimes were also includaedb) At least one amphibian species
with occurrence in thBraazlian territory must have been evaluatdncluded in a given
study, according tadhelatest update of thepecies list of the SociedaBeasileira de
Herpetologia $egallaet al.2016) Only species with confirmed taxonomic identification
were includedWe also includegaperdhat evaluated amphibian species which are native to
South Americaand occurs in Brazlut have been introduced in other regions or continents
(e.g.,Rhinella marina Linnaeus, 1758 Only species that had some region of its DNA
sequencedh each selected article were consideneduding outgroups in phylogenetic trees

We accessed all published works availlntéil Decembe016in thefollowing
databasesveb ofknowledge(available atwebofknowledge.cojrandgooglescholar
(available at: scholar.google.cdriunpublished dissertations or thesis were not included.
broadarray ofkey-word comhinations was employed during each sedficible 1). We also
searched individually for each amphibian gewith occurrencen the Brazilian territory,
according to Segallet al.(2016) In this caseye insertedhe name of each genumsboth
databases.

We determined the number of published articles per yearthaténd oR016 and the
amphibianspecies present in each study, also atalg the proportion of studied species in
each family in relation to the total number of species per family in Brazil, according to
Segallaet al. (2016. We alscaddressethe conservation status of each species according to
the latest update of thgrazlian list of threatened speci¢available ativww.mma.gov.by, as

well asin thelUCN redlist (available atvww.iucnredlist.org. In all studies, we checked for
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taxonomic changes in species nomenclature betteeoriginal publication and the current
taxonomy according to Segabaal. (2016).

Following this,we classified eackelectedstudy according to iteesearch fielg given
the broad scope of the present revisibie classifiedselectedstudies inwo dstinct
categories: 1) those related to the fields of systematics, taxonomy and phylogenetics
(hereafter SyTa-Ph studies)and 2) those related to population genetics, phylogeogeaphy

landscape genetics (hereafterPglLg studies) Studies specificallaimed 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 amdi$gape genesstudies)lIn this
procedure, wesearched fothe followingwordsandterms n t he arti cl eds
words, and in the studyds objectives and
population genetics, 4) populatistructure, 5) phylogenetics, 6) phylogeny, 7)
phylogeography, 8) phylogeographic, 9) phylogeogaphical, 10) systematics, 11) species
delimitation, 12) species complex, 13) taxonomy, and 14) taxondimécefore we grouped
studies based on their scope, &las according to its affinities in methodological
approaches. In this context, phylogenetic studies were considered as those evaluating
evolutionary patterns and delimiting monofiletic urataonghigher taxonomic groups (e.g.,
species, genus and fare#i) through the use of phylogenetic trees, mainly in a temporal
perspective (from where biogeographical patterns can be inferred from tree topologies).
Phylogeographic and landscape gersetiadies evaluate such patterns in an intraspecific
approach oanongnonrelated and calistributed 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 methodschiot use

phylogenetic studiesn thefew cases when the words in the title, key words or in the

ai

runi
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objectives in a given study generatactrlapbetween thesevo proposed categori¢s.g.,
phylogeneticsogether withpopulation genetics, or systematiogethewith

phylogeography), we clasgtlit in both categorieAlthouth we recognize there is overlap
between these two proposed categories, we opted for this more conservative approach (to
restrict the classification according to the tikey words and olgtives) 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 theldis of population genetics and phylogeography, being
therefore classified in this latter category.

We thenreevaluated the proportion of spesin eachfamily in relation to the total
number of species per family in Braatcording to Segallet al.(2016), and theirespective
conservation statusithin thesetwo proposedcategoriesWe alsogroupedall selectedtudies
(except those employing aloenzimes) in two categories: 1) thatgsed the Sanger
sequencing (Sangand Coulsor1975 Sangelet al.1977a, b)and 2) those usingext-
generatiorsequencing platformsuch as lllumina MiSeq. In this procedure, we counted the
number of studies which employed mitochondrial and nuclear markers, also classifying
nuclear markers in the following categori€3:R (Short Tandem Repeats or microssatelites),
ISSR (Inter Simple Sequence Repeats), RAPD (Rapid AmpRagnorphic DNA), RFLP
(Restriction Fragment Length Polymorphism)n d fiot her i nt rcadmgand n d
coding nuclear regions such as bi@inogen and tyrosinase genes).

Considering that some selected studies inclateghibianspecies with occurrence in
Brazil butwerecarried out exclusively by forgn institutions and research centers, we also
determined the proportion of studies ocadrout by Brazilian and forgn institutions, as well

as theorigin of fomentationresourcegnational and foreignnvolved in eaclof them For

this, we searaddf o r t he authoros affiliation in each



agenciegitedin theacknowledgements sectiowWe then selected the studies that incluaied
least onenational institutior(e.g.,Brazilianuniversities and research centeasyiclassified
each of them according to the region in Brazil where it is establisbath, sutheast, north,
northeast and centralest, also determining the pragion of national and international

finantial resources allocated in eamftthem

RESULTS

We found 18&ublicationswhich employed some type of molecular mairkestudies
onamphibian species with occurrence in BraAlfpendix S1), with a greater increase in the
number of published papers from 2006 to 2016 (Fig. 1). A total®aiiphibian species
were registered in 25 families (Table S1), corresponding &b P4.of all Brazilianspecieg(n
=1080)and all amphibian families with occurrence in Brazil (n = 25)

The most addressed amphibian faesilvere Leptodactylidag€n =50 studiesor
26.59% of the totalTable 2, followed byHylidae (n =48 or 25.53%, Bufonidae (n = 3®r
20.21%), Aromobatidagn = 28or 14.89%, and Craugastoridae (n = 25 13.29%.
Percentage values in Table 2 correspond to relative viauekation to the total number of
studies (n = 188), wherecansiderablgap was identified for thorders Gymnophiorend
Caudata, with species presenbmly six publicationg3.19% o the total, Table).

Amongthe 188 published articlesl 13 were classified in thérst category (SyTa-Ph
studiesland74 in the second category (FRy-Lg studies)where two selectedrticles fit in
both categoriefAppendix S1).Other treearticleswere related to areas such as genomic
evolution being not classified iany ofthese two previous categori@ppendix S1)A total
of 762 species (98.32% of the total) were includethim first categoryand 45 species

(18.70% of the total) in the second category (Taklg & addition,five species were
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included in other studies (n = @hich did not fit specifically in these two categories,
according to the criteria adopted foettlassification of studies (Tabld,$ee methods).

The familiesHylidae f =282) andLeptodactylida€n =130) were tlose with the
highest numbers of specigsall evaluated studieandare also those with the highest number
of species in Brazil (Figza). Other families with higer numbes of species also presented
highervalues of relative proportion (humber of evaluated species in relation to the total
number of species in Brazil) when all studies were considered, such as Brachycephalidae,
Craugastadae, Dendrobatidae, Phyllomedusidae and Microhylidae, all of them with values
above80% (Fig. 2a).However,somefamilieswith fewerspecies such as Alsodidae,
Centrolenidae, Ceratophryidae and Raniglae presented higher values of relative
proportion(Fig. 2a).The least represented famili¢hose with the lowest values of relative
proportion)includedmostfamilies inthe orders Gymnophiona and Cauddtgphlonectidae,
Caeciliidae and Siphonopidd&g. 2a). However, some families with higher numbefs
speciesn Brazil such as Cycloramphidae, Hylodidade and Odontophrynidae were also
subsampled, with relative values of less tB@f6 (Fig, 2a).When the species present only in
the first category (S¥a-Ph studies) were evaluated, its numbers and saltieslative
proportion were close to the total (Fig. 2Hpwever, when the proportion of species included
in the second catego(iPgPy-Lg studies) wagvaluatedthesenumbers decreade
dramatically(Fig. 2c).In fact, some families were not contemplhin this category, with
relative proportions of zero (Alsodidae, Eleutherodactylidae, Ranidae, Rhinatrematidae,
Siphonopidae and Typhlonectida®ther families weralsopoorly sampled, with values less
than10% (Brachycephalidae, Craugastoridae, Cyaophidae, Hemiphractidae, Hylodidae
and Odontophrynidae). The families Allophrynidae and Pipidae were those with the highest

values of relative proportiofb0%) in this second categor¥ig. 2c).
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A total of 33species fit in some threat category accordanthe latest update of the
IUCN and theBrazilianred lists of endangered speciasd other 28 and B&pecies are
classified asearthreatened andatadeficient, respectivelyTable 3,Fig. 3a and 8). When
only Sy-Ph-Tawere evaluated, the numbertbfeatened, near threatened and data deficient
species w@svery closeto numbes whenall studiesare considere(Fig. 3 and %). In the
opposite, sidies in tke second categorfPgPy-Lg) evaluated only amallfraction ofall
threatened, near threaterstt data deficient speci@sig. 3 and 3f), due to their species
specific approaches. In fact, when t&N 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 whenBhazilianred list is considered in this second category
(fig. 3f): Only 25% of all critically endangered species were evaluatedd), 16.67% of
endangered species (n = 1), 12.5% of vulnerable species (8.32} of near threatened
species (n = 1)and only3.6%% of data deficient species (ri3x

The most common molecular marker employed was mitochondrial DIR#&hwvas
usedn1 47 publications, followed by nucl ear mar
category, which includes specific intron and exon regions of the genome, but excludes other
categories such as RFLPs, RFLPs and IS8&syrring in71 studies (Fig. 4). Othéypes of
molecular markers followed in the number of publications, such as @THR83),and
RAPDs(n = 5) New sequencing technigues sucmestgeneration sequencirfon platforms
such as lllumina) were present in only ten studies, starting in 204.44{F

Some studies were related to the development of new markers, such as species
specific microsatellite primer&\ppendix S1), where 41 amphibian species had microsatellite
loci developed specifically for them or have beenessedh crossamplificaion tests (Table

S2). Among these, three species are listed under some threat category according to the latest
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update of thérazilianred list:Proceratophrys moratoi, Ololygon alcatrandOlolygon
faivovichi(Table 3 andrableS2).
From the 188 evaluatl studes, 69 of them presentédlea ut hor 6 s af fi |l i ati
exclusively in foregninstitutions, and 119 included some Brazilian university or research
center. In theshtter, a greater portion of evaluated institutions are located in southeastern
Brazil, with foreign institutions alsaccurringin a significaninumberof studiegn = 78, Fig.
5a).In fact, amuch lower number of studies included institutions fattrer regions of
Brazil, wherethosefrom southern, northermortheasterand centralvesten Brazil are
present in only 15, 288 and13 studies, respectively (Fig. 5ajy. addition, fromthese 119
studies that included some Brazilian institution, 109 of them cited some Brazilian fomentation

agency and 66 cited some foreign source of fomemtgkig. 5b).

DISCUSSION

MOLECULAR STUDIES IN BRAZIL : PAST, PRESENT AND FUTURE

Efficient molecular tools fogenomesequencingpecameavailable sincéhe advent of
the Sanger methg@®angeland Coulsori975 Sangeeet al. 1977, b), with an increaseof its
use in thegastthreedecadeswhenthe development afewtypes ofmolecular markers also
occurred However thefinantial costsfor thedevelopment and sequencingsoimemarkers
wereinitially high, what restricted their access by most research amch&dnal centers,
especially in countries with few sponsorships like Brazil. This picture has progressively
changed since the beginning of thé'2&ntury with theemergencef othergenome
sequencing techniques, which allowed the access to cheapependffitient methodssuch
asnextgeneration sequencimqgatforms(Schendure and 2008. Also, in the particular case
of Brazil, an increase in researftimdingby theBraziliangovernment occurred between Z00

and 2013Fernandesgt al.2017). These &ctors possibly explain the scarcity of molecular
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studiesin Brazil before the 21 century, wha agreaterincreasean thenumber of published
papers is obseed specially sinc006(Fig. 1).

As molecular toolsvill becomeevencheaper in thaearfuture and ablgo sequence
whole genomes at onogith nextgeneration sequencimdatformsasthe greatest promism
the field(Schendure and 2008 McCormacket al.2013), an exponential increase in the
amount of data that will be simultaneously analyiresholecular studiess expectedGarrick
et al.2015. In such context, theontinuous mapping of theetazoargenome with the
discovery ofnew regionsare a promising source for phylogenetia taxonomistudies
through the use dhesenext-genplatforms, such as conserved areas across vertebrate

genomes flanked by less conserved reg{@etosoet al.2015)

THE STATUS OF MOLECULAR STUDIES WITH AMPHIB IANS IN BRAZIL PER TAXA , AREA OF
KNOWLEDGE AND MAIN BIOMES
In relation to théaxaincluded inthe evéuatedstudiesaconsiderablgap of
knowledge is observed fatl amphibian families, wherew of themreached between 20%
to 25% of relative frequenanp all evaluated studigs.eptodactylidaeHylidaeand
Bufonidae Table 2).These families are alsormng therichest in number of specias Brazil,
a factor that may explain their higher relative frequendiés.important to reinforce the poor
sampling of some anuran families that are well represented in number of sp&riesl,
such as Cyclorantpdae, Hylodidade and Odontophrynidae, but otherwise presented low
values of relative proportion (Fig. 2a and 2dany data deficient and threatened species can
be found in these families, what reinforces the need of additional sjpei@ated studies in
these taxaAmong the pody sampled taxa, familiesf Gymnophiona (Siphonophidae,
Rhinatrematidae and Caecilidaa)dCaudatgPlethodontidae) are included only in broad

systematic and phylogenesitudies a patternalsoobserved fosomeanuran familig, such as
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Alsodidae, EleutherodactylidamdRanidagTable 2, Fig. 2Appendix S1)The restricted
distributional range (with few known populations), natiyramall population sizesecretive
behavior and biology, as well s seasonal breeding patte ofseverabmphibian species
in Brazil may be factors that difficult the-situ collecting of samples, impeding thus the
execution of morspeciesorientedstudieshatdemand a greater number of samples per
population.In such context, the increasesampling effort anthein-situ collection of
specimens are possible measures to ensure a greater taxonomic coverage for amphibian
species in Brazil, which rely updandingfrom governmental and negovernmental
agencies.

Thehigh proportion of speciem the first category§y-Ph-Tastudies, Fig. 2b) is
related to the inclusion of most amphibian species (98.32% of all evaluated speoraschs
terminalsin phylogenetic trees in taxonomic and phylogenetic studieh asn Faivovichet
al. (2005; Frostet al.(2006; Grantet al.(2006); Faivovichet al.(2010; Pyron and Wiens
(2011, and Duellmaret al.(2016 (Appendix S1)However, éw species were evaluated
individually in suchstudies, wherenitochondriaDNA barcodng is among the most used
tools to elucidate taxonomic uncertainitias inHawkingset al. 2007, Jenningt al.2015
andEstupifiaret al.2016(Appendix S). Such results indicate the paucity of spedasnted
studies designed to elucidate taxonomic uncertainities and tvemgenetic cryptic
diversity, or to identify cryptic speciesn 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 pédes in the first category (about 98% of
the total) may falsely indicate thBtazilianamphibias are wellcontemplatedn Sy-Ph-Ta
studies.

An even largegap intaxonomicsamplingis identifiedin population genetics and

phylogeographical studi€Eig. 2c) which evaluatedhe patterns gbopulation structure and
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diversification withinspecies ocladesalso assessints relationships with historical
processedn these studiesew species complexesdclades with occurrence in Braziere
investgated: Those whbh the phylogenetic relationshigsave beempreviouslyestablished
such as inheRhinella cruficefThoméet al.201Q Thoméet al.2012 and Thoméet al.
201443 Appendix S) andthePhyllomedusa burmeistespeciegroup (Brune®t al.2014;
Bruneset al.2015 Appendix S} in theAtlantic Foresdomain.ln addition,some specieis
thegenusLeptodactylugArruda and MorielleVersute2008 Camargeet al. 2009 Appendix
S1), andPleurodemgThomeéet al.2016, Appendix S}, as well as somTerrarana (Elmer
2007; Fouqueet al.2015; Morae=t al.2016, Appendix S1), were specifically evaluated.
Additional studies evaluatembdistributed specgan the Amazonian (Fouquetet al. 20124,
Appendix S}, and in theAtlantic Fores{Firkowskiet d. 2016 Appendix S)domainsas
well assome species with broggographical rangesuch a?hysalaemus cuvie(irelleset
al. 2004 Telleset al.2007 Conteet al.2011;, Conteet al.2014 Appendix S}, andBoana
albopunctaa (Pradoet al.2012 Apperdix S1).

Some studies evaluated the spatial and temporal patterns of diversifipapomhation
structure and genetic diversityr amphibian species e Atlantic Forest checking the
possiblerole of Quaternaryclimatc oscilationswhich suposedly gesrated habitat switches
in diferent magnitudes between its northern and southern pof@ansaval and Batez007;
Carnavakt al.2009; Fitzpatricket al.2009;Amaroet al.2012; Bellet al. 2012;Tonini et al.
2013; Thomeet al.2014a;Firkowskiet al 2016 Menezest al.2016 Appendix S1)Some
of them also verified the adequabilitytbi proposedareas of climatic stabilitynodeledoy
CarnavalandMoritz (2008 over such parameters and proce¢Sasnavalket al.2009; Amaro
et al.2012; Toninietal. 2013; Thomeet al.2014a;Menezest al.2016. Altough the
Atlantic Foresis one ofthe mostspecies riclfTabarelliet al.2005) andeststudieddomains

in Brazil, with the highestendemisnratesfor somevertebrate groups (Costa al.2000; Da
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Silva et al.2004 Tabarelliet al.2005, otherless sampledomainsalsopresent relevant
patterns of species richness and endemism, such as those belonging to the open diagonal
vegetation formatins of central &uth America Rizinni 1979. Specfic molecuar studieon
target species or species growpth amphibials endemic to these domains can be considered
incipient,where few genus have been investigated, su@okermannohylan the Cerrado
EterevialkRg0oer eviaadkl 2 ;e tN aa ki Bpghbehdix S1)and
Pleurodeman the Caatinga (Thomet al.2016a,Appendix S1)

Theamazonia tropical foreststhe biggestiomainin South Americain surfacearea
presenting an astonishing climatic and topographic heterogewhitgh generatetligh levels
of species richness for several vertebrate gragusell asold diverged lineagealong its
biogeographical region&lmeret al.2007 Santoset al.2009 Antonelli et al.2010;Wienset
al. 2011) Considering itnourmousize and patternsf species richness, this domain is also
underepesented in numbermoblecularstudieswith Brazilianamphibianspecieswhere only
21 articles evaluated the influencehigtorical processes in the evolution and diversification
of species and lineagesgpendix S1). Among them, thele of climatic oscillationsand
Quaternay refugi@Noonan and Gauch@005;Fouquetet al.2012d Appendix S}, as well
asriverine barriers andvulsion Gascoret al.1998; Funlket al.2007; Lougheeét al.2009;
Fouquetet al. 2012c,d; Kaeferet al.2013 Moraeset al.2016 Appendix S} have been
investigatedwhereas other studies focused in quantifying patterns of genetic structure and
variability for targetspecies (Bess3ilvaet al.2016 Appendix S1)as well as hyridization
between closeelated species (Simdesal.2012, Appendix S1).

A considerable gap elsoobserved irthe field oflandscape genescwherefew
studiesevaluaedpatterns of genetic structuring and divergityhespatialcontext ofgene
flow and connectivittamong populationgTelleset al. 2007 Dixo et al.2009 Arrudaet al.

2011, Appendix S). Landscape genes@approache provide a powerful framework for
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directly analyzing relationships between population processes and landscapeestruct
(Segelbacheet al.2010. In such contexiconservation planning at the regional and
landscape levels requires information on past and current connectivity between adjacent
populations (Shaffeet al.2015) together with the influence of natural |scdpe barriers
(such as rivers and mountain chains) in the actual rates of gene flow and dispersion between
populationsMost Braziliandomains are suffering fromccelerated rasof habitat
fragmentatiorwith concomitannegative effectsuch assolation of populationsand habitat
loss(Fahrig2003;Ribeiroet al.2009. Considering thismore studiethatevaluate spatial
patterns of gene flow and population structure in relation to haitatectivityare needeth
landscapes with distinct levels ehgmentationin order to effectively consenamphibian
species, especially thosath restrictedhabitat requirementShafferet al.2015)

I n the context of the WALi nne@0k Whitraler Wal | ac
et al.2005),althoughmany anphibian species Brazil with broadgeographicangesmay
constitute species complexes, most amphibiaergamd speciebave their genetic diversity
and diversification history undetermined to this day. Some published studies addressed the
questions abut species delimitation and diversification history (Brueiesl. 2010 Funket
al. 2011; Fouqueet al.2012b; Pradet al.2012; Fusinattet al.2013; Geharat al.2013;
Bruneset al.2014 Fouquetet al.2014;Gehareet al.2014;Bruneset al.2015 Dos Santogt
al. 2015 Ferréoet al. 2016;Firkowski et al.2016;Rojaset al.2016,Appendix S). In these
studies, a considerable amount of cryptic genetic diversity has been found in species of the
genusAdelophryngFouquetet al. 2012b),AdenomergFouquetet al.2014),Boanaand
Engystomops Amazonia (Funlet al.2011),Euparkerella(Fusinattoet al.2013) and
Ischnochnem#Gehareet al.2013 in theAtlantic Forest as well as in speciggoups and
complexesuch afAmazophrynella minutéRojaset al. 2016),Phyllomedusa burmeisteri

(Bruneset al.201Q Bruneset al.2014 Bruneset al.2015 andRhinella margaritifera(Dos
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Santoset al.2015). These results corroborate the existence of intricate and complex
diversification patterns in many amplah taxa in Brazil an®outh Americajnfluencedby
diverse historical processes, such as climat#llationsand geological activity (Turchetto
Zoletet al.2013). However, most specigsh gereraand nominal species with broad
distribution in Brazil hae not beersystematicallyevaluated to the present day, such as most
species from the families Hylidae (suchirmshe genusDendropsophuandBoang,
Leptodactylidae (modteptodactylusandPhysalaemuspecies)and Bufonidae (most
Rhinellaspecies), justo cite the most diverse amphibian families in Brazil, which possibly

correspond tepecies complexemdmayuncover the existence of cryptic species.

MOLECULAR STUDIES AND THE CONSERVATIO N STATUS OF AMPHIBIA N SPECIESIN BRAZIL
As citedin the resultsthe number of threatened and data deficient species in the first

category (SyPhTa studiesFig. 3 and ) did not change considerably in relation to the
number of species in such categories in all evaluated si{kiies8a and 3i) due to the
inclusion of most species dwsanch terminalé phylogenetic treesHowever, 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 categthrg.above caext,
theresultsfrom the second category (fRy-Lg studieskeviden@ a considerable gap
sampling where additional studies aiming to quantify genetic parameters with conservation
applications, such as spatial patterns of genetic structure and givextas of gene flow and
diversification history should focus in other threatened and data defacrgattibiars with
occurrencen Brazil, speciallyrangerestricted specieand speciefom the families with low
values of relative proportiorsf occurregesuch as Cycloramphidae, Hylodidade and
Odontophrynidae (Fig. 2a and 2&¢he quantification of such parametéos these specidas

crucial to ensure theevolutionaryand adaptativeotential, and to thiglentificationand
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mappingof Management Unit@MUs) and Evolutionary Significant Units (ES8hafferet
al. 2015).In addition moreintraspecificsystematic and taxonomic studies should focus on
broad distributedpeciesn order toelucidate taxonomic issuesddetermine the existence

of cryptic species.

M OLECULAR MARKERS , SEQUENCING PLATFORMS AND FOMENTATION IN MOLECULAR
STUDIES WITH AMPHIBIANS IN BRAZIL

The mitochondrial DNAasthe most commonlgmployedmarker inmolecularstudies
was an expected patteand its wide use is relateéd its lowe finantial costs fosequencing
and to some previously alleged properties, sudtigisvariability, higheffective population
size neutrality,clock-like rate of evolutionandclonal mode of heritage through generations
(Freelandet al.2012) what fadlitates the inference of genealogies @neldiversication
historyof populations and lineagddowever, somef theseproperties have been questioned,
such asts clonal heritagdéGaltieret al. 2009) neutrality(Ballard and Whitlock004 Bazin
et al.2006) andclock-like rate Galtieret al.2009) while theoccurrence of introgressiaos
also propose@Ballard and Whitlockk004) suggesting that mtDNA should be used together
with nucleamarkers in order to reconstitute the evolutionary history>af @isloritz 1994
Ballard and Whitlockk004)

Only 41 amphibian species with occurrence in Brazil have microsatellite primers
specifically developed for theor have been evaluatedarossamplificationtests (Table
S2) what may be related to the hifihantialcosts for the developmeand sequencingf
thesemarkers From a total o33 articles related to this type of molecular marffgg. 4),
only 17 evaluated or quantified populatianddemographic parameters with relagato the
in-situ conservabn of speciesevaluating rates of gene flow (Arrudaal. 2011, Appendix

S1), levels of cryptic genetic diversity (Elmet al.2007, Appendix S}, the occurrence of
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hybridization (Simodest al.2012 Appendix S}, patterns of sexual selection and
repraduction (Ringleret al.2012 Appendix S}, as well as the influence of historical
processes in determining population structure (8edll. 2012 Fouquetet al.2012¢ Duryea

et al.2015 BessaSilvaet al.2016 Thoméet al 2016, Appendix SL Also, anly a handful

of species which are under some threat category or data deficient according to the latest
update of thérazilianred list were includedh these studiesuch asOlolygonalcatraz O.
ardous O. faivovichi O. peixotoi(Bell et al.2012 Appendix S}, andProceratophrys
moratoi(Arrudaet al.2012 Appendix SL1

Other molecular markers such as allozymes, RARP4 Psand ISSRs were present
in few studiesrf = 9,Fig. 4). Many factors explain this patteall, themrelated to the low
credibiity 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 allozymas well ashe methodologicgbroblems related
to the use of RAPDs, such as the influence of primer annealing temperatures, which may also
influence in data interpretation (Freelagtcal. 2012).

Next-generation sequenciqdatformsconstitute the new tendency for molecular
studies irthe fieldsof applied genetics and molecular ecology (Schendure &a08i
McCormacket al.2013), butits use in Brazil with amphibian species can be considered
incipient, with only ten published papdrem 2014 to 20& (Fig. 4). Although itshigher
efficiency for simultaneously analyzing a greater amount of data with proportionately lower
finantial cost{Narumet al.2013),its wider implementation in Brazil is going to face serious
challengsin the near futurdn light of theactual crisis iracagmic research in which the
country is currenthsubmergegwith drasticreductions irresearctiundingsince 2014

(Fernandesgt al.2017).
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In the context of researdffiliation and fomentation, the prevalence of universities
and institutios from southestern Brazil(Fig. 5a)was an expected patteonsidering the
higher economical developmeantd resource allocatido this regionin relation to the others
In fact, the results in the present study reveals a serious gap in the number of publistsed paper
with institutions from other regions of Braaiith a concomitanparticipationof researchers
and institutions from other countries (Fig. 5a), that in many cases also contributes with
research funding (Fig. 5bonsidering this, its is imperative thegher allocation of research
funding from the Brazilian government to the otferr regions of Brazil in the near future
(Fig. 5a), in order to diminish tiredependencywer thefundingfrom foreign institutions

(Fig. 5b) and the observed discrepancyeiation 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 Bstifilhave a long way aheadrd
much remains to be done in order to enskiedong-term conservationf this taxa together
with thereminiscent ecosystents which they inhabitin such context, additional studies in
the fields of population genetics, phylogeography and landscapéageare necessary, to
determine the patterns of population strucamddiversity, gene flow, and the role of
historical factors in shaping the evolutiand diversificatiorof lineagesSuch results will
help to map the spatial patterns of geneticrdityg identifying andprotectirg relevant
management units (Wk), and evolutionary significant units (ESUs) in endangered and
species ricllomains such as the AtlanforestandAmazonia These studies should also
focus on poorly sampled domains suclihase belonging to theasonallydry tropical
forests, such as the Cerrado and the Caatinga. Additional studies are also needed in order to

clarify taxonomic uncertainitiegspecially for broad distributed species which may constitute
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species complexemd in whichsignificant amount of cryptic genetic diverségd cryptic
speciesnay be foundAll theseapproaches should be focused in threatened and data deficient
speciewvhich have not been evaluated to the presentMalecular studies with amphibian
in Brazil should also focus in poorly sampled testach as most anuran families, and the
orders Gymnophiona and Caudatéth the advent ohextgeneratiorsequencinglatforms
for sequencing entire genomes simultaneousblecularstudies vhich will contribute to the
in-situ conservation of the biotaave a promising futurevherea vast amount of information
can be simultaneousBvaluateddisentangling compleand unkownpatterns about the
origin and diversificatiorf lineagest distinct taxononu levels.In this context, researchers
and conservation managers must fight against the odds to implencbnteasures in the
near future, in face of the political and economical ctisisughwhich Brazil is currently
facing which greatly restricts theinding ofacademic research and thesitu 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

Aamphi biand and Abrazil 6, respecti\
Words
1th 2nd 3rd
amphibian genetics brazil

conservation
conservation genetic
phylogeny
systematics
taxonomy
phylogeography
landscape genetics
evolution
biogeography
habitat fragmentatior
metapopulation
management
MtDNA
nuclearDNA
microssatellite
RAPD
aloenzime
AFLPs
SNPs
ISSRs
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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 studres (n

188).
Taxon Number of studies Percentage
OrderAnura
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 Giudata
Plethodontidae
Order Gymnophion:
Caecilidae
Rhinatrematidae
Siphonopidae

Typhlonectidae

1.59

2.65

2.65

2.65

1.06
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Table 3 List of amphibian species registered in the present shadgre classifiedinder some threat category according

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

as inFigure 3.
Family Species Brazilianred list IUCN red list
Aromobatidae Allobates brunnes(Cope, 1887) CR
Aromobatidae Allobates olfersioidefA. Lutz, 1925) VU VU
Brachycephalidae Brachycephalus perniRombal, Wistuba and Bornschein, 1998 CR
Brachycephalidae Ischnocnema manezin@arcia, 1996) VU
Bufonidae Atelopus flavesceriBuméri and Bibron, 1841 VU
Bufonidae Atelopus spumariu€ope, 1881 VU
Bufonidae Dendrophrynicus carvalhdi z e c k s o h n 19¢ EN
Craugastoridae Holoaden bradeB . Lut z, 1959 i CR CR
Craugastoridae Holoaen luederwaldtMirandaRibeiro, 1920 EN
Craugastoridae Euparkerella robustdzecksohn, 1988 VU
Craugastoridae Euparkerella tridactyldzecksohn, 1988 VU
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Cycloramphidae

Cycloramphus acangatavierdade and Rodrigues, 2003

Eleutherodactylidae Adelophryne maranguapensi®oogmoed, Borges anda€con, 1994

Eleutherodactylidae

Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Leptodactylidae
Leptodactylidae

Leptodactylidae

Adelophryne baturitensidoogmoed, Borges and Cascon, 199:
Bokermannohyla izecksoh@im and Caramaschi, 1979)
Boanacurupi Garcia, Faivovichi and Haddad, 2007
BoanacymbalumBokerman, 1963)
Boanasemiguttad (A. Lutz, 1925)

Ololygon alcatraB. Lutz, 1973)
Ololygon faivovichi{Brasileiro, Oyamaguchi and Haddad, 2007
Ololygon peixoto{Brasileiro, Haddad, Sawaya andMast 2007)
Phyllodytes gyrinaethdBeixoto, Caramaschi and Freire, 2003
Scinax duarte(B. Lutz, 1951)
Xenohyla truncatdlzecksohn, 1959)
Physalaemus maximé®io, Pombal and Caramaschi, 1999
Physalaemus soarelziecksohn, 1965

Physalaemus atlanticidaddad and Sazima, 2004

VU

VU

CR

EN

CR

VU

CR

CR

VU

EN

VU

CR

VU

EN

VU

CR

CR

CR

CR

CR

EN

VU
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Microhylidae

Microhylidae
Odontophrynidae
Phyllomedusidae
Phyllomedusidae

Plethodontidae

Chiasmaocleis alagoanu@ruz, Caramaschi and Freire, 1999
Dasypops schirchiviirandaRibeiro, 1024
Proceratophrys moratdiJim and Caramaschi, 1980)
Agalychnis granulos&€ r u z , 1989 nAl9
Pithecopus ayeay®. Lutz, 1966

Bolitoglossa paraensi@nterstein, 1930)

EN

EN

VU

EN

VU

CR

CR
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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 al2016 (n = 188).

Figure 2 Number of species per ampian family in the evaluated studiegHite bars)

in relation to the total number of species per family in Brazil according to Segalla et al.,
(2016 (blackbars). a)/ 75 species inlikevaluated studieg = 188) b) 762 species in
systematic, phylogenie and taxonomi€¢SY/PH/TA) studies(n = 113) and c)145

species in ppulation genetics, phylogeographic, and landscape ge(l@GPY/LG)
studies(n = 74) Number in brackets each family are relative proportions of

occurrence (in percentage): Numbéspecies 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 defici@miphibian species included in the
evaluated studies according to the latest update ot)BN red list (IUCN, 2017)and
theBrazilianred list of endangered species (MMA, 20i)1) All evaluated studies (n
= 188) 2) Systematics (SY), taxonomic (TAxnd phylogenetics (PH}udies (n = 13),
and 3)Population genetics (PG), phylogeographic (Rd landscape genetic (LG)

studies (n = 74).
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Figure4. Number of studies per category of molecular matkatincluded some

amphibian species with occurrence in Brazil according to Segalla(2026. Legends

for each category of molecular marketDNA (mitochondrial DNA), STR (Short

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

(Rapid AmplifiedPolymorphic DNA), RFLP Restriction Fragment Length

Pol ymor phi sm). I n the cat egomdngandamdinger i ntr o
nuclear regions such as bétarinogen and tyrosinase genes. Proportions of studies per
sequencing method and plataform (Saragetillumina nextgeneration sequencing) are

also provided.

Figure 5. a) Proportion of universities and reseassttergerregionof Brazil together

with the total number dioreign institutionf accor di ng t o imalt hor 6s af
evaluated studies that included at tease Brazilian institution (n = 119), b) Proportion

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

fomentation.
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SUPPLEMENTARY MATERI AL
Appendix S1.List of published articlessed in the present study which included some
amphibian species with occurrence in Brazil according to Segalla(2026 and employed
some type of molecular marker (n = 188). Numbers after each reference are the proposed
categories according to the mdields in applied genetics: 1) Systematics, phylogenetics and

taxonomy; 2) Landscape genetics, population genatidphylogeography; 3) Other areas.

Aguiar-Jr. O, Bacci MJr, Lima A.P, RossaFeres D.C.Haddad C.F.B.ReccePimentel S.M.
2007. Phylogenetic relationships é¢fseudisandLysapsugAnura, Hylidae, Hylinae) inferred
from mitochondrial and nuclear gene sequenCésdistics23:455463.d0i:10.1111/j.1096
0031.2007.00154

Amaro R.C, Pavan D,Rodrigues M.T. 20090n the generic idengitof Odontophrynus moratoi
Jim and Caramaschi, 1980 (Anura, Cycloramphidée)taxa2071:6168.
doi:producao.usp.br/handle/BDP1/27604

Amaro R.C, Rodrigues M.T.YonenagaYassuda Y,.Carnaval A.C2012 Demographic
processes in the montane Atlantic rainforest: Molecular and cytogenetic evidence from the
endemic frogProceratophrys boieiMolecular Phylogenetics and Evoluti62:880 888.
d0i:10.1016/j.ympev.2011.11.004

Amaro R.C, Nunes |, Canedo G.Napoli M.F, Junca F.A.Verdade V.K, ... RodriguesM.T.
2013 A molecular phylogeny recove&rabomantis aramunh@assimiroVerdade and
Rodrigues, 2008 andaddadus binotatuéSpix, 1824) (Anura: Terrarana) as sister taxa.
Zootaxa3741:569582.d0i:10.11646/zootaxa.3741.4.7

Amézquita A., Lima A.P., Jehle R., Castellanos L., Ramos O., Crawford ABdl,.W. 2009.

Calls, olours, shape, and genes: a mtriit approach to the study of geographic variation
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in the amazonian frogllobates femoralisBiological Journal of the Linnean Society
98:826 838. d0i:10.1111/j.10958312.2009.01324

Andrade F.S.D.De Magalhaes F.MNunesDe-Almeida C.H.L, VeigaMenoncello A.C.B.
Santana D.JGarda A.A, ... Toledq L.F. 2016 A new species ofonglegged
Pseudopaludicolérom northeastern Brazil (Anura, Leptodactdie, Leiuperinae).
Salamandréb2:107 24

Arruda M.P, Versute E.M. 2008Cytogenetic and random amplified polymorphic DNA analysis
of Leptodactyluspecies from rural and urban environments (Anura, AmphiGjetics
and Molecular Research161-176

Arruda M.P, Gongalves E.CSilva A, Schneider M.P.CMorielle-Versute E. 2018
Development of eleven polymorphic microsatellite markers for the Gheefvog,
Hypsiboas ranicepgonservation Genetic Resour@93-96.d0i:10.1007/s1268610
9172y?

Arruda M.P, Morielle-Versute E,.Silva A.,, Schneider M.P.CGoncalves E.C201(. Twelve
polymorphic microsatellite loci developed and optimized fromLigygtodactylus chaquensis
Conservation Genetic Resourc455158.d0i:10.1007/s1268610-92047°

Arruda M.P, Morielle-Versute E.Silva A, Schneider M.P.CGoncalves E.C. 2011
Contemporary gene flow and weak genetic structurirrgéoco toadRhinella schneideyi
populations in habitats fragmented by agricultural actividesphibiaReptilia32:399411.
d0i:10.1163/017353711X588182

Arruda M.P, Costa W.P.Silva C.C, Recco Pimentel S.M. 201Pevelopment of 22
polymorphicmicrosatelliteloci for thecritically en d a n g e r e dliggdréoada t o 6 s
Proceratophrys moratointernational Journal of Molecak Scienced3:1225912267.

doi:10.3390/ijms131012259
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Austin J.D, Lougheed S.CTanner K, Chek A.A, Bogart J.P.Boag P.T. 2002A molecular
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ruthveni Zoological Journal of the Linnean Socidt$4:335 346.d0i:10.1046/].1096
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Bell R.C, Brasileiro C.A, Haddad C.F.B.Zamudio K.R. 2012Evolutionary history oScinax
treefrogs on landbridge islands in soutbastern BrazilJournal of Biogeograph$9:1733
1742.doi: :10.1111/j.13682699.2012.02708%

BessaSilva A.R, Da Cunha D.B.Sodré D, Da Rocha T.J.QSchneider H.Sampaio |....
Vallinoto, M. 2014 Development andharacterization oficrosatelliteloci for Rhinella
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Supplementary Tables

TableS1.List of amphibian species registered in the presendygtu= 77) with occurrence in Brazil according to Segalla e(2016 summing

all evaluated articles which employed some type of molecular market&8 =Current and original taxonomy (as cited in ¢nginal publication

are provided, together witheir respective conservation status according t@theilianand IUCN red lists of threatened species. Numbers after
each species are the proposed categories according to the main fields in applied gehediesthatit was recorded: 1) Systemedi phylogenetics
and taxonomy; 2) Landscape genetics, population genetics, phylogeography; 3) Othd&egerats for conservation categories: CRritically

endangered, EN Endangered, VU Vulnerable, NTi Near threatened, DD Data deficient, LQ Least concern.

Brazilian IUCN

Family Current taxonomy Original taxonomy red list  red list

Allophrynidae Allophryne ruthvenGaige, 192862 Allophryne ruthveni LC

Alsodidae Limnomedusa macroglosg@umeéril & Bibron, 1841} Limnomedusa macroglossa LC
Aromobatidae Allobates brunneuCope, 1887 Allobates brunneus CR LC
Aromobatidae Allobates caeruleodactylytima & Caldwell, 2001} Allobates caerulodactylus DD
Aromobatidae Allobates conspicuus Mor al es, 2002 @[#2000¢ Colostethus cospicuous DD
Aromobatidae Allobates crombief Mor al es, 2002 @A20000 Allobates crombiei DD DD
Aromobatidae Allobates femorali¢Boulenger, 1884y Epipedobates femoralis LC
Aromobatidae Allobates flaviventridvelo-Sampaio, Souza & Peloso, 2013 Allobates flavivetris
Aromobatidae Allobates fuscellu§ Mor al es, 2002 20000 Allobates fuscellus DD
Aromobatidae Allobates gasconi Mor al es, 2002 fA20000° Allobates gasconi DD
Aromobatidae Allobates hodlSimdes, Lima, and Farias, 2310 Allobates hodli
Aromobatidae Allobates magnussohima, Simdes & Kaefer, 2014 Allobates magnussoni
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Aromobatidae
Aromobatidae
Aromobatdae
Aromobatidae
Aromobatidae
Aromobatidae
Aromobatidae
Aromobatidae
Aromobatidae
Brachycephalidae
Brachycephalidae
Brachycephalidae
Brachycephalidae
Brachycephalidae
Brachycephalidae
Brachycepalidae
Brachycephalidae
Brachycephlidae
Brachycephalidae
Brachycephalidae
Brachycephalidae
Brachycephalidae
Brachycephalidae
Brachycephalidae
Brachycephalide
Brachycephalidae
Brachycephalidae
Brachycephalidae
Brachycephalidae
Brachycephalidae
Brachycephalidae
Brachycephlidae

Allobates marchesiany®elin, 1941}
Allobates masnigef Mor al es, 2002 f20000
Allobates nidicolg(Caldwell & Lima, 2003}
Allobates olfersioide§A. Lutz, 1925}
Allobates paleovarzensisma, Caldwell, Biavati & Montanarin, 2020
Allobates tapajo&ima, Simdes & Kaefer, 2015
Anomaloglossus baeobatrachi@oistel & de Massari, 199953
Anomaloglossus roraima.& Marca,1998}
Anomaloglossus stepheiMartins, 1989)
Brachycephalus alipidPombal & Gasparini, 2006
Brachycephalus auroguttatiibeiro, Firkowski, Bornschein & Pie, 2015
Brachycephalus boticariBie, Bornschein, Firkowski, Belmont@pes & Ribeiro 2015
Brachycephalus brunnetRibeiro, Alves, Haddad & dos Reis, 2005
Brachycephalus didactylu&zecksohn, 1971y
Brachycephalus ephippiu(®pix, 1824)
Brachycephalus ferruginualves, Ribeiro, Haddad & dos Reis, 2006
Brachycephalus fuscolineat&$e, Bornschein, Firkowski, Belmont®pes & Ribeiro, 2015
Brachycephalus garbeanidirandaRibeiro, 1926
Brachycephalus hermogené§iaretta & Sawaya, 1998)
Brachycephalus izeckisoi Ribeiro, Alves, Haddad & doReis, 2005
Brachycephalus leopardiRibeiro, Firkowski & Pie, 2015
Brachycephalus mariaterezBornschein, Morato, Firkowski, Ribeiro & Pie, 2015
Brachycephalus nodoterddirandaRibeiro, 1926
Brachycephalus olivaceuornschein, Morato, Firkowski, Ribeiro & Pie, 2315
Brachycephalus perniRombal, Wistuba & Bornschein, 1998
Brachycephalus pitangAlves, Sawaya, dos Reis & Haddad, 2b09
Brachycephalus pombadilves, Ribeiro, Hddad & dos Reis, 2006
Brachycephalus quiririensiBie & Ribeiro, 2015
Brachycephalus sulfuratu@ondez, Monteiro, Comitti, Garcia, Amaral & Haddad, 2016
Brachycephalus tobiaddad, Alves, Clemeni€arvalho & Reis, 2070
Brachycephalus tridactyluSarey, Lima, Hartmann & Haddad, 2612
Brachycephalus verrucosi®beiro, Firkowski, Bornschein & Pie, 2015

Colostethus marchesianus
Allobates masniger
Colostethus nidicola

Phyllobates alagoanus

Allobates palevarzensis

Allobates tapajos

Colostethus baeobatrachus
Colostethus roraima
Colostethus stepheni

Brachycephalus alipioi
Brachycephalus auroguttatus

Brachycephalus boticario

Brachycephalus brunneus

Brachycephalus didactylus

Brachycephalus ephippium

Brachycephalus ferruginus

Brachycephalus fuscolineatus
Brachycephalus garbeana
Brachycephalus hermogenesi
Brachycephalus izecksoni
Brachycephalus leopardus

Brachycephlus mariaterezai
Brachycephalus nodoterga
Brachycephalus olivaceus
Brachycephalus pernix
Brachycephalus pitanga
Brachycephalus pombali
Brachycephalus quiririensis

Brachycephalus sulfuratus
Brachycephalus toby

Brachycephalus tridactylus

Brachycephalus verrucosus

DD
VU
DD

NT

DD

CR

LC
DD
DD
VU
NT

DD
DD
LC
DD

DD
LC
LC
DD

LC
DD

DD

DD

DD
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Brachycephalidae
Brachycephalidae
Brachycephalidae
Brachycephalidae
Brachycephalidae
Brachycephalidae
Brachycephalidae
Brachycephalidae
Brachycephalidae
Brachycephalidae
Brachycephalidae
Brachycephalidae
Brachycephalidae
Brachycephalidae
Brachycephalidae
Brachycephalidae
Brachycephalida

Brachycephalidae
Brachycephalidae
Brachycephalidae
Brachycephalidae
Brachycephalidae
Brachycephalidae
Brachycephalidae
Brachycephalidae
Brachycephalidae
Brachycephalidae
Brachycephalidae
Brachycephalidae
Brachycephalidae
Brachycephalidae

Bufonidae

Brachycephalus vertebralRombal, 2001
Ischnocnema abdit€anedo & Pimenta, 20"
Ischnocnema bolbodacty{@. Lutz, 1925}
Ischnocnema concoldrargino, Costa & Carvalho e Silva, 2609
Ischnocnema epipadHeyer, 1984)
Ischnocnema erythrome(gieyer, 1984)
Ischnocnema gehriMirandaRibeiro, 1926}
Ischnocnema gualte(B. Lutz, 1974)
Ischnocnema guenthg$teindachner, 1864)
Ischnocnema hense(iPeters, 18727
Ischnocnema hoehnf8. Lut z, $959 19580,
Ischnocnema hol{iCochran, 1948)
Ischnocnema izecksohpiCar amaschi & Ki st®umach
Ischnocnema juipocdSazima & Cardoso, 1978)
Ischnocnema lactegMirandaRibeiro, 1923)
Ischnocnema manezini@@arcia, 1996)
Ischnocnema melanopygiargino, Costa & Carvalho e Silva, 2609
Ischnocnema nasut@. Lutz, 1925}
Ischnocnema nigriventri@. Lutz, 1925}
Ischnocnema octavigBokermann, 1965)
Ischnocnema oe@eyer, 1984)
Ischnocnema paranaengisangone& Segalla, 1996)
Ischnocnema parvéGirard, 1853)?2
Ischnocnema penaxavantinkdaretta, Toffoli & Oliveira, 2007
Ischnocnema pusilléBokermann, 1967)
Ischnocnema randoruifiHeyer, 1985)
Ischnocnema sambag(Gastanho & Haddad, 2000)
Ischnocnema spanidsieyer, 1985)
IschnocnemavenancipiB. Lutz, '1959 fA1958
Ischnocnema verrucog®&einhardt & Liitken, 1862)
Ischnocnema vizottdilartins & Haddad, 2019

Amazophrynella bokermanfil zecksohn,® 1994 fd1¢

Brachycephalus vertebralis DD
Ischnocnema abdita
Ischnocnema bolbodactyla
Ischnocnema concolor
Ischnocnema epipeda DD
Ischnocnema erythromera
Ischnocnema gehrti DD
Ischnocnema gualteri
Ischnocnema guentheri
Ischnocnema henselii
Ischnocnema hoehnei
Ischnocnema holti
Ischnocnema izecksohni
Ischnocnema juipoca
Ischnocnema lactea DD
Ischnocnema manezinho VU
Ischnocnema melanopygia
Ischnocnema nasuta
Ischnocnema nigriventris
Ischnocnema octavioi
Ischnocnema oea NT
Ischnocnema paranaensis DD
Ischnocnema parva

Ischnocnema penaxavantinho DD
Ischnocnema pusilla DD
Ischnocnema randorum DD

Ischnocnema sambaqui
Ischnocnema spanios
Ischnocnema venancioi
Ischnocnema verrucosa
Ischnocnema vizottoi

Dendrophryniscus bokermanni

DD

LC

NT
DD
DD
LC
LC
LC
LC
DD
DD
LC
LC

NT

LC
DD
LC
NT
DD
LC
DD
DD
DD
DD
DD
LC
DD

LC
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Bufonidae
Bufonidae
Bufonidae
Bufonidae
Bufonidae
Bufonidae
Bufonidae
Bufonidae
Bufonidae
Bufonidae
Bufonidae
Bufonidae
Bufonidae
Bufonidae
Bufonidae
Bufonidae

Bufonidae

Bufonidae
Bufonidae

Bufonidae

Bufonidae
Bufonidae
Bufonidae
Bufonidae
Bufonidae
Bufonidae
Bufonidae
Bufonidae
Bufonidae
Bufonidae
Bufonidae
Bufonidae

Amazophrynella manad®ojas, Carvalho, Gordo, Avila, Farias & Hrbek, 2014
Amazophrynella minutéMelin, 1941}
Amazophrynella votavila, Carvalho, Gordo, Kawashifibeiro & Morais, 20122
Atelopus flavescerBumeéril & Bibron, 18412
Atelopus hoogmoetliescure, 1974
Atelopus spumariu€ope, 1871
Dendrophryniscus berthalutzéez e c k sohn,* 1994 A1¢
Dendmophryniscus carvalhdi zecksohn,! 1994 A19
Dendrophryniscus krausderuz & Fusinatto, 2008
Dendrophryniscus leucomystiecksohn, 1968
Dendrophryniscus oreiteRecoder, Teixeira, Cassimiro, Camacho & Rodrigues, 2010
Dendrophryniscus organens@arvalhee-Silva, Mongin, Izecksohn & CarvalkeSilva, 2010
Dendrophryniscus proboscide(Boulenger, 1882)
Dendrophryniscus stawiarskyz ec k sohn,! 1994 19
Melanophryniscus alipidiangone, Segalla, Bosohein & de S&, 2008

Melanophryniscus klappenbadnrigioni & Langone, 2000

Melanophryniscus milan@gornschein, Firkowski, Baldo, Ribeiro, Belmoritepes, Corréa,
Morato & Pie, 2015

Melanophryniscus simpléaramaschi & Cruz, 2062

Melanophryniscus vilavelhens&einbackPadilha, 2009

Melanophryniscus xanthostomBsrnschein, Firkowski, Baldo, Ribeiro, Belmotitepes,
Corréa, Morato & Pie, 2015

Rhaebo guttatuéSchneider, 1799y
Rhinella abei(Baldisseralr, Caranaschi & Haddad, 2004}
Rhinella achaval(Maneyro, Arrieta, & de S&, 2004)
Rhinella arenarunfHensel, 1867
Rhinella castaneotic&Caldwell, 199132
Rhinella cerradensiMaciel, Branddo, Campos & Sebben, 2b07
Rhinella crucife(Wied-Neuwied, 1821)?
Rhinella dapsiligMyers & Carvalho, 1945)
Rhinella granulosdSpix, 1824)
Rhinella henselfA. Lutz, 1934%
Rhinella icterica(Spix, 1824)
Rhinella inopinavazSilva, Valdujo & Pombal, 2012

Amazophrynella manaos
Dendrophryniscus minutus
Amazophrynella vote
Atelopus flavescens
Atelopus hoogmoedi
Atelopus spumarius
Dendrophryniscus berthalutzoe

Dendrophrynicus carvalhoi
Dendrophryniscus krausae
Dendrophryniscus leucomystax
Dendrophryniscus oreites
Dendrophryniscus organensis
Dendrophryniscus proboscideus
Dendrophryniscus stawiarsky

Melanophryniscus alipioi

Melanophryniscus klappenbachi
Melanophryniscus milanoi

Melanophryniscus simplex
Melanophryniscus vilavelhensis

Melanophryniscus xanthostomus

Rhaebo guttatus
Rhinella abei
Bufo achavali
Bufo arenarum
Bufo castaneticus
Rhinella cerradensis
Bufo crucifer, Rhinella pombali
Bufodapsilis
Bufo granulosus, Chaunus granulosus
Rhinella henseli
Bufo ictericus
Rhinella inopina

DD

DD
DD

DD
DD

LC

VU

VU
LC
EN
DD
LC

DD
DD
DD
LC

DD

LC
LC
LC
LC
LC
DD
LC
LC
LC
LC
LC
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Bufonidae
Bufonidae
Bufonidae
Bufonidae
Bufonidae
Bufonidae
Bufonidae
Bufonidae
Bufonidae
Bufonidae
Caecilidae

Centrolenidae

Centolenidae
Centrolenidae
Centrolenidae
Centrolenidae
Centrolenidae
Centrolenidae
Centrolenidae
Centrolenidae
Centrolenidae
Centrolenidae
Ceratophryidae
Ceratophryidae
Ceratophryidae
Ceratophryidae
Ceratophryidae
Ceratophryidae
Craugastoridae
Craugastoridae
Craugastoridae
Craugastoridae

Rhinella jimi(Stevaux, 2002
Rhinella magnussoniima, Menin & Aradjo, 2007
Rhinella margaritifera(Laurenti, 1768)
Rhinella marinaLinnaeus, 1758%2
Rhinella mirandaribeiro(Gallardo, 1965)
Rhinellaocellatat G¢ nt her , 1859
Rhinella ornata(Spix, 182432
Rhinella rubescen@. Lutz, 1925}
Rhinella schneiderfwWerner, 1894)23
Rhinella veredagBrandao, Maciel & Sebbena7)
Caecilia tentaculatd.innaeus, 1758>2

A18580)

Hyalinobatrachium carlesvilaCastroviejeFisher, Padial, Chaparro, Aguayo & De la Riva

2009
Hyalinobatrachum iaspidieng@yarzaqiiena, 1992)

Hyalinobatrachum mondolfsefiaris & Ayarzaguena, 2001
Hyalinobatrachum munozoruthynch & Duellman, 973}
Hyalinobatrchium cappellgivan Lidth de Jeude, 1904
Teratohyla adenocheirBlarvey & Noonan, 2005
Terabhyla midagLynch & Duellman, 1973)
Vitreorana eurygnathgA. Lutz, 1925}
Vitreorana parvulal Boul enger ,! 1895
Vitreorana ritae(B. Lutzin B. Lutz & Kloss, 19522
Vitreorana uranoscop@Miiller, 1924}
Ceratophrys auritgRaddi, 1823)
Ceratophrys cmuta (Linnaeus, 17587
Ceratophrys cranwellBarrio, 1980
Ceratophrys joazeirensidercadal de Barrio, 1986
Ceratophrys mata (Bell, 1843}
Lepidobatrachus aspgBudgett, 1899)

189 :

AEl eut her od a c Bgkérmann, 1O7V5Ndenae sedisu s 0O

Barycholos ternetz{Miranda Ribeiro, 1937)
Ceuthomantis cavernibardislyers & Donnelly, 1997
Euparkerella brasiliensigParker, 1926)?3

Rhinella jimi
Rhinella magnussoni
Bufo margaritifer
Bufo marinus, Chaunus marinus
Bufo mirandariberoi
Bufo ocellatus
Rhinella pombali
Rhinella rubescens
Bufo schneideri
Rhinella veredas
Caecilia tentaculata

Hyalinobatrachium carlesvilai

Hyalinobatrachum iaspidiense
Hyalinobatrachum mondoffii
Hyalinobatrachum munozorum
Hyalinobatrachium crurifasciatum
"Cochranella" adenocheira
Cochranella midas
Hyalinobatrachium eurygnathum
Vitreorana parvula DD
"Cochranella” ritae
Vitreorana uranoscopa
Ceratophrys aurita
Ceratophrys cornuta
Ceratophrys cranwelli
Ceratophrys joazeirensis
Ceratophrys ornata NT
Lepidobatrachus asper
Ischnocnema bilineatus
Barycholos ternetzi
Ceuthomantis cavernibardus

Euparkerella brasiliensis

LC
LC
LC
LC

LC
LC
LC
LC
LC
LC

LC
LC

LC
LC
LC
DD
DD
LC
LC
LC
LC
DD
NT
NT
LC
LC
DD
LC
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Craugastoridae
Craugastoridae
Craugastoridae
Craugastoridae
Craugastoridae
Craugastoridae
Craugastoridae
Craugastoridae
Craugastoridae
Crawastoridae
Craugastoridae
Craugastoridae
Craugastoridae
Craugastoridae
Craugastoridae
Craugastoridae
Craugastoridae
Craugastoridae
Craugastoridae
Craugastoridae
Craugastoridae
Craugastoridae
Craugastoridae
Craugastoridae
Craugastoridae
Craugastoridae
Craugastoridae
Craugastoridae
Craugastoridae
Craugastoridae
Craugastoridae
Craugastoridae

Euparkerella cochranakzecksohn, 1988
Euparkerella robustdzecksohn, 1988
Euparkerella tridactyldzecksohn, 1988
Haddadus aramunhgCassimiro, Verdade & Rodrigues, 2008)
Haddadus binotatuéSpix, 1824)
Haddadus plicife(Boulenger, 1888)
Holoaden bradeB . Lutz, 959 [A19580
Holoaden luederwaldilirandaRibeiro, 1926
Noblella myermecoidgéynch, 1976}
Oreobates heterodactyliMirandaRibeiro, 1937
Oreobates quixensiiménez de la Espada, 1872
Oreobates remotuEeixeira, Amaro, Recoder, Sena & Rodrigu2012
Pristimantis acuminatuéSchreve, 1933)
Pristimantis altamazonicu@arbour & Dunn, 1921)
Pristimantis aureolineatsiGuayasamin, Ron, Cisnerbteredia, Lamar & McCracken, 2006
Pristimantis buccinatofRodriguez, 1994)
Pristimantis carvalho{B. Lutzin B. Lutz & Kloss, 1952)
Pristimantis chiastonotud.ynch & Hoogmoed, 1977)
Pristimantis conspicillatugGunther, 1858)
Pristimantis alius(Duellman & Mendelson, 1995)
Pristimantis diadematugliménez de la Espada, 1875)
Pristimantis eurydactylugHedges & Schliter, 1992)
Pristimantis fenestratugSteindachner, 1864
Pristimantis gutturalifHoogmoed, Lynch & Lescure, 1977)
Pristimantis inguinaligParker,1940}
Pristimantis lacrimosugliménez de la Espada, 1875)
Pristimantis lanthanite¢Lynch, 1975)
Pristimantis luscombgDuellman and Mendelson, 1995)
Pristimantis malkini(Lynch, 19803
Pristimantis marmoratu¢éBoulenger, 1900)
Pristimantis martiagLynch, 19743
Pristimantis menorans(Myers & Donelly, 1997)

Euparkerella cochranae
Euparkerella robusta
Euparkerella tridactyla
Strabomantis aramunha
Eleutherodactylus binotatus
Haddadus plicifer
Holoaden bradei
Holoaen luederwaldti
Noblella myermecoides
Oreobates heterodactylus
Ischnocnema quixensis
Oreobates remotus
Pristimantis acuminatus
Pristimantis altamazonicus
Pristimantis aureolineatus
Pristimantis buccinator
Pristimantis carvalhoi
Eleutherodactylus chiastonotus
Pristimantis conspicillatus
Pristimantis delius
Pristimantis diadematus
Pristimantis eurydactylus
Eleutherodactylus fenestratus
Pristimantis gutturalis
Pristimantis inguinalis
Pristimantis lacrimosus
Pristimantis lanthanites
Pristimantis achuar
Pristimantis malkini
Eleutherodactylus marmoratus
Pristimantis martiae
Pristimantis memorans

DD
NT

DD
CR
EN

LC
VU
VU
DD
LC
DD

CR

DD
LC

DD
LC

LC
LC
LC
LC
LC
LC
LC
DD
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
DD
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http://research.amnh.org/vz/herpetology/amphibia/index.php/Amphibia/Anura/Brachycephaloidea/Craugastoridae/Ceuthomantinae/Pristimantis/Pristimantis-luscombei

Craugastoridae
Craugastoridae
Craugatoridae
Craugastoridae
Craugastoridae
Craugatoridae
Craugastoridae
Craugastoridae
Craugastoridae
Craugastoridae
Craugastoridae
Craugastoridae
Craugastoridae
Craugastoridae
Cycloramphidae
Cycloramphidae
Cycloramphidae
Cycloramphidae
Cycloramphidae
Dendrobatidae
Dendrobatidae
Dendrobatidae
Dendrobatidae
Dendrobatidae
Dendrobatidae
Dendrobatidae
Dendrobatidae
Dendrobatidae
Dendrobatidae
Dendrobatidae
Dendrobatidae
Dendrobatidae

Pristimantis ockenderfBoulenger, 1912%-3
Pristimantis paulodutral Boker mann, * 1975 A197
Pristimantis peruviangMelin, 1941}
Pristimantis ramagii(Boulenger, 1888)
Pristimantis reichlePadial & de La Riva, 203¢
Pristimantis skydmaino@lores & Rodriguez, 199%)
Pristimantis toftagDuellman, 1978)
Pristimantis variabilis(Lynch, 1968)
Pristimantis ventrimarmoratu@Boulenger, 1912)
Pristimantis vilarsi(Melin, 1941}
Pristimantis vinhai{Bokermann, 1973)
Pristimantis zeuctotylud.ynch & Hoogmoed, 1977¥
Pristimantis zimmermanagieyer & Hardy, 1991)
Strabomantis sulcatu€ope, 1874)
Cycloramphus acangatavierdade & Rodrigues, 2003
Cycloramphus boraceiensiteyer, 1983
Thoropa miliaris(Spix, 182432
Thoropa taophorgMirandaRibeiro, 1923}23
Zachaenus parvulu&irard, 1853)
Adelphobates castaneotic(Galdwell & Myers, 1990)?
Adelphobates galactonotSteindachner, 18643
Adelphobates quinquevitatt¢Steindachner, 18643
Ameerega braccatéSteindachner, 1864
Ameerega flavopictéA. Lutz, 1925}
Ameerega hahnef Boul enger ,22 1884 111883
Ameerega macer@Rodriguez & Myers, 1993)
Ameerega peter¢Bilverstone, 1976)
Ameerega pictéBibronin Tschudi, 1838)
Ameerega pulchripectSilverstone, 1976)
Ameerega trivittatdSpix, 182432
Dendrobates leucomel&teindachner, 1864
Dendrobates tinctoriugCuvier, 179)'3

Eleutherodactylus ockendeni
Ischnocnema paulodutrai
Pristimantis peruvians
Ischnocnema ramagii

Pristimantis reichlei
Pristimantis skydmainos
Pristimantis toftae
Pristimantis variabilis
Pristimantis ventrimarmoratus
Pristimantis vilarsi
Ischnocnema vinhai
Eleutherodactylus zeuctotylus
Pristimantis zimmermanae
Pristimantissulcatus
Cycloramphus acangatan
Cycloramphus boraceiensis
Thoropa miliais
Thoropa taophora
Zachaenus parvulus
Dendrobates castanégous
Dendrobates galactonotus
Dendrobates quinquevittatus
Epipedobates braccatus
Epipedobates flavopictus
Epipedobates hahneli
Epipedobates macero
Epipedobates petersi
Epipedobates pictus
Epipedobates pulgipectus

Epipedobates trivittatus, Phopobates trivittatus

Dendrobates leucomelas
Dendrobates tinctorius

DD

LC
LC
LC
LC

LC
LC
LC
LC
LC
LC
LC
LC
LC
VU
LC
LC

LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
DD
LC
LC
LC
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Dendrobatidae
Dendrobatidae
Dendrobatidae
Dendrobatidae
Dendrobatidae
Dendrobatidae
Dendrobatidae
Dendrobatidae
Eleutherodactylida¢
Eleutherodactylidat
Eleutherodactylida¢
Eleutherodactylidat
Eleutherodactylidas
Eleutherodactiydae
Hemiphractidae
Hemiphractidae
Hemiphractidae
Hemiphractidae
Hemiphractidae
Hemiphractidae
Hemiphractidae
Hemiphractidae
Hemiphractidae

Hemiphractidae
Hemiphractidae
Hemiphractidae
Hemiphractice
Hemiphractidae
Hylidae
Hylidae
Hylidae
Hylidae

Hyloxalus chlorocraspedu€aldwell, 2005)
Ranitomeya amazonid¢&chulte, 1999)?
Ranitomeya flavovittatéSchulte, 1999)
Ranitomeya sirensi@ichinger, 1991}
Ranitomeya uakariBrown, Schulte & Summers, 2006
Ranitomeya vanzolin{Myers, 1982)?
Ranitomeya variabili§Zimmermann & Zimmermann, 1988)
Ranitomeya ventrimaculat@hreve, 1935)
Adelophryie adiastolaHoogmoed & Lescure, 1984
Adelophryne baturitensidoogmoed, Borges & Cascon, 1994
Adelophryne gutturoseloogmoed and Lescure, 1984
Adelophryne maranguapensimogmoed, Borges & Cascon, 1994
Adelophryne pachydactyldoogmoed, Borges & Cascon, 1994
Phyzelaphryne miriamasdeyer, 1977
Fritziana fissilis(Miranda Ribeiro, 1920)
Fritziana goeldii( Boul enger ,* 1895 111894
Fritziana ohaus{Wandolleck, 1907)
Gastrotheca albolineaté_utz & Lutz, 1939}
Gastrotheca ernestdiliranda Ribeiro, 1920
Gastrotreca fissipe¢Boulenger, 1888)
Gastrotheca fulvoruf¢Andersson, 1911)
Gastrotheca megacephalzecksohn, Carvalhe-Silva & Peixoto, 2009

Gastrotheca microdiscu#nderssorin Lénnberg & Andersson, 1910)

Gastrotheca prasindeixeira, Dal Vechio, Recoder, Carnaval, Strangas, Damasceno, de £
Rodrigues, 2012

Gastrotheca pulchr&€aramaschi & Rodrigues, 2007

Gastrotheca recavaeixeira, Dal Vechio, Recoder, Carnaval, Strangas, Damasceno, de S
Rodrigues, 2012

Hemiphractus helioSheil & Mendelson, 2001
Hemiphractus scutaty$pix, 1824323
Aparasphenodon bokermarffombal, 1993
Aparasphendon brunoiMirandaRibeiro, 1926
Aparasphenodon venezolaniertens, 1950)
Aplastodiscus albofrenaty#. Lutz, 1924}

Cryptophyllobates chlorocraspedus DD
Dendrobates amazonicus
Dendrobates flavovittatus
Ranitomeya sirensis
Dendrobates uakarii
Dendrobates vanzolinii
Dendrobates variabilis
Ranitomeya ventrimaculata
Adelophryne adiastola
Adelophryne baturitensis
Adelophryme gutturosa
Adelophryne maranguapensis VU
Adelophryne pachydactyla
Phyzelaphryne miriamae
Fritziana fissilis
Fritziana goeldii
Fritziana ohausi
Gastrotheca albolineata
Gastrotheca ernestoi
Gastrotheca fissipes DD
Gastrotheca fulvorufa DD
Gastrotheca megacephala
Gastrotheca microdiscus

Gastrotheca prasia
Gastrotheca pulchra
Gastrotheca recava
Hemiphractus helioi
Hemiphractus scutatus
Aparasphenodon bokermanni
Aparasphenodon brunoi
Aparasphenodon venezolanus
Aplastodiscus albofrenatus

DD
DD
LC
LC
LC
LC
DD
LC
LC
VU
LC
EN
DD
LC
LC
LC
LC
LC
DD
LC
DD

LC

DD

LC
LC
DD
LC
LC
LC
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Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae

Aplastodiscus alsignatugA. Lutz & B. Lutz, 1938)

Aplastodiscus arildaé Cr uz & Pei x o't o,

Aplastodiscus callipygiugCruz & Peixoto, 1985)

Aplastodiscus cavicola Cr uz & Pei x o't o,

Aplastodiscus cochrand®lertens, 1952)
Aplastodiscus ehrhardfMuller, 1924}

Aplastaliscus eugenigiCarvalho e Silva & Carvalho e Silva, 2005)
Aplastodiscus flumineysCr uz & Pei xo't o,
Aplastodiscus ibirapitangéCruz, Pimenta & Silvano, 2008)
Aplastodiscus leucopygiysCr uz & Pei x o't o,

Aplastodiscus musicyB. Lutz, 1948)
Aplastodiscus perviridig. Lutz in B. Lutz,195C
Aplastodiscus sibilatu€Cruz, Pimenta & Silvano, 2008)

Aplastodiscus weygoldtiCr uz & Pei x o't o,

Bokermannohyla ahendblapoli & Caramaschi, 2004)
Bokermannohyla alvarengé@Bokermann, 1956)
Bokermannohyla astartg@okermann, 1977)
Bokermannohyla caramscl{iNapoli, 2005}
Bokermannohyla carvalh@Peixoto, 1981)
Bokermannohyla circumda(€ope, 18713
Bokermannohyla claresignafé. Lutz & B. Lutz, 1939)
Bokermannohyla clepsyd(a. Lutz, 1925}
Bokermannohyla feidiNapoli & Caramaschi, 2004)
Bokermannohyla goueveg@teixoto & Cruz, 992}
Bokermannohyla hylagHeyer, 19853
Bokermannohyla ibitiguaréCardoso, 1983
Bokermannohyla ibitipocé&Caramaschi & Feio, 1990)
Bokermannohyla itapotyugli & Haddad, 2006
Bokermannohyla izecksoh@im & Caramaschi, 1979)
Bokermannohyla langéBokermann, 1965)
Bokermannohyla luciana@apoli & Pimenta, 2003)
Bokermannohyla martingBokermann, 1964)

Aplastodiscus albosignatus

1987 Aplastodiscus arildae

Aplastodiscus callipygius

1985 Aplastodiscus cavicola

Aplastodiscus cochranae
Aplastodiscus ehrhardti
Aplastodiscus eugenioi
1985 Aplastodiscus flumineus
Aplastodiscus ibirapitanga
1985 Aplastodiscus leucopygius
Aplastodiscus musicus
Aplastodiscus perviridis
Aplastodiscus sibilatus
1987 Aplastodiscus weygoldti
Bokermannohyla ahenea
Bokermannohyla alvarengai
Hyla astartea
Bokermannohyla caramschii
Bokermannohyla carvalhoi
Hyla circumdata
Bokermannohyla claresignata
Bokermannohyla clepsydra
Bokermannohyla feioi
Bokermannohyla goueveai
Hyla hylax
Bokermannohyla ibitiguara
Bokermannotla ibitipoca
Bokermannohyla itapoty
Bokermannohyla izecksohni
Bokermannoyla langei
Bokermannohyla lucianae
Bokermannohyla martinsi

DD

DD

DD

DD
DD
DD
DD

DD
DD
NT
NT

LC
LC
LC
NT
LC
LC
NT
DD
LC
LC
DD
LC
DD
NT
DD
LC
LC
LC
LC
LC
DD
DD
DD
DD
LC
DD
DD
LC
CR
DD
DD
LC
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Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae

Bokermannohyla nanuzgBokermann & Sazima, 1978)
Bokermannohyla oxentaugli & Haddad, 2006
Bokermannohyla pseudopseu(4irandaRibeiro, 1937

Bokermannohyla ravidéCaramaschi, Napoli & Beardes, 2001)

Bokermannohyla saxicol@okermann, 196473

Bokermannohyla sazimgiCar doso & Andrtade,

Corythomantis greenindgsoulenger, 1896
Dendropsophus acreanBokermann, 1964)
Dendropsophus anataliasia@okermann, 1972)
Dendropsophus ances. Lutz, 129)
Dendropsophus berthalutzgBokermann, 1962)
Dendropsophus bifurcugndersson, 1945%)
Dendropsophus bipunctat§Spix, 1824}
Dendropsophus bokermani@oin, 196032
Dendropsophus brannef{Cochran, 1948y
Dendropsophus brevifror{®uellman & Crump, 1974)
Dendrop®phus cachimb@apoli & Caramaschi, 1999)
Dendropsophus cerradengiNapoli & Caramaschi, 1998)
Dendropsophus crufPombal & Bastos, 1998)
Dendropsophus decipieiga. Lutz, 1925}
Dendropsophus dutrgGomes & Peixoto, 1996)
Dendropsophus elegaif@/ied-Neuwied, 1824)?
Dendropsophus elianegNapoli & Caramaschi, 2000)
Dendropsophus gauche(iescure & Marty, 2000)
Dendropsophus gieslefMertens, 1950)
Dendropsophus hadda¢Basbs & Pombal, 1996)
Dendropsophus haraldschul@okermann, 1962)
Dendropsophus jimiNapoli & Caramaschi, 1999)
Dendropsophus koechlifDudiman & Trueb, 1989)
Dendropsophus lea(Bokermann, 1964)
Dendropsophus leucophyllat@Beireis, 1783)2
Dendropsophus limgBokermann, 1962)

Bokemannohyla nanuzae
Bokermannohyla oxente
Bokermannohyla pseudopseudis
Bokermannohyla ravida DD
Bokermannohyla saxicola
Bokermannohyla sazimai
Corythomantis greeningi
Dendropsophus acreanus
Dendropsophus anataliasiasi
Dendropsophus anceps
Dendropsophus berthalutzae
Hyla bifurca
Dendropsophus bipuretus
Dendropsophus bokermanni
Hyla branneri
Hyla brevifrons
Dendropsophus cachimbo
Dendropsophus cerradensis DD
Dendropsophus cruzi
Dendropsophus decipiens
Dendropsophus dutrai DD
Hyla elegans
Dendropsophus elianeae
Dendropsophus gaucheri
Dendropsophus giesleri
Dendropsophus haddadi
Dendropsophus haraldschultzi
Dendropsophus jimi
Dendropsophus koechlini
Dendropsophus leali
Hyla leucophyllata
Dendopsophus limai DD

LC
LC
LC
DD
LC
DD
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
DD
LC
LC
DD
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
DD
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Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae

Dendropsophus marmorat(saurenti, 1768) Hyla marmorata

Dendropsophus melanargyre(Gope, 1887) Dendropsophus melanargyreus
Dendropsophus meridianyB. Lutz, 1954) Dendropsophus meridianus
Dendropsophus microcephal(Sope, 1886) Hyla microcephala
Dendropsophus microg®eter, 1873) Dendropsophus microps
Dendropsophus minimyahl, 1933} Dendropsophus minimus
Dendropsophus minuscul(Rivero, 197132 Hyla minuscula
Dendropsophus minutyPeters, 1872¢3 Hyla minuta
Dendropsophus miyat#V/igle & GoberdharVigle, 1990} Dendropsophus miyatai
Dendropsophus nanyB8oulenger, 1889) Hyla nana
Dendropsophus novaigBokermann, 1968) Dendropsophus novaisi
Dendropsophus olivergBokermann, 1963) Dendropsophus oliverai
Dendropsophus parviceBoulenger, 1882) Hyla parviceps
Dendropsophus patiensis(Heyer, 1977) Dendropsophus pauiniensis
Dendropsophus pseudomeridiar(@uz, Caramaschi & Dias, 2000) Dendropsophus pseudomeridianus
Dendropsophus rhe@Napoli & Caramaschi, 1999) Dendropsophus rhea
Dendropsophus rhodopeplysG¢ nt her , 1859 185 Dendropsophus rhodopeplus
Dendropsophus riverdiCochran & Goin, 1970) Dendropsophus riveroi
Dendropsophus rossallefoin, 1959) Dendropsophus rossalleni
Dendropsphus rubicundulu¢ Rei nhar dt & Lt ken, Dendropsophus rubicundulus
Dendropsophus rusch{iVeygoldt & Peixoto, 1987) Dendropsophus ruschii
Dendropsophus sanbor(Bchmidt, 1944) Dendropsophus sanborni
Dendropsophus sarayacuenéBhreve, 1935) Hyla sarayacuensis
Dendropsophus schubafBokermann, 1963) Dendropsophus schubarti
Dendropsophus seniculi€ope, 1868) Dendropsophus seniculus
Dendropsophus soasg(Caramaschi & Jim, 1983) Dendropsophus soaresi
Dendropsophus studerg€arvalho e Silva, Carvalho e Silva & Izecksohn, 2603) Dendropsophus studerae
Dendropsophus timbel{artins & Cardoso, 198%) Dendropsophus timbeba
Dendropsophus tintinnabulu(Melin, 1941} Dendropsophus tintinnabulum
Dendropsophus triangulufn G¢ nt her , 1869 fA186! Hyla triangulum
Dendropsophus tritaeniaty@okermann, 1963) Dendropsophus tritaeniatus
Dendropsophus walfordqBokermann, 1962) Dendropsophus walfordi

DD

DD

NT

DD

DD

DD

LC
LC
LC
LC
LC
DD
LC
LC
LC
LC
DD
LC
LC
LC
LC
DD
LC
LC
LC
LC
DD
LC
LC
LC
LC
LC
LC
LC
DD
LC
LC
LC
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Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae

Dendropsophus wernefCochran, 1952)
Dendropsophus xapuriengi§lartins & Cardoso, 1987)
Dryaderces pearsor{Gaige, 1929)
Tepuhyla tuberculosgBoulenger, 1882)
Boanaalbomarginaf (Spix, 182432
Boanaalbopuncta (Spix, 182432
Boanaatlanticus(Caramaschi & Velosa, 1996)
Boanabeckeri(Caramaschi & Cruz, 2004)
Boanabenitezi(Rivero, 1961)
Boanabischdfi (Boulenger, 1887)
Boanaboans(Linnaeus, 17587
Boanaburiti (Caramaschi & Cruz, 1999)
Boanacaingua( Carri zo, 11991
BoanacaiporaAntunes, Faivovich & Haddad, 2008
Boanacalcarat (Troschelin Schomburgk, 1848y
BoanacinerascengSpix, 1824)?
BoanacipoensigB. Lutz, 1968)
Boanacrepitans(Wied-Neuwied, 1824)
Boanacurupi Garcia, Faivovichi & Haddad, 2087
Boanacymbalum(Bokerman, 1963)
Boanadentei(Bokermann, 196%)
Boanaericae(Caramaschi & Cruz, 2000)
BoanaexastigCaramaschi & Rodriguez, 2003)
Boanafaber (Wied-Neuwied, 1821)?
Boanafasciata( G¢nt her , 2859
BoanafreicanecagCarnaval & Peixoto, 2004)
Boanageographia (Spix, 1824)?2
Boanagoiana (B. Lutz, 1968)
Boanaguentheri(Boulenger, 1886)
Boanajoaquini (Lutz, 1968}
Boanalanciformis(Cope, 1871
Boanalatistriata (Caramaschi & Cruz, 2004)

Dendropsophus werneri

Dendropsophus xapuriensis

Dryaderces pearsoni

Ecnomiohyla tuberculosa

Hyla albomarginatus
Hyla albopunctata
Hypsiboas atlanticus
Hypsiboas beckeri
Hypsiboas benitezi
Hyla bischoffi
Hyla boans
Hypsiboas buriti

119900) Hyla caingua

Hypsiboas caipora
Hyla calcarata
Hypsiboas granosus
Hypsiboas cipensis
Hypsiboas crepitans
Hypsiboas curupi
Hypsiboas cymbalum
Hyla dentei
Hyla ericae
Hypsiboas exastis
Hyla faber

f18580) Hyla fasciata

Hypsiboas freicanecae
Hyla geographica
Hypsiboas goianus

Hyla guentheri
Hyla joaquini
Hyla lanciformes
Hypsiboas latistiatus

VU
CR
EN

DD

LC
LC
LC
LC
LC
LC
LC
DD

LC
LC
DD
LC

LC
LC
NT
LC

LC

CR
LC

DD
DD
LC
LC
DD
LC
LC
LC
LC
LC
DD
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Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae

Boanaleptolineat (P. Braun & C. Braun, 197Y)
Boanaleucocheih (Carmaschi & Niemeyer, 2008)
Boanalundii (Burmeister, 1858)
Boanamarginata (Boulenger, 188%)
Boanamicroderma(Pyburn, 1977
Boanamultifasciab( G¢nt her , 2859 118580
BoananymphaFaivovich, Moravec, Cisnerosheredia & Kéhl2006
Boanaornatissina (Noble, 1923)
Boanapardalis (Spix, 1824}
BoanaphaeopleurgCaramaschi & Cruz, 2000)
Boanapolytaeniugl Cop e, 1870 i[i18690)
Boanapombali(Caramaschi, Pimenta & Feio, 2004)
Boanaprasina (Burmeister, 1858)
Boanapulchell (Duméril & Bibron, 1841)
Boanapunctaa (Schneider, 1799)
BoanaranicepsCope, 18623
BoanasecedengB. Lutz, 1963)
Boanasemiguttaa (A. Lutz, 1925}
Boanasemilineaa (Spix, 182432
Hysiboas stenoceph@a{Caramaschi & Cruz, 1999)
Hyspsiboas wavrinjParker, 1936)
Itapotihylalangsdoffii (Duméril & Bibron, 1841}
Julianus pinimugBokermann & Sazima, 1973)
Julianus uruguayugSchmidt, 1944)
Lysapsus boliviangallardo, 1961
Lysapsus caray&allardo, 1964
Lysapsus laeviParker, 1935)
Lysapsus limellun€ope, 1862
Ololygon agilis(Cruz & Peixoto, 983)}
Ololygon albicangBokermann, 1967)
Ololygon alcatrazB. Lutz, 1973)3
Ololygon angrensi¢B. Lutz, 1973)

Hyla leptolineata
Hypsiboas leucocheilus
Hypsiboas lundii
Hyla marginata
Hypsiboas microderma
Hyla multifasciata
Hypsiboas nympha
Hyla ornatissima
Hypsiboas pardalis
Hypsiboas phaeopleura
Hypsiboas polytaenius
Hypsiboas pombali
Hyla prasina
Hyla pulchella
Hyla punctata
Hyla raniceps
Hypsiboas secedens
Hyla semigutita
Hypsiboas semilineatus
Hysiboas stenocephalus
Hyspsiboas wavrini
Itapotihyla langsdorfii
Scinax pinima
Scinax uruguayus
Lysapsis limellus bolivianus
Lysapsus caraya
Lysapsus laevis
Lysapsus limellum
Scinax agilis
Scinax albicans
Scinax alcatraz

Scinax angrensis

DD

DD

EN

CR
NT

LC
DD
LC
LC
LC
LC
LC
LC
LC
DD
LC
LC
LC
LC
LC
LC
DD

LC

LC
DD

LC
LC
DD
LC
DD
LC
LC
LC
LC
LC

CR
LC
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Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae

Ololygon arduouseioto, 20022
Ololygon argyreornatgMirandaRibeiro, 1926%2
Ololygon ariadngB. Lutz, 1973)
Ololygon aromothyelldraivovich, 2005
Ololygon atrata(Peixoto, 198%)
Ololygon berthaéBarrio, 1962)
Ololygon brieni(Witte, 1930}
Ololygon canastrensigCardoso & Haddad, 1982)
Ololygon carnevalliiCaramaschi & Kisteumacher, 1989
Ololygon catharinag¢Boulenger, 1888)
Ololygon centralifombal & Bastos, 1996
Ololygon faivoviti (Brasileiro, Oyamaguchi & Haddad, 2067
Ololygon flavoguttatgLutz & Lutz, 1939}
Ololygon heyerPeixoto & Weygoldt, 1986
Ololygon hiemalifHaddad &Pombal, 1987)
Ololygon humiligB. Lutz, 1954)

Ololygon jureia(Pombal & Gordo, 1991)
Ololygon kautskyCarvalho e Silva & Peixoto, 1991
Ololygon littoralis(Pombal & Gordo, 1991)
Ololygon littoreusPeixoto, 1988
Ololygon longilinea(B. Lutz, 1968)

Ololygon luizotovioiCaramaschi & Kistemacher, 1989
Ololygon machaddiBokermann & Sazima, 1973)
Ololygon melloiPeixoto, 1989
Ololygon obtriangulatgB. Lutz, 1973)
Ololygon peixoto{Brasileiro, Haddad, Sawaya &Martins, 206Y)
Ololygon perpusillgA. Lutz & B. Lutz, 1939)?
Ololygon ranki(Andrade & Cardoso, 198%)
Ololygonrizibilis (Bokermann, 1964)
Ololygon strigilata(Spix, 1824)

Ololygon trapicheiroi(B. Lutz, 19543
Ololygon vsignata(B. Lutz, 1968}

Scinax arduous
Scinax argyreornatus
Scinax ariadne
Scinax aromothyella
Scinax atratus
Scinax berthae
Scinax brieni
Scinax canastrensis
Scinax carnevallii
Scinax catharinae
Scinax centralis
Scinax faivovichi
Scinax flavoguttatus
Scinax heyeri
Scinax hiemalis
Scinax humilis
Scinax jureia
Phyllodytes kautskyi

Scinax littoralis
Scinax littoreus
Scinax longilineous
Scinax luizotavioi
Scinax machadoi
Scinax melloi
Scinax obtriangulatus
Scinax peixotoi
Scinax perpusillus
Scinax ranki
Scinax rizibilis
Scinax strigilata
Scinax trapicheiroi
Scinax vsignatus

DD

DD

VU

DD

DD
DD

DD

CR

NT

DD

DD
LC
DD
DD
DD
LC
LC
DD
LC
LC
LC
CR
LC
DD
LC
LC
DD
DD
LC
LC
LC
LC
LC
DD
LC
CR
LC
DD
LC
DD
NT
LC
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Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae

Osteocephalus bucklegBoulenger, 1882%

Osteocephalus cabreréCochran & Goin, 1970)

Osteocephalus castaneicdioravec, Aparicio, GuerrerReinhard, Calderon, Jungfer &
Gvogd2zk, 2009

Osteocephalus helengRuthven, 1919)?
Osteocephalus leprieufDuméril & Bibron, 184132
Osteocephalus oophagldsngfer& Schiesari, 1995

Osteocephalus planicef@ope, 1874
Osteocephalus subtilidartins & Cardoso, 1987
Osteocephalus taurinuBteindachner, 1882
Phyllodytes brevirostrifeixoto & Cruz, 1988
Phyllodytes edelmd?eixoto, Caramaschi & Freire, 2003
Phyllodytes gyrinaetheBeixoto, Gramaschi & Freire, 2063
Phyllodytes kautskyeixoto & Cruz, 1988
Phyllodytes luteolusVied-Neuwied, 1824
Phyllodytes melanomyst&aramaschiDa Silva & Britto-Pereira, 1992
Phyllodytes punctatuSaramaschi & Peixoto, 2004
Phyllodytes tuberculosiBokermann, 1966
Phyllodytes wohereri( Pet er s, 1873 fA18720
Pseudis bolbodactyla. Lutz, 1925
Pseudis cardosdfwet, 200¢
Pseudis fusc&arman, 1888
Pseudis minutaGinther, 1858
Pseudis paradoxé.innaeus, 1758)
Pseudis platensiGallardo, 1961
Pseudis tocantis Caramaschi & Cruz, 1998
Scarthyla goinorunBokermann, 1962%
Scinax acuminatuéCope, 1862)
Scinax alter(B. Lutz, 1973)
Scinax auratugWied-Neuwied, 1821)
Scinax blairi(Fouquette & Pyburn, 1972)
Scinax boesemafGoin, 1966}
Scinax caldarungB. Lutz, 1968)

Hylomantis buckleyi
Osteocephalus cabrerai

Osteocephalus castaneicola

Osteocephalus helenae
Osteocephalus leprieurii
Osteocephalus oophagus
Osteocephalus planiceps

Osteocephalus subtilis
Osteocephalus taurinus

Phyllodytes brevirostris NT
Phyllodytes edelmoi NT
Phyllodytes gyrinaethes CR

Phyllodytes kautskyi
Phyllodytes luteolus
Phyllodytes melanomystax
Phyllodytes punctatus DD
Phyllodytes tuberculosus
Phyllodytes wuchereri
Pseudis bolbodactyla
Pseudis cardosoi
Pseudis fusca
Pseudis minuta
Pseudis paradoxa
Pseudis platensis
Pseudis tocantis
Scarthyla ostinodactyla
Scinax acuminatus
Scinax alter
Scinax aurais
Scinax blairi
Scinax boesemani
Scinax caldarum DD

LC
LC

LC

DD
LC
LC
LC
LC
LC
DD
DD
DD
LC
LC
LC
DD
DD
DD
LC
LC
LC
LC
LC
DD
LC
LC
LC
LC
LC
LC
LC
LC
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Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae

Scinax cardosa{Carvalho e Silva & Peixo, 1991)
Scinax crospedospily#. Lutz, 1925}
Scinax cruentoman(Duellman, 1972)2
Scinax curicicaPugliesse, Pombal & Sazima, 2004
Scinax cuspidatu@. Lutz, 1925}
Scinax dolloi\Werner, 1903)
Scinax duarte{B. Lutz, 1951}
Scinax eurydic¢Bokermann, 1968Y
Scinax exiguugDuellman, 1986)
Scinax funereugCope, 1874)

Scinax fuscomarginaty#. Lutz, 1925}

Scinax fuscovariugA. Lutz, 1925}
Scinax garbe{MirandaRibeiro, 1926}2
Scinax granulatugPeters, 1871)
Scinax hayi{Barbour, 1909)
Scinax iquitorunMoravec, Tuanama, Per®ena & Lehr, 2009
Scinax lindsayPyburn, 1992
Scinax madeira8rusquetti, Jansen, Barridmoros, Segalla & Haddad, 2014
Scinax maracayéCardoso & Sazima, 1980)
Scinax nasicuéCope, 1862)
Scinax nebulosuSpix, 1824)?2
Scinax pachycruéMirandaRibeiro, 19373
Scinax pedromedingglenle, 1991)
Scinax pererecombal, Haddad & Kasahara, 1995
Scinax proboscideu®rongersma, 1933)
Scinax rogratus (Peter, 1863)
Scinax rube(Laurenti, 1768)?
Scinax similigCochran, 1952)
Scinax squalirostrigA. Lutz, 1925}2

Scinax lasboasiBrusquetti, Jansen, Barriamorés, Segalla & Haddad, 2014

Scinax xsignatus(Spix, 1824)?
Sphaenorhynchus bromelicdinkermann, 1966

Scinax cardosoi
Scinax crospedospilus

Scinax cruentomma
Scinax curicica

Scinax cuspidatus

Scinax dolloi DD

Scinax duartei VU
Scinax eurydice
Scinax exiguus

Scinax funereus

Scinax lutzorum, Scinax parkeri, Scinax pusillus, Scir
trilineatus, Hyla madeirae

Scinax fuscovarius
Scinax garbei
Scinax granulatus

Scinax hajy
Scinax iquitorum
Scinax lindsayi
Scinax madeae
Scinax maracaya
Scinax nasicus
Scinax nebulosa
Scinaxpachycrus
Scinax pedromedinae
Scinax perereca
Scinax proboscideus
Scinax rostratus
Scinax rubra
Scinax similis
Scinax squalirostris
Scinax villasboasi
Scinax xsignatus
Sphaenorhynchus bromelicota orophilus DD

LC
LC
LC
DD
LC

LC
LC

LC
LC

LC

LC
LC
LC
LC
LC
LC

DD
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC

LC
DD
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Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylodidae
Hylodidae
Hylodidae
Hylodidae
Hylodidae
Hylodidae
Hylodidae
Hylodidae
Hylodidae
Hylodidae
Hylodidae

Sphaenorhynchus carne(Gope, 1868)
Sphaenorhynchus dorisé&oin, 1957)
Sphaenorhynchus lacte(Baudin, 1800)
Sphaenorhynals palustrisBokermann, 1966
Sphaenorhynchus pauloalviBokermann, 1973
Sphaenorhynchus planicofA. Lutz & B. Lutz, 1938}
Sphaenthynchus prasinuBokermann, 1973
Sphaenorhynchus surd(Gochran, 1953)
Tepuihyla exophthalmégmith & Noonan, 2001)
Trachycephalus atlaBokermann, 1966
Trachycephalus coriaceyPeters, 18677

Trachycephalus cunaua@ordo, Toledo, Suarez, KawashRabeiro, Avila, Morais & Nunes,

20132
Trachycephalus hadroceg®uellman & Hoogmoed, 1992)

Trachycephalus helidiunes, Suarez, Gordo & Pombal, 2043

Trachycephalus imitatriMiranta-Ribeiro, 1926}
Trachycephalus mesophas(iitensel, 1867)
Trachycephalus nigromaculatdschudi, 1838
Trachycephalus resinifictrigGoeldi, 1907
Trachycephalus typhonigkinnaeus, 1758)
Xenohyla eugenidCaramaschi, 1998
Xenohyla truncatdlzecksohn, 1959)
Crossodactylus caramasciBiastos & Pombal, 1995
Crossodactylus gaudichaudduméril & Bibron, 1841
Crossodactylus schmidBallardo, 1961
Hylodes amnicol#@ombal, Feio & Haddad, 2002
Hylodes aspe(Mdller, 1924}2
Hylodes dactylocinuBavan, Narvaes & Rodrigues, 2601
Hylodes japide S4, Canedo, Lyra & Haddad, 2615

Hylodes meridionaligMertens, 19274)?
Hylodes nasuflichtenstein, 1823)
Hylodes ornatugBokermann 1967}
Hylodes perer&ilva & Benmaman, 2008

Sphaenorhynchus carneus
Sphaenorhynchus dorisae
Sphaenorhynchus lacteus
Sphaenorhynchus palustris
Sphaenorhynchus pauloalvini
Sphaenorhynchus planicola
Sphaenorhynchus prasinus
Sphaenorhynchus surdus
Tepuihyla exophthalma
Trachycephalus atlas
Phrynohyas coriacea

Trachycephalus cunauaru

Trachycephalus hadroceps
Trachycephalus helioi
Trachycephalugmitatrix
Trachycephalus mesophaeus
Trachycephalus nigromaculatus
Trachycephalusasinifictrix
Phrynohyas typhonius, Trachycephalus venulosus
Xenohyla eugenioi
Xenohyla truncata EN
Crossodactylus caramaschii
Crossodactylus gaudichaudii
Crossodactyls schmidti NT
Hylodes amnicola DD
Hylodes asper
Hylodes dactylocinus
Hylodes japi
Hylodes meridionalis
Hylodes nasus
Hylodes ornatus
Hylodes perere DD

LC
LC
LC
LC
DD
LC
LC
LC
DD
LC
LC

LC

LC
LC
LC
LC
LC
DD
NT
LC
LC
NT
DD
LC
DD

LC
LC
LC
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Hylodidae
Hylodidae
Hylodidae
Hylodidae
Hylodidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae

Hylodes perplicatugMirandaRibeiro, 1926)
Hylodes phyllodesleyer & Cocroft, 1986
Hylodes pipilangCanedo & Pombal, 2067
Hylodes sazimaiHaddad & Pombal, 1995

Megaelosia goeldi{Baumann, 1912)
Adenomera ajuraunéBerned, Costa & Garcia, 2008)
Adenomera andrea@uller, 1923}:23
Adenomera araucari&wet & Angulo, 2003
Adenomera bokerman(iieyer,1973)}
Adenomera dyptifBoettger, 1885)
Adenomera engel¢kwet, Steiner & Zillikens, 2009)
Adenomera heyeBoistel, Massary & Angio, 20063
Adenomera hylaedacty{&€ope, 1868)3

Adenomera marmoratgSteindachner, 1867)
Adenomera martinezBokermann, 1956)

Adenomera nan®iiller, 1922
Adenomera sadCarvalho & Giaretta, 2013
Adenomera thoméAlmeida & Angulo, 2006)
Edalorhina perezdiménez de la Espada, 1871, "1870"
Engystomops freibergDonoseBarros, 1969)?
Engystomops peterdiménez de la Espada, 1872
Leptodactylus bolivianuBoulenger, 1898
Leptodactylus bufoniuBoulenger, 18943
Leptodactylus caatingadeyer & Juncé, 2003
Leptodactylus camaquai®azima & Bokermann, 19¥8
Leptodactylus chaquens@ei, 19503
Leptodactylus cuniculariuSazima &Bokermann, 1978

Leptodactylus cupreuSaramaschi, Feio & S&@edro, 2008
Leptodactylus didymudeyer, Garcid.opez & Cardoso, 1996

Leptodactylus diedruleyer, 1994

Leptodactylus discodactyliBo ul enger , ' 1884

Leptodactylus elenadeyer, 1978

Hylodes perplicatus
Hylodes phyllodes
Hylodes pipilans
Hylodes sazimai
Megaelosia goeldii
Adenomera ajurauna
Adenomera andreae
Adenomera araucaria
Adenomera bokermanni
Adenomera dyptix
Adenomera engelsi
Adenomera heyeri
Adenomera hylaedactyla
Adenomera marmorata
Adenomera martinezi
Adenomera nana
Adenomera saci
Adenomera thomei
Edalorhina perezi
Physalaemus freibergi
Physalaeras petersi
Leptodactylus insularum
Leptodactylus bufonius
Leptalactylus caatingae
Leptodactylus camaquara
Leptodactylus chaquensis
Leptodactylus cunicularius
Leptodactylus cupreus DD
Leptodactylus didymus
Leptodactylus diedrus
Vanzolinius discodactylus
Leptodactylus elenae

LC
LC
DD
DD
LC
DD
LC
LC
LC
LC

LC
LC
LC
LC
LC

LC
LC
LC
LC
LC
LC
LC
DD
LC
LC
DD
LC
LC
LC
LC
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Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae

Leptodactylus flavopictusutz, 1926
Leptodactylus furnariuSazima & Bokermann, 1978
Leptodactylus fuscu$Schneider, 1799}
Leptodactylus graciligDuméril & Bibron, 18413
Leptodactylus guianensideyer & De S4, 2011
Leptodactylus hylodg®Reinhardt & Liitken,8 6 2 f118610)
Leptodactylus jolyBazima & Bokermann, 19%8
Leptodactylus knudsehieyer, 197223
Leptodactylus labyrinthigs (Spix, 1824)
Leptodactylus laticepBoulenger, 1918
Leptodactylus latinasuiiménez de la Espada, 1875
Leptodactylus latrangSteffen, 1815)
Leptodactylus lauramiriamaeyer & Crombie, 2005
Leptodactylus leptodactyloid¢sndersson, 194%f
Leptodactylus longirostri8oulenger, 188523
Leptodactylus macrosternulirandaRibeiro, 1926
Leptodactylus marambaideecksdn, 1976
Leptodactylus myersieyer, 199523
Leptodactylus mystace(Spix, 1824323
Leptodactylus mystacin@Burmeister, 1861)
Leptodactylus natalensis. Lutz, 1936
Leptodactylus notoaktitedeyer, 1978
Leptodactylus ochrausA. Lutz, 1930
Leptodactylus oreomantsarvalho, Leite & Pezzuti, 2013
Leptodactylus paraensideyer, 20052
Leptodactylus pentadactylgisaurenti, 1768)23
Leptodactylus peters{Steindachner, 1864}
Leptodactylus plauman#ihl, 1936
Leptodactylus podicipinu€ope, 18623
Leptodactylus pustulaty®eters, 1870)

Leptodactylus rhodomysté&o u |l enger ,%221 884 {188
Leptodactylus rhodonotysG¢ nt her , 1869 #1868

Leptodactylus flavopictus
Leptodactylus furnarius
Leptodactylus fscus
Leptodactylus gracilis
Leptodactylus guianensis
Leptodactylus hylodes DD
Leptodactylus jolyi
Leptodactylus knudseni
Leptodactylus labyrinthicus
Leptodactylus laticeps
Leptodactylus latinasus
Leptodactylus ocellatus
Leptodactylus lauramiriamae DD
Leptodactylus leptodagibides
Leptodactylus longirostris
Leptodactylus macrosternum
Leptodactylus marambaiae
Leptodactylus myersi
Leptodactylus mystaceus
Leptodactylus mystacinus
Leptodactylus natalensis
Leptodactylus notoaktites
Leptodactylus ochraceus DD
Leptodactylus oreomantis
Leptodactylus paraensis
Leptodactylus pentadactylus
Leptodactylus petersii
Leptodactylus plaumanni
Leptodactylus podicipinus
Leptodactylus pustulatus
Leptodatylus rhodomystax
Leptodactylus rhodonotus

LC
LC
LC
LC

DD
DD
LC
LC
NT
LC
LC
DD
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC

LC
LC
LC
LC
LC
LC
LC
LC
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Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptadactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae

Leptodactylus riveroHeyer & Pyburn, 1983
Leptodactylus rugosusoble, 123!
Leptodactylus sabanendieyer, 1994
Leptodactylus sertanef@iaretta & Costa, 2007
Leptodactylus spixileyer, 183!
Leptodactylus stenodendaménez de la Espada, 1875
Leptodactylus syphaBokermann, 1969
Leptodactylus tapitazima &Bokermann, 1978
Leptodactylus troglodytes. Lutz, 1926
Leptodactylus validu&arman, 1888°
Leptodactylus vastus. Lutz, 1930
Leptodactylus viridislim & SpirandekCruz, 1973
Leptodactylus wagne(Peters, 1862y
Lithodytedineatus(Schneider, 1799%2
Paratelmatobius cardos®ombal & Haddad, 1999
Paratelmatobius poecilogast&iaretta & Castanho, 1990
Physalaemus aguirréokermann, 1966
Physalaemus albifronSpix, 1824)
Physalaemus albonotat(Steindachner, 1864}
Physalaemus atlanticusaddad & Sazima, 2064
Physalaemus barridBokermann, 196%
Physalaemus biligonigerysCope, 1861 fi18600)
Physalaemus bokerman@ardoso & Haddad, 1985
Physalaemus camacdtimenta, Cruz & Silvano, 2005
Physalaemus centralBokermann, 1962
Physalaemus cicadgokermann, 1966
Physalaemus crombiéleyer & Wolf, 1989
Physalaemus cuvieFitzinger, 182623
Physalaemus deimatic®&a zi ma & Car amalschi , 1¢
Physalaemus ephippif¢Bteindachner, 1864j3
Physalaemus erika@ruz & Pimenta, 2004
Physalaemus erythrd@Saramaschi, Feio & Guimaraéketo, 2003

Leptodactylus riveroi
Leptodactylus rugosus
Leptodactylus sabanensis
Leptodactylus sertanejo
Leptodactylus spixi
Leptodactylus stenodema
Leptodactylus syphax
Leptodactylus tapiti DD
Leptodactylus troglodytes
Leptodactylus validus
Leptodactylus vastus
Leptodactylus viridis
Leptodactylus wagneri
Lithodytes lineatus
Paratelmatobius cardosoi
Paratelmatobius poecilogaster
Physalaemus aguirrei
Physalaemus albifrons
Physalaemus albonotatus
Physalaemus atlanticus
Physalaemus barrioi
Physalaemus biligonigerus
Physalaemus bokermanni
Physalaemus camacan
Physalaemusantralis
Physalaemus cicada
Physalaemus crombiei
Physalaemus cuvieri
Physalaemus deimaticus DD
Physalaemus ephippifer
Physalaemus erikae
Physalaemus erythros DD

LC
LC
LC
LC
LC
LC
LC
DD
LC
LC
LC
DD
LC
LC
DD
DD
LC
LC
LC
VU
DD
LC
DD
DD
LC
LC
LC
LC
DD
LC
LC
DD
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Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae

Leptodactylidae
Leptodactylidae

Physalaemus evangelis@okermann, 1967
Physalaemus feidassini, Cruz & Caramaschi, 2010
Physalaemus graciliéBoulenger, 1883)
Physalaemus hense{fPeters, 1872)
Physalaemus jordaneissBokermann, 1967
Physalaemus kroye(i Rei nhar dt & L¢dtken, 18
Physalaemus lateristrigéSteindachner, 1864)
Physalaemus liséBraun & Braun, 197%
Physalaemus maculiventifsutz, 1925}
Physalaemus marmoratgsRei nhar dt & L¢gdtken, 1
Physalaemus maximieio, Pombal & Caramaschi, 1999
Physalaemus moreirgirandaRibeiro, 1937)
Physalaemus nanyBoulenger, 1888)
Physalaemus nattere{Bteindachner, 1863)
Physalaemus obtecti@okermann, 1966
Physalaemus olfers{Lichtenstein & Martens, 1858)
Physalaemus riograndendidilstead, 1966
Physalaemus rupestri3aramaschi, Carcerelli & Feio, 1991
Physalaemus signiféGirard, 1853)
Physalaemus soarekiecksohn, 1965
Physalaemus spinigéMirandaRibeiro, 1926)
Pleurodema aliunMaciel and Nunes, 20163
Pleurodema bibronTschudi, 1838
Pleurodema brachyopgs Co p e, 1869 [H18680)
Pleurodema diploliste(Peters, 187073
Pseudopaludicola ameghifCope, 1887
Pseudopaludicola bolivianRarker, 192¥
Pseudopaludicola cang@iaretta & Kokubum, 2008
Pseudopaludicola facurea&ndrade & Carvalho, 2013

Pseudopaludicola falcipegiensel, 1867y

PseudopaludicolayleaustralisPansonato, Morais, Avila, KawashiRibeiro, Striissmann &
Martin, 2013

Pseudopaludicola mineiraobo, 1994

Physalaemus evangelistai
Physalaemus feioi
Physalaemus gracilis
Physalaemus henselii
Physalaemus jordanensis
Physalaemus kroyeri
Physalaemus lateristriga
Physalaemus lisei
Physalaemus maculiventris
Physalaemus marmoratus
Physalaemus maximus VU
Physalaemus moreirae
Physalaemus nanus
Eupemphix nattereri
Physalaemus obtectus
Physalaemus olfsii
Physalaemus riograndensis
Physalaemus rupestris DD
Physalaemus signifer
Physalaemus soaresi CR
Physalaemus spiniger
Pleurodema alium
Pleurodema bibroni
Pleurodema brachyops
Pleurodema dipilister
Pseudopaludicola ameghini DD
Pseudopaludicola boliviana
Pseudopaludicola canga
Pseudopaludicola facureae

Pseudopaludicola falcipes

Pseudopaludicola hyleaustralis

Pseudopaludicola mineira

DD

LC
LC
DD
LC

LC
LC
LC
DD
DD
LC
LC
DD
LC
LC
DD
LC

EN
LC

NT

LC

LC

LC
DD

LC

DD
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Leptodactylidae

Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Microhylidae
Microhylidae
Microhylidae
Microhylidae
Microhylidae
Microhylidae
Microhylidae
Microhylidae
Microhylidae
Microhylidae
Microhylidae
Microhylidae
Microhylidae
Microhylidae
Microhylidae
Microhylidae
Microhylidae
Microhylidae
Microhylidae
Microhylidae
Microhylidae
Microhylidae
Microhylidae
Microhylidae
Microhylidae

Pseudopaludicola murundIoledo, Sigieira, Duarte, Veigdenoncello, Recc®imentel &
Haddad, 2019

Pseudopaludicola mystacali€ope, 1887
Pseudopaludicola pocotdagalh&es, Loebmann, Kokubuhtaddad & Garda, 2014
Pseudopaludicola saltic€Cope, 1887
Pseudopaludicola ternetdirandaRibeiro, 1937
Rupirara cardosoiHeyer, 1999
Scythrophrys sawayg€ochran, 1953)
Adelastes hylonomu&nweifel, 1986
Arcovomer passarelliCarvalho, 1954
Chiasmocleis alagoanCruz, Caramaschi & Freire, 1999
Chiasmocleis albopuncta@oettger, 1885)
Chiasmocleis antenotWalker, 1973}
Chiasmocleis atlantic&ruz, Caramaschi & Izecksohn, 1997
Chiasmocleis avilapiresaeeloso & Sturaro 2008
ChiasmocleidassleriDunn, 19492
Chiasmocleis capixab@ruz, Caramaschi & Izecksohn, 1997
Chiasmocleis carvalhdCruz, Caramaschi & Izecksohn, 1997
Chiasmocleis centraliBokermann, 1952
Chiasmocleis cordeoi Caramaschi & Pimenta, 2003
Chiasmocleis cruci€aramaschi & Pimenta, 2093
Chiasmocleis gnom@anedo, Dixo & Pombal, 2064
Chiasmocleis haddadieloso, Sturaro, Forlani, Gaucher, Motta & Wheeler, 2014
Chiasmocleis tdsoniParker, 19452
Chiasmocleis leucostici@oulenger, 1888)
Chiasmocleis mantiqueir&ruz, Feio & Cassini, 2087
ChiasmocleisnehelyiCaramaschi & Cruz, 1997
Chiasmocleis papachildeeloso, Sturaro, Forlani, Gaucher, Motta & Wheeler, 2014
Chiasmocleis quilombol@onini, Forlani & De Sa, 2024
Chiasmocleis royPeloso, Sturaro, Forlani, Gaucher, Motta & Wheeler, 2014
Chiasmocleis sapirang@ruz, Caramaschi & Napoli, 2007
Chiasmoteis schubartBokermann, 1952
Chiasmocleis shudikarendiinn, 1949

Pseudopaludicola murundu

Pseudopaludicola mystacalis
Pseudopaludicola pocoto
Pseudopaludicola saltica
Pseudopaludicola ternetzi

Rupirana cardosoi
Scythrophrys sawayae
Adelastes hylonomus
Arcovomer passarellii

Chiasmocleis alagoanus
Chiasmocleis albopunctata

Syncope antenori

Chiasmocleis atlantic€ruz
Chiasmocleis avilapiresae

Syncope bassleri
Chiasmocleis capixaba

Chiasmocleis lacrimae, Chiasmocleiswahoi

Chiasmocleis centralis
Chiasmocleis corderoi
Chiasmocleis crucis
Chiasmocleis gnoma
Chiasmocleis haddadi
Syncope hudsoni
Chiasmocleis leucosticta
Chiasmocleis mantiqueira
Chiasmocleis mehelyi
Chiasmocleis papachibe
Chiasmocleis quilombola
Chiasmocleis royi
Chiasmocleis sapiranga
Chiasmocleis schubarti
Chiasmocleis shudikarensis

DD

EN

DD
DD
DD
DD

DD

DD

DD

LC

LC
LC
NT
LC
DD
LC
DD
LC
LC
LC
LC
LC
LC
LC
DD
DD
DD
DD

LC
LC
DD
DD

DD
LC
LC
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Microhylidae
Microhylidae
Microhylidae
Microhylidae
Microhylidae
Microhylidae
Microhylidae
Microhylidae
Microhylidae
Microhylidae
Microhylidae
Microhylidae
Microhylidae
Microhylidae
Microhylidae
Microhylidae
Microhylidae
Microhylidae
Microhylidae
Microhylidae
Microhylidae
Microhylidae
Microhylidae
Microhylidae
Microhylidae
Odontophrynidae
Odontophrynidae
Odontophrynidae
Odontophrynidae
Odontophrynidae
Odontophrynidae
Odontophrynidae

Chiasmocleis tridactyléDuellman & Medelson, 1995)
Chiasmoteis ventrimaculat{Andersson, 1945)
Ctenophryne geayilocquard, 1904
Dasypops schirchlirandaRibeiro, 1924
Dermatonotus muelle(Boettger, 1885)
Elachistocleis bicolofValenciennesn GuérinMenéville, 1838}
Elachistocleis bumbameub®aramaschi, 2010
Elachistocleis carvalhoCaramaschi, 2010
Elachistocleis cesariiMiranda Ribeiro, 1920)
Elachistocleis erythrogasté¢wet & Di-Bernardo, 1998
Elachistocleis heliannea@aramaschi, 2010
Elachistocleis magn@oledo, 2016
Elachistocleis matogrosdaramaschi, 2020
Elachistocleis ovaligSchneider, 1799)
Elachistocleis piauiensi€aramaschi & Jim, 1983
Elachistocleis surumGaramaschi, 2020
Hamptophryne aliogwild, 1995}
Hamptophryne bolivianéParker, 1927y
Myersiella micropgDuméril & Bibron, 1841)
Otophryne pyburnCampbell & Clarke, 1998
Stereocyclops histri¢Carvalho, 1954)
Stereocyclops incrassat@o pe, 1870 f18690
Stereoygclops parkeri{Wettstein, 1934)
Synapturanus mirandariberdielson & Lescure, 1975
Synapturanus salselyburn, 1975
Macrogenioglottus aplipioiCarvalho, 1946
Odontophrynus american®uméril & Bibron, 1841)
Odontophrynus carvalh@avage & Cei, 1965
Odontophrynus cultripeRe i nhar dt & L¢t ken, 18
Proceratophrys appendicula{&nther, 1873)
Proceratophrys avelindilercadal deBarrio & Barrio, 1993
Proceratophrys bigibbosgPeters, 1872)

Syncope tridactyla
Chiasmocleis ventrimaculata
Ctenophryne geayi

Dasypops schirchii
Dermatonotus muelleri
Elachistocleis bicolor
Elachistocleis bumbameuboi
Elachistocleis carvalhoi
Elachistocleis cesarii
Elachistocleis erythrgaster DD
Elachistocleis helianneae
Elachistocleis magnus
Elachistocleis matogisso
Elachistocleis ovalis
Elachistocleis piauiensis
Elachistocleis srumu
Altigius alios DD
Hamptophryne boliviana
Myersiella microps
Otophryne pyburni
Hyophryne histrio
Stereocyclops incrassatus
Stereocyclops parkeri
Synapturanus mirandariberoi
Synapturanus salseri
Macrogenioglottus aplipioi
Odontophrynus americanus
Odontophrynus carvalhoi
Odontophrynus cultripes
Proceratophrys appendiculata
Proceratophrys avelinoi
Proceratophrys bigibbosa

LC
LC
LC
VU
LC
LC
DD
LC

NT
LC

LC
LC
LC
DD
DD
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
NT
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Odontophrynidae
Odontophrynidae
Odontophrynidae
Odontophrynidae
Odontophrynidae
Odontophrynidae
Odontophrynidae
Odontophrynidae
Odontophrynidae
Odontoplnynidae

Phyllomedusidae
Phyllomedusidae
Phyllomedusidae
Phyllomedusidae
Phyllomedusidae
Phyllomedusidae
Phyllomedusidae
Phyllomedusidae
Phyllomedusidae
Phyllomedusidae
Phyllomedusidae
Phyllomedusidae
Phyllomedusidae
Phyllomedusidae
Phyllomedusidae
Phyllomedusidae
Phyllomedusidae
Phyllomedusidae
Phyllomedusidae
Phyllomedusidae
Phyllomedusidae
Phyllomedusidae

Proceratophrys boigjWied-Neuwied, 1825)?

Proceratoplnys concavitympanu@iaretta, Bernarde & Kokubum, 2060

Proceratophrys cristicepg M¢, | | er 1884
Proceratophrys cururiEterovick & Sazima, 1998
Proceratophrys goyan@MirandaRibeiro, 1937)
Proceratophrys laticepizecksohn & Peixoto, 1981
Proceratophrys melanopog (MirandaRibeiro, 1926)
Proceratophrys morataiJim & Caramaschi, 1988}
Proceratophrys renaligMirandaRibeiro, 1920}
Proceratophrys schirchiMirandaRibeiro, 1937
Callimedusa atelopoidd3uellman, Cadle & Cannatella, 1988
CallimedusaomopternaCope, 1868)?
Cruziohyla craspedopu&unkhouser, 19575

Proceratophrys boiei
Proceratophrys concavitympanum
1883« Proceratophrys cristiceps

Proceratophrys cururu
Proceratophrys goyana
Proceratophrys laticeps
Proceratophrys melanopogon
Odontophrynus moratoi
Proceratophrys renalis
Proceratophrys schirchi
Phyllomedusa atelopoides
Phyyllonedusa tomopterna
Cruziohyla craspedopus

Hylomants asperdP et er s, 1873 {18720 Hylomantis aspera

Hylomants granulosaCr u z , 1989 1[i19880 Agalychns granulosa

Phasmahyla cochrang@okermann, 1966)

Phasmahyla cochranae

Phasmahyla cruzCarvalho e Silva, Silva & Carvalho e Silva, 2609 Phasmabhyla cruzi

Phasmahyla exiligCruz, 1980}
Phasmahyla guttatgA. Lutz, 1924}
Phasmahyla jandaiéBokermann & Sazima, 1978)
Phrynomedusa appendiculagiautz, 1925}%
Phrynomedusa bokerman@iuz, 1991
Phrynomedusa marginatgzecksohn & Cruz, 1976)
Phrynomedusa vanzolin@iruz, 1991
Phyllomedusa bahiana. Lutz, 192523
Phyllomedusa bicolofBoddaert, 1772)
Phyllomedusa bolivian8oulenger, 1902
Phyllomedusa burmeisteBioulenger, 188%%3

Phasmabhyla exilis
Phasmahyla guttata
Phasmahyla jandaia

Phrynomedsa appendiculata
Phrynomedusa bokermanni
Phrynomedusa marginata
Phrynomedusa vanzolinii
Phyllomedusa bahiana
Phyllomedusa bicolor
Phyllomedusa boliviana
Phyllomedusa burmeisteri

Phyllomedusacamb2ae | a Riva! 2000 f199 Phyllomedusa camba

Phyllomedusa distinctA. Lutz in B. Lutz, 1950+
Phyllomedusa iheringiBoulenger, 1885
Phyllomedusa sauvagiioulenger, 1882

Phyllomedusa distincta
Phyllomedusa iheringii
Phyllomedusa sauvagii
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DD
DD
DD
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DD

LC
DD
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DD
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LC
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Phyllomedusidae
Phyllomedusidae
Phyllomedusidae
Phyllomedusidae
Phyllomedusidae
Phyllomedusidae
Phyllomedusidae
Phyllomedusidae
Phyllomedusidae
Phyllomedusidae
Phyllomedusidae
Phyllomedusidae
Phyllomedusidae
Pipidae
Pipidae
Pipidae
Plethodontidae
Plethodontidae
Plethodontidae
Ranidae
Ranidae
Rhinatrematidae
Siphonopidae
Siphonopidae
Siphonopidae
Siphonopidae
Typhlonectidae

Phyllomedusa tarsiugCope, 1868)
Phyllomedusa tetraploide@ombal & Haddad, 1992
Phyllomedusa vaillanBoulenger, 18822
Phyllomedusa tmopternaCope, 1868)2
Pithecopus ayeay®. Lutz, 1966
Pithecopus azureu€ope, 1862
Pithecopus centrali€Bokermann, 196)
Pithecopus hypochondriali®audin, 1800)
Pithecopus megacephal(idirandaRibeiro, 1926}
Pithecopus nordestirs (Caramaschi, 2006)
Pithecopus oreadg®randao, 2002)

Pithecopus palliatu¢ Pet er s, 1873 118720

Pithecopus rohdéilertens, 1926
Pipa arrabalilzecksohn, 197¢
Pipa carvalhoi(MirandaRibeiro, 19373
Pipa pipa(Linnaeus, 1758}
Bolitoglossa altamaztica (Cope, 1874)
Bolitoglossa paraensi@nterstein, 1930)
Bolitoglossa tapajonic&rcko, Hoogmoed & NeckeDliveira, 2013
Lithobates catesbeian§Shaw, 1802
Lithobates palmipe&Spix, 1824)
Rhinatrema bivittatunGuérinMéneville, 1838)

Phyllomedusa tarsius
Phyllomedusa tetraploidea
Phyllomedusa vaillanti
Phyyllomedusa tomopterna
Phyllomedusa ayeaye
Phyllomedusa azurea
Phyllomedusa centralis
Phyllomedusa hypochondrialis
Phyllomedusa megacephala
Phyllomedusa nordestina
Phyllomedusa oreades
) Phyllomedusa palliata
Phyllomedusa rohdei
Pipa arrabali
Pipa carvalhoi
Pipa pipa
Bolitoglossa altamazonica
Bolitoglossa paraensis
Bolitoglossa tapajonica
Aquarana catesbeiana
Rana palmipes
Rhinatrema bivittatum

Luetkenotyphlus brasilierss( L ¢t k e n, 1852 A1851 Luetkenotyphlus brasiliensis

Siphonops annulatu#ikan, 1820}
Siphonops hardyBoulenger, 1888
Siphonops paulensBoettger, 1892
Chthonerpeton indistinctuhRei nhar dt & L ¢t ken,

Siphonops annulatus
Siphonops hardyi
Siphonops paulensis
1 Chthonerpeton indistinctum
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LC
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Table S2.List of amphibian species with occurrence in Brazil with microsatellite primers specifically developed forAternsks (*) indicates

additional species which have been addressemssamplificationtests.SeeAppendix S1dr references.

Family

Species

Reference

Aromobatidae
Bufonidae
Bufonidae
Bufonidae

Craugastoridae

Craugastoridae

Odontophrynidae
Cycloramphidae
Dendrobatidae
Dendrobatidae
Hemiphractidae
Hylidae
Hylidae

Hylidae

Allobates femorali$Boulenger, 1984)
Rhinella jimi(Stevaux, 2002)*
Rhinella marina(lLinnaeus, 1758)
Rhinella schineiderfWerner, 1894)
Euparkerella brasilienis (Parker, 1926)
Pristimantis ockender{Boulenger, 1912)
Proceratophrys moratdiJim and Caramaschi 1980)
Thoropa taophorgMirandaRibeiro, 1923
Dendrobates tinctoriugCuvier, 1797)*
Ranitomeya variabiligZimmermann and Zimmermann, 1988)
Hemiphractus scutatU$pix, 1824)
Bokermannohyla alvareng@Bokermann, 1956)*
Bokermannohyla circumdat&ope, 1871)*

Bokermannohyla ibitiguaréCardoso, 1983)

Jehleet al.2008 Ringleret al.2013
BessaSilvaet al.2014
BessaSilvaet al.2014

Arrudaet al.2011 BessaSilva et al.2014
Fusinattoet al.2013
Elmeret al. 2006
Arrudaet al.2012
Duryeaet al.2008
Ringleret al.2013
Brown et al.2009
Schmidet al.2012
Nali et al.2014
Nali et al.2014

Nali et al.2014
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Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Hylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae

Leptodactylidae

Bokermannohyla hylafHeyer, 1985)*
Bokermannohyla saxicol@okermann, 1964)
Dendropsophus minutiPeters, 1872)
BoanaranicepsCope, 1862
Ololygon alcatrazB. Lutz, 1973)
Ololygon arduou$eixoto, 2002
Ololygon argyreornatgMirandaRibeiro, 1926)
Ololygon faivovichiDyamaguchi and Haddad, 2007
Adenomera andrea@iiller, 1923)
Adenomera heyerBoistel, Massary and Angulo, 2006*
Adenomera hylaedacty(&€ope, 1868)*
Leptodactylus bufoniuBoulenger, 1894
Leptodactylus chaquensiSei, 1950
Leptodactylus knudsehieyer, 1972*
Leptodactylus longirostriBoulenger, 1882*
Leptodactylus myersieyer, 1995*

Leptodactylus mystace(Spix, 1824)*

Nali etal. 2014
Eterovicket al.2012
Oyamaguchet al.2015
Arrudaet al.2010a
Duryeaet al.2009
Duryeaet al.2009
Duryeaet al.2009
Duryeaet al.2009
Fouquetet al.2009
Fouquetet al.2009
Fouquetet al.2009
Faggioniet al.2014
Arrudaet al.2010b; Faggionét al.2014
Fouquetet al.2009
Fouquetet al.2009
Fouquetet al.2009

Fouquetet al.2009
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Leptodactylidae
Leptodactylicae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Leptodactylidae
Phyllomedusidae

Phyllomedusidae

Leptodactylus pentadactylsaurenti, 1768)*
Leptodactylus rhodomyst&o ul enger , 1884 i1l
Leptodactylus wagne(Peters, 1862)*
Physalaemus albonotat(Steindachner, 1864)*
Physalaems cuvieriFitzinger, 1826
Physalaemus ephippifé¢Bteindachner, 1864)*
Pleurodema aliunMaciel and Nunes, 2010
Pleurodema diploligr (Peters, 1870)
Phyllomedusa bahianA. Lutz, 1925*

Phyllomedusa burmeisteBioulenger, 1882

Fouquetet al.2009
Fouquetet al.2009
Fouquetet al.2009
Conteet al.2011
Conteet al.2009; Conteet al.2011
Conteet al.2009
Thoméet al.2104b
Thoméet al.2104b
Bruneset al.2013

Bruneset al.2013
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CAPITULO 2

Quaternary climatic fluctuations influence teolution of two species of sky island

endemic amphibians in tideotropics
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ABSTRACT

Aim

Determine the role of Quaternary climatic fluctuations on the evolution of amphibian
species endemic to tlieampos rupestrég the Neotropics evaluating their

distributional shifts, demographic changes and diversification from thefend
Pleistocene to present.

Location

The EspinhacdlountainRange (EMR) in northeastern and southeastern Brazil.
Methods

We chose two anuran species endemic to theéligyaed ccampos rupestrém the

EMR (Bokermannohyla alvarengandBokermannohylaxentd, as models to test the
role of Quaternary climatic fluctuations over amphibians endémilgs ecosystem. We
collected tissue samples throughout their distribution range and used statistical
phylogeography to evaluate the molecular data in a flogltiapproach. Spatial

temporal reconstructions were generated using Bayesian inference in a coalescent
framework in combination with past projections of species distribution models (SDMs).
Our results wereombinedwith literature information to build &tnative

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 temegratu

(the last glacial maximumLGM) 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 restricéeggline
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was recovered inne species ia geographically isolated geological massif, deserving
conservation and taxonomic concern.

Main conclusions

The diversification and distribution of these amphibian species endemic to the
Neotropicaldcampos rupestrésvere influenced by Quaternary climatic fluctuations, a
pattern already registered for-destributed angiosperms. The expansion of cold
adapted species restricted to higher elevations during glacial periods and their
concomitant retraction during interglalsianay 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 ruestresclimate changeliversification, 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, getiegathe observed patterns of
endemism, species ranges and richness (Wollembelg 2008). Such processes are
important for understanding the evolution of species endemic teehéghtion areas
that are spatially disitgaadatefd laswlidmrsd andsa
(Warshall, 1995), the scalled sky island systemsgnsiHeald, 1951). Patterns in
species richness are ultimately influenced by the evolutionary and biogeographic
processes of speciation, extinction, and dispersal, whiehtbjiinfluence the number
of species within a community or region (Snethal.,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 geologicatesses, adaptations to
environmental constraints, and biotic exchanges with the surrounding lowlands.

Regarding distribution shifts, the elevation shift modehcuGalbreattet al,
2009)states that populations of cold adapted species inhabitihgehegations expand
to lowland areas during periods of climate cooling, increasing spatial connectivity and
gene flow (DeChaine & Martin, 200&albreathet al, 2009; Newman & Austin,
2015) Consequentlythe present distribution of these sky island endsmay be
relictual (McCormaclet al, 2008;Galbreathet al,, 2009; Brown & Knowles, 2012
Considering thisin a sky island systeiis expected that such elevation shifts may
generate distinct patterns of population structure betseemspatially solatedhigh-
elevationhabitats. Accordingly, previous studies suggest that during interglacial periods
(i.e. warmer climateshigh-elevation species in tropical and subtropical domains
migrated vertically causing allopatric speciation (Zhahgl, 2008 Collevattiet al,

2009; Antonelliet al, 2010; Robiret al, 2010; Bonatellet al, 2014). However,
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population stability is also observed (Wilregal, 2006; Amarcet al, 2012; Batalha
Filho et al, 2012; Firkowskiet al, 2016) indicating the exishce of different
diversification processes in higdevation taxa in tropical and stitmpical latitudes.

One of the most understudied systems in tropical South America is the
Espinhaco Mountain Range (hereafter EMR), which encompass a significant mdrtio
the remainingcampos rupestrém the continent (Rapini, 2008)hese are savanna
like formations associated to oligotrophic soils, which are formed over quartzitic rocky
outcrops in eastern and central Brazil (Bonastlial, 2014), generally ocering in
elevations above 1000 meters a.s.l. (Giuletttal, 1997;Rapini, 2008 Antonelli et al,
2010). Such higlelevation ecosystems occupy less than 1% oBtheilianterritory
(Magalhdet al, 2017), yet are recognized by their high endenf@mangiosperms,
birds and amphibians (Rapini, 2008; Silvedtaal, 2016). Thactampos rupestrésare
threatened due to high levels of human impact (Rapini, 2008), and to the inefficiency of
the actual network of protected areas in preserving its endeoné; particularly for
amphibians (Magalhdexd al, 2017; Ramost al, 2017). Studies of angiosperm taxa
endemic to these ecosystems support population expansions during glacial periods in
the southeastern and central regions of Brazil (Colleza#ti, 2009;Antonelli et al,
2010;Bonatelliet 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 patternstobdisn shifts ? Do they
show population stability?

A more comprehensive understanding over these proaessesllow a better
prediction about the role dfiture climate change over the diversity of hghvation
endemic taxa (Bonatekit al, 2014;Fernandegt al, 2014). Distribution model

projections point out that as much as 95% of suitable afd¢he Gcampos rupestrés
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will be lost by the end of the century (Fernanedeal, 2014). kiture projections on the
distribution of anurans endemicttoese areas are still scarce and controvegsaiah

that recenstudies indicate future increases in distribution ranges in a sky island
endemic amphibiarPithecopus ayeay®lagalhde®t al, 2017). Therefore, additional
studies with calistributed speeis 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 tlieampos rupestrém the EMR:Bokermannohyla alvarengai
(Bokermann, 1956, Fig. 1), ambkermannohyla oxenfeugli & Haddad, 1996, Fig.

2), evaluatingheir diversification and range shifts from the end of Pleistocene to
present. Considering their ecological specificity to environments in theeteghation
&campos rupestrsthese species are adequate models to infer the influence of past
climatic fluctuations in the population dynamics of amphibians endemidgo th

Neotropical ecosystem. For a more complete description of the study system (the EMR)
and the target species, gegpendix S1.

The present study aims to answer the following questions: 1)aviphibian
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 higievationdcampos rupestrésvere widespreadnal
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 (hereaftglattial

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, coalesbastd 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 ftwoth target species through thierowndistribution
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 &eral de Minas Gerais (UFMG), and in the Pontificia
Universidade Catdlica de Minas Gerais (PUC Minas). We tigskesamples from
muscle, toe clip and liver, preserg them in 100% ethanoWe sequenced five distinct
gene regionsOne region of the mitdwndrial genomghe cytochrome oxidase | gene
(CO-D), and four nuclear logb-fibrinogen intron 7 genebffibrin7), a segment of the
exon 1 of tyrosinase gene (TYR), a segment with exon 2 and intron 2 of the cellular
myelocytomatosis gene {@yc2), andasegment of the exon 3 of tensine gene (TNS3).
Details and specifications of DNA extraction, amplification and sequencing are given
onthe supplementary materidigpendix S2 and Table S2).

Sequences were edited using GENEIOUS v 7.K&alseet al, 2019. 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.
(Stephenset 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 (Tanetral, 2013) using the Muscle

algorithm.

Population structure and assignment

We used three different methods to evaluate patterns of population structure
including single locus and mulibci approachesn order todetect genetic breaks in our
datasetFirst, we delimited mitochondriiiheages using the Bayas implementation
of the Generalized mixed Yulmalescent (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 (Drumnedrad, 2012) asnput
for this analysis (see below).

We also investigatedopulation structure through multici approaches. First,
we usedhe software STRUCTURE 2.3.4 (Pritchaxidal, 2000) to determine
population structure with the four nuclear loci using the liekagdel. We built a
genotype matrixor each speciefsom phased alignmenis the software
XMFAS2STRUCT (available at
http://www.xavierdidelot.xtreemhost.com/clonalframe Jjtemd exjored a range of
values from 1 to 8 populations (k) in 10 replicate analyses. Each independent run was
implemented in 10 x PQyenerations following a busim of 10 x 1¢ generations and
assuming uncorrelated allele frequencies. We chose the best vklbas#d on the rate
of changes in the legrobability of data between successive k vall¥s Evanncet 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, Estoupet al, 2005, Guillot, Mortieret al,, 2005)also

implemented in the R 3.1.1 software using all five loci, together with respective geo
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referenced data (Table S1). The number of populations (k) was determined using the
Markov ChainMonte Carlo (MCMC) algorithm in two distinct runs. We ran this for 1 x
1P 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 accessd @mnvergence by comparing k values in each replicate.
Population membership was estimated in the second run wxadk value (the one

with highest posterior probability obtained in the first run), also in 1°xtégtions.

Parameters and tree estimates

We ran BEAST to estimate clock rates for all partitions and relative substitution
rates for nuclear loci, as Was 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 populat®nior to this, we determined substitution models for
each partition inhe software JIMODELTEST (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, wereployed 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 bumrof 25%, and the software TRACER v.1.6
(Rambaukt al, 2014)wasti sed f or checking for effective
200), and for convergence of MCMC runs. Consensus trees were built in
TREEANNOTATOR 1.8 (Drummonet al, 2012). We performed three independent
runs using different seed numbers to check for cayerere of parameters. For a

complete description of each run for parameters and tree estimatappsselix S3.
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Haplotype genealogies and population genetic statistics
We constructed haplotype networks for nuDNA (phased) genes using the
medianjoining (MJ) algorithm (Bandelet al, 1999) in the software POpART (available
in http://popart.otago.ac.hzindividuals on each network were assigned to populations
following the results from previous assignment tests. We also generated the following
summary statigcs and performed neutrality tests for each assigned population: Number
of polymorphic sites (S), haplotype number (h), haplotype diversity (Hd), nucleotide
diversity@) and Taji mabés D (with respective p va

DNAsp v.5.10.1 (ibrado & Rozas, 2009).

Estimates of demographic parameters

WeranMIGRATE-N 3.5.1 (Beerli, 2006{o test if migration rates are in
agreement witlthe expectations of neindependently evolving populatierot this,
we quantifed rates of genpow (migration) and effective population sizes between
eachassigned population. Runs were composed of four multiple replicates employing
four heatecthains along 10 x f@enerations, sampled every 10 ¥ 4@ps and with a
burrrin which varied from 10 2(Pto 20 x 1@ 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 manuahstructions, 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, tbge 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 t es oximatonstae (Bebrie& Palezewsle, 204®). appr

Historical demography

We investigated the demographic histories for each population obtained from
assignment tests usimagdl loci in the Extended Coalescent Skyline Plots (ECSPs, Heled
& Drummond, 2008), avaable in BEAST 1.8This 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 peasd (
Interglacial to presehtor sufferecchanges irtheir population sizesVe usedtie 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 tdeeights We ranECSPs with all five loci for 1 x 0
generations and sampled every 1 ¥dénerations, using the linear model. Procedures
for burrrin, checking for ESSs, convergences of MCMC runs and parameters were the
same as in previous BEAST rungésabove). 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 progction into past scenarios

In order to gatheadditional evidencér modelbuilding during the test of
diversification scenarios (see belgwie estimated changes in habitat suitability during
specific periods in the Pleistocene and Holocene througtppasttions of

contemporary species distribution models (SDM&ese 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 (Phillipst al, 2006), which is a machine
learning approach to model species niches and distributions based on poedggnce
occurrence data (Phillipet al, 2006), and has performed well in comparison with other
preseiceonly methods (Elittet al, 2006; Wiszet al, 2008).We projectedpecies
ranges into two Pleistocene and one Holocene timeframes: The Last Interglacial (LIG,
120 kyr) and the Last Glacial Maximum (LGM, 21 kyr), and the-Mmlocene (MH, 6
kyr). Bioclimatic variables were downloaded from Worldclim v 1.4
(www.worldclim.org) at 2.5 minutes resolutiamd were used to produce different
models for the present (1960 to 1990), as well as for the aforementioned past scenarios.
We used downscaled data deriyeain two Global Climate Models (GCMs): CCSM4
and MIROGESM models for LGM and MidHolocene, and one additional GCM for
LIG (Otto-Bliesneret al, 2008). Past changes in habitat availability were inferred from
respective changes in habitat suitability icle@eriod, 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 evahjatiee appendix S4.

Tests of diversification scenarios and biogeographical hypothesis

In order to investigate the influence of Quaternaty climatic fluctuations in the
evolution ofhigh-elevation endemic amphibianseuestedilternative diversification
scenarios from proposed biogeographical hypotl{ssis belowlsing Approximate

Bayesian Computation (ABCABC is alikelihood-free methodhatevaluate distinct
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scenarios via simulation (Bertorek¢ al, 2010; Csilléryet al, 2010). The simulated

seenarios 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 devation shift modelin which population expansions took place
during the LGM, as shown for other vertebrate species endemic to tropical and
subtropical higkelevation habitats (Zhareg al, 2008; Robiret al, 2010), as well as
from SDMs results and fro evidence found in the literature for the expansion of
angiosperms endemic to ttmEmpos rupestrés central and eastern Brazil during this
period Collevattiet al, 2009; Antonelliet al, 2010;Bonatelliet al, 2014.

2) The glacial stability model, ich states demographic stability during
LGM, according to trends from vertebrates endemic to high elevations in southeastern
Brazil (Amaroet al, 2012; Batalhdilho et al, 2012; Firkowsket al, 2016), and from
other tropical regions (Wilmét al, 2006), as well as from the results of demographic
reconstructions.

According to results from MIGRATH for each species, we included models
with and without migration, also incorporating two distinct parameters for ancestral
populations, in order to reconstt historical patterns of diversification between sky
islands in a more realistic waye considered that current populations may have arisen
from a single widespread ancestral population, as well as through the occurrence of
founder effects, where onercent 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 0.0paBkage (Gehart 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 wasesampled in each simulation.

Values forthese 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 haplotypedigei t y, mean Taj i mads
mean Fu & Li D coefficient, mean Fu & Li F coefficient, mean haplotypednhd mean
nucleotide Er. These metrics were used in all simulations to test the fit of each model
to the observed data.

We performed 1 x T0simulations per model and evaluated the mdieising
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 neunatwork 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 Stityi 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 sel@dteeach 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 paraméters of

117



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 identificatib
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 rpeat afthe abc 2.1
R-package (Csillérgt al, 2012). We run 1 x f&imulations for the best model and
evaluated confidence in parameter estimation using the-eatidation function of the
abc package with 100 replicates. After that we estimatedreadkl parameter using a

tolerance of 0.001.

RESULTS

We extracted and sequenced a total of 63 sampl@&of@rmannohyla
alvarengaiand 46 foiBokermannohyla oxentBroughout their geographic range (Table
S1, Fig. S1)We obtained-4400 base paiig 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 veemostly concordant among methods, depicting
the existence of concordant genetic breaks in both species (Fig. 1, and 2w
individuals were assigned to distinct populatidfa.B. alvarengaipGMYC delineated
two mitochondrial lineages distributeddligh the nortrsouth 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 inRBICTURE 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 populatibesausehe phylogeographic break which
divides them is located in the central RMFig. 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 adjdnérseparated by

a low altitude valley of about 20 kilometersde (Figs. 1b, 1c andrig. S1, see localities

2 and)9.

The mitochondrial tree in bGMYC (Fig. S2b) and in BEAST (Fig. S6)
delineated three mitochondrial lineage®8iroxentdk = 3, Fig. 2c): One old diverged
and spatially isolated lineage (named hesrafacobina lineage), one composed only by
localities from the Serra do Sincora (hereafter named Sincora lineage), and another
geographically broad lineage encompassing samples from several regions along the
Chapada Diamantina, including its southern paor{hereafter named southern lineage),
together with localities from the Serra do Sincora (Mucugé and Palmeiras), as well as
from other localities (Morro do Chapéu, Brotas de Macaubas, and Utinga). These latter
two mitochondrial lineages lack more fiseded geographic structure, where a
parapatric zone with possible admixture/introgression is observed in the Serra do
Sincor4, in the localities of Mucugé and PalmeirasgFll, 2c and S6). When
evaluated under the spatial modath five loci, GENELAND giouped the Southern
and Sincora lineages together (k = 2, hereafter named the Se8theona population,

Fig. 2b). STRUCTURE results from the four nuclear loci were intermediate between
both previous methods, determining three populations (k = 3, Figb&@4yith high

levels of admixturdetween the southern and Sincord lineages (Fig. 2c and S4)
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Therefore STRUCTUREcorroborates GENELAND results and the observed admixture
between the southern and Sincora mitochondrial lineages (Fig. 2c and S6). Thealaco
lineagewas clearly assigned in all three meth@alih 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 B. alvarengai0.340 Ma 95% HPD = 0.153 0.597 Ma), and
an older dvergence irB. oxentewhere the Souther8incora population split from the
Jacobina population in the PIRleistocene transitio(2.207 Ma 95% HPD = 0.816

4.377 Ma).

Haplotype genealogies and population genetic statistics

A total of 158 haplotypewere recovered for both species summing all five loci
(85 forB. alvarengaiand 73 forB. oxente Tables S5 and S6). Networks constructed
with the median joining algorithm shewfew shared nuclear haplotypes among
populations in both species: one sharaglbtype in thé-fibrinogen7, Gmyc2 and
tensin genes, and foghared haplotypes in the tyrosinase gert ialvarengaj as well
as one shared haplotype in then$c2 gene and two in the tyrosinase genesfor
oxente(Fig. S7). Haplotype sharing was ahsin theb-fibrinogen7 and tensin genes in
this later species, depicting geographical structure and complete lineage sorting.

The number of polymorphic sites (S)Bn alvarengawaried from two to 29 and

was higher for the northern population in theaoitondrial 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 B. oxentdrom zeroto 69 and the southef8Sincora population
presented the highest values for most parttiQrable S6). Haplotype diversity (Hd)
was similarbetweerboth populations iB. alvarengaifor all five genes (varying from
0.3839t0 0.8833, whereas nucleotide diversity)(varied from 0.00088 0.01587

being higher in the southern population forsniouclear geneé B. oxentehaplotype
diversity varied fronzeroto 0.9074, being higher for the south&imcora population

in all genes except tensiaadvarying from 0.9074 to 0.8042, a pattsimilar to

nucleotide diversitywhich varied fronreeot o 0. 06227 ( Tabl e S6) .

D coefficient were nossignificant for most populations and partitions, except for the
tensine gene in the southern populatioBimlvarengaiand for the C@ gene in the

southernSincora population iB. oxene¢ (Tables S5 and S6).

Estimates of demographic parameters and historical demography

The selected models from MIGRATE runs shows the existence of
unidirectional migration for both species, with current migration from southern to
northern populations iB. alvarengaiand from the Jacobina to south&mcora
populations irB. oxentgTable S7). Number of migrants per generation was higher in
B. oxentdmean of 2.08 individuals) than B alvarenga(mean of 0.7 individuals,
Table S7).

The results from Exinded 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 pojection into past scenarios

Both current models accurately predicted the distributions of the evaluated
species, with AUC values of 0.986(.001) and 0.985(0.002), and TSS values of
0.906 ¢ 0.006) and 0.902 (0.022), forB. alvarengaiandB. oxeng, respectively (Fig.
3a and 4a).

Areas of greater suitability in the current modelBorlvarengaiencompasses
most of its geographic range, with less suitable areas also occurring in the eastern
portion of the EMR and in the Chapada Diamantina (Fijy. 32e current model fds.
oxentepredicted a greater suitability in teeuthern 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 congmhto the other evaluated past periods
(Mid-Holocene and LIG). During LGMB. alvarengais predicted to occupy most of
the EMR (Fig. 3d, 3e), where8s oxentds supposed to expand to northern areas
outside its current range (the Chapada Diamantinajjsirtie semarid Caatinga
domain (Fig. 4d and 4e). As a general trend, si@tateas were similar during both
interglacial periods (current and LIG) for both species (Fig. 3a and 3f, 4a and 4f), with
B. oxenteshowing higher values of suitability duritige LIG inside the range of the
EMR (Fig. 4f), whereas suitibareas foB. alvarengawere similar between both

periods, with an increase in the southern EMR in the current model (Fig. 3a).

Tests of diversification scenarios and biogeographical hypothiss
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. alvaengai(P = 0.688, Table 1jand the model without migration (Fig. 5al) was
selected foB. oxentgP = 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 diergence between populations (Tables S8 and S9), a result similar to
BEAST estimates. However, the estimated divergence times differed from BEAST,
especially foB. oxentdmean of 1100387 years), if comparedBtalvarengaimean

of 462481 years). A meanigration rate of 0.46 gene copies per generation was
estimated between lineages RBiralvarengaiTable S9), a result similar to MIGRATE

N estimates (Table S7).

DISCUSSION

The role of Quaternary climatic fluctuations in the diversification of the
Gcampas rupestreendemic 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 @ampos rupestrésf the EMR These findingsuggesthe existence of a dynamic
demographic system in thelsigh-elevationareas determined by recurrent range shifts
through the elevation gradient. In this scenario, the target species increased their
population sizes and expanded their ranges during perigiiaaial maxima, presenting
concomitant retractions during interglacials (as shown by the results from SDMs and
the selected AB@nodel9. In opposion to these results, thaphsfrom EBSPs depicts
population stability during the second half of the Ptmishe(Fig. S8 and S9)which
may be related tthetrend inthis method irgenerating the type two error (not detecting
pastdemographic changes) when few loci are y$tul& Shapiro, 2011 We

recovered a range restricted and old diverged lineaBekemannohyla 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 leotropics andthe role of climatic
fluctuations over their demographic trenttsaddition the present study demonstrates
the role of environmental factors (temperature oscillations through Quaternary climatic
cycles) in generating concordant demographic patterngrimatated cedistributed

taxa (amphibians and angiosperms endemic to-éligiationccampos rupestrém

South America).

The phylogeographic break B alvarengais located ira low altitudevalley of
about 700 meters a.swith only 20 kilometers wid (Fig. 1b)in the region of the Gréo
Mogol municipality(Fig. S1, number 8Wwherea microendemic angiosperm species
(Pilosocereus aurisetugpocynaceae) is recorded with an estimated divergence also
during the second half of Pleistocene (Bonatdld., 2014). These results may
indicate similar responses to climate fluctuations for the fauna and flora associated to
the @ampos rupestrém the central portion of the EMR, leading to insularization in
mountain tops during interglaciperiods Unidiredional migration was recovered in
this species from southern to northern regions through the EMR from MIGRAZIR0
ABC simulations (Tables S7 and 1, Fig. 5b1). This south to north pattern is also
observed in the diversification of tkedemiocorchid genugdoffmannseggella
(Antonelli et al, 2010) Such congruence between unrelated specieemdgne the
role of climatedriven demographic changes in-distributed speciethrough the
existence of historical corridors for the dispersiohigh-elevationtaxa during periods
of climate cooling (Antonellet al, 2010). The recent divergence time recovere@in
alvarengai(between 400 and 450 kyr, Table S8) together with the migration model

recovered by MIGRATEN (unidirectional migration from south to nbrfTable S7),
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and the selected ABC model with migrati&@SM 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 (Tatetragl|2006),
which likely increase its dispersal rates. Magaltéied. (2017) and Ramost al.
(2017) recovered evolutionarily independent lineages and spatially isolated populations
in frogs of the genuBithecopugP. ayeayeandP. megacephalyendemic tdhe
Gcampos rupestrém 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 populaticnretiand
lineage diversificationMachadoet al. (2014) also found a mid to late Pleistocene
diversification possibly influenced by Quaternary climatic fluctuations ifBtiterops
neuwiedispecies complex, where one clade is endemic to the southeonpufrthe
EMR.

In the Chapada Diamantina, two mitochondrial lineagds. afxenteoverlaps
their present ranges in the Serra do Sincora (Fig. 2b). This may indicate recurrent events
of range contractions and expansions that generated recent secondael/indhts
region, a pattern already registered in other hylid clade endemic to high elevations in the
subtropical Andean cordillera (Koscingkial, 2008).The older divergence time
recovered in this species between the SoutBaroora and Jacobina palations (about
1000 kyr, Table S9) agree witfitra lineage diversification of the Neotropical
herpetofaunayhich seemingly occurred mainly during Pleistocene (Thetra, 2010;
Tonini et al, 2013; Machadet al, 2014; Geharat al, 2017). Consideng 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 Nabtropic
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region (Thoméet al, 2010; Toniniet al, 2013; Menezest al, 2016; Geharat al,
2017). Few studies determined divergence times for amphibians in the Neotropical
Gcampos rupestrgswhere Magalhdest al. (2017) found a recent Pleistocene
diversification inP. ayeayeln addition, some speciation events in birds endemic to
high elevations in eastern and southern Brazil are also estimated during late Pleistocene
(Chavest al, 2014), what may indicate the common role of historical processes in the
evolution of cadistributed vertebrate species in the Neotropicainpos rupestrés

Species specific biological attributes influence the demographic patterns of
Neotropical vertebrates, generating idiosyncratic (Pratesl, 2016) or synchronous
(Gehareet al, 2017) responses through time. In this context, most amphibians rely upon
water bodies for reproduction, and in the present siaiye events opopulation
expansions during past periods in the Quaternary may be related to increased rainfall in
addtion to climate cooling. Such pattern is proposedBorlvarengaiconsidering the
complex dynamics of climatic fluctuations registered in the past 60 kyr along its present
distribution range HorakTerra, 2014, unpublished data), where a mesic climate
predominatedrom 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 another montane site in southeastern Brazilng)
LGM (Silva et al, 2004). Such historical climageatternalong the range of this species
during LGM maycorroborate the interglacial refugia hypothesis as the most plausible to
explain its diversification, with population expansions also occurtngesponse to
increased rainfall, which may have triggered a concomitant increase in the availability
temporary pools used for reproductidn. this context, Magalhdest al. (2017 also

discuss the existence of a interglacial relictual distributionB.fayeyayewhich presents
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a reproductive mode similar & alvarengaj 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 Pleistocendhe beginning of Holocene, from about 25 to 9
kyr (Arz et al, 1998, Czaplewsk& Cartelle, 1998, Auleet al, 2001). In fact,De
Oliveira, 1999 and Wanet al, 2004 suggests the existerméa wide Pleistocenecridor
of mesic vegetatiorencompassing aignificant portion of the Chapada Diamantina
region, which may have influenced the diversification of the amphibian fauna in the
second half of this period (Thomet al, 2016). Also, Sobraét al, 2015 using past
projections of ENMs postulates the erpin of theAtlantic Forestover this region in
the period corresponding to the LGM. Such biogeographic processes may be additional
factors which determined the observed pattern of increased habitat suitabilBy for
oxenteduring the LGM, with a concorant decrease from this period to present (Fég. 4
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 uaan species endemic to mesic enclaves in high
elevations in theéBrazilian semi arid (Carnava& 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 accordancethiresults of recent population expansions iR co
distributed vertebrates endemic to low elevation areas in the Caatinga domain @ehara
al., 2017), indicating an expansion of the xeric vegetation and a concomitant decrease of
mesic enclaves since the eofiPleistocene. 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 separat® Chapada Diamantina from the northern
EMR (Figure S1), and is characterized by the predominance of xeric Caatinga
vegetation, coincidingvith 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 & megacephalysvhich presentssinorthernmost record
also in the setentrional portion of northern EMR, right to the south of this low elevation
plateau (Brandaet al, 2012). This may evidence this region as an important
biogeographical barrier dividg the Caatinga imersed Chapada Diamantina in the north
from the ecoton Cerradatlantic Foresimassifs to the south. This region is also
inferred as a potential geographic zone influencing vicariant speciation in the bird genus
Augastesiuring the PliePleistocene transition (Vasconcektsal, 2012), and for
promoting differentiation in angiosperms endemic to the EbvH#Rpos rupestrés
(Buingeret al, 2014).Past projections of SDMs depict increases in habitat suitability for
both species during LGM (Fi@d, 3e, 4d and 4eln the case dB. alvarengaj 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 othe present study to the conservation of higielevation
endemic amphibians

The present study has important implications for the conservation of the biota
endemic to th&outh Americanicampos rupestrésThe population structure and
diversification pattars 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 shoeltréated as an independent
evolving lineage iB. oxenteand be given adequate conservation measures, due to
higher extinction risks for smathnged vertebrates in montane habitats (Fjedtis,

2012). Considering that disjunct distributions of popafss is theyrst step in the

process of allopatric speciation (Chaeesl, 2014), further taxonomic studies should
reveal if this lineage may fulfill the full species status and therefore be considered as a
microendemic species (Och@ahoaet 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
(Koscinskiet al, 2008; Robiret al, 2010;Gehareet al, 2013;Magalhde<t al, 2017.

In these regionghylopatric species such as small bodied vertebrates may show distinct
genetic structure between populations in finer spatial sddt#k/¢ross & Douglas,

2007). Therefore, conservation meis for sky island endemics should take into
account patterns of genetic structure and the existenodeggendent evolving lineages
between distinct mountain tops.

Species inhabiting high elevations (i.e. montane endemics) may be particularly
susceptila to rapid climate changes (Parmesan, 2006), where a considerable amount of
its available habitats may be lost in the near future due to climate warvhamigz(et
al., 2008;Chenet al, 2011).In this contextensuring biodiversity conservation
strategis 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)he present study shows a direct relationship between
amphibian dstribution range and historical climatic fluctuations in the Neotropical
&campos rupestrswith 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 efécts of future global warming, possibly undertaking several events of local
extinctions and population declines due to severe habitat reduction in the next decades
(Bonatelliet al, 2014; Fernande=t al, 2014). Riture projections on the distribution of
anurans endemic to these areas are still scarce and controvdrsia 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 (Fernetradgs
2014). Howevercontrasting trends of future increases in distribution ranges in one sky
island endemic amphibian (Magalh@tsl, 2017) reinforces the need of additional
studies with cealistributed species endemic to these ecosystems, which sropldy
statistical phylogeography and ecological niche modeling in order to predict the role of
future climate change over the viability of their populatigkso, considering the trend

of demographic stability observed during late Pleistocene for senebvate taxa in

high elevations in thAtlantic Foresdomain (Amarcet al, 2012; Batalhdilho et al,

2012; Firkowskiet al, 2016), additional studies with -hstributed species are needed

in order to understand the role of climatic cycles in tr@wtion and diversification of

the South American biota endemic to higlhevationsites.
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TABLES

Table 1. Probabilities using the neural network algorithiBakemannohyla alvarengdor the two proposed diversification models (GSM and
ESM) tested with ABC, and the four distinct parameterizations employed in each of them regarding divergence and migratnuhFEE
(founder effect), | (isolation) and IM (isolat 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 probabilitieSan morettietails in

each model, seféigure 5.

Run #1 FE1 FE2 I IM Accuracy Kappa
Glacial stability model (GSM) 3.73e08 0.027 0.337 0.635 0.739 0.652
Elevation shift model (ESM) 2.75e05 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 algorithBBakermannohyla oxenter the two proposed diversification models (GSM and

ESM) tested with ABC, and the four distinct parameterizations employed in each of them regarding divergengetod: FE1 and FE2

(founder effect), | (isolation) and IM (isolation with migration). The first run compares models only within a given cé@&R)drgnd ESM),

using each of the four parameterizations. Models and parameters on run #2 were thehdnigbesit probabilities in run #Eor more details

in each model, seégure 5.

Run # 1 FE1 FE2 I IM Accuracy Kappa
Glacial stability model (GSM) 1.146e05 9.366e05 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- | Accuracy Kappa
0.39 0.609 0.914 0.829
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FIGURE CAPTIONS

Figure 1. a) Geographic distribution of sampled localitieBfikermannohyla

alvarengaiin the northern, central and southern portions of the EMR (black dat$),

its location inSouth Americaamongthe Cerrado (Ce), Caatinga (Ca) atthntic
Forest(AF) domains. b) Elevation map depicting the two delineated mitochondrial
lineages (right), together with assignment results from GENELAND (left). c)
Mitochondrid coalescent tree from COI gene showing the main divergence events
betweerthe two delineated lineages, with results from population assignment methods.

Black dots show posterior probabilities > 0.90.

Figure 2. a) Geographic distribution of sampled IdiesdiforBokermannohyla oxente
the Chapada Diamantina region (black dots) and the location of the EBtritim
America,amongthe Cerrado (Ce), Caatinga (Ca) akitthntic Fores{AF) domains. b)
Elevation map depicting the three delineated mitochonidnidges (right), with results
from GENELAND (left), which assembled the Southern and Sincora lineages. c)
Mitochondrial coalescent tree from COI gene showing the main divergence events
among the three delineated lineages, with results from populatignasnt methods.

Black dots show posterior probabilities > 0.90.

Figure 3. Species distribution models (SDMs)Bokermannohyla alvarengduring

current (a), MidHolocene (b, ¢), LGM (d, e) and LIG (f) periods, together with stability
maps for these falevaluated periods with tte@CMsMiroc (g) and CCSM4 (h as

well as from the intersection of both GCMs (i). Stability maps were generated only from

suitable areathatoverlappecamongall models (current, MidHolocene, LGM and
144



LIG). Areas inside the btk dotted line indicate regions in the EMiRatare higher than

500 meters above sea level.

Figure 4. Species distribution models (SDMs)Bokermannohyla oxentiuring

current (a), MidHolocene (b, c¢), LGM (d, e€) and LIG (f) periods, together with btabi
maps for these four evaluated periods with@@MsMiroc (g) and CCSM4 (hlas

well as from the intersection of both GCMs (i). Stability maps were generated only from
suitable areathatoverlapped between all models (current, Midlocene, LGM and

LIG). Areas inside the black dotted line indicate regions in the EMERare higher than

500 meters above sea level.

Figure 5. Models used for testing the diversification scenarios with approximate
Bayesian computation f@okermannohyla alvarengandBokermannohyla 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 dhergst 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 remainirsgc@nstant size until

the present (b.2). ¢) 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 présghand d.2)Legends for

icons:ty, to, t3 = Time intervals between simulated periods: Divergencdime

between population®Ne1, Ne2, Nez andNea: Effective population size&or prior
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values of t andNe see Fig. S4Black arrovs indicate unidiretional migration between

populations.
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Figure 2.
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Figure 3.
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Figure 4.

Bokermannohyla oxente
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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 formationSeath America harboring
disjunct highelevation ecosystems, together with the Andean cordillera afitefhes
in the Guiana shieldeing 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 nsdhth axis (Fig. S1). Despite poorly
sampled for most animal and plant groups@mpos rupestréare actually
recogrized as important centers of endemism for amphibians (Leite, 2008), squamates
(Nogueiraet al, 2011), and birds (Vasconcelesal, 2008; Chavest al, 2014) as
well as for angiosperm taxa (Versieetxal, 2008; Ribeircet al, 2014).Three of the
main Braziliandomains are actually distributed through the EMR, with its northernmost
region (the Chapada Diamantina) completely immersed in thea@&inCaatinga,
whereas its southern geological massifs (the Serra do Cabral, southern, central and
northernEspinhacosensuChaves & Brandao, 2004) compose an ecoton zone between
the Cerrado and thatlantic Forest t wo of t he worl dés endanger
(Myerset al, 2000, Fig. Aand ).

The target species are close related hylid frogs withildligion through the
campos rupestres of the EMBokermannohyla alvarengérig. 1), with distribution
from southern to northern EMR (Fig. S1), @akermannohyla oxen{€ig. 2), which
is endemic to the Chapada Diamantina region (Fig. S1). Both beldhg t
Bokermannohyla pseudopseusipecies groupsensuFaivovichet 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 2@dérs
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a.s.|.Bokermannohyla oxenteeeds in permanent streams in rocky outcrops generally
surrounded by gallery forests amidst the sand Caatinga domaiBokermannohyla
alvarengaiis endemic to the Cerrado domain (Valdejal, 2012), and uses temoary

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 tremmonium acetate precipitation protocol (Maniatisl,
1982 adapted fomicrocentrifuge tubes (Lyrat al, 2016), and rsuspended total
genomic DNA in 100rL. PCRs were péormed in a total volume of 26L, using the
Ampligon Tag DNA Polymerase Master Mix 1.5 mMgCl2 (0.4 mM of each primer

and 1niL of DNA). PCR specifications for each locus are as folldB@G:| gene: We

used UP reactioregime from Lyreet al.(2016) with etension temperature of 6C

and primers AnF1/AnR1 (Table SA)YR and Cmye2 genes: We used the nested
procedure described in Fusinagtioal. (2013) andthe followingprimers
TyrlB/TyrlC/TyrlE/Tyr1G/CmycF/CmycU/Cmyc3CgEable S2)b-fibint7 gene:

Initial denaturation for 3 mir40 fluctuations of 95° C for 20 s, 50° C for 20 s and 68° C
for 1 min, andprimers FIB17U/17L(Table S2) TNS3 genelnitial denaturation for 3
min, 40 fluctuations of 95° C for 20 s, 52° C for 20 s and®8% 1 min, pimers WL
421/WLA423 (Table S2)We purified PCR products using a mix of 0.5 unit of
thermosensitive alkaline phosphatase (FastAP) and 1 unit of Exonuclease | (Thermo
Fisher Scientific Inc.) at 37T for 30 min as in Lyrat al.(2016). The prified samples

were sent to Macrogen Inc (Seoul, South Korea) for sequencing.
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Appendix S3. Parameters and tre@stimates

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 logmmal 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 werrelaxed 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 ditb8on 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 amphibianespes (Mulcahy & Mendelson, 2000; Crawford, 2003;
Stocket 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 oftihehrome oxidase
| region (more than 1508ase pairs), in which two different partitions are available for
the taxa that would be used to build the calibrated tree, as well as teddok of
Cenozoic hylids fossils in the Neotropical region. The estimates of substitution rates for
nuclear locwere 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, thelRidn Process prior

(Gernhard, 2008) was usau2 x 1§ generations, sampled every 2 ¥ §@nerations.
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Mitochondrial gene trees

Gene trees for the mitochondrial (€2gene 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®igenerations sampled every 1 ¥ i@nerations.

Species treeand estimates of divergence times

Species trees were constructed for each species using previous results from population
assignments, as well as from clock and substitution estéwatedor nuclear loci (see
above), in order to obtain estimates of dij@nce times (in million yearas inferred

from the time to the most recent common ance3tRCA) between assigned

populations of each species. The Bilthath Process prior was used to build the species
trees in BEAST 1.8 with 2 x £@enerations, sangd every 2 x 1Hgenerations.

For all these runs, specifications on biumnchecking 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 projetion 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 poiiis for
alvarengaiandB. oxenterespectively, encompassing theiokm 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 Guisdral, 2007.

We used paitwise correlations between all variables to build a matrix
empl oying the Pearsonds correlation coeffic
correlations with values higher than 0.8, redundant variables were discHndeefore,

a total of seven varidds were used to build the current model: Biahrfual Mean
Temperature), Bio2Mean Diurnal Range), Bio3 (Isothermality), Bio4 (Temperature
Seasonality), Biol2 (Annual Precipitation), Biol4 (Precipitation of Driest Month) and
Bio18 (Precipitation of Warnst Quarter).

We builtniche 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
distribuion range. The spatial limit of the EMR was defined as the area inside a 500
meters elevation shapefile (Fig. 3 andRgeudo 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 usint % and 25 % proportions, respectively, in a total of 10 subsets.

Prior to the species modeling, we used the ENMeval R package (Musearella

al.,2014)inallsc enari os to select the best MAXENT®s
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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 evaldi@n, the choice for the best features and regularization multipliers,
also balancing model goodnesfsfit and complexity (thresholds for balancing omission
and commission errors). Parameters choice is based in a combination of features and
range valuesfaegularization multipliers that generates the lowest AIC value for a
given model. Th&eceiver Operating CharacteristR@C) threshold (which balances
both omission and commission errors) was used to cut the suitability matrices into
presence/absence psa 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, Allowtted, 2006), considering that
AUC values mayary with the spatial extent used to select background points (Ebbo

al., 2007; Jiméne¥ alverde, 2011)
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SUPPLEMENTARY TABLES AND FIGURES

Table S1 Samples oBokermannohyla alvarengél) andBokermannohyla oxen{e)

used in presnt 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, STRUCTWRE and GENELAND.
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Species Map Code  Tissue number  Voucher number Municipality State Lat Long bGMYC STRUCTURE GENELAND
1 1 UFMG4247 UFMG4247 Bardo de Cocais MG -19.893566 -43.520381  Southern Southern Southern
1 1 UFMG4248 UFMG4248 Bardo de Cocais MG -19.893566 -43.520381  Southern Southern Southern
1 1 UFMG4249 UFMG4249 Bardo de Cocais MG -19.893566 -43.520381  Southern Southern Southern
1 1 UFMG4250 UFMG4250 Bardo 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 UFMGO0267 UFMGO0267 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 UFMGO0078 UFMGO0078 Congmhas do Norte MG -18.808053 -43.751991  Southern Southern Southern
1 5 UFMGO0079 UFMGO0079 Congonhas do Norte MG -18.808053 -43.751991  Southern Southern Southern
1 5 UFMGO0080 UFMGO0080 Congonhas do Norte MG -18.808053 -43.751991  Southern Southern
1 5 UFMGO0081 UFMGO0081 Congonhas do Norte MG -18.808053 -43.751991  Southern Southern Southern
1 6 UFMGO0415 UFMGO0415 Conselheiro Mata MG -17.92387 -43.9021 Southern Southern Southern
1 6 UFMGO0416 UFMGO0416 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 Gréao Mogol MG -16.6316666 -42.8083333 Northern Northern Northern
1 8 UFMG4277 UFMG4277 Gréao Mogol MG -16.6316666 -42.8083333 Northern Northern Northern
1 8 UFMG4311 UFMG4311 Gréao Mogol MG -16.6375 -42.98527778 Northern Northern Northern
1 8 UFMG4326 UFMG4326 Grao 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 Iltacambira MG -16.98972222 -43.31555556 Southern Southern
1 9 UFMG2999 UFMG2999 Itacambia 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 UFMGO0404 UFMGO0404 Ouro Branco MG -20.46943 -43.730152  Southern Southern Southern

1 12 UFMGO0411 UFMGO0411 Ouro Branco MG -20.46943 -43.730152 Southern

1 12 UFMGO0412 UFMGO0412 Ouro Branco MG -20.46943 -43.730152 Southern

1 13 MCNAM 17524 T226 PARNA Serrado Cip6 MG -19.2883333 -43.590277  Southern Southern Southern

1 13 MCNAM 17927 T581 PARNA Serrado Cip6 MG -19.2883333 -43.590277  Southern Southern Southern

1 13 MCNAM 17925 T582 PARNA Sera do Cip6 MG -19.2883333 -43.590277  Southern Southern Southern

1 13 MCNAM 17926 T583 PARNA Serrado Cip6 MG -19.2883333 -43.590277 Southern

1 14 UFMGO0180 UFMGO0180 Rio Pardo de Minas MG -15.642349 -42.794559 Northern Northern Northern

1 14 UFMGO0193 UFMGO0193 Rio Pardo de Minas MG -15.642349 -42.794559 Northern Northern Northern

1 14 UFMGO0217 UFMGO0217 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 Southen

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  Souhern Southern Southern

1 16 UFMG2176 UFMG2176 Santana do Riacho MG -19.29116 -43.582484  Southern Southern Southern

1 17 UFMG3264 UFMG3264 Santo Antdnio do Itambé MG -18.490036 -43.368 Southern Southern

1 17 UFMG3265 UFMG3265 Santo Antdnio do Itambé MG -18.490036 -43.368 Southern Southern Southern

1 17 UFMG3289 UFMG3289 Santo Antdnio do Itambé MG -18.490036 -43.368 Southern Southern

1 17 UFMG4168 UFMG4168 Santo Antonio do Itambé MG -18.490036 -43.368 Southern Southern Southern

1 17 UFMG4205 UFMG4205 Santo Antonio do Itambé MG -18.460542 -43.369785  Southern Southern Southern

1 17 UFMG4206 UFMG4206 Santo Antonio 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 Macaubas BA -11.98694 -42.69365 Southern Southern Southern Sincora
2 19 MZUESC 17395 FO 920 Brotas de Macaubas BA -11.98694 -42.69365 Southern Southern Southern Sincora
2 20 UFMG1385 UFMG1385 Ibicoara BA -13.292481 -41.252D7 Sincora Southern Southern Sincora
2 20 UFMG1386 UFMG1386 Ibicoara BA -13.292481 -41.252707 Sincora Mixed Southern Sincora
2 20 UFMG1387 UFMG1387 Ibicoara BA -13.292481 -41.252707 Sincora Sincora Southern Sincora
2 21 MZUESC 17254 FO 798 Igatu BA -12.89588 -41.31605 Sincora Southern Jacobina

2 21 MZUESC 17255 FO 799 Igatu BA -12.89588 -41.31605 Sincora Mixed Jacobina
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21
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22
22
22
23
23
24
24
24
24
25
25
25
25
26
26
26
27
27
27
27
28
28
28
29
29
29
29
30
30
30
30
31

MZUESC 17315
MZUESC 17316
FO 749
MZUESC 17211
MZUESC 17225
MZUESC 17232
FO 776
UFMG4262
UFMG4264
MZUESC 17243
MZUESC 17249
MZUESC 17250
MZUESC 17253
MZUESC 17136
MZUESC 17137
MZUESC 17142
MZUESC 17198
MZUESC 17054
MZUESC 17058
UFMG1334
MZUESC 17083
MZUESC 17084
FO 712
UFMG1247
UFMG1586
UFMG1588
UFMG1590
MZUESC17350
FO 883
MZUESC 17361
MZUESC 17362
MZUESC 17051
MZUESC17052
UFMG1286
UFMG1287
MZUESC 17385

FO 800
FO 801
FO 749
FO 753
FO 767
FO 774
FO 776
UFMGA4262
UFMG4264
FO 786
FO 792
FO 793
FO 796
FO 728
FO 729
FO 734
FO 738
FO 676
FO 681
UFMG1334
FO 708
FO 709
FO 712
UFMG1247
UFMG1586
UFMG1588
UFMG1590
FO 871
FO 883
FO 885
FO 886
FO 673
FO 674
UFMG1286
UFMG1287
FO 910

Igatd
Igatd
Jacobina
Jacobina
Jacobina
Jacobina
Jacobina
Lencois
Lencois
Miguel Calmon
Miguel Calmon
Miguel Calmon
Miguel Calmon
Morro do Chapéu
Morro do Chapéu
Morro do Chapéu
Morro do Chapéu
Mucugé
Mucugé
Mucugé
Palmeiras
Palmeiras
Palmeiras
Palmeiras
Piata
Piata
Piata
Pindobgu
Pindobacu
Pindobacu
Pindobacu
Rio de Contas
Rio de Contas
Rio de Contas
Rio de Contas
Utinga

BA
BA
BA
BA
BA
BA
BA
BA
BA
BA
BA
BA
BA
BA
BA
BA
BA
BA
BA
BA
BA
BA
BA
BA
BA
BA
BA
BA
BA
BA
BA
BA
BA
BA
BA
BA

-12.89588
-12.89588
-11.1420771
-11.1420771
-11.1420771
-11.1420771
-11.1420771
-12.729962
-12.729962
-11.37499
-11.37499
-11.37499
-11.37499
-11.6930833
-11.6930833
-11.6930833
-11.6930833
-13.1463889
-13.1463889
-13.1463889
-12.5436111
-12.5436111
-12.5436111
-12.5436111
-13.194738
-13.194738
-13.194738
-10.69198
-10.69198
-10.69198
-10.69198
-13.6480556
-13.6480556
-13.6480556
-13.6480556
-11.9931

-41.31605
-41.31605
-40.4869203
-40.4869203
-40.4869203
-40.4869203
-40.4869203
-41.496683
-41.496683
-40.53267
-40.5357
-40.53267
-40.53267
-41.03338889
-41.03338889
-41.03338889
-41.03338889
-41.46916667
-41.46916667
-41.46916667
-41.71527778
-41.71527778
-41.71527778
-41.71527778
-41.816471
-41.816471
-41.816471
-40.3854
-40.3854
-40.3854
-40.3854
-42.05972222
-42.05972222
-42.05972222
-42.05972222
-41.09771

Sincora

Jacobina
Jacobina
Jacobina

Jacobina

Sincora
Sincora
Jacobina
Jacobina
Jacobina
Jacobina
Southern
Southern
Southern
Southern
Southern
Sincora
Sincora
Southern
Southern

Southern
Southern
Jacobina
Jacobina
Jacobina
Jacobina
Southern
Southern
Southern
Southern
Soutlern

Southern
Sincora
Jacobina
Jacobina
Jacobina
Jacobina
Sincora
Southern
Southern
Jacobina
Jacobina
Jacobina
Jacobina
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Mixed
Mixed
Sincora
Mixed

Southern
Jacobina
Jacobina
Jacobina
Jacobina
Southern
Southern
Southern

Southern

Jacobina

Jacobina
Jacobina
Jacobina
Jacobina

Southen - Sincora
Southern Sincora
Jacobina
Jacobina
Jacobina
Jacobina
Southern Sincora
Southern Sincora
Southern Sincora
Southern Sincora
Southern Sincora
Southern Sincora
Southern Sincora
Southern Sincora
Southern Sincora

Southern Sincora
Southern Sincora
Jacobina
Jacobina
Jacobina
Jacobina
Southern Sincora
Southern Sincora
Southern Sincora
Southern Sincora
Southern Sincora
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31 MZUESC 17386 FO 911 Utinga BA -11.9931 -41.09771 Southern Southern Southern Sincora
31 MZUESC 17387 FO 912 Utinga BA -11.9931 -41.09771 Southern Southern Southern Sincora
31 MZUESC 17389 FO 914 Utinga BA -119931 -41.09771 Southern
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Table S2.List of primers used in the present study for each gene patrtition.

Gene

Primer abbreviatioiln Se que iz &) ( 5

Reference

Cytochrome oxidase | (COI)

Cytochrome oxidask(COl)

AnF1- ACHAAYCAYAAAGAYATYGG

AnR1- CCRAARAATCARAADARRTGTTG

bf i bri nogeiihint7) nt r o Fib_B1l7L- TCCCCAGTAGTATCTGCCATTAGGGTT

b-f i bri nogei+ibint7) nt r o Fib_bl17U- GGAGAAAACAGGACAATGACAATTCAC

Mielocitomatose celular, exon 2 and introfCGnyc-2)
Mielocitomatose celular, exon 2 and introfiCnyc-2)
Mielocitomatose celular, exon 2 and introfiCnyc-2)
Tyrosinase, exon 1 (TYR)
Tyrosinase, exon 1 (TYR)
Tyrosinase, exon 1 (TYR)
Tyrosinase, exon 1 (TYR)
Tensine, exon 3 (TNS3)

Tensine, exon 3 (TNS3)

CmycF - ATAGGAACCTGTAGGACCAG
CmyclU- GAGGACATCTGGAARAARTT
Cmyc3Cat GTTGYTGCTGATCTGTTTGAG
TyrlB - AGGTCCTCYTRAGGAAGGAATG
TyrlC- GGCAGAGGAWCRTGCCAAGATGT
TyrlE - GAGAAGAAAGAWGCTGGGCTGAG

TyrlG- TGCTGGGCRTCTCTCCARTCCCA
WL421_R- CAGTGTTGGAGAAGATGGTATGTC

WL423_F- CAGCATAGGTACTTTATCATCATCAG

Lyraet al, 2016
Lyraet al, 2016
Prychitko & Moore, 1997
Prychitko & Moore, 1997
Bruneset al, 2010
Crawford, 2003
Bruneset al, 2010
Bossuyt & Milinkovitch, 2000
Bossuyt & Milinkovitch, 2000
Bossuyt & Milinkovitch, 2000
Bossuyt & Milinkovitch, 2000
Smith, et al, 2007

Smith, et al, 2007
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Table S3.Main parameters of BEAST runs for mitochondrial and species tr&xskgrmamohyla alvarengaandBokermannohyla oxenteocus, number of
samples (N), together with nucleotide substitution models, clock rates and substitution rates for each partition egimnated iruns (see the Material and
methods section amiippendix S3) Tree priors, MCMC chain length and sampling are: 1) for mitochondrial genganele3) for species treedlumber of

phased sequences.

Species Locus N Nucleotide model Clock Rate Tree prior MCMC chain length  MCMC sampling
Bokermannohyla alvarenga  COl 56 HKY + | Relaxed lognormal 1 x10%(fixed)
b-fibint7  98* GTR +1 Strict 0.1.6764€09 (fixed)
1) Coalescent constant 1)1x16 1) 1x 10
Cmyc2  82* HKY + | Strict 1.2532e09 (fixed)
2) Speciation: BDP 2)2x 16 2)2x 10
TNS3 80* GTR + 1 Strict 3.0327e09 (fixed)
TYR 94* HKY + | Strict 1.7952e09 (fixed)
Bokermannohyla oxente COol 40 HKY + G Relaxed lognormal 1 x108(fixed)
b-fibint7 ~ 72* HKY + | Strict 1.5027e09 (fixed)
1) Coalescent constant 1)1x16 1) 1x 10
Cmyc2  44* JC Strict 1.41e09 (fixed)
2) Speciation: BDP 2)2x 16 2)2x 10
TNS3 68* JC Strict 4.1086€e10 (fixed)
TYR 66* HKY + | Strict 1.3891e09 (fixed)
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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 size¢Ng), 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, M1 <Ne2, Ne2<Ng3, Ne3x<Nes, and < tg.

Legends foricons: ty, t, t3 = Time intervals between simulated

periods. & = Divergencetime between populationdles, Ne2, Ne3

andNe4: Effective population sizes.

Species Interval
Bokermannohyla alvarengai min max
NEe1 10000 2000000
Ne2 10000 2000000
NEe3 10000 2000000
Nea 10000 2000000
2Nm 0.02 2.3
MtDNA rate 5e9 1.5e8
NDNA rate le9 4e9
ta 5000 20000
t2 20000 40000
ts 150000 600000
ta 150000 600000
Bokermannohyla oxente min max
NEe1 500000 3500000
Ne2 500000 3500000




Nes
NEea
2Nm
MtDNA rate
NDNA rate
t1
t2
ts

tq

500000

500000

0.4

5e9

1e9

5000

20000

500000

500000

3500000

3500000

5.4

1.5e8

4e9

20000

40000

5000000

5000000




Table S5.Summary statistics for each locus in the assigned populati@wkefmannohyla alvareyai.
Legends: L = length in base pairs; N = sample sizpl{ased sequences for nuclear genes); S = number
of polymorphic sites; H = number of haplotypes; Hd = haplotype diversitynucleotide diversity;

Tajimadbs D tests wWw<00b).respective P values.

Locus Population L(bp) N S H Hd p Taj i ma pvalue
COl Northern 499 16 27 9 0.8833 0.01587 -0.11124 P>0.10
Col 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-fiborinogen7  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 populatiddskefmannohyla oxentéegends: L =

length in base pairs; N = sample sigeghased sequences for nuclear genes); S = number of polymorphic site:

= number of haplgpes; Hd = haplotype diversity;= nucl eoti de di versity,;
values **(P<0.01).
Locus Population L(bp) N S H Hd p Taj i ma pvalue
Col SoutherrSincora 495 28 69 12 0.9074 0.06227 2.54913 P < 0.01*
COl Jacobina 495 12 13 4 0.6515 0.0093 0.31133 P >0.10
b-fibrinogen7  SoutherrSincora 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 SoutherrSincora 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 SoutherrSincora 384 4 0 1 0 0 _ _
Tensine Jacobina 384 24 3 5 0.6848 0.00277 0.81983 P>0.10
Tyrosinase SoutherrSincora 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

T ¢



Table S7.Migration rates (as number of migrants per generatiorédermannohyla alvarengandBokermannohyla oxenestimated though Migrats

3.5.1, together with the respective simulated models. Magraer generationalues are median, 2.5% and 97.5 % intervals, respectively.

Species Populations Model Bezier scores Probability Migrants per generation
Bokermannohyla alvarenga Southern (A), Northern (B) Panmixia (AB) -4713.82 2.5621E* -
Southern (A), Northern (B) Full model (A, B) -4636.43 1.0439E% -
0.7038 (0.02454 2.31294)
Southern (A), Northern (B) Unidirecional migrationA - B) -4624.96 1
Southern (A), Northern (B) Unidirecional migrationB - A) -4651.59 2.7211E? -
Bokermannohyla oxente  SoutherrSincora (A), Jacobina (B) Panmixia (/M) -4915.57 1.058E° -
SoutherrSincora (A), Jacobina (B) Full model (A, B) -4633.6 3.0364E® -
SoutherrSincora (A), Jacobina (B) Unidirecional migration (A B) -4642.5 4.1413E* -
SoutherrSincora (A), Jacobina (B) Unidirecional migration (B A) -4616.29 1 2.083939 (0.40603115.419231)




Table S8.Parameter estimates from ABC using the Neural Network regression for the elevation shift model with unidirectional
migration and a common widespread ancestdakernannohyla alvarenga(Fig. 5b1). Pop. 1: Southern population, Pop. 2:
Northern populationNel:effective population size between t1 and pred¢e®; effective population size between t2 and\#&3:
effective population size between td and t2, NeA: Ameksiffective population size, Tau: Estimated divergence time between

populations at td, 2Nm: number of migrant gene copies moving from population 1 to population 2.

Nel popl Nel pop2 Ne2 popl Ne3 popl 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 142964 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 ancestoBokermannohyla oxenf€ig. 5al). Pop. 1: SoutheBincora population, Pop. 2:

Jacobina ppulation.Nel:effective population size between t1 and predée®: 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 populatiemat td.

Nel popl Nel pop2

Ne2 popl Ne3 popl Ne2 pop2 Ne3 pop2 NeA Tau

Min. 443738
Weighted 2.5 % Perc. 679719
Weighted Median 1340695
Weighted Mean 1452957
Weighted Mode 961314
Weighted 97.5 % Perc 2704438

Max. 3688868

312154

600742

1249607

1382544

949493

2726227

3071590

912992 485678 726023 353453 1506245 270592

1321491 572810 1255509 404696 1963248 668648

2402700 879453 2527828 579805 2769814 1053452

2377250 918859 2439329 628824 2744913 1100387

2638883 715867 2848781 496148 2823368 947004

3343091 1499828 3319606 1114424 3375008 1734072

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 alvarenga -43.73015 -20.46943 Ouro Branco MG
Bokermannohyla alvarenga -43.5106 -20.24812 Antonio Pereira MG
Bokermannohyla alvarenga -43.5625 -20.23444 Antbnio Pereira MG
Bokermannohyla alvarenga -43.45333 -20.13444 Catas Altas MG
Bokermannohyla alvarenga -43.44794 -20.11181 Catas Altas MG
Bokermannohyla alvarenga -43.50584 -19.89351 Baréo de Cocais MG
Bokermannohyla alvarenga -43.51667 -19.35 PARNA Serra do Cipé6 MG
Bokermannohyla alvarenga -43.5275 -1932639 PARNA Serra do Cip6 MG
Bokermannohyla alvarenga -43.51219 -19.29397 Cardeal Mota MG
Bokermannohyla alvarenga -43.58248 -19.29116 Cardeal Mota MG
Bokermannohyla alvarenga -43.5387 -19.25384 Cardeal Mota MG
Bokermannohyla alvarenga -43.51371 -19.16218 Santana do Riacho MG
Bokermannohyla alvarenga -43.57585 -19.10022 Santana do Riacho MG
Bokermannohyla alvarenga -43.55148 -19.09206 Santana do Riacho MG
Bokermannohyla alvarenga -43.61444 -19.00428 Santana do Riacho MG
Bokermannohyla alvargrai  -43.43449 -18.86731 Congonhas do Norte MG
Bokermannohyla alvarenga -43.75199 -18.80805 Congonhas do Norte MG
Bokermannohyla alvarenga -43.44648 -18.78627 Congonhas do Norte MG
Bokermannohyla alvarenga -43.368  -18.49004 Diamantina MG
Bokermannohg alvarengai -43.38306 -18.38139 Diamantina MG
Bokermannohyla alvarenga -43.55083 -18.34556 Diamantina MG
Bokermannohyla alvarenga -43.85036 -18.29547 Conselheiro Mata MG
Bokermannohyla alvarenga -43.75272 -18.28017 Conselheiro Mata MG




BokermannoHhg alvarengai
Bokermannohyla alvarenga
Bokermannohyla alvarenga
Bokermannohyla alvarenga
Bokermannohyla alvarenga
Bokermannohyla alvarenga
Bokermannohyla alvarenga
Bokermannohyla alvarenga
Bokermannohyla alvarenga
Bokermannohyla alvarenga
Bokermannohyla alvarenga
Bokermannohyla alvarenga
Bokermannohyla alvarenga
Bokermannohyla alvarenga
Bokermannohyla alvarenga
Bokermannohyla alvarenga
Bokermannohyla alvarenga
Bokermannohyla alvarenga
Bokermannohyla alvarenga
Bokermannohyla alvarenga
Bokermannohyla oxente
Bokermanohyla oxente
Bokermannohyla oxente
Bokermannohyla oxente
Bokermannohyla oxente
Bokermannohyla oxente

Bokermannohyla oxente

-43.3125

-43.07492

-43.78367

-43.9021

-43.78657

-43.07778

-43.31

-43.31653

-43.30319

-43.05459

-43.06264

-42.91278

-42.76563

-42.75825

-42.79456

-42.78169

-43.04064

-42.5177
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MG
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-41.90082

-41.7978

-41.26886

-41.88984

-41.28214

-41.42861

-41.81647

-41.46917

-41.385

-41.6434

-41.5

-41.31605

-41.44333

-41.45819

-41.48402

-41.48903

-41.49215

-41.40417

-41.45417

-41.71528
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-41.09771
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-41.03339
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-13.29141
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Utinga

Brotas de Macaubas
Morro do Chapéu

Miguel Calmon
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BA
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Bokermannohyla oxente
Bokermannohyla oxente
Bokermannohyla oxente
Bokermannohyla oxente

Bokermannohyla oxente

-40.38095

-41.34547

-41.15468

-41.16454

-41.1891

-10.69078

-10.47556

-10.3406

-10.3022

-10.29307
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Umburanas
Umburanas
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Figure S1.Geographic distribution of sampled localitiesBokermannohyla alvarengai
(triangles) andBokermannohyla oxenteircles) through the Espinhago Mountain Range
(gray areas). Numbers correspondoicality codes in Table S1. Dotted lines encompass

its main geological massifs, adapted from Chaves & Branddo, 2004: A) Southern
Espinhaco including the Serra do Cabral, B) Central and Northern Espinhaco, and C)
Chapada Diamantin&tate abbreviations: Mas Gerais (MG) and Bahia (BA).
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Figure S2.bGMYC results from the COI mitochondrial tree Bokermannohyla
alvarengai(A) andBokermannohyla oxen{8). Colors in the chart shows probabilities
for conspecificity. Gray rectangles depicts the lineagedifaehwith a threshold of 0.5
on probability of membership of individuals.
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Figure S5.Coalescent tree for tleytochrome oxidase | (GO gene inBokermannohyla alvarengaCodes on terminals are tissue vouchers
according tolable S1Black dots on nodes are posterior probabilities > 0.90.
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Figure S6.Coalescent tree for ¢itytochrome oxidase | (GO gene inBokermannohyla oxent€odes on terminals are tissue vouchers
according tolable S1Black dots on nodes are posterior probabilities > 0.90.
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Figure S7.Haplotype networks for the four nuclear (phased) loci coostduwith the Mediadoining algorithm and based on the results of
assignment tests. Aokermannohyla alvarengasouthern (red circles) and Northern (blue circles) populationsB pBdkermannohyla oxente
SouthernSincora (red circles) and Jacobinau@kircles) populations. Branch lengths are proportional to the number of mutational steps.
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Figure S8.Extended Bayesian Skyline plots (EBSPs) for the assigned populatiBokeinannohyla alvarengaviedian values are given by the
dotted line and dal lines are values for upper and lower 95% highest posterior density (HPD).



Figure S9.Extended Bayesian Skyline plots (EBSPs) for the assigned populatiBokerinannohyla oxent®ledian values are given by the
dotted line and solid lines are vatur upper and lower 95% highest posterior density (HPD).



