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Resumo

Fatores bidticos e abidticos, e suas interacdes, desempenham um papel importante na formacéo
da historia evolutiva das espécies, bem como nos padrdes de distribui¢cdo e composicao da
diversidade em uma determinada area. A filogeografia € uma disciplina importante para auxiliar
na reconstrugdo da historia evolutiva de um grupo taxondémico no espaco e tempo. Apesar dos
grandes esforgos para conhecer os anuros da Serra do Espinhago, muitas questdes relacionadas
aos padrdes de riqueza, composicao, endemismo, aspectos bioldgicos e processos envolvidos
na diversificagdo ainda permanecem sem resposta. Assim, esta tese teve como objetivos
apresentar uma atualizagao do conhecimento sobre os anuros endémicos da Serra do Espinhaco,
e investigar a distribuicdo genética na paisagem em diferentes escalas, a nivel intraespecifico e
de uma assembleia de anuros endémicos. A maior riqueza de endemismos da Serra do
Espinhaco esta concentrada no sul da Serra do Espinhaco em Minas Gerais, ao longo da Serra
do Cipd. Girinos e vocalizages sdo conhecidos para a maioria das espécies endémicas da Serra
do Espinhaco, bem como o relacionamento filogenético destas com espécies congéneres.
Entretanto, dados de comportamento e histéria natural sdo escassos para a maioria delas. Muitos
dos estudos séo incipientes, revelando a necessidade e oportunidades para futuras investigacoes
cientificas, como estudos sobre os efeitos de gradientes ambientais e adaptacdes das espécies
endémicas as condi¢cbes ambientais do campo rupestre. Diferentes processos como
hibridizacdo, colonizacdo, e fragmentacdo impactaram a evolucdo de biota da Serra do
Espinhaco, e flutuacdes climaticas passadas parecem ter sido importantes para a diversificacao
e distribuigdo das espécies endémicas. A historia evolutiva da Serra do Espinhago é complexa,
e precisamos considerar a multiplicidade de processos e fatores associados a diversificacdo de
biota. Novos estudos filogeograficos com a inclusdo de dados nucleares, novas espécies
endémicas da Serra do Espinhaco e dados sobre a biologia das espécies bem como dados do
ambiente, analisados sob a 6tica da filogeografia comparativa, podem nos ajudar a entender
melhor os diferentes pulsos de diversificagcdo ocorrentes na Serra do Espinhago ao longo do

tempo.

Palavras-chave: Campo rupestre, filogeografia, evolucéo, anfibios, delimitacéo de espécie



Abstract

Biotic and abiotic factors, and their interactions, play an important role in shaping the
evolutionary history of species, as well as in patterns of distribution and composition of
diversity in an area. Phylogeography is an important discipline to assist in the reconstruction of
the evolutionary history of a taxonomic group in space and time. Despite the great efforts to
know the anurans of Serra do Espinhaco, many questions related to patterns of richness,
composition, endemism, biological aspects, and processes involved in diversification still
remain unanswered. Thus, this thesis aimed to present an update of the knowledge about the
endemic frogs of Serra do Espinhaco, and to investigate the genetic distribution in the landscape
at different scales, at the intraspecific level and in an assemblage of endemic frogs. The greatest
wealth of endemisms in Serra do Espinhaco is concentrated in the south of Serra do Espinhaco
in Minas Gerais, along the Serra do Cipd. Tadpoles and vocalizations are well known for most
endemic species of Serra do Espinhaco, as well as their phylogenetic relationship with congener
species. However, behavioral and natural history data are scarce for most of them. Many of the
studies are incipient, revealing the need and opportunities for future scientific investigations,
such as studies on the effects of environmental gradients and adaptations of endemic species to
the environmental conditions of the rupestrian field. Different processes such as hybridization,
colonization, and fragmentation impacted the evolution of the Serra do Espinhaco biota, and
past climatic fluctuations seem to have been important for the diversification and distribution
of endemic species. The evolutionary history of Serra do Espinhaco is complex, and we need
to consider the multiplicity of processes and factors associated with biota diversification. New
phylogeographic studies with the inclusion of nuclear data, other endemic species to Serra do
Espinhaco, biology data of species as well as environmental data, analyzed from the perspective
of comparative phylogeography, can help us to better understand the different pulses of

diversification that occur in Serra do Espinhago over time.

Keywords: Campo rupestre, phylogeography, evolution, amphibians, species delimitation
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Figure 2 Evolutionary scenarios tested using DIYABC for Bokermannohyla saxicola in
Espinhaco Range. Vicariance process: (1) Constant populations size over time, (2)
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Figure 3 Multiple lineages and time framework of Bokermannohyla saxicola in the Espinhago
Range. The same colours represent the observed lineages. (a) Q-plot at K = 4, showing
each individual as a bar and membership probabilities as different colours; (b) Multilocus
nuclear Neighbor-net representation. Scale bar represents standardized genetic distances
for the net. Different shades of green represent the two subclades found by Nascimento
et al. (2018) and GMYC. Adult and tadpole photographs by Tiago Leite Pezzuti. The
photographs do not respect real proportion and were taken from Cabral lineages; (c) Left:
Time-calibrated species tree. Node bars correspond to the 95% High Posterior Density
(HPD) time. Values on branches correspond to posterior probabilities above and average
time in million years below. Right: Distribution range of each lineage in the Espinhaco

Figure 4 Distribution models for Bokermannohyla saxicola that represent the relative climatic
suitability areas over time. The map of stability areas represents the sum of maps in all
periods for B. saxicola. The colour scales represent the suitability or stability for the maps,
from areas with low (0) to high (1) values. The grey shape represents the limits modified
from Fernandes et al. (2014) of the campo rupestre, the predominant ecosystem in
Espinhaco Range. The time slice abbreviations correspond to: BA, abrupt warming at the
onset of the BallingAllerad; EH, early-Holocene; HS1, Heinrich Event 1; LGM, Last
Glacial Maximum; LH, late-Holocene; LIG, Last Interglacial past; M2, Marine Isotope
Stage in the late Pliocene; MH, mid-Holocene; MIS19, Marine Isotope Stage in the
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Figure 5 (a)—(d) Snapshots of the spatial-temporal dynamics of Bokermannohyla saxicola in
Espinhaco Range. Circles R, 1 and 2 represent the estimated root location and subsequent
cladogenetic events, respectively. Grey polygons represent 80% Highest Posterior
Density (HPD) interval of uncertainty in the location of ancestral branches. Coloured
polygons represent the current distribution of distinct lineages; (e) Diffusion rate through
time. The grey shape represents the limits modified from Fernandes et al. (2014) of the
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Fig 1 Mitochondrial trees, on the bottom left, sampled anurans photographs on the top left, and
the minimum convex polygon of the distribution of each population, on the right, for a)
Bokermannohyla alvarengai; b) Bokermannohyla saxicola; c) Leptodactylus camaquara;
d) Pithecopus megacephalus; e) Scinax curicica; and f) Thoropa megatympanum. * on
branches correspond to posterior probability higher than 0.90 and ** higher than 0.95.
Blue represents the northern population and pink southern population in all species.
Yellow represents the far north population of Bokermannohyla saxicola, and green
represent Cabral populations in B. saxicola, and P. megacephalus, T. megatympanum.
The terminals of the mtDNA tree were collapsed through the cartoon option in FigTree
v. 1.4.4 (Rambaut, 2018) and the minimum convex polygon was drawn from sampling
coordinates in QGis v. 3.20.3 (QGIS Development Team, 2021). Photographs: a, c-f:
Tiago L. Pezzuti; D: ANAIrE YVES.....ccvoieciiee et 122

Fig 2 Illustrated dataset of endemic species sampled of Espinhaco Range; a) Bokermannohyla
alvarengai; b) Bokermannohyla saxicola; c) Leptodactylus camaquara; d) Pithecopus
megacephalus; €) Scinax curicica; and f) Thoropa megatympanum; g) Map of Brazilian
Shield highlands and its location in South America (inset), with Espinhaco Mineiro and
Quadrilatero Ferrifero highlighted and enlarged in (h); h) Phylogeographic barriers found
in each species. Numbers correspond to locations, 1: Itacambira and 2: Botumirim. The
colors surrounding the photographs match the barriers in the large map (h). Photographs:
a, C-f: Tiago L. Pezzuti; b: ANAré YVES .....coooiiiiee e 123

Fig 3 Mean and 95% HPD coalescence times (estimated in BEAST) between populations north
and south of the central barrier. The geological time scale on the right corresponds to the
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Lista de Tabelas

Capitulol: Status do Conhecimento Sobre os Anfibios Anuros Endémicos da Serra do

Espinhaco

Tabela 1. Anuros endémicos da Serra do Espinhago. Distribui¢do: CD = Chapada Diamantina,
EM = Espinhago Mineiro, QFe = Quadrilatero Ferrifero; ambiente reprodutivo: R =
afloramento rochoso, LA= lamina d’agua em rocha umida, LP = lagoas, pocas ¢ brejos
permanentes, RP = riachos permanentes, RT = riachos temporarios, AT = alagadicos
rasos temporarios, LT = lagoas, pogas e brejos temporéarios, BR = bromélias); e modo
reprodutivo (sensu Haddad & Prado, 2005): ? = desconhecido, 1 = ovos e girinos
exotroficos em corpos d'agua lénticos, 2 = ovos e girinos exotréficos em corpos d'agua
I6ticos, 3 = ovos e estagios larvais iniciais em camaras subaquaticas construidas; girinos
exotroficos em riachos, 4 = ovos e estagios larvais iniciais em bacias naturais ou
construidas; apo6s a inundagdo, girinos exotréficos em lagoas ou riachos, 5 = ovos e
estagios larvais iniciais em ninhos subterraneos construidos; apds a inundacdo, girinos
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Apresentacao

Esta tese de doutorado compreende um trabalho desenvolvido na Péds-Graduagdo em
Zoologia da Universidade Federal de Minas Gerais sob orientacdo do Professor Dr. Rafael Félix
de Magalhdes e coorientacdo do Professor Dr. Paulo Christiano de Anchietta Garcia. Ela € parte
de projetos ainda em andamento na por¢do mineira da Serra do Espinhaco e a compilagéo destes
resultados visa contribuir para o entendimento da dinamica evolutiva da anurofauna endémica
da Serra do Espinhaco. Em vista do interesse econdmico e importancia biolégica da Serra do
Espinhago (Fernandes et al., 2014; Silveira et al., 2016), é importante aumentarmos nossa
compreensdo sobre a dindmica evolutiva de sua biota, pois essas informagdes podem ajudar
futuramente na avaliacdo de areas criticas para a conservacdo, na identificacdo de areas de
endemismo e de linhagens evolutivas Unicas.

Para melhor apresentacéo do contetdo, a tese seguiu 0 modelo de divisdo em capitulos,
correspondentes a artigos/trabalhos, que é atualmente aceito pelo programa de P6s-Graduacao
em Zoologia. Ela esta organizada em cinco partes, consistindo em uma introducdo geral bem
como os objetivos da tese, trés capitulos que correspondem a trés trabalhos cientificos gerados
a partir dos resultados obtidos e ao final, uma se¢do com as consideracgdes finais. A norma
bibliografica e idioma em cada capitulo seguiu, para os dois primeiros, o formato da
revista/publicacdo nas quais foram submetidos, e para o terceiro, seguiu a norma da revista
planejada para sua submissdo. As demais partes textuais da tese, introducdo geral e
considerac0es finais, seguiram formatacdo padréo prépria e estdo em portugués.

O primeiro capitulo é intitulado “Status do Conhecimento Sobre os Anfibios Anuros
Endémicos da Serra do Espinhago”, e estd submetido ao livro “Ecologia e Sustentabilidade no
campo rupestre”, editorado pelo Dr. Geraldo W. A. Fernandes, com previsao de publicagdo para
0 ano de 2022. O capitulo traz um panorama geral do conhecimento atual sobre os anuros
endémicos da Serra do Espinhago, incluindo um breve histérico do conhecimento dos anuros
da Serra do Espinhaco, o conhecimento atual sobre taxonomia, padrées de distribuicéo, historia
natural, evolucdo, biogeografia e conservacdo. O segundo capitulo tem como foco a
filogeografia multilocus de Bokermannohyla saxicola, uma perereca endémica da Serra do
Espinhaco. O manuscrito intitulado “Colonization rather than fragmentation explains the
geographic distribution and diversification of treefrogs endemic to Brazilian shield sky
islands” foi aceito para publicacdo no periddico Journal of Biogeography no dia 09 de

novembro de 2021. O terceiro capitulo estd centrado no Espinhaco, e traz uma filogeografia
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comparativa de seis espécies de anuros endémicos da formacdo. O capitulo intitulado
“Comparative Phylogeography of anurans endemic to Espinhago Mountain Range, the largest
extra-Andean Mountain chain in South America” sera submetido ao periddico Organisms
diversity and Evolution.

Por fim, anexo a tese, apresento uma producao relacionada a esta tese, liderada pelo meu
orientador Dr. Rafael Félix de Magalhaes, na qual tive a oportunidade de colaborar, juntamente
com outros pesquisadores. No artigo publicado em 2021 no periddico Biological Journal of the
Linnaen Society, apresentamos evidéncia de introgressdo entre espécies ndo irmas (Pithecopus

ayeaye e P. megacephalus).
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Introducéo geral

Nos ultimos anos, o entendimento de alguns processos tem sido inferido atraves da
filogeografia, disciplina que visa compreender as relacbes filogenéticas de um grupo
taxondmico projetando-as no espaco e tempo (Avise, 2009). Através de um conjunto de
metodologias, estudos filogeograficos podem identificar, através de informacgdes sobre
processos historicos de demografia e migracdo, fatores biogeograficos responsaveis pela
estrutura populacional de espécies (Avise, 2009; Knowles, 2009). Com a incorporagdo de
diferentes ferramentas estatisticas baseadas na teoria da coalescéncia e conjunto de dados
multilocus, estudos filogeograficos se tornaram importantes para a investigacdo de padroes
histéricos envolvidos na diversificagdo de linhagens e no reconhecimento de unidades
taxonébmicas de regides com elevada diversidade genética e centros de origem e dispersdo
(Avise et al., 1987; Knowles & Maddison, 2002; Kuhner, 2008; Knowles, 2009). Informac6es
essas, de grande importancia para os planos de conservacao da biodiversidade (Avise, 2009).

Comparar padrées filogeograficos de diferentes espécies codistribuidas nos ajuda a
compreender as influéncias de eventos historicos sobre a comunidade bioldgica e, assim, a
importancia deles nos padrées de diversidade observados em uma determinada area (Hickerson
et al., 2010). A filogeografia comparada auxilia no reconhecimento de areas historicamente
estaveis (ou refugios ecoldgicos), e na compreensao das influéncias de eventos da trajetéria da
Terra sobre multiplas espécies codistribuidas (Hickerson et al.,, 2010). Os padrbes
filogeogréaficos compartilhados por diferentes espécies podem ser resultado de processos
evolutivos dependentes, devido a um evento histérico comum, revelando a historia
biogeografica de uma regido (Bell et al., 2012).

Os padr@es de distribuicdo e composicdo de diversidade respondem a varios fatores
bidticos e abidticos, como heterogeneidade topografica, processo geologico, mudancas
climéticas ciclicas, capacidade de dispersdo e interacbes de espécies (ex.: predacdo e
mutualismo) (Antonelli et al., 2018; Sandel et al., 2011; Wisz et al., 2013). Essas mudancas e
interacfes desempenham um papel importante na formac&o da historia evolutiva das espécies,
afetando a variabilidade genética entre as paisagens (Guedes et al., 2020). Com alta
heterogeneidade topografica e diferentes gradientes ambientais, montanhas sdo ambientes que
abrigam uma biodiversidade excepcional, com alta concentracao da popula¢do humana (Koérner
et al., 2017). Mas, apesar dos inimeros estudos recentes, a alta diversidade nas montanhas

continua sendo um dos maiores desafios para a compreenséo dos padrdes de diversificagdo de
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espécies (Rahbek et al., 2019; Perrigo et al., 2020). Assim, montanhas representam um 6timo
ambiente para estudos de especiacao e diversificagdo genética devido ao possivel isolamento
genético/reprodutivo gerado pela alopatria em relacdo as populagdes-irmas.

Anfibios geralmente tem baixa capacidade de disperséo, e por isso, tendem a apresentar
um elevado grau de diferenciacdo genética interpopulacional (Johns & Avise, 1998), tornando-
se excelentes modelos em estudos filogeograficos (Zeisset & Beebee 2008). Espécies de
anfibios que possuem distribuicdo geografica restritas a determinados ambientes, como
montanhas, constituem alvos ideais para a investigacdo dos processos de diversificacdo
ocorridos da regiéo.

Os anuros estdo presentes nos diferentes ambientes da Serra do Espinhago, e uma
compilacdo antiga identificou alta diversidade e endemismo na regido (Leite et al., 2008). A
Serra do Espinhaco € a maior cadeia de montanhas do Brasil e faz parte do Complexo de Ilhas
de Altitude do Escudo Brasileiro (sensu Warshall, 1994). Entretanto, apesar da elevada
diversidade de anuros na Serra (Leite et al., 2008) e inUmeros estudos taxondmicos na regido
(e.g., Leal et al., 2020; Taucce et al., 2020), pouco se sabe sobre a diversidade genética das
populacdes e menos ainda sobre os padrdes e processos envolvidos na sua diversidade.

Assim, esta tese teve como objetivo sintetizar o conhecimento dos anuros endémicos da
Serra do Espinhaco, estudar a distribuicdo da variabilidade genética de Bokermannohyla
saxicola em toda sua area de ocorréncia, e comparar os padr&es filogeograficos de seis espécies

de anuros endémicos codistribuidas na Serra do Espinhaco em Minas Gerais.
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Capitulo 1

Status do Conhecimento Sobre os Anfibios Anuros Endémicos da Serra do Espinhaco

Submetido ao livro Ecologia e Sustentabilidade no campo rupestre editorado pelo Prof.
Dr. Geraldo W. A. Fernandes (Universidade Federal de Minas Gerais), com previsdo de

publicacdo para 2022.
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Abstract

Espinhaco Range’s frogs have attracted attention since the middle of the 20th century. Despite
great efforts to understand the taxonomy, patterns of distribution and biology of the anurans of
this mountain range, many questions still remain. In this chapter, we update the knowledge
about the endemic anurans of Espinhaco Range, including information on species ecology,
behavior, natural history, evolution, biogeography and conservation. Approximately one third
of the species of anurans distributed in the Espinhago range are endemic, and this number may
still be underestimated, since almost every year new endemic species are discovered and
described, such as Pristimantis rupicola (2020) and Corythomantis botoque (2021). The
greatest richness of endemism in the Espinhaco range is concentrated in its southern portion,
along Serra do Cip0. Tadpoles and vocalizations are known for most of the endemic species, as
well as their phylogenetic relationship within genera. However, data on behavior and natural
history are scarce for most of them. Many of the studies are incipient, revealing the need and
opportunities for future scientific investigations, such as studies on the effects of environmental
gradients and adaptations of endemic species to the environmental conditions of the campo

rupestre.
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Resumo

A Serra do Espinhaco desperta atengdo em relacdo a anurofauna desde meados do século 20.
Apesar dos grandes esforcos para conhecer 0s anuros da serra, muitas questdes relacionadas
aos padrdes de riqueza, composi¢do, endemismo e aspectos bioldgicos ainda permanecem sem
resposta. Neste capitulo, apresentamos uma atualizagdo do conhecimento sobre os anuros
endémicos da Serra do Espinhago, incluindo uma lista de espécies atualizada e dados sobre
ecologia, comportamento, histéria natural, evolucdo, biogeografia e conservagéo.
Aproximadamente um terco das espécies de anuros distribuidas na cadeia do Espinhaco séo
endémicas, e esse numero pode estar subestimado, visto que quase todos 0s anos novas espécies
endémicas sdo descobertas e descritas, como por exemplo Pristimantis rupicola (2020 e
Corythomantis botoque (2021). A maior riqueza de endemismos da Serra do Espinhaco esta
concentrada no sul do Espinhaco Mineiro, ao longo da Serra do Cipd. Girinos e
vocalizacGes sdo conhecidos para a maioria das espécies endémicas da Serra do Espinhaco,
bem como o relacionamento filogenético destas com espécies congéneres. Entretanto, dados de
comportamento e historia natural sdo escassos para a maioria delas. Muitos dos estudos sdo
incipientes, revelando a necessidade e oportunidades para futuras investigacdes cientificas,
como estudos sobre os efeitos de gradientes ambientais e adaptacdes das espécies endémicas as
condigBes ambientais do campo rupestre.

Termos para Indexacgao
Campo rupestre, Caatinga, Cerrado, Mata Atlantica, Biogeografia, Ecologia, Conservagao,
Sistematica, Historia Natural, Modos Reprodutivos, Guildas Ecomorfoldgicas, Relicto

Biogeografico.

Introducéo

O Brasil é o pais com a maior riqueza conhecida de anuros do mundo, com cerca de
15.5% das 7340 espécies viventes (Segalla et al. 2021, Frost 2021). Esses animais sao
conhecidos por sua baixa capacidade de dispersdo e necessidade de habitats especificos (Smith
& Green 2005). A pequena vagilidade dos anuros favorece a diferenciacdo alopétrica das
linhagens, podendo levar a especiacdo (Valero et al. 2019). A especificidade de habitat, por sua
vez, esta atrelada as particularidades reprodutivas de cada espécie. Neste contexto, 0s anuros
sdo o0 grupo de tetrapodes com a maior diversidade de modos reprodutivos (Haddad & Prado

2005), com 42 modos registrados no mundo e 32 na regido Neotropical (Malagoli et al.
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2021). A combinagdo dos locais de postura de ovos, caracteristicas dos ovos e das desovas,
padrbes de desenvolvimento e tipo de cuidado parental sdo responsaveis por esta diversidade
(Haddad & Prado 2005). Como os modos reprodutivos estdo vinculados a diferentes sitios
de oviposicdo, regides com alta heterogeneidade de habitat tendem a sustentar uma maior
diversidade desses modos e uma maior riqueza de espécies (Eterovick & Barata 2006, Bickford
et al. 2010). Rodriguez e colaboradores (2015) encontraram uma relacdo direta entre o efeito
da complexidade topografica e a diferenciacdo genética de anuros tropicais. Segundo o0s
autores, o aumento da complexidade resulta em uma maior riqueza de microhabitats, o que
sustenta uma alta diversidade de espécies. Cada tipo de microhabitat, por sua vez, tende a ser
raro e apresentar distribuicdo espacial aleatéria, favorecendo o isolamento entre subpopulacdes
que dependem de habitats especificos, podendo resultar em diferenciacdo genética.

Cadeias de montanhas sdo os ambientes com maior complexidade topografica (Koérner
et al. 2017) e, ndo por acaso, apresentam alta riqueza de anfibios, sendo importantes centros de
endemismo (e.g., Rodder et al. 2010, Silva et al. 2018, Guedes et al. 2020). A riqueza de
anfibios em montanhas estd inversamente correlacionada com a latitude, com as maiores
riquezas encontradas nos tropicos (Garcia-Rodriguez et al. 2021). Fatores bidticos e abioticos
desempenham um importante papel na histéria evolutiva das espécies, afetando a variabilidade
bioldgica nas paisagens (Guedes et al. 2020). Assim, além da topografia e da capacidade de
dispersdo, mudancas climaticas e interacdes entre espécies podem influenciar a distribuicdo e
composicdo da diversidade local (Antonelli et al. 2018, Sandel et al. 2011, Wisz et al. 2013).

Neste cenario, destaca-se a Serra do Espinhaco, a segunda maior cadeia de montanhas
da América do Sul (Guedes et al. 2020). O Espinhaco se estende na dire¢do Norte-Sul, ao longo
de 1.200km no leste do Brasil, da Bahia a Minas Gerais (Fernandes et al. 2014). Considerando-
se as assembleias de anuros endémicos, a cadeia pode ser dividida latitudinalmente em trés
regides: Quadrilatero Ferrifero (QFe), no extremo sul (Figs. 1,2a); Espinhaco Mineiro (EM),
que se inicia ao norte do QFe, em Minas Gerais e se estende até o sudoeste da Bahia, incluindo
a Serra do Cabral, uma unidade disjunta a oeste do espigao principal (Figs. 1,3a,4a); e Chapada
Diamantina (CD), que se inicia na regido da Serra das Almas, e segue a nordeste, até o norte da
Bahia (Figs. 1,5a; Leite et al. 2008a). As areas de altitude (i.e., acima de 800 m) sdo dominadas
pelo campo rupestre, um ecossistema caracterizado por um mosaico de vegetacdo campestre e
arbustiva que cresce em afloramentos rochosos ou solos pobres, arenosos e rasos, ao qual estdo
associadas a maioria das espécies endémicas de plantas e animais (Silveira et al. 2016). O

Espinhaco funciona como uma fronteira entre os dominios da Caatinga, Cerrado e Mata
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Atlantica, sendo influenciada por suas biotas, principalmente nas encostas (Silveira et al.
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Figura 1. Mapa da Serra do Espinhaco e as diferentes regies considerando-se assembleias de

anuros endémicos: Chapada Diamantina ao norte delimitada em azul, Espinhaco Mineiro ao

centro delimitado de vermelho, e Quadrilatero Ferrifero ao sul delimitado de verde. 1 =

Depressdo Couto de Magalhaes; 2 = Serra do Cabral. Altitudes a cima de 800 m em cinza escuro

A Serra do Espinhaco abriga uma grande diversidade de fauna, flora e funga, com vaérias

espécies e alguns géneros endémicos (e.g., Pardifias et al. 2014, Coutinho et al. 2015, Scatigna

et al. 2020). No Cerrado, o Espinhaco Mineiro é a area de endemismo mais rica para a
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herpetofauna, com 31 espécies restritas a ele, sendo 20 anuros (Azevedo et al. 2016). Ja na
Caatinga, 16 das 21 espécies de anfibios endémicas do dominio tém distribuicdo restrita a
Chapada Diamantina (Marques et al. 2021). Além disso, grande parte da riqueza e endemismo
de anuros de Minas Gerais esta distribuida na Cadeia do Espinhaco (Leite et al. 2008a),
destacando a serra como uma importante &rea para a preservacdo da biodiversidade
regional. Por sua peculiaridade e relevancia ambiental, econdmica e social, a Serra do
Espinhaco foi considerada Reserva da Biosfera em 2005 (UNESCO 2021).

Figura 2. Ambiente de reproducdo de anuros no Quadrilatero Ferrifero (A); Macho (B), Fémea
(C) e girino (D) de Bokermannohyla martinsi. Fotos: A - Lucas Perillo; B, C, D - Tiago L.

Pezzuti

A extensdo latitudinal do Espinhaco, aliada a variac@es altitudinais, geoldgicas e
edéficas, resultam em uma pronunciada heterogeneidade ambiental (Silveira et al. 2016, Miola
et al. 2021), fornecendo um amplo espectro de habitats para a reprodugéo de anuros (Eterovick

& Barata 2006). Nao obstante, ambientes aquéaticos de altitude parecem desempenhar um papel
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importante na composicdo da anurofauna, abrigando uma ampla diversidade filogenética de
espécies endémicas (e.g., espécies dos géneros Bokermannohyla (Hylidae), Hylodes
(Hylodidae), Phasmahyla (Phyllomedusidae), Physalaemus (Leptodactylidae), Proceratophrys
(Odontophrynidae) e Thoropa (Cycloramphidae); Heyer 1999, Eterovick & Barata 2006,
Oliveira & Eterovick 2010).

O campo rupestre esta entre as fisionomias com maior diversidade biolégica do mundo
e, mesmo com o recente aumento dos estudos locais (Miola et al. 2021), informacdes basicas
sobre endemismo, riqueza e composi¢do de espécies ainda sdo escassas ou incompletas. Para
anuros, quase todos 0s anos novas espécies sdo descobertas e descritas para a regido
(e.g., Taucce et al. 2020, Pinheiro et al. 2021), mas o tltimo levantamento regional data de mais
de uma década (Leite et al. 2008a). Com o objetivo de fornecer informacdes que possam
auxiliar no planejamento da conservacdo, na elaboracdo de planos de manejo e outros estudos,
revisitamos o trabalho de Leite e colaboradores (2008a), atualizando o status do conhecimento
sobre os anuros endémicos da Serra do Espinhago.

Um breve histérico

Os estudos sobre a anurofaunada Serra do Espinhaco comecaram na década de
1950, com os esforgcos dos naturalistas Werner Bokermann e lvan Sazima para descrever
diversas espécies restritas a regido e aspectos observacionais de suas biologias (e.g., Bokermann
1956, 1964, 1967; Bokermann & Sazima 1973a, b, 1978; Sazima & Bokermann
1978, 1982). Uma série de cinco artigos cientificos intitulados “Anfibios da Serra do Cip6” foi
resultado do esforco de ambos, nos quais foram descritas seis espécies de anuros de trés
diferentes familias, além de observacgdes sobre a histéria natural de Bokermannohyla alvarengai
(Bokermann & Sazima 1973a, b, 1978; Sazima & Bokermann 1977, 1982). Contudo, esses
primeiros trabalhos foram descritivos, ainda que importantes para minimizar o déficit de
conhecimento Linneano no Espinhago (ver Hortal et al. 2015 sobre déficits da biodiversidade).

Heyer (1999) foi o primeiro autor a sugerir que a fragmentacdo natural da Serra do
Espinhaco, sua posigdo geogréfica entre a Caatinga, o Cerrado e a Mata Atlantica, além das
particularidades paisagisticas do campo rupestre, poderiam estar associados aos endemismos
de anuros da regido. Segundo o autor, diversas espécies de anuros restritas ao Espinhago seriam
possivelmente derivadas de ancestrais da Mata Atlantica, j& que géneros como Hylodes
(Hylodidae), Phasmahyla (Phyllomedusidae) e Thoropa (Cycloramphidae), por exemplo, séo

quase inteiramente endémicos desse dominio, com excecao das espécies disjuntas na Serra do
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Espinhaco. Heyer (1999) apontou que uma das explicacBes para esse fenbmeno é que poucas
espécies de anuros do Cerrado possuem adaptacdes para a reprodugdo e o desenvolvimento
em ambientes I6ticos, ao contrario do que se observa na Mata Atlantica. A Serra do
Espinhaco apresenta abundéancia desses corpos d’agua, o que ofereceu oportunidades para a
ocupacdo da regido pelos ancestrais florestais de muitas das espécies endémicas. Apesar disso,
espécies campestres de ambientes 1énticos como Leptodactylus camaquara e L. cunicularius
(Leptodactylidae), seriam derivadas de ancestrais do Cerrado (Heyer 1999). Por fim, o autor
indicou que todos os endemismos de anuros da Serra do Espinhaco eram a nivel especifico,
com excec¢do de Rupirana cardosoi (Fig. 5d), um género endémico da area, descrito naquele
mesmo trabalho. Como hipdteses alternativas, Heyer sugeriu que (i) esse género seria um
relicto biogeogréfico, (ii) estaria mais amplamente distribuido do que apenas no Espinhaco ou
(iii) representaria um erro de definicdo taxondmica. Mais de uma década depois, a primeira das
hipo6teses do Heyer (1999) foi corroborada por Fouquet e colaboradores (2013) e por Santos e
colaboradores (2020b). Esses achados evidenciam a importancia da posicao geografica da Serra
do Espinhaco e de sua historia evolutiva na diversificacdo da anurofauna endémica a ela.

Em anos subsequentes, além de trabalhos de taxonomia, alguns estudos de ecologia e
historia natural foram realizados pela pesquisadora Paula Eterovick e colaboradores. Nestes
estudos, os pesquisadores avaliaram como fatores abi6ticos (e.g., pardmetros temporais,
espaciais) e bioticos (e.g., predacdo e competicdo) influenciam a composicdo das assembleias
de anuros em diferentes regibes do Espinhaco, como o Quadrilatero Ferrifero (Kopp &
Eterovick 2006; Afonso & Eterovick 2007a, b) e o Espinhaco Mineiro (Eterovick & Fernandes
2001; Eterovick 2003; Oliveira & Eterovick 2009, 2010). O grupo de pesquisa também realizou
diversos estudos de histéria natural de espécies endémicas do Espinhaco, com abordagens que
foram desde biologia reprodutiva, demografia e desenvolvimento larval (Leite et al. 2008b,
Oliveira et al. 2012) até experimentos comportamentais envolvendo estratégias de defesa de
girinos e estudos de dieta (Gontijo et al. 2018, Kloh et al. 2018). O conhecimento da historia
natural dessas espécies tem fornecido informacdes para a conservacéo e a avaliagdo de impactos
antrépicos sobre as suas populacbes (Eterovick et al. 2015, Mascarenhas et al. 2016, Lima et
al. 2019).

Leite e colaboradores (2008a) compilaram os anfibios endémicos do Espinhaco e
identificaram 28 espécies com distribuicdo restrita ao complexo serrano. Alguns trabalhos com
escopo similar, mas restritos a areas especificas da Serra do Espinhaco, foram publicados

posteriormente, incluindo livros (Pimenta et al. 2014, Silveira et al. 2019, Eterovick et al. 2020)
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e recursos digitais (Leite et al. 2019a). O livro “Anfibios: Alvorada de Minas - Concei¢éo do
Mato Dentro - Dom Joaquim - Minas Gerais” contemplou 58 espécies com informagdes sobre
taxonomia, morfologia, habitos, reproducdo, vocalizacdo, girinos e conservacao,
além de chaves de identificacdo (Pimenta et al. 2014). J& o livro "Anfibios do Quadrilatero
Ferrifero (Minas Gerais)" apresentou uma lista comentada com fotos e mapas de ocorréncia de
92 espécies, com dados compiladas através de amostragens de campo, revisfes bibliograficas
e de colecdes cientificas (Silveira et al. 2019). Leite e colaboradores (2019a) disponibilizaram
ferramentas para a identificacdo das espécies, como chaves de identificacdo de adultos e girinos
(Pezzuti et al. 2019a, b), guias de vocalizacbes e mapas com a distribuicdo das espécies do
Quadrilatero Ferrifero (Leite et al. 2019a). O livro “Anfibios da Serra do Cipd, Minas
Gerais - Brasil” trouxe uma lista com 58 espécies da regido, bem como informacdes sobre
reproducdo, tipos de desovas e girinos, entre outras. Uma chave ilustrada para a identificacéo
dos anfibios anuros da Serra do Cip6 também foi apresentada (Eterovick et al. 2020). O numero
de espécies de anfibios descritas para a Cadeia do Espinhaco aumentou, seguindo a tendéncia
nacional e mundial de descri¢bes de novos taxons (Guerra et al. 2020, Moura & Jetz 2021).
Assim, a atualizacao do estado do conhecimento faz-se necessaria. Neste capitulo, os dados de
distribuicdo e biologia das espécies foram compilados por meio da literatura cientifica
publicada desde o levantamento previamente realizado por Leite e colaboradores (2008a).

Conhecimento taxondmico e padroes de distribuicao

Vinte novas espécies com distribuicdo restrita ao Espinhaco foram descritas apds o
estudo de Leite e colaboradores (2008a) [i.e., Boana botumirim (Caramaschi et al. 2009),
Bokermannohyla juiju Faivovich et al. 2009, Pleurodema alium Maciel & Nunes 2010 (Fig.
3b), Physalaemus orophilus Cassini et al. 2010, Bokermannohyla sagarana Leite et al. 2011,
Proceratophrys minuta Napoli et al. 2011, Bokermannohyla flavopicta Leite et al. 2012,
Nyctimantis galeata (Pombal et al. 2012), Proceratophrys redacta Teixeira et al. 2012,
Leptodactylus oreomantis Carvalho et al. 2013, Crossodactylodes itambe Barata et al. 2013,
Sphaenorhyncus canga Araujo-Vieira et al. 2015, Scinax montivagus Junca et al. 2015,
Odontophrynus Juquinha Rocha et al. 2017, Physalaemus claptoni Leal et al. 2020,
Pristimantis rupicola Taucce et al. 2020, Aplastodiscus heterophonicus Pinheiro et al. 2021,
Corythomantis botoque Marques et al. 2021, Leptodactylus avivoca Carvalho et al. 2021].
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Figura 3. Paisagem no Espinhago Mineiro, ao norte de Minas Gerais (A); Pleurodema
alium (B); Adulto (C) e girino (D) de Bokermannohyla alvarengai. Fotos: Tiago L. Pezzuti

Além disso, novos registros das espécies ja conhecidas foram acumulados ao longo de
mais de uma década desde a Ultima compilacéo. Trés espécies consideradas de distribui¢do
restrita ao Espinhaco perderam o status de endémicas. Baétae colaboradores (2009)
demonstraram que Pithecopus itacolomi, antes restrita ao Quadrilatero Ferrifero, € sinbnimo
junior de Pithecopus ayeaye e, portanto, deixou de ser endémica do Espinhaco, uma vez
que P. ayeaye também ocorre em outras regides serranas do sudeste brasileiro (Magalhdes et
al. 2017). Taucce e colaboradores (2012) ampliaram a distribuicdo geogréfica de Ischnocnema
izecksohni e Silva e colaboradores (2013) ampliaram a distribuicdo de Scinax tripui para fora
dos limites da Serra do Espinhaco, assim as espécies também deixaram de ser consideradas
endémicas da regido. Bokermannohyla nanuzae também poderia ser incluida no grupo das
espécies supracitadas, uma vez que foi sinonimizada a Bokermannohyla feioi, espécie
distribuida na Serra da Mantiqueira (Walker et al. 2015). Entretanto, apesar da sobreposicéo

morfolégica nas caracteristicas que diagnosticam as espécies (Walker et al. 2015), dados



34

moleculares indicam que Bokermannohyla nanuzae e B. feioi sdo espécies distintas (Taucce et
al. em preparacdo, Faivovich et al. em preparacdo). Sendo assim, nés mantivemos B. nanuzae

como espécie endémica do Espinhaco.

Figura 4. Paisagem na Serra do Cabral, Minas Gerais (A); Bokermannohyla saxicola (B);

Scinax cabralensis (C); e Thoropa megatympanum (D). Fotos: Tiago L. Pezzuti

Assim, dentre as 143 espécies de anuros registradas na Serra do Espinhaco [i.e., 130
spp. inventariadas por Leite (2012), 12 espécies endémicas descritas apds esse trabalho e uma
espécie descrita com ocorréncia no Espinhaco (Andrade et al. 2018)], 44 delas podem ser
consideradas endémicas da regido (Tabela 1), representando cerca de 31% da riqueza
total. As espécies endémicas da Serra do Espinhaco estéo distribuidas em 22 géneros alocados
em sete familias, sendo Hylidae a familia com o maior nimero de endémicas (20 espécies). A
segunda familia com mais representantes foi Leptodactylidae (12 espécies), seguida por
Odontophrynidae (5 espécies), Hylodidae (3 espécies), Phyllomedusidae (2 espécies),
Craugastoridae (2 espécies) e Cycloramphidae (1 espécie). Dentre as espécies endémicas,
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Scinax curicica é a uUnica amplamente distribuida nas trés porcbes da Serra do Espinhaco,
enquanto a maioria, esta restrita & apenas uma das porcées (Tabela 1).

Figura 5. Paisagem na Chapada Diamantina, Bahia (A); Pristimantis rupicola (B); Haddadus
aramunha (C); e Rupirana cardosoi (D). Fotos: A - Tiago L. Pezzuti; B, C, D - Leandro

Drummond
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Tabela 1. Anuros endémicos da Serra do Espinhaco. Distribui¢do: CD = Chapada Diamantina, EM =
Espinhaco Mineiro, QFe = Quadrilatero Ferrifero; ambiente reprodutivo: R = afloramento rochoso,
LA= lamina d’dgua em rocha umida, LP = lagoas, pogas e brejos permanentes, RP = riachos
permanentes, RT = riachos temporéarios, AT = alagadicos rasos temporarios, LT = lagoas, pogas e
brejos temporarios, BR = bromélias); e modo reprodutivo (sensu Haddad & Prado, 2005): ? =
desconhecido, 1 = ovos e girinos exotroficos em corpos d'agua Iénticos, 2 = ovos e girinos exotroficos
em corpos d'agua I6ticos, 3 = ovos e estagios larvais iniciais em cdmaras subaquéaticas construidas;
girinos exotroficos em riachos, 4 = ovos e estagios larvais iniciais em bacias naturais ou construidas;
apos a inundacao, girinos exotréficos em lagoas ou riachos, 5 = ovos e estagios larvais iniciais em
ninhos subterraneos construidos; ap6s a inundagédo, girinos exotréficos em lagoas ou riachos, 11 =
ninho de espuma flutuando em pocas; girinos exotréficos em pogas. 19 = ovos em rochas Umidas;
girinos exotréficos semiterrestres vivendo em lamina de agua, sobre rochas na interface agua-terra, 21
= ovos eclodindo em girinos endotréficos que completam seu desenvolvimento no ninho, 25 = ovos
eclodindo em girinos exotroficos que caem de folhas suspensas em corpos d'agua I6ticos, 26 = ovos
eclodindo em girinos exotroficos que se desenvolvem em cavidades cheias de agua em bromélias, 28
= ninho de espuma no solo Umido; apds a inundacdo, girinos exotroficos em pocas, 30 = ninho de
espuma com ovos e estagios larvais iniciais em ninhos subterrdneos construidos; apos a inundacéo,

girinos exotroficos em pogas.

Ambiente reprodutivo

Taxon Distribuicéo ) Matas de galeria e Modo
Area aberta florestas de Reprodutivo
encosta

Craugastoridae

Haddadus aramunha CD AR 23
Pristimantis rupicola CDh AR 23
Cycloramphidae

Thoropa megatympanum QFe, EM LA 19
Hylidae

Aplastodiscus heterophonicus EM LP, RP 5
Boana botumirim EM RP, LP 2
Boana cipoensis EM RP, LP 2
Bokermannohyla alvarengai QFe, EM RT 2
Bokermannohyla diamantina EM, CD AT 4
Bokermannohyla flavopicta CD RP RP 2
Bokermannohyla itapoty CD RP 2
Bokermannohyla juiju CD RT RP ?
Bokermannohyla martinsi QFe RP 2
Bokermannohyla nanuzae EM RP 2
Bokermannohyla oxente CD RP RP 2



Bokermannohyla sagarana
Bokermannohyla saxicola
Corythomantis botoque
Nyctimantis galeata
Scinax cabralensis

Scinax curicica

Scinax machadoi

Scinax montivagus
Sphaenorhynchus canga
Phyllomedusidae
Phasmahyla jandaia
Pithecopus megacephalus
Hylodidae

Crossodactylus trachystomus

Hylodes otavioi

Hylodes uai
Leptodactylidae
Crossodactylodes itambe
Leptodactylus avivoca
Leptodactylus camaquara
Leptodactylus oreomantis
Physalaemus claptoni
Physalaemus deimaticus
Physalaemus erythros
Physalaemus evangelistai
Physalaemus orophilus
Pleurodema alium
Pseudopaludicola mineira
Rupirana cardosoi
Odontophrynidae
Odontophrynus juquinha
Proceratophrys cururu
Proceratophrys minuta
Proceratophrys redacta

EM

QFe, EM

EM, CD
CD
EM

QFe, EM, CD

EM, CD
CD

QFe

QFe, EM
EM

QFe, EM
EM
QFe

EM
EM
QFe, EM
CD
EM
EM
QFe
QFe, EM
QFe, EM
EM, CD
EM
CD

EM, CD
EM
CD
CD

RT, RP
RP
RP

RP, LT
LT

LT, LP, RP, RT

RP

LT, LP, RP, RT

LP, LT

RT

BR
AT, RT
AT, RT
AT, RT

RT
RT
LT

LT
AT, LT

AT, RT, RP

LT
RT, RP

RT, RP

RP

LT, LP, RP, RT

RP

RP
RP
RP

LT

LP, LT

RP

NN N

1,2
1,2

25
25

26

30

28
28
28
11

I

N NN
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Apesar do aumento de estudos que resultaram em novas descricdes de espécies,
a anurofauna do Espinhaco ainda nédo é totalmente conhecida. O Brasil é o pais com o maior
potencial para futuras descobertas de espécies, incluindo de anfibios (Moura & Jetz 2021) e ha
indicios de que o Espinhaco pode ser uma regido de grande interesse e relevancia neste sentido.
Estudos apontaram a existéncia de espécies possivelmente novas e endémicas, que ainda
carecem de uma descricdo formal. Dentre estas, inclui-se duas espécies do género Ischnocnema
(Silveira et al. 2019), Aplastodiscus aff. arildae (Silveira et al. 2019), Scinax aff. machadoi
(Leite et al. 2019b), Proceratophrys sp. (Méangia et al. em preparacdo), Crossodactylodes sp.
(Santos et al. 2020b, 2021) e  trésespécies  com afinidade  a
Bokermannohyla saxicola (Nascimento et al. 2018).

Além da descricdo da morfologia dos anuros na fase adulta, dados bioacusticos e larvais
também fornecem importantes caracteres para a taxonomia destes animais (Grosjean 2005,
Kohler et al. 2017). Os girinos das espécies endémicas com desenvolvimento indireto sdo
relativamente bem conhecidos e apenas nove deles ndo foram descritos (i.e., Boana botumirim,
Bokermannohyla juiju, B. sagarana, Scinax cabralensis, Leptodactylus avivoca, Physalaemus
claptoni, P. deimaticus, Pleurodema alium e Proceratophrys redacta. Quanto
a bioacustica, apenas quatro espécies ndo tém o canto descrito (i.e., Boana cipoensis,
Bokermannohyla sagarana, Physalaemus deimaticus e Pleurodema alium).

Das 44 espécies endémicas, 14 estdo restritas ao Espinhaco Mineiro, 12 a Chapada
Diamantina e quatro ao Quadrilatero Ferrifero (Tabela 1; Fig. 6). Oito espécies sao
compartilhadas entre o Espinhaco Mineiro e o Quadrilatero Ferrifero e cinco entre o Espinhaco
Mineiro e a Chapada Diamantina (Tabela 1; Fig. 6). Apenas Scinax curicica ocorre nas trés
regides (Tabela 1; Fig. 6, desde o Quadrilatero Ferrifero até o sul da Chapada Diamantina, na

regido do Pico da Almas.
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Total = 44 espécies

Figura 6. Diagrama de Venn-Euler indicando a contagem de especies endémicas exclusivas e
compartilhadas em cada porcéo da Serra do Espinhaco, no leste do Brasil. Os nimeros centrais
nos circulos indicam a contagem de espécies exclusivas de cada area (CD = Chapada
Diamantina (azul), EM = Espinhaco Mineiro (vermelho), QFe = Quadrilatero Ferrifero (verde))
e 0s numeros nas intersecdes indicam a contagem de espécies endémicas compartilhadas por

cada regido delimitada

Com base nas localidades disponiveis na literatura e na Colecdo Herpetolégica do
Centro de Colegdes Taxondmicas da Universidade Federal de Minas Gerais (CCT-UFMG),
avaliamos a riqueza de endemismos ao longo da Serra do Espinhago. Para isto, sobrepusemos
a distribuicdo conhecida de todas as espécies endémicas em um Gnico mapa com resolucao
espacial de grade de célula 0,3° usando o software ArcGis™. As maiores riquezas de
endemismo estéo localizadas no sul do Espinhago Mineiro, em areas que correspondem a Serra
do Cipd, onde uma Unica quadricula pode abrigar até 20 espécies endémicas (Fig. 7). A regido
central da Chapada Diamantina apresenta endemismo intermediério, com diminuicdo em
direcdo ao norte da Bahia. O mesmo acontece com a regido central do Espinhaco Mineiro
(Botumirim), que apresenta valores moderados de riqueza de endemismo. Essa
riqueza diminui em direcéo ao norte de Minas Gerais, exceto pela regido de Rio Pardo de Minas
gue apresenta um alto valor para este indice (Fig. 7). A Serra do Cabral também apresenta
endemismo moderado. Diferencas no nimero de espécies endémicas podem estar relacionadas

ao menor esforco de amostragem realizado no norte do Espinhaco Mineiro e Chapada
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Diamantina em relacéo ao sul do Espinhaco Mineiro e Quadrilatero Ferrifero (Leite et al. 2012).

Entretanto, o maior endemismo no Espinhaco Mineiro pode ndo ser apenas um artefato

amostral, e estar relacionado com as afinidades geograficas desta area com a Mata Atlantica, a

regido com a anurofauna mais rica do pais (Rossa-Feres et al. 2017).
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Figura 7. Mapa de endemismo de anuros na Serra do Espinhago em quadriculas de 0.3° x 0.3°,

baseado nos pontos de ocorréncia das espécies. Altitudes a cima de 850 m em cinza escuro



41

Ecologia, comportamento e histéria natural

A diversidade de modos reprodutivos dos anuros esta relacionada a uma combinag&o de
aspectos ecologicos, comportamentais e morfofisiologicos das diferentes espécies, como: 1)
locais escolhidos para oviposicao (aquaticos, terrestres ou arboreos); 2) tipos de
desenvolvimento larval (indireto — com larvas exotréficas, ou direto — larvas endotrdéficas); 3)
tipos de corpos d’agua (Iénticos — brejos, pocas e lagoas; l6ticos — cOrregos e riachos); 4)
especificidades de micro-habitat em que as desovas sdo depositadas (e.g., cavidades
subterraneas, camaras subaquaticas, cavidades de plantas, rochas imidas); 5) caracteristicas do
ninho (e.g., ninhos de espumas ou bolhas); 6) presenca de cuidado parental, dentre outros
(Haddad & Prado 2005, Malagoli et al. 2021).

Os anuros endémicos da Serra do Espinhaco estdo presentes em areas abertas ou em
matas de galeria e florestas de encosta (Tabela 1). Nestes ambientes, eles apresentam pelo
menos 12 diferentes modos reprodutivos, sendo que para algumas das espécies ndo sdo
conhecidos aspectos reprodutivos que permitam a classificagdo segundo Haddad & Prado
(2005). Oito modos reprodutivos reportados para os anuros da Serra do Espinhago sdo tipicos
de linhagens da Mata Atlantica (modos 2, 3, 5, 19, 21, 25, 26, 28) e 0s demais podem ser
observados tanto em linhagens de areas abertas quanto florestais (modos 1, 4, 11, 30; Haddad
& Prado 2005). Apenas duas espécies (Haddadus aramunha e Pristimantis rupicola; Figs.
4b,c) apresentam desenvolvimento direto, ou seja, tém o estagio larval suprimido. Todas as
demais espécies necessitam de corpos d’agua para reproducéo (Tabela 1).

Uma alta diversidade funcional de anuros tem sido registrada para a Serra do
Espinhago também como reflexo da riqueza de ambientes reprodutivos e da diversidade
filogenética. Pezzuti e colaboradores (2019), estudaram a morfologia e aspectos ecoldgicos de
girinos de 67 espécies de anuros do Quadrilatero Ferrifero. Os girinos estudados representam
12 das 15 guildas ecomorfoldgicas de girinos exotroficos conhecidos para o mundo
(McDiarmid & Altig 1999). Essa diversidade € consideravelmente maior se comparada a fauna
de girinos em outras regides brasileiras, tanto da Mata Atlantica (Fatorelli et al. 2018, Dubeux
et al. 2020) quanto do Cerrado (Rossa-Feres & Nomura 2006).

Riachos e corregos sdo corpos d’agua abundantes no campo rupestre e diversas espécies
endémicas os utilizam para a reproducdo e desenvolvimento larval (Eterovick & Barata
2006, Pezzuti et al. 2019). O volume do riacho, o numero de predadores de girinos, a
diversidade de microhabitats e a cobertura relativa da vegetacdo arbOrea marginal sdo

caracteristicas importantes que determinam a composicao das assembleias larvais (Eterovick &
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Barata 2006). Diversas espécies utilizam pocos com baixo fluxo de agua nos riachos para
oviposicao e/ou para o desenvolvimento larval (Eterovick et al. 2020). Como este recurso é
limitado, € comum que os machos das espécies que os utilizam defendam esses territorios.
Fidelidade de habitats reprodutivos em ambientes Iéticos (Figs. 2a,8a,9a) foi reportada para
machos de B. alvarengai (Fig. 3c; Centeno et al. 2015b) e P. megacephalus (Fig. 8c; Oliveira
et al. 2012). Machos de B. alvarengai sdo maiores do que as fémeas, apresentam pre-polex e
membros anteriores hipertrofiados, ndo se agregam espacialmente, e muitos deles apresentam
cicatrizes de luta no dorso (Sazima & Bokermann 1977, Centeno et al. 2015b, Centeno et al.
2021), o que reforca a hipotese da territorialidade. Um padréo similar foi observado para B.
martinsi (Figs. 2b,c,d), além do relato de luta entre machos (Magalh&es et al. 2018). Portanto,
é possivel que a territorialidade seja um aspecto comportamental comum em espécies de riacho
do Espinhaco, ja que estes habitats sdo essenciais para a reproducdo de muitas das espécies
endémicas (Tabela 1).

Adaptacdes morfofisiologicas de anfibios as condigbes ambientais da Serra do
Espinhaco, como altos indices de radiagéo solar e condigdes extremas de calor e frio sdo pouco
conhecidas. Um estudo recente investigou a morfologia e aspectos bioquimicos das secrecdes
lipidicas da pele de B. alvarengai, espécie frequentemente encontrada repousando sob luz solar
por longos periodos do dia (Centeno et al. 2015a). Esse comportamento, que auxilia na
termorregulacdo da espécie, envolve mudancas na coloragdo da pele que auxiliam na refletancia
de luz (Eterovick et al. 2006; Centeno et al. 2015a). Além disso, uma camada extra-epidérmica,
formada por compostos lipidicos, sobre superficie dorsal do animal e dobras cutaneas bem
desenvolvidas na regido ventral e uma extensa hipervascularizagdo, podem desempenhar um
papel importante na prevencdo de perda excessiva e reabsorcdo de agua (Centeno et al.
2015a). Estratégias adaptativas similares parecem ser mais comuns em espécies que ocorrem
em regides relativamente altas (Vences et al., 2002). O comportamento de exposi¢do ao sol ja
foi relatado para outras espécies do género associadas a afloramentos rochosos (Brand&o et al.
2012) e, no Espinhago, também foi observado em B. sagarana (T.L. Pezzuti, observacéo
pessoal), 0 que sugere que a exposi¢do ao sol seja comum nas espécies rupicolas do género.

Estudos comportamentais com girinos de espécies endémicas do Espinhaco tém
demostrado o valor adaptativo dos padrdes de coloracdo em relacdo ao potencial criptico e
estratégias de defesa a predadores visualmente orientados. Girinos de B. alvarengai (Fig. 3d) e
S. machadoi, apresentam coloragdes disruptivas, pela presenca de manchas douradas e listras

que quebram o contorno do corpo, e ao se sentirem ameagados escolhem é&reas do riacho
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gque maximizam sua camuflagem ao substrato (Espanha et al. 2016, Eterovick et al. 2018).
Entretanto, tal comportamento ndo foi observado para girinos de outras espécies, como B.
martinsi (Fig. 2d) e B. saxicola (Fig. 4b; Espanha et al. 2016, Eterovick et al. 2018). Outros
fatores como a alta incidéncia solar ou sombreamento dos corpos d'dgua, podem estar
relacionados a selecdo dos padrdes de coloragdo, como os padrdes melénicos encontrados em
girinos de B. martinsi e B. nanuzae (Leite & Eterovick 2010), assim como hipotetizado para
algumas linhagens de areas montanhosas (Faivovich et al. 2013). Essas e outras correlacdes
entre uso de habitat e estratégias adaptativas de girinos de campos rupestres, como morfologias
especializadas a riachos de corredeiras e tipos de desenvolvimento em ambientes frios,

permanecem por ser investigados.

Figura 8. Ambiente de reproducgdo de anuros em Itacambira/MG, no Espinhaco Mineiro (A);
Scinax curicica (B); Adulto (C) e girino (D) de Pithecopus megacephalus. Fotos: Tiago L.

Pezzuti
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Evolucéo e biogeografia

Entre as 44 espécies endémicas da Serra do Espinhaco (Tabela 1), 26 j& foram incluidas
em analises filogenéticas amplas, que abrangeram a maioria das espéecies do grupo e que
apresentaram topologias solidas, bem resolvidas e com nds suportados. Apesar de poucos destes
trabalhos terem reconstruido a biogeografia dos grupos amostrais (Carvalho et al. 2021,
Vasconcellos et al. 2021), € possivel sugerir a origem das espécies endémicas, baseando-se na
distribuicdo geografica das espécies irmds, em cladogramas taxondmicos de areas (i.e.,
substituindo as espécies pelas areas onde elas ocorrem) e no mapeamento destas areas através
da parciménia. Note que aqui, n6s ndo pretendemos reconstruir a biogeografia das espécies
endémicas nem inferir as suas origens de maneira definitiva. O objetivo é apenas avaliar as
filogenias superficialmente e gerar hipdteses testaveis para posteriores investigacoes
biogeogréaficas. Desta maneira, foram identificadas quatro possiveis origens principais para
a anurofauna endémica do Espinhaco. Na primeira delas, os endémicos sdo espécies derivadas
que fazem parte de clados compostos majoritariamente ou exclusivamente por espécies da Mata
Atlantica. Estdo incluidos neste grupo Aplastodiscus heterophonicus (Pinheiro et al. 2021),
Crossodactylodes itambe (Santos et al. 2020a, b), Thoropa megatympanum (Fig. 4d; Sabbag et
al. 2018), Sphaenorhynchus canga (Araujo-Vieira et al. 2019), Physalaemus evangelistai
(Lourenco et al. 2015), Proceratophrys cururu (Magalh&es et al. 2020, Méangia et al., 2020) e
Phasmahyla jandaia (Faivovich et al. 2010). A origem de Pseudopaludicola mineira parece ser
o0 resultado da ocupacdo do Espinhaco por um ancestral de savanas do Cerrado (Veiga-
Menoncello 2014). Pleurodema alium, por sua vez, originou-se de um ancestral da Caatinga
(Faivovich et al. 2012, Thomé & Carstens 2016). Por fim, Rupirana cardosoi corresponde aum
género endémico originado in situ, sendo considerado um relicto biogeografico (Fouquet et al.
2013, Santos et al. 2020b).

Em alguns géneros, existem clados compostos exclusivamente por espécies endémicas
do campo rupestre, sejam elas restritas ao Espinhaco ou ndo. E o caso dos Physalaemus do
clado de P. deimaticus, um grupo monofilético que inclui P. claptoni, P. deimaticus, P. erythros
e P. rupestris, sendo os trés primeiros restritos ao Espinhaco e o ultimo endémico de disjuncdes
do campo rupestre no complexo serrano da Mantiqueira (Lourenco et al. 2015, Leal et al. 2020).
Outro exemplo inclui Boana botumirim e B. cipoensis, espécies irmés que compartilham um
ancestral do Cerrado e especiaram-se in situ (Vasconcellos et al. 2021). Como as duas espécies
habitam o campo rupestre lato sensu (Caramaschi et al. 2009, Eterovick et al. 2020), deduz-se

que o seu ancestral comum também habitava este tipo de ambiente no dominio. E possivel que a
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especiacdo in situ também tenha sido responsavel pela origem de Proceratophrys minuta e P.
redacta, um clado monofilético e endémico da Chapada Diamantina (Magalh&es et al. 2020,
Mangia et al. 2020).

Carvalho e colaboradores (2021) reconstruiram a filogenia e a biogeografia do clado de
Leptodactylus plaumanni, que possui nove espécies e inclui L. avivoca, L. camaquara
e L. oreomantis, endémicas da Serra do Espinhaco. Segundo os autores, o clado surgiu no
Espinhaco durante o Mioceno (~6,4 Ma; 95% HDP = 10,0-3,6 Ma), com L. camaquara sendo
o0 primeiro a divergir das demais espécies. Apesar das trés espécies ndo constituirem um clado,
a reconstrucdo das areas dos ancestrais de L. avivoca e L. oreomantis indicam que a linhagem
continuou se diversificando na Serra do Espinhaco concomitantemente a colonizacdo de novas
areas de montanha do Brasil, como a Serra da Mantiqueira, Chapada dos Veadeiros e Planalto
Central, assim como de areas baixas da Mata Atlantica (e.g., L. marambaiae, que ocorre em
restingas).

O clado das pererecas-macaco de altitude do género Pithecopus é composto por seis
espécies, sendo P. rohdei endémica da Mata Atlantica (Ramos et al. 2019), P. rusticus restrita
a campos naturais em areas altas da Serra Geral, em Santa Catarina (Bruschi et al. 2014) e P.
ayeaye, P. centralis, P. megacephalus e P. oreades endémicas do campo rupestre (Faivovich et
al. 2010, Magalhaes et al. 2017, Magalhdes et al. 2018, Ramos et al. 2018).
Pithecopus megacephalus, a Unica destas espécies endémica da Serra do Espinhaco (Tabela 1),
€ mais aparentada com a espécie de Mata Atlantica do que com as demais espécies rupicolas,
qgue formam um clado monofilético (Faivovich et al. 2010). Duas hip6teses biogeograficas
poderiam explicar este padrdo: (i) o clado possui um ancestral rupicola e linhagens derivadas
se expandiram para a Mata Atlantica e para os campos da Serra Geral ou (ii) a ocupacdo do
campo rupestre ocorreu através de dois eventos independentes, com um ancestral originario da
Mata Atlantica e as demais espécies originadas in situ. E notavel que, apesar de ndo serem
irmas, estas espécies de Pithecopus endémicas do campo rupestre apresentam uma série de
convergéncias, incluindo o padréo de coloracdo reticulado, 0 modo reprodutivo (sensu Haddad
& Prado 2005; Tabela 1) e sele¢do reprodutiva K ao invés de r, que é a mais comum nas outras
espécies do género (Faivovich et al. 2010, Oliveira 2017).

Corythomantis e Haddadus possuem origens biogeograficas ambiguas, ja que ambos
possuem apenas duas espécies descritas e que ocupam habitats distintos (Amaro et al. 2013,
Marques et al. 2021). Haddadus aramunha é endémica do campo rupestre na Chapada

Diamantina e é um dos Unicos craugastorideos que ocupam areas abertas, ja que a maioria do
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grupo habita florestas, incluindo a espécie irma H. binotatus (Cassimiro et al. 2008, Amaro et
al. 2013). Sendo assim, tanto um ancestral florestal quanto um campestre séo alternativas
igualmente parcimoniosas para a origem do género. Contudo, a distribuicdo majoritariamente
florestal da familia (Cassimiro et al. 2008) favorece a primeira hipdtese. Corythomantis
botoque € uma espécie recém descrita e endémica do Espinhaco Mineiro e Chapada
Diamantina (Marques et al 2021). A outra espécie do género, C. greeningi, possui ampla
distribuicdo na Caatinga e em areas de transicdo entre este dominio e o Cerrado (Silva et al.
2014, Marques et al. 2021). Assim como em Haddadus, a origem do ancestral de Corythomantis
na Caatinga ou no campo rupestre sdo hipéteses igualmente plausiveis.

Pode-se dizer também que ha incertezas biogeogréficas quanto a origem de Nyctimantis
galeata. A perereca faz parte de um género com sete espécies, a maioria delas florestais (Blotto
et al. 2021, Frost 2021). Apesar disso, ela integra um clado com uma espécie que se distribui
no Chaco e nos Pampas na Argentina, Paraguai e Uruguai (i.e., N. siemersi; Cajade et al. 2010,
Lajmanovich et al. 2012), uma na Amaz6nia Ocidental (i.e., N. rugiceps), duas espécies da
Mata Atlantica (i.e., N. bokermanni e N. pomba) e uma com distribuicdo em matas do Cerrado
(i.e., Nyctimantis sp., R.A. Brandao, informacao pessoal), sendo irma de um clado formado por
esta Gltima mais N. pomba (Blotto et al. 2021). Neste caso, é possivel que a linhagem ancestral
de N. galeata ocupasse o Espinhaco e tenha se expandido subsequentemente para o Cerrado e
a Mata Atlantica ou que ela tenha colonizado o campo rupestre a partir de um destes dominios.
Apesar de aspectos da historia natural de N. galeata serem pouco conhecidos, estudos recentes
apontam que a espécie apresenta preferéncia por areas abertas (Dias et al. 2020, Magalhaes et
al. 2021), caracteristica compartilhada, em parte, apenas com N. siemersi (Lajmanovich et al.
2012).

Odontophrynus juquinha é irma de uma espécie nao descrita, afim de O. americanus,
distribuida em areas altas da Serra da Mantiqueira (Rosset et al. 2021). Estes dois sapos
compdem um clado que inclui taxons majoritariamente distribuidos em areas abertas
subtropicais da América do Sul (Rosset et al. 2006). Este padrdo de relacionamento entre a
Serra do Espinhaco e dominios subtropicias, como os Pampas ou o Chaco, j& foi observado para
linhagens de Scinax pinimus (Baldo et al. 2019) e S. squalirostris (Abreu-Jardim et al. 2021).
Contudo, ndo se sabe quais processos resultaram na ocupacdo destes ambientes por estas
espécies.

Pristimantis rupicola representa um enigma biogeografico. A espécie é irma de P.

gaigei, uma ra-de-folhico distribuida em florestas tropicais da Costa Rica, Panaméa e Colémbia
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(Taucce et al. 2020, Frost 2021). A Unica outra espécie rupestre do género, P. hoogmoedi, ndo
parece proximamente relacionada a P. rupicola, assim como as outras espécies que habitam o
Brasil (Taucce et al. 2020). Portanto, entender a ocupacdo da Serra do Espinhaco por P.
rupicola é essencial para a elucidacdo das origens e dos processos que resultaram na
diversificacdo da anurofauna endémica da regiéo.

Bokermannohyla é um género composto por 30 espécies (Frost 2021), sendo 0 mais
diversificado da Serra do Espinhaco, com 10 espécies endémicas (Tabela 1). Curiosamente, 0
relacionamento filogenético destas espécies ainda ndo foi testado, mas € possivel que a regido
seja um centro de diversificacdo para o género. Os representantes da familia Hylodidae
endémicos do Espinhaco (Tabela 1) também ndo foram incluidos em filogenias abrangentes. A
despeito disto, como a maioria dos membros desta familia sdo encontrados na Mata Atlantica
(Frost 2021), é provavel que os ancestrais de Crossodactylus trachystomus, Hylodes uai e H.
otavioi sejam originarios deste dominio (Heyer 1999). Além dessas espécies, 0 posicionamento
filogenético de Physalaemus orophilus, Scinax cabralensis (Fig. 4c), S. curicica (Fig. 8b), S.
machadoi e S. montivagus também nédo foram avaliados.

A origem dos anuros endémicos ndo foi concomitante ao surgimento da Serra do
Espinhago. A regido tem origem Pré-Cambrianae atualmente experimenta estabilidade
geoldgica (Silveira et al. 2016). Poucos estudos investigaram o tempo de diversificacdo das
espécies endémicas, entretanto, estes estimaram datas relativamente recentes, entre o Mioceno
e o Pleistoceno (e.g., Sabbag et al. 2018, Santos et al. 2020b, Carvalho et al. 2021, Oliveira et
al. 2021). O numero de estudos filogeograficos tem crescido nos ultimos anos (e.g., Ramos et
al. 2018, Oliveira et al. 2021, Magalh&es et al. 2021). Apesar disso, eles ainda sdo escassos e
faltam muitas evidéncias para a melhoria do entendimento dos processos de diversificacdo que
levaram ao elevado numero de endemismos na Serra do Espinhaco (Miola et al. 2021).
Processos distintos e independentes tém sido relatados como importantes para a diversificacao
e evolucgéo da anurofauna do Espinhaco, sugerindo diferentes pulsos de diversificagdo ao longo
da historia. A colonizagéo de novas areas, por exemplo, foi o principal processo evocado para
explicar a distribuicdo geografica atual da diversidade genética de Bokermannohyla alvarengai
(Oliveira et al. 2021). Ja a fragmentacdo, um importante processo para a evolugédo de diversas
especies de plantas (Silveira et al. 2020), também estd envolvida na diversificacdo de
Crossodactylodes itambe e Rupirana cardosoi (Santos et al. 2020b). Por outro lado, o fluxo

génico, entre diferentes linhagens ou com espécies nao endémicas, também parece influenciar a
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diversidade atual, tendo sido identificado entre Pleurodema alium e P. diplolister (Thome et al.
2016) e entre Pithecopus megacephalus e P. ayeaye (Magalhé&es et al. 2021).

Embora os processos envolvidos na diversificagdo e 0s eventos cladogenicos
aparentemente ndo serem coincidentes entre as diferentes espécies endémicas, alguns padrdes
espaciais tém sido recuperados em trabalhos filogeogréficos recentes (e.g., Nascimento et al.
2018, Ramos et al. 2018, Sabbag et al. 2018, Oliveira et al. 2021). A mais recorrente dessas
quebras filogeogréaficas é a depressdo entre o planalto de Diamantina e a Serra de Itacambira
(16S e 42W), no Espinhaco Mineiro, conhecida como Depresséo de Couto de Magalhées (Fig.
1; Saadi, 1995). Esta barreira foi observada em Pithecopus megacephalus e em
Thoropa megatympanum (Ramos et al., 2018; Sabbag et al., 2018). Apesar de Bokermannohyla
saxicola e B. alvarengai apresentarem estruturacdo nesta mesma regido, a localizacdo exata da
barreira ndo é idéntica entre estas espécies (Nascimento et al. 2018, Oliveira et al. 2021).
Aspectos bioldgicos e historia natural das espécies podem estar relacionados com essas
diferengas, mas a regido e as espécies devem ser melhor investigadas para entendermos a
evolucdo no local.

As areas baixas entre a Serra do Cabral e o espigdo central do Espinhaco Mineiro (Fig.
1), podem ter atuado como uma barreira continua entre diferentes populagdes e espécies. Ela
parece ser um importante limite para a distribuicdo de algumas espécies de anuros ao longo do
Espinhaco. Bokermannohyla sagarana e Scinax cabralensis, por exemplo, estdo restritas a
Serra do Cabral, enquanto B. alvarengai, ndo ocorre nesta serra (Oliveira et al. 2021). Apesar
de outras espécies, como B. saxicola e T. megatympanum, estarem amplamente distribuidas na
Serra do Cabral e no espigdo central do Espinhago Mineiro, elas apresentam estruturacdo
genética entre essas areas (Sabbag 2013, Nascimento et al. 2018).

Conservacao

Os anfibios séo espécies indicadoras e sensiveis as mudangas ambientais (Hopkins
2007). Suas estratégias de reproducdo, comportamento e fisiologia os tornam vulneraveis a
diversas ameacadas nos diferentes estagios de vida (Bolochio et al. 2020). Como consequéncia,
aproximadamente 41% das espécies de anfibios do mundo estdo sob algum grau de ameaca
(IUCN 2021a). Na cadeia do Espinhaco, entre as espécies endémicas apenas Crossodactylodes
itambe e Bokermannohyla sagarana estéo categorizadas em algum nivel de ameaca de extin¢éo
(Tabela 2; IUCN 2021b). Outras trés, B. martinsi, H. otavioi e N. galeata, estdo categorizadas

como quase ameacadas (Tabela 2; IUCN 2021b). Um dos possiveis motivos para a baixa taxa
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de espécies ameacadas € que a Serra do Espinhagco possui uma ampla rede de unidades de
conservacdo (UCs) de protecdo integral (categorias I-1V da IUCN; Brasil 2000), tais como
parques nacionais e estaduais, monumentos naturais e estacdes ecoldgicas.

A perda e fragmentacdo de habitat sdo as principais ameagcas a distribuicdo e persisténcia
de anfibios (Baillie 2004). As ameagcas a integridade e qualidade dos habitats e persisténcia dos
anuros endémicos da cadeia do Espinhago podem variar em fonte e intensidade, de acordo com
particularidades dos locais em que estdo distribuidos. O campo rupestre sofre grande presséo
de atividades como a mineracéo, silvicultura, agricultura e urbanizacdo (Fernandes et al. 2018),
atividades prejudiciais a qualidade de habitats dos anuros ali distribuidos. A Serra do Cabral,
por exemplo, sofre intenso uso do solo para cultivo de Eucalyptus e Pinus. Mesmo com o
Parque Estadual na regido, estas atividades estdo alterando de maneira significativa as paisagens
e foram identificadas como as principais ameacas as populacdes de B. sagarana (Leite et al.
2011). De maneira similar, as atividades antrdpicas na Serra do Cabral podem estar ameacgando
as demais espécies distribuidas na é&rea, incluindo a diversidade genética de espécies
distribuidas em outras regifes do Espinhaco (e.g., Sabbag 2013, Nascimento et al. 2018) e
outras restritas, como Scinax cabralensis (Drummond et al. 2007). Espécies fitotelmatas, como
Crossodactylodes itambe, sofrem ameacas adicionais a extensdo e qualidade do seu habitat a
medida que as plantas as quais elas estdo associadas (i.e, bromélias) sofrem impactos naturais
ou antropicos isolados. O fogo e a remocdo seletiva de plantas com valor comercial podem
dizimar os microhabitats onde a espécie vive e se reproduz (Barata et al. 2013, Santos et al.
2020a). Apesar do fogo ser apontado como uma ameaca para algumas espécies de anuros do
campo rupestre, Drummond e colaboradores (2018), ao analisaram uma area do Parque
Estadual do Itacolomi, encontraram um aumento na riqueza total da assembleia de anuros ap6s
um evento de incéndio. Os autores sugerem que espécies generalistas ocuparam as areas pos-
gueimada e que a heterogeneidade do campo rupestre pode proporcionar diferentes ambientes
para os anuros locais se protegerem dos incéndios (Drummond et al. 2018). Entretanto, esta é
uma observagao pontual e 0 mesmo pode nédo se aplicar para espécies ndo generalistas, e outros
locais e assembleias da Serra do Espinhago.

Paisagens de beleza cénica e riachos encachoeirados distribuidos ao longo da Cadeia do
Espinhaco atraem inumeras pessoas anualmente. Entretanto, o turismo desordenado e
desregulado pode impactar negativamente os habitats de espécies do campo rupestre, como
identificado para Bokermannohyla juiju (Taucce et al. 2015) e B. flavopicta (Fig. 9b; Leite et

al. 2012). O fungo quitrideo [Batrachochytrium dendrobatidis (Bd)], responsavel por causar
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grandes declinios em populacfes de anuros ao redor do globo (Berger et al. 2016), soma-se a
lista de ameacas identificados aos anuros endémicos do Espinhago. Amorim e colaboradores
(2019) encontraram amostras positivas para o fungo na Chapada Diamantina, em Rhinella
rubescens e em girino de uma Bokermannohyla nao identificada. Contudo, pouco se sabe sobre
a distribuicdo do Bd ao longo da cadeia e como ele estd afetando as espécies endémicas.
Somada a essas ameacas diretas, as mudancas climaticas poderdo ter um papel crucial para
perda do campo rupestre até 2070, com uma estimativa de retracdo de 68% das areas atuais
climaticamente adequadas para o ecossistema (Fernandes et al. 2018), causando fragmentacao
e perda do habitat dos anuros endémicos da cadeia do Espinhago.

Espécies com distribuicdo restrita sdo mais vulnerdveis a acbes antropicas e naturais
adversas (Sodhi et al. 2008, Gonzéalez-del-Pliego 2019), e por isso, acdes de conservacdo sdo
necessarias. Diante da diversidade da herpetofauna, lacunas de conhecimento e elevada ameaca,
um Plano de Ac¢do Nacional (PAN para a conservacdo dos répteis e anfibios ameacados de
extingdo na Serra do Espinhago) foi proposto em 2012 para aumentar o conhecimento sobre
espécies-alvo e minimizar o efeito das acfes antrdopicas sobre elas (ICMBio 2012). O primeiro
ciclo do PAN Herpetofauna do Espinhaco Mineiro se encerrou em 2017 com 55% das acOes
concluidas, assim, em 2018, foi aprovado um segundo ciclo, com o objetivo de implementar
medidas que favorecam a conservacgdo das espécies e de seus habitats (ICMBio 2018).

Uma das maneiras de minimizar as ameacas e garantir a conservacao da biodiversidade
tem sido a criacdo de UCs. Ao todo, 32 UCs de Protecdo Integral estdo distribuidas ao longo da
Serra do Espinhaco (considerando um limite altitudinal acima de 800 m), sendo 4 federais e 28
estaduais (MMA 2021a). A porcéo do Espinhaco em Minas Gerais (i.e., Espinhago Mineiro e
Quadrilatero Ferrifero) conta com trés UCs federais e 23 estaduais, enquanto a por¢éo na Bahia
conta com apenas uma UC federal e cinco estaduais (Tabela 2). Diante do conjunto de UCs da
Cadeia do Espinhaco, mosaicos foram propostos com o objetivo de criar uma gestao integrada
entre gestores das UCs e populacdo local, para compatibilizar, integrar e otimizar atividades
desenvolvidas nas UCs, pensando na manutencdo da biodiversidade, da sociodiversidade e
desenvolvimento sustentavel regional (MMA 2021b). Trés mosaicos foram reconhecidos pelo
Ministério do Meio Ambiente para a area da Cadeia do Espinhago: O Mosaico do Espinhago —
Alto Jequitinhonha — Serra do Cabral pela portaria n° 444 (MMA 2010); o Mosaico da Serra
do Cip0 pela portaria n° 368 (MMA 2018a) e Mosaico da Serra do Espinhaco — Quadrilatero
Ferrifero, através da portaria n° 473 (MMA 2018b). Apesar do alto niumero de UCs, poucas

espécies foram avaliadas quanto a distribuicdo em seus limites (e.g., Barata et al. 2016, Ramos
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etal. 2018). Entre as espécies restritas a cadeia do Espinhaco, apenas seis ndo foram amostradas
em nenhuma UC de protecdo integral, enquanto 10 espécies foram amostradas em apenas uma
(Tabela 2). Contudo, a presenca em UCs ndo garante, isoladamente, a protecdo efetiva das
espécies que nelas ocorrem, especialmente em areas nao florestais como o campo rupestre
(Francoso et al. 2015, Geldmann et al. 2019). A atividade mineradora, por exemplo, esta
presente em vérias &reas-chave para a conservagdo da biodiversidade e UCs do Espinhaco,
contaminando corpos d’agua cronicamente atraves da deposicdo continuada de rejeitos
(Kamino et al. 2020).

Pesquisas centradas na conservacao de espécies endémicas de anfibios do Espinhaco
tém emergido nos Udltimos anos, incluindo investigacdes sobre genética da conservagdo
(Eterovick et al. 2016, Ramos et al. 2018) e efeitos de estressores ambientais sobre a ontogenia

de adultos e girinos (Eterovick et al. 2016, Lima et al. 2019), mas ainda sdo escassos.

Figura 9. Ambiente de reproducdo na Chapada Diamantina, Bahia (A); Bokermannohyla
flavopicta (B); B. itapoty (C); desova de Bokermannohyla. Fotos: A, B: Leandro Drummond,;
C, D: Tiago L. Pezzuti
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Tabela 2. Espécies endémicas, categorias de ameaga nas ultimas avaliacdes da IUCN (2021) e Brasileira
(MMA 2014), e ocorréncia dentro de Unidades de Conservacdo de protecdo integral. Categorias de
ameaca: LC = Menos preocupante, NE = N&do avaliada, NT = Quase ameacada, EN = Em perigo, CR =
Criticamente em perigo, DD = Dados deficientes. Unidades de Conservacdo: 1 — Parque Nacional
(PARNA) da Serra do Gandarela, 2 — PARNA da Serra do Cipd, 3 — PARNA das Sempre-Vivas, 4 —
PARNA da Chapada Diamantina; MG: 1 — Parque Estadual (PE) da Serra do Ouro Branco, 2 —
Monumento Natural Estadual (MONA) do Itatiaia, 3 — PE do Itacolomi, 4 — Estacdo Ecoldgica (EE) do
Tripui, 5— MONA da Serra da Moeda, 6 — EE de Arédes, 7 — EE dos Fechos, 8 — PE da Serra do Rola
Moca, 9 — EE do Cercadinho, 10 — PE do Limoeiro, 11 — PE da Serra do Intendente, 12 — MONA da
Varzea do Lageado, 13 — PE do Pico do Itambé, 14 — PE do Rio Preto, 15 — PE Biribiri, 16 — PE da
Serra do Cabral, 17 — PE da Serra Negra, 18 — PE de Botumirim, 19 — EE de Acaud, 20 — PE de Gréo
Mogol, 21 — PE de Serra Nova e Talhado, 22 — PE de Montezuma, 23 - EE Mata dos Ausentes; BA: 24
— PE do Morro do Chapéu, 25 — PE das Sete Passagens, 26 — MONA da Cachoeira do Ferro Doido, 27
— PE Caminho das Gerais, 28 — PE da Serra dos Montes Altos.

Lista Vermelha Presenca em UC Integral
Taxon IUCN Brasil
Federal Estadual
2021 2014
Craugastoridae
Haddadus aramunha LC NE 4 25
Pristimantis rupicola NE NE - -

Cycloramphidae
11, 13, 14, 16, 17,

Thoropa megatympanum LC NE 2,3 18, 20, 21
Hylidae
Aplastodiscus heterophonicus NE NE - -
Boana botumirim LC NE 3 13,14 16, 18, 21
Boana cipoensis LC NE 2 11
Bokermannohyla alvarengai LC NE 1,2,3 1,11,13,14,18, 20,
21,27
Bokermannohyla diamantina LC DD - 21,28
Bokermannohyla flavopicta LC NE - -
Bokermannohyla itapoty LC NE 4 -
Bokermannohyla juiju LC DD 4 -
Bokermannohyla martinsi NT NT 1 1,2,3,5
Bokermannohyla nanuzae LC NE 2,3 11, 13, 14, 17

Bokermannohyla oxente LC NE 4 25



Bokermannohyla sagarana
Bokermannohyla saxicola

Corythomantis botoque
Nyctimantis galeata
Scinax cabralensis

Scinax curicica
Scinax machadoi

Scinax montivagus
Sphaenorhynchus canga
Phyllomedusidae
Phasmahyla jandaia
Pithecopus megacephalus
Hylodidae

Crossodactylus trachystomus

Hylodes otavioi

Hylodes uai
Leptodactylidae
Crossodactylodes itambe
Leptodactylus avivoca
Leptodactylus camaquara
Leptodactylus oreomantis
Physalaemus claptoni
Physalaemus deimaticus
Physalaemus erythros
Physalaemus evangelistai
Physalaemus orophilus
Pleurodema alium
Pseudopaludicola mineira
Rupirana cardosoi
Odontophrynidae
Odontophrynus jugquinha
Proceratophrys cururu
Proceratophrys minuta

Proceratophrys redacta

EN

LC

NE
NT
LC
LC

LC

NE
LC

LC
LC

LC
NT
LC

CR
NE
LC
LC
DD
LC
LC
LC
LC
LC
LC
LC

LC
LC
LC
LC

NE

NE

NE
NE
DD
NE

NE

NE
NE

NE
NE

NE
DD
NE

DD
NE
NE
NE
NE
DD
DD
NE
NE
NE
NE
NE

NE
NE
NE
NE

2,3

2,3

16
11, 13, 14, 15, 16,
17,18, 19, 20, 21

16

26

16
1,2,3,11,13,14
11, 13, 14, 16, 17,

18, 20, 21
25, 26

1
11, 14,18, 20, 21

1,13,14,21
11
3

13
21
11, 13, 14, 18, 20, 21

13
3
1,3,11,14
10, 11, 13
11, 13, 14,16
24, 26

11,18, 21
11, 13, 14
25
24, 26
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Concluséo

A Serra do Espinhago é considerada um laboratério natural para pesquisas de ecologia
e evolucdo (Silveiraetal. 2016, Miola et al. 2021). Apesar disto, 0 conhecimento sobre aspectos
bioldgicos das espécies de anuros endémicas da area ainda é escasso. Muitos dos estudos sobre
ecologia, evolucdo, biogeografia e conservacdo sdo incipientes, revelando a necessidade e
oportunidades de investigaces cientificas. Ainda ndo existem estudos sobre os efeitos de
gradientes ambientais (e.g., altitudinais e latitudinais) sobre a diversidade de anfibios da regido,
por exemplo. Também ha uma grande caréncia de pesquisas sobre adaptacfes das espécies
endémicas as condi¢des ambientais do campo rupestre (Miola et al. 2021). A falta de dados
basicos da biologia das espécies endémicas bem como espécies endémicas ndo descritas sdo
um fator preocupante para a conservacdo e manutencao da fauna local. Com este capitulo nés
ressaltamos a importancia de compilacGes periodicas para atualizacdo do estado do
conhecimento das espécies endémicas da Serra do Espinhaco, e esperamos facilitar e incentivar

a realizacéo de novos estudos na regiéo.
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Colonization rather than fragmentation explains the geographic distribution and

diversification of treefrogs endemic to Brazilian shield sky islands
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Abstract

Aim: Geographical patterns of montane biodiversity worldwide are related to biotic and abiotic
factors, such as historical climate dynamics and species dispersal capabilities, which affect the
biota from population to community levels. Understanding of processes related to population
diversification in extra-Andean Neotropical mountains remains largely unknown. Here, we tested
how colonization of new areas as opposed to fragmentation of geographical ranges influenced
the distribution and diversification of frogs from Brazilian mountains.

Location: Espinhaco Range, the largest extra-Andean mountain range in South

America.

Taxon: Ledge treefrog Bokermannohyla saxicola.

Methods: We used multilocus DNA and morphometric data throughout the species' distribution
to delimit lineages, infer phylogenetic relationships and estimate divergence times. We used
ecological niche modelling (ENM) and approximate Bayesian computation (ABC) to reconstruct
changes of geographical distribution and population sizes for testing alternative hypotheses of
diversification concerning fragmentation and colonization.

Results: We found four evolutionary significant lineages that diverged from the Pliocene to the
Early Pleistocene. All lineages were validated by DNA and morphometric data by independent
and joint analyses. ENM showed that climatic fluctuations might have influenced the species'
distribution, whereas ABC model selection further supports associated demographic changes.
Taken together, a Pleistocene jump-dispersal scenario best explains the diversification of the
Bokermannohyla saxicola lineages.

Main conclusions: Endemism in the Espinhaco Range is usually explained by ancient
diversification, associated with long-term isolation of climatic stable areas following climate-
driven habitat fragmentation. Our results challenge this general view, indicating recent
diversification, habitat expansion and colonization of new areas as important processes
explaining the current distribution and genetic diversity of B. saxicola.

KEYWORDS

Approximate Bayesian computation, Bokermannohyla saxicola, campo rupestre, ecological
niche modelling, Espinhaco Range, flickering connectivity system, OCBIL, species
delimitation

Introduction
Mountains host exceptional biodiversity (Korner et al., 2017). They make up to

approximately a quarter of the Earth's land area, but hold about 87% of the world's vertebrate
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species, many of which present endemic distributions (Rahbek et al., 2019). Geographical
patterns of diversity in these areas are related to several biotic and abiotic factors, such as
topographic heterogeneity, geological dynamics, historical climate changes, dispersion
capacities and species interactions (Antonelli et al., 2018; Sandel et al., 2011; Wisz et al., 2013).
Despite numerous recent studies (Flantua et al., 2019; Kok et al., 2018; Muellner-Riehl et al.,
2019), the understanding of processes related to the diversification of mountain biotas remains
largely unknown (Perrigo et al., 2020; Rahbek et al., 2019).

Models to explain patterns of diversification in mountains have recently emerged.
Among these, two deserve attention concerning mountains: the ‘flickering connectivity system’
(FCS; (Flantua & Hooghiemstra, 2018) and the ‘old, climatically buffered, infertile landscapes’
theory (OCBILs; (Hopper, 2009; Hopper et al., 2016). The FCS postulates that altitudinal
changes in climate during the Pleistocene may have influenced alpine diversification through
fragmentation of geographical distributions, intermixing between formerly isolated biotas,
colonization of new areas, and hybridization between previously allopatric populations and
species (Flantua et al., 2019; Flantua & Hooghiemstra, 2018). On the other hand, the OCBILs
posit that some environments (including mountains) are so ancient and climatically stable that
Pleistocene climate changes had little or no influence on the diversification of their biotas
(Hopper, 2009). In this case, diversification would be explained by long-term population
isolation and adaptation to local conditions and specific microhabitats (Hopper, 2009; Hopper
etal., 2016). In short, while OCBILSs predict old biotas in ancient and stable environments, FCS
proposes biotas reacting to Pleistocene environmental shifts. This dichotomy between young
and old diversification is a consuetude discussion in literature, and evidence indicates that both
may contribute to the formation of current Neotropical montane biotas (Rull, 2011; Turchetto-
Zolet et al., 2013).

The Espinhaco Range (ER) is a mountain belt in eastern Brazil that extends over 1200
km in the South—North direction, Minas Gerais (MG) to Bahia (BA) states (latitudes 20S and
11S; Figure 1), and is the largest mountain range in South America after the Andes (Fernandes
et al., 2014; Guedes et al., 2020). Its formation dates to the Precambrian, about 640 Ma, and it
now experiences long-term geological stability (Alkmin, 2012; Saadi, 1995), currently
separating the Cerrado, Caatinga and Atlantic Forest dominions. The ER is divided latitudinally
in two main provinces: Chapada Diamantina and Southern Espinhaco (SE; Colli-Silva et al.,
2019). The SE is also divided into several isolated mountains all the way to Quadrilatero

Ferrifero at its southern end (Colli-Silva et al., 2019). The ER is home to an outstanding
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diversity of animals, plants and fungi, with several endemic species (Salazar et al., 2019; Santos
et al., 2020).

The predominant montane ecosystem (occurring mostly over 900 m above sea level)
consists of the campo rupestre, assumed as an OCBIL and defined as grassy-shrubby vegetation
mosaics associated with rock outcrops (i.e. quartzite, arenite or ironstone), white sands, stony
soils and/or seasonally flooded areas (Miola et al., 2021; Silveira et al., 2016). Campo rupestre
is distributed as a sky islands system, where elevated areas are separated by ‘seas’ of lowlands
with distinct environments (Silveira et al., 2016). Most plants and animals endemic to the ER
are associated with campo rupestre ecosystem (Guedes et al., 2020).

Despite the growing interest in ecology and evolution of the ER biota in recent years (Silveira
et al., 2016, 2020), little is known about the processes involved in its diversification, especially
for animals (Miola et al., 2021). For anurans, the ER houses more than 160 species, of which
30% are endemic (Leite, 2012) and often associated with campo rupestre (Leite, 2012; Leite et
al., 2008). Only seven studies have examined the evolutionary history of these endemics at the
phylogeographical level (Carvalho et al., 2021; de Oliveira et al., 2021; Magalhées et al., 2021,
Nascimento et al., 2018; Ramos et al., 2018; Thomé et al., 2016; Thomé & Carstens, 2016).
One of these investigations focused on the mitochondrial phylogeography of the ledge treefrog
Bokermannohyla saxicola (Bokermann, 1964) (Nascimento et al., 2018), a species associated
with permanent rocky streams (Eterovick & Brandédo, 2001). Nascimento et al. (2018) found
that the species may constitute a complex of four allopatric lineages, possibly undescribed
species, whose cladogenetic events occurred since the Miocene Period. Because of the
timeframe, Nascimento et al. (2018) also hypothesized that past vicariance caused by warming
climate events since the Late Pliocene isolated these lineages on mountain tops, thus following
the rationale expected for OCBIL-associated diversification.

Recent research has shown that the Pleistocene climate dynamics' influence on the ER
biota diversification may be more widespread than expected by the OCBIL theory (de Oliveira
etal., 2021; Magalhdes et al., 2021; VVasconcelos et al., 2020). Given that (i) species delimitation
based solely on one genetic marker can be misleading (Camargo & Sites, 2013; Knowles &
Carstens, 2007), (ii) mtDNA-based molecular dating tends to overestimate divergence times in
phylogeny reconstruction (McCormack et al., 2011; Smith et al., 2013), and (iii) the descriptive
nature of the work of Nascimento et al. (2018), it is necessary to add data under a question-
driven framework to formally test theirs and other diversification hypotheses in B. saxicola. By

adding morphometric data, six nuclear markers and a rigorous statistical framework, we here
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tested the hypothesis of multiple species under the B. saxicola name and addressed multiple
diversification hypotheses in which Pleistocene climate changes (FCS model),
palaeogeographical stability since Neogene (as expected by OCBIL theory), or both, influenced

genetic divergence and demographic history in this taxon.

Material and Methods
Sampling strategy
Genetic data

The samples in this study were those used by Nascimento et al. (2018), plus new samples
for an additional population (Turmalina/MG, number 8 in Figure 1c; Table S1), thus covering
the entire known distribution of the species. We sub-sampled 50 individuals representing all
populations for which we sequenced six additional nuclear DNA markers (hDNA,; Table S1).
The nDNA loci were fragments of the following genes: intron 7 of the Beta-fibrinogen (f-fib);
Beta-crystallin (5-cry), Disulphide Isomerase A6 Precursor, intron 6 (DIA6); Protooncogene
cellular myelotomatosis (c-myc); Proopiomelanocortin A (POMC); SWI/SNF related, matrix
associated, actin-dependent regulator of chromatin, subfamily b, member 1 (SmarcB1) (Table
S2). We sampled one individual of Bokermannohyla nanuzae as outgroup due to phylogenetic
proximity (J. Faivovich, pers. comm.). Details of laboratory procedures are available in
Appendix S1.

We assembled, checked and edited sequence fluorograms in SeqScape 2.6 software
(Applied Biosystems™). We aligned edited sequences using Muscle (Edgar, 2004) as
implemented in AliView 1.26 (Larsson, 2014) under default parameters. We phased
heterozygous nuclear sequences using PHASE 2.1.1 (Stephens et al., 2001) under a threshold
of 0.7 posterior probability (PP). For insertions/deletions in DIA6, we phased sequences in the
Indelligent 1.2 web tool (Dmitriev & Rakitov, 2008a, 2008b).

Morphometric data

We examined 469 adults and 133 tadpoles' specimens from 32 locations representing
the known species' distribution (Figure 1c). Specimens are housed in the Herpetological
collection of Centro de Colec¢bes Taxondémicas—Universidade Federal de Minas Gerais (CCT-
UFMG,; Table S1). For adults, we determined sex according to external characters and took 21
body measurements (Table S3) using a digital calliper with an accuracy of 0.01 mm. For

tadpoles (stages of development between 25 and 40; (Gosner, 1960), we obtained 24 body
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measurements (Table S4) from photos with Image) 1.53a (Schneider et al., 2012). We
photographed the individuals using an adjustable platform to support tadpoles immersed in
water (Schacht & McBrayer, 2009) and a Canon® EOS 60D Digital camera with a 60 mm lens.

Testing for multiple species
Exploring genetic structure

Considering the premises of coalescent-based analyses, we conducted a ¢-test for
recombination in SplitsTree 4.14.8 (Bruen et al., 2006; Huson & Bryant, 2006) and the Tajima's
D neutrality test with the R package ‘pegas’ 0.13 in R 3.5.3 (Paradis, 2010; R Core Team, 2019;
Tajima, 1989). We estimated number of haplotypes, haplotype and nucleotide diversity, with
the R package ‘pegas’ 0.13, and segregating sites with the R packages ‘ape’ 5.0 (Paradis, 2010;
Paradis & Schliep, 2019).

We combined mtDNA and nDNA to determine the number of populations (K) and
individual assignment coefficients using the R package ‘Geneland’ 4.0.6, with the spatial model
and uncorrelated allele frequencies (Table S1; (Guillot, Estoup, et al., 2005; Guillot, Mortier,
et al., 2005). For this, we coded haplotypes as alleles for nDNA fragments. We performed 10
parallel runs with K ranging from 1 to 11, consisting of 1 x 107 iterations and thinning of 1 x
103. To select a priori range of the population for this analysis, we ran an exploratory mtDNA
species delimitation using a Generalized Mixed Yule Coalescent (GMYC) model (Pons et al.,
2006). We used the maximum value of ML entities' credibility as the maximum number of
clusters (K) and we set the minimum K as 1 to include the null hypothesis of a single species.
After determining the optimal K, we performed an analysis with this value fixed to obtain more
accurate individual assignment coefficients (Guillot, Estoup, et al., 2005).

We constructed haplotype networks of each fragment independently with Haploviewer
(Salzburger et al., 2011). We first estimated a maximum likelihood gene tree with RAXML
8.2.10 under the GTRGAMMA model using the new rapid hill-climbing algorithm (Stamatakis,
2014; Stamatakis et al., 2007), with 100 independent searches for the best gene trees. Assuming
that each indel must be the result of a single mutational event, we represented the long indels
in DIAG (i.e. >one bp) as one-bp indels. Additionally, we inferred a nuclear multilocus distance
matrix to check the concordance between nDNA and mtDNA data for B. saxicola. We
calculated this matrix using the genpofad algorithm implemented in POFAD 1.07, with the
additive method enabled to infer missing nucleotides and sequences (Joly et al., 2015; Joly &

Bruneau, 2006). Then, we converted the resultant pairwise distance matrix into a network in
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SplitsTree 4.14.8, using the NeighborNet algorithm (Bryant & Moulton, 2004; Huson & Bryant,
2006).

Molecular species delimitation

To validate the discovered lineages, we performed an analysis in STACEY 1.2.5
implemented in BEAST 2.6.2 (Bouckaert et al., 2019; Jones, 2017). We assigned individuals a
priori to a group/lineage according to the Geneland result. We set the collapse height prior to 1
x 1073 and estimated collapse weight from a beta distribution, with a minimum of 1 x 107 and
a maximum of 1 (Jones et al., 2015). We set the f-cry substitution rate at one, and estimated
those of the others relative to this (Jones et al., 2015). We conducted the analysis in two
replicates, with 2.5 x 10® generations, 1 x 102 thinning and 10% burn-in. After the congruence
checking between runs, we combined the results using LogCombiner 2.6.2 (Bouckaert et al.,
2019). We used the SpeciesDelimitationAnalyzer (SpeciesDA (Jones et al., 2015) to summarize
the STACEY result, using simcutoff 1 and collapse height 1 x 1074,

Morphological species delimitation

Since we found female-biased sexual dimorphism (see Appendix S1; Table S5), we
made adult morphometric analyses only with male data. We first removed the allometric size
effect from all morphometric data (males and tadpoles), following Lleonart et al. (2000).
Initially, we log10-transformed all variables, and then we used a Principal Component Analysis
(PCA) to find a proxy for body size (i.e. the variable with the highest loading value from the
first principal component). We obtained the eigenvectors of the variance—covariance matrix
using the prcomp function in the R package ‘stats’ (R Core Team, 2019). We selected the
variable UAL (Table S3) as a proxy for adult males and TMH (Table S4) for tadpoles. We used
the residuals of the regression of the variables against proxies instead of the original variables
for subsequent analyses using morphometric data (Lleonart et al., 2000). We then calculated
variance inflation factors (VIF) among variables to remove multicollinearity, using the function
vif in the R package ‘car’ 3.0-10 (Fox & Weisberg, 2019). Only variables with VIF smaller
than five were retained for subsequent analyses (Akinwande et al., 2015). As a result, we
eliminated three variables (SVL, TL and FL; Table S3) from the final males' matrix and five
(BWE, ESD, BL, BWN and MTH; Table S4) from the final tadpoles’ matrix.

To verify the morphometric differentiation between the validated molecular lineages,

we conducted a permutational analysis of variance (PERMANOVA) for adult male and tadpole
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morphometric data independently in the R package ‘vegan’ 2.5-6 (Oksanen et al., 2019), using
Euclidian distance and 1 x 104 permutations. We implemented a post hoc pairwise test for each

dataset, employing Bonferroni p-adjustment and Euclidean distance.

Integrative species delimitation

We performed an integrative delimitation with genetic and morphometric data in
integrated BPP 2.1.3 (iBPP; Solis-Lemus et al., 2015). As iBPP analysis required a fixed tree,
we ran each analysis twice, using distinct species trees generated by STACEY and StarBEAST2
(see below) as input to check the delimitation's robustness. We performed two sets of analyses
for each tree, one with molecular data plus adults’ morphometry and another plus tadpoles'
morphometry, both with the same configuration of priors. We used four distinct combinations
of gamma prior (theta [0] and tau [t] parameters) to evaluate whether the result was sensitive
to the prior settings: (1) large ancestral population sizes and deep divergence (6 ~ G (2, 100), T
~ G (2, 200)); (2) small ancestral population size and shallow divergences (6 ~ G (2, 1000), T ~
G (2, 2000)); (3) small ancestral population sizes and deep divergences (6 ~ G (2, 1000), Tt ~ G
(2, 200)); and (4) large ancestral population sizes and shallow divergences (6 ~ G (2, 100), T ~
G (2, 2000)). We assigned the other parameters to automatic adjustment by algorithm. We
conducted all analyses with 2 x 108 generations, 10 thinning and 0.1% burn-in.

Testing for diversification scenarios
Estimating a temporal framework

We first estimated a temporal window for diversification using a dated species tree in
StarBEAST2 0.15.5, implemented in BEAST 2.6.2 (Bouckaert et al., 2019; Ogilvie et al.,
2017), using the species validated by STACEY. For this, we set a birth—death tree prior,
uncorrelated log-normal clock, and we rooted the tree using B. nanuzae (Gernhard, 2008). We
used ‘bModelTest” 1.2.1 (Bouckaert & Drummond, 2017) to co-estimate nucleotide
substitution models for all genes during the runs. To calibrate the clock, we truncated the
substitution rate for cyt-b between the general substitution rate for vertebrates (mean of 1072
substitutions per lineage per million years) (Johns & Avise, 1998) and 1.61 x 102 substitutions
per lineage per million years as obtained by Stock et al. (2012), with a uniform distribution. We
used default priors for most parameters, except for clock rates of NDNA fragments and COl,
for which we used a broad prior with 1/x distribution, and the algorithm co-estimated the

substitution rates. We ran two replicates with 2 x 102 generations, 10% burn-in and thinning of
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5 x 103 each. We combined the results of both runs using LogCombiner 2.6.2, and we annotated
the MCC tree using TreeAnnotator 2.6.2 (Bouckaert et al., 2019) and visualized using FigTree
1.4.4 (Rambaut, 2018).

Past distribution of climatic niches

To assess climate-driven fluctuations in B. saxicola's range, we generated maps of past
distributions of climatic niches using ecological niche modelling (ENM). We critically
reviewed the species dataset by deleting ambiguous, duplicate or unreliable records, and
removing those whose geographical location or taxonomic Information were not precisely
defined using a suite of coord_ functions from the R package ‘scrubr’ (Chamberlain, 2016).
After this data cleaning, we spatially thinned the occurrence localities by 20 km to minimize
clustering of records due to biased sampling using thin() available in the R package ‘spThin’
(Aiello-Lammens et al., 2015). We reached a dataset containing 30 unique and not clustered
occurrence records (Table S1).

We used 14 bioclimatic variables as current candidate predictors with a spatial
resolution of 0.08333° (~10 km) from the global dataset of PaleoClim (Brown et al., 2018). To
avoid problems associated with multicollinearity, we selected the candidate predictors by VIF
(Zuur et al., 2010), and we retained only variables with VIF smaller than 10 (Dormann et al.,
2013) using the function vifstep from the R package ‘usdm’ (Naimi et al., 2014). As a result,
we retained five variables — Mean Temperature of Driest Quarter (bio_9), Annual precipitation
(bio_12), Precipitation of Wettest Month (bio_13), Precipitation of Driest Quarter (bio_17) and
Precipitation of Warmest Quarter (bio_18) — in our final environmental dataset. We used the
same environmental dataset for calibration and projection in the past climates. To characterize
past climate conditions, we used the same current environmental dataset projected to the Marine
Isotope Stage (MIS) in the Late Pliocene (M2, ca. 3.3 Ma), the mid-Pliocene Warm Period
(mPWP, ~3.264-3.025 Ma), the Marine Isotope Stage 19 in the Pleistocene (MIS19; ~787 ka),
the Last Interglacial past (LIG; ~130 ka), the Last Glacial Maximum (LGM; ~21 ka), the
Heinrich Event 1 (HS1; ~17.0-14.7 ka), the abrupt warming at the onset of the Bglling—Allergd
(BA; 14.7-12.9 ka), the rapid cooling at the onset of the Younger Dryas (YD; 12.9-11.6 ka),
the early-Holocene (EH; 11.7-8.326 ka), the mid-Holocene (MH; 8.326-4.2 ka) and the Late
Holocene (LH; ~4.2-0.3 ka). All global climate slices are available on PaleoClim (Brown et
al., 2018). We check for the presence of non-analogous conditions in all scenarios of projection

using the MESS (multivariate environmental similarity surface) analysis. We considered each
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grid cell and compared our subset of bioclimatic variables in the projection of the past range
with that of the calibration range (Elith et al., 2010). If the grid cells have a positive value, they
indicate a similar environment between the past and current ranges. The environmental
dissimilarity is indicated by negative values. We used the R package ‘ecospat’ 3.1
(Broennimann et al., 2020; Di Cola et al., 2017) to compute the MESS analysis for identifying
how similar the past and current range projections are.

To characterize environmental conditions experienced by B. saxicola to predict its
model of ecological niche, we associated the spatial distribution records with climate data. We
used the R package ‘sdm’ (Naimi & Araujo, 2016) to develop the ensemble forecasting (Aratijo
& New, 2007) of ENM (Peterson & Soberon, 2012), and we combined the output models to
generate a single prediction. We used seven methods including ‘brt’ (boosted regression trees;
(Friedman, 2001), ‘svm’ (support vector machine; (Vapnik, 1995), ‘maxent’ (maximum
entropy; Phillips et al., 2006), ‘maxlike’ (likelihood-based estimator adopted for presenceonly
data; Royle et al., 2012), ‘glm’ (generalized linear models; McCullagh & Nelder, 1989), ‘gam’
(generalized additive models; Hastiec & Tibshirani, 1990) and ‘mad’ (mixture discriminant
analyses; Hastie & Tibshirani, 1996). Besides considering different types of data (presence-
only and presence-background), these methods together consider a variety of statistical
techniques (Rangel & Loyola, 2012) desirable for more robust ensemble forecasts (Araljo &
New, 2007). We generated a random sample of 1 x 10* sites similar to absence, and we
performed the analysis using 30 runs of subsampling replication methods by splitting into
training and test dataset (70:30). We built and calibrated the model within a polygon (xmin:
—79.47263; xmax: —27.53447; ymin: —35.13761; ymax: —0.19551). Ensemble models were
parameterizing using weighted averaging based on TSS statistic.

We used the area under the curve (AUC) of the receiver operating characteristic (ROC)
to assess the accuracy of ENM (Fielding & Bell, 1997). AUC values of 0.7-0.9 indicate good
accuracy, while values above 0.9, high accuracy (Swets, 1988). We also used the true skill
statistic (TSS), which considers both model sensitivity and specificity (Allouche et al., 2006).
We generated 210 individually calibrated models, and we used the TSS to create a weighted
average of each prediction model. We generated ensemble forecasting using the output models
for each time slice. We classified continuous predictions into presence and absence maps based
on maximizing the TSS (Allouche et al., 2006). Furthermore, we assembled the binary maps by
simple mean values from single methods under current and past climate conditions. Also, we

evaluated the variable importance (Murray & Conner, 2009) and plotted the predicted response
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curve (Elith et al., 2005) for inferring the relationship between the environmental variables and
predicted habitat suitability. Finally, we used the binary maps for each time slice to establish

the climatic stability surfaces.

Demographic model selection

To test hypotheses of lineages diversification in our focal species, we conducted
coalescent simulations under seven competing scenarios (Figure 2) to select those that best fit
the data using approximate Bayesian computation (ABC) framework, as implemented in
DIYABC 2.1 (Cornuet et al., 2014). Following the results on species delimitation, all scenarios
included four lineages and had 14.29% a priori probability each. These scenarios represent three
groups of diversification models: fragmentation, diffusion and jump dispersal (Lomolino et al.,
2010), with scenario 1 fitting all the premises of the model proposed by Nascimento et al. (2018)
following OCBIL theory (i.e. long-term fragmentation and climatic stability). For
fragmentation scenarios (1-3), we set population sizes of descendent populations always
smaller than ancestral ones. In diffusion scenarios (4-6), we set up an increase in ancestral
population size before each cladogenetic event. In the jump-dispersal scenario (7), the settings
were similar to diffusion scenarios for ancestral populations, whereas the colonization took
place after a period with a substantial size reduction (i.e. founder effect). Moreover, we tested
scenarios with no demographic changes (1, 4), with an expansion of the Southern lineage (2,
5), or with bottlenecks of Cabral, Central and Northern lineages (3, 6), taking relative 0 between
lineages into account. The relative 6 parameters were estimated in Migrate-n 3.7.2 (Appendix
S1; Beerli, 2006, 2007, 2009).

We assumed a generation time of 1 year, using a Jukes—Cantor evolution model for each
group of markers (mMtDNA and nDNA), and the nucleotide substitution rate (per site per
generation) as the same as StarBeast2 for mtDNA and between 1 x 107° and 1 x 107 for
nDNA. We used 95% highest posterior density (HPD) of the species tree's nodes as priors for
the time of divergence. The priors for bottleneck or expansion (scenarios 2—6) varied between
the last cladogenetic event and the transition between the Pleistocene and Holocene (i.e. 11.7
ka), keeping divergence time older than time for contraction/expansion as a condition. In
scenario 7, we conditioned the maximum time for the expansion after the founder effect to the
time of the subsequent cladogenetic event for the first two diverging lineages (i.e. Northern and
Cabral). For Central and Southern lineages, the maximum value for this prior was the

Pleistocene and Holocene's transition. Priors for population size varied from 1 x 10°to 1 x 108,
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population size during contraction and founder effect varied from 1 x 10° to 1 x 10°, and
population sizes expansion in Southern lineage (scenarios 2 and 5) varied from 1 x 10%to 1 x
108. All ancestral populations varied from 1 x 10%to 1 x 108, We assumed a uniform distribution
for all priors.

To select adequate summary statistics, we did runs (1 x 10° generations for each
scenario) performing the rejection step with each summary statistic individually (i.e. number of
haplotypes, number of segregating sites, mean of pairwise differences, variance of pairwise
differences, Tajima's D, private segregating sites, mean of numbers of the rarest nucleotide at
segregating sites, variance of numbers of the rarest nucleotide at segregating sites). We used
the total posterior predictive error over 100 pseudo-observed datasets, keeping all other values
in their default configurations and the ‘evaluate confidence in scenario choice’ function to select
summary statistics with a posterior error lower than 0.4. Finally, we simulated 1 x 10°
generations for each scenario and computed posterior probabilities for each model with a
tolerance of 0.1% using the direct and 1% logistic approach. We determined the best model
with a Bayes factor (i.e. the probability of the best model divided by the probability of the
second best model), and checked the model with PCA based on the 1% genealogies closest to

the observed data.

Historical diffusion reconstruction

As a dispersion model best fit our data (see Section 3), we estimated the historical
dispersion routes and the ancestral distribution of each node in the tree through a species tree
diffusion approach based on Relaxed Random Walk (RRW) algorithm implemented in BEAST
1.10.4 (Nylinder et al., 2014; Suchard et al., 2018). The species trees used as input were the
posterior sampling generated in the StarBEAST2 analysis above. To represent each lineage's
geographical distribution, we constructed minimum convex polygons (MCP) with 10 km buffer
for the geographical records in Qgis 3.14.1 Pi (QGIS Development Team, 2020). We used the
script made available by Nylinder et al. (2014) to configure the input analysis from species trees
and MCPs. We ran the analysis per se assuming a log-normal RRW, with two replicates of 5 x
107 generations, 5 x 102 thinning and 5% burn-in. We combined the results of both runs using
LogCombiner 1.10.4, and annotated the MCC tree with TreeAnnotator 1.10.4 (Suchard et al.,
2018). We generated the visual representation of the spatial diffusion in SPREAD 1.0.7
(Bielejec et al., 2011), and summarized the variation of diffusion rate over time using the
TimeSlicer tool (Lemey et al., 2010). We ran all BEAST (1.10.4 or 2.6.2) analyses using the
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online CIPRES Science Gateway Portal (Miller et al., 2010), and checked the stationarity and
convergence using Tracer 1.7.1 (Rambaut et al., 2018) through a visual inspection of adequate

minimum effective sample sizes (ESS > 200) of the estimated parameters.

Results
Testing for multiple species
Exploring genetic structure

All loci are neutral, with a non-significant value of Tajima's D, and two fragments, /-
fib and c-myc, showed evidence for recombination in ¢-tests (Table S6). Because of this, both
were removed from all coalescent analyses.

GMYC identified two lineages in the Southern distribution (Figure S1). The Geneland
analysis returned four clusters (K = 4), with an average frequency above 54% among MCMC
iterations, after a burn-in of 1.5 x 10 initial generations (Figure S2). All individuals had a 100%
probability of belonging to their own population (Figure 3a).

The multilocus NDNA network showed a clear differentiation between the four lineages
delimited by Geneland, with no mixed individuals between them (Figure 3b). The GMYC
subclades were not recovered in the nDNA data, and a mixture can be seen between individuals
from the two mtDNA clades (Figure 3b). Only the nDNA fragments 3-fib and DIA6 showed
reciprocally exclusive haplotypes concerning the lineages discovered by Geneland (Figure S3).
However, none of the nDNA fragments showed exclusive and well-differentiated haplogroups
(Figure S3). Despite the haplotype sharing, there is no evidence of recent hybridization between
any pair of lineages, as revealed by the absence of mixed individuals in the Q-plot and the lack
of individuals represented in the ‘torso’ of the multilocus network (Figure 3a,b).

Molecular species delimitation

The four distinct lineages of Bokermannohyla saxicola in SE were validated in
STACEY, with PP = 99.76%. In the STACEY tree, Cabral is the sister lineage of all the other
ones (i.e. (Cabral, (Northern, (Central, Southern)))). However, the Northern-Central-Southern

clade is poorly supported (PP = 0.39).

Morphological species delimitation
PERMANOVA results showed significant divergence between the adult males and

tadpoles traits of different lineages. There is a subtle pairwise difference in males, ranging from



82

2.71% between Southern and Central to 7.94% between Northern and Central (Table 1). In
tadpoles, despite the significant result, not all pairs of lineages differed. Only Cabral lineage is
morphometrically distinct from the others, ranging from 8.34% (Southern) to 20.73% (Central)

of pairwise lineage divergences (Table 1).

Integrative species delimitation
iBPP results were congruent, and both confirmed the four lineages as species with high

statistic support (PP > 0.99), regardless of 6 and t combinations and initial tree (Table S7).

Testing for diversification scenarios
Estimating a temporal framework

The StarBEAST?2 species tree showed a distinct topology (Figure 3c). The Northern
lineage was the first to diverge in the Pliocene, about ~3.19 Ma (95% HPD: 2.29-4.33 Ma).
Cabral is the sister lineage of Southern + Central, and this cladogenetic event occurred in the
Early Pleistocene, about ~2.11 Ma (95% HPD: 1.47-2.86 Ma). Central and Southern lineages
also diverged in the Pleistocene, dating ~1.03 Ma (95% HPD: 0.72-1.39 Ma; Figure 3c).
Because the strong node support in this analysis (PP = 1), we consider this topology in further
analyses (i.e. ABC and RRW).

Past distribution of climatic niches

Our models showed high predictive accuracies with an AUC of 0.981 (SD = 0.014). The
response curves showed that the probability of occurrence of B. saxicola is fundamentally
limited by precipitation (Figures S4 and S5), the precipitation of wettest month (bio_13) and
precipitation of warmest quarter (bio_18) have high relative importance among predictors.
Using the consensual maps (TSS = 0.953, SD = 0.026), the models of ecological niche showed
that for B. saxicola there was cyclic contraction and expansion of suitable climate over time.
For example, in the most distant past, between M2 and mPWP (~3.3-3.025 Ma), a contraction
in area is predicted to have occurred (Figure 4). On the other hand, LGM shows the climatic
suitable area for B. saxicola is greatly increased in a northerly direction (Figure 4). From the
HS1, there was an altitudinal change in models from higher to lower altitude regions. High
climate suitability in lowlands was observed in HS1 and BA (Figure 4) times. With the climate
becoming warmer in the mid-Holocene, the suitable areas underwent an expansion, with areas

being maintained until current time in EM, mainly at high altitudes (Figure 4). The areas of
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greatest climate stability for B. saxicola coincide with the limits of campo rupestre plus the
marginal areas from the southwestern of the SE (Figure 4). The MESS analysis revealed that

past and current climatic niches of B. saxicola are similar over time (Figure S6).

Demographic model selection

The evaluation of summary statistics in DIYABC resulted in eliminating four of them
as non-informative for distinguishing among the seven alternative demographic scenarios.
Thus, we conducted the analysis by considering the mean of pairwise differences, Tajima's D,
private segregating sites and mean of numbers of the rarest nucleotide at segregating sites. ABC
identified the jump dispersal (scenario 7) as the most likely model to explain the current
geographical distributions and effective sizes of Bokermannohyla saxicola lineages (Table S8).
According to the direct and logistic approach, the Bayes factor provided strong and substantial
support for the best selected model (Bayes factordirect = 37.75, Bayes factorlogistic = 5.55;
sensu (Jeffreys, 1961). The PCA showed model fit and adequacy, with the observed data within
the posterior distribution (Figure S7).

Historical diffusion reconstruction

We inferred the dynamics of B. saxicola spread occurred in a centrifugal dispersion
pattern. According to RRW, the most likely region for onset of diversification of B. saxicola
was located between the current geographical distributions of the Central and Southern
lineages. The first colonization event occurred from this region to the north (current distribution
of Northern lineage) (Figure 5a). The second event occurred from the ancestral location towards
the southwest (current distribution of Cabral lineage) and east (Figure 5b,c). Finally, the
Southern and Central lineages' ancestor spread to their current distribution areas (Figure 5d).
The diffusion rate was slow and constant through time, with a mean diffusion rate of ~70.771
km per million years (=0.071 m/year; 95% HPD: 0.022-0.142 m/year; Figure 5e).

Discussion

Our results support the hypothesis of multiple putative species in the ledge treefrog
within the EM. We also found support that the diversification of these lineages was influenced
by climate changes that have occurred since the late Pliocene, leading to the colonization of the

region. Therefore, our results differ in several temporal and biogeographical patterns and
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processes from those presented and interpreted by Nascimento et al. (2018) and from OCBIL
theory premises (Hopper, 2009; Hopper et al., 2016).

Although the mitochondrial data show two distinct clades in the Southern lineage, as
pointed by Nascimento et al. (2018), they are not supported by our multilocus analysis. This
apparent mitochondrial structure is likely an isolation by distance (IBD) effect, as previously
reported (Nascimento et al., 2018), leading to an overestimation of K (Frantz et al., 2009; Perez
et al., 2018). All other lineages proposed by Nascimento et al. (2018) were strongly supported
by multigenic and morphological data. Because there is a significant morphometric overlap
between lineages in both adults and larvae, we suggest that the B. saxicola species complex
must be revised in a taxonomic investigation that includes other types of phenotypic traits such
as calls and other aspects of behaviour.

The four delimited lineages are currently allopatric, and there may exist geographical
barriers restricting gene flow among them (Nascimento et al., 2018). The depression between
the Diamantina plateau (i.e. north of the continuous core of the Southern lineage; Figure 1) and
Serra de Itacambira (the distribution of the Central lineage; Figure 1) is a putative barrier as it
corresponds to phylogeographical breaks also in other taxa. It was observed to delimit
distributions in the large-headed leaf frog (Pithecopus megacephalus) and the large-eared rock
frog (Thoropa megatympanum) (Ramos et al., 2018; Sabbag et al., 2018), and also, for at least
one species of cactus (Pilosocereus aurisetus; Perez et al., 2016). Although the populations of
B. saxicola from Turmalina and Botumirim (locations 7 and 8, respectively; Figure 1) group
genetically with the Southern lineage, they are geographically closer to the Central region.
Conversely, in the other abovementioned anurans, the Botumirim samples group with lineages
located north of the depression. This may be related to species-specific natural histories and
dispersal abilities, as well as to their idiosyncratic responses to biogeographical events (Flantua
et al., 2020). Note that none of the other species have been registered in Turmalina (R.F.M.,
pers. obs.), a marginal ER area with a strong influence of semi-deciduous Atlantic Forest. The
Pleistocene’'s climate dynamics may have favoured the connectivity between the campo
rupestre of the Espinhaco core and these marginal areas. These changes were favourable for
forming climatically suitable corridors in lowlands mainly in HS1 and BA time slice (Figure
4). The displacement of the suitable climate may have maintained connectivity between the
Diamantina plateau populations and the lower areas of the Turmalina region, favouring the
colonization of Botumirim by the Southern lineage. Botumirim and Turmalina, for example,

are approximately in the same longitude and are only 46.5 km apart (Figure 1).
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Although the geographical structure is not completely identical as in other co-distributed
species, some barriers seem recurrent. The low-latitude borders of Serra do Cabral, a disjunct
montane unit west of ER (Figure 1), experienced high climatic instability and low suitability
through time and may have acted as a continuous climatic barrier for taxa in the region. A
corresponding genetic break is observed in the ledge treefrog (between the Cabral and the other
lineages), as well as in other species such as the Alvarenga's treefrog (Bokermannohyla
alvarengai), which does not occur in Serra do Cabral (de Oliveira et al., 2021), and the large
eared rock frog, which has similar genetic structure to B. saxicola (Sabbag, 2013). In addition,
the phylogeographical break between the central portion and the northern sky islands of SE was
also observed for the large-headed frog (Ramos et al., 2018). From those results, major
geographical patterns in ER emerge, and their concordance at community level may be further
tested in comparative phylogeographical studies (e.g. Bell et al., 2012).

Even though some similar spatial barriers can be highlighted among co-distributed taxa
in ER, they may not be related to the same temporal events associated with the diversification
of B. saxicola. The congeneric Alvarenga's treefrog has a more recent diversification, with the
northern and southern lineages diverging around 340 ka (de Oliveira et al., 2021). On the other
hand, structure in the large-eared rock frog coalesced in times comparable to our study, around
3 Ma (Sabbag et al., 2018). Thus, it is likely that the high biotic diversity and endemism
observed in ER may result from multiple pulses of diversification throughout its history. Our
results suggest that the diversification of B. saxicola started in late Pliocene, with credibility
intervals including the Pleistocene, supporting more recent diversification events than those
reported by Nascimento et al. (2018). This difference is likely related to the addition of nuclear
markers since mtDNA genes have higher mutation rates and a quarter of the effective
population size of nuclear ones, which usually results in an overestimation of divergence time
when this type of data is used alone (Allio et al., 2017; Hickerson et al., 2010; Hoelzer, 1997;
McCormack et al., 2011). The multilocus unlinked genes can better accommodate coalescent
stochasticity and improve the accuracy and precision of phylogenetic inferences and divergence
time estimates (Beheregaray, 2008; McCormack et al., 2011). Although we did not use anuran
fossil for species tree calibration, the mutation rates of the cyt-b mtDNA (Johns & Avise, 1998;
Stock et al., 2012) have been used to calibrations in anurans and appear reliable (Dufresnes et
al., 2016; Ramos et al., 2019). Furthermore, Nascimento et al. (2018) used a very similar

calibration method, making our results directly comparable. Despite the discrepancy in
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divergence times, our species tree showed the same topology as the tree of Nascimento et al.
(2018).

Eterovick et al. (2016) used microsatellite markers to describe the spatial genetic
diversity of B. saxicola and suggested the centre of diversification of the species to be in the
EM's southern region. Their conclusions were based on the greater genetic diversity observed
for the lineage in this region. Our results disagree with this hypothesis, suggesting an origin for
the species at the centre of its distribution followed by a centrifugal colonization pattern. Two
factors can explain the greater genetic diversity of the Southern lineage. First, this lineage
occupies the largest continuous area of campo rupestre in EM. The greater carrying capacity of
this continuous core plus the genetic variants that arose on the small isolated sky island nearby
could explain the Southern lineage's greater genetic diversity, since this metric is directly
correlated with area and isolation among sites (Vellend, 2003). Second, changes in effective
population sizes mediated by Pleistocene climate fluctuations may have been softer in this
region. The best scenario selected by ABC accommodate population expansion for all lineages
after a founder effect, which implies recent growth. However, the posterior estimates in the
ABC show that the population size in the Southern lineage is greater than that of the other
lineages, and this may be a result of the lineage growth along with increases in the climatically
favourable areas for the lineage. Changes in effective population size associated with
Pleistocene climate regimes in the SE have also been reported for the Alvarenga's treefrog (de
Oliveira et al., 2021) and for the cactus P. aurisetus (Bonatelli et al., 2014; Perez et al., 2016).
This indicates that, even for some plants, the OCBIL premise of climatic buffering for the
campo rupestre may be unrealistic (Magalhées et al., 2021).

The phylogeography of B. saxicola also disagrees with the longterm fragmentation
premise of OCBIL theory (Hopper, 2009; Hopper et al., 2016). Our data contradict the
hypothesis that this species occurred continuously in SE and that genetic structure was mainly
caused by the historical fragmentation of an ancestral population (e.g. vicariance), as suggested
by Nascimento et al. (2018). Instead, we show that the species' current distribution and diversity
were achieved by crossing barriers and colonizing new areas, thus, an evolutionary history
dominated by dispersion. Pleistocene climate fluctuations may have facilitated this
colonization, although none of the ENM time slices projections coincides in time with lineages
cladogeneses, the vertical displacement of suitable areas in different times led us to hypothesize
that early Pleistocene climate changes allowed B. saxicola to cross barriers (i.e. lowlands) and

to expand its geographical range through successive founder events. While the
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palaeopalynologic data are scant for the ER (Barbosa & Fernandes, 2016), at least one study
reported that lowlands today dominated by tropical semi-deciduous forests and savannahs have
replaced subtropical grasslands ecosystems that predominated during cold periods over the past
48 ka in SE (Behling & Lichte, 1997). This record offers independent support for our hypothesis
of altitudinal climatic displacements in ER throughout the Pleistocene.

Colonization of new areas is recovered as an important process for the evolution of the
campo rupestre biota. This process also explains the contemporary geographical distribution of
the genetic diversity in Vellozia auriculata bushes (Fiorini et al., 2019) and in the Alvarenga's
treefrog (de Oliveira et al., 2021). Introgressive hybridization has also been reported for two
Pithecopus monkey-frogs (Magalh&es et al., 2021). da Silva et al. (2018), in turn, demonstrated
that many species endemic to Brazilian highlands are shared between Quadrilatero Ferrifero in
ER and Mantiqueira mountains (located south of the ER). This may indicate past intermixing
between these mountain ranges. Therefore, the ER's mountain fingerprint is more complex than
that expected solely by the OCBIL theory (Flantua & Hooghiemstra, 2018; Hopper et al., 2016).
That does not mean that fragmentation is not a relevant process shaping the ER diversity for
other taxa. Silveira et al. (2020) reviewed the phylogeographical and population genetic studies
published with endemic plants to the campo rupestre. The authors reported that most of the
genetic structure was correlated with geographical fragmentation. This process was also
important for at least the frogs in the genera Crossodactylodes and Rupirana (Santos et al.,
2020). Therefore, other processes than fragmentation in FCS model (Flantua & Hooghiemstra,
2018) are at least as good of an explanation, with both being probably complementary to
describe the campo rupestre mountain fingerprint.

The ER's endemic plants' phylogeography has been relatively well explored (Silveira et
al., 2020). However, there are still several shortfalls in the ecology and evolution of animals
(Miolaetal., 2021), even with the recent improvement in studies of anurofauna (e.g. de Oliveira
et al., 2021; Magalh&es et al., 2021). Our study adds one more piece to understanding the
patterns and processes responsible for generating the ER's diversity and endemism. Our results
add further evidence that the diversification scenario of the campo rupestre is more complex
than predicted by the OCBIL theory, whose popularity has grown since the last decade (Hopper
et al., 2016; Miola et al., 2021; Silveira et al., 2016). Future comparative and interdisciplinary
approaches at the community level may help us better understand which temporal and spatial
mechanisms have driven the current distribution of the co-distributed lineages in the ER and

campo rupestre (Bell et al., 2012; Flantua & Hooghiemstra, 2018).
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Table 1 Results of permutational multivariate analysis of variance (PERMANOVA) showing

differences in morphometric data from lineages of Bokermannohyla saxicola in Espinhaco
Range. *P < 0.05 in pairwise PERMANOVA

Adult males (n = 402)

Tadpoles (n = 133)

Sum Mean F P Sum Mean F P
Df Df R2
sgs sgs model (&3] sqs sgs model (&)
. 0.87 9.99 x 9.99
Lineages | 3 0.298 13.618 0.093 3 1.321 0.440 5.155 0.107
8 10 x 10®
. 8.55
Residuals | 398 5 0.022 0.907 129 11.015 0.085 0.893
9.43
Total 401 4 1 132 12.336 1
Pairwise PERMANOVA: R? value (F model)
Cabral Central Northern Southern | Cabral Central Northern Southern
Cabral - -
0.076* 0.208*
Central - R
(6.221) (11.504)
0.072* 0.079* 0.104* 0.054
Northern - -
(4.641) (4.832) (3.954) (1.378)
0.050* 0.027* 0.054* 0.083* 0.225 0.030
Southern -
(18.113) (9.425) (18.382) (9.550) (2.186) (2.669)
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Figure 1 (a) View of the Serra Azul in Serrandpolis de Minas (location 3), showing the contrast
between lowland (seasonal semideciduous forest) and high-altitude environments (campo
rupestre); (b) Map of Brazilian Shield highlands and its location in South America (inset), with
Espinhaco Mineiro (EM) highlighted and enlarged in (c). Espinhago Baiano (EB) is the upland
region north of EM, outside the red box; (c) Localities of Bokermannohyla saxicola in EM,
including records of genetic and morphometric data. Coloured circles correspond to delimited
lineages (yellow = Northern, blue = Central, green = Southern, red = Cabral; see Section 3),
and numbers correspond to locations, from north to south: (1) Santo Ant6nio do Retiro; (2) Rio
Pardo de Minas; (3) Serrantdpolis de Minas; (4) Padre Carvalho; (5) Grdo Mogol; (6)
Itacambira; (7) Botumirim; (8) Turmalina; (9) Buenopolis (Parque Nacional das Sempre
Vivas); (10) Diamantina; (11) S&o Goncalo do Rio Preto; (12) Rio Vermelho; (13)
Itamarandiba; (14) Serra Azul de Minas; (15) Santo Antdnio do Itambé; (16) Augusto de Lima
(Aguas de Santa Bérbara); (17) Presidente Kubitschek; (18) Serro; (19) Santana de Pirapama;
(20) Alvorada de Minas; (21) Congonhas do Norte; (22) Conceigdo do Mato Dentro; (23)
Santana do Riacho; (24) Morro do Pilar; (25) Sdo Sebastido do Rio Preto; (26) Bardo de Cocais;
(27) Santa Barbara; (28) Francisco Dumont; (29) Joaquim Felicio; (30) Buendpolis; (31)
Lassance; (32) Augusto de Lima. Region denominated as Diamantina plateau correspond to the
locations (9-11) and (14-18), Quadrilatero Ferrifero to (26-27), and Serra do Cabral to (28—

32). For details on georeferenced sampling points, see Table S1
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Figure 2 Evolutionary scenarios tested using DIYABC for Bokermannohyla saxicola in
Espinhaco Range. Vicariance process: (1) Constant populations size over time, (2) Southern
lineage expansion and (3) Southern linage stable and other retraction; Diffusion: (4) Constant
populations size over time, (5) Southern expansion and other stable, (6) Southern lineage stable
and other retraction; and (7) Jump dispersal. We assumed one first ancestral population not
sampled, with effective size Na, in black in all scenarios. Time and effective population size in
scenarios are not in scale
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Figure 3 Multiple lineages and time framework of Bokermannohyla saxicola in the Espinhago
Range. The same colours represent the observed lineages. (a) Q-plot at K = 4, showing each
individual as a bar and membership probabilities as different colours; (b) Multilocus nuclear
Neighbor-net representation. Scale bar represents standardized genetic distances for the net.
Different shades of green represent the two subclades found by Nascimento et al. (2018) and
GMYC. Adult and tadpole photographs by Tiago Leite Pezzuti. The photographs do not respect
real proportion and were taken from Cabral lineages; (c) Left: Time-calibrated species tree.
Node bars correspond to the 95% High Posterior Density (HPD) time. Values on branches
correspond to posterior probabilities above and average time in million years below. Right:
Distribution range of each lineage in the Espinhaco Range
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Figure 4 Distribution models for Bokermannohyla saxicola that represent the relative climatic
suitability areas over time. The map of stability areas represents the sum of maps in all periods
for B. saxicola. The colour scales represent the suitability or stability for the maps, from areas
with low (0) to high (1) values. The grey shape represents the limits modified from Fernandes
et al. (2014) of the campo rupestre, the predominant ecosystem in Espinhaco Range. The time
slice abbreviations correspond to: BA, abrupt warming at the onset of the BgllingAllerad; EH,
early-Holocene; HS1, Heinrich Event 1; LGM, Last Glacial Maximum; LH, late-Holocene;
LIG, Last Interglacial past; M2, Marine Isotope Stage in the late Pliocene; MH, mid-Holocene;
MIS19, Marine Isotope Stage in the Pleistocene; mPWP, mid-Pliocene Warm Period; YD, rapid

cooling at the onset of the Younger Dryas
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Figure 5 (a)—(d) Snapshots of the spatial-temporal dynamics of Bokermannohyla saxicola in
Espinhaco Range. Circles R, 1 and 2 represent the estimated root location and subsequent
cladogenetic events, respectively. Grey polygons represent 80% Highest Posterior Density
(HPD) interval of uncertainty in the location of ancestral branches. Coloured polygons represent
the current distribution of distinct lineages; (e) Diffusion rate through time. The grey shape
represents the limits modified from Fernandes et al. (2014) of the campo rupestre, the
predominant ecosystem in the Espinhaco Range
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Data Availability Statement

Gene sequences are available at GenBank (accession numbers: OL672838-OL672842,
OL653177-0L653182, OL661345-0L661352, OL943989-0L.944005, OL653183-0OL653194,
OL653230-0L653295,  OL653195-0L653221, 0OL653222-0L653229; Table S1).

Geographical and morphometric data are available in Tables S1, S3 and S4.
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Abstract

Biotic and abiotic interactions are expected to affect multiple co-distributed species in a
landscape. Located in Brazil, Espinhaco Range (ER) is topographically and ecologically
complex, providing opportunities for genetic differentiation of its biota. Some phylogeographic
studies have shown similar signatures of spatially-related population divergence, potentially
revealing important regional barriers. Comparative studies of an assemblage can help to provide
insights into the current and historical role of valleys, depressions, or climate acting as barriers

to gene flow of co-distributed mountain species. Understanding the role of topography and
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associated patterns of diversification within communities is important to conservation efforts
in Espinhaco Range, a threatened region. We assessed patterns of geographically-related
genetic structure within six endemic anuran species of Espinhaco Mineiro and Quadrilatero
Ferrifero, subregions of the ER. We estimated mitochondrial gene trees for the species to assess
spatially structured monophyletic clades. Then, we used these trees to test hypotheses about
demographic changes. Finally, to evaluate the congruence in divergence times among
populations across the most common biogeographic break (i.e., a central barrier between
Planalto de Diamantina and Grao Mogol regions), we ran a hierarchical Approximate Bayesian
Computation. Our results show spatial and demographic concordance between the species;
however, there are multiple divergences events associated to the same barrier. Therefore, the

hypothesis of idiosyncratic histories of diversification was corroborated in this study.

Keywords: Phylogeographic barrier, Espinhaco Range, demographic changes, mountain
diversification, campo rupestre, Hierarchical Approximate Bayesian computation.
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Introduction

Mountains host high biodiversity, acting as cradles of diversification of new lineages
(Fiorini et al., 2019; Perrigo et al., 2020). Past climate changes, river avulsions, uplifts, habitat
fragmentation, changes in other environmental conditions, and their interactions with distinct
life histories can play important roles in the genetic structure of species (Paz et al., 2015;
Sanchez-Montes et al., 20118; Myers et al., 2019; Garcia-Rodriguez et al., 2021). Additionally,
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topographical heterogeneity also provides a diversity of microhabitats that can work like local
islands, facilitating allopatric diversification (Rodriguez et al., 2015; Steinbauer et al., 2016;
Nali et al., 2020). These microhabitats can also act as microrefugia, amortizing the impacts of
climate changes on populations (Bonatelli et al., 2014). When distinct factors and events occur
across landscapes, they are expected to affect multiple co-distributed species (Oaks et al., 2020).
In Brazil, the Espinhago Mountain Range (ER) comprises a Precambrian, geologically
stable mountain belt, that extends latitudinally for 1,200 km, through two states, and three
phytogeographic domains (i.e., Cerrado, Caatinga and Atlantic Forest) in the east of the country
(Saadi, 1995; Alkmin, 2012). This mountain range is topographically and ecologically complex,
which provides opportunities for genetic differentiation of its biota. Espinhago range has several
sky island archipelagos and can be divided into two main provinces: Chapada Diamantina (CD)
(between latitudes 11S and 14S), entirely in the Caatinga dominion; and Southern Espinhaco
(SE) (between latitudes 12S and 19S), bounded to the north by the Caatinga, to the east by the
Atlantic Forest, and to the west by Cerrado (Colli-Silva et al., 2019). The highest altitudes (i.e.,
above 800 m) of the Espinhaco Range are covered by campo rupestre, a mountain top
ecosystem characterized by grassy-shrubby vegetation mosaics associated with quartzite,
sandstone, or ironstone outcrops and poor soils (Silveira et al., 2016; Miola et al., 2021).
Despite the accumulation of knowledge about Espinhago Mountain biota in last decades
(Miola et al., 2021), studies involving the genetic structure of populations are incipient. Some
single-species phylogeographic studies have shown that several organisms have similar
signatures of spatially-related population divergence, potentially revealing important regional
barriers (e.g., Perez et al., 2016; Oliveira et al., 2021; Oswald et al., in press). Serra do Cabral,
for example, is an isolated sky island west of SE that was recovered as a distinct unit for the
distribution of some species. In this plateau, there is absence of some species widely distributed
in SE, some restrict endemic, and populations deeply structured (Leite et al., 2011; Oliveira et
al., 2021; Oswald et al., in press). Another region pointed out as a possible barrier in different
studies is the region between the municipality of Grdo Mogol and Diamantina plateau, in the
center of SE. With small variations concerning the exact depression that acts as a barrier, this
region has already been identified as a phylogeographic break for a species of cactus,
Pilosocereus aurisetus (Perez et al., 2016), and for some anurans, like Bokermannohyla
alvarengai (Oliveira et al., 2021), B. saxicola (Oswald et al., in press), Pithecopus
megacephalus (Ramos et al., 2018), and Thoropa megatympanum (Sabbag et al., 2018). It is

also an important milestone for the differentiation in the floristic composition of
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Melastomataceae (Pacifico et al., 2021) and other vascular plants (Echternacht et al., 2011)
along the range, being their northern and southern regions delimitated as distinct districts of
Southern Espinhaco Province (Colli-Silva et al., 2019).

Even with the growth of anuran phylogeographic studies in the ER (e.g., Thomé et al.,
2016; Ramos et al., 2018; Magalhdes et al., 2021; Oliveira et al., 2021), the spatial patterns of
genetic diversity have not been examined in a comparative framework. Which leaves a gap in
our understanding of how these patterns have been established, becoming a research priority
(Miola et al., 2021). Comparative studies within an assemblage or community can help to
provide insights into the current and historical role of valleys, depressions, or climate in the
formation of barriers to gene flow in co-distributed species. Understanding the role of
topography and associated patterns of diversification within communities is important to
conservation efforts in this important and threatened region (Fernandes et al., 2014; Silveira et
al., 2016).

Thus, to better explain the evolution of the Espinhago Range anurofauna, we first
identified potential barriers to gene flow for some endemic anuran species to Southern
Espinhaco. Then, we checked alternative diversification models for each species concerning
changes in effective population sizes through time. Finally, we tested three distinct
diversification scenarios and demographic patterns through comparative phylogeography: i) all
focal species have a concordant and ancient, pre-Quaternary divergence, in agreement with the
‘old, climatically buffered, infertile landscapes’ theory (OCBIL; Hopper, 2009, 2021; Hopper
et al., 2016), that predicts long-term fragmentation in ancient landscapes’ biotas; ii) all species
have a concordant and recent divergence, with their populations diverged during the climatic
events of the Pleistocene, in agreement with the Pleistocene refugia hypothesis (Haffer, 1969;
Flantua & Hooghiemstra, 2018); iii) the tempo of divergence is idiosyncratic, thus evidencing

multiple pulses of diversification along Espinhaco Range (Rull, 2011).

Material and Methods
Taxon sampling

We sampled six endemic species from four distinct anuran families, that are co-
distributed in Southern Espinhaco, southeastern Brazil. The most representative family in the
study, and also with the largest number of endemic species in Espinhaco Range is Hylidae
(Oswald et al. in revision), from which we sampled the treefrogs Bokermannohyla alvarengai

(Bokermann, 1956), B. saxicola (Bokermann, 1964), and Scinax curicica Pugliese, Pombal, &
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Sazima, 2004. The families Cycloramphidae, Leptodactylidae, and Phyllomedusidae are
represented by one species each, being they Thoropa megatympanum (Caranaschi & Sazima,
1984), Leptodactylus camaquara (Sazima & Bokermann, 1978), and Pithecopus megacephalus
(Miranda-Ribeiro, 1926), respectively. These species are associated with campo rupestre and,
although co-distributed in this ecosystem, they exhibit distinct life-strategies. All species show
indirect development and exotrophic tadpoles, but differ in microhabitat used for reproduction
and tadpole development (i.e., lotic or lentic water bodies, or semi-terrestrial), and adult body
size (Eterovick et al., 2020).

Bokermannohyla alvarengai (Alvarenga’s Treefrog) is the largest species sampled, with
adult males having an average size of 141 mm (Eterovick et al., 2020). This treefrog reproduces
in temporary streams with rocky or sandy bottoms in open areas (Sazima & Bokermann, 1977).
The species can be found along SE Province, except in Serra do Cabral (Oliveira et al., 2021).
Its tadpoles can select microhabitats that better match their lightness and color, increasing their
cryptic potential (Eterovick et al., 2010), possibly being an adaptation to live and survive in
rock environments common in campo rupestre (Oswald et al., in revision).

The congeneric species B. saxicola (Ledge Treefrog) is a medium-sized treefrog, with
an average of 54 mm in adult males (Eterovick et al., 2020). It breeds in permanent streams
and, more rarely, can be found in temporary ones (Eterovick et al., 2020). Usually, the species
is preferentially associated with riparian forests but may also occur in open areas, especially in
large waterfalls (Eterovick et al., 2020; Oswald et al., in revision). Bokermannohyla saxicola is
widely distributed in SE (Oswald et al., in press). The tadpoles are nocturnal and mostly found
associated to the rocky bottom of streams (Eterovick & Branddo, 2001). Adults of B. alvarengai
and B. saxicola are nocturnal and terrestrial, inhabiting rocky habitats (Eterovick et al., 2020).
The phylogenetic position of these species is not known; however, ER may be the center of
diversification for Bokermannohyla, due to the high richness and endemism of the genus in the
region (Oswald et al., in revision).

Scinax curicica (Lanceback Treefrog) has a small size, with approximately 28 mm in
adult males, is nocturnal and arboreal (Pugliese et al., 2004). It inhabits open areas and
reproduces in temporary puddles, ponds, swamps, and backwaters of streams surrounded by
shrubby or arboreal vegetation (Pugliese et al., 2014). Scinax curicica is the only endemic
anuran which is distributed in the two provinces of ER, except in Serra do Cabral (Oswald et

al., inrevision). The tadpoles are diurnal and develop in places with abundant aquatic vegetation
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(Eterovick et al., 2020). Like the other members of the Hylidae family in this study, the
phylogenetic placement of S. curicica is still unresolved (Oswald et al., in revision).

Thoropa megatympanum (Large-eared Rock Frog) are nocturnal and territorial, and
inhabits rocky environments, such as the species of Bokermannohyla. Its tadpole is semi-
terrestrial, being found at moist surfaces of rocks of temporary streams surrounded by
herbaceous and shrubby vegetation (Caramschi & Sazima, 1984; Eterovick et al., 2020). The
species is a medium-sized frog, with adult males measuring 43 mm on average. Adults have a
dark tone, homochromic with the rocky substrate, proving good camouflage (Caramaschi &
Sazima, 1984). Thoropa megatympanum is widely distributed in SE, being the only species of
the genus that occupies campo rupestre environments (Sabbag et al., 2018).

Leptodactylus camaquara (Digger Foam Frog) has a small size, with 30 mm on average,
is diurnal, and occupies wet soils (Sazima & Bokermann, 1978; Eterovick et al., 2020). It
reproduces at flooded areas with herbaceous vegetation, depositing the egg clutches wrapped
in foam in burrows under the rocks (Sazima & Bokermann, 1978). The tadpoles develop in
swamp areas (Eterovick et al., 2020). The species is distributed in SE, except in Serra do Cabral
(Carvalho et al., 2021). Unlike T. megatympanum, L. camaquara is recovered within a clade
with species endemic to campo rupestre ecosystem (Sabbag et al., 2018; Carvalho et al., 2021).

Pithecopus megacephalus (Large-headed leaf-frog) is a medium-sized monkey frog,
with adult males measuring 39 mm on average, nocturnal, territorial and arboreal species
(Caramaschi, 2006; Oliveira et al., 2012). It is associated to temporary streams with rocky or
sandy bottoms, surrounded by herbaceous or shrubby vegetation (Eterovick et al., 2020). The
eggs are deposited on leaves hanging above the water and the yellowish tadpoles slide through
the leaf and fall into the water after hatching (Oliveira et al., 2012; Eterovick et al., 2020). The
species is widely distributed in Espinha¢o Mineiro and do not occur in Quadrilatero Ferrifero
district, south of the SE Province (Branddo et al., 2012; Ramos et al., 2018). Pithecopus rohdei,
the sister-species of P. megacephalus, is distributed in the Atlantic Forest (Faivovich et al.,
2010; Ramos et al., 2019), raising the doubt if the most recent common ancestor of these species

was distributed in the Atlantic Forest or campo rupestre (Oswald et al., in revision).

DNA sampling
We sampled a total of 505 distinct mitochondrial sequences (mtDNA), including six
from the outgroups (Tables 1, S1). We obtained most of the mtDNA sequences from previous

unpublished studies, which will be made available upon acceptance of the manuscript, and some
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of them from GenBank (Table S1; Clark et al., 2016). We sequenced individuals from new
localities for P. megacephalus through a Sanger automatized sequencer ABI 3130XL (Applied
Biosystems™) (Table S1). We performed the new genomic extraction following a standard
phenol-chloroform protocol (Sambrook & Russel, 2001). For the amplification and sequencing
procedures, we followed Ramos et al. (2018). We aligned sequences using Muscle (Edgar,
2004) as implemented in AliView 1.26 (Larsson, 2014) under default parameters.

Mitochondrial DNA gene trees and barrier inference

We estimated mtDNA gene trees for each species in BEAST v. 2.6.6, assuming a strict
molecular clock (Bouckaert et al., 2019). Due to the lack of taxa-specific evidence, we
estimated the substitution rate based on rates published for anurans, with the set range variating
according to the mitochondrial marker. For 16S (in L. camaquara, S. curicica, and T.
megatympanum), we set the rate between 2.77 x 10 and 5.42 x 107 substitutions per lineage
per million years (Lemmon et al., 2007; Fouquet et al., 2012). For Cyt-b (in B. saxicola and P.
megacephalus), we set the rate between 1 x 102 and 1.61 x 102 substitutions per lineage per
million years (Johns & Avise, 1998; Stock et al., 2012). For COI (in B. alvarengai and B.
saxicola), we set the substitution rate between 7.45 x 10 and 1.63 x 107 substitutions per
lineage per million years, corresponding to the 95% high posterior density (HPD) interval
estimated by Oswald et al. (in press) for Bokermannohyla saxicola. In all these cases, the
parameter's prior distributions were set as uniform. For B. saxicola, we link the gene tree from
both fragment available (COI and Cyt-b).

We set a Yule tree process and rooted the tree using MRCA prior (Gernhard, 2008) with
the respective outgroup of each species (Table 1). We choose outgroups based on availability
in GenBank and phylogenetic proximity to our focal species. We used the ‘bModelTest’ v. 1.2.1
package to co-estimate nucleotide substitution models during the runs (Bouckaert &
Drummond, 2017). We used default priors for all other parameters and analysed them in three
replicates with 5 x 107 generations, 5% burn-in, and 5 x 10° thinning each. We checked the
stationarity and convergence of all runs using Tracer v. 1.7.2 (Rambaut et al., 2018) and
combined the results of the replicates using LogCombiner v. 2.6.6 (Bouckaert et al., 2019). We
annotated the tree with maximum clade credibility (MCC) using TreeAnnotator v. 2.6.6
(Bouckaert et al., 2019). The trees were visualized using FigTree v. 1.4.4 (Rambaut, 2018).

After BEAST results, we constructed distribution maps in QGis v. 3.20.3 (QGIS

Development Team, 2021) for all linages and, we considered as putative barriers the area
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between the geographic ranges of reciprocally monophyletic and geographically structured

clades of gene trees.

Demographic modeling

To assess hypotheses about demographic changes (expansion, retraction, or stability) in
distinct lineages of each species, we choose the best demographic model that fits our data
through PHRAPL v. 0.6.5 (Jackson et al., 2017). Because the Espinhaco range was not
structured equally in all focal species, with distinct structuring patterns in some species, we
included only northern and southern populations of the most common barrier (see Results),
evaluating the possible common demographic processes between them. We constructed and
tested different demographic models with the same parameters for each species except for
Pithecopus megacephalus, which was removed from this analysis due to the lack of
geographically structured clades in the previous step (see Results). All tested models were
categorized as isolation only, with a single coalescent event and no migration. Additionally, we
set matrices for demographic changes of one, both, or none populations. Thereby, we tested the
best model among all 10 possible demographic scenarios (Table S2). As input, we used the
mtDNA gene trees generated in the previous step. We ran PHRAPL by taking four samples per
population, 1000 subtrees, and 25 subsample replicates for each species. For Leptodactylus
camaquara, we took only three samples per population, due to their sample size being less than
four in one of its populations. We identified the best model ranking the models by Akaike
weights (WAIC).

Testing for synchronous population divergences

To evaluate the congruence in divergence times among populations across the genetic
break in landscape, we ran a hierarchical Approximate Bayesian Computation (hABC)
approach implemented by MTML-msBayes v. 20170510 (Hickerson et al., 2007; Huang et al.,
2011). In this analysis, P. megacephalus was removed for the same reason mentioned above.
We set the same mutation model to all mtDNA markers as HKY and set z (i.e., the prior for the
divergence times) as 1.1 and the upper limit of ancestral population size prior as 1. We
performed 1 x 10° simulations and estimated 1 x 10° accepted draws of them. The ¥
hyperparameter (i.e., the number of divergence times) was obtained by a final step

acceptance/rejection through local multinomial logistic regression and simple rejection.
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Following the previous analysis, and in order not to violate the MTML-msBayes premises

(Huang et al., 2011), we only included the north and south populations (see Results).

Results
Mitochondrial DNA gene tree and barrier inference

The mitochondrial gene trees of five species, except of P. megacephalus, revealed at
least two distinct geographic populations, ‘northern’ and ‘southern’ (Figs 1; S1 — S6). Samples
from Serra do Cabral were recovered as phylogenetically distinct lineages for B. saxicola and
T. megatympanum. For Pithecopus megacephalus, although Cabral samples were grouped in a
clade, they are nested with southern samples in a clade poorly supported (Fig. 1).

The most common genetic break in landscape, called from here on as ‘central barrier’,
is similar in all available species but P. megacephalus, with some variation in its exact location
concerning the surroundings of Botumirim and Itacambira regions (Fig. 2). There is a
structuring trend between northern and southern individuals of P. megacephalus, but its gene
tree show low node supports, and individuals from Rio Pardo de Minas, a northern locality,
were grouped in different clades of the tree (Fig. 1). Individuals from Botumirim grouped with
the northern population in almost all species (i.e., Leptodactylus camaquara, Scinax curicica,
and Thoropa megatympanum), implying a phylogeographic break in the depression southern of
this region (Fig. 1). However, the two species of Bokermannohyla show a different location
from the central barrier. In Bokermannohyla alvarengai, Botumirim, and Itacambira samples
grouped with the southern population, resulting in a northern-shifted central break (Fig. 2). In
B. saxicola, Botumirim samples clustered with the southern clade while Itacambira samples

clustered with the northern clade, resulting in an eastern-shifted central break (Fig. 2).

Demographic modeling

The PHRAPL revealed higher support for a model of no demographic changes for all
populations, indicating concordant demographic stability between the different species. In all
species, but B. alvarengai, the model that best fit the data was around 2.72 times better than the
second. (Table 2; S3). In B. alvarengai, the best model was only slightly better than the other
substantially supported (i.e., AAIC <2) models (Burnham & Anderson, 2002, 2004) (Table 2).
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Testing for synchronous population divergences

MTML-msBayes analysis rejects synchronous divergence for the anuran endemic
species of the Espinhaco Mountain range, with three distinct divergence times between north
and south lineage in the assemblage (¥ = 3 for both local multinomial logistic regression and
simple rejection). Bokermannohyla saxicola, and T. megatympanum probably co-diverged, with
average coalescences of 2.38 Ma (95% HPD: 1.6 - 3.28 Ma) and 2.31 Ma (95% HPD: 1.26 -
3.58 Ma), respectively. Bokermannohyla alvarengai populations diverged more recently, at
1.47 Ma (95% HPD: 0.77 - 2.38 Ma), while L. camaquara and S. curicica lineages had the
oldest coalescence time, at 2.90 Ma (95% HPD: 1.62 - 4.49 Ma) and 3.29 Ma (95% HPD: 1.76
- 5.15 Ma), respectively (Fig. 3).

Discussion

Although multiple environmental factors can act synchronously and spatially in all
species of an assemblage, it seems not the case in Espinhaco Mountain Range, at least in
Quadrilatero Ferrifero and Espinhaco Mineiro portions. Our study supports a history of shared
temporal co-divergence only for two pairs of the five species investigated, suggesting at least
three pulses of diversification associated with the central barrier. However, it is worth
mentioning that there is overlap in the confidence intervals of divergence time. Additionally,
we cannot discard a fourth independent divergence, since P. megacephalus presents an
evolutionary history much more recent than that of the other investigated species (Ramos et al.,
2019). Instead, our comparative results suggest that specific traits and colonization histories for
each species can be important in the diversification of the anuran assemblages from the
Espinhaco Range. We showed that, although there is a spatial and demographic concordance
between the species, the divergence was not caused by the same diversification event.
Therefore, the hypothesis of idiosyncratic histories of diversification was corroborated in this
study.

All species were composed of no less than two different monophyletic and spatially
structured lineages with correspondent ranges, similar to that found by the species-focused
phylogeographic studies (Nascimento et al., 2018; Oliveiraer al., 2021; Oswald et al., in press).
The only exception was P. megacephalus, whose mtDNA gene tree show low supports and
spatial mixing. Despite the tendency to geographic divergence, observed in the mtDNA
haplotype network (Ramos et al., 2018), it is possible that the spatially structured populations

of experienced gene flow, evidenced by the presence of samples from Rio Pardo de Minas
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nested with southern ones. This would not be surprising, since gene flow is a common process
in the evolution of phylomedusids, and there is even evidence of interspecific introgression
involving the species (Magalhaes et al., 2021). Despite that, Ramos et al. (2018) used a distinct
methodology to access spatially structured populations, finding the same central barrier
evidenced in this work. Therefore, for a better understanding of the processes that generate
biodiversity in the Espinhaco Range, the gene flow must be taken into account in future
assessments of geographic structure and phylogeographic relationships of P. megacephalus
demes.

Oliveira et al. (2021) and Oswald et al. (in press) found evidence of demographic
changes for B. alvarengai and B. saxicola, in disagreement with our PHRAPL results. It is
important to note that these investigations used mitonuclear datasets, that more adequately
capture the demographic processes experienced by species (Felsenstein, 2006; Gill et al., 2013).
Our results, in turn, just reconstruct the demography of the mitochondrial genome of these
frogs. However, although the scenario without demographic changes is the best fit for all
species, scenarios 2, 3, 4, and 6 showed AAIC < 2, being substantially supported (Burnham &
Anderson, 2002, 2004). Scenarios 2 and 3, involved demographic changes in one population,
northern or southern, at a time. Scenario 4 covers demographic changes in both populations,
while scenario 6 represent no demographic changes, but both populations had distinct sizes.
Thereby, we cannot rule out that these changes may have occurred in mtDNA as well as what
was observed in the species trees (Oliveira et al., 2021; Oswald et al., in press).

Some factors may be responsible for forming phylogeographic barriers, such as
biological interactions, environmental heterogeneity, and climatic conditions (Lomolino et al.,
2010). Environmental variables as temperature, humidity, and microhabitat distribution could
be responsible for isolation by the environment, causing asynchronous genetic structure in a
landscape (Wang & Bradburb, 2014). Serra do Espinhaco presents a wide latitudinal climatic
variation, with moderate temperatures and low precipitation north of the central barrier and
lower temperatures and higher precipitation south of this geographic break (Leite, 2012). We
found a slight variation in the exact location of the central barrier for different species (Fig. 2),
but this central region of Espinhago Mineiro is associated with topographic and climatic
discontinuities in Espinhaco Range (Leite, 2012). Although past climate changes were
recovered as important factors influencing anuran diversification in Espinhago Range
(Magalhées et al., 2021; Oliveira et al., 2021; Oswald et al., in press), the latitudinal climate

gradient may be important for the diversification as well. It would be interesting to investigate
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this climate variation and discontinuities in the past since there are available reconstructions
dating back to Pliocene (Brown et al., 2018), as well as the adaptations of each species to this
climatic gradient.

The interspecific variation regarding location of the central barrier suggests that this
break may have been displaced through time and that the particular biology of each species,
environmental variation, or its interactions may have influenced the structure observed in each
one of the species today (Wang & Bradburb, 2014). The phylogeographic break found for these
species is in agreement with the division between endemism areas for plants (Echternacht et
al., 2011; Chaves et al., 2015; Colli-Silva et al., 2019; Pacifico et al., 2021), reinforcing that it
acted as a gene flow restrictor at different temporal scales in the Espinhago Range. Furthermore,
Oswald et al. (in press) demonstrated that B. saxicola is a complex of four evolutionarily
independent lineages, treated as putative species, corroborating that the central barrier acted at
different levels of genealogical depth in the endemic biota of Espinhaco. Our results reveal this
highly concordant break as an important geographic element associated with species
distributions, endemism, and genetic structuration in Espinhaco Range. Although we have not
dug deep into the role of the barrier between the Cabral and the rest of Southern Espinhaco, we
confirmed it as an important geographic break associated with lineage structuring for B.
saxicola and T. megatympanum. Furthermore, it limits the distribution of B. alvarengai, L.
camaquara, and S. curicica. Given the high degree of endemism of the Serra do Cabral biota
(Echternacht et al. 2011; Leite, 2012; Fidanza et al., 2013; Assuncao-Silva & Assis, 2021), we
emphasize that it needs to be further investigated in a comparative framework as well since it
is another important barrier in Espinhaco Range (e.g., Leite et al., 2011; Oliveira et al., 2011).

Espinhaco Range is classified as an OCBIL (Silveira et al., 2016). In this theory,
diversification would be explained by long-term population isolation, the ancientness of
landscapes, and historically stable climates, with no or little influence of Pleistocene climate
changes in biota diversification (Hopper, 2009; Hopper et al., 2016). Consequently, the area
would act as a museum of diversity, housing ancient and persistent lineages. In the last years,
some studies have shown recent speciation in the biota of Espinhaco Range, and the high
influence of climatic changes, challenging this stability to their biota (Magalhaes et al., 2021,
Oliveiraet al., 2021; Oswald et al., in press). Our results suggest that Espinhago Range can also
act as a cradle of speciation, which is in accordance with results found for several other groups
of organisms (Fiorini et al., 2019; Vasconcelos et al., 2020). The biogeographic history of the

endemic anuran assemblage of Espinhaco Range suggests that the mountain fingerprint is more
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complex than OCBIL’s theory solely can explain. Co-distributed anurans are evolving
idiosyncratically in Espinhaco Range, and it is difficult to define a mechanism responsible for
local diversification (Rapini et al., 2020). The biology of each species, specific habitat
tolerances, and adaptations may influence the geographical population’s distributions, and
studies on environmental-related traits may help us evaluate the effective influence of each
environmental component in the diversification of species (Wang & Bradburb, 2014,
Vasconcelos et al., 2020). These species-related traits should be better investigated, to help us
understand the influences and factors that drove the diversification and, in some cases, like
Bokermannohyla saxicola, speciation of the Espinhago Range’s biota (Papadopoulou &
Knowles, 2016; Oswald et al., in press).

Tables

Table 1 — Species sampled, outgroup, mtDNA fragment, and the number of individuals
sampled. COI = Citochrome oxidase, subunit I; Cyt-b = Citochrome B; 16S = Ribossomal gene
encoding 16S rRNA.

Species Outgroup mtDNA fragment ~ Sample size
Bokermannohyla alvarengai | Bokermannohyla oxente COl 56
Bokermannohyla saxicola Bokermannohyla nanuzae  COI, Cyt-b 223
Leptodactylus camaquara Leptodactylus cunicularius  16S 16
Pithecopus megacephalus Pithecopus ayeaye Cyt-b 76

Scinax curicica Scinax alter 16S 21

Thoropa megatympanum Thoropa miliaris 16S 107
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Table 2 — Summary of the alternative models with AAIC < 2 selection by PHRAPL. Values of
Akaike Information Criterion (AIC); composite likelihood (InL); the number of parameters of
the model (params.K); the difference between AIC values of each model (AAIC); and Akaike
Information Criterion weights (WAIC) of each taxon. Model numbers refer to the schematic
models defined in Tale S2.

Species Model  AIC InL Params.k AAIC  wAIC

1 39.28324 -18.6416 1 0 0.172789
2 39.59904 -17.7995 2 0.316 0.147536

Bokermannohyla
) 3 39.59904 -17.7995 2 0.316 0.147536

alvarengai

4 39.59904 -17.7995 2 0.316 0.147536
6 39.59904 -17.7995 2 0.316 0.147536
1 37.41687 -17.7084 1 0 0.326515
2 39.41687 -17.7084 2 2 0.120118

Bokermannohyla
) 3 39.41687 -17.7084 2 2 0.120118

saxicola
4 39.41687 -17.7084 2 2 0.120118
6 39.41687 -17.7084 2 2 0.120118
1 33.92453 -15.9623 1 0 0.326515
2 35.92453 -15.9623 2 2 0.120118
Leptodactylus
3 35.92453 -15.9623 2 2 0.120118
camaquara
4 35.92453 -15.9623 2 2 0.120118
6 35.92453 -15.9623 2 2 0.120118
1 36.51198 -17.2560 1 0 0.326515
2 38.51198 -17.2560 2 2 0.120118
Scinax curicica 3 38.51198 -17.2560 2 2 0.120118
4 38.51198 -17.2560 2 2 0.120118
6 38.51198 -17.2560 2 2 0.120118
1 37.13571 -17.5679 1 0 0.326515
2 39.13571 -17.5679 2 2 0.120118
Thoropa
3 39.13571 -17.5679 2 2 0.120118
megatympanum

4 39.13571 -17.5679 2 2 0.120118
6 39.13571 -17.5679 2 2 0.120118
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Figures

Fig 1 Mitochondrial trees, on the bottom left, sampled anurans photographs on the top left, and
the minimum convex polygon of the distribution of each population, on the right, for a)
Bokermannohyla alvarengai; b) Bokermannohyla saxicola; c¢) Leptodactylus camaquara; d)
Pithecopus megacephalus; e) Scinax curicica; and f) Thoropa megatympanum. * on branches
correspond to posterior probability higher than 0.90 and ** higher than 0.95. Blue represents
the northern population and pink southern population in all species. Yellow represents the far
north population of Bokermannohyla saxicola, and green represent Cabral populations in B.
saxicola, and P. megacephalus, T. megatympanum. The terminals of the mtDNA tree were
collapsed through the cartoon option in FigTree v. 1.4.4 (Rambaut, 2018) and the minimum
convex polygon was drawn from sampling coordinates in QGis v. 3.20.3 (QGIS Development
Team, 2021). Photographs: a, c-f: Tiago L. Pezzuti; b: André Yves
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Fig 2 Illustrated dataset of endemic species sampled of Espinhaco Range; a)
Bokermannohyla alvarengai; b) Bokermannohyla saxicola; c) Leptodactylus camaquara;
d) Pithecopus megacephalus; €) Scinax curicica; and f) Thoropa megatympanum; g) Map
of Brazilian Shield highlands and its location in South America (inset), with Espinhaco
Mineiro and Quadrilatero Ferrifero highlighted and enlarged in (h); h) Phylogeographic
barriers found in each species. Numbers correspond to locations, 1: Itacambira and 2:
Botumirim. The colors surrounding the photographs match the barriers in the large map

(h). Photographs: a, c-f: Tiago L. Pezzuti; b: André Yves
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Fig 3 Mean and 95% HPD coalescence times (estimated in BEAST) between populations
north and south of the central barrier. The geological time scale on the right corresponds to

the y-axis time
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Considerac0es finais

Entre as 44 espécies de anuros endémicos da Serra do Espinhago, poucas foram
avaliadas quanto a sua estruturacao espacial ao longo da Serra do Espinhago. Esses estudos sdo
necessarios para planejamentos futuros de projetos de conservacdo, uma vez que a regido sofre
ameacas e tem grande importancia econdmica, social e ambiental (Fernandes et al., 2014,
Silveira et al., 2016, UNESCO, 2005).

Apesar da regido ser considerada um OCBIL (‘paisagens antigas, climaticamente
tamponadas e inférteis’), na qual a diversificagao da biota seria explicada por isolamento antigo
e estabilidade climatica (Hopper, 2009; Silveira et al., 2016), a tese demonstra algumas quebras
de premissas desta classificacdo. Ainda que a fragmentacdo seja um processo importante para
a diversificacdo de algumas espécies de anuros, como Rupirana e Crossodactylodes (Santos et
al., 2020), ela ndo é o Unico processo envolvido na diversificacdo dos anuros da Serra do
Espinhaco. Diferentes processos como hibridizagdo, colonizacdo, sdo importantes para a
evolucdo da biota da Serra do Espinhaco (Magalhdes et al., 2021; Oswald et al., in press). A
pequena influéncia das mudancas climaticas do Pleistoceno também esta em desacordo com 0s
resultados da tese. As estimativas de tempos de divergéncia das distintas abordagens (capitulo
2 e 3) sao concordantes com os periodos Plioceno e Pleistoceno e como ja demonstrado por
outros estudos, a variagdo climética passada nestas épocas parece ter sido um importante fator
para a diversificacdo do grupo (Oliveira et al., 2021; Magalhées et al., 2021). A historia
evolutiva da Serra do Espinhaco € complexa, e a teoria de OCBIL sozinha ndo pode nao ser
suficiente para explica-la. Precisamos considerar a multiplicidade de processos e fatores
associados a diversificacdo de biota.

Novos estudos filogeograficos focados em espécies, principalmente em Pithecopus
megacephalus, nos permitirdo entender a falta de estruturacdo genética encontrada na espécie,
que pode ser resultado de fluxo génico recente ou ndo ou ser resultado de sorteamento
incompleto de linhagens. Adicionalmente, a inclusdo de dados nucleares, novas espécies
endémicas da Serra do Espinhaco e dados sobre a biologia das espécies bem como dados do
ambiente, analisados sob a Otica da filogeografia comparativa, podem nos ajudar a entender
melhor os diferentes pulsos de diversificagcdo ocorrentes na Serra do Espinhago ao longo do
tempo.
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Apéndice

)] Material Suplementar — Capitulo 2
Colonization rather than fragmentation explains the geographic distribution and diversification

of treefrogs endemic to Brazilian shield sky islands (Oswald et al., in press)

a) Supporting information
Additional details on methodology and results for sampling strategy, testing for multiple
species, and testing for diversification scenarios
1 Material and Methods
1.1 Sampling strategy
1.1.1 Genetic data

The new genomic extraction was carried out following a standard phenol-chloroform
extraction protocol (Sambrook & Russel, 2001).

The six fragments were obtained via polymerase chain reaction (PCR) using specific
primers (Table S2). PCR was performed in a 15 pL reaction volume containing: 30 ng of
genomic DNA, 1x Buffer, 1.25 uM each primer, 2.5 mM MgClz, 0.72 pg bovine serum albumin
(BSA), 3 mM dNTPs, 0.625 U Platinum™ Tag DNA polymerase (Thermo Fisher Scientific).
PCRs were performed under the following conditions for each marker:

Cyt-b: One initial denaturation step at 94°C for 5 minutes, followed by 35 cycles of
denaturation at 94°C for 30 seconds, primer annealing at 58°C for 40 seconds, and extension at
72°C for one minute. For a complete extension of the amplified products, a final step of 72°C
was added for 7 minutes.

COI: One initial denaturation step at 94°C for 5 minutes, followed by 35 cycles of
denaturation at 94°C for 30 seconds, primer annealing at 58°C for 40 seconds, and extension at
72°C for one minute. For a complete extension of the amplified products, a final step of 72°C
was added for 7 minutes.

p-cry: One initial denaturation step at 95°C for 5 minutes, followed by 35 cycles of
denaturation at 95°C for 30 seconds, primer annealing at 54°C for 40 seconds and extension at
72°C for 25 seconds. For a complete extension of the amplified products, a final step of 72°C
was added for 5 minutes.

p-fib: One initial denaturation step at 95°C for 5 minutes, followed by 35 cycles of

denaturation at 95°C for 30 seconds, primer annealing at 59°C for one minute and extension at



136

72°C for 40 seconds. For a complete extension of the amplified products, a final step of 72°C
was added for 7 minutes.

c-myc: One initial denaturation step at 94°C for 1 minute, followed by 35 cycles of
denaturation at 94°C for 45 seconds, primer annealing at 54°C for one minute, and extension at
72°C for 35 seconds. For a complete extension of the amplified products, a final step of 72°C
was added for 7 minutes.

DIAG: One initial denaturation step at 94°C for 5 minutes, followed by 40 cycles of
denaturation at 94°C for 40 seconds, primer annealing at 60°C for one minute, and extension at
72°C for 30 seconds. For a complete extension of the amplified products, a final step of 72°C
was added for 7 minutes.

POMC: One initial denaturation step at 94°C for 5 minutes, followed by 35 cycles of
denaturation at 94°C for 30 seconds, primer annealing at 60°C for 50 seconds, and extension at
72°C for 35 seconds. For a complete extension of the amplified products, a final step of 72°C
was added for 7 minutes.

SmarcB1: One initial denaturation step at 95°C for 5 minutes, followed by 40 cycles of
denaturation at 95°C for 30 seconds, primer annealing at 60°C for one minute, and extension at
72°C for 30 seconds. For a complete extension of the amplified products, a final step of 72°C
was added for 7 minutes.

DNA amplicons were purified using polyethylene glycol 20% to remove PCR residuals
(Santos et al., 2015) and sequenced in both strands, using the same amplification primers from
PCR (Table S2) plus BigDye Terminator v3.1 kit (Life Technologies™), in a Sanger
automatized sequencer ABI 3130XL (Applied Biosystems™).

1.2 Testing for multiple species
1.2.1 Exploring genetic structure

To select a priori range of the number of populations, we ran an exploratory mtDNA
delimitation using a Generalized Mixed Yule Coalescent (GMYC) model Pons et al., 2006).
For this, the unique haplotypes of mtDNA were identified using the R package ‘haplotypes’
1.1.2 (Aktas, 2020), and trees of these haplotypes were estimated in BEAST 2.6.2, assuming
strict molecular clock and substitution rate fixed at one, Yule tree process, and root set in
Bokermannohyla nanuzae. The evolutionary models were co-estimated with the tree through
package ‘bModelTest” (Bouckaert & Drummond, 2017). The analysis was conducted in three

replicates, with 5 x 107 generations, 5 x 102 thinning, and 5% burn-in each. The results of all
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runs were combined using LogCombiner 2.6.2 (Bouckaert et al., 2019), and the tree with
maximum clade credibility (MCC) was annotated in TreeAnnotator 2.6.2 (Bouckaert et al.,
2019). After removing the root, the MCC tree was submitted to a maximum likelihood
implementation of GMYC with R package ‘splits’ 1.0-19 (Ezard et al., 2017), using the single-
threshold algorithm.

1.2.2 Morphological species delimitation

Before ran morphometric analyses, we removed the allometric size effect from all adult
morphometric data, following Lleonart, Salat, & Torres (2000). Initially, all variables were
logio-transformed, and then we made a Principal Component Analysis (PCA) to find a proxy
for body size (i.e. the variable with the highest loading value from the first principal
component). The variance-covariance matrix eigenvectors were obtained using the prcomp
function in R package ‘vegan’ v. 2.5-6 (Oksanen et al., 2019). The variable FLL was selected
as a proxy for all adults. The residuals of the regression of the variables against proxies were
used instead of the original variables for subsequent analyses using morphometric data
(Lleonart et al., 2000). After the size correction, we calculated the variance inflation factors
(VIF) among variables to estimate multicollinearity using the function vif in R package 'car’ v.
3.0-10 (Fox & Weisberg, 2019). All variables showed VIFs smaller than five, thus all of them
were retained for analyses (Akinwande et al., 2015).

To test sexual dimorphism in adults' morphometric traits, we conducted a permutational
analysis of variance (PERMANOVA) with Euclidian distance and 1 x 10% permutations in
‘vegan’ v. 2.5-6 R package (Oksanen et al., 2019). Additionally, we calculated the sexual size
dimorphism index (SSDi; Smith, 1999). Males were sexed according to external characters,

such as the presence of vocal slits under the tongue.

1.3 Testing for diversification scenarios
1.3.1 Demographic model selection

To estimate the relative population sizes (0) between the lineages, we performed an
exploratory analysis using the Bayesian algorithm of Migrate-n v. 3.7.2 (Beerli, 2006, 2007,
2009). The analysis was made in two parallel replicates, using one long and 14 short chains
heated under the thermodynamic static strategy. The heating was made with the cold chain
equal to 1, the hottest chain equal to 1 x 108, and the remaining chains growing at a cumulative

exponential scale of 1.3, starting from 1.5. The run-length was set with 1 x 102 generations,
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thinning of 100, and a burn-in period of 1 x 10’. Convergence between replicates was accessed
through the pairs strategy, and mixing was evaluated using ESSs plus the chains' update rates.

2 Results
2.1 Testing for multiple species
2.1.1 Exploring genetic structure

The GMYC analysis returned five mitochondrial entities, with a confidence interval from
four to 11. The null hypothesis of only one putative species in mtDNA gene tree was rejected
(likelihood ratio test = 63.71; p < 0.01). Two distinct mitochondrial lineages were recovered
from southern (named here Southern 1 and Southern 2), one from center (named here Central),
one from northern (named here Northern), and one from western (named here Cabral) of EM.
The lineages Southern 1, Southern 2, and Central correspond, respectively, to the clades
Diamantina plateau, Cip6, and Itacambira in (Nascimento et al., 2018), while Cabral and
Northern received the exact identification. Both Southern lineages occurred in sympatry in
Santana do Riacho and Congonhas do Norte municipalities (Figure S1; Figure 1). Southern 2
is still distributed in Augusto de Lima, Botumirim, Concei¢do do Mato Dentro, Diamantina,
Itamarandiba, Rio Vermelho, Santana de Pirapama, S&o Gongalo do Rio Preto, Serro, and
Turmalina, while Southern 2 is also distributed in the municipalities of Sdo Sebastido do Rio
Preto and Bar&o de Cocais (Figure S1; Figure 1).

2.1.2 Morphological species delimitation

In total, 469 adults were measured, being 67 females and 402 males. Females and males
diverge significantly in morphometric traits (PP < 0.001; Table S5), being females slightly
larger than males (SSDi = 0.936). Therefore, only males' traits were used in the study's other

analyses.

2.2 Testing for diversification scenarios
2.2.1 Demographic model selection

The 0 value found for the southern lineage was at least four times higher than for the other
lineages (Ocenter = 8.710 X 1073; Bsouthern = 3.837 % 1072; Ocaral = 6.230 x 1073; Onorthem = 6.230 X
1073).
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b) Supplementary figures
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Figure S1 — Mitochondrial species delimitation generated by the ML-GMYC method. The

numbers above nodes represent the posterior probabilities for each node in gene tree
reconstruction. Colours represent distinct lineages of Bokermannohyla saxicola along the

Espinhaco range: Northern (yellow), Cabral (red), Central (Blue), Southern 1 (green), Southern
2 (dark green)
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Figure S2 — Spatial probabilities of Bokermannohyla saxicola populations in the Espinhaco
Range inferred through the Geneland method, including only genetic data records. Colours and

isoclines indicate posterior probabilities of assignment to each lineage.
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Figure S6 - Multivariate Environmental Similarity Surface (MESS) maps of past range
generated using occurrence data. Positive MESS values correspond to sites in the projection of
past range with similar climatic conditions in comparison to current areas, while negative MESS
values (dark blue areas) indicate the degree of dissimilarity between past and current ranges.
Purple dots on the MESS maps indicate the species occurrence from data training and black
lines shape represents the limits of campo rupestre. The time slice abbreviations correspond to:
M2 = Marine Isotope Stage in the late Pliocene, mPWP = mid-Pliocene Warm Period, MIS19
= Marine Isotope Stage in the Pleistocene, LIG = Last Interglacial past, LGM = Last Glacial
Maximum, HS1 = Heinrich Event 1, BA = abrupt warming at the onset of the Bglling-Allerad,
YD = rapid cooling at the onset of the Younger Dryas, EH = early-Holocene, MH = mid-
Holocene, LH = late-Holocene.
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c) Supplementary tables

Table S1 Details for sampled individuals of Bokermannohyla saxicola used in the present study. For each sample is present lineage, voucher
ID, haplotype in Figure S1 (GMYC), type of data, municipality in Minas Gerais Brazilian state, geographic coordinates, and Genbank accession

numbers. UFMG = Centro de ColecGes Taxonémicas da Universidade Federal de Minas Gerais; BS = code by Nascimento et al. 2018

) Type of data
Lineage MtDNA . .
Genetic Municipally
) Voucher ID Haplotype ) ) i
) Nascimento et al. . Morphometric (Minas Gerais)
This study (Hap: Figure S1) mtDNA nDNA
(2018) clade

Central Itacambira UFMG 15326 04 X X X Gréo Mogol
Central Itacambira UFMG 15299 04 X X X Padre Carvalho
Central Itacambira UFMG 15398 05 X X X Grédo Mogol
Southern Diamantina Plateau UFMG 16343 03 X X X Augusto de Lima
Southern Diamantina Plateau BS013 17 X X Congonhas do Norte
Southern Diamantina Plateau UFMG-G 547b 97 X X Alvorada de Minas
Southern Diamantina Plateau UFMG 12413 89 X X Conceicdo do Mato Dentro
Southern Diamantina Plateau UFMG 20438 41 X X X Itamarandiba
Southern Diamantina Plateau UFMG 10888 63 X X X Rio Vermelho
Southern Diamantina Plateau UFMG 11033 65 X X X Rio Vermelho
Southern Diamantina Plateau UFMG 11037 62 X X X Rio Vermelho
Southern Diamantina Plateau UFMG-T 419 94 X X Diamantina
Southern Diamantina Plateau BS012 16 X X S8o Gongalo do Rio Preto
Southern Diamantina Plateau UFMG-T 105 90 X X Conceicdo do Mato Dentro
Southern Cipo BS014 18 X X Congonhas do Norte



Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Central
Central
Central
Central

Central

Cabral

Cabral
Cabral
Northern

Northern

Cipo
Cipo
Cipo
Cipo
Cipo
Cipo
Cipo
Cipo
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Itacambira
Itacambira
Itacambira
Itacambira

Itacambira
Cabral

Cabral
Cabral
Northern

Northern

BS020
UFMG-G 1646
BS016
BS004
UFMG 18965
BS007
BS001
BS009
UFMG 12342
UFMG 12345
BS023
UFMG 20439
BS015
UFMG 11111
UFMG 11266
UFMG 11276
UFMG 11279
UFMG 11274
UFMG 11288

UFMG-G 1 specimen
1266a

UFMG 16345
UFMG-T 420
UFMG 20490
UFMG 20491

5 specimens

20
69
12
12
100
11
09
15
60
57
21
42
19
73
80
83
82
77
84
99

88
95
39
39

X X X X X X X X X X X X X X X X X X X Xx

X X X X

X X X X X X X X X X X X X X X X X X X x

X X X X
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Congonhas do Norte
Santana do Riacho
Congonhas do Norte
Sdo Sebastido do Rio Preto
X Bardo de Cocais
Santana do Riacho
S8o Sebastido do Rio Preto
Santana do Riacho
X Botumirim
X Botumirim
Congonhas do Norte
X Itamarandiba
Serro
X Santana de Pirapama
Itacambira
Itacambira
Itacambira
Itacambira

Itacambira
Joaquim Felicio

X Francisco Dumont
Buendpolis
Santo Antdnio do Retiro

Santo Antonio do Retiro



Northern
Northern
Northern
Northern
Cabral
Cabral
Southern
Southern
Southern
Southern
Cabral
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern

Southern

Northern
Northern
Northern
Northern
Cabral
Cabral
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Cabral
Cip6
Cip6
Cip6
Cip6
Cip6
Diamantina Plateau
Diamantina Plateau
Cip6
Diamantina Plateau
Cip6
Cipo
Cipo
Cipo
Diamantina Plateau

UFMG-T 428
UFMG-T 212
UFMG-T 215
UFMG-T 421
UFMG 13953
UFMG 13977
UFMG 14333
UFMG 14337
UFMG 14367
UFMG 14386
UFMG 16342
BS002
BS003
BS005
BS006
BS008
BS010
BS011
BS019
BS021
BS022
BS024
BS026
BS027
BS031

91
91
92
96
06
06
07
08
07
08
02
10
11
13
13
14
16
16
18
17
12
12
22
12
23

X X X X X X X X X X X X X X X X X X X Xx

x

X X X X

X X X X X X X X X X

X X X X X X
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Serranépolis de Minas
Rio Pardo de Minas
Rio Pardo de Minas

Serranopolis de Minas

Joaquim Felicio
Joaquim Felicio
Turmalina
Turmalina
Turmalina
Turmalina
Joaquim Felicio
Santana do Riacho
Santana do Riacho
Santana do Riacho
Santana do Riacho

Santana do Riacho

S8o Goncalo do Rio Preto

S8o Gongalo do Rio Preto

Congonhas do Norte
Congonhas do Norte
Congonhas do Norte
Congonhas do Norte
Santana do Riacho
Santana do Riacho

Congonhas do Norte



Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern

Southern

Cipo

Cipo
Diamantina Plateau
Diamantina Plateau

Cipo

Cipo

Cipo

Cpé
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau

Diamantina Plateau

BS035
BS039
BS041
BS044
UFMG 20420
UFMG 20422
UFMG 20421
UFMG 20417
UFMG 20418
BS070
BS071
BS073
BS074
BS075
BS077
BS078
BS079
BS080
BS081
BS083
BS086
UFMG 10404
BS088
BS091
BS096

18
18
24
25
12
26
27
18
17
28
29
29
16
29
29
30
31
32
33
29
31
29
29
29
29

X X X X X X X X X X X X X X X X X X X Xx

x

X X X X

X X X X X
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Congonhas do Norte
Congonhas do Norte
Congonhas do Norte
Congonhas do Norte
Congonhas do Norte
Congonhas do Norte
Congonhas do Norte
Congonhas do Norte
Congonhas do Norte
S8o Gongalo do Rio Preto
S8o Gongalo do Rio Preto
S8o Gongalo do Rio Preto
S8o Gongalo do Rio Preto
S8o Goncalo do Rio Preto
S8o Goncalo do Rio Preto
S8o Goncalo do Rio Preto
S8o Goncalo do Rio Preto
S8o Gongalo do Rio Preto
S8o Gongalo do Rio Preto
S8o Gongalo do Rio Preto
S&o Gongalo do Rio Preto
S8o Goncalo do Rio Preto
S8o Goncalo do Rio Preto
S8o Goncalo do Rio Preto

S&o Gongalo do Rio Preto



Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Northern
Northern
Northern
Northern
Northern
Southern
Southern
Southern

Southern

Cipo
Cipo

Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau

Northern

Northern

Northern

Northern

Northern
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau

Diamantina Plateau

UFMG 20427
BS104
BS105
BS106
BS107
BS108
BS109
BS110
BS111
BS112
BS113
BS114
BS116
BS117
BS118
BS119

UFMG 20481

UFMG 20483

UFMG 20485

UFMG 20488

UFMG 20591

UFMG 20431

UFMG 20432

UFMG 20435

UFMG 20436

13
22
30
30
29
29
29
34
35
29
36
32
37
29
29
38
39
39
39
39
39
40
40
40
40

X X X X X X X X X X X X X X X X X X X Xx

x

X X X X

X X X X
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Congonhas do Norte
Santana do Riacho
S8o Goncalo do Rio Preto
S8o Goncalo do Rio Preto
S8o Goncalo do Rio Preto
Séo Gongalo do Rio Preto
S8o Goncalo do Rio Preto
S8o Goncalo do Rio Preto
S8o Goncalo do Rio Preto
S8o Gongalo do Rio Preto
S&o Gongalo do Rio Preto
S8o Gongalo do Rio Preto
S8o Gongalo do Rio Preto
S8o Goncalo do Rio Preto
S8o Goncalo do Rio Preto
S8o Goncalo do Rio Preto
Santo Antbnio do Retiro
Santo Antdnio do Retiro
Santo Antdnio do Retiro
Santo Antdnio do Retiro
Santo Antdnio do Retiro
Itamarandiba
Itamarandiba
Itamarandiba

Itamarandiba



Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern

Southern

Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Cip6
Diamantina Plateau
Cip6
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau

Diamantina Plateau

UFMG 20437
UFMG 20440
UFMG 20442
UFMG 20445
UFMG 20446
UFMG 20447
UFMG 20448
UFMG 20449
UFMG 20450
UFMG 20451
UFMG 20452
UFMG 20454
UFMG 20455
UFMG 20456
UFMG 20457
UFMG 20458
UFMG 20459
UFMG 11051
UFMG 11052
UFMG 11053
UFMG 12224
UFMG 12269
UFMG 12272
UFMG 12277
UFMG 12284

40
43
44
45
46
40
40
40
47
40
48
49
50
40
40
48
51
52
53
13
54
55
29
56
55

X X X X X X X X X X X X X X X X X X X X X X X X X

X X X X X X X X X X X X X X X X X X X X X X X

Itamarandiba
Itamarandiba
Itamarandiba
Itamarandiba
Itamarandiba
Itamarandiba
Itamarandiba
Itamarandiba
Itamarandiba
Itamarandiba
Itamarandiba
Itamarandiba
Itamarandiba
Itamarandiba
Itamarandiba
Itamarandiba
Itamarandiba
Santana do Riacho
Santana do Riacho
Santana do Riacho
Botumirim
Botumirim
Botumirim
Botumirim

Botumirim
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Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern

Southern

Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau

Diamantina Plateau

UFMG 12294
UFMG 12296
UFMG 12326
UFMG 12337
UFMG 12339
UFMG 12341
UFMG 12343
UFMG 12344
UFMG 12346
UFMG 12349
UFMG 12350
UFMG 12354
UFMG 10858
UFMG 10876
UFMG 10891
UFMG 10905
UFMG 10914
UFMG 11002
UFMG 11004
UFMG 11006
UFMG 11010
UFMG 11013
UFMG 11020
UFMG 11022
UFMG 11026

57
58
59
57
57
59
54
54
54
61
54
29
62
63
62
63
62
63
63
63
62
64
62
63
62

X X X X X X X X X X X X X X X X X X X Xx

x

X X X X

X X X X X X X X X X X X X X X X

X X X X

x

Botumirim
Botumirim
Botumirim
Botumirim
Botumirim
Botumirim
Botumirim
Botumirim
Botumirim
Botumirim
Botumirim
Botumirim
Rio Vermelho
Rio Vermelho
Rio Vermelho
Rio Vermelho
Rio Vermelho
Rio Vermelho
Rio Vermelho
Rio Vermelho
Rio Vermelho
Rio Vermelho
Rio Vermelho
Rio Vermelho

Rio Vermelho
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Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern

Southern

Southern

Southern
Southern
Southern
Southern
Southern
Central
Central
Central
Central

Central

Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau

Cipo

Cipo

Cipo

Cipo
Diamantina Plateau

Cip6

Cip6

Cip6
Diamantina Plateau

Cip6

Cip6
Cip6
Diamantina Plateau
Diamantina Plateau
Diamantina Plateau
Itacambira
Itacambira
Itacambira
Itacambira

Itacambira

UFMG 11029
UFMG 11035
UFMG 11039
UFMG 11042
UFMG-G 1649
UFMG-G 1650
UFMG-G 1647
UFMG-G 1633
UFMG-G 1635
UFMG-G 1634
UFMG-G 1643
UFMG-G 1645
UFMG-G 1597

UFMG-G 1 specimen

1598 1 specimen
UFMG-G 1599
UFMG-G 1600
UFMG 11110
UFMG 11112
UFMG 11113
UFMG 11261
UFMG 11262
UFMG 11263
UFMG 11265
UFMG 11267

63
66
63
62
18
67
18
52
53
10
18
68
70
71

72
13
17
74
75
76
77
78
79
81

X X X X X X X X X X X X X X

X X X X X X

X X X X

X X X X

x

x
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Rio Vermelho
Rio Vermelho
Rio Vermelho
Rio Vermelho
Santana do Riacho
Santana do Riacho
Santana do Riacho
Santana do Riacho
Santana do Riacho
Santana do Riacho
Santana do Riacho
Santana do Riacho

Santana do Riacho
Santana do Riacho

Santana do Riacho
Santana do Riacho
Santana de Pirapama
Santana de Pirapama
Santana de Pirapama
Itacambira
Itacambira
Itacambira
Itacambira

Itacambira



Central
Central
Central
Central
Central
Central
Central
Central
Central
Central
Southern
Southern
Northern
Northern
Northern
Northern
Northern
Southern
Southern
Southern
Southern
Southern

Southern

Cabral

Itacambira
Itacambira
Itacambira
Itacambira
Itacambira
Itacambira
Itacambira
Itacambira
Itacambira
Itacambira
Diamantina Plateau
Cip6
Northern
Northern
Northern
Northern
Northern
Diamantina Plateau
Cip6
Diamantina Plateau
Cip6
Diamantina Plateau

Cipo

Cabral

UFMG-G
1266b

UFMG 11271
UFMG 11275
UFMG 11277
UFMG 11289
UFMG 11291
UFMG 11294
UFMG 11296
UFMG 11316
UFMG 11320
UFMG 11346
UFMG 16344
UFMG 10308
UFMG-T 179
UFMG-T 213
UFMG-T 214
UFMG-T 216
UFMG-T 423
UFMG-T 70
UFMG 6672
UFMG 6673
UFMG 6674
UFMG 6675
UFMG 6677

1 specimen

1 specimen

77
82
82
83
82
85
86
87
77
78

91
92
93
91
92
97
26
98
26
98
12
99

X X X X X X X X X X X X X X X X X X X Xx

x

xX X X
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Itacambira
Itacambira
Itacambira
Itacambira
Itacambira
Itacambira
Itacambira
Itacambira
Itacambira
Itacambira
Augusto de Lima
Santana do Riacho
Rio Pardo de Minas
Rio Pardo de Minas
Rio Pardo de Minas
Rio Pardo de Minas
Serranépolis de Minas
Congonhas do Norte
Congonhas do Norte
Congonhas do Norte
Congonhas do Norte
Congonhas do Norte

Congonhas do Norte

Joaquim Felicio



Southern
Southern
Southern
Southern
Southern
Southern
Cabral
Southern
Southern
Southern
Northern
Northern
Northern
Northern
Northern
Northern
Northern
Northern
Northern
Northern
Northern
Northern
Northern
Northern

Northern

Cipo
Cipo
Cipo
Cipo
Cipo
Cipo
Cabral
Cipo
Cipo
Cip6
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

UFMG 18963
UFMG 18964
UFMG 18966
UFMG 18967
UFMG 18968
UFMG 18969
UFMG 18962

UFMG-G 1136a
UFMG-G 1136b
UFMG-G 1136¢

UFMG 17291
UFMG 17305
UFMG 17293
UFMG 17301
UFMG 17306
UFMG 17303
UFMG 17308
UFMG 17294
UFMG 17304
UFMG 17283
UFMG 17295
UFMG 17307
UFMG 17300
UFMG 17299
UFMG 17290

13
13
13
101
13
13

13
100
100

X X X X X X X X X X

X X X X X X X

X X X X X X X X X X X X X X X

Barédo de Cocais
Bardo de Cocais
Bardo de Cocais
Bardo de Cocais
Bardo de Cocais
Barédo de Cocais
Joaquim Felicio
Bardo de Cocais
Bardo de Cocais
Bardo de Cocais
Rio Pardo de Minas
Rio Pardo de Minas
Rio Pardo de Minas
Rio Pardo de Minas
Rio Pardo de Minas
Rio Pardo de Minas
Rio Pardo de Minas
Rio Pardo de Minas
Rio Pardo de Minas
Rio Pardo de Minas
Rio Pardo de Minas
Rio Pardo de Minas
Rio Pardo de Minas
Rio Pardo de Minas

Rio Pardo de Minas
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Northern
Northern
Northern
Northern
Northern
Northern
Northern
Northern
Northern
Northern
Northern
Cabral
Cabral
Cabral
Cabral
Cabral
Cabral
Cabral
Cabral
Cabral
Cabral
Cabral
Cabral
Cabral
Cabral

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

UFMG 17287
UFMG 17296
UFMG 17302
UFMG 17286
UFMG 17289
UFMG 17297
UFMG 17292
UFMG 17288
UFMG 17284
UFMG 17298
UFMG 17285
UFMG 13974
UFMG 7679
UFMG 20644
UFMG 13962
UFMG 13965
UFMG 13408
UFMG 13979
UFMG 13972
UFMG 7682
UFMG 18958
UFMG 7678
UFMG 7675
UFMG 13964
UFMG 13954

X X X X X X X X X X X X X X X X X X X X X X X X x

Rio Pardo de Minas
Rio Pardo de Minas
Rio Pardo de Minas
Rio Pardo de Minas
Rio Pardo de Minas
Rio Pardo de Minas
Rio Pardo de Minas
Rio Pardo de Minas
Rio Pardo de Minas
Rio Pardo de Minas
Rio Pardo de Minas
Joaquim Felicio
Joaquim Felicio
Buenopolis
Buenopolis
Buenopolis
Augusto de Lima
Joaquim Felicio
Joaquim Felicio
Joaquim Felicio
Joaquim Felicio
Joaquim Felicio
Joaquim Felicio
Buendpolis

Joaquim Felicio
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Cabral
Cabral
Cabral
Cabral
Cabral
Cabral
Cabral
Cabral
Cabral
Cabral
Cabral
Cabral
Cabral
Cabral
Cabral
Cabral
Cabral
Cabral
Cabral
Cabral
Cabral
Cabral
Cabral
Cabral
Cabral

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

UFMG 7676
UFMG 13409
UFMG 7680
UFMG 13971
UFMG 7683
UFMG 7681
UFMG 13963
UFMG 7684
UFMG 18959
UFMG 13414
UFMG 13976
UFMG 13411
UFMG 18961
UFMG 13975
UFMG 7673
UFMG 13952
UFMG 18960
UFMG 13951
UFMG 13970
UFMG 13967
UFMG 18957
UFMG 13973
UFMG 13980
UFMG 7677
UFMG 20643

X X X X X X X X X X X X X X X X X X X X X X X X x

Joaquim Felicio
Augusto de Lima
Joaquim Felicio
Joaquim Felicio
Joaquim Felicio
Joaquim Felicio
Buendpolis
Joaquim Felicio
Joaquim Felicio
Joaquim Felicio
Augusto de Lima
Joaquim Felicio
Buendpolis
Buenopolis
Joaquim Felicio
Joaquim Felicio
Joaquim Felicio
Joaquim Felicio
Buendpolis
Buendpolis
Joaquim Felicio
Joaquim Felicio
Joaquim Felicio
Joaquim Felicio

Buendpolis
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Cabral
Cabral
Cabral
Cabral
Cabral
Cabral
Cabral
Central
Central
Central
Central
Central
Central
Central
Central
Central
Central
Central
Central
Central
Central
Central
Central
Central

Central

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

UFMG 13968
UFMG 13966
UFMG 13403
UFMG 13978
UFMG 13969
UFMG 20902
UFMG 21445
UFMG 15319
UFMG 15370
UFMG 18754
UFMG 15330
UFMG 15316
UFMG 15329
UFMG 18755
UFMG 18752
UFMG 15318
UFMG 15327
UFMG 15275
UFMG 18753
UFMG 15282
UFMG 15399
UFMG 15298
UFMG 15281
UFMG 15284
UFMG 15328

X X X X X X X X X X X X X X X X X X X X X X X X x

Buendpolis

Buendpolis

Augusto de Lima

Joaquim Felicio

Buendpolis
Lassance

Augusto de Lima

Grao Mogol
Grao Mogol
Gréo Mogol
Gréo Mogol
Gréo Mogol
Gréo Mogol
Grao Mogol
Grao Mogol
Grao Mogol
Grao Mogol
Gréo Mogol
Gréo Mogol
Gréo Mogol
Gréo Mogol
Gréo Mogol
Gréo Mogol
Gréo Mogol
Gréo Mogol
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Central
Central
Central
Central
Central
Central
Central
Central
Central
Central
Central
Central
Central
Central
Central
Central
Central
Central
Central
Central
Central
Central
Southern
Southern

Southern

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

UFMG 20531
UFMG 20517
UFMG 20511
UFMG 20523
UFMG 20518
UFMG 20613
UFMG 20519
UFMG 20522
UFMG 20525
UFMG 20524
UFMG 20527
UFMG 20512
UFMG 20514
UFMG 20520
UFMG 20528
UFMG 20515
UFMG 20530
UFMG 20513
UFMG 20521
UFMG 20529
UFMG 20526
UFMG 20516
UFMG 8636
UFMG 14912
UFMG 817

X X X X X X X X X X X X X X X X X X X X X X X X x

Grédo Mogol
Gréo Mogol
Gréo Mogol
Gréo Mogol
Gréo Mogol
Grédo Mogol
Grao Mogol
Grao Mogol
Grao Mogol
Gréo Mogol
Gréo Mogol
Gréo Mogol
Gréo Mogol
Grao Mogol
Grao Mogol
Grao Mogol
Grao Mogol
Gréo Mogol
Gréo Mogol
Gréo Mogol
Gréo Mogol
Gréo Mogol
Morro do Pilar
Morro do Pilar

Jaboticatubas
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Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern

Southern

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

UFMG 8861
UFMG 14388
UFMG 816
UFMG 9044
UFMG 813
UFMG 19837
UFMG 19560
UFMG 19556
UFMG 14911
UFMG 19558
UFMG 19555
UFMG 7011
UFMG 830
UFMG 8808
UFMG 14913
UFMG 814
UFMG 19559
UFMG 19566
UFMG 19561
UFMG 19553
UFMG 19564
UFMG 19554
UFMG 19563
UFMG 19552
UFMG 19565

X X X X X X X X X X X X X X X X X X X X X X X X x

Morro do Pilar
Morro do Pilar
Jaboticatubas
Jaboticatubas

Jaboticatubas

Santana do Riacho

Santa Barbara
Santa Barbara
Morro do Pilar
Santa Barbara
Santa Barbara

Morro do Pilar

Santana do Riacho

Morro do Pilar
Morro do Pilar
Jaboticatubas
Santa Barbara
Itabirito
Santa Barbara
Santa Barbara
Santa Barbara
Santa Barbara
Santa Barbara
Santa Barbara

Itabirito
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Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern

Southern

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

UFMG 19557
UFMG 19562
UFMG 10399
UFMG 10396
UFMG 10394
UFMG 10393
UFMG 10403
UFMG 10398
UFMG 10397
UFMG 10400
UFMG 10401
UFMG 10390
UFMG 10392
UFMG 10391
UFMG 10389
UFMG 10395
UFMG 10402
UFMG 828
UFMG 3471
UFMG 818
UFMG 5835
UFMG 831
UFMG 20359
UFMG 14296
UFMG 14366

X X X X X X X X X X X X X X X X X X X X X X X X x
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Santa Barbara
Santa Barbara
S8o Gongalo do Rio Preto
S8o Goncalo do Rio Preto
S8o Goncalo do Rio Preto
Séo Gongalo do Rio Preto
S8o Goncalo do Rio Preto
S8o Goncalo do Rio Preto
S8o Goncalo do Rio Preto
S8o Gongalo do Rio Preto
S8o Gongalo do Rio Preto
S8o Gongalo do Rio Preto
S8o Gongalo do Rio Preto
S8o Goncalo do Rio Preto
S8o Goncalo do Rio Preto
S8o Goncalo do Rio Preto
S8o Goncalo do Rio Preto
Santana do Riacho
Santana do Riacho
Santana do Riacho
Santana do Riacho
Santana do Riacho
Santana do Riacho
Turmalina

Turmalina



Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern

Southern

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

UFMG 14301
UFMG 14298
UFMG 14365
UFMG 14307
UFMG 14295
UFMG 14336
UFMG 14368
UFMG 14303
UFMG 14369
UFMG 14385
UFMG 14302
UFMG 14300
UFMG 14338
UFMG 14308
UFMG 14370
UFMG 14305
UFMG 14299
UFMG 14294
UFMG 14304
UFMG 14306
UFMG 14297
UFMG 20597
UFMG 20612
UFMG 14943
UFMG 14933

X X X X X X X X X X X X X X X X X X X X X X X X x

Turmalina
Turmalina
Turmalina
Turmalina
Turmalina
Turmalina
Turmalina
Turmalina
Turmalina
Turmalina
Turmalina
Turmalina
Turmalina
Turmalina
Turmalina
Turmalina
Turmalina
Turmalina
Turmalina
Turmalina
Turmalina
Bardo de Cocais
Bardo de Cocais
Bardo de Cocais

Bardo de Cocais
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Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern

Southern

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

UFMG 14956
UFMG 14944
UFMG 20598
UFMG 20606
UFMG 20616
UFMG 19238
UFMG 20617
UFMG 20595
UFMG 20594
UFMG 20607
UFMG 20604
UFMG 20615
UFMG 20603
UFMG 20600
UFMG 20601
UFMG 20610
UFMG 20605
UFMG 20596
UFMG 6655
UFMG 20611
UFMG 20593
UFMG 14930
UFMG 20608
UFMG 20618
UFMG 20602

X X X X X X X X X X X X X X X X X X X X X X X X x

Bardo de Cocais
Bardo de Cocais
Bardo de Cocais
Bardo de Cocais
Bardo de Cocais
Bardo de Cocais
Bardo de Cocais
Bardo de Cocais
Bardo de Cocais
Bardo de Cocais
Bardo de Cocais
Bardo de Cocais
Bardo de Cocais
Bardo de Cocais
Bardo de Cocais
Bardo de Cocais
Bardo de Cocais
Bardo de Cocais
Bardo de Cocais
Bardo de Cocais
Bardo de Cocais
Bardo de Cocais
Bardo de Cocais
Bardo de Cocais

Bardo de Cocais
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Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern

Southern

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

UFMG 20609
UFMG 14932
UFMG 14946
UFMG 14931
UFMG 20592
UFMG 14945
UFMG 20599
UFMG 20614
UFMG 14793
UFMG 14055
UFMG 14837
UFMG 16049
UFMG 14284
UFMG 14285
UFMG 14783
UFMG 14835
UFMG 14826
UFMG 14738
UFMG 14729
UFMG 14842
UFMG 16075
UFMG 14759
UFMG 14781
UFMG 14784
UFMG 14838

X X X X X X X X X X X X X X X X X X X X X X X X x
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Barédo de Cocais
Bardo de Cocais
Bardo de Cocais
Bardo de Cocais
Bardo de Cocais
Barédo de Cocais
Bardo de Cocais
Bardo de Cocais
Santo Antonio do Itambé
Serro
Santo Antdnio do Itambé
Serra Azul de Minas
Serra Azul de Minas
Serra Azul de Minas
Santo Antonio do Itambé
Santo Antonio do Itambé
Serro
Santo Antdnio do Itambé
Santo Antdnio do Itambé
Santo Antdnio do Itambé
Santo Antdnio do Itambé
Santo Antdnio do Itambé
Santo Antdnio do Itambé
Santo Antdnio do Itambé

Santo Antbnio do Itambé



Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern

Southern

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

UFMG 16050
UFMG 14052
UFMG 14081
UFMG 14836
UFMG 16121
UFMG 14839
UFMG 14782
UFMG 14847
UFMG 14843
UFMG 14240
UFMG 14841
UFMG 14780
UFMG 14730
UFMG 14732
UFMG 14731
UFMG 14825
UFMG 14733
UFMG 14792
UFMG 14840
UFMG 11038
UFMG 11030
UFMG 11009
UFMG 11024
UFMG 11025
UFMG 11018

X X X X X X X X X X X X X X X X X X X X X X X X x
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Santo Antdnio do Itambé
Serro
Serro
Santo Antdnio do Itambé
Santo Antdnio do Itambé
Santo Antdnio do Itambé
Santo Antdnio do Itambé
Santo Antonio do Itambé
Santo Antonio do Itambé
Serra Azul de Minas
Santo Antonio do Itambé
Santo Antdnio do Itambé
Santo Antdnio do Itambé
Santo Antonio do Itambé
Santo Antonio do Itambé
Serro
Santo Antonio do Itambé
Santo Antonio do Itambé
Santo Antonio do Itambé
Rio Vermelho
Rio Vermelho
Rio Vermelho
Rio Vermelho
Rio Vermelho

Rio Vermelho



Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern

Southern

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

UFMG 11021
UFMG 11040
UFMG 11041
UFMG 11034
UFMG 11036
UFMG 11023
UFMG 10890
UFMG 11031
UFMG 11019
UFMG 11028
UFMG 11027
UFMG 11001
UFMG 11043
UFMG 11032
UFMG 10889
UFMG 11007
UFMG 11005
UFMG 11003
UFMG 12287
UFMG 12295
UFMG 3801
UFMG 12298
UFMG 12286
UFMG 12268
UFMG 12265

X X X X X X X X X X X X X X X X X X X X X X X X x

Rio Vermelho
Rio Vermelho
Rio Vermelho
Rio Vermelho
Rio Vermelho
Rio Vermelho
Rio Vermelho
Rio Vermelho
Rio Vermelho
Rio Vermelho
Rio Vermelho
Rio Vermelho
Rio Vermelho
Rio Vermelho
Rio Vermelho
Rio Vermelho
Rio Vermelho
Rio Vermelho
Botumirim
Botumirim
Botumirim
Botumirim
Botumirim
Botumirim

Botumirim
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Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern

Southern

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

UFMG 3800
UFMG 12270
UFMG 12378
UFMG 12283
UFMG 12299
UFMG 12377
UFMG 12292
UFMG 12340
UFMG 12297
UFMG 12285
UFMG 12327
UFMG 12328
UFMG 12293
UFMG 12329
UFMG 12291
UFMG 12271
UFMG 3795
UFMG 20462
UFMG 20467
UFMG 20465
UFMG 20477
UFMG 20416
UFMG 20470
UFMG 20475
UFMG 20464

X X X X X X X X X X X X X X X X X X X X X X X X x

Botumirim
Botumirim
Botumirim
Botumirim
Botumirim
Botumirim
Botumirim
Botumirim
Botumirim
Botumirim
Botumirim
Botumirim
Botumirim
Botumirim
Botumirim
Botumirim
Botumirim
Itamarandiba
Itamarandiba
Itamarandiba

Itamarandiba

Itamarandiba
Itamarandiba

Itamarandiba
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Congonhas do Norte



Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern

Southern

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

UFMG 20469
UFMG 20419
UFMG 20441
UFMG 20430
UFMG 20472
UFMG 20468
UFMG 20428
UFMG 20423
UFMG 20463
UFMG 20453
UFMG 20461
UFMG 6678
UFMG 20443
UFMG 20460
UFMG 20471
UFMG 20476
UFMG 20415
UFMG 20429
UFMG 20425
UFMG 20466
UFMG 6676
UFMG 20433
UFMG 20474
UFMG 20426
UFMG 20444

X X X X X X X X X X X X X X X X X X X X X X X X x
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Itamarandiba
Congonhas do Norte
Itamarandiba
Itamarandiba
Itamarandiba
Itamarandiba
Congonhas do Norte
Congonhas do Norte
Itamarandiba
Itamarandiba
Itamarandiba
Congonhas do Norte
Itamarandiba
Itamarandiba
Itamarandiba
Itamarandiba
Congonhas do Norte
Congonhas do Norte
Congonhas do Norte
Itamarandiba
Congonhas do Norte
Itamarandiba
Itamarandiba
Congonhas do Norte

Itamarandiba



Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern

Southern

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

UFMG 20434
UFMG 20473
UFMG 20424
UFMG 11444
UFMG 9435
UFMG 20254
UFMG 19234
UFMG 829
UFMG 20235
UFMG 12537
UFMG 6679
UFMG 9434
UFMG 17590
UFMG 19195
UFMG 12542
UFMG 841
UFMG 12533
UFMG 10629
UFMG 20255
UFMG 16344
UFMG 9436
UFMG 20242
UFMG 6670
UFMG 19207
UFMG 19838

X X X X X X X X X X X X X X X X X X X X X X X X x
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Itamarandiba
Itamarandiba
Congonhas do Norte
Buendpolis
Santana de Pirapama
Santana do Riacho
Serro
Serro
Santana do Riacho
Serro
Congonhas do Norte
Santana de Pirapama
Diamantina
Serro
Diamantina
Diamantina
Serro
Bardo de Cocais
Santana do Riacho
Augusto de Lima
Santana de Pirapama
Santana do Riacho
Alvorada de Minas
Serro

Santana do Riacho



Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Northern
Northern
Northern
Northern
Northern
Central
Central
Central
Central
Central
Central
Central
Central
Cabral
Cabral
Cabral

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

UFMG 20236

UFMG 19211

UFMG 19205

UFMG 20256

UFMG 840

UFMG 9438

UFMG 9437

UFMG 17583

UFMG 12559
UFMG-G 415 1 specimen
UFMG-G 423 1 specimen
UFMG-G 530 1 specimen
UFMG-G 530a 4 specimens
UFMG-G 530b 1 specimen
UFMG-G 1585 1 specimen
UFMG-G 1589 2 specimens
UFMG-G 1590 3 specimens
UFMG-G 1592 2 specimens
UFMG-G 1593 2 specimens
UFMG-G 1595 3 specimens
UFMG-G 1644 1 specimen
UFMG-G 1648 4 specimens
UFMG-G 404a 3 specimens
UFMG-G 404b 2 specimens
UFMG-G 404c 3 specimens

X X X X X X X X X X X X X X X X X X X X X X X X x
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Santana do Riacho
Serro
Serro
Santana do Riacho
Presidente Kubitchek
Santana de Pirapama
Santana de Pirapama
Diamantina
Serro
Serrandpolis de Minas
Serranépolis de Minas
Rio Pardo de Minas
Rio Pardo de Minas
Rio Pardo de Minas
Itacambira
Itacambira
Itacambira
Itacambira
Itacambira
Itacambira
Itacambira
Itacambira
Buendpolis
Buendpolis

Buendpolis



Cabral

Cabral

Cabral
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern
Southern

Southern

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

UFMG-G 1264
UFMG-G 1515
UFMG-G 1516
UFMG-G 44
UFMG-G 256
UFMG-G 391
UFMG-G 547
UFMG-G 602a
UFMG-G 602b
UFMG-G 892
UFMG-G 901a
UFMG-G 901c
UFMG-G 946a
UFMG-G 946b
UFMG-G 946¢
UFMG-G 954a
UFMG-G 954b
UFMG-G 986b
UFMG-G 989
UFMG-G 1012c
UFMG-G 1013b
UFMG-G 1013c
UFMG-G 1231
UFMG-G 1598
UFMG-G 2143

3 specimens
5 specimens
6 specimens
5 specimens
4 specimens
1 specimen
4 specimens
3 specimens
6 specimens
2 specimens
3 specimens
2 specimens
4 specimens
3 specimens
4 specimens
4 specimens
4 specimens
5 specimens
1 specimen
4 specimens
4 specimens
3 specimens
3 specimens
1 specimen

1 specimen

X X X X X X X X X X X X X X X X X X X X X X X X x
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Joaquim Felicio
Buendpolis
Buendpolis

Santana de Pirapama
S8o Goncalo do Rio Preto
Diamantina
Alvorada de Minas
Conceicgdo do Mato Dentro
Conceicgdo do Mato Dentro

Bardo de Cocais

Bardo de Cocais

Baréo de Cocais

Baréo de Cocais

Bardo de Cocais

Bardo de Cocais

Bardo de Cocais

Bardo de Cocais

Bardo de Cocais

Bardo de Cocais

Santana do Riacho
Botumirim
Botumirim

Santana do Riacho

Jaboticatubas

Santana do Riacho
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Southern NA UFMG-G 2256 5 specimens X Bardo de Cocais
Southern NA UFMG-G 2297 4 specimens X Gréo Mogol
Bokermannohyla
NA UFMG-T 4190 01 X X Santo Antdnio do Itambé

nanazae

Table S1 [CONT.] Details for sampled individuals of Bokermannohyla saxicola used in the present study. For each sample is present lineage

voucher 1D, haplotype in Figure S1 (GMYC), type of data, municipality in Minas Gerais Brazilian state, geographic coordinates, and Genbank

accession numbers. UFMG = Centro de Cole¢des Taxonomicas da Universidade Federal de Minas Gerais; BS = code by Nascimento et al. 2018

Longitude
(W)

Latitude
S

Col

cyt-b

p-cry

p-fib

GenBank accession numbers

c-myc

DIAG

POMC

smarcB1

-42.92938
-42.53447
-42.856003
-44.061271
-43.770806
-43.430071
-43.412463
-42.731799
-43.07492
-43.06903
-43.06903
-43.609612
-43.328389

-16.587746
-16.29544
-16.370431
-18.032073
-18.759583
-18.870196
-19.042659
-18.002059
-18.08787
-18.09635
-18.09635
-18.215455
-18.178472

OL672838
OL672838
OL672839
MF918882
MF918895
MF919052
MF919033
MF918954
MF918996
MF919009
MF919011
MF919035
MF918894

OL653177
OL653177
OL653178
MF918668
MF918681
MF918838
MF918819
MF918740
MF918782
MF918795
MF918797
MF918821
MF918680

0OL661345/0L661345
0OL661345/0L661345
0OL661345/0L661345
OL661345/0L.661345
OL661345/0L.661345
OL661345/0L.661345
OL661345/0L.661347
0OL661345/0L661345
0OL661345/0L661345
0OL661345/0L661345
0OL661345/0L661345
OL661345/0L.661345
OL661345/0L.661345

OL943995/0L.943995
OL943995/0L.943995
OL943995/0L.943995
0OL943994/0L.943993
0OL943994/01.943994
0OL943994/01.943994
0OL943994/01.943994
0OL943994/0L.943994
0L943994/01.943990
0OL943996/01L.943991
0L943994/01.943994
0OL943994/01.943992
0OL943994/01.943989

OL653183/0L653183
OL653183/0L653183
OL653183/0L653183
OL653187/0L653187
OL653187/0L653192
OL653187/0L653191
OL653187/0L653189
OL653192/0L653192
OL653186/0L653187
OL653187/0L653192
OL653187/0L653192
OL653185/0L653185
OL653187/0L653190

OL653236/0L653236
OL653236/0L653236
OL653236/0L653236
OL653251/0L653271
OL653266/0L653278
OL653268/0L653255
0OL653248/0L.653248
OL653239/0L653257
OL653238/0L653294
OL653253/0L653287
OL653245/0L653259
OL653254/0L.653256
OL653258/0L.653295

OL653195/0L653195
OL653195/0L653195
OL653199/0L653210
0OL653208/0L653218
0OL653214/0L653209
0OL653216/0L653208
0OL653216/0L653208
OL653217/0L653208
OL653210/0L653216
OL653216/0L653208
OL653210/0L653208
OL653208/0L653213
OL653210/0L653208

OL653222/0L653226
OL653223/0L653226
0OL653222/0L653226
0OL653223/0L653223
0OL653223/0L653223
0OL653223/0L653223
0OL653223/0L653223
OL653224/0L653225
OL653223/0L653223
OL653223/0L653223
OL653223/0L653223
0OL653223/0L653223
0OL653223/0L653223



-43.412463
-43.770806
-43.770806
-43.720559
-43.181667
-43.181667
-43.512187
-43.543611
-43.181667
-43.543611
-43.03905
-43.03905
-43.770806
-42.655528
-43.384159
-43.87841
-43.31397
-43.30489
-43.30489
-43.30489
-43.30505

-44.22535

-44.322797
-44.249727
-42.781691
-42.781691

-19.042659
-18.759583
-18.759583
-19.01977
-19.266222
-19.266222
-19.887327
-19.257222
-19.266222
-19.257222
-16.844756
-16.844756
-18.759583
-17.806472
-18.546139
-18.7858
-16.98976
-17.01754
-17.01754
-17.01754
-17.01658

-17.671583

-17.685228
-17.851053
-15.19681
-15.19681

MF919034
MF918896
MF918900
MF919022
MF918898
MF918886
MF919044
MF918889
MF918883
MF918891
MF918986
MF918989
MF918903
MF918955
MF918897
MF919028
MF918850
MF918855
MF918857
MF918853
MF918858
MF918843
MF918841
MF918842
MF918870
MF918871

MF918820
MF918682
MF918686
MF918808
MF918684
MF918672
MF918830
MF918675
MF918669
MF918677
MF918772
MF918775
MF918689
MF918741
MF918683
MF918814
MF918636
MF918641
MF918643
MF918639
MF918644
MF918629
MF918627
MF918628
MF918656
MF918657

OL661345/0L661345
OL661345/0L661345
OL661345/0L661345
OL661345/0L661345
OL661345/0L.661345
OL661345/0L.661345
OL661345/0L.661345
OL661345/0L.661345
OL661345/0L661345
OL661345/0L661345
OL661345/0L661347
OL661345/0L661345
OL661345/0L.661345
OL661345/0L.661345
OL661345/0L.661345
0OL661345/0L661345
0OL661345/0L661345
0OL661345/0L661345
0OL661345/0L.661346
OL661345/0L.661345
OL661345/0L.661345
OL661350/0L661351
OL661350/0L661351
OL661351/0L661351
0OL661348/0L661348
0OL661348/0L661348

0L943994/0L.943994
0OL943996/0L.943994
0L943994/0L.943992
0L943992/0L.943992
0L943996/01.943994
0L943994/01.943994
0L943994/01.943992
OL943994/01.943992
0OL943994/0L.943992
OL943994/0L.943994
OL943997/0L.943997
OL943997/0L.943994
OL943996/0L.943996
0OL943994/01.943994
0OL943994/01.943994
0OL943994/0L.943994
OL943995/0L.944002
OL943995/0L.944002
OL943995/0L.944002
OL943995/01L.944002
OL943995/0L.943995
0OL943998/0L.944001
0OL944001/0L944001
0OL944001/0L944001
OL943999/0L.943999
OL943999/0L.944000

0OL653191/0L653189
OL653187/0L653187
OL653187/0L653192
0OL653187/0L653187
OL653187/0L653187
OL653187/0L653187
OL653187/0L653188
OL653187/0L653192
OL653187/0L653187
OL653187/0L653192
OL653187/0L653187
OL653187/0L653193
OL653192/0L653191
OL653187/0L653187
OL653187/0L653187
OL653185/0L.653187
OL653183/0L653183
OL653183/0L653183
OL653183/0L653183
OL653183/0L653187
OL653183/0L653183
OL653184/0L653184
OL653184/0L653184
OL653184/0L653184
OL653184/0L653184
OL653184/0L653184

OL653233/0L653270
OL653276/0L653280
0OL653241/0L653230
0OL653262/0L653282
0OL653242/0L653242
0OL653283/0L653284
OL653289/0L653289
OL653275/0L653263
OL653281/0L653279
OL653252/0L653293
OL653240/0L653290
OL653242/0L653243
OL653267/0L653274
0OL653247/0L653246
OL653286/0L653269
OL653260/0L653292
OL653236/0L653235
OL653236/0L653236
OL653232/0L653272
OL653236/0L653237
OL653264/0L653264
OL653264/0L653264
OL653264/0L653264
OL653291/0L653291
OL653291/0L653291

0OL653208/0L653208
0OL653210/0L653209
0OL653219/0L653220
0OL653213/0L653215
0OL653208/0L653213
OL653210/0L653214
0OL653208/0L653219
OL653219/0L653219
OL653208/0L653219
OL653208/0L653213
OL653208/0L653213
OL653202/0L653208
0OL653208/0L653209
0OL653210/0L653209
OL653210/0L653213
OL653210/0L653212
OL653196/0L653196
OL653197/0L653197
OL653196/0L653211
OL653196/0L653196
OL653196/0L653197
OL653206/0L653204
OL653204/0L653204
OL653203/0L653203
OL6531990L653199
OL653198/0L653199
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0OL653223/0L653223
0OL653223/0L653223
0OL653223/0L653223
0OL653223/0L653224
0OL653223/0L653223
0OL653223/0L653223
0OL653223/0L653225
0OL653223/0L653223
OL653223/0L653223
OL653223/0L653223
OL653223/0L653223
OL653222/0L653223
0OL653223/0L653223
0OL653223/0L653223
0OL653223/0L653223
OL653223/0L653223
0OL653222/0L653222
0OL653222/0L653222
OL653222/0L653222
0OL653222/0L.653226
0OL653222/0L.653226
0OL653227/0L653227
OL653227/0L653227
OL653227/0L653227
OL653227/0L653227
OL653227/0L653228



-42.813397
-42.647589
-42.647589
-42.813397
-44.193178
-44.250565
-42.77316
-42.750619
-42.795961
-42.751164
-44.322797
-43.182
-43.182
-43.182
-43.581
-43.544
-43.328
-43.328
-43.771
-43.771
-43.771
-43.771
-43.547
-43.547
-43.755
-43.755
-43.755

-15.774997
-15.615717
-15.615717
-15.774997
-17.693408
-17.722982
-17.210003
-17.18678
-17.194273
-17.186037
-17.685228
-19.266
-19.266
-19.266
-19.268
-19.257
-18.178
-18.178
-18.76
-18.76
-18.76
-18.76
-19.267
-19.267
-18.811
-18.811
-18.811

MF918881
MF918874
MF918877
MF918879
OL672840
OL672840
OL672841
OL672841
OL672841
OL672841
MF918840
MF918884
MF918885
MF918887
MF918888
MF918890
MF918892
MF918893
MF918899
MF918901
MF918902
MF918904
MF918905
MF918906
MF918907
MF918908
MF918909

MF918667
MF918660
MF918663
MF918665
OL653179
OL653179
OL653180
OL653181
OL653180
OL653181
MF918626
MF918670
MF918671
MF918673
MF918674
MF918676
MF918678
MF918679
MF918685
MF918687
MF918688
MF918690
MF918691
MF918692
MF918693
MF918694
MF918695

0OL661348/0L661349
0OL661348/0L661349
0OL661348/0L661349
0OL661348/0L.661348
OL661350/0L661351
OL661351/0L661351
OL661345/0L.661347
OL661345/0L.661347
OL661345/0L661347
OL661345/0L661347

0OL943999/0L.943999
0OL943999/0L.944003
0OL943999/0L.943999
0OL943999/0L.943999
0L943998/01.943998
0L943998/01.943998
0L943994/01.943994
0OL943994/01.943994
OL943997/0L.943994
OL943994/0L.943994

0OL653184/0L653184
0OL653184/0L653184
0OL653184/0L653184
0OL653184/0L653184
OL653184/0L653184
OL653184/0L653184
OL653183/0L653187
OL653187/0L653187
OL653183/0L653187
OL653187/0L653187

0OL653291/0L653291
0OL653291/0L653291
0OL653291/0L653291
0OL653291/0L653291
OL653264/0L653265
OL653264/0L653264
0OL653234/0L653288
OL653277/0L653285
OL653244/0L653261
OL653231/0L653273

0OL653198/0L653199
0OL653199/0L653207
OL653198/0L653199
OL653199/0L653199
OL653205/0L653204
0OL653203/0L653204
0OL653200/0L653218
OL653213/0L653220
OL653215/0L653201
OL653220/0L653220
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0OL653227/0L653228
0OL653227/0L653228
0OL653227/0L653227
OL653227/0L653227
OL653227/0L653227
0OL653223/0L653223
0OL653223/0L653225
OL653223/0L653223
OL653223/0L653225



-43.755
-43.755
-43.754623
-43.770797
-43.754623
-43.754623
-43.754623
-43.333
-43.333
-43.330
-43.330
-43.370
-43.370
-43.370
-43.370
-43.370
-43.370
-43.357
-43.357
-43.333
-43.34
-43.34
-43.370
-43.771
-43.547
-43.370
-43.357

-18.811
-18.811
-18.811414
-18.759635
-18.811414
-18.811414
-18.811414
-18.218
-18.218
-18.225
-18.225
-18.129
-18.129
-18.129
-18.129
-18.129
-18.129
-18.125
-18.125
-18.218
-18.199
-18.199
-18.129
-18.76
-19.267
-18.129
-18.125

MF918910
MF918911
MF918912
MF918913
MF918914
MF918915
MF918916
MF918917
MF918918
MF918919
MF918920
MF918921
MF918922
MF918923
MF918924
MF918925
MF918926
MF918927
MF918928
MF918929
MF918930
MF918931
MF918932
MF918933
MF918934
MF918935
MF918936

MF918696
MF918697
MF918698
MF918699
MF918700
MF918701
MF918702
MF918703
MF918704
MF918705
MF918706
MF918707
MF918708
MF918709
MF918710
MF918711
MF918712
MF918713
MF918714
MF918715
MF918716
MF918717
MF918718
MF918719
MF918720
MF918721
MF918722
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-43.357
-43.370
-43.333
-43.357
-43.333
-43.357
-43.370
-43.357
-43.357
-43.357
-43.357
-43.357
-42.781691
-42.781691
-42.781691
-42.781691
-42.781691
-42.731799
-42.731799
-42.731799
-42.731799
-42.731799
-42.731799
-42.748094
-42.748094
-42.748094
-42.748094

-18.125
-18.129
-18.218
-18.125
-18.218
-18.125
-18.129
-18.125
-18.126
-18.126
-18.126
-18.125
-15.19681
-15.19681
-15.19681
-15.19681
-15.19681
-18.002059
-18.002059
-18.002059
-18.002059
-18.002059
-18.002059
-18.004977
-18.004977
-18.004977
-18.004977

MF918937
MF918938
MF918939
MF918940
MF918941
MF918942
MF918943
MF918944
MF918945
MF918946
MF918947
MF918948
MF918866
MF918867
MF918868
MF918869
MF918872
MF918949
MF918950
MF918951
MF918952
MF918953
MF918956
MF918957
MF918958
MF918959
MF918960

MF918723
MF918724
MF918725
MF918726
MF918727
MF918728
MF918729
MF918730
MF918731
MF918732
MF918733
MF918734
MF918652
MF918653
MF918654
MF918655
MF918658
MF918735
MF918736
MF918737
MF918738
MF918739
MF918742
MF918743
MF918744
MF918745
MF918746
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-42.748094
-42.748094
-42.748094
-42.748094
-42.748094
-42.748094
-42.748094
-42.74986
-42.74986
-42.74986
-42.74986
-43.07013
-43.07013
-43.07013
-43.062558
-43.03905
-43.03905
-43.063
-43.037972
-43.041489
-43.042217
-43.034522
-43.047692
-43.033528
-43.03905
-43.03905
-43.03905

-18.004977
-18.004977
-18.004977
-18.004977
-18.004977
-18.004977
-18.004977
-18.011618
-18.011618
-18.011618
-18.011618
-18.09548
-18.09548
-18.09548
-16.842739
-16.844756
-16.844756
-16.843
-16.842694
-16.847922
-16.848186
-16.849244
-16.847889
-16.848469
-16.844756
-16.844756
-16.844756

MF918961
MF918962
MF918963
MF918964
MF918965
MF918966
MF918967
MF918968
MF918969
MF918970
MF918971
MF918972
MF918973
MF918974
MF918975
MF918976
MF918977
MF918978
MF918979
MF918980
MF918981
MF918982
MF918983
MF918984
MF918985
MF918987
MF918988

MF918747
MF918748
MF918749
MF918750
MF918751
MF918752
MF918753
MF918754
MF918755
MF918756
MF918757
MF918758
MF918759
MF918760
MF918761
MF918762
MF918763
MF918764
MF918765
MF918766
MF918767
MF918768
MF918769
MF918770
MF918771
MF918773
MF918774
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-43.03905
-43.039508
-43.039508
-43.042217

-43.07151

-43.07492

-43.07492

-43.06224

-43.072

-43.06224

-43.06224

-43.06903

-43.06903

-43.072

-43.07013

-43.06903

-43.06903

-43.06903

-43.06903

-43.06903

-43.07013

-43.670
-43.670
-43.670
-43.670
-43.670
-43.670

-16.844756
-16.846083
-16.846083
-16.848186
-18.0893
-18.08787
-18.08787
-18.08207
-18.089
-18.08207
-18.08207
-18.09635
-18.09635
-18.089
-18.09548
-18.09635
-18.09635
-18.09635
-18.09635
-18.09635
-18.09548
-19.110
-19.110
-19.110
-19.110
-19.110
-19.110

MF918990
MF918991
MF918992
MF918993
MF918994
MF918995
MF918997
MF918998
MF918999
MF919000
MF919001
MF919002
MF919003
MF919004
MF919005
MF919006
MF919007
MF919008
MF919010
MF919012
MF919013
MF919014
MF919015
MF919016
MF919017
MF919018
MF919019

MF918776
MF918777
MF918778
MF918779
MF918780
MF918781
MF918783
MF918784
MF918785
MF918786
MF918787
MF918788
MF918789
MF918790
MF918791
MF918792
MF918793
MF918794
MF918796
MF918798
MF918799
MF918800
MF918801
MF918802
MF918803
MF918804
MF918805
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-43.670
-43.670
-43.489

-43.489

-43.489
-43.489
-43.87841
-43.87891
-43.87891
-43.31653
-43.31653
-43.31397
-43.31397
-43.31397
-43.3148
-43.30489
-43.30489
-43.30505
-43.30505
-43.30553
-43.30561
-43.30951
-43.30319
-43.30319
-44.061271
-43.67

-19.110
-19.110
-19.210

-19.210

-19.210
-19.210
-18.7858
-18.78681
-18.78681
-16.99057
-16.99057
-16.98976
-16.98976
-16.98976
-16.98987
-17.01754
-17.01754
-17.01658
-17.01658
-17.01559
-17.01414
-16.99585
-16.98374
-16.98374
-18.032073
-19.11

MF919020
MF919021
MF919023
MF919024
MF919025
MF919026
MF919027
MF919029
MF919030
MF918846
MF918847
MF918848
MF918849
MF918851
MF918852
MF918854
MF918856
MF918859
MF918860
MF918861
MF918862
MF918863
MF918864
MF918865
MF919031
MF919032

MF918806
MF918807
MF918809
MF918810
MF918811
MF918812
MF918813
MF918815
MF918816
MF918632
MF918633
MF918634
MF918635
MF918637
MF918638
MF918640
MF918642
MF918645
MF918646
MF918647
MF918648
MF918649
MF918650
MF918651
MF918817
MF918818
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-42.81
-42.81
-42.81
-42.81
-42.81
-43.751991
-43.751991
-43.751991
-43.751991
-43.751991
-43.751991

-44.22535

-43.516195
-43.516195
-43.516195
-43.516195
-43.516195
-43.516195
-44.22535
-43.516195
-43.516195
-43.516195
-42.73958
-42.73958
-42.73958
-42.73958

-15.61
-15.61
-15.61
-15.61
-15.79
-18.808053
-18.808053
-18.808053
-18.808053
-18.808053
-18.808053

-17.671583

-19.886619
-19.886619
-19.886619
-19.886619
-19.886619
-19.886619
-17.671583
-19.886619
-19.886619
-19.886619
-15.652947
-15.652947
-15.652947
-15.652947

MF918873
MF918875
MF918876
MF918878
MF918880
MF919036
MF919037
MF919038
MF919039
MF919040
MF919041
MF918844
MF919042
MF919043
MF919045
MF919046
MF919047
MF919048
MF918845
MF919049
MF919050
MF919051

MF918659
MF918661
MF918662
MF918664
MF918666
MF918822
MF918823
MF918824
MF918825
MF918826
MF918827
MF918630
MF918828
MF918829
MF918831
MF918832
MF918833
MF918834
MF918631
MF918835
MF918836
MF918837
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-42.73958
-42.73958
-42.73958
-42.73958
-42.73958
-42.73958
-42.73958
-42.73958
-42.73958
-42.73958
-42.73958
-42.73958
-42.73958
-42.73958
-42.73958
-42.73958
-42.73958
-42.73958
-42.73958
-42.73958
-42.73958
-42.73958

-44.250565

-44.224181

-44.244004

-44.232849

-44.232849

-15.652947
-15.652947
-15.652947
-15.652947
-15.652947
-15.652947
-15.652947
-15.652947
-15.652947
-15.652947
-15.652947
-15.652947
-15.652947
-15.652947
-15.652947
-15.652947
-15.652947
-15.652947
-15.652947
-15.652947
-15.652947
-15.652947
-17.722982
-17.671551
-17.917024
-17.863159
-17.863159

182



-44.380153
-44.250565
-44.250565
-44.224181
-44.335462
-44.224181
-44.274333
-44.232849
-44.193178
-44.224181
-44.380153
-44.224181
-44.250565
-44.224181
-44.224181
-44.232849
-44.224181
-44.335462
-44.345461
-44.250565
-44.374731
-44.335462
-44.250565
-44.274333
-44.193178
-44.335462
-44.193178

-17.833585
-17.722982
-17.722982
-17.671551
-17.799797
-17.671551
-17.700081
-17.863159
-17.693408
-17.671551
-17.833585
-17.671551
-17.722982
-17.671551
-17.671551
-17.863159
-17.671551
-17.799797
-17.810768
-17.722982
-17.83778
-17.799797
-17.722982
-17.700081
-17.693408
-17.799797
-17.693408
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-44.232849
-44.232849
-44.335462
-44.250565
-44.250565
-44.224181
-44.244004
-44.232849
-44.232849
-44.423796
-44.250565
-44.232849
-44.472626
-44.329233
-42.958568
-42.53447
-42.893695
-42.929380
-42.958568
-42.929380
-42.893695
-42.893695
-42.958568
-42.929380
-42.893695
-42.893695
-42.57289

-17.863159
-17.863159
-17.799797
-17.722982
-17.722982
-17.671551
-17.917024
-17.863159
-17.863159
-17.8401
-17.722982
-17.863159
-17.75627
-18.04465
-16.582053
-16.29544
-16.521367
-16.587746
-16.582053
-16.587746
-16.521367
-16.521367
-16.582053
-16.587746
-16.521367
-16.521367
-16.35789
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-42.856003
-42.893695
-42.57289
-42.57289
-42.929380
-42.903438
-42.903438
-42.903438
-42.903438
-42.903438
-42.903438
-42.903438
-42.903438
-42.903438
-42.903438
-42.903438
-42.903438
-42.903438
-42.903438
-42.903438
-42.903438
-42.903438
-42.903438
-42.903438
-42.903438
-42.903438
-42.903438

-16.370431
-16.521367
-16.35789
-16.35789
-16.587746
-16.554894
-16.554894
-16.554894
-16.554894
-16.554894
-16.554894
-16.554894
-16.554894
-16.554894
-16.554894
-16.554894
-16.554894
-16.554894
-16.554894
-16.554894
-16.554894
-16.554894
-16.554894
-16.554894
-16.554894
-16.554894
-16.554894
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-43.460686
-43.52696
-43.610287
-43.460686
-43.516542
-43.610287
-43.610287
-43.610287
-43.581447
-43.642541
-43.639618
-43.519365
-43.639618
-43.639618
-43.516542
-43.583333
-43.460686
-43.52696
-43.610287
-43.639618
-43.64997
-43.642541
-43.639618
-43.641993
-43.639618
-43.641993
-43.639618

-19.241314
-19.279545
-19.37784
-19.241314
-19.267823
-19.37784
-19.37784
-19.37784
-19.288556
-20.137329
-20.129085
-19.279763
-20.129085
-20.129085
-19.267823
-19.283333
-19.241314
-19.279545
-19.37784
-20.129085
-20.148797
-20.137329
-20.129085
-20.137614
-20.129085
-20.137614
-20.129085
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-43.64997
-43.639618
-43.642541
-43.361917
-43.361917
-43.361917
-43.361917
-43.361917
-43.361917
-43.361917
-43.361917
-43.361917
-43.361917
-43.361917
-43.361917
-43.361917
-43.361917
-43.361917

-43.31
-43.543611
-43.543611
-43.639728
-43.543611

-43.58116
-42.772413
-42.795961
-42.772413

-20.148797
-20.129085
-20.137329
-18.131778
-18.131778
-18.131778
-18.131778
-18.131778
-18.131778
-18.131778
-18.131778
-18.131778
-18.131778
-18.131778
-18.131778
-18.131778
-18.131778
-18.131778
-19.21
-19.257222
-19.257222
-19.102956
-19.257222
-19.288221
-17.208821
-17.194273
-17.208821

187



-42.772413
-42.795961
-42.772413
-42.772413
-42.750619
-42.795961
-42.772413
-42.795961
-42.750619
-42.772413
-42.772413
-42.750619
-42.772413
-42.795961
-42.772413
-42.772413
-42.772413
-42.772413
-42.772413
-42.772413
-43.510709
-43.510709
-43.514661
-43.502282
-43.517869
-43.514661
-43.510709

-17.208821
-17.194273
-17.208821
-17.208821
-17.18678
-17.194273
-17.208821
-17.194273
-17.18678
-17.208821
-17.208821
-17.18678
-17.208821
-17.194273
-17.208821
-17.208821
-17.208821
-17.208821
-17.208821
-17.208821
-19.591989
-19.591989
-19.884222
-19.900741
-19.890464
-19.884222
-19.591989

188



-43.510109
-43.516195
-43.504567
-43.516195
-43.510109
-43.510109
-43.510109
-43.510109
-43.516195
-43.510109
-43.510109
-43.510109
-43.510109
-43.510109
-43.510109
-43.516195
-43.510109
-43.510109
-43.502252
-43.510109
-43.516195
-43.510109
-43.510109
-43.502252
-43.514661
-43.502252
-43.510109

-19.891989
-19.886619
-19.915658
-19.886619
-19.891989
-19.891989
-19.891989
-19.891989
-19.886619
-19.891989
-19.891989
-19.891989
-19.891989
-19.891989
-19.891989
-19.886619
-19.891989
-19.891989
-19.900741
-19.891989
-19.886619
-19.891989
-19.891989
-19.900741
-19.884222
-19.900741
-19.891989

189



-43.514661
-43.510109
-43.510109
-43.346164
-43.348759
-43.351439
-43.303952
-43.31364
-43.31364
-43.341969
-43.341969
-43.364224
-43.305873
-43.308059
-43.351439
-43.319076
-43.364224
-43.341969
-43.341969
-43.351439
-43.303952
-43.345911
-43.35909
-43.351439
-43.319815
-43.351439
-43.341969

-19.884222
-19.891989
-19.891989
-18.44551
-18.392822
-18.481978
-18.38744
-18.387789
-18.387789
-18.44364
-18.44364
-18.476884
-18.421276
-18.422334
-18.481978
-18.455555
-18.476884
-18.44364
-18.44364
-18.481978
-18.38744
-18.387855
-18.405254
-18.481978
-18.465175
-18.481978
-18.44364

190



-43.351439
-43.351439
-43.324932
-43.351439
-43.341969
-43.308059
-43.308059
-43.308059
-43.368
-43.308059
-43.346164
-43.351439
-43.06903
-43.06903
-43.06903
-43.06903
-43.06903
-43.07013
-43.06903
-43.06903
-43.06903
-43.06903
-43.06903
-43.06903
-43.07492
-43.06903
-43.07013

-18.481978
-18.481978
-18.39733
-18.481978
-18.44364
-18.422334
-18.422334
-18.422334
-18.490036
-18.422334
-18.44551
-18.481978
-18.09635
-18.09635
-18.09635
-18.09635
-18.09635
-18.09548
-18.09635
-18.09635
-18.09635
-18.09635
-18.09635
-18.09635
-18.08787
-18.09635
-18.09548

191



-43.06903
-43.06903
-43.06224
-43.07013
-43.06903
-43.07492
-43.06903
-43.06224
-43.06224
-43.040797
-43.041489
-43.041567
-43.042217
-43.039508
-43.03905
-43.062192
-43.041567
-43.03905
-43.047692
-43.037972
-43.042217
-43.047692
-43.041489
-43.03905
-43.042217
-43.039508
-43.034522

-18.09635
-18.09635
-18.08207
-18.09548
-18.09635
-18.08787
-18.09635
-18.08207
-18.08207
-16.847336
-16.847922
-17.114125
-16.848186
-16.846083
-16.844756
-16.843939
-17.114125
-16.844756
-16.847889
-16.842694
-16.848186
-16.847889
-16.847922
-16.844756
-16.848186
-16.846083
-16.849244

192



-43.034522
-43.041489
-43.033528
-43.041489
-43.03905
-43.041567
-42.74986
-42.74986
-42.74986
-42.74986
-43.712648
-42.74986
-42.748094
-42.74986
-42.74986
-43.712648
-42.748094
-42.731799
-42.748094
-42.74986
-43.750831
-43.770797
-42.74986
-42.748094
-42.74986
-43.751991
-42.748094

-16.849244
-16.847922
-16.848469
-16.847922
-16.844756
-17.114125
-18.011618
-18.011618
-18.011618
-18.011618
-19.879195
-18.011618
-18.004977
-18.011618
-18.011618
-19.879195
-18.004977
-18.002059
-18.004977
-18.011618
-18.812247
-18.759635
-18.011618
-18.004977
-18.011618
-18.808053
-18.004977

193



-42.74986
-42.74986
-42.748094
-43.712648
-43.750831
-43.770797
-42.74986
-43.751991
-42.731799
-42.748094
-43.770797
-42.748094
-42.731799
-42.748094
-43.770797
-43.9021
-43.87841
-43.581160
-43.515477
43.3844159
-43.581160
-43.487799
-43.751991
-43.87841
-43.609612
-43.515477

-18.011618
-18.011618
-18.004977
-19.879195
-18.812247
-18.759635
-18.011618
-18.808053
-18.002059
-18.004977
-18.759635
-18.004977
-18.002059
-18.004977
-18.759635
-17.92387
-18.7858
-19.288221
-18464610

-18.546139

-19.288221
-18.484046
-18.808053
-18.7858
-18.215455
-18464610

194



-43.547631
-43.609612
-43.447631
-43.507639
-43.581160
-44.061271
-43.87841
-43.581160
-43.44838
-43.515477
-43.581447
-43.581160
-43.515477
-43.515477
-43.581160
-43.57308
-43.87841
-43.87841
-43.609612
-43.422648
-42.779611
-42.779611
-42.756975
-42.756975
-42.756975
-43.316161
-43.316161

-18.331546
-18.215455
-18.526875
-19.892628
-19.288221
-18.032073
-18.7858
-19.288221
-18.786386
-18464610
-19.288556
-19.288221
-18464610
-18464610
-19.288221
-18.62785
-18.7858
-18.7858
-18.215455
-18.547097
-15.797861
-15.797861
-15.655095
-15.655095
-15.655095
-16.990301
-16.990301

195



-43.308805
-43.308805
-43.308825
-43.308825
-43.308805
-43.308805
-44.242333
-44.242333
-44.242333
-44.250472
-44.232849
-44.232849
-43.87841
-43.500833
-43.991194
-43.430071
-43.430298
-43.430298
-43.516195
-43.516195
-43.516195
-43.516195
-43.516195
-43.516195
-43.516195
-43.516195
-43.516195

-17.011629
-17.011629
-17.011485
-17.011485
-17.011629
-17.011629
-17.921389
-17.921389
-17.921389
-17.722629
-17.863159
-17.863159
-18.7858
-18.195972
-18.287222
-18.870196
-18.870289
-18.870289
-19.886619
-19.886619
-19.886619
-19.886619
-19.886619
-19.886619
-19.886619
-19.886619
-19.886619

196



197

-43.516195 -19.886619 - - - - - - - -
-43.580521 -19.29138 - - - - - - - -
-43.041539 -17.114125 - - - - - - - -
-43.041539 -17.114125 - - - - - - - -
-43.580521 -19.29138 - - - - - - - -
-43.610287 -19.37784 - - - - - - - -
-43.583333 -19.283333 - - - - - - - -
-43.516195 -19.886619 - - - - - - - -
-42.893695 -16.521367 - - - - - - - -

-43.351439 -18.481978 O0OL672842 O0OL653182 0OL661352/0L661352 OL944004/0L944005 OL653194/0L653194 OL653249/0L653250 OL653221/0L653221 OL653229/0L653229




Table S2 Selected loci with their respective primers, sequences, anneling temperature and time, and original work

Anneling Anneling time
Locus Primer Sequence temperature (S)g Reference
()
Citochrome oxidase, Chmr4 ACYTCRGGRTGRCCRAARAATCA> 52 30 Che etal. 2012
subunit | (COI) Chmf4 TYTCWACWAAYCAYAAAGAYATCGG< "

. MVZ15 GAACTAATGGCCCACACWWTACGNAA> Moritz et al., 1992
Citochrome B (cyt-b)  ~App TAWAAGGGTCTTCTACTGGTTG< 52 50 Goebel et al., 1999
Beta-fibrinogen, Intron BFXF CAGYACTTTYGAY1GAGACAAYGATGG > 59 60 Sequeira et al.. 2006

7 (p-fib) BFXR TTGTACCACCAKCCACCACCRTCTTC < g K
. CRYBI1Ls CGCCTGATGTCTTTCCGCC > -
Beta-crystallin (8-cry) CRYB2Ls CCAATGAAGTTCTCTTTCTCAA < 54 40 Dolman & Phillips, 2004
cmyclU GAGGACATCTGGAARAARTT > Crawford, 2003
Proto-oncogene cellular cmve- 54 60
myelotomatosis (c-myc) ex2)cliR TCATTCAATGGGTAAGGGAAGACC < Wiens et al., 2005
Disulphide Isomerase =~ MVZ37 AGAGGATTTCCCACAATTAAAATC >
Ab Prei‘gfzré)'”tron 6 Mvzas GCGACTATACAGAGCTGGTGTTC < 60 60 Bell etal., 2012
Proopiomelanocortin A POMC-1 GAATGTATYAAAGMMTGCAAGATGGWCCT> 60 50 Wiens et al.. 2005
(POMC) POMC-2 TAYTGRCCCTTYTTGTGGGCRTT< "
SWI/SNF related, o ¢ ATTGCATGTCGCAGTGTGTT >
matrix associated, actin
dependent regulator of 60 60 Stock et al., 2013
chromatin, subfamily b, HexR AGCCTCGACACAGAGACGT <

member 1 (SmarcB1)

198



199

Table S3 Morphometric measurements of adults of Bokermannohyla saxicola. Bilateral measurements were performed on the left side in dorsal

view, except for some individuals with poor preservation or malformation, for which the right side was measured. F corresponds to female and M

to males. The definition and reference of each measure are available in the metadata table

Voucher
(UFMG)
8636
817
9044
19556
19555
19557
10397
818
5835
14367
14296
14301
14298
14368
14302
14300
14338
14308
14370
14299
14304
20616
19238
14930
14946

SEX SVL

M T T T T T T T T T T T T T T T T T T T T T T T T

47.92
40.49
43.4
50.85
49.19
50.16
48.22
50.65
47.9
59.83
54.74
56.84
47.97
54.02
59.79
49.66
52.88
49.1
52.59
49.73
47.27
51.53
43.66
47.37
47.34

PL FAW
3.93 347
312 311
286 242
3.83 3.29
402 3.08
3.86 2.96
3.65 341
391 34

3.81 3.17
4.07 343
414 3.13
433 344
404 291
391 3.02
468 3.65
423 294
391 3.08
3.67 2.69
3.66 3.05
427 259
3.93 246
3.82 3.01
402 245
396 26

3.76  3.07

TD

2.86
2.47
2.38
2.62
2.78
2.73
2.63
2.51
2.56
2.68
2.69
2.99
2.08
2.56
2.42
2.38
2.57
2.3

2.37
2.33
2.37
2.35
2.52
2.78
2.78

ED

5.25
4.85
4.91
4.9
5.85
5.58
5.91
5.54
5.82
6.48
5.65
6.62
47
4.95
6.07
4.88
5.39
4.57
5.18
4.48
4.63
5.09
4.74
5.14
4.35

10D

5.68
4.35
5.39
5.36
5.87
5.69
4.9
5.78
5.66
6.58
6.21
6.26
4.85
5.48
6.78
5.78
5.15
5.35
5.93
5.57
541
6.33
6.05
5.87
4.69

AMD EN
8.7 417
714 424
8.19 4.04
8.63 4.73
8.23 3.98
8.97 4.29
8.13 4.47
9.04 414
8.67 4.22
10.03 5.16
9.27 457
9.88 4.63
8.71 436
9.01 446
9.87 457
8.58 3.98
9.28 4.04
81 4.05
879 46
8.73 3.87
8.46 4.27
9.01 421
7.85 3.76
8.39 3.95
7.86 4.16

IND

3.31
3.25
3.41
3.74
3.72
4.05
3.46
4.34
4.3
4.72
3.98
4.53
3.84
3.95
4.43
3.7
421
3.48
3.96
3.76
3.93
3.53
3.27
3.73
3.24

NS

2.99
2.71
2.29
2.34
2.64
2.92
2.85
3.2
2.49
2.54
2.68
2.86
2.77
2.71
3.24
2.92
2.78
2.15
2.74
221
2.49
2.24
2.33
2.36
2.3

UAL

10.13
8.35
7.52
8.02
7.98
8.89

8.1
7.25
9.18
8.24
8.27
9.99
8.85
8.86
9.63
8.39
9.34
8.21
9.27
8.45
9.06
9.04
8.65
7.13
8.57

FLL

9.35
7.36
8.42
8.71
9.45
8.85
8.1
9.86
9.22
10.95
10.56
10.92
9.09
9.7
10.39
9.05
10.24
9.78
10.03
9.94
9.81
9.92
8.65
8.51
8.93

HAL

15.08
12.13
11.91
14.67
14.99
16.26
13.82
15.47
15.46
18.87
16.62
18.23
15.06
17.02
17.36
16.72
16.1

16.03
17.42
15.76
16.24
16.11
14.89
15.17
15.01

THL

25.26
21.25
23.08
25.09
24.14
25.76
25.53
25.52
24.93
28.97
26.56
28.69
25.68
27.57
27.86
26.9

28.12
25.18
27.49
26.44
26.92
26.31
25.61
25.4

25.34

TL

24.93
21.45
23.04
24.73
23.98
25.17
25.2

26.19
25.75
27.16
25.77
28.05
25.58
26.46
26.59
25.89
27.07
25.01
26.22
25.93
26.58
27.24
25.19
24.25
24.01

TSL

13.73
11.92
12.66
13.52
13.23
14.22
13.94
16.26
13.96
13.87
13.69
14.43
13.14
14.09
14.47
13.98
13.83
14.26
13.62
13.53
14.08
14.79
13.02
14.25
13.35

FL

21.67
17.34
17.87
20.57
21.04
21.57
19.99
20.84
21.64
24.47
23.29
23.43
20.55
22.57
22.84
21.98
23.72
21.28
22.74
21.61
21.53
22.06
20.71
21.56
20.47

HL

17.51
14.85
14.19
16.19
17.34
17.28
16.48
17.63
15.82
20.07
18.79
18.44
15.78
18.88
20.11
171
16.95
16.08
17.84
16.4
15.68
17.84
15.93
16.27
16.74

HW

17.48
14.96
15.08
17.02
17.7
17.98
16.84
18.1
16.94
20.43
19.2
19.18
16.74
18.81
19.24
17.36
17.11
15.94
17.85
17.01
16.03
18.22
154
16.02
17.41

Cw

14.42
12.55
9.75
16.29
17.25
17.29
15.6
16.68
16.82
18.67
19.22
18.66
15.51
17.66
18.53
16.19
17.78
15.75
16.47
14.67
14.61
18.43
14.7
14.97
14.18

UED

14.2
11.43
11.23
13.94
14.15
14.59
13.93
15.83
15.04
15.77
14.63
15.63
14.17

131
15.86

14.7
14.11
12.68
14.49
13.48
13.62
15.39
13.59
13.24
13.01



14931
14783
14738
14784
16050
14730
14732
14731
11025
11035
11005
3801
12296
12329
3795
20456
20477
20437
20460
19234
12542
6672
12559
17304
17296
17297
17292
17298
13962
18958
13954
13963

M M T T T M T T T T T M T T T T T T T T T T T T T T T T T T T

54.04
54.62
45.9
52.34
52.16
51.2
46.87
51.49
44.96
45.49
45.15
47.37
53.13
53.16
42.81
55.88
57.41
54,51
55.29
49.24
49.02
44.41
40.09
43.5
40.6
46.27
45.52
43.72
47.31
45.86
47.42
45.87

4.46
4.19
3.81
4.44
4.1
3.74
3.65
3.58
2.86
3.51
3.25
3.7
3.93
4.36
3.78
4.59
412
3.81
4.33
3.6
3.94
3.02
2.82
2.92
3.39
3.34
3.63
3.6
3.95
3.74
3.86
3.69

3.03
3.05
2.89
2.93
2.64
2.58
2.24
2.49
2.09
2.02
2.29
2.51
2.89
2.88
2.34
2.92
2.68
2.77
2.56
2.78
2.52
2.34
2.21
2.35
2.47
2.65
2.54
2.51
2.51
2.72
2.86
2.28

3.07
2.62
2.43
2.88
3.24
24
2.74
2.74
2.38
2.25
2.45
2.52
3.15
3.3
2.86
2.89
2.57
2.75
2.82
2.89
2.22
2.09
2.22
2.47
2.11
2.65
2.43
2.46
2.67
2.67
2.54
2.67

5.24
5.94
5.52
481
5.14
4.82
5.08
471
4.69
411
3.32
4.21
4.84
4.99
4.5
4.78
4.63
5.04
4.83
5.98
4.87
4.6
4.64
4.73
4.61
5.25
4.99
471
5.71
5.6
4.99
551

5.75
5.72
4.88
5.19
6.59
6.58
5.94
5.87
5.36
4.95
5.18
5.17
4.93
6.75
5.17
5.95
5.74
5.81
5.35
6.44
6.01
5.07
5.43
4.57
5.31
5.35
4.95
4.83
6.16
5.54
6.45
5.44

9.07
8.88
8.11
8.85
9.15
9.31
8.64
8.51
7.44
8.05
7.92
8.69
8.47
9.22
7.66
8.84
9.69
9.06
8.97
9.17
8.52
7.94
7.54
8.01
7.81
8.83
8.68
7.85
8.89
8.29
8.53
8.57

4.09
4.01
3.96
4.02
4.34
3.98
3.88
4.16
3.59
3.75
4.39
4.19
3.57
4.23
3.14
4.67
4.85
4.28
4.69
4.73
4.14
3.63
3.54
3.95
3.2
4.07
4.58
3.82
4.42
4.17
4.29
3.85

3.87
3.77
3.46
4.08
4.09
3.9
3.33
3.63
3.18
3.23
3.44
3.74
3.91
4.1
3.24
3.79
3.37
3.67
3.64
4.21
3.71
3.47
3.28
3.65
3.89
4.05
3.92
4.03
4.47
4.15
3.49
3.76

2.19
2.84
2.44
2.76
2.51
2.56
2.26
241
2.35
2.54
2.28
2.08
2.55
2.93
1.6
2.69
2.74
241
2.85
2.88
2.26
241
2.29
2.77
2.14
2.82
2.36
2.52
2.61
2.5
2.53
2.56

8.7
8.79
9.68
9.35
9.86
9.39
9.18

8.9
7.65
7.82
6.69
7.58
9.96
9.96
8.42
9.37
9.53
8.95

11.48
8.54
8.33
6.67
7.72

6.3
6.87
7.18
7.72
6.88
8.79
7.49
7.95
8.61

9.72
9.42
8.4
11.03
9.59
8.84
8.89
9.64
8.2
7.43
8.57
8.3
9.45
10.7
8.1
10.29
10.36
9.48
10.39
9.53
8.52
7.39
7.51
7.76
6.91
7.7
7.52
7.71
9.57
8.29
9.35
7.99

17.06
17.3
15.42
16.06
16.76
16.77
13.98
16.07
13.58
13.85
13.61
14.21
16.02
17.66
14.57
17.57
18.05
16.67
16.79
16.61
15.78
12.58
13.17
14.44
13.49
13.62
13.75
13.74
15.17
14.39
15.32
14.23

29.69
26.72
25.97
28.28
28
27.14
24.89
27.09
23.85
24.13
23.29
23.9
27.39
27.59
24.66
28.67
28.93
27.29
28.17
23.8
26.66
21.41
22.17
22.57
21.18
22.99
22.3
22.56
23.56
23.58
23.93
24.02

28.6
25.9
25.7
27.61
21.7
26.34
23.56
26.3
235
23.47
23.04
23.37
24.46
25.79
23.18
27.45
27.96
26.13
26.43
25.01
25.18
22.03
22.78
22.38
20.49
22.12
21.12
21.75
21.98
22.4
22.34
22.54

15.02
134
14.22
14.98
14.56
135
12.54
13.89
12.49
12.64
13.14
12.37
13.48
13.54
11.76
14.15
14.35
12.85
13.87
13.36
12.58
11.22
11.45
12.23
11.48
11.94
11.5
11.89
12.26
12.13
12.07
11.47

23.74
23.02
20.47
24.01
23.82
22.82
19.86
22.33
18.57
19.86
19.51
20.12
22.98
21.87
19.74
24.09
24.36
21.59
23.14
23.1
215
18.03
19.18
19.42
17.29
18.43
18.47
17.9
21.07
19.45
19.88
20.07

17.78
18.99
16.09
18.88
18.43
18.13
16.35
17.37
15.39
15.02
15.86
16.61
17.84
18.58
14.84
17.94
19.52
19.07
18.76
18.64
15.46
14.49
14.77
14.32
13.66
15.78
14.71
145
17.53
17.03
17.31
14.53

19.01
19.12
15.98
17.91
18.1
18.41
16.92
17.85
14.95
15.42
15.18
16.62
18.18
18.46
14.53
18.17
19.07
18.35
18.69
17.65
16.49
14.94
14.43
14.89
14.09
16.13
15.34
14.73
17.76
16.67
18.01
14.96

18.72
18.33
15.34
18.13
17.85
18.09
14.76
17.22
14.38
15.58
16.46
15.52
17.12
19.56
14.01
19.02
20.64
16.74
15.84
17.27
15.34
15.61
14.08
15.9
13.21
14.4
14.88
15.33
16.58
16.51
16.37
16.23
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15.01
16.27
13.36
15.06
14.66
15.26
12.98
14.63
13.21
12.28
11.9
13.41
15.19
15.31
12.97
15.14
16.36
14.85
14.78
15.89
13.56
12.32
12.61
12.47
11.42
13.13
12.41
12.38
14.02
14.71
13.56
13.04



18959
18961
18960
18957
15316
18753
20531
20525
20514
20520
14912
8861
14388
816
813
19837
19560
14911
19558
7011
830
8808
14913
814
19559
19566
19561
19553
19564
19554
19563
19552
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44.32
42.81
45.09
40.96
45
38.19
48.78
52.21
46.74
47.2
46.34
45.74
45.26
47.62
46.34
44.52
49.62
47.38
50.33
49.13
44.79
4491
45.91
47.05
53.1
45.99
48.55
49.51
47.04
48.23
48.35
44.42

3.75
3.04
3.87
3.64
3.65
3.6
3.74
4.21
4.17
4.17
4.08
3.69

3.76
3.19
3.34
3.94
3.96
4.28
4.23
3.96
4.16
431
3.98
4.19
3.62
3.81
3.99
3.92
3.96
4.06
3.4

2.98
2.27
2.34
2.82
2.48
2.72
3.26
3.07
3.04
2.96
3.66
3.19
3.42
3.68
2.53
3.22
3.64
3.87
3.73
3.78
3.46
3.79
3.62
3.57
4.32
3.73
3.48
2.84
3.42
3.08
3.4
3.36

2.46
2.34
2.46
2.46
2.98
2.28
2.69
3.1
2.76
2.72
2.06
2.68
2.46
1.82
2.48
2.12
2.85
2.22
3.16
2.24
2.66
2.58
29
2.36
2.69
2.62
2.38
2.88
2.15
2.55
2.69
2.25

5.03
4.85
4.83
4.87
5.69
4.76
6.11
5.81
5.18
5.48
5.48
4.97
4.96
5.53
4.8
5.16
5.52
5.23
6.1
4.85
5.19
5.68
4.93
4.79
5.32
6.22
5.36
5.72
5.74
55
5.22
4.98

51
5.53
5.74
4.89
5.29
5.44
4.44
6.18
5.37
5.47
6.25
5.65
5.89
5.32
5.28
451
5.36
6.12
7.22
5.79
5.53
5.67
5.36
5.58
5.93
5.36

59

5.8
4.89
5.19
5.71
5.57

8.35
7.92
8.36
7.93
8.72
7.55
8.28
9.09
8.26
7.99
8.72
7.94
8.75
8.51
7.49
8.19
8.3
8.92
8.53
8.59
7.85
7.71
8.74
7.82
9.85
8.45
8.63
8.87
8.81
8.53
8.81
8.41

3.19
3.84
4.02
4.1
3.99
3.95
412
4.7
3.75
3.66
4.88
471
3.97
4.76
3.84
3.45
4.72
4.39
5.06
4.97
3.6
3.35
4.26
3.66
4.08
3.78
3.88
3.78
3.88
3.82
3.91
3.57

4.09
3.49
3.51
3.51
3.95
3.22
4.53
4.49
4.1
4.29
3.83
3.53
3.88
4.07
3.18
3.37
3.7
4.06
411
3.44
3.39
3.68
3.29
3.19
4.33
3.47
3.42
3.94
4.2
3.57
3.8
3.83

2.38
2.58
3.07
2.17
3.1
2.49
2.65
2.86
2.53
2.46
3.35
2.94
291
2.67
2.24
244
3.3
3.38
2.63
2.57
3.01
2.37
2.49
2.58
3.03
241
3.01
3.07
242
3.04
2.01
2.53

8.18
8.81
8.67
6.83
7.13
5.72
6.89
6.72
8.11
6.78
8.47
8.27
8.68
8.24
8.35
6.51
6.89
10.11
7.49
8.08
7.23
8.19
9.04
6.39
8.2
7.13
8.58
7.64
7.59
7.73
7.4
6.48

9.12
7.82
8.91
8.22
8.66
7.31
8.93
8.79
9.68
8.35
8.75
7.68
9.01
10.7
8.87
7.42
8.46
9.25
9.14
9.22
8.11

9.53
8.81
9.28
8.59
8.87
9.86
8.75
8.7
8.69
7.69

14.55
13.68
14.53
12.61
14.11
13.66
14.96
16.46
14.06
14.81
15.54
14.37
14.73
14.23
12.5
13.27
15.46
15.35
15.33
14.7
14.6
15.46
15.75
14.16
17.45
15.38
15.56
16.2
15.38
14.69
15.28
14.48

2411
225
24.18
21.61
23.87
20.24
24.05
26.63
25.21
25.7
23.36
24.04
24.91
25.65
234
21.79
23.65
26.05
26.02
24.36
23.86
26.12
25.86
24.33
26.62
24.07
23.94
26.1
24.27
25.19
24.83
19.94

23.2
21.38
22.01
21.22
22.89
19.79

22.8
25.05
22.94
23.97
2412

24.4
24.06
24.17
24.13
22.43
23.81
25.67
25.18
24.82
22.81
25.08
26.03
23.59
27.13

23.4
23.26
25.69
24.61
25.01
24.17
21.83

12.34
11.29
114
10.97
12.36
10.73
12.05
13.37
12.62
12.72
13.31
13.76
13.38
13.85
13.61
12.39
13.28
14.37
14.39
14.49
12.89
13.64
15.38
12.66
14.49
13.45
12.73
13.76
13.58
13.51
12.89
11.99

20.22
19.23
19.52
17.79
20.09
17.57
20.04
21.75
19.78
20.61
20.17
20.62
20.52
20.95
19.17
18.64
21.53
21.91
21.07
20.37
20.22
21.63
21.7
18.63
23.23
20.64
20.48
22.43
20.45
22.03
21.61
19.01

14.69
14.95
16.07
14.92
15.73
13.06
16.55
17.98
15.54
16.19
16.9
16.93
17.07
17.97
16.4
14.93
17.09
17.18
16.65
17.93
15.73
15.57
16.47
17.04
18.19
18
16.31
17.67
16.53
16.76
16.5
15.18

16.04
15.69
15.93
15.66
16.16
14.23
17.61
18.11
17.29
16.82
16.55
16.28
16.06
17.46
16.96
14.91
17.87
17.71
16.85
17.31
16.46
15.97
16.91
17.33
18.49
17.02
17.8
17.78
17.32
17.34
17.58
16.16

15.6
14.52
15.58
16.19
14.84
14.04
16.43
16.63
15.97
15.75
15.63
14.42
13.92
15.64
15.68
16.03
18.78

15.3
17.42
16.27
15.24
16.38
15.98
14.03
15.62
16.27
16.33
17.87
15.97
17.52
17.91
14.78

201

13.48
13.38
13.98
12.56
12.64
12.2
15.27
13.91
13.43
12.36
13.38
13.51
12.42
14.93
12.77
13.75
13.63
12.87
14.67
15.29
13.78
13.04
13.15
13.66
15.98
14.6
14.11
14.55
14.02
14.47
13.84
13.94



19565
19562
10399
10396
10394
10393
10403
10398
10400
10401
10390
10392
10391
10389
10395
10402
10404
828
3471
11052
11051
831
11053
20359
14386
14366
14365
14307
14295
14336
14303
14369
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46.35
49.38
48.72
49.71
48.96
43.24
45.45
49.34
47.61
46.12
49.38
44.7
40.9
41.54
442
40.88
44.15
47.95
51.24
46.72
48.13
46.81
47.95
41.47
50.79
47.53
46.24
46.22
47.92
48.66
53.48
46.79

3.53
4.1
4.22
4.33
4.06
3.41
3.67
4.27
3.96
3.89
3.92
3.2
3.76
3.39
3.53
3.88
3.61
3.69
4.36
4.08
4.38
3.17
3.92
4.02
4.29
3.93
4.14
4.11
411
3.84
457
3.94

3.34
3.52
3.6
3.89
3.31
3.13
3.33
3.76
4.16
411
3.53
3.28
3.15
3.35
3.51
3.63
3.28
2.99
3.72
3.24
3.51
3.01
3.18
3.05
3.42
3.07
3.48
3.17
3.36
3.78
3.76
3.39

2.25
2.86
2.65
242
241
2.43
2.9
2.79
2.71
2.64
2.98
24
1.87
2.04
241
2.05
2.35
2.36
2.46
2.34
2.63
2.14
2.35
2.29
2.51
2.77
241
2.46
2.38
2.6
2.96
2.57

5.56
5.19
5.57
5.92
5.52
4.95
5.33
6.74
6.39
5.35
5.23
5.51
4.87
5.36
5.03
4.75
4.94
51
5.27
5.55
5.28
4.86
4.81
5.37
5.81
5.7
5.09
4.45

5.06
5.56
4.53

5.79
5.98
5.87
5.26
5.33
5.42
5.5
5.83
4.92
5.49
5.14
51
5.25
5.31
4.94
5.07
54
5.37
5.47
5.25
5.65
5.7
5.88
4.95
5.83
5.29
5.72
5.87
57
6.02
6.7
5.69

8.35
8.87
8.54
8.46
8.71
8.72
8.2
8.6
8.4
8.74
9.04
7.83
7.8
8.27
8.05
8.25
8.07
9.05
8.69
8.11
8.83
7.92
8.91
8.17
8.56
8.57
8.9
8.48
8.11
8.8
9.41
8.12

4.02
4.29
3.99
4.28
411
3.9
4.37
3.56
4.07
3.82
4.32
3.8
3.46
3.49
3.59
3.54
3.85
4.14
4.27
3.63
3.99
3.68
474
3.95
4.24
4.43
3.75
4.26
4.26
4.14
4.22
421

3.48
3.72
4.16
3.63
3.96
3.86
3.62
3.77
4.13
3.72
411
3.59
3.92
2.97
3.52
4.1
4.24
3.92
4.03
3.91
3.98
4.36
4.35
3.84
4.01
4.22
4.02
341
3.28
3.98
3.87
3.77

2.23
2.29
2.68
2.96
3.38
2.7
2.82
2.82
2.68
2.25
2.69
3.16
2.89
2.46
2.42
2.18
241
2.34
2.5
2.73
2.76
2.55
2.74
2.62
2.35
2.84
3.13
2.58
2.64
3.01
2.56
2.71

7.84
7.57
7.9
5.84
7.23
6.43
7.75
7.82
6.1
7.23
8.01
6.9
6.59
531
7.36
5.6
7.87
7.7
8.13
7.03
8.38
5.49
8.99
8.47
8.41
8.33
8.26
8.03
7.92
7.72
9.44
8.93

7.92
8.69
8.19
8.54
8.74
7.49
8.77
8.81
7.68
8.98
10.1
8.43
7.84
7.31
7.61
8.05
7.46
9.01
9.24
8.89
9.33
8.48
9.47
8.83
9.53
8.94
9.43
9.29
9.28
9.24
9.14
9.72

15.37
16.02
14.9
15.09
15.51
13.66
14.17
15.23
14.79
14.76
15.47
12.91
13.32
12.65
13.94
14.53
15.02
14.35
16.65
14.14
15.93
13.65
16.18
13.38
15.81
15.61
16.19
14.88
16.02
15.81
16.78
15.35

22.04
24.36
23.35
21.45
25.86
18.73
23.73
23.87
21.08
25.06
25.33
20.07
17.14
18.19
19.66
22
22.82
24.96
26.17
24.68
25.91
25.2
26.39
23.28
26.93
24.97
25.23
24.56
25.43
25.95
27.95
24.95

23.26
24.74
24.65
24.05
25.03
21.9
22.94
24.92
23.58
23.65
25.38
22.12
21.52
21.22
21.91
21.27
22.06
24.08
24.99
23.23
24.73
24.58
25.86
2241
26.19
2441
24.36
23.81
25.28
24.78
25.92
23.96

13.19
14.25
14.46
12.47
14.78
11.49
12.27
13.16
13.84
13.6
13.85
12.67
11.99
11.42
12.92
12.44
11.86
12.29
12.77
13.15
13.72
13.29
13.55
12.25
14.37
13
12.61
12.79
13.46
13.28
13.98
12.94

20.47
21.38
20.36
20.65
20.96
17.84
19.22
20.47
19.41
20.38
21.13
18.47
18.05
16.71
18.29
18.56
18.71
20.16
22.46
20.08
21.15
20.35
22.61
19.26
22.59
20.75
20.42
21.23
21.05
21.04
22.45
20.63

16.55
16.45
16.49
15.59
16.7
14.96
13.51
17.33
13.79
15.17
14.77
15.29
14.08
15.57
12.83
14.58
15.1
15.98
17.48
16.17
17.16
15.64
17.47
15.86
18.16
16.86
16.13
15.99
16.42
15.64
18.41
16.64

16.79
17.77
17.84
18.04
18.08
16
16.26
18.09
16.51
16.97
18.4
16.58
15.41
16.35
16.49
16.45
16.79
16.51
17.68
16.98
17.15
16.03
17.85
15.66
17.62
17.84
16.86
16.19
17.51
16.28
18.15
15.99

16.15
16.62
15.67
16.43
15.23
15.36
17.26
15.67
15.58
15.2
18.02
15.62
14.51
13.74
14.34
13.61
12.74
15.87
18.14
16.66
16.46
13.78
15.96
14.48
15.98
14.6
15.89
14.53
17.53
17.26
18.16
14.95

202

13.45
14.06
14.93
155
15
13.17
13.37
13.69
14.95
13.72
13.89
14
13.8
13.36
13.69
12.88
13.94
12.77
14.66
12.38
13.71
12.26
13.01
12.89
14.85
13.18
13.33
13.69
13.6
144
15.53
13.13



14333
14385
14305
14337
14294
14306
14297
20597
18964
20612
14943
14933
14956
14944
20598
20606
20617
20595
18966
20594
20607
20604
20615
20603
20600
20601
20610
20605
20596
6655
18968
18967
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45.24
46.12
48.19
49.02
47.04
48.22
48.87
48.71
48.78
46.11
44.97
46.56
48.27
46.27
50.65
47.81
46.66
46.82
48.56
51.11
45.21
46.76
46.3
48.47
50.23
50.9
43.46
49.28
47.19
43.17
49.08
46.88

4.67
4.16
4.07
4.65
3.97
4.1
4.19
4.41
3.86
3.65
4.17
4.18
3.93
4.18
4.14
3.84
4.1
4.13
4.1
3.96
3.83
3.82
4.27
3,51
3.89
4.4
3.82
3.88
4.04
3.95
4.34
3.96

3.63
3.31
3.33
3.88
3.36
3.23
3.51
3.34
3.14
3.06
3.56
3.11
3.09
3.25
3.29
2.85
3.03
2.83
3.19
3.44
2.97
2.93
2.79
2.89
3.17
3.09
3.32
3.18
2.81
2.53
3.08
3.01

2.78
2.12
2.24
3.01
2.47
2.78
2.71
2.72
2.68
2.63
2.47
2.59
2.92
2.36
2.58
2.52
2.42
2.08
2.92
2.7
2.33
2.49
2.34
2.46
2.66
2.65
2.66
2.71
2.27
2.31
2.78
2.59

5.22
4.93
5.99
5.12
4.51
4.67
4.37
5.17
5.92
4.85
5.31
4.74
5.08
5.74
4.96
5.26
4.86
5.44
5.43
5.31
4.76
4.98
5.58
5.29
4.99
5.96
4.67
6.15
5.25
4.32
6.23
5.48

6.01
6.89
5.87
5.67
5.21
5.28
6.06
5.63
5.82
5.55
5.67
5.84
5.33
5.78
6.1
5.74
6.05
5.69
6.66
6.17
5.09
5.49
5.37
5.83
5.96
6.07
5.94
5.44
6.15
5.55
6.1
5.86

8.79
8.64
8.82
8.12
8.59
8.33
8.61
9.06
9.17
8.24
8.37
8.68
8.55
8.81
8.44
8.16
8.16
8.72
8.81
9.8
8.73
8.77
8.43
8.72
8.51
8.96
8.61
9.15
8.14
8.11
8.95
8.32

4.25
4.1
3.9

4.74

3.65

4.26
4.5

4.17

3.86

4.01

4.18

3.99

4.13

3.97

3.93

3.66

4.07

3.82

4.08

4.34

3.71

3.85

3.99

4.32
3.8

4.39

4.13

3.77

414

3.66

3.72

3.71

4.04
3.88
3.85
4.28
3.79
3.69
3.99
3.67
3.78
3.73
3.56
3.24
3.47
341
3.68
3.48
3.51
3.82
3.58
4.1
3.33
3.66
3.5
3.78
3.86
3.79
414
3.83
4.06
3.48
4.27
3.82

2.54
2.29
2.58
2.72
2.48
2.54
2.69
2.69
291
2.27
2.58
2.39
2.48
2.61
2.38
231
2.09
221
2.49
3.06
244
2.46
2.27
2.08
2.02
2.94
1.92
2.62
2.29
2.25
3.04
2.04

8.83
8.69
8.67
8.07
7.52
7.77
8.74
8.21
8.67
6.74
6.83
8.07
7.28
7.14
8.62
8.03
8.37
9.57
8.95
8.97
7.86
7.68
7.09
8.85
8.31
9.57
6.87
7.85
8.03
6.88
9.3
8.46

10.05
9.15
9.3
9.48
8.96
8.86
10.02
8.83
8.33
8.63
8.63
8.95
9.11
8.73
9.82
8.44
8.64
8.41
9.62
9.23
8.52
8.38
8.24
8.58
9.64
9.17
9.09
8.45
9.33
7.42
8.93
8.19

15.68
15.53
16.09
15.89
15.1
15.58
15.67
15.12
15.95
14.59
14.91
14.64
15.05
14.81
16.51
15.39
15.32
15.14
15.27
16.06
15.07
13.56
14.82
15.39
14.85
16.08
15.21
15.61
14.49
15.02
16.72
15.03

25.16
25.57
26.53
2541
24.71
25.37
26.27
25.09
26.92
23.7
23.85
25.32
25.53
24.55
27.28
26.96
26.8
25.94
26.16
26.69
24.37
23.82
24.96
26.38
27.37
27.27
24.64
26.47
25.77
22.39
27.12
25.09

23.98
23.99
25.08
24.61
231
2541
24.51
25.22
25.94
24.76
22.79
24.78
24.77
23.2
26.74
24.71
25.25
2441
26.14
26.35
24.39
17.68
2441
25.91
25.59
25.64
24.59
26.26
25.29
21.12
26.15
24.98

12.94
13.39
13.57
13.36
12.49
13.11
13.32
13.49
13.71
12.43
12.24
13.37
13.13
13.04
13.52
13.41
13.48
13.03
13.12
14.39
12.42
11.48
12.99
13.48
13.44
13.53
13.07
13.58
13.21
11.36
13.55
12.99

20.82
21.25
20.76
19.83
21
21.07
20.51
21.39
21.55
19.35
19.75
20.74
21.63
19.74
22.56
21.17
20.71
19.3
22.08
22.31
21.36
19.52
20.52
22.31
21.13
22.17
20.22
21.83
21.87
19.12
23.17
21.05

15.66
15.93
171
16.96
16.15
16.5
16.72
17.69
16.79
16.08
16.44
16.83
15.94
16.5
17.15
16.24
15.58
15.54
17.14
18.4
15.95
15.76
16.35
15.21
16.47
17.82
16.39
17.14
16.47
154
17.23
16

171
16.88
17.31
17.37
16.11
17.35

17.8
17.72
17.85
15.89
17.75
16.52
16.73
16.63
16.49

17.4
16.45
16.32
17.16
18.57
16.52
17.13
16.63
16.32
17.18
17.84
16.14
17.49
16.64
16.08
17.68
17.41

16.25
16.34
14.59
16.72
15.81
15.86
14.85
16.66
15.62
16.49
16.04
16.91
17.83
17.05
17.34
16.72
15.23
16.33
16.65
18.27
15.26
17.12
16.28
18.49
18.92
18.69
17.75
17.37
17.81
15.59
18.6
15.92

203

14.4
13.29
13.58
15.45
13.28
13.94
13.93
14.99
14.89
13.99
12.76
13.79
13.97
13.77
14.44
14.34
14.87
12.99
14.76
16.53
14.24
14.26
14.09
14.66

13.9
15.56
14.47
15.16
13.36
13.73

141
14.38



20611
20593
20608
20618
20602
20609
14932
18965
18963
18969
20592
14945
20599
20614
14793
14055
14837
16049
14284
14285
14835
14826
14729
14842
16075
14759
14781
14838
14052
14081
14836
16121
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45.29
48.64
48.23
46.56
46.71
49.93
46.06
47.92
48.37
49.85
49.65
46.12
46.59
44.26
46.4
48.88
49.74
46.44
51.71
49.53
47.27
50.8
46.42
48.62
50.01
54.67
51.7
48.48
49.2
49.24
47.63
45.44

3.61
3.79
3.93
3.83
3.51
431
3.76
3.78
3.89
3.79
411
4.34
3.83
3.53
3.82
4.75
4.34
3.97
4.36
3.86
4.45
4.66
3.59
4.69
4.17
4.98
4.29
4.61
4.61
4.18
4.06
4.05

2.86
2.9
3.16
3.1
3.09
3.17
3.02
2.84

3.21
3.08
3.05
2.76
2.86
3.12
3.25
3.2
3.08
3.39
2.99
3.37
3.03
241
3.72
291
3.92
3.06
3.45
3.13
3.31
3.35
3.08

2.68
2.81
2.88
2.34
2.46
2.61
2.53
3.25
3.31
2.77
2.8
2.49
2.52
2.18
2.54
2.78
2.15
2.26
2.51
2.18
2.58
2.42
2.28
2.7
2.54
2.75
2.43
2.79
2.36
2.48
2.62
25

5.39
5.42
5.23
6.25
4.98
5.14
4.51
6.09
5.36
5.18
5.24
5.6
4.66
5.13
4.39
5.16
6.13
5.29
52
4.69
4.94
4.9
471
5.63
5.06
6.04
5.52
5.02
4.99
481
414
5.39

4.98
6.16
5.5
5.84
5.35
5.46
5.53
5.28
5.88
5.53
5.93
6.11
5.41
5.53
5.74
5.9
5.28
5.86
5.59
5.11
5.17
591
5.58
5.01
5.38
6.59
5.35
5.99
5.89
5.08
5.17
5.24

8.6
9.36
8.28
9.11
8.26
8.72
8.64
8.66
8.85
8.85
9.06
8.44
8.32
7.51
8.61
9.08
8.46
8.63
9.26
8.75
7.64
8.65
8.85
8.42
9.19
9.61
9.12
8.87
8.82
8.28
8.39
8.11

3.92
4.23
4.02
4.17
3.86
4.42
3.64
411
4.13
441
4.42
3.34
3.94
3.34
3.76
3.91
3.64
3.77
3.91
3.68
3.47
411
4.42
3.95
4.77
4.75
4.29
4.17
3.95
3.83
3.78
3.74

3.88
3.62
3.99
3.84
3.93
3.82
3.32
3.69
421
3.69
3.7
3.65
3.09
3.58
3.36
3.57
3.5
3.88
3.73
3.51
3.47
4.07
3.74
3.63
3.72
4.49
411
3.94
3.65
3.67
3.73
4.06

1.78
2.46
2.23
2.61
2.34
2.49
2.69
2.52
2.64
2.55
2.84
2.25
2.18
2.46
2.82
2.88
241
244
3.16
2.85
241
2.69
2.57
2.64
2.58
2.73
2.68
2.79
2.79
2.9
2.43
2.67

7.72

6.85
8.12
7.86
8.61
8.18
8.9
8.5
8.05
7.74
7.98
7.36
8.08
8.18
8.34
9.19
7.77
9.16
9.06
8.95
9.67
9.04
9.35
9.95
7.66
9.4
7.91
8.94
9.65
8.82
8.87

8.44
10.33
9.43
9.2
8.83
9.84
8.77
8.82
8.74
8.62
8.95
8.26
8.4
7.58
8.65
9.57
10.67
9.23
9.52
9.75
10.04
9.68
8.68
9.84
10.73
10.19
9.65
9.11
9.16
9.11
9.49
8.89

14.75
15.29
16.03
14.75
14.68
16.61
14.73
17.7
16.09
16.34
16.09
14.27
15.29
14.15
14.94
16.68
16.51
14.65
16.43
16.51
15.74
16.18
15.99
15.78
16.26
17.93
17.25
16.11
16.13
16.49
16.28
15.75

25.44
26.4
25.92
25.42
24.94
26.9
25.09
25.65
26.48
27.19
27.15
23.42
25.27
23.45
25.08
26.37
26.95
25.36
26.37
26.33
25.94
26.93
26.01
26.93
27.32
30.06
28.01
26.89
26.47
27.1
25.9
25.41

25.04
25.28
24.9
24.65
24.53
28.12
24.75
25.56
25.42
26.68
27.39
22.62
24.25
22.66
23.94
26.28
25.79
24.43
25.23
25.71
25.22
26.06
24.76
25.71
26.01
28.11
26.74
25.84
25.15
26.13
25.26
24.57

13.42
13.88
13.87
13.07
12.91
14.36
12.84
13.57
13.86
13.26
15.04
12.13
12.36
12.6
12.99
14.04
13.36
12.53
13.21
13.31
13.69
13.38
12.87
13.61
13.66
14.8
14.59
13.77
13.23
13.56
13.06
12.72

20.85
21.17
21.25
21.91
20.45
23.58
20.88
21.44
22.37
22.78
21.87
19.76
20.43
19.44
20.44
21.61
23.11
19.54
22.31
21.44
21.53
23.01
22.27
22.58
22.31
25.46
23.15
21.81
21.59
21.55
21.22
20.8

16.48
17.05
16.6
16.8
16.46
18.32
16.18
17.39
15.33
16.4
18.46
14.61
15.79
14.59
15.55
16.64
16.91
15.71
17.71
17.95
16.85
16.39
16.41
17.37
17.72
18.9
17.69
17.27
16.13
17.04
17.48
17.02

16.79
17.7
17.15
17.16
16.14
18.42
16.84
16.83
18.78
17.32
17.64
16.12
15.61
16.04
16.83
16.95
18.49
16.71
19.18
17.78
16.63
17.78
17.12
17.67
17.92
18.4
17.78
17.45
17.4
17.7
17.33
16.62

17.27
17.04
15.99
17.47
16.19
18.73
16.1
17.44
17.64
18.53
18.24
17.29
16.44
16.57
16.57
18.69
18.12
15.93
19.1
19.26
17.23
16.99
17.02
17.61
15.81
19.36
17.04
17.24
16.87
17.84
18.05
17.84
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14.82
14.18
14.78
15.51
14.08
15.03
14.27
14.43
14.87
155
15.08
13.63
13.97
14.62
14.36
14.9
15.14
14.7
16.28
14.25
13.78
14.96
14.5
14.21
14.33
16.36
15.1
14.24
14.18
15.11
14.62
14.15



14839
14782
14847
14843
14240
14841
14780
14825
14733
14792
14840
10905
11038
11030
11009
11024
11018
11021
11010
11040
11041
11034
10876
11022
11036
11004
11033
11023
11037
11026
11042
10891
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52.67
48
46.99
48.96
51.04
48.68
46.09
49.4
46.92
48.98
49.39
49.93
44.42
42.44
43.31
43.37
41.51
42.56
46.05
45.98
44.12
43.44
51.11
42.22
45.17
42.58
45.13
42.06
44.52
41.81
44.79
43.26

4.47
4.32
4.39
4.07
4.56
4.74
4.25
4.23
4.41
3.88
4.39
4.21
3.6
3.75
3.99
3.84
3.55
3.98
4.04
3.7
3.92
3.52
4.24
3.53
3.61
3.67
3.76
3.73
3.75
3.88
3.57
3.84

3.86
3.23
3.16
3.02
3.4
3.47
2.97
3.21
3.18
3.47
3.31
3.22
2.83
2.53
2.74
2.95
2.82
2.69
3.18
2.79
2.87
3.07
3.05
3.02
3.08
2.9
3.01
2.85
2.8
2.95
2.85
3.08

2.62
2.22
2.26
2.57
2.39
2.67
2.62
2.57
2.16
2.53
2.68
2.53
1.96
2.45
2.21
2.84
2.27
2.26
2.33
2.51
231
2.08
231
2.46
2.44
2.37
2.12
1.96
2.03
2.17
191
2.18

5.53
431
4.59
5.29
4.96
5.54
4.66
5.07
4.23
5.68
4.93
5.02
451
4.15
3.95
4.05
3.87
4.23
4.86
5.42
441
3.97
4.84
4.23
3.76
3.97
4.48
3.77
4.2
3.89
4.28
4.46

5.59
5.17
5.82
5.32
5.68
5.94
5.57
5.86
5.52
6.09
5.79
5.83
5.58
471
53
5.16
5.25
5.03
5.53
5.64
5.32
481
5.87
5.71
5.23
4.96
5.17
4.94
4.69
4.87
5.26
4.68

9.14
8.78
8.73
8.45
9.48
8.92
8.29
8.81
8.13
8.73
8.25
8.65
7.8
8.07
7.58
8.28
7.65
8.29
7.94
8.25
7.94
7.66
8.66
8.29
8.18
7.99
8.51
8.23
7.95
7.64
7.89
8.13

4.15
3.88
3.72
431
3.81
413
3.72
3.74
4.04
3.58
3.97
3.55
3.41
3.16
3.3
3.37
3.06
3.68
3.87
3.69
3.66
3.35
3.87
3.42
3.66
3.71
3.63
3.26
4.02
4.15
3.48
3.53

4.26
4.01
3.72
4.13
3.94
4.03
3.45
3.87
3.73
4.06
3.53
3.86
3.28
3.14
3.09
3.27
3.15
3.82
3.87
3.94
3.49
3.33
3.52
341
3.23
3.46
4.68
3.1
3.64
3.46
3.31
3.51

2.92
2.61
2.53
2.78
2.92
2.32
2.69
2.81
2.42
2.73
2.39
2.4
2.56
1.72
1.8
2.12
2.24
2.48
241
2.26
2.55
221
2.55
1.87
2.08
2.33
3.48
1.92
2.56
2.25
2.06
2.4

9.26
9.53
9.53
9.8
9.96
8.89
8.99
10.7
9.19
9.13
9.59
7.9
7.68
7.19
7.23
7.15
6.61
7.29
7.63
8.23
7.86
8.07
8.21
7.64
7.77
6.61
7.31
6.46
6.46
6.55
8.08
6.42

10.25
9.03
8.89
9.76
9.47
9.24
8.59
9.39
9.13
9.23
9.9
8.89
8.19
8.81
8.51
7.78
7.86
7.96
7.93
8.67
8.32
7.86
9.53
8.11
8.18
7.88
7.99
7.41
8.22
8.09
7.54
8.17

17.05
15.89
16.19
16.47
18.04
17.04
15.8
16.43
15.09
16.03
16.97
15.7
14.7
13.66
13.88
14.32
13.27
14.36
15.23
14.43
14.57
14.29
14.82
14.43
14.35
13.9
14.49
14.15
14.18
14.31
14.43
14.25

28.84
25.47
25.32
26.32
27.97
26.71
25.97
27.72
26.04
26.22
26.41
26.49
23.82
23.27
22.75
23.07
22.49
22.58
24.73
23.19
22.63
23.44
24.66
22.79
23.09
23
24.66
22.42
22.54
22.96
225
22.91

27.38
24.73
25.03
24.95
26.59
25.9
24.28
26.44
24.95
25.24
25.77
25.21
225
21.77
221
22.62
21.18
21.51
23.81
23.06
22.58
22.09
23.53
21.67
22.38
22.03
23.27
22.12
21.58
22.59
22.38
22.09

14.79
13.19
12.91
13.16
13.57
14.05
11.39
14.2
13.41
12.83
13.37
134
11.74
11.48
11.54
11.18
11.48
10.88
12.45
12.04
11.95
11.89
12.7
11.43
11.53
11.44
11.95
11.64
11.32
11.83
12.04
11.67

24.24
21.95
22.14
22.28
23.33
23.3
20.98
23.4
21.85
21.03
22.36
20.92
18.99
19.06
19.35
19.91
18.43
18.93
20.14
19.45
19.77
18.59
21.04
18.96
19.22
17.94
20.04
19.53
19.21
18.87
18.59
18.08

19.13
16.69
18.26
15.94
17.63
16.21
15.42
16.59
16.81
17.53
16.97
16.98
15.85
14.27
14.86
14.99
15.2
15.78
16.86
15.38
16.29
14.06
16.81
14.9
14.98
14.28
15.75
14.24
15.3
15.16
15.26
15.26

18.38
18.18
18.13
17.64
18.95
17.72
17.05
18.68
17.92
17.19
18.05
17.05
15.39
14.87
14.55
15.2
14.54
15.38
16.67
16.35
15.14
14.87
17.2
15.58
15.41
14.78
15.87
15.45
15.73
14.97
16.08
16.29

17.68
16.98
16.03
17.13
18.39
18.06
16.81
17.98
18.31
18.27
18.19
15.36
14.94
14.46
15.04
15.03
14.31
15.16
16.15
14.51
14.95
14.96
16.55
15.46
16.04
14.43
15.6
16.64
15.48
15.02
14.83
15.32
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16.28
14.26
14.12
144
15.55
15.37
14.11
14.44
13.12
15.26
13.32
15.47
14.91
13.06
12.72
13.37
12.96
13.13
13.92
13.53
13.71
12.39
14.66
13.68
12.7
12.56
13.56
13.11
13.2
12.94
13.85
13.55



10890
11039
11006
11020
11031
11019
11028
11027
11001
11029
11043
11032
10889
10888
11002
11007
10858
11003
12339
12287
12343
12295
12298
12286
12268
12265
3800

12270
12272
12378
12341
12354
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46.53
42.17
4258
46.8
42.6
42.98
42.89
45.45
43.82
41.23
44.95
42.91
40.94
45.55
48.76
42.2
43.2
40.76
45.89
43.08
47.49
44.94
45.84
48.76
46.32
47.74
42.37
46.97
44.14
42.73
49.63
45.68

3.94
3.86
3.95
3.88
3.97
3.56
3.27
3.8
4.07
4.02
3.91
3.81
3.59
3.81
4.02
3.72
3.91
3.51
3.79
3.95
4.2
3.39
3.65
4.46
4.06
4.01
3.89
4.34
3.15
4.05
4.47
3.89

3.07
2.74
2.84
3.29
3.17
3.17
2.95
3.27
3.12
2.94
3.29
2.97
3.13
3.32
3.39
2.88

3.02
2.97
3.12
3.22
2.66
2.98
3.18
3.01
3.22
2.46
3.65
291
3.15
3.26
3.24

2.64
2.34
1.93
2.39
2.63
2.68
2.04
2.04
24
2.84
2.65
2.34
2.38
2.47
2.75
2.24
2.49
2.49
2.44
2.28
2.23
2.74
2.7
241
2.47
2.3
2.17
2.25
2.58
2.23
2.65
2.33

4.39
3.9
4.96
4.16
4.23
3.76
4.03
4.26
4.42
4.4
4.97
3.93
4.24
4.63
4.84
4.38
3.79
451
4.66
3.96
5.04
4.46
3.87
451
5.17
5.54
4.67
5.09
5.23
3.73
5.66
4.73

5.21
53
5.26
5.44
5.67
5.48
5.69
5.25
5.65
5.02
5.78
4.76
5.23
4.89
5.83
5.27
4.77
4.69
5.27
5.35
5.65
5.62
5.33
5.09
4.89
5.73
4.58
5.37
4.63
4.78
6.21
5.52

8.24
7.75
7.77
9.08
7.75
8.31
7.83
8.28
7.78
7.54
7.35
7.99
7.76
8.06
8.47
7.79
7.25
7.46
8.22
8.13
8.48
7.87
8.34
8.02
8.16
8.37
7.98
7.94
8.06
7.68
8.58
8.28

3.71
3.42
3.55
3.75
4.34
3.65
3.55
3.12
3.99
3.63
3.53
3.78
3.18
3.99
3.77
3.55
3.29
3.23
3.72
3.36
4.35
3.76
4.67
4.38
3.91
3.93
3.58
3.81
412
3.51
4.1
3.81

3.62
3.51
3.3
3.68
3.47
3.92
3.7
341
3.58
3.46
3.37
3.14
3.54
3.34
3.32
3.46
3.55
3.32
3.82
3.4
3.33
3.58
3.88
3.74
3.58
4.18
3.51
341
3.57
3.34
3.76
3.77

2.32
2.37
2.44
2.69
2.62
1.87
2.49
2.39
2.58
2.26
2.24
2.05
2.24
2.34
2.54
2.01
2.23
2.38
2.26
2.38
2.69
2.4
2.19
2.28
2.32
2.74
2.04
2.52
2.05
2.06
2.49
2.69

7.97
8.24
7.36
8.7
7.59
7.99
7.16
7.04
6.49
7.19
7.32
6.87
7.22
7.7
7.51
6.25
7.3
6.94
8.48
8.27
9.72
8.31
7.34
7.83
7.82
9.08
7.64
8.54
7.11
6.88
8.68
9.31

7.64
8.1
8.28
8.77
8.18
7.97
7.94
7.76
8.33
8.53
8.24
7.77
7.91
8.94
8.76
8.05
8.18
7.39
7.66
8.28
9.13
8.39
8.78
8.76
9.17
9.1
8.61
9.31
7.67
8.61
8.88
8.27

14.51
13.55
13.66
14.9
13.57
13.28
12.89
14.14
15.12
14.22
13.97
14.6
14.01
14.73
15.34
13.67
14.67
13.46
14.81
13.61
15.41
14.3
14.86
15.55
15.01
15.56
13.78
15.32
14.21
12.28
15.68
15.64

24.07
22.03
23.14
25.03
23.08
22.18
21.97
23.86
21.43
22.14
2411
22.59
23.04
25.1
25.52
22.46
23.42
21.93
23.51
23.73
24.68
23.46
24.48
25.62
24.31
25.12
22.49
25.93
23.61
22.21
25.34
24.34

22.77
21.47
22.44
23.93
22.09
21.57
21.4
22.98
23.05
23.33
23.38
22.26
22.25
24.76
2441
21.75
22.72
21.13
2241
23.55
24.07
22.75
23.32
24.33
23.32
24.6
21.8
24.39
22.23
22.43
24.77
23.43

11.61
11.46
10.61
12.86
11.24
11.32
11.52
12.21
11.56
11.64
12.2
10.45
11.79
12.11
12.97
11.21
12.75
111
11.63
12.53
12.63
11.82
11.97
12.86
12.33
12.76
11.13
12.89
12.32
11.39
13.56
12.74

19.61
17.47
18.89
20.92
18.78
17.64
17.93
19.57
20.28
19.81
18.99
19.25
19.01
20.1
21.53
18.55
19.91
18.87
19.7
18.63
21.15
18.55
19.77
20.87
20.28
20.54
18.59
20.46
18.63
18.26
20.52
20.25

15.46
15.48
16.46
16.46
15.43
15.35
15.5
15.26
16.33
15.22
16.14
14.97
14.33
17.04
16.77
15.74
15.64
14.91
13.53
14.22
16.52
15.21
15.52
17.38
16.33
17.39
15.24
17.45
16.24
15.38
16.95
16.78

14.76
14.99
16.12
16.72
16.01
15.45
15.07
15.68
16.07
15.79
16.11
15.34
14.63
16.38
17.09
14.83
15.66
14.91
16.02
15.95
16.92
15.58
155
16.39
16.5
17.63
15.3
17.73
15.54
15.93
17.47
16.04

16.98
16.13
15.02
16.68
15.36
14.99
15.02
16.16
16.9
17.17
13.91
14.14
15.3
154
16.13
15.46
15.99
13.72
17.36
16.15
16.93
15.6
15.74
14.6
15.32
16.19
13.18
16.61
15.48
15.85
18.08
15.65
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14.52
14.01
13.3
13.75
12.12
13.06
13.23
14.23
13.64
12.44
13.61
13.26
12.46
14.41
14.43
13.31
12.72
12.18
13.87
13.72
14.65
12.66
13.31
14.46
13.9
14.56
12.59
14.86
13.24
13.61
15.51
13.66



12283
12299
12377
12346
12292
12342
12344
12340
12297
12285
12327
12328
12337
12293
12326
12269
12284
12345
12294
12224
12350
12291
12271
12349
20462
20458
20450
20467
20439
20465
20436
20448
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49.9
41.85
41.91
44.25
47.77
42.51
42.18
46.05
49.88
45.65
40.52
50.51
49.56
47.67
48.33
45.17
47.13
43.84
45.92
48.22
42.41
47.57

46.7

42.4
50.17
50.87
49.65
51.99
51.47

53.7
49.46
49.32

3.99
3.34
3.99
3.97
3.74
3.85
3.87
4.09
4.25
4.05
3.88
4.53
441
3.42
4.05
3.95
4.03
3.86
3.83
4.1
3.86
3.87
4.05
3.87
4.33
3.94
4.16
4.6
4.83
4.5
4.55
4.09

3.09
2.93
3.04
3.21
3.21
3.25
3.06
3.17
3.34
2.86
2.64
3.31
3.28
3.36
3.26
3.14
3.09
3.03
3.06
3.09
3.06
3.24
3.24
3.11
3.19
3.11
3.14
3.36
3.26
3.48
3.19
3.14

2.55
2.21
2.14
2.38
2.48
2.17
2.09
2.38
3.08
2.11
2.23
2.6
2.67
2.23
2.18
2.22
2.57
2.17
2.35
2.63
2.52
2.51
2.44
2.25
2.74
2.59
2.83
2.25
2.49
2.81
2.77
2.55

5.79
4.04
3.64
4.46
4.58
4.87
5.55
4.99
5.22
414
4.53
4.82
4.92
5.42
5.04
5.54
4.78
421
4.23
5.03
4.64
4.3
5.13
4.32
4.81
5.13
5.08
4.94
5.13
5.43
5.15
4.18

5.25
421
5.01
5.74
5.86
5.42
4.82
5.77
5.67
4.94
5.26
5.92
5.37
5.51
5.62
5.52
5.23
4.38
4.75
6.08
5.54
5.14
5.57
5.39
6.52
5.86
5.38
6.17
5.33
6.07
5.66
5.76

8.75
7.6
7.97
8.12
8.51
8.19
7.62
8.44
9.49
7.49
7.35
9.16
8.09
7.83
7.82
8.31
8.16
7.35
7.91
8.46
8.04
8.14
8.43
8.57
8.89
9.16
9.17
8.82
8.53
9.68
8.93
8.92

3.74
3.61
3.24
3.46
3.8
3.44
3.66
4.09
4.08
3.24
3.67
4.47
4.03
3.86
3.93
3.81

4.01
3.96
3.88
3.55
3.49
5.37
3.35
411
4.28
4.03
3.85
3.65
4.2
3.84
4.17

3.65
3.55
3.86
3.31
3.76
3.71
3.65
3.86
3.96
3.6
3.35
4.1
4.06
3.99
3.58
3.96
3.88
3.42
4.02
3.95
3.22
3.55
3.67
3.29
3.84
3.85
4.04
4.05
3.76
4.01
3.92
3.6

2.28
2.26
2.34
2.09
2.27
2.18
2.28
2.13
2.35
1.92
2.4
2.83
2.86
2.64
241
2.35
242
2.25
2.86
2.29
2.35
2.47
2.22
2.39
2.97
2.67
2.58
2.57
3.95
2.3
3.05
2.46

10.27
7.49
7.07
9.83
7.94
8.03
8.1
8.67
9.63
8.11
7.3
8.81
8.43
7.03
8.63
8.73
9.15
5.85
8.58
8.7
8.71
8.02
7.93
7.29
7.86
7.84
8.44
8.11
8.55
7.97
9.19
8.48

9.42
7.98
8.53
8.46
9.09
8.22
8.13
8.92
9.25
8.36
8.24
9.5
9.18
7.67
8.72
8.72
8.81
7.7
8.27
9.05
7.95
8.19
8.86
7.93
9.72
8.72
9.47
9.68
9.37
9.35
9.25
9.16

16.64
13.37
13.25
14.18
15.36
14.12
13.64
15.07
16.03
14.39
13.94
16.24
16.02
14.13
14.69
14.16
15.45
14.16
13.41
16.42
14.94
15.71
14.92
14.71
16.75
16.32
16.09
16.3
16.75
17.43
16.56
15.43

26.39
23.42
22.56
24.25
25.02
22.87
23.52
25.14
26.57
24.01
235
26.64
26.62
22.48
24.64
23.82
25.22
21.22
242
27.2
24.06
24.32
25.21
23.66
24.31
25.27
25.79
27.1
27.47
26.76
26.57
27.46

25.22
22.96
22.52
23.62
2411
22.26
22.58
23.4
25.31
21.86
22.84
25.96
25.16
22.56
24.26
23.03
24.22
23.99
23.29
25.99
22.55
23.37
23.75
22.92
25.81
24.26
25.38
26.31
26.09
26.58
25.8
25.72

13.85
11.38
12.21
12.94
13.21
12.17
11.95
12.09
13.34
12.48
12.19
13.54
13.11
11.67
12.57
12.15
12.27
12.23
12.29
13.2
11.73
11.89
12.33
12.04
13.14
12.54
13.1
13.65
13.64
13.22
13.42
13.06

221
18.38
18.18
18.81
20.97
18.63
19.07
20.27
20.89
19.37
17.76
21.63
21.33
20.22
19.93
19.35
21.17
19.31
19.64
22.54
19.23
19.44
20.18
19.07
23.12
21.08
22.62
22.28
23.47
23.22

234
22.19

17.49
15.04
15.23
15.35
16.98
14.76
15.49
16.69
17.66
15.91
14.53
18.24
16.8
16.27
16.41
16.09
16.59
16.11
15.78
17.49
15.51
15.67
17.23
14.68
17.95
17.21
18.61
17.41
18.02
19.2
18.23
17.28

18.48
14.89
15.75
15.93
17.16
15.2
14.69
17
17.94
16.41
14.45
17.56
17.28
16.47
17.06
17.43
17.39
14.89
15.15
17.43
15.32
16.01
17.84
14.92
18.22
17.59
18.22
18.02
17.82
19.63
18.02
17.16

16.67
14.42
16.67
16.03
17.98
14.6
16.19
17.32
15.9
13.94
14.32
18.68
17.25
16.07
17.59
16.14
16.4
15.68
16.06
17.25
15.57
15.86
16.92
15.21
21.21
16.87
17.75
19.42
18.14
20.13
18.27
16.99
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13.86
13.54
12.95
14.87
15.06
134
12.69
14.09
14.87
14.2
12.8
15.76
13.98
135
15.24
13.97
14.77
12.62
13.86
14.08
12.55
13.76
15.42
13.73
14.96
145
16.11
14.12
15.18
15.01
14.61
14.51



20420
20416
20442
20470
20440
20475
20421
20464
20469
20419
20417
20441
20431
20430
20472
20468
20457
20428
20452
20423
20455
20451
20432
20418
20463
20453
20446
20461
20454
20447
6678
20459
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43.58
48.24
47.55
51.95
48.46
50.76
47.68
52.67
50.56
44.18
42.33
52.04
49.65
51.87
50.74
50.13
52.31
44.38
48.8
42.33
47.67
48.04
53.08
47.78
49.88
52.06
50.06
52.13
49.15
51.52
48.39
51.45

3.69
4.35
4.27
5.01
3.89
4.28
4.19
3.96
4.28
4.22
3.57
4.53
4.11
4.08
4.73
4.37
4.18
45
4.03
3.61
4.46
3.52
4.27
3.95
4.31
4.21
4.24
4.79
4.33
4.28
3.58
4.22

2.98
3.43
3.2
3.46
3.22
3.08
2.96
3.52
3.29
3.08
2.72
3.16
3.44
3.29
3.39
3.31
3.33
3.3
3.38
3.12
3.15
3.15
3.26
2.94
3.46
3.28
3.26
3.62
3.13
3.63
3.09
3.25

2.14
2.15
2.09
2.6
2.69
2.71
2.74
2.67
2.55
2.36
1.87
2.32
2.37
2.45
2.79
21
2.92
2.87
2.49
2.03
2.25
2.19
2.51
2.21
2.62
2.73
2.46
2.89
2.58
2.99
2.43
2.32

3.91
454
4.43
4.74
4.49
4.36
441
5.36
441
4.52
4.26
5.17
4.33
5.36
4.83
4.92
4.75
4.89
4.82
4.1
4.79
4.47
4.52
451
4.75
4.49
4.03
5.05
4.49
5.32
4.53
4.62

441
5.75
6.21
5.47
5.42
5.53
4.77
6.63
6.32
4.83
4.69
5.52
5.26
6.04
5.74
6.55
5.66
5.87
5.8
4.87
5.37
5.44
591
4.93
5.36
5.43
5.83
6.37
5.05
5.95
5.84
6.24

7.67
8.71
8.51
9.15
8.51
8.8
8.03
9.14
8.68
8.42
7.46
9.54
8.71
9.18
8.71
9.31
8.89
8.35
8.62
7.67
8.21
8.53
8.96
8.26
8.98
8.97
8.57
8.91
8.36
9.04
8.41
8.75

3.95
413
4.09
4.22
3.83
4.27
4.05
4.47
4.09
4.02
3.98
4.37
4.26
4.35
4.02
412
412
3.99
4.16
3.46
3.87
3.98
4.02
3.89
4.37
412
3.87
4.08
4.01
4.75
4.03
4.03

3.18
3.24
4.07
4.06
3.87
3.84
3.39
4.07
3.81
3.59
3.19
4.04
3.66
3.95
3.93
3.48
4.01
3.15
3.87
3.22
4.08
3.79
3.78
3.06
3.86
3.98
3.82
3.96
3.63
3.69
3.44
3.88

241
2.54
2.4
2.55
2.16
3.04
2.81
2.86
2.53
2.17
2.39
2.76
2.67
2.27
2.48
231
2.72
2.69
2.29
241
221
2.63
2.57
2.22
2.88
2.37
242
2.8
2.64
291
2.69
3.76

6.89
7.76
6.76
8.41
7.96
7.94
7.39
9.61
8.31
7.64
7.86
8.89
8.38
10.45
8.9
9.11
8.65
6.76
9.19
7.4
8.97
9.73
9.98
8.91
7.84
9.17
7.06
9.36
10.05
9.54
7.23
8.78

7.67
9.68
8.72
10.19
8.94
9.07
7.89
9.54
9.55
8.28
7.89
9.73
9.01
9.79
9.74
9.42
9.59
8.32
9.45
7.93
8.49
8.93
9.35
9.19
9.55
9.15
9.22
8.83
9.19
10.34
7.16
8.74

13.51
14.58
16.19
16.51
16.73
16.64
14.66
15.92
16.38
14.41
13.62
17.09
16.44
17.58
17.11
17.26
17.28
14.35
16.83
13.41
15.86
16.48
16.31
14.28
17.04
17.15
15.65
17.87
15.7
17.18
14.24
17.32

21.57
25.93
26.13
28.1
26.17
27.44
23.37
26.27
26.71
23.69
22.97
27.34
26.79
27.9
26.66
27.48
28.51
24.81
26.04
21.61
25.72
25.89
26.86
23.43
27.4
27.42
26.79
28.2
25.37
23.87
23.69
26.28

22.38
25.81
25.02
26.53
24.97
25.77
24.27
26.18
25.73
23.71
23.07
26.53
25.2
26.39
25.87
26.35
26.61
23.76
25.95
22.3
24.38
25.08
25.58
24.69
27.12
26.64
26.72
26.7
25.34
25.87
23.26
25.28

11.72
13.02
12.85
14.15
12.59
13.37
12.54
12.83
13.09
12.15
12.13
13.36
14.05
13.59
13.02
13.87
14.28
12.25
12.98
12.02
12.13
12.82
13.27
12.49
13.89
13.46
13.26
13.79
13.26
13.49
11.55
13.52

18.69
20.69
22.18
23.97
22.32
21.6
20.27
22.08
22.87
19.7
18.87
23.55
22.53
23.14
22.92
23.1
23.38
19.87
23.01
19.37
21.78
20.79
22.69
20.74
23.87
22.87
23.66
23.68
22.36
23.77
20.09
2241

15.25
17.85
17.44
18.83
16.21
18.39
15.85
18.97
17.77
16.43
15.64
19.1
17.33
18.04
17.61
18.56
17.8
15.03
18.05
15.37
15.94
17.15
18.15
16.07
17.84
17.56
17.33
18.49
16.83
18.21
16.74
17.56

15.86
17.27
17.47
18.08
17.12
18.88
16.19
19.22
17.92
16.24
15.49
18.26
17.36
18.85
17.5
18.43
18.52
16.28
18.05
15.34
16.08
18.03
17.93
15.97
18.14
185
17.1
18.95
18.45
18.29
17.64
18.58

14.73
16.75
16.56
20.28
18.51
19.85
17.33
19.73
18.47
15.77
15.78
20.63
19.55
18.66
17.59
18.54
18.12
13.55
18.24
16.16
16.13
16.57
18.26
15.32
18.64
19.31
17.25
19.82
16.64
18.04
17.41
18.32
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14.34
16.24
13.81
15.95
14.22
15.34
13.73
14.87
14.93
14.44
12.07
15.29
15.31
16.16
14.45
15.37
14.49
14.62
15.51
13.27
14.06
15.24
15.23
14.13
14.94
15.21
14.47
15.14
14.77
14.67
13.82
14.92



20422
20443
20435
20471
20476
20449
20415
20429
20425
20438
20466
6676
20433
20474
20426
20445
20444
20427
20434
21445
20473
20424
11444
9435
20254
829
20235
12537
6679
9434
17590
6677
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42.92
51.81
48.81
52.63
52.19
49.18
43.22
42.72
43.74
50.68
52.49
49.91
50.77
52.26
43.21
41.19
51.58
41.36
475
48.62
49.12
44.07
44.15
47.66
44.27
45.7
46.73
44.07
42.77
47.05
42.25
43.85

3.88
4.18
4.74
4.82
4.16
4.02
3.4
3.83
3.75
4.09
4.24
4.4
4.61
481
3.28
4.27
4.07
3.82
4.18
3.61
3.72
3.76
3.61
4.06
3.93
3.93
3.79
3.64
3.64
3.41
3.57
3.34

3.11
3.23
3.35
3.36
3.67
3.08
291
2.67
3.03
3.04
411
3.1
3.06
3.42
3.01
2.47
3.02
2.63
3.38
3.26
3.35
3.06
2.79
3.74
3.31
2.93
3.13
3.09
2.56
3.16
2.65
3.03

2.46
2.24
2.42
2.45
2.67
2.68
2.31
2.31
2.31
2.24
2.69
2.23
2.86
2.71
2.29
211
2.82
2.26
2.28
2.38
2.81
3.01
2.54
2.88
2.27
2.17
2.35
2.12
2.29
2.59
2.24
1.99

3.97
4.06
4.53
5.04
5.46
4.45
3.49
3.96
4.48
481
4.95
5.19
4.78
5.06
4.08
414
5.16
3.86
4.05
4.65
4.88
3.94
5.35
5.07
5.03
5.04
5.07
4.35
4.97
5.34
4.86
4.88

5.27
5.86
5.92
6.31
5.81
5.51
4.64
4.83
5.54
5.42
6.02
4.88
6.39
6.03
5.46
4.84
5.77
4.82
5.38
5.25
5.54
5.61
4.95
5.46
5.63
5.85
5.84
4.86
5.37
6.27
5.81
5.52

7.73
9.02
8.41
8.9
9.32
8.79
7.52
7.2
8.06
8.63
8.87
8.53
8.99
8.87
8.14
7.63
8.77
7.78
8.84
8.84
8.54
8.14
8.24
8.65
8.57
8.24
8.48
8.31
8.08
8.08
8.41
7.98

4.04
3.71
4.02
4.28
3.93
413
3.49
3.57
3.48
3.87
4.32
4.02
4.19
4.64
3.61
3.44
3.99
3.69
3.94
4.09

3.64
3.99
4.03
3.58
3.98
3.66
4.33
3.71
3.85
3.76
3.82

3.26
3.84
3.99
4.01
3.92
3.72
3.29
3.63
3.32
3.56
3.96
3.24
3.94
4.23
3.57
3.27
4.57
341
3.99
3.93
3.46
3.39
3.72
3.9
3.75
4.06
4.1
3.89
3.87
3.73
3.96
3.72

2.34
2.76
2.69
2.62
3.12
2.9
3.95
2.6
2.65
2.49
2.69
2.23
2.75
4.67
2.29
2.12
2.75
2.38
2.61
2.8
2.75
2.85
2.68
2.67
3.11
2.25
241
2.23
2.36
2.23
2.34
2.22

7.26
9.71
8.44
8.96
8.25
9.95
7.51
7.48
6.47
10.84
7.64
8.19
9.4
9.51
7.2
7.85
7.64
7.2
8.87
6.53
8.42
8.37
7.25
7.81
8.95
6.85
8.16
8.56
6.64
7.62
8.91
6.64

7.33
9.34
9.67
9.46
9.36
9.61
6.99
7.33
7.49
9.44
8.56
8.88
9.84
9.73
7.69
7.58
9.29
7.62
0.48
9.17
10.27
7.47
8.6
8.65
8.78
8.29
8.69
7.64
7.27
8.62
8.36
7.75

14.55
16.79
16.02
17.51
17.27
16.16
13.94
14.33
14.43
16.97
16.31
15.36
16.91
17.24
13.09
13.56
16.3
14.03
15.48
16.22
17.16
14.42
14.48
15.74
13.74
14.12
14.67
14.34
13.59
13.77
14.83
13

22.8
26.04
27.33
28.57
27.44
26.11
22.27
22.96
22.21
27.98
26.08
26.22
27.08
28.12
22.94
22.28
25.48
21.36
27.08
24.66
27.48
21.72
24.15
2491
25.11
23.38
24.76
23.35
22.36
24.77
24.23
22.19

22.33
25.19
25.49
27.05
26.44
25.25
22.26
21.89
22.54
25.31
26.35
24.69
26.07
27.71
22.22
21.6
25.16
21.82
255
24.89
25.81
23.08
22.89
24.27
23.56
23.63
24.51
21.85
21.6
23.62
23.22
22.56

12.03
12.39
13.21
13.98
13.93
13.78
11.17
10.85
11.93
13.56
13.59
12.49
13.46
14.11
11.21
11.61
13.41
11.68
13.43
12.92
13.83
12.19
12.14
12.42
12.59
12.49
12.63
11.67
11.25
12.11
12.86
11.28

20.58
22.3
21.55
2341
22.65
21.38
18.84
18.76
20.79
23.1
22.12
21.01
23.51
2411
18.94
18.46
21.94
19.86
21.11
21.69
22.38
20.27
18.77
21.19
19.49
18.74
20.31
18.34
17.77
20.62
20.32
18.19

15.58
17.45
17.2
18.09
19.33
17.85
15.07
14.66
15.7
18.14
18.43
16.42
18.26
18.63
15.24
14.13
17.96
14.92
18.14
16.79
17.47
13.77
15.29
17.54
17.16
15.51
16.43
16.09
15.82
16.94
15.88
15.06

15.27
17.91
17.29
18.71
18.55
17.93
15.07
15.62
16.29
17.49
19.21
16.09
18.65
18.79
16.05
14.89
18.13
16.14
17.56
17.13
17.85
16.46
15.04
16.89
17.05
16.23
17.01
15.53
15.77
16.84
16.19
15.47

16.24
18.26
18.03
19.45
18.79
18.44
15.71
14.05
16
17.15
20.68
17.86
18.78
18.41
1491
14.52
17.05
14.45
17.37
16.57
17.71
16.77
15.2
17.43
14.04
13.55
16.84
15.44
16.22
16.68
15.12
16.58
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13.77
14.88
14.32
13.95
16.17
15.41
13.24
125
13.79
14.37
155
14.11
14.54
15.56
13.85
12.46
15.18
13.24
14.17
14.51
13.97
13.86
12.78
14.23
13.25
13.99
13.87
12.63
13.4
13.88
13.45
12.01



11110
19195
841
12533
10629
6675
20255
16344
9436
11111
20242
6670
16343
19207
19838
20236
19211
19205
11112
20256
840
9438
6674
9437
17583
17291
17305
17293
17301
17306
17303
17308
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46.67
42.42
43.92
45.12
48.31
49.21
45.32
43.43
46.49
50.09
44.3
45.64
43.95
39.39
42.53
44.74
42.09
44.72
48.59
42.17
41.49
47.09
50.36
48.85
40.42
40.8
41.07
42.98
39.49
36.69
39.19
44.18

3.63
4.33
3.53
3.66
3.49
3.56
4.08
4.21
3.91
4.25
3.89
3.27
414
3.24
3.57
3.96
3.49
3.45
4.19
3.8
3.69
3.71
4.45
4.07
3.03
3.42
3.34
3.59
3.32
3.13
3.36
3.73

3.37
3.03
2.95
3.04
3.01
3.35
3.12
2.96
3.07
3.23
3.62
2.71
3.12
2.95
2.66
3.28
2.98
291
3.62
3.02
3.09
3.18
3.28
3.33
2.62
2.93
3.01
3.02
2.89
2.82
291
3.16

2.39
2.16
2.15
2.34
2.29
2.55
2.32
2.15
2.56
2.25
2.76
2.57
2.36
2.08
2.03
2.43
2.25
2.59
2.69
2.28
24
2.49
3.01
1.97
2.18
1.92
1.97
2.62
2.22
2.43
2.15
2.31

4.83
4.87
5.11
4.43
5.07
5.37
5.11
3.92
4.79
5.27
4.94
4.38
4.08
414
4.13
5.93
4.45
4.89
5.16
4.6
5.39
5.18
5.83
5.04
474
4.45
5.49
5.3
4.84
4.73
451
4.95

6.17
6.18
5.34
5.83
5.88
5.84
5.25
5.31
4.96
5.64
5.88
4.72
4.73
481
5.57
5.84
4.73
5.13
5.76
5.07
5.19
5.13
5.26
5.27
5.02
4.73
5.04
5.69
5.68
5.26
5.73
5.59

8.61
8.2
7.87
8.56
8.08
9.08
8.21
8.31
8.27
8.38
7.84
8.06
8.26
7.51
7.93
8.46
7.85
8.39
8.43
8.18
8.19
8.24
8.86
8.09
7.43
7.74
7.86
7.83
8.41
7.84
7.96
8

3.75
4.32
3.51
4.03
414
4.27
3.89
4.01
3.85
4.05
3.31
3.51
3.98
3.79
3.54
3.99
3.39
4.37
471
3.82
4.01
4.13
4.05
3.98
3.41
3.54
3.38
3.69
3.91
3.59
3.39
3.7

3.67
3.67
3.53
3.87
3.93
3.91
4.02
3.26
3.73
3.89
3.51
3.36
3.3

3.52
4.02
3.48
3.93
3.79
3.82
4.09
3.96
3.49
3.75
3.5
3.35
3.68
3.34

3.58
3.62
4.13

2.71
2.06
3.86
2.47
2.43
2.49
2.34
1.85
2.32
2.63
2.56
2.47
3.63
2.25
2.14
2.38
2.23
2.34
2.43
1.95
2.51
2.65
2.45
2.65
2.15
2.54
2.08
2.39
1.85
2.28
2.45
2.66

8.03
8.03
9.83
8.13
7.81
8.68
7.87
6.59
7.32
8.36
7.66
7.86
7.86
7.72
7.16
8.24
7.4
8.56
6.62
7.71
6.58
9.14
7.92
7.36
6.69
6.81
7.6
7.73
6.93
6.09
7.17
6.97

8.28
8.22
9.01
8.71
8.5
9.15
8.27
7.95
8.89
8.96
8.07
8.57
8.14
7.49
7.96
8.18
8.31
8.39
8.96
8.06
8.25
8.44
8.65
8.19
7.07
7.67
7.71
8.27
7.46
6.86
7.05
8.21

15.07
15.61
14.62
14.91
14.87
15.25
15.07
14.61
15.18
15.61
14.42
14.6
14.24
15.22
13.15
14.67
13.98
15.31
15.54
14.12
14.31
14.96
15.01
14.84
12.65
12.96
12.78
13.58
13.32
12.27
13.81
15.37

24.96
23.52
23.98
23.82
24.34
24.56
24.42
23.93
24.46
26.86
24.47
23.86
23.67
21.32
21.45
23.54
21.2
23.11
26.01
24.8
24.42
25.28
24.89
24.86
22.08
21.65
21.48
22.44
22.18
20.86
21.68
23.63

23.16
24.64
23.55
23.59
24.22
24.49
23.91
23.26
23.44
24.29
23.54
23.31
22.78
21.76
21.7
22.92
22.28
23.12
24.98
23.68
23.71
23.37
25.16
23.43
21.22
20.75
20.74
21.63
20.68
19.74
20.29
22.09

12.53
12.27
11.85
12.07
12.26
13.29
13.06
11.53
11.76
124
12.09
13.36
11.44
10.85
11.33
11.81
11.56
11.58
12.56
12.95
11.97
11.97
13.22
12.22
11.79
11.06
11.35
12.24
11.68
11
10.91
11.65

19.86
20.24
19.56
21.01
20.28
20.67
19.77
19.79
20.44
21.62
20.09
19.57
19.25
18.44
17.34
20.25
19.67
19.89
21.45
19.6
19.55
20.62
20.83
20.33
18.25
17.66
17.96
18.04
17.73
16.77
16.89
19.58

16.4
16.6
15.86
16.17
15.39
17.39
16.37
14.64
16.86
17.62
15.45
15.43
15.61
14.96
15.92
16.96
14.14
16.84
16.95
16.34
16.74
16.46
17.05
16.35
14.42
14.07
14.83
15.55
14.16
12.57
13.89
15.55

16.81
16.82
15.88
16.08
17.16
17.51
16.04
14.82
16.53
16.73
15.74
15.65
15.44
14.18
15.51
15.92
14.96
16.39
17.1
16.34
16.32
17.08
17.34
16.88
14.66
15.03
14.87
16.12
14.25
13.81
15.32
15.6

17.85
151
13.41
15.08
17.98
18.48
15.74
13.57
16.57
16.03
16.8
14.37
13.84
13.55
15.42
15.37
13.38
13.43
16.92
16.42
15.09
17.43
18.42
17.65
14.27
14.84
13.1
14.49
14.93
12.49
13.81
14.87
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13.67
13.29
12.95
13.03
13.93
12.91
13.6
12.49
13.87
13.33
12.48
13.74
13.15
12.49
12.76
12.73
12.32
13.42
14.74
12.68
14.05
14.12
13.98
14.58
12.47
11.07
12.16
12.35
12.2
10.85
11.88
12.68



17294
17283
17295
17307
17300
17299
17290
17287
17302
17286
17289
17288
17284
17285
13974
7679
20644
13965
13408
13979
13972
7682
7678
7675
13964
7676
13409
13953
7680
13971
7683
16345
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43.98
43.58
37.54
38.61
40.39
43.78
39.85
43.01
42.93
42.88
39.12
40.34
36.55
38.54
42.66
41.64
40.11
43.11
40.02
42.18
39.75
38.51
42.2
44.71
44.8
41.41
40.12
40.58
42.61
39.71
39.72
40.48

3.55
3.86
3.34
3.39
2.95
3.46
3.53
3.88
3.38
3.47
3.12
3.22
3.11
3.52
3.82
3.34
3.64
3.63
3.66
3.9
3.54
3.21
3.19
3.58
4.13
3.49
3.45
3.68
3.39
3.33
3.6
3.38

3.33
2.84
2.85
3.03
3.11
3.22
2.76
3.02
2.83

3.02
2.81
2.67
2.61
2.99
2.86
2.71
3.14
2.66
3.02
2.78
2.84
3.06
3.03
3.1
291
3.01
3.05
3.06
2.65
2.57
3.08

241
2.74
1.92
2.19
2.05
2.47
1.92
2.77
2.27
2.46
2.01
2.23
1.83
2.25
2.24
2.08
2.14
291
2.13
2.11
2.26
2.25
1.78
24
2.63
2.12
2.2
2.03
2.68
2.15
2.42
2.24

5.53
4.83
4.37
4.45
4.55
5.34
4.71
5.36
5.52
5.29
4.41
4.63
4.18
4.59
4.24
5.11
4.75
5.55
4.63
4.49
4.83
4.55
4.41
4.84
5.18
4.39
4.4
4.04
4.48
4.49
471
4.15

4.99
5.28
4.92
5.69
5.07
52
5.81
4.68
5.06
4.92
4.85
5.54
5.26
4.93
55
5.26
4.9
5.16
5.15
5.71
5.53
5.44
4.85
5.77
5.61
5.29
4.93
5.17
5.78
5.16
5.09
4.79

8.08
8.45
7.75
8.01
7.73
8.19
7.88
8.43
8.36
8.32
7.72
7.48
7.09
7.85
8.48
8.09
7.9
8.07
7.75
7.7
7.74
7.6
7.53
8.53
8.96
8.34
8.1
8.13
7.71
7.86
7.3
8.21

5.18
4.07
3.74
3.75
3.77
4.29
4.13
3.76
3.78
3.85
3.67
4.26
3.78
3.77
4.13
3.44
4.19
3.91
3.86
3.98
3.72
3.82
3.72
3.51
4.13
3.66
3.91
3.73
3.35
3.73
3.66
3.51

4.01
4.29
3.63

3.37
3.62
3.65
3.69
3.96
3.96
3.49
3.95
3.49
3.9
4.59
3.49
3.32
3.75
3.52
3.43
3.72
3.85
3.73
3.65
3.93
3.71
3.29
3.88
3.42
3.4
3.74
4.07

2.37
2.64
2.24
2.26
2.43
2.76
2.59
2.18
2.97
2.46
2.36
2.86
1.97
1.93
3.03
2.28
2.17
3.49
2.07
2.66
2.65
2.14
2.22
2.62
2.48
243
241
2.74
2.77
2.25
2.54
2.58

7.56
7.08
7.15
7.03
7.49
8.59
6.93
7.31
7.91
7.47
7.01
7.68
6.55
7.17
7.47
7.22
6.18
8.31
6.54
8.47
6.73
6.62
7.42
6.89
7.8
6.46
6.83
7.08
6.44
7.69
6.75
7.28

8.29
8.04
6.69
6.84
7.11
7.68
8.08
8.35
8.06
7.86
7.6
7.12
6.73
8.01
7.96
8.39
7.49
8.36
8.1
8.48
8.01
7.71
7.92
8.59
7.99
8.65
8.13
8.25
7.72
7.49
7.53
7.99

14.44
14.35
13.27
13.14
13.48
144
13.14
13.39
13.92
14.51
12.64
13.48
11.81
135
14.15
14.86
13.35
14.17
12.47
14.16
14.08
12.8
13.96
14.26
15.17
13.81
12.58
13.44
14.2
13.59
13.27
12.93

22.95
22.57
21.7
21.57
21.96
22.65
20.92
22
22.25
22.73
21.31
21.74
19.95
22.22
22.09
21.73
21.39
23.39
20.55
22.54
21.2
18.72
21.7
23.8
22.29
22.25
21.09
21.73
21.94
21.51
21.04
22.13

22.06
20.83
20.21
20.18
21.04
21.43
20.31
20.95
21.2
22.04
20.05
20.38
19.34
21.23
20.92
20.27
20.03
21.97
19.78
21.44
20.49
19.19
21.28
22.29
21.05
22
19.85
20.41
21.83
20.48
20.25
21.2

12.32
11.33
11.09
10.5
11.25
11.58
111
11.31
11.16
11.58
10.7
11.24
10.48
11.39
11.51
11.35
11.02
11.75
10.37
11.26
11.05
11.62
11.5
124
10.92
12.32
10.98
10.31
11.84
11.49
10.83
11.7

19.21
18.57
17.16
17.79
17.13
18.67
17.64
18.25
18.54
18.89
16.94
17.56
15.89
18.34
18.92
17.67
17.82
18.95
17.57
18.99
18.8
17.07
19.17
19.46
19.12
18.38
17.28
17.8
19.12
18.59
17.42
18.95

14.62
15.13
12.64
13.59
14.08
14.3
14.8
14.81
14.92
15.03
13.44
14.27
11.61
13.58
14.69
15.36
14.12
15.66
15.05
15.14
15.23
13.94
14.08
16.06
14.51
14.81
14.76
14.65
15.32
13.58
14.62
13.51

15.53
15.66
13.57
15.07
14.97
15.26
14.77
14.63
16.22
16.27
14.67
14.92
14.2
15.81
15.85
16.13
14.84
16.03
14.49
15.51
15.38
15.41
14.53
17.22
17.26
16.04
14.74
15.77
15.61
14.77
15.72
15.43

14.73
15.28
13.23
14.38
13.81
14.25
12.62
13.83
13.12
15.03
13.4
12.64
13.08
13.91
16.34
18.1
15.31
14.98
155
16.02
14.78
15.44
16.75
17.69
15.98
16.43
15.51
14.16
17.08
13.89
16.2
14.15

211

13.06
12.24
11.3
11.82
11.64
11.68
11.26
12.56
12.85
12.53
11.51
12.15
10.72
11.6
11.58
12.34
12.17
13
12.32
11.97
11.63
10.96
11.01
12.55
14.23
12.03
12.53
12.48
11.77
10.56
11.58
12.64



7681
13977
7684
13414
18962
13976
13411
13975
7673
13952
13951
13970
13967
13973
13980
7677
20643
13968
13966
13403
13978
13969
20902
15319
15398
15370
18754
15330
15329
15326
18755
18752
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39.16
40.94
42.09
41.3
43.86
43.5
41.23
44.3
41.13
41.34
41.03
43.53
42.06
43.24
40.35
40.16
38.34
41.04
41.32
38.54
42.26
40.65
41.61
40.73
45.74
45.63
44.73
42.26
43.55
41.2
42.66
42.23

3.17
3.68
3.42
3.51
3.92
3.64
3.37
4.2
3.21
3.61
3.3
3.74
3.61
3.91
4.02
3.46
3.61
3.81
3.57
3.06
3.7
3.55
3.57
3.16
3.56
3.58
3.71
3.6
3.78
3.16
3.48
3.13

3.03
2.49
3.17
2.83
3.05
3.04
3.02
2.92
2.57
3.35
2.57
3.01
2.97
3.01
2.64
2.45
2.49
3.19
2.93
3.09
2.89
241
2.42
3.04

3.01
2.92
2.52
2.92
2.76
2.67
2.72

2.26
2.14
2.53
2.57
2.39
2.57
2.58
2.69
2.3
2.22
2.36
2.25
2.22
2.53
2.13
2.14
2.2
2.28
2.47
2.22
2.34
2.18
2.7
2.28
21
2.15
2.22
2.45
2.26
2.3
2.57
25

4.5
4.46
4.64
4.97
5.45
5.34
5.29
5.26
441

4.9
4.66
4.68

4.2
3.74
4.23
4.26
4.75
4.18
4.97
5.01

55
3.98

4.1

4.6
5.73
5.69
5.44
4.89
4.95
4.88
5.52
5.58

5.6
5.37
5.61
5.44
5.68
5.07
5.52
5.69
5.18
6.55
4.94
6.23
4.68
5.67
5.42
4.76
4.64
4.79
5.53
4.98
4.84
5.36

4.1
4.89
5.55
5.97
5.78
5.15
5.68
5.43
5.07
4.74

8.48
7.67
8.01
7.45
7.79
8.09
7.88

7.43
8.16
8.22
8.14
8.37
8.39
8.08
7.62
6.94
8.08
7.81
7.99
7.66
7.72
7.67
7.78
8.72
8.58
8.38
8.03
8.16
8.26
8.31
8.18

3.72
3.7
3.42
3.85
3.86
3.88
3.87
3.69
3.61
3.92
3.78
3.89
3.74
4.37
3.58
3.26
3.54
3.96
4.16
3.3
3.96
3.53
3.52
3.96
4.5
4.66
3.81
3.68
3.74
3.96
3.83
3.89

3.76
3.82
3.53
3.55
3.84
4.26
4.29
3.85
3.56
3.56
3.33
3.86
3.65
4.07
3.72
3.37
3.07
3.42
3.21
3.63
417
3.52
3.52
3.22
3.75
3.88
3.84
3.84
3.61
412
4.05
3.86

2.44
2.32
2.54
2.71
2.49
2.51
2.69
2.82
2.19
241
2.64
221
2.55
2.34
2.45
2.25

2.73
2.65
2.07
2.77
2.66
221
221
2.54
2.69
2.79
2.97
2.63
2.61
2.82
3.17

7.33
7.12
7.22
6.37
8.74
8.78
6.85
7.88
7.21
7.44
7.49
7.85
7.57
7.22
7.22
6.44
7.06
7.94
8.86
7.53
7.13
6.86
6.81
8.86
6.78
7.78
8.55
7.99
7.85
7.1
7.81
7.69

8.66
7.76
7.75
8.01
8.45
8.38
8.19
8.17
7.99
7.98
7.89
8.39
8.44
8.73
7.52
8.11
7.82
8.61
7.97
1.27
8.83
8.55
7.48
7.3
7.82
8.27
9.05
7.91
8.88
7.33
10.67
7.4

12.99
13.46
14.85
14.58
1457
14.41
13.96
1452
13.82
13.66
12.93
13.59
14.11
14.28
13.24
13.56
12.41
14.55
14.36
13.36
13.89
13.28
13.24
13.21
14.76
14.44
14.95
14.56
14
13.48
13.69
14.32

22.37
20.94
22.45
22.38
24.33
23.03
21.68
23.13
21.42
22.46
21.61
22.77
22.59
22.75
21.76
22.07
21.98
21.77
21.4
21.49
22.78
21.8
21.44
22.01
23.51
22.82
24.15
22.58
23.27
21.56
22.61
23.33

22.05
19.96
22.09
20.85
23.29
21.8
20.11
21.88
205
21.53
19.96
21.76
21.36
17.84
19.86
20.54
20.14
20.44
17.39
19.88
21.34
20.84
19.94
21.24
23.21
21.79
22.14
21.39
21.78
21.08
20.87
21.02

11.97
10.97
11.63
11.58
12.41
11.36
11.08
11.98
10.94
11.02
10.29
12.23
11.47
11.49
10.66
11.25
10.6
11.24
11.16
10.79
10.98
11.96
10.79
11.05
12.39
115
12.13
12.08
12.7
11.46
11.64
12.16

17.82
17.39
19.29
18.59
20.03
19.32
18.52
19.91
17.79
19.07
18.36
19.7
18.48
19.09
17.24
17.94
17.81
17.83
19.32
17.48
18.84
19.05
17.44
18.71
19.85
18.58
19.84
18.88
18.65
18.11
19.06
18.98

14.78
14.05
15.62
15.26
14.39
15.81
15.24
15.84
13.38
14.88
13.18
15.09
14.55
15.41
13.89
14.16
14.49
13.56
14.98
13.82
14.86
13.73
12.85
12.94
14.6
15.85
15.24
15.71
14.57
12.83
14.93
15.02

16.73
15.27
15.73
15.11
16.05
16.16
15.51
16.5
14.58
15.45
16.12
15.61
15.14
16.17
14.67
14.93
14.6
15.52
15.76
14.34
15.47
15.11
16.09
15.05
16.21
15.84
16.67
15.54
17.19
15.06
16.22
15.65

15.63
14.95
17.35
15.2
15.04
14.32
15.54
15.92
16.43
16.09
14.29
17.15
16.63
15.37
14.32
15.96
13.1
16.84
14.96
15.81
16.79
15.89
15.84
14.2
16.81
16.96
13.27
14.76
14.47
13.95
13.23
13.38

212

11.75
11.61
13.21
12.68
13.03
13.12
13.21
13.15
10.74
13.48
12.92
12.86
11
12.64
12.21
10.71
11.59
10.83
12.23
12.08
12.39
10.24
12.73
11.65
12.85
12.72
13.3
12.04
12.32
11.83
13.37
12.87



15318
15327
15275
15282
15399
15299
15298
15281
15284
15328
20517
20511
20523
20518
20613
20519
20522
20524
20527
20512
20528
20515
20530
20513
20521
20529
20526
20516
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43.93
40.72
38.22
39.63
4251
41.31
39.11
42.14
40.31
40.16
41.37
41.44
46.08
46.79
41.63
45.22
48.47
45.67
46.23
45.89
48.45
47.79
45.33
44.36
43.69
44.21
43.7
42.61

3.61
3.22
3.15
3.54
4.01
3.33
3.41
3.38
3.28
3.4
3.56
3.51
4.17
3.73
3.77
3.52
412
3.91
3.61
412
4.29
3.93

4.23
3.78
3.67
3.28
3.48

2.94
2.82
2.71
2.26
2.71
2.65
2.69
2.35
2.24
2.28
3.48
3.17
3.41
3.52
3.34
3.19
3.03
3.28
3.42
3.43
3.53
3.43
3.13
3.16
3.04
3.47
3.12
2.67

2.34
2.23
2.19
24
2.12
2.76
1.9
2.23
2.24
21
2.29
2.55
291
2.44
2.07
2.57
2.46
2.35
2.62
2.83
2.93
2.77
2.14
2.51
2.57
2.35
2.42
2.04

5.57
5.19
4.52
5.18
5.13
4.97
471
5.54
5.34
4.72
5.01
4.48
5.02
5.28
5.16
4.42
5.57
5.83
4.44
5.05
5.03
491
4.59
5.16
491
521
5.05
4.73

5.71
5.53
5.76
4.18
5.54
5.37
4.6
5.08
5.57
5.09
5.62
5.18
4.74
5.74
5.07
5.74
5.97
5.11
6.12
6.15
5.76
5.8
5.61
5.97
6.14
5.79
5.67
4.7

7.86
7.96
7.57
7.79
8.37
7.86
7.74
7.99
8.1
7.66
8.14
7.73
8.28
8.41
8.22
8.02
8.67
8.54
9.25
8.76
8.65
8.81
8.52
8.58
8.57
8.38
8.14
6.97

3.92
3.99
3.26
3.62
4.03
3.73
3.99
451
3.71
3.49
3.64
3.82
4.06
4.19
3.9
3.89
412
4.68
4.1
4.65
3.93
3.97
3.64
3.88
3.86
4.08
3.45
3.19

3.87
3.32
2.84
3.99
3.84
3.54
3.42
3.82
3.75
3.81
3.88
3.56
4.46
3.85
4.28
4.16
4.42
3.75
4.28
3.93
4.13
4.38
4.06
4.64
3.66
4.03
3.82
3.73

2.53
2.52
2.37
1.85
211
2.65
2.08
2.39
2.42
2.17
2.83
2.63
2.62
2.64
2.71
2.36
2.33
2.77
2.89
2.16
2.73
291
231
2.89
2.81
2.99
2.45
2.35

8.4
7.94
7.07
6.42
6.13
6.72
7.76
7.24
7.55
7.67
6.73
5.68

6.3
6.78
6.61
6.57
8.28
6.67

7.5
7.26
7.07
6.61
7.35
6.91
6.82
6.84
7.67
6.76

8.77
7.56
7.06
7.14
8.32
7.3
6.88
7.37
7.33
7.36
7.63
7.89
7.95
8.61
8.21
8.49
8.59
8.44
8.51
9.05
9.57
8.72
8.39
8.6
8.37
8.58
7.52
7.8

14.64
125
13.07
13.78
14.06
14.36
13.33
13.91
13.91
13.06
13.4
135
15.06
15.94
14.32
13.53
15.97
14.45
14.06
14.56
14.79
14.82
14.63
14.24
13.78
13.84
13.45
12.61

24.2
22.08
21.52
22.82
22.69
21.96
21.41
23.21
22.74
22.51
23.17
23.32
22.54
25.85
21.96
23.91
26.42

24.8
23.74
24.76
24.44

25.6
24.68
22.98
23.67
23.35
21.87
21.49

234
21.21
20.26
21.74
22.27
20.91
20.34
22.23
21.35
22.28
22.11
21.93
20.08
24.02
22.44

22.4
25.59
23.33
23.01
23.25

23.9
23.71
22.04
21.36
22.64
22.72
21.48
20.34

12.46
11.47
11.96
11.47
12.28
12.16
11.42
12.52
11.96
12.02
12.03
11.56
12.16
12.48
12.15
11.57
13.36
12.63
12.62
12.52
12.88
12.56
11.72
11.61
12.73
12.26
12.33
10.61

19.21
17.71
17.24
17.85
19.05
18.98
17.52
19.22
18.25
17.88
17.83
17.77
20.19
20.29
19.17
18.26
21.17
19.87
18.54
20.9
20.31
20.11
19.88
19.78
19.53
19.09
18.28
17.32

15.56
13.98
13.56
14.37
14.57
14.78
14.06
14.71
14.76
13.8
13.89
14.12
16.46
16.06
14.84
14.92
16.95
15.74
16.16
14.54
17.02
16.64
16.41
15.43
15.14
15.84
14.52
13.39

16.74
135
13.96
14.69
15.13
15.18
14.69
14.33
14.97
13.09
16.24
15.18
16.27
17.33
16.43
16.72
17.49
16.58
16.97
16.14
17.57
17.44
16.76
16.31
15.97
17.42
15.59
14.48

15.65
12.89
11.15
13.89
14.08
15.36
13.29
12.16
12.88
12.01
14.99
14.04
15.96
15.42
15.56
14.31
17.78
14.96
15.86
15.09
15.14
15.59
15.65
13.57
14.29
14.2
14.54
13.47

213

13.2
124
10.63
11.3
11.41
11.19
11.37
12
12.2
12.17
13.86
12.84
14.08
14.23
13.28
12.57
13.27
12.62
15.34
12.69
14.06
14.74
13.38
13.74
13.25
13.52
13.27
10.29
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Table S4 Morphometric measurements of tadpole of Bokermannohyla saxicola. The definition and reference of each measure are available in the

metadata table

Stage .
zﬁ’;ﬁg ((igz%;r, BW BI\EN 10D IND B,LN ESD NSD END ND TV'\\//' (\3,\5’ BL TAL TL BH SVD SSD ED SL TF'Y' MHT VFH DFH D:'
415 1 25 754 650 3.76 283 498 480 204 099 042 278 312 1096 NA NA 609 353 816 119 091 269 7.70 218 300 34.11
423 1 25  11.81 1091 577 420 858 7.63 308 185 069 513 434 17.90 2659 4434 971 369 12.09 258 069 496 1254 312 4.83 3549
530 1 25 1499 11.81 6.60 464 881 7.88 313 200 055 562 583 10.89 36.13 5591 1149 564 13.18 257 063 530 1367 3.74 510 30.92
530a 1 36 1623 13.74 908 6.6 7.55 7.76 182 312 091 759 7.13 26.82 63.28 89.36 16.84 11.20 1585 4.63 1.08 9.67 16.64 4.89 6.66 25.38
530a 2 28  19.29 16.00 837 586 10.86 10.44 3.67 3.02 061 7.42 6.99 2645 50.42 76.76 12.16 8.68 17.53 3.19 142 906 16.34 420 544 31.40
530a 3 29 1848 1497 810 598 918 992 399 262 051 813 6.99 16.65 47.74 64.08 11.80 2.96 853 255 0.94 7.07 1369 3.73 506 37.68
530a_ 4 25 1270 10.09 640 4.62 597 632 225 187 041 507 547 1818 3590 52.89 875 3.31 1320 287 0.86 535 11.36 2.80 4.15 34.18
530b 1 31  16.86 1465 851 594 10.32 1000 411 3.10 066 7.07 534 2632 46.06 72.09 1148 532 1755 377 175 7.60 1675 450 6.77 23.01
1585 1 25  17.21 1330 7.74 520 894 867 2.89 276 051 7.69 7.07 2595 4575 71.35 1548 7.59 14.97 357 154 857 17.61 411 6.00 2851
1589 1 25 1451 1256 7.05 480 812 808 312 229 051 538 627 2298 40.77 6330 1178 6.38 1345 311 156 6.38 1401 4.08 500 33.44
1589 2 25 1398 1247 695 501 7.94 825 308 264 060 523 542 1958 3522 5457 968 4.17 1325 254 166 517 1214 3.64 484 3599
1500 1 25  17.66 1497 817 580 10.60 9.76 358 292 075 7.30 7.38 23.33 47.02 70.16 12.03 6.78 1430 2.82 149 647 1448 427 549 2503
1500 2 39-40 24.08 18.12 10.88 6.34 1226 11.88 4.43 324 114 989 7.79 3094 5493 8537 1650 8.80 17.80 4.46 1.19 931 1970 514 7.16 31.33
1500 3 36  19.98 17.19 1039 6.80 11.74 1151 437 322 091 889 7.75 26.61 53.80 80.03 13.20 541 1505 3.69 1.26 817 1753 479 639 32.87
1592 1 25 973 894 485 355 654 620 215 134 053 320 3.80 14.38 29.02 4296 6.42 342 975 145 110 331 904 279 354 3252
1502 2 25 899 871 421 323 6.66 578 247 145 056 3.15 377 1440 29.77 4392 659 350 1004 1.88 120 332 923 276 391 39.34
1593 1 25 1246 960 6.07 396 559 623 233 212 045 459 470 18.93 3874 57.29 947 485 1155 250 124 563 11.93 3.56 454 34.82
1503 2 25 1404 1263 728 519 842 886 324 239 063 565 546 2190 41.96 63.18 1068 502 1361 3.06 1.29 6.16 1257 377 479 26.77
1505 1  39-40 20.96 1570 9.54 580 11.47 1072 411 270 084 922 6.63 28.61 53.82 8210 13.89 455 1550 4.17 2.34 974 1866 4.99 7.06 29.66
1505 2 39 2094 1658 894 624 10.68 1129 454 292 091 891 599 27.34 49.75 76.71 13.94 584 1557 4.05 1.08 914 17.37 521 622 32.70
1595 3 37  19.32 1588 9.63 6.10 10.82 10.68 4.29 282 070 822 7.68 2654 4452 70.77 1416 594 1597 343 154 910 1866 471 6.83 31.43
1644 1 25 1109 967 492 383 7.34 678 258 153 060 436 425 1551 3429 4962 879 368 881 200 099 436 1019 3.36 427 2014
1648 1 25  11.18 1023 555 395 805 7.39 310 181 061 489 471 1574 3151 47.16 862 3.98 906 203 093 496 10.73 2.86 3.69 3554
1648 2 25 1021 862 497 352 645 597 243 152 045 406 419 1575 3439 49.86 872 390 942 224 096 472 1117 3.07 409 33.69
1648 3 34 1805 13.98 770 559 979 954 393 261 062 7.58 7.07 2584 46.82 72.74 1437 865 1569 3.05 1.57 866 17.08 543 6.35 43.05
1648 4  39-40 2221 16.93 1031 5.65 12.22 1148 414 302 091 985 7.73 23.90 40.27 6424 12.13 6.77 1341 323 136 7.79 1500 3.83 584 37.34



404a_1
404a 2
404a_3
404b_1
404b_2
404c 1
404c 2
404c_3
1264 1
1264 2
1264 3
1266a 1
1266a_2
1266a_3
1266a_4
1266a 5
1266b_1
1515 1
1515 2
1515 3
1515 4
1515 5
1516 1
1516 2
1516 3
1516 4
1516 5
1516 6
44 1
44 2
44 3
44 4

25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
38
38
36
31-32

14.87
15.08
20.16
17.74
16.75
19.40
15.76
16.42
12.72
13.09
12.34
7.58
18.05
18.69
15.07
14.52
21.44
17.42
17.48
16.00
12.54
8.93
19.87
16.12
14.81
14.23
14.22
12.99
13.09
11.97
11.70
11.65

12.52
12.87
16.68
15.00
13.65
14.74
13.20
14.08
10.29
10.07
10.61
7.01
14.83
14.98
11.73
12.48
17.04
14.26
16.22
13.01
10.97
7.89
16.90
13.61
11.90
12.19
11.58
11.24
11.07
9.67
9.85
8.84

8.12
8.19
10.80
9.78
8.86
9.52
8.48
8.93
5.76
6.17
6.28
3.71
8.33
8.59
6.77
7.79
10.47
8.65
8.81
7.80
6.39
411
9.43
8.04
7.03
6.81
6.73
6.76
6.37
5.51
5.33
491

5.09
5.11
7.03
6.31
6.00
6.31
5.89
5.80
4.37
441
4.17
3.23
5.68
5.96
4.95
5.05
7.26
5.93
6.21
5.54
4.62
3.30
6.51
5.42
4.97
4.71
4.74
4.76
3.68
3.44
3.70
3.52

8.49
8.99
12.11
10.69
10.11
10.40
10.02
9.64
7.66
7.40
8.09
5.57
11.40
11.63
8.85
9.82
11.97
10.17
11.73
9.63
8.22
6.23
12.56
10.13
8.99
9.00
8.71
8.26
7.86
7.84
7.80
5.77

8.19
8.69
11.64
10.38
9.67
10.25
9.44
8.54
7.49
7.02
7.48
5.06
10.40
10.34
8.15
9.25
12.31
9.67
11.12
9.16
7.95
5.86
11.70
9.29
8.69
8.39
8.13
7.89
7.57
7.54
7.63
5.66

3.05
3.28
4.67
4.41
4.08
3.86
3.91
3.50
3.26
3.00
3.11
2.27
4.26
4.26
3.60
3.78
4.97
3.90
4.18
3.76
3.36
259
4.74
3.94
3.53
3.59
3.63
3.37
2.95
3.15
3.36
173

2.45
2.63
3.44
2.83
2.66
291
7.47
2.85
2.03
1.85
2.08
1.15
2.74
2.80
2.09
2.34
3.68
2.60
3.14
2.34
2.01
1.21
3.11
243
2.18
2.16
2.01
1.92
1.86
1.90
1.90
1.81

0.65
0.56
0.64
0.73
0.60
0.77
0.74
0.64
0.35
0.48
0.39
0.39
0.79
0.72
0.58
0.52
0.75
0.66
0.77
0.80
0.65
0.54
0.77
0.70
0.62
0.72
0.60
0.53
0.61
0.44
0.61
0.45

7.88
8.21
11.11
9.48
9.60
10.46
9.26
9.07
4.93
441
5.69
3.59
8.38
8.51
5.97
6.77
10.36
8.25
9.08
7.89
5.82
3.14
10.63
7.56
7.14
7.06
7.05
6.49
5.50
481
4.92
3.52

5.07
5.35
6.44
6.53
6.52
5.70
7.32
6.70
5.31
4.68
5.63
3.56
7.67
7.54
5.64
5.48
7.16
7.09
7.02
6.72
6.01
4.20
7.58
7.21
6.69
6.35
5.43
5.45
4.72
5.26
521
511

20.24
25.46
28.21
26.42
23.00
26.63
25.09
24.69
17.99
16.92
17.57
11.14
24.73
25.02
21.69
19.54
30.06
23.63
25.80
20.98
16.27
13.92
28.90
22.80
20.29
21.45
18.57
19.26
18.98
18.90
16.79
15.70

40.13
51.10
61.84
NA
46.50
54.52
49.72
46.38
28.50
24.46
37.45
23.42
41.52
45.24
44.83
40.24
57.84
47.66
50.12
40.33
33.38
24.05
47.57
41.97
35.60
35.71
30.35
31.23
39.23
34.82
33.40
30.88

59.93
76.07
90.12
NA
68.82
80.68
74.68
70.97
46.33
43.90
54.67
34.60
66.43
70.10
66.38
59.55
88.32
71.05
75.66
60.81
49.56
37.73
76.54
64.51
55.55
56.68
48.94
50.24
58.07
53.33
49.71
46.73

11.60
13.57
16.04
14.07
11.63
15.05
14.21
13.31
9.76
9.76
10.28
6.00
14.16
14.05
12.33
10.86
17.21
13.06
13.76
11.22
9.27
7.20
16.00
12.83
11.41
11.02
10.81
10.39
8.75
8.54
7.53
7.68

5.72
6.16
6.30
531
5.02
7.89
6.16
6.16
4.75
5.16
5.77
3.11
6.58
6.68
6.26
5.27
6.74
6.37
5.90
3.91
4.06
3.25
5.84
6.29
4.83
4.96
4.88
4.96
2.57
2.53
3.39
2.80

12.18
15.20
15.68
13.93
14.82
15.82
13.63
15.33
11.57
10.33
10.59
6.86
16.18
14.43
11.25
11.63
20.11
13.08
15.03
11.64
8.96
8.37
17.43
13.12
12.46
13.27
12.00
12.40
10.72
10.52
8.72
9.57

3.23
3.46
3.96
3.72
3.13
3.62
3.53
3.54
2.54
241
2.54
1.71
3.59
3.71
2.97
2.35
4.01
3.36
3.68
2.96
2.37
1.87
3.12
3.22
3.20
3.16
2.77
2.96
2.47
2.98
2.37
2.84

0.81
1.22
1.67
1.71
1.68
2.22
1.48
1.22
0.78
1.64
1.10
0.53
2.40
1.32
0.96
1.20
3.22
1.47
1.82
0.95
1.16
0.87
2.14
1.11
1.24
1.12
1.12
1.13
2.12
1.30
0.85
1.33

8.75
11.63
12.62
10.17
10.08
11.29
11.64
10.44

5.11

4.98

6.26

3.66
10.10
10.25

8.35

6.77
12.17

9.03
10.01

7.60

6.02

3.51
12.96

9.07

7.72

7.52

6.98

7.08
471
481
4.60
4.17

15.06
17.78
18.65
16.27
13.94
18.11
15.34
16.88
11.03
11.25
10.91
8.04
17.16
18.53
15.26
13.91
18.71
16.49
16.88
14.66
12.63
8.50
20.81
17.06
14.27
14.35
13.08
14.05
9.61
10.44
6.80
10.05

3.67
4.22
5.49
4.39
3.73
4.02
4.21
4.43
3.31
3.26
3.00
2.08
4.33
4.50
4.23
3.69
5.29
451
4.61
3.57
3.33
2.32
5.02
4.48
4.02
4.04
3.51
3.92
2.93
2.94
2.63
3.13
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5.12
5.99
7.16
6.49
4.57
6.47
6.35
6.06
4.48
4.26
4.02
3.12
6.25
5.83
5.47
4.86
6.00
6.15
541
5.28
4.44
3.43
6.85
7.03
4.79
4.83
5.12
481
3.77
411
2.15
4.26

30.06
35.09
NA
NA
23.43
32.62
NA
28.95
2291
23.40
28.65
25.35
29.09
40.66
46.86
32.20
27.52
36.38
23.58
27.17
28.21
NA
21.96
35.69
29.98
27.25
29.46
49.83
38.80
33.84
NA
21.83



44 5
256_1
256_2
256_3
256_4
3911
547 1
547 2
547_3
547_4
602a_1
602a_2
602a_3
602b_1
602b_2
602b_3
602b_4
602b_5
602b_6
892_1
892_2
901a_1
901a_2
901a_3
901c_1
901c_2
946a_1
946a_2
946a_3
946a_4
946h_1
946h_2

25
25
25
25
25
25
25
25
25
39-40
25
25
25
25
25
25
25
25
39-40
34
39-40
37
37
27
37
25
25
25
25
31
25

10.30
19.99
15.93
14.52
14.72
5.60
20.38
10.78
12.02
9.67
21.17
19.69
19.26
17.27
17.97
10.12
9.45
9.87
7.39
17.65
18.25
18.14
22.05
20.43
20.46
20.11
16.76
14.41
14.07
13.12
19.82
17.30

8.63
16.72
14.13
12.84
13.80

5.18
16.54

9.02

9.61

8.36
16.03
16.33
15.61
13.86
14.31

8.98

8.14

8.31

6.64
13.87
16.67
14.79
17.52
16.78
16.22
16.95
15.27
13.35
13.05
11.25
17.71
14.41

4.45
9.90
7.66
7.09
7.37
2.92
9.22
4.78
4.52
4.22
10.81
9.37
8.66
7.08
8.91
5.11
4.60
3.94
3.02
9.06
9.30
9.82
10.92
10.03
9.81
9.77
8.73
7.19
7.95
6.69
10.27
8.81

3.68
6.59
5.29
5.37
5.71
2.56
6.14
3.90
3.98
3.43
5.22
6.29
6.11
5.46
5.30
3.52
3.14
3.36
2.78
3.49
6.17
4.00
6.57
6.35
6.59
6.36
5.98
5.36
5.74
4.60
6.83
5.93

6.36
12.93
11.21
10.76
10.96
4.02
11.42
7.39
7.54
6.50
10.14
11.17
10.79
10.03
10.44
6.31
6.20
6.56
5.34
7.02
12.26
8.59
11.95
12.09
11.27
12.66
10.73
9.70
9.38
8.46
12.75
10.59

6.27
12.07
9.51
9.32
9.68
3.87
10.99
5.93
6.45
5.79
9.73
10.78
9.86
9.09
9.56
5.98
5.59
5.53
4.24
8.12
11.37
9.36
10.97
10.73
10.65
10.79
9.93
8.88
8.29
8.00
11.55
9.44
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4.59
3.82
4.10
4.00
1.85
4.05
2.37
2.56
2.47
2.24
3.88
3.62
3.32
3.65
2.28
2.25
2.45
1.97
1.96
4.74
2.11
3.78
4.09
4.02
3.98
3.62
3.65
3.39
3.54
4.54
3.77

1.99
3.05
2.46
2.52
2.48
0.95
3.41
1.31
1.63
1.39
3.19
3.05
2.39
2.69
2.24
1.74
1.36
1.45
1.01
2.60
3.05
2.71
3.11
3.02
3.02
2.77
2.94
2.52
2.37
2.15
3.15
2.68

0.48
0.75
0.66
0.68
0.74
0.33
0.75
0.29
0.41
0.46
1.20
0.77
0.84
0.72
0.51
0.37
0.40
0.36
0.21
0.83
0.89
1.19
0.93
0.85
0.85
0.90
0.64
0.83
0.83
0.48
0.79
0.62

3.99
10.45
7.60
7.30
7.53
2.22
7.36
3.68
3.80
3.99
11.05
8.67
7.63
6.98
7.36
3.88
3.40
3.61
2.79
8.68
7.43
9.91
9.64
9.44
9.95
9.04
6.48
5.65
3.89
4.75
7.83
6.70

4.94
7.38
6.34
6.75
5.98
2.48
7.32
4.36
5.43
4.69
7.96
7.34
6.95
6.04
7.18
3.69
3.61
3.81
3.23
5.96
7.41
7.84
7.60
6.94
NA
7.80
7.62
6.57
5.07
6.11
7.22
7.03

16.20
28.18
19.31
16.70
19.72
9.37
23.53
15.18
13.57
15.51
27.63
27.22
25.40
20.57
21.67
13.77
11.33
12.55
9.02
23.40
21.69
23.70
25.16
25.44
26.50
28.51
25.97
21.73
20.15
16.16
27.20
24.08

29.50
571
33.95
36.11
46.81
16.67
45.71
28.81
25.18
30.17
63.18
51.96
NA
41.08
46.05
27.99
25.30
24.98
15.17
53.52
43.22
57.66
50.88
50.32
NA
57.49
49.11
42.23
3451
32.71
51.90
47.50

44.96
81.58
53.32
52.66
66.59
25.98
68.97
43.79
38.56
45.73
89.11
79.09
NA
61.44
67.68
41.75
36.64
37.44
24.18
76.60
64.74
81.58
76.11
75.88
NA
85.66
74.91
63.57
54.40
48.74
79.17
71.66

7.97
15.95
10.38

8.86
10.08

3.70
13.24

7.73

7.53

8.53
13.66
14.79
13.69
11.80
12.36

7.45

6.91

7.37

5.66
12.20
12.57
12.67
15.39
14.36
15.24
16.19
14.22
11.89
10.93

9.50
15.29
14.14

3.44
7.11
5.43
3.79
5.11
1.86
6.49
3.57
3.37
4.22
6.60
8.13
6.31
5.43
4.92
3.96
3.04
4.18
2.58
5.01
4.53
3.57
6.81
6.68
7.22
5.54
6.93
5.33
491
3.75
5.53
7.11

9.91
17.05
10.88
10.14
11.75

7.02
13.62
10.02

7.82
10.77
16.26
15.69
15.59
12.10
12.21

8.58

6.39

7.68

6.74
13.79
13.89
15.16
13.71
15.71
17.69
18.13
15.49
13.29
11.51

9.60
16.20
15.35

2.24
3.97
2.94
2.21
2.40
1.43
3.16
2.03
1.82
2.21
3.75
3.76
3.99
2.53
2.88
1.95
1.79
2.02
1.56
3.36
3.06
3.53
3.78
3.83
3.57
451
341
3.12
3.03
2.29
3.51
3.31

1.29
2.27
1.33
1.45
1.14
0.72
2.20
0.96
1.28
1.10
1.29
2.05
1.76
151
1.68
1.14
0.73
1.12
0.71
1.12
2.51
1.93
2.00
1.80
1.72
1.99
2.32
1.40
1.98
1.20
2.14
2.47

3.71
12.19
7.31
7.16
7.51
2.55
7.36
3.96
3.68
5.10
10.86
10.10
8.35
6.82
7.25
3.90
3.64
3.59
2.67
9.22
7.74
9.43
9.39
11.48
10.30
10.65
7.37
6.08
4.63
5.03
7.70
7.77

7.26
16.97
12.73
11.03
13.10

6.35
16.02

9.55

9.12
10.73
17.87
20.19
19.92
14.44
16.53

9.69

8.04

7.86

4.62
17.84
16.44
16.82
20.30
20.96
21.33
20.72
17.73
14.36
15.53
11.67
18.90
16.19

2.55
5.14
3.75
2.86
3.57
1.73
4.56
2.67
241
2.72
5.11
4.33
6.13
4.20
4.79
2.48
2.30
2.56
1.48
451
4.30
4.90
5.56
5.13
5.15
5.58
5.30
4.09
4.36
3.48
5.48
5.00
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2.93
6.10
4.53
4.07
4.68
2.21
4.16
3.40
3.10
3.63
5.79
7.29
7.66
4.70
5.81
3.18
3.13
3.14
1.60
6.00
5.18
5.80
6.43
7.22
7.89
8.10
6.06
4.70
5.09
3.67
6.53
5.36

NA
23.13
30.14
38.19
22.17
28.61
41.99
37.88
45.00
38.25
43.91
31.07
43.16
24.76
3341
43.81
36.38
28.79
28.18
25.88
50.36
48.57
52.39
37.92
22.61
42.22
38.89
24.61
47.15
39.21
39.81
29.72



946b_3
946¢_1
946¢_2
946¢_3
946¢_4
954a 1
954a_3
954a_4
954b_1
954b 2
954b_3
954b 4
986b_1
986b_2
986b_3
986b_4
986b_5
989 1
1012c 1
1012c 2
1012c_3
1012c 4
1013b_1
1013b_2
1013b_3
1013b_4
1013c_1
1013c 2
1013c_3
1231 1
1231 2
1231_3

25
28
25
26
25
25
25
25
26
26
26
25
25
25
25
26
25
25
25
25
25
25
36
25
25
25
25
25
25
27
25
25

14.26
21.53
17.24
13.27
16.61
15.28
9.82
9.31
14.72
11.87
10.66
11.64
17.36
18.57
16.30
11.83
9.43
12.90
12.15
10.92
10.64
10.35
24.19
15.89
11.43
10.48
28.12
11.03
9.97
15.13
15.60
15.05

13.45
18.33
14.42
13.09
15.53
12.54
8.77
8.08
14.51
13.42
11.60
10.00
16.02
16.33
15.66
11.59
9.24
11.83
13.34
12.44
11.99
11.10
18.73
12.53
10.71
9.43
20.35
9.58
8.86
14.52
13.17
13.12

7.75
10.71
8.24
7.73
8.58
7.58
5.24
491
7.16
6.92
6.59
5.97
9.50
9.55
9.60
7.02
5.13
7.85
7.47
6.87
6.03
5.39
11.04
6.82
591
4.83
11.70
5.26
4.74
8.69
7.56
7.64

5.12
7.49
5.78
5.19
6.05
5.45
3.91
3.49
5.67
5.71
4.86
4.07
6.36
6.27
5.98
4.76
4.16
4.33
5.54
4.92
5.00
4.42
7.20
4.83
4.46
3.47
7.28
3.82
3.52
5.95
5.40
5.43

9.22 852
12.74 11.97
10.45 9.31
8.46 831
11.64 10.72
8.99 8.60
6.11 561
532 5.03
10.44 9.92
10.69 10.47
8.61 7.75
751 6.94
12.18 11.33
12.41 11.03
11.29 10.58
8.23 8.17
6.94 6.64
8.35 8.33
11.06 9.98
9.76 9.20
9.68 9.14
8.83 8.06
13.69 12.63
940 8.11
8.69 7.73
7.18 6.58
14.88 13.26
7.57 6.90
7.21 6.47
10.68 10.42
10.16 8.93
9.69 8.45

3.12
4.70
3.55
2.97
4.46
3.32
2.07
1.92
3.90
4.50
2.66
3.24
4.58
4.52
4.13
3.13
2.89
2.62
4.15
4.00
4.19
3.59
5.15
3.43
3.10
2.71
571
2.92
2.72
4.08
4.19
3.06

2.57
3.55
2.89
2.64
2.90
242
1.34
1.23
2.57
2.60
2.24
1.70
3.01
3.10
3.11
2.30
1.56
2.47
2.63
2.32
2.27
1.98
3.55
2.32
1.94
1.55
3.81
1.60
1.63
2.86
2.27
244

0.47
0.91
0.75
0.61
0.64
0.67
0.65
0.56
0.49
0.88
0.67
0.60
0.86
0.77
0.78
0.56
0.50
1.12
0.77
0.68
0.69
0.63
0.79
0.49
0.42
0.57
0.82
0.55
0.47
0.87
0.82
0.79

5.39
8.80
6.70
3.82
6.87
6.26
4.07
3.51
7.79
7.28
4.56
4.94
9.12
9.05
7.68
5.67
3.80
6.96
7.11
6.77
5.87
5.38
12.40
6.66
5.15
4.08
11.84
4.49
4.10
7.64
6.45
7.17

6.18
8.17
6.88
6.10
7.67
6.50
4.44
4.38
6.19
7.42
5.48
4.96
7.72
7.81
7.54
4.62
3.72
5.03
8.09
6.90
6.73
6.74
8.14
5.66
5.75
3.84
8.14
431
4.38
6.81
6.34
6.83

23.36
26.60
25.52
22.10
23.99
19.47
14.51
12.36
21.51
22.58
16.76
14.55
27.65
28.51
26.29
19.73
15.96
23.87
22.10
20.99
20.72
19.16
31.25
24.09
17.96
15.92
33.56
15.11
14.27
25.39
19.61
21.83

44.66
52.17
47.41
37.87
45.08
39.98
28.96
24.85
48.20
50.70
31.63
30.12
54.57
57.34
NA
42.07
21.39
47.34
46.07
48.25
43.78
NA
60.22
47.70
35.31
30.70
57.84
30.78
32.59
NA
36.20
45.96

68.11
78.60
72.96
59.43
69.31
59.31
43.62
37.16
69.61
73.14
48.04
44.27
82.39
85.45
NA
61.15
37.25
70.89
67.95
69.41
64.33
NA
91.39
71.59
52.98
46.58
91.50
45.89
46.84
NA
55.95
67.83

11.86
15.24
14.12
11.69
12.37
11.77
7.83
7.40
11.29
9.29
8.39
8.44
12.98
13.53
12.44
9.03
7.28
12.27
9.06
8.90
8.99
8.64
15.68
11.60
8.09
8.28
20.62
8.21
7.28
12.71
10.69
11.97

5.31
6.70
5.79
4.19
5.64
4.66
2.95
3.66
5.27
2.61
3.78
4.74
4.78
5.33
4.59
3.63
3.34
6.53
3.73
3.44
3.48
4.34
8.29
4.69
3.36
4.43
10.66
4.22
4.13
5.54
5.70
5.46

14.68
15.29
15.59
12.16
15.95
12.96
9.44
7.47
14.26
13.58
12.22
8.78
16.05
16.27
17.10
10.81
9.85
18.89
13.65
13.89
13.77
13.07
17.57
13.24
11.81
10.24
19.94
9.06
7.78
17.20
12.90
13.81

2.98
3.41
3.28
3.36
3.29
2.65
2.10
1.82
3.20
3.16
2.71
2.12
3.69
3.18
3.48
2.88
2.40
3.10
2.77
3.13
2.80
2.74
5.12
3.15
2.67
2.52
4.29
2.44
1.81
3.46
2.85
3.28

1.22
1.89
291
2.19
1.64
1.33
1.06
0.98
1.77
1.39
1.09
0.98
1.65
1.43
1.62
1.02
0.70
1.74
1.35
1.64
1.29
1.67
2.38
191
1.32
0.95
2.19
0.89
1.79
1.89
1.85
0.97

6.02
9.15
7.76
5.24
7.48
7.36
4.93
4.38
8.24
7.71
4.26
5.03
8.48
8.77
8.12
5.97
412
7.63
6.37
6.85
6.46
5.50
12.26
7.29
5.05
4.22
13.49
4.77
3.67
8.76
6.36
7.86

15.56
19.25
18.34
16.18
16.05
14.24
9.50
8.33
16.92
14.36
12.30
10.47
20.21
21.22
17.04
14.28
10.33
13.40
15.02
14.64
13.54
12.82
22.07
13.23
11.16
10.36
21.34
10.77
8.81
17.32
13.42
17.41

4.24
5.28
4.87
4.10
3.96
3.92
2.80
2.51
4.29
3.82
341
2.56
4.69
5.06
5.32
3.45
2.89
3.34
3.76
3.92
3.59
3.47
5.77
3.83
3.12
3.01
6.11
3.05
2.52
3.75
3.63
4.63
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5.25
6.57
5.81
5.14
5.56
4.62
2.60
3.21
5.65
4.50
4.35
2.96
5.30
6.12
6.35
4.95
3.77
4.07
4.92
4.38
4.47
4.50
7.17
4.94
4.04
3.61
7.33
3.91
3.25
5.97
4.74
6.13

24.17
41.07
23.38
28.81
35.53
20.94
25.64
15.73
35.75
25.99
35.54
43.61
21.07
27.07
22.31
22.58
31.37
22.75
24.01
26.58
23.81
33.23
22.69
14.57
34.05
21.26
32.89
2457
31.99
24.16
26.31
42.88



1598 1
2143 1
2256 1
2256 2
2256 3
2256_4
2256 5
2297 1
2297 2
2297 3
2297 4

25
28
25
26
26
25
25
39
25
25
25

14.44
10.35
18.74
14.95
14.28
12.88
10.74
22.07
17.48
17.58
15.91

15.33
9.37
15.51
13.71
13.36
10.30
9.28
17.45
15.74
14.20
13.85

7.74
5.01
9.51
7.50
7.62
5.87
4.87
9.59
9.21
7.97
7.88

5.72
3.48
6.40
5.40
5.42
4.22
3.74
6.30
6.09
5.40
5.64

12.48
6.58
11.63
9.63
10.17
7.62
7.17
12.33
11.32
10.83
10.44

11.46
6.58
10.60
9.17
9.15
6.79
6.65
12.02
10.33
9.94
9.45

5.24
2.48
4.60
3.46
3.85
2.81
3.04
4.18
411
4.43
3.99

2.50
1.78
2.85
2.53
2.47
1.47
1.76
341
2.92
2.63
2.67

0.66
0.44
0.65
0.76
0.83
0.56
0.45
0.67
0.88
0.56
0.53

8.40
3.94
9.57
6.32
6.62
4.66
4.49
8.78
8.78
7.54
6.51

8.06 24.08 NA
419 1284 27.71
9.18 25.55 58.65
749 23.24 46.64
7.89 20.85 39.15
5.81 16.09 35.72
5.80 15.90 31.14
8.41 28.03 47.87
7.62 29.22 44.65
7.89 24.73 43.26
6.84 22.73 45.69

NA
40.24
84.26
69.59
59.99
51.66
47.05
75.89
73.62
68.04
68.47

11.17
6.89
14.26
11.43
10.33
10.26
8.42
13.55
14.04
13.81
12.72

5.57 16.78
296 6.70
522 15.76
581 13.37
5.53 13.72
434 8.98
4.69 10.37
525 14.89
5.67 18.76
5.87 15.45
6.43 13.78

3.39
2.12
3.45
3.53
291
2.36
2.21
3.84
3.73
3.06
3.08

2.47
1.02
2.05
2.17
1.52
1.22
0.87
1.49
2.17
1.90
1.84

8.19
3.60
10.00
7.19
6.42
4.85
4.73
8.90
10.15
7.62
7.13

15.21
10.20
21.16
17.53
13.94
11.97
10.48
18.35
20.50
15.91
16.35

2.81
3.14
5.86
4.05
3.98
3.50
3.04
4.93
5.80
4.39
4.55
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4.69
3.68
7.28
5.62
4.76
4.39
3.68
6.88
7.45
5.52
5.79

29.35
18.48
33.57
33.02
27.99
30.10
35.81
25.34
30.80
30.70
25.82

Table S5 Results of Permutational of variance (PERMANOVA) between male and female of Bokermannohyla saxicola

Df Sum sgs Mean sqs F model R2 Pr (>F)
Sex 1 1.705 1.70462 14416  0.02995  9.999 e-05
Residuals 467 55.220 0.11824 0.97005
Total 468 56.924 1
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Table S6 Summary statistics and estimated substitution rate from DNA data. To this analysis we did not considered outgroup. Substitution rate
were only estimated for non-recombinant genes. *p>0.05

Gene Size Number of haplotypes Hd Seggtietgea;tlng Tajima’s D ® t/easlt;Z)(p- S(ﬁzg;u:g{] d(r:/;e
Col 495 34 0.983 0.056 102 0.770* 0.352 1.174x10-2 £ 2.297x10-3
Cyt-b 506 37 0.986 0.06 107 0.974* 0.626 1.388x10-2 + 1.618x10-3
p-cry 223 7 0.49 0.009 11 -0.039* 1 2.023x10-3 £ 6.838x10-4
p-fib 499 17 0.814 0.005 17 -0.973* 0.036 -
c-myc 378 11 0.766 0.003 9 -0.661* 0.013 -
DIA6 479 64 0.967 0.018 70 -1.299* 0.945 6.186x10-3 + 2.340x10-3
POMC 621 26 0.937 0.006 31 -1.324* 0.824 3.307x10-3 £ 9.085x10-4
SmarcB1 479 7 0.64 0.002 5 -0.188* 0.89 5.940x10-4 + 4.681x10-4

Table S7 Posterior probabilities for each node in distinct trees for each gamma prior combinations for theta (©) and tau (t) in iBPP analysis.
First and second lines refers to each two-independent analysis

Priors Adults (males) Tadpoles
Trees with node probabilities PP Trees with node probabilities PP
(((CE, S)'#1', CA)'#1', N)'#1' 1.000 (((CE, S)#1', CA)'#1', N)'#1' 1.000
O~g (2,100), t~g (2, 200)
(((CE, S)'#1', N)'#1', CA)'#1' 1.000 (((CE, S)'#1', N)'#1', CA)'#1' 1.000
(((CE, S)'#1', CA)'#1', N)'#1' 1.000 (((CE, Sy#1', CA)#1', Ny'#1' 1.000
©~g (2,100), 1~g (2, 2000)
(((CE, S)'#1', N)'#1', CA)'#1' 1.000 (((CE, Sy#1', N)'#1', CAy'#1' 1.000
(((CE, S)#1', CA)#1', N)'#1' 1.000 (((CE, S)#1', CA)#1', N)#1' 1.000
O~g (2,1000), t~g (2, 2000)
(((CE, S)#1', N)'#1', CA)'#1' 1.000 (((CE, S)#1', Ny'#1', CA)#1' 1.000
(((CE, S)'#1', CA)'#1", N)'#1' 1.000 (((CE, S)'#0.99897', CA)#1', N)'#1' 0.999
©~g (2,1000), t~g (2, 200)
(((CE, S)'#1', N)'#1', CAy'#1' 1.000 (((CE, Sy#1', N)#1', CAy'#1' 1.000




Table S8 Posterior probabilities for seven diversification scenarios simulated for Bokermannohyla saxicola

Posterior Probability

Scenarios Demographic pattern
Direct Logistic

Scenario 1 Vicariance with no demographic change 0.024 0.003
Scenario 2 Vicariance with southern expansion and other stable 0.019 0.119
Scenario 3 Vicariance with southern stable and other retraction 0.007 0
Scenario 4 Diffusion with no demographic change 0.011 0.001
Scenario 5 Diffusion with southern expansion and other stable 0.02 0.134
Scenario 6 Diffusion with southern stable and other retraction 0.013 0
Scenario 7 Jump Dispersal 0.906 0.743
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Metadata — Tables S3/ S4

Adults
(Table S3) Legend Reference
SVL Snout-vent length ~ Watters et al., 2016
PL Prepolex length Total length of prepolex
FAW Forearm width Watters et al., 2016
™ Tympanum
diameter Watters et al., 2016
ED Eye diameter Watters et al., 2016
10D Ir_lterorbital
distance Watters et al., 2016
Distance between
AMD the anterior
margins of eyes Garcia et al., 2003
EN Eye-nostril distance Watters et al., 2016
IND Internarial distance Watters et al., 2016
NS Snout-nostril length  Watters et al., 2016
UAL Upper arm length  Watters et al., 2016
FLL Forearm length Watters et al., 2016
HAL Hand length Watters et al., 2016
THL Thigh length Watters et al., 2016
TL Tibia length Watters et al., 2016
TSL Tarsus length Watters et al., 2016
FL Foot length Watters et al., 2016
HL Head length Watters et al., 2016
HW Head width Watters et al., 2016
CwW Chest width Ventral distance between both axillae
UED Upper eyelids Greatest distance between the outer margins of the upper
distance eyelids
Tadpoles
(Table S4)  Legend Reference
BW Body width Lavilla & Scrocchi, 1986
BWE Body width at eye level Lavilla & Scrocchi, 1986
10D Interorbital distance Altig & McDiarmid, 1999
IND Internarial distance Altig & McDiarmid, 1999
BWN Body width at nostril level Lavilla & Scrocchi, 1986
ESD Eye-snout distance Lavilla & Scrocchi, 1986
NSD Nostril-snout distance Lavilla & Scrocchi, 1986
END Eye-nostril distance Lavilla & Scrocchi, 1986
ND Nostril diameter Lavilla & Scrocchi, 1986
TMW Tail muscle width Altig & McDiarmid, 1999
OoDW Oral disc width Lavilla & Scrocchi, 1986
BL Body length Altig & McDiarmid, 1999
TAL Tail length Altig & McDiarmid, 1999
TL Total length Altig & McDiarmid, 1999
BH Body height Lavilla & Scrocchi, 1986
SVvD Spiracular-venter distance Lins et al., 2018
SSD Snout-spiracular distance Lavilla & Scrocchi, 1986
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ED Eye diameter Lavilla & Scrocchi, 1986
SL Spiracle length Lins et al., 2018
TMH Tail muscle height Altig & McDiarmid, 1999
MTH Maximum tail height Altig & McDiarmid, 1999
VFH Ventral fin height Grosjean, 2005
DFH Dorsal fin height Grosjean, 2005
DFiA Dorsal-fin insertion angle Pinheiro et al., 2012
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I) Material Suplementar — Capitulo 3
Comparative Phylogeography of anurans endemic to Espinhago Mountain Range, the largest

extra-Andean mo