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RESUMO

Anfibios em geral tém sofrido um forte declinio populacional, sendo extremamente necessario
o0 conhecimento de sua biodiversidade para a criacdo de estratégias de manejo mais eficientes.
O Brasil possui a maior riqueza de espécies destes animais, porém com poucos estudos se
comparado a essa grande biodiversidade. Dentre os anfibios encontra-se 0 género Scinax
(Anura, Hylidae), que se apresenta com uma historia taxondmica complexa, incluindo um
grande nimero de espécies, algumas destas consideradas complexos de espécies. Para ajudar
a revelar novas pecas desse quebra-cabecas taxondmico e filogenético nds caracterizamos o
DNA barcode de algumas espécies de dois clados do género - S. catharinae e S. ruber e 0s
haplotipos de espécies com maior nimero de amostras — S. fuscovarius e S. perereca. Para S.
fuscovarius foram encontrados 21 haplétipos e para S. perereca 7 hapldtipos. No6s levantamos
a possibilidade de um complexo de espécies dentro de S. perereca, sendo encontrada grande
diversiade genética e haplotipica entre individuos vivendo em simpatria. Também detectamos
alguns haplotipos compartilhados por espécimes de S. fuscovarius distantes aproximadamente
700 km e caracterizamos pela primeira vez a regido COI de S. longilineus, S. perereca, S.
skaios e S. x-signatus, o que ajudara em futures estudos de taxonomia molecular.

Palavras-chave: Anfibios. Biodiversidade. Biologia Molecular.



ABSTRACT

As amphibians in general have suffered a strong population decline, it is extremely necessary
to know its biodiversity for creating more efficient handling strategies. Brazil has the largest
species richness of these animals, however with few studies compared to this great
biodiversity. Among the amphibians the Scinax genus (Anura, Hylidae), presents a puzzling
taxonomic history and a large number of species, some of them considered species complex.
In this paper we characterized the DNA barcode of some species of two clades of the genus -
S. catharinae and S. ruber and the haplotypes of the species with the highest number of
samples — S. fuscovarius and S. perereca. For S. fuscovarius we found 21 haplotypes and for
S. perereca 7 haplotypes. We brought up the possibility of a species complex within S.
perereca, being found a high genetic and haplotype diversity among individuals living in
sympatry. Also we detected the same haplotype shared by specimes of S. fuscovarius as far as
700 km and we characterized the first COI region of S. longilineus, S. perereca, S. skaios and
S. x-signatus, which will help in future studies of molecular taxonomy.

Key-words: Amphibians. Biodiversity. Molecular biology.
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1. REVISAO DA LITERATURA

Os anfibios formam um grupo extremamente diverso e possuem muitos animais com
uma dificil classificacdo quanto a morfologia. As ferramentas moleculares apresentam bons

resultados quanto a esta problematica e estdo sendo cada vez mais utilizadas.

1.1 ANFIBIOS

Os anfibios sdo um dos grupos mais diversos dentre os vertebrados (SMITH;
POYARKOV; HEBERT, 2008), porem estes vém sofrendo declinios populacionais em
diferentes regides do globo e, por isso, compreendem um dos grupos de vertebrados mais
ameacados do planeta (BERGER et al., 1998; DASZAK; CUNNINGHAM; HYATT, 2003;
HOULAHAN et al., 2000; STUART et al., 2004; VENCES et al., 2005a). Vérias causas tém
sido levantadas para esses declinios como: poluicéo e destrui¢do de habitats, quitridiomicose,
aquecimento global, introducdo de espécies, super-exploracdo e rarefacdo da camada de
ozonio (ALFORD; RICHARDS, 1999; KIESECKER; BLAUSTEIN; BELDEN, 2001;
STUART et al., 2004). A sensibilidade a tais impactos pode ser decorrente de uma série de
fatores que também tornam algumas espécies deste grupo bioindicadoras cléssicas: baixa
capacidade de dispersdo, alta filopatria, pele permeavel devido a respiracdo cutanea e
dependéncia da agua para reproducdo devido ao ciclo de vida bifasico (fase larval aquatica e
adulto terrestre) (ALFORD; RICHARDS, 1999; ARAUJO; PETERSON, 2005;
SHOEMAKER; NEGY 1977; WAKE, 1991).

Em um contexto mais amplo o declinio dos anfibios evidencia o atual colapso da
biodiversidade geral e pode servir como um modelo para entender melhor esta crise (CAREY
et al., 2001; STORFER, 2003; STUART et al., 2004). Assim, para a realizacdo de estratégias
eficientes de conservacdo e manejo da biodiversidade é fundamental o conhecimento da
taxonomia do grupo, pois a ndo delimitacdo correta de especies pode levar a interpretactes
erroneas (SITER; MARSHALL, 2003). Este grupo, contudo, apresenta muitas espécies de

identificacdo morfologica dificil e com pouquissimo conhecimento sobre as relagdes
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filogenéticas entre elas. Nessas circunstancias, o uso de ferramentas genéticas como o DNA
barcode descrito por Hebert, Cywinska e Ball (2003) e a analise dos haplotipos (EVANS et

al., 1997) pode contribuir muito.

1.2 GENERO SCINAX

Dentro da Classe Amphibia sdo conhecidas trés Ordens: Gymnophiona, com 205
espécies; Caudata, com 680 espécies; e Anura, com 6584 espécies. Os representantes desta
ultima Ordem s&o conhecidos como sapos, rds e pererecas (AMPHIBIAWEB, 2015). A
América do Sul possui a fauna de anfibios mais rica do planeta segundo Duellman (1999),
sendo que Matavelli e colaboradores (2015) afirmam que o Brasil apresenta a maior riqueza
absoluta de anuros: 988 espeécies distribuidas em 19 familias (SEGALLA et al., 2015). Destas
espécies, 534 sdo endémicas, ou seja, ocorrem Unica e exclusivamente no Brasil, e 116 sdo
ameacadas em algum grau (AQUINO et al., 2015).

Uma das 19 familias de anuros brasileiros é Hylidae, com ampla distribuicdo nas
Américas, Australia/Papua-Nova Guiné e Eurasia. Esta familia € dividida por Faivovich e
colaboradores (2005) em trés subfamilias: Pelodryadianae, Phyllomedusinae e Hylinae, que
compreendem 949 espécies e 50 géneros (AMPHIBIAWEB, 2015). Um desses géneros é
Scinax Wagler, 1830. Este género é o segundo maior dentro dos hilideos de acordo com
Faivovich e colaboradores (2005), com 115 espécies ja reconhecidas, 93 delas encontradas no
Brasil. Muitas dessas espécies, porém, sdo de identificacdo dificil pela grande quantidade e
morfologia parecida (POMBAL; BASTOS; HADDAD, 1995).

Este género passou por profundas transformacdes ao longo dos anos, demonstrando a
grande complexidade existente. Em 1977, quando o género ainda era conhecido por Hyla, o
grupo Hyla rubra foi transferido por Fouquette e Delahoussaye para o género Ololygon,
porém, Pombal e Gordo (1991) demonstraram que 0 género Scinax tinha preferéncia sobre
Ololygon. Nos grupos Scinax ruber (antigo grupo Scinax rubra), Scinax staufferi e Scinax x-
signatus néo foi encontrado suporte para monofiletismo segundo Duellman e Wiens (1992) e
todas as espécies do grupo S. x-signatus foram realocadas para o grupo S. ruber (POMBAL;
HADDAD; KASAHARA, 1995). De modo similar, os membros do grupo S. rizibilis
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passaram para o grupo S. catharinae (POMBAL; BASTOS; HADDAD, 1995). Entretanto, a
falta de evidéncias para o monofiletismo de muitos grupos permaneceu na andlise filogenética
morfologica do género (FAIVOVICH, 2002). Dos cinco grupos reconhecidos de Scinax
(ruber, rostratus, catharinae, staufferi e perpusillus), apenas catharinae e rostratus foram
confirmados como monofiléticos. Os grupos staufferi e ruber mostraram-se polifiléticos e
perpusillus, com uma Unica espécie, saiu como irm&o do grupo catharinae. Assim, 0S grupos
staufferi e ruber, como anteriormente propostos, ndo foram mais reconhecidos (FAIVOVICH,
2002).

Em 2005, Faivovich e colaboradores fizeram uma analise filogenética mais ampla de
Hylidae, e Scinax passou a ser sustentado por dois grandes clados monofiléticos de espécie:
clado Scinax catharinae e o clado Scinax ruber. O clado S. catharinae contém os grupos S.
catharinae (33 espécies) e S. perpusillus (13 espécies) e o clado S. ruber, os grupos S.
rostratus (10 espécies) e S. uruguayus (duas espécies). Entretanto, a posicdo filogenética
destes grupos de espécies ainda é incerta (NUNES-DE-ALMEIDA; TOLEDO, 2012).
Atualmente existem 56 espécies do clado S. ruber ndo atribuidas a nenhum grupo,
particularmente as dos antigos grupos S. ruber e S. staufferi (FAIVOVICH et al., 2005;
FROST, 2015): S. acuminatus (Cope, 1862), S. altae (Dunn, 1933), S. alter (Lutz, 1973), S.
auratus (Wied-Neuwied, 1821), S. baumgardneri (Rivero, 1961), S. blairi (Fouquette &
Pyburn, 1972), S. boesemani (Goin, 1966), S. cabralensis Drummond, Baéta & Pires, 2007, S.
caldarum (Lutz, 1968), S. campossebrai (Bokermann, 1968), S. cardosoi (Carvalho-e-Silva &
Peixoto, 1991), S. castroviejoi De La Riva, 1993, S. chiquitanus (De La Riva, 1990), S.
cretatus Nunes & Pombal, 2011, S. crospedospilus (Lutz, 1925), S. cruentommus (Duellman,
1972), S. curicica Pugliese, Pombal & Sazima, 2004, S. cuspidatus (Lutz, 1925), S. danae
(Duellman, 1986), S. dolloi (Werner, 1903), S. duartei (Lutz, 1951), S. elaeochrous (Cope,
1875), S. eurydice (Bokermann, 1968), S. exiguus (Duellman, 1986), S. funereus (Cope,
1874), S. fuscomarginatus (Lutz, 1925), S. fuscovarius (Lutz, 1925), S. granulatus (peters,
1871), S. hayii (Barbour, 1909), S. ictericus Duellman & Wiens, 1993, S. imbegue Nunes,
Kwet & Pombal, 2012, S. iquitorum Moravec, Tuanama, Pérez-Pefia & Lehr, 2009, S. juncae
Nunes & Pombal, 2010, S. karenanneae (Pyburn, 1993), S. lindsayi Pyburn, 1992, S.
madeirae (Bokermann, 1964), S. manriquei Barrio-Amoroés, Orellana & Chacon-Ortiz, 2004,
S. maracaya (Cardoso & Sazima, 1980), S. montivagus Juncd, Napoli, Nunes, Mercés &
Abreu, 2015, S. nasicus (Cope, 1862), S. oreites Duellman & Wiens, 1993, S. pachycrus
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(Miranda-Ribeiro, 1937), S. perereca Pombal, Haddad & Kasahara, 1995, S. quinquefasciatus
(Fowler, 1913), S. rogerioi Pugliese, Baéta & Pombal, 2009, S. ruber (Laurenti, 1768), S.
rupestris Araujo-Vieira, Branddo & Faria, 2015, S. sateremawe Sturaro & Peloso, 2014, S.
similis (Cochran, 1952), S. squalirostris (Lutz, 1925), S. staufferi (Cope, 1865), S. tigrinus
Nunes, Carvalho & Pereira, 2010, S. tymbamirim Nunes, Kwet & Pombal, 2012, S.
villasboasi Brusquetti, Jansen, Barrio-Amordés, Segalla & Haddad, 2014, S. wandae (Pyburn
& Fouquette, 1971) e S. x-signatus (Spix, 1824).

1.3 FERRAMENTAS MOLECULARES APLICADAS A TAXONOMIA

Atualmente ferramentas de Biologia Molecular tém sido utilizadas para a deteccao de
espécies novas. Essas metodologias estdo sendo utilizadas devido as dificuldades encontradas
na identificacdo unicamente morfologica, tais como variacfes ontogenéticas, dimorfismo
sexual e possivel plasticidade fenotipica (PACKER et al., 2009). Dentre as espécies que
habitam o planeta, apenas uma parte infima, cerca de 0,01%, ja foi identificada por métodos
mais tradicionais. Essa taxonomia mais classica e conservadora exige um grande nimero de
taxonomistas dedicando um tempo enorme a analise e descricao de novas espécies (HEBERT;
CYWINSKA; BALL, 2003). Como a maior parte da diversidade ainda ndo foi descrita, este
modelo tradicional ja se mostrou inviavel. Ja com uso de métodos moleculares é necessario
um pequeno pedaco de tecido contendo DNA bem conservado e conhecimento das técnicas
moleculares (CRAWFORD; PAZ; GONZALEZ, 2011).

Segundo Ferreira e Grattapaglia (1996), os avangos na biologia molecular
proporcionaram novos métodos de estudos que possibilitam aprofundar nossos conhecimentos
a respeito do genoma. Outro ponto que deve ser levado em questdo é que ha diminuicdo do
nimero de taxonomistas e um aumento da quantidade de espécies descritas, assim as
ferramentas moleculares ganham cada vez mais espaco e tornam-se fundamentais em estudos
taxondmicos (PECNIKAR; BUZAN, 2014). O DNA mitocondrial (mtDNA), em especial,
vem sendo usado em varios estudos devido a suas peculiaridades, como o fato de possuir um
pequeno tamanho (aproximadamente 16-20 kb), ser circular, de heranca materna, raramente

sofrendo recombinacdo e a maioria das substituicbes de bases é simples (inser¢des ou
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delecGes de um ou poucos nucleotideos) (AVISE; ELLIS, 1986; AVISE et al., 1987; ARIAS;
FRANCISCO; SILVESTRE, 2003). Essas caracteristicas tornam os genes deste genoma bons
marcadores.

O genoma mitocondrial dos vertebrados (MtDNA) é composto por 37 genes
codificadores (13 genes que codificam proteinas relacionadas ao metabolismo mitocondrial,
22 RNA de transferéncia e 2 rRNAS) e uma regido controle ndo codificadora (AVISE et al.,
1987) (Figura 1).

Figura 1: Esquema do DNA mitocondrial de anfibios representando os maiores genes e a regido controle.
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Fonte: Adaptado de Sumida et al., 2001.

Uma das tecnicas que utiliza o DNA mitocondrial e que vem ganhando espago nas

duas Ultimas décadas € o DNA barcode, que foi utilizado pela primeira vez em 1993
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(ARNOT; ROPER; BAYOUMI, 1993). H& cerca de 13 anos, foi proposto o uso de DNA
barcode ou codigo de barras do DNA como uma ferramenta rapida e relativamente facil para
a deteccdo de espécies animais e espécies cripticas por Hebert, Cywinska e Ball (2003),
assim, a integracdo desta analise as ferramentas taxonémicas tradicionais pode produzir
resultados mais confidveis. Desde entdo, milhGes de sequéncias da regido de
aproximadamente 1100 espécies foram amplificadas, segundo Joly (2014) e depositadas em
bancos de dados como Barcode of Life Data (BOLD) (http://www.barcodinglife.org) e
GenBank, NCBI (http://www.ncbi.nlm.nih.gov).

O banco de dados BOLD é uma plataforma que permite associar diversos tipos de
dados das sequéncias amostradas (fotos do espécime, informacdes de campo, numero de
tombo, colecdo cientifica na qual o material se encontra depositado, dados taxonémicos e
ecologicos, e informacGes moleculares - eletroferogramas das sequéncias e quais primers
foram utilizados na amplificagcdo e no sequenciamento). Este tem como finalidade compilar
sequéncias de DNA barcode de todas as espécies existentes (RATNASINGHAM; HEBERT,
2007). Ha ainda outras iniciativas similares relacionadas a diversos grupos especificos de
animais, como o Fish Barcode of Life (Fish-BOLD), All Birds Barconding Initiative (ABBI),
MammaliaBOL, Bee-BOL, HealthBOL, Mar-BOL, PolarBOL, SharkBOL e SpongeBOL
(MURPHY et al., 2013). Em 2013, Murphy e colaboradores propuseram o Cold Code, uma
iniciativa global com a finalidade de construir um banco de dados sobre o DNA barcode
destinado as espécies de vertebrados conhecidos como “animais de sangue frio” (anfibios e
répteis).

Em animais, a regido comumente utilizada corresponde a regido 5’ da sequéncia do
gene da subunidade | da citocromo oxidase (COIl), que contém cerca de 650 pares de bases
(pb) (HEBERT; CYWINSKA; BALL, 2003) (Figura 1). Nessa regido ja foi detectada uma
grande taxa de substituicdo nucleotidica, acarretando em grandes varia¢cdes nas sequéncias
mesmo dentro de um mesmo género (HEBERT; CYWINSKA; BALL, 2003). Assim, este
marcador molecular possui uma grande capacidade discriminatéria (HOLLINGSWORTH et
al., 2011).

Uma das facilidades da técnica destacada por Alves e colaboradores (2014) é o fato do
DNA barcode utilizar primers universais para a amplificacdo via Polymerase Chain Reaction
(PCR) (Figura 2). Porém, para amplificacdo da regido em anfibios a alta variabilidade

nucleotidica nos sitios reconhecidos pelos primer dificulta a padronizagdo de um primer
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universal comum a todas as espécies (SMITH; POYARKOV; HEBERT, 2008). Por isso,
alguns trabalhos encontraram dificuldades para amplificagdo com o0s primers universais
(VENCES, et al., 2005; SMITH; POYARKOV; HEBERT, 2008; HAWKINS; SITES;
NOONAN, 2007).

Figura 2: Modelo esqueméatico demonstrando o local de associagéo dos primer universais.

Cytochrome oxidase I (COI)

HCD1198: 3" ATTTGAAGTCCCACTGGTTTTITAGT -5

5" 3
3 a W M 5
LOD 4% & GOTCAACAAATCATAAAGATATTG-3
x ’
i

Regido do barcode

Fonte: Do Autor, 2016.

Outra caracteristica importante é o fato desta ser uma regido de codificacdo de
proteina. Sendo assim é esperado que ndo haja variagbes drasticas no comprimento,
microinverses ou frequentes repeticbes mononucleotidicas (HOLLINGSWORTH,;
GRAHAM; LITTLE, 2011). O COI possui uma amplitude de sinais filogenéticos maior que
qualquer outro gene (HEBERT; CYWINSKA; BALL, 2003), o que o torna melhor que outros
genes como 0 12S e o0 16S (XIA et al., 2012). Deste modo, 0 uso dessa abordagem para
delimitacdo de espécies representa um primeiro passo importante na exploracdo da
biodiversidade, principalmente para grupos taxondmicos ainda pouco estudados (DINCA et
al., 2015) ou aqueles que apresentem uma dificil taxonomia.

Por outro lado Vences e colaboradores (2005b) sugerem o gene 16S como um
marcador complementar ao COI, devido a ter uma maior facilidade de amplificagdo, com
100% de taxa de amplificacdo, e alta eficiéncia na identificacdo de grandes vertebrados.
Assim, estes autores apontam o 16S como o gene a ser usado como DNA barcode universal
para anfibios.

Os resultados utilizando a analise do DNA barcode tém se mostrado eficientes com
uma taxa superior a 95% de discriminacdo de espécies para grupos CoOmo aves, peixes e

anfibios (FAZEKAS et al., 2009). Para cada posi¢do, ha apenas quatro nucleotideos possiveis,
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porém com a variacdo destes em uma sequéncia de apenas 15 nucleotideos seria possivel a
criacdo de 1 bilhdo de cddigos, aproximadamente 100 vezes mais que O necessario para
discriminar cada tdxon de forma exclusiva (HEBERT et al., 2003). Em um estudo com 200
especies de lepidopteros, o marcador foi eficiente para diferenciar 100% dos casos (HEBERT
et al., 2003).

A discriminacdo de espécies com base no DNA barcode se baseia no mesmo principio
da anédlise puramente morfologica: distinguir entre variacdo intra e interespecifica. Mas,
existem outras abordagens genéticas, além do barcode, para se analisar a variabilidade
genética. Uma delas é a andlise dos haplotipos e formacédo grafica da rede de haplétipos. Esta
rede corresponde a um agrupamento génico herdado a partir de um ancestral comum, com um
conjunto Unico de polimorfismo de nucleotideos (SNPs - Single Nucleotide Polymorphism),
que sdo alteracGes individuais na posi¢do dos nucleotideos na sequéncia de DNA (EVANS et
al., 1997). Essas alteracdes podem ser geradas por mutacOes, alteracfes no material genético
que podem afetar apenas a sequéncia ou também a organizacao, regulacdo ou funcdo de um
gene (HOY, 2003), ou por recombinacao.

Observando o conjunto de SNPs dos haplotipos de diferentes individuos é possivel
saber se h4 uma correlagdo entre estes e, assim, inferir o grau de proximidade genética. A
diversidade de haplétipos é controlada por uma série de processos, tais como uma nova
mutacdo que aumenta em frequéncia devido a deriva genética e a recombinacdo (STUMPF,
2004; CLARK, 2004). O uso desse método tem sido utilizado em genética da conservacao
para analisar a variabilidade genetica entre diferentes populaces (FITZPATRICK et al.,
2009; DIXO et al., 2009).

Considerando o conceito reprodutivo de espécie bioldgica, se os individuos pertencem
a uma mesma espécie, deve haver troca de alelos entre popula¢fes simpatricas (FRANKHAM
et al., 2008). Assim, o nimero de alelos compartilhados proporciona evidéncias definitivas
para determinar o limite que existe entre as popula¢fes (SEEBECK; JOHNSON, 1980). Deste
modo, a auséncia de fluxo génico indicara a possibilidade de espécies diferentes. Um dos
parametros que indica se existe ou ndo fluxo génico é o Fst (SHAFFER et al., 2000). Valores
de Fsr inferiores a 0,05 indicam pequena diferenciacdo genética, entre 0,05 e 0,15,
diferenciacdo genetica moderada, de 0,15 a 0,25, grande diferenciacdo genética e acima de
0,25, diferenciacdo genética muito grande (WRIGHT, 1978; HARTL; CLARK, 2010).
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A disponibilidade de maior quantidade de dados moleculares ajuda a gerar melhores
planos de manejo e de conservagdo da biodiversidade, diz Francis e colaboradores (2010),
Vernooy e colaboradores (2010) e Joly e colaboradores (2014), a detectar espécies invasoras
segundo Crawford, Paz e Gonzales (2011), a melhorar o conhecimento da diversidade segund
Porco e colaboradores (2014) e Lees e colaboradores (2014) e a diagnosticar novas espécies
(CRAWFORD; PAZ; GONZALEZ, 2011; PRAMUAL; ADLER, 2014; ALVES et al., 2014).
Conhecer o material genético de uma espécie e como ele se estrutura (se é diverso ou néo),
Segundo Galetti (2008), é importante para a conservacao dessa espécie e para sabermos sobre
0 seu potencial adaptativo, assim qualquer alteracdo na sua taxonomia e qualquer melhoria do
conhecimento ser&o positivas.

Esse tipo de informacdo pode ser extrapolado para futuros estudos de grandes filogenias,
variacdes intraespecificas e diversidade criptica, permitindo compreender melhor processos
macroevolutivos, ecofilogenias, interacdes ecolodgicas, selecdo, diversificacao, além de outras
aplicacGes (JOLY et al., 2014). Usar a genetica como ferramenta para anélise da estrutura
populacional e como diagndstico de novas espécies é ainda mais necessario em grupos pouco

conhecidos do ponto de vista taxonémico.

1.4 DIVERSIDADE CRIPTICA EM ANUROS

Os anfibios sdo morfologicamente conservados e apresentam poucos caracteres
externos que permitem sua identificacdo (FOUQUET et al., 2007). Além disso, muitas
descricdes de espécies deste grupo sao deficientes e varias apresentam ampla distribuicdo
geogréfica, o que parece contraditério para um grupo considerado altamente filopatrico e, em
geral, com baixa capacidade de dispersdo (SMITH; GREEN, 2005; VASQUEZ et al., 2013).
Na verdade, o que é teoricamente esperado, é que muitas dessas espécies amplamente
distribuidas, provavelmente, representem complexos de espécies (FOUQUET et al., 2007).

Espécies cripticas sdo duas ou mais espécies classificadas nominalmente como uma
unica espécie, em geral como resultado de uma identificacdo apenas morfologica e, as vezes,

os caracteres morfoldgicos ainda ndo divergiram o suficiente (BICKFORD et al., 2007).


http://www.zoologicalstudies.com/content/52/1/35#B49
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Quantificar espécies assim frequentemente subestima a diversidade, principalmente da
anurofauna (ELMER; DAVILA; LOUGHEED, 2007).

Os anfibios neotropicais possuem profundas divergéncias genéticas, mas precisam de
muito tempo para que diferencas fenotipicas possam evoluir (LOUGHEED et al., 1999;
LOUGHEED et al., 2006). Cada vez mais trabalhos comprovam, por meio de dados
moleculares, que a evolugdo morfoldgica em anfibios gera espécies cripticas (FOUQUET et
al., 2007; PADIAL; DE LA RIVA, 2009).

Segundo o site Web of Science (webofscience.com/), nos ultimos 50 anos ha 393
artigos que correlacionam espécies cripticas e anfibios, a maioria publicada na Gltima década,
sendo o primeiro trabalho o de Bogart e Wasserman (1972). Ainda existe a possibilidade do
nimero de espécies cripticas ser bem maior, pois, segundo Bickford e colaboradores (2007),
existem muitas espécies ndo estudadas devido ao baixo valor econdmico ou por ocorrerem em
habitats inacessiveis. Exemplo de como este nimero pode aumentar ainda mais é o estudo de
Meegaskumbura e colaboradores (2002) sobre hotspot de anfibios, ampliando de 18 para mais
100 espéecies do grupo no Sri Lanka. Neste estudo, esses autores utilizaram dados de
morfologia, acUstica, ecologia e genética.

Os anuros neotropicais apresentam uma grande diversidade de espécies e o
relacionamento ecolégico e filogenético entre e dentro de grupos taxonémicos ainda ndo sao
claros (DE-LA-RIVA; MARQUEZ; BOSCH, 19963, b; FAIVOVICH et al., 2005; FROST et
al., 2006). Estudos do DNA barcode tém detectado espécies cripticas e grandes distancias
genéticas dentro de espécies reconhecidas como Unicas (BIKFORD et al., 2007; EVANS et
al., 2011; PRADO; HADDAD; ZAMUDIO, 2012). Stuart, Inger e Voris (2006) revelaram a
presenca de 14 espécies que eram descritas como apenas duas na Asia. Na regi&o Neotropical
ndo foi diferente: 0 uso de dados moleculares também demonstrou uma diversidade criptica
em Scinax ruber, Rhinella margaritifera no estudo de Fouquet e colaboradores (2007),
Thoropa miliaris no estudo de Fitzpatrick e colaboradores (2009), Oophaga pumilio no
estudo de Hauswaldt e colaboradores (2011) e Hypsiboas albopunctatus (PRADO,;
HADDAD; ZAMUDIO, 2012).

Mais recentemente um trabalho realizado com 52 espécies nominais de anfibios,
dentre elas Scinax cf. kennedyi, Scinax rostratus, Scinax ruber e Scinax wandae, demonstrou
a presenca de espécies cripticas devido a uma forte divergéncia genética causada por barreiras

geograficas (GUARNIZO et al., 2015). Assim, essa grande diversidade criptica ou de
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complexos de espécies é uma constante na literatura em géneros de ampla distribuigdo, como
no género Scinax (HEYER et al., 1990; HADDAD; SAZIMA, 1992; POMBAL; HADDAD;
KASAHARA, 1995; DE-LA-RIVA et al., 2000; FOUQUET et al., 2007; MAGRINI et al.,
2011).

O objetivo deste trabalho foi caracterizar a variabilidade genética de espécies dos
clados S. ruber e S. catharinae e testar a congruéncia entre dados genéticos e atual
classificacdo de amostras do sudeste do Brasil. No préximo capitulo é apresentado um
manuscrito com esta abordagem que foi submetido ao peridédico Zoologica Scripta e com o

qual contribuimos um pouco para a maior compreensdo sobre a taxonomia deste género.
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2. Artigo
(Conforme Regras da revista Zoologica Scripta)

GRANATO-NETO, E. et al. (2016) DNA barcode of Scinax ruber and Scinax catharinae
clades (Anura, Hylidae) from southeastern Brazil reveals puzzle pieces for the genus.
Zoologica Scripta, 00, 000-000.

Abstract
The Scinax genus has a puzzling taxonomic history and a large number of species, some of

them considered species complex. In this paper we characterized the DNA barcode of some
species of two clades of the genus - S. catharinae and S. ruber and the haplotypes of the
species with the highest number of samples — S. fuscovarius and S. perereca. We brought up
the possibility of a species complex within S. perereca and detected the same haplotype

shared by specimes of S. fuscovarius as far as 700 km.
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Introduction

Amphibians are suffering a steep decline, and one of the most endangered vertebrate
groups (Berger et al. 1998). To better know the taxonomy of a group is fundamental to
preserve it. Among the three orders of amphibians, Anura is the biggest, with 88% of the
species (Frost et al. 2006). Among the 6,554 anurans species described (Frost, 2015), Brazil is
the country with the highest amount (Matavelli et al. 2015): 988 species distributed in 87
genera (Segalla et al. 2015).

One of these genera is Scinax Wagler, 1830, the second largest of Hylidae (Faivovich
et al. 2005), with 115 recognized species, with 93 of them found in Brazil. The geographical
distribution of this genus extends from Mexico to Argentina and Uruguay, including the
Caribbean Islands, Trinidad and Tobago and St. Lucia (Frost 2015). In 1977, this genus, still
referred to as Hyla genus, had the group called Hyla rubra transferred to the genus Ololygon
(Fouquette & Delahoussaye 1977). In 1991, Pombal and Gordo showed that Scinax genus had
preference over Ololygon. The Scinax review did not found support for the monophyly of
Scinax ruber groups (old group Scinax rubra), Scinax staufferi and Scinax x-signatus
(Duellman & Wiens, 1992) and all species of S. x-signatus group were reallocated to the S.
ruber group (Pombal et al. 1995a). Similarly, members of the S. rizibilis group was passed to
S. catharinae group Pombal et al. 1995b). However, the lack of evidence for the monophyly
of many groups remained in the phylogenetic analysis using morphological characters
(Faivovich 2002). Of the five known Scinax groups (ruber, rostratus, catharine, staufferi and
perpusillus) only S. catharinae and S. rostratus were confirmed. The S. staufferi group
showed polyphyletic, S. perpusillus had only one species and came out as sister group of S.
catharinae group. S. ruber group came out as paraphyletic. Thus, S. staufferi and S. ruber
groups as previously proposed were not more recognized (Faivovich 2002).

In 2005, Faivovich et al. made a broad phylogenetic analysis of the Hylidae.
Thereafter, Scinax came to be supported by two big monophyletic clades of species
(Faivovich et al. 2005): Scinax catharinae clade and the Scinax ruber clade. The S.
catharinae clade contain the S. catharinae (33 species) and S. perpusillus groups (13 species)
and the S. ruber clade, the S. rostratus (10 species) and S. uruguayus groups (two species).
But, even so, there are 56 species of S. ruber clade not assigned to any group, particularly

those belonging to the old groups S. ruber and S. staufferi (Faivovich et al. 2005, 2010; Frost
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2015): S. acuminatus (Cope, 1862), S. altae (Dunn, 1933), S. alter (Lutz, 1973), S. auratus
(Wied-Neuwied, 1821), S. baumgardneri (Rivero, 1961), S. blairi (Fouquette & Pyburn,
1972), S. boesemani (Goin, 1966), S. cabralensis Drummond, Baéta & Pires, 2007, S.
caldarum (Lutz, 1968), S. campossebrai (Bokermann, 1968), S. cardosoi (Carvalho-e-Silva &
Peixoto, 1991), S. castroviejoi De La Riva, 1993, S. chiquitanus (De La Riva, 1990), S.
cretatus Nunes & Pombal, 2011, S. crospedospilus (Lutz, 1925), S. cruentommus (Duellman,
1972), S. curicica Pugliese, Pombal & Sazima, 2004, S. cuspidatus (Lutz, 1925), S. danae
(Duellman, 1986), S. dolloi (Werner, 1903), S. duartei (Lutz, 1951), S. elaeochrous (Cope,
1875), S. eurydice (Bokermann, 1968), S. exiguus (Duellman, 1986), S. funereus (Cope,
1874), S. fuscomarginatus (Lutz, 1925), S. fuscovarius (Lutz, 1925), S. granulatus (peters,
1871), S. hayii (Barbour, 1909), S. ictericus Duellman & Wiens, 1993, S. imbegue Nunes,
Kwet & Pombal, 2012, S. iquitorum Moravec, Tuanama, Pérez-Pefia & Lehr, 2009, S. juncae
Nunes & Pombal, 2010, S. karenanneae (Pyburn, 1993), S. lindsayi Pyburn, 1992, S.
madeirae (Bokermann, 1964), S. manriquei Barrio-Amords, Orellana & Chacon-Ortiz, 2004,
S. maracaya (Cardoso & Sazima, 1980), S. montivagus Junca, Napoli, Nunes, Mercés &
Abreu, 2015, S. nasicus (Cope, 1862), S. oreites Duellman & Wiens, 1993, S. pachycrus
(Miranda-Ribeiro, 1937), S. perereca Pombal, Haddad & Kasahara, 1995, S. quinquefasciatus
(Fowler, 1913), S. rogerioi Pugliese, Baéta & Pombal, 2009, S. ruber (Laurenti, 1768), S.
rupestris Araujo-Vieira, Branddo & Faria, 2015, S. sateremawe Sturaro & Peloso, 2014, S.
similis (Cochran, 1952), S. squalirostris (Lutz, 1925), S. staufferi (Cope, 1865), S. tigrinus
Nunes, Carvalho & Pereira, 2010, S. tymbamirim Nunes, Kwet & Pombal, 2012, S.
villasboasi Brusquetti, Jansen, Barrio-Amoroés, Segalla & Haddad, 2014, S. wandae (Pyburn
& Fouquette, 1971) and S. x-signatus (Spix, 1824).

The taxonomic complexity of Scinax is due to the large number of species
morphologically conserved and similar. Increasingly undescribed species are being
discovered (Nunes-De-Almeida & Toledo 2012). This great cryptic diversity or species
complex is a constant in literature of this widely distributed genus (Fouquet et al. 2007; Heyer
et al. 1990; Magrini et al. 2011). The difficulty in species identification of these groups by
traditional methods (Pombal et al. 1995a) make them strong candidates for analysis of their
diversity by genetic viewpoint (Bickford et al. 2007; Prado et al. 2012). Two tools for this
kind of study are the DNA barcode (Hebert et al. 2003a) and haplotype analysis. The lack of
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haplotype sharing indicates a reproductive isolation (Crochet 2000; Hebert et al. 2003b) and
can be a clue that there are different species.

The detection of cryptic species complexes and large genetic distances in amphibians
classified as a single species has been a constant (Bickford et al. 2007; Evans et al. 2011;
Gehara et al. 2014; Prado et al. 2012). The use of these molecular tools reinforces that
evolution in amphibians generally occurs forming cryptic species (Elmer et al. 2007; Padial &
De-la-Riva 2009).

The neotropical amphibians exhibit deep genetic divergences, but they need a long
time for phenotypic differences to evolute (Lougheed et al. 1999, 2006), thus some species
can not be diagnosed by morphological characters due to the recent speciation (Bickford et al.
2007; Fouquet et al. 2007). In this context, the DNA barcode is a good tool to detect intra and
interspecific variability, including pointing out cryptic species. In animals the DNA barcoding
system could be based in the 5' region of the cytochrome ¢ oxidase subunit 1 gene (COIl)
(Hebert et al. 2003b). Studies using DNA barcode demonstrated efficiency superior to 95% in
the discrimination of species for birds, fish and amphibians (Fazekas et al. 2009; Smith et al.
2008). However, until January 2016 in the Genbank database there are COI sequences for
only 13 Scinax species.

Not only the COI gene, but studies with other genes within Scinax are rare. In 2007,
Fouquet and collaborators built molecular phylogenies with nuclear and mitochondrial
markers, besides phylogeographic and haplotype analysis of species of S. ruber clade for
French Guiana. Among other discoveries, they confirmed the polyphyly of S. ruber clade and
found evidence of hybridization between S. ruber and S. x-signatus. Mitochondrial markers
and microsatellite were used in the comparison between continental and island populations of
S. perpusillus group, confirming new species described for those islands (Bell et al. 2012).
One of the few recent works with the COIl gene in Scinax was the review of S.
fuscomarginatus, that demonstrated that genus diversity is not always crescent by virtue of the
discovery of cryptic species but some species were synonymized (Brusquetti et al. 2014).

The aim of this study was to characterize the genetic variability of species of S. ruber
and S. catharinae clades and to test the congruence between genetic data and the current
classification for samples from southeast Brazil. To date no work has done an extensive

analysis with all species of the clade and covering wide geographic area. Therefore, at the
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moment, the more viable alternative is a geographically approach more localized and, in this
case, combining two different analyzes (DNA barcode and haplotypes).

Materials and Methods

Samples

A total of 59 tissue samples of amphibians species including Scinax fuscovarius, S.
skaios, S. perereca, S. x-signatus and S. longilineus already deposited in the Colecéo
Herpetoldgica Alfred Russel Wallace (CHARW) of Universidade Federal de Alfenas
(UNIFAL-MG) and Colecdo Herpetoldgica of Universidade Federal de Minas Gerais
(UFMG) . These samples are from 14 locations in the south of Minas Gerais state, Brazil (see
Supporting information. Table S1). Additionally, we analyzed 38 sequences available in the
GenBank, NCBI (http://www.ncbi.nlm.nih.gov), identified as S. fuscovarius (JQ627313-
JQ627316, JQ627318- JQ627330 and JQ627332), S. squalirostris (KJ004283), S.
fuscomarginatus (KJ004268, KJ004262 and KJ004261), S. ruber (KP149243, KP149255,
KP149149, KP149177 and KP149236), S. wandae (KP149250 and KP149225), S.cf kennedyi
(KP149224, KP149253 and KP149203), S. alter (KT236275), S. rostratus (KP149089), S.
nasicus (KJ004280), S. berthae (KJO04284), S. acuminatus (KJ004281) and S. nebulosus
(KJ004282).

Molecular analysis

Total DNA was extracted using the protocol described by Fetzner (1999) or using the
Animal Genomic DNA Extraction Kit (BioBasic). We analysed the quantity of the DNA
extracted by agarose gel electrophoresis 0,8%, ethidium bromide stained and Thermo
Scientific NanoDrop 2000 spectrophotometer. The COI partial DNA region was amplified
using the primers LCO 1490 and HCO 2198, described by Folmer et al. (1994).

The PCR reactions were performed in 25 pL volumes according to Invitrogen™
Platinum™ Tagq DNA Polymerase protocol (Thermo Fisher Scientific). The
amplification reactions were: initial denaturation step at 95°C for 3 min, 35 PCR cycles (95°C
for 30s, 55°C for 30s, 72°C for 30s) and a final extension step at 72°C for 10 min. The primer
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annealing temperature was specific for each species (S. fuscovarius, S. skaios and some of S.
perereca 55°C, S. perereca, and S. longilineus 52.5°C, S. squalirostris and S. x-signatus
49°C). PCR products were verified by 1.2% agarose gel electrophoresis and purified directly
with Exonuclease | (Exo I, Fermentas) and Alkaline Phosphatase (SAP, Fermentas) prior to
sequencig. . Sanger sequencing reactions were performed by Genomic Company — Molecular
Engineering (Sdo Paulo, Brazil), using “BigDye® Terminator v3.1 Cycle Sequencing” kit, in
Applied Biosystems, model ABI 3130xI.

Consensus sequences were obtained using direct and reverse traces using Chromas
Lite version 2.1 (Technelysium 2012) and aligned using Clustal W (Thompson et al., 1996) in
MEGA 6 (Tamura et al., 2013). We translated all sequences to confirm that none contained
premature stop codons, what could indicate pseudogenes. DNA sequences in this article were
in GenBank under accession numbers KU359476 - KU359534. To compare with GenBank
we utilized the BLAST search tool (Camacho et al. 2009), for the p-distance divergences and
the Neighbor-Joining (NJ) tree we used MEGA 6 (Tamura et al. 2013).

We used the uncorrected p-distance method to generate evolutionary divergence
among species as it is as much as or more accurate than K2P for intraspecific identification
and NJ tree (Barros-Garcia et al. 2015; Nei & Kumar 2000; Srivathsan & Meier 2012). For
amphibians the p-distance method has proved to be efficient (Gehara et al. 2014). Besides
this, it is important to use the same method to enable comparison of our results. For this p-
distance method, genetic distances greater than 10% were considered indicative of different
species (Vences et al. 2005).

In the DnaSP version 5.10 (Rozas et al. 2003) we determined the number of
haplotypes (h), the number of different haplotypes among sampled sequences, haplotype
diversity (Hd), variation into populations (Fst) and nucleotide diversity (). To generate the
TCS haplotype network (Clement et al. 2002) we utilized the program PopART (Leigh &
Bryant 2014). These analyzes were developed for only the species with the highest number

samples (S. fuscovarius and S. perereca).

Results

The COI sequences of 59 samples of six species of the genus Scinax totaled 658bp
with an amplification rate of about 70% of the samples. Not amplified species were S.
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centralis, S. maracaya, S. constrictus, S. granulatus, S. tigrinus, S. crospedospilus, S.
flavoguttatus, S. ranki and S. cabralensis. The final alignment for calculation of genetic
divergences and NJ tree was 549bp, since some of Genbank samples had smaller size.

The groupings defined among sequenced samples of Scinax in the NJ tree, as well as
haplotype networks for species previously identified as S. fuscovarius and S. perereca are
shown in the Figures 1 and 2. The S. catharinae clade was recovered as monophyletic with
high bootstrap value (97%, Figure 1). Among representative species of this clade, S. berthae
was the most basal. S. longilineus and S. skaios appeared as sister groups. The genetic
divergences within this clade ranged from 11.1 to 18.3% (data not shown).

The S. ruber clade came out as polyphyletic in relation to the S. catharinae clade
(Figures 1 and 2). The genetic divergence rates within this clade have ranged from 13.4 to
24% (data not shown). Two species of this clade without defined group showed greater
affinity with S. rostratus group with other species of the S. ruber clade: S. wandae and S.
acuminatus. However, these relationships were not very supported by bootstrap values. S.
wandae appears as sister of S. rostratus group. S. acuminatus came out within the own S.
rostratus group, making it polyphyletic. Within the S. rostratus group, S. nebulosus was the
most basal, followed by S. acuminatus (no defined group) and the sister groups S. rostratus
and S. cf kennedyi (Figure 2).
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Fig 1: Neighbor-Joining Tree for COI gene sequences of some species of S. ruber and S.
catharinae clades of southeastern Brazil including Genbank sequences. Beside the name of
each species type is the Genbank number and locations of each sample, as well as the
separation of groups (when there is this classification) and clades according Faivovich et al.
(2005). Bootstrap values below 70% were omitted. On the right side is represented the
haplotype network for S. fuscovarius. Numbers refer to the haplotype and the size of the
vertices, the haplotype frequency. Legend of the locations: SC — S8o Carlos ; BE — Boa
Esperanca; Gua - Guaxupé; Vir - Virginia; Alf - Alfenas; For - Formoso; PA — Pouso Alegre;
Ai — Aiuruoca; And MG — Minas Gerais state; SP — S&o Paulo state.
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Fig 2: Neighbor-Joining Tree for COI gene sequences of some species of S. ruber
clade of southeastern Brazil including Genbank sequences. Beside the name of each species
type is the Genbank number and locations of each sample, as well as the separation of groups
(when there is this classification) and clades according Faivovich et al. (2005). Bootstrap
values below 70% were omitted. On the right side is represented the haplotype network for S.
perereca. Numbers refer to the haplotype and the size of the vertices, the haplotype
frequency. Legend of the locations: SGRA — Séo Gongalo do Rio Abaixo; MF — Maria da Fé;
Ext 1 — Extrema location 1; Ext 2 Extrema location 2; DM — Delfim Moreira; And MG —
Minas Gerais state.

The remaining species of the S. ruber clade without defined group were divided into
three subgroups. Two of these with low bootstrap values: one with S. fuscovarius, S. ruber, S.
nasicus and S. x-signatus (Figure 1) and other with S. squalirostris, S. alter and S.
fuscomarginatus (Figure 2). The third subgroup, this rather well supported by bootstrap, was
composed of samples previously identified as S. perereca. These samples, in turn, were
divided into two branches equally well supported by the bootstrap values (99%, Fig. 2), the
average genetic divergence rate of 10.8% (see Supporting information. Table S2), with an
extent of 10.6 to 11.6% (data not shown) and haplotype network. All this evidences were
considered to separate the individuals of these two branches as different species (S. perereca 1
and S. perereca 2) (Figure 2). The genetic distance between these two species into S. perereca
was greater than those reported, for example between S. rostratus and S. cf kennedyi, with
7.5% (see Supporting Information. Table 2).

The haplotype diversity and nucleotide diversity of S. perereca and S. fuscovarius are
presented in the Table 1. The analysis of haplotypes indicated that the two clades of S.
perereca do not share haplotypes and occur in sympatry in the locality of Extrema-MG and
syntopy, as they were collected in the same lakes. Samples identified as S. perereca in this
study are also out of the occurrence area known for the species (Figure 3). The Fst value
calculated between S. perereca 1 and S. perereca 2 was 0.934. But, for individuals of S.
fuscovarius it were observed other haplotypes and the same haplotype shared in different
locations as far as 700km (Figure 3). The value of Fst calculated between northern
populations (state of Minas Gerais, MG) and south (state of S&o Paulo, SP) of S. fuscovarius
was 0.178.
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Table 1: Haplotype analyzes for S. fuscovarius and two species of S. perereca from

southeastern Brazil.

Species Nucleotide Diversity Number of Hap_lc_>type Haplotype Diversity
(m) Haplotypes Identification (Hd)
S. fuscovarius 0.0149 21 1-21 0.909
S. perereca 1 0.0110 3 22-24 0.564
S. perereca 2 0.0050 4 25-28 0.684
. HAPLOTYPES B.
1me W15l 22
oY F w2 ° B H2xs
s o 7 O24
w4 pn -18 25
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Fig. 3: A) Study area in Southeastern Brazil where samples identified as Scinax fuscovarius and S.

perereca were analyzed by haplotypes. Detail of the geographic distribution of S. perereca by AmphibiaWeb

(2015). B) Distribution of the analyzed samples of S. fuscovarius and S. perereca with frequencies of haplotypes.

The size of the graphics shows the number of individuals of each sample. Red triangles: S. fuscovarius samples.

Yellow triangle: only S. perereca 1. Blue triangles: only S. perereca 2. Green triangle: sympatric S. perereca 1
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and 2. Dashed red line shows northern boundary of S. perereca distribution by AmphibiaWeb (2015). Ai:
Aiuruoca-MG, Alf: Alfenas-MG, BE: Boa Esperan¢a-MG, DM: Delfim Moreira-MG, Ext: Extrema-MG, F:
Formoso-MG, Gua: Guaxupé-MG, MF: Maria da Fé-MG, PA: Pouso Alegre-MG, SC: Sao Carlos-SP, SGRA:
S&o Goncalo do Rio Abaixo, VIR: Virginia-MG

Discussion

In the present work we amplified the DNA barcode of six species, increasing the
amount of molecular data on the genus Scinax. For four of these species until this moment
there were no data of this marker. The analysis of this region indicated the monophyly of S.
catharinae group, while the S. ruber group came out polyphyletic. Individuals previously
identified as S. perereca apparently belong to two different species, suggesting a species
complex. The same was not observed in samples of S. fuscovarius, all grouped into a single
cluster, besides sharing the same haplotype at distances of up to 700 km.

The 70% rate of amplification for the COI region found in different species of clades
S. ruber and S. catharinae is common in amphibians, mainly using the universal primers
(Hawkins et al. 2007; Smith et al. 2008; Vences et al. 2005). Some factors, however, can
contribute to this difficulty, such as samples with degraded DNA (from roadkill animals) and
the use of only universal primers. However, we don’t find problems related to the samples
age, since we amplified and sequenced normally samples with more than 6 years. In general,
samples preserved for a long time may present problems for amplification, as described by
Smith et al. (2008).

The DNA barcode data points out both the monophyly in S. catharinae clade and the
polyphyly in S. ruber clade, corroborating the hypothesis of Faivovich et al (2005) and Wiens
et al. (2010). However, phylogenetic inferences from only the COI gene and a tree obtained
by NJ could be seen with caution by many authors (Goto & Kimura 2001; Hajibabaei et al.
2006; Min & Hickey 2007).

Among these clades the two species with the greatest number of amplified samples
were S. fuscovarius (23 specimens) and S. perereca (28 specimens). Individuals previously
identified as S. perereca were captured in five locations in the Minas Gerais state — Brasil:
Extrema (two different lakes), Delfim Moreira, Maria da Fé and S&o Gongalo do Rio Abaixo
(Fig. 3). This was the first work to register this species in this state. Until now, its distribution

was limited, in Brazil, to some localities in the states of Sdo Paulo and Rio Grande do Sul and
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some parts of Argentina and Paraguay (Frost, 2015). This seemingly disconnect distribution,
the advertisement call similar to other species (Pombal et al. 1995a), the difficulty of purely
morphological identification (Faivovich 2002, 2005) and the morphological similarity with S.
hayii e S. dolloi (Caramaschi et al. 2013) already indicated the possibility of S. perereca to be
a species complex.

In addition to unpublished data from geographical distribution, our study also provides
the first data of the S. perereca barcode region, with genetic divergences of up to 11.6%
among individuals. Literature data demonstrate that divergences in the region above 10%,
calculated by p-distance method, are considered sufficient to differentiate species in
amphibians (Vences et al. 2005). To Crawford et al. (2010), values of 8% calculated with
K2P algorithm is enough for this distinction. Gehara et al. (2014), working with another
Brazilian Hylidae, Dendropsophus minutus, and using p-distance to compare the samples,
obtained maximum genetic diversity values of 12%, which was considered evidence of a
species complex. The same magnitude of difference (11.1%) was observed in this study
between individuals of S. skaios and S. longilineus (see Supporting information, Table 3), the
two closest taxa within the S. catharinae group. Among some individuals of S. perereca the
value of divergence was even higher (11.6%).

Due to this high divergence, S. perereca individuals were divided in two groups,
which may be displayed in the NJ tree (Fig. 2). Within each group, the maximum divergence
found was 5.3%. These data are also supported by the TCS network (Fig. 2), being possible to
observe two haplotype groups, which were distant due to the high rate of mutations between
them (up to 54, Fig. 2). When constructed the haplotype network in the program TCS v.1.21
(Clement et al. 2000) (data not shown), this disruption in the places indicating high mutations
rates, forming three separated haplotypes networks: in addition to two groups suggested here,
there was also the isolation of the haplotype related to the sample from Sdo Gongalo do Rio
Abaixo-MG. In this program, the haplotypes are connected when the number of differences
among them does not exceed 95% parsimony probability threshold (Templeton et al. 1992).
We tested with a 90% value and still there was the rupture, indicating the possibility of more
than one species. This is also reinforced by the value of Fst (Table 1), which also indicates
separation estrangement between the two groupings of S. perereca. Fst values close to 0
indicate populations sharing haplotypes (Wright 1978), as observed among samples of S.

fuscovarius (Table 1). The smaller nucleotide diversities and haplotype of the two species of
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S. perereca when compared with S. fuscovarius (Table 1) may be a result of the somewhat
lower number of samples of the latter.

When analyzed the two species of S. perereca separately, the nucleotide diversity is
about 5 to 10 times smaller than S. perereca 1 and 2, respectively, than that analyzed as a
single group. Furthermore, some of these specimens of S. perereca live in sympatric, in
distant lakes less than 600m, and syntopy, some captured in the same lake, and even so there
is not haplotypes shared between the two groups. As for S. fuscovarius haplotypes were
shared even among individuals from distant locations (Alfenas-MG and Formoso-MG, Fig.
3).

Thus, the two groupings observed in S. perereca were considered distinct species.
However, this hypothesis needs the support of more studies with more samples,
broadgeographical coverage and more species of the genus. Two hypotheses were developed
based on the results of this study: I) presence of species complex in S. perereca with at least
one or two new species or Il) possibley identification mistake of samples, because this study
does not include all species of the genus, so it is possible that such samples grouped in
another cluster if a more complete set of species were considered.

Scinax fuscovarius also features reason to be considered a species complex (Aquino et
al. 2015; Dixo & Verdade 2006), with wide geographical distribution and relative phenotypic
variability. The data from this study, however, did not corroborate this hypothesis. The
samples of different locations relatively distant formed a single cluster in the NJ tree, the low
rates of genetic divergence (data not shown) and the haplotypes shared among individuals in
distant locations (Fig. 3) may be a reflection that this species is quite generalist and an
aggressive colonizer. For being extremely common and plentiful, being commonly found in
bathrooms, drains and plumbing installations, S. fuscovarius receives the popular name of
"Snouted Treefrog” (Ribeiro et al. 2005), which indicates that it has adapted very well to
anthropized environments. We didn't find in the literature values for the distance that these
animals can dislocate, but for amphibians with similar sizes to S. fuscovarius it is known that
these distances are reduced (Zug et al. 2001). This species, however, may be an exception,
with extremely high dispersibility for a frog of this size, or, as a minimum, with a great
dispersal capacity of their genes. One of the hypotheses to explain this great dispersion is
known as “Stepping Stones” (Decout et al. 2012), in which these amphibians do not have to

go the total distance, but migrate shorter distances and they would reproduce at intermediate
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locations, that would maintain gene flow between the most extreme points. This does not
mean, however, that the addition of more samples and more distant locations will not indicate
in this case the occurrence of other species complex. Two other species present results
contrary to those of S. perereca. Contradicting the expected, S. rostratus and S. cf kennedy
exhibit relatively low genetic distance (7.5%, data not shown). Even for individuals belonging
to the same group (S. rostratus), this value is compatible with individuals of the same species
(Crawford et al. 2010; Vences et al. 2005) This was considered as an indication that these two
formal species also justify a taxonomic revision, or as a minimum, the sample material
deserves re-examination, especially those determined as "cf". There is the possibility that the
species would have suffered differentiation a small time ago and this justified the small
genetic diversity.

These data contributed to a better understanding the Scinax genus taxonomy, in
particular S. ruber clade. Even not being conclusive about various species of the genus and
with no expressive geographical coverage, this study reinforces the need for more detailed
review in some taxa and the possibility of complexes of cryptic species as well as
synonymization in this genus. This is fundamental for future research of phytogeography and

phylogenetic analysis of neotropical amphibians.

Conclusion

The two genetic approaches (analysis of DNA barcode divergences and haplotype
analysis) broadened the understanding of Scinax genus and its scrambled taxonomic history.
In the present work it was characterized the first COI region of S. longilineus, S. perereca, S.
skaios and S. x-signatus, which will help in future studies of molecular taxonomy. The study
indicated the possibility of a species complex in S. perereca and that samples identified as S.
rostratus and S. cf. kennedyi may belong to the same species. We also reported that S.
fuscovarius, contrary to what is expected for most amphibians (low dispersion capacity),
apparently achieve long distances, or at least, keeps some gene flow between populations to

such long distances.
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Table 1: Relationship between samples, Genbank code, location and clades.

o1

Samples Genbank Haplotype Location Spicies Clade
CT142 KU359476 3
CT143 KU359477 2
CT144 KU359478 1
CT1778 KU359479 10

KU359480 Alfenas — MG S. fuscovarius
CT1819 1 (21°25'29"S, 46°07'31"W) (LUTZ, 1925) S. ruber
CT1886 KU359481 10
CT1993 KU359482 12
CT2145 KU359483 13
CT2263 KU359484 10
CT415 KU359485 1

KU359486 4
g_I_T1471465 KU359487 Guaxupé — MG S. fuscovarius S. ruber

(21°20'06"S, 46°39'54"W) (LUTZ, 1925) '
CT1746 KU359488
CT1747 KU359489
Guaxupé — MG S. longilineus .
. cath

CT667 KU359490 (21°20'06"S, 46°39'54" W) (LUTZ, 1968) S. catharinae
CT464 KU359491
CT465 KU359492
CT466 KU359493
CT478 KU359494
CT479 KU359495 N S. perereca
CT490 KU359496 Extrema - Lago proximo — MG (POMBAL,; S. ruber
CT491 KU359497 (22°53'42"S, 46°19'59"W) HADDAD;
CT492 KU359498 KASAHARA, 1995)
CT493 KU359499 2
CT494 KU359500 2%
CT616 KU359501 24

KU359502
CTe617 24 S. perereca

KU359503 Delfim Moreira — MG (POMBAL,;

24 .
cT618 (22°31'32"'S, 45°14'07"W) HADDAD; S. ruber
CT619 KU359504 24 KASAHARA, 1995)

CT620 KU359505 24

CT649 KU359506 25

CT650 KU359507 26

CT652 KU359508 2

CT654 KU359509 2%

S. perereca
CT655 KU359510 27 Extrema - Lago distante — MG (POMBAL; S. ruber
KU359511 (22°53'29"S,46°19'45"W) HADDAD; '

CT656 26 KASAHARA, 1995)

CT658 KU359512 22

CT659 KU359513 2%

CT660 KU359514 26

CT661 KU359515 2
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CT662 KU359516 2
KU359517 Virginia— MG S. fuscovarius
CT736 > (22°19'49"S, 45°07'01"W) LUTZ, 1925 S. ruber
S. perereca
KU359534 Maria da Fé - MG (POMBAL,;
CcT746 24 (22°1628"S, 45°22'25" W) HADDAD; S. ruber
KASAHARA, 1995)
KU359518
CT886 6 Aiuruoca — MG S. fuscovarius S. ruber
CT887 KU359519 6 (22°16'28"S, 45°22'25"W) (LUTZ, 1925)
CT905 KU359520 7
KU359521
CT906 6 Boa Esperanca — MG S. fuscovarius S. ruber
CT907 KU359522 3 (21°05'39"8S, 45°3429"W) (LUTZ, 1925)
CT908 KU359523 6
KU359524 Boa Esperanga - MG S. longilineus .
-------------------- . cath
CT9%8 (21°0539”S, 45°34729"W) (LUTZ, 1968) S. catharinae
KU359525 Pouso Alegre — MG S. fuscovarius
T177 2 .
CTLr70 (22°1321"'S, 45°58'02"W) (LUTZ, 1925) S fuber
KU359526 S. skaios
------------------- Formoso .
CT2157 (14°56'48"S, 46°13'55"W) (POMBAL et al., S. catharinae
2010)
KU359527 Formoso S. fuscovarius
T2141 13 .
CT2146 (14°56'48"'S, 46°13'55"W) (LUTZ, 1925) S. ruber
KU359528 .
e ) T Chapada Gaucha (POI?/iI;i/(:II_O:t al S. catharinae
CT 1650 KU359529 | (15°28'6'S', 45°25°6"W) 2010)
KU359530 Catas Altas S. x-signatus
UFMG347 (20°7'30"S, 43°2321"W) (SPIX, 1824) S. ruber
S. perereca
KU359531 28 S&o Gongalo do Rio Abaixo (POMBAL;
UFMG496 (19°49'41"S, 43°22'55"W) HADDAD:; S ruber
KASAHARA, 1995)
KU359532 Lima Duarte S. squalirostris
UFMG1061 | 777 s (21°40°54"S, 43°52'22"W) (LUTZ, 1925) S. ruber clade
UFMG1533 Ku3s9533 | Morro do Pilar S. squalirostris S. ruber clade

(19°09'48"S, 43°31'43"W)

(LUTZ, 1925)
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Espécies 1 2 3 4 2 (] I g 9 10 11 12 13 14 15
1-5. perereca 1

2-5. perereca_2 0.108

3-5. fuscovarius 0.187 0203

4.5 longilineus 02103 0.18% 0200

3-8 of ghaies 0217 0203 0208 0111

6-5. fuscomargingtus 0206 0197 0202 0221 0217

7-5. squalirositriz 0201 0213 0192 0209 0203 0.187

8-5 ruber 0199 0192 0173 0180 0184 0211 0.192

0-5. wandae 0.187 0.185 0186 0198 0194 0181 0.182 0200

10-5 f fennedhl 0223 0218 0214 0206 019 0210 0211 0214 0199

11-5. alter 0170 0183 0199 0193 0200 0181 0173 0202 0.183 0202

12-5. nasicus 0193 0193 0183 0178 0185 0198 019 0133 0178 0195 0.191

13-5. borthae 0.1%89 0190 0183 0130 0139 0207 0210 0189 0.183 0.180 0200 O0.183

14-5. acuminatus 0201 0180 0192 0212 0211 0193 0208 0203 0175 0131 0202 0209 0.19%

15-5. nebulosus 0240 0214 0228 0217 0204 0227 0209 0222 0199 0194 0235 021F 0222 0206

16-5. rostratus 0220 0206 0206 0194 0187 0204 0210 0204 0190 0075 0189 0196 0187 0147 0176
17-5. x-gignatus 0189 0196 018§ 0202 0207 0201 0.187 0176 0187 0219 0213 0.134 019 0194 02236

The analysis involved 97 nucleotide sequences and there were a total of 549 positions in the
dataset

base differences per site from averaging over all sequence pairs between groups are shown.
final

Table S2: Genetic divergence between species using the p-distance method. The number of
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