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RESUMO 

 

Oxymycterus é um dos principais gêneros com taxonomia controversa dentro da subfamília 

Sigmodontinae, em especial pela dificuldade em detectar variações morfológicas e citogenéticas 

discretas. De origem recente (~ 2 milhões de anos atrás), 15 espécies nominais atualmente são 

reconhecidas, porém, a delimitação genética entre essas formas, distribuição geográfica e história 

natural, é ainda desconhecida para diversos táxons. Esse gênero tem sido alvo de diversos estudos 

de sistemática, os quais proporcionaram avanços na taxonomia alfa; entretanto, as espécies 

ocorrentes extremo no sul da Floresta Atlântica e nos Pampas (i.e., O. nasutus, O. quaestor, O. 

delator e O. dasytrichus) foram em grande parte negligenciadas, permanecendo abertos aspectos 

fundamentais da taxonomia, história evolutiva e biogeografia dos táxons endêmicos a esses biomas. 

Assim, essa tese tem como objetivo central caracterizar padrões de variação genética e morfológica 

em formas de Oxymycterus, em especial Oxymycterus nasutus e Oxymycterus quaestor ocorrentes 

no extremo sul da Floresta Atlântica e Pampas. Utilizou-se uma abordagem integrativa com 

marcadores moleculares, morfometria do crânio, modelos de nicho ecológico e reconstrução de 

áreas ancestrais de forma a inferir (1) padrões de diferenciação populacional e de linhagens 

filogenéticas, (2) influência de fatores ambientais na variação observada, e (3) padrões 

biogeográficos relacionados a história evolutiva. Para O. nasutus, os resultados indicaram marcada 

variação genética e morfológica intraspecífica. Seis clados de mtDNA foram encontrados, 

estruturando populações ocorrentes no Pampa e Mata Atlântica em grupos distintos; diferenças na 

forma do crânios entre as linhagens nas duas ecorregiões foram detectadas. Considerando que os 

seis clados se estruturaram concomitante ao último período interglacial, a redução em condições 

adequadas durante esse período pode ter resultado em um possível processo de vicariância 

associado ao isolamento em refúgio. Também se verificou que O. nasutus possui um gradiente 
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latitudinal de variação da forma e tamanho do crânio, sendo os maiores tamanhos encontrados mais 

ao norte da distribuição (nos domínios da Mata Atlântica) e os menores mais ao sul (nos Pampas). 

Além disso, apesar da influência genética e ambiental atuar em conjunto para a forma, os atributos 

ambientais influenciram significativamente o tamanho do crânio. Durante as revisão de 

Oxymycterus nas coleções científicas se identificou um material associado a O. delator como algo 

distinto, o que resultou na descrição de uma nova espécie, Oxymycterus itapeby, que habita uma 

área de transição entre o Cerrado Meridional e a Mata Atlântica no Sul e Sudeste do Brasil. 

Oxymycterus itapeby é diferenciada das demais espécies pelo tamanho e forma do crânio, em 

particular por uma combinação de características cranianas. Uma análise filogenética bayesiana 

mostrou que Oxymycterus itapeby. representa um grupo monofilético, relacionado a O. delator e O. 

amazonicus. Por fim, uma abordagem taxonômica e filogeográfica do ‘grupo judex’ revelou o status 

de espécie para Oxymycterus quaestor com limites conspícuos em relação a O. judex e O. 

misionalis. Ainda, os dados evidenciaram três linhagens associadas, sendo duas com potencial 

status de espécie distintas, sendo a mais divergente ocorrente no domínios dos campos de altitude 

no estado do Rio Grande do Sul, e outra restrita a Serra dos Órgãos no estado do Rio de Janeiro. 



 
 
 

ABSTRACT 

 

Oxymycterus is one of the main genera with controversial taxonomy within the subfamily 

Sigmodontinae, in particular for the difficulty to detect discrete morphological and cytogenetic 

variations. From recent origin (~ 2 millions years ago), 15 nominal species are currently recognized, 

but the genetic delimitation between these forms, and the knowledge on geographic distribution and 

natural history, are broadly scarce for several taxa. Several systematic studies have been performed 

on this genus, which provided advances in the alpha taxonomy; however, species occurring at the 

extreme south of the Atlantic Forest and in the Pampas (i.e, O. nasutus, O. quaestor, O. delator and 

O. dasytrichus) have been neglected, therefore, fundamental aspects of taxonomy, evolutionary 

history and biogeography are entirely open. This dissertation characterized patterns of genetic and 

morphological variation in forms of Oxymycterus endemic to Atlantic Forest and Pampas 

ecoregions, especially Oxymycterus nasutus and Oxymycterus quaestor. An integrative approach 

with molecular markers, skull morphometry, ecological niche models and reconstruction of 

ancestral areas were carried out with the objective of inferring (1) patterns of population 

differentiation and phylogenetic lineages, (2) influence of environmental factors on intraspecific 

variation, and (3) biogeographic patterns related to the evolutionary history. For O. nasutus, the 

results indicated marked genetic variation and intraspecific morphology. Six clades of mtDNA were 

found, which structured populations from Pampas and Atlantic Forest in distinct groups; differences 

in the skulls shape between lineages in the two ecoregions were detected. Considering that six 

clades were structured concomitantly with the last interglacial maximum, the reduction in adequate 

conditions during this period may have resulted in a possible vicariance process associated with 

isolation in refuge. It was also found that O. nasutus has a latitudinal gradient of variation of 

cranium shape and size, with the largest sizes found more to the north of the distribution (in the 
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Atlantic Forest domain) and the smaller ones to the south (in the Pampas). Despite of genetic and 

environmental influence acting together for the shape, environmental attributes significantly 

influenced the size of the skull. During the review of Oxymycterus specimens in the scientific 

collections a specific material associated with O. delator was identified as something distinct, 

which resulted in the description of a new species, Oxymycterus itapeby, which inhabits an area of 

transition between the Southern Cerrado and the Atlantic Forest in the South and Southeast of 

Brazil. Oxymycterus itapeby can be differentiated from other species of Oxymycterus by the size 

and shape of the skull, in particular by a combination of cranial characteristics. A Bayesian 

phylogenetic analysis showed that Oxymycterus itapeby represents a monophyletic group, related to 

O. delator and O. amazonicus. Finally, a taxonomic and phylogeographic approach of the 'judex 

group' revealed the status for Oxymycterus quaestor with conspicuous boundaries relative to O. 

judex and O. misionalis. In addition, the data showed three associated lineages, two of which have 

potential status of distinct species, being the most divergent in the highlands of the state of Rio 

Grande do Sul, and another restricted to Serra dos Órgãos in the state of Rio de Janeiro. 
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CAPÍTULO 1. 

 

 

INTRODUÇÃO GERAL 

 

A ordem Rodentia (Bowdich, 1821) se destaca entre as demais ordens de mamíferos 

viventes por ser a maior e a mais diversa, compreendendo cerca de 42% da diversidade de 

mamíferos do mundo (Musser & Carleton 2005). A região Neotropical abriga uma impressionante 

fauna de roedores, incluindo representantes de 4 das 5 subordens do grupo: Sciuromorpha, 

Castorimorpha, Hystricomorpha e Myomorpha (Patton et al. 2015). A subfamília Sigmodontinae 

(Wagner, 1843), por exemplo, compreende a mais diversa linhagem de mamíferos das Américas, 

com 87 gêneros e mais de 400 espécies nominais reconhecidas (D’Elía & Pardiñas 2015; Pardiñas 

et al. 2016). Dentre as 11 tribos até hoje reconhecidas dos roedores de Sigmodontinae (Gonçalves et 

al. 2018), Akodontini é a segunda tribo mais diversa, sendo composta por 16 gêneros (D'Elia & 

Pardiñas 2015b; Pardiñas et al. 2016). Apesar da alta diversidade atualmente reconhecida, a 

sistemática envolvendo diferentes níveis taxonômicos ainda permanece incerta em sigmodontíneos 

(D’Elía & Pardiñas 2015). 

 

O gênero Oxymycterus 

 

O gênero Oxymycterus foi descrito por Waterhouse (1837), originalmente como um 

subgênero de Mus, embora Fischer tenha descrito Mus rufus (Oxymycterus rufus), em 1814, com 

base na descrição de Felix Azara do “rat cinquième ou rat roux” em 1801 (Contreras & Teta 2003; 

Oliveira & Gonçalves 2015). A espécie tipo é Oxymycterus nasutus (Waterhouse, 1837), descrito a 

partir do espécime tipo coletado por Charles Darwin durante a sua estada em Maldonado, no 

Uruguai (Oliveira & Gonçalves 2015). O registro fóssil mais antigo de Oxymycterus data para 
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estágio Ensenadense (0.5 – 2.1 Ma) para as chamadas glaciações Patagônicas, sendo designado a O. 

cf. rufus registrado nos Pampas Argentinos (Pardiñas et al. 2002). O gênero é composto por 15 

espécies válidas (Oliveira & Gonçalves 2015), e tem o status de segundo gênero mais diversificado 

dentro da tribo Akodontini, depois do gênero Akodon (Meyen, 1833) com 39 representantes 

(Pardiñas et al. 2016). Está amplamente distribuído na América do Sul, sendo encontrado em 

regiões de média latitude no subcontinente Sulamericano (Figura 1), desde porção sul da bacia 

Amazônica, Andes do Peru e Bolívia, centro da Argentina, Uruguai, Paraguai e Brasil, em terras 

mais baixas (planícies), planaltos, e em elevações de até 4.000 m (Hershkovitz 1994; Oliveira & 

Gonçalves 2015). Dentre sua distribuição, ocupa diversas ecorregiões em diferentes fitofisionomias, 

tais como: Florestas de Yungas, Mata Atlântica, floresta Amazônica, Cerrado, Pampas, campos de 

altitude, Caatinga, Cerrado, áreas abertas e florestal montana Andinas, geralmente associado a 

ambientes úmidos como banhados, florestas de galeria e próximo a rios (Hinojosa et al. 1987; 

Hershkovitz 1994; Cueto et al. 1995; Bonvicino et al. 2008; Jayat et al. 2008; González & 

Martínez-Lanfranco 2010; d’Hiriart et al. 2015; Abreu-Júnior et al. 2016).  

As espécies deste gênero são caracterizadas por possuirem um tamanho corporal variando 

entre pequeno e médio porte (comprimento cabeça-corpo [CC] de 99-197 mm e comprimento da 

cauda [CA] entre 70-156 mm), com cauda (aproximadamente) igual e/ou menor que o comprimento 

do corpo, sendo Oxymycterus hucucha a menor espécie, enquanto os maiores são atribuídos para O. 

quaestor (Oliveira & Gonçalves 2015). A coloração da pelagem dorsal pode variar do preto, 

marrom escuro, vermelho ou laranja agouti, possuindo o ventre mais claro. Sem limite definido 

com o dorso, a coloração do ventre deste gênero varia nas espécies de amarelo-acinzentado-escuro a 

laranja-escuro. A pelagem geralmente é densa, podendo ser em alguns casos híspida (arrepiada) e 

brilhosa. Algumas espécies possuem uma pelagem fortemente tracejada de preto, (Hershkovitz 

1994; Bonvicino et al. 2008; Oliveira & Gonçalves 2015). A superfície superior das patas é 
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revestida de pelos curtos escuros, as orelhas são também recobertas por pelos curtos escuros, mais 

escassos na superfície externa (Bonvicino et al. 2008). A característica morfológica mais evidente 

do gênero são garras bem desenvolvidas e focinho longo, cauda geralmente pouco pilosa e com as 

escamas aparentes, pelos ungueais escuros e escassos (Bonvicino et al. 2008). Devido ao seu 

focinho prolongado, é denominado, de forma geral por pesquisadores de idioma hispânico como 

‘Hocicudo’ (= focinhudo ou narigudo, em português); em inglês, também são designados como 

‘Long-nosed mouse’ (= Rato-do-nariz-longo, em português). No Brasil, são rotineiramente 

denominados como ‘Rato-do-brejo’ (Hershkovitz 1994; Paise & Vieira 2006; onçalves et al. 2014).  

 

 

Figura 1. Distribuição geográfica do gênero Oxymycterus Waterhouse 

(1837) na América do Sul (em destaque). Adaptado de Oliveira & 

Gonçalves (2015). 
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Dados sobre o comportamento de Oxymycterus são escassos, e limitados a observações a 

poucas espécies (Barlow 1969; Alho 1982; Redford 1984; Paise & Vieira 2006). Devido à presença 

de longas garras, especula-se que congêneres tenham hábito fossorial (Hershkovitz 1994). 

Entretanto, Bonvicino et al. (2008) sugerem que o gênero possui hábitos terrestre e semi-fossorial. 

Há pouca disponibilidade de informações sobre hábitos alimentares. Em geral, observado em 

algumas espécies, a dieta é baseada em artrópodes (e.g., cupins), anelídeos, coleópteros, 

gastrópodes e material de origem vegetal (Hershkovitz 1994; Oliveira & Gonçalves 2015). Podem 

ser predados por serpentes, como as víboras Bothrops spp. em registros na Amazônia (Oliveira & 

Gonçalves 2015), pela raposa-colorada ou raposa-andina (Lycalopex culpaeus) nos Pampas 

argentinos (Pia et al. 2003), cachorro-do-mato ou graxaim (Cerdocyon thous) nos Pampas 

brasileiros (Pedó et al. 2006) e por aves de rapina em zonas de transição entre Mata Atlântica e 

Pampas (Scheibler & Christoff 2007) e Mata Atlântica e Cerrado (Motta-Junior 2006). 

Além disso, algumas espécies são potencialmente reservatórios patogênicos de hantavírus no 

Uruguai e no sul do Brasil (Delfraro et al. 2008; Raboni et al. 2009; Raboni et al. 2012), embora o 

número de indivíduos infectados seja significativamente menor quando comparado a outros 

roedores. No norte do Brasil, alguns espécimes foram verificados como portadores de uma forma 

patogênica de Escherichia coli (Rocha et al. 2017). 

Oxymycterus apresenta uma característica citogenética marcante. Apresenta um cariótipo 

quase constante (2n = 54 e NF = 62-66), variando apenas o número de braços cromossômicos e 

alterando seu número fundamental (Di-Nizo et al. 2017). Hershkovitz (1994) ainda menciona que o 

gênero aparenta ter caracteres citogenéticos monomórficos, sendo que as espécies não podem ser 

distinguidas citogeneticamente. Apesar da similaridade cariotípica, as linhagens de Oxymycterus 
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apresentam divergencia interespecífica nas sequências do gene mitocondrial citocromo b (citb) que 

varia em torno de 1,9 à 9,6% (Hoffmann et al. 2002). 

 

 

Taxonomia e implicações 

 

Dentre as 15 espécies de Oxymycterus atualmente reconhecidas (Tabela 1), quatro formas 

(cerca de 38% das espécies válidas) foram descritas ao longo dos últimos 25 anos (Hershkovitz 

1994, Hershkovitz 1998, Hoffmann et al. 2002, Jayat et al. 2008).  Apesar de revisões mais recentes 

de Musser & Carleton (2005) e Oliveira & Gonçalves (2015), algumas abordagens sistemáticas 

anteriores envolvendo do gênero Oxymycterus foram realizadas por Hershkovitz (1994) e Oliveira 

(1998), com propostas de arranjos taxonômicos e de hipóteses de diferenciação do gênero na 

América do Sul, entretanto, sem envolver marcadores moleculares. 

Hershkovitz (1994), em uma primeira compilação taxonômica do gênero Oxymycterus, por 

exemplo, reconhece 23 formas nominais do gênero, e as subdivide em dois grupos: Atlântico e 

Andino, e que através de medidas externas e craniométricas, foram classificadas de tamanho 

pequeno, médio e grande dentro de cada grupo.  

Oliveira (1998) com base em análises de medidas morfológicas e utilizando materiais tipos 

depositados em coleções, diverge da hipótese de dois grupos (Atlântico e Andino), e propõe a 

existência de 10 grupos de espécies do gênero (angularis, judex, rufus, dasytrichus, amazonicus, 

delator, nasutus, inca, juliacae e paramensis), e aponta algumas sinonímias, reconhecendo maior 

complexidade na estrutura da variabilidade morfológica do gênero. No entanto, a delimitação de 

espécies é fortemente apoiada por marcadores moleculares, devido às dificuldades em detectar 

descontinuidades em caracteres morfológicos e/ou citogenéticos (Hershkovitz,1994; Hoffmann et 

al. 2002; Gonçalves & Oliveira, 2004). 
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Tabela 1. Espécies de Oxymycterus listadas por Oliveira e Gonçalves (2015). 

 

Oxymycterus  

            nasutus Waterhouse, 1837 

            amazonicus Hershkovitz, 1994 

            caparaoe Hershkovitz, 1998 

            dasytrichus Schinz, 1821 

            delator Thomas, 1903 

            hiska Hinojosa, Anderson & Patton, 1987 

             hucucha Hinojosa, Anderson & Patton, 1987 

            inca Thomas, 1900 

            paramensis Thomas, 1902 

            quaestor Thomas, 1903 

            rufus Fischer, 1814 

            wayku Jayat, 2008 

            josei Hoffman, Lessa & Smith, 2002 

            juliacae Allen, 1900 

            nigrifrons Osgood, 1944 

 

 

As revisões de Musser & Carleton (2005) e Oliveira & Gonçalves (2015), assim como 

outros trabalhos de levantamentos de diversidade, apesar dos avanços, têm apontado a existência de 

questões taxonômicas relevantes a serem elucidadas, como: (1) espécies consideradas sinônimas 

(formas nominais como coespecíficas), como por exemplo o caso de sinonímia de Oxymycterus 

judex Thomas, 1909 e O. misonalis Sanborn, 1931 [= O. quaestor Thomas, 1903], Oxymycterus 

akodontius Thomas, 1921 e Oxymycterus paramensis jacentior Thomas, 1925 [= Oxymycterus 

paramensis Thomas, 1902]; (2) espécies descritas / conhecidas para poucas localidades ou mesmo 

apenas pela localidade tipo (Oxymycterus nigrifrons Osgood, 1944, Oxymycterus hucucha Hinojosa 

et al. 1987, Oxymycterus caparaoe Hershkovitz, 1998); (3) espécies com distribuição disjunta 

(lacunas na faixa de distribuição geográfica), como apresentado pelas espécies O. quaestor Thomas, 

1903 e O. rufus Fischer, 1814); (4) Filogenias apontando status parafilético, como o caso de 

Oxymycterus paramensis Thomas, 1903 ou mesmo constituindo um complexo de espécies em O. 

paramensis (Hinojosa et al. 1987; Hershkovitz, 1994, 1998; Gonçalves & Oliveira, 2004; Musser & 

Carleton, 2005; D’Elía et al. 2008; Bonvicino et al. 2008; Jayat et al. 2008). Embora estudos 
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prévios tenham utilizado distintas abordagens sistemáticas, a diversidade de espécies e área de 

distribuição permanecem pouco documentadas. Assim, mesmo a taxonomia alfa do gênero ainda 

apresenta lacunas (Oliveira & Gonçalves 2015). 

 

 

Relações filogenéticas e problemática 

 

Reconstruções filogenéticas do gênero Oxymycterus através de máxima verossimilhança e 

parcimônia, têm sido realizadas com base em marcadores moleculares mitocondriais (i.e. citb), 

concomitante com análises craniométricas (Hoffmann et al. 2002; Gonçalves & Oliveira 2004; 

Jayat et al. 2008).  Estes estudos integrativos, relacionando morfologia (craniometria) e marcadores 

moleculares vêm fornecendo novas informações sobre o grupo. Os marcadores moleculares, em 

especial o citb (mtDNA), têm se mostrado como um robusto método de identificação de espécies, 

levantando inclusive, questões como a expansão da distribuição geográfica de algumas espécies, 

sinalização da existência de linhagens, indicativo de sinonímias e novas espécies (Smith & Patton 

1999; Hoffmann et al. 2002; Gonçalves & Oliveira, 2004; Jayat et al. 2008; Peçanha et al. 2016).  

Abordagens multilócus baseadas em inferência bayesiana e calibrações fósseis, apesar de 

incorporar representantes do gênero disponíveis em banco de dados (e.g. Genbank), fazem parte de 

filogenias de grupos maiores, como padrões da Ordem Rodentia (Fabre et al. 2012), da 

Superfamília Muroidea (Steppan & Schenk 2017) e da Subfamília Sigmodontinae (Parada et al. 

2015), embora apresentem estimativas no tempo de diversificação do grupo. Contudo, outros 

estudos multilócus apresentam alguns aspectos das relações interespecíficas, como a formação de 

uma linhagem irmã altamente suportado com o gênero Juscelinomys (D'Elía 2003; Salazar-Bravo et 

al. 2013; Leite et al. 2014, Parada et al. 2015). No entanto, as propostas utilizando abordagens 

multilócus, estão passíveis de erros para a linhagem Oxymycterus em nível intraespecífico, devido 
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não incorporar todas as espécies do gênero ou mesmo incorporando dados passíveis de erros em 

banco de dados. Dessa forma, a problemática é devido provavelmente a duas principais causas:  

1- Caracteres de identificação citogenética e morfológica contínuos. 

Embora o gênero possua características intrínsecas de identificação, a maioria das espécies do 

gênero compartilha similaridade morfológica, restritas a caracteres específicos sutis de modo geral. 

Em destaque, Oliveira e Gonçalves (2015) descrevem que a mais notável característica morfológica 

(craniométrica) que as distinguem é a largura da raiz do zigomático inferior, na curvatura formada 

pela margem anterior das placas zigomáticos. A coloração dos pelos, assim como o tamanho entre 

as espécies também podem ser considerados, entretanto, nesse aspecto morfológico, espécimes 

juvenis amostrados podem apresentar conflitos de identificação (Bonvicino et al. 2008; Oliveira & 

Gonçalves, 2015) o que torna a identificação de espécies imprecisa, deixando muitas vezes a 

classificação de forma genérica aos espécimes deste táxon em coleções científicas. Nesse mesmo 

contexto, a identificação via técnicas citogenéticas também não apresentam poder de distinção entre 

as espécies, devido à similaridade cariotípica e número diploide constante (Hershkovitz, 1994). O 

gênero apresenta em seu cariótipo 2n = 54 e NF = 62-66 (Sbalqueiro, 1989; Svartman e Almeida, 

1993; Bonvicino et al. 2005; Di-Nizo et al. 2017). Tal padrão cariotípico, do gênero Oxymycterus, é 

algo peculiar, em especial, dentro do grupo dos Sigmodontíneos, visto que a diversificação 

altamente específica é observada em toda subfamília Sigmodontinae presente em todas as suas 

tribos, e é caracterizada por uma notável variabilidade de números diploides, que variam de 2n = 16 

a 86 em Oryzomyini, e 2n = 10 a 70 em Akodontini (Patton et al. 2000; Gonçalves et al. 2005; Silva 

et al. 2006). 

2- Limites genéticos pouco explorados.  

Nos últimos anos, autores que têm realizado trabalhos com o gênero, tem aliado mensurações 

crânio-dentárias e marcadores moleculares, em especial o gene mitocondrial citb, e têm avançado 
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consideravelmente a compreensão da taxonomia e filogenia do gênero Oxymycterus (e.g. Hoffmann 

et al. 2002; Gonçalves & Oliveira 2004; D'Elia et al. 2008; Jayat et al. 2008). No entanto, dados 

disponíveis em banco de dados (e.g. Genbank e BOLD Systems) são limitados, além de serem 

passíveis de erros na identificação. Este problema dá-se possivelmente a erros de identificação via 

caracteres morfológicos e possíveis sinonímias para algumas espécies. Apesar das inferências 

filogenéticas e propostas para estimativas de divergências interespecíficas entre linhagens (Baker & 

Bradley 2006), as abordagens baseiam-se em sequências depositadas nestes bancos de dados, sendo 

que nem todas as espécies do gênero possuem sequências depositadas (e.g. Oxymycterus caparaoe, 

O. hucucha, O. inca), o que acaba reduzindo o poder de inferência filogenética das propostas 

existentes. Desta forma, os limites genéticos entre as espécies do gênero Oxymycterus, ainda são 

pouco explorados. 

 

 

Espécies do sul do Brasil e territórios adjacentes 

 

De acordo com a revisão de Oliveira & Gonçalves (2015), quatro espécies do gênero 

Oxymycterus (O. dasytrichus, O. quaestor, O. nasutus e O. delator) possuem distribuição 

geográfica no sul do Brasil (Figura 2). Estas distribuiçãoes, inclui extensões de distribuição aos 

territórios da Argentina (O. quaestor), Paraguai (O. delator) e Uruguai (O. nasutus), através das 

fitofisionomias da Mata Atlântica (Densa, Mista e Estacional), Cerrado e dos Campos Sulinos 

(Pampas e campos de altitude), respectivamente. Em exceção, O. dasytrichus é a única espécie que 

possui distribuição geográfica exclusiva em território brasileiro, dos estados do Paraná a 

Pernambuco, pelas florestas de interiores e principalmente florestas costeiras (Oliveira & Gonçalves 

2015). Ainda O. delator, apesar ter sua distribuição do leste do Paraguai ao Brasil central, 

principalmente pelo Cerrado brasileiro, verifica-se registros aos domínios do Cerrado mais ao sul do 
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Brasil, incluindo os estados do Paraná e São Paulo (Bonvicino et al. 2008; Oliveira & Gonçalves 

2015). 

 

 

Figura 2. Representantes do gênero Oxymycterus presentes no sul 

da Mata atlântica e Pampas: (A) O. delator 1, (B) O. dasytrichus 2, 

(C) O. quaestor 3, e (D) O. nasutus 4. 

 

Apesar da ampla distribuição destas espécies, as inferências filogenéticas, geralmente pouco 

utilizam espécies ocorrentes no sul do Brasil, e são desenvolvidos em conjunto com dados 

craniométricos via morfometria linear (=clássica), comparando-as com poucos espécimes (inclusive 

poucas localidades) e geralmente com congêneres de “distribuição restrita” e simpátrica, sem que 

tenha um amplo espectro amostral (e.g. Gonçalves & Oliveira 2004; Jayat et al. 2008). Apesar da 

morfometria geométrica em sigmodontíneos ainda ser pouco explorada (Martinez & Cola 2011; 

                                                             

1Imagem autorizada por Karina Atkinson e Disponível em: http://www.faunaparaguay.com/oxymycterusdelator.html 

Acesso em fev. 2019. 2Imagem cedida por Pablo Rodrigues Gonçalves e Disponível em: 
https://animaldiversity.org/collections/contributors/pablo_goncalves/O.dasytrichus_a/ Acesso em fev. 2019. 3Imagem 

autorizada por Cibele Rodrigues Bonvicino. Fonte: Bonvicino et al. 2008, p. 50. 4Imagem autorizada por Fernando 

Marques Quintela. Fonte: Gonçalves et al. 2014, p. 79. 

https://animaldiversity.org/collections/contributors/pablo_goncalves/O.dasytrichus_a/
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Quintela et al. 2016; Maestri et al. 2016; Boroni et al. 2017), estudos demonstram que essa técnica 

se apresenta como uma promissora ferramenta em estudos inter e intraespecíficos, revelando 

padrões que não são observados via técnicas de morfometria clássica. Assim, as distâncias 

morfológicas e principalmente genéticas, de modo intra- e interespecífica ainda não são conhecidas 

para os táxons dessa região geográfica (i.e. domínios da Mata Atlântica Sul e Pampas), de forma 

que possam ser comparados e discutidos os limites de forma clara.  

Também, o conhecimento vago das formas nominais do sul do Brasil, originalmente 

proposto como parte de um grupo de espécies, como por exemplo o grupo ‘judex’ (Oliveira 1998), 

ainda não foi explorado. Neste sentido, apesar da IUCN Red List of Threatened Species categorizar 

o status de conservação das espécies supracitadas como pouco preocupante [Least Concern – LC, 

em inglês] (D’Elía & Teta 2016; D'Elía & Pardiñas 2016; Patterson et al. 2016; Patterson & D’Elía 

2016; Bonvicino 2016; Bonvicino et al. 2016; Patton et al. 2016), tais considerações categóricas 

devem ser vistas com cautela, devido à presença de formas nominais e incompatibilidade de 

distribuição geográfica com revisões mais recentes do gênero. Dessa forma, há um amplo 

desconhecimento sobre a história evolutiva envolvendo a biogeografia de Oxymycterus no sul do 

Brasil, incluindo padrões filogeográficos e morfológicos para os taxa reconhecidos. 
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OBJETIVO 

 

O objetivo central do presente trabalho é investigar a variação genética e morfológica em 

espécies de Oxymycterus que ocupam distintas fitofisionomias, como áreas abertas e florestais, 

utilizando abordagem sistemática, filogeográfica e macroevolutiva. Abaixo são apresentados os 

objetivos específicos que abrangem esse estudo. 

 

1) Investigar padrões de variação genética e morfológica intraespecífica em Oxymycterus 

nasutus de forma a testar a hipótese de estruturação geográfica Mata Atlântica vs. Pampas; 

 

2) Testar a existência de estruturação geográfica vicariante Planície (Pampa) vs. Planalto 

Meridional (Floresta Atlântica) na forma e tamanho do crânio em O. nasutus, e analisar fatores 

influentes (i.e., ambiente e genética);  

 

3) Descrever e comparar a variação genética e morfológica de Oxymycterus sp. e espécies 

simpátricas provenientes da região de Cerrado de São Paulo e do Paraná, de forma a delimitar 

linhagens filogenéticas distintas; 

 

4) Caracterizar a variação genética e morfológica dentro do ‘grupo judex’ (proposto por 

Oliveira, 1998) (Oxymycterus quaestor, O. judex e O. misionalis) e propor limites conspícuos para 

as espécies. 
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ABSTRACT 

 

Aim We aimed to evaluate the relative role of environmental attributes and genetic influence on 

size and shape of skulls in a small rodent, Oxymycterus nasutus. 

 

Location South America 

 

Methods We reveal the patterns of skull size and shape variation using 188 individuals from 47 

localities for geometric morphometrics analyses, along with another sub dataset with 47 sampling 

points with genetic information by cytochrome-b gene (61 localities sampling). We extract 

information from five environmental variables, topography, net primary productivity, annual mean 

precipitation, mean temperature of the warmest and coldest quarter for the same sampling points. 

Using the matrix of environmental attributes and genetic distance as predictor components, we 

estimated the relative importance of genetic and environmental distances on the spatial structure of 

skull size and shape using variance partitioning analysis.  

Results We found a latitudinal gradient of morphologic differentiation for both skull size and 

shape. Differences in size and shape between females and males were detected, but the sexual 

dimorphism is uniform among the populations. According to the variation partitioning results, the 

importance of predictors varied for shape and size. Both genetic and environmental predictors were 

important to explain the shape gradient (dorsal and ventral view, P < 0.05). On the other hand, 

environmental predictors (P < 0.01) were more important to explain size variation than genetic 

influence. 

Main conclusions Measurements of genetic distance and environmental attributes seem to 

influence in a balanced way the shape of the skull. However, the size of the skull is strongly 

influenced by environmental attributes. A pattern of morphologic differentiation along a north–

south axis is verified on species, with larger organisms to the north (Atlantic Forest domains) and 

smaller towards to the south (on Pampas). At least this species, the influence of environmental 

features of each ecoregion seems to overcome the Bergmann's rule to explain the size pattern. 

 

Keywords 

Bergmann’s rule, Sigmodontinae, cytochrome-b, environmental variables, geographical variation, 

geometric morphometrics, Pampa, Atlantic Forest 
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INTRODUCTION 

 

Morphological variation among individuals are found in all lineages of mammals, 

commonly described in terms of gradual changes in the size and shape of skulls (Cardini et al., 

2007, Martínez & Di Cola, 2011), teeth (McGuire, 2010; Ledevin et al., 2010a) or mandibles 

(Renaud & Millien, 2001) across a species’ geographic distribution. Such differences are expected 

to become more pronounced over time in populations that remain genetically and geographically 

isolated, as a result of neutral and selective processes (Gould, 1972). However, geographic variation 

in morphological phenotypes may not coincide with gene flow along environmental gradients 

(Endler, 1973). Accordingly, other factors in addition to restriction of gene flow, as evolutionary 

adaptation (e.g. Endler, 1995; Ims, 1997), phenotypic plasticity (e.g. Meyer, 1987; Peres-Neto & 

Magnan, 2004) and genetic drift are known to account for geographic morphological differences 

within species. These processes are non-exclusive, and the morphology of individuals in a 

population might reflect an interaction between them (Renaud & Michaux, 2003; Ackermann & 

Cheverud, 2004; Ledevin & Millien, 2013). Environmental factors have been suggested to 

contribute to intraspecific morphological variation in mammals (e.g., Cardini et al., 2007; Cardini & 

Elton, 2009; Morales et al., 2016), in particular, clinal variation in skull shape and size have been 

identified in rodents (e.g., Renaud & Millien 2001; Monteiro et al., 2003; Maestri et al., 2016; 

Peçanha et al., 2017). Gradients of morphological variation often mirror floristic and thermal 

gradients, leading to empirical generalizations as ecogeographical rules (Souto-Lima & Millien 

2014). A classic example is the Bergmann’s rule, i.e., in endotherms heat generation capacity 

increases with body volume, whereas heat loss increases with surface area; larger organisms, with 

relatively lower surface area, are therefore favoured in cooler environments (Mayr, 1956).  

Considering the wide geographic distribution, its abundance and ability to thrive in distinct 

environments, the Neotropical Darwin’s hocicudo (Oxymycterus nasutus) provides a good model to 
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investigate the effects of environmental factors on skull size and shape variation in small mammals. 

This cricetidae rodent inhabit grasslands, coastal sandbanks and steppes in the Pampas biome at 

southernmost Brazil and Uruguay (González, 2001; Bonvicino et al., 2008; Oliveira & Gonçalves, 

2015), and Atlantic Forest in elevations higher than 1,700 m in southern Brazil (Paise & Vieira, 

2006; Oliveira & Gonçalves, 2015).  

A recent integrative phylogeographic approach of O. nasutus using 2D cranial geometric 

morphometrics, ecological niche modeling and multilocus DNA sequences analysis revealed 

patterns of genetic and morphological structure coincident to the biomes of its occurrence, Pampa 

and Atlantic Forest (Peçanha et al., 2017). Genetic haplogroups explained about 23.5 – 26.3% of 

the variation in skull shape, whereas the occupation on distinct biomes (Atlantic Forest or Pampa) 

accounted for 15.4 – 17.9% of such variation (Peçanha et al., 2017). Accordingly, one expected 

other factors than genetics and biomes structuring to be influencing phenotypic differentiation 

within O. nasutus. The southern Atlantic Forest and Pampas are spatially heterogeneous considering 

geomorphology, vegetation and climatic conditions (Overbeck et al., 2007; Dantas et al., 2010). 

Thus, we hypothesize that fine-scale variations on environmental attributes within these biomes 

might contribute substantially to skull variation in O. nasutus.  Recent advances in modeling and 

the integration of phenotypic data to DNA sequencing analyses have allowed to identify and 

quantify the biological mechanisms that partition genetic and phenotypic variation among 

populations, and ultimately generate diversity (Edwards et al., 2016; Papadopoulou & Knowles, 

2016; Thomé & Carstens, 2016). 

Thus, in this study we investigated two aspects concerning the intraspecific differences in 

the skull morphology of O. nasutus. First, we characterize variation in size and shape across the 

whole distributional range and examined whether a putative clinal pattern conform to the 

Bergmann’s rule (i.e. decreased temperatures lead to increased size in endotherms). Since previous 
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studies using close related species did not found larger sizes of skull in greater latitudes areas 

(Maestri et al., 2016; Quintela et al., 2016), we did not expected it for O. nasutus. Second, we 

explicitly quantify the influence of other environmental attributes (i.e. topography, precipitation, net 

primary productivity and others) and genetic structure on the intraspecific variation of skull 

morphology (size and shape). Oxymycterus species are considered semi-fossorial rodents 

(Bonvicino et al., 2008; González & Martínez-Lanfranco, 2010). O. nasutus forage in the litter, 

where it digs with the help of the well-developed forefeet claws and muzzle (González & Martínez-

Lanfranco, 2010). Accordingly, we predict that factors related to plant coverage (primary 

productivity, rainfall) might have influence on the geographical variation of the skull shape and size 

of O. nasutus. We expect that patterns of variation among populations (both genotypic and 

phenotypic) are driven by environmental differences rather than historical process responsible for 

restricted gene flow. Finally, we quantified the relative influence of genetic structure and 

environmental attributes on skull morphology. 

 

MATERIAL AND METHODS 

 

Sampling and study area 

 

We obtained 267 specimens from scientific collections (Supporting information, Appendix 

S1) that include 61 localities, covering almost all the species range in the Atlantic Forest and 

Pampas biomes (Figure 1). In total, 188 specimens from 47 localities were used for the analyzes of 

morphological variation of skull. Only adults were included, defined by the presence of a functional 

third molar. Based on results of sexual dimorphism we pooled males and females in the analyses. 

The sample size per locality ranged from 2 to 11 individuals. For genetic analyses we used 153 
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specimens from 47 locations, with data both generated for this study and obtained from Genbank 

(Appendix S1). Specimens were grouped into eight populations defined as: Paraná [PR], Santa 

Catarina [SC], Serra Geral [SG], Central Depression-Northern Shield [CDNS], Patos Lagoon West 

Coast [PLWC], Southern Shield-Campanha [SSC], Southern Coastal Plain [SCP] and Uruguay 

[UY]), according to traits as ecoregion, geology, major rivers (putative geographic barriers) and 

evolutionary history inferred by Peçanha et al., (2017). Specimens used for morphological and 

genetic analyses from each population is presented in Table S1. 

 

Morphometric Analyses 

 

We obtained 2D images of the skulls in two views (dorsal and ventral). Images were 

captured using a standard protocol for all specimens. We digitized a total of 41 landmarks – 15 in 

dorsal and 26 in ventral views of the skull, using TPS Dig2 (Rohlf, 2015) (S1 Figure). The 

description of all the landmarks employed is given in Appendix S2. After, we applied a Generalized 

Procrustes Analysis (GPA), to remove the effects of isometric size, orientation and position (Rohlf 

& Slice, 1990). Both ventral and dorsal views were rendered symmetrical to avoid noise caused by 

bilateral asymmetry. The GPA produces variables that retain all the information about the shape of 

the structures, which were used in the analyses of geographical variation in shape. We used the 

centroid size (CS) as a measure of size, which is the square root of the sum of squared distances of 

each landmark from the centroid of the configuration (Bookstein, 1991). This measure of size from 

the ventral view was used in the analyses of geographic variation. 

We investigated the magnitude of shape and size differences among the eight pre-

established populations. A principal component analysis (PCA) in the shape matrix for dorsal and 

ventral views was generated. The number of PCs necessary to achieve 100% variation in each view 
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(13 PCs for dorsal view and 24 PCs for ventral view) were used as response variables for 

downstream analyses.  

We tested the existence of significant differences in skull shape among the clusters though a 

multivariate analysis of variance (MANOVA) for each view, following by a pairwise MANOVA 

(10,000 interactions), aiming to identify the pairs of clusters that showed significant differences in 

shape. To investigate how morphology (shape) was structured among the clusters, and its adequacy 

to the isolation-by-distance model, we created a morphological tree using Mahalanobis distances 

among populations (Mahalanobis, 1936) and the Neighbor-Joining algorithm of clustering (Saitou 

& Nei, 1987) for each view. To evaluate geographic variation in skull size, we compared 

populations with an analysis of variance (ANOVA) on centroid sizes. The Tukey’s test was also 

performed aiming to verify significant differences in skull size between population pairs. ANOVA 

and Tukey’s test were based only in ventral view.  

The sexual dimorphism in centroid size was evaluated  for only a subset of male and female 

specimens of all populations (about 90% of all sampling), because not all specimens presented sex 

information. The existence of significant differences in the logarithm of skull size between sexes for 

each view was tested with an ANOVA, including population (geographic clusters) as a second 

predictor to evaluate if sexual dimorphism varied among populations.  The existence of significant 

differences in skull shape between sexes for each view was tested with a MANOVA on shape 

variables, also considering the interaction of sex with a second predictor describing the populations. 

We performed a linear discriminant analysis (LDA) calculated on a subset of PC’s (12 and 23 for 

dorsal and ventral views, respectively) using a leave-one-out cross-validation procedure to calculate 

the percentages of correct classification for sexes for each skull view. All statistical analyses and 

graphs were generated in R 3.3.3 (R Core Team, 2017) using the libraries: ape (Popescu et al., 
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2012), geomorph (Adams & Otárola‐Castillo, 2013), MASS (Venables & Ripley, 2002), stats (R 

Development Core Team) and phytools (Revell, 2012). 

 

Sequence Data Analyses  

 

The genetic data used in our analyses consist in 153 partial sequences of cytochrome-b (Cyt-

b) mitochondrial gene of O. nasutus. DNA was isolated from 71 specimens using the PureLink 

Genomic DNA extraction kit (Invitrogen, Life Technologies), following the manufacturer's 

instructions. The initial 801 bp of Cyt-b was amplified by using primers MVZ05 and MVZ16 using 

conditions as described by Smith & Patton (1993). In addition to the specimens sequenced, others 

haplotypes from O. nasutus available in Genbank were included in the analysis (Appendix S1). The 

alignment was performed in the Clustal W algorithm implemented in MEGA7 (Kumar et al., 2016). 

As a proxy for pRDA analysis, mtDNA genetic distances among the eight populations were 

estimated using the p-distance as model of evolution (Table S2), implemented in MEGA7. Standard 

errors were calculated using the bootstrap method with 1000 replicates. 

Analyses of molecular variance (AMOVA) were performed for the clusters grouped by 

groups defined by ecoregions (1-Atlantic Forest, PR, SC and SG vs 2- Pampas, CDNS, PLWC, 

SSC, SCP and UY). Two AMOVAs were carried out to examine the partition of genetic variance 

into (a) ‘among-clusters’ and ‘within-populations’ component, and (b) ’among-ecoregions’, 

‘among-clusters within ecoregion’, and ‘within-populations’ components. The significance of Φ-

statistics parameters was assessed by permutation tests with 10,000 replicates as implemented in 

Arlequin v. 3.5.1.2 (Excoffier et al., 2005). To explore the population differentiation, we calculated 

pairwise FST between all site pairs using 10,000 random permutations in Arlequin v. 3.5.1.2. 

Additionally, to determine if genetic and geographic distances between clusters were significantly 

correlated, isolation by distance (IBD) was employed by testing the correlation between pairwise 
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FST and geographical distance using a Mantel test (Mantel, 1967). Geographical distances between 

the clusters were measured as the shortest along-distribution distances using the path tool in Google 

Earth Pro v. 7.3.0.3832. The isolation-by-distance test were done in GENEPOP on the Web version 

4.0.10. For testing of statistical significance, 10,000 permutations in Mantel tests were used to test 

the null hypothesis that genetic distance and geographical distance were independent.  

 

Environmental Variables 

 

To describe present-day climatic conditions, we extracted environmental data at each 

locality (Figure 1) based on maps at 30 arc second resolution. The following five environmental 

variables were used: mean temperature of the warmest and coldest quarter, mean annual 

precipitation (obtained from the Worldclim bioclimatic database available at 

http://www.worldclim.org/download), net primary productivity (from the Atlas of the Biosphere; 

http://nelson.wisc.edu/sage/data-and-models/atlas/) and topography (from ESA GlobCover, 

available at http://www.esa.int/ESA). After extract environmental data on ArcMap 10.3 software, 

we averaged the environmental information based on the sampling localities of each population 

(Table 1). In this work we choose these variables from evidences in other studies with rodents that 

presents influence from these variables in skull morphology (Monteiro et al., 2003; Martinez & 

Cola 2011; Maestri et al., 2016). The description of all the environmental attributes used in each 

sampling is present in Appendix S3. 

 

Comparing morphological, genetic and environmental data  

 

We used a variance-partitioning analysis (Borcard et al., 1992) to estimate the relative 

contribution of genetic distances and environmental variables on skull shape and size. Matrices of 

http://www.esa.int/ESA
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shape (dorsal and ventral view) and size distances among populations entered as response variables 

in three independent analyses. Predictor variables were main descriptors of genetic distances and 

environmental variables. To reduce dimensionality in both predictors, a PCoA was conducted on 

each, and a Horn’s parallel analysis was performed to select the optimal numbers of dimensions (2 

for genetic distances, 1 for environmental distances) that entered as predictors in the variance 

partitioning analyses. R packages vegan (Oksanen et al., 2013) and paran (Dinno, 2012) were used 

to conduct the analyses.    

 

RESULTS 

 

Skull morphology: sexual dimorphism, size and shape variation 

 

Sexual dimorphism in size was statistically significant for both dorsal (F = 11.2, P < 0.01) 

and ventral (F = 13.71, P < 0.001) views; however, sex × population interactions were not 

significant (P > 0.05). For shape, differences between males and females were significant for dorsal 

(MANOVA Wilks’λ = 0.81815, F = 2.6501, P < 0.01) and ventral views (MANOVA Wilks’λ = 

0.685, F = 2.7591, P < 0.001). However, sex × population interactions were not significant (P > 

0.05). The percentage of correct classification for sexes was 60.95% and 65.68% for dorsal and 

ventral views, respectively. Since the interaction between factors were not significant (i.e., sexual 

dimorphism is uniform across assumed populations) and considering the low percentage of correct 

classification), we pooled all adult individuals from the same locality in subsequent analyses. 

We found significant differences (F = 6.532; P < 0.001) in the centroid size for ventral view 

among populations (Figure 2). The Tukey HSD test for pairwise comparisons indicated eight 

significant differences for skull size (Appendix S4). The Paraná [PR] differs from Patos Lagoon 

West Coast [PLWC], Southern Shield Campanha [SSC], Southern Coastal Plain [SCP] and 
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Uruguay [UY] (P < 0.05). Furthermore, Serra Geral [SG] differs from Patos Lagoon West Coast 

[PLWC], Southern Coastal Plain [SCP] and Uruguay [UY] (P < 0.05), while Santa Catarina [SC] 

was statistically different only in relation to Uruguay [UY] (P < 0.05). All significant differences in 

skull size were between populations from different biomes (Atlantic Forest and Pampas).  

Similarly, significant differences were identified in skull shape among populations for both 

dorsal (MANOVA Wilks’λ = 0.10188, F = 5.1338, P < 0.001) and Ventral (MANOVA Wilks’λ = 

0.052524, F = 3.4902, P < 0.001) views. Populations explained 17.64% and 16.17% of variation in 

dorsal and ventral views, respectively. The pairwise MANOVA showed significant differences in 

26 of 28 on dorsal; and 22 of 28 on ventral comparisons among 8 populations. The R2 and F values 

and significance levels are showed in Table S3. 

The unrooted neighbour-joining tree of Mahalanobis distances for the dorsal and ventral 

views placed populations PR, SC and SG and the clusters SCP and UY as the most divergent 

(Figure 3). The CDNS, PLWC and SSC clusters (placed at the center of the species geographical 

distribution) appeared as morphologically intermediate between the two divergent groups. 

 

Population Genetic Structure  

 

Considering the ungrouped data set, the AMOVA results showed that greater proportions of 

mtDNA variations occurred both within (38.80%) and among populations (61.20%) (Table 2); 

strong genetic differentiation was found among groups (ΦST = 0.61201, P < 0.001). The hierarchical 

AMOVA revealed that only 21.02% of the total variance was distributed among the ecoregion 

clusters (21.02%, ΦCT = 0.21020, P < 0.05), whereas the molecular variance ‘among clusters within 

ecoregions’ was slightly higher than ‘within populations’ accounted for 43.31% and 35.67%, 

respectively. In addition, most of the pairwise comparisons showed significant FST values (Table 

S4), indicating strong genetic differentiation among populations. The values of pairwise FST range 
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from 0.0265 to 0.9304. Overall, of the 28 comparisons, 26 were significant (P < 0.05). Therefore, 

CDNS vs. PLWC and SSC populations showed low and non-significant genetic differentiation.  

A weak correlation between that FST and geographic distances was identified (R² = 0.1225; 

P = 0.05) in the Mantel test, revealing a marginally significant isolation by distance (IBD) pattern 

(S2 Figure). 

 

Factors influencing skull shape and size 

 

The set of exploratory predictors matrices herein used (environmental attributes and genetic 

distances) accounted for approximately ~ 85% of the variation in skull shape and size (Figure 4). 

Considering the shape, these components act in a balanced way to explain the variation observed. In 

general, the genetic influence explained 41% of the variation in the dorsal view and 32% in ventral 

view (Figure 4a, 4b). The environmental attributes explain 47% and 30% for the dorsal and ventral 

view, respectively. Furthermore, for the ventral view, there is a joint fraction of explanation 

between genetic distance and environmental attributes, encompassing 18%. The residuals 

components comprised about 20% in ventral and 12% for dorsal view. All these components were 

significant (P < 0.05). Performing the partitioning of environmental attributes variables applied to 

skull shape variation, only three fractions presents high significance; topography (P < 0.01), net 

primary productivity and annual precipitation (P < 0.001).  

In contrast to shapes, the environmental variables better explained the variation in the size 

accounting for 62% of this variation (P < 0.01) (Figure 4c). Two environmental variables fractions 

(mean temperature of warmest quarter and mean temperature of coldest quarter) were not 

significant (P > 0.05). In addition, the genetic influence was the lowest (and non-significant) 

component obtained for size variation in this analysis (about 4%), although there is a joint variation 

portion (genetic and Environmental attributes together) of 21%. On the other hand, net primary 
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productivity (P < 0.05), topography (P < 0.01) and annual precipitation (P < 0.001) appeared as the 

most influential fractions from the environmental attributes related to the size variation. Mean 

temperature of warmest quarter and mean temperatures of the coldest quarter were not significant, 

both for shape and size (P > 0.05). 

 

DISCUSSION 

 

Variation of shape and size along spatial distribution 

 

A marked pattern of phenotypic differentiation on size and shape of skulls was identified 

along a north–south axis of the geographic distribution of the Darwin's hocicudo. The Neighbor-

joining tree of Mahalanobis distances (phenogram) generated from both dorsal and ventral views 

showed spatially structured morphological relationships in cline, where the greatest distance was 

between Atlantic Forest populations (PR, SC and SG) and the populations from Pampas (UY and 

SCP), located in the far north and extreme southern parts of the species’ range, respectively. 

Similarly, this pattern parallel for size. For the shape, recent studies on Sigmodontine rodents reveal 

comparable patterns of spatially structured morphological relationships in relation to a north–south 

axis along their respective distributions in Pampa (Quintela et al., 2016) and Atlantic Forest 

(Maestri et al., 2016). However, the present study suggest that the phenotypic variation found in O. 

nasutus might not be only neutral and provide support that traits in skull shape are undergo by 

random and non-random factors (gene flow and environmental attributes).  

Previous study of O. nasutus phylogeography pointed out morphological differentiation 

related to ecological variables, such as altitudinal gradient or different physiognomies, and 

phylogenetic clusters (used as predictors variables) explained a considerable part percentage 

(~25%) of skull shape variation (Peçanha et al., 2017). Geoclimatic variables are partly associated 
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to intraspecific variation of shape skull of other studied small rodents such as genus Graomys 

(Martínez & Cola, 2011) and Neotoma cinerea (Cordero & Epps, 2012). Overall, AMOVA showed 

that most of the variation arose from variability among clusters (61.20% and 43.31% in both 

grouping criterion, respectively), suggesting that geographical isolation may represent the main 

reason which resulted in the genetic differentiation. Additionally, an apparent low gene flow, 

considering the matrilineal origin (mtDNA) may reinforce the genetic structure (Φ ST = 0.61201, P 

< 0.001).  

We found association between CS and net primary productivity (NPP), indicating that O. 

nasutus have larger skulls in regions where there is the highest average NPP. The populations with 

the largest skulls are present on regions with higher values for NPP in open areas of the Atlantic 

Forest  (north of geographic distribution, lower latitudes), while the smallest ones occurs in the 

south of the species distribution in Pampas biome (where minor values are observed for NPP). 

Furthermore, the mean of precipitation and altitude corroborate with pattern reveal by NPP. Thus, 

the variation in cline, although not all populations on the north-south axis were significantly 

different, suggest that the influence of environmental features of each ecoregion it seems to 

overcome the Bergmann's rule (Bergmann, 1847; Meiri, 2011) to explain the size.  

Our results coincide to that of Maestri et al. (2016b) in which environmental gradients 

interact with historical processes to determine body size variation in assemblages of sigmodontines 

rodents. In O. nasutus, significant differences in skull size were found between populations from 

different biomes (Atlantic Forest vs Pampas), but not between populations of same biome. In fact, 

despite of gene flow being geographically structured, our results indicated correspondence with 

spatial patterns of variation in size, since pairwise FST analysis showed higher values in populations 

in the extreme of the distribution (in general), but also in close populations included in the same 

ecoregion (Table S4). It coincides with the results presented by Tukey HSD test for multiple 
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comparisons, and also to corroborate with Mantel test that shown weak positive spatial 

autocorrelation. Accordingly, we found a slight correspondence between geographic patterns of 

mitochondrial structure and spatial patterns of variation in size, which does not seems to be driven 

by gene flow (that seems to prevent isolation). Similarly, as well as studies with Akodon cursor, in 

the northernmost domains of the Atlantic Forest (Maestri et al. 2016a), our results reveal spatial 

patterns of variation of size likely determined by others environmental variables. 

 

Relative effect of environmental attributes and genetics 

 

According to variation partitioning analysis, our results suggest varied contribution of 

predictors of skull shape and size variation. Regarding shape, the pRDA demonstrate that the 

predictors (i.e. genetic distance, altitude, precipitation and net primary productive, mainly) act in a 

balanced way to explain the variation, but slightly differ for dorsal and ventral views. Peçanha et 

al., (2017) evidenced that 26.3% of the ventral view variation was attributed to haplogroups and 

17.9% to environmental groups (Atlantic Forest and Pampas). Although the present study does not 

have a phylogenetic focus, our data resemble the previous investigation within O. nasutus (Peçanha 

et al., 2017), considering the 16.17% of the variation of the ventral view attributed by the 

populations herein assumed. However, some previous studies take into account similar predictors to 

shape variation not completely concordant. Maestri et al. (2016a) inferred that differences in skull 

shape are best explain by random factors (e.g. genetic drift) than non-random in Akodon cursor, 

while Alvarado-Serrano et al., (2013) demonstrated limited morphological differentiation related to 

ecological and genetic variables for Akodon mollis. 

We identified that environmental variables were relevant to explain variation in size, 

accounting the highest explanatory power (62% of the variation (P < 0.01). The pRDA also confirm 

that, in addition to altitude (P < 0.01), others environmental attributes such as precipitation (P < 
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0.001) and net primary productive (P < 0.05) have influence on the skull size. Thus, these results 

partially corroborates the patterns found in other mammals of tropical regions, where precipitation 

and primary production were important contributors to the skull size pattern (Cardini et al., 2007; 

Medina et al., 2007; Maestri et al., 2016). The positive correlation between size and altitude, 

however, was not observed for Graomys spp. (Martínez & Cola, 2011) and Akodon cursor (Maestri 

et al., 2016). However, this pattern goes against the results of Graomys spp. and refutes the idea of 

precipitation as a productivity proxy does not apply to small mammals in the same way as to large 

mammals (Martínez & Cola, 2011), but we must take into account that these species (i.e. Graomys 

spp.) occur in a drier environment (Chaco ecoregion) and in this sense, the temperature was one of 

the variables most related to the size. Thus, considering this inverse pattern, the mean temperature 

warmest and coldest quarter were variables not correlated with of centroid size variation to our 

dataset. It is worth emphasizing that O. nasutus is distributed predominantly in grasslands of 

southern Brazil and Uruguay, and rainfall is the main condition for the plant growth. Thus, 

variations of this factor likely affect net primary productivity in terrestrial ecosystems (Knapp & 

Smith 2001, Del Grosso et al., 2008). In this way, the differences, mainly in the size, across 

environments might also arise as an indirect effect of changes in performance under different 

conditions (e.g., increased energy available for investment in growth) (Yom-Tov & Yom-Tov, 

2004). However, considering geographically structured gene flow and evidences for low influence 

(and non-significant) for genetic component for size (4%), herein is suggested the influence of non-

random factors as local selection pressures acting as an evolutionary force of change in size. 

Finally, the area of occurrence of O. nasutus is within a well-documented region in which 

Late Pleistocene effects of glaciations resulted in the predominance of grasslands until 11,500 kyr 

(with dry and cold climate), and the emergence of forest formations occurred only in the Holocene 

(Behling, 2002; Behling et al., 2009). Peçanha et al., (2017) showed through predictive distribution 
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models that this species experienced an expansion in its geographic distribution on the Last Glacial 

Maximum (around 21 kyr), suggesting affinity with cold climates. Consequently, due lack of 

correlation of the size with the environmental attributes mean temperature of the colder quarter, the 

concept of adaptation to cold environments seems to contrast due to the non-significance (P > 0.05) 

in relation to the environmental attributes selected for temperature. Although it occupies grassland, 

O. nasutus is distributed through humid (not dry) conditions, found along riverbanks and wetlands. 

This reinforce the significance with primary net productivity and precipitation (rainfall) found, for 

both shape and size. Indeed, we found influence significant for environmental attributes, however, 

since evaluate whether these effects are phenotypic plasticity or local adaptation to size or shape 

still seems to be a challenge. 

 

CONCLUSIONS 

 

Our study used variation partitioning analysis to examine the contribution of environmental 

variables and genetic indices to size and skull shape in a sigmodontine rodents present in different 

biomes, in our case the Atlantic Forest and Pampas. Some studies have investigated the effects of 

environmental and genetic factors influencing skull morphology separately, but relatively few have 

attempted to separate the relative contribution of both factors in small rodents in South America 

(Alvarado-Serrano et al., 2013; Maestri et al., 2016). Here, we have demonstrated that shape 

variation in Oxymycterus nasutus is influenced by random and non-random factors such as genetic 

and environmental components. The shape presents a clinal variation along to Atlantic Forest and 

Pampa biomes, influenced by genetic distance and environmental attributes, such as topograghy, net 

productivity primary and precipitation. Similarly to shape, the size also presented a cline pattern, 

with a trend of larger skulls northward of the distribution (in patches of grasslands of the Atlantic 

Forest) and smaller more southward of its geographical distribution (Pampas), which was not in 
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conformity with Bergmann’s rule, as expected for the sigmodontines rodents (Maestri et al., 

2016b). However, differently from shape findings, the environmental attributes appears to have 

more influence in size than genetic ones, although presenting a considerable fraction of jointly 

explanation. Our results also demonstrated that gene flow is geographically structured in these 

populations. 
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Supporting Information 

 

Appendix S1. Detailed table of all specimens used in this work. 

Appendix S2. Description of landmarks digitized used in skulls for dorsal and ventral view. 

Appendix S3. Description of all the environmental attributes used in each sampling point in 

this work. 

Appendix S4. Description of all Tukey’s test on Ventral – Size. 

S1 Figure. Position of the landmarks (circles) digitized on the dorsal (A) and ventral (B), views of 

the O. nasutus skull. A description of each landmark is presented in Appendix S2. 

S2 Figure. Isolation by distance among O. nasutus clusters. 

Table S1. Description of each population sampling from skulls and mtDNA sequences evaluated in 

this study. 

Table S2. Genetic divergence (using p-distance) between pairs of Cytb haplotypes recovered from 

eight population of Oxymycterus nasutus 

Table S3. Pairwise MANOVA analysis of variation in Oxymycterus nasutus skull shape among 

eight populations in southern Brazil and Uruguay, for dorsal and ventral views 

Table S4. Matrix of pairwise FST among eight populations of Oxymycterus nasutus in South 

America grasslands. 
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TABLES 

 

Table 1. Environmental variables extracted to distribution range geographic of Oxymycterus 

nasutus based on mean on each population for five attributes. 

 
Population Topography 

(m) 

Net primary 

productivity (NPP) 

Annual precipitation 

(mm) 

M.T. Warmest 

Quarter °C 

M.T. Coldest 

Quarter °C 

1. PR 897.88 1.116333333 1478.77 203.88 133.44 

2. SC 788.5 1.122666667 1762.83 205.83 129.66 

3. SG 707.14 1.118857143 1809.85 202.57 129.42 

4. CDNS 133.75 1.08425 1406.25 228.50 148.25 

5. PLWC 31.25 1.037181818 1362.81 228.45 140.27 

6. SSC 147.37 0.994625 1436.12 229.62 136.75 

7. UY 38.66 0.988454545 1106.83 216.08 116.91 

8. SCP 8 1.017 1212.75 223 130.75 
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Table 2. Analysis of molecular variance (AMOVA) estimated for the Oxymycterus nasutus Cyt-b 

sequences using two hierarchical models: two-level model includes only populations and three-level 

model includes all populations distributed in the two biogeographical areas observed (Atlantic 

Forest and Pampas). 
 

Grouping criterion Source of variation df % of variance Φ -statistics P value 

unstructured Among populations 7 61.20 Φ ST = 0.61201* P < 0.001 

 Within populations 145 38.80   

two ecoregions Among ecoregions 1 21.02 Φ CT = 0.21020** P = 0.01584 

 Among populations within ecoregions 6 43.31 Φ SC = 0.54842* P < 0.001 

 Within populations 145 35.67 Φ ST = 0.64334* P < 0.001 

Φ -statistics probability level after 10,000 permutations. * P < 0.001. **P < 0.05. 
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FIGURES 

 

 

Figure 1. Distribution of the 61 sampling localities points of Oxymycterus nasutus. (a) The eight 

populations estimated in this study scattered out mainly in campos de altitude and Pampas 

ecoregion in the South America. The colors from each population are indicated in the legends 

(squares). For a description of each locality, see Appendix S1.  (b) Map showing the topography 

and the main rivers (shown in green) from southern Brazil and Uruguay. The Oxymycterus nasutus 

range of occurrence from IUCN Red List is shown by red line perimeter. 
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Figure 2. Box plot showing variability of centroid size among population of Oxymycterus nasutus 

for the sum of logarithms transformed centroid size for ventral views skull. The horizontal line 

represents the mean, box margins are at the 25th and 75th percentiles, bars extend to the 5th and 

95th percentiles, and circles are outliers. 
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Figure 3. Neighbor-joining phenograms generated from Mahalanobis distances for dorsal (a) and 

ventral (b) views of the skull of Oxymycterus nasutus. Acronyms correspond to geographic clusters. 

Shape visualization made from mean skull shape for each cluster. Scale bar = 10 mm. 
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Figure 4. Results from partial redundancy analysis for (a) dorsal shape, (b) ventral shape and (c) 

size. Horizontal colored bars shown are the relative contributions (percentage of explanation) of 

environmental attributes (yellow) and genetic influence (red), as well as the shared components 

explaining variation (orange). The residuals (green) are understood as inexplicable components. 

The percentage values shown are from adjusted R2 for each fraction. 
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Appendix S1. Detailed table of all specimens used in this work. Field numbers are uses when 

museums or scientific collections numbers were not available. Localities and geographic 

coordinates are listed after voucher ID. M and F are assigned for males and females. The presence 

(+)/absence    (-) of mtDNA sequences and skull samples per site. ‘Code’ and ‘Pop’, numbers and 

acronyms respectively, are refer to the total sample and population used evidenced in maps (Figure 

1). GenBank accession numbers for the cytochrome b (cytb) generated in this study indicated in 

bold. Abbreviation. Acronym: MHNCI, Museu de História Natural “Capão da Imbuía”, Curitiba 

(Brazil); UFPR, Departmento de Genética da Universidade Federal do Paraná, Curitiba (Brazil);  

MCNU Museu de Ciências Naturais da Universidade Luterana do Brasil, Canoas (Brazil); FZB-

MCN, Fundação Zoobotânica/Museu de Ciências Naturais, Porto Alegre (Brazil); DZUP/CCMZ, 

Departamento de Zoologia da Universidade Federal do Paraná/ Coleção Científica De 

Mastozoologia, Curitiba (Brazil); CZFURB Coleção Zoológica da Universidade Regional de 

Blumenau, Blumenau (Brazil); CMLCE-UFRGS, Mastozoological Collection of the Cytogenetic 

Laboratory and Evolution at the Universidade Federal do Rio Grande do Sul, Porto Alegre (Brazil); 

FMNH, Field Museum of Natural History, Chicago (USA); MVZ, Museum of Vertebrate Zoology, 

University of California at Berkeley, Berkeley (USA); MNHN, Museo Nacional de Historia Natural 

[of Uruguay], Montevideo (Uruguay). Country: BRA, Brazil; URU, Uruguay. Brazilian States: PR, 

Paraná; SC, Santa Catarina; RS, Rio Grande do Sul. 

 
Voucher # Localities Coordinates Sex Cytb Skull Code Pop GenBank 

ID 

MHNCI 0816 BRA:PR, Castro, Parque Florestal de 

Caxambu 

-24.790891, -50.012062 M - + 01 PR - 

MHNCI 0818 BRA:PR, Castro, Parque Florestal de 

Caxambu 

-24.790891, -50.012062 F - + 01 PR - 

MHNCI 0821 BRA:PR, Castro, Parque Florestal de 

Caxambu 

-24.790891, -50.012062 - - + 01 PR - 

MHCNI 0642 BRA:PR, Ponta Grossa, Parque Estadual de 

Vila Velha 

-25.244064, -50.022787 - - + 02 PR - 

MHCNI 0657 BRA:PR, Ponta Grossa, Parque Estadual de 

Vila Velha 

-25.244064, -50.022787 M - + 02 PR - 

MHNCI 0709 BRA:PR, Ponta Grossa, Parque Estadual de 

Vila Velha 

-25.244064, -50.022787 F - + 02 PR - 

MHNCI 0723 BRA:PR, Ponta Grossa, Parque Estadual de 

Vila Velha 

-25.244064, -50.022787 F - + 02 PR - 

MHNCI 0839 BRA:PR, Ponta Grossa, Parque Estadual de 

Vila Velha 

-25.244064, -50.022787 M - + 02 PR - 

UFPR-P76 BRA:PR, Ponta Grossa, Parque Estadual de 

Vila Velha 

-25.244064, -50.022787 F + - 02 PR MF766123 

MHCNI 3433 BRA:PR, Curitiba, Parque Regional do Iguaçu -25.522947, -49.222987 M + + 03 PR MF766120 

UFPR SCB-P86 BRA:PR, Curitiba*, Reserva Biológica do 

Cambuí 

-25.522947, -49.222987 F + - 03 PR MF766119 

MHNCI 2148 BRA:PR, Araucária*, Thomaz Coelho -25.540142, -49.355415 M - + 04 PR - 

DZUP/CCMZ 181 BRA:PR, Araucária, Repar -25.540142, -49.355415 M - + 04 PR - 

DZUP/CCMZ 207 BRA:PR, Araucária, Repar -25.540142, -49.355415 - - + 04 PR - 

DZUP/CCMZ 547 BRA:PR, Araucária, Repar -25.540142, -49.355415 M - + 04 PR - 

CZFURB 18228 BRA:PR, Candói, UHE Santa Clara -25.570833, -52.052778 M + + 05 PR MF766125 

UFPR-SCB P995 BRA:PR, São José dos Pinhais, Barro Preto -25.5799, -49.175373 F + + 06 PR  
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UFPR-SCB P1008 BRA:PR, São José dos Pinhais, Barro Preto -25.5799, -49.175373 M + + 06 PR  

UFPR-SCB P1018 BRA:PR, São José dos Pinhais, Barro Preto -25.5799, -49.175373 M + + 06 PR  

UFPR-SCB P1019 BRA:PR, São José dos Pinhais, Barro Preto -25.5799, -49.175373 M + + 06 PR  

UFPR-SCB P1039 BRA:PR, São José dos Pinhais, Barro Preto -25.5799, -49.175373 M + + 06 PR  

UFPR-SCB P1049 BRA:PR, São José dos Pinhais, Barro Preto -25.5799, -49.175373 M + + 06 PR  

UFPR-SCB P1051 BRA:PR, São José dos Pinhais, Barro Preto -25.5799, -49.175373 M + + 06 PR  

UFPR-SCB P1053 BRA:PR, São José dos Pinhais, Barro Preto -25.5799, -49.175373 F + + 06 PR  

UFPR-SCB P1055 BRA:PR, São José dos Pinhais, Barro Preto -25.5799, -49.175373 M + + 06 PR MF766121 

UFPR-SCB P1061 BRA:PR, São José dos Pinhais, Barro Preto -25.5799, -49.175373 M + + 06 PR MF766122 

UFPR SCB-P969 BRA:PR, São José dos Pinhais, Barro Preto -25.5799, -49.175373 F + - 06 PR  

UFPR SCB-P970 BRA:PR, São José dos Pinhais, Barro Preto -25.5799, -49.175373 M + - 06 PR  

UFPR SCB-P973 BRA:PR, São José dos Pinhais, Barro Preto -25.5799, -49.175373 F + - 06 PR  

UFPR SCB-P980 BRA:PR, São José dos Pinhais, Barro Preto -25.5799, -49.175373 F + - 06 PR  

UFPR SCB-P1099 BRA:PR, São José dos Pinhais, Barro Preto -25.5799, -49.175373 F + - 06 PR  

MHNCI 3192 BRA:PR, São Matheus do Sul, Fazenda do 

Durgo 

-25.873889, -50.382778 - + + 07 PR MF766124 

CZFURB 6855 BRA:SC, São Domingos, Aheqq -26.616388, -52.538866 F - + 08 SC - 

CZFURB 9253 BRA:SC, São Domingos, Aheqq -26.616388, -52.538866 - - + 08 SC - 

CZFURB 9254 BRA:SC, São Domingos, Aheqq -26.616388, -52.538866 F - + 08 SC - 

CZFURB 18119 BRA:SC, São Domingos, PCH Luzia Alto -26.616388, -52.538866 F + + 08 SC MF766126 

CZFURB 18153 BRA:SC, São Domingos, PCH Luzia Alto -26.616388, -52.538866 M + + 08 SC MF766127 

CZFURB 9364 BRA:SC, Água Doce, Campo Eólico -26.997778, -51.555833 M - + 09 SC - 

CZFURB 9366 BRA:SC, Água Doce, Campo Eólico -26.997778, -51.555833 M - + 09 SC - 

CZFURB 9969 BRA:SC, Água Doce, Campo Eólico -26.997778, -51.555833 F - + 09 SC - 

CZFURB 9365 BRA:SC, Água Doce, Campo Eólico -26.997778, -51.555833 M + - 09 SC MF766128 

CZFURB 9856 BRA:SC, Água Doce, Campo Eólico -26.997778, -51.555833 - + - 09 SC MF766129 

CZFURB 6086 BRA:SC, Indaial, Parque Nacional da Serra do 

Itajaí 

-26.897778, -49.231944 F - + 10 SC - 

CZFURB 9112 BRA:SC, Indaial, Parque Nacional da Serra do 

Itajaí 

-26.897778, -49.231944 - - + 10 SC - 

CZFURB 9825 BRA:SC, Indaial, Parque Nacional da Serra do 

Itajaí 

-26.897778, -49.231944 - + + 10 SC MF766131 

CZFURB 20520 BRA:SC, Abdon Batista, UHE Garibaldi  -27.610833, -51.022778 - + + 11 SC MF766132 

CZFURB 20541 BRA:SC, Abdon Batista, UHE Garibaldi -27.610833, -51.022778 - + + 11 SC  

CZFURB 15102 BRA:SC, Campo Belo do Sul, Fazenda dos 

Gateados 

-27.962555, -50.823104 M - + 12 SC - 

CZFURB 15106 BRA:SC, Campo Belo do Sul, Fazenda dos 

Gateados 

-27.962555, -50.823104 M + + 12 SC  

CZFURB 15109 BRA:SC, Campo Belo do Sul, Fazenda dos 

Gateados 

-27.962555, -50.823104 M + + 12 SC MF766135 

CZFURB 15112 BRA:SC, Campo Belo do Sul, Fazenda dos 

Gateados 

-27.962555, -50.823104 M - + 12 SC - 

CZFURB 15113 BRA:SC, Campo Belo do Sul, Fazenda dos -27.962555, -50.823104 M - + 12 SC - 
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Gateados 

CZFURB 15136 BRA:SC, Campo Belo do Sul, Fazenda dos 

Gateados 

-27.962555, -50.823104 F - + 12 SC - 

CZFURB 15139 BRA:SC, Campo Belo do Sul, Fazenda dos 

Gateados 

-27.962555, -50.823104 M - + 12 SC - 

CZFURB 15140 BRA:SC, Campo Belo do Sul, Fazenda dos 

Gateados 

-27.962555, -50.823104 M + + 12 SC MF766136 

CZFURB 15154 BRA:SC, Campo Belo do Sul, Fazenda dos 

Gateados 

-27.962555, -50.823104 - + + 12 SC  

CZFURB 15155 BRA:SC, Campo Belo do Sul, Fazenda dos 

Gateados 

-27.962555, -50.823104 M - + 12 SC - 

MCNU 276 BRA:RS, Esmeralda -28.053889, -51.19 M - + 13 SG - 

MCNU 277 BRA:RS, Esmeralda -28.053889, -51.19 M - + 13 SG - 

MCNU 1458 BRA:RS, Esmeralda -28.053889, -51.19 F + + 13 SG  

MCNU 1459 BRA:RS, Esmeralda -28.053889, -51.19 M + + 13 SG  

MCNU 2498 BRA:RS, Vacaria -28.511944, -50.933889 M + + 14 SG MF766137 

MCNU 260 BRA:RS, Cambará do Sul, Parque Nacional 

Aparados da Serra 

-29.191667, -50.0975 M - + 15 SG - 

MCNU 264 BRA:RS, Cambará do Sul, Parque Nacional 

Aparados da Serra 

-29.191667, -50.0975 - - + 15 SG - 

MCNU 265 BRA:RS, Cambará do Sul, Parque Nacional 

Aparados da Serra 

-29.191667, -50.0975 M - + 15 SG - 

MCNU 266 BRA:RS, Cambará do Sul, Parque Nacional 

Aparados da Serra 

-29.191667, -50.0975 M - + 15 SG - 

MCNU 269 BRA:RS, Cambará do Sul, Parque Nacional 

Aparados da Serra 

-29.191667, -50.0975 F - + 15 SG - 

MCNU 270 BRA:RS, Cambará do Sul, Parque Nacional 

Aparados da Serra 

-29.191667, -50.0975 F - + 15 SG - 

MCNU 271 BRA:RS, Cambará do Sul, Parque Nacional 

Aparados da Serra 

-29.191667, -50.0975 M - + 15 SG - 

MCNU 272 BRA:RS, Cambará do Sul, Parque Nacional 

Aparados da Serra 

-29.191667, -50.0975 M - + 15 SG - 

MCNU 1447 BRA:RS, Cambará do Sul, Parque Nacional 

Aparados da Serra 

-29.191667, -50.0975 M - + 15 SG - 

MCNU 1448 BRA:RS, Cambará do Sul, Parque Nacional 

Aparados da Serra 

-29.191667, -50.0975 M - + 15 SG - 

CMLCE-UFRGSAS 05 BRA:RS, Cambará do Sul, Parque Nacional 

Aparados da Serra 

-29.191667, -50.0975 - + - 15 SG MF766138 

CMLCE-UFRGSAS 17 BRA:RS, Cambará do Sul, Parque Nacional 

Aparados da Serra 

-29.191667, -50.0975 - + - 15 SG MF766139 

MCNU 262 BRA:RS, Canela -29.365833, -50.815833 M - + 16 SG - 

MCNU 278 BRA:RS, Canela -29.365833, -50.815833 - - + 16 SG - 

MCNU 3043 BRA:RS, São Francisco de Paula, Pró-Mata -29.428322, -50.259444 M + + 17 SG MF766140 

MCNU 3658 BRA:RS, São Francisco de Paula, Pró-Mata -29.428322, -50.259444 M + + 17 SG MF766142 

MCNU 3656 BRA:RS, São Francisco de Paula, Pró-Mata -29.428322, -50.259444 M - + 17 SG - 

MCNU 3657 BRA:RS, São Francisco de Paula, Pró-Mata -29.428322, -50.259444 M - + 17 SG - 

MCNU 275 BRA:RS, São Francisco de Paula, Pró-Mata -29.428322, -50.259444 M - + 17 SG - 
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MCNU 623 BRA:RS, São Francisco de Paula, Pró-Mata -29.428322, -50.259444 M - + 17 SG - 

MCNU 3006 BRA:RS, São Francisco de Paula, Pró-Mata -29.428322, -50.259444 M - + 17 SG - 

MCNU 3154 BRA:RS, São Francisco de Paula, Pró-Mata -29.428322, -50.259444 M - + 17 SG - 

MCNU 3210 BRA:RS, São Francisco de Paula, Pró-Mata -29.428322, -50.259444 F + - 17 SG MF766141 

CMLCE-UFRGSPM 

104 

BRA:RS, São Francisco de Paula, Pró-Mata -29.428322, -50.259444 - + - 17 SG MF766143 

CMLCE-UFRGSPM 

100 

BRA:RS, São Francisco de Paula, Pró-Mata -29.428322, -50.259444 - + - 17 SG  

CMLCE-UFRGSPM 86 BRA:RS, São Francisco de Paula, Pró-Mata -29.428322, -50.259444 - + - 17 SG  

CMLCE-UFRGSPM 79 BRA:RS, São Francisco de Paula, Pró-Mata -29.428322, -50.259444 - + - 17 SG MF766144 

CMLCE-UFRGSPM 74 BRA:RS, São Francisco de Paula, Pró-Mata -29.428322, -50.259444 - + - 17 SG  

CMLCE-UFRGSPM 47 BRA:RS, São Francisco de Paula, Pró-Mata -29.428322, -50.259444 - + - 17 SG  

CMLCE-UFRGSPM 65 BRA:RS, São Francisco de Paula, Pró-Mata -29.428322, -50.259444 - + - 17 SG  

CMLCE-UFRGSPM 66 BRA:RS, São Francisco de Paula, Pró-Mata -29.428322, -50.259444 - + - 17 SG KJ936958* 

CMLCE-UFRGSPM 70 BRA:RS, São Francisco de Paula, Pró-Mata -29.428322, -50.259444 - + - 17 SG  

CMLCE-UFRGSPM 76 BRA:RS, São Francisco de Paula, Pró-Mata -29.428322, -50.259444 - + - 17 SG  

CMLCE-UFRGSPM 80 BRA:RS, São Francisco de Paula, Pró-Mata -29.428322, -50.259444 - + - 17 SG  

CMLCE-UFRGSPM 87 BRA:RS, São Francisco de Paula, Pró-Mata -29.428322, -50.259444 - + - 17 SG  

CMLCE-UFRGSPM 91 BRA:RS, São Francisco de Paula, Pró-Mata -29.428322, -50.259444 - + - 17 SG  

CMLCE-UFRGSPM 99 BRA:RS, São Francisco de Paula, Pró-Mata -29.428322, -50.259444 - + - 17 SG  

MCNU 2805 BRA:RS, Itati -29.488889, -50.105 F - + 18 SG - 

MCNU 1454 BRA:RS, São Francisco de Assis, Fazendo 

Trevo 

-29.55, -55.130833 M - + 19 SSC - 

MCNU 1455 BRA:RS, São Francisco de Assis, Fazendo 

Trevo 

-29.55, -55.130833 M - + 19 SSC - 

MCNU 1456 BRA:RS, São Francisco de Assis, Fazendo 

Trevo 

-29.55, -55.130833 F - + 19 SSC - 

MCNU 1457 BRA:RS, São Francisco de Assis, Fazendo 

Trevo 

-29.55, -55.130833 M - + 19 SSC - 

MCNU 786 BRA:RS, Manoel Viana -29.588889, -55.482778 F + + 20 SSC  

MCNU 129 BRA:RS, Venâncio Aires -29.605833, -52.191944 F - + 21 CDNS - 

MCNU 200 BRA:RS, Venâncio Aires -29.605833, -52.191944 M - + 21 CDNS - 

MCNU 309 BRA:RS, Venâncio Aires -29.605833, -52.191944 M + + 21 CDNS  

MCNU 311 BRA:RS, Venâncio Aires -29.605833, -52.191944 F - + 21 CDNS - 

FZB-MCN 547 BRA:RS, Montenegro, Nova Paris -29.688889, -51.460833 - - + 22 CDNS - 

MCNU 320 BRA:RS, Cachoeira do Sul -30.038889, -52.893889 M - + 23 CDNS - 

MCNU 3211 BRA:RS, Guaíba -30.113889, -51.325 F + + 24 PLWC  

MCNU 3652 BRA:RS, Guaíba -30.113889, -51.325 M + + 24 PLWC MF766145 

MCNU 3119 BRA:RS, Guaíba -30.113889, -51.325 M + + 24 PLWC  

MCNU 3009 BRA:RS, Guaíba -30.113889, -51.325 F + + 24 PLWC MF766146 

MCNU 3141 BRA:RS, Guaíba -30.113889, -51.325 F + + 24 PLWC MF766147 

MCNU 3146 BRA:RS, Guaíba -30.113889, -51.325 M + + 24 PLWC  
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MCNU 3142 BRA:RS, Guaíba -30.113889, -51.325 M + + 24 PLWC  

MCNU 3212 BRA:RS, Guaíba -30.113889, -51.325 M + + 24 PLWC  

MCNU 3040 BRA:RS, Guaíba -30.113889, -51.325 M - + 24 PLWC - 

MCNU 3229 BRA:RS, Guaíba -30.113889, -51.325 F - + 24 PLWC - 

MCNU 4336 BRA:RS, Guaíba -30.113889, -51.325 M - + 24 PLWC - 

MCNU 3228 BRA:RS, Guaíba -30.113889, -51.325 M + - 24 PLWC  

MCNU 3149 BRA:RS, Guaíba -30.113889, -51.325 M + - 24 PLWC  

MCNU 3653 BRA:RS, Guaíba -30.113889, -51.325 F + - 24 PLWC  

CMLCE-UFRGS 

GUA19 

BRA:RS, Guaíba -30.113889, -51.325 - + - 24 PLWC  

MCNU 1453 BRA:RS, Rosário do Sul -30.257778, -54.913889 F - + 25 SSC - 

MCNU 3144 BRA:RS, Barra do Ribeiro -30.290833, -51.300833 M + + 26 PLWC  

MCNU 3654 BRA:RS, Barra do Ribeiro -30.290833, -51.300833 M + + 26 PLWC  

MCNU 3147 BRA:RS, Barra do Ribeiro -30.290833, -51.300833 F + + 26 PLWC MF766148 

MCNU 3230 BRA:RS, Barra do Ribeiro -30.290833, -51.300833 M + + 26 PLWC MF766149 

MCNU 3039 BRA:RS, Barra do Ribeiro -30.290833, -51.300833 M + + 26 PLWC MF766150 

MCNU 3004 BRA:RS, Barra do Ribeiro -30.290833, -51.300833 M + + 26 PLWC  

MCNU 3140 BRA:RS, Barra do Ribeiro -30.290833, -51.300833 M - + 26 PLWC - 

MCNU 3655 BRA:RS, Barra do Ribeiro -30.290833, -51.300833 F - + 26 PLWC - 

MCNU 4329 BRA:RS, Barra do Ribeiro -30.290833, -51.300833 F - + 26 PLWC - 

MCNU 4330 BRA:RS, Barra do Ribeiro -30.290833, -51.300833 M - + 26 PLWC - 

MCNU 4335 BRA:RS, Barra do Ribeiro -30.290833, -51.300833 F - + 26 PLWC - 

MCNU 3135 BRA:RS, Barra do Ribeiro -30.290833, -51.300833 M + - 26 PLWC MF766151 

MCNU 2166 BRA:RS, São Gabriel -30.335833, -54.32 F + + 27 SSC  

MCNU 1293 BRA:RS, Encruzilhada do Sul -30.543889, -52.521944 F + + 28 CDNS  

MCNU 302 BRA:RS, Sentinela do Sul -30.610833, -51.578889 M - + 29 PLWC - 

MCNU 304 BRA:RS, Sentinela do Sul -30.610833, -51.578889 M - + 29 PLWC - 

MCNU 305 BRA:RS, Sentinela do Sul -30.610833, -51.578889 F + + 29 PLWC  

MCNU 306 BRA:RS, Sentinela do Sul -30.610833, -51.578889 F - + 29 PLWC - 

MCNU 308 BRA:RS, Sentinela do Sul -30.610833, -51.578889 F - + 29 PLWC - 

MCNU 312 BRA:RS, Sentinela do Sul -30.610833, -51.578889 F - + 29 PLWC - 

MCNU 313 BRA:RS, Sentinela do Sul -30.610833, -51.578889 M - + 29 PLWC - 

MCNU 314 BRA:RS, Sentinela do Sul -30.610833, -51.578889 F + + 29 PLWC MF766152 

MCNU 3132 BRA:RS, Tapes -30.669849, -51.429707 M + + 30 PLWC MF766153 

MCNU 3110 BRA:RS, Camaquã -30.850833, -51.811944 F + + 31 PLWC MF766156 

MCNU 3116 BRA:RS, Camaquã -30.850833, -51.811944 F + + 31 PLWC MF766157 

MCNU 3214 BRA:RS, Camaquã -30.850833, -51.811944 M + + 31 PLWC MF766159 

MCNU 3227 BRA:RS, Camaquã -30.850833, -51.811944 F + + 31 PLWC MF766160 

MCNU 3113 BRA:RS, Camaquã -30.850833, -51.811944 F - + 31 PLWC - 
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MCNU 3117 BRA:RS, Camaquã -30.850833, -51.811944 F - + 31 PLWC - 

MCNU 3128 BRA:RS, Camaquã -30.850833, -51.811944 F - + 31 PLWC - 

MCNU 3130 BRA:RS, Camaquã -30.850833, -51.811944 F - + 31 PLWC - 

MCNU 3145 BRA:RS, Camaquã -30.850833, -51.811944 M - + 31 PLWC - 

MCNU 3219 BRA:RS, Camaquã -30.850833, -51.811944 M - + 31 PLWC - 

MCNU 4038 BRA:RS, Camaquã -30.850833, -51.811944 F - + 31 PLWC - 

CMLCE-UFRGSFQ 47 BRA:RS, Camaquã -30.850833, -51.811944 F + - 31 PLWC MF766154 

CMLCE-UFRGSFQ 30 BRA:RS, Camaquã -30.850833, -51.811944 M + - 31 PLWC  

MCNU 3011 BRA:RS, Camaquã -30.850833, -51.811944 F + - 31 PLWC MF766161 

MCNU 3012 BRA:RS, Camaquã -30.850833, -51.811944 F + - 31 PLWC MF766155 

MCNU 3122 BRA:RS, Camaquã -30.850833, -51.811944 M + - 31 PLWC MF766158 

MCNU 3124 BRA:RS, Camaquã -30.850833, -51.811944 F + - 31 PLWC  

MCNU 3133 BRA:RS, Camaquã -30.850833, -51.811944 M + - 31 PLWC  

CZFURB 6250 BRA:RS, Camaquã -30.850833, -51.811944 F + - 31 PLWC MF766162 

CZFURB 6249 BRA:RS, Camaquã -30.850833, -51.811944 F + - 31 PLWC  

FZB-MCN 710 BRA:RS, Dom Pedrito, Fazenda São Martinho -30.975882, -54.666567 - - + 32 SSC - 

FZB-MCN 1011 BRA:RS, Dom Pedrito, Fazenda São Martinho -30.975882, -54.666567 F - + 32 SSC - 

MCNU 4331 BRA:RS, Cristal -31.002778, -52.050 M + + 33 PLWC MF766163 

MCNU 4334 BRA:RS, Cristal -31.002778, -52.050 F - + 33 PLWC - 

CMLCE-UFRGSFQ 63 BRA:RS, Cristal -31.002778, -52.050 M + - 33 PLWC MF766164 

CMLCE-UFRGSFQ 72 BRA:RS, Cristal -31.002778, -52.050 M + - 33 PLWC MF766165 

MCNU 3109 BRA:RS, São Lourenço do Sul -31.365, -51.977778 F + + 34 PLWC MF766167 

MCNU 3123 BRA:RS, São Lourenço do Sul -31.365, -51.977778 F - + 34 PLWC - 

MCNU 3115 BRA:RS, São Lourenço do Sul -31.365, -51.977778 M + + 34 PLWC MF766168 

MCNU 3005 BRA:RS, São Lourenço do Sul -31.365, -51.977778 M - + 34 PLWC - 

MCNU 3010 BRA:RS, São Lourenço do Sul -31.365, -51.977778 - + + 34 PLWC MF766169 

MCNU 3112 BRA:RS, São Lourenço do Sul -31.365, -51.977778 F - + 34 PLWC - 

MCNU 3121 BRA:RS, São Lourenço do Sul -31.365, -51.977778 F - + 34 PLWC - 

MCNU 3134 BRA:RS, São Lourenço do Sul -31.365, -51.977778 M - + 34 PLWC - 

MCNU 3148 BRA:RS, São Lourenço do Sul -31.365, -51.977778 F - + 34 PLWC - 

MCNU 3225 BRA:RS, São Lourenço do Sul -31.365, -51.977778 M + + 34 PLWC MF766166 

MCNU 3226 BRA:RS, São Lourenço do Sul -31.365, -51.977778 F - + 34 PLWC - 

MCNU 2386 BRA:RS, Candiota -31.557778, -53.672778 M - + 35 SSC - 

MCNU 4366 BRA:RS, Candiota -31.557778, -53.672778 M - + 35 SSC - 

MCNU 4367 BRA:RS, Candiota -31.557778, -53.672778 F - + 35 SSC - 

MCNU 4381 BRA:RS, Candiota -31.557778, -53.672778 M - + 35 SSC - 

MCNU 4387 BRA:RS, Candiota -31.557778, -53.672778 M - + 35 SSC - 

MCNU 1352 BRA:RS, Pedras Altas -31.732778, -53.583889 M + + 36 SSC  

MCNU 1353 BRA:RS, Pedras Altas -31.732778, -53.583889 M + + 36 SSC  
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MCNU 1354 BRA:RS, Pedras Altas -31.732778, -53.583889 F + + 36 SSC  

MCNU 1355 BRA:RS, Pedras Altas -31.732778, -53.583889 F + + 36 SSC  

MCNU 1356 BRA:RS, Pedras Altas -31.732778, -53.583889 M + + 36 SSC  

MCNU 1357 BRA:RS, Pedras Altas -31.732778, -53.583889 F + + 36 SSC  

MCNU 1358 BRA:RS, Pedras Altas -31.732778, -53.583889 M + + 36 SSC  

MCNU 1359 BRA:RS, Pedras Altas -31.732778, -53.583889 F + + 36 SSC  

MCNU 3223 BRA:RS, Pelotas, Horto-Botânico Irmão 

Teodoro Luís 

-31.771944, -52.342778 M + + 37 PLWC MF766172 

MCNU 3041 BRA:RS, Pelotas, Horto-Botânico Irmão 

Teodoro Luís 

-31.771944, -52.342778 M + + 37 PLWC MF766173 

MCNU 3042 BRA:RS, Pelotas, Horto-Botânico Irmão 

Teodoro Luís 

-31.771944, -52.342778 F + + 37 PLWC MF766174 

MCNU 3176 BRA:RS, Pelotas, Horto-Botânico Irmão 

Teodoro Luís 

-31.771944, -52.342778 M - + 37 PLWC - 

CMLCE-UFRGS PL300 BRA:RS, Pelotas, Horto-Botânico Irmão 

Teodoro Luís 

-31.771944, -52.342778 - + - 37 PLWC  

CMLCE-UFRGS PL200 BRA:RS, Pelotas, Horto-Botânico Irmão 

Teodoro Luís 

-31.771944, -52.342778 - + - 37 PLWC  

MCNU 3014 BRA:RS, Rio Grande, Mata da Estrada Velha -32.035, -52.098889 F + + 38 SCP MF766176 

MCNU 1467 BRA:RS, Rio Grande, Mata da Estrada Velha -32.035, -52.098889 M - + 38 SCP - 

MCNU 1737 BRA:RS, Rio Grande, Mata da Estrada Velha -32.035, -52.098889 F - + 38 SCP - 

MCNU 1739 BRA:RS, Rio Grande, Mata da Estrada Velha -32.035, -52.098889 M - + 38 SCP - 

MCNU 1795 BRA:RS, Rio Grande, Mata da Estrada Velha -32.035, -52.098889 M - + 38 SCP - 

MCNU 1796 BRA:RS, Rio Grande, Mata da Estrada Velha -32.035, -52.098889 M - + 38 SCP - 

MCNU 1798 BRA:RS, Rio Grande, Mata da Estrada Velha -32.035, -52.098889 F - + 38 SCP - 

MCNU 1799 BRA:RS, Rio Grande, Mata da Estrada Velha -32.035, -52.098889 F - + 38 SCP - 

CMLCE-UFRGSMEV 

01 

BRA:RS, Rio Grande, Mata da Estrada Velha -32.035, -52.098889 M + - 38 SCP MF766175 

MCNU 3660 BRA:RS, Rio Grande, APA Lagoa Verde -32.139934, -52.181064 M + + 39 SCP MF766178 

MCNU 3661 BRA:RS, Rio Grande, Estação Ecológica do 

Taim 

-32.532753, -52.486550 M - + 40 SCP - 

MCNU 3131 BRA:RS, Rio Grande, Estação Ecológica do 

Taim 

-32.532753, -52.486550 M + + 40 SCP MF766177 

MCNU 4368 BRA:RS, Chuí -33.690833, -53.456944 M - + 41 SCP - 

MCNU 4369 BRA:RS, Chuí -33.690833, -53.456944 F - + 41 SCP - 

MCNU 4370 BRA:RS, Chuí -33.690833, -53.456944 M - + 41 SCP - 

MCNU 4372 BRA:RS, Chuí -33.690833, -53.456944 F - + 41 SCP - 

MCNU 4382 BRA:RS, Chuí -33.690833, -53.456944 M - + 41 SCP - 

MCNU 4384 BRA:RS, Chuí -33.690833, -53.456944 F - + 41 SCP - 

MCNU 4386 BRA:RS, Chuí -33.690833, -53.456944 M - + 41 SCP - 

FMNH 27652 URU:San Jose, Azarati,  Ecilda (South) -34.555727, -56.995273 M - + 42 UY - 

MNHN SN CA 614 URU:Rocha, Ruta 15 km 10 Arroyo la Paloma -34.583004, -54.178482 - + + 43 UY MF766186 

MNHN SN CA 617 URU:Rocha, Ruta 15 km 10 Arroyo la Paloma -34.583004, -54.178482 - - + 43 UY - 
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MNHN 4281 CA 680 URU:Maldonado, El Renegado, 3 km E Pan 

de Azúcar 

-34.766667, -55.200000 - - + 44 UY - 

MNHN 3855 CA 695 URU:Maldonado, Las Flores, Arroyo Tararias -34.783273, -55.334011 - + + 45 UY AF175287 

FMNH 29250 URU:Maldonado, San Fernando de 

Maldonado 

-34.908825, -54.958086 M - + 46 UY - 

FMNH 29253 URU:Maldonado, San Fernando de 

Maldonado 

-34.908825, -54.958086 F - + 46 UY - 

MVZ 182701 CA459 URU:Maldonado, Km 10 on Ruta 39 N of 

Maldonado, El Penasco  

-34.816670, -54.950000 F + + 47 UY AF175286 

MHNCI 4605 BRA:PR, Quatro Barras, Fazenda Três 

Pinheiros 

-25.365833, -49.076944 M + - 48 PR  

MHNCI 4607 BRA:PR, Quatro Barras, Fazenda Três 

Pinheiros 

-25.365833, -49.076944 F + - 48 PR MF766110 

MHNCI 4608 BRA:PR, Quatro Barras, Fazenda Três 

Pinheiros 

-25.365833, -49.076944 F + - 48 PR MF766111 

UFPR SCB-P42 BRA:PR, Piraquara -25.441944, -49.062778 F + - 49 PR MF766112 

UFPR SCB-P50 BRA:PR, Piraquara -25.441944, -49.062778 M + - 49 PR  

UFPR SCB-P53 BRA:PR, Piraquara -25.441944, -49.062778 M + - 49 PR MF766113 

UFPR SCB-P54 BRA:PR, Piraquara -25.441944, -49.062778 F + - 49 PR  

UFPR SCB-P56 BRA:PR, Piraquara -25.441944, -49.062778 M + - 49 PR MF766114 

UFPR SCB-P59 BRA:PR, Piraquara -25.441944, -49.062778 F + - 49 PR MF766115 

UFPR SCB-P60 BRA:PR, Piraquara -25.441944, -49.062778 F + - 49 PR MF766116 

UFPR SCB-P62 BRA:PR, Piraquara -25.441944, -49.062778 M + - 49 PR MF766117 

UFPR SCB-P65 BRA:PR, Piraquara -25.441944, -49.062778 M + - 49 PR MF766118 

MHNCI 4951 BRA:SC, Ponta Alta do Norte, Fazenda Rio 

das Pedras 

-27.157778, -50.463889 M + - 50 SC MF766130 

CMLCE-UFRGSHFE 

02 

BRA:RS, Erechim -27.633889, -52.273889 F + - 51 SG MF766133 

CMLCE-UFRGSHFE 

03 

BRA:RS, Erechim -27.633889, -52.273889 F + - 51 SG  

CMLCE-UFRGSHFE 

04 

BRA:RS, Erechim -27.633889, -52.273889 M + - 51 SG MF766134 

CMLCE-UFRGSHFE 

05 

BRA:RS, Erechim -27.633889, -52.273889 M + - 51 SG  

CMLCE-UFRGSALL12 BRA:RS, Bagé -31.330833, -54.106944 - + - 52 SSC MF766170 

CMLCE-UFRGSALL13 BRA:RS, Bagé -31.330833, -54.106944 - + - 52 SSC MF766171 

CMLCE-UFRGSPOS 

18 

BRA:RS, Pedro Osório, Arroio Moreira -31.863889, -52.822778 F + - 53 SSC MF766179 

CMLCE-UFRGSPOS 

20 

BRA:RS, Pedro Osório, Arroio Moreira -31.863889, -52.822778 M + - 53 SSC MF766180 

CMLCE-UFRGSPOS 

25 

BRA:RS, Pedro Osório, Arroio Moreira -31.863889, -52.822778 F + - 53 SSC MF766181 

CMLCE-UFRGSPOS 

27 

BRA:RS, Pedro Osório, Arroio Moreira -31.863889, -52.822778 F + - 53 SSC MF766182 

CMLCE-UFRGSHL 01 BRA:RS, Herval -32.023889, -53.395833 - + - 54 SSC MF766183 

MNHN SN SCV 108 URU:Rocha, Refugio de Fauna Laguna de 

Castillos 

-34.35, -53.866667 F + - 55 UY MF766184 
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MNHN SN SCV 110 URU:Rocha, Refugio de Fauna Laguna de 

Castillos 

-34.35, -53.866667 M + - 55 UY MF766185 

MNHN SN GD 577 URU:Rocha, Route 9, km304.800 -34.357743, -54.064845 - + - 56 UY DQ518258 

MNHN 5615 

(EMG1567) 

URU:Canelones, Balnerio San Luis -34.770278, -55.588333 M + - 57 UY MF766188 

MNHN 5617 

(EMG1571) 

URU:Canelones, Balnerio San Luis -34.770278, -55.588333 M + - 57 UY  

MNHN SN EMG 1809 URU:Rocha, Parque Santa Teresa, Playa 

Grande 

-34.008180, -53.552735 F + - 58 UY  

MNHN SN EMG 1096 URU:Treinta y Tres, Quebrada de Los 

Cuervos 

-32.9275, -54.456944 F + - 59 UY  

MNHN SN EMG 1097 URU:Treinta y Tres, Quebrada de Los 

Cuervos 

-32.9275, -54.456944 M + - 59 UY  

MCNU 1321 BRA:RS, Jaguarão -32.565833, -53.375833 M + - 60 SSC  

MNHN SN GD 723 URU:Maldonado, La Barra, Barra del Arroyo 

Maldonado 

-34.915632, -54.865456 M + - 61 UY MF766187 
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Appendix S2. Description of landmarks digitized used in skulls for dorsal and ventral view. 

 

Description of landmarks of skull dorsal view: 

1: anteriormost point of suture between nasals; 

2-3: anteriormost point of suture between nasal and premaxilla; 

4-5: anteriormost margin of the maximum constriction of squamosal root of zygomatic arch; 

6-7: lateralmost point of the Anterolateral tip of interparietal bone sutures; 

8: posteriormost point of occipital margin; 

9: suture between parietals and interparietal; 

10: suture between frontals and parietals; 

11: suture between nasals and frontals; 

12-13: length margim of maximum constriction of interorbital region (frontal); 

14-15: posteriormost margin of maximum constriction of antorbital bridge. 

 

Description of landmarks of skull-ventral view: 

1: anteriormost point of the suture between nasals; 

2-3: lateralmost point of the alveolus of the incisor; 

4-5: anterodorsal tip of zygomatic plate; 

6-7: anteriormost margin of the maximum zygomatic plate posterior constriction; 

8-9: posteriormost margin of the maximum anterior constriction of squamosal root of zygomatic;  

10-11: anteriormost margin of the occipital condyle; 

12: posteriormost point of foramen magnum; 

13: anteriormost point of inferior margin of foramen Magnum. 

14-15: basis length of suture between basisphenoid and basiocciptal; 

16: posteriormost point of suture between palatines and anterior border of mesopterygoid fossa;  

17-18: posteriormost margin of third molar; 

19-20: anteriormost margin of first molar alveolus; 

21-22: posteriormost margin of incisive foramen; 

23-24: anteriormost margin of incisive foramen; 

25-26: posteriormost margin of the masseteric tubercle. 
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Appendix S3. Description of all the environmental attributes used in each sampling point in this work. 

Abbreviations: sampling points (P), topography (m), net primary productivity (NPP), BIO12 = annual precipitation 

(mm), BIO10 = mean temperature warmest quarter, BIO11 = mean temperature coldest quarter. N/A: not 

available.  

P Localities Approximate Coordinates (m) (NPP) 
BIO12 

(mm)  

BIO10 

(°C) 

BIO11 

(°C) 

1 BRA:PR, Castro, Parque Florestal de Caxambu -24..790891, -50.012062 1045 1,085000 1539 20 13,4 

2 BRA:PR, Ponta Grossa, Parque Estadual de Vila Velha -25.24.4064, -50.022787 841 1,098000 1475 21,3 14,3 

3 BRA:PR, Curitiba*, Pq. Reg. do Iguaçu/Res. Bio. do Cambuí -25.522947, -49.222987 897 1,126000 1296 20 13,2 

4 BRA:PR, Araucária*, Thomaz Coelho/Repar -25.540142, -49.355415 901 1,126000 1327 20,1 13,1 

5 BRA:PR, Candói, UHE Santa Clara -25.570833, -52.052778 830 1,136000 1775 21 13,4 

6 BRA:PR, São José dos Pinhais, Barro Preto -25.5799, -49.175373 897 1,126000 1296 20 13,2 

7 BRA:PR, São Matheus do Sul, Fazenda do Durgo -25.873889, -50.382778 788 1,098000 1487 20,9 12,9 

8 BRA:SC, São Domingos*, Aheqq/PCH Luzia Alto -26.616388, -52.538866 623 1,126000 2083 22 14,1 

9 BRA:SC, Água Doce, Campo Eólico -26.997778, -51.555833 1105 1,111000 1889 193 11,6 

10 BRA:SC, Indaial, Parque Nacional da Serra do Itajaí -26.897778, -49.23.1944 179 1,116000 1601 23,5 16,3 

11 BRA:SC, Abdon Batista, UHE Garibaldi -27.610833, -51.022778 836 1,111000 1739 20,2 12,3 

12 BRA:SC, Campo Belo do Sul, Fazenda dos Gateados -27.962555, -50.823.104 943 1,136000 1629 19,8 12,2 

13 BRA:RS, Esmeralda -28.053889, -51.19 879 1,138000 1750 20,1 12,6 

14 BRA:RS, Vacaria -28.511944, -50.933889 877 1,164000 1782 19,8 12,6 

15 BRA:RS, Cambará do Sul, Parque Nacional Aparados da Serra -29.191667, -50.0975 672 1,109000 1781 19,8 12,7 

16 BRA:RS, Canela -29.365833, -50.815833 514 1,109000 1829 21 13,5 

17 BRA:RS, São Francisco de Paula, Pró-Mata -29.428322, -50.259444 751 1,109000 1922 19,5 12,2 

18 BRA:RS, Itati -29.488889, -50.105 563 1,109000 1749 20,2 13 

19 BRA:RS, São Francisco de Assis, Fazendo Trevo -29.55, -55.130833 136 1,016000 1705 24,1 14,3 

20 BRA:RS, Manoel Viana -29.588889, -55.482778 98 1,016000 1689 24,2 14 

21 BRA:RS, Venâncio Aires -29.605833, -52.191944 103 1,052000 1298 23,2 152 

22 BRA:RS, Montenegro, Nova Paris -29.688889, -51.460833 32 1,079000 1404 23,4 153 

23 BRA:RS, Cachoeira do Sul -30.038889, -52.893889 44 1,103000 1412 23,2 152 

24 BRA:RS, Guaíba -30.113889, -51.325 34 1,060000 1409 23,3 150 

25 BRA:RS, Rosário do Sul -30.257778, -54.913889 107 0,976000 1534 23,8 14,1 

26 BRA:RS, Barra do Ribeiro -30.290833, -51.300833 5 1,060000 1395 23,5 15,0 

27 BRA:RS, São Gabriel -30.335833, -54.32 148 0,976000 1483 23,1 14,3 

28 BRA:RS, Encruzilhada do Sul -30.543889, -52.521944 356 1,103000 1511 21,6 13,6 

29 BRA:RS, Sentinela do Sul -30.610833, -51.578889 102 1,060000 1402 22,8 14,5 

30 BRA:RS, Tapes -30.669849, -51.429707 9 1,060000 1391 23,2 14,7 

31 BRA:RS, Camaquã -30.850833, -51.811944 22 1,060000 1375 23,1 14,6 
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32 BRA:RS, Dom Pedrito, Fazenda São Martinho -30.975882, -54.666567 191 0,976000 1343 22,7 13,7 

33 BRA:RS, Cristal -31.002778, -52.050 53 1,039000 1391 23 14,2 

34 BRA:RS, São Lourenço do Sul -31.365, -51.977778 7 1,039000 1359 23,2 14 

35 BRA:RS, Candiota -31.557778, -53.672778 186 1,000000 1228 22 13,4 

36 BRA:RS, Pedras Altas -31.732778, -53.583889 296 1,000000 1287 21,5 12,7 

37 BRA:RS, Pelotas, Horto-Botânico Irmão Teodoro Luís -31.771944, -52.342778 18 1,039000 1382 22,8 13,3 

38 BRA:RS, Rio Grande, Mata da Estrada Velha -32.035, -52.098889 4 N/A 1212 23,1 13,5 

39 BRA:RS, Rio Grande, APA Lagoa Verde -32.139934, -52.181064 6 N/A 1251 22,9 13,3 

40 BRA:RS, Rio Grande, Estação Ecológica do Taim -32.532753, -52.486550 12 N/A 1222 22,3 13,1 

41 BRA:RS, Chuí -33.690833, -53.456944 10 1,017000 1166 20,9 12,4 

42 URU:San Jose, Azarati,  Ecilda (South) -34.555727, -56.995273 19 0,905000 1091 22,7 11,2 

43 URU:Rocha, Ruta 15 km 10 Arroyo la Palma -34.583004, -54.178482 12 1,027000 1091 21,1 11,5 

44 URU:Maldonado, El Renegado 3 km E, Pan de Azucar  -34.766667, -55.200000 82 0,933000 1107 21,6 11,6 

45 URU:Maldonado, Las Flores [Tararias] -34.783273, -55.334011 40 0,933000 1100 22 11,7 

46 URU:Maldonado, San Fernando de Maldonado -34.908825, -54.958086 15 1,027000 1043 21,4 11,9 

47 URU:Maldonado, Km 10 on Ruta 39 N of Maldonado, El Penasco -34.816670, -54.950000 30 1,027000 1089 21,5 11,8 

48 BRA:PR, Quatro Barras, Fazenda Três Pinheiros -25.365833, -49.076944 941 1,126000 1557 20,1 13,3 

49 BRA:PR, Piraquara -25.441944, -49.062778 941 1,126000 1557 20,1 13,3 

50 BRA:SC, Ponta Alta do Norte, Fazenda Rio das Pedras -27.157778, -50.463889 1045 1,136000 1636 18,7 11,3 

51 BRA:RS, Erechim -27.633889, -52.273889 694 1,094000 1856 21,4 14 

52 BRA:RS, Bagé -31.330833, -54.106944 175 0,956000 1283 22 13,2 

53 BRA:RS, Pedro Osório, Arroio Moreira -31.863889, -52.822778 33 1,039000 1325 22,7 13,3 

54 BRA:RS, Herval -32.023.889, -53.395833 207 0,997000 1279 21,7 12,5 

55 URU:Rocha, Refugio de Fauna Laguna de Castillos -34.35, -53.866667 7 N/A 1113 21 11,8 

56 URU:Rocha, Route 9, km304.800 -34.357743, -54.064845 18 1,027000 1112 21,1 11,6 

57 URU:Canelones, Balnerio San Luis -34.770278, -55.588333 38 0,933000 1091 22,1 11,5 

58 URU:Rocha, Parque Santa Teresa, Playa Grande -34.008180, -53.552735 18 1,017000 1142 20,9 12,2 

59 URU:Treinta y Tres, Quebrada de Los Cuervos -32.9275, -54.456944 170 1,017000 1260 22,5 11,6 

60 BRA:RS, Jaguarão -32.565833, -53.375833 17 0,997000 1220 22,3 12,9 

61 URU:Maldonado, La Barra, Barra del Arroyo Maldonado -34.915632, -54.865456 15 1,027000 1043 21,4 11,9 
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Appendix S4. Description of all Tukey’s test on Ventral – Size.  

*P =<0.05; **P =<0.10. 

Population differences lower upper P adj 

PR-CDNS 0.225396006 -0.0907795673 0.5415715798 0.3649583 

PLWC-CDNS -0.015812821 -0.3113889058 0.2797632638 0.9999998 

SC-CDNS 0.165114291 -0.1540542218 0.4842828032 0.7577746 

SG-CDNS 0.209631924 -0.1052107750 0.5244746221 0.4567409 

SCP-CDNS -0.065857983 -0.3952075390 0.2634915726 0.9986694 

SSC-CDNS 0.009115505 -0.3117411037 0.3299721135 1 

UY-CDNS -0.172235918 -0.5549055213 0.2104336854 0.8651026 

*PLWC-PR -0.241208827 -0.4176565196 -0.0647611348 0.0011061 

SC-PR -0.060281716 -0.2739101445 0.1533467133 0.9886855 

SG-PR -0.015764083 -0.2228739355 0.1913457701 0.9999980 

*SCP-PR -0.291253989 -0.5198140388 -0.0626939401 0.0032441 

*SSC-PR -0.216280501 -0.4324228839 -0.0001381187 0.0497255 

*UY-PR -0.397631924 -0.6979727166 -0.0972911317 0.0018396 

**SC-PLWC 0.180927112 -0.0008291379 0.3626833611 0.0519977 

*SG-PLWC 0.225444745 0.0513967060 0.3994927830 0.0025581 

SCP-PLWC -0.050045162 -0.2491379164 0.1490475919 0.9943716 

SSC-PLWC 0.024928326 -0.1597761898 0.2096328416 0.9999012 

UY-PLWC -0.156423097 -0.4349959245 0.1221497305 0.6728533 

SG-SC 0.044517633 -0.1671331105 0.2561683763 0.9981593 

**SCP-SC -0.230972274 -0.4636549811 0.0017104333 0.0532523 

SSC-SC -0.155998786 -0.3764961227 0.0644985512 0.3750500 

*UY-SC -0.337350209 -0.6408401387 -0.0338602785 0.0179287 

*SCP-SG -0.275489907 -0.5022025612 -0.0487772523 0.0062072 

SSC-SG -0.200516419 -0.4147043293 0.0136714921 0.0847232 

*UY-SG -0.381867841 -0.6808051646 -0.0829305184 0.0031324 

SSC-SCP 0.074973488 -0.1600194184 0.3099663947 0.9769462 

UY-SCP -0.106377935 -0.4205573870 0.2078015175 0.9678819 

UY-SSC -0.181351423 -0.4866161630 0.1239133173 0.6060006 
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S1 Figure. Position of the landmarks (circles) digitized on the dorsal (A) and ventral (B), views of 

the O. nasutus skull. A description of each landmark is presented in Appendix S2. 
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S2 Figure. Isolation by distance among O. nasutus clusters (R² = 0.1225). Isolation by distance for 

eight populations defined of Darwin’s Hocicudo analyzed, as shown by the correlation of genetic 

distances (FST) and geographic distances (Mantel test).  
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Table S1. Description of each population sampling from skulls and mtDNA 

sequences evaluated in this study. 

 

 
Population (N total) Skulls (N) Cytb haplotypes (N) 

Paraná N = 44 25 32 

Santa Catarina N = 26 23 12 

Serra Geral N = 47 26 26 

Central Depression Northern Shield N = 07 07 02 

Patos Lagoon West Coast  N = 77 59 47 

Southern Shield Campanha N = 30 22 18 

Uruguay N = 17 08 12 

Southern Coastal Plain N = 19 18 04 

Total N = 267 188 153 
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Table S2. Genetic divergence (using p-distance) between pairs of Cytb 

haplotypes recovered from eight population of Oxymycterus nasutus. 

 
 

Population 1 2 3 4 5 6 7 

1. PR —       

2. SC 0.0108 —      

3. SG 0.0055 0.0071 —     

4. CDNS 0.0130 0.0105 0.0097 —    

5. PLWC 0.0137 0.0123 0.0106 0.0039 —   

6. SSC 0.0162 0.0137 0.013 0.0084 0.0104 —  

7. UY 0.0202 0.0178 0.017 0.0151 0.0171 0.0119 — 

8. SCP 0.0165 0.0144 0.0133 0.0163 0.0181 0.0182 0.0233 
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Table S3. R2 (upper), F (bottom) values and significance levels of pairwise 

MANOVA analysis of variation in Oxymycterus nasutus skull shape among eight 

populations in southern Brazil and Uruguay, for dorsal and ventral views (*P < 

0.05; **P < 0.01; ***P < 0.001). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DORSAL PR SC SG CDNS PLWC SSC SCP 

PR -       

SC 0.075519 

3.7576 

** 
- 

     

SG 0.056153 

2.9152 

* 

0.043548  

2.1399 

* 
- 

    

CDNS 0.11193 

3.7813 

** 

0.16825 

5.6638 

*** 

0.1635 

 6.059 

*** 
- 

   

PLWC 0.074351 

6.5865 

*** 

0.092718  

8.1755 

*** 

0.11623  

10.916 

*** 

0.035551  

2.3592 

* 
- 

  

SSC 0.043187 

2.0311 

 

0.13267  

6.5774 

*** 

0.11556 

 6.0101 

*** 

0.11706 

3.5795 

*** 

0.052884 

4.4111 

** 
- 

 

SCP 0.11459 

5.3061 

*** 

0.19298 

 9.3259 

*** 

0.19142 

 9.9427 

*** 

0.077657 

1.9365 

 

0.030298 

2.3434 

* 

0.078197 

3.2236 

** 
- 

UY 0.12998 

4.6312 

** 

0.27586 

 11.047 

*** 

0.25123  

10.737 

*** 

0.21003 

 3.4564 

 ** 

0.081535  

5.7702 

*** 

0.12206  

3.893 

** 

0.13354  

3.6989 

** 

VENTRAL PR SC SG CDNS PLWC SSC SCP 

PR -       

SC 0.066963 

3.3014 

** 

-      

SG 0.081355 

4.3395 

*** 

0.094561 

4.9085 

*** 

-     

CDNS 0.057095 

1.8166 

0.063979  

1.9139 

0.09685  

3.3243 

** 

-    

PLWC 0.076432 

6.7861 

*** 

0.078267  

6.793 

*** 

0.14222 

13.761 

*** 

0.01661 

1.0813 

-   

SSC 0.097181 

4.8439 

*** 

0.056792  

2.5891 

* 

0.093395  

4.7388 

*** 

0.04718 

1.337 

0.044764  

3.702 

** 

-  

SCP 0.15722 

7.6485 

*** 

0.1222 

 5.4291 

*** 

0.19183 

9.9693 

*** 

0.06429  

1.5802 

0.051181  

4.0457 

*** 

0.058577 

2.3644 

* 

- 

UY 0.18168 

6.8825 

*** 

0.19285 

 6.9289 

*** 

0.28007  

12.449 

*** 

0.10677  

1.554 

0.0667  

4.6453 

*** 

0.15253 

 5.0396 

*** 

0.11299  

3.0572 

** 
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Table S4. Matrix of pairwise FST (below diagonal) and P significance (above diagonal) among 

eight populations of Oxymycterus nasutus in South America grasslands. 

 
Populations PR SC SG CDNS PLWC SSC SCP UY 

PR * + + + + + + + 

SC 0.53964 * + + + + + + 

SG 0.40920 0.43461 * + + + + + 

CDNS 0.69180 0.49953 0.69296 * - - - + 

PLWC 0.67358 0.62591 0.64827 0.02657 * + + + 

SSC 0.54508 0.36793 0.49478 0.04519 0.36297 * + + 

SCP 0.84262 0.76119 0.85387 0.93043 0.81073 0.61969 * + 

UY 0.77622 0.65315 0.76891 0.70233 0.74533 0.36870 0.85395 * 

(+) = P < 0.05; (-) = non-significant. 
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SUPPLEMENTARY DATA 

 

Supplementary Data SD1.—Specimens examined for genealogical analyses. 
 

Specimens examined for genealogical analyses. — The specimens examined belong to the 

following collections: CML, Colección de Mamíferos “Lillo”, Universidad Nacional de Tucumán, 

San Miguel de Tucumán (Argentina); CMLCE-UFRGS, Mastozoological Collection of the 

Cytogenetic Laboratory and Evolution at the Universidade Federal do Rio Grande do Sul, Porto 

Alegre (Brazil); CNP, Colección de Mamíferos del Centro Nacional Patagónico, Puerto Madryn 

(Argentina); CZFURB, Coleção Zoológica da Universidade Regional de Blumenau, Blumenau 

(Brazil); DZUP/CCMZ, Departamento de Zoologia da Universidade Federal do Paraná, Curitiba 

(Brazil); FMNH, Field Museum of Natural History, Chicago (USA); BM, British Museum, London 

(United Kingdom); MCNU, Museu de Ciências Naturais da Universidade Luterana do Brasil, 

Canoas (Brazil); MHNCI, Museu de História Natural “Capão da Imbuía”, Curitiba (Brazil); MLP, 

BAL [La Balandra], AC [Achala], PY [Papagayos] and UP [Ulyses Pardiñas], Museo de la Plata, 

La Plata (Argentina); MN [LG, ML, PGR], Museu Nacional, Universidade federal do Rio de 

Janeiro, Rio de Janeiro (Brazil); MNHNP [TK], Museo Nacional de Historia Natural del Paraguay, 

San Lorenzo (Paraguay); MSB [NK], Museum of Southwestern Biology, University of New 

Mexico, Albuquerque (USA);MVZ, Museum of Vertebrate Zoology, University of California at 

Berkeley, Berkeley (USA); MZUFV, Museu de Zoologia ‘‘João Moojen de Oliveira’’, 

Universidade Federal de Viçosa, Viçosa (Brazil); MZUSP, Museu de Zoologia da Universidade de 

São Paulo, São Paulo (Brazil); OMNHN, Sam Noble Oklahoma Museum of Natural History, 

University of Oklahoma, Norman (USA); TTU [TK], Museum of Texas Tech University, Lubbock 

(USA); UFES, Coleção Científica da Universidade Federal do Espírito Santo, Vitória (Brazil); 

MNHN, Museo Nacional de Historia Natural [of Uruguay], Montevideo (Uruguay); UFMG [LPC], 

Universidade Federal de Minas Gerais, Belo Horizonte (Brazil); UFPR-P, Departmento de Genética 

da Universidade Federal do Paraná, Curitiba (Brazil); UMMZ, University of Michigan, Museum of 

Zoology, Ann Arbor (USA); USNM, Smithsonian National Museum of Natural History, 

Smithsonian Institution, Washington (USA). Field numbers are uses when museums or scientific 

collections numbers were not available. Taxonomic arrangement follows Oliveira and Gonçalves 

(2015). Localities and specimens are listed after species assignments. Genbank accessions in 

brackets. Sequences generated in this study indicated in bold. 

 

Oxymycterus amazonicus. BRAZIL: Pará (state): Cachoeira do Espelho, Rio Xingu —MZUSP 

21317 [AF454765]; Altamira, 52 SSW, E Bank Rio Xingu — USNM 549815 [MF110476]. 
 

Oxymycterus delator. PARAGUAY: Canindeyu (department): 13.3km N Curuguaty by Road — 

MVZ 193002 [MK331139], UMMZ 133939 [U03525], UMMZ 137077 [AF454766]; Estancia 

Felicidad — UMMZ 175101 [AY275125]; Itapúa (department): Estancia San Isidro — MNHNP 

2914 [DQ518256]; BRAZIL: Minas Gerais (state): Fazenda São Luis, 30 km N Barra do Garças — 

MVZ 197931 [MF110478]; Mato Grosso (state), Barra do Garças, 30 km N Fazenda São Luis — 

LPC481 [AF454767]. 

 

Oxymycterus itapeby. BRAZIL: São Paulo (state): Itapevi, Condomínio Transurb —MHNCI 3593 

[MK331136 / MK331149], MHNCI 3595 [MK331137 / MK331150]; Paraná (state): Jaguariaíva, 

Fazenda Chapada Santo Antônio — MHNCI 1704 [MK331135 / MK331148]; Fazenda Banestado 

Cajuru — MHNCI 5140 [MK331133], MHNCI 5141 [MK331134]. 
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Oxymycterus hiska. PERU: Puno (department); Puno, 14 km W of Yanahuaya —MVZ 171518 

[U03542]. 

 

Oxymycterus dasytrichus. BRAZIL: Santa Catarina (state): Itapoá, Porto de Itapoá —CZFURB 

18669 [KU161271], CZFURB 18828 [MK331147]; Paraná (state); Antonina, basin of the Rio 

Nunes — UFPR-P177 [KU161272], Guaraqueçaba, Massarapuã — UFPR-P757 [KU161275], 

Guaraqueçaba, Índios — UFPR-P752 [KU161273],  UFPR-P754 [KU161274], UFPR-P760 

[KU161276]; São Paulo (state); Capão Bonito, Fazenda Intervales, Base do Carmo — MVZ 183125 

[AF454768], MVZ 183126 [AF454769], MVZ 183127 [KY754090], MVZ 193008 [KY754091]; 

Salesópolis, Estação Biológica de Boraceia — MVZ 193005 [AF454770]; Rio de Janeiro (state): 

Angra dos Reis, Ilha Grande — MN 62254 [AF516662], MN 62258 [AF516663], MN 62259 

[AF516664]; Paraty, Tarituba — MN62260 [AF516665]; Espírito Santo (state): Venda Nova do 

Imigrante — MN65536 [AF516657]; Santa Tereza — ML125 [AF454771]; Minas Gerais (state): 

Viçosa — MN65534 [AF516659], MZUFV 659 [AF516658]. 

 

Oxymycterus josei. URUGUAY: Maldonado (department): Maldonado, Las Flores —MVZ 183264 

[AF175288], MVZ 183265 [AF175289], MVZ 193035 [MF110481], MVZ 193036 [MK331138]. 

 

Oxymycterus nasutus. BRAZIL: Paraná (state): São José dos Pinhais, Barro Preto — UFPRP1055 

[MK331145]; Santa Catarina (state); Campo Belo do Sul, Fazenda Gateados — CZFURB 15140 

[MK331141]; Água Doce — CZFURB 9365 [MK331142]; Rio Grande do Sul (state): São 

Francisco de Paula, Pró-Mata — MCNU 3210 [MK331143]; Guaíba — MCNU 3228 [MK331144]; 

Rio Grande, Mata da Estrada Velha — CMLCE/MEV01 [MK331140]; URUGUAY: Maldonado, 

km 10 on Ruta 39 N of Maldonado, El Peñasco — MVZ 182701 [KY754092]. 

 

Oxymycterus quaestor. BRAZIL: Rio de Janeiro (state): Teresópolis — MN65543 [AF516661], MN 

65544 [AF516660]; Nova Friburgo, Sitio Xitaca — LG41 [AF454772]; São Paulo (state): Capão 

Bonito, Fazenda Intervales, Base do Carmo — MVZ 183129 [AF454774], MVZ 183128 

[AF454773]; Santa Catarina (state): Itá, Usina Hidrelétrica Itá — CZFURB 0901 [MK331146]; 

Indaial, Parque Nacional da Serra do Itajaí, Parque das Nascentes, Vale do Espingarda — CZFURB 

5005 [MK331150]; PARAGUAY: Alto Paraná (department), Colonia Britez Cue — TK121751 

(TTU catalogue number unavailable) [EU449517]; ARGENTINA: Misiones (province): Reserva 

Privada “Valle del arroyo Cuña Pirú,” Balneario Arroyo Cuña Pirú — CNP 851 [DQ518257]. 

 

Oxymycterus rufus. BRAZIL: Minas Gerais (state): Viçosa — PRG1013 [AF516651], PRG903 

[AF516652], MN65522 [AF516654], MZUFV713 [AF516653]; ARGENTINA: Buenos Aires 

(province): Ensenada — MN65538 [AF516655]; Berisso— BAL000511 (MLP) [AF454777]; 

Berisso, La Balandra, Club de Pesca La Terraza — CNP 5248 (UP33) [AY275127]; Córdoba 

(province): Río Cuarto, 2 km S Espinillo — TTU 66588 (TK49118) [AF454775], TTU 66589 

(TK49119) [AF454776]; Calamuchita, Pampa de Achala — AC30 (MLP) [AF516667], MLP 

24.X.01.1 (AC05) [AF516666]; Entre Ríos (province): Colón, Colonia Caraballo — MLP 

31.XII.02.18 (UP AC004) [AY275126]; San Luis (province); Camping Municipal Papagayos— 

MLP16.X.01.3 (PY01) [AF516668], PY02 (MLP) [AF516669]; 15 km N Paso del Rey — 

OMNHN30079 [MF110484]. 

 

Oxymycterus paramensis. PERU: Cusco (province): Cusco, 55.4 km by road N Calea — 

UMMZ160535 [U03536]; BOLIVIA: Cochabamba (department): 17 km from Totora — 



 
 

140 
 

MSB67277 (NK22836) [AY041197]; ARGENTINA: Jujuy (province): San Francisco —CNP 850 

[DQ518261]; León, Río Lozano, 3 km upwaters route 9 — CNP852 [DQ518260]; San Salvador de 

Jujuy 24.9 km N — OMNHN 34968 [MF110483]; Salta (province), Pampa verde ca. 8 km WSW 

Los Toldos and S Cerro Bravo — CML7251 [DQ518259]. 

 

Oxymycterus wayku. ARGENTINA: Tucumán (province): 10 km by road south of Hualinchay — 

CML7247 [DQ518262]. 

 

 

Specimens examined for morphological comparisons. — Specimens used in comparative analyses 

and geometrics morphometrics for landmarks from skull. Localities and specimens are listed after 

species assignments. 

 

Oxymycterus amazonicus. BRAZIL: Pará (state): Fordlândia, right bank, lower Rio Tapajoz — 

FMNH 94524 (holotype). 

 

Oxymycterus delator. BRAZIL: Mato Grosso (state): Itiguira, Fazenda Espigão — 

DZUP/CCMZ338; PARAGUAY: Paraguari (department), Sapucai — BM3.4.7.18 (holotype); 

Canindeyu (department), Reserva Natural del Bosque Mbaracayú — TK121107, TK 122190, 

TK122195, TK122197, TK61793, TK61815, TK61851, TK61852, TK66810, TK121098 (to be 

transferred at the MNHNP); Reserva de Biosfera del Bosque, Mbaracayu, Puesto Aguara Nu — TK 

122347, TK122432 (to be transferred at the MNHNP); Estancia Rama III — TK121173, TK121781, 

TK122008, TK140322 (to be transferred at the MNHNP); Colonia Britez Cue — TK122450, 

TK122455, TK122466, TK130576 (to be transferred at the MNHNP).  

 

Oxymycterus itapeby. BRAZIL: São Paulo (state): Itapevi, Condomínio Transurb — MHNCI 3593, 

MHNCI 3595 (holotype). 

 

Oxymycterus dasytrichus. BRAZIL: Santa Catarina (state): Itapoá, Porto de Itapoá —  CZFURB 

18669, CZFURB 18828; Paraná (state): Antonina, Bairro Alto — MHNCI 1992; Antonina, Bairro 

Alto – Usina Hidrelétrica Parigot de Souza — MHNCI 2195; Guaraqueçaba, Paruguara — MHNCI 

2055; Guaraqueçaba, Fazenda Salto Dourado —MHNCI 6465; São Paulo (state): Jacupiranga, 

Parque Estadual de Jacupiranga—MHNCI 3197; Ribeirão Grande, Córrego Água Limpa — MHNCI 

4780; Capão Bonito, Fazenda Intervales, Base do Carmo — MVZ 183125, MVZ 183127, MVZ 

183132, MVZ 183133, MVZ 183137; Espírito Santo (state): Águia Branca, Fazenda do Zequinha 

Manduca —UFES 281. 

 

Oxymycterus josei. URUGUAY: Maldonado (department): Maldonado, Las Flores —MVZ 183264, 

MVZ 183265, MVZ 183266; Las Flores, west margin of Arroyo Tarariras — MNHN 3838 

(holotype). 

 

Oxymycterus nasutus. BRAZIL: Rio Grande do Sul (state): Encruzilhada do Sul —MCNU 1293; 

Pedras Altas — MCNU 1354, MCNU 1355, MCNU 1356, MCNU 1357 MCNU 1358, MCNU 

1359; São Gabriel — MCNU 2166; Camaquã — MCNU 3126; Tapes — MCNU 3132; Pelotas — 

MCNU 3223. 

 

Oxymycterus quaestor. BRAZIL: Santa Catarina (state): Anitápolis, Vale do IFC —CZFURB 0449, 

CZFURB 0510; Blumenau, Parque Nacional da Serra do Itajaí, Parque das Nascentes — CZFURB 
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0621; Indaial, Parque Nacional da Serra do Itajaí, Parque das Nascentes, Vale do Espingarda — 

CZFURB 0999, CZFURB 5014; Itá, Usina Hidrelétrica Itá — CZFURB 5047, CZFURB 0901; Rio 

Grande do Sul (state): Maquiné — MCNU 1619; Vila Flores — MCNU 2114; Paraná (state): 

Pinhão, Foz do Rio da Divisa — MHNCI 2146; Araucária, Thomaz Coelho — MHNCI 2150; São 

Paulo (state): Ribeirão Grande, Córrego Água Limpa — MHNCI 5539. 

 

Oxymycterus rufus. ARGENTINA: Buenos Aires (province):25 km S Azul — MVZ 134241;35 km 

S Azul — MVZ 134242, MVZ 134243 — Valeriadel Mar — MVZ 134244; Mar del Tuyú, General 

Lavalle — FMNH 122697; Pereira, FGR — FMNH 95138; Córdoba (province):  Pampa de Achala, 

14km E Cura Bochero — MVZ 165833, MVZ 165832. 

 

Oxymycterus wayku. ARGENTINA: Tucumán (province): 10 km by road south of Hualinchay — 

CML7247, CML 7250. 

 

Oxymycterus caparaoe. BRAZIL: Espírito Santo (state): Dores do Rio Preto, Parque Nacional do 

Caparaó — UFES 1744 
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Supplementary Data SD2.—All pairwise Tukey’s test comparisons of skull centroid size among 

eight Oxymycterus species. Gray lines show the significant comparisons (P < 0.05). 
 

 

Species Differences Lower Upper P adj 

dasytrichus-amazonicus 1.14913377 0.23997612 2.058291421 0.0044862 

delator-amazonicus 0.8564866 -0.04158335 1.754556541 0.0722285 

josei-amazonicus 0.5033086 -0.47869389 1.485311101 0.7444762 

nasutus-amazonicus 0.07904513 -0.83834036 0.996430614 0.9999942 

quaestor-amazonicus 1.32821984 0.41402527 2.242414414 0.0006193 

rufus-amazonicus 0.65822806 -0.30393395 1.620390081 0.3987193 

itapeby-amazonicus 0.33284555 -0.74288429 1.408575383 0.9770321 

delator-dasytrichus -0.29264718 -0.59293206 0.007637713 0.0613388 

josei-dasytrichus -0.64582517 -1.14379132 -0.147859014 0.0032168 

nasutus-dasytrichus -1.07008865 -1.42397778 -0.716199511 0.0000000 

quaestor-dasytrichus 0.17908607 -0.166447 0.524619141 0.7336890 

rufus-dasytrichus -0.49090571 -0.94850502 -0.033306392 0.0270409 

itapeby-dasytrichus -0.81628823 -1.4802431 -0.152333356 0.0063133 

josei-delator -0.35317799 -0.83060054 0.124244554 0.2998691 

nasutus-delator -0.77744147 -1.10178622 -0.45309672 0.0000000 

quaestor-delator 0.47173325 0.15652681 0.786939686 0.0003829 

rufus-delator -0.19825853 -0.63341268 0.236895614 0.8406651 

itapeby-delator -0.52364105 -1.17233055 0.12504845 0.2019125 

nasutus-josei -0.42426348 -0.93709756 0.088570599 0.1777197 

quaestor-josei 0.82491124 0.31780733 1.332015146 0.0000877 

rufus-josei 0.15491946 -0.43428204 0.744120957 0.9910613 

itapeby-josei -0.17046306 -0.93111892 0.590192804 0.9966330 

quaestor-nasutus 1.24917472 0.8825392 1.615810237 0.0000000 

rufus-nasutus 0.57918294 0.10544711 1.052918767 0.0067503 

itapeby-nasutus 0.25380042 -0.42137702 0.928977857 0.9351243 

rufus-quaestor -0.66999178 -1.13751848 -0.202465075 0.0007684 

itapeby-quaestor -0.9953743 -1.66620971 -0.324538881 0.0004412 

itapeby-rufus -0.32538252 -1.0602459 0.40948086 0.8592515 
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ABSTRACT 

 

Oxymycterus quaestor (Thomas, 1903) is a widely distributed species throughout the Southern 

Atlantic Forest that presents a complex history of synonymies with Oxymycterus judex (Thomas, 

1909) and Oxymycterus misionalis (Sanborn, 1931). These originally formed the ‘judex group’ of 

species, but further analysis proposed O. quaestor as the only valid name. In this study, we 

identified variation in skull morphology and DNA sequences (using Cytochrome b and Fgb-I7 

sequences) within O. quaestor. By revisiting the ‘judex group’ we were able to demonstrate an 

ongoing process of differentiation at molecular level. Holotypes assigned to O. quaestor, O. judex 

and O. misionalis included in the morphological analyses had no discrete characters that allow us to 

tell them apart. Bayesian phylogeny indicated four well-supported groups (lineages A to D) within 

O. quaestor. Lineage A was considered O. quaestor sensu strict as it includes the type locality; 

lineage B included samples from Teresópolis, Rio de Janeiro, Brazil, previously assigned as a 

restricted population to O. quaestor; lineage C was widespread in Alto Paraná Atlantic Forests, 

eastern Paraguay and northeast Argentina and Serra do Mar Coastal Forests and included the type 

locality originally assigned to O. misionalis and O. judex; and lineage D consisted of specimens 

from the northern Rio Grande do Sul.  The time calibrated-tree suggest a recent (ca. 0.794 myr) 

emergence of these lineages.  

 

 

KEYWORDS: Araucaria Forest, Akodontini, campos de altitude, species limits, systematics, 

taxonomy 
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INTRODUCTION 

 

 Species delimitation is crucial for conservation, macroecology and biogeography and has 

greatly benefited from recent integrative approaches combining evidence from multiple character 

systems (Luo et al. 2018). However, recognizing and diagnosing species in genera with ample but 

continuous morphological variation among populations still remains a difficult task, even with the 

growing use of molecular approaches. 

Among Neotropical rodents of the subfamily Sigmodontinae, Oxymycterus probably offers 

one of the biggest challenges for species diagnosis and recognition due to the lack of integrative 

analyses for most nominal taxa. At least 26 nominal forms have been proposed acknowledging the 

wide morphological diversity in the genus, but only 15 are currently recognized as valid species due 

to difficulties in detecting discrete variation among populations (Gonçalves and Oliveira 2004; 

Oliveira and  Gonçalves 2015). The absence of karyotype distinction and the relatively recent origin 

of the genus (Hershkovitz 1994; Parada et al. 2015; Di-Nizo et al. 2017) likely contribute to the 

taxonomy uncertainties that characterize this group. In addition, molecular genetic divergence 

between sister-species inferred from mitochondrial DNA markers is sometimes lower (e.g. O. 

amazonicus-O. delator or O. rufus-O. josei (Hoffmann et al. 2002; Jayat et al. 2008) than the 

threshold found for species of mammals (Bradley and Baker 2001), blurring the cut-off values 

commonly assumed to infer inter and intraspecific levels of variation in closely related forms.  

Oxymycterus quaestor (Thomas, 1903) is an example of species in which levels of among 

and within lineages variation have been poorly understood. The species is distributed throughout 

Mixed Ombrophilous forests in northeastern Argentina, eastern Paraguay and southern Brazilian 

highlands, with disjoint populations in Montane Ombrophilous forests in Southeastern Brazil 

(Oliveira and Gonçalves 2015). Three nominal forms recurrently considered as junior synonyms of 

O. quaestor have been described based on specimens collected at close localities or at the margin of 
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the species range (Oliveira and Gonçalves 2015). Thomas (1903) described O. quaestor based on a 

single specimen obtained from Montane forests (1000m altitude) of Serra do Mar in the Southern 

Brazilian state of Paraná. Six years later, Thomas (1909) described O. judex from specimens from 

nearby coastal lowland forests in Santa Catarina state and distinguished it from O. quaestor by the 

larger general size and larger braincase. The last nominal form, Oxymycterus misionalis, was 

described by Sanborn (1931) based on specimens from Misiones province, Argentina, at the west 

margin of O. quaestor range, which were overall larger than O. judex. Despite the size differences 

among representatives of the three nominal forms emphasized in the descriptions, Cabrera (1961) 

considered all three forms as conspecifics, and regarded them as subspecies of O. hispidus, an 

arrangement that was followed by most subsequent authors.  

The first comprehensive analyses of morphological variation among samples allocated to the 

group revealed that they conform to a continuum of size variation (Oliveira 1998). Furthermore, the 

few molecular phylogenetic assessments of Oxymycterus made so far revealed reduced genetic 

divergence (0.5-2.8% in cytochrome b pairwise distance) among samples from Southeastern Brazil 

(São Paulo and Rio de Janeiro states) assigned to O. judex and O. quaestor, and samples from 

Paraguay and Argentina assigned to O. misionalis (Hoffmann et al. 2002; Gonçalves and Oliveira 

2004; D’Elía et al. 2008; Jayat et al. 2008). More recently, Oliveira and Gonçalves (2015) 

distinguished O. judex, O. misionalis and O. quaestor from O. hispidus, but maintained the three 

forms as synonyms based on the limited evidence available for species delimitation within the 

group, partially keeping the lumping perspective of Cabrera (1961).  

In this study we quantify genetic and morphological variation in O. quaestor to evaluate the 

hypothesis of differentiation of nominal forms and to identify diversity at phylogenetic level. By 

using an integrative analysis we revisit the existence of ‘judex group’ proposed by Oliveira (1998) 
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and investigate boundaries among taxonomic entities originally proposed (i.e., O. quaestor, O. 

judex and O. misionalis).  

 

MATERIALS AND METHODS 

 

Ethics Statement and sampling — The skulls and tissue samples assigned to O. quaestor used in the 

present study were obtained from the specimens deposited in natural history museums (or scientific 

institutions) and accredited zoological collections. Museums or Scientific Collections ID, general 

identification codes and site locations are provided in Supplementary Data 1. We analyzed 151 

samples from 46 localities throughout the range of Oxymycterus quaestor, representing localities in 

Brazil, Argentina and Paraguay (Fig. 1). In overall, 114 samples were used for molecular data and, 

106 skulls (for dorsal, ventral and lateral views) were used in geometric morphometric analyses. 

 

Genetic and phylogenetic analyses — These analyses were based on DNA sequences of two loci, 

the mitochondrial cytochrome b gene (cytb; 1137 bp) and nuclear fibrinogen beta chain gene (Fgb-

I7; ~660 bp). Sampling was both geographically and genealogically extensive for O. quaestor and 

other vouchers assigned for O. judex and O. misionalis, being sequences derived from tissue 

samples housed at scientific collections, including seven sequences retrieve from Genbank 

(Supplementary Data 2). Total genomic DNA was extracted PureLink Genomic DNA extraction kit 

(Invitrogen, Life Technologies), following the manufacturer's instructions from kidney and muscle 

tissues (stored at -20 ° C or 70% ethanol). The cyt b complete sequences were obtained by 

Polymerase Chain Reaction (PCR) using the light strand MVZ05 (5'-

CGAAGCTTGATATGAAAAACCATCGTTG-3'), heavy strand MVZ16 (5'- 

AAATAGGAARTATCAYTCTGGTTTRAT-3'), light strand MVZ23(5'-

TACTCTTCCTCCACGAAACNGGNTC-3') and heavy strand MVZ14 (5'-
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GGTCTTCATCTYHGGYTTACAAGAC-3') primers according to thermal cycles of Smith and 

Patton (1993), and intron 7 of the Fgb gene was amplified with primers β17-mammL (5-

ACCCCAGTAGTATCTGCCGTTTGGATT-3) and βfib-mammU (5’-

CACAACGGCATGTTCTTCAGCAC-3’) according to Matocq et al. (2007). PCR products were 

checked in 1% agarose gel stained with GelRedTM and after, were purified with exonuclease and 

alkaline phosphatase (Amersham Biosciences, Piscataway, NJ) and sequenced by Macrogen, Inc. 

(Seoul, South Korea). All sequences have been deposited in GenBank (Cyt-b: xxxxx–xxxxxx, Fgb-

I7: xxxxx– xxxxxx). The cytb sequences were aligned using the ClustalW algorithm implemented in 

MEGA v.7 (Kumar et al. 2016). The Fgb-I7 alignment, we used the default settings and the 

automatic optimization option in the online version of MAFFT v.7 (Katoh and Standley 2013).  

All polymorphic positions in the nuclear loci were verified using Bioedit v7.2.5 (Hall 1999) to 

ensure correct and consistent identification of double peaks in heterozygotes. For nuclear 

sequences, contiguous insertion/deletion (indels or gaps) events involving more than one base pair 

were coded and treated as one mutational event (Simmons and Ochoterena 2000). The IUPAC 

symbols were applied for coded the double peaks. Six other Oxymycterus species were used as 

outgroups (O. delator, O. itapeby, O. nasutus, O. dasytrichus, O. rufus and O. josei) and all 

genbank codes are listed in Supplementary Data 2. For those taxa which either no mitochondrial (4 

cases) or nuclear genes (26 cases) were available, the matrix was completed with missing state 

characters (i.e., n). Phylogenetic trees were inferred for the different haplotypes using Bayesian 

inference (BI). The jModelTest v2.1.10 software (Darriba et al. 2012) selected the substitution 

models assigned HKY+I+G and HKY+G for Cyt-b and Fgb-I7, respectively, based on the Akaike 

Information Criterion (AIC). Phylogenetic relationships among species were estimated using 

BEAST v1.8.4 (Drummond and Rambaut 2007). The BI was performed for the concatenated data 

and for mitochondrial genes separately. We performed six independent Markov Chain Monte Carlo 
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(MCMC) runs, each one with four streams per 25 million steps of the MCMC (for mitochondrial 

run) and 50 million steps of the MCMC for concatenated datasets, sampled every 1000 generations 

and discarding the four million burn-in (about 20% discarded), starting the initial trees with 

randomness, without restriction. Runs were performed under an uncorrelated lognormal relaxed-

clock model; speciation was modeled on a Birth-Death Process with estimated base frequencies and 

four gamma rate categories, using an initial random tree, and other priors set as default. MCMC 

convergence was also checked in Tracer v.1.6 (Rambaut et al. 2014), where we confirmed if 

effective sample sizes (ESS) were above 200. The burn-in was determined in Tracer-based on 

trajectory parameters, and 20% of the first trees were then removed and summarized in 

TreeAnnotator on BEAST. For the concatenated dataset, trees and logs, files were combined using 

LogCombiner on BEAST for concatenated phylogeny, and 20% of the first trees were then removed 

(10 millions) and summarized in TreeAnnotator. The tree consensus generated was visualized and 

edited in Figtree v1.4.3 (http://tree.bio.ed.ac.uk/software/figtree/). The p-distance parameter model 

of evolution was used to calculate genetic distances for mtDNA and nDNA. These values were then 

used to assess levels of genetic divergence among and within the species of Oxymycterus following 

the criteria outlined by Baker and Bradley (2006). Polymorphic sites such as indels, singletons and 

parsimony-informative sites were obtained with MEGA v.7 and DnaSP 5.10.01 (Librado and Rozas 

2009).  

 

Estimating divergence times — Divergence times among species were estimated from the combined 

matrix of mitochondrial sequences from all Akodontini tribe representatives (Salazar-Bravo et al. 

2016). The Genbank accession nunbers used in this analysis are listed in Supplementary Data 3. 

The model HKY+I+G were selected using the jModelTest v2.1.10 as the best-fitting substitution 

results (based on AIC). We used 11 of 16 valid species of genus Oxymycterus, further 3 related 
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lineages found in previous studies (termed here as O. paramensis “Argentina”, O. paramensis 

“Peru” and O. rufus “Brazil”), beyond 3 representatives sequences from 3 lineages associated to O. 

quaestor (see results). The BEAST v1.8.4 (Drummond and Rambaut 2007) was employed assuming 

a Birth-Death model of speciation, with empirical base frequencies (and four gamma rate 

categories) and an uncorrelated lognormal relaxed-clock model distribution molecular clock as tree 

priors.  We ran MCMC chains for 50 million generations, with trees sampled every 1000 

generations. The trees were summarized with TreeAnnotator (BEAST) into the maximum clade 

credibility tree and the first 20% of sampled trees were treated as burn-in. Burn-in and convergence 

of the chains were determined with TRACER v.1.6. The ESS were used to determine the Bayesian 

statistical significance of each parameter were above 200. The consensus tree was visualized and 

edited in Figtree v1.4.3. We incorporated information from a total of 3 fossils to calibrate the nodes 

of the phylogeny. For these points the log-normal distribution was designated as prior, since it 

attributes a higher probability to a nodal age older than the age of the fossil (Ho and Phillips 2009). 

We calibrated only well-supported nodes for those fossils that with strong paleontological evidence 

of Akodontini tribe membership describe and their taxonomic status. We used the following 

constraints: (i) the oldest fossils records of Oxymycterus (O. cf. rufus) described for Ensenadean 

Stage/Age, 0.5-2.1 Ma (Pardiñas et al. 2002) representing the most recent common ancestor 

(MRCA) of Oxymycterus (offset = 0.5, median = 0.8 and 95th percentile = 2.1); (ii) fossil record of 

Scapteromys hershkovitzi described for Sanandresian Stage/Age, 2.15-2.55 Ma (Quintana 2002) to 

represent split between Scapteromys and Kunsia (offset = 2.15, median = 0.2 and 95th percentile = 

2.55); (iii) the Akodon group (affiliated respectively to A. mollis, A. toba and A. cursor) were 

constrained using the Akodon lorenzinii fossil record from Vorohuean Stage/Age, 2.55-2.85 Ma 

(Pardiñas et al. 2002) (offset = 2.55, meldian = 0.15 and 95th percentile = 2.85). The standard 

deviations of the lognormal distributions were adjusted so that the 95% quantile took each 
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maximum age (2.1, 2.55 and 2.85, respectively), with an approximate value of 0.496 for all 

constraints. We forced the monophyly only for Akodon. The dates of the Stage/Age were based on 

the timing of chronology of the Patagonian glaciations proposed by Rabassa and Coronato (2009). 

 

Geometric morphometric procedures — To explore the variability of O. quaestor we analyzed 106 

skulls of adult specimens for dorsal and ventral views for each sample and 104 for the lateral view. 

The complete eruption of the third molar was the criterion to separate juveniles from adults to 

minimize the ontogenetic effects. Two-dimensional digital images were obtained from each skull 

view, with a Canon PowerShot G10 camera with 14.7 megapixel resolution (4416 x 3312) in macro 

mode automatically and without flash or zoom to all samples. Twenty-one, forty-two and sixteen 

landmarks coordinates were placed on the dorsal, ventral and lateral views of the specimens, 

respectively, following previous geometric morphometric approach with rodents (Maestri et al. 

2015; Peçanha et al. 2017; Fabre et al. 2018), using TpsDig2 software (Rohlf 2015). The 

description of all the landmarks employed is given in Supplementary Data 4. After the digitization, 

the matrix coordinates matrix was superimposed through a generalized analysis of Procrustes 

(GPA) in the MorphoJ 1.06b (Klingenberg 2011). This analysis aims to remove unrelated effects 

such as position, orientation and scale (Rohlf and Slice 1990). The size of each skull was estimated 

through the centroid size (CS): square root of the sum of the squares of the distances of each 

centroid frame (Bookstein 1991). This set was used in the analyses of geographic variation in the 

size based on ventral view. Procrustes-corrected shapes considering object symmetry (Viscozi and 

Cardini 2011). To visualize major patterns of shape variation we conducted a Principal Component 

Analysis (PCA) on the Procrustes-corrected shape and compared the extreme morphologies along 

each PC (for the first two PCs) in MorphoJ v1.06 software (Klingenberg 2011).  
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An analysis of variance (ANOVA) and a Tukey test was employed to test for centroid size 

differences among lineages. We performed multivariate analyses of variance (MANOVA) to 

investigate whether morphology was structured among the putative different species. However, due 

to unresolved taxonomic issues discussed below, we excluded all samples from localities of 

Joinville and Corupá (Fig. 1; Localities 10 and 46), including the holotype of Oxymycterus judex 

(BM 9.11.19.19). Thus, the PCA axes were used to visualize the placement of admixed individuals 

relative to raised groups, whether full dataset or reduced. The reduced dataset was used in a 

discriminant analysis (DA) in order to assess the correct classification percentages between the 

species were calculated through jackknife cross-validation analysis. In addition, the holotypes of 

Oxymycterus quaestor (BM 3.7.1.80) and Oxymycterus misionalis (FMNH 26756) were includes in 

geometric morphometric and statistical analyses (Fig. 2). MANOVAs and DAs were performed 

independently for each each skull view. All procedures were carried out in the software R (R Core 

team 2017), with the packages geomorph (Adams and Otárola-Castillo 2013) and Morpho (Schlager 

2017).  

 

 

RESULTS 

 

Molecular phylogenetic analyses — A total of 1137 bp segment of Cyt-b were obtained from 110 

individuals, including 103 novel sequences (Supplementary Data 2). The dataset contained 169 

variable sites, 46 singletons and 123 parsimony-informative sites. We translated all Cyt-b sequences 

into amino acids, and no stop codon was detected. Length of nuclear dataset (non-coding Fgb-I7) of 

89 individuals ranged from 658 bp to 675 bp, with three indels (2-bp, 12-bp and 27-bp, 

respectively). In subsequent analysis (e.g. genetic distance and phylogenetic), indels with more than 

one base-length were considered as a single mutation. Thus, the matrix was resumed to 651 bp, and 
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the adjusted matrix included 56 variable sites (three of which were due to the presence of indels), 3 

singletons and 53 parsimony-informative sites. Additional information on the length of haplotypes 

obtained and the description of each individual analyzed is present in Supplementary Data 1. 

Bayesian consensus tree based on mtDNA dataset (Fig. 3) revealed strong support for a 

monophyletic group containing all sequences assigned to O. quaestor (Posterior Probability (PP) = 

0.91). Four well-supported clades (PP = 1) were identified within O. quaestor, hereafter lineages A 

to D. Lineage A, the sister group of lineage B and C, included sequences from Piraquara County 

(Paraná State, Brazil), type locality of O. quaestor, with a geographic distribution in northern Rio 

Grande do Sul, Santa Catarina and eastern Paraná. Lineage B, mainly occurred in a small area 

(Localities 5–7, Fig. 1) in the high altitudes in Rio de Janeiro State (Brazil) recorded in Teresópolis 

County area. Lineage C, included samples from two major physiognomies; (i) the Alto Paraná 

Atlantic Forests (Seasonal Dry forest, Fig. 1), covering the ranges of eastern Paraguay and northeast 

Argentina, (ii) Serra do Mar Coastal Forests (Dense Ombrophilous forest), which range the coast of 

the South and Southeast of Brazil, in at least São Paulo and Santa Catarina States. Lineage D, the 

sister group of the other three lineages, consist of specimens from the northern Rio Grande do Sul 

State (Brazil), occurring in a restrict area (Localities 25 and 32, Fig. 1). The species O. rufus and O. 

josei were recovered as sister to a strongly supported clade (PP = 0.98) formed by O. quaestor and 

lineages associated.  

Results of the concatenated analysis showed a similar topology to that of the Cyt-b tree (Fig. 

4). However, all lineages leading to O. quaestor and related recovered as monophyletic, but weakly 

supported (PP = 0.35). Similarly, lineages A to D found in Cyt-b tree (Fig. 3) showed low support 

posterior values (PP ≤ 0.49). O. rufus and O. josei was recovered as clostest clade, but with a weak 

support (PP = 0.56). Results of the Fgb-I7 matrix analyzed using BI analyses, no relationship was 
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resolved inter- and within the clades. The support were close to zero (PP = 0) in almost all nodes of 

Fgb-I7 tree (data not shown).  

 The average interspecific genetic distance (pairwise p-distance) among lineages were 1.97% 

(± 0.02%) for the Cyt-b dataset. Lineage A (assigned to O. quaestor sensu stricto) differed on 

average by 3.22% (± 0.52), 2.82% (± 0.49) and 5.23% (± 0.54) to lineages B, C and D, respectively; 

other mtDNA comparisons are depicted in Table 1. The overall intraspecific variation was 0.03% 

up to 0.07% in all lineages, considering the limits of standard deviation. The interspecific genetic 

distances based on Fgb-I7 were 0.7% (± 0.1) to O. quaestor. For this locus, relevant distances were 

only found between Lineage B (Teresópolis/RJ) and O. quaestor (Lineage A) with 1.6% (±0.2), 

Lineage C with 1.6% (±0.2), and Lineage D (Bom Jesus/RS) with 1.6% (±0.3). Intraspecific 

variation was close to 0 for Fgb-I7 for almost all clades, except Lineage B ranging 2.6% (± 0.4). 

 

Divergence dating — We estimated the divergence date for the monophyletic Cyt-b lineages 

identified in the phylogenetic analyses (lineages A, B, C and D as labeled in Fig. 3 & 4) using a 

relaxed molecular clock. The dating analyses (Fig. 5) suggested that the most recent common 

ancestor of lineages leading to O. quaestor diverged at 0.794 Ma (95% highest posterior density 

(HPD) = 0.552–1.062 Ma), jointly with Lineage D divergence estimated in the Early/Middle 

Pleistocene. The lineages A and B+C split at 0.420 Ma (95% HPD, 0.259–0.616 Ma) in the Middle 

Pleistocene, further B and C Lineages split at 0.315 Ma (95% HPD, 0.173–0.482 Ma). In addition, 

the lineages B and C diverged in the Middle Pleistocene with probability to Late (Upper). The 

monophyly of the genus Oxymycterus was recovered, although not highly supported (PP = 0.77). 

The genus emerged around 1.689 Ma (95% HPD, 1.324–2.119 Ma), in the Early Pleistocene. The 

clade composed by O. rufus and O. josei is recovered as sister lineage with the lineages leading to 
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O. quaestor diverging about 1.033 Ma (95% HPD, 0.781–1.338 Ma), yet in Calabrian Stage 

(Middle Pleistocene). 

 

Skull shape variation — Our reduced dataset includes 75 samples for Lineage A (O. quaestor), 3 

for lineage B (Oxymycterus sp. 1), 16 for lineage C and 5 for lineage D (Oxymycterus sp. 2). Only 

for lateral view the Lineage A was 73 samples, due damage conditions insufficiently clear for 

landmarks (CZFURB 18723 and MCNU 2341). Highly significant differences were observed in 

skull shape among the four lineages whether dorsal, ventral and lateral views (Dorsal: MANOVA 

Wilks’λ = 0.081833, F = 5.3164, P < 0.001; Ventral: MANOVA Wilks’λ = 0.026228, F =3.3334, P 

< 0.001; Lateral: MANOVA Wilks’λ = 0.14073, F = 2.1865, P < 0.001). The genetic groups 

indicated 21.85% of the variation in the dorsal view, 15.97% in the ventral view, and 12.43% in the 

lateral view the Oxymycterus quaestor skull. The pairwise MANOVA showed significant 

differences in 6 of 6 for three views comparisons between the propose lineages. The R2 and F 

values and significance levels are showed in Supplementary Data 5. The percentage of correct 

classification among the lineages were: 86.67% for the dorsal view, 82.82% for the ventral view, 

and 70.10% for the lateral view, the latter view with lower accuracy (Supplementary Data 5). 

To visualize the shape of the skull, the principal component analysis (PCA) shows a large 

overlap of the dispersion clouds between the A and C lineages for all views (both total or reduced 

data set). Although PC2, at least for the dorsal view (Fig. 6a), indicate some separation between 

these lineages. However, PC1 separates the lineages D and B with distinction in all views, 

regardless of the data set (Fig. 6). The lateral view was the one that showed the smallest distinction 

between the groups. However, considering only the total data set, the samples from Joinville (type 

locality of O. judex) and Corupá (Colônia Hansa), in all the views, the dispersion clouds are 

inconclusive and it is not possible to determine which lineage could belong. 
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Skull size variation — The results of the ANOVA, show there is significant difference in size 

among lineages (F = 10.78; P < 0.001). Individuals from lineage D in the southernmost distribution 

(Fig. 1; localities 25 and 32) present the largest skulls, following the lineage C and A, whereas 

northernmost specimens (lineage B) have smaller skulls (Fig. 7). The Tukey HSD test for pairwise 

comparisons indicated significant differences for almost all clades (P < 0.05), except between 

lineages C and D. 

 

 

DISCUSSION 

 

Since the original description by Michael R. Oldfield Thomas in 1903, the contents and 

species limits of O. quaestor remained controversial. Few years later, Thomas (1909) described a 

large reddish hocicudo geographically close to Piraquara, Roça Nova, Paraná, Brazil: the O. judex 

collected in Joinville, Santa Catarina, Brazil, distinguished by its larger size and much larger brain-

case when compare to O. quaestor. Later, Colin Campbell Sanborn in 1931 described a new species 

from Rio Paranay (near Caraguatay), Misiones Province, and when compared with O. judex 

topotypes, concluded that these specimens from Misiones Province belong to a distinct species, 

mainly by being larger than O. judex (on average body length), a longer, narrower, and flatter skull. 

Another remarks that must be considered is that together with the description of O. quaestor (1903), 

it is Oldfield Thomas indicated the presence of similar specimens from Theresopolis, Rio Janeiro 

(i.e. Teresópolis, Rio de Janeiro) and Santa Catarina (limited information in original description).  

Due to the overall external similarity among large reddish hocicudos forms from Argentina, 

Paraguay and especially from South/Southeastern Brazil, an uncertain taxonomic history is 

associated to this group. Some authors as Cabrera (1961) and Reig (1987) includes it as junior 
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synonyms of O. hispidus. Except Oliveira (1998) and Hoffmann et al. (2002), several publications 

have referenced species designed to reddish rodents (i.e. O. quaestor, O. judex and O. msionalis), 

however without dataset treatment refined or criteria (Hershkovitz 1994; Fonseca et al., 1996; 

Galliari et al. 1996; Heinonen-Fortabat and Chebez, 1997; Graipel et al. 2006; Oliveira and 

Bonvicino 2006; Pardiñas et al. 2007; D’Elía et al. 2008; Bonvicino et al. 2008; Jayat et al. 2008; 

Paglia et al. 2012).  

The most robust morphological review of the genus Oxymycterus was performed by 

Oliveira (1998), including comparisons with holotypes of three large reddish forms (O. quaestor, 

judex and misionalis). Based on linear measurements of skulls, these vouchers indicated performing 

a unique morphometric group called “judex group” (probably mistakenly, since O. quaestor is the 

oldest available name). Posteriorly, Hoffmann et al. (2002) in genetic and morphological analyses 

largely supported the existence of the “judex group” proposed by Oliveira (1998), but fail due 

misidentification between of these samples three species for this group (obviously due to being one 

of the reasons that drive this study). In addition, Cyt-b sequences of two specimens (annotated to 

judex and quaestor) is congruent for interspecific distances divergence (~ 2.8 %) (Hoffmann et al. 

2002, Jayat et al. 2008). However, the sequences referred to judex by Hoffmann et al. (2002), 

according in our phylogenetic results belong the Lineage C (Fig. 3, 4 & 5). In this sense, the 

samples named to quaestor by Hoffmann et al. (2002) are present in Lineage B (Oxymycterus sp. 

1), composed by samples from Teresópolis/RJ. The genetic distance found by Hoffmann et al. 

(2002) and Jayat et al. (2008) reflect similar results when compare the genetic distance between 

lineage B and C in Table 1. Notably, as mentioned above, this inaccuracy for the area of 

Teresópolis/RJ, may be correlated with the original description of O. quaestor, which further 

indicating specimens present in Santa Catarina, also points out vouchers from Teresópolis/RJ. In 

addition, D’Elía et al. (2008) mentioned that Cyt b haplotype recovered from Paraguay are 
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divergent around 0.5% when compare from Argentina and São Paulo State samples (São Paulo 

sequence deposited in Genbank by Hoffmann et al. under the tag O. judex), and also presents ~2.8% 

divergent from sequences from Teresópolis/RJ (wrongly deposited in Genbank by Hoffmann et al. 

under the tag O. quaestor, for reasons explained further). Gonçalves and Oliveira (2004) also 

deposited two sequences from Teresópolis/RJ, identified for lineage C and attributed to O. quaestor 

in Genbank. D'Elía et al. (2008) also raise an inaccuracy about O. misionalis limits. In brief, the 

genetic distances taken by D'Elía et al. (2008) against samples from Argentina and the State of São 

Paulo, presented a similar value for intraspecific genetic distance (Table 1), because they form a 

unique clade, named in our analyses as lineage C (Fig. 3 & 4). Furthermore, the distance 2.8% 

against O. quaestor (which is in fact identified into lineage B in our analyses) presents an 

inaccuracy, due a previously misconception above cited.  

Although Musser and Carleton (2005), and more recently Oliveira and Gonçalves (2015) 

revision treat O. judex and O. misionalis as junior synonyms of O. quaestor, we understand that the 

relationship among large reddish hocicudos from the Atlantic Forest is yet unresolved taxonomic 

issue within the genus Oxymycterus. Thus, based on geometric morphometrics and phylogenetic 

analyses (as already mentioned above), in an effort to provide greater resolution of the relationships 

within quaestor group (also called here as large reddish hocicudos), detecting 4 lineages divergent 

at specific level, clarifying the patterns of this confusing taxonomic group than those obtained in 

previous studies. 

 

Oxymycterus quaestor ‘sensu stricto’ — One of the most unexpected results of this study was that 

none of Cytochrome b sequences deposited in Genbank annotated to Oxymycterus quaestor, O. 

judex or O. misionalis (Supplementary Data 2), correspond in fact to the lineage evidenced in this 

study belonging to Oxymycterus quaestor. Based on the sequence of the Cyt-b gene (mtDNA), 
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differences were found between O. quaestor and the other lineages presents (ca. ≥ 2.82%, Table 1), 

with a highlight the lineage D with more than 5%. Although there a proposal about the degree of 

interspecific difference on genus Oxymycterus around 3.6% (Baker and Bradley 2006), sequence 

level that would evidence of distinction between species (considering the lineages B e C), does not 

support the formally evidence of different species. However, others valid species in this genus have 

a lowest divergence with cyt-b sequences, for example, the genetic distance between O. rufus and 

O. josei that presents a distance less than 2% or the case of O. amazonicus and O. delator that 

varied 2.71% (Hoffmann et al. 2002). Previous studies with sigmodontines rodents indicated low 

degree of resolution within the Fgb-I7 sequences relative to the cyt-b sequences (Carrol and Bradley 

2005; Henson and Bradley 2009; Peçanha et al. 2017). In O. nasutus for example, showed low 

intraspecific divergence (close to 0) with de same nuclear locus (Peçanha et al. 2017). In this sense, 

comparisons with Sigmodon species for intra- and interspecific genetic distance values ranging 0.28 

up to 1.6% to intraspecific and, 0.43 up to 6.38% to interspecific divergence (Carrol and Bradley 

2005; Henson and Bradley 2009). Such this way, values presented in Table 1 for Fgb-I7, ranging 

0.5% up to 1.6%, corroborate in distinguishing this lineage with the others. It is of interest to note 

the low genetic variation of O. quaestor Cyt-b haplotypes (average within clade genetic divergence 

is 0.5%) and the lack of phylogenetic relationships. Treated as lineage A in phylogenetic analysis 

(Fig. 3 & 4), this clade have sequences from 4 samples of Piraquara County (Paraná State, Brazil), 

included 3 from Mananciais da Serra/PR locality. The type locality of O. quaestor (described by 

Thomas in 1903 to Piraquara, Roça Nova/PR) it is located less than 3 kilometers from the 

sequences obtained from this study. Such results reinforces that populations from this locality 

belong and represent O. quaestor, as well as the other members of clade (Fig. 3, 4 & 5). 

Regarding the geographic distribution, considering the data collected in this study, 

Oxymycterus quaestor is present in the domains of Southernmost Atlantic Forest range, across the 
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northern Rio Grande do Sul, Santa Catarina and central-eastern Paraná State in Brazil. Thus, 

distributed by the Brazilian Southern Plateau, limited by coastal mountains range (Serra do Mar, 

PR; Serra Geral, SC/RS, +1000 m) and lowlands until now in Santa Catarina coast almost in sea 

level (Fig. 5). Occupying mainly Mixed Ombrophilous Forest (Araucaria moist Forest) and Atlantic 

Forest grasslands (campos de altitude), but to a lesser extent in Dense Ombrophilous Forest (Serra 

do Mar Coastal Forest) in Santa Catarina State and Paraná State. We do not rule out the occurrence 

in areas of Seasonal Dry forests (Alto Paraná Forests) in Rio Grande do Sul State (Fig. 1). 

Despite the PCA's display does not show a clear distinction, especially with the lineage C, 

the set of results obtained corroborate to which lineage A belongs to O. quaestor. The PCA’s 

showed a difference between O. quaestor (lineage A) and lineages D and B, mainly considering 

PC1 in all views and datasets. Regarding the size observed in the skulls, statistically significant 

differences were observed through ANOVA and Tukey multiple comparisons, where it is plotted in 

an intermediate position, larger than the lineage B, but smaller than lineages D and C. In addition, 

the pairwise MANOVA for comparisons of skull shape indicates morphological high support 

differences between all the proposed groups, independent of the analyzed view. Lastly, the cross-

validated classification results showed a classification accuracy more than 83% for this group. 

Except the Lineage B (Oxymycterus sp.1), O. quaestor have the smallest skulls in the group (Fig. 

7). Furthermore, the BI with mtDNA and concatenated dataset (Fig. 3 & 4) are compatible with a 

scenario in which current populations are relatively young and would have colonized their current 

distribution recently. The lack of support on the internal nodes in phylogenies proposed further 

supports this idea. The time calibrated-tree show that probably occupied their contemporary 

occurrence area in the Middle Pleistocene with probability to expansion in Late Pleistocene (Fig. 5). 

A detailed phylogeographic study including time calibrated-tree, ancestral area reconstruction, 

neutrality tests and demographic analyses is needed to test this hypothesis. 
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Oxymycterus judex and O. misionalis – Given the topology of the Cyt-b gene tree (Fig. 3), the 

lineage C presents two subclades with low support. One including sequences from eastern Paraguay 

(Canindeyú Department) and northeastern Argentina (Misiones Province), associated to Seasonal 

Dry Forests (Alto Paraná Forest) and another in western Paraná State (in Seasonal Dry Forests), São 

Paulo and Santa Catarina State mainly in Dense Ombrophilous Forest (Serra do Mar Coastal 

Forest). Although we do not included sequences from locality type of O. misionalis, we 

incorporated Cyt-b sequence from Genbank (voucher CNP 851; Supplementary Data 1 and 2) from 

the locality Reserva Valle del Arroyo Cuña Pirú (Misiones, Argentina) as a represent more closely 

to type locality Libertador General San Martín, Misiones Province, Argentina (Pardiñas et al. 2007). 

Interestingly, the unique voucher sequenced for Cyt-b from Joinville locality (CZFURB 0942) 

appears included in this lineage in phylogenetic analyses (Fig. 3 & 4). Also, some samples from the 

Joinville (Estação Ecológica Bracinho do Piraí/SC), Corupá (Colonia Hansa/SC) localities and O. 

judex holotype (BM 9.11.19.19; Joinville/SC) did not present a pattern through scatterplots with 

other Lineage C samples (from Argentina, Paraguay and São Paulo State, Brazil) and can be 

verified between the dispersion of samples of O. quaestor (Fig. 6).  

In this way, suggesting that areas around Joinville locality may harbor an area of sympatry 

(or syntopy), or even suggesting a role of local selection pressures as drivers of skull evolution. At 

first, our data suggest occurrence of secondary contacts among previously isolated lineages, 

although further studies are required to clarify this issue (Fig. 5). The geometric morphometric 

approach using data from coordinates of landmarks unrevealed clear differences in skull shape 

when compared with O. quaestor in the PCA’s, even using the reduced dataset. As a reflection of 

this similarity in scatterplots the lineage C obtained less precision in cross-validated classification 

(37.5% for lateral, 62.5% for dorsal and 75% for ventral view), with most of the specimens being 
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classified as O. quaestor. Grids warped showed narrower skulls (mainly by PC1 in dorsal and 

ventral views) when compare with O. quaestor. However, only Tukey multiple comparisons for 

size, do not show differences statically with lineage D (with Oxymycterus sp. 2). Both probably are 

the largest lineages in quaestor group (Supplementary Data 5). Exploring the full dataset results in 

geometric morphometrics, the PCA’s (Fig. 6) did not clearly show which lineage belongs to the 

samples from the Joinville and Corupá regions. Thus, we do not rule out the hypothesis that the 

holotype of O. judex (BM 9.11.19.19) is in fact a sample of O. quaestor, although the only sequence 

obtained for Joinville (Santa Catarina) remained in the same sequence lineage credited to O. 

misionalis. As mentioned previously, the description of O. quaestor presents a remark including 

similar specimens from Santa Catarina State, which does not rule out the hypothesis that can be 

included as a morphological variation of O. quaestor. Future sampling of molecular-based studies 

should include topotypical material as a way to tie names to clades with a good certainty for both. 

As explain above, reinforce designation of O. judex (Thomas, 1909) under O. misionalis (Sanborn, 

1931) may in a way to be consistent with taxonomic traditional usage, but acknowledge that until 

topotypical material is assessed, nomenclatorial uncertainty will remain. Pardiñas et al. (2007) 

restricted the type locality to O. misionalis (to confluence of the río Paranay-Guazú with the río 

Paraná, Libertador General San Martín, Misiones) increasing accuracy for future approaches and 

records in the region. A similar approach, it could be applied to O. judex in precise attempt to 

distinguish them. The description of O. judex by Thomas in 1909 is only reported from "Joinville, 

Santa Catherina" (i.e. Santa Catarina) and additional information is not presented. It is worth 

emphasizing that at the beginning of the twentieth century, the municipality of Joinville had several 

districts, nowadays already emancipated in several cities in the South of Brazil (Santa Catarina 

state), which represented an extensive territory at that time, greater than it is today. In addition, the 

Atlantic Forests present in Southern Brazil suffered several economic cycles of deforestation, 
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logging and multiple uses, subjected to a variety of disturbances (Souza et al. 2012), mainly the 

Araucaria angustifolia deforestation since in early century 20th (Behling et al. 2009). Although not 

conclusive, such actions of environment modification during these hundred years after the original 

description, can affect future records, since no taxonomic approach was explored. 

Future sampling efforts should include more representatives of the lineage C (or another 

samples record under tag O. misionalis/judex in scientific collections) to elucidate with more 

precision the geographical distribution of this lineage, as well as the distinction of O. misionalis and 

judex. 

 

Two additional species-level lineages — In addition to providing further support for the distinction 

of O. quaestor and O. judex/misionalis, our study provides evidence for the existence of 2 

additional species-level lineages within the O. quaestor species group, which are herein referred as 

Oxymycterus sp. 1 (lineage B) and Oxymycterus sp. 2 (lineage D) (Fig. 3, 4 & 6; Supporting 

Information S2). These two lineages were identified on the basis of the phylogenetic and geometric 

morphometrics analysis, respectively. The specimens sequences of Oxymycterus sp. 1 call attention 

to the restricted geographic ranges, restricted in high elevation (871m or more) in Serra dos Órgãos 

(northernmost domains of Serra do Mar mountain range) in Teresópolis county area, Rio de Janeiro 

State, Brazil (Fig. 1 — 5-7 localities; Fig. 5; Lineage B). This lineage appears as sister clade 

position for lineage C (O. misionalis/judex; Fig. 3, 4 & 5) with an average genetic distance of 

2.62% for Cyt-b and 1.6% for Fgb-I7 (Table 1). Although the distance of the mitochondrial locus is 

lower than expected, considering the limits of sister lineages propose by Baker and Bradley (2006), 

the nuclear distance is highly divergent in relation to the lineage C, when compared to other studies 

with hocicudos (Peçanha et al. 2017). Few individuals was used for the proposed morphometric 

analysis; however, they presents distinct shape from the other lineages mainly by PC1 in all views 
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propose (Fig. 6), in addition to the smaller size (Fig. 7). These facts of moderate to high genetic 

distance divergence, geometric morphometric results, MRCA and isolate geographic ranges, 

support the idea of one recent divergent lineage. 

Oxymycterus sp. 2 was detected from 2 localities in the northern Rio Grande do Sul State: 

Bom Jesus and Bom Jesus/Paiquerê, both above 1000m (Fig. 1; Localities 25 and 32). These two 

localities are present in a transitional zone between Mixed Ombrophilous forests (Araucaria moist 

forest) and Atlantic Forest grasslands (campos de altitude) in high altitudes. The region are inserted 

near from Serra Geral mountain range, it is a mountain and deep valleys cutting the edge of the 

plateau, forming canyons. This lineage has diverged at the Cyt-b gene on average by 5.23% from O. 

quaestor (lineage A), 5.89% from Oxymycterus sp. 1, and 6.09% from O. misionalis/judex (lineage 

C) and 0.5 up to 1.6% with Fgb-I7 locus (Table 1). These results corroborate clearly that it is a new 

taxon, if considered the boundaries of Baker and Bradley (2006) and others studies exploring 

interspecific limits of nuclear locus (Carrol and Bradley 2005; Henson and Bradley 2009). This 

lineage presents distinct shape from the other lineages mainly by PC1 in all views propose (Fig. 6) 

and probably are the representatives of genus Oxymycterus with the largest and narrowest skulls 

(Fig. 7). According the dating estimates, Oxymycterus sp. 2 emerged as the most basal taxon of 

quaestor group, split at ca. 0.794 Ma (in the Early/Middle Pleistocene) from other lineages 

promoted in this study. In addition, the geometrics morphometrics approach showed differences in 

all views propose for others lineages and Oxymycterus sp 2. However, the locality Bom Jesus (Fig. 

1; Localities 25) are record the presence of O. quaestor as well. Additional assessment about the 

sympatry with O. quaestor will be necessary to explore this issue. 

 

Timescale of diversification — Our study estimated that the Oxymycterus diverged from 

Juscelinomys in the Early Pleistocene (Calabrian Stage), around 1.977 Mya (95% HPD, 1.451–
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2.627 Ma), based on mitochondrial Cyt-b gene. This estimate is incongruent and newer than the 

previous estimate obtained by Parada et al. (2013, 2015) and Steppan and Schenk (2017), which 

detected a divergence date of ~2.6 Mya (Late Pliocene/ Early Pleistocene). However, they did not 

include an exhaustive sample set and fossils of Oxmycterus species available, which may have 

biased their dating results using a multilocus approach. It is worth emphasizing that estimated 

theses dating on focus to Subfamily Sigmodontinae (Parada et al. 2013, 2015) and Superfamily 

Muroidea (Steppan and Schenk 2017) divergence, respectively. Herein, we estimating the first 

calibrate time-tree for genus Oxymycterus, using mtDNA Cyt-b gene and fossils calibrations, 

revealing the MRCA emerged around 1.689 Ma (95% HPD, 1.324–2.119 Ma), in Early Pleistocene. 

As with the divergence with Juscelinomys, our estimate for Oxymycterus also emerges more recent 

than the other previous studies suggest. The molecular phylogeny obtained in this study supports a 

monophyletic Oxymycterus genus, although with weakly supported (PP < 0.90). The ‘quaestor 

species group’ formed a sister-clade with O. rufus and O. josei, in all phylogenetic approaches 

using mtDNA promoted in this study (Fig. 3 & 5, PP = 1 and PP = 0.90), recovering the same 

topology from other rodents previous phylogenies (Fabre et al. 2012; Parada et al. 2015; Steppan 

and Schenk 2017), and according our estimative, the divergence about 1.033 Ma (95% HPD, 0.781–

1.338 Ma) in the Middle Pleistocene. Leite et al. (2014) reveal during the late Pleistocene, the 

akodontine genera Akodon and Oxymycterus have increase rates of diversification, three times 

higher than others Akodontini rodents. The Bayesian relaxed molecular clock analysis (Fig. 5), 

although not all species of Oxymycterus are present (11 of 16 current valid species) reveal part of 

this high diversification rate suggest by Leite et al. (2014), due to the presence of 2 cryptic lineages 

related to O. quaestor, 3 lineages for rufus group (O. rufus ”Argentina”, O. rufus ”Brazil” and O. 

josei) and 3 lineages for paramensis group (lineages herein treated as Peru, Bolivia and Argentina). 

Through these inferences, we can presume that the alpha taxonomy is still poorly known and target 
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of challenges. In our calibrations, demonstrating that the quaestor group emerged at 0.794 Ma (95% 

HPD = 0.552–1.062 Ma) in the Early/Middle Pleistocene. Thus, the diversification timing raised in 

this study, suggests that Quaternary climatic cycles (highlighting Middle Pleistocene) might have 

played a role in the diversification of this lineages, as observed in previously sigmodontines studies 

with similar distribution such as Akodon paranaensis (Gonçalves et al. 2007), Delomys (Gonçalves 

and Oliveira 2014), further the congeners Oxymycterus nasutus (Peçanha et al. 2017) and 

Oxymycterus itapeby (Peçanha et al. 2019). Comparing the diversification times found in the 

calibrated phylogeny, the timing of lineages split corroborates with the transition of glacial-

interglacial periods during the mid-Pleistocene, according to chronostratigraphy for geological time 

scale based on marine isotopes stages (Cohen and Gibbard 2011). 

Our results lead us to understand that the large reddish hocidudos lineages (previously also 

treat here as quaestor group) have a great endemism in the southern Atlantic Forest, with moderate 

to high genetic diversity among lineages and probably stable population sizes along the geographic 

distribution. 

 

Biogeography Inferences: ongoing diversification process in Atlantic Forest — Studies have 

identified areas of palaeoclimatic stability in South America (Werneck et al. 2011; Costa et al. 

2017), and may to indicate potential refugia areas for quaestor group during interglacial/glacial 

periods and how the lineages were shaped. Concerning for Seasonal Dry Forests, the north‐eastern 

Argentina, south‐eastern Paraguay and a minor fragment in the Brazilian State of Mato Grosso do 

Sul seems to have experienced long‐term stability (occurred since the Last Glacial Maximum 

[LGM] ~ 21 kyr BP) as a refugium for the glaciations to Dry Forests; nonetheless, there appear to 

be retraction in dry periods of the Pleistocene followed by expansion from refugia during 

interglacial periods (Werneck et al. 2011; Carnaval and Moritz 2008). However, Dry Forests from 
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São Paulo State appear as mosaic with unstable/stable regions according the authors predictions. 

Costa et al. (2017) identified stable areas from LGM until current from Southern Atlantic Forest, 

notably for high altitudes as Cambará do Sul/RS locality (Serra Geral mountain range and areas on 

Paraná, Santa Catarina States on meridional plateau) and São Paulo State at least Serra do Mar 

range. However, no there detail data about habits concerning quaestor group, although some 

authors describe presence in wetlands and altered vegetation in Mixed Ombrophilous Forest 

(Graipel et al. 2006) or even associated with abandoned crop fields or low secondary forests 

(Grazzini et al. 2015, D’Elía et al. 2008). Due the considerations suggested by these authors, it is 

possible for these lineages to occupy either open areas (grasslands) or forest, and probably one of 

the reasons for the wide dispersion along almost the entire South Atlantic Forest. The descritption 

of these studies corroborated with a persistence and distributions of lineages along the Southern 

Atlantic Forest, both in the campos de altitude (high-altitude zones) or in the forests formations in 

meridional plateau. The temporally stable areas plausibly may persistence and harbor moderate 

population stocks during climatic fluctuations, and also expected to maintain high genetic diversity 

than unstable recently colonized areas, and a (strong) phylogenetic structure marked between 

refugia (Hewitt 2004; Carnaval et al. 2009). Thus, the preliminary biogeographic and 

phylogeographic patterns of large reddish hocicudos coincide with the new models of dynamic 

forest refuges for southern Atlantic Forest which has a strong montane and subtropical component, 

and may be associated with taxa adapted to cold (Carnaval et al. 2014).  A remarkable issue is the 

relationship between grasslands (campos de altitude) and forests during the late Quaternary (Upper 

Pleistocene and Holocene shifts) documented through of pollen records in the South and Southeast 

of Brazil (Behling 2002; Behling et al. 2004; Behling et al. 2005). These studies show general 

patterns of open areas (grasslands) up to the last glacial period (42,000-10,000 years BP) in the 

Pleistocene (encompassing the LGM), with the rise of forest formations into late Holocene and 
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climate drier and cooler than interglacial periods (Overbeck et al. 2007; Behling et al. 2009). 

However, combining palynological data and climate stability prediction models, Costa et al. (2017) 

suggests that the South and Southeast of Brazil may not have been a homogeneous area during 

Pleistocene and likely multiple small forest refugia may have existed during the grassland stage, 

allowing for a rapid forest expansion when the climate shifted to conditions favourable to a tropical 

forest, such as continental shelf that during the LGM, which could have allowed forests and forest-

adapted species (small mammals in Atlantic Forest) to expand (Leite et al. 2016). Thus, the 

microrefugia, it seems to have a role in keep the diversity across the time in highlands and higher 

latitudes of Southern Atlantic Forest (Rull 2009). Here, although being speculative, our findings 

may suggest that quaternary climatic changes promoted diversification in these lineages, sometimes 

by isolation through high altitudes (vs plateau) or even by conditions of environmental stability, 

mainly during the glaciations. Nevertheless, according Gonçalves et al. (2007) patterns of 

phylogenies of Sigmodontinae in campos de altitude may be more complex than suggested by the 

palynological and paleoclimate data suggest and, which could represent mosaics of lineages shaped 

by different historical events. 

Therefore, despite the quaestor group have a distribution across the meridional and Atlantic 

plateau, with similar distribution shape to Akodon paranaensis (Gonçalves et al. 2007), we do not 

identified lack of reciprocal monophyly between Atlantic plateau lineage (lineage B, Oxymycterus 

sp. 1) or and the others 3 lineages more related to meridional plateau (on the contrary, all clades 

well-resolved and highly supported for mtDNA analyses). In this way, such patterns suggest the 

connection among the highlands (Serra dos Órgãos) and meridional plateau lineages was ceased. 

However, we cannot disagree totally from Gonçalves et al. (2007), due the Bom Jesus locality 

(inserted in campos de altitude near from Serra Geral) presents both O. quaestor lineage (lineage A) 

or Oxymycterus sp. 2 (lineage D), evidencing that these lineages still maintains contact. For the 
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latter case, past events may have brought into contact two previously isolated lineages, or even 

limited to sympatry (or syntopy) during the climatic oscillations of the Pleistocene, and that for 

some reason still to be explored is taxonomically recognizable as a distinct evolutionary unit. 

Apparently, none of the large volume or extension rivers, such as Pelotas (Uruguay), Iguaçu 

(Iguazu), Paraná, Paranapanema and Tietê seemed to have an influence on the isolation or 

vicariance in the lineages presented, although recent studies inferred that rivers might acted as 

semipermeable barriers along the time (Hurtado and D’Elía 2018). Thus, the time of divergence 

and/or the reconstruction of the ancestral distribution would be useful to describe the patterns of 

speciation and biogeographical pathways. 

However, the quaestor group is not the only lineage/species of the genus with diversification 

process influenced by climatic oscillations of the Pleistocene. In addition to the lineages evidenced, 

in the end of the Pleistocene other groups, such as sister-clade (Fig. 5) O. rufus, distributed from 

Argentina and southeastern Brazil, seems to be similar diversification process between Pampas 

biome (Pampas Humedos) towards to south and in secondary forest areas in Atlantic Forest to north 

of geographic distribution. 

 

 

CONCLUSION 

 

This study shows that our knowledge on the alpha-taxonomy of Oxymycterus is still partial. For 

instance, the cyt-b and concatenated tree revealed at least two potential candidate species related 

with O. quaestor (Figure 3 & 4). For example, the Oxymycterus sp.2 (lineage D, Bom Jesus/RS) 

that perform a sister group with other Oxymycterus quaestor and lineages associated, and the 

Oxymycterus sp.1 (lineage B, Teresópolis/RJ) and represent a distinct species given its moderated 

divergence from its sister group (see genetic distances among clades in Table 1). In addition, 
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despite that Bayesian Inference presents results more consistent than geometric morphometric 

analyses, we have demonstrated in this study strong evidence (mainly based on p-distance and 

phylogenetic analyses) that Oxymycterus quaestor is indeed a valid and distinct species of 

specimens with similar appearance, which were along of the years attributed to O. judex and O. 

misionalis. However, due to the lack of additional data (both molecular and morphological) infer 

that lineage C belong to O. judex or O. misionalis, we suggest to consider it as a candidate 

revalidation species that needs to be further studied as well as phylogeographic aspects. 
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Supplementary Data SD4. — Description and definition of landmarks positioned for each skull 

views. 
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FIGURES 

 

 
 

Figure 1. Map showing the collection approximate type localities of the specimens of 

Oxymycterus quaestor Thomas, 1903 (blue), Oxymycterus judex Thomas, 1909 (gray) 

and Oxymycterus misionalis Sanborn, 1931 (green) revised according this study. Locality 

numbers correspond to those in Supplementary Data 1. Circles indicate localities with 

specimens only included in the phylogenetic analysis; squares indicate localities with 

specimens that were only morphologically assessed; triangles indicate that specimens 

from those localities were included in both the phylogenetic and morphological analyses. 

The map were obtained from Ecoregions 2017© Resolve (available at: 

http://ecoregions2017.appspot.com/). Any rights in individual contents of the database 

are licensed under the Database Contents License: https:// 

creativecommons.org/licenses/by/4.0/), and edited with ArcMap 10.3 software. 
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Figure 2. Dorsal, ventral, and lateral views of the skull and mandible (upper to bottom) to 

holotypes from Oxymycterus quaestor (A, BM 3.7.1.80), Oxymycterus judex (B, BM 

9.11.19.19) and Oxymycterus misionalis (C, FMNH 26756). Scale bar = 10 mm. 
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Figure 3. Phylogenetic trees based on Bayesian inference showing the relationships among 110 

individuals of quaestor group for mitochondrial Cytochrome b gene (1137 bp). Numbers at nodes 

are Bayesian posterior probabilities; numbers in bold indicate high support (≥ 0.90). Nodes marked 

with asterisks are unsupported. Colors correspond to the lineages (Blue, lineage A; Ciano, lineage 

B; green, lineage C; Yellow, lineage D). Scale bar = 0.007 nucleotide substitutions. Genbank 

accession numbers of analyzed sequences are included at terminal labels with hashtag. The squares 

flagged on the tips indicate sequences derived from closely of types localities. Square Blue, 

Piraquara - Mananciais da Serra, Paraná State, Brazil; White, Joinville - Estação Ecológica 

Bracinho Piraí, Santa Catarina State, Brazil; Green, Reserva Valle del Arroyo Cuña Pirú, Misiones 

Province, Argentina. 
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Figure 4. Phylogenetic tree of quaestor group obtained by Bayesian inference of a concatenated-

gene (Cyt-b + Fgb-I7) data set (1788 bp). Values above nodes correspond to posterior probabilities 

> 0.35. Colors correspond to the lineages (Blue, lineage A; Ciano, lineage B; green, lineage C; 

Yellow, lineage D). Scale bar = 0.007 nucleotide substitutions. GenBank accession numbers of 

analyzed sequences are included at terminal labels with hashtag. The squares flagged on the tips 

indicate sequences derived from closely of types localities. Square Blue, Piraquara - Mananciais da 

Serra, Paraná State, Brazil; White, Joinville - Estação Ecológica Bracinho Piraí, Santa Catarina 

State, Brazil; Green, Reserva Valle del Arroyo Cuña Pirú, Misiones Province, Argentina.



 
 
 

 

 

 

Figure 5. Phylogenetic and molecular dating results for the genus Oxymycterus. The tree is a 

chronogram (uncorrelated log-normal molecular clock) based on a BEAST MCMC analysis of the 

mitochondrial data set (cytochrome b gene). Black circles on the nodes correspond to the fossil 

calibration points. The 95% credibility intervals of molecular estimates (median height) are given 

for each node. Numbers at nodes are Bayesian Posterior Probabilities; numbers in bold indicate 

high support (≥ 0.75). Nodes marked with asterisks are unsupported. Colors correspond to the 

quaestor group lineages (Blue, lineage A; Ciano, lineage B; Green, lineage C; Yellow, lineage D). 

Scale bars were plotted with a geological time scale using the strap package in R. The map depicted 

clades into a geographic context.



 
 
 

 
Figure 6. Scatterplot of principal component analysis (PCA) show the two first PCs for 4 lineages 

of large reddish hocicudos. Upper dorsal (A), middle ventral (B), and bottom lateral (C) views of 

the skull. On left, the full dataset and right, the reduced. Warped grids represent the extreme values 

of the first and second PC-axis. Grids are warped against the mean skull shape of quaestor group. 

Joinville, EEBP = Joinville, Estação Ecológica Bracinho Piraí. 
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Figure 7. Boxplots of variability in centroid size among 4 lineages, ordered 

from smallest to largest. Different lineages denominated placed under the 

plots. The horizontal line represents the mean, box margins are at the 25th 

and 75th percentiles, bars extend to the 5th and 95th percentiles, and circles 

are outliers. 
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TABLES 

 

Table 1. Genetic divergence (using p-distance) within and among between pairs of mitochondrial 

Cytochrome b and nuclear Fibrinogen Beta Chain (intron 7) genes recovered from different clades 

of quaestor group determined by the Bayesian phylogeny based on mtDNA and concatenated 

dataset. Highlighted, the values in bold are presented the overall distance; in brackets, intraspecific 

distance values. 
 

Clade/Lineage      

Cytochrome b: N Clade A  Clade B  Clade C  Clade D 

Clade A 75 [0.004 ± 0.001] - - - 

Clade B 13 0.0282 ± 0.0049 [0.006 ± 0.002] - - 

Clade C 17 0.0322 ± 0.0052 0.0262 ± 0.0049 [0.005 ± 0.002] - 

Clade D 5 0.0523 ± 0.0054 0.0589 ± 0.0064 0.0609 ± 0.0068 [0.006 ± 0.002] 

Overall 110 0.0197 ± 0.002    

      

Fibrinogen Beta Chain (Intron 7):      

Clade A 66 [0.005 ± 0.001] - - - 

Clade B 10 0.016 ± 0.002 [0.026 ± 0.004] - - 

Clade C 10 0.004 ± 0.001 0.016 ± 0.002 [0.001] - 

Clade D 3 0.005 ± 0.002 0.016 ± 0.003 0.005 ± 0.002 [0] 

Overall 89 0.007 ± 0.001    

N: number of individuals included in analyses. 
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SUPPLEMENTARY DATA 

Supplementary Data 1. Description of all sample of Oxymycterus used included the Locality numbers correspond 

(code), Museum or Scientific collection voucher, Skull analyzed, Haplotype Cyt-b, Haplotype Fgb-I7, Country, 

State/Department or Province, Municipality/Locality, geographic Coordinates, Sex and Genbank accessions (Sequences 

generated in this study indicated in bold). Abreviations of Brazilian States: PR, Paraná; SC, Santa Catarina; RS, Rio 

Grande do Sul. Acronyms of the collections accessed: BM, British Museum, London (United Kingdom);CMLCE-

UFRGS, Mastozoological Collection of the Cytogenetic Laboratory and Evolution at the Universidade Federal do Rio 

Grande do Sul, Porto Alegre (Brazil); CNP, Colección de Mamíferos del Centro Nacional Patagónico, Puerto Madryn 

(Argentina); CZFURB, Coleção Zoológica da Universidade Regional de Blumenau, Blumenau (Brazil); DZUP/CCMZ, 

Departamento de Zoologia da Universidade Federal do Paraná, Curitiba (Brazil); FMNH, Field Museum of Natural 

History, Chicago (USA); FZB-MCN, Fundação Zoobotânica do Rio Grande do Sul, Museu de Ciências Naturais, Porto 

Alegre (Brazil); MCNU, Museu de Ciências Naturais da Universidade Luterana do Brasil, Canoas (Brazil); MHNCI, 

Museu de História Natural “Capão da Imbuía”, Curitiba (Brazil); MN [LG, LBCE VA, SO, JAO, CRB], Museu 

Nacional, Universidade federal do Rio de Janeiro, Rio de Janeiro (Brazil); MVZ, Museum of Vertebrate Zoology, 

University of California at Berkeley, Berkeley (USA); MZUSP, Museu de Zoologia da Universidade de São Paulo, São 

Paulo (Brazil); MZPUCPR, Museu de Zoologia da Pontifícia Universidade católica do Paraná, Curitiba (Brazil); TK 

[MNHNP], Museo Nacional de Historia Natural del Paraguay, San Lorenzo (Paraguay); UFPR-P, Departmento de 

Genética da Universidade Federal do Paraná, Curitiba (Brazil).  

code ID skull Cyt-b Fgb-I7 Country Area locality coordinates Sex Genbank 

1 FMNH 23843 + - - AR Misiones Puerto Aguirre -25.599698, -54.58323 M  

2 FMNH 26754 + - - AR Misiones Lib. Gen San Martín -26.616667, -54.766667 M  

2 FMNH 26756 + - - AR Misiones Lib. Gen San Martín -26.616667, -54.766667 F  

2 FMNH 26757 + - - AR Misiones Lib. Gen San Martín -26.616667, -54.766667 M  

3 CNP 851 - 801 bp - AR Misiones Reserva Valle del 

Arroyo Cuña Pirú 

-27.00145, -55.044038 - DQ518257 

4 TK 121751 + 1137 bp 660 bp PY Canindeyu Colonia Britez Cue -24.23916667, -55.26777778 F EU449517 

4 TK 121752 + 1137 bp 660 bp PY Canindeyu Colonia Britez Cue -24.23916667, -55.26777778 M  

4 TK 130587 + 801 bp - PY Canindeyu Colonia Britez Cue -24.23916667, -55.26777778 F  

4 TK 141169 + - - PY Canindeyu Colonia Britez Cue -24.23916667, -55.26777778 F  

5 MN LG41 - 1113 bp - BR RJ Nova Friburgo, Sítio 

Xitaca 

-22.281944, -42.530833 - AF454772 

6 MN 65544 - 801 bp - BR RJ Teresópolis -22.411944, -42.965833 - AF516661 

6 MN 65543 - 801 bp - BR RJ Teresópolis -22.411944, -42.965833 - AF516660 

6 FMNH 26592 + - - BR RJ Teresópolis -22.411944, -42.965833 F  

6 FMNH 26595 + - - BR RJ Teresópolis -22.411944, -42.965833 M  

6 FMNH 26587 + - - BR RJ Teresópolis -22.411944, -42.965833 F  

6 MN LBCE 2494 - 1137 bp 660 bp BR RJ Teresópolis, 

Semidouro 
-22.411944, -42.965833 -  

6 MN LBCE 2495 - 1137 bp 675 bp BR RJ Teresópolis, 

Semidouro 

-22.411944, -42.965833 -  
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6 MN LBCE 2497 - 1137 bp 660 bp BR RJ Teresópolis, 

Semidouro 

-22.411944, -42.965833 -  

6 MN LBCE 2498 - 1137 bp 660 bp BR RJ Teresópolis, 

Semidouro 

-22.411944, -42.965833 -  

6 MN LBCE 2496 - - 675 bp BR RJ Teresópolis, 

Semidouro 

-22.411944, -42.965833 -  

6 MN LBCE 4646 - 1137 bp 660 bp BR RJ Teresópolis, 

Semidouro 

-22.411944, -42.965833 -  

7 MN67496 SO17 - 1137 bp 660 bp BR RJ Teresópolis, Pq Nac. 

da Serra dos Órgãos, 

Vale das Antas 

-22.493056, -43.073333 -  

7 MN67489 VA10 - 1137 bp 660 bp BR RJ Teresópolis, Pq Nac. 

da Serra dos Órgãos, 

Vale das Antas 

-22.493056, -43.073333 -  

7 MN VA104 - 801 bp - BR RJ Teresópolis, Pq Nac. 
da Serra dos Órgãos, 

Vale das Antas 

-22.493056, -43.073333 -  

7 MN67493 VA85 - 1137 bp 660 bp BR RJ Teresópolis, Pq Nac. 

da Serra dos Órgãos, 

Vale das Antas 

-22.493056, -43.073333 -  

7 MN67494 VA94 - 1137 bp 660 bp BR RJ Teresópolis, Pq Nac. 

da Serra dos Órgãos, 

Vale das Antas 

-22.493056, -43.073333 -  

8 MVZ 183128 + 1137 bp - BR SP Capão Bonito, 

Fazenda Intervales 

-24.3333333, -48.4166667 F AF454773 

8 MVZ 183129 - 1041 bp - BR SP Capão Bonito, 

Fazenda Intervales 

-24.3333333, -48.4166667 M AF454774 

8 MVZ 183135 - 1137 pb 660 bp BR SP Capão Bonito, 

Fazenda Intervales 

-24.3333333, -48.4166667 F  

8 MVZ 183136 - 1137 pb 660 bp BR SP Capão Bonito, 

Fazenda Intervales 
-24.3333333, -48.4166667 F  

8 MVZ 191465 + 1137 pb 660 bp BR SP Capão Bonito, 

Fazenda Intervales 

-24.3333333, -48.4166667 M  

8 MVZ 191466 - 1137 pb 660 bp BR SP Capão Bonito, 

Fazenda Intervales 

-24.3333333, -48.4166667 F  

9 MHNCI 3596 + 1137 pb 660 bp BR SP Itapevi, Vila Verde -23.587492, -46.959781 M  

9 MHNCI 3597 + 1137 pb - BR SP Itapevi, Vila Verde -23.587492, -46.959781 F  

9 MHNCI 3598 + 1137 pb 660 bp BR SP Itapevi, Vila Verde -23.587492, -46.959781 F  

9 MHNCI 3599 + 1137 pb 660 bp BR SP Itapevi, Vila Verde -23.587492, -46.959781 M  

9 MHNCI 3600 + 1137 bp 660 bp BR SP Itapevi, Vila Verde -23.587492, -46.959781 F  

10 BM 3.7.1.80 + - - BR PR Piraquara, Roça Nova -25.472480, -49.014220 F  

10 MHNCI 3136 + - - BR PR Piraquara, Sanepar -25.491772, -48.994268 -  

10 UFPR-P44 - 801 bp - BR PR Piraquara -25.441944, -49.062778 M  

10 MN JAO 1000 - 1137 pb 660 bp BR PR Piraquara, Mananciais 

da Serra 

-25.441944, -49.062778 -  

10 MN JAO 964 - 1137 pb 660 bp BR PR Piraquara, Mananciais 

da Serra 
-25.441944, -49.062778 -  



 
 

191 
 

10 MN JAO 988 - 1137 pb 660 bp BR PR Piraquara, Mananciais 

da Serra 

-25.441944, -49.062778 -  

11 MN JAO 1688 - - 660 bp BR PR Telêmaco Borba -24.323889, -50.615833 -  

12 MHNCI 4857 - 642 bp - BR PR Cruzeiro do Iguaçu, 

UHE Salto Caxias 

-25.615833, -53.127778 M  

13 MHNCI 4471 + - - BR PR Boa Vista da 

Aparecida, Flor da 

Serra 

-25.491636, -53.376497 M  

13 MHNCI 4510 - - - BR PR Boa Vista da 

Aparecida, Flor da 

Serra 

-25.491636, -53.376497 F  

14 UFPR-P119 - 1137 bp - BR PR São José dos Pinhais, 

Guaricana 

-25.708234, -48.975598 F  

14 UFPR-P371 - 1137 bp 658 bp BR PR São José dos Pinhais, 

Guaricana 

-25.708234, -48.975598 M  

14 UFPR-P372 - 1137 bp - BR PR São José dos Pinhais, 

Guaricana 

-25.708234, -48.975598 F  

14 UFPR-P373 - 1137 bp - BR PR São José dos Pinhais, 

Guaricana 

-25.708234, -48.975598 M  

14 UFPR-P374 - 1137 bp 660 bp BR PR São José dos Pinhais, 

Guaricana 

-25.708234, -48.975598 M  

14 UFPR-P375 - 1137 bp 658 bp BR PR São José dos Pinhais, 

Guaricana 

-25.708234, -48.975598 M  

14 UFPR-P376 - 1137 bp - BR PR São José dos Pinhais, 

Guaricana 
-25.708234, -48.975598 M  

14 UFPR-P377 - 1137 bp 658 bp BR PR São José dos Pinhais, 

Guaricana 

-25.708234, -48.975598 M  

14 UFPR-P403 - 1137 bp - BR PR São José dos Pinhais, 

Guaricana 

-25.708234, -48.975598 F  

14 MHNCI 1472 + - - BR PR São José dos Pinhais, 

Guaricana 

-25.708234, -48.975598 F  

14 MHNCI 1479 + - - BR PR São José dos Pinhais, 

Guaricana 

-25.708234, -48.975598 M  

14 MHNCI 1530 + - - BR PR São José dos Pinhais, 

Guaricana 

-25.708234, -48.975598 F  

14 MHNCI 1537 + - - BR PR São José dos Pinhais, 

Guaricana 

-25.708234, -48.975598 M  

14 MHNCI 1613 + - - BR PR São José dos Pinhais, 

Guaricana 

-25.708234, -48.975598 F  

14 MHNCI 1666 + - - BR PR São José dos Pinhais, 

Guaricana 

-25.708234, -48.975598 M  

15 MZPUCPR 1199 + - - BR PR Lapa, Rodovia do 

Xisto Km82 
-25.784685, -49.877846 -  

16 MHNCI 2146 + - - BR PR Pinhão, Foz do Rio da 

Divisa 

-25.695833, -51.66 M  

17 CMLCE HFE 01 - 1137 bp 660 bp BR RS Erechim -27.633889,  -52.273889 M  

18 MN CRB 1977 - 1137 bp 675 bp BR RS Aratiba -27.393889, -52.3 -  

18 MN CRB 1988 - - 675 bp BR RS Aratiba -27.393889, -52.3 -  
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18 MCNU 280 + - - BR RS Aratiba, Três barras -27.320001, -52.247135 M  

18 MCNU 281 + - - BR RS Aratiba, Três barras -27.320001, -52.247135 M  

18 MCNU 282 + - - BR RS Aratiba, Três barras -27.320001, -52.247135 F  

18 MCNU 283 + - - BR RS Aratiba, Três barras -27.320001, -52.247135 M  

18 MCNU 285 + - - BR RS Aratiba, Três barras -27.320001, -52.247135 M  

18 MCNU 286 + - - BR RS Aratiba, Três barras -27.320001, -52.247135 F  

19 MCNU 1619 + 1137 bp 660 bp BR RS Maquiné -29.675000, -50.206944 M  

20 MCNU 1945 + 1137 bp 660 bp BR RS Itati -29.488889, -50.105000 F  

20 MCNU 2806 + 1137 bp 660 bp BR RS Itati -29.488889, -50.105000 F  

21 MCNU 2114 + 1137 bp 660 bp BR RS Vila Flores -28.862778, -51.532778 M  

22 MCNU 2341 + 1137 bp 660 bp BR RS Chapada -28.055000, -53.067778 M  

23 MCNU 2958 + 1137 bp 660 bp BR RS Nova Roma do Sul -28.990000, -51.407778 M  

23 MCNU 3662 + 1137 bp 660 bp BR RS Nova Roma do Sul -28.990000, -51.407778 F  

24 MCNU 3894 + 1137 bp 660 bp BR RS Dois lajeados -28.983889, -51.835833 M  

25 MCNU 2324 + 1137 bp 660 bp BR RS Bom Jesus -28.667778, -50.416944 M  

25 MCNU 2325 + 1137 bp - BR RS Bom Jesus -28.667778, -50.416944 F  

25 MCNU 3775 + 1137 bp 660 bp BR RS Bom Jesus -28.667778, -50.416944 M  

25 MCNU 3839 + 1137 bp - BR RS Bom Jesus -28.667778, -50.416944 M  

25 MCNU 3840 + 1137 bp 660 bp BR RS Bom Jesus -28.667778, -50.416944 F  

26 MCNU 2270 + 1137 bp 660 bp BR RS Vacaria -28.511944, -50.933889 M  

27 DZUP/CCMZ 187 + - - BR RS Derrubadas, Pq. Est. 

Do Turvo 

-27.145556, -53.886111 M  

27 FZB-MCN 3766 - - 660 bp BR RS Derrubadas, Pq. Est. 

Do Turvo 

-27.145556, -53.886111 M  

28 BM 9.11.19.19 + - - BR SC Joinville -26.303889, -48.845833 M  

28 FMNH 34383 + - - BR SC Joinville -26.303889, -48.845833 M  

28 CZFURB 146 + - - BR SC Joinville, Est. Eco. 

Bracinho Piraí 

-26.296228, -49.018612 M  

28 CZFURB 909 + - - BR SC Joinville, Est. Eco. 

Bracinho Piraí 

-26.296228, -49.018612 M  

28 CZFURB 910 + - - BR SC Joinville, Est. Eco. 

Bracinho Piraí 

-26.296228, -49.018612 M  

28 CZFURB 942 - 1137 bp - BR SC Joinville, Est. Eco. 

Bracinho Piraí 

-26.296228, -49.018612 F  

29 MHNCI 5021 + 1137 bp - BR SC Ponte Alta do Norte, 

Fazenda Rio das 

Pedras 

-27.157778,-50.463889 F  
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29 MHNCI 5023 + - - BR SC Ponte Alta do Norte, 

Fazenda Rio das 

Pedras 

-27.157778,-50.463889 M  

30 MHNCI 6059 + 1137 bp - BR SC Rio Negrinho, 

Fazenda Santa Alice 
-26.253889, -49.517778 F  

30 MHNCI 6060 + 1137 bp 369 bp BR SC Rio Negrinho, 

Fazenda Santa Alice 

-26.253889, -49.517778 M  

31 MCNU 3896 + 1137 bp - BR SC Timbé do Sul -28.83, -49.846944 M  

32 MCNU 2829 + 1137 bp 660 bp BR RS Bom Jesus, Paiquere -28.335829, -50.662092 F  

33 CZFURB 20526 + 1137 bp 660 bp BR SC Abdon Batista, UHE 

Garibaldi 

-27.610833, -51.022778 M  

34 CZFURB 449 + 1137 bp 660 bp BR SC Anitápolis, Vale do 

IFC 

-27.901944, -49.128889 M  

34 CZFURB 510 + 1137 bp 660 bp BR SC Anitápolis, Vale do 

IFC 

-27.901944, -49.128889 -  

35 CZFURB 621 + 1137 bp 660 bp BR SC Blumenau, Parque 

Nacional da Serra do 

Itajaí, Parque das 

Nascentes 

-26.908889, -49.072222 M  

35 CZFURB 9679 + 1137 bp 660 bp BR SC Blumenau, Parque 

Nacional da Serra do 

Itajaí, Parque das 

Nascentes 

-26.908889, -49.072222 M  

36 CZFURB 15135 + 1137 bp 660 bp BR SC Campo Belo do Sul, 

Potreiro das Éguas, 

Fazenda Gateados 

-27.898889, -50.760833 F  

36 CZFURB 15145 + 1137 bp 660 bp BR SC Campo Belo do Sul, 

Potreiro das Éguas, 

Fazenda Gateados 

-27.898889, -50.760833 M  

36 CZFURB 15160 + 1137 bp 660 bp BR SC Campo Belo do Sul, 

Potreiro das Éguas, 

Fazenda Gateados 

-27.898889, -50.760833 M  

36 CZFURB 15171 + 1137 bp 660 bp BR SC Campo Belo do Sul, 

Potreiro das Éguas, 

Fazenda Gateados 

-27.898889, -50.760833 M  

37 CZFURB 15788 + 1137 bp 660 bp BR SC Dr. Pedrinho, Rebio 

Estadual Sassafrás 

-26.713889, -49.482778 M  

37 CZFURB 18041 - 1137 bp 660 bp BR SC Dr. Pedrinho, Rebio 

Estadual Sassafrás 

-26.713889, -49.482778 M  

37 CZFURB 18598 + 1137 bp 660 bp BR SC Dr. Pedrinho, Rebio 

Estadual Sassafrás 

-26.713889, -49.482778 F  

37 CZFURB 18672 + 1137 bp 660 bp BR SC Dr. Pedrinho, Rebio 

Estadual Sassafrás 

-26.713889, -49.482778 M  

37 CZFURB 18723 + 1137 bp 660 bp BR SC Dr. Pedrinho, Rebio 

Estadual Sassafrás 

-26.713889, -49.482778 F  

38 CZFURB 12276 + 1137 bp 660 bp BR SC Faxinal dos Guedes, 

BR282 Km484 
-26.852778, -52.261001 -  

39 CZFURB 9768 + 1137 bp 660 bp BR SC Gaspar, RPPN 

Figueira Branca 

-26.930833, -48.958889 F  

39 CZFURB 9809 + 960 bp 660 bp BR SC Gaspar, Bunge -26.930833, -48.958889 M  

40 CZFURB 12615 + 1137 bp - BR SC Ibirama, PCH Salto 

Pilão 

-27.056944, -49.517778 M  
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40 CZFURB 12654 + 1137 bp 660 bp BR SC Ibirama, PCH Salto 

Pilão 

-27.056944, -49.517778 M  

41 CZFURB 605 + 1137 bp - BR SC Indaial, Parque 

Nacional da Serra do 
Itajaí, Parque das 

Nascentes, Vale do 

Espingarda 

-26.897778, -49.231944 -  

41 CZFURB 991 + - - BR SC Indaial, Parque 
Nacional da Serra do 

Itajaí, Parque das 

Nascentes, Vale do 

Espingarda 

-26.897778, -49.231944 M  

41 CZFURB 999 + 1137 bp 660 bp BR SC Indaial, Parque 
Nacional da Serra do 

Itajaí, Parque das 

Nascentes, Vale do 

Espingarda 

-26.897778, -49.231944 M  

41 CZFURB 1000 + - - BR SC Indaial, Parque 

Nacional da Serra do 

Itajaí, Parque das 

Nascentes, Vale do 

Espingarda 

-26.897778, -49.231944 F  

41 CZFURB 5005 - 1137 bp 660 bp BR SC Indaial, Parque 

Nacional da Serra do 

Itajaí, Parque das 

Nascentes, Vale do 

Espingarda 

-26.897778, -49.231944 F  

41 CZFURB 5014 + 1137 bp 660 bp BR SC Indaial, Parque 

Nacional da Serra do 

Itajaí, Parque das 

Nascentes, Vale do 

Espingarda 

-26.897778, -49.231944 M  

41 CZFURB 9090 + 1137 bp 660 bp BR SC Indaial, Parque 

Nacional da Serra do 

Itajaí, Parque das 

Nascentes, Vale do 

Espingarda 

-26.897778, -49.231944 F  

41 CZFURB 9124 + 1137 bp 660 bp BR SC Indaial, Parque 

Nacional da Serra do 

Itajaí, Parque das 

Nascentes, Vale do 

Espingarda 

-26.897778, -49.231944 M  

41 CZFURB 9170 + 1137 bp 660 bp BR SC Indaial, Parque 

Nacional da Serra do 

Itajaí, Parque das 

Nascentes, Vale do 

Espingarda 

-26.897778, -49.231944 M  

41 CZFURB 9193 + 1137 bp 660 bp BR SC Indaial, Parque 

Nacional da Serra do 

Itajaí, Parque das 

Nascentes, Vale do 

Espingarda 

-26.897778, -49.231944 -  

41 CZFURB 9333 + 1137 bp 660 bp BR SC Indaial, Parque 

Nacional da Serra do 

Itajaí, Parque das 

Nascentes, Vale do 

Espingarda 

-26.897778, -49.231944 M  

41 CZFURB 9490 + - - BR SC Indaial, Parque 

Nacional da Serra do 

Itajaí, Parque das 

Nascentes, Vale do 

Espingarda 

-26.897778, -49.231944 M  
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41 CZFURB 9653 + 1137 bp 660 bp BR SC Indaial, Parque 

Nacional da Serra do 

Itajaí, Parque das 

Nascentes, Vale do 

Espingarda 

-26.897778, -49.231944 -  

41 CZFURB 9682 - 1137 bp 660 bp BR SC Indaial, Parque 

Nacional da Serra do 

Itajaí, Parque das 

Nascentes, Vale do 

Espingarda 

-26.897778, -  49.231944 -  

41 CZFURB 9916 + 1137 bp 660 bp BR SC Indaial, Parque 

Nacional da Serra do 

Itajaí, Parque das 

Nascentes, Vale do 

Espingarda 

-26.897778, -49.231944 M  

41 CZFURB 9983 + 1137 bp 660 bp BR SC Indaial, Parque 

Nacional da Serra do 

Itajaí, Parque das 

Nascentes, Vale do 

Espingarda 

-26.897778, -49.231944 M  

41 CZFURB 12004 - 1137 bp 660 bp BR SC Indaial, Parque 

Nacional da Serra do 

Itajaí, Parque das 

Nascentes, Vale do 

Espingarda 

-26.897778, -49.231944 F  

42 CZFURB 901 + 1137 bp 660 bp BR SC Itá, UHE Itá -27.290833, -52.322778 M  

42 CZFURB 5047 + 1137 bp 660 bp BR SC Itá, UHE Itá -27.290833, -52.322778 F  

42 CZFURB 5074 - 1137 bp 660 bp BR SC Itá, UHE Itá -27.290833, -52.322778 M  

42 CZFURB 5092 + 1137 bp 660 bp BR SC Itá, UHE Itá -27.290833, -52.322778 -  

42 CZFURB 5234 - 1137 bp 660 bp BR SC Itá, UHE Itá -27.290833, -52.322778 M  

42 CZFURB 6502 + 1137 bp 660 bp BR SC Itá, UHE Itá -27.290833, -52.322778 F  

43 CZFURB 12094 + 1137 bp 660 bp BR SC Luiz Alves, Braço 

Central 

-26.720833, -48.932778 M  

44 CZFURB 9215 + 1137 bp - BR SC São Domingos, Aheqq -26.557778, -52.531944 F  

44 CZFURB 9220 + 1137 bp 660 bp BR SC São Domingos, Aheqq -26.557778, -52.531944 M  

44 CZFURB 9224 + 1137 bp 660 bp BR SC São Domingos, Aheqq -26.557778, -52.531944 M  

44 CZFURB 9236 + 1137 bp 660 bp BR SC São Domingos, Aheqq -26.557778, -52.531944 -  

44 CZFURB 9240 + 1137 bp 660 bp BR SC São Domingos, Aheqq -26.557778, -52.531944 -  

45 CZFURB 20078 + 1137 bp 660 bp BR SC São José do Cerrito, 

UHE Garibaldi 

-27.662778, -50.581001 M  

46 FMNH 35354 + - - BR SC Corupá, colônia 

Hansa 

-26.425, -49.242778 M  

46 MZUSP 845 + - - BR SC Corupá, colônia 

Hansa 

-26.425, -49.242778 F  
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Supplementary Data 2. Species, scientific collections voucher identification, Genbank accession 

codes and target locus used in phylogenies reconstructions for mtDNA and concatenated 

approaches. Sequences generated in this study indicated in bold on Table. 
 

Species Voucher ID Genbank ID Locus 

O. quaestor* LG41 AF454772 Cytochrome b (mtDNA) 

O. quaestor* MN 65544 AF516661 Cytochrome b (mtDNA) 

O. quaestor* MN 65543 AF516660 Cytochrome b (mtDNA) 

O. judex* AF454773 AF454773 Cytochrome b (mtDNA) 

O. judex* AF454774 AF454774 Cytochrome b (mtDNA) 

O. misionalis* CNP 851 DQ518257 Cytochrome b (mtDNA) 

O. misionalis* TK 121751 EU449517 Cytochrome b (mtDNA) 

O. delator MVZ193002 MK331139 Cytochrome b (mtDNA) 

O. delator MVZ193002 TBD Fibrinogen beta chain - 7 intron (nDNA) 

O. nasutus MCNU3228 MK331144 Cytochrome b (mtDNA) 

O. nasutus MCNU3149 TBD Fibrinogen beta chain - 7 intron (nDNA) 

O. itapeby MHNCI1704 MK331135 Cytochrome b (mtDNA) 

O. itapeby MHNCI1704 TBD Fibrinogen beta chain - 7 intron (nDNA) 

O. dasytrichus MVZ183130 TBD Cytochrome b (mtDNA) 

O. dasytrichus MVZ183130 TBD Fibrinogen beta chain - 7 intron (nDNA) 

O. josei MVZ193036 MK331138 Cytochrome b (mtDNA) 

O. josei MVZ193036 TBD Fibrinogen beta chain - 7 intron (nDNA) 

O. rufus TK49118 AF454775 Cytochrome b (mtDNA) 

* Nomenclature of species given by Genbank. 
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Supplementary Data 3. All sequences retrieve and deposited in Genbank used for 

reconstructed the time calibrated-tree. Listed are species, museum/scientific collections 

voucher ID and Genbank accession codes. The sequences generated in this study 

indicated in bold on Table. 
 

Species (outgroups) Voucher ID Genbank ID 

Juscelinomys  huanchacae LHE1644 JQ898084 

O. quaestor “Lineage A” MN JAO964 TBD 

O. misionalis/judex “Lineage C” CNP851 DQ518257 

Oxymycterus sp. 1 “Lineage B” MN67496 (SO17) TBD 

Oxymycterus sp. 2 “Lineage D” MCNU2324 TBD 

O. amazonicus MZUSP21317 AF454765 

O. delator MVZ193002 MK331139 

O. dasytrichus MVZ183130 TBD 

O. itapeby MHNCI1704 MK331135 

O. nasutus MCNU3228 MK331144 

O. wayku CML7247 DQ518262 

O. hiska MVZ171518 U03542 

O. josei MVZ193036 MK331138 

O. rufus “Argentina” TK49118 AF454775 

O. rufus “Brazil” MZUFV713 AF516653 

O. paramensis ”Peru” UMMZ160535 U03536 

O. paramensis ”Peru” MVZ193021 TBD 

O. paramensis ”Bolivia” MSB67277 (NK22836) AY041197 

O. paramensis ”Bolivia” MSB67278 TBD 

O. paramensis ”Argentina” CML725 DQ518259 

O. paramensis ”Argentina” MSB239810 TBD 
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Supplementary Data 4. Position of the landmarks (circles) digitized on the (A) dorsal, (B) ventral, 

and (C) lateral views of skull. Below, the definition of landmarks positioned for each skull views. 

 

(A) Description of landmarks of skull dorsal view: 

 

 
 

1: anteriormost point of suture between nasals; 2-3: anteriormost point of suture between nasal and 

premaxilla; 4-5: anteriormost point of zygomatic plate; 6: suture between nasals and frontals; 7-8: 

posteriormost margin of maximum constriction of antorbital bridge;  9-10: length margin of 

maximum constriction of interorbital region (frontal); 11-12: anteriormost margin of the maximum 

constriction of squamosal root of zygomatic arch; 13-14: suture between frontal, squamosal and 

parietal; 15: suture between frontals and parietals; 16-17: superiormost point of suture between 

parietal and occipital; 18-19: suture between parietal, interparietal and occipital; 20: suture between 

parietals and interparietal; 21: posteriormost point of occipital margin. Scale bar = 10 mm. 
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(B) Description of landmarks of skull ventral view: 

 

 
 

 

1: anteriormost point of suture between nasals; 2-3: lateralmost point of the alveolus of the incisor; 

4-5: anteriormost margin of incisive foramen; 6-7: posteriormost point of suture between premaxilla 

and maxilla; 8-9: anteriormost margin of zygomatic plate; 10-11: posteriormost margin of incisive 

foramen; 12-17: anteriormost margin of first molar alveolus; 13-19: Labial margin of M1 at the 

level of the second lamina; 14-18: lingual margin of M1 at the level of the second lamina; 15-20: 

posterior margin of M1; 16-21: posteriormost margin of third molar; 22: posteriormost point of 

suture between palatines; 23-24: long length of mesopterygoid fossa after suture between palatines; 

25-26: anterior extremity of tympanic bulla; 27-28: basis length of suture between basisphenoid and 

basiocciptal; 29-30: end of auditory bulla line; 31-32: superiormost margin of tympanic bulla 

(ectotympanic); 33: anteriormost point of inferior margin of foramen Magnum; 34: posteriormost 

point of superior margin of foramen magnum; 35-36: anteriormost margin of the maximum 

zygomatic plate posterior constriction; 37-38: posteriormost margin of the maximum anterior 

constriction of squamosal root of zygomatic;  39-40: posterior end of squamosal root of zygomatic 

bar; 41-42: anteriormost border of the paramastoid process. Scale bar = 10 mm. 
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(C) Description of landmarks of skull lateral view: 

 

 
 

 

1: anteriormost point of nasal; 2: anteriormost point of the suture between the nasal and the 

premaxilla;  3: posteriormost point of incisor alveolus;  4: inferiormost point of incisor alveolus;  5: 

ventral extent of infraorbital foramen;  6: point of maximum posterior constriction of antorbital 

bridge;  7: anteriormost point of the molar row;  8: posteriormost point of the molar row; 9: point of 

maximum anterior constriction of squamosal root of zygomatic arch; 10: foramen ovale accessorius 

(closely tympanic bulla); 11: ventralmost point at the middle of the tympanic bulla;   12: inferior 

extremity on the boundary between the occipital condyle and the tympanic bulla; 13: curvature at 

the limit between the occipital condyle and the occipital bone; 14: suture between parietal, 

squamosal and occipital; 15: inferiormost point of suture between pariental and interparietal 16: 

superiormost point of suture between frontal and parietal. Scale bar = 10 mm. 
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Supplementary Data SD5. — General Supplementary tables results. Jackknife Cross-validation 

(A), Tukey HSD, honest significant difference (B) and pairwise MANOVA (C). 

 

A. Percentage of correct classification from discriminant analysis, using Jackknife Cross-validation, 

for dorsal, ventral, and lateral view of skull for four lineages in Oxymycterus aff. quaestor. 

 
Dorsal      

Group D C A B 

Lineage D (N=5) 80 20 0 0 

Lineage C (N=16) 0 62.50 37.50 0 

Lineage A (N=75) 0 6.66 93.33 0 

Lineage B (N=3) 0 33.33 0 66.67 

Overall accuracy  86.86   

Ventral      

Group D C A B 

Lineage D (N=5) 60 20 20 0 

Lineage C (N=16) 6.25 75 18.75 0 

Lineage A (N=75) 2.66 12 85.33 0 

Lineage B (N=3) 0 0 0 100 

Overall accuracy  82.82   

Lateral      

Group D C A B 

Lineage D (N=5) 20 20 60 0 

Lineage C (N=16) 6.25 37.50 50 6.25 

Lineage A (N=73) 2.75 13.70 83.56 0 

Lineage B (N=3) 0 33.33 66.67 0 

Overall accuracy  70.10   
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B. Tukey multiple comparisons of means 95% family-wise confidence level in Oxymycterus aff. 

quaestor lineages. 
 

Lineages diff lower upper P 

C x D -0.5121831 -1.0702983 0.045932130 0.0839931 

A x D -0.8223568 -1.3254965 -0.319217161 0.0002632 

B x D -14.574.931 -2.2530267 -0.661959435 0.0000358 

A x C -0.3101738 -0.6101517 -0.010195854 0.0398594 

B x C -0.9453100 -1.6306647 -0.259955360 0.0027508 

B x A -0.6351363 -1.2765160 0.006243467 0.0532833 
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C. Pairwise MANOVA comparisons of skull shape for dorsal, ventral and lateral views between 

four lineages (A, B, C and D) of Oxymycterus aff. quaestor. The number of iterations for 

significance testing was 10,000.  

 

 
Dorsal R² d.f. F P 

C x D 0.24956 1 6.3184 < 0.001 

A x D 0.12183 1 10.821 < 0.001 

B x D 0.67278 1 12.336 < 0.01 

A x C 0.053984 1 5.0787 < 0.001 

B x C 0.34342 1 8.8916 < 0.01 

B x A 0.13122 1 11.479 < 0.001 

     

Ventral R² d.f. F P 

C x D 0.14204  1 3.1456 < 0.01 

A x D 0.092417  1 7.9426 < 0.001 

B x D 0.57225  1 8.0268 < 0.05 

A x C 0.068175  1 6.5115 < 0.001 

B x C 0.24311  1 5.4602 < 0.01 

B x A 0.052376  1 4.2006 < 0.001 

     

Lateral R² d.f. F P 

C x D  0.13036  1 2.8481 < 0.01 

A x D 0.06977  1 5.7002 < 0.001 

B x D 0.55243  1 7.4058 < 0.05 

A x C 0.046879  1 4.2791 < 0.001 

B x C 0.20328  1 4.3376 < 0.01 

B x A 0.043694  1 3.3811 < 0.01 
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CAPÍTULO 6. 

 

CONSIDERAÇÕES FINAIS 

 

 

Durante esta tese foi explorado, pela primeira vez, os limites genéticos intraespecíficos 

(utilizando sequências de mtDNA e nDNA) em espécies do gênero Oxymycterus, em especial 

aquelas distribuídas na Mata Atlântica Sul e dos Pampas brasileiros e uruguaios. Além disso, foi o 

primeiro trabalho a utilizar morfometria geométrica aplicada as espécies do gênero, de forma intra- 

e interespecífica.  

Segundo a literatura, quatro espécies de Oxymycterus ocorrem no sul do Brasil: O. 

dasythrichus, O. delator, O. nasutus e O. quaestor. Com base nos dados obtidos, utilizando ampla 

revisão de material depositado em coleções insitutiocionais, confirmou-se a ocorrência de 

dasythrichus, O. quaestor e O. nasutus, bem como uma nova espécie nominal (Oxymycterus 

itapeby) e se sugeriu a existência de linhagens filogeográficas que potencialmente venham a ser 

reconhecidas como novas espécies (Oxymycterus sp.1 e sp.2). Em relação as linhagens com ampla 

distribuição pelo sul do Brasil: (i) O. nasutus, apresentou uma distribuição geográfica maior do que 

aquela reconhecida nas últimas revisões do gênero (Oliveira & Gonçalves 2015), estando presente 

tanto nos Pampas do Brasil e Uruguai (ecorregião das Savanas Uruguais), como nos campos de 

altitude ocorrente em elevações (~700 m) da Mata Atlântica no sul do Brasil; e (ii) O. quaestor 

(apresentado no capítulo 5 como grupo ‘quaestor’), ocorrendo na Mata Atlântica presente no sul e 

sudeste do Brasil, contemplou extensões geográfica em territórios da Argentina (província de 

Misiones) e Paraguai (departamentos de Canindeyú e Alto Paraná). O. dasytrichus se observou 

presente, não só limitado em sua distribuição ao estado do Paraná na região sul do Brasil, mas 

também com dois espécimes registrados no litoral do estado de Santa Catarina, além de novos 
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registros ao estado do Paraná (Anexo 1). Durante toda a extensa amostragem presente neste estudo, 

nenhuma amostra referente a O. delator foi identificada, pelos menos nos domínios da pequena 

porção do Cerrado no norte do estado do Paraná ou região sul do estado de São Paulo no Brasil, 

conforme indicado por Bonvicino et al. (2008) e Oliveira & Gonçalves (2015). 

A primeira abordagem desta tese (Capítulos 2 e 3) foi explorar o padrão filogeografico e 

morfológico em Oxymycterus nasutus, espécie que ocupa áreas abertas nos Pampas e Campos de 

Altitude dentro da Floresta de Araucária (domínio da Floresta Atlântica). Embora O. nasutus tenha 

apresentado dois grupos que divergiram principalmente durante o Pleistoceno Médio (a partir de ~ 

0,571 Ma), período compatível como o observado em diversas espécies de mamíferos (Turchetto-

Zolet et al. 2013), os resultados indicaram que O. nasutus experimentou uma expansão populacional 

ao longo do tempo, com uma possível retração demográfica durante o período pós-glacial, um 

potencial microrefugio em áreas de campos. Apesar de estudos anteriores, com outros roedores 

sigmodontíneos, já tenham observado padrões de diferenciação em clina ao longo do eixo norte-sul 

nos Pampas (Quintela et al. 2016), e na Mata Atlântica (Maestri et al. 2016), esta é a primeira vez 

que o tal padrão foi encontrado na distribuição total de uma espécie do gênero Oxymycterus. 

Embora Gonçalves & Oliveira (2004) já tenham observado este padrão em clina para a forma do 

crânio em O. dasytrichus, estes autores utilizaram uma amostragem reduzida baseados em 

morfometria clássica (linear), contemplando parcialmente a distribuição desta espécie. Contudo, 

vale ressaltar que O. nasutus é uma espécie com distribuição em dois biomas, com espécimes 

maiores verificados ao norte (domínios da Mata Atlântica), e menores em direção ao sul (nos 

pampas) da sua distribuição. Paralelamente, a forma do crânio segue padrão similar de 

diferenciação em clina, resultado previamente indicado pelo Capítulo 2.  

Os preditores utilizados na abordagem do Capítulo 3 (ou seja, distância genética, altitude, 

precipitação e produção primária líquida, principalmente) atuaram de maneira equilibrada para 
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explicar a variação da forma nas análises de redundância, mas diferem ligeiramente para as vistas 

dorsal e ventral. No entanto, diferentemente da forma, os atributos ambientais (com relevância 

apenas para altitude, precipitação e produtividade primária) possuem influência significativa no 

tamanho do crânio, do que os genéticos (62% vs. 4%), embora apresentem uma fração considerável 

de explicação conjunta (21%). Dessa forma, ao menos a esta espécie, a influência das características 

ambientais de cada ecorregião parece superar a regra de Bergmann para explicar o padrão de 

tamanho, visto que as condições de temperatura preditoras analisadas, não foram estatisticamente 

significantes.  

Ainda, uma nova espécie de Oxymycterus presente em áreas de transição entre a Mata 

Atlântica e Cerrado, nos estados do Paraná e São Paulo (Brasil), foi descrito no Capítulo 4, 

aumentando para 16 o número de espécies válidas para o gênero. Comparativamente aos demais 

congêneres, está espécie forma um grupo filogenético com outras espécies com distribuições em 

ambientes savânicos, juntamente com O. delator e O. amazonicus.  

Por último, no Capítulo 5, através de uma ampla abordagem amostral (a mais robusta em 

termos quantitativos até o momento), compreendendo quase toda a faixa de distribuição prevista 

para o grupo, e analises filogenéticas e morfometria geométrica, verificou-se que O. quaestor 

compreende quatro linhagens filogeográficas distintas, sendo uma relacionada a O. quaestor, outra 

com possível sinonímia com O. judex, e outras duas como potenciais novas espécies a serem 

descritas. Embora os resultados via morfometria geométrica foram menos consistentes para a 

distinção entre O. quaestor e O. judex, suportam a hipótese de duas linhagens divergentes dentro 

deste grupo (Oxymycterus sp.1 e sp.2). Os resultados gerados nesta tese sugerem que outras 

espécies do gênero Oxymycterus podem conter linhagens crípticas, e que a história evolutiva do 

grupo ainda está sujeita a novas informações sobre limites de distâncias genéticas, padrões 

morfológicos, biogeográficos e linhagens crípticas. 
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Contribuições à sistemática e história evolutiva de Oxymycterus 

 

Uma das principais dificuldades em relação a Oxymycterus é que a sistemática do gênero 

tem sido muito instável, experimentando muitas mudanças de acordo com diferentes arranjos 

taxonômicos (Cabrera 1961; Hershkovitz 1994; Oliveira 1998; Musser & Carleton 2005; Bonvicino 

et al. 2008; Oliveira & Gonçalves 2015), principalmente devido a descontinuidade na detecção de 

caracteres morfológicos e citogenéticos (Gonçalves 2006; Di-Hizo et al. 2017), imprecisão sobre 

localidade-tipo (e.g. O. rufus Fischer, 1814 e O. dasytrichus Schinz, 1821), ausência de material 

físico de holótipo (e.g. O. rufus Fischer, 1814) ou mesmo espécies conhecidas apenas para poucas 

localidades ou mesmo localidade tipo (e.g. O. nigrifrons Osgood, 1944, O. hucucha Hinojosa et al. 

1987, O. hiska Hinojosa et al. 1987, O. caparaoe Hershkovitz, 1998). Deste modo, qualquer 

abordagem está passível de interpretações errôneas, embora alguns pesquisadores tenham lançado 

luz sobre a sistemática do gênero, utilizando revisões de séries-tipo e coleções (Hershkovitz 1994; 

Oliveira 1998) ou utilizando abordagens filogenéticas (e.g. Hoffmann et al. 2002). 

Desde as descrições da maioria das espécies precedida por Joel A. Allen e Michael R. 

Oldfield Thomas, no início do século XX e sucedida por demais naturalistas/pesquisadores, a 

primeira compilação taxonômica do gênero foi proposta por Hershkovitz (1994), onde descreve 

incialmente 23 formas nominais atribuídas ao gênero. Hershkovitz (1994), a partir de mensurações 

craniodentárias (do condilobasal e da série molar superior) e comprimento das garras traseiras, dos 

holótipos e/ou obtidos nas descrições originais, divide as formas nominais em 2 grupos: Divisão 

Andina e Atlântica, sendo que cada divisão possuindo 3 classes de tamanho (pequeno, médio e 

grande). O autor ainda especula que possivelmente as divisões possuíam um ancestral comum, e 

que divergiram em direção a “rota Atlântica’’ (onde é apontado possuindo as maiores formas), e 

outra em direção aos Andes, “evoluindo’’ (i.e., se diversificando) de forma independente. 
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Posteriormente, mais uma forma nominal foi adicionada, O. caparaoe (Hershkovitz 1998) incluído 

no grupo Atlântico, totalizando até então 24 formas. 

Corroborando de forma parcial, o boxplot (Figura 12, Capítulo 4) apoia a hipótese de classes 

de tamanho, em pelo menos aos membros da divisão Atlântico proposto por Hershkovitz (1994), 

verificando O. quaestor e O. dasytrichus as maiores formas, e O. amazonicus, O. nasutus, além da 

espécie nova, as menores. Durante o desenvolvimento dessa tese, também foi gerada a mais 

refinada filogenia (incluindo linhagens crípiticas) em relação a diversidade do gênero, utilizando 

um marcador (cit-b), calibrada com registro fóssil (Anexo.2). Filogenias calibradas multilócus já 

foram incluindo Oxymycterus (Fabre et al. 2012; Parada et al. 2015; Steppan & Schenk 2017), no 

entanto, tais abordagens não contemplam todas linhagens. A filogenia grosseiramente aponta para 

formação de um clado Andino, formado por O. wayku e 3 linhagens atribuídas a O. paramensis 

(denominadas como linhagem Argentina, Peru e Bolívia). Apesar desta associação, a topologia 

apresenta O. hiska como uma linhagem irmã dos clados O. rufus + O. josei e “grupo quaestor’’, 

embora com baixo suporte de probabilidade posterior (PP = 0.79). Porém, nesta filogenia gerada 

(Anexo.2), não foi verificada uma relação direta da topologia com a formação de um grupo 

Atlântico (Divisão Atlântica). Assim, possivelmente, a falta de resolução para formação de um 

grupo exclusivo a divisão Atlântica proposta por Hershkovitz (1994), poderia ser atribuída ao fato 

deste gênero tenha uma história evolutiva mais complexa do que simplesmente uma divisão ao 

longo do eixo leste-oeste na América do Sul.  

Neste contexto, Reig (1984, 1987) propõe que a radiação da tribo Akodontini 

(principalmente entre os gêneros Akodon, Oxymycterus e Necromys) ocorreu em três principais 

direções ao longo da América do Sul: a partir de uma região central da Cordilheira dos Andes, 

conhecida/atribuída como Puna, a partir e durante o Plioceno inferior. Reig (1984) ainda menciona 

que durante o Mioceno Superior-Plioceno Inferior, os Akodontinos teriam se diversificado antes da 
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expansão/radiação, hipótese suportada por Smith & Patton (1993). Tal datação proposta de 

diversificação durante o Plioceno inferior é concordante com fósseis registrados a estes gêneros 

datados para os estágios das glaciações patagônicas, tais como: Necromys bonapartei no estágio 

Chapadmalalense Inferior (4 - 3.5 Ma), Akodon lorenzinii no estágio Vorohuense (2.85 - 2.55 Ma), 

e Oxymycterus cf. rufus e cf. paramensis no estágio Ensenadense (2.1 - 0.5 Ma), sendo todos estes 

registros atríbudos ao Plioceno inferior-Pleistoceno Superior (Pardiñas et al. 2002). No entanto, O. 

cf. paramensis ainda necessita confirmação se é referido a um fóssil do gênero. A partir deste ponto 

de diversificação, primeiramente uma linhagem teria ido em direção ao norte de puna, onde teria 

iniciado sua diversificação pelas encostas andinas úmidas; a segunda em direção aos vales do sul 

Andinos, onde possivelmente encontrou ambientes semelhantes ao de Puna (semelhantes a atual 

área de Tucumán na Argentina, região majoritariamente estépica, mas ligada ao sul da floresta de 

Yungas); e por último, a partir do sul de Puna em direção as planícies mais a leste, podendo ser 

comprendido em direção ao Atlântico (Reig 1984, 1987; Smith & Patton 1993). Estudos posteriores 

reforçam esta hipótese de diversificação a partir de uma região central da Cordilheira dos Andes 

(Smith & Patton 1993; Maestri et al. 2018), e apontam evidências do importante papel das planícies 

(lowlands) e do leste da América do Sul (Smith & Patton 1999; Gonçalves et al. 2018), 

particularmente para a diversificação da tribo Akodontini (Parada et al. 2015). 

A grande diversificação observada em Oxymycterus, principalmente nas formas 

“Atlânticas’’ de Hershkovitz (1994)¸ plausívamente tenham relação com as glaciações patagônicas 

(tais como a Grande Glaciação Patagônica [GPG]) que se estenderam desde o final do Mioceno ao 

longo de todo o Plioceno e Pleistoceno, e que se tornaram mais frequentes após o Plioceno Superior 

(Rabassa & Coronato 2009). No início do Pleistoceno, várias glaciações pré-GPG foram 

identificadas, sendo a GPG aparecendo no final deste período entre 1.168-1.016 Ma (Rabassa & 

Coronato 2009). Dessa forma, as glaciações pré-GPG parecem ter impulsionado a diversificação do 
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gênero, inciada por volta de 1.689 Ma (95% HPD, 1.324–2.119 Ma), no ainda no Pleistoceno 

superior de acordo com a filogenia datada do capítulo 5, embora outras filogenias multilócus, que 

incluam o gênero em questão, apontem tempo de surgimento anteriores (Parada et al. 2015).  

Maestri et al. (2018), em ampla abordagem sobre os processos biogeográficos históricos 

com roedores sigmodontíneos, apontam que alguma conexão entre os Andes e a Mata Atlântica 

persistiu em todo o Plioceno, e que possivelmente através de arcos de climas sazonalmente secos. 

Tais arcos, se estenderam dos Andes tropicais, passando pelo norte da Argentina até a Mata 

Atlântica no nordeste do Brasil, e foram vegetados no passado por florestas sazonalmente secas 

durante o Pleistoceno (Prado & Gibbs, 1993; Pennington et al. 2000). Embora Werneck et al. 

(2011), através de modelagem de paleodistribuição, encontre indícios de severas fragmentações e 

áreas instáveis em florestas sazonais secas ao longo do Pleistoceno na América do Sul. Assim, a 

conexão entre formas Andinas e Atlânticas, parece ter sido impulsionada por tal arco/corredor 

(como por exemplo a diversificação/distribuição das espécies mais basais do gênero, tais como: O. 

delator, O. amazonicus e Oxymycterus. sp. nova, ver discussão do Capítulo 4), e que apoia um 

importante papel das terras baixas e leste da América do Sul na diversificação sigmodontineos, em 

especial para Oxymycterus, mas que por si só, não explicaria a diversidade do gênero, 

principalmente para as formas Atlânticas de Hershkovitz (1994) e suas relações filogenéticas 

apresentadas nesta tese.  

Com ênfsase em agrupamentos informais das espécies e formas nominais, Oliveira (1998) 

difere em relação a delimitação morfológica e geográfica da proposta de Hershkovitz (1994) para o 

gênero Oxymycterus. Através de uma abrangente revisão morfológica e livre de uma delimitação de 

tamanho (i.e classes de tamanho de Hershkovitz), sintetizando as informações contidas nas séries-

tipo e nas descrições originais, Oliveira (1998) propos 10 grupos de espécies morfologicamente e 

geograficamente alopátricas, associando 22 das 23 formas nominais do gênero, sugerindo 5 
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potenciais novos táxons para representar populações da costa atlântica com morfótipos 

diferenciados. Embora nenhuma proposição taxonômica tenha sido oficializada, os resultados 

encontrados nesta tese vão parcialmente de encontro com a proposta de Oliveira (1998). A proposta 

de Oliveira, com ênfase as espécies/ou formas nominais em Oxymycterus, foi também 

posteriormente rediscutidos/remodelados por Gonçalves (2006).  

Em suma, Oliveira (1998) aponta seis grupos de espécies aos domínios da costa Atlântica, 

sendo que alguns destes agrupamentos, como o grupo ‘judex’ (no qual Oliveira incluíu mensurações 

morfométricas das séries tipo de O. quaestor, O. judex, O. misionalis, além de espécimes do estado 

do Rio de Janeiro atribuídas a O. quaestor), corroboram com os resultados encontrados nas relações 

filogenéticas via mtDNA deste trabalho (Fig. 3, Capítulo 4; Fig. 5, Capítulo 5), ainda que 

denominado nesta tese como grupo ‘quaestor’ (devido ser a primeira espécie descrita deste grupo 

por Thomas em 1903). Embora Gonçalves (2006) já tenha mencionado uma variação de distância 

genética com base em sequências de cit-b (1% à 3.3%) para este grupo, este autor não incluiu 

sequências referentes a formas consideradas como ‘O. misionalis’. Nesta tese, além da inclusão de 

análises via morfometria geométrica, a análise molecular revelou ainda uma distinta linhagem ainda 

não descrita para este grupo de estudo, referenciada nesta tese como Oxymycterus sp.2 

(apresentando uma distância genética acima de 5% em relação as linhagens A, B e C referentes ao 

grupo ‘quaestor’) e a distinção da população do estado do Rio de Janeiro em uma nova linhagem. 

Apesar de Oliveira (1998) considerar O. delator e O. amazonicus presentes em grupos 

distintos (grupo delator e grupo amazonicus), Gonçalves (2006) através de uma nova abordagem 

em relação a variabilidade morfológica, genética e panorama amostral, amplia a abragência do 

grupo delator, incluindo O. amazonicus e uma forma ainda descrita (referenciada como 

Oxymycterus sp.), além do próprio O. delator. Neste sentido, a abordagem filogenética com base 

em inferência bayesiana vai ao encontro deste agrupamento morfológico de Gonçalves (2006), onde 
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O. delator, O. amazonicus, juntamente com a espécie descrita no capítulo 4, perfazem um único 

clado, tanto na filogenia calibrada do capítulo 4 e 5 (e Anexo.2). Ainda que de forma especulativa, a 

forma alto-montana apontada por Gonçalves (2006), poderia ser uma extensão geográfica da 

espécie descrita no capítulo 4, presente em áreas de transição Cerrado-Mata Atlântica do sul/sudeste 

brasileiro (acima de 800 m), visto que a forma alto-montana ocorre em campos de altitude do 

Itatiaia, a mais de 2000 m no sudeste do Brasil. 

Gonçalves (2006), ainda associa O. nasutus (que pertence a um grupo exlusivo a sua espécie 

de acordo com Oliveira 1998) a O. caparaoe (espécie até então restrita às zonas alto-montanas da 

Serra do Caparaó, no sudeste do Brasil, e não incluída por Oliveira a nenhum grupo, sendo 

designado como Oxymycterus sp. 5). Assim, devido a similaridade morfométrica e sobreposição de 

caracteres em análises discriminantes de variáveis canônicas entre estas duas espécies, além de 

serem reciprocamente monofiléticos (via reconstrução em parcimônia), novamente uma associação 

de caracteres morfológicos se perfaz correlacionada a reconstruções filogenéticas. Uma nova 

abordagem mais ampla, via inferência bayesiana poderia por a prova a consistência deste grupo. 

Porém, a filogeografia publicada do capítulo 2, e o padrão morfológico em clina ao longo do eixo 

norte-sul do capítulo 3 (dos Pampas uruguaios aos campos de altitude da Mata Atlântica no estado 

do Paraná, no Brasil), podem ser um primeiro indicío, ainda que indireto, que estas duas espécies 

sejam realmente relacionadas. O. caparaoe é uma espécie endêmica, e encontrada também em 

zonas campestres (também chamado de campos de altitude ou campos rupestres par ao sudeste 

brasileiro) acima de 2.500m, na Serra do Caparaó (Hershkovitz, 1998), e que devido aos efeitos das 

oscilações climáticas do Pleistoceno, promovidas pelas glaciações, estas linhagens que hoje são 

alopátricas, poderiam estar em contato, visto que o padrão de áreas abertas (dominados por 

gramíneas) poderia se estender até o sudeste brasileiro durante o último máximo glacial (Behling 

2002).  
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Por fim os grupos rufus, angularis e dasytrichus ainda caracem de abordagens taxnômicas 

mais robustas, principalmente filogenéticas. Contudo, estudos posteriores Oliveira (1998) tenham 

contribuído em desvendar os padrões destes grupos. Gonçalves & Oliveira (2004), por exemplo, 

revela formas ‘avermelhadas’ e ‘escuras’ simpátricas de Oxymycterus encontradas em floresta 

secundária no sudeste do Brasil (município de Viçosa, no estado de Minas Gerais), demonstrando 

com base em mensurações lineares (= clássica) de crânio e abordagem filogenética via máxima 

parcimônia, que consistem em representantes das espécies O. rufus (forma avermelhada) e O. 

dasytrichus (forma escura). Curiosamente, O. rufus é uma espécie com distribuição predominante 

nos Pampas argentinos (da província de Buenos Aires à Corrientes), e que sua população isolada ao 

sudeste brasileiro, é de certa forma apoiada nas análises com base em inferência bayesiana nesta 

tese (Fig. 3, Capítulo 4; Fig. 5, Capítulo 5). Porém, O. josei emerge com uma linhagem irmã, em 

relação ao clado de O. rufus ‘argentino’, sendo O. rufus ‘brasileiro’ uma linhagem irmã (externa) a 

estes. Tal grupo, certamente será alvo de novas abordagens taxonômicas, principalmente para a 

sustenção destas linhagens. Ainda, devido a Oliveira (1998) considerar que o grupo angularis 

(presente ao norte da Mata Atlântica) e dasytrichus (predominante ao sul da Mata Atlântica), 

performam um continuo morfológico que engloba toda a gama de distribuição destes grupos, 

Oliveira & Gonçalves (2015) colocam O. angularis como sinônimo júnior em relação a O. 

dasytrichus, em uma ultima revisão. Entretanto, apesar da releitura da distribuição da espécie O. 

dasytrichus no Anexo I considerar a última revisão do gênero Oxymycterus (Oliveira & Gonçalves 

2015), será necessário uma abordagem mais robusta em espectro amostral, tanto em aspectos 

morfológicos e genéticos para testar tal esquema taxonômico em sinonímia.  

Vale a pena mencionar que após a revisão de Oliveira (1998), algumas espécies foram 

descritas como O. josei (Hoffmann et al. 2002), O. wayku (Jayat et al. 2008), além da descrita no 

Capítulo 4, que elevaria, até o presente, a 27 formas nominais para o gênero Oxymycterus. Deste 
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modo, os resultados da tese jogam luz sobre questões como limites genéticos intraespecíficos, 

história evolutiva das espécies com ocorrência na região sul do Brasil (com extensão a territórios 

argentinos, paraguaios e uruguaios), padrões de variação fenotípica e diversidade das espécies 

válidas do gênero. 

Tais resultados apresentados nesta tese, corroboram parcialmente com as abordagens de 

classes de tamanho de Hershkovitz (1998), e as relações filogenéticas através de inferência 

bayesiana, seguem um padrão semelhante a proposta de grupos de espécies Oliveira (1998), ao 

menos para as espécies presente ao leste (Atlântico) da América do Sul. A perpectiva a partir desses 

resultados é a continuidade de abordagens com o grupo Oxymycterus, a fim de decifrar a história 

evolutiva de espécies também ocorrentes no Cerrado e da Mata Atlântica, como O. delator e O. 

dasytrichus, assim como as linhagens andinas, que inclusive possuem trabalhos em andamento 

(Ruelas & Pacheco 2018), que permitam comparar padrões filogeográficos, e que possivelmente 

venha a ter novos desdobramentos taxonômicos. 
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ANEXOS 

 

Anexo .1 
 

Range extension of the Atlantic Forest 

Hocicudo, Oxymycterus dasytrichus (Schinz, 

1821), to the state of Santa Catarina, southern 

Brazil. 
 
Willian Thomaz Peçanha, Gislene Lopes Gonçalves, Sérgio Luiz Althoff, Thales Renato 

Ochotorena de Freitas & Iris Hass. 
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Anexo.2 

Phylogenetic and molecular dating for the genus Oxymycterus and close-relative Akodontini lineages. 

 

Figure. Phylogenetic tree is a chronogram (uncorrelated log-normal molecular clock) based on a BEAST MCMC analysis of the mitochondrial data set 

(cytochrome b gene). Black circles on the nodes correspond to the fossil calibration points. The 95% credibility intervals of molecular est imates (median 

height) are given for each node. Numbers at nodes are Bayesian Posterior Probabilities; numbers in bold indicate high support  (≥ 0.75). Nodes marked with 

asterisks are unsupported. Scale bars were plotted with a geological time scale using the strap package in R.  


