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2. REsumo

Os roedoresJuliomys possuem tamanho diminuto e hébito arboricola. ®esdu
estabelecimento no ano 2000, o género vem senddaglst e novas informacdes tem sido
apresentadas. Entretanto, devido ao pequeno itdeldeatempo desde entdo, muitas perguntas
ainda esperam por respostas acerca da biologid, getacdes ecoldgicas, distribuicdo
geogréfica, riqueza de especies e posicdo filoganédentro dos Sigmodontinae.
Especificamente, studos morfométricos e genéticos sdo ferramentg®riantes a serem
exploradasO objetivo geral deste estudo foi analisar a mogeldem como os marcadores
genéticos, a fim de subsidiar dados relevantes gaistematica e biogeografia das espécies de
Juliomys Utilizamos métodos de analise morfoldgica, moética e molecular para a definicdo
do novo taxon, que conta com alto suporte. Procazimapas de potencial ocorréncia das
espécies de acordo com o as preferéncias ambiefmtEtamos também o monofiletismo do
género dentro de Sigmodontinae através do estudaindemarcador molecular. Assim,
corroborando os estudos anteriores, descrevemmpemos uma nova espécie para o género. Ja
a modelagem de distribuicdo das espécies reveldwgm interessantes, com distribuicdes
desiguais ao longo do bioma Mata Atlantica. EvisEmos ainda quduliomystrata-se de um
clado monofilético, apesar das diferencas morfolig)i dados fundamentais no embasamento de
abordagens de distribuica@essaltamos que cole¢des de histéria natural @g@ed de Museu
sdo fontes essenciais de informacfes da fauna, fp@m imprescindiveis neste estudo. A
conservacdo da fauna toma os pressupostos da &is@ne biogeografia, como os aqui

apresentados, para alicercar suas acgoes.



3. ABSTRACT

The Juliomysare small-sized arboreal rodents. Since its estabknt in 2000, the genus has
been studied, and new information has been pres@ntgressively. However, due to the short
time period, many questions are still awaiting torswers related about general biology,
ecological relationships, geographic distributi@pecies richness, and phylogenetic position
within the Sigmodontinae. Morphometric and genstialies are important tools to explore these
lines. The aim of this study was to analyze thephology and the genetic markers in order to
subsidize the systematic and biogeographjuibmysspecies. We use methods of morphologic,
morphometric, and molecular analyses to definenthe taxon. We produce maps of potential
occurrence of the species according to the envieotah preferences. Finally, we tested the
monophyly of the genus within Sigmodontinae througle study of a molecular marker.
Corroborating previous studies, we describe angpgee a new species for the genus. The
species distribution modeling revealed interespagerns with unequal distributions along the
Atlantic Forest biome. We endorse thatliomysit is a monophyletic clade, despite the
morphological differences. Studies grounded phybegeally as well as monophyletic clades
should be based delivery approaches. It is notsribat natural history museum collections are
essential sources of wildlife information, which smerucial to this study. The conservation of
fauna takes the systematic and biogeography assamapias those presented in this study, to

underpin their actions.



4. PROLOGO

A tese que apresento a seguir é fruto de varigaetde um estudo e de colaboracdo entre
diversos pesquisadores. Neste estudo buscou-smoagrio conhecimento sobre um grupo
especifico, que ainda carece de informacdes impedaos roedores. Rodentia € a ordem mais
diversa entre os Mammalia, englobando mais de 4@%othl de suas espécies (MUSSER;
CARLETON, 2005). Mais especificamente, o objetotelesstudo foi um pequeno grupo de

roedores neotropicais do géndrdiomyspertencente a subfamilia Sigmodontinae.

O estudo dos Sigmodontinae conta com varias abendag através delas sua diversidade
ainda vem sendo aos poucos revelada (e.g., HERSHROWM 955, 1962; REIG 1984, 1987;
SMITH; PATTON, 1999; WEKSLER, 2003; D'ELIA et al2007; LEITE et al., 2008;
SALAZAR-BRAVO et al., 2013). Ha ainda caréncia déormacdes sobre a sistematica destes
roedores, sobretudo aqueles que habitam um dosabiomais ameacados e fragmentados do
planeta, a Mata Atlantica (MYERS et al. 2000; BRJT®D04). Ogpequenos roedores arboricolas
Juliomyssdo um grupo recentemente estabelecido pelo zndlagyuaio Enrique M. Gonzalez
em 2000 (Fig. 1). Desde entdo, o género vem sestimago e novas informacdes tem sido
apresentadas (e.g. PAVAN; LEITE, 2011). Entretaptw, ser um taxon recentemente descrito
muitas perguntas ainda esperam por respostas adarb#ologia geral, riqueza de espécies,

distribuicdo geogréfica, sistemética, e ainda sebes relacdes ecoldgicas.



Fig. 1.Juliomys pictipesLocalidade: Dois Irméos/RS. Foto: Paulo Tomasi.

Gonzélez (2000) propbs este novo género atribumdeste novo género a espécie
Wilfredomys pictipegOsgood, 1933). Atualmente sédo reconhecidas tn@éciess viventes de
Juliomys J. ossitenuis, J. pictipes J. rimofrons; além da extintal. anoblepagOLIVEIRA;
BONVICINO, 2002; COSTA et al., 2007; PARDINAS et,&008; PARDINAS; TETA, 2011;
GONZALEZ et al., 2015). Recentemente um novo cgmopara o género foi descrito por
Paresque et al. (2009), sugerindo a possibilidadexéténcia de uma quarta espécie (doravante
apresentada comiuliomyssp.1). Tal fato evidencia que a composi¢cao destgogainda carece
de investigac6es mais aprofundadas. Uma recentelrogdo de Gonzalez et al. (2015) resume
o atual estado do conhecimento sobre o génercetBnto, no ambito filogenético ha incertezas.

Diversos estudos tém inferido a posicdo dokomysem relagcdo aos demais Sigmodontinae,
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porém a cada nova reconstrucéo sua posicdo temdwvafD’ELIA, 2003; WEKSLER, 2003;
MARTINEZ et al., 2012; PARADA et al., 2013; SALAZARRAVO et al., 2013), sendo assim

0 género tem sido reportado cormmertae sedis(D’ELIA, 2015). Contudo, em todas as
reconstrucdes filogenéticas apresentadas, somerdesspécie do género tem sido utilizadla:
pictipes. Os diferentes taxons que compde o0 grupo de espéageesentam diferencas
morfologicas entre si (GONZALEZ et al., 2015), drerelas se destaca o diferente padrdo de
circulacdo cariotidica craniana, que diverge erdtrepictipese as demais. Mudancas tao
profundas na morfologia muitas vezes estdo relada:m a origens evolutivas distintas
(AMORIM, 2002). Neste ambito, o estabelecimento essecies deste género como um grupo

monofilético dentro de Sigmodontinae nunca foi psip ou analisado.

As incertezas sobre as espéciesldé@mysseguem também no ambito geografico. Os
escassos registros das espécies deste género idoshe literatura estdo restritos do sudeste ao
sul do Brasil, e do nordeste da Argentina ao exdréeste do Paraguai (BONVICINO et.,al
2008; PAVAN; LEITE, 2011; GONZALEZ et al., 2015).sQegistros do potencial novo taxon
(PARESQUE et al., 2009) restringem-se ao extrerhda@rea conhecida de distribuicdo para o
género (nordeste do Rio Grande do Sul), ambienferdeacéo florestal de Mata de Araucéria,
bioma Mata Atlantica. O conhecimento atual de dowia das espécies deste género 0s associa
sempre as formacfBes de mata e acredita-seJalimmys sdo considerados endémicos das
formacdes florestais do bioma Mata Atlantica (PAVANEITE, 2011). As espécies do género
parecem ser pouco abundantes nas comunidadesratprefo habito essencialmente arboricola,
e aparentando preferéncia por ambientes de in@eionata (CADERMATORI et al., 2008). H4
registros de simpatria entre as espécies (PAVANTEE2011), porém o0s requerimentos de
nicho dos taxa em relacdo as condi¢cdes ambieriaipsuco conhecidas. Além disso, dados

ecologicos sdo praticamente inexistentes, bem d¢ofoomacdes da biologia e fisiologia destes
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animais. Tais fatos somados a aparente baixa delesigopulacional (GRAIPEL, 2006) e
consequentemente a coleta e tombamento em colegd@#ficas de poucos individuos com
identificacdo correta dificultam o conhecimentordal distribuicdo das espécies deste género.
Os componentes de nicho para cada espédiemyssdo desconhecidos, o que potencialmente
poderia evidenciar as area de distribuicdo dasceEsppéA Mata Atlantica, vem sofrendo intensa
degradacao ao longo dos séculos, restando hojeiagadamente 5% de sua cobertura original
(CAMPANILI; BERTOLDO, 2010), consequentemente també importante diagnosticar suas

areas de ocupacao neste bioma.

Metodologias atuais, como modelos de predicdo, denmostrado boas solucdes para
inferéncia da distribuicdo geografica de espéciessmmo que utilizando dados pontuais
(PEARSON et al., 2007). Estudos recentes utilizasidtemas geogréficos de informacdo tem
desenvolvido bons modelos preditivos de distribuidé espécies, como por exemplo Maxent
(PHILLIPS, 2006). Estes modelos utilizam regreskigistica, algoritmos e preferéncias de
nicho para produzir modelos (mapas) de distribum@adlitiva (STOCKWELL; PETERS, 1999;
Austin, 2007) que nos permitem predizer a poter&rizéh de ocorréncia das espécies com base na
teoria do nicho e através da analise dos regiggascupacdo do meio-ambiente. Estes modelos
tem como pressuposto as definicbes taxondmicaspoass de coleta dos individuos e suas
variaveis ambientais (importantes para a construd@ modelos) (ELITH; LEATHWICK,
2009), produzindo mapas de potencial ocorréncieedpécies de acordo com o as preferéncias

ambientais das espécies.

Segundo Barros (2015)abordagens puramente morfolégicas tém sido ultiméme
consideradas, por vezes, insuficientes para o @mtento da complexidade taxondémica de
algumas espécies”. Neste sentido, estudos morfmoetre genéticos sdo ferramentas

importantes a serem exploradas. Um aprofundadond@dmento sistematico (taxonomia
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investigativa) € chave para inferéncias biogeoggéfie conservacionistas (Barros 2015). Com
base neste olhaw, objetivo geral deste estudo foi analisar a mogia bem como os marcadores
genéticos, a fim de obter subsidios a inferénceasistematica e biogeografia das espécies do
géneroJuliomys Assim, os objetivos especificos propostos forAjnexaminar caracteristicas
morfoldgicas e medidas morfométricas diagnésticdees espécies do género; B) identificar e
descrever possiveis novos taxa; C) gerar modeloslistabuicdo geografica preditiva das

espécies; D) testar a hipdtese monofilética pay@n@ro dentro de Sigmodontinae.

A coleta de dados teve duracdo de dois anos e nmétgda em Marco de 2013 e
finalizada em Setembro de 2015, quando foram diagd 4 colecbes cientificas (Tabela 1) onde
foram examinados morfologicamente 217 individuos Jdéiomys (Tabela 2) através de
caracteres anatdmicos e medidas lineares (Figs3)2 &dicionalmente, durante o exame dos
espécimes nas colecdes cientificas coletamos amodér tecido (n = 60) com o objetivo de
identificar as espécies deilliomysatravés da analise de sequéncias com sitios dithgwsd de
determinados marcadores moleculares usados emsemdilogenéticas (SCHLOTTERER,
2004). A abordagem integrada, combinando métodosiatgificacdo morfologica com dados
moleculares, tem sido considerada melhor estratégiaefinicdo taxonémica e filogenética
atualmente (e.g. OLIVEIRA; BONVICINO, 2002; COSTA al., 2007; OLIVEIRA et al.,

2008).

Tabela 1. Instituicdes consultadas e nimero decespg deJuliomysanalisados.

Instituicao Total de Data da
espécime consult
Museu de Ciéncias Naturais da Universidade Lutedana la
Brasil (MCNU) 17 15/3/2013
Laboratorio de Mamiferos Aquéticos da Universidadderal 2a
de Santa Catarina (LAMAQ-UFSC) 40 6/12/2013

elda
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17/4/2014
Colecao Mastozooldgica da Universidade Federalsgorio 14 a
Santo (UFES) 8 16/102013
Museu de Biologia Prof. Mello Leitdo (MBML) 17 a
3 18/10/2013
Museu Nacional da Universidade Federal do Rio deida 2la
(MN) 25 25/10/2013
Museu de Ciéncias Naturais da Pontificia Univeddda 28 a
Catolica de Minas Gerais (MCN-M) 10 31/10/2013
Colecao Mastozooldgica da Universidade Federal iad/ 6a
Gerais (UFMG) 16 8/11/2013
Museu de Zoologia da Universidade de S&o Paulo (82U 12a
26 15/5/2014
Colecéo Zoolégica da Universidade Regional de Bhaune 9a
(CZFURB) 35 12/6/2014
e 8/9/2015
Colecao Mastozooldgica da Universidade Federaka¢aS 28 a
Maria (UFSM) 5 31/10/2014
Colecao Mastozooldgica da Universidade Regionabiatda
do Alto Uruguai e das Missdes (URI) 1 31/10/2014
Colecao Mastozooldgica da Escola Superior de Aljuicau 2a
Luiz de Queiroz da Universidade de Sdo Paulo (ESAISP) 23 4/3/2015
Colecao Mastozooldgica da Universidade Federalatarfa
(DZUP) 8 9/9/2015
Colecédo Mastozoologica da Universidade Federakdaiba
(UFPB) 1 30/9/2015

217

Tabela 2. Sexo e classe etaria dos individuakitiemysanalisados (& 217).

Taxa
Sexc Idade

Machc Fémea Indefinidc Adultos Joven Indefinidc Total
Juliomyssp1 4 0 0 4 0 0 4
J. cf. ossitenuis 17 15 1 32 1 0 33
J. cf. rimofrons 4 1 1 5 0 1 6
J. cf. pictipes 41 28 21 76 6 8 90
Juliomysspp. 32 35 17 68 2 12 84
Total 98 79 40 187 9 21 217

O presente trabalho traz informagfes pertinentese@esentantes muito pouco
conhecidos da fauna Neotropical, contribuindo pacanhecimento aprofundado da biologia dos

mamiferos. Este, positivamente relacionado aoslesttaxonémicos, especialmente em regides
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de biota megadiversa e ameacada como a Mata A#aMisto que os roedores compdem parte
importante de diversas teias alimentares e sdo@agepara o funcionamento dos ecossistemas
(FELDHAMER et al., 2007), sua conservacéao é funddaile depende do entendimento de sua
diversidade e uso do ambiente. Com esta contribipgdtendemos fomentar as bases de dados
dos Rodentia neotropicais, embasando futuros estudooldgicos, biogeograficos e

conservacionistas.

R
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Fig. 2. Morfologia externa dos taxons analisadagenestudo. Visdo dorsal: Auliomys
sp.1 (MCNU 869), B)l. pictipes(MZUSP 3171), C). ossitenuigMN 69752), D)J. rimofrons
(MN 61647). Visao ventral: EJuliomyssp.1 (MCNU 869), F). pictipes(MZUSP 3171), G)J.
ossitenuigMN 69752), H)J. rimofrons(MN 61647). Escala =1 cm. Fotos: Paulo S. Tomasi.
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Fig. 3. Viséo dorsal do cranio das diferentes t@&yaluliomyssp.1 (MCNU 869), B)J.
pictipes(MZUSP 3171), C)J. ossitenuigMN 69752), D)J. rimofrons(MN 61647). Escala =
5mm. Fotos: Paulo S. Tomasi.

A tese esté dividida em trés capitulos que abrargegierida problematica acerca dos
Juliomys No primeiro capitulo descrevemos e propomos uava espécie para 0 género com
base em dados cariotipicos, moleculares e morfmégO titulo deste capitulo € “A new species
of Juliomys(Rodentia, Cricetidae, Sigmodontinae) from theaAtic Forest of Southern Brazil” e
encontra-se em revisdo “aceito” no periédiocornal of MammalogyO segundo capitulo aliou a
diagnose anatdmica e analises morfométricas a énardpliar a identificacdo dos espécimes
depositados nas colecdes cientificas caumoomyssp. Apds esta reclassificacdo e através da
analise conjunta com a informacao sobre suas réspedocalidades conhecidas, realizamos a
modelagem preditiva da distribuicdo geogréfica ddacuma das espécies do género. Este
capitulo foi intitulado “Predictive distribution othe mice Juliomys (Rodentia, Cricetidae,
Sigmodontinae) based on morphometric and taxonoraigew of specimens” esta em

preparacdo para submissao no perioMammal ReviewNo terceiro e Ultimo capitulo trazemos
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contribuicbes sobre o monofiletismo das espéciggéaero dentro de Sigmodontinae, através de
uma abordagem molecular. Este capitulo intituloiMenophyletic evidence for the genus
Juliomys (Rodentia, Cricetidae, Sigmodontinae)” e est4d emparacdo para submissédo no

periodicoMammal ResearcfActa Theriologica).

E importante salientar que apesar dos manuscristareen formatados para seus
respectivos periddicos de submisséo, as figuragabalas estdo inseridas ao longo do texto para

propiciar melhor leitura da tese.
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Abstract

Sigmodontinae is a very rich clade of rodents ihatidespread throughout the Neotropics. The
arboreal miceJuliomyscomprise a poorly known branch, with incompletéoimation about
species richness, phylogenetic position, and gebgralistribution. Based on a sample from the
Atlantic Forest of Southern Brazil, we name andcdbs a new species for the genus. This new
species can be distinguished from others in thegéy its karyotype, morphological traits, and
cytochromeb gene sequence. It has a unique karyotype (2n #1825 48), and forms a well-
supported monophyletic haplogroup, which is phyfegeally distant from the remaining
species ofJuliomys The genetic differentiation ranges from 11.1 87%, and there are 24
molecular autopomorphies in the cytochrongene. The new species can be distinguished
from J. pictipesby morphological and morphometric analyses. Hauewe consider the new
species as cryptic, not easily recognized by mdggical characteristics of other species of
Juliomysand not easily distinguished from the other specigss taxon seems to be endemic to
the Brazilian Araucaria Forest in the Atlantic Firdiome, occurring in sympatry with its
congeneric speciek ossitenuisand J. pictipes In this research, we describe a new species for

the genus, and extend species distributions itlaatic Forest.

Key words: Brazil, Cricetidae, cytochrorbeNeotropics, taxonomy, tree mouse
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Resumo

Sigmodontinae € um clado de roedores muito divenso espécies distribuidas por toda a regido
Neotropical. Dentre esses, as espécies de roeadrascolas inclusos eduliomysformam um
ramo pouco conhecido, com informacdes incomplathsesa sua riqueza, posicao filogenética e
distribuicdo geografica. A partir de uma amostravpniente da por¢cdo sul do Bioma Mata
Atlantica, nomeamos e descrevemos uma nova egpEee género, a qual pode ser distinguida
das demais pelo seu caribtipo, caracteristicasatdgitas e sequéncia do gene citocramo
Essa apresenta um cariétipo Unico (2n = 32, FN)=e48rma um haplogrupo monofilético com
bom suporte, sendo filogeneticamente distante da®eces restantes dduliomys A
diferenciacdo genética dessa espécie em relaghanass varia de 11,1% a 19,7%, possuindo 24
autapomorfias moleculares no gene do citocrdanA nova espécie pode ser distinguidalde
pictipespor caracteres morfolégicos e anélises morfora&riblo entanto, consideramos a nova
espécie como criptica, ndo facilmente reconheq@dlys caracteres morfologicos, das demais
gue compdemjuliomys Esse novo taxon parece ser endémico da FlorestaAcaucéria no
Bioma Mata Atlantica, ocorrendo em simpatria conesgécies congeneéricas,ossitenuise J.
pictipes Nesse estudo, descrevemos uma nova espéecie p@@neyo, e estendemos a

distribuicdo das espécies na Mata Atlantica.
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Sigmodontinae is the most diverse subfamily até&lidae in number of species (Jansa and
Weksler 2004; Musser and Carleton 2005). The gisupidely distributed in the Neotropical
region, with species occurring in a wide divergifyhabitats. Sigmodontinae represents a highly
diverse group of rodents that has been extensatelyied (e.g., Hershkovitz 1955, 1962; Reig
1984, 1987; Smith and Patton 1999; Weksler 200&li®'et al. 2007; Salazar-Bravo et al.
2013). Although the study of these rodents has @asedriety of systematic approaches, their

species diversity and distribution ranges in Sdutterica remain poorly documented.

The Atlantic Forest harbors certain unique forafisSigmodontinae, such as the arboreal
species of the genusiliomys recently established by Gonzélez (2000) basatietype species
Thomasomys pictipg®©sgood, 1933). Three living species are currergtygnizedd. pictipes
(type locality in Argentina, Misiones, Rio Paraegvation 100 m),). rimofrons Oliveira and
Bonvicino, 2002, (type locality in Brazil, Minas s, Itamonte, Brejo da Lapa, elevation 2,000
m); andJ. ossitenuisCosta, Pavan, Leite and Fagundes, 2007 (typeitipcal Brazil, Minas
Gerais, Parque Estadual da Serra do Brigadeir&n2® Fervedouro, elevation 1,300 m). In
addition, 1 extinct sigmodontine from the Pleistteeof Lagoa Santa, BrazilSalomys
anoblepaswinge, 1887—was reallocated daliomys(Pardinds and Teta 2011). Paresque et al.
(2009) described a new karyotype for the genus<(A2, FN = 48), suggesting a possiblé 5
species that is discussed here. The generic cotiggokias increased considerably since 2000,
underscoring our inadequate understanding of murimdiversity. The phylogenetic position of
this genus is still uncertain. Different phylogeoeapproaches have recovered different
relationships foduliomys(Smith and Patton 1999; D’Elia 2003; Weksler 2003ytinez et al.
2012; Parada et al. 2013; Salazar-Bravo et al. i@sently, there is no consensus and the

genus has been consideredrsrtae sedi¢D’Elia 2015).
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Some recent studies have extended specieddistns (Fonseca et al. 2013; Cerboncini et al.
2014), and reported sympatry among their specigsiiéas et al. 2013). Currentlyuliomys
occurs from the states of Espirito Santo to Rion@eado Sul (eastern to southern Brazil),
westward to eastern Paraguay and northeastern #rggiPavan and Leite 2011), reaching the
southernmost portion of the Atlantic Forest (seezRi 1997; Galindo-Leal and Camara 2005).
This biome has a unique biota, with many endemazigs, and is recognized as one of the

world’s most important biodiversity hotspots (Myetsal. 2000).

The southern portion of the Atlantic Forest isamacterized by the subtropical Mixed
Ombrophilous Forest (or Brazilian Araucaria Fore3the diversity of Sigmodontinae is still
poorly known in this region, and further still, nepecies have been found in recent years (e.qg.,
Leite et al. 2008; Abreu et al. 2014). The Arauzdrorest is one of the most threatened
vegetation types of the Brazilian territory (Gueetaal. 2002), experiencing major impacts from
logging, monoculture implementation, cattle raisingd urban development, all with potential
deleterious effects on small mammal communitiese(lee et al. 2007). Landscape changes
together with the paucity of taxonomic studies|udig the paucity of basic field inventory,
limit our faunistic knowledge. The Atlantic Forasta heterogeneous biome, which necessarily
still requires several studies for the completeansihnding of its faunal patterns. Effective
conservation efforts for this forest depend onkhewledge of the taxonomy and systematics of
its associated organisms. Besides providing thetiiieation of these organisms such knowledge
is an essential tool for more practical actionsais the conservation of the Atlantic Forest
(Reeder et al. 2007). In the present study, weqe®@ new species dfiliomys and we extend

southward the geographic distribution of the ganube Atlantic Forest.



115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

26

MATERIALS AND M ETHODS

Specimens examinedWe compared representatives of the new spedid®ihyssp.;n = 4)
with museum specimens af pictipes(n = 98),J. ossitenuign = 46),J. rimofrons (n = 6), and
Oligoryzomysflavescengn = 2; see Appendix I). Among them, for each taxam selected a
subsample for the morphometric analyses. Theseasylles were restricted to those specimens
confidently identified based on the presence ofjmistic characters, including karyotype and/or
molecular markers (Appendix I)/Ve assembled a molecular data set with the follgwad
ingroup taxa including 5 new sequences generatethi® study, and 16 sequences available in
GenBank (Appendix II): 3Juliomys sp. (KT749862, KT749863, KT749864); B pictipes
(FJ026733, EU157764, AF108688, EF127513, EF12758E127515); 2 J. rimofrons
(AY029476, AY029477); 10J. ossitenuis (AF108689, EF127516, EF127517, EF127518,
EF127520, EF127519, EF127521, EF127522, KT74986b74R866). Outgroups included

Rhagomys rufescerf8Y206770), andligoryzomys microti$AY439000).

Specimens are deposited in the following calbexst The Museum of Vertebrate Zoology
(MVZ), Berkeley, University of California, Berkeleyield Museum (FMNH), Chicago, USA;
Universidade Federal do Espirito Santo (UFES), Aét@Brazil; Museu de Biologia Prof. Mello
Leitho (MBML), Santa Tereza, Brazil; UniversidadedEral de Minas Gerais (UFMG), Belo
Horizonte, Brazil; Museu de Ciéncias Naturais datfigia Universidade Catdlica de Minas
Gerais (MCN-M), Belo Horizonte, Brazil; Museu Nagca, Universidade Federal do Rio de
Janeiro (MN), Rio de Janeiro, Brazil;, Museu de B6g@ da Universidade de S&o Paulo
(MZUSP), Séo Paulo, Brazil; Museu de Zoologia daiversidade Estadual de Campinas
(ZUEC-MAM), Campinas, Brazil; Universidade Fededal Parana (DZUP), Curitiba, Brazil;

Museu de Historia Natural do Capao da Imbuia (MHNGuritiba, Brazil; Universidade
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Regional de Blumenau (CZFURB), Blumenau, Braziljudrsidade Federal de Santa Catarina
(UFSC), Florianopolis, Brazil; Museu de Ciénciagidais (MCNU), Universidade Luterana do
Brasil, Canoas, Brasil; Universidade Nacional dsukgion (CZ), Assuncion, Paraguay; Museo
de Historia Natural de La Plata (MLP), Buenos Airsgentina; Centro de Investigaciones
Ecoldgicas Subtropicales (CIES), Puerto IguazugAtiga; Centro Nacional Patagonico (CNP),

Puerto Madryn, Argentina.

Morphological and morphometric analyseshNe followed Tribe (1996) for age classes, Reig
(1977) for dental characterization, Bugge (197Q) ddaery and vein identification, Wahlert
(1974, 1985) for cranial foramina, Pocock (1914) Vibrissae, and Hershkovitz (1990) for
bristle banding. We transcribed the external boéasarements according to the information on
the museum collection tags: total length (TotLj, length (Tail), hind foot length (HF) and ear
length (Ear). We recorded body weight from musealbels or field notes. Additionally, we took
29 craniodental measurements following Tribe (1998ey were taken to the nearest 0.01 mm
using a digital caliper (see Table 1), as followingcipto-nasal length (ONL), palatal length
(PL), post-palatal length (PPL), molar row—crowmdth (MRC), ® molar breadth (M1B),
palatal bridge length (PBL), temporal fossa len@thAL), upper diastemal length (DL), incisive
foramen length (IFL), incisive foramen breadth (JFBalatal breadth af'lmolar (PB1), palatal
breadth at '8 molar (PB3), mesopterygoid fossa breadth (MFBgadth across incisor tips
(BIT), bullar width (BW), bullar length (BL), bragase breadth (BCB), skull height (SH), rostral
height (RH), rostral breadth (RB), rostral leng®L], nasal length (NL), zygomatic plate length
(ZPL), condyle-incisive length (CIL), interorbitddreadth (IOB), zygomatic breadth (ZB),

greatest length of mandible (GLM), mandibular meotan—alveolar length (MMR), and depth of
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ramus (DR). The research conforms to the guidelridse American Society of Mammalogists

(Sikes et al. 2011).

For subsamples confidently identified on theidas$ reliable markersn(= 41), we calculated
the following descriptive statistics parameterslyjoadult specimens): meanx)( maximum
(Max), minimum (Min), and standard deviatioB0) for the 29 craniodental and 4 external
measurements. After this, to test the significaoicdifferences, we performed a 1-way analysis
of variance (1-way ANOVA) for each individual measment and Tukey’'s post-hoc test. We
tested sexual dimorphism within species using avaridte analysis (Student'stest with
Bonferroni correction) of the cranial and extermakasurements. To explore multivariate
differences among samples, we performed a prinagpaiponent analysis (PCA [Neff and
Marcus, 1980]) using the variance-covariance matfixhe logarithms, and considering of all

measurements. For all morphological analyses, wd tige software SPSS version 17.0.

Karyological analysis—We used results of a previous work (Paresquel.eRGD9) that

described the karyotype of 3 of theliomyssp. specimens listed above.

Molecular methods and phylogenetic analyseBhe primers used to amplify the complete
cytochromeb gene (Cyih) were MVZ05 and MVZ14 (Smith and Patton 1993). W&=d the
following conditions for the amplifications: 2 mat 94° C (initial denaturation), followed by 30
cycles of 60 s denaturation at 94° C, annealingd$%aC for 40s, and extension at 72° C for 90s,
with a final extension step at 72° C for 7 min. W&eried out all PCR amplifications in 26
volumes containing 50 ng of template DNA, 1.5 mMGlg 0.2 mM of each dNTP, 0j2M of
each primer, and 1 U Taq polymerase (Invitrogeng W¢ualized PCR-amplified products on

agarose gels and performed the DNA sequencing wsihgthe primer MVZ05 and at least 3
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products of independent PCRs, combined to form res@asus sequence for each individual,
while avoiding the incurrence of errors. We seqeednihe samples using an automated 3730XL
DNA sequencer by Advancing through Genomics MACROIGEouth Korea). We analyzed a
final molecular data set that included the firsD&(® of the mitochondrial Cgtgene from the 21
ingroup and 2 outgroup taxa available in GenBangp@ndix II). We visually inspected the
chromatogram quality in Chromas Pro 1.5 (http://wteehnelysium.com.au), aligned using
ClustalW implemented into Mega 5 (Tamura et al.120&and performed manual editing using
Bioedit 7.0.9.0 (Hall 1999). We examined the amawid translation to ensure that no gaps or
stop codons were present in the alignment. We stdgjghe alignment to a saturation test using
the DAMBE program (Xia and Xie 2001), which indiedtthat the transitions and transversions
remained informative, with no clear evidence of tiplg nucleotide substitutions or loss of
phylogenetic signal. We performed phylogenetic ysed based on the maximum likelihood
(ML) with PHYML 2.4.4 (Guindon and Gascuel 2003)daBayesian inference (Bl) using
MrBayes (Ronquist et al. 2012). The model of nuiitkosubstitution was elected by jModelTest
2.1.1 software (Darriba et al. 2012) accordind® Akaike Information Criterion (AIC) (Akaike
1974). The best-fit substitution models were Gend&ime Reversible model with gamma
distributed rate variation among sites (GTR+G+le ¥dnstructed the maximum likelihood tree
using a heuristic search to find the most probaty®logies based on the substitution models
and statistical support was determined using 1,000tstrap pseudoreplicates (Felsenstein
1985). We performed the Bayesian inference of giemy with default priors and 3 heated and 1
cold Markov chains were run from 2 random starpoints. Each run was conducted with 3%10
generations and sampled every 1,000 generationsn\Wfe log-likelihood scores were found to

stabilize (average standard deviation of split detpies less than 0.01 was considered
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convergence of the 2 simultaneous runs), a consensel was calculated after omitting the first
25% of the trees as burn-in. We considered sigmfly supported nodes with bootstrap values >
70 (ML) and Bayesian posterior probabilities (B1)0X95. We calculated pairwise nucleotide

distances between all sequences according to Kism@rparameter model and 1.000 bootstraps
(Kimura 1980) using MEGA version 5.1 (Tamura et28111). In addition, we also analyzed the

dataset in PAUP*4.0b10 (Swofford 2002) to testjfyeand calculate the consistency index (CI)

of each character using heuristic parsimony armglygih 100 random stepwise additions of taxa
(tree-bisection-reconnection [TBR] branch swapping)der ACCTRAN and DELTRAN

optimization.

RESULTS

Morphometric analyses-We did not find sexual dimorphism within speciss,we were able
to use the entire morphometric sample in the iptoiic analyses. The descriptive statistics are
presented in Table 1. Seven variables (RB, 10B, MFBL, CIL, BW, RH) presented little
overlap among species, with 3 measurements (TFL, BK) significantly different (ANOVA
1-way:F = 9,706,d.f.= 3 ,P < 0.0001). Among thenduliomyssp. differs fromJ. pictipesand
J. rimofronsin the temporal fossa length (TFL; Tukey’s té3k 0.004,P < 0.031, respectively);
and also fromd. pictipesin the bullar width (BWP < 0.012), and in the rostral height (RPi<

0.008).
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TaBLE 1—Body and skull measurements (mm) of theliomys species.X, mean; Max,
maximum; Min, minimum; an&D standard deviation. TotL, total length; Tail, thgth; HF,
hind foot length; Ear, ear length; ONL, occipto-aakength; PL, palatal length; PPL, post-
palatal length; MRC, molar row—crown length; M1Bsf molar breadth; PBL, palatal bridge
length; TFL, temporal fossa length; DL, diastemagtl; IFL, incisive foramen length; IFB,
incisive foramen breadth; PB1, palatal breadthrst iolar; PB3, palatal breadth at third molar;
MFB, mesopterygoid fossa breadth; BIT, breadth scrocisor tips; BW, bullar width; BL,
bullar length, BCB, braincase breadth; SH, skuighe RH, rostral height, RB, rostral breadth;
RL, rostral length, NL, nasal length; ZPL, zygomatiate length; CIL, interorbital breadth; 10B,
interorbital breadth; ZB, zygomatic breadth; GLMreagtest length of mandible; MMR,

mandibular molar row-alveolar length; DR, depthiashus.
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Juliomyssp.

J. ossitenuis

J. rimofrons

J. pictipes

Mean

Max

Min

SD n

Mean

Max

Min

SD n

Mean

Max

Min

SD n

Mean

Max

Min

SD n

TotL 194.00 205.00 181.00 12.12 4

Tail 106.00 113.00 101.00

HF 20.50
Ear 15.33
NL 8.55
RL 7.37
RB 4.27
I0B 4.02
ZB 13.17
BCB 10.73
BIT 1.50
DL 5.82
IFL 4.81
IFB 1.69
M1B 1.04

PB1 2.44

22.00
16.00
9.00
7.74
4.38
4.12
13.51
10.83
1.62
6.13
5.11
1.93
1.07
2.61

19.50
15.00
7.98
7.01
4.21
3.94
12.38
10.65
1.33
5.21
4.22
1.57
0.99
2.25

6.24 4
1.32 4
0.58 4
0.44 4
0.35 4
0.08 4
0.07 4
0.53 4
0.08 4
0.14 4
041 4
042 4
0.17 4
0.04 4
0.15 4

189.00 213.00 165.00 17.37 9

104.63 116.00

18.81
14.78
8.34
7.43
4.40
3.76
13.05
10.07
1.66
6.10
4.59
1.75
1.08
2.49

22.00
21.00
9.35
8.58
5.02
3.96
14.06
10.88
1.89
7.01
5.14
2.03
1.14
2.71

89.00
14.00
10.00
7.10
6.41
3.83
3.58
12.17
8.52
1.43
5.38
4.13
1.32
1.02
2.23

9.97 8
2.98 9
2.99 8
0.69 9
0.62 9
0.359
0.12 9
0.62 9
0.77 9
0.159
0.47 9
0.28 9
0.22 9
0.04 9
0.159

193.00 214.00 175.00 19.67 3

101.67 121.00

22.00
15.33
8.50
7.41
4.17
3.77
13.66
10.74
1.66
6.30
5.11
1.71
1.08
2.68

22.00
18.00
9.07
7.83
4.49
3.86
14.40
11.12
1.77
6.58
6.27
1.81
1.12
2.87

85.00 18.15 3

22.00
13.00
7.73
7.08
4.00
3.61
13.00
10.41
151
5.77
4.38
1.48
1.04
2.41

0.00 2
2.52 3
0.56 4
0.38 4
0.22 4
0.11 4
0.61 4
0.29 4
0.12 4
0.38 4
0.82 4
0.15 4
0.03 4
0.19 4

192.56 238.00 171.00 16.22 17

104.69 138.00

19.76
15.04
8.74
7.87
4.56
4.01
13.63
10.04
1.73
6.19
4.49
1.63
1.09
2.39

26.00
19.00
9.88
8.61
491
4.36
14.51
11.32
2.04
6.95
5.00
1.82
1.19
2.82

95.00
11.10
13.00
7.24
7.25
4.23
3.68
12.65
8.93
1.54
5.57
3.92
1.43
0.98
2.16

9.88 17
4.11 16
1.62 17
0.60 23
0.33 23
0.17 24
0.16 24
0.51 23
0.78 19
0.14 24
0.38 24
0.28 24
0.10 24
0.05 24
0.14 24



PB3
PBL
PL
TFL
MFB
CIL
ONL
PPL
BW
BL
RH
SH
ZPL
MRC
MMR
GLM
DR

2.70
3.55
10.73
7.07
141
24.07
22.73
8.29
4.26
4.87
4.35
8.11
2.26
3.88
4.16
12.48
2.86

2.94
3.70
11.11
7.33
1.56
24.95
23.26
8.71
4.41
5.06
4.47
8.22
241
4.00
4.27
12.81
2.99

2.55
3.39
10.2
6.61
1.23
22.72
21.7
7.68
4.09
4.60
4.13
7.94
2.11
3.77
4.05
11.76
2.79

0.17 4
0.13 4
0.43 4
0.34 4
0.14 4
0.98 4
0.72 4
0.46 4
0.17 4
0.21 4
0.15 4
0.12 4
0.14 4
0.10 4
0.10 4
0.49 4
0.09 4

2.70
3.58
11.06
7.49
1.70
23.18
24.34
8.78
3.82
4.72
4.62
7.80
2.22
3.82
3.94
12.71
2.85

3.01
3.86
12.29
8.80
2.03
25.39
26.72
9.98
4.24
4.97
5.26
8.07
2.55
4.10
4.15
14.07
3.04

2.39
3.40
9.83
6.48
1.47
20.81
22.08
7.65
2.87
4.35
4.12
7.27
1.67
3.63
3.78
11.98
2.64

0.199
0.14 9
0.73 9
0.72 9
0.16 9
1.359
1.39 9
0.66 9
0.39 9
0.23 9
0.339
0.24 9
0.29 9
0.14 9
0.12 9
0.65 9
0.159

3.02
3.62
11.35
7.98
1.71
24.79
23.46
8.53
4.08
5.04
4.77
8.06
2.16
3.83
3.98
13.05
3.12

3.36
3.74
11.73
8.28
1.83
25.77
24.25
8.93
4.17
5.61
4.87
8.39
2.26
3.87
4.02
13.66
3.25

2.66
3.41
10.72
7.52
1.59
23.29
22.02
7.88
3.97
4.75
4.64
7.88
1.96
3.75
3.91
12.45
2.84

0.29 4
0.14 4
0.45 4
0.34 4
0.10 4
1.07 4
1.02 4
0.46 4
0.08 4
0.39 4
0.10 4
0.23 4
0.14 4
0.05 4
0.05 4
0.50 4
0.19 4

2.87
3.94
11.66
7.88
1.74
25.63
23.83
9.32
3.60
4.59
5.06
7.98
2.38
3.93
4.02
13.39
3.13

3.04
4.54
12.87
9.16
2.02
26.90
25.68
10.62
4.12
5.74
6.03
8.45
2.87
4.56
4.22
14.40
3.45
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2.52
3.42
10.81
6.79
1.54
23.99
22.14
8.40
2.84
3.39
4.64
7.32
2.03
3.61
3.74
12.19
2.90

0.13 24
0.23 24
0.51 24
0.70 24
0.13 24
0.79 21
0.83 21
0.58 21
0.34 22
0.58 22
0.33 24
0.27 24
0.20 24
0.21 24
0.13 24
0.57 24
0.15 24
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250 The first 3 principal components explain 72.98%the total variance, with PC1
251 accounting for 49.83%, PC2 for 16.65%, and PC3 %.4&f the total variation
252 (Supporting Information S1). PCA scores allow usetognize 3 groups, but with some
253  overlap along PC1 and PC2 (Fig. 1). The scoresfecimens ofluliomyssp. do not
254  overlap with those frond. rimofrons but show small overlap with. pictipesandJ.
255  ossitenuighat have negative scores for PC2. The variablest nelated to PC1 are RL,
256  ZB, BIT, DL, PL, ONL, CIL, PPL, and GLM; while thesmost related to PC2 are IFB,

257 PB1, BW, and BL (Table 2).

258
259
2 00 J. rimofrons
J. pictipes
1,00
o
QO 0,007
o . .
J. ossitenuis
-1,007
-2,007
Juliomys sp.
-3,007
T T T T T T
-3,00 -2,00 -1,00 0,00 1,00 2,00
260 PC1

261 Fic. 1.—Principal component analysis, components 1 and §eo29 log-transformed

262  craniodental measurementsJoliomysspeciesn = 41. * Holotype.
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Karyology—Paresque et al. (2009) described the karyotype 38, FN = 48 for the
specimens we are treating here Jasiomys sp. Among the autosome complement,
chromosome pair 1 is a large submetacentric, [Zaifsare meta/submetacentric, and
pairs 10-15 are acrocentrics. Sexual chromosoncasli| a large submetacentric X and
medium acrocentric Y. This karyotype distinguisdaBomyssp. from all other species

in the genus (Table 2).

Molecular and phylogenetic analysesWe detected a total of 198-bp (24.6%)
variable nucleotide sites in the Gygene (out of a total of 800-bp nucleotide sites
included in the analyses). Moreover, there wasndaation of pseudogenes, numts, or
stop codons, which indicates an evolution for ndrpratein coding mtDNA genes.
Pairwise distance among combination of 21 specineéns lineages inside the genus
Juliomyspresents the mean divergence of 10.3%, with a ran@86 to 19.7% (Table
3). The measures of intraspecific variation ranffech 0% to 1.4% and interspecific
variation from 11.1% to 19.7%, more than 10 timeghér for intraspecific

comparisons.

Bayesian and ML analyses recovered a strongbhpated monophyletic group of
Juliomys(PP = 1; bootstrap > 90%) that included 4 clades &rwirrently recognized
species andlJuliomys sp. [Fig. 2]), with the following relationship redved: J.
ossitenuis(J. pictipes (J. rimofrons Juliomyssp.)). The basal divergence from the
remainingJuliomysis J. ossitenuigPP = 1; bootstrap = 99). Among those specimens
confirmed asJ. ossitenuis there are 2 vouchers from S&o Francisco de Paula
(KT749865, KT749866), which extends southward thecges distribution in Brazil.

Another highly supported groupP = 1; boostrap = 98) is composed bypictipesthat



287

288

289

290

291

292

293

36

is sister to the clade formed By rimofronsandJuliomyssp. (2n = 32, NF = 48). As
aforementioned,Juliomysformed a well-supported monophyletic haplogroufpere
species in this genus share 96 molecular synapdnastpin addition, 24 molecular
autapomorphies were identified fduliomyssp. (Supporting Information S2). Based on
this background, we describe below a new specieklladmys(until here referred as
Juliomyssp.), and extend southward the geographic disiobwof the genus in the

Atlantic Forest.
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Rhagomys rufescens AY206770

Oligoryzomys microtis AY439000

Juliomys sp.* KT749863
1.0/100 r[ Juliomys sp. KT749864

1.0/98 I- Juliomys sp. KT749862
[ Juliomys rimofrons AY029476
LONOOL Juliomys rimofrons* AY029477

Juliomys pictipes F1026733

0.98/84

Juliomys pictipes EU157764
Juliomys pictipes EF127515

Juliomys pictipes EF127514
Juliomys pictipes EF127513
Juliomys pictipes AF108688
= Juliomys ossitenuis EF127520

= Juliomys ossitenuis AF108689
1.0/96

Juliomys ossitenuis EF127518

= Juliomys ossitenuis EF127521
— Juliomys ossitenuis EF127519
= Juliomys ossitenuis KT749866

- Juliomys ossitenuis KT749865
Juliomys ossitenuis EF127516

1.0/99 Juliomys ossitenuis* EF127517

Juliomys ossitenuis EF127522

=
0.02

Fic. 2.—Phylogenetic relationships amonguliomys species based on Bayesian
inference (BI) using 801 base pairs of Cytb gerdeui TR + | + G model of sequence
evolution. Bl posterior probabilities (>0.95) andabstrap support values (>70%) from
Maximum Likelihood are indicated in the nodes. Bleale bar indicates the number of
changes per site. Specimens are followed by GenBeoéssion number, holotypes are

followed by asteriskJuliomyssp. group is highlighted.



TABLE 2. —Comparative characters among the specigsllidmys Adapted from Costa et al. 2007.
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Character Juliomyssp. J. pictipes J. ossitenuis J. rimofrons

Nose orange orange orange brown

Dorsal pelage orange-brown orange-brown orange4trow dark-brown

Ventral pelage cream-white white cream-white lighdwn

Dorsal pelage of hindfeet light-orange orange hgtange dark-orange

Interorbital region broad; hourglass shaped broadyergent narrow; hourglass narrow; hourglass shaped
anteriorly shaped

Rostral height small large medium medium

Interfrontal fontanelle absent absent usually absen present

Zygomatic plate

Zygomatic notch
Temporal fossa

Coronal suture

orthogonal in relation to molgprojected anteriorly
series

shallow deep
narrow broad
U-shaped V-shaped

projected anteriorly

shallow
broad

V-shaped

orthoganaelation to
molar series

shallow
broad

V-shaped



Tympanic bullae medium

Carotid arterial supply pattern 1 (Voss 1988)
Sphenopalatine vacuities  absent or large
Posterolateral palatine pitsmall

Squamosal-alisphenoid present
groove

Ectolophid/ectostylid of  conspicuous
ml-m2

Karyotype 2n =32 NF =48

small
patie(Voss 1988)
absentrarte
large

absent

minute or absent

2n =36 NF =34

large

pattern 1 (Voss 1988)

large
small

present

conspicuous

2n = Z0N36

large

pattern dsgv1988)
large
large

present

small

2n =20 NF =34

39
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TAXONOMY

Juliomysximenezinew species

(Table 1 and 2; Figs. 5a—c)

Araucaria Forest tree mouse

Juliomyssp.: Paresque et al., 2009:302.

Holotype—MCNU 868, adult male, collected by Rafael BeakerJanuary 2004. The
holotype consists of a round skin, skull, and pest@l skeleton with the glans penis

and stomach preserved in ethanol (all parts in goodition).

Type locality—Parque Nacional de Aparados da Serra (Aparadddeda National
Park), municipality of Cambaréa do Sul, Rio GrandeSul State, Brazil (29°086"S,
50°0800"W; Fig. 4). Elevation of 800 m, in Mixed Ombrophik Forest dominated by
the Araucaria “pine’Araucaria angustifolialAraucariaceae; Fig. 3). The climate of the
region has marked seasons and is of the Cfb tygmer@ing to Koppen classification
(Kuinchtner and Buriol 2001): subtropical, with andinant influence of the territorial

pattern; humid, with uniform precipitation throughdhe year with mild summers.
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Fic. 3—Brazilian Araucaria Forest, a view of Parque Naalode Aparados da Serra,

type locality ofJuliomyssp.1. Photo by Paulo S. Tomasi.

Paratypes—Three specimens, adult males collected by EmengonVieira in
February 2003 (MCNU 464 and MCNU 870) and Rafaetk®e in January 2004
(MCNU 869), all at the type locality. MCNU 464 casts of skin, skull, postcranial
skeleton, and tissue preserved in ethanol; MCNU &8 MCNU 870 include skin,

skull, and postcranial skeleton.

Distribution.—J. ximenezis known from type locality, at the northeast ab Erande

do Sul, Southern Brazil (Fig. 4).
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FiG. 4.—Sampling localities ofuliomyssp.1(black circle),J. ossitenuigtriangles),J.

pictipes(white circles) and. rimofrors (squares). Numbers correspond to the localities

listed in Appendix I. Map by Diogo Tobolski.

Etymology—The name is a tribute to the Juan Alfredo Ximemganon, one of the

pioneers of mammalogy in Brazil.

Nomenclatural statementA life number was obtained for the new spedelomys

ximeneziurn:lsid:zoobank.org:pub:BBF04CF6-B098-40C8-BRERB44443D739.

Morphological descriptior—Pelage (see Figs. 5a—c) soft and dense, witiightlgl
orange rostrum and orange lateral line sharply demtiag dorsal and ventral colors.

Anterior dorsum nut-brown to yellowish, gradingdacslightly orange over the rump;

21°0'0"S

24°0'0"S

30°0'0"S
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ventral pelage cream-white. Dorsal aristiform haits13 mm long over middle dorsum
and blackish (eumelanin); dorsal setiform hairsr&ng9-10 mm) with basal portion
dark gray (eumelanin), middle band yellowish (phetamin), and terminal portion light

brown; ventral setiforms (8—9 mm) dichromatic, thieasal portion gray (eumelanin)
and terminal portion yellowish to cream (pheomeianPinnae sparsely covered by
dicromatic hairs (2-3 mm), with basal portion déekimelanin) and terminal portion
orange. Mystacial vibrissae dark at base and bewphghter toward the tip, abundant,
and projecting beyond the dorsal rim of the pinraerciliary vibrissae sparse and
long; submental very short and inconspicuous; 2 genal short vibrissae. Tail long,
approximately 1.5x the length of head-and-body, &ndute with terminal brush;

bicolored hair (dorsal brown, ventral yellowishdividual caudal hairs longer than 3
scales. Forefeet small (Fig. 5e) with yellowish gpimelanin) dorsal pelage; hindfeet
small (Fig. 5d), covered dorsally with orange hgpkeomelanin), with digits bearing
yellowish (pheomelanin) ungual tufts; hypothenadgpkarge and elongated, interdigital

pads 1 and 4 larger than 2 and 3.
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Fic. 5.—External morphology ofluliomyssp.1. A-C) Individuals MCNU 868 and
MCNU 869, D) hind foot (1-4, interdigital pads; tienar pad; hy, hypotenar pad), and

E) front foot. Photos by Alexandre U. Christoff.

Rostrum (Figs. 6a-c) short, approximately onedtlof the skull length da 30% of
ONL); nasals extending beyond the forward edgdefincisors, their posterior margins
rounded or squarish, never acute; gnathic proocasspacuous, but rostral tube absent,
little penetration at the frontals. Lacrimals vaf&in size, contacting the maxillary and

frontal bones.
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Zygomatic arches (Fig. 6a; Figs. 7a-c) are pelralith elongated jugal bone near the
squamosal root. Zygomatic plate with a straighteaot borders and posterior to
nasolacrimal capsule. Zygomatic notch shallow. Nastal suture markedly
denticulate between the frontals; nasolacrimalrfaa not inflated in dorsal view with

lumen short and narrow.

Interorbital region hourglass-shaped (Fig. SgsF6a-c), with its edges rounded and
constriction approximately half the length of therital, with central depression over
their suture. The interfrontal fontanella is absebtbital fossa with sphenopalatine

foramen present at the level of M2; sphenofrordedrinen is also present.

Braincase region (Figs. 6a-c; Fig. 7e) sligmtdynded with inconspicuous lambdoid
crests, contributing to a perception of a roundgukat. Frontoparietal suture (= Coronal
suture, U-shape) continuous with the frontosquainsistire. Parietals expanded onto
the lateral surface of the braincase. Interparigtdér than the NL, and without contact
with squamosal; Lambdoidal crest inconspicuous.aSmsal hamular process long and

not so slender. Postglenoid foramen smaller thBscgrtamosal fenestra.

Palatal region (Figs. 6b-c) has a long incismm@amen ¢a 80% of DL); Palate short
and wide; fossa mesopterygoid wide U-shaped ohtfjidbiconcave, reaching the M3
metacone, with parallel sides or with extremityhamular process of pterygoid slightly
divergente; sphenopalatine vacuity is either preserabsent. Parapterygoid plates as

wide as mesopterygoid fossa; posterolateral pgétapresent.

Otic capsules (Figs. 6b-c; Fig. 7f) are smdik tctotympanic covers the anterior
portion of periodic, which do not contribute cormmusly to form the cariotid canal
that extends along the medial portion of eustachidoe, and is slightly developed.

Bony eustachian tube short and relatively broadp&ltial foramen is small near the
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posterior end of the petrotympanic fissure. Cepghaliculation pattern is primitive

(Pattern 1, Voss 1988) with a visible and pronodnsguamosal-alisphenoid groove
(Fig. 7b). Alisphenoid strut absent, masticatorgdnator and oval foramen are
confluent. Mastoid is proportionally large and sdigla perforated by a small fenestra
which can sometimes be absent. Stylomastoid forampresent. Paraoccipital process

developed.

Lower jaw (Fig. 6d) is short and compact withllvdeveloped upper and lower
masseteric ridges. Mental foramen is in front of. noronoid process is large.

Concavity of the angular notch is deep.

Fic. 6.—Skull, mandible and molar series views of the hgletJuliomyssp.1 MCNU

868, where A) dorsal B) ventral, C) lateral, andngndible (lateral view). Scale bar =

5 mm. Photos by Paulo S. Tomasi.
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Upper incisors are opisthodont (Fig. 6¢) wittamel pigmented yellow to orange.
Molars (Fig. 7c) brachyodont and crested, more guéhan elongated. Upper molar
rows slightly convergent anteriorly or parallel itoronal hypsodonty; labial and
lingual main cusps about the same size and aresdpfopaired. Protocone, paracone,
hyponoce, metacone are well defined. M1 presentcipgulum divided into
anterolingual and anterolabial conules by a largkedeep anteromedian flexus from the
crown basis; anterolabial conule is bigger thanathieroligual conule; anteroloph well-
developed and paraflexus is present; protosyle mrodoflexus are also present.
Mesoloph present and very developed, mesoflexusratdflexus are deep, enterostyle
is present as well. Posteroloph narrow, posterafiearconspicuous. Hypoflexus broad.
Morphology of M2 is very similar to the main cuspgdof M1. M3 is the smallest upper
tooth about 40% of M1 in length, with only protoecand paracone cusps well defined.
Lower molars (Fig. 7d) ml with procingulum divideisito anterolingual and
anterolabial conulids by the anteromedian flexidtekolophid is present, anteroflexid
and metaflexid are deep, mesolophid present, welkldped and projected lingually,
hypoflexyd broad, ectolophyd is present with egtiadtconspicuous (ml1 and m2).
Morphology of m2 very similar to the main cuspidésnl, about 30% shorter than m1;

m3 similar in size to m2.
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FiG. 7.—Selected cranial details d@iliomyssp.1 based on the holotype MCNU 868. A)
lateral view of zygomatic region; B) squamosal4atisnoid region, C) upper molar row,

D) mandible molar row, E) dorsal view of interogbitegion, and F) left optic capsule
and palatal region. ab, auditory bulla; al, alisphid; bo, basiocipital; cc, carotid canal;
cs, coronal suture; fr. frontal bone; li, lingu#d; labial; max, maxillary; pa, parietal

bone; palc, posterior opening of the alisphenoidatasag, squamosal-alisphenoid
groove; sfr, sphenofrontal foramen; stf, stapediiebmen; za, zygomatic arch; zp,

zygomatic plate. Figures not scaled. Photos byd”8ullfomasi.

Phallus is short and presents barrel-shapeds gtenis with a convex back. Well-

developed ventral and dorsal groove confluent t® dmstal crater. Glans surface
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438 covered by small and short spines. Distal baculupattite has a prominent medial

439  pacular mound and smaller lateral bacular mounds.

440 Comparisons—J. ximenezis similar in size witlOligoryzomys flavescenut can be
441  distinguished from this species by both external skull morphologyJ. ximenez{(Fig.
442 5) presents an orangish dorsal color, orange riogghter ventral color, bigger hind
443  feet, and longer tail. In the skull df ximenezi(Figs. 5-7), the interorbital region is
444  wider, the zygomatic notch is shallower, the aotemargin of the mesopterygoid fossa
445 reaches M3, and the dentary condyloid process e meveloped. M1 presents a more

446  developed anteromedian flexus, anteroloph, and iogso

447 When we compared. ximeneziwith the other taxa of its group of species, is
448  distinguished by the following features: U-shapetboal suture (Fig. 7€), karyotype 2n
449 = 32, FN = 48 (Paresque et al. 2009), and subatantolecular distance (24
450 autapomorphies in 800-bp of the Bygene) from the other species of the genus (Table
451 4 and Supporting Information S2; Fig. 2). It istoiguishable fromJ. pictipesalso by
452  the cream-white ventral pelage (Fig. 5), and cerskull features namely the presence
453  of a squamosal-alisphenoid groove (carotid arteugiply Type 1, Voss 1988; Fig. 7b),
454  projection of zygomatic plate (Fig. 7a), shalloweygomatic notch, smaller
455  posterolateral palatine pits, smaller rostral hieigind ectolophid/ectostylid of m1-m2
456  conspicuous (Fig. 7d); and also for the rostragheiRH) and bullar width (BW)
457  (Table 1).Juliomysximeneziis distinguishable fromJ. rimofrons by such external
458  features as whiter ventral pelage, lighter dorsal hindfeet pelage (dark-orangeJdn
459  rimofrong, orangish nose tip (Fig. 5), and skull featureshsas absence interfrontal
460 fontanella (Fig. 7e) and smaller posterolateraaipad pits, smaller rostral height, and
461  ectolophid/ectostylid of m1-m2 conspicuous (Fig).7dl ximeneziand J. ossitenuis

462  morphologically similar species, both externally darcranially. The first is
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distinguishable froml. ossitenuidy skull features such as broader interorbitalomeg
and orthogonal zygomatic plate in relation to thelanseries in lateral view (Table 1

and 2; Fig. 6).

Natural history—J. ximenezseems to be endemic to the Mixed Ombrophilousgtore
(Brazilian Araucaria Forest), Atlantic Forest domawhere it is associated with forest
understory and forest canopy. The 4 specimensatetlevere captured in the canopy of
a natural 26-ha patch of Araucaria forest. Themoivailable information on its diet,

but its arboreal habits and morphology suggestigiviore-omnivore diet.

DiscussiON

Taxomomy and comparisenSince the original description guliomys(Gonzalez
2000), the genus has increased to 5 valid spedie<tant), including the one here
recognized in this study. Recently, Gonzalez ef{2015) provided some substantial
information about the taxa, including a compilatiohdata and a key to the genus.
However, species diagnosis is still challenging. aalyzed a substantial sample and
covered all characters listed in the literature igadez 2000; Oliveira and Bonvicino
2002; Costa et al. 2007; Pardifnas et al. 2008; iPana Leite 2011; Gonzéalez et al.
2015). From there, we found a range of intraspecuariation in the following
characters as interfrontal fontanella, mid-ventfatk line in tail, lateral extensions of
parietals, and posterolateral palatine pltspictipesis more clearly differentiated from
the other species because of its bigger size ante smatomical traits, such as the
cephalic circulation pattern (Pattern 2 accordimg/bss 1988) that it is unique in the
genus. The large number af pictipesspecimens deposited in scientific collections

allows comparison and facilitate identification. Vileing up a new character, the
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487  coronal suture shape (Table 2). This characteramasistent in diagnosing, but hardly
488 achieved, for the new species sample. Even findiame anatomical differences
489  between taxa, we interprdt ximenezias a cryptic species, not easily recognized by
490 morphological features (Bickford et al. 2006; Cédmland Ehrlich 2009), but some
491  morphological (and also genetic) traits bear itggdbsis. Perhaps an increase of sample
492  would clarify this issue, allowing a better evalaatof character variation (see Carleton

493  and Musser 1989).

494  Additional material that can fill some geographigalps and increase sample size for
495  some species not well represented yet, will beialwe improve the state-of-the-art of

496 its taxonomy.

497 This is the ¥ study of Juliomysin which morphometric data is analyzed in a
498  multivariate approach. Although the morphometritadavealed only partial separation
499 among taxa in a multidimensional space (Supportinigrmation S1; Fig. 1), all the
500 specimens analyzed can be confidently identifiesedaon karyology and/or molecular
501 markers. The inclusion of 3 of the 4 holotypesloliomysspecies in the analysis make
502 these results even more solid. The multivariatelyaig is important in order to
503 understand how thgpecies are spatially distributed in a multivarggace, contributing
504 to the diagnosis. This informative approach hasnbegtensively used to other

505 sigmodontine (e.g., Carleton and Musser 1993; @'Etial. 2015).

506 Our results fully support the recognition of thew Juliomysspecies. Karyotype,
507 molecular analyses, and even some cranial featliséaguished]. ximenezifrom the
508 other congeneric species. The karyotype 2n = 32,=FMB is unique inJuliomys
509 differing both in diploid number and fundamentalnmher. Considering the relevant

510 morphological similarity presented withid. ximeneziand the remaining species
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(exceptingd. pictipeg cytogenetic and molecular identification are keythe taxon

definition.

Molecular and phylogenetic relationshipsThe definition of the new species based
on Backer and Bradley’'s (2006) Genetic Species Gunwas strongly sustaine@ur
analyses are supported by genetic distance aneotite substitutions, as well as by
the Cyb gene phylogeny (Tables 3 and Supporting Infornma8@). The intraspecific
distances ranged from 0% to 1.3%, and interspedifitances ranged from 11.1% to
19.7% (Table 3). Baker and Bradley (2006) consiidog Sigmodontinae Clgtgene
average distances of 6.8% to 8.1%. According tcsdhauthors, genetic distances
between taxa above 10% should be satisfactorydppgse a new taxon, as values lower
than 2% should only indicate intraspecific variati®ur results are solidly congruent to
this interspecific delimitation characterizing. ximenezi as an evolutionarily

independent species of the geduBomys

Four genetically defined haplogroups are clefotyned within the genuduliomys
each one composed by individuals belonging to guenspecies (Fig. 2). These distinct
clades were strongly reinforced by well-supportedes, Bayesian inference (.98),
and bootstrap support values 84%) from Maximum Likelihood.Moreover, our
results are in agreement with Costa et al. (20@FRgreJ. ossitenuiss a basal clade
from the remaining branches. Despite being closglgted molecularly td. rimofrons
(Table 3),J. ximeneziis morphological more similar td. ossitenuis(Table 2).
Morphological and molecular similarities in this ngg show incongruences.
Phylogenetic reconstructions of Sigmodontinae Hsaen based uniquely dn pictipes
(Weksler 2003; D’Elia 2003; Martinez et al. 201ard&la et al. 2013; Salazar-Bravo et

al. 2013). Therefore, the phylogenetic positionifighe genus within the subfamily still
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requires additional molecular and systematic sti(see Lessa et al. 2014), including

morphometric and molecular matrices.

Biogeography—Pavan and Leite (2011) discussed a “historicagy@ographic gap or
a collecting artifact” forJuliomysin the austral portion of the Atlantic Forest beam
Based on our new data, records of the genus aeadpo the southernmost portion of
Brazil. This research is the first to delimit smecioccurrences faluliomysspecies in
Southern Brazil, which constitutes the southernmosit to the genus (Fig. 4). In
addition, we have identified specimens from Saonéisxo de Paula (29°2Z®8'S,
50°1243"W) asJ. ossitenuis These results extend ca. 525 km southward theiespe
distribution, which now reaches latitude 30° S.dAlsvith the identification of one
specimen from Dois Irmaos (29°66” S, 51°10M" W) as J. pictipes the species
distribution extends 200 km southward. Accordingotor data,J. ossitenuisand J.
pictipeshas the wider distribution extension, wherdagimenezithe most restricted

distribution.

The 3 species]. ximeneziJ. pictipes andJ. ossitenuis occur in sympatry in the
southernmost distribution of the genus (Fig. 4)eTimear distance between these
collection sites ofl. ximeneziandJ. ossitenuisis about 37 km in a continuous forest
landscape of the Mixed Ombrophilous Forest. Baseth information, we can infer
that these species occur in sympatry and probapiyopy. In Sdo Paulo (Brazil),
syntopy forJ. ossitenuisandJ. pictipeshave already been reported (Pavan and Leite
2011). Differential use of microhabitat (Jorgens#904) or distinct feeding habits
(Schoener 1974) might enable the coexistence setherphologically similar arboreal

species, but this is an open question that neelols &ssessed.
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Conservation—According to our findings,J. ximeneziis the only species of
Sigmodontinae endemic to the Rio Grande do SulzBraAs currently known, this
species is based on only 4 specimens collectedragibn, inside the Parque Nacional
de Aparados da Serra, a federal conservationmthig Brazilian Araucaria Forest. This
habitat has been severely reduced in the last #a@syand is currently restricted to
about 4% of its original area of 200,000 *iima and Capobianco 1997; Backes
1999; Guerra et al. 2002). The Brazilian Araucd@mest has a small fraction of
unconnected conservation units (about 1%; RamlaldiOliveira 2003). Nevertheless,
even conservation areas are not free from threa thu poor protection and
maintenance. In the Parque Nacional de AparadosSelaa for example, cattle
trampling occurs in the grassland matrix and insideests, favoring habitat
degradation. Even with a high extinction ratio agnanammals, rodent studies have
historically lacked interest and resource allogatioeflecting the low priority of

conservation efforts (Brito 2004).

Finally, the description of a new taxon endertmca Neotropical biome (Atlantic
Forest) reflects the lack of knowledge on small mmats richness in a hotspot; the
necessity of long term collecting effort of specmseand the importance of scientific
collections in order to reveal biodiversity; ane tieed of integration of molecular and
morphological analyses to correctly identify crgpspecies. The conservation status of
J. ximenezimust be evaluated considering its limited distitou and environmental

characteristics.
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Supporting information S1.—Coeficients of the first 3 components of principal

component analysis, eigenvalues, and percentagariahce explained.



Variables PC1 PC 2 PC3
NL 0.604 -0.05C -0.455
RL 0.832 -0.075 -0.280
RB 0.72€ -0.074 -0.138
I0OB 0.208 -0.195 -0.065
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IFB 0.177 0.62C 0.442
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PB3 0.57¢& 0.063 0.421
PBL 0.752 -0.06¢8 -0.245
PL 0.94€ 0.04C -0.140
TFL 0.78¢< -0.107 0.347
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Supporting information S2.—Matrix of molecular autapomorphies (in bold) hiliomyssp.

and its synapomorphies in comparion with otherys®lJuliomysspecies.

Nucleotide Codon State in  Character State in State in State in

position  position Juliomyssp. Cl J. rimofrons J. pictipes J. ossitenuis

1 21 3 A 0.50 C C T/IC
2 51 3 T 1.00 T T C
3 57 3 T 0.50 T T C
4 66 3 T 1.00 T T C
5 99 3 T 0.50 C T C
6 106 1 T 1.00 C C C
7 114 3 T 0.66 C C C
8 138 3 T 0.50 T T C
9 144 3 T 0.50 C C C
10 145 1 T 0.50 C C C
11 151 1 T 1.00 C C C
12 156 3 A 1.00 T T T
13 162 3 T 0.50 T C T/IC
14 178 1 A 1.00 A A AIT
15 189 3 C 0.50 T T T
16 195 3 A 1.00 A A C
17 201 3 C 0.33 T T C
18 222 3 C 1.00 C T T
19 225 3 T 0.50 T T C
20 237 3 C 1.00 C T T
21 249 3 T 0.50 C C C
22 252 3 T 1.00 C C C
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APPENDIX |

Specimens-Gazetteer of collecting localities and specimexangned. All localities
listed are from the voucher specimens analyze@morted in the literature (Cherem et
al. 2004, 2005; Oliveira et al. 2005; Pardifias |e2808; De la Sancha et al. 2009;
Paresque et al. 2009; Melo et al. 2011; Pavan amiig [2011; Aguieiras et al. 2013;
Fonseca et al. 2013; Grazzini et al. 2015). Coestand States are listed from north to
south, followed by specific localities, latitude darlongitude (south and west,
respectively, in negative decimal degrees), andadilen in meters, when available. Sex
and age class, when available, follows the musewgrongms). Numbers in bold
correspond to numbered localities on the map @jigSpecimens underlined compose
the sample used on morphometric analyses. Specifokmsed by * compose the map

(Fig. 4) but were not examined in this study.

Juliomyssp.1.—BRAZIL: Rio Grande do SulCambara do Sult. Parque Nacional de

Aparados da Serra, -29.16 -50.10, 900 m (type itycAMICNU 464 *A, MCNU 868

oA, MCNU 6895"A, MCNU 870"A).

Juliomys ossitenuis-BRAZIL: Espirito Santo Castelo:2. Parque Estadual do Forno

Grande, -20.52 -41.00, 1200-2039 m (MBML 26@7A\); Dores do Rio Pretd3. Casa
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Queimada; Parque Nacional do Caparad, -20.46 -42@19 m (MBML 2784c'A);
Macieira: 4. Parque Nacional do Capara6, -20.48 -41.83, 17&RIBML 2783 o'A).
Minas Gerais Fervedouro:5. Fazenda Neblina, Parque Estadual da Serra do
Brigadeiro, 20 km W Fervedouro, -20.72 -42.48, 130Qtype locality, MN 69752

2 A, MN 69753 £ A, UFMG 3174 5'A, MZUFV 608, MZUFV 627, MZUFV 679,
MZUFV 683); Passa Quatr6. Fazenda do Itaguaré, 16 km SW Passa Quatro, -22.47
45.08, 1500 m_(UFMG 3172 A). Rio de JaneiroTeresopolis7. Parque Nacional da
Serra dos Orgéos, Abrigo Paquequer -22.27 -42.800 In (MN 81077%A, MN
810785'A); 8. Parque Nacional da Serra dos Orgéos, Rancho-BA®7 -43.00, 1200

m (MN 81079%J, MN 81080c"A, MN 810815"A, MN 810825"A, MN 81083 £ A,

MN 81080 % J, MN 810855"J, MN 81086c"A, MN 81087 ¢"A, MN 810805'A, MN
81088 * A, MN 81089 «"A, MN 81090 ¢"J, MN 81091c"J, MN 81092 % A). Séo

Paulo Bananal: 9. Estacdo Ecolégica do Bananal, -22.80 -44.37, 11B% m

(MZUSP uncatalogued EEB 536, EEB 537, EEB 596, BEB); Cotia:10. Sitio Até

Que Enfim, Caucaia do Alto, -23.68 -47.03, 900 mzZ(WsP 33170% A, MZUSP
33171 5'A); 11. Quilombo, Reserva Florestal do Morro Grande, Cauda Alto, -

23.76 -47.00, 800-1000 m (MZUSP 3264&p». Grilos, Reserva Florestal do Morro
Grande, Caucaia do Alto, -23.78 -47.01, 800-100QMZUSP 32650); Piedadet3.
Cristo, -23.85 -47.47, 800-1000 m (MZUSP uncatagah®AB 473);14. Fragmento
Eme, -23.88 -47.48, 800-1000 m (MZUSP uncatalogé@d 258); Tapirai: 15.
Fragmento Antenor, -23.92 -47.45, 800- 1000 m (MBUfhcatalogued AB 196}6.
Janzinho, -23.97 -47.51, 800-1000 m (MZUSP uncgtedd AB 469); Ribeirdo
Grande:17. Mulheres, -24.05 -48.37, 800-1000 m (MZUSP unogizd AB 350, AB

357); 18. Museros -24.22 -48.40, 800-1000 m (MZUSP uncatsetdgAB 395);19.
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Mina Limeira, -24.17 -48.33, 800-1000 m (MZUSP 322). Paran& Pirai do Sul20.
FLONA Pirai do Sul, -24.56 -49.95 (MHNCI 647&anta CatarinaDr. Pedrinho21.

Rebio Sassafras, -26.71 -49.66, 900 m (CZFURB 18893. Rio Grande do SulSao

Francisco de Paul@2. Centro de Pesquisas e Conservagdo da NaturezZsld®ao—

29.49 -50.21, 900 m (MCNU 1461 A, MCNU 19775'A).

Juliomys pictipes—BRAZIL: Espirito Santo Cariacica:23. Reserva Bioldgica Duas
Bocas, Alto Alegre, -20.28 -40.51, 550 m (UFES 586, UFES 557%A). Minas
Gerais Santa Barbar&4. Estacdo de Pesquisa e Desenvolvimento Ambientakete-
19.9 -43.37, 630-806 m (UFMG 3161A, UFMG 3162 %, UFMG 31635"A, UFMG
3164 5'A); 25. Reserva Particular do Patrim6nio Natural do Caragakm SW Santa
Barbara, -20.08 -43.5, 1300 m (MN 69764, UFMG 3188, UFMG 3160 % A).
Itabira: 26. No specific locality provided, -19.38 -43.15 (MCN-8195 £ A, MCN-M
2439 ?A). Rio de Janeiro Teresépolis:27. Parque Nacional da Serra dos Org&os,
Abrigo 4, -22.27 -43.01, 2130 m (MN 81094A); 28. Parque Nacional da Serra dos
Orgaos, Rancho Frio, -22.27 -43.00, 1200 m (MN §19\); Cachoeiras de Macacu:
29. Estacado Ecolégica de Paraiso, -22.31 -42.51, §¥ikh 79853 o"A); Guapimirim:
30. Garraféo, -22.29 -43.00, 700 m (MN 8109, MN 81096"A); 31. Fazenda Boa
Fé, -22.43 -42.98, 902 m (MN 62182); Angra dos Re&k Mata do Mamede, -23 -
44.32 (MN 69765% A). Sdo PauloSé&o Luis do Paraitingd3. Fragmento G4, -23.22 -

45.31, 900 m (ZUEC-MAM 2399); Piedad#4. No specific locality provided, -23.72 -
47.41, 800-1000 m (MZUSP 31113); Mogi das Crus&s:Parque Natural Municipal

da Serra do Itapety, -23.47 -46.15, 807-1141 m (MiNatalogued 6% A); Cotia: 36.

Reserva Florestal do Morro Grande, Caucaia do AX®.68 -46.96, 800-1000 m
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(MZUSP 32263, MZUSP 32264, MZUSP 32265, MZUSP 3228BUSP 32649 A);
Sorocaba37. Floresta Nacional de Ipanema, 20 km NW -23.4463,7701 m (MVZ

197563, MVZ 197564, MVZ 197565, UFMG 3168A, UFMG 3166 o'J, UFMG
3167 'A, UEMG 3168c"A, UFMG 3169¢"J, UFMG 3170% A UFMG 3171c5'A
UFMG 31725"A); Séo Bernardo do Camp88. Riacho Grande, -23.80 -46.58, 777 m

(MZUSP 30710, MZUSP 30724, MZUSP 30747, MZUSP 3)7Buri: 39. No
specific locality provided, -23.81 -48.70, 666 mANMSP 31025); Ribeirdo Grand40.
Mulheres, -24.05 -48.37, 800-1000 m (MZUSP uncataéal AB 348, AB 388, AB
410); 41. Museros, -24.22 -48.40, 800- 1000 m (MZUSP unogtsd AB 402, AB
562); 42. Fragmento Citadini, -24.06 -48.39, 800-1000 m (MJuncatalogued AB
78); 43. Fragmento Divisa, -24.06 -48.37, 800-1000 m (MZU®eatalogued AB 75);
44. Trés Quedas, -24.22 -48.37, 800-1000 m (MZUSP tatogued AB 571)/45.
Paraguai, -24.23 -48.39, 800-1000 m (MZUSP uncgtedd AB 559, AB 591); Capéao
Bonito: 46. Fazenda Sakamoto, Campinho, -24.18 -48.24, 800-100(MZUSP
uncatalogued AB 110, AB 113, AB 115, AB 141, AB 1488 145); 47. Fazenda
Intervales, -24.33 -48.42, 700 m (MN 60570, MN 6D5WIN 69766, MVZ 182079).
Paran& Telémaco Borba48. Fazenda Monte Alegre, -24.2 -50.55, 885 m (MN &333

2, MN 68347 2 J). Morretes49. No specific locality provided, -25.26 -48.55 (DZUP

393 A, DZUP 394 A, DZUP 395 A, DZUP 498 A, DZUP 489DZUP 502 A).Santa

Catarina Indaial: 50. Parque Nacional da Serra do ltajai, Vale do Espitay -26.56 -

49.11, 600 m (CZFURB 9423A); 51. Parque Nacional da Serra do Itajai, Mono, -

26.57 -49.4 (CZFURB 5372, CZFURB 9622\, CZFURB 96237A, CZFURB 9624

JdA, CZFURB 96254A, CZFURB 96674A, CZFURB 9669°A, CZFURB 9834J5A,

CZFURB 9837c'A, CZFURB 99229A); Blumenau: 52. Terceira Vargem, -27.3 -

49.5, 300 m (CZFURB 9770A, CZFURB 9775%A, CZFURB 12243%A). Santo
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Amaro da Imperatriz563. Parque Estadual da Serra do Tabuleiro, -27.78148.00-
500 m (UFSC 6527'A, UFSC 862c"A, UFSC 8534"A, UFSC 8644"A, UFSC 670).

Rio Grande Do SulDois Irméos:54. No specific locality provided, -29.56 -51.10
(MCNU 4307 QA). Derrubadas55. Parque Estadual do Turvo, -27.20 -53.88, 100-400
m (no voucher number provided). ARGENTINMisiones Cainguas:56. Reserva
Privada de Usos Multiples de la Universidad NadialealLa Plata “Valle del Arroyo
Cufia Pirg”, -27.08 -54.95, 200 m (MLP 1.1.03.24fyuazi: 57. Parque Nacional
Iguazu, Sendero Macuco, -25.68 -54.43, 200 m (QVEZ3*); Montecarlo:58. Puerto
Caraguatay -26.62 -54.76, 192 m (type locality, FHR6814*);59. Parque Provincial
“Ernesto Che Guevara’ Arroyo de Salamanca -26.6L7&% 147 m (CNP 895%).
PARAGUAY: Alto Parana: Hernandaria80. Refugio Bioldgico Limoy, North of Rio

Limoy, -24.80 -54.45, 270 m (CZ 014%).

Juliomys rimofrons—BRAZIL: Minas Gerais Itamonte:61. Brejo da Lapa, -22.21 -

44.44, 2000 m (type locality; MN 467Q3A, MN 616465"A, MN 61647 ? A). Rio de

Janeira Paraty:62. Parque Nacional da Serra da Bocaina, -23.83 -44/B8 77793
o'A). Sao Paulo Sédo José do Barreir63. Parque Nacional Serra da Bocaina, -22.50 -

44.41, 1700 m_(MN 76263 A); Capao Bonil. Parque Estadual Intervales, -24.16 -

48.18, 800 m (MN 6057%).

Oligoryzomys flavescers-BRAZIL: Rio Grande do SUMCNU 1632 and MCNU
1611.
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Specimens-List of Sigmodontinae specimens from which Cytbussgre data was used for phylogenetic analysesldtype; ** Paratype.

Taxon Specimen number GenBank Sequence Locality Source
number lenght (bp)

Juliomysximenezi MCNU 464** KT749862 801 Brazil: Rio Grande do Sul Present study
Juliomys ximenezi MCNU 868* KT749863 801 Brazil: Rio Grande do Sul regent study
Juliomys ximenezi MCNU 869** KT749864 801 Brazil: Rio Grande do Sul Present study
Juliomys pictipes UFMG 3160 EF127515 441 Brazil: Minas Gerais Costa.€2007
Juliomys pictipes UFMG 3168 EF127513 801 Brazil: Sdo Paulo Costd 087
Juliomys pictipes UFMG 3171 EF127514 801 Brazil: Sdo Paulo Costd 2087
Juliomys pictipes MLP 1.1.03.24 EU157764 801 Argentina: Misiones ead et al. 2008
Juliomys pictipes MVZ 141 AF108688 1144 Brazil: Sdo Paulo Smith aattéh 1999
Juliomys pictipes TK145073 FJ026733 801 Paraguay: Alto Parana daralt et al. 2009
Juliomys ossitenuis AB 187 EF127521 565 Not provided by authors Costa et al. 2007
Juliomys ossitenuis AB 196 EF127519 801 Brazil: Sdo Paulo Costa €607
Juliomys ossitenuis AB 258 EF127520 720 Brazil: Sdo Paulo Costa €607
Juliomys ossitenuis MZUSP 33170 EF127518 801 Brazil: Sdo Paulo Costa et al. 2007
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Juliomys ossitenuis
Juliomys ossitenuis
Juliomys ossitenuis
Juliomys ossitenuis
Juliomys ossitenuis
Juliomys ossitenuis
Juliomys rimofrons
Juliomys rimofrons
Oligoryzomys microtis

Rhagomys rufescens

UFMG 3173**
MN 69752*
MBML 2783
MVZ 40
MCNU 1461
MCNU 1977
MN 61647*
MN 46703**
BYU 19014

MN 66056

EF127516
EF127517
EF127522
AF108689
KT749865
KT749866
AY029477
AY029476
AY439000

AY206770

792
792
721
1144
801
801
711
720
1143

825

Brazil: Minas Gerais
Brazil: Minas Gerais
Brazil: Espirito Santo
Brazil: S&o Paulo

Brazil: Rio Grande do Sul
Brazil: Rio Grande do Sul
Brazil: Minas Gerais
Brazil: Minas Gerais
Bolivia: Santa Cruz

Brazil: Minas Gerais
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Costal. 2007
Codtale2007
Castal. 2007
Smith anttd?al1999
egant study
egant study
Oliveiand Bonvicino 2002
Olivaiand Bonvicino 2002
Carsdlial. 2005

Percéquet al. 2004
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6. CAPiTULO I

PREDICTIVE DISTRIBUTION OF THE MICEJULIOMYS(RODENTIA, CRICETIDAE,
SIGMODONTINAE) BASED ON THE MORPHOMETRICS AND TAXONOMIC REVIEW OF

SPECIMENS

Em preparacéo para submissao ao periddammal Review The Mammal Society,

UK, editora Wiley.
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Abstract

1. Museums and scientific collections are crucialtfog information of the species
distribution data. However, some drawbacks couldter collections mainly due to
taxonomic identification errors of species and aeacgl| biased, or vague sampling
locations. Therefore, species distribution analysay include collecting artifacts rather
than the real and precise collection information.

2. To generate the potential geographic distributmmttie species afuliomyswe
studied specimens deposited in the 14 museum tiolsc We analysed the specimens’
anatomy and used morphometric analysis to correéddgtify the species. Subsequently
we completed their locality database based ondhgpbng coordinates from each mice.
After, we conduct the modelling analyses of thetigpdistribution of the four species.

3. We identified 190 specimens {uliomys sp 1, 6J. rimofrons 136J. pictipes,

and 46J. ossitenuisfrom 217 mice from the total sample based onath@omical and

morphometric results. The generated potential idigion models for the four species
of the genus was consistent with previous distidoutand ecological information,
which suggested that all species were highly linkedhe forest formations of the

Atlantic Forest biome.

4. Many factors and events may have modelled the epetistribution on the

Neotropics. The associated fauna to forest enmmoris, as this biome, are also

sensible to the historical changes. Habitat fragatem and defaunation there is

collapsing the ecological processes, which is a&haogservation concern.

Key words Atlantic Forest, MaxEnt, morphological analysispgeaphical limits, tree

mice
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Introduction

Rodents are widespread mammals, where the Sigmaodentspecimens are a
Neotropical branch. Some of its taxa are insuffitieknown, as is the genusiliomys
Gonzalez 2000. Three living species are considesdid for the genusJ. pictipes
Osgood 1933). rimofronsOliveira & Bonvicino 2002, and. ossitenuigCosta, Pavan,
Leite & Fagundes 2007. Recently, Christoff et ahder review, chapter 1) proposed a
new species based in Paresque et al. (2009) infmrmaConsidering the recent
knowledge about its species (descriptions incrgasince Gonzalez 2000), errors or
imprecise identifications of specimens from musewnd scientific collections could

be a common situation.

Museums and scientific collections are crucialtfoe biological information on
taxa. However, their use has some drawbacks antfioms, mainly due to taxonomic
identification errors and unclear or vague samplingations of their specimens
(Graham et al. 2004, Newbold 2010). These majaressadded to collecting bias can
disrupt the usage of museum collection data, aedeapecially negative for spatial
modelling approaches (Graham et al. 2004, Sastrel#® 2009). The ideal recognition
of the specimens’ species must be based on thgratitee analysis with methods
combining information of karyology, molecular marke anatomy, traditional and
geometric morphometrics (Backer & Bradley 2006, 8dmet al. 2015, Christoff et al.
under review, chapter 1). However, not all of thiermation is always available. Some
methods could only support morphological charaz#ion, such as the traditional
morphometric analyses, which are faster and easieimplement. In fact, the
morphometric analysis has proven to be a usefulttodiffer characteristics in small

mammals (e.g. Christoff et al. 2000, Ozkurt et 2007, Breno et al. 2011).
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Consequently, the information from geographic stion data is vastly based on this

taxonomic outcome.

Species geographical distribution is a basic datheoorganisms and is essential
information on conservation terms. However, thetritigtion limits of many small
mammals (and many other taxa) are still poorly wsided. In the Neotropics, some
Rodent species, such as the species of the getosys,have little information about
its ecology and distribution. Recently some stude€osta et al. (2007), Pavan & Leite
(2011), and Gonzélez et al. (2015) bring some fggmt overall information for the
genus. However, geographical distribution inforimatio the group of species is poorly
known, due to the scarce data of properly idemtiBpecimens. The locality records of
Juliomysare restricted from southeast to southern Branitheastern Argentina, and
extreme eastern Paraguay (Pavan & Leite 2011). Speeies of the genus are not
abundant in small mammals communities, they besergmlly arboreal habit, and they
seem related to the forest interior (Graipel eR@D6, Puttker et al. 2006, Cadermatori
et al. 2008, Passamani & Fernandez 2011). Thesersacoupled with few collected
specimens restrict plentiful data and reinforceribed to collect more information on
the biology and natural history of these taxa. Meez, the tag of the specimen
deposited could present some inadequate data, sinch of the museum exemplars
end up without a proper species identification.this sense, a clear morphological
characterization of the species is imperative #&bl&h the species of each specimen
present in a scientific collection. Besides, usualew records are often relate to
distribution extension (Pardifias et al. 2008, De&#ncha et al. 2009, Fonseca et al.
2013, Cerboncini et al. 2014). In this sense, amsig the amount of undetermined
Juliomyssp. present in scientific collections, the limdk distribution and inhabited

environments to each species of the genus are weats$ questions.
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Small mammals sampling in the Neotropics are ofteomplete and biased
(Graham et al. 2004, Moura et al. 2008). Therefepecies distribution analysis may
reflect collecting artefacts rather than the reainsirio (Newbold 2010; Guillera-Arroita
et al. 2015). The form to extrapolate deficientadand estimate the probable
geographical occurrence of a species shall be ghwamut the analysis of the species
distribution models (Elith et al. 2006; Newbold PQ)1Recent studies using geographic
information systems have developed good prediatihvmels of species distributions
using small samples sizes (see Pearson et al. .200@&se models assume the niche
theory, which adopts that the distribution of specis determined in great part by
environmental variables, and so approximationstliese variables can be estimated,
using the unimodal curve (Austin 2007). In thisserthis study aims to generate the
potential geographic distribution for the extantirfepecies ofuliomys,based location
data gathered on an extensive museum collectiongweand morphometric and

taxonomic analyses.

Material and Methods

Sample

We analysed allJuliomys specimens mentioned in the literature, in the lukta
SpeciesLink(http://splink.cria.org.br/), and deposited in Btazilian museums and
scientific collections. Specimens were deposited tive following institutions:
Universidade Federal da Paraiba (UFPB), Jodo Pessoiaersidade Federal do
Espirito Santo (UFES), Vitéria; Museu de Biologia® Mello Leitdo (MBML), Santa
Tereza; Mammal collection of Universidade FedemalMinas Gerais (UFMG), Belo
Horizonte; Museu de Ciéncias Naturais da Pontifidéiversidade Catolica de Minas

Gerais (MCN-M), Belo Horizonte; Museu Nacional dailérsidade Federal do Rio de
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Janeiro (MN), Rio de Janeiro; Museu de Zoologiaaversidade de S&o Paulo
(MZUSP), Séo Paulo; Mammal collection of the Unsidade Federal do Parana
(DZUP), Curitiba; Zoological collection of the Umiksidade Regional de Blumenau
(CZFURB), Blumenau; Laboratorio de Mamiferos Aqodsi of Universidade Federal
de Santa Catarina (LAMAQ-UFSC), Floriandpolis; Musde Ciéncias Naturais,

Universidade Luterana do Brasil (MCNU), Canoasnel(iding specimens that are still
not deposited under the acronym AC); Mammal catbecof Universidade Federal de
Santa Maria (UFSM), Santa Maria; Mammal collectioh Universidade Regional

Integrada do Alto Uruguai e das Missdes (URI), Binec Additional material from

Mammal collection of Escola Superior de Agricultin@z de Queiroz da Universidade
de Sédo Paulo (ESALQ-USP), Piracicaba/SP were alatysed, but these specimens

were still not deposited and are under the acroBiail or EEB (Appendix I).

We analysed all specimens identified agiomys,and also specimens which
may have had a mistaken identification, suclOhgoryzomysspp. andRhagomyspp.,
due to their similar morphology. In order to idéntat the species level eadnliomys
specimen, we visually compared the anatomicalstraitd skull measurements (see
Christoff et al., under review, chapter 1) desdilie the four current species of the
genus. Besides, we collected a tissue sample foA Rhalysis from each specimen
whenever it was possible. The total sample cortiste217 Juliomysspp. specimens
(Table 1; Appendix I). The sample was composedlijomyssp.1 6 = 4) (a new
species under description by Christoff et al., unégiew, see chapter 1), ossitenuis

(n=9),J. rimofrons(n = 4),J. pictipes,(n = 24), andJuliomyssp. fi= 176)

Anatomic and morphometric analyses
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In order to identify at the species level the remmay 176 Juliomyssp. of the 217
museum specimens, we used the diagnostic traitgestefd by Gonzalez (2000),
Oliveira & Bonvicino (2002), Costa et al. (2007)avan & Leite (2011), Gonzélez
(2015) as well as the diagnosis and morphometracacters proposed by Christoff et
al. (under review, chapter 1). Anatomical characteere imperative to the species
diagnosis, especially the carotid arterial supplgifferentiation of]. pictipesfrom the
other species. Based on the diagnostic traits aibede we first analysed and identified
41 specimens as a group that holds reliable mafkMy for each species duliomys
(e.g.type series, karyology and/or molecular markertaittein Appendix I). These RM
mice were used to evaluate the morphometric diagnot the four species (see
Christoff et al. under review). In this sense, oatult specimens were included in the
analyses and in each specimen (total sample, 217), we took 29 cranial linear
measurements (Fig. 1; Tribe 1996), using a digigdliper (the nearest 0.01 mm). We
used only those 41 RM specimens in a principal amept analysis (PCA) over the
variance-covariance matrix of the logarithms of afleasurements to explore
multivariate differences among taxa (Neff & Marcu®80). We then performed a
discriminant function analysis (DFA) with the stapgy method, which maximized the
differences between the groups found in the PCAucmg the differences within
groups and an optimization of the differences betwke groups in terms of variables
(Strauss 2010). Thae DFA builds a predictive mddelgroup membership maximally
separating groups (species) based on produced aobmsiand the best linear
measurements as discriminant variables in thesatiegs. The discriminant analysis
thus generate a centroid for each taxon and diswimh equations useful to post
exploratory classification. Since the explorator@ A’ was able to identifya priori

groups ofJuliomys,using only the 41 RMs specimens, the second stelpded the
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analysis of canonical variables using of the 29sueaments from the 17dliomyssp.

remaining. This analysis generated two discrimiregquations by discriminant function
analysis (DFA) (Formula 1 and Formula 2), plottsdXaand Y axes in the exploratory
analyses with the discriminant centroids first give the four species. Attempting to
classify the non-identified specimens we based disgnosis on the anatomical
characters as mentioned above and the positioaatf specimen and its proximity of
centroids, in order to determine to which speciesug each specimen belongs.
Afterwards, we performed a further DFA analysicheck the assignment reliability of

the species groups. All morphometric analyses weralucted in the program SPSS

17.0.

Fig. 1. Cranial linear measurements used in this study: Qi¢tipto-nasal length; PL,
palatal length; PPL, post-palatal length; MRC, analow—crown length; M1B, first
molar breadth; PBL, palatal bridge length; TFL, pemal fossa length; DL, diastema
length; IFL, incisive foramen length; IFB, incisiveramen breadth; PB1, palatal
breadth at first molar; PB3, palatal breadth atdtimolar; MFB, mesopterygoid fossa

breadth; BIT, breadth across incisor tips; BW, &ullvidth; BL, bullar length, BCB,
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braincase breadth; SH, skull height; RH, rostradime RB, rostral breadth; RL, rostral
length, NL, nasal length; ZPL, zygomatic plate ndgCIL, interorbital breadth; 10B,
interorbital breadth; ZB, zygomatic breadth; GLMeatest length of mandible; MMR,

mandibular molar row—alveolar length; DR, depthasfius.

Geographic distribution modelling

After the taxonomic revision and reclassificatidrtite Juliomyssp. specimens,
the geographic coordinates of the locality fromheseclassified specimen were found
based on the museum label and registry book. Wdumed the modelling analyses of
the spatial distribution of thduliomys species using the algorithm of Maximum
Entropy Modeling of Species Geographic DistribusienMaxEnt 3.3.3 (Phillips et al.,
2006, 2008). These models use logistic regressigoritnms and niche concept to
produce distribution models (maps) that allow theleation of the relationship
between the species and environmental occupatiastiff 2007, Elith et al. 2011).
These tools combine numerical occurrence of thecispe(or abundance) with the
environmental estimates (Elith & Leathwick, 200®Je used 30% of the total set of
records for testing the models and 70% for trainifbe data were sampled using
bootstrap routine of 10 random partitions with eggiment (Pearson, 2007), the runs
were configured in random seed, convergence thigégiidLE-5 with 50 iterations and
10,000 background hidden points. To verify the n@deecuracy, we evaluated the
Area Under Curve (AUC) values for the Receiver @prg Characteristic (ROC)

curves of each species model.

In the model, the occurrence locations of the spens added to the
environmental data (layers) produce maps of pakristribution of the studied

species. We used the Jacknife method in orderatdish the variables importance. In
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this analysis we used 21 variables as layers (Etitl. 2011, Hof et al. 2012) from the
databases GlobCover (http://due.esrin.esa.int/magecover.php) and Bioclim
(http://worldclim.org/bioclim) as follows: altitudé€alt) landscape cover (geocover),
annual mean temperature (biol), mean diurnal tesmyer range (bio2), isothermality
(bio3), temperature seasonality (bio4), max tentpeeaof warmest week (bio5), min
temperature of coldest week (bio6), temperaturaianrange (bio7), mean temperature
of wettest quarter (bio8), mean temperature ofstirgpiarter (bio9), mean temperature
of warmest quarter (biol0), mean temperature oflexil quarter (bioll), annual
precipitation (biol2), precipitation of wettest Wwe@iol3), precipitation of driest week
(bio14), precipitation seasonality (biol5), pretapon of wettest quarter (biol6),
precipitation of driest quarter (biol7), precipiat of warmest quarter (biol8),
precipitation of coldest quarter (bio19). All vdrlas were analysed using a fine spatial

resolution (~1 km).

Results
Anatomic and morphometric analyses

The final reclassified sample was composed Rjulifomyssp.1, 46J. ossitenuis6 J.
rimofrons, and 136J. pictipesresulting in 195 specimens analysed (Appendix e
unidentified specimens represented 22 mice whiclewst reclassified due to age,

broken structures, and/or inconclusive species dfteoverall analysis.

In the PCA for the 41 RM specimens, the first thtemponents explained over
73.93% of the total variance (Table 1). The vagahinost related to PC 1 were PL,
ONL and CIL, those most related to PC 2 were PBlaBd IFL, and to PC 3 were NL,

PB3 and IFB. Monospecific groups were formed ingkploratory PCA (Fig. 2), with a
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1250 partial overlap amonguliomys species.Juliomys sp. 1 was morphologically more

1251  different and separated to the others over the BG&JIPC 2 axes.

2,007 J. rimofions

J. pictipes

1,007

0,00

PC 2

J. ossitenuis

-1,007

-2,00

Juliomys sp.

-3,007

T T T T T
-3,00 -2,00 -1,00 0,00 1,00 2,00

1252 PC1

1253  Fig. 2. Scores of the specimens.fliomysin the first two axes (PC 1 and PC 2) of the
1254  principal component analysis (PCA). Symbais= Juliomyssp.1 ;A = J. ossitenuis+

1255 = J. rimofrons o =J. pictipes

1256

1257  Table 1.Measurement contributions to each axis of the Rraic€Component Analysis.
1258  ONL, occipto-nasal length; PL, palatal length; PPbst-palatal length; MRC, molar
1259  row—crown length; M1B, first molar breadth; PBL Jatal bridge length; TFL, temporal
1260 fossa length; DL, diastema length; IFL, incisiveaimen length; IFB, incisive foramen
1261  breadth; PB1, palatal breadth at first molar; PEatal breadth at third molar; MFB,

1262  mesopterygoid fossa breadth; BIT, breadth acrosisan tips; BW, bullar width; BL,
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1263  bullar length, BCB, braincase breadth; SH, skuibhe RH, rostral height, RB, rostral
1264  breadth; RL, rostral length, NL, nasal length; ZPdygomatic plate length; CIL,
1265 interorbital breadth; 10B, interorbital breadth; ZBygomatic breadth; GLM, greatest

1266  length of mandible; MMR, mandibular molar row—alladength; DR, depth of ramus.

Variables PC1 PC 2 PC 3
NL 0.604 -0.050 -0.455
RL 0.833 -0.075 -0.280
RB 0.729 -0.074 -0.138
0B 0.203 -0.195 -0.065
ZB 0.829 0.105 0.039
BCB -0.195 -0.062 0.028
BIT 0.879 -0.081 0.083
DL 0.849 0.175 0.091
IFL 0.323 0.573 0.050
IFB 0.177 0.620 0.442
M1B 0.302 0.103 0.264
PB1 0.291 0.644 0.324
PB3 0.578 0.063 0.421
PBL 0.752 -0.069 -0.245
PL 0.948 0.040 -0.140
TFL 0.785 -0.107 0.347
MFB 0.680 -0.151 0.414
ONL 0.917 0.041 -0.103
CIL 0.899 0.219 -0.057
PPL 0.917 -0.020 -0.129
BW -0.161 0.900 -0.016
BL -0.104 0.826 -0.130
RH 0.781 -0.166 0.099
SH 0.42 0.231 -0.154
ZPL 0.735 0.208 -0.513
MRC 0.271 0.099 0.000
MMR 0.021 0.190 -0.084
GLM 0.889 -0.003 0.006
DR 0.716 0.149 -0.032
Eigenvalue 0.011 0.005 0.002
% variance

explained 49.83 16.65 7.45

1267
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Discriminant function analysis of the 41 RM speems correctly classified
97.6% of the specimens along the first and secowms & Fig. 3, Table 2). For the
speciesluliomyssp.1,J. pictipesandJ. ossitenuighe classification resulted in 100% of
specimens correctly classifi¢le a priorigroups defined based on the diagnostic traits.
For the specied. rimofrons 75% specimens (3 of 4) were correctly classibaded on

the reclassification groups through the discrimtramalysis.

5_
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0o ¢
N A Tt @o ©0.0
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Fig. 3. Axes projection of canonical discriminant analyfsis29 skull measurements in
Juliomys Black symbols are centroids; = Juliomyssp.1; A = J. ossitenuis+ = J.

rimofrons o =J. pictipes CV 1: canonical variant 1; CV 2: canonical vatian

Table 2. Measurement contributions to each axis to theribsoant Analysis. ONL,
occipto-nasal length; PL, palatal length; PPL,tgpadatal length; MRC, molar row—

crown length; M1B, first molar breadth; PBL, palabtaidge length; TFL, temporal
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fossa length; DL, diastema length; IFL, incisiveaimen length; IFB, incisive foramen
breadth; PB1, palatal breadth at first molar; P@iatal breadth at third molar; MFB,
mesopterygoid fossa breadth; BIT, breadth acrosisan tips; BW, bullar width; BL,
bullar length, BCB, braincase breadth; SH, skuight RH, rostral height, RB, rostral
breadth; RL, rostral length, NL, nasal length; ZPlygomatic plate length; (CIL),
interorbital breadth; I0B, interorbital breadth; ZBygomatic breadth; GLM, greatest

length of mandible; MMR, mandibular molar row—alladength; DR, depth of ramus.

Canonical variates

Variable First Second
GLM -0.3350 -0.2388
PPL -0.3150 -0.0719
ONL -0.3070 0.1436
RB -0.3040 -0.1858
PBL -0.3000 -0.1073
ZB -0.2640 -0.0650
ZPL -0.2260 0.2195
NL -0.2110 0.0389
RL -0.2100 0.0387
RH -0.2060 0.0246
DR -0.4460 0.5170
MRC -0.0060 0.2460
BCB 0.2052 0.2330
BW 0.1542 0.2030
IOB 0.1025 -0.2030
IFB 0.0320 0.1650
SH -0.1094 0.1550
MFB -0.0607 0.1110
TFL -0.3470 0.0718
MMR 0.0763 0.1791
PB1 0.1879 0.1806
DL -0.1739 -0.1124
BIT -0.2280 -0.0546
PB3 0.0264 0.0360
M1B -0.0774 0.2044
PL -0.1899 0.0089
CIL -0.1452 -0.0137
IFL -0.1006 0.1323

BL 0.0899 0.0913
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Canonical correlation 0.8800 0.7300
Eigeinvalue 3.5800 1.1600
% Variance 63.3000 20.5000

The five measures chosen by stepwise method irtamat to classify the four

species are 10B, PB1, PB3, MFB, DR. The discrimirejuations obtained are:

F1 Escores-28.897 + 5.0350B) — 6.638PB1) + 5.096PB3) — 4.482WFB) +

6.0830R), and

F2 Escores-10.139 + 4.5230B) + 3.433PB1) + 1.341PB3) — 7.933MFB) —

2.1040R).

The second round of discriminant function analyssrectly classified at the
species level 92.7% of the 176 specimens previaudlyidentified asluliomyssp. (see

Fig 4).



1300
1301

1302

1303

1304

1305

1306

1307

1308

1309

1310

1311

1312

1313

98

-5

Fig. 4. Discriminant function analysis plot, with the prcj@n of specimens using the
F1 and F2 discriminant equations. Symbols: cengraie in boldp = Juliomyssp.1;A
= J. ossitenuis+ = J. rimofrons o = J. pictipes CV 1: canonical variant 1; CV 2:

canonical variant 2.

Geographic distribution modelling

The maps (Figs. 5-9) show the predicted distrimsjowhere the “warmer” colours
indicates higher probability of occurrence alongutBoAmerica. MaxEnt models
generated satisfactory (> 0.9) AUC results forghrus as a whole and the four species.
The average ROC curve for the geduomyswas AUC = 0.989, fod. pictipes(AUC

= 0.968),J. ossitenuisAUC = 0.978),J. rimofrons (AUC = 0.985),Juliomyssp.1
(AUC = 0.999). For the genus as a whole, the ppeicienvironmental variables

contributions were precipitation of warmest quar{eiol8; 25.9%), temperature
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seasonality (bio4; 21.5%), max temperature of watnveeek (bio5; 14.4%), mean
temperature of driest quarter (bio9; 9.8%). The dilegq environmental variables
contributions are different to each species, deva (Fig. 9):J. pictipes— temperature
seasonality (bio4), max temperature of warmest we®b), mean temperature of driest
qguarter (bio9), precipitation of warmest quartelo{8); J. ossitenuis- altitute (alt),
temperature seasonality (bio4), and precipitatidnwarmest quarter (biol8);].
rimofrons— mean temperature of driest quarter (bio9), pretion of warmest quarter
(bio18), precipitation of coldest quarter (biol19uliomyssp.1 — altitude (alt), annual

mean temperature (biol), isothermality (bio3), pretipitation seasonality (biol5).



100

60°0'0"W 55°0'0"W 50°0'0"W 45°0'0"W 40°0'0"W

15°0'0"S 10°0'0"S
I I
15°0'0"S 10°0'0"S

20°0'0"S
I
20°0'0"S

2 n
o o
o - O
Q Probabylity Q
B o-o02
B 0.03-007
% B 0.08-0.13 | ¢
S [o14-021 | B
5 [ Jo022-03 [&
(32] (3p]
[ ]031-039
[ ]o4-048
* [ 049-058 "
o P 059-068 | ©
o - O
o B 069-089 | o
™ (3p]
Atlantic Ocean
2 2
o o
o X
o o
< <
N 1:16,000,000
@ 0 200 400 800 P
o- e Km B
w0 o]
< <

o 60°0'0"W 55°0'0"W 50°0'0"W 45°0'0"W 40°0'0"W

1325  Fig. 5. Prediction model of species distribution fbrossitenuisAUC = 0.978. Black
1326  dots are localities of occurrence.



101

60°0'0"W 55°0'0"W 50°0'0"W 45°0'0"W 40°0'0"W

15°0'0"S 10°0'0"S
1 T
15°0'0"S 10°0'0"S

20°00"S
20°0'0"S

25°0'0"S
25"6'0"8

Probability
o002
%) B 003-007 |
:g P o0o08-013 _Zg
S B 0.14 -0.21 g
[ ]o022-03
[ Jo31-039
- [o04-048 @
o [o49-058 | ©
e I o59-068 | 5
«® B oso-089 | ©
Atlantic Ocean
2 2
o ' o
o I
o o
< <
w| N 1:16,000,000 %)
o =4
S 0 200 400 800 B
I Eaaa——
2 Km 2

- 60°0'0"W 55°0'0"W 50°0'0"W 45°0'0"W 40°0'0"W

1328  Fig. 6. Prediction model of species distribution fomictipes AUC = 0.968. Black dots

1329 are localities of occurrence.



102

60°0'0"W 55°0'0"W 50°0'0"W 45°0'0"W 40°0'0"W

v w
o =
e 3
o o
v 2]
= o
2 s
(9] (e
v o
o =
= =
o o
(oY} o™
v w0
o =4
e Probability &
& o002 &

B oo3-007

B 0.08-0.13
g B 0.14-0.21 %
= [ Jo22-03 fo
= [ Jo31-039 | &

[ ]o4-048

[ o49-058
0 I o0s9-068 | o
o =
S B oso-089 | S
Yo} e
[a2] ™

Atlantic Ocean
w ]
o =
e S
o o
< <
N 1:16,000,000

" 0 200 400 800 "
o e Km 5
o o
o) T T T T T fo
= 60°0'0"W 55°0'0"W 50°0'0"W 45°0'0"W 40°0'0"W =

1330

1331 Fig. 7. Prediction model of species distribution fbrrimofrons AUC = 0.985. Black
1332  dots are localities of occurrence.



1333

1334
1335

1336

60°0'0"W 55°0'0"W 50°0'0"W

30°0'0"S 25°0'0"S 20°0'0"S 15°0'0"S 10°0'0"S

35°0'0"S

Atlantic Ocean

40°0'0"S

)

o4 N 1:16,000,000

2 0 200 400 800
B aa Km

45°0°0"W

40°0'0"wW

Probability
I o-002
I 003-007
P 0.08-0.13
B 0.14 - 0.21
Bl o22-03
[ ]o31-039
[Jo4-048
[ o049-058
[ 059-0.68
I 069-089

103

20°0'0"8 15°0'0"S 10°0'0"S

25°0'0"8

30°0'0"8

35°0'0"S

-

40°0'0"S

45°00"S

60°0'0"W 55°0'0"W 50°0'0"W

Fig. 8. Prediction model of species distribution flaliomyssp.1, AUC = 0.999.

dots are localities of occurrence.

45°0'0"W

40°0°0"W

Black



1337

1338

1339

1340

1341

1342

1343

1344

1345

1346

1347

104

B
o

W J. ossitenuis I
J. pictipes
OJ. rimofrons
BJuliomys sp1l.

w w
o w

[\¥]
(93]

=
(9]

Relative contribution (%)
= M
o o

0 I’-E- -Ial O s o I'H fu- I | 1 E. I.—ull:ll o B
2 =2 A4 N N = N W M~ 00 O O " N M S W oW ™~ 0 O
c £ 0 0 0 0 0 06 0 0 © =W o o o oF o o o o o
© & o o o o & o a o 2 & 2 ¢ g2 2 @2 2 @2 2
g O o o o o o o o o o
@
a0

Environmental predictor

Fig. 9. Environmental variable contribution for the specie®dels. altitude (alt),
landscape cover (geocover), annual mean temperg@tiar®), mean diurnal temperature
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warmest week (bio5), min temperature of coldestkwb&6), temperature annual range
(bio7), mean temperature of wettest quarter (bio®an temperature of driest quarter
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guarter (bio18), precipitation of coldest quarter biof9).
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Discussion

The use of morphometric analyses associated wehdibcriminant function analysis
can be a very important a tool for the classifmatiof specimens, mainly if it is
carefully used in reduced sample size with reledgagnostic characters (Kovarovic et
al. 2011, Straus 2010). Based on this methodologyvere able to identify most of the
specimens of the total sample df@liomys deposited in scientific collections and
improved the models of the geographic distributionfour species of this genus and
stablish more realistic distribution limits. The amtitative predictive methods of
distribution of species are an important apparétusinderstanding niche held species
and their conservation (Peterson & Robins 2003,efsmh & Martinez-Meyer 2004,
Kumar & Stohlgren 2009). It can also be a usefol for protected areas delimitation
and species habitat preferences (Sanchez-Cord€®).20ur final sample was built
from an extensive sampling and identification dffdhe compilation of a variety of
markers provides good support to taxonomic idaaifon. The four living species of
Juliomysshare most of the characteristics, both extenm@lcaanial. The carotid arterial
supply proved to be an important diagnostic charaictr J. pictipes(Costa et al. 2007).
The speciegduliomyssp.1,J. ossitenuisandJ. rimofronsshare the basal carotid arterial
supply Type | (Voss 1988). Differently, pictipespresents the Type Il (Voss 1988)
differing from Type | mainly in the absence of sagmbital branch of the stapedial
artery. Some individuals(= 6) presented some confounding marking on alispioe

but with the analysis of the bullae region was fgmego ensure the diagnosis.

The generated potential distribution models Sodiomys is consistent with
previous distribution information and ecologicaformation (Pavan and Leite 2011,
Gonzalez et al. 2015), which suggested that the $pacies were highly linked to the

forest formations of the Atlantic Forest biome. T@stimated total range fdr pictipes
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iIs 437,830.88 km? and fad. rimofrons 296.44 kmz2, both linked to forest habitats
(Amori et al. 2013), while the predictive modelsgd: 7-8) present a broader scenario.
The specied. rimofrons(Fig. 7) shows the wider predicted distribution.wéwer, with
the area with high probability of occurrence (>34 confined to southeastern of
Brazil (see Gonzalez 2015). The predicted distidouof J. pictipes(Fig. 6) indicates a
consistent link to the coastal Atlantic Forest fation, but southern with an extension
to the west, congruent to Atlantic Forest domaihe Tpredicted distribution oJ.
ossitenuigFig. 5) indicates a vast area of occupation ftomhigher eastern portion of
South America to the countryside. It also suggastssjunction in the distribution at the
eastern slope of the Andes and the southernmdbieaofontinent. As we expected, the
predicted distribution ofluliomyssp.1l indicates a restricted area in the Araucarian
Forest formation in southern Brazil (Fig. 8). Thethors Pavan & Leite (2011)

discussed a distribution gap at the Araucaria Fahes we have carried out.

In general, the distribution of thluliomysspecies is linked to factors that shape
the forested areas of the Atlantic Forest biomehsas altitude and summer rain (Fig.
9). But the distribution of the different speciggpaars to be distinct. Fdr ossitenuis
altitude appears to be an important factor fodissribution (Fig. 5 and 9). We observed
that predictors related to altitude and the sunmaiey season tended to have the largest
effects to this species. The original informatidnGosta et al. (2007) described the
taxon as related to semi-deciduous forests abo®en8€ters of altitude. New records
(Aguieiras et al. 2013, Grazzini G et al. 2015, iStoff et al. submitted. chapter 1) at
southern localities resemble this information. Wsoadentified as). ossitenuishe
specimen UFSM 446 (Appendix 1) unidentified by Limtal. 2010 that Pavan & Leite
2011 comments. On the other hadd,pictipesis more related to coastal lowlands

(Cherem 2005, Cerboncini et al. 2014; Fig. 6). Tikigrobably the most abundant
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species in the genus, but it is rare in high alBsl The specied. rimofronsand
Juliomyssp.1 presented the most restricted predicted gpbma distributions (Figs. 8
and 9). Very little is known about rimofronshabitat preferences. The species appears
to be restricted to a high-altitude northern portid the Atlantic Forest (Pavan & Leite
2011, Fonseca et al. 2013). Some environmentdilgdfiareas appear as predicted
disjunction of the distribution areas, near to tioethwest Andeans slopes. The species
Juliomyssp.1 have also few recognized specimens and staldition is, apparently,
even more restricted (Fig. 8), it is related to naseas in the Araucaria Forest,

southern Brazil (Christoff et al. under review, ptex 1).

The association between species occurrence andoemental variable is
crucial in modelling but is not a direct outcomeheTfactors that determine the
geographical distribution of the species are sunmedrby Hirzel & Lay (2008): local
environment, interspecific interactions, and acbégy. Climatic variables, especially
temperature, are key factors to species’ distrimtwhere the response of fauna is
partly indirect through its correlation with vegiéba (Guisan & Zimmermann 2000,
Hirzel & Lay 2008). Also, the identification of aae to explain the presence of a
species is not consensual (see Jorgensen 2004erT2005). The floristic formations,
shaped mainly by climate and its containing resesinmay be the key to colonization
and immigration of forest-related small mammals. tAs Atlantic Forest presents
several modifications throughout its distributiddQS Mata Atlantica 2013), species
may follow these patterns. Furthermore, distributimodelling do not account
interactions as competitive exclusion, and theitgbdf species to disperse (Guillera-
Arroita et al. 2015). The occurrence of more thae gpecies ojuliomysin nearby
areas has been related, but sympatry or syntopy startly discussed (Pavan and Leite

2011, Grazzini G et al. 2015). Many of these fagttiesides environmental ones, may
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1423  be related to species distribution. The areas sémades in the distribution may be due
1424  to simply a lack of sampling or low detectabilitiytbe species (Lobo et al., 2007). Due
1425  to its smaller ratio of occurrence, rare or geoliegdly restricted species (dsliomyg
1426  are usually better predicted in models that useigis@bsences (Lobo et al. 2007).
1427  Ecological processes can not be neglected, theddyiohnd evolutionary history of

1428  species must be observed.

1429 Historically, many factors and events may have redé¢he species distribution
1430 on the Neotropics, as the fauna associated totferesronments as the Atlantic Forest
1431  (Carnaval & Moritz 2008, Martins 2011, Rocha et285). In this sense, the results
1432  also suggest a potential area Jompictipes J. ossitenuisandJ. rimofronssettlement in
1433  regions close to the Andes. Some phylogenetic stnactions based on molecular
1434 markers as IRBP and Cytochrorhgsee D’Elia 2003, Parada et al. 2013) suggested
1435  many timesJuliomysas closely related to a number of Andean Sigmaodaattaxa as
1436  Irenomysand Neotomys(D’Elia 2003, Martinez et al. 2012, Parada et 2413).
1437  However, theJuliomys four extant species are indigenous to the Atlafiorest
1438 (Gonzalez 2015). Nevertheless, evolutionary prqcspeciation, and distribution of
1439  Sigmodontinae in the Neotropics are a long termudision (e.g. Herskovitz 1955, Reig
1440 1984, Reig 1987, Prado and Percequillo 2013, Peadd. 2015, Leite et al. 2016). An
1441  alternative approach to estimate the incompleta datdistribution and to understand
1442  the genetic diversity partitioning within and beemespecies is the spatial modelling
1443  compared to the phylogeographic patterns (Hugadl.e2002). The search for species
1444  evolutionary information, distribution, and ecologg essential to conservation

1445  especially in high diverse habitats.

1446 Habitat fragmentation and defaunation in Atlantizdst is a concern, collapsing

1447  the ecological processes. This biome is a biodityerotspot, holding more than 261
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1448  mammal species where 73 are endemic (Myers 2008nhyMf the species are under
1449  threat of extinction, includindguliomys The conservation status in IUCN (Bonvicino
1450 and Geise 2008) listd. rimofronsas “Vulnerable”: “Because it is known only from
1451 three isolated populations, and although thesetweli populations are all protected
1452  there is increasing threat of effects of isolateoxd small populations due to its rarity.
1453  Its total area of occupancy is less than 300 kmmthér research is necessary on this
1454  species. [...] This is a very rare species [...]’e Hpecied. pictipesappears in IUCN as
1455 “Least Concern”. In Paraguay, SEAM (2015) does It any species of genus
1456  Juliomys as endangered. In Argentina (Ojeda et al. 2012fs W. pictipes as
1457  “Vulnerable™: “Little-known species, with four reod localities for the province of
1458  Misiones. Described in 1933, its presence in MisfrProvince was return to
1459  documenting nearly eight decades later. Assuminffagmented distribution and
1460 apparent restriction to primary forest, a preca#try approach is assumed”. In the
1461  Brazilian list of threatened species (MMA 2014jliomysis not listed in any category.
1462  The regional lists of threatened species of Rion@eado Sul Estate (SEMA 2014),
1463  Santa Catarina Estate (CONSEMA/SC 2011), Paranss(iliao et al., 2006), Rio de
1464  Janeiro Estate (SEA 2000), Espirito Santo EstalAKBA 2005), and Minas Gerais
1465 Estate (COPAM 2010) did not list any species ofugeluliomysas endangered. The
1466  threatened species list of S&o Paulo Estate (Brestsal. 2009) classify. pictipesas

1467 “Least Concern” and. ossitenuiss “Data deficient”.

1468 As rodents may be important actors in forest sastem (Galetti et al. 2015),
1469  both flora and fauna are threatened due to anthatipn. Extensive museum collection
1470 reviews, deep anatomical and morphometric analyses/ide solid taxonomic

1471  information to species diagnosis and its correetinsconservation. Mainly due to the

1472 new speciegduliomyssp.1 (Christoff et al. under review, chapter 1hjck occurs in a
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very restrict area, is endemic to a threatenedtduaini a Neotropical biome, reflects the
lack of knowledge on small mammals richness in tsgwi and the importance of
scientific collections in order to reveal biodivieys The predictive distribution

modeling is a valuable tool to reveal the “hiddeinversity in habitats like these and to

guide inherent conservation and management adtidesbold 2010).
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Appendix 1.

Gazetteer of collecting localities and specimeram@red. All localities listed are from
the voucher specimens analyzed. Localities arediftom north to south, followed by
specific locations, latitude and longitude (soutid avest, respectively, in negative
decimal degrees), and elevation in meters, wheilaila Sex and age class, when
available, follows the museum acronyms). Specimarderlined compose the sample

RM (individuals with reliable markers).

Juliomys ossitenuis. Espirito Santo Castelo:1. Parque Estadual do Forno Grande, -
20.52 -41.00, 1200-2039 m (MBML 260%A); Dores do Rio Preto: 2. Casa Queimada;
Parque Nacional do Caparad, -20.46 -41.81, 207MBML 2784 J'A); Macieira: 3.
Parque Nacional do Caparad, -20.48 -41.83, 178BIBML 2783 JA). Minas Gerais
Fervedouro4. Fazenda Neblina, Parque Estadual da Serra dod®irga 20 km W
Fervedouro, -20.72 -42.48, 1300 m (type localityN M9752 A, MN69753 QA,
UEMG 3174 4A, MZUFV 627); Passa Quatro: 5. Fazenda do Itaguaré, 16 km SW
Passa Quatro, -22.47 -45.08, 1500 m (UEMG 3%79. Sdo Paulo Bananal:6.
Estacdo Ecolégica do Bananal, -22.80 -44.37, 1183 In (ESALQ-USP 33736'A,
ESALQ-USP 337387A, ESALQ-USP 3373%A, ESALQ-USP 33747 A, ESALQ-
USP EEB 1010PA, ESALQ-USP EEB 80 A, ESALQ-USP EEB 848 A, ESALQ-
USP EEB 333%A, ESALQ-USP EEB 837%A, ESALQ-USP EEB 05%A, ESALQ-
USP EEB 143%A, ESALQ-USP EEB 24%A, ESALQ-USP EEB 015A, ESALQ-
USP EEB 0779A, ESALQ-USP EEB 204?A, ESALQ-USP EEB 1247A, ESALQ-
USP EEB 034?A, ESALQ-USP EEB 184?A, ESALQ-USP EEB 2447A, ESALQ-

USP EEB 8127A); Cotia: 7. Sitio Até Que Enfim, Caucaia do Alto, -23.68 -4.000
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1730 m (MZUSP 33170 A, MZUSP 33171 4A); 8. Mina Limeira, -24.17 -48.33, 800-1000

1731  m (MZUSP 32276 A)Parana Sao Mateus do Su@. Petrobras, -25.84 -50.41 (UFSC
1732 4812 3A); Piraquara: 10. Mananciais da Serra, -25.44 -49.02 (UFSM 488); 11.
1733  Araucéria, -25.41, -48.91 (DZUP 536 A, DZUP 538 8anta CatarinaTrés Barras:
1734 12. FLONA, -26.24 -50.21, 800 m (UFSC 950A); 13. Passoa Maia, PCH Passos
1735 Maia, -26.71 -51.9, 1000 m (UFSC 50HW); Dr. Pedrinho: 14. Rebio Estadual

1736  Sassafras, -26.42 -49.35, 1000 m (CZFURB 18899. Rio Grande do SulSéao

1737  Francisco de Pauld5. Centro de Pesquisas e Conservacao da Naturezsld®ad—

1738  29.21 -50.14, 900 m (MCNU 1461A, MCNU 1977 JA, MCNU 2988 A, MCNU

1739 3276 QA); Pinhal da Serra: 16. Barra Grande, -27.78 -51.19 (MCNU AC 1388 A,

1740 MCNU AC 1389 A); Santa Marigt7. Morro do Elefante, -29.40 -53.43 (UFSM 446).

1741

1742 Juliomys pictipes. Espirito Santo Cariacica:18. Reserva Biologica Duas Bocas, Alto
1743 Alegre, -20.28 -40.51, 550 m (UFES 586, UFES 557%A, UFES 22673 A). Minas
1744  Gerais Santa Barbard 9. Estacdo de Pesquisa e Desenvolvimento Ambientaete-
1745  19.9 -43.37, 630-806 m (UFMG 3169A, UFMG 31629, UFMG 31633A, UFMG
1746 3164 3A); 20. Caracga: Reserva Particular do Patriménio NatwdaCdraca, 25 km SW
1747  Santa Barbara, -20.08 -43.5, 1300 m (MN 69764, URBAG9 YA, UEMG 31609 A);

1748 Itabira: 21. No specific locality provided -19.38 -43.15 (MCN-R195 PA, MCN-M

1749 2439 A, MCN-M 2929 9J, MCN-M 2989 A); Catas Alta22. No specific locality
1750  provided -20.14 -49.95 (MCN-M 2199A, MCN-M 2933 2, MCN-M 3022 4A). Rio

1751  de Janeiro Cachoeiras de Macac®3. Estacdo Ecoldgica de Paraiso, -22.31 -42.51, 87
1752 m (MN 798533A); Angra dos Reis: 24. Mata do Mamede, -23 -44.32 (MN 69765
1753  QA). Séo PauloBananal25. Estacédo Ecologica do Bananal, -22.80 -44.37, 118+

1754 m (MZUSP-ESLAQ 0367A, MZUSP-ESLAQ 8853A, MZUSP-ESLAQ JRP 25 A);
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Sao Luis do Paraiting®26. Fragmento G4, -23.22 -45.31, 900 m (UFES 2268
UFES 24323 A, UFES 2432 J'A); Sorocaba: 27. Floresta Nacional de Ipanema, 20 km
NW -23.44 -47.63, 701 m (UFMG 3163A, UFMG 3166 3J, UFMG 3167JA,
UEMG 31683A, UFMG 3169J4J, UFMG 31709A UFMG 3171J3A UFMG 3172
d'A); Mogi das Cruzes: 28. Parque Natural Municipal da Serra do Itapety, 423-
46.15, 807-1141 m (MN uncatalogued @4); 29. Serra da Cantareira -23.39 -46.57
(MZUSP UNIBAN 162 A, MZUSP UNIBAN 410 A, MZUSP UNIBN 593 A,
MZUSP UNIBAN 596 A, MZUSP UNIBAN 620 A, MZUSP UNIBN 673 A, MZUSP
UNIBAN 678 A, MZUSP UNIBAN 693 A, MZUSP UNIBAN 75&\. 30. Biritiba -
23.62 -46.02 (MZUSP UNIBAN 2091 A). Coti#81. Reserva Florestal do Morro
Grande, Caucaia do Alto -23.68 -46.96, 800-1000MAYSP 32649 A); Buri32. No
specific locality provided, -23.81 -48.70, 666 m AMSP 331324); 33. Fazenda
Intervales, -24.33 -48.42, 700 m (MN 60570, MZUSIBZ3 QA); Sete Barras: 34.
Parque Estadual Carlos Botelho, -24.4 -47.59, 7@qMAUSP 32818 A, MZUSP 32189
A, MZUSP 328243A, MZUSP 328259A, MZUSP 328269A, MZUSP 32827JA,
MZUSP 328282 A, MZUSP 32855 d'A); Juquitiba: 35. No specific locality provided, -
23.55 -47.98 (MZUSP 331031); Cananéia: 36. -25.02 -47.96 (UFES 2269A).
Parana Foz do Iguacu: Parque Nacional Iguacu -25.62454JFSM 5157A, UFSM
517 A, UFSM 518 A). Telémaco Borba7. Fazenda Monte Alegre, -24.2 -50.55, 885

m (MN 68347 %7J); 38. Morretes -25.54, -49.46 (DZUP 393 A, DZUP 394 _AZUP

395 A, DZUP 498 A, DZUP 499 A, DZUP 502 Ajanta CatarinaSanto Amaro da

Imperatriz: 39. Parque Estadual da Serra do Tabuleiro, -27.748148100-500 m
(UFSC 6524A, UFSC 8624A, UFSC 8633A, UFSC 8644A, UFSC 670 A, UFSC
4461 9 A); Ttapoa: 40. Reserva Volta Velha, -26.07 -48.64, 20 m (UFSCO29@,

UFSC 29619A, UFSC 29627A, UFSC 29637J, UFSC 29647A, UFSC 2965%A,
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UFSC 29662A, UFSC 32287A, UFSC 32292A, UFSC 32309A, UFSC 3253%A,
UFSC 32549 A, UFSC 3255 QA, UFSC 4484 A, UFSC 4484 A); Indaial: 41. Parque

Nacional da Serra do Itajai, Vale do Espingardé,5&-49.11, 600 m (CZFURB 5372,

CZFURB 9423 9A); 42. Parque Nacional da Serra do lItajai, Mono, -2649.4-

(CZFURB 9622J4A, CZFURB 9623J4A, CZFURB 9624JA, CZFURB 9625J7A,

CZFURB 96322A, CZFURB 9667JA, CZFURB 9669%A, CZFURB 9757 A,

CZFURB 9834JA, CZFURB 9835J4A, CZFURB 9837J4A, CZFURB 9922%A,

CZFURB 9966J4A, CZFURB 120374A, CZFURB 12590 A, CZFURB 12603A,
CZFURB 125877 A, CZFURB 15091 4'A); Gaspar: 92. RPPN Figueira Branca, -26.99
-49.00 (CZFURB 9765 A). Blumenawt3. Terceira Vargem, -27.3 -49.5, 300 m

(CZFURB 9706 A,_CZFURB 977@%A, CZFURB 9771J4A, CZFURB 97759A,

CZFURB 12243 A); Biguacgu:94. No specific locality provided, -27.49 -48.67

(CZFURB 206613 A); Dr. Pedrinho: 21. Rebio Estadual Sassafras, -26.42 -49.35, 1000
m (CZFURB 185977A, CZFURB 185997A, CZFURB 18674%A). Sideropolis:44.
Barragem Rio S&o Bento, -28.60 -49.60, 300 m (UBS&2 A, UFSC 5253 A, UFSC
5254 A, UFSC 5255 A, UFSC 5256 A); Trés Bards: Pardo, -26.24 -50.21, 800 m
(UFSC 3711J4A); Abdon Batista: 46. Hydroeletric Plant Garibaldi, -27.62 -50.99
(CZFURB 205043A). Séo Francisco do Suk7. Rocio Grande, -26.29 -48.64, 20 m
(UFSC 3124%A); Florianopolis: 48. llha de Santa Catarina, Ratones, -27.52 -48.50,
250 m (UFSC 3454'A , UFSC 3455 3A); 49. llha de Santa Catarina, Lagoa do Peri, -
27.72 -48.53, 10 m (UFSC 9Q5A); Praia Grande: 50. SC450, -29. 18 -49.99, 600 m
(UFSC 49323 A); Brusque: 51.Nova Brasilia, -27.10 -48.88, 100 m (UFSC 4658,
UFSC 5259JA); Joinville: 52. Salvador, -26.40 -48.84, 30 m (UFSC 4488). Rio

Grande Do SulDerrubadas53. Parque Estadual do Turvo, -27.20 -53.88, 100-400 m
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(UFSM 598 ?A); Dois Irméos:54. No specific locality provided, -29.56 -51.10

(MCNU 4307%A).

Juliomys rimofrons. Minas Gerais Itamonte’55. Brejo da Lapa, -22.21 -44.44, 2000 m

(type locality; MN 467037A, MN 616464A, MN 61647 2A). Rio de JaneiroParaty:

56. Parque Nacional da Serra da Bocaina, -23.12 -44M8 77793 3A). Sédo Paulo
Séao José do Barreir®7. Parque Nacional Serra da Bocaina, -22.50 -44.4Q0 In
(MN 76263 A); Capéao Bonitd58. Parque Estadual Intervales, -24.16 -48.18, 800 m

(MN 605713).

Juliomys sp.1.Rio Grande do SulCambaré do Sub9. Parque Nacional dos Aparados

da Serra, -29.16 -50.10, 900 m (MCNU 464, MCNU 868 4A, MCNU 689 JA,

MCNU 870 &, MCNU 3304 QA); Muitos Capdes: 60. Estacdo Ecolégica Aracuri-
Esmeralda, -29.22 -51.16 (MCNU 210\); Pinhal da Serra: 61. Hydroeletric plant

Barra Grande, -27.78 -51.19 (AC 1387 A).

Juliomys sp. Espirito SantoJetib&:62.-20.03 -40.74 (AC 932 A); Castelo: 63.-20.60
-41.21 (UFES 147%). Rio de Janeiro64. Fazenda Boa Fé, -22.43 -42.98, 902 m (MN
62182); Resendeb5. Visconde de Maud, -22.40 -44.52 (MN 71882.). Minas
Gerais Fervedouro66. Fazenda Neblina, Parque Estadual da Serra dod#&iiga 20
km W Fervedouro, -20.72 -42.48, 1300 m (type lagaMN MZUFV 679 A, MN
MZUFV 683, MN MZUFB 6087). Parana Telémaco Borba7.-24.32 -50.59 (68336

QA). Santa Catarina Indaial: 68. Parque Nacional da Serra do Itajai, Vale do
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Espingarda, -26.56 -49.11, 600 m (CZFURB 9735);g¢ar. 69. UHE S&o Roque -
27.49 -50.81 (UFSC 507%A); Blumenau: 70. Terceira Vargem, -27.3 -49.5, 300 m
(CZFURB 91914A). Rio Grande do SuPinhal da SerraZ1. Hydroeletric plant Barra
Grande, -27.78 -51.19 (AC 1387 A); Derrubadéa:Parque Estadual do Turvo, -27.20
-53.88, 100-400 m (UFSM 599J); 73. Floresta Nacional de S&o Francisco de Paula, -
29.42 -50.39 (MCNU 712 A); Sao Francisco de Paula: Centro de Pesquisas e
Conservacao da Natureza Pré-Mata, -29.21 -50.18, mM@VMCNU 33039A, MCNU

3305%A). Unknown localitytMCN-M 1471, MCN-M 2161, MCN-M 2842, URI 727).
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7. CapiTuLo llI

MONOPHYLETIC EVIDENCE FOR THE GENUSULIOMYS(RODENTIA, CRICETIDAE,

SIGMODONTINAE)
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Abstract

The sigmodontine genuliliomyshas been recently stablished, and currently taeze
three recognized living specjeand a fourth under descriptiohe phylogenetic
position of the genus in the Sigmodontinae trilsegncertain, figuring amsertaesedis
Likewise, the monophyly of its group of speciesté@mt composition) was never
evaluated. We assembled a significant molecula slat based with 104 cytochroime
sequences of 800-bp covering a Irge number of sigmine species. Both Maximum
Likelihood and Bayesian analyses strongly suppoa&danonophyletiduliomysclade
(PP = 1; bootstrap = 100%), including the fourth speaunder descriptin afuliomys
and the three remaining ondspictipespresents a different cranial circulation, which is
a deep anatomical differentiation, the analysispsupa strong relation between the
taxon inside the genus. Despite the morphologid&trdnces, the group of species
apparently forms a single set of taxa.Many effbdse been done to solve tinsertae
sedisissue. In our analysis the sister cladeJofiomysis Rhagomys rufescensut
weakly supported. The major clade that includesJtiimmysspecies is composed by
Rhagomysand Neomicroxus but also is weekly supported. Phylogenetic apgrea
are essential taxonomic tools that shall guidesmbrecological interpretations. A robust
taxon sampling, several intrageneric species, eymgloseveral molecular markers,
must highly improve the accuracy of the inferenocasthe phylogenetic relationships.
This may guide the for coming analysis aiming tadenstand of the position of

Juliomysin Sigmodontinae.

Key words Monophyly, cytochromé, tree mice, molecular phylogeny
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Introduction

Sigmodontinae is the richest clade of the Cricetidéhitin Rodentia (Musser and
Carleton 2005). The Sigmodontinae contain 85 ge@m@ more than 400 species
(D’Elia and Pardifias 2015). This rodents are widdigtributed throughout the
Neotropical region and occupy a variety of habjtatsluding forest, grasslands, high
mountains, and deserts (Carleton and Musser 19&9avand Monteiro-Filho 2003;
Belmar-Lucero et al. 2009). The early studies of troupdates back since more than
two centuries, but its diversity and organizatioe still being discovered (see Weksler
et al. 2006; D'Elia et al. 2006, 2007, 2015; Paridkget al. 2008; Percequillo et al.
2011; Hanson et al. 2015). After all, there aresgappecially in systematics and

ecology of many of its members (Brito 2004; Lessal.€2014).

The sigmodontineJuliomys has been stablished by Gonzalez (2000), which
located J. pictipes (Osgood, 1933) originally described ¥ilfredomysin the new
genus. Currently, there are three recognized lispgcies ofJuliomys J. pictipes
(Osgood, 1933)J. rimofrons(Oliveira and Bonvicino, 2002) antl ossitenuigCosta,
Pavan, Leite and Fagundes, 2007); and one exlinahoblepagPardifias and Teta
2011). Recently, a new karyotype (2n = 32, NA =8} described by Paresque et al.
(2009), suggesting a fourth species that is cugremder study and formal description
(Christoff et al. under review, see chapter 1).c8me of Juliomysare small arboreal
mice, restricted to the forest formations of Atlanforest in Brazil, Argentina and
Paraguay (Pavan and Leite 2011; Gonzalez et ab)201a previous study, Costa et al.
(2007) presented a comparative diagnostic tablengntioree species using descriptive
external and cranial morphology. Even so, spectsstification in field can be
troublesome, due to the similarity in skull andezrfll morphology within genus and

species ofRhagomysWilfredomys and Oligoryzomys(Pavan and Leite 2011)n a
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general way,Juliomys’ external morphology is characterized by orangisierall
coloration of dorsum, a clear division between dloesum and ventral portion (always
brighter), manus and pes yellowish; tail longemthoedy, very hairy with a brush at
distal portion. The skull presents short rostrumgisive foramen reaching M1,
mesopterigoid fossa penetrating through M3 posterdges, and absence of supra or
postorbitals. An overall characterization of thenge has been recently presented by
Gonzélez et al. (2015). Considering the morphoklgi@riation among thduliomys
species, there is a lack of information in relatiomecognize the genus as monophyletic
or polyphyletic. Moreover, some species diagnostiaracters may be baffling
(Christoff et al. under review). As De Queiroz (ZDGOstated “diagnosability and
monophyly are fundamental for systematists”. Inhsgases, the study of molecular
markers is a valuable tool to infer evolutionarypbthesis for the phylogenetic

relationships among species (Freeland 2005).

Furthermore, the phylogenetic positionJofiomyswithin Sigmodontinae is still
uncertain. Smith and Patton (1999) discussafilfredomys pictipes(currently
considered as belonging to the geduiomy9 under Thomasomyini. However, their
results placed this taxon distantly and indepengeoftthat group, suggesting that it
should be considered another unique lineage. Rifteauthors have since provided
other phylogenetic hypothesis based on differept@xhes, which continuously have
changed the position afuliomys The genus has been recovered as sister group of
Irenomys (interphotoreceptor retinoid binding protein — IRBWeksler 2003) or
Reithrodon (Cyt b and IRBP; D’Elia 2003), and distantly of ThomasamyMore
recently, Martinez et al. (Cytand IRBP; 2012) considered this genughasrtae sedis
as D’Elia (2003), but closely related to an Andedade that includedrenomys

EuneomysandNeotomysParada et al. (Cyi and IRBP; 2013) similarly recovered an
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1925 Andean clade comprising 7 generaArdinomys Chinchillula, Euneomyslrenomys
1926  Juliomys Neotomys and Punomys—, but in their investigationJuliomys and
1927  Chinchillulaemerged as a sister group. The phylogenetic pasitiJuliomyscontinues
1928 to oscillate around Phyllotini genera, as showrsShiazar-Bravo et al. (Citand IRBP;
1929  2013). Nevertheless, these authors presented asdlyshe same article that place this
1930 genus as a sister group Wiedomyswhich has a geographic distribution in semiarid
1931 habitats of east central Southern America. Thegesiigations indicate thauliomys
1932  could be closely related to a number of Andean sintine, although its three extant
1933  species are indigenous to the Atlantic ForestpAillogenetic studies that reconstructed
1934 the Sigmodontinae affinities invariably had onlyesimnens of]. pictipesrepresenting
1935 the entire genus (e.g. D’Elia 2003; Weksler 2003ytiviez; Salazar-Bravo et al. 2013;
1936  Carrizo and Catalano 2015). The compilation of EHER015) discuss it and still treats
1937 the Juliomys position as an open case. In this sense, the rmghopf the genus
1938  Juliomys(living species composition) was never evaluatadprder to understand the
1939 relationships of its species it will be essent@lcovering its real diversity in any

1940 analysis.

1941 The intrageneric information is basic to major ewsatics, biological, and
1942  ecological inferences. For instance, Amorim (20@fated: “Previous organismal
1943  phylogenies, or at least hypotheses of monophylgivén taxa, should be taken as the
1944  basis for the study of distribution patterns”. listsense, systematics needs: “research
1945  projects focused on monophyletic taxa; collectitimst are broadly; [...] support for
1946  monography and revisional taxonomy, and continegthement of theories, methods,
1947 and computer algorithms that are focused on phyletje patterns” (Wheeler 1995).
1948  Our study investigate a huge Sigmodontinae sang@leyénera and 94 species), using a

1949  molecular maker cytochrome (cyt b) widely used in phylogenetic approaches of this
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group (Lessa et al. 2014). Therefore, our aim itesb the monophyletic hypothesis of

Juliomys utilizing sequences from all taxa described far genus.

Methods

We analyzed a molecular data set (Appendix 1) thaluded mitochondrial
DNA cyt b sequences from 94 Sigmodontinae taxa as ingrogpyding sequences
from 5 Juliomys pictipesy J. ossitenuis,l J. rimofronsand 1 Juliomyssp.1, and 5
Cricetidae species from other subfamilies as outgr¢available from GenBank -
http://ncbi.nim.nih.gov/genbank).

The phylogenetic reconstructions used the pamiqlisnces ofyt bgene from a
data set consisted of 104 Operational TaxonomictsUrfOTUs) covering 94
Sigmodontinae species and 5 other Cricetidae (Agigdih We aligned the sequences
using the multiple alignment tool ClustalW and editn MEGA 6 program (Thompson
et al 1994).We analyzed the levels of saturation using thexsoft DAMBE (Xia et al.
2003, Xia and Lemey 2009) (Fig. 1). To support phsition homology hypothesis, we
manually inspected both the amino acids and nudieatignments. A final alignment
of the 104 sequences was generated containing site® We employed jModelTest to
choose the nucleotide substitution model using khaxn Likelihood (ML) Akaike
information criterion (AIC). The model with the lhegelihood value by AIC was
general time-reversible (GTR) model with proportiaf invariant sites (I) and
distributed rates among sitek).(We performed the Bayesian phylogenetic inference
(BI) using BEAST 2 package (Bouckaettal. 2014). BEAULi software generated the
XML input file with the following settings: modelf mucleotide substitution GTR + | +
I'4 (1 =0.387I = count range category 4, gamma shape = 0.44h)emipirical bases

frequencies, clock-relaxed Log Normal model, Yuled®l, Markov chain Monte Carlo
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(MCMC) length 20 million generations with Log evely000 steps. We performed four
independent runs in BEAST 2 package, with the cogerece of MCMC verified in

Tracer v1.6 with 10 % of the first generations disied as burn-in (Rambaut and
Drummond 2007). The effective sample sizes (ES®r alfll the parameter estimates
was above 200. We summarized the remaining tredseiireeAnnotator software with

burn-in percentage of 30%, posterior probabilitgitiof 0.5, target tree type maximum
clade credibility and node heights mean. The MLIpbgnetic tree was generated using
the program RAXML (version 7.0.4, CIPRES webser(diller et al. 2010), and

graphically displayed using Mega 6. Finally, wetedithe trees in the Figtree 1.4.2
software. A final consensus tree is presented, patsterior probability and bootstrap

support values.

Results and Discussion

As indicative of normal mtDNA protein coding geneg found no traces of
pseudo genes, numts or stop codons. Additiondfly, daturation test presented no
substantial positive results (Iss = 0.712, I1ss.8.77,P = 0.040; Fig.1). Both cyb
matrix analysisML and Bayesian, strongly supported a monophyldticomysgroup
(PP = 1; bootstrap = 100%) including the 4 lineageag.(E). The internal formation of
the group forged 4 clades, corresponding to thleviahg topological organization:(
ossitenuis(J. pictipes(J. rimofrons Juliomyssp.1))). The basal divergent clade inside
the genus ig. ossitenuigPP = 1; bootstrap = 100). Another topology branchvehthe
speciesJ. rimofrons as sister clade ofuliomys sp.1, the most genetically related

species.
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Fig.1. Saturation plot showing the transition (sil &ransversion (v) rates plotted

against the GTR distances.

The species ofuliomyssp.1 and]. rimofronsare highly different in terms of
numbers of chromosomes and fundamental numBet®ifyssp.1 2n = 32, FN = 48
and J. rimofrons 2n = 20, FN = 34), and also morphologically (botkteenal
morphology and skull anatomy). Meanwhile, they emesidered allopatric with their
known geographically limits very distant from eaxther (Costa et al. 2007; Paresque et
al. 2009; Christoff et al. under review). Howevitrey are sister clades in the present
molecular cytb reconstruction as in Christoff et al. (under rewiealthoughJuliomys
sp.1 is morphologically much more related do ossitenuis Our analyses also
corroborated the results found by Costa et al. {R0&hich also suggested that
ossitenuig2n=20, FN = 36) as a basal clade in their slghtlogenetic reconstruction
using cytb analyses. On the other hardd,pictipesemerged as an intermediate clade
and, curiously, it presents a different cranialcualation pattern (distinctive carotid

circulation) (see Costa et al. 2007; Christoff et umnder review). Even with such
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2016  anatomical discrepancy, the analysis support agtrelation PP = 1; bootstrap = 100)
2017  between the taxon inside the genus.
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2024

2025 It could be expected thal. pictipes should agree with the morphology,
2026  especially because of the type of cranial circalgtiand stand even in a paraphyletic
2027 clade. As shared apomorphies are evidences of @mgonmon ancestry (monophyly),
2028  such a profound variation may indicate differentestors (Amorim 2002). The species
2029  Juliomyssp.1,J. ossitenuisandJ. rimofronsshare the basal carotid arterial supply Type
2030 | (Voss 1988). On the other hanH pictipespresents the Type Il (Voss 1988), differing
2031 from Type | mainly in the absence of the supraaithtanch of the stapedial artery. In
2032 dorsal view, the bullae region also diverge, whérgictipespresents smaller carotid
2033  canal, smaller stapedial foramen, larger posten@ning of the alisphenoid canal, and
2034 the sphenofrontal foramen is absent (Fig. 3) (seggB 1970; Costa et al. 2007;
2035 Christoff et al. under review, chapter 1). D’Eli2015) provides a valuable
2036 morphological key to the genera of Sigmodontimeertae sedisbut the author makes
2037 a mistake when presenting daliomys“carotid circulation pattern Type Il or llsénsu
2038 Voss 1988)”". The cariotidic circulation system vary other sigmodontine genus
2039  (polimorphic character), as the Oryzomi@ecomysand ZygmodontomygWeksler
2040 2006). In these examples, cherrieipresents the pattern | add brevicaudapresents
2041 the pattern Ill. ForOecomysthe specie®©. bicolor, O. catherinag andO. trinitatis
2042  presents the pattern I, whif@. conocolorand O. mamoraepresents the pattern lil.
2043  Contrawise in Phyllotini we, apparently, found raimorphy in this character (Steppan
2044  1995). Several anatomical traits have also beerd use the classification of
2045  Sigmodontinae, separating major groups. For examiple zygomatic plate, bony
2046  palate, suspensory process of the squamosal bodeleatal morphology (e.g. Weksler
2047  2006; D’Elia and Pardifias 2015). An emended mogaical diagnosis foduliomysis

2048 provided by Pavan and Leite (2011) and a review Goynzalez et al. (2015).
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Morphological traits shall be useful on many sysigos approaches. “Phylogenetic
analyses strongly suggest that several morpholbgfiaee characters have evolved more
than once within the sigmodontine radiation, whiteers may be symplesiomorphies”

(D’Elia and Pardifias 2015). In relation to the d&sion on the carotid circulation

patter, it can be a case of homoplasy.

Fig. 3. lllustrative details ofJuliomys ossitenui®ZUP 536 (A, D) andl. pictipes

DZUP 394 (B, C), in ventral view (A-B) and insibeaincase (C-D). ab, auditory bulla;
bo, basiocipital; cc, carotid canal; ia, infraoabibranch of stapedial arthery; palc,
posterior opening of the alisphenoid canal; saraarpital branch of stapedial arthery;
stf, stapedial foramen. Figures not scaled. Phbto$aulo S. Tomasi. Pictures not

scaled.
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Sampling improvement is one of the most effectimstruments to increase
phylogenetic reconstructions accuracy (Heath e2@08). We provided a vast matrix
covering 66 of the 85 sigmodontine genera. Eventtsm,inclusion of additional taxa
was not enough to provide a good support for akklade containinguliomys(Fig. 2).
Additional molecular markers may improve the reSoly but neither novel
reconstructions utilizing concatenated matrix aehi(e.g. Carrizo and Catalano 2015).
In our analysis, the major clade that includesJingomysspeciesRhagomys rufensis
andNeomicroxudatebricolaalso presents a week supp&P(< 0.7; bootstrap < 75%).
The sister clade aJuliomysis Rhagomys rufescenbut also weakly supportgéP <
0.7; bootstrap < 75%). The most likely affinitiessfound by Ventura et al. 2013 in a
Bayesian analyses of dyt whereJuliomys NeomicroxusandRhagomysire related in a
clade. In our tree a major sister clade relatedthis clade containedtrenomys
NeotomysEuneomysAbrawayaomysandReithrodon again weakly supportedPP <
0.7; bootstrap < 75%])n Parada et al. (2012) Clade A (tyand IRBP genes) the taxa
most related taJuliomyswas Chinchillula, Irenomys Neotomys and Euneomysbut
weakly supported. Many efforts have been done teesthe insertae sedigssue in
Sigmodontinae systematics (see Pardifias et al.; ZDEda 2015) but for now there is

Nno consensus.

The phylogenetic approach is an essential taxontwoidhat shall guide correct
ecological interpretations (Santos and Amorim 20@vJobust taxon sampling, as we
did, using most sigmodontine genus, highly imprtwe accuracy of inferences on the
phylogenetic relationships and reduce bias (Heat.€2008). As a remark, this study is
a step forward into the understanding of the pmsitof Juliomysin Sigmodontinae.
Using onlyJ. pictipesstudies successively failed to place the genuders tribe, even

emplying several molecular markers (Salazar-Braval.e2013; Carrizo and Catalano
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2015; Pardifas et al. 2015a; Pardinas et al. 20Fak)ire studies using more than just
one species and additional (mitochondrial and rautlgenes, ideally concatenated with
morphological data (Will and Rubinoff 2004), perkaghall accurately stablish its
relations. In turn, as punctuated by D’Elia (20R015), it is possible thatcertae sedis
genera such agduliomys “truly constitute unique members of deep sigmoohent
lineages (and, as such, that their uncertain posis not due to the amount or quality of

the data analyzed to date)”.



2108

2109

2110

2111

2112

2113

2114

2115

2116

2117

2118

2119

2120

2121

2122

2123

2124

2125

2126

2127

2128

141

LITERATURE CITED

Almeida FC, Bonvicino CR, Estrela PC (2007) Phylogand temporal diversification
of Calomys(Rodentia, Sigmodontinae): implications for thedaography of an
endemic genus of the open/dry biomes of South Asaemol Phylogenet Evol

4:449-466

Alvarado-Serrano DF, D’Elia G (2013) A new genus floe Andean miceAkodon

latebricolaandA. bogotensigRodentia: Sigmodontinae). J Mammal 94:995-1015

Amorim DS (2002) Fundamentos de Sistematica Filégiea. Holos, Ribeirdo Preto

Anderson S, Yates TL (2000) A new genus and speafeghyllotine rodent from

Bolivia. 3 Mammal 81:18-36

Bouckaert R, Heled J, Kihnert D, Vaughan T, Wu, &i¢, D, Suchard MA, Rambaut
A, Drummond AJ (2014) BEAST 2: A Software Platforfior Bayesian

Evolutionary Analysis. PLoS Comput Biol 10:e1003537

Cafién C, Mir D, Pardifias UFJ, Lessa EP, D'Elia @42 A multilocus perspective on
the phylogenetic relationships and diversificatiaf rodents of the tribe

Abrotrichini (Cricetidae: Sigmodontinae). Zool S(3:443-454

Carleton MD, Musser G@EL989) Systematic studies of Oryzomyine rodentsr{tiae,

Sigmodontinae): A synopsis bficroryzomys B Am Mus Nat Hist 191

Carrizo LV, Catalano SA (2015) First phylogenetitalysis of the tribe Phyllotini
(Rodentia: Sigmodontinae) combining morphologicahd amolecular data.

Cladistics 1-28



142

2129 Costa L, Pavan S, Leite Y (2007) A new specieduwiomys(Mammalia: Rodentia:

2130 Cricetidae) from the Atlantic Forest of southeast®razil. Zootaxa 37:21-37

2131 D’Elia G (2003) Phylogenetics of Sigmodontinae (Butih, Muroidea, Cricetidae),
2132 with special reference to the akodont group, anth wadditional comments on

2133 historical biogeography. Cladistics 19:307-323

2134 D’Elia G (2015) Sigmodontinae insertae sedis. In: PattonDMlia G, Pardifias UFJ
2135 (eds) Mammals of South America, Volume 2 — Rodents. Thaiversity of

2136 Chicago Press, Chicago and London, pp 70-73

2137 D’Elia G, Luna L, Gonzalez EM, Patterson BD (20@6) the Sigmodontinae radiation
2138 (Rodentia, Cricetidae): An appraisal of the phylogiec position oRhagomysMol

2139 Phylogenet Evol 38:558-564

2140 D’Elia G, Pardifias UFJ, Teta P, Patton J (2007)ridien and diagnosis of a new tribe
2141 of sigmodontine rodents (Cricetidae: Sigmodontinaeyd a revised classification

2142 of the subfamily. Gayana 71:187-194

2143  D’Elia G, Hanson JD, Mauldin MR, Teta P, Pardifi&JJ2015) Molecular systematics
2144 of South American marsh rats of the gerislochilus (Muroidea, Cricetidae,

2145 Sigmodontinae). J Mammal 96:1-14

2146  D’Elia G, Pardifias URR015) Subfamily Sigmodontinae Wagner, 1843. IritdPalM,
2147 D’Elia G, Pardifias UFJ (eds)ammals of South America, Volume 2 — Rodents.

2148 The University of Chicago Press, Chicago and Longpn3—70

2149 De la Sancha N, D’elia G, Netto F, Pérez P, SalBravo J (2009) Discovery of
2150 Juliomys(Rodentia, Sigmodontinae) in Paraguay, a new gehu&gmodontinae

2151 for the country’s Atlantic Forest. Mammalia 73:188+%



143

2152 De Queiroz K (2007) Species Concepts and Speciksidion. Syst Biol 56:879—-886

2153  Emmons LH (1999) Two new species afiscelinomys(Rodentia: Muridae) from

2154 Bolivia. Am Mus Novit 3280:1-15

2155  Feijoo M, D’Elia G, Pardifias UFJ, Lessa EP (201@¥t&natics of the southern
2156 Patagonian Fueguian endemibrothrix lanosus (Rodentia: Sigmodontinae):

2157 phylogenetic position, karyotypic and morphologidata. Mamm Biol 75:122—-137

2158  Freeland JR (2005) Molecular markers in ecologyFheeland JR. Molecular ecology.

2159 John Wiley & Sons, England, pp 31-61

2160 Gonzalez EM (2000) Un nuevo género de roedor sigmiirtb de Argentina y Brasil
2161 (Mammalia, Rodentia, Sigmodontinae). Comunic Zocs®tuHist Nat Montevideo

2162 12:1-12

2163 Gonzalez EM, Oliveira JA, Teta R015) GenusluliomyskE. M. Gonzalez, 2000. In:
2164 Patton JM, D’Elia G, Pardifias UFJ (eMgmmals of South America, Volume 2 —

2165 Rodents. The University of Chicago Press, Chicagblaondon, pp 92-96

2166 Hanson JD (2008) Molecular phylogenetics of theetr©Oryzomyini: does a multigene
2167 approach help resolve a systematic conundrum? PhBsig. Texas Tech

2168 University

2169 Hanson JD, Bradley RD (2008) Molecular diversitythm Melanomys caliginosus
2170 (Rodentia: Oryzomyini): Evidence for multiple spesii Occas Pap Tex Tech Univ

2171 Mus 275:1-11



2172

2173

2174

2175

2176

2177

2178

2179

2180

2181

2182

2183

2184

2185

2186

2187

2188

2189

2190

2191

2192

2193

2194

144

Hanson JD, D’Elia G, Ayers SB, Cox SB, Burneo Sée Ur TE (2015) A new species
of fish-eating rat, genubleusticomygSigmodontinae), from Ecuador. Zool Stud

54:49

Heat TA, Hedtke SM, Hillis DM (2008) Taxon samplirend the accuracy of

phylogenetic analyses. J Sist Evol 46:239-257

Jaarola M et al. (2004) Molecular phylogeny of #pmeciose vole genuslicrotus
(Arvicolinae, Rodentia) inferred from mitochondriddNA sequences. Mol

Phylogenet Evol 33:647—663

Lee Jr TE, Ritchie AR, Vaca-Puente S, Brokaw JMm@&eho A, and Santiago F.
Burneo SF (2015) Small Mammals of Guandera BioklgiReserve, Carchi
Province, Ecuador and Comparative Andean Small Malntfeology. Occas Pap

Mus Tex Tech Univ 334

Leite RN, Kolokotronis SO, Almeida FC, Werneck Hgers DS, Weksler M (2014)
In the wake of invasion: tracing the historicaldg@ography of the South American

Cricetid radiation (Rodentia, Sigmodontinae). Floge 6:1-12

Leite YLR, Kok PJR, Weksler M (2015) Evolutionarffimities of the 'Lost World'
mouse suggest a late Pliocene connection betwee@utana and Brazilian shields.

J Biogeogr 42:706—715

Lessa EP, Cook JA, D'elia G, Opazo J (2014) Rodkversity in South America:

Transitioning into the genomics era. Front Ecol lav@:1-7

Machado LF, Leite YLR, Christoff AU, Giugliano L&@14) Phylogeny and
biogeography of tetralophodont rodents of the t@lwgzomyini (Cricetidae:

Sigmodontinae) Zool Scr 43:119-130



145

2195 Machado LF, Passaia MH, Rodrigues FP, Peters FBn@®pado J, Valiati VH,

2196 Christoff AU (2015) Molecular phylogenetic positiai endangeredVilfredomys
2197 within Sigmodontinae (Cricetidae) based on mitoch@ and nuclear DNA
2198 sequences and comments on Wiedomyini. Zootaxa 3286434

2199 Martinez JJ, Ferro LI, Mollerach MI, Barquez RM 12) The phylogenetic

2200 relationships of the Andean swamp rat gemeotomys(Rodentia, Cricetidae,
2201 Sigmodontinae) based on mitochondrial and nuclesakens. Acta Theriol 57:277—
2202 287

2203 Milazzo ML, Cajiimat MNB, Hanson JD, Bradley RD, @tana M, Sherman C,
2204 Velasquez RT, Fulhorst CF (2006) Catacamas virdgrdavirus associated with

2205 Oryzomys couegCoues' rice rat) in Honduras. Am J Trop Med H$gl003-1010

2206  Miller MA, Pfeiffer W, Schwartz T (2010) Creatingeg CIPRES Science Gateway for
2207 inference of large phylogenetic trees. In: Procegdf the Gateway Computing

2208 Environments Workshop (GCE), New Orleans, pp 1-8

2209 Miranda GB, Oliveira LF, Andrades-Miranda J, Lantdg#, Callegari-Jacques SM,
2210 Mattevi MS (2009) Phylogenetic and phylogeograpbatterns in sigmodontine

2211 rodents of the genu@ligoryzomysJ Hered 100:309-321

2212 Musser GG, Carleton MD (2005) Superfamily Muroidiea.Wilson, D. E., and Reeder,
2213 D. M. (eds) Mammal Species of the World. Johns HimgpKJniversity Press,

2214 Baltimore, pp 894- 1531

2215  Oliveira JA, Bonvicino CR (2002) A new species agnsodontine rodent from the

2216 Atlantic forest of eastern Brazil. Acta Theriol 807-322



2217

2218

2219

2220

2221

2222

2223

2224

2225

2226

2227

2228

2229

2230

2231

2232

2233

2234

2235

2236

2237

146

Palma RE, Marquet PA, Boric-Bargetto D (2005) Inteand intraspecific
phylogeography of small mammals in the Atacama Bemed adjacent areas of

northern Chile. J Biogeogr 32:1931-1941

Parada A, Pardifias UFJ, Salazar-Bravo J, D’EliaP@ma E (2012) Dating an
impressive Neotropical radiation: Molecular timdirasites for the Sigmodontinae
(Rodentia) provide insights into its historical gemgraphy. Mol Phylogenet Evol

66:960-968

Pardiflas UFJ, D’Elia G, Cirignolic S Suarezd P 808 new species oAkodon
(Rodentia, Cricetidae) from the northern campossgjemds of Argentina. J

Mammal 86:462-474

Pardifias UFJ, Teta P, D’elia G, Galliari C (200&dRcovery ofJuliomys pictipes
(Rodentia: Cricetidae) in Argentina: emended diagg)ogeographic distribution,

and insights on genetic structure. Zootaxa 1758t29—

Pardifias UFJ, Teta P (2011) On the taxonomic stattise Brazilian mous€alomys

anoblepadVinge, 1887 (Mammalia, Rodentia, Cricetidae). Zratd4:38—44

Pardifas UFJ, D'elia G, Lessa G, Passamani M Tet&2@4) Nuevos datos
morfologicos y uma hipétesis filogenética p&faaenomygRodentia, Cricetidae).

Mastozoologia Neotropical 21:251-261

Paresque R, Christoff AU, Fagundes V (2009) Kargplof the Atlantic forest rodent
Juliomys(Cricetidae): A new karyotype from southern Bra@dkenet Mol Biology

32:301-305



2238

2239

2240

2241

2242

2243

2244

2245

2246

2247

2248

2249

2250

2251

2252

2253

2254

2255

2256

2257

2258

2259

147

Pavan SE, Leite YLR (2011) Morphological diagnosisl geographic distribution of
Atlantic Forest red-rumped mice of the geduBomys(Rodentia: Sigmodontinae).

Zoologia 28:663-672

Peppers LL, Carroll DS, Bradley RD 2002 Systematifsthe Genus Sigmodon
(Rodentia: Muridae): Evidence from the Mitochontr@ytochrome-b Gene. J

Mammal 83:396-407

Percequillo AR, Goncalves PR, Oliveira JA (2004)eTiediscovery ofRhagomys
rufescengThomas, 1886), with a morphological redescriptima comments of its
systematic relationships based on morphological mwdecular (cytochrome b)

characters. Mamm Biol 69:238-257

Percequillo AR, Hingst-Zaher E, Bonvicino CR (200Bystematic review of genus
Cerradomys Weksler, Percequillo and Voss, 2006 (Rodentia: c&lidae:
Sigmodontinae: Oryzomyini), with description of twew species from eastern

Brazil. Am Mus Novit 3622:1-46

Percequillo AR, Tirelli FP, Michalski F, Eizirik §E2011) The genusRhagomys
(Thomas 1917) (Rodentia, Cricetidae, Sigmodontina®) South America:
morphological considerations, geographic distritmuti and zoogeographic

comments. Mammalia 75:195-199

Pfunder M, Holzgang O, Frey JE (2004) Developménhizroarray-based diagnostics
of voles and shrews for use in biodiversity monitgrstudies, and evaluation of
mitochondrial cytochrome oxidase | vs. cytochronaslgenetic markers. Mol Ecol

13:1277-1286



2260

2261

2262

2263

2264

2265

2266

2267

2268

2269

2270

2271

2272

2273

2274

2275

2276

2277

2278

2279

2280

148

Rambaut A, Drummond AJ (2007) Tracer. MCMC tracalysis package, version 1.5.

Availabe in http://beast.bio.ed.ac.uk/Tracer

Rodriguez-Serrano E, Palma RE, Herndndez CE (200B¢ evolution of
ecomorphological traits within the Abrothrichini gBentia: Sigmodontinae): A

bayesian phylogenetics approach. Mol Phylogenet &d73-480

Salazar-Bravo J, Yates TL (2007) A new species Thbmasomys(Cricetidae:
Sigmodontinae) from central Bolivia. In: Kelt DA,eksa EP, Salazar-Bravo J,
Patton JL (eds) The quintessencial naturalist: Hagdhe life and legacy of Oliver

P. Pearson. University of California Publication&Zpbology, USA

Salazar-Bravo J, Pardifas UFJ, D'elia G (2013) Aylggenetic appraisal of
Sigmodontinae (Rodentia, Cricetidae) with emphasis phyllotine genera:

systematics and biogeography. Zool Scr 42:250-261

Santos CMD, Amorim DS (2007) Why biogeographicalpdipheses need a well
supported phylogenetic framework: a conceptual uatadn. Papéis Avulsos de

Zoologia 47:63-73

Smith MF, Patton JL (1993) The diversification oduEh American murid rodents:
evidence from mitochondrial DNA sequence datatierakodontine tribe. Biol J

Linn Soc 50:149-177

Smith MF, Patton JL (1999) Phylogenetic relatiopshiand the radiation of
Sigmodontine rodents in South America: Evidencenfroytochromeb. J Mamm

Evol 6:89-128



2281

2282

2283

2284

2285

2286

2287

2288

2289

2290

2291

2292

2293

2294

2295

2296

2297

2298

2299

2300

2301

2302

149

Thompson JD, Higgins DG, Gibson TJ (1994) CLUSTAL Wdproving the sensitivity
of progressive multiple sequence alignment throsgduence weighting, position-

specific gap penalties and weight matrix choicecliie Acids Res 22:4673-4680

Ventura K et al. (2013) The phylogenetic positiontlee enigmatic atlantic forest-

endemic spiny mous&brawayaomyg$Rodentia: Sigmodontinae). Zool Stud 52:55

Vieira EM, Monteiro-Filho ELA (2003) Vertical stifitation of small mammals in the

Atlantic rain forest of south-eastern Brazil. J @i6col 19:501-507

Vilela JF, Mello B, Voloch CM, Schrago CG (2014 gRiodontine rodents diversified
in South America prior to the complete rise of Beamanian Isthmus. J Zoo Syst

Evol Res 52:249-256

Voss RS (1988) Systematics and ecology of Ichthyoenyodents (Muroidea): patters
of morphological evolution in a small adaptive &ttin. B Am Mus Nat Hist

188:259-493

Weksler M (2003) Phylogeny of Neotropical oryzonginrodents (Muridae:

Sigmodontinae) based on the nuclear IRBP exon.miglogenet Evol 29:331-349

Weksler M (2006) Phylogenetic relationships of anywine rodents (Muridae:
Sigmodontinae): separate and combined analysesogfhological and molecular

data. B Am Mus Nat Hist 296:1-149

Will KW, Rubinoff D (2004) Myth of the molecule: DAl barcodes for species cannot

replace morphology for identification and classfion. Cladistics 20:47-55

Xia X, Xie Z, Salemi M, Chen L, Wang Y (2003) Andex of substitution saturation

and its application. Mol Phylogenet Evol 26:1-7



2303

2304

2305

2306

2307

2308

2309

2310

2311

2312

2313

2314

2315

2316

2317

150

Xia X, Lemey P (2009) Assessing substitution satomawith DAMBE. In: Lemey P,
Salemi M, Vandamme A (eds) The Phylogenetic HankbAoPractical Approach

to DNA and Protein Phylogeny. 2nd ednCambridge Ersity Press, pp. 615-630

Acknowledgments The authors are thankful to A. Sarti, L. Macha@o Cauduro, P.
Lehmann, R. Roth, F. Passos (DZUP; specimens ofFigAUC and LRO thank the
Brazilian National Council for Scientific and Tedtagical Development (Conselho
Nacional de Desenvolvimento Cientifico e TecnologicCNPq) for the grants CNPq
471551/2010-4 and 406089/2013-2 (AUC), 308650/2014R0O). PST had fellowship
support from Fundacdo de Amparo a Pesquisa do Rmande do Sul

(FAPERGS/CAPES 11/3332-7).



151

2318 APPENDIX I. List of specimens from which citsequence data used for phylogenetic

2319 analyses. * Specimens that compose the outgroup.

Taxon GenBank Voucher- Source
number  specimen
number

Abrawayaomys ruschii JX949189 MN 67557 Ventura et al. 2013
Abrothrix illuteus KJ614623 JPJ 1479 Cafon et al. 2014
Abrothrix lanosus EU683433 PNG 458 Feijoo et al. 2010
Abrothrix longipilis EU579470 MVZ 154494 Hanson 2008
Abrothrix olivaceus AY341036 LCM 1884 Palma et &005
Aegialomys xanthaeolus EU340015 TK 134912 Hanson and Bradley 2009
Akodon azarae AY702964 GD 327 Pardifias et al. 2005
Akodon cursor KF815391 MN 78918 Vilela et al. 2014
Akodon mimus M35710 MVZ 171512 Smith and Patton 1993
Akodon montensis AY273905 UMMZ 174969  D’Elia 2003
Andalgalomys pearsoni AF159285 MSB 55245 Anderson and Yates 2000
Amphinectomys savamis EU579480 MVZ 70045 Weksler 2003
Andinomys edax AF159284 MSB 67192 Anderson and Yates 2000
Arvicola terrestris* AY332708 P 20 Pfunder et al. 2004
Auliscomys micropus GU553922 NK 129308 Salazar-Bravo et al. 2013
Auliscomys pictus u03545 MVZ 172700 Smith and Patton 1999
Auliscomys sublimis JQ434421 MSB 75260 Salazar-Bravo et al. 2013
Brucepattersonius igniventris AF108667 MVZ 183250 Smith and Patton 1999
Brucepattersonius soricinus  AY277486 MVZ 183036 D’Elia 2003
Blarinomys breviceps AF108668 UFMG-MAS 17  Smith and Patton 1999
Calomys callosus DQ447282 LBCE 5682 Almeida et al. 2007
Calomys lepidus EU579473 MVZ 171562 Hanson 2008
Calassomys apicalis JQ434425 DG 176 Salazar-Bravo et al. 2013
Chelemys macronyx U03533 MVZ 155800 Smith and Patton 1999
Chelemys megalonyx DQ309559 NK 109208 Rodriguez-Serrano et al. 2008
Chilomys instans AF108679 JLP 16693 Smith and Patton 1999
Chinchillula sahamae JQ434422 MSB 75154 Salazar-Bravo et al. 2013
Delomys dorsalis KF815440 MN 78909 Vilela et al. 2014
Delomys sublineatus AF108687 MVZ 183075 Smith and Patton 1999
Deltamys kempi AY195860 UP 42 D’Elia et al. 2003
Eligmodontia typus AY277445 MVZ 182681 Smith and Patton 1999
Eremoryzomys polius EU579483 FMNH 129243 Hanson 2008
Euneomys chinchilloides AY275115 UPLB 018 D’Elia 2003
Geoxus valdivianus GVU03531 MVZ 154601 Smith and Patton 1999
Graomys griseoflavus AY275117 UP 278 D’Elia 2003
Graomys chacoensis KC699943 MONH 1 Martinez et al. 2012
Holochilus brasiliensis EU579495 GD 081 Hanson 2008
Hylaeamys megacephalus EU579499 MHNLS8061 Hanson 2008
Irenomys tarsalis u03534 MVZ 155839 Smith and Patton 1999
Juliomys ossitenuis EF127521 AB 187 Costa et al. 2007



Juliomys ossitenuis
Juliomys ossitenuis
Juliomys ossitenuis
Juliomys ossitenuis
Juliomys ossitenuis
Juliomys ossitenuis
Juliomys pictipes
Juliomys pictipes
Juliomys pictipes
Juliomys pictipes
Juliomys pictipes
Juliomys rimofrons
Juliomyssp.1
Juscelinomys huanchacae
Kunsia tomentosus
Lenoxus apicalis
Lundomys molitor
Melanomys caliginosus
Microryzomys minutus
Microtus socialis*
Neacomys spinosus
Nectomys squamipes
Necromys lasiurus
Necromys urichi
Neomicroxus latebricola

Neotoma albigula*
Neotomys ebriosus
Nephelomys albigularis
Nesoryzomys swarthi
Nyctomys sumichrasti*
Oecomys mamorae
Oligoryzomys flavescens
Oligoryzomys fulvescens
Oreoryzomys balneator
Oryzomys palustris
Oxymycterus delator
Oxymycterus nasutus
Oxymycterus rufus
Pearsonomys annectens
Phaenomys ferrugineus
Podoxymys roraimae
Pseudoryzomys simplex
Punomys kofordi
Reithrodon auritus
Rhagomys rufescens
Rheomys raptor
Rhipidomys macconnelli

EF127519
EF127517
EF127522
AF108689
KT749865
KT749866
EF127513
EF127514
EU157764
AF108688
FJ026733
AY029477
KT749863
AF133667
AY275120
u03541
JQ966236
EU665204
AF108698
AY513830
EU579504
EU 074634
u03528
AY 273919
KF437365

AF108704
HM061604
EU579505
EU340014
AY195801
EU579509
DQ826015
DQ227457
EU579510
DQ185382
AY275125
AF175286
AY275126
AF108672
KMO065876
KM816651
EU579517
JQ434426
AY275129
AY206770
KJ921706
AY275130

AB 196
MN 69752
MBML 2783
MVZ 40
MCNU 1461
MCNU 1977
UFMG 3168
UFMG 3171
MLP 1.1.03.24
MVZ 141
TK 145073
MN 61647
MCNU 868
LHE 1403
LHE 1619
MVZ 171512
MCNU1804
RMT 4658
MVZ 173975
not provided
MVZ 155014
TK 63841
UMMZ134431
AMNH 257287
QCAZz4160

MVZ147667
CML7680
AMNH 268125
ASNHC 10003
TK 101875
JLP 16961
MN 37749

TK 138080
AMNH 268144
TK 91240
UMMZ 175101
MVZ 182701
UPAC 004

IEE 5462
MZUFV 3400
PK3335

GD 065

VPT 1890

UP 500

MN 66056

KU 159017
MVZ 160082
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Costa et al. 2007
Costa et al. 2007
Costa et al. 2007
Smith and Patton 1999
submitted
submitted
Costa et al. 2007
Costa et al. 2007
Pardifias et al. 2008
Smith and Patton 1999
De la Sancha et al. 2009
Oliveira and Bonvicino 2002
submitted
Emmons 1999
D’Elia 2003
Smith and Patton 1999
Machado el at. 2014
Hanson 2008
Smith and Patton 1999
Jaarola et al. 2004
Hanson 2008
Hanson 2008
Smith and Patton 1999
D’Elia 2003
Alvarado-Serrano and D’Elia
2013
Smith and Patton 1999
Martinez et al. 2012
Hanson 2008
Henson and Bradley 2009
Bradley et al. 2004
Hanson 2008
Miranda et al. 2009
Milazzo et al. 2006
Hanson 2008
Milazzo et al. 2006
D’Elia 2003
Hoffman et al. 2002
D’Elia 2003
Smith and Patton 1999
Pardifias et al. 2014
Leite et al. 2015
Hanson 2008
Salazar-Bravo et al. 2013
D’Elia 2003
Percequillo et al. 2004
Leite et al. 2014
D'Elia 2003



2320

2321

2322

2323

2324

2325

2326

2327

2328

2329

Rhipidomys macconnelli
Rhipidomys mastacalis
Rhipidomys nitela
Scapteromys aquaticus
Scapteromys tumidus
Scolomys ucayalensis
Scotinomys xerampelinus*
Sigmodon hispidus
Sigmodontomys alfari
Sooretamys angouya
Thomasomys aureus
Thomasomys baeops
Thomasomys baeops
Thalpomys cerradensis
Transandinomys talamancae
Wiedomys pyrrhorhinos
Wiedomys cerradensis
Wilfredomys oenax
Zygodontomys brevicauda

AF108681
HM594644
AF108682
AY275131
AY275133
EU579518
AF108706
AF188198
EU074635
EU579512
u03540
KR818878
DQ914654
AY273915
EU579514
AY275134
KC456171
KJ663726
EU579519

MBUCV 14063
UFMG 2930
MZUSP 21316
UP BAL509
MVZ 183269
AMNH 272721
UMMZ 3408
TK 83608
USNM 449895
TK 61763
MVZ 170076
TEL 2791
MSB 70704
MZUSP 30400
TK 135289
MVZ 197567
CRB 1839
UFSM 619
TTU 76306
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Smith and Patton 1999

Costa et al. 2011

Smith and Patton 1999

D’Elia 2003

D’Elia 2003

Hanson 2008

Smith and Patton 1999

Peppers et al. 2002

Hanson 2008

Hanson 2008

Smith and Patton 1999

Lee et al. 2015

Salazar-Bravo and Yates 2007

D’Elia 2003

Hanson 2008

D’Elia 2003

Bezerra et al. 2013

Machado et al. 2015
Hanson 2008
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8. EPILOGO

Os resultados deste estudo expandem o conheciraeatoa dos Sigmodontinae,
bem como ressalta a importancia das cole¢desfastpara a sistematica e taxonomia
e modelagem de distribuicdo das espécies. As baigdies do trabalho para os
Juliomysabrangem a compilagéo de caracteres morfolégiemmdasticos, bem como a
analise morfométrica e filogenética do género. Rb3 espécimes encontrados nas
colecdes, 81% ndo apresentavam informacdo sobrecadmaes genéticos ou
morfolégicos confidveis ou estavam erroneamentatifittados. Fomos capazes de
identificar 85% desta amostra, com apenas 15% dpécanes permanecendo ainda
sem identificagdo precisa (individuos sem cramagrhentados e/ou muito jovens). De
acordo com Blaxter (2004) "os animais vertebradodem ter mais de 10% dos taxa
ainda ndo descritos". Novas abordagens sobre andeda se fazem necessarias
(GODFRAY, 2002). “A incorporacdo de métodos experitais e quantitativos para
analise de caracteres junto as descricbes mortal®gpode também tornar menos
parcial a taxonomia tradicionalmente usada, alénewitar julgamentos priori na
circunscricdo dos taxons” (Barros 2015). A abordagmorfologica em estudos
taxondémicos € fundamental, bem como o desenvoltorgs investigacdes na linha da
genética. A analise sistematica molecular deve paotmar a sistematica tradicional,

complementando-se (BLAXTER, 2004).

Colecbes de Museu ou colec¢bes cientificas sdod@assenciais de informacdes
sobre a biodiversidade e historia natural asso@aela (WHEELER 1995; GRAHAM
et al. 2004, NEWBOLD 2010). A totalidade da amosteste estudo foi encontrado
neste tipo de fonte. Neste estudo foram enfrentadgsns empecilhos correntes
relacionados a coleta de dados, desde a ndo-dmlpagao da totalidade da amostra

pela curadoria, material depositado incompleto (sednio, sem pele, sem amostra de
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tecido, etc.), material sem identificacdo (localela coletor, etc.), e a nao-
informatizacdo dos livros de tombo. Tais fatos remme principalmente a falta de
investimentos nas cole¢des, formagédo de profissiarapacitados para atuarem nelas,
bem como melhor preparo dos pesquisadores quedisdam material bioldgico. Da
amostra deJuliomys examinada (n= 217) 74 encontravam-se catalogados como
Juliomyssp., ou seja, mais de um terco do total estud@dopossuia a definicdo da
espécie. Neste sentido, ficou evidente a dificiddded identificacdo destes taxons e a
falta de revisdo. A caréncia de profissionais taxaistas € um problema real, mesmo
para a mastofauna. "Os taxonomistas trabalham wmjnrto de caracteres morfolégicos
complexos sobre os quais se baseiam as suas desl8VILL; RUBINOFF, 2004).

A falta de especificidade ou identificagédo incarsetsulta em modelos ndo confiaveis.
Desta forma, muitos estudos em todos os niveidalagin, especialmente ecologia e
conservagao, podem estar equivocados usando infoanarradas (BARROS, 2015).
S6 com uma identificacdo precisa dos taxa podeugiodesultados consensuais e

fundamentais sobre uma espécie, como a sua arbstiileuicao.

Corroborando os estudos de Paresque et al. (20@8§revemos uma nova
espécie para 0 género, 0 qual encontra-se em oegisaum conceituado periédico
cientifico da mastozoologia, aguardando a etapal fie revisdo para publicacéo.
Utilizamos métodos de analise morfoldgica, morfaioate molecular para a definicao
do novo taxon. Com a proximidade o reconhecimefitbtabdo novo taxon, o género
Juliomys abarcara quatro espécies viventes, todas elas distmbuicdo dentro do
dominio do bioma Mata Atlantica. As evidéncias denofiletismo deJuliomys é
também instrumento importante em futuras infer@ns@bre este grupo. Zachos et al.
(2013) argumentam que a descricdo de um novo té&m, como suas relacbes de

parentesco, devem ser perfeitamente embasadas.a$sestos tem consequéncias
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importantes, como por exemplo agbes conservacasisis quais sao fundamentadas

pelo uso destas informacdes.

A modelagem de distribuicdo das espécies demonattaicorrelacdo entre as
espécies e o bioma Mata Atlantica. O conhecimeitalidtribuicdo geografica das
espécies é de grande importancia no ambito corgensta. Santos e Amorim (2007)
sugerem que estudos em biogeografia devem ser addsasilogeneticamente, bem
como clados monofilético devem basear abordagemstiébuicdo.A distribuicdo das
espécies dduliomysapresentou certa heterogeneidade e influénciatdee¢éacomo a
altitude por exemplo. A modelagem de distribuic@deyservir como ponto de partida

para novas inferéncias biogeograficas destes taxa.

Acerca da espécie extinth,anoblepad’ardifia e Teta, 2011, tivemos acesso as
informacdes do espécime (fotos, medidas e descrggiimente cedidas pelo prof.
Alexandre Percequillo — ESALQ-USP). O material ¢ibasse de cranio fragmentado
de um individuo, provindo do depodsito de Lagoa &aMinas Gerais, Brasil. O
fragmento contempla a porcéo rostral do cranicaradegndo a porcao prato zigomatico,
e as seéries molares superiores. A regido postoiaranio, que inclui a bula timpanica,
fossa parapterigdide e mesoptetigdide, foramesciaskas, bem como 0ssos dorsais e
ventrais (bular e do alisfendide), ndo estdo pteseim que impede a compreensao do
padrdo de circulacdo cefalido, por exemplo (difeoadio inferéncias na diagnose da
espécie.). Suplementarmente aos estudos apresentmites, fizemos algumas
inferéncias sobre este material. Utilizando a amost metodologia apresentadas no
Capitulo 1, avaliamos um conjunto variaveis (medidcranianas) morfométricas
tomadas sobre o fragmento disponivel dle anoblepase processamos analises
multivariadas (PCA, DFA; medidas aquelas que pudeser tomadas devido a

fragmentacdo do cranio). A anatomia craniana e esultados das analises
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morfométricas sugerem que o individuo pertenca pgeods Juliomys pictipes.Tais
resultados nos instigam a nos aprofundarmos nesgtat&p, utilizando em estudos
futuros andlises mais robustas. Andlises de DNAgantpor exemplo, tem sido
utilizado com sucesso (ex. HO; PHILLIPS, 2009) edgun auxiliar investigacoes
futuras sobre o espécime analisado por Pardifi@sae(Z011)Tal linha de estudo deve
ademais auxiliar na probleméatica das inferénclagdnéticas e definicdo da posicao de
Juliomys em Sigmodontinae, agregando-se também marcadoretecutares

complementares.

Fig. 2.Juliomys anoblepag-oto: A. Percequillo.
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