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RESUMO
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DESCRICAO DE NOVOS MATERIAIS DE Massetognathus
ochagaviae BARBERENA, 1981 (CYNODONTIA,
TRAVERSODONTIDAE) PARA O TRIASSICO DO SUL DO
BRASIL, COM ENFASE NO ESQUELETO POS-CRANIANO

AUTOR: ANE ELISE BRANCO PAVANATTO
ORIENTADOR: SERGIO DIAS DA SILVA
Data e Local de Defesa: Santa Maria, 17 de margo de 2015.

A presente dissertacdo apresenta informacgdes sobre novos materiais (UNIPAMPA 0625)
atribuidos a Massetognathus ochagaviae, com enfase na descricdo de seu material pos-
craniano. UNIPAMPA 0625 foi coletado no municipio de Dona Francisca (Sitio
Fogliarini/Posto de Gasolina). A assignacdo a M. ochagaviae foi realizada com base na
morfologia dos dentes pds-caninos superiores e posteriormente essaassignacdo prévia foi
suportada por uma andlise filogenéticaonde o espécime foi incluido. O material consiste de
um jugal, e um lacrimal esquerdos associados, um incisivo, quatro pds-caninos superiores e
quatro pdés-caninos inferiores isolados, nove vértebras pré-sacrais, quatro vértebras sacrais,
uma vértebra caudal, varios fragmentos de costelas pré-sacrais, uma escépula esquerda
incompleta, uma clavicula esquerda, imeros direito e esquerdo, um radio esquerdo, um ilio e
um isquio (ambos direitos), fémures direito e esquerdo, além de outros fragmentos nédo
identificados. A morfologia M. ochagaviae é bastante similar a de Massetognathus pascuali,
especialmente em relacdo as vértebras (morfologia do processo transverso); Umero (cabeca
inclinada dorsalmente, extremidade distal com formato de “leque”, crista deltopeitoral
terminando abruptamente na metade do eixo umeral); fémur (cabeca bulbosa e
dorsomedialmente inclinada, trocanter menor iniciando abruptamente proxima a fossa
intertrocantérica e se estendendo até o meio do eixo femoral, condilo medial mais
pronunciado e ventralmente projetado do que o condilo lateral). Por outro lado, a clavicula de
M. ochagaviae néo é tdo alongada quanto em M. pascuali, e também a margem dorsal do ilio
ndo é tdo concava. A descricdo do material pds-craniano aqui apresentado preenche uma
lacuna acerca do conhecimento da anatomia de M. ochagaviae, que até entdo tinha poucos
elementos de seu esqueleto pds-craniano conhecido. Além de contribuir para 0 aumento do
conhecimento da familia Traversodontidae como um todo.

Palavras-chave: Zona de Associacdo de Dinodontosaurus. Cynodontia. Triassico Médio.



ABSTRACT
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NEW INFORMATION OF Massetognathus ochagaviae BARBERENA,
1981 (EUCYNODONTIA, TRAVERSODONTIDAE) FROM THE
MIDDLE TRIASSIC OF SOUTHERN BRAZIL, WITH EMPHASIS ON
THE POSTCRANIAL SKELETON

AUTHOR: ANE ELISE BRANCO PAVANATTO
ADVISOR: SERGIO DIAS DA SILVA

This dissertation provides information on new material (UNIPAMPA 0625) assigned to
Massetognathus ochagaviae, with emphasis in the description of its postcranial material.
UNIPAMPA 0625 was collected at the municipality of Dona Francisca (Sitio Fogliarini/Posto
de Gasolina). Its assignation to M. ochagaviae was basedon the upper postcaninemorphology.
Posteriorly, this previous assignation was supported by a phylogenetic analysis in which the
new specimen was included. The material comprises a single incisive tooth, four upper and
lower isolated postcanines, an isolated fragmentary portion of a skull comprising a jugal and a
lacrimal, nine presacral and four sacral vertebrae, a single caudal vertebra, fragmentary
presacral ribs, an incomplete left scapula, left clavicle, both right and left humeri, left radium,
left ilium, left ischium, both right and left femora and several undetermined and fragmentary
bones. The postcranial morphology of M. ochagaviae is quite similar to that of
Massetognathus pascuali, especially regarding vertebrae, the morphology of the transverse
process; humeri, (dorsally deflected head, with a ‘fan-shaped’ distal end; deltopectoral crest
that abruptly ends at the middle of shaft); and femora (a bulbous and dorsomedially inclined
femoral head; lesser trochanter which abruptly begins near by the intertrochanteric fossa and
extends until the middle of the femoral shaft; the medial condyle is more pronounced and
ventrally projected than the lateral one). On the other hand, the clavicle of M. ochagaviae is
less elongated than in M. pasquali. Also, the dorsal margin of the ilium is not as concave as in
M. pascuali. The description of the material herein presented filled a long-term gap in the
kwonledge regarding the skeletal material of M. ochagaviae, and increasing the kwonledge
not only regarding this taxon, but of traversodontids as well.

Keywords: Dinodontosaurus Assemblage Zone. Cynodontia. Middle Triassic.
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APRESENTACAO

A presente Dissertacdo estd estruturada de acordo com as normas da Universidade
Federal de Santa Maria (MDT), sendo composta por um texto integrador, um artigo e
conclusdes.

O texto integrador apresenta uma breve contextualizacdo dos Synapsida e dos
Cynodontia, partindo-se entdo diretamente para os Traversodontidae (especificamente,
Massetognathus) objeto de estudo da presente dissertacdo. Em seguida, € apresentado um
breve historico acerca dos estudos envolvendo o esqueleto pds-craniano dos cinodontes.
Finalizando o texto integrador, o novo espécime de M. ochagaviae é apresentado.

O Artigo 1 trata da descri¢cdo, comparacdo e analise filogenética de novos materiais
pos-cranianos atribuidos a Massetognathus ochagaviae. O artigo foi submetido a Historical
Biology e esta formatado de acordo com as normas de publicacdo do periodico.

Na secdo Conclusdes é apresentada uma breve recapitulagdo dos resultados obtidos em

relacdo aos objetivos propostos para esta dissertagéo.
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1 MARCO TEORICO

Cynodontia ¢ um clado de sindpsidos terapsidos surgidos no final do periodo
Permiano e que se constituiram em um importante componente em ecossistemas durante todo
0 Triéssico e o inicio do Jurassico (de 252 a 200 milhdes de anos atrds). Atualmente sao
representados pelos mamiferos (OLIVEIRA, 2010).

No Estado do Rio Grande do Sul, Cynodontiaé encontrado em rochas das Formacgoes
Santa Maria e Caturrita (Tridssico Médio e Superior), além do registro de material
fragmentario na Formacdo Sanga do Cabral, do Triassico Inferior (ABDALA et al., 2002b;
SCHULTZ & LANGER, 2007; OLIVEIRA et al., 2010). Ao longo do Periodo Trissico,
Cynodontia atingiu grande diversificacdo, tendo sofrido inimeras e importantes modificacGes
anatdmicas, como por exemplo, a especializacdo da denti¢do, do padrdo de ocluséo dentéria e,
consequentemente, de seus habitos alimentares. Ao final do Tridssico, sofrem drastica
diminuicdo no tamanho corporal. Atualmente a familia Brasilodontidae, composta por
pequenas formas ndo-mamalianas derivadas do Tridssico sul brasileiro, é apontada como o
provavel grupo-irmdo dos mamiferos, devido a varias caracteristicas em seu cranio
(articulacao da mandibula formada pelo dentario e o esquamosal, 0ssos pds-dentarios bastante
reduzidos, presenca de promontdério no petrosal, entre outras) e denticdo “triconodonte”
(BONAPARTE et al., 2003; ABDALA, 2007; LUO, 2007; MARTINELLI & ROUGIER,
2007).

1.1 Synapsida Osborn, 1903

Synapsida é um clado dentro de Amniota caracterizado pela presenca de uma fenestra
temporal localizada na regido inferior do cranio (KEMP, 2005). Seus primeiros registros sao
provenientes de Joggins, Nova Escocia, Pennsylvaniano (Carbonifero da América do Norte),
entre 311-314 Ma (REISZ, 2014). Até o Neopermiano, formas basais de Synapsida (0s
parafiléticos “pelicossauros”), foram as mais diversificadas e dominantes nas paleofaunas
terrestres, ocupando uma ampla variedade de nichos ecoldgicos (KEMP, 1982; ABDALA,
2001; RUBIDGE & SIDOR, 2001; Figura 1).
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Figura 1 — RelagBes filogenéticas generalizadas dos Synapsida, com varios clados menores omitidos.
Destacadoemazul o clado Theriodontia e em vermelho, o clado Eucynodontia (simplificado). Baseado em
Abdala, 2007; Oliveira et al., 2010; Reisz et al., 2009 e Rubidge e Sidor, 2001. Modificado de Oliveira (2010).

A grande maioria das espécies de “pelicossauros” conhecidas é oriunda principalmente
da América do Norte e na Europa. O registro desse grupo € pouco frequente no Hemisfério
Sul. (BOTHA-BRINK & MODESTO, 2007; OLIVEIRA, 2010).

Durante 0 Meso e o Neopermiano, época de grandes mudancas climaticas, hd uma
grande troca faunistica marcada pelo declinio dos “pelicossauros” ¢ ascensdao de formas
sinapsidas mais avancadas, os Therapsida Broom, 1905 (MODESTO et al., 2011; BENTON,
2012; CISNEROS et al., 2012). Os primeiros registros desse grupo sdo provenientes da
Russia e da Africa do Sul (KEMP, 1982; RUBIDGE & SIDOR, 2001). O Clado Therapsida
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sofreu uma grande radiacdo, atingindo grande diversidade taxondmica, e vindo a formar o
maior subclado de Synapsida (BENTON, 2012). Assim, no final do Neopermiano Therapsida
ja estava completamente estabelecido e amplamente distribuido, compondo diferentes grupos
como Gorgonopsia Seeley, 1895, Dinocephalia Seeley, 1895, Anomodontia Owen, 1859,
Therocephalia Broom, 1903 e Cynodontia Owen, 1861 (KEMP, 2005; BENTON, 2012).
Gorgonopsia, Therocephalia e Cynodontia compdem o Clado Theriodontia Owen, 1881,
grupo avancado de terapsidos primariamente carnivoros, caracterizado pela aquisicdo de
caracteristicas “mamalianas” (RUBIDGE & SIDOR, 2001; KEMP, 2005; KAMMERER,
2014; Figura 2).

E(

WK
o ‘~"tmmv.\"

Figura 2 - Morfologia craniana dos representantes do Clado Theriodontia. A, Gorgonopsia Sauroctonus
Hartmann-Weinberg, 1955, escala: 30 mm, modificado de Gebauer (2007); B, Therocephalia Ictidosuchoides
Broom, 1931, escala: 50mm, modificado de Huttenlocker (2009); C, Cynodontia Thrinaxodon Seeley, 1894,

escala: 50 mm, modificado de Rubidge & Sidor (2001). Imagens ndo estdo em escala.

1.2 Cynodontia

Em Cynodontia, subgrupo amplamente diversificado de Therapsida no qual os
mamiferos estdo incluidos, ocorreu as principais mudancas anatdmicas em direcdo ao padréo
mamaliano: heterodontia, desenvolvimento de oclusdo dentaria, reducdo dos 0ssos pos-
dentérios na mandibula e aumento de tamanho do dentério, presenca de um palato 6sseo
secundarioe postura mais verticalizadados membros (JENKINS, 1971; KEMP, 1982;
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BATTAIL, 2001). Até recentemente, Procynosuchus Broom, 1938 era considerado o mais
antigo cinodonte conhecido. Atualmente, Charassognathus gracilis Botha et al., 2007, da
Zona de Associacdo de Tropidostoma, base do Permiano Superior da Bacia de Karoo, Africa
do Sul € apontado como o mais antigo registro de cinodontes, indicando uma possivel origem
sulafricana para o grupo (BOTHA et al., 2007).

Dentro de Cynodontia, destaca-se o clado Eucynodontia, proposto por Kemp (1982) e
constituido por formas mais derivadas que Thrinaxodon (HOPSON & KITCHING, 2001; LIU
& OLSEN, 2010). Eucynodontia compreende dois clados menos inclusivos: Probainognathia
Hopson, 1990 e Cynognathia Hopson & Barghusen, 1986 (HOPSON & KITCHING, 2001;
ABDALA, 2007; KAMMERER, 2014). Em Probainognathia estdo incluidos, de forma geral,
cinodontes que apresentavam denticdo carnivora ou insetivora, caracterizada por dentes
comprimidos lateralmente (HOPSON & KITCHING, 2001; KEMP, 2005). Nesse grupo se
incluem as familias Chiniquodontidae, Ecteniniidae, Therioherpetidae, Tritylodontidade,
Tritheledontidade e Brasilodontidae, além de Mammalia (KEMP, 2005; SOARES &
DORNELLES, 2009; MARTINEZ et al., 2013). Cynognathia agrupa cinodontes que
apresentam denticdo predominantemente gonfodonte, ou seja, 0s dentes sdo transversamente
alargados, tipicos de formas herbivoras ou onivoras (HOPSON & KITCHING, 2001; KEMP,
2005). Este clado compreende as familias Cynognathidae, Diademodontidae,
Trirachodontidae, Traversodontidae (KEMP, 2005; ABDALA et al., 2006; SOARES &
DORNELLES, 2009).
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Figura 3 — Créanios, em vista ventral, A, Probainognathia (Chiniquodon, Huene 1936; ROMER, 1969), escala: 50
mm e B; Cynognathia (Massetognathus Romer, 1967; LIU et al., 2008), escala: 50 mm. As imagens néo estdo

em escala.

Dentre os grupos de Cynodontia que estariam particularmente relacionados com os
mamiferos, se destacam Tritylodontidae, Tritheledontidae e Brasilodontidae. A familia
Tritylodontidae € composta por cinodontes herbivoros especializadosque ocorreram do
Neotriassico ao Eojurassico (KEMP, 1982). E representada por Tritylodon Owen, 1884,
Bienotherium Young, 1940, Oligokyphus Hennig, 1922 e Kayentatherium Kermack, 1982.
Foi apontada como grupo-irmdo dos mamiferos inicialmente por Kemp (1982) e seguido por
Kemp (1983), Rowe (1988), Wible (1991), Wible & Hopson (1993), Martinez et al., (1996).
Essa assignacdo surgiu devido a varias caracteristicas de seu basicranio: auséncia dos 0ssos
pré-frontal e pds-orbital; regido interorbital em grande parte preenchida pelo drbitoesfenoide
expandido, pelo frontal e pelos ossos palatinos; processo paroccipital bifurcado com o
quadrado ligado diretamente na extremidade distal do seu processo anterior, sem a
intervengdo do esquamosal e dentes pds-caninos com multiplas raizes (KEMP, 1982, 2005).
Segundo alguns autores (i.e., CROMPTON & ELLENBERGER, 1957; CROMPTON, 1972;
HOPSON & KITCHING, 2001) Tritylodontidae esta incluida dentro de Cynognathia, como

um subgrupo derivado da familia Traversodontidae, entdo considerada parafilética, e
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consequentemente seriam filogeneticamente distantes dos mamiferos. Contudo, estudos mais
recentes posicionam a familia dentro de Probainognathia (ABDALA & RIBEIRO, 2003;
HOPSON, 2005; ABDALA, 2007; LIU & OLSEN, 2010).

Tritheledontidae € uma familia composta por pequenas formas insetivoras, que
ocorreram do Meso ao Neotriassico (KEMP, 2005) como Tritheledon Broom, 1912,
Diarthrognathus Crompton, 1958, Pachygenelus Watson, 1913e Chaliminia musteloides
Bonaparte, 1980. No Triassico do Rio Grande do Sul é representada por Riograndia
guaibensis Bonaparte et al., 2001e Irajatherium hernandezi Martinelli et al., 2005. E apontada
como grupo irmdo dos mamiferos inicialmente por Hopson & Barghusen (1986), e seguida
por Shubin et al. (1991), Luo (1994), Luo & Crompton (1994), Sidor & Hopson (1998),
Hopson & Kitching (2001), Lou et al. (2002), devido a presenca de um segundo ponto de
articulacdo da mandibula formado pelo dentario e o esquamosal, pelo padrdo de oclusédo
dentéria unilateral, dentes com esmalte prisméatico e po6s-caninos superiores com cingulo
bucal, palato ésseo secundario mais longo, basicranio encurtado e fenestra rotunda e foramen
jugular completamente separados (KEMP, 2005).

A familia Brasilodontidae, descrita por Bonaparte et al. (2003), é representada por
Brasilodon quadrangularis Bonaparte et al., 2003, Brasilitherium riograndensis Bonaparte et
al., 2003 e Minicynodon maieri Bonaparte et al., 2010, até 0 momento seus registros provéem
apenas do Neotriassico do Rio Grande do Sul. Desde entdo, a familia vem sendo considerada
como grupo irmdo dos mamiferos devido as seguintes caracteristicas: a articulacdo da
mandibula formada pelo dentario e o esquamosal, 0ssos pos-dentarios bastante reduzidos,
presenca de promontorio no petrosal, contato lateral do nasal-frontal, denti¢do “triconodonte”,
sinfise mandibular muito reduzida, expansdo da caixa craniana na regido parietal
(BONAPARTE et al., 2003). Esta hipOtese € a seguida por Abdala (2007); Luo (2007),
Martinelli & Rougier (2007).

1.3 Traversodontidae Huene, 1936

A familia Traversodontidae foi estabelecida por Huene (1936) para agrupar 0s
cinodontes do Tridssico brasileiroque possuiam pos-caninos transversalmente expandidos:
Traversodon stahleckeri  Huene, 1936, ?Traversodon major Huene, 1936e
Gomphodontosuchus brasiliensis Huene, 1928 (LIU & ABDALA, 2014). Representa 0 mais

inclusivo clado contendo Traversodon stahleckeri, mas ndo Trirachodon kannemeyeri Seeley
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1895 ou Diademodon tetragonus Seeley 1894 (KAMMERER et al., 2008; LIU & ABDALA,
2014). Segundo a diagnose mais recente da familia, esta é caracterizada pela auséncia do
ectopterigoide; presenca do contato epipterigoide-quadrado; plataforma maxilar lateral a série
de pos-caninos; pos-caninos superiores expandidos labiolingualmente com uma profunda
bacia oclusal; dentes gonfodontes superiores maiores do que os inferiores com contorno
variando de elipsoide a retangular; dentes gonfodontes inferiores com formato quadrangular,
com a crista transversa posicionada anteriormente (LIU & ABDALA, 2014, p. 263).

Traversodontidae é a familia mais diversificada, bem sucedida de cinodontes
possivelmente herbivoros e/ou onivoros, com registro em praticamente todo 0 mundo, desde o
Anisiano da Argentina e mantendo-se como um grupo importante até o Carniano (KEMP,
1982; ABDALA & RIBEIRO, 2010). Atualmente, a familia é composta por 22 espécies
consideradas validas, divididas em 17 géneros (ver LIU & ABDALA, 2014). Exemplares da
familia ja foram encontrados na Africa (seis géneros), América do Norte (dois géneros),
América do Sul (dez géneros), india (um género) e Europa (um género) (LIU & ABDALA,
2014).

Desta familia, as seguintes espécies sao registradas nas Zonas de Associa¢do (ZA) do
Tridssico sul brasileiro: Traversodon stahleckeri, Massetognathus ochagaviae Barberena,
1981, Exaeretodon riograndensis Abdala et al., 2002, Luangwa sudamericana Abdala &
Teixeira, 2004, Protuberum cabralense Reichel et al., 2009, Santacruzodon hopsoni Abdala
& Ribeiro, 2003, Menadon besairei Flynn et al., 2002 e Gomphodontosuchus brasiliensis
(ABDALA& RIBEIRO, 2010; BERTONI, 2014; LIU & ABDALA, 2014, Tabela 1).

Ribeiro et al. (2011) reportam preliminarmente a presenga de Traversodontidae para a
ZA de Riograndia, por registros fragmentarios (c. f. Exaeretodon), associados a materiais de
formas tipicas dessa ZA (i. e. Sacisaurus agudoensis Ferigolo & Langer, 2006, Riograndia
guaibensis e Brasilitherium riograndesis). Essa descoberta levanta a possibilidade de que
Exaeretodon poderia ter sobrevivido até a ZA de Riograndia ou até o contato entre as ZAs de
Hyperodapedon e Riograndia. Assim teria sido primeiramente preservado no topo da ZA de
Hyperodapedon, posteriormentere trabalhado e finalmente redepositado na ZA posterior (ZA

Riograndia).
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TABELA 1 - Distribuicdo dos géneros da familia Traversodontidae no Tridssico do Rio
Grande do Sul.

Espécies Zona de Associacao Idade
Exaeretodon riograndensis ]
o Hyperodapedon Carniano
Gomphodontosuchus brasiliensis
Menadon besairei Neoladiniano-
_ Santacruzodon )
Santacruzodon hopsoni Eocarniano
Luangwa sudamericana
Massetognathus ochagaviae ) o
Dinodontosaurus Ladiniano
Protuberum cabralense
Traversodon stahleckeri

1.4 Massetognathus Romer 1967

O género Massetognathus foi estabelecido por Romer (1967), com base em materiais
coletados na Formacdo Chafares do Triassico da Argentina. Segundo sua diagnose mais
recente, o género € caracterizado como uma forma de tamanho médio com extensdo posterior
do palato secundéario além da margem anterior da érbita; plataforma maxilar, lateral a série de
dentes poOs-caninos extremamente desenvolvidos; auséncia do processo zigomatico do jugal;
incisivos mésio-distalmente alargados com margem cortante denticulada; incisivos superiores
proximos aos caninos; caninos pequenos; caninos superiores posicionados lateralmente a
fossa paracanina; incipiente “‘shouldering” entre os pds-caninos superiores; pds-caninos
superiores, com formato aproximadamente retangular e duas cuspides anterolabiais
acessorias; crista transversa alta e aguda nos pos-caninos inferiores; cuspide anterolabial mais
ampla do que a cuspide anteroligual nos pos-caninos inferiores (LIU & ABDALA, 2014, p.
266).

Romer (1967) reconheceu duas espécies: Massetognathus pascuali Romer, 1967 e
Massetognathus teruggii Romer, 1967. Posteriormente estabeleceu Massetognathus major
Romer, 1972 e uma nova espécie distinta, Megagomphodon oligodens Romer, 1972 (Romer,
1972). Hopson & Kitching (1972) sugeriram uma sinonimizacao entre as espécies M. pascuali

e M. teruggii, apontando que o cranio de M. teruggii ndo difere significativamente do cranio
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de M. pascuali, exceto pelo tamanho, considerando M. teruggii com um individuo
ontogeneticamente mais avancado de M. pascuali. Essa hipotese também foi sustentada por
Battail (1991) e Abdala & Giannini (2000) com base em uma analise alométrica. Estes autores
propuseram que as quatro espécies sao sinénimas, sendo M. pascuali a Unica espécie valida.

Barberena (1981) descreveu a espécie Massetognathus ochagaviae, para a Formacéo
Santa Maria do Triassico brasileiro. M. ochagaviae difere de M. pascuali principalmente em
relacdo a morfologia dos pds-caninos superiores, 0s quais em vista oclusal apresentam a base
labial projetando-se lateralmente formando um triangulo isésceles. Em M. pascuali esta
estrutura apresenta um formato retangular, em vista oclusal. Além disso, M. ochagaviae
apresenta cranio e mandibula mais altos e nimero de pds-caninos menos variavel do que em
M. pascuali, caninos inferiores robustos e pds-caninos com formato sub-retangular (LIU et al.,
2008; LIU & ABDALA, 2014).

M. pascuali teve seu esqueleto pds-craniano quase completodescrito por Jenkins
(1970). Até o momento apenas um Umero direito incompleto e um pé direito parcialmente
completo foram descritos para M. ochagaviae (LIU et al. 2008; OLIVEIRA & SCHULTZ,
2008).

1.5 Breve histérico acerca de estudos sobre o esqueleto pds-craniano em cinodontes

Os cinodontes ndo mamalianos apresentam, principalmente no seu pos-cranio, uma
tendéncia ao padrdo “mamaliano”. Enquanto os sinapsidos basais conservaram caracteres
ancestrais do amniotas (membros curtos com postura abduzida, costelas em todas as vértebras
toréacicas, cauda longa), ja em Cynodontia a postura dos membros tornou-se mais ereta
(aduzida), com os membros mais longos (tal como em mamiferos); a coluna vertebral mais
resistente, tornando a flexdo lateral do esqueleto axial durante a locomogéo quase nula, o que
levou a reducdo do tamanho da cauda, ja que uma cauda longa ndo era mais necessaria para
contrapor a flexdo do esqueleto axial durante a locomogéo; além da redugdo de numero de
costelas (KEMP, 1982, BARBERENA & DORNELLES, 2000, OLIVEIRA, 2010, Figura 4).

A andlise de materiais pos-cranianos € importante para compreender melhor a
biomecanica, fisiologia, e consequentemente o comportamento dos individuos desse grupo.
Além de que, segundo Oliveira (2006b), a inclusdo de caracteres pds-cranianos em analises
filogenéticas ajuda a evitar interpretacdes errbneas que podem ocorrer quando a analise

filogenética é feita apenas com base em caracteres cranianos (sincranianos e dentarios),
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devido a possivel convergéncia morfolégica nesses caracteres, em funcdo de habitos

semelhantes, mas entre taxons diferentes e ndo aparentados.

6. Forame parietal

R 20

11. Cauda longa

8. Claviculas,
inter-clavicu-
las e coracoi-
des grandes

7. Processos grandes
nas vértebras caudais 8. Pbis e isquio grandes g Fajanges longas

B 1. Barra p6s-orbital 10. Perda das

; lombares
5. Palato secundério ; conaias omoa 7. Placa do iliaco

expandida

11. Cauda curta

4. Dentes diferenciados

......

8. Pubis e isquio

icm
— =
reduzidos

9. Expansdo do calcéneo

Figura 4 — Diferencas anatbmicas entre um esqueleto de um A, Synapsida basal (o “pelicossauro” Haptodus
Gaudry, 1886) e um B, cinodonte (Thrinaxodon). Modificado de Pough et al. (2008).

Vaérios cinodontes ja tiveram seus esqueletos pds-cranianos descritos, como segue
abaixo. Infelizmente, em alguns casos, poucos materiais séo descritos e figurados em detalhe,
sendo que nesses casos grande parte das publicacfes da énfase na descricdo de morfologia

craniana e dentaria.
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Tabela 2 — Cinodontes cujos elementos do esqueleto pds-craniano séo conhecidos.

(continua)
Taxon Material Procedéncia Referéncia
Procynosuchus Brink & Kitching
delaharpeae Broom, Esqueleto quase (1953 apud
Luangwa Valley,
1937 completo _ OLIVEIRA, 2006b,
_ Zambia
descrito p. 18) e Kemp
(TSK 34) (1980b)
Formacao
Bolotriodon frerensis - Burgersdorp, Seeley (1895 apud
émur i
Seeley, 1894 Africa do Sul JENKINS, 1971)

Progalesaurus
lootsbergensis Sidor &
Smith, 2004

(SAM-PK-K9954)

Escépula direita
e parte do
espinho neural

do atlas

New Lootsberg Pass,

Africa do Sul

Sidor & Smith (2004)

Galesaurus planiceps
Owen, 1859

(UMG R.2733, 2722,
2721, SAM K. 1119)

Esqueleto quase
completo

descrito

Zona de Associacao

de Lystrosaurus,
Africa do Sul

Parrington (1934);
Jenkins (1971)

Thrinaxodon liorhinus

(AMMM 5265, 2228,

USNM 22812, BP 287,

376, NMB G.392, SAM
K.1395)

Esqueleto quase
completo

descrito

Zona de Associacao

de Lystrosaurus,
Africa do Sul

Brink (1959);
Colbert & Kitching
(1977);
Jenkins (1971)
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Tabela 2 — Cinodontes cujos elementos do esqueleto pds-craniano séo conhecidos.

(continuacao)

Cynognathus
crateronotus Seeley,
1895

(PVL 3859, BMNH
R.2571; UGMP 42729)

Esqueleto quase
completo

descrito

Formacao Rio Seco
de La Quebrada,
Argentina

Zona de Associacao
de
Cynognathus,
Asfrica do Sul

Abdala (1999);
Jenkins (1971)

Diademodon tetragonus

Formacao Rio Seco
de la Quebrada,

Argentina )
Seeley, 1894 Esqueleto quase Brink (1955);
completo _ Gow & Grine (1979);
_ Zona de Associagdo _
(USNM 23352, NMB descrito ’ Jenkins (1971)
e
531) o
Cynognathus, Africa
do Sul
) ) Associacao de
Trirachodon berryi Complexo atlas-
) Cynognathus, Broom (1903)
Broom, 1903 axis o
Africa do Sul
Cricodon metabolus
Esqueleto

Crompton, 1955

(MCZ Catalogo de

campo, n° 74)

parcialmente

descrito

Associacdo de
Cynognathus,
Africa do Sul

Crompton (1955)

Andescynodon
mendozensis Bonaparte,
1967

(PVL 3890, 3894, 4390,
44234428, 4432 6226)

Esqueleto axial,
clavicula, mero,
ulna, cintura

pélvica e fémur

Formagé&o Cerro de
Las Cabras,

Argentina

Liu & Powell (2009)
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Tabela 2 — Cinodontes cujos elementos do esqueleto pds-craniano séo conhecidos.

(continuacao)

Exaeretodon argentinus
Cabrera, 1943

(PVL 2554, 2162, 2548,
1868, 2467, MACN
18063, Mus. La Plata n°
61-VIII-2-1)

Esqueleto quase
completo

descrito

Formacao
Ischigualasto,

Argentina

Bonaparte (1963)

Exaeretodon

riograndensis

(UFRGS PV-0715-T)

Esqueleto axial,
radio, ulna, ilio e

isquio

Zona de Associacao
de Hyperodapedon,
Brasil

Oliveira et al. (2007)

Luangwa drysdalli

Esqueleto axial,

Brink, 1963 escapulocoracoid | Formacéo Ntawere,
; ) ) Kemp (1980a)
e, Umero, cintura Zambia
(TSK 121) pélvica e fémur
Massetognathus
) Esqueleto quase 3 B
pascuali Formacdo Chariares, )
completo ) Jenkins (1970)
) Argentina
descrito
(MCZz 3691)

Menadon besairei

(FMNH PR 2444, MCN
—PV 10011-16, 10118,
10120-23, 10125,
10128, 10130-2, 10133,
10144, 10146-7, 10157-
59, 10193, 10196,
10309-310, 2762)

Esqueleto quase
completo

descrito

Formacao Makay,
Madagascar

Zona de Associacao
de Dinodontosaurus,

Brasil

Bertoni (2014);
Kammerer et al.
(2008)
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Tabela 2 — Cinodontes cujos elementos do esqueleto pds-craniano séo conhecidos.

(continuacao)

Pascualgnathus
polanskii Bonaparte,
1967

Esqueleto quase
completo

descrito

Formagéo Cerro de
Las Cabras,

Argentina

Bonaparte (1966;
1967 apud
OLIVEIRA, 2006b,
p. 19)

Protuberum cabralense

(MGB 368100,
UFRGS PV 0981T,
0983T, 0985T,
0986T,1009T, 1010T,
1011T)

Esqueleto axial e

ilio

Zona de Associacao
de Dinodontosaurus,

Brasil

Reichel et al. (2009)

Santacruzodon hopsoni

(MCN-PV 10190,
10173, 10184a-b, 2764)

Umero e fémur

Zona de Associacao
de Santacruzodon,

Brasil

Bertoni (2014)

Traversodon stahleckeri

Algumas
vértebras,
costelas,
escapula direita,
Umero, fémur e
tibia

Zona de Associacao
de Dinodontosaurus,

Brasil

Huene (1935-1942)

Scalenodon
angustifrons Parrington,
1946

(MCZ Catalogo de
campo, n° 120A)

Umero e fémur

Membro Lifua
(“Manda beds”),

Tanzania

Crompton (1955)
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Tabela 2 — Cinodontes cujos elementos do esqueleto pds-craniano séo conhecidos.

(continuacao)

Chiniquodon
theotonicus

Zona de Associacao
de

Dinodontosaurus,

Huene (1935-1942);
Oliveira et al. (2009);

Esqueleto quase Brasil
completo descrito Romer & Lewis
(UFRGS PV-0146-T, Formagio (1973)
MCZ 3781, 4002, 4164) Chafiares
Argentina
_ Cinturas escapular
Probainognathus o y
_ ] e pélvica e parte Formacao )
jenseni Romer, 1970 . Romer & Lewis
dos membros Chanares,
_ ) (1973)
anteriores e Argentina

(MCZ 4021)

posteriores

Trucidocynodon
riograndensis Oliveira
etal., 2010

(UFRGS PV-1051-T,

1053-T, 1069-T, 1070-
T, 1071-T)

Esqueleto quase

completo descrito

Zona de Associagao
de Hyperodapedon,
Brasil

Oliveira etal. (2010)

Prozostrodon
brasiliensis Bonaparte
& Barberena, 1987

Vértebras,

costelas, cintura

Zona de Associacéo

de Hyperodapedon,

Bonaparte &

escapular, umero, ] Barberena (2001)
_ Brasil
ilio e pé
(UFRGS PV-0248T)
Therioherpeton cargnini Vértebras,

Bonaparte & Barberena,
1975

(MVP 05.22.04)

costelas, escapula,
umero, cintura
pélvica e membro

posterior

Zona de Associacéo
de Hyperodapedon,
Brasil

Bonaparte &
Barberena (2001),
Oliveira, 2006a
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Tabela 2 — Cinodontes cujos elementos do esqueleto pds-craniano séo conhecidos.

(concluséo)

) Kiihne (1956 apud
) Esqueleto quase Formacéo Exter,
Oligokyphus sp. ] OLIVEIRA, 2006b,
completo descrito Alemanha
p.19)
Kayentatherium wellesi
Esqueleto quase | Formacdo Kayenta, Sues & Jenkins
(MCzZ 8812) completo descrito EUA (2006)
Irajatherium hernandezi ) o
Zona de Associacao Martinelli et al.
Umero e fémur de Riograndia, (2005); Oliveira et
(UFRGS PV-0599-T, ]
Brasil al.(2011a)
1068-T, 1172-T)
Brasilitherium i )
_ _ Umero, ulna, Zona de Associagdo
riograndensis o ) ) Bonaparte et al.
radio, fémur e de Riograndia,
o ) (2013)
tibia Brasil
(UFRGS-PV-1043-T)

1.6 Cinodontes do Triassico do Rio Grande do Sul

Os cinodontes foram membros abundantes das paleofaunas do Tridssico Médio e
Superior do Rio Grande do Sul. Tradicionalmente, seu conjunto litologico era composto pelas
Formacdes Santa Maria (Triassico Médio/Superior) e Caturrita (Triassico Superior) as quais
apresentam uma grande diversidade de vertebrados fésseis (ANDREIS et al., 1980). Essas
unidades foram agrupadas na Supersequéncia Santa Maria e subdivididas em trés sequéncias
estratigraficas, denominadas, da base para o topo, Sequéncias Santa Maria 1, 2 e 3,
(ZERFASS et al., 2003). Recentemente, Horn et al. (2014) propuseram uma quarta sequéncia
entre as Sequéncias 1 e 2 originais, denominada Sequéncia Santa Cruz. Novos nomes também
foram propostos para as demais sequéncias da base para o topo: Sequéncia Pinheiros-

Chiniqué, Sequéncia Santa Cruz, Sequéncia Candelaria e Sequéncia Mata (Figura 5).
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Figura 5 — Sequéncia estratigraficas do Triassico sul brasileiro, com as modificagdes propostas por Horn et al.
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Sendo assim, dentro das Sequéncias Pinheiros-Chiniqua, Santa Cruz e Candelaria

foram identificadas quatro zonas de associacdo com base em tetrapodes fosseis, onde o
conteddo de cinodontes é apresentado abaixo (BARBERENA et al., 1985; SOARES et al.,

2011a).
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Tabela 3 — Distribui¢do dos cinodontes entre as zonas de associagéo.

Taxon

Zona de associacao

Idade

Botucaraitherium belarminoi
Brasilitherium riograndensis
Brasilodon quadrangularis
Irajatherium hernandezi
Minicynodon maieri

Riograndia guaibensis

Riograndia

Carniano/Noriano

Charruodon tetracuspidatus
Exaeretodon riograndensis
Gomphodontosuchus brasiliensis
Prozostrodon brasiliensis
Therioherpeton cargnini

Trucidocynodon riograndensis

Hyperodapedon

Carniano

Chiniquodontidae indet.
Massetognathus sp.
Menadon besairiei

Santacruzodon hopsoni

Santacruzodon

Neoladiniano/Eocarniano

Candelariodon barberenai
Chiniguodon theotonicus
Luangwa sudamericana

Massetognathus ochagaviae
Protheriodon estudianti
Protuberum cabralensis

Traversodon stahleckeri

Dinodontosaurus

Ladiniano

Fonte: Abdala & Ribeiro (2010); Oliveira et al. (2010; 2011b); Soares et al. (2011a; 2011c; 2014).

Estas Zonas de Associacdo podem ser correlacionadas com associagdes faunisticas da

Argentina e Madagascar (Figura 6). A Zona de Associacdo de Dinodontosaurus pode ser

correlacionada com a Formacdo Chafares da Argentina, cuja fauna € composta por

cinodontes, principalmente do género Massetognathus, além de dicinodontes e arcossauros
similares as formas brasileiras (ROGERS et al., 2001; OLIVEIRA et al., 2011b; SOARES et
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al., 2011a). A Zona de Associagdo de Santacruzodon apresenta semelhancas com fauna da
Formacdo Isalo Il de Madagascar pela presenca do género Menadon (MELO et al., 2009;
BERTONI, 2014), além de similaridades entre as espécies de cinodontes encontradas em
ambas as faunas (ver ABDALA & RIBEIRO, 2003; SOARES et al., 2011a). A Zona de
Associacdo de Hyperodapedon pode ser correlacionada com a Formacdo Ischigualasto, na
qual também h& a predominancia de rincossauros e de cinodontes do género Exaeretodon
(ROGERS et al.,, 1993). E por fim a Zona de Associacdo de Riograndia pode ser
correlacionada com a Formacédo Los Colorados devido a presenca do dicinodonte Jachaleria
Bonaparte, 1971 (SOARES et al., 2011b).
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Figura 6 — Correlagdo bioestratigrafica entre as faunas do Tridssico do Brasil, Argentina e Madagascar.
Modificado de Soares et al. (2011b) e Horn et al. (2014). Abrevia¢Bes: Ans, Anisiano; Crn, Carniano; Ind,

Induano; Lad, Ladiniano; Mad, Madagascar; Nor, Noriano; Ol, Olenekariano; Ret, Rético.
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2 OBJETIVOS

Esta Dissertacdo de Mestrado tem por objetivo geral conhecer a morfologia de novos
materiais de um exemplar de cinodonte ndo-mamaliano, UNIPAMPA 0625, atribuido a
Massetognathus ochagaviae, com enfoque nos materiais pos-cranianos, uma vez que

descricdes de esqueleto pds-cranianos do género sdo escassas da literatura especializada.

2.1 Objetivos especificos

1- Verificar a validade da assignacédo prévia especifica do material descrito;
2- Descrever a morfologia craniana e pos-craniana de UNIPAMPA;
3- Comparar o material de estudo com materiais pds-cranianos de outros géneros de

cinodontes do Triassico, no pais e exterior.

3 MATERIAS E METODOS

O objeto de estudo da presente dissertacdo, UNIPAMPA 0625 estd depositado na
colecdo do Laboratério de Paleobiologia da Universidade Federal do Pampa (Campus S&o
Gabriel) e foi coletado no Municipio de Dona Francisca (Sitio Fogliarini/Posto de Gasolina,
Figura 7), Rio Grande do Sul. O referido sitio esta incluido na Sequéncia Santa Maria 1
(ZERFASS et al., 2003) recentemente redenominada Sequéncia Pinheiros-Chiniqua (HORN
et al.,, 2014) (Tridssico Medio, Ladiniano) e inserido na Zona de Associacdo de
Dinodontosaurus, devido a presenca do dicinodonte Dinodontosaurus, de arcossauros
rauissuquios e do cinodonte Massetognathus (OLIVEIRA & SCHULTZ, 2008; FRANCA et
al., 2011; 2013; MASTRANTONIO et al., 2013).
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Figura 7 — Localizacdo do Sitio Fogliarini/Posto de Gasolina. Fonte: Google Earth

O material consiste de nove vértebras pré-sacrais, quatro vértebras sacrais, uma
vértebra caudal, varios fragmentos de costelas pré-sacrais, uma escapula esquerda incompleta,
uma clavicula esquerda, imeros direito e esquerdo, um radio esquerdo, um ilio e um isquio
(ambos direitos), fémures direito e esquerdo, além de outros fragmentos ndo identificados.
Junto ao material p6s-craniano também foram coletados alguns materiais cranianos: um jugal,
e um lacrimal esquerdos associados, um incisivo, quatro pos-caninos superiores e quatro pos-

caninos inferiores isolados.
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New information on the postcranial skeleton of Massetognathus ochagaviae
Barberena, 1981 (Eucynodontia, Traversodontidae) from the Middle

Triassic of southern Brazil

New postcranial remains of Massetognathus ochagaviae are described, based on a
specimen collected at the Dinodontosaurus AZ from the Middle Triassic of southern
Brazil. It comprises nine presacral and four sacral vertebrae, a single caudal vertebra,
fragmentary presacral ribs, an incomplete scapula, clavicle, humeri, radium, ilium,
ischium, femora and several undetermined and fragmentary bones. Several isolated
teeth collected together with the postcranial skeleton allowed a secure taxonomic
assignation of the specimen to M. ochagaviae. Its postcranial morphology is quite
similar to Massetognathus pascuali, especially regarding vertebrae, the morphology of
the transverse process; humeri (dorsally deflected head with a ‘fan-shaped’ distal end;
deltopectoral crest that abruptly ends at the middle of shaft; and femora (a bulbous and
dorsomedially inclined femoral head; lesser trochanter which abruptly begins nearby the
intertrochanteric fossa and extends until the middle of the femoral shaft; the medial
condyle is more pronounced and ventrally projected than the lateral one). On the other
hand, the clavicle of M. ochagaviae is less elongated than in M. pasquali. Also, the
dorsal margin of the ilium is not as concave as in M. pasquali. A phylogenetic analysis
was also performed and fully supported the taxonomic assignation of the material to M.

ochagaviae.

Keywords: Cynodontia, Traversodontidae, Dinodontosaurus Assemblage Zone,

Western Gondwana, Middle Triassic.

1. Introduction

Traversodontidae is the most diverse family among triassic cynodonts, with the
majority of its record coming from the Gondwana (Kemp 1982; Abdala and Ribeiro 2010)
and ranging from Anisian to Carnian (Abdala and Ribeiro 2010). It is characterized by the

morphology of its upper postcanine teeth, which are labiolingually expanded, with a deep
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occlusal basis and rectangular in shape. Lower postcanine elements are quadrangular (Liu and
Abdala 2014).

Romer (1967) described Massetognathus based upon specimens from the Chafiares
Formation (Middle Triassic of Argentina), recognizing two different species for this genus:
Massetognathus pascuali and Massetognathus teruggi. Posteriorly, Romer (1972) also erected
Massetognathus major and a distinct species, Megagomphodon oligodens. Hopson and
Kitching (1972) suggested that M. pascuali and M. Teruggii were synonumous, Battail (1991)
also suggested the synonimyzation of these species and Abdala and Giannini (2000) perfomed
an investigation based upon their allometric parameters. As a result, they corroborated the
synonymy of all species, considering only M. pascuali as a valid taxon.

Barberena (1981) described Massetognathus ochagaviae, from the Santa Maria
Formation (Dinodontosaurus Assemblage Zone, Ladinian of Southern Brazil). M. ochagaviae
differs from M. pascuali mainly regarding the morphology of upper postcanine teeth as, in
occlusal view, the lateral basis of the labial margin extends outwards to form an isosceles
triangle. In M. pascuali its shape is rectangular in occlusal view (Liu et al. 2008).

Based on an almost complete individual and four disarticulated specimens, Jenkins
(1970) described the postcranial skeleton of Massetognathus pascuali. Regarding the
Brazilian taxon, prior to the present contribution only a few postcranial remains were
described to Massetognathus ochagaviae. Liu et al. (2008) described an isolated right
humerus, which lacks its proximal end. Oliveira and Schultz (2008) described a partial right
pes tentatively attributed to M. ochagaviae.

In this contribution we provide novel and significant information regarding the
postcranial skeleton of M. ochagaviae through the description of new postcranial remains

housed at the Universidade Federal do Pampa under acronym UNIPAMPA 0625. The
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material comes from the Dinodontosaurus Assemblage Zone, Middle Triassic of southern

Brazil.

1.1. Institutional abbreviation

UNIPAMPA, Laboratorio de Paleobiologia - Universidade Federal do Pampa.

2. Geological Setting

UNIPAMPA 0625 was collected at the locality known as “Posto de Gasolina” or
“Sitio Fogliarini” (S 29°37°35.65°; W 53°22°02.62""), located nearby the main access to the
municipality of Dona Francisca, Rio Grande do Sul State, Brazil.

The locality is composed of reddish mudstones and belongs to the Santa Maria 1
Sequence (Zerfass et al. 2003), recently renamed as Pinheiros-Chiniqua Sequence (Horn et
al. 2014) of the Santa Maria Supersequence. Due to the presence of large rauisuchian
archosaurs, (Franga et al. 2011, 2013; Mastrantonio et al. 2013), the dicynodont
Dinodontosaurus (Franca et al. 2013), and the cynodont Massetognathus (Oliveira and
Schultz, 2008) the locality “Posto de Gasolina” is dated from Early to Middle Ladinian. Due
to the overall predominance of Dinodontosaurus, outcrops with this particular faunal content
belong to the Dinodontosaurus Assemblage Zone (AZ) (Abdala and Ribeiro 2010; Franca et
al. 2011; Soares et al. 2011).

The “Posto de Gasolina/Sitio Fogliarini” is located within the Faxinal do Soturno
Block, one of the structural blocks delimited by Da-Rosa and Faccini (2005) to the
sedimentary rocks from the central region of the Rio Grande do Sul State. Besides this
locality, at the moment, only a few other fossiliferous outcrops are included in this structural
block: “Sitio Linha Sao Luiz”, in the municipality of Faxinal do Soturno, (Carnian/Norian,

Riograndia AZ; Abdala and Ribeiro 2010; Bonaparte et al. 2010; Soares et al. 2011) and
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“Sitio Bortolin” in the municipality of Dona Francisca (Dinodontosaurus AZ; Da-Rosa et al.
2008).

The Dinodontosaurus AZ is correlated to the Chafiares Formation, Triassic of
Argentina, due to its similar faunal content: dicynodonts, large rauisuchian archosaurs and
cynodonts, this last group mainly represented by Massetognathus pascuali (Rogers et al.

2001).

3. Material

UNIPAMPA 0625 consists of a single incisive tooth, four upper and four lower
isolated postcanine teeth, an isolated fragmentary portion of a skull comprising a jugal and a
lacrimal, nine presacral and four sacral vertebrae, a single caudal vertebra, fragmentary
presacral ribs, an incomplete left scapula, a left clavicle, both right and left humeri, a left
radio, a left ilium, a left ischium, both right and left femora and several undetermined
fragmented bones (Figure 1). For the sake of objectivity, only those better preserved and more

informative of repeated elements are figured in detail in this contribution.

(Figure 1)

4. Systematic Paleontology
Cynodontia Owen, 1861
Eucynodontia Kemp, 1982
Traversodontidae von Huene, 1936

Massetognathus ochagaviae Barberena, 1981
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UNIPAMPA 0625 was assigned to Massetognathus ochagaviae due its upper
postcanine tooth morphology, in which the lateral basis of the labial margin extends outwards
to form an isosceles triangle in occlusal view, presence of a short lingual ridge on the upper
postcanines, and subrectangular shaped lower postcanines (Figure 2). In addition, the
deltopectoral crest of humerus forms ventrally a free edge that abruptly ends at the
middlength of the shaft, the supracondylar flange is distinctly convex, presence of
ectepicondylar foramen, and the ectepicondyle is thicker than the one described in Liu et al.

(2008) for M. ochagaviae.

(Figure 2)

5. Description

Left jugal-lacrimal. The fragment is composed of a jugal articulated with the lacrimal,
both incomplete, but part of orbit is preserved (Figure 2 (A-D)). Only half of the lacrimal is
preserved, lacking the region that contactsthe prefrontal. The jugal is fractured at the level of
the contact with the postobital. The jugal deflects ventrally, given the zygomatic arch a
convex shape. The jugal suborbital process is absent.

Teeth. Only one incisive is preserved (Figure 2 (E-H)). It is slight curved backwards,
somewhat compressed, with chisel shape. Four upper postcanines are preserved (Figure 2 (I-
J)). They are labiolingually expanded with a deep occlusal basin, oval shaped, in occlusal
view. The lateral basis of the labial margin extends outwards to form an isosceles triangle in
occlusal view. The posterolabial cusp extends slight forward. The lingual ridge is short. The
posterolingual cusp is prominent and developed, slight directed forward. There are four lower
postcanines preserved (Figure 2 (K-L)). They have a subrectangular shape, the anterior

margin have two cups, forming a high transverse ridge. The labial cusp is more prominent and
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the lingual cusp is slight curvedbackwards. The posterior margin also is composed of two
cusps that form a ridge, which is lower than the anterior transverse ridge, with a shallow basin
between them.

Presacral vertebrae. The division of vertebral series in cynodonts is usually based on
morphology and specialization of the ribs (Oliveira et al. 2009). As none of the preserved
vertebrae possess associated ribs, they were tentatively positioned by the size of vertebral
centra, morphology of transverse process and neural spine. Accordingly, they were dorsal due
to their neural spines are not tapered on this apex, as occurs in the cervical series. According
to Jenkins (1970), in M. pascuali, in which, the size of vertebral centra increase in size
posteriorly. Vertebral centra with smaller size were considered more anterior and those with
larger size, more posterior. Regarding the transverse process, those vertebrae with a laminar
transverse process were considered more anterior and those with a rounded transverse process
were considered more posterior.

Nine presacral isolated vertebrae are preserved. In the anteriormost elements (Figure
3(A-H)), the vertebral centrum is circular, amphycoelus in anteroposterior view, and, in
ventral view, it does not present keels. In the remaining elements, the neural spines are
posteriorly inclined; the anterior edge is sharp and thicker at the apex than in the basis (not
tapered). The transverse processes are short, laminar and dorsoposteriorly oriented. The pre
and postzygapophyses are fractured; the prezygapophyses are dorsally oriented and the
postzygapophyses are ventrally, almost horizontally oriented. The probable intermediary
element (Figure 3(1-P)) has a similar morphology of anteriormost ones. Except by the
morphology of the transverse processes, which is more robust than in the anteriormost
element, but not rounded as it is in the posteriormost one, and the neural spine is larger (e. g.
more anteroposteriorly expanded). In the posteriormost element (Figure 4 (A-F)), the

vertebral centrum is similar to the preceding vertebra. The neural spine is taller than that from
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the anteriormost element. The transverse process is short and stout, with a more rounded
shape than in the anterior elements. The pre and postzygapophyses are also fractured and its
features are similar to the anteriormost presacral vertebra, excepting that the

postzygapophyses are more vertically oriented in comparison.

(Figure 3)

Sacral vertebrae (Figure 4 (K-R)). There are four sacral vertebrae preserved which
gradually decrease in size anteroposteriorly. The following description is based in the better
preserved element. The vertebral centrum is similar to that ofpresacral elements, however
more dorsoventrally compressed and laterally extended in comparison. The neural spine is
posteriorly inclined and more expanded anteroposteriorly than that from the presacral
vertebra. The prezygapophyses are somehow fractured. They are slightly oriented upwards
and anteriorly. Also they are more horizontally oriented and widely separated from each other
than in observed in presacral elements. The postzygapophyses are badly preserved. In spite of
this, it is possible to observe that transverse process and parapophyses are fused to each other
forming laterally oriented synapophyses.

Caudal vertebra (Figure 4 (G-J)).Only one caudal vertebra comprising the vertebral
centrum is preserved. As the remaining vertebrae, it is amphycoelus. Its anterior diameter is
slightly greater than posterior.

Presacral ribs (Figure 4 S-T). The preserved presacral ribs are mainly composed of
fragments. Four proximal ends are preserved and only one preserves the shaft. Therefore, only
the most complete element is described here. Its proximal end has triangular shape, with two
well defined areas of articulation, capitulum and tuberculum. The capitulum, anteroventrally

placed, is more elongated than the tuberculum, posterodorsal. In anterior view, below the
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tuberculum, there is a laterally extended crest. The shaft extends from the proximal end and

curves ventrally. Expanded costal plates are present, but they are significantly reduced.

(Figure 4)

Left scapula (Figure 5 (A-B)). Only part of the scapular blade is preserved, which is
broken at the level of the acromion process. Still, it is possible to observe that the scapular
blade is short and thin. Its anterior margin is laterally inflected abruptly and the posterior
margin is more slightly inflected in comparison. The infraspinous fossa is not very deep,
probably due to taphonomic deformation. Below the scapular blade, the element is strongly
constricted, also probably due to some degree of taphonomic deformation.

Left clavicle (Figure 5 (C-J)). This element is short and thin. Its medial half is almost
straight with the lateral half abruptly deflected posterodorsally. The medial end forms a broad
plate for articulation with the interclavicle, as it has a greater width than rest of the element.

The lateral end has a concave articulation area with the acromion process.

(Figure 5)

Humeri (Figure 6 (A-N)). The proximal extremity of the left humerus is fractured at
the level of the humeral head, but the greater and lesser tuberosities are preserved. The
humeral head, preserved in the right humerus, is rounded, dorsally reflected, and forms a
sigmoidal flange in dorsal view. The lesser tuberosity is rounded, whereas the greater
tuberosity is more developed and bulbous in comparison. The biccipital groove in the left
humerus is broad, whereas in the right humerus it is narrower, exhibiting angles of almost 90

degrees. This difference between both elements is probably diagenetic suffered by the left
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humerus during fossilization. Ventrally, the deltopectoral crest forms a free edge that abruptly
ends at the midlength of the shaft. Both entepicondylar and ectepicondylar foramina are
present, with the last one visible only in ventral view. The distal extremity possesses a
distinctly convex supracondylar flange, which gives to it a ‘fan’ shape. The ectepicondyle is
slightly thicker than the entepicondyle in comparison.

Left radius (Figure 6 (O-V)). It is slender, slightly sigmoid; the proximal articular
surface is circular in shape with shallow concavity. Lateroproximally, the diaphysis bears a
crest to articulation with the ulna, which extends distally towards about half of the radial
length. The articular area of its distal extremity has an elliptic shape, also with a shallow
concavity. Lateroanteriorly, there is a distal flange that extends proximally until about one

third of the radial length.

(Figure 6)

Right ilium (Figure 7 (A-D)). A portion of the iliac blade is dorsomedially fractured.
Yet, it is possible to observe it is thin, ‘spoon-shaped’ in anterior view, and lanceolate in
posterior view. The preacetabular portion is slightly greater in length than the postacetabular
one. In lateral view, the iliac blade is concave, mainly over its anteriormost portion. Its basis
Is constricted, forming a short neck above the acetabular area, which is posteroventrally
oriented and slightly lateralized. The supracetabular buttress is developed and, from the
acetabulum, it is anterodorsally oriented.

Right ischium (Figure 7 (E-G)). Consists of a thin, short, and ventrally oriented broad
plate, in which the acetabular portion is thicker in comparison. Posteriorly to the acetabular
portion there is a constriction. The dorsal margin deflects abruptly medially, forming almost

an acute angle in relation to the ischial blade in dorsal view, and has a longitudinal sulcus
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ending at the level of a slightly pronounced ischial tuberosity. The ventral margin is fractured.
The acetabular region is anterolaterally oriented and the ischial buttress is poorly developed.
Femora (Figure 7 (I-T)). These elements are slender with an expanded and ‘fan-
shaped’ proximal end, which is broader in the left femur than in right femur, probably due to
the fractutes suffered by the left femur during fossilization. A neural spine is fused to the
posterior border of the left femur. The femoral head is bulbous, hemispherical, and
dorsomedially inclined. The greater trochanter is robust and protuberant, whereas the lesser
trochanter is a distinct flange, which abruptly begins near to the intertrochanteric fossa and
extends until the middle of the femoral shaft. In cross section (at the midpoint), the femoral
shaft is subrectangular. The distal end bears two well-defined condyles. The anterior (medial)

condyle is more pronounced and ventrally projected than the posterior (lateral) one.

(Figure 7)

6. Phylogenetic Analysis

The phylogenetic analysis was perfomed in order verify the phylogenetic relationships
of UNIPAMPA 0625 within Traversodontidae and other eucynodontids as well. In order to do
so, the data matrix published by Liu and Olsen (2010) was used in the present study, as it
embraces a significant number of postcranial characters, with modifications performed by
Martinez et al. (2013). Additionally, two taxa were added besides UNIPAMPA 0625:
Massetognathus ochagaviae and Exaeretodon riograndensis (Appendix 3). Also, in the
character 102 by Liu and Olsen (2010) we added a fourth new state (Appendix 1). The
resultant data matrix has 148 characters and 36 taxa.

The phylogenetic analysis was run using T.N.T version 1.1 (Goloboff et al. 2008),

with the following parameters: traditional search (10 replications, tree bisection reconnection
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— TBR) with all characters unordered and unweighted. The values of decay index (Bremer
support) were calculated, as well as Bootstrap values to 1000 replications (see Figure 8). The
analysis recovered twelve most parsimonious trees (MPT) of 454 steps (Consistency
Index=0.47, Retention Index=0.77). UNIPAMPA 0625 is nested within Traversodontidae, in
a sister-group relationship with Massetognathus ochagaviae, both constituting a clade, that in
turn, are close related to Massetognathus pascuali. The two nodes of this genus are supported
by one and five synapomorphies (Appendix2), respectively. The monophyly of this genus was
recovered in all twelve MPTs, and also corroborated the preliminary taxonomic assignation of
UNIPAMPA 0625, solely based upon morphologic features. The strict consensus tree,
however polytomic in some extent, fully supports the monophyletic status of the
Traversodontidae, which includes two less inclusive monophyletic groups, and has
Sinognathus as its sister-taxon (Figure 8). The non-resolved Traversodontidae was also
recovered by Liu and Olsen (2010) and Martinez et al. (2013).

Overall, the topology of the strict consensus tree does not differ significantly from
those by Liu and Olsen (2010) and Martinez et al. (2013). The dichotomy of Eucynodontia
(Cynognathia and Probainognathia) was recovered as in Liu and Olsen (2010), Martinez et al.
(2013) and other authors (see also Hopson and Kitching 2001; Bonaparte et al. 2005;
Martinelli et al. 2005; Martinelli and Rougier 2007; Ruta et al. 2013). In the present analysis
(and also in Liu and Olsen, 2010 and Martinez et al. 2013) the family Tritylodontidae is
included within the clade Probainognathia, contrasting with the proposal of Hopson and
Kitching (2001), in which this family is included within Cynognathia, as a derived subgroup

of traversodontids, considered paraphyletic.

(Figure 8)
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7. Comparison and Discussion

Vertebrae. The ventral keel on the dorsal vertebral centra is absent as in M. pascuali,
Luangwa, and Menadon (Jenkins 1970; Kemp 1980b, Kammerer et al. 2008). The neural
spine is thickened at its apex, a similar condition present in Luangwa, Menadon, Exaeretodon
argentinus, and Protuberum and different from Andescynodon and Exaeretodon
riograndensis, that do not exhibit this thickening on the apex of neural spine, where the apex
is sharp (Bonaparte 1963; Kemp 1980b; Oliveira et al 2007; Kammerer et al. 2008; Liu &
Powell 2009; Reichel et al. 2009). The morphology of the transverse process is similar to that
observed in M. pascuali. In more anterior vertebrae, the transverse processes are laminar, but
rounded in the more posterior ones (Jenkins 1970).

In sacral vertebrae, the neural spine is posteriorly inclined as in Exaeretodon,
contrasting with Menadon in which the neural spine is vertically directed (Bonaparte 1963;
Oliveira et al. 2007; Kammerer et al. 2008).

Ribs. The presacral ribs of Massetognathus ochagaviae have costal plates as other
traversodontids, such as Massetognathus pascuali, Andescynodon, Luangwa, Menadon,
Protuberum, Traversodon (Jenkins 1970; Kemp 1980a; von Huene 1990; Kammerer et al.
2008; Liu and Powell 2009; Reichel et al. 2009). Conversely, costal plates are absent in the
traversodontid Exaeretodon (Bonaparte 1963; Oliveira et al. 2007) and also in
probanognathian cyndonts as Prozostrodon, Therioherpeton, Procynosuchus, Chiniquodon,
and Trucidocynodon (Kemp 1980b; Bonaparte and Barberena 2001; Oliveira et al. 2009;
Oliveira et al. 2010). According to Jenkins (1971), the costal plates served to significantly
strengthen the vertebral column, due to the lack of specializations in the lumbar region that
provide strength to the vertebral column, for instance, in mammals (Kemp 1980a). Hopson
and Kitching (2001) consider the absence of specialization on ribs a synapomorphy of

Probainognathia. Based upon characteristics of the ribs M. pascuali’s ribs (see Jenkins, 1970),
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and the presence of less developed costal plates in comparison, the ribs of M. ochagaviae are
probably placed in an anterior or medial position of the dorsal series.

Scapula. In this element, both anterior and posterior margins are laterally inflected, a
condition also found in other traversodontids such as Massetognathus pascuali, Exaeretodon,
Luangwa, Menadon (Jenkins 1970; Kemp 1980a; Bertoni 2014; Kammerer et al. 2008).

Clavicle. The general morphology is similar to that observed in other traversodontids
likeM. pascuali (although less elongated than in this taxon, see Oliveira 2010),
Andescynodon, and Exaeretodon (Bonaparte 1963;Liu and Powell 2009).

Humeri. The humeral head is dorsally deflected similarly to M. pascuali, Luangwa,
Santacruzodon, and Andescynodon (Jenkins 1970; Kemp 1980a; Liu and Powell 2009;
Bertoni 2014). The distal end is ‘fan-shaped’ as described by Liu et al. (2008) to
Massetognathus ochagaviae. Also, it is similar to M. pascuali, Luangwa, Exaeretodon,
Andescynodon; differing from Santacruzodon in which the distal end is triangular (Bonaparte
1963; Jenkins 1970; Kemp 1980a; Liu and Powell 2009; Bertoni 2014). The deltopectoral
crest that abruptly ends at the middle of the shaft was also observed in M. pascuali, Luangwa,
and Santacruzodon (Jenkins 1970; Kemp 1980a;; Bertoni 2014). The deltopectoral crest
extends more than thehalf of the shaftin Andescynodon and Exaeretodon, in the last the crest
is more robustthan in M. ochagaviae (Bonaparte 1963; Liu and Powell 2009). The
entepicondylar and ectepicondylar foramina are present as in M. pascuali, Andescynodon,
Luangwa, Exaeretodon, and Santacruzodon (Bonaparte 1966; Jenkins 1970; Kemp 1980a;
Bertoni, 2014). In Cynognathus, Trucidocynodon, advanced cynodonts as Bienotheroides,
Kayentatherium, and basal mammals like Morganucodon only the entepicondylar foramen is
present (Jenkins and Parrington 1976; Sun and Li 1985; Abdala 1999; Maisch et al. 2004;
Sues and Jenkins 2006; Oliveira et al. 2010). Overall, the humerus is quite similar to that of

M. pascuali (Jenkins 1970; Liu et al. 2008).
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Radius. The radius is slender and slightly sigmoid as in M. pascuali and Menadon but,
in the latter, the radius is less sigmoid in comparison (Jenkins 1970; Bertoni 2014). The radii
of Exaeretodon, Trucidocynodon, Thrinaxodon, and Chiniquodon are more robust than in M.
ochagaviae (Bonaparte 1966; Jenkins 1971; Romer and Lewis 1973; Oliveira et al. 2007,
Oliveira et al. 2010).

Ilium. The preacetabular region is larger than the postacetabular one, as in M.
pascuali, Luangwa, and Andescynodon (Jenkins 1970; Kemp 1980a; Liu and Powell 2009),
contrasting with Cynognathus and Procynosuchus in which the postacetabular area is larger
than the preacetabular one (Jenkins 1971; Kemp 1980b). It also differs from Exaeretodon,
Menadon, and Protuberum, in which the preacetabular region is much longer than the
postacetabular one (Bonaparte 1963; Kammerer et al. 2008; Reichel et al. 2009). Besides, in
Prozostrodon (Bonaparte and Barberena 2001), whose ilium has a more advanced condition,
the postacetabular region was lost. The orientation of the supracetabular buttress is similar to
that of Menadon and Luangwa and different from Cynognathus, in which is dorsally oriented
(Jenkins 1971; Kemp 1980a; Kammerer et al. 2008). In spite of being fractured, the dorsal
margin of iliac blade does not appear to be as convex as illustrated by Jenkins (1970) to M.
pascuali.

Ischium. Its general morphology resembles that of other traversodontids such as
Luangwa (Kemp, 1980a) and Menadon (Kammerer et al., 2008), despite in these taxa the
proximal portion is broader than in M. ochagaviae. The ischial buttress does not form a “lip”
as in M. pascuali, Exaeretodon, Luangwa, and Menadon, perhaps due to preservation or
taphonomy (Bonaparte 1963; Kemp 1980a; Oliveira et al. 2007; Kammerer et al. 2008;
Oliveira 2010).

Femora. The bulbous and dorsomedially inclined femoral head is similar to observed

in M. pascuali, Luangwa, Exaeretodon, Santacruzodon, and Menadon (Bonaparte 1963;
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Jenkins 1970; Kemp 1980a; Bertoni 2014). These features in the femoral head suggest that
the hind limb of M. ochagaviae have an upright posture in vivo, closer to a mammalian
pattern (Jenkins 1970; Oliveira 2010). Upright posture for the hind limb is also observed in
other traversodontids: M. pascuali, Exaeretodon, Luangwa, and also in the ecteniid
Trucidocynodon (Bonaparte 1963; Jenkins 1970; Kemp 1980a; Oliveira, 2010; Oliveira et al.
2010). The morphology of the lesser trochanter is similar to that observed in M. pascuali,
Luangwa, Menadon, and Santacruzodon, despite that, in this last taxon, the lesser trochanter
is more gentle in comparison (Jenkins 1970; Kemp 1980a; Bertoni 2014). The anterior
condyle more projected ventrally is observed in several cynodonts (e.g. M. pascuali,
Exaeretodon, Menadon, and Santacruzodon (Bonaparte 1963; Jenkins 1970; Bertoni 2014).

As the humerus, the femur is quite similar to that of M. pascuali (Jenkins 1970).

8. Conclusions

The phylogenetic position of UNIPAMPA 0625 confirms the morphological
assignation to Massetognathus ochagaviae. The general morphology of M. ochagaviae shows
many similarities with Massetognathus pascuali, mainly in features of the vertebrae,
similarities in the transverse process; humeri (humeral head, deltopectoral crest, ‘fan-shaped’
distal end); and femora (femoral head, lesser trochanter, condyles). On the other hand, the
morphology of clavicle, the less elongated ilium with a less concave dorsal margin,
demonstrates that the postcranial skeleton of M. ochagaviae is slightly different from that of
M. pascuali. Those similarities and differences are not unexpected in the case of two
distinctive but close related taxa. The femoral morphology points to an upright posture of M.
ochagaviae, in the same fashion observed in mammalians. On the other hand, the presence of
costal plates on the ribs indicates a less advanced skeletal musculature. The postcranium of M.

ochagavie possesses a combination of plesiomorphic and apomorphic characters; and not
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even a single autapomorphic character was observed that could support the assignation of a
new traversodontid.

Concluding, the description of the material herein presented filled a long-term gap in
the knowledge regarding the skeletal anatomy of M. ochagaviae, increasing the knowledge

not only regarding this taxon, but of traversodontids as well.
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Appendix 1.

The character 102 of Liu & Olsen (2010) was modified, a new state (fourth) was added, as
follow:

102. Upper postcanine: sectorial, lacking cingulum or with incipient lingual cingulum (0);
sectorial, with well-developed lingual cingulum (1); buccolingually expanded (2);
buccolingually expanded with labial margin extending outward to form an isosceles triangle
in occlusal view (3).

Appendix 2- Synapomorphies

Node Massetognathus pascuali + Massetognathus ochagaviae + UNIPAMPA 0625:4 (0 —1),
19 (2 —0), 35 (1—2), 98 (0—2), 99 (0—2).

Node Massetognathus ochagaviae + UNIPAMPA 0625: 102 (2—3).
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Appendix 3 - Character matrix
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Figure captions
Figure L.UNIPAMPA 0625 general view of all elements, based on reconstruction of

Massetognathus pascuali, from Jenkins (1970). The elements are not in scale.

Figure 2. UNIPAMPA 0625 jugal-lacrimal left fragment in: (A-B) left lateral; (C-D) dorsal
views. Scale bar: 50 mm. Incisive tooth in: (E-G) mesial; (F-H) labial views. Upper
postcanine in: (I-J) oclusal view. Lower postcanine in: (K-L) oclusal view. Scale bar: 10mm.

Abbreviations: ant, anterior; lab, labial; lin, lingual.

Figure 3. UNIPAMPA 0625, anteriormost presacral vertebrae in: (A-C) anterior; (B-D)
posterior; (E-G) left lateral; (F-H) right lateral views. Intermediary presacral vertebrae in: (I-
K) anterior; (J-L) posterior; (M-O) left lateral; (N-P) right lateral views. Abbreviations: fr,
fragments; ns, neural spine; po, postzygapophysis; pr, prezygapophysis; tp, transverse

process. Scale bar: 50mm.

Figure 4. UNIPAMPA 0625, posteriormost presacral vertebrae in: (A-D) anterior; (C-E)
posterior; (C-F) right lateral views. Caudal vertebrae in: (G-H) right lateral; (1) posterior; (J)
anterior views. Sacral vertebrae in: (K-M) anterior; (L-N) posterior; (O-Q) left lateral; (P-R)
right lateral views. Presacral rib in: (S-T) dorsal view. Abbreviations: aar, anterior articulation
area; ca, capitulu; cp, costal plate; fr, fragments; ns, neural spine; par, posterior articulation
area; po, postzygapophysis; pr, prezygapophysis; prr, proximal region of another rib; sh,

shaft; sp, synapophysis; tp, transverse process; tu, tuberculum. Scale bar: 50mm.

Figure 5. UNIPAMPA 0625, left scapula in: (A-B) lateral view. Left clavicle in: (C-G)
anterior; (D-H) posterior; (E-I) dorsal; (F-J) ventral views. Abbreviations: aa, articulation area
to acromion; ai, articulation area to interclavicle; am, anterior margin; fr, fragments. Scale

bar: 50mm.

Figure 6.UNIPAMPA 0625, right humerus in: (A-C) dorsal; (B-D) ventral; (E-I), anterior; (F-
J) posterior; (G-K) proximal; (H-L) distal views. Left humerus (M) ventral; (N) posterior
views. Left radius in: (O-S) anterior; (P-T) posterior; (Q-U) medial; (R-V) lateral views.
Abbreviations: da, distal articulation area; dc, deltopectoral crest; ec f, ectepicondylar
foramen; en f, entepicondylar foramen; ec, ectepicondyle; en, entepicondyle; fr, fragments; gt.
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greater tuberosity; hh, humeral head; It, lesser tuberosity ; pa, proximal articulation area.

Scale bar: 50mm.

Figure 7. UNIPAMPA 0625 right ilium in: (A-B) lateral; (C-D) medial views. Right ischium
in: (E-G) medial; (F-H) lateral views. Right femur in: (1-O) anterior; (J-P) lateral; (K-Q)
proximal; (L-R) distal; (M-S) medial; (N-T) posterior views. Abbreviations: ac, acetabulum;
ib, ischial buttress, it, ischial tuberosity; th, femoral head; gtr, greater trochanter; Ic, lateral
condyle; Itr, lesser trochanter; mc, medial condyle; poa, postacetabular portion of the iliac

blade; pra, preacetabular portion of the iliac blade; supracetabular buttress. Scale bar: 50mm.

Figure 8.Strict consensus three of twelve most parsimonious trees resulting of phylogenetic
analysis. Tree length of 454 steps (Consistency Index=0.47, Retention Index=0.77). Bremer
supports greater than 1 are listed above nodes and Bootstrap values greater than 50% are

listed below nodes.
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5 CONCLUSOES

O esqueleto pos-craniano de Massetognathus ochagaviae apresenta uma combinacao
de caracteres plesiomdrficos (como a presenca de placas costais, que pode indicar uma
musculatura menos avancgada) e apomorficos (como o fémur com uma cabeca bulbosa e
dorsomedialmente inclinada sugerindo uma postura mais abduzida para 0 membro posterior).
A morfologia pés-craniana de M. ochagaviae € bastante similar a de Massetognathus
pascuali, especialmente em relagdo as vértebras, Gmero e fémur.

M. ochagaviae também foi comparado com outros cinodontes apresentando, como
esperado, semelhancas anatdmicas com outras formas ndo-mamalianas: a postura do membro
posterior, presenca de placas costais, morfologia do Umero, ilio, isquio, fémur; estas como de
outros traversodontideos (e. g. Luangwa, Menadon e Santacruzodon).

A assignacdo prévia de UNIPAMPA 0625 a M. ochagaviae foi confirmada pela
analise filogenética realizada. UNIPAMPA 0625 aparece em uma relacdo de grupo-irmao
com M.ochagaviaee ambos formando um clado mais inclusivo com M. pascuali,confirmando
a validade do género.

A descricdo do material pos-craniano, UNIPAMPA 0625, aqui apresentado preenche
uma lacuna acerca do conhecimento da anatomia de M. ochagaviae, que até entdo tinha
poucos elementos de seu esqueleto pds-craniano conhecido. Além de contribuir para o

aumento do conhecimento da familia Traversodontidae como um todo.
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