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RESUMO

DES?RICAO E POSICIONAMENTO FILOGENETICS) DE UM NOVO
ESPECIME DE SAUROPODOMORFA DA FORMACAO CATURRITA

AUTOR: RODRIGO TEMP MULLER
ORIENTADOR: SERGIO DIAS DA SILVA
CO-ORIENTADOR: MAX CARDOSO LANGER

A presente dissertacdo tem como objetivo principal apresentar a anatomia 0ssea de um
sauropodomorfo primitivo descoberto em rochas Tridssicos no municipio de Agudo, Rio
Grande do Sul (RS), Brasil. Além disso, objetiva-se testar o espécime em estudos de
correlacdo bioestratigréfica. O espécime CAPPA/UFSM 0002 é composto por elementos pds-
cranianos recuperados na localidade conhecida como Sitio Wachholz, atribuida a Formacéo
Caturrita. E possivel verificar a presenca de caracteristicas consideradas tipicas dos
‘prossaurdpodes’. Por exemplo, a forma concava da margem caudal dos processos espinhosos
das vertebras mediais truncais, a superficie convexa da extremidade proximal do metacarpal
V e a extremidade distal do isquio com altura maior do que duas vezes sua largura. Por outro
lado, feicOes tipicas de grupos mais derivados do que Plateosauridae ndo foram encontradas e
a primeira falange do digito | do pé apresenta morfologia delgada, comum em
sauropodomorfos mais basais. Uma analise comparativa e filogenética dentre diversos
sauropodomorfos primitivos sugere afinidades com Unaysaurus tolentinoi, at¢ 0 momento o
unico sauropodomorfo inequivoco da Formacdo Caturrita. Com base em tais resultados, é
proposto um esquema de correlacdo entre os sitios Wachholz, Botucarai (Candeléaria, RS) e
Agua Negra (Sdo Martinho da Serra, RS), este ultimo tendo produzido o Gnico registro de U.
tolentinoi até o momento. Assim, esta € a primeira proposta bioestratigrafica envolvendo a
localidade tipo de U. tolentinoi com base em vertebrados fosseis. Dada a presenca do género
Jachaleria na Formacdo Los Colorados (Argentina) e no Sitio Cerro Botucarai, € sugerida
idade Noriana inicial para os sitios correlacionados neste esquema, uma vez que estudos
recentes apontam a mesma idade para a porcdo com registro do género na Formacdo Los
Colorados. Esta idade coloca U.tolentinoi e os outros espécimes avaliados aqui em uma
posicdo Unica na historia evolutiva dos sauropodomorfos, sugerindo que eles viveram em um
momento de transicdo de um periodo de baixa representatividade para um de extrema
abundancia do grupo na Terra.

Palavras-chave: Noriano. “Prosauropoda”. Sequencia Candelaria.



ABSTRACT

DESCRIPTION AND PHYLOGENETIC POSITION OF A NEW
SAUROPODOMORPH SPECIMEN FROM THE CATURRITA
FORMATION

AUTHOR: RODRIGO TEMP MULLER
ADVISOR: SERGIO DIAS DA SILVA
CO-ADVISOR: MAX CARDOSO LANGER

The present dissertation aims to present the osteological anatomy of an early sauropodomorph
found in Triassic rocks from the municipality of Agudo, Rio Grande do Sul (RS), Brazil. In
addition, it aims to tests the biostratigraphic utility of this specimen. CAPPA/UFSM 0002 is
composed of postcranial elements from the locality called Sitio Wachholz, ascribed to the
Caturrita Formation. Some typical features present in “prosauropods” are verified in the
specimen. For instance, the concave caudal margin of the neural spines of the medial trunk
vertebrae, the convex proximal surface of the metacarpal V, and the distal end of the ischium
higher than two times the width. On the other hand, typical features of more derived groups
than Plateosauridae are absent and the slender shape of the first phalanx of the digit I of the
foot corresponds to a common state of basalmost sauropodomorphs. A comparative and
phylogenetic analysis among several early sauropodomorphs suggests affinities with
Unaysaurus tolentinoi, the only unequivocal sauropodomorph from Caturrita Formation.
Based upon such results, a biostratigraphic framework is proposed, which includes the
Wachholz, Botucarai Hill (Candelaria, RS), and the Agua Negra sites (S0 Martinho da Serra,
RS), this last one so far producing the only record of U. tolentinoi. This corresponds to the
first biostratigraphic framework proposed based on fossil vertebrates for the type locality of
U. tolentinoi. Considering the presence of the genus Jachaleira in the Los Colorados
Formation (Argentina) and in the Botucarai Hill Site, an early Norian age is suggested to the
correlated sites, as recent studies point this age to the portion that yielded Jachaleria in the
Los Colorados Formation. Such age places U. tolentinoi and the other sauropodomorphs
evaluated here in a unique position regarding the evolutionary history of the
sauropodomorphs, suggesting that they lived in a transitional moment, between a period of
low representativeness to an of extreme abundance of the group on Earth.

Keywords: Norian. “Prosauropoda”. Candelaria Sequence.
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APRESENTACAO

A presente dissertacdo, estruturada de acordo com as normas do Manual de
Dissertacdes e Teses da UFSM (MDT), integra 0s requisitos necessarios para a obtencdo do
titulo de Mestre em Ciéncias Biologicas — Area Biodiversidade Animal, pelo Programa de
Pds-Graduacdo em Biodiversidade Animal da Universidade Federal de Santa Maria. Ela é
composta por um texto integrador, um artigo e conclusoes.

O texto integrador inclui inicialmente uma contextualizacdo dos sauropodomorfos
primitivos, seguida por um breve levantamento dos espécimes atribuidos ao grupo no Rio
Grande do Sul. Logo ap6s, o material de estudo € apresentado, bem como os objetivos desta
dissertacdo.

O artigo tem como foco a descri¢do osteoldgica do espécime alvo deste estudo, seu
posicionamento filogenético e suas implicagdes bioestratigraficas. O manuscrito é
apresentado de acordo com as normas de formatacdo exigidas pelo periodico cientifico
Historical Biology, no qual o mesmo foi publicado.

Nas conclusdes sdo apresentados os resultados obtidos ao longo deste estudo em

relacdo aos objetivos apresentados ao final do texto integrador.
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1 INTRODUCAO

1.1 PRECURSORES

Por volta de 250 (249-251) milhGes de anos atras, cerca de 2.3 milhdes de anos apés a
maior extincdo em massa da histdria da Terra, foram registrados os primeiros membros do
grupo denominado por Benton (1985) como Dinosauromorpha (BRUSATTE et al., 2011).
Dinossauromorfos desta idade s&o reconhecidos através de pegadas do Olenekiano inicial da
Polonia (BRUSATTE et al., 2011). No entanto, restos de esqueletos sdo registrados somente a
partir do Anisiano da Tanzania e da Zambia (NESBITT et al., 2010; 2012; PEECOOK et al.,
2013). Estudos filogenéticos (NESBITT et al., 2012) sugerem que, ainda durante o Triassico
Meédio, os dinossauromorfos teriam divergido em trés principais linhagens (Figura 1):
Lagerpetidae (ARCUCCI, 1986); Silesauridae (LANGER et al., 2010); e Dinosauria (OWEN,
1842).

Lagerpetidae, o grupo mais basal, tem até 0 momento seus representantes mais antigos
registrados em estratos Carnianos da Argentina (ROMER, 1971; MARSICANO et al., 2015),
enquanto que as formas mais recentes sdo originarias do Noriano dos Estados Unidos e da
Argentina (IRMIS et al., 2007; NESBITT et al., 2009; MARTINEZ et al., 2015). Os outros
dois grupos, juntamente com Marasuchus lilloensis (SERENO e ARCUCCI, 1994), fazem
parte do clado Dinosauriformes (NOVAS, 1992), o qual é tido como grupo-irmdo de
Lagerpetidae (LANGER et al., 2013). Dentre os dinossauriformes, M. lilloensis do Carniano
da Argentina, é aninhado como grupo-irmdo do nodo que une os silesaurideos e 0s
dinossauros (NESBITT, 2011). Porém, ainda existem incertezas envolvendo as afinidades
filogenéticas dos silesaurideos. Langer e Ferigolo (2013) sugerem que 0 grupo possa ter feito
parte do clado Dinosauria, ao invés de ser seu grupo-irmao. Seguindo esta hipétese, alguns
silesaurideos apresentariam afinidades com os dinossauros ornitisquios (LANGER e
FERIGOLO, 2013), o que ajudaria a explicar a escassez de ornitisquios Triassicos.

Os registros 0sseos mais antigos de silesaurideos incluem as espécies Asilisaurus
kongwe (NESBITT et al., 2010) e Lutungutali sitwensis (PEECOOK et al., 2013) do Anisiano
da Tanzania e da Zambia respectivamente. Assim como 0s lagerpetideos, as ocorréncias mais
recentes de silesaurideos datam do Triassico Superior (SMALL, 2009). Registros de
silesaurideos tornaram-se bastante frequentes na literatura a partir da ultima década,

especialmente devido a reavaliacOes de espécies previamente atribuidas a outros clados (e.g.,



11

EZCURRA, 2006). Este fator veio a revelar uma ampla distribuicdo geogréfica do grupo
durante sua histéria evolutiva, com registros oriundos da Argentina (ARCUCCI, 1987,
MARTINEZ et al., 2013), Brasil (FERIGOLO e LANGER, 2007), Poldnia (DZIK, 2003;
NIEDZWIEDZKI et al., 2014), Marrocos (KAMMERER et al., 2011), Estados Unidos
(CHATTERJEE, 1984; SULLIVAN e LUCAS, 1999; SMALL, 2009), além dos ja
mencionados registros da Tanzénia e Zambia.

Figura 1 — Afinidades filogenéticas e distribuicdo temporal dos principais grupos de
dinossauromorfos durante o Triassico
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Fonte: Tabela do tempo baseada em Gradstein et al. (2012). Silhuetas adaptadas de fontes diversas.

Tanto os silessaurideos como os lagerpetideos conviveram com as formas iniciais e
mais basais de dinossauros (IRMIS et al., 2007), uma vez que o registro de ambos estende-se

até proximo do final do Triassico. Apds este momento, iniciando no Jurassico, 0S
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dinossauromorfos passam a ser representados unicamente por dinossauros, sendo que na
atualidade o grupo continua representado atraves das aves (BRUSATTE et al., 2015).

Até 0 momento, os fdsseis inequivocos mais antigos de dinossauros sdo de idade
carniana (MARTINEZ et al., 2011) e procedentes de depdsitos da Argentina (REIG 1963;
SERENO et al.,1993; EZCURRA 2010; MARTINEZ et al., 2011), Brasil (COLBERT 1970;
LANGER et al., 1999; CABREIRA et al., 2011), Africa (RAATH, 1996) e india
(CHATTERJEE, 1987). No entanto, um membro potencial do grupo com idade Anisiana e
descoberto na Tanzania foi sugerido por Nesbitt et al. (2012). Porém, devido a natureza
fragmentéria do espécime, a afinidade dinossauriana deste registro ainda deve ser considerada
com cuidado. De qualquer forma, os principais grupos de dinossauros ja estdo presentes
durante o Carniano. Estes incluem os clados Ornithischia (SEELEY, 1888), representado por
Pisanosaurus mertii (CASAMIQUELA, 1967) da Formacdo Ischigualasto da Argentina; e
Saurischia (SEELEY, 1888), o qual é representado por uma série de espécies distribuidas
principalmente no sudoeste do Pangeia (EZCURRA, 2012). Adicionalmente podem ser
reconhecidos, também no Carniano, membros dos dois grandes subgrupos de saurisquios,
Theropoda e Sauropodomorpha. O clado Theropoda (MARSH, 1881), ainda pouco
amostrado, registra 0 pequeno carnivoro Eodromaeus murphi (MARTINEZ et al., 2011).
Entretanto, alguns estudos filogenéticos (MARTINEZ et al., 2011; NESBITT e EZCURRA,
2015) sugerem que os herrerasaurideos poderiam ter afinidades teropodianas, o que
aumentaria substancialmente o registro de Theropoda no Carniano. Porém a inclusdo de
Herrerasauridae dentro de Theropoda necessita maior corroboracdo. JA o clado
Sauropodomorpha (HUENE, 1932) aumentou consideralvelmente sua representatividade no
registro fossil do Carniano ao longo da ultima década, principalmente através de descobertas
no Brasil (CABREIRA et al., 2011) e na Argentina (EZCURRA, 2010; MARTINEZ e
ALCOBER, 2009), além da reinterpretacido (MARTINEZ et al., 2011) das afinidades
filogenéticas de Eoraptor lunensis (SERENO et al., 1993).

1.2 SAUROPODOMORFQOS PRIMITIVOS

Usualmente o clado Sauropodomorpha é conhecido por incluir os sauropodes dentre
seus membros. Os saurépodes, caracterizados pelo enorme tamanho corporal e pesco¢o longo,
surgem no registro féssil a partir do Tridssico Superior (OTERO e POL, 2013) ou Jurassico
Inferior (PEYRE DE FABREGUES et al., 2015), dependendo da definicdo filogenética

utilizada e relagdes internas de alguns de seus membros. Esse registro se estende até o final da
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Era Mesozoica, momento em que eles, junto aos terépodes ndo-avianos e ornitisquios, foram
extintos (BRUSATTE et al., 2015). Durante este longo periodo, os sauropodes alcangaram
grande sucesso evolutivo, evidenciado atraves de sua notavel diversidade taxondmica
(MANNION et al.,, 2011), ampla distribuicdo geografica (UPCHURCH et al., 2004) e
aquisicdo de varias caracteristicas que tornaram mais eficiente o seu habito alimentar
herbivoro (SERENO et al., 2007). Entretanto, antes do surgimento dos saurépodes, uma vasta
gama de sauropodomorfos primitivos teve seu periodo de sucesso durante a histéria evolutiva
do grupo (GALTON e UPCHURCH, 2004).

Essas formas precursoras foram, por muito tempo, chamadas de “prossaurépodes”. No
entanto, estudos filogenéticos mais recentes sugerem que esse grupo corresponde a uma
assembleia parafilética e que, na verdade, o proprio grupo dos saurépodes tenha origem
diretamente ligada aos ‘“prossaurépodes”. Por esse motivo, 0 termo “prossaurdépode” é
geralmente usado para denominar os sauropodomorfos ndo-sauropodes. Ainda assim, algumas
formas muito primitivas de sauropodomorfos ndo apresentam caracteristicas tipicas dos
“prossaurépodes” (Figura 2), como por exemplo, a cabeca proporcionalmente pequena e 0s
dentes portando denticulos robustos. Portanto, nesta dissertacdo o termo “sauropodomorfos
primitivos” ¢ adotado para designar todos sauropodomorfos que ndo fazem parte do grupo dos

saurépodes

Figura 2 — Plano corp6reo e caracteristicas tipicas dos sauropodomorfos primitivos

{«\{<<<<\\\\\\\\\\\

A, reconstrucdo do esqueleto de Plateosaurus engelhardti; B, dente de um sauropodomorfo, as setas indicam os
denticulos obliquos; C, pescoco de Plateosaurus engelhardti em vista lateral; D, modelo digital da mao esquerda
de Plateosaurus engelhardti. Fonte: A Scott Hartman (2011); B, autor; C-D, adaptado de Reiss ¢ Mallison
(2014).
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Os fésseis de sauropodomorfos primitivos mais antigos foram recuperados a partir de
rochas de idade carniana, tanto na Argentina (MARTINEZ e ALCOBER, 2009; EZCURRA,
2010) como no Brasil (LANGER et al., 1999; CABREIRA et al., 2011), sendo que estes estao
entre os mais antigos fosseis de dinossauros. O registro de tais formas alcanca o Jurassico
Inferior (Toarciano) (MCPHEE et al., 2015a), quando entdo fdsseis de sauropodomorfos
ficam restritos aos saurdpodes até a extingdo do grupo. O plano corporeo dos
sauropodomorfos ndo-saurépodes (Figura 2A) € caracterizado (de forma geral) por uma
cabeca pequena, dentes com denticulos obliquios em relacdo ao eixo do dente (Figura 2B),
pescocgo longo (Figura 2C), membros relativamente robustos, hipertrofia do digito | da méo
(Figura 2D) e presenca de uma longa garra pontiaguda nesse mesmo digito (GALTON e
UPCHURCH, 2004). De modo geral, as formas mais antigas eram pequenas, como por
exemplo, Pampadromaeus barberenai (CABREIRA et al., 2011), cujo comprimento femoral
atingia 142 mm (MULLER et al., 2015a). Por outro lado, individuos mais derivados atingiram
tamanhos corporais bastante notaveis, como a forma do Jurassico Inferior Jingshanosaurus
xinwaensis (ZHANG e YANG, 1995), com comprimento femoral de 845 mm (CARRANO,
2006). Além dessa variacdo no tamanho corporeo (Figura 3), também existiram espécies
bipedes, bipedes facultativas e quadripedes (GALTON e UPCHURCH, 2004).

Figura 3 — Comparacdo do tamanho corporeo de alguns sauropodomorfos primitivos
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2 O Plateosaurus engelhardti
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Fonte: Reconstrucdes adaptadas das seguintes fontes: Eoraptor lunensis (Carniano-Tridssico Superior) de Scott
Hartman (2014); Adeopapposaurus mognai (Hettangiano/Sinemuriano-Jurassico Inferior) de Martinez (2009);
Plateosaurus engelhardti (Noriano-Tridssico Superior) de Scott Hartman (2014); Aardonyx celestae
(Hettangiano/Sinemuriano-Jurassico Inferior) de Yates et al. (2010).

Provavelmente estes animais ndo foram estritamente herbivoros, em especial as
formas mais antigas. Barrett (2000) considera que eles possam ter sido onivoros oportunistas.

Todavia, algumas caracteristicas morfologicas foram extremamente vantajosas em se tratando
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de uma dieta herbivora como, por exemplo, o alongamento do pescoco. Essa feicdo em
especial permitiu o forrageio de vegetacdo mais alta, até entdo inacessivel a vertebrados de
porte médio a grande (PARRISH, 1998).

Os sauropodomorfos primitivos foram os primeiros dinossauros a alcancar uma ampla
distribuicdo geografica (Figura 4), expressa no registro fossil da Europa, Africa, Asia,
América do Sul, América do Norte e Antartida (LANGER et al., 2010). No entanto, os
padrdes de distribuicdo de alguns grupos menos inclusivos ainda sdo mal compreendidos
(BITTENCOURT et al.,, 2012). Em parte, esta situacdo pode estar sendo afetada pelas
numerosas controvérsias envolvendo as relagdes filogenéticas destes animais (PEYRE DE
FABREGUES et al., 2015). Essa falta de consenso é evidenciada através de hipGteses de
monofiletismo (UPCHURCH et al., 2007) ou parafiletismo (YATES, 2007a), das relacbes
ambiguas das formas mais primitivas (LANGER, 2014), da inclusividade incerta de
Plateosauridae (BITTENCOURT et al., 2012; APALDETTI et al., 2013; MCPHEE et al.,
2015b) e do problemético posicionamento das formas Norte Americanas (ROWE et al., 2010;
SERTICH e LOEWEN, 2010).

Figura 4 — Distribuicdo paleogeografica dos registros esqueléticos de sauropodomorfos
primitivos
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Fonte: ilustragdo construida com base em dados da Paleobiology database (paleobiodb.org)

De acordo com Yates (2012), as analises cladisticas abrangendo sauropodomorfos

primitivos tém produzido resultados variados, mas estes podem ser classificados em trés
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categorias principais: grand prosauropod monophyly (Figura 5A), core prosauropod
monophyly (Figura 5B) e extreme prosauropod paraphyly (Figura 5C). A primeira hipotese,
apoiada pelos estudos de Sereno (1999), Benton et al. (2000) e Galton e Upchurch (2004),
divide todos os sauropodomorfos conhecidos em dois grupos monofiléticos: Prosauropoda e
Sauropoda, sendo a definicdo proposta por Galton e Upchurch (2004) para Prosauropoda
como “todos taxons mais estreitamente relacionados a Plateosaurus do que a Sauropoda”.
Entretanto, 0 aumento no namero amostral de sauropodomorfos ndo-sauropodes e 0 avanco

nas técnicas de andlise filogenética ndo tem corroborado essa hipotese.

Figura 5 — Principais hipdteses de relacionamento filogenético dos sauropodomorfos néo-
saurépodes.
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Por outro lado, as outras duas hipGteses vém sendo sustentadas em estudos mais
recentes. A denominada core prosauropod monophyly, ainda de acordo com Yates (2012),
tem como base a formacdo de um clado sustentando os membros “tradicionais” de
prossauropodes (e.g., plateosaurideos, riojasaurideos e massospondylideos) como grupo-
irmdo de Sauropoda, porém com algumas formas (e.g., Saturnalia, Thecodontosaurus e
Efraasia) em posicdo basal a esta dicotomia. Além disso, alguns taxons, tidos em outras
analises como parte do clado Prosauropoda, séo nesta hipdtese classificadas como saurépodes.
Exemplos de analises que recuperaram esta topologia incluem: Yates e Kitching (2003), Yates
(2004) e Upchurch et al. (2007). Na hipoGtese extreme prosauropod paraphyly, os
prossaurdopodes ““tradicionais” apresentam um arranjo parafilético, onde estes estdo
distribuidos em clados que fazem parte do ramo que leva a Sauropoda. Tomando como base a
definicdo filogenética de Prosauropoda, proposta por Galton e Upchurch (2004), apenas
Plateosaurus e Unaysaurus poderiam ser considerados membros de Prosauropoda em analises
mais recentes (YATES, 2012). Estudos que recuperaram topologias condizentes com esta
terceira hipdtese incluem Yates (2003a; 2007a) e Pol e Powell (2005).

A hipotese extreme prosauropod paraphyly é a que vém recebendo mais apoio através
de novos achados e andlises bastante abrangentes. Alguns grupos menos inclusivos de
sauropodomorfos primitivos podem ser reconhecidos nessas andlises (Figura 6). O grupo
nomeado como Plateosauria (TORNIER, 1913) foi definido por Sereno (1998) como o
ancestral comum mais recente de Plateosaurus engelhardti e Massospondylus carinatus e
seus descendentes. Ja Galton e Upchurch (2004) definem o grupo como o ultimo ancestral
comum de Plateosaurus engelhardti e Jingshanosaurus xinwaensis e seus descentes. Nas
andlises filogenéticas, apenas alguns sauropodomorfos primitivos sdo aninhados fora de
Plateosauria, essas formas incluem, por exemplo, Saturnalia, Pantydraco, Efraasia e
Plateosauravus. Em alguns estudos (e.g., OTERO et al., 2015; APALDETTI et al., 2013)
Ruehleia é recuperado como membro de Plateosauria, entretanto suas afinidades ainda séo
mal resolvidas. Algumas das sinapomorfias que déo suporte a Plateosauria incluem o
alongamento do processo posterior do pré-frontal e a reducdo proporcional do autopddio
dianteiro (YATES, 2012).

Dois grupos compdem Plateosauria, sdo eles Plateosauridae (MARSH, 1985) e
Massopoda (YATES, 2007b). Atualmente, Plateosauridae inclui poucos membros de acordo
com analises cladisticas, todos restritos ao Noriano: as espécies validas do género europeu
Plateosaurus e o sul-americano Unaysaurus. Porém a afinidade de Unaysaurus com o clado

foi questionada por Bittencourt et al. (2012), mas ainda sem suporte filogenético. Novas et al.
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(2011) sugeriram a inclusdo de Jaklapallisaurus ao clado, e mais recentemente, McPhee et al.
(2015a) apontaram Ruehleia e Plateosauravus como possiveis membros do grupo. No
passado alguns outros sauropodomorfos foram classificados como plateosaurideos, como foi
0 caso de Coloradisaurus brevis (BONAPARTE, 1978), atualmente considerado um
massospondilideo que adquiriu independentemente algumas feicGes compartilhadas com
plateosaurideos (APALDETTI et al., 2013). As sinapomorfias que ddo suporte ao clado
Plateosauridae sdo no geral equivocas, uma vez que ndo podem ser acessadas em alguns dos
provaveis membros do grupo. Ressalta-se a presenca de um processo orientado
laterodorsalmente formado pelo frontal e o parietal em Unaysaurus tolentinoi e Plateosaurus
engelhardti (LEAL et al., 2004). A condicdo em outras espécies do género Plateosaurus é
desconhecida, dado que essa porcdo do cranio é desconhecida para os mesmos. Novas et al.
(2011) apontaram, como uma provavel caracteristica do grupo, a superficie proximal da tibia
com condilos caudais estendendo-se caudalmente com as mesmas proporcdes. Porem, mais

uma vez a condigdo € inacessivel em alguns tdxons.

Figura 6 — Alguns grupos menos inclusivos de sauropodormofos primitivos
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Massopoda € definido por Yates (2007b) como o clado mais inclusivo contendo
Saltasaurus loricatus, mas ndo Plateosaurus engelhardti. Deste modo, este inclui os
sauropodes dentre seus membros, mas também uma série de formas mais basais.
Riojasauridae € um destes grupos, o clado contém os géneros Tridssicos Riojasaurus e
Eucnemesaurus, o qual é composto por duas espécies (MCPHEE et al., 2015a). Outro clado
que compde Massopoda, mas nao faz parte do grupo dos saurépodes, € Massospondylidae.
Este Gltimo tem aumentado sua diversidade drasticamente como resposta a descri¢cao de novos
sauropodomorfos. Exceto por Coloradisaurus, de idade Noriana (Triassico Superior), todos
0s outros membros sdo de idade Jurassica. A distribuicdo geografica dos massospondilideos
foi notavel, alcancando inclusive a regido onde hoje € localizada a Antartida (SMITH e POL,
2007). Algumas das sinapomorfias que dao apoio a Massospondylidae incluem os centros
vertebrais cervicais com comprimento quatro vezes maior que a altura cranial dos centros e o
quarto trocanter do fémur com forma simétrica (APALDETTI et al., 2013).

Uma grande instabilidade na posicdo de varias formas mais derivadas que o0s
massospondilideos dificulta o estabelecimento de grupos monofiléticos até o clado
Sauropoda, o0 que, inclusive, € frequentemente alvo de desacordo a respeito de sua definicédo
filogenética (MCPHEE et al., 2015b).

Embora estudos atuais a respeito das afinidades filogenéticas dos sauropodomorfos
primitivos ainda apresentem resultados conflitantes, um evento relacionado & historia
evolutiva do grupo € notdério e muito bem documentado através do registro féssil. Com
excecdo da Ameérica do Norte, a partir do Noriano tardio os sauropodomorfos primitivos
passam a ser mais abundantes do que quaisquer outros herbivoros terrestres em seus
ecossistemas (BENTON 1983; BENTON et al., 2014; GALTON e UPCHURCH, 2007).
Anderson e Cruickshank (1978) conferem o nome de “Império Melanosaurid/Plateosaurid”
para este periodo, posteriormente renomeado por Benton (1983) como “Império
Prosauropoda”. Esse foi o primeiro momento em que os dinossauros experimentaram o
dominio das faunas terrestres, as quais haviam sido previamente dominadas por terapsidos,
rincossauros e pseudostquios (BENTON, 1983; EZCURRA, 2012). Portanto, apesar de sua
extingdo por volta do Jurassico Inferior, os sauropodomorfos primitivos tiveram um papel
marcante na historia evolutiva dos dinossauros, tanto através do pioneirismo em diversos

aspectos, como também por sua estreita relacdo filogenética com os saurépodes.
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1.3 SAUROPODOMORFOS DO TRIASSICO DO RIO GRANDE DO SUL

No Brasil, sauropodomorfos do Periodo Triassico sdo registrados na regido central do
estado do Rio Grande do Sul, na Supersequéncia Gonduana Il da Bacia do Parana (MILANI
et al., 2007). Esta unidade aloestratigrafica de segunda ordem corresponde ao Mesotriéssico-
Neotriassico. Nela, fosseis de sauropodomorfos ocorrem nas FormacBGes Santa Maria e
Caturrita, as quais fazem parte do Grupo Roséario do Sul (sensu ANDREIS et al., 1980). As
porcdes destas FormacOes que incluem tais fosseis de sauropodomorfos sdo assignadas ao
Carniano e Noriano (e.g., LANGER et al., 2007). Em termos litoestratigraficos, ambas as
Formacdes correspondem a Sequéncia Candelaria (sensu HORN et al., 2014). Entretanto, a
porcdo mais basal da Formacdo Santa Maria, ndo € inclusa na Sequéncia Candelaria. De
qualquer modo, sauropodomorfos sdo registrados apenas na porcdo mais superior da
Formacdo Santa Maria (LANGER et al., 1999; CABREIRA et al., 2011). J& a Formacéo
Caturrita é litoestratigraficamente correspondente a porcdo mais superior da Seqdencia
Candeléria.

Historicamente, o primeiro registro mundial de um sauropodomorfo primitivo ocorreu
ha mais de um século e meio, atraves da descri¢do do Thecodontosaurus da Europa por Riley
e Stutchbury (1836). J& no Brasil, as referéncias sdo muito mais recentes. As primeiras
descricdes foram realizadas ha pouco mais de uma década e meia, quando Langer et al. (1999)
tornaram conhecida a espécie Saturnalia tupiniquim, da Formacdo Santa Maria (Figura 7).
Esse dinossauro é conhecido por pelo menos trés individuos incompletos coletados em um
afloramento no municipio de Santa Maria. Neste mesmo afloramento, h& ocorréncia do
rincossauro Hyperodapedon, a qual permite a atribuicdo de uma idade Carniana para o sitio,
tomando como base a correlacdo bioestratigrafica com a Formacéo Ischigualasto da Argentina
(LANGER et al., 2007). S. tupiniquim é um dos mais antigos sauropodomorfos conhecidos e
ja foi considerado o membro mais basal do grupo (LANGER et al., 1999). Dferente de outros
sauropodomorfos derivados, S. tupiniquim foi bastante pequeno, fato evidenciado pelo
comprimento femoral de 157 mm (LANGER, 2003). Alguns autores (BONAPARTE et al.,
2007; EZCURRA, 2010) defendem o posicionamento de S. tupiniquim como membro da
familia Guaibasauridae. Ezcurra (2010), inclusive sugere o nome de Saturnaliinae ao nodo
que sustenta S. tupiniquim e Chromogisaurus novasi (EZCURRA, 2010) dentro de
Guaibasauridae. Porém, poucas analises cladisticas recuperaram topologias em que 0s taxons
apontados como membros do grupo Guaibasauridae formam um clado monofilético, podendo

assim significar que este ndo se trata de um grupo natural.
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Figura 7 — Posicionamento bioestratigrafico das espécies de sauropodomorfos primitivos do
Rio Grande do Sul
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No mesmo ano em que S. tupiniquim foi descrito, Bonaparte et al. (1999)
apresentaram Guaibasaurus candelariensis, outro provavel sauropodomorfo primitivo
proveniente do Triassico do Rio Grande do Sul. Na época, G. candelariensis foi descrito com
base em dois espécimes incompletos, os quais foram escavados de rochas da Formacéo
Caturrita, no municipio de Candelaria (BONAPARTE et al. 1999). Os autores consideraram a

espécie como um saurisquio muito primitivo, talvez pertencente a Theropoda. Por outro lado,
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estudos posteriores (EZCURRA, 2010; NOVAS et al., 2011), bem como a descoberta de um
espécime mais completo (BONAPARTE et al., 2007), passaram a sugerir que G.
candelariensis possa ter pertencido ao grupo dos sauropodomorfos. Porém, um dos estudos
mais abrangentes em relacdo a morfologia de G. candelariensis sugeriu novamente afinidades
com o clado Theropoda (LANGER et al., 2011). Todavia, com exceg&o de sua posi¢ao como
saurisquio, ainda ndo ha um consenso em relacgdo as afinidades filogenéticas da espécie. Parte
desta disputa filogenética se da pela ndo recuperacdo do cranio nos espécimes conhecidos.
Além disso, questdes de ordem evolutiva, como altos indices de homoplasia dentre os grupos
avaliados, também podem contribuir para esta falta de consenso (LANGER, 2014).

A espécie G. candelariensis ndo foi contemporanea de S. tupiniquim, ja que a
Formacdo Caturrita sobrepde a Formacdo Santa Maria. Logo, G. candelariensis viveu em um
momento mais recente. A presenca do género de dicinodonte Jachaleria em um afloramento
da Formagcéo Caturrita (ARAUJO e GONZAGA, 1980) é um indicativo de idade Noriana
(SCHULTZ et al. 2000; LANGER et al., 2007), por outro lado, diferentes associagdes, tanto
de elementos de fauna e flora, em diferentes afloramentos desta unidade, podem sugerir
idades ainda mais recentes, como Rético ou até Jurdssico Inicial (SILVA et al., 2012;
BARBONI e DUTRA, 2013; ROHN et al., 2014).

Também da Formacdao Caturrita, Leal et al. (2004) descreveram Unaysaurus tolentinoi
(Figura 7), com base em um espécime proveniente do municipio de Sdo Martinho da Serra.
Um dos pontos mais interessantes da descoberta deste sauropodomorfo foi o fato de que
grande parte do cranio encontrava-se associado ao restante do esqueleto, possibilitando que
varias caracteristicas de interesse filogenético fossem examinadas. Deste modo, Leal et al.
(2004) sugerem que a U. tolentinoi apresenta uma maior afinidade filogenética com o género
Plateosaurus, da Europa, do que com qualquer outro sauropodomorfo. Esse resultado foi
suportado por estudos posteriores, inclusive em analises bastante recentes (e.g., YATES,
2007a; APALDETTI et al., 2013; OTERO et al., 2015). Entretanto, Bittencourt et al. (2012)
questionaram essa relacdo ao sugerir uma possivel afinidade entre U. tolentinoi e Sarahsaurus
aurifontanalis da America do Norte (ROWE et al., 2011). Se de fato essa relagdo apontada
por Bittencourt et al. (2012) for sustentada em futuras analises cladisticas, U. tolentinoi
podera fazer parte do clado Massopoda, ao inves de Plateosauridae, clado em que atualmente
se insere. De qualquer maneira, & consensual que U. tolentinoi corresponde a um
sauropodomorfo primitivo, porém mais derivado do que S. tupiniquim.

Pampadromaeus barberenai (CABREIRA et al., 2011) é a espécie de sauropodomorfo

primitivo mais recentemente descrita a partir de rochas triassicas do Rio Grande do Sul
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(Figura 7). A espécie foi apresentada com base no esqueleto parcial de um Unico individuo, o
qual foi extraido do afloramento conhecido como Sitio Janner, situado no municipio de
Agudo. Este sitio fossilifero € atribuido a Formacédo Santa Maria (ZERFASS et al., 2003), e a
presenca dos géneros Hyperodapedon e Exaeretodon sugere idade carniana para o depdsito,
tomando como base a semelhanca faunistica presente na Formacéo Ischigualasto da Argentina
(LANGER et al., 2007). Adicionalmente, Miller et al. (2015b) reportaram um segundo
espécime de P. barberenai constituido unicamente do fémur esquerdo, o qual foi escavado do
mesmo afloramento em que o holétipo foi descoberto. Abordagens filogenéticas utilizando
diferentes matrizes de dados sugerem que P. barberenai represente um dos membros mais
basais do clado dos sauropodomorfos (CABREIRA et al., 2011). De fato, a condigéo basal de
P. barberenai é evidenciada pela presenca de caracteristicas comuns em membros do grupo
Theropoda (e.g., comprimento do crénio maior do que metade do comprimento do fémur;
margem ventral da articulacdo entre o pré-maxilar e o maxilar com forma concava).

Além das espécies mencionadas até entdo, outros materiais coletados no Rio Grande
do Sul foram descritos e atribuidos a sauropodomorfos na literatura. Da-Rosa et al. (2006)
reportaram um dinossauro (UFSM 11330) com provaveis afinidades com Sauropodomorpha e
que seria maior e mais derivado do que S. tupiniquim. O espécime, constituido de elementos
pos-cranianos, é procedente do mesmo sitio fossilifero do qual S. tupiniquim € oriundo,
portanto é considerado de idade carniana. Alguns outros espécimes apresentando afinidades
com Sauropodomorpha, escavados deste mesmo sitio, também foram reportados e atualmente
se encontram em fase de estudo (MARSOLA et al., 2013; VARGAS-PEIXOTO e DA-ROSA,
2013).

Também da Formacdo Santa Maria, mas do mesmo afloramento que produziu os
registros de P. barberenai, outro sauropodomorfo (UFRGS-PV-1099-T) em fase de estudos
foi reportado por Pretto et al. (2013). Segundo os autores, o espécime, constituido tanto de
elementos cranianos como pdés-cranianos, agrega caracteristicas que o diferenciam de P.
barberenai e de outros sauropodomorfos de mesma idade.

J& da Formacéo Caturrita foram registrados cerca de mais dez espécimes. Bittencourt e
Langer (2011) descreveram preliminarmente um espécime, constituido de um ilio e um par de
fémures, proveniente do sitio fossilifero que rendeu os unicos registros do silesaurideo
Sacisaurus agudoensis (FERIGOLO e LANGER, 2007). Este sitio fossilifero se situava na
area urbana do municipio de Agudo, entretanto atualmente ele ndo é mais acessivel por ter
sido soterrado com a finalidade da construcdo de uma residéncia. O espécime seguinte, MN

1326-V, descrito por Bittencourt et al. (2012), coletado préximo dos municipios de Sao
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Martinho da Serra e Santa Maria. O material é constituido de um ilio e um isquio incompletos
associados a varios elementos mais fragmentarios. Um ano mais tarde, Bittencourt et al.
(2013), descreveram mais trés espécimes constituidos de elementos isolados, coletados no
municipio de Candelaria. O primeiro dos materiais (UFPel 014) corresponde a uma vértebra
sacral, o outro a pubis associado a um isquio (UFRGS-PV-0761-T) e o dltimo a um isquio
(MMACR PV 037-T). A natureza incompleta dos espécimes impediu que o0s autores
inserissem o0s espécimes em um clado menos inclusivo.

Os outros cinco espécimes atribuidos a Sauropodomorpha foram brevemente
apresentados em uma publicacdo descrevendo uma nova localidade fossilifera no interior do
municipio de Agudo. Trata-se do afloramento conhecido como Sitio Wachholz, o qual
apresenta faciologia (arenito alaranjado de granulacao fina a media) condizente com a descrita
para a Formagdo Caturrita (MULLER et al., 2015b). Foram reportados a partir desta
localidade fossilifera: trés sauropodomorfos associados (CAPPA/UFSM 0001), sendo dois
destes praticamente completos; um autopodio referenciado a Sauropodomorpha
(CAPPA/UFSM 0003); um esqueleto parcial (CAPPA/UFSM 0002), também atribuido a
Sauropodomorpha; e um dente isolado de um arcossauriforme carnivoro (CAPPA/UFSM
0004). Todos os espécimes estdo em fase de preparacdo ou estudo, sendo um deles
(CAPPA/UFSM 0002) o foco desta dissertacao.

1.4 CAPPA/UFSM 0002

O presente espécime (Figura 8) foi descoberto no inicio do ano de 2013, durante a
coleta de trés sauropodomorfos associados (CAPPA/UFSM 0001) mencionados acima. No
entanto, CAPPA/UFSM 0002 foi extraido de um nivel cerca de 1 m abaixo destes materiais
(MULLER et al., 2015b). Atualmente o espécime faz parte da cole¢do do Centro de Apoio a
Pesquisa Paleontoldgica da Quarta Col6nia, Sdo Jodo do Polésine, Rio Grande do Sul, Brasil.
CAPPA/UFSM 0002 pode ser reconhecido como um unico individuo devido a auséncia de
0ssos duplicados, proximidade dos elementos no afloramento, ocorréncia de ossos articulados
e as propor¢des equivalentes entre eles. Os elementos 6sseos preservados incluem apenas
parte do esqueleto pds-craniano, sendo: uma série de onze vértebras dorsais, 0 Umero
esquerdo, a ulna esquerda, ambos os radios, o metacarpal V direito, o isquio direito e seis
falanges do pé esquerdo.

Uma série de caracteristicas presentes unicamente no grupo dos sauropodomorfos

dentre os dinossauros do Triassico Superior e Jurassico Inferior, permite o reconhecimento de
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CAPPA/UFSM 0002 como um Sauropodomorpha. Algumas delas s&o: parapéfise localizada
mais proxima ao ponto médio do que da extremidade cranial do centro das primeiras vértebras
truncais (Figura 8B); processo espinhoso das vertebras truncais medias mais longo do que alto
(Figura 8C); processo espinhoso das vertebras truncais medias com a margem caudal concava
(Figura 8C); extremidade proximal do metacarpal VV fortemente convexa (Figura 8D); a
falange ungueal do digito I do pé bastante longa (mais longa que a primeira falange do mesmo
digito) (Figura 8E).

Figura 8 — Silhueta com os elementos preservados de CAPPA/UFSM 0002
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iy & 2 o
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A, silhueta de CAPPA/UFSM 0002 com os elementos preservados, alguns ossos foram espelhados para melhor
adaptar-se a reconstrucdo; B, segunda vértebra truncal em vista lateral, note a parapdfise posicionada mais
préxima ao centro do que da margem cranial da vértebra; C; oitava vértebra truncal em vista lateral, note a
forma cbncava da margem caudal do processo espinhoso e a altura do mesmo em relacdo ao seu comprimento;
D, metacarpal V direito em vista dorsal, note a superficie articular proximal fortemente convexa; E, primeira e
segunda falange do digito | do pé esquerdo em vista lateral, note 0 comprimento da ungual em relacdo ao
comprimento da primeira falange. Nota: os asteriscos indicam as fei¢des encontradas em sauropodomorfos.
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2 OBJETIVOS

O objetivo geral desta dissertacdo é tornar conhecida a anatomia dssea do espécime
CAPPA/UFSM 0002 e realizar sua identificacdo taxonémica no menor nivel inclusivo

possivel.

2.1 OBJETIVOS ESPECIFICOS

1- Formular hipéteses de relacionamento filogenético de CAPPA/UFSM 0002 com
outros sauropodomorfos;
2- Avaliar a utilidade do espécime em estudos de correlacdo bioestratigrafica entre os

diversos depdsitos da Formacéo Caturrita.
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Biostratigraphic significance of a new early sauropodomorph specimen from the Upper
Triassic of southern Brazil

The Wachholz site (Caturrita Formation, Late Triassic), in Agudo, Rio Grande
do Sul (RS), southern Brazil, has yielded several sauropodomorphs. This
includes CAPPA/UFSM 0002, here described based on associated elements
from the basalmost portion of the site. The specimen possesses a set of traits
shared with typical “prosauropods”: a concave caudal margin of the trunk neural
spines and a broadly convex proximal end of metacarpal V. However, it also
retains some plesiomorphic features, for instance, the slender pedal digit I. Some
bones closely resemble those of Unaysaurus tolentinoi, the other definitive
sauropodomorph from the Caturrita Formation, an affinity corroborated by a
new phylogenetic analysis. An updated biostratigraphic framework correlates
the Wachholz, Agua Negra (Sd0 Martinho da Serra/RS), and Botucarai Hill
(Candeléria/RS) sites based on their sample of sauropodomorphs. In addition,
the record of Jachaleria in the Botucarai Hill site, a dicynodont also known
from early Norian deposits of Argentina, indicates an equivalent age to deposits
bearing U. tolentioni. Accordingly, a more constrained age is proposed for the
Agua Negra site. This is important as the early Norian marks the transition from
an epoch of low sauropodomorphs representativeness to a period of extreme

abundance of the group in Early-to-Middle Mesozoic ecosystems.

Keywords: Dinosauria; Saurischia; Plateosauria; Norian; Candelaria Sequence;

South America

1. Introduction

Sauropodomorpha and Theropoda are the two major saurischian clades. Theropoda mostly
comprises carnivorous animals and includes the bird lineage (Gauthier 1986), whereas
Sauropodomorpha were predominantly herbivorous, including the largest land animals that
ever lived. In addition to colossal size, the sauropodomorph bauplan is also generally
characterized by a small head, long neck, barrel-shaped body, and columnar limbs (Upchurch

et al. 2004). Depending upon taxonomic definitions (node-or stem-based) and the
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phylogenetic position of some taxa, the group origin goes back to the Late Triassic (Otero and
Pol 2013; Yates et al. 2010) or Early Jurassic (McPhee et al. 2015a), extending until their
final demise in the Cretaceous-Paleogene extinction. Sauropodomorphs were successful and
diverse (Mannion et al. 2011) during this time range, achieving a worldwide geographical
distribution (Upchurch et al. 2004; Cerda et al. 2012). However, before the rise of sauropods,
a wide range of “basal” sauropodomorphs exercised a similar dominance over Mesozoic
terrestrial ecosystems (Galton and Upchurch 2004).

The term “basal” sauropodomorph typically refers to non-sauropod sauropodomorphs
(Yates 2012). A small head with coarse serrated teeth, a moderately long neck, relatively
robust limbs, and a hypertrophied manual digit | with a large and sharp claw characterizes
their overall morphology (Galton and Upchurch 2004). Earliest forms, such as Saturnalia
tupiniquim were small (about 1.5 m in length, Langer et al. 1999), whereas later non-sauropod
sauropodomorphs reach about nine meters in length, e.g., Jingshanosaurus xinwaensis (Zhang
and Yang 1995). The oldest non-sauropod sauropodomorph records are from the Carnian of
South America (Sereno et al. 1993; 2012; Langer et al. 1999; Martinez and Alcober 2009;
Ezcurra 2010; Cabreira et al. 2011), extending until the Early Jurassic (Allain and Aquesbi
2008).

Early sauropodomorphs reached a wide geographical distribution during their
evolutionary history (Galton and Upchurch 2004), with records in Europe, Africa, Asia, South
America, North America, and Antarctica (Langer et al. 2010). However, distribution patterns
of some less inclusive groups are unclear (Bittencourt et al. 2012) and their phylogenetic
relationships are controversial (Peyre de Fabregues et al. 2015), e.g., “prosauropods” have
been considered either monophyletic (Sereno 1989; Upchurch et al. 2007) or paraphyletic
(YYates 2003a; 2007); phylogenetic relationships are ambiguous for most early taxa (Langer

2014); the inclusivity of Plateosauridae is unclear (Novas et al. 2011; Bittencourt et al. 2012;
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Apaldetti et al. 2013); and the phylogenetic status of some North American forms is
problematic (Rowe et al. 2010; Sertich and Loewen 2010). In addition, the early Norian
record of sauropodomorphs is scarce (Mannion et al. 2011). This moment was crucial for their
radiation, as it pinpoints the transition from a low representativeness period to a time of
extreme abundance in terrestrial ecosystems. Therefore, new data regarding early Norian
sauropodomorphs can help solving some of the aforementioned issues.

The Caturrita Formation (sensu Andreis et al. 1980), from southern Brazil, is an
important window to early Norian land ecosystems. This geological unit has yielded several
specimens ascribed to Sauropodomorpha (Leal et al. 2004; Bittencourt et al. 2012; 2013;
Miiller et al. 2015a). Yet, only one unambiguous species has been recognized so far, the
putative plateosaurid Unaysaurus tolentinoi (Leal et al. 2004). In the present study, we
describe a new sauropodomorph specimen from the Caturrita Formation and compare its
morphology to that from other saurischians found in that stratigraphic unit. The affinity of this
specimen is phylogenetically tested and the age of U. tolentinoi is discussed, based on data
from three different localities with Norian sauropodomorph remains (Leal et al. 2004;

Bittencourt et al. 2013; Miller et al. 2015a).

1.1. Institutional abbreviations

BM HR, National Museum of Natural History, Paris, France. MCZ, Museum of Comparative
Zoology, Harvard University, Cambridge, United States of America. MMACR, Museu
Municipal Aristides Carlos Rodrigues, Candelaria, Rio Grande do Sul, Brazil;
CAPPA/UFSM, Centro de Apoio a Pesquisa Paleontoldgica da Quarta Col6nia, Sdo Jodo do
Polésine, Rio Grande do Sul, Brazil; SAM-PK, lziko-South African Museum, Cape Town,

South Africa; UFRGS, Universidade Federal do Rio Grande do Sul, Porto Alegre, Rio Grande
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do Sul, Brazil; UFSM, Universidade Federal de Santa Maria, Santa Maria, Rio Grande do Sul,

Brazil.

1.2. Anatomical abbreviations

caif, caudal infradiapophyseal fossa; cas, convex articular surface; ccdl, caudal
centrodiapophyseal lamina; clg, collateral groove; clp, collateral ligament pit; clpr,
craniolateral process; cmpr, craniomedial process; crd, central ridge; crif, cranial
infradiapophyseal fossa; de, distal ischial expansion; ded, dorsal extensor depression; dfp,
deflection point; dip, dorsal intercondylar process; dmr, dorsomedial ridge; dp, diapophysis;
dpc, deltopectoral crest; dpr, depression; hh, humeral head; hucc, humeral ulnar condyle
contact; hpa, hypapophysis; hy, hyposphene; hyp, hypantrum; iaf, ischial acetabular fossa; ilg,
ischiadic longitudinal groove; ipd, iliac peduncle; Idc, lateral distal condyle; Irdg, lateral
ridge; mdc, medial distal condyle; mif, middle infradiapophyseal fossa; mlg, medial
longitudinal groove; mrd, medial ridge; mvl, mediventral lamina; nc, neural canal; ncs,
neurocentral suture; ns, neural spine; ol, olecranon; pa, parapophysis; padl, paradiapophyseal
lamina; pi, pit; podl, postzygodiapophyseal lamina; ppd, pubic peduncle; prdl,
prezygodiapophyseal lamina; pz, prezygapophysis; rf, radial fossa; rla, radiale articulation;
rlu, radial ligament of the ulna; spol, spinopostzygapophyseal lamina; srd, symphyseal ridge;

tbr, tubercle; ua, ulnar articulation; vk, ventral keel.

2. Systematic paleontology
Dinosauriformes Novas, 1992
Dinosauria Owen, 1842
Saurischia Seeley, 1887

Sauropodomorpha von Huene, 1932
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2.1. Material

CAPPA/UFSM 0002 - associated postcranial elements of a single individual (Figure 1(B)),
including eleven trunk vertebrae, partial left forelimb, right radius, right metacarpal V, right
ischium, and six pedal phalanges. Their direct association is justified by the lack of duplicated
bones, proximity of elements in the field, presence of some articulated bones, and equivalent

size proportions.

2.2. Locality and horizon

CAPPA/UFSM 0002 was excavated from massive fine sandstones at the base of a newly
discovered outcrop known as Wachholz site (Muller et al. 2015a), Linha das Flores locality,
Agudo municipality, Rio Grande do Sul (S29°36°46.42°’; W53°15°54.06°") (Figure 1(A)). The
Wachholz site deposits belong to the Caturrita Formation, which is part of the Candelaria
Sequence of Horn et al. (2014 = Santa Maria 2 Sequence of Zerfass et al. 2003). Based on
biostratigraphic correlation, this site was tentatively dated as early Norian (Muller et al.

2015a).

3. Description and comparison
3.1. Trunk vertebrae
A continuous series of eleven elements was preserved, some of them represented only by
centra (Figure 2). Compared to other early sauropodomorphs, details of both the laminae and
the position of the parapophyses suggest that they range from the first to the eleventh trunk
element.

The vertebral bodies gradually increase in size from the more cranial to the

more caudal vertebrae. Centra are spool-shaped and amphicoelous, with the cranial articular
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surface slightly higher than the caudal one (Figure 3). The lateral surfaces bear a shallow
depression, which does not significantly invades the centrum (= acamerate condition of
Wedel et al. 2000). As in many early sauropodomorphs, the ventral surface of the centra is
constricted, with a longitudinal ventral keel in the first two trunk vertebrae (Figure 2(E-F)). In
these two vertebrae, the contact between the ventral edge of the cranial articular surface and
the ventral keel is marked by a well-developed hypapophysis (Figure 2(B)). As in Efraasia
minor, Massospondylus carinatus, and Adeopapposaurus mognai (Martinez 2009) the centra
are elongated, rather than short and tall, as in massopodans such as Riojasaurus incertus,
Lufengosaurus huenei, and Coloradisaurus brevis (Apaldetti et al. 2013). The parapophysis is
located near the shallow depression on the lateral surface of the centrum in the second trunk
vertebra, but not exactly in the midpoint (dorsoventrally) of the vertebral body. In subsequent
vertebrae, the parapophysis changes to the cranial end of the centrum and progressively
moves upwards towards the neural arch. From the cranial to middle trunk vertebrae, the
parapophysis becomes more excavated and bound by faint bone walls.

Five of the eleven recovered vertebrae preserve neural arches. As in Unaysaurus
tolentinoi, these are not fused to their respective centrum, suggesting that the specimens did
not reach their maximum size (Brochu 1996, but see Irmis 2007). The neural arches
(excluding the neural spines) of CAPPA/UFSM 0002 are somewhat dorsoventrally lower than
their respective centra (Figure 3(A)), differing from those of most sauropodomorphs (e.g.,
Coloradisaurus brevis, Lufengosaurus huenei), which are much shallower than the centra.
Indeed, the condition of CAPPA/UFSM 0002 approaches that of Seitaad ruessi,
Adeopapposaurus mognai, and Unaysaurus tolentinoi (Leal et al. 2004; Martinez 2009;
Sertich and Loewen 2010). However, the condition in the latter should be carefully
reevaluated, as its trunk vertebrae seem to have been affected by sedimentary compression.

There is evident transverse deformation, producing elliptical cranial and caudal centrum
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articulations and strongly upwards directed transverse processes. The holotype of
‘Ignavusaurus rachelis’ (BM HR 20, Knoll 2010) has a similar taphonomic pattern. The
neural canal of the trunk vertebrae in CAPPA/UFSM 0002 is subcircular.

The prezygapophysis slightly exceeds the cranial margin of its respective centrum. In
the cranial trunk vertebrae, their tips are higher than the transverse processes and the articular
facets are oblique in relation to the sagittal plane. In middle trunk vertebrae, the
prezygapophyses are lower than the transverse processes and the articular facets form almost
right angles to the sagittal plane. The prezygapophysis bear two distinct articular facets: the
dorsomedial that articulates with the postzygapophysis, and the hypantrum (Figure 3(G)), a
small articular facet located in the medial surface of the prezygapophysis, which articulates
with the hyposphene of the previous vertebral element. The hyposphene results from a
downwards folding of the medial margins of the postzygapophysis. Different from later
sauropodomorphs, such as Melanorosaurus readi (SAM-PK 3449) (Gauthier 1986; Yates
2007), the hyposphene of CAPPA/UFSM 0002 is not as high as the neural canal.

In cranial view, the transverse processes of the cranial trunk vertebrae are horizontally
oriented, whereas they are more dorsally directed in middle trunk elements. In dorsal view,
the transverse processes of middle trunk vertebrae are gently directed caudally. There are
several laminae connected to each transverse process. Their arrangement results in three
distinct infradiapophyseal fossae (sensu Yates et al. 2012) in both cranial and middle trunk
vertebrae. The cranial infradiapophyseal fossa is bound by the prezygodiapophyseal and
paradiapophyseal laminae. This fossa is quite expanded in the cranial trunk vertebra, but
reduced in the eighth trunk element. The reduction of this fossa reflects changes in position of
both the prezygapophysis and parapophysis, and also the retraction of the
prezygodiapophyseal lamina, that does not reach the prezygapophysis in the eighth trunk

vertebra. Possibly, that fossa was absent in more caudal elements. The middle
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infradiapophyseal fossa is bound by the paradiapophyseal and the caudal centrodiapophyseal
laminae. Finally, the caudal infradiapophyseal fossa is bound by the caudal
centrodiapophyseal and the postzygodiapophyseal laminae. A prezygoparapophyseal lamina,
as seen in Guaibasaurus candelariensis (Bonaparte et al. 1999), is absent in the trunk
vertebrae of CAPPA/UFSM 0002.

Only the seventh and eighth trunk vertebrae preserved neural spines (Figure 3). They
are transversally thin (plate-like), subrectangular in lateral view, and lack laterally expanded
tables. They differ from the tall neural spines of early diverging sauropodiforms (e.g.,
Aardonyx celestae, Antetonitrus ingenipes, Lessemsaurus sauropoides, Tazoudasaurus naimi)
and are longer than high. The eighth trunk vertebra has the caudal margin of the neural spine
better preserved. It is gently concave (Figure 3(E)), as in Plateosaurus engelhardti,
Mussaurus patagonicus, and massospondylids, whereas other sauropodomorphs has this
margin straight (Yates 2003b; Otero and Pol 2013). On the caudal margin of the neural
spines, there is a pair of spinopostzygapophyseal laminae bounding the sides of a spindle-like

spinopostzygapophyseal fossa (Figure 3(H)).

3.2. Humerus

A partial left humerus includes the proximal half of the shaft and part of the lateral portion of
the head (Figure 4). In proximal view, the articulation becomes gradually thicker from lateral
to its central portion, where part of the humeral head is preserved. Although incomplete, it is
possible to see that the humeral head is somewhat less protruding than in Adeopapposaurus
mognai. The preserved portion of the proximal surface does not show signs of a marked
proximally convex margin, which is present in massospondylids and early diverging
sauropodiforms, e.g., Lessemsaurus sauropoides, Melanorosaurus readi, Kotasaurus

yamanpalliensis (Pol and Powell 2007; Apaldetti et al. 2013; McPhee et al. 2014). Indeed,
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this proximal margin is straight in CAPPA/ UFSM 0002, matching the morphology of several
non-massopodan sauropodomorphs (Pol and Powell 2007), especially Plateosaurus
engelhardti and Unaysaurus tolentinoi, which completely lack a doming of the humeral head
according to Remes (2008).

The lateral corner of the proximal humeral end is deflected distally, forming the
proximal part of the deltopectoral crest, which is subrectangular in lateral view, a common
trait of dinosaurs (Langer et al. 2010). The main edge of the deltopectoral crest of
CAPPA/UFSM 0002 is straight (Figure 4(A)). On the contrary, its proximal summit is
medially inflected in various sauropodomorphs (e.g., Coloradisaurus brevis, Lufengosaurus
huenei, Plateosauravus cullingworthi), forming a strongly sinuous proximal portion of the
crest (Yates 2003a). Adeopapposaurus mognai is the only massospondylid that possesses a
non-sinuous morphology (Martinez 2009), which is also seen in several other non-
massospondylid sauropodomorphs, e.g., Efraasia minor, Plateosaurus engelhardti, and
Unaysaurus tolentinoi. However, the role of taphonomy should be careful considered on the
morphology of some specimens.

A proximodistally oriented and elongated ridge extends along the lateral surface of the
deltopectoral crest (Figure 4(C)). This closely resembles the ridge present in Seitaad ruessi
(Sertich and Lowen 2010) and Unaysaurus tolentinoi (Leal et al. 2004). Conversely, a less-
developed ridge is present in several other early sauropodomorphs (e.g., Saturnalia
tupiniquim, Massospondylus carinatus, Riojasaurus incertus). Distal to the end of this ridge,
just as in U. tolentinoi (Leal et al. 2004) and S. tupinquim (Langer et al. 2007), there is a small
pit (Figure 4(C)). In Lufengosaurus huenei, Jingshanosaurus xinwaensis, and M. carinatus, a
similar pit (Yates 2007) is located in the center of the lateral surface of the deltopectoral crest.
The equivalence of both pits is uncertain, but Remes (2008) considered them as the insertion

point for Musculus latissimus dorsi.
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3.3. Ulna

A nearly complete left ulna is preserved (Figure 5(A-D)), but the mid shaft is missing. Its
proximal outline is subtriangular (as in most early sauropodomorphs) rather than triradiate (=
Y-shaped) of eusauropods (McPhee et al. 2014) and some early diverging sauropodiforms
(e.g., Antetonitrus ingenipes, Sefapanosaurus zastronensis). The craniomedial process is less
developed than in Lufengosaurus huenei and Yunnanosaurus xinwaensis. A slight concavity
occurs in the contact between the craniomedial process and the humeral ulnar condyle (Figure
5(A)). Distinct from sauropodomorphs more closely related to sauropods than
Melanorosaurus readi, the ulnar craniolateral process is rounded and weakly developed,
which results in the absence of a deep radial fossa bound by this process (Figure 5(C)). A
convex olecranon process is present at the proximal end of the bone, which gives a sigmoid
shape to its proximal margin, in lateral and medial views.

The ulnar shaft is quite slender, contrasting with those more robust seen in
Yunnanosaurus xinwaensis and Riojasaurus incertus. On the craniomedial surface of the
distal half of the bone, a tubercle for the radial-ulnar ligament is present (Figure 5(A)). In
Massospondylus carinatus and Antetonitrus ingenipes that structure is very prominent
(Cooper 1981; McPhee et al. 2014), but this is not the case in CAPPA/UFSM 0002. The distal
articular surface of the ulna is convex and covered by rugose areas, indicating in vivo cartilage

covered portions (Remes 2008).

3.4. Radius
Both preserved radii are gracile and straight bones with expanded extremities (Figure 5(E-H)).
Their general morphology resembles that of other early sauropodomorphs. The proximal

articular surface is concave and craniocaudally enlarged. Its caudal corner is proximally larger
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than the cranial. In proximal view, the medial edge is slightly concave, whereas the lateral is
convex, resulting in a sub-ovoid shape. As parts of the cylindrical shaft of both radii are
damaged, the cranial radial tubercle was not identified. The radial shaft is perpendicular to the
plane of the proximal articulation, differing from the cranially projected shafts of Antetonitrus
ingenipes, Massospondylus carinatus, and Lufengosaurus huenei (Remes 2008). In contrast
with Mussaurus patagonicus, Sefapanosaurus zastronensis, Aardonyx celestae, (Otero et al.
2015), and some other sauropodomorphs, the radius lacks a proximodistally oriented ridge on
the caudal margin of its distal end. The distal condyle is rounded in distal view and subequal
(craniocaudally) in length to the proximal end. As in the ulna, a rugose surface covers the

distal end of both radii.

3.5. Metacarpal V

This element is preserved from the right manus (Figure 6). Its proximal end is transversely
expanded, accounting for about 62% the length of the bone. This differs from the condition of
several early sauropodomorphs, such as Eoraptor lunensis, Thecodontosaurus antiquus,
Efraasia minor, and Ruehleia bedheimensis, where the proximal end of that metacarpal is
considerably less expanded transversely. Metacarpal V of CAPPA/UFSM 0002 is also
transversely wider than deep in proximal view. The articular surface of the proximal end is
broadly convex (Figure 6(A-B)) and, in proximal view, has a triangular shape. This is the
typical pattern of the sauropodomorphs generally called “prosauropods” (Upchurch et al.
2007), as seen in Plateosaurus englhardti, Massospondylus carinatus, and Lufengosaurus
huenei. On the other hand, several other sauropodomorphs (e.g.,, Thecodontosaurus antiquus,
Ruehleia bedheimensis, Seitaad ruessi, Sefapanosaurus zastronensis) bear a flat proximal

articular surface of metacarpal V.
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A ridge, less evident than that of Massospondylus carinatus (Cooper 1981), is located
on the dorsomedial surface of the proximal half of metacarpal V (Figure 6(A)). In medial and
lateral view, the bone shows a dorsally concave and ventrally straight outline. In cross-
section, the shaft is elliptical. There are no well-defined collateral ligament pits on the distal
portion of the bone. However, a small tubercle is present on the dorsomedial surface of its
distal portion (Figure 6(C)). The distal end is moderately expanded in relation to the shaft,
with a width of 37% the length of the bone. As for the proximal end, the distal end is convex,

wider than deep and circular in outline.

3.6. Ischium

The right ischium of CAPPA/UFSM 0002 is partially preserved (Figure 7) and divided into
two distinct portions (e.g., Otero and Pol 2013): a proximal dorsoventrally expanded plate,
which comprises the medioventral lamina, iliac, and pubic peduncles, and a long and slender
shaft that expands in the distal end.

The proximal surface of the iliac peduncle is subovoid and transversally larger than
the triangular proximal surface of the pubic peduncle. Between them, there is a concave
ischial acetabular fossa medially bound by a fractured bone wall (Figure 7(A)). In contrast to
Saturnalia tupiniquim (Langer 2003), a strongly expanded acetabular margin is absent on the
lateral surface of the iliac peduncle. A well-developed thin lamina starts from the ventral
surface of the pubic peduncle and extends over the proximal third of the ischial shaft, forming
the obturator plate, as in other saurischians (Langer and Benton 2006). The presence or
absence of a notch separating the caudoventral end of that lamina from the ischial shaft is
uncertain given its fractured condition (see Yates 2003c).

A longitudinal groove, medially bound by a transversely broad symphyseal ridge,

extends from the dorsal surface of the iliac peduncle, and nearly reaches the midpoint of the
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ischial shaft. At this point, the groove becomes shallow and then disappears. In Guaibasaurus
candelariensis, this groove extends until close to the distal third of the shaft, and is medially
delimited by a sharp, rather than transversely broad, symphyseal ridge (Langer et al. 2011). A
lateral ridge (sensu Langer 2003) divides the dorsal from the lateral surfaces of the shaft,
resulting in the characteristic triangular cross-section of this element in sauropodomorphs.
The depth of the medial surface of the shaft is larger than the width of its dorsal surface
(Figure 7(C)), whereas the opposite is observed in Saturnalia tupiniquim. The aforementioned
lateral ridge extends longitudinally along the shaft, but deflects dorsally in its caudal portion,
contributing to the dorsocaudal expansion of the distal end (Figure 7(C)). This deflection
point is marked by a slight reduction of the dorsal width of the shaft. This pattern is also
present in Herrerasaurus ischigualastensis, G. candelariensis, S. tupiniquim, and “core” early
sauropodomorphs (Langer 2003). On the flat medial surface, there are two ridges bounding a
longitudinal groove, the stronger one extending more distally (Figure 7(B)). According to
Bittencourt et al. (2013), a similar arrangement is also present in the ischia of two
indeterminate Triassic sauropodomorphs found in the municipality of Candelaria (Rio Grande
do Sul, Brazil), in the early sauropodomorph Panphagia protos, and in the massospondylid
Adeopapposaurus mognai.

The ischial shaft expands gradually in depth from the middle to the distal end.
However, the dorsal corner of the distal end differs from those more dorsally projected of
Guaibasaurus candelariensis (Bonaparte et al. 1999), Mussaurus patagonicus (Otero and Pol
2013), and Saturnalia tupiniquim (Langer 2003), resembling more the straight condition
present in Eucnemesaurus entaxonis (McPhee et al. 2015b). The ventral margin of the distal
end is slightly expanded, but not markedly concave as in Eucnemesaurus entaxonis (McPhee
et al. 2015b) and Coloradisaurus brevis (Apaldetti et al. 2013). In distal view, the ischium is

sub-ovoid, with a flat medial and a convex lateral margin, with the dorsoventral height more



42

than twice the lateromedial width (Figure 7(D)). This resembles the condition of C. brevis,
Massospondylus carinatus, and Plateosaurus engelhardti (Yates 2003a; Apaldetti et al.
2013). In contrast, the distal ischial depth for the South American sauropodomorphs
Riojasaurus incertus, Adeopapposaurus mognai, Lessemsaurus sauropoides, and Mussaurus
patagonicus is less than twice the transverse width (Yates 2003c; Pol and Powell 2007;

Martinez 2009; Otero and Pol 2013).

3.7. Pes

Only phalanges were recovered from the pes (Figure 8), including one proximal, two non-
terminal, and three ungual elements from the left side. On the field, these phalanges were
mostly disarticulated and not closely associated to the forelimb elements. Just one non-
terminal phalanx was found articulated with its corresponding ungual. The dorsal margin of
the proximal end of this non-terminal phalanx is convex (Figure 8(A)), lacking a dorsal
process, suggesting its articulation with a metatarsal (or metacarpal in the case of manual
elements). Thus, these two phalanges correspond to a digit with a single non-terminal
phalanx, matching digit I, most likely from the pes due to the poorly developed flexor tubercle
of the ungual (a condition also present in the other two indeterminate unguals) and their large
size in comparison with the forelimb elements. In addition, the ungual articulated to the non-
terminal phalanx is transversely compressed (Figure 8(J)), whereas the other two ungual are
lateromedially expanded (Figure 8(L)). This discrepancy between the ungual of digit | and the
other unguals is a common pattern of the foot among sauropodomorphs. The elements are
assigned to the left pes due the larger proximal articular facet on the left side of the phalanges
and the ventromedial sharp margin on the right side of the unguals (see Martinez 2009). This
asymmetry reinforces their assignation to pedal elements, as manual unguals are more

symmetrical.
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The first phalanx of digit I is proximodistaly elongated and quite slender (Figure 8(A))
as in Pantydraco caducus, Unaysaurus tolentinoi, and Jaklapallisaurus asymmetrica (Novas
et al. 2011) differing from those of sauropodomorphs such as Plateosaurus engelhardti,
Adeopapposaurus mognai, and Coloradisaurus brevis, which are stouter. The slender
morphology is also present in Guaibasaurus candelariensis, Eoraptor lunensis, and
Herrerasaurus ischigualastensis (Novas 1994; Langer et al. 2010; Sereno et al. 2012),
corresponding to the plesiomorphic condition for sauropodomorphs. Its distal end has an
expanded plantar surface, with the lateral condyle slightly larger than the medial. Together,
those condyles are wider at the plantar margin than dorsally. Well-defined and deep collateral
ligament pits are present on the medial and lateral surfaces of the distal portion of the phalanx.

The position in the foot of the other two non-terminal phalanges is ambiguous. Their
proximal articular surfaces are broader than those of the first phalanx of digit I. A proximal
dorsal process is present in both elements (Figure 8(E-G)). Therefore, they do not correspond
to the first phalanx of the respective digit. In proximal view, they have a subtriangular shape,
with two distinct articular surfaces divided by a central ridge. The articular surface of the
lateral distal condyle is larger than that of the medial distal condyle (Figure 8(F)). One of
these non-terminal phalanges is incomplete, with only its proximal half preserved. The other
complete phalanx is longer than broad and constricted at the mid-shaft (Figure 8(E)). The
dorsal surface of its distal half bears an extensor depression and both proximal and distal ends
are similar in width.

The ungual phalanx of digit I is extremely curved (Figure 8(1)), with almost the same
length of the first phalanx of the same digit. In Eoraptor lunensis and Pantydraco caducus,
the ungual element is shorter in length than the first phalanx of digit | (Galton and Kermack
2010; Sereno et al. 2012), whereas the inverse condition is present in other sauropodomorphs

(YYates and Kitching 2003). The extremely curved shape of this element results in a distal
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plantar surface that is almost parallel to the articular facets. This resembles the condition
found, to a lesser extent, in Adeopapposaurus mognai, differing from that of Coloradisaurus
brevis and Guaibasaurus candelariensis, both of which have a less curved ungual of pedal
digit I. Only the proximal half of this bone is present in Unaysaurus tolentinoi, and its degree
of curvature is unknown. The proximal end of ungual | is more transversely compressed than
those of the other two preserved unguals. This morphology is observed in a number of other
sauropodomorphs (e.g., Unaysaurus tolentinoi, Plateosaurus engelhardti, Adeopapposaurus
mognai). A faint central ridge divides two articular facets in the proximal end (Figure 8(J)).
The lateral is transversely and dorsoplantarly larger than the medial. Both lateral and medial
surfaces, bear deep longitudinal collateral grooves, which extend from the ventral border of
the proximal end, reaching the distal tip of the bone, but lack the proximal bifurcation seen in
several other sauropodomorphs (Pol and Powell 2007). The plantar surface of the two
indeterminate unguals are transversely broader than that of ungual 1. The latter also differs
from the complete indeterminate unguals in the shape of the distal tip, which is pointed in

digit I and slightly rounded in the complete indeterminate ungual.

4. Phylogenetic analysis

4.1. Dataset and procedure

The present phylogenetic analyses aims to access the affinities of CAPPA/UFSM 0002 in
relation to other early sauropodomorphs, based on a modified version of the data matrix of
McPhee et al. (2015a). A new state was added to character 212, which refers to the presence
of a rugose pit centrally located on the lateral surface of the deltopectoral crest of the
humerus. It was originally proposed (Yates 2007), with two states: absent (0) or present (1);
and a third subordinate state was added: present and distally located (2). This corresponds to

the condition found in Unaysaurus tolentinoi, Saturnalia tupiniquim and CAPPA/UFSM
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0002. The four characters proposed by Otero et al. (2015) were included and numbered 366,
367, 368, and 369. In addition, we included a new character (370), relative to the proportions
of the first phalanx of pedal digit I. This correlates the phalanx length (at midpoint) in lateral
view by its maximum height at the proximal end (also in lateral view). Specimens in which
the ratio is near or above 2.4 were scored as (0), corresponding to the slender condition of
early sauropodomorphs. A more robust condition (1) results from a ratio of 2.3 or less.
Therefore, the present data matrix includes 370 characters and 55 operational taxonomic units
(OTUs). An additional dataset with the inclusion of an isolated sauropodomorph ischium
(MMACR PV 037-T) from the Botucarai Hill site (municipality of Candelaria-RS, Brazil)
was also analyzed.

The phylogenetic analyses were performed with TNT v1.1 (Goloboff et al. 2008). All
characters were equally weighted and 40 (8, 13, 19, 23, 40, 57, 69, 92, 102, 117, 121, 131,
144, 147, 149, 150, 157, 162, 167, 170, 177, 205, 207, 225, 230, 237, 245, 254, 257, 270, 283,
304, 310, 318, 338, 351, 354, 356, 361, and 365) were treated as additive (ordered) following
the analysis of McPhee et al. (2015a). The most parsimonious trees (MPTSs) were obtained via
heuristic searches (‘traditional search’ mechanism). The applied parameters include 1,000
replicates of Wagner trees (with random addition sequence), tree bisection reconnection
(TBR), and branch swapping (holding 10 trees save per replicate). Decay indices (Bremer
support values) and bootstrap values (1,000 replicates) were also obtained with TNT v1.1

(Goloboff et al. 2008).

4.2. Results
The first analysis (without MMACR PV 037-T) recovered 24 MPTs of 1,285 steps each (Cl =
0.340; R1 = 0.688) (Figure 9(A)). In all recovered MPTs, CAPPA/UFSM 0002 is the sister-

group of Unaysaurus tolentinoi, and both are nested within Plateosauridae, as the sister-group
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of the genus Plateosaurus. The former relation is supported by state 2 of character 212
(presence of a pit on the distal portion of the lateral surface of the deltopectoral crest of the
humerus) and state 1 of character 365 (femoral length between 200 and 399 mm). As the
femora were no recovered in CAPPA/UFSM 0002, the state of character 365 is tentatively
inferred following the proportions of the preserved bones. There are six character states
supporting Plateosauridae, but only one (character 281) could be scored for CAPPA/UFSM
0002. Character 281 was proposed by Yates (2003c) as the transverse width of the conjoined
distal ischial expansion in relation to their sagittal depth. In Plateosauridae, the transverse
width is smaller than the sagittal depth, but the same condition is also found in some
massopodans (Yunnanosaurus huangi, Coloradisaurus brevis). The present results differ from
those of McPhee et al. (2015a) in that Ruehleia bedheimensis, Plateosauridae, and Massopoda
do not form a trichotomy in the consensus tree, as R. bedheimensis is consistently placed
outside of Plateosauria, as in some other previous studies (e.g., Yates 2007; Apaldetti et al.
2011). Also, Massospondylidae forms the sister-group of a trichotomy that includes Y.
huangi, a node holding Seitaad ruessi plus Jingshanosaurus xinwaensis, and Anchisauria, and
Anchisaurus polyzelus is basal to Mussaurus patagonicus and “other sauropodomorphs”,
instead of forming a unresolved trichotomy as in McPhee et al. (2015a).

The second analysis (including MMACR PV 037-T), also recovered 24 MPTs of
1,285 steps each (Cl = 0.340; RI = 0.688). In the consensus tree (Figure 9(B)), MMACR PV
037-T is placed in a trichotomy with Unaysaurus tolentinoi and CAPPA/UFSM 0002. The
same two characters that support the node with U. tolentinoi and CAPPA/UFSM 0002 in the
first analysis also support this node. However, only character state 365 is coded to MMACR
PV 037-T, based on the estimated size of its femur.

The new character (370) has a congruent distribution among OTUs of the two strict

consensus trees. State “0” (slender first phalanx of the digit one of the pes) is plesiomorphic
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and present in Unaysaurus tolentinoi, CAPPA/UFSM 0002, and all non-plateosaurian taxa,
among sauropodomorphs. The more robust shape (state “1”’) occurs in Plateosaurus and
massopodans. Considering that the increase in the robustness of this digit could be linked to
the increase in body size, this is not a surprising result. Indeed, the small anchisaurian
Anchisaurus polyzelus apparently has a relatively slender first phalanx of pedal digit I, but
this was not coded in our analysis as this phalanx is partially covered by matrix, precluding a

precise measurement. Yet, the robust condition is evident in closely related taxa.

5. Discussion

5.1. Biostratigraphic significance

During the late Norian, sauropodomorphs became far more abundant than any other large
herbivores in terrestrial faunas (Benton 1983; Benton et al. 2014). However, the evolutionary
period between that scenario and the earliest sauropodomorphs from the late Carnian is still
poorly understood (Benton 1983; Ezcurra 2010). This scarcity of knowledge is mainly related
to the meager sauropodomorph record in this time interval (corresponding to the early
Norian), so far only comprising the European Plateosaurus gracilis (Von Huene 1908; Yates
2003c) and possibly the South American Unaysaurus tolentinoi (Leal et al. 2004), both
members of Plateosauridae.

Although the early Norian age of U. tolentinoi it is usually accepted (Novas 2009;
Ezcurra 2010; Irmis 2011; Langer 2014), a number of aspects need further consideration. Its
holotype and unique specimen (UFSM 11069) comes from the Agua Negra site, S&o Martinho
da Serra-RS, Brazil. Leal et al. (2004) attributed this outcrop to the Caturrita Formation, but
in the absence of absolute dating, the age of this unit is based on biostratigraphic data alone.
At the Botucarai Hill site, the Caturrita Formation bears the dicynodont genus Jachaleria

(Schultz et al. 2000; Langer et al. 2007), which also occurs in the La Chilca Locality at the
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base of the Los Colorados Formation, Argentina (Bonaparte 1966; 1997). Martinez et al.
(2011) dated the base of the Jachaleria Biozone in Argentina as 225.9 + 0.9 Ma, and
magnetochronology dating of the Los Colorados Formation (Kent et al. 2014) yielded an age
span of 227 to 213 Ma. Considering that only the basal portion of the Los Colorados
Formation has yielded record of Jachaleria (Bonaparte 1997), it is possible that the
Jachaleria biozone is early Norian in age. . However, the problem of correlating the type-
locality of U. tolentinoi to the Jachaleria-bearing Botucarai Hill (or to any other site of the
Caturrita Formation) is that it is yet to yield any additional fossil vertebrates. This scenario is
further complicated byother lines of evidencefavoring a younger age for some sites of the
Caturrita Formation. Abdala and Ribeiro (2010) suggest a late Norian-Rhaetian age for the
Riograndia Assemblage-Zone, due to the presence of derived tritheledontid and brasilodontid
cynodonts (Bonaparte et al. 2001; 2003). In addition, the upper levels of the Linha Séo Luiz
site (an outcrop ascribed to the Caturrita Formation) were recently considered as Raethian or
Lower Jurassic in age, based on new data from fossil plants, paleoinvertebrates, and
ichnofossils (Silva et al. 2012; Barboni and Dutra 2013; Rohn et al. 2014). Thus, the Caturrita
Formation may include sites with different ages across a relatively broad (early Norian to
Early Jurassic) temporal range, so that the age of U. tolentinoi is, in fact, poorly constrained.
The present phylogenetic results and the compatible morphology of CAPPA/UFSM
0002 and Unaysaurus tolentinoi, support the correlation between the Wachholz and Agua
Negra sites. Recently, the Wachholz site was correlated to the Botucarai Hill site based on the
congruent morphology of two ischia from those localities (Muller et al. 2015a). As the
Botucarai Hill site has yielded Jachaleria (Araujo and Gonzaga 1980) from the same level
that produced the sauropodomorph specimens (MMACR PV 037-T; UFRGS-PV-0761-T)
(Bittencourt et al. 2013), Miller et al. (2015a) suggested an early Norian age to the Wachholz

site. In this context, CAPPA/UFSM 0002 provides the first reliable connection between the
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Agua Negra and the Botucarai Hill sites (Figure 10). Indeed, the second phylogenetic analysis
performed here bounds U. tolentinoi, CAPPA/UFSM 0002, and MMACR PV 037-T into a
trichotomy. This is enhanced by the presence of a notch between the medioventral lamina and
the ventral margin of the ischial shaft of MMACR PV 037-T (Bittencourt et al. 2013), that
may represent a plateosaurid trait.

The biostratigraphic framework (Figure 10) presented above is the first to include the
Agua Negra site, and supports previous works favoring an early Norian age for U. tolentinoi
(Novas 2009; Ezcurra 2010; Irmis 2011; Langer 2014). This age means that U. tolentinoi
lived just before the first (late Norian—Raethian) global radiation of dinosaurs (Figure 11).
After that, sauropodomorphs became much more abundant (Figure 11), reached a wide
geographical distribution, and substantially increased their body size (Galton and Upchurch
2004; Upchurch et al. 2004; Irmis 2011). Indeed, the estimated femoral length of U. tolentinoi
(UFSM 11069) and CAPPA/UFSM 0002 is between 300 and 350 mm. Carnian forms have
smaller femora: Saturnalia tupiniquim = 157 mm (Langer 2003) and Pampadromaeus
barberenai = 142 mm (Miller et al. 2015b); whereas sauropodomorphs from the late Norian
upper portions of the Los Colorados Formation (Kent et al. 2010) bear larger femora:
Coloradisaurus brevis = 500 mm (Apaldetti et al. 2013) and Riojasaurus incertus = 608 mm
(Carrano 2006). Therefore, the body size of U. tolentinoi and CAPPA/UFSM 0002 is also

intermediate between those of Carnian and late Norian sauropodomorphs (Figure 11(A)).

5.2. CAPPA/UFSM 0002 and Unaysaurus tolentinoi

Some skeletal parts are preserved both in CAPPA/UFSM 0002 and in the holotype of
Unaysaurus tolentinoi (UFSM 11069). These include parts of the trunk vertebrae, forelimb,
and pedal phalanges. The bone elements of CAPPA/UFSM 0002 are 30% larger than those of

UFSM 11069, but there are few clear differences between both specimens. The centra of the
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trunk vertebrae of UFSM 11069 are more lateromedially compressed than those of
CAPPA/UFSM 0002, but (as mentioned above) this seems more likely the result of different
taphonomic processes. Another putative difference is the form of the medial margin of the
proximal end of the ulna. The sigmoid crest seen in UFSM 11069 is absent in CAPPA/UFSM
0002. In addition, the proximal articulation of the ulna is transversally convex in UFSM
11069, but concave in CAPPA/UFSM 0002. This produces a larger articular area with the
ulnar condyle of the humerus in UFSM 11069. However, the proximal end of the ulna is
crushed in UFSM 11069, and such differences should also be treated with caution.

There are also peculiar similarities between the specimens. Both share a marked flat
humeral head in cranial/caudal views, a trait also present in Plateosaurus spp and Saturnalia
tupiniquim (Remes 2008; McPhee et al. 2015a). Also, the position of the pit distal to the
deltopectoral crest on the lateral surface of the humerus is shared only with S. tupinquim.
Among plateosaurids, both specimens are the only with a quite slender first phalanx of pedal
digit I.

The sharing of several morphological traits clearly points towards the referral of
CAPPA/UFSM 0002 to Unaysaurus tolentinoi. However, we refrain for formally suggesting
so because there are, indeed, few comparable elements. Moreover, more complete specimens
(CAPPA/UFSM 0001) collected from the Wachholz site are still to be prepared and
described. These may correspond to the same taxon as CAPPA/UFSM 0001 and will surely

provide a better basis for comparison with U. tolentinoi.

6. Conclusions
The specimen described here possesses a set of morphological characters shared with typical
“prosauropods”, such as a concave caudal margin of the dorsal neural spines, a broadly

convex proximal articular surface of the metacarpal V, and the distal end of the ischium twice
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deeper than wider. However, it also retains some plesiomorphic features, such as the slender
digit I of the foot. The performed phylogenetic analysis suggests that CAPPA/UFSM 0002 is
closely related to the south Brazilian plateosaurid Unaysaurus tolentinoi. Such affinity
supports a biostratigraphic framework that assigns an early Norian age to the type locality of
U. tolentinoi, placing U. tolentinoi in a unique position on the evolutionary history of
sauropodomorphs. Future studies of more complete specimens (CAPPA/UFSM 0001) from
the Wachholz site (Miller et al. 2015a) will surely clarify the relationships between
CAPPA/UFSM 0002 and U. tolentinoi, as there are a modest number of comparable elements

between them.
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Appendix 1
Additional character description and codification
370. Division of the length of the first phalanx of the digit | of the foot (at the midpoint) by

the maximum height of the proximal end: 2.4 or more (0); 2.3 or less (1).

Euparkeria (?), Crurotarsi (?), Marasuchus (?), Aardonyx (?), Adeopapposaurus (1),
Anchisaurus (?), Antetonitrus (?), Barapasaurus (1), Blikanasaurus (1), Cetiosaurus (?),
Chindesaurus (?), Chromogisaurus (?), Coloradisaurus (1), Efraasia (?), Eoraptor (0),
Eucnemesaurus (?), Glacialisaurus (?), Gongxianosaurus (?), Guaibasaurus (0),
Herrerasaurus (0), Isanosaurus (?), Jingshanosaurus (1), Leonerasaurus (?), Lessemsaurus
(?), Leyesaurus (1), Lufengosaurus (1), Mamenchisaurus (?), Massospondylus (1),
Melanorosaurus (?), Mussaurus (1), Neosauropoda (1), Neotheropoda (?), Omeisaurus (?),
Ornithischia (?), Panphagia (?), Pantydraco (0), Patagosaurus (?), Plateosaurus engelhardti
(1), Plateosaurus gracilis (1), Plateosauravus (?), Pulanesaura (?), Riojasaurus (1), Ruehleia
(?), Saturnalia (?), Seitaad (?), Shunosaurus (?), Silesaurus (?), Spinophorosaurus (?),
Staurikosaurus (?), Tazoudasaurus (?), Thecodontosaurus (0), Unaysaurus (0), Vulcanodon

(1), Yunnanosaurus (1), CAPPA/UFSM 0002 (0), MMACR PV 037-T (?).
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Appendix 2
Full coding to CAPPA/UFSM 0002 and MMACR PV 037-T

CAPPA/UFSM 0002

0??09079?9?799779?9??77?7?797799?79979?7?9799??977?90?79?777??79277?9?797770?7997709?799?797??777797?77777

MMACR PV 037-T

??°07?79990777?°07?79?07?79?07??97907?99°07?79?2?00??97?007?7?007?79777??79777?7970777997077797707?7?777

Figure captions
Figure 1. A, map of the Agudo area, Rio Grande do Sul, Brazil, showing the location of the
Wachholz site. Surface distribution of geological units according to Zerfass et al. (2007). B,

outline of CAPPA/UFSM 0002, showing the preserved bones.

Figure 2. CAPPA/UFSM 0002, photographs of trunk vertebrae. A, first to eleventh trunk

vertebrae in lateral view. B, first trunk vertebra in cranial view. C, sixth trunk vertebra in
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lateral view. D, ninth trunk vertebra in ventral view. E-F, second trunk vertebra in (E) lateral

and (F) ventral views. G, third trunk vertebra in lateral view. Abbreviations in the text.

Figure 3. CAPPA/UFSM 0002, photographs and drawings of trunk vertebrae. A-D, seventh
vertebra in (A) lateral, (B) caudal, (C) dorsal, and (D), ventral views. E-H, eighth vertebra in

(E) lateral, (F) dorsal, (G) cranial, and (H), caudal views. Abbreviations in the text.

Figure 4. CAPPA/UFSM 0002, photographs and drawings of the left humerus in (A) cranial,
(B) caudal, (C) lateral, and (D) proximal views. Dash lines reconstruct the hypothetical bone

shape. Abbreviations in the text.

Figure 5. CAPPA/UFSM 0002, photographs and drawings of the left forearm. A-D ulna in
(A) medial, (B) lateral, (C) proximal, and (D) distal views. E-H, radius in (E) medial, (F)
lateral, (G) proximal, and (H) distal views. Dash lines reconstruct the hypothetical bone

shape. Abbreviations in the text.

Figure 6. CAPPA/UFSM 0002, photographs and drawings of right metacarpal V in (A) dorsal

(B) ventral, (C) medial, and (D) proximal views. Abbreviations in the text.

Figure 7. CAPPA/UFSM 0002, photographs and drawings of right ischium in (A) lateral, (B)
medial, (C) dorsal, and (D) distal views. Dash lines reconstruct the hypothetical bone shape.

Abbreviations in the text.

Figure 8. CAPPA/UFSM 0002, photographs and drawings of left pedal phalanges. A-D, first

phalax of digit I in (A) dorsal, (B) proximal, (C) lateral, and (D) distal views. E-H,
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indeterminate phalanx in (E) dorsal, (F) proximal, (G) lateral, and (H) distal views. 1-J, ungual
phalanx of digit I in (1) lateral and (J) proximal views. K-L, indeterminate ungual phalanx in

(K) lateral and (L) proximal views. Abbreviations in the text.

Figure 9. Results of phylogenetic analyses. A, abbreviated strict consensus tree of the first
analysis depicting the phylogenetic position of CAPPA/UFSM 0002. B, abbreviated strict
consensus tree of the second analysis depicting the phylogenetic position of CAPPA/UFSM
0002 and MMACR PV 037-T. Numbers below nodes represent Bremer support values (left)
higher than 1 and Bootstrap values (right) higher than 50%. Clade names follow McPhee et

al. (2015).

Figure 10. Map of the central Rio Grande do Sul, Brazil, showing the sauropodomorph-
bearing localities of the Caturrita Formation. Surface distribution of geological units follows

Wildner et al. (2006).

Figure 11. Age of Caturrita Formation sauropodomorphs and evolutionary patterns of the
group through Late Triassic and Early Jurassic (Timescale from Gradstein et al. 2012). A,
sauropodomorphs body size evolution (from Irmis 2011). B, Convex hull geographic range

maps for sauropodomorphs (data from the Paleobiology Database).
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Figure 1. A, map of the Agudo area, Rio Grande do Sul, Brazil, showing the location of the
Wachholz site. Surface distribution of geological units according to Zerfass et al. (2007). B,
outline of CAPPA/UFSM 0002, showing the preserved bones.
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Figure 2. CAPPA/UFSM 0002, photographs of trunk vertebrae. A, first to eleventh trunk
vertebrae in lateral view. B, first trunk vertebra in cranial view. C, sixth trunk vertebra in
lateral view. D, ninth trunk vertebra in ventral view. E-F, second trunk vertebra in (E) lateral
and (F) ventral views. G, third trunk vertebra in lateral view. Abbreviations in the text.
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Figure 3. CAPPA/UFSM 0002, photographs and drawings of trunk vertebrae. A-D, seventh
vertebra in (A) lateral, (B) caudal, (C) dorsal, and (D), ventral views. E-H, eighth vertebra in
(E) lateral, (F) dorsal, (G) cranial, and (H), caudal views. Abbreviations in the text.
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Figure 4. CAPPA/UFSM 0002, photographs and drawings of the left humerus in (A) cranial,
(B) caudal, (C) lateral, and (D) proximal views. Dash lines reconstruct the hypothetical bone
shape. Abbreviations in the text.
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Figure 5. CAPPA/UFSM 0002, photographs and drawings of the left forearm. A-D ulna in
(A) medial, (B) lateral, (C) proximal, and (D) distal views. E-H, radius in (E) medial, (F)
lateral, (G) proximal, and (H) distal views. Dash lines reconstruct the hypothetical bone
shape. Abbreviations in the text.
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Figure 6. CAPPA/UFSM 0002, photographs and drawings of right metacarpal V in (A) dorsal
(B) ventral, (C) medial, and (D) proximal views. Abbreviations in the text.
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Figure 7. CAPPA/UFSM 0002, photographs and drawings of right ischium in (A) lateral, (B)
medial, (C) dorsal, and (D) distal views. Dash lines reconstruct the hypothetical bone shape.

Abbreviations in the text.



72

mdc

Idc
clp

&
cun¥ §
VAN WA
- M

AL
‘=

Figure 8. CAPPA/UFSM 0002, photographs and drawings of left pedal phalanges. A-D, first
phalax of digit I in (A) dorsal, (B) proximal, (C) lateral, and (D) distal views. E-H,
indeterminate phalanx in (E) dorsal, (F) proximal, (G) lateral, and (H) distal views. I-J, ungual
phalanx of digit I in (1) lateral and (J) proximal views. K-L, indeterminate ungual phalanx in
(K) lateral and (L) proximal views. Abbreviations in the text.
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Figure 9. Results of phylogenetic analyses. A, abbreviated strict consensus tree of the first
analysis depicting the phylogenetic position of CAPPA/UFSM 0002. B, abbreviated strict
consensus tree of the second analysis depicting the phylogenetic position of CAPPA/UFSM
0002 and MMACR PV 037-T. Numbers below nodes represent Bremer support values (left)
higher than 1 and Bootstrap values (right) higher than 50%. Clade names follow McPhee et

al. (2015).
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Figure 10. Map of the central Rio Grande do Sul, Brazil, showing the sauropodomorph-
bearing localities of the Caturrita Formation. Surface distribution of geological units follows
Wildner et al. (2006).
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Figure 11. Age of Caturrita Formation sauropodomorphs and evolutionary patterns of the
group through Late Triassic and Early Jurassic (Timescale from Gradstein et al. 2012). A,
sauropodomorphs body size evolution (from Irmis 2011). B, Convex hull geographic range
maps for sauropodomorphs (data from the Paleobiology Database).
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4 CONCLUSOES

Através da comparacdo com outros sauropodomorfos, verificou-se que CAPPA/UFSM
0002 apresenta morfologia condizente com a de Unaysaurus tolentinoi. O mesmo foi
observado através da andlise filogenética, a qual aninhou ambos como taxons-irméaos.
Portanto, é condizente considerar o espécime como um sauropodomorfo muito proximo
filogeneticamente de U. tolentinoi. Entretanto, a atribuicdo a espécie ainda foi evitada nesta
dissertacdo por existirem espécimes mais completos da mesma localidade fossilifera de
CAPPA/UFSM 0002 em fase de estudo. Apos analises morfoldgicas destes novos espécimes,
a designacao podera ser feita com maior grau de confiabilidade.

Algumas feicBes dsseas de CAPPA/UFSM 0002, ndo acessiveis devido a falta de
preservacdo em U. tolentinoi, demonstram estados relativamente avancados deste em relagéo
aos sauropodomorfos mais basais. Destacam-se a forma concava da margem caudal dos
processos espinhosos das vértebras truncais da regido media, a superficie convexa da
proximal do metacarpal V e a extremidade distal do isquio com altura maior do que duas
vezes a largura. Por outro lado, feicBes tipicas de grupos mais derivados do que
Plateosauridae ndo foram verificadas e a forma extremamente delgada da primeira falange do
digito | do pé guarda a condi¢do plesiomorfica. Na verdade, tanto CAPPA/UFSM 0002 como
U. tolentinoi sdo os sauropodomorfos mais derivados a manter essa condi¢éo.

De modo geral, a topologia da arvore de consenso estrito obtida na analise filogenética
ndo apresentou grandes mudancas em relacdo aos estudos mais recentes ja publicados. A
posicdo de CAPPA/UFSM 0002 como Plateosauridae nao foi suportada por sinapomorfias
ndo ambiguas. Porém a inclusdo do espécime ndo alterou o posicionamento de U. tolentinoi
em relagdo ao clado.

As afinidades filogenéticas entre CAPPA/UFSM 0002, MMACR PV 037-T e U.
tolentinoi permitiram estabelecer uma ligacdo com a por¢cdo basal da Formacdo Los
Colorados da Argentina, datada através de magnetoestratigrafia (KENT et al., 2014). Esta se
configura na primeira proposta bioestratigrafica para a localidade tipo de U. tolentinoi com
base em vertebrados fosseis. Deste modo, a presente correlagdo sugere que estes
sauropodomorfos viveram durante o Noriano inicial, um intervalo temporal até entdo pouco
compreendido na histéria do grupo. Os novos dados a respeito da idade destes animais
poderdo auxiliar no entendimento de quais foram as caracteristicas que levaram que estes

animais ao dominio dos ambientes terrestres no momento subsequente da historia terrestre.
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