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RESUMO

UM NOVO ESPECIME DE LORICATA (ARCHOSAURIA: PSEUDOSUCHIA)
PROVENIENTE DA  SEQUENCIA  PINHEIROS-CHINIQUA  (ZA
Dinodontosaurus), BACIA DO PARANA: DESCRICAO, TAXONOMIA E
CONSIDERACOES FILOGENETICAS

AUTOR: LUCIO ROBERTO DA SILVA
ORIENTADOR: SERGIO DIAS DA SILVA
CO-ORIENTADOR: MARCO AURELIO DE GALLO FRANCA

Os “rauisstiquios” sdo um importante grupo de pseudossuquios amplamente distribuidos
no Planeta durante o Mesotriéssico, atualmente excetua-se a Antartida e a Australia. A
presente tese apresenta a descricdo e estudos filogenéticos de um novo espécime
pertencente a “Rauisuchia” coletado no sitio do Posto de Gasolina (sequéncia Pinheiros-
Chiniqud) em Dona Francisca-RS, regido central do Estado do Rio Grande do Sul,
Brasil. Esse novo material (ULBRA-PVT-281) € representado por um cranio completo
e articulado, aparato hidide e os seguintes elementos pdés-cranianos: coluna cervical
acompanhada de seus respectivos osteodermas, vértebras dorsais e caudais, um
osteoderma dorsal, costelas, gastralias, cintura escapular e um membro posterior direito
completo. A andlise filogenética corroborou ULBRA-PVT-281 como um novo
exemplar de Prestosuchus chiniquensis. A descri¢do osteoldgica mostrou a presenca de
um foramen subnarial bem definido entre o pré-maxilar e a maxila. A importancia
filogenética dessa estrutura foi avaliada em Archosauria. Para isso, foi criado um novo
caractere relacionado a forma e a posicdo dessa estrutura modificando matriz
previamente publicada por outros autores. Os resultados mostraram uma nova condic¢ao
anatdmica presente tanto em Prestosuchus chiniquensis quanto em Saurosuchus galilei
(ambos provenientes da América do Sul), porém sem posiciona-los como taxons irmaos.
O segundo artigo teve, como foco a descricdo completa de ULBRA-PVT-281 e andlise
filogenética. Quatro abordagens metodoldgicas diferentes foram realizadas sendo que as
duas primeiras (com algoritimos de parcimdnia) ndo alteraram topologias previamente
publicadas de “Rauisuchia” em artigos recentes, de modo que “Raiusuchia” ndo foi
suportado como um grupo monofilético. A terceira abordagem (pesagem ponderada)
posicionou ULBRA-PVT-281 (juntamente com os demais P. chiniquensis) como taxon
irmdo de Saurosuchus galilei, hip6tese sugerida, mas ndo suportada no primeiro artigo.
Na quarta anélise, n6s constringimos Prestosuchus and Saurosuchus como grupo taxons
irmdos, a analise revelou um Archosauria melhor resolvido, sendo necessério somente
um passo a mais (1332 steps on 90 MPTSs). Os resultados apontam para a necessidade
de futuros esforcos de pesquisa para investigar as relaces entre P. chiniquensis e S.
galilei, para aumentar o nosso conhecimento sobre esses importantes predadores
triassicos.

Palavras chave: Sequéncia Pinheiros-Chinqué, Loricata, Prestosuchus chiniquensis



ABSTRACT

A NEW SPECIMEN OF LORICATA (ARCHOSAURIA: PSEUDOSUCHIA)
PROCEEDING OF PINHEIROS-CHINIQUA  SEQUENCE A Z
Dinodontosaurus) PARANA BASIN: DESCRIPTION, TAXONOMY AND
PHYLOGENETIC REMARKS

AUTHOR: LUCIO ROBERTO DA SILVA
ADVISOR: SERGIO DIAS DA SILVA
CO-ADVISOR MARCO AURELIO DE GALLO FRANCA

“Rauisuchia” is an important group of pseudosuchians widely distributed on the planet
during the Meso-Triassic atually except for Antarctica and Australia. This present thesis
presents the description and phylogenetic studies of a new specimen belonging to the
Rauisuchia collected at the Posto de Gasolina outcrop (Pinheiros-Chiniqué sequence) in
Dona Francisca-RS, central region of the Rio Grande do Sul State, Brazil. This new
material (ULBRA-PVT-281) is represented by a complete and articulated skull, hyoid
apparatus and the following post-cranial elements: cervical column together with
respective osteoderms, dorsal and caudal vertebrae, one dorsal osteoderm, dorsal,
gastralia, ribs shoulder girdle and a right complete forelimb. The phylogenetical
analysis supports ULBRA-PVT-281 as a new specimen of Prestosuchus chiniquensis.
The osteological description shows the presence of a quiet defined subnarial foramen
between the premaxillar and the maxilla. The phylogenetic significance of this structure
was evaluated in Archosauria. In order to do so, a new character was created, relating
both shape and position of this structure, modifying a dataset previously published by
other authors. The results had shown a new anatomical condition shared between
Prestosuchus chiniquensis and Saurosuchus galilei (both from South America), but not
recovered as sister taxa. The second paper aims the description of of ULBRA-PVT-
281, and subsequent philogenetical analysis Four methodological approaches were
carried out, the first two (with parsimonious algoritmun) did not change the topology
previously published for Rauisuchia, in recent papers, so what ‘“Rauisuchia”was not
supported as a monophyletic group. The third one (implied weidght) recovered
ULBRA-PVT-281 (nested together other P. chiniquensis specimens) as the sister taxon
of Saurosuchus galilei, a hypothesis suggested in the first article but not supported in
that contribution. In the fourth analysis, we added the constrain of Prestosuchus and
Saurosuchus as sister groups, and resulting in a better resolved Archosauria, needing
only one more step (1332 steps on 90 MPTs).The results showed that future research
efforts should be carried out in order to investigate the close relations between P.
chiniquensis and S. galilei, and also to increase our knowledge about these important
Triassic predators.

Key words: Pinheiros Chiniqua sequence, Loricata, Prestosuchus chiniquensis
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1- APRESENTACAO

A presente Tese esta estruturada de acordo com as normas da Universidade
Federal de Santa Maria (MDT), sendo composta por um texto integrador, dois artigos
(com a formatacéo especifica dos periodicos escolhidos para submisséo) e conclusoes.

O texto integrador apresenta uma breve contextualizagdo sobre o histdrico de pesquisa a
cerca dos “rauissuiquios” ja descritos, principalmente das espécies encontradas no
Tridssico do Rio Grande do Sul, assim como as discussdes existentes sobre as
controversas filogenias desse importante grupo de arcossauros.

O artigo 1 apresenta a descri¢do do pré-maxilar e do maxilar de um novo espécime de
Prestosuchus chiniquensis (ULBRA-PVT-281). O artigo apresenta ainda, a confirmacéo
da presenca de um foramen subnarial nessa espécie e a importancia dessa estrutura para a
filogenia de Archosauria. Além disso, uma nova estrutura é descrita, o entalhe premaxilar
(premaxillary groove), ndo mencionada ainda em outros rauissiquios. Esse artigo ja foi
publicado no periddico Anais da Academia Brasileira de Ciéncias.

O artigo 2 trata da descricdo completa do espécime ULBRA-PVT-281, que € constituido
de um cranio completo e articulado e material pos-craniano incompleto. O pés-cranio de
ULBRA-PVT-281 apresenta a regido cervical, parte da cintura escapular, regido dorsal e
0 membro posteriore direito. Apresenta ainda uma analise filogenética incluindo um
conjunto representativo de pseudossuquios, na intencdo de verificar o status taxonémico
do espécime descrito e seu posicionamento dentro dos Loricata.
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2- INTRODUCAO

Os arcossauros constituem um grupo bastante diverso, que inclui crocodilomorfos,
dinossauros, aves e também muitos outros grupos restritos ao Mesozoico (GOWER &
SCHOCH, 2009). Archosauria dividide-se em duas linhagens principais. A primeira, que
leva aos crocodilos (= Pseudosuchia, sensu NESBITT, 2011) e a segunda, que leva aos
dinossauros (= Ornithodira GAUTHIER, 1986), (Fig.1). De acordo com Gauthier &
Padian (1985) Pseudosuchia inclui todos os arcossauros mais préximos dos crocodilos do
que das aves. Mais recentemente, Sereno (2005) definiu Pseudosuchia como um clado de

base estematica que inclui Crocodylus niloticus, mas ndo Passer domesticus.

Dentre os Pseudosuchia destaca-se “Rauisuchia”, o qual inclui todos os taxons
geralmente inseridos em Rauisuchidae, Prestosuchidae, Poposauridae e Chatterjeeidae
(GOWER & SCHOCH, 2002; NESBITT et al., 2013).

Dinossauros nio aviarios gzbs'é‘

Dinosauria
Crurotarsi Avemetatarsalia

P
o~ Y’ Diapsida

Q ]‘ Amniota
Tetrapoda

Fig 1. Cladograma simplificado mostrando as relagdes filogenéticas dos Tetrapodes, incluindo Archosauria
(Modificado de BRUSATTE, 2012). Aqui, Crurotarsi é usado em lugar de Pseudosuchia.

Os “rauissuquios” foram pseudossuquios carnivoros amplamente distribuidos no

Planeta durante o Periodo Triassico, atualmente sem registro féssil na Antartida e na
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Oceania. Em termos paleoecologicos, eram predadores do topo da cadeia alimentar em
ecossistemas continentais (FRANCA et al., 2011; NESBITT et al., 2013; RAUGUST,
2014; LACERDA et al., 2016). . Apresentavam variadas morfologias e chegaram a
alcancar mais de sete metros de comprimento (Fig. 2) (NESBITT et al., 2013).

Fig 2. Exemplos da diversidade morfologica dos “rauissuquios”, exemplificada por: A. Saurosuchus galilei
(imagem modificada de Sereno, 1991 retirado de Raugust, 2014); B. Effigia okeeffeae (imagem retirada de
NESBITT, 2007); C. Arizonasaurus babbitti (imagem retirada de NEsSBITT, 2005). As figuras estdo
normatizadas, e as escalas possuem a medida de 0,5 m.

Em relacdo ao registro na América do Sul, os ‘“rauissiquios” podem ser
encontrados no Brasil e na Argentina. No Brasil, sdo representados por Prestosuchus
chiniquensis Huene 1938, Procerosuchus celer Huene 1938, Decuriasuchus
quartacolonia Franca et al., 2011, (Sequéncia Pinheiros-Chiniqua, Ladiniano, Zona de
Associacdo de Dinodontosaurus), Dagasuchus santacruzensis Lacerda et al., 2015
(Sequencia Santa Cruz, base do Carniano, Zona de Associacdo de Santacruzodon) e
Rauisuchus tiradentes Huene 1938 (Sequencia Candelaria, Carniano, Zona de Associacdo
de Hyperodapedon), (LACERDA et al., 2016). Na Argentina estdo presentes
Luperosuchus fractus Romer 1971 (Formagdo Los Chafiares, Tridssico Médio a
Superior), Saurosuchus galilei Reig 1959 (Formacéo Ischigualasto, Tridssico Superior),
Fasolasuchus tenax Bonaparte 1981 e Sillosuchus longicervix Alcober & Parrish, 1997
(Formacdo Los Colorados, Tridssico Superior) (LACERDA et al., 2016). Apesar de bem
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representados, a escassez de espécimes completos e auséncia de uma taxonomia bem
definida do grupo fizeram com que os “rauissuquios” fossem relegados a um segundo
plano em estudos macroevolutivos focalizando formas Tridssicas (NESBITT et al. 2013).
Embora sejam muito frequentes no registro fossil, apenas dez dentre os cingquenta
“rauisstiquios” conhecidos sdo constituidos de materiais realmente informativos, tanto de

cranio quanto de pés-cranio (Fig. 3), (Franca et al., 2011).

EUA
Postosuchus
Arizonasaurus

Wﬁ

\Iarrocos
Arganasuchus

Poposaurus
Effigia |
Vyvaron

Brasil
Rauisuchus
Prestosuchus

Decuna.uchm _n_ ’m
Dagasuchu

Argentina

Sillosuchus

e Rauisuchoids

~#— Poposauroids

Saurosuchus
Fasolasuchus
Luperosuchus

—F

Fig 3. Distribuicdo cosmopolita de “Rauisuchia” no Pangeia durante o Triassico (periodo no qual possuem
distribui¢do temporal restrita). Modificado de Lautenschlager & Desojo (2011).

Com base nesse contexto, a presente tese de doutorado propbe a descrigcdo e
investigagdo filogenéticas incluindo um novo espécime de Prestosuchus chiniquensis
(ULBRA-PVT-281), encontrado em Dona Francisca, regido central do Estado do Rio
Grande do Sul.
Paleontologia da Universidade Luterana do Brasil sob o nimero e sigla ULBRA-PVT-
281.

O material encontra-se tombado na colecdo do Laboratério de
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Do ponto de vista filogenético, as relacbes dentro do clado Pseudosuchia e

principalmente o0s taxons atribuidos a “Rauisuchia” sdo ainda mal

resolvidas

(BRUSATTE et al., 2010). Até o presente momento, a monofilia do grupo nao tem sido

suportada, o mesmo se aplicando a quais familias supostamente fariam parte dele.

Entretanto, com base nas contribui¢cdes publicadas na literatura apresenta-se o quadro

abaixo (Tabela 1), com as espécies atribuidas a “Rauisuchia”.

Taxon Autor Horizonte Idade Localizacao
Estratigréafico
Arizonasaurus babbitti Fm. Moenkop Eo/Meso Arizona, EUA
Welles, 1947. Triéssico
Arganasuchus dutuiti Jalil & Peyer, 2007 Africa
Fm.Timezgadiouine | Carniano (Marrocos)
Batrachotomus Wild, 1978a, Sul da
kupferzellensis Formalmente descrito Alemanha
(ex-“Kupferzeller por Gower, 1999. Fm. Lettenkeuper Neoladiniano
Rauisuchier”)
Bromsgroveia walkeri Galton, 1985 Fm.Bromsgrove Inglaterra
Sandst. Anisiano
Dagasuchus Sequéncia Santa Sul do Brasil
santacruzensis Lacerda et al., 2016 Cruz Ladiniano
Z A Santracruzodon
Decuriaschus Sequéncia
guartacolonia Franca et al., 2011 Pinheiros-Chiniqua, Sul do Brasil
ZA Ladiniano
Dinodontosaurus
Dongusuchus efremovi Sennikov, 1988 Anisiano- Oeste da Russia
Fm. Donguz Svita Eoladiniano
Meso-Neo Oeste da Russia
Ochev, 1986 Fm. Bukobay Svita | Ladiniano
Energosuchus garjainovi
Effigia okeeffeae Triéssico EUA (Novo
Nesbitt & Norell, Superior Meéxico)
2006 Fm. Chinle (?Rético)
Fasolasuchus tenax Bonaparte, 1981 Fm. Los Colorados Neonoriano | Noroeste da
(La Esquina) Argentina
Fenhosuchus cristatus Reig, 1964 Fm. Ehrmaying Tridssico Asia (China)
Superior Médio
Hoplitosuchus raui Huene, 1938a; Sequéncia Carniano Sul do Brasil
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Candeléria
Z A Hyperodapedon
Heptasuchus clarki Dawley et al. 1979 Fm. Popo Agie Meso- Wyoming,
Neocarniano | EUA
Hypselorhachis mirabilis Charig, 1966 Membro Lifua, Tridssico Africa
Fm. Manda Médio: (Tanzania)
?Anisiano
Superior
Jaikosuchus magnus Sennikov, 1990 Horizonte Yarenga Olenekiano Oeste da Russia
Jushatyria vjushkovi Kalandadze & Meso- Oeste da Russia
Sennikov, Fm. Bukobay Svita | Neoladiniano
1985
Zhang, 1975
Lotosaurus adentus Fm. Batung Triassico Asia (China)
Médio
Luperosuchus fractus Romer, 19712 Fm. Chafares Carniano Noroeste da

Argentina

Postosuchus Kirkpatricki

Chatterjee, 1985

Mesocarnian

Sudoeste, EUA

Grupo Dockum o/
Noriano
Postosuchus alisonae Peyer et al., 2008 Associacdo de Neocarniano | Carolina do
litofacies - norte, EUA
Il Eonoriano
Polonosuchus silesiacus Sulej, 2005 Neocarniano | Europa
(ex- Teratosaurus Fm. Krasiejow Central
silesiacus) (Polénia)
Poposaurus langstoni Chatterjee, 1985; ? Meso Texas, EUA
(ex- paratipo de Long Carniano
Postosuchus; ex- & Murry, 1995 Grupo Dockum
Lythrosuchus langstoni) Weinbaum &
Hungerbuhler, 2007
Poposaurus gracilis Mehl, 1915 Meso- SW Estados
Fm. Popo Agie Neocarniano | Unidos
a
Eonoriano
Huene, 19382 Sequéncia Sul do Brasil
Prestosuchus chiniquensis Pinheiros-Chiniqua,
ZA Ladiniano
Dinodontosaurus
Prestosuchus loricatus Huene, 19382 Sequéncia Sul do Brasil
Pinheiros-Chiniqud, | Ladiniano
ZA
Dinodontosaurus
Procerosuchus celer Huene, 19382 Sequéncia Ladiniano Sul do Brasil
Pinheiros-Chiniqua,
ZA
Dinodontosaurus
Li et al., 2007 Triéssico Asia (China)Asia
Qianosuchus mixtus Fm. Guanling Médio
(Anisiano)
Rauisuchus tiradentes Huene, 19382 Sequéncia Carniano Sul do Brasil
Candeléria
Z A Hyperodapedon
Saurosuchus galilei Reig, 1961 Fm. Ischigualasto Carniano Noroeste da
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Argentina
Sillosuchus longicervix Alcober & Parrish, Fm. Ischigualasto Carniano Noroeste da
1997 Argentina
Shuvosaurus inexpectatus Eo/Mesocarn | Sudoeste EUA
(ex-Chatterjeea elegans). Chatterjee, 1993 Grupo Dockum. iano-
Um possivel terdpode Eonoriano
Stagonosuchus nyassicus Huene, 1938b; Fm. Manda Anisiano Africa
(Tanzania)
Teratosaurus suevicus Meyer, 1861 Fm. Stubensandstein | Noriano Sul da Alemanha
Ticinosuchus ferox Krebs, 1965 “Grenzbitumenhoriz | Anisiano/ Suicae
ont” eequivalentes Ladiniano Norte da Italia
Tikisuchus romeri Chatterjee & Carniano (India
Majumdar,1987 Fm. Tiki Central)
Tsylmosuchus jakovlevi Sennikov, 1990 Vetluga Super- Olenekiano Oeste da Russia
(Horizonte)
Tsylmosuchus samariensis Oeste da Russia
1995Sennikov, 1990 | Vetluga Super- Olenkiano
(Horizonte)
Tsylmosuchus donensis Sennikov, 1990 Horizonte Yarenga Olenekiano Oeste da Russia
Vytshegdosuchus Sennikov, 1988 U. Yarenga Neo - Oeste da Russia
zheshartensis (Horizonte) Olenekiano
Vjushkovisaurus Anisiano-
berdjanensis Ochev, 1982 Fm. Donguz Svita Eoladiniano | Oeste da Russia
Vivaron haydeni Lessner et al., 2016 Fm. Chinle Meso Asia (China)
Noriano
Xilousuchus sapingensis Fm. Heshanggou Olenekiano Asia (China)
Wu, 1981 ou
Eoanisiana
Yarasuchus deccanensis Sen, 2005 Fm. Yerrapalli Anisiano Asia (india)

Em contribuicdes recentes, o termo “Rauisuchia” é usado entre aspas. As relacdes

de parentesco entre as formas tradicionalmente consideradas como “rauisSuquios” sempre
geraram duvidas e grande discussdo em torno desse tema. Entretanto, com base em varias
propostas filogenéticas desenvolvidas nas Gltimas décadas, dois cenarios distintos foram
apresentados (PARRISH, 1993; GOWER, 2002; NESBITT, 2011; NESBITT & NOREL,
2006; WEINBAUM & HUNGERBULER, 2007; BRUSATTE et al., 2010). No primeiro,
os crocodilos estariam relacionados com os rauisstquios, da mesma forma que aves e
dinossauros. Dentro desse grupo maior, estariam incluidos os poposaurideos e outras
formas relacionadas a Poposaurus, como por exemplo, Sillosuchus, Shuvosaurus,
Arizonasaurus, Lotosaurus e Effigia. Além disso, Rauisuchus, Prestosuchus,
Stagonosuchus, Batrachotomus, Saurosuchus e Ticinosuchus, podem formar sucessivos
grupos irmdos de Crocodylomorpha (WEINBAUM & HUNGERBULER, 2007).

Adicionalmente, podem n&o estar diretamente relacionadas entre si, dentro de Suchia
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(PARRISH, 1993; GOWER, 2002; NESBITT, 2011). J& um segundo cenério, oS
rauisstquios formariam um grupo natural que néo incluiria os crocodilos atuais ou outras
formas ja excluidas de sua classificacdo, como dinossauros e aves (BRUSATTE et al.,
2010; NESBITT, 2011). Assim, seriam reconhecidos subgrupos, um deles formado pelos
popossaurideos, um segundo pelos rauissuquideos e um possivel terceiro pelos
prestossuquideos constituido por Prestosuchus, Batrachotomus e Saurosuchus
(BRUSATTE et al,. 2010). Apesar das variagdes nos géneros, neste segundo cenario 0s
rauissiquios teriam surgido de uma Unica raiz evolutiva (BRUSATTE et al., 2010).
Entretanto, parece ser mais adequada a analise de Nesbitt (2011), a qual destaca
“Rauisuchia” como parafilético em relacdo a Crocodylomorpha e apresenta uma analise
mais robusta e com um ndmero maior de taxons. De fato, as duas contribuicbes mais
completas (BRUSATTE et al., 2010; NESBITT, 2011), que abarcam o maior nimero de

taxons e caracteres anatbmicos, mostram relacoes filogenéticas muito distintas.

De acordo com Brusatte et al., (2010) Rauisuchia é um grupo monofilético. Nessa
filogenia, Prestosuchus chiniquensis apresenta relacdo de taxon irmdo com
Batrachotomus kupferzellensis e ambas mais derivadas que Saurosuchus galilei, mais
basal. As trés formariam o clado Prestosuchidae, grupo irmdo de Rauisuchidae.
Prestosuchidae + Rauisuchidae seriam grupo irmdo do clado ndo nomeado que inclui
sucessivamente Arganasuchus (mais basal), Fasolasuchus e Stagonosuchus +
Ticinosuchus (mais derivados). Esses trés grupos formariam o clado mais inclusivo
Rauisuchoidea, por sua vez grupo irmdo de Poposauroidea. Rauisuchoidea
+Poposauroidea formaria Rauisuchia que, como ja mencionado, foi recuperado como
monofilético nesse trabalho. Por sua vez Rauisuchia se apresentaria como grupo irmao de
um clado ndo nomeado que inclui Revueltosaurus + Ornithosuchidae. Rauisuchia e
Revueltosaurus + Ornithosuchidae tem relagdo de grupo irmdo com Aetosauria (mais
basal) e Gracilisuchus e Erpetosuchus + Crocodylomorpha (mais derivados). Esses dois
clados ndo nomeados formariam o grupo mais inclusivo denominado Suchia. Suchia +
Fitosauria formariam uma das duas ramificacdes de Archosauria, os Pseudosuchia

denominados Crurotarsi nesse trabalho) (Fig. 4)
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Fig 4. Cladograma mostrando as relagdes filogenéticas da analise de Brusatte et al., (2010), com o
consenso dos 70 cladogramas mais parcimoniosos (747 passos, Cl= 0.31, RI1=0.68). Os nimeros proximos
aos clados sdo referentes as porcentagens de bootstrap/valor de suporte Bremer (Retirado de BRUSATTE et
al., 2010).

A andlise de Neshitt (2011) suporta o monofiletismo de Loricata [que inclui
Prestosuchus (mais basal) e Rauisuchus + duas espécies de Polonosuchus em uma
tricotomia], mas ndo de “Rauisuchia”. Rauisuchidae Huene, 1938 foi recuperado como
grupo irmdao de Crocodylomorpha, enquanto que o0s demais “rauissiquios”

(sucessivamente Prestosuchus, Saurosuchus Batrachotomus, e Fasolasuchus, €) mais
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Rauischidae foram recuperados como sucessivamente parafiléticos em relacdo a
Crocodylomorpha (Fig. 5). Nesse trabalho, Loricata € suportado pelas seguintes
sinapomorfias: quatro dentes premaxilares (6 - 1); uma crista sobre a superficie lateral do
processo ventral do squamosal (51 - 1); processo do squamosal presente e perfurando a
fenestra temporal inferior; oOrbita alta e estreita (142 - 1); insercdo para 0 musculo
iliofibularis proximo ao ponto médio entre as extremidades proximal e distal da fibula
(340 - 1); superficie articular ventral do calcaneum para o tarsal 4 e a extremidade distal
da tuberosidade separada por uma descontinuidade com uma fossa ventral (371 - 1);
metatarsal V separada por uma superficie proximal por uma descontinuidade cobncava
(397 -1).
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Recentemente, Butler et al., (2014) modificaram a matriz de Nesbitt (2011),
codificando Gracilisuchus stipanicicorum (Argentina), Turfanosuchus dabanensis e
Youghesuchus sangbiensis (China). Os resultados mostraram esses trés taxons formam
um clado bem suportado definido pelos autores Gracilisuchidae, o qual foi recuperado
como grupo irmdo do clado Paracrocodylomorpha.  Gracilisuchidae  +
Paracrocodylomorpha foi recuperado como grupo irméo de Revueltourus + Aetosauria,
formando o grande clado Suchia. Dada a diferenca de cenarios filogenéticos apresentados
por esses autores e a concordancia de que existe a necessidade de maiores estudos para
proposicdo de uma proposta filogenética que traga algum consenso com relacdo a essa
questdo, “Rauisuchia” sera, daqui por diante, tratado entre aspas ao longo deste texto
integrador, mesmo quando tenha sido citado em trabalhos anteriores a toda essa
controvérsia mais recente baseada em critérios filogenéticos. Com relacdo a
Rauisuchidae, em ambos o0s cenérios discutidos acima esta familia se apresenta
monofilética, apenas mudando o seu conteldo taxonémico. Assim, daqui em diante a

mesma é grafada sem aspas ao longo do texto.
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4- BREVE HISTORICO DE PESQUISAS SOBRE 0OS “RAUISSUQUIOS”

A primeira citacdo fazendo referéncia aos “rauissuquios” foi apresentada por
Friedrich Von Huene em 1942. Nessa publicagdo Huene criou, porém sem fornecer a
diagnose, a familia Rauisuchidae, para agrupar os grandes carnivoros encontrados no
Tridssico do Rio Grande do Sul durante a sua célebre expedi¢do na regido central do
Estado entre 1928 e 1929, a qual resultou na descricdo das espécies Rauisuchus
tiradentes, Prestosuchus chiniquensis, Prestosuchus loricatus, Hoplitosuchus raui e
Procerosuchus celer (HUENE, 1942). Anteriormente ao trabalho de Friedrich VVon Huene
foram descritos Teratosaurus suevicus Meyer 1861 e Poposaurus gracilis Mehl (1915),
atribuidos a “Rauisuchia” mais tarde, assim como outros materiais descritos pelo préprio
Huene (1936a, 1936b, 1938a e 1938 b). Dentre esses taxons, pode ser citada uma nova
espécie para a Formacdo Manda da Tanzénia Stagonosuchus nyassicus, incorporada na
familia Rauisuchidae em 1956 (GOWER, 2000).

Charig (1956) descreveu Mandasuchus, também proveniente da Formacdo Manda
e em 1957 criou a familia Prestosuchidade para incluir, além de Mandasuchus,

Prestosuchus, Spondylosoma absconditum e Stagonosuchus.

Romer (1956) sugeriu que Procerosuchus, Rauisuchus, P. chiniquensis e P.
loricatus estariam incluidos na Familia Ornithosuchidae dentro da Subordem
Pseudosuchia. Entretanto, este autor ndo fez mencdo a Familia Rauisuchidae e
acrescentou um sinal de interrogacdo associado aos tdxons ja mencionados, sem, contudo

apresentar uma explicacdo para isso.

Reig (1959) publicou Saurosuchus galilei encontrado na Formacao Ischigualasto
na Argentina, propondo-o como um membro da Familia Ornithosuchidae. Em outra
contribuicdo, Reig (1961), revisou essa proposta e definiu que a Familia Ornithosuchidae
seria composta por Rauisuchus, Prestosuchus e Stagonosuchus e Saurosuchus
(LACERDA, 2012). Um pouco mais tarde, Krebs (1963, 1965), apresentou um estudo
sobre os tarsais de Rauisuchus tiradentes e outro descrevendo um novo “rauissuquio”
Ticinosuchus ferox, incluido em Rauisuchidade. Além disso, Reig (1959) sugeriu que 0s
“rauisuquios” apresentavam afinidades com a Subordem Pseudosuchia (sensu ROMER,

1956).
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Romer (1966) revisou a Familia Prestosuchidae (sem, contudo, fornecer a
diagnose), agrupando todos os géneros citados por Charig (1957), excluindo desta
Spondylosoma (MASTRANTONIO, 2010). Além disso, Romer apresentou a primeira
proposta de divisdo da Ordem Thecodontia em quatro subordens: Proterosuchia,

Pseudosuchia, Aetosauria e Phytosauria.

Reig (1970) mencionou a importancia dos Proterosuchia para a evolucdo dos
arcossauros e, da mesma forma que Romer (1956), defendeu que o0s rauissuquideos
provavelmente teriam evoluido a partir dos euparkerideos. Além disso, propbs que
Rauisuchidae era composto pelos seguintes géneros: Ticinosuchus, Fenhosuchus,

Stagonosuchus, Saurosuchus, Prestosuchus e Rauisuchus (RAUGUST, 2014).

Bonaparte (1971), baseando-se no sistema classificatério de Romer (1966, 1968),
dissertou que a Infraordem Pseudosuchia seguramente teria origem em distintos
integrantes de Proterosuchia e colocou davidas sobre a inclusdo de Rauisuchidae na

Infraordem Ornithosuchia.

Romer (1971) com base em um grande cranio encontrado na Formagdo Los
Chafares do Tridssico Médio da Argentina prop6s uma nova espécie, Luperosuchus
fractus (PULR 04), aceita como a forma mais avancada de proterossiquio, por essa razao,
integrante de Pseudosuchia na familia Rauisuchidae. Ainda conforme o autor nessa
classificagdo, Rauisuchidae seria sindnimo de Prestosuchidae, incluindo os géneros
Ticinosuchus, Fenhosuchus, Shansisuchus, Stagonosuchus,“Mandasuchus”, Rauisuchus e
Prestosuchus. Romer (1971) discutindo a proposta apresentada por Reig (1970), defendia
que 0s “rauissuquios” teriam se originado a partir de um estoque basal dos
pseudossuquios, levantando trés argumentacdes: (1) eles teriam evoluido paralelamente a
partir dos proterosstquios; (2) poderiam constituir-se numa linhagem estéril, sem

descendentes; e (3) talvez teriam originado os Sauropoda (SILL 1974).

Charig (1972) defendeu a hipdtese de que todos os arcossauros poderiam ser
classificados, de acordo com caracteristicas do tornozelo e pélvis, em trés categorias.
Essas categorias poderiam ser representadas por discretos padrdes posturais: planigrados
(e.g. Proterosuchia), mesogrados (e.g. pseudossuquios, aetossauros, fitossauros e
Crocodylia) e ortogrados (e.g. dinossauros e aves). Além disso, que deveria existir uma
sequéncia evolutiva entre esses diferentes tipos de postura, partindo de um padrdo

planigrado, passando entdo por mesogrado e, finalmente, chegando a postura ortograda,
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mais derivada. Este trabalho, apesar de ndo incluir espécies de “rauissuquios”, foi o
primeiro a propor diferencas entre Pseudosuchia e Crocodylia em relacdo aos dinossauros
(MASTRANTONIO, 2010; LACERDA, 2012; RAUGUST, 2014).

Romer (1972) demonstrou uma preferéncia pelo nome Prestosuchidae em vez de
Rauisuchidae, justificando que o segundo termo baseava-se em Rauisuchus, um género
pouco conhecido. Reconheceu que os prestossuquideos sendo possivelmente um grupo
anatomicamente heterogéneo comentou que a linhagem eritrossugquidea—prestossuquidea
poderia ter dado origem aos saurépodes, excluindo a possibilidade desta ter sido ancestral
dos ornitisquios, crocodilianos, pterossaurios e aves. Romer (1972) ainda prop6s que a
familia Prestosuchidae (subordem Proterosuchia) seria constituida por Prestosuchus,
Rauisuchus, Saurosuchus, Luperosuchus, Ticinosuchus, “Mandasuchus”, Cuyosuchus,
Shansisuchus, Hoplitosaurus [Hoplitosuchus], Fenhosuchus, Stagonosuchus, Pallisteria
e, duvidosamente, Spondylosoma, colocando, também de modo duvidoso, o género

Procerosuchus dentro da familia Proterochampsidae.

Fazendo uma analise comparativa tendo como base os trabalhos de Romer (1971,
1972) foi possivel observar um problema de classificacdo envolvendo os pseudossuquios
e proterossuquios. Tal problema foi atribuido a falta de consenso nas propostas
apresentadas, somado a auséncia de critérios definidores dos grupos sugeridos durante a
época pré-cladistica (RAUGUST, 2014). Além disso, parecia haver uma hierarquizacao
da sistematica classica, visto que muitos autores colocavam 0s pseudosiquios como um
grupo divergente do estoque basal dos proterossuquios, sendo que eram geralmente
posicionados dentro da mesma categoria (subordem), obscurecendo essa relagédo
ancestral/descendente.

Sill (1974), descrevendo um novo espécime de Saurosuchus galilei Reig 1959,
posicionou 0 mesmo na familia Rauisuchidae, junto com o0s géneros Rauisuchus,
Prestosuchus, Luperosuchus, Ticinosuchus, e Mandasuchus. Além disso, contrariando 0s
trabalhos de Romer (1971, 1972), Sill ndo concordou que os dinossauros tivessem surgido
a partir de “rauissuquios” (RAUGUST, 2014).

Krebs (1974), afirmou que Pseudosuchia e Crocodylia seriam taxons relacionados,
concordando com o que havia sido dito por Charig (1972), e criou o grupo Suchia, devido
ao fato desses animais apresentarem um tipo de juncdo do tornozelo similar, tomando
como base o tornozelo de Ticinosuchus (MASTRANTONIO, 2010; RAUGUST, 2014).
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Assim como a hipdtese de outros autores (e. g. HUGHES, 1963; ROMER, 1972),
o0s quais defendiam a origem dos rauissuquideos a partir dos eritrossuquideos, Bonaparte
(1975) incluiu essas duas familias em “Rauisuchia” (subordem Proterosuchia). Além
disso, incluiu as familias Rauisuchidae e Erytrosuchidae dentro da subordem
Proterosuchia (LACERDA, 2012).

Krebs (1976) designou lectotipos e paralectdtipos para as espécies descritas por
Huene (1938), afirmando que a Familia Rauisuchidae seria muito abrangente, sem,
contudo fornecer uma argumentacao a esse respeito. Além disso, questionou a inclusdo da
espécie chinesa Fenhosuchus cristatus em “Rauisuchia” e que as espécies Prestosuchus
chiniquensis e Prestosuchus loricatus seriam sinbnimos, porém uma revisdo mais
detalhada seria necessaria para verificacdo do status taxondmico das espécies desse

género.

Fasolasuchus tenax foi descrito por Bonaparte (1981), o qual mencionou o
problema da mé preservacdo do material, que poderia estar tendenciando a morfologia
dos ostedermas. O taxon foi incluido na familia Rauisuchidae (esta de acordo com a
classificacdo anterior de Bonaparte, 1975), junto com Poposaurus gracilis,
?Heptasuchus, Saurosuchus, ?Teratosaurus, Prestosuchus chiniquensis, Prestosuchus
loricatus, Luperosuchus, Ticinosuchus, Stagonosuchus, Batrachotomus. Nesse artigo, o
autor propOs ainda que “Rauisuchia” seria composto pelas familias Rauisuchidae,
Erythrosuchidae, com status de infraordem dentro de Proterosuchia (MASTRANTONIO,
2010; LACERDA, 2011; RAUGUST, 2014). Adicionalmente, Bonaparte (1981) afirmou
que a espécie proveniente da China, Fenhosuchus cristatus € muito mal preservada e,
dessa forma, problematica para diagnostica-la como pertencendo a Rauisuchidae. Além
disso, os osteodermas mostravam padrdes distintos dos que eram vistos em outros
membros dessa familia, como, por exemplo, seu diminuto tamanho. J& Poposaurus
gracilis foi classificado como um Rauisuchidae, baseado na semelhanca de seu ilio e
pubis com os de Saurosuchus. Teratosaurus suevicus Meyer 1861 foi interpretado
também com sendo um rauissuquideo, sendo que até entdo esta espécie era aceita com um
dinossauro (RAUGUST, 2014). Um ano depois, em um trabalho especifico sobre
classificacdo de “Thecodontia”, Bonaparte (1982) manteve a sua proposta anterior, que
reconhecida a Infraordem “Rauisuchia” como constituida pelas familias Erythrosuchidae

e Rauisuchidade.



32

Chatterjee (1982), com base em uma tendéncia apresentada em varios trabalhos
(WALKER, 1964; KREBS, 1963, 1974; CHARIG, 1972; CRUICKSHANK, 1979;
BONAPARTE, 1971), prop6s quatro tipos bésicos de articulacdo do tornozelo para os
arcossauros (Fig. 7):

(1) articulagdo mesotarsal primitiva (MP): é a mais primitiva, presente, por exemplo, em
Proterosuchus e em arcossauromorfos rincossaurios, no qual o astragalo e o calcaneo
estdo firmemente articulados entre si e o movimento de ‘“dobradica” ocorre
transversalmente, entre as fileiras de elementos proximais e distais do tarso. Este tipo de

articulagdo ocorre em formas que exibem uma postura planigrada (“sprawling”).

(2) articulagdo “crocodilo-normal” (CN): € tipica dos crocodilianos, mas é encontrada
também em outros arcossaurios incluindo os rauissuquideos, estagonolepidideos,
parassuquios, esfenossuquideos, Gracilisuchus e em popossaurideos. O astrdgalo possui
um processo que funciona como um pino (“peg”) que se articula dentro de uma
embocadura (“socket”) do calcaneo. Este tipo de articulagdo ¢é flexivel, permitindo um
grande grau de rotagdo entre astragalo e calcdneo. A modificacdo da articulagdo
mesotarsal primitiva (MP) para a articulagdo “crocodilo-normal” (CN) esta associada a
uma modificacdo da postura planigrada para a condi¢cdo mesograda.

3) articulagdo “crocodilo-reversa” (CR): o tipo de movimento no tornozelo é equivalente
ao do tipo CN, contudo difere pelo posicionamento do pino, que agora, esta no calcaneo,
e a embocadura no astragalo. Bonaparte (1971b) foi o primeiro a reconhecer este tipo de
articulacdo nos ornitossuquideos. Cruickshank (1979) sugeriu que este tipo de articulacédo
estaria presente em Chanaresuchus (Proterochampsidae), contudo Chatterjee (1982)
colocou em divida essa hip6tese, ao argumentar que nada poderia ser afirmado nesse
sentido devido o estado fragmentario desta articulacdo neste taxon (MASTRANTONIO,
2010; LACERDA, 2012; RAUGUST, 2014). Segundo Chatterjee (1982) este tipo de
articulacdo também esta associado a condigdo mesograda, mas funcionalmente diferente
do que a articulacdo CN, sendo um mecanismo que proporciona mais estabilidade e é
mais adaptado para suportar o peso do corpo. Os tdxons que possuem articulagdes moveis
entre o astragalo e calcaneo (seja crocodilo-normal ou crocodilo-reversa) eram agrupados
sob a denominacio Crurotarsi (MASTRANTONIO, 2010; LACERDA, 20112;
RAUGUST, 2014).

(4) articulacdo mesotarsal avancada (MA): esta é similar a articulagdo mesotarsal

primitiva (MP), onde 0 movimento em “dobradiga” ocorre entre a fileira proximal e a
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distal do tarso. No entanto, o astragalo é alongado médio-lateralmente, com um processo
dorsal ascendente que se articula firmemente com a tibia, enquanto o calcaneo é reduzido,
além disso, o forame perfuratdrio é ausente. Esta articulagdo é encontrada em todos 0s
dinossauros, sendo um padrdo para os arcossaurios bipedes. Chatterjee (1982) prop6s
ainda, duas hipdteses na evolucgdo da articulacdo MA. A primeira aceitava que este tipo de
articulacéo teria evoluido do tipo MP. A segunda defendia que a origem seria atribuida a
uma articulagdo crurotarsiana (CN ou CR), com base na presenca de um “pino” vestigial
e da “emborcadura” em alguns arcossauros mais derivados. Sendo assim, dois subtipos
foram reconhecidos a partir da articulagdo MA: o primeiro chamado mesotarsal avancada
reversa (MA-R), exemplificada em Lagosuchus, saurépodes e carnossauros. Neste
subtipo o calcaneo apresenta um pino rudimentar fixo e uma emborcadura no astragalo. O
segundo foi chamado de mesotarsal avangada normal (MA-N) observada em
celurossauros, ornitisquios e “prossaurépodes” (CRUISKHANK, 1979: RAUGUST,
2014). Chatterjee (1982) ainda discutiu as relagbes internas dos arcossauros,
reconhecendo a infraordem “Rauisuchia” como sendo representada pelas familias
Rauisuchidae Huene 1938 e Poposauridae Nopsca 1923 (Fig. 8). No entanto, ele néo
menciona os trabalhos anteriores de Bonaparte (1975, 1981, 1982), nem a sua hipotese

que qualificava Poposaurus como um “Rauisuchia” (BONAPARTE, 1981).

v

ORTOGRADA

MESOGRADA

PLANIGRADA

Fig. 7. Esquema evolutivo dos arcossaurios, baseado na evolugdo do tornozelo e suas implicacGes nos
padrdes posturais. Retirado de Raugust, 2014 (figura adaptada a partir de CHATTERJIEE, 1982). Legendas:
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MP, articulagdo mesotarsal primitiva (e.g. Proterosuchus); CN, articulagdo “crocodilo-normal” (e.g.
popossaurideos); CR, articulagdo “crocodilo-reversa” (e.g. Riojasuchus); MA, articulacdo mesotarsal
avancada (dinossauros); MA-R, articulacdo mesotarsal avancada reversa (Allosaurus); MA-N, articulacdo
mesotarsal avangada normal (e.g. Albertosaurus). A direita estdo as posturas associadas com a estrutura do
tornozelo correspondente. Abreviaturas: as, astragalo; ca , calcaneo; T , tibia; F , fibula.

NATUREZA DA | MESOTARSAL CROCODILO MESOTARSAL CROCODILO
JUNGCAO DO AVANGCADA REVERSO PRIMITIVO NORMAL
TORNOZELO (MA) (CR) (MP) (CN)
SUBORDEM LAGOSUCHIA | ORNITHOSUCHIA | PROTEROSUCHLA PSEUDOSUCHIA
INFRAORDEM PARASUCHIA AETOSAURIA RAUISUCHIA
Poposauridae
Neo »
Triassico Ornithosuchidae Stagonalepididae
Rauisuchidae
P
Meso Parasuchidae
Triassico Lagosuchidae

Ervthrosuchidae
- \Eupa""""d” Proterosuchidae
Triassico

Neo
Permiano EOSUCHIA

Fig 8. Estratodendrograma modificado de Chatterjee (1982). Semelhante ao modelo de Bonaparte (1981),
que havia reconhecido Poposaurus como um Rauisuchia, Chatterjee (1982) interpretou a familia
Poposauridae, junto aos Rauisuchidae, como representantes da infraordem Rauisuchia. Modificado de
Chatterjee, 1982 (Retirado de RAUGUST, 2014).

Bonaparte (1984) ajustou sua proposta anterior de 1982. Nesta classificagdo ele
tentou explicar a ancestralidade de Proterosuchia, ao coloca-la como uma subordem
restrita a familia Proterosuchidae. Propos ainda que as infraordens “Rauisuchia” e
Proterochampsia deveriam pertencer a Erythrosuchia, caracterizada por formas
quadripedes e plantigradas, possuindo um tarso crurotarsal ndo bipede (RAUGUST,
2014). Ainda nesse estudo, a familia Rauisuchidae Huene 1938 seria composta pelos
géneros Fenhosuchus, Ticinosuchus, Stagonosuchus, Luperosuchus, Prestosuchus,
Rauisuchus, Saurosuchus, Heptasuchus, Fasolasuchus, “Mandasuchus”, Poposaurus e,
possivelmente, Teratosaurus. Além disso, reinterpretou o que foi dito por Charig (1982),
que afirmou que esse seria apenas um dos caminhos desenvolvidos pelos arcossauros para
alcancar uma postura vertical dos membros na pelve. Além disso, disse que o
aprimoramento do aparelho locomotor dos “rauisstquios” foi realizado através de dois
caminhos em “Thecodontia”. A saber, (1) Aquisicdo de uma posicao vertical do ilio: isto
teria resultado numa posicéo lateral do acetdbulo (e.g. Euparkeriidae, Ornithosuchidae,
Lagosuchidae, e Saurischia e Ornithischia), acompanhando, por consequéncia um fémur

especializado apresentando mudancas, a partir da postura plantigrada para digitigrada,
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que por sua vez, foi acompanhada de importantes mudancas no tornozelo. (2)
Desenvolvimento de um ilio lateralmente inclinado com um acetdbulo orientado
ventralmente: Este padrdo é o que se verificou em Rauisuchidae Huene 1938, no qual ha
retencdo de um tarso crurotarsal associado a uma postura plantigrada (BONAPARTE
1984).

Chatterjee (1985) descreveu a espécie Postosuchus kirkpatricki (Grupo Dockum —
Estados Unidos — Tridssico Superior), interpretada como sendo um Pseudosuchia
(apresentava a articulacdo do tornozelo “crocodilo normal”).

Chatterjee & Majumdar (1987) descreveram o primeiro rauissiquio encontrado na
Asia, Tikisuchus romeri proveniente da Formacéo Tiki, India. O exemplar Tikisuchus foi
enquadrado como um representante Rauisuchidae, junto aos géneros Saurosuchus,
Ticinosuchus, Fasolasuchus, Stagonosuchus, Luperosuchus, Rauisuchus, Prestosuchus e
Heptasuchus.

Sennikov (1990) apresentou novos taxons provenientes do Oeste da Russia, uma
novo género denominado Tsylmosuchus e novos materiais pertencentes a Vytshegosuahus
zheshartensis e Dongusuchus efremovi. O autor ainda defendeu a existéncia de dois
grupos dentro dos rauissiquios, o primeiro constituido de formas mais robustas com o
acetabulo dirigido ventralmente (e.g. Prestosuchus, Saurosuchus e Stagnosuchus). O
segundo formas mais graceis e com um acetdbulo dirigido lateralmente (e.g.
Tsylmosuchus, Jaikosuchus, Vytshegdosuchus, Dongusuchus, Energosuchus e
“Mandasuchus”).

Azevedo (1991) realizou, em forma de tese, uma redescricdo de Prestosuchus
chiniquensis (UFRGS-PV-0156-T) e de alguns elementos da coluna cervical e dorsal que
ndo haviam sido descritos.

Long & Murry (1995) revisaram alguns materiais provenientes do sudoeste dos
Estados Unidos (Tridssico Superior) e propuzeram a possibilidade de Postosuchus
kirkpatricki Chatterjee (1985) ser baseado em trés espécies diferentes de “Rauisuchia”.
Além disso, alguns materiais de pequeno tamanho, originalmente designados como P.
kirkpatricki, pertenceriam a uma nova espécie denominada Chatterjeea elegans. Além
disso, 0s mesmos autores criaram uma nova familia para posicionar a nova espécie,
Chatterjeeidae Long & Marry 1995.

Gower (1999) redescreveu o0s materiais originalmente apresentados por Wild
(1978), apenas designados como “um tecodonte predador” e o apresentou como uma nova

espécie de rauissuquio Batrachotomus kuppferzellensis.
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Alcober (2000) apresentou a descricdo de novos materiais pertencentes a
Saurosuchus galilei e afirmou que os mesmos pertenceriam a um espécime juvenil (PVSJ
32). E agrupou S. galilei juntamente com Prestosuchus chiniquensis e outras espécies na
familia Rauisuchidae.

Renesto et al (2003) descreveu um dente coletado em 1978 (Formacdo Gorno,
Mesocarniano da Itéalia) e o classificou como Rauisuchia indeterminado, citando a grande
abundéncia dessas formas em relacéo as de dinossauros nessa unidade.

Nesbitt (2003) apresentou um estudo de um ctenossauriscideo Arizonasaurus
babbitti Welles 1947 (Formacdo Moenkopi, Eoanisiano dos EUA), apontando evidéncias
que ctenossauriscideos e popossaurideos seriam formas de rauissuquios derivados.

Sen (2005) prop6s uma nova espécie de rauissiquio Yarasuchus deccanensis
(Tridssico da India) a partir de dois espécimes incompletos e materiais isolados
(Formacao Yerrapall e o posicionou na familia Prestosuchidade).

Sulej (2005) apresentou uma nova espécie para 0 género Teratosaurus a qual

denominou como Teratosaurus silesiacus. Apesar de Sulej ndo ter realizado uma anélise
filogenética, posicionou T. silesiacus na familia Prestosuchidae.
Nesbitt & Norell (2006), descreveram a forma edéntula Effigia okeefeae para o Triassico
superior do Novo México, Estados Unidos (Formacdo Chinle) classificando-a, dentro de
Suchia. Além disso, esses mesmos autores constataram que E. okeefeae apresenta
caracteristicas tanto da linhagem Pseudosuchia como também de Ornithodira, e
argumentaram que o Tridssico apresentaria planos corporais convergentes com 0S
dinossauros, dando como exemplo Postosuchus (“suquios-carnossauriformes™) e
Aetossauros (“stiquios-ankilossauriformes”).

Weinbaum & Hungerbihler (2007) descreveram um novo material de Poposaurus
e efetuaram uma extensiva revisdo deste tdxon e concluiram que Lythrosuchus langstoni
seria um sinénimo-junior de Poposaurus, contrariando os resultados de Long & Murry
(1995) que apresentaram Lysthrosuchus langstoni proposto originalmente por Chatterjee
(1985) como um parétipo de Postosuchus. Além disso, Weinbaum & Hungerbuhler
(2007) sinonimizaram Lysthrosuchus com Poposaurus e mantiveram o epiteto especifico
do primeiro, ficando como Popsaurus langstoni.

Jalil & Peyer (2007) descreveram uma espécie de “rauissuquio” descoberta em
niveis correspondentes ao Triassico Superior do Marrocos (Bacia de Argana) e a
chamaram de Arganasuchus dutuiti. Esse material ja havia sido publicado anteriormente

por Dutuit 1979), como sendo um espécime de Ticinosuchus.
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Peyer et al., (2008) apresentaram uma nova espécie para 0 género Postosuchus,
sendo o0 primeiro rauissuquio que apresentou um esqueleto articulado proveniente do
Leste da América do Norte, o qual foi chamado de Postosuchus alisonae.

Lautenschlager (2008) revisou a descricdo de Rauisuchus tiradentes realizada
primeiramente por Huene (1938), fornecendo agora uma andlise filogenética. Este autor
usou uma matriz modificada de Nesbitt (2007) e apresentou duas possiveis apomorfias
para R. tiradentes: vértebras cervicais curtas que ndo apresentam uma lamina poés-
zigapdfiseal, mas apresentando uma quilha ventral; vértebras caudais alongadas , que
possuem um sulco ventral e um espinho neural acessorio, além de uma lamina pos-
espinhal.

Niedzwiedzki et al., (2012) descreveram um esqueleto quase completo do
arcossauro denominado Smokwawelski. Este material foi encontrado na Polonia e
corresponde ao maior carnivoro ja encontrado para no Neotridssico/Eojurassico da

Europa Central, podendo alcancar 6 metros de comprimento com um cranio de 1 metro.

5 ALGUMAS CONSIDERAGOES SOBRE POSTURA E LOCOMOGAO DOS
“RAUISSUQUIOS”

A locomocdo é um mecanismo de extrema importancia para que um vertebrado
realize as suas interagcdes ecoldgicas. Diferentes modelos de locomogdo vém sendo
moldados pela evolucdo hd mais de 350 milhdes de anos (LIPARINI, 2011). Nesse
contexto, o Periodo Tridssico foi marcado pelo surgimento de uma diversidade de
inovacGes morfologicas e anatdmicas, as quais tiveram importantes reflexos na postura e
na locomocao dos arcossauros (LIPARINI, 2011). Nas ultimas duas décadas, importantes
avancos foram alcangados no estudo das linhagens crocodiliana (Pseudosuchia) e aviaria
(Ornithodira), apesar do pequeno nimero de espécies completas e bem preservadas
(GAUTHIER et al., 2011). De um modo geral, sempre se deu mais atencdo para 0s
clados relacionados aos dinossauros (LIPARINI et al., 2013). Devido a isso, a linhagem
crocodiliana apresenta um quadro bastante impreciso no que diz respeito da evolucéo da
locomogdo desse grupo, necessitando, assim, de novos trabalhos tendo, como base,
espécimes mais completos. Levando em consideracdo as observacdes de Liparini (2011),
que estudou os aspectos biomecanicos e morfofuncionais do esqueleto apendicular de

Prestosuchus chiniquensis (UFRGS-PV-0629-T), esta espécie possuiria uma postura
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intermediaria entre a quadrupede e a bipede. Charig (1972) propés uma postura
mesograda para P. chiniquensis com base em algumas caracteristicas anatdbmicas como,
por exemplo, duas veértebras sacrais, asa pré-acetabular do ilio pouco desenvolvida,
acetdbulo fechado, cabeca do fémur indistinta e medialmente deslocada, fémur levemente
sigmoide, quarto trocanter pouco incipiente, tibia sem torcao, articulagcdo crurotarsal do
tornozelo, presenca de um tubérculo no calcaneo, pé plantigrado, falanges iguais em
tamanho e um pouco menores do que 0s 0ssos metatarsais. Além disso, esse autor
reconheceu o tipo postural “esparramado” (sprawled) como mais primitivo, como
semiaperfeicoado (semi improved). Tal postura é vista em pseudosuquios e crocodilos.
Adicionalmente, o modelo ereto visto em Ornithischia e Saurischia foi denominado de
totalmente aperfeicoado (fully improved). Os caracteres osteoldgicos que definem o
modelo postural totalmente aperfeicoado sdo: acetadbulo perfurado, processo anterior do
ilio fortemente desenvolvido, crista supra acetabular bem desenvolvida, pubis e isquio
bastante alongados, torcdo na tibia, tornozelo crurotarsal sem tuberosidade do calcaneo e

pés com postura digitigrada.

Bonaparte (1981) demonstrou que 0s “rauissiquios” tiveram importantes
modificagOes na pelve e nos membros posteriores, mostrando um arranjo diferente, mas
visto em outros arcossauros, por exemplo, como o observado em aetossauros. Neste caso,
o ilio teria uma posicdo horizontal com o acetabulo disposto ventralmente como
observado em Aetosauroides scagliai e Polesinesuchus aurelioi (CASAMIQUELA,
1961; DESOJO & EZCURRA, 2011; ROBERTO-DA-SILVA et al., 2014). Esta
disposicao da pelve acarreta transformacdes nos fémures, como trocanteres vestigiais e
uma modesta projecdo da cabeca do fémur. Bonaparte (1984) citou tais caracteristicas
como uma condicdo primitiva para os “rauissiquios”, mas nao menos eficaz do que é
visto em dinossauros prossaurdépodes”. Além disso, ndo concordou com as interpretacdes
apresentadas por Charig (1972), e atribuiu uma postura mais colunar para 0os membros
posteriores dos “rauissuquios”. Entretanto, Liparini (2011) afirmou que P. chiniquensis
ndo apresenta todas as caracteristicas que foram generalizadas por Bonaparte (1984), em

concordancia com Charig (1972).

A postura ereta costuma ser entendida como tendo evoluido a partir de posturas
semieretas. Muitos arcossauros basais foram considerados taxons de transi¢do entre 0s
grandes grupos de arcossauros e 0s dinossauros de postura ereta (CHARIG, 1972;
CRUICKSHANK, 1979; PARISH, 1986; BRUSATTE et al., 2010). Chatterjee (1982)
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observou que muitos pseudosslquios apresentaram uma postura bipede, mas
morfologicamente distinta daquela apresentada pelos dinossauros. Os primeiros trabalhos
cladisticos realizados no inicio da década de 1990 sugeriram que a postura ereta teria
evoluido ainda na base de Archosauria, sem passar por posturas semieretas intermediarias
(SERENO, 1991; PARRISH, 1993; BRUSATTE et al., 2010). De acordo com Brusatte et
al., (2010), os grupos externos mais proximos de Archosauria (proterossuquideos,
eritrossuquideos, proterocampsideos) possuiam postura “esparramada” (‘sprawling’).
Euparkeria e frequentemente descrito como um animal de postura semiereta, algo dificil
de definir (SERENO, 1991). Assim, é mais coerente dizer que Euparkeria ndo possuia
uma postura totalmente ereta como a de muitos arcossauros mais derivados (BRUSATTE
et al., 2010). Esse tipo de marcha ereta é visto em muitos arcossauros. Com a dificil
definicdo de certos tipos posturais a partir de espécims fosseis e as dificuldades
taxonémicas de muitos grupos, mais estudos sdo necessarios para se entender as possiveis

homologias posturais entre Avemetatarsalia e Suchia.

6- O HISTORICO DE PESQUISA DOS RAUISSUQUIOS NO RIO GRANDE DO
SUL

Desde a expedicdo do paleontdlogo alemao Friedrich Von Huene, realizada no
Estado do Rio Grande do Sul durante os anos 1920, inumeros fdsseis atribuidos a
“Rauisuchia” foram coletados e publicados (LACERDA, 2016). Dentre os materiais
coletados e publicados por Huene (1935-42) encontra-se Rauisuchus tiradentes, que veio
a ser o embrido do termo “Rauisuchia” (LIPARINI, 2011), Juntamente com esse, foram
publicadas outros “rauisstquios”, Procerosuchus celer, Prestosuchus loricatus e
Prestosuchus chiniquensis. Krebs (1976) e Barberena (1978) consideraram estas duas
Gltimas como sendo sindnimos (LACERDA, 2016). Entretanto, Desojo & Rauhut (2009)
afirmaram que somente o paralectétipo de P. loricatus poderia ser atribuido a P.

chiniquensis, sendo que o lectotipo poderia ser uma espécie diferente (LACERDA, 2016).

Essas questdes também foram discutidas por Kischlat (2000), que atribuiu um
novo género para o material supracitado, “Abaporu loricatus”. No entanto, esse estudo
ndo foi publicado de acordo com as normas do Codigo Internacional de Nomenclatura
Zooldgica (ICZN). Assim, somente a espécie Prestosuchus chiniquensis permanece
véalida (MASTRANTONIO, 2010).
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Barberena (1978) descreveu um cranio e alguns elementos pos-craniais (UFRGS-
PV-0156-T), os quais foram atribuidos a Prestosuchus chiniquensis, entretanto esta
designacdo foi contestada por alguns autores, os quais defendiam a possibilidade deste se
constituir em uma nova espécie, juntamente como o paralectétipo BSPG1933L/7,
(SERENO, 1991; PARRISH, 1993; KISCHLAT & BARBERENA, 1999). Kischlat
(2000) considerou também que o espécime UFRGS-PV-0152-T pertenceria a um novo
tdxon, o que foi posteriormente descartado devido a pouca consisténcia dos caracteres
usados (MASTRANTONIO, 2010). Além disso, como foi o caso de “Abaporu loricatus ”,
0 estudo ndo foi publicado de acordo com o ICZN. Em um resumo, Kischlat & Barberena
(1999), consideraram esse suposto novo tdxon como Crurotarsi indeterminata, deixando
pendente uma designacdo taxondmica, o que Kischlat (2000) fez um ano depois em um
capitulo de livro, “Karamuru vorax”, o qual, novamente, ndo é considerado valido por
ndo seguir as nomas do ICZN (MASTRANTONIO, 2010; RAUGUST, 2014;
LACERDA, 2016).

Huene (1935-42) publicou Hoplitosuchus raui como sendo um rauisuquio,
entretanto, em uma revisdo posterior desse material (DESOJO & RAUHUT, 2008)
constatou-se que 0 mesmo compreende de um conjunto de materiais de diferentes taxons,
identificados como restos de dinossauros e pseudosuquios. Por essa razdo, Hoplitosuchus
é considerado nomen dubium (MASTRANTONIO, 2010; LACERDA 2012; RAUGUST,
2010; LACERDA et al., 2016). Procerosuchus celer, também descrito por Huene (1935-
42) foi reinterpretado mais tarde como sendo um juvenil de Prestosuchus chiniquensis
(KISCHLAT, 2000; DESOJO & RAUHUT, 2009).

Em 2010 foi encontrado um novo material muito completo descrito por
Mastranténio (2010) na forma de tese de doutorado e atribuido a P. chiniquensis
(UFRGS-PV0629-T). Sua caixa craniana foi descrita em detalhes por Mastrantdnio et al.,
(2013), onde foram discutidas tanto questdes filogenéticas quanto aspectos ontogenéticos
dos “rauissuquios” (MASTRANTONIO, 2010). Também usando como base UFRGS-
PV0629-T, Liparini (2011), levantou aspectos biomecanicos e morfofuncionais de
Prestosuchus chiniquensis e a suas implicagdes para a locomogdo em sua dissertacéo de
mestrado. Dois anos mais tarde, partes dos seus resultados foram publicados em um
artigo cientifico (LIPARINI et al., 2013).
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Franca et al., (2011), apresentaram uma nova espécie para Mesotridssico do Rio
Grande do Sul, Decuriasuchus quartacolonia (holétipo: MCN PV10105a), descrita com
base em dez individuos coletados no mesmo sitio (Sitio Posto de Gasolina), onde foram
encontrados outros espécimes de Prestosuchus chiniquensis ( UFRGS-PV0629-T,
Mastrantonio, 2010; ULBRA-PVT-281).

Raugust (2014) apresentou, também, na forma de tese de doutorado, a descri¢édo
do espécime (UFRGS-PV0152-T), que havia sido interpretado por Kischlat (2000) como
sendo um novo taxon, entretanto, a analise mostrou se tratar de outro exemplar de P.
chiniquensis. Adicionalmente, Nesbitt (2011), ja havia mencionado (UFRGS-PV-0152-T)
em sua extensa analise filogenética dos arcossauriformes, embora 0 mesmo ainda nao
tivesse sido totalmente estudado. Os resultados de Raugust (2014), ainda serdo

apresentados em uma futura publicagéo.

Lacerda et al., (2015) apresentaram mais um novo rauisiquio, Dagasuchus
santacruzensis, com base em uma pelve incompleta e desarticulada. O material foi
encontrado em niveis da Sequéncia Santa Cruz (Z A Santacruzodon), sendo o Unico
rauistiquio encontrado até o presente momento nessa zona de associacdo. Um ano depois,
Lacerda et al., (2016) descreveram novos espécimes de Prestosuchus chiniquensis,
provenientes de S8o Pedro do Sul, Sequéncia Pinheiros-Chiniquéa, aumentando o
conhecimento sobre a anatomia dessa emblematica espécie do Tridssico do Rio Grande
do Sul.

Prestosuchus chiniquensis,

Apresentamos um quadro abaixo com os diferentes espécimens atribuidos a
publicados até o presente momento e usados para

comparag0es na presente Tese (Tabela 2).

Caodigo/Tombo Autor Horizonte Localidade
Estratigrafico

BSPG 1933L 1-3/5- Huene, 1942 Sequéncia Pinheiros- Séo Pedro do Sul-

11/28-41/41 Chiniqua. RS.

BSPG 1933L/7 Huene, 1942 Sequéncia Pinheiros- Sdo Pedro do Sul-

Chiniqua.

RS.

UFRGS-PV-0152-T

Kischlat, 1999,
2000; Nesbitt, 2011;
Raugust, 2014.

Sequéncia Pinheiros-
Chiniqua.

Vale Verde-RS

UFRGS-PV-0156-T

Barberena, 1978;
Azevedo, 1991.

Sequéncia Pinheiros-
Chiniqué.

Candelaria-RS

UFRGS-PV-0629-T

Mastrantonio, 2010;
Mastranténio et al.,
2013.

Sequéncia Pinheiros-
Chiniqua.

Dona Francisca-RS

CPEZ-239

Lacerda et al., 2016.

Sequéncia Pinheiros-
Chiniqua.

Séo Pedro do Sul-
RS.
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ULBRA-PVT-281 Roberto-da-Silva et | Sequéncia Pinheiros- Dona Francisca-RS
al., 2016. Chiniqua.

Tabela 2. Tabela explicitando os diferentes espécimens de Prestosuchus chiniquensis ja publicados na
literatura. Os materiais tombados na UFRGS e ULBRA foram examinados pessoalmente por LRS. Os

outros materiais foram examinados pessoalmente pelo co-orientador Marco Aurélio de Gallo Franga.
7- CONTEXTO GEOLOGICO

As rochas de idade triassica do Estado do Rio Grande do Sul estdo incluidas em
depositos sedimentares pertencentes a Bacia do Parana. Essa bacia se distribui em uma
area de aproximadamente 1,6 milhdes de Km?2 entre o Uruguai, Paraguai, Argentina e
Brasil (Fig. 9), (; MILANI et al., 2007). No Brasil, a Bacia do Parana se distribui entre os
Estados RS, SC, PR, SP e MS e sua extensdo temporal vai do Ordoviciano ao Cretaceo
(MILANI et al., 2007 ). Esta bacia intracratonica originou-se durante a formagao do
Gondwana, no final do ciclo Brasiliano, individualizou-se quando sofreu subsidéncia
termal, formando uma depressdo inicialmente aberta para o Oeste. Mais tarde, sendo
fechada aos poucos devido ao levantamento dos arcos estruturais. A Bacia do Parana
apresenta uma forma eliptica com o seu maior eixo no sentido Norte-Sul (HOLZ, 1991, ).
Seu pacote sedimentar pode chegar até 8000 mil metros de espessura, sendo constituido
de rochas sedimentares e igneas, as quais foram formadas em diferentes ambientes
(ZERFASS et al., 2003 ).
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Fig 9. Mapa geoldgico da Bacia do Parana mostrando as areas de ocorréncia de suas seis unidades
aloestratigraficas e idades relativas (modificado de MILANI et al., 2007). Retirado de Raugust (2014).

Milani et al., (2007) apresentaram uma divisdo da referida Bacia em seis unidades
aloestratigraficas de segunda ordem (supersequéncias). As Supersequéncias Rio Ivai
(Ordoviciano - Siluriano), Parana (Devoniano) e Gonduana | (Neocarbonifero -
Eotridssico) dizem respeito a grandes ciclos transgressivos/regressivos de variagcdo do
nivel de base, enquanto que as Supersequéncias Gonduana Il (Mesotridssico-

Neotriassico), Gonduana Il (Neojurassico - Eocretdceo) e Bauru (Neocretaceo)
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documentam sucessGes sedimentares continentais e rochas igneas associadas . Nesse
esquema de Milani et al., (2007), a Supersequéncia Gondwana Il era a que representava
depositos exclusivos do Rio Grande do Sul e caracterizava-se por sua paleofauna distinta,
0 que permitia correlagdes com a Argentina e a Africa (MILANI et al., 2007).

Devido a essas semelhancas do pacote sul-riograndense com a Argentina e a
Africa, Zerfass et al., (2003), assumiram que a sedimentac3o continental da regido sul da
América do Sul estaria intimamente ligada a orogénese Gondwanides. Muito das Bacias
triassicas pertencentes ao sudoeste do Gondwana, como a Bacia do Karoo, Chinle e
ocidental da Argentina sdo diretamente relacionadas a orogénese Cape-Sierra de La
Ventana, parte da orogénese Gondwanides (ZERFASS et al., 2003). Essa hipoGtese
contrariava a mais tradicional, que conecta o Tridssico do Rio Grande do Sul com a
historia sedimentar intracratbnica da Bacia do Parand (RAUGUST, 2014). Essa
designacdo é referente a proposta inicial de Keidel (1917), porém na década de 1930, A.
L. Du Toit redefiniu essa faixa orogénica, chamando - a de Samfrau (ZERFASS et al.,
2003; RAUGUST, 2014).

Huene & Stahlecker (1931) foram os primeiros autores a estudarem o pacote de
“red beds” do Rio Grande do Sul em um contexto estratigrafico. Esses autores avaliaram
as areas fossiliferas de Santa Maria e Sdo Pedro do Sul e caracterizaram 0s pacotes que
continham tetrpodes fosseis, com uma caracteristica alternancia de argilas vermelhas e
arenitos vermelhos e claros, mais ou menos argilosos (ZERFASS et al., 2003). Zerfass
(1998) mencionou uma observacdo facioldgica importante realizada por Huene &
Stahlecker (1931), em que a porcdo mais inferior de todo esse pacote, em todas as
localidades, € mais rica em arenitos do que a superior. Isso parece fazer referéncia ao que
Bortoluzzi (1974) chamou mais tarde de facies Passo das Tropas (RAUGUST, 2014).

Gordon Jr. (1947), elevou as Camadas de Santa Maria, anteriormente vinculadas
as Camadas Rio do Rasto, ao status de Formacdo Santa Maria (de idade Triassica
ocorrendo apenas no Rio Grande do Sul). Deixando as Camadas Rio do Rasto restritas ao
Permiano. Desde entdo, muitos trabalhos estratigraficos foram propostos dentro do
paradigma da estratigrafia classica, a qual era realizada com o objetivo de “empilhar as
camadas”, ndo considerando sua génese e a forma de deposi¢do dos estratos. Sendo
assim, alguns problemas ocorriam quando eram feitas correlagdes entre pacotes com
litologias semelhantes. Litologias semelhantes eram interpretadas como pertencendo ao
mesmo evento deposicional, quando de fato ndo eram. Isso gerou diferentes propostas,

muitas delas antagbnicas, como é o caso da Bacia do Parana até 1974, onde cerca de 25
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colunas estratigraficas diferentes foram publicadas (HOLTZ & SIMOES, 2002;
RAUGUST, 2014).

Faccini (1989) foi o primeiro autor a apresentar o pacote sedimentar da Bacia do
Parand com base na estratigrafia de sequencias. Essa abordagem leva em conta o clima, a
tectdnica e a eustasia como fatores que influenciavam a sedimentacdo. Além disso, essa
abordagem busca explicar os fatores ciclicos envolvidos na origem das sequéncias
deposicionais (HOLTZ & SIMOES, 2002; RAUGUST, 2014). Faccini (1989) dividiu o
pacote referente ao intervalo Neopermiano-Eocretaceo em quatro sequéncias

deposicionais (Fig 10).
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Fig 10. Representacdo comparativa de cinco propostas estratigraficas referentes ao Tridssco sul-rio-
grandense. Gamermann (1973) relatou como ausentes no RS as camadas do Rio do Rasto. Contudo
Schneider et al. (1974) assumiram o retorno das camadas Rio do Rasto, do Grupo Passa Dois, em sua
coluna estratigrafica. Andreis et al. (1980) fizeram referéncia a um possivel contato da base da Fm. Sanga
do Cabral (que tinha idade compreendida entre Permiano Superior e Triassico Médio) com as camadas
vermelhas da Fm. Rio do Rasto em furos de sondagem. Faccini (1989), a modelo dos autores supracitados,
reconheceu a presenca da Fm. Rio do Rasto no Estado baseado na estratigrafia de sequéncias. Modificado
de Faccini (1989). Legendas: Fm: formacdo; inf: inferior; JUR: Jurdssico; M.a.: milhdes de anos; PERM:
Permiano. Outras propostas foram posteriromente elaboradas por Zerfass et al (2003), Langer et al. (2007) e
Horn et al. (2014), ver adiante. Retirado de Raugust (2014).
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Ainda segundo Faccini (1989), as sequéncias Il e Il ndo foram consideradas
correlacionaveis com outras unidades da Bacia do Parana, principalmente considerando o
seu contetdo fossilifero. A sequencia | foi reconhecida diferentemente de Andreis et al.
(1980). Assim, a Formacdo Rio do Rasto e a Formagdo Sanga do Cabral possuiam um
contato gradacional que, em niveis superiores da Fomacdo Sanga do Cabral, seriam
semelhantes a Formacdo Piramboia. Nesta ultima, seus niveis superiores pertenceriam ao
Eotridssico, considerando o contetdo fossilifero do topo da sequéncia (RAUGUST,
2014).

A sequéncia Il (Santa Maria) é caracterizada pela presenca de pelitos subaquosos,
vermelhos e ricos em vertebrados fosseis, aos quais se interdigitam, tanto na base como
no topo, sedimentos arenosos e esbranquicados de origem fluvial. Essa sequéncia
correspondia a toda a Formacdo Santa Maria e a parte basal da Formacdo Caturrita
(ANDREIS et al. 1980; RAUGUST, 2014). A sequéncia lll, inicialmente chamada de
Arenito Mata, era caracterizada por arenitos quartzosos, esbranquicados, fluviais contento
troncos silicificados. Bortoluzzi (1974) chamou esses niveis de Membro Caturrita
(Juréssico) e considerou-os pertencentes a porcao inferior da Formacao Botucatu.

Scherer et al., (2000) apresentaram um panorama generalizado da estratigrafia e
sedimentologia do pacote mesozoico gaucho. Esses autores subdividiram o pacote
mesozoico da Bacia do Parana no Rio Grande do Sul, em cinco sequéncias deposicionais,
cujos depdsitos sdo estritamente continentais. Assim, suas géneses sdo controladas pela
tectdnica e pelo clima. So elas: Sequéncia Eoscytiana, correspondente a Formacgdo Sanga
do Cabral; Sequéncia Ladiniana-Eonoriana, representadas pelas Formacgdes Santa Maria e
Caturrita; Sequéncia Rética, representada pelo Arenito Mata; Sequéncia Neojurassica,
representada pela Formacdo Guara; Sequéncia Neocomiana, constituida pela Formacéo
Botucatu e pelos derrames vulcanicos da Formacao Serra Geral.

Mais tarde, Zerfass et al., (2003) considerou que a sucessdo triassica continental
do Sul do Brasil, compreendia duas supersequéncias deposicionais de segunda ordem,
Sanga do Cabral (EoTriassico) e Santa Maria (Meso/NeoTriassico). A sequéncia Sanga
do Cabral representa depdsitos fluviais de baixa sinuosidade, desenvolvidos em um
gradiente baixo de planicie. JA& a sequéncia Santa Maria, apresenta facies que
correspondem, além de rios de baixa sinuosidade, deltas e lagos (ZERFASS et al., 2003).
Esta GOltima supersequéncia foi dividida em trés sequéncias de terceira ordem, Santa
Maria 1 (Ladiniano), Santa Maria 2 (Carniano/Noriano) e Santa Maria 3 (provavelmente

Rético ou EoJurassico), (ZERFASS et al., 2003). A sequéncia Santa Maria 1, na qual se
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inclui o material estudado na presente tese, alcanca cerca de 50 metros de espessura. Esta
é suportada por conglomerados e arenitos estratificados cobertos por lamitos laminados.
Foi associada com depositos fluviais progradando para lacustres rasos (ZERFASS et al.,
2003), (Fig. 11). Posteriormente, Horn et al. (2014) reinterpretaram o trabalho de Zerfass
et al, atualizando os dados de Zerfass dentro de uma perspectiva bioestratigrafica (ver
capitulo seguinte).

Da-Rosa & Faccini (2005) apresentaram uma proposta de subdivisdo dos
depositos sedimentares do Triassico Médio a Superior, pertencentes aos Membros
Alemoa e Passo das tropas. Nesse trabalho foram delimitados blocos estruturais em
rochas sedimentares ampliando, assim, as possibilidades de correlacdo em areas
densamente cobertas por vegetacdo. Além disso, o reconhecimento dos blocos estruturais
evitariam as duvidas devido ao desordenamento bioestratigrafico pela justaposicao lateral
de diferentes biozonas. Seis blocos estruturais foram reconhecidos pelos autores, séo eles:
Santa Maria, S8o Jodo do Polésine, Faxinal do Soturno, Agudo, Paraiso do Sul e

Candeléria.

8 - CONTEXTO BIOESTRATIGRAFICO.

Barberena (1977) foi o primeiro pesquisador a propor um zoneamento
bioestratigrafico para a Formacdo Santa Maria com base na diferenca entre as paleofaunas
que ocorriam em diferentes localidades (Pinheiros, Candeléria, Chiniqua, Sdo Pedro do
Sul e Santa Maria) (Lacerda, 2012). Trés zonas de associacdo foram apresentadas, da base
para 0 topo: Cenozona de Therapsida, Cenozona de Dicroidium e Cenozona de
Rynchocephalia. A Cenozona de Therapsida (reconhecida nas localidades de Pinheiros e
Chiniqua) era caracterizada pela abundancia de terapsidos e rauissuquios (“tecodontes”) e
pela auséncia de rincossauros (LACERDA, 2012). A segunda, Cenozona de Dicroidium,
era composta por uma paleoflora representada por um Unico género, Dicroidium, alguns
invertebrados e peixes. A terceira cenozona, chamada de Rynchocephalia (Santa Maria),
apresentava abundancia de rincossauros e poucos registros de cinodontes (RAUGUST,
2014).

Mais tarde, Barberena et al., (1985) dividiram o intervalo Permo-Triassico nas
chamadas Faunas-Locais, sendo quatro delas pertencentes ao Meso/Neotrassico. Sao elas:

Fauna-Local de Pinheiros (Ladiniano), Fauna-Local de Chiniqua (Ladiniano), Fauna-
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Local de Alemoa (Carniano) e a Fauna-Local de Botucarai (Neocarniano-Eonoriano)
(MASTRANTONIO, 2010; LACERDA, 2012; RAUGUST, 2014). No que diz respeito
ao registro dos ‘“rauisstquios”, Prestosuchus chiniquensis (materiais publicados por
Huene, 1938-42), Prestosuchus loricatus e Procerosuchus celer sdo provenientes da
Fauna-Local de Chiniqud, interior de S&o Pedro do Sul e o espécime UFRGS-PV-0156-T
(publicado por BARBERENA, 1978) pertence a Fauna-Local de Pinheiros em
Candeléria. J& as espécies Rauisuchus tiradentes e Hoplitosuchus raui (descritas por
HUENE, 1938-42) pertencem a Fauna-Local de Alemoa em Santa Maria
(MASTRANTONIO, 2010).

Schultz et al., (2000) retomaram a proposta das Zonas de Associacdo (as
cenozonas de BARBERENA, 1977), porém utilizando apenas paleofaunas de tetrapodes.
Da base para o topo, mantiveram-se as cenozonas de Therapsida e de Rynchosauria,
sendo acrescentado o intervalo de Jachaleria, o qual integrava a Fauna-Local de
Botucarai. Posteriormente, Abdala (2001) propds uma mudanca na nomenclatura das
Cenozonas: de Therapsida para Dinodontosaurus e de Rynchosauria para Hyperdapedon.
Definiu ainda um novo intervalo bioestratigrafico entre essas duas, o de Traversodontidae
(LACERDA, 2012).

Rubert & Schultz (2004), apresentaram um novo horizonte de correlagédo, a
Cenozona de Ictidosauria, compondo a parte basal da Formagdo Caturrita, ampliando
dessa forma o intervalo de Jachaleria. Além desse género de dicinodonte, também foram
encontrados dentes de arcossauros indeterminados, o dinossauro Guaibasaurus
candelariensis Bonaparte et al., 1999, parte do rostro de um fitossauro (KISCHLAT &
LUCAS, 2003), microvertebrados (mammaliamorfos como Riograndia por exemplo),
esfenodontideos (posteriormente descritos como Clevosaurus brasiliensis BONAPARTE
& SUESS, 2006) e um procolofonideo (Soturnia caliodon), (LACERDA, 2012;
RAUGUST, 2014).

Duas associagdes de fauna séo consistentemente reconhecidas para o Meso/Neo
Triassico do Sul do Brasil, tendo como base comparagfes com as faunas Argentinas,
agora chamadas de Zonas de Assembléia: a de Dinodontosaurus (Ladiniano) e a de
Hyperodapedon s&o comparaves as faunas de tetrdpodes das formacgdes Los Chafares e

Ischigualasto, respectivamente.
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Langer et al., (2007) apresentaram um estudo bioestratigrafico considerando a
fauna de tetrapodes do Sul do Brasil, afirmando que o Triassico Médio (Formacédo Santa
Maria) possuiria uma idade Ladiniana. Essa afirmacdo teve com base as correlacGes de
faunas (em grande parte, formadas por cinodontes e dicinodontes) com a Formacao Los
Chanares na Argentina. Essa fauna faria parte, portanto, da Zona de Assembléia de
Dinodontosaurus. Entretanto, esses autores chamam a atencdo para possiveis
discrepancias de idades entre as diferentes localidades pertencententes a Sequéncia Santa
Maria | (ZERFASS et al., 2003).

Schultz & Soares (2011) propuseram uma mudanca nomenclatural para a
Cenozona de Ictidiosauria, com base na identificacdo e discussdo de problemas
taxonémicos, para Cenozona de Mammaliomorpha alegando que seria mais adequado em
termos filogenéticos, devido a predominancia de pequenos cinodontes ndo-
mamaliaformes nesse horizonte (Riograndia, Irajatherium, Brasilodon, Brasilitherium).
No mesmo ano, Soares et al., (2011) definiram que Zona de Associacdo de Riograndia
seria um nome de intervalo bioestratigrafico mais adequado para esse horizonte, devido a
predominancia de fosseis desse género em comparagdo com 0s demais encontrados
nesses niveis sedimentares. Atualmente, o esquema biostratigrafico baseado em
tetrapodes para o Triassico Médio e Superior se organiza da seguinte forma, da base para
0 topo: Zona de Associagdo de Dinodontosaurus, Zona de Associacdo de Santacruzodon,
Zona de Associacao de Hyperodapedon e, finalmente, Zona de Associacdo de Riograndia
(SOARES et al., 2011), (Fig 11 abaixo-legenda na proxima pagina).
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Fig 11. Carta bioestratigrafica das faunas terrestres tridssicas do Gondwana mostrando ZA Riograndia; ZA
Dinodontosaurus (sensu BARBERENA et al., 1985); ZA Santacruzodon (sensu ABDALA & RIBEIRO,
2010); ZA Hyperodapedon (Sensu ABDALA et al., 2001). Ans, Anisian; AZ, Assemblage Zone; Crn,
Carniano; Ind, Induano; Lad, Ladiniano; Mad, Madagascar; Nor, Noriano; Ol, Olenekiano; Rht, Retico; S.
Africa, South Africa. Modificado de Abdala and Ribeiro (2010). Escala do tempo geologico basedo em
Gradstein & Ogg (2004). Retirado de Soares et al., (2011).

Mais recentemente, Horn et al., (2014) apresentaram uma nova nomenclatura para
as sequéncias deposicionais, com base nas distintas associa¢fes de fauna, tendo como

base o trabalho realizado por Zerfass et al., (2003). (Fig. 12).
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Fig 12. Proposta bioestratigrafica apresentada por Zerfass et al., (2003) modificada por Horn et al., (2014).

No esquema das figuras 12 e 13, tanto a Sequéncia Pinheiros-Chiniquéa quanto a
Sequéncia Santa Cruz tem idade Ladiniana. Recentemente, Marscicano et al., (2016), com
base em datacBes radioisotdpicas em depoésitos da Argentina (Formacdo Los Chafares),
chegaram a calibragens diferentes das conhecidas até entdo apenas com base em
assembleias de tetrapodes. Segundo esses autores, 0 topo desses depdsitos seria 5-10
milhGes de anos mais recente do que anteriormente proposto, atribuindo para Los
Chafares uma idade referente ao Eocarniano. Isso levanta a possibilidade de que héa
discrepancias de idade semelhantes em outras bacias Gondwanicas, como é o caso da
Bacia do Parana. Sendo assim, a sequéncia Pinheiros-Chiniqua anteriormente interpretada
como pertencendo ao Ladiniano, pode também incluir pertence aos estratos neotriassicos.
(MARSICANO et al., 2016; ROMO-de-VIVAR-MARTINEZ et al., 2016). Assim, a
Sequéncia Pinheiros-Chiniqué (Z.A. Dinodontosaurus) pode, na verdade, adentrar no

Carniano e a Sequéncia Santa Cruz (Z. A. Santacruzodon) pode ter sido toda depositada
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nesse mesmo andar. Contudo, € preciso que sejam feitas datacbes absolutas desses

depdsitos da Bacia do Parana para corroborar tal hipotese.

Norian

13225.9

Rlogrand/a AZ

&
Candelaria

_ Hyperodapedon AZ S equence
-

Santacruzodon AZ

‘/ (. Santa Cruz
w Sequence
(‘ Dinodontosaurus AZ a P
Pinheiros-Chiniqua
Sequence

Late
N
(o)
>

1:&231.4

TRIASSIC
Carnian

Santa Maria Supersequence

M

}236.0
237.0

Middle
Ladinian

@ conchostraceans = massive and laminated
@ vertebrates mudstone
& silicified logs [=x) coarse- and medium-
2415 7K Paleosols grained sandstone
small- and medium-size ' pansiomal:s = medium- and fine-
&€ 0u5h cross-laminati \ ize trough grained sandstone
el

27) cross-lamination k suspension lobes

Fig 13. Crono e bioestratigrafia modificado de Zerfass et al., (2003) e Horn et al., (2014).
Datagdes radiométricas de 236, 231.4 e 225. 9 Ma correspondente a primeira metade da Formagéo Chafiares
(MARSICANO et al., 2015), a base da Formag&o Ischigualasto e a base da Formagdo Los Colorados
(MARTINEZ et al., 2013). Em A, Prestosuchus chiniquensis; B, Decuriasuchus quartacolonia; C,

Dagasuchus santacruzensis; D, Rauisuchus tiradentes. Retirado de Romo-de-Vivar-Martinez et al., (2016).

9 - MATERIAIS E METODOS
9.1- Materiais

ULBRA-PVT-281 é constituido por um esqueleto parcialmente completo e bem
preservado, representado por cranio completo com aparato hidide preservado e
consideravel parte do esqueleto poés-craniano em posicdo de articulagdo (Fig 14-15).
Devido a disposi¢cdo do material, o qual ainda se encontra parcialmente incluso na matriz
rochosa, a grande maioria das estruturas visiveis compreendem a norma direita do animal.
O pos-cranio compreende grande parte do esqueleto axial (elementos cervicais, dorsais,
caudais e costelas), cintura escapular (escapula, coracoide e clavicula) e um membro
posterior completo (fémur, tibia, fibula, astragalo, calcaneo, tarsais, metatarsais e
falanges). O material encontra-se depositado no Laboratorio de Paleontologia da

Universidade Luterana do Brasil (ULBRA), e é proveniente do municipio de Dona
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Francisca (Afloramento do Posto de Gasolina, em frente a rétula de acesso a cidade),

regido central do Estado do Rio Grande do Sul, Brasil (Fig 16).

Fig 14. Imagem mostrando a disposicdo de ULBRA-PVT-281, ainda no bloco de rocha no campo.

9.2- Métodos

Os estudos de descri¢cdo anatdmica dos novos materiais foram realizados de forma
comparativa com os demais exemplares de “Rauisuchia” conhecidos. Dentro do possivel,
visitas a colecBes paleontologicas de diferentes instituicbes foram realizadas para os
estudos comparativos dos materiais atribuidos a “Rauisuchia”. Compara¢6es com dados
disponibilizados na literatura também foram realizadas. Foram realizadas visitas a
colecbes de instituicbes brasileiras e argentinas. Materiais de outros paises foram
analisados através de material fotografico produzido e disponibilizado pelo co-orientador
deste doutorado. Para os estudos filogenéticos foi utilizado o programa TNT® de uso
livre (Goloboff et al ., 2003; 2008).
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Fig 15. Desenho esquematico mostrando as principais estruturas anatdbmicas preservadas em ULBRA-PVT-
281. Abreviacbes: C, créanio; CO, coracéide; E, escépula; F, fibula; GST, gastralias; M, mandibula; O,
osteodermas; TRS, tarsais; U, ulna; VC, vértebra cervical; VD, vértebra dorsal. (Crédito da figura: Rodrigo

Temp Miller).

A preparagdo do material foi feita de forma mecénica com o uso de agulhas,
curetas (ferramentas de uso odontolégico) e marteletes, nas dependéncias da
Universidade Luterana do Brasil, Campus Canoas. As fotografias foram feitas com uma
camera Nikon 1100 e as demais ilustracfes foram confeccionadas com o programa Gimp

2.8, também de uso livre.
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Fig 16. Mapa mostrando a localidade onde foi encontrado ULBRA-PVT-281, em Dona Francisca interior

do Estado do Rio Grande do Sul (Retirado de FRANCA et al., 2013).
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10- OBJETIVOS

A presente Tese de doutorado teve como objetivo geral tornar conhecida a anatomia de
um novo espécime de “Rauisuchia” preliminarmente atribuido a Prestosuchus

chiniquensis.
10.1 Objetivos especificos

- Averiguar a identificacdo prévia de ULBRA-PVT-281 como pertencente a
Prestosuchus chiniquensis, através da verificacdo de seu posicionamento filogenético

junto a outros exemplares previamente atribuidos a esse taxon.
- Avaliar o status filogenético de Rauisuchidae e sua relagdo com outros loricatos.

- Obter subsidios para revisar as hipdteses prévias das relacdes filogenéticas dos
“Rauisuchia”, através da reanalise dos caracteres até hoje utilizados e, se possivel, pela
proposicdo de novas formas de codificacdo de estruturas que possuam sinal filogenético

dentro da linhagem Loricata.
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Abstract. Many authors have discussed the subnarial foramen in Archosauriformes. Here
presence among Archosauriformes, shape, and position of this structure is reported and its
phylogenetic importance is investigated. Based on distribution and the phylogenetic tree,
it probably arose independently in  Erythrosuchus, Herrerasaurus, and
Paracrocodylomorpha. In Paracrocodylomorpha the subnarial foramen is oval-shaped,
placed in the middle height of the main body of the maxilla, and does not reach the height
of ascending process. In basal loricatans from South America (Prestosuchus chiniquensis
and Saurosuchus galilei) the subnarial foramen is ‘drop-like’ shaped, the subnarial
foramen is located above the middle height of the main body of the maxilla, reaching the

height of ascending process, a condition also present in Herrerasaurus ischigualastensis.
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These results suggest that this structure might be phylogenetically important and further
investigation with a large set of valid taxa is necessary to properly evaluate its importance

among Archosauria.

Key words: Archosauria, extra cranial opening, Santa Maria Formation, Brazil

Resumo. Muitos autores tém discutido o foramen subnarial em Archosauriformes. Nesta
contribuicdo, a presenca entre os Archosauriformes, formato e posicdo dessa estrutura é
reportada e sua importancia filogenética foi investigada. Ela provavelmente surgiu em
Erythrosuchus, Herrerasaurus e Paracrocodylomorpha. Nesse ultimo, o fordmen
subnarial tem formato oval, posicionando-se na altura média em relagcdo ao corpo da
maxila, ndo atingindo a altura do processo ascendente. Em loricatos basais sulamericanos
(Prestosuchus chiniquensis e Saurosuchus galilei) o fordmen subnarial possui formato de
gota, localizado acima da linha média do corpo da maxila, ndo alcangando a altura do
processo ascendente, uma condicdo também presente em  Herrerasaurus
ischigualastensis. Esses resultados sugerem que o foramen sunarial pode ser
filogeneticamente importante. Sendo assim, futuras investigacdes tendo como base um
grande conjunto de taxons validos tornam-se necessarias, devido & sua possivel

importancia dentre os Archosauria.

Palavras-chave: Archosauria, abertura cranial extra, Formagéo Santa Maria,



58

INTRODUCTION

“Rauisuchia” is an important group of pseudosuchian archosaurs, including
several taxa regarded as top terrestrial predators of their ecosystem during Triassic
(Gower 2000; Nesbitt et al. 2013). As its phylogenetic status is controversial, it is herein
placed in quotation (because it is considered paraphyletic by many authors, Nesbitt et al.
2013). Taxonomic problems and presence of convergent characters with other archosaurs
could explain these alternative or divergent hypotheses (Desojo and Arcucci 2009). In
spite of this, it provides valuable insights regarding radiation of Archosauria during the
Mesozoic (Gower 2000). Actually, rauisuchians were widespread in Pangaea, except in
the landmasses that now comprise Antarctica and Australia (Gower 2000, Brusatte et al.
2010, Franga et al. 2011, 2013, Nesbitt et al. 2013). “Rauisuchia” was an important group
during the Early-Middle Triassic, significant to the diversification of Archosauria after
the Permo-Triassic extinction (Nesbitt et al. 2013). The South America records include
the following species: from Brazil, Prestosuchus chiniquensis Huene 1938, Rauisuchus
tiradentes Huene, 1938, Procerosuchus celer Huene, 1938, Decuriasuchus
quartacolonia Franca et al. 2011, and Dagasuchus santacruzensis Lacerda et al. 2015;
from Argentina, Luperosuchus fractus Romer 1971, Saurosuchus galilei Reig 1959,
Fasolasuchus tenax Bonaparte 1981 and Sillosuchus longicervix Alcober and Parrish,
1997 (Nesbitt et al. 2013). Despite their diversity and increasing number of documented
contributions in the last 10 years regarding cranial osteology of “Rauisuchia” , the
presence or absence of a dermatocranial opening between premaxilla and maxilla - the
subnarial foramen - is still open to debate (Gower 2000, Mastranténio 2010, Franca et al.
2011, Nesbitt 2011, Lacerda 2012). This opening received different designations in the
literature: subnarial fenestra/foramen by some (e.g. Chatterjee 1985, Galton 1985, Parrish

1993) or extra accessory antorbital fenestra by others (e.g. Sill 1974, Dawley et al. 1979,
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Benton 1986, Long and Murry 1995, Gower 2000, Langer 2004). According to Gower
(2000), presence or absence of such feature is potentially phylogenetically informative for
rauisuchians. Indeed, the subnarial foramen was accepted as a diagnostic character by
Chatterjee (1985), Benton (1986), Long and Murry (1995), and Gower (2000). As a
result, including Prestosuchus chiniquensis within “Rauisuchia” was considered
problematic as it was considered devoid of such feature (Gower 2000). Recent
descriptions confirmed the presence of the subnarial foramen in Prestosuchus
chiniquensis, but its actual position and shape is open to interpretation due the supposed
mobile joint between the premaxilla and maxilla (Mastrantonio 2010). Additionally, in
cranial material of “Rauisuchia”, this joint may have suffered taphonomic distortions
(Neshitt 2011, Lacerda 2012). The aims of this contribution are the evaluation of new
evidence regarding presence, size, shape, and position of the subnarial foramen in
Prestosuchus chiniquensis and discuss its implication for archosaurian phylogeny. The
study is based upon a new nearly complete individual of P. chiniquensis from the
municipality of Dona Francisca (central region of Rio Grande do Sul State, southern
Brazil). The specimen (Fig. 1) is housed at the Universidade Luterana do Brasil
(ULBRA-PVT-281). It comprises a large complete skull and a partial postcranial

skeleton.
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INSTITUTIONAL ABBREVIATIONS

CPEZ, Colecdo de Paleontologia do Museu Walter Ilha, S&o Pedro do Sul, Rio Grande
do Sul, Brazil; MCN, Museu de Ciéncias Naturais da Fundacdo Zoobotéanica do Estado
do Rio Grande do Sul, Brazil; PVL, Paleontologia de Vertebrados, Instituto “Miguel
Lillo”, San Miguel de Tucuman, Argentina; PVSJ, Division de Paleontologia de
Vertebrados del Museo de Ciencias Naturales y Universidad Nacional de San Juan,
Argentina; SMNS, Staatliches Museumfur Naturkunde, Stuttgart, Germany; TTUP,
Texas Tech University Paleontology collections, Lubbock, Texas, USA; ZPAL, Institute
of Paleobiology, Polish Academy of Sciences, Warsaw, Poland; UFRGS, Universidade
Federal do Rio Grande do Sul, Paleontologia de Vertebrados, Porto Alegre, Brazil;
ULBRA, Universidade Luterana do Brasil, Colecdo de Paleovertebrados, Canoas, Rio

Grande do Sul, Brazil.

SYSTEMATIC PALEONTOLOGY
Archosauria sensu Gauthier 1986
Pseudosuchia sensu Sereno 2005

Loricata Merrem 1820 (sensu Nesbitt 2011)

Prestosuchus chiniquensis Huene 1938

ULBRA-PVT-281 (Figs 1, 4, and 5a) is referred to P. chiniquensis based on the presence
of two characters: (1) the presence of sharp leading from the glenoid to anteroventral
corner of the coracoid (shared with Procerosuchus) and (2) anteroventrally directed
ventral process of the squamosal (Nesbitt 2011). Additional diagnostic characters of
ULBRA-PVT-281 (still under preparation) will be provided in a full description

elsewhere (Roberto-da-Silva in progress.).
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TYPE LOCALITY AND HORIZON

ULBRA-PVT-281 was recovered in the “Posto de Gasolina” outcrop, nearby the main
access to Dona Francisca city, central region of Rio Grande do Sul State (21°37 38”’S
53°22°07 W) (Fig. 2). This locality also had yielded other specimens ascribed to
Loricata including Decuriasuchus quartacolonia (Franga et al. 2011, 2013); and
additional material referred to Prestosuchus chiniquensis (UFRGS-PV-0629-T,
Mastrantonio 2010).

According to Zerfass et al. (2003), Ladinian-Rhaetian strata from the Rio Grande do Sul
are attributed to three depositional sequences (Santa Maria 1, 2 and 3). ULBRA-PVT-
281 was collected in levels from the Santa Maria 1 (Pinheiros-Chiniqua sequence, sensu
Horn et al. 2014) characterized by the prevalence of reddish mudstones with sub aerial
exposure and carbonate concretions (Rubert and Schultz 2004). The dicynodont
Dinodontosaurus and the cynodont Massetognathus ochagaviae also come from the same
outcrop and stratigraphic level of ULBRA-PVT-281.Together those synapsids
characterize the Dinodontosaurus Assemblage Zone (Pavanatto et al. 2015). Such
Assemblage Zone is inserted at the base of the Santa Maria 1 (Pinheiros-Chiniqud)
Sequence, and this is dated as Ladinian-early Carnian age from biostratigraphic data

(Zerfass et al. 2003, Soares et al. 2011, Desojo et al. 2011; Horn et al. 2014) (Fig. 3).

DESCRIPTION
As a detailed description of ULBRA-PVT-281 will be provided elsewhere, herein
we focus solely on the description of the subnarial foramen and its surrounding bone

elements (maxilla and premaxilla), discussing its relevance in archosaurian studies (Fig.
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4). The subnarial foramen is ‘drop-like’ shaped, and is bordered by the main body and
ascending process of the maxilla.

Premaxilla. The right premaxilla of ULBRA-PVT-281 is exposed in lateral view. It is
labiolingually compressed, with a subquadrangular main body in lateral view, resembling
P. chiniquensis specimens (UFRGS-PV-0629-T, UFRGS-PV-0156-T, BSPG AS XXV
28). In contrast, Decuriasuchus quartacolonia, Polonosuchus silesiacus (ZPAL/ADIII-
563), Fasolasuchus tenax (PVL-3850), Batrachotomus kupferzellensis (SMNS-80260),
and Postosuchus kirkpatricki, this bone shows a subrectangular shape (Franga et al.
2013). However, intraspecific variations are recognized for Saurosuchus galilei (either
subquadrangular or subrectangular, see Alcober 2000). In Luperosuchus fractus the
premaxilla ranges from slightly oval to quadrangular (Desojo and Arcucci 2009).

The premaxilla possesses two long dorsoposteriorly oriented projections: the
anterodorsal and posterodorsal (= postnarial) processes. In ULBRA-PVT-281, both
processes meet the nasal, forming both anterior and posterior margins of the external
naris. Unlike some “Rauisuchia” (e.g. Batrachotomus kupferzellensis), in ULBRA-PVT-
281 the maxilla does not participate in the external naris. The posteroventral margin of
the posterodorsal process contacts the ascending process of the maxilla and forms an
angle of 55°, in relation to the body of premaxilla, contrasting with 45°observed in
Decuriasuchus quartacolonia (Franca et al. 2013). The anterodorsal process is
semicircular in cross-section. The anterior margin of the main body of the premaxilla is
straight and vertical (not sinuous). The contact between premaxilla and maxilla is slightly
sigmoidal. The ventral margin of the premaxilla is horizontal, bearing four teeth. This
number of teeth is shared with several loricatans, such as Saurosuchus, Fasolasuchus,
Batrachotomus, Postosuchus, Polonosuchus, and other specimens of Prestosuchus

(UFRGS-PV-0629-T; UFRGS-PV-0156-T) (Barberena 1978, Bonaparte 1981, Long and
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Murry 1995, Gower 1999, Weinbaum 2002, Sulej 2005, Mastrantonio 2010). The medial
surface is not visible due to lower jaw occlusion, precluding morphological description of
the medial surface, interdental plates and palatal process of premaxilla.

Maxilla. The main body of maxilla extends over the lateral surface of the skull. The
lateral surface bears slightly rugosities and foramina close to its ventral margin. The
maxilla articulates with the premaxilla, nasal, jugal, and lacrimal, as in nearly all
archosauromorphs (Franca et al. 2013). The maxilla forms the ventral and anterior margin
of the antorbital fenestra in ULBRA-PVT-281. In Prestosuchus chiniquensis, as well as
ULBRA-PVT-281, the ventral margin of the antorbital fenestra does not possess a ridge,
unlike Postosuchus (Long and Murry 1995: fig 122, Alcober 2000, Weinbaum 2002) and
Rauisuchus (Lautenschlager and Rauhut 2014). The ventral margin of the maxilla of
ULBRA-PVT-281 is convex, with at least eleven teeth (eight visible elements and
approximately three more alveoli present). In other P. chiniquensis specimens the number
of alveoli is variable. At least eleven are present in UFRGS-PV-0156-T whereas thirteen
are present in UFRGS-PV-0629-T (Barberena 1978; Mastrantdnio 2010). This is in

contrast to Decuriasuchus in which at least 17 alveoli are observed (Franga et al. 2011).

Subnarial foramen of Prestosuchus chiniquensis. In the first description of a complete
skull of Prestosuchus chiniquensis (UFRGS-PV0156T) by Barberena (1978), the
subnarial foramen was not recognized and it was acknowledged as absent. Nesbitt (2011),
in his extensive phylogenetic analysis of archosaurs, also argued that this structure is
absent in Prestosuchus chiniquensis and Saurosuchus galilei, drawing attention to
taphonomic distortion in both species. Based upon new material, this structure was
recently mentioned as present in Prestosuchus chiniquensis (UFRGS-PV-0629-T;

Mastrantonio 2010). However, Franca et al. (2013) suggested that the subnarial foramen
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was also present in the specimen described by Barberena (1978 - UFRGS-PV-0156-T)
regardless the unquestionable fact that this particular specimen is clearly taphonomically
distorted. Accordingly, Mastrantonio (2010) sustained that the shape of this structure
should be considered with caution as a probable movable joint between maxilla and
premaxilla that could have been distorted in UFRGS-PV-0156T during taphonomic
processes. The present specimen (ULBRA-PVT-281, ascribed to P. chiniquensis) does
not present any visible sign of taphonomic distortion and clearly possess the subnarial
foramen, which is well evident between the maxillary/premaxillary suture (Fig. 5a). Both
shape and position of the subnarial fenestra varies in rauisuchians as relative medium-
sized foramina occur in Prestosuchus and Postosuchus, whereas a large fenestra is
observable in Luperosuchus fractus (Fig. 5c¢). In the latter taxon, a taphonomic or
disarticulated origin of fenestra is questionable, added to uncommon position of fenestra.
Other remarkable feature of ULBRA-PVT-281 is the presence of a well-marked groove,
which starts at the premaxilla-maxilla suture and runs anteroventraly to the premaxillary
body. Previously, this premaxillary groove was not mentioned to any other known
specimen of Prestosuchus. However, at this point taphonomic artifact cannot be ruled out
regarding this structure, as both taphonomically distorted specimens UFRGS-PV-0156-T
and 0629-T (ascribed to P. chiniquensis) presents this feature in one side of the skull,
whereas, in the other side, it is apparently absent. The premaxillary groove is also absent
in  many other rauisuchians, such as Luperosuchus fractus, Batrachotomus
kupferzellensis, Postosuchus Kirkpatricki, Decuriasuchus quartacolonia, Rauisuchus
tiradentes and Saurosuchus galilei (Alcober 2000, Weinbaum 2002, Lautenschlager
2008, Desojo and Arcucci 2009, Franca et al. 2011, 2013). Therefore, further examination
of more specimens attributable to P. chiniquensis is necessary in order to solve this

question. If it is not taphonomic, the premaxillary groove would represent an
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autapomorphic character of P. chiniquensis. This groove differs from those described by
Nesbitt (2011) for Revueltosaurus and Erythrosuchus, because, in these taxa, the groove
is posteriorly directed on the maxilla. Conversely, in Prestosuchus chiniquensis
(ULBRA-PVT-281) this groove is anteriorly directed on the premaxilla.

In Prestosuchus chiniquensis the subnarial foramen is a drop-like shaped opening
located between premaxilla and maxilla, both equally contributing to its borders in
ULBRA-PVT-281. The height of the foramen occupies part of the main bodies and
posterodorsal processes of maxilla/premaxilla, as in Saurosuchus galilei (Fig. 5b)
(Alcober 2000). In Saurosuchus galilei, the subnarial foramen is slit-like in juvenile
specimens (Alcober 2000). According to Nesbitt (2011), this structure would be absent in
this taxon and those alleged openings would be artifact of preservation. However, in the
holotype of S. galilei (PVL 2068), considered an adult individual, there is a subnarial
foramen, in spite of the fact that this specimen shows signs of taphonomic distortion in
some degree. Its morphology and position is quite similar to that of ULBRA-PVT-281.
In Batrachotomus kupferzellensis, Fasolasuchus tenax, Effigia okeeffeae, Shuvosaurus
inexpectatus, Qianosuchus mixtus, Lotosaurus adentus, and Postosuchus kirkpatricki the
subnarial foramen is oval, located at the average height regarding the main body of
maxilla, not reaching the height of the posterodorsal process (Chatterjee 1985, |,
Bonaparte 1981, Gower 1999, Nesbitt and Norell 2006, Weinbaum 2011). Additionally,
in Decuriasuchus quartacolonia the subnarial foramen occupies part of main body of
maxilla and reaches the base of the ascending process, resembling Prestosuchus
chiniquensis and Saurosuchus galilei (Alcober 2000, Franca et al. 2013). Despite the vast
literature regarding “Rauisuchia”, occurrence/description of the subnarial foramen is

dubious in some taxa. For instance, in Polonosuchus silesiacus (Sulej 2005) the



66

presence/absence of such feature is doubtful due the lack of a preserved premaxilla and

maxilla in articulation.

PHYLOGENETIC ANALYSIS

Phylogenetic status and inner relationships of “Rauisuchia” are still open to
debate, in spite of many new descriptions and revisions (Brusatte et al. 2010, Nesbitt
2011, Lautenschlager and Rauhut 2014). Different results created many challenges to
provide a satisfactory phylogenetic definition to this group (Nesbitt et al. 2013).
Presence/absence of the subnarial foramen has been previously considered useful for
taxonomical purposes; however, its phylogenetic utility was also challenged. Gower
(2000) pointed out that using this structure is problematic due to its highly homoplastic
distribution among Archosauria. Conversely, previous contributions claimed that the
presence of the subnarial foramen is phylogenetically important to some rauisuchians
(Benton and Clark 1988, Parrish 1993, Juul 1994). Nesbitt (2011) provided a
comprehensive phylogenetic analysis of Archosauria, scoring the subnarial foramen
(either absent or present and the contribution of maxilla and premaxilla to its borders) in
his data-matrix (character 12), but did not recognize its presence in Prestosuchus
chiniquensis. In this contribution, we change the scores of some operational taxonomic
units (OTUs) regarding such character in the dataset of Butler et al. (2014), which is a
modified version of the matrix presented by Nesbitt (2011). Originally, Prestosuchus
chiniquensis and Saurosuchus galilei were scored as lacking the subnarial foramen (0). In
this contribution, in both species the subnarial foramen is scored as present and limited by
both maxilla and premaxilla (character state 1). The herrerasaurid Herrerasaurus
ischigualastensis bears two openings along the suture between premaxilla and maxilla

(Sereno and Novas 1993), in which the more ventral is topologically similar to
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saurischian dinosaurs (e.g. Efraasia minor, Plateosaurus engelhardti, and Eoraptor
lunensis), whereas the larger and more dorsal opening is topologically equivalent to that
present in pseudosuchians (Fig. 5h). Therefore, among evaluated saurischians, just
Herrerasaurus ischigualastensis is scored here with the condition (1). In the remaining
saurischians, this structure is considered absent (character state 0). Another modification
in the dataset of Butler et al. (2014) includes the addition of a new character (414) related
to the position of the subnarial foramen. Such character includes two states: (0) in the
middle average height regarding the maxillary body, not reaching the ascending process;
(1) above the middle height of the main body of the maxilla, reaching at least the base of
the ascending process. Those taxa without subnarial foramen are encoded as inapplicable
"-". The subnarial foramen of Crocodylomorpha is considered inapplicable, as it is an
artifact resulting from the insertion of the caniniform teeth in the maxilla, not being
homologous to the subnarial foramen (the full codification of the new character is in
appendix 1).

The analysis was performed under equally weighted parsimony using the software TNT
1.1 (Goloboff et al. 2003, 2008). A traditional search with 100 replicates of Wagner trees
(with random addition sequence) followed by TBR branch-swapping (holding 10 trees
per replicate) was performed. The analysis recovered 81 most parsimonious trees (MPTSs)
of 1312 steps each (consistence index=0.369; retention index=0.771). Bremer and
bootstraps values (1000 replicates) were also obtained from TNT v 1.1 (Goloboff et al.
2008). Decuriasuchus quartacolonia (Fig. 5d) was not included in this dataset because it

is currently under review by M.A.G.F.

DISCUSSION
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In spite of the discussion regarding the subnarial fenestra/foramen in archosaurs,
there is no consensus about its function. According to Gower (2000), two hypotheses are
in dispute, the first would be related to the air sinus system and the second to either blood
vessels or nerve transmission. However, no evidence has been provided to corroborate
either. In Batrachotomus kupferzellensis (Gower 1999), Saurosuchus galilei (Alcober
2000), Prestosuchus chiniquensis (UFRGS-PV0156T, Barberena 1978; UFRGS-PV-
0629-T, Mastrantonio 2010; CPEZ-239b, Lacerda 2012; UFRGS-PV-0152-T, Raugust
2014), Postosuchus kirpatricki (Weinbaum 2011), and Luperosuchus fractus (Desojo and
Arcucci 2009), the subnarial foramen is only mentioned as present and no additional
information is provided for this structure.

Despite the possible phylogenetic importance of the subnarial foramen, recent
contributions discuss inconsistencies and alternative interpretations regarding this
structure (Gower 2000, Mastrantonio 2010, Lacerda 2012). According to Gower (2000),
its presence is homoplastic amongst “Rauisuchia”. Additionally, a similar opening occurs
in other non-rauisuchian archosaurs, such as the erythrosuchid Shansisuchus
shansisuchus, the herrerasaurid dinosaur Herrerasaurus ischigualastensis (Sereno and
Novas 1993), and pterosaurs (e.g. Dorygnathus banthensis) (Osi . 2010). Moreover, in
Shansisuchus shansisuchus, for instance, the subnarial foramen is formed by a bifurcation
of the anteroventral process of the nasal and extends ventrally interrupting the
premaxilar/maxilar contact (Fig. 5g). Therefore, this configures an analogous condition in
relation to the feature present in “rauisuchians”. In addition, this structure was recognized
as an autapomorphy for the saurischian dinosaur Herrerasaurus ischigualastensis (Sereno
and Novas 1993). So, it would have been convergently developed in taxa other than
rauisuchians (Desojo and Arcucci 2009, Lacerda 2012). On the other hand, the subnarial

foramen was recognized as a diagnostic character of “Rauisuchia” (Chatterjee 1985,
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Gower 2000; Lautenschlager 2008, Lautenschlager and Rauhut 2014). Both presence and
shape of the subnarial foramen is uncertain in many rauisuchians, as the majority of
specimens are incomplete or with disarticulated bones. Additionally, the shape of the
subnarial foramen would be subject to both taphonomic distortion and ontogenetic
variation as well (Alcober 2000, Nesbitt 2011). Based on specimens of Saurosuchus
galilei, Alcober (2000) suggested that the subnarial fenestra is only present in juvenile
individuals, fully closing in adults. However, this statement is dubious as the ontogenetic
state of S. galilei specimens is uncertain. Actually, the two specimens of Saurosuchus
galilei (PVL 2062 and PVSJ 32, respectively putative adult and young individuals) show
an evident opening between premaxilla and maxilla. In addition, putative adult specimens
of Prestosuchus chiniquensis (UFRGS-PV-0156-T; UFRGS-PV-0629-T; ULBRA-PVT-
281) possess this structure. There are also differences between UFRGS-PV-0629-T and
ULBRA-PVT-281. In the first, the subnarial foramen is slit-like and elongated
(Mastrantonio 2010), whereas in ULBRA-PVT-281 it is “drop-like” shaped. According to
Mastrantonio (2010), these differences can be explained by the presence of kinesis
between maxilla and premaxilla (a mobile joint between these two bones). In both cases,
Mastrantonio (2010) argued that this joint would show distortions due to diagenesis,
resulting in different shapes and sizes. Given the accentuated lateral deformation of
UFRGS-PV-0629-T, we consider that the elongated shape of its subnarial foramen is an
artifact of preservation (Fig. 5f).

The presence of relative movement among intracranial joints is discussed by many
paleontologists. Different types of kinesis were defined according to the joint location in
dorsal parts of the skull (Versluys 1910, 1912, 1936, Holliday and Witmer 2008). In
extant taxa, as in most lizards, there are three types of cranial kinesis: mesokinesis

(between frontal/parietal), metakinesis (quadrate/paroccipital) and pleurokinesis (occipital
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condyle laterally) (Rieppel and Zaher 2001). So far, extant taxa lack mobility between
maxilla and premaxilla. Additionally, in several extant lineages, such as turtles,
crocodilians, and Sphenodon, cranial kinesis is totally absent (lordansky 1990, Holliday
and Witmer 2008). In neither case, a kinetic joint between premaxilla and maxilla was
mentioned by the aforementioned authors. Moreover, according to Holliday and Witmer
(2008), an animal may exhibit morphological features suggestive of intracranial mobility
but not necessarily demonstrate significant functional mobility in vivo. Based upon these
arguments, we state that a kinetic joint between premaxilla and maxilla is possible only if
new data were obtained.

In Postosuchus Kirkipatricki there is an excavation (visible in medial view) that
starts in the premaxilla and ends in the maxilla. According to Chatterjee (1985) it would
serve to accommodate the Jacobson’s organ (also called vomeronasal organ), a
chemoreceptor which is part of the olfactory system of amphibians, reptiles, and
mammals, although it does not occur in all tetrapod groups (Rehorek et al. 2000).
Probably, due to the presence of a Jacobson’s organ there would be a movable
premaxillary/maxillary joint in this taxon. However, other authors (Sill 1974, Bonaparte
1981, Witmer 1995, Gower 1999, Sulej 2005, Weinbaum 2011) do not agree with the
presence of this organ in Postosuchus. In some basal archosauriforms, like Euparkeria
capensis (Ewer 1965), the anterior region of lateral surface of maxilla bears a foramen.
Most rauisuchians have a rostrolateral foramen on the anterior surface of maxilla, as
Decuriasuchus quartacolonia (Franca et al. 2013), whereas others also have a
rostromedial foramen, as Polonosuchus and Teratosaurus (Sulej 2005). The presence of
these structures in taxa with distinct affinities indicate that this region would be the end
extremity for blood vessels or nerve transmission, independently if subnarial foramen is

present.
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The inclusion of the new character in the phylogenetic analysis did not change the
topology of “Rauisuchia” presented by Butler et al. (2014) and the results allow the
proposal of the likely evolutionary pathway for the subnarial foramen among
paracrocodylomorphs (Fig. 6). The presence of the subnarial foramen probably begins in
the common ancestor of Paracrocodylomorpha, in which the small subnarial foramen is
oval shaped in average height regarding the main body of maxilla, not reaching the base
of the ascending process [414(0)], occurring in Qianosuchus mixtus, Lotosaurus adentus,
Effigia  okeeffeae, Shuvosaurus inexpectatus, Batrachotomus kupferzellensis,
Fasolasuchus tenax, and Postosuchus kirkpatricki (Fig. 5E). In basal loricatans from
South America, Prestosuchus chiniquensis and Saurosuchus galilei, the subnarial
foramen presents a new condition, related to its position: located above the middle height
of the main body of the maxilla, reaching the base of the ascending process [414(1)].
Although not revealed in this analysis, this could suggest the presence of a less inclusive
monophyletic group composed of some rauiuchians from Gondwana, as Prestosuchus,
Saurosuchus and, possibly, Decuriasuchus, a hypothesis to be further evaluated.
Considering only the pseudosuchian lineage, the subnarial foramen is shared by several
pseudosuchian taxa other than Aetosauria, Crocodylomorpha, Gracilisuchidae or
Ornithosuchidae (e.g. Nesbitt 2011). In this context, the presence of the subnarial foramen
is a possible synapomorphy of Paracrocodylomorpha, being small, oval-shaped and
restricted to main body of maxilla (Fig. 6). This condition is retained in Poposauroidea,
but modified to drop-like, occupying the main body and ascending process of maxilla in
basal Loricata, as Prestosuchus and Saurosuchus. Subsequently, the condition is reversed
to a small oval-shaped fenestra in the clade including Batrachotomus, Fasolasuchus and

Rauisuchidae.
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Despite the close geographic distribution of Prestosuchus and Saurosuchus, as well as
several shared characteristics including the presence and shape of subnarial foramen, our
phylogenetic analysis did not recover them as sister taxa . Concluding, the results
presented here suggest that there is a phylogenetic signal linked to the presence and
position of the subnarial foramen in Archosauria. However, the lack of knowledge
regarding its presence in several fragmentary and badly-preserved taxa is an obstacle to
the understanding of the importance of this structure among this large group of
Archosaurs, stressing the necessity of discover of more complete and better preserved

specimens to clarify this issue.
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Appendix 1.

ADDITIONALI CHARACTER DESCRIPTION AND CODIFICATION

414. Dorsoventral position of the subnarial foramen: (0) in middle height regarding the
maxillary body, not reaching the ascendant process; (1) above the middle height of the

main body of the maxilla, reaching at least the base of the ascendant process.

Mesosuchus browni (-), Prolacerta broomi (-), Proterosuchus fergusi (-), Erythrosuchus
africanus (0), Vancleavea campi (-), Chanaresuchus bonapartei (-), Tropidosuchus
romeri (-), Euparkeria capensis (-), Parasuchus hislopi (-), Smilosuchus gregorii (-),
Pseudopalatus pristinus (-), Gracilisuchus stipanicicorum (-), Turfanosuchus dabanensis
(-), Yonghesuchus sangbiensis (-), Ornithosuchus longidens (-), Riojasuchus tenuisceps (-
), Revueltosaurus callenderi (?), Stagonolepis robertsoni (-), Aetosaurus ferratus (-),
Longosuchus meadei (-), Ticinosuchus ferox (?), Qianosuchus mixtus (0), Xilousuchus
sapingensis (?), Arizonasaurus babbitti (?), Poposaurus gracilis holotype (?), Poposaurus
gracilis yale (?), Lotosaurus adentus (0), Sillosuchus longicervix (?), Effigia okeeffeae
(0), Shuvosaurus inexpectatus (0), Prestosuchus chiniquensis (1), Saurosuchus galilei (1),
Batrachotomus kuperferzellensis (0), Fasolasuchus tenax (0), Rauisuchus triradentes (?),
Polonosuchus silesiacus (?), Postosuchus kirkpatricki (0), Postosuchus alisonae (?), CM
73372 (?), Hesperosuchus agilis (?), Dromicosuchus grallator (-), Hesperosuchus agilis

(-), Dibothrosuchus elaphros (?), Terrestrisuchus gracilis (-), Sphenosuchus acutus (-),
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Litargosuchus leptorhynchus (-), Kayentasuchus walker (-), Orthosuchus stormbergi (?),
Alligator mississippiensis (-), Protosuchus haughtoni (-), Protosuchus richardsoni (-),
Eudimorphodon ranzii (-), Dimorphodon macronyx (?), Lagerpeton chanarensis (?),
Dromomeron gregorii (?), Dromomeron romeri (?), Marasuchus lilloensis (?),
Asilisaurus kongwe (?), Eucoelophysis baldwini (?), Sacisaurus agudoensis (?),
Lewisuchus/Pseudolagosuchus (?), Eocursor parvus (?), Silesaurus opolensis (-),
Pisanosaurus mertii (?), Heterodontosaurus tucki (-), Lesothosaurus diagnosticus (-),
Scutellosaurus lawleri (?), Herrerasaurus ischigualastensis (1), Staurikosaurus pricei (?),
Eoraptor lunensis (-), Saturnalia tupiniquim (?), Plateosaurus engelhardti (-), Efraasia
minor (-), Tawa hallae (?), Coelophysis bauri (-), Dilophosaurus wetherelli (?),

Allosaurus fragilis (-), Velociraptor mongoliensis (-).

Figure captions

Figure 1 - Schematic drawing of ULBRA-PVT-281, a complete skull and a partial
postcranial skeleton. Abbreviations: clv, clavicle; co, coracoid; cv, cervical vertebra; f,
fibula; gst, gastralia; hu, humerus; lj, lower jaw; ost, osteoderm; rb, rib; sc, scapula;sk,
skull; t, tibia; trs, tarsus; tv, trunk vertebra.

Figure 2 - Location of the “Posto de Gasolina Site” in the municipality of Dona Francisca
in the Rio Grande do Sul State, Southern Brazil. Geological units according to Zerfass et
al. (2007).

Figure 3 - Stratigraphic framework of the Triassic package from southern Brazil showing
the Riograndia AZ; Hyperdapedon AZ; Santracruzodon AZ; Dinodontosaurus AZ; and
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Procolophon AZ. Rauisuchian outline in black indicates Prestosuchus chiniquensis level.
Modified from Zerfass et al. (2003), Desojo et al. (2011) and Horn et al. (2014).
Geological timescale follows Gradstein et al. (2012).

Figure 4 - Photograph and interpretative drawing depicting therostral region of
ULBRAPVT-281. Abbreviations: d, dentary; mx, maxilla; pmg, premaxillar groove; pmx,
premaxilla; sf, subnarial foramen. Scale bar equals 10 cm.

Figure 5 - Schematic drawing depicting the rostral region of selected archosauriforms in
left lateral view. The subnarial fenestra is depicted in black. a, Prestosuchus chiniquensis
ULBRA-PVT-281; b, Saurosuchus galilei; ¢, Luperasuchus fractus; d, Decuriasuchus
quartacolonia; e, Postosuchus Kirkpatricki; f, Prestosuchus chiniquensis UFRGS-PV-
0629-T; g, Shansisuchus  shansisuchus; h, Herrerasaurus ischigualastensis; i,
Batrachotomus kupferzellensis.

Figure 6 - Simplified strict consensus of 81 MPTs depicting the distribution of the new
character among the OTUs. Numbers associated with nodes represent Bootstrap values
and Bremer support (between parenthesis).
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New osteological information on a nearly complete skeleton of the giant top
predator Prestosuchus chiniquensis (Archosauria: Loricata) from the
Dinodontosaurus Assemblage Zone, Middle/Late Triassic of Southern
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“Rauisuchia” is a problematic taxon due to taxonomic uncertainties, fragmentary
register and poorly complete material described at present. A description of new and well
complete specimen was found in southern Brazil (Pinheiros-Chiniqua sequence) of
Parand Basin, ascribed to Prestosuchus chiniquensis, is provided in the present
contribution. The material (ULBRA-PVT-281) comprises a complete skull with hyoid
apparatus and most postcranial elements (pectoral girdle, cervical, dorsal and caudal
vertebrae, femur, tibia, fibula and pes). . The phylogenetic analysis showed that ULBRA-
PVT-281 is a Prestosuchus chiniquensis and did not have impact to rauisuchian topology.
P. chiniquensis formed a group with Saurosuchus galilei basal to Loricata in which
Poposauroidea was included. Also “Rauisuchia” was not recovered as monophyletic. In

spite of this, the analysis suggests a close relationship between P. chiniquensis and S.
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galilei, which can be evidenced by the shared presence of a premaxillar groove along the

subnarial foramen, herein described for the first time.

Key words: P. chiniquensis, Pinheiros —Chiniqua Sequence, southern Brazil

INTRODUCTION

“Rauisuchia” is a diverse group of archosaurs with ecological and morphological
disparity during the Triassic Period (Desojo & Arcucci, 2009; Franca et al. 2011; Nesbitt
et al., 2013). It comprises both huge quadrupedal predators (Prestosuchus chiniquensis
Huene, 1942; Saurosuchus galilei Reig, 1959; Fasolasuchus tenax Bonaparte,
1981),cursorial bipeds bearing teeth (Poposaurus gracilis Mehl 1915), small edentulous
cursorial bipeds (Shuvosaurus inexpectatus Chatterjee, 1993 and Effigia okeefeae Nesbitt
& Norell, 1996), and partially aquatic (Qianosuchus mixtus Li et al., 2006). Investigation
of this group provides important insights regarding archosaurian radiation during
Mesozoic (Gower, 2000). “Rauisuchians” were widespread in Pangea, with records in
almost all continents excepting Antartida and Australia (Gower, 2000; Brusatte et al.
2010; Franca et al. 2011; Nesbitt et al. 2013). However, their phylogenetic relationships
are still very controversial (e.g.Franga et al. 2013). Taxonomic problems and existence of
convergent characters with other archosaurs are accepted as explanations for the poor
knowledge regarding their evolutionary history (Desojo & Arcucci, 2009; Lautenschlager
& Desojo, 2011). Presently, there is no consensus whatsoever if “rauisuchians” are
monophyletic, paraphyletic, or polyphyletic (Gower, 2000; Brusatte et al., 2010; Nesbitt,
2011; Nesbitt et al. 2013). Therefore, recent works use “Rauisuchia” between commas to
highlight its unclear affinities (Nesbitt et al. 2013; Lacerda et al. 2016). In South America
the “rauisuchian” record is restricted to Brazil and Argentina. Argentina yields

Luperosuchus fractus Romer, 1971 (Chafares Formation/Middle-Late Triassic);
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Sillosuchus longicervix Alcober & Parrish, 1997; Saurosuchus galilei Reig, 1959 (both
from Ischigualasto Formation), and Fasolasuchus tenax Bonaparte 1981 (Los Colorados
Formation (Desojo & Lautenschlager, 2011; Franca et al. 2011, 2013; Lacerda et al.
2015, 2016). In Brazil, “rauisuchians” are restricted to the Rio Grande do Sul state (Santa
Maria Supersequence) in levels of Pinheiros-Chiniqué and Santa Cruz sequences (Zerfass
et al. 2003; Horn et al. 2014; Lacerda et al. 2016), with four valid species so far:
Prestosuchus chiniquensis Huene, 1938 (Upper Triassic, Dinodontosaurus Assemblage
Zone); Decuriasuchus quartacolonia Franca et al. 2011 ( UpperMiddle Triassic,
Dinodontosaurus  Assemblage Zone); Rauisuchus tiradentes Huene, 1938 -
Lautenschlager & Rauhut, 2014 (Upper Triassic, Hyperodapedon Assemblage Zone), and
Dagasuchus santacruzensis Lacerda et al. 2015 (Upper Triassic, Santacruzodon
Assemblage Zone) (Desojo & Lautenschlager, 2011; Francga et al. 2011, 2013; Nesbitt et
al., 2013; Lacerda et al. 2015, 2016). Additonally, two brazilian taxa are based on
fragmentary materials, needing taxonomic revision: Prestosuchus loricatus Huene, 1938
and Procerosuchus celer Huene, 1938. Since the first report by Friedrich Von Huene
(1935-1942), many specimens were collected and ascribed to Prestosuchus chiniquensis.
However, many taxonomic problems still persist involving these specimens
(Mastrantonio, 2010; Raugust, 2014; Lacerda et al. 2015, 2016). According to Desojo
(personal communication), a comprehensive review is currently in progress, (for a
detailed discussion, see Lacerda et al. 2016). In the present contribution, we provide
description and phylogenetic analysis of a partial skelleton of a new Prestosuchus
chiniquensis individual comprising an articulate skull and much of postcranial elements,
found in the municipality of Dona Francisca in the central region of Rio Grande do Sul

State (Middle Triassic, Pinheiros-Chiniqué Sequence sensu Horn et al. 2014) (Fig. 1).
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This specimen is housed at the Universidade Luterana do Brazil under collection number

ULBRA-PVT-281.

GEOLOGICAL SETTING

ULBRA-PVT-281 was recovered at the “Posto de Gasolina” outcrop, nearby the
main access to the municipality of Dona Francisca, central region of Rio Grande do Sul
State (29°37°38°’S 53°22°07’W) (Fig. 1). This outcrop is situated in the Faxinal do
Soturno structural block of sedimentary rocks from the central region of Rio Grande do
Sul State (Da-Rosa & Faccini, 2005). The “Posto de Gasolina” locality also had yielded
other specimens ascribed to Loricata, including Decuriasuchus quartacolonia (Franca et
al. 2011, 2013); and additional material referred to Prestosuchus chiniquensis
(UFRGSPV- 0629-T; Mastranténio, 2010). According to Zerfass et al. (2003), Ladinian-
Rhaetian strata from the Rio Grande do Sul are included into three depositional sequences
(Santa Maria 1, 2 and 3 — altogether, The Santa Maria Supersequence). ULBRA-PVT-281
was collected in the Santa Maria 1 Sequence (Pinheiros-Chiniqua sequence, sensu Horn
et al. 2014), characterized by the prevalence of reddish mudstones with sub aerial
exposure and carbonate concretions (Rubert & Schultz, 2004). The dicynodont
Dinodontosaurus and the cynodont Massetognathus ochagaviae also come from the same
outcrop/ stratigraphic level of ULBRA-PVT-281. Together, those synapsids characterize
the Dinodontosaurus Assemblage Zone (Pavanatto et al. 2014). Such Assemblage Zone is
inserted at the base of the Santa Maria 1 (Pinheiros-Chiniquéd) Sequence, dated as
Ladinian-early Carnian age based on biostratigraphic correlation with the Los Chafares
Formation in Argentina (Zerfass et al. 2003, Soares et al. 2011, Desojo et al. 2011, Horn

et al. 2014, see also Marsicano et al. 2016) (Fig. 2).
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CPEZ, Colecéo Paleontoldgica do Museu Paleontoldgico e Arqueoldgico Walter Ilha, Séo
Pedro do Sul, Brazil; MCN, Museu de Ciéncias Naturais da Fundacdo Zoobotanica do
Rio Grande do Sul, Porto Alegre; MCP, Paleontology Collection of the Museu de
Ciéncias e Tecnologia of the Pontificia Universidade do Rio Grande do Sul, Porto Alegre,
Brazil; MCZ, Museum of Comparative Zoology, Harvard, Cambridge, United States of
America; MSM, Arizona Museum of Natural History, Mesa, United States of America;
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MATERIAL AND METHODS
The specimen was collected in the central part of the “Posto de Gasolina” very
close to other specimen (3 meters) (UFRGS-PV-0629-T; Mastrantonio, 2010, 2013) and

to ten individuals ascribed to Decuriasuchus quartacolonia  about 30 meters of
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ULBRA-PVT-281(Franga et al. 2011, 2013). ULBRA-PVT-281 preserves the following
bone elements: a complete and articulated skull, cervical series with cervical osteoderms
and ribs, three dorsal and three caudal vertebrae, two dorsal osteoderms, nine dorsal ribs,
partial gastralia basket, a right ulna, a right scapula and coracoid, clavicles, interclavicle,

a right femur with right tibia, fibula, tarsals, and pes (Fig.1, 3-8).

SYSTEMATIC PALEONTOLOGY

Archosauria sensu Gauthier 1986
Pseudosuchia sensu Sereno 2005
Loricata Merrem 1820 (sensu Nesbitt 2011)

Prestosuchus chiniquensis Huene, 1938

Lectotype (sensu Krebs, 1976): BSPG 1933L 1-3/5-11/28-41/41 (Excavation 34; Huene,
1942): Splenial, anterior portion of the surangular, anterior portion of the angular,
prearticular, right partial maxilla, fragmentary dentary, three incomplete cervical
vertebrae, fragmentary ribs, one sacral vertebra, two sacral ribs, five anterior caudal
vertebrae with chevron bones, 14 middle and posterior caudal vertebrae, right and left
scapulacoracoids, interclavicle and clavicle, distal left humerus, right proximal and distal
humerus, distal radius, fragmentary ulna, one manual phalanx, an incomplete ilium,
fragmentary ischia, pubes and a complete left hind limb.

Paralectotype (sensu Krebs,1976): BSPG 1933L/7 (Excavation 41; Huene, 1942): an
articulated vertebral sequence, composed of two sacral vertebrae with sacral ribs,
incomplete last dorsal and the first caudal vertebra, dorsal portion of the right ilium, a

series of osteoderms articulated with neural spines.
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Referred specimens: UFRGS-PV-0156-T, a large and complete skull, thirty one
vertebrae, including the axis, many with articulated osteoderms, together with
unidentified fragmentary material (Barberena, 1978); UFRGS-PV-0629-T, an almost
complete disarticulated skull, complete presacral vertebrae sequence (eight cervical, 13
dorsal), two sacral and three caudal vertebrae, scapular and pelvic girdle, mostly complete
appendicular elements (both humerus, proximal portions of the left ulna and radius, one
left metacarpal of an anterior manus, femora, a right tibia and fibula, three isolated
phalanges of a pes) (Mastrantonio, 2010; Mastrantonio et al. 2013); UFRGS-PV-0152-T,
an incomplete skull (maxillae, nasals, quadrates, partial quadratojugal, braincase, parietal,
ectopterygoid, partial pterygoid, jugal, squamosal, anterior portion of the dentary,
prearticular, articular), vertebral sequence composed of cervical, dorsal, sacral and caudal
elements, complete scapular and pelvic girdles, humerus, proximal portion of a ulna,
femora, tibia and fibulas, complete calcaneum and pes, chevrons and osteoderm cover
(Neshitt, 2011); CPEZ-239b, an fragmentary material with cranial and post-cranial
elements (at least two individuals of roughly the same size, based on the presence of 2
sets of mandible bones of similar dimensions), with cranial elements, there is an
articulated rostrum and posterior portion of a skull with associated mandibular elements
and two separate rami of a second skull. Of post-cranial material, there is a vertebral
sequence including the axis, the first 8 cervical vertebrae and 3 neural arches of
indeterminate position in the axial sequence. All these vertebrae display osteoderms. A
right scapula and coracoid and a dorsal portion of a scapula are the only elements
preserved of a shoulder girdle, while the pelvic girdle is represented by a fragment of an
anterior process of an iliac blade and a ventral portion of a right ischium. The
appendicular elements are represented by a complete right humerus and an incomplete

left ulna, while of the posterior elements there is a complete left femur, the distal portion
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of a right femur and an incomplete left tibia. The autopodials are represented only by a

right fifth metatarsal and some incomplete phalanges (Lacerda et al. 2016).

Type locality and horizon

ULBRA-PVT-281 comes from a municipality of central region of southern Brazil
named Dona Francisca. The outcroup is located about 200 m north of RS 348 road in a
site know “Posto de Gasolina”, behind a gas station close to entrance of city (29°37’
38’’S 53°22°07” W ). The site, as mentioned above, belongs to Pinheiro-Chiniqué
Sequence (Horn et al. 2014). Based on new radioisotopic data, Marsicano et al. (2016)
indicated that Middle Triassic ages previously determined to the Argentinean Los
Chafares Formation, based mainly on vertebrate biostratigraphy, would be 5-10 million
years younger, reaching Carnian times. As the Pinheiros-chiniqgud Sequence
(Dinodontosaurus Z A) is correlated with Los Chafiares Formation, this would be the
same situation in Brazilian strata. However, absolute dating of the Pinheiros-Chiniqua
Sequece is necessary in order to verify if the same geochronology can be applied to
Brazilian strata.

Diagnosis

Three autapomorphies are described for Prestosuchus chiniquensis: an anterior notch
between the scapula and coracoid; a longitudinal ridge on the dorsal surface of the ilium
(Desojo & Rauhut, 2008); presence of sharp leading from the glenoid to anteroventral

corner of the coracoid (Nesbitt 2011).

DESCRIPTION

Rock matrix partially encloses ULBRA-PVT-281 and most bones are exposed in
right lateral view. Hence, the present description mainly focuses this side of the skeleton.

ULBRA-PVT-281 is covered by a hard layer of crocretioncalcium carbonate and iron
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oxide, characteristic of many materials found in the Pinheiros-Chiniqua Sequence.
Moreover, most bones of this specimen are articulated, indicating little or absence of
hydraulic transport. Additionally, in the ULBRA-PVT-281 site, other rauisuchian
specimens are complete and articulated, such as Prestosuchus chiniquensis (UFRGS-PV-
0629-T) and Decuriasuchus quartacolonia Franca et al. 2013. According to Mori (2006)
the sediments of the Posto de Gasolina outcroup are fine, presenting pedogenical and

freatic alterations indicative of reasonable distance from principal source of water.

SKULL

Premaxilla

The right premaxilla is lateromedially compressed, with a subquadrangular main
body in lateral view, in that the dorsoventral and anteroposterior lenght are subequals,
resembling other specimens of P. chiniquensis (UFRGS-PV-0629-T, UFRGS-PV-0156-
T, BSPG AS XXV 28),(Fig 3) (Barberena, 1978; Mastrantonio, 2010). In contrast, some
basal loricatans this bone is subrectangular as in Decuriasuchus quartacolonia,
Polonosuchus  silesiacus, Fasolasuchus tenax, Batrachotomus kupferzellensis,
Postosuchus kirkpatricki, Vivaron haydeni (Franca et al. 2013; Lessner et al. 2016).
However, intraspecific variations are recognized for Saurosuchus galilei (either
subquadrangular or subrectangular, see Alcober, 2000). The main body of premaxilla is
subretangular in CPEZ- 239b, considered a juvenile of Prestosuchus chiniquensis
(Lacerda et al., 2016), probably also representing an instraspecific variation or an
ontogenetic variation.

The two dorsal projections of premaxilla (anterodorsal and posterodorsal
=postnarial processes) are slender, resembling those of UFRGS-PV-0156-T and UFRGS-
PV-0629-T (Lacerda et al. 2016). In contrast, in Fasolasuchus tenax and Saurosuchus

galilei these processes are dorsoventrally wide (Bonaparte 1981; Alcober 2000). In
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ULBRA-PVT-281, both processes meet the nasal, forming both anterior and posterior
margins of the external naris as occurs in Saurosuchus galilei ( PVSJ-32: Alcober, 2000).
The posteroventral margin of the posterodorsal process contacts the ascending process of
the maxilla as in others referred to Prestosuchus chiniquensis, as CPEZ-239b (Lacerda et
al. 2016). This process forms an angle of 55° in relation to the body of the premaxilla,
contrasting with 45° observed in Decuriasuchus quartacolonia (Franca et al. 2013). The
anterodorsal process is semicircular in cross-section, forming an angle of 45° with main
body of premaxilla. This region on UFRGS-PV156-T is more slender, lacking an acute
corner.

The anterior margin of the main body of the premaxilla is straight and vertical (not
sinuous). ULBRA-PVT-281 shows a well-marked groove which starts at the premaxillar-
maxillar suture togeter with the subnarial foramen, which runs anteroventraly to the
premaxillary body. Previously, this premaxillary groove was not described for any other
known specimen of Prestosuchus chiniquensis (Roberto-da-Silva et al. 2016). However,
according to Mastrantonio (personal communication) P. chiniquensis specimen UFRGS-
PV-0156-T might present a similar structure, still undescribed. The premaxillary groove
is absent in many other “rauisuchians”, such as Luperosuchus fractus, Batrachotomus
kupferzellensis, Postosuchus kirkpatricki, Decuriasuchus quartacolonia, and Rauisuchus
tiradentes (Weinbaum 2002, Lautenschlager 2008, Desojo & Arcucci 2009, Franca et al.
2011, 2013). ULBRA-PVT-281 shares the premaxillary groove with Saurosuchus galilei
(PVSJ 32; PVL 2062) However, this morphology can also represent a taphonomic
distorton. The left premaxilla of UFRGS-PV-156-T bears this structure, whereas in the

right side the presence is not clear.
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Maxilla

The maxilla contributes to the ventral, dorsal and anterior margin of the antorbital
fenestra in ULBRA-PVT-281, and resembles that from Saurosuchus galilei (Alcober,
2000). The robust maxilla bears slender rugosities and foramina close to its ventral
margin on lateral surface (Fig 3). In ULBRA-PVT-281, the posterior process and main
body of maxillae lack the anteropsoterior bulbous ridge present on Postosuchus (Long &
Murry, 1995: fig 122, Alcober, 2000, Weinbaum, 2002) and Rauisuchus (Lautenschlager
& Rauhut, 2015). The absence of a ridge is shared by others scpeciens of P. chiniquensis
(UFRGS-PV-0152-T; UFRGS-PV- 0156-T; UFRGS-PV-0629-T). The maxilla of
ULBRA-PVT-281 does not contribute to the external naris. In contrast, in Batrachotomus
kupferzellensis the maxilla form part of narial margin (Gower & Schoch, 1999;
Lautenschlager & Rauhut, 2014). The anterior margin of maxilla is almost straight as
occurs in P. chiniquensis (UFRGS-PV0156-T). Conversely, in other specimens as
UFRGS-PV-0629-T and CPEZ-239b the anterior margin is slightly angular. The maxillar
ascendant process is dorsoposteriorly displaced and contact the ventral part of the nasal as
in CPEZ-239b (Lacerda et al. 2016). This process contributes to form the posterodorsal
margin of antorbital fenestra. The posterior process of maxilla gently tapers posteriorly to
articulate with jugal.

The ventral margin of the maxilla is convex on anterior region, with sinous
morphology on posterior region. The shape of the antorbital fossa is subtriangular, with
broad contribution of ascendant process of maxilla on dorsal region. Simillary, the
antorbital fenestra is subtrangular in shape, but forming an acute angle on anterior region,
just on contact of ascendant process and main body of maxilla, very similar to other

Prestosuchus chiquniquensis specimens (UFRGS-PV-0156-T; CPEZ-239b). ULBRA-
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PVT-281 presents a recess in posterodorsal margin of antorbital fenestra accompanied by
a small process. However, these sctructures migh also be explained as artifacts of
preservation. The other P. chiniquensis specimens already cited here do not possess these
structures. In addition, the antorbital fenestra in UFRGS-PV156-T more dorsoventral

narrow than ULBRA-PVT-281, mainly on posterior region.

The subnarial foramen

Barberena (1978) did not mentioned the presence of a subnarial foramen/fenestra
when firstly describing a complete skull of Prestosuchus chiniquensis Further
descriptions reported the presence of this structure in this taxon, but with no information
regarding its shape and position (Mastrantonio, 2010: Franca et al. 2013: Lacerda et al.
2016). Nesbitt (2011) in his extensive phylogenetic analysis of archosaurs, stated that
this structure is absent in Prestosuchus chiniquensis. Recently, with basis in ULBRA-
PVT-281, a contribution corroborated the presence of subnarial foramen in P.
chiniquensis and discussed its phylogenetic significance for Archosauria (Roberto-da-
Silva et al. 2016). The subnarial foramen in ULBRA-PVT-281 is a “drop-like” shaped
opening between premaxilla/maxilla bordered by the main body and ascending process of
the maxilla as occurs in Saurosuchus galilei (Alcober, 2000; Roberto-da-Silva et al.

2016), (Fig 3).

Nasal

The nasal of ULBRA-PVT-281 is an elongated element comprising about 60% the
total length of the skull roof (Fig 3). An enlongated nasal also occurs in Postosuchus
kirkpatricki and other Prestosuchus chiniquensis specimens (UFRGS-PV-0152-T;
UFRGS-PV-0156-T; CEPZ-239Db), (Barberena, 1978; Chatterjee, 1985; Raugust, 2014;

Lacerda et al. 2016). Its anterior region bears two process: anteroventral and
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posteroventral. The anteroventral process contacts the anterodorsal process of the
premaxilla, establishing the dorsal margin of the external naris. The posteroventral
process contacts the posterodorsal process of premaxilla. Dorsally the nasal shows a
massive and rugous ridge as observed in Batrachotomus kupferzellensis (Gower, 1999),
Postosuchus kirkipatricki (Weinbaum, 2011), Polonosuchus silesiacus (Brusatte et al.
2009), and Rauisuchus tiradentes (Lautenschlager & Rauhut, 2014). This ridge runs
almost entirelly along the nasal body. In Batrachotomus kupferzellensis the ridge is well-
developed. Conversely, it is less prominent in ULBRA-PVT-281, like others P.
chiniquensis (UFRGS-PV156-T; UFRGS-PV0629T; Mastrantonio, 2010). In
Decuriasuchus quartacolonia this ridge is present but appears as a lateral laminar margin
(Franca et al. 2013). The anterodorsal process is not covered by the ascendant process of
the maxilla and its lateral margin is laminar. The convexity between the external naris and
the antorbital fenestra named by Romer (1971) as “roman nose” observed in many
“rauisuchians” is present in ULBRAPVT-281 and shared with Decuriasuchus
quartacolonia (MCN-PV10.105a), Luperosuchus fractus (PULR-04), other P.
chiniquensis (UFRGS-PV-0156-T; CEPZ-239), Saurosuchus galilei (PVL-2062; PVSJ-
32), and Riojasuchus tenuisceps (PVL-3827), (Desojo & Arcucci, 2009; Franca et al.
2013; Lacerda et al. 2016). However, the convexity is more proeminent on UFRGS-
PV156-T than ULBRA-PVT-281. In additional, the externa naris on UFRGS-PV156-T
extends to the half length of “roman nose”, whereas in ULBRA-PVT-281 it does not
reach the level of “roman nose”. Accordingy, the external naris on ULBRA-PVT-281 is
anteroposterior narrow. Posteriorly, the nasal articulates with the frontal, prefrontal, and

lacrimal.
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Lacrimal

This bone shows an inverted L-shape, is laterally compressed and forms the
posterodorsal margin and posterior border of the antorbital fenestra as in Saurosuchus
galilei, Postosuchus Kirkipatricki (Alcober, 2000; Weinbaum, 2011), (Fig 3). The
lacrimal is formed by the anterior ramus and the descending process. The anterior ramus
is longer than the descending process, as in Decuriasuchus quartacolonia (Franca et al.
2013) and other P. chiniquensis specimens (UFRGS-PV-0629-T; UFRGS-PV-0156-T)
(Barberena, 1978; Mastrantonio, 2010). In contrast, in Postosuchus kirpatricki and
Polonosuchus silesiacus the anterior ramus is short (Franca et al. 2013). The anterior
ramus is laminar, becoming most robust posteriorly. On the posterior region of anterior
ramus of ULBRA-PVT-281 the dorsal margin of antorbital fenestra is slightly convex,
contrasting with straight margin observed on UFRGS-PV-0156-T. The lacrimal foramen
is not visible in ULBRA-PVT-281, but described in UFRGS-PV-0629-T (Mastrantonio,
2010). The descending process is slender, contacts medially the jugal, and composes the
posterior margin of the anterorbital fossa/fenestra as occurs in Decuriasuchus
quartacolonia (Franca et al. 2013). Ventrally, it contacts the jugal, on a firm attachment
as occurs in other Prestosuchus chiniguensis specimen (UFRGS-PV-0156-T; Barberena,
1978) and Decuriasuchus quartacolonia (Franca et al. 2013), contrasting with what was
described for UFRGS-PV-0629-T and Saurosuchus galilei (Alcober, 2000; Mastranténio,

2010).

Prefrontal

In lateral view the prefrontal is a small triangular element. In dorsal view, it is an
irregular rectangle (Fig 3). The prefrontal forms part of the anterodorsal region of orbital

margin. Posteromedially, the prefrontal contacts the frontal as in Saurosuchus galilei
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(PVL 2062; PVSJ-32) and contrasting with Decuriasuchus qurtacolonia, in which this
element is subtriangular (Alcober, 2000; Franca et al. 2013). Ventrally, the descending
process meets anteriorly the lacrimal, excluding this bone from the anterior orbital
margin. The ventral process on UFRGS-PV-156-T is comparatively longer and
posterodorsally inclined than ULBRA-PVT-281, consequently the orbita is dorsovntraly

lower and more anteroposteriorly broad in ULBRA-PVT-28.

Frontal

Due to the so far laterally exposed area, this element is only partially visible. Even
s0, it comprises most of the skull roof. It is anteriorly limited by the nasal, laterally by the
prefrontal (Fig 3), posteriorly by the parietal and postfrontal, as in Saurosuchus galilei
(Alcober, 2000). Dorsally, a small portion of the frontal contributes to the orbit, as in
Decuriasuchus quartacolonia (Franga et al. 2013). In Postosuchus kirkatricki this
element does not participate in the orbital margin (Mastrantonio, 2010; Weinbaum, 2011).

Posteriorly, the frontal/parietal suture is not visible.

Postfrontal

The postfrontal is a subretangular element from which a small portion contributes
to the dorsal border of orbit, as in other specimens of Prestosuchus chiniquensis
(UFRGS-PV-0629-T; UFRGS-PV-0156-T; CEPZ-239b), Arizonasaurus babbitti,
Saurosuchus galilei, and Decuriasuchus quartacolonia (Alcober, 2000; Nesbitt, 2005;
Mastrantonio, 2010; Franca et al. 2013; Lacerda et al. 2016), (Fig 3). In contrast, in
Postosuchus kirkipatricki this bone does not reach the lateral margin of the skull roof
(Weinbaum, 2011). Anteriorly, the postfrontal is limited by the frontal, medially by the
parietal, and posteriorly by the postorbital. Moreover, these limits are not visible as

described to Postosuchus kirkipatricki (Weinbaum, 2011).
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Parietal

In spite of the difficult visualization of this bone, in ULBRA-PVT-281the parietal
constitutes the posterior portion of skull roof and most of the medial border of the
supratemporal fenestra (Fig 3). This element contacts the frontal anteriorly, both
postorbital and postfrontal anterolaterally, and the supraocciptal posteroventrally.
Posteriorly, it shows a vertical crest that posteromedially borders the upper temporal
fenestra, it rises in the dorsal margin and continues ventrally, as in Decuriasuchus
quartacolonia, Saurosuchus galilei, Arizonasaurus babbitti, and Postosuchus
kirkipatricki (Alcober, 2000; Nesbitt, 2005; Mastrantonio, 2010; Weinbaum, 2011;
Franca et al. 2013). This sagittal ridge is also visible in other Prestosuchus chiniquensis

specimens (UFRGS-PV-0156-T).

Postorbital

The shape of this element is typical of that from other rauisuchians as (see
Weinbaum, 2011), in which is ‘T shaped’ in lateral view, with medial, posterior and
ventral processes (Fig 3). The medial process contacts the posterior margin of the
postfrontal and the anterolateral margin of the parietal as in UFRGS-PV-0629-T
(Mastrantonio, 2010). In dorsal view, both posterior and ventral processes are not visible.
The lateral margin of the postorbital shows a rugose area, a condition shared with
UFRGS-PV-0629-T and Decuriasuchus quartacolonia (Mastranténio, 2010; Franca et al.
2013). In contrast, a comparatively denser rugose area is present in Postosuchus
kirpatricki (Weinbaum, 2011) and Batrachotomus kupferzellensis (SMNS-52970; SMNS-
80260) (Gower, 1999; Franca et al. 2013). The posterior process contacts the squamosal,
both constituting the anterodosal border of the lower temporal and the lateral border of

the upper temporal fenestra, as in Decuriasuchus quartacolonia and Saurosuchus galilei
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(Alcober, 2000; Franca et al. 2013). The descendent process forms a typical ‘key-hole’
shaped orbit in rauisuchids, as this structure advances into the orbit, for instance, in
Postosuchus kirkipatricki, Batrachotomus kupferzellensis, and Saurosuchus galilei
(Gower, 1999; Alcober, 2000; Weinbaum, 2011). Additionally, the descendent process

forms the postorbital bar plus the ascending process of the jugal.

Squamosal

This element comprises four rami constituted by anterior, posterior, ventral, and
anteromedial processes (Gower, 1999; Alcober, 2000; Mastrantonio, 2010), (Fig 3). The
anterior process is short and semicircular. In cross-section it articulates with the
postorbital and forms a bar that splits the temporal fenestra in two parts as in both
UFRGS-PV-0156-T and UFRGS-PV-0152-T, Decuriasuchus quartacolonia, and
Saurosuchus galilei (PVSJ-32) (Mastrantonio, 2010; Franga et al. 2013; Raugust, 2013).
In contrast, a suboval shaped anterior process occurs in Batrachotomus kupferzellensis
(SMNS-80260) and Polonosuchus silesiacus (ZPAL/abll1-563), (Franga et al. 2013). The
squamosal contribution to the posterodorsal margin of bar is small, as in UFRGS-PV-
0629-T (Mastranténio, 2010), Decuriasuchus quartacolonia (Franca et al. 2013), and
Saurosuchus galilei (Alcober, 2000). Conversely, a larger contribution is observed in
Postosuchus kirkipatricki (Chatterjee, 1985; Weinbaum, 2011) and Batrachotomus
kupferzellensis (SMNS-80260) (Franca et al. 2013). The lateral surface of the anterior
process does not present any sign of rugosity as occurs in Postosuchus kirkipatricki
(Chatterjee, 1985; Weinbaum, 2011), Batrachotomus kupferzellensis (SMNS-80260), and
Polonosuchus silesiacus (ZPAL/ablll-563), as in these taxa a dense rugose ridge is
present (Franca et al. 2013). The posterior process is short, with two concavities towards
its dorsal surface, and separated by a crest, as in UFRGS-PV-0629-T and UFRGS-PV-

0152-T (Mastranténio, 2010; Raugust, 2013). The anteromedial process is vertical and
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contacts the lateral margin the occipital process of the parietal. The anteroventral process
bears a ridge that perforates the lower temporal fenestra, as occurs in Saurosuchus galilei
(Neshitt, 2011). Distinctly, in Postosuchus kirkpatricki, Polonosuchus silesiacus and
Rauisuchus an anterior process on the ventral process perforates, but also bisects the

lower temporal fenestra (Nesbitt, 2011).

Jugal

The jugal is a flattened bone formed by the anterior, dorsal and posterior processes
(Fig 3). Neither ridge nor swelling occurs on the lateral surface of ULBRA-PVT-281 and
other P. chiniquensis specimens (UFRGS-PV-0629-T; UFRGS-PV-0156-T). In contrast,
in Postosuchus kirkipatricki this bone displays a large swelling on its lateral surface
(Chatterjee, 1985; Weinbaum, 2011). Regarding Decuriasuchus quartacolonia, it presents
an anteroposteriorly directed ridge on its ventral portion of the lateral surface (Franca et
al. 2013). The anterior process contacts the maxilla anteriorly and the lacrimal dorsally,
contributing with antotbital fenestra. The anterior process presents a dorsal blade that
articulates to the lacrimal/prefrontal bar, also contributing with anteroventral margin of
orbit as in the P. chiniquensis specimen UFRGS-PV-0629-T (Mastrantonio, 2010). The
ascending process is long, anteroposteriorly slender and dorsoposteriorly directed. It also
possesses an expanded base that tapers dorsally as in the specimens UFRGS-PV-0629-T
and UFRGS-PV-0156-T (Mastranténio, 2010). The entire anterior surface of the
ascending process forms an articular facet for the ventral process of the postorbital as
occurs in Prestosuchus chiniquensis (UFRGS-PV-0629-T) and Decuriasuchus
quartacolonia (Franca et al. 2013). This articulation extends along the entire length of the
process as in UFRGS-PV-0629-T, Decuriasuchus quartacolonia, and Saurosuchus galilei
(Franga et al. 2013). Additionally, in Batrachotomus kupferzellensis the ascending

process has a higher participation in the orbital margin (Franca et al. 2013). The posterior
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process is flattened and tapers both dorsally and ventrally, as in Saurosuchus galilei
(Alcober, 2000). Moreover, it is devoid of a rugose ridge as in Decuriasuchus
quartacolonia (Franca et al. 2013). In contrast, a rugose ridge is present in Postosuchus
kirkipatricki (Chatterjee, 1985; Weinbaum, 2011). In ULBRA-PVT-281 the posterior
process is broken and do not present the ‘expected’ position in which it would contact the

quatratojugal, dorsally overlapping the anterior process of this bone.

Quadratojugal

The quadratojugal is a “V” shaped element constituted by an anterior and an
ascending process. The anterior process articulates to the posterior process of the jugal
forming the posteroventral border of the lower temporal fenestra. This process forms a 45
° angle with the ascending process. (Fig 3). The ascending process is a large ‘plate-like’
bone as in Postosuchus kirkipatricki (Weinbaum, 2011). The process extends slightly
more than the half length of posterior bar of lower temporal fenestra, like in Saurosuchus
galilei (PVSJ-32). This element posteromedially contacts the ascending process of the
quadrate and, between the contact areas, the quadrate foramen should be present, but this
structure is not visible in ULBRA-PVT-281, probably as an artifact of preservation. In
other specimen of P. chiniquensis (UFRGS-PV-0629-T) the quadrate foramen is present
and in Postosuchus kirkipatricki and Batrachotomus kupferzellensis (Gower, 1999;

Mastrantonio, 2010; Weinbaum, 2011).

Quadrate

The quadrate is a vertical bone, which possess two basic portions: a columnar
posteriorly and a plate-like anteriorly (Fig 3). This morphology is similar to many other
“rauisuchians” as Postosuchus kirkipatricki (Weinbaum, 2011), Saurosuchus galilei

(Alcober, 2000), and Decuriasuchus gquartacolonia (Franga et al. 2011, 2013). As usual,
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the ventral end articulates with the lower jaw. The dorsal end presents the so-called dorsal
head, an attachment area to the ventral surface of squamosal as in Postosuchus
kirkipatricki (Chatterjee, 1985; Weinbaum, 2011). Anteriorly, the quadrate possesses two
ridges, one medial and other ventral. The medial one is not visible in ULBRA-PVT-281
as it is articulated, preventing direct observation, but there is no reason to assume that it
would not be present in the specimen. Its medial ridge is shorter than the ventral one and
both form a notch that attaches to the ascendant process of the quadratojugal as in
Saurosuchus galilei (Alcober, 2000). In contrast, Decuriasuchus quartacolonia shows a
thin blade to attach the quadratojugal (Franca et al. 2013). The ventral end of this element
is constituted of two separated condyles due the presence of well-marked groove, as in
UFRGS-PV-0629-T (Mastrantonio, 2010), Postosuchus Kirkipatricki (Chatterjee, 1985;

Weinbaum, 2011), and Decuriasuchus quartacolonia (Franca et al. 2011, 2013).

Sclerotic ring

Two ossicles from the sclerotic ring are visible in ULBRA-PVT-281. These
elements show a plate-like format and are strongly curvated. Thes two plates are
articulated and placed dorsally, close to dorsal border of the orbit. They constituted the
sclera, a subunit that contributes to visual acuity in many vertebrates. The sclerotic ring
serves to accommodate the eye and as an attachment area to cyliar muscles. Some
inferences regarding the visual acuity can therefore be discussed, which will be provide in

a further contribution.

MANDIBILE
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ULBRA-PVT-281 preserves righ mandibular ramus constituted by articular, surangular,

angular and dentary. Only the labial surface is visible.

Articular

The articular is a robust and shows five distinct articular radiations and forms the
largest area of the retroarticular process, as in Postosuchus kirkpatricki (Chatterjee, 1985;
Weinbaum, 2011), Decuriasuchus quartacolonia (Franca et al. 2011, 2013), and other
specimens of P. chiniquensis (UFRGS-PV-0629-T, UFRGS-PV-0152-T) (Mastrantonio,
2010; Raugust, 2014) (Fig 3). Many details are not visible due to the fact that mandible is
attached to the skull. However, its dorsal face shows two glenoids that contact the
correspondent two condyles from the ventral, posterior end of the quadrate, as in
Rauisuchus tiradentes (Lautenschlager & Rauhut, 2014), Decuriasuchus quartacolonia
(Franga et al. 2011, 2013), UFRGS-PV-0629-T, and UFRGS-PV-0152-T (Mastranténio,

2010; Raugust, 2014).

Surangular

This element is firmly articulated to the articular, as in Decuriasuchus
quartacolonia (MCN-PV10.105a; Franca et al. 2013). In ULBRA-PVT-281, it is
mediolaterally compressed and visible only in lateral view (Fig 3). It mostly forms the
posterolateral region of the mandible as in Postosuchus kirkipatricki (Chatterjee, 1985;
Weinbaum, 2011). The surangular composes the posterodorsal margin of the mandibular
fenestra, as in UFRGS-PV-0156-T, UFRGS-PV-0152-T, UFRGS-PV-0629-T,
Decuriasuchus quartacolonia, and Postosuchus kirkipatricki (Chatterjee, 1985;
Mastrantonio, 2010; Weinbaum, 2011; Raugust, 2014). It anterodorsally contacts the
dentary , ventrally the angular, and, posteriorly and medially, the articular as in

Decuriasuchus quartacolonia (Franca et al. 2013). Moreover, it presents an elongated
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crest in both lateral and dorsal views, as in Decuriasuchus quartacolonia and UFRGS-
PV-0629-T (Mastrantonio, 2010; Franca et al (2013). This crest, according Franca et al.
(2013) is the so-called lateral shelf of Sampson & Witmer (2007). In dorsal view, this
protuberance also forms a narrow flat surface as in Decuriasuchus quartacolonia (Franca
et al. 2013). Just below the protuberance, there is a small excavated area probably to the
insertion of M. adductor mandibullae externus (Sampson & Witmer, 2007; Franca et al.
2013). Both surangular and angular bones are crossed by a fractured line, causing a

deformation in the mandibular fenestra.

Angular

This element contributes to the mandibular fenestra in many ‘rauisuchians’ as
Postosuchus kirkipatricki, Prestosuchus chiniquensis (UFRGS-PV-0156-T; UFRGS-PV-
0629-T), and Decuriasuchus quartacolonia, (Chatterjee, 1985; Weinbaum, 2011,
Barberena, 1978; Mastrantonio, 2010; Franca et al. 2011, 2013), (Fig 3). Anteriorly, the
angular contacts the dentary and, posterodorsally, the surangular as in Postosuchus
kirkipatricki and Decuriasuchus quartacolonia (Weinbaum, 2011; Franca et al. 2013).
Dorsally it meets the surangular as in Postosuchus kirkipatricki (Weinbaum, 2013). The
dorsoventrally height of angular on level of mandibular fenestra is slightly more robust in

ULBRA-PVT-281 than UFRGS-PV-0156-T.

Dentary

The dentary is an anteroposteriorly is a slender and elongate bone, which mostly
forms the mandibular element (Fig 3). Laterally, it meets the surangular posterodorsally,
the angular posteroventrally, as occurs in UFRGS-PV-0629-T; UFRGS-PV-0156-T and
Decuriasuchus quartacolonia (Mastrantonio, 2010; Franca et al. 2013). Its ventral margin

is slightly convex as in Decuriasuchus quartacolonia and Saurosuchus galilei (Alcober,
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2000; Franca et al. 2013). In contrast, the P. chiniquensis specimen BSPG/ASXXV-1,
Batrachotomus kupferzellensis (SMNS-80260), Arganasuchus, and Arizonasaurus
babbitti present a straight margin (Nesbitt, 2005; Jalil & Peyer, 2007; Franca et al. 2013).
Additionally, in Postosuchus Kkirkipatricki there is a sinuous margin in this bone

(Chatterjee, 1985; Weinbaum, 2011).

Hyoid apparatus

To this date, the hyoid apparatus was unknown in Prestosuchus chinquensis, being
this the first report and description of this structure. The right hyoid element is preserved
in ULBRA-PVT-281, but just its most caudal region is visible in lateral view (Fig 4). This
element is long and slightly curved. Its corpus shows a ‘rod-like’ shape as in
Decuriasuchus quartacolonia and Qianosuchus mixtus (Li et al. 2006; Franca et al.
2013). Also, its morphology is similar to the dinosaurs Syntarsus kayentakatae and
Coelophysis bauri (Tykosky, 1998). Unfortunately, the relation of hyoid and mandibular

length is not visible.

Dentition

Three premaxilary teeth are preserved in right side of ULBRA-PVT-281, plus one
empty alveolus, totalizing four tooth positions in this bone (Fig 3). These elements are
relatively long alveolous, curved and slightly cylindrical in comparison with the maxillary
teeth and comparatively longer than those of Rauisuchus tiradentes (Lautenschlager &
Rauhut, 2014). The presence of four premaxillary teeth is also present on other specimen
referred to P. chiniquensis (UFRGS-PV-0629-T; UFRGS-PV-0156-T; CPEZ-239b), and
shared with several loricatans, such as Saurosuchus, Fasolasuchus, Batrachotomus,
Postosuchus, Polonosuchus, Rauisuchus (Barberena, 1978; Bonaparte, 1981; Long &

Murry; 1995, Gower; 1999, Weinbaum, 2002; Sulej, 2005, Mastranténio, 2010;
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Lautenschlager & Rauhut, 2015; Lacerda et al 2016). Distinctly, Vivaron haydeni shows
five alveoli, a condition shared with basal crocodylomorphs (Nesbitt, 2011; Lessner et al.
2016). The medial surface on ULBRA -PVT-281 is not visible because the lower jaw is in
occlusion, precluding morphological description of the medial surface, interdental plates
and palatal process of premaxilla/maxilla. The maxilla bears eight teeth plus three alveoli,
totalizing a number of eleven dental elements. These teeth are compressed, posteriorly
curved and present a gentle serrated. The first three are very large compared to the
remaining ones that become gradually smaller than the first ones. In other P. chiniquensis
specimens the number of alveoli is variable. As stated, at least eleven are present in
UFRGS-PV-0156-T whereas thirteen are present in UFRGS-PV-0629-T (Barberena,
1978; Mastrantonio, 2010). This contrasts with Decuriasuchus in which at least 17 alveoli
are observed (Franga et al. 2011). Saurosuchus galilei shows the same number of the

11teeth seen in ULBRA-PVT-281.

AXIAL SKELETON

Vertebrae

Almost all cervical series, including articulated osteoderms, is preserved in
ULBRA-PVT-281. Unfortunately, the atlas is not visible, as it is probably covered by the
skull (Fig 5). From the remaining axial skeleton, just a few elements are preserved, some
of them covered by other elements. Posterior to the cervical series two sets constituted of

three dorsal vertebrae are enclosed in the rock matrix.

Cervical vertebrae
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ULBRA-PVT-281 shows a series of eight vertebrae preserved and articulated with their
adjacent osteoderms (Fig 5). Following to the last cervical element, there are three
intermediary vertebrae with transitional anatomy between cervical and dorsal series.
Unfortunately, their preservation state prevents a detailed description. Osteoderms are
dorsally articulated to their respective neural spines. Moreover, at least two cervical ribs
are placed close to their original articulation with the C6 (?) and C7 (?). The parapophysis
is anteroventraly placed in the vertebral centrum and the diapophysis above the distal end
of the transverse process. Moreover, this transversal process is ventrally oriented. The
transverse process is short and increases in size posteriorly. The diapophyses and
paraphophyses are placed in the limit between the centrum and the neural arch as in

UFRGS-PV-0629-T (Mastrantonio, 2010).

AXis

The axis is preserved but partially covered by the skull. The neural spine is thin
and laterally exposed, with the dorsal edge convex as in Rauisuchus tiradentes and
Polonosuchus silesiacus (Gower & Schoch, 2009). In contrast, in Batrachotomus
kupferzellensis and Fasolasuchus tenax the dorsal edge is concave (Bonaparte, 1981;
Gower & Schoch, 2009). Unfortunately, bothcentrum and the intercentrum,

prezygapophyses and postzygapophyzes cannot be observed in ULBRA-PVT-281

In C3 (?), C4 (?) and C5 (?), the neural spines are partially visible. The centra of
these elements are subretangular in lateral view (Fig 5). The distal and of neural spines
are poorly expanded transversally and show a slight T-shaped expansion, as in
Saurosuchus galilei and Batrachotomus kupferzellensis (Gower & Schoch, 2009;
Trotteyn et al. 2011). Conversely, in Postosuchus kirkpatricki this expansion is distinctly

‘heart-shaped’” (Weinbaum, 2013). None hyposphene-hypantrum, prezygapophyseal and
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postzygapophyseal laminae, and lateral fossa at the centrum as ventral keel can be
observed in ULBRA-PVT-281, but these structures were already described in UFRGS-
PV-0629T (Mastrantonio, 2010). The direct observation of the cervical centrum is not
possible but, given its proportions we infer they are laterally constricted and

anteriorposteriorly shorter than middle dorsal centrum.

Cervical ribs

Two right cervical ribs are preserved in ULBRA-PVT-281. The largest one is
more than twice longer than the centrum, resembling the fifth cervical rib of Postosuchus
alisonae (Peyer et al. 2008), (Fig 5). The smaller one is short and consequently the
distance between the articular surfaces is shorter. Both cervical ribs show flattened and
relatively wide articular surfaces, resembling those from Batrachotomus kupferzellensis
(Gower & Schoch, 2009). In contrast, the articular surfaces of the cervical ribs of
Postosuchus alisonae are circular in outline (Peyer et al. 2008). The capitulum and
tuberculum of cervical ribs tapers just after their articular surfaces, resulting in a very
sharp distal end, as in UFRGS-PV-0629-T (Mastrantonio, 2010). An accessory head in
the cervical ribs is reported for Batrachotomus kupferzellensis (Gower & Schoch, 2009),
a feature absent in the preserved elements of ULBRA-PVT-281and other P. chiniquensis
specimens (UFRGS-PV-0629-T; UFRGS-PV-0152-T; Mastranténio, 2010; Raugust,

2014).

Dorsal vertebrae

Six elements are preserved in ULBRA-PVT-281: one set of three vertebrae
articulated to the posterior element from the cervical series, therefore being transitional
(Mastrantdnio, 2010, called similar dorsal elements articulated with the cervical series

“transitional”’) and three posterior articulated, but isolated from the first set (Fig 6). In
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ULBRA-PVT-281, posterior non-transitional dorsal elements possess the parapophysis
and the diapophysis is placed in the transverse process, being laterally oriented, as in
UFRGS-PV-0629-T and Batrachotomus kupferzellensis (Gower & Schoch, 2009;
Mastrantonio, 2010). In lateral view, the diapophyses are laterally oriented and placed in
the transverse process, whereas the parapophysis reaches the height of the neural canal, as
in Saurosuchus galilei (Trotteyn et al. 2011). Diapophysis and parapophysis are
connected to the paradiapophyseal lamina resembling Postosuchus alisonae (Peyer et al.
2008). The centra of middle dorsal elements of ULBRA-PVT-281 are amphicoelous and
show a quadrangular format as in UFRGS-PV-0152-T (Raugust, 2014). A well-marked
lateral fossa is present in the lateral surface of the centrum as in Batrachotomus
kupferzellensis, Postosuchus kirkpatricki, Postosuchus alisonae, Rauisuchus tiradentes,
and other Prestosuchus chiniquensis (UFRGS-PV0629T, UFRGS-PV0152T), ( Peyer et
al. 2008; Gower & Schoch, 2009; Mastrantonio, 2010; Weinbaum, 2011; Raugust, 2014;
Lautenschlager & Rauhut, 2014). In ventral view, the centrum of ULBRA-PVT-281 is
devoid of a keel, which resembles Batrachotomus kupferzellensis, Postosuchus
kirkpatricki, Postosuchus alisonae, Rauisuchus tiradentes, and UFRGS-PV0629T,
UFRGS-PV0152T (Peyer et al 2008; Gower & Schoch, 2009; Mastranténio, 2010;
Weinbaum, 2011; Raugust, 2014; Lautenschlager & Rauhut, 2014). Unfortunately, the

neural spines are not visible, as they are covered by the scapula.

Dorsal ribs

Nine dorsal ribs are preserved (Fig 6). The first one is placed near to the
articulation with the last “transitional” vertebra. Strangely, this rib folds under the scapula
and its distal end enfolds the centrum of a dorsal vertebra positioned below. This is
indicative that probably all cervical region and skull suffered some degree of folding

before or during the diagenetic process. This element is slightly flattened close to the
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proximal end and becomes cylindrical toward to distal end. The remaining ribs are
associated with the gastralia basket, but some elements are not complete. Two ribs are
completely preserved. Their morphology is very similar to that from Batrachotomus
kupferzellensis (Gower & Schoch, 2009). The flattened part corresponds to the
tuberculum and a rounded capitulum is present, as in Postosuchus alisonae and

Batrachotomus kupferzellensis (Peyer et al. 2008; Gower & Schoch, 2009).

Gastralia

Placed in the ventral surface of the truck, ULBRA-PVT-281 presents parts of the
gastralia basket, whose elements are delicate and slender, as in Postosuchus Kirkpatricki
(Weinbaum, 2013), (Fig 6). Only a few pairs of gastralia are preserved over a sequence
of dorsal vertebrae and ribs. This elements are cylindrical and show a well-marked
curvature on their distal end as in Postosuchus alisonae (Peyer et al. 2008). The observed
curvature serves to meet the distal ends of the thoracic ribs. Its posterior end is flattened
as in Postosuchus kirkpatricki (Weinbaum, 2013). According to Peyer et al. (2008) the
‘gastralian’ morphology of Postosuchus alisonae resembles the one of Ticinosuchus

ferox, being similar to ULBRA-PVT-281

Osteoderms

Only one paramedian osteoderm plus those in association with the cervical series
are preserved in ULBRA-PVT-281. The paremedian ostederm is displaced, being located
on the jugal bone (Fig 1). It shows two districts faces; a ‘plate-like’ and a ventrolateral,
which forms an angle, resembling Batrachotomus kupferzellensis (Gower & Schoch,
2009). The paramedian osteoderm is similar in both form and size to Batrachotomus
kupferzellensis and UFRGS-PV-0629-T (Mastrantnio, 2010), with the so-called “leaf-

shape” (Lautenschlager & Desojo, 2011). The remaining preserved osteoderms change
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their morphology throughout the cervical series. Unfortunately, a diagenetic carbonate
layer covered the dorsal suface of the paramedian osteoderm preventing acessing its
pattern of ornamentation. In UFRGS-PV-0629-T (Mastrantnio, 2010) the ornamentation
shows a radial pattern, constituted of lower ridges that begin in a dorsal protuberance,
resembling Saurosuchus galilei (Trotteyn et al. 2015). At this point, there is no reason to
assume that, in the paramedian element of ULBRA-PVT-281, ornamentation would be
different. The cervical osteoderms are wider than long and show a slight morphologic
transition among the series, becoming wider close to the dorsal series. These osteoderms
are arranged in pairs and imbricated to each other, being two pairs anteroposteriorlly
displaced for each vertebral element. Their morphology is different from that present in
Postosuchus alisonae and Rauisuchus tiradentes which are longer than wide (Peyer et al.
2008). The ornamentation is similar to that from UFRGS-PV-0629-T (Mastrantonio,

2010).

Caudal vertebrae

Three caudal elements are present in ULBRA-PVT-281 (Fig 6). They are
overlaped by dorsal ribs and a layer of concretion. The centrum is visible in two elements,
whereas in the third only parts of the centrum, plus neural pedicle and neural arch are
preserved. All centra are spool-shaped. In lateral view, no signs of fossa are observed.
Conversely, in Prestosuchus chiniquensis (BSPG 1933L/7) and Batrachotomus

kupferzellensis a lateral fossa is evident (Gower & Schoch, 2009).

APPENDICULAR SKELETON
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Scapula

The right scapula is preserved in ULBRA-PVT-281 (Fig 7). It is dorsally convex,
ventrally concave, elongated, and narrow. Its central region presents a constriction as in
UFRGS-PV-0629-T, Rauisuchus tiradentes, Batrachotomus kupferzellensis, and
Postosuchus kirkpatricki (Gower & Schoch, 2009; Mastrantonio, 2010; Weinbaum, 2013;
Lautenschleger & Rauhut, 2014). The dorsal expansion end is similar on comparation
with other specimens of P. chiniquensis (UFRGS-PV-0629-T), althought it is more
expanded than UFRGS-PV-0152-T. Additinally, in Batrachotomus kupferzelensis (Gower
& Schoch, 2009) the dorsal expansion is more marked than specimens of P. chiniguensis.
This contrast on expansion lenght might result from the large size of ULBRA-PVT-281
or intraspecific variation. The ventral end of scapula forms the glenoid, which becomes
thinner dorsally as in Rauisuchus tiradentes (Lautenschleger & Rauhut, 2014), with
posterlateral orientation. The scapula is firmly attached to the coracoid and their suture is
well visible as in Postosuchus alisonae, Postosuchus kirkpatricki, and Rauisuchus
tiradentes (Payer et al. 2008; Weinbaum, 2013; Lautenschleger & Rauhut, 2014).
Additionally, in Postosuchus kirkpatricki (TTU-P9002; TTU-P9000) a firm contact
between these two elements is also mentioned, but there is no fusion due the juvenile
ontogenetic stages in these specimens (Weinbaum, 2013). ULBRA-PVT-281 is
apparently a fully-grown mature individual and there is no sign of fusion between scapula
and coracoid, similarly to the condition found in Batrachotomus kupferzellensis (Gower
& Schoch, 2009). The posterior margin of this articulation is marked by a notch between
those bones. In lateral view, the scapula shows a convex surface along its total length as
in Rauisuchus tiradentes (Lautenschlager & Rauhut, 2014). Close to the posteroventral
margin, there is a tubercle placed dorsally to the supraglenoid lip which attaches the

triceps muscle (Mastrantdnio, 2010). This structure is elongated laterally and forms a
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slightly concave area lateroventrally, which is different from other specimens of
Prestosuchus specimens (UFRGS-PV0629-T; and BSPHG AS 1933L-12- see
Mastrantonio, 2010; Huene, 1942). In P. chiniquensis UFRGS-PV0629-T and BSPHG
AS 1933L-12, this tubercle is poorly prominent in comparison to ULBRA-PVT-281. In
contrast, Arizonasaurus babbitti presents a suboval tubercle with slender rugosities
(Nesbitt, 2005). Additionaly, the format of this tubercle in ULBRA-PVT-281 resembles
that from Rauisuchus tiradentes (Lautenschlager & Rauhut, 2014). Distally, the scapula
shows a slightly prominent acromial process, as in UFRGS-PV0629-T (Mastrantonio,
2010) and Batrachotomus kupferzellensis (Gower & Schoch, 2009), which serves as a
point of attachment to the clavicle (Romer, 1956). In ULBRA-PVT-281, both clavicle
and interclavicle are associated to the scapula in almost the actual expected position. The
ventral end of the scapula bears the articular facet to the coracoid. Anteriorlly, it is
slender as in BSPHG AS 1933L-12 and Rauisuchus tiradentes (BSPG AS XXV 91)
(Mastrantonio, 2010, Lautenschlager & Rauhut, 2014). Posterodorsally, the ventral end
contributes to most part of glenoid fossa. Dorsally to glenoid fossa, there is a well-marked

supraglenoid lip as in UFRGS-PV0629-T (Mastrantonio, 2010).

Coracoid

The coracoid is subretangular and about twice longer than tall, what is observed in
UFRGS-PV0629-T (Mastrantonio, 2010), (Fig 7). Conversely, in Postosuchus alisoneae
and Postosuchus kirkpatricki the coracoid is more than twice taller than long (Peyer et al.
2008; Weinbaum, 2013). Its lateral surface is convex and medially concave as in
Batrachotomus kupferzellensis (Gower & Schoch, 2009). The coracoidal foramen is
placed within the coracoid corpus as in several specimens of Prestosuchus chiniquensis
(UFRGS-PV0152-T; UFRGS-PV0629-T; BSPHG AS 1933L-12), Batrachotomus

kupferzellensis and Postosuchus alisonae (Peyer et al. 2008; Gower & Schoch, 2009;
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Mastrantonio, 2010; Raugust, 2014). The coracoidal foramen serves for the passage of the
supracoracoid nerve as reported for Postosuchus alisonae and Batrachotomus
kupferzellensis (Peyer et al. 2008; Gower & Schoch, 2009). The coracoid forms most part
of the glenoid cavity as in UFRGS-0629-T, Postosuchus alisonae, and Batrachotomus
kupferzellensis (Peyer et al. 2008; Gower & Schoch, 2009; Mastrantonio, 2010). In
UFRGS-PV0629-T and Batrachotomus kupferezellenis the coracoid surface of glenoid
show two discrete areas. However, these structures are not visible in ULBRA-PVT-281.
However, a fracture crosses the coracoid anteroposteriorly, dorsally to the coracoid
foramen. Ventrally to the coracoid foramen there is a crest that starts at the posteroventral
margin and protrudes anterodorsally as in many specimens of Prestosuchus chiniquensis
(UFRGS-PV-0629-T; UFRGS-PV-0152-T; BSPHG AS 1933L-12), (Mastrantonio, 2010;
Raugust, 2014). According to Nesbitt (2011), this crest is an autapomorphy of
Prestosuchus chiniquensis. However, according to Raugust (2014), the same structure is
present in Procerosuchus celer (BSPHG AS 1933L-34) and Batrachotomus
kupferzellensis (SMNS 80271). Unfortunatelly, the coracoid is not preserved in

Saurosuchus galilei.

Interclavicle

The interclavicle is a blade-like shaped element placed between the coracoids, as
in Postosuchus alisonae (Peyer et al. 2008), (Fig 7). The shaft is ventrally convex and its
anterior end shows a slight expansion that accommodates two articular facets for the
clavicles, as in other P. chiniquensis specimens (UFRGS-PV-0629-T, Mastrantonio,
2010; BSPG1933L, Huene, 1942) and in the aetosaur Polesinesuchus aurelioi (Roberto-

da-Silva et al. 2013). In ULBRA-PVT-281, the interclavicle is in articulation with both
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clavicles. Distally, the body of interclavicle is more expanded towards its distal end.

Some striations are visible along the body, as in Postosuchus alisonae (Peyer et al. 2008).

Clavicle

ULBRA-PVT-281 preserves both clavicles. They are rod-like shaped as in
Postosuchus alisonae and P. chiniquensis (BSPG1933L, Huene, 1942), (Fig 7). The right
element is more visible, it is expanded, with both ends almost the same proportion. There
is a fracture across the midline shaft, but not displaced from the original position. The
distal end contacts the anterodorsal margin of the scapula close to its distal end. The left

clavicle is less visible as its distal end is covered by a cervical spine.

Ulna

Solely the proximal end of the ulna is preserved in ULBRA-PVT-281 and this
element is poorly visible as it is covered by the skull (Fig 1). Its articular suface to the
humerus is ‘comma-shaped’ and relatively slender than both tibia and fibula from this

specimen.

Femur

The right femur of ULBRA-PVT-281 is a strong bone (1.72 times the tibial
length) that presents a slightly sigmoidal shape as in UFRGS-PV0629-T and
Batrachotomus kupferzellensis (SMNS 52970), (Gower & Schoch, 2009; Mastrantonio,
2010), (Fig 8). Also, the distal end is slightly downturned. The femoral head is not
prominent and slightly displaced medially in order to connect to the acetabulum, and
there is no sign of a neck connecting to the shaft as occurs in Postosuchus kirkpatricki
and Arganasuchus dutuiti (Weinbaum, 2013; Jalil & Peyer, 2007). In contrast, in
Argentinean Fasolasuchus tenax and Saurosuchus galilei, a neck is present right below

the femoral head (Bonaparte, 1981; Jalil & Peyer, 2007; Weinbaum, 2013). Moreover,



120

ULBRA-PVT-281 possesses the femoral shaft columnar, differently than observed in
Fasolasuchus tenax, in which the femoral shaft is slender in comparison. Laterally, the
great trochanter is present. A small and rounded anteromedial tuber is distally placed
from the femoral head in ULBRA-PVT-281, as in UFRGS-PV0152T (Nesbitt, 2011;
Raugust, 2014). In the posterior face a well-marked tuber is present as in UFRGS-
PV0629T (Mastrantonio, 2010). The fourth trochanter in ULBRA-PVT-281 is little
prominent, being a slight protuberance dorsoventrally oriented, resembling
Batrachotomus kupferzellensis and UFRGS-PV0152T (Gower & Schoch, 2009; Raugust,
2014). In contrast, it is a low, elongate, knob-shaped structure in Postosuchus
kirkpatricki, Saurosuchus galilei, and Hesperosuchus (Weinbaum, 2013). The fourth
trochanter of Fasolasuchus tenax is more pronounced than in ULBRA-PVT-281. This
trochanter is mentioned as the insertion area for the caudiofemoralis muscle (Jalil &
Peyer, 2007). Additionally, the femur of Fasolasuchus is comparatively more gentle and
sigmoid. The distal end bears two condyles. The medial one articulates to the tibia and the

lateral to the fibula. Both condyles are separated posteriorly by an intercondylar groove.

Tibia

The right tibia is visible in lateroposterior view (Fig 9). It is a robust element in

which the proximal end is more expanded than the distal one, as in Postosuchus
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kirkpatricki and Batrachotomus kupferzellensis (Gower & Schoch, 2009; Weinbaum,
2013). The tibial shaft is a columnar and transversally cylindrical structure, resembling
that from other specimens of Prestosuchus chiniquensis (UFRGS-PV-0629-T; BSPHG
AS 1933L-12) and Batrachotomus kupferzellensis, (Huene, 1942; Gower & Schoch,
2009; Mastrantonio, 2010). The proximal end shows two concave areas for articulation
with the femur. Close to the proximal end, medially, there is a deep excavation (pit)
perhaps for insertion of the puboischiotibialis muscle, as occurs in UFRGS-PV-0629-T
and Batrachotomus kupferzellensis (Gower & Schoch, 2009; Mastranténio, 2010;
Raugust, 2014). The distal end possesses a dorsoventrally orientated notch between the
articulation from astragalus and the ventromedial margin as in UFRGS-PV-0152-T

(Raugust, 2014).

Fibula

The fibula is articulated to the tibia in ULBRA-PVT-281, and both have the same
length (Fig 9). This is an elongate and slightly sigmoidal bone as in UFRGS-PV-0629-T
and Postosuchus alisonae (Peyer et al, 2008; Mastrantonio, 2010). Its proximal end
poorly visible, as it is partially covered by the tibia. The shaft is not expanded as that
from Batrachotomus kupferzellensis (Gower & Schoch, 2009). Its articulation with the
femur is concave and anteroposteriorlly elongate as in UFRGS-PV-0629-T and
Batrachotomus kupferzellensis (Gower & Schoch, 2009; Mastrantdnio, 2010).
Unfortunately, the region of trochanter for the iliofibularis muscle is not visible in

ULBRA-PVT-281.

Pes
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The right posterior autopodium of Prestosuchus chiniquensis (ULBRA-PVT-281)
is partially preserved and articulated (Fig 9).The pes is plantigrade, almost symmetrical
and possesses a prominent calcaneal tuber as in Postosuchus alisonae (Peyer et al. 2008).
Four metatarsals are observed in ULBRA-PVT-281 and only the metatarsal V is not
preserved. These elements are very similar to that of other specimen of Prestosuchus
chiniquensis (BSPHG AS 1933L 11) being the metatarsal IV more robust as in
Postosuchus Kkirkpatricki (Chatterjee, 1985; Weinbaum, 2013). The element | is more
gracile compared to IV, whereas | and Il show intermediary condition. The metatarsal
I11, together with 1V are more elongated. In all elements both proximal and distal ends
are very expanded and turn inward towards the fourth distal tarsal, resembling
Postosuchus kirkpatricki and Postosuchus alisonae (Chatterjee, 1985; Peyer et al. 2008;
Weinbaum, 2013). A separate description of both astragalus and calcaneum is provided

below.

Astragalus

Visible in posteroventral view, the right astragalus is preserved in close
association with the calcaneum, but not articulated. Their articulation surface is a typical
crocodile normal (sensu Chatterjee 1982), found in pseudosuchians, in which the
astragalus projects a lateral peg which fits into the socket of the calcaneum, so that there
IS a rotating ankle joint between these two elements (Weinbaum, 2013), (Fig 9). Also, the
astragalus is robust and bears two articulation facets (fibial and tibial), as in Postosuchus
kirkpatricki (Weinbaum, 2013). In ULBRA-PVT-281 the size of the astragalus matches
that of the calcaneum. In contrast, the astragalus of the Fasolasuchus tenax is smaller than
the calcaneum (Bonaparte, 1981). The tibial facet is visible posteriorly and its surface is
slightly concave. In contrast, Effigia okeefeae shows a well-marked concave tibial facet

(Neshitt, 2007). This facet is divided into two articular diverging surfaces separated by a
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ridge, resembling that of Saurosuchus galilei and Fasolasuchus tenax (Lecuona &
Desojo, 2011), the so-called screw joint articulation to the tibia, typical for Pseudosuchia
(Lecuona and Desojo, 2011). In anterior view, the astragalus shows a smooth and concave
surface of articulation to metatarsals 1 and Il (roller sensu Nesbitt, 2011) as in

Fasolasuchus tenax (Bonaparte, 1981).

Calcaneum

This element shows a typical ventral articulation with the astragalus, constituted of
a deep socket supported from a dorsally concave lip (Martz, 2002), (Fig 9). Overall, the
calcaneum of Prestosuchus chiniquensis (Huene, 1942; Raugust, 2014; ULBRA-PVT-
281) resembles that from Batrachotomus kupferzellensis (Gower & Schoch, 2009). Many
details are not visible due to the presence of a layer of concretion covering this element,
as also occurs with the astragalus. In posterodistal view the calcaneum shows a proximal
rolling with two articular facets to fibula and to the fourth tarsal distal as in Postosuchus
kirkpatricki (Chatterjee, 1985; Weinbaum, 2013). Medially to the calcaneal condyle there
is a deep calcaneal socket inside a concave surface of the distal astragalar facet, as in the

aetosaur Polesinesuchus aurelioi (Roberto-da-Silva et al. 2014).

PHYLOGENETIC ANALYSIS

The incomplete and fragmentary record of “Rauisuchia” is usually regarded as the
main reason for its poorly resolved phylogenetic framework (Gower, 2000; Franca et al.

2011, 2013; Lautenschlager & Desojo, 2011; Lacerda et al. 2015, 2016).
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Notwithstanding, a significant number of phylogenetic studies were recently published
(e.g., Brusatte et al., 2010; Nesbitt 2011, Ezcurra 2016). Yet, the topology, inner
relationships and phylogenetic status of ‘rausuchians’ still remain largely unsolved
(Lautenschlager & Desojo, 2011; Franca et al. 2011, 2013; Lacerda et al. 2016). Two
most comprehensive high-level phylogenies of Archosauria, provided by Brusatte et al.
(2010) and Nesbitt (2011), furnished different and somehow conflicting results. Brusatte
et al (2010), recovered “Rauisuchian” as a monophyletic group divided into two major
subclades, Poposauroidea and Rauisuchoidea. This latter is constituted by Prestosuchidae
and Rauisuchidae plus an additional clade incuding Arganasuchus, Fasolasuchus,
Stagonosuchus and Ticinosuchus. Altogheter, the rauisuchian taxa are represented by 20
species in Brusatte et al. (2010). According to Nesbitt (2011), “Rauisuchia” would be a
paraphyletic branch group regarding Crocodylomorpha. Poposauroidea is recovered on
this analysis as a monophyletic clade in a sister group relationship with Loricata, both
forming the large Paracrocodylomorpha. Ticinosuchus, was recovered as sister group of
Paracrocodylomorpha. Prestosuchus, Saurosuchus, Batrachotomus, and Fasolasuchus are
considerated as an early paraphyletic branch regarding Rauisuchidae plus
Crocodylomorpha. . Butler et al., (2014) proposed a more extensive analysis of
pseudosuchians, including new taxa modifying the dataset of Nesbitt (2011). The
inclusion of Erpetosuchidae and Gracilisuchidae colappsed Archosauria into a polytmic
clade, composed of Ornithodira, Erpetosuchidae, Ornithosuchidae, Gracilisuchidae,
Phytosauria, Revueltosaurus plus Aetosauria, and Paracrocodylomorpha. This latter is
recovered as identical to the original analysis of Nesbitt (2011). In this sense, the
paraphyletic feature of “rauisuchians” was maintened when new data were added on the
dataset of Nestitt (2011), althouth the inner relationships of Archosauria were poorly

resolved.
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In order to verify the position of Prestosuchus chiniquensis on archosaurians
relationship and the influence of news data observed on ULBRA-PVT-281, a series of
experimental analyses are conducted. First, in order to test our taxonomic proposal, which
includes the ascription of ULBRA-PVT-281 to Prestosuchus chiniquensis, we scored the
specimen on the modified data-matrix by Nesbitt (2011) and Butler et al. (2014),
published by Roberto-da-Silva et al. (2016) together with three other well known P.
chiniquensis specimens (e.g., BSPG 1933L; UFRGS-PV-0156-T; UFRGS-PV-0152-T)
In addition, some changes are performed here in few character states based on personal
analysis or literature, mainly in Ticinosuchus and Saurosuchus, as showing the Table 3. In
the next steps of our analyses, Prestosuchus chiniquensis is treated as a unique OTU,
which combines data from the munchen specimens, UFRGS-PV-0156-T, UFRGS-PV-
0152-T, ULBRA-PVT-281, and braincase characters describes to UFRGS-PV-0629-T
(Mastrantonio et al., 2013). Thus, a “new Combined Prestosuchus chiniquensis” is
provides on matrix, whereas the “old Combined Prestosuchus chiniquensis” is also
maintained on matrix in order to executes some comparative tests. This latter is only
based on original scores from Nesbitt (2011).

The matrix here used is composed by 89 OTUs and 414 characters. Some OTUs
are present on matrix, but not included on analysis, following Nesbitt (2011). They are:
Archosaurus rossicus, Pseudolagosuchus majori and Lewisuchus admixtus. The two latter
are represented with based only unique operational taxonomic unity (OTU), named
Lewisuchus/Pseudolagosuchus (Nesbitt, 2011). All characters received the same weight
and 19 (32, 52, 75, 121, 137, 139, 156, 168, 188, 223, 247, 258, 269, 271, 291, 297, 328,
356 and 399) were treated as ordered following the studies of Nesbitt (2011) and Butler et

al. (2014).



126

Two test with tree levels are performed to verify the influence of the news data for
Prestosuchus chiniquensis, added to replicate of original analysis (Table 3). On the first
analysis with all specimens of Prestosuchus chiniquensis as a single OTU is included
only the “old Combined Prestosuchus chiniquensis”. The first level would be show the
influence of few changes on interpretation for some character states conducted here for
others taxa than Prestosuchus chiniquensis. The second level of this first analysis is
forced the constrain among Prestosuchus chiniquensis and Saurosuchus galilei. This
analysis would be result in how many steps is necessary to recupered the closer
relationship among these two South American rauisuchians. The third level of this first
analysis is forced the constrain of rauisuchians taxa, alming discovery how many steps is
necessary to this. On the second analysis is also performed the threes levels, but including
the “new Combined Prestosuchus chiniquensis” as OTU. The first level on this second
analysis would be indicate the influence of news data for Prestosuchus chiniquensis.
Further, the second level (with Saurosuchus and Prestosuchus constrain) and third level
(rauisuchian monophyly constrain) also are be performed on this second analysis.

Every analysis and level are performed using 1000 replicates, with 10 Hold, Tree
Bissection and Reconection (TBR) collapsing of zero-length branches, using the software
TNT (Goloboff et al. 2003, 2008). To contrast the results obtained here, the original
matrix from Butler et al. (2014), including Erpetosuchidae taxa, also are replicated with
the three levels: without constrains, with constrain to Saurosuchus plus Prestosuchus, and

with constrain with rauisuchian taxa as clade.

Results
The replicate from Butler et al. (2014) original matrix rescued the original result,

with 1330 steps on 630 most parsimonious trees (MPTs) (Table 1; Figure 11. The
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Archosauria clade is reveled, as original analysis, as a polytomic clade, constitute of
Phytosauridae, Ornithodira, Erpetosuchidae, Ornihosuchidae, Revueltosaurus plus
Aetosauria, and Paracrocodylomorpha lineages. The latter, composing by Ticinosuchus as
sister group of a clade constituted by poposauroidea and Loricata, being Prestosuchus
chiniquensis the most early branch of Loricata. When added the constrain of
Prestosuchus and Saurosuchus as sister groups, the analysis revealed the most resolved
Archosauria, only needed a juts one more step (1332 steps on 90 MPTSs). In this sense, the
relationship is very similar on the Nesbitt (2011) original analysis, in that Phytosauria is
sister group of Archosauria, and this composed by Ornithodira and Pseudosuchia clades
(Figure 11). On this latter, Ornithosuchidae, Revueltosaurus plus Aetosauria, and
Erpetosuchidae are an early branch closer to Paracrocodylomorpha. Ticinosuchus is the
more early branch, with Saurosuchus plus Prestosuchus as sister group as a clade
composed by Poposauroidea, Batrachotomus, Fasolasuchus, Rauisuchidae and
Crocodylomorpha. These results indicate that only one step is enough to resolved the
polytomic Archosauria obtained on the original analysis from Butler et al. (2014). In
addition, when Rauisuchia monophyly is forced using this data set, 33 steps more are
recovery on analysis (1363 steps on 144 MPTs). The archosaurian polytomic clade is
obtained, composed by Phytosauria, Ornithodira, Ornithosuchidae, Erpetosuchidae,
Revueltosaurus plus Aetosauria, and a lineage composed by Crocodylomorpha,
Rauisuchia and their relative taxa (Figure 11). On this latter clade, Rauisuchia is a sister
clade of a lineage composed by early branch by gracilisuchids taxa (Trufanosuchus,
Gracilisuchus and (Yonghesuchus) closer to Crocodylomorpha. On rauisuchians,
Ticinosuchus is the more early branch in that is sister group of a clade composed by
Poposauroidea plus a lineage where Ticinosuchus, Prestosuchus, Saurosuchus,

Batrachotomus and Fasolasuchus are early branch taxa closer to Rauisuchidae.
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The first analysis, where Prestosuchus chiniquensis is divided in four OTUs
recovered 990 most parsimonious trees (MPTs) of 1335 steps each, with consistency
index (CI) of 0.363 and retention index (RI) of 0.778. ULBRA-PVT-281 was recovered
in an unsolved node with the other specimens of Prestosuchus chiniquensis in all MPTs
(Fig. 10). This node is supported by two synapomorphies: character 29: 0—1, 229: 0—1.
The first character state corresponds to the dorsal process of the maxilla with the same
dorsoventral height posteriorly along its length. The second corresponds to the sharp
ridge leading from the glenoid to the anteroventral corner of the coracoid. The node
supporting the specimens ascribed to Prestosuchus chiniquensis is recovered as the
basalmost clade of Loricata in all MPTs (Loricata is supported by the following
synapomorphies: character 2: 0—1, 6: 2—1, 27: 0—1, 41: 0—1, 51: 0—1, 52: 0—1, 114:
0—1, 142: 0—1, 219: 0—1, 278: 0—1, 282: 0—1, 340: 0—1, 371: 1-2,397: 0—1).

The next analysis performed here is based only on original scores from
“Combined Prestosuchus” from Nesbitt (2011) and Butler et al. (2014), including some
changes on scores of few taxa, resulting on 1260 MPTs with 1335 steps. These results
represent five added steps to original analysis (1330 steps) due to reinterpretation some
character states of few taxa. However, the very similar topology is obtained on this
analysis in relation to original analysis, with an Archosauria Polytomic clade (Figure 10).
The eception is restricted to a polytomy on the Paracrocodylomorpha clade, composed by
Ticinosuchus, Poposauroidea and Loricata. Prestosuchus chiniquensis is also revovery as
early branch on Loricata clade. The constrain from Prestosuchus and Saurosuchus reveals
900 MPTs with 1337 steps, representing only two more steps to this data set. The changes
on topology is restrict to Paracrocodylomorpha clade, with Ticinosuchus as early branch
and sister group of polytomic clade (Figure 11). This unsolved clade is composed by

Prestosuchus plus Saurosuchus lineage, Poposauroidea, and a lineage composed by
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Batrachotomus, Fasolasuchus, Rauisuchidae and Crocodylomorpha. When the
monophyly of Rauisuchia is forced on this data set, the polytomic Archosauria is
returned, compoded by Phytosauria, Ornithodira, Ornithosuchidae, Erpetosuchidae,
Revuletosaurus plus Aetosauria, and a lineage composed by rauisuchians, gracilisuchids
and crocodylomorphs taxa. On this latter, Rauisuchia and some crocodylomorphs are a
two lineage unsolved on several taxa. On Rauisuchia, the relationship among
Prestosuchus, Saurosuchus, Fasolasuchus, Batrachotomus, and Ticinosuchus are
unsolved with a clade composed by Rauisuchidae and Poposauroidea. This closer
relationship among two divergent lienage of classic rauisuchians (Poposauroidae and
Rauisuchidae) is only recovery on this analysis under the constrain parameters.

The last phylogenetic test is conducted when news character states are
incorporated on “Combined Prestosuchus”, including additional morphological
observation on ULBRA-PVT-269. This analysis resulted on 990 MPTs with 1335 steps.
The steps numbers are identical to previous analysis (using the level 1 and “old Combined
Prestosuchus” as OTU), but the MPTs is reduced on 270 units. This more accurate result
are probably due to reduction on missing data on Prestosuchus (almost 15% of missing
data from previous combination to 11% on the new combination). However, the topology
among two analysis is identical, including the relationship of Prestosuchus as the earlier
branch of Loricata. Using constrain among Prestosuchus and Saurosuchus (level 2), the
topology is distinct to analysis 1 level 2 only to basal paracrocodylomorphs. Ticinosuchus
is the earlier branch. Poposauroidea is a sister group of a clade composed by Prestosuchus
plus Saurusuchus, and a lineage composed by Batrachtomus, Fasolasuchus, Rauisuchidae
and Crocodylomorpha. Thereby, the new scores from Prestosuchus solved the polytomy
of previous analysis. Lastly, when Rauisuchia monophyly is forced on constrain, using

the “new Combined Prestosuchus”, were obtained 108 MPTs with 1366 steps, indicating
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31 more steps in relation to the without constrain analysis (level 1, analysis 2).
Comparing the analysis and levels, the few changes on matrix here proposed represents
the added of 5 steps (1330 on Analysis 0 to 1335 on analysis 1 or 2), but the new scores
from Prestosuchus is not influence on steps number of analysis. In additional, the new
Combined Prestosuchus represents a decrease of steps number of analysis when constrain
are forced. However, the monophyly of “Rauisuchia” required an increase of siginificated
steps on analysis (33 on analysis 0; 33 on analysis 1; and 31 on analysis 2), whereas the
most closer relationship among Prestosuchus and Saurosuchus requires only 2 more steps

(on analysis 0 and 1) or only 1 more steps (on analysis 2).

DISCUSSION

As previously stated, the phylogenetic taxonomic status of “Rauisuchia” is
historically subject of great controversy, despite its well documented record in many
Triassic sites around the world (Gower, 2000; Lautenschlager & Rauhut, 2014; Lacerda et
al. 2016). Similarly, since the first reports by Friedrich von Huene (1942), research
involving Prestosuchus chiniquensis usually casts doubts and generate all kinds of

controversies.
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Two species of Prestosuchus were described by Huene (1942), both recovered in
Carnian strata from the Santa Maria Supersequence (Pinheiros-Chiniqua sequence sensu
Horn et al. 2014; Marsicano, 2016): P. chiniquensis and P. loricatus. Both were later
considered synonyms, but the paralectotype can be attributed to P. chiniquensis and the
lectotype to other possibly new, taxon (Krebs, 1976; Barberena, 1978; Desojo & Rauhut,
2009; Lacerda et al. 2016). Kischlat (2000) discussed this issue and proposed the new
combination “Abaporu loricatus”. However, its description was somehow unclear and did
not comply the International Code of Zoological Nomenclature (ICZN). Therefore, until
to date, only Prestosuchus chiniquensis is considered a valid taxon (Lacerda et al. 2016).
The huge skull and partial postcranial skeleton (UFRGS-PV-0156-T) (Barberena. 1978;
Azevedo, 1991, 1995a, 1995b) was ascribed to P. chiniquensis. However, many authors
proposed that this material together with the paralectotype of P. chiniquensis
(BSPG1933/L) would be a new species (Sereno, 1991; Parrish, 1993). Kischlat &
Barberena (1999) regarded this alleged new taxon as Crurotarsi indeterminata. Again,
failling the follow the ICZN and thus considerated nomen nudum (Lacerda et al. 2016).
This designation was based upon the presence of a weak mandibular symphysis, a narrow
calcaneum with an elongate tuber, and a rectilinear femur. Kischlat (2000) also proposed
the name “Karamuru vorax” to UFRGS-PV-0156-T, UFRGS-PV-0152-T, paralectotype

of P. chiniquensis (BSPHG 1933L/7) and parts of P. loricatus (BSPHG 1933L/24).

At this point, three autapomorphies are accepted for Prestosuchus chiniquensis: an
anterior notch between the scapula and coracoid; a longitudinal ridge on the dorsal
surface of the ilium, and the presence of sharp leading from the glenoid to anteroventral
corner of the coracoid (Desojo & Rauhut, 2008; Nesbitt, 2011), only two can be observed
in ULBRA-PVT-281, as its ilium is missing. Raugust (2014) affirmed that the presence of

sharp leading in the coracoid is also present in Batrachotomus kupferzellensis (Gower &
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Schoch, 2009). This reinforces the necessity of a redescription and taxonomic review for
Prestosuchus, as well as discovery and description of new specimen as the one here
reported. We observed a few differences among the specimens ascribed to Prestosuchus
chiniquensis, including ULBRA-PVT-281 (morphological, measurements and even new
structures present in this new specimen). However, these differences cannot be easily
explained, as alternative and equaly possible hypothesys can be drawn: sexual
dimorphism, ontogenetic features, interespecific polymorphism, artifact of preservation,
and even taxonomic misidentification. Unfortunatelly, at this point there is no available
studies addressing to any of these issues (Alcober, 2000; Mastrantonio, 2014; Lacerda et
al. 2016). Additionally, reviewing these observed differences in all valid “rauisuchian”
taxa might contribute to a better understanding of this group of large top Triassic

predators.

In a recent contribution, a discussion regarding the presence of the subnarial
foramen in Prestosuchus chiniguensis and its phylogenetic utility to archosauriformes as
provided (Roberto-da-Silva et al. 2016). In Nesbitt (2011) P. chiniquensis was coded as
being devoid of a subnarial foramen, a statement based on a huge, complete and
articulated skull (UFRGS-PV-0156-T) described to Barberena (1978). However, recently
new contributions attested the presence of subnarial foramen in this taxon, but lacking a
discussion about format, position and phylogenetic importance of this structure
(Mastrantonio, 2010; Franca et al. 2011, 2013; Raugust, 2014). In this sense, Roberto da
Silva et al. (2016) propose new character with two states, considering both format e
position of subnarial foramen modified the matrix of Butler et al. (2014) modified from
Nesbitt (2011): subnarial foramen is oval shaped in average height regarding the main
body of maxilla, not reaching the base of the ascending process [414(0)]. Subnarial

foramen located above the middle height of the main body of the maxilla, reaching the
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base of the ascending process [414(1)]. The results suggest that there is a phylogenetic
signal linked to the presence and position of the subnarial foramen in Archosauria,
needing more studies including more complete material and larger taxonomic set.
Prestusuchus chiniquensis and Saurosuchus galilei share the same state character, which
together with their close geographic distribution, lead Roberto-da-Silva et al. (2016) to
suggest these taxa would be bound in a sister-taxon relationship. Here, the closer position
among both taxa is not reveled on phylogenetic analysis, although it is needed only one
more step to analysis to recovered this relationship.

Considering the morphology descrition, it was possible to observe the existence of a
premaxillar groove starts of subnarial foramen and runs ventrally in main body of
premaxilla in ULBRA-PVT-281. This is shared with others specimens of P. chiniquensis,
as UFRGS-PV-0156-T. This feature was reported by Franga et al. (2013), which

intrerpreted this feature as taphonomic bias of preservation.

CONCLUSION

Many authors have drawn attention to the difficulties that surround taxonomic and
phylogenic studies of “Rausichia” (Gower, 2000; Franga et al. 2011, 2013;
Lautenschlager & Rauhut, 2014; Lacerda et al. 2015, 2016). Despite the numeric increase
of specimens, the same situation occurs with Prestosuchus. Here, ULBRA-PVT-281 is
regarded as an especially well-preserved individual of P. chiniquensis, a taxonomic
assignment fully supported by the phylogenetic analysis. This new specimens presents

new anatomic structures and show that the observed differences from other specimens
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could result from variable causes, for instance intraspecific variation, as already pointed
out by Mastrantonio (2010) and Lacerda et al. (2016). However, this question needs a
more clarification, as these differences also could be linked to sexual dimorphism,
ontogenetic features, artifact of preservation, and even taxonomic misidentification. The
phylogenetic results do not support the monophyly of “Rauisuchia”, reinforcing the
necessity of new studies, in collecting efforts as well. Regarding ULBRA-PVT-281, it
provides new information regarding the anatomic features of Prestosuchus chiniquensis.
Additionally, further studies are necessary in order to support (or not) the close
relationship between Prestosuchus chiniquensis and in Saurosuchus galilei, increasing the

knowledge regarding these Triassic top predators.
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Appendix 1. Full coding to ULBRA-PVT-281
1010001000001000?00000?000000111?00000000?0?0100101110?000?0700?70000711??

Figure captions

Figure 1. Photography showing of Prestosuchus chiniquensis (ULBRA-PVT-281)
material in the rock block (A) and the location of the “Posto de Gasolina Site” in the
municipality of Dona Francisca in the Rio Grande do Sul State, Southern Brasil (B).

Figure 2. Stratigraphic framework of the Triassic Package from southern Brazil showing
the vertebrate assemblage zone and deposicional sequences. The age (Ma) of the column
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according Gradstein et al. (2012). Chrono and biostratigraphy were modified from
Zerfass et al. (2003) and Horn et al.(2014). The radiometric datings of 236, 231.4 and
225.9 Ma correspond to the first half of the Chafares Formation (Marsicano et al. 2015),
the base of the Ischigualasto Formation, and the base of Los Colorados Formation
(Martinez et al. 2013), respectively. Modified of Romo-de-Vivar-Martinez et al. (2016).

Figure 3. Skull of Prestosuchus chiniquensis (ULBRA-PVT-281) in right view.
Abbreviations: an, angular; d, dentary; f, frontal; hy, hyoid; j, jugal; I, lacrimal; mx,
maxilla; n, nasal; o, osteoderm; pf, prefrontal; pmx, premaxilla; pmxg, po, postorbital;
premaxillary groove; q, quadrate; qj, quadratojugal; sa, surangular; sf, subnarial foramen;
scl, sclerotic ring; sq, squamosal; ul, ulna. Scale bar 50 cm.

Figure 4. Skull of Prestosuchus chiniquensis (ULBRA-PVT-281) in ventral view.
Abbreviations: d, dentary; h, hyoid; j, jugal, qj, quadratojugal; o0, osteoderm; pm,
premaxilla; pmx, m, maxilla. Scale bar 50cm.

Figure 5. Cervical serie of Prestosuchus chiniquensis (ULBRA-PVT-281) in lateral right
view. Abbreviations: ¢, centrum; ns, neural spine; o, osteoderm; np, neural process; rb,
rib. Scale bar 50 cm.

Figure 6. Truncal region of Prestosuchus chiniquensis (ULBRA-PVT-281) in lateral right
view. Abbreviations: ¢, centrum; dp, diapophysis; g, gastralia; ifl, infradiapophyseal
laminae; n, neural spine; rb, rib; pp, parapophysis; pz, postzigapophysis. Scale bar 50 cm.

Figure 7. Pectoral girdle of Prestosuchus chiniquensis (ULBRA-PVT-281) in lateral right
view. Abbreviations: an, anterior notch; cf, coracoid foramen; cl, clavicle; co, coracoid,;
gf, glenoid fossa; i, interclavicle; sc, scapula; sgl, supraglenoid lip; sl, sharp leading.
Scale bar 50 cm.

Figure 8. Right Femur of Prestosuchus chiniquensis (ULBRA-PVT-281) in A-B anterior
and posterior views; C-D medial and lateral views. Abbreviations: fc, fibular condyle; gt,
greater trochanter; Ic, lateral condyle; pf, popliteal fossa; tc, tibial condyle; 4t, fourt
trochanter. Scale bar 50 cm.

Figure 9. Rigth Tibia, Fibula and pes of Prestosuchus chiniquensis (ULBRA-PVT-281) in
lateral view. Abbreviations: as, astragalus; cal, calcaneum; f, fibula; ph, falanges; t, tibia;
mt, metatarsal. Scale bar 50cm.

Figurel10. Abbreviated strict consensus tree of the first analysis depicting the phylogenetic
position of ULBRA-PVT-281 and the other specimens of Prestosuchus. Numbers on

nodes represent Bremer support values (left) and Bootstrap values (right).

Figure 11. Results of phylogenetic analizis using the constrain of groups. A, B, C,
Reanalysis of original data matrix of Butler et al. (2014), (A) without constrain, (B), with

constrain between Prestosuchus and Saurosuchus, (C) with constrain between taxa
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considered as “rauisuchians”; D, E, F, Butler's matrix with modifications in state of
character for some taxa and using original coding by Butler et al., (2014) to Prestosuchus
("Old Combined Prestosuchus™), being (D) without constrain, (E), with constrain
between Prestosuchus and Saurosuchus, (F) with constrain between taxa considered as
rauisuchians; G, H, I, Butler's matrix with modifications in the characters for some taxa
using a modified coding in this contribution to I ("new Combined Prestosuchus™), being
(G) without constrain, (H), with constrain between Prestosuchus and Saurosuchus, (1)

with constrain between taxa considering as rauisuchians.

Table 1. Table showing the new coded to taxa used in phylogenetic analysis.
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UFRGS-PV-0156-T
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Figure 11.
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Table 1
Character Taxon New score Material from new score
12 Prestosuchus chiniquensis 0->1 UFRGS-PV-156-T; ULBRA-
PVT-281
12 Saurosuchus galilei 0->1 PVSJ-32; PVL-2062
17 Prestosuchus chiniquensis ?-->0 ULBRA-PVT-281
42 Prestosuchus chiniquensis 0->1 UFRGS-PV-156-T; ULBRA-
PVT-281
50 Prestosuchus chiniquensis ?-->0 ULBRA-PVT-281
69 Prestosuchus chiniquensis ?-->0 UFRGS-PV-156-T; ULBRA-
PVT-281
69 Saurosuchus galilei 1-->0 PVL-2062; PVSJ-32
75 Prestosuchus chiniquensis ?(0&1)--> UFRGS-PV-156-T; UFRGS-
1 PV-281-T; UFRGS-PV-152-T
114 Prestosuchus chiniquensis 2-->1 UFRGS-PV-152-T; UFRGS-
PV-629-T
116 Prestosuchus chiniquensis ?7-->0 UFRGS-PV-629-T
126 Prestosuchus chiniquensis 0->1 UFRGS-PV-152-T; UFRGS-
PV-629-T
131 Prestosuchus chiniquensis 0->1 UFRGS-PV-152-T; UFRGS-
PV-629-T
141 Prestosuchus chiniquensis 0->1 UFRGS-PV-152-T; UFRGS-
PV-629-T
160 Saurosuchus galilei ?-->0 PVSJ-32
191 Prestosuchus chiniquensis ?2-->2 UFRGS-PV-156-T
196 Prestosuchus chiniquensis ?-->1 ULBRA-PVT-281
219 Saurosuchus galilei ?-->1 PVSJ-32
232 Prestosuchus chiniquensis ?-->0 UFRGS-PV-152-T; Munchen
specimens
265 Prestosuchus chiniquensis 0->1 UFRGS-PV-152-T
266 Prestosuchus chiniquensis ?-->0 UFRGS-PV-152-T
267 Prestosuchus chiniquensis ?-->0 UFRGS-PV-152-T
287 Ticinosuchus ferox ?7-->1 PIZ-T-2817
308 Ticinosuchus ferox ?-->0 P1Z-T-2817
330 Ticinosuchus ferox ?2-->1 P1Z-T-2817
339 Ticinosuchus ferox 0->1 P1Z-T-2817
395 Prestosuchus chiniquensis 1-->0 Munchen specimens; ULBRA-

PVT-281
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409 Prestosuchus chiniquensis ?-->0 ULBRA-PVT-281

13- DISCUSSAO

Apesar dos novos materiais descritos e publicados na Ultima década, o status
taxonémico de Prestosuchus é ainda alvo de controvérsia. Em grande parte, esse
problema é creditado a escassez de descricdes detalhadas integradas, (GOWER, 2000).
Um grande exemplo dessas afirmagdes € comprovado pelo historico de pesquisa de
Prestosuchus chiniquensis, e de dos problemas taxondmicos envolvidos em alguns tdxons
desse grupo. Desde as primeiras descri¢fes de Friedrich Von Huene (1942), passaram
mais de 70 anos e, mesmo assim, 0s caracteres anatdbmicos que definem Prestosuchus
chiniquensis sdo ainda duvidosos. Nas Ultimas décadas, novos materiais mais completos
foram encontrados e descritos (BARBERENA, 1978; MASTRANTONIO, 2010;
LACERDA et al., 2016). Entretanto, davidas ainda persistem quanto as autapomorfias de
P. chiniquensis. No presente trabalho, foi apresentada uma descricdo de um novo
espécime atribuido a P. chiniquensis. Durante as comparacGes com 0s demais especimes
j& descritos (BSPG 1933L 1-3/5-11/28-41/41; BSPG 1933L/7; CPEZ-239b; UFRGS-PV-
0152-T; UFRGS-PV-0156-T; UFRGS-PV-0629-T), foi possivel constatar algumas
diferencas morfologicas entre 0s mesmos. Mastrantdnio (2010), ja havia chamado atencao
para o fato de haver variacdo intraespecifica e, talvez ainda, também relacionada a
presenca de dimorfismo sexual. Entretanto, isso ainda é uma tarefa de investigacao a ser
realizada futuramente. De qualquer forma, essas diferencas levaram a muitas ddvidas ao
longo da histéria desse taxon, exemplificadas pelos trabalhos de Kischlat (1999, 2000,
2003), o qual apresentou novas espécies tendo como base alguns materiais anteriormente
atribuidos a P. chiniquensis (“Karamuru vorax”= BSPG 1933L/7, UFRGS-PV-0152-T e
UFRGS-PV-0156-T; “Abaporu loricatus”=lectotipo de P. loritcatus). Apesar de tais
tentativas, a Unica espécie considerada valida atualmente continua a ser Prestosuchus
chiniquensis (LACERDA et al., 2016).

No presente momento, trés autapomorfias sdo reconhecidas para P. chiniquensis:
presenca de um entalhe anterior entre a escapula e o coracoide; presenga de uma crista
longitudinal sob a superfice dorsal do ilio e a presenca de uma crista que se estende da
glendide até a borda anteroventral do coracdide (DESOJO & RAUHUT, 2008;
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NESBITT, 2011). Apenas duas delas sdo observadas em ULBRA-PVT-281, pois o ilio
ndo esta preservado nesse espécime. Além disso, conforme Raugust (2014), uma crista
que se estende da glendide até a borda anterior do coracOide também é observada em
Batrachotomus kupferzellensis (GOWER, 1999). Isso reforca a necessidade de coletar e
descrever novos espécimes (tarefa realizada neste trabalho), realizar redescri¢bes de
materiais correntemente atribuidos a P. chiniquensis e revisar a taxonomia dos mesmos.

Esta Gltima tarefa vem sendo realizada neste momento (DESOJO, comunicagdo pessoal).

Na presente tese dois temas principais foram discutidos, 0s quais geraram dois
artigos cientificos: no primeiro, ja publicado, foi descrito o premaxilar e o maxilar de
ULBRA-PVT-281, nos quais um foramen subnarial estd presente. Sua forma e a posi¢édo
entre as duas estruturas (pré-maxilar/maxilar), bem como a possibilidade dessa estrutura
apresentar sinal filogenético na linhgem arcossauriana também foi avaliada e discutida,
dado o debate sobre a presenca e a funcdo dessa estrutura em Archosauria e falta de
consenso sobre este tema. Conforme Gower (2000), duas hipoteses sdo consideradas, a
primeira seria de que este serviria de entrada de ar para pneumatizacdo. Na segunda
hipGtese esta daria passagem para vasos sanguineos e nervos. Entretanto, ndo ha
evidencia para nenhuma das alternativas. Na literatura, apenas existe menc¢édo sobre a
existéncia do foramen subnarial, mas os diferentes autores ndo aprofundam a discussao
sobre essa estrutura em alguns pseudosuquios como Batrachotomus kupferzellensis
(GOWER, 1999), Saurosuchus galilei (ALCOBER, 2000), Prestosuchus chiniquensis
(UFRGS-PV0156T, BARBERENA, 1978; UFRGS-PV-0629-T, MASTRANTONIO,
2010; CPEZ-239b, LACERDA, 2012; UFRGS-PV-0152-T, RAUGUST, 2014),
Postosuchus kirpatricki (WEINBAUM, 2011), e Luperosuchus fractus (DESOJO &
ARCUCCI, 2009). Apesar da possibilidade por nds sugerida dessa estrutura possuir uma
importancia filogenética (ROBERTO-da-SILVA et al., 2016), publicacdes recentes
discutiram apenas brevemente esse tema. De acordo com Gower (2000) sua presenca é
homoplésica em “Rauisuchia”. Além disso, uma abertura semelhante aparece em outros
arcossauros ndo-rauissuquios, como, por exemplo, no eritrossuquideo Shansisuchus
shansisuchus e no dinossauro herrerassaurideo Herrerasaurus ischigualastensis
(SERENO & NOVAS, 1993) e em pterossauros (Dorignathus banthensis), (OSI, 2010).
Em Shansisuchus, o fordmen subnarial é formado pela bifurcacdo do processo
anteroventral do nasal e estende-se ventralmente, cortando o contato maxilar/premaxilar.

Isso se configura em uma condicdo andloga a dos “rauissuquios”. A presenca de um
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foramen subnarial ja foi reconhecida como uma autapomorfia para Herrerasaurus
ischigualastensis (SERENO & NOVAS, 1993), tendo assim provavelmente se
desenvolvido de forma convergente nesse taxon. Em outras contribuigdes, a presenca de
um fordmen subnarial j& foi considerada um carater diagnostico para “Rauisuchia”
(CHATTERJEE,  1985; GOWER,  2000; LAUTENSCHLAGER,  2008;
LAUTENSCHLAGER & RAUHUT, 2014). Contudo, tanto a presenca quanto a forma do
fordmen subnarial é incerta em muitos “rauisstquios”, devido a natureza fragmentéria e
distorgdes tafondmicas encontradas em muitos materiais atribuidos ao grupo. Alcober
(2000) argumentou que, em Saurosuchus galilei, o foramen subnarial estaria presente em
formas juvenis e desapareceria em adultos. Contudo, em dois espécimes aceitos
atualmente como adultos (PVL 2062 e PVSJ 32), é bem evidente a presenga de um
foramen subnarial. Quanto a Prestosuchus chiniquensis, dois individuos em estagio
ontogeneticamente avancado (UFRGS-PV-0156-T; UFRGS-PV-0629-T; ULBRA-PVT-
281) possuem esta estrutura. Entretanto, é possivel notar algumas diferencas entre esses
espécimes, tanto na forma quanto na posi¢do do foramen. Mastrantonio (2010) afirma que
este fato deve-se ao possivel cinetismo entre o premaxilar e a maxila, porém nao ha
evidencias claras de que existisse movimento entre esses dois elementos 6sseos. Além
disso, ndo seria coerente haver movimento em um local que acomodaria nervos e vasos
sanguineos. Em Roberto-da-Silva et al., (2016), foi criado um novo carater (nimero 414,
tabela 2), relacionado a posicao do foramen subnarial, na intencdo de avaliar a verificar a
presenca de sinal filogenético desta em Archosauria. A codificacdo do caracter 12 da
matriz de Nesbitt (2011) também foi alaterada em alguns taxons. Prestosuchus
chiniquensis e Surosuchus galilei eram codificados como ndo possuindo um foramén
subnarial (12-0), porém, com base nas novas observacdes esse estado foi codificado como
presente (12-1). O herrassaurideo Herrerasaurus ischigualastensis possui duas aberturas
ao longo da sutura entre o premaxilar e o maxilar (SERENO & NOVAS, 1993), a mais
ventral é topologicamene similar aos dinossauros saurisquios e a dorsal é equivalente ao
dos pseudosstquios. Sendo assim, dentre os saurisquias, somente Herrerasaurus foi
codificado como possuindo um foramen subnarial (12-1). Além disso, o foramén visto em
Crocodylomorpha foi considerado inaplicavel nessa andlise e interpretado como uma
estrutura que serviria para a insercdo do dente caniniforme. Além disso, outras

modificacOes que foram feitas neste trabalho e estdo contidas abaixo, na tabela 2.
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Tabela 3. Tabela mostrando as recodificacdes dos taxons realizadas nas analises

filogenéticas da presente tese.

Caracter Taxon Nova cod. Materiais com a nova cod.
12 Prestosuchus chiniquensis 0->1 UFRGS-PV-156-T; ULBRA-
PVT-281
12 Saurosuchus galilei 0->1 PVSJ-32; PVL-2062
17 Prestosuchus chiniquensis ?7-->0 ULBRA-PVT-281
42 Prestosuchus chiniquensis 0->1 UFRGS-PV-156-T; ULBRA-
PVT-281
50 Prestosuchus chiniquensis ?-->0 ULBRA-PVT-281
69 Prestosuchus chiniquensis ?-->0 UFRGS-PV-156-T; ULBRA-
PVT-281
69 Saurosuchus galilei 1-->0 PVL-2062; PVSJ-32
75 Prestosuchus chiniquensis ?(0&1)--> UFRGS-PV-156-T; UFRGS-
1 PV-281-T; UFRGS-PV-152-T
114 Prestosuchus chiniquensis 2-->1 UFRGS-PV-152-T; UFRGS-
PV-629-T
116 Prestosuchus chiniquensis ?-->0 UFRGS-PV-629-T
126 Prestosuchus chiniquensis 0->1 UFRGS-PV-152-T; UFRGS-
PV-629-T
131 Prestosuchus chiniquensis 0->1 UFRGS-PV-152-T; UFRGS-
PV-629-T
141 Prestosuchus chiniquensis 0->1 UFRGS-PV-152-T; UFRGS-
PV-629-T
160 Saurosuchus galilei ?-->0 PVSJ-32
191 Prestosuchus chiniquensis ?-->2 UFRGS-PV-156-T
196 Prestosuchus chiniquensis ?7-->1 ULBRA-PVT-281
219 Saurosuchus galilei ?7-->1 PVSJ-32
232 Prestosuchus chiniquensis ?-->0 UFRGS-PV-152-T; Munchen
specimens
265 Prestosuchus chiniquensis 0->1 UFRGS-PV-152-T
266 Prestosuchus chiniquensis ?-->0 UFRGS-PV-152-T
267 Prestosuchus chiniquensis ?-->0 UFRGS-PV-152-T
287 Ticinosuchus ferox ?7-->1 P1Z-T-2817
308 Ticinosuchus ferox ?-->0 P1Z-T-2817
330 Ticinosuchus ferox ?7-->1 P1Z-T-2817
339 Ticinosuchus ferox 0->1 P1Z-T-2817
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395 Prestosuchus chiniquensis 1-->0 Munchen specimens; ULBRA-
PVT-281
409 Prestosuchus chiniquensis ?-->0 ULBRA-PVT-281

A inclusdo do carater 414 ndo modificou os resultados topologicos apresentados
por Butler et al., (2014) no que se refere a “Rauisuchia” ou qualquer outro grupo
estudado nesse trabalho. De qualquer forma, foi possivel obter indicacdo de congruéncia
com relagdo a progressdo desse caréater, o qual parece se configurar em uma sinapomorfia
(ainda que equivoca) de Paracrocodylomorpha. Assim, este foramen provavelmente
surgiu em um ancestral comum de Paracrocodylomorpha, tendo inicialmente formato
oval e se posicionando na altura média em relacdo ao corpo principal da maxila e nao
alcancando a base do processo ascendente [414(0)]. Esse estado ocorreem Qianosuchus
mixtus, Lotosaurus adentus, Effigia okeeffeae, Shuvosaurus inexpectatus, Batrachotomus
kupferzellensis, Fasolasuchus tenax e Postosuchus kirkpatricki. Em loricatos basais sul
americanos, no caso, Prestosuchus chiniquensis e Saurosuchus galilei, o foramen
subnarial apresenta uma nova condic¢do relacionada a sua posicdo: localizado acima da
altura média do corpo principal da maxila, alcancando a base do processo ascendente
[414(1)]. Apesar da andlise ndo ter revelado isso, o compartilhamento desse estado de
carater (somado a outros ainda a ser reavaliados) pode suportar um clado menos inclusivo
composto por rauisuquios do Gondwana, como Prestosuchus, Saurosuchus e,
possivelmente, Decuriasuchus, algo a ser ainda investigado. Considerando somente a
linhagem dos pseudostquios, o foramen subnarial é compartilhnado por varios outros
grupos exceto Aetosauria, Crocodylomorpha (onde teria sido perdido secundariamente),
Gracilisuchidae ou Ornithosuchidae (e.g. NESBITT, 2011). Neste contexto, a presenca do
foramen subnarial ¢ uma possivel sinapormorfia de Paracrocodylomorpha, sendo
pequeno, oval e restrito ao corpo principal da maxila. Esta condicdo é retida em
Poposauroidae, porém modificada para “forma de gota”, ocupando o corpo principal do
processo ascendente da maxilla em Loricata, como Prestosuchus e Saurosuchus. A
condicdo é revertida para uma fenestra pequena e oval em um clado que inclui

Batrachotomus, Fasolasuchus e Rauisuchidae.
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Figura 17. Consenso estrito de 81 arvores mais parcimoniosas mostrando a nova distribuicdo do novo
caracter dentre as unidades taxondmicas terminais. Niimeros associados representam valores de “Bootstrap”

e suporte “Bremer” (entre parénteses) (Retirado de Roberto-da-Silva et al. (2014).

Apesar da proximidade geografica entre Prestosuchus e Saurosuchus, como
também varias outras caracteristicas compartilhadas, incluindo a presenca e a forma do
foramen subnarial, nossa analise ndo os recuperou como taxons irmaos. Considerando o
segundo artigo desta tese, o qual apresenta trés diferentes andlises filogenéticas, em duas
delas também ndo foi confirmada dessa relacdo entre P. chiniquensis e Saurosuchus.
Ambas suportam ULBRA-PVT-281 como um novo espécime de Prestosuchus
chiniquensis. A terceira analise, em que foi usado o procedimento de pesagem ponderada
(implied weighting com k=3, GOLOBOFF et al., 2003, 2008) suportou P. chiniquensis e
S. galilei como taxon irmdos e ambos fora de Loricata (embora isso seja provavelmente
resultado de artefato metodoldgico, considerando as sinapomorfias que o colocam dentro

de Loricata nas outras duas analises). Além disso, foi possivel observar a existéncia de
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um entalhe premaxilar que se inicia no foramen subnarial e entende-se até o corpo da
premaxila em ambos os taxons. Essa estrutura é claramente visivel em ULBRA-PVT-281
e Saurosuchus galilei (PVL 2062, PVSJ 32). Adicionalmente, P. chiniquensis (UFRGS-
PV-0156-T), também apresenta a mesma estrutura (Franga, comunicacgao pessoal).

Uma avaliagdo da anatomia femoral entre Prestosuchus e Saurosuchus mostra
significantes diferencas entre ambos. O fémur de ULBRA-PVT-281 é claramente mais
robusto e ndo apresenta a cabe¢a do fémur projetada através de um “pescoco”. Em
contraste, Saurosuchus galilei mostra a cabeca do fémur bastante projetada e
relativamente mais gracil como também ocorre em Fasolasuchus tenax (observagdo
pessoal). Tais caracteristicas devem ser levadas em conta em estudos futuros,
considerando as grandes transformacdes anatémicas que possivelmente acarretam na
cintura pélvica e nas demais estruturas do membro posterior e consequentemente, na
postura de tais animais (BONAPARTE, 1984; HUTCHINSON & GATESY, 2000;
HUTCHINSON, 2006). Adicionalmente, foi testada uma analise alternativa que sera
incorporada no segundo artigo. Nessa analise foram evidenciadas algumas fragilidades na
andlise de Nesbitt (2011), o que pode ter gerado um artefato metodolégico que
influenciou os resultados apresentados por esse autor. Por exemplo, alguns estados de
caracter ndo foram codificados para a linhagem Ornithodira, o que pode ter influenciado a
polarizacdo dos caracteres em Pseudosuchia, uma vez que Nesbitt (2011) argumentou que
as modificagdes ocorridas no tornozelo de Ornithodira ndo seriam homoélogas as ocorridas
em Pseudosuchia.
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Fig 18. Resultado de andlises cladisticas usando constricdo de grupos (constrain). A, B, C, Reanalise da

matriz original de Butler et al. (2014), sendo (A) sem constrain, (B), com cosntrain entre Prestosuchus e
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Saurosuchus, e (C) com cosntrain entre taxons considerados como rauisstquios; D, E, F, matriz de Butler et
al. (2014) com modificagdes nos estados de caracter para alguns taxons e usando a codificacdo original
destes autores para Prestosuchus ("Old Combined Prestosuchus”), sendo (D) sem constrain, (E), com
cosntrain entre Prestosuchus e Saurosuchus, e (F) com cosntrain entre taxons considerados como
rauisstquios; G, H, |, matriz de Butler et al. (2014) com modificagfes nos estados de caracter para alguns
taxons e usando a codificagdo modificada neste artigo para | ("new Combined Prestosuchus™), sendo (G)
sem constrain, (H), com cosntrain entre Prestosuchus e Saurosuchus, e (I) com cosntrain entre taxons

considerados como rauissdiquios.

14- CONCLUSOES

Muitos autores tém chamado a atencdo para as dificuldades que existem nos
estudos taxondmicos e filogenéticos de “Rauisuchia” (GOWER, 2000; FRANCA et al.,
2011, 2013; LAUTENSCHLAGER & RAUHUT, 2014; LACERDA et al., 2015, 2016).
Apesar do aumento de novos espécimes publicados na literatura, tais problemas ainda
persistem. Aqui, ULBRA-PVT-281 configura-se em mais um espécime de Prestosuchus
chiniquensis, designacéo totalmente suportada pela analise filogenética. Mais ainda, este
novo espécime apresenta novas estruturas que apontam algumas diferencas com outros P.
chiniquensis. Mastrantdnio (2010) e Lacerda et al., (2016) j& chamaram a atencdo para
variacOes intraespecificas, as quais ainda necessitam de futuras investigacdes. Além
disso, tais variacbes também podem estar ligadas a presenca de dimorfismo sexual,
problemas tafondmicos e ainda identificagdo taxondmica inadequada. Os resultados da
analise filogenética ndo suportam a monofilia de “Rauisuchia”, corroborando o0s
resultados de Nesbitt (2011) e reforcando a necessidade de novos estudos com espécimes
depositados em diferentes instituices, assim como novos esfor¢os de coletas. Através das
novas feigdes anatdmicas observadas em ULBRA-PVT-281 foi possivel constatar muitas
semelhancas entre Prestosuchus chiniquensis e Saurosuchus galilei as quais devem ser
consideradas em novos estudos, para suportar (ou ndo) a relacdo proxima entre esses
importantes predadores sulamericanos do Periodo Triassico. Concluindo, também s&o
necessarios novos esforcos para definicdo das autapomorfias de P. chiniquensis e demais

problemas taxondmicos envolvidos com esse taxon.
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