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Título 

 

 

OSTEOLOGIA E ANÁLISE MORFOMÉTRICA DE ESPÉCIMES ADULTOS E 

JUVENIS DE BAURUSUCHIDAE (NOTOSUCHIA, MESOEUCROCODYLIA) DA 

FORMAÇÃO ADAMANTINA, GRUPO BAURU, CRETÁCEO SUPERIOR. 

 

Resumo 

 

Grande parte dos tetrápodes fósseis são conhecidos a partir de um único espécime, 

impossibilitando o estudo de fontes de variação de forma como teratogêneses, 

deformações tafonômicas, dimorfismo sexual e ontogenia. Baurusuchidae, uma 

família de notossúquios predatórios que apresenta oreinirrostria e dentição zifodonte, 

são alguns dos materiais fósseis mais abundantes da Bacia Bauru, com múltiplos 

espécimes incluindo diferentes semaforontes. Nos últimos vinte anos, cerca de oito 

espécies adicionais de baurussuquídeos oriundas da Formação Adamantina foram 

formalmente descritas, porém poucos esforços foram direcionados na caracterização 

de suas trajetórias ontogenéticas, de suma importância para entender variações 

intraespecíficas. Esta tese de doutoramento procura, através da descrição anatômica 

de dois espécies juvenis e aplicação da morfometria geométrica, traçar as mudanças 

morfológicas que caracterizam membros desse grupo. O capítulo I apresenta uma 

revisão bibliográfica da literatura acerca dos crocodiliformes, inserindo os 

baurussuquídeos no seu contexto evolutivo. Os capítulos II e III são artigos 

descrevendo a osteologia e miologia de dois semaforontes de diferentes estágios: um 

indivíduo com cerca de um ano e outro juvenil mais próximo da maturidade 

esquelética. Por fim, o capítulo IV utiliza-se de análise morfométrica para melhor 

compreender mudanças nas proporções cranianas e, por consequência, a diferença 

entre os morfoespaços ocupados por adultos e juvenis. O trabalho levanta evidências 

que questionam os níveis de diversidade atualmente reconhecidas para o clado.  

 

Palavras-chave: Crocodylomorpha; Bacia Bauru; Baurusuchidae; osteologia; 

ontogenia. 
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THE ADAMANTINA FORMATION, BAURU GROUP, LATE CRETACEOUS.  

 

Abstract 

 

The vast majority of fossil tetrapods are known single specimens, preventing studies 

on sources of variation such as teratogenesis, taphonomic deformations, sexual 

dimorphism, and ontogeny. Baurusuchidae, a family of oreinirostral predatory 

notosuchians with ziphodont dentition, are among the most abundant fossil materials 

in the Bauru Basin, with multiple specimens including different ontogenetic stages. 

In the past twenty years, about eight additional species of baurusuchids from the 

Adamantina Formation have been formally described, but few efforts were directed 

towards characterizing their ontogenetic trajectories, which is crucial for 

understanding intraspecific variations. This doctoral thesis aims to trace the 

morphological changes that characterize members of this group through the 

anatomical description of two juvenile specimens and the application of geometric 

morphometrics. Chapter I provides a literature review on crocodyliforms, placing 

baurusuchids in their evolutionary context. Chapters II and III are research articles 

describing the osteology and myology of two different ontogenetic stages: a yearling 

individual and another juvenile closer to skeletal maturity. Finally, Chapter IV uses 

morphometric analysis to better understand changes in cranial proportions and, 

consequently, the different morphospaces occupied by adults and juveniles. The 

work presents evidence that challenges the currently recognized levels of diversity 

within the clade. 
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Capítulo I 

 

1) – Introdução 

 Crocodylia, uma ordem atualmente composta por 27 espécies divididas em 3 

famílias (Crocodylidae, Alligatoridae e Gavialidae), são predadores de topo, de hábitos 

semiaquáticos, e distribuídos em zonas tropicas e subtropicais ao redor do planeta 

(Grigg, 2015). Apesar de pouco especiosos, os crocodilianos são abundantes e 

desempenham papeis tróficos de extrema importância, sendo comumente 

classificados como keystone species, capazes de alterar a estrutura das cadeias 

tróficas, regulando a população de outros organismos e, por consequência, a saúde 

dos ecossistemas (Ashton, 2010; de Miranda., 2017; Mazotti et al., 2009; Palmer & 

Mazotti, 2004).  

A escassez de espécies e a pouca variância no blauplan das formas atuais 

contrasta com o registro fóssil, que incluí formas relacionadas com as mais diversas 

adaptações alimentares para carnivoria, onivoria e, possivelmente, herbivoria, além 

planos corporais díspares para o preenchimento de nichos terrestres, marinhos e 

semiaquáticos continentais (Riff et al., 2012; Brochu, 2003).  

A presente tese de doutoramento busca descrever a osteologia e, quando 

possível, a miologia craniana e pós-craniana de diferentes semaforontes de 

baurussuquídeos, identificando caracteres ontogenéticos com importantes 

implicações paleoecológicas e taxonômicas. Adicionalmente, procura-se aplicar a 

morfometria geométrica a família Baurusuchidae, de modo a qualificar sua trajetória 

de mudanças morfológicas atribuídas a ontogenia.  

Para este fim, é preciso, primeiramente, apresentar ao leitor uma série de 

conceitos e seus históricos de pesquisa para que este faça melhor proveito dos 

capítulos que virão. A seguir, é apresentada uma breve revisão bibliográfica que 

insere Baurusuchidae (Price, 1945) dentro de seu contexto filogenético, começando 

pela origem dos arcossauros e dos primeiros crocodilomorfos e crocodyliformes 

durante o período Triássico, passando pelos clados mais abrangentes dentro de 

Mesoeucrocodylia (Notosuchia e Neosuchia) e culminando na definição da família 

Baurusuchidae, suas subfamílias Pissarrachampsinae e Baurusuchinae (Montefeltro 

et al., 2011), suas respectivas características morfológicas e sinapomorfias, e 

aspectos de sua ecologia.  
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1.1) – Histórico de pesquisa 

  O estudo formal dos crocodilianos, assim como de muitos outros clados, se 

inicia com a publicação do trabalho seminal Systema naturæ (1758), do pioneiro da 

classificação taxonômica Carolus Linnaeus. O trabalho de Lineu, sendo pré-gradista 

e muito anterior ao advento da sistemática filogenética, não classifica as formas com 

a intenção de gerar grupos naturais, ou seja, não leva em consideração processos 

evolutivos. Sendo assim, Crocodylia foi primeiramente agrupado à lagartos e cobras, 

formando o que Lineu chamou de ‘Lacerta’.  

Assim como será visto nos próximos tópicos, a postura do tipo sprawling, 

comumente utilizada por crocodilianos atuais, é na verdade uma condição derivada 

do estado plesiomórfico parasagital de Crocodylomorpha, levando muitos autores 

clássicos e, muitas vezes, o público em geral, a associar os mesmos aos 

Lepidosauromorfos.  

 O paleontólogo e anatomista britânico Richard Owen foi um dos primeiros a 

reconhecer a proximidade de algumas formas fósseis aos crocodilianos viventes e 

propor uma tentativa de classificação não-evolutiva desses táxons. Owen (1860), 

baseou-se na morfologia dos cótilos e côndilos das vértebras pré-sacrais, definindo 

os grupos Opisthocoelia, Amphicoelia e Procoelia.  Huxley (1875), outro nome de 

referência da anatomia de vertebrados do século XIX, e um defensor ferrenho de 

Darwin, introduziu, pela primeira vez, o conceito evolutivo à classificação dos 

crocodilianos atuais e fósseis, criando uma série de ‘grados’, ou estágios evolutivos, 

sendo eles Parasuchia, Mesosuchia e Eusuchia.  

Além dos caracteres vertebrais utilizados por Owen (1860), Huxley também se 

serviu da posição dos coanas e da morfologia dos coracóides para erguer seus 

grupos, observações que ainda se sustentam nas filogenias modernas. Apesar de 

incipiente, parte dos grados de Huxley, Mesosuchia e Eusuchia mais especificamente, 

se demonstraram monofiléticos, e mantiveram seus nomes mesmo após aplicação de 

técnicas sistemáticas modernas.  

Já no começo do século XX, Brown (1930), com sua descrição de Protosuchus 

richardsoni, uma importante forma triássica de pequeno porte, reconhece um clado 

basal de crocodilomorfos e adiciona o grado ‘Protosuchia’ a antiga classificação de 

Huxley. A segunda metade de século XX, por sua vez, veria uma série de trabalhos 

clássicos empregando a sistemática filogenética (Hennig, 1966) ao estudo dos 
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crocodilomorfos fósseis e aos arcossauros em geral (Gauthier & Padian, 1985; 

Gauthier 1986).  

Whetstone & Whybrown (1983), recuperam e erguem Mesoeucrocodylia, que 

une Mesosuchia e Eusuchia, enquanto Clark (1986) cunha o termo Crocodyliformes 

para o grupo que engloba protossuquídeos, mesossuquídeos e eussuquídeos. Estes 

são seguidos pela análise ampla de Benton & Clark (1988), que focou na linhagem 

dos pseudossúquios, inclusive incluindo arcossauros basais, culminando na definição 

de Metasuchia para mesoeucrocodilianos não-talatossuquídeos e Neosuchia para 

eussuquídeos e formas mais basais.  

Atualmente, devido ao acúmulo de conhecimento e capacidades cada vez 

maiores de processamento e a aplicação dos mais variados métodos comparativos, 

diversos autores têm trabalhado com grandes bases de dados, gerando não só 

superárvores (Bronzati et al., 2015), como também mapeando transições evolutivas 

dos principais clados nas mesmas (Wilberg et al., 2019; Godoy et al., 2019; 2020). 

 

1.2) – Archosauria 

Os arcossauros, erguidos classicamente por Cope (1869), compõem um clado 

de vertebrados diápsidos que dominaram os ambientes terrestres durante a Era 

Mesozoica, sendo um grupo monofilético com um registro fóssil bastante especioso e 

díspare (Brusatte et al., 2008; 2010, Nesbitt, 2011).  

A aplicação das técnicas da sistemática filogenética concebidas por Hennig 

(1966) nos estudos evolutivos dos arcossauros (Clark, 1986; Gauthier, 1986; Benton 

& Clark, 1988), resultou em cladogramas que sugerem que tal grupo é marcado por 

duas linhagens principais (figura 1), que surgiram e divergiram entre si no início do 

Período Triássico (Sereno, 1991). A linhagem dos Pseudosuchia (Gauthier, 1986), ou 

Crurotarsi (Sereno & Arcucci, 1991), deu origem aos crocodilomorfos e incluem formas 

fósseis mais proximamente aparentadas a estes. Os Avemetatarsália (Benton, 1999), 

por sua vez, incluem dinossauros (avianos e não-avianos), pterossauros e formas 

afins.  
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Figura 1. Cladograma simplificado dos arcossauros mostrando suas duas principais 
linhagens, Crurotarsi e Avemetatarsália, em que estão inclusos os crocodilianos e as 
aves atuais, respectivamente. Durante o mesozóico, ambos grupos eram mais diversos 
que atualmente, tanto em disparidade de formas, como em número de espécies. 
Retirado de Brusatte et al., 2010.  

 

Os arcossauros já foram estabelecidos filogeneticamente utilizando-se de 

diferentes modos de definição de clado. Gauthier (1986), por exemplo, faz uso do 

conceito de grupo coronal, restringindo Archosauria ao último ancestral comum e 

exclusivo entre aves e crocodilianos e todos os seus descendentes, excluindo formas 

basais triássicas e renomeando-as Archosauromorpha e Archosauriformes, de acordo 

com seu grau de proximidade ao clado apical.  

Resumidamente, as principais sinapomorfias que suportam a monofilia de 

Archosauria são: (1) presença de fenestra anteorbital entre as narinas e as órbitas; (2) 

desenvolvimento de fenestra mandibular; (3) dentes encaixados em soquetes 

(condição tecodonte) comprimidos lateralmente e com carenas serrilhadas e (4) um 

quarto trocânter do fêmur (Benton, 1999; 2005, mas ver Nesbitt, 2011). 

Trabalhos iniciais focando na anatomia dos primeiros arcossauros já 

identificavam uma propensão evolutiva de algumas de suas linhagens ao bipedalismo, 

como uma tendência à redução dos membros anteriores, postura parasagital, com os 

membros situados abaixo do corpo, além de um desenvolvimento maior dos ossos 

que compõe a bacia, o ílio, ísquio e púbis, formando uma típica morfologia triradial de 

modo aumentar as áreas de inserção muscular para suporte das tensões geradas pelo 

movimento anteroposterior dos membros (Romer, 1956; Gower, 2003).  

Uma das principais diferenças morfológicas estabelecida rapidamente após a 

divergência entre os grupos supracitados refere-se à disposição dos ossos tarsais 

(figura 2). Os Pseudosuchia são caracterizados por uma estruturação do tipo 
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crocodilo-normal (CN) ou crurotarsal (Sereno, 1991), onde os ossos tarsais proximais 

possuem tamanhos similares, e um processo cilíndrico do astrágalo se encaixa em 

uma fossa do calcâneo, conferindo maior flexibilidade e permitindo tanto uma postura 

parasagital como alastrada (Benton, 2004). Os Avemetatarsália, por outro lado, 

apresentam uma disposição do tipo mesotarsal, marcada por um astrágalo 

consideravelmente maior que o calcâneo, que envolve a tíbia e gera um único plano 

de articulação entre os tarsais proximais e os pés (Benton, 2004). 

 

Figura 2. Evolução do tarsus nos arcossauros. As morfologias observadas em 
Pseudosuchia e Avemetatarsália seriam derivadas da condição mesotarsal primitiva 
(PM), que teria se divergido ainda mais dentro do Pseudosuchia com a estruturação do 
tipo crocodilo-reversa (CR), presente em Ornithosuchidae. Ambas as disposições 
contribuíram para o desenvolvimento de postura parasagital nos arcossauros, contudo, 
a crocodilo normal (CN) é a única que permite também uma postura alastrada 
característica dos crocodilianos atuais. Retirada de Benton, 2004.  

 

Apesar dos primeiros arcossauromorfos datarem dos últimos instantes do 

Paleozoico, como membros do gênero Archosaurus Tatarinov 1960, do Permiano 

Tardio da Rússia e Polônia (Sennikov & Golubev, 2006), sua principal irradiação 

ocorreu somente após a vacância de nichos ecológicos deixada pela extinção Permo-

Triássica, evoluindo rapidamente no início do Triássico em uma miríade de diferentes 

formas e divergindo nas duas linhagens citadas acima (Benton et al., 2014).  

Os primeiros representantes dos Crurotarsi possuem registros já no Anisiano, 

Triássico Médio, com o já derivado Arizonasaurus (Nesbitt, 2003), membro da família 

Ctenosauriscidae, enquanto membros da linhagem aviana também têm seu registro 
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fóssil mais pretérito no Triássico Médio, com Teleocrater rhadinus (Nesbitt et al., 

2017), pertencente ao clado Aphanosauria.  

O grau de convergência e as similaridades entre as duas linhagens de 

arcossauros no início do Triássico, como as homoplasias entre alguns membros de 

Poposauroidea e Dinosauria (Gauthier et al., 2011), levantam dúvidas a respeito dos 

modelos que tentam explicar a emergência dos dinossauros como grupo de 

vertebrados terrestres dominantes durante o mesozóico (Brusatte et al., 2010). Uma 

visão tradicional postula que os dinossauros, com sua endotermia e postura ereta, 

possuíam metabolismos mais acelerados, conferindo maior rapidez e capacidade 

adaptativa em relação aos seus competidores (Bakker, 1968;1971; 1972; Charig, 

1972).  

Tal modelo, porém, foi classicamente questionado por Benton (1983; 1986ª, 

1986b) que argumentou que as mudanças faunísticas durante o Triássico, incluindo o 

declínio de grupos abundantes como os rincossauros, teriam sido determinantes para 

a emergência dos dinossauros. O modelo tradicional também se tornar difícil de 

sustentar perante levantamentos recentes realizados por Brusatte e colaboradores 

(2008), que revelam que membros da linhagem crocodiliana eram mais diversos e 

díspares durante todo o período, dominando as faunas terrestres, enquanto os 

dinossauros compunham somente pequenas frações dos ecossistemas, 

inviabilizando, assim, uma visão de exclusão competitiva, e corroborando um caráter 

de contingência histórica. 

O término da predominância dos pseudossuquídeos viria somente após a 

transição Triássico-Jurássico (T-J), marcada por um evento de extinção em massa de 

grandes proporções, que dizimou cerca de 80 % de todas as espécies viventes 

(Sepkoski, 1993), com autores estimando que até 42% de todos os tetrápodes 

terrestres tenham perecido (Olson et al., 1987). Ambos os grupos, dinossauros e 

pseudossuquídeos, sofreram perdas, porém este último foi particularmente atingido, 

com somente um único clado, os Crocodylomorpha, atravessando esse limite e 

diversificando-se no Jurássico e Cretáceo (Toljagic´& Butler, 2013; Irmis, Nesbitt & 

Sues, 2013; Sues, 2019). 

 

1.3) – Crocodylomorpha 

Os primeiros crocodilomorfos surgiram durante o Triássico Tardio, e têm como 

seu representante mais antigo conhecido o Trialestes romeri Reig 1963, da Formação 
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Ischigualasto, Carniano-Noriano da Argentina (Lecuona et al., 2016). Tais formas 

basais eram marcadas por seus esqueletos apendiculares gráceis, duas fileiras 

paramediais de osteodermos e postura graviportante (Parrish, 1987), sendo 

possivelmente faunívoros cursoriais, registrando uma aquisição gradual de 

características crocodilianas com táxons cada vez mais derivados (Benton, 2005; 

Irmis, Nesbitt & Sues, 2013).  

Apesar da maior parte das formas descritas serem de pequeno porte, como 

Dromicosuchus (Sues et al., 2003) e Sphenosuchus (Walker, 1990), há registro de um 

táxon de grande porte, Carnufex carolinensis (Zanno et al., 2015), de pelo menos 3 

metros de comprimento do Carniano da Carolina do Norte (EUA). Dentre as 

sinapomorfias mais comumente citadas para o clado estão: (1) a tendência de perda 

da cinese craniana, com a fusão dos ossos do basicrânio; (2) carpais e coracóides 

alongados; (3) deslocamento anterior das porções dorsais do quadrado e 

quadradojugal, de modo a contatar esquamosal, e (4) processo lateral do esquamosal 

suspenso sobre a região infratemporal (Clark et al., 2000; Clark et al., 2004; Benton, 

2005; Pol et al., 2013) (figura 3).  

Assim como definido por Sereno et al. (2005) e Nesbitt (2011), estabelecendo 

o grupo pelo ramo, Crocodylomorpha consiste do clado mais inclusivo que contém 

Crocodylus niloticus Laurenti 1768, porém não Raiusuchus tiradentes Huene 1942, 

Poposaurus gracilis Mehl 1915, Gracilisuchus stipanicicorum Romer 1972, 

Prestosuchus chiniquensis Huene 1942, ou Aeotosaurus ferratus Fraas 1877. Sendo 

assim, um grupo de crocodilomorfos basais denominados ‘Sphenosuchia’ (Bonaparte, 

1972), não formariam um agrupamento natural, mas uma sucessão parafilética de 

táxons progressivamente mais derivados em relação à Crocodyliformes (Benton & 

Clark, 1988; Parrish, 1991; Clark et al., 2001; Clark & Sues, 2002; Clark et al., 2004; 

Nesbitt, 2011; Lecuona et al., 2016).  

Algumas publicações, porém, ainda recuperam um Sphenosuchia monofilético 

(Sereno & Wild, 1992; Wu & Chatterjee, 1993; Sues et al., 2003). Curiosamente, tais 

formas basais persistiram até o Jurássico Médio, representadas por um táxon chinês 

denominado Junggarsuchus sloani Clark et al. 2004.  
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Figura 3. A e B) – Dromicosuchus grallator, um crocodilomorfo não-crocodiliforme do 
Carniano dos EUA. Foto do holótipo e desenho esquemático representando a região 
dorsal anterior e crânio. Retirado de Sues et al. (2003). Notar fileira dupla parasagital de 
placas dérmicas, além de cabeça do fêmur ortogonal ao comprimento maior do mesmo, 
adaptação cursorial. C) – Desenho esquemático de Terrestresuchus gracilis Crush 
1984, exemplificando o plano corporal grácil e outras características de membros 
basais de Crocodylomorpha. Sinapomorfias destacadas: (1) barra suspensa sobre a 
região temporal; (2) deslocamento anteroposterior do quadrado e quadradojugal, em 
detalhe à direita; (3) Coracóides longitudinalmente alongados e (4) Carpais (Ulnar e 
Radial) alongados. Adaptado de Crush (1984).  

 

1.4) – Crocodyliformes 

 Seguindo a definição de clado baseada no nó de Sereno et al. (2001), os 

crocodyliformes formam o clado mais inclusivo incluindo Protosuchus richardsoni 

Brown 1933, Crocodylus niloticus Laurenti 1768, seu ancestral em comum mais 

recente e todos os seus descendentes. As sinapomorfias que suportam os 

crocodyliformes estão concentradas no basicrânio, como a fusão e consolidação do 

crânio com um todo, que ganha um caráter cada vez mais acinético (Pol et al., 2013).  

A formais mais basais de crocodiliformes juntas compõe o que Mook (1934) 

denominou de ‘Protosuchia’ (figura 4). Os protossúqueos, porém, foram 

repetidamente recuperados nas filogenias como parafiléticos (Pol et al., 2004; Fiorelli 

& Calvo, 2007; Clark, 2011; Buscalioni, 2017), e hoje são reconhecidas ao menos três 

famílias, Protosuchidae, Gobiosuchidae, Shartegosuchidae, além do gênero 

Hsisosuchus, que é grupo irmão deste último clado.  



20 
 

Protosuchidae representa, de fato, a primeira radiação de crocodiliformes, 

apresentando uma ampla distribuição geográfica, com táxons do Triássico da 

Patagônia e do Jurássico Inferior do Meio Oeste dos Estados Unidos (Brown, 1933; 

Martinez et al., 2019). Gobiosuchidae, apesar de basal, ocorre essencialmente no 

Cretáceo Tardio da Mongólia e Espanha (Buscalioni, 2017). Por fim, 

Shartegosuchidae é um clado Laurásico, ocorrendo no Jurássico e início do Cretáceo 

dos EUA, Rússia e Mongólia, enquanto que Hsisosuchus contém três espécies, todas 

chinesas (Young & Chow, 1953; Gao, 2001; Peng & Shu, 2005).  

  

 

Figura 4. Plano corporal de Protosuchidae, a primeira irradiação de crocodiliformes. A) 
– holótipo de Protosuchus richardsoni, retirado de Colbert & Mook (1951), em vista 
dorsal e ventral. B) -  reconstrução do esqueleto articulado e em posição de vida, 
incluindo escudo dorsal de osteodermos. Retira de Sues (2019) e previamente adaptada 
de Frey (1988).  
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Buscalioni (2017) revisou o que potencialmente são uma série de especializações de 

crocodiliformes basais, incluindo redução do tamanho corporal, um encurtamento do 

crânio atribuído a processos braquiocefálicos, ampliação do teto craniano, 

hiperdesenvolvimento de ossos dermais, além de modificações no pós-crânio que 

marcariam a transição para Mesoeucrocodylia.  

 

1.5) – Mesoeucrocodylia 

 Excluindo as formas basais, o clado mais abrangente dentro de crocodiliformes 

é denominado Mesoeucrocodylia (figura 5), originalmente erguido por Whetstone & 

Whybrow (1983). A formação de um palato secundário extensivo, constituído pelos 

maxilares e palatinos, a presença de dois palpebrais bem desenvolvidos, teto craniano 

plano, quadrado pneumatizado e em contato dorsal com o lateroesfenóide, são 

algumas das novidades evolutivas citadas por Benton (2005) que diferenciam os 

membros de deste clado. Pol et al. (2013) ressaltam a importância da emergência do 

crânio completamente acinético em Mesoeucrocodylia, onde o palato, basicrânio, 

caixa craniana e quadrado estão inteiramente fusionados, o que poderia ter sido um 

passo evolutivo importante para o surgimento da grande disparidade morfológica vista 

durante o Mesozóico.  

 Um problema recorrente na filogenia dos Mesoeucrocodylia diz respeito ao 

posicionamento do clado de crocodilomorfos marinhos Thalattosuchia (Wilberg, 

2015). Estes já foram recuperados em sua base, como uma primeira irradiação 

(Young & Andrade, 2009; Young et al., 2012), dentro de Neosuchia (Turner & Sertich, 

2010), ou até mesmo fora de Crocodyliformes (Pol & Gasparini, 2009; Wilberg, 2015).  

 Dois grandes clados dentro de Mesoeucrocodylia dividem a evolução dos 

Crocodyliformes em uma dicotomia principal, que marca duas tendências evolutivas 

distintas, os Neosuchia, de onde se originaram os crocodilianos atuais, representados 

essencialmente por formas semiaquáticas, ou marinhas no caso dos Dyrosauridae, 

com crânios dorsoventralmente achatados e órgãos sensoriais dorsalmente 

posicionados, e os Notosuchia, grupo de crocodiliformes terrestres gondwânicos de 

pequeno a grande porte, que evoluíram uma alta disparidade de hábitos alimentares, 

com formas possivelmente hipercarnívoras e herbívoras (Gasparini, 1971). Tais 

grupos serão detalhados nas sessões seguintes. 
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Figura 5. Cladograma de consenso estrito de Crocodyliformes modificado de Pol e 
colaboradores (2014). Notar a duas principais linhagens de Mesoeucrocodylia, os 
Notosuchia (em cinza) e os Neosuchia (em amarelo). Baurusuchidae, objeto de estudo 
deste projeto, está destacado em azul. 
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1.6) -  Neosuchia 

 Os neossúquios integram todos os crocodiliformes mais proximamente 

aparentados com Crocodylus niloticus do que com Notosuchus terrestris (Sereno et 

al., 2001). Excluindo Thalattosuchia, uma irradiação marinha, as formas basais mais 

recorrentes nas filogenias de Neosuchia são os membros de Tethysuchia (figura 6ª e 

B) (Buffetaut, 1982). Estes possuem representantes no Jurássico e Cretáceo da África 

e América do Sul (Fortier, Perea & Schultz, 2011), e seus integrantes incluem a família 

Pholidosauridae, o gênero Sarcosuchus (para uma revisão detalhada, ver Souza et 

al., 2019), e os Dyrosauridae, que, além de marcar uma segunda migração ao 

ambiente marinho dentro de Crocodylomorpha, são um dos três clados deste último 

(juntamente com Sebecosuchia e Crocodylia) que sobreviveram ao evento K-Pg 

(Barbosa et al., 2008; Bronzati et al., 2015).   

A transição de Neosuchia para o clado mais restrito e próximo dos crocodilianos 

atuais, denominado Eusuchia, é caracterizada pela evolução efetiva de hábitos 

semiaquáticos e de predação de emboscada, com algumas importantes exceções 

(Pristichampsidae, Brochu, 2013). Resumidamente, tal transição foi marcada pelo 

surgimento dos seguintes caracteres: (1) crânios platirostrais (achatados dorso-

ventralmente); (2) desenvolvimento de vértebras procélicas; (3) segmentação do 

escudo parasagital, e (4) inclusão completa das coanas nos pterigoides (Benton, 

2005; Salisbury et al., 2006). 

Uma série de táxons relativamente completos, alguns descobertos 

recentemente, registram a evolução das características supracitadas e a aquisição 

gradual de caracteres classicamente associados ao grupo coronal Crocodylia. Os 

Goniopholididae, por exemplo, marcam uma família de neossúquios basais e 

possivelmente um grupo irmão de Tethysuchia (de Andrade et al., 2011; Souza et al., 

2019), enquanto Bernissartia fagesii Dollo 1883, do Cretáceo Inferior da Laurásia, é 

considerado um neossúquio proximamente relacionado à Eusuchia, e 

superficialmente apresentaria anatomia muito próxima a estes.  

As duas espécies de Susisuchus (Salisbury et al., 2003; Fortier & Schultz, 

2009) e também o Isisfordia duncani (Salisbury et al., 2006) seriam os mais basais 

eussúquios já encontrados, apresentando morfologia extremamente similar aos 

membros do grupo coronal, porém ainda com um procelia incipiente e um escudo 

dorsal não totalmente desenvolvido. Imediatamente fora de Crocodylia, enfim, temos 

táxons como Hylaeochampsa vectiana Owen 1874, do Grupo Wealden, Cretáceo 
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Inferior de Ilha de Wight, Reino Unido. Este eussúquio já apresentava palato com a 

estruturação derivada das coanas (Clark & Norell, 1992) e evidencia um surgimento 

Laurásico para o grupo coronal.  

As principais linhagens de crocodilianos atuais, sendo estas as três famílias 

viventes, já haviam se divergido ao final do Mesozóico (figura 6C e D), e seu registro 

não controverso mais pretérito consiste de Portugalosuchus azenhae (Mateus et al., 

2019), e alligatoróides do Campaniano da América do Norte, como Leidyosuchus 

canadensis e Brachychampsa sealeyi (Williamson, 1996; Brochu, 1997; Brochu, 

2003). Brachychampsa seria mais derivado que Leidyosuchus, sendo um gênero 

basal dentro de Caimaninae (Bona et al., 2018). O gênero Deinosuchus inclui formas 

de grande tamanho corporal e possivelmente predadores de topo do Campaniano da 

América do Norte, sendo de importante menção uma vez que já foram classificados 

como crocodilídeos e, mais recentemente, alligatoróides (Colbert & Bird, 1954; 

Brochu, 1999; Knight & Schwimmer, 2005).  

 

Figura 6. Neossúquios representados por táxons mais basais (A e B) e mais derivados 
(C e D).  A) – Sínfise mandibular de Sarcosuchus hartti (Tethysuchoideia) da Bacia do 
Recôncavo (Cretáceo Infeiror). Retirado e adaptado de Souza et al. (2019). B) – Crânio 
e mandíbula completos de Guarinisuchus munizi, um Dyrosaurídeo (Tethysuchoidea), 
coletado na Formação Maria Farinha, Bacia Paraíba (Paleoceno). Retirado de Barbosa 
et al. (2008). C) – Brachychampsa montana Gilmore (1911), um membro fóssil do grupo 
coronal Crocodylia (Alligatoroidea) do Cretáceo Superior do América do Norte 
(Campaniano – Maastrichtiano). Imagem © 2014 Dave Strauss. D) – Crânio de 
Melanosuchus niger, um caimaníneo moderno comum do norte da América do Sul. Foto 
pelo autor de espécime de coleção didática da FUP-UnB.   
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Os Thoracosauria, antes considerados Gavialóides presentes no 

Maastrichtiano (Brochu, 2004), tiveram recentemente sua afinidade filogenética 

questionada, agora compreendidos por Lee & Yates (2018) como um grupo basal à 

Crocodylia e representando um exemplo extremo de convergência, o que corrobora 

uma radiação mais recente para Gavialidae. Por fim, os Crocodilóides têm um registo 

escasso no Cretáceo, de forma que somente Prodiplocynodon langi Mook 1941, da 

Formação Lance, Cretáceo tardio do Wyoming, seja conhecido. 

A seguir, os crocodilianos propriamente ditos e sua história evolutiva são 

discutidos, com ênfase para Alligatoridae, uma vez que todas as seis espécies de uma 

de suas subfamílias, Caimaninae, ocorrem amplamente no território nacional 

(RAN/ICMBio). 

 

1.6.1) – Crocodylia: Alligatoridae, Crocodylidae, Gavialidae  

 Contrariamente ao entendimento popular, os crocodilianos compõem um clado 

relativamente recente (Campaniano ao Holoceno), atualmente composto de três 

famílias (figura 7), que possui uma rica história evolutiva com cerca de cinco vezes 

mais táxons fósseis do que viventes (Brochu, 2003). Uma das principais divisões 

dentro de Crocodylia ocorre na separação entre os clados Gavialoidea e Brevirostres, 

este último, sensu Brochu (2003), é definindo como o último ancestral em comum de 

Alligator mississippiensis, Crocodylus niloticus e todos os seus descendentes, 

contendo, então, tanto Alligatoroidea quanto Crocodyloidea. 

O gênero Borealosuchus é proximamente relacionado à Brevirostres, e ocorre 

do Cretáceo Superior ao Eoceno da América do Norte, exibindo uma morfologia 

craniana generalizada e plesiomórfica para o clado, caraterizada por um rostro 

relativamente curto, afinando anteriormente, presença de entalhe entre a pré-maxila 

e maxila, além de oclusão dos dentes do dentário medialmente em relação aos 

maxilares (Brochu, 2003). Deste padrão, evoluíram as diversas formas brevirostrinas 

e mesorostrinas que caracterizam a maioria dos alligatorídeos e crocodilídeos.  

Alligatoridae é subdividida em duas subfamílias (Alligatorinae e Caimaninae), 

que abarcam todas as oito espécies viventes, sendo duas pertencentes ao gênero 

Alligator (A. mississippiensis e A. sinensis), presentes no sudeste dos E.U.A e no leste 

da China, dois caimaníneos do gênero Paleosuchus (P. palpebrosus e P. trigonatus), 

três do gênero Caiman (C. crocodilus, C. yacare e C. latirostris) e, por fim, 

Melanosuchus niger, que difere dos demais devido ao seu grande tamanho corporal. 
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Todos as seis espécies de caimaníneos viventes ocorrem no Brasil, e algumas delas 

estendem sua distribuição a outros países vizinhos, como Argentina, Paraguai, países 

amazônicos, e porção sul da América Central.  

 

Figura 7. Exemplos de membros viventes da ordem Crocodylia. A) – O aligatorídeo 
(Caimaninae) Caiman crocodilus, fotografado pelo autor no Zoológico de Brasília 
(Fundação Jardim Zoológico de Brasília). B) – Espécie de crocodilídeo recentemente 
reconhecida Crocodylus halli, da Nova Guiné. Retirado de Murray et al. (2019). C) – 
Gavialis gangeticus, única espécie remanescente da família Gavialidae. Foto de IUCN 
Red List (International Union for Conservation of Nature) – iNaturalist. D) – Tomistoma 
schlegelii, forma longirrostrina de afinidade incerta. Sua morfologia indica proximidade 
com crocodilídeos, enquanto dados moleculares apontam para Gavialidae. Retirado de 
ADW (Animal Diversity Web) – Jerry Gingerich. 

 

As sinapomorfias que sustentam as subfamílias supracitadas são discutidas 

em detalhe por Brochu (1999), e, para Alligatorinae, é possível destacar: (I) projeção 

anterodorsal dos nasais, eventualmente formando um septo completo no gênero 

Alligator; (II) dentário recurvado entre o terceiro e décimo alvéolos. Caimaninae, por 

sua vez, é suportado, dentre vários caracteres, por: (I) exclusão do esplenial da sínfise 

mandibular; (II) exoccipitais compondo as tuberosidades do basioccipital através do 

envio de processos ventrolaterais delgados; (III) exclusão do parietal da margem 

posterior do teto craniano. 

Apesar de sua provável origem no hemisfério norte, a família Alligatoridae teve, 

e ainda retém, sua maior diversidade de espécies na América do Sul, através de sua 
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irradiação de cenozóica de caimaníneos, que incluiu desde pequenas espécies 

durófagas, que mantiveram o estado plesiomórfico de globidonta (clado que 

compreende formas mais basais e o último ancestral em comum entre caimaníneos e 

aligatoríneos), até os clássicos exemplos de gigantismo do Mioceno Amazônico como 

Purussaurus e Mourasuchus (Aguilera et al., 2006; Bona et al., 2018; Cidade et al., 

2017; 2019; Souza-Filho et al., 2019). Tais táxons possivelmente formavam uma 

complexa cadeia trófica no grande sistema lacustre-fluvial Pebas/Solimões (Salas-

Gismondi et al., 2015).  

Os crocodilóides, formas mais próximas de Crocodylus niloticus do que de 

Alligator mississippiensis e Gavialis gangeticus, após um registro pontual durante o 

Cretáceo, são comuns no Cenozóico do Hemisfério Norte, com membros do gênero 

Asiatosuchus ainda possuindo a morfologia geral dos Brevirostres (Brochu, 2003). A 

família Crocodylidae, clado apical dentro de Crocodyloidea, é definida como o 

ancestral em comum mais recente de Crocodylus niloticus, Osteolaemus tetraspis e 

Tomistoma schlegelii, sendo composta das subfamílias Tomistominae, hoje 

monoespecífica, Crocodylinae, e a recentemente reconhecida Osteolaeminae 

(Brochu, 1997; 2003; 2007). Esta última possivelmente inclui formas fósseis atípicas 

como Voay robustos e suas cristas protuberantes nos esquamosais, e Euthecodon 

(Brochu, 2017), excepcional devido a seu rostro alongado, diastemas grandes e 

alvéolos proeminentes (Brochu, 2007). Curiosamente, alguns membros fósseis do 

gênero Crocodylus, como C. thorbjarnarsoni, da Bacia Turkana (Plioceno-Pleistoceno) 

do Quênia, atingiram dimensões muitos superiores as formas viventes (Brochu & 

Storrs, 2012). 

Crocodylidae é o clado mais especioso dentro de Crocodylia atualmente, com 

cerca de 15 espécies válidas (Grigg, 2015). Recentemente, estudos de genética de 

populações têm revelado uma diversidade velada de crocodilídeos onde previamente 

se reconhecia somente uma única espécie (Murray et al., 2019). Dentro do gênero 

Mecistops, por exemplo, foram reconhecidas duas espécies, M. cataphractus e M. 

leptorhynchus, separados geograficamente pela Linha vulcânica dos Camarões 

(Cameron Volcanic Line), marcando um possível evento de especiação alopátrica 

(Shirley et al., 2018).  

Por fim, gavialóides e gavialídeos são representados no registro fóssil por uma 

miríade de formas que tinham uma distribuição geográfica bem mais ampla que nos 

dias atuais, começando no Maastrichtiano dos EUA (Brochu, 2004) e culminando nas 
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formas endêmicas da América do Sul durante o Mioceno, como os gigantescos 

membros do gênero Gryposuchus (Souza et al., 2018). 

 

1.7) – Notosuchia 

 Outra linhagem principal dentro de Mesoeucrocodylia é formada pelo 

notossúquios, clado primeiramente erguido por Gasparini (1971), de modo a 

acomodar táxons gondwânicos de hábitos terrestres, contendo, originalmente, os 

gêneros Notosuchus, Sphagesaurus, Uruguaysuchus e Araripesuchus.  

Com a descoberta de um número cada vez maior de espécies nas últimas duas 

décadas (Pol & Leardi, 2015), Notosuchia aumentou substancialmente de tamanho 

(Buckley et al., 2000; Carvalho & Bertini, 1999; Carvalho et al., 2004; 2007; Larsson & 

Sues, 2007; Martinelli et al., 2018; Nobre & Carvalho, 2006; O’connor et al., 2010; 

Sereno & Larsson, 2009, Montefeltro et al., 2011), e, nas filogenias mais recentes, 

engloba principalmente Uruguaysuchidae, Peirosauridade, “notossúquios avançados’’ 

(Notosuchidae + Sphagesauridae), além de Baurusuchidae e Sebecidae (Pol et al., 

2012; Iori et al., 2016; Martinelli et al., 2018). 

Os notossúquios despertam a curiosidade científica principalmente por sua 

terrestrialidade e cursorialidade (Tavares et al., 2017), além de sua substancial 

variedade de hábitos alimentares, com adaptações cranianas e dentárias 

correspondentes (figura 8), com táxons possivelmente omnívoros/herbívoros e 

carnívoros de topo de cadeia (Pol et al., 2003; Riff & Kellner, 2011). Apesar de vários 

registros e espécies descritas em países como Argentina, Bolívia, Venezuela, 

Madagascar e Paquistão, o número de táxons e a disparidade dos mesmos na Bacia 

Bauru, no centro-sudeste do Brasil, amplamente supera seus pares internacionais, 

tornando esta região do país um hotspot de diversidade de crocodilomorfos durante o 

Neocretáceo (Riff et al., 2012). 

Embora fragmentário, consistindo apenas de pré-maxila e a porção anterior do 

dentário esquerdo, Razanandrongobe sakalavae Sasso et al. 2017, do Jurássico 

Médio (Bathoniano) de Madagascar, compreende o registro mais antigo para 

Notosuchia (FAD), enquanto Barinasuchus arveloi Paolillo & Linares 2007, um 

sebecídeo do Mioceno da Venezuela, marca a última aparição para o clado (LAD). Os 

notossúquios irradiaram substancialmente durante o Eocretáceo, marcando uma 

diversificação de crocodilomorfos terrestres, em paralelo com a irradiação de 

neossúquios, que tem uma origem mais pretérita (Bronzati et al., 2015). Tais formas 
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do Eocretáceo incluem uruguayssuquídeos atípicos como o platirostral Anatosuchus 

minor (Sereno & Larsson, 2009), as espécies do gênero Araripesuchus (Price, 1959), 

pequenos zifossúquios basais com dentição heterodonte como Pakasuchus e 

Malawisuchus, além do Peirossaurídeo Hamadasuchus rebouli (Larsson & Sues, 

2007).  

Figura 8.  Amostra da diversidade de notossúquios. A) – Crânio de Araripesuchus 
wegeneri, um Uruguaysuquídeo da Formação Elrhaz, Cretáceo Inferior da República do 
Níger. Adaptado de Sereno & Larsson (2009). B) – Hamadasuchus rebouli, pertencente 
ao clado Peirosauridae, em vista lateral direita. Coletado nas Kem Kem Beds (Albiano 
– Cenomaniano) do Marrocos. Retirado e adaptado de Larsson & Sues (2007). C) – 
Tomografia computadorizada de crânio e mandíbula de Simosuchus clarki, um 
zifossúquio basal altamente especializado, possivelmente herbívoro, com dentição 
multicuspidada (ver detalhe, canto inferior direito). Imagem de Digimorph.org, 
produzida por Kley e colaboradores (2010). D) – Espécime ainda não descrito de 
Sebecus sp., um sebecossuquídeo da Formação Lumbrera, Eoceno da Argentina.  

 

Ao final do Cretáceo encontramos a maior diversidade de notossúquios (Riff et 

al., 2012, Pol & Leardi, 2015), abrangendo grandes esfagessaurídeos com escudos 

dérmicos hiperdesenvolvidos, como Armadillosuchus arrudai (Marinho & Carvalho, 

2009; Cunha et al., 2020), pequenos notossúquios avançados como Mariliasuchus e 

Adamantinasuchus, diversos peirossaurídeos como Uberabasuchus, 

Montealtosuchus e Pepesuchus, além das cerca de nove espécies de 

baurussuquídeos.  

A coexistência de um alto número de espécies simpátricas de crocodilomorfos 

em uma única bacia, levanta uma série de perguntas relacionadas a estrutura trófica 
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de tal ecossistema, tendo em vista a falta de análogos modernos. Felizmente, 

evidências de relação de predação direta (Godoy et al., 2014) e promissoras novas 

técnicas de reconstrução de cadeias tróficas (Cardia et al., 2018) poderão dar luz a tal 

questão. Adicionalmente, o contexto idiossincrático da Bacia Bauru, com sua alta 

diversidade de crocodilomorfos, levou alguns autores a hipotetizar que os mesmos 

estariam se aproveitando da vacância de nichos ecológicos tradicionalmente 

preenchidos por dinossauros (Riff & Kellner, 2011; Bandeira et al., 2018).  

As relações filogenéticas entre diferentes clados de notossúqueos, apesar da 

recuperação de uma série de topologias instáveis e variáveis, parece ter estabilizado 

em uma configuração padrão na maioria dos trabalhos mais recentes (Pol et al., 2012; 

2014; Fiorelli et al., 2016; Martinelli et al., 2018).  Contudo, diversas incertezas ainda 

persistem, principalmente aquelas relacionadas à posição de Peirosauridae, podendo 

ser mais próxima a linhagem de Neosuchia (Larsson & Sues, 2007) ou Notosuchia 

(Pol et al., 2014). A afinidade de formas como Mahajangasuchus, Kaprosuchus e 

outras aparentadas à Trematochampsa também é controversa (Buffetaut, 1991; 

Sereno & Larsson, 2009).  

 

 

1.7.1) – Peirosauridae 

Esta família de notossúquios predatórios de pequeno a  médio porte erguida 

por Gasparini (1982) apresenta um rico registro com ampla distribuição geográfica 

(figura 9), ocorrendo do Albiano ao Maastrichtiano da África (Larsson & Sues, 2007; 

Sertich & O’connor, 2014), Argentina (Gasparini, Chiappe & Fernandez, 1991; 

Martinelli et al., 2012; Barrios et al., 2016; Lio et al., 2016; Filippi et al., 2018; Lamanna 

et al., 2019; Coria et al., 2019) e Brasil (Price, 1955; Carvalho et al., 2004; 2007; 

Campos et al., 2011).  

Assim com outros crocodiliformes terrestres, possuíam uma postura 

parasagital, corroborada por estudos morfofuncionais (Tavares et al., 2017), além de 

um escudo dérmico bem desenvolvido (figura 9B), que se estendia até a região 

ventral e envolvia totalmente a cauda em algumas espécies (Fiorelli, 2010; Tavares et 

al., 2015). O caráter da preservação de alguns espécimes de peirossaurídeos, como 

o relativamente completo e articulado Uberabasuchus terrificus, levanta a 

possibilidade dos mesmos terem facilitado a sua preservação futura através de 

hábitos fossoriais ou pela construção de gator holes (Vasconcellos & Carvalho, 2006). 
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Segundo Gasparini, Chiappe & Fernandez (1991) e autores subsequentes, 

suas sinapomorfias incluem: (1) um processo maxilar em formato de cunha 

penetrando dorsoanteriormente a pré-maxila; (2) um pré-maxila curta em vista ventral; 

(3) 14 a 15 dentes na maxila com diferenciação, sendo os mais posteriores globulares; 

(4) dentes maxilares ultrapassam a margem anterior da fenestra suborbital; (5) nasais 

longos e uniformemente espessos ao longo do rostro; (6) crista medial e 

protuberâncias laterais proeminentes no basioccipital.  

Figura 9. Peirosauridae representada aqui por três táxons. A) – Montealtosuchus 
arrudacamposi, crânio em vista lateral direita. O contato em ‘cunha’ entre a pré-maxila 
e a maxila, típicos dos peirossaurídeos, pode ser observado. Foto cedida por Rodrigo 
Santucci (UnB).  B) – Pós-crânio em vista ventral, com destaque para o escudo dérmico 
bem desenvolvido. Adaptado de Tavares et al. (2017). C) – Crânio e mandíbula 
completos de Hamadasuchus rebouli recentemente descobertos nas Kem Kem Beds 
(Cretáceo Inferior, Marrocos). Espécime não descrito, apresentado em Ibrahim et al. 
(2020). D) – Pepesuchus deiseae, rostro em vista palatal e porção anterior dos ramos 
direito e esquerdo dos dentários em vista lateral. Foto D obtida pelo autor.  

 

  

Desde sua proposição por Gasparini (1982), Peirosauridae não têm 

apresentado uma posição estável dentro das filogenias, contudo, utilizando-se a 

matriz de Pol et al. (2014), estes são posicionados como grupo irmão de 

Uruguaysuchidae, dentro de Notosuchia. Com resultados distintos, Geroto & Bertini 

(2018) obtiveram um posicionamento fora de Notosuchia, como grupo irmão da família 

Sebecidae, com formas como Pepesuchus deiseae, Itasuchus jesuinoi, Caririsuchus 
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camposi e Barreirosuchus franciscoi compondo uma subfamília denominada 

Pepesuchinae, com uma diagnose revisada disponibilizada para a família. 

 

 

1.7.2) – Sphagesauridae 

Os esfagessaurídeos formam um clado endêmico de notossúquios avançados 

de pequeno a médio porte da América do Sul, mais particularmente da Bacia Bauru, 

no sudeste brasileiro (Pol et al., 2003). Após a descrição de Sphagesaurus huenei por 

Price (1950), apesar da escassez do material, que consistia apenas de alguns dentes, 

ergueu-se uma família monotípica para o gênero (Sphagesauridae Kuhn, 1968). Hoje, 

após décadas de coleta, a diversidade e a disparidade morfológica conhecida para a 

família aumentou substancialmente, incluindo pequenos esfagessaurídeos como 

Adamantinasuchus navae (Nobre & carvalho, 2006), passando pelas quatro espécies 

do gênero Caipirasuchus (Andrade & Bertini, 2008; Iori & Carvalho, 2011: Pol et al., 

2014; Martinelli et al., 2018), além de formas de grande porte e com escudos dérmicos 

muito desenvolvidos, como Armadillosuchus arrudai (Marinho & Carvalho, 2009).  

Até a descoberta de Yacarerani boliviensis, um esfagessaurídeo do Cretáceo 

da Bolívia (Novas et al., 2009), pensava-se que estes notossúquios eram exclusivos 

da Bacia Bauru, Cretáceo Inferior do Brasil, tal descoberta, porém, em conjunto com 

outros táxons relacionados à sphagesauridae encontrados na África (O’connor et al., 

2010), aumentou a distribuição do grupo. Este é um clado conhecido por sua 

heterodontia avançada, com a presença de dentes especializados incisiviformes, 

caniniformes e molariformes, por vezes multicuspidados (Novas et al., 2009; 

Montefeltro et al., 2009). 

O padrão de oclusão dos dentes é peculiar ao clado e alguns táxons 

proximamente relacionados (ver Notosuchus terrestris, Fiorelli & calvo, 2008; Barrios 

et al., 2018), onde as carenas serrilhadas se desenvolvem distalmente nos 

molariformes maxilares, enquanto os mesmos no dentário possuem carenas mesiais 

(Figura 10). 

Andrade & Bertini (2008) destacam, entre outras características únicas do 

clado, pré-maxilas reduzidas carregando pelo menos um par de caniniformes 

hipertrofiados, de seis a sete dentes maxilares, todos molariformes, e a implantação 

oblíqua dos mesmos. Em Pol e colaboradores (2014), o monofiletismo da família é 

suportado por sete sinapomorfias, algumas aqui ressaltadas: (1) superfície do esmalte 
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dos dentes maxilares e dentários posteriores é coberta por pequenas protuberâncias 

arredondadas; (2) os dentículos das carenas são unidos por uma crista apicobasal; 

(3) um vão entre os foramens neurovasculares anteriores e posteriores na superfície 

lateral da maxila. Outros caracteres são referentes a relação de contato entre 

elementos do basicrânio.  

Figura 10. Caipirasuchus stenognathus, um típico esfagessaurídeo da Formação 
Adamantina, Bacia Bauru, Brasil. Notar o padrão de oclusão oblíquo dos molariformes, 
onde as carenas serrilhadas do dentário e maxila apontam para direções opostas.  Foto 
pelo autor (MZSP-PV 1390). 

 

Desde sua descoberta inicial por Price (1950), muito se especula a respeito da 

dieta dos esfagessaurídeos, inferindo-se, através de seu movimento propalinal de 

mastigação (Pol et al., 2003; Iori & Carvalho, 2018) e espessura da dentina (Ricart et 

al., 2019) uma dieta herbívora ou omnívora. Desdobramentos de técnicas 

geoquímicas recentemente desenvolvidas (Cardia et al., 2018), oferecem uma nova 

perspectiva de testar a herbivoria em esfagessaurídeos de maneira independente de 

dados morfológicos.  

 

 

1.7.3) – Sebecidae / Sebecossúquios cenozóicos 

Compreendendo o único clado de notossúquios remanescente após o evento 

K-Pg, (Pol et al., 2014; Kellner et al., 2014), os sebecídeos, assim como seu grupo 

irmão Baurusuchidae, são marcados por predadores de pequeno, médio e grande 
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porte, com rostros altos, achatados lateralmente, dentição zifodonte e grandes 

aberturas das narinas internas (coanas). Tal configuração peculiar levou Simpson 

(1937) a erguer a família Sebecidae baseando-se nos primeiros materiais de Sebecus 

icaeorhinus, representado por um crânio completo, porém desarticulado, coletado na 

Formação Sarmiento (Eoceno Médio), na província de Chubut, Argentina (Colbert, 

1946).   

Sahitisuchus fluminensis, do Paleoceno da Bacia do Itaboraí (Kellner et al., 

2014), Estado do Rio de Janeiro, Brasil, é o registro mais antigo do clado, enquanto 

Barinasuchus arveloi, do Mioceno da Venezuela (Paolillo & Linares, 2007), seria sua 

última aparição.  Apesar de se concentrarem na América do Sul (Simpson, 1937; 

Colbert, 1946; Gasparini,  1984; 1993; Busbey, 1986; Paolillo & Linares, 2007; Pol et 

al., 2011; 2012) (figura 11), sebecídeos apresentam distribuição geográfica mais 

ampla, tendo sido coletados tanto na Europa, com táxons como Iberosuchus 

macrodon e Bergisuchus dietrichbergi (Antunes, 1975; Kuhn, 1968; Ortega et al., 

1996; Rossmann, et al., 2000; ver Martin et al., 2015), quanto na África (Buffetaut, 

1982; 1986; 1989; Stefanic et al., 2020).  

A monofilia dos sebecídeos é suportada por uma série de caracteres, que 

podem mudar de acordo com a matriz utilizada por cada trabalho, neste caso Pol e 

colaboradores (2011): (1) asas dos pterigóides anteroposteriormente curtas e 

dorsoventralmente desenvolvidas, em formato de ‘’barra’’; (2) mais de oito dentes 

maxilares; (3) quadradojugal alcançando a porção lateral dos côndilos articulares do 

quadrado; (4) maior eixo do quadrado direcionado posteroventralmente, porém 

defletido lateralmente em relação a região occipital; e (5) porção distal do quadrado 

lateromedialmente expandida e anteroventralmente achatada. 

Gasparini et al. (1993), juntamente com a descrição de Bretesuchus bonapartei, 

também realizou um dos primeiros esforços cladísticos para os sebecídeos sul-

americanos. É importante, então, citar algumas sinapomorfias que suportam tal clado, 

mas que não foram recuperadas por Pol et al. (2011): (1) nasal convexos; (2) 

tuberosidades no basioccipital; (3) basiesfenóide não exposto ventralmente; (4) 

dentes mandibulares procumbentes; (5) processo retroarticular bem desenvolvido; (6) 

borda ventral do angular ascendente; e (7) borda dorsal do surangular também 

ascendente.   

Outras características importantes presentes em alguns sebecídeos 

cenozóicos, porém não em todos, incluem: (1) a ocorrência de fenestra antorbital em 
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táxons europeus (Iberosuchus e Bergisuchus, ver Rossmann et al., 2000); (2) a perda 

da fenestra mandibular, como em Sahitisuchus fluminensis (Kellner et al., 2014); (3) 

desenvolvimento de crista na margem ventral da mandíbula, percorrendo tanto o 

angular como o dentário (também presente em Sahitisuchus fluminensis) e (4) coanas 

grandes e semicirculares (ocorre na maioria dos táxons com exceção de Zulmasuchus 

querejazus, que, curiosamente, também não apresenta pterigóides 

anteroposteriormente curtos, ver Paolillo & Linares, 2007).   

Assim como outros notossúquios, seu esqueleto pós-craniano apresenta 

diversas adaptações para a terrestrialidade (Pol et al., 2012; 2013). Contudo, alguns 

táxons como Sahitisuchus e Lorosuchus poderiam ser parcialmente semiaquáticos, 

cogitando-se até uma readaptação ao ambiente terrestre após o Paleoceno, com a 

volta da oreinirrostria (Pol & Powell, 2011; Kellner et al., 2014).  

O posicionamento filogenético dos sebecídeos dentro de Mesoeucrocodylia 

têm duas hipóteses principais. Na primeira, estes formariam o clado Sebecia com os 

peirossaurídeos, porém na base da linhagem Neosuchia (Buffetaut & Marshall, 1991; 

Larsson & Sues, 2007), enquanto na segunda, formariam um grupo irmão de 

Baurusuchidae (Sebecosuchia) dentro de Notosuchia (Simpson, 1937, Pol et al., 

2014). Apesar do compartilhamento de diversos caracteres entre Peirosauridae e 

Sebecidae, artigos mais recentes tendem a recuperar um sebecosuchia monofilético, 

enquanto Sebecia monofilético tende a surgir em topologias subótimas (Pol et al., 

2011).  

Por último, a presença continuada de crocodilomorfos terrestres nos faz 

reavaliar as relações ecológicas das faunas cenozóicas terrestres. A ocupação de 

nichos de predadores de topo e o gigantismo de alguns sebecídeos, como algumas 

de suas formas mais recentes como Barinasuchus e Langstonia, levou Molnar & 

Vasconcellos (2016) a revisitar a clássica narrativa de uma substituição rápida da 

fauna mesozóica durante a irradiação dos mamíferos ao longo do Paleógeno e 

Neógeno, postulando uma predominância continuada dos arcossauros na forma de 

Sebecídeos e Phorusrhacídeos. 
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Figura 11. Uma amostra de diversidade de Sebecídeos da América do Sul. A) – Crânio 
de Zulmasuchus querejazus, da Formação Santa Lucía (Paleoceno), Bolívia. Já foi 
referido como Sebecus querejazus, sendo subsequentemente renomeado por Paolillo 
& Linares, 2007. Imagem cedida por Javier Catala. B) – Barinasuchus arveloi, do 
Mioceno da Venezuela. Não somente um dos maiores crocodiliformes terrestres já 
encontrados, mas também seu registro mais recente (LAD). C) – Sahitisuchus 
fluminensis, da Bacia Itaboraí, Paleoceno Superior, em vista dorsal. Este é o sebecídeo 
mais completo descoberto no Brasil. Foto do holótipo pelo autor. D) – Lorosuchus 
nodosus, táxon da Formação Río Loro, Paleoceno da Argentina. Imagem adaptada de 
Pol & Powell (2011). 

 

 

1.7.4) – Baurusuchidae 

A família de Baurusuchidae, primeiramente identificada por Price (1945), 

consiste em um grupo de predadores terrestres de médio a grande porte, do final 

Cretáceo, e de distribuição gondwânica. Seu crânio é caracterizado por rostro alto e 

achatado lateralmente, redução dentária, membros alongados, posicionados 

diretamente abaixo do corpo, em postura graviportante com o torso suspenso em 

relação ao chão, comprimento caudal similar ao comprimento pré-caudal, além de 

dupla fileira parasagital de osteodermos anteroposteriormente alongados (Riff & 

Kellner, 2011; Montefeltro, 2019).  

Como a maior parte dos crocodiliformes fósseis, as principais sinapomorfias 

sustentando o clado estão concentradas no crânio (figuras 12), sendo estas: (1) 

oreinirrostria – rostros altos e achatados lateralmente (Riff & Kellner, 2011); (2) 

maxilares com redução dentária, apresentando somente cinco dentes (Riff, 2003); (3) 
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dentição zifodonte – dentes labiolingualmente achatados, com carenas mesiais e 

distais serrilhadas (dentição teropodomorfa, Nascimento, 2014); (4) processo anterior 

do jugal com crista infraorbital bem desenvolvida e depressão triangular em sua 

superfície lateral (Riff, 2003); (5) aproximação medial dos pré-frontais (Montefeltro et 

al., 2011; Godoy et al., 2014); (6) Pterigoides expandidos anteroposteriormente 

(Carvalho et al., 2011); (7) porção posterior dos esquamosais verticalizada (Riff, 2003) 

e (8) depressão semicircular na face lateral do quadrado (Riff, 2003). 

 

Figura 12. Baurusuchidae, sua morfologia craniana geral e principais sinapomorfias 
enumeradas de acordo com o texto acima. (1,2,3) Vistas anterior e lateral direita do 
rostro de espécime de Baurusuchus sp, ressaltando a oreinirrostria, redução dentária 
e condição zifodonte; (4) morfologia do jugal em destaque, com visível depressão 
triangular no ramo anterior; (5) arranjo dos contatos da região anterior do teto craniano, 
com ênfase para a aproximação medial do pré-frontais;  (6) espécime em vista palatal 
ressaltando os pterigóides anteroposteriormente expandidos; (7,8) porção anterior do 
esquamosal vertical e depressão semicircular na lateral do quadrado. Ap= palpebral 
anterior; f= frontal; n=nasal; pf=pré-frontal. Fotos tiradas pelo autor de uma série de 
espécimes para fins esquemáticos. 

 
 

Atualmente, existem nove espécies descritas em território brasileiro: 

Baurusuchus pachecoi Price, 1945, Baurusuchus salgadoensis Carvalho et al. 2005, 

Baurusuchus albertoi Nascimento & Zaher, 2010, Stratiotosuchus maxhechti Campos 

et al. 2001, Pissarrachampsa sera Montefeltro et al. 2011, Campinasuchus dinizi 

Carvalho et al. 2011, Gondwanasuchus scabrosus Marinho et al. 2013 Aplestosuchus 

sordidus Godoy et al. 2014, Aphaurosuchus escharafacies, Darlim et al., 2021 e 
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Aphaurosuchus kaiju Martins et al., 2023. Cynodontosuchus rothi Woodward, 1896, 

Wargosuchus australis Martinelli & Pais, 2008, e Pabwehshi pakistanensis Wilson et 

al. 2001, são outros três baurussuquídeos que completam a família, descritos a partir 

de espécimes provenientes da Argentina e Paquistão, respectivamente. 

Montefeltro et al. (2011) e Godoy et al. (2014) forneceram as primeiras 

filogenias focadas na família Baurusuchidae, subdividindo-a em duas subfamílias 

principais, Baurusuchinae e Pissarrachampsinae, além das formas mais basais 

Cynodonthosuchus rothi e Gondwanasuchus scabrosus. A aproximação dos pré-

frontais é a característica mais conspícua que divide as duas subfamílias (figura 11-

5), com baurussuquíneos apresentando pré-frontais que se contatam ao longo de toda 

a sua superfície medial, enquanto os mesmos em pisarrachampsíneos somente se 

tocam em um único ponto medial, quase permitindo o contato entre frontal e nasal.  

A maioria dos trabalhos que têm baurussuquídeos como seu objeto de estudo 

foca na descrição osteológica dos mesmos, principalmente de elementos cranianos, 

enquanto uma minoria se dedica ao pós-crânio (Riff, 2003; Nascimento & Zaher, 2010; 

Riff & Kellner, 2011; Cotts et al., 2016; Godoy et al., 2016). A tafonomia de uma 

ocorrência de pós-crânio articulado também foi alvo de investigação, destacando a 

ação de ressecamento e mumificação nos paleoambientes áridos da Bacia Bauru (de 

Araújo Júnior & Marinho, 2013). 

 Recentemente, novas linhas de pesquisa têm sido exploradas, incluindo 

histologia dentária e de ossos longos, que inferiu um crescimento determinado para 

Baurusuchus e Notosuchia em geral (Ricart et al., 2019). Adicionalmente, houve a 

descrição recente da morfologia dos osteodermos que compõe seu escudo 

parasagital (Montefeltro, 2019), além de reconstrução da neuroanatomia utilizando-se 

de dados de tomografia computadorizada, que revelou uma série de informações 

comportamentais e paleoecológicas, como a posição neutra no crânio e possíveis 

modos de forrageamento (Fonseca et al., 2020; Dumont et al., 2020). Análise de 

elementos finitos também foi recentemente aplicada para determinação da força de 

mordida de baurussuquídeos (Montefeltro et al., 2020), que, apesar de obter valores 

relativamente baixos, pode inferir uma adaptação para resistir à movimentos laterais 

associados a movimentação da presa. 

Em contrapartida, pouco ainda é conhecido a respeito da ontogenia dos 

baurussuquídeos. Apesar de reportados previamente, foi somente com Oliveira et al. 

(2011), e subsequentemente com Marsola et al. (2016), que os ninhos e ovos de 
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crocodilomorfos da região de Jales-SP foram propriamente descritos nas escalas 

macro, micro e ultraestrutural. Oliveira e colaboradores (2011) ergueram um novo 

oogênero e espécie, Bauruoolithus fragilis, associando os mesmos aos restos 

esqueletais de Baurusuchus, frequentemente encontrados na proximidade das zonas 

de nidificação. Infelizmente, tais ocorrências não incluem material embrionário.  

Existem poucos registros de estágios de desenvolvimento entre a eclosão e a 

fase adulta, e estes tendem a ser indivíduos menores que a maioria dos adultos 

coletados, porém já próximos a maturidade esquelética. Geroto & Bertini (2012) 

descreveram um rostro e sínfise mandibular do primeiro espécime reportadamente 

juvenil de Baurusuchus, osteologicamente similar ao holótipo de Baurusuchus 

pachecoi, porém menor, que apresenta um possível caráter ontogenético na forma da 

angulação da margem anterior da mandíbula, que ao contrário dos adultos, com sua 

disposição vertical, tem inclinação de 45o.  

Godoy e colaboradores (2018), utilizando um crânio de juvenil bem preservado 

de Pissarrachampsa sera, fizeram uso da morfometria geométrica para avaliar se o 

desenvolvimento dos baurussuquídeos era influenciado por processos heterocrônicos 

peramórficos. Encontraram um bom suporte dos dados para tal, sugerindo então que 

as mudanças alimentares dos juvenis acompanhariam as mudanças ontogenéticas 

cranianas, eventualmente alcançando o nicho hipercarnívoro na fase adulta. 

Estudos focando na ontogenia de crocodilianos atuais revelaram que os 

mesmos apresentam uma série de mudanças morfológicas, refletindo alterações na 

composição das presas, modo de forrageamento, até mesmo no padrão de nado 

(Tucker et al., 1996; Erickson et al., 2003; Seebacher et al., 2003). Dessa forma, é 

plausível inferir que bausuquídeos e outros notossúquios apresentavam mudanças 

osteológicas no crânio e pós-crânio que, de maneira similar, representavam partição 

de nicho entre adultos e juvenis. De modo a esclarecer quais mudanças seriam essas, 

novas investigações, explorando a osteologia de diferentes estágios de crescimento, 

se fazem necessárias.  

 

1.8) – Considerações finais 

 A história evolutiva dos crocodilianos e, de maneira mais abrangente, dos 

crocodilomorfos, é rica e diversa, diferindo da percepção popular de uma linhagem 

evolutivamente estagnada (Brochu, 2003). O cretáceo do Brasil é particularmente rico 
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em formas fósseis, apresentando uma oportunidade única de estudo de um dos 

poucos ambientes terrestres não dominados por dinossauros durante o mesozóico.  

Os baurussuquídeos, sendo predadores de topo, sinalizam um ecossistema 

continental complexo (Benton, 2003) e seu possível paralelismo com terópodos de 

médio porte (Riff & Kellner, 2011) é uma importante ocorrência de convergência 

evolutiva entre dois clados proximamente aparentados, porém morfologicamente 

díspares no registro fóssil, possibilitando uma melhor compreensão do surgimento 

dessas homoplasias (Losos, 2017).  

 A paucidade de espécimes juvenis e de estágios ontogenéticos iniciais de 

baurussuquídeos é uma lacuna a ser preenchida no estudo dos vertebrados da Bacia 

Bauru. Os capítulos a seguir apresentam, na forma de artigo, três trabalhos que 

buscam contribuir para o preenchimento de tal lacuna.  
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Título  

Um pequeno semaforonte atribuído a Baurusuchidae (mesoeucrocodylia, 

Crocodyliformes) da Formação Adamantina, Grupo Bauru, Cretáceo Superior do 

Brasil.   
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Resumo 

Ocorrências de indivíduos jovens e imaturos, relativamente raros no registro 

fóssil, são importantes devido à grande quantidade de informações morfológicas e 

evolutivas que revelam sobre o desenvolvimento de uma linhagem. Embora os 

crocodilomorfos sejam os vertebrados terrestres mais abundantes encontrados na 

Bacia do Bauru, no sudeste do Brasil, superando em número até mesmo os materiais 

de dinossauros, muito ainda precisa ser compreendido sobre sua anatomia, ecologia 

e ontogenia. Fragmentos de ovos, ninhos e locais de nidificação atribuídos a 

Baurusuchus foram descritos anteriormente, mas infelizmente nenhum deles produziu 

restos de embriões ou filhotes. Aqui, descrevemos, pela primeira vez, material de um 

jovem notossúquio, recuperado da Formação Adamantina, com características 
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osteológicas consistentes com Baurusuchidae. Apresentamos e discutimos 

evidências osteológicas e histológicas de seu estágio ontogenético, revelando 

caracteres morfológicos distintos da maioria das formas adultas, incluindo lâminas 

centro-parapofisiais conspícuas e quilhas ventrais desenvolvidas. Dados de 

tomografia computadorizada também permitiram a identificação de ossificação 

incipiente e uma nova característica ontogenética na diminuição do volume das 

cavidades pneumáticas do frontal. Materiais semelhantes aumentarão nossa 

compreensão da ontogenia e diversidade de Notosuchia, exigindo que caracteres 

ontogenéticos sejam integrados às futuras filogenias. 

Palavras-chaves: Crocodylomorpha, Notosuchia, Baurusuchidae, Ontogenia, Grupo 

Bauru. 

 

Conclusões 

A descrição osteológica e a diversidade fóssil conhecida proveniente do local 

de coleta convergem para suportar uma afinidade baurussuquídea para este 

espécime. Adicionalmente, a análise histológica indica que se trata de um jovem 

precoce, provavelmente com menos de um ano de idade. Assumindo essa 

classificação taxonômica, várias características, com implicações ontogenéticas, são 

relevantes e merecem discussão e investigação adicionais: 

Neonatos e jovens de crocodiliformes fósseis e crocodilianos modernos tendem 

a não apresentar fenestras supratemporais completamente desenvolvidas, que estão 

intimamente relacionadas à força de mordida, e mostram diferentes dietas e 

estratégias de forrageamento à medida que crescem (Tucker et al. 1996; Gignac e 

Erickson 2016; Vieira et al. 2018b; Drumheller et al. 2021). Portanto, considerando sua 

natureza completamente aberta em semaforontes precoces, o desenvolvimento das 

fenestras supratemporais pode ter ocorrido cedo na ontogenia. 

No caso de IFSP-VTP/PALEO-0004 ser um baurussuquídeo, a presença de 

quilhas ventrais nas vértebras cervicais, lâminas centro-parapofisiais visíveis e a 

ausência de protuberâncias pré-zigapofisiais parecem ter uma forte influência 

ontogenética, uma vez que nenhuma dessas características é observada em 
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espécimes adultos e a primeira foi identificada como uma possível sinapomorfia pós-

craniana para sebecossúquios (Pol et al. 2012). 

Os ossos dérmicos cranianos, como o frontal, parecem exibir características 

ontogenéticas, como a diminuição do volume das recessos pneumáticos, o que pode 

contribuir para uma avaliação mais precisa da idade de possíveis espécimes juvenis,  

como o Gondwanasuchus scabrosus (Marinho et al. 2013), uma vez que propor novas 

espécies com base em indivíduos imaturos é inadequado. 

As evidências osteológicas e histológicas observadas apontam para uma 

afinidade de um baurussuquídeo juvenil para este espécime. O material apresentado 

aqui é o primeiro exemplo de um estágio ontogenético precoce de notossúquio 

recuperado no registro fóssil e está espacialmente associado a locais de nidificação 

de Bauroolithos fragilis Oliveira et al. (2011) e ovos atribuídos a Baurusuchus. 

Curiosamente, o sedimento ao redor deste espécime é de natureza granulométrica e 

textural semelhante aos arenitos avermelhados associados a locais de nidificação 

encontrados na Formação Adamantina (Oliveira et al. 2011; Marsola et al. 2016).  

Este semaforonte também forneceu informações sobre possíveis divergências 

osteológicas em relação a indivíduos adultos, incluindo a presença ou ausência de 

lâminas vertebrais, grau de pneumatização e ausência de ornamentação do esqueleto 

dérmico. Apesar da ausência de caracteres sinapomórficos totalmente desenvolvidos, 

a presença de características identificáveis em um estágio ontogenético tão precoce 

traz a esperança de que futuros espécimes possam ser devidamente atribuídos a 

clados conhecidos, permitindo possivelmente o estudo de séries de crescimento mais 

completas para outros grupos de notossúquios, que carecem de dados ontogenéticos.  

Por fim, o recente interesse renovado em características pós-cranianas é bem-

vindo (Pol et al. 2012; Leardi et al. 2015; Godoy et al. 2016), porém esforços adicionais 

são necessários, e tais informações aumentariam a probabilidade de avaliação 

adequada de descobertas futuras. 
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Capítulo III 

CRANIAL AND POSTCRANIAL ANATOMY OF A BAURUSUCHID JUVENILE 

(NOTOSUCHIA, CROCODYLOMORPHA) AND THE TAXONOMICAL 

IMPLICATIONS OF ONTOGENY. 

 

Abstract 

Baurusuchidae comprised a clade of top-tier terrestrial predators and are amongst the 

most abundant crocodyliform materials found in the Adamantina Formation, Bauru 

Basin, Brazil (Campanian-Maastrichtian). Although the preservation of juvenile 

individuals is somewhat rare in the fossil record, baurusuchid egg clutches, a yearling 

individual and larger, but skeletally immature specimens have also been reported, 

presenting a unique opportunity to track anatomical changes throughout their 

ontogenetic series. Here, we provide a detailed description of the cranial and 

postcranial osteology and myology of the most complete baurusuchid juvenile found 

to date. Its cranial anatomy was resolved with the aid of a three-dimensional model 

generated by the acquisition of CT data, and inferred adductor mandibular musculature 

was compared to mature specimens in order to assess possible ontogenetic shifts. A 

subsequent phylogenetic analysis also included the scoring of Gondwanasuchus 

scabrosus, the smallest baurusuchid species known to date, to evaluate its 

phylogenetic relationships relative to a known juvenile. We find considerable 

differences between juveniles and adults concerning skull ornamentation and muscle 

development, which might indicate ontogenetic niche partitioning, and also anatomical 

and phylogenetic evidence that supports Gondwanasuchus being based on a young 

semaphoront lacking mature cranial features.  

 

Key words: Baurusuchidae; Notosuchia; ontogeny; anatomy; myology. 

 

 



61 
 

1. INTRODUCTION 

 Baurusuchidae (Price 1945) is a family of medium-sized predatory terrestrial 

crocodyliforms belonging to more inclusive notosuchian clade of likely Gondwanan 

origin (Gasparini 1971). Among other characters, these forms are mainly marked by 

the following commonly referred synapomorphies: (1) oreinirostral skulls with 

transversely expanded temporal regions (Riff & Kellner 2011); (2) a reduction in the 

number of teeth (Riff, 2003); (3) ziphodont dentition (Nascimento 2014); (4) high 

quadrate verticality (Nascimento & Zaher 2010; Riff 2003); (5) medial approximation of 

the prefrontals (Godoy et al. 2014; Montefeltro et al. 2011); (6) triangular, fan-like 

depression on the lateral surface of the jugal’s anterior ramus (Riff 2003). In the past 

decade, several research efforts were directed towards their osteology, phylogeny, 

neuroanatomy and paleoecology, drawing from abundant fossil materials including 

cranial and postcranial remains, egg clutches and nesting sites, as well as coprolites 

(Cardia et al. 2018; Dumont Jr et al. 2020; Montefeltro et al. 2020; Nascimento & Zaher 

2010; Oliveira et al. 2011, 2021).  

Although most fossil finds are concentrated in the Campanian-Maastrichtian 

Adamantina Formation of the Bauru Basin, southeastern Brazil, fragmentary 

baurusuchid remains have also been recovered from both Argentina and Pakistan 

(Gasparini 1972; Martinelli & Pais 2008; Wilson et al. 2001). Currently, there are a total 

of ten valid species described in the Bauru Basin alone, them being: Baurusuchus 

pachecoi Price, 1945; Baurusuchus salgadoensis Carvalho et al. 2005; 

Stratiotosuchus maxcheti Campos, 2001; Baurusuchus albertoi Nascimento & Zaher 

2010; Pissarrachampsa sera Montefeltro et al. 2011; Campinasuchus dinizi Carvalho 

et al. 2011; Gondwanasuchus scabrosus Marinho et al. 2013; Aplestosuchus sordidus 

Godoy et al. 2014; Aphaurosuchus escharafacies Darlim et al. 2021 and 
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Aphaurosuchus kaiju (Martins et al. 2023). Curiously, notwithstanding its relatively high 

diversity, the current composition of baurusuchidae displays no significant amount of 

morphological disparity, wherein most of its species, with the noticeable exception of 

Gondwanasuchus, represent sympatric high-tier predators of considerable size, thus 

constituting an ecological problematica. 

Despite recent descriptions of postcranial materials (Cotts et al. 2017; Godoy et 

al. 2016; Nascimento & Zaher 2010), some well-known semi-complete skeletons 

remain undescribed (highly complete UFRJ DG 285-R, for instance, Vasconcellos & 

Carvalho 2010), and more is needed to increase overall anatomical knowledge beyond 

cranial features, with the potential to improve cladistic resolution. Moreover, important 

sources of morphological variation of cranial features, which could be mistakenly 

perceived as a taxon’s autapomorphies, such as sexual dimorphism, teratogenesis, 

ontogeny and taphonomic deformation have not been assessed among the 

baurusuchid holotypes. These assessments have the potential to affect current 

baurusuchid taxonomy and need special attention. 

Ever since the onset of modern studies into animal development, ontogeny was 

recognized as crucial for a comprehensive grasp of a species ecology and phylogeny 

(Gould, 1985). Several fossil archosaurian lineages, including crocodyliforms, have 

been shown to have undergone substantial morphological shifts throughout ontogeny, 

be it gradual or rapid (Carr 2020; Drumheller et al. 2021; Otero et al. 2019; Woodruff 

et al. 2018). Once better understood, these changes have constituted important 

challenges to proposed past diversity of these groups, potentially identifying recently 

erected taxons as semaphoronts of species described in the past  (Horner & Goodwin 

2006, 2009; Scannella & Horner 2010; Woodward et al. 2020). 
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The current work presents, for the first time, a detailed osteological description 

of a semi-complete baurusuchid juvenile (IFSP-VTP/PALEO-0003), histologically 

inferred have been around 4 years-old at the time of death (histology to be described 

in future publication). We provide a three-dimension reconstruction of its skull utilizing 

computerized tomographic imagery, modelling each bone independently, compare it to 

other baurusuchid specimens of different sizes, and perform a phylogenetic analysis 

with the inclusion of Gonwanasuchus in the Martinelli et al. (2018) data matrix to 

evaluate its behaviour as a putative juvenile. These analyses allowed for the 

identification of several ontogenetic changes, listed below, which could be used as a 

guide to identify skeletally immature baurusuchid individuals among known and 

undescribed specimens. These developments have important implications not only for 

baurusuchid taxonomy, but also for other notosuchian clades. Considering other 

sources of variability should thus be regarded as major line of evidence to support and 

substantiate novel taxa, impacting current perceptions of the diversity of past 

environments.  

 

2. GEOLOGICAL SETTING 

 Baurusuchids, as well as a myriad of other notosuchian forms, are most 

abundant in the Bauru Basin (Figure 1), an Upper Cretaceous pelitic/psammitic 

sedimentary sequence, located in the southeastern part of Brazil, with an estimated 

outcropping area of roughly 370.000 km2, covering the states of Goiás, Mato Grosso, 

Mato Grosso do Sul, Minas Gerais, Paraná and, mostly, São Paulo (Fernandes 2004). 

It is first comprised of one major stratigraphic division, the Caiuá e Bauru groups, the 

former of which is constituted by sandstone red beds of the Rio Paraná, Goio Erê and 
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Santo Anastácio formations, with their paleoenvironments interpreted as desert-like 

conditions which yield rare fossil sites, though that has been changing lately with 

intriguing archosaurian finds  (Batezelli 2010; Fernandes & Coimbra 1996; Kellner et 

al. 2019; Manzig et al. 2014; de Souza et al. 2021). 

 The Bauru Group, in turn, is highly fossiliferous, and is classically composed of 

the Araçatuba Formation, marked by lacustrine, thinly laminated mudstones and 

siltstones; the Adamantina Formation, with its braided fluvial sandstones; and the high-

energy alluvial fan deposits consisting of sandstones and conglomerates of the 

Uberaba and Marília formations (Batezelli 2010; Batezelli et al. 1999; Soares et al. 

1980). Former age estimates have ranged between the Coniacian-Campanian to the 

Maastrichtian, with substantial overlap (Bertini 1993; Dias-Brito et al. 2001; Goldberg 

& Garcia 2000), while modern efforts utilizing radioisotopic methods have tended to 

yield ages towards the young end of the above range, between the Campanian-

Maastrichtian (Castro et al. 2018; Dias et al. 2021). This is also supported by recently 

described Campanian palynomorphs found in Araçatuba Formation deposits (Arai & 

Fernandes 2023). 

The specimen herein described was collected in 2006, in Adamantina Formation 

outcrops in the vicinities of the Fernandópolis municipality, State of São Paulo (Figure 

1). It was embedded in oxidized, massive red sandstones (which may still be seen in 

the specimen, serving as its substrate after preparation) typical of the aforementioned 

unit, and, curiously, was also in close lateral proximity with a mostly complete but 

undescribed skeletally mature individual, which will be the target of future publications. 
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3. MATERIALS AND METHODS 

Articulated cranial and postcranial remains were collected utilizing a 

combination of electrical and hand tools, later being transported from the field to the 

laboratory within a plaster jacket. Preparation employed a series of pneumatized hand 

jacks by Paleo Tools®. The specimen will be deposited in the vertebrate paleontology 

collection of the Federal Institute of Education, Science and Technology of São Paulo 

(Votuporanga, São Paulo, Brazil), under the number IFSP-VTP/PALEO-0003. 

Given the varied nature of osteological and myological nomenclature utilized in 

the literature, the anatomical descriptions and muscular reconstruction inferences were 

Figure 1. Location of Bauru Basin within South America and its geological map. The Caiuá 
sequence is homogenized in grey, while stratigraphic units belonging the Bauru Group 
are highlighted in colour. The specimen was collected in the vicinities of Fernandópolis-
SP municipality, marked in white.  
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based on the preferred/most used terms in the literature, thus being drawed from 

multiple sources and respecting homologies (Bona & Desojo 2011; van Drongelen & 

Dullemeijer 1982; Holliday & Witmer 2007; Iordansky 2000). Cranial adductor 

musculature nomenclature, abbreviations and chosen colour schemes are after the 

work of Holliday et al. (2013) and Sellers et al. (2022). Comparisons focused mostly 

on morphological differences relating to muscular function, while the discussion of the 

cranial material is mostly focused on ontogeny, comparing it to adult forms. A list of 

taxa and specimens used for these comparisons is provided below (Table 1). 

  

Taxon and specimens Source 

Baurusuchus sp. 
FEF-PV-R-1/9 

IFSP-VTP/PALEO 0002 
Dumont Jr et al. 2020 

Baurusuchus pachecoi Price 1945 

Baurusuchus salgadoensis Carvalho et al. 2005 

Baurusuchus albertoi Nascimento and Zaher 2010; Nascimento 2014 

Stratiotosuchus maxhechti Campos 2001; Riff 2003 

Gondwanasuchus scabrosus Marinho et al. 2013 

Aplestosuchus sordidus Godoy et al. 2014 

Aphaurosuchus escharafacies Darlim et al. 2021 

Campinasuchus dinizi 
CPPLIP 1237 
CPPLIP 1360 

Carvalho et al. 2011 

Pissarrachampsa sera 
LPRP/USP 0049 

Godoy et al. 2018 

Sebecus icaeorhinus Molnar 2010; Pol et al. 2012 

Mariliasuchus amarali Nobre & Carvalho 2013 

Araripesuchus tsangtsangana Turner 2006 

Simosuchus clarki 
Georgi and Krause 2010; Kley et al. 2010; 

Sertich and Groenke 2010 

Alligator mississippiensis Romer 1923; Witmer & Ridgely 2008 

Melanosuchus niger Vieira et al. 2018a; Vieira et al. 2018b 

Table 1. List of taxa and specimens mentioned in osteological and myological 
comparisons as well as their respective sources.  
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3.1 Computerized tomography and processing  

After mechanical preparation, the skull was separated from the skeleton for 

computerized tomography (CT) image acquisition using a Revolution EVO model at 

IMEB (Imagens Médicas de Brasília-DF), resulting in 392, 593, and 692 slices, 

respectively of 0.50 mm each, with resolution of 512 × 512 pixels, 140 kV, and 240 mA. 

Data was processed in the freely available software InVesalius® (Amorim et al. 2015), 

where manual segmentation and three-dimensional modelling of each skull bone was 

conducted. A yet undescribed adult baurusuchid skull, FEF-PV-R-1/9, has been 

scanned and modelled under the same conditions described above, and is further 

utilized below for myological reconstructions and comparisons.  

 

3.2 Phylogenetic analysis 

IFSP-VTP/PALEO-0003 was codified into the Martinelli et al. (2018) matrix, 

which is expanded upon and a more recent version of Pol et al. (2012, 2014) and 

Fiorelli et al. (2016), comprising 440 characters and 115 taxa. Gondwanasuchus 

scabrosus, the smallest known baurusuchid, was also codified and included in the 

analysis in order to compare and contrast its position relative to the juvenile herein 

described. Previously, this taxon had only been included in matrices encompassing 

only baurusuchids (Darlim et al. 2021b; Godoy et al. 2014; Montefeltro et al. 2011). 

The following series of 43 ordered characters were maintained from the work of Fiorelli 

et al. (2016): 1, 3, 6, 10, 23, 37, 43, 44, 45, 49, 65, 67, 69, 71, 73, 77, 79, 86, 90, 91, 

96, 97, 105, 116, 126, 140, 142, 143, 149, 167, 182, 187, 193, 197, 226, 228, 279, 

339, 356, 357 and 364. 

 The analyses utilized TNT software (Goloboff et al. 2008) and were run in two 

consecutive rounds to obtain the most parsimonious trees (MPTs). Similarly to previous 
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works that utilized this data matrix, an attempt to run the analyses including all 115 

taxa derived poorly resolved topologies, making necessary the testing and pruning of 

specific group of species based on fragmentary materials (described below). The first 

round utilized tree bisection reconnection (TBR) swapping algorithm, resulting in 170 

trees retained, followed by a second round of branch swapping which yielded 5568 

MPTs, from which the strict consensus was obtained as a working hypothesis. Attempts 

utilizing the ‘new technology’ algorithm derived identical results.  

 

4. RESULTS 

4.1 Systematic paleontology 

Crocodyliformes Hay, 1930, sensu Benton and Clark, 1988 

Mesoeucrocodylia Whetstone and Whybrow, 1983 

Notosuchia Gasparini, 1971 

Baurusuchidae Price, 1945 

 

4.2 State of preservation and taphonomy 

The specimen consists of a semi-complete skeleton, including the skull, cervico-

dorsal series with three preserved dorsal osteoderms, sacrum, shoulder and pelvic 

girdles, as well as appendicular elements, lacking only the tail. Most of the bones were 

found still articulated as they would have been in life, with zygapophyses still connected 

up to the 13th dorsal vertebra, glenohumeral condyle still attached to the scapular 

glenoid and femoral head within the acetabulum (Figure 2a). The right coracoid and 

humerus were dislocated and preserved parallel to each other. Posteriorly, the pelvic 

girdle displays a surprising level of articulation, with not only the three sacrals still in 
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place, but also the ischia and pubes. The latter remain articulated medially along the 

pubic symphysis and maintain contact posteriorly with the ischium along the pubic 

peduncle.  

The skull preserves left-right symmetry when seen in both dorsal and palatal 

views, indicated by similar orbit size in addition to pterygoid and choanal morphology 

(Figure 2b). Considerable erosional damage removed most of the dorsal surface of 

the skull table, substantially altering the frontal, postorbitals, parietals, and 

squamosals. Fortunately, the left supratemporal fossa and fenestra were preserved. 

Sculpturing patterns of dermal bones are fully visible, being most conspicuous on the 

rostrum and symphysial portion of the dentary. There is evidence of dorsoventral 

flattening of the skull in the form of a fracture that runs ventroposteriorly through the 

dentary and infratemporal fenestra, displacing the anterior ramus of the jugal in relation 

to the posterior one, and also with the partial collapse of the temporal bar. The choanal 

septum and medial and lateral eustachian foramina are both preserved with minimum 

distortion.  

Postcranial elements also display evidence of dorsoventral taphonomic 

flattening. The femora, for instance, are more laterally projected than expected, given 

that notosuchians (including baurusuchids) are suggested to have had a parasagittal 

gait (Riff & Kellner, 2011; Tavares et al., 2018). Ischia position also points to 

taphonomic compression due to their iliac blade not being ventromedially joined. A 

clear torsion of the axial skeleton can be observed as one follows the axial series 

posteriorly. Starting at the 14th dorsal, vertebrae positions vary from being laid on their 

left sides to a more vertical position, and, in addition to the decreasing level of rib 

articulation posteriorly, possibly reflects disarticulation of these elements while still 

embedded in soft tissues during decay. Lastly, all appendicular bones, with minor local 
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exceptions, could be accounted for, including anterior and posterior stylopods, 

zygopods and autopod elements. The flexion of the manus under the ulna and radius 

is common to other known baurusuchid skeletons (Vasconcellos & Carvalho 2010) and 

is suggested here to possibly represent a resting posture.  

Figure 2. General view of the specimen. (a) semi-complete, articulated skeleton after 
preparation; caudal series is lacking; (b) annotated cranium and mandibles in left 
lateral, dorsal and palatal views. Abbreviations: art, articular; emf, external mandibular 
fenestra; euf, eustachian foramina; itf, infratemporal fenestra; orb, orbit; pmx.t; 
premaxillary tooth; rp, retroarticular process; sof, suborbital fenestra; stf; 
supratemporal fenestra; sys, mandibular symphysis. Scale bar = 5 cm. 
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4.3 Skull and mandibles 

 The skull material of IFSP-VTP/PALEO 0003 naturally concentrates the most 

conspicuous ontogenetic differences in relation to adult individuals. It is marked by 

relatively large orbits, that roughly divides it into two equal preorbital and postorbital 

lengths, shallower mandibular symphysis, more posterior-projecting retroarticular 

processes and incipient sculpturing of dermal bones. Most of its external surface is 

well preserved, except for the skull table (frontal, parietal, postorbitals and 

squamosals). The acquisition of computerized tomography allowed for the individual 

reconstruction of most bones (Figure 3), but unfortunately the internal structures of the 

basicranium are heavily distorted and/or fragmented, preventing modelling beyond 

their external profiles. 

 

Figure 3. Digital model of the complete, articulated cranium of  IFSP-VTP/PALEO 0003 in 
(a) left lateral, (b) dorsal and (c) ventral views. Most bones were individually 
reconstructed, except for damaged elements of the basicranium and skull table. 
Abbreviations: an, angular; art, articular; bo, basioccipital; d, dentary; ect, ectopterygoid; 
exo, exoccipital; f, frontal; j, jugal; l, lacrimal; mx, maxilla; n, nasals; pf, prefrontal; pl, 
palatines; pmx, premaxilla; pt, pterygoids; q, quadrate; qj, quadratojugal; sa, surangular; 
spl, splenials; sq, squamosals. Scale bar = 5 cm.   
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4.3.1 Premaxillae 

These are paired elements that comprise the anteriormost portion of the 

rostrum, being anteroposteriorly longer than wide or tall, and possessing four 

premaxillary teeth. The premaxillae encircle the anteriorly facing external nares, 

contacting the nasals dorsally and the maxillae posteroventrally (Figure 4a, b and c). 

They display a trapezoidal outline in lateral view, marked by a vertical anteromedial 

margin, where counterparts meet collaterally, a straight dorsal edge as it contacts the 

nasals, and a convex ventrolateral alveolar border. In both dorsal and ventral views, it 

has a more triangular shape. Anteriorly, as left, and right elements contact, the 

premaxillae have an ascending, posterodorsal tubular process, which, as in other 

baurusuchids, contributed to the formation of the internarial bar, but here is fragmented 

at its base, leaving non-bisected open nares, which here is considered a taphonomic 

artifact. Nasals also contribute to the internarial bar formation, but their dorsal 

contribution is also missing.  

External nares are ellipsoidal in anterior view, with a posterolateral major axis, 

and are surrounded by conspicuous semi-circular shallow depressions, the perinasal 

fossae (Figure 4b). In lateral aspect, the premaxillae meet the nasals and the maxillae 

posteriorly along a tapering ascending process, resulting in a wedge-like triple contact 

between these bones. Its posterior border is concave due to the formation of a well-

defined notch between the premaxillary and maxillary bones for the insertion of a 

fourth, hypertrophied dentary tooth. The presence of the notch also obscures the 

premaxilla-maxilla suture, precluding a correct assessment of its conformation from 

this vantage point. Ventrolaterally, the premaxillae have shelves that emerge from the 

medial alveolar margins and are sutured to each other along the sagittal line, helping 

to form the anterior portion of the palate. Curiously, with the aid of computerized 
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imagery, it was possible to determine that cross-sectional shape of the premaxillary 

shelves is triangular, with clear, pneumatic tubular foramina running anteroposteriorly 

(Figure 4a2). The premaxillary palatal surface is marked anteriorly by the foramen 

incisivum, a relatively large losangular-shaped opening, in addition to circular, alveolar-

like fossae, between the first and second premaxillary teeth diastema, for the 

placement of the first procumbent dentary teeth.  

Sculpturing is more pronounced dorsally, closer to the more heavily ornamented 

nasals, consisting of elongated shallow grooves, becoming smoother ventrally. Three, 

small circular nutrition foramina can be seen above the lateral alveolar margins of teeth 

two, three and four on the left side, while only two are present on the opposing side. A 

distinctive feature of these premaxillae, in comparison with more mature individuals, is 

the fact they mostly overhang the dentary symphysis anteriorly, resulting in the first two 

premaxillary teeth not coming into contact with the anterolateral surface of the dentary. 

The premaxillae contain a total of four teeth set in a single wave, increasing in 

size up to the third tooth and then decreasing abruptly at the fourth alveolus, preceding 

the premaxillary-maxillary notch, as seen in anterolateral view. All teeth display mesio-

distal serrated carinae, characterized by homogeneous denticles. The first premaxillary 

incisiviform tooth is marked by a somewhat symmetrical D-like cross-section 

(Hendrickx et al. 2015), with transversely shifted serrated carinae, while posteriorly 

teeth become more labio-lingually compressed with an elliptical sectional outline, a 

pattern that continues on the maxillary teeth series.  

4.3.2 Maxillary bone 

Comprising the majority of the lateral aspect of the rostrum, the maxillary bone 

displays a complex three-dimensional morphology, defined by a lateral process, which 
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is lateromedially compressed and nearly vertically oriented, contributing to the 

conspicuous oreinirostry characteristic of baurusuchids (Price 1945; Riff & Kellner 

2011), as well as its palatal shelf, that meets medially with its counterpart to form an 

extensive portion of the secondary palate (Figures 3 and 4a,b and c). This element 

contacts the premaxilla anteriorly, the nasals dorsally, the lacrimals posterodorsally, 

the jugal posteriorly, and the ascending process of the pterygoid ventrally.  

In lateral view, the maxillary bone possesses a trapezoidal profile that tapers 

anteriorly and forms the posterior margin of the premaxillary-maxillary notch, within 

which the fourth hypertrophied dentary tooth is allocated. Its ventral margin is marked 

by an anterior concavity, following the maxillary tooth row, transitioning to a more 

rectilinear aspect posteriorly towards the jugal (Figure 4a-b). As mentioned above, the 

lateral surface of the maxilla is more verticalized in comparison with other 

crocodylomorph clades, but it differs substantially from the sebecid condition, where 

the maxilla and the nasals meet to form a triangular cross-section of the rostrum, with 

a somewhat sharp dorsal end, while in baurusuchids their contact produces a rounder 

shape dorsally and laterally, due to both nasal and maxillary surface concavities 

(Figure 3a-a1).  

The internal anatomy of the palatal shelf could only be assessed with the aid of 

computerized tomography images, and the axial slices were particularly revealing 

(Figure 3a1). The images show the palatal shelf in an orthogonal angle in relation to 

the lateral process of the maxilla, emerging as a thick, vertical wall, forming the medial 

margins of maxillary alveoli, and then proceeding as a transverse platform. The latter 

has a triangular cross-section, being dorsoventrally taller close to alveoli and tapering 

to a bony slate at the sagittal plane. Throughout its length, the maxilla displays a highly 

pneumatized palatal shelf, with most of its internal volume filled by recesses. These 
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openings occur in a similar position and might be homologous to maxillary sinuses 

described for the extant crocodylians, such as Alligator mississippiensis (Witmer & 

Ridgely 2008), and were also recently observed in adult Campinasuchus specimens 

(Fonseca et al. 2020). Due to taphonomic dorsoventral compression, some intricate 

bony laminae within the palatal recesses collapsed, precluding a correct assessment 

of its morphological complexity, although it is clear that, along some portions, the 

recesses were multichambered. Dorsally, the internal surface of the palatal shelf is 

concave, and is tenuously bisected by a sharp protuberance, defining left and right 

portions. Consequently, these structures define the ventral and lateral limits of the 

nasopharyngeal duct (sensu Witmer & Ridgley, 2008). Anteriorly, the duct is formed by 

the palatal shelf and nasal bones only, whereas posteriorly, as the maxillary bones 

deflect laterally, it is capped by the anterodorsal pterygoid extension, shaping a 

sigmoidal-shaped cavity.  

Given the ziphodont condition of baurusuchid crocodyliforms, the alveoli here 

display an elliptical outline, being slightly lateromedially compressed. Moreover, these 

are divided by more conspicuous diastemas in comparison with adult forms, where 

alveoli are often confluent. Maxillary teeth, as shown by computerized tomography 

data (Figure 4), are deeply rooted within the maxilla, reaching the dorsal region, and 

thus creating visible bulges on its lateral surface. These are organized into a single 

wave, of which the third tooth is the largest, and like posterior premaxillary teeth have 

serrated carinae and display further labiolingual compression. With ontogenetic 

progression and the increasing robustness of the teeth, the aforementioned bulges 

become more marked, as seen in skeletally mature individuals. Sculpturing varies 

depending on the surface observed. The dorsolateral surface is more heavily 

ornamented than the lateral alveolar margin, bearing vermiform grooves and pits, at 
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the same time as the latter displays four neurovascular foramina along the third, fourth, 

and fifth maxillary teeth. In palatal view, it is possible to discern incipient sculpturing 

around the raised alveolar margins.  

 

4.3.3 Nasal bone 

The nasals are fused into a single bone making up the entire dorsal length of 

the rostrum (Figure 4a-b). It contacts the premaxilla anteriorly, the maxilla laterally, the 

prefrontals/frontals posteriorly, and the lacrimals posterolaterally. It is dorsoventrally 

flattened, having an elongated profile in dorsal view, where its length vastly exceeds 

Figure 4. Three-dimensional rostrum model of IFSP-VTP/PALEO 0003, highlighting 
individual bone morphology. (a) left-lateral view (reversed), showing premaxillary and 
maxillary alveolar margins and posterior (a1) and anterior (a2) transverse cross-sections. 
White arrows indicate pneumatic recesses. (b) rostrum in dorsal view. Note the posterior 
constrictions of the nasal and its wide depression. (c) Palatal view where a losangular-
shaped incisivum foramen is observed. (d) Fused nasals in ventral view with well-
developed nasal septum that reaches mid-length. Scale bar: 5 cm. Abbreviations: if, 
foramen incisivum; m, maxilla; nd, nasal depression; nsp, nasal septum; pm, premaxillae; 
pm-mn, premaxillary-maxillary notch. 
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its width. The nature of its contacts with the surrounding bones varies. Anteriorly, it 

takes part in a triple wedge-like junction with the premaxilla and the maxilla, 

dorsomedially to the fourth dentary tooth notch, whereby laterally it is mostly 

overlapped by the maxilla (Figure 3). Unfortunately, the perinarial region of the nasal 

has been broken off, precluding the preservation of the internarial bar. 

When seen from a dorsal perspective, the nasal shows relatively straight, 

parallel margins up to its mid-length, where it becomes slightly concave laterally, before 

it expands transversely as it approaches the prefrontals and the frontal. Additionally, 

the dorsal concavity and convexity also shift along its length, being mostly flat above 

the premaxilla, then developing a moderate concavity with a somewhat rhombic cross-

section at the mid-rostrum segment, then finally forming a wide depression anterior to 

the nasal-frontal suture. As it widens posteriorly, the nasal takes part in the anterior 

palpebral attachment surface, an anteroposteriorly long facet that reaches the 

anterodorsal rim of the orbits. Ventrally, along its posterior half, it possesses an 

incipient septum that divides the nasal cavity into left-right portions (Figure 4d). 

Ornamentation consists of rectilinear grooves closer to the external nares and more 

randomly placed, vermiform grooves posteriorly. Minute rounded pits, that are common 

on the nasals of adult forms, are absent in this specimen.  

4.3.4 Jugals   

The jugals of IFSP-VTP/PALEO-0003, as in most crocodyliforms, make up the 

lateral cheek region of the skull and contact the maxillae anteriorly, the lacrimals 

anterodorsally, the ectopterygoids ventrally, the postorbitals posterodorsally and the 

quadratojugals posteriorly (Figure 3a-b). They are laterally flattened, substantially 

longer than tall, and their medial surfaces are concave, thus resulting in their anterior 
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and posterior ends curving slightly inwards. In lateral view, the jugals have a triradial 

architecture, marked by roughly equidistant anterior and posterior rami, in addition to 

an ascending posterodorsal process that, alongside the postorbitals, form the 

postorbital bar (Figure 5). The anterior ramus is formed by a dorsoventrally expanded 

projection that contributes to the ventral margin of the orbits. This border is gently 

concave along its length. It also contains a conspicuous infraorbital crest on its 

dorsolateral surface that tapers anteriorly, reaching the jugal-maxilla contact, and 

thickens posteriorly, merging with the posterior ramus. Ventral to the crest, a triangular 

depression develops,  a common feature also observed in adult forms and a previously 

cited baurusuchid character (Montefeltro et al. 2011) (Figure 5a-b).  

The posterior ramus is a rod-like projection (roughly circular cross-section) that 

meets the quadratojugal along a vertical, sutured contact. Furthermore, its dorsal 

surface forms the ventral border of the infratemporal fenestra. Internally, the jugals are 

characterized by their pneumatized nature. Along the posterior ramus runs a tubular-

like recess that, as it extends to the anterior region, becomes dorsoventrally deeper 

and conforms to the internal morphology of the jugal. Axial and coronal CT scan slices, 

in addition to the presence of neurovascular foramina, suggests that there was 

external-internal connection between these structures. The ascending process adjoins 

with the postorbital descending equivalent in a planar contact, contributing to roughly 

half of the postorbital bar, which also forms the anterior border of the infratemporal 

fenestra. 

 Sculpturing varies throughout the jugal´s surface, with anteroventrally-inclined 

grooves predominating on the lateral triangular depression, alongside local foramina, 

while posteriorly, vermiform horizontal grooves are present, especially close to the 

jugal-quadratojugal contact. Medially, the surface is mostly smooth, with the exception 
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of neurovascular foramina that emerge close to the mid-length region, near the 

transition between anterior and posterior rami. The maxilla-jugal contact is marked by 

a sheet-like lateral overlap of the jugal over the maxilla, which is lateromedially thicker. 

Ventrally, these also constitute a triple contact with the ectopterygoid platform.  

 

4.3.5 Quadrate 

Temporal and braincase bones display a substantial degree of fragmentation 

and erosion. The quadrates, in particular, have been affected by vertical compression, 

collapsing their dorsal process almost completely, including the otic cavity, and 

hampering an assessment of its arrangement with braincase elements. Distally, 

however, they are well-preserved, displaying ventroposteriorly oriented mandibular 

condyles (Figure 6a-b). As in other crocodyliforms, the quadrate and quadratojugal 

Figure 5. Isolated (a) left (flipped) and (b) right jugals of IFSP-VTP/PALEO 0003. (c) left 
jugal in dorsal aspect showing a posteromedially inclined ascending process. The latter 
contributes to the postorbital bar. Abbreviations: ap, ascending process; itf, infraorbital 
fenestra; ior, infraorbital ridge; jpr, jugal posterior ramus; jtld, jugal triangular lateral 
depression; nvf, neurovascular foramina. Scale bar = 1 cm. 
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are anterodorsally inclined, sharing a long contact with similar orientation. Its lateral 

surface bears a wide and shallow semi-circular depression, a baurusuchid 

synapomorphy (Riff 2003), that reaches the borders of the otic cavity as well as the 

quadratojugal’s posterior margin. Posteriorly, it comes into contact with the squamosals 

along their posteroventral processes, which extend laterally and are still preserved. In 

occipital view, this suture becomes an acute, crest-like feature that divides the 

quadrate into lateral and medial surfaces.  

The mandibular condyles are transversely oriented (perpendicular to the rostral-

occipital axis) and well separated by a medial sulcus. The lateral hemicondyle is more 

robust and placed dorsally with respect to the medial one, while the latter is 

considerably more ventrally developed and narrower, thus generating a medially 

slopping condylar plane, following the observed superficial inclination of the articular. 

The quadrate’s ventral surface is also moderately well-preserved, revealing a 

dorsomedial curvature of as they suture with ventral braincase elements, including the 

basioccipital, basisphenoid and pterygoids. This ventral facet is slightly concave and 

displays two tendon-fixating crests that composed the quadrate aponeurosis (Figure 

6a). The first is a low-relief crest that borders the quadrate-quadratojugal suture and, 

consequently, the internal infratemporal fenestra, while the other is a more medially 

dislocated, robust, and sinuous crest, it curves towards the basisphenoid at a diverging 

angle from the former. These are, respectively, interpreted as homologous to crests A 

and B as seen in modern crocodylians, and are associated with the origins of mAMP 

and mAMES muscle groups (Holliday & Witmer 2007; Iordansky 2000).  

4.3.6 Quadratojugal 
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Consists of a L-shaped, lateromedially thin bone, marked by an anterior and a 

dorsal process, making up the anterior infratemporal region of the specimen (Figure 

6a-b). Its anterior process is short and thicker than other portions of the bone, inheriting 

the condition from the posterior jugal ramus, to which is firmly sutured along a vertical 

irregular contact close to the ventroposterior edge of the infratemporal fenestra. The 

dorsal process is a thin, anteroposteriorly short bony wall that ascends towards the 

temporal bar, forming most of the posterior limits of the aforementioned fenestra. 

Moreover, its dorsal end is slightly anterodorsally deflected. Its dorsalmost edge was 

not preserved enough for an assessment of its contacts. Posteriorly, it contacts the 

quadrate along an extensive suture that probably reached the ventral surface of the 

temporal bar. Its base is considerably anteroposteriorly longer than its apical region, 

forming a larger surface area that contributes to the lateral semi-circular depression of 

the quadrate. Its ventral border is convex up to the jugal contact, where a small gap 

between the skull and the mandible forms. The lateral surface displays noticeable 

striations and grooves, especially closer to the quadratojugal-jugal suture. 

4.3.7 Prefrontals 

These are paired, losangular-shaped elements in dorsal view, with limited 

medial approximation that does not prevent frontal-nasal contact (suggested as a 

baurusuchinae synapomorphy by Montefeltro et al., 2011). The prefrontals are 

bounded by the frontals posteromedially, the nasals anteriorly, the lacrimals 

ventrolaterally and the palatines and pterygoid ventrally. Along their lateral margins, 

which contribute to the anterodorsal border of the orbits, the prefrontals have a 

ventrally deflected surface for the attachment of the anterior palpebrals. This is an 

elliptical surface that extends into the nasals. Ventrally, the prefrontals are marked by 

lateromedially broad, and anteroposteriorly flattened pillars, clearly visible through the 



82 
 

orbits. Their surface curve outwards, reaching the medial surface of the orbital rim 

(Figure 6c1-c2). As the prefrontal pillars descend to contact the pterygoid anterior 

projection and the palatines, they seem to narrow into laminar processes, but their 

distal ends are still mostly embedded in sediment, hindering a description of their 

shape. The olfactory bulb passage is located dorsomedially at the contact with the 

ventral surface of the frontal, displaying a rounded outline. Ornamentation is only 

present on its dorsal surface and, contrasting adult forms, lacks deep grooves. 

 

 

 

Figure 6.  Digitally reconstructed skull with quadrates and quadratojugals in ventral (a), 
and (b) lateral views. (c1-c2) shows in detail the medial approximation of the prefrontals, 
which do not prevent the contact between tapering nasal and frontal processes. Coronal 
and axial slices are also provided to illustrate the olfactory bulb cavity on the ventral 
surface of the frontal and the prefrontal’s descending pillars, that come in contact with 
anterior end of the pterygoids. Abbreviations: bs, basisphenoid; ect, ectopterygoid; euf, 
eustachian foramina; fsc, frontal’s saggital crest; itf, infratemporal fenestra; ofb, 
olfactory bulb; pfp, prefrontal pillars; ptap, pterygoid aponeurosis; qj, quadratojugal; 
qld, quadrate’s lateral depression; sof, suborbital fenestra. Scale bars, (a) = 5 cm; (b-c1) 
= 2 cm. 
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4.3.8 Frontal 

The frontal of IFSP-VTP/PALEO 0003, as most of its skull roof, is poorly 

preserved. Its dorsal surface is mostly eroded, lacking texture and ornamentation, in 

addition to being fragmented at lateral regions bordering the orbits, thus not 

representing the original shape in vivo. Nevertheless, it can be established, based on 

adult forms and other semaphoronts, that the frontal consisted of a trapezoidal element 

in dorsal view, contacting the parietal posteriorly along a transverse suture, the 

prefrontals anterolaterally and the nasals anteriorly (Figure 6c1-c2). The anterodorsal 

region is better preserved, bearing a somewhat sharp sagittal crest bound on both 

sides by anteroposteriorly long depressions. The crest seems to have originated 

posteriorly, tapering forwards, and failing to reach the frontal-nasal contact. Anteriorly, 

the frontal has a slender process that is laterally constricted by the prefrontals, reaching 

the nasals only at a single point. Ventrally, the frontal has medially inclined surfaces 

that meet at the longitudinal plane to form the concavity for the passage of the olfactory 

bulb. The internal structure, as revealed by CT data, is marked by lateral and medial 

recesses which volume in relation to cortical bone seem to be ontogenetically 

conditioned, with diminishing pneumatic openings being substituted by cortical bone 

(see Santos et al., 2021). 

4.3.9 Postorbital  

The postorbitals are major elements of the skull roof, bounding the 

supratemporal fenestra anterolaterally as well as forming the dorsal margins of the 

infratemporal fenestra. It is part of a complex arrangement of bones involving the skull 

roof, temporal region and the basicranium, contacting the frontal anteromedially, 

parietal posteromedially, squamosal posterolaterally, jugal anteroventrally, 
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quadratojugal posteroventrally and the laterosphenoid anteromedially. Due to the poor 

preservation state of the skull roof, the dorsal surface of the postorbital is mostly 

damaged, lacking the temporal bar and the original surface texture. What is preserved 

of the postorbital has a quadrangular shape in dorsal view, with a straight dorsal border, 

a concave anterior margin, part of the posterior orbital rim, and a sharp ventral 

concavity that delineates a triangular infratemporal fenestra. Dorsally, it displays a L-

like shape, marked by a dorsoventrally compressed medial process. A descending 

anterior process contributes to the postorbital bar, having a more elliptical cross-

section at its encounter with the jugal. There is also a laminar posterior process that is 

overlapped by the quadratojugal alongside the posterior edge of the infratemporal 

fenestra. The poorly preserved supratemporal region reveals a fully open fenestra, 

although proportionally smaller in comparison to adult individuals, with verticalized 

walls and incipient development of surrounding supratemporal fossae. No significant 

ornamentation was observed. The anterior insertion surface for the posterior palpebral 

was not preserved on neither side.  

4.3.10 Lacrimals 

The lacrimals comprise lateromedially compressed, laterally concave and 

vertically oriented elements with a quadrangular outline in lateral view. They are 

located on the posterolateral facet of the rostrum, contacting the maxilla anteriorly, 

nasals and prefrontals dorsally, frontal medially and jugals ventrally (Figures 3 and 6). 

Their anterior contact with the maxilla is convex in lateral view, being slightly 

anterodorsally inclined, while ventrally they possess a straight, horizontal contact with 

the jugals, extending posteriorly along a tapering process. Posteriorly, the lacrimals 

have a curved/concave margin that makes up the anterior rim of the orbital rim. A 

posterolateral view reveals that the dorsal region is medially deflect in respect to the 



85 
 

ventral one, thus resulting in its contact with the prefrontal pillars. In addition to the 

nasals and the prefrontals, the attachment surface for the anterior palpebral is also 

formed by the lacrimals. These constitute an auxiliary support surface that forms a 

dorsal platform. Despite the fact that a lacrimal canal is not visible externally, the CT 

data seems to indicate a posterodorsal emergence, with the main duct running 

anteroventrally along its length. The external surface lacks ornamentation, although 

the infraorbital crest reaches the lacrimal anteroventrally.  

4.3.11 Palatines 

These comprise paired bones of the palate that meet medially along the sagittal 

plane to form a single tube-like, anteroposteriorly long element. They contact the 

maxilla anteriorly, the pterygoids dorsally (composing the nasopharyngeal tract) and 

the ectopterygoids posterolaterally (Figures 3 and 7). Laterally, their surfaces are 

concave and slope ventromedially, creating shallow fossae bounding the medial edge 

of the suborbital fenestrae. In ventral view, the palatines become transversely 

expanded posteriorly, bifurcating to meet the ectopterygoids and forming a straight 

posterior margin that overhangs the choanal septum as it enters the tract. These lateral 

processes together form a visibly triangular area ventrally, bounded laterally by a relief 

change as it approaches the palatine’s lateral surface. This region bears a relatively 

large pneumatic foramen at the medial plane. In cross-section, the palatines are 

crescent-shaped, composing the bottom half of the nasopharyngeal tract. Pneumatic 

cavities also mark the palatines close to their contact with the maxillary bones 

anteriorly. Superficially, the palatines are mostly smooth, not displaying any 

ornamentation or muscle scars.  

4.3.12 Ectopterygoid-pterygoid complex 
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The pterygoid wings are the major components of the posterior palatal surface 

and here encircle and define the proportionally large and losangular choanae typical 

of baurusuchinae (Darlim et al. 2021a), forming their posterolateral margins (Figure 

7a-b). Together, the ectopterygoid and pterygoid bones form large, triangular, wing-like 

structures surrounding the secondary nares that taper towards an end lateroventrally, 

being dorsoventrally flat but transversely wide, and tangentially contacting the medial 

surface of angular, close to its torose margin. The set was probably forced into an 

almost horizontal configuration due to dorsoventral compression of the cranium. In life, 

it would have had a more verticalized disposition, with a ventrolateral orientation, as 

seen in specimens that were not submitted to such distortion.  

The ectopterygoid is formed by an ascending, laterally flattened process that 

culminates into an elliptical platform that sutures it to both the jugal and the maxilla, 

and also a narrow, tubiform, ventral projection that composes the pterygoid plate, thus 

sharing a log suture with the pterygoids. It also has a medial projection that meets the 

palatines along an almost anteroposterior contact plane. These, together, delimit the 

posterior margin of the suborbital fenestra. In palatal view, the ectopterygoid displays 

thickened anterior margins and a marked concavity bearing minute neurovascular 

foramina, contributing to the large perichoanal fossa encompassing the pterygoid 

plate. The pterygoids are the larger elements of the set, compose the choanae 

lateroposteriorly, the choanal septum itself and enclose a significant portion of the 

posterior nasopharyngeal tract. They contact the palatines and the ectopterygoids 

anteriorly, the prefrontals dorsally through their paramedial descending processes, the 

laterosphenoids posterodorsally, the basisphenoid posteroventrally and the quadrates 

posterolaterally. There is also a minor contact with the basioccipital close to quadrates. 

CT images reveal that, anteromedially, the pterygoids dorsal nasopharyngeal cap 
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forms a duct-like, dorsally convex arch, bounded ventrally by the palatines, that reach 

the nasal passages. This anterior process tapers to a point as it enters the 

aforementioned cavity.  

A transverse cross-section (Figure 7b1-b2) shows a tall but laterally thin septum, 

attached to the dorsal surface of the conduct, that emerges anteriorly and has an 

extensive length, eventually emerging on the choanae as a thick rod that bisects the 

internal nares. The choanal opening itself displays thin bone walls (perichoanal lamina) 

surrounding the septum that possibly bounded the air flow, directing it into the pharynx. 

The pterygoid wings are distinctly concave ventrally, forming a wide perichoanal fossa, 

as mentioned previously. Their posterior edge is straight but curves markedly as the 

pterygoid narrows to meet the basisphenoid. This contact is roughly v-shaped in palatal 

view.  

The pterygoid’s lateral margin and distal end bear textures that might correlate 

with some known cranial musculature. For instance, when seen in lateral aspect the 

pterygoid buttress displays a shallow circular depression with porous surface texture 

dorsolaterally that might have been generated due to its contact with the cartilage 

transiliens (ct) in life (Iordansky 2000; Holliday et al. 2013). Ventral to this site there 

are longitudinal markings that may point to the passage of M. intramandibularis (mIRA) 

towards the mandibular adductor fossa, as inferred due to its attachment reliance on 

the ct sesamoid (Tsai & Holliday 2011). Dorsally, the pterygoid forms a wide concavity 

with a mostly smooth surface with only minor striations where the M. pterygoideus 

dorsalis (mPTd) would have passed, at the same time as ventrally, on its distal cojoined 

tip with the ectopterygoid,  conspicuous deeper sulci indicate the origin site for the M. 

pterygoideus ventralis (mPTv). 
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4.3.13 Basisphenoid 

Comprises a wedge-shaped/delta-shaped element of posteroventral 

basicranium, located between pterygoids anteriorly and the basioccipital posteriorly. 

Figure 7.  Ectopterygoid-pterygoid complex. (a) digital model, including the palatines, in 
ventroposterior view. Note the relatively large and septate losangular choanae.  (b1-b2) 
Photograph highlighting septum with minor longitudinal crest. Transverse cross-section 
reveals a laminar profile of septum. Abbreviations: bass, basisphenoid articular surface; ch, 
choanae; cs, choanal septum; pchd, parachoanal depression of pterygoid wings; plc, palatine 
medial constriction;  ptw, pterygoid wing. Scale bars = 1 cm.  
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Its anterior ventral surface shares a strong depression with the posteroventral process 

of the pterygoids, with which shares a v-like suture (Figure 6a). Within this depression, 

at the same levels as the median eustachian foramen, but anterior to it, there is an 

additional large foramen, roughly at the limit between these two bones. Due to the 

mentioned depression, the anteroventral surface of the basisphenoid slopes anteriorly, 

yet, posteriorly, a squarish crest-like feature is present at its border with the 

basioccipital. The posterolateral basisphenoid projections also bear shallow 

depressions and reach the quadrate along a narrow contact. In term of surface texture, 

the basisphenoid is mostly smooth, lacking sculpturing and/or muscle striations. Given 

the poor preservation state of the dorsal portion of the basisphenoid, as well as some 

other basicranium bones, nor the endocranium floor, cultriform process or 

vasculary/nerve canals could be identified, even utilizing CT imagery.  

4.3.14 Basioccipital 

This element extends the occipital region of the skull as well as the ventral 

portion of the basicranium, contacting both otoccipitals dorsolaterally, quadrates 

ventrolaterally, the basisphenoid ventroanteriorly and, possibly, the prootic internally. It 

is comprised of an anteroposteriorly thin, but lateromedially expanded bone, with a 

roughly triangular shape in occipital view. Dorsally, it narrows and thickness to form its 

contribution to the occipital condyle, a robust, rounded process additionally formed by 

ventromedial projections of the exoccipital/otoccipitals, whilst ventrally it becomes 

increasingly transversely expanded, culminating in a fan-like process with an anteriorly 

convex contact with the basisphenoid (Figure 6a).  

The occipital condyle is posteroventrally directed, being roughly rounded and 

marked by a vertical sagittal sulcus. Just ventral to the occipital condyle, three 
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diverging crests emerge: two adjacent lateral crests, thicker and ventrolaterally 

inclined, and a medial one, sharper and vertically oriented. They bound lateral 

depressions that encompass large areas of the wide ventral process of the 

basioccipital. These bear two minute neurovascular foramen bordering the midline, 

slightly ventral to the condyle and overhung by it. Each crest leads up to the 

basioccipital ventral border, where three conspicuous and rounded basal tubera 

emerge, making up the thickened margins surrounding the lateral and medial 

eustachian tubes. These foramina are placed at the interface between the basioccipital 

and basisphenoid and consist of elliptical lateral ones and a larger circular opening at 

the sagittal line. A ventral view exposes long sutures between these two basicranium 

elements, creating a sulcus where the eustachian tubes are located. The basioccipital 

external surface is mostly smooth with the noticeable exception of the basal tubera, 

that bear clear striations.  

4.3.15 Skull roof and occiput 

As previously mentioned, in addition to the dorsoventral compression that 

substantially affected the occipital region, flattening its components, the skull roof has 

also been exposed to weathering. The posterior end of the frontal, along with the 

parietal, the postorbitals and squamosals are all badly damaged, with almost all their 

dorsal surfaces obliterated. Fortunately, though, the rough outline of the left 

supratemporal fenestra is preserved, revealing a triangular shape, marked by 

somewhat rounded vertexes. One of the latter points medially, and no visible 

supratemporal fossae are preserved. Additionally, it is possible to discern that the 

fenestrae were relatively small in comparison to the skull roof area, not being nearly 

as developed as in adult individuals, where it becomes transversely wide, resulting in 

a narrowing of the parietals. Temporal bars have also collapsed, blocking a proper view 
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of the otic cavity. The inner ear anatomy was successfully recovered with the use of 

CT scanning, and detailed in Dumont Jr et al. (2020). As a result of dorsoventral 

compression, evidenced by the elliptical outline of the foramen magnum, and 

subsequent erosion, the supraoccipital and the exoccipitals are poorly preserved, 

represented only by fragments.  

4.3.16 Dentary and splenials  

The anterior and symphyseal regions of mandibular rami are composed by the 

dentary anterolaterally and the splenials posteromedially, respectively. Both elements 

contact each other anteriorly, along the symphysis and left-right mandibular rami, but 

also the angular and surangular posteriorly (Figure 8a,b and c). In ventral view, the 

mandibular symphysis is characterized by losangular-like shape, expanding 

transversely at mid length following the hypertrophied fourth dentary tooth and then 

tapering into a blunt anterior edge. Posterior to the fourth enlarged alveolus, the 

dentary develops a marked lateral compression, resulting in concavities that occlude 

lingually to the second and third maxillary teeth. The splenials make up about a third 

of the total symphyseal length posteriorly, forming a v-like anterior process as both 

counterparts meet along the sagittal plane to contact the dentaries, diverging from the 

longitudinal plane posteriorly to form the mandibular rami, assuming a verticalized and 

mediolaterally compressed aspect. Lateral to the medial suture, low-relief longitudinal 

crests develop close to its contact with the dentary ventrally, these are located within 

a wider triangular depression that reaches up to mid length. The sagittal suture of the 

symphysis is visibly thickened posteriorly, generating a conspicuous symphyseal torus 

which is locally surrounded by shallow depressions. It is noteworthy that its anterior 

symphyseal surface slopes into an oblique angle with respect to the horizontal plane, 

differing from the verticalized condition observed in mature semaphoronts.  
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In lateral view, the dentary has a somewhat rectangular shape, where both the 

dorsolateral and ventrolateral margins run in parallel, while ventrally form a wedge-like 

contact with the splenials and the angular’s anterior process.  Posterolaterally, the 

dentary becomes a thin vertical wall, slightly overlapping both angular and surangular, 

forming the mandibular fenestra’s acute anterior edge. These elements together 

delimit the meckelian canal, the dentary laterally, and the splenials medially, 

respectively. The splenials, just posterior to the symphyseal torus, bear relatively large 

and elliptical anterior intermandibular foramina (foramen intermandibularis oralis – fio) 

(Figure 8b2). These are slightly dorsally facing and are responsible for the local 

emergence of the mandibular nerve (V3). The ornamentation is more developed and 

concentrated on the lateroventral surfaces of the mandibular symphysis, consisting of 

randomly distributed vermiform sulci. Laterally and posterolaterally, the dentary also 

displays less noticeable longitudinal sulci.  

4.3.17 Angular  

The angular composes the ventroposterior region of the mandibles, in this case 

making up more than half the ventral length of the latter (12 cm of a total of 22 cm, 

54%). It is an anteroposteriorly elongated, but lateromedially narrow tubular-like bone 

with a convex outer surface and a concave medial one, forming a wide/open arch. A 

cross-section shows a characteristic U-shape, where a longitudinal sulcus, anteriorly 

contributing to the meckelian canal, is bounded by medial and lateral walls/laminae. 

Anteriorly, in ventral view, it is pinched to a point between the splenial and dentary, 

while posteriorly it becomes increasingly wide and dorsoventrally flat, forming a 

platform to receive the articular bone. In lateral view, it also contacts to the surangular 

posterolaterally along a roughly rectilinear suture that follows a tapering of both 

elements, reaching the retroarticular process of the articular posteriorly. Most 
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importantly, the angular makes up the ventral border of the external mandibular 

fenestra, where it develops a laminar dorsal process posteriorly (more robust in adult 

forms).  

Midway along the mandibular adductor fossa, the medial wall of the angular 

becomes conspicuously taller than its lateral counterpart, giving rise to a noticeable 

protuberance (torose margin sensu Nascimento & Zaher 2010). This process takes the 

form of a thickened wall and topologically seems to have functioned as an attachment 

surface area for mandibular adductor musculature, most likely mAMP, which would 

over most of the external mandibular fenestra (Figure 8b1, but also see discussion 

and Figure 18). A shallow, tear-drop-shaped depression for the lateral insertion of the 

mPTv is present close to the ventral margin of the mandibular fenestra, an intriguing 

baurusuchid feature not seen in other notosuchians, except for Araripesuchus (Sellers 

et al. 2022), although much less developed in this specimen than in adult forms. Deep 

carving grooves and pits can be seen on the anterolateral surface of the angular, 

whereas most of its remaining surface is smooth and ornament-free.  

4.3.18 Surangular 

A component of the posterior end of the mandibular ramus, the surangular 

comprises an anteroposteriorly long but mediolaterally compressed element that 

marks most of the external mandibular fenestra’s dorsal edge. It contacts the dentary 

and the splenial anterolaterally and anteromedially, respectively, the angular 

posteroventrally and the articular posteromedially (Figure 8a-b). The surangular is 

marked by anterior narrowing process, fitting between the dentary and the splenial, 

forming a longitudinal sulcus where the mandibular branch of the trigeminal nerve (V3) 

would fit, advancing anterodorsally through the meckelian canal. Along mid-length, this 
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element bulges faintly outwards, while ventrally is markedly concave, forming the 

dorsoposterior outline of the mandibular fenestra, with no visible fossa.  

Posteriorly, it develops a tall but narrow process that bounds the articular bone 

laterally, and thus composing the lateral portion of the mandibular glenoid fossa. This 

process also further extends posteriorly, tapering in parallel with the angular to 

contribute to the retroarticular process. The contact between these two elements is 

straight, reaching the posterior margin of the articular. The surangular’s mediodorsal 

surface is smooth and slightly depressed, serving as the attachment area for the 

mAMES that ran from the quadratojugal’s concave ventral margin to the coronoid 

eminence (Figure 8b1). The latter comprises a thickening on the surangular’s anterior 

end, displaying a vertical medial wall adjacent to the pterygoid buttress, and 

consequently, the cartilage transiliens (ct). This surface likely served as an attachment 

facet for both mAMEM and mAMEP, but here lacks visible muscle scarring like those 

seen large adults such as in the B.salgadoensis holotype. Overall, the bone’s surface 

is smooth externally, with the noticeable exception of the mandibular fenestra’s 

posterior margin, displaying parallel striations where the mAMP likely bulged.  

4.3.19 Articular 

Fortunately, both left and right articulars are well-preserved, and despite being 

partially obscured by the articulation with the cranium itself, were reconstructed with 

the use of CT imagery. They contact the surangular laterally and the angular ventrally. 

The latter forms a wide platform onto which the articular rests upon. Overall, in dorsal 

view, the articular has a triangular outline, having an acute, tapering anterior process, 

wedged into the medial angular sulcus, and a wide restroarticular process posteriorly 

(Figure 8b-c). The glenoid fossa itself is located somewhat at the articular middle 
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section, having its deepest concavity laterally (for the reception of the quadrate lateral 

hemicondyle). The medial concavity is limited by a thickened and raised margin, 

followed by a vertical medial wall. In medial view it is possible to observe two distinct 

transverse crests that bound the glenoid fossa anteriorly and posteriorly, substantially 

limiting any fore-and-aft jaw movement. The anterior process slopes anteriorly as the 

element narrows, while posteriorly the articular contribution to the retroarticular 

process forms a wide and dorsoventrally flat sheet-like projection. This region reveals 

a medioventral inclination in occipital view. The ventromedial edge of the retroarticular 

process bears muscle insertion marks for the mPTv. 

 

Figure 8. Digital model of the mandibles of IFSP-VTP/PALEO 003 in (a) ventral, (b1) 
dorsolateral, and (c) dorsal views. (b2) is a detailed image of the mandibular ramus medial 
wall, formed by the splenials, and its elliptical oral intramandibular foramen (iof). 
Abbreviattions: ang, angular; anp, angular pathology;  art, articular bone; d, dentary; dmp, 
depression for insertion of the M. pterygoideus; maf, mandibular adductor fossa; mr, 
mandibular ramus; msy, mandibular symphysis; san, surangular; spl, splenials; syp, 
symphyseal peg; 4th dt, fourth hypertrophied dentary tooth. Scale bar = 5 cm. 
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4.3.20 Palpebrals 

The specimen preserves a partial right anterior element and a complete set of 

left palpebrals. It follows a plesiomorphic crocodylomorph pattern of having two, 

anteroposterior articulating palpebrals, above each orbit, as seen in basal forms like 

protosuchids (Colbert et al. 1951; Dollman et al. 2019), and also derived notosuchians 

like Araripesuchus and Simosuchus (Kley et al. 2010; Turner 2006). This being a 

baurusuchid, the anterior palpebral is substantially larger than the posterior one, and 

both come into contact at discrete points medially and laterally, forming a large elliptical 

supraorbital fenestra (Carvalho et al. 2005; Nesbitt et al. 2012). 

 The anterior palpebral has a triangular outline in both dorsal and ventral views, 

tapering to a point and projecting posterolaterally at the horizontal plane above the eye 

socket (Figure 9a). Its lateral border is obliquely inclined with respect to the rostral-

occipital length, while the posterior edge is mostly orthogonal to it and distinctively 

concave at the posterior palpebral level. Dorsally, the anterior palpebral develops a 

large shallow depression that encompasses most of its posteromedial area. It 

articulated with and was sutured to a lateral and elliptical facet formed marginally by 

the nasals, but mostly the prefrontal and frontal, where its medioventral process would 

fit.  

The posterior palpebral, a small and triangular element, attached to an 

anterolaterally facing facet on the postorbital bone, protruding its lateral tip towards the 

anterior element (Figure 9b). This disposition, along with a visible concavity on its 

anterior margin, contributed to the formation of the supraorbital fenestra. Both 

palpebrals are substantially more sculptured when compared with the rest of the 
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dermocranium, bearing clear striations and sulci, as well as neurovascular foramina. 

Their ventral surfaces, however, are mostly smooth.  

 

4.4 Axial skeleton  

4.4.1 Atlas-axis complex.  

The specimen herein described, IFSP-VTP/PALEO 0003, possesses the best 

preserved and most complete baurusuchid atlas-axis complex found to date, including 

Figure 9. Anterior (a) and posterior (b) palpebrals of IFSP-VTP/PALEO 0003 in dorsal 
(left) and ventral (right) views. Abbreviations: ap fs, anterior palpebral frontal suture; 
md, medial depression; nvf, neurovascular foramen; pp pos, posterior palpebral 
postorbital suture; sof, supraorbital fenestra; vap, ventral articular process. Scale bar 
= 1 cm. 
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a proatlas with no substantial damage, both atlantal neural arches, intercentrum, 

odontoid process, which is fully sutured to the anterior articular surface of the axis, 

and, finally, the axial vertebra, with only minor signs of wear around the margins of the 

anterior and posterior articular surfaces (Figure 10). Evidently, this juvenile had a well-

developed proatlas bridging the dorsal surfaces of the atlantal neural arches, and, 

along with Baurusuchus albertoi and Campinasuchus dinizi (Carvalho et al. 2011; 

Nascimento & Zaher 2010), it differs from advanced notosuchians like Simosuchus 

clarki, that show no signs of having possessed such an element (Georgi & Krause 

2010).  

The proatlas has an open v-like shape in both anterior and posterior views, and 

a straighter outline in dorsal view, being significantly wider (≃ 28 mm) than 

anteroposteriorly long (≃ 5 mm), as well as dorsoventrally flat. It is marked by two 

laterally-projecting processes that are cojoined dorsally, at an angle of roughly 120o as 

seen in anterior or posterior views (figure 10b). A major feature is a medial ridge that 

runs dorsally along a posteroventrally inclining slope, thus forming a sharp, anteriorly 

placed apical portion. In dorsal view, the lateral processes maintain a semi constant 

length up to their middle portions, where each expand anteroposteriorly and also 

mediolaterally, forming a widespread projection with rounded outer margins. Ventrally, 

these form roughly circular articular surfaces for the contact with corresponding 

surfaces of the planar process of the atlantal neural arches. Additionally, dorsally these 

lateral processes display transverse, low relief crests that are anteriorly shifted. These 

converge medially into the apical portion of the medial ridge and divide the proatlas 

upper surface in two distinct anteroposterior areas. The dorsal surface extends little 

anteriorly, transitioning rapidly into the ventral surface, while posteriorly this very plane 

forms a ventrally projecting triangular vertical wall. This wall’s ventral margin forms a 
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medial knob and laterally merges into the edges of the articular processes. The 

element mostly lacks sculpturing, being smooth throughout its surface, except for the 

dorsolateral margins of the articular processes that show a rougher texture.  

Ventral to the proatlas lies the atlas vertebra itself, composed of an intercentrum 

and left/right neural arches, in addition to the odontoid process, firmly fixed to the axis. 

The intercentrum morphology is in line with the general pattern seen in other extant 

and extinct crocodylomorphs for which it is available (e.g. Georgi & Krause 2010; Vieira 

et al. 2016), including baurusuchids (Cotts et al. 2017; Nascimento & Zaher 2010), 

being represented by a quadratic element in dorsal or ventral views, markedly broader 

than long, with a concave dorsal surface and a convex ventral one (Figure 10a). Its 

dorsal concavity inclines posteroventrally and provides a contact area for the odontoid 

process, while anteriorly it has a crescent-shaped, concave articular surface for the 

cranium´s occipital condyle (fossa condyloidea sensu Georgi & Krause 2010). 

Posteriorly, the intercentrum bifurcates into two posterolaterally oriented semi-circular 

processes for the articulation of the first pair of unpreserved unicapitate cervical ribs. 

These posterior atlantal ribs facets are slightly offset in relation to the anterior condyle, 

most likely due to its posterior contact with the odontoid process. There are moderately 

developed lateral constrictions that result in concave lateral margins and a visible 

depression. Posteriorly, between the atlantal rib facets, a trough develops, reaching 

mid length anteroposteriorly along the intercentrum. Texturally the bone lacks major 

markings, having only minor, shallow striations. 

Dorsal to the intercentrum, and articulated to it, are the neural arches. These 

are separate paired elements, distinct due to their laterally curved, c-shaped outline in 

anterior/posterior views and their t-like shape in lateral or medial aspects (Figure 10b). 

These are formed by a dorsal, horizontal laminar process and the anteroventrally-
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projecting pedicles (Figure 10c). The former is an anteroposteriorly elongated but 

dorsoventrally flattened laminar shelf that dorsally displays a shallow articular surface 

for the attachment of the proatlas and posteroventrally houses the postzygapophyses. 

Ventromedially, the postzygapophyses are visible as ovoid, low relief, mostly laterally 

facing surfaces. The horizontal laminar process also extends further posteriorly to meet 

the prespinal region of the axis in a tight fit. In lateral view, as it articulates with the 

axis, the neural arch concave posterior edge forms a vertically elliptical foramen with 

the anterior margin of the axial neural arch. Such foramen, as noted in previous works 

(Georgi & Krause 2010; Pol 2005), is responsible for the passage of the second 

cervical nerve (Figure 10d-f). Similarly, its concave anterior border also functions as 

passage, but for the first cervical nerve. The pedicles are projected anteroventrally by 

a laterally compressed process and display two articular areas set roughly 45o from 

each other. Anteriorly, there is the neural arch contribution to the cotyle that receives 

the occipital condyle, being an anteromedially directed half-moon-shaped surface, 

while posteriorly a triangular area forms for the proper articulation with the odontoid 

process. Despite the presence of a medial laminae emerging from the horizontal 

process, with clear ventrally inclining endings, the neural arches do not seem to meet 

along the sagittal plane, no preserved bony processes appear to bridge this gap. 

The second cervical vertebra, the axis (Figure 10d-f), presents a trapezoidal 

centrum in lateral view, marked by a lateromedial compression that generates elliptical 

depressions on its surface, a common feature throughout the axial skeleton of 

notosuchians (Pol 2005). Ventrally, a conspicuous concavity develops, divided by a 

prominent sagittal keel, which anteriorly and posteriorly transition into ventral 

expansions, the latter being more pronounced than the former. Additionally, 

lateroventrally, centroparapophyseal laminae emerge, running along the centrum and 
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expanding anteriorly into the parapophyses. These are mostly ventrally facing. Firmly 

sutured to the anterior cotyle of the centrum is the odontoid process, characterized by 

a triangular profile in lateral view and a concave, half-moon-shaped outline in anterior 

view. The odontoid process is transversely expanded, having two anterolateral 

projections with horizontal platforms where the neural arches articulate. It is also 

marked by an anteriorly projecting medial ridge that fits the medial sulcus of the 

occipital condyle, likely limiting lateral movement of the skull. Ventrally the odontoid 

process is slightly convex for the reception of the intercentrum.  

The atlas-axis complex articulates with two pairs of cervical ribs, the 

anteriormost being a unicapitate rib contacting the lateroventral atlantal rib facet of the 

intercentrum, and the posterior one a bicapitate element that attaches itself to two 

facets on the lateral surface of the odontoid process. These processes are separated 

by a local depression. Parapophyses seem to contribute with the atlantal rib facet, 

whereas there is no sign of the diapophyses playing a similar role regarding the axial 

ribs. The axial neural arch is distinctly tall, with slight lateral concavities, and extends 

the entire length of the centrum. It is visibly not fully fused with the centrum, having a 

partially open neurocentral suture. The pedicles, though being transversely expanded, 

still retain portions where the surface texture in contact with the centrum is relatively 

smooth. In anterior or posterior views, the rounded shape of the neural canal can be 

distinguished, in addition to an interesting feature that is also present on posterior 

cervical vertebrae, in the form of a longitudinal sulcus on the ventral wall of the neural 

canal. This sulcus possesses a rectangular cross-section and was observed to run 

medially along the canal.  

Prezygapophyses are elliptical in shape and vertically positioned, facing 

anterolaterally. A low relief spinozygapophyseal lamina is present, laterally bounding a 
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prespinal lamina of the neural spine. The latter tapers ventrally, failing to reach the 

prespinal fossa. Differing from its anterior counterparts, the postzygapophyses are 

ventrolaterally inclined but share the presence of a spinopostzygapopheal lamina. This 

lamina, despite being partially damaged, can be determined to have been 

anteroposteriorly more stretched than anterior spinal lamina. The neural spine is a 

laterally compressed, posterodorsally inclined projection with a rectangular profile in 

lateral view. Moreover, its anteroposterior length decreases vertically.  

 

Figure 10. Atlas-Axis complex of IFSP-VTP/PALEO-0003. (a) Intercentrum in ventral and 
dorsal views; (b) Proatlas, highlighting posterior and ventral views; (c) Right and left 
axial neural arches, respectively; (d-f) Complete articulated complex in right lateral, 
frontal and left lateral perspectives. Abbreviations: ax, axis vertebra; ana, axial neural 
arch; aoc, articular surface for the occipital condyle; aop, articular surface for odontoid 
process; capic, intercentrum capitular process; fsn1, spinal nerve foramen; fsn2, spinal 
nerve foramen 2; ic, intercentrum; icc, intercentrum cotyle; naas, articular surface for 
the neural arches; nc, neural canal; op, odontoid process; pat, proatlas; poz, 
postzygapophysis; pns, proatlas neural spine. Scale bars = 1cm. 
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4.4.2 Post-axial vertebrae.  

All of the post-axial vertebrae are articulated and exposed in right lateral view. 

Consistent with the specimen´s age at the time of death as estimated by previous 

histological work, both cervical and dorsal vertebrae show only partially closed 

neurocentral sutures (Brochu 1996), with clear signs of the onset of fusion between 

centrum and neural arch, but not fully sutured (Figure 11a-b).  

The third cervical vertebra is characterized by a rectangular centrum, being 

longer than it is tall or wide, as well as a concave ventral facet, where an incipient 

ventral keel develops. Due to the ventral concavity, the latter noticeably thickens 

anteriorly and posteriorly into small protusions, despite maintaining a constant width 

along most of its length. The anterior protrusion is slightly more prominent, forming a 

bulge-like hypapophysis. A mediolateral compression of the centrum, a pattern that 

persists onto posterior vertebrae, produces a visible horizontal ovate depression on its 

lateral surface, bound anteriorly and posteriorly by the raised margins of the centrum’s 

cotyles. Parapophyses are anterolaterally placed on the lateral facet of the centrum, 

close to its ventral limit, and display an elongated elliptical profile with a horizontal 

major axis. They are significantly larger than its counterparts on posterior vertebrae, 

occupying half the length of the centrum. The neural arch is taller than long, slightly 

anteriorly inclined in lateral view, mediolaterally compressed and runs the entire 

centrum. Prezygapophyses and diapophyses are connected by a robust lamina, which 

is not as conspicuous on posterior vertebrae. The articular surface of the diapophysis 

is rounded and points ventrolaterally. The prezygapophyses have a more acute angle, 

roughly 45o, than postzygapophyses, that are closer to the horizontal plane. 

Posteriorly, the neural arch shows a slight lateral compression for the accommodation 

of the prezygapophyses of succeeding vertebra. The neural canal is large, with a 
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circular cross section and a featureless, smooth inner surface. It is bound laterally by 

transversely expanded pedicles.  

As expected, the neural spines form a laterally flattened vertical projection, 

having a rectangular shape with a rounded dorsal tip in lateral view, but much shorter 

than on posterior elements. It is somewhat centrally positioned on the neural arch and 

is bound laterally at its base by shallow depressions that extend anteroposteriorly 

between pre- and postzygapophyses, most likely corresponding to the attachment site 

for Mm. interarticulares (Tsuihiji 2005). The neural spine is also marked by prespinal 

and postspinal laminae, the former tapering into an anterior depression between 

prezygapophyses and the latter bisecting the postspinal fossa (pf). Additionally, there 

are well-defined prezygapophyseal and postzygapophyseal laminae that ascend and 

merge into the neural spine, running parallel to the abovementioned prespinal and 

postspinal laminae.  

Cervicals four and five differ from the preceding vertebra by having 

anteroposteriorly shorter centra, thus more quadratic in lateral view, as well as more 

pronounced ventral keels. Anteriorly, these keels develop a low relief ventral projection 

treated here as hypapophyses. The articular surface of parapophyses undergo a 

significant change in form, reducing their length anteroposteriorly and expanding 

dorsoventrally, assuming an inverted D-like shape. Diapophyses become flatter and 

start to shift posteriorly, but still retain a posteroventral orientation, bordering the 

neurocentral suture. Here both zygapophyses are more horizontalized and, most 

importantly, anteriorly start to exhibit a clear prezygapophyseal bulge ventral to the 

articular facet, which might be related to M. longissimus group given its topology 

(Tsuihiji, 2007). Neural spines move posteriorly, their posterior edge now roughly 
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parallel to the posterior cotyle of the centrum. Furthermore, these become distinctly 

elongated with forward-inclining distal ends.  

The remaining elements of the cervical series, the sixth and seventh cervical 

vertebrae have marginally longer centra anteroposteriorly, also deeper, more 

noticeable lateral depressions, which are bound dorsally by the diapophysis and the 

neurocentral suture and ventrally by the parapophysis. The latter increases the 

capitular articular area, at the same time maintaining the same outline as anterior 

elements. Ventrally, centra develop high relief longitudinal keels that transition 

anteriorly to rectangular-like hypapophysis in lateral view. Diapophyses continue to 

become more dorsoventrally compressed, assuming increasingly more dorsal 

positions on the neural arch, with their articular facets more posteriorly facing. Posterior 

cervicals also show a tendency to exhibit taller, anteroposteriorly shorter neural arches 

and more dorsally projecting prezygapophyses. These are also distinguished by the 

emergence of clear dorsoventral parallel muscle striations on the outer edges of their 

prezygapophyses, absent on anterior vertebrae. Neural spines, in addition to becoming 

taller up to the eighth cervical, gain substantially larger prespinal and postspinal 

laminae, that increase their superficial areas up to the middle section of the neural 

spine, giving it a convex aspect laterally but tapering dorsally. This is also seen in 

modern crocodylians and seems to represent increasing attachment surfaces for the 

intervertebral Mm. interspinales (Tsuihiji 2007; Vieira et al. 2016). 

The last cervical vertebra of this series follows the general pattern described 

previously in B. albertoi (Nascimento & Zaher 2010), where the parapophyses gain a 

kidney-like shape in lateral view, differing sharply from anterior ones, but also markedly 

tall and anteroposteriorly more stretched neural spines with squarish dorsal ends in 

lateral view. The centrum seems to conserve their previous anteroposterior length and 
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typical lateral compression. Unfortunately, further details on this vertebra could not be 

properly assessed due to the scapula’s position, which obscures most of its 

morphology.  

 

 

4.4.3 Dorsal vertebrae 

Comprised of fifteen vertebrae, the dorsal axial series is mostly articulated, with 

the exception of posterior lumbar vertebrae, where centrum cotyles do not seem to 

come into contact with each other. These elements are preserved in a similar fashion 

to the cervical ones, being exposed in right lateral view (figure 12a-b). Despite being 

partially concealed by the right scapular bone, it is still possible to discern the general 

morphology of the first two dorsal vertebrae. Their centra retain a cervical aspect of 

having a squarish profile in lateral view, being anteroposteriorly longer than tall or wide, 

as well as having characteristic kidney-like parapophysis. The dorsal migration of the 

latter is noticeable as its dorsal margin surpassed the neurocentral suture, partially 

reaching the lateral surface of the pedicles. The diapophysis reach the same plane of 

Figure 11. Post-axial cervical series. Image of specimen in right lateral view (a), with line 
interpretation (b). Abbreviations: dia, diapophysis; hy, hypapophysis; pa, parapophysis; 
prz, prezygapophysis; ns, neural spine. Scale bar = 1 cm. 
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the zygapophysis on the second dorsal, but are not confluent with these, with a laterally 

facing concavity separating these structures. Zygapophyses have elliptical articular 

surfaces, and are still inclined on a steep angle, but increasingly become horizontalized 

on posterior elements. As in cervical vertebrae, neural spines are tall, laterally flattened 

and anteroposteriorly short.  

Posteriorly, the series is marked by anteroposteriorly stretched and laterally 

compressed centra, assuming a classic spool-like shape (Pol 2005), with smooth and 

concave lateral and ventral surfaces. Parapophyses have fully migrated to the neural 

arch, being integrated with the diapophyses into the transverse process, where a small 

lateral concavity separates the two. Despite still being somewhat ventromedially 

placed on anterior dorsal vertebrae, the parapophyses gradually shift dorsolaterally, 

eventually reaching the same level as the diapophyses. Neural arches become 

stretched anteroposteriorly, conforming to centra, and running their lengths.  

Mid and posterior dorsal vertebrae also have mediolaterally flattened and 

rectangular neural spines in lateral view, as well as robust spinopostzygapophyseal 

lamina, that merges into the spinal body itself, attenuating as it extends anterodorsally 

on its lateral facet. Well-developed postspinal fossae are also present, being bisected 

by a conspicuous vertical postspinal lamina. Zygapophyseal articular facets here now 

face dorsally anteriorly and ventrally posteriorly, roughly parallel to the horizontal plane. 

 

4.4.4 Sacral vertebrae 

 The specimen possesses three sacral vertebrae, a common character state for 

notosuchians (Martinelli et al. 2018; Nascimento & Zaher 2010), but distinct from extant 

crocodylians, which only have two (Ristevski 2019; Vieira et al. 2016). Unfortunately, 
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the neural arches and spines display substantial erosional damage, almost completely 

obliterating the superficial features of the second/middle element. 

All sacral vertebrae are characterized by spool-shaped centra, wide and 

horizontally stretched neural arches, as well as robust, laterodorsally projecting sacral 

ribs. Attesting to the skeletal immaturity of the specimen, the latter had not fully fused 

to the ilium’s medial wall at the time of the animal’s death. The first two sacrals attach 

at a more anterior position with respect to the third, that is posteriorly shifted toward 

the end of the postacetabular process. The first sacral vertebra generally resembles 

the lumbar morphology, with elliptical zygapophyseal facets set at roughly an 45o 

inclination and anteriorly shifted neural spines with prominent prespinal laminae. Its 

ribs emerge anterolaterally and have posteromedially inclined attachment surfaces that 

conform to the medial wall of the preacetabular process, resulting in a triangular shape 

in dorsal view.  

The middle elements have the largest and more robust set of sacral ribs, marked 

by an hourglass-like shape with markedly concave anterior and posterior margins. It 

attaches itself to a more ventromedial position in relation to  its anterior counterpart. 

The attachment/sutural expansion is substantially anteroposteriorly longer, 

encompassing a wider area of the ilium’s medial surface. The third sacral vertebra 

shares a similar rib morphology with the first element, with more slender ribs, except 

these are posteriorly inclined towards the postacetabular process medial wall.  



109 
 

 

 

4.4.5 Ribs 

Out of eight cervical vertebrae, only two right-side ribs have been preserved, 

while the dorsal series is mostly complete and semi-articulated, excluding the terminal 

lumbar vertebrae, which lack ribs. The cervical rib has the recurrent plow-shaped form 

observed in other archosaurs (Romer, 1956), with an anteroposteriorly stretched shaft 

orthogonal to bifurcating articular processes. The tuberculum is more dorsally 

positioned than the capitulum, both being of similar length and roughly aligned. The 

latter is slightly thicker and displays a larger articular facet, due to the larger 

parapophyses. Posteriorly, the tubercular process is additionally connected to the shaft 

by a visible lamina that extends the latter’s surface dorsally. The capitular process is 

slightly inset in relation to the medial margin, where an ill-developed longitudinal flange 

is present. Externally, the shaft’s outer martin is mostly straight, with only minor 

Figure 12. Complete dorsal series in  (a) lateroventral view. Pubes and gastralia can be 
seen in the lower left corner. (b) Tenth, eleventh and twelfth dorsal vertebrae in detail. (c) 
close up of a sequence of thin and poorly sculptured dorsal osteoderms. Abbreviations: 
pm, pars mediale; poz, postzygapophyses; pl, pars laterale; ncs, neurocentral suture; ns, 
neural spine; sk, sagittal keel. Scale bar = 5 cm.  
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undulations, while medially it is marked by a strong, channel-like concavity. The shaft 

extends substantially further posteriorly than anteriorly, with both tapering to a point at 

their ends.   

 Naturally, dorsal rib morphology changes as the parapophyses migrate dorsally 

towards the transverse process, thus shifting the disposition of the costovertebral 

articulation. Capitula and tubercula now gradually start to emerge and bifurcate roughly 

out of the same plane, with the processes of the former being longer and more robust 

than the latter. Shafts become substantially more elongate, shifting from an 

anteroposteriorly orientation to a more posteroventral position. These are comprised 

of dorsoventrally stretched but lateromedially compressed projections that bow 

outwards at mid length, being main components of the thorax. As the series 

progresses, the articular processes become less projected, the incisure that separates 

the capitulum and tuberculum decreases, and eventually both assume a cojoined 

aspect posteriorly. The shafts of anterior dorsal ribs are very characteristic, due to 

greater size and the presence of large anterior semi-lunate lamina that taper distally. 

Posterior elements have shorter and more strongly bowed shafts, culminating at the 

last rib, which is rod-like.  

 

4.5 Forelimb 

4.5.1 Scapula 

Both left and right elements of the pectoral girdle are preserved, with scapulae 

and coracoids, yet only right-side components could be thoroughly described given the 

mode of preservation, where the left counterparts are totally or partially obscured by 

the cervical vertebrae and the right girdle itself. The dorsal outer edge of the scapular 
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blade has been damaged, lacking fragments on its posterior and anterodorsal regions, 

while its distal process has minor erosional loss on the coracoidal and glenoid surfaces 

The scapular blade has also been partially perforated by a dorsal vertebra’s neural 

spine, evidence of substantial taphonomic compression. In general terms, the scapula 

is a proximodistally tall, but lateromedially flat component of the pectoral girdle, with 

three major anatomical portions: the fan-shaped, anteroposteriorly expanded scapular 

blade, marked by a conspicuous rounded dorsal edge; the short and anteroposteriorly 

constricted scapular shaft; and the distal process, characterized anteriorly by the 

scapulocoracoid suture (scs), as well as the glenoid fossa and the scapular buttress 

(sb) (Figure 13).   

In right lateral view, the scapular blade is posteriorly shifted in respect to its distal 

portions, resulting in an anterodorsally inclined bone. The scapular blade displays a 

straight posterior margin while the anterior one is markedly concave, especially at the 

transition towards the shaft. Its broad, lateral surface displays three major depressions, 

separated by anterior and median ridges, with muscle scars on the dorsal edge of the 

blade for each of these regions.  

The anteriormost sulcus is a slightly curved, dorsoventrally elongated, and thin 

depression, bound anteriorly by the edge of the scapular blade and posteriorly by the 

low relief anterior ridge (ar). It is thus inferred to have been the insertion area for the 

trapezoidal muscle, as well as the M. levator scapulae. Posterior to the latter is a large 

trapezoidal depression where the M. deltoideus scapularis originates, bound 

posteriorly by the  median ridge, and followed by the slanted and triangular-shaped 

depression for the M. teres major (figure 13). The slightly deflected posterior margin 

is marked by the insertion of M. serratus ventralis thoracis (svt) dorsally and the origin 

region of the medial scapulosternal ligament ventrally (mssl). The scapular shaft and 
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distal ends are marked by a deep excavation which is topologically consistent with the 

origination of the M. coracobrachialis brevis.  

 

4.5.2 Coracoid 

The coracoid composes the lower half of the shoulder girdle, contributing to the 

glenoid fossa (Figure 14a-d). Proximally, it is marked by a robust and blocky epiphysis, 

with a large semi-circular depression on its lateral side perforated by a prominent 

coracoid foramen (cf), located close to the eroded glenoid facet. The latter depression 

provided an origination site for M. supracoracoideus (sc) muscle. The irregular 

suture/synchondrosis edge with the scapula is found dorsally, bound posteriorly by the 

posterolaterally slopping glenoid surface. When articulated with the scapula, the 

coracoid was posteroventrally inclined towards the torso’s midline and the non-

preserved sternum. The shaft is elongated, somewhat laterally compressed, and 

visibly outwardly arched, with concave anterior and posterior margins. Just ventral to 

Figure 13.  Left scapula in lateral view (a) and schematic drawing with inferred muscle 
origination (light grey) and insertion (dark grey) areas. Abbreviations: cbb, M. 
coracobrachialis brevis; ds, M. deltoideus scapularis; ls + t, M. levator scapulae and M. 
trapezius; mssl, medial scapulosternal ligament; sb, scapular butress; scs, 
scapulocoracoid suture; svt; M serratus ventralis thoracis;  tm, M. teres major. Scale bar 
= 1 cm. 
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the glenoid’s pendulous facet, a deep fossa develops as an attachment site for the 

medial scapulosternal ligament.  

Distally, along the posterior margin of the shaft, a sulcus forms, similarly to the 

insertion for the M. costocoracoideus superficialis in extant and fossil crocodyliforms 

(Meers 2003; Sertich & Groenke 2010). Midway along this same surface, the coracoid 

origination site for the triceps muscle manifests as a small circular rugosity. The distal 

fan-shaped expansion bears vertical muscle scarring on its medial side, corresponding 

to origin of the M. coracocrachialis brevis ventralis that then fixates on the anterior end 

of the humerus proximal epiphysis.  

 

 

Figure 14. Right humerus and coracoid with myological interpretations of origination 
(light grey), and insertion sites (dark grey) based on osteological correlates. (a-b) 
Humerus in anterolateral and coracoid in ventrolateral view. (c-d). Abbreviations: bb, M. 
biceps branchii; ext, distal extensors; mssl, medial scapulosternal ligament; p + sc,  M. 
pectoralis and M. supracoracoideus; pt, M. pronator teres; tbl, M. triceps branchii caput 
laterale; tbm, M. triceps branchii caput mediale; sc. M supracoracoideus; sp, M. 
supinator. Scale bar = 5cm.  
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4.5.3 Stylopodium (humerus) 

The humerus follows a similar pattern previously observed in other notosuchian 

taxa (Pol et al. 2012; Tavares et al. 2017), with the exception of Simosuchus clarki 

(Sertich & Groenke 2010), which seems to be an outlier in some regards. It is an 

elongate element, marked by a transversely expanded, anteroposteriorly flattened 

proximal end, a straight shaft in anterior view, and prominent distal condyles, with little 

rotation between proximal/distal epiphysis and the diaphysis (Figure 14a-d). In lateral 

or medial views, the articular end of the proximal epiphysis curves posteriorly, while 

the distal metaphysis, alongside the distal epiphyses, bends anteriorly, seemly giving 

the distal condyles an anterior projection. The proximal epiphysis is characterized by 

a wide/broad, trapezoidal outline in anterior or posterior views, possessing distinct 

medial and lateral tubercles adjacent to the medial glenohumeral condyle. The articular 

condyle is straight and horizontalized, extending considerably posteriorly, while the 

medial tubercle displays a pronounced rounded margin and the lateral one a sharper, 

lateroventrally inclining edge. There seems to be no clear depressions separating the 

glenohumeral condyle from lateral and medial tubercles anteriorly, forming a somewhat 

continuous humeral proximal surface.  

Anteriorly, the proximal end presents a large triangular-shaped depression with 

a rounded dorsal margin for the insertion of the M. coracobrachialis brevis ventralis 

(cbv; figure 14b), limited dorsally by the glenoid protuberance and laterally by the 

deltopectoral crest, along with muscle scars on its medial edge, where Triceps brevis 

medialis (tbm) would originate, extending distally along the shaft. The pectoral crest 

emerges lateroventrally from the lateral humeral protuberance, reaching maximum 

width at its mid length, where anterolaterally an insertion area is found for both M. 

pectoralis and M. supracoracoideus (p + sc), then further tapering distally as it 
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integrates into the shaft. Its distal portion is visibly medially shifted and extensive, thus 

resulting in the pectoral crest extending roughly half the total humeral length. Its 

proximolateral surface has, dorsal to the pectoralis and coracoideus, two successive, 

vertical circular depressions: the smaller one likely for the M. deltoideus scapularis (ds) 

and a larger more elliptical one, with vertical striations interpreted as the muscle scars 

of M. deltoideus scapularis (dc). Ventral to both abovementioned muscles, with a more 

posterolateral position in relation to the deltoid crest, there is a large negative relief 

area, roughly vertical, and limited medially by the Triceps brevis cranialis crest, that 

possibly marks the origination of the humeroradialis.  

Due to the preserved exposure of the right humerus, the depression for the 

M.scapulohumeralis cannot be clearly distinguished, though its presence is inferred by 

the presence of the laterally preceding crest occupied by the Triceps brevis. 

Lateromedially, there is a small vertical crest medial to the pectoral crest which might 

be a marker for the Triceps brevis cranialis. The distal condyles are transversely 

expanded and markedly asymmetrical in both anterior and posterior views, where the 

radial lateral condyle is substantially larger than the ulnar medial one. These are 

separated by a narrow trough that extends into the anterior region. Additionally, just 

dorsal to the condyles proper (anteriorly), a wide depression forms, separating lateral 

and medial ramifications. In anterior view the radial condyle is lateromedially wide and 

elliptical in shape, whereas the ulnar is more rounded. A medial or lateral aspect 

suggests an anterior extension of the articular surfaces and a somewhat limited 

backwards movement between stylopodium and zygopodium. Muscle scars in the form 

of vertical and oblique striations indicate origin sites for M. pronator teres dorsal to 

ulnar condyle and M. supinator above the radial articular surface. The supinator seems 
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to be separated from the extensor group by a vertical change in surface relief, giving 

rise to a more verticalized origination area for the latter (Figure 14c and d).   

4.5.4 Zygopodium (ulna and radius) 

This section of the forelimb is mostly complete with both ulna and the radius 

well-preserved and articulated close to what it would have been in life (figure 15). Their 

metaphysis and diaphysis are marked by a few longitudinal but mainly transverse 

fractures. The distal epiphyses of both elements are not preserved due to a fracture 

that also damaged the carpals. The ulna is an elongated and laterally flattened 

element, with a convex lateral surface and a concave medial one, resulting in a 

noticeable medial bend of the diaphysis. The element is considerably anteroposteriorly 

taller and transversely thicker proximally than distally, mostly owing to the development 

of the humeral and radial articular surfaces in addition to the olecranon process.  

The proximal glenoid facet is marked by a semi-lunate anterior surface with two 

distinct lobi, a lateral and a medial one, for the respective articulation of the humeral 

condyles. Additionally, ventral to these lobi, there is also a slightly ventrally deflected 

edge where the proximal head of the radius would rest. Laterally, the most prominent 

humeral articular facet overhangs the outer surface and is more proximodistally 

developed than the medial one. In lateral view, it is possible to observe a partial erosion 

of the olecranon process, which would not have extended substantially posterior to the 

proximal articular region. Its posteroventral margin is somewhat rounded and bears 

muscle insertion marks for the M. triceps branchii (tbb), whilst proximally the olecranon 

process is a mediolaterally compressed posterior expansion, roughly aligned with the 

ulnar major axis.  
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The diaphysis displays an anterior, low relief ridge that tapers distally and most 

likely limited the extension of the M. pronator quadratus (pq) onto the dorsolateral facet 

of the humerus. A lateral aspect reveals an additional longitudinal ridge, now running 

mostly along the diaphysis mid-section, as well as a similarly oriented sulcus closer to 

the proximal metaphysis.  The ulnar surface of IFSP-VTP/PALEO-0003 also displays 

some distinct regions that correlate with known muscle origins or insertions. Ventral to 

the glenoid articular facet, in lateral view, there is a shallow depression that extends 

distally and is consistent with the origination area of M. extensor carpi radialis (erg). 

Running parallel to the longitudinal sulcus, and ventral to it, yet another elongated 

depression is observed, here interpreted as the insertion area for the M flexor ulnaris 

(fu), due to its proximodistal disposition.  

A medial view of the proximal end of the humerus reveals addition muscle 

attachment sites (figure 15b2), including a large, triangular depression, encompassing 

the medial surface of the olecranon process, followed distally by a narrow sulcus that 

runs the diaphyseal length. These represent the M. pronator quadratus (pq) and the 

M. flexor digitorum longus (fdl), respectively. 

The radius, the second zygopodium element, comprises a rectilinear, gracile, 

and elongated bone where the diaphysis retains a somewhat constant thickness 

throughout its length. A slight ventrolateral flexure of the proximal metaphysis is 

present but does not propagate distally. The shaft and epiphysis also display a slight 

anteroposterior compression. Its proximal and distal articular regions, although not fully 

preserved, lacking articular facets, are marked by clear mediolateral expansions, and 

bear visible striations for muscle attachments. As expected, the radius shares 

musculature with the ulna, and osteological markings for these are present. The shaft 

bears an anterior ridge that emerges anterolaterally on the proximal process and then 
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shifts anteriorly, and also a sinuous, lateral ridge which becomes visible on the proximal 

metaphysis and then gradually curves dorsally/anteriorly as it approaches the distal 

epiphysis. The area in-between ridges delimitates the origination surface of M. 

extensor carpi radialis brevis (ecrb), while dorsally the anterior ridge marks the lateral 

boundaries of the M. supinator, that runs anteriorly. Ventral to the lateral edge, and 

located mostly ventrally along the shaft, there is the radial contact for the M. pronator 

teres muscle. Unfortunately, the medial facet of the radius could not be described due 

to the surrounding matrix and fragility that prevented further preparation.  

4.5.5 Autopodium  

The specimen preserves an almost complete and semi-articulated right manus, 

including proximal carpals (ulnar and pisiform), except for the radial, likely lost to the 

erosional fracture surrounding this region (this feature was also responsible for the loss 

of the distal extremities of the ulna and radius). The manus itself is exposed in palmar 

view (figure 15a-b), owing to a strong taphonomic outwards inflexion. This dynamic 

also partially disarticulated and dislocated metacarpals II and V, while MC I, III and IV 

in close association with their respective sequence of phalanges. Fortunately, digits I, 

II, III and IV retained a high degree of cohesiveness, and the full extent of their 

phalangeal formulas could be determined: 2-3-4-4-?. In light of previously published 

work by Nascimento & Zaher (2010), which established a phalangeal formula of  2-3-

4-4-3 for B.albertoi, and  given the lack of digit V phalanges in the current specimen, it 

was deemed likely that these were indeed missing, due to a fragmented MC V, and 

despite considerable phalangeal number variability in modern crocodylians, even 

amongst closely related species (Gregorovičová et al. 2018).  
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Generally, the metacarpals of IFSP-VTP/PALEO 0003 have mediolaterally 

expanded proximal epiphysis that are slightly dorsoventrally compressed, with distinct 

articulation edges where the adjacent element would rest. The shafts of MC I and II 

are markedly robust, becoming longer and more gracile laterally in the series, with the 

MC IV being the longest. Distally they display well-developed and rounded trochleae 

whose articular edge extends ventrally. These and the phalanges, with the exception 

of the distal ones, bear circular pits on the lateral surface of their trochleae, an 

attachment site for M. interosseus muscle group (Meers, 2003). The shaft of the MC I 

and II display concave lateral margins, contrasting a more rectilinear medial one, as 

well as slight lateral inflexion of their distal articular ends. The trochleae of MC III and 

IV are also well-developed but present a straighter orientation. Their diaphysis become 

visibly narrower at mid length, gradually thickening again towards the distal end. The 

phalanges of digits I and II are sturdier and mostly proximodistally shorter, with 

distinctly concave ventral surfaces and well developed trochleae marked by deeper 

intercondylar fossae. Lateromedially compressed, claw-like ungual phalanges of 

decreasing sizes are present only on digits I, II and III, a recurrent condition among 

fossil crocodyliforms and modern crocodylians (Colbert et al. 1951; Grigg 2015; 

Nascimento & Zaher 2010; Sertich & Groenke 2010). These articulated with their 

posterior phalanges in a slightly laterally inclined manner and bear triangular lateral 

neurovascular sulci. Digit IV displays a series of four morphologically similar phalanges 

that diminish in size distally. These are characterized by tapering, less developed 

thochleae. 
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4.6 Hindlimb 

All elements of the pelvic girdle are present and relatively well-preserved, 

despite the visible dorsoventral compression to which the entire set was submitted. 

Both ilia are still found to be medially sutured to two sacral vertebrae, through their 

transversely expanded ribs, that fused at anteromedial and medioventral positions, 

respectively. Ischia were laterally deflected due to taphonomic forces, but their 

proximal ends are properly connected with the ilia, enclosing the acetabulum, to which 

both femora are articulated. The pubes were also preserved close to what their position 

Figure 15. Right ulna and radius in lateral view with myological interpretations of 
origination (light grey) and insertion sites (dark grey), as well as all preserved autopodium 
elements. (a -b1) photograph with line interpretation and; (b2) detail of medial facet of ulnar 
proximal epiphysis. Abbreviations: ar, anterior ridge; ecrb, M. extensor carpi radialis 
brevis; fdl, M. flexor digitorum longus; fu, M. flexor ulnaris; pq, M. pronator quadratus; 
tbb, M. triceps branchii. Scale bars: b1 = 2 cm; b2 =1 cm.  
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would have been in life, being anteroposteriorly oriented and meeting along their 

medial edge, with a clear articular relationship towards the gastralia.   

 

4.6.1 Ilium 

The ilium´s morphology is distinct due to the short, anteriorly tapering 

preacetabular process, a strong ventral deflection of the supracetabular process and 

an anteroposteriorly developed, postacetabular process, that makes up more than half 

the length of the entire element (Figure 16). In anterior/posterior view, the acetabular 

wall is medially set in respect to the acetabular roof, thus resulting is an inverted l-like 

shape. These features generate a sigmoidal shape in lateral view, where the ventral 

border of the iliac blade is sharply convex anteriorly, whilst acutely concave posteriorly, 

along the postacetabular process. The dorsal margin follows the opposite 

concavity/convexity pattern. In dorsal view, the ilia are also marked by a substantial 

lateromedial expansion, resulting in highly developed acetabular roof, that laterally 

obscures and overhangs the deeply inset acetabular wall, which could not be observed 

due to the articulated femora. This gives the ilia a somewhat trapezoidal shape 

dorsally. As mentioned previously, the preacetabular process tapers towards the 

anterior end, but reaches roughly the same level as the anterior margin of the first 

sacral prezygapophyses. It is medially accompanied by a similar anterior projection, 

thus creating an anteriorly concave margin.  

Dorsally, the iliac blade has a conspicuous depression that runs its length and 

is bounded laterally by the thickened edge of the supracetabular crest. The lateral 

surface of the latter bulges outwards, especially directly above the acetabulum, and 

possesses a few osteological cues for muscle insertions/originations. A lateral view 
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reveals a dorsal margin marked by continuous local rugosities which seem to merge 

anteriorly with the laterally depressed precetabular process, which itself displays 

vertical and longitudinal striations. Together, these likely marked the origination of 

anteriormost M. iliotibialis (it – Figure 16). The highest rugosity density consisting of 

vertical sulci and striations may be found on the surface of the supracetabular crest, 

which is consistent with the insertion of the M. iliofemoralis (if), given similar 

configurations in basal and extant pseudosuchians (Liparini & Schultz 2013; Romer 

1923). These are followed posteriorly, along the transition towards the postacetabular 

process, by fewer rugosities and a shallow  and somewhat oblique elliptical depression 

where the M. iliofibularis (ilfb) would originate from. The postacetabular process has a 

clear posteroventral deflection on its posteriormost end, forming a lateroventral surface 

with oblique muscle scars, the site where M. flexor tibialis internus fascia (fti) would 

attach. It is here inferred, given the described pelvic anatomy, that the inset nature of 

the acetabular wall and the verticality of the supracetabular crest would strongly hinder 

the abduction motion of the femur, thus constantly forcing a 'pillar-erect' parasagittal 

gait (Bates & Schachner 2011), where most of the weight of region would rest on the 

proximal end of the femur, mostly limiting it to fore-and-aft movements. 
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Figure 16. Ilium in right lateral view (a), and inferred muscle origins (light grey) and 
insertions (dark grey) (b). Abbreviations: fti, M. flexor tibialis internus fascia; gt, 
great trochanter; if, M. iliofemoralis; iflb, M. iliofibularis; it, M. iliotibialis; pap, 
precetabular process; prep, postacetabular process; sac, supracetabular crest. 
Note ventrally inclined supracetabular crest and possible abduction of femur. Scale 
bar = 2cm.  
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4.6.2 Pubis 

These are the anteriormost elements of the pelvic girdle and both sides are 

preserved in their full extend in this specimen. The pubic bones are exceptionally 

elongated, reaching the same level as the tenth dorsal vertebrae anteriorly, and have 

two distinct processes separated by a long shaft (Figure 11). The posterior pubic head 

(ph) is transversely narrow and has a verticalized articular surface that attaches to the 

ischium pubic pedicle, whereas anteriorly the tubular shaft becomes wider as it 

reaches the distal pubic blade (pb), forming a tabular-like (squarish shaped margin in 

dorsal view), dorsoventrally flattened anterior end. There is a clear rotation between 

these two distinct regions of the pubis, as recognized in other baurusuchids (Godoy et 

al. 2016), with the shaft transitioning from a dorsomedial orientation posteriorly to a 

horizontal disposition anteriorly.  

In dorsal view the pubis is clearly bent medially, generating laterally inclining 

ends as well as a medial pubic symphyseal margin (psm) at mid length, where 

counterparts come into contact. This region is characterized by the development of a 

pronounced medial lamina, with a shallow elliptical depression on its dorsal surface. 

The shaft surface is mostly smooth, whereas the pubic blade displays anteroposterior 

striations and muscle insertion marks on its distalmost edge. Given this surface would 

have faced medially in life, it is thus interpreted as insertion scars for the M. 

pubioischiofemoralis externus 1 (PIFE 1 sensu Romer 1923).  

4.6.3 Ischium 

Owing to the way the pelvic girdle was preserved, the left ischium is not available 

for description since it is still embedded within the surrounding sandstone, while the 

right element, although visible, is partially obstructed by the right femur, precluding a 
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more detailed description of its proximal region. Here the ischium follows the general 

crocodyliform shape seen in other clades (Colbert et al. 1951; Pol et al. 2012; Romer 

1923; Vieira et al. 2016), as a quadrangular, mediolaterally compressed iliac blade (ib) 

with strongly and slightly concave posterior and anterior edges, respectively.  

In lateral view, the iliac blade bears a conspicuous proximodistal ridge close to 

the posterior border but is separated from it by a similarly shaped negative relief region. 

Anterior to it, a large, depressed surface emerges, comprising most of the iliac blade´s 

lateral surface area. Additionally, there is a posteroventrally tapering process, which 

gives the blade an anteriorly inclining aspect in lateral view. Although muscle insertions 

left less conspicuous markings on the ischium surface as compared to adult forms, 

there are clear muscle scars for the Adductor muscle 1 on the anteroventral edge of 

the blade, and similar striations on the anteroventral and posteroventral regions of the 

iliac ridge, possibly for M. pubioischiofemoralis 3 (PIFE 3) and Adductor 2.   

4.6.4 Stylopodium 

The specimen preserves both left and right femora, yet the left element is mostly 

unavailable for description, due to its poor state of preservation. The right femur is 

displayed in anterolateral view, still articulated with the pelvic girdle, close to what it 

would have been in life. It is a slender and elongate bone, slightly longer than the tibia 

and fibula, set apart by a somewhat straight shaft, an only marginally expanded 

proximal epiphysis with a medially inturned femoral head, and a transversely expanded 

condylar distal end (figure 17a-b). The proximal epiphysis is marked by being only 

slightly thicker than the diaphysis and mediolaterally flattened, bearing a circular 

depression laterally. Within this depression there are proximodistal striations marking 

the passage and attachment of M. puboischiofemoralis internus (pifi 2), which extends 
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posterodistally ventral to the great trochanter. Posterolaterally, the great trochanter 

manifests as a raised proximodistal crest that displays shallow depressions and 

striations posteriorly and anterolaterally to it, where the M. puboischiofemoralis 

externus (pife) and the aforementioned second extension of M. puboischiofemoralis 

internus (pifi 2) would attach (Klinkhamer et al. 2017; Romer 1923).  

Anterolaterally, the proximal metaphysis bears an undeveloped anterior flange 

(af), where longitudinal muscle scars for the anterior extension of M. 

pubioischiofemoralis would attach (pifi 1). Although mostly straight, the diaphysis is 

also slightly anteriorly curved, generating a concave posterior surface and an anterior 

convex one, but substantially less so than the more sigmoidal eusuchian condition 

(Romer, 1956).  

In anterolateral view, the proximal metaphysis bears an elongated and shallow 

tear-drop shaped depression, anteriorly bound by an oblique and low relief crest, near 

to the anterior flange. These represent, respectively, the insertion site for the 

M.iliofemoralis (if) and for its auxiliary fixation crest (cif). Anteriorly, along the distal half 

of the diaphysis, the femorotibialis ridge (ftr) runs as a thin crest on its anterior 

convexity, limited distally by the intercondylar fossa (if). Making use of the opposite 

concavity, the posterior adductors attach (add 1+2, Romer, 1923; or M. adductor 

femoris sensu Sertich et al., 2010), having originated on the ischium. Distally, both the 

metaphysis, lateral and medial condyles rotate outwards from the proximal plane, 

being approximately orthogonal to it. The distal epiphysis is comprised by the 

mediolaterally expanded condyles, which posteroventrally bear the tibial articular 

surfaces. The lateral condyle is visibly larger, more ventrally developed and forward 

leaning with respect to the medial one and both are separated anteriorly by an 

intercondylar fossa, emerging on the proximal metaphysis and then becoming 
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increasingly deeper and wider ventrally. The ventrolateral margin of the lateral condyle 

possesses a crescent-shaped articular surface for the fibula, also known as the fibular 

condyle. Above it, clear markings for the origination of M. gastrocnemius (gc) and M. 

extensor digitorum communis (edc) are present.  

4.6.5 Zeugopodium 

Composing the middle section of the hindlimbs are the epipodials, the tibia and 

fibula, both preserved on either side (Figure 17b1-b2). The tibia is a robust and thick 

long bone with a much-expanded proximal epiphysis and a roughly circular diaphyseal 

cross-section. Proximally, the articular surface is somewhat triangular and flattened, 

accommodating both distal femoral condyles in a hinge-like articulation. Just anterior 

from the proximal articular surface there is a low relief cnemial crest (quadriceps 

femoris insertion). The tibial shaft arches outwards/laterally along its middle portion, 

resulting in a confluence of both tibia and fibula proximally, while distally there is a clear 

gap between the two.  

Distally the tibia develops wide lateral and medial condyles which articulate with 

the proximal tarsals, mostly the astragalus. While the medial condyle contacts the 

fibula, the lateral one extends even further distally, also being laterally inclined, creating 

an oblique articular surface. The tibia articulates laterally with the fibula, a gracile and 

elongate bone distinguished by a mediolateral compression along its length in addition 

to a posteriorly curved and anteroposteriorly stretched proximal epiphysis. Its shaft is 

mostly straight, maintaining a constant thickness, and culminates into a distal 

expansion, bearing the tarsal articular surface ventrally as well as the distal hook 

medially that extends to contact the medial tibial condyle.  
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A depression and vertical striations on the proximal end’s lateral surface 

correspond to the attachment of the long external lateral ligament (lell), whilst 

anteroproximally the iliofibularis trochanter (ilft) develops as a thickened and swollen 

crest. Medial to the latter, a depression for the flexor digitorum longus is visible. 

 

Tarsus. A single right astragalus is the only well-preserved proximal tarsal 

element in this specimen. It is in good condition, in spite of an oblique fracture affecting 

mostly the medial distal roller. In both anterior and posterior views, it displays an 

hourglass-like shape, being wider than tall but also anteroposteriorly narrow, with 

distinct concave dorsal and ventral margins (Figure 18). Dorsally, the astragalus is 

Figure 17. Articulated hindlimb in detail. (a-b1)-photograph followed by schematic drawing 
with highlighted features and musculature insertions (dark grey) and origins (light grey) 
based on textural correlates. (b2)-tibia and fibula in anterior view. Abbreviations: add 1+2, M. 
adductor femoris 1 and 2; cc, cnemial crest; cif, crest for the insertion of the M. iliofemoralis; 
dh, distal hook of fibula; edc, M. extensor digitorum communis; M. extensor digitorum longus; 
fac, fibular articular facet of the femur; fdl, M. flexor digitorum longus; fmte, M. femorotibialis 
externus; gc, M. gastrocnemius; if, M. Iliofemoralis; ift, M. iliofemoralis trochanter; lell, 
external lateral ligament; pifi 1, M. puboischiofemoralis internus 1; pifi 2, M. 
puboischiofemoralis internus 2. Scale bar equals to 5cm in b1 and 1 cm in b2. 
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marked by the v-shaped tibial articular facet (tbf), where a larger and posteriorly 

extending depression would receive the tibial medial condyle, and the laterodorsal and 

elongate shallow elliptical fossa, the lateral one. These facets are somewhat 

orthogonal to each other and delimited medially by the astragalar fossa.  

Anteromedially, the astragalus is dominated by a large, semi-circular surface 

that bulges outwards, the medial distal roller, where the first metatarsal usually 

articulate. By contrast, the lateral end bifurcates into a fibular articular facet dorsally, 

and the calcaneal peg ventrally. The latter fits into the calcaneal socket at the 

astragalus-calcaneum interface.  

 

Figure 18. Right astragalus and corresponding line interpretation in anterior (a) and 
posterior (b) views. Abbreviations: ac, articulation channel; ah, anterior hollow; ast, 
astragalar trochlea; atl, astragalar tarsale ligament pit; cp, calcaneal peg; ff, fibular 
facet; mdr, medial distal roller; tal, tibial-astragalar ligament pit; tbf, tibial articular facet. 
Scale bar = 1 cm.  
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A visible anterior hallow develops anterolaterally, defined by a shallow triangular 

depression which is bisected by a conspicuous crest. The medial fossa corresponds 

to the astragalar-tarsale ligament attachment (atl), at the same time as the rounded 

lateral one represents the tibial astragalar ligament pit (tal). Posterolaterally, between 

the fibular articular facet and the calcaneal peg, the astragalar articulation channel (ac) 

develops as a deep sulcus, bounded ventrally by the astragalar trochlea.  

 

4.6.6 Autopodium 

The right pes is articulated and mostly complete, only missing the fourth 

metatarsal, the proximal articular ends of MT II and III, and also the smaller MT V 

(Figure 17a-b). Noticeably, these were preserved with shafts parallel and near to each 

other, with minimum spread, and at an oblique angle to phalangeal plane. The 

metatarsals are similar and share a common morphology comprised of an elongated 

and dorsoventrally compressed element, with proximally and distally expanded 

epiphysis, and a straight shaft with a uniform thickness and elliptical cross-section. 

Their proximodistal lengths increase, with MT I being the shortest and MT III being the 

longest. The latter, consequently, also yields the most prolonged digit. Distally, they 

exhibit transversely wide and strongly rounded trochleae with shallow intercondylar 

sulci. Anterodistally, the metaphysis, just dorsal to articular end, bear conspicuous 

semi-circular depressions.  

Curiously, the articular surfaces of trochleae ascend anterodorsally towards the 

distal metaphysis, possibly allowing for increased dorsiflexion/hyperextension of the 

metatarsophalangeal joint, as evidenced by manual articulation (figure 16). This 

feature is present on all three preserved metatarsals. The pedal phalangeal formula, 
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not encompassing the fifth digit is the following: 2-3-4-4. The proximal phalanges of 

digits I and II are visibly more robust and stout than the more lateral ones, which are 

more gracile. They display well-developed proximal concavities for articulation with the 

metatarsals, straight dorsal surfaces, and strongly concave ventral ones, giving them 

an arch-like aspect. Deep lateral and medial pits for ligament insertions are present on 

all observed phalanges. Distal phalanges decrease in size preserving their general 

morphology, and digits I, II and III terminate in laterally compressed claw-like unguals, 

that articulate with a noticeable lateral inclination. Similarly, digit IV contains four 

sequential phalanges that diminish in size. 

 

4.7 Osteoderms 

The two parallel sagittal rows of osteoderms typical of baurusuchids are poorly 

preserved here and only three individual plates were found associated with the 

skeleton. However, these are sequential, and rest upon the neural spines of the 

thirteenth and fourteenth dorsal vertebrae, respectively, suggesting preservation close 

to their position in life.  

The osteoderms of IFSP-VTP/PALEO-0003 are highly elliptical and symmetrical 

in superficial view, being substantially anteroposteriorly longer than wide, with convex 

lateral and medial margins and a tapering anterior articular surface (facies articularis 

externa - fae) (Figure 11c). There is also a slightly medially shifted longitudinal keel 

(lk) that reaches the posterior end but fails to invade the anterior one. Consequently, 

the marginally inset position of the keel creates a larger area of the pars laterale in 

respect to the pars mediale. The keel itself is low relief, not raising substantially above 

the overall external surface. These osteoderms also lack the thickness/robustness and 
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dorsal deflection of anterior and posterior ends observed in adult forms, being instead 

mostly flat and dorsoventrally thin, almost sheet-like. Sculpturing patters of pits and 

sulci are also absent and/or incipient at most. Despite not being imbricated, the 

presence of a facies articularis externa indicates that they might have been so in life, 

or, perhaps, gained progressively increasing ,imbrication as the animal grew. No suture 

marks were observed on the medial edge of the osteoderms, pointing to a looser 

parallel arrangement at this life stage. 

 

4.8 Phylogenetic systematics 

 An initial analysis that included all 115 taxa resulted in a poorly resolved 

topology typified by several polytomies. These affected the relationships of both basal 

crocodyliforms as well as more derived clades, diminishing the intended informative 

power and thus making it not adequate as a working hypothesis. Following the 

procedures of Martinelli et al. (2018) and subsequent work based on the same 

character matrix, such as Cunha et al. (2020), a set of five unstable taxa were pruned 

from the following attempt (Pehuenquesuchus, Neuquensuchus, Microsuchus, 

Pabhwehshi and Coringasuchus), yielding a much improved phylogeny, with the strict 

consensus of a total of 5568 MPTs with 1729 steps, presented below (Figure 19). 

 As expected, it recovers the main dichotomy within Mesoeucrocodylia, 

characterized by Neosuchia, a mainly semi-aquatic lineage, and the terrestrial and 

ecologically diverse Notosuchians. Nevertheless, the obtained inner relationships of 

major notosuchian clades have changed significantly from previous works (Fiorelli et 

al. 2016; Martinelli et al. 2018; Pol et al. 2012). The monophyly of Sebecosuchia, 

originally erected by Colbert (1946) to encompass superficially similar oreinirostral and 
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ziphodont forms, Sebecus icaeorhinus and Baurusuchus pachecoi, is no longer 

supported, and sebecids now counterintuitively emerge as the basal most notosuchian 

clade, implying a substantial ghost lineage, in spite of recent finds of Cretaceous 

materials with likely sebecid affinities (Rabi & Sebők 2015; Sellés et al. 2020). 

Sebecidae is then followed by a divergence between Peirosauridae (excluding 

Stolokrosuchus) and a new clade uniting Uruguaysuchidae and a larger group 

containing the so-called ''advanced notosuchians'' (sensu Pol, 2005) plus 

Baurusuchidae.  

Although there is some uncertainty regarding the positioning of 

Chimaerasuchus, the internal relationships of Sphagesauridae and related forms are 

similar to previous works, marked by small-bodied genus Caipirasuchus and the much 

larger Sphagesaurus and Armadillosuchus (Cunha et al. 2020). Curiously, 

Comahuesuchus, an enigmatic taxon known from a fragmentary skull (Martinelli, 

2003), is recovered as closely related to Baurusuchidae, sharing with them a more 

recent common ancestor then with any other notosuchians. The latter, in accordance 

to recent baurusuchid-focused phylogenies (Darlim et al. 2021b; Godoy et al. 2014; 

Montefeltro et al. 2011), is comprised of the Pissarrachampsine and Baurusuchinae 

subfamilies, with the noticeable difference of Cynodontosuchus, which now is a more 

derived member of the clade and sister taxon to Stratiotosuchus. The newly codified 

specimens, IFSP-VTP/PALEO-0003 and Gondwanasuchus, sit sequentially as the 

second most and most basal baurusuchid, respectively. We interpret that the basal 

position of the former, considering its immature semaphoront condition, has important 

implications that are discussed further in the coming section.  



134 
 

 

 

5. DISCUSSION 

The skull of IFSP-VTP/PALEO-0003 differs considerably from adult individuals. 

Differences in proportion, ornamentation and development of individual bones are 

made sharper by a side-by-side comparison (Figure 20, 21 and 22). The in-depth 

description above allowed for more detailed comparisons with other baurusuchid 

semaphoronts (table below), which resulted in the identification of several osteological 

characters, mostly cranial, that show substantial morphological shifts with ontogeny.  

These may be divided into characters relating to: (1) dermatocranium 

development; and (2) hypertrophy of jaw adductors. As with modern and fossil 

Figure 19. Results of phylogenetic analysis. (a) Strict consensus tree of 5568 MPTs 
obtained as a working hypothesis. The neosuchian branch within mesoeucrocodylia is 
not shown. Bremer supports are shown for each node. (b) Detailed internal relationships 
of Baurusuchidae, showing the tendency of both IFSP-VTP/PALEO 003 and 
Gondwanasuchus to emerge as basal terminals. (c) Skulls shown in left lateral view to 
highlight size differential. Scale bar = 5cm.  
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crocodyliforms (Drumheller et al. 2021; Salas-Gismondi et al. 2015; Staniewicz et al. 

2018; Tucker et al. 1996), as well as other non-related archosaurian lineages 

(Frederickson et al. 2020; Holtz 2021), ontogeny plays an important role in the trophic 

structures of both intraspecific and interspecific communities. Given its inferred 

position as filling the top predator guild by anatomical, biomechanical, and tentative 

geochemical evidence (Cardia et al. 2018; Montefeltro et al. 2020; Riff & Kellner 2011), 

it is important to assess the predatory capabilities of immature baurusuchid specimens 

in order to better understand their paleoecology, as well as make a critical assessment 

of previously proposed trophic interrelationships for this taxon in the Bauru Basin 

(Godoy et al. 2014; Klock et al. 2022).  

5.1 Dermatocranium development 

In both extant and fossil crocodylians, post-hatching growth is characterized by 

substantial development of the sculpturing patterns and relief structures of 

dermatocranium bones (de Buffrénil et al. 2015; Grigg, 2015), which have a history of 

being used to assess growth stages (Griffin et al. 2021). Juveniles, such as the present 

specimen IFSP-VTP/PALEO-0003, in line with what is also observed in the ontogenetic 

series of modern crocodylians, and Melanosuchus niger is used here as an example 

(Figure 20), show only incipient ornamentation with respect to larger specimens.  

Sculpturing is concentrated on the rostral region, mostly on the nasal and 

dorsolateral surfaces of the maxilla, being marked by shallow and incipient vermiform 

grooves, whereas other regions retain mostly smooth or smoother external surfaces. 

Ornamentation on much larger and skeletally mature baurusuchid specimens, on the 

other hand, such as MPMA 62-0001- 02 and  DGM 1477-R (Carvalho et al. 2005; Riff 

2003; Riff & Kellner 2011), develop further, encompassing the entire cranium, with the 
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noticeable exception of the quadrate, which is part of the splanchnocranium (of distinct 

embryonic origin). It becomes a network of more densely concentrated grooves and 

pits, also heavily concentrated on skull roof elements, that may obliterate or complicate 

the identification of sutures, resulting in a more robust overall aspect of the skull. 

Congruently with IFSP-VTP/PALEO-0003, incipient ornamentation or its absence are 

also observed in both LPRP/USP 0049, a Pissarrachampsa juvenile (Godoy et al. 

2018), and Gondwanasuchus, the smallest known baurusuchid.  

The mandibles seem to closely follow the pattern above, where juveniles like 

IFSP-VTP/PALEO-0003 and LPRP/USP 049, in addition to Gondwanasuchus, while 

already possessing symphyseal sculpturing marked by pitting, present mostly smooth 

lateral surfaces of mandibular rami, at the same time as adults expanded 

ornamentation to these areas, reaching the anterior border of the external mandibular 

fenestrae, and also the surangular’s lateral surface in the case of  B.salgadoensis. 

Another tentative ontogenetic shift linked with the dermatocranium relates to 

cranial crests. As previously hinted by Santos et al. (2021), IFSP-VTP/PALEO-0003 

displays more clearly visible and high-relief sagittal crests on frontal’s dorsal surface 

compared to adult forms, where this feature becomes proportionately less raised with 

respect to surrounding surfaces, especially as a wide frontal depression develops 

(Carvalho et al. 2005; Price 1945; Riff 2003).  

The development of dense sculpturing adjacent to the crest might be a 

contributing factor, as it helps to obscures other features. This general pattern is 

followed by members of Baurusuchus genus within baurusuchinae plus 

Aphaurosuchus escharafacies Darlim et al. (2021), but not by Aplestosuchus sordidus 

(Godoy et al. 2014). Similarly to the latter, P.sera seems to have retained a high-relief 
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frontal crest into maturity as well (Montefeltro et al. 2011, fig 3B). Additionally, the 

immature specimens IFSP-VTP/PALEO-0003 and LPRP/USP 0049 also share a 

protruding infraorbital crest that overhangs the jugal’s anterior ramus. Such feature 

seemed to get reabsorbed into the jugal lateral surface as the animal matured, resulting 

in a less distinct, but still noticeable crest that, together with the development of the 

ventral margin of the jugal, resulted in the fan-shaped lateral depression shared by 

baurusuchids (Godoy et al. 2014).  

 

Lastly, juvenile individuals display slender, less ornamented palpebrals that form 

proportionally larger elliptical supraorbital fenestrae. Comparisons with mature 

individuals reveals the gradual closure of such opening, with gradual fusing occurring 

Figure 20. Ontogenetic development of dermal bone ornamentation in Melanosuchus 
niger and Baurusuchidae. (a) juvenile and adult M. niger showing increasing sculptured 
rostra. (b) Rostral sculpturing development in Gondwanasuchus, IFSP-VTP/PALEO 0003 
and B. salgadoensis. Note the size differential and unfused nasals in Gondwanasuchus. 
(c-e) Levels of fusion between palpebrals in different baurusuchid semaphoronts. (d) is a 
juvenile Pissarrachampsa (Godoy et al., 2018). Scale bars, a = 10 cm, b = 5 cm.  
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along the frontal’s lateral margin (Figure 20c-e). Specimens assumed to have been 

adult forms generally have reduced supraorbital openings that shifted to ellipses with 

lateromedially oriented major axis. Curiously, Stratiotosuchus maxcheti Campo et al. 

2001, the largest baurusuchid skull ever found, is marked by palpebrals that have fully 

fused to each other, completely closing these fenestrae. Together, it seems likely that 

these differences constitute the complete ontogenetic series, starting with relatively 

large circular openings, reaching a smaller elliptical phase in adulthood as palpebrals 

become more robust, and eventually culminating in total closure in older adults. 

 

5.2 Hypertrophy of jaw adductors 

Considering the nature of preservation of most vertebrate fossil remains, 

myological reconstructions and comparisons are commonly achieved by the 

observation of osteological correlatives of muscle origins and insertions in the form of 

surface textures, like muscle scarring and crest-like features (Bona & Desojo 2011). 

These crests and tuberosities, in the context of extant homologies, may thus be 

inferred to have marked where the known crocodylian jaw musculature aponeurosis 

and tendons inserted (Iordansky 1964, 2000). 

 Overall, the osteological correlates for jaw adductor musculature present in 

IFSP-VTP/PALEO-0003 closely follow the living crocodylian architecture (Bona & 

Desojo 2011; van Drongelen & Dullemeijer 1982; Iordansky 2000; Schumacher 1973), 

despite differences in positioning and size, that are mostly attributable to the 

platyrostral condition characteristic of neosuchians (Sellers et al. 2022). Nevertheless, 

it was possible to determine that IFSP-VTP/PALEO 0003 exhibits significant size and 

development deviations from adult individuals within baurusuchidae (figure 21 and 
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22). These may be ascribed to muscle growth in association with their origin and 

insertion sites. Considering the ecological relevance of bite force and the subsequent 

ontogenetic shift in muscle arrangement and development in modern crocodylians 

(Erickson et al. 2003; Gignac & Erickson 2016a; Sellers et al. 2017), the description of 

such changes in baurusuchidae is made necessary to better grasp their post-hatching 

ecology. 

In agreement with the findings of Gignac & Erickson (2016), and also Sellers et 

al. (2022), the ontogenetic hypertrophy and lateral insertion of the M. pterygoideus 

ventralis (mPTv) seemed to also have played a similar role in the bite force of the               

altirostral baurusuchids. In the IFSP-VTP/PALEO-0003 juvenile and LPRP/USP 049, 

the distal ends of pterygoids and ectopterygoids are roughly subequal, both 

contributing to form the origination area for mPTv, whereas in adults the ectopterygoid 

fails to reach the distal tip, and the pterygoid aponeurosis is dominated by the distal 

pterygoid flange (Figures 21a-b and 22a-b). As expected, based on modern 

crocodylian cranial mandibular myology (Bona & Desojo 2011), the mPTv would 

proceed to envelop the angular’s ventral edge as it reached for its lateral surface, 

where it inserted to a depression that bounds the external mandibular fenestrae (dmp, 

depression for the insertion of the M. pterygoideus ventralis).  

Comparisons with medium-sized and large adults revealed that this tear-drop-

shaped depression developed to encompass not only a larger area but also became 

substantially deeper as the mPTV enlarged with growth (figures 21 and 21 a1-a3). Its 

shallowness and limited posterodorsal reach in IFSP-VTP/PALEO-0003, marginally 

extending above the angular-surangular suture, contrasts with the much deeper and 

broader depression in adults, that extends almost to the dorsal edge of the surangular 

(figure 21a3, white arrow). It is bound by an oblique crest that borders the posterior 
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margin of the external mandibular fenestra that also develops further, going from a low 

relief feature to a thick torus-like crest, limiting the mPTV anteriorly.  

There is also evidence for pennate muscle fibers in the form of  parallel striations 

that rapidly shift to an oblique orientation on the posterolateral surface of the angular, 

reaching the retroarticular process in lateral view. These striations, marking the growth 

of the ventral M. Pterygoideus, are lacking in the juveniles IFSP-VTP/PALEO-0003 and 

LPRP/USP 049, and may attest to an increasing reliance on bite-force as the animals 

grew, as the pennate configuration yields larger cross-sections and, consequently, 

enhanced tensions (Gignac & Erickson 2016a; Holliday et al. 2022; Sellers et al. 2017, 

2022).  

The dorsal surfaces of the pterygoid wings also display increased muscle 

scarring with ontogeny. While the dorsal facet of the pterygoid in juvenile are mostly 

smooth and featureless, larger specimens have numerous thin parallel sulci that 

pervade this surface extending anteriorly into the closed caviconchal fossa, in similar 

fashion to modern crocodylians (Holliday et al. 2013; Witmer 1997). These represent 

osteological evidence of the passage and development of the mPTd in adult stages, a 

muscle responsible for the largest percentages of total bite-force in the pseudosuchian 

lineage (Sellers et al. 2022).  

Another related ontogenetic cranial difference is found in the general aspect of 

the retroarticular processes (Figures 21 and 22 a1-a3). While in juveniles like IFSP-

VTP/PALEO-0003 these are laminar, more rectangular, and anteroposteriorly longer 

processes with a shallow incline to the horizontal plane, resulting in a straight profile 

that extends much further back relative to mandibular rami, adults develop comparably 

shorter, deeper, and more robust paddle-shaped retroarticular processes. Their lateral 
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flange transitions from a thin, dorsoventrally flattened aspect to a more vertically 

oriented and dorsally ascending state, gaining a rounded posterior margin, further 

expanding, and reorienting the retroarticular aponeurosis where the mPTv partially 

attaches to (Figure 21a1). The medial flange of the retroarticular process somewhat 

conserves its orientation to the horizontal plane, maintaining a sharp oblique lamina 

that connects its posterior end to the medial margin, where a ventromedial pendant 

protuberance becomes more robust and pronounced, further projecting towards the 

sagittal plane as an orthogonal process, that both increases the surface area for the 

attachment of mPTd and limits in posterior reach (figures 21-22 a2).  

Additionally, osteological correlatives for posterior adductor muscle groups were 

also observed to undergo changes with ontogeny. As described above, ventrally the 

IFSP-VTP/PALEO-0003 displays a medially curving elongate crest running parallel and 

close to the quadrate-quadratojugal ventromedial contact, bordering the infratemporal 

fenestra. Somewhat oblique to the latter, an additional, but substantially thicker and 

high-relief crest is found, bordering the contact between the quadrate and the 

basioccipital, and conforming to the quadrate’s shape as it bends towards the sagittal 

plane in ventral view (Figure 21 and 22 b1-b2). Considering their position on the ventral 

surface of the quadrate’s distal process, they were thus inferred to be homologous to 

the crests described by Iordansky (1964; 2000) for modern crocodylians that support 

tendon’s A and B, respectively. These comprised and were encompassed by the 

quadrate aponeurosis, which could be divided into lateral and medial sheets (van 

Drongelen and Dullemeyer, 1982). The lateral edge of the A’ crest would be the 

origination site of most of mAMES, whereas external portions of mAMP would attach 

to its medial border, with its deepest bundles emerging from anteromedial B’ crest (van 

Drongelen & Dullemeijer 1982; Holliday & Witmer 2007; Iordansky 1964).  
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There is substantial development in terms of relief and thickness of both these 

adductor crests from juveniles to adult forms, in line with observations of the M. niger 

ontogenetic series. While the A’ crest gains relief above the quadrate surface, 

becoming more pronounced and rugose, it is the B’ crest that displays the largest shifts, 

becoming more robust, slightly sinuous, and anteriorly developing into a hook-like 

projection with medially concave and laterally convex facets (Figure 22b2). Similarly 

shaped features on the B-crest were only found in the largest of M.niger specimens, 

such as UF Herp 5600.  

 

 

Figure 21.  Digital reconstruction of adductor musculature for IFSP-VTP/PALEO 0003 
in lateral, medial, palatal, and dorsal views (a1-a2, b1 and c1). An annotated photograph 
of its left posterior mandibular ramus and quadrate aponeurosis are also shown (a3 
and b2). A Pissarrachampsa juvenile, LPRP/USP 0049, is shown to highlight the 
origination site for mAMEP in the dorsotemporal fossa (c2). Abbreviations: mAMES, M. 
adductor mandibulares externus superficialis; mAMEP, M. adductor mandibularis 
externus profundus; mAMP, M. adductor mandibularis posterior; mIRA, M. 
intramandibularis; mPTd, M. pterygoideus dorsalis; mPTv, M. pterygoideus ventralis. 
Scale bar a1-b1-c1 = 5 cm 

 

 

 

 

 



143 
 

 

Corresponding changes were also observed on the insertion sites of the 

aforementioned muscle groups. The mAMP ventrally attaches to the angular bone, 

covering most of the external mandibular fenestrae (emf), and fixating on the lateral 

surface of the angular’s medial process (torose margin sensu Nascimento & Zaher, 

2010; Darlim et al., 2021), inserting itself within the meckelian groove and being 

anteriorly bound by the mIRA (M. intermandibularis) (Figures 21-22 a2). The latter 

enters the meckelian canal itself attaching to its medial wall at the intramandibular 

aponeurosis (Iordansky, 2000; Bona & Desojo, 2011).  

Figure 22.  Digital adductor musculature reconstruction for FEF-PV-R-1/9, and adult 
baurusuchid in lateral, medial, palatal, and dorsal views (a1-a2, b1 and c1). Both B. 
salgadoensis (a3 and c2) and IFSP-VTP/PALEO 0002 (b2) are shown to highlight 
origination and insertion sites. Abbreviations: mAMES, M. adductor mandibulares 
externus superficialis; mAMEP, M. adductor mandibularis externus profundus; mAMP, 
M. adductor mandibularis posterior; mIRA, M. intramandibularis; mPTd, M. 
pterygoideus dorsalis; mPTv, M. pterygoideus ventralis. Scale bar a1-b1-c1 = 5 cm 
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The angular’s medial process varies from an undeveloped, more rectilinear 

shape in IFSP-VTP/PALEO-0003 and Pissarrachampsa, to a dorsally ascending, 

thickened and torose aspect in adult specimens (Figures 21 and 22 a3), reflecting an 

exacerbated development of mAMP. Curiously, as notosuchians lack a coronoid bone 

(Bona et al. 2022), which in crown crocodylians is partially responsible for the 

attachment surface of both mAMP and mIRA and the closure of the caudal 

intermandibular foramen (Holliday et al., 2013; Sellers et al., 2021, Appendix A), we 

hypothesize that such exacerbated enlargement of the angular medial process through 

ontogeny might have evolved as a compensatory structure for larger adductor 

attachment in Baurusuchidae.  

Also related to the development of the A’ crest and the M. adductor mandibulae 

externus group, whose origin sites of the deepest bundles are not preserved in IFSP-

VTP/PALEO-0003, a substantial ontogenetic development of the surangular bone is 

noted. Its gains dorsoventral depth at the same time as its coronoid prominence 

becomes more raised above the surangular’s dorsal margin (Figures 21 and 22 a1-

a3). The mAMES inserts dorsomedially on the surangular and is limited by the 

posteroventral projection of the quadratojugal posteriorly and the coronoid prominence 

anteriorly, setting it above the external mandibular fenestrae in lateral view. A medial 

view comparison reveals a shorter coronoid prominence with a smoother medial 

surface in IFSP-VTP/PALEO-0003, thus possessing proportionally smaller insertion 

areas for both mAMEM and mAMEP in respect to larger specimens (Figures 21 and 

22 a2). Area increase is accompanied in skeletally mature indivuduals by conspicuous 

anteroposterior muscle scarring at these sites. 

A  medial view of both juvenile and adult mandibular rami allow for the 

recognition of further differences involving the mandibular adductor fossa (maf). The 
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lack of a coronoid bone results in an anteriorly open-ended fossa, marked by the 

absence of a caudal intermandibular foramen (FIC), not constrained by ossifications 

(Bona et al. 2022). Their anterior margins are formed by the surangular dorsally, the 

dentary anteromedially and the angular ventrally, producing a rounded profile, which is 

somewhat anteriorly tapered in IFSP-VTP/PALEO-0003 but dorsoventrally expanded 

in larger specimens (Figures 21 and 22 a2).  

Unfortunately, the poor preservation of the dorsotemporal fenestra and 

basicranium elements, such as laterosphenoid, hinders comparisons of origination 

sites for deep and external adductors like mPST and mAMEM. Still, we would like to 

call attention to the holotype of B. salgadoensis, consisting of a large adult skull (ROL 

= 43cm) that displays substantial muscle scarring in the form of  a network of irregular 

anastomosed pits and vertical striations on the lateral wall of the parietal, within its 

dorsotemporal fossae (Figure 22c2). Considering the pennation of its dorsal portion 

with respect to the distal one, they are here interpreted to represent the cross-section 

of individual bundles of mAMEP as it inserted on parietal walls (Holliday et al. 2022).  

The fact that other smaller adult skulls lack such features (such as LPRP/USP 

049, Figures 21-22 c1-c2), points to increased development of such muscle 

throughout life, an important ontogenetic indicator, and perhaps a higher degree of 

dependency on its functions for mature individuals. Moreover, the absence of 

additional muscle correlatives outside of the parietal lateral surfaces and 

dorsotemporal fossae supports the Holliday et al. (2020) model for supratemporal 

fenestra function, where mAMEP would be the only adductor to reach the 

dorsotemporal fossa, whereas the frontoparietal fossa would house vasculature, fatty 

tissues and serve a thermoregulatory role. 
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Size and wear discrepancies between the exposed teeth IFSP-VTP/PALEO-

0003 and adult specimens are also revealing. None of the premaxillary and maxillary 

teeth in the former display any wear facets and/or apical spalled surfaces which were 

found in more than one adult specimen collected at the same site (Figure 23a-d). The 

third premaxillary tooth, in fact, despite showing minimal wear, was preserved as it was 

being pushed down by a replacement tooth (Figure 23e-f), exposing an attached long 

root projecting ventrolaterally. The spalled surfaces of baurusuchid teeth are 

remarkably similar to the ones large tyrannosaurids exhibit due to flaking from tooth 

and food contact (Schubert & Ungar 2005). The osteophagy, which likely caused the 

observed wear, is also corroborated in tyrannosaurs by abundant bone fragments 

found in coprolites, puncture marks and bite force modelling (Chin et al. 1998, 2003; 

Erickson & Olson 1996; Gignac & Erickson 2017; Rayfield 2004). Similarly, in addition 

to tooth flaking, rare stomach contents showed Aplestosuchus to have consumed bone 

fragments of a small sphagesaurid (Godoy et al. 2014), and the recent analysis of 

coprolites assigned to baurusuchidae, including X-ray diffraction, also points to 

osteophagy (Oliveira et al. 2021), despite finite element modelling indicating a weaker 

than expected bite force (Montefeltro et al. 2020).  

In line with the ontogenetic niche shifts observed in modern crocodylians with 

increases in size and bite forces (Erickson et al. 2012; Gignac & Erickson 2015, 2016b; 

Tucker et al. 1996), also inferred for fossil crocodyliforms (Drumheller et al. 2021), and 

considering the presented differences between juveniles and adults, we suggest 

baurusuchid semaphoronts of distinct ages and sizes similarly occupied distinct trophic 

levels. Altogether, these changes attest to baurusuchids undergoing considerable 

ontogenetic development of cranial adductor muscles between the late juvenile stages 
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and skeletal maturity, which likely reflected on bite forces, prey size and shifting 

patterns of tooth wear (Erickson, 2003; Gignac & Erickson, 2016; Holliday et al., 2013).  

 

 

 5.3 Comments on postcranial anatomy  

Pelvic girdle. Considering that the sizable majority of phylogenetically relevant 

characters on current matrices are concentrated on cranial features, and given the 

paucity of comprehensive postcranial notosuchian materials, the completeness of the 

present specimen provides an opportunity for comparisons with members of distinct 

Figure 23. Patterns of tooth wear in Baurusuchidae. (a-d) adults repeatedly preserve 
spalled enamel surfaces resulted from tooth-prey contact, similar to some 
tyrannosaurs, while a smaller juvenile such as IFSP-VTP/PALEO 0003 (e-d) replaced 
teeth with little to no damage. Abbreviations: dca, distal carina; sps, spalled surface. 
Not to scale.  
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notosuchian clades in order to continue to elucidate the disparity levels of their axial 

and appendicular skeletons.  

As expected, the ilium of IFSP-VTP/PALEO-0003 resembles closely the overall 

morphology of more derived ziphosuchians with known complete postcrania, as those 

of sphagesaurids like C.mineirus (Martinelli et al., 2018), and differs most substantially 

from more distantly related forms such as A. tsangatsangana (Turner, 2006), and 

extant crocodylians, including A. mississippiensis and M. niger (Romer 1923; Vieira et 

al., 2016). Those morphological discrepancies arise mainly from the poorly developed 

precetabular process found in these forms, represented by minor projections on the 

anterior margins of the iliac blades, as well as the configuration of their supracetabular 

crests. The latter taxa tend to have medially dislocated precetabular processes in 

respect to supracetabular crests, thus not composing a continuous, lateral-projecting 

surface as seen in this juvenile specimen.  

They also share laterally open and dorsoventrally tall iliac blades, where the 

acetabular wall is only slightly dislocated from the lateral surface of a poorly developed 

supracetabular crest with no strong abduction-limiting ventral inflexion. Pelvic girdles 

materials attributable to sebecids are not common, the best case being an ilium 

belonging to S.icaeorhinus (Pol et al., 2012), which is similar to the overall notosuchian 

condition, including mature baurusuchids, but also lacks, for instance, the ventral 

inflexion of the supracetabular crest. 

Curiously, known adult baurusuchid ilia generally mirror the discrepancies 

highlighted above when compared to IFSP-VTP/PALEO-0003 (Nascimento & Zaher, 

2010; Cotts et al., 2016), with the noticeable of exception of UFRJ DG 285-R (B. 
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salgadoensis), that displays a more pronounced and acute precetabular process and 

ventrally deflected supracetabular crest (Vasconcellos & Carvalho, 2010).  

The configuration of Iliotibialis 1, a knee extensor, originating from a laterally 

facing and wide preacetabular process could potentially indicate distinct biomechanical 

requirements for this muscle group particular to this group of baurusuchids. Likewise, 

the ventral inflection of the supracetabular crest, where the Iliofemoralis would attach, 

an important muscle that raises the limb above the substrate (Gatesy, 1997; 

Klinkhamer et al., 2017), besides suggesting a pillar-erect pelvic joint morphology, the 

ancestral condition for pseudosuchians (Parrish, 1987; Demuth et al., 2020), would 

also substantially hinder the abduction capacity of the femur, making a sprawling-like 

stance highly unlikely, forcing a parallel orientation to the sagittal plane. Femur 

morphology seems congruent with this inference, given the roughly orthogonal angle 

formed between the proximal and distal epiphysis (Nascimento & Zaher, 2010; Godoy 

et al., 2016), that seems optimized for anteroposterior movement.  

Although it is possible the differences cited may relate to ontogeny, taphonomic 

deformation must also be considered, given that the preservation of IFSP-

VTP/PALEO-0003 involved dorsoventral compression, which could have distorted the 

original morphology of the ilium. It is important to highlight that a yet undescribed 

skeletally mature individual recovered from the same site as IFSP-VTP/PALEO-0003 

closely matches its iliac anatomy, raising the possibility that, at least regionally, these 

differences were not due to growth. 

The pubes of IFSP-VTP/PALEO-0003, and Baurusuchidae in general (Cotts et 

al. 2017; Godoy et al. 2016), are very distinct, characterized by their anteroposterior 

elongation and a long medial symphysis, contrasting the proportionately shorter, 
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paddle-shaped morphology found in living crocodylians (Romer, 1923; Vieira et al., 

2016; Klinkhamer et al., 2017). Curiously, similar lateromedial, fan-shaped expansions 

on the anterior ends of the pubes together with limited medial contact between 

counterparts is also observed in notosuchians like A. Tsangatsangana, M. amarali and 

Y. boliviensis (Turner, 2006; Nobre & Carvalho, 2013; Leardi et al., 2015). These 

distinctions should be informative of myological specializations and biomechanical 

requirements. Considering the pubes as origination sites for the Pubo-ischio-femoralis 

externus 1 and 2 (PIFE) and Ambiens muscle groups, acting as hip adductors and 

knee extensors respectively (Allen et al., 2015; Klinkhamer et al., 2017), it is possible 

that the overly elongated, rod-like pubes could stabilize their inferred parasagittal gaits 

and represent a specialized adductor attachment configuration optimized for fore-and-

aft motion, which is intriguing in the light of recent neuroanatomical data suggesting 

baurusuchids as active predators, contrasting the ambush, sit-and-wait foraging 

strategies of modern taxa (Dumont et al., 2021).  

Biomechanical and muscle activation EMG data acquired during the ''high walk'' 

locomotion of living crocodylians indicated high levels of activity of ventral pelvic 

adductors during the swing phases, which is consistent with reducing hindlimb 

abduction and thus elevating the body above the substrate (Gatesy 1997; Reilly & Blob 

2003). Adducted hindlimb postures are generally used by crocodylians for more 

extended excursions and are thus related to low muscular stress (Wiseman et al., 

2021). Interestingly, the transverse processes of the last two lumbar vertebrae on 

UFRJ DG 285-R are anteriorly inclined, suggesting a forward shift to counteract the 

forces exerted by M. puboischiofemoralis internus 2 (PIFI 2). As previously reported by 

Gatesy (1997), both PIFI 2 and PIFE 2 act to protract the femur during swing phase, 

with the latter also adducting the limb to oppose abduction forces by the iliofemoralis. 
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In extant forms, the employment of such postures are likely not optimal in terms of 

muscle moment arms and increases tensions over the ankle and femur (Reilly & Blob, 

2003;  Wiseman et al. 2021).  

 

5.4 Phylogenetics and ontogeny 

  The notosuchian internal relationships here obtained constitute one of the most 

divergent topologies derived from the Pol et al. (2014) character matrix. While sebecids 

being recovered as basal notosuchians seems strange in light of their abundance and 

diversity in Cenozoic terrestrial environments, especially in South America (Cidade et al. 

2019), their position here underpins the possibility that their shared morphological 

characters with baurusuchidae are in fact homoplasies, thus making the status of 

Sebecosuchia (Colbert, 1946) questionable.  

  Larsson & Sues (2007), in their description and scoring of Hamadasuchus rebouli, 

originally erected a clade uniting sebecids and peirosaurids, named Sebecia, which has 

been finding support amongst recently published results (Pinheiro et al. 2021; Ruiz et al. 

2021). The present placement of peirosaurids, emerging after Sebecidae, does not support 

Sebecia, but we find some morphological similarities between the two clades intriguing 

nonetheless, such as choanae anatomy, their anteroposteriorly thin pterygoid flanges 

compared to baurusuchids, their upturned retroarticular processes, and, more strikingly, 

the shared configuration of their posterior mandibular rami (Carvalho et al. 2004; Powell et 

al. 2011, pg. 356, fig 3D), including: (1) a tear drop-shaped external mandibular fenestrae 

with a medially inset and acute posterior dentary process; (2) heavily sculptured and thick 

ventrolateral margin of angular; (3) bulged dorsolateral torus of surangular; (4) lack of 

lateral insertion of M. pterygoideus ventralis.  
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  Furthermore, the oreinirostral and ziphodont conditions utilized to unite sebecids 

and baurusuchids are only marginally similar. Baurusuchids display a more abrupt 

transition from their skull roofs to their rostra in dorsal view, and also a more rounded dorsal 

surface along the latter, resulting in a roughly c-shaped cross-section, whereas sebecids 

generally display a more gradual transition and a distinct v-shaped profile (Colbert et al. 

1946; Molnar 2010). Sebecid teeth are also generally smaller and more numerous, hence 

contrasting the reduced number of more incrassate, hypertrophied teeth observed in 

baurusuchids (Bravo et al. 2021; Colbert et al. 1946), with the noticeable exception of 

Barinasuchus and Dentaneosuchus, some of the largest terrestrial crocodyliforms found to 

date (Martin et al. 2022; Paolillo & Linares 2007). Altogether, and in the light of myological 

inferences presented here and elsewhere for Sebecus icaeorhinus (Molnar 2012), we find 

plausible that these two forms had distinct ecologies, despite being considered top-tier 

terrestrial predators, and so could have arrived at superficially similar morphologies along 

different character transformation sequences.  

  Yet another interesting aspect of the phylogeny presented is its overall level of 

topological convergence with the results by Ruiz et al.(2021), itself derived from the 

previous revision and combination of several other matrices (Montefeltro et al. 2013). The 

monophyly of the minimally defined clade Eunotosuchia is corroborated in detriment of  the 

commonly recovered Ziphosuchia Ortega et al. 2000, which, as recently recovered, 

contained ''advanced notosuchians'' and sebecosuchians (Cunha et al. 2020; Martinelli et 

al. 2018; Pol et al. 2014).  

  Likewise, eunotosuchians are comprised of Uruguaysuchidae plus Sphagesauridae 

and Baurusuchia, the latter two sharing a more recent common ancestor, and albeit some 

internal relationships are distinct from the original proposition. For instance, ''the least 

inclusive clade containing Sphagesaurus huenei Price, 1950, and Baurusuchus pachecoi 
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Price, 1945…'' advanced to define xenodontosuchia, herein does not exclude 

Morrinhosuchus luzie Iori & Carvalho, 2009, but would Pakasuchus kapilimai O’Connor et 

al. 2010, preventing the support of the original proposition.  

  The phylogenetic affinities of Baurusuchidae reaffirms previous works in their main 

recovered dichotomy (Darlim et al. 2021b; Godoy et al. 2018; Montefeltro et al. 2011), with 

the exception Cynodontosuchus rothi Woodward, 1896, which emerges as a sister taxon 

to Stratiotosuchus within Baurusuchinae. As previously mentioned, the main objective of 

the analysis was to codify the juvenile specimen IFSP-VTP/PALEO-0003 in order to 

observe its systematic placement with respect to adult baurusuchids, testing the degree to 

which the ontogeny of phylogenetically relevant characters affect the topology and the 

problematic inclusion of juvenile specimens (Hennig 1966; Sharma et al. 2017). Similarly 

to Campione et al. 2013, we also sought to compare its behaviour with Gondwanasuchus 

scabrosus, a putative juvenile and the smallest baurusuchid species known (Marinho et al. 

2013), by codifying it in this character matrix for the first time.  

  Our results show that both Gondwanasuchus and the juvenile baurusuchid behaved 

similarly and were recovered as sequential terminal taxa at the base of Baurusuchidae, 

outside the derived subfamilies Pissarrachampsine and Baurusuchinae, with 

Gondwanasuchus being the basalmost form.  

  The anatomical description here provided allowed for the identification of several 

differences between IFSP-VTP/PALEO-0003 and skeletally mature baurusuchids (details 

above), including characters relating to dermocranium development and muscle 

aponeurosis and attachment sites, accumulating evidence for extensive ontogenetic 

changes in different crocodyliform lineages (Drumheller et al. 2021; Godoy et al. 2018; 

Watanabe & Slice 2014).  
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  The resulting systematic placement of this specimen, though likely invalid, is in line 

with similar effects attested by the inclusion of juveniles in other archosaur groups, whereby 

immature individuals of known derived taxa tend to fall outside their clades, like in 

Hadrosauridae and Tyrannosauridae (Campione et al. 2013; Tsuihiji et al. 2011). This 

migration effect to a more basal position in the tree by juveniles, coupled with its size and 

morphology, is compelling indication of the immature state of the Gondwanasuchus 

holotype, highlighted by the states of characters with ontogenetic influence ( see 

supplemental material). With this in mind, and in the light of recent controversies regarding 

the validity of putative juveniles described as new taxa (Carr 2020; Horner & Goodwin 

2006, 2009; Larson 2013; Woodward et al. 2020), more time should be devoted towards 

the placement of a given specimen in its ontogenetic context when possible, especially 

when substantial discrepancies in size, proportion and anatomy are present.   

 

5.5 Implications for Baurusuchidae diversity. 

Whilst such revision is beyond the scope of this paper, and the aim of future 

work, the detailed osteological description and ontogenetic characters here provided 

can be applied to known species to better assess their validity. The minimum 

anatomical threshold necessary to disentangle one species from another, and the very 

species concept itself, are controversial topics (Boyd 1999; De Queiroz 2007; Mayr 

1996, 2000; Simpson 1951), and there seems to be no consensus (Wheeler & Meier, 

2000). This is a particularly difficult issue in paleontology since one rarely has lines of 

evidence beyond bone anatomy available. Modern practices (e.g. morphometric and 

molecular evidence, Balaguera-Reina et al. 2020; Murray et al. 2019) and integrative 

taxonomy are making considerable strides towards increasing the robustness of 
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proposed discrete evolutionary entities (Dayrat 2005; Padial et al. 2010; Yeates et al. 

2011), but the lack of genomic, behavioural, and ecological data must not necessarily 

prevent putative fossil species from being corroborated with additional investigations. 

When possible, the combined diagnostic characters should account for possible 

teratogenic, sexual dimorphic, ontogenetic and taphonomic biases and discrepancies 

in order to increase the longevity and stability of named taxa.  

 

5.5.1 Stratiotosuchus maxchetii 

A didactic example of how these criteria could be applied within Baurusuchidae 

is Stratiotosuchus maxcheti (Campos et al., 2001). We hold that the rectangular outline 

of the orbits, the distorted external nares, the elliptical foramen magnum, together with 

a fragmented posterior palate, are robust indicators of dorsoventral taphonomic 

compression, indicating the specimen was not preserved in its original form. 

Additionally, a supposedly unique character of Stratiotosuchus, the presence of only 

three premaxillary teeth (all other baurusuchids have four)(Riff & Kellner 2011), could 

be explained by non-phylogenetic processes like an ontogenetic shift in tooth count, 

as observed in modern crocodylids, where some individuals were found to loose 

premaxillary teeth (Brown et al. 2015). As mentioned above, Stratiotosuchus also lacks 

a supraorbital fenestra between palpebrals, which, as herein inferred, showed to 

tendency to reduce in size with increases in body size and dermal ornamentation. If its 

noticeable large size, in this proposed taphonomic and ontogenetic context, could 

challenge the validity of this taxon is now an open question. Further comparisons, long 

bone histology and application of geometric morphometrics might come a long way 

towards resolving these questions. 
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5.5.2 Gondwanasuchus scabrosus 

Baurusuchid semaphoronts have been identified and described previously 

without the necessity of erecting new species (Geroto & Bertini 2012; Godoy et al. 

2018). The influence of ontogeny on their cranial anatomy, and the changes herein 

described, make it possible to determine that the vast majority of baurusuchid name-

bearing types were skeletally mature individuals, with the noticeable exception of 

Gondwanasuchus. This taxon consists of a partially complete skull, with a rostral-

occipital length of just ≅ 12cm, just about 1/3 the average length of other holotypes, 

which range between 30 and 40 cm. In fact, this is substantially smaller even when 

compared with the currently described juvenile (20 cm). 

 Naturally, size alone would not suffice to demonstrate a young age for the 

Gondwanasuchus holotype, since small-bodied forms could have existed, but the skull 

also lacks the proportions, morphology, and sculpturing characteristic of adult 

individuals (Figure 18c and 19), sharing character states with IFSP-VTP/PALEO 0003, 

a now known juvenile, and also sharing with it migration to a more basal position in the 

tree. Most of the unique features provided for the diagnoses of Gondwanasuchus may 

now be reinterpreted as ontogenetic. For instance, both an overbite, where 

premaxillary teeth overhang the mandibular symphysis, and slender jugals, can also 

be found in the juvenile here described and on LPRP/USP 0049. Consequently, the 

original diagnoses seems outdated, and fails to demonstrate that Gondwanasuchus 

falls outside the expected range of morphological variation for the ontogenetic series 

of previously known baurusuchid species. It is here thus considered to be an invalid 

name, with the additional consideration that it should be further treated as a nomem 

dubium, given it could not yet be firmly attributed to semaphoront series of other 

species. 
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The discovery of further specimens may yield new information that allows for its 

placement into firmly stablished species, most likely within the Baurusuchus genus, 

due to proximity to the sites where B. Salgadoensis and B. albertoi were collected. 

Comparisons with other known juveniles will also contribute to better constrain 

ontogenetic character variation within the clade. Even though the apicobasal sulci and 

ridges present on the teeth Gonwanasuchus may be perceived as the most 

autapomorphic feature present, it is not sufficient to sustain this taxon, considering that 

dental morphology varies substantially throughout ontogeny in other archosaur 

lineages (Therrien et al. 2021; Voris et al. 2021; Woodruff et al. 2018), shifting its 

morphofunctional properties as the animal grew.  

Similar features might be common in juveniles of basal theropod Coelophysis 

(Buckley & Currie 2014), for instance, and longitudinal enamel ridges were described 

to become less prominent with increasing tooth size in the neosuchian Deltasuchus, 

which was also suggested to have exhibited ontogenetic niche partitioning (Drumheller 

et al. 2021). Apicobasal ridges are a common feature amongst taxa that fed on aquatic 

environments and could be related to the capture of pliable prey (McCurry et al. 2019). 

If  longitudinally ridged crowns truly pertain to development, it might then be another 

important indicative of ontogenetic niche partitioning in Baurusuchidae.  

This may be resolved in the future with the use of modern tools such as mercury 

geochemistry and bite force estimates for juveniles (Cardia et al. 2018; Montefeltro et 

al. 2020). Ultimately, for the reasons expressed above, a thorough taxonomic revision 

of Baurusuchidae is made necessary. All holotypes must be examined not only for 

atypical and ontogenetic features, but also their diagnoses must be revised in search 

for the influences of taphonomic deformation in their listed autapomorphies.   
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6. Conclusions  

 We sought to better understand baurusuchid ontogeny by providing an 

osteomyological description of the most complete baurusuchid juvenile known to date, 

deepening our knowledge of the group’s anatomy. Comparisons with adult 

baurusuchids and other taxa allowed for the listing of several ontogenetic anatomical 

shifts, including the degree of sculpturing of dermal bones, the development of origin 

and attachment sites of mandibular adductor musculature, as well as distinct tooth 

wear patterns that could work as a framework to better fit other crocodyliform 

specimens in their post-hatching developmental context.  

 A phylogenetic analysis including both the new semaphoront and the small 

baurusuchid Gondwanasuchus yielded both as basal baurusuchids, with the latter as 

the basalmost within the clade. This was interpreted as a shift towards the base also 

seen in other phylogenies which include immature individuals. In the light of the 

ontogenetic characters here described, their dimensions and phylogenetic placement, 

we conclude that Gondwanasuchus most likely constituted an immature individual, 

perhaps younger than IFSP-VTP/PALEO-0003 at the time of death, whereas the 

exceptionally large Stratiotosuchus exhibits tentative signs of being an older individual. 

Consequently, we propose the former henceforth should be considered as a nomem 

dubium and suggest that a future taxonomic revision for Baurusuchidae should 

account for both ontogenetic and taphonomic sources of morphological variation in 

order to improve the stability of proposed taxonomic units.  
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CRANIAL AND POSTCRANIAL ANATOMY OF A BAURUSUCHID JUVENILE 
(NOTOSUCHIA, CROCODYLOMORPHA) AND THE TAXONOMICAL 
IMPLICATIONS OF ONTOGENY 
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1. Introduction 

Below we provide the original sequence of additive characters and the scoring 

for both IFSP-VTP/PALEO 0003, the specimen described in the paper, and 

Gondwanasuchus scabrosus Marinho et al. 2013, the first time it is scored in this 

data matrix, derived from Pol et al. (2012), Fiorelli et al. (2016) and Martinelli et al. 

(2018). 

2. Additive characters 

The following characters should be set as additive in TNT in order for the 

presented results to be replicated: 1, 3, 6, 10, 23, 37, 43, 44, 45, 49, 65, 67, 69, 71, 

73, 77, 79, 86, 90, 91, 96, 97, 105, 116, 126, 140, 142, 143, 149, 167, 182, 187, 

193, 197, 226, 228, 279, 339, 356, 357 and 364. Please note that, due to counting 

mailto:danielmartinsantos@hotmail.com
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differences, in the TNT environment this sequence starts at 0, so the subsequent 

characters should also be subtracted by 1.  

3. Scoring of  IFSP-VTP/PALEO 0003 

100?00013201001110??11??11?????????321101101???1?011?1000????1??3?

2?111101011111?111021?02?0000102?00?202103210?1012?1101110101111?0

0111010110210?00?1110000?12000000?2?01???1?1?001?[01]0001?010010101

?0100011?10010000000??000??0?00100011111000000300?01???10?001100?0

?1????00?111000010?00?01?000011001111?1111000?110111?01?????11????

1????0?1011?102????00?000???1??1100?00011100010??2100??00[01]100?00

???000?1101?110?01??0111??11?0?0010??00?1100??00 

4. Scoring of Gondwanasuchus scabrosus  

100000?1320100?110?01???11?011??????2???????????????????????????30

1??1???00?1[01]1??????????????????????12??113??0??????11011101?1111

0?01?00101?0210????????01??12000000?2?0??1?1???0?1??0000?0?0??0?0?

??10?0????20?0???000??0??????0?10001???1000000???00????1???00????0

????????????0?0010??0???000?01?00?????????????????????????????????

???????????????????0????0???????100?000????0????????0??01110??00??

??0??110??11??00?????????????????????????????? 
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CAPÍTULO IV 

DISENTANGLING ONTOGENETIC VARIATIONS WITHIN BAURUSUCHIDAE 

(CROCODYLOMORPHA, NOTOSUCHIA) USING GEOMETRIC MORPHOMETRICS 

Abstract  

The incompleteness of the fossil record often precludes research assessments 

of variation within a clade due to most species being known from single specimens. 

Baurusuchidae are a rare exception, with abundant materials, including different 

ontogenetic stages, being recovered from the Adamantina Formation, Late Cretaceous 

of Brazil. Here, we attempt to distinguish and characterize specimens in distinct places 

along a possible growth series using geometric morphometrics. A tight relationship 

between size and shape is demonstrated, with adult individuals displaying a cohesive 

collection of characteristics and proportions in comparison to juveniles. An ontogenetic 

signal amongst the vast majority of baurusuchid specimens is identified, opening the 

possibility that the diagnostic characters of some species could be explained by 

ontogenetic development, not evolutionary divergence. Collection biases and 

ecological inconsistencies also point to a possible overestimation of baurusuchid 

diversity. Finally, a taxonomic revision of the family and suggestions to restrict the 

proposals of diagnostic characters are pointed as possible improvements that may 

support a reduction in the number of valid baurusuchid species.  

Keywords: Baurusuchidae; morphometrics; ontogeny; taxonomy; Bauru Basin. 

 

1. Introduction 

Allometry, the relationship between size and shape, whether of phylogenetic or 

ontogenetic variation, is of crucial importance to improve our understanding of 

evolutionary, developmental, and ecological aspects of organisms (Gould 1966). 

Sources of shape variation in fossil vertebrates, whether teratogenic, taphonomic, 

sexual dimorphic or ontogenetic are often difficult to assess due to the scarcity 

specimens (Mariani and Romano 2017), with most species known from a single 
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individual. Nevertheless, whenever possible, attention to variability and its 

mechanisms, especially ontogeny, allows for more precise assessments of the past 

diversity of clades (Horner and Goodwin 2006; Horner and Goodwin 2009; Scannella 

and Horner 2010; Woodward et al. 2020; Carr 2020).  

Baurusuchids were predatory notosuchians from Upper Cretaceous deposits of 

Gondwana with remarkable adaptations for hypercarnivory, including oreinirostral 

snouts and ziphodont dentition (Price 1945; Riff and Kellner 2011). Their remains are 

amongst the most common tetrapod materials recovered in the Adamantina Formation, 

Bauru Basin, Brazil, with several articulated skeletons and well-preserved skulls 

yielding a total of nine local species (Price 1945; Campos 2001; Carvalho et al. 2005; 

Carvalho et al. 2011; Montefeltro et al. 2011; Marinho et al. 2013; Godoy et al. 2014; 

Darlim, Montefeltro, et al. 2021; Martins et al. 2023). Despite this relative abundance, 

and a pioneering study by Godoy et al. (2018) identifying heterochronic processes in 

the skull evolution of Baurusuchidae, there has been no attempt to apply modern 

morphometric methods to the holotypes and additional baurusuchid specimens in 

order to establish if these indeed occupy distinct morphospaces or if their differences 

are attributable to ontogenetic processes and/or taphonomic alterations. 

Using geometric morphometrics, this study aims to search for the presence of 

immature individuals within Baurusuchidae by testing whether known specimens fall 

under an ontogenetic series. In spite of the significant sample size gap between 

paleontology and neontology, these techniques have the potential to contribute to 

important taxonomic and ecological discussions, as is demonstrated by the recent 

unveiling of hidden crocodylian diversity (Angulo-Bedoya et al. 2019; Murray et al. 

2019), the clear distinction of ontogenetic series (Watanabe and Slice 2014; Foth et al. 
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2015; Foth et al. 2018), and relationship between form and function (Drumheller and 

Wilberg 2020). 

 

2. Materials and Methods 

In order to conduct the morphometric analyses of both lateral and dorsal views 

of the skull, an assessment of both the quantity and quality of available baurusuchid 

specimens needed to be made, which is summarized in the table below (Table 1). We 

found at least sixteen partial, semi-complete and complete skulls, in various stages of 

preservation and, most importantly, belonging to different ontogenetic stages. The data 

encompasses 14 skulls analysed in lateral view and 13 in dorsal aspect. There is 

almost total overlap between the two data sets, with the exception of Aplestosuchus 

sordidus (Godoy et al. 2014), which could only be utilized in dorsal view due to strong 

dorsoventral compression, and the recently published Campinasuchus dinizi CPPLIP 

1360 specimen (Fonseca et al. 2020), which is the opposite case, not having an 

adequate-enough dorsal profile. 

Skulls of a total of eight brazilian baurusuchid species (Figure 1a), whether 

holotypes or paratypes, were included in the analysis, encompassing the basal taxon 

Gondwanasuchus scabrosus (Marinho et al. 2013), and members of the subfamilies 

Pissarrachampinae and Baurusuchinae (Montefeltro et al. 2011; Darlim, Montefeltro, 

et al. 2021). Three putative juvenile specimens are also considered, one most likely 

attributable to the Baurusuchus genus itself, IFVP-VTP/PALEO 0003, described in 

detail in dos Santos et al. (2023) (chapter III), a Pissarrachampsa sera semaphoront 

LPRP/USP 0049 (Godoy et al. 2018), and an immature Campinasuchus dinizi CPP 

1237 (Carvalho et al. 2011). The fragmentary nature of the Pakistani Pabwehshi 
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pakistanensis (Wilson et al. 2001), Argentinian species Cynodontosuchus rothi 

(Woodward 1896) and Wargosuchus australis (Martinelli and Pais 2008), as well as 

Baurusuchus albertoi (Nascimento and Zaher 2010) and the recently discovered 

Aphaurosuchus kaiju (Martins et al. 2023), precluded their addition in the present study. 

Table 1. List of utilized specimens. Number of missing landmarks estimated in 

each view is shown.  
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Figure 1. (a) phylogenetic tree of Baurusuchidae, adapted from Darlim et al. (2021), 
showing the basal form Gondwanasuchus, followed by the dichotomy between 
Pissarrachampinae and Baurusuchinae. Taxa utilized in the analyses are 
highlighted in bold. Campinasuchus and Pissarrachampsa juveniles were also 
included, and their referred specimen numbers are shown. (b) Schematic drawing 
of generalized baurusuchid skulls in left lateral (top), and dorsal (bottom) views, 
with chosen landmark arrangement. 

 

Table 2. Brief topological description of landmarks as seen in lateral view (see figure 1b). 

Abbreviations: itf, infratemporal fenestra; mx, maxillary bone; pmx, premaxillary bone;  
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2.1 Data acquisition  

Most specimens were photographed during visits by the authors, utilizing a 

Canon® 1100D camera, while others were included using the profiles seen in their 

original publications (Table 1). The analysis of their lateral views comprised 19 

landmarks (Table 2), comprising the rostrum, orbital rim, infratemporal fenestra, 

quadrate condyles and temporal bar, whereas the dorsal views encompassed 17 

landmarks along the rostrum, palpebrals and supraorbital fenestra, dorsotemporal 

fenestra (sensu Holliday et al. 2020), and occipital margin (Figure 1b, but also see 

Table 3 for landmark description). Landmarks digitization was conducted using tpsDig 

(Rohlf, 2009), and missing landmarks were assigned an "NA" on both axes. The 

resulting data files were further processed and analysed using the Geomorph R 

package (Collyer and Adams 2018; Baken et al. 2021; Adams et al. 2023).  

Table 3. Brief topological description of landmarks as seen in dorsal view (see figure 

1b). Abbreviations: dtf, dorsotemporal fenestra; mx, maxillary bone; pmx, 

premaxillary bone; stf, supratemporal fenestra.  
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Landmarks rested upon non-preserved portions of the skull were reconstructed 

using the estimate.missing function under the TPS method, which estimates positions 

based on a complete reference specimen to interpolate landmarks using a thin-plate 

spline (Gunz et al. 2009). Despite assumed assumptions and uncertainties of landmark 

reconstruction methods, work by Arbour and Brown (2014) has shown that larger data 

sets with reconstructed specimens are preferrable and better correspond shape 

variation than smaller sets comprised of only complete specimens. TPS performance 

is on pair with other methods when well-preserved complete reference specimens are 

present, taxonomic diversity is low and landmark numbers are high, although in most 

other cases its accuracy might lag behind alternatives (Gunz et al. 2009; Arbour and 

Brown 2014). It has also recently outperformed other methods when applied to the 

study of extant caimans (Blanco et al. 2018). Given that analyses included only 

members of a small, low disparity clade with only 3 to 4 specimens requiring landmark 

reconstruction, TPS seemed the most logical fit.  

 

2.2 Geometric morphometrics and ontogenetic patterns  

The disposition of landmarks was aligned with a standard Procrustes function, 

which minimises sources of variation such as size and orientation (Rohlf and Slice 

1990), and their mean positions were plotted against variations for each specimen (see 

supplementary materials). The procrustes was followed by the generation of a 

covariance matrix and a Principal Component Analysis (PCA) to assess shape 

variation between data points. In order to aid shape change visualization, the results 

of PC1 and PC2, which explained the vast majority of variation, are presented as 

scatterplots, and linked transformation grid graphs for the most positive(+) and most 
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negative(-) specimens along both axes were generated to assess particulars about 

proportion variation of cranial structures and major vectors of taphonomic deformation.  

As a means to test the relationship between shape and size, a regression for 

Procrustes shape variables/Procrustes ANOVA was performed prior to the plotting of 

the multivariate regression of shape (y axis) as the independent variable, and size (x 

axis) in the form of log centroid size as the dependant variable. R-squared and P-

values were utilized as parameters to assess the statistical significance of the possible 

presence of an ontogenetic signal for both vistas. Additionally, not to solely rely on the 

above to infer relationship between shape and size, a Partial Least Squares (PLS) 

regression (Rohlf and Corti 2000), with 1000 random permutations, independently 

tested the covariance between the two, and its P-value similarly compared to statistical 

confidence thresholds.   

 

 

3. Results  

Most of the variance in shape in the lateral profile analysis was accounted for 

by PC1(56.85%) (Figure 2) while the first three PCs together explain more than 76% 

(PC2=11.45%, PC3=8.5%). Scatterplot distribution may be divided into three distinct 

groupings, with no observed superposition of morphospaces: (1) a cluster of 10 

specimens on the negative end of PC1, with relatively small scattering along the PC2 

axis (between -0.02 to 0.02); (2) 3 specimens aligned in the middle of the PC1 
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sequence (0.07) but displaying high vertical variance on PC2; and (3) a single 

specimen at the more positive end of PC1.  

 

PC1 is more intimately linked with horizontal variation of skull length, which 

consequently alters the overall profile shape and proportions, while we interpret that 

PC2 is related to dorsoventral compression vectors. Linked transformations grids of 

both the most positive and negative ends of PC1 reveals a significant shape and 

relative proportions change between these groupings, going from a skull form with 

roughly equal preorbital and postorbital lengths, shorter rostrum and proportionally 

large orbits and infratemporal fenestra, to forms with hyperdeveloped and deep rostra 

Figure 2. Lateral view PCA scatterplot and associated transformation grids of the 
most positive and negative data points. PC1 accounts for the majority of shape 
variance, despite considerable vertical scattering of some specimens. Note the 
significant change in overall outline and proportions along the series. Red circles 
are comprised of larger skulls, while blue and green ones represent intermediate 
and small skulls, respectively.  
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that far exceed postorbital (skull table) length, relatively smaller skull openings and 

more verticalized quadrate condyles (Figure 2)  

 Data point distribution and clustering on the PC1 axis seems to be strongly 

related with the respective ontogenetic stage of each specimen, separating the 

specimens widely regarded and previously described as skeletally mature individuals 

on the negative end, while juveniles fall on the right side of the graph. The isolation of 

Gondwanasuchus, and its association with a profile displaying features commonly 

found in extant and extinct young crocodyliform individuals (Foth et al. 2015; Foth et 

al. 2018; Blanco et al. 2018; Drumheller et al. 2021), is noteworthy and consistent with 

the great size discrepancy in relation to other baurusuchid material included in the 

analysis.  

 Multivariate regression of shape to log centroid size yielded very strong support 

against the null hypothesis, with a p-value of 0.002, well below a 0.05 threshold for 

statistically significant associations, indicating that size indeed has a significant effect 

on shape, and supporting the presence of an ontogenetic signal (Figure 4).  

A substantial effect size (z) value of 2.67 was also found, and the R-squared 

value of 0.3957 translates to 39.57% of changes in shape being explained by variations 

in size. The PLS results also support this covariance, with a p-value of 0.01.  

As expected, adults concentrate on the upper right side of the distribution, with 

Stratiotosuchus maxcheti as its most mature representative, later stage juveniles in the 

mid-section, and Gondwanasuchus as the youngest semaphoront in the series, with a 

noticeable separation towards the others.  

 The dorsal view PCA produced a similar, but not as widely separated clustering 

of data points (Figure 3). PC1 alone accounts for 45.14% of shape variance, whereas 
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PC2 also displays significant explanatory potential at 24.59%. PC1 through 

PC4(PC3=13.94%;PC4=7.02%) together explain 90.69% of change. Skulls of 

skeletally mature individuals, with the exception of Pissarrachampsa, groups closer to 

the 0.0 mark on the PC1 axis, with little vertical dispersion. In accordance with the 

previous analysis, juveniles display high PC2 variance, but IFSP-VTP/PALEO 0003 

falls within the adult morphospaces. Gondwanasuchus persists as an isolated data 

point, on the more positive side of PC1. The scatterplot distribution also suggests 

separation along ontogenetic lines, although less so then on the lateral PCA. The 

horizontal axis, PC1, describes a differential elongation of the rostrum, accompanied 

by a lateromedial compression characteristic of the oreinirostral condition typical of 

baurusuchids, at the same time as PC2 is interpreted to account for lateral 

compression and shear forces to which the specimens were submitted. 

 

Figure 3. Dorsal view PCA scatterplot with corresponding transformations grids 
showing shape variation along PC1 and PC2. In a similar manner to the lateral view 
analysis, PC1 accounts mostly for the heterochronic development of the rostrum 
throughout ontogeny. Red circles are comprised of larger skulls, while blue and 
green ones represent intermediate and small skulls, respectively.  
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Regression of shape vs. log centroid size resulted in moderate to strong support 

against the null hypothesis, with a p-value of 0.02, below the 0.05 significance 

benchmark, and R-squared values of 0.2449 yields a 24.49% of shape change being 

explained by size differences. PLS analysis produced effect size (z) values of 1,62 and 

p-value of 0.043, marginally below the confidence level. An ontogenetic signal has 

similarly been detected (Figure 4), but with lower statistical confidence, most likely due 

to this view being more substantially affected by taphonomic deformation.  

 

Figure 4. Regression scatterplots of shape vs. log centroid size for both views. The 
nature of curves and their respective p-values support an ontogenetic signal. P-
values and Rsq are provided in the bottom right corner. Red circles comprise larger 
skulls, while blue and green represent intermediate and small skulls, respectively.  
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4. Discussion  

The PCA analyses allowed for the characterization of the origins of shape 

variance amongst baurusuchids, consistently relating to ontogenetic growth. This 

sheds light into the nature of their in-group morphospace occupation, and thus 

provides substance for a more detailed discussion on their levels of diversity and 

disparity. Here, the geometric morphometric results are discussed in the context of 

baurusuchid taxonomy, paleoecology, and biogeography within the Bauru Basin, given 

the substantial allometric relationship found between size and shape.  

 

4.1 Ontogenetic biases 

Ontogenetic variations in skull shape and proportions described by the PCA and 

regression data (e.g. relatively large orbits, short and gracile rostra) are in line with 

previous morphometric (Foth et al. 2015; Foth et al. 2018; Blanco et al. 2018; Angulo-

Bedoya et al. 2019) and comparative anatomy and development studies (Vieira et al. 

2018; Drumheller and Wilberg 2020) involving crocodyliforms. More specifically to 

baurusuchids is the conspicuous heterochronic development of their rostrum, 

comprising most of  the total skull length in adult individuals, clearly visible along the 

PC1 on both views, that creates a morphological gap between adults and young 

juveniles, in close accordance to the findings of Godoy et al. (2018).  

The mapped contrasts between adults and juveniles work as a framework that 

allows the placement of known specimens along an ontogenetic series. This is of 

special importance given that new taxa have been erected in the past without the 

proper acknowledgement of ontogenetic biases, leading to an artificial overestimation 
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of past diversity (Horner and Goodwin 2006; Horner and Goodwin 2009; Scannella and 

Horner 2010; Woodward et al. 2020; Carr 2020). 

Modern crocodylians and closely related fossil neosuchians undergo substantial 

shifts with growth (Figure 5), so it is only natural that divergent morphologies should 

be interpreted as being of phylogenetic origin in isolated fossil finds without particular 

special attention to the matter (Grigg 2015; Drumheller et al. 2021). Morphological 

divergences amongst semaphoronts have been identified in broader terms for 

sauropsids (Griffin et al. 2021), and were echoed by Santos et al.(chapter III) for the 

specific case of baurusuchids, identifying several cranial characters affected by 

growth, mostly in the sculpturing/ornamentation development of dermatocranium 

bones and enlargement of adductor musculature and associated origin and attachment 

sites.  

As both anatomical and morphometric lines of evidence seem to suggest, 

Gondwanasuchus scabrosus has been described utilizing an early juvenile, perhaps 

the youngest ever identified excluding a baurusuchid yearling specimen (Santos et al. 

2021), and so its autapomorphies cannot be properly disentangled from shifts 

associated with growth. Therefore, it is not known whether its defining characters, such 

as apicobasal ridges/sulci, also found in the posteriormost maxillary teeth of IFSP-

VTP/PALEO 0003, might actually be common for baurusuchid individuals of similar 

stages or in fact unique to a new species, lacking a growth control that would bolster 

the case for a new taxon, especially as an entire new genus has also been erected. In 

the light of the shape analysis here presented, we reinforce the position that 

Gondwanasuchus should then be considered a nomem dubium, but also call attention 

to the possibility that Stratiotosuchus might represent a larger, and most likely older, 

individual attributable to species in the Baurusuchus genus (judging by its 
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morphospace position) because of its tendency to fall on the opposite end of the 

regression distributions.  

It also needs to be recognized that, despite the proclivity of adult individuals to 

generally group together, it is hard to determine if this tendency is ascribable to an 

intraspecific signal or the morphospace overlap of several species, which is known to 

occur amongst modern crocodylians (Watanabe and Slice 2014; Foth et al. 2018). A 

case-by-case approach, in unison with paleoecological and paleogeographical 

arguments is thus advised in order to evaluate such pattern. 

 

4.2 Paleoecological implications 

The heterochronic growth in baurusuchid rostra bridges the significant gap 

between young juveniles and adults, starting from short and shallows snouts with 

gracile teeth and larger diastema, to long and deeper rostra with incrassate teeth. The 

relatively undeveloped adductor aponeuroses and relatively lack of tooth wear in 

juveniles, described in the previous chapter, in addition to rostrum development, most 

likely precluded young individuals from having pursued similar foraging strategies to 

adults due to differences in prey size and bite force (Erickson et al. 2003; Gignac and 

Erickson 2015; Gignac and Erickson 2016; Gignac and O’Brien 2016).  

These observations fit the concept of and strengthen the case for ontogenetic 

dietary shifts and thus intraspecific niche partitioning with baurusuchidae, a common 

feature in modern crocodylians, where juveniles usually begin by consuming aquatic 

invertebrates then proceed to larger, less pliant prey, including vertebrates, avoiding 

competition with older semaphoronts (Dodson 1975; Tucker et al. 1996; Borteiro et al. 

2009).  
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We hold that baurusuchids likely displayed similar dietary shifts throughout their 

life history, culminating in the osteophagous hypercarnivory of adults (Godoy et al. 

2014; Oliveira et al. 2021). This is further supported by a ~ 30% difference in Hg 

concentrations in bone hydroxyapatite among adults and juveniles found by Cardia et 

al. (2018), an independent line of evidence likely indicating that different baurusuchid 

semaphoronts feed on different prey. Consequently, in spite of small egg clutch sizes 

(Oliveira et al. 2011; Marsola et al. 2016), we consider unlikely that baurusuchids 

displayed greater parental care levels than extant crocodylians (r/k spectrum of 

selection theory), which could require juvenile consumption of prey captured by adults, 

likely producing similar mercury concentrations than the ones presently observed 

(MacArthur and Wilson 1967; Godoy et al. 2018). 

 

4.3 The effects of stratigraphy,  distribution and ecology on taxonomy  

Baurusuchid remains in Brazil are specific to the bioturbated, massive reddish 

sandstone facies of the Adamantina Formation, interpreted as a product of an 

extensive sandy braided river system (Batezelli 2010). These depositional systems are 

highly dynamic and are characterized by shallow, multiple anastomosed channels 

interspersed by sigmoidal sand bars (Boggs 2012; Schuurman and Kleinhans 2015). 

As previously mentioned, a few baurusuchid articulated skeletons have been found, 

and some were dipped in respect to the horizontal plane, suggesting high sediment 

volume due to their size and complicating stratigraphic interpretations (Vasconcellos 

and Carvalho 2010). It is reasonable then to suggest that frequent bar migration and 

channel dynamics were responsible for rapid burial and subsequent preservation of 

semi-complete skeletons (Araújo Júnior and Silva Marinho 2013; Rhoads 2020). This 

particular depositional context, lacking significant vertical distribution, decreases the 
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possibility that part of currently recognized baurusuchid diversity might be explained 

by anagenesis within a few closely related lineages, as it has been suggested, for 

instance, for the Daspletosaurus species from the Two Medicine Formation, Montana 

(Carr et al. 2017). However, it also creates an ecological and paleogeographical 

problem, with 10 similar-sized species of top-tier predators, collected in similar 

sedimentological contexts, with low morphological disparity and in sympatry within a 

relatively small geographical area lacking major geographical barriers.  

The nine valid species of baurusuchids in the Bauru Basin have been divided 

into two distinct subfamilies, Baurusuchinae and Pissarrachampsine, by previous 

phylogenies that focus on the detailed relationships of sebecosuchians (Montefeltro et 

al. 2011; Godoy et al. 2014; Darlim, Montefeltro, et al. 2021).  

Given their high predatory status, even being regarded as possible theropod 

mimics and/or likely competitors to South American abelisaurids (Riff and Kellner, 

2011), though they might not have shared the same environments (Bandeira et al. 

2018), an assessment of their diversity is paramount for the understanding of local 

food webs.  

Excluding Gondwanasuchus scabrosus, which is distinctively small-bodied, the 

clade seems to present very low levels of disparity, with its holotypes, mostly composed 

of cranial material, being of similar dimensions, and lacking major anatomical 

differences that might indicate partitioning.  

Curiously, this diversity of baurusuchid species seems not to have emerged 

from widely spaced and distinctively separate sites within the basin but is mainly 

restricted to a few outcrops where the abovementioned facies can be found within the 

western portions of the Adamantina Formation (Figure 5). These localities are bound 
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nowadays by the Tietê and Paranaíba rivers and represent a small area along the 

states of São Paulo and Minas Gerais, where baurusuchinae and pissarrachampinae 

species were collected, respectively. The holotypes of five species, B. pachecoi, B. 

albertoi, B. salgadoensis, Gondwanasuchus, and Aplestosuchus have all originated 

from the vicinities of  General Salgado municipality, being the latter three from an 

outcrop of the very same farm (Price 1945; Carvalho et al. 2005; Nascimento and 

Zaher 2010; Marinho et al. 2013; Godoy et al. 2014).  

 

Figure 5. Geological map of the northern Bauru Group, showing collecting sites and 
municipalities of all nine presently recognized baurusuchid species (in yellow). 
Curiously, the pissarrachampinae and baurusuchinae subfamilies are separated by 
the Grande River, between the states of Minas Gerais and São Paulo. The city of 
General Salgado-SP concentrates the highest number of species, four in total, 
coming from roughly the same site, within the same farm. Stratiotosuchus maxhechti 
is an outlier, being found south of the Tietê River. 
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This condition greatly contrasts the present distributions and sympatric 

relationships of modern crocodylians (Figure 6), as the following cases exemplify. In 

spite of the recent recognition of Crocodylus suchus (Schmitz et al. 2003; Hekkala et 

al. 2011), the geographical range of Crocodylus niloticus Laurenti, 1768 vastly dwarfs 

that of brazilian baurusuchids. Similarly, the six caimanine species that occur in the 

Brazilian territory all have somewhat well-defined and vast biogeographical zones, and 

when in sympatry do not directly compete due to disparate sizes and rostral shapes 

(Roberto et al. 2021; Barreto-Lima et al. 2021).  

In Colombia, the Caiman crocodilus complex is comprised of four subspecies, 

distributed along coastal, mountainous, and distinct river drainages separated by sharp 

geographical barriers (Angulo-Bedoya et al. 2019). These subspecies show surprising 

levels of cranial disparity considering their close relatedness, including a longirostrine 

form endemic to the Apaporis River (C.crocodilus apaporiensis) that oddly does not 

present significant molecular divergences from populations of C.crocodilus crocodilus 

(Balaguera-Reina et al. 2020).  

In yet another example, the Mescistops genus, which used to be monospecific, 

now includes two morphologically similar species, M. cataphractus and M. 

lepytorhyncus, but these occur on distinct biogeographical zones on West Africa 

separated the Cameroon Volcanic Line (CVL) (Shirley et al. 2018). In fact, Africa, the 

second largest continent on Earth, currently supports only 5 crocodylian species, even 

after efforts to disentangle cryptic species. A comparison of such geographical 

distributions with the limited occurrences sites and single outcrops yielding high 

diversity in the Bauru Basin raises questions of about this unusual diversity of similar, 

sympatric, high-tier predators. 
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Predators in modern terrestrial ecosystems, such as the African savannah, are 

of low diversity and anatomically disparate (lions, hyenas, cheetahs, leopards, and 

spotted dogs) and usually develop a series of avoidance mechanisms, such as 

niche/temporal partitioning, in order to decrease or prevent interspecific competition in 

the large predator guilds (Van Valkenburgh and Wayne 1994; Hayward and Slotow 

2009; Sogbohossou et al. 2017).  

Figure 6. Biogeographical zones of four species of crocodylids in Africa. The 
western light brown zone corresponds to the occurrence of M. cataphractus, 
while the light grey is where M. leptorhyncus can be found. These are separated 
by the Cameroon Volcanic Line (red dashed lines) and do not overlap. African 
members of the Crocodylus genus, C. niloticus and C. suchus are shown in 
purple and green, respectively. Crocodylus locally occurs in sympatry with both 
Mecistops and Osteolaemus. Adapted from the work of Matthew H. Shirley.  
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Ecosystems where modern and fossil crocodylians play or played major 

ecological roles also display similar mechanisms, which allows for increased local 

diversity of distinct predators (Young et al. 2011; Salas-Gismondi et al. 2015; Souza et 

al. 2016; Staniewicz et al. 2018; Drumheller et al. 2021). Although 

behavioural/temporal partitioning would be almost unattainable from their fossil record, 

one should expect recognizable levels or anatomical disparity between baurusuchid 

species, which is lacking. This, in addition to the somewhat biased collection sites, 

brings into question the known levels of baurusuchid diversity, and demonstrates the 

necessity for taxonomy revision of the family.  

We hold that a possible overestimation of diversity may have arisen from two 

main issues. The first is an inherent limitation of phylogenetic systematics itself, that is 

not able to discern between individuals of the same species, generating a terminal for 

every entry, no matter how closely related they are (even if they comprise individuals 

representing the same species). This likely results in a lack of incentives, under the 

newly published Phylocode, to distinguish new specimens from new species and 

genera, treating those as artificial entities instead of natural kinds and emptying the 

information retaining value of these taxonomy rankings (Dayrat et al. 2008; Cantino 

and De Queiroz 2020). Another issue is that the diagnoses of some species heavily 

rely on characters that may vary intraspecifically. For instance, the diagnosis of B. 

albertoi (Nascimento and Zaher, 2010) includes characters that make subjective 

assertions on the comparative robustness of structures, like "…jugal with a triangular 

and rugose ventrolateral projection in the anterior portion, more ventrally developed 

than in other Baurusuchidae", and also refers to structures as topological references 

such as in "well-developed ventromedial crest of the quadrate, dividing the descendent 

body of the quadrate into a medial and an anterior face".  A fan-shaped depression on 
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the lateral facet of the jugal’s anterior ramus is a feature present in all baurusuchid 

specimens (Montefeltro et al. 2011; Godoy et al. 2014), varying with age and 

taphonomic distortions, and compared to others there seems to be no objective reason 

to describe it as being an unique feature, while the latter crest most likely pertains to 

the quadrate aponeurosis (B’ crest sensu Iordansky, 1964), thus universally distributed 

and prone to be developed in most skeletally mature skulls.  

Ultimately, to increase stability of new taxa, diagnosis should concentrate on 

characters that are less affected by these processes in adult forms, such as the 

disposition of bone sutures and considerable architectural differences between major 

structures, like divergences in the pterygoid-choanal complex in baurusuchines and 

pissarrachampsines, which might be correlated with function (Darlim et al. 2021).  

Considering the ontogenetic and morphometric findings presented here, as well 

as the arguments above, it seems probable that B.salgadoensis, B.albertoi, 

Stratiotosuchus, and Aplestosuchus sordidus might represent not distinct species (and 

genus), but specimens of  B. pachecoi, as it takes precedent (Price 1945).  

It is also possible that a future revision might result in the merger of 

Pissarrachampsa and Campinasuchus, due to their close dimensions, morphological 

similarity, and collecting site proximity (Figure 5). In summary, we recommend a 

conservative approach towards the erection of new taxa, and anticipate the possibility 

that a future taxonomic revision might support the invalidation some species that could 

be assigned either to Baurusuchus pachecoi or Pissarrachampsa sera, that possess 

more cohesively distinct characters, as defined by Montefeltro et al. (2011).  
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5. Conclusions 

Using geometric morphometrics in two cranial views, including specimens of 

variable size and age, we have showed that the majority of baurusuchid skulls can be 

clearly separated into three groupings of adult, juvenile, and younger individuals in a 

PCA analysis. This does not necessarily mean that clustered holotypic material belong 

to a single species, given that they share a morphospace, but raises questions about 

overestimation of diversity and the levels of intraspecific variation within 

baurusuchidae. Anova analysis and regression of shape vs. log centroid size produced 

very strong to strong statistical support for size-controlled shape variation, robust 

evidence pointing to an ontogenetic signal. The baurusuchid skull sustained 

remarkable shape changes, with rostrum development being the most conspicuous 

and consequential, as it directly relates to predation capabilities and possible niche 

partitioning. 

The size and shape contrast between the holotypes of Gondwanasuchus and 

Stratiotosuchus, and their behavior in the data, allows them to be considered as 

semaphoronts of previously erected species, like B. pachecoi, showing that their 

distinct characters may be reinterpreted as a consequence of growth instead of 

phylogeny (see chapter III).  

The more restricted baurusuchid distribution allied with the high diversity and 

low disparity pose a geographical and ecological problem that could be explained, at 

least partially, by intraspecific variations. We advocate a more conservative approach 

towards their taxonomy, restricting diagnostic characters to fewer variable structures, 

which might result in a reduction of known baurusuchid diversity, more in line with the 

current understanding of top-predator ecology. 
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Supplemental information (chapter IV) 

 

 Here we provide, for both vistas: (1) Procrustes analyses; (2) PLS analyses 

graphs and (3) raw statistical data for regression scores. 
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