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ABSTRACT

During the Triassic Period, pseudosuchian reptiles diverged and dominated the terrestrial and semi-
aquatic ecosystems. A very successful paraphyletic pseudosuchian grade were a group commonly
referred to as ‘rauisuchians’. Saurosuchus galilei, first described by Osvaldo Reig over six decades
ago, was a hypercarnivorous, quadrupedal rauisuchian that dominated the terrestrial ecosystems in
the Late Triassic, about 237 - 208.5 million years ago. Here, the first digital reconstruction of a
juvenile, three dimensionally, well-preserved Saurosuchus cranium (PVSJ 32), from the
Ischigualasto Formation in Argentina, was carried out. Using finite element analysis (FEA), the
morphological function of the Saurosuchus cranium was biomechanically explored, comparing the
stress magnitudes and distributions to theropod dinosaurs, including Allosaurus fragilis, in order to
assess the functional convergence between Triassic and post-Triassic carnivores. With their large
size and morphological similarities to post-Triassic theropods, including dorsoventrally deep skulls
and ziphodont (serrated) dentitions, Saurosuchus is suggested to have been a key apex predator and
therefore would show analogous stress and bite magnitudes to similarly sized apex theropods.
However, this hypothesis disregards functional behaviours that can influence more refined
predatory roles. Similar stress magnitudes and distributions between Saurosuchus and Allosaurus
were displayed under the same functional simulations, which indicates a somewhat strong skull and
functional convergence with theropods to a certain extent. However, higher stresses and a weak
bite for its size were also shown (1015-1885 N). This indicates that Saurosuchus potentially
consumed softer parts of carcasses, which would mean that it was quite wasteful with its prey,
differing to theropods and other pseudosuchians. This analysis increases our knowledge of the
functional diversity of pseudosuchians and also highlights the key functional differences between

Triassic and post-Triassic apex predators.
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CHAPTER I
INTRODUCTION

Around 252 million years ago (MYA), the Triassic period and the Mesozoic era began, following
the Earth's worst-ever extinction event, also known as the Great Dying (Huang et al., 2011;
Zhongming et al., 2021). However, the Triassic is also marked by one of the greatest changes in
vertebrate evolutionary history, with the emergence and radiation of archosaurian reptiles, which
came to dominate terrestrial and semi-aquatic ecosystems throughout the Triassic Period (Huene,
1938a; Bonaparte, 1967; Chatterjee, 1986; Long & Padian, 1986; Parrish & Carpenter, 1986;
Benton & Clark, 1988; Sereno, 1991; Lucas, 1998; Gower & Sennikov, 2000; Langer, 2005; Irmis
et al., 2007; Nesbitt et al., 2010; Sues & Fraser, 2010; Butler et al., 2011; Nesbitt, 2011). The
archosaur clade comprises two lineages: Pseudosuchia (the lineage leading to crocodiles) and
Avemetatarsalia (the lineage leading to birds) (Gower & Sennikov, 2000). Pseudosuchians were
initially able to diversify at a quicker rate compared to the avemetatarsalians and therefore
dominated the Triassic Period (Nesbitt, 2005a, b, 2011; Butler et al., 2009, 2011).
Crocodylomorpha is a group of pseudosuchians that includes all extant crocodilians and their
extinct crocodilian-like relatives, and includes the only pseudosuchians to survive the end-Triassic
mass extinction (Benton & Clark, 1988). The clade Paracrocodylomorpha is composed of the group
Crocodylomorpha and their closest relatives (Nesbitt, 2011). Rauisuchia is a group of large non-
crocodylomorph archosaurs that belong to this clade (Gauthier and Padian, 1985; Gower, 2000;
Nesbitt, 2011). The name “Rauisuchia” is derived from the genus name Rauisuchus, created in
honour of the fossil collector Dr. Wilhelm Rau, who discovered the holotype of the genus in

1928/29, and meaning ‘Rau's crocodile’ (Huene, 1942). “Rauisuchia”, hereafter referred to as
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Fig. 1. The distribution of all rauisuchians discovered in time (Triassic period) and space (the Earth when all
continents were joined within the landmass Pangea). Note that the stratigraphic ranges contain age error for all the
individual taxa listed (modified from Franca, 2011; Nesbitt et al., 2013).

rauisuchians (sensu Nesbitt & Desojo, 2017), were very large hypercarnivores often measuring 4-6
m in length but could reach to sizes of 8-10 m, e.g., species such as Fasolasuchus tenax and the
shuvosaurid Sillosuchus longicervex (Nesbitt, 2011; Nesbitt et al., 2013). They were widespread
across the supercontinent — Pangea during the Triassic, with previous research identifying

rauisuchian fossils on all continents except Australia and Antarctica (Fig. 1) (Gower, 2000).

Previous research has suggested that rauisuchians are typically characterised by relatively
long hind limbs compared to the forelimbs, which were directly positioned underneath their bodies
(referred to as a pillar-erect posture) (Krebs, 1976; Benton & Clark, 1988). Many rauisuchians also
had large, deep skulls relative to their body, with recurved, serrated teeth (Nesbitt et al., 2013).
However, these characters are not seen in all rauisuchians, for example the shuvosaurids (e.g.,
Sillosuchus, Shuvosaurus and Effigia) were toothless and likely beaked herbivores (Nesbitt, 2011;
Bestwick et al., 2021). Furthermore, most of these characters are plesiomorphic among many of the
Early Triassic archosaurs (Nesbitt et al., 2013). Despite this, the evolution of these characters
allowed rauisuchians to become apex predators on the terrestrial landscape during the Mid to Late
Triassic. Rauisuchians preyed upon the very first dinosaurs, including dinosauromorphs,
sauropodomorphs, theropods, and therapsids (Tolchard et al., 2019). However, their reign
unexpectedly ended when they became extinct at the end of the Triassic, which is thought to be due

to the global end-Triassic mass extinction event (201.3 MYA) (Benton, 2004).



In the past, there has been great confusion over the phylogenetic relationships and diagnosis
of Rauisuchia, and, despite the increased research done in the late 20" century on rauisuchians,
there is still little consensus on the matter (Nesbitt et al., 2013). Due to this, the phylogenetic
relationships between rauisuchian taxa and whether they form a single clade are still widely debated
(Gower, 2000; Brusatte et al., 2010; Nesbitt, 2011; Nesbitt et al., 2013; Nesbitt and Desojo, 2017).
The debate concerns whether rauisuchians are monophyletic (a natural group), paraphyletic (with
respect to other pseudosuchian clades), or polyphyletic (spread throughout the well-recognised
pseudosuchian groups) (Gower, 2000). Many researchers have used the term ‘Rauisuchia’ in a
paraphyletic sense with respect to Crocodylomorpha (e.g., Nesbitt, 2005a; Gower and Nesbitt,
2006; Weinbaum and Hungerbuhler, 2007; Nesbitt, 2011). However, some other researchers have
recovered a monophyletic Rauisuchia in their analyses (e.g., Nesbitt, 2007; Lautenschlager, 2008;
Desojo and Rauhut, 2009; Brusatte et al., 2010). Due to this uncertainty, in this thesis I refer to this
group as a paraphyletic assemblage, which includes non-crocodylomorph Loricata, Poposauroidea
and Ticinosuchus ferox (Fig. 2) (Butler et al., 2011; Nesbitt, 2011; Nesbitt et al., 2013; Butler et al.,

2017; Roberto-Da-Silva et al., 2018).

The focus of this thesis is Saurosuchus galilei, the genus meaning ‘lizard crocodile’ in Greek and
the species name in honour to Galileo J. Scaglia, who prepared the holotype. which was discovered
and named by Osvaldo Reig in 1959. Saurosuchus was a large quadrupedal rauisuchian within the
clade Loricata, which was on average 6—7 m in length but could reach to possibly 9 m in length,
making it one of the largest rauisuchians in the fossil record (Reig, 1959; Sill, 1974; Alcober, 2000;
Trotteyn et al., 2011). Fossils of Saurosuchus are known from the Late Triassic (late Carnian)

Ischigualasto Formation in Argentina (Fig. 1) (Sill, 1974).



1.1 Rauisuchian Phylogenetics

Rauisuchian taxonomy and evolution have long been poorly understood, and, because of this,
debates regarding the phylogenetic placement of Saurosuchus galilei and other rauisuchians still
occur (Gower, 2000; Brusatte et al., 2010; Nesbitt, 2011; Nesbitt et al., 2013; Nesbitt and Desojo,
2017; Tolchard et al., 2019; Butler et al., 2022; Damke et al., 2022). The reasons for this
misunderstanding are a combination of a fragmentary fossil record, poor specimen preservation,
insufficient ‘primary’ research, confusion in alpha-level taxonomy, and the lack of understanding of
wider Triassic pseudosuchian relationships (Gower, 2000; Nesbitt et al., 2013). However, our
understanding has greatly increased due to the advances in phylogenetic methodologies such as
character construction (Sereno, 2007) and taxon inclusion (Brusatte, 2010). Along with an increased
number of recently discovered near-to-complete specimens and the introduction of quantitative
methodologies, such as integrated biomechanical modelling, we now have a better understanding of

rauisuchians than ever before.

Although Meyer (1861) and Mehl (1915) described specimens that have subsequently been
referred to as rauisuchians, the person that could be considered to have first recognised this group
was Huene (1942). He described the fossil reptiles Rauisuchus tiradentes, Prestosuchus
chiniquensis and Prestosuchus loricatus, all from the Middle Triassic of Brazil (Fig. 1) (Huene,
1942). Saurosuchus was originally placed within the family Rauisuchidae, along with Rauisuchus,
Prestosuchus, and Stagonosuchus nyassicus in a review written by Reig (1961). Later, Romer
(1966) proceeded to place Saurosuchus and Rauisuchus within Erythrosuchidae, whilst placing
Prestosuchus, Procerosuchus, Stagonosuchus, and Mandasuchus tanyauchen (Charig, 1956) into

Prestosuchidae. Many different compositions of Prestosuchidae and Rauisuchidae were suggested
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over the years, although some without support from diagnostic characters (e.g., Charig, 1967).
Many early archosaur phylogenies that included rauisuchians used composite scoring for
suprageneric taxa, assuming monophyly of groups such as Prestosuchidae (e.g., Juul, 1994).
However, more recent phylogenies do not assume monophyly of rauisuchians and use species-
/genus-level terminal taxa (Brusatte et al., 2010; Butler et al., 2011; Nesbitt, 2011). For more on the
taxonomic history of rauisuchian classification see Gower (2000), Brusatte et al. (2010) and Nesbitt

(2011).

Rauisuchians currently comprise the monophyletic group Poposauroidea Nopsca 1923
(including subclade Ctenosauriscidae Kuhn 1964) and non-crocodylomorph members of the clade
Loricata Merrem, 1820 (including the subclade Rauisuchidae Huene 1942), plus Ticinosuchus ferox
Krebs 1965 (Fig. 2) (sensu Tolchard et al., 2019). The clade Poposauroidea (first referred to as
‘group X’ in Nesbitt, 2007) includes: sail-backed quadrupedal species such as Arizonasaurus
babbitti Welles 1947, Ctenosauriscus koeneni von Huene 1902, Xilousuchus sapingensis Wu 1981,
Bromsgroveia walkeri Galton 1985, Hypselorhachis mirabilis Butler et al. 2009, and the
‘“Waldhaus taxon’ Butler et al. 2011 (Nesbitt, 2005; Butler et al., 2011; Nesbitt, 2011); gracile
bipedal species such as Effigia okeeffeae Nesbitt & Norell 2006, Poposaurus langstoni Long &
Murry (1995) sensu Weinbaum & Hungerbiihler 2007 (=*Lythrosuchus’ langstoni), Lotosaurus
adentus Zhang 1975, Poposaurus gracilis Mehl 1915 sensu Weinbaum & Hungerbuhler 2007, and
Sillosuchus longicervix Alcober & Parrish 1997 (Nesbitt and Norell, 2006; Schoch et al., 2010;
Gauthier et al., 2011); herbivorous species such as Lotosaurus adentus Zhang 1975 and
Shuvosaurus inexpectacus Long & Murry 1995 sensu Nesbitt 2007 (Nesbitt et al., 2013); and the
semi-aquatic species Qianosuchus mixtus Li et al., 2006. Loricata currently includes: Arganasuchus

dutuiti Jalil & Peyer 2007, Polonosuchus silesiacus Sulej (2005) sensu Brusatte et al. 2009



(=‘Teratosaurus’ silesiacus), Postosuchus kirkpatricki Chatterjee 1985, Postosuchus alisonae Peyer
et al. 2008 and Rauisuchus triradentes Huene 1938b, Teratosaurus suevicus Meyer 1861,
Tikisuchus romeri Chatterjee & Majumdar 1987, Vivaron haydeni Lessner et al, 2016;
Batrachotomus kuperfurzellensis Gower 1999, Dagasuchus santacruzensis Lacerda et al. 2015,
Decuriasuchus quartacolonia Franga et al. 2011, Fasolasuchus tenax Bonaparte 1981, Heptasuchus
clarki Dawley et al. 1979, Luperosuchus fractus Romer 1971, Mambawakale ruhuhu, Mandasuchus
tanyauchen Charig 1956, Prestosuchus chiniquensis Huene 1938b, Prestosuchus loricatus Huene
1938Db, Stagonosuchus nyassicus Huene 1938a, and Saurosuchus galilei Reig 1959 (Fig. 1)
(Lacerda et al., 2015; Lacerda et al., 2016; Lessner et al., 2016; Roberto-da-Silva et al., 2018;

Desojo et al., 2020; Damke et al., 2022).



1.2 Fossil Record

As previously stated, the rauisuchian fossil record is fragmented and generally quite poor, and this,
with the addition of an unresolved taxonomy, has led to a lack of rauisuchian research in the past
(Neshitt et al., 2013). However, due to an influx of recent discoveries of material from new and
previously known taxa (Fig. 3), rauisuchians are now gaining increased attention from
palaeontologists (e.g. Gower, 2000; Sen, 2005; Sulej, 2005; Li et al., 2006; Nesbitt & Norell, 2006;
Jalil & Peyer, 2007; Desojo & Arcucci, 2009; Brusatte et al., 2010; Butler et al., 2011; Franca et
al., 2011; Gauthier et al., 2011; Trotteyn et al., 2011; Nesbitt et al., 2013; Tolchard et al., 2019;
Damke et al., 2022). Rauisuchians have been discovered in most terrestrial vertebrate-producing

Triassic formations globally (Nesbitt et al., 2013). However, there are many previously published

Fig. 3. Photographs of rauisuchian skulls in right lateral view: (A) Decuriasuchus quartacolonia skull (MCN PV10105c,
above; MCN PV10105d, below), (Franca et al., 2011); (B) reversed image of Prestosuchus chiniquensis (UFRGS 0156-T)
(Neshitt et al., 2013) (C) Batrachotomus kupferzellensis (Brusatte, 2008) (D) Lotosaurus adentus (Brusatte et al., 2010);
(E) Qianosuchus mixtus gen. et sp. nov (IVPP V14300) (Li et al., 2006); (F) reversed image of Postosuchus Kirkpatricki
(TTUP 9000) (Brusatte et al., 2010). Scale bars =5 cm (A, B, E), 10cm (C, D, F).



records that report Triassic vertebrate faunas/assemblages to include rauisuchians which are based
exclusively on teeth (e.g., Renesto, et al., 2003; Heckert, 2004; Heckert et al., 2012). Teeth are now
considered a non-diagnostic feature for any rauisuchian/rauisuchian subgroup, because recurved,
serrated teeth are present in the most groups of amniotes (Nesbitt et al., 2013). Nonetheless,
rauisuchians were able to cover a large morphospace spanning across all modern continents except
Australia and Antarctica (Gower, 2000; Brusatte et al., 2008). Although rauisuchians were
widespread, they are mainly known from 3 formations: the Chinle Formation of North America
(Stewart et al., 1972), the Ischigualasto Formation of Argentina (the location of Saurosuchus)

(Alcober, 2000; Currie et al., 2008), and the Santa Maria Formation of Brazil (Schultz et al., 2000).

All specimens of Saurosuchus have been found in the Ischigualasto Formation, San Juan
province, Argentina (Alcober, 2000). The holotype of Saurosuchus (PVL 2062) was first described
by Reig (1959) in a preliminary report. The specimen PVL 2062 was found in the upper third of the
strata within the formation and included a nearly complete skull with the most posterior portion
missing (Reig, 1959). The next specimen discovered was PVVL 2198, found in the middle part of the
formation, which included a laterally deformed skull that is complete from the anterior most tip to
the temporal fenestrae, and postcranial material including parts of dermal armour, some dorsal
scutes, eleven dorsal vertebrae, left ilium, both ischia, and associated ribs (Reig, 1959). In 1974, Sill
described three referred specimens: PVL 2557, PVL 2472 and PVL 2267, as well as redescribing
the previously discovered material (Sill, 1974). The specimen PVL 2557 was also found in the
middle part of the formation, and included nine caudals, chevrons, two dorsal vertebrae, parts of the
right femur, fibula, right ilium, ischium, partial pubis, some associated ribs, both sacrals, tibia, and

complete right tarsus and foot (Sill, 1974). The specimen PVL 2472 was found in the lower third of
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the formation, and included an astragalus, tibia, and one poorly preserved cervical vertebra (Sill,
1974). Lastly, the specimen PVL 2267 was also found in the lower third of the formation, and
included a partial femur, fibula, poorly preserved partial ilium, tibia, and a well-preserved tarsus
and partial foot (Sill, 1974). In 1981, Bonaparte mentioned two recent discoveries in the collections

of the San Juan Museum. The discovery included two new skeletons; Bonaparte also made a

preliminary description of the specimen PVVSJ 74, comprising a pelvis (Bonaparte, 1984).

Fig. 4. Pictures of the fossil specimen PVSJ 32 in the Ischigualasto Formation of San Juan Province, Argentina. (a) dorsal
view; (b) ventral view; (c) left lateral view; (d) right lateral view. Scale bar = 5 cm (Photos taken by Martin D. Ezcurra &
Julia Desojo).

The most recently reported specimen, PVSJ 32, was found in the base of the Upper Triassic
Ischigualasto Formation, located about 15m above a 228 MY A layer of tuff in a silty abandoned
channel deposit (Rogers et al., 1993). This specimen included an almost complete skull of

Saurosuchus galilei (Fig. 4). The main parts that can be observed to be missing include the
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anteroposterior rami of the quadratojugal and ventral articular surfaces of the quadrates (Alcober,

2000). This specimen was found by Alfred Romer and his team during the late 1950s (Reig, 1959).

Out of the seven known specimens discovered three include cranial material, PVSJ 32 being
the latest, most complete and well-preserved skull (Alcober, 2000). This specimen has the entire
posterior region of the braincase preserved, showing anatomical features that cannot be seen in the
holotype PVL 2062 (Sill, 1974). Although, preservation of the fossilised skull is generally quite
good. There is some damage on the external surfaces of the premaxilla and maxilla (Alcober, 2000).
There is also observable deformation on the left side of the skull due to lateral shearing stress (Fig.
4). The erosion due to fossilisation affected the left paraoccipital process (almost all of it), the
anterior part of the palate, the posterior part of both mandibular rami, and most of the teeth on the

premaxilla and maxilla (Alcober, 2000).
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1.3.1 Rauisuchian Anatomy

After the discovery of Saurosuchus galilei (Reig, 1959) and Ticinosuchus ferox (Krebs, 1965), it
was proposed by both Reig (1961) and Krebs (1965) that rauisuchians were a widespread group of
Triassic archosaurs (Fig. 1) with affinities that lay with pseudosuchians rather than with non-crown-
group early archosauriforms, also known as proterosuchians, an alternative hypothesis first
suggested in 1963 by Hughes (Hughes, 1963; Romer, 1966, 1972; Bonaparte, 1982; Paul, 1984).
Rauisuchians have many similarities to theropod dinosaurs (Nesbitt and Norell, 2006; Brusatte et
al., 2008). However, they also have some traits that distinguish them from theropods and other
archosaurs. The key characteristics that rauisuchians share can be seen in the cranial material
(Alcober, 2000), linked to their largely carnivorous diet. One of these is an extra slit-like antorbital
fenestra (which has been previously named as a subnarial/accessory/supplementary fenestra)
(labelled sf in Fig. 5) which lies between the premaxilla and maxilla in juvenile stages (Krebs, 1976;
Alcober, 2000). This gap varies among different taxa in its relative size and position and can even
vary from alternate sides of the same skull (Gower, 2000 Fig. 3; Nesbitt and Desojo, 2017). This
variation notwithstanding, this character is used as a key diagnostic synapomorphy for rauisuchians
in many phylogenetic analyses (Benton, 1984; Benton and Clark, 1988; Parrish, 1993; Brusatte et
al., 2010; Nesbitt, 2011; Butler et al., 2014; Nesbitt and Desojo, 2017). The function of this trait is
still widely debated with Gower (2000) suggesting two main hypotheses. The first states that the
function is related to the air sinus system, whereas the second is related to nerve transmission or
blood vessels (Gower, 2000). This aperture can be seen in many rauisuchians (e.g., Chatterjee,
1985; Benton, 1986a; Long and Murry, 1995; Alcober, 2000; Gower, 2000). However, in some taxa
this aperture is smaller and more circular, which is thought to be a homologous feature (e.g., in

Batrachotomus; Gower, 2000). Prestosuchus chiniquensis, a well-known traditional rauisuchian,
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has been considered quite problematic in the past, as it appears to lack this aperture (Gower, 2000).
However, recent work has demonstrated that this antorbital fenestra is present in Prestosuchus and
must have closed in the specimen UFGRS PV 0156 during ontogeny (Fig. 3) (Alcober, 2000;
Mastrantonio et al., 2013). However, due to a supposed movable premaxilla-maxilla joint, the
position and shape of this subnarial fenestra has been open to interpretation (Mastrantonio, 2010).
These moveable joints in the cranium are thought to be another common feature that can be found
in rauisuchians (Benton, 1984). The function is hypothesized to be for a wide bite extension,
allowing for more tough and crunchy foods to be consumed (Erickson et al., 2003). This would
have been useful for rauisuchian as apex predators in the Triassic, with hypercarnivorous diets
which potentially required a lot of bone crushing. This can still be seen today in extant crocodilians
which have similar carnivorous diets, allowing them to have a stronger bite in order to kill their

prey (Erickson et al., 2003).
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1.3.2 Saurosuchus Cranial Anatomy

Both Sill (1974) and Alcober (2000) have identified diagnostic features of Saurosuchus based on
the skull of the specimens PVL 2062 (holotype) and PVSJ 32. It is clear that Saurosuchus has a
highly sculptured skull, especially when it comes to the maxilla and skull roof (Sill, 1974; Alcober,

2000). The thickening of the frontal lateral margins forms a raised margin at the level of the orbital
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Fig. 5. Skulls and skeletons of rauisuchians in left lateral view: (a) Juvenile Saurosuchus galilei skull with labelled version on the left and the
addition of the cranial opening behind the naris (adapted from Nesbitt et al., 2013 and Alcober, 2000) (b) Effigia okeeffeae skull; (c)
Arizonasaurus babbitti skull; (d) Batrachotomus kupferzellensis skull (Gower, 1999); (e) Postosuchus kirkpatricki skull; (f) Postosuchus
kirkpatricki skeleton; (g) Arizonasaurus babbitti skeleton (Nesbitt, 2005a); (h) Effigia okeeffeae skeleton; (i) Saurosuchus galilei skeleton
(adapted from Benton, 1984). Indication of unknown portions of skulls from missing fossils are shown in grey. Labels: an, angular; aof,
antorbital fenestra; d, dentary (dark red); en, external naris; f, frontal (dark pink); j, jugal (blue); la, lacrimal (light green); Itf, lower temporal
fenestra; mx, maxilla (yellow); mf, mandibular fenestra; n, nasal (orange); o, orbit; pf, prefrontal (dark blue); po, postorbital (purple); pof,
postfrontal; pmx, premaxilla (red); gj, quadratojugal; qu, quadrate (light pink); sf, subnarial fenestra; sq, squamosal (light blue); su, surangular.
Scale bars: 1 cm (b, ¢); 5 cm (a, d, €); 50 cm (f-h); 1 m (i). (Adapted from Nesbitt et al., 2013 and Benton, 1984).
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fenestra, resulting in a unique dorsal margin of the orbit (Fig. 5) (Alcober, 2000). This unique dorsal
margin of the orbit was referred to as the “orbital arch” by Sill (1974) and has not yet been observed
in any other pseudosuchian (Alcober, 2000). The lateral process (laterally projected above the
dorsal border of the orbit) of the frontal forms a posterolateral corner (Alcober, 2000). Both
previous diagnoses primarily focused on this frontal thickening as characteristic of Saurosuchus.
However, Alcober (2000) also mentioned some other derived traits such as the loss of the dorsally
exposed frontal suture due to the development of the dermal sculpturing, causing the dorsal view of
the postfrontal to become reduced. Another derived character that can be found in the skull of
Saurosuchus is the robust, laterally orientated capitate process of the laterosphenoid (Alcober,
2000). The ventral process of the lacrimal causes it to be adjacent to the jugal laterally. Lastly, on
the dorsal part of the supraoccipital a development of the crista can be observed (Fig. 5) (Alcober,
2000). These characters form a structured dorsoventrally deep skull with a relatively tall and narrow
snout, often called “hatchet-shaped” (Holtz Jr, 1998). This skull shape is very similar to carnivorous
theropods, in which the skull is adapted to be resistant to vertical compressive loads and functions
most effectively as a slicer or slasher (Busbey, 1995). These morphological similarities to
theropods, along with evidence of their bite marks on numerous herbivore and mesopredator fossil
bones, have led to the suggestion that Saurosuchus and other rauisuchians were the apex predators
of Middle and Late Triassic food webs, performing the same ecological role as later evolving post-
Triassic theropods (Chatterjee, 1985; Alcober, 2000; Gower, 2000; Nesbitt et al., 2013; Roberto-

Da-Silva et al., 2018; Mastranténio et al., 2019).
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1.4 Diet and Ecology

It is agreed by most palaeontologists that rauisuchians were massive, quadrupedal carnivorous
predators (e.g., Batrachotomus kuperferzellensis, Postosuchus kirkpatricki, Prestosuchus
chiniquensis, and Saurosuchus galilei) due to fossil evidence showing morphological similarities to
carnivorous theropods (Chatterjee, 1985; Alcober, 2000; Brusatte et al., 2009; Weinbaum, 2011,
2013). These traits include large, pointed, labiolingually compressed, recurved and serrated (known
as ziphodont) teeth, typically observed in predators that need to tear through meat (D" Amore, 2009;
Nesbitt et al., 2013; Brink et al., 2015). Their carnivorous diet can also be inferred based on their
relatively tall and narrow skulls, similar to the well-known carnivorous theropod dinosaurs such as
allosaurids and tyrannosaurids (Chatterjee, 1985). Indeed, in 1985, Chatterjee described the
rauisuchian Postosuchus, and believed that this Triassic predator exhibited traits, including
bipedalism, that foreshadowed and therefore was close to the ancestry of the Jurassic/Cretaceous
apex predator Tyrannosaurus. However, this was erroneous and rauisuchians were revealed to be a
unique group of archosaurs that were more closely related to crocodilians and which overlapped in
time with early dinosaurs in the Triassic Period (Peyer et al., 2008). In Triassic strata rauisuchians
have often been found together with common medium-large herbivorous tetrapods which were
suggested to likely be their prey (Nesbitt et al., 2013). This can particularly be seen in the case of
Saurosuchus galilei and Prestosuchus chiniquensis, which were considerably larger in size
compared to other carnivorous tetrapods and consequently were likely the apex predators in the
Triassic faunas they inhabited in South America (Argentina and Brazil respectively) (Nesbitt et al.,
2013). These two species have been shown to be sympatric with many herbivorous therapsids,
rhynchosaurs, dinosauromorphs and dicynodonts (Zerfass et al., 2004; Langer et al., 2007).
Rauisuchians were able to become these apex predators due to not only an extremely structured,

competent cranium (Fig. 5), but also postcranial traits such as an erect gait (with a vertical, rather
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than curved, femur and acetabulum like in monitor lizards) which allowed them to have quick,
agile, terrestrial locomotion that was superior to the rhynchosaurs and dicynodonts that they preyed
on (Nesbitt et al., 2013). Benton (1984) and Bonaparte (1984) suggested that this trait was
convergently evolved in different ways by the rauisuchians and theropod dinosaurs: in rauisuchians
the hip socket faces downward, whereas in dinosaurs the hip socket faces outward connecting the

femur to the side of the hip (Bonaparte, 1984).

Due to these derived carnivorous cranial and postcranial adaptations, rauisuchians were able to fill
many ecological roles and were very successful up until the end of the Triassic period. They all
went extinct along with many other archosaur lineages in the end-Triassic mass extinction event.
The causes of this extinction are still not completely understood, but the current consensus is
massive volcanic activity known as the Central Atlantic Magmatic Province (CAMP) on the
Atlantic Oceans (Blackburn et al., 2013). It is thought that these eruptions led to huge climatic
upheavals due to the immense amount of carbon dioxide and sulphur dioxide it released. This
theory was initially rejected by some authors, due to the lack of ash-fall horizons on the rock
(Newark Supergroup) in eastern North America that records the Triassic—Jurassic boundary (Fowell
& Olsen, 1995). However, wider sampling confirmed that the CAMP eruptions started a few
thousand years before the extinction event in Nova Scotia and Morocco and then continued for the
next 600,000 years after the initial event (Blackburn et al., 2013). This mass extinction resulted in
the rise of theropod dinosaurs with the footprint record showing an increase in size following the
Triassic-Jurassic boundary (Griffin & Nesbitt, 2020). With the absence of rauisuchians and other
large-bodied reptilian lineages, theropod dinosaurs were the sole large terrestrial predators and
could fill the now empty niches in the Jurassic (Olsen et al., 2002). Although most rauisuchians
were mainly carnivorous their skull morphology and dentition indicate the possibility of a more

diverse diet. For example, the semi-aquatic Qianosuchus mixtus had a crocodilian-like skull and
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teeth, indicating a diet of aquatic vertebrates such as sauropterygians, protorosaurs, ichthyosaurs
and fish (Li et al., 2006). On the other hand, beaked rauisuchians such as Lotosaurus adentus,
Effigia okeeffeae and Shuvosaurus inexpectatus have skull morphologies that suggest a diet of
plants, invertebrates, vertebrate eggs, and meat, similar to extant avian species (Gower, 2000;

Nesbitt, 2007; Lautenschlager & Desojo, 2011; Bestwick et al., 2021).

Many often assume that since Pangea is one giant landmass that the environment across it
would be very similar throughout the whole land. However, on the contrary there were many
differences from the northern to the southern parts such as weather, temperature, humidity, and
therefore variation in flora (Damuth et al., 1992). As previously stated, rauisuchians were a very
widespread group of archosaurs, and taxa from the major rauisuchian clades, such as Ticinosuchus
ferox, Effigia okeeffeae and Rauisuchus tiradentes are known to have inhabited strongly seasonal
environments (Golonka & Ford, 2000; Pires et al., 2005; Nutzel et al., 2010). The areas where
many rauisuchians have been discovered were fluvial environments; continental terrestrial deposits
laid down in floodplains and river channels (Nesbitt et al., 2013). This is the cas