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Abstract. The proterochampsids are small to medium-sized, quadrupedal and probable semi-aquatic reptiles that were part of the evolutionary
radiation of Archosauromorpha during the Triassic. The group is restricted to the Middle and Late Triassic of South America with eight nomi-
nal species. Rhadinosuchus gracilis Huene was the first described proterochampsid and comes from the late Carnian—earliest Norian of south-
ern Brazil. This genus and species is currently the most enigmatic and poorly known member of the group. For this reason we redescribe here
its anatomy and discuss its phylogenetic relationships. We found that this species can be distinguished from other proterochampsids and we
dismiss the proposed synonymy with Cerritosaurus binsfeldi Price. Our quantitative phylogenetic analysis found Rhadinosuchus gracilis more
closely related to Gualosuchus reigiRomer and Chanaresuchus bonapartei Romer than to other proterochampsids, together forming the subfamily
Rhadinosuchinae. Characters supporting this assignment include a maxilla with a distinct longitudinal change in slope between lateral and
dorsal surfaces, and dorsal surface of nasal and frontal ornamented by ridges showing a radial pattern. In addition, Rhadinosuchus gracilis was
recognized as the sister taxon of Chanaresuchus bonaparteibased on a lacrimal with an antorbital fossa that occupies almost half or more of
the anteroposterior length of the ventral process. The topology of the phylogenetic analysis shows that the Brazilian species do not form a
monophyletic clade and favours multiple dispersal events between the Ischigualasto-Villa Unién (northwestern Argentina) and the Parana
(southern Brazil) basins.

Key words. Archosauromorpha. Proterochampsidae. Carnian. South America. Phylogeny. Biogeography.

Resumen. REDESCRIPCION Y RELACIONES FILOGENETICAS DEL PROTEROCHAMPSIDO RHADINOSUCHUS GRACILIS (DIAPSIDA: ARCHOSAU-
RIFORMES) DEL TRIASICO TARDIO TEMPRANO DEL SUR DE BRASIL. Los proterochampsidos son reptiles cuadripedos, de pequefio a mediano
tamano v probablemente semiacuaticos que fueron parte de la radiacién evolutiva de los Archosauromorpha durante el Triasico. El grupo esta
restringido al Triasico Medio y Tardio de América del Sur, con ocho especies nominales. Rhadinosuchus gracilis Huene fue el primer protero-
champsido descripto y proviene del Carniano tardio—Noriano mas temprano del sur de Brasil. Este género y especie es actualmente el mas enig-
matico v menos conocido de los miembros del grupo y, como resultado, redescribimos aqui su anatomia y discutimos sus relaciones
filogenéticas. Encontramos que esta especie puede ser distinguida de otros proterochampsidos y rechazamos su supuesta sinonimia con
Cerritosaurus binsfeldi Price. Nuestro analisis filogenético cuantitativo encontrd a Rhadinosuchus gracilis como mas cercanamente relacionado
a Gualosuchus reigiRomer y Chanaresuchus bonapartei Romer que a otros proterochampsidos, juntos formado la subfamilia Rhadinosuchinae.
Los caracteres que soportan esta asignacion incluyen un maxilar con un claro cambio de pendiente entre las superficies lateral y dorsal, y un
nasal y frontal con superficies dorsales ornamentadas por crestas dispuestas en un patron radial. Adicionalmente, Rhadinosuchus gracilis fue
encontrado como el taxén hermano de Chanaresuchus bonapartei basado en un lacrimal con una fosa anteorbitaria que ocupa casi la mitad o
mas del largo anteroposterior del proceso ventral. La topologia del analisis filogenético muestra que las especies brasilefas no forman un
clado monofilético entre si e indica la presencia de mdltiples eventos dispersivos entre las cuencas de Ischigualasto-Villa Unién (noroeste
de Argentina) y de Parana (sur de Brasil).

Palabras clave. Archosauromorpha. Proterochampsidae. Carniano. América del Sur. Filogenia. Biogeografia.
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ProTEROCHAMPSIDS are a group of small to medium-sized
quadruped and semi-aquatic (at least Proterochampsa Reig,
1959) archosauriforms with an overall crocodile-like aspect
(Trotteyn et al, 2013). Proterochampsids were part of the
evolutionary radiation of Archosauromorpha during the
Triassic and they have been regarded as close relatives
(Benton and Clark, 1988; Dilkes and Sues, 2009; Ezcurra
et al, 2010; Desojo et al, 2011; Nesbitt, 2011; Dilkes and
Arucci, 2012) or the immediate sister-taxon of crown-
archosaurs (Gauthier, 1984; Sereno and Arcucci, 1990;
Sereno, 1991; Parrish, 1993; Juul, 1994). Proterochampsids
differ from most other archosauromorphs in the presence
of dorsally facing external nares, strongly ornamented skull
roofs, very long snouts (ca. 50— 55% of total skull length;
e.g, Chanaresuchus bonapartei Romer, 1971: MCZ 4037,
4039) and—particularly in some species— a strongly dorso-
ventrally compressed skull with dorsally facing antorbital
fenestrae and orbits (Trotteyn et al, 2013). The fossil record
of the group is currently restricted to eight nominal species
from the Middle and Late Triassic Ischigualasto-Villa Unién
and Parana basins of northwestern Argentina and southern
Brazil, respectively (Reig, 1959; Romer, 1971; Kischlat, 2000;

Rio Grande do
Sul State

O}
Séao Gabriel

Figure 1. Map of the Brazilian region showing the Zahn Zanga lo-
cality yielded the holotype of Rhadinosuchus gracilis (modified from
Reichel et al, 2009). Scale bar for the Rio Grande do Sul State= 500
km, and for the close up= 50 km.
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Dilkes and Arcucci, 2012; Trotteyn et al, 2013). Several pa-
pers have improved our anatomical and phylogenetic
knowledge of proterochampsids in the last few years (e.g,
Trotteyn, 2011; Trotteyn and Haro, 2011, 2012; Dilkes and
Arcucci, 2012; Trotteyn et al, 2012, 2013; Raugust et al.,
2013; Trotteyn and Ezcurra, 2014), but there are still some
poorly known species that constitute a gap in the knowl-
edge of the group. One of these poorly known species is
Rhadinosuchus gracilis Huene, 1938, from the early Late
Triassic Santa Maria Sequence 2 of southern Brazil (Fig. 1).
Rhadinosuchus gracilis was the first described prote-
rochampsid (although originally not described as a prote-
rochampsid, but as a pseudosuchian; Huene, 1938), but as
yet there is no detailed description of the single known
specimen of this taxon. As a result, several aspects of the
anatomy and the phylogenetic relationships of the species
remain uncertain (Desojo et al.,, 2010; Trotteyn et al, 2013).
Here we describe and compare the holotype of Rhadi-
nosuchus gracilis in detail and discuss its phylogenetic rela-
tionships among proterochampsids and its implications for
the taxonomy and palaeobiogeography of the group.

GEOLOGICAL AND PALAEONTOLOGICAL SETTING
The holotype and only known specimen of Rhadi-
nosuchus gracilis was found in quarry 17 of the Sanga 6 or
‘Zahn Sanga’ in the site of Sao José (Huene, 1938, 1942;
Langer et al, 2007) (Fig. 1). The locality is part of the out-
crops of the Santa Maria Sequence 2 in the Parana Basin.
The predominant lithofacies in the Santa Maria Sequence 2
is non-laminated to finely laminated reddish mudstones,
with some sandy inclusions (Zerfass et al, 2003). The 'Zahn
Sanga' also yielded the holoype of Rauisuchus tiradentes
Huene, 1942; and an indeterminate rhynchosaur (Huene,
1938, 1942). The ‘'Zahn Sanga' is placed in the Acme Zone of
the Hyperodapedon Assemblage Zone, which was correlated
with the lower levels of the Argentinean Ischigualasto For-
mation of late Carnian—early Norian age (Langer et al,
2007). The Santa Maria Hyperodapedon Acme Zone also con-
tains the following species: the rhynchosaurs Hyperodape-
don sanjuanensis (Sill, 1970); Hyperodapedon huenei Langer
and Schultz, 2000; Hyperodapedon mariensis (Tupi-Caldas,
1933), and Hyperodapedon sp., the pseudosuchians Ae-
tosauroides scagliai Casamiquela, 1960, and Aetobarbaki-

noides brasiliensis Desojo Ezcurra and Kischlat 2012, the



cynodonts Therioherpeton cargniniBonaparte and Barberena,
1975; Prozostrodon brasiliensis (Barberena et al., 1987), and
Gomphodontosuchus brasiliensis Huene, 1928, the pararep-
tile Candelaria barbouri Cisneros Damiani, Schultz, da Rosa,
Schwanke, Neto and Aurelio 2004, and the dinosaurs Stau-
rikosaurus pricei Colbert, 1970, and Saturnalia tupiniquim
Langer Abdala, Richter and Benton, 1999 (Langer, 2005; Langer
et al, 2007; Desojo and Ezcurra, 2011; Desojo et al,, 2012).

A recent study of the chronostratigraphy of the Is-
chigualasto Formation indicates that the rhynchosaur bio-
zone (Scaphonyx- Exaeretodon-Herrerasaurus biozone) and
the younger Exaeretodon biozone (in which Hyperodapedon
and Herrerasaurus are not recorded) can be constrained be-
tween 231.4 and 225.9 Ma based on radioisotopic dates
(Martinez et al, 2011). The age of the boundary between
both biozones of the Ischigualasto Formation cannot be
confidently assessed. Associations present in the Santa
Maria Sequence 2 at most localities are the Hyperodape-
don-Exaeretodon associations. In the cases in which a lo-
cality only yields Exaeretodon (e.g, the Sacisaurus site; Langer
et al, 2007), it cannot be assigned unambiguously to the
Exaeretodon biozone because the assessment is based on
negative evidence (i.e, supposed absence of Hyperodapedon;
Desojo et al, 2012). Accordingly, Desojo et al. (2012) propo-
sed considering the entire Hyperodapedon Assemblage Zone
constrained between the 231.4 and 225.9 Ma. Accordingly,
the age of Rhadinosuchus gracilis can be constrained to the
late Carnian—earliest Norian.

Institutional abbreviations. BP, Bernard Price Institute for
Palaeontological Research, University of the Witswatersrand,
Johannesburg, South Africa; BSPG, Bayerische Staatssamm-
lung flr Palaontologie und Geologie, Munich, Germany; CA,
Colégio Anchieta, Porto Alegre, Brazil; CPEZ, Colecao Mu-
nicipal, Sao Pedro do Sul, Brazil; IVPP, Institute of Verte-
brate Paleontology and Paleoanthropology, Beijing, China;
MACN-Pv, Museo Argentino de Ciencias Naturales ‘Ber-
nardino Rivadavia’, Buenos Aires, Argentina; MCP, Museo
de Ciencias e Tecnologia, Porto Alegre, Brazil; MCZ, Museum
of Comparative Zoology, Harvard University, Boston, USA;
NM, National Museum, Bloemfontein, South Africa; PIN, Pa-
leontological Institute of the Russian Academy of Sciences,
Moscow, Russia; PULR, Paleontologia, Universidad Na-
cional de La Rioja, La Rioja, Argentina; PVL, Paleontologia
de Vertebrados, Instituto ‘Miguel Lillo’, San Miguel de Tu-
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cuman, Argentina; RC, Rubidge Collection, Wellwood,
Graaff-Reinet, South Africa; SAM-PK, Iziko South African
Museum, Cape Town, South Africa; SMNS, Staatliches Mu-
seum fir Naturkunde, Stuttgart, Germany; TM, Ditsong
National Museum of Natural History (formerly Transvaal
Museum), Pretoria, South Africa; UFRGS, Universidade Fe-
deral do Rio Grande do Sul, Porto Alegre, Brazil; UMZC, Uni-
versity Museum of Zoology, Cambridge, UK; USNM, National
Museum of Natural History (formerly United States National

Museum), Smithsonian Institution, Washington DC, USA.

SYSTEMATIC PALAEONTOLOGY

DiapsiDA Osborn, 1903 sensu Laurin (1991)
ARCHOSAUROMORPHA Huene, 1946 sensu Dilkes (1998)
ARrcHosAURIFORMES Gauthier et al, 1988 sensu Gauthier et al.
(1988)

PROTEROCHAMPSIA Bonaparte, 1971 sensu Kischlat (2000)
PROTEROCHAMPSIDAE Sill, 1967 sensu Trotteyn (2011)

RHADINOSUCHINAE Hofstetter, 1955 (new definition)

Comment. Hofstetter (1955) erected the family Rhadi-
nosuchidae for the taxa Rhadinosuchus and Cerritosaurus
Price, 1946, which he considered to be possible synonym
with each other. Later, Sill (1967) coined the family Prote-
rochampsidae for the genus Proterochampsa. Although
Rhadinosuchidae thus has formal priority to Proterochamp-
sidae, the former family has rarely been mentioned in the
literature (e.g, Krebs, 1976), whereas the family Prote-
rochampsidae has been commonly used to refer to this
clade since its original designation (e.g, Romer, 1971,
1972a,b; Arcucci, 1990; Kischlat, 2000; Langer 2005;
Trotteyn and Haro, 2011; Dilkes and Arcucci, 2012; Trotteyn
et al, 2013; Trotteyn and Ezcurra, 2014). Thus, in accor-
dance with article 35.5 of the ICZN, we prefer to retain the
family name Proterochampsidae, with Rhadinosuchidae
being subsumed under this name as Rhadinosuchinae.
Rhadinosuchinae is defined here as a stem-based clade in-
cluding all archosauriforms more closely related to Rhadi-
nosuchus gracilis Huene, 1938, and Chanaresuchus bonapartei
Romer, 1971, than to Cerritosaurus binsfeldiPrice, 1946; Tro-
pidosuchus romeri Arcucci, 1990, and Doswellia kaltenbachi
Weems, 1980.
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Rhadinosuchus gracilis Huene, 1938
Figures 2-5

Holotype. BSPG AS XXV 50, 51, partial skull and postcranium
originally preserved in two blocks of red mudstone. The skull
includes both premaxillae and dentaries, right maxilla, nasal,
lacrimal and anterior tip of frontal, left jugal, quadratojugal,
opisthotic, exoccipital, prootic and splenial. The postcranium
is represented by a posterior cervical centrum, two partial
cervical ribs, several gastralia, two dorsal osteoderms, and
a probable left metatarsal Il (Figs. 2-5). In addition, a possi-
ble partial neural arch of the axis (Fig. 2: ana?) and an inde-
terminate bone are preserved in the main block (Fig. 2: ?).
The holotype was found below a rhynchosaur angular and
the bones were in close association with each other (Huene,
1942).

Horizon and locality. Quarry 17 of the Sanga 6 or 'Zahn
Sanga’, Alemoa Member, Santa Maria Sequence 2 (Hypero-
dapedon Acme Zone: late Carnian to earliest Norian),
Rosario do Sul Group, Parana Basin, Sao José, Rio Grande
do Sul State, southern Brazil (Huene, 1938, 1942; Langer et
al, 2007) (Fig. 1).

Emended diagnosis. Rhadinosuchus gracilis is a protero-
champsian distinguished from other basal archosauriforms
by the following combination of characters (autapomorphy
indicated with an asterisk): maxilla with a dorsoventrally
low antorbital fossa on the horizontal process; nasal with
an anteroposteriorly elongated narial fossa and strongly or-
namented dorsal surface composed of mainly longitudinally
oriented ridges (also present in other proterochampsids);
lacrimal with a very well anteroposteriorly developed an-
torbital fossa on the ventral process; and dentary with a
large, anterodorsally opening foramen on the anterior sur-

face*; and more than 22 dentary tooth positions.

DESCRIPTION

The holotype of Rhadinosuchus gracilis is preserved in
two blocks of red mudstone. The larger block originally
contained the skull bones, the cervical remains and the dor-
sal osteoderms (Fig. 2). The smaller block currently bears
gastralia and a metatarsal (Fig. 5.10). The latter bone seems
to have been completely removed from the matrix and fully
prepared at some point [probably before Huene's (1942)
description], but now it is glued back into the block. The
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borders of the two blocks of mudstone do not match. The
similar preservation and size of the bones from both blocks
is consistent with the hypothesis that they belong to a
single individual (cf. Huene, 1938, 1942). The holotype of
Rhadinosuchus gracilis has received additional preparation
for the purpose of this research, including the lateral and
medial surface of the right dentary, medial surface of left
dentary, areas surrounding the partial braincase, and the
cervical centrum and osteoderms were removed from the
main block of mudstone and fully prepared (Fig. 5.1-8).
Previous authors suggested that the holotype of Rhadi-
nosuchus gracilis belonged to a juvenile specimen because
of its small size (Kischlat, 2000). This interpretation is con-
sistent with the presence of a completely unfused cervical
centrum to the missing neural arch (Fig. 5: fna) (Brochu,
1996; Irmis, 2007) and the probable presence of a rela-
tively large orbit (Ezcurra and Butler, 2015a). However, the
evidence currently available to establish the ontogenetic
stage of the specimen is weak and should be tested in the

future with other lines of evidence (e.g, palaeohistology).

Cranium

The right premaxilla, maxilla and anterior portion of nasal,
right lacrimal are preserved in articulation with each other
(Huene, 1942) (Fig. 2). However, the remaining bones of the
snout (ie.,, both dentaries, left premaxilla, posterior portion
of the right nasal in articulation with the anterior tip of the
frontal) are preserved in semi-articulation close to their
original position. In particular, the left premaxilla is poste-
riorly displaced from its counterpart and is rotated about
180° around the dorsoventral plane (Fig. 2: [pmx). As a re-
sult, the lateral surface of the left premaxilla is exposed in
the right lateral view of the skull and its alveolar margin is
facing upwards (Huene, 1942). There is one partial tooth,
missing most of its root, preserved between the posterior
end of the horizontal process of the maxilla and the poste-
rior end of the right dentary (Fig. 2.3: t). Additionally, there
are three maxillary tooth crowns preserved on the lateral
surface of the right dentary (Figs. 2.4: t, 3.6), indicating that
the lower jaws were in full occlusion with the cranium
during and immediately after the death of the animal and
the dentaries were displaced from their original position
after burial. There are only a few teeth preserved in situ,

mainly in the anterior halves of the right maxilla and den-
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Figure 2. Rhadinosuchus gracilis, BSPG AS XXV 50, cranial remains. 1, 3, Snout in right lateral view; 2, 4, right hemimandible in lateral view.
Abbreviations: ?, indeterminate bone; ana?, possible axial neural arch; anfo, antorbital fossa; cr, cervical rib; exo, exoccipital; csl, change in
slope; fr, frontal; ira, inter-ridges area; ju, jugal; la, lacrimal; Idt, left dentary; Ina?, possible left nasal; Ipmx, left premaxilla; mvs, mid-cerebral
vein sinus; mx, maxilla; nf, narial facet; nvf, neurovascular foramen; pop, paroccipital process; gj, quadratojugal; rdt, right dentary; rpmx, right
premaxilla; rna, right nasal; ri, ridge; spl, probable left splenial; t, teeth; vrop, ventral ramus of the opisthotic. Scale bar= 1 cm.

tary, but they are mostly represented by the roots im-
planted in alveoli. The most complete teeth preserved in situ
are those occupying the third and fifth left dentary alveoli.
The partial braincase is preserved posteriorly around 1.5 cm
from the snout and originally in close association with the
cervical centrum and two osteoderms (originally interpreted
by Huene [1938, 1942] as a cervical centrum). A partial left
jugal is exposed in medial view immediately posterior to the

snout and its main axis is aligned with that of the snout
(Fig. 2: ju). Below the left quadratojugal (originally inter-
preted by Huene [1938, 1942] as a right postorbital) (Figs.
2: gj, 3.5) there are two additional indeterminate bones
(interpreted by Huene [1938, 1942] as possible quadrates)
(Fig. 2: ?). The most posterior of these bones might be a par-
tial neural arch of the axis. The surface of the premaxillae,

dentaries, right maxilla and anterior portion of right nasal is
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generally heavily cracked, which obscures some aspects of
the morphology of the bones. The preserved bones of BSPG
AS XXV 50, 51 did not suffer substantial post-mortem
distortion. The braincase is mainly exposed in anterolateral
view, in which the left prootic is severely damaged and, as
a result, its internal structures are partially visible (e.g.,
floccular recess).

General morphology. The total length of the skull of Rhadi-
nosuchus gracilis is approximately 110 mm, based on the
length of the maxilla (Tab. 1) and a linear regression based
on the total skull and maxilla length of the Chanaresuchus
bonapartei specimens MCZ 4037 (skull length: 243 mm,
maxilla length: 105.7 mm) and MCZ 4039 (skull length:
162.4 mm, maxilla length: 79.1 mm) (we use this species for
estimation of the total skull length because it was found to
be the taxon most closely related to Rhadinosuchus gracilis;
see below). The snout of Rhadinosuchus gracilisis considerably
elongated anteroposteriorly with respect to its dorsoven-
tral height (Fig. 2; Tab. 1), as also occurs in other protero-

champsids (e.g., Chanaresuchus bonapartei; Gualosuchus reigi

Romer, 1971; Tropidosuchus romeri Arcucci, 1990; Prote-
rochampsa nodosa Barberena, 1982; Proterochampsa barrio-
nuevoi Reig, 1959; Romer, 1971; Arcucci, 1990; Dilkes and
Arcucci, 2012; Trotteyn et al, 2013). The premaxilla is
slightly downturned with respect to the main axis of the
snout (Figs. 2.1, 3.1), resembling the condition seen in other
archosauriforms, such as erythrosuchids (e.g, Erythrosuchus
africanus Broom, 1905: BP/1/5207; Garjainia prima Ochev,
1958: PIN 2394/5), some ornithosuchids (e.g, Ornithosuchus
longidens (Huxley, 1877): Walker, 1964) and other prote-
rochampsids (e.g, Chanaresuchus bonapartei: PULR 07, MCZ
4037, 4039; Gualosuchus reigi: PULR 05; Proterochampsa
barrionuevoi: Dilkes and Arcucci, 2012). However, the degree
of downturning of the premaxilla of Rhadinosuchus gracilis
is considerably lower than those of some early archosau-
riforms (e.g, Proterosuchus fergusiBroom, 1903: BP/1/3993,
TM 201; possibly Sarmatosuchus otschevi Sennikov, 1994:
Gower and Sennikov, 1997) and some ornithosuchids (e.g,
Riojasuchus tenuiceps Bonaparte, 1967: PVL 3827). The ex-

ternal naris is oval, strongly elongated anteroposteriorly

TasLe 1. Measurements of snout and mandible of Rhadinosuchus gracilis (BSPG AS XXV 50) in millimetres.

Measurement Length
Snout 76.8
External naris [15.6]
Antorbital fenestra 22.1
Premaxilla - bodyt (14.7)
Premaxilla - prenarial processt (13.2)
Maxilla [61.0]
Maxilla - anterior process [32.0]
Maxilla - horizontal process 285
Nasal (56.6)
Lacrimal (10.0)
Lacrimal - antorbital fossa -
Dentaryt (66.6)
Third dentary crownt 1.7%

Width Height

33 -

- (6.5)

- (11.0)

(6.9) =
- (9.4)
- 46
- 5.0M(5.8)M
- (2.3)

Values between brackets indicate incomplete measurements (due to post-mortem damage), square brackets indicate estimate measurements, and
the value given is the maximum measurable. Maximum deviation of the calliper is 0.02 mm but measurements were rounded to the nearest 0.1

millimetre.

*Mesiodistal length at base.
FRight

nterior end.

ANPosterior end.
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Iprnp

ampn  fprnp

Figure 3. Rhadinosuchus gracilis, BSPG AS XXV 50, close-ups of cranial features. 1, Snout in right lateral view; 2, right premaxilla-nasal suture
in lateral and slightly dorsal views; 3, right nasal and maxilla in dorsal views and right lacrimal and maxilla in lateral views; 4, anterior end of
right dentaries in ventrolateral view and anterior end of left dentary in ventromedial view; 5, left quadratojugal in medial view; 6, tooth in side
view. Abbreviations: af, anterior foramen; ampn, anteromedial process of the nasal; anfol, antorbital fossa of the lacrimal; anfom, antorbital
fossa of the maxilla; ap, anterior process; cgr, centre of growth; cr, crown; csl, change in slope; dp, dorsal process; en, external naris; fprf, facet
for prefrontal; fr, frontal; gr, groove; ira, inter-ridges area; ju, jugal; Ina?, possible left nasal; Iprnp, left prenarial process; Mg, Meckelian groove;
nf, narial facet; no, notch; pbaf, posterior border of the antorbital fossa; pfl, posterior flange; ri, ridge; ro, root; rprnp, right prenarial process;
spl, probable left splenial. Scale bars='5 mm in (1), 2 mmin (2-5) and 1 mmin (6).

and mainly dorsally oriented, but with a low lateral compo-
nent (Fig. 3.1: en), as also occurs in other proterochampsids
(e.g.. Chanaresuchus bonapartei: PULR 07, MCZ 4037, 4039;
Pseudochampsa ischigualastensis (Trotteyn et al., 2012);
Gualosuchus reigi: PULR 05; Cerritosaurus binsfeldi. cast of
CA unnumbered; Tropidosuchus romeri: PVL 4601; Protero-
champsa barrionuevoi: Dilkes and Arcucci, 2012; Protero-
champsa nodosa: MCP 1694 PV). The shape of the antorbital
fenestra cannot be confidently established because its
dorsal border is missing and the lacrimal has been some-

what displaced posteriorly and slightly rotated. However,
the preserved portions of the lacrimal and ascending
process of the maxilla suggest that the opening was sub-
triangular in lateral view, with an anteriorly pointing apex
(Figs. 2, 3.1). The antorbital fenestra is anteroposteriorly
very long and represents around 32% of the total length of
the maxilla, resembling the condition in the holotype of
Tropidosuchus romeri (PVL 4601: ca. 40%) and some speci-
mens of Chanaresuchus bonapartei (PULR 07: 31%; MCZ
4039: 29%). However, the size of the antorbital fenestra
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seems to be intraspecifically variable, at least in Chanare-
suchus bonapartei, in which some specimens have an antor-
bital fenestra length representing 22% of the total length of
the maxilla (MCZ 4037). The long and slender anterior ramus
of the jugal indicates a proportionally large and rounded
orbit, which would be consistent with a possible juvenile
condition and resembles the condition in Tropidosuchus
romeri (PVL 4601). The posterior end of the dermal skull is
represented by a left quadratojugal (Fig. 3.5). The shape of
this bone indicates that the posteroventral corner of the in-
fratemporal fenestra was squared and possesses a notch
(Fig. 3.5: no), as occurs in other proterochampsids (Dilkes
and Arcucci, 2012). The relation between the dorsoventral
height of the quadratojugal and the height of the snout is
similar to that observed in Chanaresuchus bonapartei (PULR
07, MCZ 4039).

Premaxilla. The right premaxilla lacks the anterior tip and
posterior end of the premaxillary body and the postnarial
process, and has a heavily cracked lateral surface (Fig. 2:
rpmx; Tab. 1). The bone is mainly exposed in lateral view and
partially in dorsal and ventral views. The medial surface of
the bone is covered by matrix, obscuring the palatal region.
The left premaxilla is represented by part of the premaxillary
body and proximal end of the prenarial process, both ex-
posed in lateral view (Fig. 2: Ipmx). The premaxillary body is
anteroposteriorly long, resembling the condition in most
proterochampsids (e.g, Chanaresuchus bonapartei: PULR 07;
MCZ 4037, 4039; Gualosuchus reigi: PULR 05; Pseudo-
champsa ischigualastensis: Trotteyn and Ezcurra, 2014;
Proterochampsa barrionuevoi: Dilkes and Arcucci, 2012; Pro-
terochampsa nodosa: MCP 1694 PV), but contrasting with
the possibly dorsoventrally deeper premaxillary body of
Cerritosaurus binsfeldi(cast of CA unnumbered). At least most
of the lateral surface of the premaxillary body lacks bone
remodelling. It is not possible to determine the presence
or absence of neurovascular foramina. The lateral margin of
the premaxillary body is continuously convex anteroposte-
riorly in ventral view, which resulted in a U-shaped anterior
end of the snout. The prenarial process is anteroposteriorly
very long and gently tapers posteriorly in dorsal view (Fig.
3.2:Iprnp, rprnp), as also occurs in Chanaresuchus bonapartei
(PULR 07; MCZ 4037, 4039) and Gualosuchus reigi(PULR 05).
The area of transition between the premaxillary body and

the prenarial process has a shallow and not well-defined
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narial fossa, with an unornamented surface. The lateroven-
tral surface of the prenarial process bears a slightly dorso-
ventrally concave facet for reception of the anteromedial
process of the nasal, which is dorsally delimited by a sharp
longitudinal edge (Figs. 2, 3: nf). As a result, both prenarial
processes of the premaxilla articulated with each other in
the median line along their entire extension, as it is also the
case in other proterochampsids (e.g, Pseudochampsa is-
chigualastensis: Trotteyn and Ezcurra, 2014; Chanaresuchus
bonapartei: PULR 07; MCZ 4037; Gualosuchus reigi: PULR 05).
Only the anterior portion of the alveolar margins is pre-
served in the premaxillae and, as a consequence, the tooth
count of the bone cannot be determined. In the right pre-
maxilla there is one severely broken root preserved in the
probable second tooth position. In the left premaxilla there
is a better-preserved root in cross-section, which seems to
belong to the first tooth position. The root is oval in cross-
section, being labiolingually compressed, and possesses an
oval pulp cavity. A clear distinction between the tooth and
the bone exists, implying that the tooth was not ankylosed
to the premaxilla.

Macxilla. The right maxilla is dorsoventrally low and antero-
posteriorly very long (around 5.5 times longer than tall as
preserved; Tab. 1), mainly as the result of an elongated an-
terior process (Figs. 2, 3.1), resembling the overall mor-
phology present in other proterochampsids and doswelliids
(e.g, Romer, 1971; Dilkes and Arcucci, 2012; Schoch and
Sues, 2013; Trotteyn et al, 2013). The anterior process is
slightly longer than the length of the antorbital fenestra
(Tab. 1) and is not differentiated along its dorsal margin
from the base of the ascending process. The anterior
process tapers strongly anteriorly, resulting in the anterior
portion of the snout being considerably lower dorsoventrally
than that at the level of the anterior border of the orbit.
The anterior tip of the anterior process is not preserved and
the morphology of its contact with the premaxilla cannot
be determined. The lateral surface of the anterior process
is heavily cracked and, as a result, only one neurovascular
foramen can be confidently discerned (Fig. 2.3: nvf). The
foramen is situated immediately above the alveolar margin
of the bone and immediately anterior to the level of the
anterior border of the antorbital fenestra, placed in a more
ventral position than the maxillary alveolar foramina of

Chanaresuchus bonapartei (PULR 07) and Gualosuchus reigi



(PULR 05). The foramen is sub-circular, relatively large (1
mm diameter) and opens lateroventrally. There is no evi-
dence of ornamentation on the lateral surface of the ante-
rior process. The anterior half of the anterior process is
laterally inflated, resulting in a wide, anteroposteriorly con-
vex surface, which is absent in the vast majority of prote-
rochampsids (i.e, Chanaresuchus bonapartei. PULR 07, MCZ
4037, 4039; Pseudochampsa ischigualastensis: Trotteyn and
Ezcurra, 2014; Gualosuchus reigi: PULR 07; Cerritosaurus
binsfeldi: cast of CA unnumbered; Tropidosuchus romeri- PVL
4601; Proterochampsa barrionuevoi: MACN-Pv 18165, Dilkes
and Arcucci, 2012; Proterochampsa nodosa: MCP 1694 PV)
and doswelliids (e.g, Jaxtasuchus salomoniSchoch and Sues,
2013: SMNS 91083). However, the laterally inflated area
of the maxilla of Rhadinosuchus gracilis may be an artefact
as aresult of damage suffered by the bone in that area. The
dorsal portion of the anterior and ascending processes
shows a distinct change in slope, which separates a laterally
facing surface from a mainly dorsally facing one (Figs. 2, 3.1:
csl). The laterally facing surface shows a shallow, dorsoven-
tral concavity immediately below this change in slope, which
results in a very low and rounded longitudinal ridge along
the separation between both surfaces. The concavity be-
comes deeper posteriorly and extends at least slightly onto
the surface of the ascending process. The edge between the
two distinctly facing surfaces converges anteriorly with the
dorsal margin of the bone and, as a result, the transverse
width of the dorsally facing surface decreases gradually an-
teriorly. These two distinctly facing surfaces of the anterior
process of the maxilla are also present in Chanaresuchus
bonapartei and Gualosuchus reigi, but not in other prote-
rochampsids (Dilkes and Arcucci, 2012) and doswelliids (e.g,
Jaxtasuchus salomoni: SMNS 91083). The dorsomedial mar-
gin of the maxilla shows an extensive, longitudinal suture
with the nasal (Fig. 2.1, 2.3). The ventral margin of the an-
terior process is severely damaged, but it seems to curve
slightly dorsally towards its anterior tip.

Only the base of the ascending process is preserved and
is mainly posteriorly oriented, but with a very low dorsal
component, in lateral view. The anterior border of the an-
torbital fenestra is acute and it is not possible to determine
if the ascending process had an antorbital fossa because the
area adjacent to the border of the opening is covered by

matrix. The horizontal process seems to be fairly complete
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and with a relatively well preserved lateral surface. The
horizontal process tapers posteriorly in lateral view, with a
straight ventral margin and a posteroventrally sloping dor-
sal margin (Figs. 2.1, 2.3, 3.1). The lateral surface of the
process lacks ornamentation and no neurovascular foramen
can be confidently discerned. The horizontal process forms
the entire ventral border of the antorbital fenestra. At the
border of the fenestra, it forms a shelf that is transversely
widened and dorsally slightly concave. Dorsoventrally there
is a very low antorbital fossa, which is restricted to the an-
teroventral portion of the antorbital fenestra (Figs. 2.1, 2.3,
3.3: anfo), resembling the condition in some archosaurs
(Nesbitt, 2011). It cannot be completely ruled out that part
of the extension of the antorbital fossa is exaggerated, be-
cause the medial margin of the bone is slightly pressed up-
wards and some alveoli are visible in lateral view due to
breakage. By contrast, in other proterochampsids the hori-
zontal process lacks an antorbital fossa (e.g, Chanaresuchus
bonapartei- PULR 07, MCZ 4037, 4039; Gualosuchus reigi:
PULR 05; Pseudochampsa ischigualastensis: Trotteyn and
Ezcurra, 2014; Cerritosaurus binsfeldi: cast of CA unnum-
bered; Tropidosuchus romeri: PVL 4601; Proterochampsa ba-
rrionuevoi: Dilkes and Arcucci, 2012; Proterochampsa nodosa,
MCP 1694 PV). The surface of the antorbital fossa has three
sub-oval and equally separated openings. These openings
correspond to the alveoli probably exposed because of
damaging of the base of the alveolous. The posterior end of
the horizontal process should have contacted the lacrimal
at least medially (Fig. 2.1, 2.3: 1a), although the exact posi-
tion of the contact remains unclear due to the displacement
of the lacrimal. It is not possible to discern the facet for re-
ception of the jugal.

The alveolar margin of the maxilla is strongly damaged
along the anterior process of the bone and completely
obscured by matrix along the horizontal process. As a re-
sult, itis not possible to determine the total number of tooth
positions of the maxilla. Seven tooth positions are preserved
along the anterior process, and the entire anterior process
might have included eight or nine alveoli. The exposed
alveoli are oval, being labiolingually compressed, and open
ventrally. There are some maxillary teeth preserved in situ,
with the roots implanted in their alveoli being exposed in
labial view in some cases due to damage of the lateral sur-

face of the bone. In addition, there are four right maxillary
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teeth preserved detached from the bone. One of the teeth is
preserved between the right maxilla and dentary and pre-
serves the base of the root and an entire crown (Figs. 2.1,
2.3:t, 3.6). The other three teeth are found on the lateral
surface of the right dentary and only have their crowns pre-
served (Fig. 2.2, 2.4: t). The position of the last maxillary
tooth preserved on the lateral surface of the dentary (see
above) indicates that the upper tooth row extended back-
wards more than that of the mandible, as occurs in other
archosauromorphs (e.g, Prolacerta broomiParrington, 1935:
BP/1/471; Proterosuchus fergusi- SAM-PK-11208; Garjainia
prima: PIN 2394/5). The teeth are deeply implanted in the
alveoli and are not fused to the maxilla. The bases of the
crowns are oval, labiolingually compressed, and show a
large pulp cavity in cross-section. The maxillary crowns are
gently curved distally—with an apex placed slightly behind
the distal margin of the base of the crown- to straight
(Fig. 2.1, 2.3: t). However, in both cases the crowns are
asymmetric in labial or lingual views, with an apicobasally
convex mesial margin and a slightly concave or straight dis-
tal one. Both margins of the crown bear carinae and serra-
tions. The distal serrations extend along the entire margin of
the crown whereas the mesial serrations are restricted to
the apical two-thirds of the crown. The mesial serrations
are apicobasally and mesiodistally smaller and more densely
packed than the distal serrations. The distal serrations are
separated by wider interdenticle notches than those of the
mesial carina and have a density of 10 serrations per mm
close to the base of the crown. By contrast, along the mesial
margin there are 12 serrations per mm. The serrations of
both margins are subrectangular to chisel-like and perpen-
dicular to the main axis of the crown. The crowns lack blood
grooves, wrinkles and wear facets. Two of the preserved
maxillary crowns have a faint enamel ornamentation. One
maxillary crown, which is preserved between the right
maxilla and dentary, has a gentle change in slope separa-
ting the distal portion of the crown from the rest of its sur-
face. This change in slope is apicobasally oriented and
curves slightly distally, following the concavity of the distal
margin of the crown. The other ornamented crown is the
best posteriorly preserved tooth that lies on the lateral sur-
face of the dentary, which has an inflated, longitudinal area
on its labial surface, with a slightly mesiodistally concave

area distal to it.
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Nasal. The right nasal is preserved in two portions. The an-
terior third of the bone is preserved in articulation with the
right maxilla and premaxilla and the posterior two-thirds
are preserved detached from the rest of the snout, but in
articulation with the anterior tip of the frontal (Fig. 2.1, 2.3:
rna; Tab. 1). The posterior portion of the nasal is interpreted
as belonging to the right element because the margin of the
bone that is artificially bordering the antorbital fenestra
curves ventrally and would have articulated laterally with
the prefrontal and maxilla. The opposite margin is broken,
butitis dorsoventrally very thin, in agreement with that ex-
pected for the medial border of the bone. Moreover, the
longer ridges of the dorsal ornamentation of the nasal are
placed laterally, as expected in a right nasal (Fig. 2.1, 2.3:ri).
Both fragments of the right nasal are exposed in dorsal
view. Between the two fragments of bone there is another
partial bone posteriorly covered by matrix and anteriorly
overlapped by the anterior portion of nasal (Figs. 2.3, 3.1:
Ina?). The surface of the bone is slightly damaged and
shows at least one low, thick ridge, suggesting that it may
represent a skull roof element. However, it is not possible to
determine if it also belonged to the right nasal or if it might
be a fragment of the left nasal. Nevertheless, this fragment
of bone lies in a different plane than those of the right nasal,
and if it is considered as part of the latter element the right
nasal would be longer than expected. As a result, we con-
sider that it is more likely that it belongs to the left nasal.
The anterior portion of the right nasal preserves the
posterior border of the external naris, which is situated
approximately at the level of the mid-length of the anterior
process of the maxilla. Only the base of the anterolateral
process of the nasal is preserved, and the anteromedial
process is more complete, but missing its anterior tip (Fig.
3.2: ampn). The anteromedial process forms the posterior
half of the medial border of the external naris as far as is
preserved. The facet for reception of this process in the
premaxilla (Fig. 3.2: nf) indicates that it extended at least
2 mm further anteriorly than preserved and, as a result,
the nasal formed most of the medial border of the narial
opening, as also occurs in Gualosuchus reigi (PULR 05) and
Chanaresuchus bonapartei (MCZ 4037). The nasal possesses
a shallow, unornamented and posteriorly well-developed
narial fossa behind the external naris (Fig. 3.3: ira), resem-

bling the condition in Gualosuchus reigi (PULR 05), Chanare-



suchus bonapartei (PULR 07, MCZ 4037), Pseudochampsa is-
chigualastensis (Trotteyn and Ezcurra, 2014), Cerritosaurus
binsfeldi(cast of CA unnumbered; Dilkes and Arcucci, 2012),
Tropidosuchus romeri (Dilkes and Arcucci, 2012) and Prote-
rochampsa nodosa (MCP 1694 PV). The lateral and medial
borders of the narial fossa are delimited by thick ridges that
increase in height posteriorly (Figs. 2.1, 2.3, 3.3: ri). These
ridges show a mainly longitudinal orientation, but they
converge posteriorly together with posterior ridges into a
single centre of growth in the posterior third of the nasal.
This pattern of radial skull roof ornamentation is also present
in Chanaresuchus bonapartei (PULR 07, MCZ 4037, 4039;
Romer, 1971), Pseudochampsa ischigualastensis (Trotteyn et
al, 2012; Trotteyn and Ezcurra, 2014) and Gualosuchus reigi
(PULR 07; Romer, 1971), but it differs from the longitudinal
ridges and tubercles present in other proterochampsids (e.g,
Cerritosaurus binsfeldi, Tropidosuchus romeri, Proterochampsa
nodosa, Proterochampsa barrionuevoi; Romer, 1971; Arcucci,
1990; Dilkes and Arcucci, 2012; Trotteyn et al, 2013). The
posterior ridges radiate from the centre of growth and ex-
tend onto the dorsal surface of the preserved portion of the
frontal. As mentioned above, the lateral margin of the nasal
folds ventrally to contact the prefrontal and maxilla, resem-
bling the condition in other proterochampsids (e.g, Chanare-
suchus bonapartei: MCZ 4039; Gualosuchus bonapartei: PULR
05). There is no discernable facet along the lateral border of
the nasal for contact with the prefrontal.

Lacrimal. The right lacrimal is almost complete, but rotated,
so that the ventral process is oriented strongly anteroven-
trally and the anterior process projects anterodorosally
(Figs. 2.1,2.3: 13, 3.3; Tab. 1). Inits original position, the ven-
tral process of the lacrimal should have had a rather vertically
oriented main axis, as occurs in other proterochampsids
(e.g., Chanaresuchus bonapartei: MCZ 4039). The ventral
process becomes more massive dorsally and forms a
rounded posterodorsal knob at the confluence with the
anterior process. No lacrimal foramen is discernable. The
anterior process is slightly flexed anteroventrally and of
subequal width throughout its preserved length. As pre-
served, both processes are subequal in length, but it cannot
be excluded that parts are missing, especially of the anterior
process. The angle between the two processes is approxi-
mately 65-70°. The antorbital fossa is well developed and
occupies a medial lamina spanning from the anterior end of
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the anterior process to the upper third of the ventral
process (Figs. 2.1, 2.3, 3.3: anfo), thus resembling the con-
dition in Chanaresuchus bonapartei (PULR 07; MCZ 4039).
By contrast, the lacrimal antorbital fossa is strongly restricted
anteriorly in Gualosuchus reigi (PULR 05), Cerritosaurus bins-
feldi(cast of CA unnumbered; Dilkes and Arcucci, 2012) and
Tropidosuchus romeri (PVL 4601), and absent in Pseudo-
champsa ischigualastensis (Trotteyn and Ezcurra, 2014), Pro-
terochampsa barrionuevoi (Dilkes and Arcucci, 2012) and
Proterochampsa nodosa (MCP 1694 PV). The thickened dor-
sal rim of the fossa curves posteroventrally onto the ventral
process. Anteroventral to the posterodorsal knob of the
lacrimal, a very slight depression is present on the lateral
side of the lacrimal main body just posterodorsal to the
antorbital fossa. The dorsal rim of the anterior process and
the main body of the lacrimal at the confluence of the
processes forms a low but sharply defined laterodorsal
crest. This crest separates the lateral surface of the lacrimal
from the medially expanded horizontal facet for the articu-
lation with the prefrontal, which is slightly depressed below
the dorsal surface of the crest (Fig. 3: fpfr). As preserved,
the facet is semioval in outline and restricted to the poste-
rior two thirds of the lacrimal. The facet for articulation with
the prefrontal along the posterior surface of the lacrimal is
covered by matrix. As a result, it is not possible to determine
the degree of participation of the lacrimal in the anterior
border of the orbit.

Frontal. Only the anterolateral tip of the right frontal in ar-
ticulation with the nasal is preserved (Figs. 2.1, 2.3, 3.3: fr).
The suture with the nasal is interdigitated and the frontal
shows two anterior projections in its preserved portion, re-
sembling the condition present in other basal archosauri-
forms (e.g, Proterosuchus fergusi- RC 59, BP/1/4016; Pro-
terochampsa barrionuevoi: Dilkes and Arcucci, 2012; Chanare-
suchus bonapartei: MCZ 4039). The dorsal surface of the an-
terior tip of the frontal is ornamented by ridges extended
from a centre of growth in the posterior end of the nasal.
Jugal. The left jugal is partially preserved and exposed in me-
dial view. It is very slender, with long anterior and posterior
processes, as in Tropidosuchus romeri (Arcucci, 1990; Dilkes
and Arcucci, 2012), but contrary to the situation in Prote-
rochampsa barrionuevoi, Pseudochampsa ischigualastensis,
Chanaresuchus bonapartei and Gualosuchus reigi (Dilkes
and Arcucci, 2012; Trotteyn and Ezcurra, 2014). The anterior
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process tapers over its posterior half and shows a slight
twist at about its mid-length, so that the anterior portion is
oriented slightly dorsomedially. The dorsal margin of this
process is very gently concave, indicating a large and ven-
trally rounded orbit. The ventral margin of the bone is some-
what thickened, and the medial surface of the element is
slightly concave dorsoventrally at the base of the anterior
process. Only the base of the ascending process is pre-
served and is relatively short anteroposteriorly. The poste-
rior process is poorly preserved and covered posteriorly by
the quadratojugal, so that its exact length cannot be deter-
mined. As preserved, the posterior process appears to be
very low dorsoventrally. However, the proportionally taller
preserved portion of the anterior process of the quadrato-
jugal indicates that it is probably an artefact due to damage.
The medial surface of the posterior process is flat and faces
slightly ventromedially as preserved, although it is unclear
if this might be an artifact of preservation.

Quadratojugal. An L-shaped bone is preserved approxi-
mately 1 cm posterior to the frontal and nasal and was
originally interpreted by Huene (1938, 1942) as a right
postorbital (Figs. 2.1, 2.3: gj, 3.5; Tab. 2). The bone is inter-
preted as a quadratojugal here because it possesses a me-
dial folding in the posterior margin of the dorsal process to
contact the quadrate, a notch in the posteroventral corner
of the infratemporal fenestra (Fig. 3.5: no) —as also present
in other proterochampsids (Dilkes and Arcucci, 2012)- and

a small posterior flange (Fig. 3.5: pfl) that in lateral view

usually covers partially the distal quadrate condyles in
other basal archosauriforms (e.g, Erythrosuchus africanus:
BP/1/5207; Euparkeria capensis Broom, 1913: SAM-PK-
5867). In addition, the bone is not a postorbital because if
the longest preserved process is interpreted as a ventral
process it lacks a facet for articulation with the jugal. On the
other hand, if the longest preserved process is interpreted
as a posterior process, the ventral process should be pos-
teroventrally oriented and is too long and plate-like for an
anterior process (contra Huene, 1938, 1942). The direction
of the folding of the posterior margin of the dorsal process
indicates that the quadratojugal is exposed in medial view.
Only the base of the anterior process is preserved, which is
straight and with a slightly dorsoventrally convex medial
surface (Fig. 3.5: ap). The margins of the dorsal and ante-
rior processes form a widely concave notch in the pos-
teroventral corner of the infratemporal fenestra, which
was interpreted as a synapomorphy of Proterochampsia/
Proterochampsidae by Dilkes and Arcucci (2012). The notch
of Rhadinosuchus gracilis seems to be shallower than in
most members of the clade (e.g, Gualosuchus reigi: PULR 05;
Chanaresuchus bonapartei: PULR 07, MCZ 4039). By contrast,
the posteroventral corner of the infratemporal fenestra of
Proterochampsa nodosa lacks a notch (MCP 1694 PV). The
dorsal process is plate-like and mainly perpendicular to
the anterior process, but with a low anterior orientation
(Fig. 3.5: dp). The anterodorsal margin of the process is bro-

ken. The medial surface of the dorsal process is anteropos-

TasLE 2. Measurements of quadratojugal and braincase of Rhadinosuchus gracilis (BSPG AS XXV 50) in millimetres.

Measurement Length
Quadratojugal (13.5)
Quadratojugal - dorsal process -
Paraoccipital process (9.0)
Exoccipital -
Prootic (11.3)
Mid-cerebral vein sinus 1.3
Crista prootica -

Width Height

- 182
- 13.7
- 6.2*
3'5** -
- (9.9)

- (4.7)

Values between brackets indicate incomplete measurements (due to post-mortem damage), and the value given is the maximum measurable.
Maximum deviation of the calliper is 0.02 mm but measurements were rounded to the nearest 0.1 millimetre.

*At its base.
**At its distal end.
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VIrop

Figure 4. Rhadinosuchus gracilis, BSPG AS XXV 50, left partial braincase. 1, 3, anterior view; 2, anteromedial view; 4, exoccipital and opisthotic
in medial view. Abbreviations: ?, indeterminate bone; XI?, possible foramen for the accessory cranial nerve; Xll, foramina for the hypoglossal
cranial nerve; cp, crista prootica; exo, exoccipital; flr, floccular recess; fo, fenestra ovalis; mvs, mid-cerebral vein sinus; mf, metotic foramen;
op, opisthotic; pop, paroccipital process; pr, prootic; pr-op, prootic-opisthotic suture; rldb, raised laterodorsal border of the foramen magnum;
sf?, probable supraoccipital and possible parietal facet; stg, stapedial groove; vrop, ventral ramus of the opisthotic. Scale bar='5 mm.

teriorly concave as a result of the medial folding of the pos-
terior margin. Most of the posterior flange of the quadrato-
jugal is broken off, but it can be assumed that it partially
covered the distal condyles of the quadrate. There is no dis-
tinct facet for reception of the quadrate on the medial sur-
face of the quadratojugal.

Opisthotic. The left opisthotic is preserved in articulation
with the prootic and exoccipital (Fig. 4: op; Tab. 2). However,
it is not possible to establish if the opisthotic was fused
to the exoccipital (= otoccipital) because the occipital surface
of the partial braincase is mostly covered by matrix. The

opisthotic possesses a posteriorly raised laterodorsal bor-
der of the foramen magnum, probably for articulation with
the proatlas (Fig. 4.4: rldb). At the dorsal apex of the bone
there is a facet, well defined ventrally by a shelf that pro-
bably represents the area of reception for the supraoccipi-
tal and possibly parietal (Fig. 4.1, 4.3: sf?). The base of the
left paroccipital process shows parallel dorsal and ventral
margins (Fig. 4.1, 4.3: pop). The suture between the opisthotic
and the prootic can be seen on the anterolateral surface of
the paroccipital process, which is continuously laterally

convex, as also occurs in other archosauriforms (Gower and
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Sennikov, 1996). The ventral margin of the paroccipital
process leads anteromedially to the ventral ramus of the
opisthotic (= crista metotica, = crista interfenestralis), which
separates the fenestra ovalis and the metotic foramen and
is exposed in anterior view as preserved (Fig. 4: vrop). On
the anteroventral side of the paroccipital process, and dor-
sally partially bordered by the prootic, is the stapedial
groove, which leads anteromedially to the fenestra ovalis.
The ventral ramus is well developed, extending ventrally far
beyond the level of the metotic foramen and fenestra ovalis,
resembling the condition present in basal archosauriforms
(Gower and Sennikov, 1996). The ventral ramus is also very
thin transversely, resembling the condition present in, for
example, Euparkeria capensis (Gower and Weber, 1998), Cha-
naresuchus bonapartei (PULR 07), Proterochampsa barrio-
nuevoi(Dilkes and Arcucci, 2012), and Archeopelta arborensis
Desojo, Ezcurra and Schultz, 2011 (CPEZ-239a). By con-
trast, in some less crownward archosauriforms (e.g, “Chas-
matosaurus" yuani Young, 1936: IVPP \V2719; Garjainia
triplicostata (Huene, 1960): PIN 951/ 60) the distal half of
the ventral ramus of the opisthotic is considerably more ro-
bust and cylindrical in cross-section. The fenestra ovalis lies
anterior to the ventral ramus of the opisthotic and is mostly
obscured by the crista prootica in anterolateral view (Fig.
4.2: fo). The metotic foramen lies posteromedially to the
ventral ramus and is preserved between this structure
and the exoccipital (Fig. 4: mf).

Exoccipital. The exoccipital is mostly exposed in medial and
anterior to anterolateral views (Figs. 2.1, 2.3, 4: exo; Tab. 2).
The medial surface of the bone is almost flat at its ventral
end and becomes anteroposteriorly concave dorsally. The
medial surface has a shallow, moderately defined vertical
groove that slightly curves posteriorly. This surface is
separated from the internal wall of the brain cavity by a
marked rim, as it also occurs in other archosaurs. The me-
dial surface of the bone, which in life would have formed the
lateral rim of the foramen magnum, possesses two oval
foramina, with a major dorsoventral axis, which are inter-
preted to have conducted the branches of the hypoglossal
cranial nerve (CN XII) (Fig. &4.4: XIl). The presence of a pair of
foramina for the hypoglossal nerve is also observed in the
proterochampsid Proterochampsa barrionuevoi(Trotteyn and
Haro, 2011) and several crown-archosaurs (e.g, Silesaurus

opolensis: Dzik, 2003). By contrast, in doswelliids (i.e., Dos-
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wellia kaltenbachi Weems, 1980: Dilkes and Sues, 2009;
Archeopelta arborensis: Desojo et al., 2011; Jaxtasuchus sa-
lomoni: Schoch and Sues, 2013) there is a single exit for the
hypoglossal nerve. The anterolateral surface of the bone
shows a large, apparently ventromedially directed foramen
in a somewhat more ventral position than the foramina for
the hypoglossal nerve; this foramen might have transmitted
the accessory cranial nerve (CN XI) (Fig. 4.3: XI?). The occipi-
tal surface of the bone is covered by matrix and the anterior
surface has a sharp vertical edge.

Prootic. The left prootic is preserved in articulation with the
opisthotic and is exposed in anterior to anteromedial view in
a broken approximately transverse section, showing in-
ternal structures of the braincase (e.g, floccular recess) (Fig.
4: pr; Tab. 2). The posterior region of the prootic forms the
anterior portion of the base of the paroccipital process and
the dorsal margin of the stapedial groove, as also occurs in
other basal archosauriforms (Gower and Sennikov, 1996).
The lateral surface of the prootic is dorsoventrally convex
at the base of the paroccipital process. The preserved por-
tion of the crista prootica is ventrally oriented and forms the
anterior margin of the fenestra ovalis (Gower and Sennikov,
1996). Immediately dorsal to the base of the crista prootica
there is a large, rounded pit on the internal surface of the
prootic. From this pit, a well-developed furrow extends
posteromedially towards the (unpreserved) suture of the
opisthotic with the supraoccipital. Another somewhat
narrower furrow extends anteroventrally from it onto the
base of the crista prootica. These furrows most probably
mark the course of the mid-cerebral vein, with the pit repre-
senting the posterodorsal sinus formed by this vein (Figs.
2.1, 2.3, 4.1-3: mvs). Posteromedial to the sinus, a large,
conical recess opens posterolaterally into the prootic from

medial, which represents the floccular recess.

Mandible

Both dentaries are preserved in contact with each other,
but the right bone is displaced posteriorly with respect to
the left element and, as a result, the symphyseal region of
the left dentary is exposed (Figs. 2, 3.1, 3.4). A transversely
thin bone lies between both dentaries, but anteriorly it
becomes adjacent to the medial surface of the left dentary
up to the point that it is completely covered by matrix.

Accordingly, the plate-like bone is interpreted as a left



splenial (Fig. 3.4: spl). No post-dentary bones are preserved
in the holotype of Rhadinosuchus gracilis.

Dentary. The right dentary is almost complete, but the pos-
terior end of the bone is not exposed, neither are the bor-
ders of the external mandibular fenestra (Fig. 2: rdt; Tab. 1).
The right dentary is exposed mainly in dorsal and lateral
views, and the anterior two-thirds of the bone are also ex-
posed in ventral view. Only the anterior end of the left den-
tary is exposed in medial and ventral views (Figs. 2.2, 2.4:
Idt, 3.4). The dentary is a very long and dorsoventrally low
bone, at least more than 12 times longer than its height at
the anterior end, resembling the condition in Chanaresuchus
bonapartei(MCZ 4037, ratio >13.8; PULR 07, ratio 16), Tropi-
dosuchus romeri (PVL 4601), Proterochampsa barrionuevoi
(Dilkes and Arucci, 2012), and Doswellia kaltenbachi (USNM
186989), but contrasting with the proportionally more ro-
bust dentary of Cerritosaurus binsfeldi (cast of CA unnum-
bered). The dentary of Rhadinosuchus gracilis is straight
along its entire length, as is also the case in Chanaresuchus
bonapartei (PULR 07, MCZ 4037) and Tropidosuchus romeri
(PVL 4601). By contrast, in Proterosuchus fergusi (TM 201,
SAM-PK-11208) and Euparkeria capensis (SAM-PK-5867)
the dentary curves dorsally, and in Doswellia kaltenbachi
(USNM 186989) the dentary curves ventrally in lateral view.
The dentary also curves slightly laterally in dorsal and ven-
tral views. The lateral surface of the anterior end of the den-
tary is dorsoventrally convex, but it becomes flat along the
rest of the bone. The lateral and ventral surfaces of the bone
are not ornamented and they are separated from each other
by a distinct change in slope of around 90° that results in a
rounded and well-developed lateroventral longitudinal edge
along at least the anterior two-thirds of the bone (Fig. 3.4:
csl). As a result, the planes of the lateral and ventral sur-
faces of the bone meet each other at an orthogonal angle,
with exception of the anterior end of the bone, in which the
transition between the surfaces is more gradual. The latter
condition is also present in Chanaresuchus bonapartei (PULR
07, MCZ 4037) and Gualosuchus reigi (PVL 4576), but not in
Proterochampsa nodosa (MCP 1694 PV), Cerritosaurus bins-
feldi (cast of CA unnumbered), Tropidosuchus romeri (PVL
4601), Doswellia kaltenbachi (USNM 186989), and other
basal archosauriforms (e.g, Proterosuchus fergusi: TM 201,
BP/1/3993, SAM-PK-11208; Erythrosuchus africanus: BP/1/
5207; Euparkeria capensis, SAM-PK-5867). The presence of
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this distinct change in slope between the lateral and ven-
tral surfaces of the dentary might be correlated with a
similar change of slope of the lateral and dorsal surfaces of
the maxilla.

The anterior margin of the dentary is acute (ca. 60°), the
result of a gentle ventral curvature of the alveolar margin of
the bone along the first three alveoli (Figs. 2.2, 2.4, 3.4).
The anterior tip of the dentary has a very large and mainly
anterodorsally opening foramen (Fig. 3.4: af), which is ab-
sent in Chanaresuchus bonapartei (PULR 07, MCZ 4037),
Tropidosuchus romeri (PVL 4601), Proterochampsa nodosa
(MCP 1694 PV) and Doswellia kaltenbachi (USNM 186989).
In addition, the lateral and ventral surfaces of the dentary
show at least nine neurovascular foramina along the ante-
rior half of the bone (Figs. 2.2, 2.4, 3.4). These foramina are
aligned in four longitudinal rows, two on the lateral surface
and two on the ventral one. The foramina show a variable
morphology, from circular openings to oval ones, with a
dorsoventral or an anteroposterior main axis. The foramina
belonging to the most dorsal row, the first foramen of the
second row (from dorsal to ventral) and the first two
foramina of the most ventral row are the largest. From the
level of the seventh tooth position there is a longitudinal
and very shallow groove placed at mid-height on the lateral
surface of the dentary (Fig. 3.4: gr). The groove finishes at
the level of the tenth tooth position in an anteroposteirorly
elongated and posterolaterally opening foramen. The lateral
surface of the dentary lacks foramina or grooves posterior
to the level of the tenth tooth position. The ventral surface
of the bone is gently convex transversely at its anterior end
and flat posteriorly, lacking foramina posterior to the level
of the ninth tooth position. The most posterior foramen of
the ventral surface is placed at mid-width of the bone and
is not aligned with the rows at the anterior end of the den-
tary. This foramen is anteroposteriorly elongated and ex-
tends posteriorly as a groove that gradually fades into the
ventral surface of the bone.

The medial surface of the anterior end of the bone has a
deep and well-defined Meckelian groove, which extends
anteriorly up to the anteriormost preserved portion of the
left dentary (Fig. 3.4: Mg). The Meckelian groove is restricted
to the ventral half of the dentary, as is also the case in
Chanaresuchus bonapartei (PULR 07, MCZ 4037). By contrast,

in Doswellia kaltenbachi the Meckelian groove is placed at
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mid-height along the medial surface of the dentary (USNM
186989). The Meckelian groove is placed immediately
above the ventral margin of the bone in the exposed area.
The medial surface of the dentary dorsal to the Meckelian
groove is flat. The symphysis cannot be distinguished or it
was restricted to the missing anterior tip of the bone. As a
result, it cannot be determined if the Meckelian groove ex-
tended onto the symphyseal region.

The alveolar margin of the right dentary is complete, but

damaged in its central part. It preserves 21 alveoli and a
total of 23 tooth positions can be estimated. The number of
dentary tooth positions in Rhadinosuchus gracilis is con-
siderably higher than in other proterochampsids (e.g, Chana-
resuchus bonapartei, ca. 18 tooth positions; Tropidosuchus
romeri, ca. 15 tooth positions; Romer, 1971; Arcucci, 1990),
but it is lower than that observed in Doswellia kaltenbachi
(Dilkes and Sues, 2009, 35 tooth positions). It should be
noted that in other archosauriforms the number of tooth
positions increases through ontogeny (e.g, Proterosuchus
fergusi- Ezcurra and Butler, 2015a; Coelophysis bauri: Col-
bert, 1989). Thus, a higher number of dentary tooth positions
might be expected if the holotype of Rhadinosuchus gracilis
is actually a juvenile individual (Kischlat, 2000). Therefore
the difference in the number of dentary tooth positions be-
tween Rhadinosuchus gracilis and other proterochampsids
would be larger in adult stages of the Brazilian species. The
alveoli are oval, being anteroposteriorly longer than wide
transversely, and medially closed, resulting in a thecodont
tooth implantation. Seven teeth are preserved in situ in
their respective alveoli and four of them preserve partial
crowns. The roots and crowns are labiolingually compressed
in cross-section. The crowns are not constricted at their
base and are curved distally. The third crown and the pre-
served portions of the other dentary crowns are devoid of
serrations in both margins, contrasting with the condition
present in the maxillary crowns.
Splenial. A transversely very thin bone, partially exposed in
medial view between both dentaries, represents the left
splenial (see above) (Figs. 2.1, 2.3, 3.4: spl). The bone curves
gently laterally, following the contour of the left dentary,
and the medial surface is flat and unornamented.

Postcranium

Neural arch of the axis(?). A fragment of bone exposed pos-
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terior to the quadratojugal might represent part of an axial
neural arch. The element is slightly longer than the preserved
postaxial cervical centrum and has a short anterior and
better developed posterior process. The anterior process is
directed slightly anterodorsally and has a lateral thickening at
the level of the anterior end of the neural spine, which might
represent the axial prezygapophysis. The posterior process
is flat horizontally and tapers posteriorly and probably
represents the dorsal surface of the postzygapophysis,
which is devoid of epipophyses, as in most other basal ar-
chosauriforms. The neural spine is relatively low, but con-
siderably higher than that of Proterochampsa barrionuevoi
(Dilkes and Arcucci, 2012) and Doswellia kaltenbachi (Dilkes
and Sues, 2009). The dorsal margin of the axial neural spine
of Rhadinosuchus gracilis is rounded anteroposteriorly, rising
gradually from the anterior end, but with a straight poste-
rior margin. The neural spine lacks completely a spine table
or a distal thickening.

Postaxial cervical vertebra. A single cervical centrum is pre-
served in the holotype of Rhadinosuchus gracilis (Fig. 5.1-4;
Tab. 3). The centrum is interpreted to belong to a posterior
cervical vertebra because the parapophyses are situated in
the anterodorsal corner of the centrum and possibly ex-
tended slightly onto the neural arch (Fig. 5.1-2: pa). The
centrum is longer than tall and slightly compressed trans-
versely in ventral view (Fig. 5.4), resembling the condition
in other proterochampsids (e.g, Proterochampsa barrionuevoi:
Dilkes and Arcucci, 2012; Tropidosuchus romeri- PVL 4601;
Gualosuchus reigi- PULR 05; Chanaresuchus bonapartei: PULR
07, MCZ 4037). The point of maximum transverse constric-
tion is placed anterior to the mid-length of the centrum
(Fig. 5.3). The ventral surface possesses a sharp and well-
developed median keel that extends along the posterior
three-quarters of the centrum (Fig. 5.3: vk), resembling the
condition in the cervical vertebrae of Proterochampsa ba-
rrionuevoi (Dilkes and Arcucci, 2012), Tropidosuchus romeri
(Arcucci, 1990), Gualosuchus reigi (PULR 05), Chanaresuchus
bonapartei (PULR 07, MCZ 4037), Doswellia kaltenbachi
(Dilkes and Sues, 2009), and Jaxtasuchus salomoni (Schoch
and Sues, 2013). The ventral surface of the centrum is wide
and transversely convex anterior to the median keel. The
anterior and posterior articular surfaces are gently concave
and oval, being transversely wider than tall, as also occurs
in Doswellia kaltenbachi (Dilkes and Sues, 2009). There is
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TasLE 3. Measurements of postcranial bones of Rhadinosuchus gracilis (BSPG AS XXV 50) in millimetres.

Measurement Length
Postaxial cervical centrum 7.4
Cervical rib 11.2
Metatarsal Il 234
Metatarsal Il - lateral condyle -
Metatarsal Il - medial condyle -
Osteoderm 6.4

Width Height
6.3*/5.9** 3.9%/4.2**
86"/6.8 3.6"1
4'2/\/\ -
2'5/\/\ -
7.7 2.8t

Maximum deviation of the calliper is 0.02 mm but measurements were rounded to the nearest 0.1 millimetre.

*Anterior surface.
**Posterior surface.
~Proximal end.
~NDistal end.

1 Thickness.

no bevelling in the ventral margin of the anterior and pos-
terior surfaces (Fig. 5.1), suggesting the absence of inter-
centrain at least the posterior cervical series, as is also the
case in Chanaresuchus bonapartei (PULR 07, MCZ 4037),
Tropidosuchus romeri (PVL 4061), Proterochampsa barrio-
nuevoi (Dilkes and Arcucci, 2012), and Jaxtasuchus salomoni
(SMNS 91083). The ventral margin of the posterior surface
of the centrum extends slightly more ventrally than the an-
terior one, resembling the condition in the posterior cervical
vertebrae of other basal archosauriforms (e.g, Tropidosuchus
romeri: PVL 4601; Jaxtasuchus salomoni: SMNS 91083).
The lateral surface possesses a very shallow and not well-
defined lateral depression (Fig. 5.1, 5.3: d). Dorsal to the de-
pression, the centrum expands laterally and possesses a
facet for articulation with the neural arch on its laterodorsal
surface (Fig. 5.1: fna). The facet is saddle-shaped in lateral
view, but itis slightly asymmetric, extending more ventrally
anteriorly than posteriorly. The articular surface of the facet
is well preserved and was clearly unfused to the neural arch.
The parapophysis is not raised in a peduncle and its circular
articular facet faces anterolaterally. The floor of the neural
canal (Fig. 5.2: nc) has a median depression with a tapering
anterior margin. The posterior end of the depression is
covered by a partial cervical rib shaft (Fig. 5.2, 5.4: cr) and
matrix.

Cervical rib. An almost complete anterior or middle cervical
rib is preserved 5 mm away from the partial braincase, but

exposed on only one side (Figs. 2.1-2: cr, 5.9; Tab. 3). Therib

is approximately twice as long as the preserved cervical
centrum, but an unknown length is missing at its posterior
end. The proximal end has a short and tapering anterior
process (Fig. 5.9: ap). Only one of the peduncles bearing the
articular facets is exposed, but its distal end is covered by
matrix. The peduncle is orthogonal to the main axis of the
anterior process and shaft, indicating that the shaft was
mainly parallel to the main axis of the neck, as in all archo-
sauriforms. It is not possible to determine if the peduncle
represents the capitulum or tuberculum and thus neither
to which side the rib belongs. The shaft is straight and very
thin.

Gastralia. Several gastralia are present in the block that also
contains the metatarsal, six of which are preserved in
natural position with each other (Fig. 5.10: ga). The gastralia
present several breakages and, as a result, is not possible to
determine the presence of more than one gastral segment.
The gastralia are rod-like and at least some of them are
gently curved posteriorly, as also occurs in the middle dor-
sal region of the gastral basket of Proterosuchus alexanderi
(Hoffman, 1965) (NM QR 1484). One of the gastralia seems
to have an anteroposteriorly expanded and plate-like end,
resembling the condition in Proterochampsa barrionuevoi
(Trotteyn, 2011).

Metatarsal Il. The single preserved metatarsal is complete,
but the proximal three-quarters of its dorsal surface are
obscured by matrix (Fig. 5.10: mtt Il, 5.11-14; Tab. 3). The
metatarsal is a moderately robust bone that contrasts
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Figure 5. Rhadinosuchus gracilis, BSPG AS XXV 50, postcranial bones. 1-4, Cervical centrum; 5-8, osteoderms; 9, cervical rib; 10, block with
gastralia and left metatarsal Il; 11-14, left metatarsal Il. 1, Right lateral; 2, 6, dorsal; 3, 7, 11, ventral; 4, 8, posterior; 5, left lateral; 9, side; 12,
lateral; 13, medial; and 14, distal views. Abbreviations: aos, anterior osteoderm; ap, anterior process; co, concavity; cr, cervical rib; d, de-
pression; fna, facet for reception of the neural arch; ga, gastralia; Ic, lateral condyle; mc, medial condyle; mtt I, metatarsal II; nc, neural canal;
pa, parapophysis; pos, posterior osteoderm; ps, posterior surface; vk; ventral keel. Scale bars= 2 mmin (1-9, 11-14) and 5 mm in (10).

with the considerably more gracile metatarsals lll and IV of
Chanaresuchus bonapartei (Romer, 1972a, MCZ 4035) and
Tropidosuchus romeri (PVL 4601). The bone is proportionally
too large to represent metatarsal | and the shaft is pro-
portionally longer than those of the metatarsal | of other
proterochampsids (e.g, Chanaresuchus bonapartei. Romer,
1972a, MCZ 4035; Tropidosuchus romeri: PVL 4601). This
element also differs from the metatarsal \ of Chanaresuchus
bonapartei (Romer, 1972a) by the presence of a long shaft
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and well-developed distal articular surface. The metatarsal
of Rhadinosuchus gracilis matches the overall proportions of
metatarsal Il of Chanaresuchus bonapartei (Romer, 1972a,
MCZ 4035). In particular, the proximal end of the bone is
trapezoidal in outline with a concave ventrolateral margin
(Fig. 5.11-12: co), being almost identical to metatarsal Il
of Chanaresuchus bonapartei (MCZ 4035). Accordingly, the
autopodial bone of Rhadinosuchus gracilis is interpreted as
a metatarsal Il. The concave ventral margin in the proximal



end of the bone corresponds to the margin contacting
metatarsal Ill and as a result this metatarsal Il is interpreted
as a left element.

Metatarsal Il of Rhadinosuchus gracilis is proportionally
more robust than that of Tropidosuchus romeri (PVL 4601).
As mentioned above, the element is trapezoidal in proximal
view, with an almost straight ventromedial margin and a
concave ventrolateral one. The proximal surface of the bone
is flat and very gently inclined medially in ventral view with
respect to the main axis of the shaft. The ventromedial
surface of the proximal end of the bone is gently convex
transversely. The ventrolateral surface is damaged by the
collapse of cortical bone, but it seems to have been —at least
proximally— transversely concave to receive the proximal
end of the metatarsal Ill, as it is also the case in Chanare-
suchus bonapartei (MCZ 4035). The shaft is oval in cross-
section, being wider transversely than deep dorsoventrally.
The medial margin of the shaft is slightly concave dorsoven-
trally and the lateral margin straight and. As a result, the
shaft is very gently bowed medially in ventral view. The
distal end of the bone is slightly expanded transversely
with respect to the shaft, but less than the proximal end.
The main axis of the distal end is rotated at about 30° with
respect to the main axis of the proximal end of the bone, re-
sembling the condition in Chanaresuchus bonapartei (MCZ
4035). The distal end is not ginglymoid, but it has two ven-
trally developed condyles that are poorly differentiated from
each other (Fig. 5.11, 5.13-14: Ic, mc). The distal condyles
are asymmetric, with the lateral condyle being more ven-
trally extended and transversely wider than the medial one.
As a result, the proximal phalanx of the digit would have
been oriented medially with respect to the main axis of the
metatarsal shaft. The distal articular surface is continuously
convex dorsoventrally and gently concave transversely in
dorsal or ventral views. The distal articular facet extends
onto the distal —and part of the ventral—- surface of the
bone. The dorsal surface of the distal end shows a semilu-
nate extensor fossa, which is laterally bounded by a proxi-
medially oriented and rugose ridge, resembling the condition
in Chanaresuchus bonapartei (MCZ 4035). The medial surface
lacks a collateral pit, whereas the lateral surface is damaged
and the presence or absence of a collateral pit cannot be
confirmed.

Osteoderms. Two osteoderms are preserved in articulation
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with each other (Fig. 5.5-8; Tab. 3). The most posterior os-
teoderm is only represented by its anterior tip (Fig. 5.6-8:
pos), which lies almost completely below the more anterior
and complete osteoderm (Fig. 5.7-8: aos). Imbricated os-
teoderms, in which the anterior element dorsally overlaps
the posterior one, are also present in Chanaresuchus bona-
partei (PULR 07, MCZ 4037) and Tropidosuchus romeri (PVL
4601). The presence of imbrication in the osteoderms of
Cerritosaurus binsfeldi cannot be determined confidently
(cast of CA unnumbered). By contrast, Proterochampsa ba-
rrionuevoi lacks dermal armor (Trotteyn, 2011; Dilkes and
Arcucci, 2012). The posterior margin of the osteoderm is in
a more dorsal position than the anterior one. The lateral
margin of the osteoderm folds ventrally, which may indi-
cate that a single median row of dorsal osteoderms was
presentin Rhadinosuchus gracilis, resembling the condition
in Chanaresuchus bonapartei(PULR 07, MCZ 4037) and Tropi-
dosuchus romeri(PVL 4601). However, the latter interpreta-
tion is tentative. The osteoderm is subrectangular in dorsal
view, being wider transversely than long anteroposteriorly,
and without an anterior apex (Fig. 5.6). The osteoderm is
dorsoventrally thick, but the element is considerably thinner
than in Archeopelta arborensis and Tarjadia ruthae Arcucci
and Marsicano, 1998 (Desojo et al, 2011). The dorsal sur-
face is transversely convex and gently concave anteropos-
teriorly in lateral view (Fig. 5.5). This surface is not very
well preserved, but it seems that it has a few anteriorly and
laterally oriented ridges radiating from a centre of growth
adjacent to the posterior margin of the element. However,
the osteoderm lacks a clear, single median keel, resembling
the condition in Tropidosuchus romeri(PVL 4601). The ventral
surface of the most complete osteoderm is partially covered
by matrix and the more posterior element, but it seems to
be unornamented and moderately transversely concave.
The lateral margins of the bone are not crenulated, con-
trasting with the condition present in Euparkeria capensis
(UMZC T6921).

Indeterminate bone. The main block of mudstone preserves
one bone that could not be identified here (Fig. 2.1, 2.3: ?).
The bone is preserved between the left quadratojugal and
the partial braincase, and Huene (1938, 1942) originally in-
terpreted it as a possible left quadrate. It is composed of a
thin main body and a flange that are connected by a curved

ridge at one of the ends of the bone. The bone has a maxi-
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mum linear measurement (ie, along the main body) of 16.3
mm. The presence of a large, teardrop-shaped foramen in
the main body of the bone is an artifact resulting from
breakage. The element is too large to represent the basal
articulation area of a partial pterygoid and lacks any evi-
dence of thickening of the main body towards its ends, as
it should be expected for a quadrate (contra Huene, 1938,
1942). Accordingly, this bone is interpreted as an indeter-
minate element.

DISCUSSION
Taxonomy of Rhadinosuchus gracilis

Hoffstetter (1955) considered Rhadinosuchus gracilis as
a probable senior synonym of the chronostratigraphically
older archosauriform Cerritosaurus binsfeldi, and he con-
sidered both species to be members of its own family,
Rhadinosuchidae. Certain subsequent authors followed
this idea (Kuhn, 1966; Reig, 1970; Bonaparte, 1971), but
others dismissed the proposal of synonymy between
these Brazilian species (Huene, 1956; Romer, 1956; Bona-
parte, 1970). Subsequently, Kischlat and Schultz (1999) and
Kischlat (2000) proposed that Rhadinosuchus gracilis was
more closely related to Chanaresuchus bonaparteiand Gua-
losuchus reigi than to other proterochampsids, but repre-
senting different species.

In the present redescription we found several differences
between Rhadinosuchus gracilis and other proterochampsids.
In particular, Rhadinosuchus gracilis differs from Protero-
champsa barrionuevoi and Proterochampsa nodosa by the
absence of a skull strongly compressed dorsoventrally with
a dorsally facing antorbital fenestra and the absence of
well-developed nodular prominences on the lateral surface
of the maxilla. Rhadinosuchus graclis also differs from Cerri-
tosaurus binsfeldi by the presence of a proportionally lower
premaxilla and maxilla, considerably longer antorbital
fenestra, dorsal surface of nasals and/or frontals orna-
mented by ridges arranged in a radial pattern, and maxilla
and dentary with distinct changes in slope between the
lateral and dorsal and ventral surfaces, respectively. These
differences, which are unlikely to be simply ontogenetic,
undermine previous claims about a putative synonymy
between Cerritosaurus binsfeldi and Rhadinosuchus gracilis
(Hoffstetter, 1955; Kuhn, 1966; Reig, 1970; Bonaparte, 1971).

Rhadinosuchus gracilis can be distinguished from Tropido-
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suchus romeriby the pattern of skull roof ornamentation, the
changes in slope in the surfaces of the maxilla and dentary,
and the presence of considerably higher dentary tooth
count. The Brazilian species shows several resemblances
with Pseudochampsa ischigualastensis and Gualosuchus
reigi, but it differs from them by the presence of a maxilla
with an antorbital fossa in the horizontal process and a
lacrimal with a very extensive antorbital fossa between the
two processes. Finally, Rhadinosuchus gracilis can be dis-
tinguished from Chanaresuchus bonapartei by the presence
of a maxilla with an antorbital fossa in the horizontal
process, a dentary with a large and anterodorsally opening
foramen on its anterior surface, and a considerably higher
dentary tooth count. Accordingly, Rhadinosuchus gracilis
can be considered a valid species of proterochampsid ar-

chosauriform.

Phylogenetic relationships of Rhadinosuchus gracilis
The phylogenetic relationships of Rhadinosuchus gracilis
have been debated since its description. Huene (1938)
originally classified Rhadinosuchus gracilis within the order-
grade group Pseudosuchia, and subsequently Romer (1945)
considered it as a member of Stagonolepididae. Hoffstetter
(1955) transferred Rhadinosuchus gracilis to its own family,
Rhadinosuchidae (together with Cerritosaurus binsfeldi).
Subsequently, Romer (1956) reconsidered both Rhadinosu-
chus gracilisi and Cerritosaurus binsfeldi as members of the
family Ornithosuchidae. Kuhn (1961) and Reig (1961, 1970)
followed the interpretation proposed by Hoffstetter (1955).
Romer (1966) reinterpreted the Brazilian species as mem-
bers of Erpetosuchidae and Bonaparte (1970) considered
Rhadinosuchus gracilis as a thecodont of uncertain relation-
ships, but probably closely related to Cerritosaurus binsfeldi.
Nevertheless, after the description of Chanaresuchus bona-
partei and Gualosuchus reigi (Romer, 1971, 1972a), Romer
(1972b) proposed that Rhadinosuchus gracilis was a mem-
ber of the family Proterochampsidae, together with the for-
mer Argentinean species and Proterochampsa barrionuevoi
and Cerritosaurus binsfeldi. However, Sill (1974) re-adopted
the original idea of Huene (1938) of Rhadinosuchus gracilis
as a pseudosuchian, and Krebs (1976) even considered it to
be a basal crocodilian. Kischlat and Schultz (1999) and
Kischlat (2000) agreed with Romer’s (1972b) concept of

Proterochampsidae and, in particular, proposed that Rhadi-



nosuchus gracilis was more closely related to Gualosuchus
reigiand Chanaresuchus bonapartei than to other protero-
champsids (ie, Cerritosaurus binsfeldi, Tropidosuchus romeri,
Proterochampsa barrionuevoi, Proterochampsa nodosa). All
subsequent authors followed the hypothesis supporting a
placement of Rhadinosuchus gracilis within Proterochamp-
sidae (Dilkes and Arcucci, 2012; Raugust et al, 2013;
Trotteyn et al, 2013; Trotteyn and Ezcurra, 2014), but the
species has not been included in a numerical cladistics
analysis so far and its phylogenetic relationships within the
group remain untested.

In order to test the phylogenetic relationships of Rhadi-
nosuchus gracilis we included the Brazilian species in the
data matrix published by Trotteyn and Ezcurra (2014), which
is a modification of the most comprehensive analysis fo-
cused on proterochampsids by Dilkes and Arcucci (2012). We
have furthermore added Proterochampsa nodosa, resulting
in a new data matrix composed of 18 taxa and 110 charac-
ters (see Appendices). This data matrix includes for the
first time all currently known nominal species of prote-
rochampsids. The outgroup taxon was relabelled as Pro-
terosuchus spp. instead of Proterosuchus fergusibecause of a
recent taxonomic revision of the genus (Ezcurra and Butler,
2015b), but the scorings of the terminal are the same as in
Trotteyn and Ezcurra (2014). The data matrix was analysed
under equally weighted parsimony using TNT 1.1 (Goloboff
et al, 2008) using the implicit enumeration algorithm. Zero
length branches among any of the recovered MPTs were
collapsed (rule 1 of Coddington and Scharff, 1994). Charac-
ter 21 was treated as additive (ordered) following Dilkes and
Arcucci (2012) and Trotteyn and Ezcurra (2014). As measures
of tree support, decay indices (= Bremer supports) were cal-
culated and a bootstrap resampling analysis —with 10,000
pseudoreplicates— was performed, reporting both absolute
and GC (ie, difference between the frequency that the
original group and the most frequent contradictory group
are recovered in the pseudoreplicates) frequencies.

The search recovered two most parsimonious trees of
203 steps, with a consistency index of 0.5862 and a reten-
tion index of 0.7021. The overall topology of the strict co-
nensus tree (Fig. 6) is completely consistent with that
obtained by Trotteyn and Ezcurra (2014). Proterochampsia
was recovered as a monophyletic group and the two newly

added taxa (Rhadinosuchus gracilis and Proterochampsa
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nodosa) were found within this clade, in agreement with
previous qualitative studies (Kischlat and Schultz, 1999;
Kischlat, 2000) (Fig. 6). The monophyly of Proterochampsia
is supported by 11 synapomorphies (characters 1, 7, 9-11,
15, 20, 39, 42-44) that were already discussed in detail
by Dilkes and Arcucci (2012) and its support metrics (Bre-
mer index and bootstrap frequencies) are very high (Fig. 6).
However, contrasting with Dilkes and Arcucci (2012), the
presence of a distinct notch in the quadratojugal at the pos-
teroventral corner of the infratemporal fenestra (character-
state 26-1) was found as an ambiguous possible apomorphy
of Proterochampsia and not as an unambiguous synapo-
morphy because of its absence in Proterochampsa nodosa.
Within Proterochampsia, Proterochampsa nodosa was re-
covered as the sister-taxon of Proterochampsa barrionue-
voi due to the presence of a skull strongly compressed
dorsoventrally with dorsally facing antorbital fenestrae
and mainly dorsally facing orbits (character-state 104-1);
well developed nodular prominences on the lateral surface
of maxilla, jugal, quadratojugal, squamosal and angular
(character-state 105-1); absence of supratemporal fossa
(character-state 107-0); lower jaw lacking retroarticular
process (character-state 109-0); and angular with a dis-
tinctly ventrally developed thick, longitudinal lamina on the
ventral surface between the levels of the external mandibu-
lar fenestra and the mandibular glenoid fossa (character-
state 110-1).

The clade composed of Cerritosaurus binsfeldi, Tropido-
suchus romeri, Pseudochampsa ischigualastensis, Chanaresu-
chus bonapartei, Gualosuchus reigiand Rhadinosuchus gracilis
has two synapomorphies (characters 23 and 24) that were
already discussed by Dilkes and Arcucci (2012), but their
condition cannot be established in Rhadinosuchus gracilis.
It should be noted that Dilkes and Arcucci (2012) also
found character 8 (i.e, depression lacking dermal sculpturing
present on nasal around posterior border of external naris)
as a synapomorphy of this node. However, the presence
of this trait in Proterochampsa nodosa resulted in an am-
biguous optimization of the character. The node that inclu-
des Tropidosuchus romeri, Pseudochampsa ischigualastensis,
Chanaresuchus bonapartei, Gualosuchus reigi and Rhadino-
suchus gracilis has three synapomorphies (character-states
19-1, 45-1 and 46-1) that were already discussed by Dilkes
and Arcucci (2012).
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Proterosuchus spp.

Erythrosuchus africanus

1/46/35 — Vancleavea campi

L— Doswellia kaltenbachi

Euparkeria capensis
Parasuchus hislopi

Aetosaurus ferratus

Riojasuchus tenuisceps

Herrerasaurus ischigualastensis

L Silesaurus opolensis
4/79/72 Proterochampsa nodosa ’

Proterochampsa '—— Proterochampsa barrionuevoi '

Cerritosaurus binsfeldi ’

4/56/41 213978
5/66/58
5/84/78
2/138/7 ARCHOSAURIA| 500
5/94/93
PROTEROCHAMPSIDAE | ,/60/66
2/68/63

1/53/48

Tropidosuchus rometi ,

Pseudochampsa ischigilalastensis '

Gualosuchus reigi ’

RHADINOSUCHINAE

1/47/467— Rhadinosuchus gracilis ’

L Chanaresuchus bonapartei ,

Figure 6. Phylogenetic relationships of Rhadinosuchus gracilis and other proterochampsians among basal archosauriforms. Numbers above
nodes are Bremer support, absolute and GC bootstrap frequencies, respectively. The sillouettes immediately to the right of the prote-
rochampsian species indicate their geographic occurrence (i.e, Argentina or Brazil).

In agreement with Kischlat and Schultz (1999) and
Kischlat (2000), Rhadinosuchus gracilis, Chanaresuchus
bonaparteiand Gualosuchus reigiwere found as more closely
related taxa with each other than with other protero-
champsians, but also including the recently described
species Pseudochampsa ischigualastensis. This clade is re-
ferred here as the subfamily Rhadinosuchinae Hofstetter,
1955 (derived from Rhadinosuchidae Hofstetter, 1955;
keeping Proterochampsidae as the name of the family
following the International Code of Zoological Nomenclature
Article 35.5) and the hypothesis of Machado and Kischlat
(2003) considering Rhadinosuchus gracilis, Chanaresuchus
bonapartei and Gualosuchus reigi as members of Rhadi-
nosuchidae (see Systematic Palaeontology for definition of
Rhadinosuchinae; Fig. 6). Rhadinosuchinae is diagnosed by
a skull with a lateral margin of the rostrum anterior to pre-
frontal formed by the nasal and maxilla with a sharp edge

along maxilla between lateral and dorsal sides of this bone
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(character-state 11-2) and dorsal surface of nasals and/or
frontals ornamented by ridges arranged in a radial pattern
(character-state 106-1). Finally, Rhadinosuchus gracilis is
found to be the sister-taxon of Chanaresuchus bonapartei
because of the presence of a lacrimal with an antorbital
fossa that occupies almost half or more of the anteropos-
terior length of the ventral process (character-state 108-1).
Under constrain searches two extra steps were required
(TL= 205 steps) to find Rhadinosuchus gracilis as the sister-
taxon of Cerritosaurus binsfeldi (i.e, Hoffstetter's hypothesis
of close relationships or even synonymy) and three extra
steps (TL= 206 steps) are necessary to find Rhadinosuchus
gracilis outside Proterochampsidae (i.e., Huene's hypothe-
sis), as the sister-taxon of crown-Archosauria. In summary,
Rhadinosuchus gracilis is found here as a derived member of
Proterochampsia and Proterochampsidae, contained within
the subfamily Rhadinosuchinae and sister-taxon of Chanare-

suchus bonapartei.



The Brazilian proterochampsid record and the palaeo-
biogeography of the group

Proterochampsids are particularly interesting and a
unique group among basal archosauriforms because it is
the only group of the clade that underwent evolutionary
radiation in a very restricted geographic area. Indeed, the
current proterochampsid record is restricted to the Is-
chigualasto-Villa Unién Basin of northwestern Argentina
and the Parana Basin of southern Brazil, which are sepa-
rated from each other by approximately 1,300 kilometres.
The Ladinian—earliest Carnian (Dinodontosaurus and San-
tacruzodon Assemblages Zones) proterochampsid record of
Brazil is represented by several specimens that were origi-
nally assigned to Chanaresuchus bonapartei (MCP 4195 PV,
UFRGS-PV-0877-T), Chanaresuchus sp. (UFRGS-PV-0464-
T) and ?Gualosuchus (UFRGS-PV-0465-T) (Barberena, 1978,
1982; Barberena et al,, 1985; Dornelles, 1992, 1995; Hsiou
et al., 2002; Raugust et al., 2013). Rhadinosuchus gracilis
was found here as a species closely related to Gualosuchus
reigi and Chanaresuchus bonapartei and, as a result, the
taxonomic assignment of the above mentioned Brazilian
specimens should be reconsidered in the light of the new
evidence presented here.

The specimen originally assigned to Chanaresuchus sp.
(UFRGS-PV-0464-T, Dornelles, 1992, 1995) was reinter-
preted by Kischlat (2000) as an indeterminate prote-
rochampsid more closely related to Gualosuchus reigi and
Chanaresuchus bonapartei than to other members of the
clade (ie, Rhadinosuchinae) because of the presence of a
radial pattern of ornamentation in the skull roof. In addition,
UFRGS-PV-0464-T shows a distinct longitudinal change in
slope between the lateral and dorsal surfaces of the maxilla,
bolstering its assignment to Rhadinosuchinae, but more de-
tailed studies are necessary to assess the taxonomic iden-
tity and precise phylogenetic position for the specimen. In
addition, we also agree with Kischlat (2000) in considering a
partial skull (UFRGS-PV-065-T) from the same locality as
UFRGS-PV-0464-T as an indeterminate rhadinosuchine be-
cause of the presence of a distinct change in slope between
the lateral and dorsal surfaces of the snout. The partial skull
MCP 4195 PV that was originally interpreted as Chanare-
suchus bonapartei resembles this species rather than other
proterochampsids in the presence of posteriorly divergent

and subtriangular supratemporal fenestrae (Hsiou et al.,
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2002). However, the condition of this character is unknown
in Rhadinosuchus gracilis. As a result, MCP 4195 PV should
be considered an indeterminate rhadinosuchine. Kischlat
(2000) considered that the skull tentatively referred to
Gualosuchus (UFRGS-PV-0465-T, Barberena, 1978, 1982;
Barberena et al, 1985) was also very similar to Rhadinosu-
chus gracilis. UFRGS-PV-0465-T shows a distinct change in
slope between the lateral and dorsal surfaces of the maxilla
and thus can be referred to Rhadinosuchinae. However,
UFRGS-PV-0465-T seems to differ from Rhadinosuchus gra-
cilis by the presence of a possible lower maxillo-dentary
tooth count (ie, around 12 maxillary tooth positions and
should be expected a slightly higher dentary tooth count).
UFRGS-PV-0465-T resembles both Rhadinosuchus gracilis
and Chanaresuchus bonapartei in the presence of a well-de-
veloped antorbital fossa in the ventral process of the lacri-
mal. Accordingly, the combination of characters present in
UFRGS-PV-0465-T suggests closer affinities with the Chana-
resuchus bonapartei + Rhadinosuchus gracilis clade rather
than with Gualosuchus reigi.

A specimen from the Santacruzodon Assemblage Zone
was recently referred to Chanaresuchus bonapartei (UFRGS-
PV-0877-T; Raugust et al, 2013). UFRGS-PV-0877-T has
a limited number of bones overlapping with the holotype of
Rhadinosuchus gracilis (i.e, nasal and dentary) and it shows a
morphology consistent with both Chanaresuchus bonapartei
and Rhadinosuchus gracilis, including the presence of a skull
roof ornamented by ridges arranged in a radial pattern and
a dentary with a distinct change in slope of around 90° be-
tween the lateral and ventral surfaces (UFRGS-PV-0877-T).
The dentary of UFRGS-PV-0877-T is missing its anterior
tip and posterior end (Raugust et al, 2013) and, as a result,
the complete number of tooth positions cannot be deter-
mined, but there are at least 17 dentary tooth positions.
Accordingly, UFRGS-PV-0877-T should be considered an
indeterminate rhadinosuchine until more evidence becomes
available.

The three proterochampsid species endemic from Brazil
are from the late Carnian—earliest Norian Hyperodapedon
Assemblage Zone (Langer et al., 2007; Trotteyn et al, 2013)
and they are nested as sister taxa (i.e., Proterochampsa
nodosa, Rhadinosuchus gracilis) or in pectinate positions
(i.e., Cerritosaurus binsfeldi) with respect to the Argentinean

species (ie, Proterochampsa barrionuevoi, Tropidosuchus
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romeri, Gualosuchus reigi) in our phylogenetic analysis (Fig.
6). This topology favours the hypothesis of multiple disper-
sal events between the Ischigualasto-Villa Union and the
Parana basins, at least during the late Carnian—earliest
Norian (ie, Hyperodapedon Assemblage Zone), and there is
no current evidence for an endemic radiation of prote-
rochampsids produced by sympatric cladogenetic events
restricted to the Parana Basin. The endemism of prote-
rochampsids in South America has been previously recog-
nized by most previous authors (see Trotteyn et al.,, 2013).
However, the possible causes for this endemism remain
fairly unexplored. Proterochampsids and phytosaurs were
partially contemporaneous and probably semi-aquatic ar-
chosauriforms, but they had non-overlapping geographic
distributions during the Late Triassic. It was proposed that
the distribution of phytosaurs coincides closely with the
‘summerwet’ (tropical, humid summer) biome reconstructed
by the climatic modelling of Sellwood and Valdes (2006:
fig. 2b) (Buffetaut, 1993; Brusatte et al., 2013; Stocker and
Butler, 2013). The geographic range of proterochampsids
was located approximately at the northern rim of the tem-
perate biome of Sellwood and Valdes (2006) and separated
from the geographic range of phytosaurs by a large desert
biome located between 40° S and the Palaeo-Equator. The
presence of this large desert area may have prevented the
dispersal of proterochampsids to more northern latitudes
(e.g, 'summerwet’ biome). It should be further noted that
phytosaurs only occur in the Parana Basin after the ex-
tinction of proterochampsids (Kischlat and Lucas, 2003),
suggesting the possibility of a competitive exclusion be-
tween these clades or, alternatively, the disappearance of

a possible dispersal barrier during the middle Norian.

ACKNOWLEDGEMENTS

We thank R. Liebreich (BSPG) for additional preparation on the type
specimen of Rhadinosuchus gracilis. We also thank the following cu-
rators, researchers and collection managers that provided access to
specimens under their care for the purpose of this research: B.
Zipfel, B. Rubidge and F.o Abdala (BP); J. Cundiff (MCZ); E. Butler
and J. Botha-Brink (NM); A. Sennikov (PIN); S. Kaal (SAM); H. Fourie
(TM); M. Lowe and J. Clack (UMZC); L. Jun and C. Sullivan (IVPP); M.
Brett-Surman and Hans-Dieter Sues (USNM); R. Schoch (SMNS); C.
Malabarba (MCP); C. Schultz (UFRGS); E. Vaccari (PULR); J. Powell
(PVL); and A. Kramarz (MACN). We thank D. Gower (NHMUK) and S.
Nesbitt (FMNH) for their comments and discussion about the brain-
case of Rhadinosuchus. We thank the comments of the editorial
committee of Ameghiniana and the reviewers A. Arcucci, D. Dilkes
and S. Nesbitt, which improved the overall quality of the manuscript.

414

MDE is supported by a grant of the DFG Emmy Noether Programme
(BU 2587/ 3-1 to Richard Butler) and a M. Curie Career Integration
Grant (PCIG14-GA-2013-630123 to Richard Butler). JBD was
supported by the Alexander Humboldt Foundation during a short
visit to the BSPG to work on this project.

REFERENCES

Arcucci, A.B. 1990. Un nuevo Proterochampsidae (Reptilia—Archo-
sauriformes) de la fauna local de Los Chafares (Triasico Medio),
La Rioja, Argentina. Ameghiniana 27: 365-378.

Arcucci, A., and Marsicano, C.A. 1998. A distinctive new archosaur
from the Middle Triassic (Los Chafares Formation) of Ar-
gentina. Journal of Vertebrate Paleontology 18: 228-232.

Barberena, M.C. 1978. A huge thecodont skull from the Triassic of
Brazil. Pesquisas 9: 62-75.

Barberena, M.C. 1982. Uma nova espécie de Proterochampsa, P.
nodosa sp. nov. do Triassico do Brasil. Anais da Academia Brasi-
leira de Ciéncias 54: 127-141.

Barberena, M.C., Ara(jo, D.C., and Lavina, E.L. 1985. Late Permian
and Triassic tetrapods of Southem Brazil. National Geographic
Research 1: 5-20.

Barberena, M.C, Bonaparte, J.F., and Teixeira, A.M.S. 1987. Thrinaxo-
don brasiliensis sp. nov., a primeira ocorrencia de cinodontes gales
- sauros para o Triasico do Rio Grande do Sul. Anais do X Con-
gresso Brasileiro de Paleontologia (Rio de Janeiro), Actas: 67-76.

Benton, M.J., and Clark, J.M. 1988. Archosaur phylogeny and the re-
lationships of the Crocodilia. In: M.J. Benton (Ed.), The Phylogeny
and Classification of the Tetrapods. Clarendon Press, Oxford, p.
295-338.

Bonaparte, J.F. 1967. Dos nuevas ‘faunas’ de reptiles triasicos de
Argentina. Gondwana Stratigraphy, 1 Gondwana Symposium (Mar
del Plata), Actas: 283-325.

Bonaparte, J.F. 1970. Los tetrapodos triasicos de Argentina. First
International Symposium of Gondwana (Mar del Plata, 1967),
Actas: 307-324.

Bonaparte, J.F. 1971. Cerritosaurus binsfeldi Price, tipo de una nueva
familia de tecodontes (Pseudosuchia—Proterochampsia). Anais
da Academia Brasileira de Ciéncias 43: 417-422.

Bonaparte, J.F., and Barberena, M.C. 1975. A possible mammalian
ancestor from the middle Triassic of Brazil, Therapsida- Cyno-
dontia). Journal of Paleontology 49: 931-936.

Brochu, C.A. 1996. Closure of neurocentral sutures during croco-
dilian ontogeny: implications for maturity assessment in fossil
archosaurs. Journal of Vertebrate Paleontology 16: 49-62.

Broom, R. 1903. On a new reptile (Proterosuchus fergusi) from the
Karroo beds of Tarkastad, South Africa. Annals of the South
African Museum 4: 159—-164.

Broom, R. 1905. Notice of some new reptiles from the Karoo Beds
of South Africa. Records of the Albany Museum 1: 331-337.
Broom, R. 1913. On the South-African pseudosuchian Euparkeria
and allied genera. Proceedings of the Zoological Society of London

83:619-633.

Brusatte, S.L., Butler, R.J., Niedzwiedzki, G., Sulej, T., Bronowicz, R.,
and Satkunas, J. 2013. First record of Mesozoic terrestrial ver-
tebrates from Lithuania: phytosaurs (Diapsida: Archosauri-
formes) of probable Late Triassic age, with a review of
phytosaur biogeography. Geological Magazine 150: 110—-121.

Buffetaut, E. 1993. Phytosaurs in time and space. In: J.M. Mazin,
and G. Pinna (Eds.), Evolution, Ecology and Biogeography of the
Triassic Reptiles. Paleontologia Lombarda della Societa Italiana
di Scienze Naturali e del Museo Civico di Storia Naturale, Milan,
p. 39-44,



Casamiquela, R.M. 1960. Noticia preliminar sobre dos nuevos es-
tagonolepoideos Argentinos. Ameghiniana 2: 3-9.

Cisneros, J.C., Damiani, R., Schultz, C., da Rosa, A., Schwanke, C.,
Neto, L.W., and Aurelio, P.L.P. 2004. A procolophonoid reptile
with temporal fenestration from the Middle Triassic of Brazil.
Proceedings of the Royal Society of London, Series B271: 1541—
1546.

Coddington, J.A., and Scharff, N. 1994. Problems with zero-length
branches. Cladistics 10: 415-423.

Colbert, E.H. 1970. A saurischian dinosaur from the Triassic of
Brazil. American Museum Novitates 2405: 1-39.

Colbert, E.H. 1989. The Triassic dinosaur Coelophysis. Museum of
Northern Arizona Bulletin 57: 1-160.

Desojo, J.B., and Ezcurra, M.D. 2011. A reappraisal of the taxonomic
status of Aetosauroides (Archosauria: Aetosauria) specimens
from the Late Triassic of South America and their proposed
synonymy with Stagonolepis. Journal of Vertebrate Paleontology
31:596-609.

Desojo, J.B., Rauhut, 0.W.M., and Ezcurra, M.D. 2010. Revision of
the holotype of Rhadinosuchus gracilis (Archosauriformes: Pro-
terochampsidae) from the early Late Triassic of southern
Brazil. Paldontologische Gesellschaft (Minchen), Zitteliana, Series
B, 29: 28.

Desojo, J.B., Ezcurra, M.D., and Schultz, C.L. 2011. An unusual new
archosauriform from the Middle-Late Triassic of southern
Brazil and the monophyly of Doswelliidae. Zoological Journal of
the Linnean Society 161: 839-871.

Desojo, J.B., Ezcurra, M.D., and Kischlat, E. 2012. A new aetosaur
genus (Archosauria: Pseudosuchia) from the early Late Triassic
of southern Brazil. Zootaxa 3166: 1-33.

Dilkes, D.W. 1998. The Early Triassic rhynchosaur Mesosuchus browni
and the interrelationships of basal archosauromorph reptiles.
Philosophical Transactions of the Royal Society of London B Bio-
logical Sciences 353: 501-541.

Dilkes, D., and Sues, H-D. 2009. Redescription and phylogenetic re-
lationships of Doswellia kaltenbachi (Diapsida: Archosauri-
formes) from the Upper Triassic of Virginia. Journal of Vertebrate
Paleontology 29: 58-79.

Dilkes, D., and Arcucci, A.B. 2012. Redescription of Proterochampsa
barrionuevoi (Archosauromorpha: Proterochampsidae) from the
Late Triassic of Argentina and a new diagnosis of Prote-
rochampsidae. Palaeontology 55: 858—-885.

Dornelles, J.F. 1992. [Cerritosaurus binsfeldi Price 1946 e Chanare-
suchus sp. (Thecodontia, Proterosuchis, Cerritosauridae) da For-
macao Santa Maria, Tridssico do Estado do Rio Grande do Sul,
Brasil. Dissertacao de Mestrado em Geociéncias, Universidade
Federal do Rio Grande do Sul, Porto Alegre, 82 p. Unpublished.].

Dornelles, J.F. 1995. Um tecodonte proterosuquideo (Chanaresuchus
sp.) do Triassico do Rio Grande do Sul. Comunicacées do Museu
de Ciéncias e Tecnologia UBEA/ PUCRS, Série Ciéncias da Terra, 1:
63-68.

Dzik, J. 2003. A beaked herbivorous archosaur with dinosaur affini-
ties from the early Late Triassic of Poland. Journal of Vertebrate
Paleontology 23: 556-574.

Ezcurra, M.D., and Butler, R.J. 2015a. Post-hatchling cranial on-
togeny in the Early Triassic diapsid reptile Proterosuchus fergusi.
Journal of Anatomy: 226: 387-402.

Ezcurra, M.D., and Butler, R.J. 2015b. Taxonomy of the protero-
suchid archosauriforms (Diapsida: Archosauromorpha) from the
earliest Triassic of South Africa, and implications for the early
archosauriform radiation. Palaeontology 58: 141-170.

Ezcurra, M.D., Lecuona, A., and Martinelli, A. 2010. A new basal ar-
chosauriform diapsid from the Lower Triassic of Argentina. Jour-

EZCURRA 7 4L: THE PROTEROCHAMPSID RHADINOSUCHUS

nal of Vertebrate Paleontology 30: 1433—-1450.

Gauthier, J.A. 1984. [A Cladistic Analysis of the Higher Categories of
the Diapsida. PhD thesis, University of California, Berkeley, 564
p. Unpublished.].

Gauthier, J.A., Kluge, A.G., and Rowe, T. 1988. Amniote phylogeny
and the importance of fossils. Cladistics 4: 105-209.

Goloboff, P.A,, Farris, J.S., and Nixon, K. 2008. TNT, a free program
for phylogenetic analysis. Cladistics 24: 774—-786.

Gower, D.J,, and Sennikov, A.G. 1996. Morphology and phylogenetic
informativeness of early archosaur braincases. Palaeontology
39: 883-906.

Gower, D.J.,, and Sennikov, A.G. 1997. Sarmatosuchus and the early
history of the Archosauria. Journal of VVertebrate Paleontology
17:60-73.

Gower, D.J., and Weber, E. 1998. The braincase of Euparkeria, and
the evolutionary relationships of birds and crocodilians. Bio-
logical Reviews 73: 367-411.

Hoffman, A.C. 1965. On the discovery of a new thecodont from the
Middle Beaufort Beds. Navorsinge van die Nasionale Museum
Bloemfontein 2: 33-40.

Hoffstetter, R. 1955. Thecodontia. Traité de Paléontologie, Masson
et Cie Editeurs, Paris, 665-694.

Hsiou, A.S., Abdala, F., and Arcucci, A., 2002. Novo registro de pro-
terocampsideo (Reptilia-Archosauriformes) do Triassico médio—
superior do Brasil. Revista Brasileira de Paleontologia 3: 48—-55.

Huene, F. von. 1928. Ein Cynodontier aus der Trias Brasiliens. Cen-
tralblatt fiir Mineralogie, Geologie und Paldontologie (B) 1928:
250-270.

Huene, F. von. 1938. Die fossilen Reptilien des siidamerikanischen
Gondwanalandes. Neues Jahrbuch fiir Mineralogie, Geologie und
Paldontologie, Referate 3: 142-151.

Huene, F. von. 1942. Die fossilen Reptilien des siidamerikanischen
Gondwanalandes. C.H. Beck, Munich, 332 p.

Huene, F. von. 1946. Die grossen Stamme der Tetrapoden in den
geologischen Zeiten. Biologische Zentralblatt 65: 268—275.
Huene, F. von. 1956. Paldontologie und Phylogenie der niederen

Tetrapoden. Gustav Fischer, Jena, 716 p.

Huene, F. von. 1960. Ein grosser Pseudosuchier aus der Orenburger
Trias. Palaeontographica Abteilung A 114: 105-111.

Huxley, T.H. 1877. The crocodilian remains found in Elgin sand-
stones, with remarks on the ichnites of Cummingstone. Memo-
rial Geological Survey UK, Monograph, IlI: 5.

Irmis, R.B. 2007. Axial skeleton ontogeny in the Parasuchia (Ar-
chosauria: Pseudosuchia) and its implications for ontogenetic
determination in archosaurs. Journal of Vertebrate Paleontology
27:350-361.

Juul, L. 1994. The phylogeny of basal archosaurs. Palaeontologia
Africana31: 1-38.

Kischlat, E.-E. 2000. Tecodoncios: a aurora dos arcossaurios no
Triassico. In: M. Holz, and L.F. De Ross (Eds.), Paleontologia do
Rio Grande do Sul. CIGO/ UFRGS, Brasil, p. 273-316.

Kischlat, E.-E., and Schultz, C.L. 1999. Phylogenetic analysis of Pro-
terochampsa (Thecodontia: Archosauriformes). Ameghiniana, Su-
plemento Restiimenes 36: 13R.

Kischlat, E.-E., and Lucas, S.G. 2003. A phytosaur from the Upper
Triassic of Brazil. Journal of Vertebrate Paleontology 23: 464—
467.

Krebs, B. 1976. Pseudosuchia. Handbuch der paldoherpetologie vol.
13. Gustav Fischer, Stuttgart, p. 40-98.

Kuhn, O. 1961. Die Familien der rezenten und fossilen Amphibien und
Reptilien. Meisenbach KG, Bamberg, 79 p.

Kuhn, O. 1966. Die Reptilien. System und Stammesgeschichte. \lerlaf

415



AMEGHINIANA - 2015 - Volume 52 (4): 391 — 417

Oeben, Munchen, p. 154.

Langer, M.C. 2005. Studies on continental Late Triassic tetrapod
biochronology. Il. The Ischigualastian and a Carnian global corre-
lation. Journal of South American Earth Sciences 19: 219-239.

Langer, M.C., and Schultz, C.L. 2000. A new species of the Late Tri-
assic rhynchosaurs Hyperodapedon from the Santa Maria For-
mation of South Brazil. Palaeontology 43: 633-652.

Langer, M.C., Abdala, N.F., Richter, M., and Benton, M.J. 1999. A
sauropodomorph dinosaur from the Upper Triassic, Carnian) of
southern Brazil. Comptes Rendus de I'’Academie des Sciences, serie
Il fascicule A, Sciences de la Terre e des Planetes 329: 511-517.

Langer, M.C,, Ribeiro, A.M., Schultz, C.L., and Ferigolo, J. 2007. The
continental tetrapod-bearing Triassic of South Brazil. In: S.G.
Lucas, and J.A. Spielmann (Eds.), The Global Triassic. New Mexico
Museum of Natural History and Science Bulletin 41, p. 201-218.

Laurin, M. 1991. The osteology of a Lower Permian eosuchian from
Texas and a review of diapsid phylogeny. Zoological Journal of
the Linnean Society 101: 59-95.

Machado, C.B., and Kischlat, E.-E. 2003. Novo registro de Rhadino-
suchidae (Archosauriformes: Proterochampsia) para o Meso-
triassico do Brasil. Paleontologia em Destaque 18: 44—47.

Martinez, R.N., Sereno, P.C., Alcober, 0.A., Colombi, C.E., Renne, P.R,,
Montanez, I.P., and Currie, B.S. 2011. A basal dinosaur from the
dawn of the dinosaur era in southwestern Pangaea. Science
331:206-210.

Nesbitt, S.J. 2011. The early evolution of archosaurs: relationships
and the origin of major clades. Bulletin of the American Museum
of Natural History 352: 1-292.

Ochev, V.G. 1958. New data concerning the pseudosuchians of the
USSR. Doklady AN SSSR 123: 749-751.

Osborn, H.F. 1903. The reptilian subclasses Diapsida and Synap-
sida and the early history of the Diaptosauria. Memoirs of the
American Museum of Natural History 1: 449-507.

Parrington, F.R. 1935. On Prolacerta broomi, gen. et sp. n. and the
origin of lizards. Annals and Magazine of Natural History 16:
197-205.

Parrish, .M. 1993. Phylogeny of the Crocodylotarsi, with special
reference to archosaurian and crurotarsan monophyly. Journal
of Vertebrate Paleontology 13: 287-308.

Price, L.I. 1946. Sobre um novo pseudostquio do Triassico Superior
do Rio Grande do Sul. Boletim Divisao de Geologia e Mineralogia
120: 1-38.

Raugust, T., Lacerda, M., and Schultz, C.L. 2013. The first occurrence
of Chanaresuchus bonapartei Romer 1971 (Archosauriformes,
Proterochampsia) of the Middle Triassic of Brazil from the
Santacruzodon Assembalage Zone, Santa Maria Formation
(Parana Basin). In: S.J. Nesbitt, J.B. Desojo, and R.B. Irmis (Eds.),
Anatomy, Phylogeny and Palaeobiology of Early Archosaurs and
their Kin. Geological Society, London, Special Publications 379,
p.303-318.

Reichel, M., Schultz, C.L., and Soares, M.B. 2009. A new traver-
sodontid cynodont (Therapsida, Eucynodontia) from the Mid-
dle Triassic Santa Maria Formation of Rio Grande do Sul, Brazil.
Palaeontology 52: 229-250.

Reig, 0.A. 1959. Primeros datos descriptivos sobre nuevos reptiles
arcosaurios del Triasico de Ischigualasto (San Juan, Argentina).
Revista de la Asociacion Geologica Argentina 13: 257-270.

Reig, 0.A. 1961. Acerca de la posicion sistematica de la familia
Rausichidae y del género Saurosuchus (Reptilia, Thecodontia).
Publicaciones del Museo Municipal de Ciencias Naturales y Tradi-
cionales de Mar del Plata 1: 73-114.

Reig, 0.A. 1970. The Proterosuchia and the early evolution of the

416

archosaurs; an essay about the origin of a major taxon. Bulletin
of the Museum of Comparative Zoology 139: 229-292.

Romer, A.S. 1945. Vertebrate Paleontology, Second edition. The Uni-
versity of Chicago Press, Chicago, 687 p.

Romer, A.S. 1956. Osteology of the Reptiles. The University of
Chicago Press, Chicago, 772 p.

Romer, A.S. 1966. Vertebrate Paleontology, Third edition. The Uni-
versity of Chicago Press, Chicago, 468 p.

Romer, A.S. 1971. The Chanares (Argentina) Triassic reptile fauna. XI.
Two new long-snouted thecodonts, Chanaresuchus and Gualo-
suchus. Breviora 379: 1-22.

Romer, A.S. 1972a. The Chadares (Argentina) Triassic reptile fauna
XII. The postcranial skeleton of the thecodont Chanaresuchus.
Breviora 385: 1-21.

Romer, A.S. 1972b. The Chanares (Argentina) Triassic reptile fauna.
XVI. Thecodont classification. Breviora 395: 1-24.

Schoch, R.R., and Sues, H.-D. 2013. A new archosauriform reptile
from the Middle Triassic (Ladinian) of Germany. Journal of Sys-
tematic Palaeontology 12: 113-131.

Sellwood, B.W., and Valdes, P.J. 2006. Mesozoic climates: general
circulation models and the rock record. Sedimentary Geology
190: 269-287.

Sennikov, A.G. 1994. The first Middle Triassic proterosuchid from
eastern Europe. Doklady Akademii Nauk 336: 659-661.

Sereno, P.C. 1991. Basal archosaurs: phylogenetic relationships
and functional implications. Society of Vertebrate Paleontology
2:1-53.

Sereno, P.C., and Arcucci, A.B. 1990. The monophyly of the cruro-
tarsal archosaurs and the origin of birds and crocodile ankle
joints. Neues Jahrbuch fur Geologie und Paldontologie 180: 21-52.

Sill, W.D. 1967. Proterochampsa barrionuevoi and the early evolution
of the Crocodilia. Bulletin of the Museum of Comparative Zoology
135: 415-446.

Sill, W.D. 1970. Scaphonyx sanjuanensis, nuevo rinchosaurio (Repti-
lia) de la Formacion Ischigualasto, Tridsico de San Juan, Argen-
tina. Ameghiniana 7: 341-354.

Sill, W.D. 1974. The anatomy of Saurosuchus galilei and the rela-
tionships of the rauisuchid thecodonts. Bulletin of the Museum
of Comparative Zoology 146: 317—-362.

Stocker, M.R., and Butler, R.J. 2013. Phytosauria. In: S.J. Nesbitt, J.B.
Desojo, and R.B. Irmis (Eds.), Anatomy, Phylogeny and Palaeo-
biology of Early Archosaurs and their Kin. Geological Society,
London, Special Publications 379, p. 91-117.

Trotteyn, M.J. 2011. Material postcraneano de Proterochampsa
barrionuevoi Reig 1959 (Diapsida: Archosauriformes) del Tria-
sico Superior del centro-oeste de Argentina. Ameghiniana 48:
L24L4-4L46.

Trotteyn, M.J., and Haro, J.A. 2011. The braincase of a specimen of
Proterochampsa Reig (Archosauriformes: Proterochampsidae)
from the Late Triassic of Argentina. Palaontologische Zeitschrift
85: 1-17.

Trotteyn, M.J., and Haro, J.A. 2012. The braincase of Chanaresuchus
ischigualastensis (Archosauriformes) from the Late Triassic of
Argentina. Journal of Vertebrate Paleontology 32: 867-882.

Trotteyn, M.J., and Ezcurra, M.D. 2014. Osteology of Pseudochampsa
ischigualastensis gen. et comb. nov. (Archosauriformes: Prote-
rochampsidae) from the early Late Triassic Ischigualasto For-
mation of northwestern Argentina. PLOS ONE 9: e111388.

Trotteyn, M.J., Martinez, R.N., and Alcober, O.A. 2012. A new prote-
rochampsid Chanaresuchus ischigualastensis (Diapsida, Archo-
sauriformes) in the Early Late Triassic Ischigualasto Formation,
Argentina. Journal of Vertebrate Paleontology 32: 485-489.



Trotteyn, M.J., Arcucci, A.B., and Raugust, T. 2013. Proterochamp-
sia: an endemic archosauriform clade from South America. In:
S.J. Nesbitt, J.B. Desojo, and R.B. Irmis (Eds.), Anatomy, Phy-
logeny and Palaeobiology of Early Archosaurs and their Kin. Geo-
logical Society, London, Special Publications 379, p. 59-90.

Tupi-Caldas, J.L. 1933. Contribuicao ao estudo do fossil da Alemoa,
Municipio de Santa Maria, Rio Grande do Sul. In: J.L. Tupi-Caldas
(Ed.), Curso Geral de Mineralogia e Geologia, aplicada ao Brasil, 2"
edition. Edi¢oes da Livraria do Globo, Porto Alegre, p. 333-339.

Walker, A.D. 1964. Triassic reptiles from the Elgin area Ornitho-
suchus and the origin of Carnosaurs. Philosophical Transactions
of the Royal Society of London 744: 53-134.

Weems, R.E. 1980. An unusual newly discovered archosaur from
the Upper Triassic of Virginia, U.S.A. Transactions of the American
Philosophical Society 70: 1-53.

Young, C.-C. 1936. On a new Chasmatosaurus from Sinkiang. Bulletin
of the Geological Society of China 15: 291-311.

EZCURRA 7 4L: THE PROTEROCHAMPSID RHADINOSUCHUS

Zerfass, H., Lavina, E.L., Schultz, C.L., Garcia, A.G.V., Faccini, U.F.,
and Chemale Jr., F. 2003. Sequence stratigraphy of continental
Triassic strata of southernmost Brazil: a contribution to South-
western Gondwana palaeogeography and palaeoclimate. Sedi-
mentary Geology 161: 85—-105.

doi: 10.5710/AMGH.28.04.2015.2867

Submitted: December 5%, 2014
Accepted: April 28, 2015

417



