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ARTICLE

ANATOMY AND PHYLOGENETIC POSITION OF VENATICOSUCHUS RUSCONII BONAPARTE,
1970 (ARCHOSAURIA, PSEUDOSUCHIA), FROM THE ISCHIGUALASTO FORMATION

(LATE TRIASSIC), LA RIOJA, ARGENTINA

M. BEL �EN VON BACZKO,* ,1 JULIA B. DESOJO, 1 and DIEGO POL 2

1CONICET, Secci �on Paleontolog�õa Vertebrados, Museo Argentino de Ciencias Naturales, Avenida�Angel Gallardo 470, C1405DJR,
Buenos Aires, Argentina, belen_vb@macn.gov.ar; julideso@macn.gov.ar;

2CONICET, Museo Paleontolog�õa Egidio Feruglio, Avenida Fontana 140, Trelew, 1900, Chubut, Argentina, dpol@meg.org.ar

ABSTRACT ——Ornithosuchidae is a group of Late Triassic pseudosuchian archosaurs of controversial phylogenetic
afÞnities. This clade currently comprises three taxa:Venaticosuchus rusconii and Riojasuchus tenuisceps, both from
Argentina, and Ornithosuchus longidens, from Scotland. V. rusconii was erected on the basis of an incomplete skull with
articulated lower jaws and some elements of the postcranium that are currently lost.Venaticosuchus rusconiiis redescribed
here and included for the Þrst time in a phylogenetic analysis to test its afÞnities with ornithosuchids. The bizarre morphology
of V. rusconii has a unique combination of traits that distinguishes it from the other ornithosuchids, such as basipterygoid
processes directed ventrally, dentary with the dorsal margin of the anterior end dorsally expanded, articular without a
foramen on its medial side, and the absence of a surangular foramen, corroborating the validity of this taxon.V. rusconii is
recovered as an ornithosuchid more closely related toR. tenuiscepsthan to O. longidens, based on the presence of a nearly
pointed anterior margin of the antorbital fenestra, and a vertical bony strut of the jugal that separates the antorbital fenestra
from the infratemporal fenestra.

SUPPLEMENTAL DATA —Supplemental materials are available for this article for free at www.tandfonline.com/UJVP

INTRODUCTION

Ornithosuchidae is one of the groups of pseudosuchian archo-
saurs that are known from the Late Triassic along with the aeto-
saurs, rauisuchians, and crocodylomorphs (Nesbitt, 2011).
Ornithosuchids are one of the most enigmatic of these pseudosu-
chians, given our limited knowledge of the group, their diversity,
their bizarre cranial anatomy, and their highly controversial phy-
logenetic afÞnities (Gauthier, 1986; Sereno, 1991; Nesbitt, 2011;
von Baczko and Ezcurra, 2013). Ornithosuchids are carnivorous
quadrupedal archosaurs with body lengths ranging from 2 to
4 m, and some of their most distinctive morphological features
are a downturned premaxilla, lower jaws that are anteroposter-
iorly much shorter than the skull, the presence of palatine-ptery-
goid fenestra, and a unique conÞguration of the tarsal elements
(i.e., crocodile-reversed ankle joint sensu Chatterjee, 1978).

Ornithosuchids have arguably been the most difÞcult clade to
place phylogenetically within Archosauria. Previous hypotheses
positioned them among the avemetatarsalians (Walker, 1964;
Gauthier, 1986; Benton and Clark, 1988), but more recent stud-
ies depicted them within pseudosuchians based mainly on their
ankle morphology (Sereno and Arcucci, 1990; Sereno, 1991; Par-
rish, 1993; Juul, 1994; Benton, 1999, 2004; Brusatte et al., 2010).
Although their inclusion within Pseudosuchia has not been con-
tested recently, their phylogenetic position within this group also
has been debated. Alternative hypotheses recovered ornithosu-
chids either as closely related to Paracrocodylomorpha (Juul,
1994), as the sister group of Prestosuchidae (Benton, 1999) or

Rauisuchia (Brusatte et al., 2010), or as the basal-most clade of
Pseudosuchia (Parrish, 1993; Nesbitt, 2011).

Prior to 1970, the record of Ornithosuchidae was restricted to
two genera, Ornithosuchus longidens (Huxley, 1877) (see
Walker, 1964) from the Lossiemouth Sandstone Formation (late
CarnianÐearly Norian; Langer, 2005) of Moray, Scotland, and
Riojasuchus tenuiscepsBonaparte, 1967 (Bonaparte, 1967, 1972),
from the Los Colorados Formation (middle Norian; Santi Malnis
et al., 2011) of La Rioja, Argentina.

In 1970,Venaticosuchus rusconiiBonaparte, 1970, was erected
as a new taxon, based on a partially preserved skull and other
postcranial elements found in the Ischigualasto Formation (late
CarnianÐearly Norian; Mart�õnez, 2011) of La Rioja, Argentina.
It was included in Ornithosuchidae based on its shared general
morphology together with Riojasuchus tenuiscepsand Ornitho-
suchus longidens. V. rusconii was subsequently mentioned only
by Sereno (1991), who noted its similarities with R. tenuisceps
and provided a phylogenetic deÞnition of Ornithosuchidae, but
did not include V. rusconii in his phylogenetic analysis. Although
V. rusconii has been known for over 40 years, it has never been
completely described and only a brief preliminary diagnosis and
comparative comments were published by Bonaparte (1970).
Furthermore, the afÞnities of V. rusconii and its inclusion within
Ornithosuchidae have never been tested within a phylogenetic
framework.

The objective of the present contribution is to describe in
detail for the Þrst time the anatomy of Venaticosuchus rusconii,
evaluate its taxonomic validity to provide an emended diagnosis,
and test its phylogenetic afÞnities within a phylogenetic
framework.

Institutional Abbreviations —NHMUK, Natural History
Museum, London, U.K.; PIZ , Pal aontologisches Institut und
Museum der Universit at Z  urich, Zurich, Switzerland; PULR ,

*Corresponding author.
Color versions of one or more of the Þgures in this article can be found

online at www.tandfonline.com/ujvp.
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Museo de Paleontolog�õa, Universidad de La Rioja, La Rioja,
Argentina; PVL , Paleontolog�õa de Vertebrados, Instituto
ÔMiguel Lillo,Õ San Miguel de Tucum�an, Argentina; SMNS,
Staatliches Museum f ur Naturkunde, Stuttgart, Germany.

SYSTEMATIC PALEONTOLOGY

ARCHOSAURIA Cope, 1869, sensu Gauthier and Padian, 1985
PSEUDOSUCHIA Zittel, 1887Ð1890, sensu Gauthier and

Padian, 1985
ORNITHOSUCHIDAE Huene, 1908, sensu Sereno, 1991

VENATICOSUCHUS Bonaparte, 1970

Type Species—Venaticosuchus rusconiiBonaparte, 1970.
Diagnosis—As for type and only species.

VENATICOSUCHUS RUSCONII Bonaparte, 1970
(Figs. 2Ð3)

Holotype —PVL 2578; partial skull lacking most of the brain-
case, and articulated lower jaws. Bonaparte (1970) originally
mentioned the presence of an incomplete forelimb and some
osteoderms associated with this specimen, but we have not been
able to locate these elements in the PVL collection.

Emended Diagnosis—Ornithosuchid archosaur distinguished
from the other known ornithosuchids by the absence of a suran-
gular foramen (autapomorphy). Venaticosuchus rusconiiis dis-
tinguished from all other pseudosuchians by the following
unique combination of characters: dentary with the dorsal mar-
gin of the anterior end dorsally expanded; basipterygoid pro-
cesses ventrally projected; and articular without a foramen on its
medial side. Venaticosuchus rusconiiresemblesRiojasuchus ten-
uisceps but differs from Ornithosuchus longidens in having a
pointed anterior margin of the antorbital fenestra; a dorsal ÔYÕ-
shaped process of the jugal separating the antorbital fenestra
from the infratemporal fenestra; and a proportionately longer
external mandibular fenestra.

Comments—In his preliminary diagnosis, Bonaparte (1970)
proposed three proportional features to distinguish Venaticosu-
chus rusconii from Riojasuchus tenuiscepsand two features to
differentiate V. rusconii from Ornithosuchus longidens. These
characters have been excluded from the emended diagnosis pro-
vided here as uninformative because they are not clear or spe-
ciÞc. Nevertheless, these observations were considered and used
in the anatomical description of V. rusconii and the comparisons
with other archosauriforms.

First, Bonaparte (1970:670) noted the maxillary teeth of
Venaticosuchus rusconiiwere Òclearly strongerÓ than inRiojasu-
chus tenuisceps.This is here considered a doubtful distinction
between these two taxa; the teeth in the holotype ofR. tenuisceps
were severely damaged during preparation and cannot be used
for reliable comparisons, and the teeth of the second skull refer-
able to R. tenuisceps(PVL 3828; currently reprepared) do not
show notable differences compared with those ofV. rusconii.
Second, Bonaparte (1970:670) also mentioned the presence inV.
rusconii of Òlower jaws proportionally higher and the mandibular
fenestrae largerÓ than inR. tenuisceps.The external mandibular
fenestra of V. rusconii has equivalent proportions to that of R.
tenuisceps(PVL 3827), although it is more elongated than in O.
longidens (see Description). Regarding the robustness of the
lower jaw, the maximum length/height ratio of the lower jaws of
V. rusconii and R. tenuisceps(PVL 3827) is only slightly different
(i.e., 7 vs. 8.5; Table 1) and is therefore not included as part of
the diagnosis. Finally, Bonaparte (1970:670) stated that a
Òstronger constriction of the premaxillaeÓ and Òpreorbital region
narrower in dorsal viewÓ distinguishedV. rusconii from O. longi-
dens. The preorbital region, including the premaxillary constric-
tion, is damaged, fractured, and covered with glue in the
holotype of V. rusconii, so that it is not possible to provide

reliable measurements to compare with those ofO. longidens.
Furthermore, in both specimens of R. tenuisceps(PVL 3827,
PVL 3828), this region is also deformed and their proportions
and degree of constriction cannot be compared accurately.

Locality and Horizon —Hoyada del Cerro Las Lajas, La Rioja
Province, Argentina. Middle section of the Ischigualasto Forma-
tion (late CarnianÐearly Norian, Late Triassic; Mart�õnez et al.,
2011; Fig. 1). This locality has yielded two other archosaur speci-
mens, the holotype of Pisanosaurus mertii Casamiquela, 1967
(Casamiquela, 1967; Bonaparte, 1976), and the specimen PVL
3889 referred to Trialestes romeriReig, 1963 (Bonaparte, 1970,
1976, 1978). These outcrops have been regarded as equivalent to
the middle levels of the type section of the Ischigualasto Forma-
tion (Bonaparte, 1976, 1982). This formation has been dated at
its type locality by radioisotopic methods, yielding ages of 231§
0.3 Ma for its basal levels (Rogers et al., 1993; Furin et al., 2006)
and 225.9 § 0.9 Ma for its uppermost levels (Mart�õnez et al.,
2011). Therefore, the age of the sediments from which PVL 2578
was recovered is considered as bracketed by these two dates on
the absence of more speciÞc information about the Cerro Las
Lajas area. Currently there is no evidence to support its lateral
correlation with the type locality of the Ischigualasto Formation
as Bonaparte (1976) proposed.

DESCRIPTION

The holotype of Venaticosuchus rusconiiconsists of an incom-
plete skull, articulated lower jaws, and postcranial elements.
Unfortunately, the latter are lost, and the cranial material has
suffered postmortem oblique deformation, so that the left side of
the skull faces laterodorsally deviating 11� from the sagittal
plane. The holotype of V. rusconii was compared with the non-
archosaurian archosauriformParasuchus hislopiLydekker, 1885
(Chatterjee, 1978), a variety of pseudosuchian archosaurs:Rioja-
suchus tenuiceps(PVL 3827, PVL 3828), Ornithosuchus longi-
dens (NHMUK OR2409, NHMUK OR3142, NHMUK
OR3143), Gracilisuchus stipanicicorumRomer, 1972 (PULR 08,
PVL 4597, PVL 4612), Ticinosuchus ferox Krebs, 1965 (PIZ T
2817), Aetosaurus ferratusFraas, 1877 (SMNS 5770), and the
dinosauriform Silesaurus opolensisDzik, 2003 (Dzik, 2003). The

TABLE 1. Selected measurements (in mm) of the skull of PVL 2578.

Element Measurement PVL 2578

Skull Length (premaxilla-quadrate) 254
Height 100*
Width 139*

Lower jaw Length 250
Height 59

Mandibular fenestra Length 97.5
Height 29

Antorbital fenestra Maximum length 51.5
Maximum height 30*

Premaxilla Palatal process length 45*
Maxilla Body length 40

Posterior process length 73
Posterior process maximum height 34
Posterior process minimum height 15.5

Ascending process maximum height 26
Ascending process minimum height 13.5*

Palatine Length 32.5*
Width anterior end 23
Width posterior end 11.5

Pterygoid Palatal region length 57
Lateral wing length 62

Parabasisphenoid Width 40
Basipterygoid depression Height 8

Width 15

* indicates partially preserved/damaged areas.
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comparisons with the P. hislopi and S. opolensiswere based on
bibliographic references only.

Skull

The skull of PVL 2578 is anteroposteriorly short, dorsoven-
trally high (twice as high as the mandible), and triangular in dor-
sal view (Figs. 2, 3). All the preserved elements are articulated.
The skull roof of Venaticosuchus rusconiiis represented by a nat-
ural internal cast of the olfactory cavities corresponding to the
posterior region of the nasals, the lacrimals, and the anterior
region of the frontals. Although the bones of the skull roof were
not preserved, this internal cast allows the Þrst description of the
olfactory bulbs of an ornithosuchid encephalon.

Premaxilla—Both premaxillae lack the dorsal region, and only
the maxillary and palatal processes can be recognized. The

posterior end of the premaxilla has a straight contact with the
anterior end of the maxilla, where it forms a diastema that
accommodates the two anterior-most dentary teeth (Fig. 2A, B).
The anterior end of the maxillary ramus is curved anteroven-
trally, as in Riojasuchus tenuisceps(PVL 3827, PVL 3828), a fea-
ture not seen in other archosaurs, not even inGracilisuchus
stipanicicorum (PVL 4597, PVL 4612), which was once consid-
ered as an ornithosuchid by Bonaparte (1975). The dorsal margin
of the maxillary ramus of the premaxilla of PVL 2578 delimits
the ventral margin of the external naris, unlike in Parasuchus
hislopi (Chatterjee, 1978) in which the premaxilla does not par-
ticipate in their delimitation. The palatal process of the premax-
illa is anteroposteriorly elongated and narrow, it has a ventral
keel that tapers posteriorly; this keel is delimited by two longitu-
dinal grooves. Only one alveolus can be recognized on the ven-
tral margin of the anterior end of the premaxillae, and the

FIGURE 1. Geological map of the Ischigua-
lasto Formation, Ischigualasto-Villa Uni �on
Basin, Argentina. The star indicates the
Cerro Las Lajas locality where the remains of
Venaticosuchus rusconii (PVL 2578, holo-
type) were found. ModiÞed from Mancuso
and Marsicano (2008).
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margins of this alveolus were deformed during the original prep-
aration of this material. Due to the poor preservation of this
region, the premaxillary tooth count cannot be determined, but
in both ornithosuchids R. tenuisceps(PVL 3827) and Ornithosu-
chus longidens (NHMUK OR3143), as well as in the basal
suchianG. stipanicicorum (PVL 4597), there are three alveoli in
each premaxilla. Most archosaurs have more premaxillary teeth,
such asSilesaurus opolensisDzik, 2003, and Aetosaurus ferratus
(SMNS 5770), which have four premaxillary teeth, and even
reaching an elevated tooth count on the long-snouted species,
such asParasuchus hislopi(Chatterjee, 1978) with 25 teeth on
each premaxilla.

Maxilla —The maxilla can be divided into three regions: a
main body, an ascending process, and a posterior process. The
main body of the maxilla is anteriorly rounded along its contact
with the premaxilla, unlike that of Ticinosuchus ferox (PIZ T
2817), Aetosaurus ferratus (SMNS 5770), Silesaurus opolensis
(Dzik, 2003), and Parasuchus hislopi(Chatterjee, 1978) in which
the anterior margin is pointed (Fig. 4FÐI). The maxilla bifurcates
posteriorly into the ascending process and the posterior process.
The ascending process of the maxilla is directed posterodorsally
and has been severely damaged in both maxillae during prepara-
tion. Nevertheless, the internal cast of the nasal cavity has mark-
ings on both sides that indicate the ventral limits of the nasals
(nasals not preserved), which would contact the maxilla, there-
fore allowing us to infer the dorsal limit of the ascending process

of the maxilla. The posterior process of the maxilla is longer
than the main body of the maxilla; it is oriented anteroposter-
iorly and tapers posteriorly (Fig. 2A), differing from the phyto-
saurian Parasuchus hislopi (Chatterjee, 1978) in which this
process increases in height posteriorly. The posterior process of
the maxilla contacts the jugal posteriorly, but the exact location
and type of contact between these elements cannot be clearly
distinguished due to the poor preservation of this region. No
neurovascular foramina can be recognized on the external sur-
face of the maxilla in PVL 2578.

The maxilla forms the ventral and anterodorsal margins of the
subtriangular antorbital fenestra. The anterior margin of this
fenestra is pointed and resembles the condition ofRiojasuchus
tenuisceps(PVL 3827, PVL 3828) and Ticinosuchus ferox(PIZ T
2817), but it differs from that of Ornithosuchus longidens
(NHMUK OR2409) and Aetosaurus ferratus(SMNS 5770) in
which the antorbital fenestra is anteriorly rounded (Fig. 4C, D,
F, G). The antorbital fenestra of Venaticosuchus rusconiiis sur-
rounded by a shallow antorbital fossa that is mainly formed by
the maxilla, except for its posterior region, which is composed by
the jugal and probably the lacrimal, but this last element was not
preserved in PVL 2578. The antorbital fossa occupies only the
dorsal two-thirds of the posterior process of the maxilla, as in
most archosaurs, such asO. longidens, T. ferox (PIZ T 2817), A.
ferratus (SMNS 5770), and Silesaurus opolensis(Dzik, 2003).
This contrasts with the condition of R. tenuisceps(PVL 3827,

FIGURE 2. Skull of Venaticosuchus rusconii(PVL 2578, holotype) in lateral view. A , right side; B, left side. Abbreviations : a, angular; ar, articular;
aof, antorbital fossa;aofe, antorbital fenestra; de, dentary; emf, external mandibular fenestra; j , jugal; mx, maxilla; obc, olfactory bulb cast; occ, olfac-
tory cavity cast; pbs, parabasisphenoid;pmx, premaxilla; rar, retroarticular process of the articular; sa, surangular;vrj , vertical ramus of the jugal. Scale
bar equals 5 cm.
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PVL 3828) in which the fossa extends down to the ventral margin
of the maxilla (Fig. 4A, C, D, FÐH). The lateral surface of the
antorbital fossa of V. rusconii is smooth, differing from R. tenuis-
ceps(PVL 3827) in which the antorbital fossa is much deeper
and its lateral surface is bulged at the position of each maxillary
alveoli.

The right maxilla of PVL 2578 bears eight labiolingually
compressed alveoli. The maxillary dentition of Venaticosuchus
rusconii has marked variation in size, with the second maxillary
tooth being almost two times longer than the rest of the teeth
(Fig. 2A, B). The Þfth and seventh maxillary teeth preserved
are even much smaller than the rest of the elements, but these
are alternated with larger teeth and therefore are probably
incompletely erupted teeth. On the right maxilla, the four pos-
terior-most teeth are set at an oblique angle, with the apices of
their crowns directed posteroventrally. The posterior inclina-
tion of these teeth was probably caused by the crushing of the
specimen, because the two posterior-most preserved teeth of
the left maxilla are not as posteriorly projected and indicate
the natural orientation of these teeth. The preserved teeth of
PVL 2578 are posteriorly recurved and have serrated mesial
and distal margins, resembling the condition of R. tenuisceps
(PVL 3828), O. longidens (NHMUK OR3143), and Ticinosu-
chus ferox(PIZ T 2817) (Fig. 5A). However, in contrast to the
Þrst two taxa, the teeth of V. rusconii are more strongly com-
pressed along their distal margin, forming a teardrop-shaped
cross-section (Fig. 5B). The maxilla of PVL 2578 lacks dental
plates, but the poor preservation precludes with certainty these
were absent or not.

Jugal—The jugals of PVL 2578 are incomplete, and the right
one has a noticeable pathology (see below); they are triradiate
bones that delimit the posterior region of the antorbital fenestrae
and fossae, the ventral region of the orbits, and the anteroventral
region of the infratemporal fenestrae (Fig. 2A). The anterior
process of the jugal is short and articulates with the posterior
process of the maxilla, but this contact is unclear.

Our interpretation of the morphology of the ascending process
of the jugal differs from that of Bonaparte (1970). The jugal of
Venaticosuchus rusconiiwas interpreted by Bonaparte as a trira-
diate element with an anterior ramus that separated the antorbi-
tal fenestra from the orbit and an ascending ramus that
separated the orbit from the infratemporal fenestra, similar to
that of Ornithosuchus longidens(NHMUK OR2409, NHMUK
OR3142) and Gracilisuchus stipanicicorum (PULR 08, PVL
4612). We interpret that the jugal of V. rusconii with a ÔYÕ-
shaped ascending process, formed by a vertical strut of bone that
separates the following openings of the skull: the antorbital
fenestra anteriorly, the infratemporal fenestra posteriorly, and
the orbit dorsally. In particular, the lower half of the orbit would
be ventrally delimited by the dorsal bifurcation of the ascending
process of the jugal, which splits into an anterior preorbital
ramus and a posterior postorbital ramus (Fig. 2A). This distinc-
tive vertical bony strut of the ascending ramus places the orbit at
a relatively high position, as in Riojasuchus tenuisceps(PVL
3827, PVL 3828), with its ventral margin leveled with the dorso-
ventral midpoint of the antorbital fenestra (Figs. 2A, 5A, C).

The preorbital ramus of the ascending process of the jugal of
Venaticosuchus rusconiiprojects anterodorsally and would have

FIGURE 3. Skull of Venaticosuchus rusconii(PVL 2578, holotype) in A , dorsal and B, ventral views. Abbreviations : a, angular; ar, articular; bpt,
basipterygoid process;de, dentary; ept, ectopterygoid; in, inner naris; j , jugal; mx, maxilla; q, quadrate; sa, surangular;obc, olfactory bulb cast; occ,
olfactory cavity cast; pbs, parabasisphenoid;pl, palatine; pmx, premaxilla; ppf, palatine-pterygoid fenestra; pre, prearticular; pt, pterygoid; v, vomer.
Scale bar equals 5 cm.
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contacted the lachrymal, but this contact was not preserved. The
postorbital ramus of the ascending process of the jugal is broken
at its base, so neither its direction nor the kind of contact it
would have had with the postorbital can be determined in PVL
2578. The vertical bar of the ventral region of the ascending
ramus bears a dorsoventrally oriented ridge that runs along its
lateral surface, restricting the posterior margin of the antorbital
fossa (Fig. 2A). The posterior process of the jugal is longer than
the anterior ramus, but is poorly preserved in both jugals and
lacks the region where it contacts the quadratojugal.

Quadrate—The left quadrate is partially preserved; it lacks the
anterior half and has been preserved in articulation with the left
articular of the mandible (Fig. 6). The contact of the quadrate
with the quadrate wing of the pterygoid is preserved in the ante-
roventral region, but the anterodorsal contact with the squamo-
sal and the lateral contact with the quadratojugal are missing in
the holotype of Venaticosuchus rusconii. The quadrate of V. rus-
conii has a concave articular surface at its distal end; the quad-
rate is posteroventrally oriented as in most archosaurs, such as
Riojasuchus tenuisceps(PVL 3827, PVL 3828), Ornithosuchus
longidens(NHMUK OR2409), and Gracilisuchus stipanicicorum
(PULR 08, PVL 4612), with few exceptions (e.g.,Aetosaurus fer-
ratus [SMNS 5770]; Parasuchus hislopi [Chatterjee, 1978]) in
which the quadrate slopes anteroventrally or vertically (Fig. 4B,
CÐE, G, I). In dorsal view, the quadrate of PVL 2578 tapers ante-
riorly, and in medial view, it expands ventrolaterally to contact
the pterygoid (Fig. 6). The external surface of the quadrate of
PVL 2578 is smooth.

Nasal Cavity—The nasal cavity cast is composed by Þne-
grained red/brown sandstone that allowed the preservation of
details concerning the anatomy of the soft parts of this region.
The internal cast is subtriangular in dorsal view, tapering anteri-
orly (Fig. 3A), and bears a longitudinal crest at the midline along
the entire structure. The posterior region of the internal cast has
paired bulges that suggest the possible location of the olfactory
bulbs. These structures are separated from the midline similar to
those seen inRiojasuchus tenuisceps(PVL 3828) and Neoaeto-
sauroides engaeusBonaparte, 1967 (PVL 4363), but unlike
extant crocodiles where the olfactory bulbs contact each other
on the midline. In Venaticosuchus rusconii, the bulbs are located
anterior to the orbit as in N. engaeus(PVL 4363) and extant
crocodiles (von Baczko et al., 2012), differing from R. tenuiceps
(PVL 3828) in which they are located anterior to the antorbital
fenestra.

On the dorsal surface of the anteroposterior midpoint of the
rostrum, the preserved cast bears a marked concavity visible in
lateral view (Fig. 2A). This concavity matches the concavity
present on the external surface of the nasals ofRiojasuchus ten-
uisceps(PVL 3827) in its size and position. The lateral surface of
the cast is smooth and bears a longitudinal shallow groove on
each side that probably indicates the ventral margin of the nasals
(Fig. 2A).

Braincase—The braincase of PVL 2578 is represented by the
parabasisphenoid portions of the basal tubera. The basal tubera
are bilobed and bear a pronounced notch (60� ) that separates
the parabasisphenoid from the basipterygoid processes
(Fig. 7A). This condition differs from that of Riojasuchus tenuis-
ceps(PVL 3827) in which the notch is less acute (82� ), or even
Aetosaurus ferratus (SMNS 5770) and Silesaurus opolensis
(Dzik, 2003) where the basipterygoid processes are located more
anteriorly and form wider angles (105� and 115� , respectively).

The parabasisphenoid of Venaticosuchus rusconiiis a single
anteroposteriorly elongated bone, anteroventrally oriented, and
it was preserved in articulation with the left pterygoid. In lateral
view, the parabasisphenoid is subrectangular; in posterior view,
it is slightly convex and bears a semilunar depression on both
posterolateral ends. The cultriform process, located on the ante-
rior region of the parabasisphenoid, is longitudinally directed

and slightly tapers mediolaterally towards the anterior end. This
process contacts the pterygoid laterally, but the contact between
these bones is unclear in PVL 2578 (Fig. 7B) and might be the
result of postmortem deformation. The posterior region of the
parabasisphenoid is poorly preserved; therefore, nothing can be
said about the pharyngeal recess (Fig. 7A). The intertuberal
plate of the parabasisphenoid is absent, as in most archosaurs
(Nesbitt, 2011).

The basipterygoid processes are semicircular, laterally com-
pressed, and ventrally projected. They differ from those ofRioja-
suchus tenuisceps(PVL 3827), which are narrower at their
proximal end and diamond-shaped at their distal ends. The basi-
sphenoid fossa is located on the parabasisphenoid between the
basipterygoid processes; the fossa is twice as wide as high, ante-
rodorsally oriented, and, according to Romer (1956), would
probably accommodate the pituitary gland. The basisphenoid
fossa of PVL 2578 is proportionately broader than that of R. ten-
uisceps(PVL 3827), in which it is equally wide as high.

Palatal Complex—The palate of Venaticosuchus rusconii is
partially preserved; the left half of the palatal region is complete
and articulated in natural position, but the right half is repre-
sented only by the vomer and palatine, lacking the pterygoid and
ectopterygoid (Fig. 3B). This area is not adequately prepared
and still has some sediment and varnish covering the exposed
surface, making it difÞcult to identify the sutures among all ele-
ments. No palatal teeth can be recognized on the preserved
regions of PVL 2578. The internal nares are located on the ante-
rior region of the palate and are anteroposteriorly elongated.
The internal nares are delimited anteriorly by the premaxillae,
medially by the vomers, and posteriorly by the palatine. The lat-
eral margin is still covered by sediment, and it is not possible to
recognize the contribution of the premaxilla and/or maxilla to
this margin. Despite the poor preservation of this region, a pala-
tine-pterygoid fenestra can be recognized on the medial region
of the palate of PVL 2578, delimited by the palatine anteriorly
and the pterygoid posteriorly, similar to that of other ornithosu-
chids (Fig. 3B).

Both vomers were preserved in articulation but have been
damaged during the original preparation of this material. They
are located between the internal nares and form the anterior
quarter of the palatal complex. The vomer is a slender and medi-
olaterally compressed bone that widens posteriorly. It contacts
the palatal process of the premaxilla anteriorly and the palatine
posteriorly, although the kind of contact is unclear because of
the poor preparation of this area.

The palatine contacts the vomer anteriorly, the maxilla lat-
erally, and the pterygoid posteriorly, forming the second quarter
of the palatal complex. The palatine is dorsoventrally com-
pressed, anteroposteriorly short, and lacks palatal teeth. The left
and right palatines do not contact each other at the midline
(Fig. 3B), but are separated by what seems to be the anterior
projections of the pterygoids, resembling the condition of Rioja-
suchus tenuisceps(PVL 3827), Ornithosuchus longidens(Walker,
1964), andAetosaurus ferratus(SMNS 5770).

The pterygoid forms the posterior half of the palate, being two
times the anteroposterior length of the palatine (Table 1). It
articulates with the palatine anteriorly, the ectopterygoid lat-
erally, and the quadrate and parabasisphenoid posteriorly, but
the kind of contact is difÞcult to recognize because of the poor
preparation of the palate. The pterygoid is elongate, dorsoven-
trally compressed, and lateroventrally oriented. As in the pala-
tine, no palatal teeth are observed on the ventral surface of the
pterygoids of PVL 2578. The pterygoid can be divided into three
main regions: the palatine process on the anterior end, which is
elongated and subrectangular; the lateral wing that projects post-
erolaterally and ends in a rounded point; and the quadrate wing
that extends posteromedially and probably contacted the quad-
rate (although this region is poorly preserved and details of the
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contact cannot be observed). It is unknown whether the ptery-
goids contacted each other completely at the midline as inOrni-
thosuchus longidens (Walker, 1964) and Parasuchus hislopi
(Chatterjee, 1978), or contacted only along the anterior half as in
Riojasuchus tenuisceps(PVL 3827) and Aetosaurus ferratus
(SMNS 5770).

The ectopterygoid is a dorsoventrally compressed element
that anteriorly overlaps the lateral wing of the pterygoid and lat-
erally contacts the jugal. The anterior and lateral areas of the
ectopterygoid are covered by sediment, making its limits unclear.
Its posterior end is rounded and extends further posteriorly than
that of Riojasuchus tenuisceps(PVL 3827), which has a shorter
and sharper posterior end. The suborbital fenestra seen on other
archosaurs such asOrnithosuchus longidens(NHMUK OR3143)
and Aetosaurus ferratus(SMNS 5770) cannot be recognized on
Venaticosuchus rusconiibecause of the poor preparation of the
material.

Mandible

Both hemimandibles were preserved in articulation in PVL
2578. They are slightly shorter than the skull, and the articulated
mandibular rami are ÔVÕ-shaped in ventral view (Fig. 2B). The
left hemimandible is complete, whereas the right one is broken
and preserves only the dentary, partial angular, and partial sur-
angular. Therefore, the description of the postdentary elements
is based only on the left hemimandible. The lower jaws ofVenati-
cosuchus rusconii have a maximum length/height ratio of
approximately 4.2:1 (Table 1), similar to Ornithosuchus longi-
dens(Walker, 1964) and being more robust than in Riojasuchus
tenuisceps(PVL 3827), in which this ratio is 5:1, or Aetosaurus
ferratus (SMNS 5770), with a ratio of 5.2:1. The external mandib-
ular fenestra is wide and elliptical, with its horizontal axis
3.5 times longer than its vertical axis. This fenestra has similar
proportions to that of R. tenuisceps(PVL 3827) and A. ferratus
(SMNS 5770) but is proportionally longer than the one of O.
longidens (Walker, 1964), which is 2.4 times longer than high,
and proportionally shorter than that of Parasuchus hislopi(Chat-
terjee, 1978), which is 5.3 times longer than high.

Dentary—Both dentaries of Venaticosuchus rusconii are
completely preserved and in articulation with each other along
the mandibular symphysis. The dentary is robust and dorsoven-
trally high, and slightly concave laterally in ventral view
(Figs. 2B, 3B). The dentary forms the anterior half of the man-
dibular ramus and contacts its counterpart anteriorly along a
mandibular symphysis that is 3.5 cm long. The dentary can be
divided into a central body and two posterior processes: the post-
erodorsal surangular process and the posteroventral angular pro-
cess (Fig. 2B). The main body of the dentary is anteroposteriorly
elongated, being three times longer than high, and its anterior
end is rounded in lateral view as in most archosauriforms, such
asRiojasuchus tenuisceps(PVL 3827, PVL 3828), Ornithosuchus
longidens (NHMUK OR3143), Gracilisuchus stipanicicorum
(PVL 4897), Ticinosuchus ferox (PIZ T 2817), and Parasuchus
hislopi (Chatterjee, 1978), with some exceptions such asAetosau-
rus ferratus (SMNS 5770), which has a shovel-shaped anterior
margin. The dorsal margin of the anterior region of the dentary
is dorsally expanded at the level of the largest dentary tooth, and
the ventral margin has a slightly developed concavity (Fig. 2B).
The dorsal surangular process of the dentary extends up to the
anteroposterior midpoint of the external mandibular fenestra,
where it contacts the surangular along a straight oblique contact.
The ventral angular process contacts the angular posteriorly, but
details of their suture cannot be determined due to the poor
preservation of this region.

The alveolar margin and dentition of the dentary can only be
partially observed in PVL 2578 because the lower jaws were pre-
served in natural articulation with the skull. Only the Þrst ele-
ments of the dentary tooth row can be recognized: the Þrst two
caniniform teeth are hypertrophied, being 2.5 times larger than
the posterior teeth and resembling the condition seen inRiojasu-
chus tenuisceps(PVL 3827, PVL 3828). On the other hand,
Venaticosuchus rusconiilacks a Þrst small tooth anterior to the
hypertrophied teeth, as in R. tenuisceps(PVL 3827, PVL 3828),
but differing from the condition described for Ornithosuchus
longidens (NHMUK OR3143; Fig. 4AÐD). The absence of a
small anterior tooth in R. tenuisceps(PVL 3827, PVL 3828) and
V. rusconii (PVL 2578) contradicts the use of this character as
diagnostic of Ornithosuchidae, as proposed by Sereno (1991).
The topology presented in our phylogenetic analysis (see below)
found O. longidens to be the basal most ornithosuchid. Because
O. longidensis the only member of this clade to have a Þrst small
tooth before the hypertrophied ones, it is less parsimonious to
consider this condition as a synapomorphy for Ornithosuchidae,
as Sereno (1991) proposed. Here, we consider the dental conÞgu-
ration seen in O. longidensas a plesiomorphic condition, and the
absence of that Þrst small tooth seen inV. rusconii and R. tenuis-
cepsas a derived feature. The caniniform teeth ofV. rusconii are
circular in cross-section and seem to lack denticles on both the
mesial and distal margins, unlike the condition described above
for the maxillary teeth. The enlarged dentary teeth Þt into a dia-
stema in the upper tooth row, located on the lateral side of the
skull between the premaxilla and maxilla. The third dentary
tooth is the only tooth of the postcaniniform series that can be
seen on both dentaries of PVL 2578. The crown of this tooth is
2.5 times smaller than the Þrst two teeth and laterally
compressed.

FIGURE 5. Maxillary teeth of Venaticosuchus rusconii (PVL 2578,
holotype). A , fourth and Þfth right maxillary teeth in lateral view; B,
cross-section of the Þrst right maxillary tooth. The arrows indicate
denticles. Scale bar equals 1 cm.

 FIGURE 4. Skulls in lateral view of Venaticosuchus rusconii(PVL 2578, holoype) in A , right and B, left views; C, Riojasuchus tenuisceps(PVL
3827, holotype);D, Ornithosuchus longidens(modiÞed from Walker, 1964); E, Gracilisuchus stipanicicorum(modiÞed from Romer, 1972);F, Ticino-
suchus ferox(modiÞed from Lautenschlager and Desojo, 2011);G, Aetosaurus ferratus(taken from Schoch, 2007);H, Silesaurus opolensis(modiÞed
from Dzik, 2003); I , Parasuchus hislopi(modiÞed from Chatterjee, 1978).Abbreviations : a, angular;ar, articular; aofe, antorbital fenestra; de, dentary;
emf, external mandibular fenestra; en, external nares;ept, ectopterygoid; f, frontal; itf , infratemporal fenestra; j , jugal; la, lachrymal; mx, maxilla; n,
nasal;o, orbit; occ, olfactory cavity cast;p, parietal; pmx, premaxilla; po, postorbital; pof, postfrontal; pre, prearticular; prf , prefrontal; pt, pterygoid; q,
quadrate;qj , quadratojugal; rar, retroarticular process of the articular; sa, surangular;smx, septomaxilla;sp, splenial;sq, squamosal;stf, supratemporal
fenestra;vrj , vertical ramus of the jugal. Scale bars equal 5 cm (A ÐD, F, H, I ) and 1 cm (E, G).
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Surangular—The surangular of Venaticosuchus rusconiicon-
tacts the dentary anteriorly at an oblique angle, the angular ven-
trally at a straight contact, and the articular posteromedially, but
this contact area is unclear because it is partially covered by
glue. The surangular is an anteroposteriorly elongated and lat-
erally compressed bone that forms the upper margin of the post-
dentary region of the mandibular ramus. The ventral margin of
the surangular delimits the posterodorsal region of the external
and internal mandibular fenestrae (Fig. 2B). The dorsolateral
surface of the surangular is smooth and poorly preserved. It does
not present any the lateral projection, as seen inRiojasuchus ten-
uisceps(PVL 3827), or process for the attachment of the mandib-
ular muscles described by Walker (1964) for Ornithosuchus
longidens. These attachment areas possibly correspond to those
for the M. adductor mandibulae externus superÞcialis (sensu
Holliday and Witmer, 2007), but cannot be recognized on the
surangular of PVL 2578. The surangular lacks a foramen on its
lateral surface, unlike Riojasuchus tenuiceps(PVL 3827), Orni-
thosuchus longidens(NHMUK OR3142), Gracilisuchus stipani-
cicorum (PVL 4597), and Silesaurus opolensis(Dzik, 2003) in
which the surangular foramen is present.

Angular —The angular contacts the dentary anteriorly at an
oblique angle, with the prearticular overlapping it posterome-
dially, the surangular posterodorsally at a straight contact, the
articular posteriorly, and it overlaps the splenial anteromedially
(Fig. 2B). The dorsal margin of the angular delimits all the ven-
tral margin of the external mandibular fenestra, as seen inAeto-
saurus ferratus (SMNS 5770), unlike Riojasuchus tenuisceps

(PVL 3827), Ornithosuchus longidens(Walker, 1964), and Para-
suchus hislopi(Chatterjee, 1978) in which the anterior region of
this fenestra is not delimited by the angular, but instead it is
delimited by the dentary. The posterior region of this element
has a striated external surface, unlike in other ornithosuchids.
The anterior extension of this ornamented surface cannot be
determined in PVL 2578 because the anterior region of the angu-
lar is poorly preserved and was partially reconstructed during its
original preparation.

Prearticular—The prearticular extends along the posterior
third of the mandibular ramus and contacts the splenial anteri-
orly, it overlaps the angular lateroventrally, and contacts the
articular posteriorly. The prearticular is restricted to the middle
area of the mandible as inParasuchus hislopi(Chatterjee, 1978);
unlike the condition in Ornithosuchus longidens(Walker, 1964)
and Aetosaurus ferratus(Schoch, 2007), it does not extend the
ventral margin of the mandible. The dorsal margin of the prear-
ticular bears a medial projection set at 90� with respect to the
rest of the medial surface of this bone (Fig. 8). This process
delimits the ventral margin of the internal mandibular fenestra
and is anteroposteriorly elongated, with a rounded margin and
slightly concave on its dorsal surface.Riojasuchus tenuisceps
(PVL 3827) also has this process, but it differs in being dorsome-
dially oriented and having a pointed margin with the apex
slightly directed posteriorly. This medial projection on the dorsal
margin of the prearticular is not present in Aetosaurus ferratus
(SMNS 5770),Ornithosuchus longidens(Walker, 1964), or Para-
suchus hislopi(Chatterjee, 1978).

FIGURE 6. Quadrate of Venaticosuchus rusconii(PVL 2578, holotype) in A , dorsal andB, medial views.Abbreviations : a, angular;ar, articular; imf ,
internal mandibular fenestra; sa, surangular;q, quadrate;pre, prearticular; rar, retroarticular process of the articular. Scale bar equals 1 cm.
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Articular —The articular is a short and robust element
restricted to the posterior end of the mandibular ramus. The
articular contacts the surangular anteriorly, the prearticular ante-
romedially, and it was preserved in articulation with the quadrate
(Fig. 6). The exposed surface of this element is smooth and lacks
foramina. The glenoid facet of the articular has a distinct and
anterodorsally oriented crest along its medial margin. The retro-
articular process of PVL 2578 is very short, unlike that of Gracili-
suchus stipanicicorum (PULR 08, PVL 4597), Silesaurus
opolensis(Dzik, 2003), or Parasuchus hislopi(Chatterjee, 1978),
in which it is as long as the articular main body; the retroarticular
process is unknown in Aetosaurus ferratus (SMNS 5770)
(Fig. 4B, E, H, I).

Splenial—Both splenials were preserved in articulation, but
are poorly exposed. Each splenial overlaps the dentary laterally
and the prearticular and angular posterolaterally. The medial
surface of the splenial seems to be smooth and lacks foramina or
exposure of the Meckelian groove, but the absence of these can-
not be determined with certainty because of the limited exposure
and poor preparation of this area. The splenial does not extend
ventrally further than the dentary, unlike in Aetosaurus ferratus
(Schoch, 2007) andParasuchus hislopi (Chatterjee, 1978) in
which a small portion of the splenial can be recognized ventral to
the dentary and has some lateral exposure. Because of the poor
preservation of the splenial, it cannot be compared in more
detail with those of other archosauriforms.

Pathology

The holotype of Venaticosuchus rusconiihas marked bilateral
asymmetries in the infratemporal region that we interpret as
severe pathological malformations this individual suffered on
the left side of the skull (Fig. 9A), which affected the

posteroventral region of the maxilla and the anterior region of
the jugal. The left maxilla and jugal are irregular, rugose, and
about three times thicker than their counterparts (Fig. 9A). Nei-
ther fractures nor bite marks were recognized on the external
surface of the maxilla and jugal. Furthermore, the left maxilla
lacks the two posterior-most alveoli (Fig. 9B), although it seems
that this was not functionally detrimental because the rest of the
tooth row is present and the lower jaws occlude naturally with
the skull. The loss of teeth because of a pathological condition
was recorded in extant specimens ofCaiman yacare(ZSM 164/
1929), in which a globose malformation recognized on the pre-
maxilla caused the loss of the Þrst three teeth.

The irregular external surface of these bones could have been
caused by an infectious and/or tumoral process, or the healing of
a wound as seen in other extinct archosaurs (e.g., Lucas, 2000;
Tanke and Rothschild, 2002; Brochu, 2003; Sampson and Krause,
2007). The absence of apparent lacerations, bite marks, or dis-
placements on the external surface of this area led us to believe
that bone injuries or fractures are not likely to be the causal
explanations for the pathological condition of PVL 2578.

DISCUSSION

Phylogenetic Analysis

A cladistic analysis was conducted to assess the phylogenetic
relationships of Venaticosuchus rusconii within Archosauria
using the data matrix of Nesbitt (2011). V. rusconii was scored in
this data set for the 412 morphological characters of the original
analysis (Appendix 1), and one newly deÞned character (Appen-
dix 2, Supplemental Data). Following the protocols of Nesbitt
(2011), four operational taxonomic units (OTUs) ( Prestosuchus
chiniquensis, UFRGS 0152-T, UFRGS 0156-T, andLewisuchus/
Pseudolagosuchus) were excluded from the heuristic tree search.
All three specimens of Prestosuchuswere retrieved in a poly-
tomy in the analysis of Nesbitt (2011) and therefore were
replaced with a single OTU (ÔPrestosuchuscombinedÕ). On the
other hand, the OTU ÔLewisuchus/PseudolagosuchusÕ was
excluded given the lack of overlapping material between the

FIGURE 8. Posterior end of the left lower jaw of Venaticosuchus rusco-
nii (PVL 2578, holotype) in medial view. Abbreviations : a, angular; ar,
articular; ept, ectopterygoid; imf , internal mandibular fenestra; mpp,
medial projection of the prearticular; pre, prearticular; pt, pterygoid; q,
quadrate;sa, surangular;sp, splenial. Scale bar equals 1 cm.

FIGURE 7. Partial braincase of Venaticosuchus rusconii(PVL 2578,
holotype) in A , posterior and B, right lateral views. Abbreviations : bf,
basisphenoid fossa;bpt, basipterygoid process;cp, cultriform process;
pbs, parabasisphenoid. Scale bar equals 1 cm.
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holotypes of these two taxa that precludes supporting their puta-
tive synonymy, and these were considered as independent
OTUs. The coding for Ornithosuchus longidensfor character 75
was corrected from 0 to 1 in the data matrix, because it was mis-
takenly typed in the data matrix of Nesbitt (2011).

The data matrix was modiÞed using WinClada (Nixon, 2002)
and analyzed under equally weighted parsimony using TNT 1.1
(Goloboff et al., 2008a, 2008b). A heuristic tree search of 1000
replicates of Wagner trees with random addition sequences was
performed followed by TBR branch swapping algorithm (hold-
ing 10 trees per replicate). A Þnal round of TBR branch swap-
ping was applied to the trees found in the replicates in order to
Þnd all the most parsimonious trees (MPTs).

Nodal support was calculated in TNT using Bremer support
(Bremer, 1994) to test how many steps were needed to reject the
clade of interest, and bootstrap using absolute frequencies

(Felsenstein, 1985) and GC frequencies (Goloboff et al., 2003),
which are calculated as the difference between the absolute fre-
quency with which a given clade is recovered when the
resampled data matrices are analyzed and the most frequent
group that contradicts the clade being measured (see Goloboff
et al., 2003). The nodal support measures were also recalculated,
ignoring the alternative positions of unstable or fragmentary
taxa after the tree searches for both the Bremer support analysis
and the bootstrap in TNT. This procedure was conducted to dis-
cover high nodal support values that are obscured by the unsta-
ble behavior of some taxa in the suboptimal topologies or during
the analyses of the bootstrap pseudoreplicates (Wilkinson et al.,
2000). Alternative positions of Venaticosuchus rusconii were
evaluated through the use of heuristic tree searches in TNT forc-
ing the inclusion of this taxon in different archosaurian clades.

Ornithosuchid AfÞnities of Venaticosuchus rusconii—The
heuristic tree search resulted in 1080 most parsimonious trees
(MPTs) of length 1291 steps (consistency index [CI]D 0.371;
retention index [RI] D 0.772). The strict consensus of the MPTs
resolves Ornithosuchidae as the earliest branching clade within
Pseudosuchia (as in the original analysis of Nesbitt, 2011).

In all MPTs, Venaticosuchus rusconiiwas recovered within
Ornithosuchidae, as the sister taxon ofRiojasuchus tenuisceps
(Fig. 10A). The sister-group relationship of Venaticosuchusand
Riojasuchusis supported by two unambiguous synapomorphies:
(1) antorbital fenestra with anterior margin nearly pointed (char-
acter 30.1); and (2) jugal with vertical bone strut ventral to the
orbit present and separating the antorbital fenestra from the
infratemporal fenestra (character 413.1). The Þrst apomorphic
condition (character 30.1) is optimized in our most parsimonious
topologies (Fig. 10A) as being independently acquired at least
twice in Pseudosuchia, as it has been also recorded inTicinosu-
chus feroxand most loricatans (see Nesbitt, 2011). But the latter
(character 413.1) is a new character that is only registered inV.
rusconii (PVL 2578) and R. tenuisceps(PVL 3827, PVL 3828).
The clade formed by Venaticosuchusand Riojasuchus has low
support values (Fig. 10A), with Bremer support of 2 and boot-
strap frequencies of 73 (absolute) and 68 (GC).

As noted above, the new character added in this study (the
presence of jugal vertical bony strut ventral to the orbit that sep-
arates the antorbital fenestra from the infratemporal fenestra;
character 413; Appendix 2) provides support for the sister-taxon
relationship of Riojasuchusand Venaticosuchusto the exclusion
of Ornithosuchus.

The absence of a vertical bony strut of the jugal ventral to the
orbit is the plesiomorphic condition of most archosaurs. In these
taxa (e.g., Gracilisuchus stipanicirorum [PVL 4597, PVL 4612],
Aetosaurus ferratus [SMNS 5770], Silesaurus opolensis[Dzik,
2003]), the ventral margin of the orbit is aligned with the ventral
margin of the antorbital and infratemporal fenestrae; therefore,
the latter two openings are separated from each other by the
ventral region of the orbit. In contrast, the presence of the verti-
cal bony strut of the jugal elevates the ventral margin of the orbit
to the dorsoventral midpoint of the antorbital fenestra. The ver-
tical bony strut of the jugal of Riojasuchus tenuisceps(PVL 3827,
PVL 3828) and Venaticosuchus rusconii(PVL 2578) forms the
ventral-most portion of the ÔYÕ-shaped morphology of the orbital
portion of the jugal. The vertical bony strut extends ventrally
from the orbit and bifurcates dorsally, forming the anteroventral
and posteroventral margins of the orbit. The ventral margin of
the orbit of Ornithosuchus longidenshas a Ôinverted teardropÕ
shape as in R. tenuisceps(character 142, Nesbitt, 2011), but
clearly lacks the vertical bony strut present in V. rusconii and R.
tenuiscepsso that it has the plesiomorphic condition for the new
character (413.0).

In our interpretation, the partially preserved jugal of PVL 2578
shares the apomorphic condition that is clearly present inRiojasu-
chus tenuisceps(PVL 3827, PVL 3828) (see Description, above).

FIGURE 9. Pathological left maxilla and jugal of Venaticosuchus rusco-
nii (PVL 2578, holotype) in A , dorsal and B, left lateral views. Abbrevia-
tions: aofe, antorbital fenestra; j , jugal; mx, maxilla. Scale bar equals 5 cm.
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The jugal of Venaticosuchus rusconii(PVL 2578) was originally
interpreted by Bonaparte (1970) as similar in this regard to that of
Ornithosuchus longidens (Walker, 1964), in which the vertical
strut of the ascending process of the jugal is absent and the
ascending process bifurcates at the base of the jugal.

As in the most recent analysis to include Ornithosuchidae
(Nesbitt, 2011), the monophyly of this clade is supported by a
large list of synapomorphic features. However, there are some
differences in our current list of synapomorphies with respect to
those given as synapomorphies by Nesbitt (2011). In our study,
we found 10 unambiguous synapomorphies that are present in
all the MPTs (characters 8.1, 13.1, 33.1, 62.1, 85.1, 142.2, 160.1,
190.1, 308.1, and 368.2) and Þve characters that are unambiguous
synapomorphies only on some of the MPTs (characters 6.0,
199.1, 278.1, 339.1, and 398.1). Four of those characters were be

coded for PVL 2578 and provide direct support for placing
Venaticosuchus rusconiiwithin Ornithosuchidae. Those charac-
ters include the downturned premaxilla (character 8.1), the two-
tooth diastema between the maxilla and the premaxilla (charac-
ter 13.1), the presence of palatine-pterygoid fenestra (character
85.1), and the orbit with its ventral margin surrounded by ÔVÕ-
shaped dorsal processes of the jugal (character 142.2). All other
characters that are synapomorphies of Ornithosuchidae cannot
be scored for this specimen because they relate to regions of the
skull and mandible (e.g., nasals, parietals) or the postcranium,
which are not preserved in PVL 2578 and could not be found in
the PVL collection (the postcranial elements mentioned by
Bonaparte [1970] are currently lost).

The nodal support for Ornithosuchidae is low in the analysis
(Bremer D 1, bootstrap absolute/GC frequenciesD 65/64), but

FIGURE 10. A , reduced strict consensus of the 1080 MPTs of 1291 steps, pruningArchosaurus rossicusa posteriori from the analysis. Bremer sup-
port values are shown above branches and bootstrap frequencies (absolute/GC) are shown below branches, calculated ignoring the alternative posi-
tions of the fragmentary Archosaurus rossicus; B, alternative positions of Venaticosuchus rusconii indicating the extra steps required in the
constrained phylogenetic analyses. Nodes: A, Ornithosuchidae; B, Archosauria; C, Pseudosuchia; D, Suchia; E, Paracrocodylomorpha; F, Loricata.

VON BACZKO ET AL. —VENATICOSUCHUS RUSCONII , ANATOMY AND PHYLOGENY 1353

D
ow

nl
oa

de
d 

by
 [U

ni
ve

rs
ity

 o
f B

irm
in

gh
am

] a
t 0

8:
21

 0
8 

N
ov

em
be

r 
20

14
 



this is because of the unstable behavior of the fragmentary taxon
Archosaurus rossicuswithin this analysis. The support analyses
we conducted that pruned A. rossicusa posteriori from the tree
searches for both Bremer and bootstrap analyses (see above)
revealed relatively high support values for Ornithosuchidae
(Fig. 10A), with a Bremer support of 5 and bootstrap frequen-
cies of 83 (absolute) and 79 (GC). Those support values are
nonetheless lower than those retrieved for Ornithosuchidae in
Nesbitt´s (2011) analysis. The support values obtained in our
analysis are mostly determined by the relatively limited amount
of information that can be coded for Venaticosuchus rusconii
(83% missing data). Performing the support analyses ignoring
the positions of both A. rossicus and V. rusconii yielded
markedly higher support values for Ornithosuchidae (Bremer D
11, absolute/GC bootstrap frequenciesD 100/100).

Alternative Positions of Venaticosuchus rusconii—As noted
above, Venaticosuchus rusconiiis most parsimoniously found as
the sister group of Riojasuchus tenuiscepswithin Ornithosuchidae,
but the character support for this sister-group relationship is low. It
takes two extra steps to placeV. rusconii in other positions within
Ornithosuchidae, either as the sister group ofOrnithosuchus longi-
densor as the basal-most member of this clade (Fig. 10B).

In contrast, the character support for the clade formed by
Venaticosuchus, Riojasuchus, and Ornithosuchus is much higher;
it takes Þve extra steps to reject the monophyly of this group.
The shortest suboptimal topologies (Þve extra steps) that reject
this clade placeVenaticosuchusin the most basal nodes of Ave-
metatarsalia (leaving RiojasuchusC Ornithosuchus basal within
Pseudosuchia; see Fig. 10B). Alternative positions ofVenatico-
suchuswithin Pseudosuchia imply even more extra steps. Placing
Venaticosuchuseither as the most basal pseudosuchian or as the
sister group of Suchia implies six extra steps, whereas placing it
closer to paracrocodylomorphs or aetosaurs imply seven and
eight extra steps, respectively (Fig. 10B). Finally, topologies that
depict Venaticosuchusoutside Archosauria imply at least seven
extra steps.

Autapomorphic Characters of Venaticosuchus rusconii—Four
of the characters included in the phylogenetic analysis are opti-
mized on the branch leading to Venaticosuchus rusconiias auta-
pomorphic transformations. These include the basipterygoid
processes directed ventrally (character 93.0), the dentary with
the dorsal margin of the anterior end dorsally expanded (charac-
ter 154.2), the articular without a foramen on its medial side
(character 159.0), and the absence of a surangular foramen
(character 163.2). These features are interpreted as autapomor-
phic for V. rusconii within this phylogenetic framework and help
diagnose this taxon by distinguishing it from the other two
known ornithosuchid taxa, Riojasuchus tenuiscepsand Ornitho-
suchus longidens. Nevertheless, three of these four character
states are not exclusive or unique ofV. rusconii within pseudosu-
chians. For instance,Shuvosaurus inexpectatusand EfÞgia okeef-
feaehave the same anteroventral orientation at the distal tips of
their basipterygoid processes (character 93.0; Nesbitt, 2011), and
the absence of a foramen on the medial side of the articular
(character 159.0) is present in other pseudosuchians (i.e.,Longo-
suchus meadeiSawin, 1947,Shuvosaurus inexpectatus, EfÞgia
okeeffeae, and Alligator mississippiensis) (Nesbitt, 2011). Simi-
larly, a dorsal expansion of the anterior end of the dentaries is
also present in aetosaurs, some rauisuchids, and crocodylo-
morphs. One of these four characters, the absence of the suran-
gular foramen, represents the most distinctive trait of V. rusconii
because it is an autapomorphy for this taxon within
Pseudosuchia.

CONCLUSIONS

Here we presented the Þrst detailed anatomical description of
Venaticosuchus rusconii, a taxon that was only brießy reported

previously (Bonaparte, 1970). We identiÞed a unique autapo-
morphy among pseudosuchians forV. rusconii, which is the
absence of a surangular foramen; and a combination of charac-
ters that accurately diagnoses this taxon and justify its validity:
basipterygoid processes directed ventrally, dentary with the dor-
sal margin of the anterior end dorsally expanded, and articular
without a foramen on its medial side.

The new anatomical information derived from this study is the
Þrst test of the phylogenetic afÞnities ofVenaticosuchus rusconii.
Our results corroborate its assignment to Ornithosuchidae as
originally suggested (Bonaparte, 1970), based on four synapo-
morphic characters of this group that can be coded forV. rusco-
nii . Alternative phylogenetic positions of V. rusconii resulted in
moderately to markedly suboptimal trees, requiring at least four
extra steps (Nesbitt, 2011).

The geographic distribution of Ornithosuchidae is broad but
poorly sampled. Specimens of this clade have been recorded
only from Late Triassic beds in Argentina and Scotland. That
particular distribution is reßected in the phylogenetic topology
retrieved in this study, in which the Þrst cladogenetic event
within Ornithosuchidae represents the split between the ornitho-
suchids from Gondwanan (Riojasuchus tenuisceps, Venaticosu-
chus rusconii) from the only taxon known from Laurasia
(Ornithosuchus longidens). Ezcurra (2010) proposed a paleogeo-
graphic Pangean distribution of tetrapods for the Middle Triassic
followed by paleolatitudinal provincialism during the Late Trias-
sic, which could be reßected in the cladogenesis and distribution
of the ornithosuchids. Nevertheless, the biogeographic implica-
tions for this group should be taken carefully because of our cur-
rently limited knowledge of ornithosuchid diversity and the low
support for the internal resolution of this clade. Further discover-
ies of members of this unusual clade (especially from other
regions of Pangea) are needed to thoroughly test the biogeo-
graphic history of Ornithosuchidae.
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APPENDIX 2. DeÞnition of character 413 and scorings for all
the taxa included in the data matrix of Nesbitt (2011) with Venat-
icosuchus rusconii. Character 413 (new character): Jugal, vertical
bone strut ventral to the orbit: absent (0); present, separating the
antorbital fenestra from the infratemporal fenestra (1).

Mesosuchus browni 0
Prolacerta broomi 0
Archosaurus rossicus ?
Proterosuchus fergusi 0
Erythrosuchus africanus 0
Vancleavea campi 0
Chanaresuchus bonapartei 0
Tropidosuchus romeri 0
Euparkeria capensis 0
Parasuchus hislopi 0
Smilosuchus gregorii 0
Pseudopalatus pristinus 0
Gracilisuchus stipanicicorum 0
Turfanosuchus dabanensis 0
Ornithosuchus longidens 0
Venaticosuchus rusconii 1
Riojasuchus tenuisceps 1
Revueltosaurus callenderi 0
Stagonolepis robertsoni 0
Aetosaurus ferratus 0
Longosuchus meadei 0
Ticinisuchus ferox 0
Quianosuchus mixtus 0
Xilosuchus sapingensis ?
Arizonasausu babbitti 0
Poposaurus gracilis holotype ?
Poposaurus gracilis Yale ?

(continued on next page)

Lotosaurus adentus 0
Sillosuchus longicervix ?
EfÞgia okeeffeae 0
Shuvosaurus inexpectatus 0
Combined Prestosuchus ?
Saurosuchus galilei 0
Batrachotomus kuperferzellensis 0
Fasolasuchus tenax ?
Rauisuchus triradentes 0
Polonosuchus silesiacus ?
Postosuchus kirkpatricki 0
Postosuchus alisonae ?
CM 73372 ?
Hesperosuchus agilis 0
Dromicosuchus grallator 0
Hesperosuchus ÔagilisÕ 0
Dibotrosuchus elaprhos ?
Terrestrisuchus gracilis 0
Sphenosuchus acutus 0
Litargosuchus leptorhynchus 0
Kayentasuchus walkeri ?
Orthosuchus strombergi 0
Alligator mississippiensis 0
Protosuchus haughtoni 0
Protosuchus richardsoni 0
Eudimorphodon ranzii 0
Dimorphodon macronyx 0
Lagerpeton chanarensis ?
Dromomeron gregorii ?
Dromomeron romerii ?
Marasuchus lilloensis ?
Asilisaurus kongwe ?
Eucoelophysis baldwini ?
Sacisaurus agudoensis ?
Lewisuchus admixtus 0
Pseudolagosuchus majori ?
Eocursor parvus ?
Silesaurus opolensis 0
Pisanosaurus mertii ?
Heterodontosaurus tucki 0
Lesothosaurus diagnosticus 0
Scutellosaurus lawleri ?
Herrerasaurus ischigualastensis 0
Staurikosaurus pricei ?
Eoraptor lunensis 0
Saturnalia tupiniquim ?
Plateosaurus engelhardti 0
Efraasia minor ?
Tawa hallae 0
Coelophysis bauri 0
Dilophosaurus wetherelli 0
Allosaurus fragilis 0
Velociraptor mongoliensis 0

APPENDIX 1. Character scorings ofVenaticosuchus rusconiifor
the 412-character data matrix of Nesbitt (2011).

Venaticosuchus rusconii
10 20 30 40 50

??0????1?? 00100?00?0 0?00000001 0?????0??? ??????????
?????????? ????????0? ???00????? 00?010010? 0?0??21101
?0???0???? ?????????? ???0?????? ?????121?? ?2???????0
0??200000? 002??00100 000111???? ?????????? ??????????
?????????? ?????????? ?????????? ?????????? ??????????
?????????? ?????????? ?????????? ?????????? ??????????
?????????? ?????????? ?????????? ?????????? ??????????
?????????? ?????????? ?????????? ?????????? ??????????
?????????? ??
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