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In this contribution we introduce a new Late Triassic archosaur, Incertovenator longicollum gen. et sp. nov., with an
unusual combination of character states that are present in certain early avemetatarsalian and pseudosuchian archosaur
clades. The holotype consists of a partial postcranial skeleton, preserving most of the axial skeleton and displaying
a marked anteroposterior elongation in the cervical vertebrae. We include /. longicollum gen. et sp. nov. into one of
the most comprehensive early archosaur phylogenetic data sets available, and recover it as either an early diverging
avemetatarsalian, closely associated with the clade Aphanosauria and Ornithodira, or as an early diverging loricatan
closely related to Mandasuchus tanyauchen in the most parsimonious trees. We further evaluate which alternative
phylogenetic positions can /. longicollum gen. et sp. nov. take in the suboptimal trees, and determined which character
states support those alternative positions in comparison with those of the unconstrained analysis. The analyses recover
the new taxon in three main general phylogenetic placements within Archosauria, as well as one position outside this
clade, highlighting widespread morphological evolutionary convergence towards neck elongation in several clades of
Triassic archosauriforms.
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Introduction

The rapid and widespreaed archosauriform radiation re-
sulted in the predominance of these reptiles in terrestrial
ecosystems for over 150 million years. Although this radia-
tion started after the Permian—Triassic mass extinction event
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(Ezcurra and Butler 2018), it was only by the beginning of
the Late Triassic that this group acquired an outstanding
ecological diversity and morphological disparity (Foth et al.
2016; Hoffman et al. 2019). One of the most informative fau-
nal assemblages for understanding archosauriform diversity
during this transitional time is the Ischigualasto Formation
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(Carnian—Norian) of northwestern Argentina (Martinez et
al. 2012). The fossil record of the Ischigualasto Formation
includes mostly complete specimens of very well-kown
taxa, but also some key fragmentary specimens (Martinez
et al. 2012). Partial specimens are challenging because they
can produce unstable branches in phylogenetic analyses due
the missing data and/or character conflict (Kearney and
Clark 2003), but they can also be informative and relevant
for understanding the relationships of an entire group and
assessing instances of homoplasy in several character states
(Pol and Escapa 2009).

Here, we describe a new archosauriform from this for-
mation, Incertovenator longicollum gen. et sp. nov., that
consists of a postcranial skeleton comprising much of a
semi-articulated vertebral series, a left ilium, and several
other unidentified bone fragments. The new specimen bears
an intriguing combination of character states that are plesio-
morphic for Archosauria combined with some that are pres-
ent in early avemetatarsalians (e.g., aphanosaurians) and/or
in some pseudosuchian lineages (e.g., early suchians, early
crocodylomorphs). The set of features present in the cervical
region of . longicollum gen. et sp. nov. suggest that several
phylogenetically distant and small-sized archosauriforms
convergently acquired elongated necks during the Middle to
early Late Triassic evolutionary history of the group.

Institutional abbreviations—AMNH, American Museum of
Natural History, New York, USA; CM, Carnegie Museum
of Natural History, Pittsburg, USA; IVPP, Institute of Ver-
tebrate Paleontology and Paleoanthropology, Beijing, China;
NHMUK PV, The Natural History Museum, Palaecontology
Vertebrates, London, UK; NMT, National Museum of Tan-
zania, Dar es Salaam, Tanzania; PVL, Instituto Miguel
Lillo, San Miguel de Tucuman, Argentina; PVSJ, Division
de Paleontologia, Museo de Ciencias Naturales de la Uni-
versidad Nacional de San Juan, Argentina; TTU-P, Texas
Tech University Museum, Lubbock, USA; UCMP, University
of Michigan Museum of Paleontology, Ann Arbor, USA;
UFRGS, Institute of Geosciences, Federal University of Rio
Grande do Sul, Porto Alegre, Brazil.

Other abbreviations—C, cervical vertebra; Ca, caudal ver-
tebra; D, dorsal vertebra;, MPT, most parsimonious trees;
S, sacral vertebra.

Nomenclatural acts—This published work and the nomen-
clatural acts it contains have been registered in ZooBank:
urn:lsid:zoobank.org:pub:DIEA41ED-1810-46A A-B300-
E19CB8D93ABA

Geological setting

The Triassic Ischigualasto—Villa Unién sedimentary basin
(northwestern Argentina; Fig. 1) is part of a continental
rift system that developed during the early Mesozoic along
the southwestern margin of Pangea as a consequence of
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regional extension processes related to global-scale tectonic
phenomena (Ramos and Kay 1991; Lopez-Gamundi et al.
1994; Uliana and Biddle 1988). The infilling of the basin
began during the Early Triassic and persisted during the rest
of the period (Colombi et al. 2012). The Miocene compres-
sive tectonics related to the uplifting of the Andes generated
extensive outcrops of Triassic rocks in homoclinal succes-
sion (Milana and Alcober 1994). These outcrops consist of
the following stratigraphically ordered units: the Talampaya
and Tarjados formations of Early-Middle Triassic; and the
Chanares, Los Rastros, Ischigualasto, and Los Colorados
formations of Late Triassic age (Milana and Alcober 1994;
Rogers et al. 2001; Marsicano et al. 2016). Among these, the
Chafiares Formation (early Carnian age; Marsicano et al.
2016), the Ischigualasto Formation (Carnian—Norian age;
Martinez et al. 2011), and the Los Colorados Formation
(middle Norian age; Kent et al. 2014) stand out because of
their rich fossiliferous content, particularly among verte-
brates (Mancuso et al. 2014; Arcucci et al. 2004).

The thickness of the Ischigualasto Formation ranges
from 300 m at the basin margin near the El Alto fault, to
more than 700 m at the main depocenter in the El Salto area
(Colombi et al. 2012; Fig. 1). The unit is dominated by flu-
vial and volcaniclastic deposits represented by channel and
overbank sandstone, siltstone, and mudstone beds. The dep-
ositional environment was characterized as a fluvial system
with shallow channels and lakes under a seasonal climatic
regime (Rogers et al. 1993; Currie et al. 2009; Colombi et
al. 2012). The Ischigualasto Formation can be subdivided
into four members from bottom to top: La Pefia, Cancha de
Bochas, Valle de la Luna, and Quebrada de la Sal (Currie
et al. 2009; Fig. 1). These members are distinguished by
variations in their sedimentary architecture, paleosol devel-
opment, and plant taphonomy (Tabor et al. 2006; Colombi
2007; Colombi and Parrish 2008; Currie et al. 2009).

The age of the Ischigualasto Formation is restricted by
two 4°Ar/3°Ar radioisotopic datings performed at the Ischi-
gualasto Provincial Park (San Juan Province) where the
thickness of the formation is approximately 700 m (Martinez
et al. 2011). The oldest age (231.4+0,3 Myr) comes from
a level of 20 m above of the base of the unit (Rogers et
al. 1993), whereas the younger age (225.9+0.9 Myr) comes
from a level of 630 m above the base of the unit (Martinez
et al. 2011; Fig. 1). Given this evidence, the Ischigualasto
Formation spans for approximately 6 Myr, from the late
Carnian to the early Norian (Martinez et al. 2011).

Vertebrate assemblage: The vertebrate fauna of the
Ischigualasto Formation includes one of the oldest dinosaur
assemblages known to date (Bonaparte 1982; Rogers et al.
1993; Brusatte et al. 2010; Martinez et al. 2012), non-archo-
sauriform archosauromorphs, pseudosuchians, synapsids,
and temnospondyls. The rhynchosaur Hyperodapedon is the
most abundant taxon of this fauna, representing nearly 60%
of all the recovered specimens (Martinez et al. 2012). The
dinosaurian and pseudosuchian components of this fauna
are taxonomically diverse but less abundant. Regarding
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Fig. 1. Geographic and stratigraphic position of the holotype specimen of Incertovenator longicollum gen. et sp. nov. (PVSJ 397). A, B. Geological map of
the Ischigualasto—Villa Union Basin. Asterisk indicates the type locality. C. Stratigraphic section of the Ischigualasto Formation. Modified from Martinez

1994.

pseudosuchians in particular, several species have been de-
scribed: the aetosaur Aetosauroides scagliai (Casamiquela
1960; Desojo 2005; Desojo and Ezcurra 2011), the loricatan
Saurosuchus galilei (Sill 1974; Alcober 2000; Trotteyn et
al. 2011), the poposauroid Sillosuchus longicervix (Alcober
and Parrish 1997), the ornithosuchid Venaticosuchus rus-
conii (Bonaparte 1970; Baczko et al. 2014), and the croco-
dylomorph Trialestes romeri (Reig 1963; Bonaparte 1978;
Lecuona et al. 2016). In this sense, both Sillosuchus longi-
cervix and Trialestes romeri are the only representative taxa
of the clades Poposauroidea and Crocodylomorpha (how-
ever, see Leardi et al. 2020), respectively, found to date in
the Ischigualasto. Formation Sillosuchus longicervix was
described based on an incomplete and poorly preserved
postcranial skeleton by Alcober and Parrish (1997) and rep-
resents the only South American poposauroid known to
date. This taxon is diagnosed by the presence of elongated

cervical vertebrae, possibly pneumatic recesses on the lat-
eral sides of cervical and dorsal vertebrae, and relatively
short ischia (Alcober and Parrish 1997).

On the other hand, Trialestes romeri represents one of the
oldest members of Crocodylomorpha known so far (Irmis et
al. 2013; Lecuona et al. 2016). The taxonomic identity of
Trialestes romeri has historically been controversial due in
part to the incompleteness of the holotype (PVL 2561) and
the poor preservation of the referred material (PVL 3889).
In the same way, the presence of an unusual combination
of character states has resulted in different interpretations
of the taxonomic identity of these materials as well as the
phylogenetic placement of Trialestes romeri (Reig 1963;
Bonaparte 1978, 1982; Benton and Clark 1988; Clark et al.
2001). However, Lecuona et al. (2016) recently redescribed
all material assigned to the hypodigm of Trialestes romeri
and tested its phylogenetic affinities. This study supported
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the referral of PVL 3889 to Trialestes romeri and recov-
ered this species well nested within non-crocodyliform
Crocodylomorpha. On the other hand, Leardi et al. (2017)
included the holotype specimen of Trialestes romeri (PVL
2561) into their phylogenetic analysis and recovered it in a
more basal position within Crocodylomorpha, in compar-
ison to that of Lecuona et al. (2016). The holotype speci-
men of Trialestes romeri and Pseudhesperosuchus jachaleri
were found forming a South American clade of non-croc-
odyliform crocodylomorphs restricted to the Late Triassic
(Leardi et al. 2017).

Systematic palaeontology

Diapsida Osborn, 1903 (sensu Laurin 1991)

Sauria Gauthier, 1984 (sensu Gauthier et al. 1988)
Archosauriformes Gauthier, Kluge, and Rowe, 1988
?Archosauria Cope, 1869 (sensu Gauthier and
Padian 1985)

Genus Incertovenator nov.

ZooBank LSID: urn:lsid:zoobank.org:act:3DA8086B-7917-4843-9445-
5C901C0212E2

Type species: Incertovenator longicollum gen. et sp. nov., monotypic,
see below.
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Etymology: From the Latin incerto, uncertain, and venator, hunter; in
reference to its uncertain phylogenetic affinities and possible predatory
habits.

Diagnosis—Same as for the type species.

Incertovenator longicollum sp. nov.
Figs. 2-9.

ZooBank LSID: urn:lsid:zoobank.org:act:4B06A555-50E3-4D20-A0A3
-031650974E2D

Etymology: From the Latin longus, long, and collum, neck; referring to
its elongated cervical vertebrae.

Holotype: PVSJ 397, incomplete partially articulated postcranial skel-
eton, including an almost complete axis articulated with the third cer-
vical vertebra, third cervical vertebra nearly complete and articulated
with its corresponding complete left rib, one isolated anterior cervical
vertebra, two incomplete partially articulated anterior cervical verte-
brae, ten articulated mid to posterior dorsal vertebrae, two sacral ver-
tebrae in articulation with the first five caudal vertebrae, an additional
caudal centrum fragment attached to the posterior end of the last cau-
dal, almost complete left ilium, and two unidentified bone fragments.
Type locality: Southern outcrops of the Ischigualasto Formation at the
Hoyada de Ischigualasto locality (Ischigualasto Provincial Park, San
Juan Province, NW Argentina).

Type horizon: The middle levels of the Cancha de Bochas Member
(sensu Currie et al. 2009), approximately 120 m above the base of the
formation (Fig. 1), and corresponds to the Scaphonyx—Exaeretodon—
Herrerasaurus Biozone (Martinez et al. 2011, 2012).

Material —Type material only.
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Fig. 2. Photographs (A, A,) and interpretative drawings (A3, A;) of the axis, third cervical vertebra and third cervical rib of the archosauriform Incertove-
nator longicollum gen. et sp. nov. (PVSJ 397) from Ischigualasto Formation (Carnian—Norian), Hoyada de Ischigualasto, Argentina; in left (A, A3) and right
(A,, Ay) lateral views. Arrows indicate anterior direction.
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Diagnosis.—Incertovenator longicollum gen. et sp. nov.
differs from all other archosaurs in the possession of the
following unique combination of characters states: anterior
cervical vertebrac with a centrum length 2.5 times longer
than high; axial neural spine with a dorsally convex margin;
anterior cervical vertebrae neural spines anteroposteriorly
longer than high; anterior cervical neural spines with ante-
rior overhang; anterior cervical neural spines with a rugose
expansion at its distal end; dorsal vertebrae neural spines dis-
tal expansions with rounded dorsal margins; dorsal vertebrae
neural spines with a posterodorsal tip overhanging the neural
arch; ilium with a concave dorsal margin in lateral view;
ilium with a long preacetabular process that exceeds the an-
terior margin of the acetabulum; medially expanded shelf on
the postacetabular process that originates at the dorsoventral
midpoint of the postacetabular process; ischiadic peduncle of
the ilium vertically oriented in lateral view; ventral margin
of the ilium with convex (closed) acetabulum.

Description—Axial skeleton: The axial skeleton is rela-
tively well represented and includes vertebral centra, neural
arches, neural spines, and ribs. However, the dorsoventral
deformation of the specimen has produced a displacement
relative to the sagittal plane of parts of the neural arch,
like articular the surfaces with the ribs, neural arch pedi-
cels, and zygapophyses. Additionally, some vertebrae are
fractured, and some of their components were found dis-
articulated (e.g., centra and their respective neural arches),
though closely associated. Vertebrae from all regions of the
axial skeleton are preserved. Overall, all vertebral centra
are anteroposteriorly longer than dorsoventrally high (mea-
sured to the top of the articular facets) and dorsoventrally
higher than lateromedially wide (see Tables 1-3). All verte-
bral centra have longitudinally concave and dorsoventrally
convex lateral surfeces. This “spool-shaped” morphology
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is a condition widely distributed within Archosauria, as
seen in avemetatarsalians like Teleocrater rhadinus (Nesbitt
et al. 2018), Silesaurus opolensis (Dzik 2003), Lewisuchus
admixtus (Romer 1972; Bittencourt et al. 2015), Eoraptor
lunensis (Sereno et al. 1993, 2012) and Eodromeus murphi
(Martinez et al. 2011), among others; as well as in pseu-
dosuchians like Gracilisuchus stipanicicorum (Lecuona et
al. 2017), Ticinosuchus ferox (Krebs 1965; Lautenschlager
and Desojo 2011), Xilousuchus sapingensis (Nesbitt et al.
2010a), Sillosuchus longicervix (Alcober and Parrish 1997)
and Trialestes romeri (Lecuona et al. 2016), among others.
Cervical vertebrae: The preserved cervical vertebrae
(C) include a nearly complete axis articulated with an al-
most complete third cervical vertebra, an isolated complete
anterior cervical vertebra and two incomplete and partially
articulated anterior cervical vertebrae (Figs. 2—4). As the
latter three vertebrae are not articulated with the third cer-
vical vertebra, their placement within the cervical series
was interpreted based on the relative position of the para-
pophyses and diapophyses on the centra and neural arches,
respectively, and compared to other well-known archosaurs
that preserve some of all of the cervical region (see bel-
low). In the isolated cervical vertebra, the parapophyses are
placed on the anteroventral margin of the centrum while
the diapophyses are placed on the anteroventral margin of
the neural arch, bordering the anterior articular facet of the
centrum, as indicated by the position of the capitulum and
tuberculum of the rib, respectively (Fig. 3). Of the other
two incomplete and partially articulated cervical vertebrae,
only the posterior-most vertebra preserves its corresponding
parapophyses and diapophyses. These structures are also
located on the anteroventral margin of the centrum and
neural arch, respectively (Fig. 4). The relatively anterior
and ventral location of the parapophyses and diapophyses

Table 1. Selected measurements (in mm) of the cervical vertebrae (C3—C6) of Incertovenator longicollum (PVSJ 397). All measurements are the
maximum measurable. [ ] estimated measurement; * incomplete element; || an element (e.g., a vertebral centrum) that is not completely preserved

(e.g., in anteroposterior length) but was measured nontheless.

Axis C3 C4 Cs C6
Centrum length 20.7* 36.0* || [40.0] 35.7*% | [37.0] 17.4%* 28.8%*
Centrum length/height ratio 1.66* 2.69% || [2.98] 2.88% || [2.98] 1.28%* 2.01%
Maximum height 31.2 20.1% 335 - -

. . height - — 12.4 - 14.3
Anterior articular facet width - - 10.0 - 122
Posterior articular facet height 12.5 134 — 13.6 —

width 10.6 11.7 7.4% ] [10.6] 11.4 —
Neural arch length 10.3* ]| [30.6] 26.9 353 - -
Neural spine length 31.6 — 27.0 22.4%* 19.2

height 17.0 — 11.2 13.0 [10.6]
Neural spine length/height ratio 1.86 - 2.41 1.72% 1.81
Prezygapophyses length - 18.9 19.0 - 17.9
Postzygapophyses length 13.1 - 21.0 22.3 -

. heigth - 6.3 4.7 - -
Anterior neural canal width - 46 13 - -

. height [5.2] 6.9 - - -
Posterior neural canal width [2.2] 45 - - -
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Fig. 3. Photograph (A;) and interpretative drawing (A,) of isolated anterior
cervical vertebra of the archosauriform Incertovenator longicollum gen.
et sp. nov. (PVSJ 397) from Ischigualasto Formation (Carnian—Norian),
Hoyada de Ischigualasto, Argentina; in right lateral view. Grey coloring rep-
resents broken bones and other fragments. Arrow indicates anterior direction.

for the latter three vertebrae suggests that these vertebrae
most likely correspond to the anterior-to-middle portion of
the cervical region (C1-C6). A similar cervical morpho-
logy is frequent within Archosauria and can be observed
in taxa such as Teleocrater rhadinus (Nesbitt et al. 2018),
Yarasuchus deccanensis (Sen 2005), Spondylosoma ab-
sconditum (Huene 1942; Galton 2000), Silesaurus opolensis
(Dzik 2003), Xilousuchus sapingensis, IVPP V 6026, (Wu
1981; JML personal observation) Hesperosuchus agilis,
AMNH 6758, (Colbert 1952), Dibothrosuchus elaphros (Wu
and Chatterjee 1993) and Terrestrisuchus gracilis (Crush
1984). Nevertheless, the exact topological location of the
three posteriormost anterior-to-middle cervical vertebrae of
Incertovenator longicollum gen. et sp. nov. cannot be confi-
dently determined because there is no discernible difference
in the position of either the parapophyses or the diapophyses
between two of these vertebrae (Figs. 3, 4).

The axis is well preserved and only lacks the odontoid
process and the anterior half of the vertebral centrum and
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neural arch (Fig. 2). The centrum is dorsoventrally higher
than mediolaterally broad and, although the vertebra lacks
the anterior half of the centrum and neural arch, the antero-
posterior extent of the neural spine and its well developed
ventral base for articulation with the neural arch suggest
that the centrum is anteroposteriorly longer than dorsoven-
trally tall. This axial morphology is widely spread across
Archosauria but contrasts with most non-crocodylomorph
loricatans where the axial centrum is dorsoventrally higher
than anteroposteriorly long (e.g., Saurosuchus galilei,
Trotteyn et al. 2011; Batrachotomus kupferzellensis, Gower
and Schoch 2009; Fasolasuchus tenax, Bonaparte 1981;
Postosuchus kirkpatricki, TTU-P 9235, Weinbaum 2013),
with the notable exceptions of Mandasuchus tanyauchen
(Butler et al. 2018) and Polonosuchus silesiacus (Sulej 2005).
The ventral surface of the centrum bears a well-developed
midline keel that runs along the preserved length of the cen-
trum (Fig. 2A3, A4), a condition also observed in avemeta-
tarsalians, such as Teleocrater rhadinus (Nesbitt et al. 2018),
Yarasuchus deccanensis (Sen 2005), Lewisuchus admixtus
(Bittencourt et al. 2015) and Silesaurus opolensis (Dzik
2003), but also in other pseudosuchians as Gracilisuchus
stipanicicorum (Lecuona et al. 2017), Arizonasaurus bab-
bitti (Nesbitt 2005), Xilousuchus sapingensis (Nesbitt et
al. 2010a), Mandasuchus tanyauchen (Butler et al. 2018),
Dibothrosuchus elaphros (Wu and Chatterjee 1993) and
Pseudhesperosuchus jachaleri (Bonaparte 1971). A distinct
shallow fossa is located on the lateral surface of the cen-
trum, just ventral to the inferred position of the neurocen-
tral suture. This fossa is dorsally and ventrally bounded by
two low ridges that are parallel at mid-centrum length but
slightly diverge posteriorly where they reach the border of
the posterior articular facet (Fig. 2A;, Ajz). Similar shal-
low fossae are present on the axial centrum of Teleocrater
rhadinus (Nesbitt et al. 2018), Lewisuchus admixtus (Bit-
tencourt et al. 2015), Silesaurus opolensis (Dzik 2003),
Arizonasaurus babbitti (Nesbitt 2005), Dibothrosuchus ela-
phros (Wu and Chatterjee 1993) and Pseudhesperosuchus
Jjachaleri (Bonaparte 1971). The absence of the anterior half
of the centrum precludes determining the point of origin of
these ridges. The posterior articular facet of the axial cen-
trum is anterodorsally slanted in lateral view (Fig. 2) and
slightly lateromedially compressed, having an oval shape.
The posterior neural arch pedicels of the axis are as high
as the centrum and they extend posteriorly contacting the
border of the posterior articular facet. The neural canal is
small in diameter and elliptical in shape, with the dorsoven-
tral axis longer than the mediolateral axis. The postzyga-
pophyses are long, extending posteriorly as far as the margin
of the posterior articular facet. The postzygapophyseal artic-
ular facets are ventrolaterally directed, forming an angle of
approximately 30° with the horizontal. There is no evidence
of epipophyses. The axial neural spine is anteroposteriorly
long and is as dorsoventrally high as the centrum (Table 1).
The neural spine extends posteriorly as far as the level of
the postzygapophyses. In lateral view, the dorsal margin of
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neural spine is dorsally convex and slopes anteroventrally
forming an arch that ends at the same dorsoventral level
as the base of the postzygapophyses (Fig. 2). The posterior
margin of the axial neural spine is directed posterodorsally
forming an acute angle with the dorsal margin. This mor-
phology 1is strikingly similar to the axial neural spine of
Lewisuchus admixtus (Bittencourt et al. 2015), where the
anterior height of the neural spine is nearly equivalent to the
posterior height. It also resembles the axial neural spines of
the pseudosuchians Erpetosuchus granti (Benton and Walker
2002), Ticinosuchus ferox (Krebs 1965), and Mandasuchus
tanyauchen (Butler et al. 2018). Among avemetatarsalians,
the presence of a neural spine with a convex dorsal mar-
gin is present in Silesaurus opolensis (Dzik 2003), and in
Marasuchus lilloensis (PVL 3870) and Coelophysis bauri, as
reported by Nesbitt (2011). In ventral view, the anterior half
of the base of the axial neural spine of . longicollum gen. et
sp. nov. is expanded mediolaterally.

The third cervical vertebra only lacks the neural spine
and the distal portion of the postzygapophyses. The verte-
bra is in articulation with its left cervical rib (see descrip-
tion below) and with the axis (Fig. 2). The anterior portion
of the vertebral centrum is poorly preserved, lacking the
anterior articular facet. Moreover, the entire neural arch is
anteroventrally displaced by post mortem crushing. In ven-
tral view, the centrum bears two low paramedian ridges,
but these are only distinguishable along the posterior half of
the centrum. Between these ridges there is a faint and less
developed midline crest. The presence of paramedian ridges
or secondary posterior ventral keels on the cervical vertebrae
is reported for Teleocrater rhadinus (Nesbitt et al. 2018),
Yarasuchus deccanensis (Sen 2005) and in some cervicals of
Arizonasaurus babbitti (Nesbitt 2005). As in the axial cen-
trum, there is a distinct shallow fossa ventral to the inferred
position of the neurocentral suture that is bounded by two
low ridges (Fig. 2A,, A4). These ridges originate at the base
of the parapophysis and diapophysis, respectively, and run
from the anteroposterior midpoint of the centrum to the pos-
terior articular rim. Based on their origin they can be inter-
preted as incipiently developed posterior centrodiapophyseal
and posterior centroparapophyseal laminae (sensu Wilson
1999). A similar development of these ridges is present in
avemetatarsalians (e.g., Teleocrater rhadinus, Nesbitt el al.
2018; Yarasuchus deccanensis, Sen 2005; Asilisaurus kon-
gwe, Nesbitt et al. 2010b; Silesaurus opolensis, Dzik 2003;
Lewisuchus admixtus, Bittencourt et al. 2015) and in pseu-
dosuchians (e.g., Gracilisuchus stipanicicorum, Lecuona et
al. 2017; Arizonasaurus babbitti, Nesbitt 2005; Xilousuchus
sapingensis, Nesbitt et al. 2010a; Mandasuchus tanyauchen,
Butler et al. 2018; holotype of Hesperosuchus agilis, Colbert
1952, and the crocodylomorph UCMP 12947, Parrish 1993).
Due to crushing and displacement of the neural arch, the
left parapophysis and diapophysis are artificially placed on
a more ventral position on the anterior half of the vertebral
centrum and they are covered by the articular heads of the rib
(Fig. 2A4, Ay), preventing further description of these struc-
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Fig. 4. Photograph (A ) and interpretative drawing (A,) of articulated pair of
anterior cervical vertebrae of the archosauriform Incertovenator longicollum
gen. et sp. nov. (PVSJ 397) from Ischigualasto Formation (Carnian—Norian),
Hoyada de Ischigualasto, Argentina; in right lateral view. Posterior view of
neural spine detailed in inset (stippled lines). Grey coloring represents bro-
ken bones and other fragments. Arrow indicates anterior direction.

tures. The right parapophysis and diapophysis are poorly
preserved and shifted to a more dorsal position as a result
of the deformation mentioned above. The posterior central
articular facet is anterodorsally slanted in lateral view and
slightly compressed lateromedially, possessing an oval out-
line in posterior view.

The anteroventral displacement of the neural arch pre-
cludes an adequate preservation of its pedicels. In posterior
view, the neural canal is elliptical, with the dorsoventral axis
longer than the mediolateral axis. The prezygapophyses are



516

relatively long, approximately half of the centrum length,
and are horizontally and anteriorly projected, markedly ex-
ceeding the anterior margin of the centrum to contact the
axial postzygapophyses (Fig. 2). The prezygapophyseal ar-
ticular facets are broad and dorsomedially oriented at an
angle of approximately 45° with the horizontal. The bases of
the postzygapophyses are subtriangular, relatively long, and
horizontally projected posteriorly. Their posterior extension
cannot be determined because the distal portions are not
preserved.

The isolated cervical vertebra is almost complete, only
missing the distal portion of the left prezygapophysis and
the posterior articular facet, although a portion of the right-
lateral border of the posterior articular facet is still visible
(Fig. 3). The preservation of its left lateral side is poor be-
cause the vertebra is crushed and several rib fragments
cover part of the neural arch and spine. As in the third cer-
vical vertebra, the centrum is anteroposteriorly elongated,
being almost three times longer than high (Table 1). The
centrum is mediolaterally compressed and bears a well-
developed midline ridge on its ventral surface (Fig. 3). As
mentioned before, the parapophyses and diapophyses are
placed on the anteroventral side of the centrum and neural
arch, respectively. These structures are articulated with the
corresponding tuberculum and capitulum of the rib, delim-
iting a vertebrocostal canal. The anterior placement of the
parapophyses and diapophyses suggests that the vertebra
belongs to the anterior-to-middle region of the cervical se-
ries (C1-C6). As in the previous vertebrae, the vertebral
centrum has a shallow fossa on its lateral surface delimited
by the two low posterior centrodiapophyseal and posterior
centroparapophyseal laminae (Fig. 3A,). These ridges run
posteriorly and contact the border of the posterior articular
facet. The anterior articular facet is vertically oriented, is
subequal in height and width and has a subcircular outline.

The neural arch of the isolated vertebra is mostly disar-
ticulated from the centrum, but remains closely associated.
As mentioned before, this separation is interpreted as a
consequence of post-depositional crushing rather than an
open neurocentral suture, because in the axis and the third
cervical vertebra this suture is closed. The neural arch pedi-
cels are dorsoventrally low and anteroposteriorly long, con-
tacting the rim of both anterior and posterior central articu-
lar facets. The prezygapophyses are approximately half the
length of the centrum, they project anterodorsally, are sub-
parallel to each other, and exceed the anterior centrum mar-
gin. The prezygapophyseal articular facets are broad and
dorsomedially oriented, forming an angle of approximately
30° with the horizontal. The postzygapophyses are long and
extend beyond the posterior margin of the centrum. The
postzygapophyseal articular facets are ventrolaterally di-
rected, forming an angle of approximately 20° with the hori-
zontal. These articular facets are hidden below the prezyga-
pophyses of the following vertebra. Epipophyses are absent
from this vertebra. The neural spine is anteroposteriorly
long and dorsoventrally short, being more than two times
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longer than high (Table 1). This ratio is very unusual within
Archosauria, except for the anterior-to-middle cervical ver-
tebrae of Qianosuchus mixtus where the proportion ranges
approximately from 2.0 to 2.5 (Li et al. 2006). Similar ratios,
but less than two times longer than high, are observed for
the aphanosaurians Teleocrater rhadinus (1.07-1.58; Nesbitt
et al. 2017, 2018), Yarasuchus deccanensis (1.40—1.50; Sen
2005; Nesbitt et al. 2017) and Spondylosoma absconditum
(1.34; Galton 2000; Nesbitt et al. 2017); and for the loricat-
ans Mandasuchus tanyauchen (1.37-1.81; Butler et al. 2018)
and Trialestes romeri (1.20; Lecuona et al. 2016). The ante-
rior margin of the neural spine slants anterodorsally from its
base forming an anterior overhang, giving the neural spine
a trapezoidal outline in lateral view (Fig. 3A,). This mor-
phology is also present in the aphanosaurians 7eleocrater
rhadinus (Nesbitt et al. 2018), Yarasuchus deccanensis (Sen
2005), and Spondylosoma absconditum (Galton 2000); but
also in the poposauroids Qianosuchus mixtus (Li et al. 2006)
and Xilousuchus sapingensis (Nesbitt et al. 2010a), and the
early diverging loricatan Mandasuchus tanyauchen (Butler
et al. 2018). The distal end of the neural spine has a slight
lateromedially rounded expansion with a rugose texture that
ends on an almost flat dorsal margin (Fig. 3A,). This con-
dition is not interpreted as a true “spine table” in which the
distal lateral expansion of the neural spine has an oval or a
triangular shape in dorsal view (Nesbitt 2011). Typical spine
tables are present in Mandasuchus tanyauchen (Butler et
al. 2018), Saurosuchus galilei (Trotteyn et al. 2011), and
Batrachotomus kupferzellensis (Gower and Schoch 2009).
Nevertheless, the distal lateromedial expansion and rugose
texture in the neural spine of 1. longicollum gen. et sp. nov.
resembles the condition of Teleocrater rhadinus (Nesbitt
et al. 2018), Yarasuchus deccanensis (Sen 2005), Spon-
dylosoma absconditum (Galton 2000) and Xilousuchus sa-
pingensis (Nesbitt et al. 2010a).

The remaining cervical vertebrae include a set of two
partially articulated and partially complete vertebrae (Fig. 4).
These vertebrae are poorly preserved, because parts of the
neural arches are broken and displaced, and the centra are
mediolaterally compressed. As in the isolated cervical verte-
bra, the right lateral view is the most informative because the
left side is hidden by several rib fragments. The anterior ver-
tebra of this set has preserved the posterior half of the cen-
trum, both postzygapophyses and an almost complete neural
spine. The ventral surface of the centrum bears a well-de-
fined midline ridge and its lateral surface has a shallow fossa,
similar to those of the previously described vertebrae (Fig.
4A,). The posterior articular surface anterodorsally slanted
and has an elliptical outline in posterior view. The preserved
postzygapophyses are notably long as in the other cervical
vertebrae (Table 1). Epipophyses are absent from this ver-
tebra. The neural spine lacks its anteriormost portion, but
is dorsoventrally complete. As in the previously described
isolated cervical vertebra, the neural spine is anteroposte-
riorly long, dorsoventrally short, and has a slight laterome-
dially rounded expansion with a rugose texture that ends on
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Fig. 5. Photograph (A,) and interpretative drawing (A,) of the articulated series of dorsal vertebrae (D6-D10) of the archosauriform Incertovenator
longicollum gen. et sp. nov. (PVSJ 397) from Ischigualasto Formation (Carnian—Norian), Hoyada de Ischigualasto, Argentina; in right lateral view. Gray
coloring represents broken bones and sediment. Arrow indicates anterior direction.

an almost flat dorsal margin (Fig. 4A,). The posterior-most
vertebra of the set preserves the anterior half of the centrum,
the right prezygapophysis and a complete neural spine. The
centrum has a midline ridge on its ventral surface similar to
the ones present in the more anterior cervical vertebrae (Fig.
4A,). The right diapophysis and parapophysis are placed on
the anteroventral part of the neural arch and on the anterior
portion of the centrum, respectively. These structures are
separated from each other by approximately four millime-
ters. Their anterior and ventral location on the neural arch
and centrum suggest these two vertebrae most likely corre-
spond to the anterior-to-middle portion of the cervical series.
As in the previous vertebrae, the horizontally oriented pos-
terior centrodiapophyseal and posterior centroparapophyseal
laminae delimit a fossa, which is deeper than in the preced-
ing vertebrae (Fig. 4A,). The lateral fossa becomes deeper
beneath the posterior centrodiapophyseal ridge, forming a
pit-like space. The right prezygapophysis is detached from
the centrum and nearly touching the preceding right postzy-
gapophysis. The neural spine is isolated from the rest of the
vertebra. The neural spine is anteroposteriorly shorter than
in the previously described cervical vertebrae (length/height
ratio of approximately 1.8, Table 1). It has a lateromedially

rounded expansion with a rugose texture at its distal tip that
ends on an almost flat dorsal margin. Contrasting with the
other cervicals, the lateromedial expansion is slightly more
developed, especially at the anteriormost and posteriormost
ends of the neural spine. The dorsal margin of the neural
spine projects anteriorly forming an anterior overhang giving
it a trapezoidal outline in lateral view (Fig. 4).

Cervical rib: A single left cervical rib (Fig. 2) is pre-
served in articulation with the third cervical vertebrae. This
rib is relatively anteroposteriorly short, only slightly longer
than the vertebral centrum, and is oriented parallel to the
longitudinal axis of the centrum. This general morphology is
similar to those of most pseudosuchians (e.g., Gracilisuchus
stipanicicorum, Lecuona et al. 2017; Ticinosuchus ferox,
Krebs 1965; Mandasuchus tanyauchen, Butler et al. 2018;
Postosuchus alisonae, Peyer et al. 2008; Sphenosuchus acu-
tus, Walker 1990; Dibothrosuchus elaphros, Wu and Chat-
terjee 1993; Trialestes romeri, Lecuona et al. 2016) but con-
trasts with the long and slender morphology of poposauroids
(e.g., Qianosuchus mixtus, Li et al. 2006; Xilousuchus sapin-
gensis, Nesbitt et al. 2010a) and most ornithodirans (e.g.,
Lewisuchus admixtus, Romer 1972; Silesaurus opolensis,
Dzik 2003; Eoraptor lunensis, Sereno et al. 2012; Coelo-



518

ACTA PALAEONTOLOGICA POLONICA 66 (3), 2021

Table 2. Selected measurements (in mm) of the dorsal vertebrae (D6-D15) of Incertovenator longicollum (PVSJ 397). All measurements are the
maximum measurable. [ ] estimated measurement; * incomplete element; || an element (e.g., a vertebral centrum) that is not completely preserved

(e.g., in anteroposterior length) but was measured nontheless.

‘ D6 D7 D8 D9 | D10 | DIl D12 | D13 | D14 | DI5
Centrum length 22.6 22.9 21.2 248 | 274 | 22.1 18.1 21.0 | 204 | 12.4*
Centrum length/height ratio - 1.94 1.59 1.94 | 238 | 1.44 1.55 1.71 | 149 —
Maximum height 30.3* 34.5 35.1 35.1 | 33.7 | 352 32.7 | 34.8 | 28.3* | 355
Anterior articular facet height 11.8 11.3 12.3 150 | 13.7 154 | [10.5] | 12.3 11.7 15.7
width 9.3 11.2 11.4 109 | 94 | 6.9* [8.8] | [8.5] | 11.3 14.2
Posterior articular facet height 12.4 11.8 13.3 128 | 11.5 | [10.2] | 11.7 12.3 | 13.7 -
width [9.3] 11.5 | 8.8*|[10.1]| 10.5 | 11.1 8.8 [8.5] 11.1 | 12.0 —
Neural arch length 10.2* || [20.2]| 22.0 22.3 229 | 237 | 23.1 | [17.6] | 20.1 | 18.8 —
length 14.3* 17.4 19.9 17.2 | 13.5 | 193 | [20.7] | 18.2 - 14.6*
height - 11.8 12.1 12.1 | 13.0 | 14.0 13.8 15.0 | 9.0 | 15.0
:;E;al length/height ratio - 1.47 1.64 142 | 1.04 | 138 | [1.50] | 121 | - -
blade width - 1.96 2.08 - - - - 2.47 - -
distal lateromedial expansion width - 3.16 3.03 — — — — 3.21 — —
Prezygapophyses length - 11.2 11.2 104 | 11.6 9.7 10.4 10.3 8.7 9.6
Postzygapophyses length - 9.6 9.4 9.3 8.1 10.5 10.3 10.6 | [10.8] —

. heigth - - - - - - — - - [4.81]
Anterior neural canal width — - - — - - - — — 3.7]
Posterior neural canal he}gth - - - - - - — — — —

width - - - - - - - - - -

physis bauri, Colbert 1989). The tuberculum is slightly lon-
ger than the capitulum, and the two processes merge ventro-
laterally with the rib shaft delimiting a vertebrocostal canal.
The proximalmost part of both the tuberculum and capitu-
lum is anteroposteriorly expanded with respect to the rest of
the process. The rib bears a relatively long anterior process,
representing approximately 20% of the total rib length, that
projects anteriorly reaching the level of the posterior mar-
gin of the axis (Fig. 2A3). Similar processes are found in
suchians such as Gracilisuchus stipanicicorum (Lecuona
et al. 2017), Ticinosuchus ferox (Krebs 1965), Xilousuchus
sapingensis (Nesbitt et el. 2011), Mandasuchus tanyauchen
(Butler et al. 2018), Hesperosuchus agilis (Colbert 1952)
and Trialestes romeri (Lecuona et al. 2016), among others;
whereas in avemetarsalians are present in Teleocrater rhad-
inus (Nesbitt et al. 2018), Eoraptor lunensis (Sereno et al.
2012) and Coelophysis bauri (Colbert 1989). The posterior
process of the rib is thin and its medial surface is dorso-
ventrally concave, giving it a C-shaped cross-section. This
process extends posteriorly exceeding the posterior margin
of the vertebral centrum.

Dorsal vertebrae: The preserved dorsal vertebrae (D)
consist of an articulated series of ten vertebrae, interpreted
ranging from D5/D6 to D14/DI15 (see below; Fig. 5). The
first and last vertebrae of this series are poorly preserved.
D5/D6 lacks the anterior portion of the neural arch and its
neural spine; whereas D14/D15 lacks the posterior half. The
other vertebrae are complete and relatively well preserved,
although some of them have considerable superficial weath-
ering. Additionally, some articulated dorsal ribs are fragmen-
tarily preserved. To simplify anatomical description of the
series, the anteriormost vertebra will be considered as D6

and, therefore, the posteriormost vertebra as D15. The relative
placement of the dorsal series within the axial skeleton was
primarily determined based on the position of the parapoph-
yses with respect to the inferred position of the neurocentral
suture and diapophyses. The preserved dorsal vertebrae do
not exhibit a migration of the parapophyses from the vertebral
centrum to the neural arch, a feature only observed between
the posterior cervicals and the anterior dorsal vertebrae in
extant crocodilians and many crocodyliforms (Hoffstetter
and Gasc 1968; Pol et al. 2012; Leardi et al. 2015), as well as
in other archosaurs (7eleocrater rhadinus, Marasuchus lillo-
ensis, Lewisuchus admixtus, Gracilisuchus stipanicicorum,
Mandasuchus tanyauchuen, Batrachotomus kupferzellensis,
Dibothrosuchus elaphros). Furthermore, D7 possesses its
parapophyses well on the neural arch, nearly contacting the
diapophyses, whereas already in D11 the apophyses are fused
forming a single articular surface. Therefore, we interpreted
the preserved series as ranging from the middle dorsal verte-
brae to the posterior dorsal vertebrae.

Dorsal vertebral centra are anteroposteriorly shorter than
cervical centra: the longest dorsal centrum of the series (D10)
is approximately 25% shorter than the longest cervical cen-
trum (C4; Tables 1, 2). The middle dorsal centra are anteropos-
teriorly longer than, or similar in length to, the anterior cervi-
cal centra in pseudosuchians such as Riojasuchus tenuiceps
(Bonaparte 1971; Baczko and Ezcurra 2013), Saurosuchus
galilei (Sill 1974; Trotteyn et al. 2011) and Batrachotomus
kupferzellensis (Gower and Schoch 2009); whereas in oth-
ers such as Gracilisuchus stipanicicorum (Lecuona 2013;
Lecuona et al. 2017), Arizonasaurus babbitti (Nesbitt 2005),
Effigia okeeffeae (Nesbitt 2007), Mandasuchus tanyauchen
(Butler et al. 2018) Hesperosuchus agilis (Colbert 1952) and
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Trialestes romeri (Lecuona et al. 2016) the middle dorsal
centra are anteroposteriorly shorter than the anterior cervical
centra, similar to the condition observed in /. longicollum
gen. et sp. nov. In L. longicollum gen. et sp. nov., all dorsal
centra are anteroposteriorly longer than dorsoventrally high,
with length/height ratios ranging from 1.44 to 2.38 along
the entire series (Fig. 5; Table 2), similar to Mandasuchus
tanyauchen and Ticinosuchus ferox. All dorsal centra are
dorsoventrally higher than mediolaterally wide. This condi-
tion is similar to the one observed in Riojasuchus tenuiceps
(Bonaparte 1971), Saurosuchus galilei (Trotteyn et al. 2011),
Dibothrosuchus elaphros (Wu and Chatterjee 1993) and
Alligator mississippiensis (Mook 1921), but contrasts with
the condition in the poposauroids Sillosuchus longicervix
(Alcober and Parrish 1997) and Effigia okeeffeae (Nesbitt
2007), in which the dorsal centra are mediolaterally wider
than dorsoventrally high. Dorsal centra of 1. longicollum gen.
et sp. nov. are amphicoelous, with dorsoventrally higher than
wide articular facets. In lateral view, the anterior and poste-
rior articular facets are vertical, and the ventral surfaces of
the centra are concave (Fig. 5). Contrasting with the condi-
tion described for the cervical centra, there are no depres-
sions or fossae on the lateral surfaces of the dorsal centra. In
ventral view, dorsal centra are strongly compressed so that
they are very narrow at their midpoints (ranging approxi-
mately 3—5 mm). Ventral ridges or keels are absent from the
ventral surfaces of the centra. Along the dorsal series there
is a progressive increase in the anteroposterior length of the
vertebral centra, starting from the anteriormost vertebra and
reaching a maximum in the D10, followed by a progressive
decrease in anteroposterior length towards the posterior end
of the series (Fig. 5; Table 2). There are no remains of isolated
parapophyses in the preserved dorsal centra, indicating that
the fusion with the diapophyses took place in the preceding
dorsal vertebrae.

The neural canal morphology can only be determined
in D15, where it is elliptical in shape, with the dorsoven-
tral axis being longer than the mediolateral one. In lateral
view, the prezygapophyses are anteriorly or slightly antero-
dorsally projected, forming an angle of approximately 30°
with the horizontal (Figs. 5, 6). In D7, the prezygapophyses
lie in the same horizontal plane as the transverse process
(Fig. 6), whereas in D13 they extend further dorsally than
the diapophyses. In all dorsal vertebrae, the prezygapoph-
yses project a short distance beyond the anterior margin of
the centrum (Fig. 6) and have a subtriangular cross-section.
The articular surfaces of the prezygapophyses have an ovate
outline in dorsal view. These surfaces are flat and are in-
clined only slightly medially. There are no distinct prezygo-
diapophyseal or anterior centrodiapophyseal laminae on the
preserved vertebrae.

In all dorsal vertebrae, the transverse processes project
laterally in dorsal view and almost horizontally in ante-
rior view. They have a subrectangular cross-section that is
dorsally convex in lateral view. The posteroventral margin
of the transverse processes supports a posterior centrodia-
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Fig. 6. Photographs of selected dorsal vertebraec (D6-D8) of the archo-
sauriform Incertovenator longicollum gen. et sp. nov. (PVSJ 397) from
Ischigualasto Formation (Carnian—Norian), Hoyada de Ischigualasto,
Argentina; in right (A ) and left (A,) lateral views. Arrows indicate anterior
direction.

pophyseal lamina, which forms the posterodorsal margin of
a subtriangular, ventrally open centrodiapophyseal fossa,
and the anteroventral margin of a small, shallow, poste-
riorly open postzygapophyseal—-centrodiapophyseal fossa.
These structures can be better appreciated in D11-D13 ver-
tebrae, where there is less superficial weathering of the bone
(Fig. 5A,). The posterior margins of the diapophyses are
linked to the ventral margins of the postzygapophyses by a
well-developed postzygodiapophyseal lamina, which forms
the dorsal border of the postzygapophyseal—centrodiapoph-
yseal fossa. The postzygapophyses project shortly beyond
the posterior margin of the centra. The articular surfaces of
the postzygapophyses face ventrally, or slightly ventrolat-
erally, they are ovate in outline in ventral view and slightly
concave. There are no hyposphene—hypantrum accessory
articulations present in these vertebrae.

The neural spines are anteroposteriorly long, but relatively
dorsoventrally low, approximately as high as the dorsal centra
(Figs. 5, 6; Table 2), similar to the morphology of the cervi-
cal neural spines. The presence of dorsoventrally low neural
spines in I longicollum gen. et sp. nov. contrasts with the
condition observed in some aphanosaurians (e.g., Teleocrater
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Fig. 7. Photograph of articulated series of sacral vertebrae (S1, S2) and anterior caudal vertebrac (Cal—Ca5) of the archosauriform Incertovenator lon-
gicollum gen. et sp. nov. (PVSJ 397) from Ischigualasto Formation (Carnian—Norian), Hoyada de Ischigualasto, Argentina; in right lateral view. Arrow

indicates anterior direction.

rhadinus, Nesbitt et al. 2018; Yarasuchus deccanensis, Sen
2005), gracilisuchids (e.g., Gracilisuchus stipanicicorum,
Lecuona et al. 2017), poposauroids (e.g., Qianosuchus mix-
tus, Li et al. 2006; Arizonasaurus babbitti, Nesbitt 2005;
Xilousuchus sapingensis, Nesbitt et al. 2010a), and loricatans
(e.g., Batrachotomus kupferzellensis, Gower and Schoch 2009;
Postosuchus kirkpatricki, Weinbaum 2013; Dromicosuchus
grallator, Sues et al. 2003), in which the dorsal neural spines
are dorsoventrally taller than anteroposteriorly long; but
is similar to some dinosauromorphs (e.g., Marasuchus lil-
loensis, Sereno and Arcucci 1994b; Lewisuchus admixtus,
Bittencourt et al. 2015), crocodylomorphs (e.g., Trialestes
romeri, Lecuona et al. 2016; Terrestrisuchus gracilis, Crush
1984) and the loricatan Mandasuchus tanyauchen (Butler et
al. 2018). In lateral view, the neural spines form a trapezoidal
plate that extends dorsally without any anterior or posterior
inclination of its dorsoventral axis (Fig. 6). In lateral view,
the anterior margins of the neural spines are straight, whereas
the posterior and dorsal margins are gently curved. The an-
terior and posterior margins diverge as they extend dorsally.
Along the dorsal series, the posterior margin of the neural
spines becomes progressively more excavated towards the
posteriormost vertebrae (Fig. 5). The curvature of the pos-
terior margin produces an overhang of the posterodorsal tip
of the neural spine that does not extend beyond the posterior
margin of the vertebra (Figs. 5, 6). In anterior view, the neural
spine is mediolaterally thin (less than 2 mm wide), but at its
distal end it forms a rounded lateromedial expansion (Fig. 6).
This lateromedial expansion is not, however, as prominent
as those of Parringtonia gracilis (Nesbitt and Butler 2013),
Nundasuchus songeaensis (Nesbitt et al. 2014), Mandasuchus
tanyauchen (Butler et al. 2018), or Batrachotomus kupferzel-
lensis (Gower and Schoch 2009). In dorsal view, the laterome-
dial expansion of the neural spines possesses a subrectangular
outline, contrasting with the oval or subtriangular outline of
the previously mentioned taxa.

Dorsal rib: The only remains of preserved dorsal ribs are
proximal portions articulated with vertebrae D8 and D12
(Figs. 5A,, 6A;). The articular head of the rib is anteropos-
teriorly long, approximately half the length of the vertebral
centrum, and its posterodorsal end is relatively expanded,

coinciding with the location of the tuberculum. The proxi-
mal portion of the rib shaft is mediolaterally flattened and
subrectangular in cross-section, and it bears a very shallow
dorsoventral groove on its posterior surface that extends
along its entire length. Additionally, there are several mid-
dle-to-distal rib shaft fragments arranged in a parallel fash-
ion that cover the left side of D9 to D13 (Fig. 5). We interpret
these elements as vertebrocostal rib segments of the right
side taphonomically displaced to the left side of the series.
Sacral vertebrae: Two articulated sacral vertebrae (S)
are preserved in Incertovenator longicollum gen. et sp. nov.,
articulated with the caudal series (Figs. 7, 8). Both sacral
vertebrae are mostly complete, lacking the distal portions of
the neural spines and the sacral ribs. Only the proximalmost

groove

first
sacral rib

second

transverse process  sacral rib

Fig. 8. Photograph (A;) and interpretative drawing (A,) of selected sacral (S1,
S2) and caudal vertebrae (Cal, Ca2) of the archosauriform /ncertovenator
longicollum gen. et sp. nov. (PVSJ 397) from Ischigualasto Formation
(Carnian—Norian), Hoyada de Ischigualasto, Argentina; in right {?} view.
Gray coloring represents bone fragments and sediment.
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Table 3. Selected measurements (in mm) of the sacral (S1, S2) and caudal (Cal—Ca5) vertebrae of Incertovenator longicollum (PVSJ 397).

[ ] estimated measurement; * incomplete element.

S1 S2 Cal Ca2 Ca3 Ca4 Ca5
Centrum length 19.3 21.24 18.42 16.30 1545 17.49 17.26
Centrum length/height ratio 1.57 1.58 1.32 1.42 1.22 1.19 [1.18]
Maximum height 33.84 31.44 26.02* 27.78%* 30.27* 28.98%* 29.36
. . height 14.24 [13.93] 12.16 13.02 12.69 [14.27] [14.60]
Anterlor articular facet  F ™ 1027 | 10.80 9.32 1044 | 1370 | 12.98 9.73
Posterior articular facet height 12.29 13.46 13.93 11.48 [14.60] 14.67 -
width 11.09 11.44 11.28 10.27 14.72 12.74 -
Neural arch length 15.10 14.76 16.61 13.15 [12.86] 12.00 -
Neural spine leggth 15.19* 18.07 11.09 9.86 11.22 7.99 10.73
height 15.26* 11.44 6.15* 8.40* 8.78* 12.28* 8.44
Prezygapophyses length 8.22 9.84 8.47 6.45 9.52 8.94 7.36
Postzygapophyses length 6.52 [7.01] 6.18 6.14 3.95 - 7.18

portions of the right sacral ribs were preserved (but see il-
tum description). We infer that /. longicollum gen. et sp. nov.
possesses two sacral vertebrae given that, when articulating
the left ilium with the sacral vertebrae, there is no room to
accommodate an additional vertebra on the medial wall of
the ilium. Additionally, the morphology of the lateral exten-
sions of the sacral ribs and their articular surfaces on the
medial wall of the ilium are in agreement with the method
for identifying the primordial sacral vertebrae proposed by
Nesbitt (2011) (see ilium description). The sacral centra are
clearly not co-ossified (Fig. 8), contrasting with the condi-
tion observed in poposauroids (e.g., Sillosuchus longicervix,
Alcober and Parrish 1993; Effigia okeeffeae, Nesbitt 2007)
and theropods (e.g., Coelophysis bauri, Colbert 1989).

The first primordial sacral centrum is anteroposteriorly
longer than dorsoventrally high, with a length/height ratio
of approximately 1.8 (Fig. 8; Table 3). The centrum is spool-
shaped, with longitudinally concave lateral surfaces. The
lateral surfaces are dorsoventrally convex and merge ven-
trally to form an acute angled border. There are no ventral
midline structures nor evidence of any accessory vertebral
lamina or ridges on the lateral surfaces. The anterior artic-
ular facet of the S1 centrum is mostly flat, or very gently
concave, and subcircular in outline, whereas the posterior
articular facet is obscured by the articulation with the sec-
ond primordial sacral vertebra. The base of the transverse
process extends along much of the dorsoventral height of
the centrum and neural arch pedicel, being restricted to the
anterior half of the vertebra. This process has a subquad-
rangular outline in lateral view, with the ventral surface
slightly longer than the dorsal one, and possesses a poste-
riorly directed concave notch. On the right lateral side, the
transverse process articulates with the proximal-most por-
tion of the first sacral rib (Fig. 8A,), but the preservation of
this structure is poor and precludes further description. The
prezygapophyses project anterodorsally, exceed the anterior
vertebral margin, and their articular facets are medially ori-
ented. The postzygapophyses project posteriorly exceeding
the posterior vertebral margin and their articular facets are
ventrolaterally oriented. The neural spine is relatively long

anteroposteriorly, covering much of the neural arch length,
it is distally incomplete and the preserved portion is dorso-
ventrally as high as the centrum (Fig. 8). The posterior mar-
gin of the neural spine slants anteriorly, whereas the anterior
margin is mostly broken. In posterior view, the neural spine
is blade-like and does not expand towards its distal end.

The second primordial sacral vertebra is similar to S1,
although some differences are noticed. The lateral surface
of S2 centrum is more longitudinally concave than S1, the
transverse processes are located on the neural, arch and
occupy most of the posterior half of the vertebra (Fig. 8).
On the right lateral side, the proximal-most portion of the
second sacral rib is articulating with the transverse process.
The sacral rib is poorly preserved, but its anteriormost por-
tion is dorsoventrally divided by a deep groove, approxi-
mately 3 mm wide, conferring it a “C shaped” cross-section
(Fig. 8A,). The prezygapophyses are more separated from
each other as they diverge anterolaterally, contrasting with
the prezygapophyses of the S1 that are more anteriorly pro-
jected. Finally, the morphology of the neural spine resem-
bles that of the axial neural spine, where the distal margin
is markedly dorsally convex and projects anteroventrally
forming an arch (Fig. 8), nevertheless, this shape could be a
preservational artifact.

Caudal vertebrae: Five articulated caudal vertebrae (Ca)
are preserved in Incertovenator longicollum gen. et sp. nov.
(Fig. 7). An additional centrum fragment is preserved at-
tached to the posterior end of the last preserved caudal but is
anatomically uninformative. The first two caudal vertebrae
(Cal and Ca2) are well preserved and complete, only lacking
the distal tips of their neural spines and transverse processes
(Fig. 8). Ca3 and Ca4 are not as well preserved and their
right lateral sides are covered by several bone fragments that
obscure the vertebral surfaces. Ca5 is markedly compressed
lateromedially and superficially weathered, although it has
a complete neural spine (Fig. 7).

All vertebral centra are anteroposteriorly longer than dor-
soventrally high, and the length/height ratio ranges between
1.4 and 1.2 (Figs. 7, 8; Table 3). This proportion changes
more markedly between the first two caudals (1.3 and 1.4,
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respectively) and between the second and third (after which
the ratio is 1.2 or less). All centra are amphicoelous. The
anterior and posterior articular facets of each centrum are
dorsoventrally higher than mediolaterally wide. Distinct an-
terior chevron facets are absent in all preserved caudal ver-
tebrae. Posterior chevron facets are only present in Ca3 and
Ca4. However, these facets are only exposed in Ca4 because
in Ca3 they are covered by the proximal portions of the chev-
ron. In ventral view, the posterior chevron facets of Ca4 are
beveled anteriorly. Chevrons are not preserved in any of the
caudal vertebrae, with the exception of the small uninforma-
tive fragment attached to the Ca3.

The centra of Cal—Ca4 are spool-shaped with longitu-
dinally concave and dorsoventrally convex lateral surfaces
that merge ventrally forming a smooth curve. The lateral
surfaces of Cal and Ca2 centra are deeply excavated be-
neath the neural arch (Fig. 8). The ventral midline in Cal-
Ca4 lacks keels or grooves.

The transverse process is only partially preserved in
the right side of Ca4. This process is positioned on the
posteroventral corner of the neural arch, is subtriangular in
cross-section and projects posterolaterally. The rest of the
caudal vertebrae only preserve the proximal portion of the
transverse processes. In Cal and Ca2 the proximal portion
of the transverse processes are more anteriorly placed on the
neural arches with respect to the condition in Ca4. These
processes project laterally and slightly posteriorly, and have
a subtriangular cross-section (Fig. 8A,). The prezygapoph-
yses are well preserved in all caudal vertebrae, they are tri-
angular in cross-section and project anterodorsally exceed-
ing the anterior vertebral margins. The articular facets of
the prezygapophyses are dorsomedially oriented, with flat
surfaces and an oval shape in dorsal view. There are no ac-
cessory vertebral laminae or ridges preserved on the lateral
surfaces of the caudal vertebrae. The postzygapophyses are
well preserved in all caudal vertebrae, except for Ca4. The
postzygapophyses are placed on the ventral portion of the
neural spines and project ventrally, and slightly posteriorly,
exceeding their respective posterior vertebral margins. The
articular facets of the postzygapophyses are ventrolaterally
oriented and subcircularly shaped in ventral view.

Caudal neural spines are only partially represented
in this series and it is only completely preserved in Ca5
(Fig. 7). The rest of the neural spines are in varying degrees
of preservation. Cal, Ca2 and Ca3 only preserve the base of
the neural spine; while Ca4 preserves most of it, only lack-
ing the distal tip. The neural spine of Ca5 is blade-like, it is
as dorsoventrally high as the centrum and its dorsoventral
axis is posteriorly slanted. In lateral view, the neural spine of
Ca5 has a subrectangular outline, but its distal tip is rounded
(Fig. 7). The neural spine of Ca4 lacks its distal tip, but is
similar in shape to the neural spine of Ca5, only slightly dor-
soventrally taller. The preserved caudal neural spines lack
an accessory laminar process on the anterior face of the neu-
ral spine observed in taxa like Qianosuchus mixtus (Li et al.
2006; Nesbitt 2011), Polonosuchus silesiacus (Sulej 2005),

ACTA PALAEONTOLOGICA POLONICA 66 (3), 2021

Ticinosuchus ferox (Krebs 1965), and Terrestrisuchus grac-
ilis (Crush 1984). The bases of the neural spines progres-
sively shift their position from a more anterior placement on
the neural arch towards a more posterior one along the cau-
dal series (Fig. 7). Likewise, the anteroposterior length of
the bases of the neural spines becomes progressively shorter
from the first caudal towards the fifth.

Pelvic girdle: The pelvic girdle of Incertovenator longi-
collum gen. et sp. nov. is only represented by an almost com-
plete left ilium (Fig. 9). The ilium was not found articulated
with the sacral vertebrae but was associated with the rest of
the specimen.

Ilium: The ilium is relatively well preserved and lacks
the distal tip of the preacetabular process and a small frag-
ment on the ventralmost portion of the sheet of bone that
connects the ischiadic peduncle with the ventral margin of
the ilium. The ilium is anteroposteriorly elongated due to
the marked extension of the iliac blade.

The iliac blade is as dorsoventrally high as the acetab-
ulum and possesses a slightly concave dorsal margin in
lateral view. The dorsal margin of the iliac blade possesses
a rounded edge. The lateral surface of the iliac blade is
smooth and is gently dorsoventrally convex. The iliac blade
is separated from the acetabulum by a well-developed su-
praacetabular crest that projects laterally, and slightly ven-
trally, forming a deep acetabular roof. In lateral view, the
supraacetabular crest curves anteroventrally reaching the
anteriormost portion of the pubic peduncle (Fig. 9A;, Aj).
This anteroventral development of the supraacetabular crest
resembles the conditions observed in some early crocody-
lomorphs (e.g., Dibothrosuchus elaphros and Trialestes
romeri), but contrasts with the conditions of other early
crocodylomorphs (e.g., Dromicosuchus grallator and Terre-
strisuchus gracilis) in which the supraacetabular crest is
relatively less expanded than in Incertovenator longicollum
gen. et sp. nov. Posteriorly, the supraacetabular crest fades
out dorsal to the end of the ischiadic peduncle. Dorsal to
the supraacetabular crest, there is no development of a dis-
tinct vertical crest as in Teleocrater rhadinus (Nesbitt et al.
2018), Yarasuchus deccanensis (Sen 2005), Asilisaurus kon-
gwe (Nesbitt et al. 2010b), Arizonasaurus babbitti (Nesbitt
2005), Batrachotomus kupferzellensis (Gower and Schoch
2009), Rauisuchus tiradentes (Lautenschlager and Rauhut
2015), or Dromicosuchus grallator (Sues et al. 2003). This
crest is absent in taxa such as Gracilisuchus stipanicico-
rum (Lecuona and Desojo 2011), Turfanosuchus dabanensis
(Wu and Russel 2001), Prestosuchus chiniquensis (UFRGS-
PV-0629-T, Mastrantonio 2010; Liparini and Schultz 2013),
Trialestes romeri (PVL 3889, Lecuona et al. 2016), and
Dibothrosuchus elaphros (Wu and Chatterjee 1993).

The preacetabular process is relatively anteroposteriorly
long, representing approximately 29% (Table 4) of the total il-
iac blade extension (however, this proportion would be larger,
considering that the preacetabular process is incomplete).
Despite lacking its anterior tip, the preacetabular process
projects anteriorly exceeding the anterior acetabular margin.



YANEZ ET AL—LATE TRIASSIC ARCHOSAURIFORM FROM ARGENTINA 523

postacetabular process

o H\/—-/———f

supracetabular crest

acetabulum

ischiadic peduncle

pubic peduncle

brevis shelf

h e, - ., — | |
# /!
~ - B

L first sacral rib
second sacral rib | A
{ N
{ b
Koo b
" N\
e .

Fig. 9. Photographs (A, A,) and interpretative drawings (As, A4) of left ilium of the archosauriform /ncertovenator longicollum gen. et sp. nov. (PVSJ
397) from Ischigualasto Formation (Carnian—Norian), Hoyada de Ischigualasto, Argentina; in lateral (A, A;) and medial (A,, A4) views. Arrows indicate

anterior direction.

Among pseudosuchians, the preacetabular also projects ante-
riorly exceeding the anterior acetabular margin in poposau-
roids (e.g., Poposaurus gracilis, Weinbaum and Hungerbiihler
2007; Effigia okeeffeae, Nesbitt 2007; Sillosuchus longicer-
vix, I'Y personal observation) and crocodylomorphs (e.g., CM
73372, JML personal observation, Dromicosuchus gralla-
tor, Sues et al. 2003; Terrestrisuchus gracilis, Crush 1984).
Among avemetatarsalians, the preacetabular process projects
anteriorly exceeding the anterior acetabular margin only in
pterosaurs (e.g., Dimorphodon macronyx, Hyder et al. 2014;
Eudimorphodon ranzii, Wellnhofer 2003) and dinosaurs (e.g.,
Lesothosaurus diagnosticus, Galton 1978; Coelophysis bauri,
Colbert 1989). In dorsal view, the preacetabular process of 1.
longicollum gen. et sp. nov. is lateromedially narrow, approx-
imately 3 mm wide. In lateral view, the proximal portion of
the preacetabular process is relatively high, almost as high as
the postacetabular process (Fig. 9A,, As; Table 4), resembling
the condition observed in Poposaurus gracilis (TTU-P 10419,
Weinbaum and Hungerbiihler 2007) and Effigia okeeffeae
(Nesbitt 2007). In contrast, the proximal portion of the preac-
etabular process of the crocodylomorphs Terrestrisuchus
gracilis (Crush 1984), Trialestes romeri (Lecuona et al. 2016),
and Dromicosuchus grallator (Sues et al. 2003) is relatively
short compared to the postacetabular process. Additionally,

in lateral view, the proximal portion of the preacetabular pro-
cess is anterodorsally projected, resulting in a concave dorsal
margin of the ilium that resembles the condition observed
in taxa such as Poposaurus gracilis (“dorsal kink” sensu
Parker and Nesbitt 2013; Weinbaum and Hungerbiihler 2007),

Table 4. Selected measurements (in mm) of the left ilium of Incertove-
nator longicollum (PVS] 397). * incomplete element.

Length 86.5%
Maximum height 44.6
[liac blade height (dorsal to acetabulum) 15.7
Length of the preacetabular process 25.2%
Height of preacetabular process (proximal portion) 19.2
Length of the postacetabular process 343
Height of postacetabular process (proximal portion) 21.4
Width of the posterior end of the postacetabular process 12.6
Acetabular length 33.1
Acetabular height 20.8
Acetabular depth 11.7
Supraacetabular crest height 6.9
Length of the pubic peduncle 8.2
Depth of the pubic peduncle 5.6
Length of the ischiadic peduncle 12.9
Depth of the ischiadic peduncle 59
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Arizonasaurus babbitti (Nesbitt 2005), and Protosuchus rich-
ardsoni (Colbert and Mook 1951).

The postacetabular process is anteroposteriorly lon-
ger than the preacetabular process, comprising about 39%
of the preserved length of the iliac blade, but considering
that the preacetabular process is incomplete (Table 4). In
lateral view, the postacetabular process projects postero-
dorsally and tapers at the posterior half, producing a long
and rounded distal tip (Fig. 9A,, A3). In dorsal view, the
dorsal margin of the postacetabular process is straight and
mediolaterally narrow (approximately 2.6 mm). In ventral
view, the ventral margin of the postacetabular process is
also straight, but approximately two times wider than its
dorsal margin. In lateral view, the ventral margin of the
postacetabular process forms an obtuse angle with the pos-
terior margin of the ischial peduncle (Fig. 9A;, A;). The
lateral surface of this process is mostly smooth, however,
towards the proximal portion of its dorsal margin, it has a
striated area for the inferred origin site of the M. iliotibialis
(Schachner et al. 2011; Liparini and Schultz 2013). In medial
view, the postacetabular process bears a ventromedially ex-
panded shelf originated approximately at mid-dorsoventral
height and runs parallel to the ventral margin of the postace-
bular process (Fig. 9A,, A,). The shelf has a slightly concave
ventral surface and an almost flat dorsal one.

The medial wall of the ilium bears a thin sheet of bone
that runs from the junction of the preacetabular process and
the pubic peduncle to the anterior half of the postacetabular
process, dorsal to the ventromedially expanded shelf men-
tioned above (Fig. 9A,). We interpret this sheet of bone as
the fragmentary distal remains of the primordial sacral ribs
articulated with the ilium (Fig. 9A,), based on the method
proposed by Nesbitt (2011) for identifying the primordial
sacral vertebrae. A similar morphology of the primordial
sacral ribs is present in taxa that retain the plesiomorphic
condition for Archosauria (see Nesbitt 2011).

The pubic and ischiadic peduncles meet in the posterior
half of the acetabulum at an angle of approximately 140°
forming a triangular ventral margin. A triangular or convex
ventral margin of the acetabulum is present in non-dinosaur
avemetatarsalians (e.g., Teleocrater rhadinus, Yarasuchus
deccanensis, Asilisaurus kongwe, Silesaurus opolensis,
Marasuchus lilloensis) and in most pseudosuchians (e.g.,
Turfanosuchus dabanensis, Arizonasaurus babbitti, Batra-
chotomus kupferzellensis, Postosuchus kirkpatricki, Dro-
micosuchus grallator). On the contrary, the presence of a
concave ventral acetabular margin is present in dinosaurs
(e.g., Lesothosaurus diagnosticus, Coelophysis bauri),
some poposauroids (e.g., Poposaurus gracilis, Effigia okee-
ffeae) and most early crocodylomorphs (e.g., Trialestes
romeri, Dibothrosuchus elaphros, Terrestrisuchus graci-
lis, Protosuchus richardsoni). In lateral view, the anterior
margin of the pubic peduncle is straight and dorsoventrally
higher than the posterior margin of the ischial peduncle
(Fig. 9). The pubic peduncle is anteroposteriorly longer than
the ischiadic peduncle, covering more than half the length
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of the ventral acetabular margin, as in Silesaurus opolensis
and Marasuchus lilloensis. This contrasts with Teleocrater
rhadinus, Yarasuchus deccanensis, Asilisaurus kongwe, and
Arizonasaurus babbitti in which the ischiadic peduncle is
anteroposteriorly longer than the pubic peduncle. In ventral
view, the pubic peduncle broadens towards its anterior end
forming a subquadrangular articular facet. The posterior
margin of the ischiadic peduncle of I longicollum gen. et
sp. nov. is mainly vertical in lateral view and forms a gentle
concavity where it meets the ventral margin of the postace-
tabular process (Fig. 9). This morphology contrasts with that
of the pseudosuchians Poposaurus gracilis, Prestosuchus
chiniquensis, Saurosuchus galilei, Batrachotomus kupfer-
zellensis, Postosuchus kirkpatricki, CM 73372 (JML per-
sonal observation), and Trialestes romeri in which the con-
cavity formed with the postacetabular process is deeper. In
ventral view, the ischiadic peduncle broadens towards its
posterior end forming an elliptical articular facet.

Remarks—PVSJ 397 possesses the dark reddish-brown to
greyish coloration typical of the Ischigualasto Formation
attributed to extensive hematitic coatings and permineraliza-
tions (Colombi et al. 2012). General preservation is relatively
poor because the specimen shows evidence of mediolateral
compression and dorsoventral deformation by shear stress
on some of its vertebral elements. Additionally, several ele-
ments display considerable cortical weathering and cracking.

All preserved centra are amphicoelous and there is
no clear neurocentral suture observable in any vertebra.
Despite this, it is noteworthy that in some vertebrae (es-
pecially in the isolated cervical vertebra) the neural arches
are slightly detached from their respective centra at or near
the neurocentral suture due to post-burial crushing. This
separation gives the impression of an open neurocentral
suture but contrasts with the posterior-most vertebrae that
lack an open suture. Therefore, we consider that it is safe
to assume closed neurocentral sutures along the preserved
axial skeleton, thus suggesting a likely somatically mature
specimen (Brochu 1996), although cautiously considering
this criterion (Irmis 2007) because of the lack of a clear
phylogenetic position. Comparisons of Incertovenator lon-
gicollum gen. et sp. nov. with other taxa known from the
Ischigualasto Formation resulted in finding differences
with all previously known species. For a comprehensive
list of taxa used for comparison in this contribution see
Appendix 1. Whereas the anatomical differences with most
taxa are numerous and obvious, /. longicollum gen. et sp.
nov. resembles in certain features the anatomy of Trialestes
romeri. However, the preserved elements differ from those
referred to Trialestes romeri in several respects, which are
summarized at the end of the description.

Differences with Trialestes romeri: Incertovenator lon-
gicollum gen. et sp. nov. and Trialestes romeri (holotype
PVL 2561 and referred specimen PVL 3889) are both from
the Ischigualasto Formation and share a similar general size.
Incertovenator longicollum gen. et sp. nov. and PVL 2561
come from the lower one-third of the Ischigualasto For-
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mation at the Hoyada de Ischigualasto outcrops, whereas
PVL 3889 comes from the outcrops immediately west of
Cerro Las Lajas, approximately 260 m above the base of
the Ischigualasto Formation (Desojo et al. 2020; Lecuona et
al. 2016). Currently, 1. longicollum gen. et sp. nov. is known
from an incompletely preserved vertebral series and an il-
ium, with some of those bones having similar morphologies
to those of the referred specimen of Trialestes romeri (PVL
3889; Lecuona et al. 2016). For a more thorough discussion
about the referral of PVL 3889 to the hypodigm of Trialestes
romeri see Lecuona et al. (2016) and Leardi et al. (2020).
There are no overlapping elements between /. longicollum
gen. et sp. nov. and the holotype specimen of Trialestes
romeri. Therefore, in the following section we compare over-
lapping elements of 1. longicollum gen. et sp. nov. and PVL
3889 (SOM: fig. 1, Supplementary Online Material available
at http://app.pan.pl/SOM/app66-Yanez_etal SOM.pdf).
Both specimens share anterior cervical vertebrae with
greatly elongated centra and neural spines anteroposteriorly
longer than high (centrum length/height ratios of the fourth
cervical vertebrae for 1. longicollum gen. et sp. nov. and
PVL 3889 are approximately 2.98 and 2.43, respectively).
However, the cervical vertebrae of PVL 3889 are almost
29% longer than those of 1. longicollum gen. et sp. nov.
(fourth cervical centrum length of 47.7 mm and 37.0 mm,
respectively; SOM: fig. 1A,, B,). However, this size differ-
ence is not correlated with the pelvic girdle size, as the iliac
length in PVL 3889 is virtually the same as in L/longicollum
gen. et sp. nov. (87.4 mm and 86.5 mm, respectively; SOM:
fig. 1A4, By). This suggests that /. longicollum gen. et sp.
nov. represents an individual with a body size similar to
Trialestes romeri (PVL 3889), but with a shorter and light-
ly-built neck. Beyond the overall size difference, the cervi-
cal neural spines of 1. longicollum gen. et sp. nov. are half the
height when compared to those of PVL 3889 (neural spine
length/height ratios of the fourth cervical vertebrae are ap-
proximately 2.41 and 1.20, respectively; SOM: fig. 1A,, B,).
The cervical region of . longicollum gen. et sp. nov. further
differs from that of PVL 3889 in the presence of the follow-
ing character states for the dataset used in the phylogenetic
analysis (see below): anterior cervical neural spines with a
rugose expansion at its distal end (char. 191: 3), anterior and
middle post-axial cervical neural spines with an anterior
overhang (char. 419: 1), cervical rib with posterior processes
that exceeds the posterior articular facet of its corresponding
vertebra. The dorsal vertebrae of 1. longicollum gen. et sp.
nov. also differ from those of PVL 3889 in several features,
such as the presence of laterodistal expansions on the neural
spines with a rounded dorsal margin (char. 197: 2), neural
spines with a posterodorsal tip overhanging the neural arch,
and absence of ventral paramedian ridges on the vertebral
centra of the more posterior anterior-dorsals (SOM: fig. 1A,
B)). The sacral vertebral centra of 1. longicollum gen. et sp.
nov. differ from those of PVL 3889 in that they are not fused
to each other, are taller than broad, and transversely con-
stricted in ventral view (SOM: fig. 1A;, B;). Furthermore,

the sacral vertebral centra of 1. longicollum gen. et sp. nov.
are almost 85% longer than those of PVL 3889.

Regarding the ilium, Incertovenator longicollum gen. et
sp. nov. differs from PVL 3889 in that it possesses a concave
dorsal margin of the iliac blade in lateral view, the preace-
tabular process is dorsoventrally higher at mid length, and
the dorsal margin of the preacetabular process is laterally
arched in dorsal view (SOM: fig. 1A4, B,). The distal half of
the postacetabular process in I. longicollum gen. et sp. nov.
tapers distally to a rounded point, whereas in PVL 3889 the
distal end of the postacetabular process is blunt. In /. longi-
collum gen. et sp. nov., the ventromedially expanded shelf
of the postacetabular process originates approximately at
mid-dorsoventral height, whereas in PVL 3889 this struc-
ture originates from the ventral margin. In this sense, the
medial shelf'in 1. longicollum gen. et sp. nov. projects form-
ing an almost horizontal platform, whereas in PVL 3889 the
medial shelf projects mostly ventrally and only slightly me-
dially. The anteroventral extension of the supraacetabular
crest is more developed onto the lateral surface of the pubic
peduncle in /. longicollum gen. et sp. nov. than in PVL 3889
(SOM: fig. 1A4, B,). On the other hand, the ischiadic pedun-
cle of 1. longicollum gen. et sp. nov. is oriented vertically
in lateral view, whereas in PVL 3889 is posteroventrally
directed (SOM: fig. 1A4, By). Finally, the ilium of 1. longi-
collum gen. et sp. nov. possesses a ventral margin with a
convex (closed) acetabulum, whereas in PVL 3889 the ven-
tral acetabular margin is partially concave (open), although
we do not discard the possibility of a missing fragment of
bone in PVL 3889 due to preservation or overpreparation (as
similarly mentioned by Lecuona et al. 2016).

Stratigraphic and geographic range—Type locality and
horizon only.

Discussion

Phylogenetic relationships.—In order to assess the phylo-
genetic affinities of Incertovenator longicollum gen. et sp.
nov. (PVSJ 397) we included it in a parsimony analysis
using the data matrix of Nesbitt et al. (2017). We also in-
corporated Trialestes romeri (after Lecuona et al. 2016) and
Mandasuchus tanyauchen (after Butler et al. 2018) to this
data set (see SOM for further details). The final matrix con-
sisted of 85 taxa and 419 characters. The fragmentary nature
of L. longicollum gen. et sp. nov. allowed for only 8.6% of the
entries to be scored.

We conducted an equally weighted parsimony analysis
in TNT 1.5 (Goloboff et al. 2008; Goloboff and Catalano
2016) performing 1000 replicates of Wagner trees followed
by TBR branch swapping. The best trees obtained from the
replicates were subjected to a final round of TBR branch
swapping. Decay indices (Bremer support values) were cal-
culated using the script “bremsup.run” (see SOM) and a
bootstrap resampling analysis, using 10 000 pseudorepli-
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Fig. 10. Strict consensus tree of the 1188 MPTs (A), and reduced strict consensus tree of the 1188 MPTs (B) showing the alternative phylogenetic positions
for Incertovenator longicollum gen. et sp. nov. (“a”) and the combined OTU for Trialestes romeri (“b”). Note that in the strict consensus trees the clade
Aphanosauria is not exactly recovered as defined by Nesbitt et al. (2017) (Spondylosoma + Teleocrater + Dongosuchus + Yarasuchus) due to the multiple
alternative phylogenetic positions of Incertovenator longicollum gen. et sp. nov. and Spondylosoma absconditum.

cates, was performed calculating both absolute and GC fre-
quencies (Goloboff et al. 2003).

The analysis recovered 1188 MPTs of 1401 steps (CI =
0.350, RI = 0.779) and the best score was found in 641 hits
of the 1000 replicates. The strict consensus tree (Fig. 10A)
depicts 1. longicollum gen. et sp. nov. in a large polytomy
together with Mandasuchus lilloensis, Teleocrater rhadi-
nus, Yarasuchus deccanensis, Spondylosoma absconditum,
Dongusuchus efremovi, Ticinosuchus ferox, Ornithodira,
Ornitosuchidae, Revueltosaurus callenderi + Aetosauria,
Gracilisuchidae, Poposauroidea, and the rest of Loricata (see
SOM: fig. 2 for the strict consensus tree with supporting
values). The polytomy is produced by the multiple alterna-
tive positions of 1. longicollum gen. et sp. nov., thus ignoring
these different positions in a reduced strict consensus, re-
solves the relationships among the early diverging nodes of
Archosauria (Fig. 10B), in general agreement with the results
of previous versions of this dataset (Nesbitt 2011; Butler et al.
2014, 2018; Lecuona et al. 2016; Nesbitt et al. 2017).

Incertovenator longicollum gen. et sp. nov. takes alter-
native most-parsimonious phylogenetic positions among the
early diverging nodes of Archosauria (Fig. 10B). One of the

obtained positions places /. longicollum gen. et sp. nov. as
the sister taxon of the loricatan Mandasuchus tanyauchen,
whereas the other positions depict I. longicollum gen. et sp.
nov. in different early diverging nodes of Avemetatarsalia.
The latter set of positions depicts /. longicollum gen. et sp.
nov. alternatively as sister taxon to Aphanosauria, Avemeta-
tarsalia, and Ornithodira. A similar set of alternative posi-
tions is found for Spondylosoma absconditum, which is de-
picted closer to either of these three groups (Avemetatarsalia,
Ornithodira, Aphanosauria) and/or as the sister taxon of
L longicollum gen. et sp. nov.

Incertovenator longicollum gen. et sp. nov. possesses a
combination of vertebral character states that support its
placement as an early diverging avemetatarsalian as they
are also present in at least one aphanosaurian taxon: ante-
rior to middle cervical vertebrae longer than the mid-dorsal
vertebrae (char. 181: 1; present in Yarasuchus deccanensis,
Teleocrater rhadinus, and Spondylosoma absconditum), cer-
vical neural spines with a rugose expansion at their distal ends
(char. 191: 3; present in Teleocrater rhadinus and Yarasuchus
deccanensis), distal expansion on the dorsal vertebrae neu-
ral spines with a rounded dorsal margin (char. 197: 2; also
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present in Yarasuchus deccanensis) and anterior to middle
cervical neural spines with an anterodorsally inclined an-
terior margin (char. 419: 1; present in 7Teleocrater rhadinus,
Yarasuchus deccanensis, and Spondylosoma absconditum).
In fact, the latter character state was found as the only un-
ambiguous synapomorphy of Aphanosauria by Nesbitt et
al. (2017). Similarly, the position of I longicollum gen. et
sp. nov. as the sister taxon of the loricatan Mandasuchus
tanyauchen is supported by derived features of the cervical
region: the presence of a convex dorsal margin on the axial
neural spine (char. 179: 1) and an anterodorsally inclined an-
terior margin of the cervical vertebrae (char. 419: 1).

Alternative phylogenetic positions of Incertovenator
longicollum gen. et sp. nov.—The cervicodorsal vertebral
features mentioned above, however, are not exclusive of
aphanosaurians or Mandasuchus tanyauchen. Firstly, I. lon-
gicollum gen. et sp. nov. shares the presence of elongated
cervical vertebrae (char. 181: 1) with more crown-ward mem-
bers of Ornithodira (pterosaurs, silesaurids), with several
suchians (Gracilisuchus stipanicicorum, early poposauroids,
the crocodylomorph Trialestes romeri), and with the non-ar-
chosaurian archosauriform Tropidosuchus romeri. Secondly,
1 longicollum gen. et sp. nov. also shares the presence of
an anterodorsally inclined anterior margin of the cervical
vertebrae (char. 419: 1) mentioned above for Tropidosuchus
romeri, gracilisuchids, Qianosuchus mixtus, and crocodylo-
morphs (e.g., Terrestrisuchus gracilis and Dibothrosuchus
elaphros). Thirdly, I longicollum gen. et sp. nov. shares
with the ornithodirans Marasuchus lilloensis, Lewisuchus
admixtus, and Silesaurus opolensis, and with the suchian
Ticinosuchus ferox the presence of a convex dorsal margin
on the axial neural spine (char. 179: 1); a character state that
was reported as an ambiguous synapomorphy of Ornithodira
by Nesbitt et al. (2017).

On the other hand, the iliac morphology of I. longicollum
gen. et sp. nov. resembles the condition of early crocodylo-
morphs, late surviving poposauroids, pterosaurs and dino-
saurs in having a long preacetabular process that extends
anterior to the acetabulum (char. 269: 1). This condition dif-
fers from that of Teleocrater rhadinus and Yarasuchus dec-
canensis, as these taxa have a short preacetabular process
that does not exceed the anterior acetabular margin. Unlike
these early diverging avemetatarsalians, /. longicollum gen.
et sp. nov. also lacks several features present in them: cervi-
cal epipophyses (char. 186: 1), a crest dorsal to the supraac-
etabular crest of the ilium (char. 265: 2), and a distinct notch
on the ischial peduncle of the ilium (char. 414: 1).

The conflictive distribution of character states results
not only in the uncertainty regarding the phylogenetic af-
finities of 1. longicollum gen. et sp. nov., but also in the
low support values for multiple nodes within Archosauria
in our analysis (SOM: fig. 2). The similarities noted above
for multiple character states (particularly those referring
to the cervicodorsal region and iliac morphology) between
L longicollum gen. et sp. nov. and certain ornithodirans and
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pseudosuchians, prompted us to further evaluate alternative
phylogenetic positions that were marginally suboptimal (up
to two steps). We implemented a script for TNT (see “swap-
taxon.run” in SOM) to test the different positions that /. lon-
gicollum gen. et sp. nov. can take and that would imply one
or two extra steps. For each of these positions we set up a
monophyly constraint and ran a heuristic tree search to find
the optimal topologies under such constraint (with identical
tree search settings as the unconstrained analysis). Finally,
we evaluated which characters supported the alternative
positions of 1. longicollum gen. et sp. nov. in comparison
with that of the unconstrained MPTs (using the TNT script
“compare.run’’; see SOM).

The results of the exploration of suboptimal positions
show I longicollum gen. et sp. nov. in three main sets of
phylogenetic placements within Archosauria, as well as one
position outside this clade (Fig. 11). The first set of topologies
places 1. longicollum gen. et sp. nov. among early diverging
nodes of Ornithodira, either as the sister taxon of Pterosauria
(one extra step) or Dinosauromorpha (two extra steps), and
several nodes within the latter clade (e.g., Lagerpetidae,
Dromomeron spp., Dinosauriformes, dinosauriforms closer
to Dinosauria than to Marasuchus lilloensis). The character
states that favor these suboptimal positions are the presence
of a long preacetabular process of the ilium (char. 269: 1;
shared between /. longicollum gen. et sp. nov. and pterosaurs)
and the presence of a convex dorsal margin of the axial neu-
ral spine (char. 179: 1; shared between /. longicollum gen. et
sp. nov. and the mentioned dinosauromorphs).

The second set of topologies corresponds to the alter-
native suboptimal positions that . longicollum gen. et sp.
nov. takes among successive nodes, from one node more
derived than Suchia (two extra steps), as the sister taxon
of Gracilisuchidae (one extra step), and up to the base of
Loricata (two extra steps; Fig. 11). The character states
that favor these resolutions are the presence of an antero-
dorsally inclined anterior margin of the cervical vertebrae
(char. 419: 1; shared between 1. longicollum gen. et sp. nov.
and gracilisuchids) and the absence of a crest dorsal to the
supraacetabular crest of the ilium (char. 265: 0; shared be-
tween I. longicollum gen. et sp. nov. and many of the taxa
close to the above-mentioned nodes).

The third set of topologies corresponds to the alternative
suboptimal positions that /. longicollum gen. et sp. nov.
takes among early diverging Crocodylomorpha, in several
nodes between one node closer to crocodyliforms than the
base of Crocodylomorpha up to the base of the clade that
comprises Dibothrosuchus elaphros, Terrestrisuchus grac-
ilis, Litargosuchus leptorhynchus and taxa more closely re-
lated to crocodylomorphs (two extra steps; Fig. 11). It is
noteworthy that several of these alternative positions are
also taken by Trialestes romeri in some of the possible itera-
tions. When this happens, /. longicollum gen. et sp. nov. and
Trialestes romeri are recovered as sister taxa among those
nodes in some resolutions (see in Fig. 11 where “b” coin-
cides with the light gray circle). Incertovenator longicollum
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Fig. 11. Reduced strict consensus tree of the 1188 MPTs depicting alternative most-parsimonious phylogenetic positions (solid black circles) and suboptimal
alternative positions of one extra step and two extra steps for Incertovenator longicollum gen. et sp. nov.; “b” represents the alternative most-parsimoni-
ous positioins for Trialestes romeri (combined OTU). Schematic drawings of anterior cervical vertebrae in right lateral view of selected taxa with elon-
gated necks: Tropidosuchus romeri (A; modified from Arcucci 1990), Teleocrater rhadinus NMT RB505 (B), Incertovenator longicollum gen. et sp. nov.
PVSJ 397 (C), Gracilisuchus stipanicicorum PVL 4597 (D; modified from Lecuona et al. 2017), Xilousuchus sapingensis IVPP V6026 (E), Mandasuchus
tanyauchen NHMUK PV R6792 (F), Trialestes romeri PVL 3889 (G). E-G are mirrored for comparison. Scale bars 10 mm.

gen. et sp. nov. shares with crocodylomorphs the presence of
a long preacetabular process of the ilium (char. 269: 1) and
shares with Trialestes romeri the absence of a crest dorsal to
the supraacetabular crest of the ilium (char. 265: 0).

Finally, 1. longicollum gen. et sp. nov. is recovered in an
additional alternative suboptimal position as the sister taxon
of the non-archosaurian archosauriform Tropidosuchus (two
extra steps; Fig. 11). This position is supported by the shared
presence of an anterodorsally inclined anterior margin of
the cervical vertebrae (char. 419: 1).

Convergences in archosaur cervical region.—These phy-
logenetic analyses based on the dataset of Nesbitt et al. (2017)
reveal two major issues. First, there is uncertainty in the
phylogenetic affinities of Incertovenator longicollum gen.
et sp. nov. not only because of the fragmentary nature of the
specimen and the lack of preservation of certain anatomical
regions that would be key for defining its affinities, but also
due to the mosaic combination of character states in the axial
skeleton and ilium. At the moment, 1. longicollum gen. et sp.
nov. is most parsimoniously interpreted as either an early
avemetatarsalian or as an early diverging loricatan from the
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Ischigualasto Formation. However, it possesses clear derived
similarities in the axial morphology that are shared with
other groups of avemetatarsalians (e.g., dinosauromorphs,
pterosaurs), pseudosuchians (e.g., Gracilisuchidae, Trialestes
romeri), or the early archosauriform Tropidosuchus romeri.
The iliac morphology of 1. longicollum gen. et sp. nov. greatly
diverges from that of the above-mentioned taxa and resem-
bles that of most non-crocodyliform crocodylomorphs.

The second issue that the exploratory analyses reveal,
is that the alternative phylogenetic affinities of I longi-
collum gen. et sp. nov. among multiple and distantly re-
lated archosaur clades, are also caused because certain
features of the axial skeleton (in particular cervical mor-
phology) evolved multiple times independently in differ-
ent clades of Avemetatarsalia and Pseudosuchia during the
archosaur radiation. For instance, the clade Aphanosauria,
Gracilisuchidae, and early poposauroids share the derived
combination of some or all of the following characters states:
elongated cervical vertebrae, anteriorly slanted cervical
neural spines, and incipiently developed spine tables in cer-
vical neural spines. Interestingly, some or all of those char-
acter states are also present in the loricatans Mandasuchus
tanyauchen and Trialestes romeri, and in the proteroch-
ampsian Tropidosuchus romeri. The functional implications
of this peculiar pattern of elongated necks with modified
neural spines (Fig. 11) have not been explored to date, but it
seems that the elongation of the neck was repeatedly associ-
ated with modifications of the epaxial bony structures (and
possibly the correlated muscles and/or ligaments; Tsuihiji
2005; Organ 2006). These epaxial changes may have been
related to mobility or strengthening requirements of an elon-
gated cervical region (Tsuihiji 2004; Molnar et al. 2014;
Kambic et al. 2017). The repeated instances of convergen-
ces in this aspect of the body plan seem to be restricted to
lineages of small-sized predators that appeared during the
evolutionary radiation of Archosauromorpha between the
late Middle to the early Late Triassic.

Conclusions

Incertovenator longicollum gen. et sp. nov. (PVSJ 397) rep-
resents a new taxon from the Ischigualasto Formation that
increases the diversity of a key faunal assemblage for under-
standing archosaur radiation during the Late Triassic. The
new taxon is characterized by a unique and conflictive com-
bination of cervical and pelvic character states that are typi-
cally present in either early avemetatarsalians, early suchians
and/or non-crocodyliform crocodylomorphs. Incertovenator
longicollum gen. et sp. nov. possesses elongated cervical
vertebrae (with centra more than two times longer than high),
dorsoventrally short and anteroposteriorly long anterior cer-
vical neural spines with a distal rugose expansion and an an-
teriorly slanted anterior margin. Additionally, . longicollum
gen. et sp. nov. has a long preacetabular process that extends
beyond the anterior acetabular margin.

Our phylogenetic analysis recovers the new taxon in
the most parsimonious trees as either an early avemetatar-
salian or a pseudosuchian closely related to Mandasuchus
tanyauchen. The exploration of alternative suboptimal to-
pologies revealed possible affinities with different lineages
of Ornithodira, but also with early suchians or crocodylo-
morphs. The reason underlying these disparate positions is
that these phylogenetically distant lineages of archosauri-
forms convergently acquired a set of features in the cervical
region that reflect elongated necks with possibly associated
modifications of certain epaxial structure, related to either
mobility or strengthening of this region. Regardless of the
exact relationships of 1. longicollum gen. et sp. nov., the cur-
rent analysis agrees on the fundamental structure of the rela-
tionships of early archosaurs and their close relatives. Future
work in the Ischigualasto Formation and new specimens of /.
longicollum gen. et sp. nov. are needed to clarify its phyloge-
netic affinities and the palacobiology of the taxon.
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Appendix 1
List of taxa used for comparisons

Alligator mississippiensis (Mook 1921)

Arizonasaurus babbitt (Nesbitt 2005)

Asilisaurus kongwe (Nesbitt et al. 2010b)

Batrachotomus kupferzellensis (Gower and Schoch 2009)

CM 73372 (Nesbitt et al. 2011; Weinbaum 2013; JML photographs)
Coelophysis bauri (Colbert 1989)

Dibothrosuchus elaphros (Wu and Chatterjee 1993)

Dimorphodon macronyx (Hyder et al. 2014)

Dongusuchus efremovi (Niedzwiedzki et al. 2014)

Dromicosuchus grallator (Sues et al. 2003)

Dromomeron gregorii (Nesbitt et al. 2009)

Dromomeron romeri (Irmis et al. 2007)

Effigia okeeffeae (Nesbitt 2007)

Eodromeus murphi (Martinez et al. 2011)

Eoraptor lunensis (Sereno et al. 1993, 2012)

Erpetosuchus granti (Benton and Walker 2002)

Eudimorphodon ranzii (Wellnhofer 2003)

Fasolasuchus tenax (Bonaparte 1981)

Gracilisuchus stipanicicorum (Lecuona and Desojo 2011; Lecuona 2013; Lecuona et al. 2017)
Hesperosuchus agilis AMNH 6758 (Colbert 1952)

Hesperosuchus agilis UCMP 12947 (Parrish 1993)

Lagerpeton chanarensis (Sereno and Arcucci 1994a)
Lesothosaurus diagnosticus (Galton 1978)

Lewisuchus admixtus (Romer 1972; Bittencourt et al. 2015)
Mandasuchus tanyauchen (Butler et al. 2018)

Marasuchus lilloensis (Sereno and Arcucci 1994b)

Nundasuchus songeaensis (Nesbitt et al. 2014)

Parringtonia gracilis (Nesbitt and Butler 2013)

Polonosuchus silesiacus (Sulej 2005)

Poposaurus gracilis (Weinbaum and Hungerbiihler 2007; Parker and Nesbitt 2013)
Poposaurus gracilis TTU-P 10419 (Weinbaum and Hungerbiihler 2007)
Postosuchus alisonae (Peyer et al. 2008)

Postosuchus kirkpatricki TTU-P 9235 (Weinbaum 2013)
Prestosuchus chiniquensis UFRGS-PV-0629-T (Mastrantonio 2010; Liparini and Schultz 2013)
Protosuchus richardsoni (Colbert and Mook 1951)
Pseudhesperosuchus jachaleri (Bonaparte 1971)

Qianosuchus mixtus (Li et al. 2006; Nesbitt 2011)

Rauisuchus tiradentes (Lautenschlager and Desojo 2015)
Riojasuchus tenuiceps (Bonaparte 1971; Baczko and Ezcurra 2013)
Saurosuchus galilei (Sill 1974; Trotteyn et al. 2011)

Silesaurus opolensis (Dzik 2003)

Sillosuchus longicervix (Alcober and Parrish 1997)

Sphenosuchus acutus (Walker 1990)

Spondylosoma absconditum (Huene 1942; Galton 2000)
Teleocrater rhadinus (Nesbitt et al. 2017; Nesbitt et al. 2018)
Terrestrisuchus gracilis (Crush 1984)

Ticinosuchus ferox (Krebs 1965; Lautenschlager and Desojo 2011)
Trialestes romeri (Bonaparte 1997; Lecuona et al. 2016)
Tropidosuchus romeri (Arcucci 1990)

Turfanosuchus dabanensis (Wu and Russel 2001)

Xilousuchus sapingensis (Wu 1981; Nesbitt et al. 2010a)
Yarasuchus deccanensis (Sen 2005)
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