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ARTICLE

PURRANISAURUS POTENSRUSCONI, AN ENIGMATICMETRIORHYNCHID FROM THE LATE
JURASSIC–EARLY CRETACEOUS OF THE NEUQU�EN BASIN

YANINA HERRERA,* ZULMAGASPARINI, and MARTA S. FERN �ANDEZ
Divisi�on Paleontolog�ıa Vertebrados, Museo de La Plata, Universidad Nacional de La Plata, Paseo del Bosque s/n, W1900FWA La

Plata, Argentina, and CONICET, Avenida Rivadavia 1917, C1033AAJ, Ciudad Aut�onoma de Buenos Aires, Argentina,
yaninah@fcnym.unlp.edu.ar; zgaspari@fcnym.unlp.edu.ar; martafer@fcnym.unlp.edu.ar

ABSTRACT—The Tithonian record from northwestern Patagonia (Neuqu�en Basin) documents a complete succession of
lower, middle, and late Tithonian marine reptiles. From the late Tithonian–early Berriasian of Patagonia, three marine
crocodyliforms have been recorded: Dakosaurus andiniensis, Cricosaurus araucanensis, and Purranisaurus potens. Although
P. potens includes the first metriorhynchid skull described from Patagonia, no detailed description and/or illustrations have
been published. Since the mid-20th century, several authors have discussed the validity of P. potens. Recent preparation of
the type material allowed a detailed description as well as exploration of its phylogenetic relationships. We consider P. potens
as a valid taxon characterized by a unique combination of characters, such as medial and posterolateral processes of the
frontal forming an angle of 60�; supratemporal fossae reaching the minimum interorbital distance, with the dorsal margin of
the supratemporal arch being slightly concave in lateral view; thin bony lamina projecting from the lateral and medial
alveolar margins of the maxilla; occipital surface ventral to occipital condyle parallel to transverse plane of skull; well-
developed crest that extends along the entire height of the supraoccipital; and orbital process of the quadrate very
conspicuous and acute, horizontal, and without bony attachment. Phylogenetic analysis recovers P. potens as deeply nested
within Geosaurini and, contrary to previous proposals, not closely related to ‘Metriorhynchus’ casamiquelai and ‘M.’
westermanni. Internal relationships within Geosaurini are unresolved. Purranisaurus, as a monotypic genus, is restricted to
the late Tithonian–early Berriasian.

http://zoobank.org/urn:lsid:zoobank.org:pub:CDB288F2-087C-4E19-A897-8AB94BD60EC2

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

INTRODUCTION

Jurassic marine crocodyliforms, Thalattosuchia, have been
known for around 200 years. Most of the fossil record has been
recovered from the European margins of theWestern Tethys and
the South American margins of the Eastern Pacific, which have
both yielded the most beautiful and complete specimens (e.g.,
Wagner, 1858; Fraas, 1902; von Arthaber, 1906; Andrews, 1913;
Gasparini and Dellap�e, 1976; Pierce and Benton, 2006; Pol and
Gasparini, 2009; Young and Andrade, 2009; Herrera et al.,
2013c). Records fromAsia, Africa, and Central and North Amer-
ica, although incomplete, suggest an almost worldwide distribu-
tion (e.g., Young, 1948; Buffetaut, 1979; Gasparini and Iturralde-
Vinent, 2001; Fara et al., 2002; Frey et al., 2002; Buchy et al.,
2006). In South America, derived thalattosuchians, the metrio-
rhynchids, are abundant and well preserved (e.g., Gasparini and
Dellap�e, 1976; Pol and Gasparini, 2009; Fern�andez et al., 2011;
Herrera et al., 2009, 2013a, 2013c), whereas the presence of basal
thalattosuchians is uncertain (ChongDiaz andGasparini, 1972).

Tithonian Metriorhynchids from the Neuqu�en Basin

The Tithonian record of the Neuqu�en Basin (west-central
Argentina) documents a complete succession of lower, middle,
and upper Tithonian–lower Berriasian marine reptiles,

dominated by ichthyosaurs, pliosaurids, marine testudines, and
metriorhynchids (Gasparini and Fern�andez, 2005, 2011). The fos-
sil record of the latter is particularly abundant in the lower and
upper Tithonian deposits of the Vaca Muerta Formation, and
most can be assigned to a single species:Cricosaurus araucanensis
(Gasparini and Dellap�e, 1976). To date, most of the material has
been found in the lower Tithonian levels of the Vaca Muerta For-
mation at Cerro Lotena within the Neuqu�en Basin. This species is
represented by several specimens that preserve skulls, postcranial
elements, and natural endocasts (Gasparini and Dellap�e, 1976;
Fern�andez and Gasparini, 2000, 2008; Fern�andez and Herrera,
2009; Herrera et al., 2013a, 2013b; Herrera and Vennari, 2015).
Recently, a second species, Cricosaurus lithographicus Herrera,
Gasparini, and Fern�andez, 2013c, has been described based upon
a skull and postcranial elements of a specimen from a middle–
upper Tithonian level of the same formation exposed in the Los
Catutos area, representing the only species recorded in the mid-
dle–upper Tithonian of Patagonia (Herrera et al., 2013c). Upper
Tithonian–lower Berriasian levels of the Vaca Muerta Formation
exposed at several localities in the Neuqu�en Basin have yielded a
significant metriorhynchid record, including at least three differ-
ent taxa: Dakosaurus andiniensis Vignaud and Gasparini, 1996,
Cricosaurus Wagner, 1858, and Purranisaurus potens Rusconi,
1948a. Dakosaurus andiniensis, one of the most bizarre metrio-
rhynchid crocodyliforms known, is represented by partially pre-
served skulls found in northwestern Neuqu�en Province and
southwestern Mendoza Province (Vignaud and Gasparini, 1996;
Spalleti et al., 1999; Pol and Gasparini, 2009). Cricosaurus is rep-
resented by some fragmentary skulls, postcranial elements, and
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natural endocasts (Spalleti et al., 1999; Herrera et al., 2013b).
However, Purranisaurus potens is known only from a single speci-
men found in southwestern Mendoza Province. Although this
species has been known for more than 60 years, and numerous
opinions have been expressed about it, until now little has been
published regarding its anatomy and phylogenetic relationships.

Historical Background of Purranisaurus potens

The first mentions of marine crocodyliforms from South
America date from the early 20th century (Ameghino, 1906;
Leeds, 1908; von Huene, 1927). However, based on the poor and
fragmentary preservation of these remains, a formal designation
could not be made. Currently these materials are lost. Rusconi
(1948a) described a well-preserved skull, mandible, cervical ver-
tebrae, and ribs from the Late Jurassic of Malarg€ue (Mendoza
Province, Argentina), upon which he erected a new taxon: Purra-
nisaurus potens (Rusconi 1948a, 1948b), originally described as a
plesiosaur. The holotype and only specimen known was found in
the left margin of the Arroyo del Caj�on Grande, southeast
Malarg€ue Department, Mendoza Province, in the Neuqu�en
Basin (west-central Argentina). Almost 20 years later, Rusconi
(1967:247) reanalyzed this material and considered that the low
posterior region of the skull precluded its identification as a ple-
siosaur and reassigned P. potens to Nothosauria.
Since then, all authors have considered Purranisaurus potens

as ‘Crocodylia’ or ‘Metriorhynchidae?’ (e.g., Romer, 1956;
Kuhn, 1968; Buffetaut, 1982), although some contributions ques-
tioned the validity of the genus and referred to it as ?Purranisau-
rus potens (Gasparini, 1973, 1978, 1981). Buffetaut (1982)
recognized that P. potens was a member of Metriorhynchidae
that had similarities to the brevirostrine Metriorhynchus; how-
ever, he mentioned that the skull resembled that of Dakosaurus
von Quenstedt, 1856. Gasparini (1985) reassigned P. potens to
Metriorhynchus. During the next decade, P. potens was not men-
tioned in any scientific paper, until the Ph.D. dissertation of
Vignaud (1995). This author supported the idea that P. potens
belongs to the brevirostrine metriorhynchids and claimed that
some features resembledMetriorhynchus, especially ‘M.’ casami-
quelai Gasparini and Chong D�ıaz, 1977, whereas others resem-
bled Dakosaurus. He concluded that, based on the state of
preservation, he could not give an accurate determination, but it
seemed to belong toMetriorhynchus.
Recently, Purranisaurus potens has been included in some

phylogenetic analyses (e.g., Young and Andrade, 2009; Young
et al., 2010, 2013). In the first analyses, Young and Andrade
(2009) treated Purranisaurus as ‘Metriorhynchus’. They found P.
potens forming a monophyletic group with ‘Metriorhynchus’
casamiquelai, a Callovian metriorhynchid from Chile. Later,
they considered P. potens as the type species of the genus Purra-
nisaurus and they transferred the Chilean metriorhynchids from
‘Metriorhynchus’ to Purranisaurus, proposing two new combina-
tions: Purranisaurus casamiquelai and Purranisaurus wester-
manni (Young et al., 2010). Young et al. (2013) found P. potens
nested with the two species of Chilean metriorhynchids. Finally,
Young et al. (2012) did not include P. potens in their analysis,
and the Chilean metriorhynchids were treated as ‘M.’ casamique-
lai and ‘M.’ westermanni.
Since 1948, the holotype of Purranisaurus potens has been only

briefly described,mentioned, and/or included in phylogenetic analy-
ses. Inmany cases, these studies were based on the previous succinct
descriptions and the photographs included in these papers.
In order to clarify the validity of Purranisaurus, and to determine

the phylogenetic location ofP. potens, in 2011 the holotype (MJCM
PV 2060) was loaned to theMuseo de La Plata, for further prepara-
tion. This activity, carried out at the Divisi�on Paleontolog�ıa Verte-
brados of theMuseo de La Plata, exposed significant portions of the
skull previously covered by the originalmatrix, such as the braincase

and palate, as well as some teeth and part of the mandible. On this
basis, the holotype could be redescribed, adding new character
information and analyzing its phylogenetic position.
Institutional Abbreviations—BSPG, Bayerische Staatssamm-

lung f€ur Pal€aontologie und Historische Geologie, Munich, Ger-
many; GPIT, Institut f€ur Geowissenschaften Biogeologie,
T€ubingen, Germany; MDA, Museo del Desierto de Atacama,
Antofagasta, Chile; MGHF, Museo Geol�ogico H. Fuenzalida,
Universidad Cat�olica del Norte, Antofagasta, Chile; MJCM,
Museo de Ciencias Naturales y Antropol�ogicas ‘Juan Cornelio
Moyano’, Mendoza, Argentina; MLP, Museo de La Plata, La
Plata, Argentina; MOZ, Museo Provincial de Ciencias Naturales
“Prof. Dr. Juan A. Olsacher”, Zapala, Neuqu�en, Argentina;
SMNS, Staatliches Museum f€ur Naturkunde, Stuttgart, Germany.

SYSTEMATIC PALEONTOLOGY

Superorder CROCODYLOMORPHAWalker, 1970
Order CROCODYLIFORMES Hay, 1930

Infraorder THALATTOSUCHIA Fraas, 1901
Family METRIORHYNCHIDAE Fitzinger, 1843

PURRANISAURUS Rusconi, 1948a

Type and Only Species—Purranisaurus potensRusconi, 1948a.
Diagnosis—As for the type and only species.

PURRANISAURUS POTENS Rusconi, 1948a
(Figs. 1–7)

?Purranisaurus potens: Gasparini, 1973:423–431, fig. 1.
Metriorhynchus potens, n. comb.: Gasparini, 1985:28, lam. 1, fig 4.

Metriorhynchus sp.: Pol and Gasparini, 2007:117.
‘Metriorhynchus’ potens: Young and Andrade, 2009:584.

Purranisaurus potens: Young et al., 2010:829.

Holotype—MJCM PV 2060, skull incompletely preserved
without the most anterior portion; incomplete left lower jaw.
Rusconi (1948b) described vertebrae and ribs as belonging to
this specimen; however, these remains were not among the mate-
rial referred to Purranisarus potens in the Museo de Ciencias
Naturales y Antropol�ogicas ‘Juan Cornelio Moyano’ collection.
Type Locality—Arroyo del Caj�on Grande (35�540S, 70�160W

approximately), southwest of Malarg€ue Department, Mendoza
Province, Argentina.
Stratigraphic Horizon—Vaca Muerta Formation, biozone of

Substeueroceras koeneni, upper Tithonian–lower Berriasian
(Vennari et al., 2014).
Emended Diagnosis—Metriorhynchid crocodyliform with the

following unique combination of characters (autapomorphic
characters are indicated by an asterisk): acute angle (approxi-
mately 60�) between the medial and the posterolateral processes
of the frontal; supratemporal fossae reaching the minimum inter-
orbital distance; supratemporal fenestra circular; thin bony lam-
ina projecting from the lateral and medial alveolar margins of
the maxilla covering the basal portion of the teeth; maxillary
alveoli not exceeding the anterior margin of the orbit caudally;
dorsal margin of the supratemporal arch slightly concave in lat-
eral view; parietal-squamosal bar projecting slightly caudoven-
trally; occipital surface ventral to the occipital condyle parallel
to the skull transverse plane*; supraoccipital in occipital view
with a well-developed crest in the midline, that extends along the
entire height of the bone; and orbital process of the quadrate
much and acutely developed, free of bony attachment, with a
horizontal direction.

DESCRIPTION

General Preservation

The skull is three-dimensionally preserved, with diagenetic defor-
mation that principally affects the orbital region. The rostral and
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orbital regions are dorsoventrally compressed, whereas the occipital
table has a rostral inclination. The lower jaw is represented by the
middle-posterior region of the left mandibular ramus, and no frag-
ment of themandibular symphysis has been preserved.

Cranial Openings

Orbit—The orbits face laterally, as in all metriorhynchids
(Fraas, 1902; von Arthaber, 1906; Andrews, 1913) (Fig. 1). Only
the left orbit is completely preserved, but it is strongly dorsoven-
trally crushed. Because of this, the rostrocaudal diameter is
much greater than the dorsoventral one, which is not a natural
feature. The rostrodorsal margin is formed by the prefrontal and
the rostroventral margin by the lacrimal. The caudodorsal mar-
gin is formed by the frontal and postorbital, the caudal by the
postorbital, and the ventral margin by the jugal. The scleral
rings/plates are not preserved.
Preorbital Fossa and Opening—(Sensu Fern�andez and Herrera,

2009). The right preorbital fossa is partially preserved, whereas
the left is partially crushed. The preorbital fossa is low and very
elongate, with the major axis orientated obliquely (Figs. 1, 6A, C),
as in all known metriorhynchids (e.g., Dakosaurus andiniensis, Pol
and Gasparini, 2009; Cricosaurus araucanensis, Herrera, 2012;
Maledictosuchus riclaensis, Parrilla-Bel et al., 2013). Because the
rostral-most region is not preserved, the rostral extent of this
structure cannot be determined. The dorsal margin of the preorbi-
tal fossa is formed by the nasal, and the ventral margin is formed
by the maxilla. The lacrimal contributes to the caudal margin of
the preorbital fossa (Fig. 6C), as in all metriorhynchids (e.g., C.
araucanensis, MLP 72-IV-7-1; ‘M.’ casamiquelai, MGHF 1-08573;

Dakosaurus andiniensis, MOZ-PV 6146). On the right side, the
rostral-most region of the preorbital fossa is very deep due to
deformation and erosion, exposing the endocast of the nasal cavity
proper (Fig. 6C). The endocast of the nasal gland duct fills the
preorbital opening and part of the preorbital fossa (Fig. 6A, C).
On the left side, the margins of the preorbital opening are not pre-
served; however, the preorbital opening is filled with the nasal
gland duct (Fig. 1). The endocast of the left duct is preserved as a
subcircular structure, proving that the external margin of the pre-
orbital opening was removed by erosion.
Supratemporal Fossa and Fenestra—Only the left supratem-

poral fossa and fenestra are completely preserved. The right
supratemporal arch is not preserved (Fig. 2). The rostral margin
of the supratemporal fossa is formed by the frontal and postor-
bital, the lateral margin by the postorbital and squamosal, the
medial margin by the frontal and parietal, and the caudal margin
by the squamosal and parietal. The longest axis is rostrome-
dially–caudolaterally directed and 165 mm long; the shortest
axis is perpendicular to the longest axis and 100 mm long. The
supratemporal fossa is teardrop-shaped in outline, being medio-
laterally wide and rostrocaudally long. The caudal margin of
the supratemporal fossa and fenestra (i.e., the bar formed by the
squamosal and parietal) is parallel to the transverse axis of
the skull; in this sense, the caudolateral corner extends slightly
caudal to the intrafenestral crest. The rostral margin of the
supratemporal fossae reaches the minimum interorbital distance
(Fig. 2).
The supratemporal fenestra is circular (Fig. 2). The diameter

of the supratemporal fenestra is approximately 90 mm. The mar-
gins of the supratemporal fenestra are formed rostrally by the

FIGURE 1. Purranisaurus potens (MJCM PV 2060) in left lateral view. A, photograph; B, line interpretation. Abbreviations: eor, external otic
recess; fr, frontal; gd, nasal gland duct; j, jugal; la, lacrimal; ls, laterosphenoid; mx, maxilla; na, nasal; or, orbit; pa, parietal; pfr, prefrontal; po, postor-
bital; pro, prootic; q, quadrate; sq, squamosal; sqs, squamosal flat surface. Scale bar equals 10 cm.
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frontal and laterosphenoid, laterally by the postorbital and squa-
mosal, caudally by the squamosal and parietal, and medially
by the prootic and laterosphenoid. In dorsal view, the caudal
expansion of the supratemporal fenestra reaches at least the
supraoccipital but does not exceed the occipital condyle.

Although the intrafenestral crest is eroded, the supratemporal
arch is clearly lower than the intrafenestral crest (Fig. 1).
Suborbital Fenestra—These structures are poorly preserved

in MJCM PV 2060. The suborbital fenestra is narrow and
rostrocaudally elongated (Fig. 3). The rostral and lateral

FIGURE 2. Purranisaurus potens (MJCM PV 2060) in dorsal view.A, photograph; B, line interpretation.Abbreviations: eo, exoccipital; fm, foramen
magnum; fr, frontal; ls, laterosphenoid;mx, maxilla; ?mx-na; maxillary-nasal suture; na, nasal; pa, parietal; pfr, prefrontal; po, postorbital; pro, prootic;
q, quadrate; so, supraoccipital; sq, squamosal; stf, supratemporal fenestra. Scale bar equals 10 cm.

e904790-4 JOURNAL OF VERTEBRATE PALEONTOLOGY

D
ow

nl
oa

de
d 

by
 [

So
ci

et
y 

of
 V

er
te

br
at

e 
Pa

le
on

to
lo

gy
 ]

 a
t 1

7:
48

 2
8 

A
pr

il 
20

15
 



margins are formed by the maxilla, and the medial margin is
formed by the palatines. The rostral margin extends further
rostrally than the orbital rostral margin. The ectopterygoids
are not preserved.
Secondary Choana—The secondary choana is partially pre-

served and strongly deformed (it is dorsoventrally crushed).
Despite deformation, the internal nares are wide, deep, and oval
in outline (Fig. 3). Their rounded rostral and rostrolateral mar-
gins are formed by the palatines, whereas the caudal and caudo-
lateral margins are formed by the pterygoids. Inside the internal
nares of MJCM PV 2060, there is a conspicuous septum, formed
by the pterygoids, although only the caudal portion of this sep-
tum is well preserved. A partially preserved portion of the sep-
tum, rostral to the conspicuous portion, suggests that the septum
could have divided the secondary choana completely.
Foramen Magnum—The foramen magnum is subcircular, with

the mediolateral axis slightly longer than the dorsoventral one, a
feature probably exaggerated by deformation (Fig. 5). The exoc-
cipital participates in the dorsolateral and lateral margins of the
foramen magnum and forms a flange around the dorsal margin.
The supraoccipital makes only a small contribution to the dorsal
margin of the foramen magnum.
Other Openings—The posttemporal openings are completely

obliterated in MJCM PV 2060 (Fig. 5). In other metriorhynchids,
these openings can be reduced or absent (Wenz, 1968; Fern�andez
et al., 2011). Neither the external nares, nor the infratemporal
fenestra, nor the postnasal fenestra are preserved.

Skull

Premaxilla—The premaxilla is not preserved in the material
here described.
Maxilla—The maxilla is incomplete and poorly preserved

(Figs. 1–4), and the superficial sutures with other bones cannot
be clearly identified. On the anterior-most region, there is a deep
suture that could represent the maxillary-nasal suture (Fig. 2).
The cortical bone of the maxilla is damaged; however, over the
left side, there is an area of cortical bone with its surface orna-
mented by high ridges parallel to the long axis of the skull, as
well as some isolated pits (Fig. 1). In ventral view, on the left
side, there is a thin lamina of bone projecting from the lateral
and medial alveolar margins of the maxilla (Fig. 4A). In lateral
view, the lateral lamina covers the basal portion of the teeth
(Fig. 4B). Due to the presence of both lateral and medial projec-
tions, the maxillary teeth are set in a deep groove (Figs. 3–4A).
The maxillary alveoli do not extend posteriorly beyond the ante-
rior margin of the orbit. On the left maxilla, 11 alveoli are pre-
served, only six of which have remains of teeth (Fig. 3).
Nasal—The nasal is damaged and incompletely preserved.

Remains of superficial sutures show that it is elongate and has
the typical triangular outline of most metriorhynchids (Fig. 2)
(e.g., Dakosaurus andiniensis, MOZ-PV 6146; D. maximus,
SMNS 8203; Metriorhynchus superciliosus, SMNS 10115; Crico-
saurus araucanensis, MLP 72-IV-7-1). The nasal has two pro-
cesses: the caudomedial process exposed in dorsal view and the
caudolateral process widely exposed in lateral view, as in other
metriorhynchids (e.g., Cricosaurus araucanensis, MLP 72-VI-7-1;
C. lithographicus, MOZ-PV 5787; Dakosaurus andiniensis,
MOZ-PV 6146; D. maximus, SMNS 8203; ‘M.’ casamiquelai,
MGHF 1-08573). The caudomedial process is long and contacts
the frontal medially and caudally and the prefrontal laterally.
The caudolateral process is short, contacting the prefrontal dor-
sally and the lacrimal caudally. The nasal forms the dorsal mar-
gin of the preorbital fossa.
Lacrimal—Although both lacrimals are crushed, they are only

exposed on the lateral side of the skull (Figs. 1, 6C), as in all met-
riorhynchids (e.g., Fraas, 1902; Andrews, 1913; Pol and Gaspar-
ini, 2009; Young et al., 2010). The lacrimal extends between the

caudal margin of the preorbital fossa and the rostral margin of
the orbit. Its dorsal margin contacts the prefrontal, and its ven-
tral one contacts the jugal (Fig. 1).
Prefrontal—Both prefrontals are preserved; the left is the

most complete, whereas the right lacks the portion that over-
hangs the orbit (Fig. 2). The prefrontal is enlarged and expanded
to overhang the rostrodorsal region of the orbit laterally (Fig. 1),
as in all metriorhynchids (e.g., Fraas, 1902; Andrews, 1913; Pol
and Gasparini, 2009; Young et al., 2012; Herrera et al., 2013c;
Parrilla-Bel et al., 2013). The lateral expansion extends beyond
the level of the jugal bar. In Purranisaurus potens, the prefrontal
lateral expansion is downwardly deflected (Fig. 1). On the sur-
face of the lateral expansion, there are some isolated, round,
deep pits. In dorsal view, the prefrontal is about twice as long as
it is broad, and its caudal margin almost reaches the supraorbital
constriction, where it contacts the frontal. The prefrontal is tear-
drop-shaped in dorsal view, with a ‘V’-shaped rostral margin
with its apex directed rostrally. The apex contacts the nasal cau-
domedial process rostromedially, the frontal caudomedially, and
the nasal caudolateral process lateroventrally (Fig. 2). Due to
the dorsoventral compression, the lateral exposure on the snout
cannot be determined.
Frontal—The frontal is almost complete, although poorly

preserved. In dorsal view, the anterior process of the frontal
extends rostrally between the nasal caudomedial processes,
with a ‘V’-shaped suture pointing rostrally (Fig. 2). The ante-
rior process is very elongate and extends beyond the rostral
margin of the prefrontal (Fig. 2), as in Dakosaurus andiniensis
(MOZ-PV 6146), and unlike Cricosaurus araucanensis (MLP
72-IV-7-1), C. lithographicus (MOZ-PV 5787), and
‘Metriorhynchus’ casamiquelai (MGHF 1-08573). Caudally,
the frontal has a medial process that contacts the parietal and
two caudolateral postorbital processes in contact with the
postorbitals. The caudolateral processes of the frontal form an
acute angle of approximately 60� with the sagittal plane
(Fig. 2). Only the left suture with the postorbital can be deter-
mined; it is a ‘V’-shaped suture that is caudally oriented
(Figs. 1, 2). The rostral-most region of the intrafenestral crest,
between the supratemporal fossae, is not preserved. As in
most metriorhynchids (e.g., D. andiniensis, MOZ-PV 6146;
‘M.’ casamiquelai, MGHF 1-08573; C. araucanensis, MLP 72-
IV-7-1; Maledictosuchus riclaensis, Parrilla-Bel et al., 2013),
the participation of the frontal in the dorsal margin of the
orbits is reduced due to the development of the prefrontal and
postorbital (Fig. 1). The rostral surface of the frontal is flat.
The interorbital region of the frontal is narrower than the
width of the supratemporal fossa. Caudally, the frontal enters
the supratemporal fossa and fenestra extensively and forms
the rostral floor as well as the rostral and rostrolateral margins
of the fossa. The frontal forms most of the rostral floor of the
supratemporal fossa, being well preserved and very wide, with
a rostrodorsally–caudoventrally directed axis (Fig. 2).
Parietal—The parietal is completely preserved, but its dorsal

surface is damaged. In dorsal view, the parietal is triradiate, with
one rostral and two lateral processes (Fig. 2). The rostral process
forms the caudal region of the intrafenestral crest. The lateral
processes contact the squamosals, but the parietal-squamosal
suture cannot be determined. Although eroded, it is still evident
that the parietal has a wide and subtriangular surface that is dor-
sally exposed between the supratemporal fossae, as in other met-
riorhynchids (e.g., Cricosaurus lithographicus, MOZ-PV 5787;
Dakosaurus andiniensis, MOZ-PV 6146). The parietal forms the
caudomedial margins of the supratemporal fenestra, where it
contacts the squamosal (Fig. 2). The lateral surface of the parie-
tal extends ventrally and contacts the laterosphenoid and prootic
ventrally (Fig. 6B).
Squamosal—Both squamosals are preserved, but only the left

one is almost complete. The squamosal forms the caudolateral
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margin of the supratemporal fossa (Fig. 2). Lateral to the distal
end of the paroccipital process, the squamosal has a distinct
and conspicuous subcircular, smooth, and slightly concave
surface facing caudolaterally. This surface is widely expanded
dorsoventrally and can be observed in both lateral (Fig. 1) and
caudal (Fig. 5) views. The same structure has been described in
other metriorhynchids (e.g., Dakosaurus andiniensis, Pol
and Gasparini, 2009; Cricosaurus araucanensis, Herrera, 2012;

C. lithographicus, Herrera et al., 2013c; Maledictosuchus ric-
laensis, Parrilla-Bel et al., 2013). This surface is present in
‘Metriorhynchus’ casamiquelai (MGHF 1-08573) but is greatly
reduced. In MJCM PV 2060, the parietal-squamosal bar projects
slightly caudoventrally (Fig. 5). On the skull table, there is no
conspicuous rim (formed by the squamosals and parietal) over-
hanging the occipital wall, as has been described in Fern�andez
et al. (2011) for ‘M.’ cf. ‘M.’ westermanni.

FIGURE 3. Purranisaurus potens (MJCM PV 2060) in ventral view.A, photograph; B, line interpretation.Abbreviations: bo, basioccipital; bsp, basi-
sphenoid; cr.B, ‘crest B’; ?de, dentary; j, jugal; mef, medial eustachian foramen; mx, maxilla; npdu, nasopharyngeal duct; pfr, prefrontal; pl, palatine;
pt, pterygoid; ptf, pterygoid flange; q, quadrate; sch, secondary choana; sof, suborbital fenestra. Scale bar equals 10 cm.
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Postorbital—Only the left postorbital is preserved, although it
is incomplete. The original morphology cannot be precisely
determined because the descending process of MJCM PV 2060
was previously reconstructed with plaster (Fig. 1). The postor-
bital forms the caudal half of the dorsal margin of the orbit. Cau-
dally, along the temporal region, the sharp dorsal margin of the
postorbital forms the lateral margin of the supratemporal fossa
(Fig. 2). Rostrally, it is sutured to the frontal and caudally to the
squamosal; the latter is only preserved on the left side and as a
subtle serrated suture. In lateral view, the dorsal margin of the
supratemporal arch is slightly dorsally concave (Fig. 1).
Jugal—Only the left jugal is partially preserved, forming the

ventral margin of the orbit. In lateral view, it is represented by a
long and straight bar (Fig. 1), as in other metriorhynchids (e.g.,
Cricosaurus araucanensis, MLP 72-IV-7-1;Dakosaurus andinien-
sis, MOZ-PV 6146; Maledictosuchus riclaensis, Parrilla-Bel
et al., 2013). The jugal extends further rostrally than the lacrimal
and prefrontal, overlapping the maxilla. Caudally and in lateral
view, the postorbital rests on the jugal through a straight suture
(Fig. 1). The ascending process that contributes to the postor-
bital bar could not be identified.
Quadrate—Both quadrates, slightly damaged, are preserved

(Figs. 1–3, 5, 6A–B). Inside the supratemporal fenestra, the
quadrate is vertical (Fig. 6A). It contacts the squamosal and
prootic dorsally and the postorbital laterally, and rostrally it
forms the caudal margin of the well-developed trigeminal
fossa (Fig. 6B). In ventral view, the quadrate is medially
sutured to the basisphenoid, whereas more laterally it is
sutured to the basioccipital (Fig. 3). ‘Crest B’ (Iordansky,
1973), described for other thalattosuchians (Holliday and
Witmer, 2009; Jouve, 2009; Fern�andez et al., 2011; Young
et al., 2012; Herrera et al., 2013c), is seen on the ventral sur-
face (Fig. 3). The orbital process is more developed and acute
than in other metriorhynchids (e.g., ‘Metriorhynchus’ casami-
quelai, MGFH 1-08573; Cricosaurus araucanensis, MLP 72-IV-
7-1, MLP 72-IV-7-2, MLP 86-XI-5-7; C. lithographicus, MOZ-
PV 5787). The rostromedial surface of this process remains

free of bony attachment (Fig. 6B), as was described for other
thalattosuchians (see Holliday and Witmer, 2009; Jouve, 2009;
Fern�andez et al., 2011). The conspicuous rostrolateral surface
of the orbital process is widely exposed rostrally to ‘crest B’
(Fig. 3). The subtle groove on the ventral surface of the
orbital process and the notch on its anterior margin are inter-
preted as the passage for the mandibular nerve (V3) (Fig. 6B).
The left distal articular surface of the quadrate is slightly
below the level of the basioccipital tubera. The distal articular
surface bears two condyles, partially eroded, and separated by
a shallow sulcus (Figs. 3, 5). In occipital view, the quadrate
contacts medially the ventrolateral region of the exoccipital,
extending dorsally towards the cranioquadrate passage. Both
quadrates are broken, leaving the infilling of the middle ear
cavity exposed (Fig. 6A). The external otic recess is rostrally,
dorsally, and caudally bounded by the quadrate (Fig. 1).
Laterosphenoid—Both laterosphenoids are preserved (Figs. 1,

2, 6A, B). Each is attached dorsally to the parietal and frontal,
rostrally to the frontal, ventrally to the basisphenoid, and cau-
dally to the prootic. The blunt crest formed in the laterosphe-
noid-prootic contact described for other thalattosuchians (see
Holliday and Witmer, 2009; Fern�andez et al., 2011) is present in
MJCM PV 2060 (Figs. 2, 6B). The rostral and caudal fossae for
the attachment of adductor musculature (Holliday and Witmer,
2009) could be identified. In lateral view of MJCM PV 2060, the
body of the laterosphenoid is long (Fig. 6A), as in other metrio-
rhynchids (e.g., ‘Metriorhynchus’ casamiquelai, MGFH 1-08573;
Cricosaurus araucanensis, MLP 72-IV-7-1). The laterosphenoid
forms the dorsal margin of the trigeminal fossa (Fig. 6B), as in
‘M.’ westermanni (MDA 1), ‘M.’ cf. ‘M.’ westermanni (MDA 2)

FIGURE 4. Purranisaurus potens (MJCM PV 2060) maxilla lateral
plates. A, left maxilla in ventral view; B, maxilla in left lateroventral
view.Abbreviation:mlp, maxilla lateral plate. Scale bar equals 5 cm.

FIGURE 5. Purranisaurus potens (MJCM PV 2060) in occipital view.A,
photograph; B, line interpretation. Abbreviations: bo, basioccipital; cqp,
cranioquadrate foramen; ecf, external carotid foramen; eo, exoccipital;
fm, foramen magnum;mef, medial eustachian foramen; oc, occipital con-
dyle; q, quadrate; so, supraoccipital; sqs, squamosal flat surface; IX–XI,
XII, cranial nerve foramina and/or passages. Scale bar equals 10 cm.
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and Cricosaurus araucanensis (MLP 72-IV-7-2). Due to poor
preservation, we could not determine if the laterosphenoid con-
tacted the quadrate to form the caudodorsal margin of the tri-
geminal fossa, as occurs in some specimens of C. araucanensis
(MLP 72-IV-7-2 and MLP 72-IV-7-4). The trigeminal fossa is
extensively developed caudal to the trigeminal foramen; this
fossa is markedly triangular, with the rostral region more slender
than the caudal (Fig. 6B). In lateral view, the complete trigemi-
nal foramen cannot be observed because it is hidden by the
quadrate. The horizontally directed orbital process is separated
from the ventral margin of the trigeminal foramen, in contrast to
C. araucanensis (MLP 72-IV-7-2) where the rostrodorsally pro-
jected orbital process is close to the ventral margin of the trigem-
inal foramen. Due to poor preservation, most of the osteological
correlates for the exit of cranial nerves (i.e., grooves, fossae)
could not be identified.
Prootic—Both prootics are preserved. They are subpentago-

nal, with slightly concave surfaces. The prootic is rostrally
sutured to the laterosphenoid, dorsally to the parietal, caudally
to the squamosal, and ventrally to the quadrate (Figs. 1, 2, 6A,
B). It could not be determined whether the prootic forms the
caudodorsal margin of the trigeminal fossa, as in
‘Metriorhynchus’ westermanni (MDA 1) and in the holotype of
Cricosaurus araucanensis (MLP 72-IV-7-1), or if it is excluded by
the quadrate and laterosphenoid, as in some specimens of C.
araucanensis (e.g., MLP 72-IV-7-2) and Metriorhynchus superci-
liosus (Wenz, 1968). The caudal projection of the prootic into

the trigeminal fossa, which divides the trigeminal foramen into
two portions as described by Fern�andez et al. (2011) for ‘M.’ cf.
‘M.’ westermanni, is not present in MJCM PV 2060 (Fig. 6B).
The contact of the prootic with the parietal and squamosal
defines the temporo-orbital foramen; in this way, the prootic
forms the ventral margin of this aperture.
Supraoccipital—The supraoccipital is subhexagonal in outline,

with the ventral margin dorsally concave (Figs. 5, S1). It is only
exposed in occipital view, ventral to the parietal and mediodorsal
to the exoccipitals. The parietal-supraoccipital suture is interdigi-
tated, whereas the exoccipital-supraoccipital suture is nearly
straight. The supraoccipital makes a small contribution to the
dorsal margin of the foramen magnum (Figs. 5, S1). Along the
dorsal region of the exoccipital-supraoccipital suture, there is a
blunt crest, as in ‘M.’ cf. ‘M.’ westermanni (Fern�andez et al.,
2011) and some specimens of C. araucanensis (Herrera, 2012).
There is no evidence of the posttemporal foramen. In the sagittal
axis of the skull, a well-developed crest extends along the entire
height of the supraoccipital. This crest is subtle dorsally and
more conspicuous ventrally (Figs. 5, S1).
Exoccipital—Both exoccipitals are almost completely pre-

served. The exoccipital contacts the supraoccipital medially, the
parietal dorsomedially, the squamosals dorsolaterally, the quad-
rates ventrolaterally, and the basioccipital ventromedially
(Fig. 5). The exoccipitals form the dorsolateral and lateral mar-
gins of the foramen magnum. The occipital condyle is not pre-
served; hence, it could not be determined whether the

FIGURE 6. Trigeminal and preorbital fossae of Purranisaurus potens (MJCM PV 2060).A, right lateral view showing regions of interest; B, detail of
trigeminal fossa; C, detail of preorbital fossa. Abbreviations: cnp, nasal cavity proper; foV, trigeminal fossa; fV, trigeminal foramen; gd, nasal gland
duct; gV3, mandibular nerve groove; la, lacrimal; ls, laterosphenoid; ls-pro, laterosphenoid-prootic suture; mec, middle ear cavity; mx, maxilla; na,
nasal; or, orbit; pa, parietal; pfr, prefrontal; pref, preorbital fossa; pro, prootic; q, quadrate. Scale bars equal 10 cm (A, C) and 5 cm (B).

e904790-8 JOURNAL OF VERTEBRATE PALEONTOLOGY

D
ow

nl
oa

de
d 

by
 [

So
ci

et
y 

of
 V

er
te

br
at

e 
Pa

le
on

to
lo

gy
 ]

 a
t 1

7:
48

 2
8 

A
pr

il 
20

15
 



exoccipitals contributed to its formation. The paroccipital pro-
cesses are long and slightly deflected dorsally. This deflection is
at approximately 30� to the longitudinal plane of the skull.
Between the foramen magnum and the paroccipital process,
there is a blunt rim, which continues laterally in the paroccipital
process (Fig. 5). The exoccipitals form part of the ventral margin
of the cranioquadrate foramen, whereas the squamosal bounds it
dorsally and the quadrate rostrally. Internally, this foramen con-
tinues into the cranioquadrate canal, which is separated from the
external auditory opening (external otic recess) by a thin lamina.
In the ventrolateral flange, there are three foramina, the dorsal-
most is the smallest and is located below the level of the floor of
the foramen magnum. This foramen corresponds to the exit for
cranial nerve XII. The foramen that corresponds to cranial
nerves IX–XI is located ventrolateral to the foramen magnum
and ventral to the paroccipital process. This foramen is larger
than the foramen for cranial nerve XII. The external carotid
foramen is larger than the foramina for cranial nerves IX–XI
and XII, as in all metriorhynchids (e.g., Dakosaurus andiniensis,
Pol and Gasparini, 2009; ‘M.’ westermanni, Fern�andez et al.,
2011; Cricosaurus araucanensis, Herrera, 2012; Plesiosuchus
manselii, Young et al., 2012) and is ventromedial to the foramen
for cranial nerves IX–XI (Fig. 5). An enlarged external carotid
foramen is coupled with an enlargement of the carotid canal
(Fern�andez et al., 2011). Recently, Herrera et al. (2013b) pro-
posed that the enlargement of the carotid foramen and canal of
metriorhynchids, compared with other crocodyliforms, was prob-
ably related to an increase in blood flow through the internal car-
otids to cover the functional demands of the salt glands.
Basioccipital—The occipital condyle is not preserved, and

only its outline can be observed, which suggests that it was robust
and rounded (Fig. 5). The dorsoventral height is 1.5 times
greater than that of the foramen magnum. Below the occipital
condyle, the basioccipital has a conspicuous exposure in occipital
view as a vertical surface, unlike in other metriorhynchids
(Fig. 5) (e.g., Cricosaurus araucanensis, MLP 72-IV-7-1;

Dakosaurus andiniensis, Pol and Gasparini, 2009). The basiocci-
pital tubera are partially eroded, ventrally directed, and sepa-
rated by a deep fossa. In ventral view, the major axis of the
basioccipital tubera is lateromedially directed (Fig. 3). The
basioccipital tubera are more conspicuous than in
‘Metriorhynchus’ casamiquelai (MGHF 1-08573), ‘M.’ wester-
manni (MDA 1), and C. araucanensis and appear to be laterome-
dially longer than in other species. This region is more similar to
that of Cricosaurus spp. than those of ‘Metriorhynchus’. In Pur-
ranisaurus potens and in Cricosaurus spp., the tubera are
expanded laterally, whereas in ‘M.’ casamiquelai (MGHF 1-
08573), M. superciliosus (SMNS 10116), and Metriorhynchus sp.
(GPIT/RE/07284), the basioccipital tubera are medially closer,
being almost parallel to each other.
Basisphenoid—The basisphenoid is partially preserved and

exposed in ventral view only (Fig. 3). Ventrally, the basisphe-
noid is narrow and triangular, with two caudolaterally directed
projections. The rostral extension of the basisphenoid could not
be determined due to preservation. Caudally, it forms the rostral
margin of the medial eustachian foramen, and laterally it is
sutured to the quadrates. The basisphenoid rostrum is exposed
ventrally between the quadrates. The basisphenoid rostrum is
also ventral to the secondary choana. This configuration is not
natural and is due to postmortem deformation that affected the
orbital region (Fig. 3).
Pterygoid—The pterygoids are partially preserved and widely

exposed in ventral view. Rostrally, they contact the palatine and
participate in the caudolateral and caudal margins of the second-
ary choana (Fig. 3). This wide exposure of the pterygoids may
have been exaggerated by dorsoventral compression. Lateral to
the choanal depression, a small portion of the pterygoid flanges
on both sides appear to project ventrolaterally (Fig. 3), as
described by Pol and Gasparini (2009) for Dakosaurus
andiniensis.
Palatine—The palatines are partially preserved and ventrally

exposed (Fig. 3). Fragments of other bones (probably

FIGURE 7. Left mandibular ramus of Purranisaurus potens (MJCM PV 2060). A, photograph; B, line interpretation. Abbreviations: an, angular; cr,
crest; de, dentary; sg, surangular groove; sur, surangular; te, teeth. Scale bar equals 10 cm.
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mandibular elements) hide their rostral-most portions. The pala-
tines are medially sutured to each other and contact the ptery-
goids caudally. Rostrally, the suture with the maxilla is not
preserved. The palatines form medial margins of the suborbital
fenestrae. Because the palatines are not completely preserved,
part of the natural endocast of the nasal cavity is exposed
(Fig. 3). In this region, an irregular and conspicuous pattern of
vessel fillings can be observed, similar to the pattern of blood
vessels preserved on the external surface of the nasopharyngeal
ducts described by Herrera et al. (2013b) for C. araucanensis.
Due to poor preservation, we cannot determine the presence of
the palatomaxillary grooves.

Dentition

Only six teeth are partially preserved in the left maxilla. The
crowns are slightly curved posteriorly (Fig. 4). The teeth are
mediolaterally compressed. The basal section is subcircular,
without a constriction at the crown-root junction. The interalveo-
lar spaces are reduced, being shorter than the alveolar diameter
(Figs. 3, 4A). A small portion of enamel is preserved in the apical
region of one maxillary tooth. Its surface shows bas-relief ridges
that are apicobasally aligned and extend across the crown. They
are difficult to see without a microscope. Unfortunately, due to
poor preservation, the presence or absence of carinae on the
teeth cannot be determined.

Mandible

General Comments—The mandible of the holotype (MJCM
PV 2060) was briefly described by Rusconi (1948a). In a second
contribution, Rusconi (1948b) extended the original description;
however, no significant features could be described because most
of the mandible was still covered by sediment. Subsequently, no
new information has been published except for a brief descrip-
tion by Gasparini (1973). Further preparation of the holotype
exposed the well-preserved middle-posterior region of the left
mandibular ramus (Fig. 7). As in all metriorhynchids, the exter-
nal mandibular fenestra is absent (Fraas, 1902; Andrews, 1913;
Vignaud, 1995). Due to taphonomic compression, on the lateral
surface of the dentary and surangular, the mandibular groove is
obliterated. Most of the coronoid process has not been pre-
served; however, the preserved portion suggests that it was in the
same plane as the jaw joint and was not ventrally displaced (as is
characteristic of some metriorhynchids; e.g., Metriorhynchus
superciliosus, Gracilineustes leedsi, and ‘M.’ brachyrhynchus;
Young et al., 2012). The angular continues rising dorsally behind
the coronoid process, as in Geosaurini (Young et al., 2012). The
dentary tooth row is below the plane of both the retroarticular
process and the glenoid fossa.
Dentary—The dentary is incompletely preserved. In the ros-

tral-most portion, the dentary bears some damaged teeth. The
dentary is ventrally sutured to the angular through a straight
suture (Fig. 7).
Surangular—The surangular is strongly sutured to the angular

through a straight contact that bows dorsally towards the jaw
joint in its posterior region (Fig. 7). Its contact with the coronoid
and dentary cannot be clearly traced. On the lateral surface of
the surangular, rostral to the retroarticular process, there is a
conspicuous rostrodorsally–caudoventrally directed crest
(Fig. 7).
Angular—The angular forms the ventral half of the posterior

region of the mandibular ramus. The ventral margin is gently
concave, curving dorsally towards the articular region. The angu-
lar dorsal margin is strongly sutured to the surangular (Fig. 7).
Articular—The articular is partially preserved and extends

caudally in a relatively short retroarticular process compared
with other metriorhynchids (e.g., Cricosaurus araucanensis, MLP

72-IV-7-1; C. lithographicus, MOZ-PV 5787) (Fig. 7). The articu-
lar fossa is poorly preserved and deformed.

PHYLOGENETIC ANALYSIS

Methods

In order to explore the phylogenetic affinities of Purranisaurus
potens, we included it in the data set of Young et al. (2012). We
used this data set because it represents the most extensive taxon
and character sampling of Thalattosuchia. The resulting matrix
consists of 240 characters scored for 75 crocodylomorph taxa.
Cricosaurus lithographicus, a recently described Patagonian met-
riorhynchid (Herrera et al., 2013c), has been included, as well as
minor modifications to character scores for some thalattosuchian
species. The data matrix and the modifications of character scor-
ing are available in Supplementary Data. The phylogenetic data
matrix was analyzed with equally weighted parsimony using
TNT version 1.1 (Goloboff et al., 2008), with a heuristic tree
STR search of 1000 replicates of Wagner trees (using random
addition sequences), followed by tree-bisection-reconnection
(TBR) branch-swapping and holding 1000 trees per replicate,
with default collapsing rule (minimum length D 0). The robust-
ness of the nodes was tested using nonparametric bootstrapping
with 1000 pseudoreplicates. Following Young et al. (2012), two
phylogenetic analyses were performed: (1) with all characters
treated as nonadditive ( D unordered), and (2) with 40 multistate
characters treated as additive ( D ordered) (see Supplementary
Data).

Purranisaurus potens Relationships

From the unordered phylogenetic analysis of the modified
data set, 132 most parsimonious trees (MPTs) with tree lengths
of 639 steps (ensemble consistency index [CI] D 0.496; ensemble
retention index [RI] D 0.860) were recovered. The general topol-
ogy of the consensus cladogram (Fig. 8) is consistent with that of
Young et al. (2012:fig. 26). Purranisaurus potens is recovered
deeply nested within Geosaurini, forming an unresolved clade
with the other members of the tribe, whereas ‘Metriorhynchus’
casamiquelai and ‘M.’ westermanni were recovered as a stem
Geosaurinae. Cricosaurus lithographicus is the sister taxon of C.
macrospondylus, with Cricosaurus araucanensis and C. schroe-
deri consecutive sister taxa of this clade (Fig. 8). The C. lithogra-
phicus/macrospondylus sister-taxon relationship is supported by
the weak mediolateral compression of the maxillary teeth. In for-
mer analyses (Herrera et al., 2013c:fig. 5B), C. lithographicus was
nested with Cricosaurus macrospondylus and Cricosaurus arau-
canensis was found in a polytomy. Cricosaurus macrospondylus
C Cricosaurus lithographicus C Cricosaurus araucanensis share
the presence of carinate (unicarinate/bicarinate) teeth. As
reported by Young et al. (2012), our results within Geosaurini
show a strong support for Geosaurus (bootstrap D 75%) and
Dakosaurus (bootstrap D 93%) monophyly; however, there is a
low support at the base of Geosaurini (bootstrap value D 51%).
From the ordered phylogenetic analysis, 2325 most parsimonious
trees (MPTs) with tree lengths of 678 steps were recovered
(ensemble CI D 0.473; ensemble RI D 0.864). The topology of
the strict consensus inside Geosaurinae is the same as that
obtained in the unordered analysis (Fig. S2).

DISCUSSION

Comparative Anatomy

The skull and mandible morphology of Purranisaurus potens
possesses a peculiar combination of characters allowing its vali-
dation as a distinct taxon. Because its phylogenetic position has
been debated for a long time, comparisons with other metrio-
rhynchids will be discussed further. This comparison mainly
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FIGURE 8. Strict consensus topology of the
unordered phylogenetic analysis.
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includes those taxa to which P. potens has been related by other
authors (i.e., Dakosaurus and ‘Metriorhynchus’), and other Pata-
gonian metriorhynchids.
In dorsal view, the teardrop-shaped supratemporal fossa of

Purranisaurus potens resembles that of Torvoneustes carpenteri
(Wilkinson et al., 2008) and differs from the subquadrangular
fossa of ‘Metriorhynchus’ casamiquelai (MGHF 1-08573). The
caudal margin of the supratemporal fossa is parallel to the trans-
verse axis of the skull, in contrast to the posterolaterally pro-
jected margins of ‘M.’ casamiquelai. In P. potens, the anterior
margin of the supratemporal fossa reaches the minimum interor-
bital distance, as in Dakosaurus spp. (Young et al., 2012). The
rostral floor of the frontal, inside the supratemporal fossa of
MJCM PV 2060, is very wide and rostrodorsally–caudoventrally
directed, unlike the small and caudoventrally–rostrodorsally
directed surface of ‘M.’ casamiquelai (MGHF 1-08573). In P.
potens, the squamosal, forming the boundaries of the supratem-
poral fossa, does not form a right angle. In ‘M.’ casamiquelai and
‘M.’ westermanni, this is a right angle that determines a subqua-
drangular fossa. In P. potens, the parietal-squamosal bar projects
slightly caudoventrally. In ‘M.’ casamiquelai (MGHF 1-08573),
this bar projects caudolaterally, whereas in C. araucanensis it is
much more ventrally projected. In P. potens, the dorsal margin
of the supratemporal arch is slightly concave dorsally in lateral
view, as in Cricosaurus araucanensis (MLP 72-IV-7-1), contrast-
ing with the straight dorsal margin present in ‘M.’ casamiquelai
(MGHF 1-08573). Concerning the supratemporal fossae, the
almost circular supratemporal fenestra of P. potens is unique
among Geosaurini; this feature is also present in ‘M.’ brachyr-
hynchus (Andrews, 1913:pl. XII, fig. 1; Vignaud, 1995:pl. 16), M.
superciliosus (Vignaud, 1995:pl. 19, fig. c), and some juvenile
specimens of Cricosaurus araucanensis (Herrera, 2012). As in
other members of Geosaurini, the caudolateral corner of the
supratemporal fenestra extends posteriorly beyond the intrafe-
nestral crest (Young et al., 2012).
Although poorly preserved, the low, elongate preorbital fossa of

Purranisaurus potens differs from that of ‘Metriorhynchus’ casami-
quelai, in which it is short and deep. A particular feature of ‘M.’
casamiquelai is that the lacrimal has an anterior projection that
excludes the nasal from the dorsal margin of the preorbital fossa.
In this way, the border of the preorbital fossa is formed caudally
and caudodorsally by the lacrimal, rostrally and rostrodorsally by
the maxilla, and ventrally by the maxilla and jugal.
In most metriorhynchids, the extension of the suborbital fenes-

tra does not rostrally exceed the rostral margin of the orbit: in
‘Metriorhynchus’ casamiquelai, Cricosaurus araucanensis, and C.
lithographicus, for example, the rostral extension is relatively
reduced. By contrast, in P. potens, the suborbital fenestra
exceeds the orbital rostral margin.
The maxillary region is also interesting for comparison. The

thin bony lamina projecting from the lateral alveolar margin of
the maxilla in Purranisaurus potens resembles the premaxillary
‘lateral plates’ of Dakosaurus maximus, which are considered an
autapomorphic feature of this species (Young et al., 2012). In
MJCM PV 2060, the premaxilla is not preserved; hence, it cannot
be confirmed if the lateral plates also projected onto the premax-
illae. The maxillary alveoli do not extend caudally beyond the
rostral margin of the orbit, contrasting with the condition in Cri-
cosaurus araucanensis (MLP 72-IV-7-1) and Metriorhynchus
superciliosus (SMNS 10115, 10116).
As in Dakosaurus andiniensis (MOZ-PV 6146) and Crico-

saurus lithographicus (MOZ-PV 5787), and unlike in
‘Metriorhynchus’ casamiquelai (MGHF 1-08573) and C. arau-
canensis (MLP 72-IV-7-1), the short posteromedial processes
of the nasal does not reach the level of the lateral prefrontal
inflexion point in Purranisaurus potens. The lateral expansion
of the prefrontal in P. potens extends well beyond the level
of the jugal bar, contrasting with the short and horizontal

lateral expansion present in ‘Metriorhynchus’ casamiquelai.
This lateral expansion is downwardly deflected, a feature
shared with D. andiniensis, although in the latter this deflec-
tion is more pronounced.
As inDakosaurus andiniensis, the anterior process of the fron-

tal of P. potens is very elongate and extends beyond the rostral
margin of the prefrontal. This condition differs from that of
‘Metriorhynchus’ casamiquelai, M. superciliosus, and Argenti-
nean species of Cricosaurus. The acute angle (approximately
60�) formed by the caudolateral processes of the frontal with the
sagittal plane of P. potens resembles that of species of Torvo-
neustes and Geosaurus but differs from Dakosaurus in which this
angle is between 45� and 60� (Young et al., 2012). In dorsal view,
the rostral surface of the frontal is flat, unlike in ‘M.’ casamique-
lai in which the rostral frontal process is deeply set between the
orbits and the dorsal orbital margins are higher (Gasparini and
Chong D�ıaz, 1977).
In ‘Metriorhynchus’ casamiquelai and Argentinean Cricosaurus,

there is a rim that slightly overhangs the occipital wall, whereas in
Purranisaurus potens this rim is not observed. Improved prepara-
tion of the holotype also allows comparison of Purranisaurus
braincase elements. On the quadrate, ‘crest B’ is similar to that of
Plesiosuchus manselii (Young et al., 2012), but unlike those of
‘Metriorhynchus’ casamiquelai (MGFH 1-08573), ‘M.’ wester-
manni (MDA 1), ‘M.’ cf. ‘M.’ westermanni (MDA 2), and Argen-
tinean Cricosaurus species in which this crest is blunt and
relatively low. The orbital process of the quadrate is horizontal, as
in ‘M.’ casamiquelai and Dakosaurus andiniensis (MOZ-PV
6146), in contrast to the more dorsolateral position present in
Argentinean Cricosaurus spp. A horizontally directed orbital pro-
cess could be a distinctive feature among Geosaurinae.
In Purranisaurus potens, the trigeminal fossa is extensively

developed caudal to the trigeminal foramen, as in ‘M.’ wester-
manni and ‘M.’ cf. ‘M.’ westermanni (Fern�andez et al., 2011). In
MJCM PV 2060, this fossa is markedly triangular and tapers ros-
trally, and in lateral view the trigeminal foramen is partially hid-
den by the quadrate. A similar condition is present in
C. araucanensis (MLP 72-IV-7-2, MLP 86-XI-5-7). The develop-
ment of the fossa mainly caudal to the trigeminal foramen
has been proposed as an apomorphy of Metriorhynchidae
(Young et al., 2013).
In Purranisaurus potens, as in ‘Metriorhynchus’ westermanni

(Gasparini et al., 2008), ‘M.’ cf. ‘M.’ westermanni (Fern�andez
et al., 2011), some specimens of C. araucanensis (Herrera, 2012),
and Plesiosuchus manselii (Young et al., 2012), the supraoccipi-
tal participates in the dorsal margin of the foramen magnum.
The deflection of the paroccipital process is more pronounced

in Purranisaurus potens (approximately 30�) than in
‘Metriorhynchus’ casamiquelai (MGHF 1-08573), ‘M.’ wester-
manni (MDA 1), and ‘M.’ cf. ‘M.’ westermanni (MDA 2) (approx-
imately 15–20�). The blunt rim developed between the foramen
magnum and the paroccipital process in P. potens is another fea-
ture shared with ‘M.’ casamiquelai (MGHF 1-08573), ‘M.’ wester-
manni (MDA 1), and ‘M.’ cf. ‘M.’ westermanni (MDA 2), but it is
absent in C. araucanensis (MLP 72-IV-7-1, MLP 72-IV-7-2).
In Purranisaurus potens, the cranioquadrate canal is separated

from the external auditory opening (external otic recess) by a
thin lamina, as in ‘Metriorhynchus’, Cricosaurus, and Dakosau-
rus (Fern�andez et al., 2011), but differing from the condition in
basal thalattosuchians such as Pelagosaurus typus (BSGP 1890 I
5) and Teleosaurus cadomensis (Jouve, 2009) in which the rostral
margin of the cranioquadrate canal is incompletely separated
from the external otic recess.
The mandibular ramus is notably high and robust, similar to

Dakosaurus spp., and unlike the more slender mandible of
‘Metriorhynchus’ casamiquelai (MGHF 1-08573) and the low
and gracile mandible of Cricosaurus spp. In Purranisaurus
potens, as in D. andiniensis (MOZ-PV 6146), D. maximus
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(SMNS 82043), and Plesiosuchus manselli (Young et al., 2012:
figs.19A, 20A), there is a well-developed crest on the lateral sur-
face of the surangular, rostral to the retroarticular process. In M.
supersiliosus (SMNS 10116), the crest is present but less devel-
oped, which suggests that this feature was more broadly distrib-
uted among metriorhynchids.

Purranisaurus potens as a Geosaurinae

In all previous phylogenetic analyses, Purranisaurus potens
was recovered within Geosaurinae. Young and Andrade (2009)
found it as the sister taxon of ‘Metriorhynchus’ casamiquelai,
supported by the absence of tooth carinae and the presence of a
straight supratemporal arch in lateral view. The former character
is missing in P. potens, and the scoring of the second has been
changed herein to reflect the observation that the supratemporal
arch is concave in dorsal view. Based on their previous analysis,
Young et al. (2010) applied the genus name Purranisaurus
to the brevirostrine species from South America, except for
Dakosaurus andiniensis, and Purranisaurus potens became
the type species of the genus, which was expanded to include
‘Metriorhynchus’ casamiquelai and ‘Metriorhynchus’ wester-
manni. Young et al. (2013) found the three referred species of
Purranisaurus as members of the clade Geosaurinae.
The general topology of the strict consensus cladograms

obtained herein, and the positions of ‘Metriorhynchus’ casami-
quelai and ‘M.’ westermanni, do not differ dramatically from
those of previous analyses (Young and Andrade 2009; Young
et al., 2010, 2013; Cau and Fanti, 2011). However, contrary to
these contributions, we found Purranisaurus potens deeply
nested within Geosaurini, and no close relationships between
‘M.’ casamiquelai, ‘M.’ westermanni, and P. potens. When multi-
state characters were treated as additive, the same consensus
topology for Geosaurinae was found (Fig. S2). In all analyses,
‘M.’ casamiquelai and ‘M.’ westermanni were recovered outside
Geosaurini in a polytomy at the base of Geosaurinae, and Purra-
nisaurus potens was found to be more closely related to Plesiosu-
chus, Torvoneustes, Dakosaurus, and Geosaurus (Geosaurini)
than to Chilean metriorhynchids.
Based on our results, we propose Purranisaurus as a member

of Geosaurini including, to date, only P. potens. Excluding Chil-
ean metriorhynchids from Purranisaurus implies that the cur-
rently known time span of the genus is restricted to the late
Tithonian–early Berriasian, and not to the Callovian–Tithonian
as previously thought (Young et al., 2010; Cau and Fanti, 2011).
The poor preservation of the type material hampers consider-

ation of the feeding behaviour of Purranisaurus potens. Most of
the morphofunctional adaptations to macrophagy synthesized by
Young et al. (2012) cannot be evaluated in this specimen. How-
ever, although not directly related to macrophagy, P. potens has
a striking feature on the maxillary edge: the development of a
thin lamina of bone projecting from the lateral alveolar margin.
This lamina resembles that described by Young et al. (2012) on
the premaxilla of Dakosaurus maximus (SMNS 8203). However,
it is difficult to determine whether the lamina on the maxilla of
P. potens is part of a single plate projecting ventrally along the
premaxilla-maxilla lateral border, which would imply that it is
homologous with the lateral plate on the premaxilla of D. maxi-
mus, or if these structures are unrelated to each other. The only
known specimen of P. potens lacks the premaxilla, and this fea-
ture is not in evidence on the maxilla of D. maximus (SMNS
8203). However, in one specimen of Dakosaurus maximus
(GPIT/RE/9220), there is a thin lamina of bone along the lateral
border of the premaxilla-maxilla (pers. observ., Y. Herrera),
although it is less conspicuous than in P. potens (Fig. S3). If this
observation is confirmed, the lateral plates on the premaxilla and
maxilla borders, as well as other cranial features such as the ante-
rior margin of the supratemporal fossa reaching the minimum

interorbital distance and the lateral expansion of the prefrontal
downwardly deflected, would have been more common among
Geosaurini.
Reevaluation of themorphology ofP. potens and its phylogenetic

position helps to fill a gap in the evolutionary history of the most
derived Geosaurinae at the end of the Jurassic. The Geosaurini
from the SouthAmericanmargins of the Eastern Pacific (i.e.,Dako-
saurus andiniensis andPurranisaurus potens) co-occurred in the late
Tithonian–early Berriasian of theNeuqu�en Basin, and both of them
crossed the Jurassic-Cretaceous boundary. New discoveries will
help to elucidate whether the evolutionary history of the southern
margins of the Paleo-Pacific mirrored that of theWestern Tethys or
if two genera continued to coexist in Patagonia while Geosaurini
diversity declined in theWesternTethys.

CONCLUSIONS

Based on cranial autapomorphies and a unique combination of
character conditions, we cannot refer Purranisaurus potens to
any metriorhynchid genus already named. We consider Purrani-
saurus as a valid genus. Future discoveries including complete
teeth and postcranial elements may improve the resolution of
the relationships within Geosaurini. Purranisaurus, redefined as
a monotypic genus, existed for a restricted time span from the
late Tithonian–early Berriasian.
The skull features and the phylogenetic analysis support

the statement that the Chilean metriorhynchids (i.e.,
‘Metriorhynchus’ casamiquelai and ‘Metriorhynchus’ wester-
manni) differ from Purranisaurus. Based on our phylogenetic
analysis and those carried out by Young et al. (2012), Chilean
metriorhynchids belong to Geosaurinae, whereas European spe-
cies of Metriorhynchus belong to Metriorhynchinae; therefore,
Chilean metriorhynchids belong to a different genus (not
Metriorhynchus).
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