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The first record of Tuarangisaurus
(Sauropterygia, Plesiosauria) from the Maastrichtian
of the Lefipan Formation, Chubut, Argentina

José P. O°Gorman, Roberto A. Scasso, and Francisco A. Medina

ABSTRACT

Elasmosaurids represent the most diverse clade of plesiosaurians during the
Campanian—Maastrichtian. We report a new specimen with a well-preserved cranium
and postcranium from the Maastrichtian levels of the Lefipan Formation, Chubut Prov-
ince, Argentina, referred to Tuarangisaurus keyesi. This species was previously known
only from Campanian—Maastrichtian deposits of New Zealand. Phylogenetic analysis
recovers Tuarangisaurus keyesi as the basalmost member of Weddellonectia. The
hyoid apparatus is preserved and consists of a single ossified element identified as
ceratobranchial I, comparable to the condition observed in other plesiosaurians. The
morphology of this element is consistent with a ram-feeding strategy.
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INTRODUCTION

Elasmosaurids are a clade of plesiosaurians
that shows extreme increases in neck created by
the elongation of vertebral centra and increases in
cervical vertebrae account (O’Keefe and Hiller,
2006; Sachs et al., 2013). The biochron of elasmo-
saurids extends between the Valanginian?,
Hauterivian-Maastrichtian, being one of the two,
together with Polycotylidae, plesiosaurian families
that reach the K/Pg boundary (Vincent et al., 2011;
Benson and Druckenmiller, 2014; Fischer et al.,
2018).

Elasmosaurids are, together with mosasaurs,
the most frequently recorded marine reptiles in the
Campanian-Maastrichtian levels of the Weddellian
Province (Southern South America, Western Ant-
arctica, and New Zealand; Zinsmeister, 1979; Hiller
et al., 2005, 2017; Otero et al., 2018; O’Gorman,
2016a, b; O’'Gorman et al., 2015, 2024). Recent
work on Weddellian elasmosaurids has focused
mainly on the skeletal morphology of aristonectines
as they show extreme derived features in cranium
and postcranium, except for Alexandronectes zea-
landiensis, (Cruickshank and Fordyce, 2002; Otero
et al., 2016; O’Gorman, 2016a). However, non aris-
tonectine elasmosaurids such as Tuarangisaurus
keyesi (New Zealand, Wiffen and Moisley, 1986),
Kawanectes lafquenianus and Chubutinectes car-
meloi (Argentinean Patagonia, O’Gorman, 2016b;
O’'Gorman et al.,, 2023), Vegasaurus molyi and
Marambionectes molinai (Antarctica, O’Gorman et
al., 2015) are also present in the Weddellian Prov-
ince (Welles and Gregg, 1971; Wiffen and Moisley,
1986; O’Gorman, 2012; O'Gorman et al., 2013,
2023, 2024).

The Lefipan Formation has an important his-
torical place among the formations that have
yielded plesiosaurs in Argentina as it was the first
unit where aristonectines were collected (Cabrera,
1941; Gasparini et al., 2003). However, until now
no non-aristonectine plesiosaurs have been
described from the Lefipan Formation.

In 2003 R.A. Scasso and F.A. Medina (Facul-
tad de Ciencias Exactas y Naturales, Universidad
de Buenos Aires) collected two blocks with embed-
ded bones and additional minor remains (num-
bered temporary as CPBA-V 14235, CPBA=
Coleccion de Paleontologia de la Facultad de
Ciencias Exactas y Naturales) of a plesiosaurian
from Estancia El Porvenir (Figure 1, Fazio et al.,
2013). A subsequent prospection in the same GPS
coordinates allows us to find the original location of
the specimen and allows the collection of addi-
tional material from the same specimen during two
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fieldtrips on March 2021 and October 2021 (MPEF-
PV 12001, MPEF = Museo Paleontoldgico Egidio
Feruglio). The complete specimen, comprising the
2003 and 2021 specimens, are now registered
under number MPEF-PV 12001, comprises a well-
preserved skull, neck, pectoral and dorsal region,
and a front limb, ribs, and gastroliths, being one of
the best preserved elasmosaurids from Argentina.
The aim of this contribution is to describe the new
specimen, discuss its affinities and phylogenetic
position, and discuss the homology of the ossified
portion of the hyoid apparatus of plesiosaurians.

GEOLOGICAL SETTING

The Lefipan Formation (Turner, 1983) crops
out extensively along the Valle Medio (Middle Val-
ley) of the Chubut River (Petersen, 1946; Ruiz et
al., 2005; Scasso et al., 2012) concordantly overly-
ing the Campanian/Maastrichtian quartzose sand-
stones and fine conglomerates of the Paso del
Sapo Formation, a unit that shows prominent expo-
sures all over the region. MPEF-PV 12001 was
found in the type locality of the Lefipan Formation
(Turner, 1983), 40 km to the south of the town of
Paso del Sapo (Figure 1A, B, C). A 65 m thick suc-
cession rich in marine fauna is exposed (Figure 1E,
F), as it was recognized many years ago by sev-
eral authors (see Turner, 1983 and references
therein). The yellow to rusty brown sandstones
with interbedded yellowish-brown to green mud-
stones of the Lefipan Formation crop out reces-
sively above the hard sandstones of the Paso del
Sapo Formation, which form cliffs along the fluvial
plain of the Chubut River (Figure 1C, D, E). Locally,
the Lefipan Formation is covered by deposits of an
ancient (Pleistocene?) terrace from the Chubut
River, or by recent debris from the basalts of the El
Mirador Series (Turner, 1983) cropping out imme-
diately to the west at the Sierra de Cutancunué.
Intrusions of small basaltic bodies assigned to El
Mirador Series are also observed to the southwest
of the mapped area (Figure 1D). The Lefipan For-
mation is Maastrichtian-Danian in age (Medina et
al., 1990; Olivero et al., 1990; Medina and Olivero,
1994). The mollusk fauna of Lefipan Fm. is mainly
composed of oysters (Casadio, 1998), gastropods
and bivalves (Olivero et al., 1990; Scasso et al.,
2012) with rare cephalopods (Eubaculites); the ver-
tebrate records are rare (Gasparini et al., 2003).
The Lefipan Formation was deposited in a tide-
dominated, steep-gradient, and coarse-grained
deltaic system in a large embayment (Scasso et
al., 2012). Mollusk faunas are abundant and mac-
rofaunal evidence indicates that salinity was the
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FIGURE 1. A, B, C, General maps showing the locality where MPEF-PV 12001 was collected. D, Sketch geological
map. E, Geological cross section. F, Sedimentological section of the Lefipan Formation showing the level where

MPEF-PV 12001 was collected

major factor that controlled the faunal composition
and ecological structure of benthic assemblages
(Scasso et al., 2012). Monospecific communities of
corbiculid bivalves or oysters occurred where salin-
ity deviated most strongly from normal marine.
More diverse and complex assemblages, such as
those found in the studied locality, existed in envi-
ronments with a lower degree of salinity-induced
stress. In these, other environmental factors such
as grain size, oxygen supply, and the amount of
particulate organic matter became important fac-
tors controlling the faunal associations (Scasso et
al., 2012).

Institutional Abbreviations. CPBA, Coleccion de
Paleontologia de la Facultad de Ciencias Exactas
y Naturales; MLP, Museo de La Plata, Buenos
Aires Province, Argentina; MPEF, Museo paleonto-
logico Egidio Feruglio; NPC CD, National Paleon-

tological Collection, GNS, GNS Science, Lower
Hutt; SMUSMP, Southern Methodist University,
Shuler Museum of Paleontology, Dallas; SMNS,
Staatliches Museum fir Naturkunde, Stuttgart,
Germany; UBA, Universidad Nacional de Buenos
Aires.

Anatomical Abbreviations. al, alveoli; ang+art,
angular + articular; AP, anterior process; ataxc,
atlas-axis complex; atna, atlas neural arch; atr,
atlas rib; axna, axis neural arch; axr, axis rib; bpp,
basipterygoid process; bat, basioccipital tuber;
BHL, basihial; bo, basioccipital; CB, ceratobran-
chial; CHI, ceratohyal; caf, carotideal foramen; co,
coronoid; cop, coronoid process; cr, cervical rib;
cup, cultriform process; cv, cervical vertebra; dc,
distal carpal; de, dentary; di, diapophysis; dns,
dorsal neural spine; dr, dorsal rib; ds, dorsum sel-
lae; dv, dorsal vertebra; ecp, ectopterygoid; ecpp,
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ectopterygoid posterior process; epi, epipterygoid;
epap, epipterygoid anterior process; exf, exoccipi-
tal facet of the basioccipital; exo, exoccipital-opist-
hotic; fr, frontal; ga, gastralia; gto, gastrolith; hu,
humerus; hy, hyoid element; in, internal naris; int,
intermedium; ju, jugal; Ik, lateral keel; Isc, left
scapula; Mc, Meckelian canal; mc, metacarpal;
mep, metoptica pila; mx, maxilla; mxf, maxillary
foramina; ns, neural spine; oc, occipital condyle;
oaf, occipital anterior foramen; pak, parasphenoid
keel; pal, palatine; parb, parabasisphenoid; pez,
prezygapophyses; ph, phalanges; piv, posterior
interpterygoid vacuity; pmx, premaxilla; po, postor-
bital; pop, paraoccipital process; poz, postzyga-
pophyses; ppr, prepectoral rib; ppv, prepectoral
vertebrae; pre, prearticular; pro, prootic; ps, pisi-
form; pt, pterygoid; ptdr, pterygoid dorsal ridge;
ptms, pterygoid medial sulcus; ptpp, pterygoid
posterior process; ptqr, pterygoid quadrate ramus;
pv, pectoral vertebrae; r, radius; rap, retroarticular
process; re, radiale; rsc, right scapulae; sep,
supraoccipital-epiotic; sp, splenial; sq+q, squamo-
sal + quadrate; st, sella turcica; sua, surangular; u,
ulna; ue, ulnare; vf, ventral foramina; VI, foramen
for VI cranial nerve; vn, ventral notch; vo, vomer.

MATERIAL AND METHODS
Indexes

The linear measurements were obtained
using a digital calliper with a precision of 0.01 mm.
The indices used in the description follow those
defined by Welles (1952) and include centrum
length (L), the height-to-length ratio of the centrum
(100 x H/L), and the breadth-to-length ratio (100 x
B/L). Additionally, the breadth-to-height ratio (100 x
B/H) was calculated. The vertebral length index
(VLI), calculated as L divided by half the sum of
height and breadth [VLI =L/ (0.5 x (H + B))], was
also included in the analysis. In all cases, breadth,
and height measurements were taken from the
posterior articular surface of the centrum.

CT scan and segmentation. CT scanning is a
well-known, non-destructive technique that allows
construction of a digital 3D model to view internal
anatomical structures. A computer tomography

TABLE 1. CT scans setting and used CT devices.

(CT) scan was performed on the skull and the
atlas-axis (at Instituto del Diagnéstico del Este del
Chubut, Trelew City) and two main blocks and frag-
ments that comprise the last cervical, pectoral, and
a group of dorsal vertebrae (at Hospital San Martin,
La Plata City). The pixel resolution is 0.39 mm,
other data of the two CT are given in Table 1. Data
were collected from the scanner in DICOM format
and processed using the editing tools for segmen-
tation of the InVesalius 3.0 free software (Martins
et al., 2007).

Phylogenetic Analysis

The data set is based on those of Benson and
Druckenmiller (2014) and Serratos et al. (2017),
modified by O’Gorman (2019) and O’Gorman et al.
(2021, 2023, 2024) with the addition of the poly-
cotylids from the data set of Fischer et al. (2018)
and three characters and scorings from Morgan
and O’Keefe (2019). Additionally, the scorings of
the new specimen were added. The data set
includes Tuarangisaurus keyesi (holotype NPC CD
425 and NPC CD 426) and the specimen (MPEF-
PV 12001) as separate scorings (Supplementary
Material 1) and other scoring with combined scores
(NPC CD 425 + NPC CD 426 + MPEF-PV 12001,
Supplementary Material 2). This adds 43 new
scores (14.8 % additional scores) to T. keyesi. The
Character 109 was modified ectopterygoid/ptery-
goid boss/flange by the addition of state (3); ven-
trally deflected posterior margin forms postero-
ventral long and pointed projections that is located
ventrally to the plane of palatine.

The complete data sets were analyzed with
the TNT 1.5 software package (Goloboff and Cata-
lano, 2016). All characters were considered unor-
dered except for Ch. 155 (modified by O’Gorman,
2019). The analysis was carried out using New
Technology (sectorial search, ratchet, drift, tree
fusing with the default settings) with 10,000 repli-
cates. The MPTs obtained were then used as the
starting point to perform TBR swapping. Bremer
Support (Bremer, 1994) values were calculated
using TNT for some nodes to test clade robust-
ness.

Material

matrix size/#slices/thickness

USED CT Device

MPEF-PV 12001
Skull and atlas-axis complex

MPEF-PV 12001
Cervical and dorsal region

512x512/ 504 slices/0.5 mm

512x512 /2534 slices/0.5 mm

TOSHIBA Aquilion Lightning (TSX-035A)

CANON Aquilion Prime SP




SYSTEMATIC PALEONTOLOGY

Subclass SAUROPTERYGIA Owen, 1860
Order PLESIOSAURIA de Blainville, 1835
Superfamily PLESIOSAUROIDEA Welles, 1943
Family ELASMOSAURIDAE Cope, 1869
Genus TUARANGISAURUS Wiffen and Moisley,
1986

Type species. Tuarangisaurus keyesi Wiffen and
Moisley, 1986 by original designation.

Tuarangisaurus keyesi
Wiffen and Moisley, 1986
Figures 2-16

Emended diagnosis. An elasmosaurid character-
ized by one autapomorphy: ectopterygoid with
large boss on the ventral surface that end in a ven-
tro-caudally directed long process that reaches the
middle of the posterior interpterygoid vacuity. The
following features also allow differentiation of Tua-
rangisaurus keyesi from other elasmosaurids: 15/
16 maxillary alveoli, differing from aristonectines;
no caniniform teeth, differing from aristonectines;
ventral margin of the orbit convex and formed
mostly by the maxilla, differing from Eromangasau-
rus australis and Futabasaurus suzukii; absence of
parietal foramen, differing from Callawayasaurus
colombiensis; anterior ramus of pterygoid overlaps
posterior half of vomer; absence of posterior
interpterygoid symphysis; parasphenoid with ven-
tral keel; quadrate ramus of the pterygoid plate like
and projects from the lateral surface of pterygoid,
paraoccipital process long and compressed articu-
lating with squamosal and pterygoid; twenty-one/
twenty three dentary alveoli; high triangular coro-
noid process, differing from C. colombiensis and
Zarafasaura oceanis; atlas rib as long as the axis
rib; axis rib dorso-ventrally compressed, differing
from Vegasaurus molyi; axis neural spine ending
anterior to the postzygapophyses, differing from
Thalassomedon haningtoni. Atlas-axis complex
with heart shaped atlantal cup differing from Aris-
tonectes parvidens, Wunyelfia maulensis, and
Marambionectes molinai; and with low rounded
ventral ridge differing from Libonectes morgani.
Cervical vertebrae with lateral keel differing from
Aristonectes parvidens and Nakonanectes bradfti,
cervical articular faces with ventral notch until the
caudal-most cervical, differing from C. colombien-
sis and Z. oceanis and Traskasaura sandrae. Ante-
rior margin of neural spine of anterior cervicals
curved caudally. Posterior cervical neural spines
caudally inclined differing from F. suzukii; Kawan-
ectes lafquenianus and A. quiriquinensis. Two pec-
toral vertebrae; scapula with medial symphysis
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along ventral plates; epipodial elements wider than
long; epipodial foramen; metatarsal V completely
shifted to the carpal row; accessory ossicle
between ulna and ulnare.

Holotype. NPC CD 425 skull and NPC CD 426,
fused atlas-axis and seven successive cervical ver-
tebrae, left angular quadrate, and squamosal.
Type locality and horizon. Mangahouanga
Stream, a northern tributary of Te Hoe River, inland
Hawke’'s Bay, New Zealand Fossil Record File
number V19/f6909 (Figure 1). Maungataniwha
Sandstone Member of the Tahora Formation.
Upper Campanian-lower Maastrichtian, Isabelidin-
ium pellucidum Zone (Vajda and Raine, 2010).
Referred material. MPEF-PV 12001, skull, and
mandible (Figures 2-9); cervical vertebrae, two
pectoral vertebrae, eight dorsal vertebrae, ribs, and
a scapula representing by a natural moulds, (Fig-
ures 10-15) humerus, radius, ulna, carpus, phalan-
ges (Figure 16), and gastroliths (Figures 12, 13).
Locality and horizon. Puesto Ybarra Locality,
Estancia El Porvenir, middle Chubut River (Figure
1C), northwestern Chubut Province, Patagonia,
Argentina (Cabrera, 1941); Lefipan Formation,
Maastrichtian (Lesta and Ferello, 1972; Page et al.,
1999).

Remarks. MPEF-PV 12001 shows an ectoptery-
goid with large boss on the ventral surface that
ends in a ventro-caudally directed long process
that reaches the middle of the posterior pterygoid
vacuity, an autapomorphy of T. keyesi, and there-
fore it is referred to this species. However, there
are some differences with the holotype that are
interpreted as related to the juvenile condition (See
Discussion).

DESCRIPTION
General Description of (MPEF-PV 12001)

The specimens were collected semi-articulated
during two different field seasons. In 2003 two
blocks were collected comprising the five caudal-
most cervicals, two pectorals and two dorsal verte-
brae (Figure 13) and a second block containing a
sector or six dorsal vertebrae (numbered | to VI)
and three additional middle cervical were also col-
lected at that time. (Figures 11F-H, 14). A second
fieldwork occurred in 2021 allowed the collection of
other parts of the same specimen, comprising
skull, mandible and anterior cervical articulated,
three sectors of cervical region articulated and par-
tially preserved anterior limb fragments of the gir-
dles. The skull is almost complete, lacking only the
premaxilla, and elements of the skull roof except
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FIGURE 2. Tuarangisaurus keyesi (MPEF-PV 12001). Skull and mandible in dorsal view. A, photography and B, dia-

gram. Scale bar equals 100 mm.

for part of the frontals that are partially preserved.
Additionally, the mandible and hyoid apparatus
were recovered in natural position, although the
mandible lacks a well preserved mandibular sym-
physis.

Skull Anatomy

General description. The skull preserves the
mandible, most of the upper jaw, basicranium, and
palate in natural position. All elements are articu-

lated and only slightly dorso-ventrally compressed
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(Figures 2-5). The hyoid apparatus is also pre-
served and located at the middle level of the poste-
rior part of the palate and shows an almost
symmetrical position (Figure 5C).

Craniofacial Skeleton

Premaxilla. Only a small section of the left pre-
maxilla is preserved (Figures 2, 3, 4), preserving
two alveoli. The premaxilla-maxilla suture runs

dorso-caudally.
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FIGURE 3. Tuarangisaurus keyesi (MPEF-PV 12001). A-B, Skull and mandible in right lateral view. A, photography
and B, diagram. C-D, Skull and mandible in left lateral view. C, photography and D, diagram. Dotted line indicates
orbit. Scale bar equals 100 mm.
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Maxilla. The maxilla bears about 16 alveoli. The
maxilla forms the anteroventral margin of the orbit,
which is slightly convex (Figure 4C), as is recorded
in other elasmosaurids such as Hydrotherosaurus
alexandrae, Thalassomedon haningtoni, and Kai-
whekea katiki (Welles, 1943; Carpenter, 1999;
Benson and Druckenmiller, 2014). The maxilla also
bears a line of foramina (four at the level of the
orbit and three additionally anterior to the orbit)
located between the ventral orbital margin and the
alveolar margin (Figure 4C). The maxilla-jugal
suture is long posteroventrally and almost horizon-
tally directed (Figure 4C) as in other elasmosaurid
except for Zarafasaura oceanis, where the suture

is shorter and almost dorso-ventrally directed (Vin-
cent et al., 2011).

Frontal. Only parts of both frontals are preserved
located in natural position and meeting in the mid-
line, although it is possible that the medial area of
both be covered by a process of the premaxilla
(Figures 2, 3). Ventrally it preserves paired projec-
tions that limit the olfactory sulcus that enclosed
the olfactory tract.

Jugal: only a small portion is preserved on the dor-
sal margin of the maxilla (Figure 4C, B).
Postorbital. only a small portion of both postorbit-
als are preserved, which delineates the caudal
margin of the orbit, they are high and gracile (Fig-
ure 4B).

Squamosal + quadrate. Only the quadrate ramus
and part of the temporal rami of squamosal is pre-
served, it covers the quadrate medially and later-
ally, by a medial and a lateral process (Figures 4,
5A). The lateral process reaches a more ventral
level than the medial one. The position of the
medial symphysis between both squamosals (not
preserved) is located at the level of the supraoccip-
ital, the squamosals form a V-shaped embayment
caudal margin (angle less than 90°).

Braincase

Basioccipital. The dorsal surface of the basioccip-
ital bears two poorly defined exoccipital facets and
the floor of the foramen magnum (Figure 6D). Its
entire dorsal surface is strongly inclined anteriorly
(Figure 6A). The basioccipital projects laterally,
generating a lateral step forming the basioccipital
tubers (Figures 4A, B; 5A, 6). The occipital condyle
is rounded and wider than tall. No condylar neck is
present on the dorsal or ventral surfaces. The
basioccipital ventral process is a step small and
rounded (Figures 5A, 6B). The anterior surface of
the basioccipital bears a small conical projection
and is pierced by a circular foramen. The limit
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between the basioccipital and the basisphenoid
shows a space that was occupied by chondral tis-
sue.

Parabasisphenoid complex. The parasphenoid
and basisphenoid are completely fused, forming a
parabasisphenoid complex. The ventral surface of
the parabasisphenoid, formed by the parasphenoid
bears a medial high keel (Figures 5A, B, C; 6A, C,
D) that ends cranially at the level of the cultriform
process (Figure 4A). The cultriform process is
dorso-ventrally compressed, diamond-shaped in
ventral view, and ventrally covered by the pterygoid
(Figures 4A, 6C, D). Caudally the parasphenoid
covers ventrally the basioccipital to the level of the
base of the occipital condyle, ending in two lateral
projections and a medial projection that bears a
high ventral medial keel (Figure 5C, D).

The lateral surface of the basisphenoid forms
the basipterygoid process that contacts with the
pterygoids (Figure 6D) and limit laterally a longitu-
dinal groove. The internal carotid foramen,
although it is only well reconstructed on the left
side, are located posterior to the basipterygoid pro-
cess (Figure 6D). The foramen enters in a medial
direction, directly to the sella turcica (Figure 6D)
without running inside the bone, differing from the
holotype of Tuarangisaurus keyesi (O’Gorman et
al., 2017: fig. E). There are paired canals for VI cra-
nial nerve (Figure 6C). The anterior end of the floor
of the sella turcica is laterally concave and ends in
a notch located in the anterior margin of the sella
turcica (Figure 6D) The lateral margins of the sella
turcica bear one lateral metoptic pila on each side
(Figure 6D).

Epipterygoid. The epipterygoids are thin bones
located dorsally to the pterygoid. The epipterygoids
bear a marked anterior process located on their
dorsal margin. The epipterygoid borders laterally
with a space formed by a deep groove on the lat-
eral surface of the basipterygoid process, likely for
the passage of the V1 branch of the trigeminal
nerve and the VI nerve (Figure 6C).
Exoccipital-opisthotics. Both exoccipital-opist-
hotics are preserved in natural position. The exoc-
cipital and opisthotic are fused, and no suture
could be detected, a condition observed in other
plesiosaurians (Andrews, 1913; Sato et al., 2011;
Ketchum and Benson, 2011). The paraoccipital
processes are relatively long and slender (23 mm
in length and 4 mm in dorso-ventral width) and
articulate ventrally with pterygoid and distally with
squamosal. No foramen for cranial nerves could be
segmented on the exoccipital-opisthotics.
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FIGURE 4. Tuarangisaurus keyesi (MPEF-PV 12001). Skull segmentation (A-B, otic bones removed). Skull in A, dor-
sal and B, ventral view. C, skull in left lateral view. Scale bar equals 100 mm.
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FIGURE 5. Tuarangisaurus keyesi (MPEF-PV 12001). Skull segmentation. A-B (otic bones removed). Skull in A,
occipital and B, anterior, views. C, posterior palate detail and D detail of parabasisphenoid posterior end.. Scale bar

equals 50 mm.
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FIGURE 6. Tuarangisaurus keyesi (MPEF-PV 12001). Basioccipital, basiparasphenoid, epipterygoids articulated in
A, left lateral, B, occipital, C, anterior and D, dorsal view. Scale bar equals 20 mm.
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Prootic. Preserved, articulated with the basisphe-
noid and opisthotic and dorsally with the supraoc-
cipital-epiotic. The prootic forms the posterior
border to the fenestra ovalis limiting it by an ante-
rior ventral process.

Supraoccipital-epiotic. The supraoccipital-epiotic
are badly preserved, preserving only the parts
articulating with the exoccipitals-opisthotic (Figures
4C, 7).

Palate

Vomer. The vomer is partially preserved, lacking its
anterior end. It underlapped the anterior end of the
anterior process of pterygoid. The middle part of
the vomer narrows encompassing the formation of
the internal nares (Figures 4A, B; 5B).

Internal nares. The internal nares are elliptical and
anteropoteriorly elongated. They are delineated
laterally by the maxilla and medially by the vomer.
It is not clear if the palatine participates in a small
lateromedial area (Figure 4A).

Palatine. The palatines are mostly flat plates that
articulates laterally to the maxilla, medially to the
pterygoid and caudally with the ectopterygoid. In
the caudal limit the palatine limit with the anterior
end of the ectopterygoid (Figures 4A, B; 5B).
Pterygoid. The pterygoids form a large plate that
connects all elements of the palate. It could be
divided into an anterior process, a central plate, the
lateral plates (the portion of pterygoid located lat-
eral to the posterior interpterygoid vacuity), and the
quadrate rami (Figure 4A, B). The anterior process
is long; its dorsal surface is concave, forming a
shallow longitudinal groove (Figures 4A, B; 8A).
The anterior process overlaps anteriorly the caudal
end of the vomer (Figure 5B). No anterior interpter-
ygoid fenestra is present (Figure 4). The central
plate of the pterygoid covers ventrally the anterior
end of the cultriform process of the parasphenoid.
Caudally the pterygoid expands into the lateral
rectangular plates that limit medially the posterior
interpterygoid vacuity that shows a length/width
ratio of about 1/2 (23 mm wide/40 mm long). Cau-
dally the medial margin of the lateral plates forms
small projections that embrace the basioccipital
ventrally but no posterior interpterygoid symphysis
is present (Figures 4A, B; 5A). The ventral surface
of the lateral plates is lateromedially concave with
a lateral margin located more ventrally than the
medial one, forming a lateral ridge-like margin (Fig-
ures 5B; 8B). The quadrate ramus of the pterygoid
is plate like and is continuous with the lateral
ramus, differing from Callawayasaurus colombien-
sis and Libonectes morgani (Welles, 1962; Car-
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penter, 1997) where a small step is present.
Dorsally the lateral plates bear an anteroposterior
vertical wall that merge with the quadrate ramus of
the pterygoid (Figure 8A) as the latter change its

direction to dorso-ventrally directed anterior to the
contact with the quadrate. There is space between
the quadrate ramus of pterygoid and the basioccip-
ital tubers (Figure 5A).

Ectopterygoid. The ectopterygoid limit anteriorly
the subtemporal fenestra and articulate anteriorly
with the palatine and medially with the pterygoid
and laterally with the maxilla (Figure 5). The ante-
rior end is flat and expanded with an anterior con-
vex margin (Figure 8A, B). The ventral surface
bears a large dome that projects ventro-caudally
parallel to the lateral margin of the lateral plates of
pterygoid ending in a pointed distal end (Figure
8B).

Mandible

Dentary. In both dentaries, the anterior portion is
missing, and the mandibular symphysis is com-
pletely absent. The dentary bears approximately
21 alveoli, however as the mandibular symphysis
is not preserved the number is at least 23. The
dentary shows a Meckelian canal that runs anteri-
orly until the anteriormost preserved portion (Fig-
ure 9C).

Coronoid. The coronoid is triangular shaped with
a wide base (36 mm wide, 27 mm high) that
expands in a cranio-caudally direction on the
medial view of mandible, being the anterior expan-
sion taller than the posterior one (Figure 9B, D).
The coronoid process is high and ends in a pointed
tip (Figure 9D). The anterior margin is gently con-
cave and inclined anteriorly while the caudal mar-
gin is strongly concave, making the distal end
caudally directed (Figure 9D).

Prearticular. The prearticular is a small flat bone
located caudally to the splenial (Figure 9B).
Surangular. The surangular articulates anteriorly
with the dentary and ventrally with the angular, its
dorsally end is pointed but does not participate in
the coronoid process (Figure 9A).

Articular. The retroarticular is caudally directed
with a gentle dorsal inflexion of the ventral margin
and a dorsal surface medially directed (Figure 9A).
The glenoid cavity is slightly shorter than the ret-
roarticular process (retroarticular process length 17
mm/glenoid length 13 mm).

Hyoid. A pair of ceratobranchials | (see discus-
sion) is preserved (Figures 5C, 9C), measuring 45
mm in length and 4.5 mm in minimum width. The
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FIGURE 7. Tuarangisaurus keyesi (MPEF-PV 12001). Braincase in A, left lateral and B, dorsal views. Scale bar

equals 20 mm.

ceratobranchials | bones show a slightly curved
axis and a distal small expansion.

Vertebral Column

Cervical region. The atlas axis complex is well
preserved although the dorsal part of the neural

arch is missing (Figure 10A, B). The atlantal cup is
heart shaped in anterior view. Ventrally there is a
low and rounded ventral hypapophysis. The articu-
lar face of the axis is rectangular shaped (Figure

11B). The axis rib is dorso-ventral flat and is pre-
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A

FIGURE 8. Tuarangisaurus keyesi (MPEF-PV 12001). Pterygoid and ectopterygoid articulated. A, dorsal and B, ven-
tral views. Scale bar equals 50 mm.
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FIGURE 9. Tuarangisaurus keyesi (MPEF-PV 12001). Mandible. A, left mandibular ramus in lateral view; B, right man-
dibular ramus in medial view; C, both mandibular ramus in dorsal view. D, left coronoid in medial view. Scale bar
equals 20 mm.
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FIGURE 10. Tuarangisaurus keyesi (MPEF-PV 12001). Atlas-Axis complex in A, B, right lateral and C, D, ventral view.
B, C, atlas ribs (orange) and axis ribs (green) indicated. Scale bar equals 20 mm.

ceded by a long and thin atlas rib or rib-like pro-
cess (Figure 10C, D).

There are 45 post-axial cervical vertebrae.
The vertebral bodies are as longer than high and
wider than long in the anterior cervical vertebrae
(Table 2). There is a lateral keel, at least since the
thirteenth to the twenty-seventh vertebrae. The
articular face shows a ventral notch giving a bilo-
bate outline that is present at least from the elev-
enth vertebrae to the caudalmost cervical
vertebrae (Figure 11D, I). The neurocentral suture
is open and V-shaped (Figures 11, 12). Ventrally
the vertebral centrum is pierced by two foramina.
The neural spine of the anterior cervical (15th-
16th) are rounded and slightly caudally expanded,
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but the middle posterior and posterior cervical the
neural spine is slightly caudally inclined (Figure
12A, C). The prezygapophysia are medially
inclined and fused in midline, postzygapophyses
are also fused in midline.

Pectoral region. There are two pectoral vertebrae.
The first one shows the transverse process formed
by one-third of the neural arch and two-thirds from
the cervical centra. The first pectoral bears five
ventral foramina. The neural spine is rectangular
shaped and caudally inclined.

Dorsal Region

There are six dorsal vertebrae preserved. The
dorsal centra are as high as long as and wider than
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FIGURE 11. Tuarangisaurus keyesi (MPEF-PV 12001). A, Atlas-Axis complex and 3" cervical in lateral view. B, 3rd
cervical in posterior view. C-E, Anterior cervicals in C, right lateral view. D, posterior and E, detail of neural spines. F-
H, middle cervical vertebrae in F, right lateral, G, ventral and H, posterior. Scale bar equals A, B = 50 mm; C-H, 20
mm.
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FIGURE 12. Tuarangisaurus keyesi (MPEF-PV 12001). Cervical vertebrae. A-B anterior middle cervical vertebrae in
right lateral view, A, photo, B, diagram; C-D posterior middle in left lateral view, C, photo, D, diagram. Scale bar

equals 100 mm

18
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FIGURE 13. Tuarangisaurus keyesi (MPEF-PV 12001). Posteriormost cervicals, pectorals and anteriormost dorsal
vertebrae, ribs and phalanges and scapulae natural moulds, A, B, photos and C, D, diagram showing elements pre-
served. Scale bar equals 100 mm.

long and high. The lateral surface is anteroposteri-
orly concave. The ventral surface is pierced by
two-thirds foramina. The neural arch shows long,
laterally expanded diapophyses that are oriented
laterally and slightly caudally. The distal ends
expand craniocaudally and dorsally. The shaft of
each diapophysis bears a small step on its anterior
and ventral margins.

Ribs. All ribs are single headed. The anterior and
middle cervical ribs are ventro-laterally directed
and show a slightly expanded end (Figure 11F)
while the posterior cervical ribs are straight and
lack the symmetrical expansion (Figures 12A, C;
14B).

Posterio cervical and pectoral ribs are longer
and with a caudally twisted distal end (Figure 15B).
There are +7 dorsal curved ribs, single-headed
with slightly concave tubercle. The cross-section
changes from proximally circular to a distal flat-
tened section.

Appendicular Skeleton

Pectoral girdle. The scapulae are not preserved,
but the natural mould of their ventral plate clearly
show a short symphysis in the middle line.
Anterior limb. The anterior limb is well preserved
and articulated. The humerus preserves only its
distal end that is rounded (Figure 16A). Both radius
(75 mm wide/58 mm length) and ulna (55 mm
wide/54 mm length) are wider than long. The radial
facet of intermedium is small compared with the
ulnar facet. Between radius and ulna there is an
epipodial foramen. There is a rounded accessory
element between ulna and ulnare identified as the
pisiform. The phalanges are short and wide. The
fifth metacarpal is fully shifted to the carpal row.

Gastroliths

There are at least 66 gastroliths. All are
rounded polished stones. The gastroliths are not in
the natural position as they are located lateral to
the ribs (Figures 14A, C; 15A). Their size ranges

19



O’GORMAN, SCASSO, & MEDINA: FIRST RECORD OF TUARANGISAURUS FROM ARGENTINA

FIGURE 14. Tuarangisaurus keyesi (MPEF-PV 12001). Dorsal vertebrae, ribs and gastroliths, A, B, photos and C, D,
diagram showing the preserved elements Scale bar equals 100 mm.

from 3 mm (long axis) to 40 mm in maximum
length, with the largest clast measuring 32 mm
along its intermediate axis.

PHYLOGENETIC RESULTS

The initial analysis recovered 18 MPTs of
1951 steps recovering (MPEF-PV 12001) as a sis-
ter group of T. keyesi (NPC CD 425 and NPC CD
426). The following TBR of the resulting trees
recovered +20,000 trees but not shorter in terms of
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steps. The clade that comprises (MPEF-PV 12001)
and (NPC CD 425 and NPC CD 426) is supported
by Ch. 33.1 (participation of frontal in orbital mar-
gin); 109.3 (ectopterygoid strong posterior process
posteroventrally directed) and 144.0 (hypapophy-
sis low and round). Where both were scored as a
single OTU the results are similar (+20,000 trees
with 1951 steps). The general results are like those
obtained by O’Gorman et al., (2024) and are there-
fore not discussed here (Figure 17).
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FIGURE 15. Tuarangisaurus keyesi (MPEF-PV 12001). A-B, 3D Segmentation. A, posteriormost cervicals, pectorals
and first dorsal vertebrae in left lateral view, B, segment of dorsal region. Scale bar equals 100 mm.
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A C

FIGURE 16. Tuarangisaurus keyesi (MPEF-PV 12001). A-C, Anterior limb. A, humerus distal end, B, epipodial,
basipodial metapodial and phalanges, C, diagram showing preserved elements. Scale bar equals 100 mm.
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TABLE 2. Tuarangisaurus keyesi (MPEF-PV 12001). Measurements of vertebral centra. L, length; H, height and B,
breadth (all in mm), indexes HI, height (H)/length (L) ratio (HI = 100*H/L), BI, breadth (B)/length (L) ratio (Bl = 100*B/L),
BHI, breadth/height ratio (BHI = 100*B/H) and VLI, Vertebral Length Index [VLI = 100*L/(0.5*(H + B))]. Values in italics
are approximated. c, cervical, d, dorsal, p, pectoral, pp, prepectoral, mc, middle cervical.

Position L H B HI BI BHI VLI
142 31 13 22.1 42 71 - -
3c 16 14 24 88 150 171 84
4c 18 - - - - - -
5¢ 19 14 25 74 132 179 97
6¢c 19 15 25 79 132 167 95
7c 24 15 28 63 17 187 112
8c 22 - 29 - 132 - -
9c 26 17 30 65 115 176 -
10c 25 - 29 - 116 - -
11c 25 21 32 84 128 152 94
12¢ 25 - 38 - 152 - -
13c 25 20 36 80 144 180 89
14c 24 - - - - - -
15¢ 24 - - - - - -
16¢ 26 - - - - - -
17¢ 27 23 39 85 144 170 87
18¢ 30 - - - - - -
19¢ 31 29 40 94 129 138 90
20c 32 - 40 - 125 - -
21c 30 - - - - - -
22¢ 30 - - - - - -
23¢ 34 - - - - - -
24c 31 - - - - - -
25¢ 29 25 38 86 131 152 92
26¢ 31 - - - - - -
27¢c 33 - 47 - 142 - -
28¢c 31 - - - - - -

DISCUSSION mens of Plesiosaurus, respectively (Storrs, 1997).

Growth Stage and Systematic Affinities

The (MPEF-PV 12001) shows neural arches
not fused to vertebral centrum in any vertebrae cor-
responding to the “juvenile” growth stage sensu
Brown (1981) or osteologically mature individual
sensu Araujo et al. (2015). Other features as the
absence of fusion of the cervical ribs with vertebral
centrum, rounded elements on the anterior limbs
are consistent with this growth stage. The suture
between neural arches and centra is V shaped.
The shape of neurocentral suture has been indi-
cated as a character that shows variance through
ontogeny. Particularly neurocentral suture is U-
shaped and V-shaped in adult and juvenile speci-

The presence of dumbbell shaped articular faces
of cervical centra indicates Euelasmosaurida affini-
ties (O’Gorman, 2019).

Affinities with Tuarangisaurus keyesi

The reexamination of the CT scan of the holo-
type of Tuarangisaurus keyesi (NPC CD 425), pre-
viously analyzed by O’Gorman et al. (2017),
reveals that the skull is strongly compressed, caus-
ing distortion in the positions of the ectopterygoids.
Both ectopterygoid are slightly displaced, and the
caudal process was probably displaced and from
its natural position attached to the lateral margin of
the pterygoids and not as a separate process.
Despite the length of this process, reaching the
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TABLE 2 (continued).

Position L H B HI Bl BHI VLI
29¢ 31 - - - - - -
30c 32 - 51 - 159 - -
31c 35 - - - - - -
32¢ 35 - 50 - 143 - -
33c 36 36 50 100 139 139 84
34c 36 - - - - - -
35¢ 40 - - - - - -
36¢ 38 39 - 103 - - -
37¢ - - - - - - -
38¢c 40 - - - - - -
39¢ 40 - - - - - -
mc3 39 39 60 100 154 154 79
mc1 36 38 64 106 178 168 71
mc2 36 39 64 108 178 164 70
pp5 37 39 73 105 197 187 66
pp4 38 37 72 97 189 195 70
pp3 37 - 73 - 197 - -
pp2 37 - 73 - 197 - -
pp1 39 46 74 118 190 161 65

p1 42 - - - - - -
p2 44 50 77 114 175 154 69
d1 44 50 73 114 166 146 72
dn 49 46 - 94 - - -
dn+1 48 56 - 117 - - -
dn+2 47 53 50 113 106 94 91
dn+3 47 47 60 100 128 128 88
dn+4 46 49 59 107 128 120 85

middle level of the posterior interpterygoid vacuity
and its position in a different plane from the body of
the ectopterygoid is an autapomorphy of Tuarangi-
saurus keyesi. With this consideration the features
observed in MPEF-PV 12001 support its assign-
ment to Tuarangisaurus keyesi by the presence of
ectopterygoid with ventral boss strongly projecting
caudally and in a plane ventral to the ectopterygoid
body (Ch. 109.3). However, there are some differ-
ences between MPEF-PV 12001 (osteologically
immature) and the available material of Tuarangis-
aurus keyesi (NPC CD 425 and NPC CD 426,
osteologically mature), see below. The main expla-
nation of these differences is the difference in
growth stage. The only well-preserved specimen of
Tuarangisaurus keyesi with skull (NPC CD 425) is
370 mm in length, markedly larger than the skull of
MPEF-PV 12001 (approximately 180 mm), gener-
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ating a ratio 1 to 2. Additionally, the atlas-axis com-
plex NPC CD 426 is 55 mm in length, whereas
MPEF-PV 12001 shows a 31mm in length atlas-
axis, generating a ratio of 1 to 1.8.

The ratio 1 to 2 or 1.8 is clearly explained by
the difference in growth stage of (MPEF-PV
12001). This difference could also explain some
differences between the holotype (NPC CD 425),
referred specimen (NPC CD 426), and the speci-
men described here (MPEF-PV 12001) as all are
related with the increases in skull relative height: 1]
the subtle change in angle of the posterior embay-
ment between the posterior margin of the squamo-
sals symphysis in dorsal view, 2] the proportions of
the basisphenoid is relatively lower and wider than
the one of the NPC CD 425, and 3] the changes in
the proportions of vertebrae are also related with
the growth stage as the increases of the relative
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FIGURE 17. Consensus of the phylogenetic analysis. A. (1951 steps) considering the MPEF-PV 12001 and (CD 425
+ CD 426) as a separate OTU. B. (1951 steps) considering (MPEF-PV 12001, referred material) and (CD 425 and CD
426, holotype) combined. Bremer supports below some nodes.

length of cervical during ontogeny is a feature pre-
viously observed in other elasmosaurids (O’Keefe
and Hiller, 2006). The only differences observed
not directly related with elongation are the process
of the epipterygoid and the alveoli number. The
presence of an anterior process of the epipterygoid
observed in MPEF-PV 12001 (Figures 6A, D; 7A),
not reconstructed in the holotype (O’Gorman et al.,
2017: fig. 9H, 1) could be explained by a poor pres-
ervation in this area in holotype (J.P. O’'Gorman,
personal obs). Whereas the differences in dentary
alveoli number (2 alveoli) can be due intraspecific
variation or difficult to evaluate the real number of
alveoli as they tend to be confluent toward the pos-
terior part of the mandible. An additional specimen
of T. keyesi, NPC CD 427, is available; however, its
extreme immaturity prevents a taxonomically
meaningful direct comparison, except for the pres-
ence of the ectopterygoid posteroventral process
(Otero et al., 2018). It also shares several general
features, including the convex ventral margin of the
orbit, the number of maxillary alveoli (14 in NPC
CD 427 vs. ~16 in NPC CD 425 and MPEF-PV
12001), and the absence of the posterior interpter-
ygoid symphysis (NPC CD 427 and MPEF-PV
12001).

COMPARISON OF MPEF-PV 12001 WITH
OTHER ELASMOSAURIDS

The main features of MPEF-PV 12001 are
discussed as well as the differences with other
elasmosaurids.

Maxilla. The maxilla of MPEF-PV 12001 does not
show a marked lateral expansion from the premax-
illa, differing from Callawayasaurus colombiensis,
Libonectes morgani, and Cardiocorax mukulu
(Welles, 1962; Carpenter, 1997; Serratos et al.,
2017; Marx et al.,, 2021). The maxilla forming a
convex ventral margin of orbit is a common feature
among elasmosaurids (O’Gorman, 2019) but
absent in Zarafasaura oceanis and Futabasaurus
suzukii (Vincent et al., 2011; Sato et al., 2006). The
number of maxillary alveoli (16) is similar to other
elasmosaurids except for Zarafasaura oceanis (13)
and the aristonectines (Table 3).

Squamosal. MPEF-PV 12001 shows a posterior
middle sized V-shaped notch on the posterior mar-
gin of the squamosal arch in dorsal view (inferred
based in the position of supraoccipital) as in most
elasmosaurids (Welles, 1962; Carpenter, 1999;
Serratos et al., 2017; O’Gorman, 2019;) but differs
from almost straight posterior margin of the CM Zfr
115 from New Zealand (referred to Tuarangisaurus
sp.), Callawayasaurus colombiensis, Eromanga-
saurus australis and Thalassomedon haningtoni
(Welles, 1943, 1962; Kear, 2007; Hiller et al., 2017;
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TABLE 3. Maxillary and dentary alveoli among elasmosaurid.

Taxon Maxillary / Dentary alveoli Citation
Eromangasaurus australis 15-167 /18 Kear, 2007
Callawayasaurus colombiensis 8+/19-20? Welles, 1962
Libonectes morgani 14718 Carpenter, 1999; pers. obs.
Terminonator ponteixensis 13+/17-18 Sato, 2003
Nakonanectes bradlti 14 /18-19 Serratos et al., 2017
Styxosaurus snowii 1717 J.P.O’'G pers. obs.
Cardiocorax mukulu 171720 Marx et al., 2021
Zarafasaura oceanis ~13/15-16 Vincent et al., 2011; Lomax and Wahl, 2013
Thalassomedon haningtoni 11+ /17 J.P.O’'G pers. obs.
Tuarangisaurus keyesi ~16/21 O’Gorman et al., 2017
Futabasaurus suzukii <15/20+ Sato et al., 2006
Morturneria seymourensis 38+/7? Chatterjee and Small, 1989
Aristonectes parvidens 51/63-65 Gasparini et al., 2003
Kaiwhekea katiki 36+ /42-44 Cruickshank and Fordyce, 2002

J.P. O’'Gorman Pers. Obs.); and the deep V shaped
notch recorded in Zarafasaura oceanis and Cardio-
corax mukulu and among the aristonectines (Aris-
tonectes quiriquinensis; Morturneria seymourensis,
Kaiwhekea katiki and Alexandronectes zealandien-
sis (Cruickshank and Fordyce, 2002; Lomax and
Wahl, 2013; O’Keefe et al., 2017; Otero et al.,
2018; O’'Gorman et al., 2021; Marx et al., 2021).
Basioccipital. The occipital condyle is not well
delimited by a neck differing from Callawayasaurus
colombiensis, Cardiocorax mukulu, Libonectes
morgani and Nakonanectes bradti (Welles, 1962;
Allemand et al., 2017; Serratos et al., 2017; Marx
et al., 2021, J.P. O’'G. Pers Obs).
Parabasisphenoid. MPEF-PV 12001 shows a
morphology not seen in any other elasmosaurid as
the carotid artery enter the basisphenoid (only visi-
ble on the left side) laterally but there is not change
from medio-lateral to antero-posterior direction of
the carotid conduct prior to opening in the sella tur-
cica. This differs from the observed in Libonectes
morgani, Tuarangisaurus keyesi, and Alexan-
dronectes zealandiensis (Allemand et al., 2017;
O’'Gorman et al., 2017; O’Gorman et al., 2021). It is
possible that this difference be generated by the
lack of complete ossification of the basisphenoid
enclosing the carotid artery along a less extended
length. Regarding the proportions of the. sella tur-
cica it is significantly shorter and more open V
shaped in dorsal view than the one described for
Libonectes morgani (Allemand et al., 2017) and an
indeterminate elasmosaurid from Russia (Zverkov
et al., 2017) that are longer and U-shaped in dorsal
view. The sella turcica of MPEF-PV 12001 is only
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slightly shorter and wider than the holotype of Tua-
rangisaurus keyesi (O’Gorman et al., 2017), but is
it similar to the sella turcica of a juvenile elasmo-
saurids (MLP 15-I-7-6) from Vega Island (O’Gor-
man et al. 2018: fig. 3b) and Aristonectes
quiriquinensis (O’Gorman et al., 2018; Otero et al.,
2018). The differences with the holotype of Tua-
rangisaurus keyesi could be interpreted as ontoge-
netic variation. Additionally, the presence of similar
proportions in A. quiriquinensis could be related
with the retention of juvenile features, a condition
previous proposed for aristonectines (O’Gorman et
al., 2015). Additionally, the foramen from the VI
cranial nerve is larger compared to the one
recorded in the holotype of T. keyesi (O’Gorman et
al, 2017:fig. 9E), similar to the foramen recoded in
the specimen referred to Libonectes morgani (Alle-
mand et al., 2017: Figure 5¢c, SMNS 81783) but
smaller than the one of the holotype of Libonectes
morgani (Serratos et al.,, 2017:sf5B, SMUSMP
69120). The ventral surface of the parabasisphe-
noid is formed by the parasphenoid that shows a
well-marked keel as in other elasmosaurids with
the exception of Zarafasaura oceanis and Alexan-
dronectes zealandiensis (Otero et al., 2016; O’Gor-
man, 2019; O’Gorman et al., 2021; J.P. O’Gorman,
Pers Obs). Additionally, the caudal end of the
parasphenoid of MPEF-PV 12001 shows two small
lateral projections additionally to a medial one that
bears the keel. The caudal area is not covered by a
posterior pterygoid symphysis in Callawayasaurus
colombiensis, Libonectes morgani, Nakonanectes
bradti, and Zarafasaura oceanis (Welles, 1962;



Carpenter, 1997; Lomax and Wahl, 2013; Serratos
etal., 2017).

Exoccipital-opisthotic. The paraoccipital process
of MPEF-PV 12001 is long and slender, however it
is shorter than the observed in Aristonectines
quiriquinensis (Otero et al., 2014). It articulates
with the squamosal and pterygoid as in Alexan-
dronectes zealandiensis but differs from Cardioco-
rax mukulu where the paraoccipital process
articulates with squamosal and quadrate (O’Gor-
man et al., 2021; Marx et al., 2021). The distal end
is unexpanded differing from the slightly expanded
end of Callawayasaurus colombiensis, the
expanded end of Libonectes morgani and
Nakonanectes bradti (Welles, 1962; Carpenter,
1997; Serratos et al.,, 2017) and the extremely
expanded end of Alexandronectes zealandiensis
and Cardiocorax mukulu (O’Gorman et al., 2021;
Marx et al., 2021).

Pterygoid. The pterygoid of MPEF-PV 12001 is
similar to the pterygoid recorded in other elasmo-
saurids, however some differences are observed.
MPEF-PV 12001 shows the pterygoid overlapping
the vomer, a similar relationship was recorded in
the holotype of T. keyesi (O’Gorman et al., 2017:
fig. 8b, f). However, this is probably presented in
other elasmosaurids but the absence of CT analy-
ses precludes its confirmation. MPEF-PV 12001
does not show a posterior interpterygoid symphy-
sis differing from Callawayasaurus colombiensis,
Libonectes morgani, or Nakonanectes bradti
(Welles, 1962; Carpenter, 1997; Serratos et al.,
2017). But this absence of posterior pterygoid sym-
physis is also observed in A. quiriquinensis and
Alexandronectes zealandiensis and an indetermi-
nate elasmosaurid from the Snow Hill Island
(O’Gorman et al., 2018, MLP 15-1-7-6) and Cardio-
corax mukulu (Marx et al., 2021; Otero et al., 2016,
2018). The quadrate ramus of the pterygoid is con-
tinuous with the plates that limit laterally the poste-
rior interpterygoid vacuity showing a gradual
inflexion as the lateral margin becomes ventral and
the dorsal surface become medial. A similar condi-
tion is observed in Alexandronectes zealandiensis
and Aristonectes quiriquinensis (Otero et al., 2018;
O’Gorman et al., 2021), and a similar condition
seems to be present in Cardiocorax mukulu
although there are some taphonomic distortion in
that case (Marx et al., 2021). On the other side in
Callawayasaurus colombiensis and Libonectes
morgani the lateral plate ends caudally in a step
that generates a separation between the lateral
plate and quadrate ramus of pterygoid (Welles,
1962: fig. 4; Carpenter, 1997:fig. 2).

PALAEO-ELECTRONICA.ORG

Ectopterygoid. The ectopterygoid of Tuarangisau-
rus keyesi (holotype and referred specimen CD
427, see Otero et al.,, 2018) shows a caudally
directed long pointed process that follow the lateral
plate of pterygoid until the middle level of the pos-
terior interpterygoid vacuity. The ectopterygoid
morphology is particularly variable among elasmo-
saurids. Callawayasaurus colombiensis shows a
small ectopterygoid without caudal process. Libo-
nectes morgani shows a short posterior process
and bears an extremely rugose surface (Carpenter,
1997: fig. 2d). Nakonanectes bradti exhibits a
pointed boss formed by ectopterygoid and ptery-
goid and the pterygoid form the anterior margin of
the subtemporal fenestra (Serratos et al., 2017: fig.
5). The ectopterygoid of Cardiocorax mukulu is
pointed anteriorly and bears a thickened area on
the medial margin of the posterior border. This
thickening runs caudally and ends following the
same direction as the lateral margin of the ptery-
goid, this is relatively short and does not generate
a caudal process (Marx et al., 2021: fig. 6A). The
ectopterygoid of Alexandronectes zealandiensis is
rhombic, with anterior and posterior pointed ends
and with a rugose boss (O’Gorman et al., 2021: fig.
3C). The other well-known ectopterygoid from an
aristonectine is the one of A. quiriquinensis that is
anteroposteriorly elongated and with a caudal end
at the level of the posterior margin of the basisphe-
noid but without the ventral inflexion, a feature
absent in other elasmosaurids (Otero et al., 2018).

Mandible

The coronoid process is high and triangular,
similar to the recorded in the holotype of Tuarangi-
saurus keyesi (although it is less gracile and less
pointed (O’Gorman et al., 2017: fig. 9J) other Cam-
panian—Maastrichtian elasmosaurids show also a
high and triangular coronoid process such as T.
ponteixensis (Sato, 2003: fig. 5), N. bradti (Serra-
tos et al., 2017). On the other hand, C. colombien-
sis and A. parvidens exhibit a low and dorsally
rounded coronoid processes (Welles, 1962; O’Gor-
man, 2016b: fig. 3.5), while the coronoid processes
of the specimens referred to L. morgani may be
low (SMU SMP 69120, Welles, 1962; Carpenter,
1997: fig. 2A), or high and subtriangular (SMNS
81783, Allemand et al., 2017: fig. 6¢, Allemand et
al., 2017: fig. 5). The orientation of the retroarticu-
lar process is likewise variable among elasmosau-
rids, being straight linear anteroposteriorly directed
in MPEF-PV 12001 and the holotype of T. keyesi
(Wiffen and Moisley, 1986), L. morgani (Sachs and
Kear, 2017), and N. bradti (Serratos et al., 2017)
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versus strongly posterodorsally directed in the aris-
tonectines Aristonectes spp and Kaiwhekea katiki
(Cruickshank and Fordyce, 2002; Gasparini et al.
2003; Otero et al., 2014), as well as in non aris-
tonectine taxa, such as Z. oceanis, Thalassome-
don haningtoni, and Styxosaurus snowii (Welles,
1943; Carpenter, 1999; Vincent et al., 2011; Otero,
2016).

Vertebral Column

The atlantal cup shows anterior surface heart
shaped (wider dorsally than ventrally) similar to
Vegasaurus molyi, Thalassomedon haningtoni,
Libonectes morgani, Nakonanectes bradti, and
Albertonectes vanderveldei (Kubo et al., 2012;
Sachs and Kear, 2014; O’Gorman et al., 2015; Ser-
ratos et al., 2017) differing from Marambionectes
molinai and the aristonectines Aristonectes parvi-
dens, and Wunyelfia maulensis (O’Gorman,
2016a; Otero et al., 2021; O’Gorman et al., 2024).
The ventral surface of the atlas-axis complex of
MPEF-PV 12001 shows a low and rounded ventral
hypapophysis shared with Aristonectes parvidens,
Wunyelfia maulensis, and Marambionectes molinai
(O’Gorman, 2016a; Otero et al., 2021; O’Gorman
et al., 2024) but differing from Libonectes morgani;
Thalassomedon haningtoni; Vegasaurus molyi,
Nakonanectes bradfti, and Albertonectes
vanderveldei (Kubo et al., 2012; Sachs and Kear,
2014; O'Gorman et al., 2015; O’'Gorman, 2016;
Serratos et al., 2017). The atlas rib is long, and the
axis rib is plate like, similar to the holotype of Tua-
rangisaurus keyesi (O’Gorman et al., 2017).

Cervical centra with lateral ridge are a feature
usual among elasmosaurids with the exception of
Aristonectes parvidens; Kaiwhekea katiki and
Nakonanectes bradti (Cruickshank and Fordyce,
2002; O’Gorman, 2016a; Serratos et al., 2017;
O’'Gorman, 2019). Articular surfaces with ventral
notch giving the bilobated articular faces is usual
among elasmosaurids with the exception of the
“Speeton Clay Plesiosaur’, Callawayasaurus
colombiensis, Jucha squalea, Zarafasaura oce-
anis, and Traskasaura sandrae (Welles, 1962;
Lomax and Wahl, 2013; Fischer et al.,, 2020;
O'Keefe et al., 2025). The cervical centra are lon-
ger than high (although it is a juvenile and there-
fore the adult form will likely become longer
(Brown, 1981; O’Keefe and Hiller, 2006), differs
from the aristonectines, Zarafasaura oceanis, Car-
diocorax mukulu, and Nakonanectes bradti
(Cruickshank and Fordyce, 2002; Lomax and
Wahl, 2013; Serratos et al., 2017; Otero et al.,
2018; Marx et al.,, 2021). The posterior cervical
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shows a Breadth/Length index lower than 200 dif-
fering from the aristonectines (Cruickshank and
Fordyce, 2002; O'Gorman, 2019).

The anterior neural spines of MPEF-PV 12001
are rounded similar to the ones of Zarafasaura
oceanis, Vegasaurus molyi, and Kawanectes
lafquenianus (O’Gorman et al., 2015; O’'Gorman,
2016; J.P. O’Gorman, Pers Obs) differs from the
straight and caudally inclined neural spines of Call-
awayasaurus colombiensis or a rectangular-
shaped neural spines of Styxosaurus and Alber-
tonectes vanderveldei (Kubo et al., 2012; Otero,
2016) it also differs from the neural spines of ante-
rior cervical of Thalassomedon haningtoni where
the neural spines project slightly beyond the post-
zygapophysis (Welles, 1943).

Posterior neural spines are caudally inclined.
A feature only recorded in the “Speeton Clay Ple-
siosaur” and Callawayasaurus colombiensis, differ-
ing from other Weddellonectia such as
Futabasaurus suzukii, Aphrosaurus furlongi,
Kawanectes lafquenianus, or the aristonectine Ari-
stonectes quiriquinensis where neural spines tend
to be cranially inclined (Sato et al., 2006; O’Gor-
man, 2016b, 2019; Otero et al., 2014, 2018).
MPEF-PV 12001 has two pectoral vertebrae, differ-
ing from Vegasaurus molyi (3) Aphrosaurus fur-
longi (3); Hydrotherosaurus alexandrae (3); and
Aristonectes quiriquinensis (3) but it is similar to
Morenosaurus stocki (2) (Welles, 1943; O’Gorman
et al.,, 2015, 2019; Otero et al., 2018).

The radius and ulna are wider than long, dif-

fering from the elongated Callawayasaurus colom-
biensis, Zarafasaura oceanis, and Aristonectes
quiriquinensis (Welles, 1962; Lomax and Wahl,
2013; Otero et al., 2014). The anterior limbs bear
an accessory ossicle between the ulna and ulnare,
feature shared with Morenosaurus stocki;
Nakonanectes bradti; Aphrosaurus furlongi; Futa-
basaurus suzukii; Kawanectes lafquenianus;
Chubutinectes carmeloi and the aristonectine Aris-
fonectes quiriquinensis (Welles, 1943; Sato et al.,
2006; O’Gorman, 2016b; Otero et al., 2014; Serra-
tos et al., 2017; O’Gorman, 2019).
Gastroliths. The gastrolith cluster is not easy to
analyze as it is covered by matrix. However, the
approximate number assessed (66) is relatively
low compared with other elasmosaurids (See
O’Gorman et al., 2025 and references cited there).
This low number could be related to taphonomic
loss as part of the main gastrolith cluster is cut by
the weathered surface and therefore some gastro-
liths were lost prior to collection.



Hyoid Apparatus Among Plesiosaurians

The hyoid apparatus or hyobranchial appara-
tus (McClearn and Noden, 1988) is formed in rep-
tiles by an unpaired element, the basihial, and
paired ceratobranchials (sensu Schumacher, 1973)
and other, less constant elements such as the cer-
atohyal (Figure 18). The paired ceratobranchials
are usually two pairs of elements called CB | (ante-
rior) and CB Il (posterior) that articulate laterally to
the corpus hyoidei (Li and Clarke, 2015). Among
turtles the hyoid apparatus was detailed reviewed
by (Jorgewich-Cohen et al., 2024). The hyoid
apparatus of turtles shows a median anterior pro-
cess, ceratobranchials | and ceratobranchials II.
The level of ossification is variable, but the most
frequent condition is the presence of fully ossified
ceratobranchials | and ceratobranchials Il (Jorge-
wich-Cohen et al., 2024 and references therein,
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Figure 18A). Among sphenodonts (Figure 18B)
shows a basihial and seven elements articulated.
Anteriorly, there are three anterior cartilaginous
projections (a middle entoglossal process and a
pair of hypohyals anterior processes). Caudally
there are the ceratobranchials | (CB 1), the only ele-
ments to be consistently ossified and the cerato-
branchials 1l (CB IlI) that are cartilaginous
extensions of the basihial that project caudally
(Font and Rome, 1990; Schwenk, 1986; Tanner
and Avery, 1982). Among squamata there is a wide
variation in hyoid apparatus morphology that gen-
erates some problems related to homology of the
elements, modifications of the basic model (Figure
18C). However regarding the, cornua, it is a con-
sensus that, when only one pair is present, it is
homologous to the anterior one (CB I) because 1] it
retain the position (laterally) and articulate cranially
and medially with other elements; 2] the ossified

C

cBII

CB Il

FIGURE 18. Hyoid apparatus of reptiles. A-C, extant species. A, Turtles (Pelochelys cantorii, redrawn from Jorge-
wich-Cohen et al., 2024); B, Sphenodontid (Sphenodon punctatus redrawn from Jones et al., 2009); C, Agamid squa-
mate (Pogona muricatus redrawn from Schwenk, 2000), D, E, possible reconstructions of T. keyesi.
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condition; 3] the present of a synovial joint to the
basihial; 4] it serves as the insertion for the hyo-
glossus muscles (Langebartel, 1968; Schwenk,
2000); and 5] the tendency to reduce and lose pos-
terior visceral arch elements first (Langebartel,
1968; Schwenk, 2000). Considering the previous
general background, a possible reconstruction of
the hyobranchial apparatus of MPEF-PV 12001 are
given in Figure 18D, E based on the one of Sphe-
nodon punctatus. With the presence of divided
proximal end of the CB | allow the inference of a
process of basihial with or without an associated
ceratohyal (Figure 18D, E).

The presence of ossified hyoid apparatus is
common among Sauropterygia (Table 4), although
it is unknown in some species because of poor
preservation. Among Placodontia, Cyamodus ori-
entalis shows two pairs of ossified elements identi-
fied as ceratobranchials (Wang et al., 2019).
Among pachypleurosaurids Luopingosaurus impar-
ilis (Xu et al.,, 2023), Neusticosaurus pusillus,
Neusticosaurus peyeri (Sander, 1989) and
Keichousaurus hui (Holmes et al., 2008) the ossi-
fied hyoid apparatus is restricted to a single pair of
elements. The same is observed in the pistosaurid
Yunguisaurus liae (Cheng et al., 2006). In all cases
they are interpreted here as ceratobranchials I. In
Keichousaurus hui and Yunguisaurus liae cerato-
branchials | are located in the posterior half of the
palate and laterally to the pterygoids (Cheng et al.,
2006; Holmes et al., 2008). Among plesiosaurians,
ossified hyoid apparatus has been recorded in dif-
ferent families, although several specimens lack it,
probably for poor preservation. Among the better
preserved examples, it is the ones of Meyerasau-
rus victor, which is a rod-like bone that shows prox-
imal expanded end that is divided in two orthogonal
planes (Smith and Vincent, 2010: fig. 2D). This
configuration is similar to the one recorded in Tua-
rangisaurus keyesi. However, other plesiosaurs

such as Trinacromerum bentonianum show an
expanded proximal end but no division in different
planes is present (Williston, 1908). Therefore, the
unpreserved portions of the hyoid apparatus of ple-
siosaurians probably show at least a little variation.
However, it is worth of noting that where the CB |
are preserved in almost natural position (Meyera-
saurus victor, Eromangasaurus australis, MPEF-
PV 12001) they are placed near the posterior part
of the palate on both sides of the posterior
interpterygoid vacuity.

The presence of a gracile stick-like CB |
among plesiosaurians is relevant as this morphol-
ogy of the hyoid apparatus is correlated with the
type of prey capture in terms of ram feeders vs
suction feeders. Here ‘ram feeders’ refer to species
that capture preys moving their body toward prey.
On the other side “suction feeders” draw prey
closer by suction before capture (Motani et al.,
2013). Following the results of Motani et al. (2013)
and Delsett et al. (2023) the morphology recorded
among plesiosaurs is more consistent with ram
feeders than with suction feeders, which usually
shows longer and stockier hyobranchial apparatus.

Weddellian Province Elasmosaurid Fauna

The presence of Tuarangisaurus keyesi
strengthens the relationship between the marine
reptiles of the Weddellian Province (WP hereatter,
Figure 19) previously assessing by other authors
(Novas et al., 2002; Gasparini et al., 2003; O’Gor-
man et al., 2019, O'Gorman et al., 2015; Otero et
al., 2018). This paleobiogeography connection is
clearly represented in phylogenetic reconstruction
by the clade Weddellonectia that comprises aris-
tonectines and non aristonectine elasmosaurids.
Aristonectine are distributed among the Weddellian
Province with Aristonectes parvidens (Argentina,
Gasparini et al., 2003); Aristonectes quiriquinensis
(Chile, Otero et al., 2014); Morturneria seymouren-

TABLE 4. Sauropterygians with ossified hyoid apparatus have been recorded.

Taxon Pairs Citation
Borealonectes russelli One pair Sato and Wu, 2008
Meyerasaurus victor One pair Smith and Vincent, 2010
Peloneustes philarchus One pair? Ketchum and Benson, 2011
Edgarosaurus muddi One pair Druckenmiller, 2002
Polycotylus latipinnis One pair Schumacher and Martin, 2016
Trinacromerum bentonianum One pair? Williston, 1908
Eromangasaurus australis One pair Kear, 2007
Callawayasaurus colombiensis ~ One pair Welles, 1962
Tuarangisaurus keyesi One pair O’Gorman et al., 2017
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FIGURE 19. Weddellian Province (modified after Cruicl
shank and Fordyce, 2002).

sis (Antarctica, O’Keefe et al., 2017) and Kai-
whekea katiki (New Zealand, Cruickshank and
Fordyce, 2002). Additionally, the non-aristonectine
weddellonectians also show the same relation-
ships with Kawanectes lafquenianus and Chubu-
tinectes carmeloi (Patagonia, O’Gorman, 2016b;
O’Gorman et al., 2023); Marambionectes molinai
(Antarctica, O’'Gorman et al., 2024) and Tuarangis-
aurus keyesi (New Zealand and Patagonia, Wiffen
and Moisley, 1986). Additionally other non weddel-
lian elasmosaurids are recovered within the wed-
dellonectian such as Aphrosaurus furlongi,
Morenosaurus stocki, Hydrotherosaurus alexan-
drae, (California, Welles, 1943 O’Gorman, 2019)
and Futabasaurus suzukii (Japan Sato et al., 2006)
and indeterminate aristonectines from Angola
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(Araujo et al., 2015). All this indicate the presence
of a major clade that occupy the Weddellian Prov-
ince extending thought the Atlantic to West Africa
and on the other side to the north coasts of the
pacific.

CONCLUSIONS

Tuarangisaurus keyesi represents the first and
only non-aristonectine elasmosaurid recovered
from the Lefipan Formation.

The basicranium basisphenoid in early onto-
genetic stages of the non-aristonectines show sim-
ilarities with the Aristonectes

The hyoid apparatus of Tuarangisaurus keyesi
is similar to the record of other Plesiosauria and it
is consistent with ram feeders.
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SUPPLEMENTARY MATERIAL

SUPPLEMENTARY MATERIAL 1. Data set comprising Tuarangisaurus keyesi (holotype NPC CD
425 and NPC CD 426) and the specimen (MPEF-PV 12001) as separate scorings.

(Available for download at https://palaeo-electronica.org/content/2026/5903-first-record-of-tua-
rangisaurus-from-argentina)

SUPPLEMENTARY MATERIAL 2. Data set comprising Tuarangisaurus keyesi with combined
scores (NPC CD 425 + NPC CD 426 + MPEF-PV 12001).

(Available for download at https://palaeo-electronica.org/content/2026/5903-first-record-of-tua-
rangisaurus-from-argentina)
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