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ARTICLE

VEGASAURUSMOLYI, GEN. ET SP. NOV. (PLESIOSAURIA, ELASMOSAURIDAE), FROM THE
CAPE LAMBMEMBER (LOWERMAASTRICHTIAN) OF THE SNOWHILL ISLAND
FORMATION, VEGA ISLAND, ANTARCTICA, AND REMARKS ONWEDELLIAN

ELASMOSAURIDAE

JOS�E P. O’GORMAN,1,2,* LEONARDO SALGADO,3 EDUARDO B. OLIVERO,4 and SERGIO A. MARENSSI2,5
1Divisi�on Paleontolog�ıa Vertebrados, Museo de La Plata, Universidad Nacional de La Plata, Paseo del Bosque s/n., B1900FWA, La

Plata, Argentina, joseogorman@fcnym.unlp.edu.ar;
2CONICET, Consejo Nacional de Investigaciones Cient�ıficas y T�ecnicas, Av. Rivadavia 1917 - C.A.B.A, Argentina;

3CONICET, Instituto de Investigaci�on en Paleobiolog�ıa y Geolog�ıa, Universidad Nacional de R�ıo Negro, Av. General Roca 1242
General Roca, Argentina, lsalgado@unrn.edu.ar;

4Centro Austral de Investigaciones Cient�ıficas–CONICET B. Houssay 200, 9410, Ushuaia, Argentina, emolivero@gmail.com;
5Instituto de Geociencias B�asicas, Aplicadas y Ambientales de Buenos Aires–Universidad de Buenos Aires–CONICET,

Departamento de Ciencias Geol�ogicas, Facultad de Ciencias Exactas y Naturales, Pabell�on II, Ciudad Universitaria, Intendente
G€uiraldes 2160, C1428EHA, Ciudad Aut�onoma de Buenos Aires, Argentina, smarenssi@dna.gov.ar

ABSTRACT—A new elasmosaurid, Vegasaurus molyi, gen. et sp. nov., from Vega Island, James Ross Archipelago,
Antarctica, is described. The holotype and only specimen of this species (MLP 93-I-5-1) was collected from the lower
Maastrichtian Cape Lamb Member of the Snow Hill Island Formation. Vegasaurus molyi is the only Antarctic elasmosaurid
and one of only a few Late Cretaceous elasmosaurids from the Southern Hemisphere whose postcranial anatomy is well
known. Vegasaurus molyi is distinguished from other elasmosaurids by the following combination of characters: cervical
region with 54 vertebrae with elongated centra, dumbbell-shaped articular faces and lateral ridge present in the anterior and
middle parts of the neck but absent in the posterior-most cervical vertebrae; scapula with ventral ramus bearing a strong
ridge in the anteromedial corner of its dorsal surface; ilium shaft with expanded distal end, divided into two parts forming an
angle of 140� opening anteriorly; and humerus with anterior knee and prominent posterior projection with accessory
posterior articular facet. Preliminary phylogenetic analysis places V. molyi within a clade that includes the Late Cretaceous
Wedellian aristonectine elasmosaurids, Aristonectes and Kaiwhekea. This indicates a close relationship between
Aristonectinae and non-Aristonectinae Late Cretaceous Weddellian elasmosaurids and suggests a Weddellian origin for the
Aristonectinae.

http://zoobank.org/urn:lsid:zoobank.org:pub:1B9D10DA-0373-41B5-BFFF-E7AC25D79BF3

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

INTRODUCTION

The Elasmosauridae is a monophyletic group of plesiosaurs
with extremely long necks that arose during the Early Creta-
ceous and lasted up to the Maastrichtian/Danian boundary
(Ketchum and Benson, 2010, 2011; Benson and Druckenmiller,
2014). Elasmosaurids have a cosmopolitan distribution and
include some of the most reported Late Cretaceous marine rep-
tiles (Welles, 1952, 1962; Persson, 1963; Brown, 1981; Carpenter,
1996, 1999; Bardet et al., 1999; Kear, 2003).
The first Antarctic plesiosaur remains were collected by

members of the Instituto Ant�artico Argentino (IAA) (Del
Valle et al., 1977). These first records, like all subsequent
discoveries, came from the James Ross Archipelago. With
the remarkable exception of one specimen from the upper
Maastrichtian beds of the L�opez de Bertodano Formation,
Seymour Island (Marambio Island), referred to ‘Morturneria
seymourensis,’ now considered a junior synonym of Aristonectes
parvidens Cabrera, 1941, or referred to Aristonectes sp., the Ant-
arctic plesiosaurs have no preserved cranial material (Chatterjee

and Small, 1989; Gasparini et al., 2003; Martin et al., 2007;
O’Gorman et al., 2012; Otero et al., 2014). For this reason, and
despite the fact that elasmosaurids are the most prevalent Ant-
arctic plesiosaurs (O’Gorman, 2012), the taxonomic status at the
generic level of Antarctic elasmosaurids is not well known,
(Welles, 1943, 1952, 1962; Carpenter, 1999; O’Keefe, 2001, 2004;
Sato, 2003; Sato et al., 2006). However, the diagnoses of certain
species are based exclusively or mostly on postcranial characters,
such as the classic Elasmosaurus platyurus Cope, 1869, Mauisau-
rus haasti Hector, 1874, and the recently described Wapuska-
nectes betsynichollsae Druckenmiller and Russell, 2006, and
Albertonectes vanderveldei Kubo, Mitchel, and Henderson, 2012.
In 1989, Eduardo Olivero, Daniel Martinioni, Francisco

Mussel, and Jorge Lusky found MLP 93-I-5-1, described here as
the holotype of Vegasaurus molyi, gen. et sp. nov., a nearly com-
plete postcranial elasmosaurid skeleton in the Cape Lamb Mem-
ber of the Snow Hill Island Formation on Vega Island (Antarctic
Peninsula; Fig. 1). The specimen was recovered during three
Antarctic summer expeditions in 1993, 1999, and 2005. The aims
of this paper are to describe this new Antarctic elasmosaurid, to
compare it with other elasmosaurids, and to discuss its systematic
relationships and its implications for our knowledge of Late Cre-
taceous elasmosaurids from the Southern Hemisphere.*Corresponding author.
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Institutional Abbreviations—CM, Canterbury Museum,
Christchurch, New Zealand; DM, Museum of New Zealand Te
Papa Tongarewa, Wellington, New Zealand; MLP, Museo de la
Plata, Buenos Aires Province, Argentina; NZGS, Nuclear and
Geological Science, Lower Hut, New Zealand; OU, Geology
Museum, University of Otago, Dunedin, New Zealand.
Anatomical Abbreviations—actc, acetabulum; af, accessory

facet; app, atlas posterolateral process; atc, atlantal cup; atna,
atlantal neural arch; atr, atlas rib, axna, axis neural arch; axr,
axis rib; cap, capitulum; cav, caudal vertebra; cf, coracoid
facet; coap, coracoid anterior process; cof, cordiform fenestra;
copp, coracoid posterior process; cr, cervical rib; dc, distal
carpal; di, diapophysis; dlp, dorsolateral process; dr, dorsal
rib; dt, distal tarsal; epf, epipodial foramen; ff, fibular facet;
ga, gastralia; gc, glenoid cavity; gr, glenoid ramus; hf, hemal
facets; hipr, hypapophyseal ridge; i, ilium; if, iliac facet; in,
intermedium; is, ischium; isf, ischiadic facet; ivf, interverte-
bral foramen; lr, lateral ridge; mca, metacarpal; msc, muscle
scar; mvp, mid-ventral process; nc, neural canal; ns, neural
spine; p, pubis; pael, possible accessory element; par, para-
pophysis; pez, prezygapophysis; pf, pedicellar facet; ph, pha-
langes; poz, postzygapophysis; pr, pectoral rib; r, radius; rf,
radial facet; rap, rib anterior process; rae, radiale; rpp, rib
posterior process; scr, scapular ridge; sf, scapular facet; sr,
sacral rib; sv, sacral vertebrae; t, tibia; te, tibiale; tf, tibial
facet; tp, transverse process; tr, transverse ridge; tro, trochan-
ter; tub, tubercle; uf, ulnar facet; vf, ventral foramina; vk,
ventral keel; vn, ventral notch; vr, ventral ramus.

GEOLOGIC SETTING

Specimen MLP 93-I-5-1 was collected from the middle part of
the Cape Lamb Member of the Snow Hill Island Formation
(Crame et al., 1991; Pirrie et al., 1997) (Figs. 1, 2). The Snow
Hill Island Formation belongs to the Marambio Group (Rinaldi,
1982), which also includes the Santa Marta, Rabot, Snow Hill
Island, Haslum Crag, and L�opez de Bertodano formations
(Olivero, 2012). The Marambio Group is exposed in the James
Ross Archipelago. At Vega Island, the Cape Lamb Member of
the Snow Hill Island Formation is 217 m thick and comprises a
coarsening upward column from highly fossiliferous bioturbated
sandy mudstones and muddy sandstones to medium-grained,
cross-bedded, sparsely fossiliferous sandstones (Marenssi et al.,
2001). This unit is interpreted as a shallowing and coarsening
upward succession characterized by basal offshore mudstones
and very fine-grained silty sandstones that pass gradationally
upwards into proximal, nearshore marine, clean sandstone beds
(Pirrie et al., 1991; Olivero et al., 1992, 2008; Marenssi et al.,
2001). The Cape Lamb Member transitionally lies over the Her-
bert Sound Member of the Snow Hill Island Formation and is
unconformably covered by the Sandwich Bluff Member of the
L�opez de Bertodano Formation (Pirrie et al., 1991; Olivero
et al., 1992; Marenssi et al., 2001; Crame et al., 2004; Olivero,
2012).
In the Cape Lamb Member, a rich fauna of cephalopods, such

the ammonoids Gunnarites, Diplomoceras, and Jacobites, the
nautiloid Eutrephoceras, the bivalves Pinna sp. and Lahillia sp.,
annelids, and decapods such as Hoploparia sp. (Pirrie et al.,
1991; Olivero et al., 1992), as well as plesiosaurs (Martin et al.,
2007; O’Gorman et al., 2012), has been recorded. Based on the
ammonite fauna, the Snow Hill Island Formation is referred to
the late Campanian–early Maastrichtian Neograhamites-Gun-
narites (NG) Sequence of Olivero and Medina (2000). The MLP
93-I-5-1 locality belongs to Ammonite Assemblage 10 of Olivero
and Medina (2000) and Olivero (2012) and is early Maastrichtian
in age (Olivero and Medina, 2000; Crame et al., 2004; Olivero,
2012).

METHODS

During the extraction of MLP 93-I-5-1, the position of each
element was photographed and mapped, using a quarry diagram
divided into 0.25-m2 quadrants (Fig. 3). The fossil was prepared
mainly by the senior author (J.P.O’G.) using MicroJack and ME
9100 jackhammers. Linear measurements were taken using a
digital caliper. The vertebral indices proposed by Welles (1952)
were also calculated. These consider the ratios between height
(H) and length (L) (HI D 100 £ H/L), breadth (B) and length
(BI D 100 £ B/L), and breadth and height (BHI D 100 £ B/H)
of the centrum. Breadth and height were measured on posterior
articular faces. The vertebral length index (VLI D L/(0.5 £ (H C
B)), a measure of the degree of vertebral elongation (Brown,
1981), was also calculated. In the description of propodials, the
B:L index (B:L D 100 £ Bd/Lt) was used, where Bd is the distal
anteroposterior breadth and Lt is the total length (Welles 1952).
In order to describe MLP 93-I-5-1 and evaluate differences from
other elasmosaurids, two plots were used. Both plot figures show
the value of the measurements (L, H, and B) and indexes (HI,
BI, BHI, and VLI) in order to show the values taken by all these
along the vertebral column (Fig. 6) and to compare the VLI val-
ues of MLP 93-I-5-1 and Zfr 115, referred to Mauisaurus haasti
(Fig. 13).
In order to clarify the phylogenetic position of MLP 93-I-5-1

within the Elasmosauridae, a preliminary phylogenetic analysis
was performed. The data set published by Sato (2002) and modi-
fied by Kubo et al. (2012) was used, because it is the most recent,

FIGURE 1. Map of Cape Lamb, Vega Island, Antarctica. The star shows
the locality where MLP 93-I-5-1 was collected.

O’Gorman et al.—Vegasaurus molyi from Antarctica (e931285-2)
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large-scale, and thorough analysis of Late Cretaceous elasmo-
saurids. Some characters and scorings were modified. The
scoring of the Weddellian elasmosaurids Kaiwhekea katiki (holo-
type: OU 12649, Maastrichtian, Shag Point, New Zealand),
Tuarangisaurus keyesi (holotype: NZGS CD 425 and NZGS CD
426, Campanian–Maastrichtian, Manga-houanga Stream, New
Zealand), and Mauisaurus haasti (lectotype: DM R1529, middle
Campanian, Jed River, New Zealand; referred specimen: CM
Zfr 115, Ngaroma Station, probably upper Campanian, New
Zealand) was modified based on personal observations by J.P.
O’G.
Thirty-four taxa were analyzed, with Pistosaurus longaevus as

an outgroup (for the data set and character modification, see
Supplementary Data). A data set was compiled using Mesquite
(Maddison and Maddison, 2011) and analyzed with the program
TNT (Goloboff et al., 2008). Twenty-five quantitative characters

and 189 qualitative characters were included in the analysis. Fol-
lowing Sato (2002) and Kubo et al. (2012), the quantitative char-
acters were divided into 10 classes by the gap-weighting method
(Thiele, 1993) and treated as ordered. All qualitative characters
were unordered and weighted 10 times to maintain equality with
qualitative characters and to avoid overweighting the latter
because of their high number of states. A heuristic search (tree
bisection reconnection, with 10,000 random addition sequence
replicates) was conducted. Bremer Support values were calcu-
lated for some nodes.

SYSTEMATIC PALEONTOLOGY

SAUROPTERYGIA Owen, 1860
PLESIOSAURIA de Blainville, 1835
PLESIOSAUROIDEAWelles, 1943
ELASMOSAURIDAE Cope, 1869

VEGASAURUS, gen. nov.

Type Species—Vegasaurus molyi, sp. nov.

Type Locality and Horizon—Cape Lamb, Vega Island, Ant-
arctic Peninsula, James Ross Archipelago, Cape Lamb Member
of the Snow Hill Island Formation. Assemblage 10 of Olivero
and Medina (2000), lower Maastrichtian (Figs. 1, 2).

Diagnosis—As for the only species, Vegasaurus molyi, sp. nov.

Etymology—’Vega’ refers to Vega Island where the holotype
(MLP 93-I-5-1) was collected, and ‘-saurus’ means lizard in
Greek. Gender masculine.

VEGASAURUSMOLYI, sp. nov.
(Figs. 4, 5, 7–16)

Holotype Specimen—MLP 93-I-5-1: postcranial skeleton pre-
serving a complete cervical region with 54 cervical vertebrae,
three pectoral vertebrae, 17 dorsal vertebrae, three sacral verte-
brae, anterior and medial caudal vertebrae, pectoral and pelvic
girdles, forelimbs and hind limbs, ribs, and gastroliths.

Type Locality and Horizon—Cape Lamb, Vega Island, James
Ross Archipelago, Antarctic Peninsula, Cape Lamb Member of
the Snow Hill Island Formation. Assemblage 10 of Olivero and
Medina (2000), lower Maastrichtian (Figs. 1, 2).

Diagnosis—Elasmosaurid (sensu Ketchum and Benson, 2010,
2011) that is defined by the presence of 54 cervical vertebrae.
Callawayasaurus colombiensis has a similar cervical count (56)
but lacks the dumbbell-shaped articular faces that are present in
Vegasaurus molyi. Additionally, the following combination of
features also differentiate V. molyi from other elasmosaurids:
cervical VLI lower than 108; atlas-axis complex with marked
ventral keel; lateral ridge in cervical vertebrae from the eighth
to about the 42nd; ventral notch well developed in cervicals pos-
terior to the seventh but absent in the last five vertebrae; dorso-
lateral process of the scapula rectangular in lateral view; ventral
ramus of the scapula with a prominent ridge on the anteromedial
margin of its dorsal surface; coracoid with mid-ventral process;
absence of pectoral and pelvic bars; ilium shaft with two sections
angled at about 140� and with a distal expansion; humerus with
anterior knee and a strong posterior expansion ending in an
accessory posterior facet, only shared by Morenosaurus and Kai-
whekea; and femur with strongly convex capitulum.

Etymology—Species named in honor of Juan Jos�e Moly, an
outstanding Argentine paleontological technician, who has par-
ticipated in 17 Antarctic field trips and participated in the collec-
tion the holotype. Pronunciation: mo-li-i with the ‘y’ pronounced
as ‘i.’

FIGURE 2. (A) Sedimentary log showing location of MLP 93-I-5-1;
Stratigraphy according to (B) Crame et al. (1991) and (C) Marenssi et al.
(2001), respectively.

O’Gorman et al.—Vegasaurus molyi from Antarctica (e931285-3)
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DESCRIPTION

Taphonomy

Specimen MLP 93-I-5-1 was collected from an area of about
3 m2 (Fig. 3). It was not completely articulated, and the skull is
missing. The vertebral column was lying with its right side up
and with the limbs almost in place. The cervical region was found
semi-articulated, and the vertebral sequence could be recon-
structed based on field notes. Additionally, the pectoral verte-
brae were collected at the posterior part of the sequence and the
atlas-axis was collected at the anterior end of the sequence, giv-
ing confidence regarding the completeness of the cervical series.
In addition, 45 gastroliths associated with the skeletal remains
were collected near the dorsal region (Fig. 3).

Axial Skeleton

In all vertebrae except the posterior-most caudals, the neuro-
central suture is closed; therefore, based on the ontogenetic
developmental categories proposed by Brown (1981), based on
the fusion of the neural arch to the vertebral centrum, this speci-
men is considered an adult.

Cervical Region—The preserved cervical vertebrae comprise
54 elements, including the atlas and axis (Fig. 4). The cervical
series is not fully articulated, but some groups of vertebrae have
been preserved in articulation (Fig. 5A, B, F). The neurocentral
sutures are closed in all cervical vertebrae, and only in the third
to sixth? vertebrae are sutures still visible. The cervical ribs are
also fused to the centra in the anterior and middle cervical verte-
brae (Fig. 5C–E), but not in the posterior-most ones.
The atlas and axis are fused to one another, forming a single

unit without visible sutures (Fig. 4A); therefore, it is described
as a single anatomical structure termed the atlas-axis complex.
The composite centrum of the atlas-axis complex is longer than
broad and broader than high. The atlantal cup is deeply concave,
circular to heart-shaped in anterior view (Fig. 4C), and has two
small lateral notches that are visible in ventral view (Fig. 4A, H).
The atlantal cup surface shows a notochordal pit (Fig. 4C). The
posterior articular surface of the atlas-axis complex is subrectan-
gular, with a dorsal notch associated with the neural canal and a
transversely elongated central depression (Fig. 4E). In lateral
view, the sector of the atlas-axis complex corresponding to the
atlas centrum is dorsoventrally convex, whereas the area corre-
sponding to the atlas zone is deeply concave (Fig. 4A). The

FIGURE 3. Quarry diagram. The side lengths of the squares equal 50 cm.

O’Gorman et al.—Vegasaurus molyi from Antarctica (e931285-4)
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FIGURE 4. Comparison between the atlas-axis complexes of Vegasaurus molyi, gen. et sp. nov. (MLP 93-I-5-1), and Tuarangisaurus keyesi (GNS CD
426).A, C, E, G,H, Vegasaurus molyi in A, left lateral, C, anterior, E, posterior, and G, ventral (detail) and H, ventral views; B,D, F, I, Tuarangisau-
rus keyesi in B, right lateral,D, anterior, F, posterior, and I, ventral views. Scale bars equal 20 mm.

O’Gorman et al.—Vegasaurus molyi from Antarctica (e931285-5)
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FIGURE 5. Vegasaurus molyi, gen. et sp. nov. (MLP 93-I-5-1).A–B, fourth to seventh cervical vertebrae inA, left lateral and B, ventral views; C–E,
10th cervical vertebra in C, left lateral,D, posterior, and E, ventral views; F, 31st to 36th cervical vertebrae in right lateral view;G–I pectoral vertebrae
inG, left lateral,H, posterior, and I, ventral views; J–L, dorsal vertebrae in J, posterior view,K, detail of the ventral surface of the diapophyses, and L,
ventral view. Scale bars equal 20 mm.

O’Gorman et al.—Vegasaurus molyi from Antarctica (e931285-6)
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ventral surface of the atlas-axis complex has a strong keel that is
anteriorly blunt but presents a sharp edge posteriorly (Fig. 4G,
H). Between the blunt and sharp zones of the ventral keel, there
is a well-defined, transversely expanded area (Fig. 4H). The axis
rib is fused to the posteroventral margin of the centrum. It is
posteroventrally directed, being anteriorly convex and posteri-
orly concave (Fig. 4A, H). Anterior to the attachment of the axis
rib, there is the posterolateral process of the atlas intercentrum,
which is short and fused to the axis rib (Fig. 4G). The atlas neu-
ral arch is reduced to laterally compressed pedicels that contact
dorsally with the axis neural arch, forming the intervertebral
foramen (Fig. 4A). The axis neural arch is similar to the neural
arches of the following cervical vertebrae. There is no median
contact between left and right postzygapophyseal facets
(Fig. 4E). The dorsal margin of the neural spine inclines anteri-
orly, and on its lateral sides, there is an anteroposteriorly elon-
gated depression (Fig. 4A). On the posterior tip of the neural

spine, there are two depressions that probably are the scar of the
insertion of a tendon (Fig. 4A).
The centra of almost all the remaining cervical vertebrae are

broader than long and longer than high (Fig. 6A; Table S1), pro-
portions that are typical of the cervical centra of elasmosaurids
but shorter than the extremely elongated vertebrae of Elasmo-
saurus and Styxosaurus (Welles, 1943, 1962; O’Keefe and Hiller,
2006). These proportions are accentuated in the middle cervicals,
which are the most elongate vertebrae of the cervical region
(Fig. 6A). Both the breadth and height values increase gradually
toward the posterior part of the neck, whereas the length
increases in the anterior half and then decreases backwards in
the cervical series (Fig. 6A). This distribution of measurements
is typical of the cervical region of elasmosaurids (Welles, 1943,
1952, 1962; O’Keefe and Hiller, 2006; Kubo et al., 2012). The HI
shows values between 80 and 100 in the anterior section of the
neck, but they increase, to exceed 100 behind the 40th vertebra

FIGURE 6. Vegasaurus molyi, gen. et sp.
nov. (MLP 93-I-5-1). Variation of the meas-
urements L (length), H (height), and B
(breadth) and the indexes HI (100 £ H/L), BI
(100 £ B/L), BHI (100 £ B/H), and VLI (100
£ (L/0.5 £ (H C B))) along the vertebral col-
umn; only some measurements are indicated
to maintain clarity. A, L, H, and B; B, HI, BI,
and BHI; C, VLI. X-axis is vertebral number;
B and C, Y-axis is unit-less.
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(Fig. 6B). The BI ranges around the value 120 in the front half of
the cervical region, but posterior to the 40th vertebra it increases
rapidly to 158 in the last cervical vertebra (Fig. 6B). The BHI
ranges around the value 140 throughout the entire cervical series
(Fig. 6B). The VLI shows higher values in the middle part of the
cervical region (where VLI reaches 100) and decreases toward
the posterior limit with values of around 80 (Fig. 6C).
The articular faces of the cervical vertebrae are subrectangular

in the first few vertebrae. Posterior to the seventh cervical verte-
bra, there is a ventral notch that gives a dumbbell-shaped outline

to the articular faces (Fig. 5D), a typical character of Late Creta-
ceous elasmosaurids but absent in the Albian Callawayasaurus
colombiensis (Welles, 1943, 1952, 1962; O’Keefe, 2001, 2004;
Hiller et al., 2005; Ketchum and Benson, 2011; Kubo et al.,
2012). The dumbbell-shaped articular faces occur up to the last
five cervical vertebrae, where the ventral notch is no longer visi-
ble. Between the third and seventh vertebrae, the lateral ridge is
poorly developed, but posteriorly it becomes progressively more
pronounced (Fig. 5C) until it disappears posterior to the 42nd
vertebra. A pair of foramina is observed on the ventral surface

FIGURE 7. Vegasaurus molyi, gen. et sp. nov. (MLP 93-I-5-1). A, B, second and third sacral vertebrae and first and second caudal vertebrae in A,
right lateral and B, left lateral views. C–F, caudal vertebrae in C, anterior, D, left lateral, E, dorsal, and F, ventral views; G–J, ribs: G, posterior cervi-
cal? or pectoral ribs,H, dorsal ribs, I, sacral ribs, and J, gastralia. Scale bars equal 20 mm.
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of the cervical centra (Fig. 5B, E). They are small and located in
two marked depressions separated by a sharp keel in the ante-
rior-most cervical vertebrae (Fig. 5B). This depression becomes
progressively less pronounced, and it disappears behind the 10th

vertebrae where the depressions are absent and a blunt ventral
keel is observed (Fig. 5E).
The prezygapophyses remain separate in the third vertebra,

but posteriorly there is median contact between left and right

FIGURE 8. Vegasaurus molyi, gen. et sp. nov. (MLP 93-I-5-1). A, pectoral girdle in dorsal view; B–C, details of the ridge of the dorsal surface of the
ventral ramus in B, dorsal and C, posterior views; D–G, left scapula in D, anterior, E, posterior, F, medial, and G, lateral views. Scale bars equal
20 mm.
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facets. The postzygapophyses show a median contact between
left and right facets posterior to the 10th vertebra (Fig. 5D). The
prezygapophyseal facets are transversely concave, whereas the
postzygapophyseal facets are transversely convex. The neural
spine is damaged in most of the vertebrae; however, in the poste-
rior ones, the neural spines are twice as tall as the centra and
rectangular in lateral view (Fig. 5F).
Pectoral Region—The pectoral region is composed of three

vertebrae that are higher than long and broader than high (Table
S1). The articular faces are subelliptical, and their surfaces are
slightly depressed (Fig. 5H). The transverse processes (fusion of
parapophyses and diapophyses) project laterally in the three pec-
toral vertebrae (Fig. 5H), with the extent of the projection grad-
ually increasing caudally and the cross-sectional shape changing
from subtriangular to subcircular. In the anteroventral margin of
the transverse process of the first pectoral vertebra, there is a
marked depression limited ventrally by a ridge (Fig. 5I). In the
second vertebra, there is a little convexity in that position, but in
the third pectoral vertebra this area is not preserved. Ventrally,
the first two vertebrae have three foramina (two large ones and a
smaller one between them). The third vertebra has at least two
ventral foramina; however, this area is not well preserved.
Dorsal Region—The dorsal region consists of 17 vertebrae

collected in a mostly continuous series. All dorsal centra are
broader than high and higher than long (Table S1). The lateral
surfaces of the centra are anteroposteriorly concave, which gives
them a marked spool shape (Fig. 5L). The number of ventral

foramina is variable, but four is the most common number.
Although the neural arch is fused to the centrum in most cases, it
is not preserved well enough to merit description. In the first dor-
sal vertebra, the diapophyses come up to the level of the middle
of the neural canal. In the fourth dorsal vertebra, the left dia-
pophysis (the only one that is completely preserved) is dorsoven-
trally compressed and dorsolaterally directed (Fig. 5J). The
diapophyses have a sharp anterior margin. Ventrally, there is a
sudden increase in thickness of the diapophyses (Fig. 5K),
whereas the dorsal surface is anteroposteriorly convex without
any abrupt change. Distally, the diapophyses are slightly
expanded and with an elliptical rib facet (Fig. 5J, K), of which
the major axis is slightly tilted caudally.
Sacral Region—Three sacral vertebrae are preserved. All

have a short transverse process that is only slightly laterally pro-
jected. In the first sacral centrum, the rib facet of the transverse
process is divided into two portions, with the dorsal portion
larger than the ventral portion. The third sacral shows a
change with respect to the anterior vertebra because the ven-
tral part of the transverse process is much larger than the dor-
sal (Fig. 7A, B). Both dorsal and ventral parts are separated
by a groove. In lateral view, the anterior margin of the trans-
verse process is almost straight and the posterior margin is
convex (Fig. 7A, B).
Caudal Region—Only the anterior and medial caudal verte-

brae have been recovered. The neurocentral suture is closed
only from the first to eighth caudal vertebrae, although in

FIGURE 9. Vegasaurus molyi, gen. et sp. nov. (MLP 93-I-5-1). A–D, coracoid in A, dorsal and B, ventral views; C, symphyseal view;D, detail of the
posterior process of the coracoid. Scale bars equal 20 mm.
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vertebrae 6 and 8 the suture line is still visible. In all caudal ver-
tebrae the ribs remain free from the centra.
The caudal vertebral centra are broader than high and higher

than long. The parapophyses are circular in the anterior-most

caudal vertebrae (Fig. 7D), but they become subelliptical by the
ninth caudal vertebra. The articular faces are subelliptic and
slightly concave (Fig. 7C). The hemal facets are shallow cavities,
which are better developed at the anterior margin of the

FIGURE 10. Vegasaurus molyi, gen. et sp. nov. (MLP 93-I-5-1). A, pelvic girdle in dorsal view; B, detail of the iliac facet of the ischium; C–E, left
ilium in C, medial,D, lateral, and E, proximal views. Scale bars equal 20 mm.
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vertebrae, but they are shared between vertebrae (Fig. 7F). The
ventral surface of the centra is flat, with a single ventral foramen
(Fig. 7F). There are no preserved hemal arches.
Ribs—The anterior and middle cervical ribs are fused to the

cervical centra, but the posterior cervical and pectoral ribs
remain free. The anterior and middle cervical ribs are flattened,
with anterior and posterior processes (Fig. 5C). The posterior-
most cervical and probably the pectoral ribs are longer than the

cervical ones, and have lost their anterior and posterior projec-
tions (Fig. 7G) and have their heads divided into a dorsal con-
cave area and a ventral convex zone (Fig. 7G). These ribs have a
distinctive curvature and ridges that differentiate them from the
dorsal ribs (Fig. 7G). The dorsal ribs are longer than the pector-
als and have a ‘D’-shaped outline (Fig. 7H). The articular faces
of the dorsal ribs appear to be slightly concave. Distally, the ribs
become straight and flat in cross-section (Fig. 7H). The sacral

FIGURE 11. Vegasaurus molyi, gen. et sp. nov. (MLP 93-I-5-1). A–D, left humerus in A, dorsal, B, posterior, C, ventral, and D, proximal views; E,
radius, radiale, and distal tarsal I. Scale bars equal 20 mm.
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FIGURE 12. Vegasaurus molyi, gen. et sp. nov. (MLP 93-I-5-1). A, right femur in ventral view; B, proximal part of femur in dorsal view; C, tibia,
tibiale, centrale, and distal tarsals I, IICIII, and IV in ventral view; D, right femur in proximal view; E, possible supernumerary element. Scale bars
equal 20 mm.
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ribs (Fig. 7I) are shorter and stockier than the dorsal ribs. The
head is divided into two zones that articulate with the neural
arch and the vertebral centrum. There is no marked distal expan-
sion. The caudal ribs have a convex head and a flattened shaft.

Gastralia—Some gastralia were recovered. These elements
differ from the dorsal ribs in that they have a deep groove along
one surface and pointed ends (Fig. 7J). In cross-section they
show a thick cortical area, but they are morphologically more
slender than the dorsal ribs.

Appendicular Skeleton

Pectoral Girdle—The pectoral girdle is represented by both
scapulae and both coracoids; no fragments of clavicles or the
interclavicle were recovered (Fig. 8A). The scapula has its dorso-
lateral process directed posteriorly at 45� relative to the ventral
ramus when viewed laterally (Fig. 8F, G), with the distal end of
the dorsolateral process located near the middle part of the gle-
noid ramus (Fig. 8F, G). The proximal portion of the dorsolat-
eral process extends up to the anterior border of the scapula, but
distally its anteroposterior length decreases, becoming rectangu-
lar in lateral view (Fig. 8F, G). The anterior margin of the dorso-
lateral process is narrow, and the posterior one is rounded
(Fig. 8D, E). The lateral surface of the dorsolateral process is
slightly concave proximally, but slightly convex distally. The dor-
sal end of the dorsolateral process is slightly expanded posteri-
orly, but the anterior margin is damaged; therefore, it is
impossible to know if it was expanded in this direction as well
(Fig. 8F, G). The ventral ramus of the scapula (Fig. 8A, B, D) is
plate-like, with a slightly concave ventral surface (Fig. 8A). In
dorsal view, the ventral ramus of the right scapula (the left

scapula did not preserve this part) has an anterior margin divided
into two edges angled at approximately 140� (Fig. 8A). The
reconstruction indicates that the ventral rami contact one
another in a medial symphysis that is limited to the posterior
part of the ventral ramus (Fig. 8A). On the medial area of the
dorsal surface of the ventral ramus, there is a prominent ridge
(Fig. 8A–C).
Both coracoids are preserved (Fig. 9A, B). The anterior mar-

gin of the coracoid is strongly concave between the medial mar-
gin and the scapular facet (Fig. 9A, B). The symphyseal margin
of the coracoid is 240 mm long anteroposteriorly, but it is broken
at both ends, so it was probably somewhat larger (Fig. 9D).
There are anterior and posterior processes that project from the
body of the coracoid. The anterior process is directed slightly
ventrally (Fig. 9C). The dorsoventral dimension of the symphy-
seal surface is variable, being thicker at the level of the glenoid
ramus (Fig. 9C), resulting from the presence of a dorsal trans-
verse ridge and a mid-ventral process on the ventral surface
(Fig. 9C). The transverse ridge is a strongly convex zone with dif-
fuse limits, which extended transversely from the symphyseal
surface, becoming progressively less marked towards the glenoid
cavity. The mid-ventral process is a semiconical projection on
the mesial margin of the ventral surface, located at the level of
the posterior limit of the glenoid fossa (Fig. 9B, C). The left pos-
terior extension is affected by a fault; therefore, the lateral horn-
like extension observed in Figure 9 is probably not natural.
Pelvic Girdle—The right and left pubes are poorly preserved,

having lost their anterior and central parts, probably because
these are very thin (Fig. 10A). The acetabular and ischiadic
facets are subequal in length. The ischium is formed by an ace-
tabular ramus and a medial symphysis that forms the anterior

FIGURE 13. Comparison between the VLI values: black square, Vegasaurus molyi (MLP 93-I-5-1); diamond,Mauisaurus haasti (CM Zfr 115); open
square, Tuarangisaurus keyesi (GNS CD 426).
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and posterior rami. The iliac facet is elongate and located in
the posterior side of the acetabular ramus (Fig. 10B). The ante-
roposterior length/transverse length ratio is 1.13. The posterior
ramus is relatively short, as in other elasmosaurids (Welles, 1943,
1952; O’Keefe, 2002; Hiller et al., 2005; O’Keefe and Carrano,
2005; Sato et al., 2006). The anterior margin of the ischium is
strongly concave, forming the posterior margin of the ischiopubic
foramen (Fig. 10A). The anterior ramus does not reach the level
of the articulation between ischium and pubis, and its end does
not shows any evidence of the presence of a pelvic bar
(Fig. 10A).
The ilium is a robust element, comprising a body with two sim-

ple articular facets, ischiadic and acetabular, at the ventral end
(Fig. 10E). From the acetabular facet, the ventral half of the
ilium is posterodorsally directed, but the dorsal half is anterodor-
sally directed. The ends of the ilium subtend an angle of about
140�, which opens anteriorly (Fig. 10C, D). At the point where
this change of direction occurs, there is a posterior, strong con-
vexity in the posterior margin (Fig. 10C, D). The ventral half is
more robust and circular in section; the dorsal half is more slen-
der and laterally compressed. The dorsal end forms a blunt peak,
which is slightly expanded anteroposteriorly, and lacks evidence
of articular facets for the sacral ribs (Fig. 10C, D).
Forelimb—The humerus is 298 mm in length and 235 mm in

distal width; its B:L index is 79%. It is a robust, distally expanded
element, with a strongly convex ‘knee’ anteriorly and a large pos-
terior expansion (Fig. 11A, B). The capitulum and tuberosity are
well defined, but they are not completely separated (Fig. 11A–

D). The articular surface of the capitulum is slightly convex and
covered by vascular foramina; its ventral margin is limited by a
prominent flange (Fig. 11B, D). In anterior view, the tuberosity
surface is tilted at about 90� with respect to the capitulum, and in
dorsal view it is posteriorly displaced toward the posterior mar-
gin of the shaft; therefore, the posterior margin of the tuberosity
is observable in ventral view (Fig. 11A, C). The capitulum and
tuberosity are partially separated by anterior and posterior
grooves (Fig. 11D). On the ventral surface, there is a large mus-
cle scar slightly shifted toward the posterior margin of the shaft;
anterior to this scar, there is a rugose depression (Fig. 11C). In
dorsal and ventral views, the anterior margin of the humerus is
concave in the proximal two-thirds and convex in the distal third
(Fig. 11A, C). The posterior margin is strongly concave along
most of its length and terminates in an accessory facet placed in
a posterior expansion (Fig. 11A–C). Distally, there are slightly
concave radial and ulnar articular facets located in almost the
same plane. The anterior (radial) is 12% longer than the poste-
rior (ulnar).
The radius is subrectangular, wider than long, and dorsoven-

trally compressed. The posterior margin of the radius delimits a
subelliptical epipodial foramen of 35 mm proximodistal length
and 18 mm anteroposterior width (Fig. 11E).
Hind Limb—The femur is slender and short relative to the

more robust humerus, and its distal end is much less anteropos-
teriorly expanded (Fig. 12A). The femur is 280 mm in length
and its maximum distal width is 190 mm, giving a B:L index of
68%, a value lower than that of the humerus (79%). The

FIGURE 14. A, strict consensus of two most parsimonious trees (length 5234 steps, consistency index D 0.46, retention index D 0.49). Bremer sup-
port values are given above each node on the cladogram. B, two recovered relationships between Vegasaurus molyi, Morenosaurus stocki, and
Aristonectinae.
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capitulum is differentiated from the shaft by a rim that is
observed mainly on the ventral surface (Fig. 12A). As in the
humerus, the capitulum surface is pierced by transphysial foram-
ina. The trochanter is confluent with the capitulum only along its
dorsal-most edge. The surface of the trochanter is subrectangu-
lar, with its largest side oblique to the axis of the femur
(Fig. 12B, D). On the ventral surface of the shaft, there is a long
and prominent muscle scar of 76 mm proximodistal length and

41 mm anteroposterior width. The scar surface is strongly rugose
on its proximal two thirds; on the distal third, there is a smooth
posterior zone and a rough anterior one (Fig. 12A). The distal
end of the femur is strongly convex dorsally. There are two distal
expansions. The posterior one is the more marked, but it is not
very pronounced compared with that of the humerus (Fig. 12A).
Distally, there are two well-differentiated articular facets for the
tibia anteriorly and fibula posteriorly. The anterior one

FIGURE 15. Geographic distribution and geologic stage of the elasmosaurid species considered herein. Black geographic symbols indicate circum-
Pacific species (modified from Kubo et al., 2012).
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(115 mm) is longer than the posterior one (80 mm); they form an
angle of 155� (Fig. 12A).
The tibia is a subrectangular element and is wider than long.

The posterior face shows a recess that forms, together with the
fibula, an epipodial foramen of 30 mm proximodistal length and
10 mm anteroposterior width (Fig. 12C). The tibiale is a subrec-
tangular bone. All facets are rounded, without sharp angles
between them (Fig. 12C). The intermedium is a hexagonal ele-
ment whose longer sides are opposite and parallel. The proximal
phalanges have quadrangular articular faces, but the distal-most
phalanges are dorsoventrally compressed; giving the joint faces
an elliptical shape.

RESULTS

Axial Skeleton Plots

Several plots (Figs. 6, 13) were made in order to show the pat-
terns of values of the vertebral measurements (L, H, B) and
indexes (HI, BI, BHI, and VLI). Figure 6 shows that V. molyi
clearly does not belong to the ‘elongated group’ sensu O’Keefe
and Hiller (2006). Figure 13 shows a comparison between the
VLI values along the cervical region of V. molyi, Mauisaurus
haasti (CM Zfr 115), and Tuarangisaurus keyesi, showing that (1)
the middle cervical centra of V. molyi are about 10% less elon-
gated than those of M. haasti; and (2) the anterior-most cervical
centra of V.molyi are about 10% shorter than those of T. keyesi.

Phylogenetic Analysis

Two most parsimonious trees (MPTs) with lengths of 5234
steps were recovered in the phylogenetic analysis (consistency
index D 0.46; retention index D 0.49). The strict consensus is
shown in Figure 14. Bremer support is shown below some nodes.
The objective of the current phylogenetic analysis is to clarify
the position of Vegasaurus molyi within Elasmosauridae. There-
fore, the scoring and taxon sampling of non-elasmosaurid plesio-
saurs is not exhaustive and the relationships between them will
not be discussed. Vegasaurus molyi is recovered nested within
Elasmosauridae. The phylogenetic analysis shows that V. molyi,
Morenosaurus stocki, and Aristonectinae (Aristonectes parvidens
and Kaiwhekea katiki) form a monophyletic group based on
character 184 (9!A, increasing distal extension of the humerus).
The aristonectine Aristonectes parvidens is recovered as the sis-
ter group ofKaiwhekea katiki, forming the Aristonectinae, based
on characters 120 (1!0, anterior cervical centra as long as high),

123 (1!0, absence of lateral ridge on anterior cervical centra),
124 (1!0, absence of lateral ridge on posterior cervical centra),
145 (0!1, blade-like cervical ribs absent), and 146 (0!1, ante-
rior process of cervical ribs absent). Another important result is
that Wapuskanectes betsynichollsae is recovered as the sister
taxon of (V.molyi,M. stocki (A. parvidens, K. katiki)) supported
by characters 158 (0!1, posterior process of the scapulae pres-
ent), 187 (0!1, expansion at the end of the ulnar end of the
humerus), 189 (1!0, posterior knee of the humerus absent), and
199 (0!1, supernumerary facets on the humerus).

DISCUSSION

The following discussion focuses on the elasmosaurid affinities
of V. molyi, in order to support the validity of the new species,
and some of the consequences of the phylogenetic analysis. Cer-
vical vertebrae with elongated centra, lateral ridges, and dumb-
bell-shaped articular faces and a coracoid with a cordiform
fenestra are features of Late Cretaceous elasmosaurids. The high
number of cervical vertebrae and the distally expanded humerus,
which is longer than the femur, are also typical characters of
Elasmosauridae (Welles, 1943; O’Keefe, 2001).
Comparison between V. molyi and other elasmosaurids is

problematic because the postcranial morphology of some elas-
mosaurid species is poorly known and/or they have diagnoses
based on cranial features. However, many elasmosaurid taxa are
based only on postcranial elements (e.g., Aphrosaurus, Elasmo-
saurus, Morenosaurus, Mauisaurus, and Wapuskanectes). In
order to confirm the validity of the proposed diagnostic charac-
ters of V. molyi, it is necessary to examine morphological vari-
ability in other non-aristonectine elasmosaurids (Table 1),
which, despite their shorter cervical centra, are recovered phylo-
genetically close to V.molyi.

America

The cervical account of V. molyi (54) differs from those
recorded for Callawayasaurus colombiensis (56), Thalassomedon
haningtoni (62), Libonectes morgani (62), Hydralmosaurus ser-
pentines (63), Styxosaurus snowii (62), Elasmosaurus platyurus
(72), Morenosaurus stocki (46), Hydrotherosaurus alexandrae
(60), and Albertonectes vanderveldei (75; Kubo et al. [2012] men-
tioned 76, but the latter is a pectoral vertebra, as considered
herein) (Welles, 1943, 1952, 1962; Kubo et al., 2012; Sachs et al.,
2013). V. molyi belongs to the non-elongate group and differs
from E. platyurus, S. snowii, and probably Terminonatator
ponteixensis (O’Keefe and Hiller, 2006). The cervical vertebrae
of V. molyi are shorter than those ofHydralmosaurus serpentinus
and Thalassomedon haningtoni (Welles, 1943). The distribution
of the lateral ridge along the cervical region in V. molyi (eighth
to 43nd cervical vertebrae) differs from that recorded for some

FIGURE 16. Santonian–Maastrichtian circum-Pacific elasmosaurids.
Map of the Maastrichtian Pacific modified from Blakey (2013).

TABLE 1. Localities and stratigraphy of Late Cretaceous elasmosaur-
ids from America.

Taxa Stratigraphy Reference

Callawayasaurus colombiensis Aptian Carpenter, 1999
Wapuskanectes betsynichollsae Albian Druckenmiller and

Russell, 2006
Thalassomedon haningtoni Cenomanian Welles, 1943
Libonectes morgani Turonian Carpenter, 1999
Hydralmosaurus serpentinus Santonian Welles, 1943
Styxosaurus snowii Campanian Welles, 1943
Elasmosaurus platyurus Campanian Sachs et al., 2013
Albertonectes vanderveldei Campanian Kubo et al., 2012
Terminonatator ponteixensis upper Campanian Sato, 2003
Morenosaurus stocki Maastrichtian Welles, 1943
Hydrotherosaurus alexandrae Maastrichtian Welles, 1943
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elasmosaurids such as Libonectes morgani (only in the anterior
half of the neck) or E. platyurus and A. vanderveldei (almost all
cervical centra; Welles, 1943, 1952; Kubo et al., 2012). Although
very conservative, the number of dorsal vertebrae in V. molyi
(17) differs from the 25 dorsal vertebrae recorded for T. haning-
toni (Welles, 1943). V. molyi has cervical vertebrae with dumb-
bell-shaped articular faces and thus differs from C. colombiensis
where dumbbell-shaped articular faces are absent. The atlas-axis
complex of A. vanderveldei and T. haningtoni have an atlas rib
projected over at least the proximal half of the anterior margin
of the axis rib (Kubo et al., 2012:fig. 4; J.P.O’G. pers. observ.),
whereas in V. molyi the atlas only has a short posterolateral pro-
cess (Fig. 4G, H).
Other differences between V.molyi and North American elas-

mosaurids can be observed in the pectoral girdle. The anterior
coracoid process of V.molyi differs from the more robust process
recorded for C. colombiensis (Welles, 1962:fig. 5) and the
reduced process of H. serpentinus (Welles, 1952:fig. 4). The scap-
ulae of C. colombiensis do not form a medial symphysis (Welles,
1962:fig. 5) as seen in MLP 93-I-5-1. Additionally, Wapuska-
nectes betsynichollsae has a pectoral girdle with a pectoral bar
formed largely by a long and robust anterior projection of the
coracoid without a broad scapular symphysis (Druckenmiller
and Russell, 2006). In V. molyi, by contrast, the anterior process
of the coracoid is shorter and does not form a pectoral bar
(Fig. 8A).
Other differences are observed in the pelvic girdle. Libonectes

morgani and E. platyurus have a pelvic bar (Welles, 1962:figs. 12,
14), unlike V. molyi that lacks one. The ilia of V. molyi are
divided in two segments separated by a marked angle that differs
from the ilia of M. stocki, which are less arched, and
T. ponteixensis, which is only slightly curved (Sato, 2003:fig. 11).
In addition, there is a strong concavity on the lateral side of the
pubis of T. ponteixensis (Sato, 2003:fig. 12), which is apparently
absent in V. molyi (Fig. 10A).
Finally, the limb morphology, especially the humeral shape,

gives additional features that distinguish V. molyi. The humerus
of V. molyi has an anterior knee and a posterior expansion with
an accessory facet, similar to the one of M. stocki (Welles, 1952;
J.P.O’G. pers. observ.). This differs from the humerus of other
elasmosaurids such as L. morgani (lacks the anterior expansion,
and the posterior expansion is very small; Welles, 1952:fig. 2), H.
alexandrae (does not have a posterior accessory facet; Welles,
1943), and A. vanderveldei (does not show a posterior expansion
or an accessory facet; Kubo et al., 2012). It is interesting to
remark that the femur has a strong convex capitulum in both T.
ponteixensis and V. molyi (Sato, 2003).

Africa

Zarafasaura oceanis Vincent, Bardet, Pereda-Suberbiola,
Bouya, Amaghzaz, and Meslouh, 2011 (Maastrichtian), is the
only African elasmosaurid that has a well-known postcranium.
This species has a well-developed pectoral bar (Lomax and
Wahl, 2013:fig. 10), a feature absent in V. molyi (Fig. 8A). The
coracoid of Zarafasaura oceanis does not show the typical cordi-
form fenestra of elasmosaurids (Lomax and Wahl, 2013:fig. 10)
that is present in V. molyi (Fig. 8A). Moreover, the ilium of
Z. oceanis is straight (Lomax and Wahl, 2013:fig. 12), whereas in
V. molyi this bone has a shaft divided in two parts forming an
angle (Fig. 10C, D).

Asia

Futabasaurus suzukii Sato, Hasegawa, and Manabe, 2006
(Santonian), has a slightly curved ilium (Sato et al., 2006:fig. 7),
differing from V. molyi (Fig. 10C, D). In addition, in F. suzukii
there is a pelvic bar, although it has a diamond-shaped vacuity in
the central area (Sato et al., 2006:fig. 2), which is absent in V.

molyi. The humerus of F. suzukii is 18% larger than the femur
(Sato et al., 2006), whereas in the case of V. molyi the difference
is only 6%.

Australasia

The Australasian non-aristonectine elasmosaurids Tuaran-
gisaurus keyesi Wiffen and Moisley, 1986 (Campanian–Maas-
trichtian), and Mauisaurus haasti Hector, 1874 (Campanian),
are compared with V. molyi in detail because they belong to
the Weddellian Province. Additionally, V. molyi is compared
with CM Zfr 145, an indeterminate elasmosaurid from the
middle Maastrichtian of New Zealand (Hiller and Mannering,
2005).
T. keyesi is known from its skull and the anterior-most eight

cervical vertebrae. Personal observation of the Tuarangisaurus
keyesi specimen GNS CD 426 reveals some differences from V.
molyi despite the limited elements available for comparison. The
neural pedicels of the axis of T. keyesi are anteroposteriorly lon-
ger than the more gracile, short ones of V. molyi (Fig. 4A, B).
The axis ribs of T. keyesi are anteroposteriorly more expanded
than those of V. molyi (Fig. 4A, B). Moreover, the atlas ribs of
T. keyesi are almost as long as the axis, unlike the short postero-
lateral atlantal process of V. molyi (Fig. 4A, B, G). Additionally,
the atlas-axis complex of V. molyi has a sharp ventral keel at the
level of the axis, whereas it is absent in T. keyesi. Finally, the
anterior-most cervical centra of T. keyesi are about 10% more
elongate than the same vertebrae of V. molyi (Fig. 13). Although
these differences allow us to separate T. keyesi from V. molyi,
more complete specimens of T. keyesi are necessary to make a
complete comparison. Specimen MLP 93-I-5-1, here designated
as the holotype of Vegasaurus molyi, shares some characters
with Mauisaurus haasti (sensu Hiller et al. [2005], based mostly
on the referred specimen CM Zfr 115), such as the square-
shaped dorsolateral process of the scapula, the similar angle
between this process and the ventral ramus of the scapula, the
mid-ventral process of the coracoids, and the femur with a con-
vex capitulum, as well as the fact that it belongs to the ‘not elon-
gate group’ (sensu O’Keefe and Hiller, 2006). However, some of
these features are also shared with Callawayasaurus colombien-
sis and Hydralmosaurus serpentinus (mid-ventral process) or
Terminonatator ponteixensis and Futabasaurus suzukii (convex
capitulum in femur). Therefore, similarities between MLP 93-I-
5-1 and referred materials of Mauisaurus haasti are not exclusive
to them.
Mauisaurus haasti (based on the referred specimen CM Zfr

115) has at least 65 cervical vertebrae (O’Keefe and Hiller,
2006), whereas in V. molyi there are 54. The pattern of VLI
values for the cervical region is also different from that
observed in V. molyi (Fig. 13). Another difference between
MLP 93-I-5-1 and CM Zfr 115 is the presence of a strong
ridge in the dorsal surface of the ventral plate of the scapula
of the latter (Fig. 8A) that is absent in the former (J.P.O’G.,
pers. observ.). Moreover, the femur of the lectotype of Maui-
saurus haasti (DM R1529) has a hemispherical capitulum and
a stocky shaft (Hiller et al., 2005:fig. 15A), whereas in V.
molyi the capitulum is less convex and the shaft is much
more gracile.
Finally, V.molyi differs from CM Zfr 145, a late Maastrichtian

elasmosaurid specimen from the Conway Formation, Waipara
River, New Zealand, reported by Hiller and Mannering (2005),
in several features. The mid-ventral process of V.molyi is smaller
than the extremely developed one of CM Zfr 145 (Hiller and
Mannering, 2005:figs. 8B, C, 13A), the femur of CM Zfr 145 is
longer than the humerus whereas the opposite is observed in V.
molyi, and the tibial and fibular facets of CM Zfr 145 are almost
in the same plane (Hiller and Mannering, 2005:fig 12), differing
from V.molyi.
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Aristonectinae (New Zealand, Western Antarctica,
and Patagonia)

Vegasaurus molyi differs from aristonectines by its elongated
cervical vertebrae, which are absent in the Maastrichtian Aristo-
nectes and Kaiwhekea. However, other features, such as an
extremely robust humerus with an accessory facet on the poste-
rior extension of the humerus, present in Kaiwhekea katiki (J.P.
O’G., pers. observ.), are shared by Vegasaurus molyi (see Phylo-
genetic Analysis and following discussion).

Weddellian Elasmosaurids and the Origin of Aristonectinae

One of the most significant results of our phylogenetic analysis
is the relationship recovered between V. molyi, M. stocki, and
Aristonectinae (A. parvidens and K. katiki), despite the differen-
ces observed in the proportions of the cervical centra. This sug-
gests a close phylogenetic relationship between Weddellian
aristonectines and at least one non-aristonectine elasmosaurid.
Additionally, the relationship between Morenosaurus stocki
from the Maastrichtian of California and V. molyi could indicate
some biogeographic link among the elasmosaurids along the
eastern Pacific coast.
A previous phylogenetic analysis (comprising eight elasmo-

saurid taxa) by Otero et al. (2012) recovered Aristonectinae as
part of a polytomy. Moreover, these authors recovered Futaba-
saurus suzukii nested within Aristonectinae, whereas in the cur-
rent analysis F. suzukii is not recovered in that position.
Ketchum and Benson (2011) included both Aristonectes and Kai-
whekea in their analysis and recovered these genera as sister
taxa. These authors recovered Eromangasaurus australis (Kear,
2007), from the middle–upper Albian of Australia, and C. colom-
biensis (Carpenter, 1999), from the lower Aptian of Colombia, as
the taxa most closely related to the Aristonectinae. This result
seems to indicate an origin of Aristonectinae from Early Creta-
ceous elasmosaurids. Kubo et al. (2012) did not include K. katiki
as part of their analysis; therefore, their results are not directly
comparable to those obtained here. Finally, Benson and Druck-
enmiller (2014) recovered Aristonectinae as most closely related
to F. suzukii, from the lower Santonian of Japan.
In summary, we can divide the phylogenetic hypotheses about

the origin of Aristonectinae into two main groups: one indicates
that they are most closely related to the Early Cretaceous elas-
mosaurids, implying that the origin of aristonectines probably
took place during the early Late Cretaceous; the other group of
hypotheses suggests a close relationship between the aristonec-
tines Aristonectes and Kaiwhekea and other Santonian–Maas-
trichtian elasmosaurids (Otero et al., 2012). The former
hypothesis indicates a shorter history, and the occurrence of
more changes in a shorter time. Our phylogenetic analysis is not
conclusive about this issue, but it seems to indicate that some of
the features of aristonectines, such as the short cervical centra,
appeared after the Santonian, supporting the second hypothesis.

However, some features of the humerus of Wapuskanectes betsy-
nichollsae and Kaiwhekea katiki, such as the strong posterior
projection of the humerus with a posterior accessory facet, indi-
cate that some features shared by aristonectines and their Late
Cretaceous closest relatives (i.e., V. molyi and Morenosaurus
stocki) were present from the early Albian. However, it is impor-
tant to note that the position of Wapuskanectes betsynichollsae is
uncertain because the only specimen of this species includes only
part of the vertebral column, the pectoral girdle, and the fore-
limb; therefore, there is a high proportion of missing data.
Our analysis also has biogeographic implications. First, it indi-

cates a possible relationship between Weddellian and non-Wed-
dellian circum-Pacific elasmosaurids (Morenosaurus stocki,
V. molyi, (Aristonectinae)) and (F. suzukii, M. haasti). Figure 15
and Table 2 show the geographic and stratigraphic provenance
of each taxon. A close relationship between M. stocki, V. molyi,
and Aristonectinae is not unexpected, because they were col-
lected from localities once connected by shallow marine areas
(Fig. 16). The relationship between the New Zealand and Japan
areas, based on the close affinities between M. haasti and F.
zusukii, is more surprising. However, other similarities between
the marine reptile assemblages from the Late Cretaceous of New
Zealand and Japan have been recorded previously, for example,
the presence of the mosasaur Taniwhasaurus in both areas (Cald-
well et al., 2008; Sato et al., 2012). Therefore, our results seem to
indicate a close phylogenetic relationship between the Santo-
nian–Maastrichtian circum-Pacific elasmosaurids.
Secondly, the record of V. molyi allows testing of the hypothe-

sis of O’Keefe and Hiller (2006) regarding the distribution of the
‘elongated group’ (sensu O’Keefe and Hiller, 2006). According
to this hypothesis, the ‘elongate group’ is restricted to the West-
ern Interior Sea. V. molyi is an elasmosaurid of the ‘non-
elongated’ group from Antarctica and thus reinforces this bio-
geographic hypothesis.
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