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The Antarctic tylosaurine mosasaur Taniwhasaurus antarcticus (Upper Cretaceous, Campanian) is rede-
scribed and rediagnosed based on the holotype. The reexamination of this specimen reveals that T.
antarcticus is clearly distinguishable by a set of skull features from other species of the genus, including
an almost straight fronto-parietal suture, the extreme reduction of the infrastapedial process of the
quadrate, and the L-shaped coronoid. Phylogenetic analysis indicates that T. antarcticus and T. oweni are
sister taxa, confirming their assignment to the same generic entity. The most striking feature of T. ant-
arcticus is the configuration of the posterior terminus of the skull and its articulation with the quadrate.
The posteroventral expansion of the supratemporal embraces medially the ventral half of the posterior
border of the paroccipital process, preventing the quadrate head from extended posterior displacement.
Although in T. oweni this region of the skull has not been preserved in natural position, the same
configuration of the quadrate-supratemporal-squamosal and paroccipital process complex can be
inferred based on the quadrate morphology.

Keywords:
Taniwhasaurus
Mosasauridae
Tylosaurinae
Antarctica

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction Fernandez, Gasparini, Lirio, Nuflez, 2002 with Taniwhasaurus
Hector, 1874.

Mosasaur remains from Antarctica have been known for over Except for the brief descriptions of Novas et al. (2002), Martin

a quarter century (Gasparini and del Valle, 1981). The first discov-
eries were isolated teeth and bones that could only be identified to
higher taxonomic levels. Martin et al. (2002) identified, for the first
time, mosasaurid remains from Antarctica at generic levels,
revealing diverse assemblages composed of Leiodon, Mosasaurus, cf.
Moanasaurus, Plioplatecarpus, as well as tylosaurine remains. Most
of these specimens come from Maastrichtian levels of the Lopez de
Bertodano Formation (Martin, 2006). Novas et al. (2002) reported
awell preserved specimen of a tylosaurine from the late Campanian
levels of the Santa Marta Formation exposed at James Ross Island.
The specimen was briefly described and referred to a new genus
and species: Lakumasaurus antarcticus. However, re-examination of
the Maastrichtian tylosaurine Taniwhasaurus oweni Hector (1874)
from New Zealand (Martin and Fernandez, 2005, 2007) indicated
close similarities between both taxa. On this basis, Martin and
Fernandez (2005, 2007) synonymized Lakumasaurus Novas,
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and Fernandez (2007), and Martin et al. (2007), few anatomical
details of Taniwhasaurus antarcticus have been published. The
objective of the present contribution is to describe in detail the
holotype of Taniwhasaurus antarcticus (Novas et al., 2002) and to
determine its phylogenetic position within the Tylosaurinae.

2. Systematic palaeontology

Squamata Oppel, 1811
Mosasauridae Gervais, 1853
Tylosaurinae Williston, 1897
Taniwhasaurus Hector, 1874

Type Species. Taniwhasaurus oweni Hector, 1874

Emended diagnosis. Prefrontal forming part of the narial
opening; broad overlap of prefrontal and postorbitofrontal above
orbit, excluding frontal from orbital margin; frontal with relatively
straight lateral sides; narial opening beginning between third and
fourth maxillary tooth position; striated dentition; premaxilla with
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dorsal ridge; relatively short predental rostrum; dorsal quadrate
deflected laterally; long, narrow dorsal margin of quadrate;
suprastapedial with a large medial projection distinctly offset from
the line of the suprastapedial process; suprastapedial process of
quadrate long, deeply grooved, and directed ventromedially;
infrastapedial process small; ventromedial suture of prefrontal
sigmoidal rather than broadly convex; posterior extension of
postorbitofrontal extends beyond the supratemporal fenestra.

Taniwhasaurus antarcticus (Novas, Fernandez, Gasparini, Lirio,
Nufiez, and Puertas, 2002)

Figs. 1-5

2002 Lakumasaurus antarcticus Novas, Fernandez, Gasparini,
Lirio, Nufiez, and Puertas, 2002, p. 245, figs.1-2 A,B (original
description)

2005 Taniwhasaurus antarcticus Martin and Fernandez, 2005, p.
244; Martin and Fernandez, 2007, p. 207 (new combination)

Holotype. Instituto Antartico Argentino (IAA) 2000-JR-FSM-1,
almost complete and articulated cranium, jaws, and teeth (Figs. 1, 2,
3, 4A, 5, 6), as well as rib fragments and isolated vertebrae from
a single individual.

Locality and Horizon. Dinosaurio River, Santa Marta Cove,
Northwestern James Ross Island (Lat. 63° 55’ S, Long. 57° 51'W);
Antarctica, Herbert Sound Member (Gamma Member) of the Santa
Marta Formation Upper Cretaceous, uppermost Campanian (Oli-
vero, 1992; Olivero et al., 1986; Crame et al., 1991, 2004).

Emended diagnosis. Medium-sized tylosaurine mosasaur
differing from T. oweni (Hector), by having the quadrate shaft
without medial quadrate process, dorsal aspect of the
suprastapedial process unobservable from lateral view,
infrastapedial process of quadrate extremely reduced to a bulge,
straight posterior margin of frontal, and L-shaped coronoid (Martin
and Fernandez, 2007); and from the recently described species, T.
mikaensis Caldwell et al. (2008), by teeth having compressed,
asymmetrical, D-shaped cross-sectional outline, posterior carinae
not well developed, facets absent, and postorbitofrontal margins

straight, not inflated along length of squamosal ramus and at
frontal-parietal suture.

2.1. Description

The cranium and lower jaws of the holotype were found artic-
ulated in situ. Vertebrae were recovered in a linear succession up to
20 m from the skull (Novas et al., 2002).

2.1.1. Cranium

Premaxilla. The fused premaxillae are almost complete and well
preserved, except for the most posterior end of the internarial bar.
In dorsal view the rostrum is V-shaped, whereas the rostrum is
more flattened anteriorly and cylindrical on Tylosaurus proriger. The
tip of the predental rostrum is rugose (Fig. 2A), more so than on
other tylosaurines. Such rugosity normally indicates cartilaginous
attachment. On the dorsal surface of the snout, a slight longitudinal
ridge extends posteriorly at least to a position dorsal to the third
maxillary tooth. The total length of this ridge can not be determined
owing to poor preservation of the dorsal surface of the internarial
bar but appears to have extended at least to a point dorsal to the
fifth maxillary tooth. On the dorsal and lateral surfaces of the
premaxillary predental rostrum, several well-developed foramina
occur and are particularly well defined in the most anterior portion
of the predental rostrum.

The suture between premaxilla and maxilla is better preserved
on the left side, its most anterior terminus interdigitates in an
inverted w-shape (Fig. 2B). This morphology has been described as
diagnostic of Hainosaurus and some Tylosaurus specimens (Bardet,
1990; Lingham-Soliar, 1992; Lindgren and Everhart, 2000; Martin,
2007). Evidently, the character occurs prior to the early Campanian,
and most subsequent tylosaurines possess an interdigitating
premaxillary - maxillary suture. Interestingly, T. oweni appears to
possess a much more simplified suture that rises vertically (Cald-
well et al., 2005). The premaxillary - maxillary suture of T. antarc-
ticus continues posteriorly to intersect the anterior border of the
naris dorsal to the fourth maxillary tooth.

Fig. 1. Reconstruction of the skull of Taniwhasaurus antarcticus holotype IAA2000-JR-FSM-1, in lateral and dorsal views. Scale bar equals 10 cm.
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Fig. 2. Taniwhasaurus antarcticus holotype IAA 2000-JR-FSM-1. A. Dorsal view of the snout. B. lateral view of the premaxillary-maxillary suture. C. ventral view of the right
prefrontal. D. Dorsal view of the posterior part of the skull. E-F medial and lateral views of the posterior mandibular unit. G-H lateral and medial view of the anterior mandibular

unit. Dashed line indicatespremaxilla-maxilla suture. Scale bars equal 5 cm.

Maxilla. Both maxillae are well preserved although incomplete.
Most of the dorsal plates of these bones have not been preserved,
except for a small portion of the right maxilla in which the ante-
rolateral border of the external naris can be identified (Fig. 2A). The
dorsal maxillary margin is smooth, whereas that of T oweni
possesses a distinct dorsal process (Caldwell et al., 2005:figs. 3, 4A).
The large foramina for egress of the maxillary branch of the
trigeminal nerve are elongated anteroposteriorly, occur in a distinct
horizon above the tooth row, and at least eight foramina are
preserved on the right maxilla.

Prefrontal. The anteriormost portions of the prefrontals are
broken but the supraorbital plate and process of these bones are well

preserved on both sides. No prefrontal supraorbital processes occur.
As the anterior dorsal part of the frontal has not been preserved, the
anterior part of the prefrontal is exposed in dorsal view. On this
surface a scar has been preserved and permits the trace of the suture
between frontal and prefrontal. In ventral view, posterior to the
descending lamina, the prefrontal overlaps the frontal. On the
holotype an excavation with a tear-drop outline occurs on the
ventral side of the prefrontal anterior to the descending lamina
(Fig. 2C). The apex of the depression points anteriorly and its rugose
surface contrasts with the surrounding bone.

Frontal. The frontal is well preserved and almost complete
except anteroposteriorly (Fig. 2D). The most conspicuous features
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Fig. 3. Taniwhasaurus antarcticus holotype (IAA2000-JR-FSM-1). Dentaryteeth. Scale
bar equals 1 cm.

in dorsal view are the triangular outline with lateral margins almost
straight and the fronto-parietal suture also almost straight without
well defined “flanges”. A prominent dorsal crest occurs on at least
the anterior two-thirds of the bone. On its most posterior part, both
halves of the frontal are not completely fused. Ventrally, the suture
demarking the medial extent of the prefrontal posterior to the
vertically oriented prefrontal lamina is sigmoidal (Fig. 4A). That
portion of the suture just posterior to the lamina curves in a convex
fashion medially toward the midline, but its trend posteriorly
becomes convex where it meets the postorbitofrontal, unlike the
broadly convex condition illustrated for T. oweni (Fig. 4B) by Welles
and Gregg (1971). The overlapping contact with the prefrontal is
larger than that for the postorbitofrontal, which is reduced to
a small portion of the posterolateral border of the frontal. The
descending processes of the frontal forming the olfactory canals are
not well preserved, except for the most posterior part of the left
one. This process is low, suggesting that the embrasure was not
well developed. Very unusual features on the ventral aspect of the
frontal (Fig. 4A) of T. antarcticus are angulate depressions. These L-
shaped depressions are mirrored images and lie just anterior to the
fronto-parietal suture and close to the sagittal midline.
Postorbitofrontal. Both postorbitofrontals are well preserved and
almost complete except for the most ventral part of the descending
process on the posterior edge of the orbit. The most conspicuous
feature of this bone is its thin anterior process that overlaps the
prefrontal above the orbit (Fig. 1). This process extends further
anteriorly than that of other mosasaurs. This anterior process

A

pa

restricts the expression of the prefrontals to only a small part of the
anterior dorsal border of the orbit. Of course, these elements do not
meet in many mosasaur taxa. In any case, the postorbitofrontal
projection is directed farther anteriorly in Taniwhasaurus antarcti-
cus than in any other known mosasaur.

The right squamosal ramus of the postorbitofrontal is better
preserved than the left, and the sutural contact with the squamosal
can be traced. This ramus extends posteriorly, overlaps the
squamosal, extends beyond the posterior limit of the fenestra
supratemporalis, and terminates in a rounded margin (Fig. 5A-B).
This posterior extension of the postorbitofrontal is greater than that
of species of Tylosaurus and Hainosaurus (Bell, 1997) and is
extremely far posterior relative to the position of the quadrate. The
termination of the extension lies posterior to the quadrate in
Taniwhasaurus.

Parietal. The parietal table extends far anteriorly overlapping the
posterior surface of the frontal both in dorsal and ventral surfaces
(Fig. 2D). The dorsal surface of the parietal table is elevated at the
midline forming an eminence for the opening of a small parietal
foramen. The anterior border of the pineal opening is well sepa-
rated from the fronto-parietal suture. The ventral opening of the
parietal foramen is located much closer to the fronto-parietal
suture than the dorsal opening, and the foramen is enlarged
ventrally, is more circular, and lies at the level of the parietal rather
than on an eminence.

Most of the ventral surface of the suspensorial ramus is covered
by a thin supratemporal process (Fig. 5B). In dorsal view, the sus-
pensorial ramus extends backward, overlapping a large part of the
squamosal. The lateral margin of the suspensorial ramus in this
view is overlapped completely by the supratemporal.

Squamosal. The right squamosal has been preserved in its
anatomical position (Fig. 5A-B). Only its dorsal posterior end has
been slightly eroded. In dorsal view, most of the squamosal surface
is overlapped by the posterior expansion of the postorbitofrontal,
and its contribution to the lateral posterior end of the fenestra
supratemporalis is extremely reduced. Because the posterior part of
the suspensorial ramus of the parietal is broken, the dorsal surface
of the squamosal can be observed. On this surface a subtle scar on
the bone is tentatively identified as the expression of the parietal-
squamosal contact (Fig. 5B). The ventroposterior margin of the
squamosal fits in a deep groove on the posterior dorsal surface of
the quadrate.

B

Fig. 4. Line drawing of the ventral view of the skull of Taniwhasaurus antarcticus (A) and Taniwhasaurus oweni (B) after Welles and Gregg, 1971. Not to scale.
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Fig. 5. Taniwhasaurus antarcticus holotype IAA 2000-JR-FSM-1. A-B Details of the right quadrate articulation. A, lateral view. B, posterior view. C-D, left quadrate in posterior view
(C) and in medial view (D). E. left parocciptal process in medial view. Abbreviations: p, parietal; popr, paroccipital process; q, quadrate; qc, quadratic cotylus of the paroccipital
process; sq, squamosal; st, supratemporal. Arrows indicate the quadrate pivot. Scale bars equal 5 cm.

Supratemporal. In dorsal view, the anterior process of the
supratemporal is overlapped by the suspensorial ramus of the
parietal for most of its extension. The medial border of the supra-
temporal is overlapped by a ventral tongue of the parietal, and only
the posterolateral margin is exposed dorsally.

The most striking feature of the quadratic suspensorium is the
postero-medial expansion of the supratemporal below the squa-
mosal (Fig. 5B). Posteriorly, the supratemporal is well exposed and
has a prominent, ventrally directed expansion. The anterior surface
of this expansion is concave to house the dorsomedially convex
suprastapedial process of the quadrate. Medially, the expansion
turns forward and overlaps the posteroventral border of the
paroccipital process of the opisthotic. Caldwell et al. (2005)
described a similar medial extension of the surpastapedial process
in Taniwhasaurus oweni. Although quadrate articulation with the
supratemporal has not been preserved in T. oweni, the strong
medial development of the suprastapedial process suggests that
quadrate-supratemporal contact was similar to that of T. antarcti-
cus. This interlocking type of articulation among the squamosal,
supratemporal, and quadrate has not been described in other
tylosaurines except in Hainosaurus neumilleri Martin (2007),
although the extended suprastapedial process of the quadrate of

Tylosaurus pembinensis (Nicholls, 1988) may indicate a similar
interlocking condition. Paramo (1994) described a ventromedial
expansion of the supratemporal of Yaguarasaurus similar to the one
in T. antarcticus.

Quadrate. The left quadrate is detached from the skull (Fig. 5C-
D), whereas the right quadrate is in relatively undistorted articu-
lation (Fig. 5A-B). In both quadrates the tympanic ala has not been
preserved. In anterior view, the shaft of the bone is curved laterally,
the dorsal third of the shaft is greatly deflected in comparison to the
ventral portion, although this portion too exhibits some deflection.
The point of curvature is reinforced by a slight bulge along the
anteromedial border of the shaft. The dorsal surface of the quadrate
is characterized by a prominent groove that comprises the posterior
two-thirds of the dorsal surface for the articulation with the
squamosal.

From lateral view, the dorsal aspect of the suprastapedial
process cannot be observed. In other mosasaurs, the suprastapedial
process is slanted laterally, so the dorsum is observable.

In posterior view (Fig. 5C), a long, robust suprastapedial process
is strongly deflected and bears a stout medially directed projection.
The projection is offset by a distinct dorsal notch that articulates
against the paraoccipital process (Fig. 5E). Otherwise, the borders of
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Fig. 6. Taniwhasaurus antarcticus holotype, IAA 2000-JR-FSM-1, vertebrae: A-B, axis, A, posterior view, B, lateral view; C-D, cervical, C, lateral view, D, posterior view; E-F, dorsal, E,
posterior view, F, lateral view; G-H, anterior caudal in posterior view; J-K, posterior caudal, ], posterior view, K, ventral view. Scale bar equals 5 cm.

the suprastapedial process are almost parallel in posterior view,
and the suprastapedial process is extremely narrow, more narrow
than that of other known tylosaurine genera. The suprastapedial
ligamental scar is a short, vertically oriented depression confined to
the ventral portion of the suprastapedial process and does not
extend laterally onto the large deflected suprastapedial projection.

In medial and posterior views of the quadrate of T. oweni,
Caldwell et al. (2005) described two small processes: one located
just ventral to the tip of the suprastapedial process identified as the
infrastapedial process and the other on the medial surface of the
quadrate shaft. In T. antarcticus, only one small bulge can be iden-
tified, occurring in the position of an extremely reduced infra-
stapedial process. In T. antarcticus, the bulge cannot even be
distinguished in lateral or medial view (Fig. 5D). The second
process, the medial quadrate process, on T. oweni is distinct, but no
such process occurs on the quadrate of T. antarcticus. In posterior
view, below the infrastapedial bulge, a low diagonal ridge extends
from the most ventrolateral border of the quadrate, rising dorsally
to reach the lateral border. This ridge and the border of the condyle
define a triangular, slightly concave area.

The upper half of the medial surface of the quadrate has fine
striations radiating from the suprastapedial opening. In medial
view, a single sinusoidal ridge occurs. The stapedial pit is an elon-
gated oval, with a dorsoposteriorly oblique orientation; the length
of the pit to the width of the pit ratio equals 4.3. The pit lies in

a shallow basin between the suprastapedial opening and the
prominent internal ridge. No distinct suprastapedial notch occurs
on the lateral face of the suprastapedial process as is characteristic
of other tylosaurine genera.

The ventral articulation is transversely long, anteroposteriorly
narrow, and relatively flat compared with the distinct ventrally
expanded lateral condyle of Tylosaurus or Hainosaurus.

Opisthotic-exoccipital. Of the opisthotic-exoccipitals, only the
paroccipital processes are well preserved although incomplete
(Fig. 5E). These processes are long and expanded distally to contact
a medially expanded supratemporal; therefore in posterior view,
the ventral half of the posterior border of the paroccipital process is
covered by a medio-ventral expansion of the supratemporal
(Fig. 5B).

Palatine-Vomer. Anteriorly the vomers are vertically orientated.
The aperture for Jacobson’s organ is located at the level of the 5th
maxillary tooth. This aperture is surrounded medially and poste-
riorly by a sharp crest that crosses the vomers to end at the contact
with the maxilla at the level of the 6th maxillary tooth. The
posterior portion of the vomers has not been preserved. Only the
posterior part of the right palatine has been preserved, sutured to
the maxilla and the descending process of the prefrontal. The
ventral surface of the palatine is ridged posteromedially where it
contacts the pterygoids. This ridge encloses an elliptical concavity
as noted by Russell (1967, p. 25).
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2.1.2. Lower jaw

Dentary. The dentary is long, narrow, and slightly bowed
medially (Fig. 2G-H). The edentulous anterior process of the
symphysis has a dorsal tip. The rugose surface for the attachment of
the intermandibular ligament at the symphysis is beveled ante-
rolaterally; as a result, in dorsal view, the anterior terminus of both
dentaries do not directly articulate but form an acute angle, indi-
cating relatively great movement at the symphysis. On the dorsal
surface of the anterior process, a shallow depression extends
between the tip of the bone and the first tooth. Thirteen teeth occur
in the dentary, a typical tooth count for tylosaurines.

The lateral wall is gently convex and does not rise to the high
elevation of the medial wall, unlike the dentary of most other
tylosaurines. The Meckelian canal originates at the anterior tip of
the medial wall. This canal is parallel to ventral border of the
dentary for most of its length, except for its most anterior part,
where the canal is directed upward and a dorsal deflection occurs
at the level of the second dentary tooth.

Surangular. In lateral view, the dorsal edge of the bone between
the end of the coronoid buttress and the glenoid fossa is gently
concave (Fig. 2E-F). A sharp transverse ridge defines the anterior
border of the glenoid fossa. The coronoid buttress is low and
rounded remaining almost parallel to the ventral edge for most of
its contact with the coronoid. In lateral view, a large foramen for the
mandibular nerve emerges below the anterior half of the coronoid
suture.

Coronoid. The coronoid (Fig. 2E-F) is long and its posterior
ascending process appears higher than that described and figured
for T. oweni by Caldwell et al. (2005: fig. 6A,B). The angle formed by
the dorsal rim of the anterior half of the bone and the anterior
border of the posterior process is comparable to that of T. oweni.
However, in the latter, the dorsal rim of the anterior half of the bone
is gently concave, but in T. antarcticus, this border is almost straight.
Ventrally, the lateral and medial descending wings are short as is
characteristic of the tylosaurines; the medial process is slightly
larger than the lateral.

2.1.3. Marginal dentition

T. antarcticus possesses a dentition that is characterized by deep,
vertical striations composed of raised ridges on the tooth crowns
similar to those of the Plioplatecarpinae and much more distinct
than those of any other tylosaurine genus. Unlike those of the
plioplatecarpines, the teeth of Taniwhasaurus are relatively straight,
curving only slightly medially (Figs. 2G, H, 3). The teeth are long and
laterally compressed, but retain a compressed, asymmetrical, D-
shaped cross-sectional outline, owing to the lateral position of the
carinae. The carinae are not serrated, and posterior carinae do not
occur on all teeth. For example, the only tooth preserved in the
right maxilla is the seventh and exhibits no posterior carina. The
anterior dentary teeth have no or only a faint posterior carina
expression. Facets (prismatic surfaces) are absent. These non-
faceted, finely striated teeth differ from the faceted, smooth
enamel-faced teeth of Tylosaurus haumuriensis from New Zealand,
and is one of the reasons that the proposed assignment of Tylo-
saurus haumuriensis to Taniwhasaurus (Caldwell et al., 2005) was
questioned by Martin and Fernandez (2007). A somewhat similar
situation occurs with T. mikasaensis described from Japan (Caldwell
et al., 2008).

2.14. Vertebrae

None of the vertebrae recovered are complete, but many are
well preserved. From the cervical series, a small fragment of the
atlas, axis, and two fragmentary cervical vertebrae have been
preserved. The axis is the most completely preserved (Fig. 6A-B). In
lateral view the neural spine of the axis is, as in T. oweni, elongated

and not expanded anteroposteriorly. The spine is capped dorsally
by a rugose, flattened surface. The dorsal surface of the neural spine
is almost triangular with its apex pointing anteriorly, and the base
of the triangle formed by a straight posterior surface. On the
posterior surface of the neural spine on the uppermost lateral
borders, two elongated areas occur for muscle attachment. On this
surface, a median dorsoventral ridge ends on the dorsal border of
the neural arch. Between this ridge and the internal side of the
posterior zygapophyses are two well-defined concavities. On the
lateral surface of the neural spine, a crest descends from the dor-
soposterior border toward the lamina of the neural canal. Such
a crest has been also described in T. oweni (Caldwell et al., 2005).
The anteroventral portion of the neural spine is broken, and the
dorsal half of the anterior border forms a sharp ridge. The ventral
and caudal portion of the axis centrum is poorly preserved, except
for the stout hypapophyseal peduncle. The other two preserved
cervical vertebrae are incomplete. Both vertebrae are long
(L= 82 mm), approximately as long as the longest dorsal vertebrae
preserved in IAA 2000-JR-FSM-1. On one of these vertebrae, the
hypapophyseal peduncle is complete (Fig. 6C-D), long, and stout.
The outline of the articular condyle is circular.

Dorsal vertebrae (Fig. 6E-F) have the same general morphology
as those described for Tylosaurus. Only one fragmented vertebra
preserves part of the neural arch. The transverse processes of the
dorsal vertebrae are dorsoventrally compressed, and a thin ridge
extends posteriorly from each process to the anterior margin of the
condyle. As a result, the outline of the posterior condyle appears as
a dorsoventrally compressed hexagon.

The anterior caudal vertebrae are triangular like those of Tylo-
saurus, and unlike those of Hainosaurus that are non-triangular and
dorsoventrally compressed (Lindgren, 2005). From the caudal
series (Fig. 6G-H), on none of the vertebrae are the neural arches
preserved. As in other tylosaurines and plioplatecarpines, the
haemal arches were articulated, not fused with the centrum
(Fig. 6H).

3. Phylogenetic relationships of Taniwhasaurus antarcticus

The most comprehensive published analyses of mosasaur
phylogeny include those of Bell and Polcyn (2005), which is prin-
cipally based on the Bell (1997) dataset, and that of Bardet et al.
(2005). Both analyses agree in the monophyly of Mosasauridae and
Natantia and also in the monophyly of tylosaurines. The principal
difference between both analyses lies within the relationships of
the Plioplatecarpinae.

In order to test the phylogenetic affinities of Taniwhasaurus
antarcticus, a cladistical analysis was performed using TNT ver 1.0
(Goloboff et al., 2003). Taniwhasaurus antarcticus was scored and
included in a data matrix of 68 characters and 15 taxa based on the
datasets of Bell and Polcyn (2005) and Bardet et al. (2005)
(Appendix 1). Aigialosaurus dalmaticus Kramberger, 1892 has been
used to root the trees, and characters have been treated as unor-
dered and unweighted. The analysis of the data set (Appendix 2)
resulted in two most parsimonious trees of 159 steps, Cl of 0.59, and
RI of 0.68 applying implicit enumeration option (Fig. 7).

Phylogenetic analysis depicts tylosaurines as a well-supported
clade based on 14 unambiguous synapomorphies: premaxilla
rostrum (character 1;), premaxilla rostrum shape (character 24),
premaxilla-maxilla suture posterior terminus posterior to fourth
maxillary tooth (character 31), premaxilla-maxilla suture anteriorly
arcuated (character 4;), septomaxilla absent (character 7;), inter-
narial bar medially wide (character 8;), prefrontal-post-
orbitofrontal contact above the orbit (character 15;1); frontal short
and broad (character 17gp), exit for nerves X, XI and XII single
(character 30q), basioccipital canal absent (character 31p),
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basioccipital tubera long (character 321), lateral slight deflection of
the quadrate shaft (character 431), long dentary rostrum (character
44,), and coracoid anterior emargination absent (character 621).
Within the tylosaurine clade, the T. antarcticus and T.oweni sister
relationship is also well supported by the following synapomor-
phies: premaxilla internarial bar base triangular (character 9g),
medial projection of the suprastapedial process with a dorsal notch
(character 37;), groove on the suprastapedial process (character
424), strong lateral deflection of the quadrate shaft (character 43,),
and teeth finely striated to tooth tips both medially and laterally
(character 50,).

Our results are congruent with the reassignment of “Hainosau-
rus” pembinensis to the genus Tylosaurus as suggested by Lindgren
and Siverson (2002), Lindgren (2005), and Martin (2007). Never-
theless, this hypothesis of relationship must remain tentative
pending further analyses and more data as, except for tylosaurine
clade and the sister relationship of T. oweni and T. antarcticus, are
weakly supported (Fig. 7).

4. Discussion

Taniwhasaurus antarcticus is clearly distinguishable by a set of
skull features from other species of the genus such as the almost
straight fronto-parietal suture, the extreme reduction of the infra-
stapedial process, and the L-shaped coronoid. Recently, a new
species of Taniwhasaurus, T. mikasaensis Caldwell, Konishi, Obata,
Muramoto (2008), has been erected to include several partially
preserved specimens from the upper Santonian-Lower Campanian
of Hokkaido, Japan. Although, as Caldwell et al. (2008) pointed out,
the materials from Japan are fragmentary, comparable preserved
elements permit T. mikasaensis to be distinguished from T. antarc-
ticus. In the former taxon, the postorbitofrontal is inflated along
length of squamosal ramus and at frontal-parietal suture, whereas
in T. antarcticus the postorbitofrontal is not inflated (Caldwell et al.,
2008, Fig. 7 A,B; Fig. 4 AB). Also, the marginal dentition between
these two taxa is different. T. antarcticus possesses a dentition
characterized by deep, vertical striations composed of raised ridges
on the tooth crowns and facets (prismatic surfaces) are absent. In
contrast, the teeth of T. mikasaensis possess eleven to twelve well-
developed flutes (ridges) that divide either side of a tooth crown
into several small, concave facets.

A striking feature of T. antarcticus skull is the configuration of
the quadrate-supratemporal-squamosal and paroccipital process
complex. The relationship between these bones can be clearly

Aigialosaurus dalmaticus

Halisaurus arambourgi

Plioplatecarpus primaevis
Platecarpus ictericus
Yaguarasaurus colombianus
Russellosaurus turneri
Tethysaurus nopesai

— Wvlosaurus proriger

Tvlosaurus nepaeolicus

}'i'f{]\'lllil'(!\' haumuriensis

Tvlosaurus pembinensis

6 Taniwhasaurus antarcticus
{ Taniwhasaurus oweni
{ Hainosaurus bernardi

Hainosaurus newmilleri

Fig. 7. Strict consensus of the two most parsimonious trees obtained in the analysis of
matrix shown in Appendix 2. Tree length 159 steps, Cl=0.59, RI=0.68. Numbers
above branches indicate Bremer support values.

observed on the right lateral view of the holotype. In lateral view,
the posterior terminus of the quadrate does not extend past the
posterior terminus of the squamosal and in dorsal view the head of
the quadrate is not exposed; the posterior terminus of the skull is
formed by the supratemporal and squamosal. In T. antarcticus, the
posteroventral expansion of the supratemporal embraces medially
the ventral half of the posterior border of the paroccipital process.
In anterior view, the expansion forms a concavity that houses the
median expansion of the suprastapedial process of the quadrate.
This configuration suggests that the dorsal surface of the median
expansion of the suprastapedial process of the quadrate was the
pivot on which the quadrate can be moved anteroposterioly
(streptostyly). The posterior wall formed by the supratemporal
prevented the quadrate head from displacement posteriorly during
streptostylic movements. Although in T. oweni, this region of the
skull has not been preserved in natural position, the same config-
uration of the quadrate-supratemporal-squamosal and paroccipital
process complex can be inferred based on the quadrate
morphology (Caldwell et al., 2005; Martin and Fernandez, 2007),
which is completely consistent with that of T. antarcticus. This
peculiar pattern of Taniwhasaurus contrasts with that of other
tylosaurines. Thus, in other tylosaurines, with the exception of
Hainosaurus neumilleri (Martin, 2007), the quadrate is more loosely
attached to the supratemporal and squamosal posteriorly. Although
the analysis of functional significance of the quadratic suspenso-
rium of Taniwhasaurus is beyond the scope of the present contri-
bution, its configuration suggests a peculiar feeding strategy with
a restriction of the posterior quadrate movement. Of note, in the
Turonian Yaguarasaurus, which is not closely related to Tani-
whasaurus, a restriction to the movements of the quadrate has been
suggested by Paramo (1994) based on the medial expansion of the
supratemporal.
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Appendix 1. Characters taken and/or modified from Bell and
Polcyn, 2005 (designated BE below) and Bardet et al., 2005
(designated BA below). The original bibliographical source of
each character is indicated by the number of the character in
the mentioned work

—_

. Premaxilla rostrum: absent = 0; present=1 (BE 1 +2; BA 2).

2. Premaxilla rostrum shape in dorsal view: rounded = 0; cylindrical = 1; V sha-
ped in dorsal view = 2 (BE 3; BA 3).

3. Premaxilla-maxilla suture posterior terminus: anterior to the fourth maxillary
tooth = 0; posterior to fourth maxillary tooth =1 (BE 36; BA 4).

4. Premaxilla-maxilla suture lateral shape: regularly arcuate = 0; arcuate but with
straight lines = 1; anteriorly arcuated first=2 (BA 5)

5. Premaxilla-maxilla anterior suture W shaped: absent = 0; present = 1.

6. Prefrontal-naris contact: present = 0; absent=1 (BA 6)

7. Septomacxilla: present =0; absent=1 (BA 8)

8. Premaxilla internarial bar width: medially narrow = 0; medially wide =1 (BE
4).

9. Premaxilla internarial bar base shape: triangular = 0; rectangular =1 (BE 5)

10. Premaxilla internarial bar dorsal keel: absent = 0; present =1 (BE 6)

11. Prefrontal supraorbital process: absent = 0; small =1 (BE 29; BA 7)

12. Nasal: present =0; absent =1 (BE 8; BA 9)

13. Postorbitofrontal-frontal and parietal area of contact: parietal contact
larger = 0; frontal contact larger =1 (BA 10).

14. Postorbitofrontal squamosal ramus: reaches the end of the supratemporal
fenestra = 0; does not reach the end of supratemporal fenestra=1 (BE 34; BA
11).

15. Prefrontal-postorbitofrontal contact above the orbit: absent=0; present=1
(BE 30; BA 12)

16. Frontal dorsal median keel: absent = 0; low = 1; well developed =2 (BE 12)

17. Frontal width: short and broad = 0; long and narrow = 1 (BE 10; BA 15).

18. Frontal lateral margins: concave = 0; sinuosoidal = 1; straight or slightly con-
vex =2 (BE 9; BA 16)

19. Frontal-parietal suture: straight = 0; presence of small flanges = 1; presence of
large flanges =2 (BE 17; BA 17).

20. Frontal ventral posteromedian boss: absent = 0; present=1 (BE 16; BA 19).

21. Parietal table shape: triangular with sides converging but not meeting = 0;
narrow medially = 1; swollen medially = 2; triangular with sides converging
and meeting = 3 (BE 22; BA 20).

22. Parietal foramen size small = 0; large = 1; very large = 2 (BE 23; BA 21).

23. Parietal foramen position: distance from frontal suture equal to twice its
diameter = 0; distance equal to its diameter = 1; anterior margin of foramen
near the suture = 2; foramen invading suture = 3 (BE 24; BA 22).

24. Parietal foramen ventral opening: al level of the main surface = 0; on a ventral
boss surrounded by a ridge =1 (BE 25; BA 23).

25. Parietal suspensorial rami compression orientation: vertical = 0; oblique =1;
horizontal = 2 (BA 24).

26. Jugal shape: curvilinear = 0; L-shaped =1 (BE 39; BA 25).

27. Jugal posteroventral process: absent = 0; present =1 (BE 40; BA 26).

28. Ectopterygoid contact with the maxilla: present =0; absent =1 (BE 41).

29. Prootic otosphenoidal crest: large = 0; small = 1; absent = 2 (BA 30).

30. Exit for nerves X, XI and XII: paired = 0; single =1 (BA 31).

31. Basilar artery entrance in floor of basioccipital: basioccipital canal absent = 0;
present=1 (BA 32; BE 67).

32. Basioccipital tubera size: short =0; long =1 (BE 65; BA 33).

33. Basisphenoid pterygoid process: long and narrow = 0; short and broad =1 (BE
64; BA 34)

34. Quadrate posteroventral ascending tympanic rim: small low ridge = 0; high
elongate crest = 1; crest extremely produced laterally = 2 (BE 50).

35. Quadrate suprastapedial process: process short, ends at a level well above the
midheight =0; moderate length=1; long, ending distinctly below mid-
height = 2 (BE 44; BA 36).

36. Quadrate suprastapedial process constriction: distinct dorsal constriction = 0;
no dorsal constriction =1 (BE 45)

37. Ventral medial projection of the suprastapedial process: absent=0; pre-
sent = 1; present with a dorsal notch = 2.

38. Quadrate infrastapedial process: absent or reduced to a bulge =0; small=1;
large =2 (BA 38; BE 49)

39. Quadrate suprastapedial-infrastapedial processes contact: absent=0; pre-
sent =1 (BE 47)

40. Quadrate stapedial pit shape: pit circular to oval = 0; elongated = 1 (BE 48)

41. Quadrate distal condyle: saddle-shaped to flat = 0; convex in any view =1 (BA
40; BE 61)

42. Distinct groove on the dorsal suprastedial process: absent = 0; present=1

43, Lateral deflection of the quadrate shaft: absent=0; slightly deflected =1;
strongly deflected =2

44. Dentary rostrum: absent = 0; short=1; long =2 (BE 69 + 70; BA 42)
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45.
46.

47.
48.

49.
50.
51.
. Tooth carinae: absent=0; only anterior carina present=1; anterior and
53.
. Tooth lateral compression: conical = 0; compressed = 1
55.
56.
57.
58.
59.
60.
61.
. Coracoid anterior emargination: present = 0; absent =1 (BE 120)
63.
64.
65.

66.
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Dentary medial parapet: parapet enclosing half of height of tooth
attachment = 0; parapet equal in height to lateral wall =1 (BE 71; BA 43)
Coronoid shape: coronoid with slight dorsal curvature = 0; coronoid L-shaped = 1
(BE 74; BA 53).

Coronoid posteromedial process: small =0; absent=1 (BE 75; BA 54)
Surangular-articular suture position: behind the condyle in lateral view = 0; at
the middle of glenoid on lateral edge =1 (BE 79)

Articular retroarticular process innervation foramina: no large foramina on the
lateral surface of the retroarticular process = 0; one to three large foramina = 1
(BE 82)

Tooth surface medial striations: tooth bases finely striated medially = 0; tooth
bases not medially striated = 1; teeth fine striated to tooth tips both medially
and laterally = 2 (BE 83)

Tooth facets: absent = 0; present =1 (BE 85)

posterior carinae present =2 (BE 88; BA 61)
Tooth carinae serration: absent = 0; present =1 (BE 89)

Shape of the vertebral centrum of pygals and anteriorly situated pygals: short
and broad = 0; high and triangular =1

Vertebral condyle shape: anterior most vertebrae extremely depressed =0;
slightly depressed =1 (BE 101)

Sacral vertebrae number: two = 0; less than two =1 (BE 107; BA 75)
Scapula-coracoid size: scapula smaller than coracoid = 0; scapula and cora-
coid nearly equal in size =1; scapula longer than the coracoid =2 (BE 113;
BA 80)

Scapula general shape: narrow = 0; distinct fan-shaped widening = 1; strong
fan=2 (BE 114; BA 81)

Scapula posterior emargination: posterior border gently concave = 0; deeply
concave =1 (BE 116)

Coracoid anterior neck: short =0; long =1 (BE 119; BA 84)

Pubic tubercle: elongated protuberance located closer to midlength shaft = 0;
thin semicircular crest-like blade located closer to the acetabulum = 1 (BE 138)
Ischium tubercle: large = 0; small =1 (BE 139; BA 93).

Humerus length: humerus distinctly elongate = 0; greatly shortened, about 1.5
to 2 times longer than distal width=1; length and distal width equal =2;
distal width slightly greater than length =3 (BE 121; BA 95)

Humerus postglenoid process: absent or very small = 0; distinctly enlarged = 1
(BE 122; BA 96)

67. Humerus condyle: spherical = 0; flat with grooves and pits = 1 (BA 94; BE 123).
68. Humerus dectopectoral crest: crest undivided =0; split into two separate

insertional areas = 1 (BE 124; BA 97).

Appendix 2. Taxon character matrix used for cladistic
analysis. Note: (?) missing data; for taxa coded for
polymorphic states, A (1,2)

Aigialosaurus dalmaticus 0020000000 0100001007 000?000??? ?00?2???
?? 0001000107 0000??0100 2?0?0000

Halisaurus arambourgi 0011001001 1110001101 0111100710 0111210210
0000001172 0010701211 ???11011

Plioplatecarpus primaevus 0000000000 1111001120 3230210721 1112210210
1000101112 0200011221 10113111

Platecarpus ictericus 0000001000 1111110121 3110211711
1000101112 0200011121 10113111

Tethysaurus nopcsai ~ 00000000?? 01??011?0? 100?211?10 1010017101

1111110100

Hainosaurus bernardi 1202101110 0111110210 1037211701 01?100?001
0012101100 1A11011011 01?2?1011
Tylosaurus  proriger 1112011111
0012100000 1210111011 01001011
Tylosaurus nepaeolicus 1202011111 0011170211 10072111?? ?110110101
0012100000 121011??1? ????10?1

Taniwhasaurus antarcticus 1212171101 0710120201 10202???0? ???0112001

0011110211 2027211001 0111000101
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