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Fig. 16 — Plioplatecarpus houzeaui (IRSNB R37). Almost complete skeleton preserved in matrix (7 blocks). Abbreviations not
included in previous list. Bou, basioccipital unit; be, belimnites; cl, cervical vertebra 1; cor, coracoid; crib, cervical rib;
dl, dorsal vertebra 1; fi, fibula; ici, intercaudal vertebra; is, ischium; intcl, interclavicle; met, metacarpal; pl, pygal
vertebra; pmx, premaxilla; ret, retroarticular; scap, scapula; ster, sternum; sur, surangular; tl, terminal vertebra; te, tooth/
teeth.

Holotype: IRSNB R35 (IRSNB 3111), fragmentary
skull. Specimen includes left and right dentary, angular,
surangular, coronoid, articular, prefrontal, right ptery-
goid, vertebrae.

Horizon and locality of holotype: Maastrichtian,
Brown Phosphatic Chalk at Ciply, Hainaut, Belgium
(Lingham-Soliar & Nolf, 1989).

Referred specimens: IRSNB 3099, 3101, R36 (3100),
3107, 3108, 3155, 3160, 3859, 3154, 3152 3130, 3122,
R37.

Horizon and locality of referred specimens: As for

holotype.

Diagnosis: Premaxilla short, blunt anterior to premaxil-
lary teeth. Short maxilla; last four teeth on maxilla greatly
reduced in size. Incomplete longitudinal fusion of frontals
along anterior half of the bone. Parietal is short; strongly
constricted along longitudinal midpoint; parietal foramen
is enormous, oval shaped. The horizontal and vertical
arms of the jugal meet in a large ala-like process; distal
tip of vertical arm of jugal fits into a deep socket-like
excavation in the postorbitofrontal. Postorbitofrontal
wing to the squamosal extends to the end of the latter
element; ventral, anteriorly directed ala-like process on
the squamosal, single dorsal entrance and double ventral
exit for the basilar artery on the basioccipital. Dentary
short; very large posterior edentulous région on the
dentary; teeth set in deep grooves in dental rami. Very
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small coronoid. Massive anterior prearticular process.
Highly kinetic elements of the lower jaw. Plioplatecar¬
pus houzeaui is smaller than P. marshi.

Descriptions and comparisons

Skull. Descriptions are based primarily on the referred
specimens because of the fragmentary nature of the
holotype material. The skull (Fig. 17) is delicately cons-
tructed and somewhat blunter than in P. marshi (Fig. 3).
Fig. 16

Premaxilla. The premaxilla is quite broad dorsally
and lacks a rostrum anterior to the teeth. Because of poor
préservation it is not possible to comment on the foramina
for the fifth cranial nerve. The internarial bar is relatively
broad, narrowing at the midpoint between the external
nares.

Maxilla. The maxilla is relatively small, giving the
teeth a somewhat exaggeratedly large appearance (Fig.
18A-D). Teeth are fairly long, exceptionally pointed and
posteriorly recurved. The tooth bases virtually take up the
whole of the depth of the maxilla. The narial emargina-

tion commences at about the mid-point of the second
maxillary tooth. The teeth are subequal in size up to the
seventh and then rapidly decrease in size, the last four
teeth occupying the slender posterior segment of the
dental ramus. Along the longitudinal mid-point of the
dentary a row of large foramina extends from about the
first maxillary tooth to about the sixth.

Frontal. The général shape of the frontal is distinctive
(Fig. 19 & Pl. 6). It is a relatively narrow, delicately
constructed bone, somewhat emarginate at the orbits
becoming convex anteriorly, then curving out slightly
to form a short slender prong that makes up a small part
of the latéral border of the external nares on either side of
the skull. A long antero-medial process of the frontal
forms the posterior part of the internarial bar. Posteriorly
the frontal extends into two broad flanges, on either side
of the enormous parietal foramen, and meets the post-
orbitofrontals and anterior segment of the parietal. A
ridge, bounded on either side by a shallow excavation,
extends along the longitudinal midline from the anterior
wing to over half the length of the frontal. Ventro-



194 Theagarten LINGHAM-SOLIAR

■m .m.

«If
W#'-

rjpi'jpypyy*

50mm

B

Fig. 17 — Plioplatecarpus houzeaui (1RSNB 3101, 3130 & R35). Skull restoration (extensive). A, latéral view; B, dorsal view.

laterally a deep continuous excavation indicates that the
prefrontal and postorbitofrontal were in contact but that
they were overlapped by the frontal along the orbital
margins. The ventral excavation surrounding the parietal
foramen is enormous, manifestly larger than in any other
known mosasaur with the implication of a particularly
well developed forebrain. Anteriorly a narrow excavation
represents the dorsal roof of the olfactory lobes. (Pl. 5B)

Lachrymal. The lachrymal is well preserved in
IRSNB 3101. It is relatively large for the size of the
skull but has the characteristic arrow-head shape (Fig.
18E. F).

Prefrontal. A part of the prefrontal is preserved (Fig.
7A, B). The supraorbital ala is poorly developed and in
place of a nubbin on the ala there is a small ridge (Pl. 7A).

Postorbitofrontal. A fairly well preserved postorbi¬
tofrontal is present in IRSNB R36. The frontal wing is
large and underlies the posterior wings of the frontal. The
parietal wing is short and is united in a suture with the
parietal. The posterior wing is long and extends to the

extreme posterior corner of the squamosal. The ventral
wing of the postorbital unusually forms a deep, posterior-
ly directed excavation that articulâtes with the vertical
arm of the jugal.

Jugal. The jugal in Plioplatecarpus houzeaui is deli¬
cate and with a rather characteristic shape (Pl. 7C, D),
particularly in the broadly expanded ala-like process at
the junction of the horizontal and vertical arms. The
horizontal arm is narrow and virtually tubular but becom-
ing somewhat dorsoventrally compressed anteriorly, at
the same time curving steeply upward to the margin of the
prefrontal bone. The vertical arm terminâtes in a slender
point that was clearly received by a deep excavation in
the ventral surface of the postorbitofrontal.

Squamosal. The squamosal in specimen IRSNB R36
is a rather delicate, markedly arrow-head shaped bone
with an unusually long ala or tongue extending antero-
laterally (Pl. 7E). The postorbitofrontal wing to the
squamosal extends virtually to the posterior border of
the squamosal, ending in a rather broad spatulate process.
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Fig. 18. — Plioplatecarpus houzeaui (IRSNB 3101). Right maxilla. A, latéral view; B, medial view. Left maxilla. C. latéral view;
D, medial view. Lachrymal. E, latéral view; F, medial view.

Palatine. The palatine is preserved in just one speci¬
men of Plioplatecarpus houzeaui, IRSNB 3130. It is
fused to the pterygoid posteriorly and a portion of the
prefrontal dorsally. In most respects it is very similar to
the palatine of Prognathodon solvayi (Lingham-Soliar
& Nolf, 1989, fig. 13).

Parietal. The parietal is complete in only one speci¬
men, Plioplatecarpus houzeaui IRSNB 3130 (Fig. 20),
but is poorly preserved. Several important characters are,
however, established. The parietal foramen is enormous
and lies approximately equally between the frontal and
parietal bones. The fronto-parietal suture is irregular,
with the parietal meeting the frontal on a narrow boun-
dary. The main body of the parietal is short and somewhat
constricted at the dorsal mid-point. The diverging sus-
pensorial rami are relatively straight and deeply striated

on the ventral extremities where they were sutured to the
squamosals in life (Pl. 6F). At the junction of the diverg¬
ing processes the parietal is deeply notched, presumably
for the attachment of the cervico-mandibularis muscula¬
ture. An unusually large descending process or ala is
present on the ventral surface of the parietal (Pl. 6A,
B). Striae on the ventromedial surface suggest the pré¬
sence of ligaments for attachment to the prootic of the
basioccipital unit.
Fig. 20

Basioccipital unit. The basioccipital unit is disarticu-
lated and incomplete (Fig. 21). The exoccipitals are
absent. The basioccipital condyle is highly dorsoventral-
ly compressed and relatively broad, spanning almost the
complete width of the basioccipital. Dorsally, a single
large foramen is present while the exit ventrally is
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Fig. 19 — Plioplatecarpus houzeaui. (IRSNB 3108). Frontal.
Restoration. A, dorsal view; B, ventral view.

biramous. The exit for cranial nerve VII, on the latéral
face of the prootic, is without a trace of an otosphenoidal
crest.

Pterygoid. The pterygoids are preserved in IRSNB
R3108, R3101 (Pl. 8A, B), 3130 and R35 (P1.8C, D). The
element is a delicate bone although it is clear from
specimen IRSNB 35 that the quadratic process was quite
expansive. The tooth row forms a slight curve. Eight
tooth bases and one broken tooth are present in R3108
but poor préservation makes it hard to tell if this repre-
sented the full number. Despite presence of only tooth

Fig. 22
Fig. 20 — Plioplatecarpus houzeaui. (IRSNB 3108). Parietal

Restoration. Dorsal view.

Plioplatecarpus houzeaui. Reconstruction of the
pterygoid based on IRSNB 3101 & 3130. Ventral
view.

50mm
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Fig. 21 — Plioplatecarpus houzeaui. (IRSNB 3108). Basioccipital unit. A, latéral view; B, dorsal view; C, ventral view.

bases in IRSNB 3101 there were clearly 11 teeth in each
pterygoid (Fig. 22).

Quadrate. The quadrate in Plioplatecarpus houzeaui,
as in P. tnarshi, is the best preserved element (Pl. 8E-G).
The quadratic tympanum is enormous and specimen
IRSNB R36 (Fig. 9B) shows that it was clearly calci-
fied. The stapedial pit is elliptical in shape. The most
variable condition in the species is the shape and size of
the infrastapedial process which in certain cases almost
closes the stapedial meatus (also see Russell, 1967, p.
160, fig. 87).

Dentary. The right dentary of the holotype is well
preserved but for the missing anterior tip (Dollo, 1889b;
Figs 23 & 24) but is complete in R37 (Fig. 16A & Pl. 5C).
The bone tapers from a relatively broad contact with the
postmandibular unit, rapidly to a very slender dental
ramus, the postero-ventral surface is rather concave
although the ventral margin of the dentary itself is
relatively straight. The teeth are quite unusually set in a
deep groove along the dental ramus. The tooth bases are

very strongly orientated anteriorly and occupy almost the
entire depth of the dental ramus, as in Plioplatecarpus
marshi. The teeth are pointed and posteriorly recurved.
The posterior edentulous process is striking in its size,
forming perhaps a third of the entire length of the dentary.
In contrast to the condition in P. marshi the dorso-medial
and dorso-lateral margins are of equal height.

Splenial. The right splenial is particularly well pre¬
served in specimen IRSNB R35. It extends anteriorly to
almost the tip of the dentary and vertically to just below
the medial margin. A large foramen is present near the
splenial articulation. The articulation is fairly broad and
forms a shallow cup to receive the condyle of the angular.
The medial surface of the splenial is somewhat concave.

Angular. The angular in IRSNB R35 is characteristi-
cally mosasauroid, forming a slight tuberous process
anteriorly for articulation with the splenial.

Surangular. The surangular in IRSNB R35 is a small
bone compared with that of other mosasaurs. A large
foramen is present on the latéral surface just below the
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Fig. 23 — Plioplatecarpus houzeaui. (IRSNB R35). Lower Jaw. A, latéral view; B, occlusal view; C, medial view.

coronoid. The surangular is somewhat abruptly truncated
posteriorly (cf. for example Platecarpus, Russell, 1967,
pp. 66, 67) with the articular forming a considérable part
of the post mandibular unit. This condition is highly
unusual in mosasaurs.

Coronoid. The coronoid in IRSNB R35 is smaller than
in any other known mosasaur (Fig. 23). Laterally it is just
barely noticeable, seated on the crest of the surangular.
The medial surface of the coronoid is somewhat deeper
than the latéral surface but nevertheless does not reach the
rather pinched mandibular fossa of the surangular. A
broad expanse of the surangular separates the medial
wing of the coronoid from the angular.

Articular. The prearticular contributes the largest
part of the postmandibular unit, a unique condition in
mosasaurs (Fig. 23). Its anterior extension is strikingly
deep and extends far into the presplenial foramen ante-
riorly.

Retroarticular process. The retroarticular process in
Plioplatecarpus houzeaui is preserved only in IRSNB
3108. It is more or less rectangular, in latéral aspect,
the ventral margin inclined at approximately 45 degrees
to the horizontal. On the medial surface the foramen for
the chorda tympani lies in a slight excavation formed by
the articular and the retroarticular process.

Marginal dentition. Teeth are similar to those of

100mm

Fig. 24 — Plioplatecarpus houzeaui. Reconstruction of the lower jaw based on the holotype (IRSNB R35). Medial view.
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Plioplatecarpus marshi although striae and carinae ap-
pear somewhat less distinct. Whether or not this may be
due to the poorer préservation is not certain at present.

postcranial skeleton.

Vertébral column. The vertebrae are generally simi-
lar to those of Plioplatecarpus marshi. Transverse pro¬
cesses are vertically compressed. Articulation surfaces in
the dorsal vertebrae are heart-shaped if slightly dorso-
ventrally flattened. In specimen IRSNB 3108 the poste-
rior zygapophyses disappear from approximately the
third to fourth thoracic vertebra and the anterior zygapo¬
physes from approximately the sixth thoracic vertebra (cf.
P. depressus). Zygosphenes and zygantra are absent (Fig.
25A). The best and most complete vertébral column is
IRSNB R37 although it is embedded in matrix (Fig. 16).

Interclavicle. It is preserved in matrix in IRSNB R37
(Figs 16A & 25B). The bone is eroded anteriorly but it is
clear that generally it is more delicate than in Plioplate¬
carpus marshi.

Sternum. A rarely preserved sternum is present in
IRSNB R37 (Fig. 16C) and was clearly quite large in size.

Scapula and coracoid. These elements are relatively
almost as large as in Plioplatecarpus marshi although
somewhat lacking the extensive antero-posterior compo¬
nent in P. marshi (Figs 16B & 26).

Discussion
Jaws and feeding. Two possible reasons are proposed for

the strong anterior inclination of the tooth bases: either to
accommodate tooth bases in relatively shallow dental
rami, or to counteract the pressures exerted by struggling
prey, preventing teeth being pulled out of their sockets as
prey was swallowed or as the lower jaw was disengaged
and moved forwards. The latter interprétation seems to be
supported by the fact that the teeth of durophagous
mosasaurs such as Globidens and Carinodens are in
contrast set in vertical sockets, where the main move-

ment was up and down for crushing.
The construction of the postmandibular unit of Plio¬

platecarpus houzeaui is striking. The most obvious fea¬
ture is the absence of strong overlapping bones particu-
larly noticeable in the coronoid, surangular and angular.
This jaw was particularly kinetic in contrast to that of
most other mosasaurs.

Gregory (1951) postulated that the jaws of the Cre-
taceous toothed bird Hesperornis and those of mosasaurs
and in particular Clidastes sp. demonstrate convergent
évolution. While some resemblances are noted, his sub¬
séquent comment (Gregory, 1952) that a skull of Ich-
thyornis in the AMNH (Marsh, 1880) was in fact that of
an immature mosasaur, is incorrect as pointed out by
Russell (1967, p. 121). One similarity, however, bet-
ween the lower jaw of Hesperornis and Plioplatecarpus
houzeaui is noted here, that of an oblique articulation
between the angular and splenial bones (Figs 23 & 24).
This presumably facilitated a greater spring levering of
the anterior and posterior units of the lower jaw. In view

Fig. 25 — Plioplatecarpus houzeaui. (IRSNB 3108). Vertebrae. Atlas. A, latéral view; B, posterior view; Cervical vertebra.
C, latéral view; D, posterior view. Thoracic vertebra. E, latéral view; F, posterior view. (IRSNB R37). Interclavicle.
G, dorsal view.
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Plioplatecarpus houzeaui. (IRSNB 3101). Coracoid. A, latéral and medial views (top to bottom). Scapula. B, latéral and
medial views (top to bottom).

of this, it is probable that the exceedingly broad articular,
interleaving between the splenial and dentary provided
stability for the whole lower jaw, and in particular, may
have functioned to prevent disarticulation at the slender
splenio-angular joint as the dentary pivotted slightly
downwards when it engaged prey. In contrast, Gregory
(1951) supposed that a similarly broad prearticular in
Hesperornis served to restore the jaw to the original
position after latéral distortion. The unusual deep groove
for the tooth row in the dentaries of P. houzeaui is also
seen in Hesperornis (Gregory, 1951, p. 347) and is
presumed here to be a homoplastic condition although
its function is not clear at present.

relationship of the quadrate with deep-diving and
with the systematics of plioplatecarpus

Dollo (1904, 1905) interpreted the remarkably intact
calcified tympanic ear in specimen IRSNB R36 as a
specialization for deep diving. This view was later sup-
ported by Vaughn & Dawson (1953). Russell (1967,
p. 49), however, observed a calcified tympanic membrane
in members of three subfamilies of the Mosasauridae.

Most recently. Martin & Rothschild (1989) presented
the condition of a calcified tympanic membrane in Pla-
tecarpus and "absence" in Clidastes (this is incorrect as
seen in Lingham-Soliar & Nolf, 1989) as supportive
evidence for their hypothesis of deep diving in Platecar-
pus (Lingham-Soliar, 1992a). Among the characters
with which Russell (1967, p. 160) distinguished Plio¬
platecarpus primaevus from P. marshi was the larger size
of the posterior prominence beneath the stapedial pit,
somewhat similar to the condition seen in P. houzeaui
IRSNB 3108 (Fig. 33). In P. houzeaui it is clear that there
is a considérable variation in this condition. Other cha¬
racters, however, are constant in the species P. houzeaui.
Indeed it is virtually impossible to distinguish between
the quadrates of P. houzeaui and P. marshi, hence the
séparation of species based on such variations must be
treated with caution.

Paleobiology of plioplatecarpus

Plioplatecarpus houzeaui is quite distinct from P. marshi
and significantly smaller. P. marshi is somewhat more
evolved, demonstrated by the conditions of the pectoral
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girdle in particular. However, P. houzeaui is in turn more
advanced than the species in the Pierre Shale of the
Western Interior of the U.S.A. (Russell, pers. comm.).
Because of the fragmentary nature of the North American
material of Plioplatecarpus, it is very difficult to décidé
whether or not certain features of the quadrates and
vertebrae are sufficiënt to have warranted Russell's
(1967) species distinctions or whether they could simply
be interpreted as intraspecific différences similar to those
seen in both P. marshi and P. houzeaui. Further examina-
tion of the North American material is necessary. In my
opinion, European and North American forms of Plio¬
platecarpus may prove to be more closely related. Recent
material from the Upper Demopolis Formation of Sumter
County, Alabama (Campanian/Maastrichtian boundary)
of an almost complete mosasaur, Plioplatecarpus "gan-
dyi" (Burnham, 1990, abstract; unpublished Masters
thesis, 1991 and pers. comm.) in my opinion shows
striking similarities to P. houzeaui material and speci¬
men BMNH 5868 shows considérable resemblance to P.
marshi.

It seems that underwater flight in Plioplatecarpus
marshi was an adaptation to a complex environment of,
for instance, weed beds or coral reefs, consistent with my
recent proposai that Plioplatecarpus was confined to
estuarinal and lagoonal conditions. Sustained caudal
swimming was replaced by pectoral propulsion (Lin-
gham-Soliar, 1992b) as has previously been observed
in fishes in confined areas (Webb, 1982, p.339). In such a
confined environment, axial undulation with a large
lashing tail can be seen as a distinct disadvantage. Pecto¬
ral propulsion presumably allowed greater manouevera-
bility and perhaps even facilitated in Plioplatecarpus, the
invasion of the plesiosaur niche.
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Plates

Pl. 1 — Plioplatecarpus sp. (BMNH 5868). Basioccipital unit. A, posterior view; B, latéral view; C, dorsal view. Quadrate.
D, latéral view; E, medial view; F, posterior view. Splenial. G, latéral view. Retroarticular. H, latéral view. Atlas neural
spine. I, latéral view; J, medial view. Atlas intercentrum. K, posterior view. Scapula. L, latéral view of portion of blade;
M, dorsal view. Phalanges. N, latéral view. Intermedium. O, latéral view, P, articulation surface. Q, articulation surface of
phalanges.

Pl. 2 — Plioplatecarpus marshi (IRSNB R38). Posterior views. A, B, cervical vertebrae; C, anterior thoracic; D, posterior lumbar;
E, ?pygal; F, atlas neural spine (left to right) latéral, medial and posterior views. Interclavicle. G, ventral view; H, dorsal
view.
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Plate 1.



Plate 2.
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50mm

Pl. 3 — Plioplatecarpus marshi (TSMHN un-numbered specimen). A, posterior caudal vertebrae. (TSMHN 11276). B, coracoid.
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100mm

Pl. 4 — Plioplatecarpus marshi (TSMHN 11291). A, scapula; B, coracoid. latéral views.
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Pl. 5 — Plioplatecarpus houzeaui (IRSNB R37). A, anterior skeleton of Plioplatecarpus houzeaui (Fig. 16) in matrix. B, ventral
view of frontal and partial parietal; C, dorso-lateral view of lower jaws (B & C, detail).



Pl. 6 — Plioplatecarpus houzeaui. Frontals. (IRSNB R36). A, dorsal view; B, ventral view. (IRSNB 3108). C. dorsal view;
D, ventral view. (IRSNB 3101). E, dorsal view; F, ventral view.
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50mm

Pl. 7 — Plioplatecarpus houzeaui (IRSNB 3101). Prefrontal. A, dorsal view; B, ventral view. Jugal. C, latéral view; D, medial
view. (IRSNB R36). Squamosal with large antero-lateral tongue.
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Pl. 8 — Plioplatecarpus houzeaui. (IRSNB 3101). Pterygoid. A, dorsal view; B, ventral view. (IRSNB R35). C, dorsal view;
D; ventral view. (IRSNB R3101). Quadrate. E, postero-medial view; F, medial view; G, latéral view.



 


