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Figure 9 Leptocleidus clemai sp. nov. First pectoral
vertebra of WAM 92.6.1-21 in anterior (A),
left lateral (B) and ventral (C) views. Scale
bar =1 cm. Abbreviations: fna, fossa for
neural arch; fp, pectoral rib attachment.

A

1cm

Figure 11 Leptocleidus clemai sp. novo Caudal vertebra
of WAM 92.8.1-54 in anterior (A), left lateral
(B) and ventral (C) views. Scale bar =1 cm.
Abbreviations: fca, fossae for transverse ribs,
fh, fossae for attachment of chevron bones,
fna, fossae for neural arch attachment.

Figure 12 Leptocleidlts clemai sp. novo Left ilium of
WAM 92.8.1-9. Scale bar = 1 cm. Abbre­
viations: fis, median fissure of ilia.
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Figure 10 Leptocleidlls clemai sp. novo Dorsal vertebra
of WAM 92.8.1-14 in anterior (A), left lateral
(B) and ventral (C) views. Scale bar =1 cm.
Abbreviations. ma, fossa for neural arch; fsc,
sub-central foramina; nc, fossa for neural
cord.



Western Australian Cretaceous pliosaurid

Referred material
WAM 94.1.6-1 to 100 (94.1.6-1 through to 94.1.6­

94), a less well preserved partial skeleton,
dimensionally very similar, approximately 100
associated, partially articulated bones found
underneath a single large concretion (Figures 4, 7,
13B, 15).

Etymology
In honour of Mr John M. Clema of Perth, Western

Australia, who has generously supported and
assisted in fossil collecting expeditions by the
Western Australian Museum over the years 1993­
1995.

Diagnosis
A species of Leptocleidus whose vertebrae are at

least 30% greater in linear dimensions than those
of either L. sllperstes or L. capensis, and whose
propodials are lO'/'o - 15% greater in size (WAM
92.8.1-2, femur 274 mm long). The epipodials show
a derived state when compared with L. capensis in
being wider than long.

Description of material

Holotype (WAM 92.8.1, Figs. 3,5,6,8-12, 13A, C­
£,14, 16).

Distinguishing between the various parts of the
vertebral column was difficult in both the principal
specimens reported here due to the poor state of
preservation and fracturing of vertebrae. It has
been assumed that the distinction between cervical
and sacral centra is that the former have a mid­
ventral keel, and prominent sub-central foramina
in addition to the facets for the cervical ribs, which
possibly could be confused with one or other of the
sacral series. Pectoral centra do not have the
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prominent mid-ventral keel, but the most anterior
pectoral centrum has a large part of its rib facet
still on the centrum, which in a poorly preserved
specimen also might cause confusion with one of
the sacral series. Caudal centra, apart from the
very first few, have haemal facets and should not
be confused with any others. Dorsal centra do not
have rib facets and often do not have prominent
sub-central foramina nor mid-ventral keels. They
are often very much more robust than others in the
vertebral column.

All the centra are spool-shaped (Figures 3-11),
are concave on their faces, and none has its neural
arch in position. Mostly the evidence points to the
bases of the neural arches having come cleanly
away from the centra, indicating lack of fusion and
hence a sub-adult ('juvenile') age for the specimen.
The centrum with the greatest length is a dorsal at
about 42.4 mm. The shortest is a caudal at 22.5
mm. All centrum widths are significantly greater
than their lengths, and also greater than, or sub­
equal to their heights. The cervical vertebrae are
not markedly shortened (Figures 3A-E). They are
only slightly shorter than the pectorals, but more
so when compared with the dorsals (Table 1).
However the overall impression is a vertebral
column of uniformly proportioned centra, as far
back as the caudal series, when some compression
is seen. This is a markedly primitive vertebral
column for a Cretaceous pliosaur (Andrews 1922;
Brown 1981; Tarlo 1960; Taylor and Cruickshank
1993), but seems to be very similar to the other
species of Leptocleidlls (L. capensis (Andrews 1911)
and L. superstes Andrews 1922), differing only in
the overall size of the individual elements.

Of the femora, the right is best preserved (Figs
l3A, 14). Its dimensions are 274.0 mm long, 76.3
mm across the head and 123.4 mm wide distally.

Table 1 Some measurements of Leptocleidlls specimens. The vertebral measurements are listed in sequence as
'Length', 'Breadth' (Width) and 'Height'. The limb bone measurements are overall length, width of head in
plane of the distal expansion, and width of distal end.

Identity L. slIperstes L. capensis L. clemai L. clemai
BMNH R4824 SAM K-5822 WAM 92.8.1 WAM 94.1.6

post cervical 25 38 30 19 30 35 35.4 63.3 55.2 39.4 56 55.5
ant cervical 22 25 25 20 34.2 30.7
mid cervical 25 36 31 35 48.9 44.6
post cervical 25 38 30 19 30 35 35.4 63.3 552 39.4 56 55.5

32 43 40 21 33 27 35.6 62.3 54.7
dorsal 31 55 48 32 50 41 40.5 52.6 52.1 32.5 55.8 49.5

28 46 41 40 60.9 58.3 35 58 535
41.9 63.9 641 41.2 73.1 68

l.humerus 245 60 124
r.humerus 270 68.2 1276
r.femur 274 76.3 123.4
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Figure 13 Leptocleidus clemai sp. nov., A, femur in dorsal view, WAM 92.8.1-2, xO.5. B, lower part of left ilium,
92.8.1-9, xl. C, humerus in dorsal view, WAM 94.1.6-95, xO.5. D, tibia, 92.8.1-66 in dorsal view, xl; E,
fibula, 92.8.1-67, in dorsal view, xl.
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Figure 14 Leptocleidlls clemai sp. nov., WAM 92.8.1-2,
femur, in anterior (A), dorsal (8) and
proximal (C) views.

There is a notch developed betwen the tibia and
fibula, which are wider than long (Figure 16). The
ilium (Figures 12, BC) is well ossified, but its distal
end is not preserved.

WAM 94.1.6-1 to 100 (Figs 4,7, BC, 14)
The second specimen seems to be identical with

the foregoing, so little of the corresponding
material is illustrated. The vertebrae range in
overall length from 20.0 mm for an anterior
cervical (Figure 4) to 41.2 mm for a dorsal centrum
(Figure 11). Sacral vertebrae range from 28.0 mm
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to 38.2 mm, and cervicals range in length up to
39.7 mm. These sizes coincide with those for WAM
92.8.1 with the exception of the anterior cervical
vertebra, which is from a region of the neck much
further forward than in WAM 92.8.1.

The complete right humerus of WAM 94.1.6
(Figures BC, 15) is 270 mm long, 68.2 mm across
the head and 127.4 mm across the distal expansion
(Table 1). It does not have the preaxial expansion
seen in other late pliosaurs, and is reminiscent of
the humeri of Early Jurassic plesiosaurs
(Cruickshank 1996b).

These specimens represent two sub-adult small
pliosaurids with an estimated maximum length
of 2.5 to 3 m. (based on proportions of
Rhomaleosallrlls), from shallow marine waters of the
Early Cretaceous of Western Australia, which vary
from other known members of the genus
Leptocleidlls only in their greater size.

DISCUSSION

Maturity of specimens
A question as to whether the specimens

described here are juvenile or not deserves
comment. The limb bones are all very well ossified
and do not give the impression of being from
young animals. However the neural arches of the
two other species of Leptocleidlls are firmly fused to
their centra, and certainly these two specimens
must be regarded as 'adult'. Notwithstanding these
observations, the specimen of Pliosallrlls
brachyspondylus described by Taylor and
Cruickshank (1993) is a very large animal (skull
length ca 2m), the skull sutures were well fused,
and yet the cervical vertebrae did not have their
neural arches fused. It is unlikely that an observer
would have called that animal, if seen alive,
"juvenile'. We prefer to regard these specimens
from the Birdrong Sandstone as being sub-adult,
probably being close to fully grown when they
died.

Distribution of 'primitive' pliosauroids
Leptocleidids (Early Cretaceous) seem to be very

similar to, if smaller than, rhomaleosaurid (Early
Jurassic) pliosaurs. An ancestor-descendant
relationship can be confidently inferred for them
(Cruickshank 1996a). They seem to have been
inhabitants of the close-inshore, marine,
environments in a manner similar to modern sea­
lions, and may have moved to this environment
under pressure from the later, larger, Jurassic
forms such as Lioplellrodon, Simolestes, Pliosallflls
and Pelonellstes (Andrews 1910 - 1913; Taylor and
Cruickshank 1993). These large forms, in the
Cretaceous, are typified by the genus Kronosallrlls,
but which did not survive beyond the Turonian,
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Figure 15 Leptocleidus clemai sp. nov., WAM 94.1.6-95,
humerus in anterior (A), dorsal (B),
proximal (C) and distal (D) views.

leaving only the polycotylid pliosaurs as the last
remaining representatives of the Pliosauroidea
(Benton 1993). It is worth noting in this respect that
the first mosasaurs are known from the
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Figure 16 Leptocleidus clemai sp. novo A, WAM 92.8.1­
66, right tibia in dorsal view. B, WAM
92.6.1-67, right fibula of in dorsal view.
Scale bar = 1 cm.

Cenomanian, about the same time as ichthyosaurs
become extinct worldwide (Benton 1993), and may
have been able to out-compete the pliosaurs in
some way not yet known. Maybe they were the
more capable swimmers (Massare 1988). They
certainly had a very different feeding mechanism.
But the puzzle is, if the large pliosaurids
disappeared, then why not the cryptoclidids and
elasmosaurs? Both of these families survived right
to the end of Cretaceous times (Cruickshank and
Fordyce in prep.).

Leptocleidids are known to occur in association
with other shallow marine to fluvial vertebrate
assemblages. In the English Wealden, a lagoonal
deposit, remains of L.superstes occur with terrestrial
dinosaurs (e.g., Hypsilophodon, Iguanodon,
Baryonyx). In South Africa L. capensis occurs in an
inshore marine to lagoonal deposit whose
foraminifera have a heavy nonmarine imprint, and
remains of terrestrial dinosaurs and wood also
occur in close association. In South Australia the
Early Cretaceous deposits of Coober Pedy and
Andamooka containing Leptocleidus sp. (the famous
"Eric" specimen at the Australian Museum,
Sydney) also yield the remains of terrestrial

Figure 17 Attempted reconstruction of Leptocleidlls clemai sp. novo by J.Long.
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dinosaurs (e.g., Kukuru kujani Long 1993) together
with fossilised wood. Thus the noted occurrence of
a theropod dinosaur bone found near WAM
986.8.1 along with the high abundance of fossilised
wood from the Birdrong Sandstone strongly
suggests that this unit would be a potentially good
target to direct future exploration for dinosaurs.

SUMMARY AND CONCLUSIONS

Two partial skeletons from the Early Cretaceous
Birdrong Sandstone of Western Australia are
ascribed to the pliosauroid genus Leptocleidus as L.
clemai sp.nov. Leptocleidus is a small-sized genus
(under 4 m), known from the Early Cretaceous of
England, South Africa and Australia. It seems to
have occupied a close inshore or shallow marine
habitat, as opposed to the more typical open
marine habitat of the larger forms such as
Kronosaurus. Leptocleidus is close to, but smaller
than, the Early Jurassic genus Rhomaleosaurus. It
may be ancestral to the later Cretaceous forms
known as the Polycotylidae. It is noted that the
large pliosaurids died out by the Turonian and
were replaced by the mosasaurs, leaving the
polycotylids as the last remaining pliosaurs. An
anomaly is that the plesiosauroid plesiosaurs
continued very successfully as predators on small
and soft-bodied marine animals until the end of
the Mesozoic.
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