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Unveiling the Secrets of the King of the Paleocean: The Mosasaurs’ Mystical Teeth
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urassic World, the latest film of the Jurassic Park se-
[ies, was displayed on the big screen in the summer
of 2015. Because of its intriguing plot and fantastic
special effects, this film caught everyone’s eye and
broke box-office records all over the world. From a sci-
entific point of view, however, the movie is riddled with
inaccuracies. First off, mosasaurs lived during the Cre-
taceous, making its appearance in a movie called Juras-
sic World anachronistic. Second, judging by the size of
the Great White Shark used as bait to trick the mosa-
saur to jump out of the water, the movie mosasaur is
two, if not three, times larger than the largest known
mosasaur from the fossil record. Also, the mosasaur’s
tongue should be forked, as in a lizard or snake. One
thing they got right, though, is the shape of mosasaur’s

teeth. In the final scene, the oversized mosasaur uses its
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Figure 1. The era of
the mosasaur. The first
member of the mosasaur
group appeared about
92 million years ago
during the Turonian
age, and thrived in
numbers from the
Santonian age onward.
Finally, all mosasaurs
died out in the
Cretaceous-Paleogene

extinction event.

sharp teeth and powerful jaws to bring down the park’s
latest attraction, the Indominus rex. From a scientific
viewpoint, how were the teeth that could cut through a

monster sized dinosaur constructed?

King of the Cretaceous ocean: Mosasauridae

Mosasaurs, looking somewhat like crocodiles without
the heavy scales, inhabited the pelagic environment in
the Late Cretaceous, and their fossils are widespread in
deposits from this epoch. Based on fossil characteristics,
mosasaurs had streamlined and bodies that widened for-
ward, paddle-like limbs, and an asymmetrical tail, but
lacked an attachment bone at the pelvis. The mosasaurs
were perfectly adapted to the aquatic environment, and
they were not mobile on land. New fossils and chemical

analyses imply that mosasaurs were endothermal, vivip-
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Figure 2. Triangular dllé’r am of Mesozoic marine reptile teeth, showing the relationships among E/‘J BEZE%% N H:?%ﬁm&bz(%ﬁ*ﬁ . W%K

shape, function and prey preference. Dark red: cutting. Red: crushing. Orange: smashing. Yellow:

piercing . Blue: piercing . Green: cutting. (Modified from Massare, 1987)
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arous animals. The first mosasaur to be discovered was
found in a limestone quarry near Maastricht in the late
18 century, but at that time the scientists couldn’t com-
prehend what kind of animals the fossils were. It was not
until the 19 century the well-known comparative anat-
omist Georges Cuvier (1769~1832) examined the fossils
and confirmed that they belonged to an extinct animal.
Later, the English geologist Gideon Mantell established
the new species, Mosasaurus hoffmanna.

Most mature mosasaurs were 3 to 10 meters long;
the record, found in Russia, reaches 17 meters. The
mosasaurs first appeared in the late Cretaceous and
thrived from 90 to 66 million years ago, when they
died out along with the dinosaurs in the Cretaceous—
Paleogene mass extinction event (Figure 1). Mosasaurs
do not belong to the same groups as dinosaurs, rather,
they are relatives of snakes and lizards. The ancestors
of mosasaurs were terrestrial lizards that gradually
evolved a semiaquatic lifestyle with swimming ability,
such as the Aigalosaurus. The most ancient mosasaur,
Dallasaurus turneri, was found in 92 million-year-old
strata in northern Texas, and the fossils show that they
were more adapted than Aigalosaurus to an open marine
environment.

Although the skeleton can tell us much about the
animals’ swimming abilities, it is difficult to draw con-
clusions about their feeding preferences. Here we
demonstrate how detailed studies of animal teeth could
give insight into what prey the different mosasaur

groups preferred.
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What did mosasaurs eat? Evidence from their

teeth

Massare (1987) studied the tooth characteristics of
modern pelagic predators, focusing on tooth form,
shape of the apex, and wear. She found a significant re-
lationship between morphology and function of the
teeth. Since tooth morphology of some modern marine
animals shows traits similar to that of Mesozoic marine
reptiles, she applied this analogy to illustrate the differ-
ent functions of Mesozoic marine reptiles’ teeth in a
triangular diagram (Figure 2).

In the diagram, three distinct end members could be
identified: at the top a very slender and sharp piercing
tooth; at the lower, left a blunt and robust crushing
tooth; and at the lower right a sharp, robust cutting
tooth. Each end member corresponds to an adaptation
to catch certain kinds of prey: creatures with piercing
teeth caught soft animals such as squid; creatures with
crushing teeth tended to feed on hard-shelled prey such
as ammonoids or clams; and creatures with cutting
teeth could hunt large prey such as fish or other marine
reptiles. According to this hypothesis, Globidens were
adapted to capture prey through crushing hard-shelled
animals, while Mosasaurus utilized their strong teeth to
cut large fish or small marine reptiles.

Globidens lived in the intertropical ocean, and its fos-
sils are mainly distributed over North America, Western
Europe, and North Africa (Figure 3). Globidens teeth
are acorn-shaped and the ratio of height to width is

nearly 1, with a bulbous tooth crown. The teeth are
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Figure 3. The distribution of Globidens (orange) and Mosasaurus (yellow). Globidens lived in the shallow ocean between 20°N and 20°S, while Mosasaurus lived in

the warm ocean between 30°N and 40°N.
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blunt at the tip, with distinct vertical grooves on the
crown surface. Mosasaurus lived in warm oceans at the
same time as Globidens, and their fossils have been found
mostly in North America and Western Europe (Figure
3). Mosasaurus teeth are large, with two significant sharp
edges and asymmetrical teeth. The inside surface of

teeth is flat while the outside surface is curved.

Scanning and dissecting the mosasaur teeth

Thanks to nano-transmission X-ray microscopy
(Figure 4), we could compare high-resolution images of
the internal microstructures of two types of mosasaur
teeth: Globidens and Mosasaurus. The microstructures
of primary interest to scientists are those of the enamel
layers, whose cross sections yield the best information.

The Globidens tooth displays a two-layer structure com-
posed of enamel and dentin (Figure 5A left). Within
these two layers, two distinct microstructures (dentinal
tubules and enamel tufts) can be easily observed (Figure
5B left). The dentinal tubules show up as three-dimen-
sional dendritic structures within the dentin (Figure 5C
left), and the enamel tufts are ribbon-like structures ex-
tending from the interface between the enamel and den-
tin. Enamel tufts represent previous cracks at the enam-
el-dentin boundary, resulting from shrinkage due to
dehydration or exposure to pressure. The microcracks are
restricted to that particular area and these fissures are
healed by the dentin’s organic matter. These characteris-
tics not only help to relieve internal stress, but also en-

hance the tooth’s impact tolerance. According to the
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model of Massare (1987), Globidens teeth, with their blunt
apex and robust shape, are suited to crush hard-shelled
creatures, with the teeth regularly exposed to stresses per-
pendicular to the top surfaces. Consequently, a higher
number of enamel tufts was developed in the enamel to
mend cracks and release internal stress.

The Mosasaurus tooth, in contrast, displays a dis-
tinctly three-layered microstructure (Figure 5A right):
enamel, interglobular porous space, and dentin. The
interglobular porous space consists of flame-like struc-
tures covering the dentin, as seen to the right in figure
5B(right), whereas in three-dimensional photos it
demonstrates reticular structures (Figure 5C right).
The consistency of interglobular porous space is soft
and weakly mineralized; it likely protected the tooth
from sudden stress. When the outside stress propagated
through the interglobular porous space, this reticular
structure would act as a cushion, resisting the stress,
and shielding teeth during sudden impacts. However,
according to the classification proposed by Massare
(1987), the main function of Mosasaurus teeth was cut-
ting. It seems unlikely that Mosasaurus teeth were ex-
posed to stress that was perpendicular to the top sur-
faces. The presence of interglobular porous space,
therefore, suggests that it acted as an effective shield,
not only from perpendicular stresses but also against
forces lateral to the top surface of the tooth. If a Mosa-
saurus tooth with its sharp apex were exposed by lateral
impacts, enamel or dentin could easily have been dam-

aged. The slight mineralization of the reticular struc-
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