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Abstract - Here we report fine scul ptures devel oped over the crown of an isolated tooth identifiable to
Spinosaurus from Morocco. It is difficult to observe the fine sculptures in detail in most theropod
teeth because the surface of the teeth usually experience wears in life and aso ablation in the process
fossilization. The micro-structures described herein significantly differ from the ones previously
reported in the literature. Some possilble spinosaurids teeth previously reported is more likely to be from

acrocodile.
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Introduction

Spinosaurus was originally described by Stromer (1915) as
an extraordinary specialized theropod dinosaur from the mid
Cretaceous of Egypt. Closely related species have been reported
from the U.K.(Charing and Milner, 1986, 1987), Portugal
(Buffetaut, 2007), Tunisia(Buffetaut and Ougja, 2002), Niger
(Sereno et al., 1998), Morocco (Russel, 1966), Thailand
(Kobayashi et al., 1962; Buffetaut, 1986), China(Hou et al.,
1975; Buffetaut et al., 2008), Japan(Hasegawa et al., 2003),
Brazil (Sues et al., 2002; Medeiros, 2006), and Argentina
(Salgado et al., 2009) .

Although many material identifiable to Spinosaurus have
been known from Morocco, there are not much information
available in literature(Buffetaut, 1989; Russell, 1996; John et
al., 2003) . Buffetaut (1989) assigned Spinosaurus from
Morocco to Spinosaurus cf. degyptiacus, and Russell (1996)
subsequently gave a new name S. maroccanus to them. The
holotype specimen of the S. maroccanus consists of cervica
vertebra(NMC 5079), and does not include any description
about the tooth.

Based upon the studies on Baryonyx (Charig and Milner,
1986 and 1997), spinosaurid theropods are considered as a fish
eater with the stomach contents evidence and some similarities
in the jaw morphology with semi-aquatic crocodiles. Many
crocodiles have conically-shaped teeth with striations over the
crown. There are also reports of crocodiles from the same
formation. We therefore should be very careful of identifying
isolated teeth from the formation. It is also impossible to
classify an isolated tooth into a species level. Not enough
information is currently available to discuss the validity of
identifying spinosaurids and crocodiles based upon isolated

teeth. In this paper, we consider that the tooth is unique in
morphology enough to be identified as Spinosaurus sp., but
we are aware of the fact our classification conclusion is subject
to future scrutiny, when there are enough information available
for inter- and/or intra-specific variations of the teeth morphol ogy
of spinosaurs and crocodilesin the future.

Many Spinosaurus-like teeth are available for sale in
international fossil trade markets. One of the authors(Y.H.)
acquired a relatively well-preserved specimen labeled as S.
maroccanus from the Kem Kem Beds of Morocco at an
international fossil trade show in Tuscon, Arizona in February,
2008. It lacks the apex of the crown by about 25% estimated
based on more complete teeth. The root is not completely
preserved. The root does not show any sign of resorption due to
tooth replacement. It is highly likely that the tooth was broken
off from the jaw either in life or after death. Apart from that, the
surface of the crown iswell preserved with micro scul ptures.

Despite the fact that the holotype specimen of the type species
of Spinosaurus (Stromer, 1915) was lost during the World War
I1, the species has been incorporated in many phylogenetic and
morphological studies based on additional material and/or
material from closely related species(Buffetaut, 2007; Buffetaut
and Ingavat, 1986; Hone et a., 2010; Kellner and Mader, 1997,
Medeiras, 2006; Salgado et al., 2009; Sues et al., 2002). In
carnivorous dinosaurs, serrations of various shape and sizes are
developed along the mesial and distal edges(Currie et al.,
1990) . Morphology of serrations including each denticle can be
used for classification of the therpods in some cases(Currie et
al., 1990). There is not much detailed information about their
peculiar teeth of spinosaurids to date.

Charing and Milner (1997) firstly mentioned about the
characteristic mark of fine micro-sculpture on the surface of
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tooth crown of Spinosaurus. Hasegawa et al.(2003)firstly
reported tooth crown ornamentations on an isolated tooth from
the Early Cretaceous Sebayashi Formation of Japan and it
argued a possible affinity of the tooth to the spinosaurids. A
similar tooth crown sculpture was reported in Siamosaurus
from the late Jurassic Sao Khua Formation of Thailand
(Buffetaut and Ingavat, 1986). Hasegawa et al.(2003)
described the Japanese specimen possibly similar to
Siamosaurus. The tooth specimen reported in the present
study is significantly different in our knowledge from all the
teeth specimens figured in the studies listed earlier. Our
intention in this paper is that we give a short description of a
well-preserved tooth and we hope to draw scientists’  attention
to the interesting morphology.

Description

Superorder Saurichia Seeley, 1888
Suborder THEROPODA Marsh, 1881
Superfamily Spinosauroidea Stromer, 1915
Spinosaurus sp.

Plates -1V

An isolated tooth from the Kem Kem Bed of Morocco
(GMNH-FV. 2400)lacks the apex of the crown for about 25%
of the total length of the crown. The root is broken off, but the
root does not show any sign of resorption in the preserved part.
Total length of the tooth is 80 mm, the height of dental crown is
50 mm, the maximum anteroposterior length of the dental crown
is 33mm, the maximum bucco-lingual length is 30 mm, as
preserved. It is one of the largest teeth reported from the
formation to our knowledge. The anteroposterior length of
GMNH-FV. 2400 is similar in size to the 4th tooth of lower left
of Spinosaurus degyptiacus figured in Storomer (1915).

The anterior and posterior side can be identified according to
the curvature of the crown. The latera side of the crown should
be almost perpendicular to the anterior and posterior axis. One
lateral side is straighter than the other one. We assume that the
straighter side faces to the inside of the mouth. The tooth comes
originally from the right lower jaw or left upper jaw. For the
clarity of the argument in the paper, we tentatively identify the
tooth from the right lower jaw. The anterior and posterior
carinae are most outstanding ridges on the crown, but strong
striations run longitudinally on the crown. The number of
striations gradually decreases from the base to the apex. The
striations are well developed more in anterior and posterior sides
than those of lateral sides. The distance between neighboring
two striations ranges from 1 mm to 5 mm. The carinae and
striations are elevated like a ridge. The spaces between the
ridges are low areas or valleys where numerous irregular,
elongated granular structures are developed. These irregular
morphology look like a twisted rope or undulating rope. These
structures look as if the many streams ran down from the ridge
to the valley and curved the surface in to the irregular shape.
The structures look like the eroded terrain formed by a flow
from the apex of the crown to the base. The surface structures
are relatively less preserved in the apex of the crown, most
likely because of more wear towards the apex in predation. In
anterior and posterior views, the tooth crown is amost straight.
In lateral views, the tip of mesial side dlightly tilts posteriorly.

The cross-section of the tooth is sub-ellipsoidal with longer in
the anterioposterior axis. , The pattern of the surface of enamel
structure of GMNH-FV. 2400 cannot be compared with
Spinosaurus degyptiacus because the detail tooth surface
morphology is not available in Storomer (1915) .

Discussion

Many teeth of the holotype(BMNHR995) of Baryonyx
walkezi have short crown and extremely long root, and these
teeth develop pronounced striations on the surface of the crown.
The denticles of mesia carina are typical in morphology as a
theropod. GMNH-FV. 2400 is different from Baryonyx in the
morphology of the serrations. The granular texture is developed
on the surface of enamel. The granular structure is quite
different from GMNH-FV. 2400 as it runs more oblique to the
axis of the crown in Baryonyx walkezi(Charig and Milner,
1999). The teeth of Siamosaurus from Thailand and
?2Siamosaurus from Japan are not preserved with crown
surface structure in detail. It is therefore difficult to make
comparison to GMNH-FV. 2400.

Long and rather straight teeth with straitions can be found in
many marine reptiles such as ichthyosaurus, elasmosaurus,
mosasaurus, and crocodiles. If they are isolated from the jaw
bone, a fossil crocodile tooth like Brachychampsa montana
(Fig. 1) and a mosasaur like Mosasaurus (Fig. 2) could be
misidentified as a spinosaur tooth. Salgado, L. et al.(2009)
reported a tooth possibly identified as possibly Spinosauridae
from cerro Lisndro Formation RioNegro, Patagonia, Argentina.
The tooth has coarsely serrated carinae, sevearl ridges in the
base of the crown in lateral sides, it is a sub-circular in cross-
section. Similar teeth are reported as crocodyliformus
Hamadasuchus cf. nebouli from Morocco(Fig. 3). We
would assign the ?Spinosaurid tooth reported by Salgado et al.
(2009) to a Hamadasuchus.

Hone et al.(2010) reported Baryonychines from Henan
Province in China. This was the first report of Baryonychines
from Asia. The crown is laterally compressed with serrations
developed along the anterior and posterior keels, and the smooth
enamel surface on buccolinhual sides. GMNH-FV. 2400 is
clearly different from the Baryonychines.

A crown surface sculpture observed in GMNH-FV. 2400 is
also seen in some whales(Beneden, 1867; Kellogg, 1936;
Fitzgerald, 2006). Long conical, striated teeth independently
evloved in spinosaurid theropods, crocodiles, mosasaurs,
plesiosaurs, ichthyosaurs, and even in whales. This tooth
morphology may have some functional advantages in feeding in
aquatic environments
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Fig. 1

fih..h.

Brachychampsa montana. Short conical cone-shped crown has about ten striationsin alateral

side. The serrations on the carinae are globular.
Fig. 2 Mosasaurus sp. from Morocco. The ornamentation found on a part of the anterior margin is

similar to that of Spinosaurus sp.

Fig. 3 Hamadasuchus cf. rebouli from Morocco (GMNH-PV.2398) . The theropod-like serrations
develops along the anterior and posterior carinae.
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Explanation of plates

* 1. We studied the Spinosaurus teeth (GMNH-FV. 2400) with adigital microscope (KEYENCE VHX-
1000) by x30 magnifications (100,000,000 pixels) .

Pl. I: Spinosaurus sp. in lingual view, magnified from pl. l1-1a

Pl. 11-1: Spinosaurus sp. (x 1) . 1a, in lingual view. 1b, in anterior view. 1c, in labia view. 1d, in
poseterior view. 1e, in cross-sectional view from the base
PI. 11-2: A magnified view of the basal crown in lingual view.

Pl. 111-1: A magnified view of the apxial crown in lingual view. The Enamel is slightly worn away in
comparison to the basal crown shown in Fl. I1-2.
PI. 111-2: A magnified view of the mid crown in lingual view.

Pl. IV-1a: A magnified view of the anterior carina.
Pl. 1V-1b: The apical area manified in the anterior carina. Sculputures are worn in comparison to the more
basal areaaong the carina (Po. IV-1c and d)

Pl. 1V-1c: The basal area manified in the anterior carina. The carina descends down to the valley with
numrous small rigdes which look like the ribs of a snake in dorsal view.

Pl. IV-1d: A dlightly lateral view of Pl. 1V-1c. Each denticle descends down to forming valley between the
neighboring ridges.

PLIV-2: A magnified view of the posterior carina. The structure is almost the same as in the anterior carina
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