
FREQUENCY, TAXONOMY AND
MORPHOLOGY OF DIFFERENT SHARK
TAXA OF LOWER PALEOCENE AND

UPPER CRETACEOUS FROM MOROCCO,
NORTH AFRICA
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Abstract: The authors have analyzed a random sample of 300 fos-
silized teeth from the Atlas Mountains in Morocco, with the aim of better
understanding the diversity and representation of different taxa in a given
locality ranging from 50 to 70 millions years ago (Paleocene to Late Cre-
taceous). Identification of the basic pattern revealed the presence of 12
Species: †Cretalamna appendiculata (Agassiz, 1843), †Cretolamna maroccan
(Arambourg, 1935), †C. Ascherson (Stromer, 1905), †Serratolamna lerichei
(Casier, 1946), †S. serrata (Agassiz, 1843), †S. koert (Winklet, 1876), †Otodus
obliquus (Agassiz, 1843), †Striatolamia macrota (Agassiz, 1843), †S. striata
(Winklet, 1876), †Hypotodus verticalis (Agassiz, 1843), †Charcharias substri-
ata (Stromer, 1910) and †Jaekelotodus robustus (Leriche, 1921); which are
grouped into eight Genuses and five Families within the Order Lamniformes
(Berg, 1958).
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1 Introduction

Shark teeth are modified placoid scales, adapted for cutting and tearing
prey [1] [2] [3]. The jaws of sharks are defined by several series of teeth,
the first series are designated as apical (in rare cases, two apical series occur
in the jaws, such as Squalus acanthias (Linnaeus, 1758) in the lower jaw).
After the apical there are two to four series of replacement teeth. Selachians
are characterized by polyphyodont teeth type; breaking or expenditure of
upper teeth is followed by tooth replacement by teeth from the series behind
the apical. These teeth are not attached to the jaw, instead they develop
in the gums and are fixed to the jaw by a dental membrane [1]. Between
the root and the crown of the tooth there is often a transition layer covered
with a thin strip of enamel (”bourlett”, ”chevron”) (Hamlet, 1999). Draw-
ing a vertical line through the mouth, we can see a clear, almost complete,
bilateral symmetry in almost every selachian. Gilbertson (1999) introduced
a functional division of selachians teeth, by which we distinguish four main
groups:

• flattened teeth adapted for the crushing of crustaceans;

• needle-like teeth for catching fish;

• needle-like teeth of the lower jaw for catching and triangular teeth of
upper jaw for cutting prey; and

• reduced teeth present in those Species that feed by filtering water.

Morphologically, shark teeth can be divided into several groups which make
up the basic morpho-taxonomic characters in the differentiation of Species [3],
especially when it comes to fossilized specimens. Each tooth is characterized
by the presence of one, main, (central) cusp, the largest ridge in the tooth.
Other ridges, if present, are called cusplets. The root of the tooth is the
part that is attached to the tooth dental membrane, and can be: oblong
integral or divided. In the middle of the root there is a nutritive groove.
Morphological characteristics of cusps (their quantity, size, position, shape
and morphology) and root vary considerably from Species to Species, and
present the most important taxonomical characters in the differentiation of
Species. In Figure 1, we can see the basic morpho-taxonomic differentiation
in the teeth of selachians.
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Figure 1: Basic morphological differentiation of shark teeth; legend: (A)
main (central) cusp, (B) first pair of cusplets, (C) second pair of cusplets
and (D) root (Source: Gajić, A.).

The data available in literature, which the authors analyzed, currently
does not provide a complete or accurate morphological or taxonomic ref-
erence for the differentiation of fossilized teeth of the Paleocene and Late
Cretaceous period from the Atlas Mountains in Morocco. The ultimate goal
of this paper is to show the percentage composition of the Family, Genus,
and finally Species represented in a random, representative sample from the
Atlas Mountains (Morocco, North Africa). The data presented in this paper
provides new insights into the biodiversity of selachians in a given locality
during the Paleocene and Late Cretaceous period of 50,000,000 to 70,000,000
years ago.

2 Material and Methods

The material used in this study represents a random sample of 300 fos-
silized teeth of now completely extinct selachians (basic sample) that orig-
inate from the Atlas Mountains, Morocco (North Africa). Fossilized teeth
have been studied in their original condition, with no previous restoration.

Laboratory analysis was performed at the Laboratory for biosystematics
of chordates and comparative anatomy (Figure 2), Department of Biology,
Faculty of Science and Mathematics in Sarajevo. Morpho-taxonomic char-
acteristics of fossilized teeth were analyzed in detail using a binocular loupes
with magnification 10x20x30. Photos presented in this paper were taken
using a digital camera: Canon SX210.
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Figure 2: Laboratory analysis of the morphology of fossilized teeth (Source:
Hanjalić, J.).

Measurement and analysis of the teeth was carried out under maximum
magnification of the binocular loupes: data obtained was analyzed using
Microsoft Excel software. Quantitative (morphometric) characteristics mea-
sured on the teeth are: tooth total length (TL), total tooth width (TW), the
dimensions of the central cusp, the overall length of cusplets, proportional
relationship between cusp and cusplets. After identification (Figure 3), mea-
suring and addition to the catalog, the fossilized teeth are to be archived in
the scientific collection labelled ”Sharklab.”

3 Results and Discussion

In a random sample of 300 teeth, the authors successfully identified 245
teeth, 26 teeth were too damaged for proper identification, and 29 teeth
were not identified due to lack of adequate literature and a precise key for
identification.

In a detailed analysis, the authors identified a total of 12 Species which
belong to eight Genuses and five families within the order Lamniformes.
Table 1 contains, in addition to check-lists of identified Species, the actual
taxonomy of the identified Genuses. The lack of adequate literature leads to
identification problems and giving the proper taxonomic classification.
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Table 1: Taxonomic representation of identified Species, with most common
synonyms (Berg, 1958).

Domain Eukaryota (Whittaker & Margulis, 1978)

Kingdom Animalia (Linnaeus, 1758)

Phylum Chordata (Bateson, 1885)

Class Chondrichthyes (Huxley, 1880)

SubClass Elasmobranchii (Bonaparte, 1838)

Order Lamniformes (Berg, 1958)

Family †Cretoxyrhinidae (Glükman, 1958)
Genus †Cretalamna (Glückman, 1958)
†C. ex. gr. appendiculata (Agassiz, 1843);
= †Cretolamna appendiculata

Genus †Cretolamna (Glükman, 1958)
†C. maroccana (Arambourg, 1935)
†C. aschersoni (Stromer, 1905);
= †Serratolamna ascheroni ; = †Lamna ashersoni

Family †Serratolamnidae (Landemaine, 1991)
Genus †Serratolamna (Landemaine, 1991)
†S. lerichei (Casier, 1946)
†S. serrata (Agassiz, 1843);
= †Cretolamna biauriculata

†S. koerti (Stromer, 1910)

Family †Odontidae (Glückman, 1964)
Genus †Otodus (Agassiz, 1843)
†O. obliquus (Agassiz, 1843)

Family Odontaspididae (Müller & Henle, 1839)
Genus †Striatolamia (Glückman, 1964)
†S. macrota (Agassiz, 1843)
†S. striata (Winklet, 1876)
Genus †Hypotodus (Jaekel, 1895)
†H. verticalis (Agassiz, 1843);
= †Lamna hope (Agassiz, 1843); = †Carcharias hopei (Agassiz, 1843)

Genus Carcharias (Rafinesque, 1810)
†C. substriatus (Stromer, 1910);
= †Odontaspis substriata

Family †Jaekelotodontidae (Glückman, 1964)
Genus †Jaekelotodus (Leriche, 1921)
†J. robustus (Leriche, 1921);
= †O.robusta; = †Hypotodus robustus (Nolf, 1988)
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Figure 3: The holotype of successfully identified Species within the basic
sample (Source: Hanjalić, J.).

In order to display the frequency of individual taxa of the study site most
clearly, the authors have created graphs (Figures 4 to 6) depicting the number
of identified Species at the level of different taxonomic categories (Family,
Genus and Species).

Figure 4 shows that the largest number of associated Species belongs to the
Family Odontaspididae (Müller & Henle, 1839) which is also the only Fam-
ily with extant representatives (in comparison with the other four families
determined from the basic sample). The Odontaspididae Family comprise
83.57% of the total identified teeth, followed by Family †Jaekelotodontidae
(Glückman, 1964), 8.57%, †Cretoxyrhinidae (Glükman, 1958), 4.08%, †Ser-
ratolamnidae (Landemaine, 1991) 2.87%, and †Odontidae (Glückman, 1964)
0.81%.

The analysis in Figure 5 shows that the most common Genus is †Stria-
tolamia (Glückman, 1964) with 64.09% (highly significant in comparison to
the other Genuses), Carcharias (Rafinesque, 1810) 12.25%, extinct Genus
†Jaekelotodus (Leriche, 1921) 8:59%, †Hypotodus (Jaekel, 1895) 7.34%, †Ser-
ratolamna (Landemaine, 1991) 2.85%, †Cretolamna (Glückman, 1958) 2.85%,
Cretalamna (Glückman, 1958) 1.23%, and finally Otodu (Agassiz, 1843)
0.81% of the total of 245 identified teeth.

Figure 6 shows the frequency of individual Species in the sample. †S-
triatolamia dominates the sample with two Species †S. macrota (Agassiz,
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Figure 4: The total number of Species classified by families (Source: Au-
thors).

1843) with 44.08% and †S. striata (Winklet, 1876) with 13.87% (6.15%
belongs to unidentified Species within a given Genus), †Carcharias sub-
strata (Stromer, 1910) 12.25%, †Jaekelotodus robustus (Leriche, 1921) 8:59%,
†Hypotodus verticalis (Agassiz, 1843) 7.34%, Serratolamna lerichei (Casier,
1946) 1.63%, Cretolamna aschersoni (Stromer, 1905) 1.63%, †Cretolamna
moroccan (Arambourg, 1935) 1.22%, †Cretalamna appendicuata 1.22%, †Ser-
ratolamna koerte (Stromer, 1910) 0.81%, †Otodus obliquus (Agassiz, 1843)
0.81% and †Serratolamna serrata (Agassiz, 1843) with 0.40%.

3.1 Brief review of the basic morphological character-
istics within the 12 identified Species

Family †Cretoxyrhinidae (Glükman, 1958) includes two completely extinct
Genuses. Teeth are characterized by medium robustness of the main cusp
and the presence of two pairs of cusplets (which are not orientated in the di-
rection of main cusp), while the roots slightly invaginate. Within the Family
†Cretoxyrhinidae (Glükman, 1958) we have identified the following Species
†Cretalamna ex. gr. appendiculata (Agassiz, 1843) (Figure 7) dating back
to the Eocene epoch (period Paleocene), estimated to be about 55 millions
years old, characterized by a pair of distinctly triangular, robust, cusplets.
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Figure 5: The total number of Species classified by Genuses (Source: Au-
thors).

Within the Genus †Cretolamna (Glükman, 1958) two Species were iden-
tified: †C. aschersoni (Stromer, 1905) (Figure 8), whose age is estimated
at 90 to 50 millions years old (that includes geological periods Cretaceous -
Paleocene) and is characterized by two pairs of cusplets, which are small but
clearly visible. The other Species identified is †C. maroccana (Arambourg,
1935) (Figure 9), which is thought to have lived in the transitional period
between the Late Cretaceous and the Paleocene, around 70 millions years
ago. †C. maroccana (Arambourg, 1935) teeth are characterized by two pairs
of triangular, robust, cusplets (though in exceptional cases up to three pairs
of cusplets are present).

Within the Genus Serratolamna Landemaine, 1991 three Species were iden-
tified: †S. serrata (Agassiz, 1843) (Figure 10) from the Late Cretaceous and
early Paleocene, aged about 70 millions years old. This Species is charac-
terised by two cusplets, one on the each side of the main cusp, (if there are
three cusplets present they are present only on one side of the main cusp),
Species †S. lerichei (Casier, 1946) (Figure 11) characterized by two pairs of
cusplets and a moderately invaginate root, the age estimated at 55 millions
years (indicating the Eocene Epoch, Paleocene period), †S. koerti (Stromer,
1910) (Figure 12), with the age estimated to 35 millions years old (Oligocene
period), which differs from the other Species in terms of age. In addition to
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Figure 6: The total number of teeth classified by Species (Source: Authors).

the main cusp there are two cusplets, and roots that can be flat to slightly
invaginate.

†Otodus obliquus (Agassiz, 1843) (Figure 13) lived during the Paleocene
around 50 to 60 millions years ago. This Species is well known In science, with
many fossils found around the world. The largest tooth ever found measured
10.4 cm, while the diameter of the centrum of vertebra was over 12.8 cm.
Using the data, we can consider the shark to have a total length of around
900 cm. This macro-predator fed on marine mammals, large bony fish, and
other shark Species of Paleocene times. The teeth are very massive (robust)
with sharp and smooth edges, triangular cusps and the poorly invaginate
root is massive.

In the Genus Striatolamna (Glückman, 1964) two Species were identified:
†S. macrota (Agassiz, 1843) and †S. striata (Winklet, 1876), whose age is
estimated to the Paleocene (50-60 millions years ago). With †S. macrota
(Agassiz, 1843) (Figure 14) the root is distinctly invaginated and there is
present a single, very small pair of needle-like cusplets; while in †S. striata
(Winklet, 1876) the root is slightly invaginate while the cusplets are undefined
and almost flat. The main cusp of †S. macrota (Figure 15) is very elongated
and needle like.
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Figure 7: Typical tooth of †Cretalamna ex. gr. appendiculata (Agassiz,
1843) (Source: Hanjalić, J.).

Figure 8: Typical tooth of †C. aschersoni (Stromer, 1905) (Source: Hanjalić,
J.).

Figure 9: Typical of tooth of †C. maroccana (Arambourg, 1935) (Source:
Hanjalić, J.).
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Figure 10: Typical tooth of †Serratolamna serrata (Agassiz, 1843) (Source:
Hanjalić, J.).

Figure 11: Typical tooth of †Serratolamna lerichei (Casier, 1946) (Source:
Hanjalić, J.).

Figure 12: Typical tooth of †Serratolamna koerti (Stromer, 1910) (Source:
Hanjalić, J.).
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Figure 13: Typical tooth of †Otodus obliquus (Agassiz, 1843) (Source: Han-
jalić, J.).

Figure 14: Typical tooth of †Striatolamna macrota (Agassiz, 1843) (Source:
Hanjalić, J.).

Figure 15: Typical tooth of †Striatolamna striata (Winklet, 1876) (Source:
Hanjalić, J.).
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While identifying the basic samples, the ambiguity of morpho-taxonomical
characteristics with the correct Genus was made more difficult due to a lack of
adequate literature and keys. This presented special problems to the authors.

The age of †Hypotodus verticalis (Agassiz, 1843) (Figure 16) is estimated
at 55 millions years (Paleocene: Eocene). The Main cusp is slightly curved,
medium robust, followed by two cusplets that are up to ten times smaller than
the main cusp. The root is very invaginate and medium robust. Species †Car-
charias substriatus (Stromer, 1910) (Figure 17) dates, also, from the Eocene
epoch. In addition to the main cusp, which is narrow and medium robust,
there are always two pairs of cusplets present, which are clearly defined and
erect, the second pair is much smaller than the other (it is possible, in excep-
tional cases, that the second (smaller) pair is absent from the teeth, which
can be interpreted as damage); the root is medium invaginated.

†Jaekelotodus robustus (Leriche, 1921) (Figure 18) belongs to the Creta-
ceous era, and is around 70 millions years old. Fossilized teeth show a medium
robust and narrow main cusp and a range of medium to strong invaginated
roots. Morphological characters for identification are cusplets that are clearly
expressed, curved toward the main cusp and sickle-shaped.

4 Conclusion

Based on the identification of the Species, as well as knowledge of their
basic biology, we can conclude that the investigated site belongs to a transi-
tion between the Late Cretaceous to Early Paleocene (namely, epochs: Late
Cretaceous and Eocene), spanning 35-50 to 70-90 millions years. Based on
the previous researches on the site (Atlas Mountains, Morocco), we conclude
that it is an area which is extremely rich in deposits of fossils, and poses
great potential for further paleontological research.

In the sample of 300 teeth, authors successfully identified twelve Species,
classified within eight Genuses, under five families in order Lamniformes
(Berg, 1958). Within the sample, the most prevalent Genus is †Striatolamna
(Glückman, 1964), (within the Family Odontaspididae (Müller & Henle,
1839)), with two identified Species: †S. macrota (Agassiz, 1843) and †S. stri-
ata (Winklet, 1876) together comprising a total of 157 teeth out of the 300
examined. This finding indicates a widespread population of these Species
at the research site. Also, based on the total number of identified Species
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Figure 16: Typical tooth of †Hypotodus verticalis (Agassiz, 1843) (Source:
Hanjalić, J.).

Figure 17: Typical tooth of †Carcharias substriatus (Stromer, 1910) (Source:
Hanjalić, J.).

Figure 18: Typical tooth of †Jaekelotodus robustus (Leriche, 1921) (Source:
Hanjalić, J.).
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(12 Species identified from the sample of 300 teeth), we conclude that the
finding indicates a relatively high Species diversity in the area.

Furthermore, the authors believe that due to lack of adequate research
data in the literature (the authors determinate this as a major problem for
the identification of Species from the sample) it is strongly suggested a series
of scientific research projects be run in this area, which will provide new and
adequate taxonomic and morphological data on the Species that inhabited
this locality. The authors believe this further research is extremely important,
to better understand and identify the distribution of these extinct animals.
In future this can form the basis for economic-touristic enhancement of the
area.
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