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cording to Reinecke et al. (2011: 29) this tooth type re-
sembles lower lateral teeth of Carcharoides Ameghino, 
1901. However, Carcharoides teeth generally lack verti-
cal striae on the lingual crown surface that, according to 
Agassiz (1843), are present in both syntypes of his Lamna 
(Odontaspis) acutissima. Despite a comprehensive search 
the syntypes cannot be found and must considered lost, 
precluding proper examination of the teeth.
Bor et al. (2012) reassigned C. vorax to the genus Ara-
loselachus Glikman, 1964. 
Although several reconstructions of the dentition of the 
extant C. taurus were conducted (e.g. Applegate, 1965; 
Bass et al. 1975; Kemp, 1991; Cunningham, 2000; Purdy 
et al., 2001) the quality of the illustrated tooth sets is poor 
and ontogenetic heterodonty was not considered.
Cappetta (2012) characterised the genus Araloselachus, 
but did not provide a differential diagnosis of the genus 
which would allow a clear distinction from other odon-
taspidid genera.
To provide arguments for assigning Lamna cuspidata 
Agassiz 1843 to either Carcharias or Araloselachus, 
here the results of a detailed investigation are presented, 
including descriptions and illustrations of both extant 
species of the Odontaspididae and the single species of 
the Carchariidae. To provide information of ontogenetic 
heterodonty the dentitions of adult, adolescent and juve-
nile specimens of the type species Carcharias taurus are 
described and illustrated.
In addition to the type specimens of C. acutissimus, in 

Introduction

Reassessment of the tooth morphology of the extant spe-
cies Carcharias taurus (Rafinesque, 1810) has led to new 
information about particular details in adult specimens 
and juveniles that allows adjustments of the taxonomy of 
the fossil remains of the families Carchariidae and Odon-
taspididae.
The extinct species Lamna cuspidata Agassiz, 1843 (long 
time attributed to Carcharias Rafinesque, 1810 was as-
signed to the genus Araloselachus by Cappetta (2012), 
leaving two species of the genus Carcharias in the Oli-
gocene: C. acutissimus (Agassiz, 1843) and C. sternber-
gensis Reinecke, Moth, Grant & Breitkreuz, 2005. Cappet-
ta (2012) did not mention the other species that were listed 
in Cappetta (2006), for example C. gustrowensis (Winkler, 
1875) and C. divergens (Solt, 1988). Presumably he con-
sidered them to be synonyms of C. acutissimus (Agassiz, 
1843), though he did not explicitly state this. Reinecke et 
al. (2018) consider the types of C. sternbergensis to be ju-
venile to subadult teeth of C. catticus (Philippi, 1846).
A comprehensive study conducted by Reinecke et al. (2011) 
also included Miocene Odontaspididae. They identified 
the following ancestral species of the genus Carcharias 
in the Miocene: C. vorax (Le Hon, 1871), C. gustrowensis 
(Winkler, 1875) and C. taurus (Rafinesque, 1810). Based 
on the much wider based, triangular-shaped principal cusp 
of both type specimens of Lamna (Odontaspis) acutissima 
they excluded this species from the genus Carcharias. Ac-
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the literature many specimens are assigned to this spe-
cies, sometimes accompanied by reconstructions of the 
dentition. As these teeth or dentitions are not similar to 
the syntypes but differ significantly, they are here referred 
to as “C. acutissimus”. They are elaborated on below to 
establish their classification.
Carcharias divergens (Solt, 1988) is re-illustrated, includ-
ing the original blocks comprising the dentition. Teeth 
were digitally isolated and are, together with two isolated 
teeth, arranged into a possible dentition allowing a proper 
comparison with “C. acutissimus” and Lamna cuspidata.
The type series of Araloselachus agespensis Glikman 
(1964) is lost (Mrs. E. Baikina, GDM, pers. comm., 2018). 
An additional series from the same locality identified as 

Araloselachus agespensis by Glikman was selected and 
is designated here as neotype and paraneotypes, replac-
ing the lost series.
As far as possible the teeth used here for description and 
illustration have been photographed, with the exception 
of two teeth of the type series of Lamna cuspidata Agas-
siz, 1843 (pl. 37a, figs 48 & 50) as well as both syntypes 
of Lamna (Odontaspis) acutissima Agassiz, 1843 (pl. 
37a, figs 33a-c & 34). They could not be retrieved from 
museum or institute collections and therefore their origi-
nal illustrations are used.
However, six of eight teeth of the type series of C. cuspi-
datus were found. They are herein designated as lectotype 
and five paralectotypes, re-illustrated and re-described.

Material and methods

The following present-day material was used for comparison:
Carcharias taurus (Rafinesque, 1810)  ♀ 2442 mm TL  ERB 1136 Jaw set
Carcharias taurus (Rafinesque, 1810)  ♀ 2486 mm TL  ERB 1137 Jaw set
Carcharias taurus (Rafinesque, 1810  ~ 2400 mm TL  FM uncatalogued Jaw set and isolated teeth
Carcharias taurus (Rafinesque, 1810)  ♀ 2300 mm TL  MDT 0219 Jaw set and isolated teeth
Carcharias taurus (Rafinesque, 1810)  ~ 2000 mm TL  MDT 0640 Jaw set and isolated teeth 
Carcharias taurus (Rafinesque, 1810)  ♀ 1530 mm TL ERB 1183 Jaw set
Carcharias taurus (Rafinesque, 1810)  ~ 1450 mm TL  MDT 0660 Jaw set and isolated teeth
Carcharias taurus (Rafinesque, 1810)  ~ 1000 mm TL MDT 0737 Jaw set and skull
Odontaspis ferox (Risso, 1810) ~ 2400 mm TL  FM uncatalogued Jaw set and isolated teeth
Odontaspis ferox (Risso, 1810) ♂ 1520mm TL AMS IP 775-002 Isolated teeth
Odontaspis noronhai (Maul, 1955) ~ 4900 mm TL  GH uncatalogued Jaw set and isolated teeth
Odontaspis noronhai (Maul, 1955) ♀ 4200mm TL  PMH uncatalogued Jaw set and isolated teeth
Odontaspis noronhai (Maul, 1955) ~ 3500 mm TL  PMH uncatalogued Jaw set and isolated teeth
Odontaspis noronhai (Maul, 1955) ♂ 3150 mm TL PMH uncatalogued Jaw set and isolated teeth

The following extinct material was used for comparison:
†Araloselachus agespensis Glikman (1964)  KP OF 8057 15-29 13 teeth (neotype series)
†Lamna cuspidata Agassiz, 1843  MHNN FOS 635 Tooth HR photographs
†Lamna cuspidata Agassiz, 1843  MHNN FOS 526 Tooth HR photographs
†Lamna cuspidata Agassiz, 1843 MHNN FOS 527 Three teeth
†Lamna cuspidata Agassiz, 1843  ETHZ 1749  Tooth HR photographs
†Odontaspis (Synodontaspis) divergens (Solt, 1988) Block 1, 2, 3, 4 (Solt, 1988)  HR photographs GGIH
†Odontaspis (Synodontaspis) divergens (Solt, 1988) Tooth 1, 2, 3, 4 (Solt, 1988)  Teeth HR photographs GGIH

Abbreviations:
AMS  Australian Museum, Sydney, Australia
GGIH  Geological and Geophysical Institute of Hungary, Budapest, Hungary
GDM  State Darwin Museum, Moscow, Russia
MHNN  Musée d’Histoire Naturelle Neuchatel, Neuchatel, Switzerland
NMB  Naturhistorisches Museum, Bern, Switzerland
ETH  Eidgenössische Technische Hochschule, Zürich, Switzerland
HLMD  Hessisches Landesmuseum, Darmstadt, Germany
SMNK  Staatliches Museum für Naturkunde, Karlsruhe, Germany

Additionally, specimens from the following private collections were examined:
ERB  Elasmobranch Research, Mr. F. Mollen, Rijmenam, Belgium
MDT  Mr. D. Hovestadt, Terneuzen, The Netherlands
PMH  Mr. M. Harris, New Port Richey, Florida, USA
FM  Mr. F. Migom, Dikkelvenne, Belgium
GH  Dr. G. Hubbell, Gainesville, Florida, USA
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Descriptions

According to Ebert et al. (2013) the extant family of 
Odontaspididae comprises two genera: Carcharias, with 
the type species C. taurus Rafinesque, 1810 and Odon-
taspis, with the type species O. ferox (Risso, 1810) and O. 
noronhai (Maul, 1955). Stone & Shimada (2019), howev-
er, placed the genus Carcharias in the resurrected family 
Carchariidae Müller & Henle, 1838.
The following tooth-related general descriptions were in-
troduced by Cappetta (1987, 2012) for the genera belong-
ing to these families: ‘The dentition is generally of tear-
ing type, but tends to the cutting type in some lineages, by 
widening of the cusp and a decrease in the number of lat-
eral cusplets, which also tend to decrease in height rela-
tively to the cusp’. After placing Lamna cuspidata Agas-
siz, 1843 in the genus Araloselachus Glikman, 1964, in 
the Oligocene only two genera remained: Araloselachus 
Glikman, 1964 and Carcharias Rafinesque, 1810 (Cap-
petta, 2012).
For comparative purposes the dental morphology of the 
extant Odontaspididae species O. ferox (Risso, 1810) and 
O. noronhai (Maul, 1955), as well as the extant Carchari-
idae species C. taurus Rafinesque, 1810 are described 
and illustrated below.
Reconstructions of the dentition of the fossil Odontas-
pididae Araloselachus agespensis Glikman, 1964, Lam-
na cuspidata Agassiz, 1843, Lamna (Odontaspis) acutis-
sima Agassiz, 1843, Odontaspis gustrowensis Winkler, 
1875 and Odontaspis (Synodontaspis) divergens Solt, 
1988 are re-described and illustrated as well.
To avoid confusion, here Lamna cuspidata Agassiz, 1843, 
Lamna (Odontaspis) acutissima Agassiz, 1843, Odon-
taspis gustrowensis Winkler, 1875, Odontaspis (Syno-
dontaspis) divergens Solt, 1988 and Lamna (Odontaspis) 
vorax Le Hon, 1871 are referred to the genus Carcharias.

Systematic Palaeontology

Class Chondrichthyes Huxley, 1880
Superorder Galeomorphii Compagno, 1973
Order Lamniformes Berg, 1958
Family Odontaspididae Müller & Henle, 1838
Genus Odontaspis Agassiz, 1838

Type species – Odontaspis ferox (Risso, 1810)

The genus Odontaspis comprises two species: O. ferox 
and O. noronhai.

Distinctive features – According to Compagno (2001) 
the following characteristic features distinguish O.  ferox 
from O. noronhai: the pectoral fins are angular in O. 
 ferox versus rounded in O. noronhai; the first dorsal apex 
is subangular in adults of O. ferox versus apex broad-
ly rounded in adults of O. noronhai; the anal fin with a 
height of 4.6 to 6% of the total length in O. ferox versus 
a strongly concave posterior margin in O. noronhai; the 
caudal fin has a ventral caudal lobe that is short but stout 

in O. ferox versus hardly developed in O. noronhai.
Their dentition shares teeth of the lateroposterior files 
that are basically similar, diminishing in size towards the 
commissure in upper and lower jaws and their upright 
principal cusps are flanked by a cusplet on each side. 
Both species also share two anterior files in the upper and 
lower jaws as well as a parasymphyseal file in the lower 
jaw (Pl. 1, figs 1 & 2, Pl. 2, figs 1-44, 54-84). Both species 
also share two anterior files in the upper and lower jaws 
as well as a parasymphyseal file in the lower jaw. (Pl. 1, 
figs. 1 & 2, Pl. 2, figs 1-44, 54-84).
Based on the current review the following features distin-
guish both species: Odontaspis ferox possesses an upper 
parasymphyseal file and up to four intermediate files in 
the upper jaw whereas O. noronhai only has one inter-
mediate file. Anterior and anterolateral teeth of O. ferox 
significantly differ from those of O. noronhai by a prin-
cipal cusp that is straight in O. ferox but sigmoidal in O. 
noronhai. The labial crown base possesses fine vertical 
striae in adult individuals in O. ferox that are absent in O. 
noronhai. The cusp lets of O. noronhai are broader based 
and more lingually curved than in O. ferox. The interme-
diate and lateral teeth possess a second cusplet in O. ferox 
that is hardly developed in O. noronhai. Ontogenetic het-
erodonty in O.  ferox is absent.  (Pl. 2, figs 45a-53b). As 
juvenile or adolescent individuals of O. noronhai were not 
available for examination ontogenetic heterodonty could 
not be investigated.

Family Carchariidae Müller & Henle, 1838
Genus Carcharias Rafinesque, 1810
The genus is monospecific with the type species: Car-
charias taurus Rafinesque, 1810.

Carcharias taurus Rafinesque, 1810
Plate 3, figs 1-3, Plate 4, figs 1-37

Distinctive features – According to Compagno (2001) the 
following features are typical for this species: the first 
dorsal fin base is positioned far posterior and closer to the 
pelvic fin than to the pectoral fin bases; the pre-first dorsal 
fin length is 48 to 58% of the precaudal length; the first 
dorsal fin origin is positioned well behind the inner mar-
gin of the pectoral fin bases and the fin insertion is about 
over the pelvic fin origins; the second dorsal fin is about 
as large as the first dorsal fin; the anal fin is about as large 
or slightly larger than the dorsal fins; the anal fin origin is 
positioned under the mid base of second dorsal fin.
The dentition of Carcharias taurus possesses three larger 
teeth in upper anterior rows, one intermediate tooth and 
five lateral teeth diminishing in height towards the com-
missure. The dentition has one lower parasymphyseal 
tooth, two lower larger anterior teeth and five lower later-
al teeth that diminish in height towards the commissure. 
A series of posterior files is present that is disjunct from 
the lateral ones being significantly smaller and lower in 
both upper and lower jaws, with a principal cusp chang-
ing into a low blade and a labial transverse ridge is often 



232    Hovestadt. Taxonomic adjustments of the Oligocene and Miocene Odontaspididae and Carchariidae based on extant specimens

present (Pl. 3, figs 1-3, Pl. 4, figs 1-37). The crown base 
of upper and lower anterior teeth and of most the lateral 
teeth possesses inflated distal and mesial basal exten-
sions that form the basis for a cusplet and possess coarse 
folds radiating from the cusplet. The principal cusp of 
the upper lateral teeth is distally curved, whereas in the 
lower lateral teeth they are upright. Their principal cusps 
are flanked by a cusplet on each side.
Several characteristic features are observed in the den-
tition of Carcharias that distinguishes this genus from 
Odontaspis: Three larger teeth in upper anterior rows of 
Carcharias versus two larger teeth in Odontaspis and 
posterior teeth disjunct from lateral teeth in Carcharias 
versus forming one line with the lateral teeth, diminish-
ing in eight in Odontaspis.
The dentitions of eight specimens of were available for 
examination:  ~1000 mm TL, ~1450 mm TL, ♀ 1530 mm, 
~2000 mm TL ♀ 2300 mm TL, ~2400 mm TL, ♀ 2442 
mm TL, ♀ 2486 mm TL. The teeth of mature specimens 
possess characteristic features that distinguish them from 
other odontaspidid species (Pl. 3, figs 1a-c). The upper 
tooth set comprises three anterior files, an intermediate 
file, seven lateral files and eight posterior files. The lower 
tooth set comprises a parasymphyseal file, three anterior 
files, six lateral files and eight posterior files.

Upper teeth – The first anterior tooth (Pl. 4, fig. 1) has 
a slender, elongated principal cusp that is approximately 
four times higher than the principal cusp’s base width, 
with inflated mesial and distal extensions, each as wide 
as the principal cusp’s base width and constricted at one 
fourth of its height. Both mesial and distal extensions 
possess a small cusplet that is curved towards the princi-
pal cusp. The root is arched and the root lobes diverge at 
an angle of 80°.
The second anterior tooth (Pl. 4, fig. 2) possesses an 
equally shaped but slightly higher principal cusp than the 
first one with a wider arched root. Each distal and me-
sial basal crown extension also is as wide as the principal 
cusp’s base width and is more inflated at the end with a 
well-developed cusplet half way the basal extension that 
is curved towards the principal cusp.
The third anterior tooth (Pl. 4, fig. 3) possesses a slightly 
mesially inclined principal cusp that curves slightly dis-
tally half way its height and constricted at one fourth of its 
height. Each distal and mesial basal crown extension also 
is as wide as the principal cusp’s base width and is more 
inflated at the end of the extension, with coarse folds radi-
ating from the well-developed cusplet that is present half 
way the basal extension. The mesial and distal cusplets are 
curved towards the principal cusp. The root is also arched 
with the distal root lobe less wide than the mesial one.
The fourth tooth (Pl. 4, fig. 4) is at the intermediate posi-
tion. The principal cusp is more or less triangular shaped 
with mesial and distal basal extensions each half the prin-
cipal cusp’s base width. The mesial and distal cusplets 
are triangular shaped. The root is arched with a distal 
root lobe thicker than the mesial one.
The fifth and sixth teeth (Pl. 4, figs 5, 6) are lateral ones. 
Their principal cusp inclines distally and their roots are 

wider arched with the root lobes diverging at an angle of 
150°. The crown base also possesses inflated distal and 
mesial basal extensions that are more inflated at the end 
of the extension with folds radiating from the cusplet that 
is situated half way the basal extensions. The cusplets are 
slightly inclined towards the principal cusp. The root is 
little arched and the root lobes are diverged in an angle of 
120° with a distal root lobe thicker than the mesial one.
From the third to the seventh lateral tooth (Pl. 4, figs 
7-11) the size gradually diminishes towards the commis-
sure and the principal cusp becomes curved distally. The 
crown base also possesses inflated distal and mesial basal 
extensions but the distal one becomes significantly less 
wide then the mesial one. All these teeth are constricted 
just above the crown base. The root is arched and the root 
lobes are diverged at an angle of 100° with a distal root 
lobe shorter than the mesial one.
Eight posterior teeth (Pl. 4, figs 12-19) follow disjunct 
from the lateral teeth that are significantly smaller sized 
and gradually diminish in size towards the commissure. 
They possess a triangular-shaped principal cusp that is 
inclined distally with a series of vertical folds along the 
crown base. The first posterior tooth has a mesial and dis-
tal cusplet of which the mesial one is lost in the second 
tooth as well as in further posteriors.

Lower teeth – The first tooth (Pl. 4, fig. 20) is a parasym-
physeal one that is one third as high as the first anterior 
tooth. The tooth is mesiodistally compressed. The elon-
gated principal cusp is flanked by a minute mesial and 
distal cusplet. The root is arched and the root lobes are 
diverged at an angle of 60° with a distal root lobe shorter 
than the mesial one.
The first anterior tooth (Pl. 4, fig. 21) is approximately 
three times as high as the principal cusp’s base width 
with inflated mesial and distal extensions, each as wide 
as the principal cusp’s base width. The principal cusp 
curves lingually. The mesial and distal extensions pos-
sess a small cusplet that is curved towards the principal 
cusp. The root is arched and the root lobes diverge at an 
angle of 80°.
The second anterior tooth (Pl. 4, fig. 22) possesses a 
slightly distally inclined principal cusp that is signifi-
cantly slenderer than the first anterior one with a wider 
arched root of which the mesial root lobe is less wide than 
the distal one. Each distal and mesial basal crown exten-
sion is as wide as the principal cusp’s base width and is 
more inflated at the end of the extension with coarse folds 
radiating from a well-developed cusplet half way the ba-
sal extension. The cusplets are slightly curved towards 
the principal cusp. The root is arched and the root lobes 
diverge at an angle of 80°.
The third anterior tooth (Pl. 4, fig. 23) possesses a more 
distally inclined principal cusp than the second anteri-
or tooth. Each distal and mesial basal crown extension 
also is as wide as the principal cusp’s base width and is 
more inflated at the end of the extension. The distal and 
mesial extensions have coarse folds radiating from the 
well-developed cusplet that is present half way the basal 
extensions. The cusplets are lingually inclined as well as 
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curved towards the principal cusp. The root is also arched 
with the root lobes diverging at an angle of 90° and the 
distal root lobe less wide than the mesial one.
The fifth to the tenth tooth (Pl. 4, figs 24-29) comprise 
the lateral series. The teeth gradually diminish in size to-
wards the commissure. Their principal cusp is generally 
upright or in some of them very little inclined distally. 
The root is wider arched with the root lobes diverging 
at an angle of approximately 90 to 100°. The crown base 
also possesses inflated distal and mesial extensions. The 
cusplets change from sharp and high to triangular-shaped 
cones closer towards the commissure. All these teeth are 
constricted just above the crown base.
Eight posterior teeth (Pl. 4, figs 30-37) follow more or 
less disjunct from the lateral teeth that are significantly 
smaller sized and gradually diminish in size towards the 
commissure. They possess a triangular-shaped principal 
cusp that is inclined distally with a series of vertical folds 
along the crown base. Mesial and distal cusplets are not 
developed.

Ontogenetic heterodonty – Significant ontogenetic hetero-
donty is present, that is demonstrated by fine vertical folds 
or striae on the lingual surface of the principal cusp in ju-
venile and adolescent individuals, reaching from the base 
to half way its height or some times higher. (Pl. 4, figs. 38b, 
39b, 40b, 41b). Mature individuals lack these striae. There 
also exists a strong difference in shape of the upper lateral 
teeth. In juvenile and adolescent individuals the princi-
pal cusp is triangular shaped with straight cutting edges, 
slightly oblique in upper teeth and upright in lower teeth, 
(Pl. 4, figs 42-47 & 62-64) whereas in mature individu-
als the principal cusps of the upper lateral teeth become 
strongly inclined distally in the mesialmost two teeth 
changing into curved in more advanced positions (Pl. 4, 
figs 7-11) and slightly inclined in lower lateral teeth (Pl. 4, 
figs 24-28). Teeth of mature specimens possess a unique 
distal and mesial inflated extension of the crown base that 
support the cusplets and are ornamented with several well-
developed folds radiating from the cusplets (Pl. 3, figs 1b,c 
& Pl. 4, fig. 23b). The width of the mesial as well as the dis-
tal extension of the crown base approximately equals the 
principal cusp’s base. Less developed folds are sometimes 

already present at the extensions in juvenile (Pl. 3, fig. 3b) 
and adolescent individuals. A ♀ 1530 mm TL specimen 
has lost vertical striae on the lingual surface of the prin-
cipal cusp but upper lateral teeth are still inclined distally 
instead of curved (Text-figure 1).

Carcharias cuspidatus Agassiz, 1843
Plate 6, figs 1-6, Plate 7, figs 1-38

Several authors assigned this species to the genus Car-
charias, later (Cappetta, 2012) assigned it to Aralosela-
chus. 
The type series of eight teeth is the basis for the descrip-
tion of this species. The teeth are arranged here accord-
ing to their possible jaw positions. Six teeth (Pl. 6, figs 
1-6) originate from the Molasse of Switzerland, show 
wear and are more or less poorly preserved. Four of these 
are embedded in matrix (Pl. 6, figs 2, 3, 5, 6), the others 
are isolated teeth.
Despite several attempts to find the eight syntypes in 
museums and institutions in Switzerland (eg. MHNN, 
Neuchatel; ETH, Zürich; NHM, Bern) and Germany 
(HLMD, Darmstadt) only six were found: five deposited 
in MNHN, Neuchatel (Agassiz, tab. 37a, figs 43, 44, 45, 
47 & 49) and one in ETH, Zürich (Agassiz, tab. 37a, fig. 
46). The teeth figured in Agassiz, tab. 37a, figs 48 & 50 
were not found. The latter two teeth originate from the 
Rhine borders (Tertiary sands of Flonheim) in Germany.
The six syntypes of C. cuspidatus that were retrieved are 
herein designated as lectotype and paralectotypes.
The lectotype (Pl. 6, fig. 1) is considered to belong to an 
upper anterior file. The slightly oblique principal cusp is 
approximately two and a half times higher than the prin-
cipal cusp’s base width and constricted at one seventh of 
the its height. The labial surface is smooth and slightly 
convex with a basal depression and vertical cracks in 
the enamel layer. The smooth lingual surface is convex 
with some vertical cracks in the enamel layer. The mesial 
and distal cutting edges possess a short, inflated exten-
sion that supports a small mesial cusplet. In profile view 
the principal cusp is sigmoidal. The holaulacorhizid root 
is divided into mesial and distal root lobes. The labial 

Text-fig. 1. Upper lateral teeth of ♀1530 mm TL specimen of C. taurus. Bar: 10 mm.
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crown depression continues into the root.
Paralectotype 1 (Pl. 6, fig. 2) is exposed in labial view and 
considered to belong to the second upper anterior file. 
The principal cusp is upright and slightly oblique dis-
tally, approximately twice as high as the principal cusp’s 
base width and is also constricted just above the crown 
base. The labial surface is slightly convex. The tooth is 
less preserved near the crown base but a central basal 
depression is present and mesial and distal extensions of 
the crown base with inflated basal edges are visible. The 
root is V-shaped at an angle of 90°.
Paralectotype 2 (Pl. 6, fig. 3) is exposed in lingual view 
and also is considered to belong to the second upper ante-
rior file. The principal cusp is upright and slightly oblique 
distally, approximately twice as high as the principal 
cusp’s base width and is constricted just above the crown 
base. The lingual surface is strongly convex. The tooth 
is poorly preserved near the crown base. The root is V-
shaped at an angle of 90°. Due to wear a possible central 
vertical groove is absent.
Paralectotype 3 (Pl. 6, figs 4a-c) is considered to belong to 
the first lower anterior file. The principal cusp is upright 
and elongated, approximately four times as high as the 
principal cusp’s base width and is constricted at one fifth 
of its height. After a slight constriction the smooth cutting 
edges are more or less parallel up to halfway its height and 
then both curving towards the apex. The labial surface 
is slightly convex and mesial and distal cutting edges are 
more or less extended supporting a small cusplet. Some 
mesial and distal folds are present at the crown base. The 
lingual surface is strongly convex and has vertical cracks 
in the enamel layer caused by external influences.
The holaulacorhizid root is divided into mesial and distal 
root lobes that are equally wide and diverge at an angle 
of 90°. The lingual face shows a narrow and shallow cen-
tral groove with a relatively large central foramen at the 
slightly lingually protruding root-lobe junction.
Paralectotype 4 (Pl. 6, fig. 5) is exposed in labial view 
and considered to belong to the lower anterolateral file. 
The principal cusp is approximately twice as high as the 
principal cusp’s base width and is constricted just above 
its base. The smooth cutting edges are straight with the 
mesial and distal cutting edges more or less extended. 
Cusplets are not preserved. Due to excess matrix material 
the crown base is hard to observe but it has a V-shaped 
central depression. The holaulacorhizid root is divided 
into mesial and distal relatively narrow root lobes, of 
which the distal one is wider than the mesial one that di-
verge at an angle of 60°.
Paralectotype 5 (Pl. 6, fig. 6) is exposed in labial view 
and considered to belong to a lower lateral file. The prin-
cipal cusp is slightly curved distally and approximately 
twice as high as the principal cusp’s base width and is 
constricted at one fifth of its height. The labial surface 
lacks a large part of the central basal enamel layer disa-
bling to observe a possible extension of the cutting edges 
and cusplets, as well as a central depression. The holaula-
corhizid root is divided into mesial and distal root lobes 
that diverge at an angle of 90°. The mesial root lobe is 
partly preserved.

An articulated skeleton of a large carchariniid shark, 
that was identified by the author as C. cuspidatus, was 
found in the Oligocene of Germany of which one part 
is housed in the HLMD, Darmstadt (HLMD-WT 941) 
and the counterpart in SMNK, Karlsruhe (SMNK-PAL 
6598). The dentition of this specimen is almost complete 
(Pl. 7, figs 1-22). Comparing the type specimens with this 
new found odontaspidid shark the teeth of the type series 
equal those of the new found shark:

Type series New specimen
Pl. 6, fig. 1  Pl. 7, fig. 1
Pl. 6, figs 2 & 3  Pl. 7, fig. 2
Pl. 6, figs 4 & 5  Pl. 7, fig. 14
Pl. 6, fig. 6  Pl. 7, fig. 17

There are development-related morphological differences 
between the teeth of C. cuspidatus specimens from the 
Oligocene and those from the Miocene. For example, in 
Reinecke et al. (2001) a series of teeth of C. cuspidatus 
from lower Oligocene deposits (Rupelian) is illustrated 
in which the distal and mesial inflated basal extensions of 
the crown are less developed. The much larger specimen 
HLMD-WT 941/SMNK-PAL 6598, also from upper Oli-
gocene deposits, with teeth more than twice the height of 
those illustrated by Reinecke et al. (2001) possesses bet-
ter developed distal and mesial inflated basal extensions 
of the crown. Reinecke et al. (2011, text-figs 10, 12; pl. 11, 
figs 1-18; pl. 12, figs 1-12; pl. 13, figs 1-12; pl. 14, figs 1-11) 
illustrate teeth identified as C. taurus from the Late Bur-
digalian. These teeth however, do not correspond with 
the teeth of C. taurus and must be considered to belong 
to C. cuspidatus. Further Miocene teeth of C. cuspidatus 
sometimes possess two mesial and distal cusplets. Both 
Oligocene as Miocene types of teeth however, possess 
a well-developed distal and mesial inflated basal exten-
sions of the crown base.

Carcharias acutissimus (Agassiz, 1843)
Plate 6, figs 12-13

The original description of this species is based on two 
teeth. One of the syntypes of C. acutissimus (Pl. 6, fig. 
13) originates from the Burdigalian Molasse of Burgdorf 
(Berthoud), Switzerland. The origin of the second tooth 
(Pl. 6, fig. 12) is unclear but because of strong similar-
ity with the first one was also assigned to this species 
by Agassiz. Despite several attempts to find the type 
specimens in museums and institutions in Switzerland 
and Germany (eg. MHNN (Neuchatel), ETH (Zürich), 
NMB (Bern) and HLMD (Darmstadt) any indication of 
their whereabouts could not be given and therefore could 
not be examined. According to the description in Agas-
siz (1843) both teeth possess an almost triangular-shaped, 
broad based principal cusp with straight mesial and distal 
cutting edges. These features are found in lower lateral 
teeth of species belonging to the genus Carcharoides 
(Reinecke et al., 2011). Reinecke et al. (2018) illustrated 
artificial tooth sets based on isolated teeth of Carcha-
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roides catticus from the Chattian and upper Burdigalian. 
Further they identified ontogenetic heterodonty in ante-
rior and lateroposterior teeth.
By comparing the syntypes of C. acutissimus with lower 
lateral teeth of C. catticus illustrated by Reinecke et al. 
(2018) the latter appear to have narrower based principal 
cusps and lower cusplets. Illustrations of teeth of C. cat-
ticus that are more or less similar to the types of Car-
charias acutissimus are found in Kocsis, 2007, fig. 5-2, 
Reinecke et al., 2014, pl. 20, fig. 5; Bor et al. 2012, pl. 10, 
fig. 11 and Reinecke et al., 2011, pl. 28 figs 3 & 5.
Carcharoides teeth lack striae on the lingual surface of 
the principal cusp that according to Agassiz (1843) are 
present in C. acutissimus. Both syntypes cannot be ex-
amined in detail to observe possible striae and therefore 
are here tentatively assigned to Carcharoides catticus.
Although the tooth morphology does not correspond 
with the original illustrations and descriptions of Agassiz 
(1843) many authors have assigned fossil teeth to Car-
charias acutissimus, (eg. Leriche, 1910, 1927; Weiler, 
1928, 1933, 1943, 1957, 1966; Van de Geyn, 1937; Kruck-
ow, 1964, 1965; Van den Bosch, 1971, 1978; Boy, 1975; 
Von der Hocht, 1978, 1986; Müller, 1983, 1996; Nolf, 
1986; Cappetta, 1987, 2012; Ward, 1988; Freess, 1991, 
1992; Génault, 1993; Baut, 1993; Hovestadt & Hove-
stadt–Euler, 1995, 2010; Baut & Génault, 1999; Moths, 
2000; Reinecke et al., 2001). These teeth are here ad-
dressed as “C. acutissimus”.
Articulated jaw parts and many isolated teeth from the 
Oligocene of Belgium were attributed to C. acutissimus 
by Leriche (1910). Leriche (1910, p. 264) describes the 
presence of generally well developed, irregular striae 
on the lingual surface of the principal cusp and his pl. 
XIV illustrates a reconstructed dentition of the upper and 
lower jaws. The teeth show the unique distal and mesial 
inflated extension of the crown base edges, characteristic 
for Carcharias species. The upper lateral teeth possess a 
triangular-shaped, distally oblique principal cusp. Simi-
lar features were described and illustrated by Reinecke 
et al. (2001, pls. 10-22) in reconstructed tooth sets of the 
dentition of “C. acutissimus” and C. cuspidatus.
Cappetta (1970) mentions significant differences in the 
“C. acutissimus” teeth from Oligocene deposits and 
those from Miocene deposits. The latter sometimes ap-
pear to have two mesial and distal cusplets whereas those 
from Oligocene deposits possess one single mesial and 
distal cusplet. He also observed regional differences in 
teeth from Miocene deposits, some of which also possess 
one single mesial and distal cusplet as in specimens from 
the quarry of Loupian (Helvetian). The phenomenon of 
two or one mesial and distal cusplet is also found in C. 
cuspidatus from these particular quarries.
For comparative purposes, similar to the reconstructed 
tooth set illustrated by Leriche (1910, pl. XIV), a recon-
struction of the tooth set of “C. acutissimus” was com-
posed based on isolated teeth from the Rupelian quarry 
of Eckelsheim (Germany), figured on Pl. 7, figs 23-38. A 
reconstruction of the dentition of “C. acutissimus” from 
the Middle Miocene of the Berchem Formation yielded 
from a temporary excavation in 1985 for construction of 

the Lode Craeybeckx tunnel at Berchem (Belgium) is fig-
ured on Pl. 7, figs 39-52. 
They demonstrate similar ontogenetic features as in ju-
venile individuals of C. taurus: vertical striae on the lin-
gual surface of the principal cusp and the upper lateral 
teeth being distally inclined instead of curved. However, 
material from the Berchem locality shows two distal and 
mesial cusplets as described by Cappetta (1970). The cus-
plets of “C. acutissimus” from the Oligocene are slightly 
higher than those of juvenile or adolescent individuals of 
C. taurus. Those from the Miocene are also higher than 
in juvenile or adolescent individuals of C. taurus and 
with vertical striae on the lingual crown base surface but 
possess a second less developed mesial and distal cusplet. 
The teeth of C. cuspidatus from the Miocene of Berchem 
also possess a second mesial and distal cusplet (Pl. 7, 
figs 53-54) which supports that “C. acutissimus” could 
present a juvenile individual of C. cuspidatus.

Carcharias divergens Solt, 1988
Plate 6, figs 7-11

This species is often assigned to the genus Carcharias.
C. divergens (Solt, 1988) is reported from the Oligocene 
of Hungary and represented by four blocks with clusters 
of associated teeth and vertebrae. Three blocks possess 
associated teeth (Pl. 6, figs 7-9). Two teeth were found 
isolated near the blocks (Pl. 6, figs 10-11). The holotype 
(MÀFI V 14 636) is a lower anterior tooth and possesses 
striae or folds on the lingual surface of the principal cusp 
(Pl. 6, fig. 11b). Another isolated tooth represents an up-
per lateral tooth (Pl. 6, Fig. 10ab). The more or less com-
plete teeth on the blocks were digitally isolated from high 
resolution photographs of the clusters on the blocks and 
as far as possible a partly reconstructed dentition is com-
posed (Pl. 6, figs 7a-1, 9-3). 
Although the preservation of the teeth on the blocks is 
poor, generally the following features were found in C. 
divergens (Solt, 1988): upper lateral tooth with a trian-
gular-shaped curved principal cusp (Plate 6, fig. 7a-3) 
and poorly developed striae on the lingual surface of the 
crown (Pl. 6, fig. 11b). The teeth show much similarity 
with teeth of C. cuspidatus.

Carcharias gustrowensis Winkler, 1875
Plate 6, figs 14-17
 
This species was assigned to the genus Carcharias by 
Reinecke et al. (2005). The dentition of C. gustrowensis 
equals a mature specimen with the crown of the upper 
lateral teeth strongly curved (Pl. 6, figs 14-17). Inflated 
basal crown edges with coarse folds supporting the cus-
plet are also present (Pl. 6, fig. 17a). The maturity is con-
firmed by the pregnancy of the specimen that was de-
scribed by Hovestadt & Hovestadt-Euler (2010). Further 
the specimen (and teeth) are significantly smaller sized 
than in C. cuspidatus and therefore must be considered 
as a valid species.
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Carcharias vorax Le Hon, 1871

This species was often assigned to the genus Carcharias 
and later to Araloselachus (Bor et al., 2012) based on a 
single tooth. The original tooth that this species is based 
on is considered lost and therefore a neotype and para-
neotype was designated by De Schutter (2011) from Mio-
cene deposits of Belgium. Both teeth possess the char-
acteristic details of inflated basal crown extensions and 
their principal cusps are constricted about one fourth of 
their height.

Genus Araloselachus Glikman, 1964
Type species: Araloselachus agespensis Glikman, 1964

Diagnosis – The principal cusp of the teeth is broad, lack-
ing mesial and distal inflated basal edges of the principal 
cusp, and cusplets are poorly developed or absent. Both 
cutting edges are straight to slightly sigmoidal. The root 
has relatively thick root lobes (Pl. 5, figs 1-15).
The genus is only known from extinct species and ac-
cording to Cappetta (2012) comprises the following spe-
cies and subspecies: Araloselachus agespensis (Glikman, 
1964), Araloselachus araloselachus araloselachus (Glik-
man, 1964), Araloselachus araloselachus kutanbulaki 
Zhelezko in Zhelezko & Kozlov, 1999, Araloselachus 
araloselachus nurensis Zhelezko in Zhelezko & Kozlov, 
1999, Araloselachus araloselachus solonovski Zhelezko 
in Zhelezko & Kozlov, 1999, Araloselachus baigubeki 
(Glikman, 1964), Araloselachus cuspidatus (Agassiz, 
1843), Araloselachus turgaensis Zhelezko in Zhelezko 
& Kozlov, 1999, Araloselachus turgaensis barsukensis 
Zhelezko in Zhelezko & Kozlov, 1999, Araloselachus 
turgaensis belinski Zhelezko in Zhelezko & Kozlov, 
1999, Araloselachus turgaensis turgaensis Zhelezko in 
Zhelezko & Kozlov, 1999.

Araloselachus agespensis Glikman, 1964
Plate 5, figs 1-15

Age – Burdigalian (Aral Formation)
Type locality – Northern bank of the Aral Sea, Kaza-
khstan.
According to GDM, the original type series is lost and 
has been replaced by a set of fifteen specimens (GDM 
collection numbers KP OF 8057 15-29) that originates 
from the same stratigraphic level and location and was 
also identified as Araloselachus agespensis by Glikman. 
This additional set is designated herein as neotype and 
paraneotypes (Pl. 5, figs 1-15). The original type series 
was mainly represented by anterior teeth that mostly 
were photographed in lingual view only. The new series 
also presents several lateral teeth and each tooth has been 
photographed in four views: mesial, distal lateral, labial 
and lingual. The tooth KP OF 8057 29 (Pl. 5, fig. 15) is 
herein designated as neotype.
On Pl. 5 the teeth are arranged in a hypothetical upper 
and lower tooth set of anterior and lateral teeth. The teeth 

of upper and lower jaws are distinguished by the shape of 
principal cusp and root.

Upper teeth
Paraneotype 1 (Pl. 5, fig. 1)
This upper anterior tooth possesses a broad principal cusp 
that is more than twice as high as the principal cusp’s base 
width, has slightly sigmoidal smooth cutting edges that 
narrow and finally join at an angle of approximately 30°. A 
small well preserved but poorly developed distal cusplet is 
present next to the principal cusp. In lateral view the prin-
cipal cusp is slightly sigmoidal, the smooth labial surface 
is moderately convex and the also smooth lingual surface 
is slightly convex. Some vertical cracks in the enamel layer 
of both lingual and labial surfaces are present. The lesser 
preserved root diverges at an angle of 130°.

Paraneotype 2 (Pl. 5, fig. 2)
This upper anterior tooth possesses a slightly distally 
curved principal cusp that is two and a half times higher 
than the principal cusp’s base width with smooth cutting 
edges. Both lingual and labial surfaces of the principal 
cusp are smooth. In lateral view the labial surface is al-
most straight to slightly sigmoidal and the lingual one is 
convex and stronger sigmoidal. Both cutting edges join at 
an apex angle of approximately 40°. At each side of the 
principal cusp a minute sharp cusplet is present, the distal 
one well developed, the mesial one lesser developed. The 
root diverges at an angle of 130° with the mesial root lobe 
wider than distal one.

Paraneotype 3 (Pl. 5, fig. 3)
This upper lateral tooth possesses a broad-based slightly 
distally curved principal cusp that is one and a half times 
as high as the principal cusp’s base width, with smooth 
cutting edges that join at an angle of approximately 40°. 
Cusplets are absent, which may have broken off.
In lateral view the labial surface of the principal cusp is 
almost straight and slightly convex whereas the lingual 
surface is slightly sigmoidal and more convex then the 
labial one. The root is less preserved, diverges at an angle 
of 130° and the distal root lobe is wider than the mesial 
one.

Paraneotype 4 (Pl. 5, figs 4a-d)
This upper lateral tooth possesses a broad-based distally 
inclined principal cusp with smooth cutting edges and is 
approximately as high as the principal cusp’s base width. 
The tip of the principal cusp is incomplete. The labial 
surface possesses some irregular depressions. At each 
side of the principal cusp a blade-like cusplet is present. 
In lateral view the principal cusp slightly curves lingual-
ly. The lingual surface is convex, whereas the labial one 
slightly curves lingually and is little convex. The root di-
verges at an angle of 170° and a deep notch separates both 
root lobes. The distal root lobe is incomplete.

Paraneotype 5 (Pl. 5, fig. 5) 
Although the principal cusp is slightly more curved dis-
tally this upper lateral tooth is similar to paraneotype 3.
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Lower teeth
Paraneotype 6 (Pl. 5, fig. 6)
This lower parasymphyseal tooth possesses a broad dis-
tally oblique principal cusp with smooth cutting edges 
and is three times higher than the principal cusp’s base 
width. The distal cutting edge is slightly curved mesially 
and the mesial one is almost straight. Cusplets are ab-
sent. Besides some vertical cracks in the enamel layer 
both labial and lingual surfaces are smooth. In lateral 
view the principal cusp is curved lingually. The arched 
root diverges at an angle of 80° and lingual and mesial 
root lobes are equally wide. The labial surface possesses 
a central depression.

Paraneotype 7 (Pl. 5, fig. 7)
This lower anterior tooth possesses a principal cusp that 
is two and a half times higher than the principal cusp’s 
base width, with a concave, smooth distal cutting edge 
and a slightly sigmoidal smooth mesial cutting edge. 
They join at an apex angle of approximately 20°. The 
enamel layer of the basal part of the lingual surface is not 
preserved and the remaining part is partly disconnected 
from the labial surface. Both labial and lingual surfaces 
possess vertical cracks of the enamel layer. Because of 
the poor preservation of the crown possible former pres-
ence of cusplets cannot be excluded. In lateral view the 
principal cusp is curved lingually. The poorly preserved, 
more or less arched root diverges at an angle of 90° and 
the distal and mesial root lobes are equally wide.

Paraneotype 8 (Pl. 5, fig. 8)
This lower anterior tooth possesses a principal cusp that 
is two and a half times higher than the principal cusp’s 
base width, with a concave, smooth distal cutting edge 
and a slightly sigmoidal smooth mesial cutting edge that 
join at an apex angle of approximately 20°. The lingual 
and labial surfaces are smooth; the labial one slightly con-
vex, the lingual one strongly convex. In lateral view the 
principal cusp is curved lingually. Remnants of a poorly 
developed mesial cusplet are present. The less preserved 
more or less arched root diverges at an angle of 90° and 
the distal root lobe is less wide than the mesial one. Both 
root lobes appear to be worn at the tips

Paraneotype 9 (Pl. 5, fig. 9)
This lower anterior tooth possesses a straight broad prin-
cipal cusp that is two and a quarter times higher than the 
principal cusp’s base width that slightly curves distally 
with slightly sigmoidal and smooth cutting edges. Small 
cusplets are present at each side of principal cusp next 
to the cutting edges. The labial and lingual surfaces are 
smooth but some vertical cracks are present in the enamel 
layer. In lateral view the principal cusp slightly curves 
lingually; the labial surface is flat and the lingual one is 
convex. The root diverges at an angle of 90°. Both root 
lobes are about equally wide and are separated by a lin-
gual central groove.

Paraneotype 10 (Pl. 5, fig. 10)
This lower anterior tooth is similar to paraneotype 9 but 

less preserved. Large parts of the labial and lingual basal 
sections of the enamel layer are lost by damage. Probably 
due to lacking of the enamel layers the cusplets are lost 
as well.

Paraneotype 11 (Pl. 5, fig. 11)
Due to the poor preservation it is hard to establish wheth-
er the tooth belongs to an anterior or lateral position in the 
jaw. Presumably this is a poorly developed lower lateral 
tooth with the mesial cutting edge missing as well as a 
large part of the mesial root lobe. The principal cusp that 
is twice as high as the principal cusp’s base width pos-
sesses a slightly sigmoidal distal cutting edge. The distal 
cutting edge joins with the remaining part of the mesial 
cutting edge at an angle of approximately 45°. Both la-
bial and lingual surfaces are smooth with the lingual one 
strongly sigmoidal and convex, the labial one less convex 
and slightly sigmoidal. Due to the poor preservation the 
presence of cusplets cannot be established. The root di-
verges at an angle of 90° and is separated by a lingual 
central groove.

Paraneotype 12 (Pl. 5, fig. 12)
This lower lateral tooth possesses a straight broad princi-
pal cusp that is twice as high as the principal cusp’s base 
width, with slightly sigmoidal and curved smooth cut-
ting edges that join at an apex angle of 35°. The lingual 
and labial surfaces are smooth but some vertical cracks 
are present in the enamel layer. A relict of a tiny mesial 
cusplet is present. In lateral view the principal cusp is 
slightly sigmoidal and lingually curved. The labial sur-
face is flat and the lingual one convex. The poorly pre-
served root diverges at an angle of 130°.

Paraneotype 13 (Pl. 5, fig. 13)
This lower lateral tooth is only presented by remnants of 
the principal cusp that is twice as high as the principal 
cusp’s base width and generally equals paraneotype 10.

Paraneotype 14 (Pl. 5, fig. 14)
This lower anterior/lateral? tooth possesses a straight 
broad-based principal cusp that is approximately twice 
as high as the principal cusp’s base width; with almost 
straight to slightly convex smooth cutting edges that join 
at an apex angle of approximately 40°. Cusplets are ab-
sent. In lateral view the principal cusp curves lingually. 
The labial surface is flat and the lingual one is convex. 
The root misses a large part of the mesial lobe. Both root 
lobes diverge at an angle of 90°.

Neotype (GDM collection number KP OF 8057 29) (Pl. 
5, fig. 15)
This lower lateral tooth possesses a broad based and tri-
angular-shaped principal cusp that is one and a half times 
higher than the principal cusp’s base width with almost 
straight cutting edges. Tiny cusplets are present at each 
side of the principal cusp. In lateral view the principal 
cusp curves slightly lingually. The root diverges at an an-
gle of 90°.
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Analyses and comparisons

Araloselachus agespensis
As the original type series of Araloselachus agespensis 
is lost, it is replaced by a neotype series. The original se-
ries solely comprised anterior teeth but the neotype series 
comprises, besides upper and lower anterior teeth, lateral 
teeth as well. The characteristic anterior teeth possess an 
elongated and broad principal cusp that is not constricted 
at the base and sometimes possesses a poorly developed 
mesial and/or distal cusplet. Upper and lower lateral teeth 
possess a triangular-shaped principal cusp, about one and 
a half times as high as its base width with a mesial and 
distal triangular-shaped cusplet. Mesial and distal basal 
extensions are absent in upper and lower teeth. Generally, 
the root lobes are relatively short.

Carcharias cuspidatus
Only six of eight teeth of the type series of C. cuspidatus 
could be retrieved, which are herein described as a lec-
totype series. The series consists of three anterior teeth, 
one lower anterior tooth, a lower anterolateral tooth and 
a lower lateral tooth. The slightly distally oblique first 
upper anterior tooth possesses a principal cusp that is 
high and constricted at one seventh of the its height with 
a well-developed mesial cusplet present (the distal one 
was probably lost due to poor preservation). The second 
and third anterior teeth possess a high crown and are 
also constricted just above the crown base. Mesial and 
distal cusplets are absent due to poor preservation but 
remains are still present. The first lower anterior tooth 
possesses an elongated, relatively broad principal cusp 
that is constricted at one fifth of its height. A well-de-
veloped mesial and distal cusplet is present. The distally 
oblique lower anterolateral tooth has a relatively narrow 
principal cusp that is constricted just above its base. Due 
to poor preservation, cusplets cannot be observed. The 
lower lateral tooth possesses an upright principal cusp 
that is constricted at one fifth of its height. Mesial and 
distal cusplets are absent due to poor preservation. Gen-
erally, the root possesses narrow and widely diverged 
root lobes.
Besides the lectotype series, an articulated skeleton was 
available, which has an almost complete dentition with 
three anterior teeth, an intermediate one, six lateral teeth 
and one posterior teeth in the upper jaw and a parasym-
physeal tooth, two anterior teeth, six lateral teeth and two 
posterior tooth in the lower jaw.
The upper anteriors possess an elongated principal cusp 
with distal basal extensions inflated. The intermediate 
tooth possesses an elongated principal cusp, the first two 
lateral teeth possess a distally oblique elongated princi-
pal cusp with distal basal extensions inflated, the next 
five are similar to the first two but are distally curved. 
The only found upper posterior tooth possesses a trian-
gularly shaped, distally inclined principal cups with an 
also triangularly shaped poorly developed distal cusplet. 
All these upper teeth possess a mesial and distal cusplet. 
The lower parasymphyseal tooth possesses an elongated 
principal cusp with inflated mesial and distal basal ex-

tensions. The lower anterior teeth possess an elongated 
principal cusp with inflated mesial and distal basal exten-
sions, the lower lateral teeth possess an upright princi-
pal cusp with inflated mesial and distal basal extensions. 
Two posterior teeth were found possessing a triangularly 
shaped, upright principal cusp with poorly developed 
mesial and distal cusplets. All upper and lower anterior 
and lateral teeth are constricted just above the crown base 
and possess mesial and distal cusplets.

Carcharias vorax
According to De Schutter (2011) the neotype and para-
type of C. vorax are lower anterior teeth that possess a 
broad based high and upright principal cusp that is con-
stricted about one fourth of its height. A well-developed 
mesial and distal principal cusplet is present. Distal and 
mesial basal extensions are present.

Carcharias taurus
The present-day specimens of C. taurus possess a 
unique dentition with three anterior teeth, an intermedi-
ate one, seven lateral teeth and a series of eight poste-
rior teeth in the upper jaw and a parasymphyseal tooth, 
three anterior teeth, six lateral teeth and a series of eight 
posterior teeth. The upper anteriors possess an elongated 
principal cusp, constricted at one fourth of their height, 
with inflated mesial and distal basal extensions on which 
coarse folds radiate from a well-developed cusplet and 
extra inflated at the end of the extension. The inter-
mediate tooth possesses a triangular-shaped principal 
cusp, the first two lateral teeth possess a distally oblique 
elongated principal cusp with inflated mesial and distal 
basal extensions on which coarse folds radiate from a 
well-developed cusplet and are extra inflated at the end 
of the extension, the next five are similar to the first two 
but are distally curved. All these upper teeth possess 
a mesial and distal cusplet. The lower parasymphyseal 
tooth possesses an elongated principal cusp with inflated 
mesial and distal basal extensions. The lower anterior 
teeth possess an elongated principal cusp with inflated 
mesial and distal basal extensions, extra inflated at the 
end of the extensions, gradually becoming more oblique. 
The lower lateral teeth possess an upright principal cusp 
with inflated mesial and distal basal extensions on which 
coarse folds radiate from a well-developed cusplet and 
are extra inflated at the end of the extensions. All these 
teeth are constricted just above the crown base. Upper 
and lower posterior teeth possess a triangular-shaped 
principal cusp that is inclined distally with a series of 
vertical folds along the crown base and a mesial blade as 
substitute for a cusplet.

Araloselachus agespensis versus C. cuspidatus
Comparing the characteristic features of A. agespensis 
with the lectotypes and teeth of the additional specimen 
of C. cuspidatus the following differences are observed: 
the anterior teeth possess a principal cusp that is not or 
hardly constricted above the base in A. agespensis but 
always constricted in C. cuspidatus. Mesial and distal 
cusplets are mostly absent in A. agespensis but well de-
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veloped in C. cuspidatus. The principal cusp base is not 
mesially and distally extended in teeth of A. agespensis 
but always extended in C. cuspidatus.
The lateral teeth possess a triangular principal cusp, the 
height one a half its base width in A. agespensis whereas 
narrow, constricted above the base in C. cuspidatus. Me-
sial and distal cusplets are mostly absent in anterior teeth 
and triangular shaped in lateral teeth of A. agespensis but 
present and well developed in anterior and lateral teeth of 
C. cuspidatus.

Araloselachus agespensis versus C. vorax
Only the anterior teeth of C. vorax are comparable. These 
possess a high principal cusp that is not or hardly con-
stricted above the base in A. agespensis but relatively low 
and constricted above the base in C. vorax. Mesial and 
distal cusplets are mostly absent in A. agespensis but well 
developed in C. vorax.

Other differences
Comparing C. cuspidatus and C. vorax reveals that the 
upper anterior teeth possess an elongated principal cusp 
with little developed mesial and distal cusplets in C. cus-
pidatus whereas a lower principal cusp and well-devel-
oped mesial and distal cusplets in C. vorax.

C. cuspidatus versus C. taurus
Comparing C. cuspidatus (lectotypes and teeth of an ad-
ditional specimen) with C. taurus reveals that the upper 
anterior teeth of C. cuspidatus have similarity with those 
of C. taurus particularly by the shape of the principal 
cusp with similar root lobes and possesses inflated me-
sial and distal basal extensions. However, the principal 
cusp of anterior teeth of C. cuspidatus is broad that is 
slender and higher in C. taurus and lacks the mesial and 
distal inflated basal extensions as well as the folds ra-
diating from the cusplets and the extra inflated end of 
the extensions. The upper lateral teeth of C. cuspidatus 
show similarity with those of C. taurus but their principal 
cusps are lower in C. cuspidatus and lack extra inflated 
basal ends of the extensions. The lower anteriors of C. 
cuspidatus also show much similarity with those C. tau-
rus but lack the extra inflation at the end of the mesial and 
distal extension in C. cuspidatus. The lower lateral teeth 
of C. cuspidatus show much similarity with those of C. 
taurus but lack the extra inflation at the end of the mesial 
and distal extensions.
Generally, the teeth of C. cuspidatus are distinguishable 
from those of C. taurus by a broader and lower princi-
pal cusp, less developed distal and mesial inflated basal 
extensions of the principal cusp, lacking of the charac-
teristic coarse folds on the basal extensions radiating 
from the cusplet and the extra inflated basal ends of the 
extensions. The principal cusp of C. taurus teeth is sig-
nificantly more slender and higher than in C. cuspidatus.
Purdy et al. (2001), Reinecke et al. (2011) and Bor et al. 
(2012) report C. taurus from Miocene deposits and pro-
vide illustrations and descriptions more or less indicat-
ing the characteristic distal and mesial inflated extension 
of the crown base. One tooth even possesses distal and 

mesial inflated extensions of the crown base edges with 
some less developed characteristic folds (pers. obs. col-
lection Reinecke, 2019) but the inflated extension of the 
crown base edges is significantly less wide and their ends 
are not extra inflated as in C. taurus (plate 3, figs. 1b and 
1c).
Besides the characteristic features of mesial and distal 
inflated extensions of the crown with folds radiating from 
the cusplet and the extra inflated basal extensions the ra-
tio of principal crown height and its base width shows 
a higher crown in C. taurus than in other species as is 
demonstrated in Table 1. Other data in Table 1 reveals 
that in all species the principal cusp is constricted at the 
base, that is not so in Araloselachus agespensis.

Conclusions and discussions

The comparison of tooth morphology of Araloselachus 
agespensis, Carcharias taurus and Carcharias cuspida-
tus proves the latter to belong to the genus Carcharias.

According to Reinecke et al. (2011) the shape of the teeth 
of both syntypes of Carcharias acutissimus does not cor-
respond with Carcharias, but equals teeth of the genus 
Carcharoides Ameghino, 1901. However, according to 
Agassiz the teeth possess striae on the lingual surface 
that are absent on Carcharoides teeth. Both syntypes ap-
pear to be lost and thus the presence or absence of striae 
cannot be verified. Therefore, these teeth are tentatively 
attributed to the lower lateral files of Carcharoides cat-
ticus.
Ontogenetic heterodonty was found in the present-day 
specimens of C. taurus.  Comparing the dentition of C. 
cuspidatus and teeth described as “C. acutissimus” re-
veals a dentition similar to that of juvenile individuals 
of C. taurus. Comparing reconstructions of the dentition 
of Oligocene and Miocene material of “C. acutissimus” 
reveals that Oligocene teeth possess one mesial and dis-
tal cusplet at each side and Miocene material sometimes 
possesses two cusplets at each side. “C. acutissimus” 
teeth with two cusplets correspond with C. cuspidatus 
teeth from the same deposits, as these also present two 
cusplets.
Generally, the dentition of “C. acutissimus” largely cor-
responds with the dentition of a juvenile specimen of 
Carcharias taurus. Considering the poor condition of 
the syntypes of C. cuspidatus, the dentition of a large 
specimen that is identified as C. cuspidatus from the Oli-
gocene of Germany (Pl. 7, figs 1-22) was used. This spec-
imen possesses curved upper lateral teeth as is observed 
in adult specimens of C. taurus.
Adult specimens belonging to the genus Carcharias all 
possess the particular distally curved upper lateral teeth 
as found in C. cuspidatus and C. taurus. The upper lat-
eral teeth of “C. acutissimus” are not curved but inclined 
like juvenile and adolescent specimens of C. taurus. 
Therefore it is suggested here to consider the specimens 
identified as “C. acutissimus” to represent juvenile C. 
cuspidatus.
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Many authors (e.g. Purdy et al., 2001; Reinecke et al., 
2011 and Bor et al., 2012) figured Carcharias teeth from 
Miocene deposits as C. taurus. Although less developed, 
several teeth more or less show distal and mesial inflated 
basal crown extensions but coarse folds, radiating from 
the cusplets as found in specimens of C. taurus and me-
sial and distal extra inflated outer basal ends are absent. 
These teeth correspond to adult individuals of C. cuspi-
datus.
Cappetta & Nolf (1991) claimed that C. taurus is present 
in the Pliocene (Zanclian) of France. However, the tooth 
illustrated consists of a crown part only. Missing all fur-
ther characteristic features disables a reliably identifica-
tion of this tooth. Cappetta & Cavallo (2006) illustrate 
a first lower anterior tooth of a C. taurus-like specimen 
from the Pliocene of Italy. However, the tooth has a simi-
lar principal cusp as C. taurus but, probably due to wear 
of the root, the inflated distal and basal extensions are 
poorly preserved, precluding a reliable identification.
Landini (1977, pl. 12, figs. 10-12) illustrated and de-
scribed three teeth from the Pliocene of Italy, that he as-
signed to C. acutissimus. However, these teeth possess 
the particular characteristic features that are found in C. 
taurus teeth representing an upper anterior, an upper lat-
eral and a lower anterior tooth that confirm the presence 
of C. taurus in the Pliocene of Italy.
Xio Mara García et al. (2009) described and illustrated an 
upper anterior tooth of C. taurus from the lower Pliocene 
of Spain that possesses the characteristic features of the 
extant C. taurus. These records confirm that the oldest 
records of C. taurus are from the early Pliocene.
Comparing C. vorax and Araloselachus agespensis 
shows there is little similarity between these species. As 
described above, C. vorax possesses many characteris-
tics of the genus Carcharias. Therefore including this 
species into the genus Araloselachus (as proposed by Bor 
et al., 2012) is not supported.
The moderate size of the teeth and the poorly developed 
striae present on the lingual surface of the principal cusp 
as well as the curved upper lateral teeth demonstrate 
that C. divergens (Solt, 1988) is an intermediate ontoge-
netic stage of tooth development between C. cuspidatus 
and “C. acutissimus” and therefore this species is syno-
nymised with C. cuspidatus.
The general tooth morphology of C. cuspidatus and C. 
vorax corresponds with C. taurus as described above and 
therefore these species are included in the genus Car-
charias, instead of Araloselachus.
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Plate 1. 1. Odontaspis ferox (Risso, 1810) ~2400 mm TL Upper and lower jaw half (courtesy F. Migom, Dikkelvenne, Belgium). 
2. Odontaspis noronhai (Maul, 1955) ~3500 mm Upper and lower jaw half (courtesy P.M Harris, New Port Richey, Florida, 
USA). Bar: 100 mm.
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Plate 2. 
1-44. Odontaspis ferox (Risso, 1810) ~2400 mm TL (courtesy P.M Harris, New Port Richey, Florida, USA). 1-25. Upper jaw. 1. 

parasymphyseal tooth, labial view; 2-3. anterior series, labial view; 4-8. intermediary series, labial view; 9-19. lateral series, 
labial view; 20-25. posterior series, labial view. 26-44. Lower jaw. 26. parasymphyseal tooth, labial view; 27-28. anterior series, 
labial view; 29-39. lateral series, labial view; 40-44. posterior series, labial view.

45-53. Odontaspis ferox (Risso, 1810) ~1520 mm TL (courtesy M. McGrouther (Australian Museum Sydney, Australia), 45-48. 
Upper jaw. 45. anterior tooth, a. labial view, b. lingual; 46. intermediary tooth, a. labial view, b. lingual view; 47. lateral tooth, 
a. labial view; 48. posterior tooth, labial view; 49-53. Lower jaw. 49. parasymphyseal tooth, a. labial view, b. lingual view; 50. 
anterior tooth, a. labial view, b. lingual view; 51-52. lateral teeth, a. labial view, b. lingual view; 53. posterior tooth, a. labial 
view, b. lingual view; 

54-84. Odontaspis noronhai (Maul, 1955) ~3500 mm TL (courtesy P.M Harris, New Port Richey, Florida, USA). 54-68. Upper jaw. 
54-55. anterior series, labial view; 56. intermediary tooth, labial view; 57-63. lateral series, labial view; 64-68. posterior series, 
labial view; 69-84. Lower jaw. 69. parasymphyseal tooth, labial view; 70-71. anterior series, labial view; 72-81. lateral series, 
labial view; 82-84. posterior series, labial view.

Bar: 10 mm.
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Plate 2.
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Plate 3. 
1. Carcharias taurus Rafinesque, 1810 ~2400 mm TL (courtesy F. Migom, Dikkelvenne, Belgium). a. upper and lower jaw halves, 

b. first lower lateral tooth (detail), c. second upper anterior tooth (detail);
2. Carcharias taurus Rafinesque, 1810 ~1450 mm TL a. upper and lower jaw halves, b. third upper anterior tooth, intermediary tooth 

and first lateral (detail);
3. Carcharias taurus Rafinesque, 1810 ~1000 mm TL; a. upper and lower jaw halves, b. second upper anterior tooth (detail), c. in-

termediary tooth (detail), d. lower parasymphyseal tooth (detail).

Bar: 100 mm.



 Cainozoic Research, 20(2), pp. 229-255, December 2020    247

Plate 3. 
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Plate 4. 
Carcharias taurus Rafinesque, 1810 (courtesy F. Migom, Dikkelvenne, Belgium).
1-37. ~2400 mm TL. 1-19. Upper jaw, 1-3. anterior series, labial view; 4. intermediary series, labial view; 5-11. lateral series, labial 

view; 12-19. posterior series, labial view; 20-57. Lower jaw. 20. parasymphyseal tooth, labial view; 21-23. anterior series, labial 
view, 23b. detail; 24-30. lateral series, labial view; 31-37. posterior series, labial view, 32b, 33b detail (x3);

38-77. ~1450 mm TL. 38-57. Upper jaw, 38. first upper anterior tooth, b. detail (x3); 39. second upper anterior tooth, b. detail (x3); 40. 
third upper anterior tooth, b. detail (x3); 41. upper intermediate tooth, b. detail (x3); 42-48. lateral series; 49-57. posterior series; 
58-77. Lower jaw. 58. parasymphyseal lower tooth; 59-61. lower anterior series; 62-65. lateral series; 66-77. posterior series.

Bar: 10 mm.
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Plate 4.
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Plate 5. 
1-15. Araloselachus agespensis (Glikman, 1964) (courtesy E. Baikina, State Darwin Museum, Moscow). 
 1. Paraneotype 1, lower lateral tooth, a. distal lateral view, b. labial view, c. lingual view, d. mesial lateral view (KP OF 8057-27); 
 2. Paraneotype 2, lower anterior tooth, a. distal lateral view, b. labial view, c. lingual view, d. mesial lateral view (KP OF 8057-18); 
 3. Paraneotype 3, lower lateral tooth, a. distal lateral view, b. labial view, c. lingual view, d. mesial lateral view (KP OF 8057-23); 
 4. Paraneotype 4, upper lateral tooth. a. distal lateral view, b. labial view, c. lingual view, d. mesial lateral view (KP OF 8057-21); 
 5. Paraneotype 5, upper lateral tooth.  a. distal lateral view, b. labial view, c. lingual view, d. mesial lateral view (KP OF 8057-22); 

6. Paraneotype 6, lower parasymphyseal tooth. a. distal lateral view, b. labial view, c. lingual view, d. mesial lateral view (KP 
OF 8057-17); 

 7. Paraneotype 7, upper lateral tooth, a. distal lateral view, b. labial view, c. lingual view, d. mesial lateral view (KP OF 8057-15); 
 8. Paraneotype 8, lower anterior tooth, a. distal lateral view, b. labial view, c. lingual view, d. mesial lateral view (KP OF 8057-25); 
 9. Paraneotype 9, lower anterior tooth, a. distal lateral view, b. labial view, c. lingual view, d. mesial lateral view (KP OF 8057-20); 
 10. Paraneotype 10, lower lateral tooth, a. distal lateral view, b. labial view, c. lingual view, d. mesial lateral view (KP OF 8057-19); 
 11. Paraneotype 11, lower lateral tooth, a. distal lateral view, b. labial view, c. lingual view, d. mesial lateral view (KP OF 8057-16); 
 12. Paraneotype 12, upper anterior tooth. a. distal lateral view, b. labial view, c. lingual view, d. mesial lateral view (KP OF 8057-24); 
 13. Paraneotype 13, lower lateral tooth, a. distal lateral view, b. labial view, c. lingual view, d. mesial lateral view (KP OF 8057-26); 
 14. Paraneotype 14, lower lateral tooth, a. distal lateral view, b. labial view, c. lingual view, d. mesial lateral view. (KP OF 8057-28); 
 15. Neotype, lower lateral tooth, a. distal lateral view, b. labial view, c. lingual view, d. mesial lateral view (KP OF 8057-29).

Bar: 10 mm.
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Plate 5. 
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Plate 6. 
1-6. Carcharias cuspidatus (Agassiz, 1843) (courtesy T. Malvesy, Natural History Museum, Neuchatel, Switzerland and Dr. A. Mu-T. Malvesy, Natural History Museum, Neuchatel, Switzerland and Dr. A. Mu-A. Mu-

eller, Eidgenössische Technische Hochschule, Zürich, Switserland). 1-3. Upper jaw. 1. Lectotype, anterior tooth (Agassiz, tab. 
37a, fig. 46) (ETHZ 1749), a. labial view, b. lingual view, c. lateral view; 2. Paralectotype 1, anterolateral tooth (Agassiz, tab. 
37a, fig. 43 (MNHN FOS 526); 3. Paralectotype 2, anterolateral tooth (Agassiz, tab. 37a, fig. 44 (MNHN FOS 527); 4-6. Lower 
jaw. 4. Paralectotype 3, anterior tooth (Agassiz, table 37a, fig. 49 (MHNN FOS 635), a. labial view, b. lingual view, c. lateral 
view; 5. Paralectotype 4, anterolateral tooth, (Agassiz, tab. 37a, fig. 47) (MNHN FOS 525), labial view; 6. Paralectotype 5, 
lateral tooth (Agassiz, tab. 37a, fig. 45) (MNHN FOS 527), labial view.

7-11 Carcharias divergens (Solt, 1988) (courtesy László Makádi, Geological and Geophysical Institute of Hungary, Budapest, 
Hungary). 7. Block 1. 7a. Front side. 7a-1, upper anterior tooth (digitally isolated), labial view; 7a-2, upper anterolateral tooth 
(digitally isolated), labial view; 7a-3, upper lateral tooth (digitally isolated), labial view; 7a-4, lower anterior tooth (digitally iso-
lated), labial view; 7a-5, upper lateral tooth, labial view. 7b. Rear side. 7b-1, lower anterior tooth (digitally isolated) labial view, 
7b-2, lower anterior tooth (digitally isolated), labial view; 7b-3, lower anterior tooth (digitally isolated), labial view. 8. Block 2. 
8-1, lower lateral tooth (digitally isolated), lingual view; 9. Block 3. 9-1, upper anterior tooth (digitally isolated), lingual view; 
9-2, lower anterior tooth (digitally isolated), labial view; 9-3, upper lateral tooth (digitally isolated), labial view. 10-11. Isolated 
teeth. 10. upper anterior tooth, a. lingual view, b. lateral view. 11. Holotype MÀFI V 14 636, lower anterior isolated tooth, a. 
lingual view, b. detail striae, c. lateral view.

12-13. Lamna (Odontaspis) acutissima Agassiz, 1843. 12. lateral tooth, a. labial view, b. lingual view, c. lateral view (Agassiz, tab 
37a, fig. 33 (not found); 13. lateral tooth in matrix (Agassiz, tab 37a, fig. 34 (not found).

14-17. Carcharias gustrowensis (Winkler, 1875). 14. upper anterior tooth; 15. upper anterolateral tooth, labial view, a. detail cutting 
edge extension; 16. lateral tooth; 17. lateral tooth.

Bar: 10 mm in 1-6 & 7a-1–17; 20 mm in 7-9.
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Plate 6.
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Plate 7. 
1-22. Carcharias cuspidatus (Agassiz, 1843) digitally isolated from an articulated skeleton (courtesy Dr. N. Micklich, Hessisches 

Landesmuseum, Darmstadt and Dr. E. Frey, Staatliches Museum für Naturkunde, Karlsruhe). 1-12. Upper jaw (SMNK-PAL 
6598). 1-3. anterior teeth; 4. intermediate tooth; 5-10. lateral teeth; 11-12. posterior teeth. 13-22. Lower jaw (HLMD-WT 941). 
13. parasymphyseal tooth; 14-15. anterior teeth; 16-21. lateral teeth; 22. posterior tooth.

23-38. “Carcharias acutissimus” reconstruction of teeth from Eckelsheim, Germany (Rupelian) (courtesy Dr. T. Reinecke, Bochum 
(Germany). 23-30. Upper jaw. 23. anterior tooth, a. labial view, b. lingual view; 24. anterior tooth, a. labial view, b. lingual view; 
25. anterolateral tooth, a. labial view, b. lingual view; 26. lateral tooth, a. labial view, b. lingual view; 27, lateral tooth, a. labial 
view, b. lingual view; 28. lateral tooth, a. labial view, b. lingual view; 29. lateral tooth, a. labial view, b. lingual view, 30, lateral 
tooth, a. labial view, b. lingual view. 31-38. Lower jaw. 31. anterior tooth, a. labial view, b. lingual view; 32. anterior tooth, a. 
labial view, b. lingual view; 33. anterolateral tooth, a. labial view, b. lingual view; 34. lateral tooth, a. labial view, b. lingual view; 
35. lateral tooth, a. labial view, b. lingual view; 36. lateral tooth, a. labial view, b. lingual view; 37. lateral tooth, a. labial view, 
b. lingual view; 38. lateral tooth, a. labial view, b. lingual view.

39-52. “Carcharias acutissimus” reconstruction of teeth from Berchem, Belgium (Middle Miocene). 39-45. Upper jaw. 39. anterior 
tooth, a. labial view, b. lingual view; 40. anterior tooth, a. labial view, b. lingual view; 41. anterolateral tooth, a. labial view, b. 
lingual view; 42. lateral tooth, a. labial view, b. lingual view; 43. lateral tooth, a. labial view, b. lingual view; 44. lateral tooth, a. 
labial view, b. lingual view; 45. lateral tooth, a. labial view, b. lingual view. 46-52. Lower jaw. 46. anterior tooth, a. labial view, 
b. lingual view; 47. anterior tooth, a. labial view, b. lingual view; 48. anterolateral tooth, a. labial view, b. lingual view; 49. lateral 
tooth, a. labial view, b. lingual view; 50. lateral tooth, a. labial view, b. lingual view; 51. lateral tooth, a. labial view, b. lingual 
view; 52. lateral tooth, a. labial view, b. lingual view;

53. Carcharias cuspidatus from Berchem, Belgium (Middle Miocene), lower anterior tooth, labial view; 54 upper anterior tooth, 
labial view.

Bar: 20 mm in 1 - 22; 10 mm in 23 - 54.
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Plate 7. 


