
INTRODUCTION

Ptychodus was a large selachian possessing a
crushing dentition, showing a global distribution,
and known from the Albian to the Campanian (CAP-
PETTA 1987). When erecting the genus, AGASSIZ
(1839) considered Ptychodus to be closer to the hy-
bodonts than to the batoids, but subsequent authors
included this genus in the family Myliobatidae
(WOODWARD 1889). Nowadays, the phylogenetic re-
lationships of this genus are still poorly understood
and it is variously included in the Hybodontiformes
(CAPPETTA 1987, WELTON & FARISH 1993) or in the
Neoselachii (MAISEY & al. 2004). The latter hy-
pothesis is mostly supported by the association of
calcified vertebral centra with teeth (EVERHART &
CAGGIANO 2004), although WELTON & ZINSMEISTER
(1980) noted that ‘articulated skeletons of Ptychodus
are not known, and the finding of teeth and vertebrae

in association should not be regarded as demonstra-
ble proof that all are from the same genus’. Teeth of
Ptychodus also possess a single-layered enameloid
(Text-fig. 1A-B), a primitive character for elasmo-
branchs (GILLIS & DONOGHUE 2007) found in hy-
bodonts and batoids. The presence of large holes in
the enameloid (Text-fig. 1A) is however a feature
that was not observed by the author in any of the hy-
bodont or batoid teeth he has studied until now.
Lacking a triple-layered enameloid, these teeth can-
not belong to a galean or squalean shark (REES &
CUNY 2007). Anyway, whether Ptychodus is con-
sidered a hybodont or a batoid, it is very difficult to
identify another taxon sharing any of its dental char-
acters, which in part explains the current uncertainty
as to its phylogenetic affinities. This is why the dis-
covery of Asian hybodont showing a tooth orna-
mentation pattern similar to that of Ptychodus is of
interest.
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Fig. 1. A-B – Ptychodus sp. from Craie du Blanc-Nez (Cenomanian-Turonian, Boulonnais, Northern France). Tooth etched 34 min. in 10% HCl,
A – Surface of the crown, B – Details of the single crystallite enameloid, C – Tooth of Ptychodus (Hemiptychodus) mortoni in apical view; speci-
men from the collection of the Museum of Comparative Zoology, Harvard University, MCZ 13202, Cretaceous of Alabama, D – Tooth of Ptychodus
decurrens in apical view; MCZ 5730, Lower Chalk, Holborough, Kent, England, E – TF 7651 (Sirindhorn Museum, Department of mineral resources,
Sahatsakhan, Kalasin Province, Thailand) from Khok Pha Suam (Ubon Ratchathani Province, Thailand, Khok Kruat Formation, Aptian-Albian)
in apical view, F – Tooth ofHeteroptychodus steinmanni from Phu Wat (Nong Bua Lamphu Province, Thailand, Sao Khua Formation, Lower Cre-
taceous) in apical view; specimen from the collection of the Srisuk’s House Museum (Khao Yoi, Phetchaburi Province, Thailand), unnumbered,
G – Tooth of a new hybodont from Guizhou (Zigui County, Hubei Province, China, Xietan Formation, Middle Jurassic) in apical view; specimen
from the collection of the Institute of Vertebrate Palaeontology and Palaeoanthropology, Beijing, China, IVPP V15148, H – Posterior tooth of Isanodus
paladeji from Phu Phan Thong (Nong Bua Lamphu Province, Thailand, Sao Khua Formation, Lower Cretaceous) in linguo-apical view; specimen from

the Sirindhorn Museum, Thailand, unnumbered. Scale bars: A, E, G, H – 1 mm; B – 10 µm; C, D, F – 10 mm
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PTYCHODUS TOOTH ORNAMENTATION
PATTERN

Ptychodus teeth are easily identifiable based on
their large size, up to more than 50 mm labio-lin-
gually, and their crown divided in two distinct areas.
In most species, the central area is more or less ele-
vated and ornamented by a set of longitudinal crests
oriented mesio-distally, while the marginal area is or-
namented with small tubercles and fine enameloid
wrinkles (Text-fig. 1D). Three species however dif-
fer from this pattern: Ptychodus mortoni AGASSIZ,
1839 (Turonian-Santonian, North America, Europe
and Africa), P. cyclodontis MUTTER & al., 2005
(Cenomanian-Turonian, Cuba) and Ptychodus sp.
(BRITO & JANVIER 2002, Upper Cretaceous, South
America) whose teeth possess radiating ridges in-
stead of longitudinal crests in the central area (Text-
fig. 1C). JAEKEL (1894, p. 137) had proposed to place
the species P. mortoni in a separate genus, Hemipty-
chodus, but this suggestion was generally not ac-
cepted (PATTERSON 1966, CAPPETTA 1987). This name
accounts however nicely for the existence of two
very different tooth ornamentation patterns among
these sharks, and I propose to reintroduce Hemipty-
chodus as a subgenus, in which we can include the
three species mentioned above. This definition of
two subgenera in Ptychodus is only based on the or-
namentation pattern, and for the time being high
crowned species which retain an ornamentation made
of a set of parallel longitudinal crests, like for exam-
ple Ptychodus whipplei, are retained in Ptychodus
sensu stricto.

ASIAN HYBODONTIFORMES

Heteroptychodus was first described as a Mylio-
batidae by YABE & OBATA (1930) before being con-
sidered as a junior synonym of Ptychodus by CAP-
PETTA (1987). The ornamentation pattern of
Heteroptychodus clearly indicates that it is a valid
genus, and its root structure confirms its hybodont
status (CUNY & al. 2003, 2006, CAPPETTA & al.
2006). This genus encompasses two known species:
H. steinmanni from the Early Cretaceous of Japan and
Thailand (YABE & OBATA 1930, CUNY & al. 2006,
2008) and H. chuvalovi from the Aptian-Albian of
Mongolia (CUNY & al. 2008), which was first de-
scribed as Asiadontus chuvalovi (see NESSOV 1997).
The teeth of Heteroptychodus show a pattern of or-
namentation quite similar to those of Ptychodus, dif-
fering mainly by a reduced marginal area, a denser

pattern of parallel longitudinal crests, and the pre-
sence of small ridges perpendicular to the longitudi-
nal crests (Text-fig. 1F), although several teeth from
Thailand attributed to juveniles show a reduced num-
ber of crests lacking short perpendicular ridges
(CUNY & al. 2003, 2006). Heteroptychodus has there-
fore been attributed to the family Ptychodontidae
(PATTERSON 1966, CUNY & al. 2003, 2006, CAPPETTA
& al. 2006). The oldest record of Heteroptychodus is
so far from the Phu Kradung Formation (latest Juras-
sic-earliest Cretaceous) in Thailand.
Isanodus paladeji was described from the lower

part of the Sao Khua Formation (Berriasian-Bar-
remian) in Thailand (CUNY & al. 2006). The presence
of a labial peg, low cusp and low root indicates that the
teeth of Isanodus belong to the family Lonchidiidae.
In addition, they share a similar ornamentation pattern
with the teeth ofHeteroptychodus, with parallel mesio-
distal crests (Text-fig. 1H) from which originate short,
non-branching secondary ridges only in lateral teeth
(CUNY & al. 2006).

One tooth (TF 7651) from the Aptian/Albian
Khok Kruat Formation in Thailand (CUNY & al. 2003,
2008) is also of interest to this discussion. It has a rec-
tangular outline in apical view, being mesio-distally
longer than labio-lingually wide. The crown is orna-
mented with a dense pattern of radiating, often anas-
tomosing ridges, but on the lingual side of the cusp,
two pairs of ridges become parallel to the longitudi-
nal crest (Text-fig. 1E). The longitudinal crest and
some main ridges show short, non branching ridges
perpendicular to them, a pattern similar to that seen
in Heteroptychodus and Isanodus (CUNY & al. 2003,
2006), but its general pattern of ornamentation is
also similar to that in Hemiptychodus, although its
crown is not as high as in the latter subgenus. TF
7651 probably represents a new taxon, but a single
tooth does not suffice to erect a new genus and
species, and it was therefore left in open nomencla-
ture.

A fourth taxon of interest to this discussion has re-
cently been found in the early Middle Jurassic Xietan
Formation (Hubei province, southern China), which is
currently under study, and will be described in details
elsewhere (SHANG, CUNY & CHEN, submitted). The
Chinese teeth show two to four parallel longitudinal
crests, without small perpendicular ridges, and are
devoid of a marginal area (Text-fig. 1G). The poste-
rior teeth show a labial protuberance. The insertion
area of the root is elliptical or triangular, like in the
Lonchidiidae, while it is quadrilateral in Hetero-
ptychodus and Ptychodus.
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IS PTYCHODUS CLOSELY RELATED TO THE
ASIAN HYBODONTS?

The relationships between the Chinese hybodont,
TF 7651, Isanodus, Heteroptychodus and Ptychodus re-
main difficult to assess in the present state of our
knowledge. A common pattern of ornamentation based
on the multiplication of longitudinal crests and the fact
that the Chinese hybodont, Isanodus and Hetero-
ptychodus are restricted to Asia would certainly sug-
gest that these sharks are somewhat related to each
other. Moreover, the presence of a labial protuberance
on posterior teeth is another shared character between
the Chinese hybodont and Isanodus. CUNY & al.
(2006, 2008) have proposed that Ptychodontidae, first
represented by Heteroptychodus, originated from
Asian freshwater Lonchidiidae that became increas-
ingly adapted to durophagy. In this case, TF 7651
could be intermediate between Isanodus and Hetero-
ptychodus. This hypothesis would also explain the
similarities between the teeth of Hylaeobatis, another
Lonchidiidae, and those of Ptychodus (PATTERSON
1966), although adaptation to durophagy probably
appeared independently in these two lineages. This
hypothesis means however that the family Lonchidi-
idae is paraphyletic.

The transition between Heteroptychodus and Pty-
chodus involves the development of marginal area on
the crown of the teeth, the reduction in number of
parallel crests and the loss of their perpendicular
ridges. The presence of numerous longitudinal crests
and reduced marginal area are considered primitive
characters among Ptychodus (HERMAN 1977), which
supports the idea of an evolutionary continuum be-
tween Heteroptychodus and Ptychodus, all the more
since the oldest Ptychodus species, P. decurrens,
known from the Albian, presents a reduced marginal
area and up to 16 longitudinal crests (SIVERSON 1999).
The loss of the small perpendicular ridges in Pty-
chodus could be the result of neotenic evolution as
these ridges are not present in juvenile Heteropty-
chodus (CUNY & al. 2003, 2006). Heteroptychodus-
Ptychodus relationship would also be suggested by the
shape of posterior teeth of Ptychodus rugosus, which
are elongated mesio-distally with an irregular outline
in apical view (CASIER 1953), a pattern quite similar to
what has been described in Heteroptychodus stein-
manni (CUNY & al. 2003), although in the latter the re-
duction in size of these teeth is more important than in
P. rugosus. Finally, the stratigraphic range of these two
genera (Berriasian – Albian for Heteroptychodus and
Albian – Campanian for Ptychodus) fits well with a
close relationship between them.

The new Chinese hybodont could be basal to a
Isanodus +Heteroptychodus + Ptychodus clade, which
would fit nicely with its known stratigraphic distribu-
tion, but it could also be closer to Ptychodus than to
Isanodus and Heteroptychodus, the latter sharing the
presence of short perpendicular ridges between the
longitudinal crests. The loss of labial protuberance in
Ptychodus andHeteroptychoduswould thus be the re-
sult of a convergence as it is present in both Isanodus
and the Chinese hybodont, and the presence of small
perpendicular ridges would be a synapomorphy of
Isanodus, TF 7651 and Heteroptychodus.

It is also possible that the appearance of several
parallel longitudinal crests in so many different genera
is just the result of convergence, indicating that this
character might not be so significant from a phylo-
genetic point of view. A similar ornamentation can in-
deed be observed in some batoids, like Rhina and Pty-
chotrygon (CAPPETTA 1987, LAST & STEVENS 1994),
although it should be noted it is never associated
with a tooth enlargement similar to that is observed
in Ptychodus and the Asian hybodonts. Other char-
acters that would oppose to a close relationship be-
tween Heteroptychodus and Ptychodus include the
heterodonty pattern of these sharks, as the largest
teeth in Ptychodus are in the symphyseal files on the
lower jaws and in the parasymphyseal files on the up-
per jaws (LERICHE 1902), while they are in lateral po-
sitions in Heteroptychodus (CUNY & al. 2003). In ad-
dition, in Ptychodus the root is reduced and firmly
attached to the crown, and the teeth from a same row
show a labial peg and lingual socket interlocking
system, although it should be noted that such a sys-
tem could easily be derived from the lonchiidid labial
peg. Other negative evidences that would oppose
Ptychodus from being a hybodont include the fact
that no dorsal or cephalic spines have ever been
found in association with Ptychodus teeth, although
a secondary loss of these structures among hybodonts
is not impossible, the same way as many neoselachian
lineages have lost dorsal spines. If indeed Ptychodus
is not a hybodont shark, then it could be a batoid, a
stem-neoselachian, or the sister-group of Galea +
Squalea, as the loss of the triple-layered enameloid
has never been documented among non-batoid
neoselachian sharks (Text-fig. 2), even in duro-
phagous form like Heterodontus (REIF 1973). The
two latter hypotheses would suggest that the Pty-
chodus lineage appeared at least at the beginning of
the Permian, when the first Synechodontiformes ap-
peared in the fossil record (IVANOV 2005). However,
such an ancient origin for this lineage has never been
documented.
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If Ptychodus is a batoid, there will be no contradiction
with its appearance in the Albian, but this hypothesis
is not without problems. As early as 1953, CASIER
noted that the vascularization system observed in the
teeth of Ptychodus is unlike that of any batoid, but
would be closer to the hybodont type. The elongation
of the jaws observed in Ptychodus (WOODWARD 1904)
is also unknown among batoid, probably as a result of
their euhyostylic jaw suspension. In addition, no synar-
cual has ever been found in association with Pty-
chodus teeth.
To consider Ptychodus as a hybodont is not without
difficulties, but at the present stage of our knowledge,
it might be the hypothesis that fits available data the
best, mostly because it offers a reasonable explanation
for the appearance of their most unusual dental orna-
mentation pattern among Asian forms within an ac-
ceptable stratigraphic frame. However, only the dis-
covery of a Ptychodus skeleton in connection will
definitively settle this discussion. The recent report of
a partial skeleton from Ptychodus anonymus from the
Late Cretaceous of Nebraska by SHIMADA & al. (2007)
could indeed indicate that we are getting closer to an
answer.

Acknowledgements

The author is grateful to Charlie UNDERWOOD (London)
for a very helpful review, which considerably enhanced the
quality of the manuscript.

REFERENCES

AGASSIZ, L. 1836-43. Recherches sur les poissons fossiles.
Tome 3 contenant l’histoire de l’ordre des placoides, 3,
pp. 1-390. Imprimerie de Petitpierre; Neufchâtel.

BRITO, P. M. & JANVIER, P. 2002. A ptychodontid (Chon-
drichthyes, Elasmobranchii) from the Upper Cretaceous
of South America. Géodiversitas, 24, 785-790.

CAPPETTA, H. 1987. Chondrichthyes II: Mesozoic and Ceno-
zoic Elasmobranchii. In: SCHULTZE, H.-P. (Ed.), Hand-
book of Paleoichthyology, 3B, pp. 1-193.Gustav Fischer
Verlag; Stuttgart – New York.

CAPPETTA, H., BUFFETAUT, E., CUNY, G. & SUTEETHORN, V.
2006. A new elasmobranch assemblage from the Lower
Cretaceous of Thailand. Palaeontology, 49 (3), 547-555.

CASIER, E. 1953. Origine des Ptychodontes. Mémoires de
l’Institut Royal des Sciences naturelles de Belgique, Sé-
rie 2, 49, 1-51.

CUNY, G., SUTEETHORN, V., BUFFETAUT, E. & PHILIPPE, M.
2003. Hybodont sharks from the Mesozoic Khorat Group
of Thailand.MahasarakhamUniversity Journal, 22, 49-68.

CUNY, G., SUTEETHORN,V., KAMHA,S. & BUFFETAUT, E. 2008.
Hybodont sharks from the Lower Cretaceous Khok Kruat
Formation of Thailand, and hybodont diversity during the
early Cretaceous. In: L. CAVIN, A. LONGBOTTOM & M.
RICHTER (Eds), Fishes and the break-up of Pangea. Geo-
logical Society, London, Special Publication, 295, 93-107.

CUNY, G., SUTEETHORN, V., KAMHA, S., BUFFETAUT, E. &
PHILIPPE, M. 2006. A new hybodont shark assemblage
from the Lower Cretaceous of Thailand. Historical Bio-
logy, 18 (1), 21-31.

Fig. 2. Diagram indicating different possible phylogenetic relationships for the genus Ptychodus. 1 indicates the acquisition of a triple-layered
enameloid among elasmobranchs



EVERHART, M. J. & CAGGIANO, T. 2004. An associated denti-
tion and calcified vertebral centra of the Late Cretaceous
elasmobranch, Ptychodus anonymus Williston 1900.
Paludicola, 4, 125-136.

GILLIS, J.A. & DONOGHUE, P.C.J. 2007. The homology and
phylogeny of chondrichthyan tooth enameloid. Journal of
Morphology, 268, 33-49.

HERMAN, J. 1977. Les sélaciens des terrains néocrétacés et pa-
léocènes de Belgique et des contrées limitrophes. Élé-
ments d’une biostratigraphie intercontinentale.Mémoires
pour servir à l’explication des cartes géologiques et mi-
nières de la Belgique, 15, 1-450.

IVANOV, A. 2005. Early Permian chondrichthyans of the Mid-
dle and South Urals. Revista Brasileira de Paleontologia,
8, 127-138.

JAEKEL, O. 1894. Die eocänen Selachier vom Monte Bolca,
pp. 1-176. Berlin.

LAST, P.R. & STEVENS, J.D. 1994. Sharks and rays of Aus-
tralia, pp. 1-513. CSIRO; Australia.

LERICHE, M., 1902. Révision de la faune ichthyologique des
terrains crétacés du Nord de la France. Annales de la So-
ciété Géologique du Nord, 31, 87-154.

MAISEY, J.G., NAYLOR, G.J.P. & WARD, D.J. 2004. Mesozoic
elasmobranchs, neoselachian phylogeny and the rise of
modern elasmobranch diversity. In: G. ARRATIA & A.
TINTORI (Eds), Mesozoic fishes 3 – systematics, pale-
oenvironment and biodiversity, pp. 17-56. Verlag Dr.
Friedrich Pfeil; München.

MUTTER, R.J., ITURRALDE-VINENT, M. & FERNANDEZ CAR-
MONA, J. 2005. The first Mesozoic Caribbean shark is
from the Turonian of Cuba: Ptychodus cyclodontis sp.
nov. (?Neoselachii). Journal of Vertebrate Paleontology,
25, 976-978.

NESSOV, L.A. 1997. Cretaceous Nonmarine vertebrates of

Northern Eurasia, pp. 1-218. University of Saint Peters-
burg, Institute of Earth Crust; Saint Petersburg.

PATTERSON, C. 1966. British Wealden sharks. Bulletin of the
British Museum (National History), Geology, 11, 283-
350.

REES, J. & CUNY, G. 2007. On the enigmatic neoselachian
Agaleus dorsetensis from the European Early Jurassic.
GFF, 129 (1), 1-6.

REIF, W.E. 1973. Morphologie und Ultrastruktur des Hai-
”Schwelzes”. Zoologica scripta, 2, 231-250

SHIMADA, K., KIM, S, & RIGSBY, C. 2007. Partial skull of Late
Cretaceous Durophagous shark Ptychodus anonymus
(Ptychodontidae), from Nebraska. Journal of Vertebrate
Palaeontology, 27, 145A.

SIVERSON, M. 1999. A new large lamniform shark from the
uppermost Gearle Siltstone (Cenomanian, Late Creta-
ceous) of Western Australia. Transactions of the Royal
Society of Edinburgh: Earth Sciences, 90, 49-66.

WELTON, B.J. & FARISH, R.F. 1993. The collector’s guide to
fossil sharks and rays from the Cretaceous of Texas, pp.
1-204. Before Time; Lewisville.

WELTON, B.J. & ZINSMEISTER, W.J. 1980. Eocene neoselachi-
ans from the La Meseta Formation, Seymour Island,
Antarctic Peninsula. Contributions in Science, Natural
History Museum of Los Angeles County, 329, 1-10.

WOODWARD, A.S. 1889. Catalogue of the fossil fishes in the
British Museum (Natural History). Part 1, pp. 1-474.
British Museum (Natural History); London.

WOODWARD, A.S. 1904. On the jaws of Ptychodus from the
Chalk. The Quaterly Journal of the Geological Society,
60, 133-136.

YABE, H. & OBATA, T. 1930. On some fossil fishes from the
Cretaceous of Japan. Japanese Journal of Geology and
Geography, 8, 1-8.

GILLES CUNY216

Manuscript submitted: 23th August 2007
Revised version accepted: 15th April 2008


