
INTRODUCTION

The Cretaceous period constituted a fundamental
stage in the evolution of selachians. Indeed, the late
Mesozoic corresponds to the rise of modern sharks
(neoselachians) and marks the extinction of the prim-
itive group of hybodont sharks just before the K/T

boundary (CAPPETTA 1987a, KRIWET & BENTON 2004,
UNDERWOOD 2006). The present study deals with the
unusual co-occurrence of the hybodont Tribodus and
the rajiform Pseudohypolophus in the Cenomanian of
Charentes (SW France), two benthic durophagous
selachians that have elsewhere distinct palaeogeo-
graphic distributions.

When the “primitive” shark Tribodus (Hybodontiformes)
meets the “modern” ray Pseudohypolophus (Rajiformes):

the unique co-occurrence of these two durophagous
Cretaceous selachians in Charentes (SW France)

ROMAIN VULLO1 & DIDIER NÉRAUDEAU2

1Unidad de Paleontología, Departamento de Biología, Calle Darwin, Universidad Autónoma de Madrid,
Cantoblanco, 28049-Madrid, Spain. E-mail: romain.vullo@gmail.com

2Université de Rennes I, UMR CNRS 6118, Campus de Beaulieu, avenue du général Leclerc, 35042
Rennes cedex, France. E-mail: didier.neraudeau@univ-rennes1.fr

ABSTRACT:

VULLO, R. & NÉRAUDEAU, D. 2008. When the “primitive” shark Tribodus (Hybodontiformes) meets the “mod-
ern” ray Pseudohypolophus (Rajiformes): the unique co-occurrence of these two durophagous Cretaceous
selachians in Charentes (SW France). Acta Geologica Polonica, 58 (2), 249-255. Warszawa.

The palaeoecology and palaeobiogeography of two Cretaceous selachian genera, Tribodus BRITO & FERREIRA,
1989 and Pseudohypolophus CAPPETTA & CASE, 1975, are briefly discussed. These two similar-sized taxa devel-
oped an analogous pavement-like grinding dentition, characterized by massive teeth with a rhomboidal to hexag-
onal occlusal surface.Although both genera appear to have been euryhaline forms, the hybodont Tribodus occurred
in fresh/brackish water habitats (e.g. deltas) to shallow marine lagoons, whereas the ray Pseudohypolophus lived
in brackish water to coastal marine environments. Palaeobiogeographically, their global distribution displays two
distinct but adjoined areas, with Tribodus being present in the northern part of Gondwana (Brazil and NorthAfrica),
and Pseudohypolophus occurring on both sides of the NorthAtlantic (NorthAmerica andWestern Europe). How-
ever, the two genera coexisted during Cenomanian times within a small overlap zone, localized in western France.
A trophic competition may have arisen from this situation between these two selachians belonging to the same
trophic guild. This peculiar situation is well documented within the Cenomanian transgressive series of Charentes
(SWFrance), where a turnover between the two forms is observed (replacement of Tribodus by Pseudohypolophus).
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Palaeobiogeography, Cenomanian, SW France.
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THE HYBODONTIFORM GENUS TRIBODUS
(Text-fig. 1A)

This hybodont shark was originally described by
BRITO & FERREIRA (1989), on the basis of almost
complete skeletons from the Santana Formation (Al-
bian) in Brazil. In 1992, BRITO provided additional
information on Tribodus, including figures of its par-
ticular massive teeth. Further studies on the anatomy
of Tribodus revealed that it displays an unusual mo-
saic of characters (e.g. ray-like dentition), with fea-
tures present either among hybodont sharks or among
neoselachians (MAISEY & CARVAHLO 1997, MAISEY
2005). Before the first detailed description and illus-
tration of oral teeth by BRITO (1992), isolated teeth of
Tribodus from the Cenomanian of Egypt and France
had been erroneously assigned to myliobatiform rays
by WERNER (1989) and LANDEMAINE (1991), respec-
tively. These teeth were referred to several genera
(Distobatus, Aegyptobatus, Protohypolophites),
which subsequently were considered as junior syn-
onyms of Tribodus (WERNER 1994, CAPPETTA& CASE
1999).

AUTECOLOGY: The ray-like dentition of Tribodus,
consisting of polygonal teeth forming a flat grinding
pavement (MAISEY & CARVAHLO 1997) is very in-
formative. Such durophagous feeding adaptations sug-
gest that this shark preyed on shelled invertebrates like
bivalves, gastropods or crustaceans. Further informa-
tion about the feeding behaviour of Tribodus could be
inferred from the well-preserved, complete skeletons
from Brazil. These data confirm that Tribodus was a
benthic feeder (MAISEY & CARVAHLO 1997). Its vari-
ous occurrences indicate a large range of habitats,
from fluvio-deltaic to shallow coastal environments,
in subtropical and equatorial zones (see below for ref-
erences).

STRATIGRAPHIC AND GEOGRAPHIC DISTRI-
BUTION: ?Valanginian-Barremian (Loia Series) of
Congo (described as ?Hylaeobatis sp. by CASIER 1961,
MAISEY 2000);Albian (Chenini Formation) of Tunisia
(CUNY & al. 2004); Albian (Tiout Formation) of Al-
geria (LANDEMAINE 1991); Albian (Santana Forma-
tion) and Albian-Cenomanian (Alcântara Formation;
oral teeth described asMyliobatis) of Brazil (BRITO &
FERREIRA 1989, DUTRA & MALBARBA 2001); Ceno-

manian (Kem Kem Beds) of Morocco (DUTHEIL
1999); ?Cenomanian (In Abangharit Beds) of Niger
(DUTHEIL 2001), Cenomanian (Draa Ubari Formation)
of Libya (NESSOV & al. 1998, RAGE & CAPPETTA
2002); Cenomanian (Bahariya Formation) of Egypt
(WERNER 1989); ?Cenomanian (Wadi Milk Forma-
tion) of Sudan (described as Asteracanthus aegyptia-
cus by WERNER 1994); Cenomanian of France
(LANDEMAINE 1991, VULLO & al. 2007).

THE RAJIFORM GENUS PSEUDOHYPOLOPHUS
(Text-fig. 1A)

The genus Pseudohypolophuswas erected by CAP-
PETTA & CASE (1975) for teeth from the mid-Creta-
ceous (?Aptian-Albian and Cenomanian) of Texas,
previously compared and referred to hypolophids
(MCNULTY 1964, THURMOND 1971). This form is
known only by isolated teeth.

AUTECOLOGY: Pseudohypolophus belongs to a spe-
cialized group of Cretaceous rajiforms that developed
a grinding-type dentition, similarly to some myliobat-
iforms (CAPPETTA 1992). This ray regularly occurs in
shallow marine detrital facies, indicating it was a de-
mersal form living near the coast, in temperate and
subtropical zones (see below for references). Brack-
ish water habitats were also suggested for this genus
(THURMOND 1971).

STRATIGRAPHIC AND GEOGRAPHIC DISTRI-
BUTION: Barremian and Cenomanian of France
(BIDDLE & LANDEMAINE 1988, LANDEMAINE 1991,
VULLO & al. 2007); Barremian, Albian, and Ceno-
manian of Spain (CANUDO & al. 1996, KRIWET 1999,
BERNARDEZ 2002); ?Albian-Cenomanian of Portugal
(R. VULLO, personal observations); various ?Aptian to
Maastrichtian formations of NorthAmerica (Georgia,
Maryland, Nebraska, New Mexico, North Carolina,
South Dakota, Texas, Wyoming) (see CAPPETTA
1987b, CAPPETTA & CASE 1999, BECKER & al. 2004).
A few teeth from the Albian of Uzbekistan (NESSOV
& UDOVICHENKO 1986) and the Santonian of Jordan
(MUSTAFA & al. 2002) have been referred to Pseudo-
hypolophus, but these assignments remain very doubt-
ful (personal communication of H. CAPPETTA,
10/2007).
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Fig. 1. A – Teeth of Tribodus (T. morlati) and Pseudohypolophus (P. mcnultyi) (early Cenomanian of “Les Renardières” quarry, Charente-Mar-
itime) in occlusal views, showing a similar hexagonal grinding surface, and global distribution of the two genera during Cretaceous times
(palaeogeographic globe from BLAKEY 2007). B – Spatial and temporal variations of Pseudohypolophus/Tribodus ratios in Charentes through

the Cenomanian (palaeogeographic maps modified from PLATEL 1996; see text for locality abbreviations)
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THE TRIBODUS-PSEUDOHYPOLOPHUS ASSO-
CIATION IN THE CENOMANIAN OF CHAR-
ENTES (SW FRANCE)

Western France (Touraine, Poitou and Charentes re-
gions) is the only place where the Tribodus-Pseudohy-
polophus association can be observed, with the species
T. morlati (LANDEMAINE, 1991) and P. mcnultyi (THUR-
MOND, 1971). The present study focuses on Cenoman-
ian paralic deposits of Charentes (northern Aquitaine
Basin), that yielded a rich and diverse selachian fauna
(LANDEMAINE 1991; VULLO & al. 2003, 2005, 2007).
The Cenomanian series of Charentes consists of estu-
arine, deltaic and lagoon deposits near the base and
more marine sediments higher up in the section
(MOREAU 1977, 1996; NÉRAUDEAU & al. 2005), and
thus corresponds to a transgressive sequence of the
northern shoreline of the Mediterranean Tethys. The
genera Tribodus and Pseudohypolophus co-occur in
several localities of early Cenomanian age (B1 and B2
units sensu NÉRAUDEAU & al. 1997): Font-de-Benon
(FDB); Cadeuil (CDL); Les Renardières (RND);
Fouras-Vauban (FVA); Montagan (MTG); Les Chau-
vauds (CHV). Two early late Cenomanian localities (D
and E units sensu NÉRAUDEAU & al. 1997), with
Pseudohypolophus but no Tribodus records, are in-
cluded in this study: Madame Island (MAD); L’Amas
(AMA). In each locality, teeth have been collected from
the same stratigraphic horizon. Most of the material
shows a slight post-mortem abrasion, indicating that
these teeth were autochthonous elements or have un-
dergone a short-distance water transport. This suggests
that Tribodus and Pseudohypolophus probably lived in
the same area, or that their biotopes overlapped. In the
northern Aquitaine Basin, these two forms may have
fed mainly on small oysters, particularly abundant in
the lower part of the series (VULLO & al. 2003, VIDET
2004). Because they are the only two selachian forms in
the Cenomanian of Charentes having such a dentition,
a rather equal body size and a similar supposed ecol-
ogy, the proportion between Tribodus and Pseudohy-
polophus teeth collected has been directly compared.
Based on about 1750 isolated teeth, the variations of the
T. morlati/P. mcnultyi species ratio in space (western
and eastern parts of Charentes) and time (early Ceno-
manian through late Cenomanian) in such a transgres-
sive context are illustrated in Text-fig. 1B.

EARLIEST CENOMANIAN: The first shallow ma-
rine facies of the Charentes series yielded numerous
teeth of Tribodus and Pseudohypolophus, especially
at FDB. In the two most proximal localities (FDB and
RND), it is worth noting that about three-quarters of

the teeth collected belong to T. morlati. In these as-
semblages, Tribodus is one of the three most abundant
vertebrate taxa (with two other sharks: the orectolob-
iform Cantioscyllium sp. and the lamniform “Car-
charias” amonensis), and is obviously the dominant
grinding-toothed selachian. In the most distal locality
(CDL), the dominance of T. morlati is slightly less
marked (about 64%). Unfortunately, no data from the
eastern part of Charentes are available due to the lack
of vertebrate localities of earliest Cenomanian age.

LATE EARLY CENOMANIAN: Overlying the ma-
rine detrital limestone from the upper part of the B1
unit, a coastal greensand facies (B2gl subunit sensu
NÉRAUDEAU & al. 1997) developed during the late
early Cenomanian. These shallow deposits bear a
rather similar vertebrate fauna (including numerous
continental taxa) to that identified in the B1 unit
(VULLO 2007, VULLO & NÉRAUDEAU 2008). However,
an inversion of the Tribodus/Pseudohypolophus ratio
is observed, and differences can be noted between the
western and the eastern localities. Tribodus morlati
becomes a quite rare, marginal element within the
FVA assemblage, whereas P. mcnultyi, which seems
to have been well adapted to marine environments (see
above), is here the second most abundant vertebrate
taxon. This trend is less marked in the two eastern lo-
calities (MTG and CHV), where T. morlati remains a
relatively common taxon. It can be supposed that the
shallow area of eastern Charentes, with possibly less
marked marine influence, has constituted a “refuge”
for T. morlati after the first transgressive pulse.

EARLY LATE CENOMANIAN: These two localities
(MAD and AMA) have yielded only a few teeth of P.
mcnultyi. The selachian fauna is dominated by pelagic
lamniforms, while nektobenthic forms, like P. mcnul-
tyi, become rarer. So far, no teeth of Tribodus have been
collected in the late Cenomanian deposits of Charentes.
The complete vertebrate assemblage, without any con-
tinental forms, indicates deeper and more distal marine
conditions. Durophagous fishes are mainly represented
by large pycnodontiforms (VULLO 2007).

CONCLUSION

Aunique and well-documented Tribodus-Pseudo-
hypolophus association was studied in detail. The fine
space and time scale analysis of the ratio variations of
such an association provides a precise example of an
ecological competition between a hybodont shark and
a neoselachian. It also illustrates the influence of



HYBODONTIFORMES RAJIFORMES CO-OCCURRENCE IN THE CRETACEOUS SWFRANCE 253

palaeoenvironmental changes (e.g. a marine trans-
gression) on the local extinction of some highly
adapted selachians, like Tribodus. Trophic factors,
such as prey availabilities and responses, may have
also occurred (e.g. the general size increase observed
in Rhynchostreon suborbiculatum, the most abundant
oyster in the early Cenomanian of Charentes and prob-
ably one of the main preys of the selachians dealt with
herein; see VIDET & NÉRAUDEAU 2003, VIDET 2004).
Lastly, climatic and oceanographic factors must be
considered. The minor shelf-sea cooling event ob-
served in Europe in the middle Cenomanian (VOIGT
& al. 2004) has certainly affected populations of the
French endemic Tribodus morlati, which appears to
have been the northernmost species of the genus. Such
a short time scale climatic change would have shrunk
the distribution area of this shark, restricting it to
lower latitudes (northern Gondwanan shores; see
above), in warm water habitats.

Similarly to the present study, the fish faunal evo-
lution from freshwater to marine palaeoenvironments
in NW Africa has been analysed by CAVIN & al.
(2001) on the basis of material from the Cenomanian-
Turonian of SE Morocco. Interestingly, they also
noted the local disappearance of Tribodus during the
Cenomanian. The global extinction of Tribodus, which
has not been found in post-Cenomanian deposits, is
certainly related to the important Cenomanian-Turon-
ian transgression, resulting in a significant reduction
of paralic habitats.
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