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Abstract:
middle Maastrichtian coastal and lagoonal deposits in five

Bulk sampling of upper Campanian to lower—

sections of the Tremp Formation in the south-central Pyrenees
yielded numerous neoselachian teeth. The fauna comprises
nine taxa of which three species and one genus are new:
Hemiscyllium sp., Lamniformes indet., Paratrygonorrhina
amblysoda gen. et sp. nov., Coupatezia trempina sp. nov.,
Coupatezia sp., Coupatezia? sp., Rhombodus ibericus sp. nov.
and Igdabatis indicus. The neoselachian fauna is dominated
by small nectobenthic rays. This composition resembles

assemblages known from the marine Upper Cretaceous, but
differs from nearby localities of the Basque-Cantabrian region
and continental selachian associations of the French Pyrenees.
The results indicate that Rhombodus might not be a reliable
biostratigraphic marker for the Maastrichtian. The faunal
composition suggests a shallow trans-Tethyan connection
between Eurasia and India at the end of the Cretaceous Period.

Key words: biostratigraphy, Late Cretaceous, Neoselachii,
palaeoecology, palaeogeography, Pyrenees, Spain.

LATE Cretaceous selachian diversity is remarkably high
(e.g. Kriwet and Benton 2004) and many taxa have been
described from numerous Late Cretaceous and Palaeo-
gene sites. Important selachian assemblages have been
reported from phosphatic deposits of the southern
Mediterranean belt that crop out from North Africa to
the Middle East (e.g. Arambourg 1952; Cappetta 1987;
Noubhani and Cappetta 1997; Bardet et al. 2000; Cap-
petta et al. 2000; Mustafa 2000; Antunes and Cappetta
2002), and also from central and northern Europe and
the Eurasian platform (e.g. Herman 1977a, 1982; Bor
1983; Landemaine 1991; Siverson 1992, 1993; Radwanski
and Marcinowski 1996; Trbusek 1999; Siverson and
Cappetta 2001; Vullo 2005) and the USA (e.g. Case and
Cappetta 1997; Cappetta and Case 1999). Conversely,
data concerning selachians from the end of the Creta-
ceous in Spain and southern France are very incomplete.
Despite the wide distribution of Late Cretaceous sedi-
ments on the Iberian Peninsula only a few references to
fishes had been published up to the 1990s. New research
conducted in the last two decades in combination with
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screen-washing of suitable sediments enabled Soler-Gijon
and Pena (1995), Pena and Soler-Gijon (1996), Pena
(1997) and Soler-Gijon and Lopez-Martinez (2005) to
report several actinopterygians, and Soler-Gijén and
Lopez-Martinez (1995, 1998) indicated the presence of
six chondrichthyan taxa in upper Campanian—lower
Maastrichtian red beds of the Tremp-Gaus Basin, located
in the south-central Pyrenees of northern Spain. Addi-
tionally, Cappetta and Corral (1999) described 19 taxa
from the terminal Maastrichtian of the Basque-Cantabrian
region, Gheerbrant et al. (1997) reported some selachians
from the Campanian—Maastrichtian in the French part
of the Pyrenees, and Cappetta and Odin (2001) reported
selachians of the same age from south-east France.
Mendiola and Martinez (2003) summarized current
knowledge of Mesozoic and Cenozoic selachians from
Spain and listed 21 Maastrichtian taxa.

The taxonomic composition of the selachian assem-
blage from Lleida in the south-central Pyrenees, especi-
ally the presence of Igdabatis indicus Prasad and
Cappetta, 1993, was taken as evidence of biogeographical

doi: 10.1111/j.1475-4983.2007.00695.x 1051



1052 PALAEONTOLOGY, VOLUME 50

relationships between Eurasia and Gondwana at the K/T
boundary by Soler-Gijén and Lopez-Martinez (1998). In
addition to Igdabatis, they listed Lissodus, Hemiscyllium,
an undetermined lamnid shark, Rhinobatos and Rhombo-
dus. However, these taxa have not been systematically
described and are mostly unfigured so far. The relation-
ships of this fauna to the slightly younger one of the
Basque-Cantabrian region (Cappetta and Corral 1999)
also remain unresolved. The intention of this paper is to
present a systematic account of the neoselachian assem-
blages from the upper Campanian and lower Maastrich-
tian of the Tremp Formation in the south-central
Pyrenees.

GEOLOGICAL SETTING AND
STRATIGRAPHY

The samples yielding neoselachian material come from
the Tremp Formation near its type locality at Lleida,
where it is more than 900 m thick. The formation ranges
from late Campanian to early Eocene in age (Galbrun
et al. 1993; Schmitz and Pujalte 2003) and comprises
mainly ochre and reddish clays and sandstones (Units 2
and 4), with grey marls and limestones in its lower and
middle parts (Units 1 and 3). These deposits, which crop
out in most of the north and south Pyrenean regions, are
usually considered to be fluvial and lacustrine in origin,
except for Unit 1 in the Isona area (some 15 km to the
east of Tremp) where rudists and corals are intercalated
with coal beds yielding abundant plant remains, indica-
ting a marginal marine setting. A more or less strong
marine influence is present through the entire formation,
indicating that near its type area it represents transitional
peritidal to coastal deposits (Diaz Molina 1987; Rossi

1993; Alvarez-Sierra et al. 1994; Lopez-Martinez et al.
2001).

Here, we describe neoselachian remains from five local-
ities in Lleida province: Orcau 2 and Suterranya on the
northern flank of the Tremp syncline; Juli near Isona in
the central part of this syncline, and Fontllonga 6 and
Figuerola 2 in the Ager syncline (Text-fig. 1). The strati-
graphic correlation of the sites and fossiliferous sediments
in the two synclines is based on rudist and microfossil
occurrences (Table 1).

Northern flank of the Tremp syncline. The fish remains of
the Orcau 2 site come from a greenish marly bed rich in
bivalve moulds, which lies just above a conspicuous level
comprising rudist shells of Praeradiolites bucheroni in life
position. These levels are c¢. 30 m above the contact of the
Tremp Formation with the underlying Aren Sandstone, a
few hundred metres to the east of the village of Orcau on
the northern flank of the Tremp syncline (Text-fig. 1).
The contact between both formations is younger in Orcau
itself, where the rudist bed lies directly on the Aren Sand-
stone. This westward progradation pattern indicates that
the Aren-Tremp contact is diachronous and corresponds
to sediments from a barrier island-lagoon depositional
system, which moved westwards as the sea level rose
(Nagtegaal et al. 1983; Diaz Molina 1987; Ardevol et al.
2000).

The fish remains from the Suterranya site, 4 km west
of Orcau (Text-fig. 1), come from a grey marl rich in
gypsum crystals, only accessible in an ancient coal mine
gallery, c. 10 m above the contact of the Tremp Forma-
tion with the Aren Sandstone. Rudist remains are
common here. The gypsiferous bed intercalates with
coal-bearing grey marls, limestones and shell beds (mainly
consisting of remains of the snail Melanoides and the

TABLE 1. Stratigraphic position and age of the fossiliferous localities of the Tremp Formation (data partially from Soler-Gijon and

Lopez-Martinez 1995, 1998).

Locality Stratigraphic position Position in rudist Age and criteria
in the Tremp Formation biostratigraphy
Orc-2 30 m above the base (unit 1) just above upper H. castroi uppermost Campanian, sequence stratigraphic
horizon correlation below the middle G. gansseri planktic
foraminiferal biozone
Sut 10 m above the base (unit 1) just above upper H. castroi as above
horizon
Juli 135 m above the base 20 m above upper H. castroi upper Campanian, sequence stratigraphic
(top unit 1) horizon correlation well below middle G. gansseri planktic
foraminiferal biozone
Fig-2 70 m above the base 70 m above R. pulchella upper Campanian, magnetostratigraphic
(top unit 1) horizon correlation with chron ¢32 or ¢33
Font-6 95 m above the base 95 m above R. pulchella lower Maastrichtian, magnetostratigraphic

(lower part of unit 2) horizon

correlation with chron ¢31r




KRIWET ET AL.: NEOSELACHIANS FROM THE UPPER CRETACEOUS OF NORTHERN SPAIN

1053

0 5  10km
[N EE N E—
v fish sites

[ ]45-35 Ma upper Eocene
[ 55-45 Ma lower Eocene

76-55 Ma Aren & Tremp Fm | 8

+76 Ma Mesozoic

TEXT-FIG. 1. Map of the Tremp and Ager areas in the southern Pyrenees (northern Spain) and locations of fossil fish sites in the
synclines. 1, Orcau 2; 2, Suterranya; 3, Juli; 4, Figuerola 2; 5, Fontllonga 6.

clam Cyrena). Here, the Tremp-Aren contact is appar-
ently complicated by a phase of sea-level fall (see Ardévol
et al. 2000, fig. 11: lagoonal deposit between sections 3
and 4).

The rudist levels underlying the fish level at Orcau and
Suterranya have been correlated with the upper Hippuri-
tella castroi horizon by Vicens et al. (2004).

It has been possible to estimate the age of the Orcau 2
and Suterranya fish levels based on their positions within
the sequence-stratigraphic succession of Ardevol et al.
(2000). These authors placed the Campanian/Maastrich-
tian boundary approximately in their H-3 sequence
boundary, by correlation with the Ganserina gansseri
planktic foraminiferal biozone (dated by Orue-Etxebarria,
UPV). The H-3 horizon lies ¢. 200 m above the Orcau
site and ¢. 160 m above the Suterranya site (Ardevol et al.
2000, fig. 11). Therefore, a latest Campanian age close to
the Campanian/Maastrichtian transition can be assumed
for these fish levels.

Central area of the Tremp syncline. The fish remains from
the Juli site near the village of Isona (Text-fig. 1) were
recovered from a greyish marly layer containing abundant
Melanoides snails and crab shells, which is 5 m above a
coal bed with common plant macrofossil remains. The
section belongs to the upper part of the La Posa lagoonal
marls (Unit 1), ¢. 135 m above the contact with the
underlying Aren Sandstone. This section, located near
Orcau 2 and Suterranya, is correlated with the upper Hip-
puritella castroi rudist horizon (Vicens et al. 2004), which
is ¢. 20 m below the Juli fish level. The H-3 sequence

boundary horizon, approximately dated to the Campa-
nian/Maastrichtian boundary, is situated more than
200 m above it.

Ager syncline. The Ager syncline is located to the south of
the Tremp syncline and is separated from it by the Mont-
sec anticline (Text-fig. 1). Here, the Tremp Formation
reaches ¢. 700 m in thickness and lies conformably above
shallow marine calcarenite deposits of the Les Serres
Limestone, a lateral equivalent of the Aren Sandstone
(Lopez-Martinez et al. 1999). The top of this limestone
corresponds to the Radiolitella pulchella rudist horizon
(Vicens et al. 2004).

The fish remains from the Figuerola 2 site (Text-fig. 1)
come from a dark grey marly bed above a thick oncolite
level, located at the top of the 70-m-thick Unit 1 in the
lower part of the Tremp Formation.

The Fontllonga 6 fossil site (Text-fig. 1) is one of the
richest vertebrate sites in the Tremp Formation. It is situ-
ated in the lower part of Unit 2, c. 95 m above the base
of the formation. Here, greyish sandy marls with oncoids
and bones, often coated with oncolites, yield abundant
plant debris, large vertebrate bones and eggshells (dino-
saurs, crocodiles, turtles), fish remains (chondrichthyans,
actinopterygians), ostracods and charophytes (mainly
Septorella ssp.).

The Fontllonga 6 level corresponds to the magneto-
chron ¢31r and is early Maastrichtian in age according to
magnetostratigraphic data (Galbrun et al. 1993). The Fig-
uerola 2 site, ¢. 25 m below Fontllonga 6, is correlated
with the upper part of a reversed magnetic zone just
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below an inversion and thus corresponds to the late
Campanian chron ¢32 or ¢33.

MATERIAL AND METHODS

The fish material was recovered by surface-collecting and
screen-washing of ¢. 15 tons of sediment. Preservation of
most teeth is similar throughout the samples in that they
show low to moderate abrasion, the roots showing the
greatest degree of abrasion. The single specimen repre-
senting lamniform sharks is heavily damaged and lacks all
diagnostic features such as the root and possible lateral
cusplets. The degree of abrasion varies slightly within a
given sample and is most probably related to a highly
hydrodynamic regime in the very shallow, near-coast
settings of the deposits.

The taxonomy, descriptive dental terminology and sys-
tematic scheme employed in this paper conform to those of
Cappetta (1987) and Kriwet (1999). Measurements of
Rhombodus teeth follow Noubhani and Cappetta (1994).
All photographed specimens were coated with gold and
photographed using a scanning electron microscope (SEM)
at the Museum of Natural History, Berlin. The material is
housed in the Department of Palaeontology at the Univer-
sidad Complutense, Madrid. Prefixes ORC2, SUT, JUL,
FONTG6 and FIG2 indicate the localities of Orcau 2, Suterr-
anya, Juli, Fontllonga 6 and Figuerola 2, respectively.

SYSTEMATIC PALAEONTOLOGY

Class CHONDRICHTHYES Huxley, 1880
Subclass ELASMOBRANCHII Bonaparte, 1838
Cohort EUSELACHII Hay, 1902
Subcohort NEOSELACHII Compagno, 1977
Superorder GALEOMORPHII Compagno, 1973
Order ORECTOLOBIFORMES Applegate, 1972
Family HEMISCYLLIIDAE Gill, 1862

Genus HEMISCYLLIUM Smith. 1837

Type species. Squalus ocellatus Bonnaterre, 1788, Recent, Indo-
Pacific region.

Hemiscyllium sp.
Plate 1, figures 1-5

1995 Hemiscyllium sp.; Soler-Gijon and Lopez-Martinez,
p. 174.
1998 Hemiscyllium sp.; Soler-Gijon and Lopez-Martinez,

p- 4.

Material. ORC2-P-001, a single isolated oral tooth; Orcau 2,
Tremp syncline, late Campanian.

Description. The tooth comes from an anterolateral jaw position.
It is rather massive and very small with a lingually inclined cusp.
The crown is differentiated in a mesiodistally elongated and
rather high base and a low, stout, symmetrical cusp, which
approximately equals the height of the crown base. The apex is
slightly abraded. The expanded crown base forms distinct lateral
heels. There is a pair of very low and only vestigial lateral cus-
plets, which are almost completely reduced to cutting edges. The
cutting edges of the main cusp are continuous with those of the
lateral heels. The labial face of the crown is flat whereas the lin-
gual face is regularly convex. The labial apron is slightly bifid
and overhangs the root, but does not reach the basal plane of
the root in profile view.

The lingual face of the crown is quite convex with a well-
developed but short lingual uvula. The tooth crown is devoid of
any ornamentation.

The root is well developed, massive and rather high. It is
heart-shaped in basal view, with a broad lingual protuberance.
The lateral margins of the protuberance are concavely curved.
The basal plane of the root is flat. Vascularization is of the
hemiaulacorhize-type with a well-developed central foramen that
opens basally in the notch of the V-shaped lobes. There also is a
pair of quite large margino-lingual foramina.

Remarks. The single specimen displays the general tooth
morphology of the orectolobiform Hemiscyllium, namely
the unornamented tooth crown with the stout main cusp
being approximately as high as the crown base, the
reduced lateral cusplets and the bifid apron. Cappetta
(1987) attributed two extant (Hemiscyllium, Chiloscyllium)
and three fossil (Acanthoscyllium, Almascyllium, Mesiteia)
genera to the family Hemiscylliidae Gill, 1862. Teeth of
Acanthoscyllium and Almascyllium resemble those of Hemi-
seyllium to some extent but differ in the presence of
lateral cusplets and more or less well-developed and

EXPLANATION OF PLATE 1

Figs 1-5. Hemiscyllium sp., ORC2-P-001; late Campanian, Orcau 2; anterolateral tooth in 1, labial, 2, lateral, 3, lingual, 4, oblique

occlusal, and 5, occlusal views.

Figs 6-21. Paratrygonorrhina amblysoda gen. et sp. nov.; late Campanian, Orcau 2. 6-12, ORC2-P-003, holotype, lateral tooth in 6,
labial, 7, lateral, 8, oblique lateral, 9, occluso-lateral, 10, lingual, and 11, occlusal views; 12, enlargement of lateral lingual uvula.
13-16, paratype ORC2-P-004, lateral tooth in 13, labial, 14, lateral, 15, lingual, and 16, occlusal views. 17-21, paratype ORC2-P-
005 in 17, lingual, 18, occlusal, 19, lateral, and 20, oblique lateral views; 21, enlargement of lingual median uvula displaying

characteristic sculpture.



PLATE 1

KRIWET et al., Hemiscyllium, Paratrygonorrhina




1056 PALAEONTOLOGY, VOLUME 50

numerous labial folds (e.g. Cappetta 1987; Bardet et al.
2000; Antunes and Cappetta 2002). Plicatoscyllium, which
also occurs in the middle Campanian of western France
(Vullo 2005), is characterized by very small teeth with a
very characteristic labial ornament and conspicuous lat-
eral cusplets. Teeth of Mesiteia from the Upper Creta-
ceous differ most conspicuously by the presence of a
rounded labial apron.

Fossil species of Hemiscyllium described so far are:

H. bruxelliensis Herman, 1977b, lower Eocene, Belgium, and
middle Eocene, Britain (Herman 1977b; Kemp et al. 1990);
(Herman, 1973), upper Paleocene, Belgium;
H. daimeriesi? (Herman, 1973), Thanetian, Danish subbasin
(Reinecke and Engelhard 1997); H. hermani Miiller, 1989, upper
Campanian, north-west Germany; H. sp., Maastrichtian, Jordan
(Cappetta et al. 2000), Campanian, Mississippi (Case 1991),
Maastrichtian, New Jersey (Case 1995), Cenomanian (Miiller
and Diedrich 1991), lower Campanian (Thies and Miiller 1993)
and Maastrichtian (Herman 1982), north-west Germany, and
Eocene, Morocco (Noubhani and Cappetta 1997); H. sp. or
Chiloscyllium, Toarcian, Belgium (Delsate and Lepage 1993) (the
general morphology is not typical for a hemiscyllid shark); H.?
sp., upper Campanian, north-west Germany (Miiller 1989) and
lower Maastrichtian, the Netherlands (Brugghen and van der
Quack-Potteboom 1993); cf. H. sp., upper Albian, England (Un-
derwood and Mitchell 1999) (different from typical teeth of
Hemiscyllium and should be referred to another orectolobiform
taxon).

Hitherto, unambiguous fossil records of Hemiscyllium
sp. come from Late Cretaceous—Neogene deposits. The
oldest record is from the Cenomanian of Germany. In the
Campanian, Hemiscyllium is rather widespread, occurring
in north-west Germany, northern Spain and North Amer-
ica. The North American records each consist of a single
tooth, which differs from that described here in the com-
paratively well-developed and accentuated lateral cusplets.
Generally, teeth of Hemiscyllium display only a few pro-
nounced characters, rendering the identification of differ-
ent fossil species difficult. Although the specimen from
Orcau probably represents a new species, it is not possible
to define it on the basis of a single tooth.

H. daimeriesi

Order LAMNIFORMES Berg, 1958
Family uncertain

Gen. et sp. indet.

Material. ORC2-P-002, a single isolated tooth crown; Orcau 2,
Tremp syncline, late Campanian.

Description. This is a rather small and isolated tooth crown with
some remains of the root. The cusp is slender and sigmoid in
mesial view with a flat labial face and strongly convex lingual
face. The lingual crown face shows a median flattening. The
tooth crown is completely smooth except for some very short,

vertical folds at the base of the labial face. The cutting edges are
continuous and reach the base of the cusp.

Remarks. The isolated tooth crown can be unequivocally
attributed to lamniforms but the taxonomy of Cretaceous
lamniforms remains confusing despite the efforts of sev-
eral authors (e.g. Siverson 1992, 1996, 1999; Shimada
2005; Kriwet in press). This is mainly the result of very
similar tooth morphologies in different lineages resulting
from convergent developments in the feeding apparatus.
The tooth crown from Orcau resembles teeth of Archaeo-
lamna in some respects. However, it is too fragmentary
for any generic or specific attribution. Teeth of Sphenodus
differ in their more slender tooth crowns, which are gen-
erally sigmoidal in profile view, and in the presence of
ridges or folds along the bases of the crown.

Superorder BATOMORPHII Cappetta, 1980
Order RAJIFORMES Berg, 1940
Suborder RHINOBATOIDEI Fowler, 1941
Family RHINOBATIDAE Muller and Henle, 1838

Genus PARATRYGONORRHINA gen. nov.

Derivation of name. Greek para, besides, and Trygonorrhina, an
extant rhinobatid genus, with reference to the dental similarities
between this extinct form and the extant rhinobatoid.

Type species. Paratrygonorrhina amblysoda sp. nov.

Diagnosis. Batoid characterized by small teeth. Tooth
crown low and rhombic in outline with a regularly con-
vex labial margin. Transverse crest not very well devel-
oped, lacking a distinct cusp and labially convex joining
marginal angles. Occlusal surface of crown flattened at its
top forming a regular triangular area delimited labially by
transverse crest and ending lingually at beginning of med-
ian uvula. Margino-lingual margins of crown V-shaped.
Labial face almost horizontal but vertical at the visor level
in profile view. Median uvula with flattened surface,
broad, not very long and digitiform with concave margins
and a strongly convex posterior edge overhanging root
notch only slightly. Margins of median uvula with coarse
costulations, which may also affect marginal uvulae. Mar-
ginal uvulae short, transversely broad with a rounded
outline in occlusal view and separated from median uvula
by very oblique, narrow notches. Root rather high, much
narrower than tooth crown, lingually low and lingually
displaced. Root lobes separated by a wide but not very
deep groove in which a large foramen opens in a labially
displaced position. A pair of large marginolingual foram-
ina open in deep grooves. Lingual notch of root broad,
deep and rounded.



KRIWET ET AL.: NEOSELACHIANS FROM THE UPPER CRETACEOUS OF NORTHERN SPAIN

Paratrygonorrhina amblysoda sp. nov.

1995 Rhinobatos sp.; Soler-Gijon and Lopez-Martinez,

p. 174.
1997 Rhinobatos; Gheerbrant et al., p. 262, pl. 1, fig. 3.
1998 Rhinobatos sp.; Soler-Gijon and Lopez-Martinez, p. 4.

Derivation of name. Greek amblys, blunt, and odus, tooth, with
reference to the massive, globular tooth crown.

Types. Holotype, ORC2-P-003, a complete lateral tooth (Pl 1,
figs 6-12). Paratypes: ORC2-P-004, a complete lateral tooth
(PL 1, figs 13-16); ORC2-P-005, a lateral tooth lacking most of
the root (PL 1, figs 17-21).

Type locality and stratum. Orcau 2, Tremp-Gaus Basin; greyish
marl, lower part of the Tremp Formation, late Campanian.

Diagnosis. As for genus owing to monotypy.

Description. The type specimen is a lateral tooth. The tooth
crown is broader than long and low, lacking a distinct cusp.
In occlusal view, the crown is rhombic in outline with a
regularly convex labial margin. The marginal angles are
slightly rounded, without any constriction posterior to them,
and are less than 90 degrees. The transverse keel is not very
well developed, hardly perceptible and joins the marginal
angles. In occlusal view, the transverse keel is labially convex.
The occlusal surface of the crown is flattened at its top form-
ing a triangular area delimited labially by the transverse keel
and lingually by the base of the median uvula with V-shaped
marginolingual margins. The labial face is slightly concave,
not salient and almost vertical at the visor level in profile
view. The lower part of the labial visor is well developed,
wide, and almost straight in profile view. In basal view, the
median part of the visor is also straight. The lateral parts of
the visor exhibit wear patterns corresponding to contact areas
with other teeth on the dental plate. The lingual face is
reduced, very abrupt and trilobate. It bulges slightly in its
upper part but is flattened above the median uvula. The med-
ian uvula is salient, broad, not very long and digitiform with
concave margins and a strongly convex apex overhanging the
root notch only slightly. In profile view, the median uvula is
also concave with a flattened surface. Coarse costulations are
present at the margins. The marginal uvulae are short and
transversely broad with a rounded outline in occlusal view.
They are separated from the median uvula by very oblique,
narrow notches. The upper part of the lingual crown face
above the marginal uvulae is strongly concave in profile view.
The tooth crown is completely smooth despite the coarse cos-
tulations of the median uvula.

The labial crown face overhangs the root with a broad rim.
The root is quite high, narrower than the tooth crown and less
developed lingually. It is displaced lingually. The labial face is
rather long and oblique in profile view. The root lobes are separ-
ated by a wide but not very deep groove in which a large fora-
men opens in a labially displaced position. The basal faces of the
lobes are transversely and labiolingually convex. There is a pair
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of large marginolingual foramina opening in deep grooves. The
marginolingual margins of the lobes are not notched or concave
but straight and almost parallel in occlusal view. The lingual
notch of the root is not very well preserved in the type speci-
men. It is partly preserved in the paratype ORC2-P-004, in
which it is broad, deep and rounded.

There is almost no morphological variation in the material
from Orcau. An isolated tooth crown (ORC2-P-005) displays
the characteristic triangular occlusal surface and the flattened
surface of the median uvula very well. The coarse costulation of
the median uvula affects slightly the marginal uvula, which are
very short and broad in both paratypes. In paratype ORC2-P-
004, the preserved marginolingual margin of the right root lobe
is oblique and only slightly notched in occlusal view. In both
paratypes, the transverse keel is more developed than in the type
specimen.

Remarks. The teeth described above exhibit the general
morphology of teeth of extant rhinobatoids and are very
similar to teeth generally attributed to Rhinobatos. Conse-
quently, many fossil rhinobatoid-like species from the
Cretaceous have been assigned to Rhinobatos hitherto.
Only a few specimens, mainly from the Upper Cretaceous
limestones of Lebanon, are known from articulated and
more or less complete skeletons. The differences in the
dental morphology of the described species indicate that
the fossil genus Rhinobatos comprises different rhinoba-
toid genera (Kriwet 1999). This assessment is also suppor-
ted by a phylogenetic analysis presented by Brito and
Dutheil (2005) that considered several extant and fossil
batoids.

Fossil species attributed to Rhinobatos are (in alphabet-
ical order):
R. antunesi (Jonet, 1968), middle Miocene, Portugal; R. bruxel-
liensis (Jaekel, 1894), middle Eocene, Belgium, lower—middle
Eocene, England (Kemp et al. 1990), and middle Eocene, Bel-
gium (Casier 1946); R. casieri Herman, 1977, Santonian, Bel-
gium, Maastrichtian, New Jersey (Case 1995), Campanian,
Wyoming (Case 1987), and Santonian and Maastrichtian, Bel-
gium (Herman 1977a); R. cf. R. casieri Herman, in Cappetta
and Case 1975, upper Eocene, southern Georgia (Case 1981);
‘R craddocki Case and Cappetta, 1997, upper Maastrichtian,
Texas; ‘R’ echavei Cappetta and Corral, 1999, upper Maas-
trichtian, northern Spain (Cappetta and Corral 1999) and
middle-upper Campanian, Charentes, south-west France (Vullo
2005); ‘R’ hakelensis Cappetta, 1980, Cenomanian, Lebanon
(belongs to a clade including Zapteryx, Psammobatis and
Sympterygia according to Brito and Dutheil 2005); ‘R. halteri
Biddle and Landemaine, 1988, upper Barremian, France and
lower Barremian, Spain (species attributed to Spathobatis by
Kriwet 1999); R. ibericus Cappetta and Corral, 1999, Maas-
trichtian, northern Spain; ‘R.
Barremian, Spain; R. incertus Cappetta, 1973, Turonian, South
Dakota and Upper Cretaceous, Kansas (Shimada and Fielitz
2006); ‘R. intermedius (Davis, 1877), upper Santonian, Leb-
anon (forms together with ‘R’ latus the sister group to Rhi-
nobatos according to Brito and Dutheil 2005); R. kiestensis

incidens Kriwet, 1999, lower
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Cappetta and Case, 1999, Turonian/Coniacian boundary,
Texas; R. ladoniaensis Cappetta and Case, 1999, lower Campa-
nian, Texas; ‘R.
anon (forms together with ‘R. intermedius the sister group to
Rhinobatos according to Brito and Dutheil 2005); R. lobatus
Cappetta and Case, 1999,
Texas; R. mariannae Bor, 1983, the upper Maastrichtian, Bel-
gium and Holland; ‘R maronita (Pictet and Humbert, 1866),
Cenomanian, Lebanon (= R. grandis Davis, 1877) (belongs to
clade including Rhynchobatus according to Brito and Dutheil
2005); R. matzensis Baut and Genault, 1995, Thanetian, Paris
Basin; R. matzensis? Baut and Genault, 1995, Thanetian, Dan-
ish subbasin (Reinecke and Engelhardt 1997); ‘R’ obtusatus
(Costa, 1864), Aptian, Italy; ‘R. picteti Cappetta, 1975, Aptian,
southern France; R. primarmatus (Woodward, 1889), upper
Santonian, Lebanon (= R. berytensis Signeux, 1951) (belongs
to a clade including Platyrhina according to Brito and Dutheil
2005); R. productus Long, 1993, upper Pleistocene, California
(only represented by vertebrae); R. sahnii Sahni and Mehrotra,
1981, lower Miocene, India; R. sp., Miocene, southern Ger-
many (Barthelt et al. 1991); ‘R. sp. (R. mariannae Bor, 1983),
lower Maastrichtian, the Netherlands (Brugghen and van der
Quack-Potteboom 1993); ‘R sp., lower Maastrichtian, Syria
(Bardet et al. 2000), Maastrichtian and Eocene, Jordan (Capp-
etta et al. 2000), Campanian and Maastrichtian?, Israel (Lewy
and Cappetta 1989), Jurassic/Cretaceous boundary, Ethiopia
(Goodwin et al. 1999), Aptian, Tunisia (Cuny et al. 2004),
upper Albian, northern Spain (Bernardez 1994), Maastrichtian,
southern France (Gheerbrant et al. 1997), lower Cenomanian,
south-east France (Landemaine 1991), Maastrichtian, north-
west Germany (Herman 1982), Upper Cretaceous, Kansas
(Shimada and Fielitz 2006), Thanetian and Ypresian,
Mississippi (Case 1994), Aptian, Texas (Winkler et al. 1990),
Turonian/Coniacian boundary, Texas (Cappetta and Case
1999), Turonian, New Mexico (Wolberg 1985), lower Santon-
ian, New Mexico (Williamson and Lucas 1990), Turonian,
Arizona (Williamson et al. 1993), Turonian, South Dakota
(Cappetta 1973), Coniacian, Saskatchewan (Case et al. 1990)
and Eocene, India (Kumar and Loyal 1987); R. steuerbauti
Cappetta and Nolf, 1981, upper Eocene, France and Lutetian,
Uzbekistan (Case et al. 1996); ‘R.” tenuirostris (Davis, 1877),
upper Santonian, Lebanon (belongs to clade including Rhyn-
chobatus according to Brito and Dutheil 2005); ‘R. tesselatus
(Marck, 1894), upper Campanian, northern Germany (Sieg-
fried 1954); R. uvulatus Case and Cappetta, 1997, upper Maas-
trichtian, Texas; ‘R.” whitfieldi (Hay, 1903), Cenomanian,
Lebanon (Cappetta 1980) (belongs to a clade including
Zapteryx, Psammobatis and Sympterygia according to Brito and
Dutheil 2005).

The large number of teeth assigned to Rhinobatos with-
out specific identification (21) exemplifies the problems

latus (Davis, 1877), upper Santonian, Leb-

Turonian/Coniacian  boundary,

in dealing with isolated rhinobatoid teeth. Unfortunately,
rhinobatoids are rather conservative in their dental mor-
phology, rendering the identification of true Rhinobatos
species extremely difficult; a careful revision of fossil Rhi-
nobatos species is necessary but beyond the scope of this
paper. Teeth of R. kiestensis Cappetta and Case, 1999,
which are very similar to those of the extant batoid genus

Aptychotrema, exemplify this problem very well. A prelim-
inary phylogenetic analysis of batoids from the Cretaceous
of Lebanon also supports the polyphyly of fossil Rhinoba-
tos species (Brito and Dutheil 2005).

Teeth of Paratrygonorrhina amblysoda gen. et sp. nov.
differ from those of extant Rhinobatos species and all
other known fossil species attributed to Rhinobatos by the
peculiar morphology of the tooth crown in combination
with a very narrow root in comparison with the crown,
the low tooth crown, the very regular triangular occlusal
flattening, the flat surface and coarse costulations of the
median uvula, and the transversely broad but short and
obliquely placed marginal uvulae. Additionally, there
seems to be no sexual dimorphism in Paratrygonorrhina,
unlike most extant rhinobatoids. Baut and Genault (1995)
described teeth of Rhinobatos matzensis that exhibit some
similarities to those of Paratrygonorrhina but they differ
in the less pronounced costulation of the median uvula.

The dental morphology of P. amblysoda sp. nov. differs
from Rhinobatos echavei (see above for occurrence) in the
less-developed lateral uvulae, the morphology of the med-
ian uvula and the absence of a labial concavity of the
transverse crest.

Cappetta and Corral (1999) described the rhinobatoid
Ataktobatis from the Maastrichtian of the Basque-Canta-
brian Basin of northern Spain. This genus, which also
occurs in the Maastrichtian of Morocco (Cappetta and
Corral 1999), Egypt (Cappetta 1991; Cappetta and Cor-
ral 1999) and Syria (Bardet et al. 2000), is characterized
by small teeth with a very irregular lingual limit, asym-
metrical marginal uvulae, a constriction posterior to the
marginal angles of the tooth crown (a character found
in several extant rhinobatoids) and a labially convex
transverse keel in occlusal view that does not reach the
marginal angles. The character combination of this
genus is quite different from that of Paratrygonorrhina.
Furthermore, it lacks the characteristic costulated med-
ian uvula. The direction of the transverse keel varies to
some degree in Paratrygonorrhina from straight to
slightly concave labially but it is never as convex labi-
ally as in Ataktobatis. The transverse keel in extant spe-
cies of Rhinobatos is not very well developed.
Nevertheless, when present it is straight or slightly con-
cave labially but generally does not reach the marginal
angles.

Teeth of Vascobatis Cappetta and Corral, 1999, also
from the Maastrichtian of the Basque-Cantabrian Basin,
differ in the cuspidate tooth crown and the peculiar root
morphology.

The teeth of Paratrygonorrhina display similarities to
those of the extant rhinobatoid Trygonorrhina, namely the
coarse costulated margins of the median uvula, marginal
uvulae that are broad, short and not well developed, and
marginolingual margins of the root that are not notched
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in occlusal view. However, Paratrygonorrhina differs in
the morphology of the median uvula, which is clearly tri-
angular in Trygonorrhina with a more or less acute apex
not overhanging the root notch. In addition, the tooth
crown of Paratrygonorhina is not as high and has a flat-
tened occlusal surface and a clearly triangular occlusal
surface.

Gheerbrant et al. (1997) figured an isolated tooth iden-
tified as Rhinobatos sp. from the Maastrichtian of the
French Petites Pyrénées, which exhibits the characteristics
of Paratrygonorrhina. Differences are the narrower tooth
crown, the notched marginolingual margins of the root in
occlusal view and some faint vertical ridges along the lin-
gual margin of the occlusal surface. We consider this
tooth to come from an anterior to anterolateral tooth
row of P. amblysoda. This indicates some kind of gradient
heterodonty.

Order MYLIOBATIFORMES Compagno, 1973
Superfamily DASYATOIDEA Whitley, 1940
Family uncertain

Genus COUPATEZIA Cappetta, 1982

Type species. Coupatezia woutersi Cappetta, 1982, middle Eocene,
Brussels, Belgium.

Coupatezia trempina sp. nov.
Text-figure 2A-H

Derivation of name. After Tremp.

Types. Holotype, ORC2-P-006, anterolateral tooth of a female
specimen (Text-fig. 2A-D). Paratypes: ORC2-P-007, lateral tooth
of a female specimen (Text-fig. 2E-G); ORC2-P-008, lateral
tooth of a female specimen (Text-fig. 2H).

Type locality and stratum. Orcau 2, Tremp-Gaus Basin; greyish
marl, lower part of the Tremp Formation, late Campanian.

Diagnosis. Species of Coupatezia characterized by small
teeth with mesiodistal length ranging from 13 to
¢. 2°0 mm. Only female teeth known so far. Tooth crown
subrectangular in occlusal view. Marginolabial angles
blunt or slightly acute and displaced labially when pro-
nounced. Labial edge concave or straight. Occlusal trans-
verse cutting edge sharp and distinct, convex or straight,
mostly reticulated and joining labial transverse ridge,
which is located on upper part of labial visor on one side
only. Labial face rectangular or subelliptical and smooth
between labial ridge and transverse cutting edge. Labial
face almost horizontal in profile view. Lingual face separ-
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ated into two areas by a lingual ridge. Anterior area
medially flattened and more or less horizontal below
transverse cutting crest. Posterior area steep. No marginal
facets for tooth articulation. Root not extending beyond
crown marginally.

Description. The holotype, ORC2-P-006, is a female tooth poss-
ibly from an anterolateral position. It is characterized by a sub-
rectangular tooth crown with a concave labial edge. The
marginolabial angles are distinct and clearly displaced labiomedi-
ally. There is no constriction of the tooth crown posterior to the
marginolabial angles in occlusal view. The occlusal surface of the
tooth crown is almost horizontal in profile view. The labial face
is slightly depressed and subrectangular in occlusal view. It is
bordered by the distinct transverse cutting edge and the labial
ridge. The labial ridge is situated above the labial visor. The cut-
ting edge joins the labial ridge on only one side. Two additional,
shorter and straight ridges on the labial face join the labial ridge
on the open side of the labial face. A short ridge branches off
the labial ridge and extends to the marginolateral edge on one
side. The ridges and the transverse cutting edge are sharp, dis-
tinct and reticulated to some extent. The labial face is smooth
except for the ridges and some faint reticulations on the upper
portion of the labial visor. The lower part of the labial visor is
wide, oblique and convex. The lingual face is reduced and differ-
entiated into two areas, which are separated by a lingual ridge.
The area between the transverse cutting edge and the lingual
ridge is horizontal in profile view whereas the area between the
lingual ridge and the lingual uvula is steep.

The root is not very well preserved but is distinctly narrower
than the crown, as can be seen from the remaining lobe. The
preserved lobe is almost as high as the tooth crown. The nutri-
tive groove is broad and deep. At least one foramen opens into
the groove.

The two paratypes of this new species are also teeth of female
individuals. ORC2-P-007 represents a lateral tooth, which differs
slightly from the holotype in its general morphology. Differences
are expressed by the straight labial edge in occlusal view with a
central convexity that is not very well marked and the morpho-
logy of the marginolabial angles, which are not very distinct but
broadly rounded. The occlusal surface of the tooth crown is
almost horizontal in profile view as in the holotype. The labial
face is slightly depressed and subrectangular in occlusal view. It
is bordered by the distinct transverse cutting edge and the labial
ridge, which only join each other on one side of the crown.
There are no additional ridges on the labial face. The lingual face
is reduced and differentiated into two areas that are separated
by a lingual edge. The area between the transverse cutting edge
and the lingual edge is horizontal in profile view whereas the
area between the lingual ridge and lingual uvula is broad and
steep. The lower part of the labial visor is wide, oblique and
convex.

The other paratype, ORC2-P-008, is also a lateral female
tooth and similar to ORC2-P-007 in its morphology. Differ-
ences are the completely straight labial edge in occlusal view
and an additional ridge between the labial and cutting edge.
The cutting edge and the labial ridge meet only on one side of
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TEXT-FIG. 2.

the labial face, whereas the additional ridge joins the transverse
cutting edge on the other side forming an open, narrow,
suboval area.

The roots of both paratypes are damaged as in the holotype
but are of the same morphology as far as can be judged.

Remarks. Species of Coupatezia have been reported
hitherto only from the Maastrichtian—Eocene of many
parts of Europe, the southern Tethyan realm, Mississippi
and Uzbekistan:

C. ambrogii Noubhani and Cappetta, 1997, lower Maastrichtian,
Morocco; C. boujoi Noubhani and Cappetta, 1997, lower Eocene,
Morocco; C. chairi Noubhani and Cappetta, 1997, Danian, Mor-

occo; C. danica Noubhani and Cappetta, 1997, Danian,

A-H, Coupatezia trempina sp. nov.; late Campanian, Orcau 2. A-D, ORC2-P-006, holotype; anterolateral? female
tooth. A, labial, B, lateral, C, occlusal, and D, oblique occluso-lateral views. E-G, ORC2-P-007, paratype, lateral female tooth. E, labial,
F, lateral, and G, occlusal views. H, ORC2-P-008, paratype, anterolateral female tooth, occlusal view. I-L, Coupatezia sp.; late
Campanian, Orcau 2, ORC2-P-009, holotype, female lateral tooth. I, labial, J, lateral, K, lingual, and L, occlusal views. M—P,
Coupatezia? sp.; late Campanian, Orcau 2, ORC2-P-010. M, labial, N, lingual, O, lateral, and P, occlusal views.

Morocco; C. elevata Noubhani and Cappetta, 1997, upper Maas-
trichtian, Morocco; C. fallax (Arambourg, 1952), Maastrichtian,
Morocco (Noubhani and Cappetta 1997), lower Maastrichtian,
the Netherlands (Brugghen and van der Quack-Potteboom
1993), Maastrichtian, Belgium (Herman 1977a) and Maastrichtian,
northern Spain (Cappetta and Corral 1999); C. laevis Noubhani
and Cappetta, 1997, Danian, Morocco; C. larivei Noubhani and
Cappetta, 1997, Thanetian, Morocco; C. melittiana Noubhani
and Cappetta, 1997, Danian, Morocco; C. reniformis Noubhani
and Cappetta, 1997, upper Maastrichtian, Morocco; C. sp.
Baut and Genault, 1995, Thanetian, Paris Basin; C. turneri Case
and Cappetta, 1997, upper Maastrichtian, Texas; C. woutersi
Cappetta, 1982, middle Eocene, Belgium, Infratrappean deposits
(upper Cretaceous—lower Paleocene), India (Prasad and Sahni
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1987), upper Eocene, Paris Basin (Cappetta and Nolf 1981),
middle Eocene, Britain (Kemp et al. 1990), Thanetian and Ypre-
sian, Mississippi (Case 1994) and middle Eocene, Uzbekistan
(Case et al. 1996)

Coupatezia trempina sp. nov. resembles C. ambroggi
and C. reniformis in some respects, e.g. in size, general
morphology and ornamentation. However, differences
from C. ambroggi include less pronounced labiomarginal
angles and the absence of a constriction of the tooth
crown posterior to the marginolabial angles. In addition,
the angles are more displaced labiomedially in anterolat-
eral teeth of C. trempina or are almost rounded in more
lateral teeth (paratypes); the ornamentation of the labial
face is simpler, consisting typically of at least a sharp
transverse cutting edge, which joins the distinct labial
ridge on only one side on the labial face; and the labial
edge is straight to medially convex, whereas it is always
more or less concave in C. ambroggi. Moreover, the labial
face is horizontal in C. trempina whereas it is oblique in
C. ambroggi in profile view, and the lingual face of the
Spanish specimens is distinctly step-like with a sharp lin-
gual ridge separating a horizontal anterior area behind
the transverse cutting edge from a steep posterior one.

Teeth of C. trempina differ from those of C. reniformis
in the ornamentation of the labial face, the absence of a
notch in the lingual uvula in occlusal view, and the
morphology of the labial face in profile view, which is
distinctly oblique and steep in C. reniformis.

C. trempina can easily be distinguished from all other
known species by its characteristic tooth crown morpho-
logy and the ornamentation and orientation of the labial
and lingual crown faces.

Cappetta and Corral (1999) described a selachian fauna
from the upper Maastrichtian of the Basque-Cantabrian
Basin which is more diverse than that from Orcau and
includes several batoids. Coupatezia is represented by
teeth of C. fallax, which also occurs in the Maastrichtian
of Morocco and Belgium, and in the French Petite Pyr-
énées (Gheerbrant et al. 1997). Based on the presence of
Rhombodus binkhorsti, Gheerbrant et al. (1997) assigned a
Maastrichtian age to the French locality.

Coupatezia sp.
Text-figure 2I-L

Material. ORC2-P-009, lateral tooth of a female specimen;
Orcau 2, Tremp-Gaus Basin; greyish marl, lower part of the
Tremp Formation, late Campanian.

Description. The only tooth of this species comes from a lateral
position within the jaw of a female individual. It is characterized
by its rather large size and the subrectangular crown in occlusal
view. The lingual face is well developed, high and steep. The
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only ornamentation of the lingual face consists of short, vertical
ridges posterior to the transverse cutting edge. They are located
along the edge that separates a narrow anterior lingual area that
is almost horizontal and the large, steep posterior lingual area.
The steep lingual zone exhibits two marginal shallow facets for
tooth articulation. They are separated by a broad, indistinct
median ridge. The transverse cutting edge is blunt and rather
broad. The labial face of the tooth crown is not very high and
almost completely devoid of a median depression. It is not very
oblique in profile view. The area between the cutting edge and
the labial ridge is suboval. The ornamentation consists of few
granules, short ridges and reticulations. The labial ridge is
slightly curved and does not reach the marginal edges of the
tooth crown. It borders the upper zone of the labial visor, which
bears a low, straight ridge and some very small granules. The
labial edge is concave medially with a pronounced central con-
vexity. The marginolabial angles are rounded and blunt.

The tooth root is rather high, narrow and bilobate with a
well-developed central groove. Several small foramina open into
the groove. The root is displaced lingually and is as wide as the
tooth crown. The lobes are broad with flat basal faces that are
slightly oblique. The labial and lingual faces are rather steep in
profile view.

Remarks. The specific identification of a single batoid
tooth is generally a difficult task although the tooth from
Orcau represents several features that might indicate the
presence of a new species. It differs from the teeth of the
new species described herein in its size and peculiar tooth
crown morphology and ornamentation. According to our
current understanding of ontogenetic changes and varia-
tions in tooth morphologies, the two species do not rep-
resent juveniles and adults of the same kind. The tooth of
this species mainly resembles teeth of C. fallax (for occur-
rence, see above). However, it differs in its steeper lingual
face with less well-developed marginal facets, the lack of a
labial depression, a labial face that is almost horizontal,
and a narrower root in profile view which is only slightly
oblique. The most characteristic features of this species
are, however, the presence of a distinct and well-devel-
oped median convexity of the labial visor and only a
slightly concave labial edge. The concavity of the labial
edge is not as pronounced as in teeth of C. fallax. Never-
theless, the limited material prevents the erection of a
new species despite all the differences noted.

Coupatezia? sp.
Text-figure 2M-P

Material. ORC2-P-010, a single tooth; Orcau 2, Tremp syncline,
late Campanian.

Description. A single, small tooth that is rather broad and squat
is assigned tentatively to Coupatezia. It measures ¢. 1-0 mm in
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mesiodistal length and is labiolingually compressed. The tooth
crown is rather low with the root being almost twice as high as
the crown. The cutting edge is distinct, horizontally orientated
and continuous. The tooth crown is smooth except for a labial
crenulated ridge that is parallel to the cutting edge. The labial
face between the cutting edge and the anterior ridge is
depressed. The lingual face of the tooth crown is abrupt and
steep. The neck between crown and root is constricted and the
crown overhangs the root on all sides with a narrow rim. The
root is high but narrow, without a lingual protuberance.
The root lobes are not well differentiated, short and stout. They
are separated by a shallow, labiolingually directed groove.

Remarks. This small, broad, squat tooth with its low
crown without distinct main and lateral cusps and the
high, slightly holaulacorhize root resembles teeth of
Coupatezia to some extent. It probably comes from a
very distal jaw position. A specific identification is not
possible.

Superfamily MYLIOBATOIDEA Compagno, 1973
Family RHOMBODONTIDAE Cappetta, 1987

Genus RHOMBODUS Dames, 1881

Type species. Rhombodus binkhorsti Dames, 1881, Maastrichtian,
Maastricht, the Netherlands.

Rhombodus ibericus sp. nov.
Text-figures 3-4

1994 Rhombodus sp.; Alvarez-Sierra et al., p. 24.

1995 Rhombodus sp.; Soler-Gijon and Lopez-Martinez,
p. 174,

1998 Rhombodus sp.; Soler-Gijon and Lopez-Martinez,
pp- 4, 6, fig. 3F-G.

1999 Rhombodus sp.; Lopez-Martinez et al., p. 619.

Derivation of name. After the Iberian Peninsula.

Types. Holotype, lateral tooth, FONT6-P-027. Paratypes, lateral
teeth: FONT6-P-002, 021, JUL-P-001, SUT-P-004, 007.

Type locality and stratum. Fontllonga 6, Tremp Formation; grey
clay with oncolites, early Maastrichtian.

Material. 30 teeth from Fontllonga 6; also 19 teeth from Suterr-
anya, two from Juli, 25 from Figuerola 2.

Diagnosis. A species of Rhombodus with small teeth (less
than 5 mm wide). Tooth crown with a broad, smooth
lingual bulge. U-shaped lingual bulge well developed.
Occlusal surface and marginolabial faces ornamented with
polygonal pits and interconnecting ridges. Marginolingual

faces of the crown more or less smooth, lacking dense
and marked vertical wrinkles. Bilobate root narrower than
crown in most teeth.

Description. This species has very small teeth ranging from 1 to
469 mm in width (average 2-48 mm; 76 specimens). The holo-
type, a lateral tooth (FONT6-P-027; Text-fig. 3A-E), is longer
than wide. The crown is much higher than the root. The crown
shows a clear rhombic outline caused by the distinct marginal
angles. The occlusal surface and marginolabial faces are orna-
mented by polygonal pits and ridges. Lingually, the crown
exhibits a prominent, strong lingual U-shaped bulge. The
marginolingual faces are smooth. The transverse depression
above the lingual bulge is shallow. The two root lobes are separ-
ated by a deep median groove. A large paracentral foramen is
located in the nutritive groove.

The isolated material shows a wide range of morphological
variation, suggesting an important heterodonty. Median and
anterior teeth (Text-fig. 4A-B) and anterolateral teeth (Text-
fig. 4C-G) exhibit a crown with a symmetrical outline in occlu-
sal view. The two lobes of the root are similar in size. Median
and anterior teeth are relatively small and longer than wide
whereas anterolateral teeth appear to be relatively larger and
wider than long. Some of the latter have a subhexagonal outline
as a result of the well-marked marginal (lateral) articulating
facets (Text-fig. 4C).

Lateral teeth (Text-figs 3, 4K-P), including the holotype, have
a crown with an asymmetrical outline in occlusal view. The two
lobes of the root are of different dimensions in concurrence with
the asymmetry of the crown. It is possible to distinguish dissimi-
lar types of lateral teeth corresponding to different positions
within the jaw. Most of the teeth are longer than wide. Several
are subpentagonal (Text-figs 3], 4H) and subhexagonal (Text-
fig. 4L-M) in outline, respectively, in relation to the develop-
ment of one or two marginal articulating facets.

A few small teeth, probably from very distal jaw positions, are
nearly as wide as long (Text-fig. 4Q-T; see also Soler-Gijon and
Lopez-Martinez 1998, fig. 3F-G). These differ from the typical
lateral teeth in the more symmetrical contour of the crown and
the shape of the root in which both lobes are laterally expanded
and divergent (Text-fig. 4R).

Remarks. Until now six species of Rhombodus have been
described, all of them based on isolated teeth:
R. carentonensis Vullo, 2005, middle—upper Campanian, Charen-
tes, western France; R. binkhorsti Dames, 1881, Maastrichtian,
northern Europe, Near East, Africa and South America (Noub-
hani and Cappetta 1994; Cappetta and Corral 1999); R. levis
Cappetta and Case, 1975, Maastrichtian, New Jersey and South
Dakota (see also Becker et al. 2004); R. meridionalis Arambourg,
1952, lower Maastrichtian, Morocco, Egypt and possibly Syria
(Bardet et al. 2000); R. microdon Arambourg, 1952, upper Maas-
trichtian, Morocco and Iraq (Vullo 2005); R. andriesi Noubhani
and Cappetta, 1994, Maastrichtian, Morocco and Spain (Noub-
hani and Cappetta 1995; Cappetta and Corral 1999).

Teeth of Rhombodus ibericus sp. nov. are similar in size
to R. microdon. Those of R. microdon from Morocco
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TEXT-FIG. 3. Rhombodus ibericus sp. nov. A—E, FONT6-P-027, holotype, lateral tooth, early Maastrichtian, Fontllonga 6. A, labial,
B, lingual, C, oblique lingual, D, lateral, and E, occlusal views. F-], JUL-P-001, lateral tooth, late Campanian, Juli. F, labial, G, lingual,
H-I, lateral, and J, occlusal views. K-O, SUT-P-004, lateral tooth, late Campanian, Suterranya. K, labial, L, lingual, M, lateral, N,
oblique anterolateral, and O, occlusal views. P-T, SUT-P-007, lateral tooth, late Campanian, Suterranya. P, labial, Q, lingual, R-S,

laterolingual, and T, occlusal views.

range between 109 and 631 mm in width (average
318 mm; 111 specimens; cf. Noubhani and Cappetta
1994) and are only slightly larger than R. ibericus. How-
ever, R. microdon clearly differs in its tooth morphology,
i.e. the lingual bulge displays an angled outline in occlusal
view and the marginolingual crown faces exhibit vertical
wrinkles.

Teeth of the remaining species are considerably larger
than those of R. ibericus, their average width generally
exceeding 5 mm. Morphologically, R. carentonensis,

R. binkhorsti, R. meridionalis and R. andriesi differ from
R. ibericus in the same way as R. microdon. In addition,
R. carentonensis has a more slender lingual bulge. R. levis
is distinct in having a smooth crown surface and a
reduced lingual bulge.

Nine small teeth from the Maastrichtian of Asifabad
(Intertrappean beds), India, described as Rhombodus sp. 2
by Prasad and Cappetta (1993), resemble those of R. ibe-
ricus both in size (1'4—4 mm in width) and morphology
(smooth marginolingual faces and a broad, U-shaped
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TEXT-FIG. 4. Rhombodus ibericus sp. nov. A-B, FONT6-P-029, median/anterior tooth, early Maastrichtian, Fontllonga 6. A,
occlusal, and B, lateral views. C-D, FIG2-P-019, anterolateral tooth, late Campanian, Figuerola 2. C, occlusal, and D, basal views. E-G,
FIG2-P-025, anterolateral tooth, late Campanian, Figuerola 2. E, occlusal, F, lingual, and G, basal views. H-J, FIG2-P-023, lateral
tooth, late Campanian, Figuerola 2. H, occlusal, I, lingual, and J, basal views. K, FIG2-P-010, lateral tooth, late Campanian, Figuerola
2, occlusal view. L, FIG2-P-009, late Campanian, Figuerola 2, occlusal view. M—P, FIG2-P-004, lateral tooth, late Campanian, Figuerola
2. M, occlusal, N, lingual, O, basal, and P, lateral views. Q-T, FIG2-P-011, marginal (extreme lateral) tooth, late Campanian, Figuerola
2. Q, occlusal, R, lingual, and S-T, lateral views. Scale bars represent 1 mm.

lingual bulge, two of the diagnostic features of R. iberi- from the same locality as Igdabatis indicus, a myliobati-
cus). It would be premature to assign the Indian material form that is also present in the Spanish localities associ-
to R. ibericus, but it is important to note that it comes ated with R. ibericus (see below).
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Family MYLIOBATIDAE Bonaparte, 1838
Genus IGDABATIS Cappetta, 1972
Type species. Igdabatis sigmodon Cappetta, 1972, Maastrichtian,
Niger, West Africa.
Igdabatis indicus Prasad and Cappetta, 1993
1995 Igdabatis indicus Prasad and Cappetta; Soler-Gijon
and Lopez-Martinez, p. 174.
1998 Igdabatis indicus Prasad and Cappetta; Soler-Gijon
and Lopez-Martinez, pp. 4-6, figs 2, 3A-E.
Material. 70 teeth from Suterranya; 132 from Fontllonga 6.
Occurrence. Gypsiferous marls,

greyish clays, Tremp syncline, Fontllonga 6, Ager syncline, early
Maastrichtian.

Suterranya, late Campanian;

Description. Teeth of Igdabatis indicus are the most common
selachian remains in the deposits investigated and have already
been described in general terms by Soler-Gijon and Lopez-Marti-
nez (1998), who indicated that a total of 202 teeth had been
recovered from Fontllonga 6 and Suterranya including one com-
plete and three fragmentary median teeth, 129 lateral teeth (the
ratio between median and lateral teeth is similar at both sites)
and 51 small teeth probably belonging to juvenile individuals.
The best preserved specimen, a median tooth (FONT6-7005;
Soler-Gijon and Lopez-Martinez, 1998, fig. 2) is slightly abraded
but still displays the diagnostic pitted surface of the crown. In
occlusal view, the crown is arched with the lingual side being
convex whereas the labial side is slightly concave. The lateral
angle of the crown is acute and points labially. The lingual bulge
exhibits a corrugated surface. The root is polyaulacorhize with
nine preserved lobes varying in size and width and eight grooves
between the lobes.

The lateral teeth do not exceed 5 mm in size. In occlusal view,
the crown is hexagonal to subtrapezoidal. The surface displays a
rugose-pitted ornamentation. The roots are lower than the
crowns and have lobes of variable width.

Remarks. Igdabatis indicus was originally described from
isolated teeth encountered in the Maastrichtian of Mare-
palli (Infratrappean beds) and Asifabad (Intertrappean
beds), India (Prasad and Cappetta 1993). Soler-Gijon and
Lopez-Martinez (1998) demonstrated the presence of
L indicus in the Pyrenean Basin with the description of
the diagnostic median teeth of the species. According to
Prasad and Cappetta (1993, p. 239) the median teeth of
I indicus are 2-3-5 times wider than long, transversely
arcuate and with acute lateral angles; the crown surface is
ornamented with pits and ridges and the root is polyaula-
corhize with lobes of variable size. The Spanish species is
readily distinguished from teeth of I sigmodon Cappetta,
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TEXT-FIG. 5. Median tooth of Igdabatis cf. indicus Prasad

and Cappetta, 1993, FIG2-P-026, late Campanian, Figuerola 2.
A, occlusal, B, basal, C, lingual, and D, labial views. Scale bar

represents 1 mm.

1972 from the Maastrichtian of Niger in being smaller, in
lacking an uvula-like extension of the crown on the lin-
gual bulges roofing every root groove and in lacking the
sigmoidal curvature of the median teeth, which is the
diagnostic feature of I. sigmodon.

Igdabatis cf. indicus Prasad and Cappetta, 1993
Text-figure 5

Material. One complete median tooth, FIG2-P-026, from Figue-
rola 2, Ager syncline, grey clays, late Campanian.

Description. The single tooth comes from a median position and
is 339 mm high and more than twice as wide as it is long
(10-60 x 4:78 mm). The crown is arcuate in occlusal view (the
lingual border is convex). The occlusal face is strongly worn.
The middle part of the crown is higher than the lateral edges in
labial view. The labial margin of the crown exhibits fine vertical
corrugations. The lingual face is nearly smooth and the lingual
bulge is well developed. The root is polyaulacorhize, showing
eight lobes of variable width.

Remarks. The wear of the crown does not allow the iden-
tification of a pitted surface, which is a characteristic fea-
ture of I indicus. However, the specimen has all the other
diagnostic features of I indicus and lacks the sigmoidal
contour of I sigmodon.

DISCUSSION

The selachian assemblages from the Tremp Formation
in the southern Pyrenees are important not only for
understanding diversity patterns in the Late Cretaceous
of southern Europe but also for drawing palaeoenviron-
mental and palaeogeographical conclusions. They differ
from the marine Campanian fauna of western France
(Vullo 2005), the Campanian—Maastrichtian assemblages
of southern France (e.g. Cappetta and Odin 2001), the
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Maastrichtian Peyrecave fauna of the French Pyrenees
(Gheerbrant et al. 1997) and the Maastrichtian assem-
blage of Albaina in the Basque-Cantabrian region
(Cappetta and Corral 1999) in their taxonomic compo-
sition and diversity (Table 2). These differences are
mainly related to the environmental (lagoonal to mar-
ine) and palaeogeographical setting of the Tremp
assemblages. Interestingly, the most westerly location of
the localities investigated (e.g. Albaina, see Table 2)
shows higher diversities, probably because of their more
distal palacogeographical position in the marine Pyren-
ean Basin.

Other differences are more likely to be related to the
different ages of the assemblages. The successive selachian

assemblages from the Tremp Formation are dated by cor-
relation with deposits rich in planktonic foraminifera and
rudists and also by magnetostratigraphy (Galbrun et al.
1993; Ardevol et al. 2000; Vicens et al. 2004; Table 1).
The age of Orcau 2, Suterranya, Juli and Figuerola 2 is
late Campanian. On the other hand, palacomagnetic dat-
ing places Fontllonga 6 close to the base of the chron
C31r, indicating an early Maastrichtian age (Table 1).
This dating follows the recalibration of the Campa-
nian/Maastrichtian boundary to 71-3 + 0-5 Ma by Grad-
stein et al. (1999).

The age of the Albaina section is problematic. It was
indirectly dated as latest Maastrichtian based on strati-
graphic correlations of the fossiliferous horizons with

TABLE 2. Distribution of selachians in the southern Pyrenees, Tremp Formation (data from this study) and related taxa in the Maas-
trichtian of Albaina, Basque-Cantabrian region (data from Cappetta and Corral 1999) and the Petites Pyrénées, southern France (data

from Gheerbrant et al. 1997).

Taxa Orc-2 Sut Juli

Fig-2 Font-6 Albaina P. Ppyr (F)

Orectolobiformes
Hemiscyllium sp. +
Plicatoscillium minutum
Chiloscyllium sp.
Lammniformes
Lamniformes indet. +
Squalicorax pristodontus
Squalicorax kaupi
Cretolamna appendiculata
Serratolamna serrata
Carcharias heathi
Carcharias aff. gracilis
Odontaspis bronni
Carcharhiniformes
Palaeogaleus faujasi
Palaeogaleus sp.
Rajiformes
Paratrygonorrhina +
amblysoda sp. nov.
Rhinobatos echavei
Rhinobatos ibericus
Ataktobatis variabilis
Vascobatis albaitensis
Dalpiazia stromeri
Ganopristis leptodon
Myliobatiformes
Coupatezia trempina +
Sp. nov.
Coupatezia sp. +
Coupatezia? sp. +
Coupatezia fallax

Rhombodus ibericus + +

Sp. nov.
Rhombodus andriesi

Rhombodus binkhorsti

Igdabatis indicus +
Igdabatis cf. indicus

+ o+ o+ o+ o+ o+ +

+

+ o+ o+ o+ o+t
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open marine contemporaneous successions in Morocco
and elsewhere. The age of the Peyrecave section (Gheer-
brant et al. 1997) and the phosphatic deposits of nor-
thern Morocco (Noubhani and Cappetta 1994, 1997) are
considered to be Maastrichtian mainly because of the
occurrence of the batoid Rhombodus, which is consid-
ered to be a biostratigraphic marker for Maastrichtian
deposits (e.g. Cappetta and Corral 1999; Bardet et al.
2000; Cappetta et al. 2000). However, the finds of
R. carentonensis in the Campanian of western France
(Vullo 2005) and of R. ibericus in the upper Campanian
of Figuerola 2, Suterranya and Juli indicate that Rhom-
bodus might not be a reliable biostratigraphic marker for
the Maastrichtian. In addition, the presence of Igdabatis
in the Campanian of Suterranya and Figuerola 2 also
prevents the use of this batoid as a Maastrichtian mar-
ker (e.g. see Tandon and Andrews 2001; Rage et al.
2004). The occurrence of R. ibericus and I. indicus in the
Campanian of the Spanish localities strongly supports
the assumption of Vullo (2005) that the rhombodontids
and myliobatids, taxa with grinding dentition, had a
very early differentiation, synchronous with the Campa-
nian diversification of hypsobatids with a crushing-
grinding dentition.

The rhinobatid Paratrygonorrhina amblysoda is identical
to Rhinobatos sp. from the French Pyrenees and C. trem-
pina is closely related to C. ambroggi from the lower
Maastrichtian of Morocco. These records from the upper
Campanian of the Tremp Formation are thus important
for biochronological purposes (Soler-Gijon et al. in

prep.).

CONCLUSIONS

The taxonomic composition of the selachian assemblages
are indicative of a transitional, very near-coastal/lagoonal
environment for the Tremp Formation during the Late
Cretaceous as reconstructed by Soler-Gijon and Lopez-
Martinez (1998) and not for an inland fluviatile environ-
ment as suggested by other authors. The actinopterygian
and dinosaur finds (Lopez-Martinez et al. 2001; Soler-
Gijon and Loépez-Martinez 2005) do not contradict this
hypothesis.

Moreover, the Pyrenean elasmobranchs are relevant
for the study of palacogeographical relationships between
Eurasia, Africa and India at the Cretaceous/Tertiary
boundary, a complex and controversial topic (see recent
discussions in Briggs 2003 and Rage 2003). Assuming
that, like Recent rays (see Long 1994), Mesozoic rays
could disperse mainly along continental shelf areas (shal-
low waters), the study of the spatio-temporal distribu-
tion of fossil taxa is a powerful tool for testing plate
tectonic reconstructions. Igdabatis has generally been
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regarded as an endemic Gondwanan taxon and used to
support isolation of the ancient continent from Eurasia.
The Spanish specimens of Igdabatis, which are the first
records of this batoid from Europe, suggest a shallow
trans-Tethyan connection between Eurasia and India at
the end of the Cretaceous (Soler-Gijon and Lépez-Marti-
nez 1998). This hypothesis is also supported by the
possible occurrence of R. ibericus in the Indian localities
in association with Igdabatis. Further studies of Spanish
and Indian material should provide a more detailed pic-
ture of the palaecobiogeographical connection between
Eurasia and India.
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