





















































slightly convex, very sharp and unserrated carina. It is very compressed labiolingually:
both the labial and the lingual sides are symmetrically convex anteroposteriorly. The
enamel is perfectly smooth on both sides.

Archosauriformes indet. (Type 12)

Referred specimen: IRSNB R199,
Description (Plate 4, E-F):

The crown of this complete tooth is trianguiar in outline, low (height of the crown
/ FABL = 0.86) and very compressed labiolingually (FABL / LLBW = 2.27), The apex
is slightly curved posteriorly and linguaily. The labial side is convex both horizontally
and vertically. The lingual side is formed by a median rib flanked by anterior and
posterior concave facets running along the edges. Both the anterior and posterior edges
form pronounced carinae: the anterior one is unserrated, but the posterior one bears six
worn and indistinct denticles halfway up the apex of the crown. With the exception of
post-mortem cracks, the enamel is smooth.

The root of this specimen is partially resorbed, forming a large resorption cavity.
Like the crown, it is very compressed labiolingually. Its distal side is very concave,

Archosauriformes indet. (Type 13)

Referred specimen: IRSNB R200.
Description (Plate 4, G-H):

This is the apical part of a crown which was probably not very compressed
labjolingually and not recurved. Although broken, the apex was probably not very
acute. The labial and the lingual sides are nearly symmetrically convex. The anterior
and posterior edges form very trenchant but unserrated carinae. The enamel is
ornamented by thin longitudinal ridges on both sides,

Monophyletic hierarchy: ?Archosauriformes incertae sedis

Genus GRAOQULLYODON nov.

Diagnosis: As for the type species, Graoullyodon hacheti nov. sp. (monospecific
genus).

Derivatio nominis: Graoully, mythical monster of the Metz area (see Bellard (1965-
66) for a historical study of the Graoully legend) and odous (Greek), tooth.

Type species: Graoullyodon hacheti sp. nov.

19



Graoullyodon hacheti sp. nov,

Diagnosis: Tooth crowns caniniform and triangular in cross-section. Anterior side with
an infolded median groove. Trenchant posterior edge, with a dozen prominent denticles
arranged obliquely along the edge.

Holotype: IRSNB R201.
Paratypes: IRSNB 28114/149 and IRSNB 28114/35,

Derivatio nominis: In honour of Dr. Michel Hachet, Curator of the Musée municipal de
Toul, who so kindly received our team during the excavations at Saint-Nicolas-de-Port.

Locus typicus: Quarry of Saint-Nicolas-de-Port, in Rosiéres-aux-Salines (Meurthe-et-
Moselle, France). '

Stratum typicum: Bone-bed assigned to the "Rhaetian” sandstones (Late Triassic).
Description (Plate 4, I-L):

These caniniform teeth are rather low and stout (FABL / LLBW = 1) and triangu-
Iar in cross-section. The anterior side is nearly perfectly flat labiolingually and slightly
convex from top to bottom, It bears an infolded enamel-lined median groove. This
groove becomes narrower and shallower towards the tip of the crown and disappears at
the level of its apical third. The anterolabial and anterolingual edges of the tooth are
rather rounded and do not bear crenulations. The lingual side is slightly concave both
vertically and horizontally and the labial side is symmetrically convex, so that the apex
is somewhat displaced to the posterolingual side of the tooth. The posterior edge,
somewhat more acute than the others, bears a dozen rather prominent denticles arranged
obliquely along the posterior edge. The enamel is perfectly smooth. There is a
resorption cavity at the base of the tooth.

Discussion:

The attribution of this tooth to the ?Archosauriformes is based on the presence of
prominent denticles on the posterior edge and on the presumed thecodont implantation.
The groove on the anterior side of these teeth is reminiscent of the venom groove along
the anterior edge of the poison fangs of many extant snakes and Heloderma. By
analogy, it is possible that this structure also served in venom conduction. Apparent
venom-conducting teeth have also been described in another Late Triassic
archosauriform: Uatchitodon kroehleri SUES, 1991 is characterized by its strongly
labiolingually compressed, recurved, serrated and blade-like dental crowns, bearing
deeply infolded median grooves on both their labial and lingual sides (Sues, 1991; Sues
et al., 1994). The earliest record of what appears to be an oral venom-delivery
apparatus in tetrapods is represented by the therocephalian therapsid Euchambersia,
from the Upper Permian of South Africa: a deep lateral recess on the maxilla opens onto
the palate just behind the large canine (Mendrez, 1975). Therefore, it appears that an
oral venom-conducting apparatus independently appeared in several amniote lineages
(therapsids, archosauriforms and squatnates).
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DISCUSSION AND CONCLUSIONS

Late Triassic ornithischian evolution

Ornithischians are rare components of Late Triassic vertebrate assemblages and
are mainly known from isolated teeth. Dutuit (1972) described Azendohsaurus
laaroussi, a fragmentary jaw and associated teeth, from the early late Carnian (Hunt
and Lucas, 1994) of Morocco. Galton (1984), however, noted that one of the associated
teeth clearly shows ornithischian characters and he described additional specimens from
the Upper Triassic of Morocco. Thulborn (1974) and Gauffre (1993) reexamined the
specimen and suggested that it represents, in fact, a prosauropod. Pekinosaurus olseni,
based on isolated teeth from the Late Carnian Pekin Formation of North Carolina, is a
presumed ornithischian from the late Carnian (Hunt and Lucas, 1994). Pisanosaurus
mertii CASAMIQUELA, 1967, from the Ischigualasto Formation in Argentina, is also
from the late Carnian. Galton (1983) mentioned a partial maxiila from the late Carnian
Wolfville Formation of Nova Scotia (Canada). Galtonia gibbidens and Tecovasauris
murryi are based on isolated teeth from North America that occur in strata dated as
latest Carnian (Hunt and Lucas, 1994). Lucianosaurus wildi and Revueltosaurus
callenderi are isolated teeth discovered in early to middle Norian strata in North
America (Padian, 1990; Hunt and Lucas, 1994). A right dentary from the same age
represents Technosaurus smalli (Chatterjee, 1984).

If their attribution is confirmed, the ornithischian teeth discovered in Saint-
Nicolas-de-Port could be the oldest representatives of this group in Europe. Cuny et al.
(in prep.) describe a presumed ornithischian tooth from the Rhaetian of Lons-le-Saunier
(Jura, France) and the tooth of "Plateosaurus” ornatus from the Rhaetian bone-bed of
SchisfBlesmiihle, near Tibingen (Wiirttemberg, Germany) may in fact belong to an
ornithischian dinosaur (Huene, 1907-08). Notwithstanding doubts about the precise age
of Saint-Nicolas-de-Port (see below), these latter specimens are definitely younger than
those from Saint-Nicolas-de-Port. However, those teeth are the only presumed
ornithischian fossils discovered to.date in the late Norian-Rhaetian formations.

Because of the rarity and poor preservation of much of the material referred to
Triassic ornithischian dinosaurs, very little of substance can be said about their early
evolution. These small to medium-sized herbivorous dinosaurs were at least present in
North and South America by the Carnian and possibly in Europe by the Norian.
However, this apparent biogeographical distribution is almost certainly the result of a
lack of data for other areas. During the Early Jurassic, ornithischian dinosaurs became
relatively common and diverse. This may be related to the extinction of other low-
browsing herbivores, such as aetosaurs, at the end of the Triassic (Hunt and Lucas,
1994).

The age of the Saint-Nicolas-de-Port quarry

The age of Saint-Nicolas-de-Port has been debated by numerous authors.
Stratigraphers and mammal workers argued for an early Rhaetian age (Laugier, 1971,
Sigogneau-Russell, 1983c), but Buffetant and Wouters (1986), Cuny and Ramboer

21



{1991) and Duffin (1993) placed the beds in the uppermost middie Keuper (late Norian)
because of the great resemblance of their amphibians and reptiles to those discovered in
the famous Baerecke quarries at Halberstadt (Germany). It is not the purpose of this
paper to discuss all the arguments developed by the different authors in favour of one or
the other hypothesis. Nevertheless, some remarks can be made based on the study of the
archosauriform teeth.

One of the most important arguments developed by Buffetaut and Wouters (1986)
is the presence of the phytosaur "Angistorhinopsis” ruetimeyeri at Saint-Nicolas-de-
Port and at Halberstadt. In the latter locality, this phytosaur is recorded at the top of the
sequence, above the plateosaur beds, in Jayers referred to the "Rhét" by Huene (1922)
and Kuhn (1939). On the other hand, Buffetaut and Wouters (1986) claimed that these
beds can be included in the underlying Knollenmergel, but they do not provide support
for this view. It has been shown above that the teeth discovered at Saint-Nicolas-de-Port
do not necessarily belong to the species "Angistorhinopsis” ruetimeyeri and that such a
heterodont dentition can also be observed in other species of phytosaurs ("Belodon”
plieningeri) and other heterodont phytosaurs. Although phytosaurs are good
biostratigraphic indicators for the Upper Triassic (Lucas and Hunt, 1989, 1993; Hunt,
1991; Hunt and Lucas, 1991; Benton, 1994), the biostratigraphic value of isolated
phytosaur teeth from Saint-Nicolas-de-Port as an indicator of an upper Norian age for
that locality remains uncertain. It requires precise informations about the age of the
phytosaur-bearing beds at Halberstadt, about the systematic status of
"Angistorhinopsis” ruetimeyeri and "Belodon" plieningeri and about the interspecific
variation of the teeth in heterodont phytosaurs. However, to our knowledge, fluted
phytosaurian teeth seem to be unknown in other European "Rhaetian” sites.

For Buffetaut and Wouters (1986), Cuny and Ramboer (1991) and Cuny (1993),
the presence of numerous Plateosaurus teeth in Saint-Nicolas-de-Port suggests a late
Norian age for this locality, Indeed, it appears that most Plateosaurus specimens have
been discovered in the Knollenmergel or in equivalent formations of western Europe
{Galton, 1985, 1986a, 1990; Sander, 1992). Rhaetian prosauropod material seems rare
and hardly diagnostic in the German Basin (Cuny, 1993, 1995),

Other taxa reported here from Saint-Nicolas-de-Port have broader stratigraphic
ranges. Specimens very similar to the "Archosauriformes type 1" teeth from Saint-
Nicolas-de-Port are described from the Knollenmergel of Germany (Sander, 1992).
Nevertheless, it has been shown that similar teeth can also be found in numerous
archosaurian lineages and are, therefore, poor biostratigraphic indicators. The pterosaur
Eudimorphodon was first decribed from the middle Norian (Benton, 1994) of Cene,
Italy (Wild, 1978). Teeth of Eudimorphodon were subsequently described in the Norian
of Friuli, Italy (Dalla Vecchia, 1995), in the late Norian of Medernach (Luxembourg;
Hahn ef al., 1984; Cuny et «l., 1995) and in the Dockum Formation (late Carnian -
early Norian) of North America (Murry, 1986). Clemens (1980), on the basis of figures
given by Peyer (1956), tentatively referred some isolated teeth from the Rhaetian site of
Hallau (Switzerland) to Eudimorphodon, but this record was never confirmed (see
Fraser and Unwin, 1990). The early ornithischian Tecovasaurus, tentatively identified
at Saint-Nicolas-de-Port, was first described from the late Carnian of Texas and Arizona
(Hunt and Lucas, 1994).
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It can be concluded that, although the archosaurian fauna overall resembles that
from the late Norian of Germany, the temporal resolution of isolated archosaurian teeth
is not fine enough to draw precise conclusions about the age of the Saint-Nicolas-de-
Port quarry. The solution to this problem would require the discovery of more complete
material, which would permit more precise identifications of the animals. Moreover, a
consensus is needed on the status of the Rhaetian stage.

The Saint-Nicolas-de-Port vertebrate community

An ecological community can be defined as a group of organisms living together
within a definite locality. This community is characterized by a trophic structure with
food webs linking plants, primary, secondary and tertiary consumers. In the community,
each animal occupies an ecological niche. For Elton (1927), the niche is the place of the
animal in the biotic environment, its relations to food and enemies. The niche of an
animal can be defined to a large extent by its size and food habits.

In palacontology, recognition of fossil communities is rather difficult and depends
largely on taphonomic conditions of fossilization. Moreover, it is usually difficult to
decide upon the precise diet of an extinct animal, which depends on both ecological and
morphological factors. If tooth morphology and the body size are regarded as important
characters in analyzing the diet of an animal, these criteria need to be used with caution
because they do not provide conclusive evidence for a particular type of diet.

The mixture of terrestrial, marine and freshwater vertebrates within the Saint-
Nicolas-de-Port community suggests a deltaic or a coastal palacoenvironment. This is
confirmed by the sedimentological study of the section by Al Khatib (1976). The marine
vertebrates are dominant within the bone-bed. Although they are very numerous, they
are not very diverse. They are represented by sharks (Lissodus, Rhomphaiodon:
Duffin, 1993), Perleidiformes, Pycnodontiformes and Actinopterygii (Cuny, 1993). 1t is
possible that some of these fishes are fresh-water animals. The pterosaur
Eudimorphodon is usually regarded as a coastal fish-eater and indeed fossilized
stomach remains of an individual from the Norian of Cene (Italy) shows that
Eudimorphodon preyed on small fishes such as Parapholidophorus. Juvenile
individuals had a different dentition and probably ate insects (Wild, 1978; Wellnhofer,
1978, 1991).

The lungfishes (Ceratodontiformes) are represented by Ptychoceratodus phillipsi
and by Ceratodus kaupi (Martin et al.,, 1981). C. kaupi was an ubiquitous animal,
living in marine as well as in freshwater environments. P. phillipsi is regarded as a
littoral species (Martin et al., 1981)., The living ceratodontid Neoceratodus from
Australia has an omnivorous diet: young specimens feed on insect larvae and planktonic
crustaceans, while larger individuals eat frogs, tadpoles, fishes, shrimps, earthworms,
snails and aquatic plants (Allen, 1989).

Late Triassic temnospondyl amphibians occur largely in floodplain channels and
in lacustrine deposits (Milner, 1994). They are represented at Saint-Nijcolas-de-Port by
the Capitosauroidea, Metoposauridae and Plagiosauridae (Buffetaut and Wouters, 1986;
Cuny and Ramboer, 1991; Cuny, 1993). The latter were undoubtedly suction-gulpers,
living permanently on the bottom (Milner, 1994). Capitosauroids were large and
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crocodile-like temnospondyls, growing up to 3 m in length. Along with the
Metoposauridae, they probably filled the niche of amphibious predators, feeding on
freshwater fishes but also on terrestrial vertebrates (Benton, 1979; Hunt ef al., 1993).
Phytosaurs were also crocodile-like amphibious macropredators. Their lifestyle was not
basically different from that of living crocodilians {Westphal, 1976). Coprolites and

Abundance | Size Habitat Ecological niche Diet
Capitosauroidea ind. >+ M/L | Fresh-water | Aquatic/terrestrial predators |  Fishes and other vertebrates
Metoposauridae ind. b M | Fresh-water | AquaticAterrestrial predators | Fishes and other vertebrates
Plagiosauridae iad. it d M | Fresh-water Fully aquatic predators Fishes
Rutiodontidae ind, hkand L | Fresh-water | Aquatic/ terrestrial predators |  Fishes and other ventebrates
?Rutiodontidae ind, hi M | Fresh water | AquaticAemestrial predators | Fishes and other vertebrates
Eudimorphodontidae
Eudimorphodon had M Coastal Coastal fishers Fishes
Plateosauridae
Plateosaurus b sk L Lowland Large herbivores Vegetation
?0raithischia ind. 1.3 akd M Lowland | Small / medivm herbivores Vegetation
Archosauriformes ind. 1 hika M Lowland Top predators Medium/large ventebrates
Archosaurifores ind, 2-13 i akd SM | Lowland Small/medium predators Small/medium vernebrates
Graoullyodon * 3 Lowland Smalt predator Small/medium vertebrates
Sphenedontia ind, * 5 Lowland Insectivores Insects
Lepldosauromorpha ind. * S Lowland Insectivores Small insects
" Chiniquodontoidea"
Pseudotriconodon i S Lowland Insectivores Large insects
Meurthodon i S Lowland | Insectivores, small predators | Large insects, small vertebrates
Tricuspes b 8 Lowland Insectivores Large insects
Gaumia hid N Lowland Insectivores Large insects
Lepagia * S Lowland Insectivores Large insects
Hahnia * 8 Lowland Insectivores Large insects
Traversodontidae
Maubeugia * M) Lowland Small omnivores Insects, soft plant matter,...
Rosteria * S Lowland Small omnivores Insects, soft plant matter,...
Microscalenodon * S Lowland Small omnivores Insects, soft plant matter,...
Haramiyidae .
Thomasia *ik s Lowland Small herbivores N Soft plant matter
T;—;:f;iglﬁe hiad S Lowland Small herbivores Soft fruits
Mgiﬁ?;:ﬂ::;iae s 3 Lowland Insectivores Large insects
Morganucodon hid 3 Lowland insectivores Large insects
“;‘;,‘;f:;igfe ok S | Lowland Insectivores Large insects
K;:;:L?;;:Zifmae * S Lowland Insectivores Large insects
Dgf;zgg;:a * 3 Lowlands Insectivores Large insects

Figure 3.— Ecological niche of the different tetrapod taxa represented in Saint-Nicolas-de-Port. *: very rare; **: rare;
#%%; common; ¥¥*%; abundant. §: small (< 60 cm); M: medium-sized (60cm < size < 3m); L: large (>3 m)

stomach contents show that they ate fishes and small reptiles. They could lie partially
submerged in water or walked on land in order to catch preys (Chatterjee, 1978; Benton,
1979).

Fossils of terrestrial vertebrates are not very comimon in Saint-Nicolas-de-Port,
but they appear very diverse. We have no direct evidence of the type of vegetation
present either in the form of macroscopic plant material or palynomorphs. However, the
vegetation must have been well developed in the vicinity, in order to provide the basic
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Figure 4.— Possible trophic relationships within the Saint-Nicolas-de-Port vertebrate community.

trophic support for such a variety of animals. Small herbivores are represented by
allotherian mammals.

Teeth of the haramiyid Thomasia are rarely strongly worn, which may indicate a
diet of soft plant matter. Those of the theroteinid Theroteinus have low cusps and
delicate roots that suggest a diet of rather soft plants (Sigogneau-Russell and Hahn,
1994). Early ornithischians were small to medium-sized herbivores; because wear facets
are poorly developed on the teeth of Late Triassic ornithischians (see also Hunt and
Lucas, 1994), it can be deduced that they also fed on rather soft matter. Plateosaurus
was a large herbivore, reaching 7 m in length. Its teeth often show extensive wear
surfaces: it could probably eat tougher plant material. The long neck of this animal
extended the vertical feeding range so that vegetation could be reached at higher levels
(Bakker, 1978; Galton, 1986b).

Insects were probably quite abundant and provided nutrition for the juvenile forms
of numerous reptiles, but also for numerous small aduits, These include Sphenodontia
and an indeterminate lepidosauromorph (Cuny, 1993), small "chiniquodontoid” (sensu
Sigogneau-Russell and Hahn, 1994) cynodonts (Godefroit and Battail, 1997),
Morganucodontidae, Woutersiidae, Kuehneotheriidae and Docodonta (Sigogneau-
Russell, 1983a, b; Hahn ef al., 1991; Sigogneau-Russell and Hahn, 1994, 1995;
Sigogneau-Russell and Godefroit, 1997). The great diversity of small herbivores and
insectivores may have led to the diversification of small to medium-sized predators,
represented by the Archosauriformes indet. types 2-13 described in the present paper,
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characterized by their sharp and usually serrated teeth. Graoullyodon, with its venom-
conducting caniniform teeth, was probably an important predator in this community.
Archosauriformes indet. type 1 were medium-sized predators, the largest fully terrestrial
ones in the fauna, which probably dominated the terrestrial ecosystem.

A summary of the ecological characteristics of the different tetrapod taxa
represented at Saint-Nicolas-de-Port is presented in Figure 3. The diagram in Figure 4
represents the theoretical relationships within the Late Triassic community of
vertebrates from Saint-Nicolas-de-Port.
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CAPTIONS OF THE PLLATES

PLATE 1

Archosauriformes teeth from the Late Triassic of Saint-Nicolas-de-Port. A-C; scale
bars = 1 em; D-M: scale bars = | mm,

A: IRSNB R178, anterior tooth of Phytosauridae type 1.
B: IRSNB R 179, intermediate tooth of Phytosauridae type 1.
C: IRSNB R180, posterior tooth of Phytosauridae type 1.

D-E: IRSNB R181, tooth of Phytosauridae form 2 in lateral (D) and anterior or
posterior (E) views.

F-G: IRSNB R184, tooth of Plateosaurus in lingual (F) and labial (G) views.
H-1: IRSNB R182, tooth of Eudimorphodon in labial (H) and posterior (I} views.
J-K: IRSNB R183, tooth of Eudimorphodon in lateral (J) and posterior (K) views,

L-M: IRSNB R202, ?ornithischian (type 3) tooth in lateral (L} and apical (M)
views,

PLATE 2

Archosauriformes teeth from the Late Triassic of Saint-Nicolas-de-Port. Scale bars
= 1 mm.

A-B: IRSNB R185, tooth of aff. Tecovasaurus in lingual (A) and posterior (B)
views.

C-D: IRSNB R186, 7ornithischian (type 2) tooth in lingual (C) and posterior (D)
VIews.

E: IRSNB R187, Archosauriformes indet. (type 1) tooth in lateral view.

F-G: IRSNB R188, Archosauriformes indet. (type 1) tooth in lateral views, with
detail (G) of the crenulations.

H-I: IRSNB R189, Archosauriformes indet. (type 2) tooth in lateral views, with
detail (I) of the posterior wear facet.

J-K: IRSNB R190, Archosauriformes indet. (type 3) tooth in lingual (J) and
posterior (K) views.
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PLATE 3

Archosauriformes teeth from the Late Triassic of Saint-Nicolas-de-Port, Scale bars
= 1 mm.

A-B: IRSNB R191, Archosauriformes indet. (type 4) tooth in lateral views, with
detail (B) of the posterior crenulations.

C-D: IRSNB R192, Archosauriformes indet. (type 5) tooth in lateral (C) and
posterior (D) views.

E-F: IRSNB R193, Archosauriformes indet. (type 6) tooth in labial (E) and lingual
(F) views.

G-H: IRSNB R194, Archosauriformes indet. (type 7) tooth in labial (G) and
lingual (H) views.

I-J: IRSNB R195, Archosauriformes indet. (type 8) tooth in lateral (I) and
anterior or posterior (J) views.

K-L: IRSNB R197, Archosauriformes indet. (type 10) tooth in lateral (K) and
anterior or posterior (L) views.

PLATE 4

Archosauriformes teeth from the Late Triassic of Saint-Nicolas-de-Port. Scale bars
= ] mm,

A-B: IRSNB R196, Archosauriformes indet. (type 9) tooth in lateral views, with
detail (B) of the crenulations.

C-D: IRSNB R198, Archosauriformes indet. (type 11) tooth in lateral (C) and
apical (D) views.

E-F: IRSNB R199, Archosauriformes indet. {type 12) tooth in labial (E) and
posterior (F) views.

G-H: IRSNB R200, Archosauriformes indet. (type 13) tooth in lateral (G) and
anterjor or posterior (H) views.

I-L: IRSNB R201, tooth of Graoullyodon hacheti, in anterior (I), lingual (J),
posterior (K} and antero-lingual (L) views, anterior groove indicated by an arrow.
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