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Abstract The spotty nature of the terrestrial fossil record

for the Mesozoic hinders a more complete understanding of

dinosaur diversity. For stegosaurs (Ornithischia), the plated

dinosaurs, only a few and fragmentary remains are reported

from the Early Cretaceous of Europe. A recent revision

concluded that only a partial vertebra of the nomen dubium

Craterosaurus (?Aptian, England) could be considered as

stegosaurian. Here we report on a stegosaur tooth from the

Early Cretaceous (Berriasian) Purbeckian deposits of Cher-

ves-de-Cognac (Charente), southwestern France. This tiny

tooth was examined in detail using microtomography.

Comparisons being limited by the rarity of stegosaur tooth

rows material (e.g., from the skull of the holotype of

Stegosaurus stenops) and dental material, notably from

Europe, we observed new material of cf. Stegosaurus arm-

atus and Hesperosaurus mjosi from the Upper Jurassic

Morrison Formation of Wyoming (USA). The tooth shows

the most similarities to the Late Jurassic genera Stegosaurus

and Hesperosaurus, but differs in having a distinctive

downwardly arched (V-shaped) cingulum on the ?lingual

face (maxillary tooth hypothesis). It is referred to as

Stegosauria indeterminate, a medium-sized quadrupedal

herbivore that inhabited an emerged land between the

Armorican Massif and the Massif Central. This finding is the

first evidence of a stegosaur from the Early Cretaceous of

France and a welcome addition to the meagre European

record of that time. In addition, it is the second stegosaurian

tooth crown reported from Europe. The assemblage of

ornithischians of Cherves-de-Cognac shares some similarities

with that of the Early Cretaceous (Berriasian) of the Purbeck

Limestone Group, southern England. The relative rarity of

ornithischian osteological remains in both Purbeckian

environments suggests that most of these dinosaurs were

mainly inhabitants of inland terrestrial palaeoenvironments.
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Introduction

The Stegosauria, the plated dinosaurs, are medium to large-

sized quadrupedal herbivorous ornithischians, with pro-

portionally small heads and tiny teeth, and known with

confidence from the Middle Jurassic to the Early Creta-

ceous (Galton and Upchurch 2004; Maidment et al. 2008).

The European stegosaurs are well represented in the Mid-

dle–Late Jurassic but their fossil record is poor in the Early

Cretaceous (see Maidment et al. 2008 for a recent review;

Mateus et al. 2009 for Miragaia from Late Jurassic of

Portugal). Such an apparent huge fall in biodiversity at the

Jurassic/Cretaceous boundary (ca. 145.5 Myr ago) is

known in non-marine tetrapods (amphibians, reptiles,

birds, mammals) and has been mainly interpreted as a

failure in rock deposition during the Early Cretaceous

(Haubold 1990; Benton 1995), although it has been shown

that new collecting is improving the completeness of the

fossil record at this time (Fara and Benton 2000). In the

same way, French stegosaurs have been recovered in

the Middle–Late Jurassic (Buffetaut et al. 1991; Allain and

Pereda Suberbiola 2003; Buffetaut and Morel 2009), but no

stegosaurs are known in the Early Cretaceous. Here, we

report the discovery of a stegosaur tooth from the Early

Cretaceous (Berriasian) of Cherves-de-Cognac (Charente),

southwestern France.

Vertebrate remains from this locality were reported as

early as the middle of the nineteenth century (Coquand

1860). They belong to rich and diverse continental assem-

blages including chondrichthyans, osteichthyans, lissam-

phibians, turtles, lepidosaurs, crocodylians, dinosaurs,

pterosaurs, birds and mammals (Buffetaut et al. 1989;

Hervat and Hervat 1993; Vignaud et al. 1994; Le Loeuff

et al. 1996; Billon-Bruyat 2003; Mazin et al. 2006; Pouech

et al. 2006; Pouech 2008). Our team has excavated more

than 1,800 macro-remains and 45,000 micro-remains of

vertebrates, but only a single isolated stegosaur tooth was

recovered. This find of a stegosaur is a welcome addition to

the scanty European record of this dinosaur group during

the Early Cretaceous.

Geographical and geological setting

The tooth was unearthed in 2002 by our crew during

excavations in the gypsum Champblanc Quarry, near the

village of Cherves-de-Cognac (administratively named

Cherves-Richemont), at about 7 km north of the town of

Cognac (département Charente), southwestern France.

The outcrop (ca. 40 m thick) corresponds to a Purbeckian

facies, overlying the Late Jurassic (Tithonian) marine

limestones of the region (Bourgeuil et al. 1986). Using

three independent biomarkers (ostracods, charophytes and

dinoflagellates), this Purbeckian facies has been dated to

the Early Cretaceous, precisely to the Berriasian, and

correlated with the lower part of the Middle Purbeck of

southern England (Colin et al. 2004; El Albani et al.

2004).

The series consists of gypsum, clays, marls and lime-

stones, deposited in a succession of shallow hypersaline,

brackish and freshwater conditions; see El Albani et al.

(2004, 2005), Mazin et al. (2006) and Pouech (2008) for a

detailed description and interpretation of the section. The

tooth was recovered in the ‘‘Highly Fossiliferous Zone’’, a

complex of glauconitic marls and limestones (ca. 1.3 m

thick) in the middle part of the section. This zone contains

accumulations of reworked assemblages of non-marine

vertebrates, deposited in brackish waters of a deltaic

environment; the rarity of marine vertebrates indicates that

the communication with the open sea was limited. The

vertebrate fossils are generally isolated, randomly oriented

and sorted, without abrasion but with clean breaks, sug-

gesting a short but high-energy transport by rivers and

periodic flooding from the adjacent emerged land. This is

consistent with the preservation of the reported tooth

(Fig. 1), which shows a well-preserved crown and a broken

root extremity covered by matrix (i.e. it was broken before

fossilization).

The reported tooth was discovered in the marls of the

richest level (C36) of this fossiliferous complex, along with

aquatic (chondrichthyans, osteichthyans), amphibious (lis-

samphibians, turtles, crocodylians), terrestrial (lepidosaurs,

crocodylians, dinosaurs, mammals) and aerial (pterosaurs,

birds) forms (for lists see Billon-Bruyat 2003; Mazin et al.

2006; Pouech et al. 2006; Pouech 2008).

In terms of palaeogeography, the studied area corre-

sponds to the northern margin of the Aquitaine Basin,

between the Armorican Massif and the Massif Central

(Ziegler 1988; Thierry et al. 2000). During the Tithonian,

the Aquitaine Basin was likely occupied by a gulf (the

‘‘golfe charentais’’) connected/opening westwards to the

opening North Atlantic Ocean (Delfaud and Gottis 1966;

Hantzpergue and Lafaurie 1994). The Late Jurassic marine

regression in Western Europe (Hallam 2001) led to the

development of confined environments in this gulf, as

evaporitic facies from the region of Cognac (Delfaud and

Gottis 1966; Hantzpergue and Lafaurie 1994), until the

Berriasian in the Champblanc Quarry. In all likelihood, this

stegosaur inhabited an emerged land adjacent to such

evaporitic environments. This was followed by a failure in

rock deposition and/or subsequent erosion until the Ceno-

manian transgression (Bourgeuil et al. 1986).
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Systematic palaeontology

Ornithischia SEELEY 1887

Thyreophora NOPCSA 1915 (sensu Norman 1984)

Stegosauria MARSH 1877

Stegosauria indet. (Fig. 1)

Material

An isolated tooth, no CHE02.084, stored in the palaeon-

tological collection of the Musée d’Angoulême, Charente,

France.

Methods

To examine this tiny tooth in detail, J. Pouech, J.-M. Mazin

and P. Tafforeau performed a three-dimensional recon-

struction based on microtomographies (Fig. 1b–f) at the

European Synchrotron Radiation Facility (Grenoble,

France), ID 19 beamline (pixel size 5.6 lm, propagation

distance 50 mm, energy 20 keV). The three dimensional

processing and rendering were made with the software

VGStudiomax (under ESRF Licence).

Description

The specimen is a well-preserved isolated tooth lacking the

distal part of the root (Fig. 1). The crown is complete and

thinly enamelled on both sides. This simple spatulate tooth

consists of an expanded, transversely compressed, verti-

cally striated crown having denticulate margins, a small

wear facet situated on the apical tip, a prominent ring-like

cingulum (swelling, shelf of enamel fully encircling the

base of the crown), and a subcylindrical root. Above the

cingulum, the crown is mesiodistally rounded and quite

symmetrical (Fig. 1b, d), while it is labiolingually com-

pressed and asymmetrical, and triangular in shape: one face

is oblique and slightly concave, while the other is vertical

and somewhat convex (Fig. 1c, e). Subvertical coarse rid-

ges, semicircular in cross section, divide the lingual and

labial surfaces of the crown and tend to merge with the

cingulum; these ridges are divided by narrow grooves and

become smaller toward the cingulum (Fig. 1b, d). The

ridges and grooves are more pronounced on the concave

crown face (Fig. 1b). The ridges terminate in large, upright

marginal denticles where they intersect the cutting edges.

Seven denticles are obvious on this crown, two of which

show complete, slightly rounded tips (Fig. 1f; other tips are

broken) somewhat hooked towards the crown apex

(Fig. 1b, d, f); in addition, according to the number and

Fig. 1 Cheek tooth of Stegosauria indet. (CHE02.084), from the

Berriasian (Lower Cretaceous) of Cherves-de-Cognac, near Cognac

(Charente, France). a Photograph in ?labial view. b–f 3D reconstruc-

tion (X-ray Synchrotron microtomography ESRF, pixel size 5.6 lm,

propagation distance 50 mm, energy, 20 keV), in ?labial (b), ?mesial

(c), ?lingual (d), ?distal (e) and apical (f) views. The different views

are interpreted according to the hypothesis that CHE02.084 is a left

maxillary tooth. Scale bar 2 mm
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size of ridges, two to three central denticles were strongly

abraded at their tip by the wear facet, borne by the concave

crown face and slightly obliquely inclined (Fig. 1b, f).

Consequently, there was a total series of nine to ten den-

ticles along the edge of the crown, with an equal number of

four or five denticles, on each side of a main apical denticle

or of the mesiodistal vertical axis of the crown, respec-

tively. There are some/a few short and small secondary

ridges visible at the base, mainly on the oblique crown

face, just above the cingulum. The cingulum is smooth,

perpendicular to the tooth axis (Fig. 1b, d), and well

developed both lingually and labially at about the same

level. It is slightly more pronounced on the oblique face

and slightly higher on the vertical face (Fig. 1c, e, f). Its

shape is, however, different on the two crown faces: almost

straight on the oblique face (Fig. 1b), while it is down-

wardly arched, V-shaped, and vertically constricted on the

vertical face (Fig. 1d). Mesiodistally, one side of the cin-

gulum forms a more acute angle with the root at the neck

(Fig. 1b, d). The distal part of the root is missing. The

preserved part is straight, subcylindrical in cross section

but slightly compressed labiolingually. Relative to the axis

of the root, the crown is vertically aligned in mesiodistal

views (Fig. 1b, d), whereas it is angled in labiolingual

views (Fig. 1c, e).

Tooth measurements The tooth has a maximum height

of 10 mm (crown and root, as preserved), a maximum

width of 4.4 mm (mesiodistally, at the cingulum), and the

crown has a maximum preserved height of ca. 4.8 mm (at

the base of the cingulum). The root has a maximum

diameter of 3.3 mm mesiodistally and 3.0 mm labiolin-

gually (at the preserved distal end).

Comparisons

The morphology and ornamentation of this tooth indicate

that it can be assigned to an ornithischian dinosaur of the

thyreophoran group, more precisely to a stegosaur.

A stegosaur tooth

Among thyreophorans, an autapomorphy of the eurypods

(Stegosaurus, Ankylosaurus, and their most recent common

ancestor and all of their descendants; Sereno 1998) is the

presence of a prominent, ring-like cingulum on maxillary

teeth (reversed in Gastonia and Huayangosaurus), similar in

development to that in Stegosaurus (Galton and Upchurch

2004; Maidment et al. 2008). This is also observed on the

reported tooth. Among eurypods, teeth of stegosaurs can be

distinguished from those of ankylosaurs by several criteria:

1. Among ankylosaurs, the Ankylosauridae have a

swollen base but without a distinct cingulum while

the Nodosauridae commonly have a conspicuous

cingulum, which is typically higher on one crown

surface than the other, giving a more asymmetrical

section to the nodosaurid teeth (Coombs and Maryańska

1990) than in stegosaurs (Galton 1990; Galton and

Upchurch 2004); on CHE02.084, the presence of a

prominent cingulum, which is at about the same level on

each crown surface, indicates that this tooth is more

consistent with the stegosaurian condition.

2. The shape of the tips of the denticles is different in

stegosaurs and ankylosaurs: the denticles tend to end in

a sharp point in ankylosaurs (Coombs and Maryańska

1990; Barrett 2001; Vickaryous et al. 2004) whereas

they are more rounded in stegosaurs (Gilmore 1914;

Galton 1990, 2007; Barrett 2001; Galton and Upchurch

2004). On CHE02.084, the tips of denticles are slightly

rounded and blunt, not pointed as in ankylosaurs.

3. In stegosaurs, the denticles generally continue onto the

adjacent surface (to a varying extent) of the crown as

well-marked ridges—semicircular in cross section—

(Galton 1990, 2007; Sander 1997; Galton and Upchurch

2004), as on CHE02.084, while vertical ridges in anky-

losaur crowns—when present—have a more crested

aspect (e.g., Vickaryous et al. 2004: fig. 17.13.A, F).

4. The apical denticle of stegosaurs—when present—is

generally on the median vertical line of the crown,

not posterior to it as in the teeth of ankylosaurs

(Gilmore 1914; Coombs 1990). On CHE02.084, even

though no apical denticle is preserved, the mesiodis-

tal symmetry is not consistent with the ankylosaurian

condition.

Based on the above differences, the reported specimen is

identified as a stegosaurian tooth.

Affinities amongst Stegosauria

Complete stegosaurian tooth rows are extremely rare for

comparison and usually preserved in such a way that, as

underlined by Barrett (2001), it is hard to examine the teeth in

detail. Consequently, the comparison of teeth in terms of

form, ornamentation, orientation or size is difficult, notably

for isolated and single teeth. CHE02.084 displays the char-

acteristic features of stegosaurian cheek teeth (Gilmore 1914;

Galton 1990, 2007; Sander 1997; Galton and Upchurch

2004), quite similar to those of other primitive ornithischians

(Barrett 2001). The premaxilla of stegosaurs is edentulous,

except in the basal form Huayangosaurus (Bathonian–

Callovian, Lower Shaximiao Formation, China), in which the

premaxillary teeth have a weakly developed cingulum

(Galton 1990; Galton and Upchurch 2004), so CHE02.084 is

a maxillary or a dentary tooth. The selection of stegosaur teeth

figured by Galton (1990: fig. 21.4) or Galton and Upchurch
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(2004: fig. 16.5)—the same figure—shows various patterns

of ornamentation of cheek tooth crowns. Among the figured

teeth, CHE02.084 resembles those of Stegosaurus more

closely (Galton and Upchurch 2004: fig. 16.5.A–D) than

those of other genera (Kentrosaurus, Paranthodon, Huay-

angosaurus, Tuojiangosaurus; Galton and Upchurch 2004:

figs.16.5.E–L). As in Stegosaurus, the crown outline is

rounded, quite symmetrical mesiodistally, without an

important primary ridge, and the cingulum is prominent and

limited to the base of the crown. Based on comparisons with

the skull of the holotype of Stegosaurus stenops USNM 4934

(Kimmeridgian–Tithonian, Morrison Formation, Wyoming,

USA), with mostly maxillary teeth exposed, the teeth of

which were described by Gilmore (1914) and recently

by Galton (2007), we can attempt to identify whether

CHE02.084 is a maxillary or a dentary tooth. The maxillary

teeth of USNM 4934 show that: the labial face is slightly

concave vertically (as Fig. 1b in CHE02.084) and the lingual

face is slightly convex (as Fig. 1d in CHE02.084); the crown

shows a slight degree of asymmetry when viewed in mesial or

distal views (as Fig. 1c, e in CHE02.084), curving slightly

lingually (as against slightly labially for dentary teeth); and

the cingulum is slightly more pronounced labially (as Fig. 1b

in CHE02.084). The mesiodistal asymmetry of the crown

mentioned by Galton (1990) or Galton and Upchurch (2004),

with a convex mesial outline bearing fewer and/or larger

marginal denticles (contrary to what is observed in ankylo-

saurs by Coombs 1990), and a slightly concave distal

outline with smaller denticles, is unclear here. Even

though some denticles are broken or worn, the mesial and

distal outlines seem quite symmetrical, convex, with

similar marginal denticles in terms of number and size.

Another character could be used to identify the mesial

and distal sides: the cingulum forms a more acute angle

with the root on the mesial side (Fig. 1b, c), as seen in

different teeth of stegosaurs (e.g., Galton and Coombs

1981: figs. 1K–N; Galton and Upchurch 2004: fig. 16.5A,

G, H, K; Galton 2007: figs. 2.5F, G). If these observations

are applied to CHE02.084, it can be tentatively identified

as a left maxillary tooth, keeping in mind that it is dif-

ficult to demonstrate as the teeth of USNM 4934 show

little variation in form (Galton 2007).

As in other stegosaurs, the denticles of the reported

tooth CHE02.084 continue onto the adjacent surface of the

crown to a varying extent, but only in Stegosaurus is there

a complex network of secondary, faint vertical ridges

(Galton and Upchurch 2004: fig. 16.5.A). Even though

some short and small ridges are visible at the base of the

labial crown face of CHE02.084, there is no complex of

secondary ridges as occurs in Stegosaurus. CHE02.084 has

nine to ten denticles, that is less than generally observed in

Stegosaurus and other stegosaurs, except in Kentrosaurus

(Kimmeridgian, Tendaguru Formation, Tanzania), where

there are only seven denticles (Galton and Upchurch

2004), but the simple crown of this genus, notably with a

weak ring-shaped cingulum (Galton and Upchurch 2004:

figs.16.5.E, F), is clearly different. Gilmore (1914) observed

that the number of denticles is a variable character in

USNM 4934, with as few as four to as many as seven

denticles on each side of the apical one, which is consistent

with the reported specimen. As explained by Galton (2007,

p. 26), the tooth YPM 1938 used (as Stegosaurus ungulatus)

by Marsh (1896) and Gilmore (1914: fig. 11) to charac-

terize the teeth of Stegosaurus, is from a juvenile

individual (a Stegosauridae incertae sedis), as shown by:

size, but also by having less marginal denticles, each of

which has a supporting vertical ridge (contrary to the

crowns of the adult skull of S. stenops USNM 4934; Galton

2007: figs. 2.5D–F, 2.6A–D), and possibly by having no

surface texture. These elements are consistent with

CHE02.084. Another small tooth (USNM 7474) figured by

Galton (2007: fig. 2.4D–F, Stegosauridae incertae sedis),

shows the same ornamentation. In the same way, the cheek

teeth of the holotype (HMNH 001) of the stegosaurid

Hesperosaurus mjosi were described by Carpenter et al.

(2001) as similar to those of Stegosaurus (except propor-

tionally larger relative to skull size than S. stenops).

However, Galton (2007, p. 25) noted that the figured tooth

(Carpenter et al. 2001: fig. 3.5B) differs from those of

S. stenops (USNM 4934) ‘‘in having coarse rounded sub-

vertical ridges covering the apical half of the crown, one

per marginal denticle, and the fine striations are only

weakly developed’’; this is consistent with CHE02.084.

Consequently, the striation of the reported crown resembles

those of Stegosaurus (notably juveniles) and Hesperosaurus

more closely than those of other genera.

In the framework of the Symposium on Stegosauria

(Sauriermuseum Aathal, June 2009), we had the opportu-

nity to examine new dental material referred to cf.

Stegosaurus and Hesperosaurus, from the Upper Jurassic

Morrison Formation of Wyoming (USA), found by the

crew of H.J. Kirby Siber (Siber and Möckli 2009; Carpenter

2010).

Firstly, we did a comparison with an important set of 46

teeth (more or less complete and prepared; 4 still in alveoli

and 42 isolated and found in the surrounding matrix of a

skeleton) of cf. Stegosaurus armatus (specimen ‘‘Sarah’’,

SMA 0173-DS-RCR2003-02). This comparison shows that:

1. The presence of a main apical denticle is not evident,

on the contrary there is rather a mesiodistal vertical

axis separating two central ridges terminating in two

denticles (e.g., Fig. 2a), as suggested for CHE02.084

(Fig. 1b).

2. A similar or more developed (up to mid-crown height)

apical wear surface is sometimes present (Fig. 2b, c, f).
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3. The cingulum is less prominent than in CHE02.084

and slightly upwardly arched on one face (Fig. 2e), as

in S. stenops USNM 4934 (Galton 2007: fig. 2.6B,

lingual face of the maxillary tooth 20), while it is

downwardly arched in CHE02.084 (Fig. 1d, on the

?lingual face).

4. The root is also straight, subcylindrical, slightly com-

pressed labiolingually (Fig. 2d), complete roots show a

pointed end that is curved, most likely distally (Fig. 2f);

some root extremities are broken as in CHE02.084,

giving a stocky aspect to the tooth (Fig. 2g). The

presence of the root in CHE02.084 indicates that it was

a functional rather than a spent tooth, the root being

resorbed in tooth loss as the incoming replacement

tooth pressures the old crown (Sander 1997). In

addition, the observation of similar broken roots found

close to a cf. Stegosaurus skeleton confirms that it does

not imply a long transport for CHE02.084.

Secondly, we did a comparison with teeth of skeletons

referred to Hesperosaurus mjosi by Carpenter (2010): a

single isolated tooth (specimen ‘‘Moritz’’, SMA 3074-FV01,

Fig. 3) and a left maxillary dentition (specimen ‘‘Lilly’’,

SMA 0092, Fig. 4). As the mandibles of SMA 0092 are

preserved in tight articulation with the skull, the teeth are

only visible from one side and we cannot see if the opposing

maxillary and dentary teeth interlock. Nonetheless, the fol-

lowing characteristics can be added for teeth of H. mjosi:

1. Well-developed fine striations (Fig. 4), as in cf.

S. armatus (Fig. 2) or S. stenops USNM 4934, but

contrary to the tooth of the holotype of H. mjosi

HMNH 001 (Galton 2007, p. 25) and CHE02.084

(Fig. 1b, d).

2. Prominent cingulum, very pronounced labially for

maxillary teeth (Fig. 4b), stronger than in cf.

S. armatus (e.g., Fig. 2c, e), more as in CHE02.084

(Fig. 1b).

3. Cingulum more inclined labiolingually (Fig. 3b) than

in cf. S. armatus (Fig. 2d) and CHE02.084 (Fig. 1c, e),

more as in the tooth of the holotype of H. mjosi

HMNH 001 (Carpenter et al. 2001: fig. 3.5B).

4. The root is subcylindrical then strongly compressed

mesiodistally (Fig. 3a) and curved labiolingually

(Fig. 3b), contrary to cf. S. armatus (Fig. 2c–e) and

CHE02.084 (Fig. 1b–e).

Fig. 2 Isolated cheek teeth of

cf. Stegosaurus armatus (SMA

0173-DS-RCR2003-02,

specimen ‘‘Sarah’’), from the

Kimmeridgian–Tithonian (Late

Jurassic) Morrison Formation of

Red Canyon Ranch, near Shell

(Big Horn County, Wyoming,

USA). a Tooth no 235 in lingual

or labial view. b Tooth no 269 in

lingual or labial view. c–e Tooth

no 249 in lingual or labial (c,

e) and mesial or distal

(d) views. f Tooth no 231 in

?lingual view. g Tooth no 140 in

lingual or labial view. The teeth

except no 269 (b) are still partly

embedded in matrix. Scale bar
2 mm
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Based on these comparisons, the reported tooth shows

both similarities and differences with those of cf. S. armatus

and H. mjosi. Incidentally, Maidment et al. (2008) have

considered—based on a postcranial comparison with

S. armatus—that the type material of H. mjosi (Carpenter

et al. 2001) is undiagnostic at the genus level and they

proposed the new combination Stegosaurus mjosi. How-

ever, Carpenter (2010) considers that there are too many

differences between the species armatus and mjosi for them

to be referred to the same genus so he continues to recog-

nize Hesperosaurus as a valid genus. Even though this

debate is beyond the scope of this paper, it is noteworthy

that the above observations indicate some dental differences

between the two genera Stegosaurus and Hesperosaurus or

species S. armatus and S. mjosi.

CHE02.084 is only ca. 5% smaller than the teeth of SMA

3074-FV01 (‘‘Moritz’’, Fig. 3) and SMA 0092 (‘‘Lilly’’,

Fig. 4), whose skeletons indicate total body lengths of 4.5

and 4.8 m, respectively, whereas CHE02.084 is ca. 10–20%

smaller than the teeth—of various sizes—of SMA 0173-

DS-RCR2003-02 (‘‘Sarah’’, Fig. 2), whose skeleton indi-

cates a total body length of 5.6 m (the three skeletons have

a similar total body height of 2.9 m; Siber and Möckli

2009). This comparison indicates that CHE02.084 belongs

to a medium-sized stegosaur, as these dinosaurs can reach

up to approximately 9 m in length (Galton 1997).

Among the few remains of stegosaurs reported from the

Middle–Late Jurassic of France, there are two genera:

Lexovisaurus from the Callovian of Calvados—considered

as a nomen dubium by Maidment et al. (2008) who pro-

posed the new genus Loricatosaurus—and Dacentrurus

from the Kimmeridgian of Seine-Maritime (Galton and

Upchurch 2004; Maidment et al. 2008), that are known by

skeletons (that of Dacentrurus was destroyed in World War

II) lacking skulls. The other material of French stegosaurs

consists of a vertebra from the Callovian of Sarthe

(Buffetaut and Morel 2009) and a femur from the Kim-

meridgian of Seine-Maritime (Galton and Boiné 1980).

Consequently, no French dental remains are available for

comparison. In the Early Cretaceous, no stegosaur remains

have been previously reported from France. At the Euro-

pean scale, the Middle–Late Jurassic stegosaur osteological

record also includes Lexovisaurus (Callovian of England)

and Dacentrurus (Kimmeridgian–Tithonian of England,

Portugal, Spain) material without skull or isolated teeth

(Galton and Upchurch 2004). In addition, two other genera

were reported from the Kimmeridgian–Tithonian Lourinhã

Group of Portugal: Miragaia (Mateus et al. 2009) with

cranial remains but without teeth, and Stegosaurus (Escaso

et al. 2007) represented by a partial skeleton with the only

known tooth from any European Jurassic stegosaur. This

isolated and very small tooth (LHNB(CN)-1-01; Escaso

et al. 2007: Fig. 2o–p) displays:

1. A large ‘‘lingual’’ wear facet.

2. Numerous secondary ridges as in Stegosaurus but

contrary to CHE02.084.

3. A prominent primary ridge on the ‘‘labial’’ face,

merging with the cingulum, more for example as in

Paranthodon (Late Jurassic–Early Valanginian, South

Africa; Galton and Coombs 1981: fig. 1K–O; Galton

and Upchurch 2004: fig. 16.5G–I) than in Stegosaurus

(Gilmore 1914: fig. 11; Barrett 2001; Galton and

Upchurch 2004: fig. 16.5A–D; pers. obs. at the Sau-

riermuseum Aathal, see above) and CHE02.084.

4. A cingulum upwardly arched on the ‘‘labial’’ face

contrary to CHE02.084 (downwardly arched on the

?lingual face; Fig. 1d).

5. The complete root is straight, subcylindrical and

slightly curved mesiodistally at the end as in cf.

Stegosaurus (Fig. 2f).

Based on the primary ridge and the upwardly arched

cingulum on the ‘‘labial’’ face, LHNB(CN)-1-01 is differ-

ent from CHE02.084; it is noteworthy that such a primary

ridge was not reported in Stegosaurus. Escaso et al. (2007)

referred the postcranial skeleton associated with

LHNB(CN)-1-01 to S. cf. ungulatus whereas Maidment

et al. (2008) considered it as S. armatus. Beyond this

debate at the specific level, the presence of such a primary

Fig. 3 Single isolated cheek tooth—with a poorly preserved crown

but a well-preserved root—of Hesperosaurus mjosi (SMA 3074-FV01,

specimen ‘‘Moritz’’), from the Kimmeridgian–Tithonian (Late Jurassic)

Morrison Formation of Howe-Scott Quarry, Howe Ranch, near Shell

(Big Horn County, Wyoming, USA), in ?lingual (a) and mesial or

distal (b) views. Scale bar 2 mm
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ridge could be linked to the tooth variability among the

genus Stegosaurus. No other European dental material is

available for comparison.

In the Early Cretaceous, European stegosaurs are rep-

resented by two English genera considered as nomina

dubia (Galton and Upchurch 2004; Maidment et al. 2008):

Craterosaurus from the Early Cretaceous (Potton Sands,

reworked), based on an incomplete dorsal vertebra (Galton

1981; Galton and Upchurch 2004), and Regnosaurus from

the Valanginian (Wealden Formation), defined on a partial

mandible with some broken roots—subcircular in cross-

section—in the alveoli but no tooth crowns (Barrett and

Upchurch 1995) for comparison. Maidment et al. (2008)

regarded Regnosaurus, which previously represented the

only Early Cretaceous stegosaurian cranial material from

Europe, as an indeterminate thyreophoran, but the dorsal

vertebra remains a record of a Cretaceous stegosaur.

Finally, no comparison is possible with the other few and

fragmentary postcranial specimens previously described as

stegosaurian from England and Spain (e.g., dermal spines

from the Hauterivian–Barremian of El Castellar and

Camarillas Formations, Galve, Teruel; Pereda Suberbiola

et al. 2005), and now considered as indeterminate thyreo-

phorans or other dinosaurs by Maidment et al. (2008).

The reported tooth shows the best similarities with

Stegosaurus and Hesperosaurus, but it cannot be assigned to

these Late Jurassic genera. The shape of the ?lingual cingu-

lum (maxillary tooth hypothesis) is different, strongly arched

downwards (V-shaped) rather than upwards (e.g., Galton

2007: fig. 2.6B, maxillary tooth 20). The shape of the cin-

gulum is, however, a quite variable character in stegosaurs

(Galton and Upchuruch 2004: fig. 16.5; pers. obs. between

cf. Stegosaurus and Hesperosaurus; difference between

LHNB(CN)-1-01 and other known Stegosaurus). In the same

way, Coombs (1990) has observed a high variability of this

character in ankylosaurs, even in a single individual. Thus

Fig. 4 Skull and tooth jaw of Hesperosaurus mjosi (SMA 0092,

specimen ‘‘Lilly’’), from the Kimmeridgian–Tithonian (Late Jurassic)

Morrison Formation of Howe-Scott Quarry, Howe Ranch, near Shell

(Big Horn County, Wyoming, USA). a Skull in left lateral view.

b Magnified lateral view of the left jaw, with very well-preserved

teeth, including several maxillary teeth still in original position, and

possibly some displaced dentary teeth in the posterior part. d dentary,

mx maxilla. Scale bars 1 cm (b), 10 cm (a)

150 J.-P. Billon-Bruyat et al.



CHE02.084 is insufficient for a precise identification at the

generic level; according to the combination of the above

features it is not characteristic for any other known stegosaur.

At the family level, CHE02.084 being different from cheek

teeth of Huayangosaurus from the Middle Jurassic of China

(Galton and Upchurch 2004: fig. 16.5.J)—the single genus

of the primitive family Huayangosauridae—it could be

referred by default to the other stegosaur family, the Stego-

sauridae. However, here the tooth from Cherves-de-Cognac

is referred to as Stegosauria indet.

Discussion and conclusions

Fossil record

The discovery of a stegosaur tooth in the Berriasian of

Cherves-de-Cognac is the first record of this dinosaur

group in the Early Cretaceous of France. Even though the

reported tooth cannot be assigned to the known French

Middle–Late Jurassic genera Lexovisaurus (or Loricato-

saurus) and Dacentrurus (Galton and Upchurch 2004;

Maidment et al. 2008), it indicates that stegosaurs were

present in France throughout the Jurassic–Cretaceous

transition. On the European scale, it adds a key element to

the very impoverished fossil record of stegosaurs during

the Early Cretaceous. According to the recent review by

Maidment et al. (2008) of the few and fragmentary remains

of stegosaurs from the Early Cretaceous of Europe (Eng-

land and Spain), only the partial vertebra of the nomen

dubium Craterosaurus, poorly dated to the Aptian

(reworked from the ?Valanginian or Barremian) of Eng-

land (Galton 1981; Galton and Upchurch 2004), would

belong to a stegosaur. If we follow this review, the tooth

from the Berriasian of Cherves-de-Cognac would appear as

the second and oldest known representative of a stegosaur

in the Early Cretaceous of Europe. Elsewhere, it is the

second stegosaurian tooth crown reported from this conti-

nent, along with that of a Stegosaurus from the Late

Jurassic of Portugal (Escaso et al. 2007). Except for these

teeth, cranial remains of stegosaurs are very rare in Europe,

including only the partial skull (lacking teeth) of Miragaia

from the Late Jurassic of Portugal (Mateus et al. 2009) and

the mandibule (with some broken roots but no tooth

crowns) of Regnosaurus from the Valangianian of England

(Barrett and Upchurch 1995), that has been interpreted as

an indeterminate thyreophoran (Maidment et al. 2008).

Palaeobiology and palaeoecology

The reported stegosaur tooth testifies the presence of a

medium-sized individual (ca. 4.5 m in total body length)

of a heavily built quadrupedal herbivore and low-level

browser stegosaur likely foraging within a meter from the

ground (Galton 1997). The occasional presence of small,

low-angled planar wear facets at the apical tip of the tooth

crowns in Stegosaurus (e.g., in the maxillary tooth row

of USNM 4934, Gilmore 1914: fig. 12, Galton 2007:

figs. 2.5D, F, 2.6B, D; in isolated cheek teeth, Galton and

Upchurch 2004: fig. 16.5C; pers. obs. in isolated cheek

teeth of SMA 0173-DS-RCR2003-02: Fig. 2b, c, f), and

more generally in stegosaurs, have been interpreted by

Barrett (2001) as the result of tooth-food rather than tooth-

tooth (occlusion) wears (see also Galton 2007, p. 25). The

presence of such a wear facet in CHE02.084 then suggests

a tooth-vegetation contact; the only remains of vegetation

reported from Cherves-de-Cognac are woods of Agathox-

ylon (Philippe in El Albani et al. 2004) but no direct diet

relationship can be established. Elsewhere, the prominent

cingulum in CHE02.084, also known in other stegosaurs

(Galton and Upchurch 2004) and here observed in cf.

Stegosaurus armatus (Fig. 2) and Hesperosaurus mjosi

(Figs. 3, 4), most likely acted as a protective structure to

reduce pressure forces caused by soft food, as shown by

Anderson et al. (2009) with Finite Element models in basal

mammal teeth.

The described stegosaur tooth was found in the same

bed as two other ornithischian dinosaurs also represented

by single isolated teeth. These are two ornithopods

including an indeterminate iguanodontian (Billon-Bruyat

2003: fig. 35D; Pouech et al. 2006: fig. 1Q) found in close

proximity (ca. 1 m) of CHE02.084 and a heterodontosaurid

(Pouech et al. 2006: fig. 1R). In addition, the Cherves-de-

Cognac locality has yielded remains of saurischian dino-

saurs, including several teeth and a few bones of small and

large theropods (a dromaeosaurid and a Theropoda indet.),

two isolated teeth, an isolated caudal vertebra and a partial

disarticulated skeleton of a camarasaurid (Le Loeuff et al.

1996; Billon-Bruyat 2003; Mazin et al. 2006; Pouech et al.

2006; Pouech 2008). On the whole, this Berriasian terres-

trial faunal assemblage of southwestern France therefore

includes a diverse fauna of dinosaurs, with theropods,

sauropods, stegosaurs and ornithopods.

The assemblage of ornithischians from Cherves-de-

Cognac shares some similarities with that from the Early

Cretaceous (Berriasian) of the Purbeck Limestone Group of

southern England, reviewed by Norman and Barrett (2002).

This latter includes two similar medium and small-sized

ornithopods, the iguanodontian Camptosaurus—recently

challenged by Galton (2009) who proposed the new non-

camptosaurid genus Owenodon—and the heterodontosau-

rid Echinodon, respectively. In addition, it includes a

nodosaurid ankylosaur represented by a single isolated

tooth, initially ascribed to a stegosaur (for a description and

historical background see Galton 1983). Thus thyreophoran

dinosaurs are represented in both assemblages but with two
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different major groups hitherto, the stegosaurs in Cherves-

de-Cognac and the ankylosaurs in the British Purbeck. The

rarity of stegosaur and ornithopod teeth—among the

thousands of vertebrate micro-remains—in Cherves-de-

Cognac suggests that these herbivores were mainly

inhabitants of a distal or inland terrestrial (away from

channels) palaeoenvironment (allochthones), or occasional

residents (parautochthones) rather than minor elements

(autochthones) of a coastal fauna. It supports the assump-

tion that the rarity of osteological remains of ornithischians

in the British Purbeck environment is linked just to

‘‘passers by’’ dinosaurs (Norman and Barrett 2002).
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Coombs, W. P., Jr., & Maryańska, T. (1990). Ankylosauria. In D.

B. Weishampel, et al. (Eds.), The Dinosauria (pp. 456–483).

Berkeley: University of California Press.

Coquand, H. (1860). Description physique, géologique, paléontolog-
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Galton, P. M., & Coombs, W. P. Jr. (1981). Paranthodon africanus
(Broom), a stegosaurian dinosaur from the lower Cretaceous of

South Africa. Geobios, 14, 299–309.

Galton, P. M., & Upchurch, P. (2004). Stegosauria. In D. B. Wei-

shampel, et al. (Eds.), The Dinosauria (2nd ed., pp. 343–362).

Berkeley: University of California Press.

Gilmore, C. W. (1914). Osteology of the armored Dinosauria in the

United States National Museum, with special reference to the

genus Stegosaurus. United States National Museum, Bulletin, 89,

1–143.

Hallam, A. (2001). A review of the broad pattern of Jurassic sea-level

changes and their possible causes in the light of current

knowledge. Palaeogeography, Palaeoclimatology, Palaeoecol-
ogy, 167, 23–37.

Hantzpergue, P., & Lafaurie, G. (1994). Les calcaires lithographiques

du Tithonien quercynois: stratigraphie, paléogéographie et
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la bordure Nord-Orientale du Bassin d’Aquitaine (France):

Biochronologie et environnements. Geobios MS, 17, 493–503.

Ziegler, P. A. (1988). Evolution of the Artic-North Atlantic and the

Western Tethys. AAPG Mem 43, pp. 1–198, plate 14 (Early

Cretaceous, Berriasian-Barremian).

An Early Cretaceous stegosaur tooth from SW France 153


	A stegosaur tooth (Dinosauria, Ornithischia) from the Early Cretaceous of southwestern France
	Abstract
	Introduction
	Geographical and geological setting
	Systematic palaeontology
	Material
	Methods
	Description
	Comparisons
	A stegosaur tooth
	Affinities amongst Stegosauria


	Discussion and conclusions
	Fossil record
	Palaeobiology and palaeoecology

	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


