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Abstract. – A large pterosaur bone, preserved as a natural cast of the interior cavity, was found in an old collection kept
at the Natural History Museum of Troyes (France). Although no precise geographical data are available, the lithology of
the matrix indicates that it comes from the Hauterivian Toxaster Limestone of the eastern Paris Basin. Despite its unu-
sual preservation, the specimen shows various morphological details, and is identified as an ornithocheiroid pterosaur
humerus. This specimen is among the largest known pterosaur humeri (length as preserved: 345 mm), indicating a wing
span of more than 7 metres. It shows that giant pterosaurs had already appeared at a very early stage in the Cretaceous.

Un ptérosaure géant dans le Crétacé inférieur de l’Est du bassin de Paris

Mots clés. – Pterosauria, Humérus, Crétacé inférieur, Est du bassin de Paris, Envergure.

Résumé. – Un grand os de ptérosaure, conservé sous forme de moulage naturel de la cavité interne, a été trouvé dans une
collection ancienne au Musée d’Histoire Naturelle de Troyes. Bien qu’aucune origine géographique précise ne soit dis-
ponible, la lithologie de la gangue montre qu’il vient du Calcaire à Spatangues hauterivien de l’Est du bassin de Paris.
En dépit de sa conservation inhabituelle, ce spécimen montre divers détails morphologiques, et il est identifié comme
l’humérus d’un ptérosaure ornithocheiroïde. Ce spécimen figure parmi les plus grands humérus de ptérosaures connus
(longueur en l’état : 345 mm), et indique une envergure de plus de 7 mètres. Il montre que les ptérosaures géants sont
apparus très tôt dans le Crétacé.

INTRODUCTION

Although remains of very large pterosaurs were found in the
late Cretaceous Chalk of England as early as the 1840s
[Bowerbank, 1846], it was only with Marsh’s discoveries in
the Niobrara Chalk of Kansas [Marsh, 1871], in the 1870s,
that the “giant” pterosaurs of the late Cretaceous became
better known. Giant pteranodontids and azhdarchids, with
wing spans in excess of six metres, are mainly known from
the late Cretaceous [Eaton, 1910; Arambourg, 1954, 1959;
Lawson, 1975; Langston, 1981; Nessov, 1991; Frey and
Martill, 1996; Bennett, 2001b; Buffetaut et al., 2002, 2003],
but it has recently become clear that very large pterosaurs
were already present in the early Cretaceous [Dalla Vecchia
and Ligabue, 1993; Martill et al., 1996; Howse et al., 2001],
although they are mostly known from very fragmentary re-
mains, which makes accurate wing span estimates difficult.
The present paper describes an unusually preserved
pterosaur humerus from the Hauterivian of the eastern Paris
Basin which allows a better constrained size estimate and
confirms the early occurrence of giant pterosaurs.

ORIGIN OF THE SPECIMEN

The specimen was found in the collections of the Natural
History Museum at Troyes (Aube), in the southeastern part
of the Paris Basin. It belongs to the former collection of the
Société Académique de l’Aube, a local learned society
which, mainly during the 19th century, brought together a

large archaeological, geological and zoological collection,
principally from the département of Aube. The collection
was presented to the city of Troyes in 1964.

Unfortunately, no label was preserved with the speci-
men, so that its exact geographical origin is uncertain, al-
though it is very probably a local find. A search through the
published catalogues of the Société Académique did not
provide any evidence concerning this particular fossil (pre-
sumably, it was not identified as a pterosaur bone at the
time of its discovery). Despite this uncertainty, it is possible
to suggest a probable geological origin for the fossil on the
basis of its matrix. The specimen is a natural cast, or
“Steinkern”, with only limited patches of the original bone
adhering to it. It therefore mainly consists of a yellowish,
slightly sandy limestone. The yellowish tint of the rock is
apparently due to oxidation of iron particles, the limestone
being of a grey colour when freshly broken.

This limestone resembles in all respects the “Calcaire à
Spatangues”, or Toxaster Limestone, of the eastern Paris
Basin, thus called because of the abundance of the echinoid
Toxaster [Fricot et al., 1995]. This coarse, yellowish-grey,
sandy limestone was once used locally as a building stone
and for lime production [Leymerie, 1846], and was quarried
at various localities in Aube and the neighbouring
départements. The Toxaster Limestone is part of the early
Cretaceous succession of the “Champagne humide”, which
is overlain towards the centre of the basin by the late Creta-
ceous Chalk of the “Champagne sèche”. It contains
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abundant fossils [Leymerie, 1846; Fricot et al., 1995] which
figure prominently in local fossil collections, including that
at Troyes. On the basis of its fossils, the Toxaster Limestone
is referred to the Hauterivian.

A small piece of the “Steinkern” was sent to Dr Françoise
Magnez-Jannin (CNRS, Dijon) for micropalaeontological
examination, but the sample turned out to be devoid of
microfossils. Identification of the matrix must therefore be
based solely on lithology. It should be mentioned that the
Toxaster Limestone has already yielded pterosaur remains.
An ulna from Attancourt, in Haute-Marne (the département
which borders Aube to the northeast) was described by
Buffetaut and Wellnhofer [1983], and undescribed speci-
mens from that locality are in the collections of the
Saint-Dizier Museum (Buffetaut, in prep.). A comparison
between the specimens from Attancourt and the natural cast
in the Troyes Museum shows considerable resemblances:
the lithology of the yellowish-grey limestone is very simi-
lar, and in both cases it fills in the inner cavities of the hol-
low bones, thus forming natural casts. In most of the
specimens from Attancourt, more of the original bone is
present, and shows a similar bluish-brown colour.

The specimen in the collections of the Troyes Museum is
in all likelihood a nineteenth-century find from Aube (or pos-
sibly a neighbouring département), and there is every reason
to believe that it comes from the Toxaster Limestone.

The Toxaster Limestone is a marine formation which
was deposited on a vast shallow platform opening to the
southeast toward the Tethys Sea [Magnez-Jannin, 1984].

Palaeogeographical reconstructions show an extensive land
area to the north and west [Fricot et al, 1995].

DESCRIPTION

The specimen (Natural History Museum, Troyes,
noMTRO-PV524) is a natural cast of the inner cavity of a
large left humerus. The bone itself has largely been de-
stroyed, leaving only thin patches which in most places are
0.5 mm or less in thickness, which is probably less than the
original thickness of the bony tissue. The outer surface of
the bone seems to be preserved in only a very few places on
the dorsal face of the shaft. Preservation as an internal natu-
ral cast in matrix is relatively unusual, even in pterosaurs.
Monteillet et al. [1982] described a pterosaur specimen
from the Upper Cretaceous of Paki (Senegal) as an internal
cast of a cervical vertebra. However, the morphological de-
tails shown by the fossil suggest that it is a cast of the exter-
nal surface of the bone, rather than of its inner cavity. The
specimen from Troyes is clearly an internal cast, since bony
tissue is still attached to its surface. Because the bony walls
were very thin, the internal cast reproduces with a remark-
able accuracy most of the morphological features of the
original bone.

The specimen shows a long slender shaft which expands
significantly at both ends (fig. 1). The slender appearance
of the specimen may be somewhat exaggerated by the loss
of the bony tissue, but the bony walls were obviously very
thin, so that originally the bone probably was only a few
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FIG. 1. – Natural internal cast of the left humerus of a giant pterosaur from the Hauterivian Toxaster Limestone of the eastern Paris Basin (Aube?). Natural
History Museum, Troyes, noMTRO-PV524. Ventral (A), lateral (B), dorsal (C) and medial (D) views. Scale bar: 50 mm. Mp: base of medial process; dpc:
base of deltopectoral crest; pf: pneumatic foramen.
FIG. 1 – Moule interne naturel d’un humérus gauche de ptérosaure géant du Calcaire à Spatangues (Hauterivien) de l’est du bassin de Paris (Aube ?).
Musée d’Histoire Naturelle, Troyes, noMTRO-PV524. Vues ventrale (A), latérale (B), dorsale (C) et médiale (D). Barre d’échelle : 50 mm. Mp : base du
processus médial ; dpc : base de la crête deltopectorale ; pf : foramen pneumatique.
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millimetres thicker than the cast now is. The articular termi-
nations are poorly preserved, but it can be seen that they
were expanded in different planes, at a marked angle to
each other. It seems that a sizeable portion of the distal end
is missing: in cross-section, it is oval, whereas in most
pterosaurs it is usually either sub-rectangular, D-shaped or
triangular [Unwin, 2003]; this indicates that the specimen
was broken a significant distance from the original distal
end. Proximally, less appears to be missing, but details of
the articular end are unclear, probably because in the articu-
lar regions there was a greater thickness of cancellous bone,
which led to greater morphological differences between the
internal cast and the external surface. Nevertheless, it can
clearly be seen that the articular head was significantly
thickened dorsoventrally (fig. 2D). Both the deltopectoral
crest and the medial process are incomplete, only their
inceptions being visible (fig. 2D). The deltopectoral crest
extended farther down the shaft than the medial process
(fig. 1A). What is left of the deltopectoral crest provides
little evidence as to its general shape, beyond the fact that
it was not warped at the base (but it may have been at its
end).

Despite the loss of most of the bony tissue, unexpected
anatomical details are visible on the specimen. On the ven-
tral surface, close to the lateral edge, a well marked knob
(90 mm from the broken distal end) corresponds to the lat-
eral supracondylar tubercle [Wellnhofer, 1985; Bennett,
1989], a muscle scar for the insertion of the flexors of the
carpus and digits [Bennett, 2003), seen in that position
on the outer surface of the humerus in many pterosaurs,
such as Pteranodon [Bennett, 2001] and ornithocheirids
[Wellnhofer, 1985, 1991; Kellner and Tomida, 2000]. The
presence of this knob on the natural cast shows that this
bony tubercle was hollow and probably thin-walled. Parts
of the shaft have a ribbed appearance, with well-marked
oblique grooves, sometimes containing remnants of bony
tissue, on the medial and lateral faces of the cast. They in-
dicate that bony buttresses protruded into the inner cavity

of the bone, probably for better reinforcement of the thin
bony wall. There is some indication that they formed a spi-
ral on the interior side of the bone, but this is not com-
pletely clear because of imperfect preservation. Similar
buttresses have been described on the inner side of the
walls of the limb bones of giant pterosaurs [Currie and
Russell, 1982; Ricqlès et al., 2000]. Close to the proximal
end, remains of a curved bony tube can be seen, indicating
the existence of a pneumatic foramen which opened on the
dorsal face of the bone, near the base of the medial pro-
cess.

IDENTIFICATION

Comparisons with known pterosaur humeri are made diffi-
cult by the unusual preservation of the specimen, which ob-
scures various significant details, as well as the missing
distal and proximal ends. The shape of the deltopectoral
crest is a potentially important character, used in recent
pterosaur phylogenies [Kellner, 2003; Unwin, 2003]. A
warped deltopectoral crest is considered a synapomorphy of
the Pteranodontoidea by Kellner [2003], and of the
Ornithocheiroidea by Unwin [2003] (these taxa have largely
the same content). Unfortunately, the condition in the
Troyes specimen is ambiguous, because the crest is broken
very close to its base. What can be seen is that the base of
the deltopectoral crest was long, as in ornithocheiroids
[Unwin, 2003]; it appears to have extended much farther
along the shaft than the medial process. Whether it was
warped cannot be clearly determined. Unlike the condition
in the “pteranodontid” humeri described by Bennett [1989],
the base of the deltopectoral crest is not at a distinct angle
to the shaft; it is in fact nearly parallel to it. This, however,
says little about possible warping at the distal end of the
crest. The condition in the Troyes humerus is very similar to
that seen in pterosaur humeri from the Cambridge
Greensand (where ornithocheirids are especially abundant
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FIG.2. – Anatomical details on the internal cast of pterosaur humerus noMTRO-PV524. A: pneumatic foramen (pf) at the base of the medial process. B: su-
pracondylar tubercle (sct) on dorsal face of distal part of the shaft. C: oblique grooves containing remains of bony tissue on medial side of shaft, corres-
ponding to bony buttresses on the wall of the internal cavity; D: proximal end of specimen showing the inceptions of the deltopectoral crest (dpc) and
medial process (mp). Scale bars: 50 mm.
FIG.2. – Détails anatomiques sur le moule interne de l’humérus de ptérosaure no MTRO– PV524. A : foramen pneumatique (pf) à la base du processus mé-
dial. B : tubercule supracondylaire (sct) sur la face dorsale de la partie distale de la diaphyse. C : sillons obliques contenant des restes de tissu osseux sur
le côté médial de la diaphyse, correspondant à des contreforts osseux sur la paroi de la cavité interne. D : extrémité proximale du spécimen montrant la
base de la crête deltopectorale (dpc) et celle du processus médial (mp). Barres d’échelle : 50 mm
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[Unwin, 2001]), in which the base of the deltopectoral crest
is long and more or less parallel to the shaft.

A less ambiguous character of MTRO-PV524 is the
above-mentioned presence of a large pneumatic foramen, or
pneumatopore, on the dorsal face of the bone, at the base of
the medial process. As noted by Unwin [2003], this fora-
men, which is not seen in non-ornithocheiroid pterosaurs,
occurs in various ornithocheiroids [Wellnhofer, 1985, 1991;
Bennett, 1989; Kellner and Tomida, 2000; Veldmeijer,
2003]. Incidentally, in this respect the Troyes specimen dif-
fers from Pteranodon [Bennett, 2001a] and Nyctosaurus
[Williston, 1903], in which there is a foramen on the ventral
surface, close to the base of the deltopectoral crest
[Bennett, 1994, 2001a]. Despite resemblances in the shape
of the slender shaft, the position of this foramen also distin-
guishes the humerus from Troyes from that of Bennettazhia
oregonensis [Gilmore, 1928], a rather enigmatic pterosaur
from the Albian of Oregon [Gilmore, 1928; Bennett, 1989,
1994; Nessov, 1991], in which the opening is on the ventral
surface [Bennett, 1994].

On the basis of this synapomorphy (pneumatic foramen
on dorsal surface of the humerus, at the base of the medial
process), the Troyes humerus can therefore be considered as
a non-pteranodontid ornithocheiroid [sensu Unwin, 2003],
possibly an ornithocheirid.

THE SIZE OF THE TROYES PTEROSAUR

One of the most striking features of MTRO-PV524 is its
large size. Its total length as preserved is 345 mm, but when
complete the bone was certainly longer. Distally, in particu-
lar, the oval cross-section suggests that the specimen is bro-
ken some distance from the distal end (which probably was
triangular in outline). An original length of 370 mm is a
conservative estimate.

Even in its incomplete condition, MTRO-PV524 is lon-
ger than the longest Pteranodon humerus (USNM 50130) re-
corded by Bennett [2001b], which is 316 mm long and
belonged to an individual with an estimated wing span of
6.25 m. In the largest Pteranodon specimen listed by Bennett
[2001b], with an estimated wing span of 7.25 m, the esti-
mated length of the humerus is 326 mm, less than the Troyes
specimen. There is therefore no doubt that the pterosaur from
Troyes was a very large animal. As a matter of fact, the only
longer pterosaur humeri currently known are those of the
extremely large azhdarchids of the terminal Cretaceous
[Lawson, 1975]. The humerus of Quetzalcoatlus northropi,
from the Maastrichtian of Texas, is 544 mm long (W. Langston,
pers. com.). The humerus of the type specimen of Hatze-
gopteryx thambema, from the Maastrichtian of Romania
[Buffetaut et al., 2002], is incomplete, but it was at least as
large as that of Quetzalcoatlus northropi [Buffetaut et al.,
2003], and therefore longer than that from Troyes.

This is not the first report of a very large pterosaur from
the early Cretaceous. Some of the pterosaurs from the
Albian Santana Formation of Brazil were quite large, with
wing spans possibly reaching about 7 m [Kellner and Cam-
pos, 1997; Kellner and Tomida, 2000]. The distal end of an
especially large first wing phalanx from that formation was
described by Dalla Vecchia and Ligabue [1993], who esti-
mated that the wing span of that individual was between 8.2

and 9.3 m. Even older giant pterosaurs have been reported
from the Wealden (Vectis Formation – late Barremian to
early Aptian) of the Isle of Wight [Martill et al., 1996;
Howse et al., 2001], on the basis of very fragmentary wing
bones. Martill et al. [1996] suggested that these pterosaurs
may have been as large or larger than Quetzalcoatlus, with
wing spans possibly in excess of 11 m. Those Brazilian and
English specimens definitely indicate very large pterosaurs,
but the size estimates based on them cannot be very accu-
rate because of the very fragmentary nature of the available
material. Moreover, as noted by Dalla Vecchia and Ligabue
[1993], Frey and Martill [1994], and Martill et al. [1996],
there are several types of wing construction among
pterosaurs, with different proportions of the various wing
elements [Kellner, 2003], and in the case of very incomplete
specimens, which cannot be accurately identified, it is diffi-
cult to decide what model should be used for wing span es-
timates. From that point of view, the specimen from Troyes
is more informative because it is more complete (thus pro-
viding more reliable measurements as a basis for size esti-
mates) and can be identified with somewhat greater
accuracy.

Assuming, for the reasons discussed above, that the
specimen from Troyes belongs to a non-pteranodontid
ornithocheiroid pterosaur, wing span estimates can be
made on the basis of wing proportions in well known early
Cretaceous ornithocheiroids, such as Arthurdactylus
conandoylei, in which a complete wing is known [Frey and
Martill, 1994]. Assuming that the humerus originally was
370 mm in length (a conservative estimate) and that wing
proportions were similar to those of Arthurdactylus
conandoylei (humerus length: 230 mm; estimated wing
span: 4,60 m), the estimated wing span was 7.40 m, i.e.
larger than the estimated wing span for the largest known
Pteranodon specimen [Bennett, 2001b]. Estimates based
on the (less likely) wing proportions of Quetzalcoatlus
northropi [as reconstructed by Langston, 1981] and
Niobrara Chalk Pteranodon [Bennett, 2001b] give similar
wing spans (7.48 m and 7.30 m, respectively). Despite the
uncertainties inherent in these calculations, there is no
doubt that the Hauterivian pterosaur from Aube was a very
large form, with a wing span equalling that of the largest
known late Cretaceous pteranodontids. It fully confirms
the existence of giant pterosaurs in the early Cretaceous, at
an even earlier date than indicated by previous finds from
Brazil and England.

CONCLUSIONS

Despite the lack of information concerning its origin,
lithological evidence indicates that the large pterosaur hu-
merus kept at the Troyes Natural History Museum
(MTRO-PV524) can safely be considered as coming from the
Hauterivian Toxaster Limestone of the eastern Paris Basin.
Despite its unusual preservation as a natural internal cast, the
specimen exhibits unexpected anatomical details. It probably
belongs to a non-pteranodontid ornithocheiroid with a wing
span in excess of 7 m. Very large pterosaurs (belonging to
several distinct lineages) were once considered as having
first evolved in the late Cretaceous (with giant
pteranodontids and azhdarchids). Various finds (from Brazil,
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England and now France) demonstrate that they were already
present in the early Cretaceous, at least as early as the
Hauterivian, as shown by the specimen from Troyes. The re-
cent description of a pterosaur with a wing span possibly
reaching 5 m from the Kimmeridgian of Switzerland [Meyer
and Hunt, 1999] suggests that the trend towards large size in
pterosaurs actually began even earlier, in the late Jurassic.
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