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RESUME

Mots clés : La carriére a faluns dite « Auger » a Contres (France) est connue pour avoir fourni une faune

i\natgmie comparée de mammiféres du Langhien (MN5), dont un Tragulidae, identifié comme Dorcatherium sp.
anghien

Oreille interne Lors de nouvelles excavations, un crane partiel de Tragulidae, ainsi que des restes den-
3D taires et un métapode ont été découverts. Sur la base de caractéres morphologiques et
Hétérochronie morphométriques, ces derniers sont attribués a Dorcatherium crassum. Le pétreux et le
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labyrinthe osseux sont décrits. Il est mis en évidence qu’il existe une variabilité intrapop-
ulationnelle de la p4, ainsi qu'une légére variabilité intraspécifique du labyrinthe osseux.
Cependant, nous confirmons ici que cette structure interne peut étre utilisée a des fins
taxonomiques. D. crassum est déja bien connu dans les bassins de Pontlevoy-Thenay et de
Savigné-sur-Lathan. Nous soupgonnons cependant que les spécimens attribués a D. naui de
ces bassins appartiennent a une autre espéce. D. naui est absent dans le reste de I'Europe

avant MN7.

© 2017 Académie des sciences. Publié par Elsevier Masson SAS. Tous droits réservés.

1. Introduction

The ruminant family Tragulidae, members of which
commonly called chevrotains or mouse deer, includes the
only living ruminant species that do not belong to the clade
of the derived pecoran ruminants (Hassanin et al., 2012;
Nowak, 1999). They possess only three fully formed stom-
ach chambers, missing the omasum (Boas, 1890; Clauss &
Rossner, 2014; Milne-Edwards, 1864; Nowak, 1999; Ross-
ner, 2007) and are usually described as primitive (e.g.,
Métais & Vislobokova, 2007; Rossner, 2007). Their ori-
gin in the Paleogene and their early evolution remain
uncertain due to a sporadic fossil record and extremely
few species and genera known during this period (Men-
necart & Vislobokova; Mennecart et al.,, 2011; Métais &
Vislobokova, 2007; Métais et al., 2001; and references
therein). In contrast, their Neogene fossil record is exten-
sive in the Old World (e.g., Clauss & Réssner, 2014; Gentry
et al., 1999, Rossner, 2007, Sanchez et al.,, 2015). Over
30species have been described in the Miocene, mainly from
Asia (Kostopoulos & Sen, 2016; Réssner, 2007). In Europe,
their Neogene fossil record is exclusively affiliated to the

genus Dorcatherium with seven different species from the
latest early Miocene to the latest Miocene (D. guntianum,
D. crassum, D. vindebonense, D. peneckei, D. naui, D. puy-
hauberti, and D. jourdani; Aiglstorfer et al., 2014; Rdssner,
2007; Rossner & Heissig, 2013). However, several authors
(e.g., Rossner & Heissig, 2013; Sanchez et al., 2015) rec-
ognize that Dorcatherium is most probably a polyphyletic
genus.

European skull material, sufficiently well-preserved to
allow a-taxonomic assessment, is currently only known
from Germany (D. naui skulls from Eppelsheim described
Kaup, 1839, the undescribed Dorcatherium skull from Stein-
heim am Albuch figured in Gentry et al., 1999: 23.3 [there
affiliated to D. naui; but affiliated to D. guntianum in R6ssner
& Heissig, 2013 online resource 2 and to D. crassum in
Aiglstorfer et al., 2014], and the superficially described
D. crassum skull from Thierhaupten, Seehuber, 2015).
Although, French localities also yielded an abundant fos-
sil record for Dorcatherium, from none of those a skull
or partial skull has been reported up to now, not even
from the outstanding Sansan fossil site (Gers), which is
the type locality for D. crassum (Morales et al.,, 2012). Yet,

Fig. 1. Location of the Faluns formation and outline of the Falun Sea (France). The yellow patches correspond to Faluns deposits. The light blue represents
the maximum of extension of the Langhian Sea. The white star locates the Contres locality. The figure has been modified from Dubied et al. (2017).

Fig. 1. Localisation de la formation des Faluns et contour de la mer des Faluns (France). Les zones jaunes correspondent aux dépots de faluns. La zone
bleutée représente I'extension maximale de la mer Langhienne. L'étoile blanche localise Contres. Cette figure a été modifiée a partir de Dubied et al. (2017).
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since D. crassum is the only tragulid species known from
Sansan (Mennecart & Costeur, 2016b; Morales et al., 2012)
attributed an isolated petrosal bone from Sansan to it (see
Mennecart & Costeur, 2016c for access to 3D reconstruc-
tion).

Here we provide the description of a partial skull and
other dental and postcranial remains from the Auger quarry
area in Contres (Loir-et-Cher, Pontlevoy-Thenay Basin)
ca. 200 km south-southwest of Paris (Fig. 1) attributed to
D. crassum. This is the first largely preserved tragulid skull
known from France and the first extensive description for
a skull of D. crassum.

2. Material & methods
2.1. Geological setting

Castillo et al. (2006) and Gagnaison et al. (2006) already
mentioned some remains of Dorcatherium sp. from the
Auger quarry. The site was exploited for fossils from 1995 to
1997 (Gagnaison et al., 2006). It is now totally exploited and
the locality is sealed, but from 2012 to 2016, a last excava-
tion led by two of us provided the new D. crassum material
described here. The fossils have been discovered in an
estuarine layer overlaying the fully marine Falun deposits
(Castillo et al., 2006). The abundant fauna (more than
1.000 specimens discovered during two several-weeks
lasting excavation campaigns) permits an assignation to
the sub-mammal zone MNS5b, ca. 15Ma (Castillo et al.,
2006).

2.2. Material

The original specimens are currently stored in the pri-
vate collection of A. de Perthuis. These specimens will
be given to a natural history museum and all the data
about the location of these fossils (currently in the collec-
tion or to be collected in the future) will be provided to
the Naturhistorisches Museum Basel, along with casts to

facilitate management of the collection. Casts and digital
specimens are kept in the Naturhistorisches Museum Basel
(Switzerland). Digital 3D data of the skull (AP2014.0715
and cast NMB Fa.213.abg), its isolated right petrosal, and
the reconstructed left bony labyrinth are freely accessible
on the MorphoMuseum web site (Mennecart et al., online).
Specimens of recent tragulids for comparison (Hyemoschus,
Moschiola, and Tragulus) are stored in the Naturhistorisches
Museum Basel.

To access the bony labyrinth and create a virtual model
of the skull (3D data made of the maxilla and associ-
ated teeth, the basicranium, excepted for the isolated
part of basisphenoid and basioccipital, and the skull roof
only), the specimens were scanned using high-resolution
X-ray computed tomography (Phoenix Nanotom, GE, at
the Biomaterials Science Centre of the University of Basel,
Switzerland). Scanning resolution was 55 pm for the entire
skull and 35 um for a second scan focusing on the ear
region. A total of 1440 equiangular radiographs were taken
over 360° using an accelerating voltage of 170kV and a
beam current of 30 mA. Segmentation of the specimen was
carried out with the AVIZO 9.0 software (Visualization Sci-
ences Group).

2.3. Terminology

Terminology for skull elements follows Baron (1999),
for the petrosal bone O’Leary (2010), for the bony labyrinth
Ekdale (2013), for tooth crown elements Birmann & Rss-
ner (2011) (see Fig. 2) and for postcranial elements Kéhler
(1993). Measurements have been taken with a calliper
(0.1 mm precision).

2.4. Abbreviations

NMB: Naturhistorisches Museum Basel; AP: collection
A.de Perthuis; p: lower premolar; m: lower molar; P: upper
premolar; M: upper molar; Mt: metatarsal bone.

Fig. 2. Dental nomenclature (mainly based on Birmann & Rossner, 2011). a, upper molars: 1, preprotocrista; 2, protocone; 3, postprotocrista; 4, premeta-
conulecrista; 5, metaconule; 6, postmetaconulecrista; 7, postmetacrista; 8, metacone; 9, premetacrista; 10, postparacrista; 11, paracone; 12, preparacrista;
13, paracone rib; 14, parastyle; 15, mesostyle; 16, metastyle; 17, cingulum; b, lower molars: 1, preprotocristid; 2, protoconid; 3, internal postprotocristid;
4, external postprotocristid; 5, prehypocristid; 6, hypoconid; 7, posthypocristid; 8, premetacristid; 9, metaconid; 10, internal postmetacristid; 11, exter-
nal postmetacristid; 12 preentocristid; 13, entoconid; 14, postentocristid; 15 posthypoconulidcristid; 16, hypoconulid; 17, prehypoconulidcristid; 18,
ectostylid; 19, anterior cingulid; 20, Tragulus fold; 21, Dorcatherium fold.

Fig. 2. Nomenclature dentaire (modifiée d’aprés Birmann & Rossner, 2011). a, molaires supérieures : 1, préprotocrista ; 2, protocone ; 3, postprotocrista ;
4, prémetaconulecrista ; 5, métaconule ; 6, postmétaconulecrista ; 7, postmétacrista ; 8, métacone ; 9, prémétacrista ; 10, postparacrista ; 11, paracone ; 12,
préparacrista ; 13, cote du paracone ; 14, parastyle ; 15, mésostyle ; 16, métastyle ; 17, cingulum ; b, molaires inférieures: 1, préprotocristide ; 2, protoconide ;
3, postprotocristide interne ; 4, postprotocristide externe ; 5, préhypocristide ; 6, hypoconide ; 7, posthypocristide ; 8, prémétacristide ; 9, métaconide ;
10, postmétacristide interne ; 11, postmétacristide externe ; 12 préentocristide ; 13, entoconide ; 14, postentocristide ; 15 posthypoconulidcristide ; 16,
hypoconulide ; 17, préhypoconulidcristide ; 18, ectostylide ; 19, cingulide antérieur ; 20, Tragulus fold ; 21, Dorcatherium fold.
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3. Systematic Paleontology and description

Order: Artiodactyla Owen, 1848
Suborder: Ruminantia Scopoli, 1777
Infraorder: Tragulina Flower, 1883
Family: Tragulidae Milne Edwards, 1864
Genus Dorcatherium Kaup, 1833
Dorcatherium crassum (Lartet, 1839)

Figs. 2-6 Tables 1-3.

Referred specimens. AP2014.0715 (NMB Fa.213.abg
digital copy, see Mennecart et al., 2017, and 3D print)
fragmented skull containing the basicranium repre-
sented by isolated basisphenoid and basioccipital, the
skull roof, and the left maxilla with P4-M3 mainly
(Figs. 3 and 4); AP2013.0135 right maxilla with P4-M3;
AP2015.0134 right maxilla with M1-M3; AP2012.0130
(NMB Fa.214.abg cast) right corpus mandibulae with
p3-m3; AP2014.0129 (NMB Fa.215.abg cast) right cor-
pus mandibulae with p2-m3 (Fig. 5.1); AP2015.0131 left
m2-m3; AP2015.0133 fragmented right corpus mandibu-
lae with p3-m1; AP2013.0132 fragmented right corpus
mandibulae with p3 and alveolus of two rooted p2;
AP2015.0128 (NMB Fa.216.abg cast) left Mt III-1V (Fig. 5.2).

Skull. The skull is highly fragmented but some delicate
structures (e.g., eye socket, bulla, and probably vomer) are
partly conserved. The best-preserved bones are from the
skull roof (frontals, parietals, squamosals, proximal part of
the nasals, and the left maxilla bone), and the basicranium
(basisphenoid, and the occipital). The naso-frontal suture is
W-shaped, with the posterior part of it, reaching the level of
the centre of the orbits in dorsal view. The frontals form an
elongated bone extension going between the nasal bones.
In living species, the nasal and frontals suture is also not
straight, but is farther anterior of the orbits and relatively
flat, although a little variation is observed within a species
(pers. obs. on Tragulus kanchil and Hyemoschus aquaticus)
with individuals fluctuating from flat to convex shape nasal
bone. The supraorbital foramen is larger than in living the
tragulids. It is separated from the deep supraorbital groove
by a robust bony bridge. These structures are slender in
living tragulids (R6ssner, 2007: fig. 16.3A; pers. obs.; Smit-
van Dort, 1989: fig. 1). The orbit is well-rounded such as in
D. naui from Eppelsheim and D. crassum from Steinheim am
Albuch. However, this character is highly variable in living
tragulids, being rounded, rectangular, or even more trian-
gular. The postorbital bar of the frontal process is broad
on the orbital face, such as in the Thierhaupten specimen.
In living tragulids, this part is more slender. The sagittal
crestis well-developed separating into the left and the right
parietofrontal suture in the middle of the braincase with
an angle of 90°, such as in the Thierhaupten specimen. It
is a wide ridge and passes at the dorsocaudal skull edge
to the well-developed nuchal crest forming the framing
external crests of the occipital. Among the living trag-
ulids, only Hyemoschus possesses such structures, but more
weakly developed. In Tragulus and Moschiola, the sagittal
crests are incipient and the nuchal crest is weak to absent
(Rossner, 2007: fig. 16.3A; Smit-van Dort, 1989: fig. 1). Con-
trary to Hyemoschus, no external occipital crest is observed

in the Doractherium specimen described here. Similar to
Hyemoschus, the dorsal part of the occipital condyles is
somewhat detached from the dorsal condylar fossa area.
The two nuchal tubercles are well-developed, while they
are absent in living taxa. The jugular processes, even if bro-
ken, are more similar in shape to Hyemoschus than to the
other living tragulid genera Moschiola and Tragulus in being
more profiled and relatively larger. It is even stockier than
in Hyemoschus and possesses a tuberosity.

Petrosal bone. The petrosal bone has a rather broad
epitympanic wing with a pointed apex, it is more elon-
gated than in Tragulus and Moschiola (Mennecart & Costeur,
2016b). The promontorium on the ventrolateral side is
tubular in shape with a broad posterior part (Fig. 4.a1). It
has a flat convex surface like the petrosal bone of D. crassum
from Sansan (Mennecart & Costeur, 2016b) and does not
show the two distinct convexities seen in Tragulus (O’Leary,
2010). There is no apparent transpromontorial sulcus as
already observed on all living tragulids and on D. crassum
from Sansan (O’Leary, 2010; Mennecart & Costeur, 2016b).
The fossa for the tensor tympani muscle is large as in Hye-
moschus and has a quadratic shape that becomes more
elongated anteriorly. It does not excavate into the tegmen
tympani. It occupies slightly more than half the size of the
promontorium, much of its anterior part. The crista inter-
fenestralis between the fenestrae vestibuli and cochleae is
broad and both fenestrae have about the same size. A small
but deep fossa for the attachment of the stapedial mus-
cle is visible directly posteriorly to the fenestra vestibuli.
The facial sulcus is nor very broad neither very deeply
impressed. No protruding articulations to the medial or
posterior bulla are visible, but this may be due to the 3D
reconstruction. In contrast the articulation to the anterior
bulla is well visible on the ventrolateral side next to the
anterior process of the tegmen tympani.

The dorsomedial side shows a knob (Fig. 4.a1), again
as in Hyemoschus and unlike in Tragulus or Moschiola. The
hiatus fallopii sits within a subcentral elongate slit of the
tegmen tympani. The tegmen tympani extends anteriorly
almost up to the level of the most anterior part of the
promontorium, being slightly smaller than on the specimen
from Sansan. It has a blunt apex. No basicapsular groove
is visible recalling the situation in Sansan. It is also hard
to observe on the three living tragulid genera as shown
by Mennecart & Costeur (2016b). The subarcuate fossa is
rather shallow. The opening of the vestibular aqueduct sits
centrally posterior to the internal acoustic meatus as on the
specimen from Sansan. The opening for the cochlear aque-
duct is located more anteriorly on the ventromedial side
at the level of the internal acoustic meatus and it sits on
the dorsal extension of the ventromedial side. The mastoid
region is wedge-like as in living and fossil tragulids where
it is known and as in ruminants in general (Mennecart &
Costeur, 2016b; O’Leary, 2010).

Bony labyrinth. The bony labyrinth is very similar
to that of D. crassum described in Mennecart & Costeur
(2016Db). Linear and volumetric measurements are given
in Table 1. The cochlea has three turns (Fig. 4.b2). It is
massive, compact and tall because of the large number of
turns compared with other ruminants (Costeur, 2014). The
aspect ratio (total height divided by total width) is 0.55,
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Fig. 3. Skull of Dorcatherium crassum from Contres (original specimen AP2014.0715 and digital copy NMB Fa.213.abg). a & c lateral (left), b & d dorsal, e
ventral, f posterior view. Abbreviations: boc, basioccipital; bsp, basisphenoid; fr, frontal; jp, jugular process; mx, maxilla; na, nasal; nc, nuchal crest; nt,
nuchal tubercule; oc, occipital condyle; or, orbit; pa, parietal; pe, petrosal; pf, postorbital bar of the frontal process; pfs, parietofrontal suture; sc, sagittal
crest; sf, supraorbital foramen; sq, squamosal; vo?, vomer?; zy, zygomatic. The scale bar is 5 cm.

Fig. 3. Crane de Dorcatherium crassum de Contres (spécimen original AP2014.0715 et copie digitale NMB Fa.213.abg). 1 Morphologie externe du crane en
vues 1a & c latérale (gauche), 1b & d dorsale, 1e ventrale, 1f postérieure. Abréviations : boc, basioccipital ; bsp, basisphénoide ; fr, frontal ; jp, processus
jugulaire ; mx, maxillaire ; na, nasal ; nc, créte nuchale ; nt, tubercule nuchal ; oc, condyle occipital ; or, orbite ; pa, pariétal ; pe, os pétreux ; pf, barre
postorbitale du processus frontal ; pfs, suture pariétofrontale ; sc, créte sagittale ; sf, foramen supraorbital ; sq, squamosal ; ve ?, vomer ? ; zy, zygomatique.

La barre d’échelle est de 5 cm.

slightly below those of the living tragulids and of D. crassum
from Sansan (Mennecart & Costeur, 2016b) but in the range
of high cochleas. The cochlear spiral is tight and only half
of the basal turn is detached from the rest of the cochlea.
The cochlear aqueduct is enlarged, with a flattened diam-
eter. The secondary bony lamina is well visible over most
of the basal turn, so apparently longer than in D. crassum
from Sansan, but preservation could play a role here since
the specimen from Sansan was recrystallized (Mennecart

& Costeur, 2016b) and thus less well preserved than here.
The fenestra cochleae is rounded in shape and faces later-
ally. On the vestibule, both the sacculus and utriculus are
well defined (Fig. 4.b1) such as on the Sansan specimen. The
fenestra vestibuli is large and oval in shape, with a stapedial
ratio of 1.62, exactly like D. crassum from Sansan. The ante-
rior semicircular canal is the most dorsally expanded canal;
it expands largely above the level of the common crus, as
for the posterior semicircular canal but to a lesser extent
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for the latter. The common crus is less indented and longer
than on the specimen from Sansan (Mennecart & Costeur,
2016b) but such a variation was observed on the living
Tragulus kanchil (Mennecart & Costeur, 2016a). The lateral
semicircular canal is straight. It branches dorsally above
the posterior ampulla, in the vestibule between the latter
and the base of the common crus, a typical feature of Trag-
ulidae. In addition and in line with previous observations
on extinct and extant tragulids, the lateral semicircular
canal extends beyond the plane of the posterior semicircu-
lar canal in dorsal or lateral view. The vestibular aqueduct
is a thin canal detached from the common crus over most
of its course, as in the Sansan specimen. It originates in the
vestibule at the base of the common crus but anteriorly. It
runs parallel to the midline of the common crus along its
course and is thus not curved; it extends above the end of
the common crus dorsally, less so on this specimen than
on that of Sansan because the common crus is longer here.
The endolymphatic sac at the end of the vestibular aque-
duct is large and broad, triangular in shape with a broad
base, larger than on the Sansan specimen, but this feature
is ontogenetically variable in size.

Upper dentition. The enamel is wrinkled. The cusps
are bunoselenomorph. The triangular P4 possesses only
one labial cone with an extremely little developed labial
rib. The worn anterolabial crista joins the bulbous base of
the anterior style that has a crescent shape and forms the
anterolabial edge of the tooth. This style is well-developed.
The anterolingual crista is straight and links the anterior
style to the medial and crescentic lingual cone. The pos-
terolingual cristais short, stopping at the level of the middle
of the posterolabial crista. The posterolabial crista is a lit-
tle concave and joins the posterolabial edge of the tooth.
There is no marked posterior style. The lingual cingulum
is well marked from the anterolingual edge of the tooth to
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Table 1

Measurements of the bony labyrinth of D. crassum from the Auger quarry
(Contres, France) with comparative measurements from the literature
(Mennecart & Costeur, 2016b). ASC: anterior semicircular canal; LSC: lat-
eral semicircular canal; PSC: posterior semicircular canal.

Tableau 1

Dimensions du labyrinthe osseux de D. crassum de la carriére Auger (Con-
tres, France) et comparaison avec les données de la littérature (Mennecart
& Costeur, 2016b). ASC : canal semi-circulaire antérieur ; LSC : canal semi-
circulaire latéral ; PSC : canal semi-circulaire postérieur.

AP2014.0715 NMB San.15053
Contres MN5 Sansan MN6
Number of cochlear turns 3 3
Volume (mm?) 83.2 67.6
Stapedial ratio 1.62 1.62
Cochlear aspect ratio 0.55 0.63
ASC height (mm) 4.76 4.71
ASC width (mm) 454 432
PSC height (mm) 421 415
PSC width (mm) 4.7 4.05
LSC length (mm) 3.93 3.82
LSC width (mm) 3.43 418
Angle ASC-PSC 77° 84°
Angle ASC-LSC 73° 73°
Angle PSC-LSC 80° 85°

its posterolabial edge. The upper molars increase in overall
size from M1 to M3 (Table 2). They are relatively square in
shape. The paracone rib, as well as mesostyle and parastyle
are well-developed in contrast to the weak metacone rib.
They increase in size from M1 to M3 as well. Paracone and
metacone are almost in line. Labial cristae are short and
straight. The metastyle is only present on M3. The anterior
fossa is widely opened due to a postprotocrista posteri-
orly oriented. The straight preprotocrista is interrupted by
the anterolabial edge of the anterior tooth. The metaconule
is V-shaped. The premetaconulecrista is straight and ends

Fig. 4. a right petrosal bone and b left bony labyrinth of Dorcatherium crassum from Contres (original specimen AP2014.0715 and digital copy NMB
Fa.213.abg): a1 and b2 ventrolateral view, a2 and b1 dorsomedial view. Scale bare is 1 cm. Abbreviations: aa, asc ampulla; asc, anterior semi-circular
canal; ca, cochlear aqueduct; cc, common crus; co, cochlea; es, endolymphatic sac; fc, fenestra cochleae; fv, fenestra vestibuli; 1a, Isc ampulla; Isc, lateral
semi-circular canal; pa, psc ampulla; psc, posterior semi-circular canal; sac, sacculus; sl, secondary bony lamina; ut, utriculus; va, vestibular aqueduct.

Fig. 4. Os pétreux droit (a) et labyrinthe osseux gauche (b) du crane de Dorcatherium crassum de Contres (spécimen original AP2014.0715 et copie digitale
NMB Fa.213.abg) : a1 et b2 en vue ventro-latérale et a2 et b1 en vue dorso-médiale. La barre d’échelle est de 1 cm. Abréviations : aa, ampoule asc ; asc, canal
semi-circulaire antérieur ; ca, aqueduc cochléaire ; cc, crus commun ; co, cochlée ; es, sac endolymphatique ; fc, fenestra cochleae ; fv, fenestra vestibuli ; 1a,
ampoule Isc ; Isc, canal semi-circulaire latéral ; pa, ampoule psc ; psc, canal semi-circulaire postérieur ; sac, sacculus ; sl, lamina osseuse secondaire ; ut,

utriculus ; va, aqueduc vestibulaire.
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in between the paracone and metacone. The postmeta-
conulecrista is incomplete on M1 and does not reach the
posterolabial edge of the tooth. The posterior cingulum
is weak on M1, is weaker on M2, and is absent on M3.
The anterolingual cingulum becomes more and more pro-
nounced from M1 to M3. There is no entostyle or accessory
fold.

Mandible. The corpus mandibulae gradually enlarges
in height from rostral to caudal below the teeth until the
concavity of the incisura vasorum starts. This incisura is
not marked, but smoothed. The diastema starts right in
front of the p2, similarly to the symphysis. The small and
oval mandibular foramen is at the level of the tooth row.
The two mental foramina are on the diastema and form an
elongated fissure since they are connected.

Lower dentition. The lower premolars are more or
less of the same size (Table 2). The p2 and p3 have a

Table 2

similar shape. These teeth are composed of three main
conids aligned in the axis of the tooth. The mesolabial conid
is central and the highest conid in all the premolars. All
the cristids are straight, the laterally compressed anterior
conid being anteriorly oriented in p2 and p3. The postero-
labial conid bears a weakly developed curved posterior
stylid that forms the posterolabial edge and the posterior
part of the p2 and p3. The p3 differs from p2 in having
a minute posterolingual conid absent on the other tooth.
The p4 bears a posteriorly oriented transverse cristid. The
posterior stylid is big and partly closes the steep-sided
posterior valley between the transverse cristid and the pos-
terolabial cristid. The anterior part of the p4 may bear an
anterior stylid (AP2014.0.129) or not (AP2013.0130). The
molars are bunoselenodont with a bulky lingual wall. They
increase in size fromm1 to m3. The preprotocristid is highly
curved and joins the premetacristid on the anterior part

Dental measurements (maximal length and width respectively in mm) of D. crassum from the Auger quarry (Contres, France) with comparative material
from the literature (Morales et al., 2012; Rossner, 2010; Seehuber, 2015). Thierhaupten tooth averages are based on left and right dentition of the skull.

Tableau 2

Dimensions des dents (longueur et largeur maximales respectivement en mm) de D. crassum de la carriére Auger (Contres, France) et comparaison avec les
données de la littérature (Morales et al., 2012 ; Rossner, 2010 ; Seehuber, 2015). Les tailles moyennes pour le spécimen de Thierhaupten sont basées sur

les deux rangées dentaires du crane.

AP2012.0130
Contres MN5

AP2014.0129
Contres MN5

AP2015.0131
Contres MN5

p2 - - 11.3 4.4 - -
p3 11.8 5.0 11.5 5.1 - -
p4 10.6 5.5 115 5.8 - -
ml 10.5 7.0 104 7.5 - -
m2 114 8.1 12.6 8.5 12.1 8.7
m3 18.7 9.2 19.5 9.0 - 9.2
AP2015.0133 AP2013.0132
Contres MN5 Contres MN5
p2 - - - -
p3 12.2 45 12.9 46
p4 11.1 5.4 - -
ml 113 7.5 - -
m2 - - - -
m3 - - - -

AP2014.0715 AP2013.135 AP2015.0134

Contres MN5 Contres MN5 Contres MN5
P4 9.1 10.0 9.2 10.6 - -
M1 10.6 11.6 11.1 12.0 111 12.1
M2 12.1 134 12.5 13.8 12.0 13.7
M3 13.0 13.7 135 14.3 13.2 144

Seehuber, 2015 Morales et al., 2012 Rossner, 2010

(Thierhaupten MNS5) (Sansan MNG6) (Sandelzhausen MN5)

Average Average Average Average Min-max Min-max
p2 - - 10.9 4.4 10.6-11.5 4.2-5.5
p3 - - 10.5 4.6 11.3-12.5 4.0-5.2
p4 - - 10.0 53 10.8-13.0 5.2-6.0
ml - - 9.5 7.4 10.5-11.9 6.3-8.5
m2 - - 10.1 8.8 11.0-14.0 7.4-10.0
m3 - - 17.2 8.8 17.5-20.9 7.9-10.2
P2 13.0 6.4 13.2 6.3 13.0 6.6
P3 6.6 8.0 113 7.4 11.0 7.5
P4 9.8 10.8 9.1 10.0 10.0 10.0-11.9
M1 10.1 11.6 103 11.8 10.0-10.3 11.0-11.1
M2 113 13.1 11.9 139 11.1-123 12.8-14.0
M3 12.5 14.3 133 14.7 12.0-12.7 14.1-14.5
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Fig. 5. Dental remains and postcranial bones of Dorcatherium crassum from Contres. 1 Right corpus mandibulae with the tooth row p2-m3 (original
specimen AP2014.0129 and cast NMB Fa.215.abg) in 1a labial, 1b occlusal, and 1c lingual views; left Mt III-IV (original specimen AP2015.0128 and cast
NMB Fa.216.abg) in 2a plantar, 2b medial, 2¢ dorsal, 2d proximal, and 2e distal views. The scale bar is 5 cm.

Fig. 5. Restes dentaires et os postcraniens de Dorcatherium crassum de Contres. 1 Corpus mandibulae droit avec la rangée dentaire p2-m3 (spécimen
original AP2014.0129 et moulage NMB Fa.215.abg) en vues 1a labiale, 1b occlusale, et 1c linguale; Mt III-IV gauche (spécimen original AP2015.0128 et
moulage NMB Fa.216.abg) en vues 2a plantaire, 2b médiale, 2¢ dorsale, 2d proximale et 2e distale. La barre d’échelle est de 5 cm.

of the teeth. The other cristids are straight. The external
postprotocristid joins the prehypocristid, while the inter-
nal postprotocristid fuses with the internal postmetacristid
forming a “Tragulus fold”. The external postmetacristid
forms a true “Dorcatherium fold”. The association of the
“Tragulus fold” with the “Dorcatherium fold” forms the typi-
cal tragulid “M-structure”. The entoconid is a little oblique,
giving birth to a straight preentocrisitd that fuses with
the distal part of the internal postmetacristid and post-
protocristid in the centre of the occlusal area. The lingual
entoconid ridge on the apex of the enctonid is absent on
m1, tiny on m2, and small on m3. The postentocristid is
short and does not reach the base of the posthypoconid-
cristid. Since the entoconid is very bulky, there is an internal
groove between this cristid and the cuspid. The relatively
high hypoconulid forms the posterolabial corner of the
m3. The prehypoconulicristid fuses with the base of the
posthypocristid while the oblique back fossa of the m3 is
opened lingually. The ectostylid is weakly developed and
the posterior ectostylid is absent. The anterior cingulid is
increasingly developed from m1 to m3. There is neither a
metastylid nor an entostylid.

Postcranial bones. The metatarsal bones Il and IV
are fully fused in AP2015.0128 (size data are provided in
Table 3). The proximo-plantar area is damaged. The dis-
tal part is enlarged compared to the diaphysis and keels
articulating with the first phalanges are absent dorsally and
distally. 22 mm above the distal end of the bones, an elon-
gate, enlarged and deep metacarpal sulcus runs from dorsal
to plantar. There are no additional crests on the edge of
the sulcus (similar to the fig. 19 of Kéhler, 1993). From the

lateral view, the distal articular surfaces are flattened. The
verticilli are weak and continue on the plantar surface in
straight lines forming no real separation between the keels
and the metaphysis. At the level of the greatest transverse
diameter, there is a crest separating the rounded dorsal part
of the bones from the flattened plantar one. The metatarsal
bones are somewhat concave distally on the plantar side
and convex on the dorsal side. On the proximal part of the
bones, there is a longish furrow for the extensor tendon. On
the plantar side, there are two small furrows which formed
the articular areas with Mt Il and Mt V. The proximal view
does not allow a precise description of the articular sur-
faces. Nevertheless, it seems that the cuneiform articular
surface of Mt Il is half-moon shaped. The Mt Il extends
farther proximad, while the Mt IV extends farther distad.
The metatarsal bones of D. crassum described herein are
characteristic of Kéhler’s type A2 (wooded, very humid to
semiaquatic habitat; K6hler, 1993).

4. Comparison and discussion
4.1. Taxonomical attribution

The p4, lacking a mesolingual conid, is typical for Trag-
ulina (Mennecart, 2012; Mennecart et al., 2011). Moreover,
the “M-structure” formed by the presence of a “Tragulus”
fold and a “Dorcatherium” fold and the general shape of
the bony labyrinth including the insertion of the lateral
canal in the vestibule high dorsally between the poste-
rior ampulla and the common crus associated with the
high number of cochlear turns are unique to members of



B. Mennecart et al. / C. R. Palevol 17 (2018) 189-200 197

Table 3

Measurements of metatarsal bones (in mm) of D. crassum from the Auger
quarry (Contres, France) with comparative measurements from the liter-
ature (Morales et al., 2012; Rossner, 2010). DAP: dorso-palmar diameter;
dist: distal; DT: latero-medial diameter; prox: proximal.

Tableau 3

Dimensions des métatarses (en mm) de D. crassum de la carriére Auger
(Contres, France) et comparaison avec les données de la littérature
Morales et al., 2012 ; Rossner, 2010). DAP : diamétre dorso-palmaire ;
dist : distal ; DT : diamétre latéro-médial ; prox : proximal.

Mt IlI-IV  Morales et al., 2012 Rossner, 2010 AP2015.0128
(Sansan Mn6)Average (Sandelzhausen)

Length 92.8 96 93.6

DT prox  20.1 - 20.5

DAP prox 18 - -

DT dist 254 - 24.6

DAP dist 14.5 - 14.7

Fig. 6. Variation in the p4 in D. crassum from the Auger quarry (Contres,
France). a, AP2012.0130 (NMB Fa.214.abg cast); b, AP2014.0129 (NMB
Fa.215.abg cast).
Fig. 6. Variation de la p4 chez D. crassum de la carriére Auger (Contres,
France). a, AP2012.0130 (NMB Fa.214.abg cast); b, AP2014.0129 (NMB
Fa.215.abg cast).

Tragulidae (Costeur, 2014; Costeur et al., 2014; Gentry
et al,, 1999; Mennecart & Costeur, 2016a, 2016b; Men-
necart et al., 2011; Mennecart & Métais, 2015; Métais &
Vislobokova, 2007). All European tragulid species known
are attributed to Dorcatherium (e.g., Aiglstorfer et al., 2014;
Gentry etal., 1999; Rossner, 2007, Rossner & Heissig, 2013).
Van der Made (1996) mentioned a cf. Dorcabune anthra-
cotherioides in the late Miocene of Kastellios K east (Crete,
Greece). Dorcatherium clearly differs from Paleogene mem-
bers of Tragulidae (Archaeotragulus and Iberomeryx) and the
Neogene Afrotragulus notably in size (being much larger),
the proportional length of the diastema, and the more
brachydont condition (Mennecart, 2012; Mennecart et al.,
2011; Métais et al., 2001; Sanchez et al., 2010). But most
probably Dorcatherium is a polyphyletic genus (Rossner
& Heissig, 2013; Sanchez et al., 2015) and thorough
revision is needed (Rdssner, 2007). Two main “lineages”
or “ecomorphotypes” can be separated among European
Dorcatherium: the bunoselenodont (D. crassum, D. vin-
debonense, D. peneckei) and the selenodont (D. guntianum,
D. naui, D. puyhauberti, and D. jourdani) (Aiglstorfer et al.,
2014; Fahlbusch, 1985; Morales et al., 2012; Mottl, 1961;
Rossner, 2007; Rossner & Heissig, 2013). Moreover, con-
trary to Mennecart et al. (2011), we want to point out
here that not all species attributed to Dorcatherium do
possess a pl. The presence or absence of a p1 may vary

within a population (e.g., Aiglstorfer et al., 2014). Never-
theless, D. vindebonense and D. naui very often possess a p1
(Aiglstorfer et al., 2014; Alba et al., 2011; Ginsburg & Mor-
nand, 1986 for D. naui), while D. crassum mostly lacks this
tooth, as it is part of its diagnosis (Aiglstorfer et al., 2014;
Ginsburg & Mornand, 1986; Morales et al., 2012; but see
Rossner,2010: fig. INand Gentry et al., 1999: fig. 23.2, there
mistakenly named D. naui). The two mental foramina are
located at the level of the diastema and form an elongated
fissure since they are connected in D. crassum (Morales
etal., 2012). They are well separated in D. naui (Aiglstorfer
et al.,, 2014) being placed below p1 and p2 and below the
middle of the diastema. Aiglstorfer etal.(2014) noticed that
the more bunodont Dorcatherium species (D. crassum and
D. vindebonense) possess simpler p4 structures than D. naui
and D. guntianum, which have a complex structure in the
posterior valley. Moreover, in the selendont Dorcatherium
species (D. naui. and D. guntianum), the third lobe of the
m3 is turned to labial, while in the bunodont ones (D. cras-
sum, D. vindebonense, and D. peneckei), the third lobe is not
turned as much (Aiglstorfer et al., 2014). The structure of
the p4 and m3 of the studied specimens supports that they
belong to the bunoselenodont “lineage”.

Additionally, Dorcatherium species may also be sepa-
rated by size (Aiglstorfer et al., 2014; Alba et al., 2011;
Fahlbusch, 1985; Morales et al.,, 2012; Rossner & Heis-
sig, 2013). Within Dorcatherium, D. vindebonense, and
D. peneckei remains are large to very large, while those of
D. guntianum and D. puyhauberti are small. Those of D. naui,
D. jourdani, and D. crassum are medium-sized. The size
dimensions of the studied specimens are similar to those of
D. crassum from Sansan (Morales et al.,2012), Thierhaupten
(Seehuber, 2015), and Sandelzhausen (R&ssner, 2010).
Moreover, since our specimens are diagnosed bunoselen-
odont medium-sized Dorcatherium specimens (see Table 2)
that lack a p1, we have every reason to attribute them to
D. crassum. Moreover, the metatarsal bones of D. crassum
described by Réssner (2010) and Morales et al. (2012) are
similar in shape and size (see Table 3).

4.2. Intraspecific variability in D. crassum

We noticed some differences in the structure of the p4
in our set of specimens (Fig. 6). AP2014.0.129 possesses a
p4 thatis a little more derived with the presence of an ante-
rior stylid, absent from the other specimens and from the
specimens from Sansan (see figures in Morales et al., 2012).
However, Aiglstorfer et al. (2014) and Mennecart (2015)
already noticed that the p4 may be variable within popula-
tions in Tragulina (being more or less molarized, bearing
additional cristids and folds) what corresponds to find-
ings in other ruminants (Janis & Lister, 1985) and classical
intraspecific variability. In our specimens, the differences
may also be linked to difference in the preservation.

Rossner (2007)and Moralesetal.(2012) proposed to use
the fusion degree of the bones to better understand the evo-
lution of Tragulidae. Hyemoschus possesses less fused hind
limb bones than its Asian (and more derived; Mennecart
& Costeur, 2016b; Sanchez et al., 2015) relatives (Rossner,
2007). Associated to dental characters, it has been proposed
that Dorcatherium and Hyemoschus could be congeneric
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(see in Gentry et al., 1999). However, Morales et al. (2012)
noticed that the grade of fusion of the metatarsal bones
varies a lot within the Sansan population. It ranges from
unfused to well-fused (without noticeable bone suture) in
adult specimens. So, this character should be taken with
caution. The here described specimen AP2015.0128 is fully
fused without any noticeable bone suture.

It is commonly admitted that the morphology of the
ear region can be correlated with ecological and environ-
mental parameters (e.g., Billet et al., 2012; Grohé et al,,
2015; Pfaff et al., 2015). However, the bony labyrinth and
ossicles are proven to fully ossify in foetuses long before
birth at mid-gestation time in some ruminants (Costeur
etal,, 20164, 2016b; Mennecart & Costeur, 2016a). In addi-
tion, the morphological intraspecific variability of the bony
labyrinth, observed within Artiodactyla, is smaller than
the interspecific morphological diversity and is thus highly
conservative (Aguirre-Fernandez et al., 2017; Mennecart
& Costeur, 2016a). Thus, recent studies propose that the
ear region supports a strong phylogenetic signal (Ekdale,
2013; Mennecart & Costeur, 2016b; Mennecart et al.,2016).
The bony labyrinth of D. crassum described by Mennecart
& Costeur (2016b, 2016c) is very similar to the speci-
men described here even if the shape and length of their
common crus are different. Mennecart & Costeur (2016a)
already noticed intraspecific variation of this structure in
living Tragulidae. The height of the common crus may
form a more or a less acute angle between the anterior
and the posterior canal and accordingly influences the rel-
ative length of the vestibular aqueduct to the common
crus height (Mennecart & Costeur, 2016a). Here we con-
firm the specific attribution of the isolated petrosal bone
described by Mennecart & Costeur (2016b) to D. crassum
and we demonstrate that the bony labyrinth can be used
confidently for taxonomic purposes.

4.3. Skull heterochrony in Tragulidae

Developmental heterochrony is known in ruminant lin-
eages. The development of the appendages in Cervidae due
to social competition (hypermorphs, Geist, 1998) may be
related to peramorphosis. Vrba et al. (1994) highlighted
for an antelope lineage (Reduncini) that paedomorphosis
(may be neoteny) affected cranial and reproductive charac-
ters and occurred together with an increase of the body size
within the genus Kobus. Van der Geer (2005) suggested that
insular artiodactyls that are exhibiting ancestral characters
could be considered as paedomorphic dwarfs.

We noticed that D. crassum skull characters are sim-
ilar to those of Hyemoschus (e.g., occipital condyles
somewhat detached). However, the characters often are
hyper-developed in D. crassum, while they are much less
developed in Tragulus and Moschiola, Hyemoschus being
intermediary (sagittal crest, nuchal crest, jugular process;
see Table 4). It is interesting to note that these crests are
also weaker in Hyemoschus juveniles and female. Life his-
tory characters in Hyemoschus, on the one hand, and in
Moschiola plus Tragulus, on the other hand, are totally dif-
ferent. Hyemoschus weights two to eight times the weight
of Moschiola and Tragulus. Moreover, the gestation time
(ca. 150 days) and the sexual maturity (ca. 5 months) in

Table 4

Summary of the potential heterochronic skull elements and life history
(data from Dubost et al., 2011 for living tragulids and Rossner, 2010 for
Dorcatherium crassum body weight).

Tableau 4

Résumé des éléments craniens potentiellement hétérochroniques et
stratégie de reproduction (données issues de Dubost et al., 2011 concer-
nant les Tragulidae actuels et Rossner, 2010 pour le poids de Dorcatherium
crassum).

Dorcatherium Hyemoschus Moschiola Tragulus

Supraorbital foram ++ - - -

Postorbital bar ++ - - -
Sagittal crest ++ + - -
Nuchal crest ++ + - -
Occipital condyles + + - -
somewhat

detached

Nuchal tubercules  ++ - - -
Jugular processes ~ ++ + - -
Gestation time ? 225 150 154-140
(days)

Age at weaning ? 12 ? 10-11.5
(weeks)

Sexual maturity ? 18 ? 5.5-4.5
(months)

Longevity (years) ? 13 ? 15-12
Bodymass (kg) 15 11 2.5 1-7

++: Well-marked character; +: marked character; -: absent character.

Moschiola and Tragulus is very short in comparison to Hye-
moschus (225 days and 18 months respectively; see Dubost
etal., 2011, Table 4). Though, all three genera have a similar
age at weaning (ca. 10 to 12 weeks) and a similar potential
longevity (12-15 years).

According to phylogenetic analyses (Mennecart &
Costeur, 20164, 2016b, 2016c¢; Sanchez et al., 2015), Hye-
moschus is the sister group of the clade composed by
Tragulus and Moschiola, while Dorcatherium is the sister
taxon of the three living genera. Hence, above described
differences between these taxa may indicate a paedomor-
phosis process, probably a progenesis, in development and
in reproduction strategies during tragulid evolution. Body
size reduction associated with progenesis may “have been
selected for by high environmental unpredictability and
might also be correlated with dietary changes in the small
species” (Barmann, 2014) that, in the case of tragulids, is
based practically only on fruit (Heydon & Bolloh, 1997).
Another explanation for the body size reduction is the
diversification of the more efficient in fiber consumption
Pecora groups that displaced to tragulids to niches in which
a frugivorous diet is possible year-round (Clauss & Rossner,
2014).

4.4. Presence of Dorcatherium in the Faluns Formation

Dorcatherium is well-known to occur abundantly in the
sediments of the Pontlevoy-Thenay Basin (Loir-et-Cher,
France) from where D. crassum specimens have often been
reported (e.g., Collier & Huin, 1977; Ginsburg & Mornand,
1986; Mayet, 1908; Stehlin, 1925). The Faluns Formation
(Blaisois, Pontlevoy-Thenay Basin; Touraine, Savigné-sur-
Lathan Basin) is mainly composed of marine sand deposits
(Ginsburg, 2001; Ginsburg & Mornand, 1986) and famous
for its paleontological content. No less than 58 species
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of mammals indicating European Neogene Mammal Unit
MNS5 are currently known from the Faluns (Ginsburg, 2001;
Ginsburg & Mornand, 1986), which are clearly distinct from
older and reworked specimens (eroded, broken, darker
colour), characteristic for MN2 (“calcaire de Beauce” For-
mation), MN3, and MN4 (“sable de I'Orléanais” formation),
or even extremely rare dinosaur remains, which can be
found there as well (Buffetaut & Pouit, 1994; Ginsburg,
2001). Of the MN5 mammal community, Dorcatherium is
particularly well-documented in the Faluns deposits. In
1925, Stehlin already reported on specimens of D. cras-
sum, D. guntianum, and D. rogeri (= D. vindobonense) in the
Bourgeois collection (Pontlevoy, Pontlevoy-Thenay Basin)
and Ginsburg (2001) on D. crassum, D. guntianum, and
D. peneckei in the Basin of Savigné-sur-Lathan. However,
until now, no skull was known.

These data match the evidence from other European
sites that D. crassum and D. guntianum, appear in Europe
within MN4 during late Burdigalian (late early Miocene),
and that D. peneckei, and D. vindobonense appear in
Europe with MN5 during Langhian (early middle Miocene)
(Aiglstorfer et al., 2014; Rossner, 2017; Rossner & Heissig,
2013). Oddly, the presence of D. naui in the Faluns from
Touraine and Blaisois (Langhian) was proposed based on a
unique isolated tooth (Gagnaison et al., 2012) or in faunal
lists (Gagnaison, 2013; Gagnaison et al., 2009). This is in
conflict with data from the rest of Europe, that document
that D. naui appeared in Europe not earlier than the Ser-
ravalian, within MN7 (Aiglstorfer et al., 2014), i.e. 3 million
years later than D. crassum. Ginsburg (2001) also published
faunal lists from the same localities. It is interesting to note
that there is no referring to D. naui, but instead D. gun-
tianum is listed (Ginsburg, 2001). Moreover, the isolated
m3 attributed to D. naui from the faluniére de Tourelet has
the “morphological characteristics of Dorcatherium gun-
tianum” (Gagnaison et al., 2012), being crescentic. Both
species belong to the selenodont Dorcatherium morpho-
type. However the size of the tooth is too small to belong
to D. naui (12.9 x 7.3 mm) and falls in the range of D. gun-
tianum observed by Aiglstorfer et al. (2014). Thus, we
suppose that the D. naui specimens reported on by Gag-
naison in his several studies correspond to D. guntianum.
Yet, Ginsburg & Mornand (1986) described and illustrated
specimens of D. cf. naui in younger Faluns deposits. Indeed,
a second transgressive event is registered in the Doué-la-
Fontaine Basin dated to MN9 (Vallesian) where these fossils
were found.

It is noteworthy that the other Dorcatherium specimens
from the faluniére de Tourelet (Gagnaison et al., 2012), that
are attributed to D. guntianum, are too big to belong to this
species and the proportions do not correspond to tragulid
lower molars (m1 28.0 x 24.0 mm and m2 22.0 x 25.0 mm).

5. Conclusion

This is the first description of a fossil tragulid skull found
in a French locality. It provides access to internal skull
structures which are associated with reliably systemati-
cally assignable dental remains in a fossil tragulid for the
first time. The description of the internal morphology of
the ear region corresponds to Mennecart & Costeur (2016b)

description of an isolated petrosal bone from the Sansan
site to D. crassum. Hence, our work supports that the bony
labyrinth solely can be used confidently for systematic clas-
sification at species level. The well-preserved material also
sheds light on the intraspecific variability (teeth and bony
labyrinth) within a fossil tragulid species and population.
The p4 complexity, as well as the common crus of the bony
labyrinth, may vary.
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