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ABSTRACT
Perissodactyls (nowadays including horses, rhinos and tapirs) appear early in the Eocene and quickly 
spread throughout the Northern Hemisphere. Their geographical origin, probably Asian, as well as 
their phylogenetic relationships are currently debated. Early perissodactyl fossils from Europe have 
been poorly studied since the 1960s, and many specimens have been deposited since then in the 
European institutions, today allowing us to have a better vision of the evolution of the early Eocene 
hippomorph perissodactyls. This work presents a study and a revision of the early Eocene hippomorphs 
(MP7-MP10) of the Paris Basin. The majority of the material is unpublished and allowed to identify 
nine species of hippomorphs: Pliolophus vulpiceps Owen, 1858, Pliolophus barnesi Hooker, 2010, Pli-
olophus quesnoyensis Bronnert, Gheerbrant, Godinot & Métais, 2018, Cymbalophus cuniculus (Owen, 
1842), Hyracotherium leporinum Owen, 1841, Propalaeotherium gaudryi (Lemoine, 1878), Orolophus 
maldani (Lemoine, 1878), Hallensia louisi Hooker, 1994 and Hallensia parisiensis Franzen, 1990. In 
these European early hippomorphs, we observe a trend toward increase of the lophodonty, as well as 
the increase of the centrocrista flexure on upper molars. Likewise, sexual dimorphism is reflected in 
the robustness of the mandibles. The faunas close to MP7 show differences between Northern and 
Southern Europe, confirming the hypothesis of a climatic barrier between them. A perissodactyl 
turnover at the generic level takes place between the sites close to MP7 and those close to MP8-9, as 
well as a homogenization of species between Northern and Southern Europe. The MP8-9 sites and 
those close to MP10 have similar perissodactyl faunas. 
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INTRODUCTION

The perissodactyls appeared at the beginning of the Eocene in 
the Northern Hemisphere. They probably originated in Asia, 
and they seem to have quickly spread across the whole Northern 
Hemisphere (Beard 1998; Bai et al. 2018). Because it is difficult 
to make precise correlation between continents, the Equoidea 
superfamily seems to appear at the same time in North America 
and Europe (e.g., Gingerich 2006). The fossil record of this group 
is well known, especially in North America where it documents 
the appearance of the equoids and their subsequent diversifica-
tion. The equoids are well documented in North America, mainly 
due to the work of Cope (1872), and the syntheses of Granger 
(1908), Kitts (1956), Gingerich (1991), MacFadden (1992) 
and Froehlich (2002). In Europe, the fossil record is scarcer, 
and mainly composed of dental remains. The three oldest spe-
cies (Hyracotherium leporinum Owen, 1841, Pliolophus vulpiceps 
Owen, 1858 and ‘Hyracotherium’ cuniculus Owen, 1842) were 
described by Owen (1841, 1842, 1858) from England. Two 
species, Propachynolophus gaudryi Lemoine, 1878 and Propach-
ynolophus maldani (Lemoine, 1878), were then described in the 
French Paris Basin by Lemoine (1878, 1891). Hyracotherium and 
Pliolophus have often been synonymized (Depéret 1901; Forster-
Cooper 1932b; Simpson 1952; McKenna & Bell 1997). Savage 
et al. (1965) provided a synthesis of the previous works and clas-
sified the three oldest species from the early Eocene within the 
genus Hyracotherium, as well as another unidentified species of 
small equoid from France found in localities correlated to MP7 
and MP8-9 reference levels (Biochrom’ 1997). Generally, the 
equoids from MP7 to MP8-9 belong to the genus Hyracotherium, 
and the French species from MP10 are classically lumped into 

MOTS CLÉS
Perissodactyla,

Hippomorpha,
Equoidea,

Europe,
Éocène inférieur.

the genus Propachynolophus. Hooker (1994) revised the English 
material from the early Eocene London Clays, and resurected 
the genus Pliolophus Owen, 1858 for the species P. vulpiceps 
previously refered to Hyracotherium (Savage et al. 1965; Hooker 
1980). Hooker (1984) also erected the genus Cymbalophus for 
the Hyracotherium cuniculus Owen 1842 from Abbey Wood. 
This genus has also been recognized from  Palette (MP7, south-
ern France) under a new species C. hookeri Godinot, Crochet, 
Hartenberger, Lange-Badré, Russell & Sigé 1987   (Godinot et al. 
1987). Franzen & Haubold (1986) created the genus and spe-
cies Hallensia matthesi based on bunodont dental material from 
MP11 levels of the Geiseltal, and additional material (almost 
complete skeleton) was subsequently recovered in the MP11 
locality of Messel (Franzen, 1990). The two early Eocene spe-
cies of Hallensia, H. louisi and H. parisiensis are only known by 
a scarce material but are characterized by an unusual bunodont 
morphology. Hooker (1994) created the species Hallensia louisi 
Hooker, 1994 and Propachynolophus levei Hooker, 1994, both 
based on fossils from the Paris Basin. More recently, two species 
of Pliolophus have been described, P. barnesi Hooker, 2010 and 
P. quesnoyensis Bronnert, Gheerbrant, Godinot & Métais, 2018. 
The species of Propachynolophus were recently splitted in Propalae-
otherium gaudryi, Orolophus maldani, and the two other species in 
“Hyracotherium” levei and “Hyracotherium” remyi (Remy, 2017).

The Muséum national d’Histoire naturelle of Paris (France) 
acquired a large collection of early Eocene equoids, especially 
with the donation of the Louis collection and the contribu-
tion of many amateurs, which has so far never been thoroughly 
studied. We propose here a description of this new material, and 
the revision of the early Eocene material from the Paris Basin s.l. 
(Paris Basin, London Basin, Belgium Basin).

RÉSUMÉ
Les périssodactyles hippomorphes (Mammalia) de l’Éocène inférieur du bassin de Paris.
Les périssodactyles (comprenant aujourd’hui les chevaux, les rhinocéros et les tapirs) apparaissent au 
début de l’Éocène et se dispersent rapidement dans tout l’hémisphère Nord. Leur origine géo graphique, 
probablement asiatique, ainsi que leur origine phylogénétique, est actuellement débattue. Les fossiles 
provenant d’Europe ont été peu étudiés depuis les années 1960, et les nombreux spécimens déposés 
depuis dans les institutions européennes permettent aujourd’hui d’avoir une meilleure vision de 
l’évolution des périssodactyles hippomorphes de l’Éocène inférieur. Ce travail présente une étude et 
une révision des hippomorphes de l’Éocène inférieur (MP7-MP10) du bassin de Paris. La majorité du 
matériel est inédite et a permis d’identifier neuf espèces d’hippomorphes : Pliolophus vulpiceps Owen, 
1858, Pliolophus barnesi Hooker, 2010, Pliolophus quesnoyensis Bronnert, Gheerbrant, Godinot & 
Métais, 2018, Cymbalophus cuniculus (Owen, 1842), Hyracotherium leporinum Owen, 1841, Pro-
palaeotherium gaudryi (Lemoine, 1878), Orolophus maldani (Lemoine, 1878), Hallensia louisi Hoo-
ker, 1994 et Hallensia parisiensis Franzen, 1990. Une tendance à l’augmentation de la lophodontie, 
ainsi que l’augmentation de la flexure de la centrocrista des molaires supérieures est observée. Un 
dimorphisme sexuel au niveau de la robustesse des mandibules est observé. Les faunes rapprochées 
du MP7 présentent des différences entre le nord et le sud de l’Europe, confirmant l’hypothèse d’une 
barrière climatique. Un renouvellement des périssodactyles au niveau générique s’effectue entre les 
sites rapprochés du MP7 et ceux rapproché du MP8-9, ainsi qu’une homogénéisation des espèces 
entre le nord et le sud de l’Europe. Les sites MP8-9 et ceux proches du MP10 possèdent des faunes 
de périssodactyles similaires.
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LocaLities and geoLogicaL setting

The European localities are classified using a biochronologic scale 
based on reference-levels (Biochrom’ 1997). A locality is supposed 
to be close to a reference-level if its fauna matches taxonomically 
the fauna of the reference-level. Three reference-levels are defined 
for the early Eocene, running from MP7 to MP10. The MP8-9 
reference-levels are not separated because of the lack of well-
preserved faunas allowing a good description of the two levels.

About twenty localities have yielded early Eocene perisso-
dactyl fossils in the French Paris Basin (Fig. 1). The localities 
closely related to the MP7 reference fauna (Dormaal, Belgium) 
only yield scarce material composed of isolated teeth, with the 
exception of the Le Quesnoy locality which has yielded a large 
quantity of dental and postcranial elements (Nel et al. 1999; 

Bronnert et al. 2018, 2019). The localities correlative to MP8-9 
have dominantly yielded dental material. The sites correlative to 
MP10 have yielded the largest number of specimens, including 
dental and postcranial remains. 

The fossil locality Dormaal (Belgium), which is in the 
Carbone Isotopic Excursion of the PETM (Steurbaut 
et al. 2003) and the MP7 reference-level, has yielded a 
DP3 attributed to Hallensia louisi Hooker, 1994. Smith & 
Smith (2004) claim that given the unusual patina of the 
tooth, the tooth may come from a contamination, as 
do other specimens in the collection. Given its doubtful 
provenance, this material is not included in this study and 
Dormaal is considered as not having yielded perissodactyls. 
Few localities are known from Belgium (Oosterzele, Hoe-
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fig. 1. — Location of the early Eocene perissodactyls yielding sites in the Paris Basin.
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gaarden, Erquelinnes) (Fig. 2), and they have only yielded 
few dental remains. Likewise, the localities from England 
have yielded little material, with the exception of Abbey 
Wood where a large number of dental and postcranial 
remains have been discovered (Hooker 2010). Even if the 
English fossil record is poor, some of these fossils are well 
preserved, such as the holotype complete skull and man-
dible of Pliolophus vulpiceps from Harwich (England), and 
the holotype partial skull of Hyracotherium leporinum from 
Kyson (England). In France (Fig. 1), six fossil localities are 
correlated with the MP7: Meudon, Sinceny, Soissons, Try, 
Le Quesnoy and Pourcy; six are correlative to the MP8-9: 
Mutigny, Avenay, Gland, Condé-en-Brie, Sézanne-Broyes 
and Saint-Agnan; and the MP10 localities are distributed 
in three main areas: Prémontré, Fossoy and the localities 
of the Sables à Unios et Térédines near Epernay, includ-
ing Grauves (the type locality of MP10), Cuis, Mancy, 
Monthelon, Mont-Bernon and Chavot. The localities from 
the Sables à Unios et Térédines are sometimes designated 

as Grauves s.l. Lemoine (1891) created the term “Ageian” 
for these localities, and mixed the fossils from these sites. 
The holotypes of Propalaeotherium gaudryi and Orolophus 
maldani come from “environs d’Epernay” (Savage et al. 
1965), which correspond to one of these localities. 

MATERIAL AND METHODS

terminoLogy

The dental terminology follows Hooker (1989, 1994) for the 
molars (Fig. 3) and Holbrook (2015) and Butler (1952b) for 
the premolars. The terminology of Butler (1952a) is used for 
the deciduous teeth.

measurements

The measurements follow Bronnert et al. (2018). They 
include the greatest length and the largest width of the 
teeth. The measurements follow the protocone-paracone 
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fig. 2. — Paleogeographic map of the main European localities outside the Paris Basin at the beginning of the Eocene (modified from Marandat et al. 2012).
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alignment for the upper molars, and the protoconid-
hypoconid alignment for the lower molars. The measure-
ments are shown in Appendix 1.

abbreviations

Institutional abbreviations
AMNH  American Museum of Natural History, New York;
BMNH  British Museum of Natural History, London;
FSL  Faculté des Sciences de Lyon, Université Claude Ber-

nard Lyon 1, Lyon;
IRSNB  Institut royal des Sciences naturelles de Belgique, Brussel;
MNHN Muséum national d’Histoire naturelle, Paris;
NHM Natural History Museum, London;
TS Naturhistorisches Museum, Basel.

Locality abbreviations
AL Lemoine’s Ageian;
AV Avenay;
CB, CEB Condé-en-Brie;
CH, CHO Chavot;
CUI Cuis;
GL, GLD Gland;
GR Grauves;
MA Mancy;
MU Mutigny;
PE, PMT, PR, PRE Prémontré;
PY Pourcy;
SEZ, SZ Sézanne-Broyes;
STA Saint-Agnan;
TRY Try. 

Collection abbreviations
BN Braillon collection (MNHN);
CN Cazeneuve collection;
L collection Louis (MNHN);
Ph Phélizon collection;
SLP-29-PR  Hautefeuille collection, Société laonnoise de Paléon-

tologie.

Anatomical abbreviations
L left;
R right.

SYSTEMATICS

Order PERISSODACTYLA Owen,1848 
Suborder HIPPOMORPHA Wood, 1937 

Superfamily equoidea Gray, 1821 
Family incertae sedis

Genus Pliolophus Owen, 1858

Pliolophus Owen, 1858: 54-70.

type species. — Pliolophus vulpiceps Owen, 1858 by original des-
ignation.

incLuded species. — Pliolophus barnesi Hooker, 2010; P. quesnoy-
ensis Bronnert, Gheerbrant, Godinot & Métais, 2018.

emended diagnosis (based on Hooker 2010). — Upper molar 
paraconule more mesial than protocone. No mesostyle. Twinned 
lower molar metaconid. Notched protolophid. Cristid obliqua join-
ing the protolophid in the middle. Lower molar hypoconulid gener-
ally linked to the hypoconid. Post-p1 diastema absent or reduced.

differentiaL diagnosis. — Differs from Cymbalophus, which 
displays a small hypoconulid closely appressed to the hypolophid 
by a lower molar hypoconid-hypoconulid junction on m1-2. Dif-
fers from Hyracotherium by the absence of mesostyle. Differs from 
Orolophus and Propalaeotherium gaudryi by a straight centrocrista 
and a less developed lophodonty.

notes

The genus Pliolophus was established by Owen (1858), who 
considered that P. vulpiceps differs from Hyracotherium by 
more developed conules, more developed cingulae on upper 
teeth, and a P1-P2 diastema longer. P. vulpiceps displays a 
well-developed entoconid on p4. Cope (1884) includes the 
American species with the same character within the genus 
Pliolophus. Wortman (1896) judged this character variable, 
and classified Pliolophus as a sub-genus of Hyracotherium. 
Type specimens of Pliolophus and Hyracotherium possess 
several common features, and Forster-Cooper (1932b) and 
Simpson (1952) synonymized the two genera. Hooker (1994) 
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fig. 3. — Dental terminology of early perissodactyls (modified from Bronnert et al. 2018): A, upper tooth; B, lower tooth.
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resurrected the genus based on a phylogenetic analysis. The 
phylogenetic analysis of Froehlich (2002) supported this result, 
and indicated that Pliolophus might be the only European 
species belonging to the Equidae.

Pliolophus vulpiceps Owen, 1858

Pliolophus vulpiceps Owen, 1858: 54-70, pls 2-4.

Hyracotherium leporinum – Owen 1865: 340 (partim), pl.10, fig. 2. — 
Lydekker 1886: 11. — Depéret 1901: 200, 201 (partim), pl. 4, fig. 1.

Hyracotherium vulpiceps – Forster-Cooper 1932b: 432-436, figs 2D, 
3A, pl. 50, figs 1-3. — Simpson 1952: 195-206, pl. 37, figs a-d. — 
Hooker 1980: 104, 106, 108, fig. 3.

Hyracotherium sp. – Simpson 1952: pl. 40, fig. a.

Hyracotherium [sic] – Savage et al. 1965: 8-10, figs 3c, e, f. v.

Hyracotherium aff. vulpiceps – Hooker 1980: 106-108, fig. 2; 1989: 
83-84, figs 6.3L, 6.4I-K.

HoLotype. — BMHN-44115, BMNH-44115a, BMNH-
M.10567-61, skull and partial skeleton.

materiaL. — See Hooker (1980).

type LocaLity. — Harwich (United-Kingdom), MP8-9.

distribution. — Harwich (United-Kingdom), MP8-9.

diagnosis (modified from Hooker 1980). — “Medium-sized spe-
cies of Pliolophus, length of P2-M3 41 mm in holotype. Upper molars 
with very sligthly buccally flexed centrocrista and a very faint rib in the 
mesostylar position, separated from the buccal cingulum. Lower molar 
cristid obliqua tend to join trigonids equidistant between protoconids 
and metaconids. M3 hypoconulid lobe relatively large and with a median 
main cusp. P3 with large paraconule; distolingually placed protocone; 
slightly convex mesiolingual margin and little or no postprotocrista.”

differentiaL diagnosis. — Largest species of Pliolophus. Upper 
molar centrocrista more flexed than P. barnesi and P. quesnoyensis, 
and metaconule larger. Differs from P. barnesi and P. vulpiceps by 
longer mandibular diastemas. 

description

A part of the description is based on the drawings of Owen 
(1858). The type-specimen was a complete skull with the 
articulated mandible. This specimen has been splited in sev-
eral parts, the mandible and the left maxillary were removed, 
which considerably damaged the teeth. Some other parts of 
the skull have been lost, such as the basicranium. The com-
plete history of the specimen is reported by Simpson (1952).

Teeth
Three incisors are present on each premaxillary. A 1 cm dias-
tema is present between the third incisor and the canine.

The P1 is two-rooted and possesses a main cusp labially. 
There is no P1-P2 diastema. The P2 is narrower anteriorly. A 
cingular bulge is present at the level of the protocone. There is 
no parastyle. The P3 is nonmolariform and triangular in occlusal 
view. The paraconule is large and located in the middle of the 
protoloph. The cingulum is developed and almost continu-

ous, blured close to the protocone. The P4 is nonmolariform 
and triangular in occlusal view. The parastyle is small and low. 
The paraconule is large, slightly smaller than the paracone and 
located in the middle of the protoloph. The preparaconule 
crista links the preparacrista in the middle. The upper molar 
parastyle is developed and high. The centrocrista is flexed. 
The paraconule is large and included within the protoloph. 
The metaconule is smaller than the metacone. The protoloph 
links the preparacrista. The metaloph is interrupted at the 
base of the metacone. The mandibular symphysis is long and 
narrow (see Owen, 1858). Three incisors are present on each 
hemimandible. A diastema as long as the canine mesio-distal 
length is present between the incisors and the canine. A 1 cm 
post-canine diastema is present. The p1 is simple and large, 
unicuspid. A short p1-p2 diastema (2 mm) is present. The p2 
displays one single cusp, located anteriorly. The p3 possesses 
a small metaconid closely appressed to the protoconid. The 
paraconid is absent. The hypoconulid seems developed. The 
p4 has a low protolophid. The protoconid and the metaco-
nid are about the same height. The cristid obliqua is oriented 
toward the middle of the protolophid. The entoconid is very 
small. The lower m1-2 have a twinned metaconid. The cristid 
obliqua joins the middle of the protolophid at half height. The 
hypolophid is low, the protolophid is slightly higher. The m3 
has a developed hypoconulid, but the lobe is quite short. The 
hypoconulid is linked to the hypoconid by a postcristid. The 
cristid obliqua is oriented toward the middle of the protolophid.

Skull
The nasal incisure is interrupted at the level of the canine. 
It is formed by the premaxillary and the nasal. The anterior 
border of the orbit is above the M1. The infra-orbital foramen 
is located at the level of the P2. The sagittal crest is poorly 
developed. The basicranium and the rostrum have the same 
length. The horizontal ramus of the mandible is low. 

Postcrania
The humeral head is rounded and situated at the end of a short 
neck. The distal trochlea is shallow. The epicondyles are poorly 
developed. The supracondylar foramen is large and located in 
the radial fossa. The greater trochanter of the femur is high. 
The lesser trochanter is slightly less projected than the third 
trochanter. The third trochanter is located distally to the dis-
tal part of the lesser trochanter. The femoral head possesses a 
notched fovea capitis. Distally, the lateral condyle is broken. 

comparisons

The mandible and the teeth are larger than those of P. quesnoy-
ensis. The hypoconulid-hypoconid junction on m1-2 is the 
same than the one observed in P. quesnoyensis and some 
specimens of P. barnesi. It differs from the small hypoconulid 
closely appressed to the hypolophid in Cymbalophus. The 
upper molar centrocrista is slightly more flexed than the one 
of P. barnesi and P. quesnoyensis. The upper molar metaconule 
is more developed than in the other species of Pliolophus. The 
paraconule is more developed than in P. quesnoyensis. The p1 
is more developed than in P. quesnoyensis. 
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comment

The few known specimens hinder the study of intraspecific 
variability in P. vulpiceps. P. vulpiceps displays several more 
derived features than P. barnesi and P. quesnoyensis, such as a 
more flexed centrocrista and longer mandibular diastemata.

Pliolophus barnesi Hooker, 2010 
(Fig. 4)

Pliolophus barnesi Hooker, 2010: 117, 119, figs 52, 53.

Hyracotherium sp.  – White 1931: 18, 25. — Simpson 1952: pl. 40, 
figs b-d. — Kühne 1969: 199.

Hyracotherium [sic] – Forster-Cooper 1932a: 458. — Savage et al. 
1965: 8-10, figs 3c, e, f.

Hyracotherium (Pliolophus) vulpiceps – Forster-Cooper 1932b: 437-
438, pl 51, figs 4-5.

Hyracotherium aff. vulpiceps – Hooker 1980: 106-107, fig. 2; 1984: 
234-235, figs 6, 13, 17, 20; 1989: 83-84, figs 6.3L, 6.4I-K, Q.

Pliolophus aff. vulpiceps – Hooker 1994: 54, fig 16.

Pliolophus vulpiceps – Hooker 1994: 52-54. — Hooker & Dashzeveg 
2003: 493-494; 2004, fig. 6G, H. — Hooker et al. 2005: 85.

HoLotype. — BMHN M44910, right mandible with p3-m3.

paratypes. — See Hooker (2010).

materiaL. — Abbey Wood: see Hooker (2010).
Soissons: m2 (R: MNHN-SN34-BN); m3 (L: MNHN unnumbered).
Pourcy: P2 (L: MNHN-PY15715), P4 (L: PY cast), M1 (L: MNHN-

PY133-L), M1/2 (R: PY unnumbered, MNHN-PY42-L [broken], 
PY72-L [broken]), PY146-Lx (cast); L: PY-2-Cn (cast), PY-16-Cn 
(broken, cast); M3 (R: MNHN-PY40-L; L: MNHN-PY39-L, PY41-
L); p3 (L: MNHN-PY45-L, PY34-CN); p4 (L: MNHN-PY20-Ph); 
m1/2 (R: MNHN-PY9-L [broken], PY143-L [broken]; L: MNHN-
PY10-L [broken], PY11-L [broken]); m3 (L: MNHN-PY43-L).

type LocaLity. — Abbey Wood (London, United-Kingdom), MP8-9.

distribution. — Abbey Wood (London, United-Kingdom); Sois-
sons, Pourcy (Marne, France), MP8-9.

emended diagnosis. — Large upper molar metaconule. Labially 
flexed centrocrista. Large P3 paraconule. Lower molar hypoconulid 
joining the hypoconid (mostly) or to the hypolophid.

differentiaL diagnosis. — Upper molar centrocrista slightly 
more flexed than P. quesnoyensis and less flexed than P. vulpiceps. 
Upper molar and premolar conules less developed than P. vulpiceps.

description

Teeth
The P2 (Fig. 4A) is triangular in occlusal view, and the 
posterior part is transversally wider than the anterior part. 
The paracone is developed. The metacone is very reduced 
and closely appressed to the paracone. The protocone is 
absent but a cingular bulge is present lingually. Elsewhere, 
the cingulum is poorly developed or absent. The parastyle 
is absent. The P4 parastyle is very small and low (Fig. 4B). 
The paraconule is large, slightly smaller than the paracone. 
The preparaconule crista is interrupted by a notch close to 
the center of the preparacrista. The metaconule is small, 
and slightly elongated. The cingulum is continuous, slightly 
reduced close to the protocone. The M3 parastyle is devel-
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fig. 4. — Teeth of Pliolophus barnesi from Pourcy and Soissons in occlusal view: A, left P2 (MNHN-PY75715); B, left P4, cast, unnumbered; C, left M3 (MNHN-
PY41-L); D, left M3 (MNHN-PY39-L); E, right M3 (MNHN-PY40-L [reversed]); F, left p3 (MNHN-PY45-L [reversed]); G, left p3 (MNHN-PY34-Cn [reversed]); H, 
left p4 (MNHN-PY20-Ph [reversed]); I, right m1/2 (MNHN-SN34-BN); J, left m3 (MNHN-PY43-L [reversed]); K, left m3 (unnumbered [reversed]). Coated with 
magnesium. Scale bar: 5 mm.
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oped but low (Fig. 4C-E). The cingula are well-developed. 
The centrocrista is slightly flexed. The paraconule is high 
and merged with the loph. The metaconule varies in size 
but is generally small, sometimes indistinguishable. The 
protoloph joins the preparacrista. The metaloph is inter-
rupted at the base of the metacone. The p3 protoconid is 
larger than the metaconid (Fig. 4F, G). The metaconid and 
protoconid are close on MNHN-PY45 and more separated 
on MNHN-PY34-Cn. A small paraconid is present. A crest 
runs from the protoconid and joins a low but well-developed 
hypoconid. The metaconid of p4 is twinned (Fig. 4H). The 
protoconid and metaconid are about the same height. The 
protolophid is low. The cristid obliqua is directed toward the 
center of the protolophid. The entoconid is developed but 
smaller than the hypoconid. A crest joins the hypoconid and 
the entoconid. A more developed crest runs disto-lingually 
to the hypoconulid. The lower molar cristid obliqua joins 
the protolophid in the middle (Fig. 4I-K). The hypolophid is 
low. The metaconid is twinned. The hypoconulid is linked to 
the hypoconid by a postcristid. The hypoconulid is small on 
m1-2. The hypoconulid is large on m3 but the hypoconulid 
lobe is narrower than the rest of the tooth.

comparisons

The upper molar centrocrista in P. barnesi is slightly more 
flexed than that in P. quesnoyensis, but less flexed than that in 
P. vulpiceps. The m3 display more intraspecific variability on 
the hypoconulid junction (with hypoconid or hypolophid) 
than P. quesnoyensis. The p4 entoconid is more developed than 
in P. quesnoyensis. Compared with P. vulpiceps, the upper molar 
and premolar conules and p1 are less developed in P. barnesi. 

comment

Hooker (1994) described P. vulpiceps in Pourcy. However, our 
revision of the material indicates that the specimens discov-
ered in Pourcy belong to P. barnesi rather than P. vulpiceps. 
These fossils, as for P. barnesi, notably display less developed 
conules on upper molars than P. vulpiceps.

Pliolophus quesnoyensis  
Bronnert, Gheerbrant, Godinot & Métais, 2018  

(Fig. 5)

Pliolophus quesnoyensis Bronnert, Gheerbrant, Godinot & Métais, 
2018: 239, figs 3-7.

Hyracotherium sp. – Russell et al. 1988: 432.

Pliolophus aff. vulpiceps – Hooker 1994: 53-54, fig. 17.

“Propachynolophus” sp. 1 – Hooker 1994: 60, fig. 26.

Pliolophus sp. 1 – Hooker 1994: 60 (partim), fig. 26; 2010: 117 
(partim).

HoLotype. — MNHN-QNY2-2696, right mandible with m1-m3.

paratypes. — MNHN-QNY2-3022, right mandible, P1 missing; 
MNHN-QNY2-2700, right maxillary with P4-M3; MNHN-
QNY2-2705, right M1/2.

materiaL. — Le Quesnoy: see Bronnert et al. 2018; p2 (R: MNHN-
QNY2-3076).
Meudon: mandible with p4-m3 (L: coll. Phélizon); P3 (R: unnum-
bered [Marseille]); M1/2 (R: MNHN-ME-16325, unnumbered 
[Marseille]); m1/2 (L: MNHN-ME-16322); m3 (R: unnumbered 
[Marseille]). 
Sinceny: P2 (R: MNHN-SY3-CN); P3 (R: MNHN-SY1-CN; L: un-
numbered MNHN coll. Cahuzac); P4 (L: MNHN-SY5-DE); M1/2 
(L: MNHN-SY4-DE); M3 (R: unnumbered MNHN coll. Berton).
Try: DP3 (R: MNHN-M-TRY10); DP4 (R: MNHN-M-TRY3); 
M1/2 (R: MNHN-M-TRY23, TRY17-L; L: MNHN-M-TRY9, M-
TRY11); M3 (L: MNHN-M-TRY8); p3 (R: MNHN-M-TRY16); 
p4 (R: MNHN-TRY22-L); m1 (L: MNHN-M-TRY5).

type LocaLity. — Le Quesnoy (Oise, France), MP7.

distribution. — Le Quesnoy (Oise, France), Try (Marne), Meudon 
(Hauts-de-Seine, France), Sinceny (Aisne, France), MP7.

diagnosis (Bronnert et al. 2018). — Small brachyodont perisso-
dactyl; post-p1 diastema extremely short, almost absent; complete 
cheek tooth formula; sub-lophodont molars; paraconule close to 
protocone on P3; protocone on P2; straight centrocrista; enlarged 
crenulated cingulum on M3; hypoconulid lobe on m3 developed.

differentiaL diagnosis (Bronnert et al. 2018). — Species smaller 
than P. vulpiceps and P. barnesi. Differs from the latters by a straighter 
centrocrista and a smaller metaconule on upper molars. Further dif-
fers from P. vulpiceps by a shorter postcanine diastema.

description

See Bronnert et al. (2018) for a complete description of the 
species. Here is only described new material.

Teeth
The P3 is nonmolariform (Fig. 5I). The paracone and the 
metacone are close, and linked by a short centrocrista. 
A small paraconule is present. The postprotocrista is absent. 
The P4 is nonmolariform and more symmetrical than the 
P3.The cingulum is interrupted close to the protocone. 
The parastyle is small and crescentiform. The paraconule is 
developed and anterior to the paracone. The postprotocrista 
extends posteriolabially to the metacone. An endoprotocrista 
is present posterior to the postprotocrista. There is no meso-
style on upper molars (Fig. 5D, E, K-L). The centrocrista is 
straight. The paraconule is smaller than the protocone. The 
protoloph is slightly notched between the protocone and the 
paraconule. The metaconule is weak or absent. The metaloph 
ends by a metacone fold. The preparaconule crista joins the 
preparacrista.  The ectocingulum is continuous. An acces-
sory cusp is sometimes present on the cingulum between the 
metacone and the hypocone. The mandible is very worn and 
broken. The teeth are so worn that no enamel is present in 
occlusal view. The p2 has a single large cusp (Fig. 5A). On 
some unworn upper molars, denticules are present on the 
metaloph (Fig. 5E), and we interpreted that as intraspecific 
variation. A small paraconid is present. Three crest extends 
posterior to the main cusp. A small hypoconid is present. The 
p3 display a protoconid larger than the metaconid. They are 
closely appressed. A cristid obliqua links the protolophid to 
the hypoconid. The paraconid is absent. The p4 is submo-
lariform. The protoconid is larger than the metaconid, and 
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they are closely appressed. The hypoconid is large and linked 
to the protolophid by the cristid obliqua. The m1 displays a 
cristid obliqua oriented slightly labially. The hypolophid is 
formed by two crests. A transversal crest linked to the ento-
conid extends toward the hypoconid and this crest suddenly 
becomes directed toward the hypoconulid, thus forminga right 

angle (Fig. 5F). A very faint crest extends from the hypoconid 
toward the transversal crest starting from the entoconid and 
reaches the point where the latter forms a right angle. This 
configuration of the hypolophid is unusual in P. quesnoyensis 
in which the hypolophid is generally formed by a transversal 
crest joining the hypoconid
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fig. 5. — Teeth of Pliolophus quesnoyensis Bronnert, Gheerbrant, Godinot & Métais, 2018 from Le Quesnoy, Try, Meudon and Sinceny: A, left p2 (MNHN-QNY2-3076); 
B, left p3 (MNHN-TRY16); C, left p4 (MNHN-TRY22-L); D, right M1/2 (MNHN-M-TRY23 [reversed]); E, left M3 (MNHN-M-TRY8); F, left m1 (MNHN-M-TRY5 [re-
versed]); G, left m1/2 (MNHN-ME16322 [reversed]); H, right DP2 (MNHN-SY3-Cn [reversed]); I, right P3 (MNHN-SY1-Cn [reversed]); J, left P4 (MNHN-SY5-DE); 
K, left M1/2 (MNHN-SY4-DE); L, right M1/2  (MNHN-ME16325 [reversed]); M, right DP3 (MNHN-M.TRY10 [reversed]); N, right DP4 (MNHN-M.TRY3 [reversed]); 
O-P, left mandible with p4, m2-m3 (coll. Phélizon); A-O, occlusal views; P, mesial view; A-N, coated with magnesium; H-K, casts. Scale bars: 5 mm.
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Deciduous teeth
The DP2 possesses a large paracone, much larger than the metacone 
(Fig. 5H). The parastyle is small. There is neither protocone nor 
hypocone, but a developed cingulum is present on the anterio-
lingual margin. The DP3 displays a larger parastyle (Fig. 5M). 
There is no metaconule nor paraconule. The hypocone is larger 
than the protocone. The cingulum is interrupted close to the 
hypocone. The DP4 has a protocone larger than the hypocone 
(Fig. 5N). A small paraconule and metaconule are present. The 
centrocrista is straight. The cingulum is continuous. 

Family incertae sedis

Genus Cymbalophus Hooker, 1984

Cymbalophus Hooker, 1984: 230.

type species. — Hyracotherium cuniculus (Owen, 1842) by original 
designation.

incLuded species. — Cymbalophus hookeri.

emended diagnosis (based on Hooker 1994). — Moderate lopho-
donty. Hypoconulid of m1-2 small and closely appressed to the 
hypolophid. Hypoconulid of m3 linked to the hypoconid. Medium 
sized upper molar paraconule, metaconule smaller. Centrocrista of 
upper molar straight.

differentiaL diagnosis. — Smaller than Pliolophus and Hyraco-
therium. Hypoconulid of m1-2 small and closely appressed to the 
hypolophid, whereas it is linked to the hypoconid in Pliolophus. 
More developed lophodonty than Pliolophus and Hallensia. Differs 
from Hyracotherium by the absence of mesostyle.

notes

The genus Cymbalophus was created by Hooker (1984) for the 
species C. cuniculus, previously classified within Hyracotherium 
(Owen 1842). Hooker (1984) considered Cymbalophus as 
a ceratomorph, not a hippomorph. Hooker (1994) subse-
quently considered this species to be a hippomorph, but its 
phylogenetic position is still debated, probably because the 
type species is poorly known.

Cymbalophus cuniculus (Owen, 1842) 
(Fig. 6)

Hyracotherium cuniculus Owen, 1842: 1-2, figs 2, 5. — Forster-Cooper 
1932b: 438-441, figs 1A, C, 2B, E, F, 6, 9, pl. 51. — Simpson 1952: 
196-204, fig. 4B. — Hooker 1980: 104-108, fig. 1.

Macacus [sic] – Wood 1839: 444-445, fig. 57.

Macacidae [sic] – Owen 1839: 446-448, fig. 58.

Macacus eocaenus Owen, 1846: 1-10, figs 1, 3.

Hyracotherium sp. – Teilhard de Chardin 1927: 27, 28, figs 28c, 
22, pl. 5.

Hyracotherium [sic] – Quinet & Verlinden 1970: 1-10, pls 2-3.

Cymbalophus cuniculus – Hooker 1984: 230-237, figs 1-12.

Lectotype. — BMNH-36569, M3.

materieL. — see Hooker 1980, 1984.

type LocaLity. — Kyson, United-Kingdom.

distribution. — Kyson (United-Kingdom); Erquelinnes, (Bel-
gium), MP7.

emended diagnosis. — Lower molar cristid obliqua joining the 
protolophid, slightly labially. Straight upper molar centrocrista. 
Short p1-p2 diastema. 

differentiaL diagnosis. — Larger than C. hookeri. More labially 
oriented cristid obliqua, less developed and straighter centrocrista than 
C. hookeri. Reduced m1-2 hypoconulid that is closely appressed to 
the hypolophid, whereas it is linked to the hypoconid in Pliolophus.

description

Erquelinnes mandible
The alveoli indicate that three incisors are present on each 
hemimandible. The alveoli indicate that the canines are large 
and anteriorly oriented (Fig. 6A). The left hemimandible 
shows a reduced alveolus of p1 (less than 1 mm). The right 
hemimandible is broken at the level of the p1 alveolus, but 
this alveolus seems larger than that of the left hemi-mandible. 
The symphysis is long and narrow. The post-canine dias-
tema is long (9 mm), and the post-p1 diastema is shorter 
(4 mm on the right hemi-mandible). The p3 displays a 
small paraconid (Fig. 6F). The protoconid is larger than 
the metaconid. The hypoconid is developed. The cingulum 
extends lingually toward the hypoconid. The protoconid 
and metaconid of p4 are well-separated. Two crests extend 
lingually from the hypoconid. One is transversal (possibly 
the posthypocristid), and the second is oriented posteriorly 
toward a small cingular bulge, located at the position of 
the hypoconulid. A small entoconid is present. The cristid 
obliqua ends on the lingual side of the protoconid. The 
m1-2 have a twinned metaconid (Fig. 6F). The metaconid 
and the entoconid are higher than the protoconid and the 
hypoconid. The cristid obliqua ends on the lingual side of 
the protoconid. The paralophid is short. The protolophid 
is slightly notched. The hypolophid is more deeply notched 
than the protolophid. The hypoconulid is closely appressed 
to the hypolophid, but slightly more lingually placed. The 
labial part of the hypolophid joins the lingual part anterior 
to the hypoconulid. The cingulum is continuous.

Fossils from Kyson
The P3 is nonmolariform (Fig. 6D). The paraconule is small 
but well defined. A very small metaconule is present and 
linked to the metacone by a small crest. The postprotocrista 
runs from the protocone to the lingual side of the metaconule. 
The cingulum is continuous and posteriorly elongated. The 
parastyle of upper molars is small (Fig. 6E). The centrocrista is 
straight and low. The paraconule is small and the metaconule 
is absent or very weak. The cingulum is well developed and 
continuous. The metaloph is interrupted close to the meta-
cone. A small crest is present between the metaloph and the 
metacone. The m3 lophids are well developed (Fig. 6C, G). 
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The cristid obliqua is oriented labially. The metaconid can 
be twinned or not. A small pre-entocristid is present. The 
hypoconulid lobe is small and narrow. The hypoconulid is 
linked to the hypoconid by a postcristid. 

comparisons

The lower canine of C. cuniculus is anteriorly oriented, 
whereas it is more lateral in Pliolophus quesnoyensis and 
P. barnesi. The symphysis is long and narrower than in 
Pliolophus. The m3 cusps are more obliquely aligned in 
C. cuniculus than in P. quesnoyensis, and a pre-entocristid is 
present. The upper molar cingulum is continuous, whereas 
it is interrupted close to the hypocone in Pliolophus, but the 
intraspecific variability of Cymbalophus is unknown. The 
lower molar hypoconulid-hypolophid junction (hypoco-
nulid closely appressed to the hypolophid) in C. cuniculus is 
similar to that of Sifrhippus sandrae (Gingerich, 1989), but 
differs from the hypoconulid-hypoconid junction observed 
in Pliolophus (hypoconulid linked to the hypoconid by a 
postcristid). The cusps of p3 are spaced and transversally 
aligned, whereas they are closely appressed and obliquely 
aligned in Cymbalophus aff. cuniculus from Rians (Godinot 
1981). The p4 trigonid is larger than in C. aff. cuniculus 
from Rians.

comment

The mandible from Erquelinnes possesses a reduced p1 alveolus 
on the left ramus. The right ramus is broken at the level of the 
p1 alveolus, which seems much larger in posterior view than 
on the left ramus. We hypothesize that the p1 was about as 
large as in Pliolophus. Thus, the left p1 was probably broken 

during the animal’s life, and the corresponding alveolus was 
probably reabsorbed (Thierry Smith pers. com.).

On the mandible from Erquelinnes, m1-2 display a twinned 
metaconid, but the m3 is missing. The same character is 
observed on a m3 (1951.28.25) housed in the collection of 
the Ipswich museum and referred to C. cuniculus by Hooker 
(1984). The rest of the m3 referred to this species display 
predominantly a unicuspid metaconid according to Hooker 
(1984). Whether a twinned metaconid is present on the m1-2 
is not clear on the few specimens collected in Kyson because 
those molars are generally heavily worn. 

Cymbalophus aff. cuniculus  
(Fig. 6B)

materiaL. — m3 (R: MNHN-MU12263 [broken]; L: MNHN-
CB1597).

distribution. — Mutigny, Condé-en-Brie (MP8+9).

description 
m3 from Mutigny
The tooth is worn and broken, only the talonid is preserved. 
The hypoconulid lobe is very short. 

m3 from Condé-en-Brie (Fig. 6B)
The metaconid is not twinned. The lophs are high and well devel-
oped. The protolophid is more notched than the hypolophid. 
The hypoconulid is small, the hypoconulid lobe is very short. 
A postcristid links the hypoconid to the hypoconulid. The cris-
tid obliqua is oriented toward the middle of the protolophid. 

reduced p1 
alveolus
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fig. 6. — Teeth of Cymbalophus cuniculus (Owen, 1842) from Erquelinnes and Kyson, and C. aff. cuniculus from Condé-en-Brie in occlusal view; A, mandibular 
symphysis (IRSNB-M-167); B, right m3 (MNHN-CB1597); C, right m3 (BMNH-14113); D, left P3 (BMNH-36572); E, left M3 (lectotype, BMNH-36569); F, left p3-
m2 (IRSNB-M-167); G, right m3 (BMNH-29710). B, coated with magnesium. Scale bar: 5 mm. Photo credits A, C-G, C. Bronnert.
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comparisons

The teeth have the same proportion as those of C. cuniculus. 
The protolophid is less developed than in C. cuniculus, and 
the cristid obliqua is slightly more lingual. The cristid obliqua 
ends higher on the protolophid than in C. aff. cuniculus from 
Rians (Godinot 1981). The paralophid is much shorter than 
in C. aff. cuniculus from Rians.

comment

The dental morphology is very similar to that of C. cuniculus, 
except for the more lingually directed cristid obliqua which is 
a derived feature. However, such a character could be intraspe-
cific variation (C. cuniculus is not well known), or temporal 
and/or geographic variation within a population. The fossil 
record of Cymbalophus is very scarce as this genus has been 
recorded only from localities close to the MP7. The discov-
ery of specimens in Condé-en-Brie and Mutigny (MP8-9) 
extends its range, and this allows to assume some morpho-
logical variation of the species through time. Nevertheless, 
considering the few fossils discovered for this species in these 
MP8-9 localities, and particularly in Prémontré (MP10) which 
has yielded a large number of specimens, we do not exclude 
that this is an extreme and poorly represented variation of 
Orolophus maldani, which is widespread in these deposits.

Genus Hyracotherium Owen, 1841

Hyracotherium Owen, 1841: 203-206.

type species. — Hyracotherium leporinum Owen, 1841 by original 
designation.

diagnosis. — Same as the type species.

Hyracotherium leporinum Owen, 1841  
(Fig. 7)

Hyracotherium leporinum Owen, 1841: 203-206; 1865: 340 (partim), 
pl. 10, fig. 2. — Depéret 1901: 200-201 (partim), pl. 4, fig. 1. — 
Savage et al. 1965: 6-8, fig. 2h. — Lydekker 1886: 11.

Hyracotherium aff. leporinum – Hooker 1994: 53-57, fig. 20.

HoLotype. — BMNH M16336, skull with right P2-M3 and left 
P4-M2.

materiaL. — Herne Bay (see Hooker 1980, 1994).

Mutigny: P4 (R: MNHN-MU5919); M1/2 (R: MNHN-MU220-L, 
MU12329 [broken]; L: MNHN-MU222-L, MU17167, MU12375 
[worn]); M3? (L: MNHN-MU192-L); dp3 (L: MNHN-MU200-L); 
p3 (R: MNHN-MU5640), dp4 (R : MNHN-MU12300, MU12385 
[broken]); p4 (L: MNHN-MU6574) ; m1/2 (R: MNHN-MU12292 
[broken]); m3 (R: MNHN-MU12378; L: MNHN-MU1210 [bro-
ken], MU6567 [broken]).

Avenay: dP3 (L: MNHN-AV4664, AV14684); P4 (R: MNHN-
AV42-Ph; L: MNHN-AV4789); M1 (L: MNHN-AV65514); 
M1/2 (L: MNHN-AV1012-L); dp4 (R: MNHN-AV15815); p3 
(R: MNHN-AV4634); m3 (L: MNHN-AV14685).

Prémontré: m3 (R: MNHN-SLP-29-PR1906).

type LocaLity. — Herne Bay (Kent, United-Kingdom), MP8-9.

distribution. — Mutigny, Avenay (MP8-9), Prémontré (MP10) 
(France).

emended diagnosis. — Lower molar hypoconulid linked to the 
hypoconid. High cristid obliqua oriented toward the center of the 
protolophid. P2 without labial cusp. Mesostyle or mesostylar crest 
on upper molars. Developed paraconule. 

differentiaL diagnosis. — Differs from Pliolophus and Cymba-
lophus by the presence of a mesostyle on upper molars, and by a 
more flexed centrocrista.

description

Teeth
The parastyle of P4 is low (Fig. 7B, G). The paraconule is 
developed, it is half the size of the protocone. The metaconule 
is large but smaller than the paraconule. The protoloph is inter-
rupted before joining the preparacrista. A small postprotocrista 
is present, as well as a small endoprotocrista. The cingulum is 
continuous. The upper molars parastyle is developed (Fig. 7C-E, 
H-I). The paraconule and the metaconule are well developed. 
The centrocrista is labially flexed. A small mesostyle is usually 
present, often as a ridge starting from the centrocrista but it can 
be absent (Fig. 7E). The cingulum is continuous, but sometimes 
interrupted around the hypocone. The protoloph joins the pre-
paracrista, and is sometimes interrupted just before the connec-
tion. The metaloph is interrupted at the base of the metacone. 
The slightly more labially situated hypocone on Fig. 7I could 
indicate that the tooth is a M3. 

The protoconid and metaconid of p3 are quite apart (Fig. 7J, 
K). A small paraconid is present. The hypoconid is developed and 
low. The entoconid is absent. The cristid obliqua connects the 
center of the protolophid to the hypoconid. The p4 metaconid 
is twinned (Fig. 7M). The entoconid is absent. The hypoconid is 
low and well developed. The protolophid is notched. The cristid 
obliqua connects the hypoconid to the protolophid towards its 
center, slightly labially. The m3 metaconid is twinned (Fig. 7P). 
The cristid obliqua is oriented towards the center of the pro-
tolophid (Fig. 7O, P). The hypoconulid lobe is well developed. 
A postcristid links the hypoconid to the hypoconulid. The 
protolophid is notched. The hypolophid is poorly developed.

Deciduous teeth
The parastyle of DP3 is large and anteriorly projected. The 
centrocrista is almost straight. The hypocone is larger than the 
protocone. The paraconule and the metaconule are small. The 
protoloph joins the paracone. The cingulum is almost continu-
ous, slightly interrupted at the level of the hypocone. 

The dp3 is very worn. The paraconid is well developed. The 
heavy wear seems to indicate that the hypoconulid is linked to 
hypoconid and entoconid. The dp4 is molariform and the talonid 
is wider than the trigonid. The metaconid is twinned. The cristid 
obliqua is oriented toward the center of the protolophid. The 
hypoconulid is low. It is linked to the hypoconid by a postcristid. 
The protolophid is notched. The hypolophid is low.

comparisons

The morphology of the P2, with no protocone, is not found in 
other European hippomorph species but can be observed on 
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some American equids, such as Orohippus and ‘Hyracotherium’ 
craspedotum. The upper molar centrocrista is more flexed than 
in Pliolophus and Cymbalophus. A mesostyle is present while it is 
absent in Pliolophus and Cymbalophus. The m3 postcristid links 
the hypoconid in a more lingual position than in Pliolophus and 
Cymbalophus, but more labially than in Orolophus and Propalae-
otherium gaudryi in which the hypoconulid is connected to the 
hypolophid. Hyracotherium is larger than Sifrhippus sandrae. The 
upper molar centrocrista is more flexed than in S. sandrae, and 
the mesostyle is always absent in S. sandrae. The upper premolar 
metaconule is larger in Hyracotherium than in S. sandrae.

comment

The upper molars of the Mutigny specimens resemble those of 
the type-specimen and specimens found in the London Clay in 
England. In contrast, the lower molars show some differences 
with the Sheppey mandible (Hooker 1994). The metaconid 
is twinned and the hypoconulid lobe of m3 is wider in the 
Paris Basin, but this may result from intra-specific variation.

Family equidae Gray, 1821

Genus Sifrhippus Froehlich, 2002

Sifrhippus Froehlich, 2002: 159-161.

type species. — Hyracotherium sandrae Gingerich, 1989, by origi-
nal designation.

cf. Sifrhippus sandrae Gingerich, 1989

cf. Sifrhippus sandrae – Missiaen et al. 2013: 271, fig. 7E-G.
materiaL. — m3 (R: IRSNB-M-130) (Missiaen et al. 2013).
LocaLity. — Erquelinnes, Belgium.

description

The paralophid is short. The cristid obliqua is oriented toward 
the lingual side of the protoconid. The hypolophid is absent. 
The hypoconulid is small, the lobe is very short. A post-cristid 
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fig. 7. — Teeth of Hyracotherium leporinum Owen, 1841  from Mutigny and Avenay in occlusal view: A, left DP3 (MNHN-AV14684); B, right P4 (MNHN-MU5919 
[reversed]); C, left M1/2 (MNHN-MU17167); D, right M1/2 (MNHN-MU220-L [reversed]); E, left M1/2 (MNHN-MU222-L); F, right dp3 (MNHN-MU200-L); G, right 
P4 (AV-42-Ph [reversed]); H, left M1/2 (MNHN-AV1012-L); I, left M1/2 (MNHN-MU192-L); J, right p3 (MNHN-AV4634); K, right p3 (MNHN-MU5640); L, right dp4 
(MNHN-AV15815); M, left p4 (MNHN-MU6574 [reversed]); N, right dp4 (MNHN-MU12300); O, left m3 (MNHN-MU1210 [reversed]); P, right m3 (MNHN-SLP-29-
PR1906). Coated with magnesium. Scale bar: 5 mm.
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links the hypoconid to the hypoconulid. A small cusp is 
present lingually to the hypoconulid. The labial cingulum is 
dimmed close to the hypoconid.

comparisons

The cristid obliqua is oriented toward the protolophid, close to 
the lingual side of the protoconid, as in Pliolophus quesnoyensis 
and Sifrhippus sandrae (Gingerich, 1989). It is more central 
in Pliolophus barnesi. The hypolophid is absent, as in some 
S. sandrae, or the extreme morphotypes of P. quesnoyensis 
(MNHN-QNY2-2801). The lobe of the hypoconulid is very 
short, as in S. sandrae and Cymbalophus.

comment

This tooth, the only perissodactyl remains of the lower level 
from Erquelinnes, is probably the oldest known perissodac-
tyl fossil from Europe. Its morphology is very similar to that 
of Sifrhippus sandrae (Gingerich, 1989), an American hip-
pomorph. However, the dental variability of Cymbalophus 
cuniculus is poorly known, and we cannot rule out that this 
tooth belong to this species.

Family paLaeotHeriidae Bonaparte, 1850 
Subfamily pacHynoLopHinae Pavlow, 1888

Genus Propalaeotherium Gervais, 1849

Propalaeotherium Gervais, 1849: 383.

type species. — Propalaeotherium isselanum Gervais, 1849 by 
original designation.

incLuded species. — P. argentonicum Gervais, 1849; P. hassiacum 
Haupt, 1925; P. helveticum Savage, Russell & Louis, 1965; P. voigti 
Matthes, 1977; P. gaudryi Lemoine, 1878.

diagnosis of genus (modified from Remy et al. 2016). — Small to 
large Eocene equoids with estimated skull length from 120 to over 
250 millimeters; dental formula: 3.1.4.3/3.1.4.3; brachylophodont 
dentition; upper molars with more or less pronounced mesostyle; 
upper premolars non-molariform, lacking hypocone; mesostyle 
on P3-4/ and entoconid on P/3-4 appearing in youngest species; 
lower cheek teeth without paraconid; lower molars with rounded 
crescentic lobes and prominent metaconid that is twinned; lingual 
cingula on upper molars, usually weak or absent; lower cheek teeth 
with more or less developed labial cingula, but with weak or absent 
lingual cingula; rather short postcanine diastema. Propalaeotherium 
differs from Eurohippus by a wider skull and narrower ascending 
ramus with regard to its height.

Propalaeotherium gaudryi (Lemoine, 1878)  
(Figs 8; 9)

Pachynolophus gaudryi Lemoine, 1878: 19.

Pachynolophus (Propachynolophus) gaudryi – Lemoine 1891: 285-
286, figs 109-115.

Hyracotheryus [sic] – Lemoine 1891: 266, pl. XI, fig. 121.

Propachynolophus gaudryi – Teilhard de Chardin 1921: 71-73, 
fig. 35. — Savage et al. 1965: 15-27, figs 7-8, 10-11.

Propalaeotherium gaudryi – Remy 2017: figs 1A-C, 2A-D, 10A, B, 
12A-C.

Lectotype (Savage et al. 1965). — MNHN-AL5210, fragmentary 
left mandible with m1-m3.

materiaL. — Ageian: Maxillary (composite) with P2-M3 (L: 
MNHN-AL6540); dP3 (R: MNHN-AL5219, AL6560); P3 (R: 
MNHN-AL6539); M2 (R: MNHN-AL6549; L: MNHN-AL6533, 
AL6553); M1/2 (R: MNHN-AL6534, AL6536; L: MNHN-AL6565); 
M3 (R: MNHN-AL6532, AL6547; L: MNHN-AL6566); symphysis 
(MNHN-AL5214); mandible p1-p4 (L: MNHN-AL5212); man-
dible p3-m3 (MNHN-AL5211); mandible m2-m3 (L: MNHN-
AL5213); p1 (L: MNHN-AL5218); p3 (R: MNHN-AL6542; L: 
MNHN-AL6541); p4 (R: MNHN-AL6544); astragalus (R: MNHN.
unumbered), calcaneus (L: MNHN.unumbered).
Chavot: M1/2 (R: MNHN-CHO15569; L: MNHN-CHO15519, 
CHO15521); mandible dp1-m3 (L: MNHN-CHO14953 [cast]); 
mandible dp3-m2 (L: MNHN-CHO14801); mandible p2-m3 (L: 
MNHN-CHO14884); mandible p4-m3 (L: MNHN-CHO14911); 
mandible m2-m3 (L: MNHN-CHO14789); symphysis (MNHN-
CHO14787).
Cuis: maxillary P2-M3 (L: FSL-2096); maxillary P3-P4 (R: 
MNHN-CUI15540); P3 (R: MNHN-CUI15548); M1/2 (R: 
MNHN-CUI15537, CUI15538, CUI15546, CUI-5-L; L: MNHN-
2003-2-78, MNHN-CUI15506, CUI15513); dp4 (R: MNHN.2003-
2-20); p4 (L: MNHN-CUI15510); m1 (R: MNHN-CUI15511; 
L: MNHN-CUI15504); m2 (L: MNHN-CUI15505); m1/2 (R: 
MNHN-CUI15545); m3 (R: MNHN-CUI192, MNHN-2003-
2-18); humerus (L: MNHN.2003-2).
Grauves: Maxillary M2-M3 (R: MNHN-GR61-L; L: MNHN-
GR62-L); M1 (R: MNHN-GR60-L; L: MNHN-GR42-L, MNHN-
GR46-L); M1/2 (R: MNHN-GR29-L); mandible m1-m3 (L: 
MNHN.unnumbered); upper canine (MNHN-GR280-L); dP3 
(R: MNHN-GR7888, GR187); dP4 (L: MNHN-GR8-L); P2 (R: 
MNHN-GR7400, GR7401, GR276-L); upper premolar (R: MNHN-
GR14-L); P3 (R: MNHN-GR7380, GR24-L, GR28-L, GR32-L; L: 
MNHN-GR7576, GR13-L, GR39-L); P4 (R: MNHN-GR10850, 
GR10-L, GR36-L, GR268-L; L: MNHN-GR7573, GR31-L, GR40-
L); M1/2 (R: MNHN-GR7409, GR10847, GR10841, GR10786, 
GR10787, GR271-L, GR193-L; L: MNHN-GR7408, GR10839, 
GR10849, GR15-L); M3 (L: MNHN-GR59-L); mandible m1-m3 
(R: MNHN-GR10788); dp3 (R: MNHN-GR7890; L: MNHN-
GR10784); dp4 (R: MNHN-GR180); p1 (MNHN-GR7546); p2 
(MNHN-GR7-L); p3 (R: MNHN-GR4-L; L: MNHN-GR48-L); 
p4 (R: MNHN-GR7572, GR266-L; L: MNHN-GR2-L, GR18-L); 
m1 (L: MNHN-GR7381); m1/2 (R: MNHN-GR20-L, GR57-L; 
L: MNHN-GR7571, GR26-L, GR27-L, GR55-L, GR272-L); m3 
(R: MNHN-GR10776, GR34-L, GR50-L, GR52-L, GR56-L; L: 
MNHN-GR17-L, GR45-L, GR47-L, GR270-L); metacarpal II (R: 
MNHN.F.GR18004); astragalus (R: MNHN-GR10911); metatarsal 
III (L: MNHN.F.GR18002, MNHN.F.GR18003); metatarsal IV 
(R: MNHN.F.GR18001; L: MNHN.F.GR18000).
Mancy: Maxillary P1-M3 (L: MNHN-MA14948); maxillary 
M1-M2 (L: MNHN-MA14795); maxillary M1-M3 (R: MNHN-
MA14948); maxillary M2-M3 (L: MNHN-MA14788, MA14802); 
P2 (L: MNHN-MA61-L); M1/2 (R: MNHN-MA14988, 
MA14995; L: MNHN-MA14989, MA14990, MA14993, 
MA14994, MA14996, MA39-L, MA50-L, MA54-L, MA56-
L); M2 (R: MNHN-MA15571); M3 (L: MNHN-MA14985); 
mandible dp4-m1 (R: MNHN-MA3-L); mandible p1-m3 (L: 
MNHN-MA9-L); mandible p3-m3 (R: MNHN-MA14902; 
L: MNHN-MA14907); mandible p4 (R: MNHN-MA14977); 
mandible p4-m3 (R: MNHN-MA14886; L: MNHN-MA10-L); 
mandible m1 (L: MNHN-MA14796); mandible m1-m3 (R: 
MNHN-MA14883 [cast]); mandible m2 (L: MNHN-MA14803); 

http://coldb.mnhn.fr/CatalogNumber/MNHN/F/GR18004
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/GR18002
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/GR18003
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/GR18001
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/GR18000
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fig. 8. — Lower teeth and mandibles of Propalaeotherium gaudryi (Lemoine, 1878) from the Paris Basin: A, B, p1 (MNHN.F.GR7546) in lateral (A) and occlusal (B) 
views; C, left dp3 (MNHN.F.GR10784 [reversed]) in occlusal view; D, right mandible with dp4-m1 (MNHN.F.MA3-L) in occlusal view; E, right p4 (MNHN.F.GR7572) 
in occlusal view; F, right mandible with dp3-m2 (MNHN-CHO14801) in occlusal view; G, left mandible with p1-p4 (MNHN.F.AL5212 [reversed]) in occlusal view; H, 
O, left mandible with m1-m3 (holotype MNHN.F.AL5210 [H, reversed]) in occlusal (H) and lateral (O) views; I, K, right mandible with p3-m3 (MNHN.F.MA14902) in 
occlusal (I) and lateral (K) views; J, L, right mandible with m1-m3 (MNHN.F.GR10788) in occlusal (J) and lateral (L) views; M, N, symphysis (MNHN-CHO14787) 
in anterior (M) and occlusal (N) views. A-F, H, coated with magnesium. Scale bars: 5 mm.

http://coldb.mnhn.fr/CatalogNumber/MNHN/F/GR7546
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/GR10784
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/MA3
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/GR7572
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/AL5212
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/AL5210
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/MA14902
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/GR10788


292 GEODIVERSITAS • 2023 • 45 (9) 

Bronnert C. & Métais G.

mandible m2-m3 (R: MNHN-MA14791; L: MNHN-MA14790); 
mandible m3 (R: MNHN-MA14797, MA14793, MA70-L; L: 
MNHN-MA14978); symphysis (MNHN-MA14908, MA14786); 
P1 (R: MNHN-MA78-L); P2 (L: MNHN-MA14842); M3 (R: 
MNHN-MA75-L); dp4 (R: MNHN-MA14755); p1 (L: MNHN-
MA29-L); p2 (L: MNHN-MA15501); p3 (R: MNHN-MA23-L; 
L: MNHN-MA14739, MA15502); p4 (R: MNHN-MA27-L; 
L: MNHN-MA15573, MA25-L); m1 (L: MNHN-MA14986, 
MA14999); m1/2 (R: MNHN-MA14754, MA17-L, MA18-L, 
GR30-L); m3 (L: MNHN-MA21-L, MA22-L), metacarpal II (R: 
MNHN.F.MA18001); metatarsal III (R: MNHN.F.MA18000); 
metatarsal IV (R: MNHN.F.MA18002).
Mont Bernon: p3 (R: MNHN-B5-L); p4 (R: MNHN-B10-L); 
m3 (L: MNHN-B4-L); metatarsal III (L: MNHN.F.MTB18000).
Monthelon: Maxillary DP3-DP4 (L: MNHN-MTH53-L); maxil-
lary M1-M3 (L: MNHN-MTH48-L); incisor (MNHN-MT23-L); 
upper canine (R: MNHN-MTH45-L; L: MNHN-MTH57-L); 
P4 (R: MNHN-MTH24-L); M1/2 (L: MNHN-MTH14-L, 
MTH44-L, MTH56-L, MTH57-L); mandible dp3-m3 (R: 
MNHN-MTH5-L); mandible p3-m3 (R: MNHN-MTH2-L); p4 
(L: MNHN-MTH22-L), m1/2 (R: MNHN-MTH54-L); m3 (R: 
MNHN-MTH27-L), metatarsal II (L: MNHN.F.MTH18000).
Saint-Agnan: Fragmentary m3 (R: MNHN-STA605-L).

type LocaLity. — Environs d’Epernay, Cuisien (Ageian), MP10.

distribution. — Grauves, Cuis, Mancy, Monthelon, Mont 
Bernon, Chavot, St Agnan.

emended diagnosis (modified from Savage et al. 1965). — 
Medium sized hippomorph (estimated skull length: 170-200 
mm); well-developed lophodonty; hypoconulid linked to the 
middle of the hypolophid; cristid obliqua oriented lingually; 
lower molar lophs slightly notched.

differentiaL diagnosis. — Much larger than all the other hip-
pomorph species from the MP10 or earlier related localities of 
the Paris Basin. More lingual cristid obliqua than O. maldani, 
cingula generally more developed than O. maldani. More devel-
oped lophodonty than O. maldani.

description

Teeth
The symphysis of the mandible is long (3.5 cm on MNHN-
MA14902) and narrow (1.3 cm on MNHN-MA14902). 
The lower post-canine diastema is long (2.2 cm on MNHN-
MA14902; 3 cm for MNHN-MA14908), but there is no 
post-p1 diastema (Fig. 8I). The p1 is simple and unicuspid. 
It can be uniradiculate (MNHN-MA14902, female mor-
photype, Fig. 8I) or biradiculate (MNHN-CHO14801, 
MNHN-MA9-L, male morphotype, and Fig. 8F, juvenile). 
The protoconid and metaconid of p2 are close one each 
other and obliquely aligned. A crest extends between the 
hypoconid and the labial side of the metaconid. The p3 
is larger than the p2 but displays the same morphology. 
The protoconid and metaconid of p4 are close and almost 
aligned transversally. The entoconid is absent or well 
developed (MNHN-GR7572). A crest extends from the 
hypoconid to the labial side of the metaconid. The meta-
conid is twinned on MNHN-GR7572, and barely visible 
on most teeth due to the wear. The paralophid of m1-m2 
is very short (Fig. 8I, J, H). The metaconid is twinned and 
the two cusps are aligned obliquely. The cristid obliqua 
joins the labial side of the metaconid. The hypoconulid is 

reduced and almost lingual. The postcristid is connected 
to the hypoconulid and to the hypolophid, at the level of 
the notch which lies closer to the entoconid. The cingulum 
is very reduced between protoconid and hypoconid, or 
absent. The paralophid of m3 is short, and the metaconid 
is twinned. The cristid obliqua joins the metaconid. The 
lobe of the hypoconulid is developed, it has the same length 
than the anterior part of the talonid, but stays narrower. 
The postcristid is linked to the center of the hypolophid, 
at mid-height. It forms an obliquely oriented horseshoe 
with the lingual part of the hypoconulid. The protolophid 
and the hypolophid are slightly notched.

The upper post-canine diastema is long (1.8 cm in 
MNHN-MA14948). There is no post-P1 diastema. The P1 
is simple, elongated and posteriorly enlarged. One or two 
cusps are present labially. The P2 has three roots and the 
paracone and metacone are developed. Two morphologies 
of P2 are observable. In the first one, the P2 is triangular 
in occlusal view (MNHN-MA14948, Fig. 9J), the proto-
cone is shifted anteriorly and aligned transversely with the 
paracone, the paraconule and metaconule are absent, the 
protoloph is interrupted before joining the preparacrista, 
the parastyle is absent. The second morphology of P2 
(MNHN-GR7400, Fig. 9A; MNHN-MA14842, Fig. 9B) 
displays a posteriorly enlarged premolar in occlusal view, 
with a posteriorly displaced protocone, which is aligned 
transversely with the metacone. The metacone is reduced 
sometimes missing (Fig. 9A). The protoloph is short and 
interrupted before joining the preparacrista. A cingular 
ridge extends posteriorly to the protocone. The parastyle 
is absent, but a small metastyle is present. The paraconule 
of P3 is small compared to the protocone and paracone, 
and the metaloph is located in the center of the tooth and 
interrupted labially at the base of the metacone. The para-
style of P4 is poorly developed (Fig. 9D). The metaconule 
is absent and the paraconule is wide. The metaloph (pos-
sibly the postprotocrista) is directed toward the middle of 
the two labial cusps, but preferably towards the metacone, 
and stops at the base of these cusps. The protoloph is inter-
rupted before joining the preparacrista. The mesostyle of 
upper molars is generally absent (Fig. 9I, J), but it can be 
sometimes present as a small or developed crest running 
upward from the cingulum (Fig. 9F, G). The centrocrista 
is more or less labially flexed and high. The paraconule is 
larger than the metaconule, and both are well merged in 
the lophs. The cingulums are well developed but sometimes 
interrupted on the lingual side of the teeth. Generally, the 
M3 has a large enlargement of the posterior cingulum. A 
fusion of the posterior roots is observable on MNHN-
CUI15513.

Deciduous teeth
The metaconule of DP3 is much larger than the paraconule 
(Fig. 9E, H). The lophs do not reach the labial cusps. The 
metaloph can form a crescent or is interrupted labially. 
The protoloph forms a crescent at its labial extremity. The 
parastyle is developed. The labial cingulum is interrupted 
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close to the paracone. The DP4 is molariform, but the 
lingual side is narrower than the labial side (Fig. 9H). The 
centrocrista is flexed. The parastyle is slightly smaller than 
the paracone. It projects anteriorly and labially relative 
to the paracone. The metaconule is very small, and the 
paraconule is larger, but smaller than the protocone and 
paracone. The protoloph and the metaloph are well devel-
oped. The protoloph joins the preparacrista. The metaloph 
is interrupted at the base of the centrocrista, between the 
paracone and the metacone. 

The dp2 metaconid is reduced and closely appressed to 
the protoconid (Fig. 8F). A crest extends anteriorly to the 
protoconid. A second crest runs from the protoconid to 
the posterior part of the tooth. The dp3 is molariforme 
(Fig. 8C, F). A small paraconid is present. The metaconid 
is twinned. The cristid obliqua joins the protolophid in 
the middle, slightly lingually. The hypoconulid is closely 
appressed to the base of the hypolophid, slightly lingually. 
The dp4 is molariform, and the morphology is similar to 
that of the molars (Fig. 8D, F). The tooth is slightly nar-
rower at the trigonid, and longer than molars. 

Postcranial elements
Humerus. Only the distal part is known. The supracon-
dylar foramen (6 mm large and 5 mm high) perforates the 
radial fossa (Fig. 9Q, R). The ulnar fossa is triangular and 
perforated by the supracondylar foramen. The epicondyles 
are small, but the medial epicondyle projects farther than 
the lateral epicondyle. A small fovea is present below the 
medial epicondyle. A larger fovea is present on the lateral 
epicondyle.

Metacarpals. The metacarpal II is more robust than the 
metatarsals (Fig. 9Y, Z).  The distal articular surface is 
asymmetrical and keeled. The distal articulation is asym-
metric, with a medial part larger than the lateral part. The 
proximal facet is slightly concave. The trapezoid facet is 
oval and narrow.

Astragalus. The trochlea is deep and broad, slightly oblique 
with respect to the vertical axis of the astragalus (Fig. 9K, 
L). The trochlea does not join the navicular facet. The 
articular facets are well defined. The navicular facet is saddle-
shaped. The ectal and sustentacular facets are well separated 
(Fig. 9M, N). The sustentacular facet joins the navicular 
facet. The distal calcaneal facet is laterally elongated.

Calcaneus. It is elongated and medio-laterally flattened 
(Fig. 9O, P). The calcaneal tuber is laterally compressed. 
The astragalar facet is small and slightly concave. The sus-
tentacular facet is rounded, slightly triangular. The ectal 
facet is too worn to be described.

Metatarsals. The second metatarsal is slightly flattened 
mediolaterally on its proximal part (Fig. 9S). The distal facet 
was broken away. In dorsal view, the mesocuneiform facet 
has a concave crescent shape. The triangular entocuneiform 

facet is present posteriorly. The distal end curves medially 
away from metatarsal III. The metatarsal III is elongated 
and straight (Fig. 9T). The proximal cross section is tri-
angular. The metatarsal III is flattened anteroposteriorly, 
and the distal cross section is elliptical. The proximal facet 
of articulation with the ectocuneiform is flat. The distal 
articular surface is symmetrical and keeled. The metatarsal 
IV is elongated and mediolaterally compressed proximally 
(Fig. 9U). This compression is less marked at the distal 
part. The distal articulation is asymmetric, with a medial 
part larger than the lateral part.

comparisons

P. gaudryi is larger in size than Cymbalophus, Pliolophus, 
Hyracotherium, Orolophus and Hallensia. The teeth of 
P. gaudryi are more lophodont than those of O. maldani 
which is smaller in size (Fig. 10). Their dental morphology 
is globally similar. The cristid obliqua of P. gaudryi is more 
lingual than that of O. maldani. Its cingulums are gener-
ally more developed than those of O. maldani. There is a 
wider range of size than other lower Eocene taxa. The upper 
molar mesostyle is variable, whereas it is always present in 
Propalaeotherium sudrei Remy, Krasovec & Marandat, 2016 
and Propalaeotherium helveticum Savage, Russell & Louis, 
1965. The upper premolar mesostyle is absent in P. gaudryi 
but present in P. sudrei and Propalaeotherium helveticum. 
The parastyle is more projected anteriorly than in P. sudrei. 
P. gaudryi possesses a metaconule on upper molars, which 
is absent in Propalaeotherium isselanum Cuvier, 1824.

comment

Apart from the two morphotypes of P2, the dental mor-
phology does not show significant differences. These two 
morphotypes of P2 are therefore attributed to intra-specific 
variability.

Lectotype

Teilhard de Chardin (1921) designated the specimen 
MNHN-AL5210 as a lectotype. Unfortunately, this is 
a composite specimen whose two pieces were probably 
associated by Lemoine. The posterior part of the mandible 
does belong to Propalaeotherium gaudryi, but the anterior 
part (MNHN-AL6685) appears to be from a tapiroid 
(probably Chasmotherium [synonym of Hyrachyus]) (Sav-
age et al. 1965). Specimen MNHN-AL5210 was therefore 
designated as a restricted lectotype by Savage et al. (1965).

sexuaL dimorpHism

There is a great disparity in mandible height of the hori-
zontal ramus and diastema length. There is also a great 
variation in mandible width at the level of incisors. MNHN-
CHO14787 has three well-developed incisors on each side, 
while those of MNHN-MA14902 are narrower and its 
alveolus indicates a very small I3. The same morphotypes 
as in P. eulaliensis Danilo, Remy, Vianey-Liaud, Marandat, 
Sudre & Lihoreau, 2013 (Danilo et al. 2013), Pliolophus 
quesnoyensis (Bronnert et al. 2018) and Lophiodontidae 
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fig. 9. — Upper teeth in occlusal view and postcranial elements of Propalaeotherium gaudryi (Lemoine, 1878) from the Paris Basin: A, right P2 (MNHN-GR7400 
[reversed]); B, left P2 (MNHN-MA14842); C, left P3 (MNHN-GR7576); D, left P4 (MNHN-GR7573); E, right DP3 (MNHN-GR7888 [reversed]); F, right M2  (MNHN-
MA15571 [reversed]); G, left M3 (MNHN-MA14985); H, left maxillary with DP3-DP4 (MNHN-MTH53-L); I, left maxillary M2-M3 (MNHN-MA14788); J, left maxillary 
with P1-M3 (MNHN-MA14948); K, M, right astragalus (MNHN-GR10911) in anterior (K) and posterior (M) views; L, N, right astragalus (coll. Louis, MNHN) in an-
terior (L) and posterior (N) views; O-P, left calcaneus (coll. Louis, MNHN) in anterior (O) and medial (P) views; Q, R, left humerus (MNHN.F.MT18001) in posterior 
(Q) and anterior (R) views; S, X, left metatarsal II (MNHN.F.MT18000) in anterior (S) and posterior (X) views; T, W, left metatarsal III (MNHN.F.GR18003) in anterior 
(T) and posterior (W) views; U, V, left metatarsal IV (MNHN.F.GR18000) in anterior (U) and posterior (V) views; Y, Z, right metacarpal II (MNHN.F.MA18001) in 
anterior (Y) and posterior (Z) views; A-H, coated with magnesium. Scale bars: 5 mm.
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(Vautrin et al. 2019) are observable: variation in the height 
of the mandible and the angle of the vertical branch. Man-
dibles with a high horizontal ramus and a vertical ascending 

branch are assigned to males (Fig. 9L), mandibles with a 
low horizontal ramus and an inclined vertical branch are 
assigned to females (Fig. 9K, M).
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Genus Orolophus Remy, 2017

Orolophus Remy, 2017: 14.

type species. — Pachynolophus maldani Lemoine, 1878 by original 
designation.

diagnosis (Remy 2017). — Same as the type and only species.

Orolophus maldani (Lemoine, 1878) 
(Figs 11-13)

Pachynolophus maldani Lemoine, 1878:  24, pls I-V; 56, pls I-IV.

Pachynolophus paracuspidens Lemoine, 1878: 19.

Orotherium remense Lemoine, 1891: 286.

Propachynolophus maldani – Teilhard de Chardin 1921: 61, figs 33-34.

Propachynolophus levei Hooker, 1994:  57-59, fig. 24.

Pliolophus aff. vulpiceps – Hooker 1994: 54, fig. 16.

Orolophus maldani – Remy 2017: 14, figs 1-2.

Lectotype (Savage et al. 1965). — MNHN-AL5199, right frag-
mentary mandible with p4 and m2-m3.

materiaL. — Ageian: symphysis (MNHN-AL5200); mandible 
dp3-m1 (R: MNHN-AL5201); mandible m1-m2 (R: MNHN-
AL5203); mandible m2-m3 (R: MNHN-AL5194; L: MNHN-
AL5204); dP4 (R: MNHN-AL6555; L: MNHN-AL6556); M1 (L: 
MNHN-AL6561); M2 (L: MNHN-AL6564); M1/2 (L: MNHN-
AL5207, AL6550, AL6552, AL6562, AL6554); dp3 (R: MNHN-
AL5206); dp4 (L: MNHN-AL5206); m1/2 (L: MNHN-AL6543); 
m3 (R: MNHN-AL6546; L: MNHN-AL5205), metatarsal II (R: 
MNHN.F.AL18001). 
Condé-en-Brie: maxillary dP3-dP4 (L: MNHN-CB1530); max-
illary P3-M3 (L: MNHN-CB16165 [cast]); dP3 (R: MNHN-
CB4252, MNHN-CB4705; L: MNHN-CB1595, M.CB1C, 
M.CB306, CB4251, CB786, CB213, CB664, CB4915); dP4 
(R: MNHN-CB1556, CB1558, CB1561, CB1564, CB1575, 
M.CB19, M.CB298, CB77; L: MNHN-CB4667); P2 (R: 
MNHN-CB1586; L: MNHN-CB1591); P3 (R: MNHN-
CB1569, CB1181; L: MNHN-CB1583); P4 (R: MNHN-
CB1563, M.CB72, CB5-CA; L: MNHN-CB1581, CB215); M1 
(R: MNHN-CB4689, CB4689); M1/2 (R: MNHN-CB1559, 
CB1566, CB1567, CB1532, M.CB1B, M.CB299, M.CB114, 
CB4935, CB4736, CB1A; L: MNHN-CB1565, CB1573, CB1531, 
M.CB297, M.CB225); dp3 (R: MNHN-M.CB194, M.CB199, 
CB572, CB4730; L: MNHN-M.CB305, M.CB197, M.CB196, 
CB312); dp4 (R: MNHN-CB1576, CB1589, CB1593, M.CB301, 
CB221, CB4709; L: MNHN-CB223); p2 (R: MNHN-CB219; 
L: MNHN-CB1594, CB4702, CB669); p3 (R: MNHN-CB1580, 
CB1592, M.CB193; L: MNHN-CB1600, CB4700); p4 (R: 
MNHN-CB1599); m1 (R: MNHN-M.CB38, CB4688; L: 
MNHN-CB4701); m2 (R: MNHN-M.CB198, M.CB295, 
MNHN-CB4686, CB4757; L: MNHN-CB918); m1/2 (R: 
MNHN-CB1579, CB1584, CB1598, CB4703; L: MNHN-
CB1578, CB1587, CB1590, M.CB296, CB4687); m3 (R: 
MNHN-M.CB195, CB8-CA; L: MNHN-CB1571, CB1585, 
CB4704, CB222); incisor (MNHN-M.CB303).
Cuis: dP4 (R: MNHN-CUI7-L; L: MNHN-CUI6-L); M1/2 (R: 
MNHN-2003-2 unnumbered; L: MNHN-CUI8-L, CUI10-L, 
MNHN-CUI11-L, MNHN-2003 unnumbered); dp4 (L: MNHN-
CUI15550); p3 (R: MNHN-CUI15549); m1/2 (L: MNHN-
2003-2 unnumbered); m3 (L: MNHN-2003-2-80), tibia (R: 
MNHN.F.CUI18000).

Gland: M1/2 (L: MNHN-GLD41-L [broken]); M3 (L: MNHN-
GLD335-L).
Grauves: dP3 (R: MNHN-GR7825, GR242, GR175-L); dP4 
(R: MNHN-GR10254, GR1-L); P2 (R: MNHN-GR7803); P4 
(R: MNHN-GR7402); M1/2 (R: MNHN-GR7570, GR7568, 
GR7575, GR7379; L: MNHN-GR7378, GR10779, GR277-L, 
GR273-L, GR9-L, GR41-L, GR19-L, GR25-L, GR227); man-
dible p4-m3 (L: MNHN-GR10773); dp3 (R: MNHN-GR7808; 
L: MNHN-GR7807); dp4 (R: MNHN-GR7809, GR7830; L: 
MNHN-GR7889); lower premolar (MNHN-GR37-L); p2 (R: 
MNHN-GR6-L, GR51-L); p3 (R: MNHN-GR3-L); p4 (R: MNHN-
GR5-L, GR274-L; L: MNHN-GR7829, GR7829); m1 (L: MNHN-
GR178); m1/2 (R: MNHN-GR7383, GR10235, GR10229, 
GR49-L, GR44-L; L: MNHN-GR7382, GR16-L); m3 (R: MNHN-
GR22-L; L: MNHN-GR7569, GR?8-L, GR63-L); astragalus (R: 
MNHN.F.GR18005); calcaneus (L: MNHN.F.GR18007); metatarsal 
III (L: MNHN.F.GR18008); distal phalanx (MNHN.F.GR18006).
Mancy: mandible p4-m1 (R: MNHN-MA2-L); mandible p4-m3 
(R: MNHN-MA14792); dP4 (L: MNHN-MA24-L); M1/2 (R: 
MNHN-MA48-L, MA53-L; L: MNHN-MA44).
Mont Bernon: P4 (R: MNHN-BER1); dp4 (L: MNHN-B6-L), 
humerus (R: MNHN.F.MTB18001).
Monthelon: dP4 (R: MNHN-MTH13-L; L: MNHN-MTH7-L).
Oosterzele: M1/2 (R: IRSNB M 1867; L: IRSNB.M 1868); m1 
(L: IRSNB.M 1863); m3 (R: IRSNB.M 1864, [broken], IRSNB.M 
1865); M1 (R: IRSNB.M 1866). 
Prémontré: maxillary with canine (R: MNHN-SLP-29-PE1378); 
maxillary dP2 (L: MNHN-SLP-29-PE1070); maxillary dP3-dP4 
(L: MNHN-SLP-29-PE1863); maxillary P1 (R: MNHN-SLP-29-
PE1559); maxillary P1-P2 (R: MNHN-SLP-29-PE1296); maxillary 
P2-P4 (R: MNHN-SLP-29-PE2388); maxillary P3 (L: MNHN-
SLP-29-PR1953); maxillary M1-M2 (L: MNHN-SLP-29-PE1864, 
SLP-29-PE706, SLP-29-PE761 [composite?]); maxillary M1-M3 
(R: MNHN-SLP-29-PE681); mandible dp2-m2 (L: MNHN-
SLP-29-PE1467); mandible p3-p4 (R: MNHN-SLP-29-PE1362); 
mandible p3-m1 (R: MNHN-SLP-29-PE584); mandible p4-m3 
(R: MNHN-SLP-29-PE1553, SLP-29-PE480); mandible m1 (R: 
MNHN-SLP-29-PE1069); mandible m3 (L: MNHN-SLP-29-
PE1317); dP2 (R: MNHN-SLP-29-PE1436, SLP-29-PE631, 
SLP-29-PE1475; L: MNHN-SLP-29-PE950, SLP-29-PE717, 
SLP-29-PE44); dP3 (R: MNHN-SLP-29-PE803, SLP-29-PE742, 
SLP-29-PE1728, SLP-29-PE45, SLP-29-PR1973, SLP-29-PR1560, 
PRE448; L: MNHN-SLP-29-PE1243, SLP-29-PE1004, SLP-
29-PE100, SLP-29-PE67, SLP-29-PR2049, PRE996); dP4 (R: 
MNHN-SLP-29-PE1703, SLP-29-PE1430, SLP-29-PE1275, SLP-
29-PE807, SLP-29-PE150, SLP-29-PR1928, SLP-29-PR2054, 
SLP-29-PR3289, SLP-29-PR3077, SLP-29-PR1913, SLP-29-
PE1998, PRE241, PRE1070; L: MNHN-SLP-29-PE1358, SLP-
29-PE1201, SLP-29-PE1323, SLP-29-PR1988, SLP-29-PR3283, 
SLP-29-PR3000); P2 (R: MNHN-SLP-29-PE1421, SLP-29-PE599; 
L: MNHN-SLP-29-PE10); P3 (R: MNHN-SLP-29-PE644, SLP-
29-PE1548, SLP-29-PE12, SLP-29-PE252, SLP-29-PE1914, 
SLP-29-PR1896; L: MNHN-SLP-29-PE731, SLP-29-PE590, 
SLP-29-PE254, SLP-29-PR1971); P4 (R: MNHN-SLP-29-PE678, 
SLP-29-PE622; L: MNHN-SLP-29-PE741, PRE246, PRE236, 
PRE995); M1 (R: MNHN-SLP-29-PE1383, SLP-29-PE896, 
SLP-29-PR1912, SLP-29-PR3287, SLP-29-PR3001, SLP-29-
PR3107, PRE1065; L: MNHN-SLP-29-PE701, PRE1064); M2 
(L: MNHN-SLP-29-PE508); M1/2 (R: MNHN-SLP-29-PE1695, 
SLP-29-PE1479, SLP-29-PE1527, SLP-29-PE987, SLP-29-PE707, 
SLP-29-PE151, SLP-29-PE1367, SLP-29-PE147, SLP-29-PE149, 
SLP-29-PE1699, SLP-29-PE479, SLP-29-PE448, SLP-29-PE982, 
SLP-29-PE865, PRE1069, PRE1067, PRE1068; L: MNHN-SLP-
29-PE1544, SLP-29-PE394, SLP-29-PE1707, SLP-29-PE501, 
SLP-29-PE388, SLP-29-PE148, SLP-29-PE223, SLP-29-PE503, 
SLP-29-PR1925, SLP-29-PR1969, SLP-29-PR2009, SLP-29-
PR3290, SLP-29-PR3288, SLP-29-PR3003, PRE238, PRE863, 
PRE1080); M3 (R: MNHN-SLP-29-PE1721, SLP-29-PE688, 
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fig. 11. — Upper teeth of Orolophus maldani (Lemoine, 1878) from the Paris Basin in occlusal (A-L, N-D’), lingual (M) and lateral (E’) views: A, left DP3 (MNHN-
SLP-29-PE100); B, right DP3 (MNHN-SLP-29-PR1973 [reversed]); C, right DP3 (MNHN-GR7825 [reversed]); D, M, left P2 (MNHN-SLP-29-PE10); E, left P3 
(MNHN-SLP-29-PE731); F, right P3 (MNHN-SLP-29-PE252 [reversed]); G, right P3 (MNHN-SLP-29-PE12 [reversed]); H, left P3 (MNHN-SLP-29-PE254); I, left DP2 
(MNHN-SLP-29-PE950); J, left DP2 (MNHN-SLP-29-PE717); K, left dP4 (MNHN-MTH7); L: right DP4 (MNHN-SLP-29-PR1913 [reversed]); N, left P3 (MNHN-SLP-
29-PE590); O, right P3 (MNHN-SLP-29-PR1896 [reversed]); P, right P3 (MNHN-SLP-29-PR1914 [reversed]); Q, left P4 (MNHN-SLP-29-PE741); R, right maxillary 
with P1-P2 (MNHN-SLP-29-PE1296 [reversed]); S, left maxillary with P3-M3 (holotype of “Propachynolophus levei”, MNHN.CB16165 [cast]); T, right maxillary 
with P2-P4 (MNHN-SLP-29-PE2388 [reversed]); U, left M1/2  (MNHN-SLP-29-PE147); V, left M3 (MNHN-SLP-29-PE224); W, left M1/2 (MNHN-CB1531); X, left 
M1/2  (MNHN-SLP-29-PE148); Y, left M3 (MNHN-SLP-29-PR1968); Z, right M1/2  (MNHN-SLP-29-PE149 [reversed]); A’, right M1/2  (MNHN-SLP-29-PE987 [re-
versed]); B’, right M1 (MNHN-CB4689 [reversed]); C’, right M2 (MNHN-SLP-29-PE508 [reversed]); D’, left maxillary with P3 (MNHN-SLP-29-PE1953); E’, right 
upper canine (MNHN-SLP-29-PE1378); A-R, T-D’, coated with magnesium. Scale bar: 5 mm.
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SLP-29-PE152, SLP-29-PE1009, SLP-29-PR1909, PRE235; L: 
MNHN-SLP-29-PE834, SLP-29-PE224, SLP-29-PE997, SLP-
29-PE806, SLP-29-PR1903, SLP-29-PR1968, SLP-29-PR1891, 
PRE1066); dp3 (R: MNHN-SLP-29-PR1983, SLP-29-PE1355, 
SLP-29-PE1143, SLP-29-PE1057, SLP-29-PE1384, SLP-29-
PE993, SLP-29-PE966, SLP-29-PE1012, SLP-29-PE878, SLP-
29-PE303, SLP-29-PE1818, SLP-29-PE113, SLP-29-PE103, 
PRE997; L: MNHN-SLP-29-PR3022, SLP-29-PR1919, SLP-29-
PR58, SLP-29-PE1562, SLP-29-PE868, SLP-29-PE263, PRE239, 
PRE244); dp4 (R: MNHN-SLP-29-PE1434, SLP-29-PE1024, 
SLP-29-PE1552, SLP-29-PE1438, SLP-29-PE488, SLP-29-PE185, 
SLP-29-PE653, SLP-29-PE1026, SLP-29-PE751, SLP-29-PE624, 
SLP-29-PE392, SLP-29-PE88, PRE247, PRE243; L: MNHN-
SLP-29-PR2477, SLP-29-PR3026, SLP-29-PR2424, SLP-29-
PR2044, SLP-29-PR2008, SLP-29-PE879, SLP-29-PE1713, 
SLP-29-PE1473, SLP-29-PE95, SLP-29-PE1048, SLP-29-PE1382, 
SLP-29-PE856, PRE242); p2 (L: MNHN-SLP-29-PE772, SLP-
29-PE1499, SLP-29-PE1180, SLP-29-PE165); p3 (R: MNHN-
SLP-29-PE180, SLP-29-PE1214, SLP-29-PE17, SLP-29-PE759; 
L: MNHN-SLP-29-PE1472, SLP-29-PE1474, SLP-29-PE1459) ; 
p4 (R: MNHN-SLP-29-PR1949, SLP-29-PE1325, SLP-29-PE977, 
SLP-29-PE745; L: MNHN-SLP-29-PE770, SLP-29-PE763, SLP-
29-PE596, SLP-29-PE719); m1/2 (R: MNHN-SLP-29-PE667, 
SLP-29-PE1177, SLP-29-PE1848, SLP-29-PE1320, SLP-29-
PE827, SLP-29-PE694, SLP-29-PE669, PRE240; L: MNHN-SLP-
29-PR3106, SLP-29-PR2026, SLP-29-PE1375, SLP-29-PE951, 
SLP-29-PE1340, SLP-29-PE730, PRE245); m2 (R: MNHN-
SLP-29-PE22; L: MNHN-SLP-29-PE1406, SLP-29-PE768, SLP-
29-PE757); m3 (R: MNHN-SLP-29-PR3211, SLP-29-PE1306, 
SLP-29-PE682, SLP-29-PE48, PRE861; L: MNHN-SLP-29-
PR1990, SLP-29-PR1954, SLP-29-PE1410, SLP-29-PE693); 
tibia (L: MNHN.F.PMT112); humerus (R: MNHN.F.PMT114; 
L: MNHN.F.PMT115); scapula (R: MNHN.F.PMT116); ulna 
(R: MNHN.F.PMT117, MNHN.F.PMT118); metatarsal II 
(L: MNHN.F.PMT119); calcaneus (R: MNHN.F.PMT123, 
MNHN.F.PMT124, MNHN.F.PMT125; L: MNHN.F.PMT126, 
MNHN.F.PMT127); astragalus (R: MNHN.F.PMT132, 
MNHN.F.PMT133, MNHN.F.PMT134, MNHN.F.PMT135; 
L: MNHN.F.PMT128, MNHN.F.PMT129, MNHN.F.PMT130, 
MNHN.F.PMT131); distal phalanx (MNHN.F.PMT137, 
MNHN.F.PMT138, MNHN.F.PMT139, MNHN.F.PMT140, 
MNHN.F.PMT141, MNHN.F.PMT142, MNHN.F.PMT143, 
MNHN.F.PMT144); navicular (R: MNHN.F.PMT145, 
MNHN.F.PMT146; L: MNHN.F.PMT147).
St Agnan: dP2 (R: MNHN-STA658; L: MNHN-STA633); dP4 
(L: MNHN-STA24); P2 (R: MNHN-STA634, STA644, STA649; 
L: MNHN-STA648); P3 (L: MNHN-STA639, STA643, STA645); 
P4 (R: MNHN-STA635, STA656); P3-4 (R: MNHN-STA638); 
M1 (R:, MNHN-STA894); M1/2 (R: MNHN-STA869, STA637, 
STA652, STA653, STA654; L: MNHN-STA651, STA641, STA897); 
dp2 (L: MNHN-STA893); dp3 (R: MNHN-STA883; L: MNHN-
STA881); dp4 (R: MNHN-STA627); p3 (L: MNHN-STA642); 
m1/2 (R: MNHN-STA624, STA628, STA629, STA630, STA632, 
STA876; L: MNHN-STA878, STA998, STA631, STA640, STA647, 
STA657); m3 (R: MNHN-STA1000-L; L: MNHN-STA626); inci-
sor (MNHN-STA896).
Sézanne-Broyes: maxillary M1-M2 (L: MNHN-SEZ325); maxillary 
M1-M3 (L: MNHN-SZ7306); dP4 (R: MNHN-SEZ342, SEZ344; 
L: MNHN-SEZ337, SEZ343); P2 (L: MNHN-SEZ359); P3 (R: 
MNHN-SEZ347; L: MNHN-SEZ268); P4 (R: MNHN-SEZ355, 
SEZ357, SEZ358; L: MNHN-SEZ356); M1/2 (R: MNHN-SEZ332, 
SEZ333, SEZ338, SEZ339, SEZ341, SEZ360, SEZ7337; L: MNHN-
SEZ331, SEZ340, SEZ345, SEZ7335); M3 (L: MNHN-SEZ7334); 
dp3 (L: MNHN-SEZ349); dp4 (R: MNHN-SEZ7340); p3 (R: 
MNHN-SEZ312; L: MNHN-SEZ7272); p4 (R: MNHN-SEZ313, 
SEZ351, SEZ353; L: MNHN-SEZ346, SEZ352); m1 (R: MNHN-
SEZ314); m2 (R: MNHN-SEZ315); m1/2 (L: MNHN-SEZ326, 
SEZ7336); m3 (R: MNHN-SEZ316, SEZ329).

type LocaLity. — Environs d’Epernay, Cuisien (Ageian), MP10.

distribution. — Condé-en-Brie, St Agnan (Aisne, France), 
Sézanne-Broyes (Marne, France), MP8-9; Cuis, Grauves, Mancy, 
Mont Bernon, Monthelon (Marne, France), Prémontré (Aisne, 
France); Oosterzele (Belgique), MP10.

emended diagnosis (modified from Remy 2017). — Small 
palaeo theriid Equoidea, with an estimated P2-M3 length of about 
40 mm, a bunolophodont and brachyodont dentition, an occasional 
mesostyle and a parastyle not very protruding on upper molars, a 
protocone mesially shifted on P4, a distal expansion of the postero-
lingual cingulum on P3-P4, narrow lower molars with thick and 
continuous labial cingulids, a cristid obliqua joining the middle 
of the protolophid and a hypoconulid linked to the hypolophid.

differentiaL diagnosis (modified from Remy 2017). — Differs 
from species of Pachynolophus in having a wider P2 and an occasional 
mesostyle on upper molars. Further differs from more advanced Pal-
aeotheriidae (Lophiotherium, “propalaeotheres”, and Palaeotheriinae) 
in possessing an inconstant mesostyle on upper molars, a parastyle 
less protruding and a shallower protoloph groove on upper molars, 
a lingual cingulum on these teeth stronger than in most of them, a 
P4 triangular (instead of being subquadrangular), and a hypoconulid 
more developed en m1-m2. Smaller than Propalaeotherium gaudryi, 
larger than Pliolophus and Cymbalophus. Possesses a hypoconulid 
linked to hypolophid, whereas there is a hypoconulid-hypoconid 
junction in Pliolophus, Cymbalophus and Hyracotherium.

description

Teeth
The maxillary has a short post-P1 diastema. The post-canine 
diastema can be long (Fig. 11D’) or very short (MNHN-SLP-
29-PE1559). The P1 is more or less elongated, and displays 
a single cusp in the middle of the tooth (Fig. 11R). The P2 is 
two-rooted, narrower anteriorly than posteriorly (Fig. 11M, 
R, T). The metacone is very small, closely appressed to the 
paracone and indistinguishable if the tooth shows wear. The 
cusps appear further apart and the metacone is larger on 
MNHN.STA-648 and MNHN-STA649. A bulge is present 
at the level of the protocone. The parastyle is absent. The 
parastyle of P3 is small but well formed (Fig. 11E-H, N-P, 
S). The paracone and metacone are closely appressed. The 
paraconule and the metaconule can be large (Fig. 11G), 
but the metaconule is often absent (Fig. 11F) or reduced 
(Fig. 11N). The sizes of the two conules do not vary together. 
The cingulum can be large and continuous or interrupted. 
The protoloph is interrupted before joining the preparac-
rista. MNHN-SLP-29-PR1953 is a P3 that has grown at 
90° to the normal angle; its lingual side is found in anterior 
position (Fig. 11E’). The parastyle of P4 is smaller than the 
paracone (Fig. 11Q, S-T). The paraconule is almost as large 
as the paracone. Two lingual bulges are present at the level 
of the metaconule (Fig. 11R). The cingulum is continuous. 
The centrocrista of upper molars is slightly flexed (Fig. 11S, 
U-Z). The mesostyle is absent, but on some specimens a 
thin ridge is present (Fig. 11R, V, X-Y, C’). The paraconule 
is located in the center of the protoloph. The metaconule 
is a little less developed than the paraconule, and it is 
sometimes difficult to discern (Fig. 11A’). The protoloph is 
interrupted before joining the preparacrista. The metaloph is 
interrupted at the base of the metacone (Fig. 11U, X-Y) or 

http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT112
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT114
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT115
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT116
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT117
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT118
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT119
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT123
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT124
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT125
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT126
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT127
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT132
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT133
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT134
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT135
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT128
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT129
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT130
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT131
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT137
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT138
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT139
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT140
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT141
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT142
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT143
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT144
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT145
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT146
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fig. 12. — Lower teeth of Orolophus maldani (Lemoine, 1878) from the Paris Basin in occlusal (A-Z) and lateral (A’) views: A, right p2 (MNHN-SLP-29-PE1499); 
B, right p3 (MNHN-SLP-29-PE180); C, left p3 (MNHN-SLP-29-PE1472 [reversed]); D, right p4 (MNHN-SLP-29-PE1325); E, right dp3 (MNHN-SLP-29-PE1355); 
F, left dp4 (MNHN-SLP-29-PE856 [reversed]); G, left p2 (MNHN-SLP-29-PE165 [reversed]); H, right p3 (MNHN-SLP-29-PE1214); I, right mandible with p3-p4 
(MNHN-SLP-29-PE1362); J, right dp3 (MNHN-SLP-29-PE303); K, right dp4 (MNHN-SLP-29-PE392); L, left p4 (MNHN-SLP-29-PE763 [reversed]); M, left m1/2 
(MNHN-SLP-29-PE1340 [reversed]); N, right m3 (MNHN-PRE861); O, right m3 (MNHN-SLP-29-PE1306); P, right m1/2 (MNHN-CB4687); Q, right m1/2 (MNHN-
CB1584); R, right m2 (MNHN-CB4686); S, right m2 (MNHN-CB198); T, left m3 (MNHN-CB1571 [reversed]); U, left m3 (MNHN-CB1585 [reversed]); V, right mandible 
with p4, m2-m3 (holotype, MNHN-AL5199); W, right mandible with p4-m3 (MNHN-SLP-29-PE1553); X, right mandible with p4-m3 (MNHN-SLP-29-PE480); Y, right 
mandible with p4-m3 (MNHN-MA14792); Z, A’, right mandible with dp2-m2 (MNHN-SLP-29-PE1467); A-U, W-Z, coated with magnesium. Scale bars: 5 mm.
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connected by a metacone fold which joins the centrocrista 
in its center (Fig. 11V). This last morphology is found on a 
very reduced number of teeth. The parastyle is smaller than 
the other cusps. The cingulum is sometimes interrupted at 
the level of the hypocone. 

There is no diastema between p1 and p2 (Fig. 12Z). The 
posterior border of the symphysis extends back to the level 
of p1. The p1 is two-rooted but on some specimens the 
roots are fused. The p2 protoconid is high and the meta-
conid is absent or small (Fig. 12A, G). The hypoconid is 
poorly developed, and a small paraconid is present. A ridge 
extends between the hypoconid and the protoconid. Two 
other crests extend posteriorly to the protoconid, joining the 
labial and the lingual border of the tooth respectively. The 
metaconid of p3 is smaller than the protoconid (Fig. 12B, 
C, H-I). It is very close to the latter and slightly posteri-
orly placed. The hypoconid is lower than the other cusps 
but well-developed. A small bulge (possibly an incipient 
entoconid) is sometimes present lingually to the hypoco-
nid (Fig. 12C). The paralophid is very short. The cristid 
obliqua joins the lingual edge of the protoconid. A ridge 
extends posteriorly from the metaconid. The p4 entoco-
nid is absent (Fig. 12D), but a small bulge is sometimes 
present on the cingulum (Fig. 12I). The protoconid and 
the metaconid are quite close and transversely aligned. The 
metaconid is either twinned or simple. The paralophid is 
short and joins the lingual edge of the tooth. The cristid 
obliqua runs from the hypoconid to a point situated at 
half height of the protolophid between the midpoint of 
protoconid and the metaconid. The paralophid of lower 
molars is variable, it can join the lingual edge of the tooth 
(Fig. 12Y) or be very short (Fig. 12Z). The cusps are aligned 
transversely. The metaconid is twinned. The cristid obliqua 
joins the midpoint of the protolophid at a half height. The 
protolophid is high, the hypolophid is lower. The cingu-
lum is labially continuous. The hypoconulid is displaced 
lingually and it is attached medially to the hypolophid. The 
post-hypocristid is very small or absent. On some teeth, 
the hypoconulid is linked very close to the hypoconid by 
a postcristid (Fig. 12S). The cingulum of m3 is continu-
ous labially (Fig. 12V, X, Y). The cristid obliqua joins the 
protolophid medially and at mid-height. The lophids are 
deeply notched. The paralophid is longer than on the other 
molars. The lobe of the hypoconulid is developed, it has the 
same size as the anterior part of the talonid. The postcristid 
links the hypoconulid to the center of the hypolophid. Two 
teeth of Condé-en-Brie (MNHN-CB1585, CB1571) show 
the hypoconulid linked to the hypoconid by a postcristid 
(Fig. 12T, U). The hypoconulid lobe forms a horseshoe in 
occlusal view. 

Ontogeny
MNHN-SLP-29-PE1553 (Fig. 12W) shows that m3 is com-
pletely erupted while p4 only begins to erupt. On MNHN-
SLP-29-PE1467 (Fig. 12Z), the m3 is absent but the alveoli 
seem to indicate that it was erupting while the dp2 to dp4 
were still present.

Deciduous teeth
The DP2 is narrower anteriorly (Fig. 11I, J). The paracone 
is developed, the metacone is extremely reduced and closely 
appressed to the paracone. A crest is sometimes present at 
the lingual side of the metacone (Fig. 11J). The parastyle is 
small and projected anterolabially. Sometimes a small meta-
cone is present posteriorly to the paracone (Fig. 11J). The 
parastyle of DP3 is projected anteriorly (Fig. 11A-C). The 
paraconule is less developed than the metaconule. The cen-
trocrista is high and very slightly flexed. A mesostyle can be 
present (Fig. 11B). The metaloph is interrupted at the base 
of the metacone, sometimes oriented towards the paracone 
(Fig. 11B), sometimes ended by a metacone fold (Fig. 11C). 
The protoloph joins the preparacrista in its center or slightly 
posteriorly. The cingulum is developed. A small crest can be 
present between the protocone and the hypocone (Fig. 11C). 
The DP4 is molarized and very similar to molars (Fig. 11K, 
L). The centrocrista is slightly flexed labially. The conules 
are developed. The cingulum usually forms a ridge connect-
ing the hypocone anteriorly. Sometimes, a mesostyle can be 
present (Fig. 11L). 

The dp2 is narrow (Fig. 12Z). Two crests, one labial and 
one lingual, extend posteriorly from the protoconid. A small 
hypoconid appears to be present, a crest extends anteriorly 
from the hypoconid in the center of the tooth. The paraco-
nid of dp3 is developed (Fig. 12E, J, Z). The cristid obliqua 
is oriented toward the center of the protolophid (Fig. 12Z). 
The metaconid is larger than the protoconid and the paral-
ophid is developed. A postcristid links the hypolophid to the 
hypoconulid (Fig. 12J). The hypolophid can be absent and 
the hypoconulid can be linked to the hypoconid (MNHN.
MCB-0196). Sometimes a crest extends posteriorly from the 
protoconid on its labial side. The lingual wall is developed 
between the metaconid and the entoconid. The dp4 is slightly 
narrower at the anterior part of the trigonid than at the pos-
terior part of the talonid (Fig. 12F, K, Z). The metaconid is 
twinned. The cristid obliqua joins the metaconid on its labial 
side. The hypoconulid is salient and displaced lingually. The 
anterior, labial and posterior cingulums are continuous.

Postcranial elements
Humerus. The proximal part is missing. The distal trochlea 
is poorly marked (Fig. 13E-G). The epicondyles are poorly 
developed but the medial epicondyle is projected further 
than the lateral epicondyle. A distinct capitular keel is pre-
sent (Fig. 13G). The supracondylar foramen is present in 
the radial fossa. 

Ulna. The bone is elongated, arched anteriorly and compressed 
mediolaterally. A slight depression is present along the dorso-
lateral side of the bone (Fig. 13D). The olecranon process is 
extended posteriorly and relatively long. The trochlear notch 
is concave proximodistally. The medial and lateral coronoid 
processes bear oval facets for the humerus. A lateral radial facet 
is present below the lateral coronoid process. The medial radial 
facet, situated below the medial coronoid process is smaller 
than the lateral radial facet. A prominent ridge extends from 
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fig. 13. — Postcranial elements of Orolophus maldani (Lemoine, 1878) from the Paris Basin: A, B, left tibia (MNHN.PMT-112) in anterior (A) and posterior (B) 
views; C, D, right ulna (MNHN.F.PMT117) in lateral (C) and anterior (D) views; E, F, right humerus (MNHN.F.PMT115) in posterior (E) and anterior (F) views; G, right 
humerus (MNHN.F.PMT114) in anterior view; H, right astragalus (MNHN.F.PMT133) in anterior view; I, left astragalus (MNHN.F.PMT136 [reversed]) in anterior 
view; J, right calcaneus (MNHN.F.PMT123) in anterior view; K, L, left calcaneus (MNHN.F.PMT126 [reversed]) in anterior (K) and medial (L) views; M, N, right 
astragalus (MNHN.F.GR18005) in anterior (M) and posterior (N) views; O, P, right astragalus (MNHN.F.PMT134) in anterior (O) and posterior (P) views; Q, R, left 
metatarsal II (MNHN.F.PMT119) in anterior (Q) and posterior (R) views; S-U, right navicular (MNHN.F.PMT146) in dorsal (S), ventral (T) and medial (U) views; 
V, W, distal phalanx (MNHN.F.PMT142) in dorsal (V) and ventral (W) views; X, Y, distal phalanx (MNHN.F.PMT140) in dorsal (X) and ventral (Y) views; Z, A’, distal 
phalanx (MNHN.F.PMT139) in dorsal (Z) and ventral (A’) views; B’, C’, distal phalanx (MNHN.F.PMT137) in dorsal (B’) and ventral (C’) views; D’, E’, distal phalanx 
(MNHN.F.PMT141) in dorsal (D’) and ventral (E’) views. Scale bars: 1 cm.
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the lateral coronoid process and runs along the anterior border 
of the shaft. A second ridge extends along the shaft from the 
medial coronoid process.

Tibia. The proximal articular surface is triangular in dorsal 
view. The lateral condyle is slightly convexe and the medial 
condyle is more flat. The lateral intercondyloid eminence is 
slightly higher than the medial intercondyloid eminence. The 
diaphysis is slightly S-shaped in anterior view. The anterior 
tibial crest extends for about a third of the diaphysis. The distal 
end of the tibia has a medially extended medial malleolus and 
fovea on the mid-ventral surface (Fig. 13A, B). 

Calcaneus. This bone is elongated and medio-laterally flat-
tened (Fig. 13J-L). The distal part has a small, slightly concave 
astragalar facet. The sustentacular facet is rounded, slightly 
triangular. The proximal part of the ectal facet faces antero-
medially below the tuber. The distal part of the ectal facet is 
distally facing. The cuboid facet is concave transversely and 
slightly convexe anteroposteriorly.

Astragalus. The trochlea is well marked, slightly oblique 
proximo-distally (Fig. 13H, I). The trochlea does not reach 
the navicular facet. The articular facets are well defined. In 
posterior view, a small facet of articulation with the calcaneus 
is present distolaterally. The navicular facet is saddle-shaped. 
The sustentacular facet is slightly concave. The astragalus 
MNHN.F.PMT134 (Fig. 13O, P) is much larger and has worn 
facets, however it seems to display the same morphology. It 
could be a large individual, or possibly a different species of 
larger size so far only represented by postcranial material, the 
locality of Prémontré not having yielded fossils of large size. 
This astragalus is much smaller than that of Propalaeotherium 
gaudryi, the only contemporary larger hippomorph species.

Navicular. The articular facet with the astragalus is concave 
(Fig. 13S). The articular facets with the mesocuneiform and 
the ectocuneiform are connected (Fig. 13T). Two small fac-
ets of articulation with the cuboid are present on the lateral 
face. A small facet of articulation with the entocuneiform is 
present posteriorly.

Metatarsals. The metatarsal II is curved medio-distally 
(Fig. 13Q, R). Proximally, a mediolateral compression is pre-
sent. The proximal facet is slightly concave. Postero-medially 
on the proximal part, a small elliptical facet of articulation 
with the entocuneiform is present. The distal trochlea is asym-
metrical. The metatarsal III is long and straight. The distal 
articulation is keeled and symmetric in shape.

Distal phalanges. Median ungual phalanges: They are bifid, 
constricted latero-medially in the center (Fig. 13V-Y, D’, E’). 
The distal part bears two foramina in dorsal view, and a single 
foramen where the phalanx is constricted. In ventral view, 
the proximal part has two large foramina. The narrowest and 
longest phalanges might be attributed to fore limbs (Fig. 13V, 
W), and the widest and shortest to hind limbs (Fig. 13X, Y, 

D’-E’). On the hind limb phalanges, sometimes two foramina 
can be present on the distal part.

Lateral and medial ungual phalanges. They are bifid, constricted 
obliquely latero-medially. The distal part bears several foramina 
in dorsal view, and one in ventral view on the shortest side of 
the phalanx. In dorsal view, a foramen is present in the middle 
of the phalanx. The phalanx MNHN.F.PMT139 (Fig. 13Z, 
A’) is slightly shorter and wider than MNHN.F.PMT137 
(Fig. 13B’-C’). The former could belong to a hind limb, and 
the latter to a fore limb.

comparisons

There is no noticeable difference between the mandibles 
and lower dentition of Orolophus maldani and Pachynolo-
phus eulaliensis. On the other hand, the P2 displays closely 
appressed paracone and metacone, the metacone being 
sometimes indistinguishable due to wear, while these two 
cusps are more distant in P. eulaliensis. The postprotocrista is 
generally more developed on P3-4 of P. eulaliensis, although 
it varies in O. maldani. An entoconid is usually present on p4 
of P. eulaliensis, but sometimes it is absent. This entoconid 
is generally absent in O. maldani, although a cingular bulge 
is observable on some specimens. The lophodonty is less 
marqued than in Pachynolophus lavocati Remy, 1972 and in 
Pachynolophus livinierensis Savage, Russell & Louis, 1965. 
The metaconule of upper molars is more developed than in 
Pachynolophus duvali Pomel, 1847 and in P. livinierensis. The 
conules of upper molars and premolars are more developed 
than those of P. lavocati. Orolophus is much smaller than 
Pachynolophus cayluxi Filhol, 1888. The labial cusps of upper 
premolars of P. cayluxi are oriented slightly more lingually 
than those of Orolophus. The metaconule of upper molars 
is more developed in Orolophus than in “Hyracotherium” 
remyi Checa-Soler, 1997. The lophodonty of O. maldani 
is more developped than in Hallensia. The centrocrista of 
the upper molars are more flexed than in Pliolophus and 
Cymbalophus. The hypoconulid of the lower molars is linked 
to the hypolophid, whereas it is linked to the hypoconid 
in Cymbalophus and in most specimens of Pliolophus. The 
teeth are smaller than in Propalaeotherium gaudryi. 

comments on “ProPachynoloPhus levei”
P. levei has been described by Hooker (1994) on the basis 
of a maxilla with P3-M3 from Condé-en-Brie and three 
isolated teeth from Avenay and Sézannes-Broyes. The study 
of a large number of O. maldani specimens reveals that 
there is no difference between O. maldani and P. levei. The 
maxillary, holotype of the species, comes from the Levé 
collection, now lost, but two casts have been deposited at 
MNHN (MNHN.CB16165, Fig. 11S) and NHM (BMNH.
M49399). This poorly known species was hardly compa-
rable with O. maldani, which was poorly represented and 
described. The affinities of the two species have been dis-
cussed by Remy (2017), with the support of a phylogenetic 
analysis in which he coded several characters which differ 
between the two taxa. However, these differences appear 
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to fall in the range of intraspecific variability, observable 
with a larger sample: Character 8, lophodonty. P. gaudryi 
and O. maldani are coded with a higher degree of lopho-
donty than P. levei and P. remyi. But the observations do 
not indicate such a difference for P. levei, which present the 
same degree of lophodonty than O. maldani. Character 17, 
metaconule of P3. Absent in P. levei and weak in O. maldani. 
Observations on a large sample indicate that this trait varies 
from absent to present in O. maldani. Character 22, lingual 
cingulum of the P4. Continuous in P. levei and reduced to 
the level of protocone in O. maldani. This is a very variable 
character. Character 23, postero-lingual cingulum of P4. 
Distal expansion in O. maldani, absent in P. levei. This is 
also a very variable character. Character 26, position of the 
protocone on P4. Placed mesially in O. maldani, central in 
P. levei. This character can vary. Character 40, mesostyle. 
Absent in P. levei, sometimes present in O. maldani. This 
character from present to absent in Orolophus. Character 
41, morphology of the mesostyle. Linked to the previous 
character. Character 44, morphology of the lingual cingulum 
of the upper molars. Continuous in P. levei, interrupted in 
O. maldani. This character varies, as on premolars. Char-
acter 54, relative area M3 / M2. M3 <M2 for P. levei, and 
small difference in O. maldani. This requires to be testing 
on a large sample. Only a small sample of O. maldani were 
available to Remy (2017), which did not allow him to 
observe all the intraspecific variations of this species. The 
characters that differentiate O. maldani from P. levei (known 
from a few specimens; Hooker 1994) in the phylogenetic 
analysis of Remy (2017), are mainly related to the cingula 
which are variable structures, but also to characters coded 
according to states that would require the knowledge of the 
intraspecific variability, thus requiring a wide sampling (for 
example, characters 40 and 54).

Therefore, our observation of a larger population of Orolophus 
has demonstrated that the type of P. levei is included within 
the variability of O. maldani, and it is thus considered as a 
junior synonym of Orolophus maldani.

Family incertae sedis

Genre Hallensia Franzen & Haubold, 1986

Hallensia Franzen & Haubold, 1986: 37.

type species. — Hallensia matthesi Franzen & Haubold, 1986 by 
original designation.

incLuded species. — Hallensia parisiensis, Franzen, 1990; Hallensia 
louisi, Hooker, 1994.

emended diagnosis. — Perissodactyl of medium size (basicranium 
length: 175 mm) with brachyodont and bunolophodont dentition. 
Dental formula 3.1.4.3/3.1.4.3. Nasal incisure extending at the 
posterior border of the I3 alveolus. Upper molars with or without 
mesostyle and without postprotocrista. Strong cingula on upper 
molars. M3 with strong hypocone. Upper and lower M3 larger 
than M2. Lower molars without paraconid. Hypoconulid of m3 
relatively large.

comment

Hallensia is a perissodactyl with a very characteristic morphol-
ogy. This primitive morphology pushed Franzen & Haubold 
(1986) to classify it within the phenacodontid condylarths. 
The discovery of a complete skeleton of H. matthesi in Mes-
sel (Germany) indicates that it is a perissodactyl (Franzen 
1990), mostly because of the saddle-shaped navicular facet 
of its astragalus, a synapomorphic feature of perissodactyls 
(Radinsky 1966).

Hallensia parisiensis Franzen, 1990  
(Fig. 14)

Hallensia parisiensis Franzen, 1990: 193-195.

Propachynolophus gaudryi – Savage et al. 1965: 16, 19, 21 (partim), 
fig. 7.

Propachynolophus sp. – Louis et al. 1983: 12.

HoLotype. — NMB.TS-631, fragmentary maxillary with P4-M1.

paratype. — NMB.TS-367, fragmentary maxillary with DP2-DP3.

materiaL. — Condé-en-Brie: maxillary P3-M1 (R: MNHN-
CB1529); DP3 (R: MNHN-CB1557; L: IRSNB M 2304 [Lepage 
collection in Hooker 1994]); P2 (R: MNHN-CB1562).
Saint-Agnan: P2 (L: MNHN-STA636); m1/2 (R: MNHN-STA625-
L; L: MNHN-STA623-L).
Fossoy (MP 10): mandible p4-m3 (L: coll. Lhomme).

type LocaLity. — Monthelon (Marne, France), MP10.

distribution. — Condé-en-Brie (Marne, France), MP8-9; St 
Agnan, Monthelon (Marne, France), MP10.

emended diagnosis. — Well-developed paraconule and meta-
conule of upper premolars and molars; reduced parastyles; large 
lower molars; cingulums large and continuous.

differentiaL diagnosis. — Smaller species than H. matthesi. 
Conules more developed than in Cymbalophus, Pliolophus, Hyra-
cotherium and Orolophus. Teeth more rounded in occlusal view.

description

Teeth
The P2 is almost sub-circular in occlusal view (Fig. 14B). 
The parastyle is very small. The paracone and the metacone 
are close. The protocone is large and linked to the preparac-
rista by a well-developed protoloph. The cingulum forms a 
crest starting from the protocone and joining the metastyle. 
A small postprotocrista is present. The P3 is triangular in 
occlusal outine, and the cusps are rounded (Fig. 14A). The 
paracone and metacone are close. The protocone is large and 
the paraconule is a little smaller. The protoloph is interrupted 
before joining the preparacrista. The parastyle is very poorly 
developed. The P4 is triangular in occlusal view and is not 
molarized (Fig. 14A, F). The parastyle is absent (NMB.TS-631, 
Fig. 14F) or poorly developed (MNHN-CB1529, Fig. 14A). 
The paracone and the metacone are close and of the same size. 
The centrocrista is straight (Fig. 14A) or flexed labially with 
a faint rib mesostyle (Fig. 14F). The paraconule is almost as 
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developed as the main cusps. The protoloph joins the pre-
paracrista. A small metaconule can be present, connected to 
the protocone by the postprotocrista, as well as to the anterior 
part of the metacone (Fig. 14F), or very reduced (Fig. 14A). 
An endoprotocrista is present posterior to the protocone. The 
cingulum is continuous all around the tooth. The parastyle 
of M1 is absent (Fig. 14F) or poorly developed (Fig. 14A). 
The paraconule and the metaconule are present but much 
worn on the upper teeth. The centrocrista is labially flexed. 
A crest is present at the position of the mesostyle, it forms an 
extension of the premetacrista. The cingulum is interrupted 
lingual to the hypocone and labial to the paracone. 

The lower molars are wide, the lophs are well developed. The 
hypoconulid is linked to the hypoconid (MNHN-STA623, 
Fig. 14C) or hypolophid (MNHN-STA625; Fig. 14E). 
The metaconid is twinned. The cristid obliqua is oriented 
toward the center of the protolophid. The m3 has the same 
morphology as other molars, only the hypoconulid lobe is 
more developed (Fig. 14H). The hypoconulid is linked to the 
hypoconid by a postcristid. 

Deciduous teeth
DP1/P1: The first premolar is not known but the alveoli indicate 
a biradiculate tooth and a post-canine diastema of unknown 
length (Fig. 14G). The metacone of DP2 is much more worn 
than the paracone (Fig. 14G). The parastyle is developed and 
projected anteriorly. A protoloph runs from the preparacrista 
but is interrupted before joining the protocone. The protocone 
is shifted posteriorly and it is connected to the paracone by a 
crest. A small metaconule is present. The DP3 is sub-molariform 
(Fig. 14G). The parastyle is present. The centrocrista is straight 
(Fig. 14D) or labially flexed (Fig. 14G). The paraconule and 
the metaconule are very small. The protoloph is developed and 
joins the preparacrista. The metaloph is developed and joins 
the anterior side of the metacone without interruption. The 
hypocone is slightly larger than the protocone. The cingulum s 
is well marked, but it tends to become thinner or absent below 
the hypocone and paracone in some specimens (Fig. 14G).

comparisons

Hallensia parisiensis is larger than Cymbalophus, Pliolophus, 
Hyracotherium, O. maldani and Hallensia louisi, but smaller 
than Hallensia matthesi. The teeth have a typical inflated 
appearance, absent in other genera. The centrocrista of molars 
is slightly straighter than in Orolophus and Hyracotherium. A 
small-ridged mesostyle can be present, as in Hyracotherium, 
Orolophus and P.gaudryi. The postcristid of the lower molars 
presents the same morphology as in Pliolophus and Cymbalo-
phus. The labial cingulids are more developed in Hallensia. The 
third lobe of m3 is longer in Hallensia than in Cymbalophus. 
The cristid obliqua of m3 is more labial in C. cuniculus and 
Pliolophus than in H. parisiensis. 

comment

The fossils of Condé-en-Brie, St Agnan and Sézanne are 
slightly smaller than the holotype from Monthelon. The 
centrocrista is straight and the lophs are less developed than 

in the holotype. These features are more primitive than those 
of the type specimen. As this species is poorly known, the 
creation of a new species solely on the basis of the incomplete 
material is not sufficient at this point. In addition, these dif-
ferences could be due to intraspecific variation. This latter 
hypothesis is favoured and the fossils are therefore attributed 
to H. parisiensis.

Hallensia louisi Hooker, 1994  
(Fig. 15)

Hallensia louisi Hooker, 1994: 49.

Propachynolophus sp. – Teilhard de Chardin 1921: 69, fig. 33C, 
pl. 3, fig. 30. 

Hyracotherium [sic] – Teilhard de Chardin 1921: 52, fig. 26B. — 
Savage et al. 1965: 6-8, 10, 11, 13, figs 2d, f, i, j, 4f-h.

HoLotype. — MNHN-MU218-L, left M1/2.

paratypes. — MNHN-MU12371, right M3; MNHN-MU201-L, 
left M3; MNHN-MU221-L, left M3; MNHN-MU12303, right 
mandible with dp4-m2; MNHN-MU6283, right m1/2; MNHN-
MU12391, right m1/2, broken.

materiaL. — Avenay: Fragment of dentary and symphysis (L: 
MNHN-AV-841-Ph), m3 (L: MNHN-AV65519), M1/2 (R: 
MNHN-AV4770).
Condé-en-Brie: DP4 (R: MNHN-CB1588; L: MNHN-CB1574); 
M1/2 (L: MNHN-CB216, MCB0132, CB217 [broken]); M3 (R: 
MNHN-CB1568; L: MNHN-CB1560); m2 (L: MNHN-CB668); 
m3 (R: MNHN-CB4-CA; L: MNHN-CB224).
Gland: DP4 (R: MNHN-GLD216-L); M1/2 (R: MNHN-GLD281-
L).
Grauves: M3 (R: MNHN-GR7574).
Oosterzele: p4 (R: IRSNB.M 1862); m3 (L: IRSNB.M 1861) 
(Smith et al. 2004).

type LocaLity. — Mutigny (Marne, France), MP8+9.

distribution. —Mutigny (Marne, France), Condé-en-Brie (Aisne, 
France), Avenay (Marne, France), Gland, Oosterzele (Belgium) 
(MP8+9); Grauves (Marne, France) (MP10).

emended diagnosis. — Small species of Hallensia; small upper 
molar parastyle; m3 hypoconulid linked to the hypoconid; upper 
molar centrocrista more or less flexed, sometimes with a mesostyle; 
large cusps, with a “bloated” appearance.

differentiaL diagnosis. — Smaller than H. parisiensis and H. mat-
thesi; more bunodont than Cymbalophus, Pliolophus, Hyracotherium 
and Orolophus; differs from Orolophus by a hypoconulid linked to 
the hypoconid. Mandibular symphysis shorter and larger than in 
Cymbalophus and Pliolophus.

description

Teeth
The upper molars are bunodont or sub-lophodont, with 
(Fig. 15B) or without mesostyle (Fig. 15C, D). The parastyle 
is reduced, the cingulum is wider posteriorly. The metaloph 
is continuous or interrupted at the base of the metacone. 
The conules are developed and close to lingual cusps. The 
protocone is the largest cusp. The cingulum is crenellated, 
sometimes forming small cuspids. 
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The mandibular symphysis is short and broad (Fig. 15I, K). 
It extends posterior to the limit p2-p3. A diastema is present 
anterior to the p2, up to the large alveoli which probably 
correspond to canine alveoli. The most anterior cheek tooth 
still present is presumed to be a p2. Its occlusal outline is 
elongated oval, and the two roots are widely separated. This 
corresponds to the morphology generally observed for a p2, 
the p1 usually has fused roots. The shape of the bone seems 
to indicate that resorbed alveoli, which could correspond to 
the alveoli of the p1, are present just ahead of the p2. The 
large alveoli situated anteriorly are deep and vertical, which 
is probably the alveoli of canines. 

The m1-2 have a quite bunodont appearance, the cusps 
are very rounded (Fig. 15J). The paralophid is very short. 

The metaconid is twinned. The protolophid is notched. The 
hypolophid is either absent or very reduced. The hypoconulid is 
linked to the hypoconid by a postcristid when the hypolophid 
is absent; it is attached to the hypolophid when the latter is 
present. The cristid obliqua is poorly developed, it is oriented 
toward the base of the protolophid, in the middle. The labial 
cingulum is continuous. The labial sides of the protoconid 
and the hypoconid are very inclined (around 45°), whereas 
the lingual side of these cuspids is almost vertical. The m3 
is wide and bunodont (Fig. 15E, F). The paralophid is quite 
elongated. The metaconid is twinned. The protolophid and 
the hypolophid are moderately developed. The cristid obliqua 
is oriented toward the protolophid almost in the center of 
the tooth, slightly labially. The labial cingulum is continuous. 

A B C

D E

F G

H

fig. 14. — Teeth of Hallensia parisiensis Franzen, 1990 from the Paris Basin in occlusal view: A, right maxillary with P3-M1 (MNHN-CB1529); B, right P2 (MNHN-
CB1562); C, left m1/2 (MNHN-STA623 [reversed]); D, right DP3 (MNHN-CB1557); E, right m1/2 (MNHN-STA625); F, right maxillary P4-M1 (cast of holotype, 
NMB-TS-631); G, right maxillary with DP2-DP3 (cast of paratype, NMB-TS-367); H, right mandible with p4-m3 (coll. Lhomme). Scale bar: 5 mm.
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The hypoconid is linked to the hypoconulid by a postcristid 
which is lingually flexed. A small cusp is sometimes present 
on the lingual side of the hypoconulid.

Deciduous teeth
The DP4 is molarized and narrower posteriorly (Fig. 15A). 
The centrocrista is straight. The paraconule and the meta-
conule are developed. The parastyle is small. The metaloph 
ends with a metacone fold.

The dp4 seems to be molarized, and a wide entoconid is 
present (Fig. 15J). The labial wall of the cuspids is very steep. 
A small hypolophid seems to be present. The lingual and labial 
cusps are obliquely aligned. The cristid obliqua is oriented 
low, toward the center of the protolophid.

comparisons

The teeth are more bunodont than in other early Eocene 
perissodactyls. The species is smaller than H. parisiensis and 
H. matthesi. The junction of the lower molar hypoconulid is 
similar to that of Pliolophus quesnoyensis and Pliolophus barnesi. 
A small mesostyle is sometimes present, as in Orolophus maldani 
and Hyracotherium. The mandibular symphysis is shorter and 
more robust than in Pliolophus, Cymbalophus and P. gaudryi.

comment

Hallensia was first identified as a phenacodontid condylarth 
(Franzen & Haubold 1986). The discovery of a complete 
skeleton in Messel (Germany) revealed that Hallensia displays 
a saddle-shaped navicular facet of the astragalus which led 
Franzen (1990) to place it within perissodactyls. Bajpai et al. 
(2006) considered Hallensia as close to the Indian cambaytheres, 
which they considered as a perissodactyl family. Indeed, the 
genus Hallensia has many similarities with the cambaytheres, 
recently described in India (Bajpai et al. 2006; Cooper et al. 
2014; Rose et al. 2014). They notably have very bunodont 
teeth and a quasi-absence of lophs. The parastyles are very 
small or absent and the cingula are generally well developed. 
They mainly display the synapomorphy of the perissodactyls 
on the astragalus. Cambaytherium, however, has features found 
in phenacodonts but absent in perissodactyls and Hallensia, 
such as a developed deltopectoral crest and five metapodials 
per limb (Rose et al. 2014).

Hallensia also shows tooth wear that forms horizontal 
facets, as in Cambaytherium. This wear pattern is sometimes 
very pronounced (Fig. 15I). The bunodont morphology of 
the teeth, as well as this important wear pattern indicates a 
diet based on hard food. This is confirmed by the discovery 
of fine sand in the stomach contents of H. matthesi, as well 
as remnants of stems and few leaf remains (Franzen 1990). 
It probably had to feed on stems close to the ground, which 
explains the ingestion of clastic material such as sand.

The mandible attributed to H. louisi has very worn teeth. 
Hooker (1994) indicates that the anterior alveoli are those 
of p1. The shape of the bone, slightly “fenestrated” in front 
of the p2 seems however to indicate the presence of resorbed 
alveoli, which would correspond to the p1. In addition, the 
broad and deep shape of the alveoli is reminiscent to that of 

the canines of Hallensia matthesi, which are positioned quite 
vertically compared to European hippomorphs (Cymbalophus 
cuniculus, Pliolophus quesnoyensis). 

The size of Hallensia increases through time. Hallensia 
louisi (MP8-9, 10) is the oldest species and is very small, and 
H. parisiensis (MP8-9, 10), which first appeared slightly later 
has an intermediate size between H. matthesi and H. louisi. 
The largest Hallensia species, H. matthesi (MP11-13), is 
similar in size to Cambaytherium thewissi and smaller than 
Cambaytherium bidens.

Hallensia aff. louisi

Hallensia sp. – Smith & Hooker 1996: 120-121, fig. 1-2.

materiaL. — DP4 (R: IRSNB.M 1795); m1/2 (R: IRSNB.M 
1796 [broken]).

LocaLity. — Hoegaarden (Belgium), MP8-9.

description

Teeth
The upper molar cusps are rounded and inflated. The hypoco-
nulid is linked to the hypoconid by a postcristid. The hypolophid 
is weak.

Deciduous teeth
The DP4 parastyle is poorly developed. The paraconule and 
the metaconule are developed. The centrocrista is slightly 
flexed labially. The metaloph joins the metacone. The cingu-
lum runs on the anterior side of the hypocone. A small crest 
links the metaconule to the protocone.

comment

These remains are very fragmentary (Smith & Hooker 1996). 
The junction of the hypoconulid with the hypoconid of the 
molar indicate that it does not belong to the genera Cymba-
lophus and Orolophus. They correspond in size and morphol-
ogy to Hallensia louisi, presenting notably “blistered” cusps 
characteristic of Hallensia.

MORPHOLOGICAL EVOLUTION

evoLution of tHe morpHoLogy of cHeek teetH

During the Eocene, several evolutionary trends can be iden-
tified, as well as an increase in size through time. Premolars 
tend to become molarized, but this is true mostly after the 
early Eocene, no hypocone being present in the early Eocene 
species here studied (Fig. 16). The P2 tends to become more 
triangular in occlusal view with a larger protocone. The post-
protocrista and metaconules of P3-P4 are more developed in 
the youngest species (Orolophus maldani, Propalaeotherium 
gaudryi). Generally, the lophodont pattern of molars increases 
through time. The paraconule is always present but of variable 
size whereas the metaconule can be either present or absent. 
The centrocrista increases in height and becomes labially 
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p1 alveolus?

Canine
alveolus?

fig. 15. — Teeth of Hallensia louisi Hooker, 1994 from the Paris Basin in occlusal (A-J) and lateral (K) views: A, left DP4 (MNHN-CB1574); B, left M1/2 (holotype, 
MNHN-MU218-L); C, left M3 (paratype, MNHN-MU221-L); D, left M3 (MNHN-CB1560); E, right m3 (MNHN-AV5672 [reversed]); F, left m3 (MNHN-CB224 [re-
versed]); G, right M3 (MNHN-GR7574 [reversed]); H, right M3 (MNHN-CB1568 [reversed]); I, K, mandible (AV-841-Ph, coll. Phélizon); J, mandible with dp4-m2 
(paratype, MNHN-MU12303); A-H, J, coated with magnesium. Scale bars: 1 cm.
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flexed. The mesostyle tends to appear in the later genera with 
a flexed centrocrista (Hyracotherium, Hallensia, Orolophus). 

Concerning the lower molars, the junction of the hypoco-
nulid varies (Fig. 17). This cuspid can be connected to the 
hypoconid in the oldest species (Pliolophus quesnoyensis), 
but to the hypolophid in the most recent species (Orolo-
phus, Propalaeotherium), some species displaying both 
morphologies (Pliolophus barnesi). This evolution appears 
first on the m1-2, and then on the m3. The cristid obliqua 
generally joins the protolophid at its center, but exhibits 
more lingual variations over time, especially in Propalaeoth-
erium gaudryi. A twinned metaconid is generally observed 
in all the species of the early Eocene on lower molars. The 
twinned metaconid is absent on premolars in oldest species 
(P. quesnoyensis, C. cuniculus), but present on p4 in some 
specimens of P.barnesi, Hyracotherium, O. maldani and 

P. gaudryi. The entoconid on p4 is generally absent, but 
is sometimes present in P. gaudryi, and present as a small 
bulge in Orolophus.

We notice that Hallensia differs from the other perissodactyl 
genera by its bunodont morphology, which stays bunodont in 
H. matthesi from the Lutetian. The presence of clastic elements 
and sand in the digestive tube of H. matthesi (Franzen 1990) 
indicate that this pattern is probably related to a different 
feeding strategy than other perissodactyls, which consisted to 
ingest more clastic elements while eating close to the ground.

evoLution of tHe morpHoLogy of deciduous teetH

The morphology of deciduous teeth during the lower Eocene, 
tends to acquire a dental pattern similar to that of molars. 
The DP2 has a small bulge on the cingulum, not well-
developed lingual cusps in early Eocene species (Pliolophus 

Protocone HypoconeProtocone

Centrocrista

HypoconeProtocone

Parastyle Paracone Metacone

Postprotocrista

Paraconule

Parastyle

Paracone

P2

M3

P1

P2

P2

Cymbalophus hookeri

Pliolophus quesnoyensis

Orolophus maldani

Propalaeotherium gaudryi

M3

M3

M3

Protocone

Metaconule

Metaloph Protoloph

HypoconeProtocone

ParastyleCentrocrista

fig. 16. — Occlusal outlines of upper teeth of P. quesnoyensis Bronnert, Gheerbrant, Godinot & Métais, 2018 (combined MNHN-QNY2-2900, QNY2-2869, QNY2-
2867, QNY2-2858, QNY2-2852, QNY2-2815), O. maldani (Lemoine, 1878)  (combined MNHN-SLP-29-PE10, CB16165) and P. gaudryi (Lemoine, 1878)  (MNHN-
MA14948), showing the evolutionary trends in the early Eocene hippomorphs in Europe. Scale bars: 5 mm.
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quesnoyensis) (Fig. 18). In the more recent species (Hallen-
sia parisiensis), a small hypocone is present and a cingulate 
bulge (incipient protocone?) is present. Only Orolophus 
maldani has a distinct morphology of the DP2 on which 
the lingual cusps are absent and the metacone reduced. The 
parastyle of DP3 tends to be less projected anteriorly in 
more recent genera (Orolophus, Hallensia, Propalaeotherium) 
(Fig. 18). The centrocrista becomes increasingly higher 
and flexed through time, and the protocone, very reduced 
in older genera (Pliolophus, Cymbalophus), becomes larger. 
The conules and the lophs also become larger. The DP4 are 
generally molarized and follow the same pattern as that of 

molars (Fig. 18). The accessory cusp present on the lingual 
cingulum in Pliolophus, is absent in Orolophus. 

The crests of the dp2 become more developed through 
time. The morphology of the hypoconulid of dp3 and dp4 
is the same as that of molars (Fig. 19). This cuspid is iso-
lated or linked to the hypoconid in Pliolophus quesnoyensis, 
and connected to the center of the hypolophid in Orolo-
phus and Propalaeotherium. The lophs become higher and 
more developed during the Eocene. The morphology of the 
deciduous teeth of European hippomorphs (Pliolophus) in 
the early Eocene is very similar to that observed in North 
American Wasatchian equids (Rose et al. 2018). The DP2 

HypoconidProtoconid

Twinned metaconid

Cristid obliqua ParalophidProtoconid

Entoconid

Hypolophid

Protoconid
Metaconid

Cymbalophus hookeri

Pliolophus quesnoyensis

Orolophus maldani

Propalaeotherium gaudryi

m3
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Twinned metaconid
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p1

p4

p3

Posthypocristid Hypoconulid

fig. 17. — Occlusal outlines of lower teeth of P. quesnoyensis Bronnert, Gheerbrant, Godinot & Métais, 2018  (combined MNHN-QNY2-2637, 2633, 2560), 
O. maldani (Lemoine, 1878)  (combined MNHN-SLP-29-PE165, SLP-29-PE759, SLP-29-PE480) and P. gaudryi (Lemoine, 1878) (combined MNHN-AL5212, 
MA14902), showing the evolutionary trends in the early Eocene hippomorphs in Europe. Scale bars: 5 mm.



310 GEODIVERSITAS • 2023 • 45 (9) 

Bronnert C. & Métais G.

and DP3 have a large metacone which is separated from 
the paracone, the conules are developed and the lophs are 
well-marked. As in the American species, it is difficult to 
identify European species only by milk teeth. However, 
we can notice the more derived morphology of Orolophus, 
which possesses molarized DP2 with lingual cusps and well 
developed lophs, and DP3 which is very similar to DP4 
with its developed protocone and its parastyle lower than 
in Pliolophus (Fig. 18). There is a clear trend toward the 
molarization of deciduous teeth early Eocene European 

hippomorphs, as in the American Wasatchian equids (Rose 
et al. 2018). Likewise, the intraspecific variation is of the 
same range than that observed in American equids. The 
hypolophid exhibits variable development on lower decidu-
ous premolars, a feature found in early Eocene American 
equids (Rose et al. 2018).

Butler (1952a) identified three patterns of molarization 
of deciduous teeth in perissodactyls. In Ceratomorpha, the 
hypocone appears first, followed by the metacone, protocone 
and hypoconulid, and finally the metaconid and entoconid. 

Hypocone? HypoconeProtocone

Centrocrista

Accessory cusp

Hypocone

Protocone

Parastyle Paracone Metacone

Metaconule

Paraconule

Parastyle

Paracone

DP2

DP4

DP4

DP4

DP4

DP3

DP2

DP2
Cymbalophus hookeri

Pliolophus quesnoyensis

Orolophus maldani

Propalaeotherium gaudryi

fig. 18. — Occlusal outlines of upper milk teeth of P. quesnoyensis Bronnert, Gheerbrant, Godinot & Métais, 2018 (combined MNHN-QNY2-2840, 2883, 2903), 
O. maldani (Lemoine, 1878) (combined MNHN-SLP-29-PE1436 [reversed], SLP-29-PE100, SLP-29-PE1201) and P. gaudryi (MNHN-MTH53-L), showing the 
evolutionary trends in the early Eocene hippomorphs in Europe. Scale bars: 5 mm.
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In the equids and Brontotheriidae, the hypoconulid and 
metacone appear first, then the entoconid and hypocone 
and finally metaconid and protocone. European early hip-
pomorphs display a pattern similar to that of equids and 
brontotherids. However, the Palaeotheriidae display a different 
pattern of molarization that is similar to that of Phenaco-
dontidae, and in which the protocone becomes developed 
before the talonid, the metacone and the hypocone. 

Butler (1952b) considered Palaeotheriidae as a distinct 
family that retains condylarth features of the decidual 
dentition, and which can’t be derived from Hyracotherium 

(i.e. equids). However, he excluded Pachynolophus and 
Propachynolophus (i.e. O. maldani and P. gaudryi) from Pal-
aeotheriidae because of their molarization pattern close to 
the one of Hyracotherium, and considered them as derived 
from Hyracotherium (i.e. equids).

According to our observations, the European hippomorphs 
fall into the second category, corresponding to equids and 
brontotheriids. It is probable that this molarization pattern 
was primarily present in Europe (or before hippomorphs 
arrived in Europe) and persisted in America after a dispersal 
of European hippomorphs to America.

fig. 19. — Occlusal outlines of lower milk teeth of P. quesnoyensis Bronnert, Gheerbrant, Godinot & Métais, 2018  (combined MNHN-QNY2-2778, 2762), O. maldani 
(Lemoine, 1878) (combined MNHN-SLP-29-PE1355, SLP-29-PE2477) and P. gaudryi (Lemoine, 1878) (MNHN-CHO14801), showing the evolutionary trends in 
the early Eocene hippomorphs in Europe. Scale bars: 5 mm.
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differences between nortHern  
and soutHern europe

There are distinct morphological trends observed between the 
hippomorph species of northern and southern Europe. The 
perissodactyls from the base of the Eocene in southern Europe 
display a more derived morphology compared to the north-
ern species (well-marked lophodonty, hypoconulid reduced 
and linked to the hypolophid on m1-2, flexed centrocrista). 
Characters that are generally considered as more primitive 
(hypoconid-hypoconulid junction on lower molars, straight 
centrocrista on upper molars) are not present in Southern 
European species during the early Eocene (Cymbalophus 
hookeri, Godinot et al. 1987).

Species from southern Europe display a slightly smaller 
size than those from northern Europe at the beginning of 
the Eocene. This small size is observed in the localities of 
Palette (Parvagula, Pseudoparamys, Cymbalophus; Godinot 
et al. 1987) and Rians (Cymbalophus, Diacodexis, Amphiper-
atherium, Proviverra, Phenacolemur; Godinot 1981). Several 
mammalian genera have small representatives during or just 
after the PETM. These size changes are well documented 
in the Bighorn Basin (Wyoming, United States), where the 
phenacodontid condylarths Copecion and Ectocion become 
significantly smaller during the PETM interval, before return-
ing a pre-PETM size after this climatic event (Gingerich 1989, 
2003). Hyracotherium-like perissodactyls first appeared in 
North America in the Wa-0 with Sifrhippus sandrae, which is 
very small compared to the much larger Arenahippus grangeri 
(Wa-1-3) and Arenahippus aemulor (Wa-3). A warm climate 
could explain the small size of early Eocene species, especially 
in southern Europe. Following the Bergmann’s law (Bergmann 
1847; Ashton et al. 2000), the size of a species increases in 
a cool climate, and decreases in warmer climates. However, 

Gingerich (2003) suggests that this may not be the only 
factor to explain the small size observed in earliest Eocene 
mammals (Wa-0), and that the quality of food may have had 
an influence on size (Case 1979). Indeed, high atmospheric 
CO2 levels increase photosynthesis and inhibit the digest-
ibility of plants by herbivores (Fajer et al. 1989; Kinney et al. 
1997; Tuchman et al. 2002). This hypothesis remains to be 
tested in mammals. All the European hippomorph species 
of the earliest Eocene have a small size, especially the oldest 
(C. hookeri, C. cuniculus, P. quesnoyensis). Later in the early 
Eocene, the size of the species increases through time, Pro-
palaeotherium being larger than genera known in the earliest 
Eocene (Figs 20-22).

intra-european dispersaLs

Differences at the specific level are observed between northern 
and southern Europe perissodactyls at the beginning of the 
Eocene (MP7, Table 1). However, there is a homogenization 
of species between northern and southern Europe at MP8-9. 
These observations corroborate those made for other group 
such as mesonychids (Solé et al. 2017). Plaziat (1977) noticed 
a southward migration of continental molluscs suggesting 
a substantial cooling during the Thanetian followed by a 
return of these molluscan faunas to the North during the 
early Eocene warming. This climatic zonation between the 
North and South of Europe is consistent with the pollens, 
which indicate warming with tropical to subtropical vegetation 
in the South at the lower Ilerdian while this phenomenon 
occurs later (upper Sparnacian) in the Paris Basin (Gruas-
Cavagnetto 1991). As no physical barrier (sea, mountain, 
etc.) were present between these two regions, the hypothesis 
of a climate barrier is currently favoured. A latitudinal gradi-
ent of the climate could indeed explain why certain groups 

table 1. — Occurrences of European perissodactyls during the early Eocene in France and Northern Europe. Palette (Godinot et al. 1987), Fordonnes (Marandat 
1997), Rians (Godinot 1981), Sainte-Eulalie (Danilo et al. 2013). Colours: pink, Southern France; light-blue, Paris Basin s.l.; dark-blue, Paris Basin s.s.
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Cymbalophus cuniculus (Owen, 1842) – – aff. × × – – – – – – – – – – – – – aff. – – – – –
Cymbalophus hookeri Godinot, Crochet, 

Hartenberger, Lange-Badré, Russell, Sigé, 1987
× × – – – – – – – – – – – – – – – – – – – – – –

Sifrhippus sandrae (Gingerich, 1989) – – – cf. – – – – – – – – – – – – – – – – – – – –
Pliolophus quesnoyensis Bronnert, Gheerbrant, 

Godinot & Métais, 2018
– – – – – × × × × – – – – – – – – – – – – – – –

Pliolophus barnesi Hooker, 2010 – – – – – – – – – × × × – – – – – – – – – – – –
Pliolophus vulpiceps Owen, 1858 – – – – – – – – – – – – × – – – – – – – – – – –
Hyracotherium leporinum Owen, 1841 – – – – – – – – – – – – – – × – × × – – – – – ×
Hallensia louisi Hooker, 1994 – – – – – – – – – – – – – – – × × × × × – – × –
Hallensia parisiensis Franzen, 1990 – – – – – – – – – – – – – – – – – – × – – × × –
Pachynolophus eulaliensis Danilo, Remy,  

Vianey-Liaud, Marandat, Sudre & Lihoreau, 2013
– – – – – – – – – – – – – × – – – – – – – – – –

Orolophus maldani (Lemoine, 1878) – – – – – – – – – – – – – – – – – – × × × × × ×
Propalaeotherium gaudryi (Lemoine, 1878) – – – – – – – – – – – – – – – – – – – – – × × –
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subservient to a less warm and wetter climate (pantodont, 
plesiadapids, arctocyonids...) did not colonize the South of 
Europe, which was probably warm and dry around MP7 
(Marandat 1997; Marandat et al. 2012). The perissodactyls 
of the MP8-9 faunas from southern France such as Sainte-
Eulalie (Danilo et al. 2013) and La Borie (pers. obs.) are very 
close morphologically or similar to those of Condé-en-Brie, 
Sézanne-Broyes and Saint-Agnan in the Paris Basin. This added 
to the generic turnover between the MP7 and MP8-9 sites 
(Table 1) indicates that at the end of the Sparnacian there 
was a faunal turnover and a homogenization of perissodactyl 
faunas between northern and southern Europe.

inter-continentaL dispersaLs

The dispersal pathways of terrestrial vertebrates have long 
been debated. Godinot & Lapparent de Broin (2003), 
Hooker & Dashzeveg (2004) and Smith et al. (2006) have 
suggested that dispersals of modern mammalian orders at 
the Paleocene-Eocene boundary occurred between Asia 
and Europe, and then to North America. Beard & Dawson 
(1999) and Beard (2008) propose that the first Paleocene-
Eocene dispersions occurred from Asia to North America 
before dispersal in Europe.

Godinot (1981) and Hooker (1980, 2015) suggested 
a dispersal from Europe to North America based on the 
artiodactyl Diacodexis and perissodactyls, respectively. This 
hypothesis has been questioned after the discovery of the 
primate Cantius torresi in North America, which appears 
more primitive than the European species Cantius eppsi, 
and therefore suggests a dispersal from America to Europe 
for primates, and probably for other groups of mammals 
(Gingerich 1986, 1989, 1991). 

The identified symplesiomorphies (hypoconid-hypoconulid 
junction on lower molars, straight centrocrista on upper 
molars) in European hippomorphs suggest that the first dis-
persals could have occurred from Europe to North America 
for hippomorphs (Bronnert et al. 2018). The European 
and North American perissodactyls each display a strong 
endemism from the base of the Eocene. Froehlich (2002) 
suggested that Hyracotherium leporinum from the MP8-9 
of England may be the most basal paleotheriid that diversi-
fied subsequently and exclusively in Europe, whereas equids 
would have originated and diversified in North America 
during the early Eocene. Unlike the basal paleotheriids, the 
P2 of Hyracotherium leporinum lacks the lingual cusps as in 
most basal equids in North America, suggesting that this 
taxon might be a North American equid not closely related 
to European paleotheriids. Bai (2017) reported paleotheri-
ids from the middle Eocene of China suggesting at least 
intermittent exchanges between Europe and Asia during the 
early and/or middle-late Eocene. Hippomorphs have long 
been considered as absent in Asia during the early Eocene. 
The earliest occurrence of hippomorphs in Asia is docu-
mented by the basal equid Erihippus tingae Bai, Wang & 
Meng, 2018 from the earliest Eocene Lingcha Formation 
in Southern China (Bai et al. 2018). However, the validity 
of the genus should be questioned. Erihippus is not based 

on new material, but on the reinterpretation of dental 
material previously referred to Orientolophus hengdonghensis 
(Ting 1993). Erihippus is based on two specimens, a maxil-
lary (DP4-M2) and a mandible (m1-m3) while the third 
specimen, a maxillary (DP4-M2), was left under the genus 
Orientolophus. The dental characters that supposedly serve 
to distinguish the two genera are not clearly discernable 
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because of the wear of the teeth. For example, the relative 
size of the paraconules and metaconules on the DP4 and 
molars in Erihippus and Orientolophus is not obvious on the 
published material. Likewise the orientation of the metal-
oph at the base of the metacone might result from wear or 
intraspecific variation (Bronnert et al. 2018). Moreover, the 
relative position (separation) of the paracone and metacone 
on upper DP4 and molars is not significantively different. 
On the lower molars, the labial orientation of the cristid 
obliqua is rather a character that distinguishes tapiromorph 
(Wood, 1934). The differences seem too weak to create two 
species, moreover belonging to different suborders. These 

remains are poorly known, and display features of both hip-
pomorphs (poorly developed lophodonty, small parastyle) 
and tapiromorphs (labial cristid obliqua, reduced conules). 
Consequently, Erihippus is currently an insufficiently defined 
genus, and if valid, its affinities with hippormorphs are not 
clearly demonstrated. Bai et al. (2018) suggest that hip-
pomorphs may have originated in Europe on the basis of 
ancestral reconstruction of geographic distribution. This 
favour the hypothesis of Hooker (2015), which supposed 
a late Paleocene age for Le Quesnoy (Paris Basin). There is 
currently no basis to demonstrate a late Paleocene age for 
Le Quesnoy, an interval which is otherwise documented 
in that basin by the fossil locality of Rivecourt (Smith 
et al. 2014) where no perissodactyls have been reported. 
However, the early hippomorphs from the early Eocene of 
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Europe display a more primitive morphology than that of 
North American equids (Bronnert et al. 2018) suggesting 
that hippomorphs originated in the Old World, probably 
during the late Paleocene. 

CONCLUSIONS

The study of early Eocene perissodactyls allows identification 
of nine hippomorph species in the Paris Basin during the Early 
Eocene (MP7 to MP10) (Table 1). The new material from 
various localities provide better documentation of otherwise 
poorly known species, such as Hallensia louisi and Hallensia 
parisiensis. The numerous fossils from MP10 localities allow 
us to refine the definition of Propalaeotherium gaudryi and 
Orolophus maldani as well as their variability, which have been 
little studied and figured. The fossils make possible observation 
of the morphological evolution of European hippomorphs 
during the early Eocene, especially the increase of the flexure 
of the upper molar centrocrista, the lingual cristid obliqua and 
the junction of the hypoconulid with the hypolophid on the 
lower molars. At the very beginning of the Eocene (MP7), 
there are differences between the faunas of Southern and 
Northern Europe. These faunas become homogenized in the 
sites related to the MP8-9, and a generic turnover takes place. 
The genera Pliolophus and Cymbalophus (MP7) are replaced 
by the genera Hyracotherium, Orolophus and Hallensia (MP8-
10), with persistence of Cymbalophus, known from two sites 
related to the MP8-9. It appears that all perissodactyl groups 
appear very early in the early Eocene, as do other groups of 
mammals (e.g., artiodactyls, see Gingerich 2006), followed 
by rapid dispersal throughout the Northern Hemisphere from 
Asia. The fossil record of Asia is very scarce, it is possible that 
hippomorphs were present very early in the Eocene in Asia, 
even in the Paleocene. Dispersals between Europe and North 
America occurred very early during the early Eocene, resulting 
in groups of endemic hippomorphs on these two continents: 
equids in North America and palaeotheres in Europe.
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appenDix 1. — Measurements (in mm) of the early Eocene perissodactyl fossils from the Paris Basin. Abbreviations: L, length; W, width. *, worn specimens with 
approximative measurements.

Specimen Anatomy L W

MNHN-PY-34-Cn p3 6.4 3.6
MNHN-PY-45-L p3 6 3.9
MNHN-PY-20-Ph p4 6.1 4.2
MNHN-PY-43-L m3 10.5 5.5
MNHN-PY-15715 P2 5.2 4.6
MNHN-PY-unnumbered P4 6.2 7.6
MNHN-PY-46-L M1 6 7.5
MNHN-PY-133-L M1 6.2 7.8
MNHN-PY-146-LX M1-2 7.2 8.8
MNHN-PY-39-L M3 7.2 9
MNHN-PY-40-L M3 8 9
MNHN-PY-41-L M3 8 9.8

Pliolophus barnesi Hooker, 2010 Pliolophus quesnoyensis  Bronnert, Gheerbrant, Godinot & 
Métais, 2018

Hallensia louisi  Hooker, 1994

Hyracotherium leporinum Owen, 1841

Hallensia parisiensis Franzen, 1990

Specimen Anatomy L W

MNHN-ME-16322 m1-2 6 5
MNHN-SY-5-De P3 6 6.8
MNHN-TRY23 M1-2 7.5 8.5
MNHN-TRY9 M1-2 6.8 8
MNHN-TRY11 M1-2 7 8.5
MNHN-TRY17-L M1-2 7 8
MNHN-ME16325 M1-2 7.5 8.5
MNHN-SY-4-De M2 7.5 9
MNHN, coll. Berton M3 6.5 7.5
MNHN-TRY8 M3 7 8

Specimen Anatomy L W

MNHN-MU6283 m2 7 6
MNHN-MU12303 m1 7 5.8
MNHN-MU12303 m2 8 6.5
MNHN-AV-841-Ph m1 8 6
MNHN-AV-841-Ph m2 9 6.8
MNHN-CB1588 DP4 6.1 6.9
MNHN-MU218-L M1-2 8 10
MNHN-CB216 M1-2 7 9.5
MNHN-CB1574 M1-2 6.5 8.1
MNHN-CB1568 M3 7 7.5
MNHN-MU221-L M3 8 9
MNHN-MU12371 M3 8 9.5
MNHN-CB1560 M3 7.5 9

Specimen Anatomy L W

MNHN-CB1529 M1 8.2 9
MNHN-STA623 m1-2 9.5 7.5
MNHN-STA625 m1-2 9.5 7
MNHN-CB1529 P3 8 8.5
MNHN-CB1529 P4 8 9.2
MNHN-CB1562 P2 7 7
MNHN-CB1557 dP3 8 7.8
MNHN-STA636 dP2 7.5 5.6
NMB.TS-631 P4 9 10.5
NMB.TS-631 M1 9.2 11.2
NMB.TS-367 dP2 7.9 6.8
NMB.TS-367 dP3 9 9

Specimen Anatomy L W

SLP-29-PR-1906 m3 9 5

Cymbalophus cuniculus (Owen, 1842)

Specimen Anatomy L W

MNHN-MU12300 dp4 6.9 4.8
MNHN-MU5640 p3 6.1 3.8
MNHN-MU6574 p4 6.7 4.9
MNHN-MU12378 m3 9 6
MNHN-MU14684 DP3 6.3 5.8
MNHN-AV65512 P4 6 7.1
MNHN-AV65514 M1 6.3 7.2
MNHN-MU17167 M1-2 7.2 9
MNHN-MU192-L M1-2 7.2 10
MNHN-MU220-L M1-2 7 8.5
MNHN-MU222-L M1-2 7 9
MNHN-AV1012-L M1-2 7.5 9
MNHN-MU220-L M1-2 7 8.5
MNHN-MU222-L M1-2 7 9
MNHN-AV1012-L M1-2 7.5 9
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appenDix 1. — Continuation.

Orolophus maldani (Lemoine, 1878)

Specimen Anatomy L W

MNHN-SLP-29-PR-1467 dp2 5 2.2
MNHN-SLP-29-PR-1467 dp3 6.1 3.5
MNHN-GR7808 dp3 6.3 3.2
MNHN-GR7807 dp3 6.5 4
MNHN-CB572 dp3 6.2 3.2
MNHN-CB312 dp3 5.8 3
MNHN-CB197 dp3 7.6 3.8
MNHN-CB196 dp3 6.9 3.6
MNHN-CB199 dp3 6.3 3.5
MNHN-SEZ349 dp3 7.8 4.1
MNHN-SLP-29-PR-1355 dp3 7 4
MNHN-GR180 dp3 10.9 6.2
MNHN-SLP-29-PR-113 dp3 7 3.9
MNHN-SLP-29-PR-1818 dp3 7 3.2
MNHN-SLP-29-PR-966 dp3 6.8 4
MNHN-SLP-29-PR-263 dp3 6.7 3.3
MNHN-SLP-29-PR-1143 dp3 7 4
MNHN-SLP-29-PR-1983 dp3 6.2 3.2
MNHN-SLP-29-PR-868 dp3 6.9 3.8
MNHN-SLP-29-PR-303 dp3 7.5 4.1
MNHN-SLP-29-PR-103 dp3 7 3.8
MNHN-SLP-29-PR-878 dp3 6.9 3.6
MNHN-SLP-29-PR-58 dp3 7 3.9
MNHN-SLP-29-PR-1057 dp3 6.5 3.5
MNHN-SLP-29-PR-1012 dp3 7 4
MNHN-SLP-29-PR-1919 dp3 7 3.5
MNHN-SLP-29-PR-1562 dp3 6.8 4
MNHN-PRE244 dp3 6.9 3.8
MNHN-SLP-29-PR-3022 dp3 7 4
MNHN-PRE997 dp3 6.8 3.8
MNHN-PRE247 dp4 6.1 4
MNHN-PRE242 dp4 7 4.6
MNHN-CB1576 dp4 6.7 4.8
MNHN-CB1587 dp4 8 5
MNHN-SLP-29-PR-1552 dp4 6.8 4.8
MNHN-SLP-29-PR-624 dp4 6.8 4.8
MNHN-SLP-29-PR-669 dp4 6.8 5.2
MNHN-SLP-29-PR-392 dp4 6.4 4.1
MNHN-SLP-29-PR-1382 dp4 6.5 4.2
MNHN-SLP-29-PR-1048 dp4 6.5 4.5
MNHN-SLP-29-PR-856 dp4 6.4 4.1
MNHN-SLP-29-PR-88 dp4 6.7 4.5
MNHN-SLP-29-PR-2477 dp4 7.1 5
MNHN-SLP-29-PR-1024 dp4 6.9 4.2
MNHN-SLP-29-PR-488 dp4 6.2 4.8
MNHN-SLP-29-PR-1026 dp4 6.9 4.8
MNHN-SLP-29-PR-3026 dp4 6 3.9
MNHN-SLP-29-PR-1467 dp4 6.1 4.1
MNHN-SLP-29-PR-165 p2 5.9 3.2
MNHN-SLP-29-PR-772 p2 6.4 4
MNHN-SLP-29-PR-1499 p2 5.6 2.9
MNHN-SLP-29-PR-1180 p2 5.3 3
MNHN-SLP-29-PR-180 p2 6.2 3.6
MNHN-CB219 p2 5.9 3
MNHN-CB1594 p2 5.5 3.3
MNHN-CB4702 p2 6 3.2
MNHN-CB669 p2 6.5 3.9
MNHN-SEZ312 p3 6.2 3.9
MNHN-CB1600 p3 7 4.2
MNHN-CB0193 p3 6.3 3.8
MNHN-CB1580 p3 6.8 4.1
MNHN-CB1592 p3 5.7 3.1
MNHN-CB4700 p3 6.9 4.8
MNHN-SLP-29-PR-1362 p3 6 4
MNHN-SLP-29-PR-1459 p3 6.2 4.1
MNHN-SLP-29-PR-1472 p3 6.2 3.9
MNHN-SLP-29-PR-759 p3 6.5 4.1
MNHN-SLP-29-PR-1474 p3 5.9 3.9

Specimen Anatomy L W

MNHN-SLP-29-PR-17 p3 6 3.3
MNHN-SLP-29-PR-1214 p3 6 3.6
MNHN-CB1599 p4 7 5.1
MNHN-MA2-L p4 6.1 4.9
MNHN-GR10773 p4 6.3 5
MNHN-SEZ351 p4 6.3 4.9
MNHN-SEZ353 p4 6.1 4.6
MNHN-SEZ346 p4 6.9 5
MNHN-SEZ313 p4 7 5
MNHN-SLP-29-PR-1362 p4 6.1 5
MNHN-SLP-29-PR-596 p4 7 5.1
MNHN-SLP-29-PR-1325 p4 6.3 4.5
MNHN-SLP-29-PR-763 p4 6.5 4.9
MNHN-SLP-29-PR-719 p4 6.3 4.6
MNHN-SLP-29-PR-745 p4 6.5 4.5
MNHN-SLP-29-PR-770 p4 7 5
MNHN-SLP-29-PR-1949 p4 6.3 4.9
MNHN-SLP-29-PE 480 m1 7 5.2
MNHN-SLP-29-PE 584 m1 7.5 5
MNHN-SLP-29-PE 1467 m1 6.5 5
MNHN-SEZ314 m1 8 6
MNHN-MA2-L m1 7.5 5
MNHN-AL5204 m1 7 5
MNHN-AL5201 m1 7 5
MNHN-MA14792 m1 8 6
MNHN-AL5199 m2 10 5.2
MNHN-MA14792 m2 8 6
MNHN-GR10773 m2 7.5 6
MNHN-AL5204 m2 7 5
AT2-0010 m2 8.5 6.5
MNHN-SEZ315 m2 9 7
MNHN-SLP-29-PE 480 m2 7 5.5
MNHN-SLP-29-PE 1467 m2 7 5.8
MNHN-SLP-29-PE 1553 m2 8 5.5
MNHN-GR49-L m1-2 8.5 7
MNHN-CB4688 m1-2 7.2 5.2
MNHN-CB4703 m1-2 8.8 6.2
MNHN-CB4686 m1-2 8.5 6.5
MNHN-M.CB0198 m1-2 8.5 6.2
MNHN-CB1584 m1-2 8 5.5
MNHN-CB1590 m1-2 9 6.1
MNHN-M.CB0038 m1-2 7.8 5.5
MNHN-CB4701 m1-2 8 5.5
MNHN-GR44-L m1-2 8 6
MNHN-GR7383 m1-2 8 6.5
MNHN-MA14763 m1-2 8.5 6.2
MNHN-AL5199-2 m1-2 7 5.5
MNHN-CUI14760 m1-2 7.8 5.2
MNHN-B6-L m1-2 7 6
MNHN-GR10229 m1-2 8 5.5
MNHN-MA14762 m1-2 8 5.5
MNHN-CUI14758 m1-2 7 5
MNHN-GR178 m1-2 6.2 4.5
MNHN-GR10235 m1-2 8 6
MNHN-CB1598 m1-2 8 5.5
MNHN-CB1579 m1-2 9 6.1
MNHN-CB1593 m1-2 7.2 5.2
MNHN-CB4757 m1-2 9 6.8
MNHN-CB4687 m1-2 7.8 5.5
MNHN-CB918 m1-2 9 6.5
MNHN-CB223 m1-2 7.5 5
MNHN-M.CB295 m1-2 8 6
MNHN-SEZ7336 m1-2 8 5.5
MNHN-SEZ352 m1-2 8.1 6.2
MNHN-SEZ326 m1-2 9.2 6.8
MNHN-STA624 m1-2 8.2 5.8
MNHN-STA657 m1-2 8 5.5
MNHN-STA628 m1-2 7.2 5
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Specimen Anatomy L W

MNHN-STA629 m1-2 8 6
MNHN-STA630 m1-2 7.5 5.5
MNHN-SLP-29-PE 1320 m1-2 7 5
MNHN-SLP-29-PE 1375 m1-2 7 5
MNHN-SLP-29-PE 1848 m1-2 7 5.1
MNHN-SLP-29-PE 669 m1-2 6.9 5.2
MNHN-SLP-29-PR 2477 m1-2 7.2 5
MNHN-SLP-29-PE 730 m1-2 7.2 5.2
MNHN-SLP-29-PE 757 m1-2 7.2 5.2
MNHN-SLP-29-PR 3106 m1-2 7.8 5
MNHN-PRE245 m1-2 7.2 5.8
MNHN-SLP-29-PE 827 m1-2 7.6 5.5
MNHN-PRE243 m1-2 8 5.5
MNHN-SLP-29-PE 1340 m1-2 8 5.5
MNHN-SLP-29-PE 1406 m1-2 8 5.5
MNHN-SLP-29-PE 951 m1-2 8 5.5
MNHN-SLP-29-PE 1177 m1-2 8 5.5
MNHN-SLP-29-PE 694 m1-2 8 5.6
MNHN-SLP-29-PE 768 m1-2 8 5.8
MNHN-SLP-29-PE 1069 m1-2 8 6
MNHN-SLP-29-PE 22 m1-2 8.1 6
MNHN-GR10773 m3 10.5 5.5
MNHN-AT2-0010 m3 12 7
MNHN-AL6546 m3 11.8 6
MNHN-Lyon 4041 m3 11 6
MNHN-MA14792 m3 10.5 6
MNHN-GR22-L m3 11 6
MNHN-GR63 L m3 9.5 5
MNHN-CB4704 m3 11 6
MNHN-CB1571 m3 10 5.5
MNHN-SEZ316 m3 11.5 6.2
MNHN-SEZ329 m3 11.5 6.5
MNHN-STA626 m3 11 6
MNHN-SLP-29-PR 3211 m3 10.5 5.5
MNHN-SLP-29-PE 48 m3 10.8 6
MNHN-SLP-29-PE 693 m3 11 6
MNHN-SLP-29-PE 1317 m3 10.2 5.5
MNHN-SLP-29-PE 1410 m3 9.9 5.8
MNHN-SLP-29-PE 1306 m3 12.2 6
MNHN-SLP-29-PE 1906 m3 9 5
MNHN-SLP-29-PR 1990 m3 10 6
MNHN-SLP-29-PR 1954 m3 12 6
MNHN-PRE861 m3 11 6
MNHN-SLP-29-PE 1553 m3 10 5.2
MNHN-SLP-29-PE 480 m3 10 5.5
MNHN-SLP-29-PR-950 DP2 6 3.8
MNHN-SLP-29-PR-631 DP2 5.9 3.9
MNHN-SLP-29-PR-1436 DP2 6.1 4
MNHN-SLP-29-PR-1475 DP2 6.3 4.5
MNHN-SLP-29-PR-717 DP2 5.9 4
MNHN-SLP-29-PR-44 DP2 6 3.8
MNHN-SLP-29-PR-1070 DP2 6 4.1
MNHN-PRE448 DP3 6.6 5.9
MNHN-GR7825 DP3 7 6.8
MNHN-CB4915 DP3 6.8 6.5
MNHN-CB4705 DP3 7 6.7
MNHN-CB0001C DP3 7.2 7.1
MNHN-CB1595 DP3 6.6 6.2
MNHN-CB1530 DP3 7.3 7
MNHN-GR242 DP3 7.2 6.7
MNHN-GR187 DP3 8 7.6
MNHN-GR175 DP3 6.9 6.5
MNHN-SLP-29-PR-2049 DP3 6.5 6
MNHN-SLP-29-PR-1243 DP3 6.9 6.9
MNHN-SLP-29-PR-1973 DP3 6.9 6.5
MNHN-SLP-29-PR-45 DP3 6.5 6
MNHN-SLP-29-PR-67 DP3 6 5.8
MNHN-SLP-29-PR-1728 DP3 6.8 6

Specimen Anatomy L W

MNHN-SLP-29-PR-1004 DP3 6.5 6.1
MNHN-SLP-29-PR-1560 DP3 6.3 6.1
MNHN-SLP-29-PR-742 DP3 7 6.5
MNHN-SLP-29-PR-100 DP3 6.2 6
MNHN-SLP-29-PR-803 DP3 6.5 6.1
MNHN-SLP-29-PR-1863 DP3 6.2 6
MNHN-GR242 DP3 7.2 6.7
MNHN-GR187 DP3 8 7.6
MNHN-GR175 DP3 6.9 6.5
MNHN-PRE996 DP3 6 6
MNHN-CB1530 DP4 7.2 8.1
MNHN-GR7889 DP4 6.4 4.2
MNHN-GR7809 DP4 6.1 4.1
MNHN-SLP-29-PR-1928 DP4 6.9 7.5
MNHN-SLP-29-PR-1201 DP4 7 7
MNHN-SLP-29-PR-1703 DP4 7.5 8.5
MNHN-SLP-29-PR-150 DP4 6.5 7.3
MNHN-SLP-29-PR-1998 DP4 6.2 6.6
MNHN-SLP-29-PR-1358 DP4 6.2 6.9
MNHN-SLP-29-PR-1275 DP4 6.2 6.9
MNHN-SLP-29-PR-807 DP4 6.5 7.9
MNHN-SLP-29-PR-1473 DP4 6.5 4.5
MNHN-SLP-29-PR-2044 DP4 6.8 3.8
MNHN-SLP-29-PR-185 DP4 6 4.1
MNHN-SLP-29-PR-879 DP4 6.1 4.2
MNHN-SLP-29-PR-3287 DP4 6 7
MNHN-SLP-29-PR-3289 DP4 6.3 7.2
MNHN-SLP-29-PR-3077 DP4 6.1 7
MNHN-PRE1064 DP4 6.5 7.5
MNHN-SLP-29-PR-1559 P1 5.5 2.4
MNHN-MA14948 P1 6.5 4.1
MNHN-SLP-29-PR-1296 P1 4.1 2.3
MNHN-SLP-29-PR-1296 P2 5.2 4.9
MNHN-SLP-29-PR-1421 P2 5 4.8
MNHN-SLP-29-PR-10 P2 5.2 4.5
MNHN-SLP-29-PR-2388 P2 5.5 5
MNHN-MA14948 P2 7.8 8.2
MNHN-SEZ359 P2 5.8 3.9
MNHN-CB1582 P2 5.5 5
MNHN-CB1591 P2 6.1 4.6
MNHN-CB1586 P2 5.7 4.1
MNHN-GR7803 P2 5 4.2
MNHN-GR7803 P2 5 4.2
MNHN-MA14948 P3 8.3 10.2
MNHN-SEZ347 P3 6.5 7.1
MNHN-SEZ268 P3 6.1 7.1
MNHN-CB1569 P3 6.1 6.5
MNHN-CB16165 P3 6.5 7.1
MNHN-SLP-29-PR-2388 P3 5.3 6.5
MNHN-SLP-29-PR-1953 P3 6.5 6.2
MNHN-SLP-29-PR-1914 P3 5.8 6.5
MNHN-SLP-29-PR-252 P3 5.5 6.2
MNHN-SLP-29-PR-12 P3 6.2 6.8
MNHN-SLP-29-PR-254 P3 5.9 6.6
MNHN-SLP-29-PR-1896 P3 5.9 6.2
MNHN-SLP-29-PR-731 P3 5.5 6.2
MNHN-SLP-29-PR-1971 P3 6.1 6.3
MNHN-SLP-29-PR-590 P3 6.1 6.2
MNHN-SLP-29-PR-678 P4 5.9 8
MNHN-SLP-29-PR-741 P4 6 7.5
MNHN-SLP-29-PR-622 P4 5.9 7.4
MNHN-SLP-29-PR-2388 P4 5.8 7.8
MNHN-SLP-29-PR-480 p4 6.4 4.5
MNHN-CB16165 P4 6.8 8.5
MNHN-GR7402 P4 6 7.8
MNHN-CB215 P4 6.8 9
MNHN-CB5-CA P4 6.8 8.8
MNHN-SEZ356 P4 6.6 8.9

appenDix 1. — Continuation.

Orolophus maldani (Lemoine, 1878) – continuation.
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Specimen Anatomy L W

MNHN-SEZ357 P4 6.9 8.5
MNHN-MA14948 P4 9 12
MNHN-PRE246 P4 6.4 8
MNHN-SZ7306 M1 8 10
MNHN-CB16165 M1 7 9
MNHN-SEZ325 M1 8 9.8
MNHN-SEZ325 M2 9 11
MNHN-SLP-29-PE 1864 M2 8 10
MNHN-CB16165 M2 9 10.2
MNHN-SZ7306 M2 9 11
MNHN-SLP-29-PE 706 M2 7 8
MNHN-SLP-29-PE 681 M2 8 9.8
MNHN-SLP-29-PE 896 M1-2 7.2 8.2
MNHN-GR227 M1-2 7 8.8
MNHN-GR273-L M1-2 7 9
MNHN-C8-L M1-2 7.2 9.1
MNHN-AL6561 M1-2 7.5 9
MNHN-2003-2 M1-2 7.5 9
MNHN-GR7568 M1-2 8 9
MNHN-AL6563 M1-2 8 9.5
MNHN-GR25-L M1-2 8 9.5
MNHN-GR10779 M1-2 8 10
MNHN-GR9-L M1-2 8 10
MNHN-MAN 044 M1-2 8 10
MNHN-MA14730 M1-2 8 10
MNHN-GR10834 M1-2 8.5 10
MNHN-GR41-L M1-2 8.5 10
MNHN-GR19-L M1-2 8 10.8
MNHN-C11-l M1-2 8 10.8
MNHN-AL6554 M1-2 8 11
MNHN-AL6564 M1-2 8.8 10
MNHN-AL6550 M1-2 9 10
MNHN-AL6552 M1-2 9 10
MNHN-MA53-L M1-2 9 10.2
MNHN-GR7575 M1-2 9 11
MNHN-GR277-L M1-2 9 11
MNHN-C10-L M1-2 9 11
MNHN-AL6566 M1-2 9 11.5
MNHN-CB1531 M1-2 9.5 11.5
MNHN-CB1559 M1-2 8.5 10
MNHN-M.CB0225 M1-2 9 11.5
MNHN-M.CB297 M1-2 8.2 10.5
MNHN-CB1532 M1-2 9 10.5
MNHN-CB1565 M1-2 9 11
MNHN-CB4689 M1-2 7 9
MNHN-M.CB0114 M1-2 8 9.5
MNHN-CB1561 M1-2 7.2 8
MNHN-CB1566 M1-2 7.5 8
MNHN-SEZ7334 M1-2 7.2 10
MNHN-SEZ7337 M1-2 8 11
MNHN-SEZ331 M1-2 8.8 10.8
MNHN-SEZ332 M1-2 9 11
MNHN-SEZ333 M1-2 9 11.2
MNHN-SEZ339 M1-2 9 10

Specimen Anatomy L W

MNHN-SEZ340 M1-2 9.2 10.5
MNHN-SEZ336 M1-2 7 9
MNHN-STA652 M1-2 8.5 10
MNHN-STA653 M1-2 7.5 9.8
MNHN-SLP-29-PR 3001 M1-2 7 8.5
MNHN-PRE1069 M1-2 7.5 8
MNHN-SLP-29-PE 508 M1-2 7.2 8.5
MNHN-SLP-29-PR 3288 M1-2 7 9
MNHN-SLP-29-PE 1367 M1-2 7.2 8.8
MNHN-SLP-29-PE 148 M1-2 7.1 9.1
MNHN-SLP-29-PE 1479 M1-2 7.2 9
MNHN-SLP-29-PE 151 M1-2 7.22 9.1
MNHN-PRE1080 M1-2 7.5 8.8
MNHN-SLP-29-PE 1695 M1-2 7.5 8.8
MNHN-SLP-29-PR 3290 M1-2 7.2 9.2
MNHN-SLP-29-PE 701X M1-2 7.5 9
MNHN-SLP-29-PE 1699 M1-2 7.5 9
MNHN-SLP-29-PR 2009 M1-2 7.5 9
MNHN-SLP-29-PE 394 M1-2 7.8 8.8
MNHN-SLP-29-PE 982 M1-2 7.5 9.2
MNHN-SLP-29-PE 149 M1-2 7.8 9
MNHN-SLP-29-PE 448 M1-2 7.8 9.1
MNHN-SLP-29-PE 388 M1-2 7.8 9.1
MNHN-SLP-29-PE 501 M1-2 7.5 9.5
MNHN-SLP-29-PR 3283 M1-2 8 9
MNHN-SLP-29-PE 1707 M1-2 8 9
MNHN-SLP-29-PE 1721 M1-2 8 9
MNHN-SLP-29-PE 706-3 M1-2 8 9
MNHN-SLP-29-PE 152 M1-2 8 9.3
MNHN-SLP-29-PE 707 M1-2 8 9.5
MNHN-SLP-29-PR 1925 M1-2 8 9.5
MNHN-SLP-29-PR 3003 M1-2 7.8 9.8
MNHN-SLP-29-PE 987 M1-2 7.8 9.8
MNHN-SLP-29-PR 1968 M1-2 7.8 9.8
MNHN-SLP-29-PE 688 M1-2 8.2 9.5
MNHN-PRE1066 M1-2 8 10
MNHN-SLP-29-PE 1527 M1-2 8 10
MNHN-SLP-29-PE 997 M1-2 8 10
MNHN-SLP-29-PE 834 M1-2 8 10
MNHN-SLP-29-PE 761 M1-2 8 10
MNHN-SLP-29-PE 224 M1-2 8.1 10
MNHN-SLP-29-PR 1909 M1-2 8.1 10
MNHN-SLP-29-PE 1009 M1-2 8.2 10
MNHN-SLP-29-PE 223 M1-2 8 10.5
MNHN-SLP-29-PE 479 M1-2 8.5 10
MNHN-SLP-29-PR 1903 M1-2 8 10.8
MNHN-SLP-29-PR 1969 M1-2 9 10.2
MNHN-SLP-29-PE 147 M1-2 9.1 12
MNHN-SLP-29-PR 1891 M1-2 8 10
MNHN-SLP-29-PE 681 M3 8 9.5
MNHN-SZ7306 M3 10 12
MNHN-SLP-29-PE 1864 M3 8 10
MNHN-CB16165 M3 8.8 10.2

appenDix 1. — Continuation.

Orolophus maldani (Lemoine, 1878) – continuation.
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appenDix 1. — Continuation.

Propalaeotherium gaudryi (Lemoine, 1878)

Specimen Anatomy L W

MNHN-CHO14801 dp2 8 4
MNHN-CHO14801 dp3 10 5.5
MNHN-MT5-L dp3 10.2 6
MNHN-GR10784 dp3 9.7 4.7
MNHN-CHO14801 dp4 10 6.8
MNHN-MT5-L dp4 10.2 7
MNHN-AL5212 p1 5.8 3.4
MNHN-GR7546 p1 6.1 4.1
MNHN-MA9-L p1 7 3.5
MNHN-MA9-L p2 8.5 5.9
MNHN-MA15501 p2 9 5.3
MNHN-AL5212 p2 9 5.5
MNHN-AL5212 p3 9.8 6.6
MNHN-GR4-L p3 8.2 6
MNHN-MT2-L p3 9 5.7
MNHN-MA14728 p3 8.4 6.2
MNHN-MA14977 p3 9.5 7
MNHN-MA14739 p3 9.2 5.5
MNHN-MA9-L p3 10 7.6
MNHN-MA14907 p3 9.8 6.5
MNHN-AL5211 p3 8.8 5.8
MNHN-MA14907 p4 10 7.4
MNHN-MA14886 p4 9.2 6.4
MNHN-CHO14911 p4 10 7.5
MNHN-MA15502 p4 11.1 7.8
MNHN-CUI15510 p4 9 7
MNHN-GR7572 p4 10.3 7.2
MNHN-MA9-L p4 10.2 8.8
MNHN-MA14902 p4 9 6.5
MNHN-AL5212 p4 11.2 7.5
MNHN-AL5211 p4 8.5 6.4
MNHN-MT2-L p4 9.3 6.5
MNHN-MA10-L p4 9.5 7.3
MNHN-MA25-L p4 9.1 5.1
MNHN-CHO14911 m1 12 8.5
MNHN-MA10-L m1 12 8.5
MNHN-MA14883 m1 13 9.2
MNHN-CHO14884 m1 12 8
MNHN-M55-L m1 11 8.8
MNHN-CHO14953 m1 10.5 9
MNHN-MA14886 m1 10.8 8
MNHN-MA3-L m1 11 7.5
MNHN-AL5210 m1 9.5 7
MNHN-MA14902 m1 10 7.8
MNHN-AL5211 m1 10 8
MNHN-MT2-L m1 10 8
MNHN-MA14907 m1 11 9
MNHN-MA14886 m2 11.2 8.5
MNHN-AL5210 m2 10 7
MNHN-GR10788 m2 11 9
MNHN-CHO14953 m2 13 9
MNHN-MA14902 m2 12 8.5
MNHN-MA14791 m2 12 9
MNHN-MT2-L m2 12 9
MNHN-AL5211 m2 12 9
MNHN-CHO14789 m2 12 9
MNHN-AL5217 m1-2 9 6.8
MNHN-MTH54-L m1-2 9 7
MNHN-AL5217-A m1-2 12 8
MNHN-AL5213 m1-2 10 7
MNHN-2003-2-20- m1-2 10 7
MNHN-AL5217-J m1-2 10 7
MTB 004 m1-2 10 7
MNHN-MA14999 m1-2 10.2 7
MNHN-AL5217-H m1-2 10.5 7
MNHN-AL5217-I m1-2 10.5 7
MNHN-GR272-L m1-2 11 7
MNHN-GR30-L m1-2 11 7

Specimen Anatomy L W

MNHN-AL5217-B m1-2 11 7.5
MNHN-AL5217-F m1-2 11 7.5
MNHN-MA14796 m1-2 11 7.5
MNHN-CHO14801-1 m1-2 10.5 8
MNHN-MA14803 m1-2 11 7.8
MNHN-GR57-L m1-2 10.8 8
MNHN-AL5217-D m1-2 11 8
MNHN-MA14986 m1-2 11 8.2
MNHN-AL5217-G m1-2 11.5 8
MNHN-AT2-0011 m1-2 11.8 8
MNHN-CUI15511 m1-2 11.5 8.5
MNHN-MA18-L m1-2 12 9
MNHN-GR27-L m1-2 12.8 8.8
MNHN-MA17-L m1-2 12 9.5
MNHN-AL5217-E m1-2 13 9
MNHN-AL5217-C m1-2 12.5 8.5
MNHN-CUI15505 m1-2 12 9
MNHN-AT2-009 m3 13.5 6.5
MNHN-AL5217 m3 17 8.2
MNHN-MTB027 m3 19 9.2
MNHN-CHO14789 m3 17.5 9
MNHN-MA14978 m3 18 9.2
MNHN-AL5213 m3 15 7.5
MNHN-AL5210 m3 16 8
MNHN-AL5211 m3 17.5 10
MNHN-GR10788 m3 17 9
MNHN-GR10776 m3 15 8
MNHN-MA14793 m3 21 10
MNHN-MA14790 m3 16.5 8.5
MNHN-MA14791 m3 16 8.5
MNHN-MA14902 m3 16.2 8
MNHN-CHO14911 m3 18.5 10
MNHN-MA14886 m3 17 9
MNHN-MA14907 m3 19 10
MNHN-MA10-L m3 19.5 9
MNHN-MT2-L m3 16.5 9
MNHN-MA70-L m3 18 9
MNHN-MT27-L m3 16.2 8.2
MNHN-GR56-L m3 17.2 8.8
MNHN-GR47-L m3 17.2 9
MNHN-GR270-L m3 18 9.8
MNHN-GR17-L m3 17.8 9.1
MNHN-GR52-L m3 17 8.1
MNHN-B4-L m3 14.8 7
MNHN-GR7888 DP3 9.3 9.2
MNHN-GR7409 P2 7.5 6
MNHN-MA14842 P2 7.4 6.2
MNHN-AL6540 P2 8.5 8
MNHN-AL6540 P3 8 10
MNHN-GR28-L P3 8.2 9.9
MNHN-GR13 P3 8.3 10.1
MNHN-GR268 P4 9.2 12
MNHN-AL6540 P4 9 12
MNHN-GR7380 P3-4 8.2 9.7
MNHN-GR10850 P3-4 8.7 11.8
MNHN-GR7573 P3-4 8 10
MNHN-GR7576 P3-4 9.2 11.2
MNHN-MA14948 M1 10 13
MNHN-MTH48-L M1 11.8 14
MNHN-MA14885 M1 12 14.5
MNHN-MTH48-L M2 12.8 16
MNHN-MA14885 M2 12.8 17
MNHN-MA14795 M2 12.2 15
MNHN-MA14948 M2 12.2 15.5
MNHN-MA14907 M2 12.2 10
MNHN-CHO14911 M2 13 9.5
MNHN-MA14802 M2 12 15
MNHN-CHO14884 M2 13 10
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appenDix 1. — Continuation.

Propalaeotherium gaudryi (Lemoine, 1878) – continuation.

Specimen Anatomy L W

MNHN-MA2-10-L M2 13 10
MNHN-MA14788 M2 11.2 15
MNHN-MA14883 M2 14 10.8
MNHN-MTH44-L M1-2 13.5 9.2
MNHN-AL6565 M1-2 9 11
MNHN-AT2-0012 M1-2 9 11
MNHN-GR10787 M1-2 10 11
MNHN-AL6549 M1-2 10 11
MNHN-AL5215 M1-2 10 12
MNHN-GR271-L M1-2 10.5 12
MNHN-GR10778 M1-2 15 9.5
MNHN-GR193-L M1-2 10 13
MNHN- 2003-2-78 M1-2 11 12
MNHN-GR46-L M1-2 10.5 13
MNHN-GR10847 M1-2 11 12.8
MNHN-AL5215 M1-2 11 13
MNHN-MA14989 M1-2 11 13.5
MNHN-GR61-L M1-2 11 13.5
MNHN-MT14-L M1-2 11 13.5
MNHN-GR60-L M1-2 11 13.8
MNHN-GR10839 M1-2 11 14
MNHN-AL6533 M1-2 15 17.5
MNHN-AL5215-B M1-2 14 17.5
MNHN-CHO15569 M1-2 12.8 15
MNHN-AL6536 M1-2 13 15

Specimen Anatomy L W

MNHN-MA14985 M1-2 13.5 16
MNHN-GR61-L M1-2 12 15
MNHN-GR59-L M1-2 12 15
MNHN-CHO15519 M1-2 11 14
MNHN-GR7408 M1-2 11.2 14
MNHN-GR42-L M1-2 11.2 14
MNHN-C5-L M1-2 11.1 14.2
MNHN-GR-2-62-L M1-2 11.5 14
MNHN-MTH56-L M1-2 11.5 14
MNHN-MA54-L M1-2 11.8 14
MNHN-GR10786 M1-2 11.2 14.8
MNHN-AL6535 M1-2 12 14
MNHN-CUI15513 M1-2 12 14
MNHN-AL6534 M1-2 12 14.2
MNHN-MA14996 M1-2 12 14.5
MNHN-AL5215 M1-2 12 15
MNHN-AL5215 M1-2 12 15
MNHN-AL5215 M1-2 12 15
MNHN-MA14948 M3 14 15.5
MNHN-MA14788 M3 13 15
MNHN-MA14802 M3 13.5 16.5
MNHN-GR62-L M3 12 15
MNHN-MTH48-L M3 14 17.5
MNHN-MA14795 M3 15 16.5
MNHN-MA14885 M3 15.2 17
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Specimen

Humerus Humerus Humerus Tibia Metatarsal II Metatarsal II Metatarsal III
MNHN.F. 
PMT114

MNHN.F. 
PMT115

MNHN.F. 
MTB18001

MNHN.F. 
CUI18000

MNHN.F. 
AL18001

MNHN.F. 
PMT119

MNHN.F. 
GR18008

Max length – – – – 42.7 37.8 51.5
Proximal width (A-P) – – – – 4.8 5.7 8.5
Proximal width (L-M) – – – – 6.2 4.7 7.6
Distal width (A-P) 11.6 12.1 10.1 11.5 5.5 5.0 6.0
Distal width (L-M) 16.1 15.6 13.7 13.8 6.3 4.7 9.1
Midshaft width (A-P) – – – – 3.1 3.8 3.9
Midshaft width (L-M) – – – – 4.9 3.1 6.8

Navicular
Specimen MNHN.F.PMT145 MNHN.F.PMT146 MNHN.F.PMT147

Height 5.1 5.5 6.6
Width (A-P) 6.4 7.1 7.4
Width (L-M) 8.2 9.1 9.6

Specimen

Astragalus
MNHN.F. 
GR18005

MNHN.F. 
PMT128

MNHN.F. 
PMT129

MNHN.F. 
PMT135

MNHN.F. 
PMT131

MNHN.F. 
PMT136

Max length 15.6 15.3 14.3 15.4 16.9 12.9*
Max width 13.3 12.4 12.3 12.6 14.6 13.7
Trochlea length 11.9 11.3 10.9 12.2 13.0 9.1*
Trochlea width 11.2 10.7 10.2 10.5 12.2 9.7
Distal width (A-P) 7.4 7.4 6.4 6.7 8.0 6.4
Distal width (L-M) 10.4 9.9 8.7 9.6 10.9 9.1

Calcaneus
Specimen MNHN.F.GR18007 MNHN.F.PMT123 MNHN.F.PMT124 MNHN.F.PMT126

Max length 31.1 28.8 27.1 26.7
Max width – 10.6 9.6 9.8
Proximal width (A-P) 8.3 7.5 6.8 7.2
Proximal width (L-M) 7.2 6.7 6.2 6.2
Distal width (A-P) – 10.8 9.9 10.0
Distal width (L-M) – 10.8 9.9 9.5

Specimen

Distal Phalanx
MNHN.F. 
PMT137

MNHN.F. 
PMT138

MNHN.F. 
PMT139

MNHN.F. 
PMT140

MNHN.F. 
PMT141

MNHN.F. 
PMT142

MNHN.F. 
PMT143

MNHN.F. 
PMT144

Max length 8.7 8.4 7.7 6.9 9.7 7.3 9.4 8.7
Proximal width (A-P) 3.1 3.2 2.7 2.7 3.7 2.6 3.0 2.8
Proximal width (L-M) 4.6 5.4 4.4 5.9 7.9 4.7 5.2 6.4

Appendix 1. — Continuation.

Orolophus maldani (Lemoine, 1878)

http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT114
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT115
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/MTB18001
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/CUI18000
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/AL18001
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT119
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/GR18008
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT145
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT146
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT147
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/GR18005
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT128
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT129
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT135
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT131
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT136
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/GR18007
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT123
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT124
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT126
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT137
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT138
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT139
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT140
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT141
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT142
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT143
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/PMT144
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Appendix 1. — Continuation.

Propalaeotherium gaudryi (Lemoine, 1878)

Humerus Metacarpal II Metacarpe V Proximal phalanx
Specimen MNHN.F.MT18001 MNHN.F.GR18004 MNHN.F.MA18001 MNHN.F.MA18002 MNHN.F.AL18000

Max length – 62.2 51.8 41.9 13.0
Proximal width (A-P) – 9.9* 9.4* 8.7 6.9
Proximal width (L-M) – 7.8 8.3 6.7 9.5
Distal width (A-P) 18.8 10.3 10.6 7.6 4.5
Distal width (L-M) 25.8 12.6 11.0 8.6 7.9
Midshaft width (A-P) – 6.0 6.0 4.6 3.9
Midshaft width (L-M) – 8.7 8.6 6.8 7.8

Specimen

Metatarsal II Metatarsal III Metatarsal IV
MNHN.F. 
MT18000

MNHN.F. 
GR18002

MNHN.F. 
GR18003

MNHN.F. 
MTB18000

MNHN.F. 
MA18000

MNHN.F. 
GR18000

MNHN.F. 
GR18001

Max length 55.5 72.3 62.8 61.0 58.2 58.1 58.7
Proximal width (A-P) 11.6 12.3 11.0 11.6 – 8.8 –
Proximal width (L-M) 8.4 11.4 10.2 10.0 9.5 7.1 –
Distal width (A-P) 10.1 9.2 8.1 7.9 6.9 8.8 8.9
Distal width (L-M) 10.8 15.3 12.5 11.7 11.4 9.5 8.7
Midshaft width (A-P) 7.8 6.2 5.3 5.0 4.9 5.3 6.7
Midshaft width (L-M) 6.8 11.9 8.9 8.6 9.5 6.5 6.3

Astragalus
Specimen MNHN.F.MA6105 MNHN.F.GR10911

Max length 27.7 25.0
Max width 24.5 23.5
Trochlea length 19.4 19.1
Trochlea width 20.7 19.5
Distal width (A-P) 12.5 12.2
Distal width (L-M) 18.5 17.3

http://coldb.mnhn.fr/CatalogNumber/MNHN/F/MT18001
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/GR18004
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/MA18001
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/MA18002
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/AL18000
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/MT18000
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/GR18002
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/GR18003
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/MTB18000
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/MA18000
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/GR18000
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/GR18001
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/MA6105
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/GR10911

