A Middle Pleistocene Coelodonta antiquitatis praecursor Guérin, 1980 (Mammalia,
Perissodactyla) from Les Rameaux, SW France, and a revised phylogeny of Coelodonta Bronn,
1831

Antigone Uzunidis®, Pierre-Olivier Antoine?, Jean-Philip Brugal®

! Institut Catala de Paleoecologia Humana i Evolucié Social (IPHES-CERCA), Zona Educacional 4, Campus
Sescelades URV (Edifici W3) 43007 Tarragona, Spain, antigone.uzunidis@wanadoo.fr

“Institut des Sciences de I’Evolution de Montpellier, Univ Montpellier, CNRS, IRD, Place Eugéne Bataillon,
34095 Montpellier Cedex 05, France

®Aix-Marseille Université, CNRS, Minist Culture, UMR 7269 LAMPEA, CS 90412, F-13097, Aix-en-Provence.

Abstract

In recent years, the evolutionary history of rhinoceroses has been extensively developed and clarified,
notably with the help of morpho-anatomical and molecular-based phylogenetic analyses. Within
Rhinocerotidae, the genus Coelodonta Bronn, 1831, is one of the most representative icons of the Ice
Ages, ranging from the Late Pliocene to the latest Pleistocene. Nevertheless, few studies have focused
on its phylogeny and the systematic assignment of its Middle Pleistocene representatives is fervently
debated. Indeed, the earliest European specimens of Coelodonta are considered as documenting either
C. tologoijensis Belyaeva in Vangengejm, 1966, of Russian affinities, or an early subspecies of
Coelodonta antiquitatis (Blumenbach, 1799), C. a. praecursor Guérin, 1980. Accordingly, C.
antiquitatis would then first occur in the Late Pleistocene or in the Middle Pleistocene depending on
the hypothesis. The current work aims to describe and identify cranio-mandibular and postcranial
remains of Coelodonta from the Middle Pleistocene Les Rameaux locality, SW France, and to
compare them with all Eurasian representatives of the genus, including the oldest European specimens
from Bad Frankenhausen. A combination of morphometric and morpho-anatomical phylogenetic
analyses strongly supports C. a. praecursor and C. a. antiquitatis as distinct and valid subspecies and
allows for the refutation of the taxonomic assignment of the Bad Frankenhausen skull to C.
tologoijensis. This work proposes the first comprehensive phylogeny for Coelodonta, further tracing
its biogeographical history.

Highlights

- Coelodonta antiquitatis praecursor and Coelodonta antiquitatis antiquitatis are distinctive
subspecies.

- The Middle Pleistocene rhinocerotid from Les Rameaux is referred to as C. a. praecursor.
- Coelodonta tologoijensis is not documented in Western Europe thus far.

- Coelodonta antiquitatis appears as early as 0.6 Ma in Western Europe.

Keywords
Morphometric analyses; phylogenetic analysis; evolution; historical biogeography; Pleistocene;
Eurasia; Coelodonta

1. Introduction

Like mammoths, rhinoceroses of the genus Coelodonta Bronn, 1831 are emblematic flagships of the
Pleistocene megafauna of the northern hemisphere (Guthrie, 1990; Kahlke, 1999; 2014). Indeed, the



woolly rhinoceros Coelodonta antiquitatis is one of the first fossil species ever recognized and
described by Blumenbach (1799), for a long time restricted to this species. It became extinct after the
last glacial maximum, by the latest Pleistocene (Orlova et al., 2004; Stuart et Lister 2007; Kuzmin,
2010). It was only in the 1960s that two new species were described: one from the Early-Middle
Pleistocene of northeastern Russia (Coelodonta tologoijensis Belyaeva in Vangengejm, 1966) and the
other one from the Early Pleistocene of North China (Coelodonta nihowanensis Kahlke, 1969). In
2011, the oldest undisputable representative of the genus, Coelodonta thibetana Deng et al. 2011, was
described in the Zanda Basin, from upper Pliocene deposits of southwestern Tibet (Deng et al. 2011).
In the meantime, Guérin (1980) had suggested splitting C. antiquitatis into two chrono-subspecies,
with a Middle Pleistocene form named C. a. praecursor being more slender and higher than the Late
Pleistocene nominal subspecies, C. a. antiquitatis. This distinction would further match a general trend
within the species, from cursorial to fully graviportal locomotor adaptations. Ever since, Coelodonta a.
praecursor was described in several European sites, notably characterized by the slenderness of
postcranial limb bones. This subspecies was reported in France at La Fage (type locality of the sub-
species, MIS 10/8; Guérin, 1973; 1980), Romain-la-Roche (MIS 6; Guérin, 2010), Coudoulous II
(MIS 6; Uzunidis and Brugal, 2018) and Greece, at Gephyra (Pleistocene; Tsoukala, 1991), although
the latter assignment has recently been challenged (Giaourtsakis, 2022).

Kahlke and Lacombat (2008) described the earliest Coelodonta skull from Western Europe (Bad
Frankenhausen, Germany, MIS13/12) as documenting C. tologoijensis. In their opinion, there is no
significant difference between the concerned specimen and the skull from La Fage. Accordingly, they
considered Coelodonta antiquitatis praecursor Guérin, 1980 to be a junior synonym of Coelodonta
tologoijensis Belyaeva in Vangengejm, 1966. In the meantime, Guérin (2010) argued that the
morphological differences between Coelodonta of Bad Frankenhausen and La Fage, on the one hand,
and the archetypical Coelodonta antiquitatis antiquitais, on the other hand, were insufficient to justify
the existence of two distinct species. He therefore proposed to maintain both entities as formal
subspecies (C. a. praecursor and C. a. antiquitatis) within C. antiquitatis, and to further consider the
Bad Frankenhausen skull as documenting C. a. praecursor (Guérin, 2010).

Since 2010, this taxonomic issue has not been re-evaluated and very little is known about the
distribution of Coelodonta in Europe, notably in the absence of a strong consensus concerning the
Middle—Late European rhinoceros record (e. g. Kahlke et al., 2011; Alvarez-Lao and Garcia, 2011).
The present study aims to i) describe the well-preserved skull of Coelodonta found at Les Rameaux,
Middle Pleistocene, SW France, ii) propose a comprehensive morphoanatomical and metric
comparison within Coelodonta, iii) performe a taxonomically-exhaustive computerized phylogeny of
this genus, in order to iv) test the validity of all species and subspecies previously defined within
Coelodonta; v) clarify the taxonomic assignment of the Bad Frankenhausen skull, and vi) propose a
phylogenetically-constrained scenario for the historical biogeography of Coelodonta.

2. The Les Rameaux locality

The Les Rameaux locality (Saint-Antonin-Noble-Val, Tarn-et-Garonne Department) is situated in a
karstic cavity with a vertical entrance, located at the border of a limestone plateau overhanging the
Aveyron River (Fig. 1). Excavations undertaken between 1985 and 1991 yielded an abundant and
species-rich fossil material (Rouzaud et al., 1990). Two main chambers are distinguished, one being
dominated by herbivore remains (“Amont” i.e. upstream) and the other one by carnivores (“Aval” i.e.
downstream), whereas older deposits are present in the upper part of the cavity. The fossil assemblage
dates back to the Late Middle Pleistocene, and bone accumulation is likely to result from several
distinct events. Taphonomical analyses strongly suggest a natural accidental origin for the ungulate
accumulation in the Amont area (Coumont, 2006), and the use of the cavity as den or lair for the Aval



area (then with a different horizontal entrance presently closed). A preliminary faunal list includes
nine herbivore, eight carnivore, and a dozen meso- and micromammalian species; horses are dominant
over other ungulates in the Amont area whereas wolf, cave hyena, and cave lion are the most abundant
species in the Aval area. Lastly, the Amont area yields a small lithic artefact series (n=76), essentially
made out of quartz (with choppers and chopping tools) attributed to an older phase of the Middle
Palaeolithic, which likely points to the presence of controlled and active scavenging from natural bone
accumulation (Brugal and Jaubert, 1991).

From its discovery onward, several specific studies have been conducted on the Les Rameaux
material, allowing us to refine taxonomic assignments and to provide a general biochronological
context. The site yields the cervid Haploidoceros mediterraneus, first described in the Middle
Pleistocene Lunel-Viel locality (Hérault; Bonifay, 1967; Croitor et al., 2008) and dated to the MIS 7
(Brugal et al., 2021). This cervid is also found in the MIS 5 Spanish sites of Cova del Rinoceront and
Preresa (Daura et al., 2015; Made and Mazo, 2014-2015). Horse remains (n~850) are represented by
all skeletal elements and referred to as E. caballus mosbaschensis (Uzunidis-Boutillier, 2017). The
morphometrical analysis of the wolves brings them closer to the small Canis lupus lunellensis from
Lunel-Viel (Boudadi-Maligne, 2010, 2012). A large sample of cave lion Panthera (Leo) (MNI =33)
shows body sizes intermediate between the two chronologically-distinct forms P. (L.) spelaea fossilis
and the more recent P. (L.) spelaea spelaea (Argant and Brugal, 2017); accordingly, this sample
typifies a new subspecies named Panthera spelaea intermedia. Hyaena prisca, present at Les
Rameaux, is also commonly found at Lunel-Viel and some coeval sites (Es-Taliens, Escale,
Montsaunes, or Montmaurin; Bonifay, 1971). Glires, especially rodents, provide complementary
information with the latest Middle Pleistocene age suggested by the enamel thickness on Arvicola
cantiana teeth (Jeannet, 2005; Jeannet and Mein, 2016). The Les Rameaux rabbit is similar to those of
Lunel-Viel and Orgnac Ill, both dated to the latest Middle Pleistocene (Pelletier, 2018). The two
species of Lepus (L. timidus and L. granatensis) are also recorded at Les Rameaux for the only
occurrence of the latter in southern France.

Les Rameaux is a complex Kkarstic site documenting several biological events that contribute to distinct
fossil accumulations. The mammal assemblages are species-rich and their evolutionary stage clearly
indicates a late Middle Pleistocene age, with some evidence of climatic variations, from relatively cool
to temperate conditions throughout the sequence. It still remains difficult to specify exactly the period
covered by the entire filling, and we can hypothesize a time period ranging from MIS 9 to MIS 6,
more probably around MIS 7 and 6. Due to their large size, the rhino remains from Les Rameaux,
especially the skull, have remained blocked in the vertical conduit leading to the Amont area, and they
can be unambiguously associated with the mammal collection from this very area.

3. Material and methods

Abbreviations: Capital letters are used for upper teeth (I, C, D, P, M), and lower-case letters for lower
teeth (i, c, d, p, m). Mcll, Mclll, and MclV stand for second, third, and fourth metacarpals,
respectively. The cranio-mandibular, dental, and postcranial terminology is that of Heissig (1972: pl.
13) and Antoine (2002) for rhinocerotids.

3.1 Morphometrical analysis
The Les Rameaux sample has been metrically and morphologically compared to the Middle and Late

Pleistocene populations identified as Coelodonta antiquitatis praecursor, Coelodonta antiquitatis
antiquitatis and Coelodonta tologoijensis (Fig. 1; Tab.1).



Measurements were taken with a caliper and are all expressed in millimeters. Linear measurements on
the skull (Fig. 2) were taken following Guérin (1980: Fig. 4) and the angle on the skull from Kahlke
and Lacombat (2008: fig. 4). Dental measurements (Fig. 2) are length (L) and width (w) taken at the
base of the crown following the recommendations of van der Made (2010).

The relative proportions of cranial and dental elements were analyzed using log-ratio diagrams
(Simpson, 1941). This type of graph allows the comparison of differences in size and conformation
between several samples based on scaled measurements on a reference series. In this study, we used C.
nihowanensis as an outgroup and used measurements published by Qiu et al. (2004) for upper and
lower teeth and Deng et al. (2011) for the skull.

3.2 Parsimony analysis

The parsimony analyses were performed through 282 cranio-mandibular, dental, and postcranial
characters. The 278 first characters derive from those of Antoine et al. (2021), adapted to
Rhinocerotinae and implemented from a proven matrix by Antoine (2002; 2003), more focused on
Elasmotheriinae among Rhinocerotidae. The characters 279-281 of the current matrix correspond to
the characters 4244 of Deng et al.’s (2011) analysis devoted to Coelodonta thibetana. The character
282 is new (Humerus: fossa olecrani (shape): 0, symmetric; 1, laterodistally pinched).

All multistate characters were treated as additive, except for the characters 66, 87, 95, 129, 177, and
263 (non-additive).

As in Antoine (2002) and subsequent analyses, the outgroup includes the living Brazilian tapir Tapirus
terrestris, the early non-rhinocerotid rhinocerotoid Hyrachyus eximius, and two Paleogene stem
rhinocerotids (Trigonias osborni and Ronzotherium filholi). Aside from the outgroup, we have used a
branching group (Antoine, 2002, 2003; Orliac et al., 2010; Boivin et al., 2019 ; Antoine et al., 2021),
consisting of a selection of representatives of suprageneric groups documenting non-Rhinocerotina
Rhinocerotidae: Elasmotheriinae  (Subhyracodon  occidentalis),  stem  Rhinocerotinae
(Plesiaceratherium  mirallesi), Aceratheriini  (Aceratherium incisivum, Hoploaceratherium
tetradactylum, and Alicornops simorrense), and Teleoceratina (Teleoceras fossiger and
Brachypotherium perimense).

The ingroup sensu stricto (Rhinocerotina) includes all five living rhinoceros’ species (Rhinoceros
unicornis, Rhinoceros sondaicus, Dicerorhinus sumatrensis, Ceratotherium simum, and Diceros
bicornis, i.e. Indian, Javan, Sumatran, white, and black rhinoceroses, respectively). It also comprises a
comprehensive sample of 17 extinct species of Neogene and Pleistocene Rhinocerotina:
Lartetotherium sansaniense (Early to Late Miocene of Europe; Heissig, 2012), Gaindatherium browni
(Early to Late Miocene of South Asia; Heissig, 1972; Antoine, in press), Dihoplus schleiermacheri
(Late Miocene of Mediterranean; Heissig, 1999; Pandolfi et al., 2016, 2021a), Ceratotherium
neumayri (Late Miocene of Mediterranean and South Asia; Heissig, 1999; Antoine and Sarag, 2005),
Stephanorhinus pikermiensis (Late Miocene of eastern Mediterranean; Antoine and Sarag, 2005;
Pandolfi et al., 2021a), Pliorhinus megarhinus (Latest Miocene to Pliocene of Europe; Pandolfi et al.,
2016; 2021b), Stephanorhinus etruscus (Late Pliocene to Early Pleistocene of Eurasia; Bourguignon et
al., 2016), Dicerorhinus fusuiensis (Early Pleistocene of South China and Myanmar; Tong and Guérin,
2009; Yan et al.,, 2014), Nesorhinus philippinensis (early Middle Pleistocene of the Philippines;
Bautista, 1995; Ingicco et al., 2018; Antoine et al., 2021), and Nesorhinus hayasakai (Early to Middle
Pleistocene of Taiwan; Otsuka and Lin, 1984; Antoine et al., 2021). Regarding Coelodonta, we have
included an exhaustive sample at the species level, namely Coelodonta antiquitatis (Middle to Late
Pleistocene of Eurasia; Guérin, 1980; Made (van der), 2010; Fourvel et al., 2014), Coelodonta
tologoijensis (Early and Middle Pleistocene of Northeast Asia; Vangengeim et al., 1966; Kalmykov,



2016), Coelodonta nihowanensis (Early Pleistocene of China and Mongolia; Qiu et al., 2004; Tong et
al., 2011; Tong and Wang, 2014), and Coelodonta thibetana (Late Pliocene of Tibet; Deng et al.,
2011). In order to test the phylogenetic affinities and taxonomic assignment of late Middle Pleistocene
woolly rhinos from Europe, we have first considered Coelodonta antiquitatis praecursor from La Fage
and Romain-la-Roche (Guérin, 1980, 2010), Coelodonta tologoijensis from Bad Frankenhausen
(Kahlke and Lacombat, 2008), and the Coelodonta from Les Rameaux (Rouzaud et al., 1990; this
work) as distinct terminal taxa. The concerned analysis therefore encompasses 33 terminal taxa at the
species level or below.

The parsimony analyses were achieved through the heuristic search of PAUP 4 3.99.169.0 (Swofford,
2001), with tree-bisection-reconnection (reconnection limit = 8), 1,000 replications with random
addition sequence (10 trees held at each step), gaps treated as missing, and no differential weighting or
topological constraint.

4. Results
4.1 Comparative description

The woolly rhinoceros from Les Rameaux is mostly known through dental and cranial remains (Table
2; Fig. 3), thanks to the discovery of an almost complete skull with an associated mandible. In addition
to the teeth embedded in the maxilla and mandible, several isolated teeth were found. A total of 18
upper and 22 lower teeth were analyzed. Contrastingly, the postcranial material is very limited and
poorly preserved (only four fragmentary coxal bones and two humerus fragments) and their bad
condition discarded further analyses.

4.1.1 Skull

The skull has the archetypical morphological characters of Coelodonta antiquitatis (Guérin, 1980;
2010; Antoine, 2002). It is dolichocephalic with a concave dorsal profile and a nasal septum
completely ossified, with both horn inserts. The nasal bones are long with the posterior tip of the nasal
notch lying above the contact between P4 and M1, as well as being very broad and bending strongly
toward the rostral end. The anterior border of the orbits is approximately located above the contact
between M2 and M3. Distant crests separate the frontal and parietal bones. However, the processus
postorbitalis is absent on the frontal bone whereas it is usually present in Late Pleistocene specimens
of Coelodonta (Guérin, 1980). On the maxilla, the base of the processus zygomaticus maxillari is low,
as observed in the Middle Pleistocene Coelodonta (Guérin, 1973; 2010), including the one from Bad
Frankenhausen (Kahlke and Lacombat, 2008), contrary to Late Pleistocene individuals (Guérin, 1980).
Its development is progressive in the vertical view (sensu Antoine, 2002). The zygomatic arch is low
and the processus postorbitalis is absent, as in Coelodonta from the Late Pleistocene and the one from
Bad Frankenhausen. However, it has been described for the Coelodonta of La Fage and Romain-la-
Roche (Guérin, 1973; 2010). As in the Bad Frankenhausen skull, the back of the tooth row is located
in the posterior half of the skull and much more posteriorly than in Late Pleistocene specimens
(Guérin, 1980; Antoine, 2002). On the posterior part of the skull, the occipital crest is straight in the
dorsal view. On the squamosal, the temporal crest is present and the area between the temporal and
nuchal crest is concave. The articular tubercule of the squamosal bone is smooth while in other
specimens of Coelodonta it is usually sharp. The transversal profile of the articular tubercle is concave
(straight in Late Pleistocene specimens of Coelodonta; Guérin, 1980). No posterior groove on the
processus zygomaticus has been observed and the processus posttympanicus is only slightly



developed. The external auditory pseudo-meatus is totally closed. The premaxillae are broken, but
there was no alveolus for upper incisors.

4.1.2 Jaw

As for the skull, the associated mandible has the general characteristics of Coelodonta (Guérin, 1980;
Antoine, 2002). The symphysis is thin and gently sloping up anteriorly. However, the posterior margin
of the symphysis is located in front of p2 while it extends generally below the level of p2-p4 in other
Late and Middle Pleistocene specimens of Coelodonta. The foramen mentale is situated in front of p2
and the mandibulae one is below the teeth-neckline. On the corpus mandibulae, the lingual groove is
absent. The base of this part is very convex as it is for the Late and Middle Pleistocene Coelodonta
(Gueérin, 1980; 2010) and the rhinoceros from Bad Frankenhausen (Kalhke and Lacombat, 2008). It is
less convex in Coelodonta tologoijensis (Belyaeva in Vangengejm, 1966). The ramus is inclined
upward and backward and the processus coronoideus is well developed. There is no vascular incisure.
There are no teeth or their alveoli and the first premolar are absent.

4.1.3 Upper dentition

There is no evidence for the presence of upper incisors or canines (either in the skull or as isolated
teeth). In general, the upper cheek teeth are high crowned (“partially hypsodont” sensu Antoine,
2002), with joined roots and characterized by a very corrugated and arborescent enamel covered by
cement.

The labial cingulum is absent on upper premolars. The metaloph and the protocone are never
constricted. The protocone and hypocone are joined through a thin lingual wall, in contrast with the
usual condition for Coelodonta (separated). The hypocone always extends posterior to the metacone.
The postfossette is wide and the medifossette always present. The crochet is always present and simple
and the crista is always present, except on one P3 (n°53; absent and absent, respectively) but this latter
condition is probably related to its advanced wear. The antecrochet is present on all P4s but not on the
P3s (both are usually present in Late Pleistocene specimens of Coelodonta (Guérin, 1980).

On upper molars, the labial and lingual cingula are always absent. The crochet and the crista are
always present, except on one M1 (no number), probably due to advanced wear. The antecrochet is
absent on one out of three M1s (n° 47), none of the M2s, and on two out of four M3s (n°19 and 34). It
is always absent on Late Pleistocene representatives of Coelodonta (Guérin, 1980). On the M1-2, the
paracone and metacone folds are weakly developed (the metacone fold is absent on M1-2s of Bad
Frankenhausen; Kalhke and Lacombat, 2008). The metastyle and metaloph are long and the posterior
part of the ectoloph is straight. On the metaloph, the hypocone is sometimes isolated (usually
continuous in Late Pleistocene specimens of Coelodonta; Guérin, 1980). The protocone is sometimes
constricted (M1: n° 112; M2: n° 111 and 77) while it is unconstricted in Late Pleistocene specimens of
Coelodonta (Guérin, 1980). The posterior cingulum is continuous. On M1, the antecrochet and the
hypocone are sometimes joined (usually separated in Late Pleistocene specimens of Coelodonta;
Guérin, 1980). On M2, the lingual groove of the protocone is always absent. The mesostyle is always
strong, as in Middle Pleistocene specimens of Coelodonta (Guérin, 1973, 1980, 2010; Kahlke and
Lacombat, 2008) and contrary to Late Pleistocene representatives of Coelodonta (Guérin, 1980).

The occlusal outline of the M3s is rectangular, the protoloph is transverse, and the posterior groove on
the ectometaloph is present. The ectoloph and metaloph are fused (usually distinct in Middle and Late



Pleistocene specimens of Coelodonta; Guérin, 1980; Kahlke and Lacombat, 2008). The protocone is
unconstricted.

4.1.4 Lower cheek teeth

There is no evidence for the presence of any anterior dentition or of permanent first premolars. The
lower dental formula is p2-m3. On lower cheek teeth, the external groove is well developed but it is
vanishing before the neck. The trigonid is angular and it forms an obtuse angle in occlusal view. The
metaconid is constricted and the entoconid joins the hypolophid without a constriction.

On lower premolars, the posterior valley has a V-shaped lingual opening in lingual view, as for C.
antiquitatis but contrary to C. tologoijensis (U-shaped; Belyaeva in VVangengejm, 1966). The lingual
and labial cingulum are absent. On p2, the paralophid is curved, unconstricted, and simple. The
paraconid is developed and the posterior valley is closed lingually on one tooth and open lingually,
with a U-shaped opening on the other two (n°4 and 142). The usual pattern in Coelodonta is a
lingually-open valley in p2s (Guérin, 1980, 2010; Belyaeva in VVangengejm, 1966). On lower molars,
the hypolophid is oblique and the lingual groove of the entoconid is absent. In general, the lowest
points of the two lingual valleys are at the same level in lingual view.

4.2 Metric analysis of cranial and dental remains

In general, the skull is strikingly narrow at the level of the mastoid apophyses and the occipital portion
(Table 3; Fig. 6). This is also the case for the Middle Pleistocene Coelodonta from La Fage and Bad
Frankenhausen (Guérin, 1973; Kalhke and Lacombat, 2008), contrary to the skulls from Romain-la-
Roche and Jaurens (latest Middle and Late Pleistocene in age, respectively), especially in their
occipital portion. The width of the foramen magnum follows a similar pattern. Also, the angulation
(Table 3) between the base of the skull and the occipital crest (=112°) suggests a relatively high head
carriage, similar to that of the Bad Frankenhausen woolly rhino (=110°) and distinct from that of
younger representatives of Coelodonta (see Fig. 6 in Kahlke and Lacombat, 2008).

The contour of the upper premolars at the base of the crown is square as in Jaurens or Romain-la-
Roche (Fig. 7; Table 4). In Tologoj, on the other hand, they are rectangular (wider jugo-lingually). As
for molars, the Tologoj and Les Rameaux samples are morphometrically very close, by being rather
longer antero-posteriorly than wide. Lower teeth are particularly small (Tab. 4), especially the
premolars which are sub-square, like their upper counterparts (Fig. 8).

4.3 Phylogenetic analyses

With all 33 terminal taxa included, a single most parsimonious tree is retrieved (length = 1349 steps;
consistency index = 0.2802; retention index = 0.5409; Fig. 4; see S1 and S2). Suprageneric
relationships within Rhinocerotidae are consistent with those proposed by Antoine (2002, 2003),
Antoine et al. (2010, 2021), Becker et al. (2013), Tissier et al. (2021), and Pandolfi et al. (2021b).
Elasmotheriinae and Rhinocerotinae are sister clades (node 1), like Aceratheriini (node 4) and
Rhinocerotini (node 3) within Rhinocerotinae, and Rhinocerotina (hode 6) and Teleoceratina (node 7)
within Rhinocerotini (Fig. 4).

In the next few paragraphs, we will focus on the topology, node support (Bremer Support: BS), and
character distribution of the group of interest within Rhinocerotina. The monophyly of ‘Rhinoceroti’
sensu Antoine et al. (2021) is not recovered. This discrepancy is once again related to the fluctuating
position of Dicerorhinus, depending on the taxonomic samples and proxies used (see discussion in
Cappellini et al., 2019; Antoine et al., 2021; Liu et al., 2021; Pandolfi et al., 2021b). Here,



‘Rhinoceroti’ form a paraphyletic ensemble with four bispecific clades branching successively: the
earliest-diverging clade includes Lartetotherium sansaniense and Gaindatherium browni (node 9), the
next is Nesorhinus (with N. philippinensis and N. hayasakai; node 11), the third is Rhinoceros (R.
unicornis and R. sondaicus; node 13), and the fourth is Dicerorhinus (D. sumatrensis and D.
fusuiensis; node 15). Dicerorhinus is a sister group to the ‘Diceroti’ (sensu Antoine et al., 2021; living
African rhinos and their kin; node 16), which are monophyletic and consisting of two clades. The first
one gathers the living African rhino clade (Ceratotherium simum and Diceros bicornis; node 17) as a
sister group to a four-species clade with Ceratotherium neumayri as a first offshoot (node 19), then
Dihoplus schleiermacheri (node 20), and Stephanorhinus etruscus plus S. pikermiensis (node 21). The
second clade within ‘Diceroti’ places Pliorhinus megarhinus as a sister species to Coelodonta (node
22; 12 unambiguous cranio-dental and postcranial synapomorphies; BS = 1). The monophyly of
Coelodonta is strongly supported by 17 unambiguous cranio-mandibular and dental synapomorphies
(node 23; BS > 6), with Coelodonta thibetana as the first offshoot. Coelodonta nihowanensis diverges
next. Its clustering with C. tologoijensis and C. antiquitatis is weakly supported (node 24; BS = 1)
despite the presence of five unambiguous cranio-dental synapomorphies. Conversely, the C.
tologoijensis + C. antiquitatis clade is strongly supported (node 25; BS = 5), with the same number of
unambiguous cranio-dental and postcranial synapomorphies. The next node groups the highly-
divergent C. antiquitatis antiquitatis with all Late Middle Pleistocene European representatives of
Coelodonta. This node 26 is supported by three unambiguous dental synapomorphies (BS = 2). Then,
Coelodonta from Bad Frankenhausen is sister group to the (C. a. praecursor, Coelodonta Les
Rameaux) clade (node 27; three unambiguous cranial and dental synapomorphies; BS = 1).
Coelodonta from Bad Frankenhausen is characterized by three unambiguous autapomorphies
(protocone and hypocone forming a lingual bridge and protoloph joined to the ectoloph on P2,
metacone fold present on M1-2). Ultimately, Coelodonta from Les Rameaux clusters with C.
antiquitatis praecursor with a weak support (node 28; BS = 1) through a single cranial reversal
(presence of a processus postorbitalis on the zygomatic arch). C. a. praecursor has two unambiguous
autapomorphies (tooth row reaching the posterior half of the skull and entoconid unconstricted on
lower cheek teeth) and the Coelodonta from Les Rameaux five cranio-mandibular and dental
autapomorphies (articular tubercle smooth on the squamosal [character subject to changes with
ontogeny], posterior margin of the mandibular symphysis in front of p2, lingual wall on P3-4,
metaloph and ectoloph fused on M3, and posterior valley lingually closed on p2). These features are
variable in C. antiquitatis when observed on a comprehensive sample (Guérin, 1980, 2010). We
therefore consider that all these morpho-anatomical characters illustrate individual variation.

In order to establish cladistic diagnoses in Coelodonta (at the species and subspecies level) and to
further test the robustness of the concerned dichotomies, we have performed a second analysis, with C.
antiquitatis praecursor as a single terminal gathering specimens from Bad Frankenhausen and Les
Rameaux, and C. a. praecursor (from La Fage and Romain-la-Roche; Guérin, 1980, 2010). This
analysis will also be used ultimately for describing the biogeographical history of Coelodonta.

Accordingly, the second analysis includes 31 terminal taxa. Again, a single most parsimonious tree is
retrieved, with a topology strictly identical to that of the first analysis and similar node supports
(length = 1339 steps; consistency index = 0.2808; retention index = 0.5221). Accordingly, we have
used the same numbers for the nodes 1-25 (Fig. 5). The most solid nodes among Rhinocerotina are
those of living African rhinos (Ceratotherium simum + Diceros bicornis; 18 unambiguous
synapomorphies; BS > 7), Coelodonta (17 unambiguous synapomorphies; BS > 7), Nesorhinus (seven
unambiguous synapomorphies; BS > 7), Rhinoceros (nine unambiguous synapomorphies; BS = 7),
‘Diceroti’ (10 unambiguous synapomorphies; BS = 6), and the (Coelodonta tologoijensis + C.
antiquitatis) clade (five unambiguous synapomorphies, BS = 5). Other nodes have a very low Bremer



support (BS = 1-2), despite high numbers of synapomorphies for some nodes, as for the (Pliorhinus
megarhinus + Coelodonta) clade, with 12 unambiguous synapomorphies, or for the nodes involving
Ceratotherium neumayri, Dihoplus schleiermacheri, Stephanorhinus etruscus, and S. pikermiensis (9—
10 unambiguous synapomorphies). This paradox is due to highly homoplastic features occurring
among ‘Diceroti’ and leading to the existence of several distinct tree-islands of similar lengths (see S3
and S4).

In the next few paragraphs, we will focus on the distribution of characters for the (Pliorhinus
megarhinus + Coelodonta) clade and subordinated nodes. The former clade (node 22) is supported by
12 unambiguous synapomorphies, among which the foramen infraorbitalis located above molars, the
nasal notch above P4-M1, the external auditory pseudomeatus totally closed, the presence of a crista
on P3, the metaloph long on M1-2, the trigonid angular on lower cheek teeth and highly-optimized
postcranial features (angle open between the olecranon and the diaphysis on the ulna, posterior McllI-
facet absent on the Mcll, and the Cc2 and Cc3-facets joined on the talus; for details on the latter
character, see Antoine, 2002).

Coelodonta (node 23) is characterized by 17 unambiguous synapomorphies, including the nasal horn
boss narrow, the anterior border of the orbit above M2-3, the base of the processus zygomaticus
maxillary low, the nuchal tubercle small, the processus postglenoidalis with a right-angled articulation
in cross section, the mandibular symphysis spindly, the premolar row reduced in length with respect to
molars, the lingual cingulum always absent on upper cheek teeth, the crochet always present and
simple on P2-4, the protocone and hypocone equally developed on P2, the protocone always
unconstricted on P3-4, the mesostyle strong on M2, but also the metaconid and the entoconid
constricted on lower cheek teeth. The absence of a postcranial features diagnostic for Coelodonta is
likely related to the absence of the appendicular skeleton assigned to C. thibetana (see Deng et al.,
2011), leading to ambiguously distributed potential synapomorphies for the concerned anatomical
region. Coelodonta thibetana is characterized by a mandibular symphysis with a posterior margin in
front of p2, a crista usually absent on P3, a protocone always constricted on M1-2, and a metacone
fold present on M1-2. Although defined by five unambiguous synapomorphies (nasals with a very
broad rostral end and a sagittal ridge on the horn boss, crista always present on upper molars,
protocone usually unconstricted and metacone fold absent on M1-2), the clade gathering C.
nihowanensis, C. tologoijensis, and C. antiquitatis is weakly supported (node 24; BS = 1). Coelodonta
nihowanensis is pretty divergent, with eight mandibular, dental, and postcranial unambiguous
autapomorphies (mandibular symphysis much upraised, lingual cingulum sometimes absent on D1,
protocone and hypocone forming a lingual bridge and protoloph joined to the ectoloph on P2,
mesostyle absent on D2, axis-facets sigmoid on the atlas in vertical view, distal side triangular on the
pyramidal, and trochlea and distal articulation very oblique on the astragalus). The next node (node
25) places C. tologoijensis as a sister species to C. antiquitatis, which is supported by five cranio-
dental and postcranial unambiguous synapomorphies (nasal septum totally ossified, partial
hypsodonty, proximal ulna-facets always fused on the radius, posterior stop absent on the cuboid-facet
of the astragalus, and fibula-facet always absent on the calcaneus). Sixteen ambiguous
synapomorphies are potentially acquired at this node (cranio-mandibular, dental, and postcranial
features). Coelodonta tologoijensis is diagnosed by one unambiguous autapomorphy (lingual opening
of the posterior valley U-shaped on lower premolars). The Coelodonta antiquitatis clade (node Ca) is
supported by a posterior valley sometimes closed lingually on p2, an unciform with pyramidal- and
McV-facets usually separate, and tibia and fibula in contact or fused along their shafts. The nominal
subspecies (C. a. antiquitatis) is particularly divergent morpho-anatomically, with one cranial
(processus postorbitalis absent on the frontal), twelve dental autapomorphies (crochet usually present
and lingual cingulum usually absent on P2-4 and upper molars, antecrochet usually absent on P2-3,
P4, and upper molars, D1/P1 always absent, hypocone anteriorly constricted on M1 and M2,



antecrochet sometimes joined to the hypocone on M1, mesostyle weak on M2, and protocone usually
unconstricted on M3), and a single postcranial one (limbs shorter and more robust). Its sister
subspecies, C. a. praecursor, is defined by six cranio-dental autapomorphies (foramen infraorbitalis
located above premolars, base of the processus zygomaticus maxillary high, processus postorbitalis
present on the zygomatic arch, articular tubercle of the squamosal with a straight profile, protocone
unconstricted on M1-2, and entoconid joined to the hypolophid on lower cheek teeth).

4.4 Cladistic diagnoses of Coelodonta and referred species and subspecies

These parsimony analyses (see previous sub-section) allow us to propose the following cladistic
diagnoses for all species and subspecies recognized in Coelodonta, and also for Coelodonta itself.

Coelodonta Bronn, 1831: Two-horned rhinocerotines with the nasal horn boss narrow, the anterior
border of the orbit located above M2-3, the base of the processus zygomaticus maxillary low, the
nuchal tubercle small, the processus postglenoidalis with a right-angled articulation in cross section,
the mandibular symphysis spindly, the premolar row reduced in length with respect to molars, the
lingual cingulum always absent on upper cheek teeth, the crochet always present and simple on P2-4,
the protocone and hypocone equally developed on P2, the protocone always unconstricted on P3-4, the
mesostyle strong on M2, but also the metaconid and the entoconid constricted on lower cheek teeth.

Coelodonta thibetana Deng, Wang, Fortelius, Li, Wang, Tseng, Takeuchi, Saylor, Séil4d & Xie, 2011:
Earliest-diverging representative of Coelodonta, with a posterior symphyseal margin in front of p2, a
crista usually absent on P3, a protocone always constricted on M1-2, and a metacone fold present on
M1-2. Differs from all other — more derived — species of Coelodonta in having nasals with a broad
rostral end (not very broad) and no sagittal ridge on the horn boss, a crista usually absent on upper
molars, a protocone always constricted and a metacone fold present on M1-2. Differs from C.
tologoijensis and C. antiquitatis in having a nasal septum partly ossified and high-crowned teeth but
no hypsodonty. Differs from C. tologoijensis in possessing a V-shaped lingual opening of the posterior
valley in lower premolars, in lingual view. Further differs from C. antiquitatis in bearing a posterior
valley always open lingually on p2.

Coelodonta nihowanensis Kahlke, 1969: Early representative of Coelodonta, with a mandibular
symphysis much upraised, a lingual cingulum sometimes absent on D1, protocone and hypocone
forming a lingual bridge and protoloph joined to the ectoloph on P2, a mesostyle absent on D2, axis-
facets sigmoid on the atlas in vertical view, a distal side triangular on the pyramidal, and trochlea and
distal articulation very oblique on the astragalus. Differs from C. thibetana in having nasals with a
very broad rostral end and a sagittal ridge on the horn boss, a crista always present on upper molars, a
protocone usually unconstricted and a metacone fold absent on M1-2. Differs from C. tologoijensis
and C. antiquitatis in having a nasal septum partly ossified, high-crowned teeth but no hypsodonty,
proximal ulna-facets usually separate on the radius, a posterior stop present on the cuboid-facet of the
astragalus, and a fibula-facet always present on the calcaneus. Differs from C. tologoijensis in
possessing a V-shaped lingual opening of the posterior valley in lower premolars, in lingual view.
Further differs from C. antiquitatis in bearing a posterior valley always open lingually on p2, an
unciform with pyramidal- and McV-facets always separate, and tibia and fibula independent.

Coelodonta tologoijensis Belyaeva in Vangengeim et al., 1966: Sister species of C. antiquitatis,
defined by a lingual opening of the posterior valley U-shaped on lower premolars. Differs from C.
thibetana in having nasals with a very broad rostral end and a sagittal ridge on the horn boss, and a



mandibular symphysis with a posterior margin at the level of p2-4. Differs from C. nihowanensis in
possessing a mandibular symphysis much upraised, lingual cingulum sometimes absent on D1, and a
mesostyle present on D2. Further differs from C. antiquitatis in having a posterior valley always open
lingually on p2, an unciform with pyramidal- and McV-facets always separate, and tibia and fibula
independent.

Coelodonta antiquitatis Blumenbach, 1799: Most derived species of Coelodonta, with a posterior
valley sometimes closed lingually on p2, an unciform with pyramidal- and McV-facets usually
separate, and tibia and fibula in contact or fused along their shafts. Differs from C. thibetana in having
a mandibular symphysis with a posterior margin at the level of p2-4, a crista always present on P3, a
protocone usually unconstricted on M1-2, and a metacone fold absent on M1-2. Differs from C.
nihowanensis in possessing a nasal septum totally ossified, a mandibular symphysis nearly horizontal,
cheek teeth partially hypsodont, a lingual cingulum present on D1, protocone and hypocone usually
separate and protoloph usually disconnected from the ectoloph on P2, a mesostyle present on D2, axis-
facets sigmoid on the atlas in vertical view, proximal ulna-facets always fused on the radius, a distal
side elliptic on the pyramidal, a posterior stop absent on the cuboid-facet and trochlea and distal
articulation in the same axis on the astragalus, and a fibula-facet always absent on the calcaneus.
Further differs from its sister species C. tologoijensis in possessing a V-shaped lingual opening of the
posterior valley in lower premolars, in lingual view.

Coelodonta antiquitatis antiquitatis Blumenbach, 1799: Most derived representative of Coelodonta,
with a processus postorbitalis absent on the frontal, a crochet usually present and a lingual cingulum
usually absent on P2-4 and upper molars, an antecrochet usually absent on P2-3, P4, and upper molars,
D1/P1 always absent, a hypocone anteriorly constricted on M1 and M2, an antecrochet sometimes
joined to the hypocone on M1, a mesostyle weak on M2, a protocone usually unconstricted on M3,
and limbs short and robust with respect to other representatives of the genus. Further differs from its
sister

subspecies, C. a. praecursor, in having a foramen infraorbitalis located above molars, a base of the
processus zygomaticus maxillary low, an articular tubercle of the squamosal with a concave profile, a
protocone usually unconstricted on M1-2, and an entoconid constricted on lower cheek teeth.

Coelodonta antiquitatis praecursor Guérin, 1980: Less derived representative of C. a. antiquitatis,
defined by a foramen infraorbitalis located above premolars, a base of the processus zygomaticus
maxillary high, a processus postorbitalis present on the zygomatic arch, an articular tubercle of the
squamosal with a straight profile, a protocone unconstricted on M1-2, and an entoconid joined to the
hypolophid on lower cheek teeth. Further differs from the nominal subspecies, C. a. antiquitatis, in
possessing a crochet always present and a lingual cingulum always absent on P2-4 and upper molars,
an antecrochet always absent on P2-3, P4, and upper molars, D1/P1 always absent, a hypocone
unconstricted on M1 and M2, antecrochet and hypocone always separate on M1, a mesostyle strong on
M2, a protocone always unconstricted on M3, limbs long and slender, a skull narrower on its occipital
portion, rectangular upper molar and square lower premolar

5. Discussion
The morphometrical analysis of the material, skull and mandible, from Les Rameaux allows us to

bring them closer together to the material from La Fage and Romain-la-Roche. It highlights a mixture
of primitive and derived morphometric characters on both the skull and teeth and places it in an



intermediate position between the Tologoj and Late Pleistocene woolly rhinoceroses, as already
distinguished under the name C. a. praecursor by Guérin (1980).

In both phylogenetic analyses, the topology of rhinocerotines strongly recalls that of molecular-based
analyses of living and recently-extinct rhinoceroses by Cappellini et al. (2019) and Liu et al. (2021),
with Dicerorhinus, Stephanorhinus (sensu stricto) and Coelodonta close one to another in the favored
tree. The phylogenetic relationships of Coelodonta terminals are fully consistent with their
stratigraphical order of appearance. In both cases, Coelodonta tologoijensis and Coelodonta
antiquitatis are quite distinct. Within the clade C. antiquitatis, the two subspecies C. a. praecursor and
C. a. antiquitatis are also separated. The rhinos from Les Rameaux and Bad Frankenhausen are
clustering with C. a. praecursor.

The metric analysis indicates an intermediate position between Coelodonta a. antiquitatis and C.
tologoijensis: the skull is narrow, especially on its occipital portion. In general, this feature is observed
on older representatives of this genus such as C. nihowasensis (Qiu et al, 2004; Deng, 2006; Kahlke et
Lacombat, 2008) and the enlargement of the occipital portion of the skull over time could mark the
general evolution of Coelodonta. Also, the weak angulation of the skull between its base and the
occipital crest is an indicator of a highest head carriage compared to Late Pleistocene Coelodonta.
However, the proportion of the teeth are neither comparable to C. tologijensis nor to C. a. antiquitatis.
but seems to express a compromise between the two conformations. Guérin (1983) noticed a size
reduction of the lower teeth for Coelodonta with respect to cranial dimensions over time. This
observation may be related to an evolution of the general shape of Coelodonta lower premolars over
time from rectangular for C. tologoijensis, to square on the premolar of the western European
Coelodonta since the Middle Pleistocene (Les Rameaux, La Fage, Coudoulous I, Romain-la-Roche,
and Jaurens).

These characters are clearly and easily observable and mark a chronological step in the supposed
linear evolution of Coelodonta. Indeed, over time, this genus appears to become increasingly short-
legged, robust, and with a lower head carriage (Guérin, 1980; Tong et al., 2014; Deng et al., 2011).
This chronological evolutionary trajectory/trend is accompanied by a geographical pathway with a
spread from Tibet (Deng et al., 2011) to China (Guo et al., 2002), Russia, and Mongolia (Vangengejm
et al. 1966; Bazarov et al., 1976; Vangenheim and Sotokova, 1981) and then to western Europe
(Guérin, 1973; Kahlke and Lacombat, 2008). According to this study, C. tologoijensis does not exist in
Europe and, pending further discoveries, its expansion seems to be confined/limited to Russia and
Mongolia. Only the species C. antiquitatis is represented in Europe with two chronologically
succeeding subspecies: C. a. praecursor and C. a. antiquitatis. This taxon would have been highly
adapted to cold climates (Boeskorov, 2012; Lord et al., 2020) and oriented toward the consumption of
low plants (Stefaniak et al., 2020) but nevertheless capable of eco-ethological flexibilities (Rivals et
al., 2009; Rey-Iglesia et al., 2021). The less specialized anatomy of C. a. praecursor may reflect even
greater ecological flexibility compared to the more recent subspecies.

6. Conclusions

Four species are here recognized within the genus Coelodonta. Coelodonta thibetana is the earliest
representative (late Pliocene), then C. nihowanensis (Early—Middle Pleistocene) occurs, and finally
two more derived forms occur, with C. tologoijensis (Middle Pleistocene) and C. antiquitatis (Middle—
Late Pleistocene). This latter species can be divided into two chrono-subspecies: C. a. praecursor
(Middle Pleistocene) and C. a. antiquitatis (Late Pleistocene). The latter subspecies is the animal
depicted in cave or portable art by upper Paleolithic human groups.



In agreement with Guérin (2010), we consider that all European fossil specimens of Coelodonta can
be confidently assigned to C. antiquitatis. Our analyses, based on the Les Rameaux’s skull, allow us to
consider C. a. praecursor Guérin, 1980 as a valid subspecies and to describe more precisely its
characteristics. This Middle Pleistocene subspecies is also recorded in France (La Fage, Romain-la-
Roche, and Coudoulous Il), Germany (e.g. Bad Frankenhausen) and possibly in Greece (Gephyra).
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Fig. 1: Location map of the Les Rameaux locality (late Middle Pleistocene, SW France) and other
Middle and Late Pleistocene Coelodonta samples used for comparison in this study. [Full width
suggested]



Fig. 2: Protocol used for measuring Coelodonta antiquitatis skull and teeth from Les Rameaux. A:
nuchal view of the skull: 1 = Width of the skull at the mastoid apophyses; 2 = Width of the foramen
magnum; 3 = Width of the occipital condyles; 4 = Width of the occiput. A’: Frontal view of the skull:
5 = Minimal width at the postorbital constriction. A’’: Lateral view of the skull: 6 = Angle between
the base of the skull and the occipital crest. B: Occlusal view of an upper tooth: L = Length and w =
width, taken at the neck. C: Occlusal view of a lower tooth: L = Length and w = width taken at the
neck. [Full width suggested]



Fig. 3: Hllustration of a selection of skeletal elements of the Les Rameaux Coelodonta antiquitatis
praecursor. A: Lateral view of the skull and associated jaw (n°17-D2M-503); B: reconstructed left
upper toothrow with the M2 (n°111-C2N-53), M1 (n°112-C2N-53), P4 (n°113-C2N-53) and P3
(n°100-C2N-53), occlusal view; C: right upper M2 (n°D-50) and M1 (n°C2M-50), occlusal view; D:
right upper M3 (n°34-C10-53), occlusal view; E: reconstructed right lower premolar row with the p4
(n°C1N-50), p3 (n°C1N-50) and p2 (n°C1N-50), lingual view; F: right lower m3 (n°C1N-50), lingual
view; G: reconstructed left lower series, with m3 (n°110-B60-53) and m2 (n°40-B6M-53), lingual
view. [Full width suggested]
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Fig. 4: Phylogram of Rhinocerotina, with a special emphasis on Coelodonta. Most parsimonious tree
(1,349 steps; consistency index = 0.2802; retention index = 0.5409), retrieved from 282 unweighted
cranio-mandibular, dental, and postcranial characters scored in 33 tapirid and rhinocerotoid species
(see S1 and S2). Node numbers appear in empty circles. [Full width suggested]
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Fig. 5. Phylogenetic relationships of Rhinocerotina, with a special emphasis on Coelodonta. Most
parsimonious tree (1,339 steps; consistency index = 0.2808; retention index = 0.5221), retrieved from
282 unweighted characters scored in 31 tapirid and rhinocerotoid species (see S3 and S4). With
respect to Fig. 4, Coelodonta antiquitatis praecursor now includes the samples from Bad
Frankenhausen and Les Rameaux, hence the lower number of terminals and steps. Node numbers
appear in empty circles. Number of unambiguous synapomorphies/Bremer Support are indicated left
to Rhinocerotina nodes. [Full width suggested]
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Fig. 6: Ratio diagram (log10) of cranial measurements of Coelodonta antiquitatis praecursor from Les
Rameaux (this study), “C. tologoijensis” from Bad Frankenhausen (Kahlke and Lacombat, 2008), C.
a. praecursor from La Fage (Guérin, 1973), C. a. praecursor from Romain-la-Roche (Guérin, 2010)
and C. a. antiquitatis from Jaurens (Guérin, 1983). All values are plotted against the means of
Coelodonta nihowanensis (data from Deng et al., 2011). 1 = Width of the skull at the mastoid
apophyses; 2 = Width of the foramen magnum; 3 = Width of the occipital condyles; 4 = Width of the
occiput; 5 = Minimal width at the postorbital constriction. [Full width suggested]



0,1

0,05
0
-0,05
Rameaux
0,1 Tologoj
La Fage
0,15 Coudoulous 1.9
== == Romain-la-Roche
== == Jaurens
-0,2

P3L P3w PAL PAw M1L Milw M2L M2w M3L M3w

Fig. 7: Ratio diagram (log10) of measurements of upper teeth of Coelodonta antiquitatis praecursor
from Les Rameaux (this study), C. tologoijensis from Tologoj (Belyaeva in Vangengejm et al. 1966),
C. a. praecursor from La Fage (Guérin, 1973), C. a. praecursor from Coudoulous Il 1.9 (Uzunidis-
Boutillier, 2017; Uzunidis and Brugal 2018) C. a. praecursor from Romain-la-Roche (Guérin, 2010)
and C. a. antiquitatis from Jaurens (Guérin, 1983). All values are plotted against the means of
Coelodonta nihowanensis (data from Qiu et al., 2004). Measurements taken at the neck (see
methodology): L = length and w = width. [Full width suggested]
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Fig. 8: Ratio diagram (log10) of measurements of lower teeth of the Coelodonta antiquitatis
praecursor from Les Rameaux (this study), C. tologoijensis from Tologoj (Belyaeva in Vangengejm et
al. 1966), C. a. praecursor from La Fage (Guérin, 1973), C. a. praecursor from Coudoulous 1l 1.9
(Uzunidis-Boutillier, 2017; Uzunidis and Brugal 2018) C. a. praecursor from Romain-la-Roche
(Guérin, 2010) and C. a. antiquitatis from Jaurens (Guérin, 1983). All values are plotted against the
means of Coelodonta nihowanensis (data from Qiu et al., 2004). Measurements taken at the neck (see
methodology): L = length and w = width. [Full width suggested]

Locality Species Chronology Author(s)

Zasukhino 2, Russia C. tologoijensis Early Pleistocene Kahlke, 1994; Alexeeva and Erbajeva, 2005
(~1.8 Ma)

Ust-Obor, Russia C. tologoijensis Early Pleistocene Kahlke, 1994; Alexeeva and Erbajeva, 2005

(~1.4 Ma)




Zasukhino 3, Russia C. tologoijensis Late Early Pleistocene  Alexeeva and Erbajeva, 2005
(0.9 Ma)
Nalaikha, Mongolia C. tologoijensis Early Pleistocene Eisenmann and Kuznetsova, 2004
(>0.9 Ma)
Tologoi 2.5, Russia C. tologoijensis Early Middle Vangengejm et al., 1966; Alexeeva and
(type locality) Pleistocene (~0.6 Ma)  Erbajeva, 2005
Bad Frankenhausen, C. tologoijensis MIS 12 (~0.45 Ma) Kahlke and Lacombat, 2008
Germany
La Fage, France C. a. praecursor MIS 8 (~0.27 Ma) Guerin, 1973
(type locality)
Les Rameaux, France  C. a. praecursor late Middle This study
Pleistocene
Coudoulous 111.9, C. a. praecursor MIS 6 (~0.16 Ma) Uzunidis-Boutillier, 2017; Uzunidis and
France Brugal 2018
Romain-la-Roche, C. a. praecursor MIS 6 (~0.16 Ma) Guérin, 2010
France
Jaurens, France C. a. antiquitatis MIS 3 (~0.050 Ma) Guérin, 1983

Table 1: Middle and Late Pleistocene Coelodonta samples compared to the one from Les Rameaux in
this study. Type localities for C. tologoijensis and C. antiquitatis praecursor appear in grey.

Table 2: Coelodonta antiquitatis praecursor (Mammalia, Perissodactyla) from Les Rameaux (Late
Middle Pleistocene, SW France): type and number of remains
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Table 2: Coelodonta antiquitatis praecursor (Mammalia, Perissodactyla) from Les Rameaux (late
Middle Pleistocene, SW France): type and number of remains



Site 1 2 3 4 5 6
Les Rameaux, France 246 58.96 148 195 128 112
Bad Frankenhausen, Germany 256 57.5 154 184 124.7 110
La Fage, France 248 65 150 - - -
Romain-la-Roche, France 2545 645 147 198 118 -
Jaurens, France 257.5 54 1525 194 123 -
C. nihowanensis, China 2125 45 140 145 825 -

Table 3: Cranial dimensions and angles of Coelodonta antiquitatis praecursor from Les Rameaux
(this study), “C. tologoijensis” from Bad Frankenhausen (Kahlke and Lacombat, 2008), C. a.
praecursor from La Fage (Guérin, 1973), C. a. praecursor from Romain-la-Roche (Guérin, 2010), C.
a. antiquitatis from Jaurens (Guérin, 1983) and Coelodonta nihowanensis (data from Deng et al.,
2011). 1 = Width of the skull at the mastoid apophyses; 2 = Width of the foramen magnum; 3 = Width
of the occipital condyles; 4 = Width of the occiput; 5 = Minimal width at the postorbital constriction;

Angle = the angle between the base of the skull and the occipital crest. For further detail see protocol

in Figure 2.
Site Upper teeth Lower Teeth
P3 P4 M1 M2 M3 p2 p3 p4 m1l m2 m3
L w|L w|]L w|]L w|]L w|]L w|]L w|]L w|]L w]L w|]L w
Les 26. 37.|36. 51.[41. 52.|47. 47. 44.126. 17.128. 22.136. 27.]39. 30.[42. 33.|48. 28.
Rameaux | 2 7|2 1|1 119 8 613 918 0|3 0|8 6]7 0]3 5
42, 37.147. 30.(35. 49.|46. 48.|47. 52.]24. 14.]31. 19. 39. 25.|45. 31.
2 74 4|21 711 8|1 413 7|6 7 6 6|8 2
30. 51.|37. 57.|41. 57.|44. 42.|25. 18. 38. 48. 24.
6 52 3|5 5|0 7|4 9 1 0 1
41. 52.143. 46. 46. 26.
7 1|8 4 6 2
41. 52 39. 27.
4 6 9 4
Tologoj 29 41134 49|53 54|43 55 53127 19|30 23|38 27|39 27|50 33|50 31
40 28
51. 33.
39 43|47 48|51 49|57 57 31 20|34 41 25 29 | 52
La Fage 5 5
40 42|44 46 > 56 35 25 % 32
Coudoulo 36. 42.|46. 58.[51. 55.|62. 52.]25. 19.]|26. 22.]39. 28.[42. 31. 52. 30.
us Il 5 10 8|8 6|4 3]9 119 4]2 81 1 9 4
27. 23.[42. 29.|40. 28. 51. 30.
1.9 2 7|5 9]0 3 3 6
28. 23.
7 3
Romain- 45, 52. 61. 64.]28. 17. 43. 31.
la- 40 42 55 54 56 5 58 | 58 5|5 s 34 22 5 28 |49 27|46 5 55 32
40. 47. 53.159. 56. 23. 29. 48. 28.
Roche 5 48 | 38 5 50 5 |5 59 5 47129 20|28 24|39 5 43 5 5 g
40. 48. 52. 31. 39.
31 43 - 57 57 5 55 (52 49]23 18 5 29 5 24143
31. 42. 46. 54. 28.143.
- 5 54 | 51 5 35 5 |5 31
47 55
38. 42. 50. | 55. 33. 21. 48.
Jaurens 39 5 40 46 5 5|5 56 (52 51|26 18 5 5 36 23|37 23149 29 5 28
Sg' 39 45?' 44 | 53 48 |56 56 45?' 48|23 17|33 21|43 255' 37 29|53 32|52 33'




39 35

38

25 35

40.

28.

30.

46

46

54

52.

53.

53.

32
30.

52.

52

49.

51.

48.

51

55.

48.

46

54.

52

52

28. 18.
5 5
29 19.

27 16

26

40

39

35

36.

36

43

25

25

24.

25

23

26.

50

35

37

50

45

28.

28

29

30

30

48.

45

47

53

29.

30

29

30.

52 30

54 32

Table 4: Upper and lower tooth dimensions of Coelodonta antiquitatis praecursor from Les Rameaux
(this study), C. tologoijensis from Tologoj (Belyaeva in Vangengejm et al. 1966), C. a. praecursor
from La Fage (Guérin, 1973), C. a. praecursor from Coudoulous 11 1.9 (Uzunidis-Boutillier, 2017;
Uzunidis and Brugal 2018) C. a. praecursor from Romain-la-Roche (Guérin, 2010) and C. a.
antiquitatis from Jaurens (Guérin, 1983). Measurements taken at the neck (see methodology): L =

length and w = width. For further detail see protocol in Figure 2.



