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ABSTRACT

New material of eomyids from the very Early Oligocene of southern Germany
and the late Early Oligocene of France and Spain has been studied. In Germany
besides the previously known and unique Eomys antiguus (Aymard, 1853), two
other species have been found including an undetermined genus, Eomyidae gen.
et sp. indet, with unexpected morphological features that were considered as de-
rived based on our current knowledge. These three species show that at least three
immigrant lineages were present as early as the beginning of the Oligocene in
Europe. In France and Spain, except for Eomys antiquus which confirms its large
KE}{/IWORII?S geographical distribution, the species found are unlikely to have evolved from the
ﬁg&?ﬁti: German ones, thus suggesting another immigration wave of eomyids in Europe.
Eomyidae,  Finally, the diversity of the first European eomyids is higher than expected, lead-
Early Oli fﬁg’g’é: ing us to consider a more complex evolutionary history than a simple radiation
urope,  from Eomys antiquus as previously proposed. Despite the limited material avail-
Germany,  able, the undetermined genus, here considered as a likely new genus, shows some
Fg;’;fs: clear morphological affinities with the Asian late Oligocene genus Asianeomys W,

migrations.  Meng, Ye & Ni, 20006, thus suggesting a possible common Asian ancestor.
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INTRODUCTION

RESUME

Nouvelles données sur la diversité des eomyidés (Mammalia, Rodentia) de I'Oligocéne
inférieur d’Europe de I'Ouest.

Du nouveau matériel provenant de 'Oligocéne basal du sud de ’Allemagne, et
également de la fin de 'Oligocene inférieur de France et d’Espagne a été écudié.
En Allemagne, en plus de 'unique espece déja connue Eomys antiquus (Aymard,
1853), deux autres espéces ont été trouvées, incluant un genre d’Eomyidae
indéterminé, Eomyidae gen. et sp. indet., présentant des caractéres morpholo-
giques inattendus qui étaient jusque 1a considérés comme des caractéres dérivés.
Ces trois especes montrent qu'au moins trois lignées différentes sont arrivées
en Europe dés le début de I'Oligocene. En France et en Espagne, outre Eomys
antiquus qui confirme sa large répartition géographique, les autres espéces trou-
vées ne semblent pas étre les descendantes des espeéces d’Allemagne, suggérant
une autre phase d’'immigration d’Eomyidae plus tardive en Europe. Au final,
la diversité des premiers Eomyidae européens est plus importante quattendue,
amenant & considérer un scénario évolutif plus complexe que celui proposé
précédemment, a savoir une radiation unique depuis Eomys antiquus. Malgré
le peu de matériel disponible, le genre indéterminé signalé ici comme nouveau
présente des affinités morphologiques notables avec le genre Asianeomys W,
Meng, Ye & Ni, 2006 connu dans I'Oligocéne supérieur d’Asie, suggérant ainsi
la possible existence d’un ancétre commun en Asie.

Because of its large geographical distribution,
E. antiquus is considered as the first ecomyid im-

The family Eomyidae Winge, 1887 is known to
appear in Europe after the “Grande Coupure”, at
the beginning of the Oligocene (MP 21 level). Its
Early Oligocene record is rather rare in number of
localities as well as in the number of teeth, so that
the early development of the family in Europe is not
well understood.

The only species known from the Earliest Oligocene
is Eomys antiquus Aymard, 1853, described from the
locality Ronzon (MP21, central France). Some teeth
were also found in several other localities across Europe:
Belgium (Fahlbusch 1973), France (Aymard 1853),
Germany (Heissig 1987), Spain (Comte & Vianey-
Liaud 1989), Switzerland (Engesser 1999) and in
Czech Republic where the unique M1/2 from Detan
(MP 21) figured by Fejfar (1987) as Eomys cf. zitteli
is too small to pertain to this species but corresponds
to the smaller dimensions of E. antiquus.
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migrant at the beginning of the Oligocene. Con-
sequently, Fahlbusch (1973, 1979) and Comte &
Vianey-Liaud (1989) proposed that most of the
late paleogene and neogene eomyids could have
evolved from E. antiquus, suggesting a radiation at
the beginning of the late Oligocene in Europe.

But other described material points out that the
evolutionary history of eomyids for this period
remains unclear. In Hoogbutsel (MP 21, Belgium)
some teeth larger than those of E. antiquus were
described as E. cf. antiguus by Fahlbusch (1973)
and several localities from the Early Oligocene
molasses of Switzerland and Savoy have pro-
vided new material of eomyids, namely E. spl
from Lovagny (MP 23), E. sp2 and E. sp3 from
Bumbach (MP 25) (Engesser & Médden 1997)
suggesting that the diversity could be higher
for this family as early as the beginning of the

GEODIVERSITAS ¢ 2010 © 32 (2)
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TaBLE 1. — Material seen for this publication (in chronological order). The MP levels and the Eomyidae species found are given. * in-
dicates the type material. The levels refer to the Mammalian Reference levels (BiochroM’97 1997).

Locality Level Species
Gaimersheim MP 28 Eomys zitteli Schlosser, 1884
Eomys major Freudenberg, 1941 (*)
Eomyodon pusillus (Fahlbusch, 1969) (*)
Eomyodon volkeri Engesser, 1987 (*)
Treuchtlingen MP 27 Eomys aff. zitteli Schlosser, 1884
Eomys sp.
Pseudotheridomys sp.
Burgmagerbein MP 27 Eomys zitteli Schlosser, 1884
Pseudotheridomys sp.?
Mas de Pauffié MP 26 Eomys zitteli Schlosser, 1884
Oensingen MP 26 Eomys molassicus Engesser, 1987 (¥, cast)
Bumbach 1 MP 25 Eomys nov. sp. 2, 3 — Engesser 1990 (cast)
Belgarric MP 25 Eomys minor Comte & Vianey-Liaud, 1987 (*)
La Blache MP 24/25 Eomys minor Comte & Vianey-Liaud, 1987
Saint-Martin-de-Castillon F MP 24 Eomys aff. E. antiquus (Aymard, 1853)
Saint-Martin-de-Castillon C MP 24 Eomys aff. E. antiquus (Aymard, 1853)
Saint-Martin-de-Castillon J MP 23/24 Eomys aff. E. zitteli Schlosser, 1884
Saint-Martin-de-Castillon E MP 23/24 Eomys aff. E. zitteli Schlosser, 1884
Montalban MP 23 Eomys aff. E. antiquus (Aymard, 1853)
Lovagny MP 23 Eomys nov. sp. 1 — Engesser 1990
Bernloch 1 MP 23 Eomys antiquus (Aymard, 1853) (mandible fragment)
Méhren 25 MP 22 Eomys antiquus (Aymard, 1853) (mandible fragment)
Mohren 21 MP 22 Eomys antiquus (Aymard, 1853) (mandible fragment)
Ronheim MP 22 Eomys antiquus (Aymard, 1853)
Mohren 13 MP 22 Eomys antiquus (Aymard, 1853)
Eomys sp.
Ronzon MP 21 Eomys antiquus (Aymard, 1853) ()
Mohren 20 MP 21 Eomys antiquus (Aymard, 1853)
Eomys sp.
Eomyidae gen. et sp. indet.
M&hren 19 MP 21 Eomys antiquus (Aymard, 1853)

Eomys sp.

Oligocene. Moreover, a new species, E. minor
Comte & Vianey-Liaud, 1987, was described
from the locality of Belgarric (Quercy, Southern
France, MP 25; Comte & Vianey-Liaud 1989),
and has never been found elsewhere.

Screen-washing in Early Oligocene localities
in Germany, France and Spain however yielded
more material and made it possible to obtain new
populations and to get an idea of morphological
and metric variations in these populations. In
Germany, three different forms were found as
early as the MP 21 level. The French and Spanish
levels are a little more recent (MP 23, MP 24)
and make it possible to follow the history of the
first European eomyids.

GEODIVERSITAS ¢ 2010 * 32 (2)

MATERIAL AND METHODS

LOCALITIES STUDIED
The localities which yielded the eomyid rodents stud-
ied here are situated in three different regions.
The localities of Méhren 13, 20, 19, 21, 25,
Ronheim and Bernloch are located in Bavaria
(Southern Germany). All Méhren localities are
fissure fills. Based on previous studies of the
faunas (Heissig 1987), Méhren 19 and 20 were
attributed to MP 21; Méhren 13, 21, 25 and
Ronheim to MP 22 ; Bernloch 1 to MP 23. These
localities have provided new ecomyid material
(only fragmented material for Mdhren 21, 25
and Bernloch). The localities Treuchtlingen 1,
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TaBLE 2. — Measurements (in mm) of the population of Eomys antiquus (Aymard, 1853) from M&hren 13. Abbreviations: N, number of
teeth; Min, minimal value; Max, maximal value; Mean, mean value; SD, standard deviation; CV, coefficient of variation.

Length Width

N Min Max Mean SD CcVv N Min Max Mean SD (e17)
D4 1 0.68 1 0.68
P4 47 0.72 0.88 0.80 0.038 4.75 47 0.75 0.90 0.83 0.038 4.58
M1/2 85 0.86 0.99 0.91 0.033 3.63 87 0.86 1.08 0.99 0.049 4.95
M3 21 0.60 0.75 0.69 0.041 5.94 21 0.75 0.90 0.83 0.043 5.18
d4 3 0.73 0.80 0.76 0.038 5.00 3 0.60 0.63 0.61 0.014 2.30
p4 45 0.75 0.88 0.81 0.038 4.69 46 0.63 0.80 0.74 0.038 5.14
m1/2 61 0.84 1.10 0.97 0.049 5.05 62 0.83 1.01 0.91 0.041 4.51
m3 53 0.80 1.00 0.88 0.042 477 53 0.74 0.90 0.82 0.042 5.12

TaBLE 3. — Measurements (in mm) of the population of Eomys antiquus (Aymard, 1853) from Méhren 20. Abbreviations: N, number of
teeth; Min, minimal value; Max, maximal value; Mean, mean value; SD, standard deviation; CV, coefficient of variation.

Length Width
N Min Max Mean SD Cv N Min Max Mean SD Ccv

P4 7 0.77 0.85 0.80 0.025 3.12 7 0.80 0.95 0.85 0.051 6.00
M1/2 12 0.83 0.96 0.90 0.044 489 13 0.96 1.04 1.00 0.026 2.60
M3 2 0.70 0.72 0.71 - - 2 0.85 0,93 0.89 - -

p4 7 0.76 0.85 0.79 0.037 4.68 7 0.57 0.79 0.71 0.074 10.42
m1/2 16 0.93 1.09 1.00 0.048 480 16 0.84 0.99 0.90 0.048 5.33
m3 10 0.79 0.99 0.89 0.072 8.09 10 0.80 0.93 0.84 0.037 4.40

Burgmagerbein and Gaimersheim were studied
by Fahlbusch (1970).

In South-Eastern France the Saint-Martin-de-
Castillon continental deposits (Vaucluse, MP 24)
yielded several localities with eomyids (Ducreux
et al. 1985; Reichenbacher & Philippe 1997). These
localities show superposed calcareous beds separated
by lignitic or detritic clays, thus providing a strati-
graphic framework so that their respective age can
be established. The older locality is Saint-Martin E,
then Saint-Martin J, then Saint-Martin C, the rich-
est one and then Saint-Martin E the youngest. The
Theridomorph rodents (Zssiodoromys Bravard, 1852)
from E and ] clearly show that these localities are older
than Saint-Martin C and F but a little more recent
than Montalban (Hugueney & Maodden 1996). In
the nearby Forcalquier basin, the locality La Blache is
approximately of the age of Saint-Martin C or E

In Spain (Teruel Basin), the Montalban localities
are numerous (Freudenthal ez 2/. 1990). The sample
studied here comes from the classical level ascribed
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to MP 23. The list of the localities studied and the
material seen for comparisons with the new material
is given in Table 1, including the biochronological
framework.

TERMINOLOGY

We follow Engesser (1990) and Wang & Emry (1991)
for the terminology. In addition to this, concerning
the description of mesoloph(id)s the term “weak” is
used to describe a weakly-developed spur or a crest
limited to triangular-shaped bump.

In the following study the number of teeth meas-
ured and described do not always fit because some
teeth that have been described are not measured
because they are partially broken and some teeth that
have been measured are too worn on their occlusal
surface to be described. All the measurements are
given in millimetres. A clear distinction between
the first and second molars is possible in less than
half of the teeth; for this reason the two teeth are
not separated and designed as M1/2 or m1/2.

GEODIVERSITAS ¢ 2010 © 32 (2)



ABBREVIATIONS

Teeth

A classical eomyid tooth row is composed of four
teeth after the diastema: the last premolar and three

molars, they are named:
P4 upper premolar;

M1 upper first molar;
M2 upper second molar;
M3 upper third molar;

p4 lower premolar;

m1l lower first molar;
m2 lower second molar;
m3 lower third molar.

For young individuals a deciduous molar can be found
in place of the premolar:

DP4 upper deciduous molar;

dp4 lower deciduous molar.

Institutions

BSP Bavarian State Collections of Palaeontology,
Munich;

ESL Université des Sciences de Lyon;

IVPP Institute of Vertebrate Paleontology and
Paleoanthropology, Beijing;

MNHN  Muséum national d’Histoire naturelle, Paris;

NMB Naturhistorisches Museum, Basel;

USTL Université des Sciences et Techniques du

Languedoc, Montpellier.

BIOCHRONOLOGICAL FRAMEWORK

The biochronological framework used in this scudy
is the “Mammalian Reference levels” established
by the International Symposium on Mammalian
Biostratigraphy and Paleoecology of the European
Palacogene (Schmidt-Kittler ez 2. 1987), updated
in BiochroM’97 (1997). MP 21 is known as the
first biochronological unit of the Oligocene, fol-
lowing in Western Europe the mammalian crisis
known as the “Grande coupure” (Stehlin 1910),
and characterized by the arrival of new faunas,
very likely of Asian origin (eomyids, cricetids). The
synchronism of this event in Europe was in debate
for a long time (Legendre 1987). However, the
discovery in Romania of “post-Grande Coupure
cricetids”, intercalated in well-dated late Eocene
marine series, led Baciu & Hartenberger (2001) to
the conclusion that, in Eastern Europe (Romania)
and perhaps also in Southern Germany, asiatic
migration events occured earlier. The authors em-
phasize yet that the “Grande coupure”, correlated

GEODIVERSITAS ¢ 2010 * 32 (2)
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with the Eocene-Oligocene transition, remains a
major change for Western Europe.

SYSTEMATICS

Order RODENTIA Bowdich, 1821
Family EOMYIDAE Winge, 1887

Genus Eomys Schlosser, 1884

‘TYPE SPECIES. — Eomys zitteli Schlosser, 1884.

Eomys antiquus (Aymard, 1853)
(Figs 1; 2)

LECTOTYPE. — Left mandible with m1-m2, LP RG6
(MNHN), designated by Lavocat (1952: pl. 5, fig. 4).

TYPE LOCALITY. — Ronzon (France).

OTHER STUDIED LOCALITIES. — German localities: Ron-
heim, Méhren 19, 13, 20, only mandibles fragments for
Bernloch 1, Méhren 21, 25.

TEETH SIZE. — In the earliest localities, three different
species of eomyids can be identified based on size, a small
one and two larger ones. We describe the small species
first, that has been found in all the localities from the Early
Oligocene generally with an abundant material. Measure-
ments for specimen from the localities Méhren 13 and
Mahren 20 are given in Tables 2; 3 and Figure 3.
Ronheim — M1/2: 0.87 x 0.93 mm;

Mohren 19 — M1/2: 1.01 x 1.10; P4: 0.79 x 0.93 mm.

DESCRIPTION
P4
The labial anteroloph is generally well developed,
sometimes even disconnected from the protoloph,
providing a short, isolated labial fore-crest. On
some teeth it may also be weakly developed or
even absent. The lingual anteroloph is not clearly
developed, usually limited to a weak fold of the
enamel suggesting the formation of a crest. On one
tooth in Mdhren 13 the protoloph is absent and the
paracone is disconnected from protocone (Fig. 1G;
Appendix Fig. Al-Rare morphologies).

The mesoloph also has a noticeable variability,
it can be absent, weak or short. The entoloph is
usually continuous, but can sometimes be broken
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FiG. 1. — Eomys antiquus (Aymard, 1853) upper teeth, M6hren 13: A, RDP4, BSP 1972 Xl 4263; B, RP4, BSP 1972 Xl 3908; C, RP4,
BSP 1972 XI 3920; D, LP4, BSP 1972 XI 3931; E, LP4, BSP 1972 XI 3926; F, LP4, BSP 1972 XI 3911; G, LP4, BSP 1972 Xl 3945;
H, LP4, BSP 1972 XI 3947; 1, LP4, BSP 1972 XI 3909; J, RM1/2, BSP 1972 X1 4020; K, RM2, BSP 1972 XI 3949; L, RM1/2, BSP 1972
X1 3950; M, RM1/2, BSP 1972 XI 4023; N, LM2, BSP 1972 XI 3999; O, LM3, BSP 1972 X| 4041; P, LM3, BSP 1972 XI 4043; Q, LM3,
BSP 1972 Xl 4047; R, LM3, BSP 1972 XI 4052; S, LM3, BSP 1972 XI 4038. Scale bar: 0.5 mm.
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Early Western European Eomyidae (Mammalia, Rodentia)

Fic. 2. — Eomys antiquus (Aymard, 1853) lower teeth, M&hren 13: A, Rdp4, BSP 1972 Xl 4261; B, Rdp4, BSP 1972 X1 4262; C, Rp4, BSP
1972 X1 4082; D, Rp4, BSP 1972 XI 4098; E, Lp4, BSP 1972 X1 4074; F, Lp4, BSP 1972 XI 4058; G, Lp4, BSP 1972 XI 4059; H, Lp4, BSP
1972 X14060; I, Lp4, BSP 1972 X1 4064; J, Rm1/2, BSP 1972 X1 4122; K, Rm1, BSP 1972 Xl 4135; L, Rm1/2, BSP 1972 X1 4133; M, Rm1/2,
BSP 1972 X1 4148; N, Lm2, BSP 1972 Xl 4171; O, Lm2, BSP 1972 Xl 4196; P, Lm1/2, BSP 1972 Xl 4135; Q, Lm1, BSP 1972 XI 4118;
R, Rm3, BSP 1972 XI 4210; S, Rm3, BSP 1972 XI 4245; T, Rm3, BSP 1972 XI 4251; U, Lm3, BSP 1972 Xl 4232. Scale bar: 0.5 mm.
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between the mesoloph and the protocone or be-
tween the mesoloph and the hypocone. Only one
tooth in Méhren 13 presents a clearly developed
lingual posteroloph (Fig. 1D).

Mi/2
The labial anteroloph is long, starting at the base of
the protoloph, generally on a distinct anterocone. The
lingual anteroloph is generally absent except in some
cases with a weakly or clearly developed lingual anter-
oloph. Some teeth from Méhren 13 and Mohren 20
have the two anterolophs disconnected from the
protoloph, thus leading to the separation of a long,
isolated fore-crest. The mesoloph is generally short and
curved backwards, but it can be oblique to the front
of the tooth. Some teeth have a special morphology
of the mesoloph indicating a trend to the presence
of a second mesoloph (Appendix Fig. A2-1), as is the
case in the Eocene Symplokeomys zaysanicus Emry &
Wang, 1997 from Kazakhstan (Emry ez al. 1997).
The entoloph is generally continuous, but can also
be discontinuous, broken between the mesoloph
and the protocone or between the mesoloph and
the hypocone.

M3

The general shape of these teeth is rounded, with
a short posterior part. In the anterior part, a short
and weakly-developed lingual anteroloph can be
observed on some teeth. One tooth also has a pos-
terior spur on the protoloph (Fig. 1Q; Appendix
Fig. A3-Rare morphologies).

The morphological variability is higher in the
posterior part of teeth. The metaloph is usually
completely developed, reaching the labial border
but it can also be short or absent.

A forward crest can start from the metaloph. It
can be short or reaching the labial border of the
tooth, and in some rare cases, connected to the
protoloph. A backward crest can also appear, link-
ing the metaloph and the posteroloph. One tooth
in Mohren 13 also presents posterior spur starting
from the protoloph (Fig. 1Q).

p4

The anterior part is always divided in two tubercles
that can be interpreted as protoconid and metaco-
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nid. The two tubercles are usually clearly separated
or almost joining each other, few are linked by a
transverse crest or linked backward on the ectolo-
phid. A third and smaller cuspid, connected to the
protoconid and corresponding to the anteroconid,
can sometimes be observed.

The mesolophid is generally short but can also be
absent, weak or rarely reaching the lingual border.
In the posterior part, the posterolophid is usually
weakly developed and closely positioned to the
hypolophid delimiting a narrow posterosinus, but
more rarely is well developed. The ectolophid can
also be discontinuous.

ml1/2

The labial and lingual anterolophids are generally
both well developed. The labial one can be shorter
or even absent. The antero-labial part of the tooth
is rounded due to the strong development of the
labial anterolophid. The shape of the protoconid
is variable, generally oriented forward, but some-
times more perpendicular to the tooth axis or even
oriented backward.

The anterolophids are generally connected to
the protoconid but can also be connected to the
metalophulid or disconnected. The mesolophid
has less variability, generally of average size, very
rarely weak. Some rare teeth lack the posterolophid
as is the case on the m2 of the type mandible of
E. antiquus.

m3

The labial and lingual anterolophids are both well
developed, their connection can be with the pro-
toconid or with the metalophid, or they can be
disconnected. The shape of the protoconid also
has the same variability as in m1/2.

‘The mesolophid is always well developed but rarely
reaching the lingual side of the tooth. The ectolophid
is usually continuous, but it can be broken between
the mesolophid and the hypoconid.

On some rare teeth, a longitudinal spur can ap-
pear between the posterolophid and the mesolo-
phid, starting from the mesolophid or from the
posterolophid. This spur can be weakly developed
or well developed almost linking the mesolophid
and the posterolophid.

GEODIVERSITAS ¢ 2010 © 32 (2)
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Fic. 3. — Comparison of size for the three species yielded by German localities. The sizes of the two teeth from the type locality of
Eomys antiquus (Aymard, 1853), Ronzon, are indicated by stars.
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Fic. 4. — Comparison of the mandibles of Eomys antiquus (Aymard, 1853) and Eomys aff. E. zitteli Schlosser, 1884: A, left mandible of
Eomys antiquus from Ronzon in labial view, type material (drawing based on a cast MNHN, upper view cannot be observed); B, right
mandible of Eomys antiquus from Mohren 13 (BSP 1972 X1 4270); B, labial view; B’, upper view; C, left mandible of Eomys aff. E. zitteli

from Saint-Martin-de-Castillon E (FSL 98181). Scale bar: 2 mm.

DP4 and dp4

Very few teeth with a very simple morphology
have been found in Mdhren 13 and 20. Those
teeth have a premolar-type morphology but can
be easily differentiated by their very simple bu-
nodont morphology with the crests very lightly
developed or even absent (mesoloph and en-
toloph, or mesolophid and ectolophid are often
absent). Because of their simple morphology and
their smaller size, and as no other smaller teeth
with molar type morphology have been found,
these teeth can be unambiguously interpreted as
deciduous molars. Thus, we can observe that the
shape of the DP4 is more trapezoidal than that
of the P4, its labial border being longer than the
lingual one. The dp4 has a more elongated shape
compared to that of p4.

Mandible

Some quite well-preserved mandibles of the
smaller-sized eomyid come from Mohren 13 and
20 (unfortunately without complete condyloid
and angular processes and without teeth); being
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edentated they show the radiculation typical for
most eomyids: p4 with 2 roots and molars with
two anterior and one posterior root. They allow
a direct comparison with the morphology of the
type mandible of E. antiquus (Fig. 4). Several
features can be observed:

— the mandible is long and slender; the diastema
is long and faintly curved;

— the ascending coronoid ramus is in a more
forward position, completely hiding the m3 and
a part of the m2 in lateral view;

— the masseter insertion is V-shaped but weakly
marked for the dorsal masseter and the ventral
masseter insertions compared to the medial mas-
seter insertion.

— the masseter ends very high up on the mandible
under the p4, close to the mental foramen;

— the mental foramen is very high up on the
German material and located in the middle of
the diastema, between incisor and p4, as seen
in Adjidaumo minimus (Matthew, 1903) (Black
1965: fig. 29; Fahlbusch 1973). However on the
type mandible of E. antiquus, it is located lower

GEODIVERSITAS ¢ 2010 © 32 (2)



down than this. This morphological feature ap-
pears to be different, but the lack of material
does not allow us to describe any variability on
mandibles. Engesser (1990: fig. 29) suggested
that this feature could have a strong variability
in E. zirteli Schlosser, 1884 (perhaps due to age),
therefore we don’t interpret this observation as
diagnostic. Unfortunately, no mandible from
the Oligocene of Asia was described for further
morphological comparisons.

Generally speaking, it is noteworthy that fea-
tures described above for the mandibles from
France and Germany are not very different from
the mandible of the North American Adjidaumo
minimus figured by Black (1965).

CONCLUSION ON THE EOMYS ANTIQUUS

GERMAN MATERIAL

Among the three comyids found in Southern Ger-
many, the species described above is the smallest
(Fig. 3). The general morphology observed fits
with the bunodont tooth-morphology of Eo-
mys antiquus originally described from Ronzon
(two lower teeth, m1: 0.85 x 0,85 mm ; m2:
0.96 x 0.95 mm). The numerous teeth yiclded
by these German localities (mainly Méhren 13
and 20) now indicate a noticeable variability in
size and morphology for this species, in which the
type material of Ronzon is included (Appendix
Figs A1-AG for morphological variability; Fig. 3
for teeth size).

Even though the species Eomys antiquus from
Ronzon (the type locality) is poorly documented
as the diagnosis was made on a single mandible
(Aymard 1853), the direct comparison of the
lower molars of Mohren 13 and 20 showed no
noticeable differences in morphology or size with
the type. Based on tooth morphology, mandible
morphology and size, the material from Mohren
13, 20, 19 and Ronheim has been attributed to
the species Eomys antiquus.

Based on present knowledge no significant
morphological differences can be observed at the
beginning of the Oligocene, thus suggesting a large
spatial distribution of this species in Europe at
the beginning of the Oligocene (biochronologi-
cal units MP 21 and MP 22).
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Eomys aff. E. antiquus (Aymard, 1853)
(Fig. 5A-Q)

LOCALITIES. — French and Spanish localities: Saint-
Martin-de-Castillon C and F (France); Montalban
(Spain).

TEETH SIZE. — At a first approach of the material,
species can be differentiated on size. We first describe
the species characterized by small sized teeth found in
Saint-Martin-de-Castillon C, F and Montalban, the size
of which also corresponds to that of the smaller sized
German species. Measurements for Saint-Martin-de-
Castillon levels and Montalban are given in Tables 4-6
and Figure 7. This species is clearly differentiated by its
size compared to the very small sized species found in
La Blache and the medium-sized species found in Saint-
Martin-de-Castillon J and E.

DESCRIPTION
P4
The general morphology is similar to that of the Ger-
man material, but some differences can be observed
on the labial anteroloph development. The labial
anteroloph is generally absent or weakly developed,
more rarely well developed. The lingual anteroloph is
not clearly developed, usually limited to a weak fold
of the enamel suggesting the formation of a crest.

The mesoloph has a noticeable variability, it can be
absent, weak or short. When short, the mesoloph can
be perpendicular to the axis of the tooth or oblique to
the front of the tooth. Three teeth in Saint-Martin-
de-Castillon present a discontinuous mesoloph. The
rest of the teeth have the same type of morphological
variability as in the German material.

The entoloph is usually continuous, but can some-
times be broken between the mesoloph and the proto-
cone or between the mesoloph and the hypocone.

MI/2

On the anterior part of the tooth the labial anteroloph
is long, starting at the base of the protoloph. Few
teeth have a lingual anteroloph, but when present
it can be either weakly or clearly developed. Some
rare teeth can have the two anterolophs disconnected
from the protoloph. The mesoloph is generally short
and curved backward, but on some teeth it can be
oblique to the front of the tooth. The mesoloph
can also be weak, absent, or long and interrupted
in some rare cases at Saint-Martin-de-Castillon.
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TaBLE 4. — Measurements (in mm) of the population of Eomys aff. E. antiquus (Aymard, 1853) from Saint-Martin-de-Castillon C.
Abbreviations: N, number of teeth; Min, minimal value; Max, maximal value; Mean, mean value; SD, standard deviation; CV, coef-
ficient of variation.

Length Width

N Min Max Mean SD cvV N Min Max Mean SD CvV
D4 69 0.64 1.02 0.81 0.071 8.85 69 0.54 0.89 0.74 0.101 13.56
P4 84 0.74  0.96 0.86 0.050 5.80 84 0.80 1.02 0.92 0.049 5.31
M1/2 278 0.79 1.03 0.91 0.050 557 278 0.85 1.14  0.98 0.052 5.27
M3 87 0.59 0.82 0.70 0.042 5.99 87 0.66 090 0.79 0.046  5.82
d4 52 0.81 1.02 0.89 0.048 5.36 52 0.54 0.70  0.61 0.083 5.42
p4 68 0.75 1.02 0.90 0.049 545 68 0.65 0.93 0.77 0.050 6.56
m1/2 208 0.81 1.13 0.97 0.054 5,57 208 0.71 1.06 0.88 0.050 5.66
m3 102 0.73 0.98 0.88 0.050 5.69 102 0.73 0.91 0.82 0.043 5.22

TaBLE 5. — Measurements (in mm) of the population of Eomys aff. E. antiquus (Aymard, 1853) from Saint-Martin-de-Castillon F.
Abbreviations: N, number of teeth; Min, minimal value; Max, maximal value; Mean, mean value; SD, standard deviation; CV, coef-
ficient of variation.

Length Width

N Min Max Mean SD CcvVv N Min Max Mean SD Ccv
D4 7 0.79 0.90 0.84 0.048 5.73 7 0.78 0.87 0.84 0.037 4.37
P4 6 0.87 0.93 0.90 0.023 2.53 6 0.93 0.99 0.96 0.026 2.74
M1/2 17 0.82 1.00 0.92 0.054 5.85 17 0.89 1.15 1.00 0.080 7.93
M3 3 0.63 0.76 0.70 0.066  9.42 3 0.74 0.89 0.82 0.075 9.19
d4 4 0.86 0.92 0.89 0.028 3.13 4 0.59 0.65 0.61 0.029 4.73
p4 4 0.88 0.96 0.92 0.033 3.56 4 0.73 0.89 0.80 0.066 8.26
m1/2 13 0.94 1.13 1.03 0.059 5.77 13 0.81 1.01 0.91 0.050 5.55
m3 7 0.82 0.97 0.90 0.046 5.05 7 0.78 0.93 0.84 0.052 6.17

TaBLE 6. — Measurements (in mm) of the population of Eomys aff. E. antiquus (Aymard, 1853) from Montalban. Abbreviations: N, number
of teeth; Min, minimal value; Max, maximal value; Mean, mean value; SD, standard deviation; CV, coefficient of variation.

Length Width

N Min Max Mean SD Ccv N Min Max Mean SD cv
D4 2 0.73 0.80 0.76 - - 2 0.82 0.84 0.83 - -
P4 5 0.75 0.89 0.82 0.051 6.26 5 0.80 0.96 0.88 0.058 6.67
M1/2 8 0.82 0.89 0.86 0.028 3.23 8 0.93 1.04 0.98 0.050 5.08
M3 2 0.65 0.69 0.67 - - 2 0.78 0.86 0.82 - -
d4 1 - - 0.98 - - 1 - - 0.61 - -
p4 3 0.84 0.87 0.86 0.017 1.95 3 0.70 0.83 0.76 0.064  8.40
m1/2 6 0.90 1.06 0.96 0.060 6.26 6 0.84 0.92 0.88 0.036 4.07
m3 2 0.83 0.85 0.84 - - 2 0.81 0.81 0.81 - -

Some teeth clearly present two mesolophs (Ap-  hypocone, or even both at the same time, leading to
pendix Fig. A2-I). an isolated mesoloph (Appendix Fig. A2-Rare mor-

As for the P4, the entoloph is usually continuous,  phologies). One tooth in Saint-Martin-de-Castillon
but can sometimes be broken between the mesoloph  has a paracone disconnected from the entoloph (Ap-
and the protocone or between the mesoloph and the  pendix Fig. A2-Rare morphologies).
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Fic. 5.— A-Q, Eomys aff. E. antiquus (Aymard, 1853) teeth, Saint-Martin-de-Castillon C; A, RDP4, FSL 98150; B, RP4, FSL 98155; C,
RP4, FSL 98157; D, LP4, FSL 98162; E, RM1/2, FSL 98164; F, LM1/2, FSL 98160; G, LM3, FSL 98153; H, LM3, FSL 98169; |, Rdp4,
FSL 98167; J, Rp4, FSL 98166; K, Lp4, FSL 98159; L, Lp4, FSL 98154; M, Lp4, FSL 98158; N, Rm1/2, FSL 98151; O, Rm1/2, FSL
98156; P, Lm1/2, FSL 98163; Q, Lm3, FSL 98161; R-V, Eomys aff. E. zitteli Schlosser, 1884 teeth, Saint-Martin-de-Castillon J; R, RDP4,
FSL 98180; S, RM1/2, FSL 98178; T, RM1/2, FSL 98179; U, Rdp4, FSL 98176; V, Lm1/2, FSL 98177. Scale bar: 0.5 mm.
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M3

The general shape of the tooth is triangular round-
ed, its posterior part is generally larger than in
the German material. The anterior part of the
tooth has little morphological variability. The
labial anteroloph is always long, starting from
the base of the paraloph. A short and weakly-
developed lingual anteroloph can be observed
on some teeth.

The morphology generally has a higher variabil-
ity on the posterior part around the metaloph.
The metaloph is usually completely developed,
reaching the labial border, but it can also be short
or absent.

A forward crest (mesoloph) can start from the
metaloph. It can be short or reaching the labial
border of the tooth, and in some rare cases con-
nected to the protoloph (Appendix Fig. A3-Rare
morphologies). A backward crest can also appear,
linking the metaloph and the posteroloph.

p4

The general morphology is similar to that of the
material from the German localities but some slight
differences can be observed in the variability. The
anterior part is always divided into two conids.
Most of the time they are linked by a transverse
crest, but they can also be almost joining each
other or both linked backward on the ectolophid,
but are never clearly separated. An anteroconid,
connected to the protoconid, can sometimes be
observed and for one tooth this cusp takes the
shape of a real anterolophid (one case observed
in Montalban).

The mesolophid is generally short but with a
noticeable variability, it can be absent, weak or
reaching the lingual border. In some rare cases,
the mesolophid can be directly connected to the
metaconid by a fore-spur (one case observed in
Saint-Martin-de-Castillon C). In the posterior
part, the posterolophid is often weakly developed,
closely positioned to the hypolophid, delimiting
a narrow posterosinus, but it can also be well de-
veloped. Some teeth do not show a posterolophid.
The ectolophid is generally continuous but some
teeth have a disconnection between the protoconid

and the mesolophid (Fig. 5K).
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ml/2

In the anterior part of the tooth, the labial and
lingual anterolophids are generally both well devel-
oped, but the labial one can sometimes be shorter
or even absent. When the labial anterolophid is
strongly developed, the sinus between it and the
protoconid can be very wide leading to a round
shape of the anterolophid that is clearly observable
in the tooth outline. The protoconid is generally
oriented forward (Fig. 5N-P).

The anterolophids are usually connected to the
protoconid but the connection can sometimes be
more lingual, being connected to the metalophid,
and sometimes disconnected, leading to an isolated
anterior crest. The mesolophid has lictle variability,
generally of average size, very rarely weak (Fig. 50)
or absent. The ectolophid can sometimes be inter-
rupted leading to an isolated mesolophid in the
middle of the tooth. The posterolophid is always
present even if sometimes reduced to a spur.

m3

As for the m1/2, the labial and lingual anterolo-
phids are generally both well developed with some
variability in their connection that can be with the
protoconid or with the metalophid. The anterolo-
phids can also very often be disconnected, leading
so to an isolated fore-crest.

The mesolophid is always well developed, of
medium size or long, reaching the lingual side of
the tooth in most cases. The ectolophid is usually
continuous, but it can be broken between the mes-
olophid and the hypoconid.

The entoconid is generally weakly developed,
matching the thickness of the posterior crest on
its lingual part, but rarely absent.

On some rare teeth, a longitudinal spur can ap-
pear between the posterolophid and the mesolo-
phid, starting from the mesolophid or from the
posterolophid. This spur can be weakly developed
or well-developed linking the mesolophid and the
posterolophid (Appendix Fig. AG-IV).

DP4 and dp4

Some teeth have been found in the French and
Spanish localities that have the same morphology
as in Mohren 13 and 20.
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TaBLE 7. — Comparison of the teeth size of Eomys antiquus (Aymard, 1853) from Germany and E. aff. E. antiquus from France and
Spain with the non-parametric test of Mann-Whitney. The test was run on the length and the width of teeth. The significance (P) and
the number of specimens (N) is given for each couple of localities. When significant (<0.01) or highly significant (<0.001), the results

are indicated in bold characters.

Mohren 13 Montalban Montalban vs Saint-Martin C Saint-Martin C
vs Méhren 20 vs Méhren 13 Saint-Martin C  vs Méhren 13 vs Saint-Martin F

P4

Length P=0.718 P=0.257 P=0.083 P<0.001 P=0.027
N:47 N:7 N:5 N:47 N:5 N:84 N:84 N:47 N:84 N:6

Width P=0.470 P=0.034 P=0.127 P<0.001 P=0.019
N:47 N:7 N:5 N:47 N:5 N:84 N:84 N:47 N:84 N:6

M1/2

Length P=0.329 P<0.001 P=0.005 P=0.583 P=0.541
N:85 N:12 N:8 N:85 N:8 N:283 N:283 N:85 N:283 N:17

Width P=0.445 P=0.465 P=0.754 P=0.503 P=0.333
N:87 N:13 N:8 N:87 N:8 N:283 N:283 N:87 N:283 N:17

M3

Length P=0.623 P=0.548 P=0.286 P=0.391 P=0.710
N:21 N:2 N:2 N:21 N:2 N:87 N:87 N:21 N:87 N:3

Width P=0.209 P=0.870 P=0.332 P<0.001 P=0.399
N:21 N:2 N:2 N:21 N:2 N:87 N:87 N:21 N:87 N:3

p4

Length P=0.147 P=0.067 P=0.045 P<0.001 P=0.337
N:45 N:7 N:3 N:45 N:3 N:68 N:68 N:45 N:68 N:4

Width P=0.823 P=0.573 P=0.720 P<0.001 P=0.253
N:46 N:7 N:3 N:46 N:3 N:68 N:68 N:46 N:68 N:4

m1/2

Length P=0.152 P=0.462 P=0.531 P=0.826 P=0.001
N:61 N:16 N:6 N:61 N:6 N:208 N:208 N:61 N:208 N:13

Width P=0.480 P=0.015 P=0.989 P<0.001 P=0.049
N:62 N:16 N:6 N:62 N:6 N:208 N:208 N:62 N:208 N:13

m3

Length P=0.631 P=0.126 P=0.166 P=0.921 P=0.183
N:53 N:10 N:2 N:53 N:2 N:102 N:102 N:53 N:102 N:7

Width P=0.116 P=0.982 P=0.785 P=0.868 P=0.344
N:53 N:10 N:2 N:53 N:2 N:102 N:102 N:53 N:102 N:7

CONCLUSION ON THE EOMYS AFE. E. ANTIQUUS
FRENCH AND SPANISH MATERIAL

For Saint-Martin-de-Castillon C and F eomyids seem
to belong to a single population not very different
of that of the slightly older locality at Montalban.
Considering that morphological variability beyond
the type specimen (from Ronzon MP 21) is unknown,
the specimens from Montalban (MP 23) and Saint-
Martin-de-Castillon (MP 24) are here mainly com-
pared with the specimens from Germany (Mdhren
13 and 20, MP 21). Some significant morphological
differences can be observed, such as:

— an isolated labial anteroloph in P4 in Germany
(not in France or Spain), the labial anteroloph of
P4 is less developed on French and Spanish material
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and the mesoloph more frequently developed on
French material (Appendix Fig. A1-III);

— on M1-2, 3-6% of the French teeth show a long
interrupted mesoloph that is never seen on German
and Spanish material (Appendix Fig. A2-I);

— theabsence of metaloph in M3 in Germany (not
in France or Spain); the metaloph and the mesoloph
of M3 are more developed on French specimens
(Appendix Fig. A3);

— in German material, a clearly divided anteroconid
exists on p4, (not in France or Spain) the connec-
tion between the metaconid and the protoconid
is rare whereas it is more common in French and
Spanish material and the mesolophid seems shorter
in German localities (Appendix Fig. A4);
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— long mesolophids never exist on m1-2 (Appen-
dix Fig. A5);

— the mesolophid is more developed on m3 in French
and Spanish specimens (Appendix Fig. AG).

Concerning the size of teeth (Fig. 7), a comparison
between these localities has been made using the
Mann-Whitney test. This non-parametric test has
been chosen because the discrepancy in the number
of specimens between the localities does not allow
us to check if the values in each sample are normally
distributed. The results (see Table 7) confirm the
size similarity between Méhren 20 and 13, but also
the close size relationship between Saint-Martin-de-
Castillon C and E However a significant difference
is observed on the length of the m1/2 between the
two levels of Saint-Martin-de-Castillon, the teeth
of the upper level, Saint-Martin-de-Castillon F, be-
ing larger. Concerning Montalban, the results are
more difficult to interpret because of the generally
low number of specimens, likely to affect the re-
sult of the test. Montalban presents generally few
significant differences with both the German and
French localities. However the M1/2 seem to be
shorter than the specimens from both Germany
and France which might indicate a geographical
differentiation. For the remaining teeth, the size
in Montalban appears to be intermediate between
the German and French localities. The comparison
of Méhren 13 with Saint-Martin-de-Castillon C
(both with an important number of specimens)
indicates a clear difference in the size on the premo-
lars (the German ones being significantly smaller)
and also in the width of M3 and m1/2, which is
in accordance with the observations made of the
morphology. These results indicate a faint size en-
largement over time which is not always the case
in later eomyids.

Considering that the localities from Southern Ger-
many are probably much older (more or less 3 Ma)
than the French and Spanish localities studied, the
differences observed above are likely the result of
morphological evolution that more strongly affect
the teeth at the extremities of the tooth row. The
size and morphology of the type material of E. an-
tiguus (2 m1/2: 0.85 x 0,85 mm; 0.96 x 0.95 mm)
are indeed included in the variability described
for Montalban and Saint-Martin-de-Castillon C
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and F. For this reason the populations of the French
and Spanish localities are attributed to Eomys aff.
E. antiquus.

DISCUSSION

The general morphology described above for the
German, French and Spanish small-sized species
is characterized by very brachyodont teeth with a
bunodont tooth topology based on four main cusps.
The longitudinal crest, rarely interrupted, is more
or less lingually-located on upper premolars and
molars, and labially-located on lower premolars
and molars leading to very long transverse crests
(protoloph and metaloph for upper teeth and meta-
lophid and hypolophid for lower teeth) beyond the
middle axis of the teeth.

The single mandible found in the type locality
does not allow us to address the question of the
morphological evolution of E. antiquus mandible
between MP 21 and MP 24. However the significant
number of teeth found in Mdhren 13, Mohren 20
and Saint-Martin-de-Castillon (mainly the level C)
allows a more precise morphological comparison
in order to characterize such a potential evolution.
Indeed, the comparisons show, at first, a very similar
morphology, but also point out some differences
mainly on premolars and third molars, whereas first
and second molars are almost identical.

Among the small Eomys forms known from the Early
Oligocene, the particular morphologies described
from Lovagny (MP 23) by Engesser (1990) can be
found in Méhren 13 as well as in Montalban or Saint-
Martin-de-Castillon C and, in our opinion, the teeth
of Lovagny can be included in E. antiquus.

From the Early/late Oligocene transition (MP 25
level), the material of Bumbach 1(MP 25: En-
gesser 1990) has been compared (on cast) with the
German and French material. It appears that the
morphological features of E. nov. sp. 2 are included
in the morphological variability of E. antiquus
from the new material of Germany. However, the
upper teeth seem to show long mesolophs more
frequently. Eomys molassicus Engesser, 1987 is a
later form (Oensingen, MP 26) characterized by
its slightly larger size, its very brachyodont teeth
with long mesolophs/mesolophids and well-devel-
oped anterolophs/anterolophids. Also a noticeable
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peculiarity of the E. molassicus mandible, besides
its high ramus horizontalis, is the very large and a
little furrowed enamel band on the labial side of
its incisor (Engesser 1987: fig. 5d and cast). In our
opinion, based on what we know now on the po-
tential morphological variability of species for the
genus Eomys, E. nov. sp. 2 could be either related
to E. antiquus or to E. molassicus.

It is worth noting that in the MP 26 level, two
clearly different lineages are present: a very brachyo-
dont one, E. molassicus and another with incipient
mesodonty, Eomys zitteli known in Mas-de-Paufhié.
Their relationships with E. antiquus are not clear
at the time.

Eomys minor Comte & Vianey-Liaud, 1987
(Fig. 6)

TYPE LOCALITY. — Belgarric (Quercy, France).
OTHER STUDIED LOCALITY. —La Blache (France).

TEETH SIZE. — Eomys minor was described by Comte &
Vianey-Liaud (1987; error as E. minus) as the smallest
eomyid known in the Early Oligocene of Europe. It is
indeed a very small species, but it would be actually
difficult to separate this species from E. antiquus solely
based on size.

Belgarric — m1/2: 0.87 x 0.72 mm; 0.83 x 0.73 mm.
LaBlache—M1/2:0.78 x 0.80 mm; M3: 0.74 x 0.83 mm;
p4: 0.79 x 0.70 mm; m1/2: 0.88 x 0.89 mm;
0.91 x 0.80 mm.

DESCRIPTION
The teeth are brachyodont but the tubercles seem
to be proportionally high.

Mi/2

The rather worn tooth presents a very simple
morphology, with massive cusps fused into two
transverse and separated crests, no entoloph and
no mesoloph. The protocone is directed obliquely

backward.

M3

As for the M1/2 the cusps are massive. There are
four transverse crests; the labial anteroloph is long
and joins an anterocone. The entoloph is very thin
without mesoloph. The posteroloph is long and dis-
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FiG. 6. — Eomys minor Comte & Vianey-Liaud, 1987 teeth, La
Blache: A, A’, Lm1/2, FSL 98182; A, occlusal view; A’, labial view;
B, RM1/2, FSL 98183; C, LM3, FSL 98184; D, Rm1/2, FSL 98185;
E, Rp4, FSL 98186. Scale bar: 0.5 mm.

connected from the hypocone at its base. Protocone
and hypocone are directed obliquely backward.

p4

As for the other teeth, the morphology is simple;
the low ectolophid is very thin, without mesolo-
phid. The anterior part is clearly divided into two
cusps. The posterolophid is weakly developed
and represented by a spur on the posterior part
of the tooth.

ml/2

The two teeth from Belgarric and the two teeth
from La Blache have a very similar morphology,
with massive cusps and very simple bunodont
morphology. The two teeth from Belgarric have
no mesolophid and a weakly-developed poster-
olophid reduced to a spur. One of the two teeth
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TaBLE 8. — Measurements (in mm) of the population of Eomys aff. E. zitteli Schlosser, 1884 from Saint-Martin-de-Castillon J. Abbreviations:
N, number of teeth; Min, minimal value; Max, maximal value; Mean, Mean value; SD, standard deviation; CV, coefficient of variation.

Length Width

N Min Max Mean SD Ccv N Min Max Mean SD (617
D4 10 0.71 0.94 0.82 0.071 8.62 10 0.70 0.97 0.87 0.076 8.72
P4 3 0.93 0.94 0.93 0.008 0.90 3 0.91 1.03 0.97 0.059 6.04
M1/2 17 0.88 1.07 0.97 0.055 5.73 17 1.02 1.12 1.07 0.034 3.18
M3 1 - - 0.83 - - 1 - - 0.93 - -
d4 12 0.83 1.02 0.96 0.053 5.50 12 0.58 0.71 0.66 0.038 5.76
p4 4 0.93 1.05 0.97 0.054 5.59 4 0.83 0.87 0.85 0.017 2.02
m1/2 16 0.93 1.16 1.07 0.065 6.01 16 0.89 1.04 0.99 0.033 3.37
m3 6 0.84 1.01 0.93 0.055 5.91 6 0.85 0.97 0.91 0.049 5.37

TaBLE 9. — Measurements (in mm) of the population of Eomys aff. E. zitteli Schlosser, 1884 from Saint-Martin-de-Castillon E. Abbreviations:
N, number of teeth; Min, minimal value; Max, maximal value; Mean, Mean value; SD, standard deviation; CV, coefficient of variation.

Length Width

N Min  Max Mean SD cv N Min Max Mean SD cv
D4 3 0.77  0.88 0.83 0.056  6.71 3 0.87 0.93 0.91 0.035 3.81
P4 3 0.91 0.95 0.93 0.021 2.25 3 0.94 1.05 0.99 0.055 5.54
M1/2 5 0.93 0.99 0.95 0.024 2.51 5 1.04 1.13 1.07 0.035 3.27
M3 2 064 0.76 0.70 - - 2 0.83 0.89 0.86 - -
d4 3 0.92 1.00 0.96 0.040  4.17 3 0.61 0.68 0.66 0.040 6.15
p4 3 0.97 1.01 0.99 0.020 2.02 3 0.84 0.92 0.88 0.040 4.61
m1/2 8 0.99 1.12 1.05 0.047  4.45 8 0.87 1.04 0.95 0.053 5.65
m3 4 0.88 0.94 0.92 0.026  2.87 4 0.87 0.90 0.89 0.013 1.46
from La Blache has exactly the same morphology  DISCUSSION

whereas the other one is slightly different with
no ectolophid and a short spur connected to the
hypoconid that could be interpreted as a very
weakly-developed mesoconid. On this tooth, the
posterolophid is short but clearly more developed
than a spur and the anterior root is not completely
bifurcated as it is the case for E. antiquus. As in the
material from Belgarric, a long anterolophid exists
but, as the teeth are unworn, is not connected to
the protoconid.

Mandible

It is noteworthy that a second mandible without
teeth found in Belgarric is also clearly different
from the mandibles of E. antiguus from Méhren
13, 20 and Ronzon. The diastema is flat, almost
not curved, the ascending coronoid ramus is weakly
slant, hiding only the third molar and all the mas-
seter insertions are weakly marked.
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The size of this species seems to be smaller than
E. antiquus but teeth are close to the smallest
E. antiquus teeth. The measurements, taken di-
rectly on the type material (USTL BEL 470) for
this study, indicated that part of the values given
by Comte & Vianey-Liaud (1987) were underesti-
mated and that the width of the teeth is not clearly
smaller than for E. antiquus of Southern Germany
(E. minor, m1: 0.87 x 0.72 mm, m2: 0.83 x 0.73
mm; E. antiquus Ronzon, m1: 0.85 x 0.85 mm,
m2: 0.96 x 0.95 mm). However the diagnosis is
still valid as the morphology of E. minor can eas-
ily be differentiated from that of E. antiquus: the
longitudinal crest, often interrupted and centrally-
located on both upper and lower teeth leading to
short connections between the cusps; the latter also
present a massive morphology, the mesoloph(id)s
are absent and the posterolophid is generally short
or reduced to a posterior spur.
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Based on these features, the teeth from La Blache
can undoubtedly be attributed to E. minor and
the fact that, in this locality, only this species is
present confirms that E. minor is a valid species
and not simply the smallest individuals of an
E. antiquus population.

In the locality Bumbach1, Engesser (1990) also
described a minute P4 (0.58 x 0.64 mm; but
a little corroded) as Eomys nov. sp. 3. A single
tooth is difficult to assign; it seems unlikely that
it could be a P3, such teeth being known in the
late Eocene Symplokeomys Emry, Wang, Tjutkova
& Lucas, 1997 but it is of interest to notice that
the age of Bumbachl is equivalent to the Quercy
level Belgarric (MP 25) where Comte & Vianey-
Liaud (1987) described Eomys minor. A further
comparison of the material would probably decide
if Eomys nov. sp. 3 from Bumbach1 can be related
to E. minor. Anyhow the presence of E. minor in
at least two localities supports the assumption

that E. minor represents an independent lineage
as early as the MP 24/25 Oligocene.

Eomys aff. E. zitteli Schlosser, 1884
(Fig. 5R-V)

NEOTYPE. — Right mandible with p4-m3, QT 928,
NMB; designated by Fahlbusch (1970: 104).

TYPE LOCALITY. — Quercy (old collections; France).

OTHER STUDIED LOCALITIES. — Saint-Martin-de-Castillon
J and E (France).

TEETH SIZE. — The teeth from Saint-Martin-de-Castillon
E and J can be first separated from the teeth from Saint-
Martin-de-Castillon C and E based on their larger size.
Also a detailed study points out to clear morphological
differences.

Neotype of Eomys zitteli (mandible) — p4: 1.10 x 0.97 mm;
ml1/2: 1.15 x 1.11 mm; 1.13 x 1.15 mm; m3:
1.00 x 0.98 mm.

Measurements for the specimens from Saint-Martin-de-
Castillon levels are given in Tables 8; 9 and Figure 7.

DESCRIPTION

DP4 and P4

Its anteroloph is frequently double, the lingual part
being developed, which is rarely the case in other
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Eomys species; double anterolophs are also frequent
on E. zitteli P4 from Mas-de-Pauthé, DP4 being
unknown in this locality.

M1/2

The general morphology is similar to the teeth from
the other levels of Saint-Martin-de-Castillon, but some
slight differences can be noted with respect to the
variation. The mesoloph is always well developed as
opposed to the teeth from Saint-Martin-de-Castillon
F and C where it can be very short or even absent.
Some teeth also present a clear division of the mes-
oloph. The shape of the protocone is often elongated
and oblique and the teeth are generally proportionally
wider than in Saint-Martin-de-Castillon C and E

Dp4 and p4
The shape of the teeth is more elongated in its anterior
part than in Saint-Martin-de-Castillon C and E

ml/2

No significant differences can be observed on the
morphological features, but some differences can be
observed on the shape, the teeth being proportionally
wider. The metalophid is often curved and connected
forward on the ectolophid, whereas it is straighter
in other levels. In lateral view, no difference can be
observed on the height of the crown, but on lingual
side the metaconid often presents a bridge merging
with median cingulum. This type of morphology is
usually absent or weakly marked in Saint-Martin-
de-Castillon C and F (Fig. 8). In anterior view the
cuspids on labial part of the teeth are generally more
developed than on the lingual part.

M3 and m3

Few specimens have been found and no significant
differences can be observed either on morphological
variability or on tooth shape.

Mandible

A fragmented mandible found in Saint-Martin-de-
Castillon E also has a morphology very different from
that of Eomys antiguus, with a very deep diastema
and a mental foramen located just anterior to p4
(Fig. 4C). It compares more closely with the mandible
of the neotype of E. zizteli (Engesser 1990).
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Eomys aff. E. antiquus
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FiG. 7. — Measurements of Eomys Schlosser, 1884 teeth compared between French and Spanish localities The sizes of the teeth from

Length (mm)

the neotype of E. zitteli Schlosser, 1884 are indicated by stars.
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DiscussioNn

The comparison of the material of Eomys from the
four different levels of Saint-Martin-de-Castillon
provides some morphological differences in the
teeth but also some differences in the shape of the
mandible (Figs 4; 8).

The eomyids from Saint-Martin-de-Castillon
E and ] are stratigraphically older than those of
Saint-Martin-de-Castillon C and F, Saint-Martin-
de-Castillon E being situated on the same section as
Saint-Martin-de-Castillon C, about 10 m below.

‘The size of the teeth from Saint-Martin-de-Castillon
E and J that is larger than most of the teeth from
Saint-Martin C and F and some characteristics (less
“squared” teeth, mandible) suggest that £. aff. . an-
tiquus from the younger levels has no relationship
with this form. The comparison with the neotype
of E. zitteli leads to relate the two populations from
Saint-Martin-de-Castillon E and ] to E. zitteli. How-
ever, because these two localities are older than the
localities where E. zitzeli was hitherto recognized
(Mas-de-Paufhé, Quercy, MP 26) and because the
size, though equivalent to that of Mas-de-Pauflié
(Comte & Vianey-Liaud 1989) is a little smaller
than that of the neotype, we propose E. aff. E. zitteli
for Saint-Martin-de-Castillon E and J.

The relationships with the older and larger Eomys
sp. from Germany are unclear and the Saint-Martin-
de-Castillon E and ] form is likely an immigrant.

Eomys sp. (Fig. 9A-D)

LOCALITIES. — M&hren 20 and 19 (Germany). Mohren 13
(the two teeth are broken and cannot be measured).

TEETH SIZE. — In German localities a first smaller species
of eomyid has been previously described in this study as
E. antiquus, but two larger species were also found. We
first study the smallest of these two ones.

Méhren 19 — M3: 1.105 x 1.210 mm.

Measurements for the locality Mohren 20 are given in
Table 10.

DESCRIPTION

e

The tooth is square-shaped, with relatively mas-
sive cusps. The paracone is disconnected from the
protocone. There is no lingual anteroloph, and
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Fic. 8. — Lingual view of m1/2 molar from two levels of Saint-
Martin-de-Castillon: A, Eomys aff. E. antiquus (Aymard, 1853) from
the level C (FSL 98156); B, Eomys aff. E. zitteli Schlosser, 1884
from the level J (FSL 98181). Scale bar: 0.5 mm.

the labial one is weakly developed. The mesoloph
is short or absent.

Mi/2

The teeth have no lingual anteroloph. The labial
anteroloph is always long, starting on a proto-
conule separated from the base of the protoloph.
The mesoloph is short, one tooth has a second

mesoloph that is oblique and forward-oriented
(Fig. 9B).

M3

The metaloph is in all cases well developed, but
opposite to E. antiguus, an accessory crest appears
between the basis of the protoloph and the metaloph.
The general shape of the teeth is triangular with the
posterior part longer than in E. antiquus.
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TaBLE 10. — Measurements (in mm) of the population of Eomys sp. from Méhren 20. Abbreviations: N, number of teeth; Min, minimal
value; Max, maximal value; Mean, mean value; SD, standard deviation; CV, coefficient of variation.

Length Width
N Min Max Mean SD cv N Min Max Mean SD CcvV
P4 2 0.95 0.97 0.96 - - 3 0.97 1.1 1.05 - -
M1/2 5 0.98 1.09 1.02 0.046  4.51 5 1.05 1.14 1.10 0.033 3.00
M3 3 0.86 1.07 0.99 0.112 11.30 3 1.10 1.14 1.12 0.018 1.61
m1/2 6 116 1.31 1.21 0.054 4.46 6 1.07 1.23 1.14 0.059 5.17

TasLE 11. — Measurements (in mm) of the population of Eomyidae gen. et sp. indet. from M&hren 20. Abbreviations: N, number of
teeth; Min, minimal value; Max, maximal value; Mean, mean value; SD, standard deviation.

Length Width
N Min Max Mean SD Ccv N Min Max Mean SD Ccv
P4? 1 - - 1.16 - - 1 - - 1.19 - -
M1/2 2 1.04 1.12 1.08 - - 3 1.14 1.21 1.18 - -

ml/2

Despite the larger size, the teeth morphology is
similar to E. antiquus. The labial and lingual an-
terolophids are generally both well developed, but
the labial one can sometimes be shorter.

When the labial anterolophid is strongly de-
veloped, the sinus between it and the protoconid
can be very wide, leading to a round shape of the
anterolophid that is clearly observable in the tooth
outline.

The anterolophids are usually connected to the
protoconid, but the connection can sometimes be
more lingual and connected to the metalophulid,
and sometimes disconnected leading to an isolated
forward crest. The mesolophid has little variability,
generally of average size.

m3

The tooth is broken on its forepart. The mesolophid
is of medium length and has a posteriorly oriented
spur, but does not reach the posterolophid. On the
lingual part, the entoconid is reduced to a bump
on the posterolophid, but is clearly visible.

DIsCUSSION

These populations can be differentiated from Eomys
antiquus from the same localities based mainly on
their larger size (Fig. 3; Table 10). The previous
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description was primarily based on the population
found in Maohren 20 where 15 teeth have been
found, whereas only two teeth have been found
in Méhren 13 and just one in Méhren 19. The
morphology of this form is similar to E. antiquus
except for the more massive cusps.

The measurements of this population seem to
fit with the size of E. molassicus, but one of the
diagnostic features of E. molassicus is the presence
of long mesolophids whereas they are short on
these populations from Méhren 20, 13 and 19.
Eomys ebnatensis Engesser, 1987 is also different
because of its long mesolophids, larger size and
quite mesodont morphology. For these reasons this
new material from Bavaria appears to be an original
species. It should also be compared with the large
teeth from Hoogbutsel described as E. cf. antiquus
(Fahlbusch 1973).

The morphology of Eomys sp., with massive
cusps and short mesolophids is reminiscent of that
of E. major Freudenberg, 1941 from the late Oli-
gocene of Gaimersheim (the type locality) and also
Eomys sp. of Treuchtlingen. As the populations of
Gaimersheim and Treuchtlingen are larger in size,
this population from the Earlier Oligocene could be
considered as related to E. majorwith Eomys sp. from
Treuchtlingen as an intermediate form. However
the gap in the fossil record between the Early and
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Fic. 9. — A-D, Eomys sp. teeth, Mohren 20; A, LP4, BSP 1975 XXII 837; B, LM1/2, BSP 1975 XXII 846; C, Rm1/2, BSP 1975 XXII 845; D, Lm1/2,
BSP 1975 XXII 742; E-G, Eomyidae gen. et sp. indet. teeth, Méhren 20; E, LM1/2, BSP 1975 XXII 858; F, RP4? RM1/2?, BSP 1975 XXII 857;
G, RM2, BSP 1975 XXII 853. Scale bar: 0.5 mm.

late Oligocene in Bavaria does not allow to further
test this assumption. We therefore propose to leave
the nomenclature open, Eomys sp.

Eomyidae gen. et sp. indet.
(Fig. 9E-G)

MATERIAL. — Left M1 (BSO 1975 XXII 858), Fig. 9E;
right 2P42M1/2 (BSP 1975 XXII 857), Fig. 9F; right
M2 (BSP 1975 XXII 853), Fig. 9G.
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LocALITY. — Mahren 20 (Germany); Early Oligocene
(MP 21).

TEETH SIZE. — Measurements are given in Table 11.

DESCRIPTION

General characteristics: large buno-lophodont Eo-
myidae with longitudinally elongated paracone and
metacone opposed to rounded lingual tubercles; long
mesoloph fused with the paracone, entoloph more
or less interrupted behind the mesoloph; synclinal
I very long on M2.
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Two teeth presenta clearly unknown morphology.
The large right M2 is clearly wider than long and
conspicuously reduced posteriorly. The crests are
massive and cusps weakly developed; the difference
on cusps development between labial and lingual
part is weaker than in other Bavarian eomyids.

Paracone and metacone are stretched longitudi-
nally and the paracone is fused with the labial ex-
tremity of the mesoloph. Protocone and hypocone
are rounded lingually and hollowed on their labial
face. The sinus reaches the middle of the tooth
and is slightly oblique antero-labially. The labial
anteroloph is very long, starting directly on the
anterior arm of the protocone with a right angle,
so that syncline I extends over about two thirds of
the tooth. Protoloph and mesoloph are roughly
parallel and have the same length as anteroloph so
that synclines I and II are equal in length. In rela-
tionship with the long sinus, syncline III is shorter
and opens labially. The metaloph, slightly oblique,
joins the anterior arm of the hypocone, which is a
little antero-labially orientated. The posteroloph is
well developed and, with wear, joins the metacone
and the posterior arm of the hypocone and, with
further wear, its lingual part. Syncline IV is a litdle
shorter than the anterior synclines. The entoloph
is faintly interrupted behind the mesoloph.

‘The two other teeth display some variations; they
are more quadrate with round angles.

— 'The pattern of the left M1 is very similar to that
of the M2 but the anteroloph is shorter and joins
the elongated anterior arm of the protocone with
a right angle. The sinus is wider and reaches the
middle of the occlusal surface and the synclines are
shorter, synclines II and IV being the longest;

— A damaged and worn right tooth possibly a
P4 (or M1/2) shows a disorganized pattern. The
protoloph is transverse but the metaloph is inter-
rupted, its labial part bending to the posteroloph.
The mesoloph is not obvious but seems interrupted,
partly parallel to the protoloph and fused with the
paracone. The entoloph is interrupted behind the
mesoloph.

DiscussioNn

The two teeth found in Mdhren 20 display a mixture
of morphological features known in Eomys from
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Early Oligocene with features that were previously
known only since the late Oligocene.

Some features are close to Eomys such as: the
brachyodont and bunodont teeth with the rounded
lingual tubercles and transverse crests joining the
anterior part of the protocone and hypocone.
Long mesolophs are known only in more recent
Eomys.

Other features are observed for the first time in
the Early Oligocene, the buno-lophodont pattern
with elongated paracone and metacone more or less
fused within the transverse crests, the long synclines
resemble Pseudotheridomys Schlosser, 1926. However
the connection of the protoloph with the anterior
part of the protocone indicates without doubt that
the teeth do not belong to Pseudotheridomys where
the protoloph always joins the posterior part of the
protocone; it is also generally the case for Eomyodon
Engesser, 1987 where the protocone is compressed
and obliquely directed antero-labially and where
the interruption of the entoloph takes place before
the mesoloph. The greater similarity is with the
genus Asianeomys Wu, Meng, Ye & Ni, 2006 from
the late Oligocene/Early Miocene of China (Wu
et al. 2006) and especially with A. fahlbuschi W,
Meng, Ye & Ni, 2006, with its long mesolophs
fused with the paracone. Asianeomys fahlbuschi is
however smaller, also some clear difference can also
be observed as the mesoloph connects directly to
the protocone.

It is noteworthy that, unfortunately, no lower
molars with correspondant morphology are associ-
ated with the upper ones in Mohren 20. However,
we know from Asianeomys that the upper and lower
molars of eomyids can present a completely dif-
ferent pattern. Consequently we can hypothesize
that the lower molars of this taxon could present
a pattern more similar to Eomys, making it difh-
cult to differentiate from the previously described
Eomys sp.

Considering the little material known from
Mohren 20 and the clear differences of upper
molars with all the eomyids genera known up
to now, we propose here that this taxon is a new
genus of Eomyidae and we let the nomenclature
open until the discovery of new material in this
locality or another.
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EVOLUTIONARY HISTORY OF THE
FIRST WESTERN EUROPEAN EOMYIDS

The study of the oldest Western European eomyids
gives a new insight into their, previously poorly
known, Early Oligocene history. New and abundant
materials from Germany, France and Spain, from
MP 21 to MP 24 levels, demonstrate, as soon as
the MP 21 level following the “Grande Coupure”,
the occurrence of several species of different sizes
instead of the sole and minute Eomys antiquus.

VARIETY OF SPECIES

Three species are now known in the MP 21 level:
Eomys antiquus is the most abundant and the most
widely distributed; this makes it possible, for the
first time, to get an appraisal of the size and mor-
phological intraspecific variabilities, which are very
large. But in Germany, two other larger species are
represented: Eomyidae gen. et sp. indet. and Eomys
sp. According to the present knowledge, the two
large species are only known in two German locali-
ties (perhaps also in Hoogbutsel) and neither seem
to persist later nor to expand to other European
countries. The hypothesis of the Rhine graben act-
ing as a barrier (Schmidt-Kittler & Vianey-Liaud
1975) could be put forward but it does not take
into account the large expansion of the smaller spe-
cies. Another explanation could be that the larger
species did not succeed and disappeared rapidly as
is the case for the arrival and rapid disappearance
of the Lagomorpha in the MP 21-22 level.

Later in the Early Oligocene of France and Spain
(MP 23-24) three species are recognized: Eomys aff.
E. antiquus, Eomys aft. E. zitteli and Eomys minor.
We think that Eomys aff. E. antiquus is likely derived
from E. antiquus, its morphology and mesodonty
being similar to specimens from the earlier levels,
but slight differences in the size of teeth and some
derived morphological characteristics indicate a
higher level of evolution. The two other species are
clearly different from the species described in the
very Early Oligocene German localities, thus sug-
gesting that they have no relationship with them;
moreover the Saint-Martin-de-Castillon stratified
levels yielded E. aff. E. zitteli in the older localities
whereas E. aff. E. antiquus exists in the upper levels;
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this excludes that E. zitteli could derive from E. an-
tiguus and indicates that the two species represent
different lineages.

All these findings demonstrate that Western
European eomyids were significant components
of the migration following the “Grande Coupure”.
However, as E. zitteli and E.minor have hitherto
not been found in the earliest Oligocene levels but
only later, the appearance of different species not
clearly related to the earlier species or between them,
refutes also the hypothesis of the single arrival of a
unique species giving rise to later taxa by repetitive
cladogenesis (Fahlbusch 1973; Comte & Vianey-
Liaud 1987). Two different hypothesis can be put
forward: 1) either the ancestors of these species exist
but, as the localities of the earliest Oligocene are
not very numerous and not very rich, rare species
have not been discovered; or 2) several spreading
events occurred throughout MP 22-24 as could be
indicated by the fact that new genera (as well in cri-
cetids as in soricids) appeared, in almost every level
of the Early Oligocene, suggesting the hypothesis
of more or less continuous arrivals, even before the
important change of the MP 25-26 level (Comte &
Vianey-Liaud 1989; Legendre ez al. 1991)

If the diversification of the eomyids is integrated
in the general evolution of the Oligocene mamma-
lian faunas (Legendre ez a/. 2006), we can observe
that between the main immigration event of the
“Grande Coupure” (between MP 20 and MP 21)
and a second important origination phase, cor-
related to the transition Early/late Oligocene (be-
tween MP 24 and MP 25), the arrival of taxa are
not null. They reach, in MP 22-24, 28-30% of the
entire fauna: however, at the moment, their origin
is not well understood.

ORIGIN OF THE SPECIES

Whereas eomyids are known in the Asian and Ameri-
can continents since the middle Eocene (Wang 2002;
Dawson 2003), they seem to appear in Western
Europe only at the beginning of the Oligocene, in
relation with the “Grande Coupure” event. If one
assumes that the datings of the localities are correct,
this late appearance of eomyids in Europe is still to
be explained. First, the climatic event due to the
settlement of a permanent Antarctic ice sheet that
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occurred across the Eocene/Oligocene boundary
(Flower & Chisholm 2006) has probably affected
species distribution and could explain the triggering
of migration events. In this case, the geographical
context may also have played a major role, indeed
marine corridors linking Tethys domains with the
Arctic and Atlantic oceans until the late Eocene
(Rogl 1998; Meulenkamp & Sissingh 2003) are
likely to limit the distribution of species. Since the
late Eocene, the tectonic evolution and the general
regional uplift in northern Europe (Meulenkamp &
Sissingh 2003) may have contributed to open land
connections with Asian continent and thus indi-
rectly with North America.

The origin of European eomyids was previously
considered as a single migration event from late
Eocene or Early Oligocene of North America where
eomyids were abundant in the fossil record, whereas
they were still poorly known in Asia (Fahlbusch 1973,
1979; Comte & Vianey-Liaud 1989; Vianey-Liaud
1985 contra Engesser 1987, who emphasized that
certainly the history of early eomyids in Europe
was not simple).

The undescribed eomyid genus found in Méhren
20 demonstrates, however, some morphological
affinities with the late Oligocene/Early Miocene
species of Asianecomys, recently described from
China; it is presently impossible to decide if it is
derivable from an European Eomys (as thought by
Wu ez al. 2006), or, more likely if unknown late
Eocene Asian eomyid gave rise to it. Anyway, this
observation now leads us to consider the Asian ori-
gin of European eomyids as a potential hypothesis,
considering that, up to the present day, no similar
morphological pattern has been described among
North American eomyids. However this hypothesis
has to be further tested with more comparisons
between Asiatic and European material. Regard-
ing this problematic the discovery of new eomyids
in the Late Eocene/Early Oligocene of Asia will
certainly be the key to clarify the evolutionary
history of eomyids in Eurasia.

Nevertheless, the better knowledge we have now
on eomyid diversity in the Early Oligocene of
Europe allows us to undertake further systematic
comparisons in order to better understand their
evolutionary modalities and to establish a new
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phylogeny for the family that will be the next step
toward the understanding of eomyid evolution and
distribution over the holarctic domain.

CONCLUSIONS

The family Eomyidae appears in Europe after
the “Grande Coupure”, at the beginning of the
Oligocene. In this study new material from the
earliest Oligocene of southern Germany has been
described, including Eomys antiguus, Eomys sp., and
an undetermined genus, probably new, Eomyidae
gen. et sp. indet. The latter is especially interesting
as Fomys was the only genus of eomyid known in
the Early Oligocene of Europe until now. So far,
this new genus has not been found in younger
localities of Germany and seems to be restricted
to the very Early Oligocene. However it is note-
worthy that if, as proposed by Legendre (1987),
Mohren 13 and 20 are late Eocene these eomyids
might be the first ones arriving in Europe along the
Cricetids from Romania (Baciu & Hartenberger
2001), then Eomyidae gen. et sp. indet and Eomys
sp. would be restricted to the late Eocene.

In the Early Oligocene of France and Spain the
species Eomys aff. E. antiquus, E. aff. E. zitteli and
E. minor are recognized. Based on their morphol-
ogy, E. afl. E. zitteli and E. minor scem unlikely
derived from the older species known in France
and Germany suggesting they could be either
immigrant species arrived in Europe later in the
Early Oligocene or are very rare species not yet
found in the earlier levels.

More generally our results emphasise the already
high diversity of eomyids in the Early Oligocene
leading to consider a more complex evolutionary
history than previously proposed.

Concerning the origin of European eomyids,
the probably new eomyid genus found in south-
ern Germany shows some morphological affinities
with the late Oligocene/Early Miocene species
of Asianeomys from China. Even though the re-
lationship between this Chinese genus and the
European comyids remains unclear, this observa-
tion supports the hypothesis of an Asian origin
of European eomyids considering that so far no
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similar morphology has been described among
North American eomyids.
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APPENDIX

Fic. A1. — Morphological variability of Early Oligocene small and medium sized Eomys Schlosser, 1884 populations, P4. N, number of
individuals observed. Variability is observed on the following morphological features: I, presence of a lingual anteroloph; Il, develop-
ment of the labial anteroloph; lll, development of the mesoloph; IV, entoloph; V, protoloph; VI, posteroloph. Abbreviations for localities:
M6 13, Mohren 13 (E. antiquus); M6 20, Mohren 20 (E. antiquus (Aymard, 1853)); Montb, Montalban (E. aff. E. antiquus); St M.C, Saint-
Martin-de-Castillon C (E. aff. E. antiquus); St M.F, Saint-Martin-de-Castillon F (E. aff. E. antiquus); St M.J, Saint-Martin-de-Castillon J
(E. aff. E. zitteli Schlosser, 1884);.

N |
St M.F 6 St M.F 67% 33% -
St M.C 75 St M.C 89% 8% 3%
StM.J 4 St M.J 25% 50% 25%
Montb 6 Montb 67% 33% -
Mo 13 44 M6 13 73% 23% 4%
Mo 20 7 M6 20 71% 29% -

St M.F 17% 50% 33% - St M.F 33% - 33% 17% 17% -
StM.C 39% 42% 18% - StM.C 23% 17% 35% 21% 4% -
StM.J 25% 75% - - StM.J - - 80% - - 20%
Montb 66% 17% 17% - Montb - - 67% 33% - -
M6 13 18% 32% 39% 11% M6 13 16% 283% 32% 29% - -
M6 20 - 29% 14% 57% M6 20 29% 29%  29% 13% - -

Rare morphologies

(number of teeth)

StM.C 2 1 - - 1
StM.J - 1 - - -
M6 13 3 2 1 1 1
M6 20 - 1 - - -
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FiGc. A2. — Morphological variability of Early Oligocene small and medium sized Eomys Schlosser, 1884 populations, M1/2. N, number
of individuals observed. Variability is observed on the following morphological features: I, development of the mesoloph; Il, develop-
ment of the lingual anteroloph; lll, connection between the anterolophs and the protocone; IV, presence of a short crest in the lingual

sinus; V, entoloph. Abbreviations for localities: see Figure A1.

N
St M.F 16 St M.F - 13% 18% 63% 6% - - -
StM.C 245 StM.C 2% 12% 23% 60% 3% - - -
StM.J 21 StM.J - - 38% 47% 5% 5% - 5%
Montb 9 Montb - - 11% 78% - 11% - -
M6 13 83 M6 13 - 12% 12% 74% - 1% 1% -
M6 20 15 M6 20 - - 13% 87% - - - -
Il
11l
St M.F 75% 25%
StM.C 61% 29% 9% 1%
St M.J 80% 15% 5% -
Montb 89% 11% - -
M6 13 52% 39% 7% 2%
M6 20 66% 20% 7% 7%

Rare morphologies
(number of teeth)

St M.F
StM.C
StM.J
Montb
Mo 13
Mo 20
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Fic. A3. — Morphological variability of Early Oligocene small and medium sized Eomys Schlosser, 1884 populations, M3. N, number of
individuals observed. Variability is observed on the following morphological features: I, development of the metaloph; Il, development
of a mesoloph starting from the metaloph; lll, presence of a posterior spur starting from the metaloph; IV, development of the lingual
anteroloph; V, protoloph; VI, posterior spur on the protoloph. Abbreviations for localities: see Figure A1.

N
St M.F 2 St M.F - 50% 50%
St M.C 45 St M.C - 7% 93%
St M.J 2 St M.J - - 100%
Montb 2 Montb - - 100%
M6 13 20 M6 13 10% 20% 70%
Mo 20 3 Mo 20 33% - 67%
M

St M.F 50% - 50% - St M.F 50% - 50%

StM.C 18% 27% 51% 4% St M.C 62% 36% 2%

St M.J - 100% - - St M.J - 100% -

Montb 50% 50% - - Montb 50% 50% -

Mo 13 50% 45% 5% - Mo 13 90% 5% 5%

M6 20 33% 33% 33% - M6 20 100% - -

\Yi Rare morphologies
(number of teeth)

St M.F 50% 50%

StM.C 84% 16% StM.C ~ _

St M.J 100% - Montb B _

Montb 100% - M5 13 1 1

Mo 13 70% 30%

Mo 20 100% -
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FiGc. A4. — Morphological variability of Early Oligocene small and medium sized Eomys Schlosser, 1884 populations, p4. N, number of
individuals observed. Variability is observed on the following morphological features: I, presence of an anteroconid; Il, development of
a metalophid between the metaconid and the protoconid; lll, development of the mesolophid; IV, development of the posterolophid.
Abbreviations for localities: see Figure A1.

N
St M.F 4 St M.F 25% - 75%
St M.C 65 St M.C - 17% 83%
StM.J St M.J - 20% 80%
Montb Montb 33% 33% 33%
Mo 13 47 M6 13 - 9% 91%
Mo 20 6 Mo 20 - 50% 50%
I} I
St M.F - - 100% - - St M.F - - 100% -
St M.C 15% 23% 58% 2% 2% St M.C - 8% 89% 3%
St M.J 33% - 67% - - St M.J - - 100% -
Montb - 33% 67% - - Montb - 33% 67% -
Mo 13 4% 38% 51% 7% - Mo 13 32% 47% 17% 4%
Mo 20 - - 100% - - Mo 20 - 50% - 50%
v Rare morphology
(number of teeth)
St M.F - 25% 75% -
StM.C 10% 51% 39% -
StM.J - - 100% - St M.C 8
Montb - - 100% - Mo 13 1
Mo 13 2% 79% 17% 2%
Mo 20 - 80% 20% -
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FiGc. A5. — Morphological variability of Early Oligocene small and medium sized Eomys Schlosser, 1884 populations, m1/2. N, number
of individuals observed. Variability is observed on the following morphological features: I, development of the mesolophid; I, develop-
ment of the labial anterolophid; Ill, connection of the anterolophids. Abbreviations for localities: see Figure A1.

N
StM.F 15 StM.F

StM.C 239 StM.C

StM.J 21 StM.J

v Montb 6 Montb

I M& 13 9 M5 13
I ) Mb 20 17 Mb 20

St M.F - - 100% St M.F 13% 74% 13%
StM.C 1% 12% 87% St M.C 37% 47% 16%
StM.J - 13% 87% StM.J 59% 18% 23%
Montb - - 100% Montb 66% 17% 17%
Mo 13 4% 17% 79% M6 13 60% 31% 9%
M6 20 6% 23% 71% Mo 20 76% 6% 18%

Rare morphologies

(number of teeth)

StM.C 1

GEODIVERSITAS ¢ 2010 * 32 (2) 253



Maridet O. et al.

FiGc. A6. Morphological variability of Early Oligocene small and medium sized Eomys Schlosser, 1884 populations, m3. N, number
of individuals observed. Variability is observed on the following morphological features: I, development of the labial anterolophid; II,
development of the mesolophid; I, connection of the anterolophids; IV, posterior spur on the mesolophid; V, ectolophid; VI, spur
starting from the posterolophid. Abbreviations for localities: see Figure A1.

N
St M.F 8 St M.F
StM.C 100 StM.C 1% 40% 59%
St M.J 7 St M.J - 14% 86%
Montb 2 Montb - 50% 50%
M6 13 53 M6 13 2% 6%  92%
M6 20 9 M6 20 - 11% 89%

St M.F 25% 75% - St M.F
StM.C 11% 80% 9% St M.C
St M.J - 86% 14% St M.J
Montb 50% 50% - Montb
Mo 13 26% 40% 34% M6 13
Mé 20 12% 44% 44% M6 20

Rare morphologies
(number of teeth)

St M.F
StM.C
StM.J
Montb
Mo 13 92% 2% 6% -
M6 20 89% 11% - -

StM.C 4 -
M6 13 1 1
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