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Abstract
Large-sized cricetid rodents (Cricetodotontini) immigrated to Central Europe at the beginning of the Middle Miocene Climate
Transition at ca. 15My and are thus of great value for biostratigraphic and palaeoecologic purposes. An important fossil material
belonging to a relatively small species of Mixocricetodon from the North Alpine Foreland Basin is described. It is a rare
component in faunas of equivalent age, and the new material confirms the synonymy with the genus Lartetomys. The lineage
L. mirabilis-L dehmi is documented in its chronostratigraphic framework, and the origin of the genus is discussed but remains
uncertain.
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Introduction

Cricetodotontini are large cricetid rodents that immigrated to
Central Europe at the beginning of the Middle Miocene
Climate Transition (e.g. Prieto and Rummel 2016 and
references therein), a period marked by a cooling trend. The
tribe is therefore of great biostratigraphic value (Rummel
2000, Rummel and Kälin 2003, López Guerrero et al. 2014,
Prieto and Rummel 2016), and well-documented evolutionary
lines are recognised (López-Guerrero et al. 2015). However,
one genus remains rare and enigmatic.

Mein and Freudenthal (1971a, b, 1981) defined the genus
Lartetomys with only a few rare teeth discovered in the karst

deposits from Vieux-Collonges (France; lower to middle
Miocene, see § Material and methods). They defined two spe-
cies of different sizes but expressed doubts about the homoge-
neity of the genus. The smallest species, L. zapfei, was then
definitively related to democricetodontines by Garapich and
Kälin (1999), and then assigned to a new genus by
Theocharopoulos (2000) through the study of the rich material
of the Greek early Miocene. The larger L. mirabilis, closer to
Cricetodon, was only known from two teeth from Vieux-
Collonges. Lartetomys mirabilis was also listed among the fau-
na of the sands of Castelnau-d'Arbieu (France) without being
described (Bulot et al. 1992). Finally three molars, partly dam-
aged, were documented in Contres (France; Augé et al. 2002).

Mein (2003) then proposed a compilation of the literature
on Eurasian rodents and noted (p: 411) that Lartetomys was
found in Germany under the name Mixocricetodon dehmi
(proposal followed by López-Guerrero et al. 2015). This very
large Cricetodontini species was based on a rich fossil material
from the middleMiocene karst fillings of Petersbuch, and very
rare specimens from the Bavarian molasse (Rummel 1997). A
second species ofMixocricetodon, unnamed and smaller than
M. dehmi, was documented at Petersbuch 41 “rechte Spalte
[right fissure]”. The only representative of this species, a man-
dible including the incisor, as well as the m2 and m3, is
considered by Rummel (1997) to be more primitive than
M. dehmi. The biostratigraphic potential of the genus was
confirmed when Seehuber (2009) recognised a M1 and a frag-
ment of m2 of a small-sized Mixocricetodon in Burg-
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Balzhausen (middle Miocene; Germany). However, the fossil
material is still too scarce to study the phylogenetic relation-
ships of the above-mentioned species.

In this context, the locality Höll (German part of the northern
Alpine basin, middleMiocene, see §Material and methods) is of
primary importance. Indeed, among the many remains initially
attributed to Cricetodon (Scholz 1986a), a significant population
of small-sized Lartetomys (=Mixocricetodon) could be isolated.
Thus, the purpose of this work is, in view of this newmaterial, to
describe the evolution of the genus.

Material and methods

The terminology used in the description of the molars mainly
follows Freudenthal et al. (1994) andRummel (1998). Details are
in Prieto (2012). The term “prelophid” proposed by Freudenthal
(1985) refers to a transversal crest developed halfway between
the anteroconid and the protoconid/metaconid pair. The use of
the term anteromesoloph follows Heissig (1995). Hypolophulid
II is defined in Rummel (1997). The terminology for the molar
planation follows Hershkovitz (1967: fig. 4).

Themolars were photographed and then digitally measured
using the method proposed by Prieto et al. (2016: fig. 3).

The fossils considered herein are housed in the collections
of the Naturkundemuseum und Römisches Museum im
Zumsteinhaus at Kempten, Germany (possible change of in-
stitution in the future; Höll, M-0S-2177 for all specimens
originally assigned to Cricetodon; the Lartetomys specimens
have been isolated and each fossil labelled), the Bayerische
Staatssammlung für Paläontologie und Geologie at Munich,
Germany (holotype and paratype of Mixocricetodon dehmi,
1997 I 1 and 2; Laimering 3, 1989 XX; Göttschlag, 1986
XXIII), and the Naturmuseum of the city of Augsburg,
Germany (Burg-Balzhausen; 2005-716/1927 and 2005-772/
1927; Petersbuch 108, fossils are under study).

The fossil record of the genus Lartetomys, as well as the
geographical position of the localities, is summarised in Fig. 1.
The local time scale for Germany follows Prieto and Rummel
(2016; See also Rochool et al. 2017 for radioisotopic datings)
with comments in Prieto et al. (2018). The use of the MN
system is problematic for the time range considered in this
paper and allows only for approximate long-distance correla-
tion (e.g. Van der Meulen et al. 2011). We discuss the relative
dating of the localities considered herein in the following:

Germany

In Bavaria, the richest sites come from the karst fillings of
Peterbuch. Petersbuch 31 “liegend [lying]” and Petersbuch 39
faunas, for which Mixocriceton material has been described,
are correlated to MN 6 by Rummel (1997), as are Petersbuch
32 and 33 (Rummel 2000). These faunas containCricetodon aff.

aureus and are therefore correlated to OSM F. To avoid any
confusion, it is important to note here that the upper part of the
Petersbuch 31 fissure is more recent, and characterised, among
others, by the presence of C. aff. sansaniensis and
Megacricetodon aff. gregarius (Rummel 2000, Prieto 2007).
Petersbuch 41 “rechte Spalte [right fissure]” is older, MN 5 for
Rummel (1997, 2000)who recognisesM. lappi andC. aff.meini.
This association allows a correlation of the fauna with OSMF-
EBE. Petersbuch 108, on the other hand, is currently under study.
Pickford (2017) describes a new species of Suoidea,
Choeromorus petersbuchensis, which he dates at about
13.8 Ma (the base of MN 6 in his study). The small mammal
fauna contains Cricetodontini related to those of Petersbuch 68.
In contrast, it containsGalerix exilis instead ofParasorex socialis
(Prieto and Rummel 2009). Thus, Petersbuch 108 is slightly
older. This indicates that this fauna ismost probably the youngest
of those studied for Peterbuch (probably OSM?-KIR).

The German molasse sites generally contain only rare spec-
imens of Lartetomys. A notable exception is Höll whose fossil
material will be presented in this work. The locality is localised
in the southern part of the North Alpine Foreland Basin, south-
west from Isny (Allgäu, Scholz 1986a, b). Scholz (1986a) cor-
relates the fauna to the MN 6. The preliminary studies on the
evolutionary level of Cricetodon from Höll indicate that the
locality correlates most probably to the German local time scale
unit OSM F (see details in Prieto and Scholz 2013, Prieto et al.
2017). Burg-Balzhausen c.a. 1.4 km north-east from the church
of Balzhausen is correlated to OSM E by Seehuber (2009), and
the presence of Cricetodon meini allows more precise correla-
t ion to OSM E-EBE. Heiss ig (2006) recognises
Mixocricetodon dehmi in the clay pit situated 1 km W-NW of
the village of Laimering. In Laimering 3, in a 10–15-cm-thick
layer situated 20–30 cm under the main bentonite (14.93 Ma
after Rocholl et al. 2017), we identified one possible
Lartetomys M3. The fauna is correlated to OSM F thanks to
the presence ofC. aureus. Laimering 4a, a clay pit at the eastern
margin of the village, has not been studied herein.
Mixocricetodon dehmi is listed in Ziemetshausen 1b by
Rummel (1997). This locality, a sand quarry, is located about
1.3 km from the village church. The fauna, found in redeposited
sediments dating from the impact of the Ries meteorite, is cor-
related with OSM F (Heissig 1997). Boon (1991) describes C.
aff. meini in Ziemetshausen, a fauna excavated directly from the
Brockhorizont (Boulder horizon), equivalent to level 1b.
Among these Cricetodon, an illustrated M3 (Boon, 1991:
Plate 7, fig. 3) actually belongs to Lartetomys. Similarly,
Rummel (1997) lists M. dehmi in Göttschlag (OSM F;
Heissig 1997). Prieto and Rummel (2016) followed this dating.
Bolliger (1994) studied cricetid rodents and recognised in the
faunule Cricetodon cf. sansaniensis and a medium-sized
Megacricetodon which is assigned at this time to
M. germanicus. This form could be rather close to M. gersii.
Thus, Göttschlag is correlated here with OSM-BOH.
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France

Vieux-Collonges is a karstic filling known since the second
half of the nineteenth century and was excavated in a hamlet
located nowadays in Collonges-aux-Mont d'Or, about 10 km
northwest of Lyon. This highly diversified fauna (Mein 1958,
Maridet 2003) is from the type locality of Lartetomys
mirabilis (Mein and Freudenthal 1971a, 1981). The dating
of the fauna is controversial, and contradictory ages have re-
sulted from the analysis of the faunal contents (see discussion
below). Traditionally, Vieux-Collonges is correlated with the
MN 4/MN 5 transition (De Bruijn et al. 1992). Birosse and Le

Mouné (Castenau d'Arbieu; Gers) are two faunal locations
with L. mirabilis that have been excavated in a sandy horizon,
at the same altitude and 700 m apart (Bulot et al. 1992). They
are traditionally correlated to MN 5 (Ginsburg and Bulot
2000). The fauna of Contres was discovered 20 km south of
Blois (Loir-et-Cher) in the quarry of Château-Gabillon which
exposes the marine “Falun” of the Blésois. Augé et al. (2002)
recognise early Miocene elements in the fauna but correlate
the middle Miocene species with MN 5. L. mirabilis was
identified by a fragmentary m2, as well as an m3. Finally, a
Lartetomys tooth was found in the karst filling of Four (Isère),
about 40 km southeast of Lyon. The filling is stratified and

Fig. 1. Fossil record of Lartetomys in its geographic and chronostratigraphic context (Prieto and Rummel 2016). Green colour shows the occurrence and
the stratigraphic range of L.mirabilis. L. dehmi is presented in red
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contains fauna ranging from the end of MN 6 to the base of
MN 7+8 (Maridet et al. 2000, Maridet 2003).

Correlations between France and Central Europe

The dating of French localities is closely linked to the use of the
MN system. This makes accurate correlation of the sites con-
taining Lartetomys problematic. Correlations of localities in the
NorthernAlpine Foreland Basinwith theMN system have been
intensively discussed (e.g. Bolliger 1994, 1997, Heissig 1997,
Reichenbacher et al. 2013), indicating clear diachronies and/or
differences in interpretation between the European regions (e.g.
Kälin and Kempf 2009). This problem has been highlighted by
Van den Meulen et al. (2011), who proposed to use the MN
system in a biochronological framework, and noticed that it
only allows a coarse correlation over long distances.

We therefore turn to the evolutionary level of the key taxa
present in the localities considered in this work.

In Germany, two evolutionary lines make it possible to date
the sites for the considered time window. The first lineage is
characterised by an increase in size among theMegacricetodon
teeth (mainly m1) of the “M. bavaricus group” (see Prieto and
Rummel (2016) for details). This lineage chronologically in-
cludes M. aff. collongensis-M. bavaricus-M. lappi.
M. bourgeoisi could also belong to this lineage (Berger
2010). Oliver and Peláez-Campomanes (2013) also include in
the “M. bavaricus group” the French species M. bezianensis
and M. aunayi and the Spanish species M. vandermeuleni.

The second lineage concerns the genus Cricetodon.
Cricetodon meini is the first Cricetodontini to migrate to
Eastern and Central Europe at about 15 Ma (Boon, 1991,
Heissig 1997, Daxner-Höck 2003, Hír 2013), although the
tribe is well-established in Greece, Serbia, and Anatolia in
the lower Miocene (e.g. De Bruijn et al. 1993, Marković
et al., 2016). A rapid increase in size is then observed, leading
to forms close toC. aureus (Heissig 1997, Prieto and Rummel
2016, Hír 2013, Hír and Venczel 2018). It is important to note
that these species do not currently allow dating OSM F local-
ities relative to each other.

In France, the association M. collongensis-gersii+
M. germanicus+M. bavaricus+Cricetodon cf. meini is described
in Contres (Augé et al. 2002). In Castelnau d'Arbieu, only one
species ofMegacricetodon is listed (M. aff. collongensis -gersii),
but two Cricetodon, C. meini and C. aureus, are recognised.
These two species are also present in Vieux-Collonges, associat-
ed withM. bourgeoisi-gersii+M. collongensis+M. lappi.

There is thus a contradiction between the regions, where
species from Central Europe included in a lineage are associat-
ed at a single locality in France. It is also noted that in the typical
locality of MN 5, Pontlevoy-Thenay, Cricetodon aureus is as-
sociated with M. lappi and M. collongensis, three taxa never
found together in Germany. First of all, a discrepancy in

taxonomic identification can be suspected. Thus,
M. collongensis, a small species defined in Vieux-Collonges,
is very variable and opinions on its homogeneity differ (e.g.
Maridet 2003, Oliver Pérez 2015). It is reasonable to follow
Oliver and Peláez-Campomanes (2013) who consider M. aff.
collongensis from Central Europe as independent of the French
species. It is also interesting to note that M. collongensis from
Vieux-Collonges is similar in size to many populations
assigned to M. minor in Central Europe (Daxner-Höck 2003,
Prieto and Rummel 2016). Oliver Pérez (2015) recognises the
M. collongensis-M. gersii lineage in France and Spain. She
includes this lineage in the “M. primitivus group”. It could be
extended in France in M. lemartineli-M. fournasi-
M. roussillonensis as proposed by Aguilar (1995). As a result,
the use of M. collongensis for long-distance correlation is not
recommended at present. Similarly, the boundary between
C. meini and C. aureus is not defined for intermediate size
populations. Thus, the assignment to one species or the other
is subject to interpretation. Indeed, the size of Cricetodon
aureus from Pontlevoy-Thenay is within the variation of C.
aff. meini from Germany (sensu Boon 1991).

The co-occurence of three species ofMegacricetodon and/
or two species of Cricetodon is suspect for the period consid-
ered herein. Thus, it is necessary to question the homogeneity
of the fauna.

First, assignments for the karst filling of Vieux-Collonges
appear questionable by the specific diversity of its fauna (see
Maridet 2003 for a complete faunal list), as well as by the
presence of taxa found elsewhere in different age levels.
While it is commonly explained that the fauna covers the
MN 4/5 transition, it seems safer to consider Vieux-
Collonges as a mixture of species covering a relatively long
time (JP, pers. opinion; see also De Bruijn et al. 1993: 206;
Bolliger 2000: 9, 16). Excluding older forms such as
Protadelomys lugdunensis, Lartetomys mirabiliswould be in-
cluded in a (mixed) fauna whose age ranges from OSMA to
OSMF in the Northern Alpine Foreland Basin.

Augé et al. (2002) do not discuss in detail the age of
Contres, even if they recognise mixtures due to the presence
of Eucricetodon. The presence of the Eomyidae L. florancei,
which could be reworked according to these authors, makes it
possible to estimate the maximum age equivalent to OSM A.
The taxonomy ofMegacricetotodon of the locality needs to be
revised, but it is interesting to note that only one tooth of
Cricetodon has been discovered in Contres, while the genus
constitutes a significant part of the fauna of small mammals
when it arrived in Central Europe and is abundant in Vieux-
Collonges. It can be assumed that little of the Contres material
corresponds to this period. In addition, most of the harvested
small mammals come from surface-collected material, not
from sieving. It then seems logical that the larger species
would have been over-represented. This is not the case in
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Contres. We can propose a minimum probable age of Contres
close to OSME-EBE.

The fauna of Castelnau-d'Arbieu is unfortunately not de-
scribed in detail, so it is difficult to confirm here the presence
of two species of Cricetodon. We then propose an OSME-
EBE-OSMF correlation.

The undetermined level of the youngest of the French
faunas, Four, like all other levels of karst filling, contains the
gymnure Parasorex socialis, whose appearance is sudden in
Germany (Prieto and Rummel 2009; Petersbuch 68). The
oldest correlation would therefore most likely be with
OSM?-KIR. A form similar to Megacricetodon gregarius is
a characteristic of the Swiss Helsighausen assemblage zone,
not named in Germany because it is not now registered in this
part of the molasse, but only in fissure fillings which were not
used by Prieto and Rummel (2016) for the names and in the
Steinheim basin. It seems to us therefore consistent to propose
a correlation between these two zones, although it is likely that
it can be extended to the base of the OSME-KLE, from which
little is in fact known.

Systematic palaeontology

Order Rodentia Bowdich, 1821
Family Cricetidae Fisher von Waldheim, 1817
Subfamily Cricetodontinae Stehlin and Schaub, 1951
Genus Lartetomys Mein and Freudenthal, 1971

pars 1971a Lartetomys nov. genus, in Mein and Freudenthal,
10, 31

v. 1997 Mixocricetodon n. gen., Rummel
v. 1999 Mixocricetodon, Rummel
v. 2000 Mixocricetodon, in Rummel, 165
v. 2003 Mixocricetodon in Mein, 411
v. 2011 Cricetodon dehmi, in Sen and Erbageva: 268
v. 2013 Mixocricetodon, in Masini et al: 57, 60
2015 Lartetomys (=Mixocricetodon), López-Guerrero et al. 417
v. 2016Mixocricetodon, in Savorelli and Masini, 4, 7, 10, 11,

tables 2, 3

Original diagnosis of Lartetomys: (Mein and Freudenthal
1971a, considering two genera, namely Lartetomys and
Karydomys; translated from French): Very large Cricetidae
with simple dentition. The M1 has just three roots; the
posterosinus of the M1 is not reduced.
Original diagnosis of Mixocricetodon (Rummel 1997;
translated fromGerman): Large Cricetodontinae with elongat-
ed, relative brachyodont and massive upper and lower molars.
m3 not reduced. The anteroconid of the m1 can be deeply and
widely split. In the m2, a short hypolophid II is usually devel-
oped. The M3 has complete mesoloph and posteroloph. The

M1 has an anteromesoloph. All upper molars have a strong
mesoloph and three roots. The entomesoloph is always miss-
ing. All mandibular molars have a strong mesolophid and a
weak ectomesolophid.
Emended diagnosis: Large cricetid-rodent with relative
brachyodont and massive upper and lower molars. M1
has a very short to half-length anteromesoloph. M1 and
M2 with strong metalophule II which is most often directed
backwards. It fuses during the wearing process with the
posteroloph. The M3 has complete mesoloph and
posteroloph. The m1 has an anteroconid that can be deeply
and widely split. Prelophid may be present in younger spe-
cies. A short and low transversal crest may connect
metaconid and protoconid in older species. All upper mo-
lars have a strong mesoloph and three roots. The
entomesoloph is always missing. In the m2, a short
hypolophulid II may be developed. All mandibular molars
have a strong mesolophid and a weak ectomesolophid.
Type locality: Fissure filling Vieux-Collonges (France),
early-middleMiocene (see details in §Material andMethods).

Species included in Lartetomys: L. mirabilis Mein and
Freudenthal, 1971, Mixocricetodon dehmi, Rummel 1997

Species Lartetomys dehmi (Rummel, 1997)
(Fig. 2a,e)

v. pars 1989 Cricetodon cf. jotae, in Heissig, 246
v. pars 1991 Cricetodon aff. meini, in Boon, fig. VIII 3
v. 1997 Mixocricetodon dehmi, in Rummel
v. 1997 Mixocricetodon dehmi, in Rummel, tab. 34
v. 2011Mixocricetodon dehmi, in Sen and Erbajeva, 268, fig. 5
v. 2016Mixocricetodon dehmi, in Savorelli and Masini , 4, 7,

10, 11, tables 2, 3

Original diagnosis (Rummel 1997): same as the diagnosis of
Mixocricetodon.
Emended diagnosis: Largest Lartetomys species. M1 has a
short to half-length anteromesoloph. Somem1with prelophid.
In the m2, a short hypolophid II is usually developed.
Type locality: Fissure filling Petersbuch 39, Germany, mid-
dle Miocene.

Species Lartetomys mirabilis Mein and Freudenthal, 1971
(Fig. 2b–d, f, Fig. 3)

1971a Lartetomys mirabilis, in Mein and Freudenthal, 10, 31
1971b Lartetomys mirabilis, in Mein and Freudenthal, 6
1978 Lartetomys, in Baudelot and Collier, 201
1981 Lartetomys mirabilis, in Mein and Freudenthal, 2-3, Pl.

1 figs. 1 and 2
v. pars 1986a Cricetodon sansaniensis, in Scholz, table 1
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v. pars 1986b Cricetodon sansaniensis, in Scholz, table 2
v. pars 1991 Cricetodon aff. meini, in Boon, Plate 7 fig. 3.
? 1992 Lartetomys mirabilis, in Bulot et al., 535
v. 1997 Mixocricetodon sp., in Rummel
v. 1999 Mixocricetodon sp., in Rummel, tab. 34
v. 2000 Mixocricetodon [Petersbuch 41], in Rummel: 165
2002 Lartetomys mirabilis, in Augé et al. 836, figs. 14 D and E
v. 2006 Mixocricetodon dehmi, in Heissig, 95-96
v. 2008 Mixocricetodon sp. in Seehuber. 14, 125, 126, 210
v. 2009 Mixocricetodon sp. in Seehuber
2016 Lartetomys mirabilis, in Savorelli and Masini, 4, 7, 10,

11, tables 2, 3

Original diagnosis (Mein and Freudenthal 1981; translated
from French): Cricetidae with brachyodont, large-sized and
massive teeth with very thick enamel. Upper triradicular M1,
showing a large and open posterosinus.
Emended diagnosis: Lartetomys species smaller than
L. dehmi. M1 has an emerging to very short anteromesoloph.

A short and low crest may transversely connect metaconid and
protoconid (m1).
Type locality: Fissure filling Vieux-Collonges (France),
early-middleMiocene (see details in §Material andMethods).

Höll

Fossil material: Right maxillary with M1-M3 (Fig. 2f); left
maxillary with M1-M2 (Fig. 3d); left maxillary with M1-M2;
right maxillary with fragmentaryM1-M2; right maxillary with
M1; left maxillary with M2 (Fig. 3c); right M1 (Fig. 3b); right
fragmentary M1; left worn M3 (Fig. 3e); left mandible with
heavily worn m1-m3; left mandible with m2-(fragmentary)-
m3; right mandible in sediment with fragmentary m1 + m2-
m3 (Fig. 2c); right m1 (Fig. 3f); left m1 (Fig.3g); right frag-
mentary m3.
Measurements (complete teeth only; see also Fig. 4): M1:
3.35x2.27, 3.39x2.10, 3.51x2.21, 3.72x2.34, 3.77x2.40,
3.79x2.45; M2: 2.87x2.42, 2.50x2.19, 2.60x2.47, 2.76x2.22;

Fig. 2. Lartetomys dehmi from
Petersbuch 39 (a, e) and
Lartetomys mirabilis from Burg-
Balzhausen (b,d) and Höll (c, f;
labelled M-0S-2177). a, c, and f
are mirrored. a Holotype of
L. dehmi, right mandible withm1-
m3, Petersbuch 39, SNSB-BSPG-
1997-I 1. b Left damaged m2,
NMA 2005-772/1927. c Right
mandible with damaged m1 and
m2-m3. d Left M1, NMA 2005-
716/1927. e Left maxillary with
M1-M3, Petersbuch 39, SNSB-
BSPG-1997-I 2. f Right maxillary
with M1-M3 (f1 occlusal view; f2
labial view; f3 lingual view)
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Fig. 4 Scatter diagrams
comparing the sizes (Length/
Width) of Lartetomys species.
Data of Höll from this paper,
Vieux-Collonges from Mein and
Freudenthal (1981), Petersbuch
from Rummel (1997), Four from
Maridet et al. (2000), Burg-
Balzhausen from Seehuber
(2009). Colours refer to localities.
The cross correspond to the four
dots Length (L) maximum (max)
× Width (W) mean, Lmin
(minimum) × Wmean, Lmean ×
Wmin and Lmean × Wmax. The
intersection of the lines thus gives
the Lmean × Wmean

Fig. 3 Lartetomys mirabilis from
Höll. a, b, and f are mirrored. a
Right M1. b Right M1. c Left M2
(maxillary bone not figured). d
Left maxillary with M1-M2. e
Left M3. f Right m1. g Left m1
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M3: 2.41x2.38, 2.37x2.29; m1: 3.21x1.88; 3.30x1.96;
3.40x2.06; m2: 2.77x2.41, 2.81x2.50; m3: 3.00x2.28. The
measurements of the mandibles are given in the description.

Description

The enamel of the teeth is wrinkled, especially on the lingual
(M1-M3) and anterior walls (M1). The adult molars are bi-
levelled to terraced.
M1:One molar shows a small cingulum at the anterior wall of
the anterocone (Fig. 3d). The anterocone is divided into two
sub-equal cusps. The anterolophule connects the lingual cusp
which extends lingually into a strong anteroloph. The labial
anteroloph arm is less developed, but a small style is present
close to the anterocone. A slight budding on the anterolophule
indicates the presence of an early onset of the anteromesoloph.
The posterior arm of the protocone runs transversally, as well
as the protoloplule II. Both connect to the entoloph, forming a
T-like structure. The angle between the ridges may be more
pronounced, forming a Y-shaped structure. The ridges remain
well-differentiated, in a very different way from what is ob-
served in the Cricetodon from the same site, where these
ridges merge with the mesoloph. In two, the mesoloph is of
medium size, directed backwards, and joins the metacone.
The crest is transverse in three molars but still meets the
metacone. Three mesolophs are very short. The protocone
spur is very short. The anterior arm of the hypocone is very
strong. The metalophule II, also strong, is most often directed
backwards, and fuses during wear with the posteroloph. One
molar has a transversal metalophule. The lingual sinus is
closed by a strong cingulum. Its labial counterpart is clearly
narrower. As far as it can be observed, three roots are present.
It cannot be determined whether or not the broad lingual root
is divided at its apical end.
M2: The teeth are almost rectangular. While the outer and
inner margins ofCricetodon teeth fromHöll show a concavity
at the sinus area (thus highlighting the cusps), these margins
are convex in Lartetomys. The small lingual anteroloph arm
ends on the anterior wall of the protocone (3, Fig. 3c) and thus
delimits a small protosinus. This junction may be also
achieved somewhat lingually (1, Fig. 3d). The anterolophule
is very short and connects to the antero-labial wall of the
protocone. The posterior arm of the protocone and the
protolophule II is directed slightly backwards or transverse.
Similarly to the M1, both crests connect to the entoloph,
forming a “T” or open Y-like structure. The long mesoloph
is also directed backwards, and connects to the anterior wall of
the metacone (three molars). One mesoloph is medium-sized.
Finally, one molar has a short mesoloph. Metacone and
hypocone are connected by a strong metalophule. The
metacone is, with regard to the hypocone, much more
transversally elongated and partially fused with the

metalophule II. The metalophule is directed backwards and
connects to the posterior arm of the hypocone. A short but
well-defined posteroloph closes a small posterosinus.
Metalophule II, posterior arm of the hypocone and
posteroloph, fuses with wear. The sinus is closed by a strong
lingual cingulum. Antero- and mesosinus are closed by nar-
row cinguli. Three roots.
M3: The front part of the M3 is similar to that of the M2. The
posterior arm of the protocone and the protolophule II are
directed slightly backwards in one case. The moderately worn
M3 shows a trace of protolophule I. The heavily worn M3, in
contrast, lacks the protolophules. The hypocone is reduced in
comparison to the two anterior cusps, but still observable. In
contrast, the metacone is fused with the strong metalophule.
This crest runs parallel to the complete mesoloph. The poste-
rior arm of the hypocone ends in a clear posteroloph. Three
roots.
Mandible: The fragmentary hemimandible preserves the
complete tooth row, but the incisor is broken close to the
symphyseal area. The morphology of the enamel is indeed
observable, the bone missing at the ventral part, below the
diatesma. With 7.8 mm, the diatesma is a bit shorter than the
molar row (8.95 mm). The mental foramen is rounded, placed
in a labial position, very close to the cranial limit of the dia-
stema, at around 2.3 mm from the anterior root of the m1. The
mandibular corpus is conserved, although lingual-labially
compressed, especially in the area underlying the m2-m3.
The depth of the corpus under the anterior part of the m1 is
only a bit less than under the anterior part of the m3 (respec-
tively, 6.28 mm and 6.93 mm). The massetic ridges converge
under the posterior root of the m1. At this point, they form a
bump.
The right hemimandible in sediment with fragmentary m1 +
m2-m3 (teeth in Fig. 2c) does not differ basically from the
previous one. The bone is not lingual-labially compressed
but broken anteriorly to the mental foramen. Only the anterior
part of the ramus is preserved. The depth of the corpus under
the anterior part of the m3 is 7.16 mm. The depth under the
anterior part of the m1 is estimated at 6.65 mm.
Lower incisor: relatively massive (width 1.75 mm), it shows
two ridges that run parallel at the labial-ventral margin.
m1: Two of the four m1 are almost useless for a detailed descrip-
tion: one is broken anteriorly to the mesolophid; the second is
extremely worn. The m1s have a more elongated outline than the
Cricetodon molars from the same site. The anteroconid is wider
and the length of the anterior and central sinuses is clearly greater.
The anteroconid is bilobed and relatively narrow on one tooth, the
lingual cuspid being clearly smaller than its labial counterpart (2,
Fig. 3f). On a second molar, both cuspids are similar in size. The
lingual anterolophid arm is curved and ends at the anterior wall of
the metaconid. The labial anterolophid arm is longitudinal. One
molar has a high metalophulid I that connects to the anteroconid
between its two lobes (1, Fig. 3f). The same tooth shows an
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interrupted anterolophulid which is directed to the centre of the
anteroconid. A completely different arrangement of the crests is
observed in the specimen in Fig. 3g. The anterolophulid connects
to the labial lobe of the anteroconid, while the metalophulid I is
medium-sized. Both crests run almost parallel. A narrow and
transversal crest connects metaconid and protoconid. The
short mesolophid is directed forwards. A very short
ectomesolophid is observed. The hypolophulid is directed
slightly forwards and connects to the anterior arm of the
hypoconid. The posterolophid is strong and reaches the
base of the anterior wall of the entoconid. A cingulid is
found at the posterior part of the tooth, at the base of the
hypoconid. Labial valleys are closed. Two roots.
m2: The teeth are almost rectangular, the postero-lingual bor-
der being rounded (Fig. 2c). The labial anterolophid descends
to the basis of the labial wall of the protoconid. The lingual
anterolophid is much shorter and connects to the anterior wall
of the metaconid. The anterolophulid is longitudinal. In con-
trast, the metalophulid I runs almost parallel to the
anterolophids and connects to the most anterior part of the
anterolophulid. The mesolophid is relatively short, around
one-third of the width of the mesosinusid. It runs transversally,
or is directed forwards. A small enlargement in the thickness
of the enamel of the ectolophid is interpreted as an extremely
short ectomesolophid. The hypolophulid runs transversely
and connects to the anterior arm of the hypoconid. The strong
posterior arm of the hypoconid fuses with the posterolophid
which ends free. It does not reach the lingual part of the molar,
making the postero-lingual border of the m2 rounder. Like
m1, a cingulid delimits a small valley at the back of the
hypoconid.
m3: The tooth resembles the m2 in many points and differs
primarily by its outline (Fig. 2c). Morphologically, and beside
the absence of a cingulid at the posterior part of the hypoconid,
the main difference observed is in the course of the
mesolophid: it does not connect to the longitudinal crest as
in the m2 but directly to the protoconid. It is thus clearly
longer but directed backwards. One molar has a long
mesolophid which runs close to the entoconid. A second tooth
has a shorter crest. The two other m3 are either damaged or
heavily worn. The very short ectomesolophid is better devel-
oped than in m2.

Burg-Balzhausen

Fossil material and measurements (after Seehuber 2009):
1 M1, 1 fragmentary m2 (NMA 2005-716/1927; NMA 2005-
772/1927). M1: 3.63 × 2.38; m2: width = 2.30.

The fossils were originally presented by Seehuber (2008,
2009). We propose here a more extensive description:
M1: The broad anterocone is deeply furrowed anteriorly, and
both cusps are approximately the same size (Fig. 2d). At their

base, a small cingulum is formed on the anterior flank of the
anterocone. The lingual anteroloph arm is short and ends in a
distinct style at the lingual tooth margin. The labial anteroloph
arm is short, weak, and also ends in a style. The
anteromesoloph forms a strong style-like enamel cusp. The
short protolophule (II) also ends in a similar hump. The very
short posterior arm of the protocone is separated from this
hump by a not very deep caesura (which would not have been
recognisable with worn process). The anterior arm of the
hypocone is strongly developed and continues, clearly
narrowed, in the mesoloph. This half-length enamel ridge
ends at the anterior metacone flank. The metalophule II is
easily recognisable and flows into the posterior arm of the
hypocone. At the point of contact, a weak but easily visible
posteroloph branches off posteriorly and ends at the metacone
flank. Both the lingual and labial sides of the tooth are
enclosed by a clearly formed cingulum. Starting from the an-
terior hypocone flank, a weak enamel ridge runs into the
straight lingual main sinus. Basal enamel areas of the
anterocone and metacone are etched (by gastric acid?). The
tooth roots are no longer present.
m2: The labial anterolophid arm ends at the base of the
protoconid (Fig. 2b). The anterolophulid is well-developed and
ends at the anteroconid. The lingual anterolophid arm is strongly
shortened and weak. Medially, along the longitudinal axis of the
tooth, a strong enamel thickening is developed, into which the
protoconid posterior arm the hypoconid anterior arm and a
metalophulid II merge. The metalophulid II is directed perpen-
dicular to the longitudinal axis. The mesolophid is half-length
and ends freely between ento- and metaconid. Starting from the
aforementioned central enamel thickening, a medium-sized
ectomesolophid extends into the broad lingual main sinus. The
hypoconid posterior arm ends deep at the metaconid base. The
posterior tooth area is broken off along the hypoconid and the
hypoconid posterior arm. The m2 also shows areas with enamel
etching. The roots of the tooth are missing.

General remarks

A left Lartetomys mandible with i+m2m3 from Petersbuch 41
“rechte Spalte” was described by Rummel (1997). Furthermore,
Boon (1991: Plate VII, fig. 3) assigned an M3 from
Ziemetshausen to Cricetodon aff. meini. In fact, this molar is
clearly too large (2.35 × 2.05, estimated after table 16 in Boon,
1991) and corresponds to Lartetomys. A worn M3 from
Laimering 3 differs from the corresponding Cricetodon teeth
by its larger size (2.24 × 2.03) as well as the non-reduction of
its posterior part and belongs also to Lartetomys. These finds fit
morphometrically with the fossil material from Höll and Burg-
Balzhausen. The posterior part of the M1 of Burg-Balzhausen is
original, but this morphology is interpreted as abnormal and
therefore not representative. From a metrical point of view, the
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M1 of L. mirabilis from Vieux-Collonges is slightly larger than
those studied here, but does not reach the size of L. dehmi. The
m1 belongs to the variation range observed in Höll. The mor-
phology of the French lower molar is not different from the
corresponding German teeth. The M1, holotype of L. mirabilis,
shows a transverse connection of the metalophule to the
hypocone. The metalophule is directed backwards in
Mixocricetodon dehmi (Rummel 1997), just like in the great
majority of molars from Germany. However, one M1 from
Höll shows a connection similar to the one observed at Vieux-
Collonges. It is therefore appropriate to assign all these popula-
tions to a single species: L. mirabilis.

The morphology of Lartetomys mirabilis teeth is very sim-
ilar to that ofMixocricetodon dehmi. However, there are some
differences, one of which is the presence of a prelophid in the
m1, relatively common in Mixocricetodon dehmi, absent in
L. mirabilis. With the clear difference in size, these factors
are not sufficient to separate the species at the genus level.
We therefore confirm here the synonymy of the genera pro-
posed by Mein (2003).

A damaged m2 from Göttschlag is in addition tentatively
assigned to Mixocricetodon dehmi.

Sen and Erbajeva (2011) stated that Mixocricetodon dehmi
would be better assigned toCricetodon: the authors outlined that
Rummel (1997) discriminates Mixocricetodon from Cricetodon
mainly based on the presence of three roots and strong
mesolophs on the uppermolars and thus considered it insufficient
for considering Mixocricetodon as a valid genus. We cannot
agree herein with this interpretation. The differences with
Cricetodon as provided by Rummel (1997: 88) are: the size;
the much more massive cusps in Mixocricetodon; the number
of roots in M1 and M2; the presence of a hypolophulid II in
Mixocricetodon; the more common development of ectolophs
on the upper molars of Cricetodon; the divided/fissured
anteroconid (m1) and the lack of an anterior arm of the paracone,
as well as the stronger posteroloph in Mixocricetodon; the most
often lacking, or reduced mesoconid on the lower Cricetodon
molars; and finally, the different structure of the labial main
sinusid.

In this way, a new Lartetomys mirabilis-L. dehmi lineage is
defined. This lineage is characterised by:
-Increase in size of the molars
-Increase in enamel thickness
-Elongation of the anteromesoloph (M1)
-Development of a prelophid in the m1
-Increase in the size of the ectomesolohid in the m1
-Development of a short hypolophulid II (absent in
L. mirabilis)
-Disappearance of the transverse crest that connects
metaconid and protoconid in the m1

Discussion

The origin and relationship of Lartetomys is discussed below.
We propose two hypotheses:

Eastern Mediterranean hypothesis

Lartetomys migrated to South Germany during the OSME-
EBE. This new occurrence is accompanied by that of
Cricetodonmeini andKarydomys. It can therefore be assumed
that these three taxa have a common geographic origin.
C. meini is recognised in the Eastern Mediterranean (Koufos
2006). It is generally the only Cricetodontini found in the
fauna where it is present. However, Koufos (2006) also rec-
ognises Turkomys sp. at Thymiana A (~ 15.5 Ma) but without
further precision. Greece is also rich in Karydomys
(Theocharopoulos 2000, López-Antoñanzas et al. 2019).
Cricetodon meini and K. strati are found together only in
Chios (pers. obs. JP), and the origin of Lartetomys cannot be
found there. Karydomys is also a member of the Anatolian
fauna (Theocharopoulos 2000). Furthermore, the early and
middle Miocene Cricetodontini from Turkey have been the
subject of numerous studies (e.g. Sen and Ünay 1978, 1979,
Ünay 1980, 1990, De Bruijn et al. 1993, 2013, Rummel 1998,
Çinar 2011, Çinar Durgut and Ünay 2016). Among the
Cricetodon species present just before or at the time of the
appearance of Lartetomys in Central Europe, no species
matches the morphologic characteristics, thus enabling us to
recognise the origin of the genus in the area. In fact, the
Turkish species C. tobieni, C. fikreti, C. trallesensis, and
Cricetodon n. sp.2 from Horlak 2 (sensu De Bruijn et al.
1993) are very different. Similarly, C. aliveriensis is not rele-
vant. Only C. yapintiensis could be discussed, but the speci-
mens as figured by Çinar (2011) and Çinar Durgut and Ünay
(2016) do not allow further analysis. Notably, Karydomys is
recorded in Yapinti (Ünay et al. 2001).

Asian hypothesis

Sen and Erbajeva (2011) include Mixocricetodon (=
Lartetomys dehmi) in a cladistic analysis. Their results con-
cluded that a close relationship among some Cricetodon (the
European C. jotae and C. sansaniensis, as well as the Asian
C. volkeri), the genera Gobiocricetodon and Plesiodipus, as
well as Tsaganocricetus irtyschensis exists. While it is sug-
gested here that a close relationship to the European
Cricetodon, Tsaganocricetus, and Plesiodipus is unlikely,
the other forms deserve attention.

Cricetodon volkeri (China, middle Tunggurian, middle
Miocene; Wu et al. 2009) was based on very few and partially
damaged isolated teeth, making any comparison very difficult.
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C. fengi is close in age to C. volkeri (China, middle
Tunggurian, middle Miocene; Qiu and Li 2016). This species
is smaller than Lartetomys mirabilis, but both taxa share some
morphologic characteristics.

Cricetodon sonidensis (China, upper Aoerban Formation,
lower Miocene, Qiu and Li 2016) is older, close in age to
L. mirabilis, and is considered to be the ancestor of C. fengi.
Many characteristics recall Lartetomys, such as the strong
anterior arm of the hypocone, the mesolophs which are near
the metacone, the unreduced M3, and the general structure of
the lower molars. Apart from a much smaller size, the differ-
ence is that the anteroconid is not divided, and the M1
anterocone is less fissured than in the European genus. The
rare remains of Cricetodon sp. from locality XJ 200114
(China, MN3, Maridet et al. 2011) also share characteristics
with Lartetomys. In particular, the two figured m3 show the
long and backward-directed mesolophid. Similarly, the M2
resembles Lartetomys by the strong anterior arm of the
hypocone, which gives rise to the long mesoloph, and the
arrangement of the posterior arm of the protocone and the
protolophule II. But it differs by the presence of a well-
developed posterosinus. In contrast, C. wanhei from the lower
Miocene of China (Qiu 2010) shares few key morphological
characteristics with Lartetomys.

As mentioned above, Sen and Erbajeva (2011) find a relation-
ship to the Asian genus Gobicricetodon. In that work, they de-
scribe G. fillipovi from the locality Aya Cave (Baikal Lake). The
fauna interpreted asMN6 thus probably contains one of the oldest
Gobicricetodon. The figured type specimen of G. fillipovi, a jaw
with M1-M3, is striking by its similarity to Lartetomys. Some
morphological aspects, such as the general shape of the teeth,
the division of the M1 anterocone, and the structure of the poste-
rior part of the M2 and the M3 are found in the European genus.
The specimens drawn in their fig. 3 do not prevent us from
suspecting a phylogenetic relationship with Gobicricetodon, the
only clear difference with Lartetomys being the single-cusped
anteroconid of the m1. Unfortunately, no m3 is known from the
Aya Cave. In contrast, Maridet et al. (2014) note the presence of a
few teeth of Gobicricetodon sp. in the late Early Miocene from
Central Mongolia. While their m3 lacks the mesolophid, a char-
acteristic crest of Lartetomys, this crest might be present and di-
rected backwards in certain Gobiocricetodon species.

Conclusions

It seems therefore that an Asian origin of Lartetomys
(=Mixocricetodon) is plausible. Karydomys, which appears
in Europe almost contemporaneously, is also known from
the lower Miocene of Kazakstan (Kordikova and Bruijn,
2001) and China (Maridet et al. 2011). In contrast,
Cricetodon meini is not known further east than Georgia (C.
aff. meini from Belometchetskaya, Pickford et al. 2000). It is

therefore at present not possible to determine whether these
three taxa found in Germany have their origin in a common
geographical area, or whether they originate separately.

Lartetomys mirabilis migrated to central Europe and
France about 15 Ma ago, at the beginning of the Middle
Miocene Climate Transition. It is a rare component of the
faunas; only the Bavarian locality Höll provided a representa-
tive sample of the species. It then increased rapidly in size,
underwent morphological changes for about 1 million years,
and disappeared from the fossil record with L. dehmi.
Lartetomys may have continued to evolve in an insular envi-
ronment with the endemic CricetidaeMystemys fromGargano
(South Italy, Masini et al. 2013). This species is highly de-
rived, and unfortunately, no definitive conclusion can be
drawn (Savorelli and Masini 2016).
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