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The record of cricetid rodents across the Eocene–Oligocene 
transition in Transylvania, Romania: implications for the 
“Grande Coupure” at European scale
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Maridet, O., Codrea, V.A., Fărcaș, C., Solomon, A.A., Venczel, M., and Tissier, J. 2025. The record of cricetid rodents 
across the Eocene–Oligocene transition in Transylvania, Romania: implications for the “Grande Coupure” at European 
scale. Acta Palaeontologica Polonica 70 (2): 291–327.

A number of localities in Transylvania (Romania) have yielded vertebrate microfossil remains. Two localities have 
been stratigraphically and biochronologically dated to the late Eocene: i.e., Treznea and Bociu. The remaining three 
localities are dated to the early Oligocene: Mera, Cetățuie, and Suceag. The study of cricetid rodents corroborates the 
presence of this family in Eastern Europe during the late Eocene, as evidenced by the species Witenia sp., Bustrania 
cf. B. dissimile, and Eocricetodon cf. Eo. meridionalis. The cricetids identified in the sites of the early Oligocene 
age show a complete turnover and a notable increase in species richness following the Eocene/Oligocene boundary, 
with: Eucricetodon aff. Eu. huerzeleri, Tenuicricetodon arcemis gen. et sp. nov., Pseudocricetodon cf. Ps. montal­
banensis, Paracricetodon cf. Pa. walgeri, Paracricetodon kavakderensis, Paracricetodon aff. Pa. stojonovici, and 
Paracricetodon wentgesi. In the context of the wider biogeographic history of Europe, these new discoveries indicate 
that Cricetidae arrived in Europe during at least two successive migrations from Asia in the late Eocene and earliest 
Oligocene. These migrations may have occurred via two different migration pathways through the north and south of 
Europe. In a second phase, Cricetidae arriving by the northern passway spread throughout Europe, whereas Cricetidae 
that arrived by the southern passway remained restricted to the central and southeastern Europe. The observations 
made on the Cricetidae allow for the proposal of a new, more general, scenario for the Eocene–Oligocene transition 
on a European scale, which is more complex than the “Grande Coupure” sensu stricto as initially proposed by Stehlin 
in 1909.
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Introduction
The late Eocene–early Oligocene history of mammals in 
Europe is characterised by a radical turnover in the fauna. 
Swiss palaeontologist Hans Georg Stehlin (1909) first 
described this event, suggesting a correlation between 
European terrestrial data and the changes characterising the 
Eocene/Oligocene boundary in the marine domain. He desig-
nated this event as the “Grande Coupure”, a term that is still 
used today to describe the terrestrial transition between the 
Eocene and Oligocene. This event is one of the most signifi-
cant turnovers in mammalian faunas, including synchronous 
extinctions and origins generated by dispersal. This marks a 
sudden change from the endemic European faunas to faunas 
with major components of Asian origin (e.g., Brunet 1979; 
Remy et al. 1987; Legendre 1989; Blondel 2001; Hooker et 
al. 2004). A number of recent studies have indicated that the 
earliest Oligocene glaciation may have triggered the turnover 
(e.g., Legendre 1989; Hooker et al. 2004; Sheldon et al. 2016). 
This suggests a correlation between the “Grande Coupure” 
and the earliest Oligocene oxygen isotope step (EOIS), des-
ignated as “Oi-1 Glaciation event” (ca. 33.65 Ma; Miller et 
al. 1991; Zachos et al. 2001; Jovane et al. 2006; Ladant et al. 
2014; Hutchinson et al. 2021). This initial glaciation event is 
part of the the Eocene–Oligocene climatic transition (EOT), 
period of transition, which also includes the beginning of the 
Oligocene (ca. 33.9 Ma; Coxall and Pearson 2007).

Since its publication by Stehlin (1909), researchers have 
sought to identify a comparable event in other regions of the 
world (e.g., Pascual et al. 1985; Marshall and Cifelli 1989; 
Rasmussen et al. 1992; Stucky 1992; Prothero and Heaton 
1996; Meng and McKenna 1998). In general, where the fossil 
record is sufficiently comprehensive, the results demonstrate 
a notable faunal change in proximity to the Eocene/Oligocene 
boundary (e.g., Marshall and Cifelli 1989; Rasmussen et al. 
1992; Stucky 1992; Meng and McKenna 1998). However, 
these changes differ from those described by Stehlin (1909) 
in terms of both the nature of the change, which may be less 
drastic (Rasmussen et al. 1992; Stucky 1992), and the lack of 
a recognised associated migratory event (e.g., Hartenberger 
1998; Meng and McKenna 1998), or because it is not syn-
chronous with the Eocene/Oligocene boundary (e.g., Prothero 
and Heaton 1996; Sun et al. 2014). The aforementioned dif-
ferences have led Meng and McKenna (1998) to refer to the 
change observed on the Mongolian plateau as “Mongolian 
Remodelling”, thereby emphasising the significant dis-
tinction in the fundamental nature of the observed change 
when compared to Europe. In a more general sense, the term 
“Grande Coupure” sensu lato can be applied to the changes 
observed in different regions of the world, as opposed to 
the “Grande Coupure” sensu stricto as described by Stehlin 
(1909) in Europe. However, even in Europe, the discoveries 
made over the last 20 years in Eastern Europe suggest a more 
complex scenario for the Eocene–Oligocene transition on a 
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European scale, in particular with the arrival of taxa of Asian 
origin already in the late Eocene (e.g., Ünay-Bayraktar 1989; 
Baciu and Hartenberger 2001; de Bruijn et al. 2003, 2018, 
2019; Delfino et al. 2003; Codrea et al. 2011; Grandi and Bona 
2017; Mennecart et al. 2018; Tissier et al. 2018; van de Weerd 
et al. 2018; Licht et al. 2022; Lihoreau et al. 2023).

Cricetid rodents are emblematic taxa of Stehlin’s (1909) 
“Grande Coupure” due to their Asian origin and their rapid 
arrival and diversification in Europe from the Oligocene on-
wards. The discovery of Cricetidae in well-dated small mam-
mal assemblages from the upper Eocene and lower Oligocene 
of Transylvania (Romania) has enabled a critical revision of 
the “Grande Coupure” on a European scale. A sys tematic 
study of these new specimens is shown below together with 
their analysis in the wider context of the Eocene–Oligocene 
transition on a European scale, leading to the proposal of a 
new scenario for the “Grande Coupure” in Europe.

Institutional abbreviations.—MPSUBB, Museum of Pale on-
tology-Stratigraphy, Babeş-Bolyai University, Cluj-Napoca, 
Romania.

Other abbreviations.—EOT, Eocene–Oligocene transition; 
m/M, lower/upper molars; L, maximal length; W, maximal 
width.

Nomenclatural acts.—This published work and the nomen-
clatural acts it contains have been registered in Zoobank 
LSID: urn:lsid:zoobank.org:pub:08C36725-96EB-4DDD-B 
546-6231DB80E574.

Geological setting
The three mountain ranges of the Romanian Carpathians 
(eastern, southern, and western) encircle an area designated 
as the Transylvanian Depression (Fig. 1). Geologically, this 
region comprises portions of several superposed sedimen-
tary basins, as evidenced by outcrops and borehole data 
(Balintoni et al. 1998; Krézsek and Bally 2006). The pre-
Ceno zoic units are not the focus of the present study, which 
will concentrate on the upper Eocene to lower Oligocene 
units (Fig. 2). The history of these deposits begins in the 
Maastrichtian, as evidenced by the presence of terrestrial 
deposits in the northwestern and southwestern areas of the 
depression (i.e., the Jibou Formation and the Șard Formation; 
Codrea and Dica 2005; Codrea and Godefroit 2008). The 
sedimentary history continued during the Paleogene, with 
clear documentation in the northwest area (Gilău, Meseș, 
and Preluca sedimentary areas; Rusu 1970, 1987; Popescu 
1976). In the southwest, the Metaliferi sedimentary area and 
the Ighiu Formation exhibit terrestrial and marine interbed-
dings and marine transgressions (Codrea and Dica 2005). 
These discordantly cover older sedimentary deposits.

Paleogene fossil-bearing localities with microvertebrates 
of interest for this paper are situated in the Gilău and Meseș 
sedimentary areas (Fig. 3). The oldest of them, Treznea (Sălaj 

County; Codrea and Fărcaș 2002; Fărcaș and Codrea 2004; 
Codrea and Venczel 2020; Codrea et al. 2022; Venczel 2023) 
is late Eocene (Priabonian) in age and is located in the Meseș 
sedimentary area, about 54 km NW of Cluj-Napoca (Fig. 3). 
From this location, Baciu and Hartenberger (2001) mentioned 
an isolated tooth assigned to Pseudocricetodon sp. and a cha-
ro phyte flora. The rocks of interest are those belonging to 
the Turbuța Formation, which represents a transition from 
marine sedimentary environments to a short deltaic episode, 
which is then completed by fluvial plain deposits. These 
deposits are characterised by frequent interbedding of flood-
ing that led to the formation of episodic palustrine ponds 
where thin coal strata occurred. However, these strata never 
acquired a consistent extension, with the thickness rarely 
exceeding a few centimetres. From such an intercalation, 
a faunal association of microvertebrates including, among 
other taxa (gar-fish, crocodilians, marsupials, etc.), cricetids, 
was recovered by sediment sieving-washing technique.

The locality of Bociu, situated in the Gilau sedimen-
tary area approximately 60 km west of Cluj-Napoca, is lo-
cated at the contact between the Apuseni Mountains and the 
Transylvanian Depression (Fig. 4). The area is characterised 
by marine rocks of the Jebucu Formation, which date to the 
late Eocene, Priabonian period. These rocks are dominated 
by gypsum, which formed in lagoonal environments. The 
presence of the cricetid Atavocricetodon cf. nanoides was 
documented by an isolate tooth collected as a result of sedi-
ment washing in order to recover charophytes (Baciu and 
Hartenberger 2001). Despite the extensive washing of sedi-
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Fig. 2. Position of the fossil-bearing localities from this study, in Cenozoic 
sedimentary deposits near Cluj-Napoca.
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mentary rocks, subsequent attempts to enrich the microver-
tebrate sample yielded only limited results. This leads us to 
conclude that the terrestrial vertebrate fossils found in this 
locality are of a fortuitous context, rather than a common 
occurrence.

The Turbuța Formation is stratigraphically situated be-
neath the Jebucu Formation (Fig. 5). The latter ends by a 
phase of evaporation, which is overlain by an alternation of 
marine, clastic or calcareous sediments. This alternation is 
known in the literature as the “Călata Group” (Rusu 1995) or 
“lower marine series” (Răileanu and Saulea 1956). This unit 
can be placed between the Lutetian and the lower Priabonian. 
Indeed, two benthic foraminifera, Nummulites fabianii 
(Prever in Fabiani, 1905) and Alveolina elongata d’Orbigny, 
1828, were reported in the last layers of this group, together 
with numerous other fossils, including molluscs and echino-
derms (Popescu et al. 1978; Baciu and Hartenberger 2001). 
The benthic foraminifera indicate a correlation between 
the biozones SBZ 17 and 19 (between the Bartonian and 
Priabonian; Vandenberghe et al. 2012), whereas the rest of the 
fossils, including the nannoplankton, suggest a correlation 
with the biozone NP 18 (Priabonian, Vandenberghe et al. 

2012). The fossil assemblage as a whole thus unequivocally 
establishes that both the Treznea and Bociu localities and the 
micromammals they yielded are unquestionably late Eocene.

The findings from the Cluj-Napoca-Cetățuie, Suceag 
sites (approximately 10 km to the west-north-west of Cluj-
Napoca) and Mera on the Berecoaia valley (approximately 
12 km from Cluj-Napoca in the same direction) are all from 
the Dâncu Formation (Rupelian) (Fig. 6). The formation is 
becoming progressively thicker as it progresses from Cluj-
Napoca westward, towards Aghireș-Tămașa. The formation 
is initially observed to be only a few centimetres thick in the 
H2 Transgex borehole (Petrescu et al. 2002 and personal ob-
servations of VAC). However, it becomes more consistent (of 
metric order) in the Cetățuia Hill at Cluj-Napoca, continuing 
this trend at Suceag (Cipcheș Creek) and Mera (Berecoaia 
Valley). In the two final localities, clayey coal strata are pres-
ent. Towards the west, at Aghireș, two brown coal strata (re-
ferred to as Francisc and Rozalia) are developing. These were 
mined through underground galleries in the past century, 
but are now abandoned. The early Oligocene age (MP 23) 
was established based on an association of micro- and mac-
roflora (Petrescu 2003 and related references), invertebrates 
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Fig. 3. Position of the Treznea locality (star), near Treznea village, Sălaj County, Romania (after the geological map 1: 50000 Meseș by Rusu et al. 1977, 
redrawn).
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(Moisescu 1963, 1972, 1975, 1989) and vertebrates such as 
fishes (Osmeridae, Atherinidae, Ambassidae, Moronidae, 
Eleo tridae, Gobiidae documenting a brackish low salinity 
environment, Reichenbacher and Codrea [1999] and three 
species of Dasyatidae, Trif and Codrea [2019]), amphi-
bians (the frog Albionbatrachus oligocenicus, Venczel et al. 
[2013] and the salamander Mioproteus gardneri, Venczel and 
Codrea [2018]), crocodiles (Diplocynodon sp., Codrea and 
Venczel [2020]), birds (Anserinae indet., Kessler et al. [1998]) 
and mammals (anthracotheres, Codrea and Șuraru [1989]; 
Rădulescu and Samson [1989]; Fărcaș and Codrea [2005]).

European chronological frameworks: 
questioning biochronological dogmas
There is a debate concerning the timing of taxa migrations 
into Europe, which could be either synchronous in all parts 
of Europe or not (e.g., Rage 1984; Legendre 1987a, b; Hooker 
et al. 2004; Costa et al. 2011). If the “Grande Coupure” re-
mains better documented in Western Europe, a number of 
studies have been focusing on central and eastern parts of the 
continent during the last 20 years leading to new discover-
ies and demonstrating that some taxa previously thought to 
be post-“Grande Coupure” were already present in the late 
Eocene of Eastern Europe (e.g., Ünay-Bayraktar 1989; Baciu 
and Hartenberger 2001; de Bruijn et al. 2003, 2018, 2019, 
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Fig. 5. Synthetic stratigraphic units in Gilău and Meseș sedimentary  areas 
(from Codrea and Dica 2005 and related references; red stars indicate: 
Treznea 1 locality in Turbuța Formation, Bociu in Jebucu Formation, Cluj-
Napoca-Cetățuie, Suceag 1, and Mera in Dâncu Formation.
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Delfino et al. 2003; Codrea et al. 2011; Grandi and Bona 2017; 
Mennecart et al. 2018; Tissier et al. 2018; van de Weerd et al. 
2018; Licht et al. 2022; Lihoreau et al. 2023). The age of the 
different localities referred to in the present study is not based 
on the Paleogene European biochronological units (MP refer-
ence levels; Biochrom’97). Indeed, as previously discussed, 
the taxa that are typically considered biochronological mark-
ers, particularly the arrival of cricetids at the beginning of 
the Oligocene, are likely to be asynchronous at the European 
scale (de Bruijn et al. 2003, 2018, 2019; Ünay-Bayraktar 1989; 
van de Weerd et al. 2018). The age of the different localities 
(late Eocene vs. early Oligocene) is consequently either based 
on the occurrence of other taxa presenting a significant evo-
lution through the Eocene–Oligocene transition (e.g., therido-
morph rodents), on chronostratigraphical data, on absolute 
dating when available, or relatively to the “Oi-1 Glaciation” 
event when paleoclimatic data were available.
Turkey.—The Süngülü locality (de Bruijn et al. 2003) 
yielded a rodent fauna displaying ambivalent characteris-
tics, suggestive of a late Eocene or early Oligocene age. 
However, de Bruijn et al. (2003) also noted the occurrence 
of a glyptosaur, which is more consistent with a late Eocene 
age. More recently, Métais et al. (2023) confirmed a likely 
late Eocene age for Süngülü, although an early Oligocene 
age cannot be entirely excluded. In this study, we adopt this 

late Eocene interpretation. In contrast, the rodent assem-
blages from the Lignite-Sandstone Formation of the Ergene 
Basin were dated using fission track dating of apatite parti-
cles in volcanic deposits (analysis by Paul A.M. Andriessen 
in Ünay-Bayraktar 1989: 14), which indicated a late early 
Oligocene age for Kavakdere and Kocayarma (Rupelian, 
Ünay-Bayraktar 1989).
Romania.—The ages of the different Paleogene localities 
with small vertebrates from Transylvania are based on the 
regional chronostratigraphical data (see Geological setting 
above). Bociu and Treznea are the latest Eocene records of 
mammals whereas Mera, Suceag and Cetățuie are the first 
Oligocene records. The associations of cricetid rodents pre-
sented below demonstrate similarities with the late Eocene 
and early Oligocene-aged records of Serbia and Turkey 
(Ünay-Bayraktar 1989; de Bruijn et al. 2003, 2018, 2019; van 
de Weerd et al. 2018). These similarities support the chrono-
logical correlations of the Romanian localities.
Serbia.—The age of the Serbian localities is interpreted in 
accordance with the findings of de Bruijn et al. (2018). The 
Buštranje locality, situated within the basal coarse clastics 
part of the Buštranje Formation in the Pčinja Basin, is pre-
dominantly considered to be of late Eocene (Priabonian) 
age. In contrast, the Strelac-1, Strelac-3, and Valniš localities 
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from the Koritnica-Babušnica Basin are rather interpreted 
as early Oligocene based on the association of fossil rodents 
(Heosminthus, Heterocricetodon, Pseudocricetodon mon­
talbanensis, Paracricetodon dehmi, and a diatomyid). In ad-
dition to the cricetid rodents, the diatomyid rodents found in 
the Strelac area (de Bruijn et al. 2018) also support an early 
Oligocene age by comparison with the record of Balochistan 
(Flynn et al. 1986).
Czech Republic.—Fejfar (1987) published a new locality, 
Dětañ, from a section in northwest of the Bohemia Massif 
in Czech Republic. The bottom of the section yielded an 
assemblage of fossil mammals together with an absolute age 
based on K/Ar dating of biotite/smectite crystals of the tuffs 
in the fossiliferous layer, providing an age of 37.7 ± 1.5 Ma 
(Priabonian, late Eocene). Later on, Fejfar and Kaiser 
(2005) considered the age of this locality as 37.5 Ma (still 
Priabonian). However, in accordance with the prevailing 
view that cricetids (along with other immigrant taxa) arrived 
only at the beginning of the Oligocene in Europe, Fejfar 
(1987) and Fejfar and Kaiser (2005) disregarded the data-
tion (arguing a possible alteration of the biotite in Mikuláš 
et al. 2003) and concluded that the locality must be early 
Oligocene. In a subsequent analysis, Mikuláš et al. (2003) 
conducted a second K/Ar study on the basaltic lava flow 
that overlies the tuffs and tuffites at the top of the same 
section. This analysis yielded an age of 32.6 ± 1.7 Ma, which 
correlates with the very base of the Oligocene. However, the 
error margin does not exclude a late Eocene age. A logical 
conclusion from both datations would be that the majority 
of the section (if not all) is late Eocene in age. However, 
Mikuláš et al. (2003: 91) still concluded that “according 
to relative paleontological dating, the locality belongs to 
mammalian Zone MP21”. In the present study, we propose 
to disregard the biochronological value of the immigrant 
taxa, rather than disregarding both absolute datations. 
Consequently, we consider the mammalian assemblage of 
Dětañ to be Priabonian, late Eocene in age, implying that 
cricetids arrive earlier than the Oligocene in this region (as 
in Eastern Europe).
South Germany.—A series of fissure fillings in Southern 
Germany records the evolution of mammalian communities 
from the late Eocene to the early Oligocene, including the 
Eocene–Oligocene transition (Heissig 1987; EOT). However, 
the precise dating of the EOT within this series is subject 
to debate (Schmidt-Kittler and Vianey-Liaud 1975). In con-
trast to Stehlin’s (1909) initial description of the “Grande 
Coupure”, the succession of fissure fillings from Southern 
Germany demonstrates asynchronous first appearances of 
new taxa (at Möhren 19) and extinctions of endemic European 
taxa (mainly at Bernloch 1). Heissig (1987) proposed that the 
arrival of immigrant taxa (including Cricetidae) at Möhren 
19 correlates with the EOT. In contrast, Legendre (1987a, b) 
suggested that extinctions caused by global climatic change 
are more likely to be synchronous at a large geographic scale 
than migrations, thus correlating Bernloch 1 with the EOT, 

due to the disappearance of endemic Europeans taxa in this 
site. Furthermore, Legendre (1987c) provided additional 
support for his interpretation by analysing the structure of 
fossil mammal assemblages, utilising cenograms (Valverde 
1964; Legendre 1986). These cenograms indicated a signifi-
cantly colder and drier climate, from Bernloch 1 onwards. 
Subsequently, Héran et al. (2010) conducted a geochemical 
analysis of the δ18O of tooth phosphate from rodents at the 
same South German localities, confirming a significant tem-
perature drop at Bernloch 1. A quantitative analysis of the ro-
dent diversity in these localities, in conjunction with the δ18O 
values (Fig. 7), demonstrates that the climatic change occurred 
concurrently with a pronounced diversification of cricetids 
and the local extinction of several Theridomyidae, Gliridae, 
Sciuridae and Aplodontidae lineages (Suevosciurus demi, 
Pseudosciurus suevicus, Gliravus majori, Gliravus minor, 
Oligodyromys balhoi, Oligopetes lophulus, and Oligopetes 
obtusus; Heissig 1987). This occurred subsequent to the 
arrival of the first immigrant taxa (Cricetidae, Eomyidae, 
Sciuridae, Aplodontidae) at Möhren 19. In the present study, 
we follow the interpretation of Legendre (1987b, c) and cor-
relate the climatic change recorded in South Germany with 
the global “Oi-1 event” and the end of the EOT (ca. 33.9 Ma; 
Zachos et al. 2001; Jovane et al. 2006; Ladant et al. 2014; 
Hutchinson et al. 2021). Consequently, all localities older than 
Bernloch 1 are considered to be late Eocene (Table 1), which 
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Fig. 7. Quantitative composition of rodent families (Theridomyidae ex-
cluded, because over represented in the assemblages): raw number of 
species per family and minimal number of individual (MNI) per fam-
ily. The right column shows the analysed δ18Op (‰, V-SMOW) from 
the teeth apatite of the fossil rodents (values extracted from Héran et 
al. 2010). The analysed δ18Op serves as a proxy to paleoclimate indi-
cating a significant drop of the annual temperature between the locali-
ties Ronheim and Bernloch 1. (1): Arrival of Cricetidae, Aplodontidae, 
Sciuridae and Eomyidae, (2): Cricetidae diversification event and drop of 
the δ18Op (‰, V-SMOW) values, marking the EOT.
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implies that cricetids arrived in this region earlier than the 
Oligocene, in a similar manner to that observed in Eastern 
Europe.
Western Europe (Belgium, England, France, Spain, Switzer-
land).—Among the westernmost European localities, the 
Theridomyidae are frequently employed to provide a relative 
chronology of the mammal assemblages, due to their rich 
diversity and rapid evolution through the Eocene–Oligocene 
transition (e.g., Schmidt-Kittler 1990; Biochrom’97; Hugu-
eney 1997; Vianey-Liaud and Marivaux 2016). First, some 
genera are indeed restricted to the uppermost Eocene (Pria-
bonian) such as: Ectropomys Bosma & Schmidt-Kittler, 1972 
(e.g., Ectropomys exigus Bosma & Schmidt-Kittler, 1972; 
Ectropomys monacensis Vianey-Liaud, Schmidt-Kittler, & 
Peláez-Campomanes, 1994; Ectropomys gliriformis [de Bru-
ijn, Sondaar, & Sanders, 1979]), Thalerimys Tobien, 1972 (e.g., 
Thalerimys fordi [Bosma & Insole, 1972]), Oltinomys Stehlin 
& Schaub, 1951 (Oltinomys platyceps [Filhol, 1877]), and 
Patriotheridomys Vianey-Liaud, 1975 (e.g., Patrio theri domys 
altus Vianey-Liaud, 1975). Even more significantly, other 
genera occur in both the latest Eocene and earliest Oligocene 
but present a noticeable evolution (size, crown height, occlu-
sal pattern) that leads to a turnover at the species level across 
the Eocene–Oligocene transition: Issiodoromys Croizet in 
Gervais, 1848 (Issiodoromys hartenbergeri [Vianey-Liaud 
& Ringeade, 1993] at the end of the Eocene vs. Issiodoromys 
nanus [Thaler, 1969], Issiodoromys medius [Vianey-Liaud, 
1976], and Issiodoromys minor Schlosser, 1884, in the early 
Oligocene), Pseudoltinomys Lavocat, 1951 (Pseudoltinomys 
cuvieri [Pomel, 1852–1953] for the latest Eocene vs. Pseudo­
ltinomys gaillardi Lavocat, 1951, for the early Oligo cene), 
Blainvillimys Stehlin & Schaub, 1951, although it might be 
polyphyletic (Vianey-Liaud and Marivaux 2016) also shows a 
noticeable evolution (Blainvillimys civracensis Vianey-Liaud 
& Ringeade, 1993, and Blainvillimys rotudidens Schlos ser, 
1884, for the late Eocene vs. Blain villimys langei Vianey-
Liaud, 1972, Blainvillimys gregarius [Schlos ser, 1884] and 
Blainvillimys gemellus Vianey-Liaud, 1989, for the early 
Oligocene), and Theridomys Jourdan, 1837, which is also 
likely polyphyletic (Vianey-Liaud and Marivaux 2016) shows 
significant changes (Theridomys bonduelli [Lartet, 1869] and 
Theridomys golpei Hartenberger, 1973, for the late Eocene vs. 
Theridomys calafensis Anadon, Vianey-Liaud, Cabrera, & 
Hartenberger, 1987, Theridomys aquatilis Aymard, 1849, and 
Theridomys major Depéret, 1906, for the early Oligocene).

The family Theridomyidae consequently allows to secure 
the age of the many localities, independently from immi-
grant taxa, including the following that are referred to in 
the discussion herein: for the uppermost Eocene, Bembridge 
Limestone (Hooker et al. 1995), Escamps (Biochrom’97), 
Saint-Capraise-d’Eymet (Biochrom’97), San Cugat de Ga-
va dons (Antunes et al. 1997), Villarrosano 1, 12 (Peláez-
Campomanes 2000), Mormont-Entreroches (Biochrom’97), 
Obergösgen (Biochrom’97); for the lowermost Oligocene: 
Balm (Engesser and Mödden 1997), Ollala 4A (Freudenthal 
1997), Paquera 1 (Hugueney and Adrover 1982), Villebramar 

(Biochrom’97), Baraval (Sigé et al. 1998), Mazan (Maridet et 
al. 2013), Lower Hamstead beds (Hooker 2010), Hoogbutsel 
(Smith 2003; Hooker 2010), Ronzon (Lavocat 1952; Hugueney 
1997), Aubrelong 1 (Schmidt-Kittler 1987; Vianey-Liaud and 
Schmid 2009) Ravet (Schmidt-Kittler 1987).

Paleogeographic and biogeographical 
frameworks
The paleogeographic reconstruction used herein for the late 
Eocene and early Oligocene of Europe are a compilation 
of maps proposed by different authors (Meulenkamp et al. 
2000 and Popov et al. 2004 for the late Eocene, and Popov 
et al. 2004 and Barrier and Vrielynck 2008 for the early 
Oligocene). The studied localities are part of the Moesian 
land sensu Popov et al. (2004), one of the emerged low-
land platforms within the late Eocene and early Oligocene 
Paratethys sea. From a palaeobiogeographical point of view, 
the Transylvanian localities are part of the Balkanatolia 
(Licht et al. 2022) together with several other previously 
published localities which also provided an assemblage of 
cricetid taxa around the EOT: Zvonce and Buštranje from the 

Table 1. Succession of fissure fillings from Southern Germany (Heissig 
1987) and proposed revision of the age (in bold characters) based on the 
fossil record (Heissig 1978, 1987) and paleoclimatic data (Legendre 
1987c; Héran et al. 2010).

South German  
localities

Age according to Heissig 
(1987) and Biochrom’97 

New age proposed 
in this study

Burgmagerbein 2 Oligocene (MP23) Oligocene
Ehingen 1 Oligocene (MP23) Oligocene
Bernloch 1 Oligocene (MP23) Oligocene
Schelklingen 1 Oligocene (MP23) Eocene
Ronheim 1 Oligocene (MP22) Eocene
Herrlingen 1 Oligocene (MP22) Eocene
Möhren 13 Oligocene (MP22) Eocene
Grafenmühle 10 Oligocene (MP22) Eocene
Grafenmühle 6 (b) Oligocene (MP22) Eocene
Grafenmühle 7 Oligocene (MP22) Eocene
Burgmagerbein 3/5/8 Oligocene (MP21) Eocene
Haag 2 Oligocene (MP21) Eocene
Möhren 4 Oligocene (MP21) Eocene
Möhren 20 Oligocene (MP21) Eocene
Möhren 7/16 Oligocene (MP21) Eocene
Möhren 31 Oligocene (MP21) Eocene
Möhren 19 Oligocene (MP21) Eocene
Frohnstetten Eocene (MP20) Eocene
Weissenburg 2/9 Eocene Eocene
Weissenburg 3 Eocene Eocene
Möhren 2 Eocene Eocene
Möhren 23 Eocene Eocene
Möhren 6 Eocene (MP19) Eocene
Oppertshofen 2 Eocene Eocene
Weissenburg 8 Eocene Eocene
Grafenmühle 6 (a) Eocene Eocene
Mähringen Eocene Eocene
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upper Eocene of Serbia (de Bruijn et al. 2018, 2019; van de 
Weerd et al. 2018), Süngülü probably also upper Eocene from 
Turkey (de Bruijn et al. 2003), Strelac, Valniš and Raljin from 
the lower Oligocene of Serbia (de Bruijn et al. 2018, 2019; 
van de Weerd et al. 2018), and Kavakdere and Kocayarma 
from the lower Oligocene of Turkey (Ünay-Bayraktar 1989).

Material and methods
The studied material is composed of isolated cheek teeth 
obtained by screen-washing sediments with various screen 
down to a 0.5 mm mesh. The terminology used to describe 
the molars follows Maridet and Ni (2013). No mandible or 
maxilla have been found allowing to associate incisor and 
cheek teeth, so the microstructure of incisors enamel can-
not be analysed as a complementary systematic approach. 
The definition of subfamilies is based on the phylogenetic 
results of Maridet and Ni (2013). Specimens are deposited in 
the collections of the Museum of Paleontology-Stratigraphy 
of the Babeş-Bolyai University in Cluj-Napoca (MPSUBB) 
and are catalogued with the numbers: MPSUBB v172/1, 
MPSUBB v171/1+2 and MPSUBB v1084 to v1136. All mea-
surements are in millimeters.

Systematic palaeontology
Order Rodentia Bowdich, 1821
Family Cricetidae Fischer von Waldheim, 1817
Subfamily incertae sedis
Genus Witenia de Bruijn, Ünay, Saraç, & Yïlmaz, 
2003
Type species: Witenia flava de Bruijn, Ünay, Saraç, & Yïlmaz, 2003; 
Süngülü A, upper Eocene?, Turkey.

Witenia sp.
Fig. 8A, B.

Material.—Two lower molars from Treznea, Priabonian, up-
per Eocene, Turbuța Formation, Meseș sedimentary area, 
Transylvanian Basin, Romania.
Measurements.—See Table 2.
Table 2. Measurements [in mm] of molars of Witenia sp. from the late 
Eocene of Treznea.

Tooth Specimen number L W
Left m1 MPSUBB v1084 1.97 1.37
Right m3 MPSUBB v1085 1.80 1.51

Description.—Both molars have bulk cuspids with a rela-
tively high crown compared to other late Eocene specimens 
studied herein.

The m1 has no anterolophulid nor anteroconid but has a 
metaconid spur connecting the anterolophid to the metaco-
nid. The metaconid is much more mesially located than 

the protoconid, with its tip very close to the antero-lingual 
border of the tooth. The metaconid and the protoconid are 
connected by a long V-shaped protoconid hind arm. The 
metaconid ridge is thick and ends with a strongly develo-
ped mesostylid, but does not totally close the mesosinusid, 
whereas a low and weakly developed cingulid closes the 
sinusid labially. The entoconid is transversally elongated 
and shows a shot distal spur. The posterosinusid is large and 
surrounded by a long and strongly curved posterolophid. 
A short labial posterolophulid delimits a small postero-
sinusid. The roots are not preserved.

The m3 has thick anterolophids, but not reaching the 
metaconid and the protoconid so the metasinusid and proto-
sinusid remain open, respectively. The protoconid hind arm 
is large, oriented backward and reaches the middle of the 
mesoflexid, whereas the mesolophid is short and is oriented 
forward. The metaconid ridge is long, without mesostylid, 
but does not totally close the mesoflexid, whereas a low 
and weakly developed cingulid closes the sinusid labially. 
The posterosinusid is nearly closed by a low, but incomplete 
cingulid. The roots are not preserved.
Remarks.—The two teeth from Treznea show characteri-
stics that are diagnostic of the genus Witenia on lower check 
teeth (de Bruin et al. 2003): the anteroconid of the m1 de-
veloped as a narrow antero-lingually directed crest of the 
protoconid and the generally large sinusid and lingually 
closed by an antero-labially postero-lingually directed 
oblique crest. However, the statistically larger m3 compared 
to m1, another diagnostic feature of the genus, cannot be 
observed here based on two teeth only. In addition, the 
teeth from Treznea are characterized by large and elongated 
crests (lopho dont trend) and large sinusid that differentiate 
Witenia from most other cricetid genera.

There are so far four species referred to Witenia: Witenia 
yolua Gomes Rodrigues, Marivaux, & Vianey-Liaud, 2012; 
W. flava de Bruijn, Ünay, Saraç, & Yïlmaz, 2003; Witenia 
fusca de Bruijn, Ünay, Saraç, & Yïlmaz, 2003, and Witenia 
europea de Bruijn, Marković, Wessels, & van de Weerd, 
2019. De Bruijn et al. (2018) also tentatively referred a few 
teeth from Strelac-1, Strelac-3, and Valniš to the the species 
W. fusca as W. cf. fusca. The m1 from Treznea shows seve-
ral morphological similarities with W. fusca: the lingually 
directed spur instead of an anteroconid; the protoconid and 
metaconid near one another (so the mesial part of the tooth 
is noticeably narrower than the distal part) and connected 
by the distal arm of the protoconid; the oblique ectolophid 
making the shape of a cross with the mesolophid/ecto-
mesolophid; the hypolophid inserted on the ectolophid just 
in front of the hypoconid; and the long posterolophid with a 
bulge at its labial extremity. Likewise, the m3 from Treznea 
shows more similarity with W. fusca: the parallel metalophid 
and hypo lophid directed somewhat mesially and inserting 
respectively on the protoconid and hypoconid mesial arms; 
a large sinusid with the long distal arm of the protoconid but 
a much shorter mesolophid; and a wide strong posterolophid 
constricted just distally to the entoconid.
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The two teeth are otherwise noticeably smaller than in 
all species of Witenia, including W. cf. fusca from Strelac-1, 
Strelac-3, and Valniš (the smallest population referred to 
Witenia so far: de Bruin et al. 2018). We tentatively refer 
them to Witenia, they might consequently belong to a new 
and smaller species, but the material is unfortunately insuf-
ficient to secure the generic identification and formally de-
fine a new species. These two teeth are identified as Witenia 
sp. until more material is found.

Genus Eocricetodon Wang, 2007
Type species: Eucricetodon meridionalis Wang & Meng, 1986, Caijia-
chong, upper Eocene of Yunnan, China

Eocricetodon cf. Eo. meridionalis (Wang & Meng, 
1986)
Fig. 8C–K.
2001 Pseudocricetodon sp.; Baciu and Hartenberger 2001: 444.

Material.—Seven upper molars and four lower molars from 
Treznea, Priabonian, upper Eocene, Turbuța For mation, 
Meseș sedimentary area, Transylvanian Basin, Romania.
Measurements.—See Table 3.
Table 3. Measurements of molars (in mm) of Eocricetodon cf. Eo. 
meridionalis from the upper Eocene of Treznea.

Tooth Specimen number L W
Right M1
Left M1

MPSUBB v172/1
MPSUBB v1086

1.62
1.75

–
1.19

Left M2
Left M2
Left M2
Right M2

Mean M2
StD M2

MPSUBB v1087
MPSUBB v1088
MPSUBB v1089
MPSUBB v1090

1.31
1.40
1.28
1.42
1.35
0.07

1.23
1.36
1.07

–
1.22
0.14

Right M3 MPSUBB v1091 1.13 1.02
Right m1 MPSUBB v1092 1.40 1.06
Right m2
Right m2

MPSUBB v1093
MPSUBB v171/1

1.42
1.39

1.16
1.15

Right m3 MPSUBB v171/2 1.34 1.09

Description.—In lateral view, the molars show a low crown 
with acute cusps and cuspids. On upper molars, especially 
M2s, when the teeth are not worn out, the paracone appears 
noticeably higher than the metacone.

M1s are characterized by an elongated and narrow mesial 
lobe. The anterocone is not divided but is transversally elon-
gated; it is connected to the protocone by a long and well- 
developed anterolophule. The mesial protolophule is  either 
incomplete or absent whereas the distal one is complete. 
The paracone spur is either weak or absent. The mesosinus 
is la bially open despite the presence of a well-developed 
mesostyle. The mesoloph can be short or long, when long it 
merges with the mesostyle. The mesocone is small with an 
entomeso loph either very small or absent. One of the M1s 
(Fig. 8D) shows a very small protocone distal arm (sensu 
Maridet and Ni 2013), much lower and weaker than the ento-
loph. The metalophule is transverse and connects to the 

mesial half of the hypocone. The posterosinus is wide and 
closed labially long posteroloph. The roots are not preserved.

M2s have a strong labial anteroloph whereas the lin-
gual anteroloph is much less developed and lower. One M2 
(Fig. 8E) has a second anterolophule connecting the middle 
of the labial anteroloph to the mesial protolophule. Another 
M2 (Fig. 8F) has a parastyle located labially on the labial 
anteroloph. Both the mesial protolophule and metalophule 
are oblique and connected mesially to the protocone and 
hypocone respectively. The distal protolophule is either 
weaker than the mesial one, or incomplete or absent. The 
mesostyle is well developed and linked to the paracone by 
a paracone distal spur (or postparacrista; Fig. 8E, F). The 
mesoloph is long and can merge with the mesostyle. One 
of the M2s shows a very small protocone distal arm, much 
lower and weaker than the entoloph. The posterosinus is 
wide and closed labially by the posteroloph. The roots are 
not preserved.

The only M3 is strongly worn out and partly broken; 
however, it is possible to observe that the tooth has rounded 
shape due to much reduced metacone and hypocone. The 
labial anteroloph bears a very small parastyle. A spur start-
ing between the protolophule and the protocone seem to 
join the mesoloph to form a small pit in the middle of the 
tooth. The M3 has three roots.

The only m1 (Fig. 8H) has a very small anteroconid 
and a metastylid both next to each other, but no antero-
lophulid or metalophulid. The labial anterolophid connect 
directly the anteroconid to the protoconid mesial slop; the 
lingual anterolophid is very short as the metaconid is much 
more mesially located than the protoconid, hence close to 
the metastylid. The metaconid and the protoconid are con-
nected by the curved protoconid hind arm. The metaconid 
ridge is long and follows the lingual border up to the entoco-
nid so the mesosinusid is closed. The mesoconid is small but 
well developed. The mesolophid starts from the mesoconid, 
is large and long but does not reach the lingual border; it 
is also interrupted in its middle. In contrast, the ectome-
solophid is very weakly developed, limited to a fold of the 
enamel in the middle of the sinusid, and does not seem to 
connect to the mesoconid or the ectolophid. The hypoconid 
hind arm is long and ends in the middle of the posterosi-
nusid. There is a little depression between the distal side of 
the hypoconid and the base of the posterolophid. The roots 
are not preserved.

The m2s have long and thick lingual and labial antero-
lophids. The antero-lingual sinusid is closed, whereas the 
antero-labial one is closed only in one of the two m2s. Both 
the metalophulid and the protoconid hind arms are present 
and well developed; the protoconid hind arm bends and 
connects to the metaconid, but it is slightly lower than the 
metalophulid. One of the m2s (Fig. 8I) has short distal spurs 
starting from the metalophulid and joining the protoconid 
hind arm. The mesoconid is small but well developed; the 
mesolophid starts from the mesoconid, it is long but stops 
in the middle of the mesosinusid. The ectomesolophid also 
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starts from the mesoconid and is short in one m2, but it is 
absent in the other one. The metaconid ridge is long and 
reaches the entoconid so the mesosinusid is closed ligu-
ally. A cingulid closes the sinusid labially in one m2 but 
not in the other one. The hypoconid hind arm connects to 
the hypolophulid in one m2 and is absent in the other. The 
posterolophid is large and long, it forms a bulge on the distal 
border and closes the postero-sinusid lingually. One of the 
m2s has two preserved roots.

The only m3 (Fig. 8K) has long and thick lingual and 
labial anterolophids like for m2s. Both the metalophulid and 

the protoconid hind arm are present and well deve loped but 
the protoconid hind arm does not connects to the metaconid. 
Mesoconid, mesolophid and ectomesolophid are all well de-
veloped; both the mesolophid and ectomesolophid start from 
the mesoconid; the mesolophid is long but does not reach 
the lingual border whereas the ectomesolophid is short. The 
metaconid ridge is long and reaches the ento conid so the 
mesosinusid is closed ligually whereas the sinusid remains 
open labially. The posterolophid forms a loop and connects 
to the hypolophulid delimiting a small rounded postero-
sinusid. An additional small depression exists between the 
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Fig. 8. Drawings of upper and loyer molars. A, B. Witenia sp. from the Priabonian, upper Eocene of Treznea, Romania. A. Left m1 (MPSUBB v1084). 
B. Right m3 (MPSUBB v1085, reversed). C–K. Eocricetodon cf. Eo. meridionalis (Wang & Meng, 1986), from the late Eocene (Priabonian) of Treznea, 
Romania. C. Right M1 (MPSUBB v172/1, reversed). D. Left M1 (MPSUBB v1086). E. Left M2 (MPSUBB v1087). F. Left M2 (MPSUBB v1088). G. Right 
M3 (MPSUBB v1091, reversed). H. Left m1 (MPSUBB v1092, reversed). I. Right m2 (MPSUBB v1093). J. Right m2 (MPSUBB v171/1, reversed). 
K. Right m3 (MPSUBB v171/2, reversed). L–M. Bustrania cf. B. dissimile de Bruijn, Marković, Wessels, & van de Weerd, 2019, from the Priabonian, upper 
Eocene of Bociu, Romania. L. Right M2 (MPSUBB v1094, reversed). M. Left m2 (MPSUBB v1095). A1–M1, occlusal view; A2–M2, labial view.
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postero lophid, the entoconid and a cingulum that follows 
the postero- lingual border. The tooth has two roots.
Remarks.—With a well-developed mesial lobe in M1, a small 
but also well-developed anteroconid in m1, the occurrence 
of a hypoconid hind arm in m1–2, and the reduced third 
molars, these teeth from Treznea show all the characteris-
tics of a small eucricetodontine species. Among small size 
eucricetodontines, the teeth from Treznea noticeably differs 
from Lignitella suemengeni Ünay-Bayraktar, 1989, in hav-
ing a hypoconid hind arm in m1–2 and being noticeably 
bigger, and from Oxynocricetodon erenensis Wang, 2007, 
in having a complete anterolophule and a long mesoloph in 
M1, and a much reduced M3.

Among Eocene and Oligocene eucricetodontines, many 
species have been referred to the genus Eucricetodon, 
and the genus or subgenus Atavocricetodon: Eu. (A.) ata­
voides Freudenthal, 1996; Eu. (A.) atavus Misonne, 1957; 
Eu. (A.) hugueneyae Freudenthal, 1996; Eu. (A.) minusculus 
Freuden thal, 1996; Eu. (A.) nanoides Freudenthal, 1996; Eu. 
(A.) nanus Peláez-Campomanes, 1995; Eu. (A.) paaliensis 
Mari vaux, Vianey-Liaud, & Welcomme, 1999; Eu. cadu cus 
(Shevy reva, 1967); Eu. huberi (Schaub, 1925); Eu. huerzeleri 
Vianey-Liaud, 1972; Eu. leptaleos (Wang & Meng, 1986); 
Eu. murinus (Schlosser, 1884); Eu. asiaticus (Mat thew & 
Granger, 1923); Eucricetodon occasionalis Lopatin, 1996; 
Eu. praecursor (Schaub, 1925). All these species differ from 
the above described specimens of Treznea in having more 
robust cusp(id)s, stouter loph(id)s, a larger mesial lobe in 
M1, in missing the long and complete anterolophule (this 
morphology is very rare in the Eucricetodon/Atavocricetodon 
group, and the anterolophule is stouter and better developed 
in the rare cases when it occurs, e.g., see Freudenthal 1996), 
often shorter mesolophs and mesolophids with less developed 
mesostyl(id)s, and better developed anteroconid in m1 with a 
longer mesial lobe. The teeth from Treznea show nevertheless 
some similarities with Eu. (A.) kurthi de Bruijn, Ünay, Saraç, 
& Yïlmaz, 2003 in having an elongated and narrow mesial 
lobe, a long mesoloph in M1 and M2 sometimes reaching the 
labial cingulum, a small and rounded M3 with very weakly 
developed hypocone and metacone in M3. Nevertheless, they 
still noticeably differ from it in being larger, in having a 
complete anterolophule on M1, both protolophules but with a 
less developed distal one in M2, and the mesial protolophule 
connecting directly to anteroloph in M3.

The long but narrow mesial lobe with a well-developed 
and complete anterolophule in M1 associated with a poorly- 
developed anterocone in M1 are in fact characteristic of 
another genus tentatively referred to Eucricetodontines 
but never described in Europe so far: Eocricetodon Wang, 
2007. The diagnosis of this genus describes indeed many 
morphological characters also observed in Treznea such 
as the obtuse main cusps and slender lophs, the elongated 
and narrower anterior lobe, single anterocone, and complete 
thin anterolophule in M1, the well-developed mesostyle and 
meso loph in upper molars, the ml and m2 of subequal length, 
the short mesial part (trigonid) and the weakly- developed 

anteroconid without metalophid I and anterolophid in m1, 
and metaconid and entoconid more mesially located than 
protoconid and hypoconid in m2. The only main difference 
is the presence of well-developed distal arm of hypoconid 
in the m1 and m2 of Treznea whereas the feature is consid-
ered absent in the diagnosis of Eocricetodon. It is, however, 
worth noticing that both the m1 figured in Wang (2007: 
fig. 4C) and the m2 figured in Wang and Meng (1986: pl. 1: 
8) show a little bulge at the base of the posterolophid which 
could indicate that this feature is not really absent but rather 
weakly developed. There are so far two species referred 
to this genus: Eocricetodon meridionalis (Wang & Meng, 
1986) and Eocricetodon borealis Wang, 2007. The two spe-
cies are very similar in size and morphology, but Eo. merid­
ionalis slightly differs by the absence of protoconule in m1, 
the larger and more mesially located metaconid and com-
plete distal metalophid in m1, and the the transverse mesial 
metalophid connecting mesially to protoconid in m2. The 
teeth from Treznea show the same features thus displaying 
a size and morphology very close to Eo. meridionalis at the 
exception of the distal well-developed arm of hypoconid in 
m1 and m2. Therefore, we tentatively refer these specimens 
from Treznea to this species as Eo. cf. Eo. meridionalis, 
which indicates the first occurrence of this genus outside 
Asia.

Genus Bustrania de Bruijn, Marković, Wessels, & 
van de Weerd, 2019
Type species: Bustrania dissimile  de Bruijn, Marković, Wessels, & van 
de Weerd, Buštranje, upper Eocene, Serbia.

Bustrania cf. B. dissimile de Bruijn, Marković, 
Wessels, & van de Weerd, 2019
Fig. 8L, M.
2001 Atavocricetodon cf. nanoides; Baciu and Hartenberger 2001: 444.

Material.—One upper molar and one lower molar from 
Bociu, Priabonian, upper Eocene, Jebucu Formation, Gilău 
sedimentary area, Transylvanian Basin, Romania.
Measurements.—See Table 4.
Table 4. Measurements of molars (in mm) of Bustrania cf. B. dissimile 
from the upper Eocene of Bociu.

Tooth Specimen number L W
Right M2 MPSUBB v1094 1.27 1.21
Left m2 MPSUBB v1095 1.22 1.08

Description.—In lateral view, the molars are characterized 
by a low crown, slender and less acute cusp(id)s compared 
to Eo. cf. Eo. meridionalis from Treznea; also, as opposed to 
Eo. cf. Eo. meridionalis from Treznea, the paracone of the 
M2 is not noticeably higher than the metacone.

The M2 (Fig. 8L) has a long labial anteroloph ending 
by a little parastyle whereas the lingual anteroloph is lower 
and much shorter so the protosinus is limited to a small pit 
mesial to the protocone. The protocone spur is present but is 
short and a second small spur projects into the anterosinus 
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from the paracone. The paracone also has a well-developed 
distal spur ending by a mesostyle. A small cingulum is pre-
sent on the labial border just distal to the paracone; it merges 
with the paracone distal spur to form a small pit. The meso-
style and the metacone are not connected so the mesosinus 
remains labially open. A cingulum is also present lingually; 
it is connected to the hypocone, thick but short, so the sinus 
remains open lingually. Both the entoloph and the protocone 
distal arm are well developed; they connect the protocone 
to a large mesocone. The mesoloph is short and starts from 
the mesial part of the mesocone whereas the metalophule 
connects to the distal part of the mesocone (and not to the 
hypocone). The posteroloph is long, delimiting a wide pos-
terosinus. The roots are not preserved.

The m2 (Fig. 8M) has a long lingual anterolophid but a 
short labial anterolophid so the protosinusid remains open 
labially. There is no metaconid ridge but a small meso-
style; nevertheless, the mesosinusid remains open lingually. 
Likewise, the sinusid is opened labially. The protoconid 
hind arm is long but ends in the mesosinusid. The meso-
lophid starts from the mesoconid and is short; it ends in 
the mesosinusid. Additionally, a little spur starts from the 
mesolophid extremity and is oriented towards the hypo-
lophulid. The ectolophid is lower and weaker mesially to 
the mesoconid (between the protoconid hind arm and the 
mesoconid) than distally (between the mesoconid and the 
hypolophulid). The entolophulid is straight and connects 
to the ectolophid, mesially to the hypoconid. The tooth has 
no hypoconid hind arm, no labial posterolophulid or labial 
posterosinusid, but the posterolophid is long and delimits a 
wide posterosinusid. The roots are not preserved.
Remarks.—These teeth represent the smallest cricetid found 
so far in the upper Eocene of Transylvania. They are chara-
cterized by a low crown, thin crests and gracile cusp(id)
s, the sinus(id) oriented backward, and a mesosinus much 
larger than the sinus in M2 and a mesosinusid much larger 
than the sinusid in m2 (due to the lingual position of the ento-
loph and the labial position of the entolophid respectively). 
Additionnaly the protocone distal arm is long, almost longi-
tudinal and connects directly to the mesial arm of the hypo-
cone, which is a characteristic only seen in taxa referred to 
Paracricetodontinae or Pappocricetodontinae (Maridet and 
Ni 2013; de Bruijn et al. 2018). The above-described mor-
phological features ressemble that of Bustrania dissimile de 
Bruijn, Marković, Wessels, & van de Weerd, 2019, from the 
Eocene of Serbia (Buštranje). One of the diagnostic features 
if B. dissimile is the high morphological variability com-
posed by an “irregular array of low ridges and cuspules” and 
“the complex unstable pattern within the main basins” (de 
Bruijn et al. 2019: 522). With only two teeth, such a variabi-
lilty can not be observed here. However, the M2 from Bociu 
shows a complexe pattern with several spurs starting from 
the protocone, the paracone and the mesostyle. Likewise, 
the m2 also shows a very irregular entolophid and a small 
isolated spur starting from the mesolophid. The teeth from 
Bociu only differ from B. dissimile from Buštranje in being 

slightly larger and missing the hypoconid hind arm in m2, 
although this character is very variable and is not always 
present in B. dissimile. We consequently tentatively refer the 
teeth from Bociu to this species as B. cf. B. dissimile

Subfamily Eucricetodontinae Mein & Freudenthal, 
1971
Genus Eucricetodon Thaler, 1966
Type species: Cricetodon collatus Schaub, 1925, Küttigen, upper Oli-
gocene, Switzerland.

Eucricetodon aff. Eu. huerzeleri Vianey-Liaud, 1972
Fig. 9A–D.

Material.—Two upper molars and three lower molars from 
Cetățuie, Rupelian, lower Oligocene, Dâncu Formation, 
Gilău sedimentary area, Transylvanian Basin, Romania.
Measurements.—See Table 5.
Table 5. Measurements of molars (in mm) of Eucricetodon aff. Eu. 
huerzeleri from the lower Oligocene of Cetățuie.

Tooth Specimen number L W
Right M2 MPSUBB v1096 1.83 1.78
Right M3 MPSUBB v1097 1.50 1.63
Right m2
Left m2
Left m2

Mean m2
StD m2

MPSUBB v1098
MPSUBB v1099
MPSUBB v1100

2.01
1.94
1.96
1.85
0.20

1.69
1.71

–
–
–

Description.—The molars are characterized by large cu-
sp(id)s with a rounded shape in lateral view due to the wear.

For the M2 (Fig. 9A), the labial and lingual anterolophs 
are both long and respectively closing the anterosinus and 
the protosinus; however, the lingual anteroloph is noticeably 
lower and thinner than the labial one. A small paracone 
spur, close to the labial border, merges with the mesostyle, 
itself connected to the base of the metacone, so the mesosi-
nus is labially closed. Both the mesial protolophule and the 
metalophule are slightly transverse, connected mesially to 
respectively the protocone and the hypocone. The distal 
protolophule is incomplete and ends in the middle of the 
mesosinus, like the mesoloph. Additionally, a small spur 
starts from the extremity of the mesoloph, oriented toward 
the metalophule. The posterosinus is narrow whereas the 
posteroloph is thick and connectes to the metacone so the 
posterosinus is closed labially. The M2 has three roots.

The M3 (Fig. 9B) displays a rounded shape due to the 
 reduced hypocone and metacone. It has long labial and 
 lingual anterolophs respectively closing the anterosinus 
and the protosinus. The protolophule, the mesoloph and 
the metalophule are slightly oblique. The mesolophe starts 
from a point between the protocone and the metalophule 
and reaches the mesostyle. A well-developed paraconule is 
pre sent in the mesosinus between the protolophule and the 
 mesoloph, it is connected to the protolophule. The mesosinus 
is closed labially by a long cingulum connecting the paracone 
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to the metacone. The metacone is strongly reduced so it is not 
larger than the mesostyle. The posteroloph is long and closes 
the posterosinus labially. The roots are not preserved.

The m2s have a long and well-developed lingual antero-
lophid reaching the base of the metaconid whereas the la-
bial anterolophid is short and poorly developed; as a result, 
the protosinusid remains opened labially. The protoconid 
hind arm is long and reaches the metaconid. The meso-
lophid is either short and ends in the middle of mesosi-
nusid (2/3; with a little stylid at its extremity for one m2, 

Fig. 9C), or long. The metaconid ridge is well developed 
and long, it reaches the base of the entoconid lingually and 
closes the mesosinusid. An entoconid ridge is also present, 
merging with the posterolophid. The sinusid is also closed 
labially by a low cingulid. There are no hypoconid hind 
arm or ecto mesolophid. The posterosinusid is large, closed 
lingually, and delimited by a thick posterolophid. The m2s 
have two roots
Remarks.—The five teeth described above from Cetățuie dif-
fer by their large size, slightly higher crown and more robust 
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Fig. 9. Drawings of upper and lower molars. A–D. Eucricetodon aff. Eu. huerzeleri Vianey-Liaud, 1972, from Rupelian, lower Oligocene of Cetățuie, 
Romania. A. Right M2 (MPSUBB v1096, reversed). B. Right M3 (MPSUBB v1097, reversed). C. Right m2 (MPSUBB v1098, reversed). D. Left m2 
(MPSUBB v1099). E–N. Tenuicricetodon arcemis gen. et sp. nov. from Rupelian, lower Oligocene of Cetățuie, Romania. E. Right M1 (MPSUBB v1116, 
reversed). F. Left M1 (MPSUBB v1117). G. Left M2 (MPSUBB v1118). H. Left M2 (MPSUBB v1120). I. Right M2 (MPSUBB v1121, reversed). 
J. Right M2 (MPSUBB v1122, reversed). K. Left M3 (MPSUBB v1123). L. Right m1 (MPSUBB v1124, reversed). M. Left m2 (MPSUBB v1125). 
N. Right m3 (MPSUBB v1126, reversed). A1–N1, occlusal view; A2–N2, labial view.
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cusp(id)s when compared to Tenuicricetodon arcemis gen. 
et sp. nov. (see below). The robust but lower  cusp(id)s, the 
absence of hypoconid hind arm in m2s and the reduced dis-
tal part of M3 (but more developed than in Tenuicricetodon 
arcemis gen. et sp. nov.) indicate that they belong to the 
Eucricetodontinae subfamily. They are much larger than 
most species referred to Eucricetodon (or Atavocricetodon): 
Eu. (A.) atavoides Freudenthal, 1996; Eu. (A.) atavus 
Misonne, 1957; Eu. (A.) minusculus Freudenthal, 1996; Eu. 
(A.) nanoides Freudenthal, 1996; Eu. (A.) nanus Peláez-Cam-
pomanes, 1995; Eu. (A.) hugueneyae Freudenthal, 1996; 
Eu. caducus (Shevyreva, 1967); Eu. huberi (Schaub, 1925); 
Eu. asiaticus (Matthew & Granger, 1923); Eu. occasionalis 
Lopatin, 1996; Eu. (A.) paaliensis Marivaux, Vianey-Liaud, 
& Welcomme, 1999; Eu. murinus (Schlosser, 1884); Eu. 
praecursor (Schaub, 1925); Eu. leptaleos (Wang & Meng, 
1986) (see Freudenthal 1996; Lopatin 1996; Maridet et al. 
2009, 2013; Vianey-Liaud 1972; Wang and Meng 1986 for 
size comparisons). However, these teeth from Cetățuie fit in 
the size range of Eu. huerzeleri Vianey-Liaud, 1972, with the 
exception of the M3 which is noticeably wider. Their mor-
phology also mostly fit the description of Eu. gergovianum 
(Gervais, 1848–1852) by Schaub (1925) later emended into 
a diagnosis for Eu. huerzeleri by Vianey-Liaud (1972): the 
generally thick and short mesoloph(id)s and the low cingu-
lums and cingulids compared to cusp(id)s, the rounded M3 
without complete ento loph and with poorly-developed hypo-
cone and metacone, and the elongated m2 with an oblique 
ectolophid. The m2s also possess a well- developed mesoco-
nid as described by Schaub (1925) whereas the only M2 from 
Cetățuie does not show a distinct mesocone as opposed to 
the emended diagnosis from Vianey-Liaud (1972). There are 
also some significant differences in the teeth from Cetățuie 
such as the well-developed distal protolophule in M2 and 
protoconid hind arm in m2s, and the better developed lingual 
anteroloph in M2. This material is consequently referred to 
an affine form of Eu. huerzeleri, waiting for more material 
to confirm the occurrence of a new species in the lower 
Oligocene of Transylvania.

Genus Tenuicricetodon nov.
Zoobank LSID: urn:lsid:zoobank.org:act:A0A9A6A2-DF05-492A-AF 
EE-B695083E2877.
Etymology: From Latin tenuis, thin or fine, and the genus Cricetodon 
Lartet, 1851.
Type species: Tenuicricetodon arcemis gen. et sp. nov.

Diagnosis.—Medium-sized cricetid with thin and nar-
row cusp(id)s and loph(ids). M1 with a long anterolophule 
reaching the anterocone or not. Thick posteroloph forming 
a bulge in M1, with possibility of a posterostyle extending 
from the posteroloph lingually in the posterosinus. M1 and 
M2 with long and straight mesoloph often reaching the la-
bial mesostyle. A continuous lingual cingulid extends from 
the metaconid to the entoconid in both m1 and m2. Both m1 
and m2 have two hypoconid hind arms, one being smaller 
than the other is.

Differential diagnosis.—Differs from:
 – Raricricetodon Tong, 1997, Palasiomys Tong, 1997, Pap­
po  cri cetodon Tong, 1992, in having a well-developed me-
sial lobe in upper and lower first molars, and missing 
the protocone distal arm (sensu Maridet and Ni 2013) in 
upper molars.

 – Eucricetodon Thaler, 1966 (including Atavocricetodon 
Freudenthal, 1996) in having thinner and narrower cus-
p(id)s and loph(ids) giving a more lophodont aspect. 
Also differs in having a long mesial arm of the protocone 
(more developed than the distal one) which can reach the 
anterocone (possible but very rare in Eucricetodon see 
Freudenthal 1996) and a concave labial border in M1, and 
a divided anteroconid in m1.

 – Eocricetodon Wang, 2007, in being larger, having a 
shorter mesial lobe in M1; also, in having a more elon-
gated m1 with longer mesolophid and ectomesolophid, 
well-developed anterolophids and a divided anteroconid.

 – Oxynocricetodon Wang, 2007, in having a smaller mesial 
lobe in M1, having mesolophs and distal protolophule 
in upper molars, also in having long mesolophids and a 
continuous lingual cingulid extends from the metaconid 
to the entoconid in both m1 and m2.

 – Pseudocricetodon Thaler, 1969 (including Allocricetodon 
Freudenthal, 1994) in having a short and narrow mesial 
lobe and a mesial protolophule more developed than the 
distal one in M1. It also differs in missing the antero-
lophulid but having a long and oblique mesolophid in m1. 
Another striking difference is the presence of one, or even 
two, hypoconid hind arms in m1 and m2.

 – Witenia de Bruijn, Ünay, Saraç, & Yïlmaz, 2003, in being 
smaller with more gracile cusp(id)s and loph(id)s (more 
lophodont occlusal pattern), in having also much less 
deve loped distal part of 3rd molars (upper and lower), and 
a broader mesial lobe of M1.

 – Heterocricetodon Schaub, 1925, in having a lower crown 
and less elongated molars, especially much-reduced third 
molars, and in having hypoconid hind arms in m1 and m2.

 – Adelomyarion Hugueney, 1969, in having longitudinal and 
complete entoloph(id)s (as opposed to the often strongly 
oblique and interrupted entoloph(id)s in Adelomyarion) 
and having hypoconid hind arms in m1 and m2.

 – Bustrania de Bruijn, Marković, Wessels, & van de 
Weerd,  2019, in being much larger, missing the irregular 
array of low ridges and cuspules present on all molars 
of Bustrania, in having a sinus of M1 and M2 directed 
mesially (as opposed to the distally for Bustrania) and in 
having a well-developed anteroconid on m1.

 – Kerosinia Ünay-Bayraktar, 1989, in missing the direct con-
nection between the anterocone and paracone in M1, in 
having a more developed distal part of the M3 including a 
long mesoloph, also in missing the complete anterolophu-
lid linking the anteroconid to the protoconid in m1 and in 
missing the distal arm of the hypoconid in m1 and m2.

 – Ulaancricetodon Daxner-Höck, 2000, in being much 
larger, in missing the trapezoidal shape and the weakly 
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developed mesial lobe and anterocone in M1, also in hav-
ing the entoconid on m1 located mesially to the protoco-
nid (the opposite for Ulaancricetodon).

Stratigraphic and geographic range.—Dâncu Formation 
(Rupelian), Transylvania (Romania).

Tenuicricetodon arcemis sp. nov.
Figs. 9E–N, 10.

Zoobank LSID: urn:lsid:zoobank.org:act:FD1C5030-1D79-42F2-B07 
B-3E8C478F5D72.
Etymology: From Arcem the latin name of the locality Cetățuie, in 
Latin arcemis.
Holotype: Right M1 (MPSUBB v1116).
Type locality: Cetățuie, Transylvanian Basin, Romania.
Type horizon: Rupelian, lower Oligocene, Dâncu Formation, Gilău 
sedimentary area,
Species diagnosis.—Same as the generic diagnosis.

Material.—Eight upper molars and three lower molars, all 
from the type locality and horizon.
Measurements.—See Table 6.
Table 6. Measurements of molars of Tenuicricetodon arcemis gen. et 
sp. nov. from the lower Oligocene of Cetățuie.

Tooth Specimen number L W
Right M1
Left M1

MPSUBB v1116
MPSUBB v1117

2.30
–

1.75
1.58

Left M2
Right M2
Left M2
Right M2
Right M2

Mean M2
StD M2

MPSUBB v1118
MPSUBB v1119
MPSUBB v1120
MPSUBB v1121
MPSUBB v1122

1.84
1.93
1.95
1.91
1.83
1.89
0.05

1.74
1.83
1.91
1.83
1.80
1.82
0.06

Left M3 MPSUBB v1123 1.55 1.78
Right m1 MPSUBB v1124 2.09 1.48
Left m2 MPSUBB v1125 2.15 1.73
Right m3 MPSUBB v1126 1.71 1.54

Description.—The molars are characterized by a low crown 
and small narrow cusp(id)s and loph(ids) providing a slightly 
lophodont aspect; in lateral view the cusp(id)s have either 
an angular shape when the wear is weak, or a low rounded 
shape when the wear is strong.

The M1s display a short and narrow mesial lobe. The an-
terocone is small, crescent-like and transversally elongated; 
the lingual anteroloph ends with a protostyle connected to 
the protocone. The protocone spur (sensu Maridet and Ni 
2013) is either short (ending in the anterosinus), or long 
and prolonged by an anterolophule reaching the anterocone. 
Both the mesosinus and the sinus are closed respectively 
labially and lingually by a cingulum; additionally, there is 
a mesostyle on the labial cingulum, with or without a spur. 
The mesial protoloph is complete (connected to the antero-
lophule) in one M1 (Fig 10A) and interrupted in the other 
(Fig. 10B). The distal protoloph is short and it connects to 
the paracone in one M1. The entoloph and the distal proto-
loph form a continuous oblique crest between the hypocone 

and the distal protolophule whereas the connection between 
the protocone and the entoloph is less developed. The pro-
tocone and its mesial spur being oblique, the sinus is also 
oblique. The mesoloph starts from a small mesocone and 
it reaches the mesostyle spur in one M1. The metalophule 
is straight and connects the hypocone. The posteroloph is 
inflated. In one M1 a posterostyle extends from the postero-
loph lingually in the posterosinus (Fig. 10A). The M1s have 
three roots.

In M2s, the lingual anteroloph is much shorter and lower 
than the lingual one, it can reach the protocone and close the 
protosinus (3/5). The mesial protolophule is complete and 
better developed than the distal one; the distal protolophule 
is long but does not reach the paracone. Like in M1s, the 
entoloph and the distal protoloph form a continuous oblique 
crest between the hypocone and the paracone whereas 
the connection between the protocone and the entoloph is 
shorter; also, the protocone is elongated distally and the 
sinus is strongly curved. The paracone spur is located on the 
labial border, it is long and closes the mesosinus in all but 
one M2 (Fig. 10E). The mesoloph is long, it either reach di-
rectly the labial cingulum (3/5) or merges with a somewhat 
lower and thinner mesostyle spur. The sinus either is closed 
by a low and weakly developed cingulum (2/5) or labially 
open (3/5). The metalophule is slightly oblique and connects 
mesially to the hypocone. The posteroloph is long and gen-
erally closes the posterosinus (3/5), but the posterosinus can 
also remain open labially (1/5), and the postero-labial corner 
of one M2 is broken so the labial end of the posterosinus is 
not discernable (1/5). The M2s have three roots.

The M3 (Fig. 10G) has a well-developed labial antero-
loph, the lingual one being absent. The mesial protolophule 
is strong, connects the anterolophule whereas the distal 
proto lophule is short, and does not reach the paracone. Like 
in M1s and M2s, the entoloph forms a continuous oblique 
crest between the hypocone and the distal protolophule, 
and the connection between the protocone and the entoloph 
is inter rupted. The mesoloph is long and reaches the labial 
cingulum; the metacone is reduced to a postero-labial bulge 
on the cingulum. The metalophule connects distally the 
metacone and mesially the hypocone. The roots are not 
preserved.

The m1 (Fig. 10H) has both equally developed antero-
conid and metastylid. The lingual anterolophid, between 
the metastylid and the metaconid, is very short whereas 
the labial one is long and closes the protosinusid labially. 
A small spur starts distally to the anteroconid but there is 
no antero lophulid connecting the anteroconid to the proto-
conid. The protoconid hind arm is well developed and long, 
and connects to the metaconid. Both the metaconid ridge 
and the entoconid spur are long; they join each other lin-
gually and close the mesosinusid. Likewise, a strong ridge 
starting from the hypoconid is prolonged by a cingulid 
reaching the protoconid so the sinusid is closed labially. 
The entolophid, mesolophid and ectomesolophid are all 
thick and form a cross in the middle of the molar. The 
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 mesolophid is long and reaches the lingual cingulid whereas 
the ectomesolophid ends in the middle of the sinusid. The 
hypolophulid is straight, transverse, and connects mesially 
to the hypoconid. The hypoconid hind arm is long and 
connects to the posterolophid, delimiting a small pit dis-
tally to the hypoconid. This small pit is itself divided by an 
additional spur (second hypoconid hind arm) between the 
hypoconid hind arm and the distal border (Fig. 10H). The 
roots are not preserved.

The m2 (Fig. 10I) has both strong lingual and labial 
anterolophid closing the anterosinusid and protosinusid re-
spectively. The metalophulid is oblique and connects on 
the anterolophulid; the protoconid hind arm is long, bends 
mesially and connects to the metaconid distal slope. The 
metaconid ridge and the entoconid spur are long and join 
each other along the lingual border, forming a cingulid 
that closes the mesosinusid. A spur extends in the meso-
sinusid from this lingual cingulid, but does not reach the 
meso lophid; additionally, a crest is present in the middle of 
the mesosinusid, isolated between this spur and the meso-
lophid. A strong cingulid also closes the sinusid labially. 
The ectomesolophid is long and merges with a ridge con-
nected to the hypoconid. The hypolophulid is oblique, par-

allel to the metalophulid, and connect on the ectolophid, 
mesially to the hypoconid. The posterosinusid is very large, 
and closed lingually by a long posterolophid; the hypoconid 
hind arm is short but well developed and ends in the middle 
of the posterosinusid. A second minute hypoconid hind arm 
is present next to the first one. The roots are not preserved.

The m3 (Fig. 10J) displays clearly separated metaconid 
and protoconid, indeed the metalophid connects on the lin-
gual anterolophid whereas the anterolophulid connects on 
the labial anterolophid, and the protoconid hind arm does 
not connect to the metaconid, but on the metaconid distal 
ridge next to minute mesostylid. There is no mesolophid, 
and the ectomesolophid is very weak, limited to a fold of 
the enamel labially to the entolophid. The mesosinusid and 
the sinusid are open respectively lingually and labially. The 
posterolophid is long and merges with the entoconid distal 
ridge that closes the posterosinusid lingually. The m3 has 
two roots.
Remarks.—Hugueney (1980) and later Comte (1985) dis-
cussed in detail the differences between Eucricetodon huberi 
(Schaub, 1925) and Pseudocricetodon incertus (Schlosser, 
1884). Indeed, the two species are large and present similar 
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Fig. 10. Tenuicricetodon arcemis gen. et sp. nov. from Rupelian, lower Oligocene of Cetățuie, Romania. A. Right M1 (MPSUBB v1116, reversed). B. Left 
M1 (MPSUBB v1117); C. Left M2 (MPSUBB v1118). D. Left M2 (MPSUBB v1120). E. Right M2 (MPSUBB v1121, reversed). F. Right M2 (MPSUBB 
v1122, reversed). G. Left M3 (MPSUBB v1123). H. Right m1 (MPSUBB v1124, reversed). I. Left m2 (MPSUBB v1125). J. Right m3 (MPSUBB v1126, 
reversed). Occlusal view.
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sizes, but some morphological differences can be observed 
that, in turn, can also secure the identification at generic 
level. These differences led Engesser (1987) to refer these 
genera to two different subfamilies, Eucricetodontinae and 
Pseudocricetodontinae respectively.

The teeth described above differ from Eucricetodon 
aff. Eu. huerzeleri from the same locality by being slightly 
smaller, having a M3 with a less reduced distal part, and 
having a lower crown with thinner and narrower cusp(id)s 
and loph(ids) which gives it a more lophodont aspect. These 
characteristics are usually associated with Pseudocricetodon 
(Engesser 1987; Hugueney 1999). They also display a long 
mesoloph in M2 and M3 which is characterictic of Ps. incer­
tus and absent in Eu. huberi (Comte 1985), a short and nar-
row anteroloph usually characteristic of Pseudocricetodon 
(Engesser 1987), a long mesial arm of the protocone in 
M1 more frequent in Pseudocricetodon (Engesser 1987; 
Hugueney 1999), and a concave labial border whereas it 
is rather convexe in M1 of Eu. huberi (Comte 1985; and 
more generally in Eucricetodontinae, Engesser 1987), and 
a divided anteroconid in m1 which is rare in Eucricetodon 
(Hugueney 1999). Among Pseudo cricetodontinae this popu-
lation from Cetățuie otherwise strongly differs from Hetero-
cricetodon Schaub, 1925, in having a much lower crown 
and less elongated molars, especially the third molars; it 
also strongly differs from Adelomyarion Hugueney, 1969, 
in  being less lophodont (thicker crests and larger cusps and 
cuspids), and missing the often strongly oblique or inter-
rupted entoloph(id).

In contrast these teeth from Cetățuie also display char-
acters that are usually associated with Eucricetodon: The 
mesial lobe is short and narrow, and the mesial protolophule 
more developed than the distal one in M1 (Engesser 1987; 
Hugueney 1999); the anterolophulid absent in m1 whereas 
it is usually long and complete in Ps. incertus (Hugueney 
1980); the mesolophid of m1 is long and oblique in Eu. 
huberi whereas it is usually small or even absent in Ps. 
incertus (Hugueney 1980); and the hypoconid hind arm is 
always absent in Pseudocricetodon and more generally in 
all Pseudocricetodontinae (Engesser 1987; Hugueney 1999).

The ambiguous association of morphological characters 
on molars led to refering this population from Cetățuie to a 
new genus: Tenuicricetodon gen. nov. However, the ques-
tion of the subfamily it belongs to remains open. Most of the 
characters mentioned above present a noticeable variability 
when taking into account large populations (e.g., Freudenthal 
1994; Freudenthal et al. 1994; Maridet et al. 2009), but not 
all of them. The short and narrow mesial lobe in M1, the 
absence of anterolophulid in m1 and the presence of a hypo-
conid hind arm in m1 seem to be consistent features dif-
ferentiating Eucricetodontinae from Pseudocricetodontinae 
(Freudenthal et al. 1994; Hugueney 1999). Despite the mor-
phological similarities with Pseudocricetodon, we refer this 
new genus to the subfamily Eucricetodontinae.
Stratigraphic and geographic range.—Dâncu Formation 
(Rupelian), Transylvania (Romania).

Subfamily Pseudocricetodontinae Engesser, 1987
Genus Pseudocricetodon Thaler, 1969
Type species: Pseudocricetodon montalbanensis Thaler, 1969, Montal-
bán, lower Oligocene, Spain.

Pseudocricetodon cf. Ps. montalbanensis Thaler, 1969
Fig. 11A–C.

Material.—One upper molar from Suceag and two lower 
molars from Cetățuie, Rupelian, lower Oligocene, Dâncu 
Formation, Gilău sedimentary area, Transylvanian Basin, 
Romania.
Measurements.—See Table 7.
Table 7. Measurements of molars (in mm) of Pseudocricetodon cf. 
Ps. montalbanensis from the lower Oligocene of Cetățuie and Suceag.

Tooth Locality Specimen number L W
Left M1 Suceag MPSUBB v1127 – 1.03
Left m1 Cetățuie MPSUBB v1128 1.21 0.92
Left m3 Cetățuie MPSUBB v1129 1.08 0.96

Description.—The cheek teeth are small, with a very low 
crown, and with thin and acute cusp(id)s providing a slightly 
more lophodont aspect compared to other cricetids described 
herein.

The mesial part of the M1 is lost so the mesial lobe is not 
observable (Fig. 11A). The protocone spur is long but ends 
free in the anterosinus, and the anterolophule seems absent. 
There is no mesial protolophule whereas the distal one is well 
developed, oblique, and connects distally to the protocone 
on the entoloph. The large mesostyle closes the mesosinus 
whereas the sinus remains open lingually. The mesoloph is 
long and located rather distally in the mesosinus (noticeably 
closer to the metalophule than the protolophule), and a longi-
tudinal spur connects the mesoloph to the metalophule. The 
metalophule is slightly oblique and connects mesially to the 
hypocone. A short mesiodistal crestule connects the meso-
lophe and the metalophule. The posterosinus is elongated 
and surrounded by a long posteroloph that closes it labially. 
The roots are not preserved.

The m1 (Fig. 11B) has a small but well-developed an-
teroconid, surrounded by both equally developed antero-
lophids, and connected to the protoconid mesial slope by a 
long anterolophulid. There is no metalophulid but a strong 
protoconid hind arm connecting directly the protoconid to 
the metaconid. The metaconid ridge is long but does not 
reach the entoconid so the mesosinusid remains partly open; 
labially a small and low cingulid is present but so weakly 
developed that the sinusid appears open in lateral view. The 
mesolophid is short and, as in M1 for the mesoloph, distally 
located (closer to the hypolophulid than to the protoconid 
hind arm). The tooth is highly worn so the hypoconid hind 
arm is not clearly visible; however, a small bulge starting 
between the hypoconid and the posterolophid, and extend-
ing into the posterorsinusis suggests that it is present. Both 
small labial posterolophulid and labial posterosinusid are 
present. The m1 has two roots.
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The m3 (Fig. 11C) displays a well-developed lingual 
anterolophid whereas the labial one is shorter and lower; 
as a result the anterosinusid is closed lingually whereas 
the protosinusid remains open. Both the metalophulid (pro-

jecting distally) and the protoconid hind arm are long but 
none of them reaches the metaconid, which is consequently 
isolated from the protoconid. The metaconid ridge is long 
and follows the lingual border, reaching the entoconid spur, 
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Fig. 11. Drawings of upper and lower molars. A–C. Pseudocricetodon cf. Ps. montalbanensis Thaler, 1969, from the Rupelian, lower Oligocene of Cetățuie 
and Suceag, Romania. A. Left M1 (MPSUBB v1127). B. Left m1 (MPSUBB v1128). C. Left m3 (MPSUBB v1129). D–G. Paracricetodon aff. Pa. sto­
jonovici van de Weerd, de  Bruijn, Marković, & Wessels, 2018, from the Rupelian, lower Oligocene of Cetățuie and Suceag, Romania. D. Left M1 (MPSUBB 
v1130). E. Left m1 (MPSUBB v1131). F. Right m3 (MPSUBB v1132, reversed). G. Right m3 (MPSUBB v1133, reversed). H–J. Paracricetodon wentgesi 
de Bruijn, Ünay, Saraç, & Yïlmaz, 2003, from the Rupelian, lower Oligocene of Mera and Cetățuie, Romania. H. Right M1 (MPSUBB v1134, reversed). 
I. Right M1 (MPSUBB v1135, reversed). J. Right m3 (MPSUBB v1136, reversed). A1–J1, occlusal view; A2–J2, labial view.
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thus closing the mesosinusid. Labially, the sinusid remains 
open. The ectomesolophid is low and weakly developed, 
but much mesially located compared to the mesolophid, as 
in m1, the mesolophid is indeed closer to the hypolophulid 
than the protoconid hind arm. The posterosinusid is long 
and elongated, closed lingually, and surrounded by a long 
posterolophid bearing a bulge on the distal border. The tooth 
has two roots.
Remarks.—Several characters fit the emended diagnosis of 
Pseudocricetodon as provided by Freudenthal et al. (1994): 
the ectolophid laying labially and presence of the hypoconid 
hind arm in m1; the distal part of the m3 not much reduced 
with well-developed hypoconid and entoconid; the proto-
conid hind arm long and connected to the metaconid in lower 
molars; the long mesoloph in upper molars; and the lingual 
border of M1 forming an angle of c. 90° with the distal bor-
der. Additionally, all teeth fit in the size range of Ps. montal­
banensis Thaler, 1969 (see Freudenthal et al. 1994) but the 
morphology slightly differ in displaying a generally simpler 
occlusal pattern with a single short mesolophid and no ecto-
mesolophid in m1, and an incomplete metalophulid in m3. 
The teeth are otherwise slightly smaller than Ps. mogunti­
acus (Bahlo, 1975) and larger than Ps. philippi Hugueney, 
1971, and Ps. heissigi Marković, Wessels, van de Weerd, & 
de Bruijn, 2020 (for size comparisons see: Hugueney 1971; 
Comte 1985; Freudenthal et al. 1994; Marković et al. 2020); 
for these reasons and because of the scarcity of the material 
they are referred to Ps. cf. Ps. montalbanensis.

Subfamily Paracricetodontinae Mein & Freudenthal, 
1971
Genus Paracricetodon Schaub, 1925
Type species: Cricetodon spectabilis Schlosser, 1884, Quercy (precise 
locality unknown), Oligocene, France.

Paracricetodon aff. Pa. stojonovici van de Weerd, 
de  Bruijn, Marković, & Wessels, 2018
Fig. 11D–G.

Material.—One upper molar from Suceag and three lower 
molars from Cetățuie, Rupelian, lower Oligocene, Dâncu 
Formation, Gilău sedimentary area, Transylvanian Basin, 
Romania.
Measurements.—See Table 8.
Table 8. Measurements of molars (in mm) of Paracricetodon aff. Pa. 
stojonovici from the lower Oligocene of Cetățuie and Suceag.

Tooth Locality Specimen number L W
Left M1 Suceag MPSUBB v1130 1.54 1.08
Left m1 Cetățuie MPSUBB v1131 1.51 1.15
Right m3
Right m3

Cetățuie
Cetățuie

MPSUBB v1132
MPSUBB v1133

1.46
1.38

1.21
1.16

Description.—The M1 (Fig. 11D) shows a long mesial lobe 
with strong anterolophs. The anterocone is transversally 
elontaged with a small notch on its mesial border, and with 

both well-developed labial and lingual anterolophs respec-
tively reaching the paracone and the metacone. Two weakly 
developed spurs start distally from the anterocone, but they 
do not connect to any loph or cusp, so there are no antero-
lophule or mesial protolophule. The protocone spur is short 
and ends free in the anterosinus. The distal protolophule 
is transverse and almost straight, connecting directly the 
protocone to the paracone. A strong spur starts from the 
paracone and reaches the labial border where it merges 
with the metacone. The mesosinus is consequently closed 
whereas the sinus remains open lingually. There is no ento-
loph but instead the protocone is elongated and prolonged by 
distal arm connected directly to the hypocone. In addition 
to the metalophule, a spur starts from the mesial part of the 
hypocone and connects to the metacone, so both this spur 
and the metalophule surround a small pit located between 
the hypocone and the metacone. The posterolophid is low 
but long and closes the posterosinus labially. The roots are 
not preserved.

The m1 (Fig. 11E) is strongly worn out but some mor-
phological features can be observed. The anteroconid is 
transversally elongated and seems noticeably lower than 
the other cuspids. The mesosinusid is closed lingually by a 
large metaconid hind arm reaching the entoconid; labially 
the sinusid is also closed by a low but thick cingulid. There 
is a spur extending lingually from the entolophid into the 
mesosinusid; however, due to the wear it is not clear if it is a 
mesolophid or an mesial spur starting from the hypoconid. 
Despite the wear the hypoconid hind arm is clearly visible, 
extending into the posterosinusid. The tooth has two roots.

The two m3s have a well-developed lingual anterolophid 
closing the anterosinusid whereas the labial anterolophid 
is less developed and the protosinusid remains open. The 
antero lophids are connected to the protoconid by a large 
anterolophulid; the metalophulid is straight and connects on 
the anterolophulid. On one m3, the protoconid hind arm is 
very long and forms a loop to connect on the metalophulid 
deli mi ting a large but shallow pit between the metaconid 
and the protoconid (Fig. 11F). On the other m3, the advan-
ced stage of the wear makes it difficult to confirm similar 
connections between the metaconid and the protoconid (Fig. 
11G). The m3s have a short mesolophid and the spur start-
ing mesially from the hypoconid, both ending free in the 
mesosinusid. The hypoconid is noticeably larger than the 
entoconid and they are directly connected to each other by a 
straight hypo lophulid. The roots are preserved for one of the 
m3s and it has two roots.
Remarks.—This Paracricetodon is characterised by a 
small size and a relatively simple morphology. It is indeed 
the smallest Paracricetodon found in the lower Oligocene 
of Transylvania and among the smallest compared to all 
known species of Paracricetodon (see van de Weerd et 
al. 2018 for an exhaustive size comparison of all species 
of Paracricetodon). The teeth described herein are often 
close to the size of Pa. stojonovici, Pa. gracilis, and Pa. 
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Fig. 12. Scatter diagram of sizes (length vs. width) for the molars of Paracricetodon from the lower Oligocene of Transylvania. Comparative data 
are taken from van de Weerd et al. (2018a) for Buštranje, Walniš, Kavakdere and Kocayama; de Bruijn et al. (2003) for Süngülü B; Bahlo (1975) for 
Heimersheim, and Hrubesh (1957) for Bernloch.
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wentgesi, but otherwise much smaller than all other spe-
cies of Paracricetodon (Fig. 12).

The M1 (Fig. 11D) that was found in Suceag is charac-
terized by a very short protocone spur without anterolophule. 
The short protocone spur and the absence of anterolophule 
can be observed in Pa. stojonovici but is absent in Pa. gra­
cilis and in Pa. wentgesi. The M1 also has a crescent-like 
anterocone and no protostyle, similar to Pa. stojonovici, but 
as opposed to Pa. gracilis and Pa. wentgesi. The m1 from 
Cetățuie is similar to those of Pa. stojonovici, Pa. gracilis 
and Pa. wentgesi with the metaconid and entoconid situated 
mesially to the protoconid and hypoconid, the strong hind 
arm of the hypoconid and the short mesolophid. The m1 
also differs from these species in having a very weakly- 
developed anteroconid and no ectomesolophid. The two 
m3s from Cetățuie have a relatively weakly-developed ento-
conid, similar to Pa. stojonovici, but they differ in having 
both short mesolophid and mesial arm of the hypoconid, and 
missing the ectomesolophid.

A few morphological similarities suggest an affinity 
with Pa. stojonovici, but the noticeable differences with 
all small species rather support the identification of the 
above-described teeth as a new species. However, the four 
teeth found at Suceag and Cetățuie constitute an insufficient 
sample to create a new species. These specimens are conse-
quently referred to an affine form of Pa. stojonovici, waiting 
for more material to confirm the occurrence of a new spe-
cies in the lower Oligocene of Transylvania.

Paracricetodon wentgesi de Bruijn, Ünay, Saraç, & 
Yïlmaz, 2003
Fig. 11H–J.

Material.—One upper molar from Mera and 2 molars from 
Cetățuie, Rupelian, lower Oligocene, Dâncu Formation, 
Gilău sedimentary area, Transylvanian Basin, Romania.
Measurements.—See Table 9.
Table 9. Measurements of molars (in mm) of Paracricetodon wentgesi 
from the lower Oligocene of Mera and Cetățuie.

Tooth Locality Specimen number L W
Right M1
Right M1

Mera
Cetățuie

MPSUBB v1134
MPSUBB v1135

1.85
1.75

1.19
1.27

Right m3 Cetățuie MPSUBB v1136 1.60 1.30

Description.—The two M1s show a long mesial lobe with an 
anterocone transversally elontaged and two well-developed 
labial and lingual anterolophs. The protostyle is present 
and well-developed, it has two protostyle spurs connecting 
to the protocone. One or two weakly developed spurs start 
distally from the anterocone, but they do not connect to any 
loph or cusp. The mesial protolophule is oblique or bent and 
connects to either the protocone mesial spur (Fig. 11H) or 
directly to the protocone (Fig. 11I). A strong ridge connects 
the paracone and the metacone on the labial border, closing 
the mesosinus. A short and low cingulum can be present 
on the border next to the paracone delimiting a little pit 

labially to the paracone. The sinus is also closed lingually 
by a low cingulum; one of the M1s also shows a low and 
short spur starting from this cigulum. There is no ento-
loph but instead the protocone is elongated and prolonged 
by its distal arm connected directly to the hypocone. The 
occurence of a mesocone suggests the possibility of a short 
entoloph in the continuity of the postprotocrista. In addition 
to the metalophule, a spur starts from the mesial part of the 
hypocone and end free in the mesosinus. The posteroloph 
is long and closes the posterosinus lingually. The roots are 
preserved for one of the M1s (Fig. 11H), it has three roots.

The m3 (Fig. 11J) has a well-developed lingual antero-
lophid whereas the labial anterolophid is less developed. 
The protosinusid is open labially, but the antero-lingual 
corner of the tooth is broken so the lingual extremity of 
the anterosinusid is not observable. The anterolophids are 
connected to the protoconid by a large anterolophulid; the 
metalophulid is straight and connects on the anterolophulid. 
The protoconid hind arm is strong but short and ends free 
in the mesosinusid; likewise, a spur starts from the junction 
of the distal end of the entolophid with the mesial side of the 
hypoconid which interpreted as a very weakly developed 
mesolophid. There are otherwise several very low folds of 
the enamel in the mesosinusid, which could be interpreted 
as a complex association of weakly developed spurs staring 
from the metalophulid, the entolophid and the hypolophulid. 
The hypo conid is noticeably larger than the entoconid and 
they are directly connected to each other by a straight hypo-
lophulid. The posterolophid is short and thick delimiting a 
small and rounded posterosinusid. The tooth has two roots.
Remarks.—The teeth are slightly larger than Pa. aff. Pa. sto­
jonovici from Transylvania and with a more complex occlu-
sal pattern. The size of the teeth falls in the range of Pa. sto­
jonovici or Pa. wentgesi (Fig. 12), however, the morphology 
of the M1s (from Mera and Cetățuie) is very similar to Pa. 
wentgesi with: a short anterolophule and a well-developed 
anterocone, the occurrence of a protostyle connected to the 
protocone by spurs, the long hypocone mesial arm parallel to 
the anterolophule, and the so called “burgee-shaped” distal 
spur of the paracone (de Bruijn et al. 2003: 58) forming a 
continuous ectoloph connecting to the metacone (de Bruijn 
et al. 2003). Likewise, the m3 from Cetățuie shows a mor-
phology close to Pa. wentgesi with: a long protocone distal 
arm projecting backward, a long mesial arm of the hypocone 
projecting forward, and a well- developed entoconid on m3. 
The three teeth from Mera and Cetățuie are consequently 
referred to Pa. wentgesi.
Stratigraphic and geographic range.—Priabonian (late Eo-
cene) to Rupelian (early Oligocene) respecticvely of Lesser 
Caucasus (Turkey) and Transylvania (Romania).

Paracricetodon cf. Pa. walgeri Bahlo, 1975
Fig. 13A–E.

Material.—Two upper molars from Suceag and 4 molars 
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from Cetățuie, Rupelian, lower Oligocene, Dâncu Formation, 
Gilău sedimentary area, Transylvanian Basin, Romania.
Measurements.—See Table 10.
Table 10. Measurements of molars (in mm) of Paracricetodon cf. Pa. 
walgeri from the lower Oligocene of Cetățuie and Suceag (upper level).

Tooth Locality Specimen number L W
Left M1
Right M1
Right M1
Mean M1

StD M1

Suceag
Suceag 
Cetățuie

MPSUBB v1101
MPSUBB v1102
MPSUBB v1103

2.49
2.36

–
–
–

1.64
1.64
1.58
1.62
0.03

Left M3
Right M3

Cetățuie
Cetățuie

MPSUBB v1104
MPSUBB v1105

1.54
1.59

1.58
1.55

Right m2 Cetățuie MPSUBB v1106 1.77 1.41

Description.—The molars are characterized by strong 
 loph(id)s and rounded cusp(id)s in lateral view. The molars 
are slightly smaller than that of Eucricetodon aff. Eu. huer­
zeleri and Tenuicricetodon arcemis gen. et sp. nov., whereas 
the crown is proportionally slightly higher.

The M1s have a wide mesial lobe with a strong antero-
cone bearing two anterostyles associated to a well-deve-
loped protostyle. The anterocone is connected to the proto-
cone by a long and thick anterolophule. Additionally, in one 
tooth a distal spur is starting from the protostyle (Fig. 13A), 
but not reaching the protocone; another tooth has a minute 
parastyle located on the labial border just mesially to the 
paracone. The teeth have one protolophule connected either 
on the protocone or on its distal part. The mesostyle is well 
developed, either connected to the paracone and metacone 
by a cingulum closing the mesosinus, or isolated on the 
labial border. A short and low cingulum can be present on 
the border next to the paracone delimiting a little pit labially 
to the paracone. The mesoloph is long but does not always 
reach the mesostyle. The sinus is deep and closed by a low 
but strong lingual cingulum; one tooth also has a well-deve-
loped ectostyle located on this cingulum. The metalophule 
is straight, transverse, and connects on the hypocone. The 
posterosinus is small, closed labially and delimited by a 
short but very thick posteroloph. One M1 shows three roots 
(Fig. 13A).

M3s are characterized by a long and strong labial an-
teroloph whereas the lingual anteroloph is thin and much 
lower. The labial anteroloph does not reach the paracone 
but a small cingulum links the anteroloph to the paracone 
so the anterosinus remains closed labially. The mesial 
protolophule connects on the anterolophule. A cingulum 
closes the mesosinus and and connects to the thick pos-
teroloph. Three crests are present in the middle of M3s, 
connected by the entoloph: the distal protolophule (short), 
the mesoloph (long and reaching the labial cingulum) and 
the metalophule (joining the posteroloph labially). The 
connections between the protocone and the entoloph are 
either weak or discontinuous, forming a longitudinal val-
ley between a mesosinus and the sinus. The metacone is 

either absent or too small to be observable. One of the M3s 
has three preserved roots (Fig. 13D).

The m2 (Fig. 13E) has both the lingual and labial an-
terolophulid equally long and well developed; the anterosi-
nusid and protosinusid are closed respectively lingually 
and labially. The metalophulid can be present or absent 
whereas the protoconid hind arm is always well developed 
and almost reaches the metaconid. The mesolophid can 
be short or long; it starts from a small entomesolophid. 
The hypo lophulid is slightly oblique and connected on the 
ecto lophid, at a point between the mesoconid and the hypo-
conid. The meso sinusid is closed lingually by a low cin-
gulid whereas the labial cingulid is discontinuous so the 
sinusid remains labially open. The posterosinusid is wide, 
closed lingually, delimited by a long posterolophid. The 
roots are not preserved.
Remarks.—The size of these teeth from Cetățuie and Suceag 
(Fig. 12) fall within the range of Paracricetodon walgeri from 
its type locality of Heimersheim (Bahlo 1975) except for one 
M2, which is only slightly larger. The teeth are otherwise 
often smaller than Paracricetodon kodjayarmensis from 
Kocayarma (van de Weerd et al. 2018), than Paracricetodon 
kavakderensis from Kavakdere (van de Weerd et al. 2018) 
and than Paracricetodon dehmi from Bernloch (Hrubesch 
1957). They are also noticeably smaller than Trakymys 
saratji, Paracricetodon spectabilis, Paracricetodon cadur­
censis and Paracricetodon confluens (see van de Weerd et 
al. 2018 for an exhaustive size comparison of all species of 
Paracricetodon). Finally, they are constantly larger than 
Paracricetodon stojanovici from Buštranje (van de Weerd 
et al. 2018), Paracricetodon gracilis from Valniš (van de 
Weerd et al. 2018a) and Paracricetodon wentgesi from 
Süngülü B (de Bruijn et al. 2003).

Among the species of closest sizes, the specimens 
from Transylvania differ from Paracricetodon kodjayar­
mensis and Paracricetodon kavakderensis in having M1s 
with rather distally oriented protolophule and straight 
metalophule. They also differ in missing the hypoconid hind 
arm and in having a longer mesolophid in m2, and in hav-
ing more complex M3s with both the protocone hind arm 
and entoloph joining the hypocone and two mesolophs. In 
contrast, some features observed on the above-described 
specimens fit well the diagnosis of Paracricetodon wal­
geri: The weak or interrupted metalophid as opposed to 
the well-developed entolophid and protoconid hind arm in 
m2. The thin or interrupted entoloph in m2. The protoloph 
oriented backward and connected, either to the distal part of 
the protocone, or to its hind arm whereas the hypoconid is 
straight and connects directly to the hypocone in M1. They 
otherwise differ in missing the protoconid hind arm in m2 
and having shorter M3s.

Therefore, considering the few differences compared 
to Paracricetodon walgeri, and keeping in mind that we 
do not know much about the variability of this population 
from Transylvania, we tentatively refer these specimens 
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from Suceag (upper level) and Cetățuie to this species as 
Paracricetodon cf. Paracricetodon walgeri.

Paracricetodon kavakderensis Ünay-Bayraktar, 1989
Fig. 13F–M.

Material.—One lower molar from Mera, seven molars from 
Cetățuie and one upper molar from Suceag, Rupelian, lower 
Oligocene, Dâncu Formation, Gilău sedimentary area, 
Transylvanian Basin, Romania.
Measurements.—See Table 11.
Table 11. Measurements of molars (in mm) of Paracricetodon kavak­
derensis from the lower Oligocene of Mera (upper level), Cetățuie and 
Suceag (lower level).

Tooth Locality Specimen number L W
Left M2
Right M2

Suceag 
Cetățuie

MPSUBB v1107
MPSUBB v1108

2.17
2.04

1.80
1.82

Right M3 Cetățuie MPSUBB v1109 - 1.67
Right m2
Left m2
Right m2
Right m2
Mean m2

StD m2

Cetățuie
Cetățuie
Cetățuie
Cetățuie

MPSUBB v1110
MPSUBB v1111
MPSUBB v1112
MPSUBB v1113

2.19
2.32
2.36
2.19
2.27
0.09

1.77
1.79
1.78
1.67
1.75
0.06

Right m3
Right m3

Cetățuie
Mera

MPSUBB v1114
MPSUBB v1115

2.33
2.13

1.67
1.57

Description.—The molars are characterized by a high 
crown (at least higher than the other early Oligocene taxa 
described herein); in lateral view the cusp(id)s are bulk and 
high separated by deep valleys.

The two M2s have a very long labial anteroloph starting 
from the protostyle, itself connected directly to the proto-
cone; in contrast, the lingual anteroloph is weak and low. 
The protocone spur does not reach the anteroloph but in-
stead connect to the paracone forming an mesial proto-
lophule. The distal protolophule is also complete; it starts 
from protocone (Fig. 13F) or from the protocone mesial 
spur (Fig. 13G). The entoloph interrupts between the meso-
loph and the protocone, instead the protocone distal arm 
connects directly to the mesoloph or distally to the meso-
loph. In one M2 (Fig. 13G), the paracone spur forms a loop 
delimiting a small pit labially to the paracone, in the other 
M2 it connects to the mesostyle and a low cigulum delimits 
the same small labial pit. Additionally, a cingulum between 
the paracone spur and the metacone closes the mesosinus 
labially. Lingually the sinus can be open or closed by a 
small cingulum. The metalophule connects to the entoloph 
at a point between the hypocone and the mesoloph. One M2 
displays additional weakly-developed spurs mesially and 
distally to the metalophule (Fig. 13F). The posterosinus is 
large and the posteroloph is long. One of the M2s has three 
preserved roots (Fig. 13G).

The M3 is partly broken (the antero-labial corner and 
distal part, Fig. 13H). Like the M2s, it has a very long labial 
anteroloph and a weak and low lingual anteroloph. The pro-
tocone spur does not reach the anteroloph or the paracone 

but ends in the anterosinus. Both the entoloph and the proto-
cone distal arm are present; the entoloph connects the distal 
protoloph to the mesoloph whereas the protocone distal arm 
directly connects the protocone to the hypocone. The meso-
loph is long, with a very small mesostyle at its extremity. 
The mesostyle is merged into a cingulum that closes the 
mesosinus labially. Additionally, a small transversal spur 
starts opposite to the mesoloph and links the entoloph to the 
protocone. The M3s has three roots.

In m2s, both the lingual and labial anterolophids are well 
developed; they are connected to the protoconid by a long 
anterolophulid. The metalophulid connects on the antero-
lophulid; additionally, one m2 has a metaconid spur that 
connects to the lingual anterolophid (Fig. 13J). The protoco-
nid hind arm is long; it can end in the mesosinusid (Fig. 13K) 
or form a loop and connect to the metaconid (Fig. 13J). 
The mesoconid is always well developed and is the starting 
point of both a short mesolophid and a short ectomesolophid. 
The metaconid ridge is long and reaches the entoconid so 
the mesosinusid is always closed lingually. Likewise, a cin-
gulum  always closes the sinusid labially. The hypolophulid 
is straight and connects on the ectolophid, mesially to the 
hypo conid. The hypoconid hind arm is always well devel-
oped; it can end in the posterosinusid (2/4) or connect to 
the entoconid distal slope (2/4). Both the posterosinusid and 
the posterolophid are well developed too, but in contrast 
labial posterolophulid and labial posterosinusid are either 
very weakly (2/4) developed or absent (2/4). The m2s have 
two roots.

The two m3s display a mesial part similar to that of 
the m2s: both the lingual and labial anterolophids are well 
developed and connected to the protoconid by an antero-
lophulid; the metalophulid also connects on the antero-
lophulid and one m3 has a metaconid spur that connects to 
the lingual anteroloph (Fig. 13L); the protoconid hind arm 
is long and ends in the mesosinusid. Otherwise, as opposed 
to m2s, the mesolophid and ectomesolophid are absent, the 
labial cingulum either is interrupted or absent, so the sinusid 
remains open. The distal part of the tooth is rounded due to 
very large posterosinusid and posterolophid, but the hypo-
conid hind arm, the labial posterolophulid and the labial 
posterosinusid are absent. The m3s have two roots
Remarks.—Except for two m2s slightly larger, the above 
speci mens fit quite well in the size range of both Para­
cricetodon dehmi from Bernloch and Paracricetodon ka­
vakderensis from Kavakdere (Fig. 12). They are otherwise 
slightly smaller than Pa. kodjayarmensis from Kocayarma 
and much smaller than Trakymys saratji from Kavakdere. 
They are also larger than Paracricetodon stojanovici from 
Buštranje (van de Weerd et al. 2018), Paracricetodon 
gra cilis from Valniš (van de Weerd et al. 2018) and 
Paracricetodon wentgesi from Süngülü B (de Bruijn et al. 
2003). Paracricetodon spectabilis, Paracricetodon cadur­
censis, and Paracriceto don confluens are also much larger; 
see van de Weerd et al. (2018) for an exhaustive size com-
parison of all species of Paracricetodon.
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It is worth noticing that one M2 from Suceag (Fig. 13F) 
and one m2 from Cetățuie (Fig. 13I) show more complex 
occlusal patterns due to the presence of low and weakly de-
veloped spurs, which remind the morphology of Trakymys 
saratji, but in a lesser extant. However, the size and the mor-
phology of the other teeth seem to exclude a close affinity 
with this species.

Ünay-Bayraktar (1989) noticed the similar size between 
Pa. kavakderensis and Pa. dehmi but emphasized that they 
clearly differ in Pa. kavakderensis “having a smaller m3, a 
weaker hypocone and shallower sinus in the M3”. The size of 
m3s from Transylvania falls in the range of both species, but 
the only M3 yielded by the layer of Cetățuie shows a weak hy-
pocone and shallow sinus that better fit the description of Pa. 

1 mm
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Fig. 13. Drawings of upper and lower molars. A–E. Paracricetodon cf. Pa. walgeri Bahlo, 1975, from the Rupelian, lower Oligocene of Cetățuie and 
Suceag, Romania. A. Left M1 (MPSUBB v1101). B. Right M1 (MPSUBB v1102, reversed). C. Left M3 (MPSUBB v1104). D. Right M3 (MPSUBB 
v1105, reversed). E. Right m2 (MPSUBB v1106, reversed). F–M. Paracricetodon kavakderensis Ünay-Bayraktar, 1989, from the Rupelian, lower 
Oligocene of Mera, Cetățuie and Suceag, Romania. F. Left M2 (MPSUBB v1107). G. Right M2 (MPSUBB v1108, reversed). H. Right M3 (MPSUBB 
v1109, reversed). I. Right m2 (MPSUBB v1110, reversed). J. Left m2 (MPSUBB v1111). K. Right m2 (MPSUBB v1113, reversed). L. Right m3 
(MPSUBB v1115, reversed). M. Right m3 (MPSUBB v1114, reversed). A1–M1, occlusal view; A2–M2, labial view.
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kavakderensis (Ünay-Bayraktar 1989). Paracricetodon ka­
vakderensis and Pa. kodjayarmensis are also of similar sizes, 
but Ünay-Bayraktar (1989) stated that the lower molars of Pa. 
kavakderensis differs from Pa. kodjayarmensis by being nar-
rower, especially m3s. The width of m3s from Transylvania 
(Fig. 12) is noticeably less than those of Pa. kodjayarmensis 
which also suggest a similarity with Pa. kavakderensis.

The above specimens and Pa. kavakderensis also share 
several morphological features that also differentiate them 
from Pa. kodjayarmensis and Pa. dehmi: generally, longer 
distal arms of the labial cusps in lower molars and longer 
mesial arms of the lingual cusps in upper molars. In M2, 
a well-developed protocone spur connects to the paracone 
to form a mesial protolophule. Both the mesial and dis-
tal proto lophules delimiting a large pit between the proto-
cone and paracone; the paracone distal spur forms a loop 
deli miting a small pit labially to the paracone. In M3 the 
metalophule is well developed and connects the hypocone 
to the distal cingulum.

We consequently refer these specimens from Suceag, 
Cetățuie and Mera to Pa. kavakderensis.
Stratigraphic and geographic range.—Rupelian (Early Oli-
go cene) of Lesser Caucasus (Turkey) and Transylvania (Ro-
ma nia)

Discussion
New data on the distribution of cricetid rodents in the 
upper Eocene and lower Oligocene of Eastern Europe.—
The Cricetidae described in the present study constitute 
the first update of their Transylvanian record (Table 12) 
since Baciu and Hartenberger (2001). The Eocene record 
consists of the three genera Witenia, Bustrania, and Eocri­
cetodon. Witenia and Bustrania were referred to the sub-

family Pappocricetodontinae by de Bruijn et al. (2003, 
2018). However, Maridet and Ni (2013) have shown that 
this subfamily is polyphyletic and therefore cannot be con-
sidered valid. Witenia and Bustrania are referred here as 
incertae sedis. Eocricetodon has been referred to the sub-
family Eucricetodontinae since Wang (2007). Maridet and 
Ni (2013) were unable to confirm this referal to this sub-
family, or of any other subfamily, which is why the genus 
is also referred here as incertae sedis. In fact, none of the 
subfamilies Eucricetodontinae, Pseudocricetodontinae, and 
Paracricetodontinae seems to be present in the upper Eocene 
of Transylvania. In contrast, the lower Oligocene localities 
show a slightly greater diversity with four genera referred 
to these three subfamilies, and none of the genera present in 
the upper Eocene. The Eocene–Oligocene transition is thus 
characterised by a complete turnover at the specific, generic 
and probably even subfamilial levels (Table 12). This turn-
over illustrates a second phase of migration after the late 
Eocene one, but also a local disappearance, at the beginning 
of the Oligocene, of some Asian taxa that arrived earlier in 
the late Eocene.

Over the last 20 years, much progress has been made 
on the context of the transition between the Eocene and the 
Oligocene in Europe, both in terms of understanding palaeo-
geography and the faunas of Central and Eastern Europe (e.g., 
Baciu and Hartenberger 2001; de Bruijn et al. 2003, 2018, 
2019; Delfino et al. 2003; Codrea et al. 2011; Grandi and Bona 
2017; Mennecart et al. 2018; Tissier et al. 2018; van de Weerd 
et al. 2018; Licht et al. 2022; Lihoreau et al. 2023). As dis-
cussed above, the age of several fossil localities may be called 
into question, leading to a new interpretation of the distribu-
tion of mammals across Europe. These new biochronological 
interpretations will no doubt be discussed in the years to 
come. However, together with the new data on cricetid diver-
sity, they serve here as a basis for establishing a new working 

Table 12. Summary of the fossil record of Cricetidae from upper Eocene (Treznea and Bociu) and lower Oligocene (Mera, Cetățuie, and Suceag) 
localities in Transylvania, Romania. The values correspond to the number of molars found for each species in each locality (the sum per subfamily 
and the total per locality are also given).

Upper Eocene Lower Oligocene
Treznea Bociu Mera Cetățuie Suceag

Incertae sedis 13 2 0 0 0
   Witenia sp. 2
   Bustrania cf. B. dissimile 2
   Eocricetodon cf. Eo. meridionalis 11
Eucricetodontinae 0 0 0 16 0
   Eucricetodon aff. Eu. huerzeleri 5
   Tenuicricetodon arcemis gen. et sp. nov. 11
Pseudocricetodontinae 0 0 0 2 1
   Pseudocricetodon cf. Ps. montalbanensis 2 1
Paracricetodontinae 0 0 2 16 4
   Paracricetodon cf. Pa. walgeri 4 2
   Paracricetodon kavakderensis 1 7 1
   Paracricetodon aff. Pa. stojonovici 3 1
   Paracricetodon wentgesi 1 2
Total 13 2 2 34 5
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hypothesis on the processes of change in rodent communities 
on a European scale during the Eocene–Oligocene transition. 
More generally, this working hypothesis makes it possible to 
discuss and re-evaluate the concept of “Grande Coupure” set 
out by Hans Georg Stehlin more than 100 years ago.

Paleogeography and paleobiogeography of the latest 
Eocene.—The geographical configuration of Europe (Fig.  
14) at the end of the Eocene is characterised by highly 
fragmented landmasses from the Middle East to the west-
ern edge of Europe (Popov et al. 2004). Nevertheless, the 
different landmasses are close together and exchanges of 
fauna cannot be ruled out depending on occasional varia-
tions in sea level. This is the case, for example, of the lands 
in the north of Europe, which are separated by shallow seas 

(between the Russian Land and the Bohemian–Vohynian 
Highs). In the same way, the various strips of land that 
make up southern Europe (Tisza, Dinarian High, Moesian 
Land, Balkanian High, and Anatolian Land) are separated 
by narrow inlets, most of which are shallow. However, the 
separation between the northern and southern regions is 
underlined by the presence of several deep basins such 
as the Peri-Alpine Sea and the Great Causasus Basin, the 
only exception being the narrow inlet that separates the 
Volhynian High and the Moesian Land. Finally, the western 
edge of Europe is a large landmass, separated from the rest 
of Europe by the western part of the Alpine Sea and the 
Rhine Sea, both of which are shallow basins (Fig. 14).

While the geographical context already suggests that 
there may be barriers restricting the migration of fauna, the 
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Fig. 14. Priabonian, latest Eocene paleogeographic maps (modified from Popov et al. 2004 and Meulenkamp et al. 2000) and distribution of cricetid 
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distribution of Cricetidae further confirms the existence of 
real biogeographical barriers, or at least of different provin-
ces. The first biogeographical zone includes the Anatolian 
Land, the Balkanian High, Tisza, and the Moesian Land, 
all characterised by endemic species of cricetids (Fig. 14). 
This province is not new, as it corresponds well to the 
Balkanatolia, already identified as a distinct biogeographic 
province based on the occurrence of endemic large mammals 
during the middle Eocene (Licht et al. 2022). Another bio-
geographic region stands out on the basis of cricetid assem-
blages in northern Europe. The Bohemian and Volhynian 
landmasses provide a species record that is markedly dif-
ferent from that of the Balkanatolian province, which we 
propose to call the Bohemo-Volhynian province. The only 
species present in the two provinces is Pseudocricetodon 
montalbanensis (even though the species is identified as an 
affine form in the Anatolian region). The common presence 
of this species may indicate limited exchanges of fauna be-
tween the two provinces, perhaps at the level of the arm of 
the sea between the Volhynian High and the Moesian Land.

Finally, the last geographical province corresponds to 
the landmasses of the western edge of Europe, including the 
Alpine High Land. The fossil record of this province is known 
from a very large number of localities (see Biochrom’97 for a 
summary). This fossil record is characterized by the absence 
of cricetids prior to the Oligocene, and therefore suggests 
a total isolation from the rest of Europe, at least during the 
late Eocene. In contrast to the rest of Europe, the single 
faunal turnover at the beginning of the Oligocene in this 
province corresponds to the Eocene–Oligocene transition as 
described by Stehlin (1909). For this reason, we propose to 
name this western edge, including the Alpine High Land, the 
Stehlin’s biogeographical province.

On the basis of the cricetids, the Stehlin’s province appears 
to be totally isolated biogeographically from the other two 
provinces, although the distribution of some other mamma-
lian taxa indicates affinities between the Bohemo-Volhynian 
province and the Stehlin province. Indeed, the same species 
of Palaeotherium are recorded at the same time in the upper 
Eocene of Germany (Frohnstetten, Möhren 13/19/31; Heissig 
1987) and in many localities of the upper Eocene of France 
(Rémy 1992; Biochrom’97), whereas Plagiolophus fraasi is 
only known from the late Eocene of the Bohemo-Volhynian 
province and the uppermost Eocene of the Bembridge Marls 
of England (Remy 2004), dated from MP20. Plagiolophus mi­
nor, however, was recovered from many upper Eocene local-
ities in Stehlin’s province and Bohemo-Volhynian province, 
but is also found in a few lower Oligocene localities (from 
Stehlin’s province only), such as Ronzon and Soumailles 
(Remy 2004). Similarly, the genus Suevosciurus occurs in 
the upper Eocene of Germany (e.g., Möhren 13/19/20/31, 
Haag 2, Herrlingen 1, Ronheim 1; Heissig 1987), England 
(e.g., Headon Hill, Creechbarrow; Hooker 1986, 1994) and 
France (Chéry-Chartreuve, Escamps; Comte et al. 2012; 
Vianey-Liaud and Marivaux 2016). Finally, Elomeryx occurs 
in the upper Eocene of Germany (Möhren 13; Heissig 1987), 

the upper Eocene of Italy (Grancona; Grandi and Bona 2017), 
and the upper Eocene of France (La Débruge; Biochrom’97). 
Additionally, it is also worth mentioning that Lebküchner 
(1974) published and illustrated several remains of Elomeryx 
woodi from Oligocene deposits of Turkish Thrace, although 
a late Eocene age cannot be excluded awaiting for both a 
chronologic and systematic revision of these deposits and 
their fossil content. These affinities could indicate either 
occasional and limited faunal passages between the two 
provinces during the late Eocene (but excluding the pas-
sage of the Cricetidae), or an earlier Eocene connection that 
predates the arrival of the Cricetidae in Bohemo-Volhynian 
province. Moreover, many taxa present in the late Eocene of 
the Bohemo-Volhynian province also indicate an isolation of 
this province during the late Eocene, and are only found in 
other provinces after the EOT, notably rhinocerotoids such 
as Eggysodon, Epiaceratherium and Ronzotherium (Becker 
2009) and some artiodactyls such as Plesiomeryx cadurcen­
sis (Weppe et al. 2024) or Entelodon antiquus (Brunet 1979).

Paleogeography and paleobiogeography of the early Oli­
go cene.—The geography of Europe (Fig. 15) at the begin-
ning of the Oligocene was less fragmented and had more 
extensive landmasses, due to the sea-level drop caused by 
the Oi-1 glaciation. This new configuration is therefore more 
favorable to faunal exchanges between the three provinces 
identified at the end of the Eocene, although several signifi-
cant inlets remain, notably between the Bohemian High and 
the western edge, and between the Volhynian High and the 
Moesian Land. The new distribution of Cricetidae confirms 
that faunal exchanges were possible in the early Oligocene, 
based on the arrival of the first species in Stehlin’s province. 
In this province, at the base of the Oligocene, the Cricetidae 
remain relatively poorly diversified (compared with the 
Bohemo-Volhynian province) and are only represented by 
the genus Eucricetodon. The species Eu. atavus, which was 
already present in the Bohemo-Volhynian province in the 
late Eocene, suggests that the genus Eucricetodon arrived in 
the western margin via a northern migration route. Although 
faunal exchanges are possible, the greater diversification 
of Cricetidae in the Bohemo-Volhynian province indicates 
the persistence of a biogeographic differentiation with the 
Stehlin’s province, at least at the beginning of the Oligocene.

Species that were endemic to the Bohemo-Volhynian 
province in the late Eocene (purple in Figs. 14, 15) are 
also found in the Balkanatolian province in the early 
Oligocene (Eucricetodon atavus, Paracricetodon dehmi, 
and Pseudocricetodon moguntiacus). Conversely, species 
that were endemic to the Balkanatolian province in the late 
Eocene (green in Fig. 14, 15,) remain endemic to this prov-
ince, despite exchanges between the different landmasses 
that make up this province. The arrival of Pa. kavakderen­
sis, Pa. aff. stojanovici, and Pa. wentgesi in Transylvania 
(Moesian Land) bears witness to these faunal exchanges 
within the province. The maintenance of several endemic 
species and the much greater diversity of Cricetidae in the 
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Balkanatolian province confirms the persistence of its bio-
geographic differentiation at the earliest Oligocene.

Finally, several Cricetidae that appeared for the first time 
in this province (Pa. walgeri, H. schlosseri, Ps. philippi), are 
present later in other localities in central and western Europe 
during the late early and early late Oligocene (e.g., Aubenas-
les-Alpes, Dürrenberg, LaBlache, Offenbach, Saint Martin 
de Castillon; Hugueney et al. 1971; Kälin 2013; Maridet et 
al. 2010, 2019; Ziegler and Storch 2008), suggesting the es-
tablishment of a new migration route from the south.

Toward a new scenario for the “Grande Coupure” in 
Europe.—In light of the Asian origin of the Cricetidae 
(Vianey-Liaud 1979: 222–226; Wang and Dawson 1994; 
Maridet and Ni 2013), the biogeographical patterns described 
above also tell a story of successive migrations between Asia 
and Europe around the Eocene–Oligocene transition. Based 
on current palaeogeographic knowledge and the distribution 

of Cricetidae, two independent migration passes are possi-
ble: a northern passway and a southern passway. These two 
routes contributed to two distinct biogeographical provinces 
towards the end of the Eocene (the Balkanatolian province 
and the Bohemo-Volhynian province). However, neither of 
these routes altered the faunal assemblages in the western 
edge of Europe during the late Eocene (Stehlin’s province). 
At the base of the Oligocene, the taxa that arrived by the 
northern passway seem to have been the first to migrate in 
the other provinces. Taxa that arrived via the southern pass-
way were initially restricted to the Balkanatolian province 
at the beginning of the Oligocene, but point to the establish-
ment of another migration route that could potentially reach 
the western edge of Europe slightly later in the Oligocene.

This scenario of two distinct migration passways and 
several successive migrations from the late Eocene and then 
during the Oligocene is not novel. Indeed, several publi-
cations have already described a similar biogeographical 
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pattern based on other groups of mammals (e.g., Becker 
2009; Grandi and Bona 2017; Mennecart et al. 2018, 2021; 
Scherler et al. 2018; Tissier et al. 2018; Licht et al. 2022; 
Lihoreau et al. 2023). The biogeographic differentiation 
of an Anatolian-Balkans zone on the basis of Eocene–
Oligocene rodent assemblages (van de Weerd et al. 2023) 
has already been formalised as a distinct biogeographic 
province and named Balkanatolia by Licht et al. (2022). 
This attests to a southern migration route for taxa arriv-
ing from Asia, which did not generally reach the western 
edge or the north of Europe. Although recent studies on 
the Cricetidae of Serbia, Turkey, and Romania represent 
a significant advancement in our understanding of the 
evolutionary history of mammals in Europe around the 
Eocene/Oligocene boundary, the fossil record of rodents 
in the Balkanatolian province remains limited. The new 
species of Cricetidae that arrived in this province at the 
beginning of the Oligocene are represented by a mixture 
of species of Bohemo-Volhynian origin (Eucricetodon ata­
vus, Paracricetodon dehmi, Pseudocricetodon moguncia­
tus) and of very probably Asian origin (in any case un-
known at that time in the rest of Europe: Mogilia lautus, 
Trakymys saratji, Edirnella sinani, Kerosinia variabilis). 
The discovery of Diatomyidae in the lower Oligocene of 
southeastern Serbia (de Bruijn et al. 2018) confirms the 
existence of new migrations from Asia (Mein and Ginsburg 
1997), but limited to the Baklkanatolian province. One ex-
ception, however, shows that rare but more complex faunal 
exchanges also exist between the different provinces: the 
probable occurrence of the Asian family Ctenodactylidae 
in the lower Oligocene locality of Paguera 1 (Majorca; 
Hugueney and Adrover 1982) indicates that some taxa of 
Asian origin may still have reached Western Europe during 
the early Oligocene. In addition, the presence of the rare 
genus Moissenetia Hugueney & Adrover, 1995 (originally 
described at Paguera 1; Hugueney and Adrover 1995) in the 
upper Eocene of Baden-Württemberg and Bavaria (Möhren, 
Ehrenstein, Grafenmühle, Burgmagerbein, Ehingen; Berger 
2008) also suggests a complex network of passes, poten-
tially changing with variations in relative sea level, between 
the different biogeographical provinces.

Further observations can be made on the rodent assem-
blages of the Bohemo-Volhynian province. The succession 
of localities in Southern Germany here considered to be 
upper Eocene (from Möhren 19 to Schelklingen 1; Heissig 
1987) is well documented and already demonstrates a high 
diversity of Sciuridae, Dipodiae, Gliridae, Eomyidae and 
Castoridae (Heissig 1987; Berger 2008; Maridet et al. 2010). 
These include many taxa that are usually considered to be 
new immigrants and markers of the “Grande Coupure” sensu 
Stehlin (1909). This similarity between the late Eocene as-
semblages of Southern Germany and those known later in 
the Oligocene of Western Europe provides further evidence 
in favour of a northern arrival route for the majority of the 
taxa that subsequently dispersed in Western Europe from 
the beginning of the Oligocene onward.

In addition, several other recent studies have refined 
a migration history around the Eocene/Oligocene bound-
ary in Europe based on large mammals. Grandi and Bona 
(2017) compared the fossil record of Anthracotheriidae at 
the end of the Eocene in different regions of Europe. They 
confirmed the presence of Elomeryx as early as the late 
Eocene (Italy, Grancona), but found that Anthracotheriidae 
differed significantly in regions further east (equivalent 
regions of the Balkanatolian province sensu Licht et al. 
2022). They concluded from this that there were two distinct 
migration routes (a northern one and a southern one) and 
that the arrival of Elomeryx, which was not present in the 
Balkanatolian province (assuming that the Oligocene age 
of Elomeryx published by Lebküchner [1974] from Turkish 
Thrace is correct), must have been via a northern route, 
without finding any evidence for this. A revision of the dat-
ing of the Möhren 13 locality as suggested herein (see the 
European chronological frameworks above) confirms the 
presence of Elomeryx in the Bohemo-Volhynian province 
as early as the late Eocene and supports the conclusions 
of Grandi and Bona (2017). Still on the Anthracotheriidae, 
Scherler et al. (2019) noted the occurrence of the sole genus 
Prominatherium in the late Eocene of the Balkanatolian 
province. This genus disappeared at the beginning of the 
Oligocene with the successive arrival of Anthracotherium 
and, slightly later, Paenanthracotherium. The presence of 
these two genera in Pakistan led Scherler et al. (2019) to 
suggest an arrival by a southern migration route through 
the Balkanatolian province. In fact, Anthracotherium was 
also present in the Bohemo-Volhynian province during the 
late Eocene (Burgmagerbein 8, Grafenmuhle 7, Möhren 
13, Herrlingen 1; Heissig 1987). As a result, while the later 
arrival of Paenanthracotherium via a southern route is very 
likely, the arrival of the genus Anthracotherium was not nec-
essarily via a southern route. Concerning the fossil record 
of other Artiodactyla, Mennecart et al. (2018, 2021) also 
suggested the existence of two distinct migration routes, the 
northern route by which the first taxa immigrated during the 
“Grande Coupure” and a southern route whose taxa were ini-
tially restricted to the Balkanatolian province and arrived in 
the western part of Europe later, towards the end of the Early 
Oligocene (Bachitherium dispersal event sensu Mennecart 
et al. 2021). Still among large mammals, the Perissodactyla 
record tells a similar story. The Amynodontidae are pres-
ent in Eastern Europe from the late Eocene (Kretzoi 
1940; von Nikolov and Heissig 1985; Tissier et al. 2018), 
but represented by taxa (Amynodontopsis, Sellamynodon, 
Amynodon, and Cadurcodon) different from the only taxon 
which arrived in Western Europe at the beginning of the 
Oligocene (Cadurcotherium; Ménouret 2018), suggesting 
an arrival by another route, from the north of Europe. With 
regard to other Rhinocerotoidea, Becker (2009) also dis-
cussed the two possible migration routes for the arrival of 
the genera Epiaceratherium, Eggysodon, and Ronzotherium 
in Western Europe. He confirmed the strong similarities 
between the rhinocerotoid assemblages of several lower 
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Oligocene Western European localities such as Villebramar, 
Bournoncle, Barlières, Soumailles, Lagny-Torigny (France; 
Brunet 1979; Hugueney 1997; Uhlig 1999), Monteviale 
(Italy; Uhlig 1999), Kleinblauen and Bressaucourt (Switzer-
land; Becker 2009), but the similarities observed also in-
clude taxa from several localities considered herein to 
be upper Eocene, such as Detăn (Czech Republic; Fejfar 
1987), Ronheim 1, Grafenmühle sensu lato, and Möhren 
sensu lato (Germany; Heissig 1987; Uhlig 1999). Thus, the 
occu rence of the genera Epiaceratherium, Eggysodon, and 
Ronzotherium in the Bohemo-Volhynian province in the late 
Eocene and the absence of Epiaceratherium and Eggysodon 
from the fossil record of the Balkanatolian province also 
suggest an arrival of Rhinocerotoidea in Western Europe 
(Stehlin’s province) by a northern route via the Bohemo-
Volhynian province.

Conclusions
The distribution of Cricetidae in Europe underwent a signi-
ficant shift around the Eocene/Oligocene boundary. This 
was documented by a surge in knowledge about Euro-
pean mammals, particularly in Eastern Europe, and a more 
precise understanding of the biogeographical context. 
These developments have led to a scenario of the “Grande 
Coupure” that is markedly different from the one put for-
ward by Stehlin over a hundred years ago. Indeed, the re-
newal of faunas on a European scale involved geographical 
barriers and seve ral successive migrations. The Stehlin’s 
(1909) “Grande Coupure” sensu stricto (a single drastic fau-
nal turnover at the beginning of the Oligocene) now appears 
to be only partially true for the western edge of Europe, 
where the extinction of endemic fauna and the arrival of 
new taxa from Asia are coeval. For the rest of Europe, if a 
significant turnover and a redistribution of diversity does 
occur at the Eocene/Oligocene boundary, it is as part of a 
stepwise faunal change that started in the late Eocene with 
the arrival of the first Asian immigrant. In Eastern Europe, 
the disappearance of taxa at the Eocene/Oligocene bound-
ary doesn’t involve endemic taxa but mostly late Eocene 
Asian immigrants that are progressively replaced during 
the early Oligocene by other Asian immigrants arrived by a 
northern migration passway.

Since Stehlin (1909), several studies tried to find a 
“Grande Coupure” sensu lato outside of Europe. Osborn 
(1910; for North America) and Matthew and Granger (1923a, 
b, 1924, 1925; for Mongolia) were the first to describe no-
ticeable terrestrial faunal turnovers around the Eocene/
Oligocene boundary in other regions of the northern hemi-
sphere. However, it is only since the 1990’s (e.g., Pascual et 
al. 1985; Marshall and Cifelli 1989; Rasmussen et al. 1992; 
Prothero and Heaton 1996; Hartenberger 1998; Meng and 
McKenna 1998) and the development of modern datation 
methods, with more precise calibration of the geological sec-
tions and better correlations with the marine record that 

researchers tried to truly refer the faunal changes observed 
across the Eocene–Oligocene transition to the “Grande 
Coupure” and the global climatic change (Ladant et al. 2014; 
Hutchinson et al. 2021). Most studies failed to find a drastic 
event comparable to the “Grande Coupure” sensu stricto as 
described by Stehlin (1909). Studies have shown either a dif-
ferent pattern of faunal renewal compared with the European 
transition (e.g., Rasmussen et al. 1992; Meng and McKenna 
1998), or faunal renewal that is not synchronous with climate 
change or the Eocene/Oligocene boundary (e.g., Prothero 
and Heaton 1996; Kraatz and Geisler 2010; Woodburne et 
al. 2014; Antoine et al. 2021), or simply an insufficient fossil 
record (e.g., Pascual et al. 1985; Marshall and Cifelli 1989). 
Consequently, the scenario proposed here for the Eocene–
Oligocene transition in Europe represents a significant ad-
vance in our understanding of this period. It challenges the 
traditional view of a “Grande Coupure” sensu stricto, as 
described by Stehlin (1909), involving a single faunal turn-
over at the Eocene/Oligocene boundary, and offers a more 
nuanced approach to studying this faunal transition on dif-
ferent continents as a “Grande Coupure” sensu lato, i.e. any 
significant faunal event occurring during the EOT.

A summary of the Eocene–Oligocene transition for 
European mammals is as follows. By the late Eocene, two 
migration routes were in place, one in the north and one 
in the south, and new taxa from Asia were arriving. These 
routes appear to have been largely isolated from each other 
and from Western Europe, with the arrivals of different taxa 
leading to notably different assemblages of taxa and thus to 
two distinct biogeographical provinces (the Balkanatolian 
province in the south and the Bohemo-Volhynian province 
in the north). The separation of these two migration routes 
is likely to have resulted from a latitudinal biogeographical 
differentiation that was already well established in Asia 
during the late Eocene (Tsubamoto et al. 2004). This pro-
duced two distinct northern and southern faunas with Asian 
origin for each of these migration routes. The new taxa 
arriving in Europe during the late Eocene did not reach the 
western edge of Europe (herein Stehlin’s province), where 
an endemic fauna remained due to its geographic isolation. 
At the beginning of the Oligocene, the drop in sea level 
and the geographical evolution of Europe led to a change 
in the configuration of the landmasses, facilitating new ex-
changes between the three provinces. Bohemo-Volhynian 
taxa subsequently migrated into the two other provinces. 
The Stehlin province is the sole European region where the 
extinction of numerous endemic taxa is coeval with a single 
migration of taxa of eastern origin (the “Grande Coupure” 
sensu stricto as defined by Stehlin in 1909).

In Eastern Europe, the beginning of the Oligocene was 
characterised by a redistribution of biodiversity. This pro-
cess occurred gradually, with the further arrival of Asian 
taxa through several successive migrations during the early 
Oligocene (Scherler et al. 2018; Mennecart et al. 2021). 
However, Bohemo-Volhynian taxa dominated this redistri-
bution, spreading to almost all of Europe. In contrast, the 
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taxa of the other two provinces remained largely confined to 
those provinces. Despite the faunal exchanges and the redis-
tribution of biodiversity that took place at the beginning of 
the Oligocene, biogeographic differences remained, as did 
the three geographic provinces of the late Eocene. In this 
scenario, it is likely that global climate change played a sig-
nificant role at the European scale (Legendre 1989; Hooker 
et al. 2004; Costa et al. 2011; Sheldon et al. 2016). First, the 
progressive climate change that took place after the Middle 
Eocene Climatic Optimum (MECO, around 40 Ma) and 
especially rapid toward the end of the Eocene (Zachos et al. 
2001; Wade and Pearson 2008; Inglis et al. 2015; Tramoy et al. 
2016; Carter et al. 2017; Śliwińska et al. 2019) lead to notice-
able environmental alterations (Legendre 1989; Escarguel et 
al. 2008; Gebhardt et al. 2013; Kocsis et al. 2014) and vari-
ations in sea levels (Houben et al. 2012; Kocsis et al. 2014; 
Sheldon et al. 2016) prior to the Oligocene. These changes 
were likely the initial stages of the arrival of immigrant taxa 
in the late Eocene. Subsequently, the Oi-1 glaciation (Coxall 
and Pearson 2007) resulted in a further drop of sea level 
(Houben et al. 2012; De Lira Mota et al. 2023), facilitating 
the expansion of landmasses and the formation of new land 
bridges (Rögl 1998; Popov et al. 2004), but also a dras-
tic change towards more seasonal climate and more open 
landscapes (Hartenberger 1973; Legendre 1989; Legendre 
and Hartenberger 1992; Bozukov et al. 2009; Kvaček et al. 
2014; Pound and Salzmann 2017; Toumoulin et al. 2022) in 
a colder climatic context (Liu et al. 2009; Hren et al. 2013). 
The disappearance of numerous endemic taxa can likely be 
attributed directly to environmental evolutions linked to cli-
mate change, rather than to competition with newcomers, as 
demonstrated by Weppe et al. (2023) with the fossil record 
of Quercy. The taxa from the Bohemo-Volhynian province, 
which arrived in Western Europe by a northern route, likely 
underwent an evolution constrained by regional environ-
mental characteristics in higher latitudes, which would have 
resulted in the development of ecological characteristics 
better adapted to colder climatic condition. Such pre-adap-
tation to open, colder environments found in high latitudes, 
which became established throughout Europe at the begin-
ning of the Oligocene, may explain their success and their 
subsequent redistribution throughout Europe, in contrast to 
the taxa of the other two provinces.

As previously stated, this new scenario is currently a 
working hypothesis. To confirm, refute, or refine this hy-
pothesis, two key steps must be taken. Firstly, a revision 
of the biochronological framework at the European scale is 
necessary. Indeed, the arrival in Eastern Europe during the 
late Eocene of taxa considered as markers of the Oligocene 
in the mammalian biochronological scale of the Palaeogene 
(MP biochronologic units; Biochrom’97) has been demon-
strated since Baciu and Hartenberger (2001). In general, the 
accuracy of the biochronological units around the Eocene–
Oligocene transition and the problem of the diachrony of 
the first appearances of taxa throughout Europe are not 
new and have already been the subject of several studies 

(e.g., Schmidt-Kittler and Vianey-Liaud 1975; Rage 1984; 
Legendre 1987c, 1989; Legendre and Lévêque 1997; Hooker 
et al. 2004, 2007, 2009; Costa et al. 2011). Secondly, with a 
more comprehensive understanding of the fossil record in 
Central and Eastern Europe, it will eventually be possible 
to all the paleobiogeographic data (not only on mammals) 
in order to test the faunal affinities between the different 
regions (or landmasses) that make up Europe around the 
Eocene/Oligocene boundary.
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