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Abstract

The rodent associations from the late Oligocene deposits of Ugljevik and Paragovo in the Pannonian basin are described.
Pannoniamys paragovensis, a new genus and species of Spalacidae, is defined. The published data from a third late
Oligocene locality in the area (Banoviéi) is included in the discussion of the changes in community structure through the
time-interval studied. Although the composition of the rodent faunas studied differs, the dominating cricetid genus in all three
associations is Deperetomys, a genus that appears in western Europe during the late middle Miocene. While the late Oligocene
rodent record of central and southwestern Europe is characterised by endemic development, the regime in the Balkans seems to
have been one of multiple immigrations and replacements. The late Oligocene age of the rodent fauna from Ugljevik estimated at
about 26 Ma, provides a minimum age for the start of rifting in the Pannonian basin, some 6 Ma earlier than previously

documented.
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Introduction

Isolated findings of Eocene large mammals from several sites
on the Balkans are related to Asian and not to European taxa
(Nikolov and Heissig 1985, Heissig 1990, Hellmund and
Heissig 1994), demonstrating the presence ofa fauna province
on the Balkans that is strikingly different from that of central
and western Europe. The pre-Alpine seaways separating the
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Balkans from central Europe thus formed a major zoogeo-
graphic boundary during the Eocene and Oligocene,
disappearing as a barrier in the Burdigalian (Meulenkamp
and Sissingh 2003). Paleogene small mammals from the
Balkans remained unknown, but in the early years of this
century, an assemblage from the late Oligocene of Bosnia
and Herzegovina was described (de Bruijn et al. 2013) and
shortly after that late Eocene-early Oligocene rodent faunas
from southern Serbia (Wessels et al. 2020; Markovi¢ et al.
2019 and references therein). These rodent faunas confirm
the unique Eocene-Oligocene fauna province of the Balkans,
entirely different from that of Central and Western Europe. So
far, the information on late Oligocene rodents was restricted to
the assemblage from Banovici in Bosnia and Herzegowina (de
Bruijn etal. 2013); thus we are glad to report here on two more
collections of similar age from the same general area, Ugljevik
(Bosnia and Herzegowina) and Paragovo (Serbia; Fig. 1). The
age of Banovi¢i is determined by magneto-stratigraphy (de
Leeuw et al. 2011); however, such data is absent for
Ugljevik and Paragovo and their age estimates are necessarily
based on the rodent-based biostratigraphy. Our working hy-
pothesis is that the assemblage from Ugljevik is the older and
the ones from Banovié¢i and Paragovo are slightly younger.
Despite the small size of the new assemblages and the differ-
ent environments of deposition of the sediments that yielded
the material, the three late Oligocene assemblages show an
increasing European aspect over time. In the sections below,
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Fig. 1 Location of the Paragovo, Ugljevik, Banovi¢i and Raljin sites

we describe the geological settings of Ugljevik and Paragovo
followed by systematic palacontology and a discussion on the
biostratigraphy. One new genus and species is described; we
include the genus in the Spalacidae.

Geological setting of Ugljevik

Rodents were discovered by Zoran Markovi¢ during 1993 in
the cellar of the Natural History Museum in Belgrade in
brown coal used for heating of the museum. The origin of
the coals was traced to the town of Ugljevik in Bosnia and
Herzegovina. The Bogutovo Selo mine near Ugljevik was
visited during 2004 and 2005, and rodents were collected
from the middle part of the main coal seam (Fig. 2). The same
coal seam is exploited in the Luke-Mezgraja open pit mine,
4.5 km south of Bogotuvo Selo.

The area with the Bogutovo Selo and Luke-Mezgraja coal
mines near Ugljevik is in the corner of four geological map
sheets; the largest parts are on the sheets of Tuzla (L34-122;
Cici¢ et al, 1988, 1991) and Zvornik (L34-123; Mojsilovi¢
et al. 1968a, b); minor parts are on the sheets of Bijeljina
(L34-111; Vrhov¢ié et al. 1985, 1986) and Brcko (L34-110;
Buzaljko et al. 1985 and Buzaljko and Markovi¢ 1985). The
area is densely vegetated resulting in the near absence of nat-
ural outcrops; all lithological data presented below are from
observations in the mines.

The stratigraphic unit containing the coal seams is on the
geological maps identified as Miocene but later considered to
be Oligocene by Vrabac et al. (1995); the stratigraphic column
of the section in the Bogutovo Selo mine (Fig. 2) is adapted
from these authors. The lower part of the Oligocene consists
of over 50 m of non-marine greenish clays, marls and at places
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Fig. 2 Stratigraphic column of the section in the Bogutovo Selo coal
mine near Ugljevik. Redrawn after Vrabac et al. (1995)

sands; in the lower part are reddish intercalations. The unit is
only known from coal-exploration wells. The middle part of
the upper Oligocene unit consists of coals, marls and clays.
The main coal seam, mined since 1899, is on average about
30 m, at places up to 40 m thick. In the upper part of the main
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seam are many thin intercalations of marls, often with abun-
dant molluscs. Near the top are very hard beds of silicified
marl up to 15 cm thick. Coals are mostly semi-gloss with dull
parts. Recognisable plant remains or wood remains and root
traces have not been observed. Bedding planes are sharp.
Levels with minute disseminated pyrite crystals occur
throughout. At levels are thin intercalations with small frag-
ments of light-brownish crushed bone fragments, presumably
mostly from amphibious or aquatic vertebrates such as frogs.
Rodent remains consisting of incisors with associated molars
may be observed at places using the hand lens. The 2004—
2005 rodent collection was made from the centre part of the
main coal seam; the few rodents collected in 2018 are from the
top of the main coal seam. Only the top of the seam in Luke-
Mezgraja could be inspected during 2018 due to mining op-
erations. It was not rich in fossils, and only a few Deperetomys
molars were found.

Malez and Thenius (1985) described the amynodont
Cadurcotherium (Rhinocerotoidea) presumably found in the
main seam; Laskarev (1925) identified a m3 of a large mammal
found at an unknown level in the mine as Anthracotherium.

The main coal seam is overlain by over 30 m of ostracod-
rich marls and a 3 m thick sandy marl, rich in molluscs (a
coquina or lumachelle). The so-called first upper coal seam
with interbeds of marls and clays is variable in thickness (up to
11 m) and horizontal distribution. This is followed by greenish
tuffitic clay and a second upper coal with many interbeds of
marls and limestone and variable horizontal distribution. Next
is an about 90 m thick section of clays and marls capped by an
unconformity.

The overlying 140 m of marine marls, limestones and clays
is not shown in Fig. 2. This 140 m section has been described
and investigated in detail by Pezelj et al. (2013) and Mandic
et al. (2019); its base has been dated as middle Langhian
suggesting a long time-hiatus at the unconformity.

Geological setting of the Paragovo site in Fruska Gora

The Paragovo site is in the Fruska Gora National Park, south
of the town of Novi Sad. The location is about 550 m west of
road 21 near the Park office (45° 10’ 40.04" N; 19° 50’ 42.02"
E; see Figs. 3, 4 and 5). The Fruska Gora (gora = mountain) is
densely forested; outcrops are few and limited in size, located
mainly in road cuts.

The Fruska Gora is an east-west-oriented tectonic uplift,
about 50 km long and 10 km wide, rising several hundreds
of metres above the plains of the Vojvodina region in the
Pannonian basin. The uplift brings to the surface Palacozoic
serpentinites, Mesozoic sediments, intrusives and volcanics,
and Tertiary sediments and intrusives. The geological map of
the area is by Ciguli¢ and Rakié¢ (1976, 1977), sheet Novi Sad,

reproduced in Tolji¢ et al. (2013). The Paragovo site is in the
north flank of FruSka Gora; it is shown in a schematic north-
south cross section (Fig. 6). The section suggests that the
locality is in a small half-graben, to the north in fault contact
with Triassic carbonates. Alternatively, Tolji¢ et al. (2013)
suggest emplacement of the Triassic carbonates by Pliocene
thrusting. South of the Paragovo site is a thick unit of Late
Cretaceous clastics described as flysch. The locality with fos-
sil mammals is in the M1 unit of Ci¢uli¢ and Raki¢ 1976,
1977), which consists of 250 to 300 m of non-marine clastics
and estimated to be early Miocene (Burdigalian) in age by
these authors. The M1 unit is separated from the overlying
M2 unit by a hiatus; the latter unit is 100-300 m thick and
dominantly in marine facies.

The Paragovo fossiliferous site is a small outcrop in the
outer bend of a small brook (Fig. 5). It consists of 3040 cm
clay, dark brown-greenish in colour, without visible fossils. It
is overlain by a sandstone of 60—-70 cm thickness, poorly
sorted, medium-grained, with at places in its base large peb-
bles and cobbles. The structural dip is about 60 degrees to-
wards the NNW. In the area are few small exposures, these
show poorly sorted sandy-conglomerates, suggesting rapid
deposition and mass flow. Due to the absence of exposure,
the stratigraphic position of the Paragovo site within the M1
unit cannot be established, but it is not near the base.

Methods

Access to the main seam in in the large Bogutovo Selo mine is
difficult and dangerous during the ongoing mining operations,
study of the coal section of the main seam is only possible for
short periods of time. Therefore, a large amount of coal from a
selected and promising horizon was conveyed by truck to a
save location where it was investigated in detail. For several
days, coal lumps were split with a chisel and hammer and
searched for rodent remains with the naked eye and hand lens.
In this way, associated incisors and molars could be collected.
In addition, 200 to 300 kg of promising coal lumps were
bagged and transported to the laboratories at the Utrecht
University and the Natural History Museum in Belgrade.
There, using lukewarm water with peroxide and caustic soda,
coals were repeatedly washed and dried. The resulting
disintegrated mixture was enriched in fossils by gold-
panning followed by drying and searching under the micro-
scope; this method yielded additional isolated teeth. During a
visit in 2018, only the upper part of the main seam in
Bogotuvo Selo could be inspected. This appeared less rich
in fossils and only a few teeth were collected.

The fossiliferous bed in Paragovo was discovered in the
spring of 2009 by Milo§ Milivojevi¢ and Zoran Markovi¢
(Natural History Museum in Belgrade) when a small sample
appeared to contain remains of small mammals. This triggered
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Fig. 3 Map of the Paragovo site

us to take a large sample of ~ 2000 kg in the summer of 2016
that was washed and wet-screened in the field on a set of
(fixed) sieves. A reasonably good, but relatively small, fauna
of fossil rodents was obtained from the concentrates above
0.65 mm; identifiable remains were not present in the partially
sorted voluminous 0.65-0.5 mm fraction. Encouraged by this,
a large sample of about 2800 kg was taken in 2017.
Unfortunately, the fossil content of the 2017 sample was poor,
suggesting that the distribution of fossils in the clay bed is
uneven.

The material described from Paragovo and Ugljevik is
housed in the Natural History Museum in Belgrade. The
locality codes of the Natural History Museum of Belgrade
and abbreviations used for of the localities are 015 for
Paragovo (PAR) and 05 for Ugljevik (UGL). The length and
width of the teeth were measured with a Leitz Ortholux
microscope with mechanical stage and measuring clocks.

Triassic block

,& & Tﬁa%fic block

A

Park office

Paragovo site
=]

Google Earth-Digital Globe

Fig. 4 Satellite image with the Paragovo site (45° 10" 40.04” N, 19° 50’
42.02" E). The site is in a small brook at the bottom of a densely forested
valley. The Triassic block is indicated in the section of Fig. 6
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The measurements are given in millimetre units. The pictures
were made using a table-top SEM and a high-resolution SEM.
All specimens are figured as left ones, if the original is from
the right side; this is indicated by underlining its number on
the figure. Lower case letters refer to the lower dentition;
upper case letters refer to the upper dentition. Abbreviations
for measurements and descriptions are as follows: NV, number
of specimens; R, range of measurements; L, length; W, width;
sin, sinistral; and dext, dextral. Abbreviations and terminology
used in the description of the microstructure of enamel are as
follows: HSB is the Hunter-Schreger band, IPM is the inter-
prismatic matrix, PE is the portio externa, PI is the portio
interna, IPI is the internal part of the PI and OPI is the
external part of the PI. The terminology used in the
description of the dental elements of the Gliridae is after
Daams and de Bruijn (1995) of the Eomyidae and
Dipodidae after Freudenthal and Martin-Suarez (2017) and
of the Muridae and Spalacidae after Mein and Freudenthal
(1971).

Systematic palaeontology

In the “Systematic palacontology” section, the fossil rodents
collected in Ugljevik and Paragovo are described. The distri-
bution of fossils in the two sites is shown in Fig. 7, together
with the early Oligocene fauna of Raljin-B in southern Serbia
(Wessels et al. 2019) and the late Oligocene fauna of nearby
Banovici (de Bruijn et al. 2013); all sites are shown on the map
of Fig. 1.

Order Rodentia Bowdich, 1821

Suborder Eusciurida Flynn, Jacobs, Kimura and Lindsay,
2019

Family Gliridae Muirhead, 1819

For the classification of the Gliridae at the subfamily level, we
follow Daams and de Bruijn (1995).

Subfamily Bransatoglirinae Daams and de Bruijn, 1995
Genus Bransatoglis Hugueney, 1967

(including Oligodyromys Bahlo, 1975; Paraglis Baudelot,
1970 and Butseloglis Vianey-Liaud, 1994). See Berger
(2008).

Type species: Bransatoglis concavidens Hugueney, 1967

Bransatoglis cf. complicatus Unay, 1994
(Fig. 8a—d, i-1, Fig. 9)

Locality: Ugljevik (UGLO05)

Material: P4: no. 451, 454; M1-2: no. 453, 455, (456); M3:
no. 457, (458); p4: no. 441; m1-2: no. 442445, (446); m3 no.
(447). Damaged specimens are between brackets.
Measurements: sce Table 1
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Fig. 5 The Paragovo site in 2017 after extensive sampling

Description

The occlusal surface of the cheek teeth is concave and the
endoloph of the upper cheek teeth is complete.

P4: There is no interdental facet on the anterior side, so there
was no P3. The occlusal surface of the P4 shows two
centrolophs. The anterior one is long and reaches almost to
the endoloph. There is an extra ridge between the anterior
centroloph and the protoloph, between the anteroloph and
the protoloph and between the metaloph and the posteroloph.
M1: The centrolophs are long; in one M1, the anterior
centroloph is connected to the endoloph; in the other, it is
not. Low extra ridges outside the trigone are present between
the anteroloph and the protoloph as well as between the
posteroloph and the metaloph. Inside the trigone is an irregular
ridge between the protoloph and the anterior centroloph; an-
other irregular ridge is present between the posterior
centroloph and the metaloph.

M2: The dental pattern of the M2 is even more complex than
that of the M1 in showing four extra ridges inside the trigone;
two between the protoloph and the anterior centroloph and
two between the metaloph and the posterior centroloph.

M3: The anterior centroloph of the M3 is shorter than the
posterior one which almost reaches the endoloph. Apart from
the shorter posterior centroloph and posteriorly directed
metaloph the pattern of the M3 is very similar to that of
the M2.

p4: The anterolophid and metalophid enclose an oval valley
containing a short extra ridge. The long centrolophid reaches
almost to the labial border of the occlusal surface. The valley
between the mesolophid, which shows an interruption in the
middle, and posterolophid contains a well-developed extra ridge.
ml: The dental pattern of the damaged and rather worn m1 is
difficult to read. The anterior extra ridge and the centrolophid
seem to be very long, while the valley between the
mesolophid and the posterolophid contains two extra ridges.
m2: The anterior extra ridge and the centrolophid are long, and
there is a short extra ridge between the metalophid and the
centrolophid. The valley between the mesolophid and the
posterolophid contains two extra ridges. The anterior one of
these is much longer than the posterior one.

m3: With the exception of an even longer centrolophid that
reaches to the labial border of the occlusal surface, the occlu-
sal pattern of the incomplete m3 seems to be the same as that
of the m2.

Microstructure of the lower incisor (Fig. 9)

The external surface of the lower incisor lower incisor of
Bransatoglis cf. complicatus from Ugljevik is smooth.
Enamel thickness ~30 p. The transverse uniserial Hunter-
Schreger bands (HSB) of the portio interna (PI) make an angle
of about 10 degrees with the normal on the enamel-dentine

North Paragovo site
1000- Triassic
m Quarternary
7 Donau river
500 A 7 { =
- /P&
// o@‘f
0
0 5km

Late &
Cretaceous ,g)& @ \5 South
%) s S

Fig.6 Schematic cross section through the tectonic uplift of the Fruska Gora showing the location of the Paragovo site. M1-2, M2 and MPL map units of
Ciculi¢ and Raki¢ (1976, 1977); M1, Oligocene; M2 and M3, Miocene; MPL, Mio-Pliocene; F, fault. Modified after Petkovi¢ et al. (1976)
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Early
Oligocene

Late Oligocene

Family / Order

Subfamily

Raljin-B

Ugljevik

Paragovo

Banovici

Diatomyidae

Diatomyinae

Inopinatia balkanica

23

Muridae

Pseudo-
cricetodontinae

Heterocricetodon serbicus

29

Pseudocricetodon cf. montalbanensis

51

Pseudocricetodon cf. heissigi

19

Paracricetodontinae

Paracricetodon stojanovici

42

Paracricetodon dehmi

3

Melissiodontinae

Mogilia lautus

17

Mogilia sp.

Edirnella sp.

Pappocricetodontinae

Witenia cf. flava

Eucricetodontinae

Eucricetodon sp.

Cricetodontinae

cf. Deperetomys *1

Deperetomys calefactus

205

Deperetomys saltensis

17

Deperetomys magnus

15

Eumyarioninae

Eumyarion cf. microps

13

Eumyarion cf. margueritae

Eumyarion microps

70

Eumyarion margqueritae

37

Mirrabella aff. anatolica

10

Spalacidae

Pannoniamys paragovensis n. gen. n. sp.

Vetusspalax progressus

25

Dipodidae

Heosminthus primiveris

26

Plesiosminthus cf. schaubi

Gliridae

Bransatoglirinae

Bransatoglis cf. complicatus

Bransatoglis fugax

10

Bransatoglis bosniensis

Dryomyinae

Microdyromys praemurinus *2

21

Gliridae gen. et sp. indet.

Sciuridae

Palaeosciurus aff. feignouxi

Dehmisciurus obstusidens *3

Hystricognathi

Baluchimyinae

cf. Daxneria

Eomyidae

cf. Eomys sp. indet.

Lagomorpha

gen. et sp. indet. *4

X

X

Fig. 7 Distribution of rodent species in the early Oligocene assemblage
of Raljin-B (Wessels et al. 2020) and the late Oligocene assemblages of
Ugljevik, Paragovo (this paper) and Banovi¢i (de Bruijn et al. 2013).
Numbers refer to first and second molars, X indicates the presence of

junction (EDJ). The inter-prismatic matrix (IPM) in the PI is
parallel to the prisms. The thin portio externa (PE) of ~25%,
consists of radial enamel. This primitive enamel occurs in
group 1 of von Koenigswald (1993, 1995).

@ Springer

premolar or third molars. Notes: *1 cf. Deperetomys sp. from Raljin, just
below Raljin-B, see Markovi¢ et al. 2020; *2 Microdyromys
monspeliensis in de Bruijn et al. 2013; *3 ?Ratufa obstusidens in de
Bruijn et al. 2013; *4 new Lagomorpha gen. et sp. indet

Comments on Bransatoglis

Since the studies by von Koenigswald (1993, 1995), new
information on the incisor microstructure of the Gliridae
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has not been published. The difficulty of correctly combin-
ing incisors with cheek teeth in assemblages of isolated mo-
lars is probably the main reason for this. Because incisors
and cheek teeth have been found associated, the microstruc-
ture of our Bransatoglis from Ugljevik can be confidently
elucidated. Von Koenigswald recognised three groups of
glirids: group 1 with transverse HSB, group 2 with diagonal
HSB and group 3 with longitudinal HSB. Oligocene
Bransatoglis from Ugljevik, with its primitive enamel, can
be added to group 1. Von Koenigswald (1995) included in
group 1 Oligocene Gliravus sp., extant Glis glis and extant
Glirulus japonicus. Von Koenigswald left the question open
of the significance of microstructure types for the recogni-
tion of clades. Combining the results of von Koenigswald
with the classification of the Gliridae (Daams and de Bruijn
1995) suggest that the enamel types of groups 2 and 3 are
plesiomorphic, that is, occurring independently in the differ-
ent subfamilies.

The few Bransatoglis cheek teeth from Ugljevik belong to
the medium-sized group of species which were allocated to
the genus Paraglis Baudelot, 1970 by Freudenthal and
Martin-Suarez (2007a, figs. 4, 5). The size and overall dental
pattern of the teeth from Ugljevik is very similar to that of
B. mojai (Hugueney and Adrover, 1989-1990) from the late
Oligocene of Sineu (Balearic Islands) and of B. complicatus
Unay, 1994 from the early Miocene of Harami 1 (Central
Anatolia). The dental pattern of the specimens from
Ugljevik is somewhat more complex than in the teeth from
Sineu and Harami 1, but is expected to be within the unknown
range of variation of either species if larger samples would be
available. The similarity of the teeth from these three localities
is striking despite the large distances between these occur-
rences. Differences are limited to the length of the anterior
centroloph in the M1-2 and the number of extra ridges within
the trigone. Unfortunately, the material available from all
three localities is very limited, so taxonomical evaluation of
these minor differences is impossible for the time being. It is
therefore conceivable that larger samples would lead to the
conclusion that we are dealing with either one, two or even
three different species. Our allocation to Bransatoglis cf.
complicatus is thus preliminary.

Subfamily Dryomyinae de Bruijn, 1967
Genus Microdyromys de Bruijn, 1966
Type species: M. koenigswaldi de Bruijn, 1966

Microdyromys praemurinus (Freudenberg, 1941)
(Figure 10a-f)

Type locality: Gaimersheim (Germany)

Locality: Paragovo (PARO15)

Material: P4: no. 221-222; M1-2: no 223; M3: no. 225-226;
p4: n0.231-233; m1: no. 234-235; m3: no. 236-240.

Measurements: see Table 2
Description

P4: The occlusal surface of the, relative to the M1, rather large P4
is oval. The anteroloph is well-developed. The protoloph and
metaloph reach the lingual side separately. The anterior
centroloph is long, but the posterior centroloph is vestigial. The
long posteroloph connects the protocone with the metacone.
M1-2: The anterior side of the only M1-2 available from
Paragovo is slightly narrower than the posterior side, so this
tooth is probably a M1. The long protoloph connects the
protocone and the paracone. The protoloph and the metaloph
converge towards the protocone. The anterior centroloph is
long, but ends free lingually. There is a short extra ridge be-
tween the protoloph and the anterior centroloph. The posterior
centroloph and the metaloph are not attached to the metacone
which is incorporated into the strong posteroloph.

M3: The long anteroloph and protoloph are parallel ridges
connecting the protocone to the paracone. There is an anterior
extra ridge between the long anterior centroloph and the
protoloph in both specimens, but the pattern of the posterior
parts of these teeth is rather different because the lingual end
of the figured specimen is fused to the lingual part of the
metaloph. This is not the case in the other specimen, which
has a short metaloph and posterior centroloph separate from
the anterior centroloph.

p4: The anterolophid and the metalophid form one oval ridge.
The centrolophid is rather long and there is an extra ridge
within the loupe formed by the mesolophid and posterolophid.
m1: The anterolophid and metalopid form a continuous ridge
enclosing a valley containing an anterior extra ridge. The long
centrolophid is not connected to the metaconid. There is a
posterior extra ridge in the valley formed by the mesolophid
and the posterolophid.

m3: The size and dental pattern among the five m3 shows
considerable individual variation, but all share the four main
ridges, a centrolophid and the presence of an anterior and a
posterior extra ridge.

Discussion

We do not follow Freudenthal and Martin-Suarez (2007a) who
suggest to transfer Microdyromys to the Bransatoglirinae. The
few Microdyromys specimens available from Paragovo seem
to represent the same species as in Banovici, which was de-
scribed earlier as Microdyromys cf. monspeliensis Aguilar,
1977 (de Bruijn et al., 2013, plate 2, figs. 13-24). The study
of the Paragovo material resulted in a revision of our earlier
identification. We now consider the Banoviéi as well as the
Paragovo material to represent M. praemurinus.

The cheek teeth of the small glirid from Paragovo
and Banovi¢i are morphologically within the range of
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h
holotype Harami-1

Fig. 8 Upper dentitions of Bransatoglis cf. complicatus (a—d) from
Ugljevik and Bransatoglis complicatus (e-h) from the type locality
Harami-1. Lower dentition of B. cf. complicatus (i-1) from Ugljevik
and B. complicatus (m—p) from the type locality Harami-1 (see

Microdyromys praemurinus from the type locality Gaimersheim
(Kristkoiz, 1992). The material from Banoviéi is on average

@ Springer

P Harami-1

Unay, 1994). a UGL450. b UGL454. ¢ UGL453. d UGL460. i
UGLA447. j UGL442. k UGL444. 1 UGL441. Collection numbers of the
Harami specimens are not available

somewhat larger than that from Gaimersheim, but overlaps. In
contrast to the situation in the geologically older Microdyromys
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Fig.9 Sections ofthe lower incisor of Bransatoglis cf. complicatus from Ugljevik. a Transverse section. b Enlargement of square in a. ¢ Sagittal section,
upper arrow indicates top. d Enlargement of square in ¢

misonnei, M. antiquus, M. puntarronensis and M. heissigi, the
endoloph of the M1-M2 is complete and the labial end of the
anterolophid of the m1-m?2 is connected to the protoconid, which
is the morphology seen in early Miocene Microdyromys samples.
Metrically, these teeth are closer to the material from the type
locality of M. praemurinus than to those of M. monspeliensis
(Table 2). It is of interest that the detachment of the posterior
centroloph from the metacone in the M1-2 and of the
centrolophid from the metaconid in the ml occurs in the
Bosnian as well as in the Serbian association. This feature sup-
ports our conclusion that the same species is present in both
localities.

Gliridae gen. et sp. indet.
(Fig. 10h)
Locality: Paragovo (PARO15)

Material and measurement: 1 p4, no. 241, length x width
0.93 x 0.89 mm.

Remarks

This worn p4 is much too large to be included into the
variation of Microdyromys cf. praemurinus. Although its
dental pattern is difficult to read, it seems that there is (or
has been) an anterior as well as a posterior extra ridge. Its
size is within the range of Bransatoglis fugax (Hugueney
1967), while the shape of its occlusal surface is reminiscent
of the p4 of that species. Taking into account that the ro-
dent association from Paragovo shares a number of species with
that from Banovi¢i, a locality that contains Bransatoglis fugax,
there is a fair chance that this unidentifiable tooth represents this
species.
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Table 1  Measurements of Bransatoglis cf. complicatus from Ugljevik.
Measurements of Bransatoglis mojai (Hugueney and Adrover, 1989—
1990) from Sineu and Bransatoglis complicatus Unay, 1994 from
Harami-1 have been added for comparison

Length Width

Range Average N SD  Range Average N SD
Ugljevik
P4 0.94-097 0955 2 0.021 1.07-1.18 1.115 2 0.078
MI1-2 1.05-1.22 1.157 3 0.093 1.20-1.36 1.283 3 0.071
M3  1.00-1.10 1.050 2 0.071 1.150 1.150 1 -
p4 - 0.960 1 - - 0.950 1 -
ml-2 1.15-1.24 1208 4 0.043 1.25-1.35 1293 4 0.043
m3 - 1.230 1 - - - - -
Sineu
P4 - 1.010 1 - - 1.160 1 -
M2 - 1.140 1 - - 1.440 1 -
p4 - 1.080 1 - - 0.960 1 -
m2 125130 1275 2 - 1.33-1.44 1370 2 -
Harami 1
P4 - 1.060 1 - - 1.150 1 -
M2 - 1.180 1 - - 1.440 1 -
p4 - 1.060 1 - - 1.010 1 -
m2 - 1.450 1 - - 1.500 1 -

Suborder Supramyomorpha D’Elia, Fabre et Lessa, 2019
Family Eomyidae Déperet and Douxami, 1902

Genus Eomys Schlosser, 1884

cf. Eomys sp.

(Fig. 10g)

Locality: Ugljevik (UGLOS5)
Material and measurements: 1 p4 sin. no. 461, length x
width: 0.95 x 0.79 mm.

Description

This p4 from Ugljevik has a minute anteroconid, a weak
mesolophid that does not reach the lingual border of the oc-
clusal surface and a well-developed fourth lingual synclinid.
Rather unusual for an Eomys p4 is the relatively well-
developed mesoconid.

Remarks

The small low-crowned eomyid p4 collected from the
Ugljevik coal in 2005 seems to represent the genus Eomys;
it resembles the p4 of Eomys sp. A from Kocayarma, (middle
Oligocene of the Thrace basin, Unay-Bayraktar, 1989), of
Eomyodon volkeri Engesser, 1987 and Eomys molassicus
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Engesser 1987 (both late Oligocene Switzerland). Since the
morphology of the p4 of the type species of Eomys (E. zitteli
Schlosser, 1884) and of the type species of EFomyodon
(E. volkeri Engesser, 1987) is virtually identical, the generic
assignment of our tooth remains uncertain. There is in fact
some doubt whether Eomys and Eomyodon are discrete gener-
ic entities, a discussion that is beyond the scope of this paper.
Eomys is absent in the early Oligocene assemblages of south-
ern Serbia, present in two “middle” Oligocene assemblages of
the Thrace basin (Unay-Bayraktar, 1989) and the late
Oligocene of Ugljevik but absent in the latest Oligocene
faunas from Banovi¢i and Paragovo.

Infraorder Myodonta Schaub, 1958

Family Dipodidae Fischer, 1817

Since grouping of the primordial Paleogene genera of the
Dipodidae into subfamilies is very controversial, we refrain
from allocating Plesiosminthus to subfamily.

Genus Plesiosminthus Viret, 1926

Type species: Plesiosminthus schaubi Viret, 1926

Introduction

Dipodidae and Muridae are generally considered to be sister
groups of Asian origin. The so far oldest record of a dipodid
from Europe is Heosminthus primiveris Wang, 1985 from the
early Oligocene sites Valnis, Strelac 3 and Raljin (S.E. Serbia;
Wessels et al. 2020). Since Heosminthus is not known from
elsewhere in Europe, we assume that this Asian genus did not
reach westward and northwards beyond the Balkans. The sec-
ond migration of a dipodid from Asia into Europe is docu-
mented by Plesiosminthus moniqueae Freudenthal and
Martin-Suarez, 2017 from the late Oligocene site
Mirambueno 1 (MP 27), Spain. In sharp contrast to Central
Asia, the Dipodidae never became a diverse and dominant
constituent of European Paleogene rodent associations. The
European members of Plesiosminthus were recently revised
by Freudenthal and Martin-Suarez (2017). These authors rec-
ognise, next to the inadequately documented P. promyarion
Schaub, 1930 (a name that Freudenthal and Martin-Suarez
suggest to restrict to its poor type material), nine species.
The excellent documentation provided by Freudenthal and
Martin-Suarez (2017) shows that Plesiosminthus has a strati-
graphical range in Europe from MP27-MN2, which is rough-
ly 5-6 million years. All studied samples overlap in size as
well as in dental characteristics, while there appears to be
neither a stratigraphical nor a geographical polarity in these
characteristics. The study by Freudenthal and Martin-Suérez
(2017) thus reveals the mosaic history of the group, which
makes the status of the majority of the nine formally defined
European Plesiosminthus “‘species’” uncertain, that is, the genus
is oversplit. The species concept suggested by Freudenthal
and Martin-Suarez makes the identification of small samples
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Table2  Measurements of Microdyromys praemurinus from Paragovo.
Measurements of M. praemurinus from the type locality Gaimersheim
(Kristkoiz, 1992), M. praemurinus from Banovic¢i (de Bruijn et al., 2013)
and M. monspeliensis from the typelocality Nouvelle Facult¢ de Médicine
(Aguilar, 1977) have been added for comparison

Microdyromys Length Width

Range Mean N SD Range Mean N SD
Paragovo
P4 0.64-0.65 0.650 2 - 0.65-0.80 0.780 2 -
MI1-2 -— 0860 1 - - 0910 1 --
M3 0.66-0.68 0.670 2 - 0.73-0.83 0.780 2 -
p4 0.60-0.63 0.620 3  0.015 0.55-0.58 0.560 3 0.017
ml 0.90-091 0910 2 - 0.81-0.86 0.840 2 -
m3 0.81-0.88 0.850 5 0.036 0.65-0.80 0.740 5 0.058
Gaimersheim
MI-2 0.74-0.88 - 20 - 0.75-0.99 -- 20 ---
M3 0.64-0.75 --- 2 - 0.75-0.89 --- 2 -
ml 0.71-0.89 -- 19 - 0.60-0.85 -- 19 -
m2 0.67-0.90 --- 16 - 0.70-0.89 --- 16 -
m3 -— - — - 0700 1 -
Banovici
P4 -— 0580 1 - - 0840 1 -
MI-2 0.83-0.95 0.880 10 0.035 0.93-1.12 1.022 10 0.060
M3 sup 0.71-0.76 0.735 2 - 0.89-0.96 0925 2 --
p4 0.63-0.74 0.673 3 0.059 0.59-0.72 0.643 3 0.068
ml-2 0.85-1.05 0.947 11 0.055 0.86-1.02 0.948 11 0.057
m3 - 0910 1 - - 0840 1 -
Nouv. Fac. Med.
Mi1-2 0.67-0.76 --- 2 - 0.86-0.93 --- 2 -
M3 -— 0610 1 - - 0730 1 --
ml 0.74-0.78 --- 3 - 0.73-0.75 --- 3 -
m2 0.75-0.80 --- 6 - 0.80-0.88 --- 6 -
m3 0.70-0.77 --- 4 - 0.71-0.75 --- 4 -

impossible, and new large samples are expected to have
characteristics in between named species.

Plesiosminthus cf. schaubi Viret, 1926
(Figure 10i-1)

Locality: Paragovo (PARO15)

Material and measurements: M1: no. 211-212, (length x
width 1.13x1.07 mm, 1.25x1.15 mm); M2: no. (213), (length
1.18 mm); ml: no. 216 (1.25x1.00 mm); two fragments of
upper incisors with a sulcus. Specimen numbers between
brackets indicate that these are damaged.

Description

M1: The long anteroloph connects the protocone to the base
of the paracone. The protolophule is directed slightly posteri-
orly, but the metalophule is directed somewhat anteriorly and
inserts on the anterior part of the hypocone. The long straight
mesoloph reaches to the labial edge of the occlusal surface.
The, relative to the anteroloph, short posteroloph connects the
hypocone to the base of the metacone.

M2: The somewhat damaged M2 shows a single forward-
directed protolophule which is parallel to the metalophule.
The mesoloph is long.

I: Upper incisor with sulcus.

ml: The isolated anteroconid is situated closer to the
metaconid than to the protoconid. The metalophulid 1 is ab-
sent, while the metalophulid 2 is formed by the posterior arm
of the protoconid. The longitudinal ridge is complete. The
long mesolophid ends lingually in a weak mesostylid. The
hypolophid inserts on the longitudinal ridge in front of the
hypoconid. The posterolophid connects the hypoconid with
the posterior spur of the entoconid.

Remarks

The four dipodid cheek teeth from Paragovo are allocated to
the genus Plesiosminthus because the accompanying upper
incisor shows the, for that genus characteristic, sulcus (Fig.
10i). The size of these specimens, in particular the length of
the M2, fits the rather large MP30 species P. admyarion
Comte2000, P. meridionales Comte2000 and P. winistoerferi
Engesser 1987 better than it does the somewhat smaller older
and younger species (see Freudenthal and Martin-Suarez
2017). Furthermore, the M2 from Paragovo shows a single
forward-directed protolophule, which is the dominant
morphotype in the samples of P. schaubi from Coderet and
of the very similar, and possibly identical, P. admyarion from
Thézels. We consequently allocate the few specimens from
Paragovo to Plesiosminthus cf. schaubi.

Infraorder Myodonta Schaub, 1958

Family Muridae Illiger, 1811

Subfamily Cricetodontinae Schaub, 1925

Genera included Cricetodon Lartet, 1851, Deperetomys Mein
and Freudenthal, 1971, Hispanomys Mein and Freudenthal,
1971, Byzantinia de Bruijn, 1976 and Gobicricetodon Qiu,
1996.

Genus Deperetomys Mein and Freudenthal, 1971

Type species: Deperetomys hagni (Fahlbusch, 1964)

Introduction

The genus was originally known by a single species from
the middle Miocene of North Alpine foreland basins of
Germany and Switzerland, see Prieto (2012) for a review.
De Bruijn et al. (1987, 1993) extended its range to the
carly Miocene of Anatolia and de Bruijn et al. (2013) to
the late Oligocene of Banovi¢i (Bosnia and Herzegovina),
and Markovi¢ et al. (2019) described two new Deperetomys
species from Ugljevik and Paragovo (Fig. 11). One spe-
cies, Deperetomys calefactus, has been found in Ugljevik
and two species, D. magnus and D. saltensis, in Paragovo
(Fig. 7).
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0.5 mm
Gliridae gen. et sp. indet.

Paragovo

0.5 mm

Plesiosminthus cf. schaubi Paragovo

Fig. 10 a—f Microdyromys praemurinus from Paragovo. g cf. Eomys sp. 223. ¢ PARO15 221. d PARO15 236. e PARO15 235. f PARO1S 232. g
from Ugljevik. h Gliridae gen. et sp. indet. from Paragovo. i-1 UGLO0S5 461. h PAROLS 241. i PAROI5 215. j 211. k PAROI5 212. 1
Plesiosminthus cf. schaubi from Paragovo. a PAR015 225. b PARO1S PARO15 216
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Deperetomys calefactus Markovic et al., 2019
(Figure 11g-1,p-r)

Locality: Ugljevik (UGLOS5)
Material and measurements: see Markovi¢ et al., 2019.

Deperetomys saltensis Markovi¢ et al., 2019
(Figure 11d-f, m-o)

Locality: Paragovo (PAR015)
Material and measurements: see Markovi¢ et al., 2019

Deperetomys magnus de Bruijn et al., 2013
(Figure 11a-c, j-1)

Locality: Paragovo (PARO15)
Material and measurements: see Markovic et al., 2019

Remarks

For a recent description of the genus and a discussion of the
species from Ugljevik and Paragovo, see Markovic et al.
(2019). Here, we limit the information to a short characterisa-
tion and figures of the cheek teeth. Deperetomys calefactus is
relatively small, D. saltensis is similar in size and D. magnus
is much larger (Fig. 12). D. magnus differs in morphology
from D. saltensis in its less cuspate anteroconid, the stronger
posterior arm of the protoconid, better-developed mesolophid
ofthe m1 and the presence of a posterior arm of the hypoconid
in the m1 and m2 (Fig. 12).

The M1 and M2 of D. calefactus differ from those of
D. saltensis in having a free-ending anterior arm of the
protocone, a much stronger posterior spur of the paracone,
stronger mesolophs and transverse metalophs. The morphol-
ogy of the ml of D. calefactus differs from those of
D. magnus in its less cuspate anteroconid, stronger posterior
arm of the protoconid and the stronger mesolophid. The free-
ending anterior arm of the protocone in the M1 and M2 of
D. calefactus is absent in these teeth of D. magnus. Moreover,
the posterior spur of the paracone and the mesolophs of the
M1 and M2 are much stronger while the metalophs are trans-
verse in the smaller species, but posteriorly directed in
D. saltensis and D. magnus.

Subfamily Eucricetodontinae Mein and Freudenthal, 1971
Genus Eucricetodon Mein and Freudenthal, 1971
Type species: E. collatus (Schaub, 1925)

Eucricetodon sp.
(Figures 13j-0, 14)

Locality: Ugljevik (UGLO5)

Material: M1: no. 426, (432); M2: no. 428, (432); ml: no.
421, 431; m2 no. 422, 431; m3: nos. 423, 424, 431. Different
teeth with same number are from one individual; damaged
specimens between brackets.
Measurements: see Table 3

Description

M1: The anterocone is rather broad. It has a lingual spur that
connects to the base of the protocone and a labial spur that
connects to the base of the paracone. Although the anterocone
is situated more or less on the longitudinal axis of the occlusal
surface, it is set off lingually. The short anterior arm of the
protocone and the somewhat longer anterior arm of the
hypocone are parallel and directed forwards. The protoloph
and metaloph are parallel, directed backwards and inserting
lingually behind the protocone and the hypocone. The sinus is
wide and only slightly directed forwards.

M2: The single unworn M2 available is damaged posteriorly.
The valley between the anteroloph and the protoloph is shallow
and narrow. The labial arm of the protoloph is much longer than
the lingual arm. The short forwards directed protoloph inserts in
front of the protocone. The anterior arm of the hypocone is short
and does not reach the mesostyl. The sinus of the M2 is
narrower and more forward-directed than in the M1.

m1: The short anteroconid is situated very close to the
metaconid, so the wear facets of these cusps fuse after mod-
erate wear. The short posterior arms of the protoconid and
hypoconid are parallel. The posterior arm of the protoconid
is connected to the metaconid in both specimens. The poste-
rior arm of the hypoconid ends free in one, and is connected to
the entoconid in the other m1. The mesolophid is long. The
short hypolophid inserts in front of the hypoconid. The sinusid
is wide.

m2: The valley between the lingual branch of the
anterolophid and the metalophid is very shallow. The par-
allel metalophid and hypolophid are short and insert in
front of the protoconid and hypoconid. The posterior
arm of the protoconid and the mesolophid are both short
and end-free lingually. The posterior arm of the
hypoconid is absent. The posterolophid reaches the base
of the entoconid. The sinusid is wide and only weakly
posteriorly directed.

m3: The anterolophid of the m3 is stronger than in the m2.
Its lingual and labial branch are about equal in length. The
parallel metalophid and hypolophid are directed forwards
and insert labially in front of the protoconid and hypoconid.
The posterior arm of the protoconid is much stronger in the
m3 than in the m2, and reaches almost to the entoconid in
both unworn specimens. A free posterior arm of the
hypoconid is absent. The posterolophid connects to the
entoconid. The wide sinusid of the m3 is more posteriorly
directed than in the m2.
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Deperetomys calefactus Ugljevik

Fig. 11 Reconstructed tooth rows of late Oligocene Deperetomys species UGLO015 408. i UGLO015 408. j PARO15 117. Kk PARO15 112. 1 PARO15
from Paragovo and Ugljevik. a PARO15 108. b PARO15 115. ¢ PARO15 111. m PARO15 168. n PARO15 165. 0 PARO1S5 161. p UGLO5 241. q
101. d PARO15 141. e PARO15 131. f PARO15 121. g UGLO15 408. h UGLO5 163. r UGL05 110
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Fig. 12 Scatter diagram of Deperetomys molars. Shown are D. magnus from its type locality Banovici and from Paragovo, D. calefactus from the typse
locality Ugljevik and D. saltensis from the type locality Paragovo
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Table 3 Measurements of Eucricetodon sp. from Ugljevik
Length Width

Ugljevik ~ Range Mean N  Mean Range N
Ml 217221 2.190 2 1480 — 1

M2 1.66-1.67 1.665 2 1.690 1.61-1.77 2

ml 1.88-1.89 1.885 2 1.300 1.24-136 2

m2 1.71-1.80 1.755 2 1.515 1.44-159 2

m3 1.79-1.90 1.860 3 1.450 1.6-1.57 3

The lower incisor

The enamel surface of the lower incisor shows two longitudi-
nal ridges (Fig. 13). The enamel is thickest at the mesial end
(~100 mu) and tapers out at the distal end (Fig. 14). The thick
portio interna (~80%) consists of almost longitudinal uniserial
Hunter-Schreger bands with the inter-prismatic matrix parallel
to the prisms. The prisms change direction in a narrow zone
below the mesial longitudinal ridge. The thin portio externa
consists of slightly oblique prisms and is thus intermediate
between radial and tangential enamel. This is schmelzmuster
type 10 of Kalthoff (2000).

Remarks

For a discussion and review of Eucricetodon, we refer to van
de Weerd et al. (2021). Species within Eucricetodon do not
show sustained changes in dental morphology: there is no
polarity in the species characteristics; Freudenthal and
Martin-Suarez (2016) could not demonstrate “ancestor-de-
scendant relationships” except within their “collatus group”
of species. The genus thus shows a mosaic pattern in its spe-
cies characteristics. Because of the absence of a striking and
characteristic feature and considering the small size of the
assemblage, we refrain from classifying the Ugljevik fossils
to species.

The schmelzmuster of 11 analysed Eucricetodon samples
are listed in van de Weerd et al. (2021). The two investigated
early Oligocene samples have a type 1 schmelzmuster as de-
fined by Kalthoff (2000); latest Oligocene and early Miocene
samples have type 4. The late Oligocene Eucricetodon from
Ugljevik has the derived type 10 enamel pattern. The enamel
patterns of the late Oligocene samples from Belgaric (France)
and Goziikizilli-1 (Anatolia) are derived also. In our opinion,
this suggests the presence of different lineages within the ge-
nus, so we do not share the pessimistic view of Gomes
Rodrigues et al. (2013) on the usefulness of enamel micro-
structure in deciphering the complexities within the genus.
Subfamily Eumyarioninae Unay-Bayraktar, 1989
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Genera included: Eumyarion Thaler 1966, Mirrabella de
Bruijn, van den Hoek Ostende and Donovan, 2007

Genus Eumyarion Thaler, 1966

Type species: E. helveticus (Schaub, 1925)

Eumyarion cf. margueritae de Bruijn et al., 2013
(Figure 13a-c)

Type locality: Banovi¢i, late Oligocene, Bosnia and
Herzegovina

Locality: Paragovo (PARO15)

Material: M1: no. 171-173; M2: no. 175-176; M3: 1 com-
plete, 1 incomplete, no. 178, (179).

Measurements: see Table 4

Description

M1: The M1 from Paragovo allocated to E. cf. margueritae
are the same size and have the same morphology as those from
the type locality of this species. The crescent-shaped
anterocone has a long labial arm that reaches the paracone.
The short anterior arm of the protocone does not reach the
anterocone. The posterior spur of the paracone and the
mesoloph vary in length. The very short protoloph inserts on
the longitudinal ridge behind the protocone. The transverse
metaloph connects the metacone with the hypocone. The thin
posteroloph delimits a narrow postero-labial sinus.

M2: The rather elongate M2 with their symmetrical lingual
and labial arms of the anteroloph and short mesoloph are very
similar to the ones from Banovié¢i. The protoloph of both
specimens inserts in front of the protocone. This is a rare
morphotype in the material from the type locality.

M3: Both M3 from Paragovo have a more reduced dental pat-
tern than the ones from Banovi¢i. The sinus is closed by the new
connection between the protocone and the hypocone, the
metaloph is very short and the mesoloph is vestigial. Their
dental pattern is thus quite different from those from the type
locality which have a morphology that is close to that of the M2.

Remarks

Although the M1 and M2 described above fit the type
material of E. margueritae, the M3 are rather different.
The absence of the lower cheek teeth of this species from
the Paragovo assemblage creates some uncertainty about
the identification on the species level, hence our allocation
to E. cf. margaritae.

Eumyarion cf. microps de Bruijn and Sarag, 1991
(Figure 13d-i)

Type locality: Harami 1, early Miocene, Anatolia
Locality: Paragovo (PARO15)
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M3

Eucricetodon sp. Ugljevik

Fig. 13 a—c Tooth rows of Eumyarion cf. margueritae occlusal and lingual PARO15 175. ¢ PARO15 171. d PARO15 190. e PARO15 183. f PARO15
view. d—i Eumyarion cf. microps from Paragovo occlusal view. j—o 182. g PARO15 197. h PARO15 196. i PARO1S 191. j UGLOS 426. k-1
Eucricetodon sp. from Ugljevik occlusal view. a PARO15 178. b UGLO05 432. m—n—o0 UGLOS5 431. The same number is the same individual

@ Springer



Palaeobio Palaeoenv (2022) 102:465-492

of left box in e. g Detail of right box of e

Material: M1, no. (181) 182; M2, no. 183-187, (188); M3, Description

no. 190; ml1, no. 191-193; m2, no. 194, (195), 196; m3, no.
197-200. M1: The anterocone of the M1 is incipiently bifid as it is in the

Measurements: Table 5 specimens from the type locality. The weak lingual and labial
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Table 4 Measurements of Eumyarion cf. margaritae from Paragovo

Length Width
Paragovo Range Mean N SD Range Mean N SD
M1 222-226 2240 3 0.021 137-1.46 1430 3 0.049
M2 1.53-1.61 1570 2 - 1.39-1.40 1400 2 -
M3 - 1290 1 - - 1360 1 -

arms of the anterocone reach the base of the protocone and
paracone. The anterior arm of the protocone ends free. The
protoloph inserts on the longitudinal ridge just behind the
protocone and the transverse metaloph inserts on the
hypocone. The long mesoloph is connected to the posterior
spur of the paracone. The posteroloph delimits a narrow
postero-labial sinus.

M2: The anterolophule divides the anteroloph into a longer
labial branch and a shorter lingual branch. The parallel
protoloph and metaloph insert respectively in front of the
protocone and hypocone. The length of the mesoloph and
the development of the posterior spur of the paracone show
considerable individual variation. The thin posteroloph
reaches the base of the metacone.

M3: The single available M3 from Paragovo is rather worn. Its
dental pattern, showing a slightly forward-directed protoloph,
a short mesoloph and metaloph, is the same as in the M3 from
Harami-1.

m1: The rather high-pointed anteroconid is connected to the
metaconid by a low metalophulid 1. A very thin antero-
lophulid connects the protoconid and the anteroconid. The
metalophulid 2 is formed by the posterior arm of the
protoconid. The longitudinal ridge is much lower than the
cusps and bears a short mesolophid as well as a well-
developed ectomesolopid. The long posterior arm of the
hypoconid ends free in the postero-lingual sinus. The
posterolophid reaches the base of the entoconid.

m2: Two of the three m2 available from Paragovo are rather
worn, and the third is slightly damaged anteriorly, so details of
the anterolopid-metalophulid 1 are not preserved. It seems,
however, that the metalophule 1 is situated very close to the

Table 5 Measurements of Eumyarion cf. microps from Paragovo
Length Width

Paragovo Range Mean N SD Range Mean N SD
Ml sup - 1.69 1 - - 117 1 -
M2sup 1.14-1.31 1220 6 0.066 1.04-1.15 1.120 6 0.051
M3sup - 089 1 -- - 093 1 --
mlinf  1.36-146 1410 3 0.050 0.89-0.95 0.930 3 0.035
m2inf  1.23-125 1240 2 - 0.95-1.01 0980 3 0.031
m3inf  1.09-1.17 1.130 4 0.033 0.90-0.97 0.940 4 0.032

lingual arm of the anterolophid and became fused with that
ridge at an early stage of wear. The posterior arm of the
protoconid and the mesolophid show considerable individual
variation in length. The posterior arm of the hypoconid ends
free in the postero-lingual sinus.

m3: The labial arm of the anterolophid is exceptionally strong,
just as is the case in the type material of E. microps. The short
lingual branch ends against the base of the metaconid. The
metalophulid 1 is forward-directed and so is the hypolophid
which inserts on the longitudinal ridge in front of the
hypoconid. The figured specimen shows the remnant of the
posterior arm of the hypoconid, in the three others this ridge is
absent. The rather strong posterolophid connects to the
entoconid.

Remarks

The morphology of the small Eumyarion teeth described
above is surprisingly similar to that of the specimens of
E. microps from its early Miocene—type locality Harami, but
they are somewhat larger. If the material from Paragovo could
have been enlarged, a small overlap in size of all the cheek
teeth with the type material of that species is expected. On the
basis of biostratigraphical data, we estimate that of the three
localities that have yielded E. microps, Paragovo is the older
and Harami 1 the younger. Supposing the age sequence
Paragovo - Banoviéi - Harami 1 is correct, the species
Eumyarion microps shows a gradual decrease in size through
time. The E. microps assemblage from Gokler in Anatolia
(Joniak et al. 2017) is very similar in size to that of Harami
and thus confirms the observed trend. Although size decrease
in evolutionary lineages must have been a common phenom-
enon, it has, in contrast to size increase, rarely been convinc-
ingly documented in the fossil record of the rodents.

Family Spalacidae Gray, 1821
Introduction

De Bruijn et al. (2013) were the first to describe a spalacid
genus and species, Vetusspalax progressus, from the late
Oligocene. The antiquity of this family going back to the
Oligocene was long suspected (Hugueney and Mein 1993)
considering the diversity of the family in the early Miocene
with the genus Heramys Klein Hofmeijer and de Bruijn 1985
in the early Miocene of Aliveri (Greece) and Debruijnia
Unay, 1996 from the early Miocene of Kesekdy (Turkey).
Late Oligocene Vetusspalax is sufficiently different from both
Heramys and Debruijnia to suspect that there is no ancestor-
descendant relation between these. Below, we describe anoth-
er genus that we include in the Spalacidae. This new genus,
about contemporaneous with Vetusspalax from Banoviéi, is
again not very close in dental morphology to the early
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Pannoniamys paragovensis n. gen. n. sp.

Fig. 15 Pannoniamys paragovensis nov. gen. nov. sp. from Paragovo. a and d are occlusal and labial views. b and ¢ are occlusal and lingual views. a

PAROI15 206. b PARO15 203. ¢ PARO15 201. d PARO15 209

Miocene genera Heramys and Debruijnia, so an ancestor-
descendant relation with these genera is not likely.

Genus Pannoniamys nov. gen.

Type species: Pannoniamys paragovensis nov. sp.
Derivatio nominis: The genus is named after the ancient
Roman province Pannonia Inferior, where the type locality
of its type species is located.

Table 6 Measurements of Pannoniamys paragovensis nov. sp. from
Paragovo

Length Width
Paragovo Range Mean N Range Mean N
M1 - 249 1 - 2.07 1
M2 1.79-1.90 1.850 2 1.89-1.98 1940 2
ml 2.15-220  2.180 2 1.64-1.72 1.680 2
m2 1.95-2.17  2.060 2 1.73-1.80 1.770 2

@ Springer

Diagnosis: Cheek teeth robust and low-crowned. Anterocone(id)
of the M1/m1 not incorporated into the anteroloph(id). Protoloph
and metaloph of the M1 and M2 directed posteriorly and con-
nected to the mesocone/posteroloph. Metalophulid 1 absent in the
ml, forward-directed in the m2. Metalophulid 2 formed by the
poster arm of the protoconid in the ml, absent in the m2.
Posterior arm of the hypoconid absent in the m1, m2.
Mesoloph absent in the M1, M2. Mesolophid absent in the m1,
m2.

Differential diagnosis: The cheek teeth of Pannoniamys
paragovensis are about the same size and about as robust as
those of the type species of Debruijnia (D. arpati Unay,
1996), but they are more brachyodont, lack the anterior arm
of the protocone and the mesoloph in M1, M2 as well as the
mesolophid and the posterior arm of the hypoconid in the m1,
m2. The M1, M2 of the type species of these genera differ
furthermore in the direction of the protoloph and metaloph.
These lophs are more or less transverse in Debruijnia, but
posteriorly directed in Pannoniamys. The lower molars show
similar differences: the mesolophid and the posterior arm of
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cf. Daxneria

mesolophule

mesoflexus

paracone
paraflexus

metacone

metaflexus

anteroloph

hypocone

hypoflexus endoloph

posterolophid

metaflexid
entoconid
mesoflexid

metaconid

f
m1-2
hypoconid hypoflexid
anterior arm hypoconid
anterior arm hypoconid
metaflexid entoconid
postero- mesoflexid
lophid-
ectolophid
i
m3

posterior
cingulum

hypoconid
hypoflexid

protoconid

Fig. 16 Line drawings of cf. Daxneria from Ugljevik and nomenclature
of'tooth parts used in the description: a DP4 (or M1-2; UGLO0S 475), f m2
(UGLO0S 471), and i m3 (UGLO5 473) Daxneria fragilis van de Weerd

the hypoconid are absent in the m1, m2 and the hypolophid of
the m1 and the metalophid of the m2 are directed forward in
Pannoniamys. Comparison of the dentitions of the early
spalacids Pannoniamys, Vetusspalax, Debruijnia and

Daxneria fragilis

Sayimys giganteus

metalophulid Il

etal. 2021 from the type locality Goziikizilli-1: b DP4, d M1-2, g m2 and
j m3. Sayimys giganteus Lopez-Antonanzas et al., 2004 from the type
locality Kesekdy: ¢ DP4, e M1-2, h m2 and k m3

Heramys shows that the tooth morphology of the latter two is
much more alike than that of the type species of the late
Oligocene Pannoniamys and Vetusspalax. Pannoniamys differs
from Vetusspalax by being more robust, larger and by having a

@ Springer
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Fig. 17 Chronostratigraphic scheme of Paleogene and early Neogene
faunas from the Balkans and Asia Minor. Broken lines indicate
uncertainty ranges, duration of these are arbitrarily set at 8% of the
estimated age. Locations with a magneto-stratigraphic age estimate have
a solid line and names are underlined. References on the sites are
Banovic¢i (de Bruijn et al. 2013), Gézikizilli-1 (van de Weerd

more cricetine dental pattern. Pannoniamys differs from
Heramys by its more brachyodont cheek teeth that lack the
mesoloph(id) in the first and second molars. Moreover, the
M1 of Heramys is more lophodont and its anterocone is incor-
porated into the anteroloph, while it is a separate bifid cusp in
Pannoniamys.

Pannoniamys paragovensis nov. sp.

(Fig. 15)

Derivatio nominis: The species is named after its type
locality.

Diagnosis and differential diagnosis: The same as for the
genus.

@ Springer

et al. 2021), Bustranje, Strelac, Valnis, Zvonce (de Bruijn et al. 2018),
Harami, Inkonak, Karg1, Yenikoy, Kesekoy (Krijgsman et al. 1996; Unay
et al. 2003), Kavakdere, Kocayarma (Unay-Bayraktar 1989), Kyprinos
(Doukas and Theocharopoulos 1999), Paragovo, Ugljevik (this paper),
Sabuncubeli (de Bruijn et al. 2006) and Siingiilu (de Bruijn et al. 2003)

Type locality: Paragovo (PARO015)

Holotype: M1sin. no. 201

Material: M1: no 201; M2: no. 203-204; m1: no. 206-207;
m2: no. 209-210.

Measurements: sce Table 6

Description

M1: The anterocone of the M1 is not incorporated into the
anteroloph and indistinctly divided into two cusps by an in-
dentation on the posterior side. The lingual cusp of the
anterocone is connected to the protocone by a strong
anterolophule, while the labial cusp is not connected to the
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paracone. The protocone and paracone are about the same
size. The paracone is connected to the longitudinal ridge by
a short posteriorly directed protoloph. The shallow lingual
sinus is directed slightly forward. There is no mesoloph and
the posteriorly situated metacone is in direct contact with the
short, weak posteroloph. The hypocone is developed as a
ridge rather than as a cusp. The roots of the M1 are not
preserved.

M2: The shape of the occlusal surface of the M2 is sub-square.
The lingual arm of the anteroloph is absent, while the short,
thin labial branch ends in a small, oval cusp. The four main
cusps are about equal in size. The short protoloph is directed
posteriorly and connects the paracone to the longitudinal
ridge. The metacone is incorporated into the posteroloph.
The roots of the M2 are not preserved.

m1: The small anteroconid is connected to the protoconid by a
very weak anterolophulid, but is separate from the metaconid.
The anterosinusid is tiny. The metaconid is situated more for-
ward than the protoconid, which is a characteristic shared by
the m1 of all spalacids. The metalophulid 1 is absent, while the
metalophulid 2 is formed by the posterior arm of the
protoconid. The sinusid is more or less transverse. There is
not the slightest trace of a mesolophid. The large entoconid is
connected to the mesoconid by a very short hypolophid. The
strong posterolophid reaches the entoconid. The roots of the
ml are not preserved.

m2: The metaconid of the m2 gets incorporated into the lin-
gual branch of the anterolophid at an early stage of attrition,
but the anterosinusid remains visible until the tooth is
completely worn. The short posterior arm of the protoconid
ends free. The hypolophid is transverse in one m2, but direct-
ed forward in the other. The strong posterolophid does not
connect to the entoconid until a late wear stage

Remarks

The main reasons to allocate Pannoniamys to the Spalacidae
are the robustness of its semi-hypsodont cheek teeth with rel-
atively thick enamel, in combination with the forward position
of the metaconid in the m1 and m2. The discovery of two
more or less contemporaneous spalacid genera in the same
area shows that the diversity of the family during the late
Oligocene was much greater than expected and suggests that
this area was the cradle of this clade. It also supports the fossil
record—based phylogenetic position of the Spalacidae relative
to the Rhizomyidae and Tachyoryctoidinae (de Bruijn et al.
2015) rather than the molecular-based reconstruction (Jansa
et al. 2009) and that based on a combination of these disci-
plines (He et al. 2019). Since the late Oligocene Vetusspalax,
Pannoniamys and the early Miocene spalacides Debruijnia
and Heramys are exclusively known by their teeth, we are not
in a position to establish whether or not these early members of
the Spalacidae were fossorial. Considering dental morphology

of the Miocene spalacides Debruijnia, Heramys and Pliospalax
(including Sinapospalax) were probably fossorial.

Suborder Ctenohystrica Huchon, Catzeflis and Douzery, 2000
Infraorder Hystricognathi Tullberg, 1899
Subfamily Baluchimyinae Flynn, Jacobs and Cheema, 1986

cf. Daxneria van de Weerd, Wessels and de Bruijn, 2021
(Figure 16a, f, 1)

Locality: Ugljevik (UGLO05)

Material: one upper incisor, one broken and repaired DP4;
two partial lower cheek teeth m1-2 and m3, probably all from
a single individual.

Measurements: DP4 no. 475, length x width 3.08 x 2.58 mm;
damaged m2 no. 471, 2.57 x 2.16 mm; damaged m3: no. 473,
3.25 x 3.46 mm, diagonal width 3.39 mm.

Description

The material of this large rodent with hypsodont teeth consists
of parts of teeth with very thin enamel.

Upper incisor: the upper incisor shows a shallow sulcus.
DP4 or possibly M1 or M2 dext.: This tooth was broken in
two parts and repaired. The occlusal surface is flat. Paraflexus
and metaflexus are short and shallow, soon to disappear with
increasing wear. In addition, there is a short and shallow
flexus between mesolophule and metacone. The mesoflexus
is long and very deep. A small enamel island is present in the
anteroloph; it is a remnant of the initially longer paraflexus.
The endoloph is narrow.

ml or m2 sin, shown in mirror image: It is rather worn and has
a flat occlusal surface. Protoconid and hypoconid are broken
off. The flexids are of about equal depths.

The metaconid is fused with anterolophid and protoconid
forming the anterior triangular prism of the occlusal surface.
The metaflexid is curved anteriorly forming a sort of constric-
tion in the entolophid. The entolophid and anterior arm of the
hypoconid are narrow.
m3 dext.: the anterolophid and metaconid areas are broken off.
The parts of the preserved occlusal surface are in a single
plane. The three flexids are all deep. The protoconid is strong-
ly protruding in labial direction and narrow at its end. The
hypoconid and posterolophid form the confluent posterior part
of the molar. There is no inflexion separating the hypoconid
from the posterolophid. A low but well-developed posterior
cingulum is present.

Remarks

Parts of high-crowned cheek teeth and an upper incisor of a
large rodent are present in the association from Ugljevik.
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These are too fragile to have them cleaned, coated and
photographed in the electron microscope, and therefore, we
illustrate these with simple line graphs. The material
resembles the baluchimyine Daxneria van de Weerd et al.
(2021) from the Oligocene of Goziikizilli-1 (Anatolia).

The three fragments described above are considered to be-
long to Daxneria; however, we leave the possibility open that
the m1-2 belongs to Sayimys. Figure 16 compares the
Ugljevik fossils with the corresponding elements of
Daxneria fragilis from Gozikizilli-1 and Sayimys giganteus
Lopez-Antofianzas, Sen and Sarag, 2004 from Kesekdy. The
DP4 (or M1-2) from Ugljevik clearly shows a mesolophule, a
characteristic feature of Daxneria, absent in Sayimys. Lower
molars of Daxneria have a prominent metalophulid II;
Sayimys giganteus does not (Fig. 16h) or it has a rudimentary
one (Fig. 16k). The metalophulid II is not preserved on the
Ugljevik partial m3 (Fig. 16i) and is clearly absent on the
Ugljevik m1-2 (Fig. 16f). Considering the characteristic pro-
truding narrow protoconid of the Ugljevik m3 (Fig. 16i), we
allocate this molar together with the DP4 (Fig. 16a) to
Daxneria, but the teeth have distinctly higher crowns than
those from Goziikizilli-1. The m1-2 from Ugljevik is similar
to Sayimys in the absence of the metalophulid II, but consid-
ering the unknown variability of Daxneria from Ugljevik, we
tentatively include it in that genus.

Faunal composition and biostratigraphy

Magneto-stratigraphy of the infill of the Banovié¢i basin
suggests an age of 24-23 Ma and an age for the rodent
assemblage of 24 Ma (de Leeuw et al. 2011; de Bruijn et al.
2013). The rodent assemblages from Paragovo (Serbia) and
nearby Banoviéi (Bosnia and Herzegovina, Fig. 1) share
Deperetomys magnus, Eumyarion margueritae, E. microps
and Microdyromys praemurinus and are thus considered to
have similar ages (Fig. 17). The fauna from Ugljevik is slightly
older, because its Deperetomys is more primitive than that of
Paragovo and Banovi¢i (Markovic et al. 2019). The number of
small mammal assemblages from the Paleogene of the Balkans
and the offsetting region of Asia Minor is still rather limited
(Fig. 17). The associations from Ugljevik, Paragovo and
Banoviéi do not allow us to draw sweeping conclusions about
the development of the rodent communities in the northern
Balkans during the late Oligocene, because their absolute and
relative ages are uncertain, the number of specimens per locality
is limited and samples have been collected from different sed-
imentary environments and therefore probably document dif-
ferent biotopes. The great difference in composition and diver-
sity between the association from Ugljevik on the one hand and
those from Paragovo and Banovi¢i (Fig. 7) on the other hand is
almost certainly largely due to difference of the sampled bio-
topes rather than to difference in age. The fossils from Ugljevik
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come from the main coal seam which contains abundant poorly
preserved frog remains. The dominating Deperetomys
calefactus is primarily represented by skull and mandible re-
mains suggesting that this hamster lived within the marsh itself.
Other rodents are very rare and mainly represented by isolated
teeth which may have been brought in by birds of prey. The
Paragovo material has been collected from a fluviatile clay and
the Banoviéi association comes from a lacustrine lignitic clay
with limestone nodules.

The presence of tooth fragments of a baluchimyine in
Ugljevik indicates affinity with the late Oligocene fauna from
Goziikizilli-1 in Central Anatolia (van de Weerd et al. 2021).
Eomys on the other hand is absent east of the Bosporus, but
common in Thrace as well as in Europe. The murid
Deperetomys, the only fauna element that all three assem-
blages share, may well have originated in situ during the
early Oligocene. The assemblage from Paragovo contains
a number of newcomers for the Balkans: Microdyromys
arrived from Europe and Eumyarion and Plesiosminthus
presumably from Asia. The absence of eomyids in the
Paragovo community is not understood, but does not seem
to be due to sampling bias since there is no trace of eomyids in
Banovici either. The presence of two species of Deperetomys
that are both different from the one in Ugljevik is considered
to be due to age difference (Fig. 7). The glirids (Bransatoglis)
appear for the first time in Ugljevik, and the first sciurids
(Dehmisciurus obtusidens and Palaeosciurus aff. feignouxi)
have been found in the assemblage from Banovi¢i, while this
locality yielded also the oldest lagomorph remains from the
Balkans.

Early subsidence of the Pannonian basin was poorly dated,
20 Ma (Eggenburgian = early Burdigalian) was the oldest
available date for the start of the rifting (see Horvath et al.
2006). The rodent assemblages from Paragovo in the Fruska
Gora and the coals of Ugljevik are estimated to be 4 to 6 Ma
older. These biostratigraphic dates confirm the Oligocene age
of early extension in the Pannonian basin as suggested by
Tolji¢ et al. (2013).

Conclusions

The documentation of rodent faunas from the late Oligocene of
the Balkans is still poor, but it is clear that this record strongly
deviates from that in Central and Western Europe where
Maridet et al. (2007) observed faunal homogeneity (high in-
terregional connectivity) prior to the early Miocene. Late
Oligocene faunas from the Balkans contain Deperetomys,
Mirrabella, Vetusspalax, Pannoniamys and Daxneria (Fig.
7) genera that are absent in Central and Western Europe during
that period. The pre-Alpine seaways separating the Balkans
from Central Europe still formed a major zoogeographic
boundary. Comparison of the rodent associations from the late
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Oligocene of the northern Balkans with the early Oligocene
from southern Serbia (Markovi¢ et al. 2019) shows that the
Sciuridae, Gliridae, Eomyidae, Fumyarion, Plesiosminthus
and Mirrabella appear in the Balkans during the late
Oligocene. Other than the allocation of a single molar from
Raljin to Deperetomys, the early Oligocene assemblages do
not share a single genus with the late Oligocene assemblages
(Fig. 7). Contrary to the endemic evolution of the Oligocene
rodent communities in western and central Europe, the avail-
able information from the Balkans suggests a regime of re-
placement by groups from Asia as well as from Europe.
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