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Life on the shore

Miloš Milivojević1

Milivojević, M. (2016): Life on the shore In: Marković, Z. & Milivojević, M. (eds.): Life on the shore – 
geological and paleontological research in the Neogene of Sibnica and vicinity (Levač basin, Central 
Serbia). Part 1. Special Issue of the Natural History Museum in Belgrade: 1–9.

Abstract

Extensive research on the paleontological site i of Sibnica (Levač, Central Serbia) were car-
ried out during the middle of the twentieth and the early part of the twenty-first century. 
These activities resulted in a large collection of fossil remains of vertebrates and inverte-
brates. Among these small mammal are remains the most numerous. New collecting tech-
niques contributed to establish Sibnica as a reference locality for the Early Miocene in South 
East Europe.

Key words: Sibnica, Miocene, sites, research, Poljanski potok stream

Introduction

The first records of fossil mammals in Serbia are from the late 19th (Žujović 1889, Živković 
1893) and early 20th century (Pavlović 1909, 1912, 1913, 1925). Reports by individuals who 
wrote to various institutions of the time (schools, churches and police) contributed directly 
to the awareness of the significance of the sites from which these records originated.

Scientists opened a new chapter in the study of the Neogene of Serbia in the mid-20th 
century (Petković 1926, Laskarev 1936, 1949, Stevanović 1951, Ćirić 1952, Petronijević 
1952). These pioneers of Serbian geology have left a lasting mark on Serbian science, es-
pecially paleontology, by creating guidelines for new studies and research. Although the 
number of records indicated that the territory of Serbia was rich in fossil remains, there 
were no planned studies until the second half of 20th century. The geological story of the 
outstanding site Sibnica begins in 1953 and now, more than 60 years later, this story has 
not yet come to an end. 

“In the summer of 1953 I was sent the posterior half of a mastodon molar for determination by 
the National Museum at Kragujevac, with a note that it was collected at Sibnica, at Poljanski 
potok stream, and that it was donated to the Museum by Miloš Stepanović from Sibnica. Very 
soon afterwards, M. Stepanović also sent to the Natural History Museum in Belgrade a well-
preserved M₃ inf dext and the anterior half of M₃ inf sin. from the same locality. It was the other 
part of the same tooth from which the posterior part was sent to Kragujevac. As I had access to 
both teeth, which were well-preserved, I determined that molars from Sibnica belonged to the 
subtapiroid form M. angustidens and that they came from the same animal.”

From the Petronijević book (1967) (translated from Serbian).

1 Natural History Museum, Njegoševa 51, 11000 Belgrade, Serbia. E-mail: milos.milivojevic@nhmbeo.rs
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Former studies

After the first records from the Poljanski potok stream were published, a team from the 
department of Geology Institute of Belgrade University organized excavations in Sibnica 
under the leadership of Professor Petronijević. The paleontological studies took place in 
1953 and 1954. The site proved to be excellent, as it was rich in remains of fossil verte-
brates and land gastropods. Unfortunately, the sudden death of professor Petronijević, a 
prominent promising scientist, caused an almost complete halt of activities at this site. The 
results of his study were published posthumously, ten years after the author’s death. Due 
to the early death of Petronijević part of the material collected remained untouched in 
the storage area of the Collection of fossil mammals at the Faculty of Mining and Geology 
at Belgrade University. Identification of specimens studied and presented in Petronijević 
(1967) were restricted by to the research possibilities in Serbia at that time. However, the 
paper was cited numerous times, and results were used to place the association into the 
biostratigraphic context. The high number of citationsof this publication was partially the 
reason why, after a “vacuum” of more than four decades of research at Sibnica, the activi-
ties were resumedb and this locality was given attention it actually deserves.

Recent studies – a new approach to research

In the early spring of 1996, team of geologists from the Natural History Museum in 
Belgrade, including: Zoran Marković, Miloš Milivojević, Desa Đorđević, and Valentina 
Vuletović from Geological Survey of Serbia, tried to relocate the site by following the data 
from Petronijević’s Doctoral Thesis in the hope to continue where he stopped. Their pri-
ority was to find the site described in the publication. In spite of all the kind help of the 
local community in searching the locality, their memory of the period of the 1950s unfor-
tunately proved to be not as good as expected. Numerous landslides, the construction of 
several dams on the stream and periodical flash floods caused the outcrops to look com-
pletely different from the time of Petronijević. Poljanski potok stream was filled with sed-
iment from its own banks. Following the description of the site, it was established that 
“Petronijević’s” outcrop was deeply buried below newly formed sediments. Fortunately 
new outcrops have emerged in the banks of the Poljanski potok stream.

Zoran Marković and Miloš Milivojević, continued the search in 1997, analyzing all the data 
available at the time. The collections made by this team of the Natural History Museum 
during the following 20 years are the body of this monograph.

Until 1999, the search for fossil remains included either the time consuming detailed study 
of layers in newly formed outcrops in deeply cut ravines or sifting these sediments with 
primitive sieves. This type of research yielded only some isolated fossils, mostly teeth of 
small mammals. Large vertebrates were not recorded.

Global trends in geology research had shown that micromammalian remains could be 
used to determine the stratigraphic position of layers. In order to collect relevant data 
it was necessary to excavate, sift and study a much greater volume of sediment. The ex-
perts of the Natural History Museum managed to construct and adapt to field conditions 
a system of vibro-sieves in the summer of 1999. This greatly improved the field work re-
sults. Sediment could now be sifted at the site, rapidly and with high quality, so potentialy 
promising sites became much easier to test. The new method already produced excellent 
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results by the following year. Within the same interval of fieldwork a far greater number of 
specimens was collected than during the earlier period (Fig. 1). 

Figure 1: Amount of excavated sediment by years, number of collected fossil remains and 
number of collected teeth

Life and work at a camp in Sibnica

Fieldwork in Sibnica was a challenge for the team each year with experiences ranging from 
entirely idyllic moments to extremely tense and dangerous situations. The accommodation 
for the team always included tents and campsites. (Fig. 2).

A modest laboratory was built in order to perform the preliminary check of the freshly 
rinsed sediment. The primary advantage of this accommodation is its close proximity of 
the excavation site. The disadvantages included having to save the material and equip-
ment from the flooded stream and from storms on several occasions, being frightened 
of lightning strikes, having to avoid both venomous snakes and diseased wild animals (as 
rabies was recorded at Gledićke planine Mts. in 1998). The team considers all of the above 
a sort of “schooling” for future situations that one may meet during fieldwork. In certain 
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years the water level in the Sibnička reka river was so low that the amount of water en-
tering the improvised reservoirs was insufficient, to rinse the sediment on the banks of 
this river. The excavated sediment then had to be transported to the neighboring village 
Županjevac, where drying, soaking and sieving of sediment was done on river terraces of 
the Županjevačka reka river (Fig. 3).

Figure 2: Camping in Sibnica

Figure 3: Work on the sieves – the Županjevačka reka river
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Although not very far from Sibnica, the site for material processing at Županjevac is situ-
ated in the part of the river bed where flooding creates extreme material damage and de-
struction in ,on average, once in four years. Due to these circumstances, the team had to 
change their planned activities in case of poor weather. On the other hand, during the dry 
seasons it was necessary to reach an agreement with the local community about the use 
of water from the river because the same water was needed for irrigation, consumption 
by livestock and for sediment rinsing. Fortunately the local community of this mountain 
area completely accepted the team throughout their stay. Without their support and un-
derstanding, this research would certainly have been less successful. Friendships that last 
to this day were made under the most diverse circumstances. It is enough to mention the 
situation in August 1997 when in the “wee hours”, the crew helped when a cow could not 
give proper birth. After several hours of struggle, the just-born calf had to receive mouth-
to-mouth resuscitation. Fortunately both the cow and the calf survived, and just before 
the dawn the team returned to their camp satisfied because they helped their next-door 
neighbors… Two lives were saved.

Sites in Sibnica

Fieldwork at Sibnica took place in the summer months, on average 7–12 days a year. After 
the first 10 years of research, the activities took place at the upper part of the Poljanski po-
tok stream. Two separate units were recognized: Sibnica 1 – (GPS N43°47’52’’/ E21°02’08’’) 
and Sibnica 2 – (GPS N43°47’46’’/ E21°02’09’’). Although these sites are relatively inaccessible, 
more than 2 tons of sediments were excavated and moved to the drying place (Fig. 4 and 5).

In 2003 the research team at Sibnica was joined by one of the most prominent scientists 
in field of paleozoology of micromammalia, Dr Hans de Bruijn, his wife Jes and colleague 
Dr Wilma Wessels from the University of Utrecht (Fig. 6).

Figure 4: Sibnica 1 Figure 5: Sibnica 2
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Figure 6: Photo taken during the stay of the international team 2003 in Sibnica village

The equipment of the Dutch team included a system of stable sieves with different mesh-
es, was used to sift an immense volume of sediment. Excellent results were produced 
by using a combination of these sieves and vibro-sieves of the Museum. Consequently, 
the team from the Museum has constructed their own field sieves in 2013, by using the 
Dutch sieves as a model. Collaboration with the colleagues from Utrecht continues and 
was gradually extended to writing scientific papers and reports, participation in con-
ferences and congresses, using the laboratory facilities of Utrecht University. All photo-
graphs of micromammalian remains included in picture sheets in this monograph were 
made on the scanning electronic microscope (SEM) in that laboratory (Fig. 7).

Figure 7: Making SEM photos in laboratory of the Utreht University
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Due to the particularly intensive rainfall in 2010 the already steep banks of the stream be-
came even deeper and collapsed at the site Sibnica 2. Therefore the clay-rich layer with 
fossils became inaccessible.

In May 2011 numerous new outcrops developed after strong rains caused landslides. 
They included a new site Sibnica 4 (GPS N43⁰47’42’’/ E21°02’04’’) (Fig. 8), situated at the 
right bank of the Poljanski potok stream, immediately above the bivouac used by the 
team throughout the fieldwork. This layer has yielded the most diverse fauna so far. The 
Pliocene macro flora of Guvno (Đorđević Milutinović 2016, this volume) was collected 
from the overlying layers in 1996. The locality Sibnica 4 appeared 15 years after the start of 
our excavations which shows that the relief at the Poljanski potok stream, overlying argil-
laceous layers, is particularly prone to sliding. In the immediate vicinity of locality Sibnica 
4, just about a dozen meters along the same bank, there is a clay intercalation that yielded 
a relatively small number of fossil remains. That locality has been named Sibnica 5 (Fig. 9).

Figure 8: Sibnica 4.

Figure 9: Sibnica 5. Figure 10: Sibnica 6.



Milivojević  Life on the shore

8

Two new sites were opened in spring 2015: Sibnica 6 (Fig. 10) in the left bank of the Poljanski 
potok stream, where its overlying layers mainly led to Sibnica 2 being covered in the first 
place; as well as Sibnica 7 is situated in a cut of the local road leading along the right bank of 
the stream from the bivouac toward the top of Gledićke planine Mts. (Fig. 11).

These two sites are, like Sibnica 5 not particularly productive. 

Simultaneously with research at the Poljanski potok stream, sediment was also sampled 
in the vicinity of the village of Sibnica. This locality Sibnica 3 (GPS N43⁰46’11’’/ E21°01’01’’) 
(Fig. 12), is a sandy-argillacious layer in the cut of the road leading to the local cemetery. 
The few specimens collected from Sibnica 3 indicate that this locality is probably geolog-
ically younger than those at Poljanski potok stream.

Figure 11: Sibnica 7. Figure 12: Sibnica 3.
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Overview of the geology of the Levač basin and the fossil 
mammal and the fossil plants localities in the Sibnica area 
(Central Serbia)

Slobodan Knežević1, andrew van de weerd2 & Zoran MarKović3

kneŽević, s., van de Weerd, a. & Marković, Z. (2016): Overview of the geology of the Levač basin and the fossil 
mammal and plant localities in the Sibnica area (Central Serbia). In: Marković, Z. & Milivojević, M. (eds.): Life 
on the shore – geological and paleontological research in the Neogene of Sibnica and vicinity (Levač 
basin, Central Serbia). Part 1. Special Issue of the Natural History Museum in Belgrade: 11–20.

Abstract 

The geological setting of the Sibnica fossil mammal localities in the Levač basin is dis-
cussed. The lithology of the non-marine Neogene consisting of four formations are briefly 
described. The oldest basin fill is the Sibnica Fm, it consists of coarse-clastics fluviatile de-
posits. The estimated thickness of the formation is at least over 200 m. 

The Dragovo-Kaludra Fm estimated to be up to 500 m thick, is a lateral equivalent of and 
interfingers with the Sibnica Fm, it is relatively fine-grained and at places limnic in charac-
ter. The group of mammal localities S, S1, S2 and S4 are in the Sibnica Fm, but in a relatively 
fine-grained part, more or less transitional to the Dragovo-Kaludra Fm. The mammal faunas 
are Ottangian-Karpatian in age. 

The Kruševica-Pčelice Fm is dominantly limnic in character, consisting of marly and calcare-
ous deposits with at places sands and coarse-clastics suggesting some fluviatile input into 
the basin. The contact with the underlying Dragovo-Kaludra Fm is sharp and disconform-
able The mammal locality S3 is in this unit. Thickness is unclear, but could be several hun-
dreds of meters.

The Belica-Belušić Fm is dominantly sandy showing a return to fluviatile deposition. The 
contact with the underlying Kruševica-Pčelice Fm is sharp and disconformable. The unit 
can be up to 300 m thick.

A distribution list of faunal elements is presented. The setting of two fossil plant localities 
Guvno and Kaludra is discussed.

Key words: Levač Basin, Sibnica Formation, Fossil Mammals, Fossil Plants, Neogene, Serbia. 

Introduction 

During the Early Miocene the area of present day Serbia was a continental landmass with 
basins, depressions and numerous lakes. The lake system was complex and dynamic as 
a result of large-scale tectonic and geodynamic processes, lakes would  expand, merge, 
contract and disappear. It was only during the Middle Miocene that a radial change 
in  paleogeography took place as a result of the transgression of the epicontinental 
Paratethys sea in northern and central parts of Serbia. Remains of Neogene mammals 

1 Department of Geology, Faculty of Mining and Geology, University of Belgrade, Kamenička 6, 11000, Belgrade, Serbia. E-mail: 
slobodan.knezevic@rgf.bg.ac.rs.
2 Utrecht University, Department of Earth Sciences, Heidelberglaan 2, 3584 CS, the Netherlands. E-mail: a.vandeweerd@planet.nl
3 Natural History Museum, Njegoševa 51, 11000 Belgrade, Serbia. E-mail: zoran.markovic@nhmbeo.rs 
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have been found in many Neogene basins in Serbia and neighbouring regions. These fau-
nas are important for stratigraphic interpretation and paleogeographic reconstructions in 
particular for the non-marine Miocene. One of the more prominent Miocene lake basins 
in Central Serbia is the Levač basin. In this basin large faunas of Miocene mammals were 
collected near the village of Sibnica, these are important for age dating the sedimentary 
section, reconstructing the paleobiogeography of the Balkan and an important reference 
fauna for the Balkan region. 

Geographic location 

The Levač Basin is situated in Central Serbia, at the southern fringe of Šumadija region in 
the central part of Serbia. The western boundary is formed by Gledićke planine Mountain, 
the northern boundary by the hills and slopes of the Bešnjaja and Crni vrh Mountains; the 
eastern boundary by the Juhor Mountain and the hills above the left bank of the Zapadna 
Morava river. 

Figure 1: Sketch map showing the location of the Neogene Levač basin and the main 
geotectonic units in Serbia. 
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Overview of the geological structure of the Levač basin 

The Levač Neogene basin was formed during the Early Miocene at the boundary of two 
large regional geotectonic units: 

The Serbian-Macedonian Massif in the east, formed by crystalline schists and partially 
magmatic Proterozoic rocks. This regional tectonic unit has a SSE-NNW strike. It includes 
the Crni vrh (707 m) Mountain peak in the north-east, the Juhor Mountain (775 m) in the 
south and the Blagotin hill (532 m) near the southern rim of the basin. 

The Vardar Zone, in the west, oriented also in SSE-NNW direction, consists of Mesozoic 
sedimentary rocks, with a small admixture of magmatic and metamorphic rocks and sed-
iments of younger Paleozoic Age. This geotectonic unit includes the elongated mountain 
massif of the Gledićke planine Mountains, forming the western rim of the Levač basin. 

Rocks of these large geotectonic units form the underlying paleorelief and fringe of the 
Levač basin. The two units are in complex tectonic contact, at places major reverse faults 
are present. To the north the Levač basin is open to a complex of Neogene basins that 
form the southern part of the large Pannonian basin. The Levač basin has a total surface 
area of about 350 km2. It is filled with Neogene, mostly Lower and Middle Miocene lacus-
trine-continental sediments that may be subdivided into several lithological formations. 
The Miocene section is several hundreds of metres thick. Exposure is poor, most expo-
sures are in in river banks and road cuts. 

Formations

Four Neogene formations may be recognized in the basin. The Sibnica Formation is the old-
est formation. It consists of coarse-clastic rocks (agglomerates, conglomerates, sandy con-
glomerates, conglomerate sands) intercalated and alternating with sands, sandy clays, silts 
and clays. Thickness has been estimated to be over 200 m. 

The sediments of the Sibnica Formation are present in the south-western part of the 
Levač basin, along the slopes of Gledićke planine Mountain (see geological map of Fig. 2). 
According to Stevanović et al. (1977), the clastics of the Sibnica Formation represents the 
oldest sediments in the basin, however, Dolić (1980) suggests that the formation is super-
posed on the “Dragovo Formation”.

A more recent opinion on the age of the coarse clastics of the Sibnica Formation was 
provided by Knežević (1982, 1996), who argued that sediments of this formation in the 
SW part of basin were deposited during several phases. Part of the formation represents 
the oldest sediments in the basin (the so-called basal conglomerates etc.), while young-
er parts of the formation present near the tectonically active rim of the basin are lateral 
equivalents of the Dragovo-Kaludra Formation. This opinion is supported by exposures 
near the village of Sibnica, at some distance from the western rim of the basin and the 
belt of older parts of the Sibnica Formation. In this area coarse-clastics (Sibnica Formation) 
and laminated clays and marls (Dragovo-Kaludra Formation) interfinger (Fig. 3 and 4). 
Near Sibnica village are several sites where fossil mammals have been collected.
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Figure 2: Geological sketch map of the Levač Neogene basin with location of the Sibnica area 
(adapted from Knežević 1982). 1 – Plio-Pleistocene, 2 – Belica-Belušic Formation, 3 – Kruševica-
Pčelice Formation, 4 – Dragovo-Kaludra Formation, 5 – Sibnica Formation, 6 – transgressive 
boundary of the Neogene and Pre-Neogene rocks, 7 – faults.

Figure 3: Geological sketch map of the Sibnica area. Shown are the fossil mammals and the 
fossil plants localities

Knežević, Van de Weerd & Marković  Life on the shore
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Figure 4: Sketch illustrating the stratigraphic relations of the formations in the Sibnica area  
(not to scale). Fm – Formation, S, S1, S2, S4 – fossil places in Sibnica Fm, S3 – fossil place in 
Kruševica-Pčelice Fm,  – plants,  – fossils. 

The Dragovo-Kaludra Formation was described by Dolić (1980) as a separate litholog-
ical unit under the name “Dragovo series”. It occurs in the southern part of the Levač 
basin. The formation consists of relatively fine-grained deposits: laminated grey and grey-
ish-yellow clays and marls, and rare beds of clayey sandstones suggesting limnic deposi-
tional facies. It is understood to be partly a lateral equivalent of and partly overlying the 
Sibnica Formation (Knežević 1996). Fossil mammals have not yet been found in this for-
mation, but a rich fossil flora was collected in the cut of Sibnica-Kaludra road (Mihajlović 
1988, Đorđević Milutinović 2016, this volume). The macroflora association has the follow-
ing prominent plants: Pinus tedaeformis, Myrica, Salix, Populus populina, Zelkova praelonga, 
Carpinus, Liquidambar europeum, Daphogene sp., Quercus sp. Div., Betulacea, Leguminosae 
etc. At places the Dragovo-Kaludra Formation may be up to 500 m thick.

The Kruševica-Pčelice Formation is younger than the Sibinica and the Dragovo-Kaludra 
Formations. The formation partially overlays the Dragovo-Kaludra For mation partially trans-
gressively and discordantly overlays the pre-Neogene. It is present in the north-western 
and western parts of Levač basin. The Kruševica-Pčelice Formation dominantly limnic in 
character, composed of marls and micritic marly-limestone. Laterally it includes bio-intra-
sparite limestone, sandy limestone and various types of clastic intercalations (sandstones, 
conglomerates etc.) suggesting some fluviatile input. The older horizons of this formation 
also include tuffs and tuffites. The map of Figure 2 shows areas where limestones are the 
dominant lithology. The formation is characterized by a rich lacustrine mollusc fauna. The 
molluscs common in the marls and marly limestones include Prososthenia fuchsi Pavlović, 
Congeria cvitanovici moravica Knežević, while in the biosparites and carbonate-rich clastics 
Congeria antecroatica sumadica Knežević, Melanopsis petkovici Pavlović, and Kosovia sp. have 
been found (Knežević 1982). The thickness of the Kruševica-Pčelice Formation is uncertain, 
but could be several hundreds of meters. 

The Belica-Belušic Formation includes the youngest Miocene sediments in the Levač basin. 
Facies is dominantly sandy suggesting a return to fluviatile sedimentation. The contact with 
the underlying Kruševica-Pčelice Formation is sharp and disconformable. The sediments of 
this formation are also widespread in the northern, central and eastern parts of the basin. 
The geological map (Fig. 2) shows that the formation has been mapped over about two-
thirds of the Levač basin. The lithology of the formation is dominated by silty-sands, sands, 
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gravel sands; silts and clays are rare. Near the edges of the basin are also some coarse-clas-
tic lithological units (conglomerates, breccias etc.). The mineralogy of the sands includes 
quartz, feldspar, illite, calcite etc. The heavy fraction includes metallic minerals as well as 
epidote, garnet and somewhat less common, titanite, apatite, zircon and tourmaline (det. 
J. Obradović). Fossil remains have not been found in these sediments. The studies of deep 
boreholes (Dolić 1980) have shown that deposits of the Belica-Belušić Formation extend 
to the north-east into the Velika Morava Graben, where these are overlain by marine sed-
iments of the upper Badenian (Middle Miocene of the Central Paratethys). At places the 
Belica-Belušić Formation is up to 300 m thick. 

In addition to the Miocene deposits are some remnants of Plio-Pleistocene lacustrine de-
posits, river terraces composed of gravels and sands and various other deposits including 
those of alluvial fans. The Guvno fossil plant locality is in a fine-grained lacustrine deposit. 

The fossil fauna localities

The village of Sibnica and its fossil fauna localities are close to the western basin edge. Here 
the Sibnica Formation includes grey and green clays, fine-grained and medium-grained 
conglomerates and sandstones. The estimated thickness of the Neogene section here is 
about 300 m (Dolić 1977). Four fossil fauna locations are at close distance to each other in 
the exposures of the banks of the Poljanski potok stream. 

The bed with the fossil mammals and molluscs collected during the initial excavations in 
1953–54 was situated at the very top of the section (Petronijević 1967). It consists of yel-
lowish clays, grey sandy-clays, coal-bearing clays with pieces of carbonized tree trunks 
and brownish-grey coal-bearing clays. Mollusc remains were collected as well in the orig-
inal Sibnica locality. These were determined by P. Stevanović (Petronijević 1967), who pre-
pared the following list: Pomatias sp., Limax cf. crassa Clessin, Triptychia sp., operculums 
Pomatias sp., Hyalina miocenica Andrusov, Galaetochylus cf. sarmaticus Gaal, Cepaea sp., 
Chilostoma (Campylaea) sp., Segmentina sp. The original locality was eroded by the river.

The Sibnica 1 and 2 fossil localities are at short distance from the original locality. These 
sites were sampled in 1997–2011. The host rock of the fossil mammals is composed 
of brownish-grey and yellowish clays. It is intercalated between the grey sandy-clays, 
coal-bearing clays with pieces of carbonized tree trunks and brownish-grey coal-bear-
ing clays. 

The Sibnica 4 fossil locality is at close distance to Sibnica 1 and 2. The bed containing 
the fossil remains is 50 to 100 cm thick and consists of greyish-green  sandy-clays, rich in 
concretions formed around organic remains, mostly molluscs. Mammalian remains rep-
resenting 41 species and molluscs were collected at the original Sibnica locality, and the 
sites Sibnica 1, 2 and 4.

In addition to the mammalian and molluscs remains are some intermaxillar bones and 
vertebrae of lizards, fragments of chameleon mandibles and thoracic vertebrae of snakes 
(Jovanović et al. 2002, Đurić 2016, this volume).

Knežević, Van de Weerd & Marković  Life on the shore
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Mammal species S S1 S2 S4 Table 1: Distribution of 
mammal species found in the 
four Sibnica localities (Alaburić 
& Radović 2016, this volume; 
Marković 2003, 2016, this 
volume; Marković et al. 2016, 
this volume; Stefanović et al. 
2016, this volume). S – the 
original site collected during 
1953–54.

Vespertilidae indet. x x x
Rhinolophidae indet. x x x
Galerix exilis x x x
Plesiosorex sp. x x
Talpa sp. x x x x
Scaptonix sp. x x x x
Myxomygale sp. x x x
Proscapinus sp. x x x
Desmanella sp. x x x
Plesiodimylus sp. x x x
Chainodus sp. x x x
Dinosorex sp. x x x
Florinia sp. x x x
Heterosorex sp. x x x
Lartetium sp. x x x
Prolagus vasconiensis x
Glis minor x x x x
Bransatoglis aff. astaracensis x x x x
Bransatoglis aff. complicates x
Glirudinus aff. euryodon x x
Glirulus werenfelsi x x
Glirulus ekremi x x x
Glirulus lissiensis x x x
Vasseuromys cf. duplex x
Miodyromys cf. multicrestatus x
Myomimus dehmi x
Seorsumuscardinus alpinus x
Miopetaurista cf. dehmi x x x
Aliveriia brinkerinki x
Aliveria aff. luteyni x x x x
Blackia miocaenica x x x x
Dehmisciurus obtusidens x x
Pseudotheridomys parvulus x x x x
Eumyarion cf. weinfurteri x x x x
Democricetodon franconicuus x x x x
Democricetodon sp. x
Democricetodon mutilus x x x x
Megacricetodon sp. x
Anomalomys minor x x x x
Heramys aff. eviensis x x x x
Micromeryx sp. x
Eotragus aff. sansaniensis x
Heteroprox larteti x
Anchitherium aurelianense x
Semigenetta mutata x
Herpestes aurelianensis x
Gomphotherium angustidens x

22 31 30 34 Number of speciesper locality

Life on the shore  Geology
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The new Sibnica 3 fossil mammal site and the Guvno fossil flora locality.

Research in the Levač basin near Sibnica was not only directed toward the sections in the 
banks of the Poljanski potok stream but many potential fossil-bearing sites were checked 
for presence of fossil vertebrates, invertebrates and flora. This resulted in the discovery of 
Sibnica 3 in a small pit of sandy clays situated about 500 m from the sites of Sibnica 1, 2 
and 4, under the local cemetery at Rosulje hilI. The sandy clays and sands beds lay discor-
dantly upon marls of the Dragovo-Kaludra Formation. These are possibly patches of the 
Middle Miocene of the Kruševica-Pčelica Formation. Samples were taken at several oc-
casions, but the amount of collected sediment was small because the site is difficult to 
reach, and the unstable cover of the overlying soil prevented to take a large sample. In to-
tal only about 50 kg sediment was collected. After processing some relatively poorly pre-
served but important vertebrate remains were collected. The site was named Sibnica 3 
as it was discovered during the research in 2011 before the Sibnica 4 site was opened. 
The collected remains belonged to small mammals and other vertebrates. After identi-
fication of the dental remains of the  mammals, it became clear that Sibnica 3 was not 
time-equivalent to Sibnica 1, 2 and 4 but stratigraphically younger. A characteristic D4 of 
Pseudodryomys (Fig. 5c) found in Sibnica 3 is clearly distinct from the Gliridae of Sibnica 
1, 2 and 4. There was also an M3 of Desmanodon, this genus is absent in Sibnica 1, 2 
and 4 (Fig. 5a). Remains of Lagomorpha (Ochotonidae) form a significant part of the col-
lected fauna in Sibnica 3, however, the incomplete molars and premolars are insufficient 
for more precise identification. Presence of these remains make Sibnica 3 clearly distinct 
from the Sibnica 1, 2 and 4 where lagomorphs are absent or very poorly represented. 

Figure 5: Small mammal 
teeth from the Sibnica 3 
locality: a. Desmanodon sp. 
M3 sin; b. Keramidomys sp. 
p4 sin and c. Pseudodryomys 
sp. D4 dext. 

The flora-bearing bed in the Guvno locality consists of sandy-clayey marls. It was discov-
ered in 1996 in a small occurrence of a Plio-Pleistocene lacustrine deposit discordantly 
over the Sibnica Formation near the site Sibnica 4. The list of plant fossils includes Acer sp., 
Alnus sp., Alnus ducalis, Alnus sp., Betula sp., Carpinus grandis, Carpinus sp., Fagus ?pliocenica, 
Quercus sp., ?Ostrya sp., Rosaceae, ?Crataegus cf. monogina, Corylus sp., Ulmus carpinoides, 
Ulmus sp., ?Prunus, Zelkova sp. Zelkova zekoviefolia, Dicotilophyllum indet., ?Fabaceae, mi-
crophyllous indet., ?Myrica sp., Coniferales, Monocotiledonae indet. (Đorđević Milutinović 
2016a, this volume). 

Discussion and conclusions

The geological setting of the fossil mammal localities in the Levač basin localities is dis-
cussed. The fossil mammal localities are important for age dating the basin-fill of the 
Levač basin and therefore for the geodynamic reconstruction of the region. The fossil 
mammal faunas have been allocated to mammal zone MN4 (see Marković et al. 2016, this 
volume). This zone correlates to Central Paratethys regional stage of the Ottnangian and 
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lower part of the Karpatian (Harzhauser & Piller 2007) with a suggested age of 17-18 Ma. 
The synrift phase of the Pannonian basin just to the north of the Sibnica basin has been 
dated Eggenburgian to Badenian (about 20-15 Ma, Horvath et al. 2007). The agreement 
in age and geographic proximity suggest that the Levač basin and the large Pannonian 
Basin have a similar early history.

The fossil faunas are major data points for the paleobiogeographic reconstructions of the 
mammal fauns of the region. More field work and fossil collecting is needed to further de-
tail the sedimentation history in the basin. The new Sibnica 3 site clearly shows that there 
is potential to discover more sites with fossil mammals in the basin. 
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Abstract

In this study we take the first steps towards a magnetostratigraphic framework in the Levač 
basin by presenting new paleomagnetic data from the three different formations in the Levač 
basin. The oldest Dragovo-Kaludra Formation has a normal polarity, whereas the younger 
Kruševica-Pčelice and Belica-Belušić Formations show reversed polarities. The normal polar-
ity of the Dragovo-Kaludra Fm is not in conflict with the MN4 mammal zone (~17.2 – 16.6 Ma).

Key words: Paleomagnetic data, Early Miocene, Levač basin, Serbia.

Introduction 

The Levač basin is part of the Miocene (Burdigalian) fresh-water lakes of Serbia (Knežević 
1982). The three most important formations from old to young are the fine-grained 
Dragovo-Kaludra Fm (>500 m thickness), the calcareous Kruševica-Pčelice Fm (thickness 
uncertain) and the sandy/silty Belica-Belušić Fm (~300 m). Most probably the Dragovo-
Kaludra Fm is a lateral variation of the terrestrial Sibnica Fm (Knežević et al. 2016, this vol-
ume), known for its findings of terrestrial gastropods, rodent teeth and other mammal 
remains (Marković et al. 2016, this volume).

According to small mammal findings in the Sibnica Fm the lowermost part of the basin be-
longs to the MN4 zone (~17.2 – 16.6 Ma) (Marković et al. 2016, this volume). Unfortunately, 
other reliable age constraints are absent due to the endemic character of the fossils in 
combination with a lack of independent age data. Most outcrops are isolated (<30 m), 
complicating the construction of a detailed magnetostratigraphic pattern for correlation 
to the Global Polarity Time Scale (Hilgen et al. 2012). 

In this study we take the first steps towards a magnetostratigraphic framework in the 
Levač basin by presenting new paleomagnetic data from the three different formations 
in the Levač basin.

Localities and sampling

Standard paleomagnetic specimen were taken from three localities in the Levač basin 
(Fig. 1). In the sand-dominated Motrić outcrop (Belica-Belušić Fm) we took 6 specimen from 

1 Paleomagnetic Laboratory Fort Hoofddijk, Department of Earth Sciences, Utrecht University, Budapestlaan 17, 3584 CD, 
Utrecht, The Netherlands, E-mail: k.sant@uu.nl.
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the three lowermost levels with silty clays about 50 cm apart, at the resistant marl-stone lo-
cality Donja Sabanta (Kruševica-Pčelice Fm) we drilled 6 samples from one level, and from 
the 35 m thick road section in Sibnica ‘Kaludra2’ (Dragovo-Kaludra Fm) we took 11 samples 
from eleven levels of shale and siltstone with an average distance of 3.4 m. The coordinates 
of the localities are: D. Sabanta – 7498615, 4866252, Motrić – 7506672, 4852686 and Sibnica 
‘Kaludra 2’ – 7505545, 4849121 in the Gauβ-Krüger GPS coordinate system.

Figure 1: Geological sketch map of the Levač Neogene basin (adapted from Knežević 1982) 
with the localities where paleomagnetic specimen were taken (A – Donja Sabanta, B – Motrić 
and C – Sibnica ‘’Kaludra 2’’.
1 – Plio-Pleistocene, 2 – Belica-Belušic Formation, 3 – Kruševica-Pčelice Formation, 4 – Dragovo-
Kaludra Formation, 5 – Sibnica Formation and 6 – transgressive boundary of the Neogene and 
Pre-Neogene rocks. 

Methods

Material of the Belica-Belušić and Dragovo-Kaludra Fm was used for thermomagnetic ex-
periments on a modified horizontal translation type Curie balance (noise level 5x10-9 
Am2). For determination of the paleomagnetic directions, a selection of drill cores (9 sam-
ples in total) of each formation was used for alternating field (AF) demagnetization up 
to peak fields of 90 mT by the automated system housed in laboratory ‘Fort Hoofddijk’ at 
Utrecht University. Three samples of the Dragovo-Kaludra Fm were thermally demagne-
tized (TH) in a shielded oven. In all cases the magnetization was measured in three com-
ponents at each step with a 2G Enterprises DC Squid magnetometer.

Results

The thermomagnetic experiments reveal a weak total magnetization at room tempera-
ture (< 0.03 Am2/kg). Sample LB1.C (level 1 m) of the Belica-Belušić Fm shows a large in-
crease in magnetization around 400°C, indicating the presence of pyrite which transforms 
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into magnetite (Fig. 2a). Sample LC9 (level 7.7 m) of the Dragovo-Kaludra Fm does not 
contain pyrite. The signal is too noisy to identify the magnetic carrier.

Figure 2: (a) Thermomagnetic plot of sample LB1.C of the Belica-Belušić Fm. See text for explanation. 
(b-e) Representative Zijderveld diagrams in up/West projection (N=North) of AF and TH demagnetized 
specimen of the Dragovo-Kaludra (LC), Kruševica-Pčelice (LA) and Belica-Belušić (LB) Formations. 
Open (closed) circles are inclination (declination). Mean directions (Decm/Incm) of plotted vectors are 
indicated in red.

Both thermal (TH) as alternating field (AF) demagnetization resulted in high quality de-
magnetization diagrams (Fig. 2b-e), with a linear decay towards the origin and a stable 
magnetic vector in the ranges 180–330°C (TH) and 15–60/80 mT (AF). Those reliable di-
rections have a mean angular deviation (MAD) below 5°. In some cases a different in-
clination direction is visible in low temperature (80–150°C) or low coercivity (0–15 mT) 
intervals, such as in sample LB1.1A of the Belica-Belušić Fm (Fig. 2b) or in sample LC3 of 
the Dragovo-Kaludra Fm (Fig. 2e). This component might be a weak present-day over-
print. ~80% of the measured samples yielded a reliable paleomagnetic direction.

Polarities

The polarities of the Levač basin are plotted in an equal area projection (Fig. 3). All sam-
ples of the Dragovo-Kaludra Fm are of normal polarity. A single, high quality sample of the 
Kruševica-Pčelice Fm indicates reversed polarity. Some inclinations are lower than expected 
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for the Miocene (~60°). This is likely to be due to compaction of the strata, but a diagenetic 
overprint cannot be ruled out. The paleomagnetic data from the Belica-Belušić Fm is dom-
inated by reversed directions. Two points are reversed in both declination and inclination, 
one has a reversed declination with normal inclination, and one has a reversed inclination 
with non-feasible declination (286°). If we consider the two most reliable samples, it is most 
likely that the whole Motrić locality (Belica-Belušić Fm ) is of reversed polarity.

Figure 3: Paleomagnetic directions of formations in the Levač basin. Equal area projections for 
Dragovo-Kaludra, Kruševica-Pčelice and Belica-Belušić Fm. Open (closed) signs denote negative 
(positive) inclination values. Smaller signs indicate lower quality results.
LA – Kruševica-Pčelice Fm; LB – Belica-Belušić Fm; LC – Dragovo-Kaludra Fm.

Discussion and conclusions

This preliminary paleomagnetic study demonstrated that sediments of the three differ-
ent formations in the Levač Basin generally carry interpretable magnetic directions. The 
oldest Dragovo-Kaludra Formation has a normal polarity, whereas the younger Kruševica-
Pčelice and Belica-Belušić Formations show reversed polarities. The normal polarity of the 
Dragovo-Kaludra Fm is not in conflict with the MN4 mammal zone (~17.2 – 16.6 Ma). 
Because of the low number of samples, it was not possible to determine whether the 
magnetic signals are primary or secondary, so the conclusions of this study should be 
treated with care. More paleomagnetic data of longer sections in the Levač basin are 
needed for detailed magnetostratigraphic dating.

Sant  Life on the shore
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The paleoflora from ‘‘Kaludra’’ site (Levač Neogene basin, 
Central Serbia) reconsidered

deSa ĐorĐević Milutinović1 

ĐorĐević Milutinović, d.: The paleoflora from the ’’Kaludra’’ site (Levač Neogene basin, Central Serbia) 
reconsidered. In: Marković, Z. & Milivojević, M. (eds.): Life on the shore – geological and paleontological 
research in the Neogene of Sibnica and vicinity (Levač basin, Central Serbia). Part 1. Special Issue of 
the Natural History Museum in Belgrade: 27–36.

Abstract

Paleoflora recorded from the ‘‘Kaludra’’ site is dominated by leaves of the morphogenus 
Daphnogene. In addition to the high number of Daphnogene specimens there is a wide 
spectrum of deciduous species. The composition of this flora is insufficiently specific be-
cause it shares characteristics of Early as well as Middle Miocene floras. The large number of 
specimens of Daphnogene is challenging the main characteristic of this association. 

Key words: Daphnogene, paleoflora, Miocene, plant fossils, ‘‘Kaludra’’ site, Serbia.

Introduction

The macroflora from locality ‘‘Kaludra’’ site near Sibnica, remained the only published 
record of paleoflora of Sibnica region for a long time (Mihajlović 1988). In his paper 
Mihajlović presented the following flora: Pinus tadeiformis (Ung.) Heer, „Laurus“ lalagales 
Ung., Oreodaphne heeri Gaud., Daphnogene bilinica (Ung.) Kvaček & Knobloch, Daphnogene 
polymorpha (A.Br.) Ett., Daphnogene sp., Lauraceae type, Liquidambar europaeum A.Br., 
Ulmus sp., Carpinus sp., Betulaceae type, Carya denticulata (O.Web.) Hantke, Salix lavateri 
A.Br sensu Hantke, Populus populina (Brong.) Knobloch, Populus sp. 1, Populus sp. 2, Zelkova 
zelkovaefolia (Ung.) Bužek & Kotlaba, Zelkova praelonga (Kov.) Berger, Quercus medittera-
nea Ung., Quercus sp. 1, Quercus sp. 2, Myrica longifolia Ung., Chrysophyllum sp., „Colutea“ 
salteri Heer, Podogonium knorii Heer, „Cassia“ pseudograndulosa Ett., Leguminosae type, 
„Bumelia“ minor Ung., Dicotiledonae indet, Monocotiledonae indet. ( see Apendix).

The composition of the ‘‘Kaludra’’ site flora

This paleoflora includes 122 identified specimens, which, according to the morpho-an-
atomical characteristics of the leaves, may be divided into five groups: conifers, subtrop-
ical laurimorph species (or broad-leaved evergreen BLE); broad-leaved deciduous (BLD), 
subtropical xeromorphous (i.e. Quercus and Myrica) and microphyllous (mostly Fabaceae). 
Three of these groups, BLD, BLE and the one with xeromorphous leaves indicate certain 
eco-climatic factors including insulation, humidity, temperature, seasonal changes etc. 
while conifers (except swamp species) and microphylls may grow in very different habi-
tats, from mountain to coastal areas. 

1 Natural History Museum, Njegoševa 51, 11000 Belgrade, Serbia.E-mail: desadjm@nhmbeo.rs
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Coniferales pcs.

Pinus tadeiformis 1

Ble (Broad leaved evergreen) pcs.

Daphnogene bilinica 25

Daphnogene polymorpha 3

Daphnogene sp. 5

„Laurus“ lalagales 1

Lauraceae type 6

Oreodaphne heeri 2

Bld (Broad leaved deCiduous) pcs.

Betulaceae type 6

Carpinus sp. 2

Carya denticulata 2

Liquidambar europaeum 2

Populus populina 1

Populus sp.1 1

Populus sp.2 1

Salix lavateri 4

Ulmus sp. 1

Zelkova zelkoviefolia 1

Zelkova praelonga 1

Xeromorph leaves pcs.

Chrysophyllum sp. 1

„Colutea“ salteri 1

Myrica longifolia 2

Quercus meditteranea 6

Quercus sp. 1 1

Quercus sp. 2 1

miCrophyllous leaves pcs.

„Bumelia“ minor 1

„Cassia“ pseudograndulosa 1

Leguminosae type 15

Podogonium knorii 14

Table 1: Assigment taxa to the different components

Paleoflora from ‘‘Kaludra’’ site is characterized by the following characteristics:

1. The predominant leaves are BLE type or laurimorph leaves. These represent about 44% 
of the specimens. However, there is only a single dominant morphotype – Daphnogene. 
The hypothesis that laurimorph elements were actually present in the zonal vegetation 
with such a high percentage should therefore not be accepted ad hoc. 
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2. The deciduous species, BLD, are represented with 20%. Although this is only half as 
much as the BLE, this group is taxonomically much more diverse .There are eleven BLD 
taxa. Most of these (i.e. Liquidambar, Ulmus or Carpinus) are good candidates for partici-
pating in a zonal forest vegetation. Some taxa characteristic for riparian forests were also 
recorded, for example Populus and Salix. It is interesting that Fagus is absent in this associ-
ation, indicating either low altitudes or warm mild winters. Acer and Alnus are also absent, 
although these are very common in many Miocene floras of Serbia.

3. Microphyllous elements, including second- and third-order leaflets of various 
Legiminosae, are represented with 38%. 

4. The xeromorphous elements, mostly sclerophyllous Quercus, are represented with 14.5%.

5. Conifers were recorded by a single seed.

Reconstruction of vegetation

The zonal vegetation, a mixed subtropical deciduous-evergreen forest in the vicinity of 
a lake (the deposition environment) was dominated by laurimorph species, particularly 
Daphnogene, which is represented by the greatest number of leaves. The high diversity 
of the deciduous species suggests that these inhabited various habitats within the poly-
dominant forest association. Their real percentage in the vegetation was probably greater 
than 20%. It may be assumed that deciduous species (BLD), better adapted to daily oscil-
lations in air temperature and humidity, have dominated in the forest canopy.

Salix and Populus probably belonged to the riparian forest vegetation as they do today. 
Perhaps they were also taking part in the zonal vegetation or forming specific monodom-
inant associations similar to the extant hammock islands (Salix heads) in Florida.

The understory of the forest was probably composed of representatives of subtropical 
laurimorph species, which due to the shadow of tall deciduous trees had a favorable mi-
croclimate throughout the year. The high percentage of both BLD and BLE in the paleo-
flora of ‘‘Kaludra’’ site may be interpreted in two ways: either plants of both types were 
equally well-represented in the forest association, or the BLE elements (dominated by a 
single morphotype – Daphnogene in this case) inhabited areas with higher humidity in 
the vicinity of the shore.

The azonal xerophilous vegetation was represented by xeromorphic leaves of the genus 
Quercus (i.e. Q. mediterranea) and by microphyllous leaves probably primarily belonging 
to legumes (Fabaceae). The legumes are common, but as the specimens are parts of com-
posite leaves it is assumed that there was a smaller number of individuals than indicated 
by the number of collected leaflets. Since the association was dominated by taxa adapt-
ed to humid conditions (BLD and BLE), it may be concluded that xeromorphic species be-
longed to the azonal vegetation on rocky ground, steep slopes or other denuded habitats 
where there is less competition.

The large number of specimens of various microphyllous leaves indicates that there were 
many different plants with this leaf type. Many of these were probably also taking part in 
the lowland grassland areas further away from the area of deposition.
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Figure 1: Representation of certain plant groups in percentages of the paleoflora from the 
‘‘Kaludra’’ site. (BLD Broad-leaved deciduous; BLE Broad-leaved evergreen)

Conifers are represented by a single Pinus seed. There are no records of Taxodium, 
Glyptostrobus, or any other species that would indicate the presence of a swamp den-
droflora. Therefore it may be assumed that pines were growing on rocks and steep slopes 
within the xerophilous azonal vegetation. Since pine seed is anemochorous (disperses 
by wind) it may have arrived from some higher-altitude. In other words, a single pine 
seed does not provide much information for determining where the pines were grow-
ing. Because of the lack of Taxodium, Glyptostrobus and Nyssa, the flora from ‘‘Kaludra’’ 
site shows no evidence for the existence of swamp vegetation at shallow-water, mud-
dy banks, but shows more resemblance to the type of vegetation inhabiting lake shores.

The age from the ‘‘Kaludra’’ site paleoflora

Comparing the ‘‘Kaludra’’ site paleoflora with other paleofloras from Serbia, Mihajlović 
(1988) concluded that it is probably of Lower Miocene age. According to this author it 
would matches the Ottnangian-Karpatian. He compared it in the first place with the flo-
ra from Slanci (Mihajlović 1978a) and the flora from Melnica (Pantić 1956). Mihajlović sug-
gests that flora from Slanci is of “Helvetian” age and assigns it to Middle Miocene, while 
Pantić (1956) considered the flora of Melnica to be “Helvetian”/Badenian (Helvetian/
Tortonian in Pantić). However, this paleoflora lacks particular features that could be used 
to determine age. The number of specimens is also relatively small (about 120) and insuf-
ficient for a serious comparison with floras of known age.

The representation of certain morphogenera matches numerous Miocene floras with 
similar BLE/BLD ratios. In other words, paleoflora of ‘‘Kaludra’’ site includes floristic ele-
ments that are generally common in Miocene floras. The laurimorph elements (BLE) are 
partially dominant due to the high number of Daphnogene specimens, but there are also 
diverse deciduous elements (BLD) that inhabited various habitats, xeromorphic elements 
and microphyllous leaves. This composition suggests an average mixed paleoflora that 
might match floras of Early and/or Middle Miocene age. However, from the taxonom-
ic standpoint this flora is somewhat distinct and does not completely match any of the 
known Miocene floras in Serbia.

Đorđević Milutinović  Life on the shore
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These taxonomic characteristics are:

a. high number of Daphnogene

b. low number of conifers (only a single seed of Pinus sp.)

c. absence of Alnus and Acer.

Unfortunately none of these characteristics is useful for precise determination of age. In 
Serbia, Daphnogene is present throughout the Miocene and Pliocene. It is possible that at 
the time of ‘‘Kaludra’’ site paleoflora Daphnogene was the dominant floristic element of a 
zonal vegetation, but it may also be dominant in paleoflora because it grew in the vicinity 
of the deposition environment, as a member of the azonal vegetation of a riparian forest.

Absence of conifers is unusual as almost all Miocene floras of Serbia include swamp coni-
fers, primarily Glyptostrobus, but also Taxodium. Even though the absence of conifers is un-
usual, this cannot be correlated with any particular period of the Miocene, but only with 
the characteristics of the biotope and phytocoenosis that inhabited that area.

Absence of Alnus and Acer is also not attributable to some particular period, as both gen-
era appear throughout the Miocene. However, this peculiar characteristic of paleoflora at 
‘‘Kaludra’’ site should be paid special attention to in future studies.

Comparison with the Early Miocene floras

The high number of Daphnogene specimens is similar to the Early Miocene flora of Slanci 
(Milaković 1956, Milaković 1959, Mihajlović 1978a), but these floras include Alnus and Acer 
which are absent at ‘‘Kaludra’’ site. There are also some physiognomic similarities with the 
Early Miocene floras from Ravna Reka and Stamnica (Pantić 1956), where the xeromorphic 
floristic element Quercus and mesophilous element Acer are represented in higher num-
bers than at ‘‘Kaludra’’ site, and Alnus is present.

The Flora from Žagubica (Milovanović & Mihajlović 1984, Lazarević & Milivojević 2010) is 
characterized by a high percentage of BLE elements (40–50%) but also by numerous lau-
rimorph taxa (over 20 different taxa have been recorded). In contrast the diversity of the 
BLE elements in the flora of ‘‘Kaludra’’ site is at the minimum, as about 80% of these are 
Daphnogene. The paleoflora from Žagubica has alternatively been assigned to the Upper 
Badenian (Mihajlović & Milovanović 1984) and the Ottnangian-Karpatian (Lazarević & 
Milivojević 2010).

The flora of ‘‘Kaludra’’ site shows no similarities with the Early Miocene flora of Snegotin – 
Vukovići near Golubac (Mihajlović 1978b, Mihajlović & Lazarević 2003), which is completely 
dominated by laurimorph and mediterranean floristic elements, while the presence of 
BLD elements is negligible. The ‘‘Kaludra’’ site flora also shows no similarities to the Early 
Miocene flora of Miljevina in Bosnia and Herzegovina (Kvaček et al. 1993), where there 
are almost no laurimorph elements (only 2.5%) while there are numerous xeromorphic 
Quercus spp. and almost 50% of BLD elements, dominated by Alnus and Acer. 
The Early Miocene floras from the Central Paratethys, such as the Karpatian age floras 
from Oberdorf, Parschlug, Teiritzberg and Randeck Maar (Kvaček 2003, Kovar-Eder et al. 
2004), shown except for the one from Teiritzberg: low levels of similarity with the flora of 
‘‘Kaludra’’ site.

Life on the shore  Paleobotany
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Figure 2: Palaeogeography of the mentioned sites – 1. Kaludra near Sibnica (Serbia); 2. Slanci 
(Serbia); 3. Snegotin – Vukovići (Serbia); 4. Melnica (Serbia); 5. Stamnica (Serbia); 6. Žagubica 
(Serbia); 7. Ravna Reka (Serbia); 8. Aliveri and Kimi (Greece); 9. Miljevina (B&H); 10. Oberdorf 
(Austria); 11. Parschlug (Austria); 12. Teiritzberg (Austria); 13. Radeck Maar (Germany).

The Flora from Oberdorf (MN4), Austria (Kovar-Eder et al. 2001, Bruch & Kovar-Eder 2003), 
is not completely the same as the one from ‘‘Kaludra’’ site. It includes similar groups of 
plants, and laurimorph (BLE), deciduous (BLD) and microphyllous plants are present in a 
similar ratio as in ‘‘Kaludra’’ site. However, in spite of the high number of specimens and 
the great diversity of deciduous species, there are no records of Salix and Populus which 
are both common at ‘‘Kaludra’’ site. Since more than 130 different taxa have been recorded 
at Oberdorf, it is safe to assume that Populus and Salix were not represented at this locality

The flora from Teiritzberg, Austria (Kovar-Eder 1998, Kvaček 2003) MN5 (Daxner-Hiick 
1998), contains a particularly high number of Daphnogene and Populus specimens and a 
negligible number of Coniferales (only a single specimen). Acer and Alnus are absent just 
as at ‘‘Kaludra’’ site. Of all the paleofloras compared this one shows the best match to pa-
leoflora of ‘‘Kaludra’’ site, but unfortunately this flora has been insufficiently studied.

The Flora from Parschlug (MN5), Austria (Kovar-Eder et al. 2004) shows very few similari-
ties to the flora of ‘‘Kaludra’’ site. This flora is characteristic for a much cooler climate, be-
cause in spite of the presence of fifty different Angiospermae it almost completely lacks 
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BLE (laurimorph) elements. Among the numerous BLD elements, Alnus is represented in 
this association by only a handful of specimens.

The Flora from Randeck Maar (MN5), Germany (Kvaček 2003. Kovar-Eder & Kvaček 2003, 
Kovar-Eder et al. 2004) also includes very few specimens of the BLE morphogenus.

Flora of ‘‘Kaludra’’ site shows similarities with the Early Miocene flora from Aliveri, Euboea, 
Greece, (MN4), (Veltizelos et al. 2014) which has a similar percentage ratio of BLD; BLE; mi-
crophyllous and xeromorphic morphogenus, as well as a similar taxonomic composition: 
it includes the morphogenera Daphnogene, Myrica, sclerophyllous Quercus spp., Populus; 
Alnus is present, but Acer is not. The flora from the locality Kymi (MN4) and from the same 
formation as Aliveri differs slightly more from the one from ‘‘Kaludra’’ site because it con-
tains a higher number of various conifers and several species of Alnus and Acer. 

Conclusion

Generally speaking, flora of ‘‘Kaludra’’ site shows greatest similarity to flora of Teiritzberg 
(Kovar-Eder 1998, Kvaček 2003). It is also similar to flora of Slanci (Milaković 1956, Milaković 
1959, Mihajlović 1978a), but only due to the high amount of Daphnogene recorded at 
both localities. It may be also concluded that there are more similarities with floras of 
Euboea (Veltizelos et al. 2014) than with the described Karpatian age floras (MN5) of 
Central Paratethys.

Flora of ‘‘Kaludra’’ site is probably younger than flora of Snegotin – Vukovići (Mihajlović 
1978b, Mihajlović & Lazarević 2003), which includes almost no BLD taxa, and older than 
flora of Žagubica (Milovanović & Mihajlović 1984, Lazarević & Milivojević 2010) which 
shows a high diversity of BLE taxa and particularly humid and warm vegetation of laurel 
forests (typical for Badenian stage in Serbia).

As paleoflora of ‘‘Kaludra’’ site shows a very common composition, dominated by mor-
phogenera that were present throughout the Neogene and the Late Oligocene. Its Early 
Miocene age was determined through comparison with other floras, but this assignment 
is considered provisional until it is supported by other methods.
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Appendix

Plate 1: Plant fossils from the ‘‘Kaludra’’ site (Mihajlović 1988, Pl. 1, fig. 1-19) – 1. „Laurus“ lalagales 
Ung.; 2,7. Daphnogene bilinica (Ung.) Kvaček & Knobloch; 3. Daphnogene sp.; 4 Lauraceae type; 5, 
6. Daphnogene polymorpha (A.Br.) Ett.; 8, 9. Oreodaphne heeri Gaud.; 10. Populus sp. 1; 11. Populus 
sp. 2; 12. Populus populina (Brong.) Knobloch; 13. Zelkova praelonga (Kov.) Berger; 14–17. Salix 
lavateri A.Br sensu Hantke; 18. Carpinus sp.; 19. Dicotiledonae div. gen. et sp. indet. All figures 1:1.
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Plate 2: Plant fossils of Kaludra (Mihajlović 1988, Pl. 2, fig. 1-32) – 1. Liquidambar europaeum 
A.Br.; 2–4, 12, 20, 23, 24, 29. Leguminosae type; 5. „Bumelia“ minor Ung.; 6, 8. Ulmus sp.; 7, 10. 
Betulaceae type; 9, 13. Carya denticulata (O.Web.) Hantke; 11, 25, 30–32. Dicotiledonae div. gen. 
et sp. indet.; 14. Chrysophyllum sp.; 15–17, 26. Quercus meditteranea Ung.; 18. Quercus sp. 1; 19. 
“Cassia“ pseudograndulosa Ett.; 21. Podogonium knorii Heer; 22. „Colutea“ salteri Heer; 27. Quercus 
sp. 2; 28. Myrica longifolia Ung. All figures 1:1
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Analysis of the Pliocene paleoflora from the locality Guvno 
in Sibnica (Levač Neogene basin, Central Serbia)

deSa ĐorĐević Milutinović1

ĐorĐević Milutinović, d. (2016): Analysis of Pliocene paleoflora of locality Guvno in Sibnica (Levač 
Neogene basin, Central Serbia). In: Marković, Z. & Milivojević, M. (eds.): Life on the shore – geological 
and paleontological research in the Neogene of Sibnica and vicinity (Levač basin, Central Serbia). 
Part 1. Special Issue of the Natural History Museum in Belgrade: 37–47. 

Abstract

About a hundred specimens of fossilized plants have been collected at the locality Guvno 
near the village Sibnica. These are mostly leaf imprints contained in yellowish marly sand-
stone. The majority of the specimens are remains of the deciduous genera Ulmus, Carpinus 
and Zelkova, while other deciduous genera are represented with a smaller number of spec-
imens. Deciduous species represent about 80% of the collected specimens. The microphyll 
leaves are present with about 10%, while subtropical morphogenera are very scarce, less 
than 5% of the total number of specimens. This composition indicates that the sediments 
that yielded this flora are of Pliocene or Pleistocene age.

Key words: Pliocene, Pleistocene, plant fossils, paleoflora, Sibnica, Serbia

Introduction

A paleoflora collected in the Guvno, Sibnica area in 1996 is studied. There are about 120 
leaf imprints in yellowish sandy marl. Most of the imprints are incomplete and many spec-
imens lack leaf margins so cannot be determined to species or even genus level. In spite 
of poor preservation of the leaves, the leaf veins in almost all specimens show a craspe-
dodromous venation, indicating that belonged to deciduous species. The Presence of 
Ulmus, Carpinus, Alnus and Zelkova has been determined with a high level of probability. 
The ratio of microphyll leaves is about 10%, but it is impossible to determine if they be-
longed to Leguminosae or to other taxa. The taxa with camptodromous venation, which 
would indicate the presence of evergreen species characteristic for a subtropical climate, 
are represented by only a handful of quite poorly preserved specimens of uncertain taxo-
nomic position. Even at a glance this paleoflora shows “cold character” so it is obvious that 
it matches the Pliocene floras more than the Miocene ones.

Materials and methods

The remains of leaves in yellowish sandy marl studied are stored at the Paleobotanical 
Collection of the Natural History Museum in Belgrade. The leaf imprints are quite poorly 
preserved, and most of them lack margins, the apex or the base. Cuticle is not preserved. 
Determination was performed according to the morpho-anatomical characteristics of the 
lamina, margins, and leaf veins, and by comparison with the recent herbarium material 
stored at the Natural History Museum in Belgrade. As a large number of the specimens 

1 Natural History Museum, Njegoševa 51, 11000 Belgrade, Serbia.E-mail: desadjm@nhmbeo.rs
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cannot be determined with confidence the results are presented in a separate table for 
each category. Tables 1 and 2 present the morphogenera with craspedodromous  venation 
(BLD broad-leaved deciduous). Table 1 lists the precisely determined specimens and table 
2 those of uncertain taxonomic position. The third table shows microphyll leaves and the 
fourth presents the subtropical elements with camptodromous venation (BLE broad-leaved 
evergreen and xeromorph), while table 5 lists the plant detritus. The age of paleoflora from 
Guvno has been estimated through comparison to the other Pliocene floras from Serbia 
and the neighboring regions. Only published paleofloras with a great wealth of data have 
been used in the study. Most of these floras are stored at the Natural History Museum in 
Belgrade. There are about a dozen published floras of uncertain Pliocene age that were not 
used in this study because of the low number of specimens.

History of research on Pliocene floras in Serbia and the neighboring regions

Pliocene floras are very common in Serbia, but only a few have been studied in detail. 
The majority of these collections came along with material for other research, so they 
were neither properly catalogued nor studied. Some were studied by Pavle Ivanovič 
Černjavski2 between 1932 and 1948 and others by the paleobotanist Borivoje Milaković. 
Most of the collections published by Černjavski and Milaković are stored at the Natural 
History Museum in Belgrade. The third author who should be mentioned in connection 
with Pliocene floras is Nikola Pantić3. His contribution is particularly significant regarding 
the Pliocene floras from FYR Macedonia.

Analysis of paleoflora

The main characteristic of the paleoflora from Guvno is the dominance of deciduous taxa, 
mostly Ulmus, Carpinus and Zelkova. Many morphogenera could not be identified due to 
poor fossilization, however their vein pattern may still be used to determine if they belonged 
to the deciduous (temperate-continental) or to the evergreen (subtropical) leaf type.

Taxon Pcs.
Alnus cf ducalis 1
Alnus ducalis 1
Alnus sp 3
Betula sp. 1
Carpinus grandis 6
Carpinus sp. 1
Carpinus sp. fructus 1
Corylus sp. 1
Fagus ? pliocenica 1
Ulmus carpinoides 8
Ulmus sp. 3
Zelkova sp. 1
Zelkova zelkovifolia 3

Table 1: List of the number of well-preserved specimens with craspedodromous venation of 
certain taxonomic position, (deciduous species of temperate-continental type).

2 Pavle Ivanovič Černjavski was curator-botanist at the Natural History Museum in Belgrade until 1950.
3 Academy member and professor of paleobotany; used to work at the Natural History Museum.
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Taxon Pcs.
?Acer sp. 1
?Alnus sp. 2
?Alnus cercopiaefolia 1
Alnus vel Zelkova . 2
Alnus vel Fagus 1
Alnus vel Populus 1
?Cornus sp. vel Cotonaster sp. 2
?Ostrya sp. 1
Quercus type roburoides vel Populus 1
Rosaceae ?Crataegus cf monogina 1
Ulmus vel Carpinus 2
Ulmus vel Prunus 2
?Ulmus sp. 4
?Ulmus carpinoides 1
Betulaceae vel Ulmceae 3
Ulmaceae vel Carpinus, Ostrya 1
Dicotilophyllum sp. 22

Table 2: List of the number of poorly preserved specimens with craspedodromous venation 
and uncertain taxonomic position due to poor preservation (deciduous species of temperate-
continental type).

Taxon Pcs.
Leguminosae 1
Dicotilophyllum ?Fabaceae 1
Microphyllum indet. ?Mirtis,?Olea ?Ligustrum 1
Microphyllum indet ?Leguminosae ?Ericaceae (?Ligustrum) 4
Microphyll indet. 1
Microphyll indet. ?Carpinus, ?Ostrya 1

Table 3: Microphyll leaves, with uncertain taxonomic position.

Taxon Pcs.
?Myrica sp. 1
Myrica sp vel Quercus neriifolia 1
Dicotilophyllum sp. type scleromorphic 1
Dicotylophyllum sp. type captodromus 3

Table 4: List of the number of leaves with camptodromous venation (BLE & xeromorph).

Taxon Pcs.
Coniferaceae needles (?Taxus, ?Picea, ?Abies) 2
Monocotiledonae (?Poaceae) 1

Table 5: List of plant detritus.
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Reconstruction of the paleovegetation 

The large number of Ulmus specimens in our collection suggests the presence of periodi-
cally flooded forests close to deposition environment. The composition of paleoflora indi-
cates a polydominant forest association dominated by Ulmus and Carpinus that formed the 
canopy of the forest (probably at more than 25 m high). Representatives of forest understo-
ry included Corylus, Ostrya, Rosaceae, perhaps Quercus (uncertain record) and species with 
microphyll leaves that are impossible to assign taxonomically. The azonal vegetation of ri-
parian forests included Alnus, Zelkova and perhaps Populus (uncertain record).

Subtropical floristic elements are represented in this taphocoenosis by a few specimens 
with camptodromous leaf venation only, but their presence at the site is remarkable. The 
high percentage (about 80%) of deciduous species indicates a continental climate with 
cold winters and warm summers. Therefore it may be assumed that the subtropical ele-
ments inhabited habitats with a more favorable microclimate, probably within the azon-
al vegetation of a riparian forest where, due to proximity of water, the microclimate was 
more favorable, 

Betula and Fagus may have been part of the Ulmus-Carpinus vegetation, but they may have 
grown at higher altitudes. The same is true for conifers which are represented by needles.

Except Zelkova almost all other genera recorded in this association are still part of the for-
est vegetation of Serbia. However the great temporal distance between the ancient veg-
etation from Sibnica and modern vegetation is evidenced by the absence of deciduous 
oaks Quercus spp. (Q. cerris, Q. robur, Q. frainetto etc.), which are very common in the recent 
vegetation, while absent from the Guvno paleoflora. The present-day forests in Serbia 
include phytocoenosis dominated with Quercus and Ulmus or Quercus and Carpinus 
(Lakušić at al. 2005) but there are no situations like in Guvno paleoflora where main forest 
edificators are Ulmus and Carpinus together. The paleoassociation from Guvno included 
no oaks except for the one provisionally determined specimen.

The age of Guvno and comparison to paleofloras from neighboring regions

The Age of the Guvno sediments can only be inferred through the paleoflora, as no oth-
er types of research were performed. The composition of the flora indicates a post-Mio-
cene age. It contains almost none of the thermophilic elements that are characteristic 
for the Miocene floras from Serbia. First and foremost, there are no representatives of 
Lauraceae (Laurus, Daphnogene), there are no subtropical Moraceae (i.e. Ficus) and there 
are no records of Myrica or the sclerophyllous subtropical elements (Quercus mediterranea 
and similar morphogenera). This paleoflora is dominated by deciduous floristic elements, 
forming more than 80% of this association. This composition leaves no doubt that the age 
of this flora is post-Miocene, that is to say Pliocene or younger.

Comparison with other Pliocene floras of Serbia and the neighboring regions shows that 
the flora of Guvno is younger than the Early Pliocene, but it is not clear whether it belongs 
to the Pliocene or to the Pleistocene. The only genus in Guvno paleoflora, that is absent 
in Serbia at modern times is Zelkova4. However, Zelkova survived in the southern parts of 
Europe until the Pleistocene (Follieri et al. 1986), therefore its presence is not suitable for 
determination whether this flora is of Pliocene or Pleistocene age.

4 Zelkova Spach is mostly present in Asia. The only two European species are found in Crete and Sicily. 
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Figure 1: Percentage representation of main floristic elements in the paleoflora of Guvno. (BLD 
Broad-leaved deciduous; BLE Broad-leaved evergreen & xeromorphic leaves).

A small number of subtropical elements recorded in paleoflora of Guvno indicate that cli-
mate was warmer than today, however the Balkan Peninsula is a known to be a refugial 
area for thermophilic species throughout the Pleistocene, so this element is also not suit-
able for determining if this flora belongs to the Pliocene or the Pleistocene.

The paleoflora of Guvno has no strong similarities with Pontian floras in Serbia (Mihajlović 
1989, Mihajlović & Lazarević 1996, Mihajlović & Lazarević 1999, Pantić 1956a, 1959, 1989a, 
1989b, 1991, Pantić et al. 1967). It differs by the almost complete lack of subtropical floris-
tic elements, indicating that it is post Miocene.

The Guvno assemblage shows similarities with Pliocene floras of Serbia and FYR 
Macedonia. The greatest degree of similarity was recorded with the paleoflora from Blace, 
Serbia (Černjavski 1932a), which is also dominated by Ulmus and Carpinus, while subtrop-
ical floristic elements are missing. The most important difference is absence of Zelkova in 
flora from Blace. Černjavski considered this flora to be of Pleistocene age.

There are also numerous similarities with the flora from Katlanovo in FYR Macedonia 
(Milaković 1956). That flora is also dominated by Ulmus and Carpinus, while subtropical ever-
green elements are missing, except for a single poorly preserved impression determined as 
Andromeda protogea. Zelkova was not recorded there. In spite of this composition of paleo-
flora, which has a pronounced temperate-continental composition without any subtropical 
taxa, Milaković considered this flora to be of the Late Miocene or Early Pliocene age. It should 
be mentioned that at the time of writing this article in 1956, the Pontian, presently consid-
ered to be part of the Miocene, was considered to be Lower Pliocene. Whenever Milaković 
wrote “Lower Pliocene” he had the Pontian, i.e. the Late Miocene in mind. However, the flora 
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of Katlanovo does not show characteristics of Pontian floras. After studying the species lists, 
drawings and photographs from Milaković’s papers, we believe that paleoflora of Katlanovo 
should be reassigned to the Pliocene or Pleistocene.

Another flora closely resembling the flora from Guvno is that from Gunjevac, Ub 
(Milaković 1971). It is dominated by Ulmus and Carpinus, and in contrast to floras of Blace 
and Katlanovo, it also includes Zelkova. The thermophilic elements include two incom-
plete imprints determined as Cinnamomophyllum schoizeri, and there is also Quercus ilex. 
Milaković concluded that this flora belongs to the lower Pontian, although it has charac-
teristics of Post-Pontian i.e. Pliocene flora.

The three floras discussed above show the closest similarity to flora from Guvno because they 
are characterized by domination of deciduous species and common appearance of Ulmus.

Other Pliocene floras of FYR Macedonia (Pantić 1956b, Pantić & Nikolić 1956, Pantić et 
al. 1978) also show a lot of similarities with the paleoflora from Guvno. These paleoflor-
as mostly include only deciduous species (BLD), while subtropical evergreen species are 
missing except for a single, not very clear imprint determined as Quercus ilex. Among 
the studied sites (Prespanska kotlina, Pulići, Kičevo i Živojno), only the flora of Prespanska 
kotlina valley, Pantić et al. (1979) includes Ulmus, Carpinus and Zelkova. Generally speak-
ing, these floras are represented by polydominant deciduous vegetation warmer in char-
acter than the vegetation from Guvno because it is dominated by: Quercus spp., Carya, 
Pterocarya, Liquidambar, Salix, Alnus, Juglans and Acer. All these paleofloras were consid-
ered to be of Middle Pliocene age.

Other Pliocene floras have a more thermophilic character with presence of subtropical el-
ements, so these are probably older than the paleoflora from Guvno. Among these are 
the paleofloras from Pelagonia (Northern part of FYRM) and Metohija (Southern part of 
Serbia) in Černjavski (1948), which are characterized by the absence of Ulmus and the 
presence of Carpinus as well as the deciduous Quercus pseudocastanea. The presence 
of Quercus might be the reason for the absence of Ulmus (see chp: Reconstruction of 
the paleovegetation). The subtropical elements are represented by Sequoia langsdorfii. 
A paleoflora collected in vicinity of Peć (Černjavski 1933) has a similar character, but the 
subtropical elements include Glyptostrobus and Laurus nobilis. The presence of Sequoia, 
Glyptostrobus and Laurus indicates that this flora was connected to the Pontian swamp 
vegetation. In essence, this paleoflora is an impoverished Pontian flora which suggests a 
Early Pliocene age. A conclusion that is in line with Černjavski (1933) who considered this 
flora to be of “Levantine” i.e. Early Pliocene age.

Among the records of Pliocene flora, the one least similar to the one from Guvno is the 
flora from Iline Vode (Černjavski 1932b), in vicinity of Kragujevac. Černjavski has placed 
this flora in the Plio-Pleistocene5. It includes many temperate-continental species, with 
prominent presence of Ulmus and Carpinus, but there is also a significant percentage of 
subtropical thermophilic species. Černjavski specifically mentioned Cinnamomum poly-
morphum (Daphnogene polymorphum) and numerous impressions of palms, probably 
Sabal. On the basis of these two typical subtropical taxa we may conclude that flora of 
Iline Vode inhabited a warmer climate and is possibly older than flora from Guvno. It is of 

5 It must be noted that this was one of the first Pliocene floras described by Černjavski, and at the time he had no comparison 
samples of other Pliocene floras.
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interest in this context to note that palms are rarely properly fossilized as in most species 
fronds dry up while still on the tree, and leaves of palms are exceptionally large and heavy. 
Fossilization usually happens only when those leaves were torn off the stem by a natu-
ral disaster and moved to the deposition environment by strong kinetic energy. Therefore 
absence of palms in a taphocoenosis should not be considered as evidence that they did 
not inhabit the area. In contrast Daphnogene is known for fossilizing easily and frequently, 
because it is often present in riparian forests. If it was present in the original association it 
will therefore usually appear in the taphocoenosis.

Conclusions

The comparison of the flora from Guvno with other floras shows that it belongs to the 
standard temperate-continental type lacking subtropical elements, and that the most 
similar flora was that of Blace, which was assigned to the Pleistocene by Černjavski 
(1932a). As the assemblage from Guvno is characteristic for a cooler climate it may be 
younger that the flora from Iline Vode, assigned by Černjavski to Plio-Pleistocene. It shows 
many similarities with floras from Ub and Katlanovo, assigned to the Pontian by Milaković 
(1956, 1971). The greatest difference in composition was found in comparison to the flo-
ra of Iline Vode, which includes a higher amount of palm frond imprints and Daphnogene 
(= Cinnamomum in Černjavski 1932b). 

We conclude that the paleoflora from Guvno originated at the very end of Pliocene or pos-
sibly the beginning of Pleistocene. It has a pronounced temperate-continental character. 
There are no specimens in our collection that can be identified with confidence as a sub-
tropical morphogenus (which would include Daphnogene, Quercus ilex, Myrica, Lauraceae) 
among the poorly preserved leaves with camptodromous venation. There are also no 
swamp elements such as Glyptostrobus, but there is an imprint of an anemochorous fruit 
(Carpinus), indicating that the material was transported over a short distance only. 

Although at the first sight the paleoflora from Guvno shows strong similarity with the re-
cent flora of Serbia, there are some important differences indicating that it was probably 
not younger than early Pleistocene:

1. Presence of genus Zelkova in the paleoflora. There are no reliable data on the latest date 
when Zelkova was present on the territory of Serbia and the surrounding regions, but 
there are records showing that at the Italian Peninsula it survived to Pleistocene (Follieri 
et al. 1986). Therefore it may be concluded that it retreated from Serbia earlier due to the 
less favorable continental climate.

2. Absence of roburoid oaks. During the glaciations, roburoid oaks inhabited the northern 
part of Serbia (Janković 1973, Stevanović 1999) but they are absent, except for a few un-
certain records (Černjavski 1948), in all Pliocene floras referred to in this study. Deciduous 
Quercus is characteristic for the extant flora of Serbia and the neighboring regions, so its 
absence may limit the paleoflora from Guvno to the Pliocene. 

***

Comparison of the paleoflora from Guvno with similar paleofloras from neighboring re-
gions and the recent flora of Serbia, we conclude that it belongs to Late Pliocene or pos-
sibly the oldest parts of Pleistocene. 
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Plate 1

Plate 1: 1 Zelkova: a original inv. no. 468; b drowing; 2. Zelkova: a original inv. no. 470; b drowing; 
3. Ulmus: a original inv. no. 476; b drowing; 4. Fagus miocenica: a original inv. no. 539 b drowing; 5. 
Ulmus carpinoides: a original inv. no. 483 b drowing.

Life on the shore  Paleobotany



46

Plate 2

Plate 2: 1. Alnus sp. : a original, inv.no. 487; b drowing; 2. Carpinus sp. fructus: a original, inv.
no. 495; b drowing; 3. Carpinus grandis: a original inv.no. 513 ; b drowing; 4. Carpinus grandis: a 
original inv.no. 515; b drowing; 5. ?Quercus cf. robur: a original, inv.no.500; b drowing.
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Plate 3

Plate 3: 1. Alnus ducalis: a original, inv.no. 518; b drowing; 2. Rosaceae: a original, inv.no. 529; b 
drowing; 3. Myrica sp.: a original, inv.no. 530; b drowing; 4. Fagus miocenica: a original inv.no.539; 
b drowing; 5. Dicotylophyllum sp.: a original, inv.no. 541; b drowing. 
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Abstract

This paper presents the fauna of terrestrial and aquatic gastropods collected at the locality of 
Sibnica (Levač basin, Central Serbia). The collected material includes ten species, mostly in-
habiting a narrow forest belt, wetland habitats and coastal areas: Pomatias cf. conicus, Limax 
sp Daudebardia cf. praecursor, Vallonia cf. lepida, Succinea cf. minima, Carychium sandbergeri, 
while the aquatic form Triptychia cf. grandis represents remnants of the Badenian Sea. This gas-
tropod association indicates presence of densely forested swamps during the Early Miocene

Key words: Levač Basin, Gastropoda, Early Miocene, Serbia, ecology.

Introduction

The first remains of fossil mollusks at the locality of Sibnica were collected together with 
fossil mammals, in a layer of brownish-grey and yellowish clays. Identification was per-
formed by Stevanović (Petronijević 1967). His list of malakofauna includes: Limax cf. 
crassa, Triptychia sp., Pomatias sp. and its operculum, Hyalinia miocenica, Galatochylus cf. 
sarmaticus and Cepaea sp.. Material of fossil gastropods collected between 1996 and 2015 
from bluish-grey and green clays at the localities Sibnica 1 and Sibnica 4 will be studied 
below. Both freshwater and terrestrial gastropods are recorded. Some of the specimens 
could be determined to the species level. Comparison of this assemblage with literature 
data from neighbouring regions (Harzhauser & Kowalke 2002, Harzhauser & Binder 2004, 
Kókay 2006) indicates that the malacofauna was most probably brought in by torrential 
flows along the southwestern edge of the Levač Basin.

Material and methods

The malaco fauna was collected from the same sediment that yielded the vertebrate 
fauna. The separation of the gastropods was performed by picking the shells and frag-
ments from the sifted sediments (sieves with 2 mm diameter) using a binocular micro-
scope. The tiny fragments were picked with pincers and brush and placed in glass tubes 
or cardboard cells with glass cover. Identification, morphological analysis and comparison 
were done following Papp & Thenius (1953), Stworzewicz (1999), Harzhauser & Kowalke 
(2002), Harzhauser & Binder (2004), Harzhauser & Temper (2004), Kokáy (2006), Böttcher 
et al. (2009) and Salvador (2015). The material is stored in the Cenozoic Collection of 
Invertebrates, under the inventory number K-6869 to K-6877, K-6918 to K-6919, in the 
Natural History Museum in Belgrade.

1 Natural History Museum, Njegoševa 51, 11000 Belgrade, Serbia. E-mail: biljana.mitrovic@nhmbeo.rs
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Systematic paleontology

Family Pomatiasidae Simpson, 1830
Pomatias Studer, 1789

Pomatias cf. conicus (Klein, 1853)

Pl. 1 (Fig. 1 a, b)

2002 Pomatias conicus – Harzhauser & Kowalke, p. 70, Tab. 10, fig. 6-8
2004 Pomatias conicus – Harzhauser & Binder, p. 7, tab. 1 , Fig. 10-11 

Material: 38 specimens Inv. No. K-6869

Remarks: The shell is conical with 4-5 whorls of medium size, trochiform. The protoconch 
occupies approximately 1½ of the whorl surface and is smooth. The transition from the 
protoconch to the teleoconch is clearly visible. The whorls of the teleoconch are reticu-
lately sculpted with strong spiral ribs and weaker axial varices. The distance between the 
spiral ribs is approximately twice their width. The distance between the axial varices is ap-
proximately the same as their width. The whorls are mostly convex. The sutures between 
the whorls are deep. The aperture is rounded. The umbilicus is narrow.

Stratigraphic range: Early Miocene – present.

Pomatias cf. conicus (Klein, 1853) operculum

Pl. 1 (Fig. 2)

2004 Pomatias conicus – Harzhauser & Binder, p. 7, tab. 1, Fig. 8-9.
2004 Pomatias sp. – Binder, p. 191, tab. 1, fig. 4 – 5.

Material: 8 specimens Inv. No. K-6870

Remarks: The operculum is almost round with spiral growth, multi-spiral in character.

Stratigraphic range: Early Miocene – present.

Family Limacidae, Lamark 1801
Limax Linnaeus, 1758

Limax sp.

Pl. 1 (Fig. 3)

2002 Limax sp. – Harzhauser & Kowalke, p. 64, Tab. 10, fig. 9
2004 Limax sp. – Binder, p. 198, tab. 3, fig. 8 – 9.
2006 Limax sp. – Kókay, p. 79

Material: 84 specimens Inv. No. K-6871

Remarks: The shell is elongate, oval-discoidal in shape. Length of certain Limax may reach 
6mm. At the central part of the shell on the dorsal side there is a protoconch and some 
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rough lamellae. The lateral sides are straight or slightly curved. The ventral side is smooth, 
sometimes with uneven growth lines that ab-apically increase in size toward the edge of 
mantle.

Stratigraphic range: Early Miocene – present.

Family Oxychilidae Hesse in Geyer, 1927 (1879)
Subfamily Daudebardiinae Kobelt, 1906

Daudebardia Hartmann, 1821
Daudebardia cf. praecursor Andreae,1902

Pl. 1 (Fig. 4)

1953 Daudebardia praecursor – Papp & Thenius, Tab. 4, fig. 12
2006 Daudebardia praecursor – Kókay, p. 78, Tab. 30, fig. 3-4.

Material: 1 specimen Inv. No. K-6872

Remarks: The shell is elongate, ear-shaped and flattened. The helix is composed of two 
completely smooth thin whorls. The oral opening occupies 2/3 of the helix width. The 
outer lip is elliptical and reaches almost to the apex. Cryptomphalous type of umbilicus. 
Easily recognizable due to characteristic shape.

Stratigraphic range: Early Miocene 

Family Triptychiidae Wenz, 1923
Triptychia Sandberger, 1874

Triptychia cf. grandis (Klein, 1847)

Pl. 1 (Fig. 5)

2006 Triptychia grandis – Kókay, p. 81, Tab. 31, fig. 2-4.
2014 Triptychia sp. – Salvador, p.274, fig 9.

Material: 112 specimens (tops only) Inv. No. K-6873

Remarks: Shell is pillar-shaped and the size of whorls increases from the rounded apex to 
the aperture. The external surface of the shell is ornamented by 8-10 longitudinal axial 
varices. Some of the varices are triangular in cross-section and the intercostal space is of 
the same width as the varices are. Only the apical part of shells were preserved.

Stratigraphic range: Early – Middle Miocene 

Family Valloniidae Morse, 1864
Vallonia Risso, 1826

Vallonia cf. lepida (Reuss, 1849)

2006 Vallonia lepida – Kókay, p. 70.
2015 Vallonia lepida – Salvador, p. 44-45, Fig. 15-16
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Material: 4 specimens. Inv. No. K-6874

Remarks: The shell is discoidal. The helix widens abapically, so the last whorl occupies 1/2 
of the total size of shell. The protoconch is smooth. The teleoconch is sculpted with fine 
parallel ribs of equal width. The suture is deep. The aperture opening is round, slightly 
sloped toward the dorsal side. The umbilicus is of phaneromphalous type.

Stratigraphic range: Early – Middle Miocene 

Family Succineidae Beck, 1837
Succinea Draparnaud, 1801

Succinea cf. minima Klein, 1853

Pl. 1 (Fig. 6)

2006 Succinea cf. minima – Kókay, p. 74, Tab. 27, Fig. 13.

Material: 1 Specimen Inv. No. K-6875

Remarks: The shell is elongate and oval. The protoconch is smooth and the transition to 
the teleoconch is uneven. The growth lines on the protoconch are pronounced. The su-
ture is deep. The aperture is oval. The umbilicus is undefined.

Stratigraphic range: Early – Middle Miocene

Family Carychiidae Jeffreys, 1830
Carychium Müller, 1772

Carychium sandbergeri Handmann 1887

Pl. 1 (Fig. 7)

1999 Carychium sandbergeri – Stworzewicz, p. 269, Fig.18.
2004 Carychium sandbergeri – Harzhauser & Binder, p. 14. tab. 6, Fig. 1-2, 14;  
p. 46. tab. 6, Fig. 11.
2004 Carychium sandbergeri – Harzhauser & Tempfer, p. 62. tab. 7, Fig. 6. 

Material: 2 specimens Inv. No. K-6876

Remarks: The shell is small, conical with 4½ to 5 elongated whorls. The protoconch is 
round and smooth. The surface of the teleoconch is covered by rounded ribs. The outer 
lips are welldeveloped. The palatal fold shows a thin, short columelar-supracolumelar fold 
as well as an infracolumelar fold.

Stratigraphic range: Early – Late Miocene 

Family Endodontidae Pilsbry, 1895 
Discus Fitzinger, 1833

Discus cf. pleuradrus (Bourguignat, 1881)

Pl. 1 (Fig. 8a, b)
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2004 Discus pleuradrus – Harzhauser & Tempfer, p. 62, fig. 8
2006 Discus pleuradrus – Kókay, p. 75, Tab. 28, Fig. 3-4.
2009 Discus pleuradrus – Böttcher et al., p. 240, Tab. 2, fig.10-11.
2009 Discus pleuradrus – Moser M. et al., p. 31, Tab.6, fig. j.
2016 Discus pleuradrus – Salvador & Rasser, p,119, fig. 30

Material: 2 specimens Inv. No. K-6877

Remarks: Discoidal shell with 3-4 whorls. Helix slightly ad-apically raised. Whorls convex 
and peripherally rounded. Protoconch flattened. Teleoconch with developed axial varices, 
which in the last whorl are less developed at the base and more developed at the umbi-
licus. Umbilicus is of the phaneromphalous type.

Stratigraphic range: Miocene

Family Vertiginidae Fitzinger, 1833
Subfamily Truncatellinae Lowe, 1852

Negulus Boettger, 1889
Negulus cf. raricosta (Slavik, 1869)

Pl. 1 (Fig. 9)
 

1891 Negulus raricosta – Klika, p. 91, fig. 91 a,b,c.
1993 Negulus raricostatus – Stworzewicz, p. 399
2014 Negulus raricosta – Harzhauser et al., p. 856, fig 8 O-Q

Material: 1 specimen Inv. No. K-6941

Remarks: The shell is conical in shape, with broad, evenly distributed axial ribs.

In the intercostal area there are pronounced growth lines parallel to theribs.

The protoconch is convex, slightly pushed inward, with granulated sculpture.

The oral opening is not preserved in any of the specimens. The similar species Negulus su-
turalis is characterized by a much stronger shell and stronger, more convex, whorls.

Stratigraphic range: Eocene – Late Pliocene.

Superfamily CLAUSILIOIDEA Gray, 1855
Family Clausiliidae Gray, 1855

Clausilia Draparnaud, 1805
Clausilia sp.

Pl. 1 (Fig. 10)

2014. Clausiliidae indet., Salvador, p. 274, fig. 6-8
2015. Clausiliidae indet., Salvador, p. 206, fig. 2 L-M.
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Material: 1 specimen Inv. No. K-6942

Remarks: The shell has a sinistral orientation with rounded whorls and sculpted ribs. 
Unfortunately the aperture is not preserved in any of the specimens, so more precise de-
termination is not possible.

Stratigraphic range: Early Miocene – present

Plate 1: 1. Pomatias cf. conicus (Klein, 1853) a – umbilical view, b – top view; 2. Pomatias cf. conicus 
(Klein 1853) operkulum; 3. Limax sp. 4. Daudebardia cf. praecursor Andreae; 5. Triptychia cf. grandis 
(Klein, 1847); 6. Succinea cf. minima Klein, 1853; 7. Carychium sandbergeri Handmann 1887;  
8. Discus cf. pleuradrus (Bourguignat, 1881) a – top view, b – umbilical view; 9. Negulus sp. raricosta 
(Slavik, 1869); 10. Clausilia sp. 

Mitrović  Life on the shore
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Discussion

Most of freshwater gastropods favor quiet riverine and lacustrine environments. The ma-
jority of the specimens described above is damaged or fragmented, probably due to the 
collecting technique used or to transport prior to deposition. Most abundant and the 
only operculate snail is the forest species Pomatias cf. conicus. Next to Pomatias cf. coni-
cus, the association of terrestrial gastropods includes Carychium sandbergeri and Succinea 
minima that inhabit a range of biotopes, from forests to wet meadows. The presence of 
the rare freshwater gastropods: Triptychia grandis, Vallonia lepida and Discus pleuradrus in-
dicates aquatic habitats and the borderland of swamps. These species indicate open con-
nection with occasional sources of running water. 

This is the first study of the malacofauna from the localities Sibnica 1 and 4. A total of 254 
specimens was collected at these localities. Eight species are recognized while two oth-
er taxa are determined to the genus level. Taxonomic problems are caused by the low. 
Number of species and poor state of preservation of the specimens . Many are fragment-
ed and missing certain parts of their shells: aperture, parts of whorls, apex etc. or have 
been deformed. Hence the cf. species designations, while other specimens could be de-
termined to genus level only. Restoration of broken shell fragments was not feasible.

Conclusions

This study describes the first Serbian record of the species: Discus cf. pleuradrus, 
Daudebardia cf. praecursor, Pomatias cf. conicus – operculum, Negulus cf. raricosta, Clausilia 
sp., Carychium sandbergeri, Succinea cf. minima, Triptychia cf. grandis, Limax sp. and Vallonia 
cf. lepida. Analysis of thepaleoecological characteristics shows that most of the gastro-
pods recognized indicate the presence of wetland meadows and forests, while a few 
also indicate the proximity of aquatic habitats and borders of swamps. Comparison of 
our results with those from neighbouring regions (Salvador et al. 2015), indicates an Early 
Miocene biotope of wetlands and periodically inundated forests in a warm climate. 
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Abstract

The Sibnica locality has yielded a rich fauna of amphibians and squamate reptiles of late 
Early Miocene (MN4) age. It represents the first herpetofauna of that age described from 
Serbia. The assemblage from Sibnica includes three taxa of amphibians, four taxa of liz-
ards and two taxa of snakes. Remains include aquatic and periaquatic forms of Amphibians 
(Albanerpeton, Palaeobatrachus and Latonia). Other taxa probably inhabited the surrounding 
terrestrial environments covered with scrubs and forests (Gekkota indet., Chamaelonidae 
indet., Pseudopus sp. and snakes). The abundance of aquatic amphibians and snakes indi-
cate a lacustrine environment.

Key words: Amphibians, squamate reptiles, early Miocene, Sibnica, Serbia.

Introduction

The Early Miocene beds of Sibnica produced an abundant and taxonomically diverse as-
semblage of amphibians and reptiles. They are represented by disarticulated, more or less 
damaged, bones and a very large number of pieces of bones. The material was collect-
ed from sites on the right bank of the Poljanski potok river opened by landslides during 
1996–2015. Three sites have been processed, Sibnica 1, Sibnica 2 and Sibnica 4. On the 
basis of the micromammalian association these sites were correlated with MN4 (Marković 
2003). The rich herpetological material contains remains of amphibians (caudata and an-
ura) and squamate reptiles (lizards and snakes). Remains of chameleon were identified 
already during the first years of this research (Jovanovic et al. 2002). In following studies 
many other amphibian and reptilian were described. Studies of the material from Sibnica 
were quite difficult due to the lack of comparative fossil material. The modest collection 
of skeletons of recent amphibians and reptiles in the Natural History Museum in Belgrade 
as well as the available literature (Roček 1984, Gardner 1999, 2000) contributed to identi-
fication significantly

Material and methods

Nearly a thousand amphibian and reptile bone fragments were collected. The remains 
from all the three sites (Sibnica 1, Sibnica 2 and Sibnica 4) are disarticulated and quite 
fragmentary. The composition of the fauna from these three beds is taxonomically pret-
ty similar. The total number of identified herpetofaunal elements includes 255 fragments. 
Amphibians and lizards are abundant (especially osteoderms), but snakes are fairly rare 

1 Natural History Museum, Njegoševa 51, 11000 Belgrade, Serbia.E-mail: dragana.djuric@nhmbeo.rs
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and quite damaged. The remains were identified following the criteria given by (Szyndlar 
1984, 1991a, 1991b; Gardner 1999, 2000; Rage & Bailon 2005, Venczel & Stiuca 2008) 
and by using comparative collection of dry skeletons of the Natural History Museum in 
Belgrade. The material from Sibnica is housed in the Natural History Museum in Belgrade.

Systematic paleontology

Amphibia

Amphibians are represented by numerous fragments. Unfortunately the preservation of 
these fragments is very poor which makes their identification difficult.

Lissamphibia Haeckel, 1866 
Albanerpetontidae Fox & Naylor, 1982 
Albanerpeton Estes & Hoffstetter, 1976 
Albanerpeton inexpectatum Estes & Hoffstetter, 1976

Albanerpeton cf. inexpectatum  
(Pl. 1: fig. a1-2, b1-2 and c)

Material: premaxillae (NHMBEO NH 017226/1-5), dentary (NHMBEO NH 017227/1-6, 
NHMBEO NH 019234/1-4), frontale (NHMBEO NH 017225/1-5 NHMBEO NH 019233/1-2),

Description: Only five premaxillae are almost complete while others are more or less dam-
aged. The pars dorsalis is relatively low and wide. Small external nutritive foramina on the 
labial surface of the pars dentalis are observed. The labial ornaments are less prominent 
and restricted to the pars dorsalis. All specimens are not wider than 2 mm. The dentary is 
elongated bone which is tapered anteriorly. In dorsal view, the dentary is widely curved. A 
Meckelian groove is closed anteriorly. On the labial surface external nutritional foramina are 
visible (Gardner 1999). In six dataries the anterior part with the symphyseal prongs is pre-
served, but the posterior part is broken. Some fragments have only the posterior part, but 
the majority consists of the central part of the dental bones. The teeth are straight, closely 
spaced compacted and extremely pleurodont. The frontals are fused and triangular in shape 
with pointed internasal process typical for Albanerpeton (Gardner 1999). Anterollateral pro-
cesses are visible but are mostly damaged. The dorsal surface is ornamented by polygo-
nal pits. A series of these features characterizes i Albanerpeton inexpectatum, but because of 
their fragmentation are assigned to Albanerpeton cf. inexpectatum.

Alytidae Fitzinger, 1843 
(Discoglossinae) 
Latonia Meyer, 1843  
Latonia gigantea (Lartet, 1851)

Latonia cf. gigantea

Material: ilium (NHMBEO NH 017229/1-2), urostyl (NHMBEO NH 017231)

Description: Two very damaged ileums are preserved. The larger fragment has the ace-
tabular part while the pars ascendens and pars descendens are missing. The crista ilii is 
partially preserved and a small preacetabular fossa is visible. The smaller ilium has the ac-
etabulum and the pars ascendens partially preserved. Only the proximal part of urostil is 
preserved. A damaged crista neuralis is present on the dorsal surface. 
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Palaeobatrachidae Cope, 1865 
Palaeobatrachus Tschudi, 1839

Paleobatrachus sp.  
(Pl. 1: fig. d)

Material: premaxilla (NHMBEO NH 017228)

Description: The preserved premaxilla belongs to a very small specimen (dimensions not 
exceeding 3 mm). In dorsal view the bone is rhomboid in shape. Procesus palatinus and 
the pars facialis are damaged. There are two conical teeth with clearly visible holes at their 
base. They are not surrounded by a knobs like they are in Venczel & Stiuca (2008).

Reptilia

Squamata Oppel, 1811 
Chamaeleonidae Gray, 1825

Chamaeleonidae indet.  
(Pl. 1: fig. f and g)

Material: dentary fragments (NHMBEO NH 016219/1-6, NHMBEO NH 016223/1-4, NHMBEO 
NH 017232/1-15)

Description: Fragments of a jaw with acrodont teeth belong to a small individual. On the 
lingual side of these fragments dental groove is developed, situated below the subdental 
shelf. An acrodont dentition is typical for chameleons, so this fragment certainly belongs 
to them. However, highly fragmentary jaws with teeth are insufficient for determining 
Chamaeleo species, or even genera (Čerňanský 2010).

Anguimorpha Furbinger, 1900 
Anguidae Gray, 1825 
Pseudopus Merrem, 1820

Pseudopus sp. 
(Pl. 1: fig. h, I and j)

Material: maxilla fragment (NHMBEO NH 016220), osteoderms (NHMBEO NH 016235, 
NHMBEO NH 017236, NHMBEO NH 019237)

Description: Only a small fragment of a maxilla with two robust rounded teeth is pre-
served. Also a large number of osteoderms is collected. Morphologically both of these re-
mains werw most similar to Pseudopus.

Reptilia indeterminate

A large number of very small fragments of jaw bones with mono- or bicuspid teeth indi-
cate the presence of Scincomorf and Gekkotan lizards. The remains of snake vertebrae are 
badly damaged. In some of them only a part of the centrum with hemapophiseal process 
is preserved. The poor condition of these vertebrae allow the roughly identification to the 
families Colubridae and Viperidae.
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Plate 1: Albanerpeton cf. inexpectatum: a – dentary (NHMBEO NH 017227/1) (1 – inner view; 
2 – external view); b – frontale (NHMBEO NH 017225) (1 – ventral view; 2 – dorsal view); c – 
premaxilae (NHMBEO NH 017226/1); d – premaxilae (NHMBEO NH 017227/2); Paleobatrachus sp.: 
e – premaxilae (NHMBEO NH 017228); Chamaeleonidae indet.: f – dentary fragment (NHMBEO NH 
016219/1); g – dentary fragment (NHMBEO NH 016219/2); Pseudopus sp.: h – osteoderm (NHMBEO 
NH 016235); i – osteoderm (NHMBEO NH 017236); j – osteoderm (NHMBEO NH 019237).
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Conclusions and paleoecology

Only the part of all herpetology material is identified. Main reason is the extreme poor 
preservation of the material. Notwithstanding this problem, the identified remains in-
dicate that this community is related to wetlands. The subtropical character of the site 
is reflected primarily by the presence of Chamaelonidae. Their attendance may indicate 
the presence of humid forests probably developed in several levels. Albanerpeton inex-
pectatum is a representative of the aquatic Lissamphibia (Gardner & Böhme 2008), and 
thus linked to the presence of permanent bodies of water (lakes, ponds). Representatives 
of genus Latonia belong to periaquatic forms as is a relative of this genus living in the 
wetland habitats of the Middle East (Biton et al. 2013). The genus Pseudopus is the most 
robust taxon of the family Anguidae. Unlike the extant species P. apodus the fossil P. pan-
nonicus and P. laurillardy are generally found in semi humid and wet areas with forest cov-
er (Klembara et al. 2010). The presence of remains of Scincomorpha, Gekkota and snakes 
(Viperidae and Colubridae) supports the conclusion that Sibnica represents a humid sub-
tropical community.
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Abstract

Sieving more than 10000 kg of sediment from the localities Sibnica 1, 2 and 4, yielded more 
than 700 rodent cheek teeth representing 25 species divided over four families. The Sibnica 
rodent assemblage is a key assemblage for correlating the late Early Miocene assemblages 
from Western Europe and Anatolia 

Key words: Rodentia, Early Miocene, Sibnica, Serbia.

Introduction

Petronijević (1967) was the first to report rodents from the Miocene of Serbia. His Sibnica 
locality contained, next to large mammals and insectivores rodents These were identified 
by Petronijević (1967) as Sciurus sp. (cf. Sc. bredai); Cricecetodon breve and Cricetodon hel-
veticum laskarevi nov. subsp.. Later, the Sibnica assemblage has been correlated to MN5 
by De Bruijn et al. (1992) and to MN6 by Pavlović (2000). Unfortunately the original site is 
not accessible anymore due to coverage by landslides. Similar sediments as in the orig-
inal locality were sampled (~200kg) in a new outcrop in the area of the original locality 
by Z. Marković and M. Milivojević (Sibnica 1) in 1996; enlarging the rodent assemblage 
to eleven species. Marković (2003) correlated the fauna to MN4, based on the presence 
of Ligerimys antiquus, Anomalomys minor and Heramys sp.. After subsequent revision of 
the material collected by Petronijević, it was concluded that rodent species which he de-
scribed in his thesis (as well as numerous other unpublished specimens) are common in 
the localities Sibnica 1, 2 and 4. This shows that the earlier assumption that there are dif-
ferent stratigraphic levels in the Sibnica section is not correct.

The Sibnica rodent assemblage is considered to be a key assemblage for the late Early 
Miocene of the Balkan, since it lies in an area with only a few Early Miocene rodent assem-
blages and because it is situated between western European and Anatolia. To obtain a 
large assemblage, in which most of the original species living in that area in that time slice 
are represented, in total more than 10000 kg of sediment was washed. Resulting in more 
than 700 rodent cheek teeth representing 25 species divided over four families. 

1 Natural History Museum, Njegoševa 51, 11000 Belgrade, Serbia. E-mail: zoran.markovic@nhmbeo.rs.
2 Utrecht University, Department of Earth Sciences, Heidelberglaan 2, 3584 CS, the Netherlands. E-mail: HdBruijn@uu.n, 
W.Wessels@uu.nl.
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Abbreviations

New SIB – code for the Sibnica localities, Serbia 
NHMBEO NVSM – Natural History Museum Belgrade Neogene Vertebrate Small 
Mammals Collection 
Country codes: ESP – Spain; FR – France; GER – Germany; TUR – Turkey 
MNHW– Museum of Natural History Vienna, Austria 
NHMB– Natural History Museum Belgrade, Serbia 
UU– Utrecht University, the Netherlands 
Abbreviations for measurements and descriptions: N – number of specimens; R – range 
of measurements; L – length; W – width; sin – sinistral; dext – dextral.

Material and methods

The fossils were collected from brownish-grey clays containing mollusc remains and 
bone fragments. In total 10000 kg of sediment from four different levels were washed 
and sieved in the field over 0.5 mm sieves. The residue was treated with chemicals, 
washed and sieved and subsequently sorted, mounted and measured. The New Sibnica 
assemblages contain 707 identifiable fossil rodent cheek teeth, of which 473 are first and 
second molars. The measurements were taken with an Ortholux microscope with me-
chanical stage and measuring clocks and are given in mm. Lower case letters refer to the 
lower dentition, upper case letters refer to the upper dentition.

All specimens are figured as left ones. If the original is from the right side its number is 
underlined on the plates. The collection from the new Sibnica localities is housed in the 
Natural History Museum in Belgrade.

Systematic paleontology

Family Gliridae Muirhead, 1819 
Genus: Glis Brisson, 1762

Included species:

Glis glis Linnaeus, 1766 (Type species) 
Glis minor Kowalski, 1956 
Glis major De Bruijn & Rümke, 1974 
Glis truyolsi Daams, 1976 
Glis apertus Mayr, 1979 
Glis galitopouli Van der Meulen & De Bruijn, 1982 
Glis guerbuezi Ünay, 1989 
Glis transversus Ünay, 1994 
Glis mihevci Aguilar & Michaux, 2011

Introduction

The oldest material assigned to the genus Glis is G. guerbuezi from the early Oligocene of 
Turkish Thrace. In this species, as well as in G. transversus from the early Miocene of cen-
tral Anatolia and G. truyolsi from the Early Miocene of Spain, the protoloph and metaloph 
of the M1-2 are still lingually connected while the posterior centroloph is not reduced 
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as in the younger species of this genus. The oldest species that shows a fully developed 
Glis-pattern in the first and second upper molars is Glis apertus from the Early Miocene of 
Weissenburg 6 in Bavaria. The dental patterns of Glis galitopouli from Aliveri (MN4) and of 
G. mihevci from the Pleistocene of Slovenia are in many respects intermediate between 
that of G. guerbuezi, G. transversus and G. truyolsi on the one hand and the species with 
all the dental characteristics of modern Glis on the other hand. The stability of this type 
of dentition through some twenty two million years is uncommon among rodents and 
therefore a source for over-splitting on the species level because their longevity was in-
sufficiently realized. As it is, the recognition of species from the Early Miocene to the 
Recent is primarily based on differences in size. Since the difference between the largest, 
Glis major De Bruijn & Rümke, 1974, and the smallest species, Glis minor Kowalski, 1956, 
is limited it is improbable that all the nine formally named species of Miocene to Recent 
age will be valid.

Glis minor minor Kowalski, 1956 
(Plate 1, figs. 1–8)

Type locality: Podlesice, MN 14, Poland

Material: 32 specimens from three levels

Sibnica 1: 3 P4, 2 M1-2, 1 M3, 1 p4, 1 m1, and 1 m2 (NHMBEO NVSM 016651-670).

Sibnica 2: 1 P4, 4 M1-2, 1M3, 1 d4?, 3 p4, 2 m1, 3 m2, and 3 m (NHMBEO NVSM 017571-600).

Sibnica 4: 3 P4, 1 M3, 1 m2 (NHMBEO NVSM 019551-555)

Measurements:

Length Width
range mean N mean range

P4 1,15–1,32 1,26 7 1,41 1,35–1,53
M1-2 1,48–1,57 1,66 6 1,76 1,69–1,86
M3 1,35–1,39 1,37 3 1,60 1,56–1,66
D4? 0,90 1 0,78
p4 1,2.0–1,29 1,23 4 1,23 1,20–1,27
m1 1,6.4–1,75 1,70 3 1,65 1,63–1,67
m2 1,7.3–1,85 1,78 5 1,82 1,74–1,89
m3 1,6.8–1,70 1,69 3 1,66 0,59–1,70

Remarks 

P4. The three P4 from Sibnica 1 show the four isolated main ridges, the anterior centrol-
oph and the posterior extra ridge. Two of these have a tiny anterior ridge between the 
protoloph and anteroloph also. The specimen from Sibnica 2 and one of the three P4 
from Sibnica 4 miss this anterior extra ridge.

M1-2. The posterior centroloph is either absent (1/2 from Sibnica 1, 2/4 from Sibnica 2); short 
and narrow (2/4 from Sibnica 2) or fully developed (1/2 from Sibnica 1). This last specimen 
also has an extra ridge between the protoloph and anterior centroloph (Plate 1, fig. 3).
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M3. In contrast to the configuration in the M1-2 the lingual ends of the protoloph and 
metaloph are connected along the margin of the occlusal surface in the two M3. One of 
these has a narrow, isolated anterior centroloph and a fully developed posterior centrol-
oph. In the other the centrolophs are fused lingually, but separated from the paracone and 
metacone by notches. The anterior and posterior extra ridges are present in both speci-
mens and one has an extra ridge between the posterior centroloph and the metaloph also.

p4. All four p4 show the four main ridges and a reduced, isolated narrow centrolophid. 
The specimen from Sibnica 1 also has a tiny anterior extra ridge.

m1-2, m3. The lower molars do not show much variation in pattern. All have the four 
main ridges, a reduced isolated centrolophid, an anterior and a posterior extra ridge and 
a notch between the lingual end of the mesolophid and the posterior extra ridge.

We assign the material of Glis from Sibnica to the subspecies G. minor minor because the 
posterior centroloph is missing in about half of the M1-2 and in six out of the seven P4.

Bransatoglis Hugueney, 1967

The oldest material assigned to the genus Bransatoglis is B. bahloi Bosma & De Bruijn, 1982 
from the Late Eocene of the Isle of Wight. The pattern of the cheek teeth of this species does 
not yet show all the traits that characterize the younger members of the genus: the proto-
cone of the upper molars and the metaconid of the lower molars are relatively high and the 
endoloph of the M1-2 is often not complete. Since the erection of the genus Bransatoglis by 
Hugueney (1967) fourteen species have been recognized, resulting in a range from the late 
Eocene (MP19) to the top of the middle Miocene (MN8). We do not follow Freudenthal and 
Martin Suarez (2007) who consider Paraglis and Oligodyromys to be valid.

Synonymy: Paraglis Baudelot, 1970 and Oligodyromys Bahlo, 1975

Included species:

Bransatoglis concavidens Hugueney, 1967 (Type species) 
Bransatoglis spectabilis (Dehm, 1950) 
Bransatoglis fugax (Hugueney, 1967)  
Bransatoglis astaracensis (Baudelot, 1970) 
Bransatoglis planus (Bahlo, 1975) 
Bransatoglis cadeoti Bulot, 1978 
Bransatoglis bahloi Bosma & De Bruijn, 1982 
Bransatoglis infralactorensis (Baudelot & Collier, 1982) 
Bransatoglis moyai Hugueney & Adrover, 1990 
Bransatoglis complicatus Ünay, 1994 
Bransatoglis parvus Freudenthal, 1996  
Bransatoglis sjeni (Ünay, 1990) 
Bransatoglis attenuates Peláez-Campomanes, 2000 
Bransatoglis ingens (Werner, 1994)

Bransatoglis astaracensis (Baudelot, 1970) 
(Plate 1, figs. 9–16)

Marković, De Bruijn & Wessels  Life on the shore



67

Type locality: Sansan, MN6, France

Material: 17 specimens from three levels.

Sibnica 1: 2 D4, 1 M1, 2 M2, 1M3, 1 d4, 1 m1, 1m2 1m3 (NHMBEO NVSM 016671–90)

Sibnica 2: 1 D4, 1 M1, 1 M3, 1 m1, 1 m2 (NHMBEO NVSM 017601–610)

Sibnica 4: 1 M3 (NHMBEO NVSM 019558)

Measurements:

Length Width
range mean N mean range

D4 0,94–1,01 0,98 3 1,05 0,98–1,10
M1 1,42–1,50 1,46 2 1,45 1,30–1,60
M2 1,55–1,57 1,56 2 1,74 1,67–1,80
M3 1,17–1,25 1,21 2 1,51 1,47–1,57
d4 1,02 1 0,90
m1 1,50–1,60 1,56 3/4 1,48 1,47–1,48
m2 1,63 1 1,58
m3 1,31 1 1,18

Remarks

Bransatoglis asteracensis is rare in all three samples from Sibnica, so the intraspecific varia-
tion is poorly known. The dental pattern of the upper as well as the lower molars of B. as-
teracensis is more simple and straightforward than in most other Bransatoglis species. The 
single M1 available (Plate 1, fig.10) shows the four main ridges, a long anterior centroloph 
that is connected to the endoloph, a short isolated posterior centroloph and the anteri-
or extra ridge. The dental pattern of both M2 is more complex: the anterior and posteri-
or centrolophs are lingually connected and reach the endoloph, while there is an anterior 
and posterior extra ridge as well as a tiny extra ridge outside the trigon. Both M3 have a 
complete endoloph, the four main ridges, fused centrolophs that do not reach the endol-
oph and the posterior extra ridge.

The pattern of the lower molars consists of the four main ridges, an anterior and a poste-
rior extra ridge and a long centrolophid. This centrolophid usually ends free labially, but is 
connected to the metalophid in one m1 from Sibnica 2.

Bransatoglis aff. complicatus Ünay, 1994 
(Plate 1, fig.17)

Type locality: Harami 1, MN2, Anatolia

Material: one specimen

Sibnica 4: 1 m3 (NHMBEO NVSM 019560)

Measurements: m3: 1,31 x 1,18

Life on the shore  Rodentia
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Remarks

This Bransatiglis m3 is too small and has a far too complex dental pattern to be within the 
variation of B. asteracensis. Its size and shape are within the range of variation of B. com-
plicatus and its dental pattern, consisting of nine ridges of about equal strength: the four 
main ridges an anterior and posterior extra ridge and a rather strong ridge on both sides 
of the long centrolopid is very similar to that seen in the m2 of B. complicatus, but more 
complex than the two m3 from the type locality. Since evolutionary changes in the den-
tal pattern of rodents are often starting in the m1 and acquired progressively, later in the 
other molars it is conceivable that this tooth documents an otherwise unknown descen-
dant of Bransatoglis complicatus.

Glirudinus De Bruijn, 1966

The oldest material assigned to Glirudinus is G. glirulus (Dehm, 1935) from the Late 
Oligocene of Gunzenheim and Coderet. This species does not show the sharp difference 
between the first and second upper molars, a feature that characterizes the younger spe-
cies. Among these the cheek teeth of G. minutus Wu, 1993, G. gracilis (Dehm, 1950); G. 
modestus (Dehm, 1950); G. bouzigensis (Thaler, 1966) and G. undosus Mayr, 1979 show so 
much variation in size and morphology that samples overlap, which makes it difficult, if 
not impossible, to identify these species with certainty. A possible cause for this phenom-
enon may be that these five species are all based on material from fissure fillings, so their 
type material may have accumulated during a long period.

Included species:

Glirudinus gracilis (Dehm, 1950) (Type species; MN3, Gunzenheim, Germany) 
Glirudinus glirulus (Dehm, 1935) 
Glirudinus modestus (Dehm, 1950) 
Glirudinus bouzigensis (Thaler, 1966) 
Glirudinus undosus Mayr, 1979 
Glirudinus euryodon Van der Meulen & De Bruijn, 1982 
Glirudinus minutus Wu, 1993

Glirudinus aff. euryodon Van der Meulen & De Bruijn, 1982

(Plate 1, figs. 18–23)

Type locality: Aliveri, MN4, Greece

Material: seven specimens from two levels.

Sibnica 2: 1M1, 1 M2, 1 p4, 2 m2 (NHMBEO NVSM 017611–620)

Sibnica 4: 1 P4 (NHMBEO NVSM 019561); 1 M2 (NHMBEO NVSM 019566)
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Measurements:

Length Width
range mean N mean range

P4 0,85 1 0,99
M1 1,12 1 1,22
M2 1,09–1,11 1,10 2 1,31 1,31–1,32
p4 0,89 1 0,79
m1 1,19 1 0,96
m2 1,20–1,22 1,21 2 1,17 1,10–1,24

Remarks

The Glirudinus cheek teeth from Sibnica assigned to Glirudinus aff. euryodon are some-
what larger than the type material from Aliveri, but very similar in morphology. A peculiar 
characteristic of these teeth is that the enamel covers not only the crown, but continues 
over part of its lower side. As a result the roots are situated closely together below the 
central part of the crown and are therefore often fused at the base, but split at the end. 
This is the case in the two-rooted m1 and in one of the two m2, while the other m2 has 
three roots like the specimens from the type locality.

Glirulus Thomas, 1906 

Glirulus remained a monospecific genus, based on the extant Japanese dormouse, for a 
long time. Hugueney & Mein (1965) described Glirulus lissiensis from the Late Miocene of 
Lissieu, France, which was the first fossil Glirulus recognized . Only a little later Amphidyromys 
pusillus Heller, 1936 from the Pliocene of Gundersheim was recognized as a representa-
tive of the genus Glirulus (Kowalski 1967). Engesser (1972) defined the genus Paraglirulus, 
based on P. werenfelsi from Anwil, for “Glirulus” species that do not have a continuous en-
dolophid in the lower molars. As a result he transferred Glirulus lissiensis to Paraglirulus. 
Mayr (1972) following Engesser (1972); allocated two new small species without an en-
dolophid to this genus. In the meantime it became the custom to allocate the small spe-
cies – G. pusillus (Heller, 1936); G. lissiensis Hugueney & Mein, 1965, G. conjunctus (Mayr, 
1979); G. diremptus (Mayr, 1979); G. ekremi Ünay, 1994, G. minor Wu, 1993 to Glirulus and to 
restrict the genus Paraglirulus to P. werenfelsi, P. agelakisi Van der Meulen & De Bruijn, 1982 
and P. schulzi Daxner-Höck & Höck (see Van der Meulen & De Bruijn (1982) and Daxner-
Höck & Höck (2009) for discussions). The main reason for Daxner-Höck & Höck to maintain 
the genera Paraglirulus and Glirulus is the supposed long (MN4-MN10) separate history of 
a small Glirulus next to a larger Paraglirulus. In our opinion, size difference alone is an in-
sufficient criterion to distinguish genera, this the more so because there are not two, but 
three size-groups of Glirulus teeth in the assemblages from Sibnica (Plate 2, figs. 1–23) and 
Erkertshofen (Mayr 1979, Wu 1993). We therefore follow McKenna & Bell (1997) and Wilson 
& Reeder (2005) in regarding Paraglirulus as a junior synonym of Glirulus.

Synonymy: Paraglirulus Engesser, 1972 and Amphidyromys Heller, 1936
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Included species

Glirulus japonicus Schinz, 1845 (Type species) 
Glirulus lissiensis Hugueney & Mein, 1965 
Glirulus werenfelsi (Engesser, 1972) 
Glirulus ekremi Ünay, 1994

Glirulus werenfelsi (Engesser, 1972)

(Plate 2, figs. 1–7) 

Type locality: Anwil, MN6, Switzerland

Material: eighteen specimens from two levels.

Sibnica 1: 1 P4, 1 M1-2, 2 m2, 1 m3 (NHMBEO NVSM 016741–749)

Sibnica 2: 4 M1-2, 1 M3, 2 m1, 3 m2, 3 m3 (NHMBEO NVSM 017632–650)

Measurements of all material

Length Width
range mean N mean range

P4 0,65 1 0,79
M1-2 1,21–1,33 1,26 5/4 1,34 1,30–1,40
M3 1,07 1 1,21
m1 1,25–1,40 1,33 2 1,16 1,12–1,20
m2 1,17–1,39 1,30 5 1,24 1,2.0–1,33
m3 1,10–1,28 1,19 3/4 1,12 1,06–1,17

Remarks

The teeth from Sibnica assigned to Glirulus werenfelsi seem to be somewhat smaller than 
the type material from Anwil, but are within the size range of the species from Hungary 
and Austria (Daxner-Höck 2005, Daxner-Höck & Höck 2009). Since our reference to the 
measurements of the type material are those published by Engesser (1972) it cannot be 
excluded that the observed size discrepancy is due to difference in measuring technique. 
The record of G. werenfelsi in Sibnica is among the earliest so far. 

Glirulus ekremi Ünay, 1994

(Plate 2, figs. 8 – 15)

Type locality: Keseköy, MN3, Anatolia

Material: twenty specimens from two levels.

Sibnica 1: 2 M1-2, 2 M3, 1 d4, 3 m2 (NHMBEO NVSM 016752–756)

Sibnica 2: 1 P4, 6 M1-2, 1 m1, 4 m2, 1 m3 (NHMBEO NVSM 017651–670)
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Measurements:

Length Width
range mean N mean range

P4 0,70 1 0,72
M1-2 0,88–1,10 1,03 8 1,06 0,94–1,09
M3 0,87–0,90 0,89 2 1,00 0,99–1,00
P4 0,76 1 0,66
m1 1,09 1 0,92
m2 1,03–1,09 1,11 6 1,03 0,92–1,09
m3 1,07 1 0,90

Remarks

The teeth of Glirulus ekremi from Sibnica are on average somewhat larger than the mate-
rial from the type locality, but are very similar otherwise. The anterior centroloph of the 
only P4 reaches the endoloph. The peculiar pattern of some of the d4 and p4 with a lon-
gitudinal ridge (Ünay 1994; Pl. 2, figs. 11, 12, from Keseköy) and specimen from Sibnica 1 
(Plate 2, fig. 12) seems to be characteristic for G. ekremi. 

Glirulus lissiensis Hugueney & Mein, 1965

(Plate 2, figs. 16 – 23)

Type locality: Lissieu, MN13, France

Material: 37 specimens from three levels

Sibnica 1: 1 D4, 4 M1-2, 1 M3, 1 m1, 1 m2, 1 m3 (NHMBEO NVSM 016701–720)

Sibnica 2: 10 M1-2, 1 M3, 2 p4, 2 m1, 3 m2, 7 m3 (NHMBEO NVSM 017671–710)

Sibnica 4: 2 M1-2, 1 m2 (NHMBEO NVSM 019577-579)

Measurements: 

Length Width
range mean N mean range

D4 0,59 1 0,56
M1-2 0,77–0,98 0,86 14 0,93 0,81–1,03
M3 0,57–0,74 0,66 2 0,80 0,79–0,81
P4 0,75 2 0,65 0,64–0,65
m1 0,90–1,01 0,95 3 0,85 0,79–0,90
m2 0,85–0,92 0,89 5 0,83 0,77–0,91
m3 0,87–0,95 0,90 8 0,82 0,79–0,93

Remarks

The teeth from Sibnica assigned to Glirulus lissiensis are within the size range and show a 
similar wide range in the number of extra ridges as that species from its type locality. The 
cheek teeth identified as Glirulus lissiensis are not much smaller than the ones assigned to 
Glirulus ekremi, but the ridges are much finer.
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Vasseuromys Baudelot & De Bonis, 1966

Included species

Vasseuromys rugosus Baudelot & De Bonis, 1966 (Type species) 
Vasseuromy priscus De Bonis, 1973 
Vasseuromys pannonicus (Kretzoi, 1978) 
Vasseuromys autolensis (Cuenca, 1985) 
Vasseuromys bacchius (Martinez-Salanova, 1987) 
Vasseuromys elegans Wu, 1993 
Vasseuromys duplex Ünay, 1994

The stratigraphical range of the type species Vasseuromys rugosus as well as of V. priscus, V. 
autolensis, V. bacchius, V. elegans and V. duplex is restricted to the Early Miocene. Surprisingly 
there is not a single record of the genus during the Middle Miocene when the Gliridae 
were flourishing, but Vasseuromys reappears and is represented by the species V. pannon-
icus in the Late Miocene of Hungary and Austria (Daxner-Höck & Höck 2009).

Vasseuromys cf. duplex Ünay, 1994

(Plate 3, figs. 1, 2)

Type locality: Harami 1, MN2?, Anatolia

Material: four specimens from one level.

Sibnica 4: 2 M1-2, 2 m2 (NHMBEO NVSM 019563, 019564, 019568, 019569)

Measurements: 

2 M1-2 (1,11 x 1,20; --x1,22); 2 m2 (1,07 x 1,03; 1,08 x 1,06)

Remarks

The morphology of the two M1-2 from Sibnica 4 provisionally allocated to Vasseuromys 
duplex is virtually identical to specimens from the type locality Harami 1 (Plate 3; figs. 1- 4); 
but the teeth from Serbia are somewhat larger. The two m2 from Sibnica 4, that are con-
sidered to represent the same species as the two M1-2, fit the type material morpholog-
ically as well as metrically. 

Miodyromys Kretzoi, 1943

Synonymy: Ramys Garcia Moreno & Lopez Martinez, 1986

Introduction

The glirid genera Miodyromys, Ramys, Pseudodryomys De Bruijn, 1966, Prodryomys Mayr, 
1979, Suevoglis Werner, 1994 and Peridyromys Stehlin & Schaub, 1951 have all been de-
fined on the basis of minor modifications of the primordial dental pattern of the family. 
Since the number of extra ridges between the four main crests and the centrolophs(ids) 
seems to be, at least partly, a function of the local biotope, the current distinction of 
genera in this group seems to be no longer tenable and certainly not in the interest 
of the stability of the nomenclature. The generic allocation of the species multicresta-
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tus, to which we provisionally assign two cheek teeth from Sibnica, demonstrates this 
problem. Originally described as Peridyromys multicrestatus De Bruijn, 1966 (Type locality: 
Pedregueras 2A, MN9, Spain); this species was transferred to Miodyromys by Agusti (1981); 
then to Vasseuromys by Mein (1983) and subsequently chosen by Garcia Moreno & Lopez 
Martinez (1986) as the type species of their genus Ramys. These authors concluded, af-
ter performing a phenetic similarity analyses of species of the genera Ramys, Miodyromys, 
Vasseuromys, Pseudodryomys, Myomimus and Peridyromys that among these their Ramys 
is with a similarity of 52 percent closest to Miodyromys, but sufficiently different to war-
rant separation on the generic level. Contrary to Moreno & Lopez Martinez (1986) we 
think that it is in the interest of the stability of the nomenclature to regard Ramys as a ju-
nior synonym of Miodyromys.

Included species:

Miodyromys hamadryas (Forsyth Major, 1899) (Type species) 
Miodyromys multicrestatus (De Bruijn, 1966) 
Miodyromys aegercii (Baudelot, 1972) 
Miodyromys biradiculus Mayr, 1979 
Miodyromys praecox Wu, 1993 
Miodyromys asiamediae Maridet, Wu, Ye, Ni & Meng, 2011

Miodyromys cf. multicrestatus (De Bruijn, 1966)

(Plate 3, fig. 5)

Material: two specimens from one level.

Sibnica 1: 1 M1-2, 1 m1 (NHMBEO NVSM 016691, 016700)

Measurements: 

1 M1-2 (1,07 x 1,12); 1 m1 (1,15 x 0, 92)

Remarks

The two teeth provisionally referred to Miodyromys multicrestatus seem to represent a 
species different from all the other glirids from Sibnica. The two-rooted m1 is so much 
worn that the details of its dental pattern cannot be studied. The morphology of the M1-2 
is very similar to that of the holotype of M. multicrestatus (see Plate 3; figs. 5 and 6); but 
both teeth are somewhat smaller than the material from the type locality and resemble 
Miodyromys praecox Wu, 1993 metrically as well as morphologically. We prefer to allocate 
the specimens from Sibnica to M. cf. multicrestatus because M. praecox may well appear 
to be a junior synonym of that species.

Myomimus Ognev, 1924

Synonymy: Peridyromys Stehlin & Schaub, 1951 

De Bruijn et al. (1970) and De Bruijn et al. (2003) suggested to synonymize Peridyromys 
with Myomimus because the dentitions of the type species of these genera are very sim-
ilar, but this action was not followed in later studies (Daams 1981,Garcia-Paredes 2006). 
Daams (1981, p.92) states: “We prefer to retain both genera, considering the time-gap be-
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tween their respective ranges as a major argument” and further on in the same work after 
listing a number of minor differences between the two genera: “It is remarkable that in 
many of these vague differences Myomimus dehmi joins the Peridyromys group rather than 
the other Myomimus species”. In the meantime it has become clear that the gap between 
the stratigraphical ranges of Peridyromys and Myomimus is a characteristic of the Iberian 
rodent succession and does not exist in Central Europe and Anatolia (Daxner-Höck 1996, 
Ünay et al. 2003). We therefore maintain our earlier decision and consider Peridyromys a 
junior synonym of Myomimus.

Included species

Myomimus personatus Ognev, 1924 (Type species) 
Myomimus murinus (Pomel, 1853) 
Myomimus dehmi (De Bruijn, 1966) 
Myomimus maritsensis De Bruijn, Dawson & Mein, 1970 
Myomimus aquatilis (De Bruijn & Moltzer, 1974) 
Myomimus jaegeri (Aguilar, 1974)  
Myomimus columbarii (Daams, 1989 ) 
Myomimus turbatus (Daams & de Visser, 1990)  
Myomimus lavocati (Peláez – Campomanes & Daams, 2002)

Myomimus dehmi (De Bruijn, 1966)

(Plate 3, figs. 7 – 9)

Type locality: Pedregueras 2A, MN9, Spain

Synonym: Peridyromys dehmi nombrevillae De Bruijn, 1966

Material: five specimens from one level. 

Sibnica 4: 4 M1-2, 1 m2 (NHMBEO NVSM 019571–575)

Measurements: 

4 M1-2 (0, 90 – 0,98 x 1,07 – 1,13); 1 m2 (1,05 x 0,97)

Remarks

These teeth from Sibnica 4 have rather high ridges and match the material from the type lo-
cality of Myomimus dehmi in size as well as in morphology. The posterior extra ridge of the 
rootless m2 is connected to the entoconid, a feature that occurs often in later Myomimus 
associations (Daams 1981); but is unexpected in an early Miocene specimen. As far as we 
know this record of M. dehmi is the oldest known so far, which once again shows the amaz-
ing stability of the dental pattern of some glirids through time (MN4 – MN9).

Seorsumuscardinus De Bruijn, 1998

Type species: Seorsumuscardinus alpinus De Bruijn, 1997

Synonymy: Heissigia Prieto & Böhme, 2007 (see Prieto 2009)

The first record of this derived genus of dormice from Tägernaustrasse-Jona, Switzerlandand 
was described by Bolliger (1992) under the heading Gliride indet. 2. The second record 
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comes from the opencast lignite mine of Oberdorf, Austria and constitutes the type ma-
terial of Seorsumuscardinus alpinus De Bruijn, 1998. Prieto & Böhme (2007) not being 
aware of the Oberdorf material, described a small collection of Seorsumuscardinus teeth 
from Affalterbach, Bavaria, as Heissigia bolligeri n. gen., n. sp. Prieto (2009); noticing that 
Heissigia bolligeri and Seorsumuscardinus alpinus were congeneric, synonymized the two 
genera, but maintained the species bolligeri. The collections from Oberdorf, Affalterbach 
and Sibnica 1 (see below) are small, so the intraspecific dental variation of S. alpinus and 
S. bolligeri is inadequately known. The size ranges of the teeth from the three sites over-
lap and the variation observed within each sample is large, so it seems likely that the dif-
ference in the length of the anterior centholoph in the M1 and in the development of the 
anterior extra ridge in the lower molars between the specimens from Affalterbach and 
Oberdorf noted by Prieto (2009) are within the range of variation of S. alpinus.

Seorsumuscardinus alpinus De Bruijn, 1997

(Plate 3, figs. 10 – 18)

Type locality: Opencast mine of Oberdorf, MN4, Austria

Synonymy: Seorsumuscardinus bolligeri Prieto & Böhme, 2007

Material: twelve specimens from one level.

Sibnica 1: 1 P4, 3 M1, 1 M2, 3 M3, 1 m1, 2 m2, 1 m3 (NHMBEO NVSM 016721–740)

Measurements

Length Width
range mean N mean range

P4 1,00 1 1,10
M1 1,20–1,34 1,27 3 1,34 1,31–1,40
M2 1,21 1 1,45
M3 0,97–1,07 1,02 3 1,22 1,14–1,30
m1 1,36 1 1,29
m2 1,30–1,37 1,34 2 1,36 1,32–1,40
m3 1,24 1 1,20

Remarks

Upper cheek teeth: The third ridge in the upper molars (and in the P4 from Sibnica 1) is 
in our opinion the anterior centroloph and not the posterior centroloph as suggested by 
Prieto & Böhme (2007). Remarkable is that this crest is absent in the P4 from Oberdorf, 
short in the P4 from Affalterbach and long in the P4 from Sibnica 1. In the M1 from 
Oberdorf and in one of the two M1 from Sibnica this ridge does not reach the lingual 
border of the occlusal surface, but in the specimen from Affalterbach it does, just like in 
the M2 and M3 from all three sites. A feature that seems to be characteristic for the up-
per dentition of Seorsumuscardinus is the increase of the number of labially situated extra 
ridges from P4 to M3; none in the P4 and M1, one in the M2 (between the anterior cen-
troloph and the metaloph) and two in the M3 (between the protoloph and the anterior 
centroloph and one between the anterior centroloph and the metaloph. The latter may 
be the homologue of the posterior centroloph, but this is not obvious.
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Family: Sciuridae Fischer von Waldheim, 1817

Subfamily: Pteromyinae Brandt, 1855

The idea that the morphology of sciurid cheek teeth allows the recognition of Pteromyinae 
(flying squirrels) from tree and ground squirrels is quite old and goes all the way to Major 
(1893). Surprisingly the validity of the criteria used were never seriously challenged until 
Thorington et al. (2005) specifically addressed this question and showed that the range in 
dental morphology among squirrels is so wide that teeth alone do not allow the recog-
nition of Pteromyinae unequivocally. This causes a dilemma for paleontologists, because 
the limited samples of cheek teeth of potential flying squirrels rarely occur associated 
with remains of the postcranial skeleton. Unfortunately our samples from Sibnica are no 
exception to this rule, so it should be realized that our allocation to of members of the 
genera Miopetaurista Kretzoi, 1962, Aliveria De Bruijn et al., 1980 and Blackia Mein, 1970 
to the Pteridomyidae follows tradition rather than that it is based on hard data. However, 
the observation that many species of these genera have, for rodents, exceptionally large 
geographical ranges is in line with the diet of tree leaves of the flying squirrels. Contrary 
to non-arboreal rodents that feed on a multitude of different herbaceous plants with lim-
ited geographical ranges, forest belts containing a limited number of tree species may 
provide an appropriate food supply for Pteromyidae enhancing extensive geographical 
ranges (Cindy Looij, pers. com.).

Miopetaurista Kretzoi, 1962

Included species:

Miopetaurista gibberosa (Hofmann, 1893) (Type species) 
Miopetaurista lappi Mein, 1958 
Miopetaurista crusafonti Mein, 1970 
Miopetaurista gaillardi Mein, 1970 
Miopetaurista neogrivensis Mein, 1970 
Miopetaurista thaleri Mein, 1970 
Miopetaurista tobieni Mein, 1970 
Miopetaurista webbi Robertson, 1976 
Miopetaurista diescalidus Daams, 1977 
Miopetaurista dehmi De Bruijn, Van der Meulen & Katsikatsos, 1980

Miopetaurista cf. dehmi De Bruijn et al., 1980

(Plate 3, figs. 19, 20; Plate 4, figs. 1 – 5)

Material: nine specimens from three levels

Sibnica 1: 1 d4 (NHMBEO NVSM 016501)

Sibnica 2: 1 P3, 1 D4, 1 P4, 4 M1-2, 1 m1, 1 m2 (NHMBEO NVSM 017501–520)

Sibnica 4: Fragments of Miopetaurista sp. (NHMBEO NVSM 019501)
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Measurements

Length Width
range mean N mean range

P3 1,27 1 1,27
D4 2,63 1 2,68
P4 2,88 1 3,04
M1-2 2,65–2,89 2,76 4 3,37 3,28–3,54
d4 2,43 1 2,20
m 2,95 1 3,10
m2 3,39 1 3,291

Remarks

Identification of a few isolated Miopetaurista cheek teeth to the species level is problem-
atic because all the formally named species are based on very small type series that are 
very similar dentally, but differ in size. The teeth from Sibnica are somewhat larger than 
the type material of Miopetaurista dehmi, but quite a bit smaller than the type materi-
al of M. lappi (Mein, 1958) from Vieux Collonges. Small collections of isolated Miocene 
Miopetaurista teeth from Bavaria (Ziegler & Fahlbusch 1986); Austria (De Bruijn 1997) and 
Spain (Daams 1977) show a random size distribution, which suggests that the intraspe-
cific variation in size may have been large. We present the specimens from Sibnica under 
the heading M. cf. dehmi.

Sciuridae gen. et sp. indet

(Plate 4, fig. 6)

Material: one specimen.

Sibnica 1: 1 P4 (NHMBEO NVSM 016532)

Measurements: P4 (1,72 x 2,03)

Remarks

This rather large P4 with more or less parallel forwards directed protoloph and metaloph 
and prominent protoconule does not fit any of the sciurid species from Sibnica recog-
nized. The only species of similar size present in the Sibnica associations is Aliveria brin-
kerinki, but the rounded occlusal surface, inflated cusps, prominent protoconule and the 
absence of the mesostyl make it very different from the P4 of that species from the type 
locality Aliveri. The overall morphology of this specimen is somewhat reminiscent of the 
P4 of Palaeosciurus, but since we have one isolated premolar only this cannot be ascer-
tained. We therefore present this specimen as Sciuridae genus and species unknown.

Aliveria De Bruijn, Van der Meulen & Katsikatsos, 1980

Type species: Aliveria brinkerinki De Bruijn, Van der Meulen & Katsikatsos, 1980

Type locality: Aliveri, MN4, Greece
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Introduction

The rodent associations from Sibnica contain cheek teeth of Aliveria in two size-classes. 
The few larger ones match those of Aliveria brinkerinki, but the variation in size of the teeth 
within as well as between the sub-samples of the smaller ones from Sibnica is unusual-
ly large. With the exception of the Sibnica 4 collection the material allocated to Aliveria 
is very limited, so it is not clear whether this size difference is due to the presence of two 
species or to extreme variation within one species. Pending more information we de-
scribe this inhomogeneous group of smaller teeth under the heading Aliveria aff. luteyni. 
In contrast to the procedure followed above the measurements of the smaller Aliveria 
teeth from the different sub-samples will be listed separately.

Aliveria brinkerinki De Bruijn, Van der Meulen & Katsikatsos, 1980

(Plate 4, figs. 7 – 9)

Material: three specimens from one level. 

Sibnica 4: 1 P4, 1 M1-2, 1 M3 (NHMBEO NVSM 019541 – 543)

Measurements:

Sibnica 4: 1 M1-2 (2,21 x 2,73); 1 M3 (2,67 x 2,.2) 1 p4 (2,0. x 1,87)

Remarks

The three cheek teeth from Sibnica 4 match the type material very well. The M1-2 lacks 
the protoconule and the metaconule is weak, but this is within the variation of the M1-2 
from Aliveri. Characteristic is the presence of a small, but distinct, isolated mesostyl. The 
M3 is rather worn, so remnants of the metaloph that may have been there have been 
obliterated. The anteroconid of the p4 is larger than in any of the lower premolars avail-
able from Aliveri.

Aliveria aff. luteyni De Bruijn, Van der Meulen & Katsikatsos, 1980

(Plate 5, figs. 1 – 8)

Material: 37 specimens from three levels

Sibnica 1: 2 P4, 1 M1-2, 2 M3, 1 p4, 2 m2 (NHMBEO NVSM 016511-520, 016525-530, 016534, 
016537)

Sibnica 2: 1 D4, 1 m2 (NHMBEO NVSM 017541, 017545)

Sibnica 4: 1 D4, 4 P4, 6 M1-2, 2 M3, 1 d4, 7/4 m1, 3 m2, 3/2 m3 (NHMBEO NVSM 019503 – 540)

Measurements: 

Sibnica 1: 2 P4 (1,28-1,58 x 1,58-1,81); 1 M1-2 (1,88 x 2,30); 2 M3 (1,73-2,18 x 1,65-2,12); 2 
m2 (1,73-1,75 x 1,88)

Sibnica 2: 1 D4 (1,33 x 1,49); 1m2 (1,63 x 1,64)

Sibnica 4
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Measurements:

Length Width
range mean N mean range

D4 1,47 1 1,45
P4 1,20–1,37 1,32 4 1,64 1,58–1,69
M1-2 1,53–1,71 1,61 6 1,93 1,87–2,05
M3 1,77–1,98 1,88 2 1,82 1,75–1,89
d4 1,22 1 1,01
p4 1,42–1,46 1,44 2 1,45 1,44–1,46
m1 1,58–1,76 1,68 7/4 1,84 1,75–1,93
m2 1,77–1,93 1,83 3 2,05 1,99–2,14
m3 1,97–2,01 1,99 3/2 1,78 1,67–1,88

Remarks

The comparison of Aliveria aff. luteyni with the type material from Aliveri is based on the 
only reasonably good, and seemingly homogeneous, sample from Sibnica 4. The main 
difference between these occurrences is in the deciduous teeth and the premolars. The 
D4 and d4 from Sibnica are much smaller than the ones from Aliveri. The latter are also dif-
ferent in shape and resemble those of a generalized sciurid, while the p4 in the type ma-
terial are relatively longer and the P4 wider with better developed conules. In contrast to 
the deciduous teeth and the premolars the molars from Sibnica 4 and Aliveri differ only 
slightly. They are somewhat smaller, but remarkably similar in morphology. The degree of 
separation of the protocone and hypocone and the development of the conules in the 
M1-2 shows much individual variation just like in the type series. In case our association 
of the premolars with the molars will appear to be correct the species from Sibnica is less 
derived than Aliveria luteyni and merits to be formally named. For the time being we pre-
fer to present these specimens as A. aff. luteyni.

Blackia Mein, 1970

Included species:

Blackia miocaenica Mein, 1970 (Type species) 
Blackia polonica Black & Kowalski, 1974 
Blackia ulmensis Werner, 1994

The genus Blackia has an exceptionally large geographical and long stratitigraphical 
range. Its characteristic simple cheek teeth with crenulated enamel have been described 
from France to Poland and Anatolia and from the Late Oligocene to the Late Pliocene 
(MP30 – MN15). In spite of its wide dispersal in time and space the five species of Blackia 
that have been formally named are all small and similar in morphology. This induced 
Engesser (1972) to synonymize Blackia parvula Baudelot, 1972 with B. miocaenica and 
Daxner-Höck (2004) to regard Blackia woelfersheimensis Mein, 1970 as a junior synonym of 
B. miocaenica. The remaining three species: B. miocaenica, B. polonica and B. ulmensis dif-
fer primarily in size, but the measurements of the cheek teeth of B. ulmensis as well as of B. 
polonica overlap with those of B. miocaenica (Werner 1994, De Bruijn 1997).
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Blackia miocaenica Mein, 1970

(Plate 5, figs. 9 – 16)

Type locality: La Grive L7, MN7/8, France

Material: 21 specimens from three levels.

Sibnica 1: 2 m1, 1 m2 (NHMBEO NVSM 016541–550)

Sibnica 2: 2 P4, 5 M1-2, 3 M3, 1 p4, 2 m3 (NHMBEO NVSM 017551–570)

Sibnica 4: 1 M1-2, 1 m1, 2 m2, 1 m3 (NHMBEO NVSM 019544–550)

Measurements: 

Sibnica 1: 2 m1 (1,35 x 1,47; 1,38 x 1,49); 1 m2 (1,45 x 1,83)

Sibnica 2 

Length Width
range mean N mean range

P4 1,26–1,32 1,29 2 1,46 1,43–1,49
M1-2 1,35–1,60 1,45 5 1,69 1,60–1,75
M3 1,50–1,90 1,70 3 1,63 1,46–1,74
p4 1,27 1 1,10
m3 1,77–2,04 1,91 2 1,68 1,64–1,70

Sibnica 4: 1 M1-2 (1,39 x 1,65); 1 m1 (1,33 x 1,44); 2 m2 (1,40 x 1,63; 1,43 x 1,91); 1 m3  
(1,92 x 1,90)

Remarks

The cheek teeth of Blackia suggest that it was a small, highly specialized, pteridomyid. 
Supposing that several different (sub)species developed one would expect these occur-
rences to be either restricted to specific areas and/or time slices and would be expressed 
by clear phenotypical differences. Since this is not the case, the morphological differenc-
es between Blackia miocaenica, B. polonica and B. ulmensis are negligible and the oldest 
records of the genus in Germany (Eggingen-Mittelhart 2, Eggingen-Erdbeerhecke, MP30) 
have been assigned to Blackia aff. miocaenica (Werner, 1994); it cannot be excluded that 
all currently known material of this genus represents one single species. This working hy-
pothesis is supported by the material listed above, because the size of the teeth from 
Sibnica 1 and 4 are within the range of B. miocaenica, while those from Sibnica 2 match 
the type material of B. ulmensis. Since the presence of two very similar species of the high-
ly specialized flying squirrel Blackia in the same deposit is inconceivable we assign all the 
material to the type species.

?Ratufa obtusidens Dehm, 1950

The association from Sibnica 2 contains a fair sample (ten cheek teeth) of the rare large 
squirrel which Dehm (1950) assigned provisio to the extant south east Asian giant arbore-
al squirrel genus Ratufa, so the question of its generic identity of this species is once more 
opportune. Since Dehm (1950) published ?R. obtusidens, Mein et al. (1990) have described 
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Ratufa maelongensis from the Early Miocene of Thailand and Qiu & Ni (2006) described 
Ratufa yuanmouensis from the Late Miocene of south China. The few isolated teeth of these 
species are smaller than the ones of the extant species, but show a similar dental pattern 
and share the irregular enamel surface of the basins of unworn teeth. Dehm’s allocation 
to Ratufa was a clever guess at the time, because the shape of the mandible (Dehm 1950, 
Aldana Carrasco 1992) is similar and some of the features of the dentition are reminiscent of 
those of the extant species. However, there is now consensus that true Ratufa is a south east 
Asian endemic (Mein & Ginsburg 1997). Aldana Carrasco (1992); Mein & Ginsburg (1997); Qiu 
& Ni (2006) and Costeur et al. (2011) consider ?R. obtusidens to have been a ground squir-
rel and Aldana Carrasco (1992) assigns this species to the European ground squirrel genus 
Palaeosciurus, while Mein & Ginsburg suggest that it merits a new generic name. Although 
the mandibles from Wintershof-West and El Canyet are fragmentary it is clear that the cor-
pus is high, the diastema short and the fossa masseterica reached forward to below the p4. 
This is in sharp contrast to the low mandible with long shallow diastema of Palaeosciurus. 
The morphometric study of sciurid mandibles by Michaux et al. (2008) indicates that the 
morphology of the mandible fragments of R. obtusidens suggests that it probably was a tree 
squirrel as originally assumed by Dehm (1950).

Dehmisciurus n. gen.

Derivatio nominis: This large, presumably arboreal, squirrel is named after the late Prof. Dr 
Richard Dehm, who not only collected and described the type species, but also recog-
nized its tree squirrel affinities.

Type species: ?Ratufa obtusidens Dehm, 1950

Origial diagnosis: 

“Sciurid, seemingly belonging to the genus Ratufa, with rather blunt molars without dis-
tinct conules, with far forwards reaching masseter scar, larger than Sciurus vulgaris, but 
smaller than the extant south east Asian forms, P3 peg-shaped”. (translated from German)

Emended diagnosis of the genus and species:

Large sciurid. Mandibular ramus deep with short diastema and masseter scar ending be-
low the p4. Cheek teeth robust with strong blunt cones, shallow basins with slightly ir-
regular enamel surface in unworn specimens. Shape of upper molars rounded, protoloph 
and metaloph low and sometimes incomplete. m1 and m2 with complete metalophid. 
All lower molars with a mesoconid and isolated mesostylid. 

Dehmisciurus obtusidens (Dehm, 1950)

(Plate 6, figs. 1 – 7)

Type locality: Wintershof-West, MN3, Bavaria

Geographical range: Spain, Germany, Austria, Bosnia and Herzegovina, Anatolia

Stratigraphical range: Late Oligocene (MP30) – Early Miocene (MN4)

Material: nine specimens from one level

Sibnica 2: 1 D4, 1 P4, 1 M1-2, 2 p4, 2 m1, 1 m2, 1 m3 (NHMBEO NVSM 017521– 540)
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Measurements:

Sibnica 2

Length Width
range mean N mean range

D4 2,06 1 2,03
P4 2,25 1 2,64
M1-2 2,47 1 2,92
p4 2,37–2,50 2,44 2 2,23 2,21–2,24
m1 2,77 2 3,15 3,14–3,15
m2 2,77 1 3,08
m3 3,46 1 2,81

Remarks

The only M1-2 from Sibnica shows the same low, plump cusps and low, nearly parallel, 
crests as the ones from Wintershof-West, but the separation of the protocone from the 
hypocone is less clear in our specimen. The m1 from Sibnica are somewhat larger than 
those from the type locality, but the size of the m2 is virtually the same. The entoconid of 
the m2 is more incorporated into the posterolophid, but relatively strong in the m3. We 
think that all these minor differences are within the (unknown) range of the intraspe cific 
variation.

Our conclusion, based on the mandible and tooth morphology, that Dehmisciurus obtus-
idens was probably an arboreal giant squirrel is supported by the way it is documented in 
the fossil record, because it has a very large geographical range, but is poorly represent-
ed in all localities where it has been found. The style of its occurrences thus mirrors that of 
the fossil Pteridomyidae and contrasts with the often abundant representation of ground 
squirrels such as Spermophilinus in assemblages of fossil rodents.

Eomyidae Winge, 1887

Eomyinae Winge, 1887

Pseudotheridomys Schlosser, 1926

Included species:

Pseudotheridomys parvulus (Schlosser, 1884) (Type species) Pseudotheridomys fejfari 
Alvarez Sierra & Daams, 1987

The pentalophodont eomyid Pseudotheridomys has been recorded from all over Europe 
and possibly North America (Engesser 1979). Its stratigraphical range in Europe is from 
the Late Oligocene MP28 to the Early Miocene MN4 (Alvarez-Sierra 1987, Engesser 1999) 
and thus straddles the so called ‘‘Cricetid Vacuum’’ of South Western Europe. Since dif-
ference in evolutionary stage between Pseudotheridomys samples have been exten-
sively used to determine the relative age of faunas these are of interest for correlating 
assemblages from south western Europe with Early Miocene samples from areas where 
cricetids never seem to have disappeared (i.e. the Balkan peninsula). Supposing that a re-
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fined biostratigraphy based on the stage-of-evolution of Pseudotheridomys is depend-
able (Fahlbusch 1970, Escarguel & Aguilar 1997, Engesser 1990) we may be in a position 
to show whether or not the immigrants Democricetodon, Cricetodon and Megacricetodon 
arrived more or less simultaneously all over Western Europe or not. In other words is the 
MN3-MN4 boundary time transgressive? Judging by the early records of these genera in 
nearby Anatolia (Theocharopoulos 2000, De Bruijn et al. 1993, Wessels et al. 2001) there is 
a fair chance that the “Miocene cricetids“ reached the Balkan peninsula earlier than south 
western Europe. The three samples from different pockets of the deposit near Sibnica pro-
vide potential to test this working hypothesis.

Pseudotheridomys parvulus Schlosser, 1884

(Plate 6, figs. 8 – 20)

Type locality: Haslach, MN2, Bavaria

Synonymy

Pseudotheridomys bouziguensis Escarguel & Aguilar, 1997

Most associations of Pseudotheridomys cheek teeth are not homogeneous in that they 
contain next to teeth with the Pseudotheridomys parvulus size and morphology a few 
specimens that seem to be either too large/small or too different in morphology to be-
long to the same species as the bulk of the material. Samples showing such differences 
have been interpreted by some specialists as samples of one species that is interme-
diate between subsequent species/genera (Fahlbusch 1970); while others allocated the 
aberrant specimens to a different taxon (Alvarez Sierra 1987, Engesser 1090, Escarguel & 
Aguilar 1997). Unfortunately our samples are not large enough to settle this question. An 
example that is relevant for the interpretation of the material from Sibnica is the separa-
tion of Pseudotheridomys bouziguensis from P. parvulus by Escarguel & Aguilar (1997). The 
former species has been distinguished from the latter by its somewhat straighter and 
deeper valleys between the ridges. Such gradual/variable characteristics are in our opin-
ion too subjective to define species, a point of view that finds support in the fact that the 
authors of the species Pseudotheridomys bouziguensis were unable to distinguish P. bouz-
iguensis from P. parvulus in their material from Serre de Vergès. In order to show the differ-
ences between the tree sub-samples from Sibnica the measurements and a selected set 
of dental characters are given separately. The few slightly smaller teeth tending to get the 
four-crested Ligerimys pattern (Plate 6, figs. 8 – 10) are considered to be aberrant speci-
mens of P. parvulus.

Material: 112 specimens from three levels. 

Sibnica 1: 2 D4, 4 P4, 10 M1, 7 M2, 5 M3, 1 d4, 3 p4, 8 m1, 6 m2, 5 m3 (NHMBEO NVSM 
016551–650).

Sibnica 2: 7 D4, 3 P4, 3 M1, 2 M2, 5 M3, 2 d4, 5 p4, 7 m1, 5 m2, 6 m3 (NHMBEO NVSM 
017921–947, 017951–991, 017997–1000).

Sibnica 4: 2 D4, 4 P4, 4 M1, 2 M2, 1 p4, 3 m2, 2 m3 (NHMBEO NVSM 019701–777, 019781–790).

Life on the shore  Rodentia



84

Measurements:

Sibnica 1

Length Width
range mean N mean range

D4 1,07–1,14 1,10 2 1,07 1,03–1,10
P4 0,98–1,07 1,03 4 1,17 1,14 – 1,23
M1 1,05–1,14 1,10 10 1,13 1,09–1,34
M2 0,90–1,03 0,95 7 1,19 1,11–1,26
M3 0,77–0,83 0,80 4 1,02 0,95–1,07
d4 1,15 1 0,82
p4 1,07– 1,17 1,11 3 0,89 0,82–0,99
m1 1,00 – 1,32 1,13 8 1,07 1,00–1,16
m2 1,09–1,21 1,17 6 1,12 1,05–1,20
m3 0,92–10,2 0,98 5 0,97 0,90–1,00

Sibnica 2

Length Width
range mean N mean range

D4 1,06–1,15 1,10 7/6 1,06 1,01–1,11
P4 1,01–1,03 1,02 3 1,15 1,10–1,19
M1 1,07–1,11 1,09 3 1,28 1,21–1,34
M2 0,96–1,04 1,00 2 1,19 1,15–1,29
M3 0,71–0 ,82 0,78 5 0,99 0,91–1,09
d4 1,30 1/2 0,83 0,82–0,83
p4 0,98–1,12 1,08 5 0,89 0,79–0,93
m1 1,09–1,20 1,15 7 1,11 1,07–1,22
m2 1,07–1,17 1,12 5 1,05 1,02–1,10
m3 1,01–1,10 1,05 6 0,97 0,88–1,05

Sibnica 4

Length Width
range mean N mean range

D4 1,10–1,20 1,15 2 1,10 1,05–1,14
P4 0,98–1,10 1,04 4 1,22 1,13–1,27
M1 1,04–1,14 1,11 5/4 1,32 1,28–1,36
M2 0,90–1,04 0,97 2 1,28 1,08–1,21
p4 1,10 1 0,92
m2 1,13–1,14 1,13 3 1,16 1,08–1,21
m3 0,91–0,95 0,93 2 0,96 0,88–1,03

Remarks

The size of the Pseudotheridomys cheek teeth from the three sub-samples is sufficiently 
close to interpret the differences as intraspecific variation. The differences in the frequen-
cy distribution of dental characters between the D4 and the completeness of the lon-
gitudinal ridge in the M1-2 between the subsamples from Sibnica are remarkable, but 
since the various morphotypes are all present in the very large sample from Aliveri and 
the number of specimens per element in the Sibnica collections is limited we interpret 
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the observed differences as sampling bias. A few teeth 1m3 (NHMBEO NVSM 016642); 
2M2 (NHMBEO NVSM 017949, 017950); 3 m3 (NHMBEO NVSM 017993-995) show the sim-
pler dental pattern of Ligerimys Stehlin & Schaub, 1951 (p. 133, Fig. 192; p. 295, Fig. 508). 
We consider these specimens to be within the range of variation of Pseudotheridomys 
parvulus. Since we were unable to detect differences in stage-of-evolution between the 
sub-samples we conclude that the difference in age between the three pockets is negli-
gible. The Pseudotheridomys cheek teeth from Sibnica are on average larger, and seem to 
be somewhat higher-crowned, than those of P. parvulus from Aliveri (Alvarez Sierra et al. 
1987); but smaller than the type material of P. fejfari and occupy an intermediate position 
between these species. Since the overlap in size of the teeth from Sibnica with those of 
Pseudotheridomys parvulus seems to be larger than with Pseudotheridomys fejfari we allo-
cate our material to the former species. 

Muridae Illiger, 1811 (= Muroidea)

Introduction

Although this is not the place to discuss murid classification we feel that an explanation 
of the policy adopted below is needed. We use the subfamily, genus and species levels 
only, which may lead to changes in rank, and sometimes to the subdivision of, formally 
defined entities. This results is the recognition of many subfamilies within the Muridae, 
which has the advantage that subfamilies which have been used in the past as a waste-
paper basket, such as the Cricetodontinae (sensu Schaub 1925); are split into groups that 
share a sound morphological basis

Eumyarioninae Ünay, 1989 
Eumyarion Thaler, 1966

Included species:

Eumyarion medius (Lartet, 1851) (Type species) Type locality: Neudorf Spalte, MN5/6, 
Slovakia 
Eumyarion weinfurteri (Schaub & Zapfe, 1953) 
Eumyarion latior (Schaub & Zapfe, 1953) 
Eumyarion bifidus (Fahlbusch, 1964) 
Eumyarion leemanni (Hartenberger, 1965) 
Eumyarion carbonicus De Bruijn & Sarac,1991 
Eumyarion intercentralis De Bruijn & Sarac, 1991 
Eumyarion montanus De Bruijn & Sarac,1991 
Eumyarion microps De Bruijn & Sarac, 1991 
Eumyarion orhani De Bruijn et al., 2006 
Eumyarion margueritae De Bruijn, Marković & Wessels, 2013

Synonymy: Eumyarion helveticus (Schaub, 1925)

Introduction

Six formally named medium-sized Eumyarion species are known from Europe, E. medi-
us, E. weinfurteri, E. latior, E. bifidus, E. leemanni and E. margueritae. The oldest record of 
this genus comes from Banovići (Bosnia and Herzegivina, MP 30) and its last records are 
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from Can Llobateres (Spain, MN9); Plakias (Greece, MN9) and Suchomasti (Czech Republic, 
MN9/10). Eumyarion is an immigrant that seems to have reached south Eastern Europe 
much earlier than south western Europe. The size and morphology of the cheek teeth of 
these six species shows considerable overlap, which makes the recognition of small sam-
ples difficult, if not impossible. This the more so because it cannot be excluded that the 
three medium-sized species from the Early Miocene of Anatolia: Eumyarion carbonicus, E. 
montanus and E. orhani reached Europe also. The consequence is that many small sam-
ples in the literature have been identified provisionally to the species level. Since the size 
range of the Eumyarion cheek teeth in the combined material from Sibnica is not larg-
er than in samples from single localities (Daxner-Höck 1997, De Bruijn 2009) we consider 
these to represent one species.

Eumyarion cf. weinfurteri Schaub & Zapfe, 1953 (sensu Schötz 1993) 

(Plate 7, figs. 1 – 8)

Material: 35 specimens from three levels.

Sibnica 1: 2 M1, 1 M2, 4 M3, 1 m1 (NHMBEO NVSM 016761–770)

Sibnica 2: 3 M1, 1 M2, 1 m1, 4 m2, 2 m3 (NHMBEO NVSM 017721–740)

Sibnica 4: 1 M1, 3 M2, 3 m1, 3 m2, 6 m3 (NHMBEO NVSM 019581-599)

Measurements of all material:

Length Width
range mean N mean range

M1 1,87–2,02 1,95 6 1,38 1,26–1,43
M2 1,30–1,53 1,42 5 1,32 1,18–1,40
M3 0,84–1,16 1,03 4 1,04 1,00–1,14
m1 1,72–1,85 1,79 5 1,04 0,96–1,14
m2 1,26–1,56 1,49 7 1,23 1,06–1,37
m3 1,42–1,56 1,49 5/6 1,11 1,04–1,22

Remarks

The size of the M1, which is the holotype of Eumyarion weinfurteri, is given by Fejfar (1974) 
as 1.73 x 1.28 mm and is thus smaller than any M1 from Sibnica and close to the low-
er boundary of the ranges of the associations from the Fresh Water Molasse localities 
Puttenhausen and Massendorf in Germany (Wu 1982, Schötz 1993). The lingual branch 
of the anterocone of the M1 from Sibnica is strong, so there is no indentation in the out-
line between the protocone and the anterocone. The posterior spur of the paracone in 
these teeth is weak or absent and the mesoloph is long and connected to the base of the 
metacone in four out of five specimens. The mesoloph of the M2 reaches the labial side 
and ends free in one M2, but in the others it is rather short. Peculiar is that one of the M2 
has a double protolophule, a characteristic that occurs otherwise only in E. bifidus and E. 
margueritae. All M3 have only one lingual enamel lake. The posterior arm of the protoco-
nid is strong in two m1, but weak or absent in the two others. The mesolophid in these 
teeth is short or absent and the posterior arm of the hypoconid is long in two, but short 
or rudimentary in the three others. In contrast to the m1 the posterior arm of the proto-
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conid is strong in all m2, but the mesolophid in these teeth is short or absent. The poste-
rior arm of the hypoconid is strong in three m2, but rudimentary or absent in the others. 
The posterior arm of the protoconid of all m3 is strong, but the mesolophid and posteri-
or arm of the hypoconid are absent. The morphology of the Eumyarion teeth is thus quite 
variable and some specimens show characteristics that have been used to distinguish dif-
ferent species. Since the size of the teeth from Sibnica is within the range of one species 
and all the M1 show the retracted anterocone with a strong lingual branch that is charac-
teristic for E. weinfurteri we assign this material to E. cf. weinfurteri.

Copemyinae Jacobs & Lindsay, 1984

European genera included into this subfamily are: Democricetodon Fahlbusch, 1964 and 
Karydomys Theocharopoulos, 2000.

Democricetodon Fahlbusch, 1964

Synonymy (European genera only)

Fahlbuschia Mein & Freudenthal, 1971

Renzimys Lacomba, 1983

Pseudofahlbuscia Freudenthal & Daams, 1988 (in Van der Meulen et al. 2003)

Introduction

Apart from one very small Democricetodon M1 from Sibnica 2 (Plate 7, fig. 9) the assem-
blages contain two species of Democricetodon. The teeth of these species differ some-
what in robustness, size and minor details of the dental morphology (Plate 7, figs. 10-21). 
Van der Meulen et al. (2003) reported a similar situation from the Early Miocene of Spain 
by reconstructing two Democricetodon lineages that developed more or less in parallel. 
Comparison of the measurements of the teeth from central Europe and from the Iberian 
Peninsula shows that, although the trends may be similar, the size of the teeth from a 
specific time-slice is not the same. This means that the evolution within the genus fol-
lowed different paths in the two regions. Unfortunately Van der Meulen et al. (op. cit.) 
did not consider the Democricetodon record from central Europe where species, with the 
exception of D. franconicus, carry a different set of names. Since the morphological dif-
ferences between Democricetodon species are very subtle it would require a revision of 
all European members to detect possible synonymies of species from different regions, 
which is far beyond the scope of this report.

Another problem pertaining to the generic content of the European Copemyinae is the 
possible synonymy of Karydomys with Democricetodon. Although it is generally accept-
ed that the species included in the genus Karydomys represent a clade different from 
Democricetodon proper (Kordikova & De Bruijn 2001, Garapich & Kälin 1999, Mörs & 
Kalthoff 2004, Maridet et al. 2009, Prieto 2012); the differential diagnosis between these 
“genera” given by Theocharopoulos (op. cit.) and substantiated by Mörs & Kalthoff (op. 
cit.) contains exclusively characteristics that show much variation among species of 
Democricetodon and, in some instances, even within one species of that genus. Since the 
information on the Eurasian Copemyinae has much increased during the last fifteen years 
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we hoped that it would be possible to diagnose Karydomys more clearly, but our efforts 
were unfortunately abortive.

Democricetodon franconicus Fahlbusch, 1966

(Plate 7, figs. 10 – 15) 

Type locality: Erkertshofen, MN4, Bavaria

Material: 73 specimens from three levels.

Sibnica 1: 1 M1, 5 M2, 4 M3, 5 m1, 4 m2, 6 m3 (NHMBEO NVSM 016781–810)

Sibnica 2: 3 M1, 1 M2, 1 M3, 1 m1, 2 m2, 2 m3 (NHMBEO NVSM 017761–780)

Sibnica 4: 7 M1, 11 M2, 5 M3, 6 m1, 8 m2, 1 m3 (NHMBEO NVSM 019631–680)

Measurements of all material

Length Width
range mean N mean range

M1 1,59–1,75 1,69 11 1,14 1,10–1,20
M2 1,19–1,19 1,28 17 1,13 1,06–1,21
M3 0,86–0,99 0,91 10 0,97 0,88–1,01
m1 1,36–1,48 1,42 12 1,01 0,95–1,09
m2 1,16–1,38 1,30 14 1,07 0,98–1,20
m3 1,05–1,27 1,15 9 0,91 0,85–0,99

Remarks

The teeth from Sibnica assigned to Democricetodon franconicus are about the same size 
as the material from the type locality, but the largest specimens in our assemblages are 
smaller than the larger ones from Erkertshofen (Fahlbusch, 1966). The protoloph is dou-
ble in four out of eleven M1 and the mesoloph is long, but often does not reach the labial 
outline of the occlusal surface. The metaloph of the M1 is directed posteriorly and con-
nected to the posteroloph. The protoloph is double in all M2 and the mesoloph is long. 
The metaloph of the M2 is transverse or forwards directed in ten specimens, but posteri-
orly directed and connected to the posteroloph in three others. The mesolophid is long 
in three out of thirteen m1 and in four out of sixteen m2.

Democricetodon sp.

(Plate 7, fig. 9)

Material: Sibnica 2: 1 M1 (NHMBEO NVSM 017781)

Measurements: M1 (1,30 x 0,86)

Remarks

This very small M1 has the same size as the smaller specimens of Democricetodon anatoli-
cus Theocharopoulos, 2000 from Anatolia which is the smallest Democricetodon species 
known so far. The anterolophule of the specimen from Sibnica reaches the anterocone 
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more labially than in the M1 of D. anatolicus and the rather strong posterior spur of the 
paracone that is characteristic of that species is missing. The metalophule of our, unfor-
tunately rather worn, specimen seems to be double with a stronger metalophule 1 than 
metalophule 2. The size as well as the morphology of our M1 suggests that it represents a 
species that is close to D. anatolicus. Since this species is documented by one M1 only we 
present it as Democricetodon sp.

Democricetodon mutilus Fahlbusch, 1964 

(Plate 7, figs. 16 – 21)

Type locality: Langenmoosen, MN5, Bavaria

Material: 51 specimens from three levels.

Sibnica 1: 2 M1, 1 m2 (NHMBEO NVSM 016771–780)

Sibnica 2: 3 M1, 3 M2, 1 m1, 5m2, 2 m3 (NHMBEO NVSM 017741–760)

Sibnica 4: 5 M1, 4 M2, 1 M3, 4 m1, 6 m2, 4 m3 (NHMBEO NVSM 019601-625)

Measurements of all material:

Length Width
range mean N mean range

M1 1,77–1,96 1,88 9 1,24 1,17–1,30
M2 1,23–1,44 1,39 7 1,22 1,13–1,26
m1 1,43–1,64 1,53 8 1,11 1,10–1,11
m2 1,32–1,52 1,45 12 1,17 1,11–1,22
m3 1,17–1,30 1,25 5/6 0,98 0,90–1,10

Remarks

The measurements of the Democricetodon mutilus teeth from Sibnica fall within the low-
er part of the range of the material from the type locality Langenmoosen. The anterocone 
of the M1 and the blade-shaped anteroconid of the m1 are retracted. Five out of nine M1 
have a double protolophule, in the others the anterior arm of the protocone (= protol-
ophule 1) ends free in the antero-labial sinus. The mesoloph of these teeth is long and 
reaches the weak ectoloph. The metaloph is single and posteriorly directed in five, con-
nects to the posterior part of the hypocone in three and is double in one m1. All the M2 
have a double protolophule and six out of seven have a long mesoloph. The metaloph 
is directed posteriorly in two M2, but more or less transverse and connected to the hy-
pocone in the five others. The anteroconid of the m1 is developed as a ridge (as it is in 
Karydomys). The mesolopid is short in six specimens, but reaches the lingual outline of the 
occlusal surface in one. The mesolophid of the m2 is short and ends against the base of 
the metaconid in eight out of 12 specimens, but in the others it is long. One of the avail-
able six m3 is much less reduced than the others and has a mesolopid (= posterior arm 
of the protoconid) as well as a hypolophid. We compared the teeth described above with 
D. koenigswaldi Freudenthal, 1962 from Spain and Karydomys boskosi Theocharopoulos, 
2000 from Greece, which have approximately the same size as Democricetodon mutilis. 
Other than minor differences in dental pattern these two species differ in having a more 
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slender M1 and m1 because the anterocones(ids) of the first molars have a less retract-
ed position.

Megacricetodontinae Mein & Freudenthal, 1971

Megacricetodon Fahlbusch, 1964

Type species: Megacricetodon gregarius (Schaub, 1925)

Megacricetodon sp.

(Plate 8, figs. 1 – 4)

Material: five speciemens from one level.

Sibnica 4: 2 M1, 2 M2, 1 partial m1, 2 m2 (NHMBEO NVSM 019681– 690)

Measurements:

M1 (1,61 x 1,05; 1,62 x 1,06); M2 (1,18 x 1,00; 1,20 x 1,01); m2 (1,18 x 0,96)

Remarks

The few Megacricetodon teeth from Sibnica 4 document a medium sized species. Since 
this genus has been grossly over-split it has become impossible to identify small samples 
to the species level. All we can say is that the mesolophs of the upper teeth and the me-
solophids of the lower teeth from Sibnica are long and that their size is within the range of 
the European species Megacricetodon collongensis (Mein, 1958); M. similis Fahlbusch, 1964, 
M. lopezae Garcia Moreno, 1986, M. rafaeli Daams & Freudenthal, 1988 as well as within the 
periphery of the range of a few others. Whether or not all these names, that are based on 
the frequency distribution of characters that show variation within single populations, 
merit to be maintained remains questionable. Unfortunately the material available from 
Sibnica is insufficient for comparison with these formally named species, however, it is 
of special interest that these teeth are indistinguishable from the material from Keseköy 
which is the oldest record of Megacricetodon so far (Wessels et al. 2001). This suggests 
that the teeth from Sibnica 4 document the immigration event of Megacricetodon into 
the area. 

Anomalomyinae Schaub, 1925 
Anomalomys Gaillard, 1900

Included species:

Anomalomys gaudryi Gaillard, 1900 (Type species) 
Anomalomys gaillardi Viret & Schaub, 1947 
Anomalomys gernoti Daxner-Höck, 1980 
Anomalomys minor Fejfar, 1972 
Anomalomys aliveriensis Klein Hofmeijer & De Bruijn, 1985 
Anomalomys minutus Bollinger, 1992

Anomalomys minor Fejfar, 1972
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(Plate 8, figs. 5 a,b – 12 a,b)

Type locality: Franzensbad, MN4/5, Czech Republic

Material: 156 specimens from three levels. The M3 from Sibnica 4 are lacking and the m3 
from that locality are under-represented because the finest screen used while collecting 
had a mesh of 0.9 mm.

Sibnica 1: 5 M1, 3 M2, 5 M3, 5m1, 5 m2, 2 m3 (NHMBEO NVSM 016811–850)

Sibnica 2: 14 M1, 19 M2, 5 M3, 18 m1, 13 m2, 12 m3 (NHMBEO NVSM 017791– 910)

Sibnica 4: 20 M1, 10 M2, 13 m1, 13 m2, 4 m3 (NHMBEO NVSM 019691–760)

Measurements of all material:

Length Width
range mean N mean range

M1 1,36–1,62 1,48 39/37 1,03 0,88–1,17
M2 1,05–1,20 1,13 32/31 0,93 0,80–1,09
M3 0,75–0,87 0,82 14/13 0,77 0,68–0,82
m1 1,25–1,59 1,42 35/36 0,86 0,73–1,00
m2 1,18–1,35 1,25 31 0,96 0,88–1,06
m3 1,00–1,15 1,09 18/17 0,83 0,75–0,94

Remarks

Anomalomys occurs in many MN4-5 assemblages from central Europe, but is usually rare. 
However, it is a common constituent of all three assemblages from Sibnica, Oberdorf 
(Daxner-Höck 1998) and Aliveri (Klein Hofmeijer & De Bruijn 1984), which is presumably the 
result of biotope preference. The size and morphology of the first and second upper and 
lower molars of A. minor from Sibnica match the material of A. minor from Franzensbad, 
Massendorf and Niedereichbach that has been described in detail by Schötz (1980). It is 
therefore unexpected that the measurements of our M3 are somewhat shorter and those 
of the m3 slightly longer than the specimens from Germany. Regarding the latter charac-
ter our material is intermediate between Anomalomys aliveriensis and A. minor. Counting 
fresh teeth only the longitudinal ridge is complete in twenty two out of twenty four M1 
and in thirteen out of nineteen M2. The posterior arm of the hypoconid is long in twenty 
six out of twenty seven m1, in sixteen m2 this ridge is long, but in four it is short, while it 
is lacking in fifteen out of sixteen m3. The development of the mesolophid of the m1 and 
m2 seems to compete with that of the posterior arm of the protoconid and is therefore 
not an independent character. Long mesolophids are present in thirty out of thirty one 
m1 and in nineteen out of twenty nine m2. In the m3 this ridge is absent. All considered 
the Anomalomys material from Sibnica is more similar to A. minor than to A. aliveriensis.

Spalacinae Gray, 1821

Heramys Klein Hofmeijer & De Bruijn, 1985

Life on the shore  Rodentia



92

Included species:

Heramys eviensis (Type species) Type locality: Aliveri, MN4, island of Evia, Greece

Heramys aff. eviensis

(Plate 8, figs. 13 – 15; Plate 9, figs. 1 a,b, 3 a,b, 5 a,b, 6 a,b, 8 a,b, 11, 12)

Heramys eviensis from Aliveri 

(Plate 9, figs. 2 a,b, 4 a,b, 7 a,b, 9 a,b, 13, a,b)

Material: 

Sibnica 1: 2 M1, 2 M2, 1 M3, 1 m2, 1 m3 (NHMBEO NVSM 016851–860)

Sibnica 2: 1 M2, 4 m1, 1m3 (NHMBEO NVSM 017911–920)

Sibnica 4: 1M1, 2 M2, 1 M3, 1 m1, 2 m3 (NHMBEO NVSM 019791–800)

Measurements of all material

Length Width
range mean N mean range

M1 2,28 1/3 2,10 1,89–2,46
M2 1,80–1,94 1,89 5 1,83 1,71–2,00
M3 1,58–1,60 1,59 2 1,54 1,53–1,55
m1 2,17–2,45 2,32 4/5 1,75 1,62–1,87
m2 1,95–2,13 2,05 3 1,66 1,39–1,86
m3 1,88–2,06 1,99 4 1,82 1,29–1,64

Remarks

The occlusal surfaces of the cheek teeth of Heramys aff. eviensis from Sibnica have about 
the same size as the type material, but the crowns are higher. Another advanced charac-
teristic is that the posterior arm of the protoconid is fused with the hypolophid in all four 
m3, while this is rarely the case in the specimens from Aliveri. In contrast unworn M1 and 
m1 have retained some dental characters of the hypothetical Oligocene ancestor, such as 
a long posterior arm of the hypoconid in the m1 and an anterior arm of the protocone of 
the M1 that is not fused with the anteroloph. These features are already lost in the speci-
mens from Aliveri. The teeth from Sibnica thus combine plesiomorph and autapomorph 
characteristics which raises questions about the functionality of such details of the den-
tal pattern as well as about their value for classification and relative age estimates. In spite 
of the differences between the material from Sibnica and Aliveri we prefer not to express 
these in the formal classification and assign the teeth from Sibnica to H. aff. eviensis.
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Conclusions

The rodent assemblages from three different levels of the Early Miocene fluvio-lacustrine 
deposits near the village of Sibnica are diverse (17-18 species each, Table 1). 

Family Genera and species
Locality 
Sibnica Biozone of 

type locality
1 2 4

Giridae Glis minor Kowalski, 1956 x x x MN 14
Bransatoglis aff. astaracensis (Baudelot, 1970) x x x MN 6
Bransatoglis aff. complicatus Ünay, 1994 x MN 2
Glirudinus aff. euryodon V. d. Meulen & De Bruijn, 1982 x x MN 4
Glirulus werenfelsi (Engesser, 1972) x x MN 6
Glirulus ekremi Ünay,1994 x x MN 3
Glirulus lissiensis (Hugueney & Mein, 1965) x x x MN 13
Vasseuromys cf. duplex Ünay, 1994 x MN 2
Miodyromys cf. multicrestatus (De Bruijn,1966) x MN 9
Myomimus dehmi (De Bruijn, 1966) x MN 9
Seorsumuscardinus alpinus De Bruijn, 1997 x MN 4

Sciuridae Miopetaurista cf. dehmi De Bruijn et al., 1980 x x x MN 3
Aliveriia brinkerinki De Bruijn et al., 1980 x MN 4
Aliveria aff. luteyni De Bruijn et al., 1980 x x x MN 4
Blackia miocaenica Mein, 1970 x x x MN 7/8
Dehmisciurus obtusidens (Dehm, 1950) x MN 3

Eomyidae Pseudotheridomys parvulus Schlosser, 1884 x x x MN 2
Muridae Eumyarion cf. weinfurteri (Schaub & Zapfe, 1953) x x x MN 5/6

Democricetodon franconicuus Fahlbusch, 1966 x x x MN 4
Democricetodon sp.
Democricetodon mutilus Fahlbusch, 1964 x x x MN 5
Megacricetodon sp.
Anomalomys minor Fejfar, 1972 x x x MN 4/5
Heramys aff. eviensis Klein Hofmeijer & De Bruijn, 1985 x x x MN 4

Table 1: List of rodent species in the three samples from Sibnica and the relative ages of their type 
localities.

This diversity is largely the result of the large number of dormice species with multi-crest-
ed cheek teeth. Many of these are poorly represented (Table 2) and only three out of the 
eleven species recognized are present in all three assemblages. 
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Genera and species N ridges¹ N specimens²
4 5 6 7 8 9 10 11

Glis minor 9 2 1 12
Bransatoglis asteracensis 6 3 9
Bransatoglis aff. complicatus -
Glirudinus aff. euryodon 1 4 5
Glirulus werenfelsi 2 2 3 7
Glirulus ekremi 1 3 7 1 12
Glirulus lissiensis 7 3 11 2 1 24
Vasseuromys cf. duplex 3 3
Miodyromys cf. multicrestatus 1 1
Myomimus dehmi 1 2 1 1 5
Seorsumuscardinus alpinus 2 2 3 7

¹N ridges M1 + M2 + m2 + m1 + m2 = 661
²N Gliridae M1 + M2 + m1 + m2 = 85
Ridge index Gliridae = 7.86 

Table 2: Number of ridges per Gliridae specimens from Sibnica 

Among the Sciuridae the assemblages share three out of five species, among the Muridae 
this is the case with five out of seven species and the eomyid Pseudotheridomys parvu-
lus occurs in all samples. This means that the collections from Sibnica 1, 2 and 4 share 
about half of the total of twenty five rodent species recognized. Since we have been un-
able to detect differences in stage-of-evolution between the different samples of the 
shared species we consider the total collection as one “local fauna” in the North American 
sense. The minor differences in composition between the three collections may be due 
to collecting bias or to difference in local biotope and/or in accumulation history. The 
Sibnica local fauna resembles the Early Miocene rodent assemblages from Aliveri (is-
land of Evia, Greece) and Karydia (Greek Thrace) in containing a diverse array of glirids 
with multi-crested cheek teeth, the association of the eomyid Pseudotheridomys parvu-
lus and the Muridae Democricetodon, Megacricetodon, Eumyarion, and Anomalomys, the 
presence of the pteromyines Miopetaurista, Aliveria and Blackia and a spalacine (Tab. 1). 
Although this combination of rodent genera, suggesting a similar tropical forest environ-
ment, which seems to have been wide spread over the Balkan, during MN4 times there 
are differences in composition between the samples from Aliveri, Karydia and Sibnica. 
It is remarkable that these three diverse assemblages containing a total of forty two ro-
dent species share five species only. Two of these are Pteromyinae a group that is known 
to contain taxa with large geographical ranges. It seems therefore that the differences 
in species content between the MN4 assemblages from south Eastern Europe is due to 
ecological barriers between the different basins rather than to difference in age and/or 
biotope. Since the rodents from Karydia have not yet been studied in detail the list for 
Karydia is tentative. It is clear though that the difference in composition between these 
assemblages is most marked among the dormice, a family that shows the greatest dif-
ference in composition between the different samples from Sibnica also. This is not so 
much the case on the genus level, but rather on the species level. Other unexplained 
differences between the compositions of these MN4 assemblages from the Balkan are 
for instance: the Spalacinae are represented by Heramys in Aliveri and Sibnica, but by 
Debruijnia in Karydia, Megacricetodon is common in Aliveri, rare in Sibnica, but absent in 
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Karydia. Apparently the composition of the rodent spectrum is the result of an intricate 
set of influences of paleogeography, age difference, local biotope and accumulation his-
tory. However, the presence of Mirrabella, Cricetodon and ground squirrels in combination 
with abundant ochotonids in Aliveri and Karydia and the (near) absence of these fauna 
elements in Sibnica suggests that the biotope was even more wet in the latter site than 
in the others. 
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Plate 1

Glis minor

Fig. 1 P4 (NHMBEO NVSM 019551); fig. 2 M1-2 (NHMBEO NVSM 017574); fig. 3 M1-2 
(NHMBEO NVSM 016656); fig. 4 M3 (NHMBEO NVSM 017578); fig. 5 p4 (NHMBEO NVSM 
017583); fig. 6 m1 (NHMBEO NVSM 017592); fig. 7 m2 (NHMBEO NVSM 017595); fig. 8 m3 
(NHMBEO NVSM 017599).

Bransatoglis astaracensis

Fig. 9 D4 (NHMBEO NVSM 016672); fig. 10 M1 (NHMBEO NVSM 016674); fig. 11 M2 
(NHMBEO NVSM 016677); fig. 12 M2 (NHMBEO NVSM 016676); fig. 13 M3 (NHMBEO NVSM 
016679); fig. 14 m1 (NHMBEO NVSM 016685); fig. 15 m2 (NHMBEO NVSM 016686); fig. 16 
m3 (NHMBEO NVSM 016688).

Bransatoglis aff. complicatus

Fig. 17 m3 (NHMBEO NVSM 019560)

Glirudinus aff. euryodon

Fig. 18 P4 (NHMBEO NVSM 019554); fig. 19 M1 (NHMBEO NVSM 017613); fig. 20 M2 
(NHMBEO NVSM 019566); fig. 21 p4 (NHMBEO NVSM 017615); fig. 22 m1 (NHMBEO NVSM 
017616); fig. 23 m2 (NHMBEO NVSM 017617).
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Plate 1

Life on the shore  Rodentia



102

Plate 2

Glirulus werenfelsi

Fig. 1 P4 (NHMBEO NVSM 016741); fig. 2 M1-2 (NHMBEO NVSM 017633); fig. 3 M1-2 
(NHMBEO NVSM 017632); fig. 4 M3 (NHMBEO NVSM 017639); fig. 5 m1 (NHMBEO NVSM 
017641); fig. 6 m2 (NHMBEO NVSM 017644); fig. 7 m2 (NHMBEO NVSM 017649); 

Glirulus ekremi

Fig. 8 P4 (NHMBEO NVSM 017651); fig. 9 M1-2 (NHMBEO NVSM 017654); fig. 10 M1-2 
(NHMBEO NVSM 017653); fig. 11 M3 (NHMBEO NVSM 016756); fig. 12 p4 (NHMBEO NVSM 
016757); fig. 13 m1 (NHMBEO NVSM 017662); fig. 14 m2 (NHMBEO NVSM 017663); fig. 15 
m3 (NHMBEO NVSM 017666).

Glirulus lissiensis

Fig. 16 M1-2 (NHMBEO NVSM 017671); fig. 17 M1-2 (NHMBEO NVSM 017672); fig. 18 M1-2 
(NHMBEO NVSM 017676); fig. 19 M3 (NHMBEO NVSM 017679); fig. 20 p4 (NHMBEO NVSM 
017691); fig. 21 m1 (NHMBEO NVSM 017693); fig. 22 m2 (NHMBEO NVSM 017694); fig. 23 
m3 (NHMBEO NVSM 017703). 
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Plate 3

Vasseuromys cf. duplex

Fig. 1 M1-2 (NHMBEO NVSM 019564); fig. 2, m2 (NHMBEO NVSM 019568).

Vasseuromys duplex from Harami 1 (type locality)

Fig. 3 M1-2, fig 4 m2. 

Miodyromys cf. multicrestatus

Fig. 5 M1-2 (NHMBEO NVSM 016691).

Miodyromys multicrestatus from Pedregueras 2A (type locality)

Fig. 6 M1-2

Myomimus dehmi

Fig.7 M1-2 (NHMBEO NVSM 019572); fig. 8 M1-2 (NHMBEO NVSM 019573); fig. 9 m2 
(NHMBEO NVSM 019575).

Seorsumuscardinus alpinus

Fig. 10 P4 (NHMBEO NVSM 016721); fig. 11 M1 (NHMBEO NVSM 016723); fig. 12, M1 
(NHMBEO NVSM 016725); fig. 13 M2 (NHMBEO NVSM 016727); fig. 14 M3 (NHMBEO NVSM 
016728); fig. 15 m1 (NHMBEO NVSM 016732); fig. 16 m2 (NHMBEO NVSM 016734); fig. 17 
m2 (NHMBEO NVSM 016735); fig. 18 m3 (NHMBEO NVSM 016739).

Miopetaurista cf. dehmi

Fig. 19 D4 (NHMBEO NVSM 017502); fig. 20 P4 (NHMBEO NVSM 017503).
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Plate 3
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Plate 4

Miopetaurista cf. dehmi

Fig. 1 M1-2 (NHMBEO NVSM 017504); fig.2 M1-2, (NHMBEO NVSM 0175008); fig. 3 d4 
(NHMBEO NVSM 016501); fig. 4 m1 (NHMBEO NVSM 017511); fig. 5 m2 (NHMBEO NVSM 
017516).

Sciuridae gen. et sp. indet.

Fig. 6 P4 (NHMBEO NVSM 016532).

Aliveria cf brinkerinki

Fig. 7 p4 (NHMBEO NVSM 019541); fig. 8 M1-2 (NHMBEO NVSM 019542); fig. 9 M3 (NHMBEO 
NVSM 019543).
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Plate 4
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Plate 5

Aliveria aff. luteyni

Fig. 1 P4 (NHMBEO NVSM 019508); fig.2 M1-2 (NHMBEO NVSM 019517); fig. 3 M1-2 
(NHMBEO NVSM 019511); fig. 4 M3 (NHMBEO NVSM 019520); fig. 5 p4 (NHMBEO NVSM 
019523); fig. 6 m1 (NHMBEO NVSM 019526); fig. 7 m2 (NHMBEO NVSM 019535); fig. 8 m3 
(NHMBEO NVSM 019539).

Blackia miocaenica

Fig. 9 P4 (NHMBEO NVSM 017552); fig. 10 M1-2 (NHMBEO NVSM 017553); fig. 11 M1-2 
(NHMBEO NVSM 017555); fig. 12 M3 (NHMBEO NVSM 017558); fig. 13 p4 (NHMBEO NVSM 
017561); fig. 14 m1 (NHMBEO NVSM 016544); fig. 15 m2 (NHMBEO NVSM 016546); fig. 16 
m3 (NHMBEO NVSM 017567).
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Plate 5
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Plate 6

Dehmisciurus obtusidens

Fig. 1 D4 (NHMBEO NVSM 017521); fig. 2 P4 (NHMBEO NVSM 017523); fig. 3 M1-2 (NHMBEO 
NVSM 017526). fig. 4 p4 (NHMBEO NVSM 017531); fig. 5 m1 (NHMBEO NVSM 017534); fig. 
6 m2 (NHMBEO NVSM 017537); fig. 7 m3 (NHMBEO NVSM 017540).

Pseudotheridomys parvulus

Fig. 8 m3 (NHMBEO NVSM 017995); fig. 9 m3 (NHMBEO NVSM 017993); fig. 10 M2 
(NHMBEO NVSM 017949); fig. 11 D4 (NHMBEO NVSM 016551); fig. 12 P4 (NHMBEO NVSM 
016562); fig. 13 M1 (NHMBEO NVSM 016574); fig. 14 M2 (NHMBEO NVSM 016581); fig. 15 
M3 (NHMBEO NVSM 016593); fig. 16 d4 (NHMBEO NVSM 016601); fig. 17 p4 (NHMBEO 
NVSM 016612); fig. 18 m1 (NHMBEO NVSM 016623); fig. 19 m2 (NHMBEO NVSM 016631); 
fig. 20 m3 (NHMBEO NVSM 017995).
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Plate 6
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Plate 7

Eumyarion cf. weinfurteri

Fig. 1 M1 (NHMBEO NVSM 019585); fig. 2 M1 (NHMBEO NVSM 019581); fig. 3 M2 (NHMBEO 
NVSM 017726); fig. 4 M3 (NHMBEO NVSM 016767); fig.5 m1 (NHMBEO NVSM 019586); fig. 
6 m1 (NHMBEO NVSM 019588); fig. 7 m2 (NHMBEO NVSM 019591);fig. 8 m3 (NHMBEO 
NVSM 019599).

Democricetodon sp.

Fig. 9 M1 (NHMBEO NVSM 017781)

Democricetodon franconicus

Fig. 10 M1 (NHMBEO NVSM 019636); fig. 11 M2 (NHMBEO NVSM 019643); fig. 12 M3 
(NHMBEO NVSM 019651); fig.13 m1 (NHMBEO NVSM 019667); fig.14 m2 (NHMBEO NVSM 
017754); fig.15 m3 (NHMBEO NVSM 016805).

Democricetodon mutilus

Fig. 16 M1 (NHMBEO NVSM 019603); fig. 17 M2 (NHMBEO NVSM 019609); fig. 18 M3 
(NHMBEO NVSM 019610); fig. 19 m1 (NHMBEO NVSM 019613); fig. 20 m2 (NHMBEO NVSM 
019618); fig. 21 m3 (NHMBEO NVSM 019623).
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Plate 7
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Plate 8

Megacricetodon sp.

Fig. 1, M1 (NHMBEO NVSM 019681); fig. 2 M2 (NHMBEO NVSM 019684); fig. 3 m2 (NHMBEO 
NVSM 019676); fig. 4 m2 (NHMBEO NVSM 019687).

Anomalomys minor

Fig. 5 a,b M1 (NHMBEO NVSM 017808); fig. 6 a,b M1 (NHMBEO NVSM 017795); fig. 7 a,b M2 
(NHMBEO NVSM 017822); fig. 8 a,b M3 (NHMBEO NVSM 017843); fig. 9 a,b m1 (NHMBEO 
NVSM 017854); fig. 10 a,b m1 (NHMBEO NVSM 017868); fig.11 a,b m2 (NHMBEO NVSM 
017872); fig. 12 a,b m3 (NHMBEO NVSM 017893).

Heramys aff. eviensis

Fig. 13 m1 (NHMBEO NVSM 019797); fig.14 m2 (NHMBEO NVSM 017918); fig. 15 m3 
(NHMBEO NVSM 016860).
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Plate 8
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Plate 9

Heramys aff. eviensis

Fig. 1 a,b M1 (NHMBEO NVSM 016851); fig. 3 a,b M2(NHMBEO NVSM 019794); fig. 5 a,b M3 
(NHMBEO NVSM 019795); fig.6 a,b m1 (NHMBEO NVSM 017913); fig. 8 a,b m2 (NHMBEO 
NVSM 017919); fig. 10 a,b m3 (NHMBEO NVSM 019800); fig. 11 M2 (NHMBEO NVSM 
017911); fig. 12 m2 (NHMBEO NVSM 017918).

Heramys eviensis from Aliveri (type locality)

Fig. 2 a,b M1 (AL 1256); fig. 4 a,b M2 (AL 1266); fig. 7 a,b m1 (AL 1289); fig 9 a,b m2 (AL1296); 
fig. 13 a,b m3 (AL 1308). 
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Plate 9
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Prolagus vasconiensis (Ochotonidae, Lagomorpha, Mammalia) 
from the Early Miocene of Sibnica 4, Serbia 

Zoran MarKović1

Marković, Z. (2016): Prolagus vasconiensis (Ochotonidae, Lagomorpha, Mammalia) from the Early 
Early Miocene of Sibnica 4, Serbia. In: Marković, Z. & Milivojević, M. (eds.): Life on the shore – geological 
and paleontological research in the Neogene of Sibnica and vicinity (Levač basin, Central Serbia). 
Part 1. Special Issue of the Natural History Museum in Belgrade: 119–126.

Abstract

There is only a single representative of order Lagomorpha in the Early Miocene deposits 
(MN4) of Sibnica, Levač, Central Serbia. The remains are described and identified as Prolagus 
vasconiensis. The teeth show some of the more advanced characteristics indicating a form 
close to P. oeningensis: P2 has U-shaped flexus and form of lophs; large P3 with pronounced 
lagicone and lagiloph; very deep hypoflexa and J-shaped fossettes in M1-M2. 

Key words: Lagomorpha, Ochotonidae, Early Miocene, Serbia.

Introduction

Remains of lagomorphs are extremely rare among the micromammalian specimens from 
Sibnica. It is remarkable that they are recorded at the site Sibnica 4 only. After the analy-
sis comparing the specimens with the records of ochotonids from the Early and Middle 
Miocene deposits of Europe, the lagomorph teeth from Sibnica 4 are assigned to the spe-
cies Prolagus vasconiensis. Some of the morphological characteristics of the teeth are con-
sidered advanced and differentiate the material from Sibnica from Western and Central 
European samples. the tooth morphology, and especially p3, shows the characteristics of 
this species. One lower third and one upper second premolar do not match the usual di-
mensions of P. vascoviensis.

As this species is characteristic for MN2, MN3 and MN4 of Western and Central Europe, its 
presence in the association from Sibnica 4 is probably its extreme in temporal and geo-
graphic range. The replacement of P. vasconiensis by P. oeningensis in all Middle Miocene 
sites of Serbia and Balkans suggests an ancestor/descendant relationship of these species.

Material and methods

The odontological material of Lagomorpha from the site Sibnica 4 includes 47 specimens 
The 16 complete premolars and molars available have been used for species identifica-
tion. The remaining material includes partially preserved teeth or tooth fragments (trigo-
nids and talonids). All remains were recovered by rinsing the sediment on a set of sieves 
with different mesh sizes. All material collected is stored in the Neogene Vertebrates Small 
Mammals Collection at the Natural History Museum in Belgrade.

1 Natural History Museum, Njegoševa 51, 11000 Belgrade, Serbia. E-mail: zoran.markovic@nhmbeo.rs
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Abbreviation

NHMBEO NVSM – Natural History Museum Belgrade Neogene Vertebrate Small Mammals 
Collection.

Conventions: The nomenclature of molar parts and methods of measuring follows 
Angelone (2007), Angelone & Sese (2009) and Hordijk (2010). Measurements were taken 
by using the movable ruler on the binoculars and are given in 0.01mm units. Drawings 
are based on photographs taken with a digital camera Olympus Camedia C-4040 mount-
ed on a binocular microscope.

All teeth in the figures are show as from the left side. If the original is from the right-side 
its character has been underlined .

Systematic paleontology

Order Lagomorpha Brandt, 1855 
Family Ochotonidae Thomas, 1897 

Genus Prolagus Pomel, 1853 
Prolagus vasconiensis Viret, 1930

(Fig. 1, a-h; Fig. 2, a-h)

1975 Prolagus vasconiensis – Tobien: 144-161; Abb. 46-76. 
1978 Prolagus cf. vasconiensis – Adrover: 33-34; Pl.5. fig.1-9. 
1984 Prolagus aff. vasconiensis – López-Martínez: 33-36; Lam.1. fig1.; Lam.2. fig.4-5. 
1984 Prolagus vasconiensis – López-Martínez: 33-36; Lam.1. fig.4.; Lam.2. fig.1-3; Cu. 2. 
1986 Prolagus vasconiensis – Ziegler & Fahlbusch: 49 
1989 Prolagus vasconiensis – López-Martínez: 110-116; Fig. 14. 
1989 Prolagus vasconiensis – Mein: 53-54; Taf.1, Fig. 2-5. 
1990 Prolagus vasconiensis fortis – Álvarez-Sierra et al.: 13-14. Pl.2. fig 1-10. 
2000 Prolagus vasconiensis – Ginsburg et al.: 602-603; Fig.2  
2005 Prolagus vasconiensis – Astibia et al.: 50; Fig. 6. figs.27-28. 
2007 Prolagus cf. vasconiensis – Sabol et al.: 58-59; Fig. 2. fig.2. 
2009 Prolagus aff. vasconiensis – Bulot et al.: 209-211; Fig.3. A-B. 
2011 Prolagus vasconiensis – Hugeney & Bulot: 430. 
2011 Prolagus vasconiensis – Becker et al.: 17-18; Fig. 5. G-H.

Dental characters: The p3 with deep centroflexid. The metaconid is connected to the pro-
toconid. Strongly curved mesoflexus in P3. Presence of fossettes (1-2) in P4-M1-2. Small size. 

Geographical and temporal distribution: Iberian Peninsula, France, Germany, Switzerland, 
Austria, Czech Republic, Serbia – Early Miocene MN2 – MN4.

Material and measurements: 4 p3, 1p4, 2m1, 1m2, 2P2, 1P3, 2P4, 2M1, 2M2 
W – width; L – length

tooth W L
p3 (019801) 140 170
p3 (019802) 135 130
p3 (019803) 130 132
p3 (019804) 134 145
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tooth
W 

talonid

W 

trigonid

L

trigonid
L

p4 (019805) 185 171 90 140
m1 (019806) 140 138 82 130
m1 (019807) 141 125 88 134
m2 (019808) 132 115 68 80 40 186

tooth W L
P2 (019809) 160 85
P2 (0198010) 170 99
P3 (3-0198011) 248 150
P4 (4-0198012) 180 95
P4 (5-0198013) 170 90
M1 (6-0198014) 203 107
M1 (7-0198015) 185 95
M2 (8-0198016) 175 100
M2 (9-0198017) 190 106

Description

p3 – the tooth has a triangular shape with protruded anterolingual edge in the area of the 
large metaconid. The paraflexid and the mesoflexid are filled with cement. As in other, the 
talonid is separated from the trigonid by a deep mesoflexid and hypoflexid as in the p3 of 
other Prolagus species. The protoconid is separate from, but still attached to the metaco-
nid. The centroflexid is deep, leading to the narrow metalophid. It does not have a central 
position, but is directed toward the lingual side of the tooth. Extending from the protoco-
nid, protolophid is connected to the central part of talonid. The anteroconid has a deltoid 
(trapezoid) shape, and the wider angle is directed toward the centrolophid. The enamel 
is always thicker on the anterolabial and labial sides. The hypoconid is smaller than the 
entoconid. The entoconid is expanded, with a hint of antero-central protuberance (pro-
nounced in II). The protoconulid and the protoconid are separated by a shallow flexid. In 
contrast to the other specimens where the anteroconid is separated from the metaconid 
by a paraflexid, in tooth NHMBEO NVSM 019804 (Fig.1d) there is a connection on the lin-
gual side. The thin wall of enamel closes the paraflexid. This situation is known in Prolagus, 
but only is very rare (Hordijk 2010, Prieto et al. 2012). The metaconid has strongly undulat-
ing enamel toward the centroflexid and metaflexid. It is remarkable that both these fea-
tures were also recorded in p3 of P. oeningensis from Gratkorn (Prieto et al. 2012).

p4-m1-m2 – p4 and m1 are composed of a trigonid and a talonid, the m2 has a third part. 
The trigonid is large and rhomboid in shape. The talonid and the trigonid are kept togeth-
er by cement (a large number of teeth are separated). They have a pointed protoconid 
and a wider metaconid. The protoflexid is shallow, but pronounced. The posterior wall is 
convex toward the talonid. The anterior side of the talonid is elongated and directed to-
ward the central part of the trigonid. The labial part is very narrow and pointed, while the 
lingual part is rounded. The width of the talonid decreases from the p4 through the m2. 
The third part of m2 is a small triangular talonid with a longer anterolabial side and round-
ed anterolingual side. The posterior edge of tooth is flat. 
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P2 – the tooth is concave on posterior side. It is composed of three clearly differentiated 
parts. The precone and the lagicone are of similar length. Each flexus is straight or slight-
ly curved. They are U-shaped and filled with cement. Between the mesial hyperloph and 
the distal hypericone there is a slightly sag.

P3 – triangular tooth with a long precone that extends to more than 3/4 of the tooth and 
overarches the centrocone, narrowing the meso- and paraflexus by getting close to the 
antero-central part of metacone. The precone is widened. The mesial hyperloph is slightly 
pronounced. The mesial hypercone and the distal hypercone are divided by a hypoflexus. 
The lagicone is widened. The centrocone is finger-like and narrow. The postcone is wide.

P4 – the tooth has a pronounced mesial hypocone. The hypoflexus reaches 1/3 of tooth 
width and has a V shape. The parafossette reaches the labial edge of the teeth, where it 
is open. The mesofossette is parallel to it and reaches to the edge of the tooth where it is 
open due to damage. The posterolophid is missing.

M1 – The mesial hypocone is somewhat longer than the distal hypocone. The hypoflex-
us reaches more than 2/3 of the tooth’s width. It is straight. There is only one fossette in 
shape of letter J.

M2 – The tooth is very similar to M1 but has a narrower posterior part. The enamel on the 
labial side is abraded or absent.

a. p3 (NHMBEO NVSM 019801). 
b. p3 (NHMBEO NVSM 019802). 
c. p3 (NHMBEO NVSM 019803). 
d. p3 (NHMBEO NVSM 019804). 
e. p4 (NHMBEO NVSM 019805). 
f. m1 (NHMBEO NVSM 019806). 
g. m1 (NHMBEO NVSM 019807). 
h. m2 (NHMBEO NVSM 019808).

Figure 1: Occlusal pattern of lower cheek teeth of Prolagus vasconiensis from the Early Miocene 
of Sibnica 4

Marković  Life on the shore
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a. P2 (NHMBEO NVSM 019809).
b. P2 (NHMBEO NVSM 019810). 
c. P3 (NHMBEO NVSM 019811). 
d. P4 (NHMBEO NVSM 019812). 
e. M1 (NHMBEO NVSM 019813). 
f. M1 (NHMBEO NVSM 019814). 
g. M2 (NHMBEO NVSM 019815). 
h. M2 (NHMBEO NVSM 019816).

Figure 2: Occlusal pattern of upper cheek teeth of Prolagus vasconiensis from the Early Miocene 
of Sibnica 4

Remarks

Prolagus from Sibnica 4 has all the features of P. vasconiensis:

– presence of deep centroflexide 
– protoconid connected with metaconid  
– curved mesoflexus on p3 
– developed fosettes on M1-M2

The dimensions of the p3 (the tooth used for comparisons by most authors) of P. vas-
coniensis from Sibnica is inbetween the remains from Esteropouy, France (Tobien 1975, 
Hugueney & Bulot 2011), which are somewhat smaller, and those from Schnaitheim, 
Germany (Tobien 1975) and Maigen, Austria (Mein 1989), which are larger. Most p3 from 
Spanish sites are also larger (Alvarez-Siera et al. 1990). In contrast to the p3, the dimen-
sions of the other teeth show a high variability when compared to specimens from other 
sites. Therefore size is not a reliable factor for distinguishing species, this more because it 
depends on the individual’s age.

The p3 of Prolagus vasconiensis from Sibnica has a short protoflexid and a slightly curved 
rhomboid anteroconid in central position. These characteristics are considered primitive 
(Angelone 2007, Becker et al. 2011). In specimens from the Middle and Late Miocene 
of Central and Western Europe, the anteroconid shifts lingually and becomes flattened 
oval-rhomboid in shape through time (Angelone 2007). This is the case in one specimen 
(Fig.1d) from Sibnica 4. 

It differs from specimens from France (Tobien 1975, Ginsburg et al. 2000, Aguilar et al. 
2003, Bulot et al. 2009, Hugeney & Bulot 2011) by having a deeper centroflexus in p3 and 
a deeper hypoflexa in upper teeth.

Life on the shore  Prolagus
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It differs from specimens from Schnaitheim, Germany (Tobien 1975), as their cone length 
in P2 is uneven while hypoflexa are of similar depth.

The p3 from Sibnica 4 differs from P. vasconiensis from the Early Miocene (MN2 and MN3) 
of Spanish localities (Lopez-Martinez 1984, Alvarez-Siera et al. 1990), Portugal (Astibia et 
al. 2005) and Switzerland (Tobien, 1975, Becker et al. 2011), by much greater depth of 
the centroflexid. The tendency of centroflexid deepening is pronounced in specimens 
from MN4 Béon 2, France (Bulot et al. 2009), and Echzell and Schnaitheim, Germany 
(Tobien 1975), while in specimens from Maigen, Austria (Mein 1989) and Mokrá – 1/2001 
Turtle Joint site, Czech Republic (Sabol et al. 2007) it is still shallow – i.e. the metalophid is 
strong. This is also the case in specimens from Petersbuch 2 and Erkertshofen 2 (Ziegler 
& Fahlbusch 1986). However, in all these this phenomenon occurs associated with elon-
gation of the protoconulid, which is not the case in the p3 from Sibnica where it is short-
er and does not exceed the edge of tooth. The mesoflexid is deep, but not as much as in 
the specimens from MN4 of France (Bulot et al. 2009).

The p3 from Sibnica 4 is most similar to specimens from Dolnice, Czech Republic (Fejfar 
2011), which according to Sabol et al. (2007), already have the advanced characteristics 
leading to P. oeningensis. 

Discussion 

Prolagus had a very complex evolutionary history and is highly diversified. Presence of this 
genus during 22 Ma (Early Miocene – MN2 to Pleistocene) (Angelone & Sese 2009; Prieto 
et al. 2012), with numerous species and very abundant remains in many sites, make it po-
tentially a very good biochronological marker (Angelone 2007). However, Lopez-Martinez 
(1989) believes that the genus Prolagus had independent evolutionary pathways in 
Central and Eastern Europe and in Western Europe (Pyrenees and southern France). In 
that context, P. vasconiensis from Serbia may be considered an immigrant from Central 
Europe. It is possible that some species immigrated into this area and developing ende-
mism during the late Early Miocene caused by geographic barriers that did not influence 
other mammalian species (Angelone & Veibchegger 2015). Further development of the 
population from Sibnica 4 probably leads to the local form of P. oeningensis which is very 
common in the Middle Miocene sites of Serbia (Marković & Milivojević 2010). Angelone 
& Veibchegger (2015) posed the question whether Prolagus sp. from Schernham and 
Prolagus aff. crusafonti from Richardhof-Wald, Austria (MN10) are the products of mi-
gration from unstudied and unrevised Miocene localities in the region.. Or, in their own 
words: “some of them might be immigrants from Central and Eastern Europe, from the lo-
calities that were not properly studied”. The hypothesis anticipates that the evolution of 
Prolagus oeningensis may have followed different pathways in Central and Eastern Europe, 
as already suggested by Lopez-Martinez (1989, 2001).

There is so far no potential ancestor for P. vasconiensis recorded in the Early Miocene 
of Serbia since Albertona is the only lagomorph known from the area during that time 
slice (Marković 2010). This may mean that Prolagus immigrated into the Balkans like some 
 other species of small mammals (Marković 2003). The absence of P. vasconiensis in Sibnica 
1 and 2, suggests the difference in local biotope and/or in accumulation history.
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Conclusions

The p3 is accepted to be the main and most important element for determining Prolagus 
species (Angelone 2005).However, in the case of Sibnica 4 it is necessary to consider all 
morphological characteristics of all teeth. It is remarkable that, except for p3, all the teeth 
show characters similar to P. oeningensis. For example, P2 has some characteristics of P. oe-
ningensis: U-shaped flexus and the shape of the lophs. There is a similar situation with the 
large P3 with pronounced lagicone and lagiloph, the very deep hypoflexa in M1-M2 and 
the J-shaped fossa which are also characteristics of P. oeningensis. The equal lengths of the 
trigonid and talonid also indicate that the P. ivasconiensis from Sibnica is advanced. It is 
concluded that some of the characteristiics of the remains of P. vasconiensis from Sibnica 
4 show a tendency of changing toward the form oeningensis. This trend is also present 
in Western Europe, where it is manifested by the morphotype ’’artensis’’ from the Lower 
Aragonian of Spain (López Martinez 1997) and by the form P. vasconiensis – P. oeningen-
sis from Orechov, Czech Republic (Sabol et al. 2007). This may be that adaptation to feed-
ing conditions in a more arid biotope leads to strengthening of p3 in anterior-posterior 
direction. 
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Abstract

This is a review of the mammal remains found in the Miocene layers in Sibnica, stored 
in Faculty of Mining and Geology of Belgrade University collections and described by 
Petronijević (1967). Some of the remains have been lost so their former existence is only 
known from the literature. Identifications of old finds,in the state of the art knowledge in 
paleozoology are given. Our conclusion is that the material in the old collection belongs to 
the same stratigraphic level as the collections made during the last decade.

Key words: Petronijević collection, mammals, Sibnica, Early Miocene, Serbia.

Introduction

The specimens collected during Petronijević excavation (1954-54) are kept at the Faculty 
of Mining and Geology of Belgrade University, the Natural History Museum in Belgrade 
and the National Museum in Kragujevac. Some of the specimens mentioned in literature 
were lost during the moving of collections to other storage places. That material will be 
listed here as it was published by Petronijević (1967). 

Petronijević started his research of the locality Sibnica in 1953, because a „Mastodon“ 
tooth was found in the Poljanski potok stream after a heavy rain. The same year other re-
mains of large and small mammals were found incorporated in sediment some 20 m up-
stream from the place where „Mastodon“ was found. Unfortunately, the only description 
of the original site we have in Petronijević book (1967), so finding the exact place where 
fossil material was recovered is not possible. 

A large part of the small mammal remains recovered at that time was never published. 
Therefore, this revision allows a new look on the old collection. Where, how and what was 
exactly found remains unknown but new methods and research led to a better under-
standing. 

Abbreviations

RGFZP – Rudarsko Geološki fakultet Živadin Petronijević (Faculty of Mining and Geology 
Živadin Peronijević)

1 Department of Geology, Faculty of Mining and Geology, University of Belgrade, Kamenička 6, 11000, Belgrade, Serbia. E-mail: 
ivanstefano@yahoo.com
2 Natural History Museum, Njegoševa 51, 11000 Belgrade, Serbia. E-mail: zoran.markovic@nhmbeo.rs; sanja.pavic@nhmbeo.rs
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NHMBEO NVLM – Natural History Museum Belgrade Neogene Vertebrate Large 
Mammals Collection. 
coll. No – collection number 
mand – mandible; max – maxilla; sin. – sinistral (left); dext. – dextral (right).

The surviving specimens

Small mammals

A first look at the Petronijević collection of small mammals at Faculty of Mining and 
Geology of Belgrade University made it clear that, other than the specimens e described 
in 1967, the material had not been studied. 

It must be noted that the records are clearly a result of specific type of colleting. Their 
number and relative abundance obviously does not represent the real occurrences in 
the sediment treated. The goal of excavation at Sibnica was not collecting remains of 
small vertebrates, but macro fossils (invertebrate and vertebrate). The method of sedi-
ment washing, already scientific standard at the time, was not used during this research, 
resulting in a collecting bias. 

Insectivora

Petronijević (1967) described the remains as:

RGFZP52/8 Galerix exilis mand dext p4-m2
RGFZP52/9 Galerix exilis m1 sin
RGFZP53 Scaptonix edwardsi mand sin m1-m3
RGFZP53 Scaptonix edwardsi mand sin m1-m3
RGFZP53 Scaptonix edwardsi mand dext m1-m3
RGFZP53 Scaptonix edwardsi humeri dext. fragm.
RGFZP52 Sorex sp. M1 sin
RGFZP52/1 Sorex dehmi mand fragm. sin m1-m3
RGFZP52/2 Trimylus sansaniensis I sin
RGFZP52/3 Trimylus sansaniensis I dext
RGFZP52/4 Trimylus sansaniensis mand dext
RGFZP52/5 Trimylus sansaniensis mand dext i–m1
RGFZP52/6 Trimylus sansaniensis mand sin m1-2
RGFZP52/7 Trimylus sansaniensis mand dext m1-2

These identifications require revision, because the information on the Miocene insecti-
vores has much increased since 1967. The study of, and comparison with the material col-
lected during the last decade will allow the correct identifications of the specimens in 
this collection.

Rodentia

Only a few remnants of rodents were described in Petronijević (1967). They are:

Cricetodon gailardi – 2M1 (RGFZP102), 2M2 (RGFZP58); 
Cricetodon helveticum laskarevi – 2 mand dext (RGFZP104, RGFZP101), 4 max (without 
coll. No); 
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Cricetodon breve – 1 mand (without coll. No), 1 max (without coll. No); 
Sciurus cf. bredai – (RGFZP47-49, RGFZP63-64, RGFZP67)

The review of the Petronijević collection made it clear that the rodent species described 
in his book (as well as numerous other, but unpublished taxa ) are also common in the 
other localities of Sibnica (1, 2 and 4) (Marković et al. 2016, this volume). Therefore, the hy-
pothesis that there are several different stages of fauna represented in this section should 
be rejected.

The updated list of the unpublished rodent remains in the RGFZP collection:

Gliridae 
Previously catalogued as Gliridae indet.

RGFZP54 Glis minor m3 dext
RGFZP55 Bransatoglis astaracensis m3 dext
RGFZP55/1 Glirulus ekremi m3 dext

Spalacidae (Pl. 1, fig. f ) 
Previously catalogued as micromammalia indet.

RGFZP68 Heramys aff. eviensis mand sin m1-3
RGFZP69 Heramys aff. eviensis mand sin m1-3
RGFZP70 Heramys aff. eviensis mand dext m1-3
RGFZP70/1 Heramys aff. eviensis M1 dext
RGFZP70/2 Heramys aff. eviensis M1 dext
RGFZP50 Heramys aff. eviensis M2 dext
RGFZP70/4 Heramys aff. eviensis M1-2 dext

Anomalomyidae (Pl. 1, fig. e) 
Previously catalogued as micromammalia indet.

RGFZP45 Anomalomys minor max sin M1-2 
RGFZP45/1 Anomalomys minor mand dext m1
RGFZP45/2 Anomalomys minor mand dext m1
RGFZP45/3 Anomalomys minor m2 dext
RGFZP46 Anomalomys minor m1 sin
RGFZP45/4 Anomalomys minor m1 sin
RGFZP45/5 Anomalomys minor m1 sin
RGFZP45/8 Anomalomys minor m1 sin
RGFZP51 Anomalomys minor mand dext m1-2
RGFZP45/6 Anomalomys minor mand dext m1
RGFZP66 Anomalomys minor mand sin m1
RGFZP45/7 Anomalomys minor mand sin m1,m3
RGFZP62 Anomalomys minor mand sin m1-2
RGFZP61 Anomalomys minor mand sin m1-3
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Eomidae  
Previously catalogued as micromammalia indet.

RGFZP56 Pseudotheriodomys parvulus mand dext with m2 (wrong glued as m1)

Cricetidae (Pl. 1, figs. b, c) 
Previously catalogued as Cricetodon helveticus laskarevi

RGFZP104 Eumyarion cf. weinfurteri mand dext m1-3
RGFZP104/1 Eumyarion cf. weinfurteri mand dext m1-2
RGFZP104/2 Eumyarion cf. weinfurteri max dext M1-2
RGFZP104/3 Eumyarion cf. weinfurteri mand dext m1-2
RGFZP104/4 Eumyarion cf. weinfurteri m3 dext
RGFZP104/5 Eumyarion cf. weinfurteri m2 dext
RGFZP104/6 Eumyarion cf. weinfurteri m2 dext
RGFZP104/7 Eumyarion cf. weinfurteri m1 dext
RGFZP104/8 Eumyarion cf. weinfurteri m1 sin

Democricetodon franconicus (Pl. 1, fig. d) 
Previously catalogued as Cricetodon breve

RGFZP101 Democricetodon franconicus mand sin m1-3 

Democricetodon mutilus  
Previously catalogued as Cricetodon breve

RGFZP57/1 Democricetodon mutilus M2-3 dext
RGFZP57 Democricetodon mutilus M2 sin
RGFZP59 Democricetodon mutilus m1 dext
RGFZP59/1 Democricetodon mutilus M1 sin
RGFZP59/2 Democricetodon mutilus M1 sin
RGFZP60 Democricetodon mutilus m2-m3 sin
RGFZP60/1 Democricetodon mutilus M1-3 sin
RGFZP60/2 Democricetodon mutilus m1-3 dext

Sciuridae 

Blackia miocaenica  
Previously catalogued as ‘Sciurus cf. bredai’

RGFZP64/1 Blackia miocaenica mand dext fragm i1, p4, m2
RGFZP64/2 Blackia miocaenica max dext P4-M1
RGFZP64/3 Blackia miocaenica mand sin with p4
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Aliveria luteyni  
Previously catalogued as Sciurus sp. (Pl. 1, fig. a)

RGFZP48 Aliveria luteyni M1 dext
RGFZP48/1 Aliveria luteyni M2 dext
RGFZP48/2 Aliveria luteyni M1 sin
RGFZP48/3 Aliveria luteyni M2 sin
RGFZP48/4 Aliveria luteyni M1 sin
RGFZP47 Aliveria luteyni mand sin fragm p4-m2
RGFZP49 Aliveria luteyni max dext P4-M2
RGFZP49/1 Aliveria luteyni M1 dext
RGFZP49/2 Aliveria luteyni m3 dex
RGFZP49/3 Aliveria luteyni p4-m3 sin
RGFZP49/4 Aliveria luteyni p4-m3 dext
RGFZP49/5 Aliveria luteyni m3 dext
RGFZP49/6 Aliveria luteyni m3 dext
RGFZP64 Aliveria luteyni mand dext fragm p4-m2

Aliveria sp.  
Previously catalogued as Sciurus sp.

RGFZP47/1 Aliveria sp. p4 dext

Dehmisciurus obtusidens 
Previously catalogued as Sciurus sp.

RGFZP63 Dehmisciurus obtusidens m3 sin
RGFZP63/1 Dehmisciurus obtusidens P4 sin
RGFZP63/2 Dehmisciurus obtusidens m3 sin
RGFZP63/3 Dehmisciurus obtusidens m3 sin
RGFZP63/4 Dehmisciurus obtusidens m3 sin
RGFZP67 Dehmisciurus obtusidens m1 sin
RGFZP67/1 Dehmisciurus obtusidens m2 sin

Because the rodent fauna from the Petronijević Sibnica site is the same as that from 
Sibnica 1, 2 and 4 the descriptions and figures of the rodent species are given in Marković 
et al. 2016, (this volume).
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Plate 1: Rodents from Petronijević collection: a - Aliveria luteyni mand fragm p4-m2 (RGFZP64); 
b - Eumyarion cf. weinfurteri mand m1-2 (RGFZP104/2); c - Eumyarion cf. weinfurteri max M1-2 
(RGFZP104/2); d - Democricetodon franconicus mand m1-3 (RGFZP101); e - Anomalomys minor 
mand m1-2 (RGFZP62); f - Heramys aff. eviensis mand m1-3 (RGFZP70). All specimens are figured 
as left ones. If the original is from the right side its number is underlined on the plates.

Large mammals

In locality of Sibnica, large mammals are very rare. This small number of reminds is fur-
ther reduced by the subsequent loss of some specimens from the collection at Faculty of 
Mining and Geology of Belgrade University.

The revised material from the Collection is described as:

Family Bovidae Gray, 1821 
Subfamily Boselaphinae Knottnerus/Meyer, 1907 
Eotragus Pilgrim, 1939 
Eotragus haplodon (Herbert von Meyer, 1846) = Eotragus aff. sansaniensis (Lartet, 1851)  
(Pl. 2, figs. a, b, c) 
Material: P4-M2 dext (originally shown as M1-M2 + P4 – now glued together) (RGFZP47)
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Plate 2: Eotragus aff. sansaniensis from Sibnica. P4-M1 dext (RGFZP47): a – occlusal, b – lingual 
and c – labial view.

Petronijević described P4/M2 and attributed these remains of an old animal to Eotragus 
haplodon and compared his material with specimens found in Neudorf-Sandberg 
(Thenius 1952) and Göriach (Thenius 1952a). Petronijević (1967) noted that some features 
of E. haplodon are evident, such as a weak cingulum and the presence of a basal lingual 
cusp in the M1 and M2. He noted that the parastyl and mesostyl are strong in the speci-
mens from Sibnica and from Göriach, but also remarked that these differ in some features 
from the Göriach material studied by Thenius (1952a). The Lack of horns made it hard for 
Petronijević to reach a conclusion.

There is some uncertainty about differences between the species E. haplodon and E. 
sansaniensis. Even though Thenius (1952a) published a table that indicates the differ-
ences between these two species the validity of the species E. haplodon is questioned 
by various authors (Ginsburg 1963, Moyà Solà 1983, Astibia 1987, Van der Made 1989) 
who considered E. haplodon synonymous with E. sansaniensis. Also the specimens from 
Neudorf-Sandberg and Sansan are scattered over several collections and there is no type 
specimen of E. haplodon (Van der Made 1989). 
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Remains of fossil antelope are known from several localities in Serbia, including Mala 
Miliva (Petronijević 1967), Prebreza (Pavlović 1969, Stefanović 2004) and Slanci (Van der 
Made et al. 2007). The Sibnica specimen closely resembles unpublished bovid remains of 
bovids from Prebreza that are kept in the collections of the Natural History Museum in 
Belgrade and the Faculty of Mining and Geology of Belgrade University. 

Taking into consideration that Eotragus is represented in by just one specimen with worn 
teeth, we attribute the remains to Eotragus aff. sansaniensis. 

Measurements of teeth from Sibnica are: 

DAP DT
P4 1.05 1.16
M1 1.42 1.40
M2 1.45 1.32

DAP – antero-posterior diameter  
DT – transverse diameter

This bovid species is known from MN4 unit onward and present in the early Middle 
Miocene faunas in Europe following the dispersal events during the MN4/5 transition 
(Van der Made 1997). E. sansaniensis survives to MN6 as it is found in localities Neudorf-
Sandberg and Sansan.

Figure 1: Scatter diagrams of DAP and DT of P4, M1 and M2 of several Miocene ante-
lope species. This diagram is a combination of one given by Van der Made (1989, 2012), 
the measurements given by Thenius (1952), Ginsburg & Heinz (1968), Van der Made et 
al. (2007) and the Sibnica specimens.
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Family Cervida Gray, 1821 
Subfamily Muntiacinae Pocock, 1923 
Heteroprox Stehlin, 19 28 
Heteroprox larteti (Filhol, 1890) 
(Pl. 3, figs. a, b, c) 
Material: A well preserved left branch of mandible with p2-m3 (RGFZP22) (p3 is lost)

The presence of this early cervid in the fauna from Sibnica is to be questioned for 
Heteroprox larteti differs from Europrox furcatus (Hensel) by the shape of horns only while 
dimensions and shape of the teeth are similar (Stehlin 1928, Petronijević 1967, Aiglsorfer 
et al. 2014). Not having horns Petronijević (1967) decided to attribute these remains to 
Heteroprox larteti on the basis of his biotope reconstruction (a humid forest, indicated by 
finds of Gomphotherium angustidens and Anchitherium aurelianense in the locality), and 
their similarity to the specimens from Neudorf-Sandberg studied by Thenius (1952a).

Plate 3: Heteroprox larteti from Sibnica – left branch of mandible with p2-m3 (RGFZP22);  
a – occlusal, b – labial and c – lingual view.

Order Carnivora Bowdich, 1821 
Suborder Fissipedia Blumenbach, 1791 
Family Viverridae Gray, 1821 
Subfamily Viverrinae Gray, 1864 
Semigenetta Helbing, 1927 
Semigenetta mutata (Filhol, 1883)  
(Pl. 4, figs. a, b, c) 
Material: mandible dext d3 p3 p4 m1 (RGFZP17)
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This specimen is belonging to young individual as the replacement of the deciduous by 
permanent teeth is visible. Part of the d3 is preserved, while the p3 is still in mandible and 
m1 is complete. This Specimen shows a remarkable similarity with the specimens from 
Sansan (Ginsburg 1961). 

Plate 4: Semigenetta mutata from Sibnica – mand dext d3 p3 p4 m1 (RGFZP17); a – occlusal,  
b – lingual and c – labial view.

Pavlović (1969) described well preserved skull of the viverrid Tunurictus from Prebreza 
(Serbia). Tungurictus is known from Mongolia and China and, although it shows a strong 
resemblance to Semigenetta, it has different dimensions and lacks the second upper mo-
lar (Pavlović 1969, Stefanovic 2004). 

The specimen from Sibnica cannot be compared with the Tungurictus material from 
Prebreza because there are no maxillae. Semigenetta mutata is the name in use in Serbia 
but it might be synonymous to Sermigenetta sansaniensis (Lartet) (Stefanovic 2004).

Order Proboscidea Illiger, 1811 
Family Gomphotheriidae Hay, 1922 
Gomphotherium Burmeister, 1837 
Gomphotherium angustidens (Cuvier, 1806) 
Material: m3 dext NHMBEO NVLM 019294. The m3 sin is missing 
Dimension: DAT – 151, 41; DT 67,84; H 36,34 
(DAT antero-posterior diameter and DT transverse diameter H crown height – in mm)

Description:

The tooth is bunodont with bulbous main cunules without compression and no trace of 
zygodont crests. It has four ridges and a small talonid. The valley between the ridges is 
wide. Anterior pretrite central conules are reduced, while posterior pretrite conules are 
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prominent. Postrite central conules are missing. The crests are separated from the main 
cone of the half-loph by well developed furrows.

Petronijević (1967) described the m3 dext and the m3 sin from Sibnica as Mastodon an-
gustidens and remarked that the teeth from Sibnica is very similar to Mastodon angus-
tidens Cuv. forma subtapiroides described 1917 by Schlesinger from Eibiswald in Austria. 

Gomphotherium angustidens was broadly distributed in entire Europe where it lived from 
MN4 to MN9.

Remains of fossil proboscideans are known from many localities in Serbia. 

The Collection of Neogene Large mammals in the Natural History Museum in Belgrade 
keeps one m3 sin (Pl. 5), while the other tooth (m3 dext) is missing. Both teeth belong to 
the same animal, at the time identified as Mastodon angustidens f. subtapiroidea Cuvier, 
now Gomphotherium angustidens. Because these teeth were not found during the 
Petronijević excavation, the question arises whether they belong to the same stratigraph-
ic level as the other finds, or come from younger layers. Gomphotherium angustidens has 
a very long stratigraphic range, so it is not an good indicator of geological age.

Plate 5: Gomphotherium angustidens from Sibnica – m3 dext (NHMBEO NVLM 019294); a – 
occlusal, b – lingual and c – labial view.
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Lost material (but described by Petronijević 1967)

Order Perissodactyla Owen, 1848 
Family Equideae Gray, 1821 
Subfamily Anchitheriinae Osborn, 1810 
Anchitherium H. v. Meyer, 1844 
Anchitherium aurelianense (Cuvier, 1834) 
Material C sin (RGFZP105), (p2 dext is lost)

Originally Petronijević (1967) described C sin and p2 dext. As p2 is lost, this species is 
now presented by a single tooth. It is common in Middle Miocene localities, throughout 
Europe since dispersal events in MN4.

Order Carnivora Bowdich, 1821 
Suborder Fissipedia Blumenbach, 1791 
Family Viverridae Gray, 1821 
Subfamily Herpestinae Gill, 1872 
Herpestes Illinger, 1811 
Herpestes aurelianensis Schlosser, 1888

Herpestes aurelianensis was represented by fragment of a left mandible with the m1 
(Petronijević 1967).

Conclusion

After reviewing all the remains from the RGF collection gathered by the Petonijević team 
we reject our earlier hypothesis; (Marković 2003, 2008, Marković et al. 2008, Marković & 
Milivojević 2010) that there are different stratigraphic levels in Sibnica. This once again 
demonstrates that literature data with their artistic freedom are not a safe source for iden-
tification. Only comparison with the real specimens or casts leads to accurate conclusions. 
Description of lost items will always cause confusion, therefore, finding new remains of 
the species recognized earlier will be the only sure path to discover the scientific reality.
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Abstract 

The paper presents the description of six isolated fossil teeth discovered in 2011 at Sibnica 
4 locality (Central Serbia). Based on the morphological characteristics, the material is identi-
fied as belonging to a small fossil moschid Micromeryx sp., which makes the first occurrence 
of this genus in Serbia. Moreover, the associated small mammalian fauna suggests MN4 age 
for the fossils from Sibnica, constituting the earliest record of this genus discovered so far.

Key words: Early Miocene, Moschidae, Micromeryx, Serbia

Introduction

Moschids are small-sized hornless pecoran ruminants represented in the extant fau-
na only by the musk deer (Moschus spp.), inhabiting forested and mountainous scrub 
habitats of eastern Asia. The phylogenetic position of Moschidae has long been debat-
ed. Systematic clustering based on morphological, molecular and behavioral charac-
ters and supertree methods have been used to decipher the phylogenetic relationships 
of the Moschidae. They have been considered to be the sister group of the Cervidae, 
Cervidae+Antilocapridae, Cervidae+Bovidae, Bovidae, or all other pecorans (Janis & 
Scott 1987, Hernández-Fernández & Vrba 2005, Vislobokova & Lavrov, 2009). Recent mor-
phological, as well as molecular studies, have shown that moschids represent a sister 
group of the Bovidae (Hassanin & Douzery 2003, Sánchez et al. 2009, 2010). The European 
moschid genera, Hispanomeryx Morales, Moyà-Solà & Soria, 1981 and Micromeryx Laret, 
1851, from the Middle to Late Miocene share a number of diagnostic features with the 
extant Moschus (Aiglstorfer & Costeur 2013). Three species of the genus Hispanomeryx are 
currently recognized: Hispanomeryx duriensis Morales et al. 1981 (type species, MN9-10), 
H. aragonensis Azanza, 1986 (MN7⁄8) and H. daamsi Sánchez, Domingo & Morales, 2010 
(MN6/7). Other than in Spain Hispanomeryx has been identified in the Caucasus and in 
Turkey (Sánchez et al. 2010). Five European species of the genus Micromeryx are consid-
ered valid 

(Aiglstorfer et al. 2014). The type species Micromeryx flourensianus was described by Lartet 
(1851) on the basis of material from Sansan (France, MN6). Additional material of this spe-
cies ranging in age between MN5 and MN9 has been discovered in Central Europe and 
Asia (Aiglstorfer et al. 2014). Thenius (1950) described Micromeryx styriacus on basis of a 
rather poor dental sample from the locality Göriach (Austria, MN5⁄6) but no other finds of 
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this species have been discovered since. Three additional species of this genus have been 
described in recent years. Vislobokova (2007) described Micromeryx mirus from Kohfidisch 
(Austria, MN11). The abundant vertebrate fauna from Torril-3 in Spain (MN7/8) yielded 
Micromeryx azanzae Sánchez & Morales, 2008. The species Micromeryx soriae Sánchez, 
Domingo & Morales, 2009 was described on the basis of the material from three Spanish 
sites (La Roma-2, Batallones-1, and Batallones-10, MN 10). 

Only one putative fossil moschid specimen has been reported from Serbia so far. Laskarev 
(1939) described a right mandibular ramus from Rusce village near Vranje (Southern 
Serbia), which he identified as M. flourensianus. Unfortunately, this specimen has been 
lost, so we were not able to check its taxonomic status. Based on the flora (Mihajlović 
1985), molluscs (Veselinović et al. 1958) and small mammals (Marković et al. 2013) the 
strata at Rusce were deposited during the Late Eocene, so this specimen has most proba-
bly been misidentified by Laskarev. This means that moschids were unknown from Serbia 
until recent sampling at Sibnica. 

Abbreviations

NHMBEO NVLM – Natural History Museum Belgrade Neogene Vertebrate Large Mammals 
Collection.

Material and methods

The Natural History Museum of Belgrade team collected the material that will be described 
below from the locality Sibnica 4 in 2011. The geological setting of this locality is described 
in detail in Knežević et al. (2016, this volume). Sieving of the sediment from Sibnica 4 re-
sulted in the discovery of six isolated teeth of a small moschid: NHMBEO NVLM 019471 
(d3 sin), NHMBEO NVLM 019472 (p3 sin), NHMBEO NVLM 019473 (m2 dext), NHMBEO 
NVLM 019474 (m2 sin), NHMBEO NVLM 019475 (m3 dext), NHMBEO NVLM 019476 (m3 
sin). Dental terminology used follows Bärmann & Rössner (2011). Measurements were tak-
en using digital calipers (with a precision of 0,1 mm). Crown height was measured on 
the lingual sides of the teeth. Comparative metrical data were taken from the literature 
(Vislobokova 2007, Thenius 1950, Hillenbrand et al. 2009, Sánchez et al. 2009, Sánchez et 
al. 2010, Rössner 2010, Aiglstorfer et al. 2014). All specimens are figured as left ones. If the 
original is from the right side its number is underlined on the plates.

Systematic paleontology

Order Cetartiodactyla Montgelard, Catzeflis & Douzery, 1997 
Suborder Ruminantia Scopoli, 1777 
Family Moschidae Gray, 1821 
Genus Micromeryx Lartet, 1851 
Micromeryx sp.

(Pl. 1. 1– 3b; Pl. 2. 1-3b)

Permanent dentition: The p3 (NHMBEO NVLM 019472) displays a dominant centrally placed 
mesolingual conid. The mesolabial conid is small and positioned distally; there is no anter-
olingual cristid. The transverse cristid is strongly skewed backwards, forming a deep and 
obliquely oriented posterior valley, which is open on the lingual side. The anterior conid 
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and the anterior stylid are well developed. Seen in the labial view, mesolabial conid is deeply 
separated from the anterior conid/stylid – the anterolabial cristid is not a continuous ridge, 
but a v-shaped structure. The posterolabial and posterolingual conids are prominent. The 
anterior valley is deep. The posterior valley is deep and almost fully closed by a strong pos-
terior stylid and posterior cristid.The labial wall of the tooth is flat and there are no cingu-
la. The lower molars have relatively high crowns, with long wings of the protoconid and 
metaconid. The anterior cingulid is well marked on all molars, but other cingula are ab-
sent. All molars show a split postprotocristid, with a conspicuous Paleomeryx fold (sensu 
Janis (1987)). Second molars (NHMBEO NVLM 019473–019474) are characterized by a large 
ectostylid, which although much smaller in size is also present in third molars (NHMBEO 
NVLM 019475–019476). The metastylid is poorly developed in the second molars, although 
it is slightly more pronounced in NHMBEO NVLM 019473. As for the third molars, meta-
stylid is large in NHMBEO NVLM 019476, and relatively small in NHMBEO NVLM 019475. 
The third lobe in both third molars is fully closed and much reduced in size. The entoconu-
lid is much smaller than hypoconulid and fused with the posthypocristid. The lingual walls 
are not smooth as in p3, but show the presence of lingual ribs; however, the lingual relief 
of the third lobe is much smoother. The prehypoconulidcristid and hipoconulid are well 
 developed.

Plate 1: Micromeryx sp. from Sibnica 4: p3 sin (NHMBEO NVLM 019472) - occlusal (1), lingual (1a), 
labial (1b) views; m2 dex (NHMBEO NVLM 019473) – occlusal (reversed) (2), lingual (reversed) 
(2a), labial (reversed) (2b) views; m2 sin (NHMBEO NVLM 019474) - occlusal (3), lingual (3a) and 
labial (3b) views.
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Deciduous dentition: The crown of the d3 (NHMBEO NVLM 019471) is much lower and 
longer than that of the p3. The anterior valley is not fully closed, since it opens on the labi-
al side. The protoconid is well developed and placed centrally. The narrow, deep mesofos-
sa is closed. The hypoconid is placed mesially (in line with the protoconid) and its wings 
enclose the posterior valley. There are no cingula.

Plate 2: Micromeryx sp. from Sibnica 4: m3 dex (NHMBEO NVLM 019475) - occlusal (reversed) (1), 
lingual (reversed) (1a), labial (reversed) (1b) views; m3 sin (NHMBEO NVLM 019476) – occlusal (2), 
lingual (2a), labial (2b) views; d3 sin (NHMBEO NVLM 019471) - occlusal (3), lingual (3a) and labial 
(3b) views.

Discussion

The morphology of the teeth presented show clear affinities with the moschid ge-
nus Micromeryx. This is especially evident in the lower molars, which have a clear ex-
ternal postprotocristid (Paleomeryx fold), which characterizes all species of the genus 
except Micromeryx azanzae. In contrast, the external postprotocristid is always absent 
in Hispanomeryx (Sánchez et al. 2008). In Micromeryx, all cingula in the lower molars are 
 reduced except the anterior one, which is the condition in the specimens from Sibnica. 
Both third molars from Sibnica show bicuspidate third lobe, a character consistently pres-
ent in Micromeryx (Sánchez et al. 2008); however, the third lobe is relatively small and 
shows a reduced (small) entoconulid, which differentiates it from M. florensianus and M. 
styriacus. In terms of size, the teeth from Sibnica are similar to those of other species of 
the genus Micromeryx. A detailed comparison with various Micromeryx species (Tabs 1-4) 
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shows that there are only minute differences in dental measurements. While the size of 
the molars from Sibnica 4 fall into ranges for M. florensianus, the p3 is somewhat small-
er and the d3 differs by its greater length and slightly smaller width. The molars also fall 
into size ranges for M. azanzae, but the p3 from Sibnica is narrower. Compared to M. so-
riae the p3 and m2 from Sibnica are smaller. The metric difference with M. mirus is ba-
sically restricted to the relatively short m3 of that species. Comparison to M. styriacus is 
necessarily restricted to the lower third molars. The m3 from Sibnica is slightly smaller. We 
should keep in mind that the metric differences between the various Micromeryx species 
are only slight (often less then millimeter) and inufficient for identification. The sizes of 
Sibnica teeth are also similar to those of the small cervid Lagomeryx parvulus (MN 4-6 and 
possibly MN3) (Tabs 1-4). However, Lagomeryx differs from moschids of comparable size 
by having relatively low crowns and by lacking third lingual cuspid in m3 Rössner (2010). 
The only consistent size distinction that we see concerns Hispanomeryx daamsi, which 
shows larger dental measurements (Tabs 1-3). Although the Sibnica material clearly be-
longs to the genus Micromeryx, we were not able to determine it to the species level. We 
could only exclude M. azanzae because the lower molars of this species do not show an 
external postprotocritid. 

Specimen/Species Locality References
p3 L  

min/max
p3 aw  

min/max
p3 W  

min/max
NHMBEO NVLM 
019472

Sibnica Our data 5.36 2.2 2.56

Micromeryx 
florensianus

Atzelsdorf, 
Gratkorn, Sansan

Hillenbrand et al. (2009), 
Aiglstorfer et al. (2014), 
Rössner (2010)

5.5/6.1 2.7/3.5 -

Micromeryx azanzae Toril-3 Sánchez & Morales (2008) 4.37/5.98 3.2/3.7 -
Micromeryx soriae La Roma-2 Sánchez et al. (2009) 5.4 - 3.2
Micromeryx mirus Kohfidisch Vislobokova (2007) 5/5.5 - 2.8/3.4
Hispanomeryx daamsi Toril-3 Sánchez et al. (2010) 5.62/6.24 - 3.06/3.38

Lagomeryx parvulus
Sandelzhausen, 
Reischenau

Rössner (2010) 5.9/6.4 2.6/3.4 -

Lagomeryx pumilio
Sandelzhausen, 
Reischenau

Rössner (2010) 3.8/4.9 1.8/3.4 -

Lagomeryx ruetimeyeri
Landstrost, 
Oberdorf

Rössner (2010) 6.7/8.3 2.7/4.4 -

Table 1: Measurements (in mm) for Sibnica p3 specimen and comparative taxa; L – crown length; 
aw – anterior (mesial lobe) width; W – width.

Previously, the earliest known records of the genus Micromeryx (species M. florensianus 
and M. styriacus) were dated to MN5 (Aiglstorfer et al. 2014). However, the associated small 
mammals suggest an MN4 (= Late Ottnangian/Early Karpatian) age for the Sibnica fau-
na Marković et al. (2016, this volume), which makes this record of Micromeryx the earli-
est so far.

Life on the shore  Micromeryx



146

Specimens/Species Locality References
m2 L  

min/max
m2 aw  

min/max
m2 W  

min/max
NHMBEO NVLM 019473 Sibnica Our data 7.35 4.76 4.82
NHMBEO NVLM 019474 Sibnica Our data 7.32 4.72 4.83

Micromeryx florensianus
Atzelsdorf, 
Gratkorn, Sansan

Hillenbrand et al. (2009), 
Aiglstorfer et al. (2014), 
Rössner (2010)

6.2/7.5 4/6.9 -

Micromeryx azanzae Toril-3
Sánchez & Morales 
(2008)

6.92/8.27 - 4.63/5.42

Micromeryx soriae La Roma-2 Sánchez et al. (2009) 7.8 - 5
Micromeryx mirus Kohfidisch Vislobokova (2007) 6.7/7.4 - 4/4.6
Hispanomeryx daamsi Toril-3 Sánchez et al. (2010) 8.47/10.11 - 5.01/5.76

Lagomeryx parvulus
Sandelzhausen, 
Reischenau

Rössner (2010) 7/7.8 4.5/5.1 -

Lagomeryx pumilio
Sandelzhausen, 
Reischenau

Rössner (2010) 5.4/6.4 3.2/4.2 -

Lagomeryx ruetimeyeri
Landstrost, 
Oberdorf

Rössner (2010) 9.5/9.6 6.5/6.8 -

Table 2: Measurements (in mm) for Sibnica m2 specimens and comparative taxa; L – crown 
length; aw – anterior (mesial lobe) width; W – width.

Specimens/Species Locality References
m3 L  

min/max
m3 aw  

min/max
m3 W  

min/max
NHMBEO NVLM 
019475

Sibnica Our data 9.42 4.77 4.45

NHMBEO NVLM 
019476

Sibnica Our data 9.43 4.72 4.39

Micromeryx 
florensianus

Atzelsdorf, Gratkorn, 
Sansan

Hillenbrand et al. (2009), 
Aiglstorfer et al. (2014), 
Rössner (2010)

8.5/10.4 3.9/4.8 -

Micromeryx azanzae Toril-3
Sánchez & Morales 
(2008)

8.48/10.07 4.22/4.87 -

Micromeryx mirus Kohfidisch Vislobokova (2007) 7 - -
Micromeryx styriacus Göriach Thenius (1950) 9.8 - 4.8
Hispanomeryx daamsi Toril-3 Sánchez et al. (2010) 11.2/13.5 - 4.9/5.7

Lagomeryx parvulus
Sandelzhausen, 
Reischenau

Rössner (2010) 9.4/10.7 3.7/5.4 -

Lagomeryx pumilio
Sandelzhausen, 
Reischenau

Rössner (2010) 5.9/8.8 3.1/4.9 -

Lagomeryx ruetimeyeri Landstrost, Oberdorf Rössner (2010) 13.3/14.8 6.8/8 -

Table 3: Measurements (in mm) for Sibnica m3 specimens and comparative taxa; L – crown 
length; aw – anterior (mesial lobe) width; W – width.
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Specimen/Species Locality References
d3 L min/

max
d3 aw min/

max
d3 W min/

max
NHMBEO/NVLM 
019471

Sibnica Our data
6,14 1,81 2,31

Micromeryx 
florensianus

Atzelsdorf, Gratkorn, 
Sansan

Aiglstorfer et al. (2014), 
Rössner (2010)

5.1/5.5 - 2.4/2.5

Lagomeryx parvulus
Sandelzhausen, 
Reischenau

Rössner (2010) 5.8/6.1 2.4/2.7 -

Table 4: Measurements (in mm) for Sibnica d3 specimen and comparative taxa; L – crown length; 
aw – anterior (mesial lobe) width; W – width.

Conclusion

The six isolated fossil teeth described represent the first occurrence of the genus 
Micromeryx in Serbia. Moreover, the age of Sibnica (as inferred from the associated small 
mammalian fauna) extends the stratigraphic range of the genus Micromeryx to MN4. 
This early dating together with the morphological peculiarities of the material, empha-
sis the importance of Sibnica for the understanding the moschid diversity and evolution 
in Europe.
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