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Abstract. The macroflora of the Early Miocene, especially the younger levels of the Early Miocene (Ottnangian-
Carpathian), is the most numerous in the territory of Serbia. All sediments with plant remains are of lacustrine 
origin. The main characteristics of these plant communities are their existence under conditions of a warm and 
humid subtropical climate. Elements of broadleaf evergreen vegetation dominate, with Lauraceae being the most 
represented, especially Daphnogene, as well as a relatively high presence of arctotertiary elements. Evergreen oaks 
are relatively rare, as are marsh Taxodiaceae. Some sediments with palaeofloras also contain remains of fresh-
water fauna, most commonly Congeria, while in others they are completely absent. The palaeoflora of the Early 
Miocene in Serbia includes the “Bela Stena” of the Valjevo-Mionica basin, Žagubica, Popovac, Slanci, Rakova 
Bara, Kaludra, and Melnica.
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Introduction

The macroflora of the Early Miocene, particularly 
from the younger strata (Otnangian–Carpathian), is 
notably rich within the territory of Serbia. This flora 
is derived from lake sediments located in central 
Serbia and primarily consists of local plant assem-
blages, often referred to as “floras” or “taphoflo-
ras”. These fossil plant assemblages do not provide 
an exact representation of the original flora, nor do 
they allow definitive conclusions about the appear-
ance and composition of the flora in the surrounding 
areas. However, through the analysis of taxonomic 
composition, comparisons with similar modern plant 
communities, and the morphology of leaf imprints, 
we can reconstruct local paleoecological factors. 
This paper highlights the floras found in various re-
gions, including “Bela Stena” in the Valjevo-Mio
nica basin, the Žagubica basin, the Popovac basin, 
the Slanci basin, the Rakova Bara basin, Kaludra, 
and Melnica (Fig. 1). The objective of this research 

is to reconstruct the paleoclimate and local paleo-
geography of Serbia during this period, utilizing the 
synchronous local floras as a foundation.

“Bela Stena” in Valjevo-Mionica basin

In the sediments of the “Bela Stena” in Valjevo-
Mionica basin, faunal fossil remains are quite rare. 
Among the inhabitants of the lake, remains of sev-
eral fish species have been found, in the form of 
skeletons and otoliths (Gaudant, 1998), while from 
terrestrial organisms, remains of plants (Pantić, 
1956; Lazarević et al., 2013), insects (Lazarević, 
Milivojević, 2024), bird feathers, and a single wing 
of a bird – the ancestor of the pelican (Dimitrijević 
et al., 2002) were discovered. The complete absence 
of mollusks, as well as other bottom-dwelling or-
ganisms, can be explained by the anaerobic bottom 
conditions that prevent respiration in the lake’s ben-
thic inhabitants.
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An analysis of the plant material reveals at first 
glance an absolute dominance of the leaves of 
Daphnogene (Daphnogene polymorpha and Daph­
nogene polymorpha forma bilinica). Besides Daph­
nogene, other Lauraceae are numerous as well. Such 
a percentage representation of Lauraceae (40%) and 
their taxonomic diversity suggests that members of 
this family lived in their climatic optimum (warm 
and humid climate). The large number of specimens 
of Daphnogene polymorpha forma bilinica (sun-
lit leaves of Daphnogene), findings of seeds with 
wings, insects, bird feathers, etc., indicate that the 
plant material was mainly transported to the basin 
by the wind.

Climate during the existence of this plant asso-
ciation was warm and humid (subtropical). The lack 
of fossil remains of other limnic organisms (besides 
fish) indicates a lake on whose shore this vegetation 
grew. The fish that were found swam near the wa-
ter’s surface and utilized the oxygen that dissolved 
from the air only in the upper parts of the water col-
umn – anaerobic environment, weak horizontal cir-
culation, and no influx of fresh water (and thus no 
oxygen into the deeper parts of the lake). The thinly 
layered marl, referred to as “paper shales” suggests 
that the deepening of the basin occurred at the same 
rate as the sedimentation.

Žagubica basin

The Žagubica basin is located in eastern Serbia and 
covers an area of about 130 km2. Fossil plant re-
mains from the Žagubica basin have been known 
for many years (Milovanović, Mihajlović, 1984; 
Lazarević, 2009; Lazarević, Milivojević, 2010). 
They originate from “series of marls” (marls, clas-
tites with numerous conglomerates and remnants of 
palaeoflora). 

Analyzing the dimensions of the plant remains, 
it is observed that small, microphyllous leaves dom-
inate (73%). However, this data should be taken 
with caution, as it is not possible to determine the 
true leaf dimensions for a large number of speci-
mens due to incomplete preservation, either due to 
taphonomic reasons or damage incurred during ex-
cavation.

The number of taxa with smooth margins is 25 
(only angiosperm leaves are considered, even those 
identified as Dicotylyophyllum), which constitutes 
about 50% of the total number of taxa preserved in 
the form of leaf impressions, corresponding to sub-
tropical forest according to the categorization by 
Wolf (1971).

In the Žagubica palaeoflora, leaf impressions 
with eucamptodromous or brochidodromous vena-
tion dominate. Of the total number of taxa, 65% 
have eucamptodromous venation.

By analyzing the texture of leaf impressions, it 
can be said that almost all forms, representatives 
of broadleaf evergreen vegetation, have leathery 
leaves (Magnolia, “Laurus“, Laurophyllum heeri, 
“Persea“, Daphnogene, Litsea, Rhodomyrtophyl­
lum, etc.). The number of palaeotropical and arcto-
tertiary taxa is approximately the same, with a slight 
predominance of paleotropical forms in the number 
of specimens in the oryctocoenosis. 

There is also a small number of gymnosperms: 
Glyptostrobus (a total of 3 specimens), a typical 
inhabitant of swamp vegetation, which lived on a 
constantly or partially flooded soil along the shores 
of lakes or rivers, while from Cupressaceae only 
Tetraclinis salicornioides appears, an inhabitant of 
mesophytic wet forests. 

The largest number of specimens are from angi-
osperms, among which Lauraceae dominate (38%), 
especially Daphnogene. This taxonomic diversity 
indicates that these species thrived in their climatic 
optimum (warm and humid climate). 

A large number of specimens of the species 
Daphnogene polymorpha, including Daphnogene 
polymorpha forma bilinica, with a slightly larger 
number of sunlit leaves (Daphnogene polymorpha 
forma bilinica), suggests wind transport (which is 

Fig. 1. Locations of paleoflora on the territory of Serbia: 
1, “Bela Stena” in the Valjevo-Mionica basin; 2, Žagubica ba-
sin; 3, Popovac basin; 4, Slanci basin; 5, Rakova Bara basin;  
6, Kaludra; 7, Melnica.
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further supported by the finds of winged seeds of 
Craigia and Ailanthus). There was certainly also 
short-term transport of plant material or its direct 
entry into the basin (Juglandaceae gen. et sp. in-
det. – nut, seeds of Nyssa).

The shores of the lake were probably not flat, 
or there was no low, constantly and/or occasionally 
flooded area, as the representation of marsh plants 
is low (Glyptostrobus and Myrica; 3% of the total 
number of specimens, Nyssa – only seeds).

Popovac basin

Popovac basin is located in the eastern part of 
the Morava Tertiary basin or the Velika Morava 
trough. In addition to the palaeoflora (Pantić, 
1956; Lazarević, 2009) remains of mastodons and 
crocodiles (Mastodon angustidens, Crocodylus 
(Gavialis) eggenburgensis) were found in cement 
marls, as well as Congeria and ostracods (Sant et 
al., 2018).

At first glance, when observing the morpho
logy of leaf impressions from Popovac, it is clear 
that narrow long leaves (Myrica lignitum, Magno­
lia kristinae, “Laurus” princeps, etc.) absolutely 
dominate. 

Most leaves are microphyllous, with smooth 
margins and eucamptodromous venation. The num-
ber of paleotropical and arctotertiary elements is ap-
proximately the same. 

The dominant elements of the palaeoflora of 
Popovac belong to the Lauraceae family (espe-
cially Daphnogene). Frequent are the inhabitants 
of broadleaf evergreen forests (Magnolia, Trigo­
nobalanopsis), as well as shrub-like Myrica species, 
which inhabit the shores of the former lake.

The climate during the existence of this paleo-
phytocoenosis was warm subtropical with consider-
able moisture.

Slanci basin

In the Belgrade surroundings, in the territory of the 
villages of Slanci and Veliko Selo, lake sediments 
known as the “Slanci series” were discovered. Along 
with plant remains, fish remains (Anđelković, 1989) 
and freshwater fauna (Stevanović, 1971–1975) were 
found. The fossil flora from this basin was studied 
by Pantić (1956), Milaković (1956), Milaković 
(1959), Mihajlović (1978), Lazarević (2009). The 
Slanci basin belongs to the group of basins in the 
marginal areas of the Pannonian Sea, covering an 
area of about 10 km². The basin represented a wet-

land with a flat shore, as evidenced by the find-
ings of flora (Obradović, Vasić, 2007; Stevanović, 
Stangačilović, 1951).

At first glance, the most numerous species in the 
paleoflora from Slanci is Pteridium oenigense, fol-
lowed closely by Daphnogene polymorpha forma 
bilinica. Pteridium oenigense is a fern that grows in 
moist soil beside water basins. Daphnogene poly­
morpha forma bilinica is a leaf of the cinnamon 
tree, with leaves from sunlit parts of the canopy 
(which indicates it was transported by wind).

In the paleoflora of Slanci, the ratio of paleo-
tropical and arctotertiary elements is 60:40 per-
cent. Based on the above and by comparing fossil 
plants with their modern analogs, several groups 
of plants can be distinguished in the paleofloristic 
association from Slanci based on their ecological 
characteristics:

– Plants whose lower part of the stem was sub-
merged in water, including Phragmites, Typha, and 
other monocotyledonous plants with parallel vena-
tion, as well as typical wetland species like Myrica;

– Plants that fall within the parameters of gal-
lery forests, which grow in wet soils alongside 
water (representatives of intrazonal vegetation). 
In such environments, representatives of arctoter-
tiary plants are also found, whose corresponding 
recent forms thrive in temperate-warm climatic 
zones (Pteridium, Salix, Populus, Zelkova), as well 
as paleotropical plants characteristic of subtropical 
climates (Daphnogene and other Lauraceae, Buxus, 
Engelhardtia, and Tetraclinis);

– Plants represented by the genera Quercus, 
Celtis, and Pinus lived under conditions similar to 
those prevailing today in the low mountain forests 
of the Himalayas. These forests are characterized by 
lower humidity than the monsoon forests of South-
east Asia but grow in a subtropical climate;

– Plants that inhabited areas with greater mois-
ture deficits. The low moisture levels may be the re-
sult of climatic conditions, as well as what is termed 
physiological drought – unfavorable soil chemical 
composition.

The most numerous plants are those that contrib-
ute to the composition of gallery forests around the 
water basin, which, from a phytostratigraphic point 
of view, include both representatives of temperate-
warm climates and plant forms characteristic of cli-
matic zones with a subtropical climate. The second 
most represented are the remains of plants that lived 
in conditions of generally warm and dry climates, 
similar to those found today in the lower parts of 
the Himalayas.

Based on the paleoecological analysis of the 
paleofloristic association, it can be said that during 
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the formation of the sediments with flora, a sub-
tropical climate prevailed with a dominance of cor-
responding plant forms, but also with a somewhat 
larger number of plant forms characteristic of tem-
perate-warm climates, which were particularly pre-
sent in habitats near water. In areas that were distant 
from water basins, the climate was characterized by 
high temperatures with little moisture.

Rakova Bara basin

The Basin of Rakova Bara is located in the area of 
the Golubac Mountains. The palaeoflora originates 
from marls and marly clays (Pantić, Nikodijević, 
1968; Lazarević, 2009).

From the analysis of the palaeoflora of Rakova 
Bara, the following conclusions can be drawn:

– In the oryctocoenosis, leaves from the Laura-
ceae family, especially Daphnogene, dominate;

– The vast majority of specimens are leaf im-
pressions with smooth margins and eucamptodro-
mous venation;

– Among the arctotertiary elements, Zelkova, 
Liquidambar, Ulmus, and Quercus occur, but they 
are species adapted to a warm and humid climate;

– Representatives of swamp vegetation are rare, 
with only a few Myrica shrubs reported;

– Representatives of azonal vegetation, inhab-
itants of humid valley forests (Populus) are rela-
tively rare;

– Xeromorphic leaves are absent.
Based on all the above, we can conclude that 

during the existence of this palaeoflora, the climate 
was warm, subtropical and humid. The shores of the 
lake were not flat and were not suitable for swamp 
development. On such shores of the lake, a humid 
and warm laurel forest with shrubs of cinnamon 
grew, accompanied by elements like Zelkova, Liq­
uidambar, and Ulmus.

Kaludra locality

Kaludra locality with macroflora (Mihajlović, 1988; 
Lazarević, 2009) is located in the Levač basin, spe-
cifically in the Levač-Belič basin. Fossil organisms 
from the sediments of the Levač basin include find-
ings of freshwater Congeria and gastropods, as well 
as numerous mammal remains near the village of 
Sibnica (Dolić, 1980).

Analyzing the size, shape, and venation of leaf 
impressions from the oryctocenosis of Kaludra, the 
following conclusions can be drawn:

– Most leaves are small, microphyllous leaves;

– The number of specimens with smooth (en-
tire) margins is greater than those with serrated 
margins (55:45);

– The predominant venation is brochidodromous 
and eucamptodromous.

Analysis of the taxonomic composition of this 
oryctocenosis reveals that the number of paleotropi-
cal and arctotertiary elements is the same. The most 
numerous representatives belong to the Lauraceae 
family, particularly Daphnogene. A large number 
of leguminous leaves are also present, which may 
indicate a drier climate, but also soil that is not suit-
able for the plants. 

It is noticeable that among the representatives 
of wetland vegetation, only Myrica lignitum is rep-
resented, and with a small number of specimens. 
Arctotertiary elements are represented by intrazonal 
floristic elements – inhabitants of valley forests, all 
of which require soil with sufficient moisture (Pop­
ulus, Salix, Zelkova).

From all of the above, we can conclude that the 
climate during the existence of this phytocoenosis 
was warm subtropical with considerable moisture.

Melnica locality

Melnica is a site with palaeoflora located in east-
ern Serbia in the upper reaches of the Mlava River 
(Pantić, 1956; Lazarević, 2009). Along with the 
paleoflora, freshwater fauna has also been found in 
these sediments: Planorbis, Pisidium, etc.

As with most fossil plant communities in Serbia, 
small, microphyllous leaves dominate in the paleo-
flora of the Melnica. The percentage of leaves with 
smooth (entire) margins is about 60%, and forms 
with eucamptodromous and brochidodromous vena-
tion dominate indicating a warm subtropical climate.

The number of paleotropical and arctotertiary 
representatives is approximately equal. Among arc-
totertiary elements, the most numerous are inhabit-
ants of valley wet forests (Populus, Salix, Zelkova, 
Acer), while those that can live in somewhat drier 
habitats (Carpinus, Quercus) are rarer. 

Similar to many other paleofloras of comparable 
age, the paleoflora of the Melnice contains numer-
ous leaf impressions of the Lauraceae family, par-
ticularly Daphnogene. In addition to the cinnamon 
tree, there are also Laurus and Persea. 

Representatives of wetland vegetation are also 
abundant: Glyptostrobus and Myrica.

Based on all of the above, it can be concluded 
that the climate during the existence of this plant 
community (younger Early Miocene) was warm, 
subtropical, and humid.
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Discussion and conclusion

Paleovegetation of the Neogene period in Europe, 
including Serbia, primarily comprises plant species 
that are extinct or whose modern analogs no longer 
exist in Europe. In order to reconstruct the paleo-
vegetation of a given area millions of years ago, 
considerations must include paleogeographical re-
construction (approximate distance from the sea or 
ocean, lake basins, different terrain).

Macrofloristic remains reflect the paleoecologi-
cal characteristics of an area near a water body. Ad-
ditionally, macrofloristic communities contain re-
mains of plants whose pollen is difficult to preserve 
in fossil form (Laureaceae), and they serve as better 
indicators of floristic changes than fossil palynolog-
ical spectra. The physiognomy of former vegetation 
is reconstructed based on leaf impressions.

A complicated factor in reconstructing paleo-
vegetation is the difficulty in determining how 
prevalent a particular species was in the plant com-
munity. Their abundance in fossil form depends 
on taphonomic processes; for example, the leaves 
of deciduous forests decompose much faster than 
those of evergreen forests.

In the Early Miocene, the area of present-day 
Serbia was located a few hundred kilometers fur-
ther south than it is today. The paleorelief was most 
likely lower than it is now (Kvaček et al., 2006). 
The lesser elevation differences in the paleorelief 
are supported by paleofloristic remains.

All sediments with plant remains are of lacus-
trine origin. The age is determined based on com-
parisons with similar palaeofloras from the Balkan 
Peninsula and Europe. The main characteristic of 
these palaeofloras is the absolute dominance of 
Lauraceae, particularly Daphnogene, as well as a 
relatively high representation of arctotertiary el-
ements. Evergreen oaks are relatively rare, as are 
swamp Taxodiaceae, while small, xeromorphic, 
leguminous leaves are less frequent than in earlier 
sections of the Early Miocene and Paleogene. They 
differ from each other based on the local ecologi-
cal characteristics of the lake itself and its immedi-
ate surroundings. In some sediments with palaeo-
flora, remains of freshwater fauna are also found, 
most commonly congerias, while in others, they are 
completely absent. This type of paleovegetation is 
represented in the orictocoenoses from the locations 
mentioned in this study. 

By reviewing Early Miocene floras from the Ser-
bian region, it is visible that this is typical broadleaf 
evergreen vegetation (Fig. 2). This type of vegeta-
tion is compared to monsoon vegetation of South-
east Asia. Generally, the climate in which this type 
of vegetation thrived was humid (annual rainfall of 
1000 to 3000 mm), with heavy rain during the sum-
mer period, but with no precipitation during the dry 
(winter) period. Temperatures in the coldest months 
ranged from 4 to 10 degrees Celsius, and very rarely 
did the temperature fall below zero throughout the 
year. The average annual temperature did not ex-

Fig. 2. Reconstruction of the Early Miocene flora of Serbia.
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ceed 25 degrees Celsius. Only in some areas did the 
temperature exceed 20 degrees, which, along with 
the dry substrate, led to the growth of xerophytic 
vegetation. In previous literature, xerophytic veg-
etation (evergreen oaks and leguminous leaf types) 
has often been compared to the present-day Medi-
terranean climate. Kvaček et al. (2006) compare this 
type of vegetation to that which grows in subtropical 
climates in the mountain region of the Himalayas.
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