
The flora of the Pannonian Basin was basically determined by the presence of Lake Pannon. The lake occupied most part
of the basin with its huge water mass and the former rich Sarmatian flora was displaced by floras and vegetation types more
or less dependent on lowland or aquatic habitats. The majority of plant taxa described from the Pannonian are assumed to
appear in the Pannonian Basin by the end of the Sarmatian. The locality by Felsőtárkány, which yielded a strongly “select-
ed” flora showing higher similarity to the Pannonian floras than to the Sarmatian ones, gives support to the assumption. This
flora was already dominated by wetland elements, e.g. Acer tricuspidatum, Cercidiphyllum crenatum, Byttneriophyllum
tiliifolium, Osmunda, Pteris, Alnus menzelii. Pannonian floras share just a few taxa, e.g. Quercus kubinyii or Zelkova zelkov-
ifolia, with Sarmatian floras, e.g. Erdőbénye, however other taxa, such as Podocarpium podocarpum dominating some
older floras, had their last occurrence during the Sarmatian. Sarmatian floras, called by ANDREÁNSZKY (1959) as “sandstone
floras”, comprise high number of elements that were still subordinate, but later, due to more favourable environmental con-
ditions became frequent or even dominant by the Pannonian. Liquidambar europaea, which is a characteristic element of
Pannonian floras, was already present in the floras of Buják and Bánhorváti, whereas Alnus ducalis (as A. hoernesi,
ANDREÁNSZKY 1959) appeared in the flora of Sály. Byttneriophyllum tiliifolium, a dominant element of Pannonian floras,
was first recorded from the younger Sarmatian, from Felsőtárkány and Sajókaza (PÁLFALVY 1961). Consequently, the
Pannonian flora and vegetation developed basically from Sarmatian elements, namely from those tolerating wetland condi-
tions. The former, dominant mesophytic arboreal elements virtually disappeared or at least considerably withdrew, e.g.
Zelkova zelkovifolia, Quercus kubinyii, Quercus pontica-miocenica, Podocarpium podocarpum, Fagus haidingeri,
Parrotia pristina and Smilax. Some of these mesophytic elements show sporadic occurrence in the Pannonian floras.
Therefore, these elements should not be regarded as extinct; however, they share a relict character. Fagus was recorded in the
floras of Alcsút, Pécs-Nagyárpád, Rózsaszentmárton and Visonta, Zelkova zelkovifolia turned up in the floras of
Bükkábrány and Rudabánya, and Quercus kubinyii leaves were documented from the floras of Alcsút, Aranyosgadány,
Hosszúpereszteg and Sé. Quercus pontica miocenica was recorded in the flora of Felsőtárkány, and Quercus sp. was yield-
ed by the floras of Felsőtárkány, Hosszúpereszteg and Pécs-Nagyárpád. Smilax turned up exclusively from Tihany. Leaves
of Parrotia pristina, which was a common element of Badenian–Sarmatian floras, were frequently recorded in floras by the
basin margin; however, they are missing from floras inside the basin. Leaves were documented from the western margin in
Paldau (Austria) with few specimens (KRENN 1998), along the northern margin from several localities in Slovakia (SITAR

1969), from the north-eastern part in Ukraine (ILJINSKAJA 1968), and from the southern margin from the flora of Kostolac
(Serbia, MIHAJLOVIČ & LAZAREVIČ 1999). Zelkova zelkovifolia, which was dominant in Sarmatian floras, is a putative relict
element during the Pannonian, with scarce records from the basinal floras, i.e. well-confirmed remains from Bükkábrány
and Rudabánya. However, this arboreal element survived successfully since later; during the Pliocene its leaves turned up
again even in large quantities from deposits of volcanic craterlakes suggesting its dominance in the vegetation (HABLY &
KVAČEK 1997). Similarly, another Pannonian relict, Quercus kubinyii became dominant in volcanic flora and vegetation
during the Pliocene. Fossil leaves and fruits of Engelhardia were first proved in the Pannonian Basin as early as the
Palaeogene. The species became dominant in some of the Oligocene and Early Miocene floras, whereas during the
Pannonian it showed relict occurrence with a single fruit recorded from Rózsaszentmárton. From the assemblages of the
Pliocene volcanic craterlakes a single leaf was assigned to Engelhardia, thus the genus seems to represent a relict element of
both Pannonian and Pliocene floras (HABLY & KVAČEK 1997). Engelhardia must have displayed an excellent survival strate-
gy as it reappeared several times through the Palaeogene and Neogene; however, it was strongly dependent on warmer peri-
ods. 
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Podocarpium podocarpum, another characteristic element of Sarmatian floras showed a distinct fossil history. This
species is unknown from Pannonian assemblages neither from basinal nor from marginal areas. A single occurrence of
Podocarpium podocarpum from Borszék published by POP (1936) was proved to be a false record based on a recent revision.
The species did not reappear in the Pliocene volcanic floras, thus, based on currently available data the species became
extinct by the end of the Sarmatian. The youngest occurrence of the species was recorded from the younger Sarmatian flora
of Gratkorn in Austria (HABLY & MELLER in progress). However, a great number of additional taxa which could not be adapt-
ed to habitat changes brought about by Lake Pannon; seem to disappear by the end of the Sarmatian. Therefore, the Pliocene
flora is characterized by lower diversity than the older, Sarmatian floras.

One of the most significant outcomes of recent investigations is the record of the “younger mastixioid floras” evidenced
by the flora of Rudabánya (HABLY & ERDEI in press.). This is the first record of mastixioid type floras from Hungary. This
flora is characterized by the occurrence of the genus Mastixia, and some other related genera, e.g. Eomastixia,
Mastixicarpum, Retinomastixia, Tectocarya, and it represents a specific assemblage tolerating humid and warm climate.
Mastixioid floras were first recognized in the Late Cretaceous and the first expansion of “early mastixioid floras” was
encountered during the Eocene. The second expansion of “younger mastixioid floras” was presumed from the Early up to
the Middle Miocene (KIRCHHEIMER 1938; MAI 1964, 1995; TEODORIDIS 2003). Later, mastixioid type floras became restrict-
ed and were relict until the Pliocene. MAI (1995) assumed refuges of the flora in the Kolchis, with the occurrence of the
genus Tectocarya, and another area in Germany (Herzogenrath and Düren), with the genus Mastixia. 

The record of a mastixioid type flora in Rudabánya gives evidence of refuge areas in a larger scale, in Europe. Moreover,
contrasting the formerly known refuge in Germany with the Late Miocene – Pliocene species (M. menzelii and M. thom-
sonii), the most common species of the European Miocene, M. amygdalaeformis is the mastixioid member of the
Rudabánya assemblage. The occurrence of this species implies that after the Middle Miocene it survived inside Europe, in
the Pannonian Basin. It is assumed that due to levelling effect of the huge water mass a humid, warm temperate climate was
sustained, which was favourable to Mastixia. Daphnogene, which is listed among thermophilous elements and was a char-
acteristic member of the European Palaeogene and Neogene, was also recorded from Rudabánya. This is the youngest
record of the genus from Hungary; it was documented from neither younger Pannonian nor Pliocene assemblages. Local
conditions of the basin inundated by Lake Pannon, determined whether floodplain or swamp forests were formed. Riparian
forests displayed considerably higher diversity than swamp forests. In this vegetation type, the flora is richer in species and
the more or less constant elements, Platanus leucophylla and Liquidambar europaea are generally present. In addition, fre-
quent members of these associations are Alnus ducalis, Alnus gaudini, Juglans acuminata, Ulmus braunii, Ulmus
carpinoides, Acer jurenakii, Acer subcampestre, Populus populina, Salix varians, and Vitis sp. Remnants of mesophytic
forests also appear with Fagus and Quercus species. Some of these species even predominate certain assemblages. This
assemblage type was recorded in Alcsút, Diszel-Hajagos, Gyöngyös - Silbermann Mine, Győr-Sashegy, Hévíz, Hosszú-
pereszteg, Karmacs, and in part Sé and Tihany. 

The majority of the localities are situated in the northern Transdanubian part of the basin. The flora of Tihany-Fehérpart
displays a floristic composition similar to the flora of Paldau (Austria), which is situated by the basin margin. This implies
that both localities must have been at an elevated position at the time their floras were flourishing. Alcsút, which still com-
prises some relict mesophytic elements (Fagus, Quercus kubinyii), should be referred to this floristic group.
Hosszúpereszteg is related to this group, as well, with lots of Quercus, Platanus, Liquidambar and Ulmus remains. The
assemblage comprising a high number of Quercus remains indicates a refuge of Quercus kubinyii. The flora of Karmacs and
localities from the Balaton region, Hévíz and Diszel-Hajagos seem to be related to this floristic group mainly based on the
dominance of Platanus. 

Swamp forests display lower diversities. Generally, three dominant species, Glyptostrobus europaeus, Byttneriophyllum
tiliifolium and Alnus cecropiifolia, occasionally replaced by A. menzelii, characterise assemblages related to swamp habi-
tats. This type of assemblage was recorded from Balatonszentgyörgy, Bükkábrány, Dozmat, Felsőtárkány, Iharosberény,
Kerecsend, Rózsaszentmárton, Rudabánya, in part Sé, Tiszapalkonya, and Visonta. 

One of the most typical assemblages representing swamp associations is Dozmat (HABLY & KOVAR-EDER 1996) com-
prising almost exclusively the dominant species mentioned above and Osmunda parschlugiana. This association is known
from the upper level assemblage of Balatonszentgyörgy, as well, however, Glyptostrobus is dominant whereas
Byttneriophyllum is missing from this flora. At the same time, high number of specimens was assigned to Osmunda and
Pronephrium, though the latter occurs with fewer specimens. There are some additional, rare elements, e.g. species of
Alnus, “Magnolia” szakmanycsabae, Vitis szakmanygyorgyi. The lower, older layers in Balatonszentgyörgy provide a rich-
er assemblage, which must have flourished in higher, more elevated habitats. In addition to the typical swamp elements,
Glyptostrobus and Myrica lignitum, there are taxa indicating riparian habitats, e.g. Acer jurenakii, Acer sp., Salix varians,
Salix sp., “Magnolia” szakmanycsabae and Vitis szakmanygyorgyii. Due to the gradual increase of inundation, most of these
species disappeared, and an oligotypic, low diversity swamp forest became dominant. A similar habitat change and floristic
consequences were discussed by GROSS (1998) based on floras of Paldau. 

Similarly, the flora of Iharosberény is dominated by Byttneriophyllum and Glyptostrobus, and remains of Osmunda,
Alnus and Salix are also present. In the flora of Tiszapalkonya, this assemblage is completed with Acer and Ulmus. One of
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the most diverse swamp associations was recorded in Felsőtárkány. The fossiliferous levels are correlated with the end of
Sarmatian or beginning of Pannonian, and its relatively older stratigraphic position may be the reason for its high floristic
diversity. Species mentioned above as dominant, show the highest frequency and ferns that are commonly encountered later
in younger floras, contribute to the diversity of the assemblage, e.g. Pronephrium stiriacum, Osmunda parschlugiana. In
addition, Cercidiphyllum crenatum, Acer tricuspidatum, Ulmus braunii and Quercus pontica miocenica were recorded with
high number of specimens. 

The swamp association in Rudabánya, which is of similar age to Felsőtárkány, yielded high number of Cercidiphyllum
crenatum specimens, and maples are present in the assemblage. Noteworthy members of the Rudabánya flora are remains of
Ginkgo, which came to light exclusively from localities in north-eastern Hungary, and Trapa, a member of the aquatic vege-
tation.

The unequivocal representation of aquatic vegetation was encountered only from lignite deposits of north-eastern
Hungary, mainly of the Bükk and Mátra Mts, i.e. Bükkábrány, Rózsaszentmárton, Visonta and Rudabánya. The rich fruit-
seed floras indicate the presence of open water habitats, i.e. Trapa, Stratiotes and Potamogeton in Bükkábrány, and
Rudabánya, Trapa and Potamogeton in Rózsaszentmárton. A more abundant assemblage was described from Visonta
(BŮžEK & LÁSZLÓ 1992), yielding remains of Salvinia, Nymphaea szaferi, Nuphar palfalvyi, Pseudoeuryale cf. dravertii,
Ceratophyllum dubium, Stratiotes tuberculatus, Potamogeton and Spirematospermum wetzleri. Morphological evolution
observed in the case of Trapa fruits provides evidence of the gradual appearance of endemic species in aquatic habitats. The
oldest occurrence of the genus was recorded from Rudabánya (Lymnocardium conjungens zone, older than 10 Ma), with a
species, Trapa silesiaca, which was widespread in Central European assemblages. In the much younger assemblage from
Bükkábrány (approximately 7 Ma) Trapa praehungarica was described, whereas in the nearly coeval flora of
Rózsaszentmárton, which occupied a position more to the west in the Mátra–Bükkalja basin, Trapa pannonica was record-
ed. This species is quite distinct from the other species both in morphology and dimension.

The endemic species developing at nearly contemporaneous habitats indicate some kind of isolation of the basin.
Pine cones were recorded from Mindszentkálla and Diszel-Kula. These pines are related to extant, warm demanding

species and must have occupied higher levees, or elevated, rocky shores. The fossils are very similar to the modern Pinus
pinaster, an atlanto-mediterranean species growing along the coast in North Africa and elsewhere in the western parts of the
Mediterraneum, in frost-free areas during the entire year (DEBRECZY & RÁCZ 2011). Another group of the pine fossils from
Mindszentkálla resembles Pinus heldreichii, which is native to the subalpine mountains of the Balkan and South Italy, rang-
ing between 1800–2400 m above sea level. Furthermore, a fossil cone shows similar morphology to the cones of Pinus nigra
s.l., a rather diverse species covering scattered (usually montane) habitats from North Africa, the Iberian Peninsula, the
Cévennes, Corsica, Sicily, the southern Apennines, the western Alps, Dalmatia, southern Carpathians, the Balkan
Peninsula, to Anatolia and Crimea (DEBRECZY & RÁCZ 2011). It should not be excluded that a haploxylon pine which resem-
bles modern Pinus peuce native to the Balkan Peninsula was also present. Some cones of Picea were encountered, as well.
Pine cones were recorded from localities close to the current western edge of Lake Balaton, moreover, cones of Pannonian
age were published as Pinus kotschyana (UNGER) Tuzson from localities in Transylvania, e.g. Siklód (SOLT et al 2010),
Dolmány, Segesvár, Segesd, Szászkisalmás, Ilyefalva, Erked, Sárpatak, and Mesztakény (TUZSON 1913). Short shoots and
needles are known from Rózsaszentmárton and Visonta, however cones have not been reported from these localities.

Thus, the flora and vegetation of the Pannonian Basin was definitely changed due to the formation of Lake Pannon and
subsequent habitat variations. Numerous floristic elements that were presumed to be extinct were recognized in the flora
owing to the current thorough investigations. Some of these species must have survived in elevated areas or higher levees
less threatened by inundation inside the basin. From this point of view it is interesting to discuss what happened along the
basin margin and in levees or regions inundated for short periods. 
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