
A good example of extrabasinal flora and vegetation is the Pannonian flora of Paldau in Austria (GROSS 1998, KRENN

1998) situated on the basin margin. Various associations can be distinguished in this assemblage. Swamp forest with
Equisetum sp., Osmunda parschlugiana, Pteris sp., Pronephrium stiriacum, Glyptostrobus europaeus, Myrica lignitum,
Byttneriophyllum tiliifolium, Acer tricuspidatum, “Magnolia” szakmanycsabae, Alnus menzeli, Comptonia oeningensis,
Nyssa sp., seems to show higher diversity than swamp forests preserved by basinal assemblages. Riparian vegetation cover
comprises Liquidambar europaea, Platanus leucophylla, Ulmus carpinoides, Ulmus sp., Acer jurenakii, Acer sp., Juglans
acuminata, Populus balsamoides, Salix holzeri, which indicates quite similar floristic composition as the basinal riparian
associations have, but with a couple of distinctive species. Aquatic habitats are indicated by fossils of Potamogeton martini-
anus, Salvinia cf. mildeana, Limnobiophyllum expansum. The main distinctive feature of extrabasinal assemblages is the
unequivocal presence of mesophytic elements which are missing from the basin, i.e. Parrotia pristina, Rosa sp., Paliurus
sp., Quercus pseudorobur. Based on the occurrence of these elements, high numbers of taxa that are members of mesophyt-
ic forests are assumed to have survived in marginal areas of the basin. Mataschen (KOVAR-EDER & HABLY 2006) is a signifi-
cant Late Miocene flora from the western margin of the Pannonian Basin. An extremely high ratio of mesophytic elements,
moreover the majority of mesophytic taxa (60%) are putative evergreens in this noteworthy assemblage. Five species of
Lauraceae, four species of Theaceae and two species of Hamamelidaceae, as well as, numerous thermophilous taxa requir-
ing a mean annual temperature of 15–19 °C, were recorded in the assemblage. Therefore, it seems reasonable to consider this
assemblage as a member of the so-called “younger mastixioid floras”, even without the presence of Mastixia.

Slovakian floras by the northern margin provide good examples of floral change towards marginal areas. Localities pub-
lished by SITAR (1969, 1982), i.e. Polerieka-Kolisky, Martin, Lehotka, Bystricka and Priekopa were presumed to be of
Sarmatian age. Recent stratigraphic investigations (KOVÁČ et al 2011) prove a Late Miocene (Pannonian) age of the fossilif-
erous deposits. The ratio of zonal taxa to the total number of taxa occurring in the assemblage is definitely higher in the flora
of Polerieka-Kolisky than the same ratio measured in assemblages inside the basin. There are records of Zelkova zelkovifo-
lia, which was documented from the basin floras only with three specimens. Daphnogene, which has a single occurrence in
the flora of Rudabánya was recorded, as well. Significant number of specimens assigned to Quercus occurs in the locality by
the northern basin margin, however, interestingly the characteristic species of the Pannonian, i.e. Glyptostrobus europaeus,
Alnus ducalis, Acer tricuspidatum and other maple species are dominant in the flora. The flora of Martin gives evidence of
Parrotia pristina and thus, supports the theory that species flourishing earlier in the basin floras became restricted or found
refuge in marginal areas. In the flora of Lehotka, the mass occurrence of Zelkova zelkovifolia and Quercus kubinyii indicates
the survival of zonal elements in marginal habitats, whereas the characteristic swamp and riparian elements of the
Pannonian, e.g. Glyptostrobus europaeus, Byttneriophyllum tiliifolium, Salix varians, Ulmus braunii, Acer tricuspidatum
and Platanus leucophylla were recorded, as well. In the flora of Bystricka, zonal elements are proved by Parrotia pristina,
Zelkova zelkovifolia, Quercus kubinyii, Fagus, and Carpinus but the typical Pannonian wetland elements are almost missing
from the assemblage with just few species shared by the basin floras, e.g. Acer tricuspidatum, Myrica lignitum and
Cercidiphyllum crenatum. The flora of Priekopa is characterized by the presence of Alnus, Fagus, Quercus and Ulmus. In
conclusion, fossil records of the Turiec Basin demonstrate a flora and vegetation definitely distinct from floristic data of the
Pannonian Basin, and comprise high ratio of zonal elements, the majority of which played significant role in the Pannonian
Basin during the Sarmatian. Nevertheless, assemblages indicating the Pannonian type swamp habitats are also known from
Slovakia, e.g. Ihráč near Kremnica (Körmöcbánya; collection of the Slovakian National Museum, Bratislava/Pozsony),
with typical taxa of swamp habitats, i.e. Glyptostrobus, Alnus and Banisteriaecarpum giganteum. In the same region, a flora
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in the Žiar Basin (SITAR 1994) provides another example of Pannonian swamp vegetation with Glyptostrobus, Alnus men-
zelii, Alnus sp., Byttneriophyllum tiliifolium and Salix varians. WOROBIEC G. & KASIŃSKI (2009) published a flora based on
dispersed cuticles from southern Poland (Lower Silesia, Ruja lignite deposits), which comprises taxa, e.g. Osmunda
parschlugiana, Glyptostrobus europaeus, Alnus julianiformis, Byttneriophyllum tiliifolium, Myrica lignitum and Salix var-
ians, all shared by Late Miocene floras of the Pannonian Basin. This flora is dated as Middle Miocene; however, this may be
erroneous due to unclear stratigraphic settings.

The flora of Sośnica (Southwest Poland, Silesia) is dated as definitely Pannonian by a recent revision (WALTHER &
ZASTAWNIAK 2005). This flora represents plant cover outside the Pannonian Basin. Species were recorded that were frequent
elements of Sarmatian floras in the Pannonian Basin, but disappeared or became relict elements by the Pannonian, i.e.
Zelkova zelkovifolia, Parrotia pristina, Populus balsamoides and Taxodium dubium. At the same time, there are numerous
taxa shared by coeval floras of the Pannonian Basin, i.e. Ulmus carpinoides, Platanus leucophylla, Liquidambar europaea,
Salix varians, Acer subcampestre, Populus populina, Acer tricuspidatum and Trapa silesiaca. Distinctive elements of this
flora are Acer aegopodipholium, Quercus gigas (GÖPPERT 1855), Fagus silesiaca and Vitis strictum, which were not record-
ed in floras of the Pannonian Basin. Stróža (Striese) is a less known locality in Silesia with records of Byttneriophyllum tili-
ifolium, Alnus cecropiifolia, Salix sp. and Populus sp. (collection of IB PAN Cracow). This flora yielded taxa favouring
swamp habitats, similarly to the Pannonian Basin floras, however, Glyptostrobus, a generally dominant element of the latter
floras is not shared by the assemblage from Stróža. The survey of floras clearly indicates that the typical swamp vegetation
of the basin is definitely represented by the northern margin of the Pannonian Basin, however, numerous zonal elements that
seemed to withdraw from basinal floras, are still present in marginal assemblages.

By the north-eastern margin of the basin, in Transcarpatia, Ukraine the characteristic Pannonian floras were described
(ILJINSKAJA 1968) with elements of swamp habitats, i.e. Glyptostrobus europaeus, Byttneriophyllum tiliifolium, Alnus div.
sp. and fern species known from similar assemblages. A riparian association dominated by Liquidambar europaea and
Platanus leucophylla was also documented here. These assemblages and the basin floras share numerous species; however,
the presence of Zelkova zelkovifolia, Parrotia pristina, and Rosa sp. suggests a refuge of zonal elements that withdrew from
the basin.

The well-known, Late Miocene flora of Borszék from Romania, by the eastern margin of the basin, indicates the survival
of zonal elements based on the occurrence of Zelkova zelkovifolia, Rosa sp. and the high number of specimens assigned to
Quercus kubinyii.

From Serbia, the southern margin of the Pannonian Basin, three Late Miocene floras were published (Late Pontian,
MIHAJLOVIČ & LAZAREVIČ 1999). From the lignite mine of Kolubara a flora comprising Glyptostrobus europaeus, Magnolia
cunneifolia, Sassafras ferretianum, Byttneriophyllum tiliifolium, Quercus gigas, Acer tricuspidatum, and Betulaceae was
described. The flora is dominated by Glyptostrobus, Magnolia and Betulaceae. The authors reconstructed an intrazonal
association in swamp habitat. There are no records of similar floristic composition among the Hungarian assemblages;
however, a feature shared by the flora of Balatonszentgyörgy is the dominance of Glyptostrobus, and the presence of
Magnolia and Acer, although these two latter genera were described as different species. The single occurrence of Sassafras
has been documented from this assemblage, which demonstrates its survival by the southern margin of the basin. Later, dur-
ing the Pliocene it reappeared in the basin floras as it is evidenced by its record from Gérce (HABLY & KVAČEK 1997).
Another Pontian flora from Serbia comprising elements of the swamp vegetation was described from the brown coal mine
by Kostolac (MIHAJLOVIČ & LAZAREVIČ 1999). This assemblage recalls the characteristic Pannonian vegetation of swamp
habitats with records of Glyptostrobus europaeus, Alnus cecropiifolia, Byttneriophyllum tiliifolium, Parrotia pristina,
Fraxinus ungeri and Fagus krauseli. The first three species played dominant role in the typical Pannonian floras, e.g.
Dozmat (HABLY & KOVAR-EDER 1996), and in floras by the western boundary of Romania (GIVULESCU 1991). At the same
time, a distinct character is the presence of Parrotia, which withdrew from the basin during the Pannonian but appeared by
the southern basin margin, as well, in numerous localities. Remains of Fraxinus and Fagus have rarely been recorded in
localities inside the basin. Riparian vegetation is also represented by the southern margin, in Serbia. The locality by Grocka
yielded an assemblage with records of Ginkgo adiantoides, Daphnogene sp., Liquidambar europaea, Platanus leucophylla,
Ulmus carpinoides, Zelkova zelkovifolia, Carpinus grandis, Alnus sp., Betulaceae, Fagus pliocenica, Quercus div. sp.,
Juglans acuminata, Salix varians, Populus sp., Leguminosae, Tilia sp., Acer subcampestre, Vitis teutonica and Smilax has-
tata (MIHAJLOVIČ & LAZAREVIČ 1999). As it was already reflected by basin assemblages, riparian vegetation seems to be
more diverse than swamp vegetation, and shares quite a lot species with the riparian vegetation inside the basin. Dominant
elements of the riparian vegetation are present, i.e. Liquidambar europaea, Platanus leucophylla, Ulmus carpinoides, Salix
varians, as well as Juglans acuminata, Populus sp., Carpinus grandis, and Zelkova zelkovifolia, which are rarely recorded
elements. The occurrence of Smilax is also noteworthy. This genus, with S. weberi was recorded from the basin in the flora
of Tihany (HABLY 1992a). Presumably, the southern margin of the basin served as a refuge of numerous species, since a
higher ratio of thermophilous elements, e.g. Magnolia, Daphnogene, Sassafras, was recorded from assemblages located by
the southern margin than from those in the basin or by the northern margin.
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