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ABSTRACT. On the basis of palynological studies of the Neogene sediments in the Transcarpathians
and Polish Western Carpathians main trends of development of flora and vegetation in the whole
Carpathians have been clarified with regard to geographical, geological-tectonic and palaeoclimatic
conditions. The results have been compared with other palaeobotanical data from other Carpathian
regions and a reconstruction of the origin and development of the whole Carpathian flora and vegeta-
tion is given. Continuity of altitudinal zonation of vegetation in the Western and Eastern Carpathians
from the beginning of the Neogene is explained from the palaeobotanical point of view. Explosive
orogenic volcanism is seen to be a very important local climate forming factor influencing vegetation
development in this region during the Neogene.
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INTRODUCTION

The Carpathian Mountains are divided into several parts: the Eastern Carpathians
with the Transcarpathians in the territory of the Ukraine, the Western Carpathians be-
longing to Slovakia and Poland and the Roumanian South Carpathians. The flora of the
outer Carpathians, (Western Carpathians and Eastern Carpathians with the Transcarpa-
thians) has a transitional position between Eastern and Western Europe flora and con-
tains more than 2300 plant species including about 140 endemics. Some of them sur-
vived in the Carpathains as relicts.

To properly understand the history of the recent flora and vegetation, their dynamics,
state, zonation and tendency of future changes caused by natural and anthropogeneous
factors it is necessary to ascertain their composition in all stages of the Neogene, Pleis-
tocene and Holocene. The history of the flora in Carpathians was studied irregularly.
There are practically no data on the stage by stage development of the flora and vegeta-
tion, or on climatic changes in early and middle Miocene, which are the initial stages of
the development of the recent flora in this region.

Previous work on leaf imprints of Neogene plants were studied in the Carpathians
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includes Stur (1867), Staub (1890), Wisniewski (1899), Pax 1909), Lilpop (1957), Bay-
kovskaya (1953), Teslenko (1954), Mchedlishvili (1956), II’inskaya (1960, 1968),
Shvareva (1963, 1983), Zastawniak (1972) whilst fossil fruits and seeds were studied by
Szafer (1946, 1947, 1954), Dorofeev (1966), pollen and spores by Shchekina (1957,
1960), Rybakova (1964, 1968), Oszast (1970, 1973), Oszast and Stuchlik (1977), Syab-
ryay (1970, 1975, 1978, 1980, 1983, 1985), Syabryay and Shchekina (1983).

The goal of this paper is to clarify the origin, formation and tendency of development
of the Neogene flora and vegetation in the Carpathians, to establish the nature of their
changes in the geological past.

For stratigraphical purposes we use the stratigraphical scheme for the Paratethys re-
gion published by Steiniger and Rogl (1983).

MATERIAL AND METHODS

The main material for our studies comes from the mollasian marine sediments of the Miocene in
the north-eastern part of the Central Paratethys, the eastern outskirts of the Pannonian Basin and sedi-
ments of the Dacian-Levantinian lacustrine marsh basin. The samples were taken from bore-holes and
natural outcrops. In addition for comparison, some samples of Neogene sediments from Slovakia,
Hungary, Bulgaria and Eastern Germany were studied. More than 900 samples were evaluated. In ge-
neral pollen-spore spectra from bottom sediments of lakes and sea characterize land vegetation better
than those from terrestrial deposits (Groot & Groot 1966), and reflect the composition of vegetation
of surrounding coastal plain areas (Vronsky 1984). They reflect mostly arboreal vegetation of greater
surrounding areas without disturbances of the local herbaceous vegetation (Kvavadze & Stuehlik
1990).

Nevertheless a pollen drift takes place in hypsometrically different altitudinal zones, in mountain
areas. Generally the drift of pollen and spores from lower vertical zones to upper ones is known but
in mountains close to the sea an opposite drift from upper vertical zones lower down to the sea shore
also occurs. (Stuchlik & Kvavadze 1987).

Pollen spectra of marine and lacustrine sediments of the lower reaches of mountain rivers, lakes
and seas include pollen from the costal plain areas as well as from the surrounding mountains drifted
by wind, washed out from soils by rains and transported by rivers into the sea and lakes. These pollen
spectra include pollen of plants from all vegetation zones. However there are some areas especially in
mountains, namely in the Transcarpathian area, where the setting excludes pollen drift from the Car-
pathians beyond the Transcarpathians. This basin was surrounded on three sides by eastern outskirts
of the Western Carpathians and by Eastern Carpathians and on the fourth side by the arch of Volcanic
Carpathians. Thus the Neogene sea of the Transcarpathian area was a natural trap for palynomorphs of
plants growing in the Carpathians.

Palynological studies of bottom sediments of the Black Sea in Western Georgia show that the spo-
re-pollen spectra include palynomorphs of plants from all mountain forest belts and reflect adequatel-
ly the composition of the cenoses (Shatilova 1974).

The samples we have studied are dominated by woody plants (85-90%) and the majority of speci-
mens belongs to the 10 so called “transit taxa” (Blyakhova & Zaklinskaya 1984) which have no stra-
tigraphic significance. The main criterion used to infer changes in the Neogene flora and vegetation
composition is a quantitative assessment of groups (Krutzsch & Majewski 1967) with their ecological
tolerances deduced from the ecology of their modern analogues. To make the reconstruction of paleo-
flora more complete results of macrofloristic investigations have been evaluated. The studied sedi-
ments are dated quite well using foraminifer, mollusc and ostracod faunas.
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POLLEN-SPORE COMPOSITION OF THE NEOGENE SEDIMENTS

In the studied pollen- spore complexes of the Neogene sediments in the Transcarpa-
thian and Western Carpathian areas more than 290 different taxa have been found. The
main group are woody plants of the gymnosperms and angiosperms. Among others,
ferns are represented by some ancient tropical families Cyatheaceae, Schizaeaceae and
Gleicheniaceae as components of woody tropical flora. These are mostly relicts from
the Danian-Paleocene period where they were abundant and well developed. In Neogene
sediments they are found only sporadically and not in all profiles, because of the low
migration capacity of woody ferns. This group is more common in the Transcarpathians
than in Neogene profiles of Polish Western Carpathians. The Lycopodiales are more
common and represented by Lycopodium and Selaginella in both Transcarpathians and
Western Carpathians. Other ferns especially Polypodiaceae sensu lato were well de-
veloped during the Paleogene and Neogene. Such genera as Dryopteris and Asplenium
developed mainly during the Neogene, becoming predominant at the end of Pliocene.

The Ginkgoaceae family was represented only by one species Ginkgo adianthoides
whereas Cycadaceae was absent in the Paleogene-Neogene sediments and the Ephedra-
ceae were very rare in both the Transcarpathians and Western Carpathians. Conifers,
namely Pinaceae, of low diversity in the Paleogene evolved significantly in the Ne-
ogene. Pollen representation of this family was rather monotonous at the genus level.
Within pollen of Pinus two types the most common and abundant P sylvestris type and
in lower quantities P haploxylon type, are distinguished. Pollen forms close to the mod-
ern species Picea abies appeared in early Miocene, but became abundant in late Panno-
nian forming its own vegetational belt in the mountains. The genus Tsuga shows some
species diversity (7. canadensis and T. diversifolia types) at the beginning of the late
Miocene, whereas Abies was identified sporadically throughout the Miocene but was
more common in the Pliocene. The Pinaceae family represents plants of great ecological
diversity without stratigraphical significance. A wide distribution of Pinaceae in the ear-
lier stages of the Paleogene and even in late Cretaceous was diminished before the
Pliocene by disappearance of several forms. Taxodiaceae — Cupressaceae group is tax-
onomically and ecologically monotonous and is facies controlled. During the Neogene
no new genera and species evolved (Andrednszky 1956).

The angiosperms are the most variable group with woody, bush and herbaceous
plants of great ecological diversity. Increase in pollen diversity serves as evidence of ap-
pearance of new genera and species during the Neogene. The same taxa found of vari-
ous localities in synchronous sediments indicate their migration ability.

In the Paleogene angiosperms were represented by various tropical and subtropical
forms which are replaced by temperate genera in the Neogene. A rapid diversification of
angiosperms resulted in appearance of many forms are characteristic for the Paleogene
and partially for the Neogene flora and vegetation. In this respect the Fagaceae family
is indicative. Pollen of Fagus appeared in the middle Miocene complexes with some
species variety (Fagus orientalis, F. sylvatica and F. japonica - types). Remain of
leaves of F. orientalis F. sylvatica and F. hertae were found in the Neogene.
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In Hungary Boros (1955) described leaves of three species of Fagus — F. sylvatica, F.
orientalis and F. moesiaca. The latter species according to Karpati (Boros 1955) being
a hybrid between F. sylvatica and F. orientalis exists in Hungary and in adjacent coun-
tries nowadays. Quercus occurs throught the whole section of the Neogene. However
species close to contemporary ones appear in the late Pliocene. The same is with mem-
bers of the Betulaceae family — pollen of Carpinus betulus — type, C. orientalis — type
and Betula sp. (B. cf. pendula, B. cf. pumila, B. cf. pubescens) appeared in spectra in
late Levantinian. Pollen resembling the modern species of Alnus incana and A. glutino-
sa appeared in the early Sarmatian, whereas A. cf. viridis occurred only since the begin-
ning of the Pleistocene.

Almost all species close to modern members of the Juglandaceae family appear in
the late Miocene and only Pterocarya cf. serrata appears in the late Pliocene. Among
the Ulmaceae, Ulmus pollen occurs in all Neogene complexes with pollen close to U.
laevis appearing in the earlier Sarmatian and becoming wide spread in the late Pliocene
and the beginning of the Pleistocene. Tilia forms close to modern species appeared in
the Sarmatian: T. cf. cordata in the early Sarmatian. T. cf. platyphylla and T. cf. tomen-
fosa in the late Sarmatian.

Almost all woody species which were included in the list were present in floristic
complexes since the beginning of the Neogene in quantities. All together 11 spores-pol-
len floristic complexes have been distinguished for characterizing sediments of Egerian,
Eggenburgian, earlier and late Badenian, Dorobratowskaya, Lukowskaya and Almasch-
skaya suites of Sarmatian, Pannonian, Levantinian and Chopskaya suite for the Trans-
carpathian with 7 complexes for the Western Carpathians.

THE HISTORY OF DEVELOPMENT OF THE NEOGENE FLORA
AND VEGETATION

The Ukrainian Eastern Carpathians and Western Carpathians were formed in the tran-
sitional period between the Paleogene and the Neogene. Following uplift of these moun-
tains there was immigration of plant formations from adjacent areas which originated in
the Paleogene and subsequently changed as a result of geological and climatic pro-
cesses.

Prior to the Neogene period, among the Danian-Paleocene flora there were forms
close to the contemporary ones of temperate zones such as members of the Juglanda-
ceae family, Pinus, Picea along with ancient angiosperms producing pollen of the Nor-
mapolles group. Their role was increasing during the Paleogene. The presence of pollen
grains of Rhus, Palmae, Engelhardtia, Castanea, Carya, Pterocarya, Myrica, Podocar-
pus, Cedrus and spores of Lygodium, Gleicheniaceae in polytopic spores-pollen com-
plexes from lower Eocene sediments in the Skib and Marmarosh areas of the Carpa-
thians is indicative of the existence of a considerable number of warm-temperate ele-
ments in a subtropical flora (Portnyagina 1973). There were elements of various eco-
logical demands which indicate the existence of various altitudinal zones.
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Floristic complexes of Eastern Carpathian Oligocene include a considerable quantity
of pollen of temperate species very close to their conventional homologues at generic
level. The presence of warm-temperate elements in the Eocene and Oligocene floristic
composition in the area of Central Paratethys was noted by many scientists (Unger
1951, Krutzsch & Majewski 1967, Planderova 1973, Snopkova 1980 and others).

The Carpathian fold system an area of strong oscilatory movements; the process of
orogenesis continued up to the Quaternary period. Along with the process of general up-
lift there was an area of sinking where a large inland basin of the Paratethys was formed
north-west of the Tethys zone. The Ukrainian Carpathians as well as the whole Carpa-
thian region are a part of the Central region of the Paratethys and the influence of this
sea was apparent during its existence. As a result of intensive oscillatory movements
volcanic activity increased in the inner zone of the Ukrainian Carpathians. Configura-
tion and size of the basin changed costantly. All this affected the formation and devel-
opment processes of the flora and vegetation considerably.

THE EARLY MIOCENE

The Egerian. Polytopic complexes of the Egerian sediments in the inner and auter
Carpathian zones include pollen of plants requiring different ecological conditions
which could not have grown in one and the same community. There were vegetation as-
semblages located at different altitudes which was conditioned, among other factors by
the raising Carpathians. At the beginning the raised Ukrainian Carpathians were low
mountains slightly higher than 1000 m and the Western Carpathians were small moun-
tains. Vegetation differentiation according to the altitude became apparent immediately
as a heritage of the Paleogene during which vertical zonation already existed. With climate
changing the vegetation zones transformed dynamically. Dislocation of zones and changes
in paleocenosis structure were different in the inner and outer zones of the Ukrainian
Carpathians. It is likely that at the beginning of the Egerian altitudinal zonation was not
clearly distinguished but there was vertical differentiation of natural vegetation.

Certain differences existed in the composition of flora and vegetation of inner and
outer zones in every period of the Neogene. Flora and vegetation of lower altitudes es-
pecially coastal area of the sea basin, were similar inspite of the absence of some ther-
mophylous elements (Palmae) in the north macroslope and in higher zones where this
distinction became quite evident.

Subtropical forests including areas of swamp forests with abundance of Myricaceae
on the outskirts, grew on plains. Ferns including members of subtropical and tropical
flora (Schizaeaceae, Gleicheniaceae, Cyatheaceae, Matoniaceae, Dicksoniaceae) are
characteristic for both inner and outer zones.

In coniferous-broadleaved and broadleaved forests of the inner zone members of the
family Juglandaceae, mainly subtropical ones, play the main role. Chestnut forests were
also widely spread.

In the Polish Western Carpathians there is no evidence of fossil floras of Egerian and
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Eggenburgian, but probably the development of vegetation, was similar to that of the
outer zone of the Eastern Carpathians.

The Eggenburgian. This is the time of the beginning of the formation of the Trans-
carpathians foredeep of intensive sinking and transgression of warm sea which reached
the border of Western Carpathians (Fig. 1). In that time, like in the Egerian, in Eastern
Carpathians there were small woody communities with Taxodium, Nyssa. The area of
subtropical forests, with Lauraceae (remains of Laurus have been described by Bay-
kovskaya 1953), Sapotaceae, Palmae, Myrtaceae, apparently sclerophylous Quercus be-
came wider. In broad-leaved forests Engelhardtia was abundant along with numerous
other members of the family Juglandaceae.
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Fig. 1. Palacogeographic scheme of the Central Paratethys in the Egerian-Eggenburgian (Sene$ & Marinescu 1974)

In coniferous forests the role of Picea, Abies, Tsuga and Podocarpus increased. The
latter taxon was spread wider also in forests on the north-eastern part of Carpathians.
The role of Pinus increased on account of decreasing of other coniferous elements there.

Broad-leaved forests were rich in thermophylous species, chestnut forests being more
important in contrast to Quercus. Areas of swamp forests widened. A number of thermo-
phylous ferns increased. In forests of the inner as well as of the outer zone of the Car-
pathians herbaceous plants were of no importance. It is likely that there were open areas
only near the sea shore on plains, the habitat of halophytes with predominance of the
Chenopodiaceae family. Climate was warm and humid in all of the Carpathians.
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THE MIDDLE MIOCENE

Ottnangian-Karpatian. During the Ottnangian the sea covered a considerable part
of the Eastern Carpathians (Fig. 2), and transgressed to the west in a shape of a narrow
gulf, reaching the region Nowy Targ in the Polish Western Carpathians (Ney et al.
1974). Spore and pollen were not found in the Tereshul conglomerates. According to
poor spores-pollen spectra only some changes in plant composition were noted in the
outer Carpathians zone. Nyssa disappeared from swamp-forest assemblages and Magno-
lia disappeared from humid forests of foothills. In broad-leaved forests Fagus and
Liquidambar appeared. Open, possibly coastal areas widened and halophytes spread
away from sea-water influence. At the end of the Eggenburgian the foredeep started to
sink and volcanic activity intensified in the Transcarpathian area (the first stage of
orogenic volcanism) and large tufas formed (Novoselitsk, Apshin, Danilov and Klobuk).
Floristic characteristics for the Ottnangian-Karpatian in this region and in Polish West-
ern Carpathians are not known.
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Fig. 2. Palacogeographic scheme of the Central Paratethys in the Ottnangian (Sene§ & Marinescu 1974) emended
after Neay et al. (1974)

Early Badenian. This is a period of expending transgression of the Paratethys as a
result of which sea water covered the whole Transcarpathians foredeep and in the West-
ern Carpathians the sea expended over the Krosno-Jasto, Nowy Sacz and Nowy Targ-
Orawa basins reaching the Morawa Gate and to the north the Holly Cross Mountains
(Fig. 3). In coniferous forests of that time Pinus was diverse, its subgenus Diploxylon
dominated and other evergreen coniferous elements occurred often. Ginkgo grew spo-
radically on mountains. Broad leaved forests expanded, Ulmus and Castanea occurred
often, Engelhardia was numerous. The abundance of Castanea atavia leaves (I’inskaya
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Fig. 3. Palaeogeographic scheme of the Central Paratethys in the Karpatian-Badenian (Sene$ & Marinescu 1974)
emended after Ney et al. (1974)

1960) in the Badenian sediments are indicative of local chestnut forests. For the first
time Liquidambar and Fagus appeared in the forests of the inner zone of the Ukrainian
Carpathians (according to pollen and leaf remains). In the early Badenian thermophylic
species decreased in number, the genus Engelhardtia was the exception. Swamp forests
were not characteristic. In forests of the low zone Cinnamomum grew. The warm basin
favoured the existence of thermophylic ferns. Climate was rather warm and humid.
Many large leaves indicate humidity (II’inskaya 1960). In south Poland, in the Carpa-
thians Foreland a lower Badenian flora from Swoszowice, Wieliczka and Gdéw Bay
with a considerable amount of thermophylous elements (e.g. Mastixia, Eurya, Laurus
and others) represents the last phase of the so called mastixioidean flora (Eafcucka-Sro-
doniowa, 1963, 1966). A distinctive flora existed in the mountain and in the outer zone
where the role of Picea in coniferous forests and Ulmus in broad leaved forests in-
creased. Thermophylous species decreased in number, Sapotaceae, Myrica, and Ruta-
ceae disappeared completely. Climate was cooler in comparison with that of the inner
zone and the Carpathian Foreland.

Late Badenian. In Eastern Carpathians after the regressive cycle in the Tereblinsk
stage there was a new wide transgression and periodic volcanic activity (Maleev 1964).
Water temperature of the sea was rather high as is proved by Borelis remains (Venglin-
sky 1975). In coastal forests thermophylous ferns were still numerous. There were sub-
tropical forests with Cinnamomum polymorphum and various Myrica. In mixed forests
with Juglans, Engelhardia, Tilia, Acer, Castanea, Fagus, Quercus and Platycarya (the
latter not numerous) the genera Zelkova and Ulmus were of importance.
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The role of dark coniferous species increased, Tsuga became not so numerous, Kete-
leeria appeared. In the middle mountain zone beech-oak and oak-chestnut forests ex-
panded. Members of the Juglandaceae family including its thermophylous forms — En-
gelhartia and Platycarya — remained. The shrub layer became richer (Lonicera, Diervil-
la, Elaeagnus, Corylus, Cornaceae). Subtropical assemblages with Cinnnamomum,
Myrtaceae, leather-leaved Quercus and thermophylous ferns slightly diminished. Humid
coastal and valley forests with Carya, Pterocarya, Liquidambar, and Alangium play an
important role. In the south-eastern part of the Transcarpathian swamp forests with Tax-
odium expanded. An increased number of herb pollen occurred in the complex among
which were members of mountain-meadow communities indicating the presence of
open areas on high altitude of the raised mountains.

Gradual falling of temperature and decreasing of humidity continued causing only
the diminishing of the leaf size, but changes of the total flora composition. In subtropi-
cal communities of the north-eastern part of the Ukrainian Carpathians there were
plenty of evergreen elements: Quercus drymeja, Ficus (Mchedlishvili 1956) Myrtaceae,
Sapotaceae, Palmae (Shchekina, 1957), Cinnamomum and other Lauraceae (Shvareva
1983). Fagus, Quercus, Carya, Ulmus, Liquidambar, Pterocarya, Platanus and Rho-
dodendron formed a large part of forest composition. In the foothills large areas were
occupied by river valley swamp forests with Taxodium and abundant Alnus. Valley
forests were characteristic for the outer zone of the Ukrainian Carpathians in that period
(Shvareva 1983). Various Myricaceae grew in drying peat-bogs which, in the late Bade-
nian, were the initial material for brown coal beds formed here. The climate was warm
and equable soft. Smaller leaves of plants indicate same water deficite during the grow-
ing season.

In the Western Carpathians during the late Badenian transgression the Paratethys
covered the Nowy Sacz and Nowy Targ-Orawa Basins to the Morava-Gate (Fig. 4). The
later Badenian flora indicates cooler conditions with the predominance of gymnosperms
over angiosperms and a successive decline of more thermophylous elements (Oszast &
Stuchlik 1977). The late Badenian flora in the vicinity of Tarnobrzeg at the northern
margin of the Paratethys (Oszast 1967) indicates somewhat warmer conditions. This
flora is somewhat similar to the lower Badenian floras of the Carpathian Foreland
(Swoszowice, Wieliczka, Gd6w) but a high proportion of shrubs in the vegetation cover
is remarkable.

In the middle Miocene regression and isolation of sea basins took place in the Pre-
carpathians and Transcarpathians areas, which led to changes in floral composition of
these regions in the late Miocene. The flora of the outer zone was more influenced by
the sea and as a result was impoverished in thermophylous elements at the end of early
Sarmatian.

Our palynological studies have proved the continuity of the late Badenian flora into
the Sarmatian. In south Poland the flora and vegetation of the early Sarmatian retains
the main features of the late Badenian floras (Oszast 1973, Oszast & Stuchlik 1977).
I'inskaya (1960) admits that the late Badenian flora is closer to the early Sarmatian flora
than to early Badenian one according to systematic composition and general features.
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Fig. 4. Palaecogeographic scheme of the Central Paratethys in the Badenian-Sarmatian s. str. (Sene§ & Marinescu
1974)

THE LATE MIOCENE

Early Sarmatian. The Sarmatian was characterized by an intensive regime of oscil-
latory movement, sea transgression in the south-western part of the Transcarpathians,
final sea transgression in Western Carpathians and by a second phase of volcanism.

In the Carpathians coniferous forests with spruce and spruce-fir assemblages and
various Tsuga were developed. Tsuga cf. canadensis might have grown also in conife-
rous — broad-leaved forests. However by the end of early Sarmatian, the role of conife-
rous forests decreased.

An abundance of pollen and leaf remains of beech shows that broad-leaved forma-
tions including beech forests in addition to oak-beech and beech-chestnut assemblages
expanded. In this time Fagus orientalis appeared. Deciduous forests with Juglans,
Carya, Zelkova, Ulmus, Carpinus, Tilia, Acer, Liquidambar, Platanus, Alnus, Populus
and Pterocarya were well represented. The early Sarmatian was the last stage when Lau-
raceae existed in the Ukrainian Carpathian and northern Paratethys areas of Poland.
Subtropical communities were concentrated in the lower zone and up to the end of the
early Sarmatian their number slightly decreased. Taxodium and Nyssa were growing in
swamp areas with Myrica on periferal areas.

In south Poland the Sarmatian vegetation belongs to three different geobotanical
provinces (Stuchlik 1980). The vegetation of the mountain province represented by the
flora of Nowy Targ — Orawa Basin is more or less uniform and characterized by pre-
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dominant coniferous forests. In the flora of the vicinity of Chmielnik (Zastawniak
1980), on the northern margin of the Paratethys belonging to the north-European low-
land province, angiosperms with large proportion of small-leaved forms distinctly pre-
vailed over gymnosperms. In the flora of Stare Gliwice (Szafer 1961, Oszast 1960),
which belongs to the west-European province, the gymnosperms prevailed over the an-
giosperms and more thermophylous elements were recognized.

The early Sarmatian flora, like the late Badenian one, was characterized by small
leaves (II'inskaya 1960). New volcanic activity along with diminishing of sea basin had
led to a slight temperature fall and probably also to a deficit of air moisture.

The middle Sarmatian. Reduction of the sea basin, which began in the early Sarma-
tian, continued in the beginning of middle Sarmatian.

At this time the sea definitely retreated from the territory of south Poland but se-
dimentation still took place in the Ukrainian Carpathian Foredeep where the formation
of the Almash suite began.

Freshwater lagoons were formed and peat formation began. This initiated developing
of Taxodium swamp forests characteristic for the whole Almash period. Among numer-
ous Myrica more ancient forms disappeared toward the end of the Miocene. Hydro-
phytic communities expended in freshwater basins. Short-lived transgression of the
warm sea and decrease in volcanic activity had led to an increase of temperature which
allowed return of some subtropical communities with Engelhardtia, Platycarya, Plata-
nus, Magnoliaceae (Liriodendron), Sapotaceae and various ferns e.g. Gleicheniaceae.
Areas of deciduous forests, including beech forests, expanded. In coniferous forests
Pinus, Picea, Abies, Tsuga, Podocarpus, and Sciadopitys predominated but the propor-
tions were different from the early Sarmatian. The middle Sarmatian was characterized
by a rich mycoflora, which is usual for coal-forming situations. Climate was subtro-
pical, close to warm-temperate, humid. There is no evidence for the existence of a dry
phase during the middle Sarmatian. Remains of algae such as Tetraporina, Triporina,
Ovoidites, and diatoms (Syabryay & Vodopyan, 1976), among which are many fresh-
water species, don’t suggest increase of salinity which would be expected during a dry
period. In south Poland freshwater sedimentation was continuing and the development
of the flora was similar to that in lower Sarmatian. Sarmatian plant associations in the
Western Carpathians (Poland) contained warm-temperate species, few sclerophylous
forms and mediterranean leather-leaved oaks (Zastawniak 1980). These give no support
to suggestions of a long dry warm period during the Sarmatian in this region.

The early Pannonian. The regression of the Paratethys and formation of the isolated
Pannonian basin marked the beginning of this period. Territories of swamp forests and
peat-bogs decreased. Certain thermophilous species did not survive cold winters and
disappeared, Liquidambar occurred rarely, Carya became dominant only in the coastal
and valley forests. Littoral-aquatic assemblages of freshwater basins and open herba-
ceous communities spread widely. Broad-leaved forests were as wide spread as in the
Sarmatian, but elements of the temperate deciduous flora became dominant, the quantity
of coniferous species increased.
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THE PLIOCENE

The early Pliocene. (the beginning of late Pannonian s.1. — Pontian). In this period a
short-term transgression took place in the Ukrainian Eastern Carpathians. As the result
of this, in lower Pliocene sediments, ostracodes similar to those from the Pontian layer
in the Crimea-Caucasus area appeared (Sheremeta 1958). The second stage of orogenic
volcanism with ashes explosions was ending. Vegetation sharply changed in the whole
Carpathians. Pine-forests with other coniferous species have formed a separate zone. In
these assemblages Picea cf. excelsa appeared for the first time and Abies and Tsuga be-
came more diverse in species. Broad-leaved forests grew at lower altitude than in the
late Miocene. Swamp forests existed only in local areas. Open space areas expanded,
subtropical species disappeared altogether. Gradual temperature fall, which began in the
early Pannonian, continued in the beginning of the late Pannonian. Temperature fall was
probably the result of volcanic activity. A decrease of solar irradiance due to ashes and
sufficient air humidity promotes the growth of shade and humid requiring coniferous
forests, and herbaceous plant communities.

Middle — late Pliocene. Dacian — Levantinian. Towards the end of the Dacian the
Pannonian basin disintegrated into lagoons and late disappeare completely. Only small
lakes remained with reed-marsh during the late Dacian in the Transcarpathian area. In
the territory of the Western Carpathians only freshwater sedimentation and lignite for-
mation took place.

Formation of the Vygorlat-Gutin mountain ridge began in the beginning of the late
Pliocene (early Levantinian). To the south-west of it shallow lacustrine-marsh basins
were formed. Intensive peat-forming processes resulted in the formation of the lower
coal-bearing level (V and VI coal-seams) and the lignite formation in the Western Car-
pathians. The composition of mountain forest communities indicate that temperature
rose during the Dacian. Swamp and humid coastal forests with Taxodium, Nyssa cf. aqu-
atica, Osmunda, various Alnus with single Myrica admixture expanded. In wet forests
on the plain and coastal area Betula and Alnus are predominant together with Carya,
Liquidambar, Pterocarya, Platanus, Magnoliaceae and single Diospyros. In coniferous
mixed forests Castanea and Platycarya appeared and the role of Quercus, Fagus, Engel-
hardtia, Tilia and Celtis increased. During the Dacian the climate was rather humid and
warmer than in Pontian. Palynological data give no evidence that the Levantinian flora
was different from the Dacian one. On the whole, the generic composition of the flora
characteristic for the period of accumulation of the lower Levantinian coal-bearing level
did not change in comparison to the Dacian. Quantity and composition of high-altitude
vegetation zones changed insignificantly. Swamp forests in which the role of Nyssa de-
creased, became more extensive. Areas of beech forests, with dominant Fagus cf. syl-
vatica expanded.

In the Polish Western Carpathians (Domariski Wierch and Kroscienko areas) conife-
rous forests dominated by Picea mixed with Pinus and Tertiary relict Sciadopitys were
abundant. In broad-leaved forests cold-loving elements were dominant but the genus Prero-
carya was represented quite well (Oszast 1973, Oszast & Stuchlik 1977, Szafer 1946, 1954).
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The late Levantinian. (formation of upper coal-bearing level of the Ilnitskaya suite).
This is the period of formation of the III, II and I coal layers. In the beginning of the
late Levantinian the third stage of volcanic orogenesis took place. Mountain forests be-
came poorer during the period of accumulation of the third coal layer. More thermophy-
lous elements like Celtis, Platanus, Hamamelis, Myrica and Castanea disappeared. In
coniferous forests the quantity of Abies, Picea and Tsuga slightly increased. Swamp
forests expended luxuriantly probably due to the products of volcanic activity accumu-
lated at the foot of stratovolcans. Such process is observed nowadays in areas of modern
volcanic activity (Kamchatka, Indonesia).

At the time of formation of the first and the second coal seams plant communities be-
came rich again, only swamp forests remained unchanged. In broad-leaved forests Cas-
tanea, Platycarya, Engelhardtia and Celtis appeared again, the latter grew on sunny slopes.
Betula became numerous, areas of oak forests expanded. Fagus cf. orientalis disappeared
and the beech forests were formed by Fagus sylvatica. In coniferous forests Picea and
Abies were dominants. Towards the end of Pliocene the late Levantinian flora became
poorer. Among the Quaternary elements Picea, Abies, Pinus sylvestris, Betula, Corylus,
Alnus, Carpinus Quercus, Fagus sylvatica, Salix, Ulmus, Tilia were dominant (70-75%).

In the Polish Western Carpathians the youngest Pliocene flora from Mizerna (Mizer-
na I/Il and Mizerna II stages) is very similar to the late Levantinian flora of the Eastern
Carpathians.

OROGENIC VOLCANISM AND ITS INFLUENCE
ON THE VEGETATION COVER

The Transcarpathians was an area of intensive acid explosive volcanism with enormous
quantity of volcanic ashes. Four stages of volcanism took place there (Maleev 1964).

The first stage of volcanism in the Transcarpathians began at the end of the Eggen-
burgian and lasted till the Badenian. It had a catastrophic effect. The area of the Trans-
carpathians was 3500 km?, the volume of pyroclastic material in the beginning of this
stage was 1 050 km® (Maleev 1964). The whole volume of pyroclastic material in the
first stage was 4 000-5 000 km®. The ashes scatter no more than 300 km. Theréfore air
pollution was local and decline in solar radiation was local too. In the Transcarpathians,
at the end of the Karpatian — beginning of the Badenian the flora was less warm-tem-
perate than in the contiguous territories where, at that time, the young mastixioidean
flora occurred and volcanism was not so intensive. The thickness of ashes-tuff seams
was far less in these territories than in the Transcarpathians,

The second stage of volcanism in the late Badenian—early Sarmatian was not intens-
ive and considerable temperature fall was not appeared in the Transcarpathians. The ab-
sence of volcanism, as well as a short-term transgression in the middle Sarmatian,
stimulated a warm period at that time. Explosive volcanism of the second stage, at the
end of early Pannonian, preceded the temperature fall and changing of flora and vegeta-
tion in the Pontian.
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The third stage in the early Levantinian caused the impoverishment of the flora at the
time of accumulation of the third coal seam and coaly-clays over the coal seam.

In the fourth stage 11 stratovolcanos, six small monogenic volcanoes, 127 extrusives
and other centres of volcanism (Maleev 1964) were active and their action strengthened
the Pretiglian temperature fall in Transcarpathians.

In the beginning of the Neogene we have recorded a vertical zonation observed for
the whole period. Composition and high-altitude boundaries changed depending on tec-
tonic and climatic changes, location of sea basin and intensity of volcanism. Lava flows
and volcanic gases were responsible for vegetation destruction in local areas.

During the Neogene there was a gradual change in the vegetation composition of
high-altitude zones. Quaternary freezing deepened differences between the modern and
Neogene composition of the flora and vegetation. Nevertheless the vertical differentia-
tion which appeared in the Neogene, remains in the vegetation of the whole Carpathians
even nowadays.

COMPARISON OF THE CARPATHIAN NEOGENE FLORA WITH OTHER
CENTRAL PARATETHYS REGIONS AND ADJACENT TERRITORIES

Flora formation in the Central Paratethys region is connected with the history of de-
velopment and elevation of the Carpathians at different times, their division into many
parts by the seas of the Paratethys basin and the volcanic activity. This caused a certain
difference in floristic composition of these areas.

The Egerian. At the Oligocene Miocene boundary in the eastern part of the Western
Carpathians woody flora and vegetation was widely spread. The role of warm-temparate
deciduous elements was more prominent in comparison to the Oligocene. In newly
formed mountains of middle and northern Slovakia (Snopkova 1961, Pacltova 1963 b,
Planderovd 1978), Northern Hungary (Nagy 1979, Hably 1982) as well as in Ukraine,
the percentage of warm-temperate elements, particularly Amentiferae families, was
rather high. Conifers were characteristic for floristic complexes of these regions (Pinus,
Picea, Abies, Podocarpus), Taxodium was not numerous. Subtropical representatives
were important in this period.

Subtropical forests with abundant Lauraceae, Palmae and Dryophyllum were charac-
teristic of the Roumanian part of the Carpathian depression. This flora also included de-
ciduous elements (Ulmus, Juglans, Carya, Salix, Carpinus), but they were not as pro-
nounced as in the northern regions. There were swamp assemblages with Taxodium,
Nyssa, Spirematospermum and Myrica (Givulescu 1974, 1980). R. Givulescu (1980)
considers that the climate of the Egerian resembles the modern climate in south-eastern
Asia characterized by regular precipitation especially in summer.

The flora of southern Slovakia was formed under the influence of the Alpine flora
and it included numerous warm-temperate deciduous genera (Acer, Alnus, Juglans,
Carya, Quercus etc.), evergreen subtropical plants (Daphnogene, other members of Lau-
raceae, Pittosporum, Cassia, Eugenia, Ficus) were more numerous (Nemejc 1970, Sitar
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1980). South Hungarian floras included many tropical and subtropical plants along with
less numerous deciduous ones. The presence of Ginkgo, Keteleeria, Sciadopitys, Platy-
carya, Engelhardtia and Zelkova indicates connections with Eastern Asia (Nagy 1970).

In the Egerian the flora of the South Carpathians developed under the influence of
the Balkan and Dynarid mountain floras, which were characterized by a great number of
species, and dominated by tropical and subtropical plants. The south Carpathians were
isolated from other Carpathian regions by the Paratethys sea (Sene§ & Marinescu 1974)
(Fig. 1). The presence of plants with narrow leathery leaves, and presence of Lauraceae
and Papilionaceae in the flora, indicate hot climate in the early Miocene in South-east
Europe (Weyland et al. 1958, Mihailovi¢ 1978). In this region B. Milakovi¢ (1961) ob-
served a few warm-temperate elements of broad leaved forests characteristic of the
northern hemisphere which grew in mountains on higher altitudes.

The existence of various (depending on altitude) vegetational communities in various
altitudinal belts (coniferous forests in mountains and subtropical broad-leaved forests in
lower zones), were characteristic for the whole Carpathian region which was still separ-
ate. The deciduous plants were prominent at higher altitudes and they formed deciduous
forest communities. Both south and north of the Paratethys basin there were swamp-
communities with Taxodium, Nyssa, Myricaceae, on the north sea coast they were more
widespread. In coastal forests thermophylous ferns were numerous. Seasonal periodicity
and geographic differentiation took place especially toward the end of the Egerian. Cli-
mate of the whole region may be characterized as subtropical with heavy summer rains,
warmer in south and south western parts of the region.

The Eggenburgian. The temperature rise and increased humidity noted in the Ukrai-
nian Carpathians were recorded for the whole Carpathian region but in different de-
grees.

In the middle of the region including the Ukrainian Carpathians the number of ther-
mophylous elements increased (subtropical ferns). The number of deciduous elements
decreased insignificantly, the role of some moisture-requiring plants (Alnus, Pterocarya,
Carya) rather increased (Planderova & Snopkova 1970). In middle Slovakia the decidu-
ous elements changed with new forms (Salix, Populus, Acer, Carpinus, Juglans) (Sitar
1980).

In the south-western part subtropical and tropical elements became more numerous
and toward the end of the Eggenburgian the number of thermophylous elements de-
creased considerably (Gabrielovd 1973, Klaus 1955). Coniferous forests were charac-
terized by composition diversity. Areas of swamp forests expanded and mesophytic
forests grew in drier areas. Subtropical macrothermal elements (Lauraceae, Palmae,
Sabal-type) were not numerous. The presence of Sabal was typical for floras of the Eg-
genburgian in Middle Europe (Klaus 1955, Thenius 1961, BiZek 1977). According to
Scimoncsics (1967 a, b) the temperature in January in this period was +11° and in July
+25, annual precipitations was 1200 mm, distributed uniformly.

A characteristic feature of vegetation in the Eggenburgian was widespread plane-tree
forests (Andrednszky 1952), that grew at an altitude of 1000-1400 m. This is do-
cumented by numerous remains of Platanus platanifolia (Rutt.) Knobl. The general tem-
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perature rise and increased humidity manifested themselves in the Karpatian more from
the middle of the Eggenburgian.

The Ottnangian-Karpatian. The process of increasing temperature and humidity
began in the Eggenburgian and during the Ottnangian and Karpatian was more pro-
nounced in the south-western part where mastixioid flora flourished (Hably 1979). It
was a period of extensive development of marsh vegetation promoted by warm climate
and heavy precipitation. (Kedves 1959), Simoncsics 1969, 1970), there were many reed
marshes and swamp forests with Taxodium, Nyssa, Osmunda, Clethraceae, with Lygo-
dium, Glyptostrobus and Myrica in drier areas. Paludal forests of such type were char-
acteristic of the Carpathian area in Poland (Lanicucka-Srodoniowal979), western Poland
(Raniecka-Bobrowska 1974), Czech and Slovak Republics (Planderova 1962, 1967,
1973, 1978, Konzalovd & Stuchlik 1983) and Austria (Knobloch 1977). Under condi-
tions of humid subtropical climate, lacking a dry season, forest assemblages grew with
numerous varied Lauraceae resembling laurel forests of south-eastern China. The
presence of Platanus neptunii (Ett.) BiZek et al. (1967) known from the middle Oli-
gocene (its analogoue exists now only in Laos) is notable within the flora.

In the Western Carpathians in Poland, deciduous and mixed forests with numerous
thermophylous species grew in elevated areas, along with marsh associations. Mastix-
ioid flora was almost absent (Laﬁcucka—Srodoniowa 1979).

The Badenian. During the Karpatian and early Badenian the mountain area of the
Carpathian region expanded, the majority of the South Carpathians were elevated
(Fig. 2), but were still separated from the Eastern Carpathians. Towards the beginning
of the early Badenian the thermal regime changed. It became cooler. A number of de-
ciduous elements increased again. Floral composition of the inner zone was quite differ-
ent from that of the outer one in both the Eastern Carpathians and the eastern part of the
Western Carpathians. In the outer zone, in between-mountain hollows and north to the
plain, swamp Taxodium forests were wide spread (Oszczypko & Stuchlik 1972). Alder
forests and assemblages with Carya and Pterocarya were typical for this region. Aqu-
atic-marsh grass assemblages were wide spread in the Ukrainian Carpathian Foredeep.
Mountain slopes were covered by oak-lime forests, spruce and pines grew higher. Ther-
mophylous elements are not as numerous as in the flora of the inner part of Carpathians
(Lar’xcucka—Srodoniowa 1979). Climate of the outer zone was cooler than the inner part,
in which there were elements occurring nowadays from the Mediterranean area to South
China (Engelhardtia, Zelkova, etc.).

In the south-western part of the Carpathians the role of thermophylous species (Kno-
bloch 1969, 1972, Nemejc 1967) rose and broadleaved forests were more subtropical
and resembled forests in China, Laos, Vietnam. E. Knobloch has referred to this flora as
deciduous with a sufficient amount of laurels (Knobloch & Kvacek 1976).

In the central region, in the territory of the Middle Slovakia Populus balsamoides,
Juglans, Carya, Pterocarya, Engelhardtia etc. (Sitar 1980) were most common. Light-
coniferous forests with rare dark-coniferous elements became wide spread. Areas of
swamp forests diminished (Gabrielovd & Planderovd 1967). In the south, in Hungary,
where vegetation communities had been thermophilic in character, deciduous elements
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became more numerous. Mastixioid flora had already disappeared from there (Nagy
1970). In the early Badenian Carpinus and Pterocarya occurred for the first time in this
region.

In the early Badenian the South Carpathians and Balkans belonged to one and the
same region being separated by Paratethys seas from the rest of the Carpathians. In the
South Carpathians, like in Bulgaria (Palamarev 1971), humid subtropical forests with
abundant thermophylous elements, (namely various Lauraceae) grew. In the mountain
flora there were also deciduous species along with thermophylous ones (Givulescu &
Ticleanu 1977). Regional differentiation was becoming stronger and the north south gra-
dient of increasing macrothermal forms is very clear.

Towards the end of the Badenian the whole Carpathians were united (Sene§ & Ma-
rinescu 1974) (Fig. 3) and separated from the Balkans by the Paratethys, the water of
which reached the Carpathians on the north, east and south. From this time the Carpa-
thians existed as united mountains but the floristic differentiation, founded in the begin-
ning of the Neogene, persisted during the whole Neogene. In basins of the outer zone of
the Western Carpathians in Poland (Nowy Targ-Orawa basin), as in Ukrainian Carpa-
thians, areas of swamp-forest vegetation diminished, but areas with alder forests in-
creased. Picea, Abies and Tsuga made up a considerable part of mountain forests, broad-
leaved deciduous species, especially Amentiferae, with warm-requiring forms, were
wide spread (Oszast 1960, Oszast & Stuchlik 1977). At this time Fagus aff. orientalis
appeared in this region (Laricucka-Srodoniowa 1966).

In forests of the inner part of the Western Carpathians, as well as of the Ukrainian
Carpathians (middle region), the role of Fagaceae, particularly of Fagus and Quercus,
increased (Planderovd 1978, Snopkova 1961, Brezinovad & Gabrielova 1974).

The appearance in Badenian palynocomplexes, of numerous herbaceous pollen
among which were alpine forms, indicates that an open mountain landscape began to be
formed in this part of Carpathians as in the Ukrainian Carpathians.

More thermophylous assemblages existed in the south-western region in which Lau-
raceae family were still numerous (Nemejc 1967, Knobloch1972, 1981). Towards the
end of Badenian their number sharply decreased.

Thermophylous species were still abundant in the Hungarian Badenian flora (Nagy
1962, 1974, Knobloch 1972) along with an increase of deciduous and coniferous ele-
ments. To the south, nearer the Hungarian lowland, plant assemblages were more xero-
phylous in character.

During the Badenian rich subtropical thermophylic flora with numerous and varied
Lauraceae and other thermophylous forms with deciduous elements, was typical for the
South Carpathians. Among gymnosperms there were Araucarites taxiformis (Sternb.)
Knobloch (Givulescu & Ticleanu 1977), and various Pinaceae including coniferous
species. All the vegetation composition indicates on the existence of vertical zonation in
the South Carpathians.

The Badenian flora included many North American and east Asian elements. A grad-
ual development of this flora, with clear tendency to increasing of deciduous summer
elements, was typical for the Badenian.
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The Sarmatian. In all regions of the Carpathians continuity of the early Sarmatian
flora from the late Badenian one was noted. According to recent data on absolute age of
flora-bearing rocks the floras of Ipoly river valley (Besterce and Paris-flow) previously
dated to the Sarmatian (Andrednszky 1959) are proved to be Badenian even to its differ-
ent stages (Kordos-Szakaly 1984). This emphasizes once again a continuity of develop-
ment of Badenian — Sarmatian floras.

In Slovakia, and south Poland, the flora and vegetation ofthe early Sarmatian has the
main features of the late Badenian ones (Oszast 1973, Oszast & Stuchlik 1977, Sitar
1973, Planderova 1967). coniferous forests with numerous genera, namely Picea (Sitar
1973) in the upper forest zone, were typical for the whole area of the middle region, but
the lower zone has some distinguish features. There were more subtropical elements.
The presence of Cinnamomophyllum and leather-leaved Quercus similar to that growing
in the Caucasus and Asian mountains indicates similarity of the Sarmatian flora from
south and south-western Slovakia to the synchronous floras of Hungary (Hajos & Pal-
falvy 1962, Simoncsics 1963, Nagy 1974, Andreanszky & Kovacs 1955, Andreanszky
1959).

According to Andrednszky (1959) the presence of Alangium hungaricum in the Hun-
garian floras (Erdobenye and Gylyodéllo near Dédestapolcsdnu) and South Slovakia flo-
ras (Cabov and Usbi) makes these comparable and indicates their unusual common fea-
tures. At the same time Andreanszky (1959) described many lather-leaved Quercus and
other mediterranean elements — Hakkea, Myrsine, Podogonium etc. — in the Erdobenye
flora of the late Sarmatian. There were also temperate deciduous forms. According to
Andreanszky the presence of plants with Leguminosae-type leaves indicate the exist-
ence of mediterranean dry forest. He considered that this is indicated the existence of
“savanna” biotope along with vast flood plains forests (Platanus, Zelkova, Liquidambar,
Populus, Carya etc.). Palfalvy described dry forests of mediterranean type with biotopes
of coastal and flood plain forests, leather-leaved bushy forests including communities of sa-
vanna type probably influenced by Andrednszky’s hypothesis (Hajos & Palfalvy 1962).

According to our data on the Ukrainian Carpathians (Syabryay 1978) there was no
dry warm period during the Sarmatian.

Mesophytic woody deciduous vegetation of the Sarmatian including swamp-forest
communities and Lauraceae, was described by Nagy. She noted that the number of
Fagus and Quercus increased (Nagy & Bodor 1982). Mixed forests, with East Asian and
North-American elements, were typical for the late Sarmatian (s. str.), which we com-
pare with the Almash time in Transcarpathians.

Thermophylic and hydrophylic elements (Ficus tiliaefolia, Sassafras, Myrsinaceae,
Cercidiphyllum) were present within various vegetation assemblages. Gregor (1979)
analysed ecological characteristics of groups described by Andrednszky (1959) and
came to the conclusion that there was no dry biotope but nearly vegetation communities
like those of warm-temperate, deciduous, broad-leaved forest of China which grow in
dominantly humid climate zones. Simoncsics (1963) described deciduous broad-leaved
forests, vast marsh forests, and peatbogs transformed later into coal (Damack, Hun-

gary).
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There is also no evidence for the existence of a dry period in the Roumanian part of
the Carpathians during Sarmatian. Plant communities were unchanged in comparison to
the Badenian ones. This composition remained unchanged up to the middle Sarmatian
(Givulescu & Ticleanu 1977, Ticleanu & Givulescu 1981). Various members of Lau-
raceae and other thermophylic species (Sapotaceae, Sapindaceae, Myrsinaceae) and
mediterranean Quercus flourished along with deciduous elements. Givulescu (1980) de-
scribed the Sarmatian vegetation as mixed mesophytic forest with admixture of xero-
phytes. He emphasised topographic control on climate and considered any apparent arid
zones to be due to topographic setting.

Summing up we conclude that, in the Carpathians, there was no period of increased
dryness with high temperatures in the middle Sarmatian such as that described by An-
drednszky. Pinaceae, Salicaeae, Betulaceae, Fagaceae and Aceraceae, members of
which are important in modern Carpathian forests, were already the main part of the
Sarmatian flora.

The Pannonian. For comparison and correlation with Pannonian floras of the whole
Carpathian region we made an attempt to associate the known floras with Papp’s zones
(1951) and with the developmental stages of the Pannonian flora in the Ukrainian Car-
pathians. As a result of disintegration of the Paratethys the isolated Pannonian basin was
formed. It played a considerable part in development of flora and vegetation in the inner
zone of the Carpathians. This is reflected in the systematic composition and extent of
various plant communities.

In the inner zone of the Western Carpathians as well as in the Ukrainian Carpathians
coniferous — broad-leaved and broad-leaved forest with numerous Amentiferae — mainly
members of Juglandaceae family (Carya, Juglans) — dominated in the early Pannonian
s.l. or in the end of late Miocene. Plain forests and flood plain-riverine forests without
thermophylic elements, but with plenty of the Miocene forms were well developed
(Planderova Snopkova 1960, Planderova 1962, Nemejc 1967). Areas of swamp forests
began to decrease. Taxodium and attendant species formed small swamp-woody assemb-
lages (Planderova 1962 & Snopkové 1961) like in the early Pannonian of the Ukrainian
Carpathians.

At the end of the late Miocene, coniferous (pine-spruce) forests were well developed
in the outer zone of the Western Carpathians. In the broad-leaved forests Amentiferae
species dominated. Castanea were numerous. Abundance of remains of Magnolia and
Liriodendron leaves and Magnolia pollen indicate that these genera were spread in the
lower woody zone. In warm freshwaters, in hollows, associations of aquatic Brasenia,
Euryale, Trapa and Nuphar occurred. Plain riverine forests with numerous Alnus,
Carya, Pterocarya, Liquidambar and Salix were typical for this region (Oszast 1973,
Oszast & Stuchlik 1977).

In coniferous — broad-leaved forests of south-western extensions of the Western Car-
‘pathians thermophylous elements were numerous as in earlier periods (Knobloch 1963,
1967, 1972, 1980).

The age of the rich Pannonian floras found in many places in Roumania (Givulescu
1963, Givulescu at al. 1984) varies from the Pannonian to the problematic Pontian. Gi-
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vulescu (1962, 1974) described only a relative temporal sequence of these floras using
proportions of North American, East-Asian and European elements.

The Pannonian flora of this part of the Carpathians was very exotic. At the beginning
of the Pannonian humid woody assemblages with Glyptostrobus and Myrica surrounded
numerous lakes. On mountain spurs broad-leaved forests grew with rich shrub layers in-
cluding subtropical Quercus and Lauraceae (Persea, Laurus etc.). Broad-leaved and co-
niferous-broad-leaved forests included Ulmus, Fagus, Carpinus, Castanea, Pterocarya,
Juglans etc. and various Pinus (Givulescu 1962). Mountain coniferous forests included
Abies, Libocedrus and Pseudotsuga (Ticleanu 1970).

The early Pannonian (late Miocene) flora of the Transcarpathians, as well the flora of
eastern part of the Western Carpathians, indicates the tendency for climate to be more
temperate. Under these conditions almost all the more ancient Miocene forms disap-
peared.

In south-western parts of the Carpathians occurred Miocene forms more often, while
in the south part of the eastern Carpathians (Roumania) the floras retained Miocene ele-
ments.

Impoverishment of plant communities of the Western Carpathians in Slovakia, due to
decreasing macrothermal elements, spreading of coniferous forests, and decrease of
broad-leaved forests, was typical for the next stage of the Pannonian (Planderova 1962,
1967, Pacltova 1961, Sitar 1958). This stage corresponds to the period of accumulation
of the lower part of the Koshelevskaya suite in the Transcarpathian (Pontian, zone E. of
Papp, 1951). Swamp forests were not typical for this time. It is a period of coniferous
forests spreading in the south-western part (Morawia). In lower altitude zones areas of
broad-leaved forests remained unchanged and humid forests with Glyptostrobus, Nyssa
and Salix and coastal associations with Stratiotes tuberculata and Spirematospermum
wetzleri were wide spread (Sitar 1958, Biizek 1962).

In Hungary broad-leaved and coniferous — broad- leaved forests surrounded fresh-
water basins with rich algal flora. Higher mountain areas were covered by coniferous
forests with dominance of Picea and Abies (Nagy 1958).

In the Western Carpathians of Poland (outer zone) coniferous forests flourished,
dominated by Picea, with Abies and Tsuga along with Sciadopitys. Evident impoverish-
ment of broad-leaved forests with dominance by Quaternary elements took place
(Oszast 1973). Among the latter Alnus was dominant (Oszast & Stuchlik 1977). Rather
numerous Pterocarya and rarer Carya, Liquidambar and Salix with alder, grew in river
valleys. Herbaceous cover was formed mainly by ferns Polypodiaceae. Swamp-woody
communities were not typical for this region.

The Pontian. The Pontian plant assemblages of the Eastern Carpathians and the
South Carpathian in Roumania differed considerably. In the Eastern Carpathian region —
Tara Oasului, Satu Mare, Sinersig, Visag (Ticleanu et al. 1975), which is a continuation
of the Ukrainian Carpathians, coniferous forests were wide spread. Broad-leaved forests
of mountain slopes were composed of warm-temperate species (Carpinus, Fagus,
Ulmus, Acer, Corylus, Juglans, Zelkova etc.). Lauraceae were absent, swamp woody as-
semblages were rare.
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In depressions of the South Carpathians swamp-forests with numerous Taxodium
grew, in the drier areas — Glyptostrobus and Myrica developed. In valley forests Carya
dominated with numerous Alnus, Cyclocarya cyclocarpa and Eucommia ulmoides, Bytt-
neriophyllum aqualifolium (Goep) Giv. appeared. In the lower mountain zone certain
members of Lauraceae occurred. Woody vegetation distributed according to altitudes
was typical for this stage too. Coniferous elements were not important.

On the whole for the Carpathians warm-temperate and humid climate was typical at
this stage. It is likely that in south parts of this region summer temperature was higher.

The Dacian — Levantinian. The rising in temperature in the Dacian in the Transcar-
pathians caused the existence of richer and more varied flora and vegetation in compari-
son to the Pontian. Temperature rose throughout the inner zone of the Carpathians but
to varying extents. The late Pannonian flora and vegetation in Hungary was the most
rich and varied. Decreasing size and reduced salinity resulted in only isolated large
freshwater lakes remaining in the Pannonian basin. Abundant hydrophytic plant com-
munities were surrounded by swamp forests in which Taxodium was replaced by Alnus
and large peatbog areas. Carya, Pterocarya, Liquidambar, numerous Alnus, Salix, Betula
and others grew in humid coastal forests. Broad-leaved forests (Quercus, Fagus orien-
talis, Castanea, Ostrya, Carpinus, Engelhardtia, Tilia, Juglans, Fraxinus, and Ulmus)
grew in the lower mountain zone (Nagy 1958, 1959, 1974). Temperature rose consider-
ably so that Cinnamomophyllum, Quercus drymeja Ung. and Ficus tiliaefolia appeared
again among bush vegetation (Hajos & Palfalvi 1962, Andrednszky & Kovacs 1955).
Ginkgo, Abies, Sciadopitys and Cryptomeria grew in montane broad-leaved- coniferous
assemblages at higher altitude.

Single forms of Laurus and Cinnamomum occurred in the late Pontian woody com-
munities and in the south-western part of the Carpathians (Knobloch 1963) as in Hun-
gary where North-American and East-Asian elements were numerous. Glyptostrobus,
Nyssa disseminata, Alnus, grew there, and Byttneriophyllum aequalifolium is on obliga-
tory element of Pliocene floristic complexes in the southern part of this region. This
thermophylic plant of the marsh biotope (Givulescu 1970, Knobloch & Kvacek 1965) is
a Miocene relict which disappeared in the Pleistocene.

In the northern area of the inner zone of the Carpathians (Slovakia) as well as in the
Ukrainian Carpathians there were woody swamp communities with Taxodium, Nyssa,
broad-leaved forests with abundant Quercus, Fagus, Carpinus, Betula, Alnus, Salix
more numerous Castanea and Rhus. Such thermophylous elements as Sapotaceae, Sym-
plocaceae and Lygodium were absent. In montane coniferous forests Picea and Abies
dominated (Snopkové 1961, Planderova 1978).

The late Pannonian flora and vegetation in Satu-Mare area (Givulescu & Edelstein
1981) was almost identical to that in the Ukrainian Carpathians. Carpinus species (C.
grandis, C. pyramidalis, C. aff. betulus), Acer aff. campestre and numerous Fagus in-
cluding F. cf. orientalis were characteristic for the Roumanian Eastern Carpathians in
the zone of temperate forests, where European elements were dominant.

The similarity of floristic complexes existing at the end of middle Pliocene and at the
beginning of the late Pliocene in the Ukrainian Carpathians as well as in the Western
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Carpathians (Poland, Slovakia) (Snopkova 1961, Pacltovd 1963, Planderovd 1978,
Stuchlik 1982) does not enable separation of the Dacian and Levantinian floras.

Southward of the Eastern Carpathians synchronous floras differ slightly from those
of northern areas especially in the lower mountain zone, for example Borsek (Pop
1936). In this area mixed forests with dominant North-American elements (Pinus cf.
taeda and probable P. cf. nigra, various Juglandaceae, Hamamelidaceae, Acer triloba-
tum, Zelkova, certain Castanea and Quercus) grew around the large Pliocene lake.
Bushes of south European xerotic type covered sunny slopes. Miocene relicts — single
Cinnamomum, Leguminosae of subtropical-tropical type and probable Sterculia grew in
ecological settings outside their usual requirements. In coniferous forests Tsuga and
Keteleeria occurred, Picea, Larix and Taxus grew at higher altitude. The presence in the
Borsek flora of about 5% of endemic Balkan species and 37% of mediterranean ele-
ments the main part of which grow nowaday in the Balkans is characteristic. This is evi-
dence of ancient connections between the floras of the South Carpathians and the Bal-
kans. Prior to the Badenian these mountain massives were one and the same land which
was separated by the Paratethys sea from the northern part of the Carpathians (Sene$ &
Marinescu 1974) (Fig. 1-3).

The flora of the inner zone of the Eastern Carpathians, namely in hollows, included
more Miocene relicts and the process of replacement of both North-American and East-
Asian elements by modern European ones was more gradual in the inner zone by com-
parison with the flora of the outer part (Pop 1936). Such conservative character of the
flora may be explained by the presence of a warm lacustrine-marsh basin which pre-
vented continentalization of climate. Warm-temperate and humid climate with high pre-
cipitation was typical of the whole inner zone of the Carpathians. According to Koppen
the climate may be classified as Cfa type with average annual temperature of 17-19°
and precipitation of 1000-1400 mm (Ticleanu et al 1981). The climate of the whole Car-
pathian region may be considered as of this type with the exception of a slight tempera-
ture drop in northern areas of this mountain country.

The late Levantinian. Flora and vegetation of the Levantinian differed from that of
the Dacian-Levantinian. The role of Quaternary elements increased (74-75%). However
the presence of a warm lacustrine-marsh basin in the inner part of the Carpathian region,
including the Ukrainian Carpathians, slowed down the process of continentalization of
climate during this stage.

There were many Reuver elements and Taxodium was numerous in vegetational com-
position in this areas. These elements disappeared as a result of the Pretiglian tempera-
ture fall (Pacltova 1963). Leschik (1954) considered these floras to be more ancient but
the facies controlled Taxodium is not indicative of age merely of an ecological contrast
which existed in different time periods.

Dacian-Levantinian and Levantinian floras in the northern part of Roumania, in the
Transcarpathians and east Slovakia are more prominant. At that time the Vigorlat-
Gootin volcanic ridge formed. It isolated the above mentioned three areas as a separate
territory with specific microclimate and vegetation. Low volcanic mountains were
covered by broad-leaved forests. The ridge was like a bridge via which vegetational in-
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terchange took place. In this territory volcanic processes, namely ash throws, affected
the processes of soil formation.

The same conditions of geological structure, soil and climate are the reason for the
overall similarity and specificity of the Pliocene vegetation in the Volcanic Carpathians.
Nowadays specific species composition and regularities of distribution of vegetation
also occurs in this area with humid atlantic climate.

CONCLUSION

1. The main direction in evolution of woody flora and vegetation in the Carpathians
was determined by a general regime of falling temperature. This mainly gradual process
was complicated by tectonic and climatic conditions resulting from development of the
mountain region. This was asynchronous and of varied intensity in different area of the
mountain country. Rhythmic climatic fluctuations of different duration and intensity
become evident with temperature fall. Periods of temperature fall — the Egerian, the late
Badenian — early Sarmatian, the Pontian — gave way to periods of temperature rise: the
Eggenburgian, the Ottnangian-Karpatian, the middle Sarmatian, the Dacian-Levantinian.
Within these large scale rhythms microrhythms, were established. The local temperature
fall in the middle Levantinian was one of this microrhythms.

2. Differences in floral composition between the north-eastern and south-western
macroslopes of the Ukrainian Carpathians are more prominent since the Badenian with
the loss of connections between the Transcarpathian and Precarpathian basins. Develop-
ment of the Precarpathian flora was influenced to a considerable degree by the adjacent
platform land. This resulted in a more temperate composition of the Precarpathian flora.

3. The compositions of the Neogene floras of the Western and Eastern Carpathians
are very similar but at that time the South Carpathian Neogene flora included more
exotic elements. This could be explained by the influence of the Balkan flora. The
southern Carpathians were developed separately from the other part of Carpathians, but
were more close to the Balkan Mountains. At least during the Badenian-Sarmatian
stages the Southern part of Carpathians was separated from the Balkan but joined to
other parts of Carpathians

Some differences in the Eastern and Western Carpathian flora existed in spite of their
resemblances. The floras of the Polish and Ukrainian Precarpathians are very close and
differ from the Transcarpathian flora, which is characterized by greater diversity and
abundance of ferns, which was also found in Roumanian part of the Eastern Carpa-
thians.

4. High-altitude differentiation of the vegetation in the Carpathians has existed since
the early Miocene persisted throughout all the studied periods. The boundaries of high
altitude zones changed periods during the Neogene under the influence of tectonic and
climatic conditions, volcanism and changes in coast line. Towards the beginning of the
Pleistocene the vegetation of the mountain country was richer and more diverse than the
modern one. Nevertheless a high altitude zonation in the Polish and Ukrainian Carpa-



188

thians as well as in the whole Carpathian region, has existed since the Miocene and re-
mains up to present days.

5. The Neogene flora and vegetation of the Carpathians were formed as a result of
changes of climate — from subtropical to temperate — under the influence of primary dy-
namic factors (orogenesis, transgression, regression). This flora included azonal and in-
trazonal subtropical communities, the extent of which is difficult to define.

6. The Volcanic Carpathians (Vigorlat-Gootin ridge) stretched from Slovakia through
Ukraine to the Gootin mountains (North Roumania) separated these areas and formed
united territory which was characterized by common geological structure, soil and
microclimate. These conditions are reflected in the common character of floristic com-
plexes in Slovakia, the Transcarpathians and North Roumania.

7. Development of the Carpathian flora and vegetation in the Neogene and changing
paleoclimate were influenced by the changing dimension and location of sea basins (the
Paratethys and later — the Pannonian basin). Additional influences were lacustrine-
marsh basins, mountain formation and volcanism. Four stages of orogenic explosive
volcanism, which took place in the Transcarpathians, may be considered as local cli-
mate-forming factors.

REFERENCES

ANDREANSZKY G. 1952. La répartition des foréts de la platans en Hongrie 4 Iépoque tertiaire. Acta
Biol. Acad. Sci. Hung. 13: 151-158.

— 1956. Les étapes et les conditions biologique de Tevolution de la Flora Tertiare en Hongrie. Acta
Bot. Acad. Sci. Hung., 2(3-4): 221-239.

— 1959. Die Flore der sarmatischen Stufe in Ungarn. Budapest, Acad. Kiado.

—, KOVACS E. 1955. Gliederung und Okologie der jiingeren Tertidirfloren Ungarns. Magy. AllL
Foldt. Intéz. Evk., 44(1); 139-326.

BAYKOVSKAYA T. N. 1953. O neogenovoi flore Zakarpatskoi oblasti USSR. (About the Neogene
flora of Transcarpathians of USSR) Tr. Lvov. Geol. O-va, Ser. Paleontol., 2: 211-213. (in Rus-
sian).

BLYAKHOVA S. M. & ZAKLINSKAYA E. D. 1984. Korrelatsya polifatsialnykh otlozheny po dan-
nym palinologii. (summary: Correlation of polyfacial deposits according to palynological data).

In: Problemy sovremennoy palinologii (Problems of Modern Palynology) “Nauka”, Novosibirsk:
19-22. (in Russian)

BOROS A. 1955. Contribution 4 Thistoire du Herte en Hongrie. Acta Bot. Acad. Sci. Hung., 1(3-4):
243-246.

BREZINOVA D. & GABRIELOVA N. 1974. Palaeobotanycky vyzkum neogenich sedimentov w
okoli Stojcina. Sb. Nar. Muz. Praze B, 30(1-2): 35-48.

BUZEK C. 1962. Spirematospermum wetzler:i (Hef:r) Chandler aus dem Pannon des Wiener Beckens
(Postorna bei Breclav, Mihren). Vest. Ustr. Ust. Geol., 37, (3): 217-220.

—1977. Date palm seeds from Lower Miocene of Central Europe. Vestn. Ustred. Ust. Geol., 52(3):
203-215.

— HOLY F. & KVACEK Z. 1967. Eine bemerkungswerte Art der Familie Platanaceae Lindl. (1836)
in nordbohmischen Tertidr. Monatsber. Dtsch. Akad. Wiss. 9(3): 203-215.



189

DOROFEEV P. 1. 1966. Paleocarpologicheskie dannye k stratigrafii neogena Zakarpatia (Paleocarpo-
logical data to Stratygraphy of the Neogene of Transcarpathians) In: Problemy Geologii i Ru-
donosnosti Neogena Zakarpatia. (Problems of the geology and ore-bearing Neogene of
Transcarpathian). Lvov: 28-31 (in Russian).

GABRIELOVA N. 1973. Die mikropalidobotanische Erkundung des Untermiozins in der Umgebung
von Safov bei Vranov nad Dyji. Vestn. Ustred. Ust. Geol., 48(1): 11-16.

— & PLANDERQVA E., 1967. Palinologicka characteristika a korelécia torténu Slovenska a Miocé-
nu JuZnych Cech. Geol. Pr. GUDS SAV Zpr., 46: 79-91

GIVULESCU R. 1962. Die fossile Flora von Valea Neagra, Bezirk Crisana, Ruminien. Paleonto-
graphica B, 110: 128-187.

— 1963. Palieobotanische Settenhuten im Pliozin Ruminien. Neues Jahrb. Geol. Paldontol. ABh.,
115(2): 103-108.

— 1970. Observations nouvelles sur Byttneriophyllum tiliaefolium (Al. Braun) Knobloch et Kvacek.
Rev. Palacobot. Palynol., 10(4): 133-242.

— 1974. Paleobotanical investigations in Roumania (1958-1970). Mem. Bur. Rech. Geol. Minier.,
78(2): 499-501.

— 1980. Le progress de Tinvestigation paléobotanique du Tertiaire de la Roumanie. Rev. Palaeobot.
Palynol., 20(1-2): 35-48.

— & EDELSTEIN O. 1981. Plantic fosile din “Tara Oasului”. Stud. si Cerc. Geol. Geof. Geogr. s.
Geol., 26: 301-308.

—_ KOVACS M. & STAN D. 1984. Plantes fossiles des monts varatee (dept. de Maramures). Rev.
Roum. Géol., Géophys., Geogr., Sér. Géol., 28: 99--103.

— & TICLEANU N. 1977. Flora fossile de I’Egerien-Sarmatien (sensu Suess) de Roumanie. Dari
Seama Sedintel., Paleont, 63: 125-149.

GREGOR H.-J. 1979. Ein neues Klima- und Vegetations Modell fiir das untere Sarmat (Mittelmiozin)
Mitteleuropa unter spezieller Beriicksichtigung floristischer Gegebenheiten. Verh. Geol. Bunde-
sanst., 3: 337-353.

GROOT J & GROOT C. 1966. Marine palynology: possibilities, limitations, problems. Mar. Geol.,
4(6): 1-387.

HABLY L. 1979. Klimavaltozdsok a Karpat-medencében és korni¢kén a tercier folydman (macrofléra
alapjan). Oslinyt. Vitak., 24: 73-88.

— 1982. Egerian (Upper Oligocene) macroflora from Verdcemaros (Hungary). Acta Bot. Acad. Sci.
Hung., 28(1-2): 91-113.

HAJOS M. & PALFALVY 1. 1962. A Tokaji-hegység Szarmata novénytarsuldsai. Magy. All. Foldt.
Intéz. Evi Jel., 1: 517-534.

IL'INSKAYA 1. A. 1960. Neogenovye flory Zakarpatskoj oblasti USSR (The Neogene flora of Trans-
carpathians of USSR) In: Flora and fauna of the Carpathians. Izd-vo AN SSSR, Moskwa: 75-86
(in Russian).

— 1968. Neogenovye flory Zakarpatskoj oblasti USSR. (The Neogene flora of Transcarpathians of
USSR). “Nauka”, Leningrad. (in Russian).

KEDVES M. 1959. Palynologische Untersuchungen der miozinen Braunkohlen der Herend-13-
Bohrung. Acta Biol. Szeged, Nov. Ser., 5(3-4): 167-179.

KLAUS W. 1955. Pollenanalitische-stratigraphische Betrachtungen zur Altersstellung einer Blatt-
fossilen fiihrenden Schichte aus Wolkersdorf im unteren Lavanttal (Ostkdrnten). Verh. Geol.
Bundesants., 4: 139-142.



190

KNOBLOCH E. 1963. Die Floren des siidmihrischen Neogens. Neues Jahrb. Geol. Paldontol. Mon-
atsch., 1: 72-75.

— 1967. Die Floren des mihrischen Tertidrs. Geol. Prace Zpr., 42: 149-160.
— 1969. Tertidre Floren von Mihren. Mor. Muz. Brno.

— 1972. Die gegenseitigen Beziehugen der tschechoslowakischen und ungarischen Tertiérfloren.
Foldt. Kozl., 102, (3—4): 246-269.

— 1977. Fossile Pflanzenreste aus der Kreide und dem Tertidr von Osterreich. Verh. Geol. Bunde-
sanst.: 415-426.

— 1980. Die jungtertidre Flora des Slowakischen Teils des Orava Beckens. Zapadné Karpaty, Ser.
Paleontol., 5: 75-95

— 1981. Pflanzenreste aus dem Tertidr von Horn. Verh. Geol. Bundesanst., 2: 59-71.

— & KVACEK Z. 1965 Byttneriophyllum tiliaefolium (Al. Br.) Knobl. et Kvacek in dem tertisiren
Floren der Nordhalbkugel., Sb. Geol. Ved. Paleont., 5: 123-166.

— & — 1976. Mibzane Blitterfloren vom Westrand der Béhmischen Masse. Rozpr. Ustr. Ust. Geol.,
42: 1-131.

KONZALOVA M. & STUCHLIK L. 1983. Micropalaeontological research of the sediments overlying
the main brown-coal seam in the Cheb Basin (West Bohemia). Cas. Miner. Geol., 28(4): 363—
378.

KORDOS-SZAKALY M. 1984. New data to the Miocene flora of Négradszakal (Hungary). Ann. Hist.
Natur. Musei Nac. Hungar., 76: 43—-63.

KRUTZSCH W. & MAJEWSKI J. 1967. Zur methodik der pollenstratigraphischen Zonengliederung
im Jungtertidr Mitteleuropas. Abh. Zentr. Geol. Inst., 10: 83-98.

KVAVADZE E. & STUCHLIK L. 1990. Subrecent spore-pollen spectra and their relation to recent
vegetation belts in Abkhazia (North-Western Georgia, USSR). Acta Palaeobot., 30(1, 2): 227—-
257.

LESCHIK G. 1954. Die oberpliozine Flora von Hiinfeld (Hessen). Senck. Leth. 35(3—4): 247-262.
LILPOP J. 1957. Roslinnos$¢ Polski w epokach minionych. Wyd. Geol., Warszawa.

EANCUCKA-SRODONIOWA M. 1963. Stan badari paleobotanicznych nad miocenem Polski potud-
niowej (summary: Palacobotanical investigations on the Miocene of Southern Poland). Roczn.
Pol. Tow. Geol., 33(2): 129-158.

— 1966. Tortorian flora from the “Gdow bay” in the south Poland. Acta Palaeobot., 7(1): 3-315.

— 1979. Macroscopic plant remains from the fresh-water Miocene of the Nowy Sacz Basin (West
Carpathians, Poland). Ibidem, 20(1): 1-116.

MALEEV E. F. 1964. Neogenovy vulkanizm Zakarpatia (The Neogene volcanism of Transcarpa-
thians) “Nauka”, Moskwa. (in Russian)

MCHEDLISHVILI P. A. 1956. Novi dani pro tortonski flory Zakhidnoi Ukrainy. (Summary: New data
on the Tortonian flora of the West Ukraine). Bot. Zhurn., 13(2): 85-89.

MIHAILOVIC D. 1978. Fosilna flora iz sela Vacivi¢a (okolina Golupca) Geol. Anali Balk. Pol., 42:
447-454.

MILAKOVIC B. 1961. Przeglad flor neogenu Jugoslawii w §wietle najnowszych badan. Prz. Geol.,
9(5): 25-37.

NAGY E. 1958. Palynologische Untersuchung der am Fusse des Matra-Gebirges gelagerten Oberpan-
nonischen Braunkohle. Magy. All. Foldt. Intez. Evi Jel., 47(1): 145-294.

— 1959. Pollenanalitische Untersuhung einer Ungarischen pliozdnen Braunkohle. Acta Bot. Acad.
Sci. Hung., 5(3-4): 413-423.



191

— 1962. Reconstruction of vegetation from Miocene sediments of the Eastern Mecsek Mountains on
the strength of palynological investigations. Ibidem, 8(3—4): 87-101.

— 1970. Some conclusion from the palynological data of the Neogene of the Mescek Mountains. Ibi-
dem, 16(1-2): 165-177.

— 1974. A review of the palynological investigation of the Hungarian Neogene. Mem. Bur. Rech.
Geol. Minier., 78(2): 535-537.

— 1979. Palynological evaluation of the holostratotype of the Egerian. Acta Biol. Szeged., Nov. Ser.,
25(3-4): 45-55.

— & BODOR E. 1982. A Tengelic 2. Sz. fidrds miocén palynomorphal. Magy. All Foldt. Intéz. Evk.,
65(1): 117-138.

NEMEIC F. 1967. Paleofloristical studies in the Neogene of Slovakia. Acta Mus. Natur. Praga B,
23(1): 1-32.

— 1970. The origin of the European vegetation and its main alternation during the Tertiary. Paldontol.
Abh. A, 3(3-4): 553-562.

NEY R., BURZEWSKI W., BACHLEDA T., GORECKI W., JAKOBCZAK K. & SEUPCZYNSKI K.
1974. Zarys paleogeografii i rozwoju litologiczno-facjalnego utworéw miocenu Zapadliska
Przedkarpackiego (summary: Outline of palacogeography and evolution of lithology and facies
of Miocene layers on the Carpathian Foredeep ). Pr. Geol. Komis. Geol. PAN, 82.: 3-65.

OSZAST J. 1960. Analiza pytkowa iléw tortofiskich ze Starych Gliwic (summary: Pollen analysis of
Tortonian clays from Stare Gliwice in Upper Silesia, Poland). Monogr. Bot., 9(1): 1-48.

— 1967. Miocefiska ro§linno§¢ ztoza siarkowego w Piasecznie koto Tarnobrzega (summary: The
Miocene vegetation of a sulfur bed at Piaseczno near Tarnobrzeg ) (Southern Poland). Acta Pa-
laeobot., 8(1): 1-29.

— 1970. O wieku stozka Domanskiego Wierchu na podstawie badar palinologicznych. (summary: On
the age of the Domariski Wierch cone determined by palynological methods. Kwart. Geol. 14(4):
843-846.

— 1973. The Pliocene profile of Damarski Wierch near Czarny Dunajec in the light of palynological
investigations (Western Carpathians, Poland). Acta Palaeobot., 14(1): 3-42.

—, STUCHLIK L. 1977. Roslinno$¢ Podhala w Neogenie. (summary: The Neogene vegetation of the
Podhale (West Carpathians, Poland). Ibidem, 18(1): 45-86.

OSZCZYPKO N. & STUCHLIK L. 1972. Miocen stodkowodny Kotliny Sadeckiej Wyniki badan ge-
ologicznych i palinologicznych. (summary: The fresh-water Miocene of the Nowy Sacz Basin.
Results of geological and palynological investigations). Ibidem, 13(2): 137-156.

PACLTOVA B. 1961. Palinologicky vyzkum neogénu v sirsim okoli Kosic. Vestn. Ustred. Ust. Geol.,
36: 207-212.

— 1963 a. Palinologicka charakteristika ledeneckého souvrstvi (svrchni pliocén) v Trebonské panvi
v juZnich Cechach. Sb. Geol. Ved. Paleont., 2: 7-57.

— 1963 b. Palinologicky vyzkum souvrstvi Chatt-akvitanu v modrokamenské hnedouhelne panvi.
Geol. Pr. GUDS. SAV Zpr., 27: 31-35.

PALAMAREYV E. 1971. Diasporen aus der mitzanen Kohle des Ckurovo-Beckens (West Bulgarien).
Paleontogr. B, 132: 153-164.

PAPP A. 1951. Das Pannon des Wiener Beckens. Mitt. Geol. Ges. Wien, 39-41: 99-193.
PAX F. 1909. Grundziige der Pflanzenverbreitung in den Karpaten. Kosmos 34: 924-992.

PLANDEROVA E. 1962. Poznamky k vyvoju fléry a ku klimatyckim zmiendm v Neogéne na Sloven-
sku. Geol. Pr., 63: 147-156



192

— 1967. Palynological characteristics of Neogene sediments in the area of the West Carpathians. Slo-
vakia (CSSR). Geol. Zb., 18(3): 641-650.

— 1973. Nove poznidmky o veku Centralnokarpaskeho paleogene Horehronia. Geol. Pr., 59: 209-283.
— 1978. Microflorozones in Neogene of Central Paratethys. Zap. Karp. Sér. Geol. 3: 7-34.

— & SNOPKOVA P. 1960. Palynologické vychodnotenie diatomitového lozicka pri obci Diibravica.
Geol. Pr. GUDS SAV, 19: 98-132.

— & —. 1970. Micropaleobotanicky vyzkum terciéru Bojnicko-Novickiej oblasti. (summary: Micro-
palaeobotanical investigations of the Bojnice-Novary area). Geol., Pr., 52: 301-343.

POP E. 1936. Flora pliocenica de la Borsec. Ed. Univ., Cluj.

PORTNIAGINA L. A. 1973. Palinologiya i stratigrafia verkhesenonskikh i paleogenovykh otlozheny
Skibovoj tsony Karpat. (Palynology and stratigraphy of upper Senonian and Palacogne deposits
of the Skybor zone in the Carpathians). In: palinologiya kainophyta. (Palynology of the Caino-
zoic). “Nauka”, Moskwa: 39-42.

RANIECKA-BOBROWSKA J. 1974. Associations vegetales du Néogene polonais en tant qu’indices
stratigraphiques et leur aspects faciaux. Mem. Bur. Rech. Geol. Miner., 78: 553-550.

RYBAKOVAN. O. 1964. Novye dannye o verkhneneogenovoy flore Zakarpatskoy oblasti USSR (po
rezultatam sporovo-pyftsevogo analiza) (New data about the upper Neogene flora of the Trans-
carpathians of USSR). Bull. MOIP, Otd. Geol., 6: 241-245. (in Russian).

— 1968. Pozdnemiotsenovaya-pliotsenovaya flora Zakarpatia (po dannym paleopalinologicheskikh
issledovany). (The late Miocene — Pliocene flora of Transcarpathians (data of palynological in-
vestigation). Avtoref. Diss. Kand. Geol.-Min. Nauk. Moscow Univ. (in Russian).

SHATILOVA L L. 1974. Palinologicheskoe obosnovanie geochronologii verkchnevo Pliotsena i Pleis-
totsena Zapadnoy Gruzii. (Palynological basis of the geochronology of upper Pliocene and Pleis-
tocene of Western Georgia). “Metsniereba”, Tbilisi. (in Russian).

SHCHEKINA N. A. 1957. Resultaty sporovo-pilnovykh doslidjen burogo vugillja L. vivskoi ta Sta-
nislavskoi oblastej (summary: Results of palynological investigations of Lvov and Stanislav lig-
nites. Ukr. Bot. Zhurn. 14(2): 36-43.

— 1960. Istoria neogenovoy flory Ukrainskikh Karpat i Prokarpatia (The history of the Neogene flora
of Ukrainian Carpathians and Precarpathian). In: Flora i fauna Karpat. (Flora and Fauna of the
Carpathians). Izd-vo AN SSSR, Moskwa: 58—74. (in Russian).

SENES J., MARINESCU F. 1974. Carte paléogéographiques du Néogeéne de la Paratéthys Centrale.
Mem. Bur. Rech. Geol. Minier., 78(2): 785-792.

SHEREMETA V. G. 1958. Stratigraphiya pliotsenovykh vidkladiv Zakarpatia po fauni ostracod.
(Stratigraphy of the Pliocene deposits of Transcarpathians on fauna of ostracods). Pytannia
Geol., Vyd-vo Lviv. Un-tu, Lviv, 18(9): 70-87. (in Ukrainian).

SHVAREVA H. J. 1963. Sporovo-pyltsevye kompleksy tortonskikh otlozheny okrestnostey g. Lvova,
(Pollen-spore complexes of the Tortonian sediments of environs of I'vov). In: Geologia i nefte-
gasonosnost territorii USSR. (Geology other petrol-gas-bearning territories of USSR). Tr. Ukr.
NIGRI, 5: 292-301. (in Russian).

— 1983. Miotsenovaya flora Predkapatia. (The Miocene flora of the Precarpathians). “Naukova
Dumka”, Kiev. (in Russian).

SIMONCSICS P. 1963. Palynologische Untersuchung der neogenen Kernbohrung von Damak (Nor-
dostungarn). Grana Palynol., 4(3): 410-432.

— 1967a. Uber den Ursprung und die Verwandtschaft der Négrader Braunkohlenflora im Helvet. Acta
Biol. Szeged, Nov. Ser., 13(3-4): 45-50.

— 1967b. Einige Daten zum Klima des N6grader Braunkohlegebiets im Helvet., ibidem 13(1-2): 31—
55.



193

— 1969. Sporen, Pollen und Moortypen aus dem miozédnen Braunkohlengebiet von Négrad., ibidem
15(1-4): 37-51.

— 1970. Sporen, Pollen und Moortypen aus dem miozénen Braunkohlengebiet von Négrad I1., ibidem
16(1-2): 69-81.

SITAR V. 1958. Pannénska fléra z okolia Pezinku pogla pelévych analys. Acta Geol. Geogr. Univ.
Comen. Geol., 1; 12-23.

— 1973. Die fossile Flora sarmatischer Sedimenten aus der Umgebung von Mociar in der mittleren
Slowakei. ibidem, 26: 5-85.

— 1980. Sostav iskopaemoy flory neogena Sredney i Yuzhnoy Slowaky i eyo korrelatsia s isko-
paemoy floroy Paratethysa. (The composition of Neogene fossil flora of Middle and Southern
Slovakia and its correlation with fossil flora of the Paratethys). In: Materialy 11 Kongr. KBGA.
Stratigraphia. (Proceedings of the 11 congres KBGA Stratigraphy). “Naukowa Dumka”, Kiev:
169-181. (in Russian).

SNOPKOVA P. 1961. palynologicky vyzkum Neogénnich sedimentov z okolia Sturova, Novych Zam-
kov a Povazia. Geol. Pr. GUDS. SAV, 23: 215-231.

— 1980. Paleogene sporomorphs from West Carpathians. Zdp. Karp. Ser. Paleontol., 5: 7-75.
STAUB M. 1890. Beitrdge zur fossilen Flora der Umgebung von Munkacs. Folt. Kozl., 20: 32-37.

STEININGER R. & ROGL F. 1983. Stratigraphic correlation of the Tethys — Paratethys Neogene: pro-
ject 25. Geological Correlation, Paris: 65-66.

STUCHLIK L. 1980. Chronostratygrafia neogenu Polski poludniowej (péinocna cze$¢ Paratetydy
Centralnej) na podstawie badafi paleobotanicznych (summary: Chronostratigraphy of the Ne-
ogene in southern Poland (northern part of the Central Paratethys) on the basis of paleobotanical
studies). Przegl. Geol. 28(8): 443—448.

— 1982. Rostlinné microfosilie vildstejnskeho souvrstvi (chebska pdnev (summary: Plant microfossil
of the Vildstejn Formation (Cheb Basin). Casop. Miner. Geol., 27(3): 301-308.

STUR D. 1867. Beitridge zur Kenntnis der Flora der Siisswasserquarze der Congerien- und Cerithien-
Schichten im Wiener und Ungarischen Becken. Jahrb. Geol. Reichsant, 17: 77-188.

SYABRYAY S. V. 1970. Pannoskaya flora Zakarpatia i yeyo vozrast. (The Pannonian flora of Trans-
carpathians an its age). Paleontol. Sb., 7, (1): 81-86.

— 1975. Charakteristika flory i rastitelnosti levantinskovo vremeni Zakarpatia. (Characteristic of the
Levantinian flora and vegetation of Transcarpathians). In: Flora, Systematika i phylogenia ras-
teny. (Flora, systimatics and phylogeny of plants). “Naukowa Dumka”, Kiev: 279-288. (in Rus-
sian),

— 1978. Etapy rozvytky sarmatskoy roslinnosti Zakarpatia. (summary: Stages of the development of
the Sarmatian vegetation in the Transcarpathian). Ukr. Bot. Zhurn. 35(3): 302-307.

— 1980. Novye dannye o rannemiotsenovoy flore i rastiteInosti Zakarpatia (New data on the Early
Miocene flora and vegetation of Transcarpathians). Mater. 11 kongr. KBGA. Stratigraphya. (Pro-
ceedings of 11Congress KBGA. Stratygraphy: 201-205. (in Russian).

— 1983. Istoria ismenenia rastiteInovo pokrova Zakarpatia v rannem miotsenie v zavisimosti ot iz-
menenia morskovo bassiena. (History of changes of plant cover of Transcarpathians in the Early
Miocene depending on the change of sea-basin). In: Paleontologia i rekonstruktsia geologiches-
kaya istory paleobassienov. (Palaentology and reconstruction of geological history of palaecoba-
sins) Tez. Dokl. 29 sessii VPO, (Proceedings of the 29 Session of VPQ). Leningrad: 58-60. (in
Russian).

— 1985. Izmenenie sostava miotsenovoy rastitelnosti Zakarpatia v sviazi s projavleniem faz orogen-
nogo vulkanizma. (Changes in the composition of Miocene vegetation of Transcarpathians con-



194

nected with the phases of orogenic vulcanism). Tez. Dokl. 31 sessii VPO (Proceedings of the
31 Session of VPO) Leningrad: 75-76 (in Russian).

— & SCHEKINA N. A. 1983. Istoria razvitia rastitefnovo pokrova Ukrainy v miotsene. (History of
development of the plant cover of Ukraine in the Miocene). “Naukowa Dumka”, Kiev. (in Rus-
sian).

— & VODOPYAN N. S. 1976. Roslinnist ta paleogeographychni umovy serednego sarmatu Zakar-
patja na pidstavi danych sporovo-pylkovogo ta diatomovogo analysu. (summary: Vegetation and
paleogeographical conditions of the Middle Sarmatian in the Transcarpathians on the bases of
pollen-spore data and diatomic analyses), Ukr. Bot. Zhurn., 33(1): 71-74.

SZAFER W. 1946, 1947. Flora plioceriska z Kroscienka n/Dunajcem. (summary: The Pliocene flora
of Kroscienko in Poland). Rozpr. Wydz. Mat.-Przyr. Akadem. Umiejgtn., Dz. B. Nauki Biol. 72,
Part 1 and 2.

— 1954. Plioceriska flora okolic Czorsztyna i jej stosunek do pleistocenu (summary: Pliocene flora
from the vicinity of Czorsztyn (West Carpathians) and its relationship to the Pleistocene). Pr.
Inst. Geol., 11: 3-238.

TAKHTAJAN A. L. 1957. To the question about the region of temperate flora of Eurasia. Bot. Zhurn.,
42(11): 1.635-1.653.

TESLENKO YU. V. 1954. Nekotorye novye dannye o verkhnemiotsenovoy flore Zakarpatskoy ob-
lasti. (Some new data on the upper Miocene flora of Transcarpathian region). Geol. Sb. Evov.
Geol. Ob-va, 1: 160-161.

THENIUS E. 1961. Ein Palmenholz aus dem Miozin von Niederdsterreich. Neues Jahrb. Geol. Pa-
ldontol. Monatsh., 4: 185-191

TICLEANU N. 1970. Contributii la cunoagtera florei Sarmatienne de la Tanagesti-Rimrsti (Vilcea).
Dari Seama Sedintel. Paleont., 56: 78-85.

— & GIVULESCU R. 1981. Plantes fossiles dans les dépdts du sarmatien de Racsa (district de Satu
Mare). ibidem 66: 115-126.

—, HUICA J. & TICLEANU M. 1981. Contributions a la connaissance de la Flora Pliocéne de la
Roumanie. La Flora Daciene de Dedovita (distr. de Mehedinti). ibidem 66: 127—143.

—, RADU A. & GRAGANESCU A. 1975. Contributi a la cunoaxterea florei pontianului de la Visag
(judentul Timis). ibidem 61: 205-222.

UNGER F. 1951. Die fossile Flora von Sotzka. Dekschr. Osterr. Acad. Wiss. Math.-Naturwiss. K1.,
2: 1-67.

VENGLINSKY 1. V. 1975. Foraminifery i biostratigrafiya miotsenovykh otlozheny zakarpatskovo
progiba. (Foraminifers and biostratigraphy of the Miocene sediments of the Transcarpathian).
“Naukova Dumka”, Kiev. (in Russian).

VRONSKY V. A. 1984, Prikladnye aspekty marinopalinologii (vnutrennie moria). (summary: Applied
aspects of marinopalynology (inner seas). In: Problemy sovremiennoy palynologii (Problems of
modern palynology). “Nauka”. Novosybirsk: 154-155.

WEYLAND H., PFLUG H. & PANTIC N. 1958. Untersuchungen iiber die Sporen und Pollen Flora
einiger jugoslawischer und griechischer Braunkohlen. Palacontographica, B., 105(1—4): 75-99.

WISNIEWSKI T. 1899. O miocenie podkarpackim w Dzurowie i Myszynie koto Kolomyi. Kosmos.
24: 411-433.

ZASTAWNIAK E. 1972. Pliocene leaf flora from Domariski Wierch near Czarny Dunajec (Western
Carpathians, Poland). Acta Palaeobot., 13(1): 3-73.

— 1980. Sarmatian leaf flora from the southern margin of the Holy Cross Mts. (South Poland). Prace
Muz. Ziemi, 33: 39-107.



	AP529
	AP530



