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The rich Oligocene flora collected at Janda (Mt. Fruška Gora, Serbia) included
Lauraceae, Cupressaceae and Arecaceae, a large number of trifoliolate leaves of
Platanus neptuni mf. fraxinifolia. In spite of similar dimensions (3-5 cm in length
and 3-4 cm in width), these leaves are very variable in structure and the shape of
leaflets and may be mesomorphic or xeromorphic, lanceolate, elliptic or obovate,
with distinctly or partly irregularly serrate to sub-entire margins. These differences
in leaflets were used to divide these compound leaves into three groups, which
show a number of transitional forms.
The structure of the association of Janda makes it particularly suitable for our
study, as it is simple and well-defined. There are only four types of leaves that
appear in large numbers: trifoliolate compound leaves (Platanus neptuni mf.
fraxinifolia); palm leaves (Sabalites and Phoenicites); laurel-like leaves (mostly
Daphnogene); and conifers (Cupressaceae). From the perspective of fossilization,
the presence of compound leaves of Platanus and Arecaceae is particularly
interesting, as both types of leaves have a smaller probability of fossilization in
normal conditions than, for example, the simple leaves of Daphnogene or a twig of
Cupressaceae. The large number of tree trunks, the heavy leaves of the Arecaceae
and the compound leaves of the Platanaceae indicate the possibility that this
association did not fossilize during the usual seasonal deciduous season, but is due
instead to immense weather-related disasters such as strong winds or floods, which
tore off large masses of Platanus and palm leaves in the middle of the vegetative
season and transported them to the deposition environment by great force.
Key words: Platanus, trifoliolate, Serbia, Oligocene.
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INTRODUCTION
A series of continental sediment, represented by conglomerates and
lenses of coarse-grained sandstone, dark-grey alevrolites and multicolored
claystones, was recorded on the right bank of the Danube, between the
villages of Krčedin and Stari Slankamen (Mt. Fruška Gora – Northern
Serbia, fig. 1). This newly recorded sedimentary series is about 20 m thick.
The conglomerates and coarse-grained sandstones include meter-long
deposited imprints of tree bark, as well as some poorly silicified branches
and tree trunks up to 50 cm thick. The lenses of alevrolites and claystones
are 10-15 m long and up to 2 m thick. According to the sedimentological
studies it was concluded that the Oligocene sediments were deposited in
conditions of a very high-energy of fluvial sedimentation.

Fig. 1. – Location map of the site Janda, N Serbia.

The inter-layers of dark-grey alevrolites and multicolored claystones
included an abundant, well-preserved fossil flora, dominated by leaf
imprints of species characteristic of a humid subtropical climate. The
paleontological analyses of alevrolites and claystones have shown a rich
association of spores and pollen grains of land vegetation. According to the
determined association of spores and pollen grains, the age of the studied
fluvial sediments with macrofloristic remains was determined as the
Oligocene (work in progress). The studies of macro- and microflora from
the vicinity of Janda were previously performed several times (Pantić et al.
1979; Mihajlović 1996-1997).
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MATERIAL AND METHODS
The collection studied includes over 1000 leaf imprints in clayey marl,
belonging mostly to trifoliolate Platanus neptuni mf. fraxinifolia, evergreen
broadleaved genera Daphnogene, Sloanea, Laurophyllum and the laurel-like leaves indet., Arecaceae (Phoenicites and Sabalites) and Cupressaceae gen. et sp. indet.
To date, about 350 leaf imprints have been determined to be Platanus
neptuni mf. fraxinifolia, while 67 imprints are leaflets without a visible
base so they cannot be precisely identified (they might represent mf. fraxinifolia, hibernica or even reussii). Only two specimens were determined as
mf. hibernica, while none of them could be definitively determined as mf.
reussii.
The cuticle was not preserved on the leaves, so they were determined
according to leaf morphology. The leaves were particularly well-preserved
so it was easy to observe the shape of leaflets, midrib and margins. However, the secondary veins were very poorly preserved, and at most specimens the detail venation could not be studied. On the other hand, the secondary and even tertiary veins of other plants (for example, the numerous Lauraceae, laurel-like leaves and fragments of indet. leaves) were easily
observable.
The present studies include only those leaves that could be placed into
the morphoform fraxinifolia with a high degree of certainty. As the association included only two quinquefoliolate leaves of mf. hibernica, they were
not included in the detailed analysis, except to show secondary veins (the
drawing of one of these leaves shows clearly distinct secondary veins).
Most of the research material belongs to the private collection of Dr
Ivan Dulić from NIS Naftagas Novi Sad. A part of the specimens presented
in this paper and all those illustrated in the tables were donated by Dr Dulić
to the Natural History Museum in Belgrade. The inventory numbers of the
specimens are: from BEO 581.867 to BEO 581.885 and Collector’s book
Janda: coll. nos. 1-184.
FOLIAGE MORPHOLOGY
During the studies of leaf polymorphism in fossil plants it must be considered that fossilization is a selective process that favors a certain morphological type of leaves. In other words, the fossilization process will preserve mostly leaves of similar size and consistency, with the greatest chance of fossilization. Therefore the fossilization greatly diminishes the real
spectrum of leaf forms within a species.
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In spite of this morphological selection during fossilization, the leaves
of Platanus neptuni mf. fraxinifolia at the locality of Janda still exhibit a
significant morphological diversity, indicating that the variability in the real
leaf-shapes was even greater.
Almost all well-preserved leaves were compound with an average
length of 3-5 cm and width of 3-4 cm. Although they are the most
numerous, this fact is not sufficient to deduce that this size was standard for
mf. fraxinifolia leaves at this locality. Numerous fragments indicate the
existence of some much larger leaflets (up to 15 cm in length) as well as
some much smaller ones (the numerous fragments of trifoliolate bases led
to a conclusion that the leaf was no longer than 1.5 cm).
According to the shape and distribution of leaflets, the compound
leaves of mf. fraxinifolia from Janda may be divided into three groups,
where each includes transitional forms.
The first group
(Typical representatives: Pl. 1., figs. 7-8; Pl. 5., figs. 1-2)
This group includes the smallest number of specimens, only about a
dozen.
The leaflets are obovate. The margin of the lamina is very poorly
toothed; it is perhaps better to regard it as sub-entire margins. The whole
compound leaf seems rounded and short, as the length and the width are
almost the same. This group is very easily recognizable, and there are no
pronounced transitional forms with the other two groups.
The second group
(Typical representatives: Pl. 1., figs. 4-5; Pl. 4., fig. 3)
The leaflets are lanceolate, with the greatest width just above the
middle. A characteristic feature is that the median leaflet is notably longer
than the lateral ones. The length of the whole compound leaf seems greater
than its width. The leaflets are crowded together and overlap each other at
the base.
The third group
(Typical representatives: Pl. 2., figs. 1, 3, 5; Pl. 3., figs. 1, 4; Pl. 5., figs. 3-4)
This group includes the largest number of specimens. These leaflets are
lanceolate, all of more or less the same size, while the median leaflet is
insignificantly longer than the lateral ones. Although the leaflets are close
to each other at the base, they diverge toward the top, so they are widely
separated from each other on the top of the leaf.
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There is a whole array of transitional forms between the second and the
third group, so their limits could not be precisely defined. In some
specimens a long petiole is preserved (Pl. 2., figs. 3, 4; Pl. 5., fig. 4).
The common character of all studied specimens is that they were
trifoliolate with three particularly strong midribs. Each leaflet is also well-defined: it has its own leaf lamina, base, apex and petiolule, and it does not
fuse or coalesce with the neighboring leaflets (Pl. 4., fig. 3a; Pl. 5., fig. 2a).
Compound leaf:
Shape: trifoliolate; in some leaves the leaflets are widely separated at
the top, while in others they are close together. The variable position of
leaflets is probably not the consequence of fossilization but their natural
position, as may be concluded by tracing the midrib and the base of leaves
and the spot where the midrib begins.
Size: Leaf size is very variable. According to the fragments of
compound leaves that are assumed to have belonged to morphoform
fraxinifolia, the length of leaves ranges from 1.5 cm to 15 cm or more.
Petiole: In almost all leaves with a visible basal part, at least a small
portion of the petiole is also visible. In several specimens the petiole is
visibly very long compared to the leaf length (Pl. 2., figs. 3, 4; Pl. 5., fig. 4)
and widens at the base where it was attached to the twig. Considering the
length of petiole, the leaves were probably folded backwards under the
weight of lamina.
Leaflets:
Shape: Lanceolate in most specimens; obovate in a smaller number of
specimens included in the first group.
Laminar symmetry: The median leaflet is symmetrical while the lateral leaflets are distinctively asymmetrical in their lower part near the base.
The lamina is shorter in both lateral leaflets at the side toward the median
leaflet, gradually ending into the midrib. At the opposite side the lamina is
longer, passing into the petiolules.
This asymmetric character of the lamina is very important when
studying an association, as even when we find only single leaves in
imprints, if they are asymmetrical we may assume that these are not the
simple leaves of mf. reussii but parts of a compound leaf (lateral leaflets) of
mf. fraxinifolia or mf. hibernica (Kvaček & Manchester 2004).
Apex: In most leaflets it is acute and straight, while in the representatives of the first group it is obtuse or mucronate.
Base: cuneate, in lateral leaflets asymmetrical.
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Margin type: Serrate in most specimens, while in the first group it is
entire or sub-entire. In the lower parts of the leaves the margins are mostly
entire. The teeth are present in almost all specimens but are very variable.
In some specimens the teeth are very distinct, clearly defined and sharp,
leading to an impression that the leaf has a xeromorphic characteristic (Pl.
1., fig. 1; Pl. 4., figs. 1, 1a). In others, the teeth were less distinct while in
the representatives of the first group they were almost lacking.
Teeth: apical side concave / basal side convex; or apical side concave /
basal side more or less straight. Tooth apex: simple or non specific glandular.
Leaf texture: In most specimens significantly coriaceous. In many
leaves it is obvious that the lamina was pushed down along the main vein
(having a V shape in cross section).
Venation:
Midrib (primary vein): Besides the trifoliolate leaves, one of the main
characteristics of mf. fraxinifolia is the presence of three particularly strong
midribs, which were always better preserved than the other leaf parts in all
specimens without exception. They practically represent the skeleton of the
leaf, and their strength and elasticity obviously played the greatest role in
preserving the leaves. The midrib of each second-order leaflet is strong,
wide and straight. It stretches from the base to the apex and gets narrower
toward the top. Toward the base it passes into the petiolules, and after
joining the two other midribs it turns into petioles.
Secondary veins: In most specimens it is either very difficult or impossible to observe secondary veins. In spite of the good preservation of the leaves, the secondary veins may not be shown in much detail. They were best
preserved in one specimen of mf. hibernica (Pl. 3., fig. 5), as well as in several larger leaflet fragments, but we cannot precisely determine if they belonged to mf. fraxinifolia or to mf. hibernica. In mf. hibernica the venation
is pinnate, eucamptodromous or weak brochidodromous. The veins are relatively fairly visible, thin and form an angle of 60o with the midrib. In certain specimens of mf. fraxinifolia the venation is quite similar to that of
hibernica, while in other specimens the seconday veins are very thin,
tender, numerous and densely grouped.

LEAF POLYMORPHISM OF MF. FRAXINIFOLIA
The leaf polymorphism was very high in the studied specimens, especially if we consider the selection of leaves during the fossilization process,
so the actual leaf polymorphism in this species would be even greater. The
shape and size of leaflets are very variable. According to previous studies
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(Kvaček & Manchester 2004), it is assumed that the morphoform fraxinifolia is one part of a much larger complex of Platanus neptuni, including
simple leaves (mf. reussii), trifoliolate (mf. fraxinifolia) and quinquefoliolate (mf. hibernica). At Janda there were no imprints that could be definitively included in the group of simple leaves. Some single leaves were found, but without bases or petioles, which must be used to deduce whether it
was a simple leaf or a leaflet. The quinquefoliolate forms (mf. hibernica)
are also present in insignificantly small numbers (only two), while most of
the leaves were the trifoliolate mf. fraxinifolia. The compound leaves, with
dimensions between 3 cm and 5 cm, were most frequent and show different
characteristics. Some of them are distinctively xeromorphic (Pl. 1., fig. 1;
Pl. 4., figs. 1, 1a), with sharp teeth and narrow long lamina, while the others
are characterized by more mesomorphic characteristics, such as poorly developed and/or rounded teeth, wide lamina etc. (Pl. 1., figs. 4, 6; Pl. 2., figs.
3, 5; Pl. 3., figs. 1, 4; Pl. 4., fig. 3; Pl. 5., figs. 3-4). The large leaves (over 7
cm in length) and both specimens of mf. hibernica, which are also large,
showed no pronounced xeromorphic characteristics. This leaf polymorphism with xeromorphic/mesomorphic and large/small leaves might be caused by:
1. Position of leaves – sun and shade leaves (Kvaček & Manchester
2004), where the xeromorphic (sun leaves) are at the exposed parts of the
canopy, while the mesomorphic (shade leaves) are in the middle of the canopy. This would imply that mf. fraxinifolia was a tree with a large, thick,
well-developed canopy, and within the canopy the microclimate factors influenced the structure of leaves. This type of polymorphism is particularly
well- pronounced in certain oaks, such as Q. cerris (Stevanović & Janković
2001: 35, Fig. 19).
2. Simultaneous presence of a large number of both younger and older
leaves on the same tree. In contrast to the temperate-continental deciduous
species, where the younger leaves appear in greater quantities only at the
beginning of the vegetative season, many tropical and subtropical plants are
characterized by continuous production of newer (younger) leaves during a
long vegetative season. Therefore a canopy of a single tree may include
both small (young) and large (older) leaves. It is possible that some of the
mf. fraxinifolia imprints represent various stages in leaf maturation.
***
From the standpoint of phylogeny and taxonomy, the complex Platanus
neptuni is assumed to be closest to the recent tropical species Platanus kerrii Gagnep. (Kvaček et al. 2001; Kvaček & Manchester 2004), which differs from other present-day plane trees in having a simple (unlobed) lanceolate leaf, with a serrate margin and pinnate veins. Of fossil species, mf. fra-
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xinifolia shows the most similarities with Platanus bella (Kvaček et al.
2001). In P. bella there are also some trifoliolate forms, which in terms of
gross morphology are very difficult to distinguish from mf. fraxinifolia.
It is also necessary to mention somewhat anomalous specimens from
the locality of Verocemaros, Hungary (Hably, 1982 cf. Debeya hungarica),
which were also placed in Platanus neptuni mf. fraxinifolia (in Kvaček &
Manchester 2004, p. 4, tab. 1; p. 24). These were trifoliolate leaves, and the
drawings clearly show that the leaflets lacked the petiolules and that the
margins were entire (Hably 1982, Pl. 2., figs. 8-9; Pl. 3., figs. 1-3, 5-8).
This type of leaves is lacking at Janda, and it is possible that they represent
another form of leaf polymorphism in the morphoform fraxinifolia. All the
leaflets from Janda studied to date had a clearly defined petiolule; they
might, however, seem to be distinct from each other.
Morphological similarity with recent taxa: In dicotyledons (particularly Phanerophyta) the gross morphology of the leaf (shape of leaf, margins and type of venation) is one of the best indicators of eco-climatic conditions in the preferred habitat of each species1. Regardless of their phylogeny or taxonomy, plants of similar climatic demands very often have the
same morphology of leaf. Therefore it is always necessary to find some
recent species with leaf types similar to those of the studied fossil plants.
Platanus neptuni mf. fraxinifolia has a very pronounced trifoliolate leaf
structure. In present-day dendroflora there is only a relatively small number
of species with this type of leaf. There is a great degree of similarity between mf. fraxinifolia and the African trifoliolate species of genus Searsia
F. A. Barkley (Rhus L. sensu lato in Palmer 1977), such as: Searsia
glutinosa (Hochst ex Oliv.) Moffett, Searsia. discolor (Mey. ex Sond.)
Moffett, Searsia quartiniana etc. (CJB 2009). It is also necessary to mention a whole array of trifoliolate and quinquefoliolate species from New Zealand (mostly small trees and bushes), such as Pseudopanax laetus (Kirk)
Philipson and Schefflera digitata Forst, as well as the particularly interesting New Zealand species Weinmannia racemosa Linn., Raukaua edgerleyi
(Hook) Seem. and Raukaua simplex (G. Forst.) A. D. Mitch., Frodin &
Heads. In these species the younger leaves are composite trifoliolate and
quinquefoliolate, while the older (adult) leaves are simple (Dawson & Lucas 2003). Therefore they have many similarities to the complex Platanus
neptuni with its three forms: simple, trifoliolate and quinquefoliolate.
Of the Holarctic species from temperate deciduous forests, there is a
relative similarity in leaves of Aesculus L., particularly in A. californica
(Spach) Nutt., where the leaflets have petiolules.
1

This rule does not apply in monocotyledons and gymnosperms.
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ECOLOGY
This association of Janda is dominated by Platanus neptuni mf.
fraxinifolia 41%, Lauraceae (mostly Daphnogene) 20%, Arecaceae 15%
and Cupressaceae 15%. Therefore it may be concluded that this is an
oligodominant association from a humid subtropical area.
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Fig. 2. – Approximate percentage representation of main floristical
groups in Janda.

Analysis of dominant plant groups
Cupressaceae: The samples include a great number of vegetative
branches that match the Cupressaceae family according to position and
shape of leaves, but due to a lack of fertile parts they could not be
determined to the genus or species level.
As in most other conifers, it is very difficult to determine the habitat of
Cupressaceae specimens, as in spite of their xeromorphic gross morphology they may inhabit various habitats. The Cupressaceae family is
cosmopolitan and inhabits different climatic zones (including wet suptropical e.g. Juniperus bermudiana L.) in various habitats (from arid to swamp-like) and at various altitudes. Within this particular association Cupressaceae are uniformly distributed among many samples – their fossil imprints
are recorded together with imprints of Arecaceae, Lauraceae and Platanus
neptuni mf. fraxinifolia, often on top of each other, indicating that they
used to grow within a forest (or perhaps zone) of Arecaceae, Lauraceae,
Platanus neptuni mf. fraxinifolia and did not belong to higher altitudes or
different vegetation belts. It is possible that they used to inhabit areas with
decreased competition, such as the rocky substrate prone to physical
draught or the marsh coastline prone to physiological draught. The great
abundance of Cupressaceae is one of the reasons why this association was
not placed into the tropical but into the subtropical climate.
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Arecaceae (Palmae): This association shows two types of leaves
(Phoenicites and Sabalites). The great many recorded palm leaves are
exceptionally important for the reconstruction of ecological conditions in
this association. Palm leaves are huge and heavy. In most palms they dry
out on the tree and fall only later, while their transport to the deposition
environment is minimal. Due to these characteristics palm leaves are rarely
found in fossil conditions. In spite of this rule, palms are present in this
association in large numbers (15%, 155 imprints), indicating that the
fossilization was enabled by an immense natural force (such as a flood, a
hurricane, or another weather-related disaster) which pulled out both trunks
and leaves of palms and transported them to the deposition environment.
We believe that this plant association was affected by seasonal floods,
hurricanes, monsoons or other extreme weather conditions and that the
fossil material was mostly deposited in these periods.
Platanus neptuni mf. fraxinifolia: Platanus is represented by a high
number of specimens, and its leaf imprints are dominant in the association.
There is a pronounced diversity of leaves considering the size, shape and
serration of leaflets. Most compound leaves are well-preserved, not broken
or crumpled, while the leaflets are not separated from each other, indicating
that the Platanus trees used to grow in the vicinity of the deposition
environment and that the leaves were not transported from afar.
In contrast to most other species with compound leaves (Fraxinus,
Juglans, Aesculus, Robinia etc.) where the whole compound leaf does not
fall at once but the leaflets first get separated from the rachis (so it is
difficult to find a whole leaf of these species in fossil forms), in the
trifoliolate and quinquefoliolate fossil Platanus it seems that the composite
leaf falls from the tree as a unit, without the previous separation of leaflets.
Daphnogene: This fossil association has included a large number of
evergreen broad-leafed species, or species characteristic of laurel forest, for
example: Laurus, Laurophyllum, various laurel-like leaves, Sloanea, and
the greatest part of Daphnogene, with at least two leaf types (D. bilinica
and D. polymorpha). These leaf types constitute about 20% of studied
paleoflora and completely support its humid subtropical character.
From these studies we may conclude the following:
1. The morphoform fraxinifolia appeared in an oligodominant, probably
light, sparsely spaced forest, where its co-dominants were palms and
Lauraceae (mostly Daphnogene).
2. Cupressaceae used to occupy a significant position within the
association. However, their position may not be determined with any
certainty. They might have been a codominant element that was distributed
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uniformly, together with Platanaceae, Lauraceae and Arecaceae, or they
could inhabit mostly the places with decreased competition.
3. This association developed under the influence of a humid subtropical climate, most probably characterized by seasonal weather disasters such
as floods, hurricanes or monsoons.
According to the position of buds in the complex Platanus neptuni, it is
possible that this species was deciduous (Kvaček & Manchester 2004). In
the case of morphoform fraxinifolia from this locality, the deciduous
character may be correlated with the periods of seasonal draught.
Preliminary palynological results: The palynological association
recorded at the locality Janda was very rich. The dominant spores are those
of ferns of the family Polypodiaceae (Polypodiaceoisporites fortis, P.
vitiosus, P. cf. simplex, Verrucingulatisporites granulatus etc.) and genus
Laevigatosporites, while the genera Cicatricosisporites (C. dorogensis),
Echinatisporis, Baculatisporites etc. were present very rarely. The conifers
were dominated by Pinus, with a less abundant presence of Podocarpus,
representatives of the family Cupressaceae etc. The diverse association of
angiosperms was dominated by the genera Tricolpopollenites (T. liblarensis, T. palmularis, T. microhenrici etc.) and Tricolporopolenites (T.
megaexactus, T. tumescens, T. verucatus etc.), while monocolpate pollen
grains were also common (M. tranquillus, M. minor, Arecipites sp.). The
genera Pentapollenites sp., Plicapollis (P. pseudoexcelsus), Triatriopollenites sp. etc. were represented very sparsely. There was a complete lack of
pollen from Arcto-Tertiary vegetation in this palynological association.
COMPARISON WITH OTHER PALEOFLORAS OF EUROPE
The composition of the association, including Platanus neptuni mf.
fraxinifolia, matches well certain Eocene, Oligocene and Early Miocene
paleofloras of Europe where complex Platanus neptuni was recorded. It is
particularly close to the associations where this species is dominant, for
example the Early Miocene flora of Ipolytarnoc in Hungary (Hably 1985).
This flora (from the locality of Botos-arok I, II, IV, V) did not include
remains of mf. fraxinifolia but there are some imprints of asymmetrical
simple leaves of Platanus neptuni (in Hably 1985, Pl. 18 fig. 5; Pl. 19 fig.
4; Pl. 20 fig. 3) so it is possible that they belonged to the composite leaves
of mf. fraxinifolia or mf. hibernica. This association includes a large
number of palms (Calamus noszkyi, Sabal major, Aracheophyllum tarnocense), as well as many forms of Daphnogene (D. bilinica, D. cinnamomifolia, D. cinnamomeifolia, D. polymorpha, D. spectabile). Some other
associations from Hungary are similar in structure, so it is quite possible
that regarding the floristic composition this association shows many more
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similarities with Late Oligocene and Early Miocene floras of Hungary
(Hably 1980; Hably 1982; Hably 1988; Hably 1989; Hably 1990), which
were also dominated by Platanus neptuni and Daphnogene, than with
Serbian floras of similar age (Pantić 1956, Mihajlović 1985, Utescher et al.
2007).
Flora of Janda also bears a lot of resemblance to the Paleogene flora of
the Mesta Graben site in Bulgaria (Palamarev et al. 1999). This flora used
to exist in Late Eocene and Early Oligocene (in Palamarev et al. 1999, flora
E1 p. 5) with a pronounced high representation of Platanus neptuni mf.
fraxinifolia (cf. Dewalquea fraxinifolia), Platanus neptuni mf. reussii (cf.
Platanus neptuni), various species of fam. Lauraceae (Daphnogene,
Persea, Ocotea, Laurophyllum) and abundant palms (Phoenicites and
Sabal). In contrast to flora of Janda, there were almost no conifers. On the
other hand, the flora of Mesta Graben includes a significant number of
Dryophyllum, which may inhabit similar habitats to Cupressaceae in an
ecological sense.
The Late Eocene flora of Klausa in Germany (Mai & Walther 1985) is
also similar to the flora of Janda. Besides the prominent Platanus neptuni
mf. fraxinifolia (cf. Platanus fraxinifolia), it also includes Daphnogene
lanceolata, Daphnogene cinnamomea and several species of palms
(Phoenicites borealis, Sabal major, Calamus daemonorops). In contrast to
Janda, Klausa also included a large number of Rhodomyrtophyllum
sinuatum. This species was lacking at Janda, as well as that particular type
of leaf, but as the morphoanatomy of Rhodomyrtophyllum leaf matches the
humid subtropicum it may be straightforwardly included into the physiognomy of Janda association. Another taxon recorded in large numbers at
Klausa but not at Janda was Dryophyllum, and this type of leaf was also
lacking; however the association of Janda included Cupressaceae, which
may demand similar eco-climatic conditions (xerothermic habitats or
habitats with decreased competition).
The Late Eocene flora of the locality of Kučlin (Kvaček 2002) is also
similar to the flora of Janda, but with more differences. The complex
Platanus neptuni was also well-represented, although mf. fraxinifolia had
fewer specimens. The significant representation of Daphnogene and other
Lauraceae was also prominent, while palms (Sabal) and morphologically
similar heliophyte species (such as Musa bilinica and Nitophyllitis
bohemicus) also appeared. The palms and the palm-like monocots are rare
in the flora of Kučlin but their presence is still important, as we have
already shown that due to the size and weight of their enormous leaves they
reach the deposition environment only very rarely. The species inhabiting
somewhat less humid areas at Kučlin were Ziziphus and Cedrelospermum.
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Differences and similarities to other records from Janda: The
paleoflora from Janda described by Pantić (Pantić et al. 1979) did not
include Platanus neptuni, and the presence of any identified trifoliolate
leaves was also lacking. However, this flora contained a large number of
subtropical broad-leaved elements: Laurus, Persea, Cinnamomum, Oreodaphne, Ficus, as well as numerous palms (Sabal). The large number of
palms is also evident in the analysis of pollen spectrums. The paleoflora
described by Mihajlović (1996-1997) was almost completely matched to
our records: it includes a large number of Platanus neptuni mf. fraxinifolia
(cf. Platanus fraxinifolia), Daphnogene, a large number of Cupressaceae
(cf. Chamaecyparis belgica), palms (Calamus noszkyi, Sabal), while it
differs in the presence of Crataegus cf. pirskenbergensis and “Rhamnus”
warthae. In Mihajlović’s study, Crataegus and “Rhamnus” appeared in
large number, while our flora lacked these two taxa.
CONCLUSION
According to the studies performed at the locality of Janda at Fruška
Gora, it was concluded that Platanus neptuni mf. fraxinifolia has a very
pronounced leaf polymorphism. According to the shape of leaflets it was
determined that leaves of mf. fraxinifolia may be divided into three groups
with numerous transitional forms. The main characteristics of each group
are as follows:
1. First group: obovate leaflets, margins poorly toothed (sub-entired);
all leaflets of same length. The compound leaf is shorter compared with its
width or length and width are approximately equal.
2. Second group: median leaflet is definitively longer than the lateral
ones; the margins toothed, mostly in the upper half or upper third. The
leaflets are lanceolate, widest just above the middle. The bases of leaflets
are close to each other and overlapping.
3. Third group: all leaflets have the same length; they are elliptical or
lanceolate, forming a fan where leaflet apices are wide apart from each
other.
Regardless of the group, the leaves may show more xeromorphic
(narrow leaflets and pronounced serrated teeth) or more mesomorphic
(wide leaflets and blunt teeth) characters.
The common characteristics of all specimens of mf. fraxinifolia are
strong impressive midribs and poorly preserved or invisible secondary
veins. The secondary veins are eucamptodromous and partially preserved in
only a few specimens, where they may be just barely observed (the best
state of preservation is in one specimen of mf. hibernica). Teeth in various
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stages of development are present in most specimens. The margins of the
lower part of leaflets are entire. The upper part or upper two thirds of each
leaflet are toothed. In the first group of leaves these teeth are very poorly
developed.
The Platanus neptuni complex is mostly represented by mf. fraxinifolia
in the studied assemblage. There are also only two leaves of mf. hibernica,
while there are no certain specimens of mf. reussii.
Of the recent species, the trifoliolate Platanus neptuni mf. fraxinifolia
is most similar to the genus Rhus L. (sensu lato), e.g. the large number of
South African species later transferred to genus Searsia F. A. Barkley.
Due to the large number of palm leaves and composite leaves of mf.
fraxinifolia, it is assumed that fossilization took place in a short time period
(one or several seasonal floods or hurricanes) and that the leaves were
forcibly broken in the middle of vegetation season and transported to the
deposition environment as a group.
Of the other paleofloras, the paleoflora of Janda shows most similarities
with Early Miocene and Oligocene floras of Hungary, as well as with the
Late Eocene flora of Klausa, which had a vegetation structure recognizable
at Janda, dominated by: Platanus neptuni mf. fraxinifolia, laurel-like leaves
(mostly Daphnogene) and numerous leaves of Arecaeae. These associations, just like the association from Janda, inhabited warm humid habitats
of subtropicum.
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ЛИСНИ ПОЛИМОРФИЗАМ PLATANUS NEPTUNI MF. FRAXINIFOLIA
(JOHNSON & GILMORE) KVAČEK & MANCHESTER ИЗ ОЛИГОЦЕНСКИХ
СЕДИМЕНАТА ЈАНДЕ (ФРУШКА ГОРА)
ДЕСА ЂОРЂЕВИЋ-МИЛУТИНОВИЋ, ИВАН ДУЛИЋ
РЕЗИМЕ
На локалитету Јанда (Фрушка Гора, Србија) нађена је богата
олигоценска флора у којој се поред Lauraceae, Cupressaceae и
Arecaceae јавља и велики број тролисних листова Platanus neptuni mf.
fraxinifolia. Мада сличних димензија (3-5 cm дужине и 3-4 cm ширине)
ови листови се, у погледу грађе и облика листића другог реда,
међусобно доста разлкују. Лисна плоча може бити ланцетаста, објајаста или елиптична а маргине варирају од тестерасто назубљених
(сератних) до једва таласастих. На основу ових морфолошких разлика
листови тролисног платана подељени су у три групе, које међу собом
показују већи број прелазних форми.
Прва група
(типични представници: Табла 1., сл. 7, 8.; Табла 5, сл. 1, 2.)
Овој групи припада најмањи број примерака, свега око десетак.
Листићи другог реда су објајасти. Назубљеност ламине је веома
слаба, евентуално се може говорити о таласастим маргинама.
Целокупан лист је наизглед округласт и здепаст, приближно исте
дужине и ширине. Врло је препознатљив и нема уочљивих
прелазних облика са друге две групе.
Друга група
(типични представници: Табла 1., сл. 4, 5.; Табла 4., сл. 3.)
Листићи другог реда су ланцетасти, најшири мало изнад половине.
Карактеристично је да је средишњи листић видно дужи од бочних.
Целокупан лист је наизглед дужи него шири. При бази листићи
другог реда су међусобно збијени и преклапају се.
Трећа група
(типични представници: Табла 2., сл. 1; 3, 5; Табла 3., сл. 1, 4;
Табла 5., сл. 3, 4)
Овој групи припада највећи број примерака. Листићи другог реда
су ланцетасти, средњи листић је незнатно дужи од бочних. Базе
листића су близу једна другој, а врхови су међусобно широко
размакнути тако да целокупан лист има лепезасту форму.
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По саставу, заједница из Јанде је изузетно погодна за изучавање
зато што је у морфолошком погледу једноставна и добро дефинисана.
Она има само четири лисна типа који се понављају у великом броју, то
су: тролисни сложени лист (Platanus neptuni mf. fraxinifolia); листови
палми (Sabalites и Phoenicites), лауриморфни листови (углавном
Daphnogene) и четинари (Cupressaceae). Са становишта фосилизације
посебно је занимљиво присуство сложених листова Platanus и крупних листова Arecaceae, који под уобичајеним условима имају мање
могућности да се фосилизују него прости листови Daphnogene или
гранчице Cupressaceae. Велика количина фосилизованих стабала,
сложених листова тролисног платана и великих и тешких листова
Arecaceae указују на могућност да се ова заједица није фосилизовала у
току уобичајеног сезонског листопада већ под утицајем јаких непогода, ветрова или поплава које су у маси откидале стабла и листове
платана и палми и јаком силом их транспортовале до депозиционе
средине.
По саставу, испитивана флора Јанде има највише сличности са
доњемиоценском флором локалитета Иполитарнок у Мађарској (Hably
1985), палеогеном флором Места Грабен у Бугарској (Palamarev et al.
1999) као и са горњееоценским флорама локалитета Клауса у Немачкој (Mai & Walther 1985) и Кучлин у Чешкој (Kvaček 2002).

PLATE 1.
1-8 Platanus neptuni mf. fraxinifolia
(Johnson & Gilmore) Kvaček & Manchester
1. BEO 581.874 / coll. no. 164
2. BEO 581.877 / coll. no. 19
3.

BEO 581.881 / coll. no. 172

4. BEO 581.883 / coll. no. 178
5. BEO 581.880 / coll. no. 137
6. BEO 581.882 / coll. no. 154
7. BEO 581.868 / coll. no. 69
8. BEO 581.884 / coll. no. 130

PLATE 2.
1-5 Platanus neptuni mf. fraxinifolia
(Johnson & Gilmore) Kvaček & Manchester
1. BEO 581.885 / coll. no. 17
2. BEO 581.870 / coll. no. 85
3. BEO 581.879 / coll. no. 170
4. BEO 581.867 / coll. no. 67
5. BEO 581.876 / coll. no. 36

PLATE 3.
1-4 Platanus neptuni mf. fraxinifolia
(Johnson & Gilmore) Kvaček & Manchester
1. BEO 581.873, col.n. 132
2. BEO 581.875, col.n. 84
3. BEO 581.878, col.n. 138
4. BEO 581.871, col.n. 30
5. Platanus neptuni mf. hibernica
(Johnson & Gilmore) Kvaček & Manchester
5. BEO 581.872, col.n.174

PLATE 4.
1-3 Platanus neptuni mf. fraxinifolia
(Johnson & Gilmore) Kvaček & Manchester
1. BEO 581.874, col.n. 164
1a. BEO 581.874, col.n. 164, leaflet fragment x 3
2. BEO 581.881, col.n. 172
3. BEO 581.883, col.n. 178
3a. BEO 581.883, col.n. 178, leaf fragment, petiole and petiolules × 2.5

PLATE 5.
1-2 BEO 581.884, col.n. 130a/b comperssion/impression
2a. BEO 581.884, col.n. 130 leaf fragment – petiolules x 1.5
3. BEO 581.873, col.n. 132
4. BEO 581.879, col.n. 170

