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The greatest number of the Paleozoic and the Mesozoic sites with macroflora
is situated in Eastern Serbia. The best-represented ages are the Upper Devonian,
Stephanian and Rhaeto-Lias (Triassic-Jurassic), while the Westphalian, Upper
Triassic and Cretaceous were less well preserved. This paper includes an overview
of the published sites with macroflora, as well as the list of recorded genera and
species, with special weight given to presence of certain taxa and general
characteristics of listed paleovegetations. Thanks to the remains of plants from all
periods from the Devonian to the Late Cretaceous, it was possible to follow the
main development phases of vegetation through the Paleozoic and the Mesozoic in
Serbia. The development of vegetation is the easiest to follow during the
Stephanian and during the Rhaeto-Lias, as these periods have yielded most macro-
-remains. The richest sites of Stephanian vegetation are from area between the
rivers Mlava and Pek, while the richest sites of the Rhaeto-Lias vegetation are in
Vrika Cuka (Stara Planina). The remains of the Devonian plants are also abundant,
particularly in Svrljiske planine Mts., but they are mostly fragmented, uniform and
difficult to determine. The Cretaceous flora was recorded at several localities in the
vicinity of Belgrade and Knjazevac. It is the least studied of all the described
floras. The Triassic flora has the poorest distribution and so far only one site was
recorded at Stara Planina Mt.

Key words: Devonian, Carboniferous, Rhaeto-Liassic, Cretaceous, Serbia,
paleoflora.
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INTRODUCTION

Generally speaking, Serbia is very rich in fossil macroflora. It is
particularly important to note that macrofloras are known from almost all
geological period from the Devonian to the Neogene — in this region. The
fossilized plant remains recorded in Serbia originated in the Devonian
(Middle and Upper), Carboniferous (Namurian, Westphalian and Steph-
anian), Carboniferous-Permian, Triassic, Triassic-Jurassic (Rhaeto-Lias),
Cretaceous (Lower and Upper), Paleocene, Eocene, Oligocene, Miocene,
Pliocene and Pleistocene. In theory, it is possible to successfully follow
some of the main vegetation and climatic changes in this area during the
last 400 million years, especially if palynological analyses are included.

Devonian: 3, 4,6, 7, 9, 11
Namurian: 17, 21
Westphalian: 5, 12, 19, 20
Stephanian: 4, 10, 13, 15, 18
Triassic: 5

Rhaeto-Liassic: 1, 2, 5, 10, 14
Early Cretaceous: 16

Late Cretaceous: 8, 16

Map 1. - Position of studied localities and macrofloras: 1. Ruj planina

Mt.; 2. Zvonce; 3. Zvonacka banja; 4. Suva planina Mt.; 5. Stara planina

Mt.; 6. Belava Mt.; 7. Svrljiske planina Mts.; 8. Knjazevac; 9. Rtanj Mt.;

10. Vrika Cuka; 11. Kucaj; 12. Porecka reka, r.; 13. Miro¢ planina Mt.;

14. Dobra on Danube; 15. Area between rivers Mlava and Pek; 16.

Belgrade; 17. Beloti¢; 18. Pecka river; 19. Krupanj; 20. Bobova; 21.
Loznicka reka, r.
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However, in practice, the flora of the Cenozoic, is much better studied than
the flora of the Mesozoic and the Paleozoic, and it may be concluded that
the studies of the flora of Paleozoic and Mesozoic are marginalized, as they
are rarely mentioned and have never been systematized and presented in
one place.

As modern paleobotany increasingly pays its attention especially to the
flora of the Carboniferous, Jurassic and Cretaceous, it is necessary to pay
more attention to the paleofloras of Serbia as well. Therefore, this paper is
an overview of all the studies published of the Paleozoic and Mesozoic
floras from the territory of Serbia.

MATERIAL AND METHODS

This paper presents a list of the Mesozoic and Paleozoic sites in Serbia
and their recorded species, including a qualitative representation of each
species and their position in the higher taxonomic categories. These lists
were compiled using only papers that have already been published. In order
to more easily locate each plant in the tables, they have been listed
according to their alphabetic and not phylogenetic order. The data in this
paper includes only macrofloras, which are mostly preserved as compres-
sions or impressions of their leaves or stems. The names of studied taxa
were cited as they were presented in the original papers, without revision.
The mentioned collections are stored in Belgrade: at the Natural History
Museum (Cemjavski 1934, Milakovi¢ 1953, Panti¢ 1951a, 1960, 1963a);
Faculty of Mining and Geology (Panti¢ 1951b, 1952, 1955a, 1955b, 1960,
1963b) and at the Geoinstitute (Milovanovi¢ 1995).

Tables with all species, localities and references are given in Apendix I.

RESULTS AND DISCUSSION

The Devonian Flora (Tab. 1; 6)

Serbia’s Devonian paleoflora was studied on several occasions from
1957 to 1959. (Panti¢ 1960, 1963a, 1963b). All sites of flora from the
Devonian period are located in Eastern Serbia in adjacent areas: Zvonacka
Banja (Ordovci); Belava (stream Pantelej - Crni vrh); Suva Planina (Ravni
Del); Rtanj Mt. (northern foothills); Kuc¢aj (Gradiste); Svrljiske Mts. (Peris$
and Belanovski Vrh). There are a total of 7 recorded sites; 5 sites include
floras both from the Middle and Upper Devonian, while the sites at Rtanj
and Belanovski Vrh include only flora from the Upper Devonian.
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Table 1. - List of the Devonian taxa.

TRIMEROPHYTA
MIDDLE DEVONIAN UPPER DEVONIAN
Psilophyton sp.

LYCOPODS (Lycopodiophyta)
MIDDLE DEVONIAN UPPER DEVONIAN
Protolepidodendron scharyanum  Cyclostigma hercynium

Cyclostigma ursinum “‘comb. n.”
Cyclostigma sp.

Stigmaria devonica “n. sp.”

HORSETAILS (Equisetophyta)

MIDDLE DEVONIAN UPPER DEVONIAN
Calamophyton primaevum Sphenophyllum subtenerrimum
PROGYMNOSPERMS (Progymnospermopsida)
MIDDLE DEVONIAN UPPER DEVONIAN
Aneurophyton germanicum Archeopteris roemeriana

The plants of the Middle and Upper Devonian are easily distinguishable
from each other in most localities, as the Upper Devonian is characterized
by the first tree-like lycopods Cyclostigma, which are quite dissimilar from
the gentle, small-sized plants of the Middle Devonian, including Psilo-
phyton, Calamophyton or Protolepidodendron. 1t is particularly important
to pay attention to the recorded Archeopteris roemeriana Goepp. (Panti¢
1960) from the group of Progymnospermopsida. This large tree, quite tall
by Devonian standards, was one of the first plants with seeds. The presence
of Archeopteris indicates that this area had a well-developed Devonian
forest during the Upper Devonian times. This is all important information,
as the first land animals evolved in such type of forests.

N. Panti¢ gives a new combination and describes new taxa for the
Devonian flora of Serbia: Cyclostigma ursinum (Jongmans) Panti¢ and
Stigmaria devonica Panti¢ (Panti¢ 1960), however in spite of the detailed
description there is not diagnosis in Latin.

The Carboniferous and early Permian Flora (Tab. 2; 7-9, 13)

Floras of Paleozoic and Mesozoic of Serbia have been relatively poorly
studied. The greatest, but still insufficient, number of papers pertains to
flora of Carboniferous period (Panti¢c & Duli¢ 1991). Concerning the
number of Carboniferous sites (about two dozen), as well as the quite rich
collections at the Natural History Museum (inv. nos. 71- 172 and coll. nos.
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Table 2. - List of the Carboniferous taxa.

LYCOPODS (Licopodiophyta)

NAMURIAN WESTPHALIAN
Lepidodendron cf. velthemi  Bothrodendron sp.
Lepidodendron cf. Lepidodendron lanceolatum

volkmannianum
Lepidodendron sp.
Prelepidodendron sp.
Sigillariopsis sp.

Lepidodendron ophiurus
Lepidodendron simile
Lepidodendron sp
Lepidophyllum lanceolatum
Sigillaria scutelata
Sigillariophyllum sp.

STEPHANIAN

HORSETAILS (Equisetophyta)

NAMURIAN WESTPHALIAN
Asterocalamites scrobiculatus Calamites cf. gigas
Calamites radiatus Sphenophyllum emarginatum
Mesocalamites cristiformis

STEPHANIAN

Annularia sphenophylloides
Annularia stellata
Asterophyllites equisetiformis
Calamites sp.

Equisetites sp.
Sphenophylum oblongifolium
Sphenophyllum thoni
Phyllotheca sp.

FERNS (Polypodiophyta)
NAMURIAN WESTPHALIAN
Pecopteris (Dyotheca) aspera “Alloiopteris tenuissima”
(=Corynepteris tenuissima)
“Dactylotheca plymosa”
(=Seftenbergia plumosa)
Pecopteris sp.

STEPHANIAN
Asterotheca arborescens

Asterotheca sp.

Pecopteris arborescens
Pecopteris condoleana
“Pecopteris feminaeformis”
(=Nemejcopteris feminaeformis)
Dicksonites pluckenetii

(Syn. Pecopteris pluckeneti)
“Pecopteris cf. plumosa”
(=Seftenbergia plumosa)

SEED FERNS (Pteridospermales)

NAMURIAN

Neuropteris cf. condrusiana
? Neuropteris rectinervis

WESTPHALIAN

Mariopteris sauveri
Neuropteris gigantea
Neuropteis ct. scheuchzeri
Neuropteris sp.
Sphenopteris ct. obtusiloba
Sphenopteris sp.

STEPHANIAN

Alethopteris grandini
Alethopteris cf. subelegans
Alethopteris sp.
Callipteridium cf. crassinervium
Callipteridium gigas
“Callipteris conferta”
(=Autunia conferta)
Linopteris brongniarti
Linopteris germari
Odontopteris aff. brardi
Odontopteris minor
Rabdocarpus sp.
Trigonocarpus sp.

CORDAITES & CONIFERS (Cordaitales & Coniferales)

NAMURIAN WESTFALIAN

Cordaiantus sp.

STEPHANIAN

Cordaites palmaeformis
Cordaites principalis
Cordaites sp.
Samaropsis sp.

Walchia linearifolia
Walchia cf. piniformis
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36, 40.) which are yet to be published (Djordjevi¢-Milutinovi¢ 2010), it
may be concluded that the Carboniferous flora (especially of Stephanian)
had a greater number of specimens and is therefore more important than
previously thought.

THE NAMURIAN

So far there is only a single published article on the Namurian flora
(Milovanovi¢ 1995), which includes only the list of the most abundant
species and two most typical sites in Western Serbia: Loznicka Reka and
Beloti¢. This flora is very similar to the flora of Westphalian and includes
mostly some arborescent lycopsids (Lepidodendron, Sigillariopsis), tree
ferns (Pecopteris), and seed ferns (Neuropteris).

THE WESTPHALIAN

Only six localities with Westphalian flora have been recorded so far.
Four in Easter Serbia: three of them are in Stara Planina Mt.: Custica
(Panti¢ 1955a), Tovarnica and Zaskovci (Panti¢ 1962); while one is on the
river Porecka reka near Donji Milanovac (Panti¢ 1963b). There are two
localities in Western Serbia: Stolice (near Krupanj) and Bobova. (Milova-
novi¢ 1995). The flora of the Westphalian age is highly distinguishable
from the later flora of Stephanian by the much greater amount of
lepidophyta (Lepidodendron sensu lato, Sigillaria, Bothrodendron, Sigilla-
riophyllum etc.) which are, except sigillarias, almost absent from the flora
of the Stephanian. It is also obvious that the leaves (fronds) of the seed fern
Neuropteris are much better represented at the Westphalian sites, while
their presence is negligible in the Stephanian sites

THE STEPHANIAN

Most Carboniferous plant fossils of Eastern Serbia belong to the
Stephanian age. Presently records have been published from 15 sites. The
richest localities for this flora are situated in the broader area between the
rivers Mlava and Pek (Panti¢ 1952) with 9 localities, and in Vrska Cuka
(Panti¢ 1951a) with 3 localities. A small number of fossils are also recorded
on Suva Planina Mt. (Panti¢ 1955a) and Miro¢ Mt. (Panti¢ 1963b). The
only locality situated in Western Serbia is on the bank of the Pecka river
near its confluence with the Jadar river. (Panti¢ 1951b).

Records show, the best-represented genus to be Cordaites (it is
recorded in 11 out of 15 localities), and which has also been recorded at the
Westphalian sites. Other well-represented genera were Linopteris, Peco-
pteris/Asterotheca, Odontopteris, and, partially, Alethopteris. in addition to
these arborescent ferns and seed ferns there was also an abundance of
typical representatives of azonal marsh vegetation, including the genera
Annularia, Asterophyllites and to a lesser extent Sphenophyllum, while
Calamites is recorded only in two localities.
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Unfortunately, the flora from the locality of Pecka river in Western
Serbia has been poorly studied. Only 3 taxa have been recorded: Phyllo-
theca, Cordaites and Equisetites. Therefore nothing specific may be
concluded, except that neither Phylloteca nor Equisetites have been
recorded in the other localities. However, as they belong to the azonal
marsh vegetation they probably had local character and could therefore not
assist us in the reconstruction of zonal vegetation.

ks

The first records regarding the presence of Carboniferous flora in
Serbia are mentioned in a paper by Jovan Zujovi¢ (1886, pp. 77) who cites
two localities that provided Carboniferous plant remains. The first site was
studied by Josif Panci¢ and F. Hoffman in the village of Mustapi¢, while
the second was studied by Jovan Zujovi¢ and D. Sturr in the village of
Kladurova (both of these localities are situated in an area between the rivers
Mlava and Pek, and they belong to the Stephanian flora).

THE CARBONIFEROUS-PERMIAN (Tab. 9)

In the area of Vrika Cuka (Stara Planina Mt.), on the stream banks of
the SurdZzijski Potok, Bonin Potok and Uzunov Potok, the recorded flora
mostly belongs to the Stephanian stage, but does contain a larger amount of
the species Autunia conferta Stern. (Callipteris conferta Brong. in Panti¢
1951a) which appeared in the Latest Stephanian and Early Permian.
According to that, N. Panti¢ believed that the fossil flora from the upper
parts of this series belonged to the Early Permian or at least to the
Carboniferous-Permian boundary (Panti¢ 1951a).

ek

According to plant remains, it may be concluded that during the
Westphalian period Serbia had the usual lycopod-vegetation, dominated by
various arborescent clubmosses, mostly Lepododendron (sensu lato) and
Sigillaria, as well as by the accompanying marsh genera Annularia,
Calamites, Asterophyllites etc. During the Stephanian, as expected, there is
a pronounced absence of lycopods, which were mostly replaced by tree
ferns (Pecopteris | Asterotheca) and seed ferns (Linopteris, Odontopteris,
Alethopteris).

The Triassic Flora (Tab. 3; 10)

In terms of macroflora, the Triassic is very poorly represented in
Serbia. Presently there is date published from only a single locality that has
Triassic flora (Panti¢ & Proti¢ 1960). Flora from this period has only been
recorded on the river banks of the Dojkani¢ka Reka and Jelovacka Reka in
Stara Planina.
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In addition to the common azonal species such as Equisetites, there are
also records of the xeromorphic Schizoneura paradoxa Schimp. & Moug.,
which is characteristic for the Triassic sediments of Europe. The other
recorded plants include two species of conifers: a leaf imprint of Yuccites
sp. (cf. Pelourdea in Kustatcher et al. 2004) and a twig imprint of Voltzia
heterophylla Bgt.

Table 3. - List of the Triassic taxa.

HORSETAILS (Equisetophyta)
Equisetites moungeoti
Schizoneura paradoxa

SEED FERNS (Pteridospermales)
? Neuropteridium intermedium
CONIFERS (Coniferales)

Voltzia heterophylla
Yucites sp.

The Triassic - Jurassic (Rhaeto-Lias) Flora (Tab. 4; 11)

The flora of the Rhaeto-Liassic has been studied in Serbia on a number
of occasions, but only a few papers have been published so far (Cernjavski
1934; Panti¢ 1955a; Panti¢c 1955b; Pantic & Cveticanin 1962). This
paleoflora has been recorded at 7 sites, all of them in Eastern Serbia: Stara
Planina Mt. (Markov Dol), Dobra (at Danube), mine “Jerma” (Ruj Mt.),
Vrika Cuka (coal mine “Vrska Cuka”, Zvonce and Mala Cuka).

According to the plants recorded it may be concluded that the Rhaeto-
-Lias flora of Serbia had been dominated by lush tropical vegetation with a
large number of cycads and bennettites (Ctenis, Nilssonia, Ptylophyllum,
Podozamites etc.) and tree ferns, primarily Cladophlebis and Marattiopsis.
The seed ferns, which were edificatory species of Carboniferous associa-
tions, became almost absent in the Rhaeto-Lias, which is expectable as they
had reached their zenith in the Carboniferous and, during the Triassic, this
group of plants was on its way to extinction. The genera present in the
Rhaeto-Lias, in this case Sagenopteris and Thinnfeldia, should be conside-
red to be relicts. Although gymnosperms had been in expansion during the
Mesozoic, in the studied localities they were represented mostly by cycads
and bennettites, while conifers and Ginkgoales were scarce. The exception
is the flora from the locality Markov Dol on Stara Planina Mt., where the
species Baiera longifolia Heer was actually dominant in the association.
This is the only locality where flora has been recorded a few meters above
the coal layer, as all other floras of the Rhaeto-Liassic are immediately
above the coal layer. Therefore, N. Panti¢ (in Panti¢ & Cveticanin 1962)
concluded that this association did not represent typical marsh vegetation.
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Table 4. - List of the Rhaeto-Liassic taxa.

HORSETAILS (Equisetophyta)

Equisetites columnaris
Equisetites sp.

FERNS (Polypodiophyta)
?Chiropteris sp.
Cladophlebis denticulata
Cladophlebis haiburnensis
Cladophlebis sp.
Dictyophyllum nilssoni
Gutbieri angustiloba
Marattiopteris cf. munsteri
Spiropteris sp.
Thaumatopteris cf. munsteri
Todites williamsoni

SEED FERNS (Pteridospermales)

Sagenopteris cf. nilssoniana
Sagenopteris phillipsi
Thinnfeldia cf. schwarzi

CYCADS & BENETITES
(Cycadales & Cycadeoidales)
Ctenis cf. fallax

Ctenis sulcicaulis

Ctenis sp.

Lomahopteris schimperi
Nageiopsis longifolia
Nilssonia cf. acuminata
Nilssonia cf. minima
Nilssonia orientalis
Otozamites gracilis
Podozamites lanceolatus
Pterophyllum propinquum
Pterophyllum sp.
Ptylophyllum pecten
Taeniopteris tenuinervis
Zamites buhianus

GINKGOPHYTES (Ginkgoales)
Buaiera longifolia

Baiera munsteriana

Baiera taeniata

CONIFERS (Coniferales)

Pagiophyllum cf. kurri
Pityophyllum longifolium
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The Cretaceous Flora (Tab.5; 12)

In Serbia, there are two groups of localities that contain Cretaceous
paleoflora: in the vicinity of Belgrade and in the vicinity of Knjazevac.
There are 5 localities in the vicinity of Belgrade: Strazevica, Maki§ and the
stream Zbegoviste (Aptian); Duboka Jaruga (Albian) and Banovo Brdo
(Cenomanian). In the vicinity of Knjazevac there are two localities that
have Upper Cretaceous flora: the mine “Dobra Sre¢a” (Maastrichtian') and
the stream Nenadovac (Maastrichtian).

The flora of the Cretaceous is the least studied macroflora in Serbia
after the flora of the Triassic, although there are numerous fossil remains.
Only four papers have been published on this topic to this day: Milakovié¢
(1953), Panti¢ (1955b), Panti¢ & Nikoli¢ (1955), Panti¢ & Nikoli¢ (1963)
and Panti¢ & Ili¢ (1972).

According to the recorded species it may be concluded that the flora of
the Cretaceous can be divided into two distinct floristic groups: the flora of
the Lower Cretaceous and the flora of the Upper Cretaceous. The flora of
the Lower Cretaceous - StraZevica, Makis, Zbegoviste and Duboka Jaruga
(Milakovi¢ 1953, Panti¢ 1955b) is dominated by tree ferns, cycads,
bennettites and conifers, and the most common genera are Cladophlebis,
Podozamites and Protophyllocladus. On the other hand, the flora of the
Upper Cretaceous - Banovo Brdo, mine “Dobra Sre¢a” and stream
Nenadovac is absolutely dominated by angiosperms (Panti¢ & Nikoli¢
1955; Panti¢ & Nikoli¢ 1963; Pantic & Ili¢. 1972). This contrast in
composition of floras in the Lower and Upper Cretaceous of Serbia is so
distinct that it is the best possible indicator of the vegetation change that
happened in Cretaceous due to the expansion of angiosperms. It should be
noted that the monocots Phyllotaenia and Typha were recorded for Lower
Cretaceous (Tab. 12), which is useful information for studies of angiosperm
evolution. The most common genera of the Upper Cretaceous were
Credneria, Eucalyptus, Myrica and Monocotylophyllum, while the most
common gymnosperms were Nilssonia and Widdringtonites. It is necessary
to mention the genus Eucalyptus is the only genus to have appeared both in
the Lower and Upper Cretaceous. The absence of any representatives of
Ginkgoales is unusual.

It should be also noted that N. Panti¢ (in Panti¢ & Nikoli¢ 1955) had
recorded two new taxa for Cretaceous flora: Nilssonia serbiaca Panti¢ and
Credneria petkovici Panti¢. However, just as in the case of previous two
species from Devonian, although the paper includes a detailed description
of these specimens, the diagnosis in Latin is not provided.

' And Danian, Early Paleocene.
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Table 5. - List of the Cretaceous taxa.

HORSETAIL (Equisetophyta)
UPPER CRETACEOUS

LOWER CRETACEOUS
Equisetites sp.

FERNS (Polypodiophyta)

LOWER CRETACEOUS

UPPER CRETACEOUS

Cladophlebis cf. denticulata
Cladophlebis ungeri
Gleichenia kurriana
Lacopteris dunkeri
Pecopteris murchisoni

?Asplenium foersteri

CYCADS & BENETITES (Cycadales and Cycadeoidales)

LOWER CRETACEOUS

Dioonites cf. dunkerianus
Nilssonia alaskana

Otozamites cf. conimbriscensis
Podozamites lanceolatus
Zamites sp.

UPPER CRETACEOUS

Nilssonia serbiaca “n. sp.”
Nilssonia cf. serbiaca

CONIFERS (Coniferales)

LOWER CRETACEOUS

Pinus sp.
Pityostrobus (Pinites) andraei
Protophyllocladus polymorphum

Protophyllocladus cf. subintegrifolius

Sphenolepis sternbergiana

UPPER CRETACEOUS

Callitris sp.

Sequoia reichenbachi
Widringtonites reichi
Widdringtonites subtilis

ANGIOSPERMS (Angiospermae)

LOWER CRETACEOUS

Euca;yptus angusta
Eucalyptus geinitzi
Phyllothaenia sp.
Typha sp.

UPPER CRETACEOUS

Aenigmatophyllum gothani

Aralia ]formosa

Cocculus cf. cinnamomeus

Credneria petkovici “n. sp.”

Credneria purkyne

Credneria tenuinervis

Credneria sp.

Dewalquea insignis

Dawalquea sp.

Diospyros cretacea

Dryophyllum sp.

Eucagyptus angusta

Eucalyptus sp.

Ficus daphnogenoides

? Laurophyllum nervillosum

Leguminosae

Monocotylophyllum sp.

%rica serrata

A/rica zenkeri
lyricanthium amentaceum

Proteophyllum cf. decorum

Proteophyllum dichotomium

Proteophyllum subtile

Sterculia sp.

? Tetraphyllum dubium
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CONCLUSION

The Paleozoic and Mesozoic of Serbia include paleofloras of the
Devonian (Middle and Upper), Carboniferous (Namurian, Westphalian and
Stephanian), Carboniferous-Permian, Triassic (Lower), Triassic-Jurassic
(Rhaeto-Lias) and Cretaceous (Lower and Upper). Almost all studied
localities with macroflora are situated in Eastern Serbia, which is an
indication that, since the Devonian, terestrial enviroments existed thro-
ughout mostof the time in this area where vegetation has developed. In
most cases (except in Triassic) these have been forest associations.

Paleofloristic records provide a good evidence of vegetation changes in
Serbia over a very long period of time (from the Devonian to the
Paleocene), from the first land plants in the Devonian, through giant
lycopods and seed ferns in the Carboniferous, to the Jurassic cycads and
bennettites and the Cretaceous angiosperms.

The greatest amount of macroflora is recorded from the Stephanian and
from the Rhaeto-Lias strata. There is also a large collection from the
Devonian sediments, but the plant remains are broken and difficult to
determine. The Westphalian flora is poorly represented when compared to
the Stephanian one and the fossils are usually ruined and broken. The
smallest number of imprints is from the Triassic, while records from the
Permian are absent apart from those at the Carboniferous-Permian boun-
dary. There are numerous imprints from the Cretaceous, while the floras of
the Early and Late Cretaceous are clearly distinct from a taxonomic
standpoint.

Unfortunately, studies of Paleozoic and Mesozoic paleoflora are scarce
and there are only a few papers and authors that deal with this topic.
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APPENDIX |
TAXON DISTRIBUTION, LOCALITIES AND REFERENCES
OF STUDIED MACROFLORA

THE DEVONIAN

Table 6. - Devonian taxon and localities: 1. Zvonacka Banja; 2. Belava and
Crni Vrh potok Pantelej; 3. Suva Planina (Ravni Del), 4. Rtanj Mt.; 5. Kucaj
(Gradiste); 6. Svrljiske Planine Mt.: Peri§ (Panti¢ 1960, 1963b); 7. Svrljiske
planine Mt.: Belanovski Vrh (Panti¢ 1963a, 1963b).

DEVONIAN TAXON 1 2 3 4 5 6 7
Aneurophyton germanicum X X
Archeopteris roemeriana X

Calamophyton primaevum X X ?X

Cyclostigma hercynium X X X X
Cyclostigma ursinum “comb. nova” X X X X
Cyclostigma sp. X X

Protolepidodendron scharyanum X X

Psilophyton sp. X X X

Sphenophyllum subtenerrimum X X

Stigmaria devonica "n. sp.” X

THE CARBONIFEROUS

Table 7. - Namurian taxon and localities: Loznic¢ka reka
river; 2. Beloti¢ (Milovanovi¢ 1995).

NAMURIAN TAXON 1 2
Asterocalamites scrobiculatus X
Calamites radiatus X
Lepidodendron cf. velthemi X
Lepidodendron cf. volkmannianum X
Lepidodendron sp. X
Mesocalamites cristiformis X
Neuropteris cf. condrusiana X
? Neuropteris rectinervis X
Pecopteris (Dyotheca) aspera X
Prelepidodendron sp. X

Sigillariopsis sp. X
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Table 8. - Westphalian taxon and localities: Stara Planina Mt. (1-3): 1. Custica
(Panti¢ 1955a); 2. Tovarnica (Panti¢ & Cveticanin 1962); 3. Zaskovci (Panti¢
& Cveticanin 1962); 4. Porecka reka (Panti¢ 1963b); 5. Stolice: Krupanj
(Milovanovi¢ 1995); 6. Bobova (Milovanovi¢ 1995).

WESTPHALIAN TAXON 1 2 3 4 5 6

Alethopteris cf. serli X
Alethopteris sp. X
Asterophyllites equisetiformis X X X

Bothrodendron sp. X

Calamites (Mesocalamites) cristiformis X
Calamites cf. gigas X

Calamites sp. X X

Cordaiantus sp. X
Cordaites palmaeformis X
Cordaites principalis X
Cordaites sp. X
Dactylotheca plymosa

Lepidodendron lanceolatum

X X X X

Lepidodendron ophiurus X
Lepidodendron simile X
Lepidodendron sp. X
Lepidophyllum lanceolatum X X X

Mariopteris cf. muricata X
Mariopteris sauveri X

Neuropteris gigantea X X X X

Neuropteris cf. tenuifolia X
Neuropteris cf. schlehani X
Neuropteis cf. scheuchzeri X X

Neuropteris sp. X

Sigillaria scutelata X

Sigillariophyllum sp. X

Sphenophyllum emarginatum X X

Sphenopteris cf. obtusiloba X
Sphenopteris sp. X

Trigonocarpus sp. X
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Table 9. - Stephanian and Early Permian taxon and localities: Area between
rivers Mlava & Pek (1-9): 1. Ciganski potok; 2. Borogin potok; 3. Slani potok;
4. Osipaonigki potok; 5. Ci¢in potok; 6. Vojni potok; 7. Cundzin potok; 8.
Oresacki potok; 9. Krska reka. (Panti¢ 1952); Vrska Cuka (10-12): 10.
Surdzijski potok; 11. Uzunov potok; 12. Bonin potok (Panti¢ 1951a); 13. Suva
Planina Mt.: Veta (Panti¢ 1955b); 14. Pecka river (Panti¢ 1951b); 15. Miro¢
Mt. (Panti¢ 1963b).

STEPHANIAN 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Alethopteris grandini X X X X
Alethopteris cf. subeleagans X

Alethopteris sp. X X X
Alloiopteris tenuissima X X

Annularia sphenophylloides X X X X
Annularia stellata X X X X X X X
Asterophyllites equisetiformis X X
Asterotheca arborescens X X X X X X X
Asterotheca sp. X

Calamites sp. X X

Callipteridium crassinervium X

Callipteridium gigas X

Callipteris conferta X X X

Cordaites palmaeformis X X X X

Cordaites principalis X X X X X X X X
Cordaites sp. X

Equisetites sp. X
Linopteris brongniarti X X X X X X

Linopteris germari X X X X X
Neuropteris sp. X

Odontopteris aff. brardi X X

Odontopteris minor X X X X X X
Pecopteris arborescens X X X X X X X

Pecopteris condoleana X

Pecopteris feminaeformis X

Pecopteris pluckereti X

Pecopteris cf. plumosa X

Pecopteris sp. X

Phyllotheca sp. X
Rabdocarpus sp. X X

Samaropsis sp. X X

Sphenophylum oblongifolium X

Sphenophyllum thoni X X

Sphenopteris cf. obtusiloba X
Trigonocarpus sp. X X

Walchia linearifolia X X

Walchia cf. piniformis X
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THE TRIASSIC

Table 10. - Triassic taxon and localities: Stara planina
Mt.: 1. Dojkanicka reka, 2. Jelovacka reka (Panti¢ &

Proti¢1960).
TRIASSIC 1 2
Equisetites moungeoti X X
? Neuropteridium intermedium X
Schizoneura paradoxa X
Voltzia heterophylla X
Yucites sp. X

TRIASSIC-JURASSIC (RHAETO-LIASSIC)

Table 11. - Rhaeto-Liassic taxon and localities: Stara planina Mt- Markov Dol
(Panti¢ & Cveti¢anin 1962); 2. Dobra na Dunavu (Panti¢ 1955a); 3. mine
“Jerma” Ruj Mt. (Panti¢ 1955b); Vrska Cuka (4-7): 4. mine “Vrika Cuka”
(Panti¢ 1955a); 5. Vrska Cuka (Cernjavski 1934) 6. Zvonce (Cernjavski 1934);
7. Vrika Cuka - Mala Cuka (Cernjavski 1934).

Rhaeto-Lias 1 2 3 4 5 6 7

Baiera longifolia X

Baiera munsteriana X
Baiera taeniata X

Cladophlebis denticulata
Cladophlebis haiburnensis
Cladophlebis sp.
?Chiropteris sp. X
Ctenis cf. fallax

Ctenis sulcicaulis

Ctenis sp.

Dictyophyllum nilssoni X
Equisetites columnaris X X

Equisetites sp. X X
Gutbieri angustiloba X

Lomahopteris schimperi X

Marattiopteris cf. munsteri X
Nageiopsis longifolia X

Nilssonia cf. acuminata

Nilssonia cf. minima

Nilssonia orientalis X X
Otozamites gracilis X
Pagiophyllum cf. kurri

Pteophyllum sp. X
Pityophyllum longifolium X
Podozamites lanceolatus X
Pterophyllum propinquum

Ptylophyllum pecten

Sagenopteris cf. nilssoniana X
Sagenopteris phillipsi X

Spiropteris sp. X
Taeniopteris tenuinervis X

Thaumatopteris cf. munsteri X

Thinnfeldia cf. schwarzi X
Todites williamsoni X

Zamites buhianus X

X X X

X X X

X X X X X

X X X X




44  DJ.-MILUTINOVIC, D.: PALEOZOIC AND MESOZOIC MACROFLORA IN SERBIA

THE CRETACEOUS

Table 12. - Cretaceous taxon and localities: Vicinity of Belgrade: 1. Strazevica
(Milakovi¢ 1953, Panti¢c 1955b); 2. Maki§s (Milakovi¢ 1953); 3. stream
Zbegoviste (Panti¢ 1955b); 4. Duboka Jaruga (Panti¢ 1955b). 5. Banovo Brdo
(Panti¢ & Ili¢ 1972). Vicinity of Knjazevac: 6. mine ,,Dobra Sre¢a™ (Panti¢ &
Nikoli¢ 1955); 7. stream Nenadovac (Panti¢ & Nikoli¢ 1963).

CRETACEOUS 1 2 3 4 5

Aenigmatophyllum gothani X
Aralia formosa

?Asplenium foersteri

Callitris sp.

Cladophlebis cf. denticulata X
Cladophlebis ungeri X

Cocculus cf. cinnamomeus

Credneria petkoviéi sp. n.

Credneria purkyne X
Credneria tenuinervis

Credneria sp.

Dewalquea insignis

Dioonites cf. dunkerianus X

Dawalquea sp. X
Diospyros cretacea X

Dryophyllum sp. X
Equisetites sp. X

Eucalyptus angusta X X X X
Eucalyptus geinitzi X

Eucalyptus sp. X

Ficus daphnogenoides X
Gleichenia kurriana X

Lacopteris dunkeri X

? Laurophyllum nervillosum

Leguminosae X
Monocotylophyllum sp. X
Myrica serrata

Myrica zenkeri

Myricanthium amentaceum

Nilssonia alaskana X

Nilssonia serbiaca "sp. n.”

Nilssonia cf. serbica X
Otozamites cf. conimbriscensis X

Pecopteris murchisoni X

Phyllothaenia sp. X

Pinus sp. X

Pityostrobus (Pinites) andraei X

Podozamites lanceolatus X X
Proteophyllum cf. decorum X
Proteophyllum dichotomium X
Proteophyllum subtile X
Protophyllocladus polymorphum X

Protophyllocladus cf. subintegrifolius X X

Sequoia reichenbachi X

Sphenolepis sternbergiana X

Sterculia sp. X

? Tetraphyllum dubium X

Typha sp. X

Widringtonites reichi X X
Widdringtonites subtilis X X
Zamites sp. X

X X X X | @
x

x X

X X X

X X X X

x
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APENDIX 1
THE FIRST RECORDS REGARDING THE PRESENCE OF
CARBONIFEROUS FLORA IN SERBIA (in Zujovic 1886)

Table 13. - First noted Carbonferous, probably Stepha-
nian, plant fossils. Area between rivers Mlava and Pek: 1.
Mustapi¢; 2. Kladurova.

TAXON 1 2

Alethopteris cf. pteroides X
Annularia sphenophylloides X
Annularia stellata

Asterophyllites equisetiformis

Calamites cf. citii X
Calamites varians

Dictyopteris brogniarti

Dictyopteris neuropteroides X
Diplotmema pluckeneti

Lepidodendron cf. rimosum

Odontopteris minor

Pecopteris gigas

Pecopteris grandini

Pecopteris pluckeneti X
Rhabdocarpus sp.

Scoleopteris (Pecopteris) arborescens

Sigillaria sp.

Sphenophyllum Schlotheimi

Sphenopteris integra X
Trigonocarpus sp.

X X X X X X X X X X X x X

x

IIPETJIE]] TAJIEO30JCKNX U ME3030JCKHX JIOKAJIUTETA
CA MAKPO®JIOPOM Y CPEHIU

JAECA DOPBEBUR-MWJIYTUHOBWHR

PE3UME

Hajehm Opoj maneo30jcknx ¥ Me3030jCKHX JIOKAINTETa ca MaKpo-
¢nopom Hamazu ce y ucrouHoj CpOuju. KaHTHTAaTHBHO Cy HajBUILE
3aCTyIUbCHE OWMJbKE TOPHEr JICBOHA, CTe(aHHjeHA U PETO-JIMjaca, JOK Cy
OmwbKke BecTdasia, TOPHET TpHjaca U Kpelle 3acTyIJbeHE y MamOoj Mepu. Y
pamy je AaT mperyiell CBUX MyOJNHMKOBaHUX JIOKAIHUTETa ca Makpo(Iopom
najeo3ouka U Mmezozonka CpOuje, kao U JnucTa 3a0eNeXeHuX pojoBa U
BpPCTa Ca OCBPTOM Ha FHbMXOBE CKOJIOIIKE 3aXTEBE M CUCTEMTCKY MPHIA[-
HOCT BHWIUM TaKCOHOMCKHM Kareropujama (paszmeo, Kiiaca WA pen).
3axBasbyjyhu OWJBHUM oOcTanpMmMa Moryhe je mpaTtuTH rinaBHe ¢asze y
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pa3Bojy komHeHe BereTanuje CpOuje TOKOM Iajeo30MKa U Me3030UKa, a
moceOHO TOKOM cTedaHHjeHa W peTo-lihjaca jep M3 TUX TepHoga uMma
HajBue ¢ocmiHuX Omibaka. HajOoratuja Hanasumra credanujeHcke ¢uo-
pe Hayaze ce Ha MIMPOKOM Noapydjy m3mel)y peka Mnasa u Ilek, nok cy
HajOoraTvja HajmazwWimTa peroiujacke (iaope Ha Bpmkoj wyku. Octarm
JICBOHCKHX OMJbaka Takolhe cy OpojHH, moceOHO Ha CBPJBUIIKUM IIaHUHA-
Ma, aJIK Cy JIOLIe OYYBaHH, M3JIOMJbEHH U ca Majlo MOP(OJIOMIKUX AeTaba
Tako Ja JeTepMHHAIMja 10 Bpcre obomuHO Huje Moryha. Kpemna dmopa
Hal)eHa je Ha HeKOIMKO JokanuTeTa y OnmsuHn beorpana n Kmaxesa, 1ok
je ¢nopa Tpujaca HalleHa caMO Ha jeTHOM jeMHOM JIoKanuTeTy Ha CTtapoj
rannHu. HajBehu 6poj mokanuTeTa Maneo30jCKUX U Me3030jCKUX OMsbaka
Hajasn ce y ucrouHoj CpOWju AOK je y 3amaaHoj 3a0eleKeHO CBera
HekosnKo (Hrp. peka [lenka, beroruh).

JeBon: busbke cpenmer u ropmer aeBoHa Hal)eHe cy Ha MOIPYY)jy
CBpJpUIIKHMX IUTAHWHA Wy OKOJIMHHM 3BoHauke bame. Pocmmm, Mmama
OpojHH, JOCTa Cy JIoLIe OYyBaHW 300T KPYIHO3pHOT ceanMmenTta. Hajopoj-
wuje cy smkoncune (Cyclostigma, Stygmaria, Protolepidodendron), a y
Mam0j MEpH Cy 3acTyIlubeHu Psylophyton, Arecheopteris, Sphenophyllum
UTI.

Kapbon: Ha najsehem Opojy nokanmutera Haljene cy Ousbke credanu-
jena. Hajpumre cy 3actymssenu ponosu Cordaites, Linopteris, Pecopte-
ris/Asterotheca, Odontopteris, a y Mam0j MepH jaBibajy ce Alethopteris,
Annularia u Asteriphyllites. busbke BecTdana nu Hamypa Hal)eHe ¢y Yy MHOTO
MameM Opojy u Ty npeoBnalyjy Lepidodendron s. 1., Sigillaria u Neuro-
pteris. Y ¢uroneHosomkomM cmuciy (iopa credanujeHa u Bectdana ce
Mel)ycoOHO jacHO pasiuKyje.

Tpujac: Ousbke Tpujaca (Equisetites, Schizoneura, Voltzia u Yuccites)
waljeHe cy y Manom Opojy U TO caMo Ha jeaHoM Jioknanutery Ha Ctapoj
TUIAaHUHH.

Pero-nmujac (Tpmjac-jypa): ¢diopa je ManoOpojHa aju BeoMa JICIO
ouyBaHa. IIpeoBnalyjy orucum nuctoBa rojgocemenuna Nillsonia, Otoza-
mites, Zamites, Podozamites u npBenacte nanpartu (anp. Cladophlebis). On
Ginkgoales jaBsba ce Baiera sp., TOK ce CEMEHE MapaTH jaBJbajy CaMo
CIIOpaIYHO U BEPOBATHO IPEIICTABIba]y PEIMKTHE OOIIHKE.

Kpena: y momoj xpemu (oxonmHa beorpana) momwmHmpajy npBeHacTe
manpard, IuKacd, OCHEeTHTH M KoHudepe, IOK y (uopu ropme Kpexae
(yrnaBHoMm okojuHa KibaxkeBiia) ancoinyTHO JOMUHHPA)y aHTHOCIIEPME
(Credneria, Eucalyptus, Myrica u Monocotylophyllum). OBaj KOHTpacT y
cactaBy (JIOpe I0BE U TOPHE KpeJie BeOMa je U3pa3uT U MOXe OuTH 100ap
WHINKAaTOp MPOMEHa Koje Cy ce Jechiie TOKOM KpeAe Kajaa je JOIUIO J0
CMEHUBabha BEreTalrje roloceMEeHUIa BereTalljoM IIBETHHIIA.



