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Late Miocene ostracodes of Serbia: morphologic
and palaeoenvironmental considerations
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Abstract. About 11.5 million years ago, a tectonic uplift of the Eastern and Western Carpathians separated
the Pannonian Basin from the rest of the Paratethys. This orogenesis event caused an unconformity between
the Sarmatian brackish sediments and the Pannonian lake-sea deposits. More than 6 Ma later, in these parts of
the Paratethys, changes in the geographic framework, hydrological conditions and brackish — caspibrackish water
chemistry led to the disappearance of restricted marine forms of life. A few euryhaline and marginal marine
species survived this environmental change. Among the ostracodes, some originally freshwater taxa, such as
Candoninae, entered the lake-sea. Many lineages show gradual morphological changes. The older, low diversi-
ty ostracode fauna from the Lower Pannonian dispersed to the endemic species and genera during the Upper
Pannonian. This interval is assigned as the “bloom time” for many ostracodes, both qualitatively and quantita-
tively. This time sequence is the last appearances of genera such as Aurila, Cytheridea, Propontoniella, etc.
and simultaneously, the first appearances for many new genera, such as Zalanyiella, Serbiella, Camptocypria,
Sinegubiella etc. During the Pontian, migration processes were present. Therefore, it can be supposed that many
eastern Paratethyan forms have Pannonian origin.
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Ancrpakr. Ha npenasy usmeby cpefmer u ropmer MuolieHa, npe oko 11,5 MuiInoHa ropuHa, TeKTOHCKA
n3au3ama y Kapmaruma cy goBena no ogsajama [TanoHckor npocTopa o ocratka [lapareruca. To je pe3yntu-
paso guckopiaHujoM u3Meby capmMaTcKkux, OpaKMYHUX ¥ TAHOHCKUX, KacnuOpakuyHux Hacnara. CKopo 6 Muiu-
OHa TOfINHa KacHHje, IpOMeHe reorpadckux NpuiInKa, XUApOJIOUIKIX ycloBa U opMupame ociiabeHe BojieHe
CpefMHe, OBEJIE Cy 0 MOTIYHOT H3yMHUpamka MOPCKUX oprann3ama. CaMo HEKOJIMKO €BPUXATNHCKUX (DOPMH K20
U OHHUX KOjU Cy HacTamHMBaJlU NpHOOATHE AEJIOBE YCIeJo je ja ce mpuiarogu u mpexusu. Kop ocrpakopa,
CIIATKOBOJHM OOJIMIY MONYT KaHJAOHUHA, CBE BUILIE HACTalY]y TAKBO BEJIUKO je3epO-Mope JOK HeKU (PUIOreHeT-
CKHM HU30BH TI0Ka3yjy nocrenene n3meHe. Crapuje maHoHCKa, ciaabuje pa3HOBPCHA OCTPaKOfcKa hayHa eBoynpa
y HeKe eHjieMUYHe 00JIMKe TOKOM Miaber maHoHa Kajja A0Ja3H1 | JI0 IPaBor IpolBaTa OCTPaKofa, Kako 1o 6pojy
BpCTa Tako U 1o 6pojy jequnku. To je nepuop nociefmer NojaBbuBama pogosa Aurila, Cytheridea, Proponto-
niella omHOCHO BpeMe IPBOT II0jaB/bUBamwa pofoBa Zalanyiella, Serbiella, Camptocypria, Sinegubiella. 3a Bpeme
MOHTA, 3alaXKeH! Cy MHUTPAIMOHM NPOLECH Ha OBOM IPOCTOPY M cMaTpa ce fa MHOTH OOJUIM KOjU XKUBE Y
ucroyHoM ITapaTeTucy uMajy MaHOHCKO IIOPEKJIO.

Kibyune peun: Mminabu muoneH, ocrpakose, Mopgoioruja, najeoekoaoruja, Cpouja.

Introduction

As a product of Alpine tectonics in the Late Oligo-
cene and the Early Miocene, a few molasse basins were
created along the northern foreland of the uplifting
mountain ranges in middle and southeastern Europe
(Fig. 1). Although, each basin has its own individual
history, their developments display some common fea-

tures; repeated cycles of isolation from the world
oceans, as inferred from the barrenness of the fauna or
the presence of endemic organisms, and evolution from
fully marine through brackish to caspibrackish and flu-
vial depo-environments (KOvAC & MARTON, 1998; PiI-
PiK, 2000; FORDINAL et al., 2006;). Temporary isolation
and filling of the western-central Paratethyan basins
started from west to east. Firstly, the Alpine molasse
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basin was filled with sediments during the Middle Mio-
cene, then the Pannonian Basin during the Late Mioce-
ne—Early Pliocene and, finally, the Dacian Basin dur-
ing the Pliocene (HORVATH, 1990; MAGYAR et al.,
1999). Simultaneously, the eastern Paratethyan basins
(Black Sea and Caspian) remained aquatic (SAFAK,
2002; TuNoGLU, 2001, 2002, 2003; WiITT, 2003).
During the Late Miocene, most of Serbia belonged to
the Pannonian Basin, while a small part of eastern Serbia
corresponded to the Dacian area. During this time inter-
val, there was a brief connection between them, but the
most important period was during the existence of the
so-called ‘Pannonian—Pontian lake-sea”, a deposition
area completely isolated and closed from the east by the
Carpathian Mountains. Some authors when referring to
the Pannonian and Pontian Stages used the name Lake
Pannon (MAGYAR & GEARY, 1999; MAGYAR et al.,
1999; MULLER et al., 1999; SzUROMI-KORECZ et al.,
2004). The above-mentioned connections between the
basins established in the Pontian represented the last
phase of the evolution of the western Paratethys. Sub-
sequently, the Pannonian Basin disappeared as a lake-sea
and transformed to a marshland environment. On the
other side of the Carpathians Mt., the Dacian Basin still
continued its existence during the early Pliocene.

Fig. 1. The Late Miocene Paratethyan province: 1, the Pan-
nonian Basin; 2, the Dacian Basin; and 3, Euxinian Basin;
4, the Carpathians Mt.; 5, the Balkans Mt.; and 6, the
Dinarides.

Sedimentological studies have been limited to the
investigation of main grain-size classes (rudites, aren-
ites and lutites). Among forty samples, 42% of them
are rudites (> 2mm), 38% are sand (0.63-2mm) and
20% are mud (< 0.63 mm). These deposits are slight-
ly dominated by a coarse mean grain-size of gravel and
sand (rudites, > 2mm). The distribution of the sedimen-

tary material follows the expected general, fluvial lacu-
strine model: the coarsest deposits are distributed in the
main channels, associated with a more dynamic water
regime. On the contrary, the smaller particles occur in
zones of low energy (OBRADOVIC & JOVANOVIC, 1987).
Except in the opening of the main channel (the Kolu-
bara Bay), where tidal currents and waves continuous-
ly generated high dynamic conditions throughout the
year, the mean grain-size pattern does not correspond
to a dynamic regime during the major part of the year.

Table 1. CO, and CaCOj5 content of the well Rgh-107.5, the
Kolubara basin, western Serbia.

BOREHOLE|  SAMPLES ; -
Rgh-107.5 | No.| Depth(m) | 2 02 | %CaC0;

| 01 | 05700680 | 320 | 727

2 16 | 92709300 | 120 | 2.73

3 27 | 139.60-139.80 | 200 | 455

1 28 | 144.00-14420 | 240 | 546

5 29 | 150.00-15020 | 440 | 10.00

6 31 | 168.70-168.90 | 240 | 5.6

7 35 | 1920019220 | 280 | 636

8 41 | 2340023420 | 560 | 12.73

9 12 | 2403024050 | 1440 | 32.73

10 13 | 2473024750 | 120 | 2.73

1 44 | 257.00257.20 | 3560 | 80.92

B 15 | 2624026260 | 2960 | 67.28

3 16 | 267.50-267.70 | 3440 | 78.19

For example, in the well Rgh-107.5 (Kolubara Ba-
sin), there are rapid decreases of calcium carbonate
from the bottom to the top of the investigated well
(Table 1). More consolidated deposits, such as Sarma-
tian limestones and sandstones, contain up to 80% of
CaCOs;. On the other hand, semi-consolidated Panno-
nian and Pontian marls and sands contain a low per-
cent of carbonate, as well as of carbon dioxide. Sample
No. 28 (144.00-144.20 m) corresponds to marly sands
and marls (OBRADOVIC & JoOvANOVIC, 1987). Sands
have a symmetrical grain size distribution and good
sorting. Sandy marls shown similar effects. It is con-
cluded that there was multiple alteration in the profile
of the fluvial and near shore lake-sea deposits. Fluvial
flows dispersed silicoclastites to the near shore parts
and temporary deposited them on the land or alluvial
environment. Somewhat different cases were observed
on the sandy-silts (maximum 21.46% sand) and silts
(maximum 98.95% silt) from the Late Miocene sedi-
ments of eastern Serbia. These deposits were earlier in-
vestigated by KRSTIC et al. (1992, 1995, 1997) and MI-
HELCIC (1990, 1991). There is a clear trend of decreas-
ing calcium carbonate toward the younger Miocene
Stages (Fig. 2). Also, curves of sorting and grain-size
values show that the sediments have middle to good
sorting and dominantly an asymmetrical grain-size distri-
bution. Some other characteristics, such as pH (7.7-7.9)
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and Eh (+26 to —-20), indicate that these deposits are
the products of a slightly alkaline and low reduction
environment (Dobikovi¢, 2001).

Quantitative and qualitative diversity
of ostracodes

In the western and central Serbia (an example of the
Kolubara Basin), more than 36 genera with 206 ostra-
cod species were identified in the Late Miocene (RUN-
DIC, 1997). The most abundant taxa are representatives
of Candoninae, including genera such as Camptocypria,
Cryptocandona, Fabaeformiscandona, Hastacandona,
Lineocypris, Pontoniella, Propontoniella, Serbiella, Sin-

findings of Cypria (8 species), Hungarocypris (4), Xesto-
leberis (3), Candona (2), Ilyocypris, Tyrrhenocythere,
Mediocytherideis and Stenocypria (all with one species)
were scarce and they represent only 10% of the men-
tioned population. Most of them have been recognized
as infra/sublittoral. A smaller number of taxa have been
found in the intertidal zone. Individual abundance may
exceed 400 individuals per sample. Species diversity
increases appreciably from the Lower Pannonian and is
maximal during the Upper Pannonian (Fig. 3). This
basin is the most illustrative example of marginal dep-
osition in the whole of western and central Serbia dur-
ing the Late Miocene. Other areas have more-less sim-
ilar characteristics, except the northern province of
Serbia (Vojvodina), where there is carbonate develop-

Fig. 3. Species number of main ge-
nera in relation to the sediments.
The Lower Pannonian of the Kolu-
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egubiella, Thaminocypris etc. with about 80 species.
Among the more abundant genera are Amplocypris (25
species), Cyprideis (23), Loxoconcha (22), Hemicythe-
ria (20) and Amnicythere (19), which represent togeth-
er about 90% of the total number of specimens. The

bara Basin.

ment. The best example of this kind is on the Fruska
Gora Mt., where the Upper Pannonian is represented by
fine grained “cement marls”, which correspond to the
deeper part of the Pannonian Basin. The ostracod assem-
blages contain several genera, such as Typhlocyprella,
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Zalanyiella, Camptocypria, Serbiella, Amplocypris, He-
micytheria, and Cypria. Apart from Candoninae, all
other genera are represented by a few species only and
their percentage contribution to the total population is
small. The most abundant forms are different Reti-
culocandona, Zalanyiella, Serbiella, Camptocypria, etc.
It seems that some representatives of Candoninae prefer
more fine-grained deposits than the others.

In the eastern Serbia (Dacian Basin), there are cer-
tain similarities with the Pannonian basin but the ostra-
codes represent a different paleoenvironment, including
a greater numbers and diversity of Leptocytherinae
(Table 2). Conversely, the Candoninae are not as diver-
sified as in the Pannonian Basin. During the Late Mio-
cene (Late Bessarabian — Pontian), the ostracodes had
the greatest diversity in the Maeotian and Pontian. The
most abundant genera are representatives of Leptocythe-
rinae (Amnicythere, Euxinocythere, Maeotocythere) on
the one hand, and different forms of Candoninae on the
other (> 80%). More than others, Dacian and Euxinian
species, such as Amnicythere sinegubi KRSTIC, A. aliza-
dei SHEIDAEVA, A. palimpsesta (LIVENTAL) A. subcaspia
(LIVENTAL), Maeotocythere prebaquana (LIVENTAL),
Euxinocythere immutata STANCHEVA, E. suzini (SCHNEI-
DER) etc., have been found.

Among the Candoninae, Candona ex gr. neglecta
Sars, C. fagiolata STANCHEVA, Camptocypria ossoinensis
KRSTIC, Camptocypria balcanica ZALANY1, Hastacando-
na pontica AGALAROVA, Bakunella guriana (LIVENTAL),
Reticulocandona orientalis KRSTIC, Pontoniella paracu-
minata KRSTIC, have been identified. Genera such as
Loxoconcha, Aurila, and Xestoleberis are present in
Sarmatian with a small number of species and relative-
ly abundant specimens. In the higher stratigraphic levels,
in addition to representatives of Candoninae and Lepto-
cytherinae, the rare Darwinula, Getocytheria, Stanchevia,
Mediocytherideis, Tyrrhenocythere etc. have been found.
Most interestingly, representatives of the genus Cyprideis
have a very small frequency and are limited to a few
species, unlike the Pannonian basin. There are also sim-
ilar results regarding the Pontian ostracodes from the
eastern Black Sea region of Turkey (TuNocLu, 2001,
2002, 2003).

Generally, there is a high diversity in the ostracod
assemblages of the Upper Pannonian, Chersonian and
also Maeotian. What are the possible reasons for this?
First of all, there are some external factors, such as tec-
tonic events and geographical isolation, the conse-
quences of which were relatively stable aquatic condi-
tions and an adequate range of time. If the Sarmatian
s. str. — Upper Pannonian time period (over 2 Ma) is
considered, then it can be said that the time interval
was sufficient for taxonomic adaptation. During the
older Pannonian, the first ‘shock’ affects the ostracodes
and other fauna. The already freshened and relatively
well-adapted Sarmatian brackish forms could not toler-
ate more freshening. Some of genera are completely
absent, for example: Cytheridea, Miocyprideis, Cyamo-

cytheridea, Aurila, etc. However, some other represen-
tatives, such as Loxoconcha, Leptocythere, Hemicythe-
ria, etc., managed to survive the critical point and later
developed special features as result of the adaptation.
Mesohaline to freshwater and river-marsh genera, such
as different Candona, Cypria, Amplocypris, and Hun-
garocypris, played the most important role. They are
the markers for the future new ostracod assemblages,
which consequently occur at the beginning of the Upper
Pannonian. The second important event in the ostracod
development during the Pannonian was the first appear-
ance of many new taxons, such as Zalanyiella,
Camptocypria, Serbiella, Lineocypris, and Thaminocyp-
ris, etc. There was also an increase in the ostracod abun-
dance and diversity. An individual abundance may
exceed a few hundred individuals per sample. At the
same time, there was a high rate of speciation, which
was probably the result of some optimal conditions and
natural factors, such as geographic isolation, lake-sea
adaptation, reproductive mode and dispersal, sexual
selection, etc. (MARTENS, 1997). According to these
authors, the tempo and manner of speciation were very
different in various ancient lake assemblages. An exam-
ple of a high diversity phenomenon, considered by
MAYBURY & WHATLEY (1988), was the Upper Pliocene
faunas of Cornwall, England and northwest France. They
concluded that “the high diversity symbolize general
result of many factors as favourable preservation, high
abundance, competent niche exploitation, the mixing of
brackish, marine, cold and warm water species and
some degree of allopatric speciation due to partial iso-
lation of faunas because of the incomplete transgression
of the Armorican and Cornubian massifs”.

It seems that there are many similarities between
these and the Upper Pannonian assemblages. It was the
time of the highest development of the faunas of the
Pannonian basin. Biostratigraphically, it was the acme
zone for many species (an example, the genus Hemi-
cytheria represent 75% of all individuals).

After the Pannonian, tectonic subsidence of the
Carpathian belt resulted in the reconnection of the Pan-
nonian and Dacian Basins during the Pontian for the
last time. At the beginning, thanatocoenoses were
slightly different with many transitional types. Later,
these differences became more visible. The faunal as-
semblages had new elements, such as Bakunella, Tyr-
rhenocythere, etc. During the Upper Pontian in this
widespread environment, there was a trend of decreas-
ing biodiversity among the ostracodes, unlike the pre-
vious period. The habitat was more saline and it result-
ed in species reduction. Analogous ideas were present-
ed by BODERGAT (BONADUCE & SGARRELLA, 1999). The
samples have numerous specimens but with relative
few species. On the other hand, the faunas show an east-
wards migration trend as some genera occupied eastern
provinces and finally the Dacian Basin. In my opinion,
many of the ostracod genera from the Dacian area have
a Pannonian origin. In the Dacian Basin, for example,
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there are very abundant and diversified associations
with Amnicythere, Pontoniella, Candona, Bakunella and
Tyrrhenocythere in the younger levels of Pliocene
(OLTEANU, 1998, 2000). There are also similar results
regarding some representatives of molluscs (MULLER et
al., 1999).

Morphological and phyllogenetical
relationships (an example of the genus
Hemicytheria, POKORNY)

An attempt has been made to correlate morphologi-
cal features with some phylogenetical and paleoecolog-
ical characteristics of the genus Hemicytheria. In earli-
er ostracod references, there are many different consid-
erations concerning the genus Hemicytheria. In some,
it was considered as an independent genus like in the
first Pokorny description (POKORNY, 1955; STANCHEVA,
1971; SokAcC, 1972; OLTEANU & VEKUA, 1989; OLTE-
ANU, 2001; RunbI¢, 2002). Others considered it to be
one of the subgenus: Heterocythereis (Hemicytheria)
and Heterocythereis (Tyrrhenocythere) — MORKHOVEN
(1962); Graptocythere (Hemicytheria) or Aurila (Hemi-
cytheria) — KRSTIC, 1985, 1990. STANCHEvVA (1971)
divided the genus Hemicytheria on the three subgenus:
Getocytheria, Hemicytheria s. str. and Tyrrhenocythere.
The main parameters for these taxonomic relationships
were: carapace morphology, hinge structure, muscle
scars pattern and type of marginal pore canals. The
anatomy of the soft body of recent representatives of
the subfamily Hemicytherinae were also explored
(McCKENZIE & BONADUCE, 1993).

Based on paleontological standards, some of the cha-
racteristics of the fossil representatives of the genus
Hemicytheria could be shown. Above all, based on the
carapace morphology, there are two main groups of
Hemicytheria: one with a pitted and the other with a
reticulated sculpture. It is not possible to clearly deter-
mine the phylogenetic evolution of Hemicytheria. It can
be assumed because of biostratigraphical results in
Early Pannonian deposits, that there was a branching
off of the phylogenetic lineage in the Lower Pannonian.
SOKAC (1972) believed it probably occurred in the Up-
per Pannonian. The older Pannonian forms have pitted
sculptures [Hemicytheria ampullata (MEHES), H. hun-
garica (MEHES)] which presented descendant species
for smooth branch (H. marginata SOKAC) and reticulate
branch (H. reticulata SOKAC, H. dubokensis KRSTIC).
SOKAC also considered the smooth forms to be phylo-
genetically younger because the marginal pore canals
can be straight as well as bifurcated, whilst the pitted
forms have only straight pore canals. The oldest Pan-
nonian species, H. omphaloedes (REUSS) and H. loer-
entheyi (MEHES), also have a reticulated surface. There-
fore, it could be said that the branching off occurred
during the Lower Pannonian because there are repre-
sentatives with both types of sculptures (only if the old-

est forms of Hemicytheria are considered as the inde-
pendent subgenus — Graptocythere). During the Upper
Pannonian, there are forms with both types of ornamen-
tation. In the Pontian, only three reticulated species
remained whilst the pitted ones had disappeared. The
ascendant/descendant problems are impossible to solve
at this moment, because of the necessity for a very
detailed instars analysis. If the marginal pore canals are
considered, SOKAC (1972) correctly claimed that the
younger forms have both straight and bifurcated pore
canals while the oldest pitted Hemicytheria have only
straight ones. Meanwhile, investigations have shown
that all the older species have straight pore canals, both
the pitted and reticulated morphotypes.

The carapace size can reveal some of the rules of
the development of Hemicytheria. Diagrams of the
mean value of length and the L/H ratio are correlated
and they show the trend of ostracod carapace develop-
ment. In these diagrams (Figs. 4, 5), two trends in shell
development can be seen. The first one is the continu-
ous tendency of the value to increase from the Lower
Pannonian to the Upper Pannonian, when some of the
Hemicytheria have a maximal value. The second one,
the opposite trend is visible during the Pontian when
the Hemicytheria species decreased in value and lost
some of their features, while some species disappeared
completely. Most of large Upper Pannonian hemi-
cytherids died off. During the Lower Pontian, there are
transitional Pannonian/Pontian forms but they are not of
great significance and disappear afterwards. From the
relatively numerous Pannonian hemicytherids, only a
few species survived [H. josephinae (ZALANYI), H.
portafericae RUNDIC and H. pejinovicensis (ZALANYI)]
in the Upper Pontian. Small forms represented only 5%
of total number of species. There is gradual increase in
value during the Pannonian. In the Late Pannonian, the
ostracodes “bloom” and all of Hemicytheria species
have maximal dimensions. Forms of 1 mm in length
represented about 40% of the total species and they
dominated throughout the Upper Pannonian. Some tran-
sitional Pannonian/Pontian types have large shells but
later the carapace trends to decrease in size. The best
examples are Late Pontian species, which have smaller
dimensions. The five greatest forms, according to the
size of their shells, represented about 25% of the total
species and all of them occurred during the Upper
Pannonian and Pontian, especially (H. dubokensis
KRSTIC, H. portafericae RUNDIC — Figs. 3, 4).

It can be concluded that there was a gradual disap-
pearance of hemicytherids during the Late Miocene in
the Pannonian Basin, as well as during the Maeotian in
the Dacian Basin. This was the result of an increasing-
ly freshening environment, which led to a completely
freshwater biotope at the beginning of the Pliocene.
The low percentages of dissolved carbonates and low
salinity tolerance were not sufficient for the existence
of hemicytherids. Meanwhile, later in the Dacian Basin
there were similar forms represented by the genus
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Tyrrhenocythere (KRSTIC, 1975; KRSTIC & STANCHEVA,
1990; OLTEANU, 2000; OLTEANU & VEKUA, 1989; STAN-
CHEVA, 1990). The genus Tyrrhenocythere has only been
found in two wells in the Kolubara Basin during the
Pontian (RunbpiI¢, 1997), despite the fact that more than
40 wells have been investigated in a diameter of about
30 km. The findings of the Pannonian realm from other
locations are very limited. This could be explained by
the fact that during the Pontian both basins communi-
cated and migration processes between their inhabitants
occurred for the last time. In addition, some other gen-
era found in the Dacian Basin, such as Bakunella,
Pontoniella and Mediocytherideis and probably many
molluscs, have a western origin. After the Pontian, the
Pannonian Basin finally disappeared.

Paleoenvironmental considerations

The main paleoenvironmental interpretations are based
on the quantitative and qualitative analyses of ostracod
assemblages and their morphological reflection to the
main physico-chemical parameters of the habitat, in-
cluding temperature, oxygen content, ionic concentra-
tion, salinity, etc.

According to PEYPOUQUET (1979) and RUNDIC (1998),
there is a connection between the sculpture and the
Mg/Ca ratio of the carbonate of carapaces. Calcite crys-
tals, constituting the hard layer of the carapace, are
built perpendicular to the cuticle and their thickness is
proportional to the Mg content of the crystal network.
Frequently, the most gradated types are found in sea-
water conditions, the Mg content of which is higher
than in freshwater conditions. As stated by SMITH &
HoORNE (2002), in nonmarine aquatic systems, the cal-
cite mineral branch point represents an important step
in determining the major ion composition of natural
waters. In dilute water, below approximately 0.3 g/l,
the most common major ions are bicarbonate, calcium
and magnesium. With increasing salinity, these ionic
concentrations rise, until calcite saturation is attained
and calcite precipitates, at a total ionic concentration of
approximately 0.3 g/l. This is the calcite branch point,
the first mineral branch point in natural waters. Beyond
this point, at about 1.4 g/l, the water becomes depleted
in calcium and enriched in bicarbonates, or vice versa,
resulting in a solute path towards bicarbonate enriched,
calcium depleted saline water, or bicarbonate depleted,
calcium enriched saline water. Ultimately, other mineral
branch points are attained (gypsum, for example) and
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further changes in the major ion composition occurs
[EUGSTER & JONES (1979), in: SMiTH & HORNES, 2002].
However, some authors consider that this hypothesis is
not sufficient. Namely, studies of the New Caledonia
area have shown that, despite a high Mg/Ca ratio, the
morphotypes are not more gradated than in others sites,
and certainly less than the specimens living in seawa-
ters where this ratio has only standard values. Other
parameters, such as calcium content of the available
food, pH and Redox potential (HOIBIAN et al., 2000),
may have a contributing effect on carapace calcifica-
tion. Ornamentation of many ostracod shells is affect-
ed by the Mg/Ca ratio of lake water: with Mg/Ca >1,
the carapaces are heavily reticulate and the opposite
ratio favors smooth ostracod valves. For example,
CHivaAs et al. (1983) noted the connection between the
thickness and ornamentation of an ostracod carapace
and the water depth for fossil material obtained from
Lake Buchanan in Queensland. They found that ostra-
codes belonging to the genus Paracypris associated
with charophytes had a thick shell with a rarely visi-
ble reticulation and commonly no spines. Assemblage
with charophytes indicates shallow water (up to 2 m),
since this is the preferred habitat of these algae. In the
same core, specimens of Reticypris with reticulated and
often spinose shells are thought to indicate deeper
water (> 2 m), since remains of shallow-water charo-
phytes are absent (CARBONEL et al., 1988).

Essential in paleoenvironmental studies of the Serbi-
an Late Miocene ostracod assemblages are 1) geograph-
ical position and 2) time range. It must be realised that
there are extensive erosion and unconformity between
Sarmatian restricted marine sediments and younger,
caspibrackish deposits (RUNDIC, 1995, RunDpI¢C & MI-
TROVIC,1998). This, by mountains enclosed system, was
affected by continental water, which resulted in a
brackish lake-sea and the nearly total extermination of
marine biota. Only a few ostracod genera were able to
survive these environmental changes (Aurila, Loxo-
concha, and Xestoleberis). The newly formed habitats
and gradually expanding lake-sea created a kind of
“ecological gap”, and stimulated the rapid evolution of
survivors and the immigration of freshwater dwellers
from the marshes, ponds and rivers (most of Candona,
Darwinula, Ilyocypris, etc.). As with other fossils and
in a still existing long living lake (MULLER et al.,
1999), the originally low diversity fauna radiated into
a large number of related endemic species and genera
in the expanding and ecologically unoccupied lake-sea.
The best examples for this are the many genera of
Candonids, which had a radiated development during
the Pannonian Stage. From the small number of species
and genera during the Lower Pannonian (such as
Propontoniella and Cryptocandona), in the Upper Pan-
nonian there was an expansive evolution of these line-
ages (Serbiella, Zalanyiella, Camptocypria, Sirmiella,
Lineocypris, Typhlocyprella, etc.) in both species and
specimens. They are immigration forms from the mar-

ginal rivers and swamps, but most of them are the
result of time resolution. Most of them are endemic
species and lived only in this realm, such as Hun-
garocypris, which is a typical near shore dweller, pre-
ferring a sandier type of stratum. It is scarce in asso-
ciations from fine-grained sediments. Its large and mas-
sive carapace must be the result of a rich ionic con-
centration, as well as living in warm, oxygenated and
clear water (RUNDIC, 1991). However, the fossil record
includes only three species of Hungarocypris with nu-
merous individuals during the Pannonian—Pontian. The
genus Amplocypris shows similar characteristics. The
appearance of corpulent forms, strong carapaces and
clear ornamentation give evidence for a shallow-water
basin type with mobile flow and an important donation
of land material. In normal oxygenated habitats, in-
creasing ionic concentrations led to an increase in the
number of sculptured morphotypes. The best examples
are representatives of the family Cytherideidae (Hemi-
cytheria, Loxoconcha, Leptocythere, and Cyprideis)
with mostly ornamented forms. Analyses of the genus
Hemicytheria in both Pannonian and Pontian deposits
show that more than 90% of the species have orna-
mented shells. Taphonomic analysis of fossil associa-
tions, particularly the numerous specimens of Hemi-
cytheria setosa RUNDIC, shows that during the Late
Miocene, salinity was not the principal influence on the
occurrence of valves and the type of ornamentation.
This ornamented form lived on coastal and mobile parts
of the Pannonian lake-sea and its ornamentation is a
reaction to the adaptation. On the other hand, the Upper
Pontian nodose forms lived in environments with
decreased salinity and increased organic matter and sil-
ica (Leptocythere, Ilyocypris). In the Kolubara coal ba-
sin, these forms were discovered in sediments with a
rich organic content. Based on sedimentological studies,
data concerning transport and depositional mechanisms,
which appear with intermittent alteration between fluvial
and coastal deposition, are obtained. Fluvial flows
brought and deposited more silicoclastics in the coastal
regions, but in the alluvial part of the land, this occur-
rence was only periodic (well Rgh-107.5). MULLER et al.
(1999), suggesting that the Pannonian—Pontian lake-sea
continuously shrank in the north, due to the prograding
deltas. They stated that the more southerly shores were
much less affected by progradation. The shoreline re-
mained in more or less the same position for a longer
period of time. Along these shores, successions of par-
alic lignite beds were formed (STEVANOVIC et al., 1990).
In phases of highstand, the lake-sea enlarged in some
areas in the south and the shoreline became simpler as
large islands became flooded. Coarse-grained clastic rims
formed around the islands. From the very beginning of
the lake-sea, these coarse clastics were often capped by
white calcareous marl or limestone in the southern part
of the basin, in locations far from the river mouths.
Modern analogues of Pannonian—Pontian ostracodes
from the modern Ponto-Caspian regions have been used
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to estimate the paleosalinity of the lake-sea. These
comparisons suggest that the average salinity of the
Pannonian—Pontian lake-sea may have been approxi-
mately 10-12 %o, but that significant local differences
existed in shallow parts, such as the southern “shelf”
dominated by river deltas. Natural water examination
gives data similar to the results of the paleoecological
approach. Down from the lacustrine prodelta silt, which
is a regional stamp in the basin, inborn waters have salt
in an amount approximately, or sometimes even high-
er, than that of normal marine salinity. Innate waters
from above the silt, however, are diluted because of
mixing with meteoric water, as shown by the diagenet-
ic carbonates. The salinity of these diluted waters is
about 5 %o, which sets the lower limit for the original
lake-sea salinity (MULLER et al., 1999).

Conclusions

According to qualitative and quantitative analysis of
the ostracodes, the results of a factor analysis applied
to the most frequent species to the population struc-
tures, it is possible to distinguish several different
assemblages based on salinity:

» Stenocypria, Cyprinotus, Cypridopsis, llyocypris,
Darwinula and Candona characterize the oligoha-
line environments (0.5-8 %o of NaCl) and indi-
cate a shallow, coastal part of river mouths or in
swamps. They occurred in the lowest parts of the
Pannonian and in the Upper Pontian.

* Hungarocypris, Thaminocypris, Propontoniella,
Cypria, Serbiella, Camptocypria, Zalanyiella,
Typhlocyprella, Pontoleberis, etc. represent the
dominant group of the caspibrackish-mesohaline
habitats (8—18 %o). All of them are related to the
entire  Pannonian—Pontian and lived in shallow
infralittoral environments covered by water plants.

* Assemblages with Cyprideis, Amplocypris, Lepto-
cythere, Hemicytheria, Loxoconcha and Xesto-
leberis represents more meso- to polyhaline
(18-30 %o) habitats and these associations occu-
pied most of the southern Pannonian estuary (the
Kolubara Basin, the Velika Morava Bay, eastern
Serbia). Estuaries are semi-enclosed coastal water-
bodies in which there is a salinity gradient from
fully marine (35 %0) to fresh water. The salinity
varies due to tidal and seasonal influences.

* Ornamented forms of ostracodes lived in the coastal
parts and the sculpture is a reaction to adaptation.

e Increases of ionic concentrations resulted in
increased diversity (for ex. mostly of Upper
Pannonian ostracodes)

* A deficiency of oxygen and a low Mg/Ca ratio in
the water can eliminate sculptured morphotypes.

* Nodose ostracodes from the Upper Pontian
(Amnicythere, Ilyocypris) lived under conditions
of low salinity and increased organic matter.
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Pe3ume

Munahe mnonencke ocrpakone Cpouje:
MOP(OJIOIIKA ¥ NAIEOCKOJIOMKA
pasMaTpama

IIpe oko 11,5 MunuoHa roiMHa, TEKTOHCKA U3AM3a-
wma y Kapmatuma cy moBena no onBajama IlaHOHCKOT
mpocTopa ox ocratka [Taparernca. To je pe3ynTupano
AUCKOppaHnmjoM m3Meby capmaTckumx, OpakWIHUX U
MaHOHCKHX, KacmuOpakWIHUX Hacjara. [loueTkom
IUTMOIICHa, POMEHe reorpadCcKuxX MpWInKa, XUAPO-
JIOLIKUX YyClIoBa U popMupame ociabeHe BojieHe cpe-
IWHE, OBEJIe CYy O MOTIYHOT M3yMHpPama MOPCKUX
opraHu3ama. CaMO HEKOJIUKO €BPUXAIUHCKUX (DOpMU
Kao M OHMX KOjH Cy HACTamWBaJU MPHOOAIHE JICTIOBE
ycreno je ma ce mpwiaronu u npexkusu. Kop ocrpako-
a, CIIATKOBOITHU OOJIMIY MONYT KaHTOHMHA, CBE BHIIIE
HACTambYjy TaKBO BEJIMKO je3epO-MOpe AOK HeKH (hUII0-
TeHETCKN HU30BHU IIOKa3yjy mocremeHe m3mene. Cra-
pUje TaHOHCKa, cinabuje pa3HOBpPCHA OCTPaKoOjACKa
¢ayHa eBonyrnpa y HEKE €HAEMUYHE OOJUKE TOKOM
miaber nmanona. 'opwmbu maHOH je Bpeme mpolBarta
OCTpakofia, Kako Mo Opojy BpcTa Tako W MO Opojy
jemuaku. To je mepuo nocaeilkber MojaBbuBaka PoOio-
Ba Aurila, Cytheridea, Propontoniella OZHOCHO Bpeme

OpBOT TOjaB/bUBama popoBa Zalanyiella, Serbiella,
Camptocypria, Sinegubiella. 3a Bpeme MoHTa, 3anaxe-
HU Cy MUTPAIIOHU NIPOLECH Ha OBOM IPOCTOPY U CMa-
Tpa ce Jla MHOTM OOIMIHU KOju XXUBE Yy HCTOYHOM
ITapaTteTucy umajy IaHOHCKO MOPEKJIO.

Octpakope Koje cy Hacrawupaje I[laHoHCKY
MIPOBUHIY]Y, @ NOCEOHO HEHE MapruHalHE [EJIOBE,
AEeJUMUYHO Cy C€ pa3luKoBalle Ofi OHUX Koje Ccy
xkuBese y Jlakujckoj nmpoBuHIUjU. OCHOBHU pa3io3u
JeXe y YUHCHALM fla Cy Te IBE POBHUHIIH]jE Y I10je/ITH-
UM eTamamMa TOKOM CTapHjer TrOpmer MHOIEeHa -
nmaHoHa, Ouie MebycoOHO opnBojeHe. CBaka Ouo-
IPOBUHIIKjA je UMaJjla CBOje NoceOHe KapaKTepUCTHKE.
ITanoHcka je Ouna BuIille M30J0BaHa U hopmupana je
BpPEMEHOM CHelU(UUHY OCTPAKOACKY 3ajeHUIy.
Crapuje aconmjanuje cy Ouie cCHpOMAIIHHUjE jep Cy
€r31UCTOBAaJIe Y je[JHOj HOBOj CpeIuHM Y OHOCY Ha JOTa-
pmammwe yciaoBe. To ce moce6HO [OOpO BUAM Ha
npumepy n3 KomyGapckor Gacena. Miabe maHoHCKe
acolyjanyje Ccy MHOTO BWIIE Pa3HOBPCHE W HUMajy
MHOro BuIie jequHKu. OCHOBHM pasiior je JOBOJHHO
AYro BpeMe afanTalyje U KacHUje NOBOJbHYU KUBOTHU
ycnoBu. IlojaBibyjy ce MOTHYHO HOBU POJIOBH Kao
oAroBop Ha Beh KOHcConMEOBaHE >XMBOTHE YCIIOBE.
TokoMm ropmer maHoHa faecuhe ce IpaBM IPOLBAT Y
€BOJIYLIMjH OCTPaKofa Ha MaHOHCKOM mpocropy. To ce
noceOHO OJHOCH Ha HeKe TaKCOHe Kao IITO Cy KaH-
[OHUJE U XeMULUTEpHU/E KOje OKUBIbaBajy eKCllaH31-
jy. C npyre ctpane, y JlakujcKoj IpOBUHIAjA KOja je y
HCTO BpeM€ BHILE KOMYHHIUpala ca IPHOMOPCKUM
0aceHoM, IIPUCYTHE Cy Apyre rpyie ocTpakoja Koje
yKa3yjy Ha Ty Be3y, a IOCEOHO JIeNTOLUTEpPHUHE.
Takobe, UMa U NOTIYHO ApyrauMjux TaKCOHa KOjUX
Hema y ITanonckom Oaceny (Getocytheria, Stanchevia).
HutepecantHo je pehu mga pop Cyprideis uma BpIO
MaJly 3acTyIJbEHOCT 3a pa3nuky off ITaHoHCKe TpOBUH-
nyje T7e je jenad og pykoBopehux obnuka.

ITocebHo je pobpo mpoyueH pop Hemicytheria ca
cBUM cBojuM Bpctama (20) m KOju mOKa3syje cBe
NIOMEHYTE TPEHAOBE Y Pa3BOjy OCTpakojcke (ayHe
KOj¥ ¢y BafiaJii TOKOM ITaHOHA U TOHTA.

Ca naneoekoJIoWKOr acnekTa ocMaTpaHo, TOKOM
mitaber MuoIrieHa Ha MpOCTOpy 006€ MPOBUHIIM]E, ET3HUC-
TOBAJIO je HEKOJHMKO Pa3NUYNTHX TUIIOBA CPEAWHE Y
KOjuMa je XHUBeJa OCTpakopicka 3ajegHuma. IIpBy
KapakTepullle MPUCYCTBO POAOBA KOjU HacelbjaBajy
onuroxanuHcke (< 8 %o), MIUTKe obalcKe JAelloBe
peunux yurha u MmouBapa: Stenocypria, Cyprinotus, Cy-
pridopsis, Ilyocypris, Darwinula, Candona. IlpucyTHe
Cy TOKOM CTapHjer nmaHoHa u miaber monTa. [pyra,
momwHaHTHA 3ajegHunia (Hungarocypris, Thaminocyp-
ris, Propontoniella, Cypria, Serbiella, Camptocypria,
Zalanyiella, Typhlocyprella, Pontoleberis) npeficTaBmba
KacnmuOpaku4IHy, Me30XaJHHCKY cpemnuHy (< 18 %o)
OJTHOCHO MH(ppaIuTOpai odpacTao BOIEHOM BeTeTallu-
jom. Tpeha ocTpakojcka aconyjanmja y Kojoj cy mpef-
crasuunu Cyprideis, Amplocypris, Leptocythere, Hemi-
cytheria, Loxoconcha u Xestoleberis (> 18 %c) oqroBapa



100 Liupko M. RUNDIC

Me30 U MOJIMXAJNHCKOM OGHOTOIy OAHOCHO Hajuelrhe
BehUHN TajalllkUX MAHOHCKUX M AAKMjCKUX ecTyapa
(Kony6apcku 6aceH, BemnkoMopaBcKy 3auB, ¥ IPYTH
3anuBH y uctouHoj Cpoujn).

Y Be3u ca NPETXOJHMUM, MOTyhe je JOHEeKIe YCIo-
CTaBUTH MebyCOOHY 3aBUCHOCT OMOTOICKHX YCJIOBa ca
U3ITIEJOM U CaCTaBOM OCTpaKofcKe bymrype. ITpume-

heHo je ma, Ha mpuMep, HOO3HE (popMe HaCTamyjy
CpefiHE KOje UMajy HH3aK HHBO PAacTBOPEHE COJIU
ofHOCHO moBehaH IpolleHAT OpraHcke MaTepuje
(pomoBu Ilyocypris m Amnicythere y Komyb6apckom
baceny). CmaTpa ce W fla CMamkbeH HHBO KHCEOHHWKa
OJHOCHO HM3aK OfHOC Mg/Ca Y BOJIY, MOXe OBECTH 10
eJIMMUHALYje OPHAMEHTHCAHNX (POPMH OCTPaKOfa.



