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H. Oensanosa-Pymenosa, M. Anesa, I' Hukonoe — Heocenosvle o3epuvle bacceiinbt 8 F0z0-3a-
naownoti boacapuu — buocmpamuepagdus, nareodKosoeua U 83aUMOOMHOUECHUA OUAMOMELL.
BrepBble clieaHO BOCCTAHOBJIEHUE 3BOJIIOLUYU IPECHOBOAHBIX JUATOMEN U MeXaHU3Ma UX pac-
IpeesIeHNs B HEOTeHOBOM 03epHOii cucteme FOro-3amannoit Bonrapun. OcHOBHAs neib paboTHI
— OmpeleieHre OCHOBHBIX 3TAllOB B 9BOJIFOIMHM MUO-ILTUOIEHOBBIX JUATOMENWHBIX (iopucTUYeC-
KUX aCCOLMAIMIA, pa3BUBABIIUXCS B TPA0CHOBBIX CTPYKTYPax peruoHa. st OCyeCTBEeIHIS STOH
[EJTM MCTIOJIh30BAJIUCh NAJICOHTOJIOTNYECKHe, OnocTpaTurpaduueckiue, MUHEPAJIOTHYECKHE, eT-
pOJIOTHYECKHE U CEeIMMEHTOJIOTHYeCKUe NaHHble. [IpuBeneHa XxapakTepucTUKa MaTepuajia u3
oOHakeHW U OypOBBIX CKBaXkMH 0KoJIo cen CransHupl, benu Oopsar u Uykyposo, paiiona Codun,
ITanaxapuiickoit nonuHbl, KocteHnenkoro paiiona, pailoHOB 0kosio roponos Pazsor, Cumumiu u
Canpancku, CtpymemHunkou noJunsl, r. Tone Jeaues, CaTtoBuaHckoro 6acceiina u Bouikocen-
TyxoBurckoit genpeccuu. Cuenano onucanue 660 TMaTOMEHHBIX BUIOB, PA3HOBUIHOCTEH 1 popm.
OTO yauBUTENBbHOE pa3sHOOOpasne COMOCTABUMO C MOPCKAM OMOJIOTMYECKUM pa3sHOOOpaszmeM
BoctouHoro ITapateTtucckoro 3anuBa Ha Tepputropuu CeBepo-Bocrounoit bonarapun Bo Bpems
muornieHa (546 BunoB, pasHoBuaHOCTeH u hopm). Camble panHue o3epHbie nuatomen FOro-3a-
nagHo# Bosrapuu ycTaHOBIIEHBI B CpEeTHEMIOIIEHOBBIX Toponax Cumunimiickoro bacceitna (Cu-
MUTIUICKas CBUTA), @ BO3PACT CAMBIX MOJIOJbIX — PAHHEIJIMOLEHOBBIXA. B 3BoIonuu u pacmpe-
JIeJICHUM YCTAHOBJICHHBIX LIEHTPUYECKUX BUIOB CPEJHUMUOIICHOBBIX — ILIMOLIEHOBBIX AMaTOMEMN
MOJHO BBIICJIATh TPU OCHOBHBIX 3Tama. AHAJIW3 AMATOMEH, TOMOJHEHHBIH CTPYKTYPHBIMHU W
reoIMHAMHYECKUMHU UCCIEIOBAHMSIMU MOXET BBISBUTDH BJIMSIHUE PA3HBIX (PaKTOPOB MAJIE0IKOJIO-
TMYECKONl OOCTAHOBKYM HA Pa3BUTHE OMATOMEWHOW (IOpbl. ABTOpAMH YCTaHOBJIEHO, YTO IIHTA-
TEJILHOCTh CPE/Ibl, YPOBEHb COJICHOCTU OACCETHOB, TEMIIEpaTypa U U3MEHEHHUS IJIYyOMH 03€pHOTO
OacceiiHa B 3HAUUTEJIBHOM CTEINEHN KOPPEIUPYIOTCS ¢ OCOOEHHOCTSIMH AMATOMENHBIX accoIua-
Wi, yCTAHOBJICHHBIX HA OCHOBAHMU JIMTOCTPATUrpadueCcKuX ¥ OUoCTpaTurpaduIeckux uccie-
JIOBaHUU U B PE3YJIbTATE MPUIIOXKEHUS PA3HBIX CTATUCTUYECKUX MeTOI0B. IIpeniioxkenHas 3aKiiro-
yuTesbHas Modenb Coduiickoro 6acceitHa MOXET OKa3aThCs MOJIE3HON MPU ONMMCAHUM KOJIOHU-
3aI[iK AUaTOMel B 03epHbIX Oacceitnax FOro-3amanuoit boarapuu.

Abstract. Modeling of the evolution of freshwater diatoms and the mechanism of their distribu-
tion in the Neogene lake system in Southwestern Bulgaria is accomplished for the first time. The
main purpose is the determination of the major stages in the evolution of the Mio-Pliocene
diatom floras developed in the graben structures in this realm. Various data were used for the
realization of this purpose: palacontological, biostratigraphical, mineralogical, petrological and
sedimentological. Outcrops and core drills from Stanitsi, Beli Breg, Sofia, Chukurovo, Palakaria,
Kostenets, Razlog, Simitli, Sandanski, Strumeshnitsa, Gotse Delchev, Satovcha Basins and Val-
kosel-Tuhovitsa depression were characterized. In total, 660 diatom species, varieties and forms
have been described from these lake systems. This surprisingly high diversity is even comparable
with marine biodiversity for the Eastern Paratethyan Bay on the territory of Northeastern Bulgar-
ia (546 species, varieties and forms) during the Miocene. The oldest known lacustrine diatoms
from the sediments in Southwestern Bulgaria are Middle Miocene in age (Simitli Basin — Simitli
Formation), the youngest — Early Pliocene. Three major stages in the evolution and distribution
of centric diatom genera can be distinguished during Middle Miocene-Pliocene. Diatom analy-
ses, complemented by structural and geodynamic investigations could demonstrate the impact of
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different palaecoenvironmental factors on the development of the diatom flora. We found that
the process of nutrient levels, the salt content, temperature and the changes in the depth of the
lake correlated significantly with patterns in the diatom assemblages, based on complex of lithos-
tratigraphic and biostratigraphic investigation, as well as different statistical techniques. The in-
ference model of Sofia Basin could be useful in describing the colonization of diatoms in the
lacustrine basins on the territory of Southwestern Bulgaria.
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Introduction

The distribution of diatom species in space and time
has long been a focus of a descriptive and applied
diatom studies (Edlund, Jahn, 2001). Freshwater di-
atom biogeography has been neglected as a scientif-
ic subject. Across the world there is a prevailing view
that freshwater algae are cosmopolitan. The notion
has seldom been tested and is unlikely to be true in
genetic terms. Nonetheless, some morphospecies of
several groups of algae do have a worldwide distri-
bution. Others have restricted distribution and may
be regarded as endemic to a region. However there is
always the possibility that they will be discovered in
far away places (Tyler, 1996). The Eastern European
freshwater systems of Neogene are all characterized
by outstanding endemism of diatom species (Ogn-
janova-Rumenova, 1996; Temniskova-Topalova,
Ognjanova-Rumenova, 1997; Ognjanova-Rumeno-
va, Metzeltin, 2006; Lange-Bertalot, Metzeltin, 2006;
Ognjanova-Rumenova, 2006; Ognjanova-Rumeno-
va, Krstic, in press; Ognjanova-Rumenova, Dumur-
dzanov, in press). As the material is fossil and spec-
imens are sparsely distributed, identifications very
often are made from limited numbers.

Modeling of the evolution of freshwater diatoms
and the mechanism of their distribution in the gra-
ben structures in Southwestern Bulgaria is accom-
plished for the first time. This paper represents a
partial result of the project NZ 903/1999 ‘Model of
the evolution and colonization of lacustrine diatoms
in continental basins in Southwestern Bulgaria dur-
ing the Miocene’.

Materials and methods

Numerous samples of lacustrine diatom-bearing de-
posits were collected from 13 Neogene basins in
Southwestern Bulgaria (Fig. 1). Some samples were
from outcrop material, but the majority were from
core-drills. The chronology of diatom-bearing sedi-
ments in the study region is based both on absolute
ages and more often on the stratigraphical and palae-
ontological records (pollen, macroflora remains, mol-
lusks, ostracods and mammals).
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The samples for diatom analysis were cleaned
according to the method described by OrusHOBa-
Pymenosa (1991). The relative abundance of diatoms
was estimated by the Schrader’s scale (Schrader 1973).
Preparation for scanning electron microscopy fol-
lowed Hasle & Fryxell (1970) and samples were ex-
amined with a Jeol Superprobe 733 and Jeol JSM
T300. Ecological spectra were composed on the ba-
sis of studies of recent diatoms by the method of
Abbott & Van Landingham (1972). The basic envi-
ronmental factors interpreted in the palaeoecologi-
cal analyses were the active water reaction (pH), tem-
perature, trophic state, type of habitat and salinity.
Index B was used to assess trends in acidification
and to derive equations for inferring lake-water pH
(Renberg & Hellberg 1982). The extent of diatom
preservation provided additional information about
palaeoenvironmental change (Flower 1993). The per-
centage ratio of diatom frustules to chrysophycean
stomatocysts was applied as an index of trophic sta-
tus (Smol 1985).

Principal Component Analysis (PCA) was used to
summarize the major patterns of variation of the data.
The ordination was implemented by the computer pro-
gram CANOCO 4.0 (ter Braak & Smilauer 1998).

Results and discussion

In the nonmarine setting, diatom-bearing sediments
occur in lacustrine environments that are rich in
nutrients for diatom growth, are not excessively alka-
line, and do not have a steady influx of terriogenous
material. We found diatom-rich claystone and silt-
stone, as well as diatomites at several localities in
Sofia, Beli Breg, Palakaria, Kostenets, Simitli, Gotse
Delchev, and Satovcha Basins (Fig. 1). The other lo-
calities in Stanitsi, Chukurovo, Razlog, Sandanski,
Strumeshnitsa, and Valkosel-Tuhovitsa Basins are
barren of diatom:s.

In total, 660 diatom species, varieties and forms
have been described from these lake systems. This
surprisingly high diversity is even comparable with
marine biodiversity for the Eastern Parathetyan Bay
on the territory of Northeastern Bulgaria (546 spe-
cies, varieties and forms) during the Miocene (Tem-



HuckoBa-TonasioBa, 1994). The diversities and flo-
ristic composition of these lake systems display inter-
esting patterns. Until now the development of the
different planktonic genera of class Centrophyceae
is very important in diatom biostratigraphic subdivi-
sion. They are more useful for biostratigraphy than
are benthic diatoms, which have a more localized
distribution determined by depth, substrata, etc.

The Family Aulacoseiraceae has the oldest fossil
record among the freshwater diatoms (Ambwiani et
al., 2003), implying that it was the first to cross the
marine-freshwater ecotone in the Cretaceous. The
group appears to have two surges of genus-level di-
versification during its history: first — in the Eocene
with genus Eoseira, and second in the Oligocene-
Miocene with Miosira, Alveolophora, and Pseudo-
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Fig. 1. Schematic map of Southwestern Bulgaria with location of the sample sites

List of diatom sample localities:

Sofia Basin, Novi Iskar Formation, core-drills: C-1; C-14; C-20; C-47; C-51; C-52; C-1032; C-1113;
C-1127; C-1128.

Beli Breg Basin, Kaisiinitsa Formation, outcrops.

Stanintsi Basin, Belozem and Zainitsa Formations, outcrops.

Chukurovo Basin, unnamed unit, outcrop.

Palakaria Basin, Alino Formation, outcrop and core-drills: C-225, C-329.

Kostenets Basin, Gabrovitsa Formation, core-drills: C-2; C-3.

Simitli Basin, Simitli Formation, core-drills: C-177, C-187.

Razlog Bazin, Godlevo Formation, outcrop.

Strumeshnitsa Basin, unnamed unit, outcrops.

Sandanski Basin, Delchevo, Sandanski and Kalimantsi Formations, outcrops.

Gotse Delchev Basin, Baldevo Formation, core-drills: C-10, C-14, C-23, C-28, C-31; C-32, out-
crops, open coal mine “Kanina”, Nevrokop Formation, outcrops.

Satovcha Basin, Sivik Formation, outcrop

Valkosel-Tuhovitsa depression, Tuhovishta and Slashten Members, Valkosel Formation, outcrops.
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alulacoseira (Wolf, Edlund, 2005). Curiously, it is
only the oldest of these genera, Aulacoseira, that has
survived to the present. Additional phylogenetic anal-
yses, including the full range of Miocene Aulaco-
seroid diversity are needed to fully elucidate the evo-
lutionary relationships in this important freshwater
group. In our material most of the species, belonged
to genus Aulacoseira, were investigated by scanning
electron microscope. All data, connected with ri-
moportulae — variation in form, number, position
on the valve mantle and ringleist could be used in
species determination, taxonomy and evolution
(Crawford, Likhoshway, 1998; Likhoshway, Craw-
ford, 2001).

A key for the determination of the extinct genera
belonged to family Stepahnodiscaceae is composed,
based on morphological evolution. Pattern of the
morphological evolution can be described by change
of the cribrum position in areola; change of stria
morphology; change of the strucrture of marginal
fultoportulae on the valve mantle; change of the
number of rimoportulae. The newly described genus
Tertiariopsis was also included in the biochronolog-
ical scheme (Khursevich et al., 2002).

Generally, the lake diatom flora may be divided
into ‘Actinocyclus’ and ‘Aulacoseira’ dominated ones
(Temniskova-Topalova, Ognjanova-Rumenova,
1997), but this scheme has been developed, because
recently different diatom genera and species, be-
longed to class Centrophyceae have been newly de-
scribed. The main stages in the biochronological
scheme in the region of the Balkan Peninsula was
published previously (Ognjanova-Rumenova, 2000).

The oldest known lacustrine diatoms from the sed-
iments in Southwestern Bulgaria are Middle Miocene
in age (Simitli Basin — Simitli Formation), the young-
est — Early Pliocene. Three major stages in the evolu-
tion and distribution of centric diatom genera can
be distinguished during Middle Miocene-Pliocene:
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The applicability of fossil diatom thanatocoenos-
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patterns in the diatom assemblages. Three different
trophic phases could be recognized in the sediment
deposition of Novi Iskar Formation, Sofia Basin. This
inference model may be useful in describing the col-
onization of diatoms in the lacustrine basins on the
territory of Southwestern Bulgaria.
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Pesiome. H. Ocusnosa-Pymenosa, M. Auesa, I. Huxoaoe — Heoeencku esepru 6acetinu ¢ FOzo-
3anaoua bsaeapusa — buocmpamuepadus, naieoexosoeus u GAo0pUCMUYHU OUAMOMETHU 83a-
umoomrnowenus. Mozes Ha eBOJTIONMATA U MEXaHU3MBT Ha Pa3CeIBAHETO HA KPEMBYHHUTE BOJIO-
paciu B HeoreHckaTa e3epHa cuctemMa Ha FOroszananna Boirapus ce mpencraBs 3a IbpPBU ITBT.
OCHOBHa IIeJI € [1a Ce pa3rpaHNuyvaT [JIABHUTE €TANH B €BOJIFOIUSITA HA MUO- IUTHOLEHCKUTE JUATO-
Meitan Quiopu, pa3BuBaiy ce B rpabeHOBUTE MOHIDKEHHS Ha TepuTopusaTa Ha FOrozanagna boira-
pus. V3non3Banu ca pa3sHOOOpa3HU TaHHU — MAJEOHTOJIOXKKH, OnocTpaTurpad)Cku, MUHEPAJIOro-
neTporpadcku ¥ CeTMMEeHTONIOXKU. OnICcCaHy ¥ ONPOOBaHU ca Pa3KpUTHS U COHaxu Ha CTaHUH-
cku, benoopexku, Coduiicku, Uykyposcku, Koctenenxu, [Tanakapuiicku, Pa3noxku, CUMUTINIA-
cku, Cannancku, Ctpymemnuinku, [one JenvyeBcku, CatoBuaHcku OaceitH u Bnikocen-Tyxo-
BMIIIKO MOHWKEHME. YCTaHOBEHATa AuaToMeliHa (jiopa e MHOTO Oorata — 660 Buaa, BapueTeTa u
(dhopMu, 1 TOBA U3KIIOYUTENHO pa3HOOOpa3ne MOXe a CE CPaBHU CaMO C MHTEPECHATa MOPCKO-
OpakuvHa nuaToMeitHa (iopa oT cequmenTuTe Ha EBkcuHCKus Oaceitn, CeBepoustovyna boira-
pus. OnpeneneHn ca TpH €Tamna B Pa3BUTHETO Ha IUIAHKTOHHUTE poaoBe OT kiac Centrophyceae
npe3 MUO- IJIMOLEHA: 1. cpeleH MHOLIEH — IPEBHU NpelcTaBuTeNn Ha Aulacoseira, Ellerbeckia,
Melosira, Actinocyclus; 2. kbceH MHOLIEH — MacOBO pa3Butue Ha Aulacoseira w Actinocyclus, npu-
npyxaBamu BugoBe ot pomosete Concentrodiscus, Thalassiosira, Hyalodiscus, Mesodictyon,
Tertiariopsis v nosiBa Ha Cyclotella v Stephanodiscus; 3. paHeH JIAOIEH — JOMWHUPAHE Ha BUJIOBE
ot ponosetre Cyclotella, Stephanodiscus nu Aulacoseira, nosiBa u paspurue Ha Cyclostephanos u
Pliocaenicus. Pon Actinocyclus n3uessa. IIpe3 KbCHUSI MHUOIIEH U PaHHWS IJIMOLEH CEMENCTBO
Stephanodiscaceae e mpencTaBeHO OT HHTEPECHHU POJOBE, U3BECTHU CAaMO BBB (POCUIIHO CHCTOSI-
HHE U UMAIF BaXXHO buocTpaturpadcko 3Hauenue — Concentrodiscus, Mesodictyon, Tertiariopsis
u Pliocaenicus. I3non3Baiikyu CpaBHUTEJIHATA TAKCOHOMUS € Ch3/1aA€H KJIFOY 34 TAXHOTO OIpee-
ssHe. Tol ce ocHOBaBa Ha MOp(oJIOTHYHATA €BOJIIONMS HAa uYepylnkaTa M OOXBallla CJICTHUTE
XapakTepUCTHKY: (opMa Ha yepymnkaTa W JHHOTO; PA3MOJIOKCHUE Ha apEOJIUTEe, U3PACTBIUTE C
onopa, JJabuaTHUTE U3PACTHIM, U CTPOEK Ha aynBeosnTe. KoMOMHMpaneTo Ha TuaToMelHus aHa-
JIU3 CbC CTPYKTYPHH M T€OJUHAMUYHM M3CJICABAHNS JaBa Bb3MOXHOCT Ja CE MPOCJIEIN BIUSIHU-
€TO Ha MaJICOCKOJOTMYHUTE (haKTOPH BbPXY Pa3BUTUETO Ha quaToMelHaTa ¢uiopa. [IpumoxeHun
ca pasHOOOpa3HU CTATUCTUYECKH TEXHUKH, 32 Ja C€ OOETUHAT BCHUKU NaHHU (IAJIEOHTOIOXKKH,
6uoctpaturpadcku, MUHEPAIOrO-MeTPOrpad)cku U CEAMMEHTOJIOKKH) P MPOBEAESHUS MaJI€0-
eKoJIOTMueH aHaiu3 Ha moaesieH congax C-14 B Coduiickus 6aceiin. be ycranoBeHo, ue Tpoduy-
HOCTTA, COJIEHOCTTA, IPOMEHH Ha TEMIIEpaTypaTa U CMEHUTE B IBJIOOUYMHATA Ha OaceliHa ca Hall-
3HAYUTETHUTE (AKTOPH, ONPEEIISAIINA PAa3BUTHETO HA TUATOMEWHUTE aHCAMOJIH.
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