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JBYWTYPA ®OCUNJTHNX OCIPAKOJA:
MANEOCEKONTOWKWM MOKASATE/bI

on
Jbynka PyHgunha*

docunHe 0cTpakofe UMajy MHTepecaHTHY W pasHOBPCHY JbylUTypy. [Mopef MOTAYHO rnaTkux 06/iuvka v
13pa3nTO OPHaMEHTUCAHKX BPCTa, MOCTOjW ¥ BULLE NPeNasHKX TUMOoBa cKynnType. CMaTpa ce a usrnes nosp-
LUMHE KankKa—myLUType HajBuLLe 3aBUCU 04 MPUPOJE MOA/IOre U HaumMHa XXMBOTA Ha H0j Kao M 0f KeanuTeTa
BOJiEHOr pacTBopa. M3rned u CTpyKTypa (ocu/He 3ajefiHMLE MOXe YKasaTu Ha npucycTBo oapeheHor naneo-
TpaHCMopTa. YuUmnkbeH je MOKyLLaj Ja ce OBe Nnojase o6jacee Ha NpUMepy OCTPaKoAa U3 rOpHOMUOLIEHCKMX Hac-
nara Cpbwje.

KrbyuHe peun: OCTPakoje, OPHAMEHTMKA /bYLUTYpPe, MasIe0EKOMTOLLKM NOKa3aTe by.

Kao u kop BehuHe (hayHe y (hoCMNIHOM 3anucy Ko Koje je MeKO Tefo 3awTuheHo
CKENeTOM-/bYLITYPOM, TAKO ¥ KOA OCTPakoja noctoje pasnMynTy BULOBKU OPHAMEHTUKE
Ha /bywTypu. eHepanHo, Moxe ce pehn [a Ha jefHOj CTpPaHWM MMamMo MOTMYHO rfaTke,
nepgopupaHe 0611Ke W, HACynpoT TOMe, AeNMMUYHO UAN MOTNYHO OPHAMEHTUCAHE WK
YKpalleHe TUNOBe Kanka-/bywType. TakaB cyyaj MMaMo U KO ropkOMUOLIEHCKMUX OC-
rpakoja ca teputopuje Cpbuje Koje cy ersmctosase y ocfaheHUM MOPCKUM Bofama
Hekagalkwer NaHoHCKOr Mopa.

MMATKA JbYLUTYPA

OBakaB TN Kanka-/bywType cpehe ce Kog BehuHe npeactaBHuKa CancloT, 3aTum
kog ATpJlocyp>k-a, Cypna, Hun”arocypT-a, XeA(olelyeT-a, [c(crocy/herej.u-a, HekKnx
HeTjcy/hena v gp. 3anaxeHo je ga nNocToje BPCTe ca BEOMa CHaXXHOM M MaCWMBHOM JbylLll-
Typom (Hun8aTocypT, ATplocyp>K, Heke Canclona-e u HenncyHbena-e.) v ca BP1O Hex-
H/M U TaHKMM Kanuuma Kakse umajy Cypna, XeMo/baeT u Heke Canclona-e. VHTepe-
CaHTHO je fJa 0BakaB TWN /byLUTYpe Nnocegyjy OCTPakofe Kako y 6pakMyHMM Tako u cac-
BUM ocnafeHMM MOpCKMM BaceHMMa KpajeM muoueHa. To ynyhyje Ha 3ak/byyak fa canu-
HUTET Hema Behn yTuLaj Ha hopMUpake 0BOT TuNa /byl Type. Of yera oOHAa 3aBUCK HeH

*WIHCTUTYT 3a pernoHanHy reofiorujy n NaneoHTonornjy Pynapcko-reonowkor gakynteta YHiBep3uTe-
Ta y beorpasy, KameHunuyka 6,11 000 Beorpag.



KBanuTeT u feb/bmumna? MNpBeHCTBEHO Of NPUPOLE jOHCKE KOHLEeHTpaLunje 04HOCHO Of KBa-
NnnTeTa BOAeHOr pacTBopa. Hucka joHCcKa KOHUeHTpauumja Tj. Hu3ak ogHoc M8/Ca He po-
Nyl Ta ocTpakojama fAa passujy peTukynauunjy v gpyre Bujose opHameHTuke. TJerce-
Mn cmatpa (y CarTsonell & al, 1988) ga Taj ogHoc Tpeba ga 6yae mawm og O ppw MS.
Uak M ako KOHLEeHTpauuja nopacte y cnabo OKCUAALMOHOj CpefuHN, KapboHaTu MMajy
TpeHA obapatka u 360r Tora he joHCKM OZHOC OMNeT 6UTU ymareH 1 Hehe 403BOINTK pe-
TUKynatHe mopgoTtunose! To 3Hauu [a CMarwewe MUHepanu3auuje Bofe, M3a3mBa CMa-
beme Kanluunjyma Koju je oAroBopaH 3a usrpagmwy Kanka Kog octpakoga. Capmarcke Bpc-
Te poga /1clcrocy/hcre/y n Charclaglala cy KpyrnHe, MacvBHe hopme A0K Cy NpeacTaBHULM
XenlolelseT-a CaCBUM CUTHE U HEXHe JbylIType. TO ce MOXe LOBEeCcTU y Be3y ca npupo-
[JOM M HaYMHOM XMBOTA Ha OHY 6aceHa. CuTHUje popme HaheHe cy y cegumeHTUMa hu-
Hujer 3pHa (nnasu, rMMHOBUTK nanopun y Ny6epesuy - MuTtposuh n PyHaunh, 1991) u
MOry ce cMaTpaTyi CTaHOBHULMMA HewwTo Ay6/brX, MUPHUjUX fefioBa HeKafallwer Mopa y
KOjuMa ce ofiBUjana naraHa cegumeHtauuja PUHUX Tanora. TakBa cpefuHa uma ymareH
JOHCKM 0fjHOC ¥ HeOBO/LHO MaTepmjana 3a usrpagmwy Kanka. Hacynpot Tome, y NANTKUM,
eyNNTOPanHUM LeNnoBrMa ca CHAKHUjUM NOKpeTMMa BofeHor cTy6a, ca noBehaHOM KOH-
LeHTpaunjom (KpynHoO3pHM neckoBu y OCTpyXHuUuu - PyHauh wn gp., 1997) xusene cy
OCTpaKoje Koje Cy MOr/ie pa3BUTK jaKy U MacWMBHY /bYLITYpY Kako 6u ce ofynpene nej-
CTBY BOJEHMX CTpyja v Tanaca anu u Kao 3alTuTa of ApYrnx opraHusama jep je oBaj pe-
rMOH Mopa 6MONOLLKK HajpasHoBpCHMjK (Tab. I, cn. 3).

MpoyuaBajyhu ocunHe cyKuecuje 13 jearapa 6pojHUX OyLIOTMHA U3 OKONMHe beo-
rpaga v n3 Konyb6apckor 6aceHa (Kuuclc, 1997) 3ak/by4eHo je ga Cy TOKOM AOHEr na-
MOHA HApO4MUTO MPUCYTHM 06ANLM ca rNaTKOM MOBPLIMHOM Kanka. To ce mocebHO OfHO-
CW Ha OCTpakoje Koje cy u3aBojeHe K3 T3B. "6enux nanopaua” a 3a Koje ce Bepyje ga cy
NPOAYKT CeanMeHTaLuunje MUpHMjUX aenosa MaHOHCKOr Mopa W Be3aHu cy 3a ayb/be pe-
rMoHe u nogsogHe yeane. Hanacum Cypna, Xe3(olegenu-a, PropoMoTella, n gpyrux Bpc-
Ta TaHKe W rnaTke /bylIType ykasdyjy Ha hOCUIHM 6MOTON ca YMarbeHOM jJOHCKOM KOH-
LIEHTPaLMjoM 1 CMatbeHUM MPOLLEHTOM KMCEOHUKA.

OPHAMELW NCAHA bYW TYPA

OcTpakofe ca CKynnTypom Beoma cy OpojHe Yy ropkOMMOLIEHCKMM Hacnarama Cp-
6uje. To ce nocebHO 0gHOCK Ha BPCTe Be3aHe 3a FopwU MaHOH Kaja ce Aecno npasu npo-
LBaTy eBONyUUju ocTpakoacke MukpodayHe (KurkHec, 1997). AKo Kakemo fAa je ropwo-
MaHoOHCKa eKcrnaH3nja y anBepreHumnjn Bpcta 1 jeMHKM OCTpaKoa fOLa Kao Npon3Bog
jenHe onTumanHe hase y pas3Bojy CBUX 06/1MKa (hayHe TO OHAA He Yyau v Benukn 6poj op-
HaMeHTUCaHUX (hopMK OCTpakoja.

MocToje ABa OCHOBHA YyCNOBa KOjU [0BOJE [0 OpHaMeHTuKe. MpBKM je HaYUH XKBOTA
Ha gHy 6aceHa O4HOCHO OpHaMeHTUKa HacTaje Kao OAroBOP OpraHM3Ma Ha yc/ioBe XUB-
/berba. OBaj TMN Kanka-/bylWType umajy 06MLm Koju cy HacerbaBanu NAUTKe, NecKoBuTe
M MOOWMHE Mojace MAHOHCKOr MOpa Ca CHaXHO W3PaKEHUM BOAEHUM KpeTawuma
(McTjey/cena. 1<cp(ocylhcre, 1n)\oconcha, Cypncleln - Tab. I, cn. 1, 2). Apyru ycnos je
XEMMJCKM cacTaB OAHOCHO KBanuTeT Boge. CaMo A0BO/bHO KBAIMTETHU BOLEHW pacTBOpU
MOry NpPOW3BECTVN OPHAMEHTMKY KOjy OpraHu3am fiyum Kao OAroBop Ha YCN0Be OKOMUHE.

Cmatpa ce, gaHac, fa nocToje [Ba CYLUTMHCKA BMAa OPHAMEHTUKE KO OCTpakoa:
peTukynaumja n keprasoct (Carfonell e! al, 1988). PeTukynauuja ce gemHuLLE Kao



TWUM OPHAMEUTUKE HA CUOJ/bHEM C/Ojy Kamnka W TO je jeaH 0of KpuTepujyma Koju ce Ko-
pucTe y TaKCOHOMWUjU 1 eBonyumju. VicnnTuBarba peTukynalmje M3BpLieHa Cy Ha WHAWBY-
Jyama Kako M3 MOPCKe TaKo WM W3 laryHCKe CpefuHe anu cy pe3yntaTy nokasanu noTnyHy
YHUBep3anHocT heHoMeHa. Peypouunel (1979) u Carhonell e( al (1988) cmatpajy fa
je opHamMeHTMKa Kanka nose3aHa Ca JOHCKOM PaBHOTEXOM CpeAuHe, OLHOCHO 3aBMCU Of
ofHoca M8/Ca y BOAM U HMje CTPUKTHO Be3aHa 3a cannHuteT (CMyak e( al, 1983). ¥
npunor ToMe, y ropkOMUOLIEHCKMM Hacnarama Cpbuje cpeheMo opHameHTucaHe opme
0CTpaKoja Kako y 6paknyHum Tako uy KacnubpaknyHum Hacnarama (Cy(hcnclea, AvTila,
hcplocy(heTe. hoxoconeha, Hemky(hena).

Monasehun of uMkbeHuLe, fa Ce OCUM KBanuTeTa /byLITYpe, TOKOM [OHer rnaHoHa,
OCETHO MEeHa M KBanMTeT caMmx acouujaumja, NnoTpebHO je HarnacuT fa pesyKUMOHM
(hakToOpM HEMOBO/LHO YTUYY Ha KBanuTeT (MMHepanusauuje umputa u gpyrux Pe-okcu-
[a). MpumeheHo je fa ca NopacToM KOHLeHTpauuje, y HOpMaaHO OKCUAaLMOHOj CpeanHu
pacTte u 6poj peTukynatHux mopgotunosa. Hajéo/bn npumep HanasMMo Koj npefcras-
Huka Cylhenclel(lae-a (HeTlcy/bena, hmxoconcha, heplocy/heTc, CypnckrH) rae TOKOM
ropwer naHoHa Ha npoctopy umutase Cpbuje ersuctyje M HajBulLUe OpPHAMEHTUCAHUX
BpcTa. OcuMM TOra, MoCToju 1 13pasuTo nosehawe AMBEpP3UTETA KAKO KO OCTpakoda Ta-
KO U Kof apyre ayHe y oBom nepuogy. AHanusnpajyhu pog 1JeTky/hena U3 naHOHCKUX
M MOHTCKMX Hacnara Cpbuje (Kunclc, 1997) koHcTaToBaHO je ga npeko 90% BpcTa 0BOr
pofa vMMma OpvMameHTWCaHy JbyluTypy. AKO MOrnefamo Be/IMUYMHY Kamnka, jaCHO Ce BMAu
TpeHg nosehara uayhu og Aower Npema ropkem naHoHy. ®opme Koje oCTMXY 0Ko 1 NTT ¢y
HajKpynHUje 1 YnHe 0Ko 50 % CBUX JbyLUTYpay CMUCTY BEIMYMHE U CBE CY KOHCTaToBaHe
y rOpwkeM MaHoHy. HacynpoT TOMe, 3a Bpeme [OHer MOHTA MOCTOjU TPEHA onafara
BE/IMUMHE LITO Ce CUIYPHO MOXKE Be3aTu 3a OMLWTW Nnaf KOHLEHTpaLmje pacTesopa.

[pyru Bug opHameHTUKe je kBprasocT. Cpehe ce KOA HeKMX (DOPMUM OCTPaKoLa Kako
y naHoHy Tako n 'y noHTy (CyprklelH, 1l.ep(ocy(hcre. MyoeypT). CMmaTtpa ce fa je To nojasa
KOja yTuye Ha UenokynHy febs/buHY Kanka v nocnefuua je esaruHaumje ("nsspHyha')
yHyTpawte fnamene. MHOru aytopu ce cnaxy fa je TO reHepasHa KapakTepucTuka
cnabo cnaHux cpefuHa W cMatpajy fa ce kBprase (JOpMe Hanase Yy ONUTOXaIUHCKO]
cpeanHn ca canuHuteTom of 0,5-6 %o (5anclher§, 1964; Yesper, 1972; PeypouuneK
1979; Carhonell e( al, 1988). MehyTum, NocToje MULL/bEHA [a je CaMHUTET caMo Or-
paHun4aBajyhu akTop [OK je OCHOBHM YCNOB Aa ce hopMupajy KBpre 60raTcTBo OpraH-
CKe maTepuje, cunuumje n TETNKUX MeTana y pacteopy. MHTepecaHTHO je fa npoyyaBaHe
kBpre Cypnclel$-a n3 pubmux pesepsoapa y ApkawoH 3anumsy (J3 PpaHuycka) y CBOM
cacTaBy UMajy cunuunjy n hopMmmpaHe Cy HakoH "HpouBaTa" cuanuUuje 3a BPEME HUCKOT
BogocTaja (Peypouumel, 1979). ¥ adpuukoj pudTHOj ponuvHu, y Xagap ¢opmaunju,
kBpre Cypnclel&-a ce nojas/byjy Y je3epCKuUM cpefiMHaMa ca Be/IMKUM 60raTcTBOM OpraH-
CKe maTepuje 1 03HayeHe cy hopMuparbeM YyribeHor MuHepana - HatpojaHosuTa (Car-
6ornell e( al, 1988). CacBum jacHa mapanena y OBOM cmuciy, mornia 6w ce nosyhu ca
Kony6apckom yr/beHOM CepujoM Y KO0joj cy HaheHu TybepkynatHu obnanum hep(oey(he-
re-a u lNyocypT-a y CeAMMEHTHMA Ca CUMMLMNJOM M OPraHCKOM MaTepujom. Ha ocHoBy
CeAVMEHTOMOLWKNX aHanu3a, 4o6MnjeHn cy nojaumn 0 MexaHW3My TpaHCcrnopTa U CeauMeH-
Taluje U OHU yKasyjy Ha CMeHY peyHe W NpuobanHo-MapuHCKe CpefuHe 1 TO BULLE NyTa
y npodguny. PeyHu TOKOBM Cy AOHOCWMIW Y BULIe HaBpaTa CUAUUMKNACTUTE Yy npuoban-
CKO-MapUHCKY CpefiMHy a NOBPEMEHO Cy WX TaN0XWAW U Ha KOMHY OAHOCHO Y anyBujan-



Hoj cpeguHu (6bywoTtmHa WM8h-107.5 - OfracloYlc 1 KnereYic-Bor<3eYic, 1989,
1990; KuncHc, 1997). MNMpema ToMe, KBPraBocT 6u morna 6utn KopuwheHa Kao gynam
MapKep 3a UHAMKauujy canuHuTteTa (< 6 %0) 1 60raTcTBO OpraHcKe maTepuje u cunuumje.

MAJTEOTPAHCIIOPT

Kojwko W3rMIe[ U cacTaB OCTPaKOACKE OPUKTOLLEHO3e MOXE YKa3aTu Ha MocTojame
ofpeheHor naneotpaHcnopTa? [a fiM pasnuke y cactaBy acolujalmja mory acouuparum na
MPOMEHE Y eHepruju cpeanHe? Ha oBa M CAMYHA NUTarwa TPaXeH je 0AroBop npu aHa-
3K jefiHe cneuu@uyHe ocTpakoAcKe acouujalmje U3 ropbonaHOHCKMX MeckoBa M3 OKO-
NuHe Marnor lMoxapesua. PaHujum mncTpaxusawuma Ha 0BOM nokanutety, (PyHpauh,
1991), ngeHTU(MKoBaHa je T3B. "6euka" OpMKTOLEHO3a KOja Ce KapaKTepuLlle NpUInYHO
Manum 6pojeM BpcTa anu ca BENUKUM Bpojem jefuHKW. [NnaBHa KapakTepucTuka OBe na-
neosajefiHALE jeCcTe NPUCYCTBO M3pasnTO BENUKOr 6Gpoja jeauHku Bpcte HeTJcyChew
ae(omm n.xp. (pag y wramum), 3aTuM KpynHux ATplocypnx-& v Hwun”arocypT-a Koju cy
UCNPaHU 13 XXYTUX, TMCKYHOBUTUX MECKOBA. Y HbUMa Ce Hanase npocnojun GUHUX, rjw-
HOBWUTO-aNeBPUTCKMX Hacnaray Kojuma ce nopeg nomMeHyTUX jaB/bajy U OCTPaKoge Hex-
Huje pywType: Cypna, Xculolcheny, TyphlocypT u ap. Moxe ce ogmax NpuMeTUTH, Aa
MoCcTOju 3HayajHa pasnuka y nornefy KsanuteTa acouujaumje y 04HOCY Ha TUM CegnMeHTa
y KOMe cy HafjeHe. T1pucycTBO KpynHMUX (hOpMU, jaKa /bylUTypa M uU3pakeHa OpHAMEH-
TWKa, CBef0Ye O NAMTKOBOAHOM KapaKTepy 6aceHa ca y36ypKaHOM BOAOM W 3Ha4YajHUM
NPUMHOCOM MaTepujana ca KonHa. MNoBpeMeHOo, Y MUPHUjUM (ha3ama ca naraHoM CefuMeH-
TaUuujoM ¥ MUHUMaNHUM UPUNUBOM MaTepujana, Aenouyjy ce hUHWM NanopoBUTO-TINHO-
BUTW MY/bEBM KOjU Cy Be3aHW 3a NAWUTKM PErvOH Ca MawOM eHeprujom. Ta(OoHOMCKOM
aHanM3oMm hocunHe 3ajefHuLLe, a MPBEHCTBEHO GPOjHMX jeanmHKKM BpcTe /JcTjcy/hcnu 3e-
(ovia (oko 300 nHamMBMAya) [oLwio ce Ao cnefehux pesyntarta:

- y npoyyaBaHum npobama (1, la, 1f) jyBeHMAHM 06/MLM Cy [aNEKO Make 3acTyn-
JbeHU of ogpacnmx (cn. 1) nykasyjy Ha NpuUCycTBO afloXTOHE (POCUHe 3ajefHNULE;
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- [eTa/bHOM aHa/M30M YKyrnHOr 6poja jefMHKW, NMOKa3aHOo je fa Cy Hajsulle npu-
CYTHU nojeAMHavyHn Kanum (Ynuctu + 3anyweHn > 70 %). Liene /byLwutype cy Saneko Mame
3acTyn/beHe (< 20 %) AOK cy jyBeHUNHU 06auLm cnabuje npucyTHu (cn. 2).

- nocmatpajyhu camo ogpacne nHamBuaye, KOHCTaTOBAHO je Aa Cy y CBUM UCMUTUBA-
HuM npobama (1, la, 1h) BMwe 3acTyN/bEHU MOjefMHAYHM Kanuu Hero uene JbywType C
TUM [a je Taj O4HOC pa3nuuunT Of y30pKa [0 y3opka (cn. 3).
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Cn. 2. YKynHa npoueHTyasiHa 3acTyN/beHOCT jeAMHKK Kog BpcTe Henncy/lena 3eCosa.
p18. 2. Bat graph o" 5pecle6 Henucy/lena aeCosa.
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Cn. 3. BpojHu ofHOC /bYLWITYpa/Kanak y UCMUTMBaHUM npobama.
p18. 3. Carapace/yalye rallo 1M 8urllecl aatple8 (1, la, /b)



AKO nax/busmje nornegamo NpeTxofHe AvjarpaMe, HapoOUUTO OLHOC Kanak//bylwTy-
pa kog BpcTe HeTky/hcnn 3eCo3a MOXe Ce youuTu fa Cy Kanuu ganeko 6pojHMju a Ha-
poYNTO 3anyweHn. CAMUYHM Pe3ynTaTh KOHCTATOBaHMW Cy W KO LPYTUX poAoBa ca MacuBs-
HMjOM J/bYyLITYpOM. TO 6M MO0 yKasaTu Ha NOCTMOPTaSIHU TPaAHCMOPT Y CYCMEeH3uju.
Havme, no3Hato je fa penatuBHO febene n BefinKe /bYLITYpe ca ManoM TeXWUHOM UMajy
TEHAEHLM]Y [a Ce MpeHoce y cycneH3nju y obnacTu BUCOKE eHepruje Boge. PesynTar Tora
je Wwupok apean pacnpocTpawerba NprMepaka of hUX0BOr opuruHanHor 6uortona. Tak-
BW Kanuu 3aocTajy y CyCneH3uju HEKO BpeMe WU Ce peakTUBMpajy Kaf nopacte 6p3vHa
BOJEHUX CTpyjatba 1 BMBajy NpeHeLleHn Ha pasnnuuTe gasbMHe. VI3 Tor pasnora oHM HUCY
HW 3Ha4ajHN 3a PEKOHCTPYKLMjy TaHATOLEHO3e. Y Mpuor ToMe, NpucyCcTBO Maker 6poja
jyBeHUNIHMX 06/1MKa, Takofe, ynyhyje Ha 3ak/byyak fa ce pagum O TpaHCNopToBaHOj ¢o-
CUJTHOj acounjaumju.

3AK/bYYAK

MpoyyaBajyhu /byLluTYpYy ropbOMUOLLEHCKMX OCTPaKoja Mory ce U3BecTU oapeheHe
NnaneoeKooLlWKe NHTepnpeTayuje Be3aHe 3a HOCMNHM BruoTon:

- MOCTOje ABa OCHOBHa MOp(hoTMMNa OCTpaKoda: rnaTke 1 OpHaMeHTUcaHe hopmMe ca
6pojHuM npenasHUM obauumma. MnaTka /bylwTypa MOXe 6UTU MacuMBHa anv U NOTMYHO
TaHKa 1 HexkHa. OpHaMeHTUKa je n3paxKeHa y Bugy peTukynaunje n KBpraBocTu rae, Ta-
Kofe, MNoCcToje CHaXXHUje UMK HeXHUje SbYLITYpe;

- TOKOM TOpPHEr MUOLEHA CaIMHUTET HeMa GUTHMjer yTuuaja Ha u3raeg Kanka u
TUN OPHAMEHTUKE;

- MPU HEJOCTaTKy KWCEOHMKa M HUCKOM ogHocy M8/Ca y BoAu peTuKynaTHU Mop-
(hOTUNOBY CY ENMMUHUCAHMN;

- Ha NpuMmepy W3 ropker naHoHa, jaCHO ce BMAM Aa noBehawe KOHLeHTpauuje um-
nauumpa nosehare ANBEP3NTETA;

- OpHaMeHTMCaHe BPCTe OCTpakoja HacTakwuBane cy MpocTope HPMoBanHWX U Mo-
6WnHMX JenoBa Hekafjallker mMopa, a OpHaMEHTUKY Cy pas3Bujie Kao OArOBOP Ha ycnoBse
CPeAviHe;

- FOpPHONOHTCKM KBPrasu 06MUM 0CTPaKoAa jaB/bajy ce y CpejuHama ca CHUDKEHUM
Ca/IMHNTETOM U ca BehuM cagp>kajeM OpraHCKe maTtepuje n cunuumje.



Teoji. aH. EajiK. nonyoc. 62 165-177 Beorpa,n, fleu,eM6ap 1998
Ann. Geol. Penins. Balk. i Belgrade, Decembre 1998

UDC 565.33:574 Original scientific paper

THE CARAPACE OF FOSSIL OSTRACODES:
PALEOENVIRONMENTAL INDICATORS

by
Ljupko Rundic*

The fossil ostracodes have very interesting and diversified carapaces. Besides full smooth forms and
explicit ornamented species, there are more transitive types of sculpture. It’s considering that surface of
valve/carapace mostly dependent from bottom nature and way of life as well as quality of the water soluti-
on. The view and structure of fossil associations can indicate the presence of paleotransport. An attempt is
made to explain this phenomenon on ostracodes from Upper Miocene deposits of Serbia.

Key words: ostracodes, ornamentation of the carapace, paleoenvironmental indicators.

Like the other group of fossil fauna that have soft body protected with carapace, the
ostracodes have different types of carapace ornamentation. Generally, there are full
smooth, perforated carapaces on the one hand, and full or semiomamented and sculptured
types of carapaces on the other. That sample we find in Upper Miocene ostracodes from
Serbia, which are existant in brackish and caspibrackish water of Pannonian lake-sea.

SMOOTH CARAPACE

These types of carapaces have most of Candona, Amplocypris, Cypria. Hungarocy-
pris, Xestoleberis, Heterocythereis, some Hemicytheria. It is noticed that there are some
species with strong, massive carapaces (Hungarocypris, Amplocypris, some species of
Candona and Hemicytheria etc.) on the one hand, and species with thin and gentle valves
on the other (like as Cypria, Xestoleberis, some Candona). It is interesting that these
types of carapaces have both brackish and caspibrackish ostracodes on the end of Mioce-
ne. It indicates that salinity did not have any greater influence in making this type of
carapaces. Where does dependent quality and thickness of ostracode shell it come from?
Primarily from nature of ionic concentration or quality of water solution. Low ionic con-
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centration. low Mg/Ca ratio, does not permit these ostracodes to develop their reticulation
or other lypes of ornamentation. According to Tiercelin (in: Carbonell et al.. 1988),
Mg/Ca ratio is very low, less than 0.1 ppm Mg. As the concentration increases in a
poorly oxygenated environment, carbonates tend to precipitate and diminish the Mg/Ca
ionic ratio. This general lowering of mineralization of the water provokes Ca deficiency
and thus hinders carapace building. The Sarmatian species of genus Heterocythereis and
Ghardaglaia are large, massive forms whilst representatives of genus Xestoleberis are all
minute and gentle. This fact is related to nature and the kind of life on the basin bottom.
Minute forms found in fine sediments like blue, clayed marls in Guberevac (Mitrovic
& Rundic, 1991) are habitants of some deeper, quiet part of former bays with slow
deposition. Its environment has decreased ionic ratio and insufficient materials for cara-
pace building. In contrast, in shallow, eulitorral parts where strong water flows with in-
creased ionic ratio, such as coarsegrained sands in Ostruznica (Rundic et al. 1997) os-
tracodes live with strong, massive carapaces that were formed due to water influence and
waves, as well as protection from other organisms (PI. I, Fig. 3).

On the basis of fossil ostracode associations from core samples found in numerous
wells of Belgrade vicinity and Kolubara basin, it is considered that during the Lower
Pannonian ostracodes with particularly smooth carapaces were formed (Rundic, 1997).
They are especially separated from so called "white marls" which are products of slow
deposition in deeper regions and subwater depression. Discoveries of Cypria, Xestolebe-
ris. Propontoniella, and other species with thin and smooth shells indicate paleobiotope
with less ionic ratio and decreased oxygen percentage.

CARAPACE WITH ORNAMENTATION

In the Upper Miocene of Serbia there are many ostracodes with carapace sculptures,
especially the Upper Pannonian species that caused "bloom" in ostracodes evolution
(Rundic, 1997). If we say that Upper Pannonian expansion of species diversity and spe-
cimens is producl of one optimal phase in development, than there is no wonder there
are any ornamented forms.

There are two basic conditions for ornamentation. First is the kind of life on the
basin bottom namely carapace ornamentation which comes as a reaction to conditions of
life. Forms from shallow, mobile parts of former Pannonian lake-sea with strong water
movements (Hemicytheria, Lepiocytheie, Loxoconcha etc.; PI. I, Figs. 1, 2) have this
type of valve/carapace. The second condition is water chemical composition or water qu-
ality. Only a better quality water solution can make ornamentation in reply to environ-
mental conditions.

Today, two aspects of ornamentation are considered on ostracodes: reticulation and
nodosity (Carbonell et al.. 1988). Reticulation is a form of ornamentation on the exter-
nal ostracode carapaces. The variability of this phenomenon is one of the criteria for
taxonomic and evolutionary purposes. Examinations of carapace reticulation were carried
out on specimens from marine or lagoonal environment, but the examples clearly demon-
strate the universality of that phenomenon. According to Peypouquet (1979), and Car-
bonell et al. (1988) the valve ornamentation is tied to the ionic equilibrium of the envi-



ronment, a factor marked by the Mg/Ca ratio in the water and not strictly related to sali-
nity (Chivas et al., 1983). In addition, in the Upper Miocene of Serbia, there are orna-
mented forms of ostracodes both from brackish and caspibrackish sediments (Cytheridea,
Aurila, Leptocythere, Loxoconcha, Hemicytheria).

During the Lower Pannonian a significant change in both quality of carapaces and as-
sociations occurred. In that sense, the presence of some reduction factors like pyrite mine-
ralization and other Fe-oxides inevitably influenced the quality. Increases of concentration in
normal oxygenated environment led to increases number of reticulated morphotypes. The best
example are representatives of family Cytherideidae (Hemicytheria, Loxoconcha. Leptocythere,
Cyprideis etc.) when during the Upper Pannonian mostly ornamented forms lived. Besides,
there in an explicit increase of diversity in both ostracodes and other faunas in this period.
Analyses of genus Hemicytheria in both Pannonian and Pontian (Rundic, 1997) show that
more than 90% species have ornamented carapaces. With regard to the size of valve, there
are clear trend increases from Lower to Upper Pannonian. Forms long about 1mm are largest.
They are found in Upper Pannonian and represent 50% of all carapace as far as the size is
concerned. On the contrary, during the Lower Pontian there are trend decreases in size cara-
paces related to general decreases of ionic concentration.

The second aspect of ornamentation is nodosity. There are some nodosity forms of
ostracodes both in Pannonian and Pontian. too (Cyprideis, Leptocythere, llyocypris). The
nodosity is phenomenon affecting the entire carapace thickness and corresponds to evagi-
nation of the inner lamella. Many authors considered that nodosity is generally characte-
ristic for low salinity environment since nodose individuae were found only in the oligo-
haline environment (0.5-6%0\ Sandberg, 1964, Vesper, 1972; Peypouquet, 1979;
Carbonell et al., 1988). There are some ideas that salinity is only a limiting factor
(Peypouquet, 1979). He suggested than the prime factor for node formation was the
abundance of organic matter with heavy metals and silica. In addition to that nodose
Cyprideis were found in fish reservoirs in the Bay of Arcachon, France soon after the
silica bloom at the end of the low water period (Peypouquet, 1979). In the African rift
valley, in the Hadar Formation, nodose Cyprideis in limnical environments with a great
abundance in organic matter are marked by formed carbonaceous mineral - natrojarosite
(Carbonell et al., 1988). In that sense, there is a clear correlation to Kolubara coal ba-
sin in nodose forms (Leptocythere, Ilyocypris) were discovered in sediment with organic
matter and silica. Based on sedimentological analyses, we get data about transport and
sedimentation mechanisms which appear on intermittent alteration between fluvial and
coastal deposition. Fluvial flows brought and deposited more siliciclastits in coastal regi-
ons, but in alluvial part of land this occurance happened only periodically (well
Rgh-107.5; Obradovic & Knezevic-Djordjevic, 1989, 1990; Rundic, 1997). Ac-
cordingly, nodosity can thus be used as a double marker to indicate salinity (less than
6%0) and abundant organic matter and silica.

PALEOTRANSPORT

Can fossil ostracodes content indicate that there was a paleotransport? Are differen-
ces in fossil associations argument that environment conditions changed? We are looking



for the answer to this and other related questions by studing ostracode communities from
Upper Pannonian sands of Mali Pozarevac area. During earlier investigations in this lo-
cality (Rundic, 1991), so called "Wienner orictocenoses" with small number of species
and numerous specimens was identified. As a general characteristic of this paleocommu-
nity is fairly great number of Hemicytheria setosa n. sp. (work in press), corpulent Am-
plocypris and Hungarocypris which are washed out from yellow, micaceous sands. In
their interior there are thin layers of fine, silty-clayed deposits where, in addition to al-
ready mentioned types, there are ostracodes with gentle carapaces (Cypria, Xestoleberis,
Typhlocypris etc.). It can be noticed that there is a clear difference between quality of
associations in relation to sediment types. The presence of corpulent forms, strong cara-
paces and clear ornamentation give evidence to shallow-water type basin with mobile
How and important donation of land material. In the quiet phases of slow sedimentation
with minimal donation, it periodically deponed fine, marly-clay muds that originate from
shallow region with low energy. Taphonomic analyses of fossil associations, particularly
numerous specimens of Hemicytheria setosa (more than 300 specimens), provide the fol-
lowing results:

- in investigated samples (1, la, Ib) there are less juvenile forms of ostracodes
than adults and it indicates an allochthonous fossil community;

- detailed analyses of total number of specimen show that individual valves are
dominant (clear + filled more than 70%). There is less than 20% of complete>carapaces
and under 10% juvenile (Fig. 2).

- If we look at only adult specimens, we may conclude that they have more indivi-
dual valves than complete carapaces (sample 1. la, Ib). This ratio is different from sam-
ples to samples (Fig. 3).

If we carefully study previous diagrams, especially carapace/valve ratio of species H.
setosa, we can see that those single valves are more numerous, particularly filled ones.
Similar results came from analysing other genus with massive carapace. That could be
indicate postmortal transport in suspension. Namely, it is known that relative fat and
large carapaces with small weight are prone to transmission in suspension in high-energy
water region. As the consequence of that there is a wide spread areal of specimen from
original biotope. Their valves fell behind at some point or reactivate themselves with in-
creases rapidity to water circulation and are transmitted to different distances. Hence,
they are not important for tanatocenoses reconstruction. Moreover, the small number of
juvenile forms led to conclusion that we are dealing with transported fossil associations.

CONCLUSIONS

The carapace investigation of Upper Miocene ostracodes produced some paleoecolo-
gical interpretation in relation to fossil biotope:

- there are two basic ostracodes morphotypes: smooth and ornamented with numer-
ous transitive types. Smooth carapaces can be massive, but also full thin and gentle. The
ornamentation lias two aspects, reticulation and nodosity with strong/gentle carapaces too;

- during the Upper Miocene, salinity was not the principal influence on valves ap-
pearance and ornamentation types;



- deficiency of oxygen and low Mg/Ca ratio in water eliminate reticulated morpho-
types;

- increases of concentrations implicate increased diversity (for example, Upper Pan-
nonian ostracodes);

- ornamented forms of ostracodes lived on coastal and mobile parts of the Pannoni-
an lake-sea and ornamentation is a reaction to adaptation;

- Upper Pontian nodose ostracode forms lived in environment with decreased sali-
nity and increased organic matter and silica.

Translated by the author
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TAB.HA | PLATE

Pa3JIHHHTH TM10BH OpHaMeHTHKe kofl OLTpaKOfla
(Different types of ostracodes ornamentation)

Cji. (Figs.) 1, la. Hemicytheria omphaloedes (Reuss)
CpeM'JHua - fioH>H capMaT (Sremcica, Lower Samiatian)
1. JieBa CTpaHa jtymType (Left side of carapace)
la. hcto, neTajb opHaMeHTHKe (Same, detail of ornamentation)

ciji. (Figs.) 2.2a. Aurila cf. nierita (Zalanyi)
TyGepeBaq - hoh>h capMaT (Guberevac, Lower Sarmatian)
2.3ieBa crpaHa Jbyurrype (Left side of carapace)
2a. hcto.neTalb OpHaMeHTHKe (Same, detail of ornamentation)

cji. (Figs.) 3, 3a. Aurila ? sp.
EymoTHHa Rgh-102.5 (250.80-251.00 m), KojiySapcKH 6aceH -
jioh>h naHoH (Well Rgh-102.5, Kolubara Basin, Lower Pannonian)
3. JieBa CTpaHa Jbyurrype (Left side of carapace)
3a. hcto, fleTalb opHaMeHTHKe (Same, detail of ornamentation)
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