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PE3IOME

Hacrosiwara cratus uma 3a Len Aa NpeAcTaBi HSKOW OT Bb3MOXHOCTWUTE 3a NaneoekonoXka WHTEpNpeTauus Ha AaHHWTE, MOMyYyeHW Npu U3CnefBaHeTo Ha
chopamuHmcepHu acoumaumm. LLecT kputepus ce npeacTaBsAT 3a MbpBY MbT B bbrrapus: uHaeke Ha pasHoobpasneto o (MHaoekc Ha Fisher), TpubrbnHa guarpama
3a CTpyKTypaTa Ha (hopamMuHUcepHUTe acoLmaLiy (OCHOBaHa Ha TpW TUNA CTPYKTYpa Ha CTEHaTa - arfyTWHUpaHa, NopLenaHoBIUaHa, XuanuHHa), CbOTHOLIEHUETO
MNaHKTOHHW/GEHTOCHM ex3emMnnsapu B NpobuTe, MHAEKC tau KaTo BaTUMETPUYEH MHAMKATOP, TONEPaHTHOCT Ha OTAENHUTE TaKCOHW (MPEAVNMHO Ha POLOBO HWBO) MO
OTHOLUEHWE Ha PasnMyHN mapameTpu Ha cpepata (6atumeTpus, TemnepaTypa, COMEHOCT, CbAbpkaHWe Ha KanuueB kapboHaT, CbAbpxaHue Ha PasTBOPEH
KWCopof, XapakTep Ha cybcTpaTa, eHepris Ha cpefiaTa), Hanvuve Ha AOMMHMPALLM BUAOBe Ha (hoHa Ha BUAOBOTO pasHoobpasne.

Kntoyosw gymu: manku 6eHTOCHM chopammuHmdiepy, Naneoekonoxka MHTepnpeTaLus, Kputepum, napameTpy.

BbBEJEHVE

Mpe3 nocnegHnUTe YeTUpU AeceTuneTus opammHngepuTe
ce NpeBpblUaT B eHa OT OCHOBHUTE OPraHU3MOBMW pymu,
W3MON3BaHN MpU VHTEPMPETUPAHETO Ha APEBHUTE MOPCKM
obcraHoBku. C 0BHOBSIBAHETO Ha dhopamuHudepHaTa ayHa
Mpe3 naneoreHckys nepuog acounauunTe ot TETUCKNS PETVOH
npugobuBat [O ronsima cTeneH oOnMka Ha CbBPEMEHHUTE
cbobulecTBa (MPearMHO Ha POLOBO HUBO), KOETO MO3BONSBA
W3MONM3BaHETO Ha MOJENUTE HA  PasnpoCTpaHeHWe Ha
CbBPEMEHHUTE  hOpaMuHNUCGEPU 3@ PEKOHCTpYMpaHe Ha
YCMOBMSITA Ha CbLLECTBYBaHE Mpe3 No-OTAaneyeHn BpeEMEBH
uHTepBanu. MpewunsHOCTTa Ha eHa TakaBa UHTepnpeTauus ce
YBENMWYaBA C W3MON3BAHETO HA aHano3n Ha Bb3MOXHO Hail-
HACKO TaKCOHOMMYHO HMBO. Tasn BB3MOXHOCT o0baye
Hamarnsea C yBenM4aBaHeTo Ha AMCTaHUMsTa BbB BPEMETO
nopagu HamansiBaHe Ha CXOACTBOTO BbB BWAOBUS CbCTaB
MeXay CbBPEMEHHUTE 1 POCUIHUTE acoLmaLmm.

CbBpEMEHHUTE  MOCTWKEHWSI B ManeoeKONOoXKUTE
uacneaBaHus Ha hopamMuHUMEpHU acoumalmn Hanarat efHa
npeoLieHka Ha ponsTa Ha Mankute 6eHTocHU chopamuHudepu
B Obnrapckata MWKpOManeoHTONOMMSt W HAcouBaHe Ha
u3cneaBaHuATa B €AuH NOAYEPTAHO NArneoeKonoXKM acnekT,
TbA KaTo focera B Bbnrapus Tasu rpyna e u3nonssaHa
U3KMKOYUTENHO 3a BrocTpaTUrpadpCkn U TaKCOHOMUYHU LIENH.
Hacrosiwara cratus uma 3a Uen Aa npeactaBu HaKou OT
Bb3MOXHOCTUTE 33 Maneoekonoxka WHTepnpeTauus Ha
[aHHMTE OT W3y4yaBaHETO HA TAKCOHOMWYHMSA CbCTaB W
CTpyKTypaTa Ha acouuaumm OT  Manmkm  OEHTOCHM
chopamundepu. 3a mbpBK MbT B Bbnrapus ce npeacrassar
LUECT KpUTEPMS 3a TakaBa MHTEPMpEeTaLys.

KPUTEPUMA

Hait-uecTo n3nonasaHuTe KpUTEpUW NPW NaneoekonoxkuTe
WHTepnpeTaLum Ha hopaMUHUEPHUTE acoLMaLMn ca: MHOEKC
Ha pasHooOpasneto « (MHAeKc Ha Fisher), TpubrbnHa
Avarpama 3a CTpykTypaTta Ha popamuHUchepHUTE acouuaLmy,
CbOTHOLUEHMETO  MMaHKTOHHW/OEHTOCHM  eK3eMnnspu B
npobute, WHOEKC fau kaTo  ObnOOYMHEH  MHAKATOP,
TONEpPaHTHOCT Ha OTAENHUTE TaKCOHU (FJ'IaBHO Ha poAdoso
HMBO) MO OTHOLIEHWE Ha MapameTpuTe Ha cpegata
(obnbousHa, TemnepaTypa, CONIEHOCT, CbAbpXaHue Ha
kanuues kapOOHaT, CbAbpXaHWe Ha Pa3TBOPEH KMCMOpPOA,
XapakTep Ha cybcTpaTa, eHeprusi Ha cpefarta), Hanuuve Ha
AOMUHMpaLLM BUAOBE Ha hoHa Ha BULOBOTO pasHoobpasve.

WUHpeke Ha pasHoobpa3mneTo o (MHaeke Ha Fisher)

WHoekcwbT Ha pasHoobpasueTo e BbeedeH ot Fisher et al.
(1943, B Murray, 1991). W3pa3sBa CbLOTHOLLEHUETO MEXIY
Bpos Ha BugoBeTe 1 Bpost Ha eksemnnspuTe B npobute:

a=ng:x (1)

KbAETO X € KOHCTaHTa, Mmalya ctomHoctn <1; ny = N(1-x),
kbaeTo N e OposT Ha eksemMnnspuTe BbB BCska npoba. 3a
YNECHEHWE CTOMHOCTUTE My CE M34MCnsBaT C MOMOLUTa Ha
rpacukata, nokasaHa Ha cwmr. 1. HuckuTe CTOWHOCTU Ha
WHOEKCA MOKa3BaT CWUMHO  M3MEHEHWE Ha  HSKOWM  OT
napameTpute Ha cpepata. Tpsbsa Aa ce vma npeasug W
(aKkTbT, Ye BWAOBOTO pasHoobpase BbB  HOCUIHUTE
acoumaumm Moxe ga Obge MOBMMSHO OT TacPOHOMUYHUTE
thakTopu.

TpubrbnHa Auarpama 3a

¢opamuHucbepHuTe acoumauumn
OcHoBaBa Ce Ha TpW TWMA CTPyKTypa Ha CTeHaTa:

arnyTMHWpaHa, NopLenaHoBMAHA U XMamniHHa, OTroBapsiLM Ha

CTPyKTypaTa  Ha
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Tpu nogpaspega - Textulariina, Miliolina, Rotaliina ot
knacupukaumsta  Ha  Loeblich&Tappan  (1964). B
peBusMpaHata knacudukaums  (Loeblich&Tappan, 1988)
nogpaspe Rotaliina e nogeneH Ha yeTvpu HOBU Nogpaspesa -
Spirilinina, Lagenina, Robertinina, Rotaliina (¢ur. 2);
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Bpon eksemnnsapm

Queypa 1. [paguka, unrocmpupawa us4ucrsiseaHemo Ha
uHOekca Ha pasHoobpasuemo o (no Wright, 1972)

nopuenaHoBuaHa
Miliolina
XnanuHHa
Spirilinina arnyTuHupaHa
Lagenina
Robertinina Textulariina
Rotaliina

Queypa 2. TpubebiHa Ouazpama 3a Cmpykmypama Ha
¢hopamuHughepHUMe acoyuayuu, 0CHos8aHa Ha mpu muna
cmpykmypa Ha cmeHama (no Murray, 1991)

CboTHOWeEHMe MeXAy KONMYeCTBOTO HAa MNMAHKTOHHWUTE U
GeHTOCHUTE ek3eMNNIApU B NpoduTe

C yBennyaBaHeTO Ha AbnbouMHaTa Ce yBenu4yaBa
MPOLEHTHOTO MPUCBLCTBME HA MNAHKTOHHU EK3eMNNspu B
npobute. Pasbupa ce, MMa W3KMKOYEHUS - MHOTO LUMPOKUTE
WwendoBe W 3aTBOPEHUTE EMUKOHTUHEHTANHM MOpeTa Cce
XapaKTepuanpaT C HUCKO CbbpXKaHWe Ha NNaHKTOHHW (opMu,
He3aBMCMMO OT AbnbounHata. C HabnukaBaHe HUBOMO Ha
kapboHamHa  komneHcayust  (3500-4000 m) 3anoyBa

FOANIHNK Ha MurHo-2eonoxkus yHueepcumem “Ce. Mean Puncku”, mom 46 (2003), ceumnk I, FEQ/IOMNA Y TEOOU3NKA
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NOCTENEHHO pa3TBapsHEe Ha BCUMYKN BAPOBUTU YEPYynkK U noA
Te3n ObnboumnHm He ce cpeLaTt NNaHKTOHHU ek3eMnnApu.

WHpekc tau

BbBegeH e ot Gibson (1988) kato AbnboYMHEH MHAMKATOP
no pdaHHM oT MekcukaHckus 3ammB. Maumcnsiea ce no
topmynata

tau=b.%p (2)

kbOeTo b e 6poaT Ha bGeHTOCHUTE BMAOBE, a p — OposAT Ha
yepynkuTe OT MNAHKTOHHM WHOMBMAM BbB BCska npoba. C
yBenu4yaBaHe Ha AbnOOYMHATA Ce yBenu4yaBaT U CTONHOCTUTE
Ha fau.

TonepaHTHOCT Ha OTAENHUTE TAaKCOHM MO OTHOLIEHMe Ha
HAKOM napameTpu Ha cpeparta

OTpenHuTe TakCOHM MOKa3BaT pasnMyHa TONEpPaHTHOCT MO
OTHOLLEHWE Ha AbnbounHaTa, TemnepatypaTa, COMNEHOCTTa,
aepauusTa, CbAbPXaHMETO Ha KanuueB kapboHaT, xapakTepa
Ha cybcTparta, eHeprusiTa Ha cpegata. OT ronsMo 3HaueHue 3a
NaneoeKkoNOXKUTE MHTEPMNpPETaLMM Ca TAKCOHM C MUHMMAaIHa
TOMEPAHTHOCT KbM  M3MEHEHMsTa Ha  ropensbpoeHnTe
napameTpn Ha cpefata. [pu uHTepnpeTauusTa ce 13nonseart
[aHHM OT CbBPEMEHHW acoLMaLym, KakTo W Takuea, MonyyeHu
Npu ObNBOKOBOAHOTO COHAMpaHe B ATNaHTM4eckus, Tuxus u
WHauninckus okeaH.

Hanuuyue Ha AoMMHMpalLM BUAOBE Ha )OoHA HAa BUAOBOTO
pa3Hoobpasue

HannuneTo Ha CUNMHO LOMMHMPALL BMA Ha (hOHA Ha HUCKO
BMLOBO pa3HOODpasne e MHOMKALMS 3a CEepUO3HO U3MEHEHNE
Ha HAKOW OT napameTpuTe Ha cpefaTta U obpaTHo - nuncata
Ha TakMBa BMLOBE MpM BWUCOKO BMOOBO pa3HOODpasne e
yKasaHwe 3a cpefja CbC CTabuiHun napameTpu.

NMAPAMETPU

MapameTpute, 0BEKT Ha WHTepnpeTaLus B ronsma yact ot
nacneaBaHusaTa, ca: GaTUMeTpusi, Temnepatypa, CONEHOCT,
CbAbpXaHWe Ha pasTBOPEH KUCMOPOA, CbAbpXaHue Ha
kanuves kapOoHaT, eHeprusi Ha cpefaTa, XxapakTep Ha
cyberpara.

Batumetpus

batumeTpusiTa e Yact OT TPUM3MEPHOTO MPOCTPAHCTBO W
CBBP3aHNUTE C HEro NapaMeTpu Ha cpefaTta kato TemnepaTypa,
HansraHe, CBETINWHA, aepauusi, corneHocT W T. H. (Gibson,
1988). 3a wHTepnpeTMpaHeTO W Ce M3NON3BaT ropHata u
JornHaTta rpaHuuya Ha 6aTMMeTpUYHOTO PasnpoCTpaHWHUE Ha
CbBPEMEHHN (hOpaMUHUDEPHN POAOBE, aHANOMMYHU Ha Tesun
oT hocunHuTe acoupaumu. JbnbOYMHHOTO pasnpocTpaHeHue
Ha OTOenHuTe BWMOOBE € MokasaHo Ha ¢wmr. 3. lonama
CTOMHOCT ~MMaT TaKCOHWTE C TACHO  GaTUMETPUYHO
pasnpoCTpaHeHue.

Dentalina, Eponides, Fissurina, Lagena, Nodosaria, Palliolatella, Saccammina, Trochammina

Cassidella, Nonion

Discorbis, Fursenkoina, Guttulina, Nonionella, Trifarina

Bolivina, Bulimina, Cassidulina, Cibicides, Cibicidoides, Eggerella, G audryina, Globobulimina,
Globocassidulina, Gyroidinoides, Heterolepa, Marginulina, Melonis, N onionella, Planulina,
Quinqueloculina, Recurvoides, Reophax, Textularia, Trifarina, Triloculina, Uvigerina

Chilostomelloides, Hoeglundina, Lenticulina, Pullenia

Discorbis, Nummulites,
Pararotalia, Patelina

Allomormhina, Brizalina,Haplophragmoides, Ordorsalis

Bathysiphon, Cyclammina, Rhabdammina

Hormosina, Pleurostomella

6000

Queypa 3. Bamumempu4HO pa3npocmpaHeHUe Ha CbBPEMEHHU (hopamuHugepHu podose (no Ujetz, 1996)

TaKCOHOMMYHOTO pasHoobpasue Ha hopamuHUpepHIUTe
acoumaumn Cblo fAaBa MHGopmauus 3a BatumeTpusTa.
CroiHocTuTe Ha wumHgekca Ha Fisher ce yBenuuyaeatr ¢
yBenuyaBaHe Ha AbnbounHaTa. 3a BbHWHMS LWend Herosute
CTOMHOCTU ca 5-19, 3@ KOHTUHEHTaNHMS cknoH - 5-25 (Murray,
1991). Hait-ronsimo BuaoBo pasHoobpasne ce Habnwogaea B
BOIHWTE YacTU Ha KOHTUHeHTanHus cknoH (Murray, 1976).

B npAka 3aBUCUMOCT OT 6aTVIMeTpVI$|Ta € 1 CbOTHOLLEHMETO
MeXay NIaHKTOHHUTE U BeHTOCHUTE eKksemnnapn B np06|/|Te.

Cnopeg Murray (1976) BbTpewwHMAT Wend ce xapakrepusupa
C NpUCBCTBMETO Ha no-Manko oT 20%  NMaHKTOHHM
eK3eMnnspu, B CPeaHUTe YacTu Ha Lwenda ce ycTaHoBsBaT
10-60%, BbB BbHLLUHMA Wend - 40-70%, a B ropHUTE YacTu Ha
KOHTMHEHTaNHUs! cKnoH - Hapg 70%. Hail-Bucokn ctomHocTu ca
YCTAGHOBEHW B [OMHUTE YacTU Ha KOHTUHEHTarlHUs CKMOH
(okoro 90% - Boersma, 1983).

Gibson (1988) nmpepnara uHgekca tau kaTo AbnOOYMHEH
WHaMkaTop. Ha abnbounHa go 40 m cToiHoCcTMTE My Ca No-
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manku ot 100. Own6ountn B wuHTepsana 40-1000 m ce
Xapaktepuaupat cbC cToiHocTM Mmexay 100 u 1000, a Ha
pbnbounHa fo 2000 m - 1000-10 000.

Mo OTHOLWEHWEe Ha CTPyKTypaTa Ha CTeHaTa Ha
opamMuHUepHUTE  Yepynku  Cblo ce  Habniogasa
BatumeTpuyHa  3aBucumocT  (cpur.  4).  TlopuenaHoBuaHM
Yepynku ce CpeLiat no npasuio BbB BbTPELLHOWeNdoBaTa
obnacT. Kato uskntoueHne pogosete Pyrgo u Biloculinella ca
yCTaHoBeHN M Ha abucanHu gbnbounHn (Haynes, 1981). C
yBennyaBaHe Ha [ObnbounHaTa Ce yBennyaBa [denbT Ha
XvanvHHuTe opmn, B abucanHata obnact nog HWBOTO Ha
kapboHaTHa  KOMMEHCauuMs ca  MpeAcTaBeHn  camo
arnyTuHUpaHu hopmu.

CbCTaBbT Ha LUMMEHTa npu arnyTuHUpaHuTe hopamnHm-
cepn gaBa MHGopmauus 3a AbnbounHata Ha CeauMEHTo-
HaTpynBaHe NO OTHOLLEHWe HNBOTO Ha kapboHaTHa KoMneHca-
uus. Acoumauus, u3rpageHa OT arnyTuHMpaHn gopmu ¢
BapoBUT UMmMeHT (Gaudryina, Dorothia, ~Arenobulimina,
Textularia, Vulvulina, Remesella, Marssonella, Karreriella -
King et al., 1989) uHgukmpa cegumeHTOHaTpynBaHe Hag ToBa
HMBO, [OKATO acouMauus, CbCTosAWa Ce OT TaKCOHu C
HeBapoBUT  UuMeHT  (Bathysiphon, Glomospira, Haplo-
phragmoides, Ammosphaeroidina, Trochammina) e nokasaten
3a cpefa nofd HUBOTO Ha kapboHaTHa KoMMeHcaLus.

Mn Mn

A X 6 A

X 5
Queypa 4. Tpubeb/iHU Quagpamu 3a cmpykmypama Ha
ChBPEMEHHU (hopaMUHUEPHU acoyuayuu om pPasnuyHu
obcmaroeku (no Brasier, 1980);

1 - npecHu 800u; 2 — XUNOCanuUHHU fla2yHu;
3 — HopMasHOCOMeHU nazyHu U KapboHamHu nnamgpopmu;
4 — xunepcanuxHu nazyHu, 5 — wengosu Mopema;
6 — HopMasnHOConeHU 800U 0M KOHMUHEHMAITHUS CKITOH;
munoge yepynku: [1— nopuenaHoguoHu; X — XUanuHHU;

A — aenymuHupaHu

ArnyTuHupaHuTe hopamuHmndepy NPOMeHST MopdonorusaTa
CM C UW3MEHeHWe Ha [ObnbounHata. TexHute  Hai-
AbnbOKOBOAHM  NpefcTaBuTenu, obpasyBaly T.  Hap.
“Rhabdammina acouuauus’, ca ¢ npocta Mopdonorus
(Brower, 1965, BbB Winkler, 1984) - egHokamepHy,
TPLOOBUAHN (DParMEeHTH WM MHOTOKaMepHW efHOPESHM
(Bathysiphon, Rhizammina, Saccammina, Hyperammina,
Hormosina). BatwanHute arnyTuHUpaHu dopamuHudepm
nokaseaT Mo-ronsMo Mopgornoxko pasHoobpasve. U Tyk
AOMUHMPAT TaKCOHW C NMPOCTO YCTPOMCTBO, HO B acouuaumsTa
ce cpewat u TakmBa C aBypeaHa (Textularia), MHoropegHa
(Gaudryina, Dorothia), nnockocnupanta (Cribrostomoides,
Haplophragmoides), ~ koHwyHocnupanHa  (Trochammina,
Recurvoides), xetepomopHa uyepynka (Spiroplectammina,
Clavulinoides) (Berggren, 1984).

MMpu cBouTe U3cneaBaHWs BbpXy T. Hap. “conuwku Twn’
arnyTuHMpaHn  chopamuHudepu  OT  ropHONaneoLeHck1Te
ceaumeHT B CesepHo Mope Jones (1988) ycraHossiBa, ue
npomeHuTe B AbnboynHaTa 3acaraT He camo pa3mepa U
MopdonornsiTa Ha depynkata, HO U HelHWs uBaT. B Hai-
FOPHUTE YaCTU Ha KOHTUHEeHTanHus cknoH (200-500) ce
Habnogaeat (PUHO- [0 CPEegHOArNyTUHWUPAHW Yepyrnkn ChbeC
cpegHn pasvepu u  Osn ugar. C  yBennuaBaHe Ha
gbnboumHata  (500-1000 m) yepynkute cTaBaT  Mo-
rpyboarnyTuHipanu, a UBETHT UM € KadeHWKaBo-3eneH. Ha
abnboumHa 1000-1500 m ca ycTaHOBEHW TbMHO3EmNeHH,
CpesHo- 80 (hnHOarmyTUHUPaHN hOpMM.

HSIKOM XManuHHN TakCOHM CbLLO AEMOHCTPUPAT 3aBNCUMOCT
Ha Mopdonoxkute 6Genesn oT AbnbounHata. Poposete
Pullenia,  Bolivina, Bulimina, Chilostomelloides ca Hai-
TUMWYHUTE MPUMEPW B TOBA OTHOLLEHWE. benesute, TbpnsLm
W3MEHEHME, Ca pa3MepbT Ha Yepyrnkata W XapakTepbT Ha
OpHameHTaumusita.  Pog  Bolivina  w3rybea  cBosTa
OpPHaMeHTaLus C yBenu4yaBaHe Ha gbnbounHata, JoKaTo npu
pog Bulimina ce Habniogasa ToyHo obpatHoTo. U aBata poga
yBenu4yaeaT pasmepute Ha uepynkata cu (Bandy, 1960, B
Boltovskoy et al., 1991). C yBenuyaBaHe Ha AbnbounHaTa
npeactasutenute Ha pog Pullenia npugobueat no-u3gyTa
yepynka (Haynes, 1981), a Tesu Ha pog Chilostomelloides
ysenuyaeat pasmepute cu (Bandy, 1963). Poposete
Cibicidoides, Cibicides passuBaT orbHatM cyTypu (Bandy,
1960, B Ujetz, 1996).

Temnepatypa
TonepaHTHOCTTa ~ Ha  OTAENHM pogjose  CnpsiMO
TeMnepaTypHuTE NPOMEHM € nokasaHa Ha ur. 5.

TemnepaTypata oOka3Ba BNUSHWE BBPXY pasMepute W
MopdornoxkuTe ocobeHocTn Ha yepynkata (Boltovskoy et al.,
1991). TeHaeHUMsATa € C yBenuyaBaHe Ha Temneparypata ja
Ce yBenu4yasa W pasMepbT M MOPLO3HOCTTA Ha yepynkarta
(Frerichs et al., 1963, B Ujetz, 1996).

AcoumaLmm ¢ BUCOKO BUAOBO pasHoobpasue ca xapakTepHu 3a
BaceilHu c BUCOKa MOCTOsHHA Temnepatypa (Boggs, 1987, B
Ujetz, 1996).

FOANIHNK Ha MurHo-2eonoxkus yHueepcumem “Ce. Mean Puncku”, mom 46 (2003), ceumnk I, FEQ/IOMNA Y TEOOU3NKA
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HUCKM ymepeHu BUCOKU
TemnepaTtypu TemnepaTtypu TemnepaTtypu
s 1 N N

Bolivina, Nonion, Patellina, Planulina, Quinqueloculina,
Textularia, Trochammina

Bathysiphon, Cibicidoides, Hoeglundina, Hormosina,
Lenticulina, Melonis, Pullenia, Recurvoides, Uvigerina

Brizalina, Bulimina, Cassidulina, Eponides,
Globobulimina, Globocassidulina, Haplophragmoides,
Heterolepa, Reophax, Saccammina, Trifarina

Discorbis, Gaudryina, Triloculina

Nummulites, Pararotalia

Queypa 5. paHuyu Ha MoepaHMHOCM Ha CbBPEMEHHU
¢hopamuHuehepHU podoge N0 OMHOWEHUE Ha
memnepamypama (no Ujetz, 1996)

TemnepaTypata oka3Ba BAMSHUE U BbPXY CbAbPKaHWETO Ha
kanuues kapboHaT BbB BOAHWS CTbNO. HeroBoTo konm4yectso
Hamansea C MOHWKaBaHe Ha Temnepartypara. B Takasa
obcTaHoBKa Ce cpeLyat npeanMHO BapoBUTM (hopamuHudepu
¢ pebenocteHHa yepynka (Boltovskoy, Wright, 1976 B Ujetz,
1996). HanuuneTto Ha arnyTuHUpaHu opMi C rofieMmn Yepymki
W HACKO BMOOBO pasHoobpasve MHOMKMPA  MOCTOSHHA
Temnepatypa v cnaba LupKynauus Ha BogHute macu (Haynes,
1981).

ConeHoct

FonsIMOTO MHO3MHCTBO OT popamuHUdIepn € aganTupaHo
KbM YCMOBMS C HOpManiHa COneHocT — okomno 35%,, (Brasier,
1980). Pogose, cpelualiu ce B HOPManHOCONEHWN MOPCKI BOAN
ca Alabamina, Anomalinoides, Bathysiphon, Bolivina, Bulimina,
Chilostomelloides,  Cibicides,  Cibicidoides, ~Cyclammina,
Fursenkoina, Gaudryina, Globobulimina, Haplophragmoides,
Heterolepa, Lagena, Lenticulina, Nonion, Paliolatella, Pullenia,
Recurvoides, Reophax, Saccammina, Textularia,
Trochammina (Murray, 1991; Murray et al., 1989; Bolyovskoy
et al., 1991). Bolivina, Bulimina, Cibicides, Globobulimina,
Nonion ca TONMepaHTHM U KbM OOCTaHOBKM C MOHWKEHA
conenocT (Murray et al., 1989).

lMpUCHCTBMETO HA MNAHKTOHHU EK3EMNASAPW, KaKTO M
pebenocteHHn BapoBuTM hopMu B npobuTe Cblo e
WHAMKaTOp 3a HopmanHo conenu sogy (Boltovskoy, Wright,
1976, B Ujetz, 1996).

CorneHocTTa Ha BoaHUS BacelH Hamupa OTpaxeHne W BbB
BMAOBOTO pa3Hoobpasne Ha acoumauunte. CTOMHOCTM Ha a>5,
WHAMKMPAT HopManHa coneHocT (Murray, 1991). XunocanuHHm
W XUNepcanuHHM  ycroBusi 00YCNMaBsT —HUCKO — BMAOBO
pasHoobpasue (a<5 - Fig. 1).

JonbnHuTenHa wWHQopmauus 3a corneHocTTa [fasat
TPUbIBNHMTE  AuMarpamu.  [pu HOPMAnHOCONeHW  BOAW
[OMMHMPAT  hopaMMHUADEPU € XMamWHHA  Yepynka.
XunocarMHHata cpeda (<32%,) ce Xxapaktepusupa C
npeobriagaBaHe Ha armyTMHUPaHW (OpMK, a ykasaHue 3a

xunepcanuHHa obctaHoBka (>40°,,) € AOMMHMpalLaTa pons
Ha TaKCOHW C nopuenaHoBugHa uyepynka. Ha dwur. 5 ca
noKa3aHuW TPUBIbIHW Auarpamu, nokassallu CTpyKTypata Ha
acoumauum ot pa3nuiHu obcraHoskm (no Brasier, 1980).

HanuumneTo Ha arnyTuHupaHn (opammuHudepy ¢ HEBapOBUT
LMMeHT Moxe fa Obie ykasaHue 3a NnUTKOBOAHA 0bCTaHoBKa
C NOHWXKeHa conexoct (Haynes, 1981).

CbabpKaHMe Ha pa3TBOPEH KUCNOpoA

[lobpe aepupaHata cpega Ce xapaktepusupa C
pasHoobpasHa BapoBuTa (hopamuHudepHa dayHa (a>5) u
yepynku ¢ gebena creHa, ronemn pasmepu v gobpe passuTta
opHameHTauus (Murray, 1991; Boltovskoy, Wright, 1976, B
Ujetz, 1996). Bucoko cbabpkaHue Ha pasTBOPEH KUCHOpos ce
[0Ka3Ba W C HanMumMeTo Ha MHayHa. Hanpumep pofoBe kato
Lenticulina wn Vaginulinopsis ce xapaktepusupar CbC
CTPaHWYHO CrrecHaTa uYepynka, npuTexaBalla 3aoCTpeHa
nepucpepust (4ecto ¢ kun) M uUMmat cnocobHocTTa Aa
M3BbPLUBAT BEpTUKamHW JBUXKEHUS B Mekus U fobpe aepupaH
cybetpar. Cnopeg Kaminski et al. (1988) ygbnxeHute
€[JHOpESHN arnyTuHUpaH1 hopMm Ca TUMWYHM 3a MH(ayHaTa.
TakuBa uepynku npuTexasaT popoBe kaTto Hormosina,
Reophax, Subreophax. YobrmkeHu TpbOeCTM U pasKroHeHU
Yepynku MbK Ca XapakTepHW 3a npuKpeneHuTe opmu
(popoBete  Bathysiphon,  Rhizammina,  Dendrophrya).
OtcbeTBMETO Ha MHGbayHa Moxe fAa Obge uwHoukatop 3a
aHaepobHa cpepa. Acoumauuu, CblUecTByBalm B Aobpe
aepupaHa cpefa, Ce Xxapaktepusupat ¢ npeobrnagasaHe Ha
CepuyHM U newoBuaHM  hopMM, OOKaTO B TakwBa,
0bMTaBALLM HUCKOKUCIIOPOLHA, Cpeaa AOMUHMPAT YABIKEHMN 1
cnnecHatu yepynkm (Bernhard, 1986).

KonuuectBoTo Ha pasTBOpEHWs KUCIOPOA Moxe Aa 6bae
YCTAHOBEHO MO HanWuMeTo Ha onpegeneHu poaose B
acounaumsata. Taka Hanpumep poposeTe Bolivina, Bulimina,
Cyclammina, Haplophragmoides, Bathysiphon cbluecTByBaT B
cpefa C MOHWKEHO CbAbpXaHWe Ha Pa3TBOPEH KUCIOPOA
(Boltovskoy, Wright, 1976 B Ujetz, 1996).

HanuumeTo unu OTCLCTBUETO HA OpPHAMEHTALMS NPU HAKOU
POJOBE CbLLO € B 3aBUCUMOCT OT KUCIIOPOLHOTO ChbpXKaHue.
Hanpumep npucbCTBMETO HA OPHAMEHTUPAHW NPeaCTaBUTENM
Ha poposeTe Bulimina, Globobulimina, Chilostomelloides e
yKasaHue 3a Mamku KONMWYecTBa PasTBOPEH  KUCIOPOA.
®opamuHNcepHU  Yepynku € roniemMu  nopu  nokassat
ajanTaumMs  KbM  HuCKokucropogHa cpega  (Perez-Cruz,
Machain-Castillo, 1990).

BnaosoTo pasHoobpasve Cblio AaBa MHGopmauus 3a
KonuyecTBaTa Ha pasTBOpeHust kucropod.  Acouwauuw,
XapaKTepHM 3a cpefa C HWUCKO CbObpXaHWe Ha KUCropos,
MoKa3BaT HUCKO BMAOBO pa3Hoobpasve (a<7) ¢ 4OMWHMpaLLa
pons Ha 2-3 Buaa, kouTo cbeTaBnseaT Hag 80% oT obwms
Opoit exseMnnspu B NpobuTte.

CbabpKaHue Ha KanumeB KapOooHaTt

B cbBpemeHHUTE OKeaHW acouuauuuTe, M3rpageHu
NPeaUMHO OT armyTUHUPaHU opamuHUdeEpH, ca XapakTepHU
3a YCrOBMS Ha MOHWKEHA COMEeHOCT unK ObnbokoBOaHa,
HeHacuTeHa C KanuueB kapboHaT cpega (Haynes, 1981).
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Hannuneto Ha acouywauus oT BapoBuTW hopamuHudepn C
BMCOKO BMOOBO pasHoODpasne e YykasaHWe 3a BUCOKO
CbbpxXaHue Ha kanuweB kapboHat. Corliss  (1979)
npegnonara, Ye MoBULLEHATA Pa3TBOPUMOCTT Ha KanuMesus
kapboHaT Ha ronemu ObnGouMHM € npuuMHa  3a
npeobnafaBaHeTo Ha ek3eMMNSPU C Marku pasmepwu.

XapakTep Ha cybcTpaTa

BrinsiHneto Ha cybetpata Bbpxy Mopdonorusita Ha
yepynkute ce HabmogaBa Haii-gobpe mpu arnyTMHUPaHUTE
chopamuHmdepu 1 npu opMu, BoZeLM “3acefHan” HauuH Ha
xuBoT. CTpykTypata Ha CTeHaTta npu  arnyTWHUpaHWTe
thopamuHUdepu e MHOro xapaktepeH Gerner, AaBaly ykasaHue
3a xapakrepa Ha cybctpata. ®uHoarnyTuHWMpaHu opmu
WHAWKUpaT PUHOIBPHECT cybCTpaT M 06paTHO - NPUCHCTBUETO
Ha rpyGoarnyTMHMpaHW Yepynku MokasBa HamuumeTo Ha
rpybosbpHecTn cegumenTu (Hada, 1957 B Boltovskoy et al.,
1991). OT cBOSA cTpaHa pa3nuumsTa B CTPYKTYpaTa Ha CTeHaTa
BOAAT U O pasnnyns BbB hopmaTa Ha Yepynkara npu eauH u
by TakcoH (Boltovskoy et al., 1991).

MpUCHCTBMETO Ha MHpayHa - NELIOBUAHU UMN YObIKEHN
CTpaHMYHOCNNIECHaTU (hOpMU, € MHAMKATOp 3a Mek cybeTpar,
Mno3BOMsBaLL, Ha Te3n OpraHu3MM [a W3BbpLUBAT BepTUKanHu
OBWKEHWS B TbpCEHe Ha XpaHa. TuHeCcToaneBpuToBUTE
cybcTpaTit ca borat Ha OpraHUYHM YacTULUM W Ca aTpaKTUBHU
3a OeHTocHMTe hopamuHucepn. B TakmBa  ycrnosus
CblyecTByBaT ronemu nonynauun. B TAX  MHOrO  OT
€K3eMNIISpUTE Ca C TBHKOCTEHHA, KpexKa W yObiKeHa Yepynka
(Brasier, 1980). Tebpauar cybcTpaT OT CBOS CTpaHa ce
XapaktepusuMpa € Mo-mManku - nonynauuu, B KOWUTO
thopamuHUepHUTE YepynKkn ca No-gebenocTeHHn 1 No-CUIHO
OPHAMEHTMPaHM.

HanuuneTo Ha npukpensalLm ce (popMM ChLLO € ykasaHue 3a
T8bpA  cybetpat  (Murray, 1991). XapaktepHu popose
npukpeneHn  c¢opamuHucoepn ca  Planulina,  Patelina,
Textularia, Cibicides, Cibicidoides, Gaudryina, Heterolepa,
Bathysiphon. 3a KOHW4YHOCNMpanHuTe NpuUKpeneHu opmn e
XapakTepHa Nnocka unu nexo eambbHaTa cnupanHa cTpaxa.

Eneprus Ha cpepata

Wacregsavnsta Ha CbBpPEMEHHWUTE  arfyTMHUPaHM
copamuHmdepn OT T. Hap. “pnuwku tmMn” wm “A Tun” ot
ceBepo3anagHuTe YacTu Ha ATMaHTMYECKUst OKeaH Mokassar,
ye (hMHOarnmyTUHUPaHU Yepyrnku C Mapku pas3Mepu U Kpexka
KOHCTPYKLMSI Ca XapaKTepHW 3a cpeda C HUCKA eHeprus W
uHo3bpHecT  cybetpatr.  ObpatHo,  rpyboarnyTuHUpaHu
opMM C KOMMAKTHa Yepynka ce cpeljat B 0DCTAHOBKM C
Bucoka eHeprus (Schroeder, 1986, B Jones, 1988). Jones
(1988) wusnonsysa TO3M MOAEN MNpWM Maneoekonoxkara
WHTEPNpETaLMs Ha  acouuauuMte  OT  arnyTUHUPaHU
opamuHUep OT  FOPHOMANEOLEHCKUTE CEAUMEHTU B
CeBepHo Mope. Pesynrtatute nokasear, ye
cuHoarnyTMHMpaHu dopmn ¢ Manku pasmepu (Rzehakina,
Rhizammina) ca xapakTepHu 3a HUCKOEHEpruitHa cpeaa, KosiTo
B TO3U Cny4yan e ycraHoBeHa Ha gbn6ounmHa 1000-1500 m.
lpyboarnyTvHMpaHm  ¢opMM € KOMMAKTHA  Yepyrka
(Recurvoides, Psammosphaera, Bathysiphon, Hyperammina)
ca ycraHoBeHn Ha gbnbounHa 500-1000 m w Te nmokassar
HamnM4YMeTO Ha BUCOKOEHEPIUIHA cpeal.

BnaoBsoTo pasHoobpasne Cblio € MHAMKATOp 3a eHeprusaTa
Ha cpegaTa. HanmuumeTo Ha BMCOKO BMZOBO pasHoobpasue e
ykasaHne 3a [ObnbokoBogHa cpefa CbC CTabunHa Hucka
eHeprua (Murray, 1979).

3AKITIOYEHNE

lpeAcTaBeHUTe  KpUTEPUM, KaKTO U Bb3MOXHUTE
WHTEpPNpETaLMM Ha napameTpuTe Ha Cpedata nokaseat, ye
Mankute 6EHTOCHM dhopamuHMEpPN NpUTEXaBaT 3HaYUTENEH
MOTEHLMan 3a NaneoekomnoXka MHTEPNPEeTaLms Ha JaHHUTe OT
aHanu3a Ha TaKCOHOMMYHMS CbCTaB W CTpyKTypaTa Ha
thopammH1depHM acouuaumm. 3HaveHmneTo Ha
WHTEpNpeTaLMMTe  Ce  yBEenM4YaBa  3HAUMTENHO  Mpu
WHTErpuUpaHe C NaneoekonoXku [aHHW OT ApYyrn Trpynu
OEHTOCHM  OpraHu3mu,  WXHOOCUIM, KaKTO U CbC
CeANMEHTONOXKM  aHanu3W, OaHHW OT CeKBEeHTHaTa W
cuOuTuitHaTa cTpaturpagms, aumanHms  aHanus,
FeOXUMUYHU N MUHEPANOXKN OaHHK.

lMpenctaBeHUTE TyK BB3MOXHOCTW 3@ Naneoekoroxka
WHTEpNpeTauus Ce HaTbKBAT Ha M3BECTHWU OrpaHuyeHus: 1)
npeuusHocTTa  Ha  MHTEpnpeTauusta  Hamansea C
YBENMYABAHETO Ha [AWCTaHUMATa BbB BPEMETO Mopagu
HamansiBaHe Ha CXOACTBOTO BbB BWAOBUS CbCTaB MEXIY
CbBPEMEHHUTE W (POCUNHUTE acouuaLum; 2) M3NON3BaHETO Ha
136pOEHMTE MO-TOPe KPUTEPUW Ce OCHOBABA Ha KONMYECTBEHU
MEeToaW, a Te Ca HEenpunoXuMM npu  u3criedBaHe Ha
thbopammHMdepHN acoLmaLn B AHOHLWNNGN.

NUTEPATYPA

Bandy, O. L., 1963. Larger living foraminifera of the continental
boarderland of southern California.- Cush. Found. For.
Res., 14,121-126.

Berggren, W. A., 1984. Cenozoic Deep Water Benthic
Foraminifera: a review of major developments since
Benthonics'75.- In: Qertli, H. J., (ed.), Benthos’83, Second
International Symposium on Benthic Foraminifera (Pau,
1983), 41-43.

Bernhard, J. M., 1986. Characteristic assemblages and
morphotypes of benthic foraminifera from anoxic, organic-
rich deposits: Jurassic to Holocene.- J. For. Res., 16, 3,
207-215.

Boersma, A., 1983. Foraminifera.- In: Haq, B. U., A. Boersma
(eds.), Introduction to Marine Micropaleontology, Elsevier
Biomedical, 19-78.

Boltovskoy, E., D. B. Scott, F. S. Medioli, 1991. Morphological
variations of benthonic foraminiferal tests in respons to
changes ecological parameters: a review.- J. Paleont., 65,
2,175-184.

Brasier, M., 1980. Microfossils. George Allen&Unwin, 193 p.

Corliss, B. H., 1979. Response of deep-sea benthonic
foraminifera to development of the psychrosphere near the
Eocene/Ologocene boundary.- Nature, 282, 63-65.

Gibson, T. G., 1988. Assemblage characteristics of modern
benthic foraminifera and application to environmental

FOANIHNK Ha MurHo-2eonoxkus yHueepcumem “Ce. Mean Puncku”, mom 46 (2003), ceumnk I, FEQ/IOMNA Y TEOOU3NKA

5



interpretation of Cenozoic deposits of Eastern North
America.- Rev. Paleobiol., col. spec., 2, TT7-787.

Haynes, J. R., 1981. Foraminifera. Macimilian Publishers Ltd.
London, 433p.

Jones, G. D., 1988. A Paleoecological Model of Late
Paleocene “Flysh-Type” Agglutinated Foraminifera Using
the Paleoslope Transect Approach, Viking Graben, North
Sea.- Abh. Geol. Bundesanstalt, 41, 143-153.

Kaminski, M. A., F. W. Gradstein, W. A. Berggren, S. Geroch,
J. P. Beckman, 1988. Flys-type agglutinated foraminiferal
assemblages from Trinidad.- In: Rogl, F., F. M. Gradstein
(eds.), Second Workshop on Agglutinated Foraminifera,
Viena, 1986. Abh. Geol. Bundesanstalt, 41, 155-227.

King, C., H. W. Bailey, C. Burton, D. King, 1989. Cretaceous of
the North Sea.- In: Jenkins, D. G., J. W. Murray (eds.),
Stratigraphical Atlas of Fossil Foraminifera, British
Micropaleontological Society Series, 372-418.

Loeblich, A. R., H. Tappan, 1964. Sarcodina, chiefly
“Thecamoebians” and Foraminifera.- In: Treatise on
invertebrate paleontology: Prosita 2, C, 1-900.

Loeblich, A. Jr., H. Tappan, 1988. Foraminiferal genera and
their classification. New York, Van Nostrand Reinhold C.
970p.

Mpenopbyana 3a nybnukysaHe om
kamedpa “Teonoaus u naneormonoaus’, [TIP

Murray, J. W., 1976. A method of determining proximity of
marginal seas to an ocean.- Mar. Geol., 22, 103-119.

Murray, J. W., 1991. Ecology and Paleoecology of Benthic
Foraminifera. Longman Scientific&Technical., 397p.

Murray, J. W., D. Curry, J. R. Haynes, C. King, 1989.
Paleogene.- In: Jenkins, D. G., J. W. Murray (eds.),
Stratigraphical Atlas of Fossil Foraminifera, British
Micropaleontological Society Series, 490-536.

Perez-Cruz, L. L., M. L. Machain-Castillo, 1990. Benthic
foraminifera of the oxygen minimum zone, continental shelf
of the gulf of Tehuantepec, Mexico.- J. For. Res., 20, 4,
312-325.

Ujetz, B., 1996. Micropaleontology of Paleogene deep water
sediments, Haute-Savoi, France.- Publ. Dep. Geol.
paleontol. Univ. Geneve, 22, 149p.

Winkler, W., 1984. Rhabdammina-fauna: What relation to
turbidites? Evidence from the Gurnigel-Schlieren Flysh.- In:
Oertli, H. J., (ed.), Benthos’83, Second International
Symposium on Benthic Foraminifera (Pau, 1983), 611-617.

Wright, C. A., 1972. Foraminiferids from the London Clay at
Lower Swanwick and their paleoecological interpretation.-
Proc. Geol. Ass., 83, 3, 337-348.



Bonyes 5. OTHOCHO NOTEHLMAIIA HA MAJIKUTE BEHTOCHU ...

ON THE POTENTIAL OF SMALL BENTHIC FORAMINIFERA AS PALEOECOLOGICAL
INDICATORS: RECENT ADVANCES
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ABSTRACT

The present article aims to introduce some of the possible ways of paleoecological interpretation of data obtained from the study of foraminiferal assemblages. Six
criteria are first infroduced in Bulgaria: diversity index o (Fisher-index), triangular plot for the foraminiferal assemblage structure (based on three types wall texture -
agglutinated, porcelaneous, hyaline), planktic/benthic ratio, tau-index as bathymetrical indicator, the tolerance of the taxa (mainly at generic level) with respect to some
environmental parameters (bathymetry, temperature, salinity levels, calcium carbonate availability, dissolved oxygen levels, substrate conditions, water energy),
occurrence of dominant species in relation to species diversity.

Key words: benthic foraminifera, paleoecological interpretation, criteria, parameters.

INTRODUCTION

During the last four decades foraminifers have turned into
one of the most useful groups for ancient sea environment
interpretation. With the renewal of the foraminiferal fauna
during the Paleogene, Tethyan assemblages have closer
approximation to modern ones (mainly at generic level), which
allows applying the recent distribution patterns for
reconstruction of paleoenvironmental parameters from distant
time intervals. The interpretations will be more precise if
analogues are made between forms at the lower taxonomical
level. However, this possibility decreases as the time distance
increases because of the decrease of the resemblance
between the species composition of modern and fossil
assemblages.

The recent advances in paleoecological investigations of
foraminiferal assemblages made us reassess the significance
of small benthic foraminifera in Bulgarian micropaleontology
and direct the investigations in a palececological apect,
because till now in Bulgaria this group has been used for
biostratigraphical and taxonomical purposes only. The present
article aims to introduce some of the possible ways of
paleoecological interpretation of data obtained from the study
of taxonomical composition and structure of small benthic
foraminiferal assemblages. Six criteria are first introduced in
Bulgaria.

Diversity index was introduced by Fisher et al. (1943, in
Murray, 1991). It takes in account the number of species among
a certain number of specimens:

a=n;x (1)

where x is a constant having values <1, n/=N(1-x), N being the
number of individuals. To facilitate the calculations the graph
shown on Fig. 1 is usually used. Low values of & suggest some
deviation from the norm of some of the paleoenvironmental
parameters. It has to be borne in mind the fact that the species
diversity in fossil assemblages could be influenced by
taphonomical factors.

Triangular Plot for the Foraminiferal Assemblage Structure

It is based on three types wall textures: agglutinated,
porcellaneous and hyaline, corresponding with three suborders
- Textulariina, Miliolina, Rotaliina from the Loeblich&Tappan'’s
(1964) classification. In  the revised classification
(Loeblich&Tappan, 1988) suborder Rotaliina was divided into
four suborders - Spirilinina, Lagenina, Robertinina, Rotaliina
(Fig. 2);

Planktic/Benthic Ratio
With the increase of the depth the percent abundance of
planktic individuals in the samples increases. However there
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Figure 1. Graph illustrating the calculation of the diversity index
o (after Wright, 1972)

porcelaneous

Miliolina

hyaline
Spirilinina agglutinated
Lagenina
Robertinina Textulariina
Rotaliina

Figure 2. Triangular plot about foraminiferal assemblage
structure based on three types wall texture (after Murray,
1991)

Tau-index

It was introduced as bathymetrical indicator by Gibson
(1988) based on data obtained from the Gulf of Mexico. It
could be calculated using the formula:

tau=b. %p (2)

where b is the number of benthic species, and p — the number
of planktic individuals in a sample. With the increase of the
depth the values of fau increase.

Tolerance of the Taxa with Respect to Some

Environmental Parameters

Particular taxa demonstrate different tolerance of depth,
temperature, salinity, aeration, calcium carbonate and silica

availability, water energy, substrate conditions. Of grate
importance are taxa with minimal tolerance of changes in the
above mentioned parameters. Data from modern
assemblages, as well as data, obtained during the deep sea
drilling in the Atlantic, Pacific and Indian Ocean are used in the
interpretations.

Occurrence of Dominant Species in Relation to Species
Diversity

The availability of strong dominance of some
species in relation to low species diversity suggests
deviation from the norm of some of the parameters.
The absence of dominant species in relation to high
species diversity indicates stable environmental
parameters.

PARAMETERS

The parameters that are interpreted in the majority of the
investigations are bathymetry, temperature, salinity levels,
dissolved oxygen levels, calcium carbonate availability, water
energy, substrate conditions.

Bathymetry

Bathymetry is a part of three dimensional space and the
parameters related with it — temperature, pressure, light,
salinity, etc. (Gibson, 1988). Its interpretation is based on the
comparison of upper and lower tolerance depth limits of
modern foraminiferal genera, analogous to fossil ones. The
depth limits of particular genera are shown on Fig. 3. Of grate
importance are taxa showing narrow bathymetrical range.

Species diversity is also informative for bathymetry. The
values of Fisher-index increase as the depth increases. Outer
shelf is characterized by a=5-19, the slope — by a=5-25. The
highest values of & demonstrates the lowermost slope (Murray,
1976).

Planktic/benthic (P/B) ratio depends also on the depth.
According to Murray (1976) inner shelf is characterized by up
to 20% planktic individuals, the middle shelf - 10-60 %, the
outer shelf — 40-70%, and the upper slope - >70%. The highest
values are established in the lowermost slope (about 90% -
Boersma, 1983).

Gibson (1988) introduced fau-index as bathymetrical
indicator. Depths up to 40 m are characterized by tau <100,
depths between 40 and 1000 m are marked by values between
100-1000, and depths up to 2000 m — by values between
1000-10000.

Wall texture of the foraminiferal tests is connected with the
bathymetry (Fig. 4). Porcelaneous tests as a rule are typical for
the inner shelf. As an exception the genera Pyrgo and
Biloculinella have been established in abyssal depths (Haynes,
1981). The percent abundance of hyaline forms increase as
the depth increases. In the abyssal depths below the CCD only
agglutinated forms are presented.
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Dentalina, Eponides, Fissurina, Lagena, Nodosaria, Palliolatella, Saccammina, Trochammina

Cassidella, Nonion

Discorbis, Fursenkoina, Guttulina, Nonionella, Trifarina

Bolivina, Bulimina, Cassidulina, Cibicides, Cibicidoides, Eggerella, G audryina, G lobobulimina,
Globocassidulina, Gyroidinoides, Heterolepa, Marginulina, Melonis, N onionella, Planulina,
Quinqueloculina, Recurvoides, Reophax, Textularia, Trifarina, Triloculina, Uvigerina

Chilostomelloides, Hoeglundina, Lenticulina, Pullenia

Discorbis, Nummulites,

pararotalia, Patelina Allomomhina, Bnizalina,Haplophragmoides, Oridorsalis

Bathysiphon, Cyclammina, Rhabdammina
Hormosina, Pleurostomella

6000

Figure 3. Bathymetrical distribution of modern foraminiferal genera (after Ujetz, 1996)

P P 5 - shelf seas; 6 - normal marine continental slope waters;
types of tests: P - porcelaneous; X - hyaline; A - agglutinated

The composition of the cement of agglutinated foraminifers
indicates the deposition depth in relation to CCD. Assemblages
composed of agglutinants with calcareous cement (Gaudryina,
Dorothia, Arenobulimina, Textularia, Vulvulina, Remesella,
Marssonella, Karreriella - King et al., 1989) indicates deposition
above CCD, while assemblage comprised of taxa with
noncalcareous cement (Bathysiphon, Glomospira,
Haplophragmoides, Ammosphaeroidina, Trochammina) is a
marker for sedimentation below CCD.

Agglutinated foraminifers change their test morphology with
the depth changes. Their most deep-water representatives,
comprising the so called “Rhabdammina-fauna” show simple
test morphology (Brower, 1965, in Winkler, 1984) — unicellular,
tube-like fragments, or multicellular uniserial (Bathysiphon,
Rhizammina, ~Saccammina, Hyperammina, Hormosina).
Bathyal agglutinants demonstrate higher morphological
diversity. The assemblage is dominated by taxa with simple
morphology, but there could be observed forms with biserial
(Textularia), multiserial (Gaudryina, Dorothia), planispiral

(Cribrostomoides, Haplophragmoides), trochospiral
(Trochammina, Recurvoides), heteromorphous
(Spiroplectammina, Clavulinoides) tests (Berggren, 1984).

During the investigations on the so-called “flysh-type”
agglutinated foraminifera from the Paleocene of the North Sea,
Jones (1988) established that the depth changes influence not
only the test size and morphology, but the test colour. In the

Figure 4. Triangular plots showing living foraminiferal uppermost slope (200-500 m) finely to middle agglutinated
assemb/age structures from different environments middle sized white tests were observed. With the increase of
(after Brasier, 1980) the depth (500-1000 m) the tests become more coarsely

lagoons and carbonate platforms; 4 - hypersaline lagoons;
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depths between 1000 and 1500 m middle to finely
agglutinated, small-sized, dark green forms were established.

The morphology of some hyaline genera also demonstrate
dependance on the depth. Typical examples are Pullenia,
Bolivina, Bulimina, Chilostomelloides. The most changeable
features are the test size and the oramentation. Bolivina loses
its ornamentation as the depth increases, while Bulimina
become more ornamented. Both genera increase their test size
(Bandy, 1960, in Boltovskoy et al., 1991). With the increase of
the depth the degree of inflation of Pullenia increases (Haynes,
1981),while Chilostomelloides increases its test size (Bandy,
1963). Cibicidoides, Cibicides develop inflected sutures
(Bandy, 1960, in Ujetz, 1996).

Temperature
The tolerance of selected taxa of the changes of
temperature is shown on Fig. 5 .

Cold Temperate

Bolivina, Nonion, Patellina, Planulina, Quinqueloculina,
Textularia, Trochammina

Bathysiphon, Cibicidoides, Hoeglundina, Hormosina,
Lenticulina, Melonis, Pullenia, Recurvoides, Uvigerina

Brizalina, Bulimina, Cassidulina, Eponides,
Globobulimina, Globocassidulina, Haplophragmoides,
Heterolepa, Reophax, Saccammina, Trifarina

Discorbis, Gaudryina, Triloculina

Nummulites, Pararotalia

Figure 5. Distribution of living foraminiferal genera according to
temperature (after Ujetz, 1996)

Temperature influences the test size and test morphology
(Boltovskoy et al., 1991). The trends are towards an increase
of the test size and the test porosity with the increase of
temperature (Frerichs et al., 1963, in Ujetz, 1996).

Assemblages with high species diversity are typical for
basins with constant high temperature (Boggs, 1987, in Ujetz,
1996).

Temperature influences also calcium carbonate availability
in the water column. It values decrease as the temperature
decreases. Such an environment is characterized mainly by
calcareous thick-walled foraminifers (Boltovskoy, Wright, 1976
B Ujetz, 1996). The presence of large-sized agglutinants and
low species diversity indicates constant temperature and
stagnant water conditions (Haynes, 1981).

Salinity Levels

The vast majority of foraminifers is adapted to normal marine
conditions — about 35%, (Brasier, 1980). Genera flourishing in
normalsalihe waters are the following: Alabamina,
Anomalinoides, Bathysiphon, Bolivina, Bulimina,

Chilostomelloides,  Cibicides,  Cibicidoides, Cyclammina,
Fursenkoina, Gaudryina, Globobulimina, Haplophragmoides,
Heterolepa, Lagena, Lenticulina, Nonion, Paliolatella, Pullenia,
Recurvoides, Reophax, Saccammina, Textularia,
Trochammina (Bolyovskoy et al., 1991; Murray, 1991; Murray
et al., 1989). Bolivina, Bulimina, Cibicides, Globobulimina,
Nonion are tolerant of both normalsaline and hyposaline
environments (Murray et al., 1989).

The presence of planktic individuals as well as thick-walled
calcareous forms in the samples also indicates normal marine
environment (Boltovskoy, Wright, 1976, in Ujetz, 1996).

Salinity levels influence the species diversity. Values of a>5
suggest normal salinity (Murray, 1991). Hyposaline and
hypersaline conditions are marked by low species diversity
(a<5 - Fig. 1).

Additional data about the salinity provide triangular plots.
Normal marine environments are dominated by hyaline-test
foraminifers. Hyposaline realms (<32%,) are marked by
abundant agglutinants, while hypersaline ones (>40°,) — by
abundant porcelaneous tests. On Fig. 5 are shown triangular
plots demonstrating assemblage structures from different
environments (after Brasier, 1980).

The presence of agglutinated forms with noncalcareous
cement could suggests shallow-water environment with low
salinity (Haynes, 1981).

Dissolved Oxygen Levels

Well aerated environment is characterized by diverse
calcareous foraminiferal fauna (a>5), thick-walled large-sized
and ornamented tests (Murray, 1991; Boltovskoy, Wright,
1976, in Ujetz, 1996). High oxygenated realm is also marked
by the presence of infauna. For example genera like
Lenticulina and  Vaginulinopsis are characterized by
compressed tests with angulate periphery (often keeled) which
are adapted to ‘“slice” through well aerated substrate.
According to Kaminski et al. (1988) elongate uniserial
agglutinants are typical for the infauna. Such tests have genera
like Hormosina, Reophax, Subreophax. Elongate tube-like and
branched tests are characteristic for attached forms
(Bathysiphon, Rhizammina, Dendrophrya). The absence of
infauna could indicate anaerobic environment. Assemblages
flourishing in well aerated realm are characterized by spherical
and lenticular forms while low oxygenated realm are dominated
by elongate and flattened forms (Bernhard, 1986).

The dissolved oxygen level could be established by the
presence of definite genera in the assemblage. For example
Bolivina, ~ Bulimina, ~ Cyclammina, ~ Haplophragmoides,
Bathysiphon  flourish in  low oxygenated environment
(Boltovskoy, Wright, 1976 in Ujetz, 1996).

The presence or absence of ornamentation is also
influenced by the oxygen levels. For example the presence of
ornamented individuals of Bulimina,  Globobulimina,
Chilostomelloides suggests low dissolve oxygen levels.
Foraminiferal tests with large-sized pores are adapted to low
oxygenated environment (Perez-Cruz, Machain-Castillo, 1990).
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Species diversity is also informative for the dissolved oxygen
levels. Assemblages, characteristic for low oxygenated
environment demonstrate low species diversity (a<7) and they
are dominated by 2-3 species comprising over 80% of the total
number of individuals in the samples.

Calcium carbonate Availability

In recent seas assemblages dominantly composed of
agglutinated foraminifers are characteristic of low salinity levels
or deep-sea bottoms undersaturated in calcium carbonate
(Haynes, 1981). The occurrence of microfaunas comprised of
calcareous forms and characterized by high species diversity
indicates high level of calcium carbonate-availability. Corliss
(1979) suggested that the high solubility of calcium carbonate
at great depths is one of the reasons responsible for the
prevalence of small-sized specimens.

Substrate conditions

The influence of substrate on the test morphology is
particularly important in agglutinated and sedentary forms. The
wall texture in agglutinated foraminifers is characteristic feature
for the substrate conditions. Finely agglutinated forms indicate
fine grained substrate, while the coarsely agglutinated tests are
typical for coarse grained sediments (Hada, 1957 B Boltovskoy
et al., 1991). The differences in wall texture lead to differences
in the test-shape in one and the same taxon (Boltovskoy et al.,
1991).

The occurrence of infauna - lenticular or elongate
compressed forms indicates a soft substrate allowing these
forms to “slice” through sediment to obtain nutrients. Silty and
muddy substrates are rich in organic debris and therefore
attractive to foraminifers. Such conditions support large
populations. Many of their species are thin-walled, delicate and
elongate forms (Brasier, 1980). The hard substrate support
sparcer populations and foraminifers from these conditions are
thick-walled and heavily ornamented.

The occurrence of attached forms also suggests hard
substrate (Murray, 1991). Characteristic genera of attached
foraminifers are Planulina, Patelina, Textularia, Cibicides,
Cibicidoides, Gaudryina, ~ Heterolepa,  Bathysiphon.
Trochospiral attached forms have flat or slightly concave spiral
side.

Water Energy

The study of modern agglutinated foraminifers of the so-
called “flyh-type” or “A-type” from the Northwestern Atlantic
showed that finely agglutinated small-sized and delicate tests
are characteristic for low energy conditions and fine grained
substrate. Conversely, coarse grained robust forms occur in
high energy conditions (Schroeder, 1986, B Jones, 1988).
Jones (1988) used this pattern in the paleoecological
interpretation of the Upper Paleocene agglutinated
assemblages from the North Sea. The results revealed that
finely agglutinated small-sized forms (Rzehakina, Rhizammina)
are characteristic for low energy conditions, which in this case
were established at 1000-1500 m depth. Coarsely agglutinated
robust forms (Recurvoides, Psammosphaera, Bathysiphon,

Hyperammina) were established at 500-1000 m depth and they
indicate highly energy environment.

Species diversity is another one indicator for the water
energy. The occurrence of high species diversity suggests
deep-water environment with stable low energy (Murray,
1979).

CONCLUSIONS

The presentation of the criteria and the possible ways of
interpretation of the environmental parameters showed that
small benthic foraminifera have considerable potential for
paleoecological interpretation of data obtained from the study
of the taxonomical composition and structure of foraminiferal
assemblages. The significance of the interpretations increases
in case of integration with paleoecological data from other
groups benthic organisms, ichnofossils, as well as data from
sequence and event stratigraphy, facies analysis, geochemical
and mineralogical data.

The possible ways of paleoecological interpretations
introduced in the present article come across some restrictions:
1) the precision of the interpretations decreases as the time
distance increases because of the decrease of the
resemblance between the species composition of modern and
fossil assemblages; 2) the above mentioned criteria are based
on quantitative methods which are not applicable in
foraminiferal investigations in thin sections.
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