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OTCyTCTBHE CHCTEMHOTO M SKOJOTMYECKH PalMOHAIBHOTO MOAXoAa Mpu 3KcIutyatauun Oyxt Cesa-
cromnoJibckoro peruoHa (0yxt Kpyrioit u Ka3zaubeii) nmpuBesio K 3HAUUTEBHOMY MX 3arpsi3HEHUIO.
KomOuHanus psijia eCTeCTBEHHBIX M aHTPOIOTEHHBIX (PaKTOPOB OOYCIIOBHJIA YXYAIICHHUE YCIOBHUIA
CYIIECTBOBaHUS OSHTOCHBIX cooOmecTB. Llenbio naHHOW paGoThl OBIJIO MPOBECTU KOMILIEKCHBIE HC-
crnenoBanus 3kocucteM OyxT Kpyrmoit m Kazaubeil 1 m3ydeHuss ocoOeHHOCTel (popMHUpOBaHUS
OKHCJIUTENIbHO-BOCCTAHOBUTEBHBIX YCIOBUI B JIOHHBIX OTIOKEHUAX U NMPUIOHHOM CJIOE BOJ, a TaK-
e MX BIMSIHUS HA XapaKTepUCTUKU Makpo3ooOeHToca. [IpoObl JOHHBIX OTIOXEHHHA OTOMpa BOJO-
Ja3 TpyOKaMu M3 OPICTEKa, FEPMETUYHO 3aKPhIBAEMBIMHU CBEPXY M CHH3Y, UTO IMO3BOJIMJIO COXpa-
HHUTb TOHKYIO CTPYKTYPY JOHHBIX OTJIOKEHHMH W MPUAOHHOTO Closi BoA. sl u3ydeHusi OEHTOCHBIX
COOOILECTB B 3TOM K€ MeCTe OTOMpav MpoObl ¢ MOMOIIBI0 PyYHOro mpodooTdopHuKa. st moiy-
YEeHNs XMMAYECKOTO COCTaBa IMOPOBHIX BOJ C BEICOKAM BEPTHUKAIBHBIM pa3pelleHHEM UCIIOIb30BaIN
MOJIApOrpapuecKrii MeTo, aHaIM3a. Pacuér noToka KMCIopoJa Ha TPAHULIE ¥ B BEPXHEN YaCTH JIOH-
HBIX OTJIOKEHUI BBIMOJHSIIN 11O JaHHBIM BEPTUKAIBHOTO PO KOHLEHTPAIMY KUCIOpoJa B Opo-
BBIX BOAaX M FEOXMMHMUYECKOIO aHaJIN3a, UCHOIb3ys ypaBHEHUE i epBoro 3akoHa Puka ¢ yyétom
rpagueHTa KOHIIEHTpaluil U MOJIeKyJIsIpHO# Anddy3un Kuciopoja B MOPOBBIX Bojaax. s aHamm3a
OEHTOCHOTO MaTepHaa MPUMEHSUIN CTaHJapTHBIE ruapoduoornyeckue Metoapl. [Ipu pacuére 3Haue-
HUI nHIeKca pazHooOpasus llenHona (H’) MCTONBb30BaIM JIOraprdM 10 OCHOBAHHIO 2. AHAIIU3 TIO-
JIy4eHHBIX JaHHBIX MOKAa3aJjl, YTO BHICOKMI YPOBEHb aHTPOIOI€HHOIO BO3JEWUCTBUSA M OrpaHWYEHHAs
JUHAMMKa BOJ MPUBENM K 3aWJIMBAHUIO JOHHBIX OTJIOXEHUH HCCIEOyEMBIX aKBaTOPHM, YTO 3aTpy.-
HSUIO TIOCTYIUIEHHE KUCIOPOJa B HUX, & HAKOIUIEHHE B OCAaJKaX OPraHMYeCcKoro yriaepoja o0yclIoBu-
JI1 aKTUBHOE ero pacxonoBanue. Ctparudukanys BOAHON TOJIIM 32 CYET OrPAaHUIEHHOTO BOAOOO-
MEHa, BBICOKasl TeMIepaTypa MPUIOHHOIO CJIOsI BOJ, COMPOBOK/JIAM0IIAsACA CHUKEHUEM PAaCTBOPUMO-
CTH KUCJIOPO/IA, U MEJIKOIMCTIEPCHBIHA XapaKTep JOHHBIX OTJIOKEHHUH CrIOCOOCTBOBAIM TOMY, YTO CKO-
POCTb MOCTYIUIEHHsI KMCIOpoza Oblla MEHBIIE CKOPOCTH €ro HOTpeOJIeHUs] Ha OKMCJIEHUE OpraHu-
YECKOTO BEIECTBA; 3TO COMPOBOXKAANIOCh Pa3BUTHUEM 30H JAe(UIUTA KUCIOpOJa U MOSBIEHUEM BOC-
CTAQHOBJIEHHBIX COEJMHEHUH, B YaCTHOCTH cepoBopopoja. OTMEUYEHO, YTO B BEPXHEM CJIOE JJOHHBIX
OTJIOXEeHUH Tpeodiaaany cyOKUCIOPOAHbIE YCIOBUS, HIKE — aHa9poOHblE. TO MPHUBEJIO K TOMY,
YTO OCHOBHBIMU (hOPMaMH MaKpo3000EHTOCA SIBJISUTCH BUIIBI, TOJEPAHTHBIE K AeUIIUTY KUCIOPO-
Ja ¥ K 3arpsI3HCHUI0 OPTaHMYECKMMU BelllecTBaMu. Tak, Ha HEKOTOPBIX ydacTKax OyxThl Kazaubeit
MPUCYTCTBOBAIN TOJIBKO MOJMMXETHl. [Ipy 3TOM OTMeYeHo, YTo B pafioHe BhIxona u3 OyxTel Kpyr-
JIOWl MHTEHCHBHAS JIMHAMUKA BOJ M MOP(MOJIOrHYecKre 0COOSHHOCTH JHA CIIOCOOCTBYIOT HACHIIIE-
HUIO BEPXHETO CJIOS OTIOKEHUH KuciaopogoM. Ha ocHOBaHMM JaHHBIX O KOHLEHTPAlMX KUCJIOpOAa
B noBepxXHOCTHOM (0—5 MM) cioe ocasika (B MOPOBBIX BOAAX), a TAKXKE JAHHBIX O TEOXMMUYECKUX Xa-
paKkTepUCTHKaX (BIAXHOCTb, IOPUCTOCTH) AOHHBIX OTVIOKEHUI pacCUMTaH MOTOK KHUCJIOpOAa Ha cT. 4
(6yxta Conénas); ero BenmmuuHa coctapuna 0,73 M-m~2-rog~!. TIpuHMMas B pacyéT KOHIEHTpPALIMIO
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KHMCJIOpO/Ia B IPUIOHHOM cJjioe BOJl (259 MKM), MOXHO cKa3aTh, UTO BpeMsl pa3BUTHSI AaHOKCHUU C yUeé-
TOM TOJIBKO OMOT€OXMMHUYECKUX TPOIECCOB COCTABISET OKOJIO 5 MecsieB. Takum oOpa3oM, MOX-
HO TIPEIOJIOKNTh, 4TO 9KocucTteMbl OyxT Kpyrioin n Kazaubeil HaxomsiTcsi B cTaguu Jerpajialviu.
JanpHelimas ux sKcIUTyaranust 6e3 BhIpaOOTAaHHOTO KOMILIEKCHOTO M PAIlMOHATBHOTO TO/IX0/1a MpU-
BEJET K KPUTUIECKOMY YXYIIIEHUIO UX SKOCUCTeM — K TOSIBJICHUIO U PACIIPOCTPAHEHUIO 30H KO-
JIOTHYECKOTO PUCKA, YTO CHU3HUT PEKPEarMOHHYIO U COITUATbHO-9KOHOMHUYECKYIO TTPUBJICKATEIbHOCTh
JTAHHBIX paliOHOB.

KitoueBbie cJaoBa: JOHHBIE OTIOKEHUS, TIOPOBBIE BOJbI, KUCIOPO, CEPOBOAOPO/, OPraHHMUYECK Uit
yIJepoj, MaKpo3000eHTOC, MPUOpeXkHbIe akBaTopun, YépHOe MOpe

Mopckue npudpeskHbIe SKOCUCTEMBI MTPAIOT BAXXHYIO poJib B k1U3HU yesoBeka (Harley et al., 2006).
WX skcrmmyaTHpyloT Bo Bcex cdepax XO3sICTBEHHON NesTeIbHOCTH, OHU B 3HAUUTENHHON CTereHU
MOJBEPKEHB AHTPOMIOTEHHOMY BO3IEWCTBUIO, YTO OTPAKaETCsS HA MX (PU3UKO-XUMUYECKUX U OHOJIO-
IMUYECKUX XapaKTepUCTHUKAX, a TaKke Ha KOJOIMUYECKOM COCTOSIHUM 3KocucteMsbl B 1iesioMm (Cabral
et al., 2019 ; Ducrotoy, 2021 ; Rabalais et al., 2009). JlroOble BO3ISHCTBHS U3BHE UMEIOT JOCTATOY-
HO OBICTPBINA OTKJIMK. [Ipy OJaronpusiTHHIX YCJIOBHUSX SKOCHCTEMBI CIIOCOOHBI CAMOBOCCTAHABIIMBATh-
Csl, OJHAKO TIPY MIPOJIOJIKUTETHHOM BO3JIEHICTBUM AHTPOIIOTEHHOTO U Psijla €CTECTBEHHBIX (PU3UUECKUX
U (PUBUKO-XUMHUUYECKUX (PAKTOPOB MPOUCXOIUT HapyllleHUe MPUPOIHBIX PABHOBECH, U CUCTEMa Jie-
rpaaupyet (Rabalais et al., 2009). Cpeau mpruOpekHbIX MOPCKHUX SKOCHCTEM HauOoJjee MOABEepPKEHbI
Pa3pyIICHUIO CUCTEMBI C OTpaHMYEHHBIM BOJIOOOMEHOM. B HUX TTpH OTpeIe/IEHHBIX YCIIOBUAX YCTAaHAB-
JMBaeTCsl cTpaTuguKalys BOJ M MPOUCXOIAT 3aWJIMBaHUE TPYHTA U HAKOIUIEHUE 3arpsI3HSIONINX Be-
IECTB M OPraHMYECKOIO YIJIepo/ia B JOHHBIX OTJIOKEHHUSX, YTO OTPAXKAETCS HA COCTOSIHUM OEHTOCHBIX
COOOILECTB U MPUBOIUT K (POPMUPOBAHUIO 30H IKoJoruueckoro pucka (OBcsnbiil 1 Opexosa, 2019 ;
OpexoBa u ap., 2019a).

ByxTtel CeBacTONOMBCKOrO peruoHa OTHOCATCS K THITY SKOCHCTEM, TJIe MPOIIECCHl HAKOTUIEHUS Op-
raHUYECKUX BEIIECTB B JOHHBIX OTJIOKEHUSAX IMPEUMYIIECTBEHHO MpeodafaT Haj aecTpykiumeit (Mr-
HaTheBa U Jp., 2008 ; Orekhova & Konovalov, 2018b ; Orekhova et al., 2019b ; Osadchaya et al.,
2003). Hcuepnanue KUCIOPOAa HA OKUCIIEHHE OPraHUYEeCKOro BEIIeCTBA U IPYTUX BOCCTAHOBJIEHHBIX
COEMHEHWI MPUBOJUT K CMEIIEHUIO MPOIECCOB, MPOTEKAIOIIHNX 32 CUET aHAIPOOHOTO OKUCIIEHUS Op-
raHUYeCKOro BEIecTBa, Oke K moBepxHocTu omioxeHuit (Opexosa u Konorasios, 2018a ; Orekhova
& Konovalov, 2018b). Takum 00pa3oM, B BepXHEM CJIO€ JOHHBIX OCAIKOB IpeoOIagaloIuMu CTa-
HOBSITCSI BOCCTAaHOBJIEHHbIE (DOPMBI a30Ta, METAJUIOB U CEPbl, (POPMUPYIOTCS OECKUCIOPOAHBIE 30HbI
C aHAdPOOHBIMU YCJIOBUSIMU. YBEJIMUYEHUE COJEePKAHUS BOCCTAHOBJICHHBIX COEMHEHUN, B YACTHOCTH
KOHLIEHTPAlH CyJIb(UI0B, IPUBOJUT K YBEJIMYEHHUIO UX ITOTOKA B IPUAOHHBIN cioil Boawl (Orekhova
& Konovalov, 2018b). B aTom ciydae anaspoOHbIe ycaoBUs (POPMHUPYIOTCS HE TOJBKO B JIOHHBIX OT-
JIOKeHHX, HO U B BogHou Toymie (Bepawackuii u ap., 2003 ; Meysman et al., 2003). ITogoOHbIe 13-
MeHeHHUs! (PUBUKO-XMMUYECKUX XapaKTEPUCTUK SKOCUCTEM OTPAKAIOTCS HAa MX IKOJIOTMUYECKOM CTaTyce
1, KaK pe3yJbTaT, Ha COLMAIbHO-9KOHOMUYECKON MPUBJIEKATEIbHOCTU PErUOHa.

s M3yueHusi SKOJIOTMYECKOTO COCTOSIHUSI TTPUOpPekHBIX akBatopuil T. CeBacTornosiss ObLIH BbI-
Opanbl OyxTel Kazaubss u Kpyrnas, mmeronue BBICOKYIO COIMATbHO-PEKPEAMOHHYI0 3HAYMMOCThb
JUTSl perroHa.

Bosiee panHue viccnenoBaHust 3Tux OyxT (3auka u jap., 2011 ; Muponos u ap., 2002, 2003 ; Mupo-
HoBa ¥ [lankeesa, 2019 ; CanurapHo-6uonorunueckue uccienopanus, 2018 ; ConosbéBa u ap., 2019)
MoKa3asu, uto 3a nocnegnue 10—15 net B ux skocucTeMax NpoU30IILTH U3MEHEHU s BCJIEICTBUE YBEIMYE-
HUSI QHTPOIIOTEHHOTO MpeccuHra. Meskay TeM KOMIUIEKCHBIX paOOoT M0 M3YYeHUI0 HAKOTUIEHHUSI OpraHu-
YeCKHX BEIIECTB B JIOHHBIX OTJIOKEHHSX, a TAKKe UCCIIEJOBAHUI OKUCIUTEILHO-BOCCTAHOBUTEIHHBIX
YCJIOBUH cpefibl (B TOM 4ucie AeduImTa KHCIopoja) B HUX M WX BIMSHUS Ha OEHTOCHOE COOoOIe-
CTBO He mpoBoAWH. JlaHHbIe paOOThl aKTyaldbHBI AJIS PETHOHA B CBSI3U C YBEJIMYEHUEM KOJIMUYECTBA
VCTOYHUKOB U TIOTOKA OPTaHMUYECKUX BEIIECTB, MOCTYMAIOIINX B aKBATOPUH OYXT.
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MATEPHUAJI 1 METO/IbI

B pabote wucrosnb30BaHbl JaHHbIE aHAIM3a MPHUIOHHOTO CJIOSI BOJ, MOPOBBIX BOJ M JIOHHBIX
OTJIOXKEHHH, OTOOpPaHHBIX B IByX OyxTax B ceHTsiope 2019 r.

ByxTa Kazaubs pacrosioxkeHa B 1oro-3anagHon yactu I'epakseiickoro nosxyocrposa (puc. 1) (Mupo-
HOB 1 1p., 2002 ; OBcsnbiii 1 OpexoBa, 2019). Dta akBaTOpHs XapaKTepuU3yeTcsi CBOOOAHBIM BOJI000-
MEHOM C ITyOOKOBOJHOM YacThio MOPSI M OTHOCUTCS K YHCITy OOBEKTOB IMPHPOIHO-3aMIOBEAHOTO (DOH-
na CeBacronosbckoro pervoHa (MupoHoB u ap., 2003). Jlo HegaBHEro BpeMeHM OHa CUMTANIACh OTHON
U3 CaMbIX YUCTHIX B CHCTEME CeBaCTOIOJbCKUX OYXT (MupoHOB u 1p., 2003). B HacTosinee Bpems e€ 1mo-
Oepeskbe aKTUBHO KCTOJB3YIOT KaK PEKPEalMOHHYIO 30HY: B BEPIIIMHHOW YacTU OyXThl PACTIOIOKEHbBI
recyaHo-rayievHsle k. OJHAKO aKTUBHAS 3aCTPOMKa OeperoB OYXThl U pa3BUTHE HOBOU CeMUTe0-
HOW 30HBI C COOTBETCTBYIOLLEH MH(PPACTPYKTYPOH, TUIOLIA/lb U HACEIEHHE KOTOPOW C Ka)kJbIM I'OJI0OM
pacTyT, NpUBEIX K 3HAYUTEIbHOMY YBEJIMUEHHUIO aHTPOIIOTEHHOW Harpy3ku Ha e€ skocuctemy (Couto-
BbEBA U JIp., 2019).
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Puc. 1. Cxema touyek or6opa npod B 0yxtax CeBacTomnoibckoro peruona: I — Oyxra Kpyrnas; II — OyxTa
Kazaubs

Fig. 1. Scheme of sampling stations in the bays of the Sevastopol region: I, the Kruglaya Bay;
II, the Kazachya Bay

MenkoBoanas Oyxrta Kpyrias pacrosnioxeHa Ha ceBepHOM rodepeskbe [ epaksieiickoro nogyocrposa
mesxay [BoitHoi u Ctpenerkor OyxTamu (puc. 1); OHa OTHOCHTCS K MOJTYyOTKpbiTOMY THITYy (MupoHOBa
u Ilankeesa, 2019) ¢ orpaHuueHHBIM BOIOOOMeHOM (3amka u ap., 2011). Bogsl OyXThl XOPOIIIO
A3pUPOBaHbl B XOJIOAHBIA MEPUO] Tojia 32 CYET CBOEH NTUHAMUKHM M BEPTUKAJIBHOTO KOHBEKTHUBHOTO
nepeMemvBanus. [ TEmaoro mepuoaa u3-3a HAMUYMS CE30HHOTO TEPMOKJIMHA, OIpPEelIsIoIero
ABYXCJIOWHYIO CTPYKTYPY BOJ, XapaKTepHbI BEPTUKATbHAS CTpaTU(MUKAIUS BOJ U cllaboe BEHTUIIMPO-
BaHUE MTPUJOHHOTO CJIOSI P OTHOCUTEIBHO BBICOKOM TemrepaType (3auka u jap., 2011). Yeenuuenue
TeMIIepaTyphbl CIIOCOOCTBYET MHTEHCUBHOMY TOTPEOJICHUIO KUCIOPOa MPH €r0 BOBJICYEHUH B pa3iiny-
Hble OMOJIOrO-XMMUYecKue mporiecch (3auka u ap., 2011). Byxra Kpyrnas takxke sBisiercss pailoHOM
PEKpeallmoHHOrO Ha3HAUEHUS C MECTAMU OT/IbIXa, TOPOICKUM IUISKEM U Pa3BIeKaTeIbHBIMU LIEHTPAMH.
[Tpu 3TOM B HEe€ BBIXOJIUT aBAPUMHBIN CTOK KaHAJIM3AIMOHHBIX BOJ, B CBSI3U C YeM B JIETHUI MIEPUOJ
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CaHUTAPHO-3MMJEMHUOJIOTMUECKHE TIOKa3aTeIM 4YacTo He COOTBETCTBYIOT HopMmaM (CaHuTapHO-
ouosnornueckue wuccienoBanus, 2018). VHTeHCHMBHas 3acTpoiika MHKpOpaioHa, OOYCTPOHCTBO
TUISKHOM 30HBI M yBEJIMYEHUE YKC/IA MAJOMEPHBIX CyJOB Ha BOCTOYHOM Oepery IpuBesM K BO3pac-
TAHUIO AHTPOTIOTEHHOM HArpy3kd Ha sKocucteMy OyxThbl (CaHUTApHO-OMOJIOTMYECKUE UCCIIEI0BAHUS,
2018). Bc€ 310 HEraTMBHO OTPAKAETCSA HA €€ IKOJIOTMYECKOM COCTOSIHMU. IIOTOJHUTETBHBIM UCTOY-
HUKOM MOCTYIUICHHsI OPraHMYECKOrO BELIECTBA M 3arps3HSIONIMX BEIIECTB B BOIbI OYXThI BCIICJCTBHC
BOJJOOOMEHA C COIPE/EIbHON aKBAaTOPHEH MOTYT SIBJISITBCSl TPHJIETAIOIINE MOTy3aMKHYThIE OyXThI
C MHOTOYHMCJIEHHBIMHU IOCTOSIHHO JEUCTBYIOIIMMHU, JIOKAJbHBIMH, aBapUAHBIMU, HECAHKIIMOHUPOBAH-
HBIMU BbITTycKamu cTouHbiX Boa (Kydrapkosa u sip., 1999). MakcumaibHasi HAarpy3Ka Ha BOJbI OYXThI
MPUXOAUTCS HA JIETHUIA NIEPUO/.

[TpoGs1 ObUTM OTOOPaHBI BOJOIA30M TPYOKaMH M3 OPrCTeKJIa, FepMETHYHO 3aKPhIBAEMBIMHU CBEPXY
U cHU3y. [JyOrHa morpyxeHus: TpyOKH JTMMHUTHPOBAJIACH XapaKTepoM IpyHTa. OTOOpaHHbIE KOJIOHKH
nepeMeliaid B CTPOro BEPTUKAIbHOM MOJIOKEHUH, YTO MO3BOJIMIIO COXPAHUTh TOHKYIO CTPYKTYPY JAOH-
HBIX OTJIOKEHUI M MPUIOHHOTO cJosl BoJ. B Kaxmoil ucciesayeMoi TOUuke KOJIOHKH JOHHBIX OTJIOXKE-
HUIA ObUTM OTOOpPAHBI B OJHOM MOBTOPHOCTH. [lyisi M3y4yeHusi OEHTOCHBIX COOOIIECTB B 9TOM K€ MecTe
oTOMpany mpoGhl B JBYX MOBTOPHOCTSAX C MOMOMIBIO PyYHOTO MPOGOOTOOpHUKA miomansio 0,025 M2,
Temriepatypa Bojibl B UCCIIeyeMbIX oOpasiiax cocTapisiia +22...+24 °C.

B 6yxTte Kpyri10ii KOJOHKM JOHHBIX OTJIOKEHUI ObLIIM OTOOpaHbl B KyTOoBOM YacT (CT. 1; N44.597°,
E33.448°; puc. 1) u B pailoHe Bbixoga u3 OyxThl (cT. 2; N44.602°, E33.442°; puc. 1). Beibop Touek
orOopa pod ObLT 00YCIIOBIIEH Pa3HBIMU YCJIOBUSIME OCAIKOHAKOTUIEHUSI M ICTOYHUKAMMU TIOCTYTLICHUS
OpraHuyeckoro Berectsa. MeskoBogHas (rimyouna otdopa mpo6 0,5 M) KyToBast 4acTh OyXThl B Hau-
OOJIBbIIICH CTETIEHH MCTIBITBIBAET AHTPOTIOTEHHBIN PECCHHT, a BCJIEICTBUE YAAIEHHOCTH OT BXO/a B OyX-
Ty 3[€Ch JIOCTAaTOYHO YacTO pa3BHMBAIOTCS 3aCTOWHbIE sABJIeHUSA. Kpome Toro, B KyTOBOM 4acTH OyXThI
HaXOAATCS UCTOYHMKU 3arps3HEHUs — CTOKM U3 JIMBHEBOM KaHAINW3alMK U MTOCTOSIHHO JIEMCTBYIOLIME
BBIITYCKHM HEOUYMIIIEHHBIX OBITOBBIX CTOUHBIX BoA (Kydrapkosa u sp., 2008). D10 criocoOCTBYeT HAKOM-
JIEHWIO OPTraHUYECKOTO BEIIECTBA U MOTPEOIEHUIO KUCIOPOJa B JIOHHBIX OTJIOXKEHHUSIX U MPUAOHHOM
cioe BoJI. B paiioHe BeIxoa n3 OyxTHI (cT. 2) riryorHa coctarisieT 10 M, 31ech pacioyiokeH MOIBOTHBIN
OeperoBoit adpa3uoHHbI cKJI0H (MupoHoBa u [lankeeBa, 2019). AKTUBHOE THIpOJMTHAMHUYECKOE BO3-
AeficTBUE, OCOOEHHOCTU peJibeda JHA U OTCYTCTBUE 3HAUMMBIX M IMOCTOSIHHBIX MICTOYHUKOB OpraHuye-
CKOT'0 BEILECTBA CIOCOOCTBYIOT HACHIIIIEHHIO IPUIOHHOTO CJI051 BOJ ¥ IOBEPXHOCTU JJOHHBIX OTJIOKEHHUN
KHCJIOPO/IOM B 9TOM PaiiOHe.

B Oyxrte Kazaubeil mpoObl ObUTM OTOOpaHBI B HEHTPAIBHBIX YACTSIX BOCTOYHOTO pykama (CT. 3;
N44.570°, E33.413°; puc. 1) u 3amagaoro — B 0yxte Conénoit (cr. 4; N44.579°, E33.407°; puc. 1).
I'my6una ot6opa npod cocrasmia 3,5 u 13,6 M 1 ct. 3 u cT. 4 cooTBeTCTBeHHO. HecMOTpst Ha oTCyT-
CTBHUE 3aTpyJHEHHOrO BojooOMeHa (MupoHoB u jip., 2003), 3T1 palloHbI NOABEPKEHB! 3HAYUTETBHO-
MY aHTPOIIOTEHHOMY BO3JIEMCTBUIO BCJIECTBHE IJIOTHOTO 3aceIeHUs1 OEperoB U pacrioioKeHusl 3/1eCh
00bekTOB MH(ppacTpyKTypsl (OBcsiHbI 1 Opexosa, 2019).

Jl1s1 mojty4eHus: XMMUYECKOro Mpo(uiisi MOPOBbIX BOJ C BBICOKMM BEPTUKAJIbHBIM pa3pelieHu-
em (1-5 MM) ucnosb30BaM MOJAPOrpapMUEcKUii METoJ, aHajlu3a C NMPUMEHEHUEM CTEKJISHHOIO
Au/Hg mukpoanekrpona (Brendel & Luther, 1995 ; Orekhova & Konovalov, 2009). Meton no3BoJisiet
KOJIMUYECTBEHHO OIpPE/ENSATh B MOPOBBIX BOJIAX JIEKTPOXMMUYECKU AaKTUBHBIE COEIUHEHMS, B MIEPBYIO
ouepelb KUCIOPOJ, CyJIb(UIb U APYIHE BOCCTAHOBJIEHHBIE (POPMBI CEPbI, BOCCTAHOBJIEHHbBIE (DOPMBI
kKeye3a U Maprasiia; omuoka metosa He nipepbiaet 10 % (Orekhova & Konovalov, 2018b).

Copepxanne opranuyeckoro yriaepoga (C,p,; % Cyxo¥t Macchl) B IOHHBIX OTIIOKCHHUSIX ONPe/esIsiii
KYJIOHOMETPUYECKHU Ha 3Kcrpecc-aHanm3arope AH-7529 o meroanke, alanTHPOBAHHOM AJ11 MOPCKUX
JOoHHBIX oTnokeHu# (Jlomapes, 1986). Ommoka metoaa He nipeBbiiaeT 10 % (okoso + 0,2 % ot Macchl
CyXOroO BEIIECTBA).
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PacuéT moroka KMCJIOpO/a Ha TpaHMIIE U B BEPXHEW YaCTH JIOHHBIX OTJIOKEHUH BHITTOJTHSIIH TI0 JIaH-
HBIM TOJIAPOrpaPuIeckoro U TeOXUMHUYECKOTO aHajM3a, WCIOJb3ysl YpaBHEHHE ISl TIEPBOTO 3aKO-
Ha Puka ¢ y4€TOM rpagvieHTa KOHIIEHTPALMH U MOJIKYJIApHOU AU Qy3un KUCIOpoJa B MOPOBBIX
Bozaax (Hyacinthe et al., 2001):

J=—pD,dC/dZ , (1)

e J — NoTok, MoJtb-(rog™ -M~2);

(p — TIOPUCTOCTH;

D, — k03 uimeHT MOJIEKYIAPHON muddy3un KUCIOPO/a C yIETOM BA3KOCTH, M2-TOI ;

dC/dZ — rpagMeHT KOHLIEHTpaLH, MOJTb-M 2.

Koa(dpunments MosiekyasipHoit qudy3un KUCI0poaa B IOPOBLIX BoAax B34TH n3 (Meysman et al.,
2003). IIpu pacuére k03pPuLMeHToB AUpPY3UN yUUTHIBAIM TEMIEPATypy MPUIOHHOIO CJIOSI BOJbI,
U3MEPEHHYIO HEMIOCPEICTBEHHO B MOMEHT 0TOOpa Mpoo.

C y4€TOM BBICOKOW CKOPOCTU CEAMMEHTALIMOHHBIX MPOLIECCOB B MPUOPEKHOI 30HE, KOPOTKOTO Bpe-
MEHHU JJ1s TPOTEKAHUS IMAaT€HETUUYECKUX MTPOLIECCOB YIUIOTHEHU S JOHHBIX OTJIOKEHUM, BHICOKOW MHTEH-
CHUBHOCTU BHYTPUTOJJOBOM JMHAMUKH JIOHHBIX OTJIOKEHH, & TAKkKe BHICOKOM CKOPOCTH OKUCIUTEIHHO-
BOCCTAHOBHUTEJIbHBIX OMOT€OXMMHUYECKUX IPOIIECCOB, B pAcu€T He Opajiv BIMSHHUE aJIBEKTHBHBIX
MOTOKOB.

BeHTOCHBIE TTPOOBI TIPOMBIBAI Y€pe3 CUTO C JUAMETPOM sider | MM U (PUKCUPOBAIM STUIOBBIM
criptoM. JlanbHeyo 06padoTKy (pMKCHUPOBaHHOTO MaTepuasia MPOBOIWIN B TAOOPATOPHBIX YCIIOBH-
sx. BugoBoii coctaB ycranapnuBaimu no (Onpenenurens, 1968, 1969, 1972). B3pemuBanve ABYCTBOP-
YaThlX MOJUTIOCKOB BBIMIOJIHSUIM TOCJIE MX BCKPBITUS U yJasieHUs! (PUKCUPYIOLIErO pacTBOpa U3 MaH-
TUIHOW mosiocTH. Ha Kakaoil CTaHIIMU U3 CyMMapHON OEHTOCHON MpoOBbl pacCUMTHIBAIMA OHOMAac-
cy (r-M~2) ¥ YUCIIEHHOCTD (IK3.-M~2) OTIEILHOTO BUIA. PacuéT 3HaYeHuit MHaeKca pasHooOpazus [len-
HOHA (H’) (Mcroabp30BaM Jorapudm 1o ocHoBaHuio 2) U uHjekca [lueny npousseny B NPUIOKEHUU
Diverse makera PRIMER-5.

PE3VJIbTATbBI

BricoTa koIoHKH, 0TOOpaHHOU B KYTOBOM YacTu OyxTel Kpyrioii (ct. 1), coctaBumna 25 cm. Ocamok
TMIpeJICTaBJIeH 3arJICHHBIM ITECKOM CEpPOTro 1 TEMHO-ceporo IBeTa. [IoBepXHOCTh OcagKa B palioHe 0TOopa
npo0 ObLIa TIOKPhITa cI0eM pacTutesbHoCcTH. Mcxons u3 pabor MupoHoBoii u [TaHkeeBoii ¢ coaBTopa-
mu (Muponosa u IlankeeBa, 2019 ; [Nankeesa u n1p., 2019), MOXHO MPEANONIOKUTH, YTO ITO COOOIIIE-
CTBO M3 MOPCKHUX TPaB U 3€JEHBIX BOAOPOCJEH, KOTOPBIE MPEACTABIECHBl IPEUMYIIIECTBEHHO BUJAMU
KJ1a/10pOp Ha WIUCTBIX OCAIKaX.

MenkoaucriepcHbIl XapakTep ocajka U coJepXkaHhWe OpraHuyeckoro BemiecTBa okoio 1,97 %
CHOCOOCTBOBAIM AKTMBHOMY PACXOJIOBAHUIO Kuciaopoaa. Tak, B MPUAOHHOM clioe BOJ HaOI0AaIoch
56%-Hoe HachllIeHUe KUCJIOPOAOM, a HENOCPEACTBEHHO HaJl IIOBEPXHOCTHIO MOPCKMX TpaB M Ha IO-
BEPXHOCTH OCaJIKa 3HAYEHUE CHMKAJIOCh 10 19 % HachlleHus1, YTO COOTBETCTBYET TMIIOKCUM (3anka
u ap., 2011). B cioe 1o 7 MM He ObUTO 3a(PMKCHPOBAHO TMOJISIPOrpapuUecK aKTUBHBIX KOMIIOHEH-
toB (Brendel & Luther, 1995 ; Orekhova & Konovalov, 2009), 4To MOXeT yka3blBaTh Ha IPOTEKAHKE
B 9TOM MHTepBaJie I'TyOMH MPOLIECCOB C yyacTueM OKuceHHbIX ¢opM azota (Orekhova & Konovalov,
2009). Huxe nosiBisieTcsi CEpoBOIOPOI, €r0 pacipeiesieHue HeoqHOPOJHO (puc. 2). B unteppase riy-
ouH 8—30 MM KOHIIEHTpaIus CepoBOJOPOAa U3MeHseTcs B mpenenax 9-31 MxM. [anee cienyer wH-
tepBai 32—40 MM, B KOTOPOM COJIEp)KaHUE CEPOBOJOPO/A HUXE Mpeaesa onpenenenus (3 MkM) nu-
00 OH OTCYTCTBYET; MOTOM — CJIOK 42—140 MM, B KOTOPOM KOHIICHTPAIIMsI CEPOBOIOPOIA YBEINIMBA-
eTcsI ¢ ITyOMHOM, JocTurast MakcuMasibHoro 3HadeHus 207 MmkM Ha 120 mwm, 1 3aTeM yObiBaeT. B unTep-
Bajie ryouH 150—180 MM KOHIIEHTpaI¥s CEpOBOAOPO/IA TOCTOSTHHA U cocTapiseT 9 MKM, a ¢ 190 mm
pe3ko yBennuuBaercs, gocruras 175 MmxM nHa 200 mMm. [Janee npoguiimpoBaHue He BBITOJIHSIIH.
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KOHIIEHTpaIus, MKM Ha cr. 2 (cMm. puc. 1) ocajiok nipejcTaBieH mec-
KOM; BBICOTa OTOOpPaHHOUN KOJOHKH — 9 cM. Xo-
porumii BogooOMeH, ocodeHHOcTH THa (MupoHoBa
u Ilankeesa, 2019) u oTCyTCTBME UCTOUHHUKOB I10-
-------- CTYIUICHUSI OPTaHUYeCKOTO BEIeCTBa CIIOCOOCTBY-
10T HACBIIIIEHUIO KUCJIOPOIOM ITPUOHHOTO CJI0SI BO/I.
B npunioHHOM clloe BOJ M B BEPXHEM CJIO€ OCajIKa
orMeueHo 100%-Hoe HachIleHre KUCIOPOIOM.
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o160 1 CJI0e BOJ M Ha MOBEPXHOCTH OCAJKA HA €ro OKWC-
2180 4 nenne (Orekhova & Konovalov, 2009). Konnen-

200 i © . Tpalys KUCJIOpoJa B MpUIOHHOM cjioe Bog (10 cm

HaJ1 MOBEPXHOCTHIO OCAKA) COOTBETCTBOBaIA 65 %
Puc. 2. Beprukabhbiii npoguib cepopogopoga  HAChileHus. [ofo0Has KOHILEHTpALMs KHUCIOPO-
B MOPOBBIX BOJAX JOHHBIX OTIOXKEHHH, OTOOpaH-  Jia Mpu IIyOuHe otOopa mpod 3,5 M yKasbiBaer

HbIX B OyxTe Kpyrnoi (cr. 1) Ha pasBuTHE AeULUTa KUCIOPO/A.

Fig. 2. Vertical profile of hydrogen sulfide g
in pore waters of bottom sediments sampled Ha nosepxnocTi ocaika KOHLEHTpaums Kic

in the Kruglaya Bay (st. 1) jopoga cHuxkaerca g0 100 MmxM (40 % Hacble-
HUSI), HUKE BECh KUCIOpOH ucuepmaH (puc. 3a).
C 1 go 20 MM He oOHapykeHO nosissporpauvecku akTuBHbIX KomrnoHeHToB (Orekhova & Konovalov,
2009, 2018b), uTo MO3BOJIAET MPEAIOIOKUTH MPOTEKAHNE OMOTeOXMMHUYECKUX TPOIIECCOB MHHEpa-
JU3allMM OPraHMYECKOro BelIeCcTBA NMPEUMYILECTBEHHO C YyYaCTHEM HUTPATOB/HUTPUTOB. Mozanu-
HBIE CHUTHAJbI, COOTBETCTBYIOIIME BOCCTAHOBJIEHHBIM 3KeJie3y W MapraHily ¢ KOHIIEHTpaluei OKoJo 2
u 3 MKM (puc. 3a), MOTYT yKa3bIBaTh Ha MPOTEKAHKE 3[1€Ch TAKKE MPOLIECCOB C YUACTUEM ITUX COCIU-
HeHuil. Huxke nosiBisiercst cepoBonopoz (puc. 3a). C riryOMHOM KOHIIEHTpalus CyIb(puI0B U3MEHSETCS
B nipezieniax 36—-346 MKM; npyrue KOMIOHEHTH He OOHAPYKEHBI.

['my6una or6opa nipod B Oyxte ConéHowt (cT. 4, puc. 1), pacroyioxkeHHON B 3aMaJHOM pyKaBe Oyx-
ol Kazaubelt, coctaBmia 13,6 M. Beicota komoHKku — 34 cM, ocajjok ObUI MPEJICTaBJIeH IpeuMyIiie-
CTBEHHO MeJKkoaucriepcHou (ppakimeit. OnMHaKO BHEIIHUI BU OTOOPAHHOTO OCaJKa OTJIMYAJICS OT Ta-
KOBOTO TMPEbIAYIINX: B BEPXHEM 2-MM cjioe ObLT OOHApyKeH HAWIOK, B MHTepBajie ryouH 2—-20 MM
IIPUCYTCTBOBAJI CEPO-KOPUYHEBBIN MECOK, & HUKE —— OJHOPOJIHBII TEMHO-CEPbIN 3aUJIEHHBII M1ECOK.

B npupoHHOM cil0€ BOJ KOHUEHTpauusl KUCIOpoAa cooTBeTcTByeT 97 % Hacwiuenusd. Ha no-
BEPXHOCTU OCaJKa KOHILEHTpamus kucjaopoaa cHukaercsa go 200 MxM (80 % wnacwimenusi). B oca-
JOK OH mpoHukal a0 4 mm (puc. 3b). C 5 mm nossiserca Fe(Ill); ero nHTeHCMBHOCTD [aHamUTHYE-
cku koHnentpanuio Fe(Ill) onpenenmuTs Heb3s U3-3a 00pa3oBaHus KOJJIOUAHBIX pacTBopoB (Brendel
& Luther, 1995)] ¢ miyOuHOU yBenMuYMBaeTCs, JIOCTUras MakCUMyMa Ha 9 MM, MOTOM CHUKAeTCs;
¢ 14 mm ero curHan ucuesaet. B cnoe 5—11 MM OTMeueHBI CUTHAJIbBI, COOTBETCTBYIOIIME BOCCTAHOB-
neHHbIM (popmam kene3a u Maprania. Koanenrpamus Fe u Mn B cpennem — 230 u 365 MkM coot-
BeTCTBeHHO (puc. 3b). C 11 MM nosiBiIsSIeTCs1 CEPOBOJOPO/I, €r0 KOHLEHTpalusl cocTaBisieT 82 MKM;
¢ rmyOouHOI oHa yBenuuuBaetcs 1o 942 mxkM. B pacnpeneneHuu cepoBOIOpPOJa MOKHO BBIIEIUTDH
IBa «HMHTepBaja IIyOuH»: 12—110 MM (31ech KOHIEHTpauus Cy/lb(UIOB CHayala yBEJIWYMBAETCS,
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Jocturasg MakcumaiabHoro 3HaueHus (942 mMxM) Ha 70 MM, a motom cHumkaercs) u 120-200 mm
(3TO €OV HE3HAYMTENIBHOTO POCTA U CHUKEHUSI KOHIIEHTpAlMK CyJIb(puaa, OIHAKO W3MEHSIeTCs OHa
B nipezenax 767-852 MkM).

KOHIIEHTpanus, MKM KOHLIEHTpauus, MKM
0,, H,S, Fe (II), Mn(II) OZ,H S, Fe (II), Mn(II)
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Puc. 3. BepruxaibHbiili npoduiab XMMHUYECKMX KOMIIOHEHTOB IIOPOBBIX BOJ JOHHBIX OTJIOKEHMH,
oToOpaHHHIX Ha cTaHIwsx 3 (a) u 4 (b) OyxTel Kazaubeii

Fig. 3. Vertical profile of the chemical composition of pore waters of bottom sediments sampled at stations
3 (a) and 4 (b) in the Kazachya Bay

Ha ocHoBaHMM TaHHBIX O KOHLIEHTPALIMY KKCJI0poa B oBepxHOCTHOM (0—5 MM) ciioe ocaika (mopo-
BBIX BOJIAX), & TAK)KE CBEJCHUI O TEOXUMHUYECKOM COCTaBE JOHHBIX OTJIOKEHHI ObLIT pACCYUTAH TOTOK
KHCIOpojia Ha cT. 4; oH coctaui 0,73 M-m~2-roa~!. IlpuHuMas B pacyéT KOHIEHTPALMIO KHCIOPO-
Jia B IPUAOHHOM cJioe BoJ (259 MkM), MOXKHO CKa3aTh, YTO BPeMs MOJIHOTO UCUEPHaHUsI KUCI0pOaa
C YYETOM TOJIbKO OMOT€OXMMHUUYECKUX MPOLIECCOB COCTABIISIET OKOJIO 5 MECSIIEB.

B ta6n. 1 mpuBeneHb! JaHHBIE O KOHIEHTPALIMU KUCIOPO/a HA MOBEPXHOCTH OCafIKa, IIyOrHE To-
SIBJICHUS] U KOHIIEHTPAILIMU CEPOBOJIOPO/A, KOJMUECTBEHHBIX XapaKTePHCTUKAaX OEHTOCHOTO COOOIIe-
CTBa B MCCJIEyeMbIX aKBaTOpUsX. B Tabs. 2 maHa xapakTepuCTHKa MaKpo3000eHToca (UMCIeHHOCTD,
ouomacca, unnekc [llennona, uanekc Iueny) 6yxt Kpyrioi u Kazaubei.

MakcuManbHas YMCIEHHOCTh MaKpo3000eHToca (2480 3K3.-M~2) 3aperucTpupoBaHa B KyTOBOM Ya-
ctu OyxThl Kpyrioil, B BepxHeM cjioe AOHHBIX OTIOXEHUN KOTOPOW OTMEUEHbI YCJIOBHUS THUIIOKCHUM.
Ha Bbixoze u3 OyXThbl P MaKCUMaJIbHOW KOHLEHTpalu Kucnopoaa (238 MkM) Ha OBEPXHOCTH OT-
JIO)KEHUH U TPU OTCYTCTBUH CEPOBOIOPOAA YHCIEHHOCTh MaKpo3000eHTOca OblIa Ha MOPSIOK MEHb-
me (360 9K3.-M~2) 3a CYET yMeHbLIEHUS OOUIUSA JBYCTBOPYATHIX MOJUTIOCKOB, OTCYTCTBUS OPIOXOHO-
T'MX, aCIMIWHA, HACEKOMBIX M Taprnaktuimp (tadn. 2). B Oyxre Kazaubell YMCIEHHOCTh THMIPOOMOH-
TOB ObLIa CyIIECTBEHHO MeHblIe; HauMeHbllee 3HaueHne (40 9K3.-M™2) OTMEUeHO TPH MUHUMAJIbHBIX
KOHIIEHTPAIMAX KUCIOPO/ia Ha TOBEPXHOCTH JOHHBIX OTIOXKEHM (Tadu. 1).
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Tadmmua 1. [eoxuMuueckre XapaKTepUCTUKU JIOHHBIX OTJIOKEHUI M YMCIIEHHOCTH MaKpo3000eHTOCa

Table 1. Geochemical characteristics of bottom sediments and macrozoobenthos abundance

KonuenTpanus Cpennssa JuanasoH
I'my6una YUCIIeHHOCTh
KHUCIIOpoaa KOHIIEHTPAIHsI U3MEHEHUS
HA OBEPXHOCTU HOABICHIA CepoBOIOpo/ia KOHIIEHTPAIUU MaKpo300-
Cranmus . CepoBOIOPO/Ia, OeHTOCA,
OTJIOKEHHH, B TOJIIIE OCAfIKa CepoBOIOpO/Ia, e
MKM MM + CKO, MmxM MKM ’
Cr. 1
(6TyXTa Kpyras) <20 8 31£30 <TII0...213 2480
Cr. 2
(6yxta Kpyrnas) 238 B B B 360
(CG;xia Kasaubs) <20 20 126 £ 42 <TII0...346 40
Cr. 4
(Gyxra Kasaubs) 177 11 696 + 196 <T110...941 80

IIpumeuanue: CKO — cpeanekBagpaTtruueckoe oTkJIoHeHue; < IO — Huke nipenena onpeaenenus (3 MkM).
Note: CKO denotes standard deviation; < ITO is below the detection limit (3 uM).

B 6yxte Kpyrioit o uncienHocT 1 OMoMacce mpeodsiaiaiv AByCTBOpUaTeie MOJLTIOCKH. Ha obe-
UX CTaHUMSAX 3apeructpuposaH Mytilaster lineatus, IpUYEM Ha CT. 2 OH ABJISUICA AOMUHUPYIOLIMM
M0 YKCJIEHHOCTH BUJIOM CPEAd [BYCTBOPYATHIX MOJUTIOCKOB (Tabm. 2). Ilo Guomacce Ha HaHHOM
craHuuu npeodnanana Chamelea gallina, kotopast Ha cT. 1 He oOHapyxeHa. BpioxoHorue mosmoc-
KM He 3a(UKCHpOBaHbl. B KyTOBOW yacTé OyXThl (CT. 1) JOMHHHUPYIOIIMM BHIOM [0 YHCJIEHHOCTU
u Onomacce sIBJISICS MOJUTIOCK-neTputodar Abra segmentum. OAUHAKOBBIE MOKA3aTeNM YHUCIEHHO-
CTU OTMEYEHBI Y MOJUIIOCKOB-(PUIBTPATOPOB MUTHIIACTEPA U LepactoaepMbl Cerastoderma glaucum.
BproxoHorre MoTIOCKM NpecTaBieHsl AByMs1 Bugamu — Tritia neritea n Tritia pellucida.

Tabsuma 2.  XapakTepucTHKa Makpo3000eHToca (YMCIeHHOCTh, Ouomacca, uHaekc IlleHHoHa,
unzekc Ilueny) uccieayemoil akBaTopun

Table 2. Macrozoobenthos characteristics (abundance, biomass, Shannon index, and Pielou evenness
index) of the water area studied

Cr.2 Cr. 3

Kiacc Bun

Chamelea gallina
(Linnaeus, 1758)

Mpytilaster lineatus
(Gmelin, 1791)

Abra segmentum
(Récluz, 1843)
Cerastoderma glaucum
(Bruguiere, 1789)
Lucinella divaricata
(Linnaeus, 1758)
Tritia neritea
(Linnaeus, 1758)

Tritia pellucida
(Risso, 1826)

7,52 - - - -

80 0,012 120 0,04 - - - -

1640 | 220,8 - - - - - -

Bivalvia

80 | 63.6 - - - - - -

40 6,68 - - - - - -

Gastropoda
80 33,44 - - - - - -

IIponomkeHue Ha cIeyoIlell CTpaHuLIe. . .
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Cr. 1 Cr. 2 Cr.3 Cr. 4
Kiacc Bun
N M N M N M N M
Ampelisca diadema
Crustacea (Costa, 1853) - - 40 0,32 _ - _ _
Insecta Chironomus sp. 40 0,016 - - - - - -
Harpacticoida 40 0,004 - - - - — -
Capitella capitata
(Fabricius, 1780) 40| 0008 | - - - - - -
Heteromastus filiformis
(Claparede, 1864) 40 0,004 - - 40 0,008 - -
Notomastus lineatus
(Claparéde, 1863) 401 0004 ) - - - - - -
Polychacta Nep'htys hombergll
Savigny in Lamarck, - - - - - - 40 3,12
1818
Cirriformia tentaculata
(Montagu, 1808) - - 160 | 304 | - - - -
Glycera alba
(O. . Miller, 1776) 40 ) 136 | - - - - - -
Ascidiacea 320 17,64 - - - - - -
Bcero 2480 | 343,77 | 360 10,88 40 0,008 80 3,132
MNupexc
IllenHoHa 1,93 1,56 1,75 1,06 - - 1,0 0,04
(1o log, )
WNupexc
BBHIPOBHEHHOCTH 0,46 0,39 0,88 0,53 - - 1,0 0,04
Iueny

Ipumeuanne: N — unCIEHHOCTb, 3K3.-M 2; M — 6uomacca, r-M 2.

Note: N denotes abundance, ind.-m~2; M, biomass, g~m‘2.

B KyTOBOI1 4yacTu OyXThI TaKke 3aperuCTPUPOBAHbI ACLIUAMH U YEThIPE BUJA MOJIMXET C OJMHAKOBBI-
MU TOKa3atensiMu uuciieHHocTu: Capitella capitata, Heteromastus filiformis, Notomastus lineatus n no-
MUHHUpYIOIUi 1o 6uomacce Glycera alba. Ha Bbixoae n3 OyXTbl aCUMIUM OTCYTCTBOBAJIH, A TIOJIUXETHI
ObLIM TpeIcTaBlieHbl OHUM BuoM — Cirriformia tentaculata.

PesynpTaThl HAIMX MCCIEAOBAaHUN AEMOHCTPUPYIOT HU3KKE 3HAYEHUsI [ToKa3aTesield BUAOBOrO pas-
HOOOpa3usi ¥ YMCIEHHOCTH MOJUTIOCKOB B OyxTe Kaszaubeii. Ha cT. 4 mpucyTcTBOBaI TOJIBKO IBYCTBOpUA-
T MoJLTIocK Lucinella divaricata, GploXOHOTHE MOJITIOCKM He OTMeueHBl. Bricokme nokazartenu 01o-
Macchl B OyxTte Kazaubeii 3apukcrpoBaHbl y MoauxeT (Tadi1. 2), IpeACTaBIEHHbIX IBYMs OAMHAKOBBIMU
0 YMCJIeHHOCTH Buaamu — Heteromastus filiformis Ha ct. 3 u Nephtys hombergii na ct. 4. Ha ct. 3
Apyrue npeacTaBuTen OEHTOCHOH (payHbl HE 3aperHCTPHUPOBAHBI.

OBCYKIEHUE

Pe3ynbTaTel FeOXMMUYECKOTO aHaIn3a Jal0T OCHOBY [UIsl HOHUMAaHMS MPOTEKAIOIUX OMOre0XMU-
yeckux mnpoteccoB (Boskos, 1973 ; Mutpononbsckuii u ap., 1982 ; Pozanos u Boskos, 2009 ; Xu-
MU okeana, 1979 ; Orekhova & Konovalov, 2009). HeorbemieMoll 4acThi0 JOHHBIX OTJIOXKECHUH SIB-
Js10TCs TopoBble BBl (Po3anoB u Boskos, 2009). M3ydeHne ux xapakTepuCTUK MO3BOJISIET OLECHUTh
OKHCJIUTEIBHO-BOCCTAHOBUTENIBHBIE M KUCJIIOTHO-OCHOBHBIE CBOVMCTBA JIOHHBIX OTJIOXKEHUH, COIEPKAHUE
MOJBUKHBIX (POPM METAJIOB, BOZMOKHOCTb MX CBA3bIBAHUS U NIEPEX0/1a B TBEPAYIO (POPMY OTJIOKEHUN
6o B Boanyio Tomny (Kydrapkosa u ap., 1999 ; Muponos u ap., 2003).
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[To Hammm gaHHBIM U 10 J1aHHBIM CosioBbEBOM ¢ coaBropamu (2019), cpenHee copepxkaHue op-
TaHWYECKOro YIJiepojia B JOHHBIX OTIOkeHUsX OyxTel Kpyrmoit cocraBmser 1,67-1,97 %, uro 60-
Jee 4yeM B 2 pa3a MPEBBIIAET CPETHIOI KOHIIEHTPAIMI0 OPraHMYECKOro YIIepoAa B HOBOUEPHOMOP-
ckux omioxkeHusix (0,71 %) v B JOHHBIX OCaJKaX YEPHOMOPCKOro miesbda (MUTPOIIOILCKUNA U Jp.,
1982). Takoe cozepkaHre OPraHUIECKOro yriaeposa B TOHHBIX OTIOKEHHIX CIIOCOOCTBYET aKTHBHOMY
NoTpeOIeHUIO KMCIOpOJa U Pa3BUTHIO €r0 Jie(DUIHTA.

CymecTBeHHOE yBeIMYCHUE aHTPOIIOTEHHOW HArpy3KW Ha akBaTopuio OyxTel Ka3zaubeir u Ha 00-
pamJisiioniie e€ OeperoBble TEPPUTOPUU TIPUBEIO K BO3PACTAHUIO COZIEPKAHMS OPraHUYECKOro yriie-
pona. Ilo nanneiM (OBcsHblil 1 Opexosa, 2019), koHIIEHTpalus COpr B 2015 r. cocraBnsiia B cpeiHEM
2,74 %, aro Ha 35 % Bbiiue 3Hauenus 2002 r. K Hacrosiiemy Bpemen cogepxanue C,,. — 0koio 5,8 %
(mmanazoH uzmeHenust — 4,32—7,86 %), 4TO COMOCTAaBUMO C KOHIEHTPAIMEe OPraHuYeCcKOro yrjepo-
Ja B IOHHBIX OTJIOKeHUsIX CeBacToroyibckor OyxThl (paiioH MHkepmana, OyxTa OxHass) — Haubosee
AQHTPOIIOIeHHO HarpyskeHHou akBaropun CeBacronosbckoro pervona (Orekhova et al., 2019b).

[1o nosTyYeHHBIM IaHHBIM YCTaHOBJIEHO, UTO B JIOHHBIX OTJIOXKEHUSIX OyXThl Kpyriioli ocHOBHBIE TpO-
1IeCChl MUHEPAIM3AIIMM OPraHMYeCKOTO BEIIeCTBa, MOCIIeA0BATEILHOCTh KOTOPBIX 00YCIIOBJICHA TEPMO-
IMHAMUYECKUMU XapaKTepUCTUKAMU CHCTeMBI U MOIpoOHO omnucaHa B pabote (Orekhova & Konovalov,
2009), mpoTekaau ¢ ydacTHeM OKMCJIeHHBIX (popM a30Ta (ypaBHEHME 2) B BEpXHEM 7-MM CJIO€
u cysibaros (ypaBHeHue 3) — B cioe 8—200 MM B KyToBOM €€ yacTtu (CT. 1):

Cho6H,75045N16 P + 104HN Oy <> 106CO, + 60N, + Hy PO, + 138H,0 , )

Cho6H175049N16P + 59H,S0, < 106C0, + 16N Hy + Hy PO, + 59H,S + 62H,0 . (3)

ITOMY CIOCOOCTBOBAJIM HAJIMUYKE TIOCTOSTHHOTO NCTOYHMKA OPraHNYECKOTO BEIIECTBA, HE3HAUUTEIIb-
Hasl TTyOWHa, BRICOKAs TEMIIepaTypa MpUIOHHOTO cJiost Bo (+24 °C) u 3aTpyIHEHHBII BOJOOOMEH.

[TomydyeHHoe pacnpeneseHue cepoBOAOPOJa MOXKET CBUAETENILCTBOBATh O HEOJHOPOAHOM HAKOII-
JIEHUM OPraHUYECKOrO BEIECTBA BCJEICTBUE W3MEHEHMS YPOBHS HArpy3KU B Pas3jIM4HBIE IEPUOJBI,
NEPEOTIOKEHUA B Pe3yJIbTaTe B3AMYUUBaHUA U IIP.

B paiione BbIxoaa U3 OyXTHI (CT. 2) OTCYTCTBHE MIOCTOSIHHOTO UCTOYHHUKA OPTAaHUYECKOTO BEIeCTBa
1 nuHaMuka Bon (3auka u nip., 2011 ; Kydrapkosa u ap., 2008) ciocodcTBOBaIM TOMY, UYTO B UCCIIETY-
MBIl TIepro KUCIOpoa ObLJIO JOCTATOYHO JJIs OKUCIIEHUSI BCEr0 OPraHMUYecKoro BelecTsa. B Bepx-
HEeM cJioe JIOHHBIX oTiokeHui (0—20 M) 3apuKCHpOBaHbI a39pOOHBIE YCIIOBUs, a OCHOBHBIE MPOIIEC-
Cbl OKHCJIEHUSI OPraHUYECKOTO BEIIECTBA MPOTEKAIM € ydacTueM kuciaopoaa (ypasHenue 4) (Orekhova
& Konovalov, 2009):

ChosH175045N16 P + 1500, > 106CO, + 16 HNOg + Hy PO, + T8H,O . @)

XVMHUYECKUH COCTAB MOPOBBIX BOJ U TEOXUMHUYECKHE XapaKTEePUCTUKH JOHHBIX OTJIOKEHUH, B TOM
YHCJIe HAKOIUIEHWE OPraHUYECKOTO YITIEPOAa, a TaKKe LUPKYJIALMS BOJ OTPAKAIOTCS HA XapaKTEPUCTH-
Kax OEHTOCHBIX cooOmecTB. M3BeCTHO, YTO OEHTOCHOE pa3HOOOpa3ue B 3HAUUTENILHOM CTENEHH 3aBH-
CHT OT OKUCJIUTEIbHO-BOCCTAHOBUTEIbHBIX YCJIOBUI Cpeibl, HATMUMS KUCJI0poia/cepoBoopoaa (3auka
u 11p., 2011) u cogepkaHus OPraHUUECKOTO BEILIECTBA.

HecmoTps Ha cocTosiHME, COOTBETCTBYIOIIEE TMITOKCUH, B TIPUIOHHOM CJIO€ BOJI M HA HE3HAUUTEJIb-
HOe cojepxaHue Kuciaopona (< 20 MKM) Ha MOBEPXHOCTU TOHHBIX OTJIOKEHH, KyTOBask 4acTh OyX-
Tl Kpyrioi xapaktepu3oBasach HaMOOJBIIMM BUIOBBIM pa3HOOOpa3neM Makpo3oobeHToca. Kpome
ABYCTBOPYATHIX MOJUIIOCKOB, OTMEUEHBl MOJIMXEThl U acluauu. Bmecte ¢ TeM /1Ba U3 mATH 3a(pUKCH-
POBaHHBIX BU/IOB MOJLTIOCKOB B OyxTe Kpyrioit — a0pa u niepacroiepMa — sIBJISIOTCS YCTOMUMBBIMU
K oprannyeckomy 3arpsisHeHuio (Tuxonosa, 2010 ; TuxonoBa u Pyouosa, 2012). [lanHblil (pakT Tak:xke
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yKa3bIBaeT Ha JJOCTATOYHO BBICOKMI YPOBEHb OPraHUYECKOTO 3arpsi3HeHN 1. CHUKEHUE KOJIMYECTBA MaK-
PO3000eHTOCa Ha CT. 2 00YCIIOBICHO Te0JI0r0-reoMOpgOJIOrHIECKUM CTPOSHHUEM TIOIBOIHOTO pefibeda
[oH mpeacTaBsieT coOOM MOJBOJHBIN OeperoBoi abpa3uOHHbIN CKJIOH, CIIOKEHHBIN MCe(PUTOBBIMU OTIIO-
JKEHUSIMU C BbIXOJIaMU KOpeHHBIX nopo] (Muponosa u I[lankeesa, 2019)] u 10cTaTOYHO UHTEHCUBHOMN
LIUPKYJISALMEN BOJ B 3TOM paiioHe (3auka u jp., 2011). OmgHako 37ech TOXe BCTPEUAIOTCS MOJIMXETHI,
MIPY 3TOM OTMEUeHbI CHIKEHHE KOJTMIeCTBa ¥ OMoMacchl (TIOUTH Ha MOPSIOK ) ABYCTBOPYATHIX MOJLTIOC-
KOB, OTCYTCTBHE OPIOXOHOTMX MOJUTIOCKOB U IMPHUCYTCTBHE PAKOOOPA3HBIX. 3aperucCTpUpOBaHHAS HA BbI-
xozae u3 Oyxtel nonuxeta Cirriformia tentaculata meHee yCTOMYMBA K OPraHUYEeCKOMY 3arpsi3HEHHUIO,
YeM paHee OTMEYEHHbIE Ha APYTUX ydacTKax OyxThl. VIX 0OHapyXUBalOT B 30HaX, KOTOpbIe HAXOASTCS
Ha HEKOTOPOM yJaJIeHUM OT UCTOYHMKA MOCTYIJIEHUs OPTaHMUECKUX BEIIECTB, B TAK HA3bIBAEMBIX CMe-
maHHbIX 30HaxX (Dean, 2008). OtcytcTBre aciuanii B Oyxte Kpyrioit siBiisieTcsl XapaKTepHBIM IS TaH-
Hou akBatopuu: B iepuof ¢ 2000 mo 2009 r. oy Takxe He ObUIM 0OHapY)eHbl (MupoHOB U ap., 2003 ;
CanurtapHo-6uonornueckue vccieaoBanus, 2009).

Takum oOpa3oMm, HamboJblIee pazHoOOpa3ue Makpo3ooOeHToca B Oyxte Kpyrmoin mpuypoueHo
K BEpIIMHHOUN CTAHIIMU C WUJIMCTO-TIECYaHbIM JIOHHBIM ocaigkoM (cT. 1). ITo ero cocraBy 3TOT paitoH
BCErJia CYIIECTBEHHO OTIMYAJICSI OT OCTAJIbHBIX YYaCTKOB MoOepexbst (MupoHoB u jip., 2003). Pa3Ho-
o0pa3ue M KOJIMYEeCTBEHHbIE MOKa3aTesd MaKpOOEHTOCca Ha MeCYaHO-TaJIeuHbIX IPyHTax (CT. 2) HUXe,
YeM B YCTEBOM YaCTH, YTO TaKXke€ COOTBETCTBYET JaHHBIM Oojiee paHHUX HcciepoBaHuil (MupoHOB
u J1ip., 2003). BumoBoii cocTaB Ha CTAaHIIMSX COOTBETCTBYET TAKOBOMY B O0Jiee paHHUE TTEPHO/IBL.

AxBaropust O0yxTel Kpyrioi xapakrepu3syeTcst KojieOaHHUAMHU YUCIIEHHOCTH U OMOMAcChl U CMEHOMR
npeobnagaoiiero suga. Tak, Ha ct. 1 B 1999 u 2002-2004 rr. njomunuposan mostock C. glaucum,
B 2000 1 2004 rr. — H. acuta. B nocneqHuii nepuos] B COCTaBe MaKpO300OEHTOCA 3apErMCTPUPOBAHO
pasHooOpa3ue pakoodpa3HbIX U moymxeT (MupoHoB u ap., 2003). B 2001 r. Ha JaHHOM y4YacTke ObUIO
BBISIBJICHO Pe3KOe CHIKeHHMe OOWIMSI BUIOB, IIPU 3TOM CPeH YETHIPEX OTMEUEHHBIX BUIOB JOMUHHPO-
BaJM noyxetsl (MupoHOB U 1ip., 2003). B T0 Bpems 3/1ech HAOI0AaI0Ch 3HAYUTENILHOE KOJIMYECTBO
mousoau M. lineatus (MupoHoB u ap., 2003), Kak ¥ B IeprOJ, HACTOSLIETO UCClIeoBaHus. PaHee oTmeue-
HO, YTO Ha CT. | cTeneHb 3arpsi3sHeHUs MOPCKUX TPYHTOB He(hTePOAYKTAMH eIIE€ HEIOCTATOYHO BBICOKA,
9TOOBI OKa3bIBATh YrHETAOIIee BO3JCHCTBIE Ha YyBCTBUTEIbHBIE K JAHHOMY TMOJUTIOTAHTY BUIB (Mu-
poHOB U 1p., 2003). [ToMmumoO 3arpsI3HSIONIMX BENIECTB, CYIIECTBEHHOE BIIMSAHUE Ha (DOPMHUPOBAHUE
COO0O0ITIeCTBa OKa3bIBAaET BOJIHOBOE BO3/ICHICTBHE, OJJHAKO B UCCJIETyeMBIX TOUKAX Ha CT. 2 OHO MeHee 3Ha-
YHUTEJIHbHO, @ Ha CT. | OHO MPaKTHUYECKH OTCYTCTBYeT. [locieaHee 61aronpusaTHO CKa3bIBAaeTCS HA Pa3BH-
TUH MajlakoayHbl (B TOM Yuciie (PUIbTPATOPOB), 2 HAKOTUICHHUE B TOHHBIX OTIOKEHHUSIX UIOBBIX YaCTHII
CrOcOOCTBYET YBEIMYEHHUIO pa3HOOOPa3Usl U YUCIEHHOCTH JeTputodaroB (MupoHoB u ap., 2003).

B OyxTe Kazaubeii, HecMOTps Ha Jiy4muiii BogooomeH (MupoHoB u jp., 2002), yem B 6yxTe Kpyr-
JIOW, HAJIMYME MOCTOSIHHO JEUCTBYIOIIMX UCTOYHUKOB OPraHMYECKOrO BEILIECTBA PUBEJIO K 3HAUUTEIIb-
HOMY €ro HaKOIUIEHHI0. BhICOKME KOHLIEHTpaluy opraHuyeckoro yriuepona (4,32—7,86 %) o0ycnapiau-
BAIOT TO, YTO KUCJIOPOJ HE SIBJISIETCS. OCHOBHBIM KOMIIOHEHTOM IPU €r0 OKKUCJICHUH, a B JIOHHBIX OTJIO-
KEHUSX TpeodIIalaioT aHaPOOHbIE YCIOBHS. 3/1€Ch KOHIIEHTPALMsI CEPOBOAOPOIA B JOHHBIX OTJIOXKE-
HUSX 3HAYUTEJIBHO BhIIe, YeM Apyrux Oyxtax CeBactonosbckoro perrmona (Opexosa u ap., 2019a ;
Orekhova & Konovalov, 2018b). Mexay TeM pa3ivuHble YCIOBUS OCAAKOHAKOIUIEHUS] U UICTOUHUKU
OPraHUYECKOTO yIJiepoJa ONpPEeAessioT TO, YTO Ha CT. 3 B BEPXHEM CJIO€ OTJIOKEHUW 3apErucTpUpO-
BaHbl CyOKHCJIOPOJIHBIE YCIIOBHUS, 2 OCHOBHBIE OMOT€OXMMUYECKHe TPOIeCChl MPOTEKAIT C y4acTHEM
HUTPATOB/HUTPUTOB (ypaBHeHHe 2) B 20-MM cioe omioxeHuil. Huxke nmpotekaer cynbgarpenykims,
OJIHUM U3 MPOAYKTOB KOTOPOW sIBJsIETCS cepoBOIOpo] (ypaBHeHMe 3). B mopoBbIX Bogax JOHHBIX
OTJIOKEHUH CT. 4 OTMEUYEHbl MAKCUMAaJIbHbIE KOHIEHTpaluu cepoBogoponaa (okosno 900 MxM), oana-
KO B BEpXHEM 4-MM CJIO€ 3aperucTpUpPOBaHbl a9POOHBIE YCIOBHUS, YTO OOYCIOBJIEHO, BEPOSATHO, IO-
CTYIUICHHEM «CBEKHX» BOJ], OOOTAIIEHHBIX KHUCIOPOJIOM, 3a CUET BeHTWIAIMHU. Huke mpeobragaoT
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aHa3pOOHbIE YCIIOBHSI, KOTOPBIE PAa3BIIIUCH B Pe3yJibTaTe MPOTeKaHUsI CyIbdaTpeayKimu (ypaBHeHHe 3).
Takxke s paiioHa OyxTel Kazaubeil 0TME4eHO MPUCYTCTBHE BOCCTAHOBIIEHHBIX (POPM Kkese3a U Map-
radua (puc. 3) B BepxHeM cioe (0-20 MM), UTO MOXET ObITh CBSI3aHO C JIOKAJbHBIM HX MOCTYILJIEHUEM,
MPeALIECTBYIOIIMM 0TOOPY TPoO.

B noHHBIX OoTO)eHUsIX OyxThl Kazaubeil nepunmT KUCIopoa B BEPXHEM CJI0€ OTJIOKEHUN U BhI-
COKME KOHIIEHTpPAIlM{ CEPOBOJOPOAA B TOJIIE TOHHBIX OTJIOKEHUIN MPUBEIU K TOMY, YTO OEHTOCHOE
COOOIIECTBO HE OTIMYAJIOCh BBICOKOW UYMCIEHHOCTHIO U pa3sHooOpasueM, a MpeoliagalomuM Kiac-
coM ObutH oyuxeTsl (Tadn. 2). [To muennio (Muponos u ap., 2002 ; Belan & Moshchenko, 2009),
Capitella capitata — npU3HaHHBINA IO3UTUBHBIA UHIUKATOP OPraHUUYECKOI'O 3arpsiI3HEHM S, YCTOMUMBBIN
K JIePUIUTY KUCIOPOJa W IOCTUTAIONINN MaKCUMAIBHOTO OOWIIUS TIPU CUIILHOM 3arpsI3HEHUU CPEIbl;
Heteromastus filiformis siBnsieTcst ”HIMKaTOpoM 3BTpo¢HbIX BoI (JIocoBckas, 2011).

3a nocneiHue To/Ibl B COOOIIECTBE MAKPO300OEHTOCA PHIXJIBIX TPYHTOB OyXThl Kazaubeil oTMeueHbI
m3meHenus. Tak, o nHaekcy AMBI (AZTI Marine Biotic Index), 8 2003 u 2009 rr. Ha OOJBIITMHCTBE
UCCIIeIyeMbIX CTAHIUI B OyXTe PerHCTPUPOBAIIN «HEHAPYIIIEHHOE» COCTOSTHIE OEHTOCHBIX COOOIIECTB,
a B 2006 r. — «cnado HapyueHHoe» (TuxonoBa u Anémos, 2012). Ha necuaHbIx rpyHTax ObLIO 00-
HapyxeHo 13 TakcoHoB Gastropoda u 11 TakcoHos Bivalvia. [lo1s1 OproXOHOTMX MOJITIOCKOB COCTaB-
asma 55 u 75 % B 2011-2012 u 2018-2019 rr. cOOTBETCTBEHHO, /10J1s1 ABYCTBOPOK — 45 u 25 %.
B 2018-2019 rr. npousoiuio HeKoTopoe cHukeHue uucieHHoctu Mollusca: Gastropoda — B 1Ba pa-
3a, Bivalvia — B vetsipe (Makapos, 2020). [To 4MCIIEHHOCTH JOMHHHPOBAIA OPIOXOHOTHE MOJUTIOC-
ku Hydrobia acuta (Draprnaud, 1805) — 55 u 70 % B 2011-2012 u 2018-2019 rr. cooTBeTCTBEH-
HO; 10 Oromacce npeodJaaaim JBycTBopyaThie Mosutocku Cerastoderma glaucum (Bruguiere, 1789) —
54 %. CpenHsisi YMCIIEHHOCTh MOJUTIOCKOB YMEHBIIIWIACH B CPETHEM B TP Pasa IO CPABHEHUIO CO 3HA-
yenussmu 2011-2012 rr., HO IpU 3TOM BUIOBOW COCTaB ObLT XapaKTEPHBIM IJIsI PHIXJIBIX MECYAHBIX
rpyHToB (Makapos, 2020). DTu AaHHBIE OTJIMYAIOTCS OT MOKa3aTeliei, MOJyYeHHbIX B JaHHOM HC-
ClleIoOBaHUU. BBISIBJIEHHBIE Pa3fMuvsi MOXHO CBA3aTh C XapaKTEPOM JIOHHBIX OTJIOXKEHUH (pBIXJIble
NecYaHble TPYHTBI U WJIMCThIE OTJIOKEHHS), TIIYOMHOW MpoOooTOopa (MprOpeKHbIe MPOObI C TITyOH-
Hel 10 0,1 M u mpodul ¢ Oonee yem 13 M), MO3aMYHOCTBIO pacmpeeseHruss OEHTOCHOTO COOoOIe-
CTBa U Pa3HBIM KHUCJIOPOAHBIM pexUMOM. [TogoOHbIe MepecTpoiKu B OEHTOCHOM COOOIIECTBE OTME-
YeHbl HE TOJIKO Ha PBIXJIBIX TpyHTax OyxThl Kazaubeidl, HO U B 3nmM(UTOHE MOPCKOW TpaBhl poja
Zostera. Kommuectso BUAOB B 1970-1971 1 2006—2007 rr. 6610 OAMHAKOBEIM — 13. BUmoBoii coctas
B yKa3aHHbIA NEpUoJ npaktudecku He ommyaica. B 20062007 rr. Bmecto Steromphala divaricata
(Linnaeus, 1758) 3apeructpupoBaH Buj U3 3TOro xe popa Steromphala adriatica (Philippi, 1844),
a BMecto monoau Mytilus galloprovincialis Lamarck, 1819 — OGIM3KOpPOACTBEHHBIN BHUJ U3 CEMEW-
ctBa Mytilidae M. lineatus. OpHako cpeqHsisl YUCJICHHOCTh M CPeJHsIst OMoMacca MOJUTIOCKOB 3HAUM-
TeJIbHO coKpaTtuiuchk. Tak, B 1970-1971 rr. cpeansis uncnernocts Mollusca cocraBuia 6182 9K3.-KI 1,
a B 2006—2007 rr. — Bcero 257 9K3.-KT!, To ecThb yMeHbIIWIach noutu B 25 pa3. Cpeansist 6momacca
B Havyase 1970-x rr. Obuta 44,2 r-xr-', a B Havase 2000-x rr. — 8 r-Kr~', To ecrb COKpaTuiiach 00-
nee ueM B 5 pa3. Kpome Toro, mpousoiiuia cMeHa JoOMUHUpYIoIero Bua. [1o uncieHHocTr u 6uomacce
B Hauaste 2000-x rr. npeodnanana Tricolia pullus (Linnaeus, 1758). Mexay Tem B Hayasie 1970-x 1r.
SIBHO JOMHUHHpOBaNa Rissoa membranacea (J. Adams, 1800), a Tpukonus Oblla MaJOYUCIEHHBIM
Buom (Makapos, 2018).

MOXHO TpPearnoNIoKuTh, YTO MPOUCXOJSIINE B COOOIIECTBe Makpo3ooOeHToca OyxThl Kazaubeit
M3MEeHEeHHsI 0OYCJIOBJIEHBl HE TOJIKO aHTPOIOTeHHBIM (haKTOPOM (pa3BUTHEM TUTIOKCHUIHBIX yCIOBHM
3a CYET yBEJMYEHUs B IMOCJIEJHUE TOJbl AaHTPOIIOTEHHOM HArpy3KM Ha aKBAaTOPUIO BCJEICTBHE Mac-
COBOW 3aCTPOWKH TMOOEepexkbsi OyXThl), HO M XapaKTEPHBIMH ISl JaHHOTO paiiOHa MHOTOJISTHUMU
(pykTyaumsamu 4ducieHHocTd camux BuaoB (Makapos, 2018), a Takke aKTMBHON TWHAMUKON BOJ
B 3UMHMI IEPUOA.
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Kpome Toro, cyiiecTByeT rpaaanusi IpUHaIeKHOCTY TOTO WJIM MHOTO BUJIA K ONPeAeIEHHON TpyI-
1€ 10 YYBCTBUTEILHOCTH K 3arpsi3HEHUI0 — YyBCTBUTEJIbHBIE, UHAUDDEPEHTHBIE U YCTONUMBBIE BU-
abl (MupoHoB u 1p., 2003). K 4yBCTBUTEILHBIM OTHECEHBI BU/IbI, KOTOPBIE BCTPEUAIUCH TOJBKO B JIOH-
HbIX omnoxeHusx I-III ypoBHel 3arpsi3HeHusl [AaHHBIE YPOBHM OIPEIEJIEHBl [0 CONEPKAHUIO B HUX
xJ10podopMaIKcTparupyemMsix BemectB (MupoHoB u zp., 2003)], m1u6o Te, 1151 KOTOPBIX XapaKTepHO
BBIPaJKEHHOE CHIKEHME TOKAa3aTeisi BCTPeYaeMOCTH IIPY BO3PACTAHUM YPOBHS 3arpsi3HEHUS JIOHHBIX
ocaKoB. Bl Makpo30ooOeHToca, AJis1 KOTOPBIX XapakTepHa oOpaTHas TeHAeHIMs (yBeIuueHe MoKa-
3aresiell BCTPEUaeMOCTH MPU BO3PACTAHUU YPOBHSI 3arpsi3HEHUSI), OTHECEHbI K KOJIOTMYECKOM TpyIi-
ne ycronumBeiX. [1o gaHHOW IIKaie, BUABL, OOHApYXEeHHbIE B aKBaTOpvu OyXThl Kpyrioi, OTHOCST-
cs K ycronuuBbIM (A. segmentum, C. glaucum, T. neritea, T. pellucida v C. capitata), 4yBCTBUTEIIb-
HeM (C. gallina n A. diadema) n vaguddepentasim (M. lineatus v H. filiformis). dna 6yxTer Kaza-
Ybell 3apEeruCTPUPOBaHbI TOJBKO OJUH UyBCTBUTENbHBIN BUL (L. divaricata) v nBa nHOU(HEpeHTHBIX
(H. filiformis u N. hombergii).

Paccuntannbie wunpaekcel llleHHoHa Mo uucineHHoctd B Oyxte Kpyrmoit coctaBumm 1,93
u 1,75 (tabn. 2). Mexngy tem B Oyxte Kazauweil mokasateau Obumn ropazgo nuke — 0 u 1,0.
CpaBHeHUE MOJYYEHHBIX 3HAYEHUH MHAEKCOB C TAKOBBIMH IPEbIAYIINX HCCIEA0BAHUN YKa3bIBaeT
Ha To, 4yrto B OyxTe Kpyrioil oHM cCOM3MepHMBl: paHee WHAEKC BapbupoBai ot 1,14 mo 2,14 (Mu-
poHoB U Ap., 2003). B Oyxte Kazaubeil MHOEKC B Hacrosiliee BpeMsl 3HAUMTENbHO HUke. PaHee
3HaUEHUE COCTaBiIsUIo B cpeaHeM 2,04-2.41, a Ha OTAeNbHBIX CTaHLMAX pocturaio 3,47 (MupoHOB
u 1p., 2003). ITomyveHHbIe pe3ysbTaThl MOIYT OBITh CBSI3aHBI C MO3AMYHOCTBIO pacrpefesieHusi co-
00ITIecTBa MaKpO3000EHTOCA MO0 aKBAaTOpUM OYXTHI (B BEpIIMHHOW YaCTH IOKa3aTelW WHAEKCA HH-
Ke), C MaJbM KOJMYECTBOM IMPOAHAIM3UPOBAHHBIX MPOO, a TaKke C M3MEHEHHWEM YCIIOBUH OOM-
tanus. CoryacHO KJiacCH(UKAIMU COCTOSIHUSI COOOIIECTBa MaKpO300OEHTOCA ISl PHIXJIBIX TPYHTOB
no unaekcy lllenHona (Water Framework Directive, 2009), mis 6yxtel Kazaubell ero MOKHO o1ie-
HUTh Kak OegHoe (bad), a ans O6yxtel Kpyrmioit — kak ymepeHHoe (moderate). Muaekcsl IlenHoHa
no O6uomacce B OyXTax sIBJISUIUCh HU3KUMMU: 3HAYECHUsI HE MpeBblamu 1,56, a Ha HEKOTOPBIX CTaHIIH-
ax Opu Oymsku K O (Tadn. 2). MHaekc BeIpoBHEHHOCTH [Tveny ObUT TOCTATOYHO HHU3KWUM B OyXTe
Kpyrioii, uTo yka3piBaeT Ha JOMHHUPOBAHUE OTICIBHBIX BHIOB B OEHTOCHOM cOOOIeCcTBe (Tadu. 2).
B 6yxTe Kazaubeii otmMeueH oquH Buf (CT. 3), 4TO AefiaeT pacuéT MHIEeKca HeBO3MOXHbIM. Ha cr. 4
unzekc Iueny pasen 1.

AHanu3 BUIOBOTO pa3sHOOOpasusi B HMCCIELyeMbIX aKBATOPUSIX YKa3blBaeT, YTO Ha (hOpMHpOBa-
HHe OEHTOCHOTO COOOIIEeCTBa, HApsAy C KOHLEHTpalMeld KUCI0poja, CEPOBOAOPOIA U OPraHUYECKO-
r0 BEIIeCTBAa B JOHHBIX OTJIOXKEHUSX OYXTHI, BIMSIOT TaKXke YCJIOBHS OOWTaHUS TUAPOOMOHTOB —
HaJIMYMe KOPMOBOM 0a3bl, CKOPOCTh TEYEHUI, MHTEHCUBHOCTD TIOCTYIUICHHUSI OPraHUYECKUX BEINEeCTB,
I'PaHyJIOMETPUUYECKUI COCTaB JOHHBIX OCaJIKOB, BOJIHOBBIE Npouecchl (Henman n Kapnunckwii, 2013).

PaccunTaHHble BeIMUAHBI MOTOKA Kuciopoaa (0,73 M-m~2-rox”!) Ha rpanuie Boga — JOHHBIE OT-
JIOKEHUSI ¥ BpeMsl Pa3BUTHSI TUIIOKCUH B TIPUIOHHOM cJioe BOJ B paiioHe Oyxtel Conénoii (1. 4) yka-
3BIBAIOT HA TO, YTO MPH COXPAHEHUH HAOJI0AAEMOr0 YPOBHS aHTPOIIOTeHHOW HATPY3KHU IPH OTCYTCTBUU
AVHAMUKY BOJ1 B 9TOM pafiOHe YCJIOBHS aHOKCUU B IPUAOHHOM CJIO€ BOJ MOTYT Pa3BUThCS 32 5 MECHIIEB.
3T0, HECOMHEHHO, MTPUBEJET K MOSIBJICHUI0 BOCCTAHOBJIEHHBIX (DOPM KOMIIOHEHTOB (METaJIOB, OMOTeH-
HBIX JIEMEHTOB U CEpPbl) B OBEPXHOCTHOM CJIO€ JOHHBIX OTJIOXKEHHH M YXYALIUT YCIOBUSI OOUTAHUS
OEHTOCHBIX COOOIIIECTB.

3akawdenne. CtpaTrduKanys BOAHOW TOJIIM 32 CUYET OrpaHUYEHHOTO BOJOOOMEHA, BBHICOKAS
TeMIIepaTypa MPUIOHHOIO CJIOSI BOJ, CONPOBOKIAIOUIASCS CHUKEHHUEM PACTBOPUMOCTHU KMCIOPOJA,
MEJIKOANUCTIIEPCHBI XapaKkTep AOHHBIX OTJIOKEHHUIl M BBICOKOE COJEepKaHUE OPraHMYecKOro yriepoja
(mo 7 % B noHHBIX OoTNOkeHUsAX OyxThl Kazaubeil u 10 2 % B AOHHBIX OTIOXEHUSIX OyxThl Kpyrmoii)
CHOCOOCTBYIOT TOMY, YTO CKOPOCTb MOTPeOIeHNUsI KICIOPOia HAa OKUCIIEHUE OPraHMUYECKOTO BEIeCTBa
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MPEBBIIIAET CKOPOCTh €ro MOCTYIUIEHUSI. DTO COMPOBOXKIAETCS pa3BUTHEM 30H JedUIIUTa KHUCIIO-
poJa Ha NMOBEPXHOCTH AOHHBIX OTIOXKEHUI W TOSBJIEHUEM BOCCTAHOBJIEHHBIX (POPM COEJUHEHUU,
B YACTHOCTH CEPOBOJOPOJA, B UX TOJIILLE.

B BepxHeM ci0e JOHHBIX OTJIOKEHUH UCCIIeAYEMbIX PAOHOB MPEUMYIIIECTBEHHO MPe0dIalaloT cyo-
KHCJIOPOJIHBIE YCIIOBHS, HUKEe — aHadpOOHbBIe. DTO MPUBEJIO K TOMY, YTO OCHOBHBIMU (hOpMaMU MaKpo-
3000€HTOCA CTaJId BUJIBI, TOJIEPAHTHBIE K JIE(DUIIUTY KUCJIOPOIA U 3arPsI3HEHUI0 OPraHMIECKUMHU Belle-
crBamu. Tak, Ha MCCNIEJOBAaHHBIX yYacTKax OyxThl Ka3aubell mprCyTCTBOBAIM TOJILKO MOJIMXEThl. Mak-
CUMaJIbHbIe KOHIIEHTpaluu cepoBogopoaa (1o 900 MkM) B JOHHBIX OT/IOKeHUsX OyxThl ConéHol (0yx-
ta Kazaubs) 00ycIoOBIIeHbI, BEPOSTHO, HAIMYMEM B TOM paiioHe AOTIOJHUTEIbHOTO HCTOYHUKA OPTraHu-
YEeCKOro BeuniecrBa. PaccuntaHHOe BpeMs MOJHOIO MCYEPHAHMS KUCIOPOAAa B BEPXHEM CJIOE€ TOHHBIX
omIokeHU (Tre oH ObUT 3a(PUKCHUPOBaH) C YUYETOM TOJIBKO OMOTEOXMMHYECKHX IPOIECCOB Ha ITOU
CTaHLIMM — OKOJIO 5 MECSIIEB.

BunoBoe pazHooOpazue OEHTOCHOrO COOOIIEeCTBA B TOHHBIX OTJIOXKEHHSIX HCCIEAYeMbIX OYXT CBU-
JETebCTBYET O TOM, UTO ONpPElesiomMMU (pakTopaMu B ero (hOpMUPOBAHUM SIBJISIIOTCSI HE TOJIb-
KO COJEpKAHUE KUCIOPOJA, CEPOBOJOPOJIA Y OPTaHMYECKOTO BEIIECTBA B JOHHBIX OCAJIKax, HO U Ha-
JIMYUe KOPMOBOM 0a3bl, CKOPOCTh T€YEHWH, MHTEHCUBHOCTb TMOCTYIUICHHWSI OPraHMYECKUX BElIeCTB,
IPaHyJIOMETPUYECKUN COCTAB IOHHBIX OCAJKOB, BOJIHOBBIE IPOIIECCHI U T. .

Takum 06pa3oM, MOKHO MPEANOI0KUTh, YTO OTCYTCTBHE CUCTEMHOTO M SKOJIOTHYECKU PAllMOHAITb-
HOTO MOAXoAa Mpu dKcrutyatanmu O0yxt Kpyrioi u Kazaubeil mpuBesio K 3HAYUTETbHOMY UX 3arpsi3-
HEHMIO, YTO CIIOCOOCTBOBAJIO YXY/AIICHUIO YCJIOBUH CYIIECTBOBAaHUS OEHTOCHBIX co00IecTB. Pa3purue
YCJIOBUI TUTIOKCUY HA TIOBEPXHOCTH OTJIOKEHHH U TOSIBJICHHE CEPOBOJIOPO/IA B BEPXHEM MX CJIOE€ MOTYT
yKa3bIBaTh Ha TO, YTO SKOcHCcTeMbl OYXT Kpyrioi u Kazaubeir HaXoaATCcsl B CTaIMU JIeTpaJalivu.

JlanpHelmas ux SKCIUTyatanus 6e3 CHUKCHUsI YPOBHSI aHTPOTIOTEHHOW HATrPy3KHU MPHUBEIET K TO-
SIBJICHUIO U PACTIPOCTPAHEHHUIO 30H SKOJIOTMUYECKOTO PUCKA. DTO CHUZUT PEKPEAIMOHHYIO U COLIMAIIbHO-
SKOHOMUYECKYIO MPUBJIEKATEIbHOCTh JAHHBIX PAIOHOB.

Paboma svinonnena 6 pamxax zocyoapcmeentiozo 3adanuss PUL] MTH Ne AAAA-A18-118012690345-0 «Kom-
NAEKCHbIE MENCOUCUUNAUHAPHBIE UCCACO08AHUSL OKEAHONOZUMECKUX NPOUECCO8, ONPEOCASIOUUX (PYHKUUOHUPOSA-
HUe U I8ONOUUIO FIKOCUCTIEM NPUOPENCHBIX 30H YEPHO20 U A308CK020 MOPED» (XUMUUECKUL] AHAAU3 OOHHBIX OMAO-
gicenuit) u npoexma PODPU Ne 18-45-920008 «Ouenka enusinusi HAKONAEHUS. OP2AHUYECKO20 BEU4ECMBA 8 OOHHBIX
OMAONCEHUSIX HA UMEHEHUe OKUCAUMENbHO-80CCMAHO8UMeNbHbIX Yycaosuil oyxm Cesacmononbekozo pezuoHa»
(ombop npob u anau3 OaHHbIX).

BaaromapHocTb. ABTOp BbIpakaeT OJaroflapHoCTh M. H. C. OT/eNIa MOPCKON CAHUTAPHOU THIPOOHOIOTHH
UL UuBIOM T. B. Butep 3a momoliip B olipe/ie/IeHUH BUAOBOTO COCTaBa OEHTOCHBIX MOJUTIOCKOB U B pacyuéTe oc-
HOBHBIX MHJICKCOB, a TAKKE C. H. C. OTJe/Ia MOpCKo canuTapHou ruapoduosiorun PUL UHBIOM k. 6. H. E. A. Tu-
XOHOBOW — 3a TIOMOIIb U MPOdh)eCCHOHATIBHYI0 KOHCYJBTAIUI0 TPU OOCYKIEHUU TOTYyYSHHBIX Pe3yJIbTaTOB
0 BUJIOBOMY COCTaBY U paciipe/e/eHn0 OSHTOCHBIX opraHu3mMoB B Oyxtax Kpyrioi u Kazaubeii.
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Intercalibration

REDOX CONDITIONS OF BOTTOM SEDIMENTS
AND MACROZOOBENTHOS CHARACTERISTICS
IN THE KRUGLAYA AND KAZACHYA BAYS (SEVASTOPOL)

N. A. Orekhova

Marine Hydrophysical Institute of RAS, Sevastopol, Russian Federation
E-mail: natalia.orekhova@mhi-ras.ru

A lack of systemic and environmentally efficient approach to exploitation of the Kruglaya and Kazachya
bays (Sevastopol) resulted in their severe pollution. The conjunction of natural and anthropogenic fac-
tors led to deterioration of habitat conditions of benthic communities. The aim of this work was to carry
out complex research of Kruglaya and Kazachya bays’ ecosystems to study peculiarities of formation
of redox conditions in bottom sediments and bottom water layer, as well as their effect on macro-
zoobenthos characteristics. Bottom sediments were sampled by diver in plexiglass tubes hermetically
sealed at the top and bottom; it helped in preserving a fine structure of bottom sediments and bottom
water layer. To study benthic communities, samples were taken in the same spot with a manual sam-
pler. To obtain chemical composition of pore waters with high vertical resolution, the voltammetry
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analysis was carried out. Calculation of an oxygen flux at the boundary and in the upper layer of bot-
tom sediments was performed according to the vertical profile of oxygen concentration in pore waters
and geochemical analysis with applying the equation for the Fick’s first law and considering concen-
tration gradient and molecular diffusion of oxygen in pore waters. Standard hydrobiological methods
were applied for the analysis of benthic material. When calculating the values of the Shannon diversity
index (H’), the binary logarithm was used. The data analysis showed as follows: a high level of anthro-
pogenic load and restricted water dynamics resulted in siltation of bottom sediments in the studied water
areas, which obstructed oxygen penetration; the accumulation of organic carbon contributed to its ac-
tive consumption. Stratification of a water column due to limited water exchange, high temperature
of bottom water, accompanied by a decrease in oxygen solubility, and finely dispersed nature of bot-
tom sediments contributed to the fact that the rate of oxygen input was lower than the rate of oxygen
consumption for organic matter oxidation. This was followed by the development of oxygen deficiency
zones and emergence of reduced compounds, in particular hydrogen sulfide. Importantly, suboxic con-
ditions prevailed in the upper sediment layer, and anaerobic conditions prevailed below. Due to this,
the main forms of macrozoobenthos were species tolerant to oxygen deficiency and organic pollution.
Specifically, in some spots of the Kazachya Bay, polychaetes alone were recorded. At the same time,
in the Kruglaya Bay mouth area, intense water dynamics and morphological peculiarities of bottom
sediments contribute to saturation of the upper sediment layer with oxygen. Based on oxygen concen-
tration data for the surface (0-5 mm) sediment layer (pore waters) and on geochemical peculiarities
of bottom sediments (moisture and porosity), the oxygen flux at st. 4 (the Solenaya Bay) was calculated;
the value was 0.73 M-m2year !. Considering oxygen concentration in bottom water layer (259 uM),
the time for complete depletion of oxygen or its renewal is about 5 months if taking into account biogeo-
chemical processes alone. Hence, it can be assumed that the ecosystems of the Kruglaya and Kazachya
bays are in the stage of degradation. Their further exploitation without a developed systemic and ra-
tional approach will result in a critical deterioration of the ecosystems — the emergence and spread
of environmental risk zones. It will reduce the recreational and socioeconomic attractiveness of these
areas.

Keywords: sediments, pore water, oxygen, hydrogen sulfide, organic carbon, macrozoobenthos, coastal
waters, Black Sea
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