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UHTET'PAJIbHA S OLIEHKA KAYECTBA MOPCKUX IMPUBPEXXHBIX BO/
OCTPOBA 3MEHWHbBIN

[IpuBeaeHBl U NPOAHATU3UPOBAHBI PE3YIBTATEL OLCHKH KAUeCTBA MPUOPEKHBIX MOPCKHX BOJ BO3NEC
octpoBa 3memubii 3a 2004-2014 rr. ¢ wucnmomp3oBanueM wuHaekca TRIX. Ilokazano, 4uro B
OOJBIIMHCTBE CIYYAacB KaUeCTBO MPHOPEKHBIX BOA oTBeHaIo Me3otpodHoMy (40 %) u sBTpodHOMY
(43 %) crarycy ¢ TCHACHIMCH VAYYLMICHHS COCTOSHUS HAa MPOTSHKCHUM mnocaeaHux 11 jerT.
[IpuBeacHHEIC pPE3ynbTaThl CTATUCTHYCCKOTO AaHANM3a [OKA3alnHM, 4YTO Haubomnee TECHEIC
KOPPCISILMOHHBIC  B3auMOCBA3u Habmomarorcs Mexay wuHaekcoM TRIX, mnpospaunocTeio u
coneHoctero. Pexomenayetcs mcnons3oBate uHACKC TRIX mnd oneHkH kauecTBa MOPCKHX BOJ B
HAIMOHAJBHOM Maciutade amst Bcero Yepuoro mops. [lokazano, uto pabion YUepHOro Mops BO3ie
ocTpoBa 3MEUHBIH MOXKHO PEKOMCHIOBATH B KavdecTBE peepeHTHOro Il BCeH CeBepo-3amagHoi
gacT YepHOro mops.

Knrouesvie crosa: undexc TRIX, Yeprnoe mope, ocmpoe 3meunviii, npubpesicruvie 600bl
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INTEGRATED ASSESSMENT OF THE ZMIINYT ISLAND COASTAL WATER QUALITY

The results of marine coastal waters adjacent to the Zmiinyi Island quality assessment using TRIX
Index for 2004-2014 have been presented and analyzed. It has been shown that coastal water quality
in most cases corresponds to mesotrophic (40 %) and eutrophic (43 %) status with the trend towards
water quality improvement during past 11 years. Results of statistical analysis have been presented,
showing that the tightest correlation relationships are observed between TRIX Index, transparency
and salinity. Using of TRIX Index for marine water quality assessment in the National scale and for
the entire Black Sea has been proposed. It has been shown that the water area around the Zmiinyi
Island could be recommended as a reference area for the entire North-western part of the Black Sea.

Keywords: TRIX index, Black Sea, Zmiinyi Island coastal waters

VIIK 591.9 (262.5)
M.A. KOBAJIEBA, M.B. MAKAPOB, H.A. BOJITAUEBA, JI.B. BOHJIAPEHKO

HucruryT 6uonorun 10xkHex Mopeit uM. A. O. KopaneBckoro
p. Haxumona, 2, CeBacronons, AP Kprim

MHOI'OJIETHSSI JUHAMUKA MAKPO®A YHbBI CKAJI
B AKBATOPUU KAPAJIAT'A (UEPHOE MOPE)

IMonyueHsr JaHHBIE O BHAOBOM COCTABE, YHCJICHHOCTH M Ouomacce MakpodayHbl Ha CKajgax
akBatopun Kapanara (roro-socrounerii Kpeiv) B 2009-2012 rr. C ucnonbp3oBaHUEM HHICKCHOTO
MoAX0Ja MPOBSAEH CPABHUTCIBHBIN AHAIH3 PA3BUTHS MaKpo3000cHTOCA 3a mepuoant 1938-1940,
1976-1978 u 2009-2012 rr. BeisBiICHB 3HAYUTC/IBHBIC U3MCHCHUS KOJIHMYCCTBCHHBIX IOKA3aTC/ICH
pasBuTH COOOIICCTBA U YPOBHS €10 OHOPA3HOOOPa3Hsl, MPOU3OLICAIIHE 32 STO BPEMSL.

Kuoueevie crosa. coobuecmeo cran, Mytilus galloprovincialis, Mytilaster lineatus, mnozoremnsna ounamuxa,
Yéprnoe mope, Kapaoae
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[lepBoe npeTanmpHOEC HccneAoBaHHE OCHTOCA Ha JKECTKHX cyOcTpatax B YEpHOM MOpe NpPOBEACHO
N. B. laponoseim Ha Kapanmarckoit Owoctranimu B 1938-40 rr. [8]. B 1976-78 rr. ero chémKy
nosropun M. A. Curery6 [7], aB 2009, 2011-12 rr. aBropsl nanHOH cratei |3, 4]. MeToauka u Mecta
cOopa mpob ObITH CXOKUMH BO BCE TPH MEPHOA.

Llenp paboThl — M3yYUTh COBPEMECHHOE COCTOSIHHE W MHOTOJICTHEOK AMHAMHKY COOOIIECCTBA
MaKpo3000E€HTOCa ©CTECTBEHHBIX TBEPABIX cyOcTpaToB B akBatopunm Kapamarckoro npupogHOro
3aIOBE JHUKA.

Marepuan 1 METOIbI HCCJIETOBAHHM

Jletom 2009, 2011 u 2012 rr. Ha ckamax axsatopuu Kapagara Boaosgazamu oToOpano 55
KOJIMYECTBCHHBIX MPOO Makpo3oobeHToca. s otOopa Marepuaia HCHONb30BATH OCHTOCHBIC PAMKH
mwromazpio 0,04 u 0,06 M, OGLINTEIC METBHUYHBIM Ta30M C auametpom staen 0,5 mv. Guxcuposamu 4
% pactBopoM dopmanbaernaa. B kamepanbHBIX VCIOBHSX MaTepuan pasOupatd N0 KPYHIHBIM
TAKCOHOMHYCCKUM TpyImaM W HacHtuhuimposaiu. I KaKAOro BHAA ONPESACTAIN CPEIHIOK
YHCICHHOCTD — N, 5K3.M°, CpeaHion Gnomacey — B, r-M™” u Berpeuaemocts — P, %. CooGmecTsa
BBILAC/ISUTH TIO JOMUHHUPYIOIIEMY 10 Onomacce Buay [1].

I[J'IH CONOCTAaBJICHUA TOMYUYCHHBIX AAHHBIX C JIMTCPATYPHBIMU MBI O6’be,Z[I/IHI/IJ'II/I MaTtcpuaibl B
OAHY WUHTCrpaabHy0 npoOy. Jis cpaBHCHHS IUTOTHOCTH BHAOB HA CAWHHUIYY IUIOIAIH H
BBIPABHCHHOCTH OTHOCHUTEIBHOIO PACHPEACACHUS 0COOCH Cpeau BHIOB B COOOIICCTBE CTPOWIH
KPHBbIC JOMUHHPOBAHUS — PA3HOOOPA3us U K-IOMHUHAHTHBIC KPUBEIC [§, 9].

JloMuHUpOBaHHE M3y4Ya M ¢ MOMOIIBID uHACKCA CuMIicoHa, OMOPa3HOOOpA3He — MO UHACKCY
llennona, Bua0OBOC OOrarcTBo — no HHACKCY Mapraneda, BRHIPOBHCHHOCTh — C MOMOIIBI0 HHICKCA
IMueny [6]. B paGore [8] aBrop HE MOPHUBEI MMOJHOTO CIOKHCKA BHIOB, OMHAKO CIHCOK ©CTh B
HEOIMyOIMKOBAHHBIX JaHHBIX, COXpaHEHHbIX B Oubmmoreke Kapanarckoro zanoseannka. UMeHHO 3TH
maaaeic M. B. IlaponoBa wWCmonp30BaHE HAMH I CPABHUTCIBHOTO AHAIN3Q KOJIHYCCTBCHHOTO
pacnpeaencHus (hayHbl B PA3HBIC MICPHOIBI HCCIICIOBAHUI.

PesyabTaThl HCCIEA0BAHMI H HX 00CYKIEHHE

B mpo6Gax 2009-12 rr. obuapyxkeHo 87 Buaos ruapobuonToB: Crustacea — 35 Bunos (42,5 % olero
komuecTBa BuAOB), Polychaeta — 26 sumos (31 %), Mollusca — 16 Bunos (18 %). IlpeacraBurenun
Hydrozoa, Nemertea, Turbellaria, Oligochacta, Acarina, Insecta 10 Buma HE WACHTU(UIUPOBAHBI.
CpeHss YHCICHHOCTh MAKPOGCHTOCA HA HCCIICI0BAHHOM IIONHMIOHe coctaBma 158484250 sx3. M7, a
6uomacca — 2991+47 r-m”. Tlo uucieHHOCTH H OHOMAcce mNPeoGIAJamM MOITIOCKH, HX
KOJTHYCCTBCHHBIC TOKazaTemd — 12459 sx3.-m” m 2975 M. D10 OOBACHICTCS OGHIHEM
npeactasutenci mutunug (97 % unciacauocta U 99,8 % Ouomaccer Bcex MOUTIOCKOB). [Ipu 3Tom Ha
monro Mytilus galloprovincialis Lamarck, 1819 mpuxomumoce 2,7 % uwmcnennoctst u 42,7 %
6uomaccel Bcex Mollusca, a va momo Mytilaster lineatus (Gmelin, 1791) — coorBercTBeHHO 95 % M
57,1%. 310 mo3BOICT HaM BBIACIUTh B oOpactaHuu ckan Kapamara B cOOOIIECTBO MHUTHIACTEPA.
CpaBHUTEIBHBIN aHATH3 Pa3BUTH Makpo3zoobeHToca Ha ckanax Kapanpara B mepuoast 1938-40 rr.,
1976-78 rr. u 2009-12 rr. nokaszam, 4To CpeAHss Ouomacca OCHTOCA B HCC/ACIOBAHHBIC OB
cymecTBeHHO oTnuanuck (1046,1 rm7, 97615 rovm? w2991 rov” COOTBETCTBCHHO), B TO BPEMSI KaK
oOIast YMCACHHOCTh OCTAaBAJaCh Ha OJHOM YpOBHE. YBenamueHue Ouomaccel B 1970-¢ rr. Obuio
0OYCITOBICHO BCHBIIIKONW KOMHYCCTBCHHOTO PA3BUTUS CKAJIOBOH MHIWH, MPEANoOaracMas MpHIuHA
KOTOPOM — PeaKiysl Ha YBEJIMUICHHUE OOIIETO YPOBHS 3BTPO(UPOBAHMS BO B 3TO Bpems [2].

Ilpm cpaBHEHUHN HAMUX JAHHBIX C JTUTEPATYPHBIMH |7, 8] MCIIONB30BATN MHISKCHBIM MOIXOL.
INpoananuzupoBanbl HHACKCH AoMuHHpoBaHus (puc. 1), ¢ ucnonp3osanuem nnackca Cummcona (D),
KOTOPBIH OTPAKACT KOHLICHTPAINIO JOMHHHpoBaHMa u m3Mmepsaercs ot 0 go 1. B 1938-40 rr. ero
nokazarenb coctaua 0,14, B 1976-78 rr. — 0,16, a B8 2009-12 rr. — 0.5.

Oxazanoce, uro B 2000-¢ rogpl yPOBCHb JOMUHHPOBAHUS BBIIIC, UEM B MPCABLAVIIUC TObI, a,
ciaemoBareibHO MeHbINe pasHooOpazue (1-D). PasnooOpasue Takke aHATM3MPOBAIH MO HHACKCY
Ilennona, npuaaronemy Gosbinmii Bec peakum Buaam. B 1938-40 rr. atoT unaekc pasusics 3,57, B
1976-78 rr. — 3,3, a 8 2009-12 rr. — 1,9. MapiMu crioBamu, pazHooOpasue coodIEecTBa B 3TH IEPHOIBI
WCCIICIOBAHUN MOCTOSHHO CHIKATOCh. BBRIPaBHCHHOCTh cuuTaiu ¢ momMoinpio uHaekca [lueay. Yem
OMKe €ro 3HAUCHUC K CAMHULC, TCM BBHIIIC 3TOT MOKA3ATCAb 1 COOOIICCTBA. BBHIPaBHCHHOCTH
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Takxke CHwxanacb ot 0,6 B 1938-40 rr. go 0,52 B 1970-e n go 0,3 B 2000-e rr. MHagekc Mapraneda,
0fHaKo, Obln Hanbonee BbicOKMM B 2009-12 rr. 3TOT MHAEKC oOTpaxaeT 6uopasHoobpasme
OTHOCUTE/IbHO BMAOBOrO 60raTcTBa, a Tak Kak KO/IMYeCcTBO BMAOB B KO/IMUECTBEHHbLIX MaTepuanax B
1938-40 rr. 661710 HWXKE, YeM B ApYyrue rofbl, TO U 3Ha4YeHMe JaHHOTO MHAEKCca AN 3Toro nepuoga
camoe Huskoe. Mo pesynbTatam MPUMEHEHHOrO MHAEKCHOrO MOAX0A4a MOXHO KOHCTaTupoBaTb, UTO
pasHoo6pa3ne 1 BblpaBHEHHOCTb COO6LLECTBA CKall NOCTOSIHHO YMeHbluanuch ¢ 1938-40 rr. go 2009-
12 rr., a ypoBeHb LJOMUHMPOBAHUA B HEM MOBbILLIASICS.

MHgekc CumncoHa MHgekc Mueny MHpekc LeHHOHa MHpekc Mapranega
L111938-1940rr. 0 1976-1978rr. K12009-2012 rr. 11938-1940 rr. 0 1976-1978 rr. 02009-2012rr.

Puc. 1 WHAeKchl LOMUHMPOBaHMA CUMNCOHa, BbipaBHEHHOCTY Mueny, pasHoo6pasms

LLieHHOHa 1 B1goBoro 6oratctea Mapraneda B coobuiectBax ckan Kapagara
B CPaBHMBAaeMble MEPMopbI

[ns  OueHKM BbIPaBHEHHOCTWM BWAOB MOCTPOMAM Takxke rpapukK [AOMUHMPOBAHWA -
pasHo06pa3nsi Makpo3006eHTOCa N0 YNCNIEHHOCTK (puc. 2).

1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77 81 85
PaHr sungos

Puc. 2. KpuBble paHroBOro pacrnpeaeneHns BULOB MakKpo3006eHToca Ha CKanax
Kapapgara B pa3Hble rofibl UCCNef0BaHUi

B 1938-40 rr. goMmuHupyeT oauMH Bug - M. lineatus (39 % o06Leli YMCNEHHOCTH),
COAOMMHAHTaMW SBAAOTCA TPU BUAa pakoobpasHbiX - Erichthonius difformis M. - Edwards, 1830,
Ampithoe ramondi Audouin, 1826 , Hyale pontica (Rathke, 1837) (no 11 %). B 1976-78 rr. cpeau
npeactaBuTeneli Makpo3006eHToCa CKasl MOXHO BblAeNUTb TPU BUAA 3aMETHO AOMUHMPYHOLWUX N0
yncneHHocTn: ampunoga Stenothoe monoculoides (Montagu, 1815) (24 % o6uwiein uncneHHocTH), a
Takke Monnockm - M. lineatus (21 %) u M. galloprovincialis (17 %) [7]. B 2009-12 rr. siBHO
npeo6nagan oguH sug - M. lineatus (75 %). OcTasibHble CYLECTBEHHO YCTYNalT eMy No 06unmto (Ha
rpavke KpvBas pe3ko najaeT, a 3aTeM BbipaBHWBAETCSs). BbipaBHEHHOCTb BUAOB B LiE/IOM HU3Kas, a
OOMWHUPOBaHWE, COOTBETCTBEHHO, BbICOKOE. [IPOTAXKEHHOCTb  KPUBLIX  AOMUHUPOBaHUSA -
pasHoobpasua ans coobLyecTsa BO BCe UCCefyemMble NepUoLbl OTHOCUTENLHO BENKA, YTO FOBOPUT O
60/bLLIOM KONU4YeCTBe BWUAOB B COCTaBe coobuiecTBa. OfHaKo MPUCYTCTBME HECKObKUX BUAOB-
AOMUHaHTOB B 1938-40 rr. n ocobeHHO B 1976-78 rr. genaet KpuBble AN COO6LLECTBA B 3TU rofbl
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6onee BblpaBHEHHbIMK, YeM y cooblecTBa B 2009-12 rr. Uem Bbllle NPOXOAUT KpuBas v yem 6onee
OHa ynnouweHa, Tem 60/blle NpWM JaHHOM 4ucne BWUAOB O06Llee pasHoo6pasue. B cTpeccoBbix
CUTYyaLMaX He3aBMCKMMO OT TOrO, BbI3BaHbl /1N OHU ECTECTBEHHbLIMW MPUYUHAMW USIN @aHTPOMOFEHHbIM
BO3feNCTBMEM, KpUBas CTaHOBUTCA 60see BOrHYyTOM. OTClOfa Mbl MOXEM 3aKIluuTb, 4To B 2009-
12 rr. coo6LecTBO Ha CKanax Haxo4wunocb B MeHee 61aronpusTHBIX YCI0BUAX, YeM B MpefblayLyme
rofbl.

[na onpefeneHns U3MeHeHMI, npousowedwnx B 6uOTONE NOA4 BAUSAHWEM  BHELUHUX
BO34eWCTBUIA, NOCTPOeHbl K-AOMUHAHTHbIE KPMBbLIE NPOMOPLUUIA YMCIEHHOCTU U GMOMACCHI KaXoro
BMAa B 6mMoTone ANs BCeX MepPUOAOB uccnepoBaHuin (puc. 3). Mo B3aMMHOMY PacnofoXeHnto 3TUX
KPVBbIX MOXHO CfeNaTb BbIBOAbl O HAMYMN U3MEHEHWI BO B3aUMOOTHOLEeHUU K- u r-ctpateros B
coobulectse. paduueckn Hanuume gomMuHMUpyowWwmx K-ctpateros (BMA0B ¢ OTHOCUTENbHO 60/bLUION
6romaccoi) B coobLiecTBe NPOSB/ASETCA B TOM, YTO KpuBas 6MOMAcChl pacnonaraeTcs Bbille KPUBOIL
yncneHHocTn. B nepsble ABa nepuoga B coo6LLeCTBE He Habnoganoch NpeobnagaHna r-cTpaTeros.

40.

No oBz0%

20«

A b
Puc. 3. Kpusble K-goMnH1poBaHus
yncneHHocTn (0603HaYeHO
KpPecTnkom) 1 6romaccsl
(0603Ha4eHO pom6boM) A/
coobuiectsa ckan B 1938-40 rr. (A),
1976-78 rr. () n 2009-12 rr. (B)

B

PacnonoxeHve rpagukos K-f4OMWHMPOBAHUS B 3TW Nepuofbl COOTBETCTBYET K/1aCCUYeCKOi
KapTuHe uuctoro 6uotona. OpfgHako pacnonioxeHuwe rpadukos B 2009-12 rr. cooTBeTCTBYeT
NnepexofHbIM YCN0BMAM, a B 6MoToNe HabNt0AaeTCad COCTOSHWE, XapaKTepHOe [18 CPefHero YpoBHSA
3arpAsHeHuns. MOXHO MpeanosfioKnTb, YTO B 3TO BPEMSA B LEIOM YXYALWANCH YCNOBUSA 0OUTaHWS
coobuyecTBa.

BbiBoAbI

Takum 06pa3om, Ha NPOTSXEeHUU TPEX UCCNEL0BAHHbLIX NePUOJ0B Ha CKanax akeatopumn Kapagara Mbl
Habnogann Tpu pasfiMyHbIX coobliecTBa Makpo3oobeHToca. B 1938-40 rr. u 2009-12 rr.
OOMUHUPYIOLNM BMAOM Obln MuTuaacTep, B 1976-78 rr. - mugus. OfgHako, yCnoBUs, B KOTOPbIX
Haxo4unuchb coobLlecTBa B MepBbli U BTOPOW Nepuofbl 0Kasanuch 60fiee CXOAHbIMW, YeM B TPeTul
nepuog uccnegoBaHuii. B 2009-12 rr. 0TMEYEHO CHWKEeHWe YPOBHS pasHO06pasns U UCHE3HOBEHMWE
psga BUAOB. BO3MOXHOW MPUUMHOIA 3TOr0 SBAAIOTCA M3MEHEHWS B (IUTOLLEHO3aX MakpoguMTOB Ha
ckanax [5] v noBblleHMe 06LLEr0 YPOBHSA 3arpsisHEHUsA Cpefbl.
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BAFATOPIYHI 3MIHN MAKPO®AYHW CKEJ/Tb Y AKBATOPIT KAPALATY (HOPHE MOPE)

OTpumaHi gaHi Npo BWAOBMIA CKnaf, YMCENbHICTL Ta GioMacy MakpodayHW Ha CKensx akBaTopil
Kapapary (niBgeHHuin cxig Kpumy) B 2009-2012 pp. 3 BMKOPUCTAHHAM IHAEKCHOro mMigxomy
NPOBEAEHNI MOPIBHANBHNIA aHani3 po3BMTKY MakKpo3oob6eHTocy 3a nepiogn 1938-1940, 1976-1978 i
2009-2012 pp. BwusaBneHo 3HayHi 3MiHW KiNbKiCHUX MOKA3HMKIB YrpyrnoBaHHS Ta pPiBHA 10ro
6iOpi3HOMAHITTS, WO CTanMca NPoTAroM LbOro Yacy.

KnwouoBi cnosa: yrpynoBaHHa ckenb, Mytilus galloprovincialis, Mytilaster lineatus, 6araTopidyHa fguHamika,
6iopisHoMaHiTTA, YopHe mope, Kapagar.
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THE LONG-TERM CHANGES OF MACROFAUNA IN KARADAG (BLACK SEA)

The data of the investigations of the qualitative and quantitative composition of the macrofauna in
2009-2012 for the Karadag (south-east of Crimea) are presented. The comparative analysis of the
development of macrozoobenthos in this biotope for the periods of 1938-1940, 1976-1978 and 2009-
2012 with helping indexes was made. The considerable changes of quantitative indexes of
development of community and level of biodiversity for this time are exposed.

Keywords: community of rocks, Mytilus galloprovincialis, Mytilaster lineatus, long-term changes, biodiversity,
the Black sea, Karadag
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