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OCOBEHHOCTHI
HONYJIAIMOHHON CTPYKTYPBI 1 BUOIIEHOTUYECKHUX CBA3EN
RAPANA VENOSA (VALENCIENNES, 1846) (GASTROPODA, MURICIDAE)
B 3AJIMBE JTOHY3JIAB YEPHOI'O MOP
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3anaHO-TUXOOKEaHCKUN OpIOXOHOIMI MOJUTIOCK Rapana venosa (Valenciennes, 1846) oTHecéH
K 100 HanboJee onacHsIM MHBAa3MOHHBIM BuaM YépHoro u Cpeau3eMHOro MOpeii, a Takke MpU3HaH
OTACHBIM BCEJICHIIEM B psiie PalloHOB MPUOPEKHBIX BOJ IO 00 CTOPOHBI ATJIAHTUYECKOTO OKeaHa.
310 0OCTOATENBCTBO OIMPEIENISET AKTYATbHOCTh U3YUYEHHS MOMYJISIIIMOHHBIX 0OCOOEHHOCTEH 1 OHolie-
HOTUYECKHUX CBA3EW panaHbl B pailoHax BcejeHus. VccnenoBaHusl paHee He NPOAHAIM3MPOBAHHOM
JIOKaJIbHOM monynsituu R. venosa B 3amuBe JoHy3nas (CeBepo-3anannsii Kpeim) Y€pHoro mops
B 2020 r. moKa3au, YTo MpY HAJIMYUM OOWIBHOM M pa3HOOOpa3HOM NMIEBOM Oa3bl panaHa He Gop-
MHPYET MacCOBBIX CKOILIEHHH U, CIIE/IOBATEIbHO, HE OKA3bIBAET CYILIECTBEHHOTO BJIMSIHUS HA JOHHBIE
OUOLICHO3b. DTOT BHIBOJ, MOATBEPKAAETCS M COOTHOLIEHHEM OMOMACCH XMIIIHOTO MOJUTIOCKA U €ro
xepTB. Cpenuss 6uomacca R. venosa B 06C/eJOBAHHOM paiioHe CoCTaBIAna 3,8 r-M ™2, a cpeHsas Oho-
Macca 00beKTOB eé mutanus (Bivalvia) — 162,8 r-M™2. Oco6eHHOCTH TIOMyIAIMOHHOMA CTPYKTYphI
1 OMOIIEHOTUYECKIE CBSI3M pariaHbl B 3aJMBe JJoHy31aB pacCMOTpEHbI M 00CY X /IeHb! BriepBbie. [Ipsivble
Y KOCBEHHBIE JIaHHbIE CBUIECTENILCTBYIOT, YTO PACHpOCTpaHEHUE BUOA-BCEEeHIa R. venosa KOHTPOJIU-
pyeTcsi abOpUTreHHBIMH XHUITHUKaMU — Kpabamu. OCHOBHBIM BHIOM, OTPAaHNYMBAIOIIMM YHCIEHHOCTD
pamnaHbl B MCCIEJOBAHHOM paioHe, siBiisieTcst Kpad Carcinus aestuarii Nardo, 1847.

KuaroueBbie cjoBa: OHOLICHO3bI, BOJOPOCIH, UHBA3HMOHHBIA BUJ, KpaObl, MOJUTIOCKH, XUIIHUK —
KepTBa

KpynHeiil XuiHblid OproxoHOruil Moumock Rapana venosa (Valenciennes, 1846), BceauBLIMIACS
u3 fAnonckoro mopsi B YépHoe B Hauane 1940-x rr., oka3asl 3HAUUTEIbHOE BIMSIHUAE HA JOHHbIE OUoLe-
Ho3bl [[Tepenanos, 2013; Yyxuun, 1961b, ¢; Bondarev, 2014; Snigirov et al., 2013] u skocucremy Mopsi
B iesiom [Yyxuumn, 1984; Alien Species Alert, 2004; Katsanevakis et al., 2014; Zolotarev, 1996]. OcHoB-
HOU nuien R. venosa ciayxat apycrsopuyarsie Mosuniocku [Bongapes, 2010, 2011, 2015a, 2016, 2020;
3onorapés, Euenko, 2010; Kocksn, 2013; Yyxuun, 1961c, 1984; Savini et al., 2004], xom-
TUIEKC KOTOPBIX UTpaeT BaXHYIO pojib OnodmibTpa B 3kocucteme YépHoro mops [3enkeBud, 1963].
UepHOMOpCKasi pamaHa JEeMOHCTPHPYET TEHJCHIMIO K TOJHOMY HCTPEOJICHUI0 CBOMX IHITIEBBIX
00BeKTOB B paiioHe obutanust [Uyxuwmd, 1961b], 4TO MOCTYyXWIO OCHOBAaHWEM ISl BKJIOYCHUS
R. venosa B Ton-100 caMbIX OMAacCHBIX WHBA3HMOHHBIX BUAOB YepHoro [PenéBa, Kocwsan, 2018]
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u CpenuzemHoro [Streftaris, Zenetos, 2006] mopeii. B CIIIA pa3pa0aThiBaloT pa3iruHble METOIBI OOPb-
OBl C HeKeJIaTeIbHBIM BCEJICHIIEM, CPE/IM HUX — MPOBE/ICHNE MACCOBBIX IyOJIMYHBIX 00pa30BaTeIbHBIX
MPOrpaMM M BbITUIATa BO3HArpaXICHUsI 32 COOpaHHYIO paraHy 1 e€ kiaaku [Alien Species Alert, 2004].

Cuuraercs, 4To ycrex KOJIOHM3auuu YEpHOro Mopsi R. venosa cBsi3aH HE TOJBKO C TOJIEPAHTHO-
CTBIO K a0MOTHYECKUM (paKTOpaM Cpefibl, HO ¥ C HAJIMYMeM OOraTtoil KOpMOBOW 0a3bl MPH OTCYTCTBHUU
TPO(PpUUECKMX KOHKYPEHTOB M XUINHUKOB [Uyxumn, 1984; Alien Species Alert, 2004; Katsanevakis
et al., 2014; Zolotarev, 1996]. Panana 3aHs11a cCBOOOIHYIO HUIILY CPEAX TeTepOTPO(OB BTOPOTO MOPSIA-
ka [UyxuuH, 1984], 1 o0CHOBHBIM (haKTOPOM, OTPAHUYUBAIOIINM €€ pa3BUTHE, siBJIsieTCs nuia [YyxuuH,
1961b]. [Tpu 3TOM Ha 3HAYMTENILHOM YacTH ceBepo-3anaga YEpHOro Mopst py HATMYMU OOWIIBHBIX TTH-
IEBBIX pecypcoB (MOJLTIOCKOB) R. venosa HemHorouucyieHHa [Zolotarev, 1996]. 3aius [lony3nap sBs-
€TCsl OAHUM U3 PallOHOB, XapaKTepU3YIOIIMXCs MPUCYTCTBUEM IIUPOKOTO CHEKTpa 0OBEKTOB MUTAHMS,
OJTHAKO paraHa 3[1eCb He UMeeT MOBCEMECTHOTO PACIIPOCTPAHEHUSI.

INepBoe nccnenoBanue daynsl JoHy3naBa Obut0 npoBeneHo B 1981 r. — gepes 20 siet mocine ero
COEMHEHMS C MOpPEM Yepes3 MPOPBITHI KaHal. Bputo ompeseneHo, 4to 3a 3To BpeMs (hayHa mpex/e r-
NepraJItHHOTO 03epa Mpruodpesia XapakTepHblil 1s1 Y€pHOTO MOpsi cocTaB OeHTOCa M TaM c(hOpMUpPOBa-
JICh OUOLICHO3BI, BCTPEUAIOIINECs] Ha COOTBETCTBYIOIIMX ITyOMHaX Mopsi. OTMEUYEHO, 4TO OPIOXOHOTHE
MOJUTIOCKH TTPEUMYIIIECTBEHHO OOUTAIOT B OMOTOMAX IMecKa M paKyIIeYHHKa Ha BOJOPOCTISAX U IPYHTE,
e oOHapyxeHa u panana [YyxuuH, 1992]. [IpucytctBue R. venosa B coctaBe OeHtoca [JoHy31aBa ycra-
HOBJIEHO U B MOC/eAyoIuX uccaenoBanusix [bonarauesa u ap., 2002; Kocesn, 2013; [epenanos, 2013;
Kosyan, 2016]. Yka3zaHo, 4To pacrpocTpaHeHHe pamnaHbl ObLJIO OTPAaHUMYEHO PAaOHOM OJIU3 MIPOJIMBA,
coenuHsoOMIEro JJoHysnas ¢ MopeM, a TUIOTHOCTh €€ TOCeIeHHs Ha yJacTKe OOHApyXKeHUs COCTaBIIs-
na menee 0,01 3K3.-M~2; IPU 9TOM pa3HOOOPA3Ke U KOINUECTBO OOBEKTOB NMUTAHUA HE IMMUTUPOBAIIA
pacnpoctpaHeHue R. venosa o Bcemy 3aiuBy [Ilepenanos, 2013].

[To pesynbraram HaOJMIOAEHWI B aKBapuyMe OIHMM W3 BO3MOHBIX BHIOB, CIOCOOHBIX KOH-
TPOJIMPOBaTh paclpocTpaHeHue R. venosa, Ha3BaH royyoOor KpaO-tuaByHer Callinectes sapidus
Rathbun, 1896 [Harding, 2003]. DTOT JOCTATOUHO KPYMHHBIA (IMpHUHa Kaparnakca 1o 230 mm) kpad
13 3anagHoi ATJIAaHTUKM yKe IKUPOKO pacnpocTpaHéd B CpeauzeMHOM Mope; B YEpHOM MOpe OH Briep-
Bble HaijieH B 1967 r., ogHako noka Bcrpevaercs: peako [Makapos, 2004]. B 3anuBe [doHy3/naB BUjJ
He OOHapyskeH. BbICka3aHO MpenrosiokeHne, YTO OrpaHUYUTENbHYI0 POJIb B PACTIpEeNe/IeHUN M YrC-
JIGHHOCTH paraHbl UIPal0T MECTHbIe BHUIbI KPaOOB-TUIABYHIIOB, KOTOPHIE MOTYT BbIEJaTh €€ MOJIOIb
Ha MenkoBonbsxX [[lepenanos, 2013]. IlpusHaHo, uyTO OGHONOrMYecKue MeToabl OOpeObI C R. venosa
Ha CEroJHSIIHUI JeHb uccienoBaHbl Masio [PenéBa, Kocksn, 2018].

W3yueHne cTpyKTYpbl U OMOIIEHOTUYECKUX CBsA3el R. venosa B JOKAIbHBIX MOMYJSIUSX, [1e pa3-
BUTHE MOJUTIOCKA JIMMUTHPOBAHO €CTECTBEHHBIMU (DAaKTOPaAMH, MOKET MOCHOCOOCTBOBATh TOHUMAHUIO
MPOLIECCOB PABHOBECHOTO B3aUMOJIEHCTBUSI BCesieHIa U a0OpUreHHON (hayHbl M JaTh MpeACTaBIeHIe
0 BO3MOJKHBIX CITOCOOAX OrpaHUYEHHsI PACIIPOCTPAHEHHSI STOTO MHBA3MOHHOTO BUAA. [lomyuenue Takoi
MH(pOpPMaIK Ha ITpUMepe JIOKaIbHOW MOMYJISAIMY panaHbl B 3a1vBe JIoHy3/1aB sBIsSIeTCs 1IeIblo JAHHO-
ro uccienoBanus. st aToro paccMoTpeHa Nomy isIlIMOHHAsI CTPYKTYpa R. venosa — Xapakrtep pacripe-
JeJieHus], a TaKKe pa3MepHbId, BECOBOM, BO3PACTHOMN U MOJIOBOM COCTAaB 0CcOOeil B paiiloOHe M3yUYeHUS.
[Tpu aHanu3e OMOLIEHOTUYECKUX CBsA3el OblIa OTMEUYeHa MPUYPOUEHHOCTh R. Venosa K KOHKPETHbIM
OWOIIeHO3aM; BHUMaHUE ObUIO CKOHIICHTPUPOBAHO Ha CIIEKTPEe €€ MUTAHWS Y Ha B3aMMOOTHOIICHHSIX
C XUIIHUKAMH.

MATEPUAJI 1 METO/1bI

3amuB [loHy3/1aB pacnojiokeH Ha 3amagHoM mnodepexkbe KpbiMa (puc. 1) U orpaHMYMBAcT ¢ Iora
TapxankyTtckuit mosyoctpoB. [lyimHa 3aimBa — okosio 30 kM, cpeHss mmpuHa — 5 kM. Camoe 1mm-
pokoe MecTo (8,5 KM) HaXOJUTCs BOJIM3U YCThsI, UCXOAHO OTAEJIEHHOTro oT YEpHOTOo MOps MecyaHou

Mopckoit 6uonorndeckuii xxypaan Marine Biological Journal 2024 Tom 9 Ne 2
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niepechinbio. B 1961 1. yepes nepechirib ObLT IPOPHIT KaHaAT MUpUHON 0KoJio 200 M, B pe3yJbraTe 00-
pasoBamch JIBe NecuaHble Kockl. CeBepHas yacTh OBIBIIIEH Mepechllld HOCUT Ha3BaHMe kKoca bensyc,
a 10kHas umenyetcs FOxHoit kocoil. Ha GoJbliieid yacT akBaTOPUM COBPEMEHHOTO 3aJIMBa COJIEHOCTD
BOJIbI COOTBETCTBYET YepHOMOpckoi (17,5-18,2 %o). Jletom Temneparypa BOAbl B 3aJIMBE MOBBIIIAET-
ca 10 +24...425 °C, a Ha MEJIKOBOJIbe — U 710 OOJIBIINX 3HAYEHHUIT; 3MMOM OHa omyckaercs 10 0 °C,
3aJIMB YaCTHYHO JIMOO TTOJTHOCTBIO TIOKPHIBAETCS JIbAOM. Bo1ooOMeH MeKIy MOpEM | 3aJIMBOM TTPOUC-
XOJIUT MPAKTUYECKH 10 BCEH ero aKkBaTOPHUHU, 3aXBaThIBasI BOJIHYIO TOJIILY OT TOBEPXHOCTH J10 THA [3yeB,
Bbonraues, 1999].
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Puc. 1. Kapra-cxema paiioHa McclieJOBaHHIA C YKa3aHHEM MeCT 0TOOpa Mpod U IIOTHOCTH rocesieHus (A)
Rapana venosa (3k3.-M%)

Fig. 1. Schematic map of the study area with indication of the sampling sites and population abundance (A)
of Rapana venosa (ind.-m™)

Ha Gosnbineit yactu 3aiuBa npeoOsiaiaoT ryOrHbl MeHee 4—5 M, B paiioHe LIeHTPaJIbHON KOTJIOBU-
HbI [TyOrHa focturaet 28 M. JIoHHbIEe OTJIOKEHHS TPEMMYIIECTBEHHO NPE/ICTABIEHb Pa3HO3EPHUCTHIMU
MeCKaMU, B Pa3HOM CTEeTeHN 3auIeHHBIMHU, Ha MEJIKOBOJHBIX YJYacTKax M B HauOoJee ri1yO0OKOBOIHON
Jactu — wiamu. Ha pa3nuuHoil myOuHe 1o nepuMeTpy BOJIOEMA BCTPEUAIOTCS PAKYILIEUYHUKU U TPsi-
JIOBBIE BBIXOZIBI TBEPABIX M3BECTKOBBIX IECYAHMKOB B BHE IUIUAT, OTAEIBHBIX OOJJOMKOB M KaMEHHbIX
pa3BaJIoB.

B npenenax 3anuBa pacnpoCTpaHEHO BOCEMb OCHOBHBIX OMOLIEHO30B: MECKa C BEHYCOM, IecKa
C Xapoi, Xapsbl, 30CTEPbl HA MECYAHUCTHIX WJIaX, MUIUINHBIX U MUJUMHO-YCTPUYHBIX PAKYyILIEYHUKOB,
WINCTOTO TlecKa M wia ¢ aOpoi, ITyOOKOBOJHOTO WA, YTO COIJIACYeTCsS C AAHHBIMH IPeIbIIyIIHX
uccnenoBanui [Yyxuun, 1992].

Pacnipenenenue R. venosa, €€ NMOTEHUMAJIbHBIX KEPTB M XMIIHMKOB OOCJIEJOBAHO BU3YaJIbHO
in sifu OT YCThEBOH 10 KyTOBOW yacTu 3ajmBa. [IpoObl GeHTOCa OTOOpaHbl B JIETHE-OCEHHHH Mepu-
on (28 mionss — 28 cenrsi0pst) 2020 r., MOJUTIOCKM COOpaHBbI C MCTOJIL30BAaHUEM JIETKOBOIOJIA3HOTO
CHapsUKeHMs1, TOTaIbHO ¢ momanu 1000 M2 Ha Kaxaou craHmud. Ha cemu CTaHIMAX B 3aJIMBE CO-
opano 300 3k3. R. venosa. [1noTHOCTD IOCEIEHNUsI pallaHbl OLIEHEHA TI0 pe3yJbTaTaM coopa Ha Kaxaou
cTaHuuu (puc. 1), B CKOIUIEHUsIX — C MOMOIIBI0 paMKU pa3mepoM 1 X 1 m. [lns onpeaeneHus: Koau-
YECTBEHHOT'0 ¥ TAKCOHOMHMYECKOTO COCTaBa 0ObEKTOB MUTAHUs R. venosa B OMOTONAX eTMHOBPEMEHHO

Mopckoii 6uosnornueckuii kypHain Marine Biological Journal 2024 Tom 9 Ne 2



6 N. T1. Boraapes

0TOOpaHbI MPOOB MAKPOOEHTOCA C MOMOIIBI0 paMKH pa3MepoM 1 X 1 M ¢ MOBEPXHOCTH TBEPAOTO CyO-
cTpara ¥ BOIOPOCJIEH U ¢ HOBEPXHOCTHOTO CJIOSI PHIXJIOTO I'PyHTa (TOJIIMHA CJI0sL 5 CM), C IOCIeAyIoIen
MIPOMBIBKOM Yepe3 CUTO ¢ TMaMeTpoM OTBepcTuil 5 MM. Ha Kask/1oi cTaHIMM Ha XapaKTEpPHOM Y4acTKe
AKBAaTOPUH OTOOPAHO MO OJHOM paMOYHOM MPooe.

CrekTp nuTaHus parnaHbl U KpaOoB HUCCIIEA0BAH O OOBEKTAM-KEPTBAM, U3bSTHIM HENOCPE/ICTBEH-
HO y nuTaroumxcs ocodei. O0HapyxeHo 59 3Kk3. nutaiencs R. venosa 1 72 3K3. MUTAIOIIMXCS Kpa-
60B. B mporecce nuTaHus panaHa yaepKUBaeT KepTBY MYCKYJIaMHU HOTH, a KpaObl MOEJAl0T KEepPTBY,
3akaB e€ B KJemHe. B ornenbHbIX ciyvasx y R. venosa (20 ocobeil) N3ydeHO MUIIEBOE COACPKUMOE
JKeJTy TIOYHO-KMIIIEYHOTO TPaKTa (C UCHOJb30BaHUeM crepeomukpockona MBC-10).

[Tpu uccnenoBaHUM Kaxaol ocoOM R. venosa oripenelisiii BbICOTY pakoBuHbI (SH) oT amekca
70 OKOHYaHMs cH(pOHAILHOTO KaHasa, ChIpylo Maccy moJutiocka ¢ pakoBuHou (TW), mon (F — xeH-
CKMid, M — My’CKO#) 1 BO3pacT. B Halmmx BEIOOpPKax y4YTeHBI TOJIBKO MOJIOBO3PEIble OCOOH, MOJT yCTa-
HOBJIEH 110 HAJIMYMIO/OTCYTCTBHIO IIEHUCA U LIBETY F'OHA[, BO3pAcT — M0 HEPECTOBBIM MeTKaM [YyXxuuH,
1961a, c; Bondarev, 2015b]. ITapaniensHo mpoBeAEH cOOp NOTEHIMAIBHBIX XUIIHUKOB panaHbl — Kpa-
00B; X pa3mep OIeHEH 1o mupuHe Kapanakca (CW). Y OCHOBHBIX OOBEKTOB MUTaHUs R. venosa —
JABYCTBOPYATHIX MOJITIOCKOB — M3MepeHa AjrHa cTBOpokK (L) (y ocoOeld, n3bATHIX HEMOCPEACTBEHHO
y NHUTAIOLIMXCSA parnaH). MsArkue TKaHW 3TUX JKePTB OBUIM YaCTUYHO JIMOO MOJIHOCTBIO BBIEJICHBI, MO-
9TOMY JIaHHBIE 10 UX Macce SABJIAITCA Heperpe3eHTaTUBHbIMU. OlieHeHa KOJMYECTBEHHAs 10 Kaxk-
J0ro U3 BUIOB-kepTB R. venosa (Q;, %) B oOieM 00bEMe 3aperUCTPUPOBAHHBIX IMHUIIEBBIX OObEK-
TOB. [I/1s1 cpaBHEHUS OIpeNesIeHO CpeiHee 3HauYeHUE KOJIMYECTBEHHOro BKJaaa (Q,, %) aABycTBOpYa-
TBHIX MOJUTIOCKOB — IHUIIEBHIX OOBEKTOB parmaHbl B TakcoreHax Bivalvia 3ammBa JloHy3nmaB 1o J1aH-
HBIM TIpodooTOopa. [IpoBeneHa oreHka cpeqHel Ouomaccol R. venosa v AByCTBOPUYATHIX MOJUTIOCKOB
00cJIe/I0BaHHON aKBATOPUH.

JluHeiiHple pa3Mepbl PaKOBHH MOJLTIOCKOB M KaparakCcoB KpaOOB M3MEpEeHbl IITaHTeHIUPKYJIeM
¢ touHocthio 10 0,1 mm. OmpeneneHre ChIpO Macchl 0COOEH BBHIITOJHEHO HA JIEKTPOHHBIX Becax
WLM-200 ¢ Tou”octsio mo 0,1 r.

[TocTpoenue rpapukoB, BBIYMUCIEHUE CPEAHUX 3HaYeHUW (M) M CTaHZAPTHOTO OTKJIOHEHUs (o)
BBITNIOJIHEHO ¢ romolpio nporpamm nakera MS Office Excel, v. 10.

PE3VJIbTATHI

Ctpykrypa nonyasiuuu Rapana venosa. 3naueHust BbICOTBI PAaKOBUH IOJIOBO3pEJIBIX 0co0el pa-
naHsl B 3aiuBe JlOHY3/1aB XapaKTepU3YyTCs MMPOKUM auana3oHoM (32,1-135,0 mm), Kak ¥ Hoka-
3aTeNid MHAMBUAYyIbHONM Macchl ocobert (4,0-365,2 ). B Boibopke mpeoOnanaiot camiisl (57,7 %),
UX pa3MepHO-MAacCOBBIE XapaKTePHCTUKM HMEIOT Oosiee BBICOKME MAKCUMAaJbHBIE W Cpe/IHHe
3HavyeHus (tadi. 1).

Ta6mumna 1. PazmepHO-BecoBble XapaKTepUCTHKY Rapana venosa B 3auBe JJoHy3/1aB ¢ pa3fieIeH|eM 110 I10-
noBow npuHaaiexHoctn: F — camku; M — camiisl; N— konmmdecTBo ocodeil; SH — BbIcoTa pakOBUHBL
TW — uHAMBU/IYaJIbHBII CBIPOI BEC; Min—maxX — MHUHUMAaJIbHOE U MaKCUMaJlbHOE 3HaUeHus; M — cpe/iHee
3HaueHUe; 6 — CTAaHIAPTHOE OTKJIOHEHUE

Table 1. Size and weight characteristics of Rapana venosa in the Donuzlav Bay divided by sex: F, females;
M, males; N, number of individuals; SH, shell height; TW, individual wet weight; min—max, minimum
and maximum values; M, mean value; o, standard deviation

o N (%) . SH, mm . TW,r
Min-max M o Min-max M o
F 127 (42,3) 32,1-126,0 82,8 18,6 4,0-335,1 107,5 76,7
M 173 (57,7) 34,4-135,0 89,7 20,1 6,1-365,2 140,8 96,9
F+M 300 (100) 32,1-135,0 86,6 19,8 4,0-365,2 126,8 90,3
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Pasmepnas (onpezensiemast 1o BbICOTE PAKOBUHBI), BO3pACTHAs (YCTaHABIMBaeMasi 0 HEPECTOBBIM
METKaM) 1 BECOBasl COCTABJISIOLINE CTPYKTYPHI MOMYJISILIMU C YYETOM MOJIOBOU MPUHAJIEKHOCTU Tpe/-
craBiieHbl Ha puc. 2. B pasmepnoii rpynmne 30-40 mm npeobaagaiot camku (90 %), B rpynme 41-50 MM
KOJIMUECTBO CaMIIOB U CAaMOK PaBHOE, a B Ipynmax ¢ 0ojiee KpPyIHbIMUA pa3MepamH, 3a UCKII0YEHUEM
rpyrmbl 61-70 mm (F — 65 %, M — 35 %), npeodnanaot camibl. [Io Mepe yBelndyeHUs pa3me-
pa pakoBHHBI JIOJISI CaMIIOB pacTéT, a B pasMmepHor rpynrme 130 mm u 60see (1 % BBHIOOPKH) CaMKH
OTCYTCTBYIOT (puc. 2A).

20 o4 30 7%
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Puc. 2. Crpykrypa monynsuuu Rapana venosa 3anuBa JlOHy3J1aB ¢ pasfeieHUEM IPyNIl IO IOy
(F — camku, M — camupl): A — pa3mepHasi; b — Becoasi; B — Bo3pactHas

Fig. 2. Population structure of Rapana venosa in the Donuzlav Bay divided by sex (F, females, M, males):
A, size; b, weight; B, age

B rpynme ¢ uaauBuayansHOR Maccon 1o S50 r npeoOnagaot camku (54 %), BO BceX OCTaIbHBIX —
camiibl. B rpymrie ¢ HanGosbine nHAMBU Yy aIbHOM Macco (> 3501, 1,7 % BHIOOPKM) CAMKU OTCYTCTBY-
10T (puc. 2B), Kak U B rpyImne ¢ MaKCUMaJIbHbIMU pa3MepaMu pakoBUHbL. CpeaHsisi GuoMacca paraHsl
B 00CJIeIOBAHHOM paitone — 3,8 r-M 2.

B Bo3pacTHbIX Tpymmax ot 2 0 12 net npeodaagaot camipl (56 %), npu 3ToM B rpynmnax 2—4 roja
COOTHOIIIEHHE NOJI0B 613K0 K maputeTHoMy (F — 49 %, M — 51 %), a no Mepe yBeJMueHus BO3pacTa
nosst camroB pactér. OtmeTrm, uto B rpynmax 13 u 14 net (1,4 % BBHIOOPKH) OOJS CaMIIOB M CAMOK
paBHa, a cpeu ocodeii B Bozpacte 15 u 16 net (o 0,35 % BbIOOpKHM) OOHAPYKEHBI TOJHKO CAMKH.

buonenornyeckne cBsa3u Rapana venosa. B 3amuBe JloHy371aB MOJUIIOCK OOHapyXeH B Jua-
nazoHe rryounsl 1,0-5,0 M B OMOIIEHO3aX NEeCKa ¢ BEHYCOM, IeCKa C XapoH, paKyIlIeYHHKOB, Xapbl
u 3ocTepbl. OcoOM pamaHbl 3aMeYeHbI B MIPOIIECce COBOKYIUIEHHSI, (POPMUPOBAHUS KIAJOK, TTUTAHUS
U NepeMelleHns 10 TPYHTY.

Pacnpenenenue pananbl — HEPaBHOMEPHO MATHUCTOE. MaKkcUMalbHble €€ KOHIIEHTPALUK C UIOHS
10 CEHTSIOPh CBSA3AHBI C HEPECTOM, TI09TOMY OOJIbINAst 4aCTh 0CO0eH R. venosa codpaHa B MeCTax, r7e Ha-
XOIUTCS TBEPABIH cyOCTpart (BBIXObI CKAIBHBIX MOPOJ I OT/Ie/IbHBIE KAMHHM), HA KOTOPOM CAMKH IIPH-
KPeIUIsIoT KJIaJKku. B kadectBe cyOcTpaTa Aj1s MPUKPEIUIeHUsl KJIa0oK MHOTAA CIIyKaT JApyrue ocoou
paraHsl, BOAOPOCIU WK IIPEAMEThl aHTPOIIOTEHHOTO MPOUCXOKICHHUS.
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B kyTOBOIi yacTH 3ayMBa pamaHa M e€ KJIaJKu He OOHapyKeHbl, HECMOTpPsI Ha OOWJIMEe W pa3HO-
00pa3ue NMOTeHIMATbHBIX MMUIIEBbIX 00beKTOB Bivalvia (ycTpull, Muauii, rpeOeIkoB, BEHYCOB, Kapauy-
MOB M aHaJIaphl), a TaKKe HAIMYKME CKAIbHOTO TpyHTa. HanbosmbIast miIoTHOCTh R. venosa XapakTepHa
IJIsl yYaCTKOB 3QJIMBA, TJle MO3aUYHOE COYETaHWE Pa3HBIX OMOIIEHO30B MPEeJOCTABISAET BO3ZMOXKXHOCTD
IJTS Pa3BUTHS PallaHbl Ha BCEX CTa/IMSIX OHTOTeHe3a TMOCJie OCeJaHu sl IMYMHOK Ha cyOcTpaT. 31ech Mpu-
CYTCTBYIOT OCOOU BCEX pa3MepOB, INIOTHOCTh pacipeie/ienls MakcuManbia — 10 0,1 9k3.-M~2 (puc. 1).
Kak npu cCOBOKyIUIEeHUH, TaKk U MPU MUTaHUU R. venosa MoxeT (popMUPOBATh TPYMIIbl IO HECKOJIBKO
ocobeii (1o 10 3k3.-M72).

Cnektp mutanus. O6HapyxeHo 43 3k3. (14,3 % oOmero konuuectBa) R. venosa, NMATAIONIAX-
cs1 Bivalvia. OO6beKTH MUTaHUSI MOJUTIOCKA, YCTAaHOBJICHHBIE [UISI pailOHAa MCCIIEI0OBAHUMA, TIPUBEICHBI
B TaOI. 2.

YCTaHOBJIEHHBIN CHEKTP MUTAHUS pariaHbl B palloHe UCClieJOBaHUI oxBaThiBaeT 12 BuaoB Bivalvia,
ux pasmep (L) Bappupyer ot 5,2 mm (Lucinella divaricata) no 40,2 mm (Cerastoderma glaucum). Cpeau
KepTB R. venosa nepBoe Mecto 3aHuMaeT Chamelea gallina: ona obHapyxeHa y 34,8 % nuraommx-
ca Bivalvia ocobeii. Ha BTopom mecte o yactote 3axBata pananoit Modiolus adriaticus (25,5 %), na-
nee ciepyet Polititapes aureus (9,4 %). OctanbHble BUIb OOHAPYKEHBI B Ka4eCTBE XepTB R. venosa
o ogHOMY (2,3 %) wim i1Ba (4,7 %) paza (Tadm. 2).

Tao6uuma 2. CriMcok BUJIOB MOJUTIOCKOB — 00BbEKTOB MUTaHUsA Rapana venosa B 3anuse JIoHy3/1aB, uX pas-
Mmep (L), nona B kayectBe kepTB (Q;) M cpelHee 3HAYEHUE MX KOJMYECTBEHHOTO BKJaZa B TAKCOLECH
Bivalvia (Q,)

Table 2. Species list of molluscs — food objects of Rapana venosa in the Donuzlav Bay, their size (L),
proportion as prey (Q;), and mean value of their quantitative input to the Bivalvia taxocene (Q;)

Taxkcon L, mm Q,, % L, mm Q,, %
Cerastoderma glaucum
(Bruguidre, 1789) 28,0-40,2 47 6,1-42.,6 39
Chamelea gallina
(Linnaeus, 1758) 11,6-27,8 34,8 5,0-27,6 20,4
Flexopecten glaber
(Linnaeus, 1758) 31,7 2.3 9,1-60,2 5.1
Gastrana fragilis 26.3 ’3 12.2-26.8 01
(Linnaeus, 1758) ’ ’ K i >
Gouldia minima
(Montagu, 1803) 7,2 2,3 5,5-10,6 2,0
Irus irus
(Linnaeus, 1758) 14,4 2,3 10,2-15,2 0,2
Lucinella divaricata
(Linnaeus, 1758) 3.2-6.7 47 5,0-7.9 40
Modiolus adriaticus
Lamarck, 1819 25,2-380 25,5 6,5-35,2 10,2
Mpytilaster lineatus
(Gmelin, 1791) 15,0-23,7 47 5,0-24,1 22,1
Parvicardium exiguum
(Gmelin, 1791) 12,0-12.,5 47 5,0-14,1 17,7
Pitar rudis 12,0 23 5.5-12,7 33
(Poli, 1795) ’ ’ ) ) ,
Polititapes aureus
(Gmelin, 1791) 14,5-25.0 9.4 6,0-27,0 5.1
Hpyrue Bivalvia - - 5,4-84,2 5,9
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Cpennsis 6nomacca Bivalvia — 0O0BEKTOB NMHUTAHUS B paiioHEe OOWTAHWS panaHbl COCTaBIISET
162,8 r-m~2.

B 3anuBe [IoHy31aB, KpoMe JBYCTBOPUYATHIX MOJUTIOCKOB, R. Venosa UCTOb3yeT B MUIILY 3eJIEHbIE BO-
nopociu Chara sp. (puc. 3). Ix ¢pparmeHTs 0OHApY:KEeHBI B IUILIEBOJIE U Keyake y 16 ocobeit pamaHsl,
YTO MPEBBIMIAET KOMUIECTBO R. venosa, mutaBmmxcs Ch. gallina. Takum o0pa3oM, J0JIsI MATAIOIIAXCS
paraH B 3aJMBe cocTaBsiia okoyo 20 % Bcelt BHIOOPKH.

Puc. 3. Rapana venosa, nuramoimascsi JByCTBOPYATHIM MOJUTIOCKOM Flexopecten glaber (A) n Bonopociibio
Chara sp. (b)

Fig. 3. Rapana venosa feeding on the bivalve Flexopecten glaber (A) and the green alga Chara sp. (B)

XumHank — :keptBa. [lo HaOMOAEHUAM in sifu, TPABSHOW, 3€JIEHBIN, WIN ICTyapHBIA, Kpad
Carcinus aestuarii Nardo, 1847 (puc. 4A) nutaetrcs pananoi. [1o HaImmM JaHHBIM, CaMIIbl CTYapHOTO
Kpaba B 3auBe JloHy3/1aB qocturaioT Maccel 168 r npu mmpuHe kapanakca (CW) 86,2 mm. [TnotHOCTD
pactipenenenusi C. aestuarii, IO BU3yaJbHOW OLIEHKE B CBETJIOE BpeMsl CYTOK, B CPEJHEM COCTaBJISIeT
0,05 3K3.-M~2.

Puc. 4. Kpaber — xumnuku panansl: A — Carcinus aestuarii (CW 78,2 MM), pa3jioMaBLUIMI paKo-
BuHy Chamelea gallina n nuraomumiicsa e€ Mscom, 3amuB JloHy3naB, ryouna 2.8 m; b — Xantho
poressa (CW 46 mm), nutatoutuiicss Mytilaster lineatus

Fig. 4. Crabs — predators of the rapa whelk: A, Carcinus aestuarii (CW of 78.2 mm) broke Chamelea gal-
lina shell and feeds on its meat, the Donuzlav Bay, depth of 2.8 m; b, Xantho poressa (CW of 46 mm) feeds
on Mpytilaster lineatus
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B [loHy3naBe TpaBsiHOM Kpad sBisseTCsI OOBEKTOM AKTHBHOTO JIOOMTENILCKOTO JIOBA, COXPaHSS
MIPU 3TOM BBICOKYIO YMCIICHHOCTb OJlarojiapsi 60oratod NMUINEeBOi Oa3e, KOTOpasi BKJIIOYAeT JABYCTBOP-
YaThiX U OPIOXOHOTHMX MOJUTIOCKOB, B TOM umcie R. venosa. Habmonenus in situ (5 ciydyaeB) mokasa-
, uto C. aestuarii nutaeTcs Mosoplo parnansl (SH 1o 22 mwm), npeBapuTesibHO pa3pyluasi KJIeIHs-
MU PaKOBHHY. DTO He €IMHCTBEHHBIA MOJLTIOCK CPE/IU MUIIEBBIX 00BhEKTOB Kpada. MoIHbIe KJICITHH
C. aestuarii cioOCOOHBI pa3aBUTh M OTHOCHTEJILHO TOHKOCTEHHYIO pakoBUHY M. adriaticus (3 HaOmo-
neHus1), U Oosiee TOJCTOCTeHHYIO pakoBuHY Ch. gallina (14 nadmonenuii) (puc. 4A). DTu 1Ba BUAa
Bivalvia, kak u panana, SIBJISIOTCS MUIIEBBIMA OOBEKTaMU ICTYapHOTO Kpaba.

OtHocutensHO Hebombmue (SH 1o 65 Mm) ocodu R. venosa HeOTHOKPATHO (6 HAOTIOAEHWIT) ObLIH
atakoBaHbl C. aestuarii, Ipy 3TOM Kpad He OTITyCKaJl CBOIO XKEPTBY, paliaHy, Bojoda e€ 1o JHy Jaxe
B cllyyae TpeBOrH (Mpy HENmocpeJCTBEHHOM MPHUOIMKEHUH HBIPsUIbINKKA). Bosee kpymnHbie R. venosa
3anuBa JIoHy3/1aB HepeIKO UMEIOT CJieIbl HanaIeHnsI KpabOB — XapaKTepHBIE CJIebl TOBPEKAEHUI Oa-
3aJIbHOTO U MAJIATAILHOTO KPaéB ycThs (puc. 5S) [Bondarev, 2013]. Bricota Hanbos1ee KpymHON TpaBMH-
POBAHHOM paKOBMHBI HA MOMEHT TOBPEXkIEHUsI COCTaBIsAIa 122 MM, 4TO O3HAYAET, YTO JaKe KPYITHbIE
paraHbsl MOTYT TOJIBEpraThCs HamajieHuio Kpabo. bosnee monoBunbl (52 %) ocodeit R. venosa B paii-
OHE MCCJIeIOBAaHMI UMEIOT Ha paKOBUHE XOTs1 Obl OJJVH IIPaM OT MOBPEKAESHUM, CIIEaHHbIX KJICIIHIMU
KpaOoB B pa3HBIX MECTaxX, OT MaKYIIKH JIO0 MOCIEAHEro 000poTa.

Puc. 5. A — pgopcanpHas cropoHa pakoBuHbl Rapana venosa (SH 90,0 MM) ¢ pereHeprupOBaHHBIM Y4aCTKOM;
b — 6a3ajbHast 4acTh pakoBUHBI (X 1,5)

Fig. 5. A, dorsal side of Rapana venosa shell (SH of 90.0 mm) with a regenerated area; b, the basal part
of the shell (x 1.5)

B nesnom cniektp nutanus C. aestuarii 61M30K K TAKOBOMY R. venosa, TOCKOJIbKY B HETO BXOJAT BCe
Bu/Ibl Bivalvia, koTopbiMu nuTaeTcs parnaHa. Takxke B HEro BXOIAT pblObI, BOJOPOCH U caMa R. venosa.

[MoTeHIMaIbHBIM XUITHUKOM JIJISI MOJIOJM PariaHbl, BEPOSITHO, SIBISIETCS KpaO-Bojmomod Xantho
poressa (Olivi, 1792) (puc. 4B). D1oT HeOOBIION MO pa3mMepaM Kpad ¢ mUpUHON Kapanakca (CW)
no 42,3 [KobOsikoBa, [onromonbekass, 1969], Bo3moxkHo u 1o 47 MM [Makapos, 2004], xapakre-
pU3yeTcsl HaJIMuYMeM OTHOCHTENIbHO KPYIHBIX KJICITHEH M CIOCOOEH pas3jioMaTh pakoBuHy Mytilaster
lineatus (puc. 4b) v 1oBeHWIbHON pananbl. CaMblil KPYIHBIA AJIs1 UCCIIEIOBAHHOTO pailoHa SK3EMIUISP
storo kpabda (puc. 46), CW 46 mMm, Bec 24,7 T, oOHapykeH HaMH B KaMHSIX cpenu 3apociieit Chara sp.
B 3anuBe [loHy3/1aB BUj1 4acToO BCTpedaeTcs Cpeu KaMHel, Ha Ipy3ax MU U Cpelld BOJOPOCIIEH.

OnuHOYHBIe U criapuBaloIuecs: ocoou kpada-tuiaByHia Liocarcinus vernalis (Risso, 1827) orme-
YeHbl B aKBATOPHUM 3aJIMBa Ha NIeCYaHbIX TpyHTaX. DTOT HeOobimon (CW mo 39 mm) kpad [Makapos,
2004] ycrynaer mo 4hCJAEHHOCTH U pa3MepaM JIByM BBIIIEYIIOMSHYTHIM BUJAM, U MOKA HET MPsIMbIX
JOKa3aTeNIbCTB, YTO OH MUTaeTcs pananoit. OQHaKo, cyas Mo pa3Mepy KieiHei, L. vernalis cnocoOeH
paspyliaTh pakKOBUHBI I0BEHWJIbHBIX 0c00ei R. venosa.
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OBCYKIEHUE

B marepuare nepBoro uccienoBanusi OeHToca 3anuBa JloHy3nas, npoBeaénHoro B 1981 r. [Uyx-
uynH, 1992], pasmep oOHapyKeHHBIX 0COOel pamaHbl He yka3aH. CpeqHssl BBICOTa PAKOBUH €MHUYHO
3apernucTPUPOBAHHBIX IK3EMIUISAPOB HaHHOro Buaa B 2007 1. coctapisia 86 MM, MPH STOM OTMEUEHO OT-
CYTCTBHE KJIaJIOK, MOJIOJU U MYCThIX pakoBUH R. venosa [Ilepenanos, 2013]. B 2009-2012 rr. B 3a11Be
JloHy3n1aB Ha ecyaHoM rpyHre otoopansl 60 ocobeii R. venosa (SH 30-79,9 mm, Bo3pact 3-5 set) [Ko-
cbsH, 2013; Kosyan, 2016]. Cpennuii pa3mMep pakoBHH pamaHbl B Haieil Beioopke (SH 86,6 mMm)
OMM30K K pasmepy ocoOeit, HaiigeHHsix B 2007 r. M. B. Ilepenamoeim [2013]. B coopax 2007 r.
He 3a(MKCUPOBAHBI 3HAYMTENILHO O0Jiee MeJIKUE U KPYITHbIE OCOOH, TIOSTOMY MOKHO TIPEAITOJIOKHTS,
YTO BbIIIEYKA3aHHBIN CPEJHUI pa3Mep He CYIIECTBEHHO OTIMYAETCsl OT KpalHUX 3HAYeHUH.

B mosioBo3pesioit yacTu momysisiiiuy parnaHel 3ayimBa JlOHY371aB MPUCYTCTBYIOT OCOOU C IIUPO-
KMM JMara30HOM BBICOTHI pakoBUHBI — OT 32,1 mo 135,0 mm. Hanmmuwe m0BOSBHO OOJIBIIOrO KO-
JIMYeCTBA MOJIONBIX, 2—3-meTHux R. venosa (52,8 %) v Hanmuuue KPYIHBIX CTapbix, 14—16-meTHUX
ocobeit (1,4 %) (puc. 2) CBUOETENBCTBYIOT O AOCTATOYHOM OOECHeUeHUM paraHbl MUIIEBHIMU
pecypcamu.

B nHacrosimee Bpemsi y 6eperoB Kpeima HanbOosiee pacrpocTpaHeHbl R. venosa ¢ pa3MepoM pako-
BuHbl 40-90 MM, HO 3TOT MOKa3aTejb MOXET CYIIECTBEHHO OTIMYAThCS B Pa3IMYHBIX MOMYJISAIIHUSIX.
BONBIIMHCTBO COBpEMEHHBIX MOMYJISAIMIA panaHbl y mnodepexbss KpbiMa cOCTOST U3 «KapJIMKOBBIX»
ocobeit, pazmep (SH) koTopbix B 3pesiom U ctapom Bo3pacTe He mpesbiiaeT S0-60 mm [Bongapes,
2010, 2011, 2016]. CHuxeHre TEMITOB POCTa U sIBHASI TEHACHIIMS K YMEHBIIIEHUIO pa3MepoB R. venosa
B U€pHOM MOpe, 10 CPaBHEHUMIO C TAKOBBIMU HAa HAYaJILHOM JTarle BCEJICHHs, ObLTM OTMEUYCHBI eleé
B KoHIle 1950-X IT., 4TO CBA3BIBAJIOCH C YMEHbIIIEHHEeM KOpMOBO# 0a3bl [UyxuuH, 1961b, c]. B Kep-
YEHCKOM paroHe 10 Havana 1990-x rr. monanbhblid pasmep (SH) R. venosa cocransin 90-110 mwm;
B 1990-1994 rr. — 80-100 Mmm; B 1997-2000 rr. — 55-85 mm; B 2001-2006 rr. — 50-90 mMm [EBuen-
k0, 2010]. ITo nanubM uccienoBanus 1581 R. venosa B 10r0-BOCTOYHOM Yactu YE€pHOTrO MOps y moode-
pexbst Typuun B iepron; ¢ stuBaps 1o aryct 2000 r., MakcuMambHbIA pazmep ocodeit (SH) cocrapmsin
90,0 mMm, a cpepauii — (53,82 + 0,410) mm [Saglam, Diizgiines, 2014].

B 3anuBe [loHy3/1aB coxpaHseTcsl IMPOKUIA TMara30H pa3MepPHO-BECOBBIX MOKa3aTeliell R. venosa.
[Tutanue Bogopocineio Chara sp. CO3IAET IOMOJIHUTENbHBIE BOZMOKHOCTH 151 BBKUBAHUS pallaHsbl, [10-
CKOJIBKY paciupsieT KOpMOBYI0 0a3y. BeposiTHO, Takoe JIONOJTHEHHE K TIMIIIEBOMY palioHy R. venosa
B 3aymBe JloHy3JaB crocoOCTByeT (hopMHpOBaHUI0 KPyHHBIX pakoBuH (SH g0 135 MM) U BbIKHMBa-
Huto ctapbix (16 5et) ocobeit Ha hoHe 0O1Iel TPOTUBOMOIOKHOW TeHASHINY, HA0II0JaeMOI B aKBAaTO-
pun YE€pHoro mops. YcTaHOBIIEHHOE HaIMuue 1osoBo3peinsix R. venosa ¢ SH 30-50 MM cooTBeTCTBY-
€T paHee BBISBJICHHBIM (paKTaM COCYIIIECTBOBAHHMS B JIOKAJILHBIX YEPHOMOPCKHUX MOMYJISIIIUSIX 0COOeH,
3HAYMTEJILHO pa3iuyvalonmxcs no pasmepy [bonnapes, 2010, 2011, 2016; [lepenamos, 2013].

CootHouenne nonoB F: M =1:1,36 (F—42,3 %, M — 57,7 %) B uccie10BaHHOM MOITYJISILIUM TAK-
e TOBOPUT O JIOCTATOYHO OJIArOMPUSITHBIX YCIOBHSAX €€ cymiecTBoBaHMsI. COOTHOIIIEHHE TIOJIOB B «H/e-
AJBbHOW» moryJisiuy — 1 @ 1; Takoe COOTHOIIeHUe ObUIO 3apEeTUCTPUPOBAHO Y paranbl B CeBacTOMob-
ckoit Oyxte B KoHIle 1950-x rr. [UyxumH, 1961a]. B coBpeMeHHBIX monyismusax R. venosa B YEpHoM
u Cpeau3eMHOM MOpsIX JI0JIs1 CaMIIOB OOBIYHO MPEeBBIIIaeT 1010 caMok [bonmapes, 2010, 2011, 2016;
Bondarev, 2014; Saglam et al., 2009; Savini et al., 2004]. B cpennem F : M nyis nonynsitmii mooe-
pexbs Kpbsimckoro nosyoctposa cocrasisiet 1 : 1,85 (F — 35 %, M — 65 %), uHoraa 1octuraer
1:45F — 18 %, M — 82 %) (B 2002 r. B Kepuenckom peruone) [bonaapes, 2011]. O aucnpo-
noprvu F : M = 1 : 1,6 coobmaercst yist R. venosa Typenikoro noodepexbss YépHoro Mopst [Saglam
et al., 2009]. CxoaHble ¢ HAIIUMK JaHHbBIE COOTHOIIEHUS TI0JIOB MPUBEIEHHI ISl R. venosa Anpuatu-
YEeCKOTo MOpSl, Tl CAMKH COCTaBISAIOT 47 % momysiiiuy, OOUTaloIIel Ha TiecyaHoM rpyHTe, u 43 % —
Ha cKaJIbHOM [Savini et al., 2004].
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[peobnasanne camMIIOB B MOMYJISALMSX ParnaHbl MOXKET OBITh BBI3BAHO TEM, YTO CAMKH HECYT OOJIb-
1I1€ SHEPreTUYECKUE 3aTPaThl HAa BOCIIPOU3BEICHUE NTOTOMCTBA, (POPMUPYS KJIACTep KOKOHOB, 3aIoJ-
HEeHHBIX AinaMu [YyxuuH, 1970]. KomneHcanys NoBbIIIEHHBIX 9HEPro3aTpaT BO3MOXKHA TOJIBKO IPY HA-
JIMYUM IOCTATOYHOW MUIeBON 0asbl. et nuTaHusi NpUBOAUT K MOBBIIIEHHOW CMEPTHOCTU Cpe-
M CAMOK TIPEVMYIIECTBEHHO CTapIIMX BO3PACTOB, YTO U OTPAKAETCS B HAOIIOAAEMON TUCTIPOTIOPIIN
COOTHOIIICHHS TIOJIOB B NONyJIAIMsAX R. venosa [Bonmapes, 2010, 2016]. OcobeHHOCTSIMM U3yYeHHOM
NOMyJISIIMK 3aiuBa [IoHy371aB ABJAIOTCA MapUTeT NMOJIOB cpean ocodel 13 u 14 ner u oOHapyxkeHHe
TOJIKO CAMOK B CaMbIX CTaplLIMX BO3PACTHBIX Ipymmnax, 15 u 16 ser. OqHuM u3 (pakTopoB, crocod-
CTBYIOIIMX BBIKMBAEMOCTU CAMOK CTapIIEro BO3pacTa, SBJSIOTCS, BEPOATHO, UX MEHBILINE, YEM Y CaM-
1I0B, pa3Mephl, IPU KOTOPBIX MOJLTIOCKY He TpeOyeTcsi OOJIBIIIOro KOJIMYECTBA MUIIH [T IOAACP/KAHUS
’KU3HEAESITEIbHOCTH.

buonenornuyeckne cBsizu Rapana venosa. Ilpu nepoM m3yuennn OeHtoca 3aymBa JloHy3/1aB
B 1981 r. oTMeueHo, YTO paraHa 4acTo BCTPEYaeTCs B I0JKHOHM ero 4acTé B OMOIIEHO3€ paKyIlIeUHH-
Ka U He OOHapyXKuBaeTcs B mpejenax Apyrux ouoiieHo3oB [YyxumH, 1992]. Hammmu uccnenoBaHu-
SIMM TIOATBEPXK/IEHO HAJIMYUE CKOIUIEHUH R. venosa Ha pakyllle4YHHKaX, KOTOPbIe MPEUMYIECTBEHHO
c(OpMHUPOBaHBI BOKPYT CKaJIbHBIX TPYHTOB. [IprypOUeHHOCTh MOJUTIOCKA K 3TOMY OMOIIEHO3Y B JIETHE-
OCEHHUH TIepUOJl CBsI3aHa C HAJIMYUEM CyOcTpara il KpervIeHHs KJIaJI0K U C OOWIMEM MOTEHIINAIb-
HBIX JKEPTB, KOTOphIE B OCHOBHOM OOWTAIOT B IECYAHOM TPYHTE, OKPYXKAIOIIEM CKaJbHbIE BBIXO/IBI.
[Iupoko pacnpocTpaHéHHble B Y€pHOM Mope 0O0bekThl nutaHus panassl: Ch. gallina, C. glaucum,
Gastrana fragilis, Gouldia minima, L. divaricata, Parvicardium exiguum, P. aureus v Pitar rudis — oT-
HOCSITCSI K TUIIMYHBIM TMPEACTaBUTENSIM UH(AYHBI PHIXJIBIX TPYHTOB. Flexopecten glaber, M. adriaticus,
M. lineatus v P. exiguum BCTpedyaTCs KaKk Ha PHIXJIBIX IPYHTaX, TaK U Ha TBEPABIX cyOcTpaTax (paky-
IIEYHUKHU ¥ KaMHH), a Takke Ha Bojopocsax. [1o HammM gaHHBIM, HAMOObIIAs TIOTHOCTh U KOJIMYe-
CTBO R. venosa xapakTepHbl JJIs y4acTKOB 3avBa JIoHy31aB, Iie COCeICTBYIOT Pa3InyHble OUOLIEHO3HI;
MX MO3a4HOCTb CO3AAET YCJAOBUS AJIs Pa3BUTHS BCEX CTAAMI OHTOr€HE3a panaHbl OT MOMEHTa Oce/la-
HUS JIMYMHOK Ha AHO. Ha TBEpIoM cyOcTparte U Ha BOZOPOCIISIX MOJUTIOCK MPUKPETUISET KJIAIKy, B BO-
JIOPOCIISIX YKPHIBAETCS M HAXOJMT IHIIY MOJIOb, Ha PHIXJIBIX IPYHTaX OOJIbIIAst YaCTh ParaHbl HAXOIUT
CBOMX KEPTB.

Jlerom 2007 r. B akBaTOpuH 3auBa JJoHy3/1aB panaHa OblIa €JUHUYHO OTMEUYEHa B TOUKE, PACIIOJIO-
KEHHOW Ha PACCTOSTHUM OKOJIO 2 KM OT OTKPBITOro Mops. IlnoTHOCTh moceneHus: R. venosa Ha 3TOM
yuacTke cocrapuia Menee 0,01 sK3.-M~2. Ha ydyacTke, OTCTOAIIEM OT OTKPHITOTO MOPS MPUMEPHO
Ha 4 KM, paraHa BooOIIe He BCTpevyeHa, HeCMOTPsI Ha OOWJIME MUIUIHBIX OAHOK, JKUBBIX PEIUKTOBBIX
YCTPUYHHMKOB U CKOTUICHUI MOPCKOTO Ipederika. B cpeHeit u kyroBoit yactu [loHy371aBa R. venosa Tak-
e He OblIa 3aperruCTPUPOBAHA; IO COOOIIEHUI0 MECTHBIX BOJ0JIA30B, B 3HAUYMTEJIbHBIX KOJMUECTBAX pa-
MaHa BCTPevaeTcsl TOJbKO B aKBATOPUM, KOTOPasi MPUJIETraeT K KaHaly, COeAUHSIONIEMY 3aJIUB C OTKPbI-
ThiM MOpeM [[lepenanos, 2013]. B 2009-2012 rr. mosutiock 661 coOpaH B OMOTOIE MecKa Ha ITyOrHaX
5-8 m [KocssH, 2013; Kosyan, 2016].

[To HammmM gaHHBIM, R. venosa B 3ayiBe JIoHy371aB HaiieHa B quana3one royouns 1,0-5,0 M B 6mo-
[IEHO3aX TIeCKa C BEHYCOM, TleCKa C XapoM, paKyIIeYHUKOB, Xaphl U 30CTephl. [IIOTHOCTh TIOCEIeHUsT

panaHbl Ha OOJIBIIIEN YaCTH CTaHHI/Iﬁ COCTaBJIdJIa MCHEE 0,01 9K3.'M_2, HO Ha OTACJIbHBIX Y4YaCTKax

MOBBIIIATACH HAa MOPAAOK, 10 0,1 IK3.-M 2 (puc. 1), a unorga nocrurana 10 IK3.-M 2.

OobHapy:xeHre HaMu OoJiee MIMPOKOTO PacIpOCTPAHEHUS pallaHbl U YYaCTKOB C OOJIBbIIEH MIOTHO-
CTBIO TIOCEJICHHM S, TIO CPAaBHEHUIO C TAKOBBIMU B TIPEABIAYIINX UCCIECAOBAHUAX, OOBACHSCTCS XapaKTe-
POM pacripeie/ieH!s1 MOJLTIOCKA (arperipoOBaHHOCTD U MATHUCTOCTD) U LI€JIeHANIPABIEHHBIMU TOMCKaMU
oObekTa. B kyToBOit yacty 3aymBa [loHy3/maB R. venosa HaMW Takke He HallleHa, HeCMOTps Ha Ha-
JIMYME PaKYIIEYHUKOB M CKAIbHBIX TPYHTOB C KMBBIMU MOJUTIOCKAMH. 3[ieCh Ha Tlecke OOUTaeT psif
BUJIOB JIBYCTBOPOK, BXOASIIIUX B CHEKTpP MUTAHMS PalaHbl, BKJIIOYAsT MUIUIO, KOTOpasl MPUCYTCTBYET
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v Ha KaMHsX (0 20 9K3.-M~2). Ha cKaJbHOM IpyHTE TLIOTHOCT TOJBKO YCTPHI[ MECTAMHU JOCTUTAET
5 s3k3.-M~2 [[epenanos, 2016]. Bo3MoxkHoO, pacnpocTpaHeHuio R. venosa B npeiesibl KyTOBOH 4acTu
3ayMBa [IoHy3/1aB NPensTCTBYeT MAaCCOBOE pa3BUTHE ICTYapHOIo Kpaba.

Cnektp nuranusi. O4eBUIHO, YTO pariaHa MPOSIBISAET U30MPATETbHOCTD 10 OTHOIIEHHIO K 00beK-
TaMm niTanus (Taom. 2). OcoOeHHO SBHO TpociekuBaeTcs npeanourenue Ch. gallina, coCTaBsIOMIEH
B uccienoBanHoM parione 20,4 % ooOmiei uncieHHocTH Bivalvia, a cpenu xeptB parnansl — 34,8 %.
Ocobu R. venosa, otoOpanHbie B 3amuBe JloHy31aB B 2012 T. Ha MecyaHOM I'pYHTE, TaKXke IperMyIIe-
ctBeHHO nuTaimuch Ch. gallina [Kocwsn, 2013; Kosyan, 2016].

Panana npeamovuTaet 3TOT BUI MOJUTIOCKA APYTMM BUaM B COBPEMEHHBIX MOMYJIAIMAX OUOTOMIOB
PBIXJIBIX TPYHTOB B OOJIBIIMHCTBE paitonoB YépHoro mops [Bonaapes, 2016, 2020; 3onotapés, EBuen-
Ko, 2010; Kosyan, 2016]. B ceBepo-BocTouHoit yacti YépHoro Mmopsi oT Mbica Yayna (Kpeim) 10 ropona
Barymu B coctaBe nuim R. venosa 3aperucTpUpOBaHbl TOJIBKO ABYCTBOPYATHIE MOJLTIOCKHU, CPEAU KO-
Topbix 1051 Ch. gallina coctaBnser 80 % [3onortapes, EBuenko, 2010]. IlpenMyiiecTBeHHOE MMTaHUE
xaMmeseell XxapakTepHo Uist R. venosa, obuTaiomei Ha necyaHoM rpyHre B Oyxtax Cesacromnons [Bon-
napes, 2016]. B cnektpe nutanus pamansl B Kazaubeit 6yxte (CeBacronons, Kpeim) Ch. gallina co-
crasisiia 80 % xeptB, M. adriaticus — 5 %, P. rudis — 5 %, P. exiguum — 4 %, P. aureus — 3 %,
C. glaucum — 2 %, G. minima — 1 % [bonnapes, 2020].

Takoii HaOOp MOJITIOCKOB CO CXO/IHOM JI0JIel OOJBIIMHCTBA BUIOB-XKEPTB XapaKTepeH U JUIsl Hallen
BBIOOPKM U3 3a11Ba [loHy3/1aB. [ TaBHbIE OTIIMYMS 3aKJII0YAIOTCs B MeHblilel nosie Ch. gallina (34,8 %)
Y CYIIECTBEHHO YBeTUUYeHHOM BkJane M. adriaticus (25,5 %), KOTOPBIN COCTABIsET B OMOIIEHO3aX 3a-
muBa B cpeaneM 10,2 % oobmieii uncneHHocTy Bivalvia (Tadm. 2). Cpeay kepTB paraHbl Takke Jalre
npucytctByeT P. aureus (9,4 % nportus 5,1 % B OMorieHO3ax), B TO BpeMs Kak M. lineatus v P. exiguum
3HAYUTEJILHO IHUpe TpeAcTaBlieHbl B OuorieHo3ax (22,1 u 17,7 % cOOTBETCTBEHHO), YeM CpPe/id KEPTB
panansl (4,7 % xaxapiii). OgHUM U3 (PAKTOPOB BBISIBICHHON M30UPATEIbHOCTH SIBJISETCS, BO3ZMOKHO,
pa3mep ocobeil Bivalvia (Ta6s. 2). CooTBeTCTBHE pa3MepHBIX MOKa3atesel R. venosa v e€ KepTs, ole-
HEHHoe paHee [bonpapes, 2016; KocbsiH, 2013; Saglam, Diizgiines, 2014], noka3ayo, 4to B 3aj1Be
JloHy3naB oOuTaeT JOBOJIBHO MHOTO KPYITHOH pariaHsl, MOTOMY MeJIKopa3MepHbie Bubl Bivalvia pesxe
M30MPAIOTCS B KAUECTBE JKEPTB.

Heo0Gxomumo oTMeTHTb, UTO KpyIHbIe Bivalvia, KoTopble paHee CUMTaMch OCHOBHBIME OObEKTaAMHU
nutanus R. venosa (Mytilus galloprovincialis Lamarck, 1819 u Ostrea edulis Linnaeus, 1758), o1 pazy
He ObLIM OOHapy:KeHbl HAMM B KauecTBe €€ JKePTB B pailoHe UCCIIEOBAHUM, XOTs1 00a 3TU BUAA MPH-
cyTcTBYIOT B OeHTtoce [loHy3naBa. JlobaBuM, 4To moeAaaHue MOpckoro rpedemka F. glaber, KOTOPbIM
(bopMUpYET B 3a/IMBE CKOIUIEHH)S C TTIOTHOCTHIO MOCENIEHNS B OTEIbHBIX MATHAX cBbie 10 9K3.-M 2, 3a-
(prkcupoBaHo JMIIL OJMH pa3. B HenmocpencTBeHHOM OJIM30CTH OT MHOTOUMCIIEHHBIX 0co0el rpederika
HEO/IHOKPaTHO OOHapy:keHbl panaHbl, nutaloimuecs Ch. gallina v M. adriaticus.

Bo3MOXHO, Takast cUTyalus cBsi3aHa ¢ TeM, uTo camble KpymnHble (SH > 110 mm) ocobu R. venosa
B 9TO BpeMs CIAPUBAIMCh U HE MHUTAIUCH JO KOHIIA CEHTAOPs] — Mecslia, KOTOPbIM ObLT OrpaHUYeH
MCCIIeIOBaTeNbCKUM ce30H. VI3BecTHO, uTo Ha ['yaayTckoil 6aHKe B epro Aerpagainun e€ OMoIeHO30B
Y MCUYE3HOBEHMsI MU 1 yCTpUIl U3 KpynHbIX Bivalvia ocrancs Tonmbko rpedemiok. IpeamonoxeHo,
YTO KPYIHBIE IBYCTBOPKU OBUIM YHUUTOKEHBI PallaHOM, a rpeOellIoK COXpaHuiIcs Oaroaaps CBoeH Cro-
COOHOCTH YIUTBIBATh OT XMIMHUKOB [YyxuuH, 1961b]. Hamu uccnenoBanus nokaseBaiot, uto F. glaber
pearupyeTr Ha MpuOIMKEHHE MOTEHIMAIBHOTO XMIIHUKA (aKBAaJIAHTUCTA), 3aKPbIBasi CTBOPKU O€3 U3-
MEHEHHs TIOJIOKEHHs, a R. venosa He MPOSBISIET aKTMBHOTO NMHIIEBOTO MHTEpeca K 3TOMY rpeder-
Ky HU B €CTECTBEHHBIX, HH B JIAOOpATOPHBIX YCJIOBHSAX. B akBapuyme mwmieBasi peakuus R. venosa
Ha O. edulis 6b1a cnadoii oo orcyrcrBoBaia [[lepenanos, 2013]. BeposiTHO, BKJIaJ panaHbl B UCTpeO-
JIeHHe YePHOMOPCKHX YCTPHII U Ipedeliika nepeolieHeH. Panee yxxe oTMeueHo, 4To BOIpoc o e€ atalib-
HOM BJIMSIHMM Ha rocesieHus ycrpul] B Y€pHoM Mope octaércs auckyccoHHbIM [Ilepenanos, 2013].
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Cpennsisst GMomacca paraHbl B 00cIeZJOBaHHOM paiioHe cocTasisia 3,8 M2, a cpenHss OrMomacca
00beKTOoB eé nuranus (Bivalvia) — 162,8 r-M~2, 4to CBUJIETEJIbCTBYET O JOCTATOYHON 0OECIIEYeHHOCTH
MUILIEN U 00 OTCYTCTBUM 3HAYUMOTO HETATUBHOTO BIIUSIHUS XUIITHUKA.

®parmentsl Bopopocneil Chara sp. OOHapyXeHbl B THINEBOJAE M KeJyAKE KPYIHBIX OCO-
oeit (SH > 90 mm) panansl. Panee ycraHoBneHo nutanue e€ monoau (SH 12-31 mm) nepudutoHOM,
oOpa3yolumMcs Ha cTeHKax akBapuyMma [[lepenanos, 2013]. CoOCTBeHHO, OTIMYME B MEXaHU3ME IUTA-
HUSI Y PACTUTEJBHOSJHBIX OPIOXOHOTMX MOJUTIOCKOB COCTOUT B TOM, YTO OHH PayJIof MHIIy CKpeOyT,
a R. venosa pagyyou OTKyChIBaeT KyCOUKH Msica xkepTBbl [Uyxuus, 1970] 1, Kak BbIAICHUIIOCH, (PparMeH-
Thl BOJOpOCIIEN. Boopocan B IMILEBOM TPaKTe paraHbl TAKKEe YACTUYHO NEPETEPTHI pasyion. CTouT
OTMETUTD, UTO R. venosa ciocoOHa Mpy MOMOIIM PaayJibl CBEPJIUTh PAKOBUHBI HE TOJILKO I0BEHMJIBHBIX
0cobelt, HO U MOJUTIOCKOB 3pesioro Bo3pacra [Kosyan, 2016], 4To moaTBepkJa0T HAIKM JaHHbIe. Bo3-
MOKHO, paraHa He sIBJIsieTCsl OOJIMTaTHBIM XUIITHUKOM, YTO PACHIMPSIET e€ aaNnTallMOHHBIA ITOTeHIHA,
OJJHAKO 3TOT BONPOC TpeOyeT OMOTHUTENbHbIX UCCAEI0BAHUI.

[Moenanue Chara sp. kpabamu u Oojiee MEJKUMM IUIOTOSIHBIMU PaKoOOpa3HBIMM (paku-
OTUIEJbHUKM U KPEBETKM) TaKke 3a(pUKCMPOBAHO HAMU B PallOHE MCCle0BaHU. M3BECTHO, 4TO Xa-
POBbIE BOJOPOC/IM CJIyKAaT ICTOYHUKOM ITHILIM JJI1 BOJOIIABAIOUIMX IITUL], KOTOPBIE UCTIONB3YIOT IJIaB-
HBIM 00pa30M OOCTIOPBI, 3aMOJIHEHHbIE KpaXMaJloM M KalUIsIMU JKupa. Braropapst o6mimio B XapoBbIX
BOJIOPOCIISIX M3BECTH, X MPUMEHSIOT B KauecTBe yaoOpeHus Tsukenbix nous [[omnepbax, 1977]. Oue-
BUJIHO, YTO KOMIUIEKC MIEPEYNCIIEHHBIX BbIIIE BaKHBIX KOMIIOHEHTOB Chara sp. akTUBHO MCIIOJIb3YETCS
MHOTMMH TUIOTOSITHBIMU O€CTIO3BOHOYHBIMH.

XumHuk — kepTBa. [loBpexaeHus Kpadamu pakoBHH R. venosa paHee ONHMCaHbl y OCO-
oeii u3 Oyxt Ceactonons [Bondarev, 2013], roe, momumo C. aestuarii, Bcrpedaercsa Eriphia
verrucosa (Forskél, 1775) — kameHHbIN Kpa0, oouraorimid B Y€pHoM Mope, HO He OOHapYKeHHBIN B 3a-
nuBe J[loHy3naB. DToT Kpad (CaMblil KPYITHBII 13 a00pUTeHHBIX BUIOB, 00JIaA0IINI HanboJiee MOIITHOM
NIEPBOi IApOM NEPEONO) HEOJHOKPATHO OTMEUEH aBTOPOM in Sifu C B3POCJION paliaHol B KJIEIIHAX. 3a-
(pvkcupoOBaHO U pa3aBIMBaHUE B aKBapuyMe KaMeHHbIM Kpabom Heboutbion (SH 25 Mm) pakoBUHBI
R. venosa ¢ TonmuHo# creHok okoso 1,0 mm [Bondarev, 2013].

C. aestuarii SIBIsIeTCSI CaMbIM OOBIYHBIM M MACCOBBIM KpaboM B UEpHOM MoOpe, BCTpedasich JI0 IIy-
ounbl 70 M; OH 00pa3yeT 0ObIYHO OOJIBIIHE CKOIUICHUS B IMTOPAJILHON M CYyOJIMTOPAIbHOM 30HE, a TaK-
ke B jaryHax. OOuTaer Ha MEeCYaHOM WJIM PaKyIIEYHOM IPYHTEe, Cpelld BOAOPOCTEi, peke Ha IpaBUU
w nox kKamHsmu. B XX B. (oco6enno g0 1970-x rr.) C. aestuarii 6611 HanOoJee pacmpoCTpaHEH
B ceBepo-3anaHor yactu YépHoro mopst [Makapos, 2004], 1 3TUM 0OCTOSITETLCTBOM MOKHO OOBsIC-
HUTh paHee OTMEUYEHHOE MapaJoKCaTbHO HEOOJIBINOe KOJMYECTBO pariaHbl B JaHHOM paiioHe MpH 3Ha-
YUTEJIbHBIX 3aMacax JIByCTBOPYATBHIX MOJUTIOCKOB [Zolotarev, 1996]. B HacTosiiiee BpeMsi B pe3yJibTa-
T€ pa3pyllIeHUs] MECTOOOUTAHUI U YPE3MEPHOTO JIIOOUTEILCKOTO MPOMBICHA B Psijie pallOHOB YacTOTa
BcrpedaeMoctu C. aestuarii CHU3WIACh; BUJI BKJIIOYEH B perHoHaIbHYI0 KpacHyio kaury [Kpacnas kaura
ropoaa Cesacronoss, 2018].

3amuB [loHy371aB ¢ OOMIBHOW MUINEBOM 0a30M, BKJIIOYAIOIIEH panaHy, siBJISIeTCsI, OUYSBUIHO, 30HON
koMmdopTa 1uist pazpuTus nonyssuun C. aestuarii, 6aronapst 4eMy OTAeTbHbIe 0COOU 3/1eCh UMEIOT pa3-
Mepbl, IPEBBIIAIINE paHee U3BECTHbIE MaKcuMabHble. [1o nuTepaTypHbIM JaHHBIM, B UEpHOM MOpe
HauOospInas muprHa kapanakca (CW) tpaBsiHoro kpada coctaiser 80 MM rpu amuse 63 mm [KoOs-
koBa, Jlonrononsckas, 1969]. B [lony3nase actyapHbie Kpadsl ¢ CW > 80 MM He SIBJISIIOTCS] PEAKMMU,
a MakcUMaJlbHasl IIMPUHA Kaparakca COCTaBJIsIET, 10 HAIIUM cBeJieHusM, 86,2 MM. B nomnysistiinu B Cpe-
JAM3EMHOM MOpE U B JPYyTrMX HOBOOOPA30BaHHBIX MOMYJIsAIUsAX (Anonus, ABcrpanus, HoBas 3enanaus
u CeBepHast AMepHKa) eBporeiickuil TpaBsHOH Kpad C. aestuarii MeeT CyIecTBeHHO MeHbInyio CW —
1o 65 mm [Yamada, Hauck, 2001]. Kpynnsie pazmepsl C. aestuarii B Y€pHoM Mope U B 3aiuBe JJoHy3-
JIaB MIO3BOJISAIOT EMY OXOTUTBCS HE TOJIBKO Ha JOCTaTOYHO KpymHBIX Bivalvia u Ha mosnoap R. venosa,
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HO 1 Ha 3peJibix ocoOeid. [1o HarM TaHHBIM, 3CTyapHbIN Kpad UMeeT CIIeKTpP MUTAHUSI, CXOJHBIN C TAKO-
BbIM R. venosa, ¢ mpeo0yialaHueM ABYCTBOPYATHIX MOJLTIOCKOB. Takum oOpaszoM, C. aestuarii SIBISIETCS
JU1s1 panaHbl U TPOPUIECKUM KOHKYPEHTOM, U XUILIHUKOM.

HeoOxoqumo umeTh B BUIY, YTO TOCIE OCEAAaHUs HA TPYHT HAUOOJBIINME TOTEPU OT OEHTOCHBIX
XMIIHUKOB parnaHa HECET UMEHHO Ha PaHHMX cTaausx pocra. E€ Monogps mocie ocefaHus Ha TPyHT
UMeeT pa3mep OoKojio 1 MM; uepe3 [1Be Helesid MOJoAb BhipacTaeT 10 1,5 mm, em€ yepes 6 qHeid —
1o 2 mMm [Yyxumn, 1970], a 3HauMT, Nake MeJIKOpPa3MEpHbIE BUIbI KPAOOB MOTYT CyIIECTBEHHO BIIUATD
Ha YUCIIEHHOCTh R. venosa. VIMEHHO MOSTOMY BJIMSIHME TaKMX KpaOOB Ha MOIMYJISALMUIO paraHbl HeJlb-
31 HeJOOLIeHUBaTh. B3pocnas kpynHad R. venosa XOT M NOJABEPracTcs HaNaJeHUI0 KPyIHOpa3Mmep-
HBIX KpaOoB, HO 3HAYMTEJILHO Peke CTAHOBUTCS JKePTBOM M CIIOCOOHA pereHeprupoBaTh MOBPEKIEHHbBIC
Y JaXe yTpadyeHHble (pparMeHThl pakoBUHBI (puc. 5) [Bondarev, 2013]. BriojiHe BepOsATHO, YTO KYJIbTH-
BHUPOBaHHE KPaOOB MOKET CIIOCOOCTBOBAThH PETYJIMPOBAHUIO YUCJICHHOCTH U OTPAHUYEHUIO SKCITAHCUU
panaHsl.

BeiBoapbl. B 3anuse [loHy371aB cylecTBYeT ycToiuuBas nomyJisiuus Rapana venosa — ¢ OJHOLIEH-
HOW CTPYKTYpOU, aKTUBHO Pa3MHOKAIOIIAsICS U o0ecrieueHHas: pa3HOOOPa3HbIMU OObEKTAMU IMUTAHUS.

[Tpy HAIMYMY TIOTEHIMATBHBIX OOBEKTOB MUTAHWS BO BCEH aKBATOPHM 3aJIMBA PACIPOCTpaHEHUE
pamnaHbl OrpaHUYEHO LIEHTPAJIBHOW M I0ro-3alaJHOM YacThl0 3aJIMBa, 1€ IUIOTHOCTh €€ IMOCEJICHUS
cocrasisiet ot < 0,01 10 0,1 9K3.-M~2.

[MuimeBbIMM KOHKYPEHTAMHM U XUIIHUKAMU R. venosa sBASIOTCA aOOpUTEHHbIE YePHOMOPCKHUE
KpaObl, OrpaHUYMBAIOIIHE YHCIEHHOCTh U, BEPOSITHO, PACIIPOCTPAaHEHNE MHBA3MOHHOM IaCTPOTIO/IBL.

OOHapyxeHUe B KellyIKax R. venosa XapoBBIX BOJIOPOCTIel CBHICTEILCTBYET O PACIIMPEHUN CTIeK-
Tpa NUTAHUS palaHbl U HYXJAETCS B JAJbHEUINEM W3YYEHHMH, IOCKOJIBKY, BO3MOXXHO, YKA3bIBAET
Ha TO, YTO JIAaHHBIA BHJI 00J1a1aeT OOJIBINMM aJalTAlMOHHBIM MOTEHIMAIOM, YeM OBLIO H3BECTHO PaHee.

Paboma svinonnena e pamkax 2ocyoapcmeertoeo 3adanuss PUL] UnbFOM no meme «buopasnoobpasue kax oc-
Hoe6a ycmoﬁlmeozo gbymcuuonupoeaﬁuﬂ MOPCKUX IKOCUCMIEM, Kpumepuu U HayuHvle NPpUHYUNvl €20 COXPAHEeHUA»
(Ne zoc. pezucmpayuu 124022400148-4).

BaarogapHocTh. ABTOp INpU3HATENCH AHOHMMHBIM pELEH3CHTAM 32 3aMEYaHusl M PeKOMEHIalluu,
ClieZIOBaHUe KOTOPHIM MO3BOJIAIIO TIOBBICUTH KAY€CTBO PaOOTHI.
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PECULIARITIES
OF POPULATION STRUCTURE AND BIOCENOTIC RELATIONSHIPS
OF RAPANA VENOSA (VALENCIENNES, 1846) (GASTROPODA, MURICIDAE)
IN THE DONUZLAYV BAY (THE BLACK SEA)

1. Bondarev

A. O. Kovalevsky Institute of Biology of the Southern Seas of RAS, Sevastopol, Russian Federation
E-mail: igor.p.bondarev@gmail.com

The Western Pacific gastropod Rapana venosa (Valenciennes, 1846) is classified among the hun-
dred most dangerous invasive species of the Black and Mediterranean seas. Moreover, it is recog-
nized as a dangerous invader in a number of coastal water areas on both sides of the Atlantic Ocean
that determines the relevance of the study of population characteristics and biocenotic relationships
of the rapa whelk in the areas of its invasion. The analysis of a previously unexplored R. venosa pop-
ulation in the Donuzlav Bay (the Northwestern Crimea) of the Black Sea in 2020 showed as follows:
in the occurrence of an abundant and diverse food base, the rapa whelk does not form mass aggrega-
tions and, consequently, does not significantly affect benthic biocenoses. This fact is also confirmed
by the ratio of biomass of the predatory mollusc and its prey. R. venosa mean biomass in the study
area was 3.8 g-m™2, and the mean biomass of its food objects (Bivalvia) was 162.8 g-m™. The fea-
tures of the population structure and biocenotic relationships of the rapa whelk in the Donuzlav Bay
are considered and discussed for the first time. Direct underwater observations and indirect evidence in-
dicate that the distribution of this invader is controlled by aboriginal predators, crabs. The main species
limiting R. venosa abundance in the study area is the crab Carcinus aestuarii Nardo, 1847.

Keywords: biocenoses, algae, invasive species, crabs, molluscs, predator—prey
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FOro-3anagnas yacte Kapckoro Mopsi — majionsydeHHasi 00J1aCTh JIeTHE-OCEHHUX HATYJIbHBIX KOYE-
BOK ¥ CE30HHBIX MHUTPAIMi BOAHBIX M MOPCKUX NTull. E€ mesbg BKiIoUaeT palioHbl, IepCIIeK THBHBIE
IUTsE TOOBIYM YTJIEBOJIOPOJHOTO ChIPhsl M MHTEHCH(HUKAIUU CyN0X0/CcTBa TI0 CeBEepHOMY MOPCKOMY
MYTH, YTO JIeJlaeT HeOOXOJUMbIM TIOCTOSIHHBIII MOHUTOPUHT TITHIl B 30HE BO3JEWCTBUS 3TUX (PAKTO-
poB. Ha mpotspkenun aBrycra u ceHtssops 2015-2016 u 2018-2020 rr., a Takke B KOHLE CEHTSIO-
psi — TepBoil U BTOpoi Aekanax oktsaops 2017 r. mpoBeaeHbl YYETHl NTUI] HA yYacTKe aKBATOPUM
B 10:)kHOM Yactu Kapckoro mMops. Mcnop3oBaHa MEeTOUKA CYA0BOTO TPAHCEKTHOTO YUETa JIsl TIONY-
JYeHUS TOKa3aTellsl YUCIEHHOCTH 0cobeil Ha 1 k2. Ha stoit AKBATOPUU OMpeeseHo 28 BUIOB MTHUIL
u3 7 ceMecTB (rarapoBble, OJIyIIeBble, OYPEeBECTHUKOBBIE, YTUHbIE, YAKOBbIE, TIOMOPHUKOBbBIEC U UH-
CTHKOBBIE), B TOM Yrcie 6 BUIOB, UMEIOIIUX OXPAHHBIA cTaTyc. I3 TpyImbl BOAHBIX NTHIL ITOTyYeH-
HbIE JAHHBIE MCCJIEOBAHUI B aBTryCTE — OKTSOpe HanOoJiee 0OCTOATEbHBI /11 YEPHO30001 raraphl,
MOPSIHKY ¥ Taru-rpeOeHyIIK (rarapoBble M yTUHbIE). UNCIEHHOCTh STUX BUAOB HaKaHyHe OCEHHe-
ro omI€ra NTull (aBrycT) HapacTajia B MEJIKOBOJHOM YacTH aKBAaTOPUM, MpUJIeraioNiell K modepexpio;
TMO3JHee CJIEJIOBATIO MX paccesiHue B OoJjiee TIyOOKOBO/HBIE PafioOHBI K 3aray OT IMoJyocTpoBa Imait.
[T10THOCTD OMYJISIIME HA IPUOPEKHBIX MEJTKOBObAX B IIEPUO/] HAaKOOJIee AKTUBHOTO OCBOEHUSI 3TO-
ro GHOTOMA COCTaBIAET (OC.-KM™~2): 4epH030060ii rarapsl — (0,17 + 0,036), mopsaky — (4,87 * 1,2),
raru-rpedenymmku — (2,1 £ 1,25). [TpeanoioxuTebHo, MOKa3aTesb INIOTHOCTY 3HAUYUTENIHHO OOJIbIIe
JUIsI BCeX TPEX BUJIOB IITHII HA MEHBIIMX AUCTAHIIUAX OT Oepera, He OCMOTPEHHBIX ¢ OopTa cyaHa. [Ipo-
Yrie BUJIbI TPYIITBI BOAHBIX MTUI] (KPacHO300as rarapa, cuoupckas rara, YépHas Kasapka, 6emono0slii
I'yCh Y TYCh-TYMEHHUK ) Ha OTKPBITON aKBATOPUU PEAKY U, TIO-BUIVMOMY, Ha IPOTSDKEHUU BCETO JIETHE-
OCEHHETO TMepuo/ia B OCHOBHOM IPUYPOUYEHBI K OoJiee y3KOW MPUOPEKHON 30HE. DTOT ke MoKa3aTellb
YKCJIEHHOCTH KOUYIOIIUX 0COOer MOPCKUX MTHIL (OypeBECTHUKOBbIE, YAHKOBbIE, IOMOPHUKOBBIE U UH-
CTUKOBBIE), PACCUMTAHHBIN /I BCEH aKBATOPUM TIOJIMTOHA, B CPEIHEM 3a 5 JIET JUIsl aBrycTa M CeH-
T6ps cocTapnser (oc..kM~2): ana rynsima — (0,078 + 0,026), 6ypromuctpa — (0,067 + 0,014),
moeBkn — (0,061 £ 0,016), noasproit kpauku — (0,025 £ 0,015), 3anagHOCUOUPCKON YaMKK —
(0,066 £ 0,0049), cpenHero, KOPOTKOXBOCTOTO U JJTMHHOXBOCTOTO ToMOpHUKOB — (0,046 + 0,0074),
(0,014 £ 0,0023) u (0,0039 = 0,00095) cOOTBETCTBEHHO, TONCTOKIIOBOM Kaiipel — (0,16 * 0,094),
aTnanTudeckoro urctuka — (0,0026 = 0,0012). B koHIle ceHTAOpst — OKTAOpe YUCIEHHOCTh MOEBKH,
DJIYTIBINIA U TOJICTOKTIOBOM Kalpbl HE3HAUYUTEJIBHO CHUKAETCS WU OCTAETCSI Ha YPOBHE CEHTSIOPHCKOM,

19


https://marine-biology.ru/
https://www.mmbi.info/
https://incras.ru/
https://iepi.ru/
https://www.zin.ru/
mailto:ygoryaev@yandex.ru

20 10. U. T'opses, A. B. Exos, H. B. Ilonomapnes, H. M. Ilapamonos, C. A. IleTpos

a YMCJIEHHOCTh aTJIAHTUYECKOTO YMCTHKA yBennuuBaeTcs B 7 pas. [lonisipHas Kpayka, 3anajHoCHOup-
CKasl YailKa ¥ JUTMHHOXBOCTHIM TIOMOPHHUK MCUE3aI0T C aKBATOPUH, a OYPrOMUCTp U CPeJHUN 1 KOPOT-
KOXBOCTBIM TIOMOPHUKY BCTPEYAIOTCS 3HAUMTENBHO peXe WM NMOoYTH ucyesaloT (5-, 40- u 30-kpatHoe
CHIDKEHHE YUCJICHHOCTU COOTBETCTBEHHO). B 11e10M, B MHOTOJIETHEM acrieKTe, IIYIbIII, TPY BU/A TO-
MOPHHKOB, OyproMUCTpP, MOEBKa, MOJISIPHAsI KPayKa U aTIAHTUIECKUI YUCTUK OCBAUBAIOT BCIO aKBATO-
puio noyuroHa. [Ipu 9ToM i DIyIiblila, MOEBKM U OYProMKCTpA B OT/IE/IbHbIE TObl HAOIIOIEHUH OT-
MeueHa HepaBHOMEPHOCTh pacrpe/iesieH s, Belpakalolasicsl B cylecTBeHHbIX (0T 3 10 17 pa3) paznu-
YMAX YHCTIEHHOCTH Ha KPYIHBIX (TOpsAAKa 25 THIC. KM?) y4acTKaX MccleJOBAHHON aKBaTOPUH. 3anaji-
HOCHOMPCKas YaiKa U MoJIsSipHast Kpayka B ITPOJI0/KEHHE BCEro npeObIBaHMsI HA aKBaTOPUU NIPUYpoYe-
HBI B OCHOBHOM K MPUOPEKHBIM MEJTKOBO/IBSIM, IJIe B IIEPHOJIB CE30HHOTO MAaKCUMYMa COCPEJOTOUECHO
10 80-90 % obmero konudyecTBa ocoOeil Ha osmrone. HarpoTtus, TocTokIIOBasI Kaiipa nzberaer 30-
HBI MeJTKOBoMH (ImyOrHbI 10 50 m). Penku Ha oOciieoBaHHOM aKBaTOPUU 3aJIETHBIC BUIBI (CeBepHAast
OJIyIla, cu3asi, 03€pHasi U cepeOpucTasi Yailki), BU/Ibl, BCTPEUEHHbIE B Nepu(epuitHON YacTu ux 00-
ero apeaia (OOJIBIION TIOMOPHUK M Cepblii OYPEeBECTHUK), BUIbI, PEIKUE HA COBPEMEHHOM 3Tarie
CYILIECTBOBAHUS MX MOMYJISIUi (OeOKII0Bast rarapa), a Takxke Te HTUIbl, OCHOBHON OUOTOI 00UTa-
HUS KOTOPBIX ObLT HEJIOCTATOYHO U3YUeH (TypIiaH, CHOMpCKasi rara, 4épHasi Kazapka, I'yCh-I'YMEHHHK
1 6eJI0JI00BIH TYCh), M CE30HHO pefikue (JIIOPHK).

KaroueBnie ciaoBa: Kapckoe mMope, MOpCKHME W BOJHBIE NTHUIIBI, MUTPAIMU, KOUEBKH, TOJOBas
¥ Ce30HHag JUHAMMKA YHUCIIEHHOCTHU

Ha akBaropum roro-zanajgHoi yactu Kapckoro mopsi B JIeTHEe-OCEHHUH MEpHOJ HACUMTHIBAET-
csa 33 Buma nTull U3 ceMeictB rarapoBbix (Gaviidae), OypeBectHHKOBBIX (Procellariidae), omyre-
BbIX (Sulidae), yrunbix (Anatidae), noMopHUKOBBIX (Stercorariidae), yaiikoBbix (Laridae) u uuctuko-
BbIX (Alcidae) [[Tonos, 2012; Decker et al., 1998; Lunk, Joern, 2007]. I[Ipu 1ocTaToOuHO XOpOIIIei U3y-
YEHHOCTH BUJIOBOT'O COCTaBa ITHI] 3TOTO PaliOHA B 11€JIOM OTCYTCTBYIOT COBPEMEHHBIE JAHHBIE O UUCJIEH-
HOCTH (TJIOTHOCTB MOITYJISIIAI ) TITHIL ¥ €€ JMHAMUKE 32 PsiJl JIeT, HEOOXOAUMBIE KaK JJ1s1 (DOPMUPOBAHUS
MIPE/ICTAaBJIEHHs] O MTHIIAX PalioHa B TIOMYJISIIIMOHHOM M OMOIIEHOTUYECKOM acTieKTaX, TaK U JJIsl OLleH-
KM UX YSI3BUMOCTU B KayecTBE OOBEKTOB BEPOSITHOTO HEraTMBHOTO BO3JEUCTBUS MPU IKCILTyaTaIl[UH
MIePCTIEKTUBHBIX HE(PTEra30BbIX MECTOPOXKICHUI, paciooKeHHbIX 31ech. Hacrosiee coobiieHue mno-
CBSILIIEHO ONMCAHMIO0 BUIOBOIO COCTaBa M YMCJEHHOCTH NTHUI] Y4YacTKa Ioro-zanagHou yactu Kapcko-
r0 MOpsI, PacIoJIOKEHHOTO K 3araay ot mojyoctpoBa Aman, mexmy 70°40" u 73°50” c. mr. u 62°40°
u 70°00” B. 1. [osnydyeHHble JaHHBIE HE COMAEPKAT MCUEPIBIBAIOIIETO OMUCAHUs (payHbI MTHI[ BCETO
I0ro-3amajia Mopsi, XapakTepu3ysi OMOTONMMYECKH KOHKPETHYIO 00JIaCTh — MPEUMYILECTBEHHO CpeHe-
[IyOMHHYIO OTKPBITYIO aKBAaTOPUIO, MPUJIETAIONIYI0 K 30HE apKTUYECKUX TYHJIP, HE BKJIOYAIOIIYIO Ta-
KHe MeCTa OOMTaHUS MTHII, KaK, HAIpUMep, JIMTOPAJIb C CYNPATIMTOPAJIbIO, SCTYapuH, OCTPOBA, JIAT'yHBI,
JIAIBI ¥ TIP.

MATEPUAJI 1 METO/1bI

Vuér nrun B 1oro-zanagHoil yactu Kapckoro mMops NpoBOIWIM Ha NPOTSKEHUM IMATH CE30-
HOB (2015-2016 1 2018-2020 rT.) B aBrycTe — CEHTAOpE; OAHOKPATHO YUYET IPOBEJIH B O0Jiee MO3/IHIE
aathl, ¢ 28 ceHTa0ps no 22 okTs0psa 2017 r. YUETHBINA MapIIpyT pacnosarajicsl B IpaHUIIaX MOJUIOHA
miommabio 56 teic. kv? (puc. 1) [Mroroswii otuét, 2015, 2016, 2017, 2018a, b, 2019a, b, 2020a, b].

B cooTBeTcTBUM ¢ peKMMOM TITyOWHBI palioH MOKHO OTHECTH K 30HaM BHyTpeHHero (o 100 m)
u — B MeHblied crenienn — BHemHero (100-200 m) menbga. CpenHsast ryouHa B paiioHe pador,
1o 293 npomepam, cocraBuiia okoiio 70 M. I1pu atom akBatopus ¢ riayounoit 1o 100 m 3anumana 75 %
wiomaay, ¢ rryounon ot 100 mo 150 M — 25 %. Ha MunumainbsHOl riiyOuHe (6 M) akBaTopust 0Oce-
JIOBaHA Ha yJaJieHnd 3 KM OT Oepera (3TO HauMEHbIIas yIaJIEHHOCTh OT Oepera). JIED Ha akBaTopuM
TMOJIUTOHA OTCYTCTBOBAJI BO BCE TOABI HAOMIOJEHUI; JieIoBUTOCTh Kapckoro Mopsi Obuta HU3KOM: JIEN
NPUCYTCTBOBAJI B NIEPHO]] IIPOBE/ICHUSI padOT B HE3HAUMTEILHOM KOJIMUECTBE TOJBKO HA KpallHeM ce-
BEpe U CEeBEpPO-BOCTOKE Mopsl. [lj1s uccielyeMoro pailoHa XapaKTepHO B3aUMOJENUCTBUE apKTUYECKON
BOJIHOM Macchl Kapckoro Mopsi, BOJ, peUHOI0O CTOKA U aTJIAHTUYECKUX BOJHBIX MACC, 3aTEKAIOIIUX Yepe3
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niponussl FOropckuii lap u Kapckue Bopora. B neTHuii nepro BepTUKaibHas CTPYKTYpa MOJIsl TeMIIe-
paTypsl B 3a1aJHON YacTU MOPS IIPE/ICTaBIeHa BEPXHUM IPOIPETHIM CJI0EM, CE30HHBIM TEPMOXAJIOKJIH-
HOM, CJIOEM MOJNOBEPXHOCTHOTO MUHMUMYMa (OCTaTOYHBIM XOJIOJHbIA 3UMHMI CJIOM) U CJIIOEM BOJ, aT-
JIAHTUYECKOTO IPOUCX Ok IeHN 1. BepTukanbHoe pacnpesiesieHue COJEHOCTH XapaKTepU3yeTcs e€ 3Hauu-
TEJIbHBIM TIOBBIIIIEHUEM B CJIO€ TEPMOXIOKJIMHA 10 TyOrH 20—30 M 1 JaJTbHEHIIINM TIABHBIM TIOBBIIIIE-
HUEM JI0 TIPUIOHHBIX TOPU30HTOB. B 0o0actu ckyioHa qHa — niepexoa ot nryounsl 18—20 k 100-120 m
pacrosiaraercsl (ppoHTaJIbHAsA 30HA SIMasibckoro Teyenus [3auenuH u gp., 2010].
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Puc. 1. Kapra-cxema pa3meienusi y4ETHBIX MapIIPYTOB B Ioro-zamagHoid yactu Kapckoro mops
B aBrycre — okT1s10pe 2015-2020 rr.

Fig. 1. Map of survey routes in the southwestern Kara Sea in August—October 2015-2020

[MvutaHue NTUII B JAHHOM paiioHe He u3ydeHo. K TOTeHIMaibHON KOpPMOBOW Oa3ze pbiOO-
U TUIAHKTOHOSITHBIX BHUJOB (rarapoBble, OJYyILEBbe, OypeBeCTHUKOBBIE, YANKOBbIE M YHCTUKOBHIC)
OTHOCSATCA HamboJiee MHOTOUYMCIICHHbIE BUBI TMETAarMYecKUX W JIOHHO-TIEJIaTMYeCKMX phIO: caiika
Boreogadus saida (Lepechin, 1774), moiiBa Mallotus villosus (Miiller, 1776) wu wnaBara Eleginus
nawaga (Walbaum, 1792), — a Takxke BeaylIue INeJardvyecKuii oOpa3 KM3HU MaJbKM Pa3HBIX BH-
noB (B TOM umciie OEHTOCHBIX) M3 ceMelcTB poratkoBbix (Cottidae), miucnukoBbix (Agonidae) u -
naposbix (Liparidae). Takxe K KOPMOBOH 0a3e MOKET OTHOCHTBHCSI Pa3JIMUHbIA 300IIAHKTOH KPYyI-
HOW (ppakumu, npexje Bcero cemencts 3Bdaysuns (Euphasiidae), runepuna (Hyperiidae) u np. Oc-
HOBY palliOHa YTUHBIX, KOPMSIIIUXCS HA MOPE, COCTABJISIIOT, MPEANOI0KUTEIBHO, PACIPOCTPAHEHHBIE
Ha MEJIKOBOJIbSIX OpIOXOHOTHE MOJUTIOCKH Lunatia pallida (Broderip & G. B. Sowerby I, 1829), Limneria
undata (T. Brown, 1839), Buccinum belcheri (Reeve, 1855), Buccinum fragile (Verkriizen, 1878)
u Murex pullus (S. Woodward, 1833), nBycTBOpUaThie MOJUTIOCKU Serripes groenlandicus (Mohr, 1786)
u Ciliatocardium ciliatum (O. Fabricius, 1780), amdunonst Sabinea septemcarinata (Sabine, 1824)
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u Sclerocrangon ferox (G. O. Sars, 1877), a takxe Stegocephalus inflatus (Krgyer, 1842), Lebbeus polaris
(Sabine, 1824), Pandalus borealis borealis (Krgyer, 1838) u Saduria sabini (Krgyer, 1849) [9kocucrema
Kapckoro mops, 2008].

Hcnonp3oBaHa MeTorKka cy10Boro TpancektHoro yuéra [Gould, Forsell, 1989]. Bo Bpems nBuxke-
HUS Cy[Ha HAa aKBATOPUM BU3YaJIbHO BBIIEJISIM Yy4YacTOK, orpaHuueHHbd auctanuvsmu 300 M Bre-
pén u mo 300 M MepreHANKyIApHO OT Kaxaoro 6opra (0,18 kM?), B Ipesenax KOTOPOro B TeUEHHE
5-10 ¢ noacuMTHIBaIM BCEX MTHUIL (TaK Ha3blBA€MbIi MOMEHTAJIbHBI CHUMOK). [locie npoxoxaeHus
300-MeTpoBOY IUCTAHIIMU TAaKMM e 0Opa30M BHIIEJISUTM U OCMATPUBAIU CIEIYIONIMA yJacToK. Bpe-
MsI TIPOXOKJEHUS OTAETbHBIX 300-MEeTPOBBIX OTPE3KOB TPAHCEKTHI OMPENeIsUId M0 OMIUK «TIEPUO/I»
npudopa cryTHUKOBOM HaBuraiwu Garmin GPSmap 64st. CpeTHIOI0 IJIOTHOCTb pacipeeseHs IITHIL
Ha MOJIMTOHE BBIYKCISIM OTHECEHUEM CYMMBbI YUTEHHBIX 0COOel K 0OIIel MI0MaAN yYETHOM TPAHCEKTHI.
Jlns1 HanbGosiee OOBIYHBIX BUIOB OIpPEesisii CTAaHAAPTHYIO OIMIMOKY CpelHel M IOCTOBEPHOCTDb pa3iiv-
ymsi cpeHux (no f-kputepuio CThIOAEHTA), IUIs1 Yero TVIOTHOCTH PACCUMTHIBAIM TaKKe JUIsl OTAETbHBIX
OTPE3KOB TPAHCEKTHI IPOTAKEHHOCTBIO 0KOJIO 20 KM (M COOTBETCTBYIOIIEN MM TLIOIIAAM OKOJIO 12 KMm?).
OcMOTp akBaTOpUM MPOBOJIMIIN B CBETJIOE BpeMsl CYTOK, B TeueHue 10 4 (cyMepKu MCKIIIoYaiu U3 Bpe-
MEHH y4Y€Ta), OJJHUM HaOJIojaTesieM, HEBOOPYKEHHBIM I71a30M. [TyHKT HaOoIeH!sI TIOMeNalicsl Ha BbI-
cote 7 M Hajl Boaoil. CKOpOCTh Cy[Ha cOCTaBIsIa nmpuMepHo 15 km-u~'. TIpoTsSkEHHOCTL MapLIpyTa
B OT/IJIbHBIE TO/IBI M COOTBETCTBYIOIIAS TUIONIAIb YUETHON TPAHCEKTHI MOKa3aHbI B TaoI. 1.

MexroyoBasi TMHAMUKA YUCJICHHOCTH ISl PACCMATPHBAEMOT0 TIepro/ia TIPE/ICTABIISIET COO0M s
3HAYEHWI CpeIHel IUIOTHOCTH PACIpelie/ieH!s], paCCUMTAHHBIX M3 BCEX JaT aBrycTa W CEHTSA0ps
s Kaskaoro roaa. Ce30HHasi TMHAMUKA B aBI'yCTe — OKTIOpe orpe/iesieHa 1o CXOJHbIM JaTaM BCeX JIeT,
CTPYIITMPOBAHHBIM B JBYXJIEKaHbIE OTPE3KU. BBUY TOrO, UTO MepecevyeHrue MapiipyToM OTAETbHbBIX
PaiiOHOB MMOJIMIOHA Pa3/IMYaJIoCh B pa3Hble TOJIBI MO J1aTaM, a TaKe BBUY BBICOKON CE30HHOW M MPO-
CTPaHCTBEHHOM HEPABHOMEPHOCTU pacrpeieieHus] Ha aKBAaTOPUU MTHUI] CEMENUCTB rarapoBbIX U YTHHBIX
OTMETHM: CpeHHEe 3HAUeHUs] YUCIEHHOCTHU ISl MIepHOo/ia C aBryCTa MO CeHTSOph He MOTYT ObITh MOKa-
3aresieM MEeXTOJOBOUM AMHAMUKY ISl TAaHHOUM IPYMIIbl MTUIl. [{71s 9TOW e CPaBHUBAIU TOJIBKO TO-
Ka3aTequ M3MEHEHW C aBrycra mo OKTs0pb. BeTpeyaeMocTh Ha MOPCKOM aKBaTOPUM OKOJIOBOJHBIX
nTHIl (KYJIMKHA) B HACTOSIIEM COOOIIEHUH He 00CykaaeTcs. Pycckue v TaTHHCKYe Ha3BaHUS TITHIL JaHbI
o cBojke [Kobmmk u ap., 2006].

Tadmuma 1. Cpoku u 00bEMBI pabOT Ha YYETHOM MOJMIOHE B I0ro-3amagHoi yactu Kapckoro mops
B 2015-2020 rr.

Table 1. Timing and scope of work at the survey site in the southwestern Kara Sea in 2015-2020

I'on, mecsAusl IIpOTAKEHHOCTL TPAHCEKTHI, KM TIn0maps TPaHCEKTHI, KM>
2015, aBryct — ceHTs10pb 2692 1613
2016, aBryct — ceHTs0pb 1563 938
2017, ceHTSI0pb — OKTSAOPb 1250 750
2018, aBryct — ceHTs10pb 1548 928
2019, aBryct — ceHTs10pb 1694 1016
2020, aBryct — ceHTs0pb 1378 827

PE3VIJIbTATHI 1 OBCYKJIEHNE

Bcero B aBrycre — okts10pe B 105kHO# yacti Kapckoro mopsi 3apeructpupoBano 11 BujoB Boj-
HBIX (CEMEeICTBa rarapoBbIX U YTUHBIX) U 17 BUJOB MOPCKUX (CeMeicTBa Oy peBECTHUKOBBIX, OJTYIIEBbIX,
YalKOBBIX, TOMOPHUKOBBIX ¥ YUCTHKOBBIX) NTULL (Ta0JI. 2).
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Ta6uuma 2. BujoBoi cOCTaB M CTaTyC OXpaHbl MOPCKHMX M BOJHBIX MTHUI], OTMEUEHHBIX Ha yYETHOM
MOJIMTOHE B 10:kKHOM Yactu Kapckoro mopst B aBrycre — okrs10ope 2015-2020 rr.

Table 2. Species composition and conservation status of seabirds and water birds recorded at the survey
site in the southwestern Kara Sea in August—October 2015-2020

Takcon OxpaHHBI} cTaTyc BUAA

Otpsp Gaviiformes

CemerictBo Gaviidae

KpacHozobas rarapa Gavia stellata stellata (Pontoppidan, 1763) -

YepHozobast rarapa Gavia arctica arctica (Linnaeus, 1758) -

MCOII (NT), P® (3 V 1ID),

Benokmoas rarapa Gavia adamsii (J. E. Gray, 1859) HAO (3). STHAO (4)

Ortpsn Procellariiformes

CewmerictBo Procellariidae

Inymeim Fulmarus glacialis glacialis (Linnaeus, 1761) -

Cepeiit 6ypeBecTHUK Puffinus griseus (Gmelin, 1789) -

Ortpsig Suliformes

CemerictBo Sulidae

CesepHnas onywa Morus bassanus bassanus (Linnaeus, 1758) -

Otpsan Anseriformes

CewmerictBo Anatidae

Uépnas kazapka Branta bernicla bernicla (Linnaeus, 1758) -

Benosno6wiii ryce Anser albifrons albifrons (Scopoli, 1769) -

I'ymennuk Anser fabalis (Latham, 1787) PO (211

Mopsuaka Clangula hyemalis (Linnaeus, 1758) MCOII (VU)

[ara-rpeGenymka Somateria spectabilis (Linnaeus, 1758) -

MCOII (VU), P® (2 V 1II),

Cubwupckas rara Polysticta stelleri (Pallas, 1769) SHAO (3)

Cunbra Melanitta nigra (Linnaeus, 1758) -

MCOII (VU), HAO (3),

OO6bIKHOBEeHHBIN TypriaH Melanitta fusca (Linnaeus, 1758) SHAO (4)

Ortpsig Charadriiformes

CewmerictBo Stercorariidae

Bosnbiuoit nomopHuk Stercorarius skua (Briinnich, 1764) -

Cpennuil noMopHuk Stercorarius pomarinus (Temminck, 1815) -

KopoTkoxBocTslil TOMOpHUK Stercorarius parasiticus (Linnaeus, 1758) -

JJTMHHOXBOCTBIN IOMOPHUK Stercorarius longicaudus longicaudus (Vieillot, 1819) -

CemeiictBo Laridae

O3épnas vaiika Chroicocephalus ridibundus (Linnaeus, 1766) -

CepeOpucras vaiika Larus argentatus argentatus (Pontoppidan, 1763) -

BanagHocubupekas yanka Larus heuglini antelius (Iredale, 1913) -

Bypromuctp Larus hyperboreus hyperboreus (Gunnerus, 1767) -

Cusas vaiika Larus canus canus (Linnaeus, 1758) -

Moeska Rissa tridactyla tridactyla (Stephens, 1826) MCOII (VU)

INonspuas kpauka Sterna paradisaea (Pontoppidan, 1763) -

[IpopomkeHue Ha clenyIolei CTpaHule. . .
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Takcon OxpaHHbIi cTaTyC BUja

CewmerictBo Alcidae
Jliopuk Alle alle (Linnaeus, 1758) -

ToncrokmoBas kaipa Uria lomvia lomvia (Linnaeus, 1758) -

Atnantrueckuit uuctuk Cepphus grylle (Linnaeus, 1758) -

IIpumeuyanne: MCOIT — KpacHbli CIMCOK MCYE3AI0NNX BUAOB MeKIyHaApOIHOTO COI03a OXPAHBI PUPOABI U IIPH-
poanbix pecypcoB [2023]; PO — Kpachas kuura Poccuiickoit @eaepariu [2021]; HAO — Kpacnas kaura Henen-
koro aBToHoMHoro okpyra [2020]; AHAO — KpacHas kaura fAmano-Henerxoro aBroHomMHoro okpyra [2023]. Kate-
ropuu cornacHo Kpacaomy cnimcky mcuesatomux BujgoB MCOIT: NT — Haxopnsipecs: B COCTOSTHUM, OJIM3KOM K yIpo-
xkaemomy (near threatened); VU — ys3Bumble (vulnerable). Ctatyc peakocT 00beKTOB KUBOTHOIO MUpa: 2 — CO-
KpallamoIrecs: B YUCIEHHOCTH W/WIM PaclipoCTpaHeHnH; 3 — penkue; 4 — HeonpeaeacéHHsle o cratycy. Craryc
yrpO3bl HCUE3HOBEHUS OOBEKTOB JKMBOTHOTO MHPA, XapaKTePHU3YIOIINI X COCTOSIHUE B €CTECTBEHHOM cpele oOuTa-
Hus: U — ucuesatonye; Y — ysa3BumMsle. CTeneHb U EpBOOYEPEAHOCT TPUHUMAEMBbIX U INIAHUPYEMBIX K IIPUHSTHIO
MIPUPOAOOX PAaHHBIX Mep (IIPUPOI0OXPpaHHEIH cTaTyc): Il mproputeT — HEOoOX0MMa pean3alyst OJHOTO I HECKOJIb-
KHX CHELMAJIbHBIX MEPOIPUSATHI MO COXpaHEHHI0 00beKTa )XUBOTHOrO Mupa; Il nmpuopurer — gocratodyHo 00mIMX
Mep, IIPeAyCMOTPEHHBIX HOPMAaTHBHBIMHI NPaBOBBIMH akTamu Poccuiickoit denepaliyl B 001aCTH OXpaHbl OKPYXKalo-
Il cpelpl, OpraHu3aly, OXPaHbl ¥ MCIIOIB30BaHUsI 0COO0 OXPaHSAEMbIX PUPOLHBIX TEPPUTOPUIA U OXPAHBI M HC-
TI0JIb30BAHUS )KUBOTHOTO MUPA U CpeJibl OOUTAHMSI, 11 COXPAHEHUS] OObEKTOB )KMBOTHOIO MJIM PACTUTEHHOIO MUPA,
3aHec€HHBIX B Kpachyio kaury Poccuiickoit ®enepanui.

Note: MCOII, The IUCN Red List of Threatened Species [2023]; P®, The Red Data Book of the Russian
Federation [2021]; HAO, The Red Data Book of the Nenets Autonomous Okrug [2020]; AHAO, The Red Data Book
of the Yamalo-Nenets Autonomous Okrug [2023]. Categories according to the IUCN Red List: NT, near threatened;
VU, vulnerable. Rarity status of wildlife objects: 2, declining in abundance and/or distribution; 3, rare; 4, uncertain
status. Status of the threat of extinction of wildlife objects characterizing their state in natural habitat: 1, endangered,;
V, vulnerable. Degree and priority of environmental measures taken and planned (environmental status): priority II,
it is necessary to implement one or more special measures to preserve wildlife objects; priority III, general measures
are enough, provided by regulatory legal acts of the Russian Federation in environmental protection, organization,
protection, and use of specially protected natural areas, and protection and use of wildlife and the habitats,
for the conservation of fauna and flora objects listed in the Red Data Book of the Russian Federation.

Boanbie nTunbl. Haubosnee OOBIMHBIME BHAMH STOH TPYIIBl B Tepuo] HAOMOACHUN ObUTH
yepHO300as1 rarapa, MOpsIHKa U rara-rpeOeHyIKa.

YepHuo3o6as rarapa. Bug ormedanm ¢ 8 aBrycra 1o 7 okTsi0pst moBcemecTHo (puc. 2). B meiom
11 BCEH aKBaTOPUM TIOJIMTOHA B aBTYCTE M CEHTAOpE, M0 ocpeHEHHBIM TaHHBIM 2015-2020 rT., unc-
JIEHHOCTb N'TH1 pa3inyanack B 1,8 paza [(0,034 £ 0,15) vs. (0,06 £ 0,01) oc.-.kmM~2, P> 0,05]. Pacnpene-
JICHVe TITUI] Ha aKBaTOPHH CYIIECTBEHHO N3MEHSIIOCh B TIPOJIOJIKEHME Tieproja HaOmoaeHuid. B aBrycre
rarapbl OOMTAJIM ¢ HANOOJIBINIEH TUIOTHOCTHIO HA MEJTKOBOABSIX CO CpeAHel riTyOuHOM 12 M, 3aHUMAIOIINX
Bcero 11 % muomaam nojaurona, Ha yaajaeHuu ot oepera fmana 1o 20 KM, 11 UX IVIOTHOCTh COCTaBJISA-
na (0,156 £ 0,046) oc.-kMm~2 (puc. 3). C yu€roM TOrO, 4TO 3TO OBUT THE3JJOBOM CE30H, Iaraphl, BEpOSTHO,
HE TOJIbKO MOCTOSIHHO MpeObIBaIM Ha aKBATOPUU, HO U BBUIETAIM HAa MOpeE s ToMcKa kopMa. Ha ynarne-
HUM OT KpoMKu Oepera Ha 6oJiee yem 20 KM YHCIEHHOCTh PE3KO Majaa, MTUIbI JOBOJbHO PABHOMEPHO
BCTPEYAJIHCh JI0 3araHON T'PaHUIIbI MTOJIMTOHA TIPY MEHbIIeW TUIOTHOCTU pacripesieieHusi (IPUMEPHO
B 18 pa3), yem Ha yka3aHHBIX Bblllle MeJKOBOIbAX [(0,0086 + 0,0027) oc..kM2, P < 0,001]. B cenrsi6-
pe, 1o Mepe OTJIETa K MeCcTaM 3MMOBOK, pacipeie/ieHre rarap Obuio 60Jiee paBHOMEPHBIM I10 TIOJIUTOHY,
UX IUIOTHOCTh B MHTepBajax guctaHimii 0—40 u 40—-100 kM oT nobepe:xbs MosyocTpoBa SImMain pas-
Juyanach b B 2 pasa [(0,17 £ 0,036) vs. (0,082 £ 0,019) oc..kM~2, P < 0,05], a 3atem 1o BCEMY
MIPOCTPAHCTRBY JIO IPAHUII MMOJIUToHa (yaaneHue ot Oepera o 180 km) Oblia HUKE B 5 pa3, U3MEHSIACH
HE3HauuTeJIbHO U cocTapisia B cpeaneM (0,018 £ 0,0065) oc. KM 2 (paznuua ¢ uareppajiom 40-100 km
nocroBepHa, P < 0,01) (puc. 3). B okTs0pe OTMeueH pe3KHid Criaj] YUCISHHOCTH, Tarapbl HE BCTPEUCHBI
Mo3Xe 8-ro yKcia, UX TUIOTHOCTh B CPEIHEM IS BCero paiioHa Oblia B 6 pa3 HUKe, YeM B CEHTSIOpe,
(0,01 £ 0,0033) oc.-kM 2. COIIaCHO JUTepaTypHbIM JAHHBIM, B paiioHe MoOepeskbs MoIyocTpoBa Sman
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B 10)kHOW 4YacTu Baipaparikoii ryosl opopMiIeHHbIe MUTPUPYIOIIHE TPYIIB YePHO300bIX rarap MosiB-
JISIOTCS yKe TIPIMEPHO B CepeHe CEHTS0pPs, a HanOOoJIbIlee YHCIIO TPYII U MTHIL B HUX (10 62 oco-
Oeil) perucTpupyioT B TpeTbell AeKajie MecsI1a; MOCIeIHIE rarapbl HICY€3al0T ¢ MECT 'HE3[J0BaHUsI B Tpe-
Thel nekane ceHTs0ps [Cokonos, 2003]. B yka3aHHbIe AaThl Jake TaKMe CPaBHUTEIBLHO HEOOJIBbILINE
CTau HaMH He OTMEUEHBI; BEPOSITHO, TIPOJIET rarap HaJ MOpPEM B pailoHe HaOMOJeHU nmeer Oolee
muddy3ubii Xxapakrep. [lo npyrum nanaeiM [AHgpeeB u ap., 2016a], nponét Buga B Kapckom mo-
pe 3aKaHYMBaeTCsl B IOCIETHEN JieKaJe CeHTSIOps — Hadaye OKTSIOps; 9TO COIacyercs C HalluMH
HaOJIOACHUSIMHU.

Aerycr| o. Benblii

MnoTtHocTb
pacnpegeneHus
oc. kM2

@ Asryct-
CeHTAbpb

©® OkTa6pb

E M3obara
50m

Puc. 2. PacnipesienieHre 4epH03000¥ rarapsl B paioHe YYETHOTO MOJIMIOHA B I0ro-3anaaHoi yactu Kapckoro

Mopsi B aBrycte — ceHtsiope 2015-2020 rr. u B okts10pe 2017 1.

Fig. 2. Distribution of the black-throated diver in the survey site area in the southwestern Kara Sea
in August—-September 2015-2020 and October 2017
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Puc. 3. Pacnipenenenue 4epHo3000ii rarapbl Ha y4ETHOM ITOJIMTOHE B I0ro-3anaHoi yacti Kapckoro mopst
Ha Pa3IMYHOM YyAaJIeHUH OT Oepera nosyocTpoBa SIMai B aBrycre U ceHTsiope

Fig. 3. Distribution of the black-throated diver in the survey site area in the southwestern Kara Sea at different
distances from the Yamal Peninsula coast in August and September
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KpacHo3o6as rarapa. OquHo4HbIe 0cOOM oTMedeHbl 22 ceHTsa0ps 2015 1. u 5 centsaops 2020 r.
B 47 u 11 kM ot Gepera coorBeTcTBeHHO. OTCYTCTBHE BCTped B Oojiee paHHUE JaThl MOXKET ObITh CBSI-
3aHO C OCBOCHMEM MTUIAMK OMOTOMNOB, HEJOCTATOYHO MOJHO OOCTIeJOBAaHHBIX HAMU: TIO HEKOTOPHIM
JaHHBIM, rarapbl B paiioHe 3anajaHoro fIMana UCHoJb3yIOT MOPCKYIO aKBAaTOPHIO B MEPUO/ 'HE3/10Ba-
HUS, yIAISSACH OT Oeperos Ooubineit yactoio 10 10 km [[Imutpues u ap., 2015]. B 6osee no3aHue gathl,
28 centsa6ps — 20 okts6ps1 (2017 1.), KpacHO300asi rarapa Ha IOJMTOHe HaMU Takke He Obllla OTMede-
Ha, XOTsl OHU COOTBETCTBYIOT BPEMEHHU OCEHHEW MUIpallMM B HcclieflyeMoM paiioHe [[Imutpues u ap.,
2015; Coxkonos, 2003].

BesokmoBasi rarapa. Buj 3apeructpupoBan juiib 1 pa3 3a Bech nepuoj HabmoaeHui: 15 as-
rycra 2015 r. oHa rarapa mpoJietaja Ha I0ro-3anaj — 3amnaj B Touke ¢ koopauHartamu 71°717 c. mu.,
62°39’ B. .

Mopsiaka. Paiion oOuTaHus BiIa BO BCe JaThl HAOMIOICHUI ObUT OrPaHUYEH MOYTH HCKITIOUYNTEb-
HO YYaCTKOM B CEBEPHOM YaCTH MOJIMIOHA TUIOIA b0 TpuMepHo 16 700 KM? (oxo1o 30 % oO1ei mIoma-
I4), IO3TOMY BCE IMOKA3aTesIM PaCCUMTaHBI TOJIBKO AJ1s 9TOM akBaTopuu (puc. 4). [lepBble MOpsIHKH 3a-
(prkcupoBaHbI B MOC/IEAHEH JeKae aBrycra. B aTu 1aThl MTUIIB ObLIIM COCPEAOTOUEHBI B TTOJIOCE aKBATO-
prn 0—-60 kM oT mostyocTposa Smat. IX 4rcieHHOCTh CHIKAJIAch TI0 Mepe YAAJIeHUsI OT Oepera u JIIsl H-
tepBasioB guctanimii 0-20 u 20—60 km pazimmyanack B 5 pas [(0,1 £ 0,059) vs. (0,02 £ 0,013) 0C.-KM 2,
P < 0,05]. 13BecTHO, 4TO MOpPSIHKA UCTIOJIB3yeT MEIKOBO/IbSI, MPUJIETAIONIME C 3aMajia K MOJIyOCTPOBY
fIMan, He TOJIbKO B MPEeIMUTPAIIMOHHBIN TIEPUO/, HO U BO BpeMsl TUHbKY [Psounes, 1986]. TeicsuHble
CKOIUICHUSI YTOK HEONPEEJIEHHOIO BUJA (ITPEANOIOKUTEIbHO, B TOM YHCJIE U MOPSIHOK) OTMEUYEHBI,
K nipuMepy, 31 aBrycra BOJM3M ycThs peku [laiiHanotosixa (72°66” c. m1.). C y4€éToM 3TOro JIomyIne-
HHSI BOBMOXHO TOBOPHUTD, YTO TUIOTHOCTh MTHII B TIPEIMUTPAIIMOHHBIN TIEPHOJ B Y3KOUW TPUOPEkRHON
MOJIOCEe aKBATOPUM MOKET ObITh MAKCUMAJIBHOM y3ke B KOHIIEe aBrycra. [lanee B Mope BUJ He Habmoaa-
nu. B Teuenue ceHTs0ps 001aCTh BCTPEY NTUILL PACHIMPSIACH B 3aMaHOM HAIIPABJICHUU 10 AUCTAHIUH
120 kM ot moGepesxbs. B rpanunax uarepBasioB 0-60 u 60-120 KM MJIOTHOCTb pacnpesiesieHust co-
craBisuia B cpeaneM (2,58 + 0,72) u (0,99 £ 0,51) 0C.-KM ™2 COOTBETCTBEHHO, MPUYEM TIPU BUAMMOM
pa3HUIle 3HAYCHUI CTATUCTUYECKH CYIECTBEHHbBIC pa3indusi MKy HUMU BBISIBJICHB He Obuth. B OK-
TAOpEe YMCIIEHHOCTh MPOJOJIKUIIA BO3PACTaTh, IIPEBbICUB MOKa3aTeu aBrycra B 88 pas [(4,87 £ 1,2)
vs. (0,055 + 0,026) oc.-kmM~]. AKBaTOpUs, JieKalas IkHee pailoHa BCTped, UCTIONb3YEeTCs MOPSIHKOM
B aBrycTe — OKTSI0pe, MO-BUAMMOMY, 3HAUMTENbHO peke. Tak, ¢ 1 mo 24 ceHTA0ps B 3TOM 00JacTU
Habmo1eHus1 ObLTM TIPOBEICHBI B pa3Hbie roabl Ha 3000 KM MapIipyTa, OJJHAKO MOPSHKHY He ObLIH 3ape-
THCTPUPOBAHBI Jake B IPUOPEKHON 30HE. YUET, MPOBEAEHHBIN B I0)KHOM YacTH MOJUTOHA 6—22 OKTAOpS
2017 r., mokazaJ NpuCyTCTBUE 3[€Ch TOJIbKO HE3HAUUTEILHOTO KOJIMUECTBA ITHII, TOTJa KaK B CEBEpHOU
YaCTH MOJIUTOHA elI€ B Iepuo/] ¢ 28 ceHTIOps Mo 5 OKTAOPSI MOPSIHKY ObLITM OOBIYHBI M HAOOJIee MHO-
rourciaeHHbl. TakuM 00pa3oM, OCEHHHI MPOJIET MOPSTHOK MPOXOAUT, MPEIONI0KUTETHHO, B OCHOBHOM
B I0r0-3al1aJHOM HalpaBJIEHUH, OT MEJIKOBOJIMH, MPUJIEralolux K MpoiauBy Majbiruaa u octpoBy be-
JIBIiA, B cTOpoHy TiposinBa Kapckue Boporta, B epBoil MATHIHEBKE OKTSAOPST; 3TO COINIACYeTCs C JaTaMU
nposi€ta B OHEKCKOM 3aymBe Benoro Mopsi, rjie MOpSIHKA MacCOBO TPOJIETAloT 2—9 OKTSIOps, ¢ BbIpa-
*keHHbIM MMKOM 6 u 7 okTs10ps [Konnpartees u ap., 2016]. B npogomkeHue Bcero neproja Hadoe-
HUIA B yKcrie ocoOeil, onepeHre KOTOPhIX yJajJoCh XOPOIIO PaCCMOTPETh, OTMEUEHbl UCKITIOUUTEIbHO
CaMKH (Takke, BO3MOKHO, CXOJHO OKpaIlleHHbIE HETIOJIOBO3pEeIIble 0COOH).

I'ara-rpe6enymka. Bug otmeden ¢ 19 aBrycra u 1o caMoii TO3/IHE# AaThl HAOIIOJeHUH, 22 OKTSO-
Psi; BEPOSATHO, OH NMPUCYTCTBOBA HAa aKBATOPUM MOJIMIOHA U Mo3:Xke. PacripeneneHne B aBrycre umeso
BBIPAKEHHYIO MPUYPOUYEHHOCTh K MEJIKOBO/bSIM Y 3aIlaIHOTO Modepexbst monyoctposa SIman (puc. 5).
Tax, 19-31 aBrycra 1pu cpeaHem 3HadyeHuu 1o nomurony (0,0091 + 0,0053) oc.-kM™2 MIOTHOCTH pac-
npejeieHns] Ha MeJKOBOIbsX, Ha auctanuuu 0-20 kM, Obl1a Bbile B 89 pa3, ueM Ha aKBaTOPHSX
¢ uHol rmy6uHoii [(0,046 +0,043) vs. (0,00052 +0,00051) oc.-km~2]. B ceHTAOpE YNCIEHHOCTD Ha BCeit

YUETHOW aKBaTOPUU yBEJMUMIIAch B 26 pas, 1o (0,24 + 0,1) 0C.-KM 2,
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Fig. 4. Distribution of the long-tailed duck in the survey site area in the southwestern Kara Sea
in August—September 2015-2020 and October 2017
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Puc. 5. Pacripenesnenue raru-rpeOeHyIIKH B palioHe YYETHOTO MOJIMIOHA B I0ro-3anaaHoi yactu Kapckoro

Mops B aBrycte — ceHtsiope 2015-2020 rr. u B okTs16pe 2017 1.

Fig. 5. Distribution of the king eider in the survey site area in the southwestern Kara Sea in August—
September 2015-2020 and October 2017

Kak u B aBrycre, nogasisiomas yacts ntuil (87 %) nepxkanach B MEJIKOBOAHOH mojioce, 0-20 km
ot 6epera [(2,1 * 1,25) oc.-.km~2]. ITo Mepe yaaneHus B MOpE IIOTHOCTb PACIIPE/IeIEHNs PE3KO yObIBa-
Jla ¥ COCTaBJIsLIa JUIsl OCTaBlIelcsl yacT nonurona B cpeqieM (0,067 £ 0,055) 0C.-KM™2, TO eCTh ObLIa
6onee yem B 30 pa3 HIDKe, YeM Ha MeJKOBoAbsIX. Habmonenus 28 cenTs16ps — 22 okts10ps1 2017 r. moka-
3aJIM, YTO YMCJICHHOCTb BHJA B 3TOT NepHo/1 Oblla MOBCEMECTHO HU3KOM (Bcero 26 ocodeit Ha 1250 km
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MapIupyTa, uim npumepHo 0,02 oc.-KM~2, TIpd JOBOJILHO PABHOMEPHOM PACIIPOCTPAHEHMM MO TMOJIH-
rony). MI3meHeHue nokasarteneil pacrpee/neHusi U YUCIeHHOCTH rpeOeHyIleK, OTMEUEHHBIX K 3amay
OT MOJIyOCTpoBa fIMast B aBrycte — ceHTSI0pe, 00yCIIOBIEHO, MO-BUAUMOMY, UCIIOJIb30BAHUEM NTUIAMU
9TOM aKBATOPUM B MEPUOAbI JIMHBKYU U TPEIMUTPAIIMOHHBIX CKOIIeHU. CunTaeTcs, 4To JIMHbKA raru-
rpeOeHyIIKU (HEeTOIOBO3PENbIX U B3POCIIBIX 0COOEH) MPOXOIUT BOJM3U paiOHOB THE3/I0BAHUS, W UC-
crefioBaHHas 4acTh Kapckoro Mopsi, BO3MOXKHO, SIBJISIETCS OJHUM M3 TaKUX PalOHOB ISl SIMaJIbCKOU
rpynnupoBKY Buaa. Bommsu nonyoctpoBa SIMan MaccoBble CKOIUIEHUS JTUHSIONIMX rar 3aperucTpupo-
BaHbl B CPE/IHEN YaCTH ero 3amagHoro oOepera, Meay MbICOM Xapacapaid v 3a1uBoM MyTHbI [ Buabt
— Ouonornyeckrie unaukaropsl, 2020; Brude et al., 1998]. Kak otMe4yeHo BbIlIe, Mbl HAOTIOAATM Thi-
CSTYHBIE CKOTUIEHHSI KPYITHBIX YTOK HEOMpeIeEHHOrO Bra (BO3MOXHO, B TOM UHCJIE W TPeOCHYIIIEK)
31 aBrycra 3HaUMTENHLHO CeBepHee, BOMM3U ycThs peku [laitHagoTosixa. [ITumel aepkamvich Ha Me-
KOBOJbsIX (rmyouHa 10—15 M) npumepHO B KujloMeTpe OT Oepera miu Ouxke, HO U3-3a2 UX OOJBIIOro
yIaJeHus OT cyHa (OKOJIO 5 KM) HaM He YAAJIOCh ONPEAEIUTb UX BUL.

MaccoBblii MpoJIET rpeOeHyIeKk K MecTaM 3MMOBKHM MPOUCXOJUT, BEPOSTHO, B MEPBOI MOJOBUHE
OKTsA0pst. O0 3TOM MO3BOJISIOT CYIUTh CIy4ar HaOMIOIeH)sI aBTOPAMU HACYUTHIBAIOLIMX COTHH 0COOe
cTaii rpebeHyIIeK, KOTophie IposieTain yepe3 nposms Kapckre Boporta B BapeHiieBo Mope B yKa3aHHBIH
nepuoj. B npyrom ciydae noxoskast MUrpanys Obuta OTMeueHa paHblile, B Havane okTs0ps, 10. B. Kpac-
HOBbIM [KpacHoB 1 1p., 2002]. Ha nonurone noJoOHbIX nepeMeleHuil B OKTO0pe He 3aperucTpupoBaHo,
YTO MOXET TOBOPUTH O MPOJIETE NTHILL OOJIbIIEeN YacThio BOIM3M Oepera fImaiia u Haja yctbeM baiinapari-
KOM TyObl — B pailoHaXx, MOYTH He UCCIIEAOBAHHBIX HAMH B TU JaThl. K BbllllecCKa3aHHOMY CTOMT J100a-
BUTb CJIEyIOIIee: MOMAMO TOYHO ONpeeSEHHBIX 0cOOel rpeOeHyIIKY, Oblila 3HAYMTE IbHAS YacTh Tar,
KOTOPBIX OTJEJIbHBIE HAOJTIOAATE M 3aIMCaTA KaK «HEONPEIEIEHHBIX JI0 BUIa» 0COOEH U TOTOMY He UC-
MOJIB30BAJIH Jlasiee B pacuére YnuciaeHHoCcTH. [IpeanonokuTensHo, B OOJIBIIMHCTBE CBOEM TO ObUIN TaK-
e rpeOeHyIKY (HO ObljIa M OYeHb HE3HAUMTeIIbHAs 107151 OOBIKHOBEHHOM raru, BCTpeYr KOTOPOil BEpo-
STHBI B JAHHOM paiiOHe, UCXOAs U3 COOOLIEHHI O pelIKUX CilyJasix THe3A0BaHus Buja Ha fmane) [[a-
HWIOB U JIp., 1984]. C yu€ToM 3TOro mpearnoioKeHusi CKakeM, UTO TUIOTHOCTb pacIipejieieHus BUIa
MokeT ObITh IpUMepHO Ha 30 % BbIIIIe ONpeAeIEHHON HaMu. B mpoioyskeHre Bcero neprioia Haomoe-
Hui B 2015-2020 rr. OTMEUYeHbI HCKITIOUUTETBHO 0COOU, OKpaIlIeHHBIE KaK CaMKH (COOCTBEHHO CaMKH
1, BEPOSAATHO, CXOJJHbIE C HUIMHU MOJIOJIbIE OCOON).

Yépuas kazapka. Kazapku 3aperucTpipoBaHbl HAMHM BCETro TpU pasa 3a MATh JIET, 8 CEHTAO0ps
2018 r., 28 aBrycra 2019 r. u 4 cenrsa6ps 2020 r. (30, 47 u 55 ocoOeil COOTBETCTBEHHO), Ha yJAJICHUN
35-60 kM ot nmodepexbsi. Cornacuo ganHbM O. W. Brude ¢ coaBropamu [1998], kpynHbIe CKOTIEHUS
YEPHBIX Ka3apok, 1o 1000 ocobeit, BO BHETHE3/10BOM Meproz 3ahUKCHPOBAHbI B TPUOPEKHON 30HE T10-
Jyoctposa SIman (HanpuMep, B JIaryHax MexkIy MbICOM Xapacadii 1 ocTpoBoM JIUTKe, a Takke BOJIU3M
octposa beunpiit). Ilepuon HanboJsee aKTUBHOIO OCMOTpPa HAMH aKBaTOPUHU (MEXKIY CepeIMHON aBrycra
U MIEPBOM EKaI0i CEHTSOps) COBMAJ CO CPOKAMHU OCEHHEro NposieTa Buga [Anapees u ap., 2016b];
HE3HAYMTEJIbHOE KOJMUYECTBO Ka3apOK B HAIMX HAOMIOJEHUSIX JI0 ¥ BO BpeMsI MPOJIETa 0OBSCHSETCS,
MIPEATIONIOXUTELHO, OOMTAHUEM TITHUIL B Y3KOW MTPUOPEKHOM TT0JI0CE aKBATOPUH WJTH TYHIPHI, OOJIbIICH
YaCTbIO HEJAOCTYIHOM [/1s1 OCMOTpa C CyJHa B IEPUO]] UCCleIoBaHUA. BeposaTHO, MMeeT 3HaueHHe U reo-
rpacduyeckoe nosioxkeHne mectHoct: 20 aBrycra 2020 r. Bo BpeMsl padoT 3a npejieslaMHi U3y4aeMoro
MOJIUTOHA, Ha MeNKOoBoAbsX badmapanikoii ryosl (B 120 KM K Iory OT MOJMIOHA, B 15 kM oT Gepera),
TOJIBKO 32 10 9 paboThI HA CTaHIMK HamMu oTMedeHa 31 uépHas kazapka (6, 5 u 20 ocobei).

Benono6wlit rycs. Buj BeTpeueH Tonbko omuH pas, 4 centsops 2020 r., B 10 km Kk 3amamy
ot octpoBa Beblii (cTas u3 6 ocodei).

I'ymennuk. 3apeructprpoBat ¢ 12 aBrycra no 8 ceHTs0ps, B OCHOBHOM B I0’KHOM YaCTH TIOJIMTOHA,
Ha quctaniuu ot 7 10 130 km ot 6epera Amana. Beero rycu Berpeuenst nsath pa3 (o1 1 1o 150 ocobeit).
HaGmoennst ryMEHHUKOB HaJl MOPEM MOTYT FTOBOPUTh 00 UX MUTPAIIUH, BEPOSTHO O CAMOM €€ HavaJe,
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MPUYEM B MAJIO MCTIOJIB3YEMBIX 7151 3TOro paroHax. Tak, 1o nanHbiM B. A. Cokososa [2003], Ha FOro-
3anagHoM fImasie MaccoBBIN MPOJET ryceid (0esono0ble ¥ T'YMEHHUKH) MPOXOAUT MPEUMYILECTBEHHO
BIOJIb Oepera Mopst U oTMevaroT ero 21-25 cents6ps (o 800 nTuiy B cyTKm); nocne 28 ceHTs0ps ry-
cu He ObUM 3aperucTpupoBanbl. Ha 28-30 ceHTs0ps 1 [Be mepBble AeKaabl OKTAOPS B HAIIMX y4ETax
MPUIILIACh TOJIBKO OJJHA BCTpeYa 'yMEHHHKA (BOJIM3U 10)KHOW TPAHMIIBI TOJIMTOHA).

Cuodupckas rara. 3adukcupoBana aaxael, 30 aprycra 2018 r. (1 camka) m 20 aBrycra
2019 r. (4 camua u 11 camok), B 5 1 30 kM OT Gepera COOTBETCTBEHHO B CEBEPHOW YaCTH TIOJIUTOHA.
Camriipl ObUTM YACTUYHO BBUIMHSBIIUMH M OTIIMYATHUCH OT CAMOK OEJIBIMUA KPOIOIIMMU TEPhSIMHU KPbI-
na. Kpome Toro, 30 aBrycra 2015 r. 10 ocoOeit oTMeueHbl BHE TPAHCEKTHOTO YU€Ta, BO BpeMs Jperda
Ha CTaHIMU. BUI rHe3muTCA B TyHOpax MOJyocTpoBa fIMai, mpuieraomux K noiaurony [Imurpues
u ap., 2015]. Bo BHerHe310Boii nepuo/ cHOMpCKas rara TECHO CBsI3aHa C MOPCKOW aKBaTOPUEH, HO B UC-
CJIEIOBAHHOM pafioHe, KaK M B JIPYTHX YacTsAX apeajia, OOMTaeT, BEPOSITHO, B HanboJiee MEIKOBOAHON
3oHe qutopamu [del Hoyo et al., 1992], He oOclieToBAaHHOW HAMM.

Cunbra. Ogna ocoObp ormeuena 8 ceHtsiOps 2018 1. BOIM3M 10KHOW TPaHUIIBI TOJUTOHA
(70°66’ c. 1., 64°20" B. 1.), B 80 KM OT modepeskbs1 mosyocTpoBa Smai.

Typnan. OnHa 0co0Ob 3aperucTprpoBana B 8 KM oT Mbica Xapacapait (71°25” c. mr., 66°70” B. 1.)
6 centsi6ps 2020 .

HemHorouuncieHHOCTh HaOMoeHU yTOK pona Melanitta MoxeT ObITh 00YyCJIOBJIEHA TeM, YTO ITU
BU/IBl MAJIO MCTIOJIB3YIOT 0OCIIEIOBAHHYIO YaCTh aKBATOPHUM JIMOO MCTIONB3YIOT €€ BHE AT HAIIIMX HAOII0-
neHuil. Brlcokasi YMCIeHHOCTh CUHBIM M TypIlaHa BEpOsITHA B UIOJie, Korja B 10:kHOM yactu Kapckoro
MOpSI TIPOXOJUT MACCOBBIN MPOJET CMEIIAHHBIX CTAall CAMIIOB 9TUX BUIOB HA JIMHBKY B Banrtuiickoe
mope [KpacunoB u gp., 2002], oqHako He YCTaHOBJIEHO, MPOXOJUT JIM OH Yepe3 aKBATOPHIO IMOJIUTO-
Ha WM K€ OPUEHTUPOBAH I0KHEee (CeBepHasi IpaHMIla THE3/I0BOTO apeaita 00OMX BUAOB PACIOIOKEHA
B paiioHe nosyoctpoBa fAman npumepHo Ha 70° c. u1., B 100 km 1o0xkHee nonurona). Cyas no Heko-
TOPHIM HAIlIMM HAOTIOJICHUSIM 32 TpejielaMy TOJIMTOHa, MECTA KOHIIEHTPAIIUU TypIaHa PacIioiOKeHBI,
HanpuMep, 3amnajHee U 1xHee ocTpoBa JIuTke, B 3auBe MyTHbIM (Ha 120 KM 10kHEe OMKUChIBAEMOMN
akBaTopum), rae 6 centsaopst 2020 r. Hamu yuTeHsl 572 TypnaHa Ha 55 km MapuipyTta. B 200 kM ce-
BepHee 3Toro paiioHa 28 asrycra 2019 r. ¢ oHON U3 MOPCKUX CYJOBBIX CTAHIMIA MbI TaKke HaOo-
Il KpynHoe (OpreHTHPOBOYHO /10 10 ThiC. 0co0ei) CKOIUICHHE YTOK, 3aMeTHOe Jake Ha AUCTAHITUH
10 kM, KOTOpO€E MOJHMMAJIOCh B BO3/IyX M CHOBA CaJIMJIOCh Ha BOJY B YCThe peKu XapacaBaiisixa, oT/e-
néaHoM oT Mopst octpoBami [lapanossl Komiku. Beneactsue 00bIIOro pacCTosIHUS YCTAHOBUTD BUJL
MTHIL HE YIAJIOCh; BO3MOXHO, 9TO TaK:Ke ObUTH TypIHaHBI.

Mopckue nrunbl. Ce30HHOE pacrpejie/ieHue Ha YYETHOM IOJIMTOHE YacTH pacCMaTpUBAEMbIX
BUOB (TJIYTIBIII, MOEBKA, OypromMHCTp, 3amagHOCUOMpCKas 4Yalika M TOJICTOKJIIOBasl Kaipa) IpuBe-
neHo Ha puc. 6—10. MexrogoBass U Ce30HHAs OUHAMUKA YHUCJICHHOCTH HanOosee OOBIYHBIX BH-
JOB MOPCKMX NTHI TNOKa3aHa Ha puc. 11-13. PacnpeneneHue M YMCIEHHOCTb MNPOYMX BUOB
HE MTPOMJUTIOCTPUPOBAHBI (0OCYKIAIOTCS B TEKCTE).

Laynbim. CpeqHsiss MHOTOJIETHSIS TWIOTHOCTh paclpesie/ieHnst BUjia B epro HAOMIOJEHUI COCTaB-
ns1a (0,078 + 0,008) oc.-kM~2; lim (amanasoH 3nauennit) — 0,028-0,18. ToT nokazareb JOCTOBEPHO
paszmuuancs mexay 2016-2018 rr. (P < 0,01) u mexay 2018-2020 rr. (P < 0,05). B 2015-2020 rr. BUg
0CBarBaJ BCIO AKBATOPUIO MOJIMTOHA, OJJHAKO B OT/IEJIbHBIE TOIBI paciipeie/ieHre 1O ero IIoaau Obuio
3aMeTHO HepaBHOMEepHBIM. Tak, B 2016 r. nokaszarteau YUCIEHHOCTH ObUIM 3HAYMTEIILHO BBIIIIE B CEBEP-
HOU YacTH TOJIMTOHA (CEeBEepHee YCJIOBHOM TPaHMIIbI 10 72° C. III.), OTJIMYAsICh OT TAKOBBIX B I0)KHOMN
B 4,2 pa3a [(0,08 £0,011) vs. (0,02 £0,014) oc..kMm2, P<0,05].B2019r., HaTPOTHUB, BTPoe OOJIbIIee
KOJIMYECTBO MTHI] OBLJIO COCPEIOTOUCHO B 10:kHOM mosiopuHe [(0,035 £0,011) vs. (0,1 £0,026) 0C.-KM 2,
P < 0,05]. B rog makcumasibHOM ynciaeHHOCTH (2018 r.) MI0THOCTh pacnpeiesieHus B CEBEPHOU U 10K-
HOI YacTsIX MOJIMTOHA MOYTH He pasimyaiach, coctasiss (0,17 £ 0,058) u (0,19 £ 0,03) 0C.-KM 2
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COOTBETCTBEHHO. KpymnHble KOpMOBbIE CKOILJIEHHUs IJIyMbIIIeH, XapaKTepHble, K npumepy, ais bapen-
1ieBa MOpsi, He BCTpeueHbl. KommuecTBo ocoOeid, 0THOMOMEHTHO HaOJI0JABIIMXCS B CEKTOpe 0030pa
300 x 600 M (0,18 kM?, cMm. «Marepuan u MeTonsl»), B 90 % ciydaeB cocTaBisjio He Oonee 1-2,
B 9 % cnyuaeB — 3-5. Cran u3 10—40 ocoOeil ObUTM yuTeHBI BCErO JBaXK[bl, B KpallHE! 3araaHou
yactu royurona (Menee 0,5 %). C aprycra o ceHTI0pb B CpeJJHeM TS Psijia JieT [T BU/Ia He BBIsIBIIC-
HO KaKOTO-JIMOO TPeHIa YUCIICHHOCTH (pa3iimyrsi MeXy CPEIHUMH TSI BBIJIEICHHBIX HAMU TPYII JaT
1-20 aBrycra, 21 aBrycta — 9 cenrs6ps, 10-29 cenrs6ps u 30 ceHTA0pss — 22 OKTIOPs HEJOCTOBEP-
HBI). B OKTSOpe MI0THOCTD pacrpeieieH s TIIYIIbIIIA MOXKET OCTaBaThCs CPABHUTEIBHO BBICOKOM, XOTS
JaHHBbIE JJIsI TOrO Mecslla OCHOBaHbI Ha HAOMOACHUSX eauHCTBeHHOro rofa (2017 r.) u, BO3MOXKHO,
HE COBIMAJAIOT C TAKOBBIMU 3a psif JIeT.
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Puc. 6. Pacnipesieniene rynela B pailoHe YUETHOTO MOJIMIOHA B Ioro-3amaaHod yactu Kapckoro mopst
B aBrycre — ceHts6pe 2015-2020 rr. u B oktsi6pe 2017 r.

Fig. 6. Distribution of the fulmar in the survey site area in the southwestern Kara Sea in August—September
2015-2020 and October 2017

Cepnolii OypeBecTHHK. Bull, mpeAnoNokUTeNbHO, PacHIUpsieT apeall JIeTHUX KOUEBOK B BOCTOY-
HOM HaIlpaBJIeHUH B mociieinue aecsatwierus [['opses u ap., 2021]. B paiioHe nosmrona oinHOYHbIE
OTHUIIBL 3aperucTpupoBanbl aBa paza — 20 cenrsopsa 2016 r. (73°53” c. mr., 63°38’ B. 1.) u 2 ceHTsA0-
ps 2018 r. (72°68’ c. m1., 65°73’ B. 1.). 3a npeeaMu OMKUCHIBAEMON 00JIACTH OYPEBECTHHUK TaKiKe
oTMeueH — BOIM3M BocTouHOro 6epera FOropckoro nosyoctposa (69°71” ¢. ur., 63°75" B. 11.).

MoeBka. CpenHsis MHOTOJIETHSISI YMCJICHHOCTh BHIA B TEpHOJ HAOMOIEHUH COCTaBWIIA
(0,061 + 0,007) oc..km~2; lim — 0,005-0,096. Tlo pesyibraTam HaOmopenudn 2015-2020 rr.,
MOEBKa BCTpeUYeHa B paliOHE IMOJIMTOHA IMOBCEMECTHO; MPU STOM 3aMETHO Yallle OHAa 3aperucTpu-
pOBaHa B €ro CEBEPHOM IOJIOBUHE, Il IJIOTHOCTh paclipelesieHusl ObUla B CPeHEM [Uis MATU JIeT
MpUMEpPHO BIBOe Bbiie, yeM B 1oxkHou [(0,073 £+ 0,01) vs. (0,037 = 0,0079) 0C.-KM™2 COOTBET-
ctBeHHo, P < 0,05]. B otaenpHBlE OBl Takas HEPAaBHOMEPHOCTh XapaKTepu30Bajlach pa3HUIIEH
ot 6,8 paza [(0,016 £ 0,0057) vs. (0,11 = 0,024) oc..km2 B 2015 r.] 1o 14 pa3 [(0,0037 £ 0,0037)
vs. (0,051 £ 0,0099) oc..km~2 B 2016 r.]. Hanbosiee MHOTOUKCIICHHDI, B CpeJHEM ISl BCErO Iepu-
olla HaOMOJEHNU, MOEBKM ObLTM B KpaillHeW ceBepo-3alaJHOW YacTH TMOJIMIOHa, TAe UX TUIOTHOCTD
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coctapisiia (0,15 £0,038) oc.-km2. KpyIHble CKOTUICHHS TITUIT B HAOJIOIEHUAX OTCYTCTBOBAU: B 77 %
CllyyaeB KOJIMYECTBO 0coOel, OMHOMOMEHTHO YYTEHHBIX B cektope ocmoTpa 0,18 KM?, COCTaBJISLIO
1-2, B mpounx — 3-10. doss BcTpeu Oosiee KpynHbIX rpynm (45 ocobeid, 25 aBrycra) He MpeBbllIaja
1,5 %. B ce30HHOM acrieKTe B CpeTHEM ISl psia JIeT YUCIEHHOCTh BO3pAcTajia C aBrycra 1o CeHTSIOpb;
yu4€THl B OKTsI0pe 2017 1. moka3aau B 0OIeM paBHOMEPHOE PacipoCTpaHEHHe IO TUIONIAIN TOJIUTOHA
Y CPaBHUTEJIBHO BBICOKYIO TUIOTHOCTh pacripejie/ieHus1, OJIM3KYI0 K HanOOJIbIIeH 3a aBryCT M CEHTSIOPb
2015-2020 rr., — (0,11 * 0,023) oc.-km™> (cpenHue 3a BbIIEJICHHBIE HAMU JIBYXIEKaJHbIE OTPE3KU
aoctoBepHo paznuyatorcs, P < 0,01). 3adpukcupoBaHHass HaMHM B aBrycte — OKTSOpe AMHAMMKA
B 1IEJIOM corJiacyeTcsi ¢ (DEHOJIOTUEN 1 XapaKTePOM IMOCJIETHE3I0BbIX KOUEBOK MOEBOK, B XO/1€ KOTOPBIX
NTHILIBI IIUPOKO PACIIPOCTPAHSIOTCS 10 aKBATOPUM U TIPU OJIATONIPUSITHOM CUTYallMU ¢ 00ECTIeYeHHO-
CTBIO TIMIIICH MOTYT 3a/IepKUBAThCS B 9THX MecTax JIo Tryookoi ocenu [KpacHoB, Hukonaera, 2016].
Bbicokasi YMCIEHHOCTb, COXPAHSIONIAACA B OKTSAOpE, OTYACTH MOJKET OIPEAessAThCS MOAKOUEBKON
NTHIl C aKBaTOPUH, Mpuieraomux K KonoHusM Kapckoro mopsi (okosio 20 ThiC. map Ha OCTpPOBax
apxurienara CeBepHasi 3eMJisl U Ha JIPYrUX OCTPOBAX), KOTOPbIE OHU MOKUAAIOT B KOHIIE CEHTIOPs
1 B OKTsAOpe (MHOTIAa B KOHIE OKTAOps1) [Bungsl — Omonornueckue nHaukatopsl, 2020; Brude et al.,
1998]. U3BectHO Takke, uTo yepe3 Kapckoe mope B Tuxuii okeaH MPOXOJUT MUTPALIMS YACTH MOEBOK,
THE3IAIMXCS Ha 3arajHoM Oepery apxureiara Hoas 3emuist [Ezhov et al., 2021].
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Puc. 7. Pacnipenenenue MOEBKHM B pafioHe yUETHOTO MOJIMTOHA B I0TO-3amaaHoil yactu Kapckoro mopst
B aBrycre — ceHtsiope 2015-2020 r. u B okts16pe 2017 .

Fig. 7. Distribution of the black-legged kittiwake in the survey site area in the southwestern Kara Sea
in August—September 2015-2020 and October 2017

Bypromuctp. CpenHsis MHOTOJETHSISI YMCICHHOCTh BHAA B TEPUOJA HAOMIOAEHWHA COCTaBIIsI-
na (0,067 £+ 0,014) oc..km~2; lim — 0,031-0,1. Pazmiuns Mex1y rogamu goctoeepHsl (P ot < 0,01
1o < 0,05), 3a uckmouenreM TakoBbix A1 2018 u 2019 rr. Bypromuctps! BcTpeueHsl B pailoHe I0-
JIMTOHA MOBCEMECTHO, OJHAKO B OTIEJIbHBIE T'O/Ibl BBISIBJIEHA XOPOIIO BbIpakE€HHAsl MPUYPOUYEHHOCTh
K MEJIKOBOJbAM (< 50 M), mpujieralommm K nodepesxpio moayoctposa Aman. Hanmpumep, B aBrycre —
centsiope 2019 u 2020 rr. 6omee 82 % mTui ObUIM y4YTeHBI B TpaHHWIAxX ykasanHoW 30HHI (0,12
1 0,025 oc.-kM~2 ISt MEJIKOBOAMI | MPOYMX IIIyOUMH cooTBeTcTBeHHO, P < 0,001). IIIupoTHBIE MEX-
rOJIOBbIE pa3fiMuusl B paclpesiesieHuH Mo MOJUroHy (CM. ad3albpl Mpo TIYIBIIIA U MOEBKY) HEe OTMe-
yeHbl. CTallHOCTh Y OyproMucTpa MpakTUYeCKU OTCYTCTBOBaNA: B 95 % ciydyaeB KOJUYECTBO ITHI
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B cektope 0630pa 0,18 km? He npeBHIIANO 1-2, a HauOObIIee OJHOMOMEHTHO YUTEHHOE KOJIMYECTBO
ocobeit cocraisuio He Oosee 10 (meHee 1 % BcTped). B aBrycte — ceHTSIOpe UMCIEHHOCTh Oypro-
MHCTpa Obl1a CTAOUIBHON WJIM HE3HAYMTEJbHO CHIKaJach BO BTOPOH MOJIOBUHE CEHTAOPs (pas3inuus
IJ1s1 TPEX BBIIEJICHHBIX IBYXJIEKAIHBIX NEPHOIOB HEJOCTOBEPHBI). B OKTAOpe KOIMYECTBO MTHLL OBUIO
HUXe B 5 pa3 (pa3HMIIA C YMCIICHHOCTBIO BO BTOPYIO M TPETHIO IeKa bl CEHTSIOPs toctoBepHa, P < 0,01).
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Puc. 8. Pacripenesnenue OypromucTpa B paiioHe yYETHOTO TIOJIMTOHA B I0T0O-3araiHoi yacti Kapckoro Mopst
B aBrycre — ceHtsiope 2015-2020 r. u B okTs16pe 2017 .

Fig. 8. Distribution of the glaucous gull in the survey site area in the southwestern Kara Sea in August—
September 2015-2020 and October 2017

ZanmagHoCHMOHUpPCKasaA daiika. MeXrojaoBble KoJIeOaHHMSI YMCJIEHHOCTHM 3TOrO BHUAA HauMeHee
BBIpA)KEHBl Cpelld TAKOBBIX /IS YaWKOBBIX MNTHUIl. Tak, MpPU CpeJHEM MHOTOJIETHEM 3HAYE€HUHU
(0,066 % 0,0049) oc.-kM~> MUHMMaJIbHASI 1 MAKCUMaJIbHAST YUCIeHHOCTD B 2015-2020 IT. COOTHOCHIINCH
kak 1 : 1,6, cocraBus 0,05 u 0,08 oc.-KM~2 COOTBETCTBEHHO (pa3iMuus roI0BbIX NOKa3aTesiel HeJJ0CTO-
BepHbI). BO3M0OXkHO, 3T0 00yCIOBIEHO HECBOMCTBEHHOCTBIO /17151 BUIa OOIIMPHBIX KOUEBOK M OOUTAHUEM
Ha MTPOTSKCHUW 3HAYUTEIPHOM YaCTH JIETHETO NIepro/a B TyHIPE U B TPUOPEKHOU 30HE, I1ie KOPMOBbIE
pecypchl 0oJiee CTaOMIBHBI U UX Ham4re Oostee npejackazyemo [fOauH, @upcora, 2002]. 1o npearosio-
JKEHHe COrIacyeTcsi C OTMEYeHHBIM HAMH M3MEHEHUEM Ce30HHOM ITPUYPOUSHHOCTH BUIA K TOOEPEKbsIM
Y MEJIKOBO/IbSIM B aBrycte u centsiope. B cpennem ans 2015-2020 rr. B nepuon 1-20 aBrycra 3amnajiHo-
cUOMpPCKHEe YallKy MPUIEPKUBATUCH MPUOPEKHBIX MeJIKOBOAUM: Ha qucTaniuu 0-20 kM oT Gepera oHU
BCTpeueHs! B 4,7 pasa yaie, ueM Ha rpoueii akatopuu [(0,043 +0,025) vs. (0,009 + 0,0036) oc.-km~2,
P < 0,005]. C 21 aBrycra 1o 9 ceHTS0psi, Ipy yBEJTMUYESHUH OOIIEH TUIOTHOCTH pacipesie/ieHus Ha BCEM
nosiurore B 5 pa3 (¢ 0,016 go 0,08 oc..kM~2, P < 0,01), pasHuna cocrapisiia 3,4 pasa [(0,2 = 0,049)
vs. (0,058 £ 0,091) oc.-km~2]. Inst 10-30 CEeHTSIOpSI MBI HE pacriojiaraeM JaHHBIMH HaOJII0IeHUi B OJ11-
xaiiem npuopexse (0-20 kM), a cpaBHEHHE IJIOTHOCTU pactipeeseHus B nosoce 20—40 KM 1 Ha Ipo-
Yeil aKBaTOPUU TMOKA3bIBAET J1a’k€ HEKOTOPOE OTHOCUTEIbHOE YBEIMUEHUE YUCIIEHHOCTHU 110 Mepe yIa-
nenns ot 6eperos [(0,025 + 0,01) vs. (0,032 + 0,01) oc.-kmM~2] (pa3Huua AJ1d ABYX PailOHOB HEJIOCTO-
BEepHA) NpH OOINEeM CHMKEHWH YKCIEHHOCTH Ha TIOJIMTOHE B CPaBHEHWH C TAKOBOW IS TIPebIIyIIe-
ro orpe3ka jgat B 2,6 paza (¢ 0,08 go 0,03 oc..kM~2, P < 0,001). B CEHTSIOpe MTHUI] PErUCTPUPOBAITN
10 24-ro uucina. Cy/is 1o MOJHOMY OTCYTCTBHUIO BCTpEY B IEpBbIE JBe AeKaabl OKTAOps (2017 r.), oTIeT
3anaJIHOCUOUPCKUX YaeK 3aKaHUMBAETCS, IPEMONIOKUTENbHO, B TIOC/IEAHEN MATUIHEBKE CEHTAOPS.
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Puc. 9. Ce3oHHble M3MEHEHHs TUIOTHOCTH pacripeesieHHsl 3arnaJHOCUOUPCKON YalKU Ha pa3iuvyHOM
yJajeHuu oT Oepera Ha y4ETHOM IOJIMTOHE B 10ro-3anagHoil yactu Kapckoro mops

Fig. 9. Seasonal changes in the distribution density of the Heuglin’s gull at different distances from the coast
in the southwestern Kara Sea

IHoasipHas kpauka. [IpuBenEHHbI rpacuK MEXroJoBOW AMHAMMUKM YMCIEHHOCTH BMJA, CKO-
pee BCero, He OTpakaeT peajbHOW KApTUHBL: MUK yuciaeHHOCTH B 2019 r. — creicTBue coBmaje-
HUSA JaT OTPAOOTKH JOCTATOYHO OOJIBIIIOTO KOJMYEeCTBA TPAHCEKT B MPUOPEKHON 30HE C JaTaMu ce-
30HHOM KOHIIEHTpALIMM MTHUI] B 3TOM Ouotone. TakuM oOpa3oM, CpeHeroioBasi YUCIEHHOCTh BHUA
B IpaHUIIaX MOJIMTOHA, BO3MOKHO, HIKE orpenenéHHon no narty rogam [(0,025 £ 0,015) 0C.-KM 2],
a TOfIOBBIE KOJIEOAHHS YMCICHHOCTH Ha TIOJIMTOHE MPOUCXOJAT B AMAna3oHe 3HAUYEHMH MoKasaTesei
npouux Jer (lim — 0,0026-0,014). B nmpoposkeHue aprycra YMCJIEHHOCTb B CPEOHEM [UISl BCEU
wiomaay cocrasmsuia (0,036 + 0,014) oc.-km™2. Kpauku BcTpevyasiuch MOBCEMECTHO, HO 3HAYM-
TeJbHO darie (mpuMepHo B 9 pa3) — Ha gucranimu g0 20 kM OoT Oepera mosyoctpoBa Sman
[(0,13 + 0,06) vs. (0,014 £ 0,0061) oc.km™2, P < 0,01]. B cenrsa6pe Kpauku yke He OTMeue-
Hbl B MPUOPEKHON 30HE, a HA BCEW aKBATOPUHU B II€JIOM IUIOTHOCTb paclpelesieHus] B CPEJHEM CO-
crauna (0,0014 *+ 0,00087) oc.-KM™2, yMEHBIUMBIIUCh B CPABHEHMH C TAKOBOM ISl AT aBrycra
B 25 pa3 (P <0,01). B uccnenmyemom paiioHe, Kak ¥ BO MHOTHIX IPYTUX YacCTsX apeasia, MpruOpekHasi 30Ha
SIBJISIETCS] OCHOBHBIM MECTOM IOMCKA KOpMa B NepHo/i THe3aoBanus [[ImMutpues u ap., 2015]. bonpiias
MIPUYPOYEHHOCTb, 10 HAIIIUM JIJAHHBIM, MUAT PHPYIOIIHX BHIBOJKOB KpadyeK K MPUOPEKHBIM MEJIKOBO/IbSIM
MOXeT OBbITh 0OYCJIOBJIEHAa COXPAHSIOIMMCS MPEINOYTEHHEM 3TOH 30HBI KaK OCHOBHOTO KOPMOBOTO
OroTONa Ha Ha4YaJbHOM 3Tare oceHHero omiéra. O003HaueHHas B KauecTBe MPUOPEkKHON aKBAaTOPUU
nosioca mupuHou 20 KM yCJIOBHA, OHA JOCTATOYHO CXEMAaTHYHO MOKa3bIBAET Pa3HUILy MEXY ABYMsI BbI-
AeJIeHHBIMU 30HaMU. BeposiTHO, Ha OoJiee OJIM3KUX PACCTOSHUSX OT Oepera IJIOTHOCTh pacrpeeeHus

MOXeT OBITH ropa3o Beie 0,13 oc.-kM 2.

Cpeannii, KOpOTKOXBOCTBIN H JNIMHHOXBOCTBINA NOMOPHUKH. CpeHss YMCIEHHOCTb TPEX BU-
0B 3a 2015-2020 rr. cocrauna (0,046 + 0,0074), (0,014 + 0,0023) u (0,0039 + 0,00095) oc.-km~>
COOTBETCTBEHHO (72, 22 1 6 %). Cynsi o OTAEIbHBIM JOCTOBEPHO pasnudaiornmmcs mapam jet (2015
u 2020 rr. s cpeanero nomopHuka, P < 0,01; 2019 u 2016 rr. 111 KOPOTKOXBOCTOTO M JIJIMHHO-
xBoctoro, P < 0,05), lim tpéx BugoB 6musku k 0,025-0,1; 0,0047-0,29; 0,002-0,01 0C.-KM ™2 COOT-
BETCTBEHHO, TO €CThb COOTHOIIEHUsI 10CcTaTOYHO cxofaHbl (1 : 4; 1 : 6; 1 : 5). C yuérom HenonagaHus
JUIMHHOXBOCTOTO TIOMOPHMKA B TI0JIE TPAHCEKThl M3-3a €ro KpailHe HU3KOW UYMCJIEHHOCTH B HEKOTO-
pbI€ TObI BO3MOXKHO IPEIIOJIOKHTH, YTO KOJIEOAHMST YUCIIEHHOCTH 9TOr0 BUIA MOTYT OBbITh OOJIBIIMHU.
B 92 % cnyuaeB cpefHue TIOMOPHHKH OTMEUEHH B ceKTope yuéTa 0,18 KM* OIMHOUHO MM MapaMH;
B 7 % cnyuaeB 3aperucTpupoBanbl 3—6 ocobeil. Hanbosbiuas rpynna cocraBuia 17 ocobeit (MeHee
1 % ot obmiero konudectBa HadmoAeHU). [1Jis1 KOPOTKOXBOCTOrO MOMOPHUKA PE3yJIbTaThl pa3ieeHus
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Ha MMoJI00HbBIe TPyYIBI MoKa3kBaloT B 100 % ciydaeB BcTpeun 1-2 ocobeld, ISl JUIMHHOXBOCTOTO —
B 100 % cny4aeB HaOMOAEHUS OJMHOYHBIX NTULL. KoMuecTBeHHOE TOMUHUPOBAHKUE CPEHETO OMOP-
HUKA COINIACYETCsI C ero OOJIbINEN CKIOHHOCTHIO K MOPCKUM KOUEBKaM, OCOOEHHO B TOJIbl TNIOXOTO pa3-
MHoxkeHus [FOqun, @upcosa, 2002], a Takxke ¢ 60Jiee BHICOKOW YUCIEHHOCTHIO B MECTaX THE3/I0BAHUS.
Tak, HaOMOEHNs HA TIOCTOSHHOM CTAaIlMOHAPHOM YYacTKe IUIOmabio 25 KM> Ha HomyocTpoBe SIman
B cpeaHeM st 1988—1993 . 1o3BOJIMIIM BBISIBUTH COOTHOIICHHUE JIOJICH THE30BbIX Tap (%), 61m3Kkoe
k 84 : 8 : 8 [Ryabitsev, 1995]. Bce Tpu Buaa B HalmMX y4yé€rax ObLIM MpPEACTABJIEHbI MOYTU UCKIIIO-
YUTEILHO B3POCJIBIMU U HETOJIOBO3PEIbIMUA OCOOSIMU CTapillie ToJa, BCTPEUABIIMMUCS MMOBCEMECTHO.
3a BCE BpeMsl Mbl TOJBKO OJHAXIbI BUAEIN TOMOPHHUKA-CEroJIeTKa (HEOnpeeIEHHOIO BUA), U3 Yero
MO3KHO TIPEIIOJIOKUTh WA OYeHb HU3KYIO YCIIEITHOCTh PA3MHOKEHUS BO BCE IO/Ibl HAOIOACHUH, UK
HE3HAYUTEJIbHOE UCTIOIh30BAHKE MOJIOABIMH ITOMOPHUKAMH MOPCKOW aKBATOPHH B IIEPUO/] TPOBEACHUS
yué€rtoB. [lociesHue eqMHUYHBIE CpeIHIE ¥ KOPOTKOXBOCTHIE IOMOPHUKU OTMe4eHBl 9 u 20 oKTsa0ps
COOTBETCTBEHHO.

BoJubmoit nomopHuK. Vccienyemplii paliloH HaXOIUTCs BOJM3U COBPEMEHHOM Tieprdepuu apeaia
BUJIA, U, IO-BUIUMOMY, 3THM (PaKTOpOM, IIOMUMO MTPOYUX, OOYCIOBJICHO TO, UYTO BHJ] PEIKO PETUCTPH-
pytot B paiioHe noaurona [The IUCN Red List, 2023]. Beero 3a nsTh J1€THUX C€30HOB (Mexy 26 aB-
rycta v 12 centss6ps1) 6110 BcTpeueHo 6 momopHUkoB — ot 1 (2015, 2018 u 2020 rr.) no 2 (2019 r.)
oco0eii 3a ce30H. B 2016 1. BUJ 0T™MeueH He OblI.

ToucrokaoBas kaiipa. CpeHsisi MHOTOJIETHSISI YMCJIEHHOCTb BUJIA B PaliOHE MOJIUTOHA COCTaBJIs-
et (0,16 £ 0,094) oc..km~2; lim — 0,001-0,44. FOxHast yacTb Kapckoro mMopst siBisieTcst 00J1aCThIO TIO-
CJIETHE3JJOBBIX KOUEBOK Kalip, MPeanoI0KUTeIbHO, U3 Onkaiimmx kononui FOxHoro ocrposa Hogoit
3emnn [Benononbekuii, 1957; Buapl — Ouonoruyeckue unaukatopsl, 2020; Seapop, 2023], BOmm3u
¥ 3amnajHee KOTOPOro BBICOKYIO YMC/IEHHOCTh BUAA (10 5,2 0c.-KM™2) (PMKCHUPYIOT ykKe C NePBOM MATH-
JIHEBKH aBI'yCTa, IPHUYEM COXPAHSTHCS HAa STOM YPOBHE OHA MOKET 10 TPeThel JeKapl oKTsops [Kpac-
HOB U J1p., 2002]. KonnyecTBO MUTPHUPYIOIIUX B PaliOH MOJMUIOHA Kallp pe3Ko KojeOseTcsi B pa3Hble
rOJIbl, BEPOSITHO B 3aBUCUMOCTH OT COCTOSIHHSI KOPMOBOM 0a3bl KaK B I0r0-BOCTOUHOM yacTu bapeHiieBa
MOP#1, TaK U B 10:kHOI YacTi Kapckoro mopsi. Cys 1o Tomy, 4To AMHAMUKA YUCIIEHHOCTY BUJJa B pailoHe
TMOJIUTOHA HE CXOJIHA C TUHAMUKOU YIOMSHYTBIX BBIIIIE MOEBKU U IJTYTIBIIIA, TAKKE MPOHUKAIONIMX CIOJIa
n3 bapeHiieBa Mopsi, YMCJIEHHOCTh Kalp MOXET U3MEHSIThCS B 3aBUCUMOCTH OT HAJIMYUS APYTUX THIIIE-
BBIX OOBEKTOB, KOTOPbIC JIOKAJTM30BaHbI B MANa30He TIIyOMHBI, HEJOCTYITHOW ISl TIIYTIBIIICH W YaeK.
PesynbTaTsl ruipoOUOIOrMUecKuX UccieaoBaHuii Kapckoro Mopsi CBUIETENbCTBYIOT O (POPMUPOBAHUU
B aBI'YCTE U CEHTSOpE Ha I0)KHBIX YIACTKaX MOPSI, MOJIBEPKEHHBIX BO3EHCTBHIO aTJTAHTHUECKUX BOAHBIX
Macc, BBICOKOM TUIOTHOCTA MaKPOTUIAHKTOHA, KOTOPBIH SIBJISIETCSI B HEKOTOPBIX PalilOHAX apeasia TOJICTO-
KJIIOBOU Kalipbl MaccoBbIM KOopMoM Bufa [Bakken, 1990; Barrett et al., 1997] u ¢ pacnipenenenuemM Ko-
TOPOTO CBSI3aHO, BEPOSITHO, IPUCYTCTBUE Kalp U B HccieayeMoM parioHe [runepeuna Themisto libellula
(Lichtenstein in Mandt, 1822) u 3Bday3unna Thysanoessa inermis (Krgyer, 1846)] [Qxocucrema Kap-
ckoro mops, 2008]. B cenTs6pe 3aech Takke OTMEUaloT CKOIUIEHHs caliku JuyimHou 8—25 cm [[lonros
u ap., 2011; Dkocucrema Kapckoro mopsi, 2008]. Tlonck kopma kKaipamMu Ha CPaBHUTETIBHO OOJIBIIION
rTyOMHE MOKeT KOCBEHHO OBITh TIOATBEPIKAEH YaCThIMU HAOJIOJCHUSIMUA HBIPSTHUS TITHIl HA 2—3 MUH.
Ha crenpmyHOCTh IUTaHKUS Kallp MOXKET YKa3blBaTh M MX HU3Kasl YMCIEHHOCTh B MEJIKOBOJIHOW MPU-
OpeskHOM 30He ¢ ITyOuHOH 10 50 M — B 06acTH 1iesb(da ¢ HEBBICOKOH IUIOTHOCTBIO pacripees/ieHusI
KOPMOBOro 300IMu1aHkToHa [OpnoB u ap., 2020]. Tak, Ha 2502 kM mapuipyTta, IpPOHIEHHBIX B Ipa-
HHILIAX yKa3aHHbIX MeikoBoguid B 2015-2020 rr. (31 % ot obuielt npoTskEHHOCTH MapuIpyTa), Obl-
70 BcTpeueHo 27 ocobeit Kaip (2,5 % ot olImero koamdecTBa). 3a MpeiesiaMi MeJIKOBOAUIN Kalpbl
3apernCTPUPOBaHbI TOBCEMECTHO, 0€3 3aMETHOTO CHWKEHHUSI YHUCIICHHOCTH TI0 Mepe YBEJIMYEHHUS TITy-
OVHBI ¥ Ja’ke HA0OOPOT — wvaille B HanOoJiee TIyOOKUX YacCTsX aKBaTOPUM TMOJIMTOHA: B MHTEpBaIax
uzobar 50-100 u 100-150 M mpu cxoaHbIX 00bEMAX YUETHBIX pabOT BCTpeueHo 264 u 646 ocodeil.
Ce30oHHas AMHAMUKA Kalp, MO-BUAUMOMY, HeKoppeKTHa 17151 10—29 ceHTA0ps BClieICTBHUE HAXOKACHUS
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Cy/IHa B 9TH JIHM B CEBEPHOMW YaCTU MOJIMTOHA, IJIe YUCIEHHOCTh Kaip BO BCe TOBI YUETOB ObLIa CpaB-
HUTEJIbHO HU3KOM. Tak:ke MOKHO MPeANoOKUTh, CYAsl 10 JaHHBIM OKTSAOpst 2017 1., YTO YMCIEHHOCTD
Kaiip OblIa BBICOKOHM U B aBrycTe — CeHTSIOpe TOro rofa, Koraa y4yé€rel MpoBeieHb He Obutu. B cBs-
3 C JIMHBKOU TOJIETHOTO OMEpPEeHHs B aBryCcTe M CEHTSIOpe M yTpaToll CoCOOHOCTH K MONETy 86 %
OTUI B 3T MECSIB OTMEYEHBI Ha Boje (B OKTsIOpe — TOJbKO B 29 % ciydaeB). Kaiippl 00pa3oBbI-
BaJIM MEJIKME TPYIIIbI, KOJMUYECTBO NTHUI] B KOTOPHIX B aBrycte u ceHtsiope 2019 u 2020 1r. 1 B OK-
ts0pe 2017 r. 6suto cxomubiM — (3,57 £ 0,3), (3,43 £ 0,27) u (3 £ 0,37) ocodu Ha OAHY BCTpedy
COOTBETCTBEHHO.
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Puc. 10. PacnipeneneHue TOJCTOKJIIOBOM Kailpsl B pailOHE YYETHOTO TOJMIOHA B I0T0-3alafHON 4yacTu
Kapckoro mopst B aBrycre — centssope 2015-2020 u B okts1i6pe 2017 .
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Fig. 10. Distribution of the Briinnich’s guillemot in the survey site area in the southwestern Kara Sea
in August—September 2015-2020 and October 2017

ATnaHTHYeCKUH YUCTHUK. [ 3TOro Buja ceMeicTBa YMCTUKOBBIX TaKKe XapaKTepHbI Pe3Kue
KOJIeOaHUsI YKMCIIEHHOCTH TI0 TOJIaM: MPU CPeJIHEel TUIOTHOCTU pacripelesieHus 3a MATh JIeT, OJIU3KOM
K (0,0026 + 0,0012) oc..km~2, u lim 0,0006-0,007, CyJsl MO JIOCTOBEPHO PA3IMYAIOIIUMCS JaHHBIM
cMmexHbIx JieT (2018, 2019 u 2020 rr., P < 0,01), noka3zare/iv YUCIEHHOCTH MEXY OTAETbHBIMU T0J1a-
MM MOTYT COOTHOCUTBLCA Kak 1 : 13. B ce30HHOM acneKkTe NpOMCXOAUT HapaCcTaHUe KOJMYECTBA BCTPEY
YHCTHUKOB, OCOOEHHO 3aMETHOE ¢ CEHTSIOPsI 1o OKTA0pS [ (0,004 £ 0,002) mo (0,03 £ 0,014) 0C.-KM 2,
P < 0,05]. Ha EBporneiickom CeBepe B aBrycte u CEHTSOpe MPOXOAT I0BEHAIbHbIE MUTPALIMUA YUCTH-
KOB, KOTOpbIE B OKTSIOpe CMEHSIOTCs O0Jiee MaCCOBBIMU MOCTETMHOYHBIMU MUTpasamMu [[aruHckas,
2016]; 3TriM, BO3MOKHO, 1 ObLT BBI3BAaH POCT YMCIIEHHOCTH B OKTSIOpe B HAIMX HAOMOIeHUSIX. YUCTUK
3MMYeT B 3allpUTIAiHBIX TOJIBIHBAX oro-3amagHoi yactu Kapckoro mopsi (O6b-Enucetickori u SImaib-
cKkoi) [HeomyOmkoBaHHble HaOmonenus 0. U. TopsieBa]; 3HaUMTENTBHBIN POCT YMCIEHHOCTH K OCEHH,
BEPOSITHO, TAK)KE CBSI3aH C HAYaJIOM KOHIICHTPAIMK B MECTaX MPeICTOSIIeH 3uMOBKH. [IepBbIX ocoOei
B 3UMHEM HapsiJie Mbl pETUCTPUPOBAIIH Yxke 24 aBrycTa, a B CEHTOpe TaKkue BCTPeUH COCTaBIsUIM OoJiee
MTOJIOBUHBI BCEX HAOJTIOICHUH.

JIropuk. Penkuii Buj, BCTpeyaloUiics B UCCIeyeMOM paiioHe B epro KouéBok. OTMeueH e/luH-
CTBeHHBIH pa3, 3 okTsa0ps 2017 1. Cyns no oTcyTCTBUIO HAOMOAeH!IA B O0Jlee paHHKE JIaThl, B paioHe
MOJIMTOHA BUJ] TTOSIBJISICTCS HE PaHbIIe OKTAOPSL.
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Bo3Mo:kHbIe NPUYHHBI KOJIE€OAHUI YHCIEHHOCTH HEKOTOPHIX BHI0B MOPCKHUX NTHUIl B paii-
OHe YY€THOrO IOJMIoHa. B rpynnupoBKM MOPCKMX NTHULl Pa3jJMYHbIX BUJOB B paccMaTpUBacMOM
paiioHe MOTYT BXOAWUThH Pa3Hble OCOOU: ISl OJHUX JIETHEe-OCEHHHE KOYEBKM MOTYT OrpaHMYMBATHCS
Kapckum mopem, a 1s Apyrux — BKJIIOYaTh Takxke BapeHreBo mope. OOIMIHOCT 3TUX aKBATOPHIA
Kak 00J1acTy peObIBaHMSI MITHUI] B UCCIIEAYEMBIN TIEPUO[] TOAA MOATBEPKIACTCS, HATIPUMeEp, TSI MOEB-
KM, TJIYIIBIIIA U TOJICTOKTIOBOM Kapsl [Seabird Tracking Database, 2023; Seapop, 2023]. Iis mpounx
BUJOB MOJKOYEBKA B Kapckoe Mope U3 akBaTOpui COCeIHUX MOpey (WM €€ OTCYTCTBHE) HE JOoKa3a-
HA, U OCTAE€TCs HESCHBIM, B T'PAaHMIIAX KAKOT'O PErMOHA T€ WJIM MHbIE (DAKTOPHI ONPEAEIISIOT JUHAMUKY
YUCJEHHOCTH U3y4yaeMbiX BUAOB nTull. [l yactu BUJOB, npwietaonmx B Kapckoe mope u3 bapen-
LIeBa, YUCJIEHHOCTb B pailOHE UCCIIEAOBAaHUS, IOMUMO MPOUYUX (PAKTOPOB, OMPEAEIAETCs, BO3ZMOKHO,
Tpohuyeckon cutyanumen 3a npenenamu Kapckoro mopsi. Tak, paHee ycTaHOBJIEHO, UTO pacrmpeserie-
HUE MOEBKU U IIIyMbIIIA B JIETHE-OCEHHUI NepUO] roja B bapeHieBoM Mope B 3HAUMTEIbHOM CTETIEHU
orpeieNsieTcs: OOUINeM U JIOKaIU3aliell MACCOBBIX BUJOB CTAWHBIX PbIO, B YACTHOCTU CalKU M MOWM-
BBl B BOCTOYHOW yactu Mopsi [Bopkun u ap., 2006]. IIpu conocraBiieHUH JUHAMMKH OOILETO 3araca
stux peid B BapeHneBom Mope [Barentsportal, 2023] ¢ MeXroJoBoil AMHAMUKOW MOEBKU W TITYIIBIIIIA
onpenena€HHast oTpuuaTesnbHas cBasb (r = —0,83) mpocnexuBaercs, K IpUMepY, 11 MOEBKH, YTO MO-
KET yKa3blBaTh Ha 0oJiee aKTMBHOE €€ MPOHMKHOBeHHe B Kapckoe Mope B rojibl HU3KOTO 3araca caii-
KM B BOCTOYHOM 4acTH bapeHiieBa Mopsi U3-3a OTCYTCTBHSI KOHLIEHTpAIMU JAHHOTO KopMma u Ooiee
HIMPOKOTO paccesiHusl MTUI] B XOA€ HaryJbHbIX KOUEBOK. MeHee TecHasi 3aBUCUMOCTb MPOCMATpUBA-
ercs (B 2016-2020 rr.) ans miymnbliiia, Takke KOHIIEHTpUpYlolierocsi B bapeHiieBom Mope Ha cKoruie-
HUSX calki U Mo¥BHI (puc. 11). [To JaHHBIM HUTHPYEMOIO MCTOYHMKA, pa3Mep 3araca MOUBbI U caii-
KM IPUBEJAEH C YKa3aHUEM Ha BO3MOKHOE 3aBBIIICHUE WM 3aHUKEHUE PE3YJIbTATOB UXTUOJOTMUECKUX
cbEMOK. Hamm cBefieHHsI 10 YMCIEHHOCTH TaKkKe XapaKTepU3ylOTCs AOCTATOYHO BBHICOKMMHM OIIMOKA-
MU penpe3eHTATUBHOCTU. Tak WM WHAYe, [1Jis MOEBKHU U IJIYIbIIIA MAKCUMYMbl 1 MUHUMYMBbI YHC-
JICHHOCTH COBIQJA0T C MUHMMYMOM M MaKCMMyMOM 3amaca MOWBBI U cailku B bapeHueBoM mope
COOTBETCTBEHHO.
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Puc. 11. [luHamMuKa YKCIEHHOCTH MOEBKM W TIIYIBIIA HA YYETHOM IIOJIMTOHE B I0TO-3alaJHOM 4YacTh
Kapckoro Mopst 1 3amac caiikil 1 MOUBH B BapeHrieBoM mope, IpuBenEHHbIN 1o [Barentsportal, 2023]

Fig. 11. Population dynamics of the black-legged kittiwake and fulmar at the survey site in the south-
western Kara Sea and stock of the polar cod and capelin in the Barents Sea (stock is given according
to [Barentsportal, 2023])
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3anérabie BUAbL. K rpymime BUIOB, BCTPEUCHHBIX 3a TPAHHUICH OOIIEro apeasia, MOTYT OBITh
OTHECEeHbl CeBepHas OJyllla W cu3as, 03¢pHas U cepeOpucTast 4Yalk, OTMeYeHHble 1mo 1-2 pasa
3a 6 ner HaOmoaeHuil. [IpyruMu ucciefoBaTensiMU B 4Yuc/e 3aJIETHBIX BUAOB B pailOHE MOJMIOHA
Wi BOJIM3M HEro TakXke 3aperucTpUpOBaHbl HE BCTpeueHHble Hamu Kiymmia Larus fuscus (Linnaeus,
1758), mopckas yaiika Larus marinus (Linnaeus, 1758) u manas vaiika Larus minutus (Pallas, 1776)

[Imutpues u np., 2006; Lunk, Joern, 2007].
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Puc. 12. MexrogoBasi JMUHAMUKA NITHL] CEMEUCTB OypEeBECTHUKOBBIX, YAHKOBBIX, IOMOPHHUKOBBIX U YUCTH-
KOBBIX Ha yYETHOM IOJIMTOHE B Ioro-3amnagnoi yactu Kapckoro mops B aBrycre — centsiope 2015, 2016

n 2018-2020 rr.

Fig. 12. Interannual dynamics of Procellariidae, Laridae, Stercorariidae, and Alcidae birds at the survey site
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Puc. 13. Ce3oHHas AMHAMMKA NITHI] CEMEHCTB OYPEBECTHUKOBBIX, YAHMKOBBIX, TOMOPHUKOBBIX M YMCTHUKO-
BbIX Ha YYETHOM IOJIMTOHE B [0ro-zanagHoi yactu Kapckoro mopst B aBrycre — oktsaope 2015-2020 rr.
(1 — 1-20 aBrycra; 2 — mnepuon ¢ 21 aBrycra mo 9 ceutsiops; 3 — 10-29 cenrsidpsi; 4 — nepuon
¢ 30 cents6ps mo 19 okTaA0ps)

Fig. 13. Seasonal dynamics of Procellariidae, Laridae, Stercorariidae, and Alcidae birds at the survey site
in the southwestern Kara Sea in August—October 2015-2020 (1, 1-20 August; 2, 21 August — 9 September;
3, 10-29 September; 4, 30 September — 19 October)

BoiBoa. B serHe-oceHHMiT mepuo roja B HCCIEIOBAHHOM paiioHe foro-3amaaHoil yactu Kap-
CKOTO MOpsI OTMEYEHO 28 BUJOB BOIHBIX M MOPCKHX MNTHULl 7 CEMEUCTB, UCHOJB3YIOIIUX aKBATOPUIO
MIPU OCEHHEM IPOJIETE U B NIEPUO]] HAryJIbHbIX KOYEBOK.

Cpenu BOAHBIX MTHUI] HAUOOJIee MHOTOUUCIIEHHBI MOPSIHKA, Tara-rpeOeHyIKa 1 4epHo300ast rara-
pa (okos0 62, 14 1 10 % oT Bcex NMTHI] ITOH I'PYIIILI COOTBETCTBEHHO). B TpoAoKeHI e JIETHEe-OCEHHETO
Ce30Ha IaHHbIE BUJIbl KOHIICHTPUPYIOTCSI B MEJTKOBOTHBIX TIPUOPEKHBIX YUaCTKaX 00C/IeIOBAaHHOTO paii-
OHa, YeMy, BO3MOKHO, MPEIIIECTBYET MX JMHbKA B 3TUX K€ BoJaX. Y MOPSHOK WM rarap OJHOBpe-
MEHHO MPOUCXOAUT el He CBA3aHHOE C MAacCOBBIM OTJIETOM Iepepacipe/iesieHie B 0ojiee MOpHUCTbIe
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obnacty, 10 200 kM oT odepexbs. [Ipoune BUbl rarapoBbIX M YTUHBIX, TOKA3aBIIIMe HU3KYIO BCTpeya-
€MOCTh B TPaHUIIAX UCCIIEJOBAaHHOIN aKBATOPUH, BEPOATHO, KOHLIEHTPUPYIOTCS WIIM MUTPUPYIOT I0KHEe
MOJIMroHa MO0 B HEMOCPEACTBEHHOM OIM30CTH K Oepery.

B rpynne Mopckux OTui B CpeJHEM 3a psj JIeT JOMUHUPYIOT TOJICTOKJIoBas Kaiipa (31 %), ry-
nei (15 %), 6ypromuctp (13 %), 3anagnocuOupcekas vaika (13 %), moeBka (11 %) u cpenHuii mo-
MopHuK (10 %). MeHee MacCOBBIMU BUJIAMHU SIBJISIOTCS TIOJIsIpHAast Kpadka (5 %), KOPOTKOXBOCTHIN
Y JJIMHHOXBOCTBIM NOMOPHUKH (2,5 11 0,7 % coOTBETCTBEHHO), a Takxke YucTuK (0,5 %).

OnpenenéHHble HAMU 3HAYSHU S YUCIIEHHOCTA OCHOBAHBI HA CPABHUTEILHO HEOOJIBITIOM KOJTMYECTBE
JIeT, OHU COTPOBOKIAIOTCS BBICOKUMU CTATUCTUIECKUMU OIMOKAMHU U, TIO-BUJUMOMY, HE B TIOJTHOM Me-
pe OTpaxaloT e€ peabHyI0 BapuadeIbHOCTb M0 TogaM 1 MecsitiaM. [ToryueHHble moKa3aTesu Hy K JaloTCs
B JaJIbHEHIIIEM YTOUYHEHUN — C BBIJICJICHHEM U 0oJiee TIIaTeJIbHbIM 00CIIe/IOBAHUEM OTIEIbHBIX YYacT-
KOB OTKPBITON aKBaTOpUHU (MPUOPEKHBIE METKOBOAbS, TUTOPAJDb U TIP.), a TAKXkKE C AaHATU30M yCJIOBHI
obuTaHus (KOpMoBasi 0a3a, yCIOBHS Pa3MHOXKEHHS U Ap.) KaKk B paiioHe MOJIMIOHA, TaK U B Oojiee 00-
[IMPHOM YaCTH JIeTHe-OCeHHero npedbiBaHus. C y4€TOM 3TOro pe3ysbTaThl padOTHl MOTYT UMETh Kak
oOIeHayYHOe 3HaueHre (MccieloBaHre TUHAMUKY TIOMYJIAINIA), TaK U npupoaooxpanHoe. [loyyen-
HBIE JIAaHHBIE MOTYT MOCTYKUTh OCHOBOM )11 pa3pabOTKH KOMITIEKCa Mep 3aIlUThI IITUI] OT BO3MOKHOTO
HEraTMBHOTO BO3/ICUCTBUS B XOJ€ MPEIoIaraeMoi SKCILTyaTallui MECTOPOXKICHUN YIJIEBOJOPOJHOTO
CBIPbs Ha 1IeNb(de 1 MHTeHcUdUKaImy cy10xocTBa no CeBepHOMY MOPCKOMY MYyTH.

Tlonesvie HabAOOEHUsT NPOBEOEHDL 8 PAMKAX MOHUMOPUH2A COCIOSIHUS OKPYdiCaloweii cpedbl Ha AUUEH3UOH-
Huix yuacmkax Kapckozo mopsi 6 2015-2016 u 2018-2020 22. (OO0 «Kpacrnosipckeaznpom negpmezaznpoexm ),
a makdice 8 pamKax NPOU3B00CMBEHH020 IKOA0ZUUECKO20 MOHUMOPUH2A NPU CHPOUINEAbCINBE CKBANCUH 8 NPedenax
JUYEH3UOHHBIX YuacmKoe Ha weavpe Kapckoeo mops 6 2018-2020 z2. (AO «Hucmumym 3K0102uuecKo20 npoex-
MUPOBAHUsL U U3bICKAHUIL»). COOp mamepuana npoeedér 8 pamkax 3K0N02UMECKUX UCCACOO8AHULI 8 aKEamopUuu
Kapckozo mopsi no 3axaszy Q0O <« aznpom nedpa» ons ITAO «I aznpom».
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DISTRIBUTION AND ABUNDANCE OF WATER BIRDS AND SEABIRDS
IN SOME AREAS OF THE SOUTHWESTERN KARA SEA
IN THE SUMMER-AUTUMN PERIOD 2015-2020

Yu. Goryaev!, A. Ezhov', N. Ponomartsev?,
N. Paramonov?, and S. Petrov*

"Murmansk Marine Biological Institute of the Russian Academy of Sciences, Murmansk, Russian Federation
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The southwestern Kara Sea is a scarce studied area in terms of summer-autumn migrations and feed-
ing nomadism of water birds and seabirds. Its shelf includes promising areas for extraction of hy-
drocarbon raw materials and intensification of navigation along the Northern Sea Route, which
makes it necessary to carry out constant monitoring of birds in the area of possible negative ef-
fect of those factors. In August—September 2015-2016 and 2018-2020 and in late September—first
and second decades of October 2017, bird counts were carried out in the southwestern Kara Sea.
Method of ship transect census was applied to obtain the abundance of individuals per 1 km?.
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For this water area, 28 species of birds representing 7 families were identified (Gaviidae, Sulidae, Pro-
cellariidae, Anatidae, Laridae, Stercorariidae, and Alcidae), including 6 species of conservation status.
For the group of water birds, the data obtained in August—October are most detailed for the black-
throated diver, long-tailed duck, and king eider (Gaviidae and Anatidae). Prior to autumn migra-
tion (August), their abundance increased in the shallow area adjacent to the coast, later followed
by their dispersal to deeper areas west of the Yamal Peninsula. In coastal shallow areas, the popula-
tion density during the period of the most active colonization of this biotope is as follows (ind.-km™):
(0.17 £ 0.036) for the black-throated diver, (4.87 = 1.2) for the long-tailed duck, and (2.1 + 1.25)
for the king eider. Presumably, the values are significantly higher for all three species at shorter dis-
tances from the coast not examined from the vessel. Other species of the group of water birds (the red-
throated diver, Steller’s eider, dark-bellied brant goose, European white-fronted goose, and bean goose)
are rare in open waters and, apparently, are mainly confined to a narrower coastal zone during the en-
tire summer-autumn period. The same indicator of abundance of migratory seabirds (Procellariidae,
Laridae, Stercorariidae, and Alcidae), calculated for the entire water area of the survey site, aver-
aged for 5 years for August—September (ind.-km™): (0.078 + 0.026) for the fulmar, (0.067 + 0.014)
for the glaucous gull, (0.061 + 0.016) for the black-legged kittiwake, (0.025 * 0.015) for the Arctic
tern, (0.066 £ 0.0049) for the Heuglin’s gull, (0.046 = 0.0074) for the pomarine skua, (0.014 £ 0.0023)
for the Arctic skua, (0.0039 £ 0.00095) for the long-tailed skua, (0.16 + 0.094) for the Briinnich’s guille-
mot, and (0.0026 * 0.0012) for the black guillemot. In late September and October, the abundance
of the black-legged kittiwake, fulmar, and Briinnich’s guillemot slightly decreases or remains at the level
of September one, while the abundance of the black guillemot increases by 7 times. The Arctic tern,
Heuglin’s gull, and long-tailed skua disappear from the water area. The glaucous gull, pomarine skua,
and Arctic skua become much rarer or almost disappear (5-, 40-, and 30-fold drop in abundance, re-
spectively). In general, in the long-term aspect, the fulmar, three Stercorariidae species, the glaucous
gull, black-legged kittiwake, Arctic tern, and black guillemot colonize the entire survey site. Inter-
estingly, for the fulmar, black-legged kittiwake, and glaucous gull, uneven distribution is recorded
in some years, which is expressed in significant (3 to 17 times) differences in abundance between
large (about 25 thousand km?) spots of the studied water area. During their entire stay at the survey
site, the Heuglin’s gull and Arctic tern are mainly confined to coastal shallow areas; there, up to 80-90%
of the total abundance of individuals in the studied water area is concentrated during periods of sea-
sonal maximum. On the contrary, the Briinnich’s guillemot avoids shallow areas (depth of < 50 m).
Rare species are vagrant ones (the northern gannet, black-headed gull, European herring gull, and com-
mon gull), those found in the peripheral area of their common range (the great skua and grey pe-
trel), and those considered rare at the present stage of the existence of their populations (the white-
billed diver). Also, rare species are the birds with insufficiently studied main habitat (the velvet scoter,
Steller’s eider, dark-bellied brant goose, bean goose, and European white-fronted goose) and seasonally
rare ones (the little auk).

Keywords: Kara Sea, seabirds and water birds, migrations, nomadism, annual and seasonal population
dynamics
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Under climatic and anthropogenic factors, the Black Sea ecosystem is being transformed and replen-
ished with new species of fish and Decapoda. Therefore, regular monitoring studies become relevant
which allow identifying the effect of these processes on biocenoses of the Crimean Peninsula coastal
waters. The aim of this work was to investigate taxonomic, structural, and quantitative characteristics
of decapods and ichthyofauna of the Black Sea in the area of the Cape Martyan nature reserve. To make
the results more complete, both adult individuals and planktonic and larval stages were sampled and an-
alyzed. Fish and decapods were sampled with fixed nets, bottom traps, and hand nets. Ichthyoplankton
and Decapoda larvae were sampled with an ichthyoplankton cone-shaped net IKS-80. For decapods,
a high level of species diversity was revealed: those were represented by 17 species from 14 families.
Two species, Alpheus dentipes Guérin, 1832 and Lysmata seticaudata (Risso, 1816), were recorded
in the study area for the first time. The taxonomic composition of ichthyofauna was formed by about
30 species, mostly benthic and demersal fish. The structure of fish communities was quite stable; there
was a trend towards an increase in diversity, a decrease in the prevalence of certain species, and an over-
all improvement in their state. A rise in abundance of some Atlantic-Mediterranean species, such as Ser-
ranus scriba (Linnaeus, 1758) and Chromis chromis (Linnaeus, 1758), can serve as an indicator of vari-
ations in hydrological and hydrochemical parameters of the environment related to general climate
and ecological changes. The values of the quantitative parameters of fish eggs and larvae, (76.3 + 11.4)
and (18.8 £ 4.6) ind.-m™2, respectively, were sufficiently high for the Black Sea coastal waters. However,
the proportion of living, normally developing fish eggs in the water area was low, 28.6% of the total.
The data obtained can be used for comparative analysis during long-term monitoring in the Black Sea
water area.

Keywords: Black Sea, ichthyofauna, ichthyoplankton, Decapoda, Cape Martyan nature reserve

One of the unique features of the Black Sea is a significant variety of its ecological conditions.
This is driven by its internal location affecting its climate conditions and by the presence of a num-
ber of large and small rivers, with many of them being concentrated in a relatively small area. In this
regard, the fauna of various spots of the coastal zone, even very close to each other, often has pecu-
liarities related to both species composition and characteristics of hydrobionts: quantitative, ecologi-
cal, and biological ones. According to the zoning carried out by V. Vodyanitsky [1949] for the shores
of the Crimean Peninsula, the area of its southern coast stands out due to its natural-historical and zoo-
geographic features. Specifically, the coastal zone from Cape Aya to Feodosiya Bay is characterized
by the maximum development of two main types of biotopes and related communities: rocky-stony
and pebbly-boulder ones [Boltachev, Karpova, 2017]. Such a combination of biotopes is not reported
for other areas of the Crimea, and it determines characteristic features of the composition of local fish
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communities. At the same time, up to 65% of the coastline is concreted, and only the vicinity of capes
remains almost intact [Goryachkin, 2015]. Thus, the level of anthropogenic transformation of the coastal
zone is very significant and continues to increase.

To date, typical underwater biocenoses in a relatively intact state can be found only in some sites
of the coastal zone. One of them is the Cape Martyan protected water area. The Cape Martyan nature
reserve was organized according to the Decree of the Council of Ministers of the Ukrainian SSR No. 84
dated 20.02.1973 with the aim of protecting typical terrestrial and aquatic natural complexes of the south-
ern coast of the Crimea. The reserve water area borders two capes, Nikitin and Martyan. It has an area
of 120 hectares, a width of 300-500 m, and a length of about 2,200 m along the shore [Marine Protected
Areas of the Crimea, 2015].

The fact that these waters belong to protected areas ensured no fishing activities with coastal fixed
fishing gear and a relatively low level of anthropogenic load.

Cape Martyan is a limestone massif consisting of marble-like limestones and cemented breccias that
come ashore and are subject to intense wave abrasion [Yena et al., 2013]. The coastal zone is formed
by alternating limestone entrances with steep cliffs up to 20 m high and narrow pebble beaches. Bottom
underwater landscapes consist of block and boulder-block heaps and pebble-boulder sections of the surf
zone near the shores. From a depth of 8 m and deeper, those are replaced by loose sandy deposits with
admixtures of silt and shells. Water salinity is stable, 17-18%o. This area can serve as a testing ground
for studying features of regional communities of marine fauna and long-term changes occurring there
under natural and anthropogenic factors.

The first data on ichthyofauna of this water area provided information on the registration of 71 fish
species [Boltachev et al., 2014]. Decapoda fauna, according to [Grintsov et al., 2008], was represented
by only 5 species. However, researchers have never focused on the cenotic role of species, their dis-
tribution, abundance, structural characteristics of communities, and trends in their variations. To date,
salinization and changes in the mean annual temperature are recorded in the Black Sea [Kazmin et al.,
2010; Shaltout, Omstedt, 2014]. Over 10 years, the salinity growth averaged 0.0038%o [Belokopytov,
2017]. The mean annual water temperature, according to observations of 1982-2015, increases ev-
ery decade by an average of 0.64 °C [Sakalli, Basusta, 2018]. Variations in hydrological and hydro-
chemical parameters result from global climate changes, water influx from the Sea of Marmara, and
a decrease in freshwater runoff from the mainland. These processes contribute to the natural disper-
sal of the fauna inhabiting the Mediterranean Basin and Indian Ocean [Boltachev et al., 2009; Oven,
Salekhova, 1969; Pusanow, 1967; Puzanov, 1965; Vinogradov et al., 2017]. Taxonomic and structural
characteristics of the coastal zone communities are undergoing certain changes. Since the regional fea-
tures of these changes are closely related to the ecosystem characteristics of the sea coastal areas, local
biocenosis is studied in detail. At the same time, transformations in species composition are often not in-
dicative. With sufficiently long-term investigations, as well as the use of various methods of material
sampling to level the selectivity of fishing gear, most species of the sea fauna come to the attention of re-
searchers. Characteristic features and changes occurring in communities can be more reliably revealed
based on the analysis of their structure and quantitative parameters.

The aim of this work is to assess the current state of coastal communities of fish and decapods,
to analyze the cenotic role of species in the Cape Martyan vicinity, and to determine their abundance
in order to reveal changes in communities and processes of fish reproduction occurring in this area under
various environmental factors.

MATERIAL AND METHODS

The work is based on material sampled in expeditions during the warm period of several
years (May-July 2010, 2011, and 2013; July—September 2019) in the Cape Martyan vicinity
and in the Cape Martyan protected water area (Fig. 1).
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Fig. 1. The study area, Cape Martyan protected water area (the points indicate sampling locations)

Puc. 1. Paiion uccienoBanvss — akBaTopus 3amoBeJHUKa «Mpbic MapThsiH» (TOUuKamu 0003HAYEHBI MeCTa
ot6opa npod)

Fish and decapods were sampled with fixed single-walled nets, bottom traps, and hand nets. We used
nets with a length of 30 m, a canvas height of 1.8 m, and a mesh of 15, 20, 25, 35, and 45 mm. Sampling
was carried out at various depths, both perpendicular and parallel to the shore. The depth of net setting
varied within 1-8 m; nets were set up overnight, 20:00 to 07:00. Bottom traps, with a mesh of 6—~8 mm,
were set up at depths of 1-2 m. Sampling was followed by the analysis of catches: the species were
identified; the abundance and weight of individuals of each species of hydrobionts were determined.

Ichthyoplankton and Decapoda larvae were sampled in July 2019 at 10 stations in the nature reserve
and adjacent water area (Fig. 1, Table 1). Coastal stations were located at a distance of 130-160 m from
the water edge; offshore stations, at a distance of 300-500 m. Depths ranged within 5-16 m. At each
station, vertical sampling from the bottom to the surface was carried out with an ichthyoplankton cone-
shaped net IKS-80, with mesh of 400 um and the inlet area of 0.5 m2 The temperature of the surface
water horizon was measured; during our work, it was +23.0...+25.0 °C. The coordinates of the boat
position were recorded.

Table 1. Plankton sampling in the nature reserve waters and in the adjacent water area, 17.07.2019

Ta6suma 1. Il1aHKTOHHBIE JIOBBI B aKBATOPUM 3aIllOBEIHMKA M IIpuJIeraolier akearopuu, 17.07.2019

Station number Coordinates Depth, m Station number Coordinates Depth, m
| 44 30,14.5”N, 3 6 44°30 }1.6”N, 16
34°14’18.4"E 34°15"7.2"E
44°30'3.5”N, 44°30'24.6”N,

2 34°1426.3"E 14 7 34°1528.8”E 16
44°30'3.2”N, 44°30’30.5”N,

3 34°14’43.6"E 15 8 34°15’19.8”E 6
44°30°15.0”N, 44°30°40.6”N,

4 34°14’43.8”E 10 ? 34°15’49.3”E 14
44°30°17.8”N, 44°30’42.1”N,

> 34°14'58.97E, 6 10 34°15'42.1”E >

Mopckoii buosnorrueckuii xypHain Marine Biological Journal 2024 vol. 9 no. 2



48 E. Karpova, V. Gubanov, E. Abliazov, and S. Statkevich

To determine the actual depth of the net immersion, the angle of deviation from the vertical
of the cable was measured at the lower position of the net. In the calculation, the following formula
was used:

b=c x cosa,

where b is the depth of the actual immersion of the net;
c is the length of the etched cable;
a is the angle of deviation of the cable from the vertical.
The identification of species of hydrobionts and the order of taxa arrangement are given according
to modern concepts [Catalog of Fishes, 2021; Vasil’eva, 2007].
Ichthyoplankton species were determined in accordance with T. Dekhnik [1973]
and E. Kalinina [1976].
Diversity indices for communities of fish and decapods were calculated according
to Yu. Odum [1986]:
 Shannon species diversity index, H = — ZP; X log,P;;
* Margalef species richness index, D = (S — 1) / IgN;
» Simpson dominance index, ¢ = 2(n; / N )2;
* Pielou evenness index, e = H / logS.

RESULTS

Ichthyofauna. Sixteen fish species belonging to 9 orders and 14 families were identified in net
catches in the coastal water area. Out of them, Labridae was the most diverse family (three species).
Other families were represented by one species each (Table 2).

Table 2. Species composition and proportion of fish in net catches

Ta6uuma 2. BumoBo# cocTaB u 107151 peIO B CETHBIX yJIOBaX

. . Mean abundance of fish in catches, %
Family Species
2010-2013 2019
Dasyatidae Dasyatis pastinaca (Linnaeus, 1758) 0 0.5
Lotidae Gaidropsarus mediterraneus (Linnaeus, 1758) 1.2 1.1
Mugilidae Chelon auratus (Risso, 1810) 3.6 0
Scorpaenidae Scorpaena porcus Linnaeus, 1758 42.0 27.4
Serranidae Serranus scriba (Linnaeus, 1758) 0 8.1
Carangidae Trachurus mediterraneus (Steindachner, 1868) 1.2 19.4
Sparidae Diplodus annularis (Linnaeus, 1758) 1.8 2.7
Sciaenidae Sciaena umbra Linnaeus, 1758 2.4 0.5
Mullidae Mullus barbatus ponticus Essipov, 1927 1.8 6.5
Pomacentridae | Chromis chromis (Linnaeus, 1758) 0 10.8
Symphodus ocellatus (Linnaeus, 1758) 1.8 1.6
Labridae Symphodus roissali (Risso, 1810) 13.0 11.8
Symphodus tinca (Linnaeus, 1758) 23.7 7.5
Uranoscopidae | Uranoscopus scaber Linnaeus, 1758 1.2 1.1
Blenniidae Parablennius sanguinolentus (Pallas, 1814) 53 1.1
Gobiidae Ponticola eurycephalus (Kessler, 1874) 1.2 0

In the study area, the basis of fish communities during the summer period were sedentary
species (the ones that do not perform significant migrations). It was mainly Scorpaena porcus, but there
were several Labridae representatives as well: Symphodus tinca and S. roissali. Such a combination
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is quite common for rocky and stony biotopes of the Black Sea coastal zone. Abundance of mass
migratory species is subject to significant interannual variability. In 2010, 2011, and 2013, Trachu-
rus mediterraneus accounted for slightly more than 1% in catches, while in 2019, the proportion
of this species reached 19.4%. The proportion of Mullus barbatus ponticus varied within 1.6—6.8%
in different years.

Unusual trends were revealed for Serranus scriba and Chromis chromis. Previously, these species
were rare, especially the first one. At present, according to our data, their abundance noticeably increased.
In 2019, their proportions in catches amounted to 8.1 and 10.8%, respectively. Such a high abundance
of these species is more characteristic of the Mediterranean Sea than of the Black Sea.

All registered species are typical allochthonous representatives of marine fauna, except for Ponticola
eurycephalus belonging to the autochthonous Ponto-Caspian group.

The quantitative indicators of catches (catch per unit effort) are provided in Table 3.

Table 3. Catch per unit effort for nets with various mesh size by abundance (ind. -h™!) and biomass (kg-h‘l )
of fish species recorded in the water area of the Cape Martyan nature reserve

Ta6muma 3.  VIoBB Ha yCWIME /IS CeTell C Pa3IMYHBIM IIArOM SYEd 10 YMCIEHHOCTH (3K3.-4 1)
1 6uomacce (Kr-u~!) BUIOB phi0, 3aperiucTpUPOBAHHBIX B AKBATOPMM 3aMoBeIHIKA «MbIc MapTham»

Species Net mesh size, mm
P 15 » 2% 35 45
. . . 0.09
Dasyatis pastinaca (Linnaeus, 1758) 0018
. C o 2.69
Chromis chromis (Linnaeus, 1758) 0033
Sciaena umbra Linnaeus, 1758 (?070196
Diplodus annularis (Linnaeus, 1758) (;)07%96 (%
Serranus scriba (Linnaeus, 1758) (;)Oi]lo (;)07%96 (;)071280 (;)070199 (;)071383
Mullus barbatus ponticus Essipov, 1927 00070159 (?7%95
Trachurus mediterraneus (Steindachner, 1868) (ﬁ (?071183 (?072273
Scorpaena porcus Linnaeus, 1758 070.29156 017'11583 070&?355 007'19713 07061185
Symphodus tinca (Linnaeus, 1758) 00072278 (;)7%98 00075451 (;)0%94
Symphodus ocellatus (Linnaeus, 1758) (;)071041 (?071081
Symphodus roissali (Risso, 1810) 01073220 (973165
. 0.18
Uranoscopus scaber Linnaeus, 1758 0.034
. . . 0.09
Gaidropsarus mediterraneus (Linnaeus, 1758)
0.003
. . 0.9 0.09
Parablennius sanguinolentus (Pallas, 1814) 0,002 0.003

Note: above the line, abundance; below the line, biomass.
Ipumeuyanue: HaJ YEPTON — YKCIEHHOCTb; 110]] YePTON — OromMacca.
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In plankton samples of the Cape Martyan water area, eggs and larvae of 14 fish species were reg-
istered (Table 4). All species were previously noted in ichthyofauna of this nature reserve [Boltachev
et al., 2014]. They all spawn in summer, and their eggs and larvae are characteristic of coastal waters
of the Crimea at the peak of the warm season [Dekhnik, 1973].

Table 4. Ichthyoplankton species composition for all the stations
Ta6samna 4. BujoBoil cocTaB MXTHOIUIAHKTOHA CyMMApHO I10 BCEM CTaHIIUSM

Species Abundance, ind. Proportion, %
Eggs Larvae Eggs Larvae

Engraulis encrasicolus (Linnaeus, 1758) 286 63 64.0 56.3
Chelon auratus (Risso, 1810) 1 0 0.2 0.0
Serranus scriba (Linnaeus, 1758) 1 0 0.2 0.0
Pomatomus saltatrix (Linnaeus, 1766) 1 0 0.2 0.0
Trachurus mediterraneus (Steindachner, 1868) 106 11 23.7 9.8
Diplodus annularis (Linnaeus, 1758) 18 6 4.0 54
Sparidae gen. sp. 1 0 0.2 0.0
Sciaena umbra Linnaeus, 1758 1 0 0.2 0.0
Mullus barbatus ponticus Essipov, 1927 25 3 5.6 2.7
Symphodus cinereus (Bonnaterre, 1788) 0 1 0.0 0.9
Trachinus draco Linnaeus, 1758 2 0 0.4 0.0
Uranoscopus scaber Linnaeus, 1758 2 0 0.4 0.0
Pomatoschistus minutus (Pallas, 1770) - 1 - 0.9
Gobius niger Linnaeus, 1758 - 2 - 1.8
Gobiidae gen. sp. - 1 - -
Arnoglossus kessleri Schmidt, 1915 2 0 0.4 0.0
Damaged or unidentifiable 24 0.2 214
In total 447 112 100.0 100.0

Out of the species recorded, Engraulis encrasicolus was the most abundant one, but proportions
of its eggs and larvae were less significant than those indicated in literature for the Black Sea coastal area
off the Crimea at the peak of summer spawning. Specifically, on the Crimean shelf in July 2010, the Eu-
ropean anchovy eggs and larvae accounted for 83.0 and 60.0% of the total, respectively [Klimova et al.,
2014]. In July—August 2019, the proportion of anchovy eggs in samples was 85.0%, while the proportion
of larvae was 77.0% [Klimova et al., 2020].

During the period of sampling, out of 286 anchovy eggs, 285 specimens (99.6%) were at the early
stages of development: up to the stage III inclusive, according to T. Dekhnik [1973]. One living egg
was at the late stage of development, the stage V. The proportion of dead anchovy eggs was 83.2%,
while that of living, normally developing eggs was 16.8%.

The European anchovy prelarvae and larvae had a total length range of 1.7-5.2 mm (on fixed
material). The total length of 60 specimens constituting the vast majority (95.2%) was of < 3.5 mm.

Eggs of other fish species accounted for 36.0% of the total; larvae accounted for 43.7%. The most fre-
quently found species, as expected during the summer spawning season, were the horse mackerel (23.7%
of eggs and 9.8% of larvae of the total; the proportion of living eggs was 51.9%), the red mullet (5.6
and 2.7%, respectively; 36.0% of living eggs), and the annular seabream (4.0 and 5.4%, respectively;
50.0% of living eggs).
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Unexpectedly large, 21.4% of the total abundance of larvae and prelarvae, was the proportion of spec-
imens inaccessible for species identification. Those were small and the smallest larvae and prelarvae, with
the total length of 1.05-1.75 mm. Many of them retained their embryonic form and had no features char-
acteristic of postembryonic development which are necessary to identify the species. In our opinion, their
occurrence in sampled material did not result from damage and destruction of eggs at the final stages
of development during sampling and fixation. In this case, the proportion of eggs with mechanical dam-
age would be noticeable, and there would be membranes of destroyed eggs in samples. In fact, we noted
one destroyed egg of unidentifiable species, while empty membranes were not found at all.

Decapoda. In the summer 2019, we investigated decapod fauna in coastal waters of the Cape
Martyan nature reserve. Larvae and adult specimens of 11 Decapoda species representing 9 families
were identified.

Larvae of 10 decapod species were recorded in the study area. Their mean abundance
was 55.2 ind.-m™ (Table 5). In plankton samples, larvae of Pilumnus hirtellus (23.6%), Clibanarius ery-
thropus (20.7%), Hippolyte leptocerus (20.3%), Athanas nitescens (18.5%), and Pachygrapsus marmora-
tus (5.1%) prevailed. Larvae of other decapods were found singly. In addition to larvae of the species pre-
viously known for the water area [Khajlenko, 2019], we registered larvae of shrimps rare for the Crimean
waters: Alpheus dentipes and Lysmata seticaudata.

Table 5. Species composition and abundance of Decapoda planktonic larvae in the water area of the Cape
Martyan nature reserve

Tabémmuma 5.  BugoBas CTpyKTypa M YMCIEHHOCTb IUIAHKTOHHBIX JUYMHOK Decapoda B akBaTopmu
3anoBeHMKa «Mbic MapTbsH»

Species Abundance, ind.-m™2
Athanas nitescens (Leach, 1814 [in Leach, 1813-1815]) 10.2
Alpheus dentipes Guérin, 1832 1.4
Lysmata seticaudata (Risso, 1816) 0.4
Hippolyte leptocerus (Heller, 1863) 11.2
Palaemon elegans Rathke, 1836 1.4
Clibanarius erythropus (Latreille, 1818) 11.4
Pisidia longimana (Risso, 1816) 1.8
Pachygrapsus marmoratus (J. C. Fabricius, 1787) 2.8
Xantho poressa (Olivi, 1792) 1.6
Pilumnus hirtellus (Linnaeus, 1761) 13.0
In total 55.2

In the study area, adult decapods were represented by 9 species. Out of them, Eriphia verru-
cosa (Forskdl, 1775), P. marmoratus, Xantho poressa, and Palaemon elegans are common. A. nitescens,
Pisidia longimana, and C. erythropus were found in significant numbers. Out of rare species, H. lepto-
cerus and P. hirtellus were recorded. All Decapoda representatives registered in the nature reserve waters
were distributed in communities of hard bottom sediments from the surface down to a depth of 5-10 m.

DISCUSSION

The taxonomic composition of ichthyofauna in the study area was formed by about 30 species, mainly
benthic fish (S. porcus, P. eurycephalus, and Blenniidae representatives) and demersal ones (Labridae,
Sparidae, etc.). In different years, their indicators of relative abundance were characterized by significant
variability. However, throughout the investigated period, diversity parameters of communities in general
remained quite stable (Table 6).
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Table 6. Diversity indices for communities of fish and Decapoda in the water area of the Cape Martyan
nature reserve

Ta6uuma 6. TlokasaTeau pa3HOOOpa3usi COOOIIECTB PhIO U JEKarlo]] akBaTOPUU 3aroBeqHUKa «MpIC
MapTtbsin»

Fish Decapoda
Index 2010 2011 2013 : 2019 2019
Fish Ichthyoplankton
Shannon species diversity index, H 2.45 2.08 2.12 2.40 1.56 2.73
Margalef species richness index, D 7.25 7.65 7.40 5.73 5.50 4.74
Simpson dominance index, ¢ 0.25 0.36 0.27 0.14 0.48 0.18
Pielou evenness index, e 0.64 0.55 0.56 0.63 0.39 0.82

Data for quantitative studies of decapod communities were obtained for the first time. Accordingly,
there is no material to compare with. Based on data of plankton surveys, the main indicators of species
diversity were calculated (see Table 6). The established values of the Shannon species diversity index
and distribution of the relative abundance expressed by the Pielou evenness index characterize the wa-
ter area as the one with a relatively low species richness of Decapoda representatives. The low value
of the Simpson dominance index indicates the absence of obvious dominants more precisely than values
of other indices reflecting the presence of prevailing species.

Based on the analysis of the dominance—diversity curve for fish communities (Fig. 2), it can be con-
cluded that there is a trend towards an increase in diversity, a decrease in the prevalence of certain
species, and a general complication of community structure. Apparently, a rise in S. scriba abundance
in net catches (the species previously extremely rare for the Black Sea fauna) can serve as an indicator
of variations in hydrological and hydrochemical parameters of the environment resulting from general
climate and environmental changes. An increase in S. scriba abundance is confirmed by visual underwater
observations as well.

50
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Share, %

Rank of the species

Fig. 2. Ranking of the fish species of the study water area by abundance: along the abscissa axis, the serial
number of the species (species are arranged in descending order of their abundance); along the ordinate
axis, the proportion of this species in the catch by abundance

Puc. 2. ParxupoBaHye BUIOB PbIO UCCIIeAyeMO aKBATOPHH IO YUCJIEHHOCTH: 10 OCH a0CIMCC — MOPSIKO-
BbIIl HOMeP BUJ1a (BUJIbI BLICTPOEHBI 110 MOPSAKY YObIBAHUS UX YMCIIEHHOCTH); 110 OCU OPAMHAT — H0JIs1 BUIA
B YJIOBE 10 YHCJIEHHOCTH

The proportion of living, normally developing fish eggs in the water area, 28.6% of the total, is to be
analyzed further. For example, in summer, under similar conditions (in the open sea, at coastal stations
opposite Sevastopol, 250-500 m off the coast, above a depth of 10-19 m, and against the backdrop
of the sea surface temperature of +20.0...425.3 °C), the proportion of dead eggs was 55.2%, while that
of living, normally developing eggs was 44.8%.
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In 2002-2008, according to literature data, the proportion of dead eggs in the coastal sea area from
the Sevastopol Bay to the 2-mile zone averaged 63.1% [Klimova, 2010]. The proportion of living eggs
amounted to 36.9%. Importantly, this analysis refers to both summer- and winter-spawning fish species
and is based on the study of samples both from the coastal area of the open sea and the innermost spot
of the Sevastopol Bay, where the proportion of dead eggs was the highest [Klimova, 2010].

In ichthyoplankton of the study water area, the European anchovy was the prevailing species
at the time of sampling, but proportions of its eggs and larvae were lower than those provided
in literature for the Black Sea coastal water area off the Crimea in midsummer. Specifically,
on the Crimean shelf in July 2010, anchovy eggs and larvae accounted for 83 and 60% of the total,
respectively [Klimova et al., 2014]. In July 2017, the proportion of anchovy eggs off the Crimean coast
was 77% [Klimova et al., 2021]. In July—August 2019, on the shelf off the coast of the Crimea and
Russian Caucasus, the proportion of anchovy eggs in samples was 85%, and the proportion of larvae
was 77% [Klimova et al., 2020].

The occurrence of anchovy eggs in samples taken at the peak of spawning in the first half of the day
at the early (prevailing) and final (with much lower abundance) stages of development against the back-
drop of the actual absence of eggs at the intermediate stage is described in literature [Dekhnik, 1973].
It is the norm, and it is due to features of the daily anchovy reproduction rhythm. However, our data
show not only a lower proportion of eggs at the later stages of development, but their virtually com-
plete absence, which does not correspond to the norm. The recorded proportion of dead anchovy
eggs, 83.2%, significantly exceeded that noted for the Crimean shelf in July 2010, 74.0% [Klimova
et al., 2014]. Living eggs are easily distinguished from dead ones; the death of eggs occurs in the sea
and is not related to sampling and fixation. Thus, based on information on the proportion of living
eggs in a sample, one can conclude on the degree of survival of embryos at a given stage of the de-
velopment under certain conditions [Dementjeva, 1958]. Knowing the timing of the development
of embryos and larvae at a given temperature, it is possible to monitor the development of each gen-
eration by abundance of survived embryos and corresponding groups of larvae, depending on their
size and growth and based on the numerical prevalence of a particular group of larvae by stages
of development.

In our material, the ratio of the abundance of the European anchovy prelarvae and larvae (in to-
tal, 63 ind.) to the total abundance of eggs of this species was significant, 22.0%. For the Crimean
shelf in July 2010, the value was only 16.1% [Klimova et al., 2014]. Almost all of them, 95.2%, were
the ones at the prelarvae stage or larvae at the earliest stage of development, on yolk feeding [Klimova
et al., 2020], and were no more than a day old [Dekhnik, 1973]. Anchovy prelarvae, due to their small
size (primarily body height), mostly drop out of catches, and their abundance may be underestimated
by us. But even high abundance of prelarvae and a high value of the ratio of their abundance to the abun-
dance of eggs cannot serve as an unambiguous indicator of effective spawning. According to [Productiv-
ity of the Black Sea, 1979], the mortality of anchovy is relatively low at the late stages of embryogenesis,
sharply increases during the transition from embryonic to postembryonic development, and remains
high throughout the entire stage of yolk feeding (a group of larvae 2.0-3.4-mm long which includes
almost all anchovy larvae caught by us). With transition to mixed feeding (anchovy larvae 3.5-6.0-mm
long), mortality sharply decreases again. However, only 4.8% of larvae we recorded survived and fell
into this group. We did not reveal any older larvae.

Attention is to be drawn to the proportion of abnormally small and minute fish larvae and prelarvae
that cannot be identified down to the species level, 21.4% of the total abundance of those in our material.
The relationship between the size and general development of hatching fish larvae and water temperature
is known. Specifically, for the European anchovy, it is shown that embryos hatch more developed and big-
ger in size at a lower temperature [Dekhnik, 1973]. By itself, the surface water temperature of the study
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area was not extremely high for the season; in our opinion, the reason for the observed phenomenon
was not the absolute value of the temperature of the environment, but its dynamics. The negative ef-
fect of fluctuations in temperature and its deviation from optimal range at the late stages of develop-
ment of eggs and early stages of postembryonic development of fish was described in detail in relation
to cultivated and artificially reproduced freshwater species [Portnaya et al., 2015]. In this case, routine
procedures are monitoring of the state of the environment and analysis of the dynamics of embryonic
and postembryonic fish development. With an abrupt increase in the temperature of the environment
during the course of embryogenesis, researchers observed early hatching, developmental anomalies,
and the death of fish prelarvae and larvae even against the backdrop of optimal values of other significant
factors [Portnaya et al., 2015].

According to the environmental data available at http://weatherarchive.ru [2020], in June 2019,
the mean surface water temperature off the coast of Yalta (the spot of constant observation closest
to the study area) was the highest for 2010-2020 and amounted to +23.2 °C. The mean temperature
in July 2019, on the contrary, was the minimum over the same long period and amounted to +23.8 °C.
Analysis of the satellite data archive on temperature and state of the Black Sea surface water [Arkhiv
dannykh, 2022] confirms this fact. So, in July 2019, on the day of our work and on some previous days,
off the southern coast of the Crimea, in particular in the study area, there were spots with the surface
water temperature 1-3 °C lower than the values for adjacent open waters. For the study water area
on the day of sampling, the same source showed the presence of a current directed to the coast, with
aflow rate of 0.10-0.15 m-s™". The surface temperature was of +23.0...4+25.0 °C. Such a range is unusual
for a small water area and may indicate the process of mixing of heated surface waters with underlying
cold ones near the coast. Apparently, water mixing and variations in its temperature were a stress factor,
affected the development of eggs and their survival, and caused early hatching of incompletely formed
prelarvae.

The observed abundance of fish eggs and larvae, (76.3 + 11.4) and (18.8 * 4.6) ind.-m™2, respectively,
can be considered significantly high for the Black Sea coastal area off the Crimea in July. In general,
the values correspond to expected ones. For example, on the shelf off the Crimean coast from Cape
Karadag to Cape Tarkhankut in July 2010, the mean abundance of eggs was 46.2 ind.-m2, and of fish
larvae, 10.1 ind.-m™ [Klimova et al., 2014]. For the shelf opposite Yalta, the same literature source pro-
vides significantly lower estimates of ichthyoplankton abundance, 21.0 ind.-m™ for eggs and 1.9 ind.-m™
for fish larvae. In July 2017, on the shelf off the Crimea, the mean abundance of eggs was 25.0 ind.-m,
and of fish larvae, 3.2 ind.-m™ [Klimova et al., 2021].

According to literature data, 15 Decapoda species were recorded in the nature reserve waters
and in the adjacent water area [Grintsov et al., 2008; Khajlenko, 2019].

The first information on Decapoda fauna in the Cape Martyan area dates back to 1976. Then, the most
complete inventory of the fauna of hydrobionts for the coastal zone of the nature reserve and adjacent
waters down to depths of 10-15 m was carried out. According to it, 13 species of decapods were noted:
A. nitescens; Palaemon adspersus Rathke, 1836; Upogebia pusilla (Petagna, 1792); P. longimana; Dio-
genes pugilator (P. Roux, 1829); C. erythropus; E. verrucosa; Carcinus aestuarii Nardo, 1847; Liocarci-
nus depurator (Linnaeus, 1758); P. marmoratus; X. poressa; P. hirtellus; and Macropodia czernjawskii
(Brandt, 1880) [Khajlenko, 2019].

The next stage of comprehensive studies on the species diversity of benthic invertebrates and mero-
plankton of the upper sublittoral zone in the nature reserve was performed in the summer season
of 2004-2006. According to its results, five representatives of the order were recorded; out of them,
one species, H. leptocerus, was reported for the fauna of the nature reserve for the first time [Grintsov
et al., 2008]. Moreover, the cited paper provides data on the registration of single larvae of A. niftescens
in plankton.
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In 2017, preliminary data were obtained on the assessment of the current state of decapod fauna
in the coastal zone of the nature reserve at depths of 0-2 m [Khajlenko, 2019]. According to it,
in the study water area, Decapoda was represented by four species. P. elegans was not previously
recorded in the coastal aquatic complex.

Summarizing the lists of species published for this area and our data, we can conclude as follows:
Decapoda fauna in the coastal water area of the Cape Martyan nature reserve includes at least 17 species
representing 14 families. Interestingly, nine species are common, six species (P. adspersus, U. pusilla,
D. pugilator, C. aestuarii, L. depurator, and M. czernjawskii) are known only from literature sources,
and two species (A. dentipes and L. seticaudata) are new for the protected water area [own data].

Differences in species composition are primarily due to the confinement of species to different
biotopes. Specifically, D. pugilator, C. aestuarii, and Liocarcinus vernalis (Risso, 1827), not registered
by us, are found in open spots of soft soils (silt, sand, and shell). U. pusilla burrows in dense, soft
ground. P. adspersus, D. pugilator, C. aestuarii, and M. czernjawskii are recorded in thickets of Zostera
and other macrophytes growing on soft soils. In the water area of the nature reserve, this type of sub-
strates is either absent or represented by local spots; this allows us to assume that the occurrence of some
species of hydrobionts is related to characteristic bottom biotopes of waters adjacent to the protected
water area.

Two shrimps, A. dentipes and L. seticaudata, whose larvae were recorded in our plankton samples,
are very rare due to their extremely secretive lifestyle. These are cryptobenthic species, and their
life cycle is confined to biotopes formed by various species of bivalves or to pretty similar spots
of the bottom (caves, grottoes, etc.).

Thus, for the first time for a typical water area of the southern coast of the Crimean Peninsula,
the current state of communities of fish and Decapoda was analyzed, alpha-diversity indicators were
described, and characteristics of the abundance of cenosis-forming species were obtained. All these data
can be used as a starting point for monitoring changes in the biocenosis of the water area.

This work was carried out within the framework of IBSS state research assignment “Biodiversity as the ba-
sis for the sustainable functioning of marine ecosystems, criteria and scientific principles for its conservation”
(No. 124022400148-4).
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COCTAB, CTPYKTYPA U INMHAMUKA
COOBHIECTB PbIb 1 JIECATUHOI'NX PAKOOBPA3HbBIX
V I0KHOT'O IOBEPEXKbA KPBIMA (YEPHOE MOPE)
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[on BMsTHMEM KJIMMATHUECKUX U aHTPOIIOTEHHHIX (DaKTOPOB 3KocucTeMa YEpHOro Mopsi Tpacgop-
MUPYETCSI ¥ TOTOJIHACTCS HOBBIMU BHUIAMM PHIO U AECATHHOTMX PaKOOOPa3HbIX, UTO 00YCJIABIMBAET
aKTyaJhbHOCTh PErYJISIPHBIX MOHUTOPWHTOBBIX MCCIICOBAHUI, ITO3BOJISIIONINX BBHISBUTH BO3JIECHCTBHE
BBIIIIEHA3BAHHBIX MTPOIIECCOB Ha OMOIIEHO3B! TPpUOpekHBIX Boj KpbiMckoro nonyoctpoBa. Llembio Ha-
CTOSIIIIEN PabOTHI CTANIO U3YyUEHHUE TAKCOHOMHUYECKUX, CTPYKTYPHBIX M KOJIMYECTBEHHBIX XapaKTepu-
CTHK COOOINECTB JieKarnoj 1 uxtuodayHsl YEpHOTO Mops B paiioHe 3aroBefHuKa «Mbic MapThsiH».
IomMKrMO 3pesbIX OpraHu3MOB, B X0J€ padoT ObUIM OTOOPAHBl M MPOAHATM3MPOBAHBI MX IJIAHKTOH-
Hble JTMYMHOYHBIE CTaJIUH, YTO JOTIOJHUIIO MOJy4YeHHbIe pe3yibTaThl. COOp PO U JeCATUHOTHX PaKO-
00pa3HBIX OCYIIECTBIISIM CTABHBIMHU CETAMM, JOHHBIMU JIOBYLIKAMH M PYYHBIMU cauykamu. VIXTho-
TUIAHKTOH ¥ JIMYUHOK JIeKaro]| o0JMaBIuBaii miaHKTOHHOU ceTbio TKC-80. BbisiBNIeH BHICOKMI ypo-
BEHb BUJIOBOTO Pa3HOOOpa3usl JIECATUHOTUX PaKOOOpa3HbBIX, MpeJcTaBleHHbIX 17 Bumamu u3 14 ce-
MericTB. [IBa Buna, Alpheus dentipes Guérin, 1832 u Lysmata seticaudata (Risso, 1816), orMeueHbl
JUTSI perroHa BriepBble. TAaKCOHOMUYECKHit cocTaB MXTHOMayHbI (hOpMUPYIOT 0KOJI0 30 BUIOB, IPEUMY-
IIECTBEHHO JIOHHBIE U MIPUJIOHHBIE phIObI. CTPYKTYpa COOOMIECTB PhIO I0CTATOYHO CTaOWIIbHA, OTMEYe-
Ha TEHICHIMS K YBEJIMUEHHIO pa3HOOOpa3usl, CHUKEHHUIO JOMUHUPOBAHUS OTIEIbHBIX BUIOB U 0OIIIe-
My YIYUIISHHIO COCTOSTHHSA. POCT UKMCIeHHOCTH HEKOTOPBIX aTIaHTHUKO-CPEeIN3eMHOMOPCKHUX BHUIOB,
Takux Kak Serranus scriba (Linnaeus, 1758) u Chromis chromis (Linnaeus, 1758), MOXeT CIIyKUTb
VH/IMKATOPOM W3MEHEHHI TMIPOJIOTMYECKUX U TMIPOXUMUYECKUX MapaMeTPOB CPelbl, CBSI3aHHBIX
C I100aIbHBIMU KJIMMATUYECKUMH U 9KOJIOTUYECKUMU M3MeHeHusiMu. KosrmuecTBeHHbIe XapaKTepu-
CTHKH UKPBI ¥ JIMIMHOK phIO, (76,3 £ 11,4) u (18,8 £ 4,6) 9K3.-M "2 COOTBETCTBEHHO, ObLITH JOCTATOYHO
BBICOKUMH JUIs1 IPUOPEkKHBIX Boj YEPHOTO MOpsi, a JI0JIs1 )UBOM, HOPMAJIBHO Pa3BUBAIOILECHCS UKPBI
phIO B aKBaTOPUU — HU3KOM, 28,6 % OT 0011ero Kojauuectsa. [lojiydeHHbIe TaHHBIE MOTYT OBITh HC-
T0J1b30BaHbI [J1s1 CPABHUTEJILHOTO aHAJIN3a [P MHOTOJIETHUX MOHUTOPHUHIOBBIX paboTax B aKkBaTOPUU
YepHoro Mopsi.

KiroueBbie ciioBa:
«Meic MapTbsH»

UYépHoe Mope, uxtuodayHa, HMXTHOIUIAHKTOH, Decapoda, 3amoBegHHK
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Symbioses are common relationships between organisms in marine ecosystems. Out of crabs belong-
ing to the family Portunidae, an economically important one, Charybdis truncata (Fabricius, 1798)
is a widely distributed species. However, the studies on its symbiotic assemblages are still limited.
A total of 408 C. truncata were sampled in Nha Trang Bay (Khanh Hoa province, Vietnam, the East
Sea) in January—August 2022. Symbionts were classified based on morphological characters. Statistical
analysis was applied to compare the infestation status of symbionts. Six symbiotic species were detected,
including four epibiotic barnacles [Octolasmis angulata (Aurivillius, 1894), Octolasmis alata (Aurivil-
lius, 1894), Octolasmis warwicki Gray, 1825, and Dianajonesia tridens (Aurivillius, 1894)] and two ob-
ligate unidentified parasites [Cancrion sp. and Sacculina sp.]. Out of them, O. alata and Cancrion sp.
were recorded on C. fruncata for the first time. The overall prevalence of symbionts on the swim-
ming crab hosts was 13%, and the number of infecting symbiont species on hosts ranged within 1-4.
O. angulata was the dominant species, with the prevalence of 6.9%. The prevalence of this symbiotic
species was significantly higher in ovigerous female crabs compared to non-ovigerous ones. Moreover,
there was a noticeable rise in O. angulata prevalence rates as crab size increased. No significant differ-
ences were revealed in the mean intensity of symbionts by sex, reproductive status of females, and size
of the crab hosts. The initial morphological modifications caused by infecting parasites, Cancrion sp.
and Sacculina sp., were recorded and described. These findings provide data on the status of natural
infection of symbiotic species on C. fruncata as a basis for the management of commercial species
and aquaculture development.

Keywords: Charybdis truncata, symbionts, epibionts, obligate parasites, Nha Trang Bay, Vietnam

Symbioses are common relationships between organisms in ecosystems which represent differ-
ent associations, including mutualism, commensalism, and parasitism [Leung, Poulin, 2008]. Asso-
ciation between symbionts and their hosts is considered as one of the driving forces of evolution.
In several cases, the finding of parasitic fauna on free-living organisms can provide new informa-
tion for better understanding of host—symbiont interactions and clarify biodiversity data in the study
region [Martinson, 2020].
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In marine environments, crustaceans are the most diverse invertebrate organisms [Brusca, Brusca,
2003]. They are well-known to have symbiotic relationships [Ross, 1983]. Out of marine crustaceans,
swimming crabs (Decapoda: Portunidae, an economically important family) are common hosts of sym-
biotic crustaceans. These symbionts of portunids include pedunculate barnacles (Octolasmis and Di-
anajonesia in the family Poecilasmatidae), acorn barnacles (Chelonibia in Chelonibiidae and Semibal-
anus in Balanidae), rhizocephalan barnacles (Sacculinidae and Thompsoniidae), isopods (Entoniscidae
and Bopyridae), and copepods (Nicothoidae) [Jeffries et al., 1982; McDermott et al., 2019; Shields,
1992; Shields et al., 2015; Waiho et al., 2021].

Pedunculate and acorn barnacles are filter-feeding organisms attaching to the outer integument
of crabs [Campos et al., 2022; Hosseini et al., 2023; Jeffries et al., 1982]. The host’s respiratory currents
supply them with food and oxygen [Jefiries et al., 1982]. In most cases, they are harmless to the host.
However, when occurring at high intensity, they hamper the energetic condition, movement, and res-
piration of crabs. More seriously, the heavy infestation with epibiotic barnacles can lead to cumulative
infection with rhizocephalan parasites causing serious effects on growth and development, even the death
of their hosts [Campos et al., 2022; Gannon, Wheatly, 1992; Hudson, Lester, 1994].

Rhizocephalan barnacles are specialized parasites. Their body has two parts: a root-like system (in-
terna) developing around the host’s visceral organs for nutrient absorption and a female reproductive or-
gan (externa) arising outside the host [Glenner, Hebsgaard, 2006; Walker, 2001]. The common resulting
effects of rhizocephalan infection are alterations in morphological characters, physiology, and behavior
of the crabs [Waiho et al., 2021]. Infected male crabs are usually found feminized — with an enlarged
and more segmented abdomen, like in females. Meanwhile, the effects observed in female crabs are often
unclear [Kristensen et al., 2012].

Isopods (Entoniscidae and Bopyridae) are obligate parasites within visceral cavities of crabs. Their
life cycle goes through three larval stages. The eggs develop into epicardium larvae which then metamor-
phose into microniscus and finally into cryptoniscus larvae before becoming juveniles [Williams, Boyko,
2012]. These adult parasites are characterized by high sexual dimorphism: males are many times smaller
in size than females [McDermott et al., 2019; Shiino, 1942]. Certain species could cause the castration
of the host [Shiino, 1942].

Some egg-feeding copepod parasites of the family Nicothoidae were found on egg clutch
and in branchial chambers of swimming crabs from India [Gnanamuthu, 1954], Australia [Shields,
1992], and Vietnam [Dang et al., 2022; Oanh et al., 2018]. Mostly, due to very low prevalence,
the harmful effects of these parasites did not arouse much interest [Shields et al., 2015].

So far, eight pedunculate barnacles, two acorn barnacles, five rhizocephalans, three isopods,
and one copepod species have been detected on ten species of swimming crabs on the coast of Viet-
nam. Out of them, both species composition and infection status of symbiotic crustaceans were studied
in four commercial crabs: Portunus pelagicus (Linnaeus, 1758), Portunus sanguinolentus (Herbst, 1783),
Monomia haanii (Stimpson, 1858), and Charybdis feriata (Linnaeus, 1758) [Dang et al., 2022; Oanh
et al., 2018, 2022a; Vo et al., 2013]. In some cases, investigations were focused only on parasitic
species. H. Boschma [1954] discovered four rhizocephalan species on six swimming crabs and de-
scribed a new species, Sacculina serenei Boschma, 1954, on C. feriata. As for parasitic isopods, two new
species, Cancrion khanhensis Oanh & Boyko, 2020 and Stellatoniscus tentaculus Oanh & Boyko, 2020,
infesting M. haanii were recently described [Oanh, Boyko, 2020].

A portunid crab Charybdis truncata (Fabricius, 1798) is a widely distributed and commonly ex-
ploited species in the Indian Ocean (India) and the West Pacific region (Japan, China, Indonesia, Philip-
pines, Malaysia, Singapore, and Australia) [Ng, 1998]. In Vietnam, it occurs in the Gulf of Tonkin,
on central and southern coasts, in muddy or muddy-sandy seabed, at a depth of 5-60 m [Nguyen,
2002]. Several species of symbiotic crustaceans were revealed on C. truncata. Three epibionts,
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Octolasmis angulata (Aurivillius, 1894), Octolasmis warwicki Gray, 1825, and Dianajonesia tridens (Au-
rivillius, 1894), were found on crabs from Hong Kong [Leung, Jones, 2000]. A parasitic rhizocephalan
Loxothylacus nierstraszi Boschma, 1938 was recorded in Japan [Boschma, 1938], while Sacculina scabra
Boschma, 1931 was registered in Indonesia [Chan, 2004]. Up to now, no known investigations have been
carried out on symbiotic crustaceans on C. truncata in Vietnam.

This study aims at determining the species composition and infestation status of symbiotic
crustaceans on C. truncata in Nha Trang Bay, Vietnam, and carrying out initial observations
on the effect of obligate parasites on the crab hosts. This preliminary research contributes to fill-
ing knowledge gaps for this crab species in Vietnam and provides information for fisheries resource
management programs.

MATERIAL AND METHODS

Crab sampling and symbiont examination. Crabs were sampled in Nha Trang Bay (Khanh Hoa
province, Vietnam, the East Sea) in January—August 2022 (Fig. 1). C. truncata specimens (n = 408)
were randomly sampled from fishing boats, transported alive to the laboratory, and temporarily kept
in a fridge at the temperature of +4 °C. The fresh crabs were examined externally; size (carapace
width, hereinafter CW), sex, and reproductive status of females (ovigerous or non-ovigerous) were
recorded. Following Li and co-authors [2014], crabs were divided into 3 size groups: small (< 20 mm),
medium (20-35 mm), and large (> 35 mm). Also, the host morphological modifications (if any) were
carefully investigated and noted.

109.35
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Fig. 1. Map of Nha Trang Bay (the East Sea), operation region of fishing boats from which crabs
were sampled

Puc. 1. Kapra 3anmea Hsauanr (BocTrouHoe Mope) — paifoHa SKCILTyaTalliy PHIOOJIOBHBIX CY/IOB, C KOTOPBIX
ObUIM cOOpaHbl KpaObl

Symbionts were examined by the naked eye, under a stereo microscope Olympus SZ61 (Japan, mag-
nification x10 to x40), and under a biological microscope Olympus CX41 (Japan, magnification x40
to x100). The entire integument of a crab (carapace, legs, ventral surface, and abdomen) was observed.
Then, the carapace was detached to inspect gill chambers (ceiling, gills, and maxillipeds) and body cav-
ity. The found symbiotic crustaceans were removed from the host by tweezers and placed in dishes
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with seawater (for external symbionts) or saline solution of 9% (for endosymbionts). The abundance
of individuals and infesting positions of symbionts were recorded. Fresh symbionts, after being examined
and described, were stored in 70% alcohol.

Symbiont identification and state of infestation. Symbiotic crustaceans were identified following
the diagnostic characteristics for each sampled group. Pedunculate barnacles were determined based
on the body size and characters of calcareous plates on capitular [Aurivillius, 1894; Jeffries et al.,
2005; Zevina, 1982] (see Fig. 2A). Size of mantle opening, as well as shape and position of male re-
ceptacles in the externa, are taxonomic features used to identify Rhizocephala [Boschma, 1938; Chan,
2004]. Both adults and larvae are often found for entoniscid species. Therefore, for species identifica-
tion, we used the following characters: oostegite structure, number, and position of ovarian processes
for a female; number of pereopod segments for a male; and structure of the 6™ pereopods for epicardium
larvae [Shields, Earley, 1993; Shiino, 1942].

The state of infestation by symbionts was characterized via prevalence and mean intensity. The preva-
lence of infestation of a particular symbiotic species is the number of hosts infested with that sym-
biont divided by the number of examined crabs. Intensity represents the number of individuals
of a symbiotic species in a single infested crab. The mean intensity is the total number of symbionts
found in examined hosts divided by the number of crabs infested with that symbiont [Bush et al.,
1997]. The state of infestation by parasitic isopod was determined based on the occurrence of fe-
male individuals [Shields, Earley, 1993]. The chi-square test was applied to analyze the prevalence
differences between the host groups (sex, reproductive status of females, and size group). The in-
dependent sample 7-test was used to reveal the differences in mean intensity between the host sex
and reproductive status of a female crab. To compare mean intensities between three host size
groups, the one-way analysis of variance (ANOVA) was applied. All the analysis was carried out us-
ing Statistical Product and Service Solutions (SPSS) 24.0 (https://www.ibm.com/support/pages/spss-
statistics-240-fix-pack-1) [Li et al., 2014]. Crabs were sampled not in all months of the year,
and the number of samples in each month was uneven; accordingly, infestation status by symbionts
was not assessed.

RESULTS

Species composition and infesting position. In total, six symbiotic crustacean species were re-
ported from 408 C. truncata crabs examined. Four epibiotic barnacles (Scalpellomorpha: Poecilasmati-
dae) were found: Octolasmis alata (Aurivillius, 1894), O. angulata, O. warwicki, and D. tridens (Fig. 2).
Two obligate endoparasites, Sacculina sp. (Rhizocephala: Sacculinidae) (Fig. 3) and Cancrion sp.
(Isopoda: Entoniscidae) (Fig. 4), were revealed. O. alata and Cancrion sp. were the new records both
on C. truncata and in Vietnam.

Epibiotic barnacles. Epibiotic pedunculate barnacles are common species found on swimming
crabs. Sampled Octolasmis and Dianajonesia specimens were distinguished based on number, size,
and shape of calcareous plates (Fig. 2B-E). Details of taxonomic characters of epibiotic species
are provided in Table 1.

In terms of infesting positions, symbiotic species occurred on their hosts at different sites. Specifically,
O. warwicki attaches to the carapace surface, while O. angulata, to the ceiling of gill chambers. O. alata
was found on the proximal surface of gills, and D. tridens, on gills and maxillipeds (Fig. 2F-I).

Taxonomy records. O. angulata was distinguished from other epibionts by the lack of two terga
calcareous plates on the capitular. All three remaining species had five calcareous plates (one carina,
two terga, and two scuta). Out of them, O. warwicki possessed a fissure in the base of the ca-
rina, and its terga were ax-shaped; O. alata terga were maple leaf—shaped; and D. fridens terga were
trapezoidal (Table 1).
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Fig. 2. Epibiotic crustacean species and their infesting positions on the swimming crab Charybdis truncata
in Nha Trang Bay (Vietnam, the East Sea): A, illustration of calcareous plate position of pedunculate barna-
cles of the family Poecilasmatidae (1, carina; 2, tergum; 3, scutum); B, Octolasmis angulata; C, Octolasmis
alata; D, Octolasmis warwicki; E, Dianajonesia tridens; F, O. warwicki (an arrow) on the host’s carapace;
G, D. tridens (an arrow) on gills; H, O. angulata (a circle) on the ceiling of the gill chamber; I, O. alata
(an arrow) on gills. Scale bar: B-E, 1 mm; F-I, 5 mm

Puc. 2. Buasl pakooOpa3HbIX-3MMOMOHTOB W WX JIOKaaM3alus Ha Kpabe-maByHue Charybdis truncata
n3 3amuBa Hsuanr (BeetHam, Bocrounoe mope): A — wimocTpaiys MOJIOKEHUSI U3BECTKOBBIX IIACTH-
HOK MMEIONINX CTeOeNIeéK MOPCKMX yTodek cemeiictBa Poecilasmatidae (1 — kapuHa; 2 — Teprym; 3 —
ckyTyM); B — Octolasmis angulata; C — Octolasmis alata; D — Octolasmis warwicki; E — Dianajonesia
tridens; F — O. warwicki (ctpenka) Ha nanuupe xo3suHa; G — D. tridens (ctpenka) Ha xabpax; H —
O. angulata (xpyr) Ha BepxHel yactu xadepHoil kamepsl; | — O. alata (cTpeika) Ha xaOpax. MacirabHast
ymuHerka: B-E — 1 mm; F=I — 5 MM

Table 1. Taxonomic characteristics of epibiotic species on Charybdis truncata
Taouuma 1. TakcoHOMHMYECKasi XapaKTEPUCTUKA BUOB-3MMOUOHTOB Ha Charybdis truncata

S Number . Number Number Number
Epibiotic Body size, Number and shape
. of analyzed of calcareous and shape and shape
species o mm . of scutum
individuals plates of carina of tergum
Octolasmis 10 3.3+0.57 3 L thin, 2, bar-shaped absent
angulata bar-shaped
2, robust, two-part,
. 1, robust, with the first part
SIZZIZ“W’S 3 334082 5 crescent- bar-shaped 1ei%_nslﬁgli .
shaped and the second part P
L-shaped

Continue on the next page...
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o Number . Number Number Number
Epibiotic Body size, Number and shape
. of analyzed of calcareous and shape and shape
species R mm . of scutum
individuals plates of carina of tergum
1, robust, 2, robust, two-part,
Octolasmi crescent- with the first part
o 5 4.6+ 1.48 5 shaped with bar-shaped 2, ax-shaped
warwicki
a fissure and the second part
in the base fan-shaped
2, robust, two-part,
Diandi . 1, robust, with the first part 5 wrench
tr.l:lzn:pnesta 10 3.9+0.90 5 crescent- bar-shaped ’sgaees ;
aens shaped and the second part shap
trapezoid
Sacculina sp. Main morphological characters. The externa (reproductive organ) ellipse-

shaped, (5 £ 0.82) mm in length (n = 2), with short stalk (see 2 in Fig. 3A); milk-white in color. Man-
tle opening wide, (0.7 £ 0.08) mm, located on the top of the externa (see 1 in Fig. 3A). The externa
of Sacculina sp. was observed arising from the gut on the host abdomen (Fig. 3B, C).

Fig. 3. Parasitic rhizocephalan Sacculina sp. infesting Charybdis truncata in Khanh Hoa, Vietnam: A, Sac-
culina sp. external view (1, mantle opening; 2, stalk); B, the externa of Sacculina sp. (an arrow) on a male
crab’s abdomen; C, the externa of Sacculina sp. (an arrow) on a female crab’s abdomen; D, normal fe-
male abdomen (3, female pleopod); E, normal male abdomen (4, male pleopod); F, infested male abdomen

without pleopods; G, infested female abdomen. Scale bar: A, 3 mm; B, C, 10 mm; D-G, 5 mm

Puc. 3. Tlapasutuueckasi kopHerosoBas Sacculina sp., 3apaxawomas Charybdis truncata W3 TpOBUHLMN
Kxanbxoa, BeetHam: A — BHewHuit Buf Sacculina sp. (1 — oTBepcTHe B MaHTUH;, 2 — HOXKa); B — 3Kc-
TepHa Sacculina sp. (cTpeiika) Ha Oprorike camiia kpada; C — akcrepHa Sacculina sp. (CTpesika) Ha OpioIKe
caMKu Kpaba; D — HopmalibHOE OpIoIIKO camMKu (3 — rieonos caMku); E — HopMasibHOE OPIOIIKO caM-
1a (4 — mwieonon camia); F — Oproiiko 3apaxEHHOro camia 6e3 mieonoaos; G — OpIOIIKO 3apa)EHHOM

caMku. MacmradHas smHenka: A — 3 mm; B, C — 10 mm; D-G — 5 MM
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Remark. Parasitic Rhizocephala were found on two individuals only, a 26-mm male and 22.5-mm
female. The above characteristics allow determining that this parasite belongs to Sacculina.
Due to highly reduced morphological characters, microanatomical examination and molecular analysis
need to be conducted for precise species identification.

Cancrion sp. Main morphological characters. Total length of a female (cephalon, thorax, and ab-
domen) was (18.5 £ 1.34) mm (n = 4). Body recurved dorsally; first oostegite consists of three parts:
ascendant, transverse, and recurrent; the lamellae of pleural segments well developed; the 1° and ond
pleopods folded, while all the remaining simple; ovaries cream to orange; dorsal and dorsolateral ovar-
1an processes present, while ventral processes absent (Fig. 4C). A male was found on pleopod of a female
with five-segmented pereopod (Fig. 4C, D). The epicaridium larvae fully filled in the marsupium of a fe-
male (Fig. 4C); the 4™ pereopod without spine on merus segment; the 6™ pereopod elongated with highly
modified dactyl process, and no spine on merus segment (Fig. 4E). Cancrion sp. was found to occupy
the host hemocoel (Fig. 4A).

Remark. Entoniscidae is a family of parasitic crustaceans with high sexual dimorphism. There
are combination characters of females, males, and epicaridium larvae representative for the genus Can-
crion. To date, eight Cancrion species have been described. Cancrion sp. shared almost the same taxo-
nomic characters with Cancrion australiensis [Shields, Earley, 1993], except for the shape of the first
oostegite of a female (complex vs. simple), number of segments of male pereopods (5 vs. 3), and spine
on merus segment of the 4™ pereopod of epicaridium larvae (absent vs. occurring). These recorded dif-
ferences suggest that Cancrion sp. discovered on the coast of Vietnam may be a new species for science
and needs to be described.

Fig. 4. Parasitic isopod Cancrion sp. infesting Charybdis truncata in Vietnam (the East Sea): A, Can-
crion sp. on the host hemocoel (an arrow); B, a gap (an arrow) in the body cavity after Cancrion sp. removal;
C, female Cancrion sp. with a male (an arrow) and a lot of epicaridium larvae in female’s marsupium,;
D, male Cancrion sp.; E, epicaridium larva of Cancrion sp. Scale bar: A—C, 5 mm; D, 1 mm; E, 50 pm

Puc. 4. Tlapasutuueckas uzomnona Cancrion sp., 3apaxawomas Charybdis truncata Bo BeetHame (Boctou-
Hoe Mope). A — Cancrion Sp. Ha reMol1eJii X03s1Ha (cTpenka); B — 1enb (cTpesika) B OJOCTH TeJia 1ocie
ynanenus Cancrion sp.; C — camka Cancrion sp. M caMell (CTpesIKa) U MHOTOYMCJIEHHBIE JIMYMHKY SMHKa-
puauii B cymke camku; D — camen Cancrion sp.; E — muunnka Cancrion sp. u3 snukapaa. MaciurabHas
ymHenka: A—-C — 5 mm; D — 1 mm; E — 50 MkM
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Infestation status. The overall prevalence of symbionts on the crab hosts was 13% (54 / 408 ind.).
The number of infecting symbiont species on hosts ranged one to four. The percentage of hosts in-
fected with one and two species was 10.5% (43 / 408) and 2.2% (5 / 408), respectively, while infection
with three and four species occurred in one individual only accounting for 0.2%. At the species level,
O. angulata and D. tridens were found to be infected with the prevalence of 6.9 and 6.6%, respectively;
the values were higher than those for other symbionts, 0.5-1.2% (Table 2).

Table 2. Prevalence and mean intensity (+ standard deviation) of symbionts found on Charybdis
truncata in Nha Trang Bay, Vietnam. Values marked with different letters represent significant differ-
ences in prevalence between ovigerous and non-ovigerous crabs (a and b) and crabs of various size
groups (X, y, and z)

Ta6yuma 2. BcerpeyaeMocTh U CpelHSIsl UHTEHCUBHOCTh (+ CTaHJApTHOE OTKJIOHEHHE) CUMOWOHTOB,
obHapyxeHHbiXx Ha Charybdis truncata B 3anuBe Hsiuanr, BeerHam. 3HaueHusi, OTMEUYEHHbIE Pa3HBIMU
OYyKBaMH, TIOKa3bIBAIOT CYIIECTBEHHBIE PA3IMUKsl BO BCTPEUAEMOCTH MEXJIy CAMKAMHU C KJIAJKOH MKpBI
u 6e3 He€ (a u b) 1 kpabaMu pa3HBIX pa3MepHbIX Iy (X, Y U Z)

Sex of crabs Reproductive status Size of crabs
of female crabs
Crabs
in total . Non-
Symbiotic | ( = 408) Male Female | Ovigerous ovigerous <20mm | 20-35mm| >35mm
species (n=205) | (n=203) (n=92) (n=111) (n=54) (n=302) (n=52)
Prevalence (%)
Intensity (ind. per host)
Octolasmis 6.9 6.8 6.9 12b 2.7% 1.9% 5.6Y 19.2%
angulata 1.2+£0.54 | 1.4+£0.72 1 1 1 1 1.1+047 | 1.3+0.64
Octolasmis 0.5 1.0 3.8
alata 1.5£050 | 1.5+£05 B B B B B 1.5+£0.50
Octolasmis 1.2 2.0 0.5 0.9 1.9 0.7 3.8
warwicki 1.6£0.80 | 1.8+0.83 1 B 1 1 1 2.5+0.50
Dianajonesia 6.6 59 74 10.9 4.5 5.6* 19.2Y
tridens 1.6£096 | 14064 | 1.72£1.10 | 1.6x1.2 | 1.8+0.98 B 1.6£1.08 | 1.3£0.66
Sacculina 0.5 0.5 0.5 0.9 0.7 -
sp. 1 1 1 - 1 - 1
Cancrion 1.1 1.5 0.5 1.1 0.7 3.8
sp. 1 1 1 - - 1 1

In terms of the host sex, no significant difference was observed in symbiont prevalence (chi-square
test, P>0.05). O. alata was found to occur only on a male crab, with low prevalence (1%). As for sampled
female crabs (92 ovigerous and 111 non-ovigerous individuals), O. warwicki and Sacculina sp. were not
recorded on ovigerous crabs, while Cancrion sp. was not registered on non-ovigerous ones. The significant
difference in the prevalence of infestation was noted for O. angulata alone (chi-square test, 6.71,df =1,
P =0.01) (Table 2).

Data on the state of infestation by symbiotic crustaceans in terms of crab size are provided in Table 2
and Fig. 5. The smallest C. truncata bearing symbiotic crustacean was a 19-mm male, and the largest
was a 48-mm male. Small crabs (CW < 20 mm) were infested by two epibiotic species, O. angulata
and O. warwicki. O. alata was recorded on large crabs (> 35 mm), while Sacculina sp. was noted
on medium-sized specimens (20-35 mm). Significant differences in the prevalence were revealed
for O. angulata (chi-square test, 15.28, df = 1, P < 0.01) and D. tridens (chi-square test, 11.60, df =1,
P <0.01).
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The maximum intensity of infestation by a symbiont species was 5 ind. per host (Fig. 5). The mean
intensity of epibiotic species was low: the value varied within 1.2-1.6 ind. per host, with the high-
est for D. tridens and the lowest for O. angulata. Both parasitic species, Sacculina sp. and Can-
crion sp., infected the swimming crab with the intensity of 1 ind. per host (Table 2). No signifi-
cant differences were recorded between all compared host groups (sex, reproductive status of females,
and size group).

ox
X X 10 <
o ¥ BNEMOR WOXOem PEXX X O

Number of symbionts
(individial/host)

[ B R = B PS T SO T
X
"

10 15 20 25 30 35 40 45 50

Host si
O O. angulata O. warwicki ¢ 0. alata ost size (mm)

X D. tridens ® Cancrion sp. XSacculina sp.

Fig. 5. Intensity of invasion by symbiotic crustaceans in the swimming crab Charybdis truncata of different
size groups

Puc. 5. VIHTeHCHMBHOCTh WHBa3UM CHUMOMOTHYECKMMHU pakooOpasHeiMM KpaOoB Charybdis truncata
Pa3IUYHBIX Pa3MEPHBIX TPYIIT

Morphological modification of infested crabs. In the present study, epibiotic species occurred
at low prevalence and intensity. No changes in the host morphology were observed.

As noticed above, Sacculina sp. was found on two crab individuals (a male with CW of 26 mm
and a female with CW of 22.5 mm). Due to appearance of the externa on a male crab, the abdomen
broadened resembling that of an adult female. The abdominal segments the 3" to 5" distinguished,
and the pleopods completely disappeared (Fig. 3F). Compared to those of a normal crab, the abdom-
inal segments the 3™ to 5" fused, and two pleopods were present (Fig. 3E). Unlike the male host,
the female one infected with Sacculina sp. had no obvious morphological changes (Fig. 3D, G).

Cancrion sp. infected three males of sexually mature size (CW of 28, 36, and 37 mm) and one
ovigerous female (CW of 29 mm). All infected specimens performed the swelling on the dorsal surface
carapace corresponding to the position of which Cancrion sp. occupied the body cavity (Fig. 4B).

DISCUSSION

The swimming crab C. fruncata is a commonly exploited species in Khanh Hoa province, the south
center of Vietnam. However, this species has not attracted much research interest. The present study
is the initial survey on the fauna of symbiotic crustaceans of this swimming crab.

Species composition. On 408 C. fruncata individuals randomly sampled from fishing boats oper-
ating in Nha Trang Bay, six symbiotic species were found, infer alia four epibiotic and two obligate
parasite species. Three out of four registered pedunculate barnacles, O. angulata, O. warwicki, and D. tri-
dens, are common epibionts recorded on C. truncata in Hong Kong [Leung, Jones, 2000] and several
other crab species in Singapore, Thailand, and Pakistan [Jeffries et al., 1982, 2005; Kumaravel et al.,
2009]. In Vietnam, these common barnacles were reported from four different swimming crab species:
P. pelagicus, P. sanguinolentus, M. haanii, and C. feriata [Dang et al., 2022; Oanh et al., 2018, 2022a, b].
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On the contrary, O. alata was only noted from gills of an ashore lobster Palinurus sp. in the Java Sea,
Indonesia [Aurivillius, 1894; Zevina, 1982]. The present study recorded a new host and new geograph-
ical area of this rarely occurring barnacle. Moreover, acorn barnacles, Chelonibia testudinaria (Lin-
naeus, 1758) and Semibalanus sp., are epibionts occupying swimming crabs [Dang et al., 2022; Hosseini
et al., 2023]. These species infestation on C. truncata have not recently been noted.

Rhizocephalan barnacles are specialized parasites infecting portunid crabs. Hitherto, there have
been more than 50 swimming crab species infected by Rhizocephala, including six species recorded
in Vietnam: P. sanguinolentus, C. feriata, Charybdis anisodon (De Haan, 1850), Thalamita crenata Riip-
pell, 1830, Thalamita prymna (Herbst, 1803), and Podophthalmus vigil (Fabricius, 1798) [Boschma,
1954; Liitzen, ThiDu, 1999; Oanh et al., 2018, 2022a]. As already mentioned, on C. fruncata, two par-
asitic barnacle species were reported, L. nierstraszi in Japan [Boschma, 1938] and S. scabra in Hong
Kong [Chan, 2004]. In the present study, Rhizocephala representatives were noted from one male
and one female C. fruncata. The initial morphological analysis suggested that those belong to the genus
Sacculina. For proper species identification, complex analysis is required.

Isopods of the family Entoniscidae, like Rhizocephala ones, are obligate parasites on anomurans,
brachyuran crabs, and caridean shrimps [McDermott et al., 2019; Shiino, 1942]. Forty-one species
of this family have been described. Five species, namely Portunion moniezii (Giard, 1878), Priapion frais-
sei (Giard & Bonnier, 1888), Cancrion australiensis (Shields & Earley, 1993), Micippion asymmetricus
(Shiino, 1942), and C. khanhensis, were reported on swimming crabs Portunus puber (Linnaeus, 1767),
Portunus holsatus (Fabricius, 1798), Thalamita sima (H. Milne Edwards, 1834), C. feriata, and M. haanii,
respectively [Giard, 1878; Giard, Bonnier, 1888; Mushtaq et al., 2016; Oanh, Boyko, 2020; Shields, Ear-
ley, 1993]. Cancrion sp. was possibly a new species to science. It may be the sixth entoniscid species that
infected swimming crabs globally and the second one found in Vietnam.

Infestation and modification. Previous studies showed as follows: the number of epibiotic crus-
tacean species per host ranges within 1-5; the prevalence and mean intensity by each pedunculate barna-
cle species varied within 22—-100% and 2.5-75.6 ind. per host, respectively [Dang et al., 2022; Jeffries
et al., 1982, 2005; Kumaravel et al., 2009; Oanh et al., 2018, 2022a, b]. Four epibiotic species infested
C. truncata with low prevalence, 0.5-6.9%, and mean intensity of 1.2-1.6 ind. per host. The host’s integu-
ment provides protective shelter, and respiratory currents supply epibionts with oxygen and nutrition [Jef-
fries etal., 1982]. C. truncata was smaller than other swimming crab hosts when comparing the body size;
it means the space of gill chambers might be smaller, and respiratory currents might be weaker [Arud-
pragasam, Naylor, 1964]. These could limit the infestation by epibionts on this crab species.

O. angulata was the dominant symbiont on C. truncata, with the highest infestation percentage (6.9%).
This value is consistent with data of studies on other swimming crab hosts [Oanh et al., 2018, 2022a, b].
The statistical analysis showed that O. angulata prevalence on ovigerous crabs (12%) was higher than
on non-ovigerous ones (2.7%) and positively correlated with size of hosts. Epibiotic barnacle larvae reach
inter-molt crabs, attach to them, and develop until being removed in the next molt of the host [Jeffries
etal., 2005]. Generally, the bigger the crab, the longer the period between molts [Josileen, Menon, 2005].
Therefore, the prevalence of infestation by epibiont was usually higher in larger crabs.

The prevalence of infestation by Sacculina sp. (0.5%) was remarkably lower than by Diplothylacus
sinensis (Keppen, 1877) on P. sanguinolentus (15%) [Liitzen, ThiDu, 1999] and S. serenei on C. feri-
ata (9.7%) [Oanh et al., 2022a] in the same region. Infection with rhizocephalan species often causes
morphological changes in the crab host. Its organs may be affected by developing Rhizocephala: degra-
dation of pleopods and appendages may occur. On the contrary, abdomen and marginal setae which help
to protect parasites from external effect can grow more than usual [Waiho et al., 2021]. Morphological
modifications were clearly observed in both male and female hosts, as in the case of Sacculina beau-
forti Boschma, 1949 infection on the mud crab Scylla olivacea (Herbst, 1796) [Waiho et al., 2017].
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On the other hand, Carcinus maenas (Linnaeus, 1758) infected by Sacculina carcini Thompson, 1836
showed the changes in male crabs, while minor differences occurred in female ones [Kristensen et al.,
2012]. In the present study, one infected male crab possessed a broadened abdomen, and pleopods de-
graded; this could lead to its castration. Despite the low infected rate (2 infected crabs out of > 400 ran-
domly sampled ones), morphological alteration was also observed. Further studies are urgently required
to determine the natural prevalence of infection, as well as possible effects on the host populations.

Parasitic isopods of the family Entoniscidae were reported to cause the vertical swelling of the crab
carapace. The more profound effect may be the castration of a male and/or female in some
cases [Shiino, 1942]. Cancrion sp. prevalence (1.1%) on Vietnamese C. fruncata was low, compared
to C. australiensis infection on 7. sima (13.9%) [Shields, Earley, 1993] and C. khanhensis infection
on M. haanii (10.1%) [Oanh, Boyko, 2020]. The morphological modifications which may cause the cas-
tration of infected C. fruncata were not recorded herein. With only four infected crabs examined, it is im-
possible to fully assess the effects of parasitic isopods on the crab hosts. Further sampling is essential
for species identification and examination of morphological and physiological changes/alterations.

Conclusion:

1. Six symbiotic crustacean species, including four epibiotic and two parasitic ones, were detected
on the swimming crab Charybdis truncata sampled in Nha Trang Bay, Khanh Hoa province, Vietnam,
the East Sea.

2. C. truncata is a new host record for the pedunculate barnacle Octolasmis alata and parasitic isopod
Cancrion sp.

3. The intensity of symbionts did not depend on the host sex, size, and reproductive status of female
crabs.

4. The infection with a rhizocephalan Sacculina sp. caused morphological modifications in male
swimming crabs that could result in a loss of reproduction capacity of male hosts.
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CuMO103 — 3TO JOBOJIBHO YacTO BCTPEYAIOIMECS] OTHOIIEHUSI MEXAY OPraHU3MaMHi B MOPCKUX KO-
cucremax. Cpean KpaOOB BaKHOTO C 3KOHOMUYECKOM TOUKM 3peHus1 cemelictBa Portunidae mmpoko
pacnpoctpanén Charybdis truncata (Fabricius, 1798), oqHako ero ciMOMOTHYECKHE KOMILIEKCH BCE
eIlé uccieoBaHbl HelocTaTouHo. B ssHBape — aBrycre 2022 r. B 3aymmBe Hsvanr (mpoBuHimsa KxaHs-
xo0a, Brernam, Bocrounoe Mope) codpano 408 ocobeit C. truncata. CAMOMOHTHI KJ1acCU(UIIMPOBAHbI
Ha OCHOBE MOP(OJOTHYECKNX XapaKTepUCTHK. [JIs cpaBHEHHs CTaTyca 3apaXk€HHOCTH CHMOMOHTA-
MM IPUMEHEH CTaTUCTUYeCKU aHam3. OOHapykeHO IIeCTh CUMOMOTHYECKMX BUAOB, B TOM UHCIIE
YeThIpe BUIA pakooOpa3HbIX-3MMOMOHTOB [Octolasmis angulata (Aurivillius, 1894), Octolasmis alata
(Aurivillius, 1894), Octolasmis warwicki Gray, 1825 u Dianajonesia tridens (Aurivillius, 1894)] u nBa
OOJIMTaTHBIX Mapa3uTa, He UJeHTU(UIMPOBaHHbIX N0 Buna [Cancrion sp. u Sacculina sp.]. I3 Hux
O. alata w Cancrion sp. ormedensl Ha C. truncata Bueppble. OO0Ias BCTpeYaeMOCTh CUMOMOHTOB
Ha Kpabax-xo3sieBax coctaBuiia 13 %, a KOJIM4eCTBO BUIOB CUMOMOHTOB, 3aCEJISIONIUX X03sI€B, BapbU-
pOBAJIO OT OJHOTO 10 YeThIpéX. O. angulata ObUT JOMUHAHTOM, €TO BCTPEYaeMOoCTh cocTaBuia 6,9 %.
Berpeuaemocts O. angulata Obuta 3HAUMTENBHO BBILIE Y CAMOK KPaOOB ¢ KJIaJKON UKPBI, YEM y CaMOK
6e3 He€. Kpome Toro, 3aperrucTpupoBaH CyIeCTBEHHBII pocT BcTpedaeMoctH O. angulata o Mepe yBe-
JIMYeHM s pa3MepoB KpaOoB. [JOCTOBEPHBIX pa3niuil B CpeiHe MHTEHCUBHOCTH CUMOMOHTOB 10 TIOJTY,
PETPONYKTUBHOMY CTaTyCy CAMOK U pa3zMepaM KpaOoB-X03s1€B He BBISBICHO. 3a(pUKCUPOBAHBI U OIH-
CaHbl MIepBOHAYAIbHBIE MOP(OIOTHYECKe N3MEHEHH I, BHI3BaHHbBIE 3apaxkeHneM Kpaba mapasuTamMu
Cancrion sp. m1 Sacculina sp. DTH pe3yIbTaThl MPEJOCTABIAIOT HHMOPMAIIIIO O COCTOSTHUM €CTeCTBEH-
Horo 3apaxeHust C. truncata cAMOMOTUYECKMMH BUIAMH, BaXKHYIO [UIsI MEHEUKMEHTa phIOOIOBCTBA
Y U151 Pa3BUTHS aKBAKYJIbTYPHI.

KuatoueBbie caoBa: Charybdis truncata, CAMOWOHTBHI, SMUOWOHTHI, OOJIMTaTHBIE TIAPA3UTHI,
sasmB Hauanr, BeetHam
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IpoBeieHbI MCCIeOBAHKS TAHIUPHBIX MOJUTIOCKOB, OOUTAIOIIUX HA €CTECTBEHHBIX TBEPJIBIX CyOCTpa-
Tax B ICEBAOJUTOPaIbHOM 30He LlemMecckoi OyXThl OT HIEHTPAJILHOTO IUIsika ropoaa HoBopoccuiicka
10 Mbica Xako, B JIeTHUA W 3uMHui nepromasl 20222023 rr. Ha cyOcTparax 0Cago4HOro Mpomc-
X0oxaeHus BriepBble B LleMecckoil 6yxte oOHapyXeHa JIoKaabHas nomynsus Lepidochitona cinerea
(Linnaeus, 1767) (Polyplacophora, Tonicellidae). 91o penkuit Bua, u 3a nocnensve 70 jeT oH ObLT
BcTpeueH B Bogax CeepHoro Kapkaza muinb Tpukasl. Haiineno 34 k3. L. cinerea ¢ MakCUMaJIbHOM
JUTMHO pakoBUHBI 8§ MM. Bo3pacT Hanbosiee KpynHbIX ocoOeti (Tpu rojia) OrpeesieH Mo ToJOBBIM KOJIb-
11aM areKca MepBoro MuTKa PakKoBUHBL. By pacnpocTpaH€H B BEpXHEM TOPU30HTE MICEBAOIUTOPATN
Mbica JI0OBY U MPUYPOUYEH K CYMPaIUTOpaibHbIM BaHHAM. CXOKHUE OMOTOI, B KOTOPOM TaKke BCTpe-
YeH MaHLUPHBIA MOJUTIOCK, ObUT 0OHapyskeH B 50 kM ot Ilemecckoii OyxTol. [IpeamoioxeHo, 4To mpu-
cyTcTBUe L. cinerea B akBaTOpuu OOYCJIOBJIEHO UMEHHO HaJIMYMEM JTaHHOTO OMOHOMHYECKOTO THIIA
MECTOOOUTAHNI — CYIPAUTOPAILHBIX BaHH, KOTOpPbIE HE BBIPAXKEHBI HA IPYTMX U3yUYEHHBIX Y4acT-
kax OyxThl. Llens ucciegoBanus — onucaThb MOMYJISIMU L. cinerea B paHee He YKa3aHHOM JJIsI 3TO-
ro Buja OMOTOIIE, a TaKXKe BBIIBUTh OCOOCHHOCTH JIAHHOTO OMOTOMNA M €r0 BO3MOXKHOTO BJIUSTHHSI
Ha MIPUCYTCTBHE MAHIIMPHOTO MOJUTIocKa. [TomoTHeHbI cBeieH s O TeorpadyuIecKOM pacpOoCTpaHEHUN
1 OMOTONMYECKOM MPUYPOUSHHOCTHU BUIA. PACCMOTPEHO BIMSHHE SKOJOTUIECKUX, THAPOX UMUIECKIX
1 reoMOpOJIOrUUeCcKUX 0OCOOEHHOCTEN OMOTOMA HA IPUCYTCTBHE L. cinerea.

KuroueBnble cioBa: Lepidochitona cinerea, TICEBIOJIMTOPab, CYNPAIATOPAIbHBIE BaHHBI,
Iemecckas Oyxta, YépHOe Mope

Lepidochitona cinerea (Linnaeus, 1767) (Polyplacophora, Tonicellidae) — naHimMpHbI MOJUTIOCK
¢ JUIMHOM Tena 10 15 MM. D1oT amdpuOOpeaTbHbIi BU U3BECTEH B CEBEPHOUM YacTH ATIAHTUYECKOTO
okeaHa oT nooepexbsa Hopeernu o CpenusemHoro u MpamopHoro Moper, a B TUXomM okeaHe oTMe-
4eH TosbKo y 6eperoB CeBepHoil AMepukH [SIkoBreBa, 1952]. V nobepexbs YeépHoro mops L. cinerea
00UTaeT Ha KAMEHUCTHIX U TAJIEYHBIX TPYHTAX, B PAKYILIEYHUKE, B BEPXHUX TOPU3OHTAX CYOIUTOPAIIH
Ha rimyouHax 10 30 M [Anuctpartenko B., Anuctparenko O., 2001]; Tak:ke OH 3aperucTpupoBaH B recya-
HBIX Onotonax [Cunery0, 2004] u B oOpactanusix BosHOpe30B [ puHIOB u 1p., 2004; [llepouna, 2010].
ITOT BUJ TECHO CBSI3aH C OPraHU3MaMHU JIOHHBIX COOOINECTB, BHICTYIAsl B KaUuecTBe KOHCOpTa Rapana
venosa (Valenciennes, 1846) [Bonnapes, Peskos, 2017]. Kak v G0JIBIIMHCTBO MAHIIMPHBIX MOJLUTIOCKOB,
OH fABJsAETCA (puTOharom M nuraercs npeuMyiectseHHo puronepuduronom [Currie, 1984]. B Yep-
HOM MOpe pacmpocTpaHEéH B mpuOpexHbix Bogax Kpeiva u KaBkaza (1o Barymn) [fIkoBneBa, 1952];
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TeM He MeHee U1 CeBepHoro KaBkaza Haxonku L. cinerea HemHorouucieHHsl [Makapos, Kopasesa,
2018; Illepouna, 2010]. BOmbias ux yacTh MPUXOAUTCS Ha akBaTopur KpbiMckoro moyoctposa [BoH-
napes, Peskos, 2017; Butep, 2013; KoBanesa, 2012, 2020; KoBasesa u ap., 2016; JlocoBckas, 1984;
Makapos, 2018, 2020; Makapos, Kosanesa, 2018; Cunery6, 2001; Xaiinenko, 2019] u na Boas Kep-
YeHCKoro nposnBa [bupiokosa u nip., 2016; Tepentses, 2008, 2017]. ¥V nodepexbsi Cepeproro Kapka-
3a L. cinerea Obl1 BCTpeUeH JIMIIb TPYKABI 32 ocneare 70 jeT, mo3ToMy ero ooHapykeHue B OuoTorie
CYNpaJIMTOPaJIU MPEJCTABIISAET UHTEPEC.

HecmoTpst Ha mmpokoe pacnpocTpaHeHue L. cinerea B pasHbIX 4yacTsix Y€pHoro mops, B Ouo-
TOIE CYNPAJUTOPAIbHBIX BaHH BUJA OTMEYeH BhepBble. [laHIMpHBIE MOJUIIOCKM XOpPOILIO IpH-
crocoOeHbl K HeOJIaronpusiTHBIM yCIOBHSIM OCYITHOW 30HBI [SIkoBieBa, 1952] m 3aHMMaioT
Ba)XHOE MECTO BO MHOIMX JIMTOPAJIbHBIX OWOLEHO3axX, fABJIAACH PEryJasATOpaMH MNPOLYKTUBHOCTU
nepucurona [Aguilera et al., 2013].

Bo BHyTpeHHUX MOpsIX, TakUX Kak YEpHOe, B CBA3M C OTCYTCTBUEM NPUIMBHO-OTJIMBHBIX SIBJICHUI
JIUTOPAJTh 3aMEHSIETCS TICEBAOUTOPAIIBIO, CYILIECTBOBAHIE KOTOPOW 00YCIOBIEHO KOJIEOaHUSIMH ypPOB-
Hs1 Mops [ArapkoBa-Jlax, JIsx, 2022]. Tlo knaccudukanuu O. I'. Kycakuna, Kak OTIeIbHBI OMOHO-
MHUYECKUI THI JIUTOPAJIbHON 30HBI BbIIEJICHBI JIUTOPAJIbHBIE U CYNPAIUTOpajibHble BaHHH [KycakuH,
1961]; cnenmdrueckumMu 0COOEHHOCTSIMHU SIBJISTIOTCSI IOCTOSIHHOE TIPUCYTCTBHUE B HUX BOJIBL, OC/IA0JIeH-
HOE BO3JICHCTBUE MPUOO0S 1 pe3KHe KoJieOaHusI COJIEHOCTU U Temriepatypsl [ByTo, 2016]. B nonnmanu
W. B. BytoBa, BAHHBI — 3TO BOAOEMBI, KOTOPbIE 00pa3yIOTCsl B 00JIACTH OCYIIHOW 30HBI U MOTYT OBITH
MOJTHOCTBIO WJIM YaCTUYHO M30JMpOBaHbl OT MOps. Ciola MOKHO OTHECTH BBIOOMHBI, JIyKHU, BIIaJUHbI
Ha CKasax, a Takke yrinyOsieHus Mexay Iploamu 1 BastyHamu [Bytos, 2016].

Llens maHHOW padOTHI — OmNUMCaHWe MOMyJsuuu Lepidochitona cinerea B paHee He yKa3aHHOM
IJIS 9TOTO BHAA OMOTOIE, a TaKkKe BbISBIEHHE OCOOEHHOCTEW NaHHOTO OMOTONA M €ro BO3MOKHOTO
BJIMSIHUS HA IPUCYTCTBUE NAHLIMPHOI'O MOJUIIOCKA.

MATEPUAJI 1 METOIbI

HccnenoBanye MpoBeieHO B JIeTHUN U 3uMHME niepros 2022-2023 rr. Ha nodepesxbe Llemecckoi
oyxTbl YeépHoro mops (puc. 1).

<% mpic JIiobBH

44°4234"N, 37°4720" E

Puc. 1. Kapra-cxema paiiona uccnenoanuii B Llemecckoit Oyxte (U€pHOoe Mope): Y€pHble 3HAYKU —
ITYHKTHI B3SITHS POO BOJIBI; OpaHKeBBI — MYHKT oOHapyxenust Lepidochitona cinerea

Fig. 1. The map of study areas off the Tsemes Bay (the Black Sea): black marks denote water sampling sites;
orange mark denotes Lepidochitona cinerea finding site

Mopckoii buosnorrueckuii xypHain Marine Biological Journal 2024 vol. 9 no. 2



74 B. B. Conssaaukos, M. B. Ctennanos

[Toucku MOJUTIOCKA TPOBOMIIM MapUIPyTHBIM METOJJOM OT LIEHTPaJIbHOTO IUisika ropoga HoBopoc-
cuiicka o Mbica Xako. [Irana3on usydeHHoi riyounsl — ot 0,3 o 2,0 M. Coop L. cinerea ocyniects-
JISTA Ty TEM 0OCJIeIOBaHUSI €CTECTBEHHBIX TBEPABIX CyOCTPATOB — OCMOTpa BaJyHOB M MOIbEMA Kame-
HUCTBIX POCCHINEN 13 Bobl. Bo3pacT ocoOeii orieHuBaIv 10 TOJJOBBIM HACJIOEHHSAM Ha arekce MepBoro
nmTKa o metoguke A. M. Axosnesoit [1952]. [InuHy pakoOBUHBI U3MEPSUTA IO MUJUTUMETPOBOM K-
ne ouHokysspa YAXUN YX-AK36 (Kurait). Con€HocTh onpeiesisiid ¢ IOMOIIbo pedpakToMeTpa
RHS-10ATC (Kuraii) 111 MOPCKO¥ BOJIBI C TOYHOCTBIO 110 1 %0. KHCIIOTHOCTD M IENOYHOCTH M3MEPSLIU
Ha uugposom pH-meTpe EcoDigital (Kurait) ¢ Tounoctsio 10 0,1.

Homenknarypa Buaa npuBeleHa B COOTBETCTBUM €  aKTyaJdbHOHM  CHUCTEMAaTUKOMN
(https://www.marinespecies.org/).

[Tpo6sr Boapl 3 Llemecckoi OyXThl MCCIIEIOBAIM Ha COAepKaHKe TKETBIX MeTaJUTOB. [TpoOsl OT-
oupamu B aBrycre 2022 r. ¢ TpéX ydacTkoB OyXThl: Mbica JI1oOBH, Mbica Xako U CyIKYKCKON KOCHI —
¢ rryOunsl 1 M (Tadn. 1). B sauBape 2023 r. B3dTa NOBTOpHAs Mpoda BOIBI C Y4acTKa OOHApYKEeHUs
L. cinerea na mpice JloOBU.

[Mpo6s1 anamusupoBas Ha cnekrpodoromerpe HACH DREL 2800 (CIIA). MccnenoBanue
KaXJIOW MPOOBI BOJBI MPOBOAWIM B TPEX aHATUTHUYECKUX MOBTOPHOCTAX. OMpenensum coaepkaHue
BOJIOPACTBOPUMBIX (DOPM TSKENBIX METAUIOB (Me/lb, KaJMUi, KOOAJIbT, CBHHEI], MAapraHell U IUHK).
[Monyuennsie 3HaueHus conocraisum ¢ [TK nist peidoxo3siicTBeHHBIX Bo10oéMOB [2016].

Ta6mmma 1. [aTel, KOOpOMHATH M DIyOWHA y4acTKOB oTOopa mpod Boasl B Llemecckoii Oyxrte (Yépnoe
MOpe)

Table 1. Dates, coordinates, and depth of water sampling sites in the Tsemes Bay (the Black Sea)

YuacTok OyXThl Hara N Koopauars 5 I'ny6una, m
Meic JIioOBu 21.01.2023 44°42'32.61” 37°47°20.96” 1
Msic JTioGBu 13.08.2022 44°42'32.34” 37°47°20.93” 1
CymKykckas koca 13.08.2022 44°41’4.92” 37°48’12.80” 1
Meic Xako 13.08.2022 44°39’1.31” 37°44718.34” 1

PE3VIJIbTATHBI 1 ObCY KJIEHNE

I'eomopdosoruueckast XapakTepuCTHKA HCCIAE0BAaHHBIX OMOTONOB. MbIC JII0OBU SIBIIsICTCS
MPOIOJIKEHNEM OJIHOMMEHHOTO TUISIKA, BIAOJb KOTOPOTO MPOXOJWT IIEHTpaibHAas HabepekHask ropoja
HoBopoccuiicka. TIpoTsk€HHOCTD TUIsKa cocTapisieT okoo 100 M, mupuHa — 4-5 m. Tlobepexbe
CJIO’KEHO OCaJOYHBIMU TOPHBIMU TIOPO/IAMU: TIECUAHUKOM, aJIEBPOJIUTOM, KBapuutoMm [MoaunHa, Ky3He-
110B, 202 1] u u3BecTHsIKOM [[lemOurtkuii u ap., 2014]. ['eomopdonoruyeckuii Tun 6epera moica JIoOBHy,
Kak u Bceit Llemecckoit 6yxThl, — aOpa3uoHHO-0yxToBbIH [ [JoOpoBosbekwmit, 3anorut, 1982]. Kiud mbi-
ca 3a6eToHMpoBaH. [IIsbK Mepexo T B 3aTOIUIEHHYI0 aOpa3sMOHHO-aKKyMYJISTUBHYIO Teppacy (OeHdY)
nmpuHON 10—12 M. AHaJOrMYHBIE MOPCKHE Teppachl MOXHO HaOJOAaTh HA MHOTHX a0pa3HMOHHBIX
Oeperax, B YaCTHOCTH Ha y4acTKaX, MPUMbIKAIONIHMX K MbicaM [JIeoHTheB, 1955].

[ToBepxHOCTH OEHYA MOYTH MMOJIHOCTHIO OKAWIMIIEHA TPSON BATyHOB, KOTOpasi MPOCTUPAETCS BAOJb
OCHOBaHUsI MbIca. B pe3yJibTaTe CrOHHO-HArOHHBIX KOJIEOAHUI YPOBHSI MOPSI BO/IA 3a/IEPKUBACTCS MEX-
Jly BaJlyHaMH ¥ 06pa3yeT ICeBI0TUTOPaIbHYIO 30Hy ¢ BAHHAMY 0oO1IIel miommaasio 618 M2 3neck mpowc-
XOJIUT AKTUBHASI aKKYMYJIAIMSA OMOTeHHBIX OCTATKOB, YTO MPUBOJWT K 3aWJIMBAHUIO CyOCTpaTa. Xapak-
Tep rPyHTa CMEIIAHHbIIA; TPYHT COCTaBJICH BYMS (DPAKIMSIMUA — KPYITHOOOJIOMOYHBIM U3BECTHSKOBBIM
mebHem (> 10 cm) u octpoyrosibHeIMM BastyHamu (> 100 cm). Ha yuacTke ype3a u HUXke ype3a BOAbI
JOHHBIE OCA/IKU BaHH MPEeACTaBIeHbl KAMEHUCTOM POCCHINbIO C MPUMECHIO Wiia (puc. 2).
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Puc. 2. I'eomopdonornyeckas kapra mMbica JIioOBu: 1 — akkymysisituBHasi popma; 2 — OeperoBblie BaJibl;
3 — ycnoBHas TpaHUIA CYNPAJMTOPAIbHBIX BaHH; 4 — NpeBHUH OeHY; 5 — BalyHBl; 6 — W300aTHI;
7 — HarpaBJieHre HAHOCOB

Fig. 2. Geomorphological map of the Cape Love: 1, accumulative form; 2, beach ridges; 3, conditional
boundary of supralittoral baths; 4, ancient bench; 5, boulders; 6, isobaths; 7, direction of sediment

Cxoxwii o THITy OMOTON HAXOJWUTCSI B OKpeCTHOCTsX [kaHxoTa. D10 Onvkaiimast K mbicy JIoo-
BU TOYKa peructpaiuu L. cinerea (xoopauHatel o [GBIF, 2023] — 44°27°28.9”N, 38°9"27.7"E),
I7ie BIOJIb OeperoBoii JIMHUM TSHETCs KimdoBas 30Ha. B pesynbraTe mpoporkaomuxcs: abpa3suoHHO-
JEHYJAIIMOHHBIX TIPOIIECCOB HA TATIEYHOM IUIsKe chOPMUPOBAHBI TIIHIOOBATHIE U BATyHHO-TJILIOOBATHIE
HaBasbl [Hukugopos, lleBuenko, 2015], cxoxue ¢ cynpaauTopaibHbIMUA BaHHAMH Mbica JII0OBH.

B o6cnenoBaHHbBIX paiioHax, Ijie MOJUTIOCK He ObLT OTMEUYeH, MUHEPAJIbHbIN COCTAaB CKAJIbHOTO TPYH-
Ta HE CWJILHO OTJIMYAJICS OT TakoBOro Ha meice JIiooBu [[demOunkuit u np., 2014]. OT ueHTpaIbHOTO
msika HoBopoccwuiicka 10 Mbica Xako 3ahMKCUpOBaHA 3aMeTHasl pa3HMIIA B pa3Mepe U OKaTaHHOCTH
rpyHTa. Tak, 6epera mpica Xako u CyIKyKCKOM KOCHI TIPEJICTABJICHbl B OCHOBHOM KPYITHOTQJIEYHUKOM,
TOrAa Kak nobdepexkbe Mpica JIloOBU — KpyMHOOOJIOMOYHBIM IIEOHEM U BATyHAMHU.

Ha mpice Xako 10CTaTOYHO OTYETIMBO BUJIEH OTMEPIIHA KJIHG C OOHAKAIOIMMUCS rpeOHsIMU OeHYa
Y MIPUMBIKAIOIIAsA K HUM aKKyMYJISITUBHas Teppaca. beperoBbie Bajibl CJIOXKEHBI KPYMHOTATEUYHUKOM,
Me:Ky HUIMUA OTMEYeHbI TIOHMKEHUSI.

CymxyKckast Koca CJI0KeHa HAaHOCAMU U IIPe/ICTaBIsieT codoi GeperoBoit 6ap mmpunoi 10-15 m.

OO01mas xapakTepucTHKa MeCTOOOHTAHHSA OEHTOCHBIX COOOIECTB MOJLIIOCKOB. Ha Ba-
JqyHax AoMUHUpPYIOT ¢utoneHossl Cladophora laetevirens (Dillwyn) Kiitzing, 1843 u Ulva rigida
C. Agardh, 1823 + Ulva intestinalis Linnaeus, 1753, B KOTOpPbIX OCHOBY BUIOBOTO Pa3HOOOpa3usi CO-
00ITIeCTB OSCITO3BOHOYHBIX COCTABJISIOT PAKOOOPa3HbIe M OPIOXOHOTHE MOJLTIOCKU. HrkHue spychl du-
TOLIEHO30B IMPeICTaBIEHbl KOPKAMU KOPAJJTMHOBBIX BOAOpPOCeil. MakpoUTOOEHTOC, BCTpEYaIOLIUICs
Ha mbice JI06BU, paHee ObLT JOCTATOYHO MOJHO M3Y4YeH Ha (putolieHOTHYecKoM ypoBHe B. ®. Tero-
6oBoii [2010]. [To e€ HabMIOAEHUSAM, TICEBIOIUTOPATbHAS 30HA MPeICTaB/IeHa MAThI0 MOHOIOMUHAHT-
HeiMu putotieHo3amu: C. laetevirens, U. intestinalis, Porphyra leucosticta Thuret, 1863, Scytosiphon
simplicissimus (Clemente) Cremades 1990 u Urospora peniciliformis (Roth) Areschoug, 1866. 3a mnpe-
AelaMH NPUOOWHBIX BaHH, HA TryouHe 1,5-2,0 M, MOJUTIOCK He OOHapyXkeH. 31ech OEHY MepexXOquT
B MO/IBO/IHBIN CKJIOH, IJIe Ha OKaTaHHBIX OCAJOYHBIX OOJOMKAaX JAOMHUHUPYIOT (putoreHo3sl Cystoseira
barbata (Stackhouse) C. Agardh, 1820 + Cystoseira crinita Duby, 1830.
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B okpectHOCTAAX JI’KaHXOTa JAOHHAsA PACTUTEIbHOCTD NICEBAOJIMTOPAIIN MpeICTaBleHa Tpems (puro-
ueHo3amu — Dilophus fasciola (Roth) M. A. Howe, 1914 + Padina pavonica (Linnaeus) Thivy, 1960,
C. barbata w C. laetevirens. DT aJbroLIEHO3bl XapaKTEPHBI [UIS IICEBJOJUTOPATA MbICa XaKo
Y OTJIMYAIOTCS OT COOOINECTB CYNPATMTOPATIbHBIX BaHH Mbica JIloOBU.

I'maposoruyeckne XapakTepHCTHKH 00CjeI0BaHHBIX OMOTONOB. Temreparypa BoJbl Ha MO-
MeHT cOopa MaTepuana gocturana +28 °C (aeryct) u +9 °C (saHBapb). B BaHHaX, MMEIOIIKX MOCTO-
STHHYIO CBSI3b C MOPEM, COJIEHOCTh COCTaBJisieT OKoJIO 17 %o. B cynmpanuropaibHbIX BAHHAX 3HAUYEHUE
cHrkaetcst 10 16 %o. DTH KoJIeOGaHUS YKJIABIBAIOTCS B AUATIA30H M3MEHUMBOCTH COJIEHOCTH B OyXTe
Lemecckas (16,15-18,57 %o) [KauectBo Mopckux Bom, 2020].

B niceBnonuTopanbHO 30HE OTMeueHa caadole/louHast peakiys cpeapl. BenuunHa BOIOpOIHOTO
MoKa3areJisi IPaKTUYECKU MOCTOsIHHA U cocTaBisieT 7,5—7,6.

BaHHBI Kak OMOHOMHMYECKHUH THIT JIMTOPAIU (TICEBIOJIUTOPAIN) XapaKTePU3YIOTCS OTCYTCTBHEM
npudosi WK ero ociadyieHreM MPU COXPAaHEHUM OOJIbIIEN YacThlo €ro adpupyloliero BiausHus [By-
ToB, 2016]. [laHIMpHBIE MOJUTIOCKM YYBCTBUTEJIbHBI K HU3KOMY CO/IEPKAHUIO PACTBOPEHHOIO B BOJIE
kuciopona [fkoeneBa, 1952]. BanyHbl HaXOAsTCA B 30HE MOCTOSTHHOTO MPHUOOSI M BBIMOJHSIOT POJIb
BOJIHOPE30B, 3alIMIIAIOIIMX BAHHBI OT BETPO-BOJIHOBOIO BO3JEUCTBHS; IPU STOM MOBBIILIAETCS YPOBEHb
a’sparyu BOJIbl, YTO HEOOXOAUMO JJISI XUTOHOB.

Xapakrepuctuka nonyiasimuu Lepidochitona cinerea. MoTIOCK BCTpEUYeH Ha OCAJOYHBIX TOPO-
nax Ha riryoune 0,3—1 m. Beero Haiineno 34 ocoou L. cinerea (puc. 3). CpeqHsist IJTMHA PAKOBUHBI —
6,2 MM, MakcuManbHast — 8,0 Mmm. Bo3pacT ocobeit ¢ AMHON paKOBHHBI 6—8 MM COCTaBJIsSIeT TPH TO-
na. Yarre Bcero MoJUTIOCKA PErUCTPUPOBAIIH Ha TBEPABIX CYOCTpaTax, MOKPHITHIX MUK POTIEPU(PHUTOHOM,
Y B CUHY3UU KOPKOBBIX KOPAJUIMHOBBIX BOJOPOCIIEH, KOTOpbIE, 10 yTBepkacHUI0 D. R. Currie [1984],
HETOCPEeCTBEHHO BXOAST B palloH Bua. Ha pakoBuHax L. cinerea 3apyKCUpPOBaHbI IBA STMOMOHTA —
MHOTOIIIETUHKOBBIA TPyOUaThlii YepBb Spirorbis sp., OOHAPYKEHHBI Ha IJIACTUHAX JIEBSATH XUTOHOB,
u C. laetevirens, oTMEYeHHAsI Ha TPEX OCOOSIX.

Puc. 3. Lepidochitona cinerea Ha TBEpABIX cyOcTpartax B nceBaouTopany Mbica Jlioosu (UY€paoe mope)
Fig. 3. Lepidochitona cinerea on hard substrates in the Cape of Love pseudolittoral (the Black Sea)
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VpoBeHb 3arpsi3HeHNsl BOAbl HOHAMH TSIKEJIbIX METAJJIOB. Pe3ybTaThl UCCeI0OBaHNS TPU-
BeJleHbl B Ta0. 2. [l cpaBHeHUs IOTy4eHHbIX JaHHBIX ¢ [TJIK 1515 peiO0X03sIiICTBEHHBIX 1eJIel B3SThI

yCpeAHEHHBIE 3HaYeHUs1 M0 MbICY JII0OBU (JIETHUI ¥ 3UMHHIA TIEPHOLT).

Tadmmua 2. CoaepxkaHue TSKENBIX METAUIOB B BOAAX UCCiIeyeMbIX yuacTkoB Llemecckoit 6yxTol (UeépHoe

MOpe)

Table 2. Heavy metal content in waters of the study sites off the Tsemes Bay (the Black Sea)

Tsoxenpiia V4acTok GyXThl

MCTanJlT, Mbic JTio6Bu CykyKcKas Misc Xako K,

Mr-11 Asrycr AnBapp Koca
Cd 0,0049 + 0,0001* 0,0043 + 0,0001* 0,0039 + 0,0001* 0,0046 + 0,0001* 0,01
Pb 0,011 £0,0001* 0,01 £0,0001%* 0,01 £0,0001* 0,011 £0,0001* 0,01
Co 0,07 £0,0001%* 0,07 £ 0,0001%* 0,06 £ 0,0001* 0,08 £ 0,0001* 0,005
Mn 0,429 £ 0,061 0,419 £ 0,007 0,402 £ 0,017 0,407 £ 0,021 0,05
Cu 0,069 £ 0,001 0,062 £ 0,005 0,056 £ 0,003 0,063 £ 0,003 0,005
Zn 0,07 = 0,006 0,06 £ 0,005 0,06 £ 0,005 0,07 £ 0,005 0,05

IIpumeuanne: HI[KBP MpelesibHO  JIONyCTUMasi KOHLEHTpalMsi B BOAE BOJOEMA, MCIOJb3YEMOIrO

17151 ppIOOXO3SIACTBEHHBIX LIeJIel; * — MOTrpeIHOCTh U3MEpEeH st IpHOopa.
Note: [1]IK,, denotes maximum permissible concentration for fishery reservoirs; * indicates instrument error.

KoHneHTpanys coeAMHEHUH TSHKEBIX METAJUIOB HA CCIIEJOBAHHBIX yYacTKaxX OyXThl MMeJs1a HeOOJIb-
1ryio BapradenbHocTh. CofepkaHue KaaMusi BO BCEX MPoOax BOJIbI HE MPEBHIINAIO0 HOPMATHBOB, OTHAKO
NpUOIMKATIOCh K BEPXHEH T'paHuIle HOpMBL. Meib, MapraHell 1 KoOaIbT HAXOAWIMCh B BOJE B JOCTa-
TOYHO BBICOKMX KOHIEHTpaImsx: 3HadeHus oo Boime [TJIK B 13,1; 9,0 u 14,0 paza cOOTBETCTBEHHO.
Conepxkanue cBUHIIA U IIMHKA nipeBbiiaio [1JIK Hesnauntensno — B 1,1 1 1,3 paza cOOTBETCTBEHHO.

Ha mpice JI100BU ObLT OCYIIECTBIIEH TOBTOPHBINA COOP TMIPOXUMUYIECKUX IPOO /IS BBISIBJICHUS KOP-
peJISALMU MEeXAy XUMUYECKUMU TIOKA3aTeIsIMU BOJbI M IIPUCYTCTBUEM MoJUTIOCKa. [lapaMeTpsl 1o JieT-
Hell ¥ 3UMHel Mpode oTIMYanich He3HauuTe bHO. [Ipu ot6ope 3uMHuX Tpod ObLIM OOHAPYKEHBI MATH
B3pOCIIBIX 0co0el L. cinerea.

B Hacrosiee Bpems Mbic JIl0OBU sIBJIsSIeTCsI € IMHCTBEHHBIM BBISIBIIEHHBIM B LlemMecckoii OyxTe ydact-
KoM obutanus L. cinerea. Ilo cpaBHeHu1o ¢ 6uotonamu Mbica Xako U CymKyKCKOW KOCHI, I1ie BUJ
oOHapyskeH He Obl1, OuoTon Mbica JIIoOBU MoABEep:KeH OOJIbIIIeMY 3arpsI3HEHHIO.

[Toy4yeHHbIe MOBbIILIEHHbIE 3HAYEHU I COJIePKAHUS MOHOB TSIKEBIX METAJIJIOB MOKHO CBSI3aTh C TEM,
YTO aKkBaTOpHs Mbica JII0OBU SIBJISIETCS 30HOU CTOKA TOPOACKHUX HEOUMIIEHHBIX X03SICTBEHHO-OBITOBBIX
u uBHeBbIX Boj [TetoOoBa, 2010]. HoBopoccHiick BXOAUT B YKCIIO KJIIOUEBBIX TPAHCIIOPTHBIX IIEHTPOB
Kpacnopnapckoro kpasi. 3aech (byHKIIMOHUPYET OJUH U3 KPYIHEHIIMX OPTOB CTPaHbl, MPEICTABIAIO-
A 9KOJIOTHUYECKYIO OTTACHOCTB JIJIsT akBaTopuu OyXxThl [ TexHoreHHOE 3arpsi3Henue, 1996]. Tonpko B Te-
yenue 2000 r. B mopty 0bUI0 3acpukcrpoBaHo 46 cyyaeB aBapuiiHBIX pa3anBoB Hedty [Pamryk, 2019].
Kpome TOro, uctouHMkamu 3arpsi3HEHUs1 SIBJISIOTCS MOpCKHe HedTenepepadaThIBaOIIME MPeaIpusi-
TS, B YyacTHOCTH HedrenepeBanouHas 0a3a «lllecxapuc» [[unamuueckue mpouieccel, 2003], a Tak-
*e nemMeHTHole (Harpumep, AO «HoBopociieMeHT»), MalmHocTpouTebHble («KpacHblil nBUraTesb»
u «MoJsiot») u apyrue 3aBoasl [Mamacs u np., 2012].

[Tpu stom npesbimienne [1K mo menu, mapranily U KoOanabTy B BOje, MO BCe BUIMMOCTH,
He SIBJISIOCh (DAKTOPOM, OTPaHMYMBAIOIIMM pa3BuTHe BUa B Liemecckoii OyxTe.

BriBoabI:

1. Bxonue uccnenoBanus, mposeaéHHoro B 2022—-2023 rr. B ipuOpesxHoi 30He [lemecckoit OyXThI (B Cy-
MPAMTOPAILHBIX BaHHAX ICEBIOJIUTOPATH, CPEAd KaMEHHUCTHIX POCCHINEN U BaJTyHOB Ha MBbICE
Jlio6B1), BIIepBbIE 3aperCTPUPOBAHA JIOKATbHAS TIOMYJIALMS AHIIMPHOTO MOJLTIOCKA Lepidochitona
cinerea, HacUUTEIBaIONas 34 ocoom.
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2. Kommiekc OMOTONMYECKUX YCIOBHW CYNPAJMTOPAJIbHBIX BaHH,

3.

BEPOATHO, o0ecIieunBaeT

(bopMupoBaHue onTUMasbHBIX TPOpUUECKUX U daduueckux hakTOpoB i pa3BUTHA L. cinerea.
I[ToBbIIIEHHBIE KOHLIEHTPALUK PsJa MOHOB TSKENBIX METALIOB (Me/lb, MapraHel, CBUHell, KoOaJbT
¥ UMHK) B akBatopuu Mbica JII0OBH, MO-BUIMMOMY, HE OKAa3bIBAIOT CYIIECTBEHHOIO BIIUSHHS

Ha L. cinerea.

Heo6xoanMbl MOHUTOPUHT COCTOSIHUS OKPY KAIOIIEH Cpe/ibl MECTOOOMTAHMUS XUTOHA, TIOUCK CXOKHX
OMOTOIIOB B IPyrMX paioHax MoOepexkbs, a TAKKe U3ydeHne MPpUOpeKHbIX cooOmmecTB Mbica JIIoOBH.

BaaromapHocTb. ABTOpHI BhIpakaioT OnarogapHocts K. 6. H. O. H. Topramkosoii 1 A. C. Benukoy

3a MNpEeaoCTaBJICHUE CIIEUAJIbHOTO 060py)1013aHm{, a TaKX€ AHOHMMHBLIM PEHUCH3CHTAM 3a KOHCTPYKTHBHLIC

3aM€YaHrA U pEKOMEHIalluu, CJIEA0BaHUE KOTOPBIM ITO3BOJIUJIO MOBBICUTHL KAYECTBO pa6OTLI.
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ABOUT THE FINDING OF LEPIDOCHITONA CINEREA (LINNAEUS, 1767)
IN THE TSEMES BAY (THE BLACK SEA)

V. Solyannikov and M. Stepanov

Saratov State University, Saratov, Russian Federation
E-mail: lacrimas.777@mail.ru

Chitons inhabiting natural hard substrates in the Tsemes Bay pseudolittoral from the central beach
of Novorossiysk to the Cape Khako were investigated in summer and winter periods of 2022-2023.
For the first time in the Tsemes Bay, a local population of Lepidochitona cinerea (Linnaeus, 1767) (Poly-
placophora, Tonicellidae) was recorded on substrates of sedimentary origin. It is a rare species, and over
the past 70 years, it was found in waters of the North Caucasus only three times. We registered
34 L. cinerea specimens with a maximum shell length of 8 mm. The age of the largest individuals (three
years) was determined by the annual rings of the apex of the first shell shield. The species is distributed
in the upper horizon of the Cape of Love pseudolittoral and is confined to supralittoral baths. A similar
biotope, where the chiton was found as well, was discovered in 50 km from the Tsemes Bay. As as-
sumed, the occurrence of the mollusc in the water area is precisely due to the presence of this bionomic
type of habitat — supralittoral baths which are not expressed in other study sites of the bay. The aim
of the research is to describe L. cinerea populations in a previously unspecified biotope for this species
and to identify the features of this biotope and its possible effect on the chiton occurrence. Informa-
tion on the geographic distribution and biotopic confinement of the species was updated. The effect
of ecological, hydrochemical, and geomorphological features of the biotope on L. cinerea occurrence
was considered.

Keywords: Lepidochitona cinerea, pseudolittoral, supralittoral baths, Tsemes Bay, Black Sea

Mopckoii 6uonoruueckuii kypHan Marine Biological Journal 2024 vol. 9 no. 2


https://www.gbif.org/
https://doi.org/10.13140/RG.2.2.29537.12647
https://www.sgu.ru/en
mailto:lacrimas.777@mail.ru

8 71 Mopckoii GUOJIOrHYeCKUH KypHAI

Marine Biological Journal

[T o —
Tmﬁlmlum]“ 2024, Tom 9, Ne 2, c. 83-97
WHBIOM — IBSS https://marine-biology.ru

VK [551.465:581.526.325](269.4)“322”

IIPOCTPAHCTBEHHA I U3AMEHUYNBOCTD
TEPMOXAJIMHHBIX IIAPAMETPOB 1 COCTABA ®UTOIIJIAHKTOHA
3AIMA/THOM AHTAPKTUKH B JIETHUM ITEPUO ]

©2024r. . IO.Ilapasun, II. T. Beasiesa

WHcrutyT sKosornn u reHeTukn Mukpoopranuzmos YpO PAH, Ilepms, Poccniickas ®eneparms
E-mail: dima-sharavin@yandex.ru

Iocrymuna B pegakmmio 03.10.2022;  mocne gopadotku 11.01.2023;
npuHATa K myosmkamym 19.02.2024;  ony6smkoBaHa ontaii 20.05.2024.

B pesynbrate wuccnefoBaHus TMPOCTPAHCTBEHHOM W3MEHUMBOCTH TEPMOXAJIMHHBIX XapaKTepu-
CTUK (TeMreparypa, CONEHOCTh U PACTBOPEHHBIN KHCIOPO) M CTPYKTYpPHI (PUTOIUIAHKTOHA (COCTaB,
YUCJIEHHOCTb 1 OMoMacca) FO:xHoro okeaHa B JIETHUI NEPHO[, IIOJIyYE€Hbl HOBBIE JAHHBIE JUISI MAJIOU3Y-
YEHHOTO PerroHa AHTAPKTHKM — pa3pe30B BIOJIb BOCTOYHOW I'paHuLbl Mopsi Pocca o mepuanany
156° 3. 1. (P1, mpotsix€HHOCTD 35 KM, 6 craHnumil) u BOim3u cranimu Pycckas (P2, 87 kM, 13 cran-
LIMi1), a Tak’ke OJMHOYHOM CTaHIMU (paiioH ocTpoBa Py3sensT) 1 npoausa bpancdunn (P3, 118 kM,
11 craHiwmii). AKTyaJIbHOCTh aHAJIM3a STOr0 PerroHa 0OYCJIOBJIEHA ero pacrojioKeHUEM Ha TPaHULIe
1renbga 1 MaTEpUKOBOTO CKJIOHA C Pa3HBIMU NTApaMeTpaMy TEMITEPATypPhl M CTPYKTYPHI BoJ. B moBepx-
HOCTHBIX Boziax P1 u P2 BbisiBIIeHBI HU3KAs COJIEHOCTh M Pa3/IMYHbIe TEMIEPATYPHbIE XapaKTePUCTH-
k1 — Oonee HuU3kue 3HaueHus Ha P2 (—1,5 °C) u 6onee Boicokue Ha P1 (0 °C). [Insa Box mposiiBa
Bpancdwmina (P3) nonyyeHsl THOMYHBIE JaHHBIE 10 COJIEHOCTH M COIEPKAHUIO KUCTIOPOAA, HO HECKOJIb-
KO TIOBBILIEHHBIE 3Ha4YeHHs Temneparypsl (1o +2 °C). Ha oguHOYHOW CTaHIMM 3aperucTpupoBa-
Ha OTHOCHUTEJIBHO IPEecHas, XOJIOJHAsl U HachllleHHas KHUCIopoJoM Boja BepxHero 100-merpoBoro
CJIOS1 ¥ OTMEYEHBl HU3KME 3HAYeHUsl TeMIepaTypbl IPUAOHHON YacTH, a TaKke BBICOKas MHUHEpPaJU-
3anusi. B cocraBe (pUTOIUIAHKTOHA WCCIIEIOBAHHBIX PAiOHOB Ompe/eseHbl 48 TAKCOHOB MUKPOBOJIO-
pocieit 3 5 otneno (Bacillariophyta — 38, Dinophyta, Cyanoprokaryota u Chrysophyta — 1o 3,
Haptophyta — 1) u 1 takcon makpogutoB (Rhodophyta). MakcumanabHOe CXOACTBO BUIOBOIO CO-
craBa (PUTOILIAHKTOHA (B cpeaHeM 43 %) XapaKTepHO AJIA IMIeNb(OBBIX CTAaHIMI pa3HbIX PAallOHOB.
O61mas yrcneHHOCTh (PUTOIIAHKTOHA M3YYeHHOW akBatopuu FOkHOro okeaHa Konebaiach B npeje-
nax 4,3-264,0 teic. ki.-1!, 6uomacca — 0,07—1,18 mr-n~'. OCHOBHO# BKJag B KOJHIECTBEHHBIE
XapaKTEepUCTUKU (PUTOIIAHKTOHA BO BCEH HMCCIIEIOBAHHON aKBaTOPHMM BHOCHJIM JMaTOMOBBIE BOJO-
pociy, TIPeUMYIIeCTBEHHO TpeacTaButenu poaa Fragilariopsis Hustedt, mpuypodeHHbIe K MIeTbpy
1 npubpexkHbiM parioHam. [Ipu yaaieHuu ot Oepera U B OTKPHITOM Mope Ha paspe3ax P1 u P2 riy0-
ke 50 M ¥ B IOBEPXHOCTHBIX BOjax Ha paspe3e P3 ormedeHo MaccoBoe pasutue Buga Phaeocystis
antarctica Karsten (Haptophyta). [nsa P2 BelsiBlieHa 3aBUCHUMOCTb UYUCJIEHHOCTU (PUTOIUIAHKTOHA
OT TeMIIEpaTypbl ¥ COIEHOCTH BOJBI.

KuroueBbie ciaoBa: 3amagHasi AHTapKTHKa, Tponwe bpancdwunn, menbd, MpocTpaHCTBEHHAS
MU3MEHYMBOCTb, TEPMOXaJIMHHbIE TApaMeTPhl, (PUTOMIIAHKTOH

IOxubii okean (manee — lOO) sBisieTcss OOHUM U3 CaMbIX BBICOKONPOIYKTHBHBIX B MHpE,
OH KpaiiHe BakeH IS TIOOAJbHBIX ITUKJIOB BellecTBa Ha rianete [lida, Odate, 2014; Petrou et al.,
2016; Varela et al., 2002]. 3a nocneaHuve AecATUIETUs TEMIlepaTypa B 9TOM PETMOHE IMOBBICKIIACH
6osiee yeM Ha 1 °C [Mangoni et al., 2017]. B Bogax, ombIBalOIMX AHTAPKTUYECKHUI MOJIYyOCTPOB,
nojoOHasi TemreparypHasi TeHACHIUS BbIpaxkeHa HauOoJjiee CUIbHO, YTO CIIOCOOCTBYET Pa3pylICHUIO
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1eTb(OBBIX JIEAHUKOB, OTCTYIUICHHUIO JIEJOBOTO Oapbepa, OOHAKEHUI0 HOBBIX OEPEroBbIX MECTOOOHTA-
HUI, a TaK)Ke U3MEHEHUI0 (PU3UKO-XUMHUYECKUX CBOICTB BOAHOM TOJIIIM U TpaHChOpPMAILIUU MOPCKUX
nuieBbix ceTeid [Mendes et al., 2012; Rozema et al., 2017].

[Tpumepno 60 % nosepxHoctu KOO cBOOOAHBI OTO JibJa B TEYEHUE BCErO roja, U B ITUX BOJAX
JUMUTHUPYIOIIMMU TIEPBUUHYIO TPOAYKIMIO (DAKTOpaMU SIBIISIIOTCSI OCBEHIEHHOCTh U JIOCTYITHOCTD Ke-
ne3a u docdopa. TIpoayKTUBHOCTL BOAHBIX Macc ocTanbHbIX 40 % nosepxnocty 00 (~ 19 maH km?)
CWJILHO 3aBUCHT OT CE30HHOT'O JIEJIOBOTO IMOKPOBA U PETyJIUPYeTCs] CPOKAMHM €ro OTCTYIUICHHS, odecre-
yuBas 5-30 % nepBUYHON ro0BOM mpoaykiuu [Biggs et al., 2019; Moreau et al., 2020; Petrou et al.,
2016]. 3onanbHOE pacnpeesieHue Jibja 10 IMKUPOTe, B CBOIO OYepe/ib, BIMIET Ha MecTa oOuTaHusi (puto-
IUIAaHKTOHA U 30011aHKTOHA [lida, Odate, 2014]. B 6oraTeix nuTaTeIbHBIMU BelllECTBAMH MPUOPEKHBIX
BOaX AHTApKTHKHU B COCTaBe (PUTOILIAHKTOHA BbIsIBJIEHO 350 BUIOB BOAOPOCIIEH, a TNIOTHOCTb KJIETOK
MIPY 1IBETEHUU JIOCTUTAET 108 Ha 1 1 [Deppeler, Davidson, 2017].

HakorieH 3HaunTe IbHBIN 00BEM JaHHBIX O MPOCTPAHCTBEHHOM U CE30HHOM pacripe/ie/ieHUH, a TaK-
*ke 0 buopaznoodpaszuu purorutankrona Bog KOO k 3anagy oT AHTapKTHYecKoro rnoyoctposa (KOxHbie
[MeTnanackue octposa, npoaus bpancdung n mope bennmmHcraysena). JJoctaTouyHo nosaHas uccieno-
BaHHOCTh 3arajHoN YacTu Mopsi Pocca u snm3oandeckass — Mopsi AMyHJICEHa 0OYyCIIOBJICHB HAJIH-
YyrieM cTaOWJIbHBIX TOJIbIHEN B JIETHUI MIEPHO, a TAKKE PACIIONOKEHHEM MOOIM30CTH KPYTIJIOTOIUYHBIX
AHTAPKTUUECKUX CTAHLIUHI. Malon3yueHHbIM OCTAaETCs (PUTOTUIAHKTOH akBaTopuu OT Mbica Kosbek (1mo-
ayoctpoB Dayapaa VII, 158° 3. a.) no mbica Japt (3anagHast yactb Mmopst AMyHACeHa, 126° 3. 11.) Mex 1y
Mopsimu Pocca 1 AMyHjIceHa, B paiioHe cTaHIu Pycckast, rjie 1 ObLIH BBITOJIHEHBI HAIIA UCCIICIOBAHMS
Ha pazpe3ax P1 u P2. [lanHbII pallOH MHTEPECEH C OKEAHOTpapuUECKON TOUKHU 3PEHUSI: OH PACIIOJIOKEH
B 00J1aCTH, pa3rpaHUYMBAIONICH pa3IMUHbIe 0 TeMIIEpaType U CTPYKType BoA (Ha Iiesbge U MaTepu-
KOBOM CKJIOHE) YacTH AHTApKTHKH; TAKXkKe OH HCIBITHIBAET BIUSHUE OKEAHUYECKUX U aTMOC(EPHBIX
HUPKYJIAUUA [AHTUTIOB U 1p., 2020].

PaboTta nocesieHa u3y4eHuio MpoCTPAHCTBEHHOM M3MEHYMBOCTY TEPMOXAJTMHHBIX TAPAMETPOB, CO-
CTaBa M pacrpefesieHus (PUTOIUIAaHKTOHA 3amnagHod AHTapKTHKU B TUXOOKeaHCKoM cektope HOxHo-
ro okeana ot OyxTel KurtoBas (paiion ocrpoBa Py3BensT) 10 mbica Bépkc (paiioH cranimu Pycckas),
a Takke B nposivBe bpaHcduiia B 1eTHHIA Ce30H.

MATEPUAJI 1 METO/1bI

OxeaHorpaduyeckrie ¥ aJbroJoruyeckre HaOMOICHUS BHIITOJIHEHH B X0je 65-i Poccuiickoii aH-
tTapkTraeckon sxcneauii Ha HIC «Akanemuk Tpémaukon» ¢ 06.02.2020 no 10.03.2020. Mo mapim-
pyTy CylHa HUCCEJ0BaHBl MaJIOW3yUYeHHbIE AKBATOPMM 3arajHON AHTapKTHKHU: CTaHUMSA 3 B I0TO-
BOCTOYHO# yactu Mopsi Pocca (Oyxta Kutosas) B 12 kM ceBepHee octpoBa Py3senbt (78°41.13 10. 1.,
163°42.58" 3. 1., 06.02.2020); pa3zpe3 1 (P1), npoTskEHHOCTHIO 35 KM, COCTOSIBIIMIA U3 O CTaHIIHA,
BJIOJTb BOCTOYHOU rpaHuibl Mopsi Pocca y Meica Konbek momyoctposa Dayapaa VII no mepunuany
156° 3. a. (07.02.2020); pazpe3 2 (P2), nmuron 87 kM, coctosiBimil u3 13 cranmii, B 450 KM Bo-
crounee P1 (BOym3u cranuum Pycckast), B 36 kM ot ¢poHTa menbposoro Jeaarka Kopaemia Xaa,
MEPECEKABIIMN TPAKTUYECKU BECh 1IeIb(, OTHOCUTEIBHO Y3KUU B 3TOM peruone (24.02.2020). Tak-
e B rposuBe bpancuinn (paiton anTapkTruecko cranuuu besumncraysen, 09.03.2020-10.03.2020)
ObL1 BeiMosiHeH 1 18-kunomerposbiii paszpe3 3 (P3), cocrosBimii u3 11 cranmmii. Cxema paiioHa uccie-
JOBaHUI1 IpUBEJEHa Ha puc. 1.

['my6oKkoBOIHBIE OKeaHoT pauiyecKre HaO0AeHH S IPOBOAMIN Ha 34 CTAHIIUSX C UCTIONb30BAHUEM
soHupyiomiero komruiekca SBE 19plus (Sea-Bird Scientific), 060pyJoBaHHOTO paMoii JIisi KpeTIeHusI
©aTOMETPOB, KOTOPBIH MO3BOJISIET MOJTy4YaTh HENPEPHIBHBIE JaHHbIE MPO(UIIEH TeMIepaTypbl, CONEHO-
CTHU U JaBJieHus Ha nryouHax 1o 6000 M. Mcxons u3 u3MeHeHUi TeMnepaTtypbl M COJIEHOCTH, JUIs BeeX
CTaHLUH (C 5—8 rOpU30HTOB) OMPEIEIISIIM PACTBOPEHHBIN KUCIOPOJ Cpa3y Mocje NOJHATHS OaToMeTpa
HonoMmerpuiecku, rno meroay Bunkiepa [[umkuna, 1974].
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Puc. 1. Kapra paiioHOB nipoBeeHus uccienopannii B I0xHom okeane. A — paspe3 3; b — paspesst 1 u 2
¥ CTAaHIUA 3

Fig. 1. Map of the study area in the Southern Ocean. A, transect 3; b, transects 1 and 2 and station 3

[Tpo6sl Boapl 06bEMOM 1—1,5 J1 Crymmaiy ¢ moMoIIbi0 BOPOHKM 00paTHOM (bMIIbTPALIMU C MUCIOJIb-
30BaHMEeM MeMOpaHHBIX (PUIbTPOB «Bragumnop» ¢ auamerpom nop 3,0 MkM u ukcupoBamu dopma-
JIMHOM JI0 KOHeUHOW KoHlleHTparmu 1-2 %. Ha kaxmoi cranimu otoéop npod (PUTOMIAHKTOHA TIPO-
BOMIA OATOMETPUIECKUM METOJIOM (MOAIMOBEpXHOCTHBIN ciioi, 10 M, 50 m, 100 m, a qs cr. 10, 11
u 22 takxe 200 m). [JanHble 10 (PUTOIUIAHKTOHY ¢ TmyOuHBI Oosiee 100 M B paboTe He YYUTHIBAIA
B CBSI3U C VX Pa3PO3HEHHOCTHIO M C HE3HAUUTENILHON BCTPEYaEMOCThIO KJIETOK Bojopocienn. O6padoT-
Ky npo0 nposoawu B Kamepe Haxorra oobpémom 0,01 mut. Buomaccy onpenensiiu CUETHO-00bEMHBIM
MeTtojoM. [TocTosiHHBIE MpenapaThl AMATOMOBBIX BOJIOPOCIIEN TOTOBUIM METOAOM XOJIOJHOTO CXKUTAHUST
CMECHIO CEPHOM KUCJIOTHI M XPOMOBOKUCJIOTO KAJIHS C MOCJIEAYIONIEHN 3aTMBKOI BEICOKOTIPETOMIISIONIEN
cmoroii Naphrax [Metonnka nzyuenust ouoreornieHo30B, 1975]. [TpoOsl aHATM3HUPOBAIHN 1TO]] CBETOBBHIM
MukpockonoM Axiostar Plus (Carl Zeiss, I'epmanus) npu yBeanuenun x400 u x1000 (macnsHas um-
Mepcust). [JJOMUHAHTHBIMUM CUMTATUA BUABL ¢ YUCIEHHOCTHIO = 10 %. TakcOHOMUYECKyI0 MpUHAIeK-
HOCTb BOJIOPOCJIEH pa3fIMUHBIX TPYIIIT YCTAHABIMBAIH 110 OTPEICTUTEIISAM U MyOJIMKAIUSAM O TUIAHKTOH-
Hoit piope KOxHoro okeana [['epacumiok, 2008; I'oropes, 2010, 2013; Carmelo, 1997; Cefarelli et al.,
2010; Gogorev, Samsonov, 2016; Hoppenrath et al., 2009]. OnieHky cxoAcTBa BUIOBOTO COCTaBa (pu-
TOILJIAHKTOHA ITPOBOAMIIM, UCTIONb3Ys KO3 duiment Cépencena — Yekanosckoro [Marappan, 1992].
[Mony4ennsle qanHble oopadotanmu B nporpammax SBE Data Processing [Sea-Bird Scientific, 2023]
u Surfer 11 [2023], a Takke B cratuctuyeckoM makere R mig MS Office Excel [HoBakosckuii, 2016].
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PE3VIJIbTATHI

I'mapoaoruyeckne ocodenHoctu. Ciioli Ha OOMHOYHOW cT. 3 no miyomnel 100 M xapaxTe-
puzoBajicss HammuueM HawoOonee TEWIBIX (—1,19 °C), naumenee conénbix (32,8 PSU) u Hambo-
Jiee GoraThix KucnopogoM (7,7 mii-n~') Boa. B Gosee ryGOKMX FOpPM30HTaX CONEHOCTh YBEIMUYMBA-
nach (o 34,24 PSU), a remriepatypa 1 cofepkaHue Kuciopojaa cHuxauch (o —1,93 °C u 6,39 ML)
COOTBETCTBEHHO) (puc. 2).

] — A —
Temnepatypa, °C ConméHocTh, psu
CONéHOCTE, Psu
33.4 33|.6 33|.8 34‘.0 34‘.2
[

50+

100+

s 150+

Tnybrma, M

200+

250+

300+

@ Fragilariopsis cplindrus

I T T @ F curia
-1.9 -1.8 -1.7 -1.6 -1.5 -1.4 -1.3 1.2 @ F. obliguecostata
Temnepatypa, °C & Lynghya spp.
L1 1 I L 111 I - } L 111 } L 111 I L 111 I L 111 I - } @Pseudonitzsckia spp.
6.0 6.4 6.8 72 76 8.0 8.4 g5 OOcTanLakIe
0., MIeT?
————

Puc. 2. [Ipodunb BepTUKAIbHOTO paclpesie/ieHHs TapaMeTpoB TEMITEPATyPhl, CONEHOCTH U KOHIIEHTpaIU
KHCIIOPO/a, a TAKKE TAKCOHOMHUYECKHI cOCTaB (pUTOTUIAaHKTOHA (Ha TiryOrHe 10 50 M) Ha cTaHIwH 3, paioH
octposa Py3BensT

Fig. 2. Vertical profile of temperature, salinity, and oxygen concentration at station 3 and phytoplankton
taxonomic composition (in the upper 50-m layer), Roosevelt Island area

Bepxuuii 500-meTpoBbiii cinoil pa3pesa P1 npeacraBieH BOOHBIMUA MacCaMd ¢ MUHUMAJIbHOW TEM-
neparypoit 1o —1,8 °C u conéHocteio 34 PSU u Huxke. Ilpu 3TOM OH OGoJiee HACBINIEH KUCIOPO-
oM (> 6 Mt 1), yem croit HUPKYMIIOJISIPHOM TTyOMHHON BoAb! (4 w1 ). Ha ryoune 10 50 M Boza
uMesa Temreparypy okosio 0 °C IpH BBICOKOM COfiepKaHUU Kuciopoaa, 7,4—7,7 mn-n~!. CymecTseH-
Has MTyOWHA NepeMelIMBaHus U OJHOBPEMEHHO HU3Kasl COJEHOCTh BEPXHEr0 TOPU30HTA TIO3BOJISIOT
OOBSICHUTD OOJIBIIYI0 MOIITHOCTh CJIOSI BIMSTHUEM IPOIOJUKUTENBHBIX CHIIbHBIX BETPOB, XapaKTEPHBIX
JU1s1 peruoHa (puc. 3).

P2 xapaktepuzoBajicst 6oisiee CJIOXKHBIM pesbedom aHa, yeM P1 (cm. puc. 3). 3pech oTMedeHb!
Kak JIOKaJIbHble Aernpeccud (¢ rmyouHoi 6onee 1000 M) B Havase pa3pesa, Tak U OTHOCUTEIBHO MeJ-
KOBOZIHBIE y4yacTKu (rmyOouna 1o 400 m) B cepenune. daHHbIN paitoH, oT Mbica Konbek y BocTouHOM
rpanutibl Mopsi Pocca 1o mpica BEpke, mMeeT OTHOCUTENbHO Y3KHIA IIesb( U caMblii OOJIBINION YKJIOH
MAaTEpPUKOBOI'0 CKJIOHA B 3aMaJJHOM CEKTOpe AHTaApKTUKHU [AHTUNOB U 1p., 2020].

Mopckoii 6uonoruueckuii kypHan Marine Biological Journal 2024 vol. 9 no. 2



87

HpOCTpaHCTBCHHaH HN3MEHYNBOCTb TEPMOXAJIMHHBIX IAPpAMETPOB U COCTaBa Q)HTOHJIaHKTOHa. ..

w00c¢ Jo
ydop 03 umop ULAIS a1t AJIur[es pue Jusjuod UdSAX( ‘¢ pue ‘g ‘| s)asuer) Suofe (;_T-TW) JUAUOD Us3AX0 pue ‘(D) amyeradwa) ‘(NSd) Anures ¢ “81q

W ()7 MHUQALLI O IIHATogndII 4100HI0D U Brodorromy
sunexdaro) ¢ u g ‘| goeadeed qrord (| _ir-rw) erodowromy suHexdorod u () 1dAredoumal ‘(NSq) H100H0d godioweden sunardradioed ¢ *oud

W) ‘QHHBOLYYBJ WA ‘QHHBOLIIBJ WA ‘QHHBOL)dBJ
001 08 09 of 0T 06 08 0L 09 0s [Ui4 0¢ 0T 01 0 3 ST 0T ST o1 S 0
R R N N R N OO@N il
0091 X '
91- 81 +100TT 8°1-
I - i [aS
80 ;
00z1 T 1- =
0 o
e S 0081 o0 g
0 0~ . H
o : . ‘ . To S
et 0 ¢ “1oovl zo g
71 008 90 . 90 <
91 1 . . X . 2
! 1 ; i sfoooL °
[&4 ST : e 3
00¥ e et
e i
e Lgg a
: : £
1'pg 8'€€ o 8
(443 6'€€ -
= 5]
ere be EF
rre e = <
=
SPe Tre
9 S
+9 'S
. 8's 0s1
99 ) = Q
89 9 g8
=
99 001 £ &
L B O
. L : 5
e Ve 0§
vi 8L

0f 6c S [t 9t Sty €¢
HENHEL) dOwoy ¢ eadeeg

L 9 ¢ p
unnaeLd dowoyg

ST L1 91ST ¥1
unnHeLd dowoyg

¥
7 sadeeg I sadeeg

Mopckoii 6uonornyeckuii kypHain Marine Biological Journal 2024 vol. 9 no. 2



88 1. YO. llapaguw, I1. . Bensiera

Xonoanbiii (1o —1,79 °C) ciont ¢ cogepkaHueM Kucjaopoaa ot S5 10 7 -t moxomut Ha P2 no ry-
ounbl 400-500 m. Croii BogHOW Macchl 10 50 M ObUT OoJiee TEMJIBIM, OCOOGHHO B CTBOpE paspesa,
¢ GONBIINM COfIePKAHUEM PACTBOPEHHOTO Kuciopoaa (8,0—8,7 M1-n~!) u HauMeHbIIeil MUHepaTU3aIu-
ent (32,8 PSU). Makcumywm temmepatypsl (+1,56 °C) u conénoctu (34,7 PSU) Ha pa3spese Habmoaamm
Ha paccTostHuM okoJio 20 KM oT OpoBKH, Ha TiryOrHe 450 M, TPU OTHOCHUTENILHO HU3KOM COJePKAHUM
Kuciopoja, ~ 4,4 M-

Paiion KOO y ceBepHOU OKOHEYHOCTH AHTapKTHUYecKOro nojyocrposa (P3, npomus bpancdunm)
XapaKTepu30BaJICsS HEPAaBHOMEPHBIM pacripe/ieieHeM TepMOXAJMHHBIX MapaMmeTpoB. Kpome Toro,

OH OTJIMYAJICS OOJIBIIIUM KOJIMYECTBOM OCTPOBOB U CJIOKHOM Tororpacueit nHa (puc. 1, 3).

Ha rny6une no 100 M BogHble Macchl ¢ Temneparypoi Beiie 0 °C OblId pacrpoCTpaHEeHbl MpakK-
TUYECKH JI0 I0’KHOTO Oepera mpojvBa. B ceBepHOil yactu pa3pesa npeodnanamu témibie (0...4+2 °C),
MeHee COJIEHBIE M MEHEe HACHIIEHHBIE KUCIOPOJOM BOJIBI, MOCTYIAIONINE C I0ro-3arajia, u3 Mopsi
Bennuncraysena. [lonoxuTenbHble TeMOepaTypbl COXPaHsUIMCh B BOOHOM ToJme rryouHoit g0 500 m
Ha mpoTstkeHuu 15 kM oT crBopa. B amanazone 300-500 M HachlllleHHE KHUCJIOPOAOM COCTaBUIIO
4,8-5,5 mn-m! npu munepamuszauuu 34,6 PSU. XosogHsle Boibl MOps Y3/je/ia FOCHOACTBOBAIM
B paiioHe, MPUMBIKAIOIIEM K AHTAPKTUYECKOMY MOJIyOCTPOBY. B 11€710M MOBEPXHOCTHBIN CJIOM Xapak-
TepusoBasics coneéHocteio 34,0-34,5 PSU u copepxanuem kuciopona 7,2-7,5 MITT L, MPUYEM B 10K-
HOW YacTH IMPOJIMBA 3TOT CJIOW MPOCTHPAJICA 10 OoJibIei IyOuHbl (puc. 3). MakcuMaibHast rryOrMHa
Ha paspese jgocturana 1770 m; BOab! Oblin conénbiMu (34,55 PSU) 1 OTHOCHTENIBHO HACHIIEHHBIMU
kuciopoaoM (6,5-6,7 min-n~!), Temneparypa cocrasnsna —1,5 °C.

IIpocTpancTBeHHOE pacnpejaeseHne (PUTOMIAHKTOHA. PUTOIIAHKTOH MCCIEJOBAHHBIX paid-
oHoB KOO Obin1 mpenacraBieH 49 BugaMu W BHYTPUBHAOBBIMHM TaKCOHAMH Bojopocier. Otmen
Bacillariophyta Bxirouast 38 npecTaBuTeliel, U3 HUX HauboJiee pa3HooOpaseH OblT pon Fragilariopsis
Hustedt: Fragilariopsis curta (Van Heurck) Hustedt, F. cylindrus (Grunow ex Cleve) Helmcke
et Krieger, F. ritscheri Hustedt, F. obliquecostata (Van Heurck) Heiden, F. rhombica (O’Meara) Hustedt,
F. pseudonana (Hasle) Hasle, F. separanda Hustedt u F. kerguelensis (O’Meara) Hustedt. Kpome TO-
ro, B IUVIAHKTOHe mpucyTtcTBoBaiM Dinophyta, Cyanoprokaryota u Chrysophyta — no 3 npezacraBu-
Tess, a Takke Haptophyta n npeanonoxurenbsno Rhodophyta — mo 1 takcony. Ha cranmusx paspe-
30B P1 u P2 u Ha omuHOYHO# cT. 3 HAOOp BUIOB BOJOPOC/IEH B LIEJIOM TUIIMYEH JIJIsI TPUOPEKHBIX
pailoHOB AHTapKTH[IbL: 3aperUCTPUPOBaHbl BUIbl poaoB Fragilariopsis, Pseudo-nitzschia H. Peragallo,
Azpeitia M. Peragallo, Actinocyclus Ehrenberg, Thalassiosira Cleve, Chaetoceros Ehrenberg, Corethron
Castracane, Porosira Jgrgensen u Eucampia Ehrenberg. HanbGosbiiee OOraTtcTBO BHIIOB XapaKTep-
HO ]ISl TIOBEPXHOCTHBIX TOPU30HTOB MPH MPeodJiaIaHuK JUaTOMOBBIX Bogopocied (tadn. 1). Ha Pl
pa3HooOpa3ue cooOImecTB (PUTOTUIAHKTOHA CHIKAJIOCh TI0 HAIlpaBJIeHHIo OT mefbda (cT. 4) K OpoB-
ke (cT. 7) u K ryOokoBogHOMY pailoHy (cT. 9). Ha P2 pa3HooOpa3ue BUIOBOTO cOCTaBa yBEIMUM-
Bajioch OT 10%kHOM cT. 10, B 35 kM oT ¢poHTa 1menbdoporo jgegHuka Kopuemna Xamna, k cr. 22,
PacroioKeHHON B ITyOOKOBOAHOW 4YacTW. 37eCh OTMeueH HauOojiee OTHOPOJHBIA cOCTaB (PUTO-
IJTaHKTOHA (oreHKa cxoactBa 58 % mo koapdunmenty Cépencena — Yekanorckoro). Ha P3 BwI-
SIBJIEHO Bcero 17 TakCOHOB BOAOPOCJ]EH, W3 HUX 12 — mpencTaBUTEeNd JIUATOMOBBIX. MHUHUMAab-
Hoe pasHooOpasue (o 3 Buaa) auatomer 3adukcupoBaHo Ha cT. 23 u 27. Ha Bcex craHmusx
9TOro paspe3a B BOAHOW TOJIIE OTMEYEeHbl OOPHIBKM TAJUIOMOB MaKpO(UTOB, MPEMNOJ0KUTETHHO
u3 poga Helminthora J. Agardh (Rhodophyta). CxoacTBO (PUTOIUIAHKTOHA TO CTAHIMSIM pa3pes3a
0o4eHb Hu3Kkoe — 17 %.

JJ1s cTaHIMI, OHOTHITHBIX TIO PACTIOIOKEHUI0 OTHOCUTENBHO I1Iejb(ha, Ha Pa3HBIX pa3pe3ax CXO-
CTBO BUJIOBOT'O COCTaBa (PUTOIUIAHKTOHA MAKCUMAJILHO Ha Ielibpe — (43 £ 7) % (nuanazon 23-64 %).
Mesxay CTaHIMSAMH, HAXOJSAUIMMUCS B palloHe OpOBKH, cXojacTBO HUke — (33 + 5) % (nuama3oH
30-50 %). Ha rimyO0oKOBOAHBIX CTAHIIMAX OHO MUHUMATbHO — (20 £ 1) % (nuanazon 19-22 %) (puc. 4).
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CpaBneHue cocTaBa (PUTOIUIAHKTOHA BHYTPH Pa3pe30B IOKA3aJI0 €ro CXOACTBO Ha INTyOOKOBO/IHBIX CTaH-
UsAX ¥ B pailoHe OpoBkU Ha ypoBHe 30 %, Ha mieab(OBBIX M ITyOOKOBOIHBIX cTaHIuUsAX — 31 %
(mo 56 %), Ha menbhOBLIX U CTAaHIUSX B paiioHe OpoBkr — 38 % (1o 72 %).

Ta6uuma 1. CocraB (pUTOIIAHKTOHA HA Pa3HBIX CTAHIIUAX Pa3pe3oB 1-3 v HA OMUHOYHOW CTaHIIUM
Table 1. Phytoplankton composition at different stations of transects 1-3 and at the single station

Paiion Howmep Yucio BuIoB

CTaHLIUK Bacillariophyta Haptophyta Rhodophyta IIpoune Bcero

4 18 1 - 2 21

7 7 1 - 3 11

Paszpes 1 9 3 — - 3 9

49 29 1 - 5 35

10 16 - - - 16

11 14 - - 1 15

Pa3zpes 2 21 20 - - 2 22

22 19 1 - - 20

10-22 30 1 - 3 34

23 3 1 1 3 8

27 3 1 1 - 5

Paspes 3 33 7 - i 2 10

23-33 12 1 1 3 17

OnuHovHas
gTaHHI/IH 3 i - - ! 12
OO01ee 38 1 1 9 49

YucneHHOCTh (PUTOIUIAHKTOHA HcclenoBaHHoW akBatopuu OO konebanmack B mpedenax
4,3-264,0 ThiC. K11, Ouomacca — 0,07—1,18 wmr-1!; OCHOBHO# BKJIa] BHOCHIM JUATOMOBBIE
Bojiopocii. OCOOEHHO BBICOKHME 3HAUYEHWs YKMCIEHHOCTH W OWMOMacchl BbisBJIeHH Ha cT. 21 (P2)
B MeHee COJIEHBIX TOBEPXHOCTHBIX CIIOSIX (pHUC. 5). YBeInueHne YMCIIeHHOCTHU KJIeTOK Ha rityounHe 50 m
OoTMeueHO Ha cT. 7 (P1) Ha rpaHulie clI0€B ¢ pa3HO Temriepatypou v Ha cT. 11 (P2).

Ha cT. 3 OCHOBHOI BKJIaJ B UMCIeHHOCT (39 Thic. K- ') u 6uomaccy (0,10 mr-n~') duronnank-
TOHA BHOCWIM quatoMeu popaa Fragilariopsis (74 % oOieil 4ucieHHOCTH). B OBEpXHOCTHOM clioe
3apuKCHpOBaHbl MaKCUMaJibHbIe 3HaYeHus1. K ropuzonty 50 M oHu cHuxkanuch B 1,5 pasa.

Cpennue 3HaYeHUs1 YUCIEHHOCTH putoruiankToHa Ha P1 cocraBnsimm (107,4 = 27,7) ThIC. KJ.-JT™
npu 6romacce (0,55 + 0,26) mr-1~'. Kpome npencrasureneii pona Fragilariopsis, 0OWIbHBIM pa3BUTH-
eM xapakrepusoBamvce Corethron pennatum (Grunow) Ostenfeld, Thalassiosira lentiginosa (Janisch)
Fryxell u Thalassiosira antarctica Comber. Pacnipesenenue coo0iecTBa (pUTOTUIAHKTOHA, C(POPMHPO-
BaHHOTO nuatomessmu U Phaeocystis antarctica Karsten (Haptophyta), B MOBEpXHOCTHOM CJIO€ BOJIbI
MOKa3aJI0 pe3Koe MaJieHre OOIIel YMCIIEHHOCTH BOJIOPOCIIEH B CepeMHe pa3pe3a Hajl CKIIOHOM Ha CT. 7
u e€ yBenmueHue Ha cT. 9. B cepeaune paspesa (ct. 7) Ha niryouHe 50 M 3a(pUKCHMpPOBaH MUK pa3BUTUSA
MHUKPOBOJOpOCel (pHc. 5), TaM YUCIEHHOCTh Obula Ha 29 % copmupoBaHa Ph. antarctica.

B akBatopuu P2 unciennocts (utonnanktona sapbrposaia ot 100 10 250 Thic. K11, Guomac-
ca— ot 0,44 110 1,18 mr-1~!. MakcumastbHble 3HAUeHHsI OTMeUeHbl Hal CKJIOHOM (cT. 21) B MOBEPXHOCT-
HOM cJyioe. [ljist Bcero paspesa XxapakTepHO MaccOBOE pa3BUTUE MpejcTaBuTelsiell ponoB Fragilariopsis
u Thalassiosira, a takxe BUAOB Pseudo-nitzschia seriata (Cleve) H. Peragallo m Thalassionema
synedriforme (Greville) Hasle. Ph. antarctica BbIsIBJIEH TOJIbKO HA KOHEUHOU CTaHIMM pa3pe3a (CT. 22)
Ha r1youse 6onee 50 M, riae opmupoBai 25 % YUCIEHHOCTH (PUTOIUIAHKTOHA.

1
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Puc. 4. Jleanporpamma cxoacTBa BUIOBOTO COCTa- Puc. 5. Brkmang Bacillariophyta, Rhodophyta
Ba MUKPOBOJIOPOCJIEN Ha CTAHIIUSIX PAliOHOB UCCJIe- u Haptophyta (B %) B 001IIy10 YHCIEHHOCTDh (PUTO-
JIOBAHUS IUIAHKTOHA Ha CTaHLUSAX PalOHOB MCCIENOBAHUSA

Fig. 4. Similarity tree of algal species composition Ha roprsonTax 0-10 1 50-100 m

at the stations of the study area Fig. 5. Bacillariophyta, Rhodophyta, and Hap-
tophyta contribution (in %) in total abundance
of phytoplankton at the stations of the study area
in 0—-10-m and 50-100-m layers

CpeHss UMCIEHHOCTh (PUTOIUIAHKTOHA Ha P3 coctaBuna (73,1 + 16,4) Teic. KiL.-1~' pu 6uomac-
ce (0,09 £+ 0,01) mr-n~!. Haubosee BrICOKME TOKA3aTeM KOJTMYECTBEHHOTO PA3BUTUS MUKPOBOJOPOC-
Jiey 3a(puKkcUpoBaHbI Ha 11Ie/Ibge B CEBEPHOM YacTu pa3pesa (CT. 23), rae B TOBEPXHOCTHOM CJIOE OCHOB-
HOW BKJIaJ BHOcWM nipeacTaButeiy Rhodophyta (45 %) u Ph. antarctica (36 %). Ha rny6une 50 m Bua
Ph. antarctica popmupoBait 55 % 4HMCIEHHOCTH, a JMATOMOBbIE BOJOpPOCIU (U3 poloB Fragilariopsis,
Thalassiosira u Azpeitia) — okosno 30 %, mpu 3TOM JI0JIsI KPaCHBIX BOJOPOCIIEH HAa JTaHHOU ITyOuHe
CTPEeMUTEJNILHO Magaia (cM. puc. 5).

AHaym3 CBA3M CTENEHU pa3BUTHA (PUTOILIAHKTOHA U I'MIPOJIOTO-TUAPOXMMHUUYECKUX MapaMeETPOB
BoHBIX Macc OO no3BoJmiI BbIABUTH OTPULIATEIBHBIE 3aBUCUMOCTH IIJIOTHOCTU KJIETOK BOAOPOCIIEN
OT TeMIepaTypbl U CONEHOCTU BoAbl (Tabd. 2). KoadduimeHTs Koppensiiiuy 3HAYMMBI JJ151 CBSI3U 4UC-
JICHHOCTH (PUTOIUIAHKTOHA U TeMIepaTypbl BOJbI Ha P2 1J1g moBepXHOCTHBIX TOpU30HTOB M Ha P1 u P3
B cT0JI0€ BO/IBI 10 SO M.

Ta6manma 2. KosdunmeHTsl Koppessiyy rugpooro-ruJpOXMMIUYECKUX XapaKTePUCTHK U YUCIIEHHOCTH
(pUTOIIAHKTOHA PalOHOB UCCIIENOBAHUA

Table 2. Correlation coefficients of thermohaline characteristics and phytoplankton abundance in the study
area

YucneHHOCTh (PUTOIMTAHKTOHA Temneparypa, °C 0,, Mr.am~> ConéHOCTb, MI-aM >
Pazpes 1, noBepxHOCTb -0,34 0,12 -0,98*
Pazpes 1, cpenHsis o ropu3oHTaM -0,97* 0,37 -0,92*
Paspe3 2, moBepxHOCTh —0,90* 0,25 -0,89*
Paspes 2, cpennsist o ropusoHTaMm -0,43 0,81 -0,71%*
Pazpes 3, noBepxHOCTb 0,42 -0,65 -0,91*
Pazpes 3, cpenHsisi o ropu3oHTaM -0,89* 0,41 -0,87*

IIpumeuanne: * — pe3ynpTaThl JOcTOBEpHHI IpH p < 0,05.
Note: * denotes results significant at p < 0.05.
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Jl1s1 BceX pa3pe30B — Kak JIjIsl TIOBEPXHOCTHOTO CJIOsI, TaK U JJIst CTOJI0a BOJIBI B 1IEJIOM — BBISIBJICHA
3HAYMMAasl 3aBUCUMOCTb YHUCJIEHHOCTU (PUTOTUIAHKTOHA OT COJIEHOCTH, MPUUEM KOI(PPUITUEHT KOppeis-
MU AJ1 pa3HbIX cTaHMi u3meHsuics ot —0,63 1o —0,98. KoadduumeHTsl Koppesiyu YUCIEHHOCTH
BOJIOPOCTIe ¢ KOHIIEHTpAIlMel pacCTBOPEHHOTO B BOJE KUCIOpoa He ObLIH JI0cTOBepHbIMU. Koppes-
[IMOHHBIM aHAJIM3 TIOKA3aJT TAKKe 3aKOHOMEPHOE yBeJIMUeHre O0raTcTBa BUIOB Ha cTaHImsax P2 ¢ 6osnee
HU3KOU KOoHIeHTparuen coneit (0,79; p < 0,05).

OBCYXJIEHUNE

B nocnieiHye rofpl CyIecTBEHHO BO3POC 00BEM JAHHBIX O THPOJIOTHYECKUAM MTapaMeTpam U CTPYK-
Type (PUTOIUIAHKTOHA B akBatopun Mopsi AmyHjceHa [Bett et al., 2020; Jenkins et al., 2018; Mattson
et al., 2012; Schofield et al., 2015; The Amundsen Sea Expedition, 2018] u mopst Pocca, oco6eHHO
3amagHon ero yactu [Andreoli et al., 1995; Fonda et al., 2005; Guo et al., 2021; Kaufman et al., 2017;
Mangoni et al., 2017; Mosby, 2013; Porter et al., 2019; Shields, 2007].

OnpecHéHHas Boaa ¢ 60Jiee HU3KOM TEMIIepaTypoil U BHICOKMM COJIEPKaHUEM KUCIOPOAa, 0 CpaB-
HEHMIO C TAKOBBIMU TIO JIUTEPATYPHBIM AAHHBIM (JIETOM COJIEHOCTh OOBIYHO BapbUpYET B Mpejesax
ot 34,0 mo 34,8 PSU, temneparypa — ot —1 no +1 °C), 3apeructpupoBaHa Ha CT. 3, B Hemocpe.-
CTBEHHOM OJIM30CTH K TeibhoBOMY JleqHuKy [Mattson et al., 2012; Porter et al., 2019; Shields, 2007].
Jlns mpunoHHO# yact mienbga mMopst Pocca (ct. 3), yman€HHOW OT XeJOOOB M 3aTOKOB IMPKYM-
MOJISIPHOM TTyOMHHOM BObI, HU3KHUE TEMIepaTypbl BIOJHE XapaKTepHBbl, B OTIMYME OT HEBBICOKOU
MuHepaim3auuu [Porter et al., 2019].

O0pa3oBaHue NepeoX Ik AEHHON IIOTHON aHTApPKTUUECKOH 11e1b(hOBOI BO/IBI Mesk 1y MopsiMu Poc-
ca u Amynjcena (P1 u P2) He otmeudeHo 1o gaHHbIM 59-i1 (2014 r.) u 65-i1 Poccuiickoit aHTapKTHYe-
CKOM aKcrieaniiuy [AHTUIOB U Ap., 2020]. B 30ny P1 Ha menbsd nocrynaer conéHasi, HO OTHOCUTEIBHO
TEIIask HMPKYMIIOJISIpHAs TITyOMHHASI BOJIA, TPUHOCUMAs AHTAPKTUIECKMM IIMPKYMITOJISIPHBIM TeUSHH-
eM. Huskas conénocts parioHoB P1 u P2, 3aperucrpupoBanHas B 65-M peiice HIC, ykasbiBaer, cko-
pee Bcero, Ha JJIUTEIbHOE BETPOBOE MepeMellIMBaHKe U CBA3aHAa, BO3MOXHO, C MHTEHCUBHBIM TasiHUEM
JbJA O/ BAMSHUEM MOAUDUIIMPOBAHHON ITUPKYMITOJISIPHON TITyOMHHON BOJbI [ AHTHIOB U jp., 2020);
Schofield et al., 2015]. Tak:ke noctymjieHre 3TUX BOJHBIX MACC MOXKET CIIYKUTh JIOTIOJIHUTEIbHBIM UC-
TOYHMKOM OMOT€HHBIX JIEMEHTOB M CLIOCOOCTBOBATh MAacCCOBOMY IIBETEHUIO, HAOIOIaEMOMY B palioHe
nosisiHer Mopsi AmyHzaceHa [Schofield et al., 2015]. Umenno ans ¢utoriankrona Ha P1 u P2 namu
BBISIBJICHBI CAMBbl€ BBICOKME 3HAYEHHUS YMCIIEHHOCTH M OMOMACCHI.

OTmnunTeIbHON 0COOEHHOCThIO paiioHoB P1 u P2 gaBnsercs temmneparypa SO-MeTpoOBOTo Cnost —
otHocuTenbHO TéIoro (o 0 °C) Ha P1 u 6onee xonoguoro (okoso —1,5 °C) va P2. Otmernm, uto P2
pacrosnioxeH OJIke K MOpio AMyHJICEHa, pa0OThl Ha TOM pa3pe3e ObLTN BBITIOJTHEHBI 3HAUYUTEIBHO 103~
xke. OO03HaYeHHbIE pa3IMyKsl TEPMOXAIMHHBIX napameTpoB P1 u P2 onpenensiorcsi, BEpOSITHO, IUK-
JIMYHOCTBIO TUIPOJIOTMYECKHX TIOKa3aTesiel, 4To yKa3aHo B psijie IMyOIMKAIUi 10 3aMaJIHOMYy CeKTOpY
Amnrapktuku [Guo et al., 2021; Jenkins et al., 2018; The Amundsen Sea Expedition, 2018].

[Mony4eHHble 3HAUSHHS THIPOJIOTMIYECKHUX MMAapaMeTpOB HauOojee U3yYeHHOTO PalioHa OKPECTHO-
cteit AHTapKTHYecKoro nojgyoctpoBa u KOxueix [letnanackux octpoBoB (P3) cornacyiorcs ¢ TaHHBIMU
apyrux uccneposarenen [Cefarelli et al., 2011; Dotto et al., 2021; Garcia et al., 2002; Garibotti et al.,
2003; Hofmann et al., 1996; Mendes et al., 2012; Rozema et al., 2017; Varela et al., 2002]. Biusaue
AHTapKTUYECKOTO IUPKYMITOJISIPHOTO TeUeHHs] M MPUTOK BoJ Mopsi berumHcrayzeHa oOecrieunBasy
TeMIlepaTypy BbIlle HyJIs1 BIUIOTh 10 TryouHsl 400 M Ha npoTskenun 30 KM oT ctBopa paspesa. Croi
MoIHOCTHIO 10 200 M ¢ Temnepatypoii 0. . .+2 °C npocTupaics npakTUYeCcKH 1o BceMmy IposiuBy bpaHc-
(wna. AHaIM3 JaHHBIX IS OOIIMPHOTO parioHa OT OCTpoBa AnedaHT A0 apxureiara [laamep, BKIO-
yasi npoiuB bpaHcduia, Takke MOKasas, YTo camble TEMIbIE BOIBl TPAAUIIMOHHO CKOHIIEHTPUPOBAHDI
B1osb FOxubix [letnanackux octpoBoB. Hanbosiee conéHbie BOJHbIE MACCHI pACTIONAraioTcs Kak BIOJb
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IOxnbIx TleTtanaCKUX OCTPOBOB, TaK Uy AHTaPKTUYECKOTIO MOJYOCTPOBa (BEPOSITHO, B 3aBUCUMOCTH
OT ce30HHbIX u3MeHeHun) [Garcia et al., 2002; Garibotti et al., 2003]. Ha P3 ormeueH TemnepatypHbIi
MakcuMyM Ha riryouse 1o 200 M, uto Tak:xke Obuto onucaHo panee [Hofmann et al., 1996]. [IpuOpe:xHbie
BOJIbI MOPsI Y3/ieIi1a (BOCTOUHee AHTAPKTUIECKOTO MOJYOCTPOBA) COJIOHEe U TUIOTHEe, YeM OoJiee TEM-
abie Boibl BOKpYT FOskHbIxX [eTnanackux octpoBoB. B 10:xHOM yact P3 Hamu 3aperucTpupoBaHbl Mak-
CHMYMBI COfIepKaHusI KUCTIOpOoAa BOJIN3U CeBEPHOU YaCTH AHTapKTHYECKOTO TOJIyOCTPOBA U IPOJINBA
Kepnaiil, 06ycnoBieHHbIe BAUSHIUEM BOJIHBIX Macc Mopsi Yaanemnia [Dotto et al., 2021].

Coo0111ecTBO (PUTOIMIAHKTOHA B BHICOKUX IIMPOTAX C(DOPMUPOBAHO MTPEUMYITIECTBEHHO MPEICTABU-
tesasimu Bacillariophyta u Haptophyta, uyto Tunuuso mis KOO [Toropes, 2010, 2013; Ky3smenko, 2004;
Gogorev, Samsonov, 2016; Nissen, Vogt, 2021]. I3MeHeHust BUIOBOTO COCTaBa U KOJUYECTBEHHBIX
XapaKTepUCTUK (PUTOIIAHKTOHA, 3a(PMKCUPOBAaHHBIC B HAIIUX WCCJIEIOBAHUAX, MOTYT OBITh CBSI3aHBI
KaK ¢ pa3HBIM BpeMeHeM oTOopa 1pod (Jieto misa P1 u P2, Hayano ocenn st P3) u ocobeHHOCTSIMM
PacHoJIOKEHHS Pa3pe30B, TaK U C IPOHUKHOBEHUEM B PAiOHBI pa00T BOJ| Pa3JIMYHOTO IIPOUCXOXKICHUS,
HarpuMep HUPKYMITOJISIPHOW TTyOMHHOM BOABI WM TAJION BOJbI JIe THUKOB.

BenuuiiHel mapaMeTpoB UYMCIEHHOCTH M OuMOMacchl (PUTOIUIAHKTOHA W3YYEHHBIX HAMH aK-
Batopuii OO He BHIXOAAT 3a Npelenbl NPUBOAUMBIX B JIMTepaType 3HaueHumii ot 1x 10°
1o 1x 10% ko1.-m! [Andreoli et al., 1995; Cefarelli et al., 2011; Fonda et al., 2005; Kang, Fryxell, 1993].
Mesx 1y TeM JISTHUI CE30H MCCIIC/IOBAHMI XapaKTepu3yeTcs 0ojiee y3KMM pa30poCcoM BEJIMYKH, IPUIEM
I0’KHBIM JIETOM YMCJIEHHOCTh (PUTOIUIAHKTOHA OOBIYHO BHIIIE, OT 1 X 10° no 1x 10% k-1~ [Cefarelli
et al.,, 2011; Deppeler, Davidson, 2017]. HauOonbieil yucieHHOCTH B (PUTOIUIAHKTOHE BO BCEH
obcneoBanHOM Hamu akBatopu KOO nocturamu amatomoBbie Bogopociu. [IpencraButenu popa
Fragilariopsis 8 nienom tummunsl it Bog KOO [Carmelo, 1997; Cefarelli et al.,, 2010; Kennedy
et al.,, 2019] u OOWJIBHO pa3BUBAIOTCS KaK B TOJIIE BOJBI, TaK M BO JIbJIYy, BO3JIe TPAHUIIBI JIbja
WIA B NMPUOPEXHbIX pailoHax. VX HMIMpOKOe pacnpocTpaHEeHWe U pa3BUTHE OTMEYEHbl W B HAIIUX
uccienoBaHusaXx. Ha HEKOTOPBIX CTaHIMAX pa3pe3oB Ha riayouHe Oosiee 50 M BbIsIBJIEHA BBICOKAS YHUC-
neHHocts Ph. antarctica (15-39 % o6eit). [To qaHHBIM TPEABIAYIIMX UCCICAOBAHUIN, NHTEHCUBHAS
BereTalys 3Toro Bujaa oOyCJIOBJIEHa €ro Pa3BUTHUEM B MEepPEeMEIIaHHbIX M OeJHBIX KeJIe30M OTKPBITHIX
Bogax OO [Mendes et al., 2012; Petrou et al., 2016; Varela et al., 2002], ¢ BLICOKOW OCBEMEHHOCTBIO
Y HU3KOW COJIEHOCTBIO MPEUMYIIECTBEHHO B MOBEPXHOCTHBIX ciosix [Goffart et al., 2000; Schofield
et al., 2015]. Ceenenus o pa3BUTMM UMEHHO JUATOMOBBIX U TralTO(UTOBBIX BOJOPOCJIEN Kak B IPO-
CTPAHCTBE, TaK U BO BPEMEHM JJOCTATOYHO IIUPOKO MpecTaBiieHsbl B iutepatype [Kang, Fryxell, 1993;
Kaufman et al., 2017; Mangoni et al., 2017; Mosby, 2013; Nissen, Vogt, 2021], B 4acTHOCTH MHOTO
JAHHBIX TI0 TEHTPaJIbHOM yacTu akBaTopum Mopsi Pocca [Andreoli et al., 1995; Goffart et al., 2000;
Mosby, 2013].

Hemuorouuncnennsie cBefenus 00 anprogpiope P1 u P2 He mo3BosisioT Moka yCTaHOBUTDH KJTIOUe-
Bble (paKTOPBI, BIMSIOIIME HA BUIOBOW COCTaB M KOJMYECTBEHHbIE XapaKTEPUCTUKU (DUTOIIAHKTOHA.
[Mo-BuuMomy, HanboJiee 3HAYMMBIMHU SIBJISTIOTCS] CE30HHBIE CYKIIECCUU, KOTOPBIE CBS3aHBI C JOCTYITHO-
CTBIO COJTHEUHOTO CBETa, TasHUEM JibJa U OaJaHCOM OMOTEHHBIX JIEMEHTOB. BhIsIBIEHA CBSI3b MEKIY
YHUCJIEHHOCTBIO BOAOPOCJIEN W TeMIiepaTypoil Boasl Ha P2 B moBepxHocTHOM cioe (0—10 M), a Takxke
C KOHIIEHTpAIUel COoJlel, YTO MOKET OBbITh CJIEICTBIEM U3MEHEHU JIeJOBO OOCTAHOBKY U MHCOJISLIUM.

HepaBHOMEPHOCTH TMIPOJIOTMYECKUX TAPaMETPOB BOJHOM ToJIIY P3, cBA3aHHAs ¢ HAJIMYKMEM B J1aH-
HOM paiifoHe MPUTOKAa BOAHBIX Macc Mopel beimHcrayseHa u Ysaneina, a Takxke ¢ BAUSIHUEM AH-
TAPKTUIECKOTO IIUPKYMITOJISIPHOTO TeUSHUS, IMPKYMIIOISIPHOM ITTyOUMHHOW BOJIBI M1 CE30HHBIX M3MEHe-
HUI1, onpeesseT, 04YeBUJHO, MUHUMAJIbHOE CXOACTBO cOCTaBa (PUTOIMIAHKTOHA MeX Ty cTaHIusAMuU. Ha-
MIPUMED, M0 MePe YAAIEHUSI OT OCTPOBOB M OTHOCUTEJILHO TEIJIBIX COJIEHBIX MAacC YMCIEHHOCTh (PUTO-
IUIAHKTOHA yMeHbIlanach Ha paspe3e P3 Oonee uem BOBoe. AHAJIOTMYHBIE M3MEHEHUs Pa3BUTHUSA
(puTomNMaHKTOHa B ITOM aKBATOPUM U €ro HU3KOE BHUJOBOE OOraTCTBO OTMEUEHBl U B JPYIHUX
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padorax [Ky3emenko, 2004; Garibotti et al., 2003; Mendes et al., 2012; Varela et al., 2002]. Maccosoe
MIPUCYTCTBUE OOPHIBKOB TAJJIOMOB KPACHBIX BOAOPOCIIEH B MOBEPXHOCTHOM cjioe BOjbl P3 omimuaer
MOJIyYEHHbIE HAMU PE3YJIbTAThl OT UMEIOIIUXCS B JIUTEpaType U HYXKJIAETCs B ajbHEWIIEM U3yUYEHUHU.
3akiarodyenne. OxkeaHorpauyeckue AaHHBIE, BKJIIOYAIOUIME PE3YJIbTAThl TUAPO(PUINIECKUX HC-
CJIe/IOBAaHUI M aHAJM3a CTPYKTYpPBl COOOMIECTB (PUTOIUIAHKTOHA, KOTOphIE OBLIM TOJyYeHBl ¢ OopTa
H23C «Axkagemuk TpémmukoB» B mepuon 65-i1 PoccHilckol aHTapKTUYECKOW KCHETUITUN B THUXO-
OKeaHCKOM cektope FOXkHOro okeaHa, MOMOJHUIA MaTepPHAIbl IPOrPaMMBI PETYJISIPHBIX HAOJTIOCHWI
MaJIOM3y4YeHHOTO perroHa ot Mbica Konbek no cranimu Pycckas u B mposnuBe bpancdun.

Ha onHoil cTaHIMU B I0rO-BOCTOYHOM 4acTu Mopsi Pocca oOHapykeHa OTHOCHUTENIBbHO MpecHas,
XOJIO[IHAsl M HACBIILIEHHAsl KUCJIOPOAOM Bojaa B BepxHeM 100-MeTpoBOM ClIO€ M OTMEUEHbl HU3KUE
3HAYEHHS TEMIIEPATYpPhl M OOJiee BHICOKAst MUHEPAIM3ALUs B IIPUIOHHON YaCTH.

B noBepxHocTHBIX Bozax pa3pe3oB P1 u P2 BbisiBjIeHbI HU3KasA CONEHOCTh U pa3/IMyHbIE TEMIIepa-
TYpHBIE XapaKTepUCTUKU — Oosiee HUu3KMe 3HaueHus Ha P2 (—1,5 °C) u 6onee Bricokue Ha P1 (0 °C).
s Bog nponusa bpanchunn (paspe3 P3) nosyueHsl TMIIMYHBIE JaHHBIE 110 COJEHOCTH U COJIEPKAHUIO
KHUCJIOPO/Ia, HO HECKOJILKO MOBBIIIEHHBIE 3HaUeHU s TemrepaTypsl (1o +2 °C).

B cocraBe cooOmmecTBa (pUTOTIAHKTOHA MCCIIEIOBAHHBIX PAaOHOB OMNpeieieHO 48 TaKCOHOB MUK-
poBonopocient u3 5 oraenoB (38 Bacillariophyta, mo 3 Dinophyta, Cyanoprokaryota u Chrysophyta,
1 Haptophyta), a Takxxe 1 Takcon makpoduroB Rhodophyta. [IpoctpancTBeHHOE pacnipenenenue puto-
IJTAHKTOHA XapaKTepU30BaJIOCh 3HAYUTEIbHON MATHUCTOCTBIO, y4acTKU KO:KHOro okeaHa pa3inuyaiuch
MeX1y cOOOM MO BUIOBOMY COCTaBY U IO BKJIAJy OTAEJNBHBIX BUJIOB M TPYMII B OOIIYIO YHUCIEHHOCTD
u Oromaccy TulaHKToHa. CXOJICTBO BHJIOBOTO COCTaBa (PUTOIUIAHKTOHA MAaKCUMAIBHO JISI IIENTb(O-
BbIX CTaHIU — B cpeaHeM 43 %. OCHOBHOU BKJiaJ B KOJIMYECTBEHHbIE XapaKTEPUCTUKU (PUTO-
IUTAHKTOHA BO BCEW UCCJIEIOBAHHOM aKBaTOPUU BHOCST IMATOMOBBIE BOJOPOCIIH, MPEUMYIIECTBEHHO
npencraButenu pona Fragilariopsis, ipuypodeHHble K menbdy U mpudpexHsiM paiioHam. [Ipu yna-
JieHUH OT Oepera WM B OTKPBITOM MOpe J10J1s1 JUATOMEN CHUKAETCsI, MACCOBOTO Pa3BUTHUs JOCTUTAET
Bua Phaeocystis antarctica. BoisiBiieHa KOppessiys Mex/ly YMCIEHHOCTbIO BOIOPOCIEH, TEMIepaTypoit
BOJIbI Ha pa3pese P2 u KoHleHTpaluen coeid B cioe BogHbIx Macc 0—50 m.

Paboma evinoanena é pamkax eocyoapcmeentozo 3adanus «buopaznoobpaszue MuKkpoopzanuzmoe anmpono-
2€HHO 3612pﬂ3HéHHle IKocucmem u ¢yHKI4u0HCZﬂbH0-2€H€mul't€CKl/t€ MEXAHUBMbBL UX a()anmauuu K cmpeccoebim
ycaosusam okpycaioueis cpedol» (Ne 124020500028-4).

BaaromapHocTb. ABTOpHI BhipaxaioT OnarogapHocts C. B. Kammny (M. H. c., maGoparopusi HOxHO-
T'O OK€aHa OTAcjIa OKEaHOJIOIrnu ApKTI/I‘IeCKOF 0O U aHTAPKTUYECKOTI'O0 HAYYHO-HCCJIENOBATEIbLCKOIO I/IHCTI/ITyTa),
II. A. OpexoBy (JIOLIEHT, K. BeT. H., Kadeapa opraHu3aluu, SKOHOMUKH U YIIPABJIEHUS] BETEPUHAPHBIM JIEJIOM
Cankr-IleTepOyprckoro rocy JapcTBEHHOTO YHUBEPCUTETa BETEPUHAPHON MEIULIUHBL ), ‘ A. II. Boponuny ‘ (c.H.cC,,
K. 0. H., Jabopatopust MopdoJIoruy KieTku rpyimsl Hekogupyiomierd JHK MucTuTyTa UTONIOrMK) 38 IOMOILIIb
B MpPOBEJEHUN HCCIeAoBaHUM, a Takxke Bcemy 3kunaxy HIC «Akagemuk TpEemHUKOB» 3a OTBETCTBEHHOE
OTHOIIIEHHE K BBIIIOJIHEHUIO OKeaHOrpahuIecKux padoT.
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SPATIAL VARIABILITY
OF THERMOHALINE PARAMETERS AND PHYTOPLANKTON COMPOSITION
OF WEST ANTARCTICA IN SUMMER SEASON

D. Sharavin and P. Belyaeva

Institute of Ecology and Genetics of Microorganisms of the Ural Branch of the Russian Academy of Sciences,
Perm, Russian Federation
E-mail: dima-sharavin@yandex.ru

Spatial variability of thermohaline characteristics (temperature, salinity, and dissolved oxygen) and phy-
toplankton structure (composition, abundance, and biomass) of the Southern Ocean during austral sum-
mer were investigated. New data were obtained for a little-studied area of Antarctica: on transects along
the eastern border of the Ross Sea along W156° (T1, length of 35 km, 6 stations), near the Russkaya
station (T2, 87 km, 13 stations), at the single station (Roosevelt Island area, Bay of Whales, Ross Sea),
and in the Bransfield Strait (T3, 118 km, 11 stations). The relevance of the analysis of this area is due
to its location on the border of the shelf and continental slope with different parameters of temperature
and water structure. Low salinity and different temperature characteristics were revealed in surface wa-
ters of T1 and T2: lower values for T2 (-1.5 °C) and higher for T1 (0 °C). For the Bransfield Strait
waters (T3), typical data on salinity and oxygen content were obtained against the backdrop of slightly
increased temperature (up to +2 °C). For the single station, relatively fresh, cold, and oxygenated water
of the upper 100-meter layer was recorded, and low temperature values of the bottom area, with high
mineralization, were registered. In the phytoplankton composition of the study area, 48 taxa of micro-
algae from 5 divisions were identified (Bacillariophyta, 38; Dinophyta, Cyanoprokaryota, and Chryso-
phyta, 3 taxa each; and Haptophyta, 1) and 1 macrophyte taxon (Rhodophyta). The maximum similarity
in the species composition of phytoplankton (on average, 43%) was typical for shelf stations in differ-
ent areas. The total abundance of phytoplankton in the study area of the Southern Ocean ranged within
4.3-264.0 thousand cells-L™!, and biomass, 0.07—1.18 mg-L™!. The main contributors to quantitative
characteristics of phytoplankton throughout the study water area were diatoms, mainly representatives
of the genus Fragilariopsis Hustedt, confined to the shelf and coastal areas. At a distance and in the open
sea of transects T1 and T2 deeper than 50 m and in surface waters of transect T3, Phaeocystis antarc-
tica Karsten (Haptophyta) developed in mass. For T2, the dependence of phytoplankton abundance
on water temperature and salinity was revealed.

Keywords: West Antarctica, Bransfield Strait, shelf, spatial variability, thermohaline parameters,
phytoplankton
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[pubpesxHbIe SKOCUCTEMbI MOPCKUX TPaB, B YacTHOCTU Zostera marina Linnaeus, 1753, criocoOHsI
HaKaTUTMBaTh OPTaHUIECKUH YIIIepo, (PUKCUPYS YINIEKUCIbIA ra3 pu ¢otocuHTese. [Ipn aTom Haj-
3eMHas1 OMoMacca MOPCKUX TPaB CUUTAETCSI KPATKOCPOUHBIM X PAHWJIUIIIEM YIJIepoa, a IOHHbIE OTJIO-
JKEHMsI PACCMATPHMBAIOTCS KaK €r0 J10JTOBPEMEHHOE JIENO0. BOJIbINas 4acTh MCcieJ0BaHNIA HAKOTIIEHHSI
OpPraHMYeCKOTO BeIleCTBa IKOCUCTEMAMU MOPCKUX TPaB MPOBE/IeHa B PaliOHaX C YCTOMYMBBIM OCal-
KOHaKoruieHueM. VIMeHHO ISl TAaKUX aKBaTOPHUU MOKa3aHa BaXKHasl POJib STUX SKOCUCTEM B paMKax
KOHIICTILIUK «T0JIy0oro yriepoaa». OJHaKO B MOPSIX YMEPEHHbIX IIUPOT PacIpOCTPaHEHbI IPUOPEK-
HbI€ aKBATOPUH C HEYCTONYMBBIM OCAIKOHAKOIIJIEHUEM U C MPeod,IaaHueM IECYaHUCTIX OTI0KEHHUH,
IUTSE KOTOPBIX MAacIITad HAKOTIJIEHHS YIJIepoa B 9KOCUCTEMaX MOPCKUX TPaB He OueBHUeH. B naHHOI
padoTe olpezieieHb OMoMacca | 3amac yriepoa B TPABOCTOE U KOPHSIX 30CTEPHI, a TaKkKe KOHIIeHTpa-
ous COpr Y 3amac yriepoaa B BEPXHUX CJIOSIX JOHHBIX 0cagKoB (TommuHoi 0,25 u 1 M) A1 TUITHYHBIX
MeCTOOOMTAaHMI BUA B MOMyoTKphITor 6yxTe Cpemnsis (3amue [lerpa Bemwmkoro, SImoHckoe mope),
rJe JOMUHHUPYIOT TleCYaHUCThIe OTIOKeHus. Ha kopHU 30cTephl mpuxonwiocs B 3—20 pa3 MeHbIIe
OGUOMACCHI, YeM Ha TPABOCTOMW, MPUYEM pa3HUIIA BO3pacTalia OT ampesisi K UIOJ0 B COOTBETCTBUU C Ce-
30HHOCTBIO Beretanyu. KoHIIeHTpaluu yriiepo/ia B JIMCThSAX U KOPHSAX Z. marina Obmi 6ym3ku (33,3
u 31,3 % cyxoro Beca COOTBETCTBEHHO). B OuoTonax ¢ npoekTuBHbIM MOkpbiTHeM 50-80 % 3amac
yIeposia B TKaHAX 30cTephl cocTans (96,8 + 37,4) r C-m~2, B 6uotonax co 100%-HEIM MOKPHITH-
eM OH nopbimanca 10 253 r C-m~2. KoHIeHTpalys yriepoaa B JOHHBIX OTIOKeHUAX 6yxThl CpeaHss
kose6anack ot 0,04 no 0,46 % ¥ ObuIa MPOTIOPIIMOHANBHA JJOJIe AJIeBPUTOBBIX (dpakimit. [log mioT-
HBIMU 3apOCISIME Z. marina KoHueHTpauust C,,. 1 J10JIs1 alIeBPUTOBBIX YACTHUL[ B OCAIKaX GbLIA BbI-
1€, YeM MO/ Pa3peKeHHbIMU. AHAIM3 BEPTUKAIBHOIO pacrpe/esieHus KoHueHTpaumu Cy. B npejie-
Jlax BepxHero 15-35-cM cJios necyaHbIX OCaaKoOB He BBISBIII TPEHa M3MEHEHHS BHU3 1O KOJIOHKAM.
OCHOBHBIM (paKTOPOM, KOHTPOJIMPYIOIMM KOHUEHTPALWIO Cop, OBUI IPAHYJIOMETPHYECKUI COCTAB
OCAJIKOB, YTO MPENoJaraeT ciadyio BHPaXkeHHOCTh BOCCTAHOBUTENILHOTO JUATeHE3a W BIIMSHIE BOJI-
HOBOTO TlepeMeIlBaHNs BEPXHETO CJIOsI TIeCUaHbIX OTIOKeHUH. [0 TaHHBIM U3MepeHHi 00BbEMHOM
IUIOTHOCTH 1 KOHUeHTpamn C,p. B OTIOKEHUsX ObUI pacCuMTaH 3amac yriepopa s cioés 0,25
u 1 M. lons opraHnyeckoro yriepoja B TKaHSIX MOPCKOH TpaBbl He MpEBbIIaa TPETH OT €ro Ko-
nudectBa B BepxHeM ciioe (0,25 M) MOACTUIAIONIMX MecyaHbX omioxeHuil. [Ipu nepecuére Ha croi
TOJIIMHOWA 1 M BKJIaJ AOHHBIX OTJIOXEHUU B Iy COpr npesbimaer 90 %. OGoramieHne opraHuye-
CKUM YIJIEPOJOM IECUYAHBIX OTIONKEHWI MO 3apOCIsIMKA 30CTEPHI, 110 CPABHEHHUIO C MeCKamu OJIn3-
KOTO TpaHyJIOMETPUIECKOrO COCTaBa 3a MpejeslaMy 3apociied, MperoaraeT CyIecTBEHHYIO POJb
MOPCKHUX TPaB B HAKOIUICHUH YIIIepoJa B aKBaTOPUSX C OTCYTCTBHEM YCTONYMBOTO M MHTEHCUBHOTO
ocaikoHakorUieHus1. Hanbosee BaxHbIM (paKTOpOM, KOHTPOJIUPYIOIIUM 3arac yriiepoja B 9KOCHCTe-
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IPEK/e BCETO OT MX IPaHyJOMETPUYECKOrO COCTaBa; IPU 3TOM pa3Max BapuallM{ 3allacoB yIJiepoaa
B BEPXHEM CJIO€ COCTABIISIET NOPsIAOK U Oosiee. [locTpoeHs! KapThl pacnpeneaeHust 3apocieil 30CTepbl
B arnpesne u uiose 2021 r. Paccuntansl aOCOMIOTHBIE 3HAUSHUS 3a11aca yriepoia — Kak HaKOIUIEHHOTO
B Ouomacce Z. marina, Tak W JAENOHMPOBAHHOTO B OCAJKaX, KOTOPbIE MOKPHITH JyramMu. C MCHOJb-
30BaHKeM nporpammbl MaxEnt 3.4.4 BeisiBiieHa TOTEHIMAIbHASI 00JIACTh PACIIPOCTPAHEHUsI COOOIIIe-
CTBA C JIOMUHUPOBAHUEM 30CTephl. Pe3ysibTaThl MOJEIMPOBAHUS MOKA3AIH, YTO 0OJACTH C TIPOTHO3-
HOI BEpOSATHOCTBIO IPUCYTCTBUA Z. marina 6omee 0,5 3aHIMAIOT OKOJIO TPETH OOIIEH ITONIaan OyXTH,
U3 HUX Ha IUTOMIA/IM C BEPOSTHOCTBIO PUCYTCTBUs 30cTephl Oonee 0,75 npuxoautes 11,83 ra. B nepu-
0]] MCCTIeI0OBaHUM oAl Z. marina 3anuMany > 70 % 001acTé ¢ IPOrHO3HOM BEPOSITHOCTBIO PUCYT-
crBus Buga 6osee 0,5. [TokazaHo, 4TO Py OLICHKAX BKJIa[a SKOCHCTEM C MOPCKMMH TPaBaMHM B OaJlaHC
yIJIepo/a, KOTOPHI aKKyMYJIMPYETCsl B IPUOPERKHON 30HE, HeoOXoaumbl AuddepeHnranus akBaTo-
pHii 1O peskrMaM OCaJKOHAKOIUICHHUsI M TUTIaM JOHHBIX OTJIOXEHHH, co3[jaHue 0a3 JaHHBIX, BKIIOYAIO-
[IMX CBE/ICHUS 10 KOHIIEHTPAIIMK U 3aracaM yIiieposa Ha eAWHUILY IUIOMAIH, a TaKKe NH(POpMAIHs
0 IUIOIIAJSAX PACIPOCTPAHEHHS IKOCHCTEM BOJHOM PACTUTENILHOCTH.

KoueBble ciaoBa: «ronyOoil yrnepon», Zostera maring, KOHLEHTpALUs yIJepoJa B IECYaHbIX
OTJIOKEHUSIX, TUCTAHLIMOHHOE 30HIUpoBaHue, AnoHckoe mope, 3ayuB Ilerpa Besmkoro

Mopckue TpaBbl IPEACTABISAIOT COOOU IPYIITY BUIOB, MPOU3PACTAIOLINX HA METKOBOIBSIX 1 00pasy-
IOIIMX MOABOIHBIE JIyTa TUIOMIAbI0 OT HECKOJIBKUX KBAJPATHBIX METPOB JIO COTEH KBAaIPATHBIX KUJIOMET-
poB. [TpuOpesxHbIe SKOCUCTEMBI MOPCKUX TPaB CIIOCOOHBI (PUKCHUPOBATH YIIIEKUCIIBIHA Ta3 Py (DOTOCHH-
Te3e M XpaHUTh OPraHUYECKUI YIJIepOl M B OMOMacce pacTeHH, M B JOHHBIX OTJIOKeHUsIX [Fourqurean
et al., 2012; Rohr et al., 2018]. Psag onieHOK MoKas3biBaeT, 4YT0 MECTOOOUTaHHUSI MOPCKUX TpaB, 3aHU-
matorvie 0,1 % moBepxHOCTU THA, oOecTeunBaloT OKoJo 10 % ekeromHoro IermOHUPOBAHUS YIIepo-
na B okeaHe [Duarte et al., 2005; Fourqurean et al., 2012]. Buomacca npuOpexHOI pacTUTEeTHHOCTH,
coctapysmiomast b 0,05 % pactutesbHON OMOMAacChl Ha CyIlle, B TeUeHHe ToJja HaKaruIiBaeT CpaB-
HUMOE KoJimuyecTBO yriepoga [Duarte et al., 2005; McLeod et al., 2011]. B To ke BpeMs ecTh AaH-
HBIE, YTO 3TU MNIOOATbHBIE OLIEHKU 3aIacoB YIJIepoAa B S9KOCUCTEMAaX MOPCKUX TpPaB SIBJISIOTCS 3aBbl-
meHHeIMU [Prentice et al., 2020; Rohr et al., 2018]. Tem He MeHee 3alUTa ¥ BOCCTAHOBJIEHUE KO-
CHCTEM MOPCKUX TPaB PACCMAaTPUBAIOTCS B KAYECTBE OJTHON U3 OCHOB KOHIIETIIIUH «TOTyOO0r0 yriepoia»
JUIsl KOMIIEHCAIIUM YBEJIMUEHUsl COJIepKaHUsl yriieKucaoro raza B atmocgepe [Duarte et al., 2005;
McLeod et al., 2011].

HamzemHass Ouomacca MOpPCKHMX TpaB CUYHMTAeTCs KPATKOCPOUHBIM XPAaHWIMIIEM Yriaepoaa
13-32 OBICTPOTO MUKPOOHAIBHOTO OKUCJICHUSI B a9POOHBIX YCIIOBHUSAX W BBICTAHUS TPABOSITHBIMU KH-
BoTHbIMU [Fourqurean et al., 2012]. HanipoTus, TOHHBIE OTJIOKEHHS JIYTOB, 0Opa30BaHHBIE 110136 MHOM
OromMaccoi, paCTUTENILHBIM JIETPUTOM M AJUIOXTOHHBIM OPraHUYECKUM BEILlECTBOM, PACCMaTpPUBAIOTCS
Kak JojroBpemMeHHoe jeno yriaeposaa [Bouillon, Boschker, 2006]. MoXHO BbIEIUTD 1Ba MEXaHU3MaA
TMOBBIIIEHU I KOHIEHTPAIUU COpr B JIOHHBIX OTJIOKEHHUSIX OMOTOIOB C MOPCKUMU TPABAMM:

1) cuHTe3 pacTeHUsIMU U CBSI3AHHBIMU C HUMU MU(PUTAMU OPraHUYeCKOTO BEIECTBA C MOCTe Y IOIIM
HAKOIJIEHUEM YacTH TOrO aBTOXTOHHOTO MaTepHasia B OCaaKax;

2) BAMSIHME 3apociieidl Ha JIOKAJIbHYIO TMIPOJUHAMMKY, UYTO MPUBOAUT K YCKOPEHUIO CeAUMEHTa-
MM MaTepuaya, TMPernsiTCTBYeT PeCyCleH3Wd W COMPOBOXKAAETCS YBEJIUUEHUEM JIOJUA aJieBpo-
MIEJIUTOB B OTJIOKEHUSIX C COOTBETCTBYIOIIMM ITOBBIIIIEHHEM KOHIIEHTPAIIMM KaK aBTOXTOHHOTO,
Tak U aJuIoXTOHHOro C Lei et al., 2023].

M30TONHbIE HCCIIeJ0BAHMS TeHE3UCa OPrAaHMYECKOro BEIECTBA B OCAJIKaX 110 XapakTepucTuke &'°C
1 8N yKkasplBalOT HAa TO, UTO [0JIA AJUIOXTOHHOTO OPraHMYECKOrO BEMIECTBA, KaK MPABUIIO, 3Ha-
YUTEILHO OOJIbIIIE TAKOBOW OPraHMYEeCKOro BelecTBa, CUHTe3MpoBaHHOro TpaBamu [Kennedy et al.,
2010; Prentice et al., 2020; Rohr et al., 2018]. Ho maxe eciau Mo M30TOIMHOMY COCTaBy OOJIbIIast
YacTh OPraHUYECKOTO BEIECTBA B JIOHHBIX OTJIOKEHHSAX OMOTOIIOB C MOPCKOW TPaBOM CBSI3aHA C OCa-
JOYHBIM MaTEPUAJIOM, €r0 HaKOIUICHHWE B 3TUX OMOTONaxX OOYCJIOBJIEHO UMEHHO CYIECTBOBAHHMEM 3a-
pocneit TpaBbl. TeM He MeHee JAJii KOPPEKTHBIX OLIEHOK POJIM MOPCKHUX JIyroB B HakoruieHun C
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B IIPUOPEKHO-MOPCKHUX IKOCUCTEMAX HeoOxomuma auddepeHIanys BIMSHASA TPOAYKIIMOHHBIX Xa-
PaKTEPUCTHK 30CTEPbI M YCIOBUN OCAKOHAKOIJICHUsI HA BapUalliy KOHILIEHTpAIUU COpr B JOHHBIX OT-
noxeHusx. Haubonee 0ueBUAHO yCIOBUS OCAIKOHAKOIUIEHHS OTPAKAIOTCS B TPAaHYJIOMETPUUYECKOM CO-
CTaBe JOHHBIX OTJIOKEHUM, KOTOPHBIH, B CBOIO OU€pe/lb, BJIUSIET HA COJIEpKaHUe C0pr BCJIEJICTBHE KOHIICH-
TPUPOBAHUSI OPraHMYECKOTO BEIIECTBA B UIMCTHIX (ppakuusx [Pomankesuu, 1977]. UmeHnHo nostomy,
OIIEHMBAasl Pa3HUILy MEKAY KOHICHTpaIen Copr B JOHHBIX OTIOXKEHHSX IKOCHCTEM C MOPCKOH Tpa-
BOI1 1 6e3 He€, HeOOXOJMMO B MAKCUMAJIBHO SIBHOM BHJI€ YYUTHIBATH BAPUAIIMHU I'PAHYJIOMETPHUECKOTO
COCTaBa, uTo ynaercs He Bcerga [Miyajima et al., 2017; Prentice et al., 2020].

C TOouYKHM 3peHHsI KOHIIETIIUN «TOJYyOOro YIIepoa» IIaBHBIM (PAaKTOPOM SIBJISIETCS] HE CTOJIBKO 3ariac
OPraHUYECKOTO YIJIEPO/a B PACTEHUSIX U BEPXHEM CJIO€ JOHHBIX OTJIOKEHUI, CKOJIBKO TEMIIbI €r0 aKKY-
MYJISIIIAA U BBIBEJIEHUsI U3 KPYroBOPOTA, KOTOPbIe KOHTPOJUPYIOTCS MPEXE BCETO CKOPOCTHIO OCAI-
koHakoruieHus [Gullstrom et al., 2018; Mazarrasa et al., 2017; Samper-Villarreal et al., 2016]. Han6o-
Jiee pacrpoOCTPaHEHHBII CIIOCOO OLIEHUTDH AMHAMUKY HAKOIUIEHHS OTJIOKEHHI BO BpDEMEHHOM HMHTEPBAJIE
110 50—150 neT — aHanu3 BepTMKANLHOIO pacnpesesenus pamguousotonos 2'Pb u *’Cs B kononkax
JOHHBIX ocaakoB [Marba et al., 2015]. [TogoOHBI MOAX0[ YCHENTHO peaTn3yeTcsl B aKBATOPUSIX C I0CTA-
TOYHO YCTOMYMBOM aKKyMYJISILIMEHN WIIMCTOrO 0cajiouHoro Matepuaia [Tuinenko u ap., 2022; Lafratta
etal., 2020]. IMeHHO TakOM COBOKYITHOCTH YCJIOBUM OCAKOHAKOIUICHU YEJISIIOT OCHOBHOE BHUMAHME
B UCCJIEJJOBAaHUSIX SKOCUCTEM MOPCKUX TpaB BCJIEICTBUE OUEBUIHOM CYILIECTBEHHOM POJIM B CEKBECTpa-
UM yT7Iepoa MporeccoB 00pa3oBaHus MPOAYKIIMY U HAKOTUIEHUSI OPraHUYECKOTO yIaepoa B IOHHBIX
OTJIOKEHUSIX TpUOpeskHbIX akBaTopuil [Lafratta et al., 2020]. OTMeTHM, YTO B aKBATOPHUSIX YMEPEHHBIX
HIMPOT, B YaCTHOCTU B SIMOHCKOM MOpE, IOCTAaTOYHO PaCHpOCTPAaHEHBI 3aPOCIM BBICIIIEH PACTUTEIIb-
HOCTHU Ha TIPEeMMYIIeCTBEHHO necyanbix rpyHTax [[laiimeesa, 1973, 1979], rae BepxHMii cIoM MojBep-
’KeH BOJJTHOBOMY IE€pPEeMEINBAHHUIO, & CKOPOCTh OCAJAKOHAKOILJIEHHUs CYIIeCTBEHHO MeHblie [Rohr et al.,
2018]. MoxHo mpearnoarath, 4To 3anac U AMHAMUKA HAKOIUIEHHS YIiepoAa B MOJOOHBIX IKOCHCTe-
Max OyIyT OTJIMYATHCS OT TAKOBBIX B 9KOCUCTEMAX C 3aWJIEHHBIMU TPYHTAMU, HO (DAKTUIECKUX JTAHHBIX
1o OMOTOMAM C TeCUYaHBIMK TPYHTAMU ¥ HECTAOWIbHBIM PEKMMOM OCaIKOHAKOTUIEHHSI HEJOCTATOYHO.

[pencraBnsiemast paboTa HalpaBjieHa Ha ONpeesieHne KOHLISHTPAIMK U 3araca yriepojaa B OeH-
TOCHOM 9KOCUCTEME MOPCKOM TpaBbl Zostera marina Linnaeus, 1753, kapTorpadupoBaHue 3apocien
IJIs y4€Ta MPOCTPAHCTBEHHON reTepOreHHOCTH SKOCUCTEMBI MPU OLIEHKE 3araca yriepojaa B JIOKaJb-
HOM MacITabe pailoHa UCCIeJOBAaHUI U UCTIOb30BaHUE PE3yJIbTATOB MOAEIMPOBAHU S MOTEHIINATIBHOM
o0acTu pacrpeesieHus 30CTepbl PU UHTEPIPETALIMY TTOTyUYSHHBIX JAHHBIX.

MATEPUAJI 1 METO/1bI

Paifon nccneioBannii — pacrosoxkeHHasi B JlalbHEBOCTOUHOM MOPCKOM 3aroBeHuke 0yxTta Cpen-
Hss (rwommans 100,57 ra), KOTopasi Mo COBOKYMHOCTU MOP(OIUTOreHHBIX, THAPOKIMMATUYECKUX U OUO-
THUUYECKHMX XapaKTePUCTUK THUIMYHA JIIs I0ro-3anagHoro nodepexns 3aasa [erpa Benukoro (Anonckoe
Mmope) (puc. 1A).

ByxTta BblpaboTaHa B THHIIAX TPEX BOAOCOOPHBIX BOPOHOK. BXOIHBIE MBICHI KPYTHIE, C XapaKTep-
HbIMU Kidamu 1 6eHuamu. B BepimHae OyXThl K MOPIO BHIXOJAT JPEBHUE YCTYIIBI C HU3KOW MOPCKOM
teppacoil [Koporkuii, Xynsakos, 1990]. ITonBoaHble CKJIOHBI a0pa3MOHHBIX 30H Y BXOJHbBIX M BHYTPH-
OYXTOBBIX MBICOB 00Pa30BaHbl BHIXOIAMH KOPEHHBIX NOPO/] U IPyO00OJIOMOYHBIM MaTeprajioM. beHuwu,
CJIOKEHHBIE CKATbHBIM M IpyO00OJOMOYHBIM MaTEpPHAIOM, YACTO MOKPHITHl MO3AMYHBIMU 3apOCIISIMU
MakpoduToB. Ha mosjiorux akkymyJIssTHBHBIX TOBEPXHOCTSIX B CEBEPHOM U I0KHOM YacTsaX OyXThl HA TITy-
ouHax 0,5—-8 M MUPOKO pacIpoCTpaHEHB MOPCKHE TPABHI (C JOMHUHUPOBAHUEM Z. maring). AKKyMyJis-
TUBHbBIE PABHUHBI, 3aHUMAIOIIIHE OOJIBIIYI0 YaCTh AKBATOPUH, OKPHITHI IIECKAMU C IPHUMECHIO PAKYIIIH,
PaKOBMHHOIO JieTpuTa 1 uia. Ha Bbixoze u3 OyxThl Ha yOnHax 9—15 M npeobajaeT pa3sHO3epHUCTbIN
MIECOK C Pa3JMYHOM CTENEHBIO 3aUJIEHHOCTH.

Mopckoii 6uonoruueckuii kypHan Marine Biological Journal 2024 vol. 9 no. 2
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Puc. 1. A — pacnosioxeHne paiioHa uccienoBaanii B 3ayuse [letpa Benvkoro, SlmoHckoe Mope (Ha Bpe3ke
— MaTepuKoBoe nodepexne [JaabHEeBOCTOYHOIO MOPCKOro 3arnoBeaHuka); b — Touku kapruposanus (1)
1 oTOOpa Mpod Ha yJacTKax ¢ 30cTepord (2) n Ha neckax 6e3 3octephl (3) (IyOHHBI MOKa3aHbl H300aTaMu,
MOCTPOEHHBIMU 110 LM(POBOI MoEHM pesibeda)

Fig. 1. A, location of the study area within Peter the Great Bay, the Sea of Japan, with mainland coast
of the Far East Marine Reserve on the inset; b, mapping points (1), sampling points in the seagrass-covered
areas (2), and sampling points on bare sands (3) (depth distribution is shown by isobaths based on a digital
elevation model)

[Tpo3padHOCTh BO/IBI IOCTATOUHO BBICOKA AJIsI PUOPEKHBIX BOJI YMEPEHHBIX IIUPOT. B TeueHue ro-
J1a OHa MEHSIETCS] B 3aBUCUMOCTHU OT JAMHAMUKU OEperoBOro CTOKa M MepUOJOB IIBETEHUS IJIAHKTOHA.
Hawubosnbiyio mpo3padnocts Bojsl (1o 10-15 M) oTmMevaloT ¢ ssHBapsi M0 MapT U C HMIOJIS 1O OKTSAOPb.

[MpencraBnenre o naHAMAaGTHO-(DAMATBHON CTPYKType OyXThl C(hOPMUPOBAHO HA OCHOBE IKC-
neptHoro aemuvdgpupoBanuss RGB-cuntesupoBannoro cauvka IKONOS-2 [Kapukos u ap., 2017]
U CBEJEHUN O pachpedesieHuu 3apociieil MOPCKUX TpPaB, MOJYYEHHBIX C UCIOJb30BAaHMEM METOIOB
paguoMeTprudeckoil koppekuuu JaHHelx Landsat-8 [JKapukos u ap., 2018].

[MoneBbie pabOTHI POBEEHBI B aripesie (0 Hayaja MHTEHCUBHOTO POCTa 30CTePH) U Hiojie (BO Bpe-
Ms Makcumyma Beretarmu) 2021 r. Coop Martepuana OCYIIECTBISIM C HCIOJb30BAaHUEM JIETKO-
BOJIOJIA3HOTO CHAPSDKEHUS, IPU KapTorpaupoBaHUU 3apOCieil MPUMEHsIN KaOesIbHYI0 BUICOKaMepy
BestWill CR110-7A (KHP). [IpucyTcTBue M NpoLEHT MOKPHITUS Z. marina yCTaHABIMBAIU O U300-
Pa’KEHUIO HA MOHUTOPE, CUHXPOHU3UPOBaHHOMY C 3anucsaMu GPS. JlocToBepHOCTh OLIEHOK 110 BUJIEO
KOHTPOJIMPOBAJIN MOTPYKEHUSIMU C aKBAJIAHTOM. 3apOCJIM MOPCKUX TPaB C MPOEKTUBHBIM MOKPHITUEM
aHa MeHee 50 % cuuTanyu pa3pekeHHbIMU, Oojiee 50 % — TUIoTHRIMHU. [1711 IO3UITMOHUPOBAHKS TOYEK
Y XOJIOTHBIX ITPOMEPOB Kcnob30Baiu Hauratop Garmin echoMAP 50dv (CILA), ycraHOBIEHHBI
B HaJlyBHOH JioJke. PacrionoxeHue Touek KaprorpapupoBaHUs M CTaHIMIA 0TOOpa MpoO MPHUBEAECHO
Ha puc. 1b.

[TpoOBI TOHHBIX OTJIOKEHUH U 30CcTepbl 0OTOMpay B anpeste 2021 1. Ha YeTHIPEX TUITUYHBIX yIacTKax
C pa3HBIM MOKpHITUEM Z. marina (cTanimm 63, 85, 77 n 49) v Ha IBYX ITeCUYaHBIX MECTOOOUTAHUSIX O€3 30-
crepsl (cT. 111 1 351). Te xe 4yeTbpe CTaHIMU ObLIM MOBTOPHO O0TOOpaHs! B viosie 2021 1., B epuos
MaKCUMaJIbHOM NIpoaAyKIMHU Z. marina (puc. 1B). IlnoTHOCTB 3apociieit onpenesisiv B paMKe IUIOIA/AbIo
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0,25 M2 HayizemHy1o (JIMCTOBBIE IJIACTUHKY) ¥ TIOA3EMHYIO (IMTOOETH U KOPHHU) YaCTH 30CTEPhI OTICIISIIH,
OTMBIBAJIM OT OCAJOYHOTO MaTepuasa 1 OMoJaCKUBAIU MIPECHOW BOJOH; 3aTeM CKAJbIIeIEeM OUUIIAIN
JIUCThS1 M KOPHU OT SMU(UTOB, IETPUTA U TUAPOOMOHTOB. Bech pacTUTEbHBINA MaTEPUA BBICYIIIUBAIIH
B TeueHue 48 4 npu +60 °C 10 MOCTOSHHOU MaCCH.

KosioHkM 0T/I0KeHU# 1Sl OnpefieieHusl TPaHyJIOMETPUUYECKOT0 COCTaBa U CONEpKaHUs yriaepoaa
0TOOpaHbl AKBAJIAHTMCTOM BPYUHYIO ¢ Uctiojib3oBaHueM [IBX-1pyOok amiHoi 50 cM 1 TuaMeTpoM 5 CM.
[T10THOCTh MEeCYAHUCTHIX OTIOKEHUI TIO3BOJISIA OTOOPATh KOJOHKM JiHOU 15-35 cm. Ha Gepery ko-
JIOHKU OTJIOKEHH JeIUIM Ha MHTEPBaJIbl 110 3 CM U TEPMETHYHO 3allaKOBBIBAJIM JIsI TIOCJIEAYIOIIETO
0T0Opa NpOd HA IPaHyIOMETPUIECKUiA aHamu3 1 onpeaesnenne Cy,. 1 00bEMHOM IUIOTHOCTH.

B naGoparopuu 3 mpod JOHHBIX OTJIOKEHUN €CTECTBEHHOH BJIAKHOCTH MpU romory 20-MJ1 noJum-
STUJIEHOBOTO INIPHIIA C OTPE3aHHON MepeHeil YacThio OTOMPAIM Mo 5 cM® ¥ B3BEMIMBATH [0 U TO-
cne cymku nipu +105 °C pis onpenenenuss o0bEMHOM MioTHOCTH (d, r-cMm™>). Yactp BBICYILIEHHOM
nmpoObl TOHHBIX OTJIOKEHUH, a Takxke 0oOpasilbl TPAaBOCTOSI M KOPHEBOW CHUCTEMBI 30CTEPhl FOMOTe-
HU3UPOBAIM UCTUPaHUEM B araToBoil ctymke. HaBecky pacté€prteix mpod (0,3-0,6 r) aHanusupoBa-
JM HAa COfIepKaHUE YIJepoAa METOJOM KaTaJMTUYECKOrO OKHUCIIEHWs C UCIOJIb30BaHMEM MpuOopa
Shimadzu TOC-V CPN (Anonus) ¢ Tounoctsio 0,05 %. [IpenBaputensHoe onpeaeeHne Heopranuye-
CKOTo yriiepoa (kapOOHATOB) MOKa3aJio, uto 6osiee 99 % obiero yriepona (total organic carbon, TOC)
MpPE/ICTAaB/ICHO OpranuyeckuM yrepogom (Copp).

Jpyryio 4acTh BBICYIIEHHOUW MPOOBI MTPOCEUBAIN Yepe3 1-MM CHTO JUIsl OrpeesieHHs] KOJIMIeCcTBa
rpyO03epHHUCTOI (ppaKiK, KOTopoe He mpeBbimaio 2,5 % u cocraBisio B cpeqdeM 0,5 % 1o mac-
ce. 3aTeM (ppakiyio MeHee 1 MM UCTHOJIBb30BAIU ISl aHAJIM3a TPAHYJIOMETPUYECKOTO COCTaBa C IOMO-
110 J1a3epHo audpakimu Ha npudope Fritsch Analysette 22 Nano (I'epmanust). Meton 1a€r pacrpe-
nenenue yactuil pazmepoM 0,08-2000 MKM cO cTaHIAPTHBIM OTKJIOHEHHEeM 12,3 % mo pe3yJbraTam
MATH TapaJUIeNbHBIX ornpeesieHni. [ paHyIoMeTpudeckuii 1 XUMUUYECKHUIA aHAJN3 TIPo0 MPOBOAMIN
B LIKIT TUT" IBO PAH.

3amac yrieposia B OTACIIbHBIX CJIIOSIX KOJIOHOK JIOHHBIX OTIOKEHHH (Scops T C-m~2) paccunthiBanm,
MIPUHUMAs ero paBHOMEPHOE paclpesiesieHue Mo KOJIOHKE B Mpejesiax cliosl, 1o (opmysie:

So =0, xdxLx10%,

opr opr

rae COpr — KOHIIEHTpaIlis yIJiepoja, BecoBbie %;
d — 00BEMHAS MIOTHOCTh OTIIOKEHHIA, T-CM >;
L — TommmmHa ¢j10s1 JOHHBIX OTJIOXKEHUH, CM;

10* — xo3hpuLmeHT nepecyéra r-cM > 2

BI'M “.

3arnac yriepoia Bo Bceil KOJIOHKE OIpeiesIsid CYMMHUPOBAHHUEM 3ar1aca B OTJEJIbHBIX CJIOsIX. B 60J1b-
[IMHCTBE MyOJIMKAIUK MO OIIEHKE POJIM IKOCHCTEM MOPCKHX TpaB B OajlaHCe yriiepoja UCMOJb3YIOT
€ro 3arac B BEpXHEM CJIO€ OTJIOKEHUI TOJIIMHON 1 M, B TOM YHCJIe MOTy4YEeHHBIN B Pe3yJIbTaTe IKCTpa-
nossiimu [Fourqurean et al., 2012]. Hamu Obl1a mpoBeieHa aHAJIOrMYHAST SKCTPATTOJISIIS HA METPOBbIN
CIIO¥ OTIOKEHUH C TIPUMEHEHUEM JIAHHBIX 110 KOHUEHTpauuu C,. 1 00bEMHOM IUIOTHOCTH, KOTOPBIE
OBbLIH MOJYYEHbI /151 HIGKHUX CJIOEB KOJIOHOK.

Pasnnune Mexny KoHUeHTpaiueid u 3amacom C. B IpoOax HOHHBIX OTIOKEHHI OLEHUBANH C T10-
MOIIBI0 HEMAapaMeTPUUECKOro Kputepusi MaHHa — YUTHM M f-KPUTEPUsI B CTATUCTUYECKOM IaKeTe
nporpamm PAST 3 [Hammer et al., 2001].

[To paHHBIM mMOJIEBOrO KapTorpadupoBaHUsl C MOMOIIbI0 Makera nporpamMm Surfer 23.1.162
(Golden Software LLC) nmocTpoeHsl KapThl pacipeesicHus 3apociied 30CTepbl U JOHHBIX CyOCTPaTOB
¢ paszpemtenueMm 10 m, mmgpoBas mMozenb penbeda qHA OyXThl. PerynspHble ceTKM AaHHBIX paccyu-
THIBAJIM METOJJOM KPUTHHIA, IPUMEHSIs JTUHEWHYI0O MOJIE/b BApHOrpaMMBbI € MapaMeTpaMu MacIiTada
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Y aHU30TPONHOCTH, paBHbIMU euHuLe. CriaxyuBaHME OCYILECTBIISJIM C MOMOLIBIO CTAaHIAPTHOIO
rayccoBckoro ¢uibtpa (pazmep — 3 X 3; yucio nmpoxogoB — 5). Iljist OLeHKU OIMOKH KapTo-
rpacpupoBaHus MOJIel MOPCKMX TPaB HMCIOJIB30BAJIM BEJIWYMHY HECOOTBETCTBUS MEXAY PACCUMTaH-
HOW CETKOM M MCXOAHBIMU JAHHBIMHM. XapaKTEPUCTUKON HECOOTBETCTBUS CIIYKHWJIO OTHOILIEHHE KOP-
Hsl U3 CPEIHEro KBajpaTa OcTaTKa MEkXAy STUMH 3HaueHUsIMU (MIOKa3aTeslb, PACCUMTAHHBIN MpU Iie-
PEKPECTHOM MpoBepke, cross-validation) K cpeAHEMY 3HAUYEHMIO IJIOIAAM MPOEKTUBHOTO MOKPHITUSA
B TaOmMuHbIX JaHHBIX [CyxaHoB, 2005].

JIns1 BHISIBICHUSI TOTEHIMAIBHOW OOJIACTH PACTIPOCTPAHEHMsI COOOIIECTBA C AOMHHHUPOBAHHUEM
Z. marina NpUMEHSIJIM METO]l MAaKCUMAJIbHOW SHTPONUH, peasin3oBaHHb B MaxEnt 3.4.4 [Phillips et al.,
2006]. DTa mporpamMma MOJIEIUPYET MPUTOAHOCTh CPe/ibl OOUTAHUS HA OCHOBE CBE/IEHHIA O PUCYTCTBUU
Buja [Elith et al., 2011], pe3ynpTaT npeacrapiaser coOO pacrpeeieHue BEpOsATHOCTEH ero HaXoxJe-
HUS B Kaxao# sveiike pactpa. C y4éToM OrpaHMYEeHUI Hawjlydlllee BEpPOSITHOCTHOE Ipe/ICTAaBICHUE
pacnpeiesieHrst IMeeT HauOOJIbIIYI0 SHTPOIHUIO, TO €CTh TOUYHEE BCEro BOCIIPOM3BOIUT AaHHbIE. B Ha-
crosiuee BpeMs MaxEnt siBiisieTcss oqHUM 13 HanOoJlee MOMYJISAPHBIX CPEICTB U3YYeHUs pacrpeeeHus
Mopckux Makpoduros [Bertelli et al., 2022].

[Tpu MoaenMpoBaHKM UCTIOIB30BAIM CBEICHUS] O MECTOHAXOXKICHUSX BUA, MIOyUYEeHHbIE BO BPEMsI
noJieBbIx padoT B 2013-2016 u 2021 rr. (Bcero 102 Touku). BeiOOpKy pa3ouBaiv Ha TeCTOBBIA (25 %)
1 o0yyalonuii Habopsl. JlaHHBIE O MapaMeTpax Cpe/ibl BKII0YaAIN KOHTUHYaJIbHBIE CJIoU (LU poBast Mo-
AeJb pesibedba U pacipelesieHUe JOHHBIX OCa/IKOB) U KaTerOpUiHbIN pacTp (JlanamagTHO-(anuaibHas
CTPYKTYpa OyXTHI).

PE3VJIbTATHI

KoHneHTpanus u 3anac yrjiepoja B 30cTepe H JJOHHbIX 0TJI0KeHHsIX 0yxThl Cpeanss. [lo-
Kazarenu OuoMaccel Z. marina M 3amaca yriiepoja, CoAepkKaiierocsi B TpaBoCTOe U KOPHSX MOPCKOM
TPaBbl B TUIIMYHBIX MecTOOOMTaHUsX OyxThl CpenHsisi, mpuBeeHb B Tab. 1. Buomacca kopHeit 3octe-
pbI Obu1a B 3—20 pa3 MeHbIIe, YeM OMoMacca TPaBOCTOS, PUIEM pa3HUIIA BO3pAcTalia OT aripeJis K HIOJTIO
B COOTBETCTBHU C CE30HHOCTBIO BereTally BUa U Obllla HanOoJIee BeIpakeHa B OMOTOIAX ¢ MPOEKTHUB-
HBIM MOKpbITUEM 50 % U MeHee. 3HaueHHs] KOHIIGHTPAIUK YIJIepoa B JIMCThSAX U KOPHX Z. marina
coctapnsii 33,3 u 31,3 % oT cyxoro Beca COOTBETCTBEHHO, TO €CTh ObUTH BecbMa OMM3ku. O4eBUIHO,
YTO BapHallysl 3araca yriepoja B PacTUTEIbHbIX KOMIIOHEHTaX 9KOCUCTEM MOPCKHUX TpaB KOHTPOJIU-
pyeTcst UBMEHYMBOCTBIO X OroMacchl. B OroTomnax ¢ nmpoeKTuBHBIM MOKpbiTHeM S0-80 % 3amac yrie-
poia B TKaHsAX 30CcTepsl cocTaiseT (96,8 = 37.4) r C-M~2, ogHako B 6uotonax co 100%-HbM MOKPbI-
TUEM Z. marina 3anac yriepoja nopblmaercs Ao 253 r C-M2, a TommuHa KOPHEBOM TMOIYIIKH, IEPHA,
mocruraet 10 cm.

Ta6smna 1. Bruomacca v 3amac yrieposa B JIMCTbSIX M KOPHSIX Zostera marina B TAIIMYHBIX OMOTONAX OYXThI
CpenHsist ¢ pa3IMYHBIM IPOSKTUBHBIM MOKPBITHEM TPABON

Table 1. Biomass and carbon stock in Zostera marina roots and leaves in typical biotopes of the Srednyaya
Bight with different projective seagrass coverage

Ne Mecstt ITpoexTuBHOE Briomacca 30CTepsl, T CyX. B.-M 2 3anac yrnepoga B 3octepe, r C-M~2
CTaHIIUU MOKpbITHE, %0 JIuctesa Kopuu O0mas JInctesa Kopuu OO0mwuit
85 Urons 100 517,3 258,2 775,5 172,3 80,8 253,1
77 Mionb 80 236,7 71,5 314,2 24,3 2,4 26,7
77 Arnipeinb 80 159,1 96,6 255,7 53,0 30,2 83,2
63 Urons 50 356,6 41,0 397,6 118,8 12,8 131,6
63 Amnpenb 15 120,2 6,8 127,0 40,0 2,1 42,1
49 Urons 15 87,0 30,0 117,0 29,0 9,4 38,4
49 Anpenb 50 108,3 10,7 119,0 36,1 34 39,5
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KoHlleHTpammsi yrjiepojila B [JOHHBIX OTIOKeHUsAX OyxThl CpemHsas wusMeHstiack ot 0,04
10 0,46 % (Tad:n. 2), Ipy 9TOM Co/IepKaHKe B IECYAHUCTHIX OCAIKAX MOJ] TUIOTHBIMU 32POCIISIMU 30CTEPbI
ObLJI0 3HAUMMO (IO KpUTEpUI0 MaHHa — YUTHU) BbILIE, YEM 110]] 3apOCIIsIMU Z. marina ¢ IPOEKTUBHBIM
nokpbITUeM < 50 %. OT10eHHs B KOJIOHKAX C OJM3KOM IIOTHOCTBIO 30CTEPbl 3HAUMMO HE OTIIMYAIUCh

O KOHIIEHTPAIuy COpr (Tabm. 2).

Taomaumna 2. KonueHTpanus COpr (%) B KOJIOHKAX JIOHHBIX OTJIOXEHUAX OyxThl CpemHsis IO/ 3apOCisIMH
30CTEPBI C PA3JIMIHBIM MPOSKTUBHBIM MMOKPHITHEM 1 0€3 30CTePhI

Table 2. Corg concentration (%) in the cores from the seagrass-covered areas and bare sands
of the Srednyaya Bight
3ocrepa > 50 % 3ocrepa < 50 % IMecku 6e3 30cTEpBI
Ne 85 77 63 49 111 351
n 9 10 10 5 5 5
X 0,29 0,24 0,07 0,10 0,17 0,32
SE 0,035 0,021 0,0068 0 0,0143 0,0136

IIpumeuanmne: Noe — HOMep CTaHIIUK; n — YUCTIO 1TPod; X — cpenHee; SE — craHAapTHAS OMMOKA.
Note: Ne, station number; n, number of samples; X, the mean value; SE, the standard error.

Konuenrpaums C, . B MeCYaHUCTBIX ocajkax Oe3 3octepsl Bapbuposaia ot 0,15 10 0,35 % B 3a-
BUCHUMOCTH OT I'PaHyJIOMETPHUECKOTO COCTaBa M ObLIa MPOMOPIIMOHATbHA JI0JIe aJIeBPUTOBBIX (Ppak-
LM, OAHAKO yroJt JinHuK 3aBucuMoctd C,. 0T copepkanus yacTul < 0,05 MM ObUI 3aMETHO MEHbILIE,
YeM B MIECKax MOJ1 3apOC/ISIMA MOPCKOM TpaBbl (PUC. 2), YTO 03HAYAET OOJIBIIYI0 CKOPOCTh HAKOILICHUS
OPraHN4YE€CKOro BE€IeCTBa 1npy 3auJICHUU B ITPUCYTCTBUU 30CTEPHI.

C,%
Puc. 2. 3aBUCHUMOCTb KOHIIEHTPALIUU COpr OT CO- 0.5 -
JepxaHus wimctelx yactull (< 0,05 MM) B JOH- £
HBIX OT/IOkeHUsAX OyxThl CpeaHsisi u3 OHOTOIOB O] , R = 08701
¢ 3ocrepoti (ct. 49, 63, 77 u 85) u 6e3 (cr. 111 R =°‘79°1 % o 949
n 351) 0.3 1 A’%{"x & ©111351
Fig. 2. Dependence of C,, concentration 03 o » . ke x77
on the fraction of silt particles (< 0.05 mm) ’ i 4S5
in bottom sediments of the Srednyaya Bight - vl < 063
from the seagrass habitats (sta. 49, 63, 77, ) @%
and 85) and bare sands (sta. 111 and 351) oi6 @

0 5 10 15 20 25
% < 0,05mm

AHanM3 BepTHKAJIBHOIO pacrpesenenus cogepxanus C,,. B npeiesax BepxHero 15-35-cm cnost
HecYaHbIX ocagKoB OyxTbl CpeHsIsl He TO3BOJISIET OMHO3HAYHO KOHCTATHPOBATh TPEH N3MEHEHN I BHU3
1o KosoHkam. Hanbosiee namenunsa Obuia KoHueHTpauus C,, B KONOHKAX, OTOOPaHHbIX HA CTAHLASX
C BBICOKMM MPOLIEHTOM MOKPBITUSI MOPCKOM TPaBo (puc. 3).

Ha npouecc nenonuposanust C, . B AOHHBIX OTIOKEHUsAX OyxTbl CpejiHsisl OKasblBaeT CyLIECTBEH-
HOE BO3JIEHCTBUE MX T'PAHYJIOMETPUYECKUI COCTAB, YTO OTPAXAETCsl B 3HAUMMOM KOPPEJISALUU C CO-
AepkaHueM aJieBpOIeIMTOBOTO MaTepuasia 1o Bcell BhiOOpKe (puc. 2). PakTop BIMSHUS 30CTEPHI BbI-
paxkaeTcst B TOM, 4TO IpU OJM3KHUX MOKa3aTelsIX IPaHyJOMETPUYECKOrO COCTaBa JOHHBIE OTIOKEHHS
M0J IIOTHBIMK 3apOC/IIMH MOPCKO# TpaBbl cofepxar Goibiue C,,. (cm. cr. 77 n 85 Ha puc. 2). JlaH-
HBII (DAKT CBUIETENLCTBYET O TOM, UTO Z. marina OJHOBPEMEHHO SBJISIETCS UCTOYHMKOM YIVIEPOAA
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B JIOHHBIX OTJIOXKEHHUSIX M CIIOCOOCTBYET HAKOTUIEHUI0 TOHKO3epHUCTOro Matepuaia. OTCyTCTBUE 3Ha-
YUMOTO TPEH/Ia YMEHBIIIEHUS BHU3 MO0 KOJIOHKaM (puc. 3) OTJIMYaeT NecCYaHble OCAIKU OT 3aUJICHHBIX
OTJIOKEHUH, I1ie IPU MOBBIIIEHHOW KOHLUEHTPAUN COpr B BepxHeM 5-10-cMm cioe HabmogaeTcs 3Ha-
YMMOE CHWKCHUE B HUKEJIEKAIIUX CJIOSAX 32 CUET a9pOOHOr0 OKHCIIEHUS B MpejiesiaX BEPXHEro CJos
Y BOCCTAHOBUTEJILHOTO JMareHe3a B HUKEJeKalux OTIoKeHusx [Tuinenko u ap., 2022].

- 0, - V) =)
$=80-90% Corg,% S=15-50% Corg,% || S=0% Corg,%
00 01 02 03 04 05 00 01 02 03 04 05 00 01 02 03 04 05
0 ] i . . ) \ , A . ) i , . A )
° ° 0 0
5 4 ) ° o A A
) o o 5]
10 - e o o s{ 0O 5 - A O
o
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25 ®
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Puc. 3. Ismenenne koHueHTpaimu C,. [0 KOJOHKaM JOHHBIX OTIOKeHHH OyxThl CpesHsis ¢ pasiMuHbIM
YPOBHEM IPOEKTHBHOTO MOKPHITHS 30CTepoi (S)

Fig. 3. Changes in C,, concentration in the bottom sediment cores of the Srednyaya Bight with different
projective seagrass coverage (S)

B oTnmuue oT KOHIEHTpaluu yriaepoja, o0béMHas TUIOTHOCTh MECYAHUCTHIX OTIOKEHUN OYyXThI
Cpenusas konedanach B JOCTATOYHO y3KHX npesenax, 1,17-1,35 r-cm™>. TlonydeHHEIe JaHHbBIE IO 00b-
EMHO¥ [UTOTHOCTH ¥ KOHUEHTpaluH C,,; B OTIOKEHUSX O3BOJISIOT PACCYNTATD 3a1ac yIJepoja B clioe
JOHHBIX OCA/IKOB OMPE/ICTIEHHOW MOITHOCTH. Pe3ysibTaThl OIIEHKH 3amaca yriiepoja OyayT MpOIopIHo-
HaJTbHBI TOJIIIMHE paccMaTpuBaeMoro cyiosi. Hamu ObUT MpOBeIEH pacu€T B IByX BapUaHTaX: CHavaIa —
onpeznenenue s cnos 0,25 m [Prentice et al., 2020], 3aTem — skcTpanonsiys 115 cjost 1 M, HOCKOJIb-
Ky UMEHHO METPOBBII CJION OTJIOKEHUI HauboJiee 4acTO MCIOIb3YeTCsl B OLIEHKAX, CBSA3aHHBIX C KOH-
nenmuen «roayooro yriaepona» [Fourqurean et al., 2012]. OgHako B nocieqHel To0aibHON CBOJKE
I pacu€ToB ObUT Mcnonb3oBaH 20-cM cioii [Kennedy et al., 2022], 4To MO3BOJIMIO 3aMETHO PACIIIH-
puTh 6a3y MPUMEHSIEMbIX JTAaHHBIX, TAK KaK BO MHOTHUX pad0Tax OTOOpaHbI KOJIOHKH JUTMHOW 15-35 cMm,
KaK U B HAIlIMX UCCIIEJOBAHUSIX.

Tadumua 3. 3anac Cy,. (1 C-m~2) B BepxHeM 0,25-M cjioe 1 B 1-M cJ1oe JOHHBIX OTIoKeHuit OyxThl CpeHss
TIOJ1 3aPOCISIMU 30CTEPHI PA3JIMUHON IUIOTHOCTU U 0€3 30CTephl

Table 3. C,yq stock (g C-m™) in the upper 0.25-m layer and 1-m sediment layer of the seagrass-covered
areas and bare sands in the Srednyaya Bight

3ocrepa > 50 % 3ocrepa < 50 % IMecku 6e3 30cTEpBI
Ne cranuuu 85 77 63 149 111 351
Yucno mpod 9 10 15 5 5
3amac C,, B ciioe 0,25 m, X 817 708 231 506 986
3amac COpr B cioe 0,25 m, SE 75 62 18 48 42
Bamac C, B cioe 1 M, X 3644 2933 958 1901 4070
3amac COpr B cioe 1 m, SE 431 260 71 177 168

IIpumeuanne: X — cpenHee; SE — craHIapTHasi OlIMOKa.
Note: X, the mean value; SE, the standard error.
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IIpocTpancTBeHHOe pacnpejeieHue 30cTepbl B 0yxte CpeaHsiss Mo JaHHBIM IOJIeBBIX
HaOmoaennii 1 moaesupoBanusi MaxEnt 3.4.4. /s yuéra npocTpaHCTBEHHOHN TeTepOreHHOCTH
9KOCHCTEMBI MOPCKHMX TpaB IpPU OLIEHKE 3araca yriepoja B Macuitabe OyXThl IO JJaHHBIM MOJIEBOM
ChEMKHU TOCTPOEHBI KapThl pacnpefesieHus mnosied 3ocrepsl B anpene u utone 2021 r. (puc. 4A u b).
ITo pe3ynpTatam MO/IEIMPOBAHUSI METOJIOM MaKCUMaJIbHOM SHTPOITUM BbISIBJIEH TOTEHLIMAJIbHBIN apea
pacripoctpaHenus Z. marina B paioHe ucciiegoBanuil (puc. 4B).

70

Puc. 4. Pacnipenenenue noJeti 3octepsl B 0yxte CpenHsisi 10 JaHHBIM TOJIEBOTO MOJIBOJJHOTO KapTorpadu-
poBanus B amnpese (A) u B utoiie (b) (11BeTOBas MKajga — MUIOMIAb NPOEKTUBHOIO MOKPHITUS) U N0 pe-
3yJIbTaTaM MOJIEIMPOBAHNS TTOTEHIMATLHOU 00JIaCTH IPUCYTCTBUSA Zostera marina (B) (11BeToBas mkana —
pacu€THasi BEpOSITHOCTb IIPUCYTCTBUSI BUJA)

Fig. 4. Distribution of the seagrass meadows in the Srednyaya Bight according to field underwater mapping
data in April (A) and July (B) (the color scale indicates projective coverage area) and according to the re-
sults of modeling the potential area of Zostera marina occurrence (B) (the color scale indicates calculated
probability of the species occurrence)

JlaHHbIe O IUIOMIA/ISIX Pa3pPeKEHHBIX U TYCTBIX 3apOCIEi, PACCUMTAHHBIE TTO MOCTPOSHHBIM KapTaM,
BKJIIOUEHBI B Ta0. 4.

Ta6mmna 4. ITnomaau noneii 3octepsl B Oyxte CpeaHsisi, pacCUMTaHHbIE MO IAHHBIM MOJJBOAHOTO KapTorpa-
¢upoBaHUS U MO JAHHBIM TUCTAHIIMOHHOTO 30HIUPOBAHUS C PaAMOMETPHYECKOU Koppekiwen [7Kapukos
u ap., 2018]

Table 4. Areas of the seagrass meadows in the Srednyaya Bight evaluated by underwater mapping data
and remote sensing data with radiometric correction [Zharikov et al., 2018]

[Tnomanms 3apociei, ra, ¢ MPOEKTUBHBIM TIOKPHITHEM
[epuon,

10-50 % >50 % Bcero
28.04.2021-29.04.2021 19,53 + 4,88 3,54 £ 0,85 23,08 £5,95
27.07.2021-28.07.2021 17,91 £ 4,48 5,67 £1,41 23,58 £ 5,89

12.10.2001 9,54 £ 3,18 2,70 £ 0,22 12,24 £ 2,74
05.10.2013 15,57 £5,24 4,50 £0,29 20,07 £ 4,29
08.10.2014 18,40 + 6,14 7,40 £ 2,47 25,80 £5,52

PazpexxenHbie MoJs1 ¢ MPOeKTUBHBIM TOKpbiTHEM OT 10 1o 50 %, rpaHuvaiue ¢ OTMBITHIMHU
COPTUPOBAHHBIMU TIECKAMM, JIOKATM30BaHbI B IEHTPAIbHON M I0TO-3aMaJHON dacTsax OyxXThl. [InoT-
HBIE 3aPOCIIU C MPOEKTUBHBIM MOKpbITHEM Oojiee 50 % TArOTelT K 3aujIeHHBIM MeCYaHbIM I'PYHTaM
Y KOHLEHTpUPYIOTCS Ha tore (cM. puc. 4A u b).

Mopckoii 6uonornyeckuit xkypHain Marine Biological Journal 2024 vol. 9 no. 2



Vraepon B skocucteme Zostera marina Linnaeus, 1753 Ha necuanbix rpyHTtax oyxtel Cpeapssist... 107

OTHOCUTEITBHBIN BKJIAJI MEPEMEHHBIX B MOZAE/b OblI CaeayIoumM: 1irdpoBasi Mojiesb penbeda —
44.6 %; pacnpepenenue TOHHBIX ocagkoB — 30,7 %; nanamadTHo-(armaibHas CTPYKTypa OyXThl —
24,6 %. IloTeHuMaIbHbIE 00JACTU C TPOrHO3HOM BEPOSTHOCTBIO pUCYTCTBUS Bua 6ostee 0,5 (puc. 4B)
3aHuMatT 32,47 ra, 4TO COCTaBIsET OKOJIO TpeTu OOIel Iuiomaad OyxThl. VM3 HHMX Ha IUIOMIAIH
C BepOSATHOCTHIO TIpucyTcTBUsA Oosee 0,75 npuxoautcs 11,83 ra.

PesynpTatsl moseBoro kaprorpagpupoBaHus B arnpeiie u uwJe (puc. 4A u b) nokassiBaiot, 4to 3a-
POCIIH 30CTEpPhl 3aHUMAKOT %3 00JaCTH C MPOTHO3HOW BEPOSATHOCTHIO MPUCYTCTBUs Bujaa Oojee 0,5
Y pacIioIokKeHbl TPEUMYIIECTBEHHO Ha 3aALIUIIEHHBIX OT MPSIMOTO IITOPMOBOTO BO3JIEUCTBUS yUaCTKAX.

B mepuon uccnenoBaHwii Ha ToNsA Z. marina TPUXOAWIOCH OKOJIO YETBEPTH IUIOMIAIN OyX-
Thl (23,2 %). C y4€ToM TOro, 4to pa3pekeHHbIE W IUIOTHbIE 3apociau 3aHuMam 80,2 u 19,8 % coot-
BETCTBEHHO OT OOIIEH TUIOIIA I, 3aHSATON BBICIIEH PaCTUTEILHOCTHIO, OBUTH PACCUUTAHBI A0COIOTHBIC
3HAYEeHHUs 3araca yriepoja u B OuoMmacce 30CTephl, M JEMOHUPOBAHHOTO B OCAJIKAaX TOJIIMHON 1 M, KO-
TOpble MOKPBITH Jiyramu (347,17 T). Okosio 95 % 3TOro KOJIMUYeCTBa yriepoaa JOKAJIM30BaHO B IOHHBIX
0CaJIKax Moj 3apOCIIsIMU.

OBCYKIEHUE

JloJis1 OpraHMyYecKoro yriaepoja, CoAepKalerocsl B TKaHsAX MOPCKO# Tpasbl, Jaxe npu 100%-nom
MIPOEKTUBHOM TOKPHITUM HE MPEBBIIIAET TPETU OT KOJIMUYECTBA YIJIEpoJa B 25-CM ¢Jioe NOJCTUIAIONINX
MecYaHbIX OTI0XeHun. [Ipu paccMoTpeHnn cost TOJMMIMHON 1 M OYeBHIHO, YTO BKJAJ JOHHBIX OTJIO-
KEHUW B OOIIWIA ITyJ1 OPraHWIECKOTO yIJIepoia B 9KOCUCTEMAaX MOPCKHX TPaB CTAHOBUTCS TTOJIABIISIO-
umM (> 90 %) (cm. Ttaba. 1 u 3). MoXHO MpearnoiokuTh, YTO B IKOCUCTEMax ¢ MOPCKUMHU TpaBaMu
Ha 3aWJICHHBIX IPYHTaX, cogepxamux 1-3 % C,,., poib JOHHBIX OTJIOKEHUI B GajlaHCe OPraHMYecKO-
ro yriaepoaa oyner eme oosbiine. Takum 00pa3oM, XOTs (PYHKIIMOHUPOBAHKE SKOCHCTEM ¢ MOPCKUMHU
TpaBaMH OOYCJIOBJIEHO MMEHHO KHU3HEIEATELHOCTIO MOCIEAHUX, OOJIbINAsA YaCTh OPraHMYECKOTO yI-
JlepoJia HaKaruTMBAaeTCsl U COAEPKUTCS B MaTepualie JOHHBIX 0caakoB. COOTBETCTBEHHO, C TOUKHU 3pe-
HUS KOHLEMIIMU «TOJyOOro yriaepoaa» pojib 9KOCUCTEM C MOPCKMMHU TpaBamMH B (PUKCAIMU YIJIepoaa
onpezensercst KOMM4ecTBoM Co,. B MOACTHIIAIOIINX JOHHBIX OTIOKEHUSX.

3ameTrHoe oboraileHre OpraHuYecKUM YIJIEPOIOM MeCcUYaHbIX OTIokeHu OyxThl CpeHsis moj 3a-
pocnsimu Z. marina, 0 CPAaBHEHUIO C MECKaMK OJIM3KOTO TPaHyJIOMEeTPUUYECKOrO COCTaBa, He MOKPHI-
TBIMU TpaBaMH (pUC. 2), MOATBEPKIAET 3HAUUMYIO POJIb IKOCUCTEM 30CTEPBI B HAKOILIEHUH YIJIEpOJa
Jake B JIOCTATOYHO OTKPBITHIX aKBATOPHUAX, MOJOOHBIX OyxTe CpelHssi, C OTCYTCTBUEM yYCTOMYMBOTO
¥ THTCHCUBHOTO OCAJIKOHAKOIUIEH!s, I/ie KOHUEeHTpauus C, B NIECIaHUCTBIX OTIOKEHHAX HE [PEeBbI-
maet 0,5 %. B BepxHeM clioe OTJIOKEHUH TOJTy3aKpBITHIX akBaTtopwii 3aimBa [lerpa Benukoro (B Oyx-
Tax Boesona n Horoposckas), Ha y4acTkax, He IOKpHIThIX Z. marina, KOHUeHTpauust C,,. cocTasiisiia
2-3 9 [Tumenko u ap., 2022]. OTcyTCTBUE JaHHBIX MO I'PaHYJIOMETPUUECKOMY COCTaBY ITUX OCA/IKOB
He T03BOJISIET IIPOBECTU MPSMOE CPABHEHUE C HAIIIMMMU Pe3yJIbTaTaMU, OIHAKO 3aBUCUMOCTb KOHIIEHTpa-
n C,, OT CTETIeHN 3aMJIeHHOCTH JIOHHBIX OT/IOKEHUH 3a(uKcrpoBaHa HeoqHOKpaTHO [Kennedy et al.,
2022; Prentice et al., 2020]. B cBsi31 € BBIIIEN3I0:)KEHHBIM MOKHO MPEANOI0KUATH JOCTATOUHO BBICOKYIO
3aUJICHHOCTh OTJIOKEHUH MOJTY3aKPBITHIX U 3aKPBITHIX OYXT 3asiuBa [letpa Benukoro. OqHako oTMeTuM,
YTO 3HAYMTENIbHAS YaCTh IPUOPEKHBIX aKBATOPHIA CEBEPO-3aIaHOTO ceKTopa SIMOHCKOro Mopst uMeeT
TIECUYaHKCTHIE JIOHHBIE OCAJIKH, TIOI00HBIE TAKOBBIM B OyxTe CpeaHsis, ¥ 9KOCUCTEMBI C IOMUHUPOBAHHM-
€M 30CTephl pacIpOCTpaHEeHBI 3/IeCh BechbMa IMPOKO [ Ap3amactieB, [Ipeodpaxkenckuid, 1990; Konmakos,
2013; Manyiinos, 1987; [1aiimeeBa, 1973, 1979].

[Tpu cpaBHEeHHMHM JaHHBIX T10 3aracy yriepoaa B BEpXHEM 25-CM CJIoe JOHHBIX OTJIOKEHUH OYXThI
CpenHsisi ¢ aHAJIOTUYHBIMU JTAHHBIMU, MOJYYEHHBIMU JIsI 9KOCHCTEM 30CTEPhl Ha CEBEpO-3aMaHOM
noOepexbe CIIA u Kanagw [Prentice et al., 2020], cTaHOBUTCSI OY€BUAHBIM, YTO HAIIM PE3yJIbTAThI
o 6yxte CpefHsiss OYeHb XOPOIIO YKJIAIBIBAIOTCS B OOIMIUI TpeH ] (pUc. 5), KOTOPbIA XapaKTepu3yeT
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3aBucuMocCTh 3amaca C,. OT ero KOHUEHTPALMK B IOHHBIX omoxeHusx. Ceenennst [Tuienko u ap.,
2022] no GoJiee 3aUJICHHBIM OTJIOKEHUSIM, TIEPECUUTAHHBIE HA CJION 25 CM, TaKXe yJOBJIETBOPUTEILHO
COBIIAIAIOT C JIMHUEW 00IIero TPeH 1a, HO B 001aCTH JOCTATOYHO BBICOKOM KOHIIEHTPALIUU COpr B JJOHHBIX
ocajkax (puc. 5).

C, g/m2 0201 A3
6000 -
5000 - ®
A
4000 -
A
3000 - [5) °
o
J o0
2000 - " .
9]
1000 - _, &
e‘”p‘"
0 hd T T T \
0 0.5 1 1.5 2
Corg, %

Puc. 5. 3asncumocts 3anaca C,. B BepxHeM 25-CM cli0e NPUOPEKHBIX JOHHBIX OT/I0KeHuid GyxTel Cpen-

Hss (1), ceBepo-3ananHoro nodepexbss CeBepHoit Amepuku [Prentice et al., 2020] (2) U moay3aKpbITBIX
Oyxt 3aymBa [lerpa Bemmkoro [Tumenko u ap., 2022] (3)

Fig. 5. Dependence of C,, stock in the upper 25-cm layer of coastal sediments of the Srednyaya Bight (1),
northwestern coast of North America [Prentice et al., 2020] (2), and semi-enclosed inlets of Peter the Great
Bay [Tischenko et al., 2022] (3)

Takum 006pa3oM, U3 MOJYUYEHHBIX Pe3yJIbTaTOB CleyeT, YTO Haubojee BaKHbIM (DAKTOPOM, KOH-
TPOJIMPYIOIIMM 3ariac yriaepoja B 9KOCUCTEMaX C MOPCKOU TpaBoHl Z. marina B pacyére Ha eIUHUILY
IUIOLIA I, sIBJIsIeTCs KOHLEHTpatwst C . B MOACTH/IAIOIIMX JOHHBIX OTJIOKEHHSIX, KOTOPas, B CBOIO O4e-
pellb, onpesieNsieTcsl Ipexk/e BCEero nokasaTesssMy UX IpaHyJJOMETPUYECKOro coctapa. Bapuanuu 3ana-
COB yIJIepoJia B BEPXHEM CJIOE B 3aBUCUMOCTH OT XapaKTepa JOHHBIX OTJIOKEHUI COCTABIISIOT NOPSIOK
u Goree (puc. 5).

dakTophl TIIyOMHBI, YKJIOHA [IHA, SKCIO3WIIMU CKJIOHOB M XapakTepa TUAPOJUHAMUKH MPSIMO
U OTOCPEOBAHHO OOYCIOBIMBAIOT PEKUM OCAJKOHAKOIUICHUS] U TPaHYJIOMETPUUECKUI COCTaB OTJIO-
xenuit [Dahl et al., 2016]. Pacnipeaenenrie MOPCKMX TpaB B 3HAYUTEIBHON Mepe OMpeesisieTcsl reo-
MOpP(OJIOTUIECKUM CTPOESHHEM MOJBOAHBIX CKJIOHOB, KOH(UTypalrei OeperoBoil IMHUN U TUTIOM CyO-
crpara [O’Brien et al., 2022]. Bkjaa pa3idyHbIX NEPEMEHHBIX B MOJIEIb PACIPEACSIEHUS] 30CTEPhI
COOTBETCTBYET TUM MPE/ICTABIICHUSIM.

CpaBHeHuMe II0IIA/IeH, 3aHATHIX BbICIIE BOAHON PACTUTEIbHOCTBIO B PAOHE UCCIIE0BAHUN, JAET
npe/cTaBIeHne 00 U3MEHEHUsIX pacrpe/iesieHnst MOPCKUX TpaB (cM. Ta0u. 4). Paznmuuus Mexay ruioma-
ASIMU, 3aHIMaeMbIMU cooOtiecTBoM Z. marina B 2013, 2014 u 2021 rr., HaxXoaATCs B IIpejesiax OmmooK,
KOTOpbIe 00YCJIOBJIEHBI TOYHOCTBIO MCIIOIb30BAHHBIX METO/IOB KapTorpadupoBanus. Tem He MeHee JIo-
Kanm3anus 3apocsieil B 2021 r. u3MeHWIach: MOJHOCTBIO MCYE3JIO0 MOJIe 30CTephl, OKOHTYPEHHOE Ha Te-
MaTUYeCKUX KapTax B ceBepHOM yacTu OyxThl [Kapukos u ap., 2017, 2018]. Mexay TeM noodepexbe uc-
CJIeIyeMOro paioHa OTKPHITO BETPaM BOCTOUHBIX M I0T0-BOCTOUHBIX PyMOOB. Bo BpeMst Mpoxo:KaeHus
TPOIMYECKOro IMKJIoHa «Maiicak» (3—4 cents6ps 2020 r.) BeTep U BOJIHEHME UMEHHO THX HalpaB-
JICHUH MMeJTM HaunOOJIbITYI0 MHTeHCUBHOCTH [Jlazapiok u np., 2021]. Tlox ero Bo3zueicTBUeM B OyXTe
CpenHsisi B TeueHHe TPEX CyTOK HaOJIOAaIA IITOPMOBOM HATOH M @aHOMAJTLHO BBICOKME BOJTHBI, KOTOPbIE
MOJTHOCTBIO Pa3pyIIUIM B CEBEPHOM paiioHe OyXThl YacTh MOCTPOEK KOPAOHA OXPaHbl 3arOBEIHUKA,
npocTosiBIMX Ha Gepery 6onee 10 mer.
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OTmeTHM, YTO 3HAUMTENIbHBIE KOJIEOAHHS MPOEKTUBHOTO MOKPHITHS AHA MOPCKUMH TpaBaMH Obl-
1 3apUKCUpOBaHBl B aKBATOPUM 3aloBeJHUMKA U paHee. Tak, yMeHbllleHUe IUIomaneil Z. marina
B MopcKkoM 3aroBeiHuKe ObUI0 OTMeueHO B Havaje 1990-X IT. mpu NpoBeAEHHH MXTHOJOTMYECKUX
HaOMIOJCHUI Ha MOCTOSIHHBIX TpaHcekTax [Mapkesud, 2002].

Bbicokasi Me:XrogoBasi MpOCTPaHCTBEHHAsE U3MEHYUBOCTh COOOIIECTB MOPCKUX TPaB YCTAaHOBJIEHA
U B JIpyrux peruoHax. Hampumep, MHOrojeTHME MOHUTOPWHIOBBIE WCCIEIOBaHUsA Mosel Z. marina
B 3cTyapuu dmca (3aiuB Baanense, CeBepHoe MOpe) MOKas3aiau, 4Tto B cpegHeM 12,9 % moKpbIThIX
PACTUTEIBHOCTBIO IIJIOIIAIEN €XKETOAHO MOJTHOCTBIO TEPSIOT 3apOCIIH, TOIza Kak okoso 12,7 % rioma-
O1 palloHOB OOHAXEHHOTO THA KOJOHM3UpYIOTcs 3octepoit [Valle et al., 2013]. M3menenue miora-
Aedl 1 MEeCTOIOJIOKEHUS NoJiel Z. marina, JOKaJIbHOE NCUE3HOBEHHE 3apOCiieil M OBTOPHAS KOJIOHU-
3aLMs Y4aCTKOB pacCMaTpUBAIOTCA KaK 4acTh MOMYJISALMOHHON crpareruu Buja [van Katwijk et al.,
2009], no3BoisioIIEN BOCCTAHABIMBATD 3aPOC/IM 110CJIE IEPUOINYECKOTO BO3AEUCTBUS pa3pyLIAIOIIUX
daktopos [Trémolieres, 2004].

HccnenoBanus XapakTepUCTHK IUIOMIAM MOKPHITUS TOJIEH 30CTEPhl U MOKa3aTeseld UX Ce30HHON
¥ MEKT0JIOBO M3MEHYMBOCTH OCOOCHHO BaJKHBI TIPH OLIEHKE 3aI1acoB YIJIepo/ia B 9KOCUCTEMAaX OTICITb-
HbIX akBaTOpuil. [ToCKO/IBKY 10JITOBpEMEHHbII MOHUTOPUHI MOPCKHUX TPaB TPYIOEMOK U AOPOT, HEOO-
XOJIMMBbI aJbTepHATUBHBIE NMOAX0bl. Tpelylomuyecs JaHHble MOTYT OBITh MOJIy4YEeHBl C IPUMEHEHUEM
METO/IOB TUCTAHLIMOHHOTO 30HAMPOBAHMS U C UCIIOJIb30BAHUEM MOJIEJIEN PaCIIpE/IE/IEHUS BUIOB.

J1s1 10JITOBpEMEHHOTO MOHUTOPHUHIA TOJIE MOPCKMX TPaB YK€ NMPUMEHSIOT METOAbl JUCTAHIIU-
OHHOT'O 30HAMPOBAaHUs, 0OECTIEUMBAIOIIME HCCAEJOBAHUSM ONEPATUBHOCTh M IIMPOKHUIA OXBAT paiio-
HOB pacripoctpanenus [Bramante et al., 2018; Pham et al., 2019; Poursanidis et al., 2021]. Cunon-
THYECKUIA MOHUTOPUHI MPUOPEKHBIX KOCUCTEM HAa OCHOBE JMCTAHIIMOHHBIX TAHHBIX JAET BaKHYIO
MH(OPMALIMIO O MPOCTPAHCTBEHHBIX XapaKTEPUCTUKAX U O Pa3IMUYMAX MPOLECCOB OCAAKOHAKOIUIEHUS
skocucteM Mopckux TpaB [McKenzie et al., 2022; Randazzo et al., 2021]. MonenupoBaHue ape-
ajla MOTEHIMAJIbHOIO MECTOOOMTAHMS MO3BOJISIET OXapPaKTEPU30BATh IKOJOTMYECKUE OCOOCHHOCTU
pacripefie/ieHds MOPCKUX TpaB M IPEJOCTaBiseT MPOCTPAHCTBEHHbIE JaHHBIE, MOAJEPKUBAIOLIUE
OIIEHKM CBS3BIBAHMS M XPaHEHWS YIjiepoJa B KOHKpeTHHIX MecrtooduTanusx [Kuwae et al., 2022;
O’Brien et al., 2022].

Ha ydyacTkax ¢ MOBBHIIIIEHHON BETPO-BOJHOBOM HATrpyKEHHOCTBIO (OTKPBIThIE TOOEPEKbs 1 OyXTHI)
IIPOXOXKJEHUE IITOPMOB CIIOCOOHO 3HAUUTENILHO COKPATUTh ILIOWAAb nonell Z. marina. Kpome Toro,
C MHTEHCUBHOCTBIO I'MJPOJMHAMHUYECKOTO BO3/IEHCTBUS KOPPEIUPYIOT IPOCTPAHCTBEHHBIE BapHaLlU
TEMIIOB HAKOIUIEHHS ¥ BEJIMUMHA 3araca yriepoja B ocakax. [TosyyeHHble HaMU pe3yJIbTaThl HO3BOJIS-
I0T TIpeANoaraTh, 4YTo B OTKPBITHIX U MOJTYOTKPHITHIX OyXTax ¢ 3apOCISAMH 30CTE€Pbl OHU 3HAYUTETbHO
HUKE, YEM B 3aKPbITBIX AKBATOPHSIX.

CyOpernoHajibHble M perrMOHAJIbHBIE OIIEHKM BKJIaJa SKOCHUCTEM C MOPCKMMHU TpaBamMH B OaslaHC
yI7eposia, XpaHUMOTO B MPHOPEKHON 30HE, OCHOBAHBI HA ONpPEJe/IeHUH TUIONIAAe, KOTOpbIe 3aHSThI
JaHHBIMH 9KocHcTeMaMu. [IpocTpaHCTBEHHASI HEOAHOPOJHOCTD 3apOCiiell ONpeaeIsieT HeOOXOANMOCTb
auddepeHImamy akBaTOpuil 0 pekruMaM OCaIKOHAKOIUIEHUs] M TUIIAaM JIOHHbIX OTJIOXeHUH. B nep-
BOM NpHOIMKEHUH Takas IuddepeHuranus NpuBOJUT K BBIIEJIEHUIO JBYX KaTeropuil — pailOHOB
¢ peodJalaHueM aKKyMYJISILUH OCaJKOB M C BO3MOKHOCTBIO HAKOILJIEHUS YIJIEpOAa M aKBATOPH C J10-
MUHHUPOBAHUEM MPOLIECCOB IPO3UH, i€ yIIEpo] MPaKTUUECKU He HakarumBaeTcs. Kak mokaspiBaioT
MOJTyYeHHBbIE HAMH pe3yJIbTaThl, OyxTa CpelHsist OTHOCHTCSI KO BTOPOU KaTeropuu.

Takum 00pa3oM, HAKOTUICHUE CBEJCHHUI O MPSMBIX U3MEPEHHSIX U PACUETHBIX 3HAYEHHSIX KOHIICH-
TpaIMy M 3amaca yriepoja B IpUOpekHOW 30He JOKHO COMPOBOKIATHCS OLIEHKAMU MPOCTPAHCTBEH-
HOTO pacrpejeieHuss OMOTONOB METO/IAMM TOJIEBOTO KapTorpagupoBaHus, TUCTAHIMOHHOTO 30H/IH-
POBaHUS U MOJAEIMPOBAaHHUs, YTO 00ECHIEUMBAET YUET MPOCTPAHCTBEHHOM HEOAHOPOAHOCTH SKOCUCTEM
MOPCKHX TPaB B MHTETPAJIbHBIX OLIEHKAX «T0JyOOro yriaepoaar.
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BriBoabI:

1. Ilo pesynpTaTam MpOBeAEHHBIX MCCIIEIOBAHUI OMpesesieHbl OMoMacca M 3amac yriepoja B TpaBo-
CTO€ U KOpHSIX Zostera marina, KOHUEHTPAUsl OPraHUYECKOro yIiiepo/ia B KOJIOHKaX OCAIKOB U 3a-
rac yriaepoja B CJIOSIX JIOHHBIX OTJIOKeHUH (ToamuHon 0,25 u 1 M) 1J1s1 THIMYHBIX MECTOOOUTAHUHT
oyxtel Cpennsisa. C vcnons3oBanueM nporpamMmmel MaxEnt 3.4.4 BbIsiBlIeHa MOTeHITMAIbHAS 001aCTh
pacrnpocTpaHeHus COOOIIEeCTBa C JOMHUHUPOBaHUEM 30cTephl. [I0CTpOeHbI KapThl pacripeaeeH s
3apociiell MOPCKOU TpaBbl B arnpesie u uwoJje 2021 r.

2. B coobiiectBe Z. marina Ha KOpHU Npuxoauiaoch B 3—20 pa3 MeHbllle OMOMAcChl, YeM Ha Tpa-
BOCTOH. B COOTBETCTBUU C CE30HHOCTBIO BEreTalluy 3Ta pa3HUIIA BO3PACTAET OT ampessi K HIOJIO.
B 6uortonax ¢ nmpoekTuBHbIM MOKpbITHEM S0-80 % 3amac yriaepoaa B TKaHSIX 30CTEPhI COCTABIISIET
(96,8 + 37.4) r C-Mm~2, B 6uoTomnax co 100%-HeIM MOKPBITUEM OH MOBBIIIAETCS 10 253 T Cm2.

3. KonneHrpanus yriaepoja B JOHHBIX OoTJIoxkeHUsix OyxTel CpeaHss kosebanack B mpenenax ot 0,04
10 0,46 % u OpL1a IPONOPLUOHAJIbHA JJOJIE aJIeBPUTOBBIX (ppakuuid. I1o/ MIOTHEIMU 3apOCiisIMU 30-
crepel copepkanue Co, M J0JIsL aI€BPUTOBBIX YaCTHLL B OCa/IKaX ObUIM BBILLE, YEM 110/ PA3PEKEHHBI-
MH. AHQIM3 BEPTUKAIBHOIO pactpefeseHust KoHueHTpamu C,,. B mpejie/iax BepxHero 15-35-cm
CJIOS1 IECUAHBIX OCAJIKOB HE BBISIBWJI TPEHAA U3MEHEHUSI BHU3 IO KOJIOHKAM; OCHOBHBIM (DaKTOPOM,
BIMSIOLIMM Ha mporiecc KoHueHTpaimu C,,, ObUI IPaHyJIOMETPUIECKHI COCTAB OCA/KOB.

4. Jlons OpraHMyYecKoro yriaeposja, CoAepKallerocsi B TKaHsAX MOPCKOHM TPaBbl, HE MPEBBIILIAET TPETU
OT €ro KOJIMYECTBA, COICPKAIIETOCs B 25-CM CJIoe MOACTUIAIOIIMX MIECUaHbIX OTIOKEHUl. B cioe
TOJIIMHON 1 M BKJIJ] JOHHBIX OTJIOKEHUH B IMyJ1 OpraHuueckoro yriaepoaa npebimaeT 90 %. Coor-
BETCTBEHHO, POJIb TIOJIE MOPCKUX TpaB B (PUKCAIIMU YIJIepoaa B OyXTe onpeessseTcsl ero KOHIIeH-
TpaLKeN U KOJMYECTBOM B JJOHHBIX OTJIOKEHMSAX. Pa3Max Bapualy 3amacoB yIjiepoja B BEPXHEM
CJIO€ 3aBUCHUT OT XapaKTepa JOHHBIX OTJIOKEHHI U COCTaBIIsIeT NOPSAAOK U Ooiee.

5. st cyOperuoHaIbHBIX M PETMOHANIBHBIX OLIEHOK BKJIa/Ia MOPCKUX TPaB B OaJlaHC yIiiepo/ia, akKyMy-
JMPYEMOTo B IPUOPEKHOU 30He, HeoOxoauma auddepeHImanys IpuOpeKHBIX aKBATOPUI IO pe-
KMMaM OCaJIKOHAKOTUICHHS M THIaM JIOHHBIX OTJIOKeHUH. [JaHHBIA TIOAX0]] CIOCOOCTBYET IMOBBIIIIE-
HUIO KOPPEKTHOCTH OLIEHKM 3aI1acoB yIJIEPOAA, AETIOHUPOBAHHOIO B 9KOCUCTEMAX MOPCKUX TPaB.
Paboma svinonnena 6 pamxax ocyoapcmeerntoezo 3adanus Tuxooxearckozo uncmumyma zeoepagpuu /[BO PAH

Ne 122020900188-3.

BaarogapHocTh. D10 HccieoBaHre ObUIO MPOBEAEHO BO MHOroM Onarogapsi aestenbHocty NOWPAP
CEARAC (UNEP), koopaunatopy koroporo I'enku Tepayuu (Genki Terauchi) Mbl BblpaxaeM CBOIO NpU3Ha-
TEeJbHOCTb. MBI OJ1arofapHbl AMPEKIMU U COTpyIHUKaM otaesa oxpanbl PI'BY «3emis reonapaa» 3a MoMOIIb
B OpraHn3aliy IOJIEBbIX PICCJ'IC,Z[OBaHPIfI.
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ASSESSMENT OF CARBON STOCK
IN THE ZOSTERA MARINA LINNAEUS, 1753 ECOSYSTEM
ON SANDY SEDIMENTS OF THE SREDNYAYA BIGHT
(PETER THE GREAT BAY, THE SEA OF JAPAN)
BASED ON FIELD OBSERVATIONS

V. Shulkin, V. Zharikov, A. Lebedev, and K. Bazarov

Pacific Geographical Institute FEB RAS, Vladivostok, Russian Federation
E-mail: shulkin@tigdvo.ru

Coastal seagrass ecosystems, particularly Zostera marina Linnaeus, 1753 ones, are capable of accu-
mulating organic carbon by fixing carbon dioxide via photosynthesis. Seagrass biomass is considered
as a short-term carbon storage, and underlying bottom sediments, as a long-term one. The research
on organic matter accumulation by seagrass ecosystems is mostly carried out in areas with stable sed-
imentation. For such ecosystems, the importance of seagrass areas within the concept of blue carbon
was shown. However, for the seas of temperate latitudes, coastal waters with unstable sedimentation
and prevalence of sandy sediments are common, and the scale of carbon storage in seagrass ecosys-
tems is not obvious. In this work, biomass and carbon stock in Z. marina leaves and roots, as well
as C,, concentration and carbon stock in the upper layers of bottom sediments (0.25-m and 1-m
thick), were determined for typical habitats in the semi-open Srednyaya Bight (Peter the Great Bay,
the Sea of Japan), where sandy sediments prevail. Z. marina roots were characterized by 3-20 times
lower biomass than its leaves. This difference increased from April to July in accordance with season-
ality. Carbon concentrations in the seagrass leaves and roots were similar (33.3 and 31.3% dry weight,
respectively). In the habitats with a projective coverage of 50-80%, carbon stock in Z. marina tissues
was (96.8 + 37.4) gC-m™2; with 100% coverage, the value increased to 253 gC-m™. Corg concen-
tration in bottom sediments of the Srednyaya Bight ranged within 0.04-0.46% and correlated with
content of silt fractions. Under dense Z. marina coverage, C,, content and the fraction of silt particles
in sediments were higher than under sparse ones. The vertical distribution of C,, concentration within
the upper 15-35-cm layer did not reveal a downward trend in the cores. The main factor controlling
Corg content was the particle-size distribution of sediments, which suggests a weak expression of reduc-
tion diagenesis and the effect of wave mixing of the upper layer of sandy sediments. Data on the bulk
density and C,, concentration in sediments allowed to calculate carbon stock for the layers of 0.25
and 1 m. The quota of organic carbon in the seagrass tissues did not exceed a third of its amount
in the upper layer (0.25 m) of underlying sandy sediments. When extrapolated to a 1-m thick layer,
the quota of bottom sediments to C,, pool exceeds 90%. Organic carbon enrichment of sandy sed-
iments under the seagrass beds compared to sands of similar particle size beyond the seagrass beds
indicates a significant role of Z. marina in carbon storage, even in the habitats with the lack of stable
and intensive sedimentation. The major factor controlling carbon stock in Z. marina ecosystems is Cg
content in underlying bottom sediments which depends primarily on their particle-size distribution.
In this case, the range of variation in carbon stock in the upper layer is an order of magnitude or more.
Maps of the seagrass distribution in April and July 2021 were built. The absolute values of carbon
stock were calculated, both accumulated in Z. marina biomass and deposited in the seagrass-covered
sediments. The area of potential Z. marina distribution in the Srednyaya Bight was modelled using
the MaxEnt 3.4.4 program. According to the results, areas with a predicted probability exceeding 0.5
for the seagrass occurrence occupy about a third of the total area of the bight; out of them, the area
with a probability of Z. marina occurrence exceeding 0.75 accounts for 11.83 hectares. In fact, the sea-
grass meadows occupied > 70% of the area with a predicted probability of the species occurrence
exceeding 0.5. As shown, the assessment of the contribution of seagrass ecosystems to the storage
of carbon accumulating in the coastal zone requires differentiation of water areas by sedimentation
regimes and types of bottom sediments. Moreover, the creation of databases with data on C,,, concen-
tration and stock per unit area is needed. Information on the areas of ecosystem distribution obtained
by direct mapping and remote sensing is of high significance as well.

Keywords: blue carbon, Zostera marina, carbon concentration in sandy bottom sediments, remote
sensing, Sea of Japan, Peter the Great Bay
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XPOHUKA H HHDPOPMALIUA

IAMSTHU BBIJAIOIIETOCS POCCUICKOI'O THJIPOBHUOJIOTA
BJIAJIMCJIABA BUWIBI'EJIbMOBHYA XJIEBOBUYA

He noxus Tpéx mHeit no cBoero 92-nerus, 23 ¢espa-
ag 2024 r. ymeén u3 xu3Hu Brnaagucna BunbrensmoBuy
X1e60BIUY — BBIJAIOIIUIACS OTEUECTBEHHBIN TIPOOUOJIOT,
300JI0T-CUCTEMATHUK, (PU3UOJIOT, SBOJIOIUOHUCT, IKCIIEPU-
MEHTATOp U TEOPETUK, MBICISIIUI I'PaXIAHUH, YUUTEb,
KOJUIera, JIpyr, MHTEPECHBIH COOECeIHUK, yIMBUTEIbHO
TAJIAHTJIMBBIA U KPACHBbIN YeJIOBEK.

CoueTaHue JIOTMKM W UHTYMIIMH, HCUYEPIIbIBAIOIIAS
YETKOCTh (POPMYITMPOBOK, ITyOOYaiiiiasi 00pa3oBaHHOCTb
U SpyIMUMs TIO3BOJIMJIM €My CO37[aTh BepOalbHbIE MO-
JeJI1, CTPOTOCTbIO paBHbIE MAaTEMATUYECKUM. TaKOBBIMU
CTaJId KOHLIENIMA KPUTUYECKOM COJIEHOCTU (KaK KJioue-
BOro akTopa BIMSHHUS Ha OWUOJIOTMYECKUE TMPOLIECCH,
KaK MapKepa CMEHbI KaJleBOU SMOXU Ha HATPUEBYIO M KaK
aclieKkTa aKKJIMMalMM) U POJIM HACJEICTBEHHBIX TpHaL
B BU/I000pA30BaHUU.

B. B. XJie60Buu ocTajcs B Halel MaMsaTH U KaK BbI-
JAIOIIMICS OpPraHM3aTtop Hayku — aupekTop benomop-
CKOW OMOJIOTMUECKOM CTAaHIIMU 300JI0TMYECKOTO MHCTUTYTA
AH CCCP, a take pyKOBOAMUTEIIb IKCIIEAULINI B ADKTHUKY,
Ha laneHnii Boctok u B YepHOOBUIS.

He mpunaras kak OyATO CHelMabHBIX YCHIWMA, BrnagucnaB BuibrebMOBUY BOCTIMTAT IUIESITY
TUAPOOHOJIOrOB — HCCIIEIOBATEIeH COJIOHOBATHIX BOJI. Ero yueHnku v ociienoBaTenu, pa3opocaHHbe
Ternepb M0 HAYYHBIM LIEHTPaM Halllel CTpaHbl U 3apyOeskbsi, COCTABIAIOT HACTOSIIYIO HAYYHYIO LIKOJTY,
MyCTh U He 0(POPMJICHHYIO O(PUITHATIBHO.

HeouenuMm (1 noka sIBHO He OLIEHEH) €ro BKJIAJ B Hay4HOE IMPOCBEIEHNE — HWMEHHO B npocee-
uieHue, TOCKOJIbKY HAXOJSILIUIICS HbIHE B XOAYy TEPMHH Hayunon K HEMY COBEpPILIEHHO He INpHMe-
HUM. YTOOBI 9TO MOHSTH, TOCTATOYHO MPOYECTh YBIeKaTenbHbie padoThl B. B. Xnebopuya «Iloka emié
He jomaniaue» (1987), «Arpozoonorus» (1991), «Ocobb kak kBaHT ku3HU» (2015), «KuBoTHbIe
1 Mbl» (2015) 1 «O 3apoxaeHun u cyapoe nuBmimsanuii» (2019). Byayuu cyrybo HayYHBIMU TPyAaMH,
OHU TEM HE MEHEE BIIOJIHE JOCTYIHBI [JIs IOHUMaHMS IIUPOKOMY KPYTry YUTaTENIEH.

O HEM HammMcaHbl OYEpPKH, HO JIydIlle BCEr0 OH caM O cede pacckaszan B KHHre «Kanpbl 3 kKu3Hu
oIIHOro 300Jj0ra. Bocnomunanus». Ham BceM MpoOCTO HEBEPOSITHO MOBE3JIO, YTO Mbl BCTPETHIIU €T0
Ha CBOEM KM3HEHHOM IyTH U UMEJIU BO3MOKHOCTh 0o01mathesi ¢ HuM! Iamsats o Bnaaucnase Busbresns-
MOBHUYE Bcerga OyeT ¢ HaMH, Kak U YyBCTBO O'POMHOM 0JIar0JapHOCTH.
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M. U. Opnosa, 0. 6. H., 2a. H. c., u. o. oupekmopa CII0HL] PAH,

H. IO. bvicmposa, n. c. CIIoHI] PAH,

H. B. lllaopun, k. 6. H., 6. H. c. PUL] UnBIOM,

E. B. Auycppuesa, 0. 6. H., 8. H. C., pYKOBOOUmMenb 1abopamopuu

akcmpemanvHvix skocucmem PHUL] HubIOM,

A. B. Ilpazykuwn, 0. 6. H., 8. H. c. PUL] HnBIOM,

E. E. Edxcosa, K. 0. H., 8. H. C., 3agedyrouas rabopamopueti mopckoi skonoeuu AO HO PAH,
O. B. Kouewkosa, k. 6. 1., 1. c. AO HO PAH,

M. @. Mapxusinosa, x. 6. ., H. c. AO HO PAH,

E. H. Haymenxo, 0. 6. H., npogpeccop kagheopwl 600HbIX Ouopecypcos u axeaxyrvmypovl KI'TY,
E. K. Jlanze, 1. c. AO HO PAH

IN MEMORIAM: VLADISLAV KHLEBOVICH,
THE OUTSTANDING RUSSIAN HYDROBIOLOGIST

On 23, February, 2024, D. Sc. Vladislav Khlebovich passed away. He was an outstanding hydro-
biologist and zoologist, organizer and active participant in numerous expeditions, and author of about
200 scientific publications.
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