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COCTAB IIUIIN 1 CIOCOBb MUTAHUS
KPABA RHITHROPANOPEUS HARRISII (GOULD, 1841)
(DECAPODA, CRUSTACEA, PANOPEIDAE)

N3 CEBEPO-BOCTOYHOW YACTU YEPHOT'O
N TAMAHCKOI'O PAMOHA A30BCKOI'O MOPEN

©2026r. P.H. Bypykosckuii!, A. K. 3anora’

'KanmmuuHrpaickuii rocyaapcTBeHHbI TexHmdeckuii yausepcentet, Kammaunarpas, Poccniickas ®epeparms
2MncrutyT okeanonoruu umenn I1. T1. Iupmosa PAH, Mocksa, Poccuiickas ®enepauus
E-mail: burukovsky@klgtu.ru

Mocrynuna B pepakimo 29.08.2025;  mocne gopadotku 20.10.2025;
npuHsTa K nyonukanuu 12.02.2026.

B craTbe omnucan cocrap nuiy Kpada Rhithropanopeus harrisii (Gould, 1841) (Decapoda, Crustacea,
Panopeidae) u3 Bog A3oBckoro u YépHOro Mopeit, oMbIBatonux TaMaHCKHA TIOJTyOCTPOB, U €T0 OHTO-
TeHeTHYeCKash N3MEHUYMBOCTD, & TAKKe CIOCOO MUTaHWs. R. harrisii — OOWH W3 CaMbIX M3BECTHBIX
WHBa3UAHBIX BUIOB, onasimii B EBponty B 1874 r. ¢ 6ayutactHeIME BogaMu cynioB. C TOro BpeMeHH
kpab ocoun CesepHoe, banruiickoe, CpenuzemHoe, YépHoe, A3oBckoe n Kacnmiickoe MOpst; Takxke
OH ObLI HaliieH B Apane. B Bogax, ombiBaomux TaMaHCKUIA TOyOCTPOB, Kak U B APYTHX YacTsAX ape-
aJia, rJe UCCIeI0BAIM COCTaB ero MUK, R. harrisii — smubeHTodar, B MUTAaHUN KOTOPOTO MOJTHOCTHIO
npeobiasaeT pacTuTesbHAas NHIA (BBICIIME BOAHBIC pACTEHUS U HUTYAThie BOJOPOCN). OOBEKTHI MH-
TaHUS KUBOTHOTO MPOUCXOXKIEHUSI TIOMAIAI0TCS B COCTaBe MUY Kpaba CriopagiuecKy Wid, BO3MOXK-
HO, ciydaiiHo. C y4€ToM MaJlbIX pa3mMepoB R. harrisii (HanOobIas MUpUHA Kapamakca — 26 MM)
¥ T10 CIIOCO0Y MUTAHMSI €r0 MOKHO OTHECTH K O€3BBIOOPOYHBIM COOMPATEIISM.

KuroueBrblie cioBa: kpad Rhithropanopeus harrisii, COCTaB MUIIN, OHTOTEHETUYECKAsI M3MEHYMBOCTh
COCTaBa THIIH, CIIOCO0 MUTAHUS

Kpad Rhithropanopeus harrisii (Gould, 1841) — o n3 HanOoJiee U3BECTHBIX MTPeCTABUTENIEH TEX
TUIPOOUOHTOB, KOTOPBIX CETOHSI HA3bIBAIOT MHBA3UOHHBIMU BuiaMu. Ero HaTMBHBIN apeai — BOJIBI AT-
nantryeckoro nodepexbst CIIA u Kananel, rae oH, AEMOHCTPUPYS 3aBUAHYIO SBPUOMOHTHOCTh, OOU-
taeT ot 3aymBa Cearoro JlaBpentus 1o Mekcuku [Williams, 1984]. K HacTosiemy BpeMeHHU BU 00-
HapyXeH u y nodepexbs Bpasumun [Petrescu et al., 2010]. BepositHo, umeHHO 13 Boa y Boctounoro
noOepexbst CIIIA oH B 6a/UtacTHBIX BOfIaX Cy/I0B Homnal B KoHile XIX B. B eBporieiickre Bojbl. Briep-
Bble TaM ero Hanuti B 1874 r. B 3asuBe 3€itnep3e (CeBepHoe mope, ['omnanaus). CynoBble Oayiact-
HBIE BOJBI CO3AJIM YCJIOBUS U1 pacnpocTpaHeHus 3toro Buaa [Leppikoski, Olenin, 2000]. B 1939 r.
OH ObLT 0OHapy»keH B [JHenpoBckom u Byrckom numManax, a B 1948 r. — B A3oBckoM mope [Mopayxaii-
Bonroeckor, 1952]. B 3TOM ke cooOImeHnn aBTOp YIOMSIHYJI, 4TO B JKeyAKax Kpada BCTpedaloTcs
«pa3MYHbIe OPraHUYECKHUE OCTATKY )KUBOTHOTO M PACTUTEIBHOTO MPOUCXOXKIECHUS» M UTO OH, BEPOSIT-
HO, HE HAIa/IaeT Ha MOJBIKHYIO T0ObIuy. [lepBble HaOI0IeH! S 32 HIIbHBIM, KaK €r0 Ha3bIBAIOT TOJILCKHE
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MCCIIEI0OBATENH, WM TOJUTAHACKUAM, KpaOoM B BanTHiiCKoM MOpe OCYIIECTBUIIN Y MOJIbCKOTO MOOEPEKbsI
1 B Bucimackom 3amuBe B 1951 r. K ToMy BpeMeHr BUJ y&Ke CTall HOCTOSIHHBIM KOMIIOHEHTOM (DayHbI
BucnuHckoro 3anmBa v Tak HassiBaemou Méptsoiut Bucibl [Turoboyski, 1973]. C tex nop R. harrisii
oceom1 CpenuzemHoe, CeBepHoe, Bantuiickoe, YépHoe u Kacnimiickoe Mopsi 1 ObUT HaiiieH B Apasib-
ckoM mope. 13Becten oH 1 'y Tuxookeanckoro nodepexbs CLIA [3anota, 2017; iHBa3uOHHBIE BU/IB,
2016; Iimotankos., 2021; Petrescu et al., 2010].

CrienuaiMcThl HEOTHOKPATHO TTPOBOIVIIM UCCIIeJOBAHUS COCTaBa MUy R. harrisii (0030p pe3yJib-
TaTOB UX padoT cM. B «O0cyxaeHun»). [Tocme @. [I. Mopayxaii-bontosckoro [1952] nepBeiMu, KTO
OIMcas COCTaBa MUK Kpada U3 pOCCHICKON YacTH ero COBpeMEHHOro apeana, ctamu B. B. Mypuna
u O. T'. Pe3anuenko [1960]. Janee Ha npoTskeHnu OoJiee YeM MOTyBeKa Ha STOT BUJ U3 BOCTOYHOM Ya-
ctu BucnuHckoro 3aimBa, npuHaieskanieil Poccuu, HUKTO He oOpaliai BHUMaHUs. 3aTeM MOSIBUIOChH
coodmenue A. U. Konecunuenko c¢ coapropamu [2014] co cpaBHUTEIbHON XapaKTEpPUCTHKOM COCTaBa
nutm R. harrisii u Palaemon elegans Rathke, 1837 — nByx BcenenneB B BucimHckuii 3a1MB — U A0-
xiaa P. H. Bypykosckoro [2022b] Ha Bantuiickom opyme o cocTaBe MHIM 3TOro kpada B Bucima-
ckoM 3aiuBe B 2010-2013 rr., BbINOJHEHHBIN N0 pe3yJibTaTaM 00paOOTKM MO3JHee cCOOpaHHbIX OoJiee
nosHbeIX MaTepuaio. A. K. 3anora ¢ coaBropamu [2017] ucrnosib30Basiv M30TONHO-OMOXUMUYECKUE Me-
TOABI 17151 XapaKTEePUCTUKH TIOJIOKEHUsI ITOTO UyKepoAaHOro st YépHOro u A30BCKOro Mopel kpabda
B Tpouyeckoil cetr TamaHCKOro 3a1rBa A30BCKOTO MOpSI.

Llesis naHHOM PabOTHI — ONMCaTh COCTAB IMHUIM W CIIOCO0 mwTaHus Rhithropanopeus harrisii
B YIIOMSIHYTOM BBIIII€ PETMOHE CTAHJAPTHBIMU 300JIOTMYECKUMU MeToaaMu [2022a].

MATEPUAJI 1 METO/1bI

Marepuai coopan A. K. 3anora u rpymnmoi cryaerTos B Jluackom u Tamanckom 3amuBax TamaHCKoO-
T'0 TIOJIyOCTPOBA, y a30BCKOTO Modepexbsi KepueHCKOro moayocTpoBa My YepHOMOPCKOTO TTOOePEKbsI
ot Tamanckoro nosnyoctpona a0 [uiynaet [3anora, 2017].

MBs1 uccnenoanu copepxxumoe 449 xenyakos. M3 Hux 52 okazanuch mycThiMU, 375 ObLIH C UIIER
(u3 Hux noaabiMA — 100); y 22 0cobelt coepKIUMOoe KeTyAKOB HAXOAUIOCh B COCTOSIHAM JIMTOTeHe3a.
70 sIBJIeHWEe — OKAaMEHEeHHe IMUIIIEBOr0 KOMKa B KeJylKe Kpaba — ObUIO BIepBble 0OHAPYKEHO Ha-
MU y Kpaba Pinnixa rathbuni Sakai, 1934 (Brachyura: Pinnotheridae), kommencana sxuypunsl Urechis
unicinctus (von Drasche, 1881) [Burukovsky, Marin, 2018].

Cocras nuimu usyvanu no meroguke P. H. Bypykosckoro [2017; 2022a]. Ona pa3zpadoTtaHa u anpo-
OupoBaHa B IMpolecce UCCIEAOBAHKS COCTABA MUIIY U CIIOCOOOB MUTAHUS JECSITUHOTHX PAKOB U3 pa3-
JIMYHBIX palOHOB ApPKTHKHU, ATiaHTrudeckoro, Muauiickoro, Tuxoro u KOxHoro okeaHos, a takxe bai-
Tuiickoro, benoro u Y€pHoro (B JaHHOM CTaThe) MOpe. DTUM METOJJOM Mbl paHee aHATM3UPOBAJIU CO-
AePKUMOeE KEJTyJKOB U CIIOCO0 MUTaHUSA Y 25 784 9K3. KpeBETOK, OTHOCAIIMXCS K 126 Bugam u3 16 ce-
MEHCTB, y 739 3K3. TpE€X BUAOB KpaOOB U y 43 3K3. 0HOrO BUJA JIaHTycTOB [BypykoBckuii, 2022a;
Burukovsky, Pushkina, 2016; Burukovsky, Sudnik, 2024; Burukovsky et al., 2021].

Mertoauka uccieoBaHusl COCTaBa MUILM COCTOsIA B cieayiomieM. [loce BCKpbITUs KelyJKa orpe-
AeJSJA CTeTeHb ero HATIOJTHEHUS 10 YeThIpEXOaTbHOM miKae: () — kexyaoK mycroit; 1 — muima 3a-
HUMaeT MeHee MOJIOBMHBI 00bEMa KeNlyaKa; 2 — MHIIa 3aHUMAeT MPUMEPHO MOJIOBUHY (0T Y3 10 %3)
00BEMa KeTyIKa; 3 — KeJTyIOK TOJTHBIM.

3arem NUIeBON KOMOK IMOMeNIaIu B Karutio Bopl B varike [letpu. OnpesaeneHue TakCOHOMUYECKON
MPUHAJIEKHOCTA OOBEKTOB MUTAHUS POBOIIN C MAKCUMAIIBHO BO3MOKHON TOUHOCTHIO.

KomnoHeHTsI MuIeBoro KOMKa, NOAIAI0IIUECs MOICYETY U UBMEPEHUIO, IEPECUUTHIBAIIN U U3MEPSI-
71 ¢ TOYHOCTHI0 710 0,01 MM ¢ TOMOIIIBIO JIMHEHKHU OKYJISIp-MUKpoMeTpa OuHOKyIsipHO# Jiyrisl MBC-10.

CoctaB COAEPKUMOrO KEJIyJKOB UACHTU(DUIIMPOBATM BO BCEX XeMyIKax C MUIEeH, He3aBUCH-
MO OT CTENeHU WX HaroJIHEeHWs. B MOJHBIX KelyAKax OO0 KakAOro M3 OTAEIbHBIX KOMIIOHEHTOB

Mopckoii 6ronorndeckuii xypHan 2026 Tom 11 Ne 2



CocraB nui 1 criocod nutaHus kpada Rhithropanopeus harrisii (Gould, 1841)... 5

MUILEBOTO KOMKA OMpeeIsid BU3yaJlbHO ¢ TOUHOCTHIO 10 10 % oT 00bE€Ma Beero nuiieBoro komka [by-
pykoBckuii, 2022a]. [Tox Ha3BaHUEM «KOMITOHEHTHI TIMITIIEBOTO KOMKa» MOJpa3yMeBalOTCs TOObIe 00b-
€KThl, BCTPEUEHHbIE B COAEPKUMOM KeNyIKa, a «IHIIEeBble OOBEKTb» — T€ U3 HUX, KOTOpPbIEe ObLIH
UCIIOJIL30BaHBI KpaOOM B Ka4eCTBE MUIIIH.

[MuimeBbie ¥ HeCheJOOHBIE KOMITOHEHTHI TIMIIIEBOTO KOMKA TIEPEUUCISUIN JUTSl TOTO, YTOOBI OIIEHUTh
MX 4aCTOTY BCTPeUaeMOCTd (IIPOIIEHT BCTPeY ONpeAeIEHHOro KOMIIOHEHTA MUIIIEBOr0 KOMKA OT OOIIEro
YHCJIa UCCIIEJOBAHHBIX JKEJTyJKOB C IIUILEN) U paccunTath Ko puument Ppoepmana. OH rpecTaBisier
co00i1 cpefiHee YKCIIO MUILEBBIX OOBEKTOB B KeyAKe Oe3 yuéra recka v Ipyriux HeCheI0OHBIX KOMITO-
HEHTOB MUIIEBOro KoMka [bypykoBckuid, 2022a]. 11 3T0ro0 CcyMMHUpPYIOT BCE YAaCTOThl BCTPEYAEMOCTH
MUILEBBIX OOBEKTOB U AEJIAT MosyueHHyio cymmy Ha 100.

[To pe3synbraTam HMCCIEIOBaHHUS COJAEPKUMOTO TOJIHBIX JKETYyJAKOB PEKOHCTPYUPOBAIM CPEIHUN
(BUPTYaJIbHBIN) MUIIEBOM KOMOK, TO €CTh CPEIHIOI OO0 KaX/JI0T0 KOMIIOHEHTA MHINEBOrO KOMKa
OT ero o0ObEMa, BbIpakeHHYI0 B mporeHTax [Bypykosckuii, 2022a]. Becero u3yueHo 362 xenynka
1 90 BUPTYaJIbHBIX MUIIEBHIX KOMKOB.

HccnenoBanue u onrcaHue COAEPKUMOTO KeJTyJKOB BHITIOJHSIM B TPH Tara:

1) omucaHue caMHUX OCTaTKOB;
2) omnpepaeneHre 4YacToThl (%) BCTPEYaeMOCTH KakJOro KOMIIOHEHTa MHINEBOr0 KOMKa BO BCeX

KeJTy/IKax C MUIIEH, He3aBUCUMO OT €€ KOJIMYeCTBa B XKey/IKe;

3) Bu3yasbHOE orpejeieHne OOBEMHBIX COOTHOIIEHHU! MUIIEBHIX KOMIIOHEHTOB B MOJTHBIX JKEJTyIKaX

(c Tounocts0 10 10 %).

[To 5TMM AaHHBIM TPOU3BOJUTCS PEKOHCTPYKIMSI CPEIHEro (BUPTYaJbHOTO) MHUIIEBOrO KOMKa
MOJTHOTO KeJTyIKa.

Metoa KoMIIeHCUpPYeT HEBO3MOKHOCTh IPUMEHEHUSI KOJIMUECTBEHHBIX (BECOBBIX) METOJIOB ISl UC-
CJIe/IOBAaHMS COCTaBa UM B KeJyAKax R. harrisii, Tak Kak 3TH KpaObl UMEIOT OYeHb HeOOJIbIINE
pa3mepsl Tena. VIMEHHO TIO3TOMY Ham¥ OBUIM WCIIOJIb30BaHBI SKCIIEPTHBIE OIEHKHU JOJIU OTICIbHBIX
KOMIIOHEHTOB IMUINEBOTO KOMKA B MOJIHBIX KeJTyJKaX.

PE3VIJIbTATHBI

PesynbTathl, HOTy4YeHHbIE Ha KaXI0M 3Tare ONMUCAHUs COCTaBa MU y UCCIIEAyeMOro oObeKTa, 10-
MOJIHSAIOT ApyT apyra. [1o oTAeIbHOCTH OHM JIAIOT «IUIOCKOE» IPEJICTABIICHHUE O MUTAaHUH U3y4aeMOro
oobekTa. Tak, yacrora BcTpeyaeMocTy hopaMuHudep Y HEKOTOPHIX BUIOB MOXeT jjocturatb 60-70 %,
HO UX JI0JisI B 00bEME BUPTYAIbHOTO MUINEBOrO KOMKa 00bIYHO He mpeBbimiaeT 0,1-0,2 %, OCKOIbKY
(popamuHudepbl, HE3ABUCUMO OT YACTOTHI BCTPEUAEMOCTH, MOMAAAI0T B KETYAOK B HUUTOKHBIX KOJIU-
YecTBaxX U He MOTYT UTPaTh CKOJIBbKO-HUOY/Ib BAXKHOW POJIM B JUeTe 3TOro BUaa. B pe3ynbraTe oOHapy-
KUBaeTCS HEKHI TIOBEICHYeCKUI aKIICHT B OIIEHKe OTHOIIIEHUI MeXy KpaOoM U 0ObeKTaMH NTUTAHMS,
B JJaHHOM ciy4ae (popamunudepamu. Hanpumep, npu aHaim3e OHTOT€HETUYECKUX U3MEHEHHI 4acTo-
Tl BCTPEYAEMOCTH U COOTHOLLIEHUSI KOMIIOHEHTOB BUPTYaJIbHOTO MUIIEBOrO KOMKa 4acTOTa BCTpeyae-
MOCTH OOBEKTa MUTAHUS C U3MEHEHUEM pa3MepoB KpaOOB MOXET YMEHBIIUTLCS, a €€ JOJIsl B BUPTY-
QJIbHOM THUIIIEBOM KOMKE — yBEJMUUTHCS. DTO O3HAYAET, YTO Kpad MUTAeTCsl JAaHHOU KEepTBOU pexe,
HO B OosbiieM kosmdectBe [Bypykosekuid, 2017, 2022a].

NuTencuBHocTh nuTanus. HanonHeHue xenyaKoB y KpaOOB OILIEHUBAIM IO YETHIPEXOATITBHON
mikasie. KpaOsl ¢ mycThIMU ey JKaMU WK CO ClieIaMu MUINK B HUX (6asutel HanoHeHus 0 u 1) coctas-
JISUTA TIOYTH TIOJIOBUHY BCEX MCCIIEOBaHHBIX (45,9 %). [lons keay/lKOB, HAMOJOBUHY 3allOJIHEHHBIX
MUINER ¥ TOJTHBIX (0ayibl 2 1 3), COBOKYITHO HEHAMHOTO IPEBbIIIaIa 00 TIepBoi rpymisl (49,2 %).
CopaepxuMoe ocTaBIIUXCS KeTYAKOB (4,9 %) uMesno npu3HaKy MPOUCXOISINIErO B HUX MPOIecca JIUTO-
reHe3a [Burukovsky, Marin, 2018]. MoxHO cuuTaTh, 4TO BO BpeMs cOopa MaTtepuaia (JTHEM) KpaoObl
MUTAIUCh OTHOCUTEJIbHO aKTUBHO.
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O61mas xapakTepuCcTHKa 00beKTOB MUTaHUs. Bce KOMIIOHEHTBI TTUIIEBHIX KOMKOB, BCTPEUYEH-
Hble B Xelyakax R. harrisii, MOXXHO TIOAPA3JENUTh HA ABE KPYIHbIE TPYMIbl — Ha MUHEpaJIbHbIE
Y OpraHuYecKue.

Pazmepbl MuHEpalIbHBIX KOMIOHEHTOB BapbupoBayit oT 0,01 1o 2,5 MM, TO ecTh, B COOTBETCTBUU
C OOIIEeTTPUHSATON KJIacCUpUKAIIUe MOPCKUX 0OJIOMOYHBIX OCA/IKOB B 3aBUCIMOCTH OT X IPaHyJIOMET-
prueckoro cocrara [[letenmH, 1967], oHM BKJTIOYAH OOBEKTH OT aJIEBPUTOB JI0 MEJTKUX TECUYMHOK.

Oprannyeckrie OCTaTKHM BKJIIOYAIN AETPUT, (hparMEeHTH PaCTUTEIHHOTO M JKUBOTHOTO IMPOMCXOXK-
JeHUsl, TAKCOHOMHYECKUI CTaTyC KOTOPBIX yJaBaJIOCh OMpPEIeNUTh 0 Kjacca WM oTpsjaa (Harpu-
Mep, HU3IUE WM BbICIIME PACTEHUS, MOJUXEThl, YCOHOTUE PAKHU, HACEKOMbIE M UX JIMUMHKU U T. I1.),
Y HEOollpe/IeJIMMbIe OCTATKH.

Kpome mepeuncieHHBIX BHIIIE, B MUIIEBHIX KOMKaX PeryJIsipHO MOMNAJaIMCh 3HAYUTEBHO OoJiee
MeJIKMe YEPHBIE YacTHUIIbI, BEPOSITHO TOXE HEOPraHWYeCKOro MpoucXoxaeHus. OHU OYeHb OBICTPO
ocelayii Ha JAHO vamku [letpu, oOpa3yst cBoeoOpa3Hblid «(hOH», HEKYIO «IIOJCTHIIKY» COJAEPKHUMOTO
MUILIEBOrO KOMKA, WM MoJodue cyOcTpara CoAepKUMOTro kelyaka. VIMEHHO Mo3TOMYy Mbl Ha3BajM
UX «CyOCTpaToM», MOAYEPKHYB YCIIOBHOCTh TEPMUHA BBIJICIEHHEM €ro KaBbIYKaMHU.

JleTpuT MBI OTHOCHM K TIUIIEBBIM OOBEKTaM: 9TO CJIOKHBIA KOMITJIEKC U3 MEPTBOTO OPraHMYECKOTO
BEIIECTBA, B3BEIIEHHOTO B TOJIIIE BOABI WM OTJIATAIOIIErOCs Ha THO BOIOEMA B BUJIE YACTHII Pa3jIdy-
HOTO pa3Mepa, U )KUBYLIMX HA HUX MUKpoOpraHusmosB [bypykosckuii, 1989, 2022a]. B yamke Ilerpu
OH MPEJICTABIISIET COOOM PHIXITYI0 OECCTPYKTYPHYIO Maccy, MMEIOIIYIO B MAIAI0IIEM CBETE CBETIO-CEepYI0
OKpacky. JIeTpUT 04eHb XOPOIIO BU3YaJIbHO Pa3IMiUM B TEX KeTyAKaX, [JIe OH JOMUHUPYET. DTO MO3BO-
JISIeT UICHTU(UITUPOBATD €ro U B APYTHX JKedyAKax, IJie OH MPUCYTCTBYET B HEOOJBIINX KOJTMYECTBAX,
a OH MomagaeTcs IMOYTH B KaXAa0M (CM. HITKE).

Cpeny MUIIEeBBIX 00BEKTOB MPEsK/Ie BCETO 3aMETHBI PACTUTENIbHBIE OCTATKH. DTO OOPHIBKH BBICIIINX
pacteHuil ¥ (pparMeHThl HUTYATHIX Bojpopocieid. OHU OTIMYANIUCh APYT OT ApYra «pUCYHKaMm» KJie-
TOYHOT'O COCTaBa, & HUTYAThie BOJOPOCIU, TOMUMO 3TOTO, COMTPOBOKAANCH CIIOPAHTUSMU U CTIOPAMH.
K pactutenpHbBIM OCTaTKaM MBI OTHOCHUM TaK)Xe BCTpPEUalolIMecs B MUIIEBHIX KOMKax (bl rpuOoB
U UX IJIOJIOBEIE TeJIa.

Hapsiny ¢ HUMHM ObUIM BCTpeYeHbl OCTATKH JKMBOTHOTO MpoMCXoxaeHus. IIpexie Bcero 3To
npocTeime, a cped HuX — opamMuHUdepsl U paKoBUHHbIE aMEOBI AUPPIIOTHUN.

MHOroK1eTOYHbIe KUBOTHBIE B JKeTyAKaX pUTPOMaHoIeyca ObUIM MPEeACTABICHbI IByCTBOPYATHIMU
MOJUTIOCKamM# (OOJIOMKY PaKOBHH; MSTKOE TeJIO BBIIEIUTh CPeu APYrux (hparMeHTOB MUIIEBbIX OCTAT-
KOB B XeJyJKe He yJIaJ0Ch) U SPPAaHTHBIMU MoyiMxetaMu. Kak mpaBuiio, BCTpedaauch UX OTIe/IbHbIE
OOpPBIBKH, HO B OJIHOM CJTydae yJaJioch U3 HUX «PEKOHCTPYHPOBATh» KepTBY. JMHA 3TOW MOJUXETHI
coctaBwia okosio 10 Mm. C y4€ToM pa3MepoB CheBIIIero e€ Kpada MoJMxXeTy MOKHO CUYMTATh OTHOCH-
TEJIbHO KPYMHO 100bI4Yeit. Ho 00BIYHO Momnasamuch JUIb OMIOPHBIE IETUHKY (AIIUKYJIbl) JUIMHON 1 MM
WINA «9eTI0CTH» IuHoM 0,5 MM.

JlinHa Tena cbeleHHbIX aM(UIIo]] cocTaBisiia okoJio 1 MM, a korienopl (Harpacticoida) — 0,4 mwm.
EnuHcTBeHHAs chelieHHAst KpeBeTka — Athanas nitescens (Leach, 1814), oBeHWIbHasI 0COOb — MMeJTa
ITUHY 3 MM (B3pOCJIble 0COOM JIOCTUTAOT JTHHBL 2 cM [Picton, Morrow, 2026]). Berpeuanich hparmen-
Thl HACEKOMBIX (He XMpOoHOMUJ). BeposiTHO, 3T0 ObUIM JIMUMHKU. BoccTaHOBIEHHAs U3 UX ()ParMeHTOB
JUIMHA TeJIa JOCTHUTala 5 MM.

Cpenu HeornpelelEHHbIX OCTATKOB IMUIIEBOTO0 KOMKA Yallle BCEro MPUCYTCTBOBaIN OechopMeH-
Hble OOpBIBKM XWTHHA. KpoMe HUX, HECKOJIbKO pa3 MoMaIaiuch chepruuecKre Tesiblla YEPHOro IBETa
mrameTpom 0,12 MM, u3peika BCTpedanrch OechopMeHHbIe ITI00YIIbl OPAHKEBOTO IBETA.

CocraB numu. B 3aBUCMMOCTH OT 4aCTOTHI BCTPEYAEMOCTH BCE KOMITOHEHTHI TTUIIEBBIX KOMKOB
MO3KHO pa3fieuTh Ha Tpu rpynmnsl. [lepas 00beIuHsAET OObEKThI MUTAHUS, BCTPEYAIOINeCcs MPUMEPHO
B KaX/JIOM IIEPBOM-TPEThEM keiyaKe (To ecTb ¢ yactoto oT 10 1o 30 %) u TOMUHUPYIOIIUE B COCTABE
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TIOJTHBIX KeJTyIKoB (3aHmMaromue 60 % ux oObéMa u OoJsiee). K HUM OTHOCSTCS pacTUTEbHbIE OCTaT-
ku 1 getput. Cpein pacTUTEIIbHBIX OCTATKOB (M BOOOIIE Cpeyd BCeX KOMIIOHEHTOB IHIIIEBBIX KOM-
KOB) TOCIIOJICTBYIOT BBICIIII€ PACTEHUSI, UM COMYTCTBYIOT HUTUYAThIe BOJOPOCIIM BMECTe C UX CIIOpaMHu

U criopaHrusmu (tadm. 1).

Taoauma 1.

CocraB mmmm Kpada Rhithropanopeus harrisii B pafioHe TaMaHCKOTO TOJyoCTpOBa
(KOJIMYECTBO UCCIIEJOBAHHBIX KEITYyIKOB — 362, BUPTYasIbHbIX MUIIEBBIX KOMKOB — 90)

Table 1. Food content of the crab Rhithropanopeus harrisii in the Taman Peninsula area (number
of analyzed stomachs is 362, and number of virtual food lumps is 90)
Yacrora BupryanbHsrit Nupexc
Kowmonent BCTpeYaeMocTu, % MUIIEBOI KOMOK, % | NOMUHUpOBaHus, %
OcCTaTK¥ BBICIIINX pacTeHUH 66,8 33,5 30,0
Hetpur 53,0 10,0 5,6
Cropbl ¥ CIOpPAaHTMX (HUTYATBIX BOAOPOCHE?) 43,9 5,9 33
Hurtuatsie Bomopocau 30,1 9,7 5,6
Beiciiue paku 13,5 7,2
I'pu6HI (rrchp! 1 IOOBHIE Tena?) 10,4 3,1
OO0JIOMKHY PaKOBHUH JIByCTBOPYATHIX MOJLTIOCKOB 6,6 0,1
DdopamuHubpeps! 5.8 -
IMonuxetst 5,0 2,2
Hacekomble 1 MX JTUUMHKHA 4,1 3,6
dina 3,6 -
Copepoda 2,2 -
PakoBuHHas améda 1,1 -
Ostracoda 0,8 -
Cirripedia 0,5
Heonpenenénneie octatku 27,3 3,1
B tom uuce:
OOpBIBKY XUTHUHA 9,7 3,2
OpaHKEBBIE TI00YIIBI 4.4 0,4
«cyocrpar» 1,4 0,6
Ilecunuku 76,3 10,0
AneBpuTbl 71,3 3,9

Ko BTOpOI¥i rpyrime Mbl OTHECH TE MUIIEBbIE 0OBEKTHI, KOTOPhIE BCTPEYAIOTCS B MOJTHBIX JKEJTyIKaX,
HO HUKOIZIA B HUX YMCJIEHHO He JOMUHUPYIOT. VICK/IIOUeHre TyT JeTPUT, 3aHUMAIOIIUIl BTOPOE MECTO
10 YacTOTe BCTPEYAEMOCTH, a TaKXkKe MUHEpaJIbHble BKJIIOUEHUs MUIIEBbIX KOMKOB B BUJE NMECUUHOK
Y QJIeBPUTOB (4acTOTa BCTpeuaeMocTH coctaBuiia 76,3 u 71,3 % cOOTBETCTBEHHO, TO €CTh OOHAPYKEHBI
OHHM OBUIM TOYTH B KaXJOM KeJyjke). Bo3MOXHO, 3TO pe3yJbTaT Tak Ha3bIBAEMOIO0 HEaKKYPaTHOTO
nutanus [bypykosckuil, TpyHoBa, 2007].

K TpeTbeil rpymmne Msl OTHOCUM COJEPKUMOE MHUIIEBBIX KOMKOB KMBOTHOTO IIPOUCXOXKAECHUS U I'i-
(b1 rpubOB, KOTOpbIE BCTpEYAlOTCA Kak MUHUMYM B 2-3 pa3a pexe (kak makcumym B 10 pa3 pe-
Ke) U TOXe OTCYTCTBYIOT B MOJIHBIX Xkesyakax. Cpean )KHUBOTHBIX MPeo0JalaloT OTHOCUTEBHO IIH-
POKO IpeCTaB/ICHHbIE WIEHUCTOHOTUE — JIMYMHKM HAaCEKOMBIX M BBICIIME paku. B OCHOBHOM 3TO
oueHb Mesikre Amphipoda (BO3MOXHO, X MOJIOJIb), KPEBETKA, OCTPAKO/a, KOMernoia U YCOHOTue pa-
Ku. BerpevaloTest oHM, OJJHAKO, 3HAYUTENIbHO peke, YeM pacTUTeNbHas nuiia u aetput. CkiaapiBa-
eTcs BIeYaTlIeHue, 4to R. harrisii KaTETOPMUYECKHM NMPEANOYUTAET PACTUTENIBHYIO ITHUIIY, OJTHOBPEMEH-
HO He «Opesrysi» IIMPOKUM CIEKTPOM MEJIKUX KMBOTHBIX, OT MPOCTEHIIMX A0 PaKOOOpa3HbIX, KO-
IJa OHU CTAHOBATCA 1 Hero aocTynHbeiMU. Koapdunment ®poepmana (cpegHee YUCIO MUIIEBBIX
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O0OBEKTOB B OJHOM XeNyJKe) paBeH 2,47, M 9TO 3HAUCHUE MPUOIMKAETCS K TAKOBOMY Y XHIITHUKOB-
cobupareneii [Bypykosckwuit, 2022a]. PurponaHoneyca, B iueTe KOTOPOTo MpeodiagaeT pacTuTeIbHas
TUIA, BPSIII JIU MOKHO Ha3BaTh XMITHUKOM. BeposTHO, 10 crioco0y MUTaHUs €ro MOKHO CYUTATh TPOCTO
coOupatesieM (CM. HUKe).

He mMeHee KOHTpacTHO pacnpesieieHbl OObEKThl TUTAHKS B TIOJHBIX JKeJTyJKaX, PeKOHCTPYHPOBaH-
HBIX YCPEITHEHHBIX (BUPTYAIbHBIX) MOJTHBIX KENYAKaX C HAXOASIIUMHUCS B HUX MUIIEBHIMA OOBEKTA-
mu [BypykoBckuid, 2022a]. Tpets 00bEMa BUPTYaTbHOTO MUIIEBOTO KOMKA, 33,5 %, 3aHsATa OCTaTKaMU
BBICHIMX pacTeHuid; 15,6 % cOoCTaBsOT BMECTEe CHOPBl U CIIOPAHIMM HUTYATBIX BOJOPOCIIEN, a TAKKe
camu HUTYaThie Bogopocau; 10 % — netput. Ecim 1o6aBuTh K HUM J10J110 TprOoB, 3,1 %, To okaxercH,
410 52,2 % 00BEMa BUPTYATBHOTO MUINEBOrO KOMKA COCTABJISIET pacTUTeNIbHAs nvima v b 14,1 %
MIPUXOIUTCS HA OOBEKTHI MIUTAHUS KMBOTHOTO TIPOUCXOKICHUS (M3 OTHOCUTENLHO JJTMHHOTO CIIMCKA)
1 Ha neTpuT. Heonpeaen€HHbIMY OCTaTKaMU MOXHO IpeHeOpeyb, MOCKOJIbKY OHU B BUPTYaJIbHOM MHUIIIe-
BOM KOMKE 3aHUMAIOT Jiuiihb 3,1 % o0béMa. OcTasbHbIe MUITIEBble OOBEKTHl U HEMUIIEBbIe KOMIIOHEHTHI
MUIIEBOrO KOMKA B MOJHBIX JKeJyAKaxX He BCTpeyasuch (cM. Tadu. 1).

[Tpeobaaganue pacTUTEIHHOUM MUIIM B JMieTe PUTPOIAHONeyca MOAYEPKUBACTCS HHICKCOM JIOMU-
HUpoBaHKUS TapBepAMeBOM — YaCTOTOM CJIydvaeB, KOTrJa JaHHBIA MUIIEBON 0ObeKT cocTaBisit 60 %
wim 6oJiee 0OBEMA MUIIEBOTO KOMKA TIOJIHOTO JKeTyIKa. Y R. harrisii 9T0 MPHUCYIIE TOJBKO MUIEBHIM
00BEKTaM PACTUTENILHOTO MPOUCXOKICHHS.

OHxTOreHeTnyeckasi H3MeHYNBOCTb COCTaBa NMUINHU. B TeueHue Bcell xk1U3HM KpaOOB B X IMUILE-
BBIX KOMKAaX Yallle, 4YeM BCe OCTaJIbHble OObEKTHI IUTaHMs, TTOTA/IAI0TCS BhICIIME pacTeHus. x yactoTa
BCTPEYaeMOCTH Y CAMBIX MEJIKUX JKMBOTHBIX jocturaet nmoutv 100 %. Y kpa®oB ¢ MMPUHON Kaparak-
ca 9—18 mm 3HaveHue cHuxkaercs 40 55-70 %. Y caMbIX KpyNHBIX 0COO€H BBICIIME PACTEHUS OMNAThH
HAUMHAIOT BCTPEYAThCs Yallle BCeX OCTaJIbHBIX OObEKTOB MUTaHUsA (puc. 1).

Puc. 1. OHroreHeTnyecknue U3MEHEHHUsI COCTa-
Ba NUILIM MO YacToTe €€ BcTpeyaemocTu (A)
U 10 poJid B 00bEME BUPTYaJIHHOTO MUIIEBOIO
koMKka (Bb). 1 — BeICIIME pacTeHus; 2 — HUT-
YyaTele BOAOPOCIH; 3 — CIHOpPHl HUTYATBHIX BO-
nopocneii; 4 — rudsl rpudoB; 5 — meTpur;
6 — OCTaTKH >KUBOTHOTO IIPOUCXOXKICHUSI

Fig. 1. Ontogenetic changes in food composition
by frequency of occurrence (A) and in the dis-
tribution of virtual food lumps (B). 1, higher
plants; 2, filamentous algae; 3, filamentous algal
spores; 4, fungal hyphae; 5, detritus; 6, remains
of animal origin

Pa3mepe! Tena kpada
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[TouT MOCTOSTHHBIM «CITYTHUKOM>» BBICIIMX PACTE€HH B MUINEBBIX KOMKax siBisieTcsl 1eTpuT. Ero
YyacToTa BcTpedaeMoctu Kosieonercss ot 40 1o 60 %, Ho 00buHO coctaBisger 50 %. MoxHO mpen-
MOJIOXKUTH (M 3TO TIOATBEPKACHO HUXKE, TAK KaK OH B TMOJHBIX JKeTyAKax 3aHMMall BCerga KpanHe
MaJIyl0 YacTh MHIIEBBIX KOMKOB), YTO NETPUT JIMIIb COMYTCTBYET BBICIIIMM PACTEHUsM B TpoIiecce
MMUTAaHUsI KPaOoOB, BOBMOKHO B pe3yJIibTaTe TaK HAa3bIBAEMOTO HEaKKypaTHOTO NMUTaHUs [BypyKOBCKUM,
Tpynona, 2007].

VY cambIX KPyMHBIX KpaOOB BBICIIIMM PACTEHHUSM I10 YaCTOTEe BCTPEYAEMOCTH TIOUYTH BCErJa COIMyT-
CTBYIOT CIIOpPbl M CIOPAHTMU HUTYATBIX BOJOPOCIIEH, a caMl BOJOPOCIIM BCTPEYAIOTCs B JIBa pa3 pe-
xke. OIHaKo 3aTeM YacToTa BCTPEYaeMOCTH U TeX, U APYIMX HEYKJIOHHO MaJaeT, JOCTUrasi MUHUMYyMa
y caMbIX MeJIKHX ocoOeit (10 5 %). [Ipu 3ToM yacTtoTa BCTPEUYaeMOCTH CIIOPAHTHEB U CIIOP Y KPYITHBIX
ocobeit (c mmpuHON Kapamnakca 13 Mm u 6osbine) octaéress Ha ypoBHe 30—40 %. MoxHO Tpearnosio-
KHUTh, YTO HUTYATHIC BOJOPOCHM CTAHOBATCS MEHee NOCTYIHBIMU (OCOOEHHO JIJIsi B3POCHIBIX KpaOoB),
YeM BBICIIIHE BOJJHbIC PACTCHUS.

C oJHOHM CTOPOHBI, OHTOIEHETUYECKHEe M3MEHEHHsI YaCTOThl BCTPEYaeMOCTH BOJHBIX KUBOTHBIX
CBUJIETEJIbCTBYIOT 00 MX BTOPOCTEIIEHHOCTH KaK OOBEKTOB MUTAHUS, B OTIIMYKME OT PACTUTEIBHOU TH-
Y (AMana3oH KepTB — OT PAKOBUHHBIX aMEO 10 KpeBeTok). C Apyroi CTOPOHBI, UX YaCTOTa BCTpe-
YaeMOCTH B KeJyJKaX KpaOoB OTHOCUTEJIHHO HEIUIOXO COBIAAAET C TAKOBOW HUTUYATHIX BOJOPOCIEM.
D710 3acTaBisieT MPenoJIOKUTh HATMYKME TIOXOXKUX MPUYMH, CPeld KOTOPBHIX HamboJiee BaKHOW HaM
KaKeTCs CXOACTBO JOCTYITHOCTH JAHHBIX MUIIIEBBIX 0OBEKTOB IS KPaOOB.

3TO KOCBEHHBIM 00pa30M MOATBEPXKIACTCS PEIKOCTHIO MPUCYTCTBUS B MUIIEBBIX KOMKax ruoB
rpuOOB BOOOIIE ¥ BCTPEYAEMOCTBIO X B OCHOBHOM TOJIBKO Y Kpa®oB ¢ mupuHO Kapanakca 11-18 mm
B YaCTHOCTH.

O1neHUTh OHTOTEHeTUIECKYI0 N3MEHUYMBOCTh COCTABA IMUIIY B MOJIHBIX KETyAKaX BO3MOXKHO JIHIIIb
1o TéM 0OBEKTaM IMUTAHUS, U3 KOTOPBIX (POPMHUPYETCS] BUPTYTbHBINA MUIIEBOW KOMOK. DTO YacTh pac-
TUTEJIbHOW MUY (BBICIIME PACTEHUS, HUTYAThle BOJOPOCIIH, UX CIIOPBI U CIIOPAHTUM ), 4 TAK)KE OCTATKU
KHUBOTHBIX. Y MOJIOJM C IIMPUHON Kapamakca A0 11-12 MM B MUINEBBIX KOMKaX MOJHBIX KEJTyJKOB
MpeJCTaBIeHbl BCe 3TU YeThipe OOBEKTa MUTAHUS, MPUIEM JOMUHHUPYIOT WM HUTYATHIE BOJOPOCIH,
WM KUBOTHBIE. OJJHAKO Xe C YBEJIMYCHUEM pa3MepoB KpaOOB B MHIIE HEYKJIOHHO BO3pACTaeT JOJIS
BBICIIIX PACTEHUI M COITYyTCTBYIOIIUX UM HUTYATHIX BOJOPOCIIEH, a TAKKE KUBOTHBIX.

Crparerus nutanus. [log crparerueil muTaHus Mbl IOHUMAEM CTEPEOTHI TPOUIECKOTO TOBE-
JeHUsI, ONMPAIOIIUICS Ha BO3MOXKHOCTH JIOKOMOTOPHOTO ¥ TPO(PHUECKOTO MOJIYJICH OpraHu3Ma, He 3a-
BUCSIIIUNA OT TAKCOHOMHYECKOTO MOJIOKEHUsSI KOHCYMEHTa U €ro KepTB, HO 3aBUCSIIMI OT OHTOTEHe-
TUYECKOW CTa/Uu, Ha KOTOPOW HaXOJQUTCS KOHCYMEeHT. CBSI3aHO 3TO C T€M, UTO M OTHOIIEHHE K CyO-
CTpaTy, U CTPOEHHUE TeNa, a OTCI0la ¥ BO3MOKHOCTH JIOKOMOTOPHOTO M TPO(PUUECKOTO MOAYJIEH Me-
HSIOTCS JIMIIb B OHTOTeHEe3e. DTO BHIBOAUT MMOHMMAaHKE CTPATETUH MUTAHUS HAa HAaJBUIOBON ypPOBEHb,
TeM OoJiee YTO Ha Pa3HBIX ITArax OHTOreHe3a JAHHBIA BUI MOXKET MPHHAJIEKATh K Pa3HBIM JKU3HEH-
HBIM (hopMaM, B TOM YHCJIe TIO OTHOIIEHHIO K cyOcTpary. Bc€ ckazaHHOe BblIlle JefiaeT MpUMEHUMbIM
TIOHSITUE «CTPATErusl MUTAHUS» K KU3HEHHBIM (popMam, TO eCThb K «HaABUIOBbIM KOJOTMYECKUM KaTe-
rOpUsIM, KOTOPBIE CITyKaT COCTABHOM YaCThIO 9KOJOTMYECKOTO eIMHCTBA U TIOITOMY MOTYT CITYKUTb UH-
CTPYMEHTOM J1JIs1 aHAJIM3a SKOJOIMUYECKON CTPYKTYPbI SKOCUCTEM WJIM X 3JIEMEHTOB» ([BypykoBckui,
2022a], c. 456). Dtot moaxoxa ObLT chOPMYIMPOBAH B IMpoIiecce U3YUeHUsI COCTaBa MUIIU KPEeBETOK,
HO OH BIIOJIHE TIPUMEHUM M K HaIlleMy OOBEKTy UCCIIeJJOBAHUS, O YEM CBUICTEIILCTBYET COJCpKaHUE
caMOU LIUTATHL.

Kak ObUI0 yka3aHO B MeTOIWKe ornuvcaHus cocraBa mumu ([Bypykoeckwmii, 2022a], c. 456—460),
MBI BU3YaJIbHO OIICHUBAJTH JIOJTIO, 3aHUMAEMYIO IAHHBIM ITUIIEBBIM OOBEKTOM B 00BEME MHUIIEBOTO KOM-
Ka B IOJIHOM XeJyJIKe. DTH CBeJeHUs BHOCWUIM B CiellUaibHble padoure Tabmuipl. VX neBblil cTomi-
Oell MpeacTaBisieT cO0O0 CITUCOK OOBbEKTOB MUTAHUS TIO Mepe YObIBAHUS MX YaCTOTH BCTPEYaEMOCTH,
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a BEPXHsS CTPOKA COJEPXKHUT JIAaHHBIE O JO0JIe KaKAOTO OObEKTa MUTAHWS B KAXIOM M3 HCCIEeJOBaH-
HBIX TTOJTHBIX JKEJTyJKOB, BRIPAKEHHOH B MPOIIEHTaX OT 00bEMa MUIIEBOTO KOMKaA (TO ecTh (haKTUIECKU
oT 00béMa Kkenyaka). KimaccoBblil mpoMexyTok OblT IpUHAT paBHbIM 10 %.

C y4€TOM 3TOr0 pacCUUTHIBAIN YCPETHEHHBIN MUIIIEBOI KOMOK, KOTOPbII Mbl HA3bIBAEM PEKOHCTPY-
MPOBaHHBIM (BUPTYaIbHBIM). OH Ja€T Mpe/cTaBIeHUe O CpeJHEM 3HAaUeHUH B MMTAHUU OOBEKTa UCCTIe-
JOBaHMS TéX KOMIIOHEHTOB MUILEBOTO KOMKa, KOTOPbIE XOTsI OBl pa3 BCTPETUIIUCH B KOJIMUECTBE, PABHOM
wim npesbimaoneM 10 % ot o0bEéMa WM OT MACCHl NMUILEBOIO KOMKA B MOJHOM KeyKe. DT J0JIU
00BEMa UM MACChI, 3aHUMaeMBble IMUIIIEBHIM OOBEKTOM B TIOJTHOM MHIIEBOM KOMKE, ObLITM HAMH Ha3BaHbI
MOPUMSAMH UIIH.

B pesysnbrare okazanaoch, YTO, B IOJHOM COOTBETCTBUM C JIOTMKOM «HCKJIOYEHHOTO YETBEPTO-
ro» (WM TO, WIM Jpyroe, Wik U TO U JAPYroe BMECTe), CYIIECTBYIOT JIMIIb TPU BapUaHTa KpU-
BBIX, OIMCHIBAIOIIMX YACTOTY BCTPEUAEMOCTU TeX WM MHBIX nopuuid nunm ([BypykoBckuii, 2022a],
c. 460-465). IlepBblidi U3 BapUAHTOB TAaKOB: Yallle BCEro IHUIIEBbIE KOMKU B KETyJKaX COCTOST
U3 HEOOJNBIIUX MOPIUI HECKOIbKUX MUILEBBIX OOBEKTOB; OTHOCUTENILHO PEIKO BCTPEUAIOTCS KeTy/-
KM, 3alI0JTHEHHBbIEETMHCTBEHHBIM OOBEKTOM NUTaHus. Takast KpuBasi HA3BaHA HAMU KBa3UTUIIEPOOION.
ITO rOBOPHUT O CTOXaCTHUYECKOM B3aMMOOTHOIIEHUU MEXy MOTPEOUTENIeM U NHIIEBBIMU OObEKTaMHU,
Y TaKWe KPEeBETKW HAMH Ha3BaHBI XUIITHUKAMU-coOuparteisiMu. MiMeHHO Takast (popma KpUBOW Xapak-
TepHa U1 R. harrisii (puc. 2). [IpaBaa, K XUIIHAKAM €ro OTHECTH BPSIT JTM MOXHO. DTO MeJIKUA Kpad
(HamOouipIlasl MMPHUHA Kaparnakca — 26 MM), U eMy, COOTBETCTBEHHO, MOJTHOCTBIO JIOCTYITHBI BOJTHbBIE
pacTeHusl ¥ JIUIIb HEKOTOPble OOBEKTHl MUTAHKS KUBOTHOTO MPOUCXOsKAeHUs. [Io9TOMYy MBI cunTaem,
YTO ero JIyullle OTHECTH IO TUITY MUTAHUS K COOMPATEIISIM.

30

201

10 20 30 40 50 60 70 80 90 100 %
f.)l'H(}L'H TEJIBHBIC PA3MEPEL I]Up[lk{fl IMHIIH B NMOJIHBLX [HM})]'}"ZEIBHI:IX\J ACIVARAX

Puc. 2. YacroTa BCTpeyaeMOCTH MOPIMIA MUK Pa3HOTO pa3Mepa B BUPTYaJIbHBIX KeJyIKax
Fig. 2. The frequency of occurrence of different-sized portions of food in virtual stomachs

OBCYKIEHUE

CocraB nuium R. harrisii HEOTHOKPATHO UCCIEIOBANIN CHEUUATUCTH U3 PA3JIMYHBIX PAlOHOB €ro
orpomHoro cospeMeHHoro apeana. A. Williams [1984] cuutan ero BcesaneiM (omnivorous, c. 403),
HO omHOBpeMeHHO ccbutaicst Ha W. Odum u R. Heald [1972], koTopsie cooOmmaiv, 4To B HATUBHOM
JacTu apeana R. harrisii (B MaHTPOBBIX 3apociisix PIOPHIBI) B €T0 «BCESIHOU AreTe» (IHT.) Mpeodiaiat
PaCTUTENIBHBIA JIETPUT (Pa3bACHEHUE, YTO OHHU IO STUM MOHMMAIOT, OTCYTCTBYET) U OJHOBPEMEHHO
KpaObl MUTAIMCh KaK MEJIKMMU aM(UITOJaMH, TaK ¥ XapHaKTUKOUIHBIMU KOTIETIOIaMH, KOTOPbIe ObLIH
Oosiee OOBIUHBI B MUIIEe MeNKUX ocoOeit kpadoB. [Tozaaee K. Dowell [2011] otmMeTw1, 4TO B HATUBHOM
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qaCTv apealia 3TOT Kpa6 — BC@HHHI)IfI nagajJblIyK, HpC,HHO‘-II/ITaIOH_II/Iﬁ IMUTATbCA JE€TPUTOM MAHI'POBBIX
AEPEBLEB U JIUCTHEB, a TAKIKE BOJOPOCIIAMU UIIU MEJIKUMU 6CCHO3BOHO‘IHBIMI/I, TaKMMHM KaK aM(bI/IHOILbI,
BECJIOHOTUE, MOJIMXETDI, OJIMTOXEThI U ABYCTBOPYATLIC MOJUIIOCKU, WA JAKE MépTBLIM OpraHNn4eCKUM
BelllecTBOM. Hanniio Herioxoe coBnajeHue ¢ HallluMu Ha6JIIO)ICHI/IHMI/I, XOTA CaM BbIBOJ («BCGHIIHI;I;I
HaIIEUIbH_[I/IK») BBIITIAAUT HECKOJIBKO IMTPOTUBOPEYMBLIM.

JIOBOJIbHO MHTEHCHMBHO MCCIIEOBAIM COCTaB MUIM BceneHna R. harrisii B Tlonblne, mpuaéM oco-
OEHHO YacTo ero u3yvyajii B Tak Ha3biBaeMod MEpTBoi Bucie — B 3a0pOIIeHHONH TYNMMKOBOHN YacTu
pycna Bucinel (B peke, KOTOpasi IepBOHAYAILHO COCTABJIsUIA YacCTh JIEBOTO PYyKaBa, OTKPHIBAIOIIETOCS
B bantuiickoe mope). K coxanenuto, Bce pabOThl HOCAT YUCTO OMMcaTesbHBINA Xapaktep. Hampumep,
J. Hegele-Drywa u M. Normant [2009], coobrator, uyro B MépTBoii Bucie kpad nuraeTcsi B OCHOB-
HOM TaKVMH KUBOTHBIMU, KaK TpANu4IHble YepBu Hediste (Nereis) diversicolor, ronyowsie munvu Mytilus
edulis, vunuu-3e0psl Dreissena polymorpha v tuapounst Cordylophora caspia. PacTutesbHbIe OCTaTKH
B MyOJIMKAIIUK HE YIIOMUHAIOTCS BOOOIIIE.

K. Turoboyski [1973] coobmaer, 4ro coctaB nuiy R. harrisii BappbupyeT B pa3HbIX MecTax
obutanusa. B Kuibckom kanane (I'epmanusi) Kpa® OXOTHO MUTAETCs TacTpONoOjaMu U OOKOILIaBa-
mu (Gammarus sp.), a TakKe pacCTeHUsIMU — 3eJ1€HBIMU Bogopocisimu Enteromorpha sp. u Ulva sp.
On xe ccputaercs, ¢ ogHor ctoponsl, Ha . JI. Mopayxaii-bontoBckoro [1952], kotopwiii nucait,
9TO B A30BCKOM MOpE KpaObl MOTPEOJISIOT Pa3JIMUHYI0 OPraHUKy XUBOTHOTO M PACTUTEIBHOTO TIPOUC-
XOK/I€HUS M UTO R. harrisii He HamaJaeT Ha )KUBYI0 JOObIUY, a ¢ ipyroil — Ha O. I'. Pe3nnuenko [1958],
coo0mIaIIero, Yto B A30BCKOM Mope R. harrisii nutaetcs uzonomoit Idotea sp.

B poccuiickoii yactu BucnuHckoro 3amuBa R. harrisii nepeeiMu uccienoBaiv B. B. Mypuna
u O. I'. Pesnnuenko [1960], kotoprie OOHapyXWIH, YTO Kpad NMUTAaeTCs B OCHOBHOM Neomysis
vulgaris u N. diversicolor, a Takxe mmunHkamMu Chironomidae. Mexy TeM IpUMepHO B TO K€ BpeMs
B JIMTOBCKOH yactu 3aiuBa S. Kujawa [1957] ynomsnyn D. polymorpha B Ka4ecTBe IJIaBHOTO OOBEKTA
NUTaHus AJis purpornaHoneyca. B Mépreoit Bucie 0CHOBHbIMU MCTOYHMKAMU NUIIM 111 R. harrisii
cayxat N. diversicolor, M. edulis, D. polymorpha, C. caspia, MEPTBOE OpPraHMYECKOE BEIIECTBO
KHUBOTHOTO Tpoucxoxaenus (merputr? — P. b.), a takxe 3enensie Bogopociu Cladophora sp. unm
Enteromorpha sp. [Turoboyski, 1973]. K. Demel [1953] coo6man, uro B BucamHCKOM 3aJMBe 3TOT
Kpab — najasblUyK, MUTAIOIIMNACS AETPUTOM (U3 TeKCTa HEMOHSATHO, MaJalbIIMK UM AeTpuTodar. —
P. B.). B yctbe Onpbl Kpad MuTaeTcsi B OCHOBHOM AETPUTOM, HO B COAEPKUMOM KHIIEUHUKA TaKKe
0OHapyXeHbl BOAOPOC/IM, OCTAHKU KUBOTHBIX M HEOPTaHWYECKUI MaTepuasl. ITO JOBOJIBLHO MPOCTOE
niepevrciieHue, Ho BCE ke OpocaeTcs B Ila3a CXOJCTBO C COCTABOM IMUINM Kpaba B BucimHckoM 3amuse,
yKa3aHHOE HaMH.

[TepBbIM CepbE3HBIM HMCCIIEAOBAHUEM COCTaBa IMHUIM Kpada B POCCHICKHMX BOJax (IOCie 3ameda-
Huda O. [I. Mopnyxait-bontosckoro [1952] u kpatkon 3ametku O. I'. Pesnnuenko [1958] o Haxoake
R. harrisii B peke [loH) Obuta padota B. B. Mypunoit u O. I'. Pesnnuenko [1960], oxBatusmiast poc-
CHIICKYI0 YacTh BucimHckoro 3amBa. YUto 0cOOEHHO MHTEPECHO, OOJIbINAst YacTh UX Marepuaa Obl-
na cobpaHa U3 KenyakoB yrps (Anguilla anguilla), KOTOpPBIA, KaK OKa3aJ0Ch, aKTUBHO MUTAJICS PH-
TpomaHoneycoM. JIuibs HEKOTOpoe KOJIMYeCTBO KpaOoB OBUIO COOPaHO M3 YJIOBOB Tpaja HA MIIMCTHIX
IpyHTax. BBIACHUIIOCH, UTO B kelylakax R. harrisii TOMUHUPYIOT MU3una Neomysis integer i OCTPaKo-
Ibl, UM COITYTCTBYIOT nosmxera N. diversicolor 1 XupoHOMUbl. PacTuTe/IbHbIE OCTATKU TOXE BCTpE-
YeHbl, HO, [0 MHEHHMIO aBTOPOB, OHU OBUIM, BEPOSITHO, CIyYallHBIMU WMJIM CIIOPAJIUYECKUMU OOBEK-
TamMu. PacturenbHas muiia Juiie B OJHOM Cilydae JOMUHMPOBAJA B IHUIIEBOM KOMKE, a €llE B Of-
HOM HTpajia BTOPOCTETICHHYIO poJib. B kenynkax KpaOoB M3 TPaJOBBIX YJIOBOB MpeodIagaay Heorpe-
nenéHHble octatku. K coxaseHuio, aBTOpbl He KOHKPETU3HUPOBAIH, YTO OHH TOJ 3TUM MOHHUMAIOT,
HO C MEPBOro B3IVIfA/a HAJIMLO JOMUHHPOBAaHHE B JueTe KpaOoB KMBOTHOW numu. E€ coctaB Ha-
MIOMHUHAET TAaKOBOW y XMIIHUMKOB-coOupatenen [Bypykosckuii, 2022a]. Vicxoast U3 BbILIECKA3aHHOTO
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Y U3 BCEro HAIllero OMbITa MUCCIEOBAHUS COCTaBa MUIIM JEKAroJ, MOXKHO MPENOJIOKUTh, YTO YI-
pAM ObUTM TOCTYITHBI KPaObl JIUIIL B TEX OMOTOMNAX, TJie OHU MUTAIUCH PEUMYIIECTBEHHO MU3UIAMU
Y OCTPaKOJaMH.

3TO B KAKOKW-TO CTETIeHH MOATBEPKIAETCS HAIIMM COOCTBEHHBIM OTBITOM HCCJIEIOBAHUS TIMTAHUS
putponanoneyca B Bucimuckom 3ammse B 2010-2013 rr. [Bypykosckuid, 2022b]. Beuto oOHapyxeHo,
YTO COCTaB MHUIIM Kpada KapAWHAILHO M3MEHWJICS (VUM ke aBTOPHI MpeHeOperaju pacTUTEIbHBIMU
OCTaTKaMM B kellylKkax KpaboB? — P. b.). o HamM HaOMoONeHUs M, B TUTaHUU R. harrisii IOJTHO-
CTbIO Mpeo0afaeT pactutenbHas numa. OOBeKThl MUTAHUS )KUBOTHOTO MTPOMCXOKICHUS TTOMAJAI0TCS
cily4aiiHo WM cnopaauyecku. [IpaBaa, eciiv OHM oNagaloTcs, TO 3aMOHSIOT ey 10K. Mbl mpeanoso-
KWIU, YTO 3TO BCE-TAKU B OCHOBHOM HE CJIy4allHOCTh, & CJIeJICTBUE YMEHbIIIEHUS IOCTYITHOCTU ITUIIU
11t KpaooB. JleliCTBUTENILHO, UCUE3HOBEHUE U3 CITUCKA XepTB N. diversicolor BIIOJHE 0ObSICHUMO: OH
OBbLIT BRITeCHEH U3 (payHbI 3a/IMBa nojimxetamu poaa Marenzelleria [['yces u nip., 2020]. IlpaBna, u oHn
B COCTaBe IMUIIY KPaOOB He MOSBUIKCH. BO3MOXKHO, IPUYKMHA B TOM, UTO R. harrisii BCE-TaK1 SMMOSHTO-
(par. BmMmecTo Musu1, KOTOpbIe MO-MpPekHEMY MHOTOUUCIEHHBI B 3AJIUBE, M OCTPAKO [IOYEMY-TO U3peaKa
TIOTI/IAJTUCh BBICIIIVE PAKW, OOPBHIBOK XMIITHOM KJIAHOIEepPhl U KOJOBpATKA. 3aTO pacTUTEIbHAS MHUIIIA JI0-
MUHHMPOBaJIa TIOJTHOCTBIO, KaK U y KpaOOB M3 HAIIIEro MaTtepuaia, CoOOpaHHOTrO Ha TpaHuIie A30BCKOTO
u Ye€pHoro Mopeil.

Mo)HO BCE k€ 3aKJIOUUTh, YTO BO BCEX paillOHaX CBOEr0 COBPEMEHHOro apeana R. harrisii
MO-TIpeXKHEMY TpeANnovnuTaeT HauOosee JOCTYIMHYI0 PACTUTENbHYIO MUIY W MOMYyTHO MOTPeOseT
KUBOTHYIO MHMIIY, KOIZIa OHA €My JOCTYITHA.

BaarogapHocTh. Mbl XOTUM T00J1aroIapuTh BCEX CTYAEHTOB, YUaCTBOBABIIMX B MOJIEBHIX padoTax 1o cOo-
py MaTepuaja il AaHHOW cTathM, a Takxke goueHra C. A. Cygnuk (KI'TY, Kamununrpan) u e€ cryneHrt-
ky [I. Yay3oBy, Omaromapsi KOTOpsIM BO BpeMsl TIPOBEACHHS OHOJIOTHMUYECKOTo aHajm3a KpaOoB OBUTH OTIIpe-
MapupOBaHbl U 3a(pMKCUPOBAHBl WX KEIyIKU, 3aTeM mepenaHueie P. H. BypykoBckomy st uccrienoBaHus
HX COIEPKUMOTO.
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ON THE FOOD COMPOSITION
OF THE CRAB RHITHROPANOPEUS HARRISII (GOULD, 1841)
(DECAPODA, CRUSTACEA, PANOPEIDAE)
FROM THE NORTHEASTERN BLACK SEA
AND TAMAN AREA OF THE SEA OF AZOV

R. Burukovsky! and A. Zalota?

IKaliningrad State Technical University, Kaliningrad, Russian Federation
2Shirshov Institute of Oceanology of RAS, Moscow, Russian Federation
E-mail: burukovsky@klgtu.ru

The article describes the food composition of the crab Rhithropanopeus harrisii (Gould, 1841) (De-
capoda, Crustacea, Panopeidae) from the waters of Sea of Azov and Black Sea around the Taman
Peninsula, its ontogenetic variations, and the mode of feeding. R. harrisii is one of the most well-
known invasive species which entered Europe with ballast water of ships in 1874. Since then, the crab
has colonized the Northern, Baltic, Mediterranean, Black, and Caspian seas, and the Sea of Azov; also,
the species was found in the Aral Sea. In waters off the Taman Peninsula coast, as well as in other
parts of its range where its food composition was studied, R. harrisii feeds on epibenthos, and its diet
is completely dominated by plant food (higher aquatic plants and filamentous algae). Food items of an-
imal origin are found in the crab’s food by accident or sporadically. Due to a small size of R. harrisii
(the maximum width of the carapace is 26 mm) and taking into account its mode of feeding, the crab
can be attributed to non-selective feeders.

Keywords: crab Rhithropanopeus harrisii, food composition, ontogenetic variability of food
composition, mode of feeding
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IKROJIOI'NA INTYBOROBOJHOT'O HEPECTA
BOCTOYHOKAMYATCKOI'O MUHTAA
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Mocrynuna B pepakimio 29.05.2025;  mocne gopadotku 07.08.2025;
npuHsTa K myonukamuu 12.02.2026.

MuHTail — ofiMH U3 HanboJee PacpocTpaHEHHBIX BUAOB prid CeBepHol [annduky u BaxHbIA 00b-
ekT ppibosioBcTBa. Y F0ro-Bocrounoti Kamyatku u CeBepHbix Kypuit obuTaer BocTouHOKaM4aTcKast
nonyJsiust 3toro Bujaa. B 2000-2004 rr. B paiioHe 11yOOKOBOAHBIX KaHROHOB ABaurHCKOro (Cesep-
Horo, LlenTpamsroro u I0xHOro) n KpoHoIkoro 3a1uBoB M3y4YeHsl THAPOJIOTHIECKUE YCIOBHS, KO-
JIOTUsI HepecTa MUHTas U ero Maciradosl. B 2022-2024 rr. viccnenoBaHusi BO30OHOBJICHBI, BHISIBJICHBI
3HAYMTEJIbHbIE U3MEHEHHUsI TUJIPOJIOTMUECKUX YCIOBUI U BO3MOXKHOE MX BIIMSIHME HA BEPTUKATIbHOE
pacmipeziesieHrie UKpbl MuHTas1. [lenb paboThl — 0O600IIUTh BCe UMEIOIIUECS K HACTOSIIIIEMY BPEMEHU
JaHHBIE O TIIYyOOKOBOJHOM HepecTe BOCTOYHOKAMYATCKOrO MUHTAsl. [1J1s1 icCIeIOBaHN S HCTIONb30BAIH
Pe3yJIbTaThl KOMIUIEKCHBIX (MXTUOTUIAHKTOHHBIX Y TUIPOJIOTHYECKHX ) ChEMOK, BHITTOJTHEHHBIX 110 CTaH-
JapTHOH ceTke cTaHiui B arnpenie — mae 2003-2024 rr., y4améHHbIX 00JI0BOB UXTHOIUIAHKTOHA B Map-
Te — Mae 2003-2024 rr. B penepHbIX TOYKAX, PACHOJI0KEHHbBIX B BEPIIMHAX KAHBOHOB ABaUUHCKOIO
3aJIMBa, TIOCJIOWHBIX 00JIOBOB B KAHROHAX ABAaUYMHCKOTO M KPOHOIIKOT0 32JIMBOB, a TaK:Ke HabJoieHUI
B POMBICJIOBOM peiice B MapTe — arnpesie 1997 r. Iloka3zaHo, 4yTo rujiposiornieckrie yciaoBHs B KaHbO-
Hax ABaYMHCKOTO 3aJ1MBa BECHOH MpeTepIeBal0T 3HAUNTE/IbHbIE N3MEHEHHS HE TOJIBKO B MEXKI0/I0BOM
IUIaHe, HO U Ha BPEMEHHEIX OTpe3Kax MopsiKa JecATKOB 4acoB. KopoTkomeproaHbie KojaeOaHus Mo-
I'yT OBITh CBA3aHBI C MPUJIMBHOM JuHaMuKoW BoA. B 1997 r. ukpomeraHue MUHTast B ABaYMHCKOM
1 KpoHOIIKOM 3a1MBaX MPOUCXOAMIO B OCHOBHOM B TITyOOKOBOAHBIX KaHhOHaX. B CeBepHOM KaHbOHE
MAaCCOBBII HEPECT MPUIIEICS Ha TIepBYyIo fekany amnpeds, B LleHrpansHoM 1 FOxkHOM — Ha BTOpYIO Jie-
KaJy 3TOoro Mecsina. HepecToBbIM KOHIIEHTpaIUsIM B KaHbOHAX ObUIa TIPUCYIIA BEPTUKAIbHAS CTPYKTY-
pa: camiipl pacroyiarayuch nryoxe camok. B 2007 u 2010-2011 rr. B KaHbOHAX YYUTHIBAIN B CPEHEM
60,5 % Bceit IKpBl MUHTasI BOCTOYHOKaMYaTCKOM MOMyJIAImHy, TpH 3ToM 44,4 % peructpuposaiu B Ce-
BEpHOM KaHboHe. [ToATBEepK/IEHO, YTO CPOKU MACCOBOTO MKPOMETAHHS B TITYOOKOBO/IHBIX KaHhOHAX
BapbUPYIOT 1O TOJaM B 3aBHICUMOCTH OT TepMuueckux ycinoBuid. s CeBepHOro KaHbOHA yCTaHOBJIE-
Ha JIOCTOBEpHAsl OTPUIIaTeIbHAS CBSA3b MEXKy JTHEM ITMKA HEpecTa M CPeIHEB3BEIIEHHOU K 00IIeMy
KOJINYECTBY MKPBI MUHTas TeMiepaTrypoii Boisl B cioe 300-500 M, a Takxke cpegHell TeMiepaTrypoi
BOJIBl Y JJHA Ha I1esIb(he ABAYMHCKOTIO 3aJIMBA B [IEPUO/] BHITIOJIHEHU 1 UXTHOIUIAHKTOHHBIX ChbEMOK. BBI-
SIBJIGHO, YTO TOPU3OHTHI HEPECTA MUHTAS B I'TyOOKOBOJHBIX KAHbOHAX ABaYMHCKOTO 3aJIMBa, YCTAHAB-
JIMBaeMBbI€ 110 PacTIpeiesIeHrI0 UKPBI Ha | cragnm pa3BuTrs (Bo3pacT 3 1), I3MEHSIOTCS B MEKTO0BOM
Y CE30HHOM acCTIeKTax.

Kurouesrie caoBa: muHtait Gadus chalcogrammus, Tuxuii okeaH, rTyOOKOBOJHbIE KAHOHBI, HEPECT,
WKpa, CTa/IuU Pa3BUTUsI, TEMIIEpaTypa, COJIEHOCTh, BHYTPEHHUE BOJTHBI
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Munrait Gadus chalcogrammus Pallas, 1814 — onun u3 maccoBbix BUI0B pei0 CeBepHoit [Narmdu-
KU U BaKHBII OOBEKT OTEYECTBEHHOTO ¥ MUPOBOTO PhIOOJIOBCTBA. B TMXOOKEaHCKUX BO/AX, MpUIIerai-
umx k Kamyartke u ceepHbiM Kypuibckum octpoBam, 0T KpoHOIKOro 3a1MBa JO OCTpoBa XapuMKOTaH,
00UTaeT OTHOCUTEJIHHO KPYITHAS MOMYJISIIAS 9TOTO BUJIa — BOCTOYHOKaM4Yatckas [ AHTOHOB, 1991; By-
cioB, 2008; 3010T0B, AHTOHOB, 1986].

OnHUM U3 OCHOBHBIX METOIOB U3Y4YEHHsI BOCIIPOM3BOACTBA MUHTAS SIBJISIIOTCS] MXTUOTUIAHKTOHHbBIE
chemku [banbikun, Bapkentun, 2006; banbikun u ap., 2002; 3on0toB u ap., 1987; Kaunna, Cepre-
eBa, 1987; Jlucosenko, 2000]. B TuxookeaHCKux Bojax, npuieramomux k KamuaTke, ux npoBoauim
B 1940-1950-x rr. 3aTeM myurtenpHOe BpeMs uccienoBanuii He 0puto. C 1974 r. chEMKM CTam pery-
nsipabivMu [ Baneikun, Termaun, 1998]. VX ipoBeneHue ObUT0 TprypoUeHo K Hepecty G. chalcogrammus
(koHel] MmapTa — Hayasio Masi). CUUTaIOCh, YTO pa3MHOKEHHUE BOCTOYHOKAMYATCKOTO MUHTAsI TIPOXO-
IWUT B OCHOBHOM Haj 11esib¢oM (B uHTepBasie rnyouH 50—170 M) mpu HU3KUX 3HAUYEHUSX TeMIIEPATYPbI
BOJIbl [AHTOHOB, 1991; 3050TOB, AHTOHOB, 1986]. Han rmyounamu > 200 M 0ObIYHO BCTpevasn He 00-
nee 30 % Bcell yYTEHHOW MKpBI HAYaJIbHOW cTaguu pa3ButHs. [IpuHMMass BO BHUMaHHE 3TO 00CTOSI-
TEJIbCTBO, BO BPeMsI MXTUOTUIAHKTOHHBIX ChEMOK TaM, KaK M B JIDYTHX palioHax, 0OJIaBIMBAIN TOJIBKO
BepxHuid 200-mMeTpoBbIii ciioit Boabl [basbikuH, TernHun, 1998]. B mporecce uccienoBanuii Obu10 00-
HApYyKeHO HECOOTBETCTBHE MEXAY KOJIMYECTBOM Pa3BHUBAIOIIEICS MKPHl MUHTAsl U HEPECTOBBIM 3ara-
coM [AHTOHOB, 1991; AHTOHOB, 30710TOB, 1987]. I1. A. BassikuneiM [1997] ObUTO BBICKAa3aHO MPEATIO-
JIOXKEHHUE, YTO B ABAUMHCKOM 3aJIMBE UKpa MoxkeT pa3BuBathcs B cioe 400-500 M, TO ecTb OHa MOXET
OBITH HEJIOCTYITHA TSI YUETA BO BpeMsl CTaHAAPTHBIX ChEMOK. [lo3Hee rumnoTe3a Obla MOATBEPKICHA
pe3yibratamu ucciienopanuii A. B. Byciosa u O. Bb. Tenauna [2002]. YcTaHOBIEHO, YTO B IITyOOKO-
BOJHBIX KaHbOHaX ABauMHCKOro U KpoHoukoro 3aquBoB HepecT npoTtekaeT B ropuzonte 400—600 m,
HIJKE CJI0sl OCEHHe-3MMHEN KOHBeHIMH, U Oosiee 90 % MKpUHOK cocpenoToueHo rnyoxe 200 M.
Takum 0Opa3oM, MpH BEINOIHEHUU 00710BOB 10 200 M OCHOBHAsI YaCTh UKPbI He ObLIa yUTEHA.

BrisiBiIeHHBIE OCOOEHHOCTH BOCIIPOU3BO/ICTBA BOCTOUHOKAMYATCKOTO MUHTAsI OOYCJIOBIITN U3MEHe-
HUSl B METOAMKE MPOBEJECHUsI MXTHOIUIAHKTOHHBIX uccienoBanuil. B 2000 r. B cTaHOapTHYIO CETKY
CTaHIMI T0OABWIIM TOYKH, PACHOJIOXEHHbIE B BEPIIMHAX [TYOOKOBOIAHBIX KaHBOHOB B ABAYMHCKOM
1 KpoHollkoM 3a/iMBax, a HWKHUE Tipenen norpyxkenus cetu ysenuuwid 1o 550 m. o 2003 r. pa-
OOTBI IPOBOIVITM HA MPOMBICIIOBBIX Cy/aX IO YIPOIEHHOM ceTKe cTaHimi, a ¢ 2003 r. — B OCHOBHOM
Ha COOCTBEHHBIX HaydHO-UccienoBaTenbckux cygax (MPTK-316 u MPTK «Muxenep MapThiHOB» ),
ripu 3ToM y CeBepHbIX Kypui1 — Ha mMpoMBICTIOBBIX CyJax U Ha cylax basel vccrienoBatenbekoro ¢hoTa
BHUPO (BaaguBocToK).

B pesynbrate pador 2000-2004 1T. (MUKPOCHEMKH B palloHe KAHLOHOB ABaYMHCKOTO 3JIMBA, TO-
TaJIbHBIE U MOCJIONHBIE 00JIOBBI MXTUOIUIAHKTOHA B BEPIIMHAX KAHLOHOB M JIp.) OBLTH IETAJTbHO N3y UYCHBI
9KOJIOTHUs TTyOOKOBOJJHOTO HEPeCTa M ero MaciTalbl, poaHaiu3upoBanbl cpoku [Bycios, 2008; By-
cioB, Tennun, 2002; Bycnos u ap., 2004, 2006]. B yactHocTH, A. B. BycioBbim ¢ coaBropamu [2004]
MOKa3aHO: OJHOM U3 OCOOEHHOCTEW BOCIIPOM3BO/ICTBA MUHTAS B KAHBOHAX SIBJISIETCS] HAJIMYME TaK Ha3bI-
BaeMbIX SIUIEHTPOB HEPECTA, YTO MPOCJISKUBACTCS HAa KapTax pacrpeaeseHuss UKPbl Ha4aJIbHOU CTa-
ain. VX peructpupyiot Haja nzodatamu 400—600 M B BepIlIMHAX KAaHOHOB. MHOTOJIETHHE HCCIIE/IOBA-
HUS TIOKA3aJIM, YTO B 3THX TOUKaX BCErJa pacrojiokeHbl HauboJiee IIOTHbIe CKOTUICHUSI TPOM3BOIUTE-
Jiedd, a KOHLIEHTPAIIMU UKPBI 3/IECh B MIHK HEPECTa MaKCUMaIbHbl. MHOTOKpaTHbIE UXTUOIUIAHKTOHHbIE
00JIOBBI B AMUIIEHTPaX B TEUEHUE OJHOTO CE30HA MO3BOJISAIOT CYyJUTh O XOJe UKPOMETaHUS. YUUThIBAS
Bhillien3soxkeHHoe, ¢ 2003 r. B TpEX KaHbOHaX ABAYMHCKOTO 3aJIMBA CIEUUATUCTHI CTAIN BBHITIOJIHSThH
MHOTOKpaTHbIe 00JI0BHI. [To3/1HEe ObLIa MOKa3aHa ornpeessionas pojib B BOCIIPOU3BOICTBE BOCTOYHO-
KaMy4aTCKOro MuHTas Tak Ha3zpiBaemoro CeBepHoro kanboHa [Mibun, Cepreesa, 20141, u ¢ 2018 r. mHO-
rokpatHsie 00s10BbI (10 10 32 HEPECTOBBII CE30H) C HAYajIa MapTa M0 HAYaJlo Masi C IePUOAUYHOCTHIO
3—5 AHeW CTajiu BBIOJHSATHLCS, KaK MPaBUIIO, TOJILKO B 9TOM KaHbOHE. [IpoyKIust UKpbI B SMULIEHTPE
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Hepecta B CeBepHOM KaHbOHE WCHOJIb3yeTCs B Ka4eCTBE OJHOIO M3 MHAEKCOB HEPEeCTOBOIO 3araca
B Moze bHbIX pacuérax [Mnbun, 2022; Wieun u ap., 2014].

Hexkotopble cBeeHrsi 00 0COOEHHOCTSIX YU MHTEHCHUBHOCTU HepecTa MUHTas B KaHboHax B Kpo-
HOILIKOM 3aJIuBe, TOJTy4YeHHbIe Mo pe3yiabraTam ucciegoBanuid B 2000-2019 rr., npuBeseHsl B padoTe
H. I1. Cepreesoii [2019].

[To Mepe uccenOBaHMIl MPeICTaBIeHNe O BapuaOeTbHOCTH TMIPOJIOTUIECKUX YCJIOBUH B TITyOOKO-
BOJIHBIX KAHPOHAX ABAaYMHCKOTO 3aJIMBa TaKKe PACHIMPSLIIOCh U MIPETePIIeBAIO 3HAUUTE IbHBIE N3MEHE-
Hus. [To oOmenpuHATOMY MHEHMIO, TUIPOJIOTHUECKHE YCJIOBUS B paiioHe TTyOOKOBOTHBIX KAHBOHOB
B 3QJIMBaX BOCTOYHOrO MoOepexbs KamuaTku popMupyloTCs Moj BAUSHUEM OOJBIIOr0 KOJMUYECTBA
(pakTopoB. B yacTHOCTH, TEpMUYECKHE YCIOBUSI B BECEHHUI CE30H JIJIsi OXBAYEHHOTO0 OCEHHE-3UMHEN
KOHBEKITHEH CJIOsI BOJI ONPE/ICTISIOTCS] YPOBHEM OOMEHHBIX TPOIIECCOB ¢ aTMOC(EPOU U 3aBUCHAT OT «CY-
pOBOCTH» TpealecTByoIiero cezona [Banun, 2017], a Takke OT agBeKIMKM BOJ TeueHUsMH [Miura
et al., 2002; Rogachev et al., 2007]. B pe3ynbraTe K Hayaly MHTEHCUBHOIO HEPECTa BOCTOYHOKAaM-
YaTCKOTO MHUHTasi OOJIBIIYIO YacTh aKBATOPUH HaJl MIENb(POM 3aHUMAIOT CHJILHO OXJIAKIEHHBIE BOJIbI
3UMHeN (bopmalvy, XOJOAHbIM MoAnoBepXHOCTHBIN cioit (nanee — XIIC). B otnenbHble TO/BI TEM-
neparypa B sipe XIIC MoxeT gocTurath OTpULIATeNIbHBIX 3HAYSHHI, a HUKHSIS TPAHULIA CJIOST MOXKET
OITyCKAThCSI BJOJIb MATEPUKOBOTO CKJIOHA 10 TiTyouH okosio 400—500 m. [TepBoHavyansHO cunTaiocs [[a-
BbIIOB, Kynpix, 1968], uto Temneparypa B sape XIIC Mano n3MeHYMBa U COXPaHAETCS Ha TPOTSKEHUN
BCEro TEMJIOro Mepuoja rofa, 10 pa3BUTHsI MPOoIecca HOBOTO KOHBEKTUBHOTO TepeMelrBanus. Huke
XIIC temneparypa BOJ BO3pacTaeT I0CTaTOUHO Pe3Ko — J10 YpoBH: 0koJio +3,5 °C (cioit ckauka). Tak
MPOSIBJISIETCS] MPUCYTCTBUE TEMJIOTO MpomexyTouHoro ciost (aanee — TIIC). ImeHHO Takoit sIBIsieTCst
BEPTUKAJIbHASI CTPYKTYpa BOJI B palioHe I'TyOOKOBOIHBIX KAHBOHOB K HAa4aJly MaCCOBOTO HepecTa MHUH-
tas. [Tocye moaTBepskieHNs HAJTMUKS [TyOOKOBOJHOTO MKPOMETaHHsI B KaHbOHaX ABaunHCKOTro u Kpo-
HOLIKOTo 3a71BOB [BycioB, TennuH, 2002] ObL10 BRICKa3aHO MPEATNOIOKEHUE O CYIIECTBOBAHUU OoJiee
OMaronpUsITHBIX YCJIOBUM (IO TEPMUKE BOM) ISl MPOAYKTUBHOTO pa3MHOXeHUs HYke rpaHuipl XI1C
u TTIC, a Takke 0 BOSHUKHOBEHUU 3aBUXPEHHOCTH TeUeHUI HaJl KanboHaMH [BycnoB u ap., 2004, 2006],
KOHIIEHTPUPYIOIIUX BBIMETAHHYIO UKPY U MPETNSATCTBYIONMX €€ JaJbHEHIIeMy BRIHOCY B HEOJIaronpu-
SITHBIE TSI Pa3BUTUSI MUHTas MecTa. OmHAKO paOOTHI MOCIETHHUX JIET, B YaCTHOCTH aHAJM3 JTaHHBIX
CyTOYHBIX HaOmonenuii [Bapkentun, Caymkuna, 2022], nmokasanu, 4To rUApOJIOrvs KaHbOHOB Xapak-
Tepu3yercsi OOJbLION N3MEHUMBOCTBIO Ha Pa3JIMUHbIX BpEMEHHBIX UHTepBajiax [Konuk u ap., 2024b].

B 2022-2024 rr. uccnenoBaHus ri1yOOKOBOJHOTO HepecTa MUHTAasi ObUIM BO30OHOBJIEHbl. OHU BbI-
SIBWJIM BO3MOXKHOE BJIMSIHME Ha BEPTUKAJIBbHOE pacIpelesieHUe UKpbl BHYTPEHHUX BOJIH [BapkeHTuH,
Caymikuna, 2022; Bapkentun u ap., 2024; Konuk u np., 2024a, b; Caymkuna u ap., 2023; Zimin et al.,
2024]. Tlo panneM A. U. Bapkentuna u JI. 4. Caymkunoin [2022], B pa3Hble ToJibl MKpa HayaJbHOU
CTa/IUM 3apErucTpUpOBaHA B MAKCUMaJIbHOW KOHIEHTpauuu Ha rryouHax 200-550 M, a ukpa Oosee
HO3JHUX CTAUI — HA TeX XKe WK OOJBIINX [TyOUHAX, YTO MOKET OBITh CBS3aHO C BEPTUKAIHHBIMU
ABWXEHUSMHU BOIbI. [Ipy MpoOBeIeHNN CYyTOYHBIX CTAHIMIA B KAHbOHAX ABAUYMHCKOTO 3aJMBa ObLIO 00-
HApYXEHO BEPTUKAJIBHOE NEPEMEILEHHE CJI0S CKauKa Temneparypsl U coneHoctr Mexay XIIC u TIIC
oostee yem Ha 100 M 3a epro1, OJIM3KUI K TIEPUOY MPHIIMBHOTO IIUKJIA JIJIsI 3TOro paiioHa [CayiikuHa
u 1p., 2023]. A. A. Konukom c coasropamu [2024a] no pe3yJsibTaTaM 3KCIEPUMEHTAIBHBIX UCCIIENO-
BaHMI1 MIOKa3aHO, YTO TOPU30HTHI OCHOBHOTO MKPOMETaHHW MUHTas B KAHbOHAX MEHSIOTCS B TEUEHUE
CYTOK TIOJI BIIUSTHHEM IPOLIECCOB, BEPOSATHO 0OYCIIOBJIEHHBIX MPHJIMBHBIM IIUKJIOM.

VauThIBask BBHIIEU3IOKEHHOE, MBI COWIH I1e1eco00pa3HbIM 0O00OIIMTL B HACTOAIIECH padoTe nMe-
IOIIYI0CsT UH(POPMAIIUIO O TIIyOOKOBOJAHOM HEPECTe BOCTOYHOKAMYATCKOTO MUHTAsI, IOTIOJIHUB yXKe U3-
BECTHBIE CBEJEHHS U3 JIMTEPATYPHBIX HCTOYHMKOB JAHHBIMH, MMOJYUYSHHBIMU B TOCJIEAHKE TOIbl. DTO
U OTIPEIEIIAIIO T1eJTb UCCIIEIOBAHUS, TS TOCTHKEHUST KOTOPOI HEOOXOAMMO OBUIO PEIIUTh PSJI 3a1a4:

¢ MpOCICIUTb MEKTOOOBYIO UBMECHUYNBOCTb TCPMUYCCKUX yC)IOBI/Iﬁ B KaHbOHax;
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* OXapaKTepH30BaTh paclpele/icHhe W OWOJOrMYecKOe COCTOSIHME MHMHTasi B TTyOOKOBOJIHBIX
KaHbOHaX ABaYMHCKOTO M KpOHOIIKOro 3aJIMBOB B MEpHO]] BOCIIPOU3BOJICTBA;

* OLICHUTH BKJIAJ TTyOOKOBOJHOTO HEPECTa B PEMpOAYKTUBHBIN MOTEHIIMAT BOCTOUHOKAMYATCKOTO
MUHTAa,

* TPeJCTAaBUTh JaHHBIE O CPOKaXx M HWHTEHCUBHOCTH BocmpousBojactBa Gadus chalcogrammus
B KaHbOHAX ABAYMHCKOIO 3aJIMBAa;

* [IPOaHAIM3UPOBATH CBEJEHHS O TOPU30HTAX HEPECTA MUHTAS B KAHBOHE ABAUYMHCKOTO 3QJIMBA.

MATEPUAJI 1 METO/IbI

sl XapakTepUCTUKM THUAPOJOIMUYECKUX YCIOBUM W pacnpedesieHds] UKPbl MUHTasi HUCHOJb30-
BaHbl Pe3yJIbTaThl KOMIUIEKCHBIX (MXTHOIJIAHKTOHHBIX M THAPOJIOTMYECKMX) ChEMOK, BBIOJIHEHHBIX
II0 CTaHJAPTHOM ceTKe cTaHuuii B anpesie — mae 2003-2024 rr. (puc. 1).

JL1s1 iiccnenoBaHusl AMHAMHUKH, MTHTEHCHBHOCTH M CPOKOB IITyOOKOBOIHOTO HEPECTa C MapTa 1o Mai
2003-2024 rr. B penepHbIX TOYKaX, pPacHOJIOKEHHBIX B BEPIIMHAX KaHbOHOB ABAaYMHCKOIO 3aJIMBa,
MPOBOJIWIIM YYaIEHHBIE (10 BO3MOKHOCTH 1 pa3 B 5—10 aHeil) 00710Bb MXTUOIJIAHKTOHA.

55N

53N

FOro-BocTok
Kamuarku

*e § Cesepmrie
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Puc. 1. Cxema cTaHIapTHOM CETKU CTAHLIMI KOMIUIEKCHOH (MXTUOIUIAHKTOHHOM U TUAPOJIOTHYECKOM) ChEM-
KU B THXOOKEAHCKUX BOJIaX, PHJIEraiolmx K KamuatckoMy mosryocTpoBy U ceBepHbIM KypriIbcKuM 0CTpo-
BaM (KpaCHBIMU JIMHUSIMU BBIIEJIEHBI TPAHHUIIBI CTAHJAPTHBIX MOJUIOHOB). [TOAMCAHBI OCHOBHBIE PETIEPHbBIE
TOYKH B KaHbOHAX ABauMHCKOro u KpoHororo 3anuBoB: KanboH FOxHbI (52°46” ¢. m1., 158°46 B. 11.); Ka-
uboH LlenTpanbubiit (52°48” ¢. mi., 158°47°7” B. n.); kaubon CeBepubiii (52°54”7” ¢. mr., 159°01” B. 1.);
kaHboH JKynanosckuit (53°37°2” c. m1., 160°14” B. 11.); kanboH Kponorkwuii (54°05°4” ¢. 1., 160°23’ B. 1.);
kauboH JlommHa Osbra (54°207 ¢. mr., 161°052” B. 1.). CepbiMu JMHHUAME MOKa3aHbl W300athl oT 100
10 500 m u ot 500 go 4000 m

Fig. 1. Scheme of the standard grid of stations of integrated surveys (covering ichthyoplankton and hy-
drological conditions) in Pacific waters adjacent to the Kamchatka Peninsula and the northern Kuril Islands
(the boundaries of standard polygons are highlighted with red lines). The main reference points in the canyons
of the Avacha and Kronotsky bays are signed: the Yuzhny Canyon (N52°46’, E158°46"); the Tsentralny
Canyon (N52°48’, E158°477”); the Severny Canyon (N52°54”7”, E159°01"); the Zhupanovsky Canyon
(N53°372”, E160°14"); the Kronotsky Canyon (N54°05'4”, E160°23"); the Olga Valley Canyon (N54°20’,
E161°05"2”). Gray lines show isobaths from 100 to 500 m and from 500 to 4,000 m
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C 11eJ1b10 M3yYeHUs1 BEPTUKAJILHOTO paclpeesieHrs] UKPbl MUHTasi B HEKOTOpbie rojsl (2013-2014,
2016-2017,2019-2020 1 20232024 rT.) B KaHbOHaX ABAaYMHCKOI0 ¥ KpOHOIIKOTO 3a71MBOB BHINOJIHS-
JI1 TIocoiiHble 00710BbI (cM. puc. 1). [lepex HUMU [enany TOTaIbHbIE OOJIOBBI M U3MEPSUIA OCHOBHbIE
TUJIPOJIOTMYECKUE TTapaMeTphl.

3a 22 roga ucciegoBaHWA BO BCEM HEPECTOBOM apeajie BOCTOYHOKAMYATCKOrO MUHTAs BBIOJ-
HEHO 8§ TMOJIHBIX KOMIUIEKCHBIX (MXTHUOIUIAHKTOHHBIX M TUAPOJIOTHYECKUX) cheEMOK (B 2006-2008,
2010-2011, 2016, 2021 u 2023 rr.), B KaHbOHAX ABAYMHCKOTO 3ajuBa cAesaHo 347 ydaliEéHHBIX
00JIOBOB, B KaHbOHAaX ABAYMHCKOTO M KpPOHOIIKOTro 3aJIMBOB IMPOBENCHO 38 MOCIONHBIX OOJIOBOB.
KonnuecTBo rugponornyeckux CTaHIMKA B KaHbOHAX COCTaBUIIO 494.

Bo BpeMst y4ETHBIX CHEMOK OOJIOBBI MXTHOIUIAHKTOHA B KAHBOHAX MPOBOAMIIM JIO TIIyOMHBI 550 M,
Ha meab(de — MPEeMYILECTBEHHO 0 JHA, a HaJ MaTepPUKOBBIM CKJIOHOM — 10 200 M. YuariéHHble
TOTaJIbHbIE OOJIOBHI B KaHbOHAX ABAYMHCKOTO 3aJIMBA BBHIMOJHSIM A0 TyouHsl 550 M. TlocnoiiHbie
00JIOBBI B perepHbIX TOYKAX, PACHOJIOKEHHBIX B BEpIIMHAX KaHROHOB ABAYMHCKOrO M KpoHoIKOro
3QJIMBOB, JIEJIajiv 10 CTaHJapTHBIM ropuszoHTam (0-25, 25-50, 50-100, 100-200, 200-300, 300400
u 400-550 m).

OO6710BbI MXTUOIUIAHKTOHA TIPOBOIVIIN MXTHOTUIAHKTOHHOUM KoHMYeckor cethio MKC-80 (ruiommam
BxogHoro oteepcts — 0,5 M2, a3 Ne 14). ['uaponoruyeckye MccieioBaHus BHIIOMHSTH OT TIOBEPX-
HocTH 710 550—600 M ¢ MOMOIIIBI0 30HAUPYIOIIEr0 KOMILIeKca ¢ marom no riyoune 1 M. CHapsixeHue
OIyCKaJIH/TIOAHAMAIHU cO cKopocThio 0,5-0,6 M-c~!. MIXTHOMIaHKTOH (bvKcupoBamu B 4%-HOM pacTBO-
pe dopmanbaeruaa ajis nocjaeayoieid TPAaHCIOPTUPOBKH MPOO U KaMepaibHOW 00paboTKu B 1ad0-
patopHbix ycioBusix B KamuaTHNPO. Ona 3akmoyanach B MOACYETE KOJIMYECTBA UKPUHOK U JIMYH-
HOK MUHTasl ¥ B omnpejesieHnu ctaauid pa3Butusa MKpsl no mkaie N. Naplin u C. Obenchain [1980],
agantupoBaHHoM 111 MuHTas D. Blood ¢ coaBropamu [1994].

B ocHOBY uccieoBanmii pactipesieieHus 1 OMOJIOTHUECKOTO COCTOSTHUS (pa3MepHBIA COCTaB U COOT-
HOIIIEHUE CTaIuil 3peJIOCTU TOHAM) IPOU3BOIUTENIe BOCTOYHOKAMYATCKOIO MUHTAs B IEPUOJ HEpeCTa
JIETJIN KaK JIMTepaTypHble JaHHbIe, TaK U HeoMmyOIMKOBaHHbIe MaTepHalbl, coOpaHHbie A. 1. BapkeHTtu-
HOM B MapTe U arnpese 1997 r. — Bo Bpemsi ClieUAIM3UPOBAHHOTO TPAJIOBOIO MPOMBICTIA 3TOTO BUJA
B KaHbOHax ABaumHcKoro u Kponorkoro 3aimmBoB Ha BMPT «baiikoBck». CHauana ¢ moMoIipio 3Xo-
JIOTa BBITOJIHSUIN CEPHUIO TAJICOB, MepecekaBmux n300aTel ot 50 1o 2000 M, 1U1st BBISICHEHUS XapaKTepa
pacnpejiesieHdst MHUHTasi TI0 TTyOMHaM. Ha BBISIBJICHHBIX CKOIUICHHSIX MOCPEACTBOM Pa3HOITYOUHHOTO
tpaia PT/TM 112 (BeptukanbHOe packpseitie — 60 M, ropuzoHTaibHoe — 70 M, pa3Mep sSYeu B KyT-
ke — 60 x 60 Mmm) fenanu 1-2 KOHTPOJILHBIX TpajieHus1. B pailoHe MacCOBBIX KOHLIEHTPALIMIA phIO B TeUe-
HUe JIByX 1 OoJiee THel padoTaIu B IIPOMBICTIOBOM PEXUME, TPOU3BO/IS TPAJICHUS B PA3HBIX €r0 YacTsIX
Y TOPU30HTAX U B pa3HOE BPeMsl CyTOK.

[To BO3MOXHOCTH W3 Kaxaoro tpaia Opamu BbeiOOpKy B 200-300 5k3. MuHTasA. Y pwid W3Me-
psaimu mHy 1o k. Cmury. [Ipu BCKpHITUM OIpenessuid Mo M CTaAUI0 3pesiocTH roHaa. Beero
NPOAHAIU3UPOBAHO 59 TpayieHuil, BeINosHeHO 17 277 npoMepoB phIO.

V3MeHYMBOCTb CKOPOCTH U HATIPABJIEHUSI Fe0CTPO(PHUECKOTo MepeHoca Ha TOBEPXHOCTH aKBATOPUU
y BOCTOYHOTO noOepexbst KaMyaTku aHaTM3MpOBaIv MO JAaHHBIM CITyTHUKOBOT'O MOHUTOPHHIA YPOBHS
obpabotku L4 ¢ untepHeT-pecypca https://marine.copernicus.eu/ (Copernicus, ®@paHius).

JMHAMUKY TeMIlepaTypbl MOBEPXHOCTU BOJBI ISl aKBATOPHU CEBEPO-3aMagHON yactu Tuxoro oke-
aHa U 10ro-3aMaJHON vyacTu bepuHroBa Mopsi MCCIENOBAIM IO MaTepuaiaM AUCTAHIIMOHHOTO MO-
HUTOPHUHTA, TIOJYyYeHHbIM ¢ caita HanmoHanabHOrO yrpaBieHUs OKEAaHMYEeCKMX M aTMOC(EPHBIX HC-
cnenosanuii CIIIA (https://www.ncei.noaa.gov/data/sea-surface-temperature-optimum-interpolation/).
JI7s1 BbIOENIEHUS] SKCTPEMAJIbHBIX MEPUOJOB B TEPMUUYECKOM COCTOSTHUM BEPXHEro KBa3MOAHOPOJIHO-
ro CJIOSl MPUMEHSTU METOIUKY CTaTHCTHUYeCKor 00paboTku psaaa Habmonenuit [Enuceea, 030ares,
2008], moxpoOHO n310keHHYIo B cTaThe A. M. BapkeHTuHa ¢ coaBropamu [2024].
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J171s1 HOCTpOEHMsI TeHepaTM30BAaHHOM CXEMBI pacrpeesieHHst OOIIero KOJIM4ecTBa MKPbl MUHTAS HC-
T0JIb30BAJIM PE3YJIbTAThI CbEMOK, BBIITOJHEHHBIX BO BCEM HEpeCcTOBOM apeasie noiyJisiuu (20062008,
2010-2011, 2016, 2021 u 2023 rr.). Janasle ocpegHsanu no tpaneuusm c marom 0,15° no mmpote
U JI0JITOTE.

JI7151 OLIEHKM OTHOCHTENIbHOTO BKJIa/1a TIyOOKOBOIHOTO HEPECTa B OOIIUI PENpO yKTHBHBIH MTOTEH-
[IUaJT TIONYJISAIMA UCTIONB30BaM pe3ysibTaThl cheéMok 2007 u 2010-2011 rr. B 3TH rop1 ChEMKHU ObLIH
BBITIOJIHEHBI B HanOosiee OJM3KUE CPOKM M B NMOJHOM 00b&éMe. OTHOCUTEINIBbHBIN BKJIAJL pacCUUTHIBAIN
KaK 4aCTHOE OT OOIIIEero KOJIMYeCTBa YUTEHHON UKPbI B KaHbOHAX ABAYMHCKOT0 1 KpOHOIIKOro 3aJIMBOB
K 00I1IeMY KOJIMYECTBY YUYTEHHOU UKPbI HA BCEX MOJUTOHAX U BHIPAKAJIHM B POLIEHTAX.

VIHTEHCUBHOCTb U CPOKM HEpecTa MUHTAsl B KaHbOHAX ABAYMHCKOIO 3aJIMBa UCCJIEIOBAJIM T10 JIUTe-
patypHbiM 1aHHbIM [WnbuH, Caymikuna, 2022; Mineun, Cepreesa, 2014], a Takke 110 HOBBIM CBEJICHUSIM,
KOTOpbIe OBUTH TOJTy4YeHbl B MapTe — Havaste Mas 2020 u 2022-2024 1r. 1o pe3y/bTaTaM TOTaJIbHBIX
00510B0B B CeBEpHOM KaHbOHE. [JIUTENbHOCTD CTauii PA3BUTHS UKPBI PACCUMTHIBAIU O (hopMyJIe:

T=axe ™ 4+¢,

rae T — NpoaoKUTENLHOCTh SMOPUOHAILHOTO Pa3BUTHSI UKPUHOK, CYT;

a, b u ¢ — ko3 pPpuLEHTHI;

t — temmneparypa Bojpl, °C.

3nauenus koadpuimeHToB npueeeHsl B padote A. B. Bycnosa u H. I1. Cepreesoii [2013]. TIpu-
HuMaiu, uyto I craguu passutus no mkane T. C. Pacca [1933] cootBeTcTBYIOT ctaauu 1-8 mo mika-
ae N. Naplin u C. Obenchain [1980], agantupoBanHoi 1151 muHtasi D. Blood ¢ coaBropamu [1994],
II craguu — craguu 9-15, 11l — craguu 16-19, IV — craguu 20-21.

CpeHIoI0 TeMITepaTypy BOJbl B KAHOHAX BO BpeMsl YUAIIEHHBIX TOTAILHBIX OOJIOBOB PACCUUTHIBA-
JIM 1 Kaxaoro o6joBa B ciioe 300-500 M, rae pa3BUBaeTCsi OCHOBHOE KOJMYECTBO MKPbI MUHTasI [By-
cioB, Tennun, 2002; Bycnos u ap., 2004].

AJNTOpPUTM OLIEHKH MPOIYKIIMU UKPHI U CPOKOB HepecTa B IITyOOKOBOAHBIX KAHbOHAX ABAaYUHCKOTO
3aJMBa MoApoOHO onwcaH B padorax [Mimeun, Caymkuna, 2022; Mneun, Cepreea, 2014].

O ropu3oHTax HepecTa MHUHTas B HawOoJjiee M3YyYeHHOM KaHbOHe ABauyMHCKOro 3aimBa, B Ce-
BEPHOM, CyIWIM MO HaJM4ui0 B Tpodax WKpel Ha craguu pa3Butus 1 no mkane N. Naplin
u C. Obenchain [1980], agantupoBannoit ansa muHtas D. Blood ¢ coaBropamu [1994]. E€ nponoi-
JKUTEJIBHOCTDb IIPU TeMIlepaType Bosl okoilo +2 °C cocrasiser npumepHo 3 4 [Blood, 2002].

PE3VJIBTATBI 1 OBCY XJIEHNE

[lo pe3ynabraTtam NpeaplIylvX HUCCIEAOBAHUI YCTAHOBJIEHO: I BOCTOYHOKAMYATCKOTO MUHTasl
XapaKTepHBI Ba TUIA HEPECTa, pa3Iryalonirecs Mexay coOO0l SKOIOrUel, CPOKaMHu U palioHaMU UK-
poMeTaHusi, — TIyOOKOBOAHBIN U mienbdoBeiii [Bycnos, 2008; Bycnos u ap., 2004]. PazmHo)eHue
Ha 11ejb)e MOXHO CUUTATh TPAJAUIIMOHHBIM U1 MUHTasA. [TyOOKOBOJHOE MKpPOMETaHUE OTMEYEHO
JIMIIIb B HECKOJILKMX paiioHax: B mposmee Illennxosa, B 3aymBe AJsicka, y ocTpoBOB borociioBa B 1oro-
BOCTOYHOM YacTu bepuHrosa mops, B nposvse Kanara B neHTpanbHO# yactu AneyTckon rpsjasl [byia-
ToB, 1987; Crenanenko, 2003; Kim, 1989], B kanbonax Kaparunckoro 3anuBa, Yerséproro Kypumibcko-
ro nposusa u 3anuBa llenmuxosa [Bycnos, Tennun, 2002]. Takum o6pa3om, apean BOCIPOU3BOACTBA
BOCTOYHOKAMYATCKOTO MHUHTASI COCTABJISAIOT TTyOOKOBOJHBIC HEPECTUIIUIINA, PACTIONOKEHHBIE B KAHbO-
Hax ABauuHcKoro u Kponorkoro 3anuBoB, u menbgosbie — y HOro-Bocrounoit Kamuatku (10:xHee
Mmbica [IoBOpoOTHBIN) U ceBepHbIX KypriIbCKMX OCTPOBOB ([0 10:KHOM OKOHEYHOCTH ocTpoBa [lapamy-
ump). B ABaunHckom u KpoHOIIKOM 3a/MBaX MHUHTal TaKke HEPECTUTCS Ha Ienbge, HO MaciITadbl
MKPOMETaHHUSI, TI0 CPABHEHMIO C MacIITadaMu ITyOOKOBOIHOTO HepecTa, HEBEIUKH.
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Cunraercs, 4To BOCIPOM3BOACTBO B KAHBOHAX — 3TO aJIalNTaiysl K KOMIUIEKCY KBa3UCTAIlMOHAP-
HBIX YCJIOBHA, Oarogapsi KOTOPbIM UKPUHKU HE BHIHOCSITCS U3 BIAJUH. 31€Ch e MPOUCXOIUT CTarHa-
I1s1 MaKPOIUIAHKTOHA, KOTOPBIN SIBSETCS MUIeN TUYMHOK MUHTasl TIPU UX Mepexojie Ha IK30TEHHOEe
nutanue [bycnos, 2008; Bycnos, Tennun, 2002; Bycnos u ap., 2004].

I'mapoJsiornyeckue ycJoBHA M HX H3MEHYHUBOCTDb. B Mapre y BoctouHOro nodepexbs Kamuar-
KM COXPAHSIOTCS 3UMHHE yCJIOBHUS, JIMIIb B anpesie HaUMHAeTCsl porpeB noBepxHoctu. o moBepx-
HOCTBIO HAXOJUTCS XOJIOAHBIA oceHHe-3uMHMM ciio (XIIC) momnocteio 10 500 M [[aBeinos, Kynpix,
1968], ¢ HU3KUMU TeMIepaTypaMu U pacTyilei CONEHOCThI0. MOIIHOCTh €ro pa3BUTHS OTPAKAET «Cy-
POBOCTb» TPEIIECTBYIOLIET0 OCeHHe-3uMHero nepuoaa [Temnun, 2022]. Huxe pacmnonoxen Oosee
témbiid cioi (TTIC). C auBaps no mapt temnepatypa XIIC cHuxkaeTcs, a ClIo CKayka OIyCKaeT-
cs1 6onee yem Ha 100 M. BecHoii TeHaeHIIMs MeHsSETCs, U TpaHUIA TIoJHUMaeTcs. [IprMepsl 3a maii
2012 r. MOKa3bIBAIOT, YTO MEKIO0Basi HK3MEHYMBOCTh TEMIIEPATYPHI B paiiOHe KaHbOHOB MOKET OBITh
3HAUUTENIbHOU (pHC. 2).
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PaccMoTpeHHble Bblllle M3MEHEHUsI THIPOJIOTMYECKOrO0 pexuMa B LEJIOM XapaKTepU3yloT
JJIMHHONEPUOAHBIE MPOLIECCHI, IPOUCXOSIIUE B TOJIILE BOA KKl TOJ;:

* pa3BUTHE OCEHHE-3UMHETO KOHBEKTHMBHOIO MEpEeMEIIMBAaHHUsS C IOCTENEHHBIM 3arTyOJIeHueM

HkHed rpaHuibl XIIC v ¢ noHmxeHueM TeMneparypbl BO BCEM 3TOM CIIOE;

* IOABEM €105 CKayKa B allpesie — Mae U NoBbllleHue cpegHer teMmneparypsl B XIIC;
* BJIMSIHUE IIPOLECCOB AJBEKLUMM — KaK TOPU3OHTAJIBPHOM (TEYEHUs), TaK W BEPTUKAIbHOU

(anBeJUIMHIOBBIE SIBJIEHUS).

OpHako, Kak MoKa3ajiv UCClieIoBaHus TocenHux jieT [ Bapkentud u np., 2024; Zimin et al., 2024],
CYILECTBYIOT M KOPOTKOIIEPUO/IHbIE U3MEHEHUSI B BEPXHEM IOJyKWJIOMETPOBOM CJIO€ BOJI, KOTOpbIE
XapaKTepu3yloTcs HE MEHbIIEW BepTUKaJIbHON amMIummTygou. A. A. KonukoMm ¢ coaBropamu [2024a]
IIPU paCCMOTPEHUU PE3YJIbTATOB CYTOYHOM CTaHIMM, BBIOJIHEHHOU 27-29 anpens 2024 r., HarIsaaHO
IIPOIEMOHCTPUPOBAHO 3HAYUTENIbHOE TIEpEMEILIEHNE U3MEPSIEMbIX [TapaMETPOB B 30HE pasjesia MEeXILy
XIIC u TIIC. BeprukanpHoe nepemenienue uzorepmbl 1 °C 3a 10 4y npesbiaio 200 m. IIpu sTom
cMetneHus n3orepM 1o riyoute B 30He TIIC 6puti He CTONB 3HAYUTEIIBHBI U COCTABIISUIN OKOJIO 70 M.
B03MOXHO, IMEHHO 3TOT (PaKTOp SIBJSAETCS OCHOBHBIM IPH BHIOOPE MUHTAEM NPEUMYIIIECTBEHHOIO
TOpU30HTa HEPECTa B KAHbOHAX.
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OnHOI M3 KJTI0YEBBIX IPHYMH CTOJIb 3AMETHBIX KOPOTKOTIEPHUOIHBIX BEPTUKATIBHBIX KOJIEOAHMIA OIS
IUIOTHOCTH (TeMIepaTypa U COJEHOCTb) MOTYT ObITh I'PaJUEeHTHO-BUXPEBbIE, UM BHYTPEHHHE, BOJIHBI
pasHoii npupoasl. Tak, B padote E. Svergun u A. Zimin [2020] noka3aHo, 4To BICOTAa BHYTPEHHHUX BOJIH
Ha MeJIKOBOjIbe cocTaBiisseT 10—15 M, B To BpeMs Kak B ITyOOKOBOAHOM YacTH OHA He TpeBbIaeT 10 m.
ITH BOJIHBI PACHIPOCTPAHSIOTCS OT «MCTOYHMKA FeHepalin», Haxosmmerocs B paiione n3o6atst 500 M,
I7le 3HAYMTENIHO BO3PACTAET YKJIOH MaTepPUKOBOIO CKJIOHA, C IPWJIMBHOM NEPHOJUYHOCTBIO (IIOJIyCY-
TOYHBIE BOJIHBI). B TOIi e paboTe yka3aHO Ha BO3MOKHOCTb CYIIIECTBOBAHUS IPYrOro MICTOYHMKA BHYT-
PEHHMX BOJIH — MHEPLMOHHBIX KosleOaHUi (DpPOHTAIBHOIO pasjiena, 00pa3oBaHHOro Meanapamu Kam-
yatckoro TeyeHus. [1o JaHHBIM CIIyTHUKOBOTO MOHUTOPUHTa, B arnpeiie 2024 r. B pailoHe ABaYNHCKOTO
3auBa 3a(pUKCUPOBAH MOIIHbIM aHTULUKJIOHAJIBHBIA BUXPb C ABYMs LieHTpaMu (puc. 3). Bo3amoxkHo,
MMEHHO €ro MPHCYTCTBHE MOCTYKUIO0 (DAKTOPOM YCHJICHUS OTMCAHHBIX BBIIE KOJTEOAHWIA B 30HE pa3-
iena JByX BOJIHBIX Macc. 3aMeTHM, YTO B IaHHOM CJIydae pedb UIET O BEPTUKAIBbHBIX KOJIEOAHUSX T10-
pazaka 70 M, ¥ 9TO 3HaUEHUE CYIIECTBEHHO OOJIbIIIE, YeM BbICOTA BHYTPEHHUX BOJIH, 3a(pUKCHPOBaHHAS
B uccrenoBanuax 2018 r.

Hcxons 13 CTONIb 3HAYMTENIBHOM KPAaTKOBPEMEHHOW W3MEHUYMBOCTH THIPOJIOTMYECKUX YCIOBUI
B paiioHe KaHbOHOB ABAaYMHCKOIO 3aJIMBa, B YACTHOCTU TEMIIEpaTypbl BOJbI 10 TOPU3OHTANM, 3aTPYa-
HUTEJIHHO MPOBECTH CKOJILKO-HUOYIhb 0OOOCHOBAaHHOE CPABHEHUE MEKTOJOBOM N3MEHYMBOCTU yCIOBHM
HepecTa BOCTOYHOKAMYATCKOTO MUHTasl 1O JaHHBIM MHOTOJIETHMX HATYpHBIX HaOmoneHuil. B atom
iaHe Oosiee MPOAYKTHBEH MOAXO[ K OIPE/ICNICHNI0 MEKTOI0BO U3MEHUMBOCTH TEPMHUYECKUX YCIIO-
BUI1 y BOCTOYHOTO 1odepexbst Kamuatku B nepro BocriponsBoactBa G. chalcogrammus, peaioxkeH-
Hblii B padoTax O. b. Tennuna [2022] u A. W. Bapkentuna ¢ coapropamu [2024]. B atux my0Gamkanusax
MIOKA3aHO, YTO U3MEHEHUE YPOBHS SHTAJIBIIUU BOJ CJIOSI, B KOTOPOM IPEANIOYUTAET HEPECTUTHCS MUH-
Tai, XOPOIIIO COITIACYETCs C KOJIeOaHUsIMU YPOBHS JISAOBUTOCTH I0TO-3aMaIHON yacTi bepuHrosa mops,
TO €CTh C «CypOBOCTBIO» OCEHHE-3MMHETO Meproia. Ha ocHOBaHMM CTaTUCTUYECKON 00pabOTKM BpeMeH-
HOTO Psifla ABTOPAMHU TPEJUIOKEHA TUIU3AIMS JIET, COMIACHO KOTOPOii B MccieqyeMoM paiione B XXI B.
npeodJalayiv «TEMIbIe» U «HOpMaJlbHble» To/bl [BapkeHTHH U 1p., 2024].
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Puc. 3. Tlone ckopocTu W HampaBleHHUs TeoCTpOUUIECKOr0 MepeHoca BOJ Ha MOBEPXHOCTU B paiioHe
BOCTOUHOTO TIoOepexbst Kamuarku B anpene 2024 .

Fig. 3. Velocity field and directions of geostrophic water transport at the surface off the eastern coast
of Kamchatka in April 2024
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Pacnpeneiienne u 61oJiornyeckoe COCTOsIHHE NMPOU3BOAMTe el MHHTasA B INIyOOKOBO/-
HBIX KaHbOHaX ABa4nHCKOro u KpoHoukoro 3a;J1uBoB B HepecTOBbIi nepuod. B mapre u nep-
BBIX JIBYX JleKaJax arpesisi MUHTail COCPEA0TAuMBAETCsl B LIEHTPAIbHON YacTM ABAaYMHCKOIO 3aJIMBa
BOJIM3M KaHBOHOB [AHTOHOB, 1991; AnToHOB, 30/10TOB, 1987; Bansikun, 1997]. Ero ckorieHus Maiio-
TIO/IBWKHBI, YJIOBBI CTAOMJIbHBI, IO9TOMY IIPOMBICIIOBBIE Cy/la JTTUTEJIbHOE BpeMsi pabOTaIOT MpaKTHye-
CKHM B OJTHUX U TeX e KOOpAuHaTax. B KOHIIe anpesist — Mae, Korjia 00JIbInast 4acTh Pbi0 yke OTHEPECTH-
nack, MuHTal y FOro-Bocrounoit Kamuarku paccpenorounBaercs. CkoruieHUs1 (PUKCUPYIOTCS HaJl MaTe-
PUMKOBBIM CKJIOHOM M HaJl BHEIIHUM I1esibhom Ha ryoune 150—400 m. McenepoBartenn oTMeyaioT cme-
IIIEHUE MUHTAs B I0)KHOM HallpaBJIEHUH, YTO CBA3aHO C U3MEHEHUSIMMU 110JIOKEHU 1 LieHTpa HepecTa. K ce-
peauHe Masi, KOorja 3aBepllaeTcsi MacCOBOE MKPOMETAHUE, MPOMBICEN Y I0r0-BOCTOYHON OKOHEUHOCTH
3akaH4MBaeTcs; (ot nepexoqut B KpoHOIKMI 3anmB, rae phiOaku 0OJIABIMBAIOT OTHEPECTUBIINXCS
ocobeit Haf menb¢oM UK adUCCaTbIO.

[To nrpopmarmu, MorydeHHOU Ha IPOMBICIIOBOM CyiHE BecHO# 1997 1., B TpeThel ieKaae mapta —
BTOPOH JieKajie anpesisi OCHOBHBIM PallOHOM IPOMBICTIa MUHTasI B ABaYMHCKOM 3auBe Obl1 CeBepHBI
KaHbOH. MaKcuMaJsibHble KOHIIEHTpAllMK phlO, KaK MPaBUIIO, PACHIOIATaIUCh B TOJIIIE BOJbl B TOPU30H-
te Hike 230 M. [Ipu npoaBrkeHNH CyJHA N0 HAIIPABJIEHUIO OT Oepera CKOIUIEHUsI CTAHOBUIIUCH OoJiee
pa3pexkeHHBIMH, U Ha BBIXOJe M3 KaHboHa Ha n3oOatax 900-1000 m onu ucuesanu BoBce. Ha sxpane
9X0JIOTa XOPOILIO MPOCMATPUBAIUCH [JBA HACBIIIEHHO OKPAILEHHBIX CJI0s — C LEHTpaMH B TOPU30H-
tax 300-320 u 500-540 M. Pexe HaOmogamm TpEXCIOWHYIO 3amuch — B ropu3oHTax 260-300, 400
1 500-540 M. MHorna ckoruieHus: MUHTas perucTpUpoOBaIn y camoro aHa, B cioe 80—100 m.

OcHoBY yJ10BOB (73 %) cocTaBisiii pelObl ytnHOM 47-57 M (cpemnsisa ;ymHa — 49,1 cm) (puc. 4A).
[epron HaOMOAEHMU A, OUEBUJHO, COBIAJ [10 BpEMEHH C UHTEHCUBHBIM UKpOMeTaHeM MuHTasi B CeBep-
HOM KaHbOHE: OOJIbIIAS YACTh npousBoauTesiell uMmesa ronaapl Ha ctanusax V, VI u VI-II (puc. 4T7).

K cepenune anpesns B CeBepHOM KaHbOHE YJIOBbl MUHTAas CHU3MIIUCH B 1,7 pa3a. IIpumepHo BO CTOJIb-
KO K€ pa3 yMEeHbIUIMJIAaCh B MpoOax J0Js CAMOK, 2 OTHOCUTEJbHOE KOJMUYECTBO HEPECTAIIMXCSA U OT-
HEPECTUBIIMXCSI PHIO MHOTOKPATHO BO3POC/I0. QUEBU/IHO, MIMK Pa3MHOKEHHSI YK€ MUHOBAI, U OOJIb-
111as1 4aCTh POU3BOAUTEJIEH IOKKHYJIa KAHbOH, B IEPBYIO OU€peIb CAMKH, 3aBEPUIAIOIINE UKPOMETaHUE
panbiue [[IlynroB u ap., 1993].

B 3T0 ke BpeMs KpyIHble CKOIUIEHUsT MUHTasi oOHapyxkeHbl B LleHTpamsHoM n KOxHOM KaHbO-
Hax (cM. puc. 1). IlpumedarenbHO, 4TO B MapTe 3Aech ckoruienud G. chalcogrammus He perucTpupo-
BaJIY, IIPU 9TOM B HECKOJIbKMX MWISIX K ceBepy, B CeBepHOM KaHbOHE, HaOMI0JaIi TUIOTHbIE KOCSKU
pbI0. Dxo3anuchk nosiBasuiack Hag uzodatamu 320-360 m. o rayOunsl 450-480 M ckoruieHust pbio,
KaK MMPaBWJIO, PaCIIOJIATAIUCh Yy JIHA, 3aTEM OHU «OTPBIBAIUCH» OT CKJIOHA U HaJ u3oOatamu 500-600 m
pacrnonarajiuch B Tojie Boapl. B crtomHoi nourn 200-MeTpoBoi «CTeHe» PhIObI 371eCh, Kak U B Ce-
BEPHOM KaHBbOHE, 3a4acTyl0 OTYETIMBO BBIIEJSUINCH [IBA CIIOSI — BEPXHMH, OoJiee TUIOTHBIA, M HIK-
Hul (c neHTpamu B ropusoHTax 340-360 u 450—460 M cootBeTcTBEHHO). Hepeako ckoruieHus BbIIIISA-
Aen oHOpoJHOM Maccol ¢ rmyounsl 340-360 M u 10 cdmoro aHa. Yem qasibliie CyIHO MPOABUTATIOCH
OT BEpILMHbI KAHbOHA B CTOPOHY OKeaHa, TeM OoJjiee pa3MbITON CTAHOBUJIACH 3AIMCh; HA BBIXO/E OHA
ycye3asa COBCEM.

Hecmotps Ha mainyto yaanénHocTs LlenTpanbHoro u FOxHOro KaHbOHOB IpYT OT Jpyra, ogMedeH
P OTIIMYUI B OMOJIOTUIECKOM COCTOSIHUM MUHTas1l. B 000MX T1yOOKOBOIHBIX KAHBOHAX YJIOBBI COCTO-
SUTM B OCHOBHOM U3 KPYITHBIX TTOJIOBO3PEJIBIX PHIO, IIPH 3TOM MOJAATbHBIE U CPETHIE pa3Mepbl MUHTAsI
OKa3aJuCh 37iech Bhile, yeM B CeBepHOM KaHbOHE, a B FO)KHOM KaHbOHE pHIOBI ObUIM KpYIHEE, YeM
B LlenTpasisHoM (puc. 4B, B). [Iuk HepecTa B KaHbOHaX K MOMEHTY HaOJIOA€HH S, OUYEBUJHO, MUHOBAJL:
B YJIOBaX JOMHHHMPOBAJIM PbIObI C BBIMETAHHBIMU MOJIOBBIMU ITpoayKTamu (puc. 4/1, E).

W3MeHsuch co BpeMEHEM M HEKOTOpble Ouosiornueckue nokasaresnu puid. Tak, B LleHTpansHOM
KaHbOHE 4YacTOTa BCTPEYAEMOCTU CpeOu IPOM3BOIUTEJIE CaMOK yMEHbIIMIAch ¢ 55,6 % B Havase

Mopckoii 6uonornyeckuii xkypHaia 2026 Tom 11 Ne 2



KoJjorus FHY6OKOBOJIHOF0 HEpPEeCTa BOCTOYHOKAMYATCKOIO MUHTAaA 25

nieprona Hadmoaenuit 1o 33,9 % B konie, a B KOxHoM — ¢ 81,5 10 42,9 %. DT naHHBIE B LIEJIOM
MOJTBEPKIAI0T BHICKA3aHHOE BBIILIE IPEATOJIOKEHUE OTHOCUTEILHO UX MUTPALIMI C MECT Pa3MHOKEHH S
cpasy MocJjie BbIMETa MOJOBbIX MPOAYKTOB.
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Puc. 4. Pa3zmepHslii cOCTaB ¥ COOTHOIIIEHUE CTa M 3pPEJIOCTH TOHA] MUHTAsl B KAHbOHAX ABaYMHCKOTO 3aJT1-
Ba: B CeBepHOM KaHbOHE — 12—-16 anpens 1997 1. (A, I'); B HenTpansHom kanboHe — 20-27 anpens (b, );
B IO)xHOM KanboHe — 20-28 anpens (B, E)

Fig. 4. Size composition and ratio of stages of maturity of pollock gonads in the canyons of the Avacha
Bay: in the Severny Canyon, on 12—-16 April, 1997 (A, I); in the Tsentralny Canyon, on 20-27 April (b, [1);
in the Yuzhny Canyon, on 20-28 April (B, E)

B TpajeHusx, BHIIIOJHEHHBIX B BEPXHHMX I'OPU30HTAX CKOIUIEHMH, J0JISI CAMOK COCTaBJIsIa OKO-
70 70 %; B HUIKHUX Ha OJHY CaAMKY NMPHUXOAMUJIOCH TPU-YeThIpe camiia. Mexay STUMU CJIOSMHU COOT-
HOIIIEHUe TOJIOB ObUTo Omu3kuM K 1 : 1. 31ech, BEposATHO, U MPOUCXOIMI OCHOBHOU HepecT. Harmom-
HHUM, YTO HanOoJee 4acTo HAOMIOJABINAsICS HAa 9XOJI0Te 3aMUCh CKOIIGHU MUHTAsl BBIVIsIAETA UMEH-
HO 2-3-cyioiiHOi. B j1aHHOM ciyyae pedb MIET, OYEBUIHO, O BEPTUKAIBHON CTPYKTYPE HEPECTOBBIX
KOHLIEHTpaLii, KOTOpasi OMUCaHa JA0CTATOYHO XOPOLIO, B YACTHOCTH B OTHOLIEHHH BOCTOYHOKaMYaT-
ckoro muHTas [Cepodada, 1974; Illynros u ap., 1993]. ITo ungopmanuu A. B. Bycnosa u H. I1. Cep-
reeBoit [2013], koTopble 00OOLIMIN UMEIOIMECs B JIUTEPAType CBEJEHUsI O HEPECTOBOM IOBEAECHUU
MUHTas1, €r0 MKPOMETaHUE COITPOBOXKIAETCS CIOKHBIM OpavHbIM MMOBEAEHNEM, ONIMCAHHBIM B Pse pa-
oot [Baird, Olla, 1991; Sakurai, 1989, 1993]. Hepecty npeaiecTByeT COpeBHOBaHHE CAMIIOB 33 CAMKY,
B IIpoLiecce KOTOPOro (hopMUPYIOTCS Maphl 415 pa3MHOkeHHs. HemocpeJcTBEHHO BBIMET MKPBI COIIPO-
BOJK/IA€TCS yXa)KMBAHUEM U PUTYaJIbHBIMU B3aMMOJIEUCTBUSIMH, BKJIIOYAIOIIMMU CUHXPOHHOE I1JIaBaHME,
COIIPUKOCHOBEHHUSI U KOHBYJIbCUBHbIE JIBUKECHUSI.
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Hepenko B yTpeHHME 4Yachl BEPXHIOI TPAHMILY 9XO03AIMCH (PUKCHpPOBaIM B 00JIee BBICOKMX T'OpPH-
30HTax — Ha 280 M, a uHorga gaxe Ha 185-200 M, TO €CTb MMHTall COBEpIIAJ CYTOYHbIE BEPTUKAJIb-
Hble MUTPALK: HOYBIO OH MepeMelnaiicsl Orke K MOBEpXHOCTH, a AHEM 3arnyossuicsa. C nuTaHueM
9TO SIBJICHWE HE CBSI3aHO: MOYTH Yy TOJIOBUHBI BCEX PbIO OBUIM IyCThIE KEyAKH, IIPH STOM y BTOPOU
TMOJIOBMHBI B HUX IITYYHO BCTpeUYasiach MKpa COOCTBEHHOTO BHA. Bojiee 000CHOBaHHBIMU TIPE/ICTABIIS-
I0TCS BEPTUKAJIbHBIE CMEIIEHUs] IIPOU3BOIUTENIEN MUHTAsl BMECTE C BBIMETAHHOW MKPOH MO/ AECTBUEM
BHYTPEHHUX BOJIH, 00YCJIOBJIEHHBIX MPHJIMBHOM cocTapistioniel [Bapkentun, Caymkuna, 2022; Konuk
u ap., 2024b].

B KpoHonkoM 3amBe B HavaJle anpesisl IUVIOTHBIE CKOIJIEHWS MMHTAs 3apErMCTPUPOBAHBI JIMIIb
B LIEHTpaJIbHOW 4yacTH, B KaHboHe KpoHoukuil, Hag riryounamu 400-600 m B ropuzoHTe Huke 360 M.
B koH1e anpesnst, Koraa 3ayuB ObUT 00C/IeJOBaH B IIOMCKOBOM PEXUME, 3HAUMMbIX CKOTUIEHHUI POU3BO-
auTeseld MUHTAs B YKa3aHHOM KaHbOHE He OOHapyxwin. B kanboHax KynanoBckuit u [Jonmna Onbra
CKOIUIEHUI MUHTAsI Takxke He HaOmonami. OueBuaHo, uyto B KpoHOIIKOM 3a/1MBe, Kak U B ABAYMHCKOM,
K KOHIIy MecsLla HEpECT MUHTasl 3aBEPILNTICS.

Urak, B 1997 r. ukpometanue MUHTasi B ABAYMHCKOM U KPOHOILIKOM 3a/IMBaxX MPOUCXOAUIIO B OC-
HOBHOM B KaHboHax. [lo nndopmaunu A. . Bapkentuna c¢ coaBropamu [2024], B koHue 1990-x —
Hayvase 2000-x rr. pecypchl BOCTOYHOKAMYAaTCKOIO MHUHTasl HAaXOAWIACh Ha HU3KOM ypoBHE. Takum
00pa3om, oATBepKAaeTcs BhickazaHHoe paHee A. B. BycnosbiM 1 O. b. Tennunsiv [2002] npennosno-
’KEHHUE, YTO B TO/Ibl CHIKEHHS 3aI1acOB pa3MHOKEHHUE MTPOTEKAET MPEUMYIIECTBEHHO B ITyOOKOBOAHBIX
KaHbOHAX.

Cpoku MaccoBOro Hepecta MUHTasi B ABAUYMHCKOM 3ajMBE OTJIMYAINCH MO paiioHaM Hadmoje-
Huil. B CeBepHOM KaHbOHE OH MMeEJ MECTO MPUMEpPHO Ha HENeNI0 paHblle, YeM B APYrux pano-
Hax, — B IIEPBOM JEKAaJe arpesisd; 3TO XOPOIIO CONIACYETCSA C JAHHBIMM, ITOJyYEHHBIMU IO3[HEE
A. B. BycnoBsim ¢ coaBropamu [2004] no pe3yJbraTaMm MXTUOILUIAHKTOHHBIX HMccienoBaHuid. B Len-
TpajbHOM U KO:)KHOM KaHbOHAX pasrap MKpOMETaHMs, OUEBUIHO, IPUXOJWICS HA BTOPYIO JeKaly arl-
pens. Konenr mecsinia xapakTepu3oBayicsi OOLUMM MaJeHUEM YJIOBOB Ha €AMHUILY YCHIIUS, YTO CBS-
3aHO C 3aBEPLICHUMEM pa3MHOXKEHHUs M ¢ MMUIpalUsIMU MMHTas 3a Ipenensl Hepectuwiuil. Hepecro-
BBIM KOHLIEHTPAlMsIM B KaHbOHAX Obl1a MpPUCYyILA BEPTHKaJIbHAsA CTPYKTypa: camiibl pacloJjaraiuch
r1y0Xke CaMoK.

Bxkuiaja riry0oKoBOJHOI0 HepecTa B PeNpoAyKTHBHbII NOTEeHIHAJ BOCTOYHOKAMYATCKOI0
muHTas. Panee A. B. BycnoBbiM ¢ coaBropamu [2004] no pe3ysibTaTaM MXTHUOILIAHKTOHHBIX ChEMOK
2000-2003 rr. B TUXOOKEAaHCKUX BOJAX, mpwieramomux Kk KamuaTtke u cesepHbiM Kypuiabckum octpo-
BaM, ObUIa MOCTPOEHA TeHEePaTU30BaHHASI CXeMa KOJIMYECTBEHHOIO paclpeie/ieHnsi pa3BUBAIOIIEHCS
MKpPBl MUHTasl. YETKO BBIIESUIMCH TPU pallOHa €€ OCHOBHBIX KOHILIEHTPALMii: IEHTpajibHble YacTu Kpo-
HOLIKOTO ¥ ABaYMHCKOIO 3aJIMBOB U I0T0-BOCTOYHAsA OKOHEYHOCTh nosryoctpoBa Kamuarka. ITo3nnee
sta uHpopmauus noareepxaeHa A. Y. Bapkentunom u [1. S1. Caymkunon [2022] no pe3ysbraTtam aHa-
JIM3a MEXTIOI0BOY TMHAMUKM pacnpeaeneHns ukpsl MuHTas B 2013-2022 rr. [locTrpoeHHas Hamu reHe-
pajM30BaHHAs CXeMa pacrpeesieHus: O0Iero KOJIMYecTBa UKPhI 10 MaTepraiaM MXTUOIIIAHKTOHHBIX
CbhEMOK, BBIMIOJIHEHHBIX BO BCEM HEPECTOBOM apeajie BOCTOUHOKAMYATCKOTO MUHTAsl, B LIEJIOM XOPOILIO
coryiacyeTcs ¢ JaHHBIMU MPebIIYIIUX UCCIe0BaHui (puc. 5).

ITo ceenenusam A. B. BycnoBa ¢ coaBropamu [2004], 0CHOBHOE MKpPOMETaHUE MUHTAsl IPOMCXOANUT
B KaHbOHAaX ABayMHCKOr0 U KpoHOIKOTro 3amMBOB: Ha 5 % 00CTIeIOBAaHHOMW TUIOMIAAA COCPEI0TOYE-
HO 0KoJIO 35 % Bcen yuréHHou ukpsl. H. I1. Cepreesa [2019] yka3siBaet, yro B KpoHoukoMm 3anmBe
BEJ1yLIYI0 POJib B BOCIPOU3BO/ICTBE UTPAET IITyOOKOBO/HBII HEpecT.

[To Hammum gannbiM, B 2007 1 2010-2011 rr. B KaHbOHAX y4uThIBaJIA B cpeHeM 60,5 % Bcell UKpbI
MUHTas, pu 31oM 44,4 % peructpupoBaiu B CeBEpPHOM KaHbOHE, KOTOPBI MOKHO CUUTATh LIEHTPOM
BOCITPOM3BOACTBA PbIO BOCTOYHOKAMUATCKOM momyJisuu (tada. 1).
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Puc. 5. CpeHEMHOTONETHsAs CXeMa pacripefieieHusi OOIIEro KOMMYecTBAa MKPhl MHUHTas (LUT.-M2)
B TUXOOKEaHCKMX BOJaX, mpuieraommx Kk Kamuarke u ceBepHbiM Kypuibckum octpoBam

Fig. 5. Mean annual distribution of the total number of pollock eggs (pcs-m™2) in Pacific waters adjacent
to Kamchatka and the northern Kuril Islands

Ta6smma 1. Bxiag (%) riyOOKOBOAHOIO HEpECTa B BOCIIPOM3BOJCTBO MHUHTAsI B TUXOOKEAHCKUX BOJAX,
npwierapommx Kk KamuaTke v ceBepHbiM KypuiibckuM ocTpoBam, 1O rojiam

Table 1. Contribution (%) of deep-water spawning to pollock reproduction in Pacific waters adjacent
to Kamchatka and the northern Kuril Islands by years

Kanbon ‘ 2007 r. ‘ 2010r. 2011 r. Cpennee
ABauynHCKUH 3aJIUB
CeBepHblii 39,7 37,7 55,9 44.4
LenTtpaabHbIit 14,5 11,4 8,5 11,5
IO HbI 5,0 1,1 3,5 3,2
Hroro 59,2 50,2 67,9 59,1
Kponoukuii 3a5mmB
JKynanoBckuit 0,1 0,0 0,0 +
Kponorkuit 2.8 1,2 0,1 1,4
Hoymna Ojbra 0,0 0,1 0,0 +
Hroro 2,9 1,3 0,1 1,5
Bcero 62,1 51,4 68,0 60,5

IIpumeuanne: + — menee 0,1 %.
Note: +, less than 0.1%.

Takum 00pa3oM, HOBBbIE JaHHbIE 00 OTHOCHTENIBHOW 3HAYMMOCTHU TITyOOKOBOIHOTO HEepecTa MUH-
Tasi IPEeBOCXOJAT MPUBEIEHHBIE paHee B JIMTepaTypHbIX UCTOUHMKaxX [Bycios u ap., 2004]. Yro kaca-
ercst KpoHOLKOro 3a11Ba, TO OYEBUJIHO, YTO HEPECT B KaHbOHAX, IIPEXk/IE BCEIO B LIEHTPAJIbHOW €ro
YaCTH, TOJBKO B TIEPUOJIbI HU3KOTO YPOBHS 3aIacOB MOKET ObITh CYIIECTBEHHBIM; B OCTAJIbHbBIE TOMBI
npeodyafaeT BOCIIPOM3BO/ICTBO Ha MIesb(de.

[To maHHBIM TeX ke aBTOPOB, MpPU YBEIMYEHHMHM HEPECTOBOTO 3araca MacIiTadbl BOCHPOW3BOI-
CTBa Ha Imejbe BO3pAcTaloT. PaccMaTpuBaeMblii HAMH BPEMEHHON HMHTEpBAI MPUIIEICA HA Tie-
pHOZ BBICOKOTO ypoBHs 3amacoB [Bapkentun u np., 2024]. OueBuaHO, 4TO B NEPUOIBI HU3KOIO
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3arnaca OTHOCHUTENIbHAS 3HAYMMOCTbh 3TOTO THIA MKPOMETAHUs BO3pacTaeT. Tak, Mo pe3ysjbTaTaM HX-
TUOIUIAHKTOHHOU CchEMKHM 2000 r., KOrma HEpecTOBBIM 3arac HaxOAWJICS HAa HU3KOM YPOBHE, MakK-
CUMaJibHble CKOIUIGHUsI MKpPbl ObUTM 3a(pMKCUpPOBaHBI B OCHOBHOM B KaHbOHaX ABAaYMHCKOTO 3a-
mBa [bycnos, Tennun, 2002]. KocBeHHO 3TO MOATBEPKJAIOT M NMPUBEIEHHBIE BBIIIE PE3YJIbTATHI
HaOJOIGCHUIT B TIPOMBICTIOBOM peiice B 1997 1., KOTOpBIA Takke OTHOCUTCSA K TIEPUOAY HU3KOTO
3armaca.

O BaXXHOCTH BKJIaJa TIyOOKOBOJIHOTO HEpecTa B OOIIMI PerpoayKTUBHBIN MOTEHIIMAT BOCTOYHO-
KaM4aTCKOM MOMyJIALMY MUHTasi TOBOPUT U creaytommid ¢akt. o 2002 r. npaBwiaMu peiO0JIOBCTBA
1151 JJaibHEBOCTOYHOTO PhIOOXO03SCTBEHHOr0 OacceiiHa pailoHbl U CPOKHU MPOMBICIIA STOTO BUAA B TH-
XOOKEaHCKUX Bojax, npuieramoimx k Kamuarke u ceBepHbiM Kypuibckum ocTpoBam, He periiaMeHTH-
poBasuch. JloObrva Besiach B OCHOBHOM B 3UMHE-BECEHHHU IePUO/] B KAHbOHAX, I7Ie, KaK MIOKA3aHO BHIIIE
Ha ipumMepe 1997 r., acpdekTrBHOCTD JIOBa OblTa OUeHb BHICOKOM. Kak ciieicTBre, ecTecTBeHHOE CHUKE-
HUE 3aacoB BOCTOUHOKAMYaTCKOTO MUHTAsl M3-3a OTCYTCTBUS HA MPOTSDKEHUM Psifia JIET YPOKAMHBIX
MOKOJIEHUI Ha (DOHE CEJIEKTUBHOTO MPOMBICIIOBOTO U3bSITUSI MPOU3BOAUTENEA B OCHOBHBIX LIEHTPAX
BOCIIPOM3BOACTBA, KAaHbOHAX ABAYMHCKOIOo M KpOHOLIKOro 3aJ1BOB, IPUBEJIO K TOMY, YTO K Hayally
XXI B. pecypchl 3TOU NOMYJISALUK JOCTUITIM MUHUMAJIBHOTO 32 BeCh MEpUO HAOMIOJEHUH YPOBHSI —
HemHoruM Oosiee 500 Toic. T. Takum oOpaszom, nmoareepskaaercss Maenue B. I1. IllyHToBa ¢ coaBropa-
MU [1993], yto npombicen Ha HEPECTUIMILIAX OTPULATEBHO OTPAKAETCA Ha MPOLIECCE PA3MHOKEHHUS.
HeraTuBHble TEHIEHIIMM B COCTOSIHMM 3alIaCOB BOCTOYHOKAMYaTCKOTO MUHTAs! MOCTYKWIM PUYUHON
BBE/ICHUS 3aIpeTa Ha ero CrielMaIu3upoBaHHbII TpoMbIces B ABaYMHCKOM U KpoHO1IKOM 3a/11Bax B 1e-
puon Hepecta. Bo MHOTrOM Omaronmapst naHHo# Mepe 3a Bpemsi ¢ 2003 1. pecypchl 3TOW IpyNIHUPOBKU
MOCTENIEHHO BOCCTAHOBWJIMCh, M HA MIPOTSKEHUM NOCIEIHUX 15 JIeT OHM HaXOOATCS Ha OTHOCUTEJIBHO
BBICOKOM U CTaOMIIbBHOM YpoBHe [BapkeHnTtuH u nip., 2024].

Cpoku U MHTEHCHBHOCTH BOCHPOU3BO/ICTBA MHHTAasI B KAHbOHAX ABAYMHCKOr0 3aJiBa.
B cpenrnemMHorosieTHeM acrekTe B ABAUMHCKOM 3aJIMBE HEPECT MUHTAsI IPOMCXOAUT B MapTe — HayaJje
Mas ¢ TMKOM B TiepBo# nojioBune anpens [bycios, Ternmnun, 2002; Bycnos u ap., 2004; Unbun, Cayi-
kuHa, 2022; Mibun, Cepreesa, 2014]. [Ipu 3rom B CeBEpHOM KaHbOHE MAaKCUMYM BOCITPOM3BOJICTBA OT-
MeyaeTcs Ha HeJIeN o paHblle, yeM B LlentpanbHom u OxkHOM KanboHax. B KpoHonkom 3anuBe nepsbie
HEpeCTSIIrecs: 0COOM PErucTpUpyIOTCs B heBpalie, pasrap MKpOMeTaHU sl HAOI0JaeTCsl B OCTeJHEeN -
TUJIHEBKE arpeis, a 3aBeplaeTcs pasMHoxkeHue K cepeaune mas [Cepreesa, 2019]. YV FOro-BocTtounoii
Kamyartku u ceBepHbix Kypuibckux ocTpoBOB BOCIIPOM3BOJICTBO HAUMHAETCS B MApTE U 3aKaHUMBAETCS
B nioHe [bycnos, Termaun, 2007], a MaccOBBIM HEPECT IMTPOUCXOAUT B KOHIIE anpeis. B cpeqHemHorosner-
HEM aCIIeKTe pa3rap UKPOMETaHM 1S BCer MOMYIAIMN BOCTOYHOKAMYATCKOTO MUHTAsl PETUCTPUPYIOT
B TpeTbey JeKaje anpens [AHToHoB, 3o00T10B, 1987].

Panee A. B. BycnoBsiM ¢ coaBTopamu [2004] ObLIO BEICKa3aHO MIPEATIOJIOKEHUE, UTO B MEKTOJJOBOM
TUIaHe CPOKH HEPEeCTa B KAHbOHAX BAPbUPYIOT HE3HAUMTEIIbHO, TAK KaK YCIIOBHS OOUTAHUS B HUX OTHOCH-
TeJIbHO CTaOMIIbHBL. BoJiee mo3iHuMHK HCcciieJOBaHUSIMU OBLIO TTOKA3aHo, YTO ITO IAJIEKO He Tak. B yacT-
HOCTH, YCTaHOBJIEHO, 4TO B niepuo ¢ 2003 o 2018 r. cpoku Havasa, MMKa ¥ 3aBEPILIEHKs] MAaCCOBOTO UK-
pOMeTaHUsI MUHTAsl B KAHbOHAX Pa3JIMYasIiCh BechbMa CyIIeCTBeHHO (Tadi. 2). [To cpeqHeMHOroneTHUM
naHHbIM, B KO:)KkHOM KaHbOHE Hayvajio Hepecrta Nnpuiuiock Ha 20 mMapra, MK — Ha 8§ ampesisi, 3aBepiiie-
Hue — Ha 28 amnpesns; B LlenTpanbHom — Ha 19 mapra, 8 anpens u 28 anpesnst cooTBeTcTBeHHO; B Ce-
BepHOM — Ha 27 Mapra, 2 anpens u 17 anpens [Mibun, Caymikuna, 2022; Mieun, Cepreesa, 2014].
CpenHsas NpoJOJIKUTENBHOCTh UKPOMETAHUS B NEPBBIX [IByX KaHbOHAX cocTaBiseT 39 cyT, a B Tpe-
TheM — 33 cyT. B CeBepHOM KaHbOHE MACCOBbI HEPECT MUHTAs, KaK MPABUJIO, IPOTEKAET paHbLle
MpUMEPHO Ha HeAelo, yeM B FOxxHoM u LleHTpaibHOM.

PesynbTatsl uccnenoBanuii, npose€HHbIX B CeBepHOM KaHboHE B 2020 u 2022-2024 rr., B 11Ie710M
MOATBEPANIIM TIPE/ICTABJICHUSI O CPOKAX MKPOMETAHUSI MUHTasl B HEM (cM. Tab. 2).
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Ta6smma 2. XapakTepucTHKa UKPOMETaHUSI MUHTAsl B KAHbOHAX ABaYMHCKOTO 3aJIMBa

Table 2. Characteristics of pollock spawning in the canyons of the Avacha Bay

CpOKH ¥ ITPOJOKUTEIPHOCTh MACCOBOI'O MKPOMETAHHUSI

. IIpononxu-

Ton P, Thic. wr. M~ & ey N Hauano Tux Konen T:ﬂLHOCT},,
CyT

IOxHBII KaHBOH
2003 79,020 103,190 6,290 24 mapra 12 anpenst 01 mas 38
2008 111,380 96,404 6,668 16 mapra 05 anpenas | 25 anpensd 40
2009 31,420 92,684 7,060 12 mapta 02 ampens 23 anpens 42
2010 83,220 101,874 4,407 29 mapra 11 anpens 24 anpens 26
2012 19,980 105,796 9,798 16 mapta 15 anpens 14 mas 59
2013 9,270 106,485 8,126 22 mapta 15 ampens 10 mas 49
2014 8,000 104,249 5,711 27 mapra 13 anpensa 30 ampens 34
2016 16,430 108,306 3,717 06 ampens 17 ampens 28 ampens 22
2017 7,200 91,170 7,343 19 mapra 31 mapra 22 amnpens 44
2018 11,030 82,339 6,659 02 mapra 22 mapra 11 ampensa 40
Cpeanee 37,695 99,250 6,578 20 mapta | 08 anpessi | 28 anpeJst 39
IeHTpaTbHBIA KaHHOH
2003 394,180 100,496 5,159 25 mapra 09 anpens 25 anpens 31
2008 612,970 98,008 5,687 21 mapra 07 ampens 24 anpens 34
2009 151,150 89,803 8,235 05 mapra 30 anpens 24 anpens 49
2010 240,950 97,657 8,150 13 mapra 07 ampens 01 masa 49
2012 165,070 108,595 6,184 30 mapra 16 anpens 06 masa 37
2013 53,980 107,626 9,409 19 mapra 17 anpens 15 masa 56
2014 36,420 104,056 5,278 28 mapta 13 anpens 29 anpens 32
2016 16,490 105,949 6,901 25 mapra 15 anpens 06 masa 41
2017 167,140 92,334 5,000 17 mapra 01 anpens 16 ampens 30
2018 7,220 84,595 5,674 08 mapra 25 mapra 11 ampens 34
Cpennee 184,557 98,912 6,568 19 mapra | 08 anpeast | 28 anpeus 39
CeBepHbIi KaHHOH

2003 463,540 96,419 4,764 22 mapra 05 anpenss | 20 anpens 29
2008 711,960 87,549 7,953 04 mapra 28 mapra 20 anpens 48
2009 1359,820 86,243 3,033 17 mapta 26 mapta 04 ampens 18
2010 2520,670 89,674 4,394 16 mapra 30 mapra 12 anpens 26
2012 493,570 96,706 9,064 10 mapra 06 ampens 03 masa 54
2013 582,700 97,480 5,788 20 mapra 06 ampens 24 anpens 35
2014 651,230 100,183 7,649 17 mapra 09 anpens 02 masg 46
2016 1066,530 88,328 8,476 03 mapra 28 mapra 23 ampens 51
2017 271,140 85,068 2,141 19 mapra 25 mapra 31 mapra 13
2018 755,740 87,706 2,442 20 mapra 28 mapra 04 anpens 15
2020 1325,496 89,520 6,178 11 mapta 30 mapta 17 ampens 37
2022 133,221 89,744 6,158 11 mapra 30 mapra 17 anpens 37
2023 304,228 93,625 7,661 11 mapra 03 anpens 26 ampens 46
2024 342,712 95,104 9,184 08 mapra 04 ampens 02 mas 55
Cpennee 784,468 91,668 6,063 13 mapra | 01 ampeasi | 19 anpeus 36

IIpumeuanne: P — o0ias mpoayKIyst UKpPsI 32 CE30H (Ha BCeX CTaqusIX); a — JIeHb MMKa HepecTta (B CyTKax OT Ha-
Yajia KaJleHJJapHOTO rofia); 0 — MapaMeTp, XapaKTepU3yIOLInii IPOJIOKUTENLHOCTL HepecTa. 1o nmpaBuity TpEx curm,
99,73 % o01ei MPOAYKIMK UKPbI IPUXOAUTCS HA MHTEPBAI BpEMEeHHU OT a— 30 110 a + 30.
Note: P, total production of eggs during the season (at all stages); a, day of spawning peak (in days from the beginning
of the calendar year); o, parameter characterizing the duration of spawning. According to the three-sigma rule, 99.73%
of the total production of eggs occurs in the time interval from a—30 to a+ 30.
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Bo Bce paccMoTpeHHble rojpl npoaykims Ukpbl G. chalcogrammus B CeBEpHOM KaHbOHE MHO-
TOKpaTHO TpeBocxoqwia TakoBylo B HOxHoMm u LleHTpasbHOM KaHbOHAX, YTO TMOJATBEPKIAET €ro
UCKJTIOUYUTEJIbHYIO POJIb B BOCIIPOM3BOJICTBE BOCTOUHOKAMYATCKOTO MUHTASI.

[IpencrapiisieT HECOMHEHHBII MHTEPEC aHATU3 BO3MOKHBIX MIPUYMH MEXTOJIOBBIX Pa3INYUil B CPO-
Kax MacCcOBOTO MKPOMETaHHUs MUHTasl B KaHbOHAaxX ABaumHcKoro 3anusa. Panee [I. f. Caymikuna ¢ co-
apropamu [2023] Ha npumepe 2014 u 2017 rr. o pe3yjbTaTtaM HMXTHUOIUIAHKTOHHBIX W THUAPOJIOTH-
YEeCKUX MCCIIE[IOBAaHUI, BBHITIOJIHEHHBIX B OJHU U T€ k€ CPOKHU (B Havalie ampeis), MpOaHATU3HPO-
B TepMuueckue ycioBust B CeBepHOM KaHbOHe. YcraHoBieHO: B 2014 r. mommnHocts XIIC Obina
MaKCUMAaJIbHOM, TIPY 3TOM TeMIeparypa B HEM omInyaiach ot takoBoit 2017 r. Gonee yem Ha 1 °C,
YTO TOBOPUT O Pa3HBIX YCJIOBUSX MPEALIECTBYIOLUIETO OCEHHE-3UMHETo ce30Ha. Cllol CKauka napamer-
poB B 2014 r. HaunHasics Ha ypoBHe 350 M, a B 2017 r. — Ha ypoBHe 300 M, TO €CTb BO BTOPOM
ciydae otmeueH noabéM Boj TIIC. BeiBog 06 anomanbaom noabeéme TTIC B 2017 r. moaTBepkaaeT
Y OYeHb HU3KOE Co/IepkaHre KUCIopoaa Ha rmyoruHax 6osee 300 M, 9TO OTJIMYAET STH BOIBI OT CJIOEB,
PAcCIOJIOKEHHBIX BbIIIE.

B 2017 r. x Havany anpessi HHTEeHCUBHOCTb HepecTa G. chalcogrammus Obina Beiiie, yem B 2014 r.
Ha 3710 yKa3piBasio, B 4aCTHOCTH, CYIIECTBEHHO OOJIbIlIee KOJMYECTBO YUTEHHOH MKpH. Kpome Toro,
B 2017 r. B yJoBax ObUIO 3HAYMTEIHLHO OOJIbIIIE UKPHI HA MO3AHUX CTAAUSIX Pa3BUTUA. B 1enom naH-
HbIe CBUIETENILCTBYIOT O OoJiee paHHeM Hepecte MuHTast B 2017 1., uem B 2014 r., 4TO OATBEPXKAAIOT
Y pe3yJIbTaThl MOJIEIbHBIX Pacu€ToB (cM. TaOu. 2). [lepBblil roJ OTHOCUTCS K «TEIUIBIM», & BTOPOH —
K «XOJIOJHBIM».

YunTeiBasi BHIIIEU3JIOKEHHOE, JOMYCTIIIN, YTO TPH OOJiee BBICOKUX 3HAUYEHHSIX TEMITEPATyphbl BO-
Obl UKpOMETaHHe MUHTas B KaHbOHAX IMPOTEKAaeT paHbllle, yeM mpu Oosiee HuU3KuX. IlomoOHas 3a-
KOHOMEpHOCTh OblIa mokazaHa A. M. BapkentumHom c coaBtopamu [2001] Ha mpumepe MuHTast
y 3ananHoii KamuaTtku. B pesyinbTate mpoBeIEHHOIO KOPPEJSLIMOHHOIO aHAIN3a YCTAHOBJICHA HEBbI-
COKast M HEJOCTOBEpHasl OTpMIATENIbHAS 3aBUCUMOCTb IHS IMKAa HepecTa MMHTas (JHSA OT Haya-
Jla KaJleHJapHoro roza) B CeBepHOM KaHbOHE OT CPEIHEB3BEIIEHHOW K OOIeMy KOJMUYECTBY MKPHI
MuHTas Temnepatypsl Boabl B cioe 300-500 m 3a HepecroBblii ce30oH B 2008-2010, 2012-2014,
2017 u 2020-2024 rr. (r = -0,44; p > 0,05) (puc. 6A). OOpamnjaer Ha ceOs BHUMaHHE CJie-
Ay akT: MpU OTHOCHTENIBHO HEOOJBIIOM pa3Maxe KoJieOaHWH CpelHel TeMIlepaTypbl BOJBI
B KaHboHe (10 2,42 °C) pa3nuuus B CPOKax HepecTa Jaxe B CMEXKHbIE TOJbl MOTYT OBITh 3Ha-
yuteibHbIME (Oosiee 10 mHedt). lo HamreMy MHEHWIO, HA CPOKM BOCIIPOM3BOJICTBA MHHTAas B Ka-
HbOHAX TaKX€ OKAa3bIBAIOT BIMSHUE TEPMUYECKUE YCJIOBUSI B aKBATOPHUH, MPHUJIETaloNiend K rimyOoKo-
BOJIHBIM KaHbOHaM. Tak, ycTaHOBJIEHAa JOBOJILHO BBICOKasl OTPHIIATENIbHASA, HO TOXKE HEJOCTOBEPHAs
CBSI3b MEXAy JHEM pasrapa MKpPOMETaHUsl U CpelHell MPUAOHHON TeMIepaTypoil BOIbl Ha IIesb-
(pbe ABauMHCKOrO 3aJIMBa B MEPHUO/] BBITOJHEHUS] UXTUOIUIAHKTOHHBIX CbEMOK (r = —0,57; p > 0,05)

(puc. 6b).
BhIMoJTHEHHbBI MHOXECTBEHHBIH KOPPEISIIIMOHHBINA aHAIN3 TIOKa3aJl BBICOKYIO M 3HAYUMYIO OTPHU-
natesbHylo 3aBucuMoctb (r = —0,86; p < 0,05) mHSA nMuka Hepecta B KaHbOHAX OT OOOMX paccMmart-

pUBAEMBIX MapamMeTpoB. MOKXHO MPEANONIOKUTh, YTO 0oJiee CypOBBIE, OTIIMYAIOIIMECS 10 rojJam Tep-
MUYECKHe YCIOBHS Ha IIeibde, OTKyAa pbiObl MUTPUPYIOT ISl Pa3MHOKEHUsI B KAHbOHBI, 1 MEX-
rO/IOBBIE Pa3JIMUMsl B TEMIIEPAType BOJbl B OCHOBHBIX TOPU30OHTaX HEpecTa B CaMHUX KaHbOHAX CKa-
3bIBAIOTCS HAa CPOKAaX CO3pPEBaHUs TOHAJ MPOM3BOIUTENIEN U, KaK CJEJICTBUE, Ha CPOKaX MacCOBOTO
uKpoMeTanusi pel0. B wacTHocTH, Gosiee mMoO3qHEe cO3peBaHMe T'OHAJ MHUHTAasl B «XOJOIHBIC» TOMIbI
10 CPAaBHEHMIO CO CPOKaMHM B «TEILIbIe» B ceBepHOW YacTh OXOTCKOro MOps paHee ObUIO YCTaHOBJIEHO
A. U. Bapkentunowm [2015].
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Puc. 6. 3aBucuMocTb THA MUKa HepecTa (JIeHb OT Havajia KaJeHJapHOTo roia) OT CpeJHEB3BELIEHHON
K 00IIeMy KOJIMYeCTBY MKpbl MUHTasi Temreparyphbl Bofabl B cioe 300-500 m (A) 3a HEpPeCTOBbI CE30H
B CeBepHOM KaHbOHE W CpEeIHEH TeMIiepaTyphl BOMBI y JHA Ha Mesibe ABaurHCKOTro 3aimBa (B)

Fig. 6. Dependence of the day of spawning peak (day from the beginning of the calendar year)
on the weighted mean water temperature in the layer of 300-500 m to total number of pollock eggs (A)
for the spawning season in the Severny Canyon and the weighted mean near-bottom water temperature
on the Avacha Bay shelf (b)

T'opuzonThl HEpecTa MUHTASA B INIy0OKOBOJHBIX KAHbOHAX ABAYHHCKOr0 3aJuBa. Tpaauiu-
OHHO TPY OTCYTCTBUU HATYPHBIX JIAHHBIX O paclpe/ie/IeHUH MPOU3BOAUTENICH C TEKYUYMMHU MOJIOBBIMU
MPOJYKTaMHU PaiOHbI MKPOMETAHUSI MUHTAsl YCTAHABIIMBAIOT IO pacIipe/ieIeHuIo UKphI Ha | craguu pas-
utus no mkasie T. C. Pacca [1933]. ITo ungopmarmu A. B. Bycioa u O. b. Tennnuna [2002], npu no-
CJIOMHOM 00JI0BE, BBINOJHEHHOM B TpeThell Aekase anpess 2000 r. B CeBepHOM KaHbOHE, HAOOJIbIIINE
YJIOBBI UKPBI Ha 3TOM cTaauu oTMedeHs! B c1oe 400-500 M, riie 1o noka3aHusM aKyCTUUYECKUX MPUOOpPOB
(pykcupoBanM CKOIJIEHUSI IPOU3BOIUTENIEN. ABTOPBI MTPEIIONOXKWIN, YTO B 3TOM cjioe cpopMHpOBa-
JIUCh ONITUMAJILHBIE YCIIOBUA 171 HepecTa — Temreparypa +2,9 °C u conénocts 33,9 %o. [pu 601b1IMx
Y MEHBINVX 3HAYCHUSIX YKAa3aHHBIX MMOKa3aTesieil MaciTaObl HKPOMETaHUS Pe3KO CHUKAJIHC.

[Tpu obuieii npoaokuTensHoCcTH A3MOpuorene3a 20-40 cyT mmutenabHOCTh | cTaauu cocTapisieT
4-7 cyT. 3a 3T0 BpeMsl MKpa MO BIUSTHUEM Pa3JIMYHbIX JUHAMUUYECKUX (DAKTOPOB, B TOM YKCJIE MO/ BJIU-
siTHUeM BHYTpeHHUX BoJIH [Konuk u ap., 2024a; Tertnun, 2022 ], MOXET IEpEHOCUTHCS HA 3HAUUTEIbHbIE
paccrosinus. [To muenuio . 4. Caymkunon ¢ coapropamu [2023], ucrosib30BaHUE JJIsl ONpe/ieIeHUsT
Bo3pacTa 3MOproHoB MuHTas mKkajbl N. Naplin u C. Obenchain [1980], anantupoBaHHOH /17151 9TOTO BH-
na D. Blood c coaBropamu [ 1994], na€t Gosiee 1ocTOBEpHOE MPEACTABICHUE O PaCpeieIeHU UKPbI Ha-
YaJIbHOM CTaJIMU W, COOTBETCTBEHHO, O pailloHaX U IITyOWHAX HEpecTa, MOCKOIbKY MPOJOTKUTEIbHOCTD
craguu 1 1o 3Toi 1mKase npu teMmeparype +2 °C cocrapiser Bcero okosio 3 4 [Blood, 2002].

[Mo Hammuwm nanHbM, B CeBepHOM KaHboHE B Havauie anpeins 2017 u 2022-2024 rr. B cpoku, O1m3-
KHe K TIMKY HepecTa, MKpa MUHTAasi Ha CTaJuy pa3BUTUs | BCTpedasach B MpoOax Ha riyouHax Oosee
300 m; makcumastbHble ckoruieHus B 2022—-2024 rr. ooHapy:xeHs! B cioe 300-400 M, B 2017 r. — B cioe
400-550 M (puc. 7A). I1peanonoxuTesbHO, B 3aBUCUMOCTH OT CKJIaIbIBAIOIIMXCSI B KAHBOHAX YCJIOBUM
TOPU30HTHI HEPECTA MOTYT MEHSThCSI B MEXKTOI0BOM acrekTe. B 11ieloM nosyyeHHble JaHHbIE XOPOIIIO
COIJIACYIOTCS C TTPeICTaBICHHBIMU BBIIIIE pe3yJIbTaTAMU HATYPHBIX HAOJTIOJICHUM, BHITOJTHEHHBIX B 9TOM
KaHboHe BecHOU 1997 r. CpenHeB3BelIeHHasA K KOJIMYECTBY MKPbl TEMIIEPATYpa BOJbI HE MPEBbIIIAIA
+1,78 °C, a conénoctb — 33,0 %o, uTO HMKE 3HaYeHU, TpuBoAUMBIX A. B. Bycioeim u O. B. TenHu-
HbiM [2002]. BO3MOKHO, 3TO CBA3aHO C TEM, YTO YKa3aHHBIE aBTOPHI ONPEAESIsIA TOPU30HTHI HEPECTa
I10 KOHLEHTpauusaM uKpsl Ha [ craguu passurus no mkase T. C. Pacca [1933], kotopas 3a 4-7 cyT yxe
MOIJIa TiepepacripeaeTuTbCsl.

B IOxHOM KaHbOHE TMOCIIOWHBIE OOJOBBI OBUTH BHIIOJHEHBI TOJBKO OJIMH pa3 — B CEpeIHHE arl-
pens 2013 r. Hepect kK 9TOMy BpeMeHM yke IIEN Ha crajl, UKPbl HAYaIbHBIX CTAUN ObLJIO HEMHOTO:
Ha craguu 1 nmoiiMaHo Bcero 2 ukpuHku B ciioe 200-300 m.
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Puc. 7. MexronoBasi TMHAMUKA pacripe/ieieHus1 YYTEHHON UKPbl MUHTAsI HA CTAJUY Pa3BUTHUS 1 10 IIKaie
N. Naplin u C. Obenchain [1980], anantupoBannoit mist munaTtas D. Blood ¢ coaBropamu [1994], mo cran-
JapTHbIM ropu3oHTaM B CeBepHOM KaHboHE (A), LlenTpansHoM kaHboHe (b) 1 B kanboHe JlonnHa Onbra (B)
(B ckOOKaxX yKa3aHBl CpeJJHEB3BEIIeHHbIe K KOJIMYECTBY MKPHI TEMIIEpaTypa U CONEHOCTh BOJIBI)

Fig. 7. Interannual dynamics of distribution of recorded pollock eggs at the developmental stage 1 according
to the scale of N. Naplin and C. Obenchain [1980], adapted for pollock by D. Blood et al. [1994], by standard
horizons in the Severny Canyon (A), the Tsentralny Canyon (B), and the Olga Valley Canyon (B) (weighted
mean water temperature and salinity to the number of eggs are given in brackets)

B IlenTpasibHOM KaHbOHE NMTPUMEPHO B Te ke cpoku B 2013 1 2024 rT. HEpeCT MUHTAs TAKXKE YKE
3aBeplIaJics, TeM He MeHee B 00JI0BaX BCTPeyaach MKpa HAYaJIbHOM CTaJuH, @ HAUOOJIbIIINE €€ KOHLICH-
Tpaiuu ObLK OTMedeHb! B muanazoHe rryonsa 200—400 m (puc. 75). B 2013 r. ukpomeTtaHue MpoTeKaio
MIPU CPeAHEB3BEIICHHON Temrieparype Boabl +2,86 °C u conénoctu 32,54 %o.

B KpoHolikoM 3aj11Be MocioiiHble 00JI0Bbl OIMH pa3 BHINOJIHEHbI B KaHbOHE KpOHOLKMI U OAuH
pa3 — B kanboHe [onmna Osbra. B nepBom cityyae viccieoBaHusi poBeIeHbI B KOHIIE aripesisi. Hepect
TOr/z1a yXe (pakKTUIEeCKHU 3aBEPIIAIICS, JOMUHIPOBAIN SMOPHUOHBI HA TIO3[HUX CTA/IUSIX pa3BUTHUs. Bo BTO-
POM citydae 00JIOBBI IIPHUIIUIMCh Ha CPOKH, OTM3KKE K TIMKY BOCITPOM3BOJICTBA. VIKpa MUHTas1 Ha CTaauu
pazButus 1 ormeueHa B cioe 0-25 u 100-400 M, ipu 5TOM HauboJIbIIIee KOJIMIECTBO YUTEHO B BEPXHUX
TOpU30HTax MpH OTpULIATEIbHON TemnepaType Boabl (puc. 7B). C uem CBsI3aHO Takoe pacrpesieieHue
MKPBI, TIOKa HEsICHO; TpeOyeTCs MPOBe/IeHNe JOTOTHUTEIbHbBIX UCCIEI0BAHUI.

Ha npumepe 2024 r. mpoaHaIn3MpoBaHa TakkKe CE30HHAs! AMHAMUKA paclipeeIeH!s UKPbl MUHTAs
Ha ctaguu pa3Butus 1 B CeBepHOM KaHbOHE. BIIHO, UTO MHTEHCHMBHOCTb HEpecTa IMOCTENIeHHO Hapac-
Tajla M B TIEPBOM JieKaje ampeisi (4 ampess Mo MOAEIbHBIM pacuyéTaM, cM. TalJl. 2) JOCTHUIIA CBOETO
arioresi (puc. 8). DMOPHOHBI BCTPEUYAIHCH B TPOOaX MPAKTUYECKH BO BCEX TOPU30OHTAX, HO MaKCUMAJIb-
HOE KOJIMYeCTBO ObUIO yuTeHo 23 mMapTa u 9 amnpens B cioe Boabl 400-550 m, 29 mapta u 4 anpens —
B cioe 300-400 m, a 21 u 27 anpenss — B cinoe 200-300 m. CpegHeB3BellieHHast K KOJIMYECTBY UKPBI
TeMreparypa Bojpl He npesbiiiaia +1,48 °C, a conéHocts — 33,00 %o. Kakoii-nmudo cBs3u ropu3oHTOB
HEPECTa C YCJIOBUSAMHU CPeibl yCTAHOBUTH HE yJAJIOCh.
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Puc. 8. Ce3onHas quHamuKa pacnpeseneHus] yYTEHHON MKPBI MUHTasl HAa CTAJUM pa3BUTUA | MO MIKase
N. Naplin u C. Obenchain [1980], amantupoBanrnoi mist muaTtas D. Blood ¢ coaBropamu [1994], no cran-
napTHeIM ropu3oHTam B CeBepHOM KaHbOHE BecHOM 2024 r. (B CKOOKax yKa3aHbl CpeHEB3BEIICHHbIC
K KOJIMYECTBY UKPHI TEMIIEPATYpa U COJIEHOCTD BOIbI)

Fig. 8. Seasonal dynamics of distribution of counted pollock eggs at developmental stage 1 according
to the scale of N. Naplin and C. Obenchain [1980], adapted for pollock by D. Blood ez al. [1994], by standard
horizons in the Severny Canyon in spring 2024 (weighted mean water temperature and salinity to the number
of eggs are given in brackets)

B KOHTEKCTe BBIIIEN3JI0KEHHOIO YMECTHO OTMETUTh, YTO MUHTAll OOUTAET B IIMPOKOM TepMUYe-
CKOM Juana3oHe. HyuxHui peses ero BeTpeyaeMoCcTH OJM30K K KpallHUM OTpULIATEIbHBIM 3HAYEHUIM
TEMIIEpPaTypbl MOPCKOM BOJbI, a BepxHull cocrasiser +12...+14 °C [Illynros u ap., 1993]. IIpu aTom
B CYPOBBIX CEBEpPHBIX palilOHaX ONTHUMAIbHBIN IUAIa30H CABMHYT B CTOPOHY OoJiee HU3KUX TeMIepa-
Typ (—1...+4 °C), yem B Oonee 10xHbIX paitoHax (+0,5...+5 °C). [Ipu X0OpoIIo N3BECTHON BEPTHKAIb-
HOH cTpaTudUKaliK BOJ B IIpe/iesiax apeasia MUHTail MeeT BO3MOKHOCTb BHIOUPATh CJIOU C TpedyeMoit
TeMIIepaTypou. B 3Toi cBA3M U NOJTyYeHHBIE HAMU 3Ha4YeHus, U pe3ybTatsl A. B. Byciosa n O. b. Ten-
HuHA [2002] COOTBETCTBYIOT TEMIIEPATypHOMY ONTUMYMY. MOXKHO NpEAIOJOKNATh, YTO HA KOHKPET-
HbIE TOPU30HTHl HEPECTA B KAaHbOHAX BJIMSIOT U JPyrue, okKa He MCC/IeIOBaHHbIE TPUYMHBI, BEPOSITHO
CBSI3aHHBIE C IPUIMBHON JUHAMUKOM.

3akawdenne. O000IIeHNe MHOTOJICTHUX JAHHBIX HAOIOIEHWI MMOKA3bIBaeT, YTO TEPMHUYECKUE
yCJIOBUSI B KAHbOHAX ABAaYMHCKOTO 3aJIMBA 3HAYUTEIBPHO U3MEHSIOTCA KaKk B MEXKIOJI0OBOM Maciirade,
TaK U Ha MEHbIIMX MHTepBaiax BpeMmeHu. Hanbosee yBepeHHO MO pe3ysbTaTaM y4alllEéHHBIX U3Mepe-
HUI UIEHTU(UIUPYIOTCS KOeOaHus ¢ IEpUOAOM B JIeCATKU YacoB. [Iprpoaa 3TuX BOJIH B HACTOsIIEe
BpeMsl TOYHO HE YCTAHOBJIEHA, HO BBICKA3aHBI MPEIIOIOKEeHUs] 00 WX MPWIMBHON TeHepaluu C YCH-
JIHUEM U3-3a CJIOKHOTO pesibepa MECTHOCTH U M3-3a BO3MOKHOW TOJAIMUTKU OT BUXPEBBIX 00pa3oBa-
Huii Kamyarckoro teyenust. 1o 3Toli mpuymMHe MeXroJoBOe CpaBHEHME JaHHBIX HATYPHBIX HaOJI0/e-
HUI 32 TEPMUUECKUM PEKUMOM B TITyOOKOBOJIHBIX KAHBOHAX 3 TMBOB BOCTOYHOTO MoOepeskbs Kamuat-
KM 3aTpyaHeHo. [[is yactuaHoro perieHusi mpoodseMbl Oblia MpejiokeHa cTaTUCTUYecKas Kiaccudu-
Kallsl YPOBHSI SHTAJBIIUM BOJ| paiioHa (IO JaHHBIM HATYPHBIX HAOMIOAEHUIN HA BCEX CTAHIIMSAX CTaH-
JApTHOUN UXTUOTLJTAHKTOHHOW ChEMKH) HA OCHOBE CPaBHEHUSI C MaTepyaJlaMH JUCTAHIIMOHHOTO HAOJTIO-
JICHUS 32 YPOBHEM OXJIaXJIEHUsI BOJ| I0TO-3aMaJHON YacTH bepruHroBa Mops ISl TIPEIIIeCTBYIOMIErO
OoceHHe-3UMHero ce30Ha. CoracHo e, K «XOJOOHBIM» rogaM MoxHo otHecty 2006, 2008-2010, 2013
1 2024 rr., K «<HOpMabHBIM» — 2004, 2005, 2007, 2011, 2014, 2020 1 2025 rT., K «T€mbM» — 2003,
2015-2017 u 2023 rT., K «3KCTpeMaibHO TEMIbIM» — 2018, 2019, 2021 u 2022 rr.
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Ha npumepe 1997 r. nokazaHo, 4To UKpOMETaHWE MUHTasi B ABAYMHCKOM U KpOHOLIKOM 3ajiMBax
MIPOKMCXOJWIO B OCHOBHOM B I'TyOOKOBOJJHBIX KaHbOHaX. CPOKM MacCOBOTO HEPECTa 3TOrO BUa B KAHbO-
HaX ABauMHCKOTrO 3aJIMBa pa3nuyaiuch. B CeBepHOM KaHbOHE OH MMeN MECTO MPUMEPHO Ha Helelio
paHbllle, YEM B JIpYTUX palloHax, — B MepBoi Jekaze anpeinsd. B Llentpansnom u FOxHOM KaHbOHaX
pasrap MKpoMeTaHusI TPULIEJICS Ha BTOPYIO JeKaly arpessi. HepecToBbIM KOHLIEHTpalUsAM B KAHbOHAX
ObLJ1a TIPHCYIIIa BEPTUKAJIbHAS CTPYKTYpa: CAMIIBI PaCTIONIarajich TTy0Ke CaMOK.

B 2007 u 20102011 rr. B KaHbOHAX yuuThIBaIM B cpeaHeM 60,5 % Bcell MKpbl MUHTAsA BOCTOYHO-
KaM4aTCKOM nonyssauuy, npu 3toM 44,4 % perucrpuposaiu B CeBEPHOM KaHbOHE, KOTOPHI MOXHO
CYMTATh HEHTPOM BOCIIPOU3BOACTBA PHIO STOM IPYNIHPOBKHU.

I[To cpenHemMHoOroseTHUM AaHHbIM, B FOXKHOM KaHbOHE HepecT MUHTas HauuMHaercs 20 mMapTa, ero
pasrap npuxoAauTcs Ha 8 ampess, a 3aBepuiaercs ukpomeranue 28 anpesns. Harel s LlentpansHoro
KaHboHa — 19 mapra, 8 anpens u 28 anpenss cooTBeTcTBeHHO; s CeBepHoro — 13 mapra, 1 anpe-
1 u 19 anpens. B nepBbIX AByX KaHbOHAX CPEAHsS MPOJOKUTEIBHOCTh UKPOMETAHUSI COCTABIISET
39 cyt, B TpetheM — 36 cyT. B CeBepHOM KaHbOHE MACCOBBI HEPECT MUHTAsI, KaK MPaBUIIO, MPOTe-
KaeT paHbllle IPUMEPHO Ha Hezesmo, yeM B FOxHoM u LlenTpansHoM. Cpokr MaccoOBOTO MKPOMETAHUS
B KaHbOHAX BapbHUPYIOT IO T'OJlaM B 3aBUCUMOCTH OT TEPMHUUECKUX ycnoBHid. B yactHocTH, 1151 CeBep-
HOT'O KaHbOHA YCTAHOBJIEHA BBICOKAS M JOCTOBEPHAsl OTPULIATEIbHAS CBA3b MEX/Iy IHEM IHUKA HEPecTa
Y CPEIHEB3BEIIEHHON K 00IleMy KOJMYECTBY MKpPbl MUHTasl Temneparypoil Boasl B ciioe 300-500 m,
a TaK)Ke CpeIHEN TeMIepaTypoi BOAbl y 1Ha Ha Hiejab(de ABAYMHCKOTO 3aj1MBa B IEPHO/L BHIIIOJHEHUS
MXTUOIUIAHKTOHHBIX CHEMOK.

B CeBepHom kanboHe B Havase arpeis 2017 u 2022-2024 rr., B cpokH, OJM3KHUE K MUKy HepecTa,
MKpa MUHTAsl Ha CTAIMU Pa3BUTHSA | BcTpevanachk B podax Ha rimyouHax 6osiee 300 M. MakcuMaibHbIe
ckorienus B 2022-2024 rr. ooHapy:xensl B cioe 300-400 M, B 2017 r. — B cioe 400-550 m. Cpenne-
B3BElIEHHAsI K KOJMUYECTBY MKPHI TeMIiepaTypa Bopl He npesbiaia +1,78 °C, a conénoctb — 33,0 %eo.
B LlentpansHoM kanboHe B cepeaune anpens 2013 u 2024 rr. HanOobIe KOHIIEHTPAIUKA UKPbI Ha-
YaJIbHOM CTaIuM OTMeueHHl B auana3oHe riryonH 200-400 m. MkpoMeTtaHue MpoTeKaio MpH CpegHe-
B3BEIICHHON Temriepatype Bojbl +2,86 °C u conénoctr 32,54 %o. B KpoHorkoM 3ajvBe, B KaHbOHE
HonvHa Onbra, MKpa MUHTasi Ha ctaauu pa3BuTusa 1 ormeuena B cioe 0-25 u 100—400 M, npu 3TOM
HauOoJIbIliee KOTUYECTBO YUTEHO B BEPXHUX TOPU30HTAX MIPU OTPULIATESIbHOM TeMrepaType BOIbIL.

Hccnedosanue svinoamneno npu noddepoicke Poccutickoeo nayunozo ¢onoa, epawm Ne 23-17-00174
(https:/frscf.ru/project/23-17-00174).
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ECOLOGY OF DEEP-WATER SPAWNING OF EAST KAMCHATKA POLLOCK
A. Varkentin!?, O. Tepnin'?, D. Melnik!?, O. Ilyin!, A. Zimin>?, and A. Konik?

'Kamchatka Branch of “VNIRO” (“KamchatNIRO”), Petropavlovsk-Kamchatsky, Russian Federation
2Shirshov Institute of Oceanology of RAS, Moscow, Russian Federation
3Saint Petersburg State University, Saint Petersburg, Russian Federation
E-mail: a.varkentin@kamniro.vniro.ru

The walleye pollock is one of the most widespread fish in the North Pacific and an important object
of fishery. Off the coast of Southeastern Kamchatka and the northern Kuril Islands, there is an East
Kamchatka population of this species. In 2000-2004 in the area of deep-water canyons of the Avacha
Bay (the Severny, Tsentralny, and Yuzhny canyons) and the Kronotsky Bay, the hydrological conditions
were studied, and ecology of pollock spawning and its scale were analyzed. In 2022-2024, the re-
search was resumed, and significant changes in the hydrological conditions were revealed, as well
as their possible effect on the vertical distribution of pollock eggs. The aim of the work is to sum-
marize all data available on deep-water spawning of East Kamchatka walleye pollock. For the study,
we used the results of integrated surveys (those covering ichthyoplankton and hydrological conditions)
carried out on a standard grid of stations in April-May 2003-2024, frequent ichthyoplankton sur-
veys in March-May 2003-2024 at reference points in tops of canyons of the Avacha Bay, layer-by-
layer surveys in the canyons of the Avacha and Kronotsky bays, and observations during a fishery
cruise in March—April 1997. As shown, hydrological conditions in the canyons of the Avacha Bay
in spring undergo noticeable changes not only on an interannual scale, but also over time intervals of tens
of hours. Short-term fluctuations may be related to tidal water dynamics. In 1997, pollock spawning
in the Avacha and Kronotsky bays occurred chiefly in deep-water canyons. In the Severny Canyon,
spawning peaked in the first decade of April, while in the Tsentralny and Yuzhny canyons, in the sec-
ond decade. Spawning concentrations in the canyons featured vertical structure: males occurred deeper
than females. In 2007 and 2010-2011, a mean of 60.5% of all eggs of the East Kamchatka pollock
population were counted in the canyons, with 44.4% recorded in the Severny Canyon. It was confirmed
that the timing of mass spawning in deep-water canyons varies from year to year depending on thermal
conditions. For the Severny Canyon, we revealed a reliable negative relationship between the calendar
day of spawning peak and the weighted mean water temperature in the layer of 300-500 m to the to-
tal number of pollock eggs and the weighted mean near-bottom water temperature on the Avacha
Bay shelf during ichthyoplankton surveys. It was found that pollock spawning horizons in deep-water
canyons of the Avacha Bay, determined by the distribution of eggs at the I stage of development (age
of 3 h), change in interannual and seasonal aspects.

Keywords: walleye pollock Gadus chalcogrammus, Pacific Ocean, deep-water canyons, spawning, eggs,
developmental stages, temperature, salinity, internal waves
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CE30HHASA JUHAMUKA U MEKI'OJIOBBIE U3MEHEHU S YUCJIEHHOCTH
VNHBA3HUBHOI'O BUJIA KOIIEIIOJI PSEUDODIAPTOMUS MARINUS SATO, 1913
B CEBACTOITOJIbCKOW BYXTE
1 EI'O PACIPOCTPAHEHME B CONIPEJIEJIBHBIX BOJIAX
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Ce3oHHasi AMHAMHUKA W MEXIOJOBbIE M3MEHEHMs MHBA3MBHOIO Buaa Komnenop Pseudodiaptomus
marinus Sato, 1913 nmpoaHaaM3upoBaHbl Ha 0a3e MOCTOSIHHBIX PEryJISPHBIX MCCIIEA0BAHUN 300TIIAHK-
ToHa B CeBacronofbekoit Oyxte (U€proe mope) ¢ 2016 no 2020 r. YcTaHOBIICHO, YTO TIEPBHIE €U-

HUYHBIE 0COOU MOSBISIINCH B IUIAHKTOHE 6yXTbI B MIOHe. MaKCHMaIbHOW YUCJIEHHOCTU NomyJaanuAa

BUJIA IOCTUTaJIa B OKTAGpe-HOAGpe. HanGobInas MI0THOCTB 32 PO UCCIeioBaHus, 7773 3K3.-M ™,

3aperucTpupoBaHa B okTs0pe 2020 r.; 3TO OJHA U3 CaMbIX BBICOKMX KOHLEHTpalui P. marinus
B CpenuzemHoMopckoM Oacceline. [Toka3aHo, 4TO B HOUHOE BpeMsl TUIOTHOCTD TIOIYJISIIIMN BCEJIeHIa
B IUIAHKTOHE OyXThI ObljIa CYIIECTBEHHO BBIIIE, YeM JHEM, Korja OOJIbIIAs YacTh KOTMENO | HaXOIu-
nacek y nHa. Briepeie 3a nmpenenamu Oyxtol P. marinus 6bi1 oO6HapyxeH B 2020 r. Takxe B pabote
00CYK/IAI0TCSI 0COOEHHOCTH OWOJIOTHUH BUJA, KOTOPbIE CIIOCOOCTBOBAIM €r0 HIMPOKOMY PACCETICHUIO
B MUpPOBOM OKeaHe.

KuroueBble cioBa: WHBa3WM, BcesleHell, Komenopwl, Pseudodiaptomus marinus, Y€pHoe wmope,
CeBacrorosibckast OyxTa, Ce30HHasl IMHAMUKA, BePTUKAJIbHAS MUTPAIIHs], MEXTOJJOBbIE U3MEHEHU S

Buonornueckve nHBa3UU NMPU3HAHBI OJTHUM U3 (PYH/IAMEHTAILHBIX ACMIEKTOB U3MEHEHUI MOPCKUX
9KOCHCTEM M SIBJISTIOTCS TJI00ATIbHOM Mpo0OieMoi Mopckoi akotoruu [Simberloff, 2015]. B HacTosimee
BpeMsI M3y4YeHHEe U MOHUTOPUHT OMOMHBA3UI CTAHOBATCS MPUOPUTETOM KaK JUISl YUEHBIX, TaK M JIs 3a-
koHozateseil. CrcKU BUJIOB-BCEJIGHIIEB AJIs1 Pa3HBIX PailoOHOB MUPOBOrO OKeaHa MOCTOSIHHO Paciiu-
psotcs. Haubonee BOCIPUMMYMBEL K MHTPOAYKIIUH MPUOPEKHbIE aKBATOPHUHU, UTO CBSI3AHO C CEPbE3-
HOW aHTPONOreHHON Harpy3koi. C OJTHOW CTOPOHBI, OHa OOYC/IABIMBAET YMEHbBINEHHE YCTOMUNBOCTH
9KOCHCTEM; C IPYTOi CTOPOHBI, Psif (POPM AEATEILHOCTH B IPHOPEKHBIX paifoHaX, HATIPUMEP CYA0XOM-
CTBO M aKBaKyJIbTYpa, SBJSIOTCSI OCHOBHBIMU BEKTOPAaMU PaCcpOCTPaAHEHHSI OPraHM3MOB B HOBBIE Me-
cta oOuTaHus. 3a MOCyeHUe AeCATIICTHS B 300IUIaHKTOHe YEPHOTO MOPSI HHTPOIYIIMPOBAIUCH U K-
KJIMMaTU3UPOBAJIUCh rpeOHeBUKM Mnemiopsis leidyi A. Agassiz, 1865 u Beroe ovata Bruguiere, 1789,
a Takxe korenonsl Acartia tonsa Dana, 1849-1852 u Oithona davisae Ferrari F. D. & Orsi, 1984.
Bce oHM OTHOCSITCS K SMMIIAHKTOHHBIM BUJIaM, TO €CTh SIBJISIIOTCS OOMTATeIsSIMU TIPUOPEKHBIX paii-
OHOB. Pseudodiaptomus marinus Sato, 1913 — HOBBII MHBa3WHBIA BUA B YEpHOM Mope. D10 abo-
pWIeH ceBepo-3anagHor JacTu TUXoro okeaHa, KOTOPBIM ObLT OIUCAH M3 Mpo0, COOpaHHBIX y modepe-
*bs1 Xokkaiio B CeBepHout Anonum [Sato, 1913]. P. marinus Hayan paccensiTbcsi B HOBbIE aKBAaTO-
puu B 1950-¢ rT.: IMEHHO TOTJja €ro OOHAPYKUJIM B TaBaHSAX M 9BTPOMHBIX 3aJIMBAX BJOJb MOOEPEKbS
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Tuxoro u Muauiickoro okeanos [Brylinski et al., 2012; Srinui et al., 2013]. K 2007 r. Bu cTpeMHUTETBHO
pacnpoctTpaHuiicsl B eBporerckux Bogax — B CeBepHoM u CpenuzemHoMm Mopsx [Uttieri et al., 2020],
a B 2016 r. ero Bniepsble 3apeructpupoBasiu B YeépHom Mope [Garbazey et al., 2016]. OcHOBHBIM Bek-
TOPOM ero NMpoHUKHOBeHUs B CpeanzemHoe u YE€pHoe Mopst Mpu3HaHbI OayutacTHbie Bojbl [Gubanova
et al., 2020; Sabia et al., 2015]. Ipyrum BepOSITHBIM BEKTOPOM PaCIIpOCTpaHeHust P. marinus siBIseTCS
aKBaKyJbTypa [Zagami et al., 2018].

Pon Pseudodiaptomus Herrick, 1884 o6benunser okoo 80 Buos [Razouls et al., 2005-2026]. Co-
rnacHo [Walter et al., 2006], P. marinus otHocuTcA K rpynne Ramosus u noarpymnne hickmani 31oro
pozna. OHM BKJIIOYAIOT JEBSITh MOP(OJIIOTUYECKU OJIM3KUX BUIOB CO CXOJHBIMU Pa3MEPHBIMHU XapaKTe-
PUCTHKaMHM, B CBSI3U C YeM MJEHTU(UKALMS PpeJCTaBUTENeN JaHHOU I'PYIIbl HEPEAKO BbI3BIBAET 3a-
TpyaHeHrne. YToObl yOeauThesl, 9To OOHAPYKEHHBI HAMH BH]l — 9TO UMEHHO P. marinus, Mbl TIpOBeJA
neTanbHoe MOpOJIOrHuecKoe ucciieoBanue ocooet 3 YEpHOro Mopsi, a Takke reHeTHYECKUI aHAIIH3;
OHM MOJATBEPAUIM BUIOBYIO ITpUHAIEekHOCTh [Gubanova et al., 2020].

B Hacrosiiee Bpemsa P. marinus SIBISETCS OJHUM U3 CaMbIX PACIPOCTPAHEHHBIX BUIOB KOIEINO[
B MupoBom okeaHe. PaccesneHnio 3Toro payka crocoOcTBOBaIM OCOOEHHOCTH €ro OMOJIOTUH M 9KOJIO-
ruu [Sabia et al., 2015]. P. marinus ToJepaHTeH K MMPOKOMY JUANIA30HY TEMIIEPATYPhl U COJIEHOCTH,
YTO MO3BOJISIET €MY YCHEIIHO a/IallTHPOBATHCS K PA3HOOOPA3HBIM YCJIOBHSIM CPEJIbl. DTO AeMEPCAIbHBII
BU/JI, KOTOPBIA JHEM JIEPXKUTCA y IHA, @ HOUBIO MOJHUMAETCS K IOBEPXHOCTH.

Llenp Hameil paGoThl — IMPOaHATU3UPOBATh CE30HHBIE M MEXKIOJIOBblE M3MEHEHUsI YUCIEHHOCTH
Pseudodiaptomus marinus 8 2016—2020 rr., onucath ero pacnpocrpaHenue B CeBacTONONIbCKON OyXxTe
U COIpEJeIbHbIX BOJAX, a TAK)KE CPABHUTH INIOTHOCTb MOIMYJISILIUY, HAXOJSIENCS B I1eJ1arajiy B pa3HOe
BpeMs CYTOK (JHEM M OCIIe 3aX0/a COJIHIIA).

MATEPUAJI 1 METO/1bI

Pabota BbinosiHeHa Ha 0a3e MHOTOJIETHUX PEryJIsIpHBIX MCCIeJOBAaHUN 300MIaHKTOHa B CeBacTo-
MOJIbCKOM OyXTe U COMpeesbHBIX BOIaX, KoTopble Obli Hayathl B 2002 r. B nanHo# padoTe mpoaHam-
supoBaH nepro ¢ 2016 1. (c MOMeHTa 0OHapyX)eHus1 HOBOro Buaa B 0yxre) rmo 2020 r. [TpoObI MbI co-
Ovpay B TIepBOY MOJIOBMHE THS HAa TPEX MOCTOSHHBIX CTAaHIUAX (CT. 1-3), pacrnoyiokeHHBIX B OyXTe
1 3a e€ npenesnamu (puc. 1).
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Puc. 1. Kapra-cxema coopa mpo6 B CeBacTOnobCKOi OyXTe U corpeebHbIX Bogax (CTaHimu 1-8)

44°36' N——

35° %3’ E

Fig. 1. Map of sampling in the Sevastopol Bay and adjacent waters (stations 1-8)

Co6opbl Ha cT. 2 1 3 B OyXTe OCYIIEeCTBIISUIM, KaK MPABWJIO, OIWH-/IBA pa3a B MeCSIl KPYIJIbIA IO/,
Nckmouennem crai 2019 r.: u3-3a TEXHUYECKHUX HEUCIPABHOCTEN MJIM METEOPOJIOTUYECKUX YCIOBUI
JIOBBI OBLITM BHITIOJTHEHBI TOJIBKO B CEHTSIOpe, OKTsi0pe u Hosiope. Ha crt. 1, 3a npepenamu CeBacTornolib-
CKOM OyXTbl, TpoObI coOMpau pexe — B otaesbHble Mecstbsl 2017 12018 rr. B 2019 r. c6opoB He ObL10

Mopckoii 6uonornyeckuii xkypHaia 2026 Tom 11 Ne 2



Ce3oHHas JUHAMMKA M MEKTOJIOBbIE U3BMEHEHHU S YMCASHHOCTY MHBA3MBHOIO BUAA Komenon P. marinus. .. 43

B sIHBape, MioJie, CeHTsI0pe u aekadpe, a B 2020 r. — B Maprte, anpesie 1 Mae. B 2021 1. cOopsl Me30300-
TUIAHKTOHA BHIIIOJTHEHBI TAKKE B CONPeIe/IbHBIX BOJaX — Ha CT. 4—8 (cM. puc. 1). B Hosi0pe u nekadpe
2020 r., KpoMe JHEBHBIX JIOBOB, IPOBEJEHBI COOPbI ME30300IUIAHKTOHA B TEMHOE BpeMsl CYTOK ISl TO-
ro, 4TOObl CPABHUTH YUCJIEHHOCTh MOMYJISIIUU P. marinus, HAXOASILIENUcs B NeJlaruaiy JHEM U Tocye
3ax0/a COJIHIIA.

CO60pbI TpoO MPOBOAMIIK OOJIBIION ceThio [kean (IuameTp BXOJHOTO OTBepcTHs — 37 cM, pas-
Mep suen raza — 150 MkM), 0OJaBIMBasi BEPTUKAIBHBIMU JIOBAMH CJIOM BOABI OT JHA /IO TTOBEPX-
HocTu. [IpoOsl pukcupoBaiu popmamuHoM 10 4%-HON KOHLEHTpAUMU M 00padaThiBaad MOPLMOH-
HbIM MeTogoM [Alexandrov et al., 2020]. Ilpn aHasm3e yuuThIBaIu BCE CTaAUU pa3BUTUA P. marinus
OT HAYIUIMYCOB 10 B3pocbIX caMok U camuoB (CI-CVI).

PE3VJIBTATBI 1 OBCY XJIEHNE

Kak ye oTMeueHo Bblllle, BIiEpBble P. marinus 3aperucTpupoBad B YEpHOM MOpe — B LIEHTpaJib-
Holl yactu CeBacTonosbckoil OyxThl (cT. 3) — B ceHTs10pe 2016 r. Torga 6su10 0OHApYX)eHO 7 caMOK
u 14 xonenoguroB CI-CV [Garbazey et al., 2016]. Ve uepe3 mecsil, B HOSIOpe, YUCIEHHOCTh BUA
Pe3Ko yBeMuuIach 1 gocturia 1373 sx3.-M~>. B HosAOpe BU ObLT HaiifieH U B ycThe OYXTHI (CT. 2), 3Ha-
yenue coctaBmwio 102 3x3.-Mm~>. Ero TIOMYJISAIHS ObLIa TIPe/ICTABIICHA BCEMU CTAAUSIMUA PA3BUTHS, B TOM
YHCIIe HAYIUTMYCaMU, YTO CBUJIETEILCTBOBAJIO O Pa3MHOKEHUM Bra. Takum o0pa3om, coriiacHo [Alien
Species, 2004], B UEpHOM MOpe 3aperucTpMpoBaHa CamMoIOAJepAKUBAOIIASACS MMOMYISALUUs BCEJICHLIa,
KOTOPBIN aJaTUPOBAJICA K YCIOBUSM HOBOTO Jyisl Hero Bogoéma [Gubanova et al., 2020].

Kak mokasanu Halm KpyIJIOTOIUYHBIE MCCIIEOBaHUs 300IIaHKTOHa B CeBacTOMOIbCKOM OyXTe,
B 2016-2020 rr. Ce30HHBI XOA YHMCIEHHOCTH P. marinus Ob1 cXOXUM. B mepBoil mosioBuHe rojaa
BCEJIEHel] B IUIAHKTOHE OTCYTCTBOBaI. ENWHMYHBIE SK3EMIUISPhl HAYIUIMEB M MIIAALIMX KOTENOIM-
toB (CI-CIII) nosiBnsiuce B utoHe, pu Temrepatype +21...+22 °C. B ceHTs10pe OH JoCTUras 3aMETHOM
YHCJIEHHOCTH, B OKTSIOpE ¥ HOSIOpe Mbl PErUCTPUPOBANIM pe3Kue MUKU (puc. 2). B nekadbpe 4nciaeHHOCTh
PayKOB CYLIECTBEHHO CHMKaJIach, a 3aTEM BUJ MCUe3all U3 IUIAHKTOHA A0 UIOHS. VcKiodeHueM crai
2019 r.: P. marinus ObU1 OOHApYKeH B CEHTSIOpE ¥ OKTSIOpe B HE3HAUMTEILHOM KOJIMUECTBE (CM. puC. 2).
Takum 00pa3om, padka cielyeT OTHECTH K TEIIOMI0OMBBIM BUIaM 3001U1aHKToHa Y€pHOTo Mopst. Ha-
M JIaHHBIE TTOJITBEPKAAI0TCS HAOMOICHUSIMUA B IPYTUX peruoHax. B wyactHocTH, B pailoHe ocTpoBa
dykysma Bo Buyrpennem Anonckom mope (Fukuyama Harbor) MuHrManbHast YMCIEHHOCTh BUIA BbI-
SBJIEHA NIpU TemIieparype okoJio +7 °C, a nuku 3apeructpupoBansl npu +20...425 °C [Sabia et al.,
2015; Uye et al., 1983]. OTmeTuM, 4TO «HEYpOXKaiHble» AJis1 P. marinus roJpl YepeIoBAIUCh C TOAAMU
BBICOKOU unciieHHoCcTH. B 2017 1. B 1IeHTpe OyXThl HAaOOJIbIIIAs ITIOTHOCTh KOTIENIOAUTOB COCTaBIIsLIA
b 46 9K3.-M72, a HayrmycoB — 24 9K3.-M . 3Hauenus it 2018 r. — 5184 u 1286 3k3.-M™ co-
otBeTcTBeHHO. B 0kTs16pe 2020 r. 3aprkcupoBaHO MaKCUMaibHOE OOWIIKE TOMYJISIIIUY 32 BECh MEPHO/L
HaOmoaeHnit — 7773 9K3.-M™> KOMEMOANUTOB U 556 3K3.-M ™ HayrmycoB. OTMETHM, 4TO 3Ta YUCIICH-
HOCTb SIBJISIETCSI HAMOOJIbIIIeH He TOJIbKO 1711 Y€pHOTO MOpst, HO 1 11t CpeIn3eMHOMOPCKOTo OacceiiHa
B 11esioM [Gubanova et al., 2020; Uttieri et al., 2020]. Bo3amoxkHO, 3TOT (baKT CBSI3aH C T€M, UTO IMUKHU
YHCJIEHHOCTH payKa MPUXO/IATCS Ha OYeHb Y3KUI BPEMEHHOW UHTEPBAT, @ 3HAYMT, /ISl X PETUCTPAITN
HEoOXOMMBI OoJiee YacThie cOOPHI 300IUIAHKTOHA. B 11e510M umnciaeHHoCcTs P. marinus ObUla BHICOKOW
B 2016, 2018 1 2020 rr. 1 Hu3koi B 2017 u 2019 rr. (puc. 2).

B nentpanbHoil yacTu CeBacTONONBCKOM OYXTHI OTMEYEHO MaKcUMaslbHOe oOwiue P. marinus,
B YCTb€ YHCJICHHOCTh OKa3anach Huke (puc. 2). B oTkpeitom npuOpexbe (cT. 1) BceneHen
B 2016-2019 rr. He BcTpeueH. BriepBbie ero 3y1ech 3apeructprpoBaiiv B gekadpe 2020 r., YMCIeHHOCTb
coctaBuia 17 9k3.-M~>. B Hoa6pe 2022 r. Mbl HPOBEH ChEMKY ME30300ILIAHKTOHA B OTKPBITOM HpU-
ope:xbe (cMm. puc. 1) u obHapyxum P. marinus HanpoTus KapaHTUMHHOI OyXThl, Ha CT. 4 (2 9K3.-M >
ctapmux konenoautos, CIV-CV), a takxe B yctbe CTpenenkoit OyxTsl, Ha cT. 5 (2 9K3.-M > MJIA/IIHX
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konienoautoB, CI-CIII). 9Tu naHHble CBUIETENBCTBYIOT O TOM, YTO PavyOK HE TOJIbKO YCIIEITHO HATYy-
panmuzoBasicsi B CeBaCTOMOILCKON OyXTe, HO U Hayasl paclpoCTpaHAThCS 3a €€ Mpeelibl, Kak U APYrou
MHBa3WiHbIN BUJ, O. davisae, BcenuBimiics panee [Altukhov et al., 2014].
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Puc. 2. Ce30HHas AUHAMUKA U MEXTOIOBbIE U3MEHEHHUsI IJIOTHOCTU MOMYJISILIY (9K3.-M™>) HOBOTO Bce-
JeHna, konenoasl Pseudodiaptomus marinus, B CeBacromnosnbckonr 6yxte B 2017-2020 rr. (CI-CVI —
KOIENOAUThI; N — HayIUINH)

Fig. 2. Seasonal dynamics and interannual variability in abundance (ind.-m™) of a new non-indigenous
species, a copepod Pseudodiaptomus marinus, in the Sevastopol Bay in 2017-2020 (CI-CVI, copepodites;
N, nauplii)

P. marinus — nemepcaibHblid BUJ, KOTOPBIA JAHEM JEPKUTCA y JIHA, a BEYEPOM IOJAHUMAETCS
B BBIIIEJICKAIUE CJIOW BOJHOW TOMIMIMU. [[Isl BBIACHEHHS OCOOCHHOCTEH ero BepTHKAIBHBIX CYTOY-
HBIX MHTpaiuii B Hosiope u nekadpe 2020 r. mpoBegeHbl cOOPHl ME30300IIAHKTOHA HE TOJIBKO JIHEM,
HO U TOCJIe 3aX0/ja COJIHIA. YCTaHOBJIEHO, YTO HOYbIO YUCIIEHHOCTh PayKa B IJITAHKTOHE CYIIECTBEHHO
BO3pacraer (puc. 3).

B nHeBHOE Bpemsi 23 HOsIOps1 Ha CT. 2 HaiaeHOo 20 9K3.-M ™~
JIMeB, a MOJIOBO3pEJIble CAMKH U caMIlbl He OTMeueHbl. B T€éMHOe BpeMst cyTok oOHapyskeHO 30 9K3.-M~
CaMOK 1 95 9K3.-M > CaMIIOB, YUCIEHHOCTb KOTEOIUTHBIX CTaTHi yBEJIMYMIACh 110 714 9K3.-M >, a Ha-
yrmycos — 10 100 3k3.-M~>. JIHéM Ha cT. 3 06HApyKeHO 3 9K3.-M > CAMOK U 4 3K3.-M > CaMIIOB, IOc/ie
3axojia cosHia — 129 u 121 9K3.-M™> coOTBeTCTBEHHO. YNCIEHHOCTD KOTIETIOANTHBIX CTa/IHi BO3pociia
¢ 1083 g0 1698 9K3.-M7°.

3 KOTETIOUTHBIX CTAIUIA U 3 9K3.-M HayI-

3
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Cy1iecTBeHHOE yBeIMYeHHe OOMITUS KOTIeTIO ] BBISIBJIEHO 14 1ekaOpsi B HOUHBIX yIoBax. Tak, B ycThe
OyXThI, Ha CT. 2, 00IIas1 YUCIIEHHOCTh THEM CcOocTaBmIa 8 9K3.-M >, a HOUbI0 — 103 9K3.-M~>. 3HaUYeHHUs
B LIEHTPAJIbHOI 4acTh OyXThl, Ha CT. 3, — 1 9K3.-M~> 1HEM u 337 9K3.-M~> Houblo. Takum o6pazom,
HU3KOe oOmre 3Toro payka B YépHom u CpenruzeMHOM MOPSIX MOKET OBITh CBSI3aHO C TEM, UTO B I10-
JABJISIONIEM YHMCIIe SKCIISIUIMIA TPOObI OTOMpAIM B JIHEBHBIE Yachl, KOrja ocoOu P. marinus nepxatcs
y Ha. YTOOBI OMpeIesUTh peaibHyI0 YUCIICHHOCTh KOTIETIO b, HeOOXOq|M cOOp PpoO B HOYHOE BPEMH.

[rpokoMy pacripoCTpaHEeHHUIO padyka COCOOCTBOBAJI €ro BBICOKMI MHBA3UBHBIN MOTEHIIUAT, KOTO-
PpBIii onpeiensieTcss 0COOEHHOCTAMU Oronorur v skosoruu. [onynsaimu P. marinus OOUTAIOT B aKBATO-
pusix ¢ Temnepatypou ot +6,3 1o +31,5 °C u conénoctsio ot 2,5 1o 38,5 PPT [Sabia et al., 2015; Uttieri
et al., 2020]. D10 gemepcaibHbIiA BU: JHEM OH HAXOAWTCA Yy JHA, B CYMEPKax MOJHUMAETCS B TOJIIILY
BOJIbI I B HOYHOE BpeMsl BefIET ceOs Kak IuiaHkToHHbIA Buj [Fleminger, Kramer, 1988]. M3-3a takux
ocoOeHHOCTel MUrpauuil anst P. marinus XapakTepeH ABOMHOMN TUIT MUTAHUS: 9TO PACTUTEILHOSITHBIN
BUJ B IJIAHKTOHE U JETPUTOSIIHBIN B OeHTOce [Sabia et al., 2015; Uye et al., 1983]. I1naBaTtensHoe
MOBeJICHUE KOTITIO b ITPe/ICTaBIIsIeT COOON YepeJOBaHNe AKTUBHBIX IBUKEHUI B MeJIaruaivd JHEM U Tie-
pHoIOB Oe3/1elCTBYSI B HOYHOE BpeMs, KOTjIa OHa OCTaETCsl MPUKPETUIEHHOM K cyOcTpaty [Dur et al.,
2010; Sabia et al., 2012]. IIpx 3TOM NpHIIUIIAHKE K CyOCTpaTy, KOTOPOE MOKET CIIYKUTh BHIATPHIIITHOM
CTpaTeruey [isi COKPBITUSI OT XUITHUKOB, Yallle MPOsIBIISAETCS y CaMOK.

Bosbinyo yacte roga gonst P. marinus Oblia HE3HAYMTEbHOM, He Ooee 1 % oOMIel YnCiIeH-
HocTH Korernofl B CeBacTonoIbCKOM OyXTe, HO BO BpeMsl OCEHHHMX MUKOB BKJIAJl payka yBeJIMYMBaII-
ca go 11 % [Gubanova et al., 2020]. Ilo umeronmmcst 1aHHbM, B CpeJU3eMHOM MOpPE BUJ HUKO-
rJja He 3aHUMaJl JOMUHHUPYIOIIEe TMOJIOKEHUE B TOJIIE BOAbI, KPOME TOro, JI0 HACTOSIIIEro BpeMe-
HU HE 3aperrMCTPUPOBAHO HUKAKMX HETaTWBHBIX BO3ACUCTBUI Ha TOIYJISIIMUA TUIAHKTOHHBIX BECIOHO-
rux pakoB [Uttieri et al., 2020]. Tem He MeHee HAIO y4YUTHIBaTh, YTO YMCJO BUAOB 300IIAHKTOHA
B UEpHOM MOpe CYIIECTBEHHO MeHbIle, yeM B Cpeau3eMHOM, Ije Haubosiee U HaMeHee YyBCTBU-
TeJbHbIe BUJIBI (DYHKIIMOHATBHO M30BITOUHBI [Benedetti et al., 2019; Gubanova et al., 2014]. Yuu-
THIBasA TOT (PaKT, UYTO BUABI-BCEJICHIIBI CIIOCOOHBI OKa3bIBaTh CYIIECTBEHHOE BIIMSHUE HAa aOOpHUTeH-
HBIE cOOOIEeCcTBA 300IUIAHKTOHA MUpPOBOro okeaHa, B ToM umciie Y€pHoro mops [Altukhov et al.,
2014; Shiganova et al., 2001], HEOOXOAMMO TPOJOIKATh PETYJISIPHbIE UCCISIOBAHUS 300ILIAHKTO-
Ha YEPHOMOPCKUX MPUOPEKHBIX PAHOHOB U MPOBOIUTH OLIEHKY IIOTHOCTH TOIYJISIIUN UHBA3UIHOTO
pauka P. marinus.
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Paboma evinonnena 6 pamxax zocyoapcmeenrozo 3adanusi ®PUL] HnbFOM no meme « Tpancgopmauus cmpyx-
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Kaumama» (Ne zoc. pezucmpayuu 124030400057-4).
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SEASONAL DYNAMICS AND INTERANNUAL VARIABILITY IN ABUNDANCE
OF A NON-INDIGENOUS COPEPOD PSEUDODIAPTOMUS MARINUS SATO, 1913
IN THE SEVASTOPOL BAY
AND ITS DISTRIBUTION IN ADJACENT WATERS

A. Gubanova

A. O. Kovalevsky Institute of Biology of the Southern Seas of RAS, Sevastopol, Russian Federation
E-mail: adgubanova@ibss-ras.ru

Seasonal dynamics and interannual variability in abundance of a non-indigenous copepod Pseudodiapto-
mus marinus Sato, 1913 are analyzed based on long-term routine zooplankton observations in the Sevas-
topol Bay (the Black Sea) in 2016-2020. As established, the first single individuals appear in the bay
plankton in June. The abundance of the species peaks in October-November. The maximum value
for the study period, 7,773 ind.-m™, was recorded in October 2020. This is one of the highest con-
centrations of P. marinus in the Mediterranean basin. It was shown as follows: at night, the abundance
of this non-native species in the bay plankton was significantly higher than during the day, when most
copepods occurred at the bottom. P. marinus was first found outside the bay in 2020. The biological
features of the species that contributed to its widespread distribution in the World Ocean are discussed.

Keywords: invasions, non-indigenous species, copepods, Pseudodiaptomus marinus, Black Sea,
Sevastopol Bay, seasonal dynamics, vertical migration, interannual variability
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COAEPKAHUE METABOJIUTOB U DQHEPTETUYECKAA HEHHOCTD
BYPOM BOJOPOCJIA ASCOPHYLLUM NODOSUM (L.) LE JOLIS
B YCJIOBUAX BAPEHIIEBA MOPA
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Bypas Bogopocib Ascophyllum nodosum (L.) Le Jolis siBnsieTCs IEHHBIM MTPOJIYIEHTOM OUOJIOTTYEeCKU
AKTMBHBIX BEIIECTB, a TAK)Xe BaKHBIM 3BEHOM B 3KocucTeMe bapeHiieBa mopsi. M3yueHue Guomaccht
BOJIOPOCJIEH U OTIpe/ielieHre e€ SHePreTUIeCKON IEHHOCTH aKTyaJIbHbI JIsI OLIEHKH OOIIIEro COCTOSTHUS
BHU[IA B SKOCHCTEME U €r0 PeCypCcHOro MoTeHmana. s aydiiero NoHMMaHus U3MEHEeHHi, TIPOUCXO-
JAIIIX B A. nodosum B IPOMBICIIOBBIH JIETHE-OCEHHUH TIEPUOJ, BAKHO MPOAHATU3NPOBATH AJUIOKAIHIO
MeTa0OIMTOB 10 TAJJIOMY M BKJIa[] pa3IMUYHbIX CTPYKTYp B 00111yi0 Onomaccy. B xone padoTsl Guoxu-
MUYECKHe TIoKa3aTeu (0Ol OeJIOK, JIUMHIBL, YTIIEBOIBI, TTOIU(pEHOIBI, XJIOPOpUILI @ U ¢, CyMMa Ka-
POTHHOMOB U (PYKOKCAHTHH) UCCIIEIOBAHBI TI0 OOMIETIPUHSTHIM MeToqukaM. OnpejieneHa HaTypHast
Y KamepasibHasi OoMacca, Ha OCHOBE TOJIyYeHHBIX JTAaHHBIX PAcCUMTaHa SHEepreTuveckas IeHHOCTh
Y SHEpreTHUYeCKUi SKBUBaJIeHT OromMacchl. [{is coopa A. nodosum BeiOpaHsl 1Be ryos bapeHiieBa Mo-
Ps1, pacroiokeHHble OJIM3KO OPYT K JPYry, HO pa3iMyalonyecs Mo THIPOJOTHUECKUM YCIOBHAM, —
ry6a 3aBaimmuHa u ry6a KopabenbHast, rie ackopuutym ¢opMUpyeT IUIOTHBIE 3apOCiv Ha JIMTOpa-
ym. TTuk 6roMacchl B 00erx rydax BBISIBJICH B MIOHE, Pa3iIMUMsl B 3HAYCHUSIX MUHUMAIBHBI, CPEIHEe
JUISL IBYX MECT — 25 Kr-M 2. DHepreTHuecKuii SKBUBAIEHT B 9TOT NIEPHOJ He OIMHAKOB: B 00pa3lax
13 ryObl 3aBajMIMHA TIOKa3aTesb Bhille B 1,4 pa3a, yem B oOpasiax u3 ryosl KopabenbHas, a moka-
3artelb 30JIbHOCTH HIKe B 1,4 paza. Takxke B BOOpoCisiX U3 ryosl 3aBaIMIIMHA OTMEUYEHO OoJIbliiee
cozepkanue nmoyimgeHoIoB U (PYyKOKCaHTHHA. PaccMoTpeHo pactipesiesieHre OMOIOrMYeCK aKTUBHBIX
COeMHEHUH Mo (PYHKIIMOHAIBHO AU depeHIIMPOBAHHBIM 30HAM TajUIoMa (perienTaKkyjiaM, arekcam
Y OCTTLHOMY TaJUIOMY ),  TAKKe B 3aBUCUMOCTH OT (Pa3bl pa3MHOKeHHUS ((PepTUIIbHBIE TO0 CTEPUITH-
HbIe BOJJOPOCIIN) U OT aOMOTHYECKUX YCJIOBHI MEeCTOOOUTaHUS (TIPOAHATM3UPOBAH KOMILIEKC (DaKTO-
POB — COJIEHOCTb, TEMITEPATYPa ¥ IPHOOWHOCTD, VJTF BOJIHOBOM PEKUM). YCTaHOBJIEHH 3aKOHOMEPHO-
CTU pacripefie/ieHus1 MeTa0ouTOB B A. nodosum BbapeHiieBa Mops 1oJ] BO3/IeHCTBIEM TPEX (paKTOpOB:
30HBI TAJUIOMA, (ha3bl pa3BUTHS U MECTOOOUTAHUS. 30Ha TAJUIOMA OKa3biBajla 3HAUYMTEIbHOE BIIUSTHIEC
Ha aJutoKauio (pyKOKCaHTHHA, OEJIKOB, JIMITUIOB, YIJIEBOOB, XJIOpoduiIa ¢, XI0pouilia d U CyMMBbI
KapOTUHOUIOB. MecTooOUTaHue CYIIECTBEHHO BO3JIEHCTBOBANIO HA CO/iepKaHue Mou(eHONoB, Oe-
KOB M (DYKOKCAHTHHA, & TAKXe HA YPOBEHb YIJIEBOIOB M JUIMUIOB. Paza pasMHOXKEHUSI BOJOPOCIIEH
OKazasa 3HaYMTeJIbHOE BIMSHYE Ha COJIepkKaHue OeJIKOB, MOMM(pEHOIIOB, XJIOPOhUILIa ¢ U JIUMUJIOB.

KuroueBrbie ciaoBa: Ascophyllum nodosum, 6Guomacca, sHepreTudecKas 1ieHHOCTh OUOMAcChl, OEJIOK,
VIJIEBOJIBI, JTUMTHBI, TATMEHTHI, TTOJTH(EHOITBI

Bypsie Bomopociu (Phaeophyceae) sBnsioTca onHON M3 HamOoJiee MPOLYKTUBHBIX I'PYII MOp-
CKMX Makpo(MTOB M MI'PalOT BaKHYI0 pOJib B MPUOPEKHBIX KOocucTeMax. VX BbICOKass MPOLyKLUs
o0ecrieunBaeT 3HAYUTESIbHBIN BKJIaJ B KPYrOBOPOT BEILECTB U SHEPTUM B MPUOPEKHBIX IKOCHCTEMAX,
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a TakXe co31a€T OCHOBY /ISl Pa3BUTHSI MHOTHX MOPCKHX cooOimecTB. Kpome Toro, 6ypbie Bogopociu
SIBJISIIOTCS TIEPCTIEKTUBHBIM OOBEKTOM /IS IPOMBIIIIEHHOTO UCTIOIB30BaHNS KaK MICTOYHUK OMOMACCHI,
OMOJIOrMYECKU aKTUBHBIX BEILECTB U APYTUX MPOTYKTOB.

B sTtoM KoHTekcTe 0coOblii MHTepec mpeactaBiseT Ascophyllum nodosum (L.) Le Jolis — Bug,
KOTOpBI BKJIOYEH B IEpeueHb BOAHBIX OMOPECYPCOB, MOJUIEKAIIUX IMPOMBICIOBOMY HCHOJIB30Ba-
Huwo, pacniopstkenuem IIpaBurenbctBa P® ot 18.11.2017 Ne 2569-p [2026]. UccnenoBanusi mo-
CJIETHUX JIET JEMOHCTPUPYIOT €rO BBICOKYI0 MeTaOOJMUYECKyl0 aKTHMBHOCTb M CIHOCOOHOCTh K CHH-
Te3y Kak MEepBUYHBIX METa0OJUTOB (OENKH, JUMHUABI M YIJIEBOABI), TAK U BTOPUYHBIX (B TOM YHC-
ne nommdeHooB u (ykokcantuHa) [Pereira et al., 2020]. OgHako TayuioM OypbIX BOIOPOCIEH
sABsAeTC MOP(OJIOrUYecKd M (PYHKUIMOHAJIBHO HEOAHOPOAHBIM M COCTOMT M3 YYacTKOB, BBINOJ-
HSIONMX pa3Hble (PU3MOJIOTHUecKre 3a1auu. [IpocTpaHCTBEHHOE pasjiesieHne MeTaOOJUTOB IO Taj-
JIOMy TIOBBIIIAeT OOy 3(P(PEeKTUBHOCTh (PYHKIIMOHMPOBAHUS OpPraHW3Ma: PECypChl HAIlpaBIISIIOT-
csi B T 30HBI, IJe OHM HamOojee BOCTpeOOBaHB. HecMOTpsi Ha HAaKOIUICHHBIE JIaHHBIE O XMMHU-
yeckoM coctaBe A. nodosum [Haypuesa, 2018; Ob6myunnckas, 2024; Obluchinskaya et al., 2024;
Pereira et al., 2020], ocraércsi MaJION3y4eHHBIM paclipejesieHue OMOJIOrMYeCKU aKTHBHBIX COEIMHE-
HUI 10 (PYHKUMOHAIBHO AU (EepeHIMPOBaHHBIM 30HaM TaJlJIoOMa — pELENTaKyJIaM, OTBEYAIOLUIUM
32 (PyHKUMIO Pa3MHOXEHHUs], alleKcaM, SBJISIONIMMCS 30HAMM aKTMBHOTO POCTa, U OCTAJbHOMY Tal-
JIOMY, BBITIOJIHSIIOLIEMY OMOPHYIO (DYHKIMIO, & TaKe OCYILECTBJSIOIEMY (POTOCHHTE3 M 3aracaHue
BEILIECTB.

HenocraTtouHo cBesieHMI M 00 SHEPreTHYECKON IIEHHOCTH PA3jIMYHBIX 30H TAJUIOMA, XOTsl TaKue
JaHHBle BOCTpeOOBaHbI /151 MPOAYKIMOHHBIX PACUETOB, /IS OLIEHKH MUILIEBOH U KOPMOBOH HEHHOCTH
U JU1sl MOJeIMpoBaHus Tpopudeckux cpsseil [[opbdarenko, 2018].

Oco6eHHo c1abo U3yUYeHBl B 9TOM KOHTEKCTE apKTHUYECKHUE TIOMYJISAIMH, B TOM 4ncie 3 bapeHiesa
MOps1, HECMOTPS1 Ha UX MPOMBIIUIEHHBIN TOTEHLIUAL.

AHamm3 U3MEeHeHUIl cofiepkaHusi MeTa0OIUTOB (MOJU(EHOOB U MUTMEHTOB), CBSI3aHHBIX C (ha-
3aMU PENpOIyKLMU Y MAaKpO(UTOB, UMEET KJIIOYEBOE 3HAUECHUE 7S BBIABJIECHUS (DAKTOPOB, PETYJIM-
PYOIIMX MPOAYKTUBHOCTh MOPCKHMX BOJOPOCJIEBBIX COOOIIECTB B T€YEHHE MX BETeTAllMOHHOTO IIMK-
na. PUTOXMMUYECKUI COCTAB BOJOPOCIIEBOTO CHIPbS XapaKTEPU3YeTCsl BHICOKOM N3MEHUMBOCTBIO, 00Y-
CJIOBJIEHHOH KaK BHYTPEHHUMHU (pakTopamH (CTaJuu pa3BUTUS U PENPOAYKTUBHbIE (pa3bl), TAK U BHELI-
HUMH YCJIOBUAMU (OCOOEHHOCTH MECTOOOUTAHUS U CE30HHOCTh cbopa). Bypble BOIOPOCIH, B YaCTHO-
CcTu A. nodosum, 4yTKO pearupyioT Ha U3MEHEHHs (PaKTOPOB Cpejibl, Cpel KOTOPBIX BaXHYIO POJb
urpaetr ruapoauHamuka. [IpuOOHHOCTb, WM BOJHOBOW PEXUM, BIUSET Ha UX OMOXMMHUYECKHU CO-
cTaB, MOP(OJIOTHIO M YCTOWIUBOCTbD, YACTO OKa3bIBas 00JIee 3HAUMMOE BO3/IEHICTBUE, YeM TeMIIepaTypa
WJIU COJIEHOCTD.

[TpakTryeckas HEHHOCTb UCCIIEJOBAHUS CBSI3aHA C BO3MOXKHOCTBIO ONTUMU3ALIUMU TPOMBIIIJIEHHOTO
UCTIOJIb30BaHus A. nodosum. KpaiiHe BaXHO N3y4UTh BO3PacTHbIE OCOOEHHOCTH PaCTEHUH, OCKOJIBKY
OCHOBHOH MPOMBIIUIEHHBI UHTEPEC MPEACTABIAIT 0coOU crapiie 4—5 JIeT, Ha KOTOpble TPUXOIUTCS
I71aBHasi penpoAyKTuBHas Harpyska [[ommna, 1998; Ilommnua, Kankos, 2014]. [lnrHa Takux ocoOei
COMNOCTaBMMa C PACCTOSIHAEM, Ha KOTOPOM CPe3aioT BOJOPOCIH MPU MX MPOMBILIUIEHHOM cOope (OKOJIO
30 cm ot nomomiBel) [Case Studies, 1987].

Takum 00pa3om, pe3yabTaThl KOMIUIEKCHOTO M3Y4eHHs! A. nodosum OTKpPBIBAIOT MEPCHEKTHUBBI
pa3BUTHS OMOTEXHOJOTMIECKUX MPOU3BOJICTB M PAIIMOHAIBHOTO MCIOIb30BAHUS MOPCKHUX PECYPCOB.

Llenp uccnenoBaHUs — TPOBECTH CPABHUTEJIBHBI aHAJIN3 XMMHUYECKOTO COCTaBa Pa3IMYHbIX
(pynkumoHanbHO AU depeHIMPOBaHHbIX 30H TaiomMa Ascophyllum nodosum (peuenTakyJibl, anek-
Chl M TaJuIoM Oe3 anMKaJbHON 30HBI) M M3YYMTh pachpejesieHre OMOMAacchl M €€ SHepreTH4ecKOm
LIEHHOCTH Ha npumepe oO0pa3LoB W3 ryObl 3aBanuiiuHa U ryosl KopabesnbHas (ryda TepuOepckas
Bapenuesa mops).

Marine Biological Journal 2026 Vol. 11 No. 2
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MATEPHUAJI 1 METO/IbI

OOBEKTOM HCCIIeJOBaHUS SBISUTUCH Oypble BOOOPOCTH A. nodosum, KOTOpbIE TPOU3PACTAIOT B ABYX
ry6ax BapeHieBa MOpsi, pacloOKeHHBIX OJIM3KO JIPYT K APYTY, HO Pa3IMYAOIIUXCs 0 THIPOJIOTHYe-
CKMM YCJIOBHSIM, — B ryde 3aBaymmmHa u ryoe KopaGesmbHas. [lo Hammmm JaHHBIM, Ha M3y4YEHHBIX
yyacTkax Jutopaiu A. nodosum (HOpMHUPYET CaMOCTOSITEIbHBIE 3aPOCIU C MPOEKTUBHBIM MOKPBITH-
em 80-100 % u TayutoMsl JOCTUTalOT HauOoJbied JuHbl. Ha npyrux ydactkax ryos TepuOepckas
STOT BUJ BCTPEUAETCsl OTICJbHBIMHU TPYNIIAMH B COCTaBe (PYKYCOBBIX COOOINECTB JUTOPAJIM; JJIMHA
BOJIOPOCIH, KaK MPaBWJIO, cocTariser okojo 30 cMm, a bmomacca — 0,5 KI-M 2.

['y6a 3aBanuiimHa BIAETCs B I0KHBIA Oeper BOCTOUHOTo paiioHa BHelIHel yacT ryosl Tepudepckas
Y XapaKTepu3yeTcst HAIMYMEM KaMEeHUCTOro Oepera ¢ mpeodiajaHueM CKpYIJIEHHBIX BaTyHOB. CTerneHb
NpUOOMHOCTH MBI OLIEHWBAJIM TI0 COBOKYITHOCTH MPU3HAKOB — TIO CTENEHW OTKPBHITOCTH aKBATOPHH,
9KCIO3UIIMY Oepera K MpeodIaaoiM BeTpaM 1 BBICOTE MPUOOHHBIX BOJH. JINTOpah OTHOCUTEIBHO
OTKpHITA AJI51 BO3AEUCTBHSA BOJIH, O/IHAKO 3[€Ch, B OTJIMUUE OT YYACTKOB IOJIHOCTBIO OTKPBITOTO Mo0e-
pexbs bapeHiieBa Mopsi, KOTOpbIE TOJBEPKEHbI BO3AEHCTBHIO IITOPMOBBIX BOJIH C OOJIBIION Pa3TOHHON
aKBaTOpUEH, UHTEHCUBHOCTb IPUOOMHBIX MPOLIECCOB HECKOJILKO HUKE 3 CUET PaCIOIOKEeHUs U KOH(PU-
rypaiuu ryosl, 4TO TO3BOJISIET OTHECTH YUACTOK K 30HE YMepeHHO npuoOorHocTy (Tadm. 1). [myOiHsl
B CpefiHel yacTH TyObl JOCTUTAIOT 15 M, a cpedHsisl aMIUTUTY/Ia TIPHIIMBOB B aKBAaTOPUH COCTABJISIET
OKOJIO 4 M, YTO CLIOCOOCTBYET PETYJIIPHOMY OOHOBJICHUIO BO/IBI U TTOJJIEPKAHUI0 JUHAMUYHOTO THIPO-
Joruyeckoro pexxuma. B ryoe KopabesnbHas, pacroyioxkeHHOW BO BHyTpeHHe! yacTu ryosl Tepubepckas,
Oypble BOIOPOCIN ObUT cOOpaHbl HAa OOpPAIIEHHON K Oepery 4acTu HeOOJIBbIIOro OCTPOBKA, HaXOslIle-
rocst HeJjaJIieko OT OCHOBHOT'O TIecYaHoro oepera. Ita 30Ha JOCTATOYHO XOPOIIO 3alIUIIEHa OT IPSIMOTO
BO3JICUCTBUS OTKPBITOTO MOPSI, UYTO OTpeJiesisieT e€ cadyio mMpruOOHHOCTh (cM. TadJ1. 1). [TTyOiHbI B 1IeH-
TpaJIbHOW YacTH TyObl KopaOenbHasi COCTaBISIOT OKOJIO 7—8 M, YTO TaKke CIOCOOCTBYET CHMKEHHIO
BOJIHOBOI'O BO3/IEMICTBUS HA JIMTOPAJIb.

Ta6muma 1. AGHOTHYECKHE XapaKTepUCTUKU MecT cOopa OYphIX Boopociei
Table 1. Abiotic characteristics of the brown alga sampling sites

Bpewmst c6opa Mecro cbopa Conénoctb, %o Temneparypa, °C [IpuboitHOCTH
+ +
Centsdps 2023 . I'y6a 3aBasnuiimna 20,2 £0,2 +11,8+0,1 YMmepeHHast
I'y6a KopaGenbHas 33,8 +0,1 +11,8+0,2 Cnabas
+ +
Vioms 2024 1. I'yba 3aBanmmuHa 8,1%+0,1 +6,9 0,1 YMepeHHas
I'yoa KopaGenpHast 13,0+ 0,1 +6,9+0,1 Cnabas
+ +
Vions 2004 1. I'y6a 3aBasuiimna 27,2 +0,2 +12,0+0,2 YmMmepenHast
I'y6a KopaGenbHas 32,1+£0,2 +10,0 £ 0,1 Cnabas

B mMomeHT cOopa mpoO orpenesnsiu TeMnepaTypy U Coa€HOCThb. [1o TaHHBIM HAIIUX U3MEpPEHH,
COJIEHOCTH B Ty0Oe 3aBasMinnHa Oblla HUKe, YeM B ryde KopaOenbHast, a Temmeparypa BO/bl 3HAUMMO
HE pa3jryaiach B repuoj padbot (Tadu. 1).

Martepuan cobupany B Mepuoibl Havajla IMKJIa pa3MHOXEHHs Bojpopocien (ceHtsiopp 2023 r.),
ero maka (moHb 2024 1.) U okoHYaHUs (Mioyib 2024 T.) B COOTBETCTBUM C METOJUKOW TUAPOOOTAHH-
yeckux padot [M3yuenue sxocuctem, 2005]. Bogopociu codupanu B ieproy omBa. ColEHOCTh orpe-
aensum pedppakromerpuyeckuMm coiemepoMm (RHS-10ATC, Kurait), TemnepaTypy — pTyTHBIM Tep-
mMomeTpoM (TJI-4, Poccust). IIpuGoiiHOCTD JUTOpAIK OLIEHUBAIM BU3YyalbHO MO IKajie ['ypbsiHOBOM
¢ coaBropamu [M3yuenue sxkocucrem, 2005].

B nosice A. nodosum 3akiagsiBaiu rormamku 0,25 m> (50 x 50 cm). Bece npukpenyi€HHbIE BOJIOPOCTN
B HpefiesiaX Kax/0i IIOIaKy BhIKaIIMBaIi. BroMaccy (ChIpyIo, HATYPHYIO Maccy pPacTeHHid, Kr-M~2)
olpeneNsuM cpa3dy nocie cpe3aHuss A. nodosum B3BelmMBaHUEM (3neKTpoHHble Bechl WH-AOS)

Mopckoii 6uonornyeckuii xkypHaia 2026 Tom 11 Ne 2
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¢ TouHocteio 10 0,005 Kr. 3es€Hble YacTh pacTeHWs IMOCie Cpe3aHusi OYeHb OBICTPO TEpSIOT BIAry,
Y B3BEIIIMBAHUE, TPOBEIEHHOE B Pa3HBIE, XOTs U OJIM3KUE CPOKH, JaET pa3ndyHble pe3yibTaThl. FIMeH-
HO TIO9TOMY MBI BHITIOJIHUJIA CPAaBHEHHE OMOMACCHI TOJIBKO UTO CPE3aHHBIX BOJIOPOCTIeN U KaMepaIbHOM
OUMOMACCHI, TO €CTh CYMMbI MHAWBUYAJIbHBIX OMOMACC OYMIIEHHBIX OT MU(PUTOB TAJIOMOB, KOTOPbIE
ObLTM JOCTaBJIeHBI B JabopaTopuio. KpoMe MHIMBHIyaIbHON OMOMACCHI M CHIPOY KaMepasibHOM Onomac-
cBl (KI-M~2), IOCJIe IOCTABKH B JJA00PATOPHIO ONPeIEsAIN KOTMUECTBO 0co0ei 11 pacyéTa IIOTHOCTH
noceseHuii (3k3.-M~2). Jlanee OT TaJUIOMOB OTAENSIM PElENTaKy/Ibl M areKchl, a Tocie B3BelIBaIH
BCE YacTH IO OTAEIbHOCTU Ha JlabopatopHbix Becax BJITI-210 («['ocmerp», Poccust) ¢ TOUHOCTBIO
1o 0,001 r g ornpeneneHus BKJIaga OMOMAcChl KaXA0W YacTH B o01Iylo Onomaccy B mpolieHTax (%).
3artem 00pasiibl 3aMOPaKMBAJIN U X paHuu ipH Temrepatype —18 °C (Mopo3unbHsiii laps Derby F30B)
IJIs TIOCTIEAYIONIEeTO aHaIM3a XMMUYECKOTO COCTaBa.

[TpoayKIIMOHHbIE XapaKTEPUCTUKK OLIEHUBAJIM TI0 CHIPOU M CyXOil GMoMacce BOJOPOCIIEeH B JieTHe-
OCEHHUH MepHuoj, MO SHEPreTUYECKOMY SKBHBAJIEHTY OMOMACChl M MO OMOXMMHYECKOMY COCTaBY
(pyHK1IMOHANBHO AU DEepeHIIMPOBAHHBIX 30H TAJIOMA.

Cpennioro mpoOy s  OMOXMMMYECKOr0 aHaliuM3a OTOMpand METOIOM  KBapTOBAaHUS
(I'OCT 12536-79).

DKCTPAKIMIO TUTMEHTOB NMPoBOAUIN 70%-HbIM allETOHOM M0 MOAU(DHUIIMPOBAHHON HAMU METOIU-
ke, onucaHHol panee [[laypuesa, 2018; Connan, 2015]. ConepxaHre NMrMEHTOB B 9KCTPAKTAX OIpe-
aensanu crekrpoporomerpudecku. CriekTpsl nosyyanu Ha crniekrpogoromerpe Nicolet Evolution 500
(Spectronic Unicam) B 4eTbIpéXKpaTHOM NoBTOpHOCTU. CoAep:xaHue Xjaopoduiuia a u ¢, PyKoKCaHTH-
Ha ¥ CyMMbI KAPOTUHOMJIOB OTpeeisiii coryiacHo Jutepatype [Connan, 2015; Vilg et al., 2015; Wang
et al., 2018].

Oo11y0 cymMmMy JHUMUAIOB YCTAaHABIUBAIM TOCTIE TIOJTHOTO W3BJICYEHHUs JIUMUAHBIX (PPaKIUil IKC-
TpPareHTaMy Pa3JIMYHOM MOJISPHOCTU C MOCJEAYIOIIMM ONpPEAEJeHUEM CyMMapHON (PpakiMU TpaBU-
METPUYECKUM MeToJIoM [MeTobl onpeaesieHus npoaykimu, 1968].

Benok onpenensiu metogom Jloypu ¢ npuMeHeHrueM peaktuBa PosmHa, peBapuTesbHO YAATUB
MUrMeHTH [MeToabl (pu3noaoro-0MoXxuMudeckoro uccienopanus, 1975; [Ipomeicioseie, 1998; Lowry
etal., 1951].

Ins  aHamwza  OOIIETO  COAEPKAHUS HEUTPaJIbHBIX  YIJIEBOJOB  HCIIOJIBL30BaM  (heHOJI-
cepHOKUCIOTHBIA Metoa [DuBois et al., 1956].

O0mryio cymmy MoJgeHOIOB ONpeesui CrieKTpodoToMeTprUecK ipu 750 HM ¢ pUMEHEeHH-
em pearenta ®oymHa — Yokanrey no oOmenpuHATHM Metoqukam [Ford et al., 2019; Van Alstyne,
1995]. B kauectBe craHjapra UcoJb30Baau (uopormouuH (Sigma-Aldrich, I'epmanus). Conepxa-
HYe T0IM(EHONOB BHIPAKaId B KBUBAJIEHTE (hIOPONTIONMHA B M-I~ OT aBCOMOTHO CyXOiM Macchl
BOZIOpOCIIeH (1aiee — a. C. M.).

Mertox onpeesieHrst 0OmIer 301kl OCHOBaH Ha YCTAHOBJIEHMM MAcChl 30JIbl B BOJOPOCIHU TOCIIE
CKUraHusi oprannveckux Beuiects B HaBecke [['OCT 26185-84, 2018].

DHepPreTMYecKyIo IIEHHOCTh BOAOPOCei (KKajI-I~! ) BHIUMCIIAIHM 110 GOpMyJIe C yIETOM OOLIENPUHS-
TBIX 3HAYEHUH yJiebHON KanopuitHocT 6enkoB (b), murmmunos (JI) u yrneBomos (V) [Metoast ompene-
nenus npoaykuuu, 1968]: (5,65b + 4,10V + 9,45 JI) / 100.

DHepreTUyecKuil SKBUBAJICHT OMOMACCHI OTPE/IeIIsI HA OCHOBE MOJTyYeHHbIX JAaHHBIX IO OroMacce
¥l 9HEPIeTHYECKON IIEHHOCTH C YYETOM BJIAKHOCTH (KKAJT-M ).

Bce u3MepeHus IpOBeIeHbl B TPEXKPATHON HOBTOPHOCTHU. Pe3yIbTaThl BHIPAKEHb B MIT™ ! a. C. M.

JII2 CTaTHCTHYECKOTO aHaJn3a MPUMEHsUT MporpaMmMHoe obdecriedeHue Statistica u IBM SPSS
Statistics. Iy pacuéroB u noctpoenus rpadpukoB ucnosnb3zoBaan MS Office Excel. Bo Bcex citydasx
1J1s1 00paOOTKU IAHHBIX MPUMEHSLIM ONKMCATebHYIO CTATUCTUKY. [IpoBepKy Ha COOTBETCTBUE HOPMAJIb-
HOMY paclpefieIeHUI0 IPOBOAMIN ¢ ucnosb3oBaHueM kputepus ammpo — Yuika (Shapiro—Wilk
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W test). 1151 BBIOOPOK ¢ NMpHU3HAKaMy HOPMAJIBHOTO paclpeesieHrst PUMEHSIT OTHOMAKTOPHBIN [IHIC-
niepcroHHbI aHa3 (ANOVA). Ilpu BbIsIBJIEHUM CTATUCTUYECKU 3HAUYMMOTO BJIIMSIHUSA (paKTOpa MPOBO-
auau napHele cpaBHeHus: metogoM Teioku (Tukey’s HSD test). B ciydasx HapyieHus HOpMaJbHOCTH
JAHHBIX UCTIOJIb30BaIM HenapaMeTpudeckue TecTsl: Wilcoxon signed-rank test — 151 mapHbIx (CBA-
3aHHBIX ) u3Mepenuii, Kruskal-Wallis test — 111 HECBSI3aHHBIX TPy (C TOCIEAYIOIIUM TPUMEHEHUEM
Mann—Whitney U test 115 mapHbIX CpaBHEHMI). [I711 OIIEHKW BIMSHUSI HECKOJBKUX (DAKTOPOB, TAKUX
KaK MecTOOOMTaHMe, 30Ha TaJuloMa U (pa3a pa3sMHOXKEHHUSI BOJOPOCIIE, Ha pacrpe/eeHne MeTadoIu-
TOB MPOBOAMUJIM MHOTO(paKTOpHBIN AucniepcoHHbli aHanu3 (MANOVA). CtaTuCTUYECKU 3HAYUMBIMU
cuMTamuch pazmuuus rpu p < 0,05.

PE3VJIbTATHBI

PesynbTats onpenesienust Onomaccsl A. nodosum B ryoe 3aBayminvHa U ryoe KopabdesnbHas (Bapen-
IIEBO MOpE) MpeCTaBIeHHl B Ta0J. 2. YCTaHOBIIEHO, UTO ChIpasi OuoMacca CBEKHMX BOJOPOCIE B ryde
3apanuiyHa Bbile kamepaibHoil B 1,04—1,08 paza (p = 0,03, Wilcoxon signed-rank test), a B ryoe Ko-
pabenbHass — B 1,06-1,15 paza (p = 0,01, Wilcoxon signed-rank test). HecmoTpsi Ha TO, 4TO ypOBEHb
BJIQ)KHOCTU BOAOPOCIIEH Ha JIUTOPAIN pa3indaeTcs, TMHAMUKa PAaCYETHON OMOMACCHI CyXOTrO BEelecTBa
HE OTVIMYAETCS OT JUHAMHUKH CHIPO OMOMACCHI.

Tad6mamma 2. Pesymprarel onpenenenuss 6uomacchl Ascophyllum nodosum B ry6e 3aBanuivHa u TyOe
Kopa6enbHas (ryba Tepubepckast BapeHiiesa mopsi)

Table 2. Results of determination of Ascophyllum nodosum biomass in Zavalishin Bay and Korabelnaya
Bay (Teriberskaya Bay of the Barents Sea)

I'y6a 3aBammmuHa I'y6a KopabenbHas
Iokazarens CeHTs6pb Mions Wions CeHTs10pb Hronp Hromp
2023 1. 2024 r. 2024 1. 2023 1. 2024 1. 2024 1.
Buromacca coipast 15911+ 25,03 T+ 23,28 14,88 25,96 T + 14,131 +
(HarypHas), Kr-M 2 0,58 0,24 0,80 0,47 0,69 0,23
Bromacca cripas 14,78 | + 237717% 21,76 £ 1391 % 23,04 T+ 13271 +
(xamepasbHasi), KI-M 2 0,53 0,45 0,75 0,45 0,69 0,20
Buomacca cyxoro 4,861 + 13,53 T+ 8,56 8,29 + 12,87 T+ 4,551+
BEIECTBA, KI-M 2 0,17 0,26 0,29 0,26 0,39 0,70
TTI0THOCTE MOCEIEHN 8288 T+ 4486 + 4150 1 + 2673 + 28771+ 1046 | +
(YUCIIEHHOCTD), 9K3.-M 2 166 209 165 96 47 14
Brasknocts cpess, % 67,137 54,07 1 + 60,66 * 67,36 £ 78,58 T 65,68 1 +
’ 0,55 0,82 0,52 0,70 0,74 0,56

IMpumeyanne: | — MUHMMANIbHBIE 3HAYEHNA B CTPOKE; T — MAaKCHMAaIIbHbIE 3HAYEHUS B CTPOKE.
Note: | are the minimum values in the row; T are the maximum values in the row.

Jnana3zoH 3HaueHU# ChIpoil Ouomacchl A. nodosum Ha nuTopanyu ryosl 3aBamummia — ot 15,91
10 25,03 kr-M~2. Makcumym, 25,03 Kr-M~2, 3apeructpupoBaH B mioHe. ITMK chIpoil GuoMaccel 0opas-
0B Bojiopocieil B ryde Kopabenbhast, 25,96 KI-M 2, TaKKe IPUXOJUTCA HA UIOHb. B uiosie 3HaueHue
ObLIO MUHUMANBLHBIM — 14,13 kr-m~2. ITpu 9T0M y 06pa3LoB u3 ryosl KopabeibHas XapakTep H3MeHe-
HU TUIOTHOCTH TOCEIEHNUSI COOTBETCTBYET AMHAMUKE OMOMACCHI, a JIJIsl TyObl 3aBaIMIINHA MAaKCUMAJTTb-
Hasl TUIOTHOCTH MOCEJIeH!s OTMEUYEHa B CEHTAOpe, Korjga OmomMacca HeBbicoka. HaumenbIas Guomacca
CYXOro BelleCTBa BOOPOC/Iei BhiABIeHa B I'ybe 3aBaluinHa B ceHTsaope (4,86 kr-M~2) u B ryde Ko-
pabenbHas B mione (4,55 kr-m~2). Bruomacca cyxoro BellecTBa 0Opa3LioB B 00EMX aKBATOPMAX Oblla
MaKCHUMaJIbHON B MIOHE — B MEPHO/, KOTIa BOJOPOCIU HAXOIATCA B (paze MaKCUMAILHOTO Pa3BUTHS
peLenTaKyJIoB.
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Bomopociii w3 ryObl  3aBajMIIMHA XapaKTepU3YIOTCs OoJiee BBICOKOW IIOTHOCTBIO TIOCEJIe-
HUS HAa TPOTSDKEHUM BCEro rnepuoia HaOmoaeHud. [IMK TpUXOAMTCS HAa CEHTAOph M COCTaB-
nser 8288 3k3.M 2. V oOpasuoB u3 ryowl KopaGenbHas 3HaueHMs CYIIECTBEHHO HMKE —
10462877 9K3.-M 2.

s ompeaeneHusi COOTHOIIEHHWS (DYHKIIMOHATBHO U (EepPEeHITMPOBAHHBIX 30H TayloMa
A. nodosum (ameKCOB W PELENTaKyJIOB OTHOCHUTEJBHO OCTAILHOTO TayioMa) M3 TyObl 3aBasuIiu-
Ha ¥ ryosl KopabenbHas ObUT OTOOpaHbI pacTeHMs cTapiie 4yeThlpex JieT. [loce pasnenenus Tamioma
ObLTa YCTAaHOBJIEHA Macca KakIOW 30HBI U CpeJHee MPOIEHTHOE COOTHOINEHHE BEreTaTHBHBIX U Te-

HEPAaTHUBHBIX 30H TaJllloOMa. Pe3yanaTI)I OMnpeacJICHUA aJlJIOKAaIMOHHOI'O CIICKTpa IMIPEACTABJICHBI

Ha puc. 1.
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B Tannom Ge3 anmuKanbHOH 30HBl [ Anekesl [ Perientakynsl M 3ayaTki pelienTaKyJIoB

Puc. 1. AnoKaliMOHHBIH CTIEKTP JUHAMUKY OMOMACCH BeT€TaTUBHO-TEHEPATUBHOTO TajuioMa Ascophyllum
nodosum B Ty6e 3aBaymimna u ryoe Kopabemnpnas (ryda Tepubepckas bapenuesa mops)

Fig. 1. Allocation spectrum of the biomass dynamics for Ascophyllum nodosum vegetative-generative thallus
in Zavalishin Bay and Korabelnaya Bay (Teriberskaya Bay of the Barents Sea)

OmpeneneHne  aUIOKAIMOHHOTO — CIIEKTpa OMOMACChl  BEreTaTMBHO-TEHEPATHMBHOTO — TaJloMa
A. nodosum TIOKa3bIBaeT, 4TO Ha 30HY TajuioMa rnpuxoautcs 37-89 % oOrieit 6Momacchl, Ha aru-
KaJIbHYI0 30HY — 3-7 %, Ha reHepaTuBHYI0 30HY — 7-58 %. B uioHe reHepatvBHasi 4acTh ObliIa
Mpe/ICTaB/IeHa 3peJIbIMU PELENTaKyJIaMy U BHOCHJIA CYHIECTBEHHbIN BKJIAJ B OOIIyI0 OMoOMaccy Tajlio-
MOB: e€ noiss coctaBuia 41 % ot o0Imeit Macchl TATIOMOB OypbIX BOAOPOCHEH 13 IryObl 3aBavIIMHA
1 58 % ot o01el Macchl TAJUIOMOB U3 TyOb KopaOenbHast.

B Ta6n. 3 mpencraBieHbl CBEICHUS O COJIEPKAHUU TIEPBUYHBIX METAO0IUTOB — OEJIKOB, JUIUI0B
U YIVIEBOJIOB — B (DYHKIMOHAJIBHO 1M (EepeHIMPOBaHHbIX 30HaX Tayuioma A. nodosum. Ha ocHoBe
3TUX JaHHBIX ObLIa PACCYMTAHA SHEPTeTHUECKas LIEHHOCTh (SHEPrOEMKOCTD) KakIO! 30HbI B KKaI-T ™.

Conepxanue Oesika B 00pasiax Bogopociei Bapbruposaio ot 20,55 no 79,41 mrr!a.c.m B cpen-
HEM BOJOPOC/U U3 TyObl 3aBajIMIIIMHA XapaKTePU30BATIUCh 00Jiee BRICOKUMH 3HAUYEHUSIMU, YeM BOJIO-
pocnu u3 ryos KopabenbHasi, MpruéM KOJIMUYECTBO OeliKa B CEHTAOpEe BO BCEX YACTAX TaJIOMa JOCTHUT-
70 makcumyma — 60,73-79,41 mrr~! a. c. M. Penentakyinl cofepxkany 6oiblie Gelka B CEHTAOpE,
YeM B UIOHE U UIOJIE.

OO1iee KOJMYECTBO JIMITUIOB B Pa3HBIX YACTAX TauloMa acKopuIymMa BapbUpoBasio oT 5,19
10 31,30 mr-r~! a. c. M. Penienraky sl B cpefiHeM coiepKasi GOJbIIE JTUMUAOB, YeM APYTHe 30HbI TaJI0-
Ma, TpUuEM 0COOEHHO CYIIIECTBEHHBIMU U cTaThcTruecku qoctoBepHbivu (p = 0,01, Tukey’s HSD test)
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OBbLIM pa3/IMuus B MIOHE B ryde 3aBanvmuHa (B 2,5—4 pa3a) u B uioJie B ryoe KopabdesnbHas (B 2,8—4 paza).
[Ipu cpaBHEHUM anekcoB U TaljioMa Oe3 aluKaJbHON 30HBI OTMEUYEHO, YTO KOJIUYECTBO JIMIHIOB
B aniekcax ObuIo0 B 1,4 paza 6onbie (p = 0,001, Tukey’s HSD test).

YrneBoapl npeobnagand B COCTaBe Uccaeqyembix oOpasuoB (cM. Tadn. 3). Tamnom 6e3 amu-
KaJlbHOM 30HBI cojiepkan Oonblee ux konmdectBo (487,7-773,9 MrT ' a. c. M.), uem npyrue
30HbI (354,4-618,5 mrr~' a. c. M.). B ceHTsa0pe M MIOHE B amekcax YIJIEBOJAOB OBLIO MEHBIIE,
YeM B pelienTaKkyJjax; B vioje 3a(pUKCUPOBAHO TPOTHUBOIIOIOKHOE pacrpe/iesieHHe.

Jurana3oHsl 3HAYEHUW SHEPreTUYeCKOM IIeHHOCTH A. nodosum, pacCUUTaHHBIE TO JIAHHBIM
O COflepKaHWW OEJIKOB, JIMIIMIOB M YIJICBOJOB B Pa3HBIX YACTSIX TaJUIOMa, ObUIM CJIEAYIOIIUMMU:
1,91-3,13 kkanr ! mis peuenrakyJos, 1,86-2,67 Kkkarr ! s anekcoB u 2,17-3,41 kkamr !
JJ1 TAJIJIOMOB.

Taéumna 3. ConepkaHue OEJIKOB, JMIUIOB U YIJIEBOJOB M SHEPreTHUYecKasi IIEHHOCTh (DYHKIMOHAIBHO
I epeHIMPOBaHHbBIX 30H TaJIoMa Ascophyllum nodosum B yoe 3aBanmiHa u ryoe KopabenbHast (ryda
Tepubepckas bapenueBa Mops)

Table 3. Content of proteins, lipids, and carbohydrates, and energy value of functionally differenti-
ated thallus zones of Ascophyllum nodosum in Zavalishin Bay and Korabelnaya Bay (Teriberskaya Bay
of the Barents Sea)

)
YRIIOHAIBHO I'y6a 3aBanuinnHa I'y6a KopaGenbHas
0 nuddepeHIm-
orasaredty poBaHHaA Cenrs10pb HioHb Hiosib Cenrs6pb HioHb Hiosb
30Ha TaJLIOMa 2023 1. 2024 1. 2024 . 2023 1. 2024 . 2024 1.
Peemmanmy | TOM TE | 45641 [ 5348+ [ 5595T% | 4475% | 35601+
HerraKy 0,93 0,17 0,01 0,01 0,02 0,06
Ancxen 60737+ | 40771+ | 4628+ | 23330+ | 41441+ | 2493+
Bemer, 035 0,14 0,05 0,02 0,12 0,88
MIT 2. €. M. Tammoms! 6e3
o s | 76391 | 20031+ | 4959+ 2081+ | 21957+ | 205510+
0,39 0,26 0,03 0,05 0,08 0,44
30HbI
Peneormmacvmy | 1982 VE | 2466 T [ 1658+ 8,59 1 + 20,62+ | 31307+
HerTary 0,02 0,13 0,03 0,03 0,06 021
Ancxca 1500 T+ | 10350+ | 1526+ 8354% | 8390 | 10997+
e 0,01 0,06 0,01 0,02 0,02 0,05
Mrra. ¢ M. TasioMsl 6e3
oo e | 13211 | 809 L+ 11,91 + 537 + 50190+ | 7817+
0,01 0,07 0,01 0,01 0,09 0,07
30HbI
Penermmacvmy | 01831 TE | 50442+ 354461+ | 5265T% | 4343% | 48610
HCTTARY. 0,28 0,70 0,35 0,25 0,47 0,90
Ancxcn 52193+ | 43420+ | 552,151+ | 403,17+ | 389,10+ | 56591+
VEneBons, 0,42 0,67 0,35 0,10 0,07 0,62
MrT 2. €. M. TasioMsl 6e3
o 623,86+ | 77397+ | 557341+ | 487,71+ | 530,72+ | 59157+
0,76 0,81 0,15 0,25 0,83 0,32
30HBbI
PeltenTaKkvLL 3,131+ 2,56 + 1911+ 2,56 T+ 2231+ 2,49 +
HETTaRY 0,03 0,05 0,06 0,04 0,02 0,05
Sueprery- A 2637+ | 2110+ | 2671+ | 1861+ 191+ 2561 %
HecKast fIeKCRl 0,03 0,02 0,01 0,04 0,01 0,01
LCHHOCT®, Tamnomel 6e3
kkanr ! a. c. M. ATHKATLHOR 3,11+ 3417+ 2,681+ 2,171 + 2,35+ 2,627+
o 0,05 0,01 0,01 0,02 0,02 0,01

Ipumeuanue: | — MUHMMANLHBIE 3HAUEHUS B CTPOKE; T — MAKCUMAJIbHBIE 3HAYEHUS B CTPOKE.
Note: | are the minimum values in the row; T are the maximum values in the row.
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CoaepxaHue MEeTabOIUTOB U SHEPreTUIecKasi LEeHHOCTh Oypo#t Boopociu Ascophyllum nodosum. ..

Jns pacyéra SHEPreTUUECKOro KBHBAJEHTa OMOMACCHI CYXOrO BEINECTBA Mbl aHAJTM3UPOBAJIH
COOTHOIIIEHHsI Pa3HbIX 30H TAUIOMOB (CM. puc. 1) y HamOosiee pernpe3eHTATUBHBIX SK3EMILISIPOB
A. nodosum, COCTaBJISIIOIIMX OCHOBHYIO JI0JII0 OMoMacchl momyJisimu (tadn. 4, puc. 2). Kpome To-
ro, IpY OMNpeJie/ICHUH MPOAYKIIMOHHBIX XapaKTePUCTUK BOJOPOCIICH MBI YUIM COfEpXKaHHE OOIIeH
30JIbHOCTH (TaOII. 4).

Ta6umma 4. DHepreTHUecKUil SKBUBAJIEHT OMOMACCHl U 30JIbHOCTh LEJbHBIX TAIOMOB Ascophyllum
nodosum B Ty6e 3aBaymimHa u ryoe Kopabenpnas (ryda Tepubepckas BapenneBa mops)

Table 4. Energy equivalent of biomass and ash content of whole thalli of Ascophyllum nodosum
in Zavalishin Bay and Korabelnaya Bay (Teriberskaya Bay of the Barents Sea)

I'y6a 3aBasuimna I'y6a KopabenbHast
IMokazaTtesnnb CeHts6pb Hionb HUionb CeHTs6pb HioHb Wionsb
2023 r. 2024 r. 2024 r. 2023 . 2024 . 2024 .
g;jﬁ;i?ﬁf:;gﬁf;ﬁ:ﬁf? 71,771+ | 281067+ | 18629+ | 8385+ | 175227+ | 81,170+
I 0,23 0,24 0,54 0,37 0,54 0,46
Sona. % 17,38 + 1541+ 17,49 T 17,62 1 £ 21,06 T+ 20,88 +
’ 0,02 0,01 0,02 0,03 0,01 0,02

Ilpumeuanne: | — MUHMMANBLHBIE 3HAYEHNS B CTPOKE; T — MAaKCUMAJIbHBIE 3HAYEHHSA B CTPOKE.
Note: | are the minimum values in the row; T are the maximum values in the row.
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Puc. 2. lunamuka 6MOMacchl M SHEPreTHYECKOro SKBUBajieHTa duomacchl Ascophyllum nodosum B rybe
3apayimHa U ryde KopadenbHast (ryda Tepubepckast bapeHueBa mopst)

Fig. 2. Dynamics of biomass and energy equivalent of biomass for Ascophyllum nodosum in Zavalishin Bay
and Korabelnaya Bay (Teriberskaya Bay of the Barents Sea)

Conepxanue 30JbI B OypbIX BOJOPOCSX M3 TyObl 3aBajMIIMHA BapbUPOBAIO B IUANA30HE
15,40-17,49 %, B obpaszmax u3 ryosl KopaGempHas — B auanaszo”e 17,62-21,06 % (p = 0,05,
Kruskal-Wallis test).

B xone paGoThl HAMM YCTaHOBJIEHBI PA3IUYMS B HAKOTUIEHMH HEKOTOPBIX BTOPUYHBIX META0OIUTOB
(mommgeHOJI0B U MUTMEHTOB) MEX/ly pa3HbIMU 30HaAMU Tajuioma. JluanazoH cojaep:kaHus MojimpeHo-
JIoB (puc. 3) B pa3HbIX yacTsx TajuioMa — ot 15,1 10 55,8 mrr ! a.c. m. s 10JIM(PEHOJIOB He BHISIBJICHO
3aKOHOMEPHOCTEH pacrpe/ie/IeH!sI B pPa3HBbIX YaCTSIX TAJUIOMA, OJTHAKO B IEJIOM JIJIsA A. nodosum 13 ryobl
3aBauIIMHA XapaKTepHO OOJiee BHICOKOE CoJiepKaHue MoM(eHOIIOB, YeM /s 00pa3ioB u3 ryost Ko-
padenbHas1. DTo ObUIO OCOOEHHO 3aMETHO B CEHTSOpE: cofiepkaHre NOMU(eHOIOB 0Ka3aloCh B CPpeTHEM
Bhille B 2,4 pa3a (p = 0,02, Kruskal-Wallis test).
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Puc. 3. Conep:xanue o011iei cyMmmbl o eHOIOB B (PYHKITHOHATIBHO Jrip(pepeHITPOBaHHBIX 30HAX TaJIO-

Ma Ascophyllum nodosum B ryoe 3aBammimuna u ryoe Kopabenpnas (ryda Tepubepckast bapeniiesa mopsi),

Ml"'l"_1 a. C. M.

Fig. 3. Content of total polyphenols in functionally differentiated thallus zones of Ascophyllum nodosum
in Zavalishin Bay and Korabelnaya Bay (Teriberskaya Bay of the Barents Sea), mg-g~! dry weight

UYro KacaeTcs MUTMEHTHOTO COCTaBa, TO Mbl OMpeAeTUIN B Oypoll BOAOPOCIU XJIOPOPULI @ U ¢,
OO0IIYI0 CyMMY KapOTUHOMJIOB U OTAEJbHO (DYKOKCAHTUH (TabII. 5).

Conepsxanue xnopoduina a B A. nodosum Bapsuposao ot 0,24 1o 1,85 mrr~! a. ¢. m., x0podu-
na ¢ — ot 0,03 10 0,40 mr-r~! a. c. M., kaporunounos — ot 0,32 10 0,76 mrr! a. c. M., PyKOKCaHTH-
Ha — ot 0,26 10 0,64 Mrr~! a. c. M. B 3pesibix peLienTakysiax OblIo 3HAYUMO GOJIbIIE XIOPOpUILIA ¢
1 (PyKOKCAaHTMHA, YeM B JIpyrux yacTtsax Bogopocieil. Coneprkanue Xjaopoduiia a ObUl0 MaKCUMallb-
HBIM B 3a4YaTKax perenTakysioB ¥ B pa3BuBaIuxcs arnekcax. CyMMa KapoTHUHOUJIOB B TaJUIOME Obljia
MeHbIIIe, YeM B areKkcax M perentakynax. PyKokcaHTUHA ObLIO OO0JIbIle B OYpbIX BOAOPOCISX U3 TYObI
3apanuinuHa, 4eM B oOpasiax u3 ryosl Kopadenbnas, B cpeqaem B 1,3 paza (p = 0,012, Mann—Whitney
U test).

C uenplo OlEHKM BIUSHUS TPEX (DAKTOPOB HA pacmpeiesicHre MeTabOoJMTOB B TaIOMe
A. nodosum nipoBe1€H MHOro(akTOpHbIA JucniepcuoHHbl aHam3 (MANOVA) (cM. npunoxkenust 1-4:
https://marine-biology.ru/mbj/article/view/525). Takoi ¢akTop, Kak mMectooduTanue (naBe ryon ba-
peHIieBa Mopsi — ryba 3aBayimmmHa U ry0a KopabesbHast), UCTIOIb30BaH KaK COBOKYITHBIA PaHTOBbIN
nokazartesib aOMOTUYECKUX YCIIOBUH (CONIEHOCTh U TPUOOWHOCTD ).

BrisiBiIEHO, 4TO 30Ha Ta/uloMa Kak (pakTop OKasaja CyIlecTBeHHoe BiausgHue (21,95-61,96 %)
Ha pacrpe/ie/ieHue BCeX UCCIIEeA0BAHHBIX METa00IMTOB, 32 UCKITI0UeHHeM nosvgenono. Pasza pa3MHO-
JKeHWsI B HAMOOJIBINIEH CTeTieHH TIOBJIHMSUIO Ha cofepxanue 6ekoB (58,42 %), momudenonos (44,89 %),
xyopodmia ¢ (25,67 %) n marmmaoB (16,90 %). MecrooOutaHue Kak COBOKYITHBIA aOMOTHYECKUM
(akTop OBUIO HaMOOJee 3HAYMMBIM JUIS cojepxkanus nomdenonoB (84,11 %), 6enkos (78,12 %)
n ¢ykokcantuHa (59,52 %); TakkKe OHO OKa3blBAIO JOCTOBEPHOE BIIMSHUE HA PaCIpE/eICHUE
yrieBos10B (26,02 %) u munuaos (25,70 %).

AHanu3 B3auMOAENCTBUN MeK Iy (paKTOpaMu MOKa3aJl HAIMY1e KOMOMHUPOBAHHOTO BIUSTHUS 30HBI
TajutoMa ¥ (ha3bl Pa3MHOKEHH s Ha ypOBHU JUIUI0B (43,88 %), 6enkoB (28,76 %), yrneBonos (27,40 %)
u xjopodmnna ¢ (26,00 %). CoBmMecTHOEe BO3/IEHCTBUE 30HB TAJZIOMA U MECTOOOUTAHUSI ObLIIO 3HAUM-
MbIM Ji7151 pyKokcaHTHHA (28,93 %) u 6enkoB (26,44 %). BmusHue (a3bl pa3MHOXEHUS] 1 MECTOOOUTA-
HUS 0Ka3aJIoCh JIOCTOBEPHBIM TS TosideHoIoB (55,31 %), 6enkoB (51,09 %) u murmamos (21,83 %).
Hakonern, B3aumopeiicTBre Bcex TpEX (haKTOPOB ObLJIO CTATUCTUYECKU 3HAYMMBIM TOJIBKO B Cllyyae
¢ cozepxaHuem 1nosmgeHoos (29,88 %).
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Tadémmua 5. CoaepxaHue (POTOCMHTETMYECKMX MUIMEHTOB B (DYHKUMOHAIBHO IU(depeHIPOBaHHBIX
30Hax TawioMa Ascophyllum nodosum B ryde 3aBanmuimumHa u ryoe KopaGenbHasi (ryda Tepubepckas
bapeniieBa Mops1)

Table 5. Content of photosynthetic pigments in functionally differentiated thallus zones of Ascophyllum
nodosum in Zavalishin Bay and Korabelnaya Bay (Teriberskaya Bay of the Barents Sea)

OyHKIMOHAIBHO
I'y6a 3aBanummHa I'y6a KopabenbHast
g pepeHm-
Mirmert poBaHHaA CeHra0pb HioHp Hiob Cenrs6pb Wionb Hionb
30Ha TaJlIoMa 2023 r. 2024 r. 2024 r. 2023 r. 2024 r. 2024 r.
— 1,08 T+ 0,97 £ 0241+ 0,72 £ 1,257+ 0321+
0,04 0,05 0,02 0,01 0,04 0,03
0,821+ 1,76 T £ 1,02 £ 1,25+ 1,85 T+ 1,171 £
Xnopopunn a, Aneich! 0,00 0,03 0,02 0,01 0,04 0,01

Ml"~1“_1 a. C. M.

Tannomsr Oe3

. 0,81 £ 0,88 T+ 1,201 + 0,691 + 1,237+ 1,08 +
ANMUKATLHON

0,01 0,23 0,00 0,00 0,01 0,07
30HbI
Penermagm | 003V E | 0407z 0,12+ 0061+ | 0227+ 0,17 +
0,00 0,08 0,01 0,00 0,05 0,03
0,041+ 0,08 + 0097+ | 0050% | 0050+ | 0,107+
Xnopodui c, Anexcpl 0,02 0,03 0,00 0,00 0,01 0,03

mrr ! a. c. .

TasoMsl 6e3 003+ 0,04 + 0,06 T+ 0,04 1 + 0,041 + 0,057+

AMHKATLHOM 0,01 0,01 0,01 0,00 0,01 0,01
30HbI
N 0,70 T + 0,67 0,391 + 0,36 + 0,59 T + 0,321+
HeTrTaky. 0,02 0,09 0,01 0,01 0,04 0,07
Cymma Anexen 0,52 + 0761+ | 0381+ 0,57 + 0731+ | 0461+
KAPOTHHOWJIOB, 0,02 0,12 0,01 0,00 0,15 0,05
-1
MET " a. €. M. Tﬁgﬁ”;ﬁf 0471+ 039 + 0341+ | 0341+ | 0497+ 0,36 +
0,01 0,06 0,01 0,01 0,01 0,03
30HbI
Perermacun | 004 TE | 0641 0,63 + 0321+ | 0487+ 039 +
HETTTaky. 0,00 0,10 0,01 0,02 0,06 0,04
A 0,49 + 0511+ | 0461+ | 0370+ | 0411< 0,39 +
DyKOKCAHTHH, TIeKCH 0,03 0,01 0,01 0,02 0,07 0,02
Ml a. e TasioMsl 6e3
. 04071+ | 0290+ 037 + 0261 + 0,30 % 03117+
alITMKaJIbHOU

0,02 0,02 0,01 0,02 0,02 0,05
30HBI

Ipumeuanue: | — MUHMMABLHBIE 3HAYEHUS B CTPOKE; T — MAKCUMAJIBHBIE 3HAYEHHSA B CTPOKE.
Note: | are the minimum values in the row; T are the maximum values in the row.

OBCYKIEHUE

W3BecTHO, 4TO cofepxkaHue MeTaboJMTOB OyphIX BOJOPOCIEH M MX 3amachl Ha JIMTOPAIN Bapbu-
PYIOT B 3aBUCIMOCTHU OT 9KOJIOTHUECKUX YCIOBUI U (PU3UOTOTMIeCKHX 0cOOeHHOCTeH Buaa [YepHoBa,
2015; Bogolitsyn et al., 2023]. 17151 Kas 101 MOITYJIAIAH BH/IA B 3aBUCHMOCTH OT MECTOOOUTAHUS TTIEPHO/T
MaKCHUMAaJIbHOTO HAKOIUIEHUsI OMOJIOTMYECKHM aKTUBHBIX METAOOJMTOB U MEPHUO]T MAKCUMAaJIbHOW SHEP-
ro€MKoCTH (Korga 6ruomacca o6a1aeT OOIbIIMM SHEPreTHUECKUM MOTEHIMAIOM) MOTYT He COBIAIaTh
[bromacca kak uctroyHuk 3Hepruu, 1985].

CornacHO HallMM JTaHHBIM 110 A. nodosum w3 TyObl 3aBammimHa u ryos KopabenbHas BapeniieBa
MOps1, UK OMOMACCHI COBIAJAET C MMKOM SHEPreTHUECKOro SKBUBAJIEHTa OMOMACChl CyXOro BELIeCTBa
BOJIOPOCJIE ¥ HE COBMAAAET C TMKOM HAKOIUIEHU S OJM(EHOIOB U MUTMEHTOB. VIMEHHO IO3TOMY MECTO
U niepuo/ coopa JOKHBI ObITh BHIOPaHBI B COOTBETCTBUM C TeM, K4K OyJeT UCMOJIb30BaThCsl OroMacca.

Marine Biological Journal 2026 Vol. 11 No. 2



58 A. B. Naypuesa, E. [I. O6nyunnckas, C. B. Konbeesa

[Mo ymTepaTypHBIM JaHHBIM, Oypast BOAOPOCHb A. nodosum oOpa3yeT T'yCThie 3apOCH C BHICOKOR
Oromaccoi B IuTopasibHOM 30He CeBepHOM ATIAHTHUKH, a TAaK:Ke 10:)KHOTO rodepexbs bapentiera u Kap-
ckoro Mopei. Ha nmutopainu BoctouHoro nodepexbs Koabckoro 3ajimBa Ha KAMEHUCTBIX POCCHITISIX TTOJTY-
OTKPBITBIX GeperoB GMoMacca BI/Ia JOCTUraeT 69 Kr-M~2, a B 3alIMIEHHBIX MecTax — 42 kr-M~2. Ha ot-
KPHITHIX BalyHHBIX HOOEPEKbAX TOKA3aTe b HUuke — 0KoJ1o 60 kr-M~2. Biomacca B Besiom Mope Bapbu-
pyet ot 27,6 no 43,2 kr-M 2, a B Kanpanakmckom 3ammuBe — ot 24 10 34 kr-M~2. B OHEKCKOM 3ajI1Be
3HAYEHUs1 MOTYT JOCTUraTh 52—60 KI-M ™2, HO Yallle OCTAITCS B npenenax 30-35 kr-M2. B CEeBEPHOMN
yactu Konbckoro 3ammBa Bapenriepa Mops 61omacca Huke — 10 4,2 Kr-M™2; IpU 9TOM OOILUE 3arachl
orieHeHsl B 371,4 T (ceipas macca), unu 74 T (cyxas macca) [[TogkopsitoBa, Pormuna, 2021]. B padote
H. B. EBceeBoii [2015] Oputa onpeiesieHa TMHAMUKa OUOMACCH A. nodosum ¢ Masi Io CEHTSIOpb Ha JIMTO-
pasu K 3anafy ot Konbckoro 3anmpa. MuHIManbHOE 3HaueHue 3a(MKCUPOBAHO B ceHTAOpe (5,5 Kr-M~2),
a MAaKCUMAJIbHOE BBISIBJICHO B MIOHE (25 KI-M ™).

OtmeTuM, uto 6romacca A. nodosum B 2024 1. cyniecTBEHHO BO3POCJIa MO CPABHEHUIO C TAKOBON
B IIPeAbIAYILME O/Ibl McclieoBaHUi. [1o 1aHHBIM, TOJTyYeHHbIM HamMH paHee, B 2022 r. cpeaHsist buomac-
ca B nosce Buja B ryde KopaGenbHas u rybe 3aBanmuimmna coctapisiia 14,9 kr-m™2; B 2023 r. 3HaYeHue
B ry6e 3aBa/IMIIMHA JOCTUrAIo B cpeaHeM 16,5 kr-m~2, a B ry6e Kopabensnas — 11,9 kr-m~2 (1o uHGpOp-
maru C. B. Konbeepoit). CymiecTBeHHOE yBeIMueHre OMoMacchl, 3apukcupoBaHHoe B 2024 T., MOXET
OBITB CBSI3aHO C OOJIee BHICOKMMHU TEMITEpaTypaMH B MIOHE U HIOJIE 3TOTO rojia 1o CPAaBHEHHIO C TeMIlepa-
Typamu B 3T ke Mecsinb 2022 1 2023 rr. B 2025 r. 6uomacca onieHena B 21,5 kr-M~2 B ryOe 3aBauiig-
Ha u 25,2 kr-M~2 B ry6e Kopabenbhas. CoracHo 0000MEHHBIM KIMMATHYECKIM U OKEAHOJIOTUYECKUM
JaHHBIM, UIOHb U 0cOOeHHO uionb 2023 1 2024 rT. XapaKTeprU30BaIUCh MPEBHIIIEHUEM MHOTOJIETHUX
TeMITepaTypHbIX HOpM Ha 1-2 °C, 4TO COOTBETCTBYET OOIIEMY TPEH/Iy MOTEIUVICHUS] B apKTUIECKOM
CeKTOpe ATJIAaHTHUKHU.

Panee Obut0 mMOKa3aHo, YTO MUK Ouomacchl A. nodosum B BapeHIIEeBOM MOpe MPUXOAUTCS
Ha MIOHb — HIOJIb; TOcJie cOpoca BOJOPOCTIbIO PElENTaKyJI0B 3HAYCHUE CYIIECTBEHHO YMEHBINAETCS
(1a 15-50 %) [EBceena, 2015; Kankos, Illomuna, 2021; [llommuua, Kankos, 2014]. D10 CBSI3aHO ¢ TeM,
YTO JIOJISI MAaCChl BCeX PeleNTaKyJIoB K OOIIel Macce Ta/UIoMa Y aCKOPHUTyMa COCTaBJIsSIeT B CpeTHEM
10-30 % [EBceeBa, 2023; Ky3nenon, 1960]. OgHako nmoka3aTejib MOKET CUJIbHO BApbUPOBAaTh B 3aBU-
CHMOCTH OT MeCTOOOMTaHHUsI, (ha3bl 3PEJIOCTH PEIeNTaKyJIOB U BO3pacTa pacTeHuil. BeposTHO, ik O1o-
Macchl B Hauasie jeta o0yCJIOBJIeH KaK MHTEHCUBHBIM BETE€TATUBHBIM POCTOM, TAK M MAKCUMAJIbHBIM Pa3-
BUTUEM I'€HEPATUBHOM 30HbI, PE/ICTABIEHHON 3pEJIbIMUA PEeLIENITAKYIaMHU, J10JIs1 KOTOPbIX B UIOHE I0CTH-
raet 40 % B ry6e 3aBanummHa u 58 % B ryde Kopabenpras. [IpocTpaHcTBeHHAs BApHAOETBHOCTD OJIH
Macchl perientakyJyioB B utoiie (1 % B ryoe 3aBammmmaa 1 39 % B ryde KopadenbHast) cBUIETEIbCTBYET
O BJIMSIHUM JIOKQJIbHBIX (DaKTOPOB Cpejibl Ha penpoAyKTUBHYIO (hazy Oyphix Bojopocieil. B ceHTsiOpe
J0JIs1 MacChl 3a4aTKOB PEIeNTaKyJI0OB YMEHbIAeTcs1 B 00eux rydax a0 7 %, 4To CBSI3aHO C HAYaJIbHOU
craaueit GOpMUPOBAHUSI TEHEPATUBHBIX CTPYKTYP MEPE]] OUEPETHBIM PETPOTYKTUBHBIM LIUKJIOM.

Omnenka 6uomaccel Bogopociein A. nodosum B ryoe KopabGenbHas u rybe 3aBauIIMHA B JAHHOU
padoTe BBISBUJIA CXOJIHBI XapaKTep M3MEHEHUH: 3HaUYeHUsI OMOMAcChl ObLIM MaKCUMAJIbHBIMH B TIe-
puon (epTUIILHOCTH, COOTBETCTBYIOIIMI JIETHUM MecsiiaM. Bmecte ¢ Tem B ryde 3aBaiminmmHa OHO-
Macca XapaKTepu30Baiach 0OJiee BBICOKUM SHEPreTUIeCKUM SKBUBAJIEHTOM M MEHBIIEH 30JIbHOCTBIO,
YTO CBUJETEJILCTBYET O JIOKAJIbHOW BapuaOeIbHOCTH MPOIYKIIMOHHBIX MTOKA3aTeliel BUJIa, B TOM YHUCTIe
10/1 BO3/ICHICTBUEM KOMILIEKCA Pa3IMYAIONIUXCSl aOUOTHYECKUX (haKTOPOB (IPUOOHHOCTD, COJIEHOCTD
Y TEMIIEPATYpa).

[MpoBeéHHas OlleHKA SHEPreTUYEeCKON LEHHOCTH Pa3JIMYHbIX 30H TasioMa A. nodosum w3 IBYX
ParioOHOB MO3BOJIJIA BBISIBUTH KaK OOIIFE TPEH/IbI, TAK U PA3JIMUusl, 00YCJIOBIEHHbIE JIOKAILHBIMH yCIIO-
BusiMu. Ha ocHOBe JlaHHBIX TaOJ. 3 ¥ 4 MOXHO CIeJiaTh BBIBOJ O TOM, UTO HAIpaBJICHUs] U3MEHEHUI
OUOMACCHI M SHEPreTHUECKOTo SKBUBAJICHTA OMOMACCHI CYXOr'0 BEIleCTBa COBIAIAIT (CM. puC. 2).

Mopckoii 6uonornyeckuii xkypHaia 2026 Tom 11 Ne 2



ConepxaHre MeTaOOIUTOB U SHEPreTUIecKast IIeHHOCTh Oypoit Bogopociu Ascophyllum nodosum... 59

Conepsxanue OEJIKOB, JIMITUIOB U YIJIEBOJOB B Pa3HbIX (DYHKIIMOHATBHBIX 30HAX TAJUIOMA acKO(HII-
JlymMa BapbHpOBAJIO B 3aBUCMOCTH OT MeCTa U BpeMeHH ero coopa.

Harm viceietoBaHMSI IO3BOJIMIIA YCTAHOBUTD, UTO TAJIJIOM O€3 alMKaIbHOM 30HBI COIePKUT B 1,3 pa-
3a OOJIbINIE YIJIEBOJIOB, YeM Jpyrue (hyHKIIMOHAJbHBIE 30HBI, BO Bce neproiasl. Kpome Toro, B MioHe
U MI0JIe B ameKkcax ollriee coJep:kaHue caxapoB MEHbIIle, YeM B pellernTakynax. B centsope, HaoOopor,
B afekcax YIJIEeBOJIOB CTAHOBUTCS OOJibllie, YeM B 3a4aTKax pelenTakysoB. [loBbllieHre coepKaHus
OOIMX YITIEBOJIOB B areKkcax OyiMke K OCEHHeMY TepUOAYy COIJIacyeTcsl C JaHHBIMH O pacrpe/ieIeHUN
MaHHHTA (OJTHOTO M3 OCHOBHBIX YIJIEBOJIOB B OYPHIX BOJOPOCIISIX) B Pa3IMUHBIX YaCTIX TayuioMa Fucus
vesiculosus, nomydeHasiMu M. I1. Kmuaoyx [2018].

V3MeHeHre KOJMYecTBa yIriieBOA0B B BOAOPOCISIX MOXET ObITh 0OYCIOBIEHO BUIOM pacTeHusl, a-
300 pa3MHOXkeHHs ¥ cpenior ooutanus [O6myunHckas, 2024]. [To raHHBIM MHOTO(aKTOPHOTO aHAIN3a,
Ha coJiepKaHue YIJIEBOJIOB OKa3aJIy BIMSHUE 30HA TAJUIOMa, MECTOOOUTaHUE, a TAKKe B3aUMOJICHCTBUE
ABYX (hbaKTOPOB — 30HBI TAJUIOMA U (pa3bl pa3MHOKeHHs. Hamu 3amedeHo, 4To B 3pelibiX pelenTaKkyiax
YIJIEBOAOB MEHbIIIE, YeM B 3a4aTOYHBIX; TaKasl ke 3aKOHOMEPHOCTh XapaKTepHa ISl KoJInJyecTBa Oelka
B pelienTaKyJiax.

Bypble MOpcKkure BOIOPOCIH OOBIYHO coaepskar ot 3 10 15 % a. c. m. 6enka [O’ Brien et al., 2022].
STH BOAOPOCIU MOTYT CIIYKUTh UICTOYHUKOM MPOTENHA, He TPEOYIOIIUM ISl BHIPAIIMBAHUS HU MAXOT-
HBIX 3eMeJib, HA MpecHO Boabl. OMHAKO copepkaHue OelKka B HUX HeCTAOMJILHO M 3aBHCHUT OT BUJA,
napaMeTpoB MeCTOOOMTaHUs, ce30Ha U (ha3wl pa3BuTHs Tauioma [Bogolitsyn et al., 2023].

JlanHble 0 Gosiee BHICOKOM COJepKaHUM Oellka B BOAOPOCISAX U3 ryObl 3aBajMIINHA, IIe MPUOou-
HOCTh MHTEHCUBHee, yeM B ry0e KopaOenbHasi, COOTHOCSTCS ¢ pe3yJibTaTaMu OIpeesieHHs] OOIIero
KoymdecTBa Oenka y Laminaria saccharina (= Saccharina latissima), y KOTOpO N3MEHUYUBOCThH 3TOTO
IIOKA3aTesis 3aBUCeNa OT MOABUAKHOCTH BoAw! [[IpombiciioBeie, 1998]. CornacHo JmTepaTypHBIM UCTOY-
HUKaM, coJiepkaHue OeJika B Cpe/iHeM OOJIbIle Y pACTEHUH, IPOU3PACTAIONINX B IPUOOMHBIX YCIIOBHSIX,
YeM y pacTeHU U3 3alIUIIEHHBIX YYaCTKOB.

PenienitakyJibl B MIOHE cofiepkasid OOJIbIliee KOJMUYECTBO OeJlka, YeM Jpyrre YacTd TayioMa BOJIO-
pocneit A. nodosum. IlomydeHHble JaHHBIE CONOCTABUMBI C pe3yJbTaTaMU, MPeCTaBIEHHbBIMUA B pa-
oote E. [I. O6nyunnckoii [2020], re ObUIO MOKa3aHO, YTO MO KOJIUYECTBY CBOOOTHBIX aMHUHOKHCIIOT
peuienTakyisl F. vesiculosus He yCTyNaioT almuKaJIbHBIM YacTsAM PACTEHUSI.

CornacHo cBe/IeHHSAM O 30HOCTIEIIM(PUYHOM paclipelesieHud MeTaboIMTOB B TajljioMe pyKyca Imy-
3bIPYATOrO, €ro LEHTPaIbHAS 30HA SIBJISIETCS] OCHOBHOM (hOTOACCUMUJISIIMOHHON TKAHbBIO, & areKChl —
aKLENTOPHOW 30HOH, B KOTOPOW UAYT aKTHBHbIE OMOCHHTETHUYECKUE Tpoliecchl. benku, mpeodiaaaio-
e B IEHTPAIbHON 30HE TAJUIOMa, CBSI3aHBI IPEUMYIIIECTBEHHO C (POTOCMHTE30M U METa0OIU3MOM
YIJIEBOZIOB, TOT/IA KaK OCJIKK, JOMUHHUPYIOIIHE B alTUKATBbHBIX (BEPXYIIEYHBIX) 30HAX, ACCOLIMUPOBAHBI
¢ MeTabOIM3MOM HYKJIEMHOBBIX KHUCJIOT, OMOCHHTE30M OEJTKOBBIX MaKpPOMOJIEKYJT U KJIETOUHBIM JIbIXa-
HueM [Jlememesa u ap., 2019].

Jlist pyKycOBBIX BOAOPOCIIEN XapaKTepeH anuKaabHbIN pocT. OH MPOUCXOANT 3a CUET JIeJICHUS allu-
KaJIbHOW MEPUCTeMbl — KJIETOK BEpXYIIIEUYHOW YacTH TautiomMa (CTBOJIA, BETBEH), UMEIOIIel BUI TPEX-
IPaHHON YCeUEHHON MUpamMuIbl. AMMKaIbHASI MEpPUCTEMA COJIEPKUT LIEHTPAIbHYIO ATUKATBHYIO KJIETKY
WU KJIETKU, PACTIONIOKEHHBIE B BEPXYIIEYHOU SIMKE, KOTOpasi OKpyKeHa IPYIION aKTUBHO JIEISIIXCS
MepucTeMaTuieckux kjietok [Kamues, 2023].

B nuteparype ecth JaHHBIE O KOPPENSILIUM COAEPKaHUS OTAEIbHBIX AMUHOKHCIIOT KaK B Pa3HbIX
yuyacTkax Tajuioma F. vesiculosus, Tak U y MOJIOZIBIX BOJOPOCIIEH € CONIEHOCTBIO MOPCKOH BoIbl. Hamuue
TaKOM CBSI3M MOXET CBUIETEJILCTBOBATH 00 yYaCTUM ITUX AMUHOKHCIIOT B MIPOIIECCaX OCMOPETYJISAIUH
Oypsix Bopopocieit [Oo6myunHckas, 2020].

B nenom o6pasipl u3 ryobl 3aBaauiliiHA XapaKTepU30BAIKCh 0oJiee BHICOKMM coliepkaHueM Oel-
KOB U JIMMIUJIOB, YeM 00pa3iibl U3 ryosl KopadenbHas, 32 ICKIIIOUEHUEM UIOJIS, YTO MOKET ObITh CBSI3aHO
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C pa3MuMsMU B CpOKax cOpoca perenTakyjoB M3-32 pa3HUIILl B TeMIlepaType B 3THX JBYX rydax
B mioJjie (Tadur. 2).

B npenenax ogHOTO pacTeHHs1 CaMbIMKM SHEPreTUYECKHM LIEHHBIMU SIBJISIIOTCS PACTYILIME YacTH Tajl-
JIOMa: KaJIOPUIHHOCTh YTOHYEHHBIX U O0Jiee pa3BEeTBIEHHBIX YacTell BOJOPOC/IEH Ha HAYaIbHOUM CTaIuN
UX pa3BUTHS BBIIIE, YeM TaKOBasi Oojiee 3pebiX, YTOMIIEHHBIX TAJUIOMOB [Anekcannpos, 2001]. B ry-
6e 3aBammmHa U ryoe KopabenbHast HANOOJBIITYIO SHEPTETUIECKYIO IIEHHOCTh UMEJIU arleKChl B MI0Je
(2,56-2,67 kkan-r~! a. c. M.) U perenTakyis B ceHTAOpe (2,56-3,13 kkanr~! a. c. M.) (cM. Ta6m. 3).

JIumuel OOBIYHO BHIAETISIOT M3 OMOMACChl BOJOPOCIIeH B BUJIE JIMIUAHO-IMTMEHTHOTO KOMILIEK-
ca [[Tapumna, 2022]. ITurmeHTHBII KOMIUIEKC A. nodosum BKIOYAET XJI0POpUILI @ U ¢, PYKOKCAHTHH,
AypOKCaHTHH, HEOKCAHTUH, BUOJIOKCAHTHUH, aHTEPAKCAHTHH, JTIIOTEUH, 3€aKCAHTHH U f-KapoTuH. O1HaKO
coJiepKaHKe MepPeUrClIeHHbIX TUTMEHTOB B A. nodosum MeHblIIIe, YeM B IPYTUX MPEICTABUTENAX OyphIX
Bopopocnen (F. vesiculosus v Fucus distichus) [UrnatoBa u ap., 2021; Daurtseva, Obluchinskaya, 2019].
Ce3oHHasi AMHAMMKA U pacripefesieHle MMTMEHTOB 110 TaJuIoMy ObUTH U3YYeHBl B OYphIX BOJOPOCIISAX
Saccharina [I'epacumenko u 1p., 2015]. Bputo nokazaHo, 4YTo XapakTep U3MEHEHUI B COJEpKaHUM JIU-
NUI0B U (DOTOCUHTETUYECKUX TTMTMEHTOB B pa3HBIX 30HAX TaJUIOMa MMeJ BUIOBbIe OCOOEHHOCTH M 3a-
BHUCEJI OT CE30Ha U MecTa cOOpa BOAOPOCeil. AHAIN3 MUIMEHTOB F. vesiculosus TpoaeMOHCTPUPOBA,
YTO UX KOJIMYECTBO B BET€TATUBHBIX TKAHIX B3POCTIBIX PACTEHHIA MAKCUMAJIbHO B 0a3aIbHBIX yYacTKax
TaJJIOMa 1 MUHUMAJIbHO B amnekcax [TapaxoBckas, Macio, 2010]. D10 cBS3aHO ¢ pa3HON CTENEHbIO
OCBEIIEHHOCTH alMKATBHBIX U 0a3aJIbHBIX YYAaCTKOB: (DYKYCOBBIE BOJIOPOCIH, KaK MPaBUIIO, 00pa3yioT
IUIOTHBIE 3aPOCIIH, IIPU STOM Ha MIOBEPXHOCTH OKA3bIBAIOTCSI alleKChl M PELICTITAKYJIbL.

Conepsxanue (POTOCHHTETUIECKUX TTUTMEHTOB MOKET 3aBUCETh HE TOJILKO OT MHTEHCUBHOCTH OCBE-
IIEHKS, HO U OT MPOIIECCOB, MPOUCXOISIINX B CAMOM PaCTEHUH, — OT HAKOIUIEHWsI WIIK TIOTPeOIeHUS
3aIacHBIX BEIECTB, POCTA, PENPOAYKLIMH U T. 1. OHU MOTYT U3MEHSATh COOTHOIIIEHHUE TUIOIIAIU U MACCHl,
TO €CTh OCHOBY, Ha KOTOPYIO IPH aHAJIM3€ PACCUUTHIBAIOT COJIEpKaHue MUTMEeHTOB [Makapos, 2010].

Cornacao [Ryabushko et al., 2017], noBbllieHHble YpPOBHU (DYKOKCAaHTHHA B OYpbIX BOAOPOCIISX
Cystoseira CBUJETENLCTBYIOT O BaXXHOUM POJIM STOT0 KApOTUHOMA B afanTtaiuy (POTOCUHTETUYECKOTO
anmnapaTa pacTeHUd K aHTPOTIOTEHHBIM U3MEHEHHSAM OKPYKAIOIeH Cpe/ibl.

B nanHoii paGoTe yCTaHOBJIEHO, YTO B PELENTAKYJIax COAEPKUTCS OoJblie (DyKOKCAHTUHA U XJIOPO-
(pusa ¢, 4em B BereTaTUBHBIX 30HAX TAIJIOMA. DTO COMIACYETCs C TeM, UTO pelenTakybl A. nodosum
00ecreunBalT He TOJBHKO (DOPMHUpPOBAaHME TaMeT, HO M HAKOIUIEHWE TMHUIMEHTOB, YTO MOXKET OBITh
CBSI3aHO € MX (PU3HOJIOTMYECKON aKTUBHOCTBIO U C BBIIIOJTHEHUEM 3alUTHBIX (DYHKIIWI.

[Ipu cpaBHEeHWM copepkaHuUs MOJIU(MEHOJIOB B Pa3HBIX 30HAX TaywiomMa A. nodosum u3 OBYX TyO
BapeHIieBa MOpsi HaMU He OBUIO BBISIBJIEHO €IMHON 3aKOHOMEPHOCTH, UTO TAKKE COIIACYETCS C Pe3yJib-
TatamMu OoJjiee paHHUX MCCIIEAOBaHUN MOMU(EHONIOB B pa3HbIX BUAAX OypbIX BOAOPOCTEN U3 pas3iiny-
HBIX MecTtooOuTanmii [ Tkau, O6myunnckas, 2017]. HekoTopsiMu aBTOpaMu MOKa3aHO, YTO COJEpKAHUE
MoJIM(PEHOJIOB Ha MPOTSIKEHUU Bcer a3kl (PepTUIILHOCTH (C anpesisi Mo UIOHb) OCTAETCSI HEBBICOKUM,
a MaKCUMYM TIPUXOJIUTCS Ha Tiepro]] cOpoca perentakyyioB [OomyunHckas, 3axapora, 2020; Kyung-
Tae, 2012]. [Ins pa3HbIX MOPCKUX aKBATOPUW CE30HHBIE U3MEHEHUS B HAKOILJICHUH MOJIU(GEHOJIOB OT-
JMYAIoTCs. Mbl MOKeM B LIEJIOM OTMETUTb, UTO CpeiHee coJepkaHue Moau(eHOIOB BhIIlIe B BOJOPOCTSX
13 ryObl 3aBajMIIMHA, YeM B pacTeHusix u3 ryosl KopabenbHasi.

Buomaccy, sHepreTMuecKyIo LIEHHOCTb U 30JIbHOCTh BA)KHO YUUTHIBATD IIPH PACCMOTPEHUU MOPCKHX
BOJIOPOCJIEH B Ka4eCTBE MEPCHEKTUBHOIO ChIPbsi AJIs1 pa3MYHBIX OTpaciel MpombIluieHHOCTH. [Toka-
3aTe UX OMOMAcChl M YUCJIEHHOCTH B COBOKYITHOCTH TMO3BOJISIIOT CYIUTh O CTPYKTYpe TMOIYJISIIN
1 0 e€ poau B OuorieHo3e. BricTpoe HakorieHue GuoMacchl OyphIX BOJOPOCTEN 03HAYAET BBHICOKYIO
ckopocTth norsomeHnss CO, U3 okpyxkalolei cpefpl B Xxozie (PoTocHHTE3a (3TO CIOCOOCTBYET CBSI3bI-
BaHUIO YIJIepoAa), a Takxke (POPMUPOBAHUE 3HAUYMTEILHOTO CHIPHEBOTO MOTEHIIMANA /1711 TPOU3BOJICTBA
ouorasa. BeicoKast 30JbHOCTh YKA3bIBAa€T HA TO, UTO pacTeHUs OoraTbl MUHEpalamMH (M0J0M, KaJueMm,
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KaJIbLIUEM M MarHueM), 4To SIBJISIETCSl BAXKHBIM JJIsI MUINEBOU MPOMBIIUIEHHOCTH, (hapMalliy U Mpo-

W3BOJICTBA YIOOPEHUI U KOPMOB, OJTHAKO CHMXKaeT 3(PPEKTUBHOCTb CKUTAHUS MPH UCIIOJIb30BAHUU

ouomaccel B OMo3HepreTuke [bruomacca kak UCTOYHUK sHepruu, 1985]. HeBbicokas sHepreTuyeckas

LEHHOCTB JieJ1aeT Oypble BOAOPOCIN JUETUUECKUM MTPOAYKTOM. [Ipr 5TOM OHM MeHee BBITOHBI KaK TOM-

JIMBO, XOTS Y HUX €CTh MPEUMYIIECTBA: OHU OBICTPO PACTYT U HE BCTYMAIOT B KOHKYPEHIHIO 32 TIaXOT-

Hble 3eMJTH. VIX TJIaBHOM MPOAYKIMEH SIBISETCS HE SHEPrusi, a OMOJIOTMUYECKH AKTUBHBIE METAOOIUTHI

(monucaxapuipl, NOJU(PEHOINBI, (PYKOKCAHTHH U AP.).

Takum o6pazom, cofiepxkanue MeTaboIUTOB B A. nodosum onpeaensieTcsi CI0kKHbIM B3aUMO/IENCTBU-
€M SHJ/IOTEeHHBIX (PAaKTOPOB, KOTOpPBIE CBA3AHHI C (Da30i pa3MHOKEHHUs M 30HOM TaJjloMa, U abuoTude-
CKHUX (PaKTOpPOB, OTPAKAIOMIMX YCIOBUSI Cpebl. DTO HEOOXOAUMO YUUTHIBATH TP OIIEHKE PECYPCHOTO
MOTEeHIIMaIa BOJOPOCIIEN U IPY ONTUMM3ALMY X UCIIOJIb30BAHUS B TPOMBIIIIJIEHHBIX 1IEJIsIX.

[TpoGiema u3ydyeHusl BIUSHUS Pa3InIHBIX (DAKTOPOB HA OMOXHUMHIO OYpHIX BOJOPOCIIEH CBsS3aHA
CO CJIOKHOCTBIO BbIJIEIEHUS BEAYIIMX SKOJIOTMUECKUX MapaMeTpOB, ONpeAessSoImX ux (punoaorunye-
CKO€ COCTOSIHME M XMMUUecKuii cocTaB. [l A. nodosum yctanoBieHo [ Xaitnos u ap., 1992], uro Ha 6uo-
XMMHUYECKHE MOKa3aTesd OO0JIbIle BIUSET MPUOOWHOCTh, YeM TeMIlepaTypa M COJEHOCTh BOAbL. Pa3-
JIMYMST B COJIEHOCTH B MICCIIEyEMbIX T'yOax He OKa3bIBAaIOT CYIIECTBEHHOTO BO3JECHCTBUS, MOCKOJIBKY
e€ 3HAYeHUsI HAaXO/ISITCS B ONTUMAJIbHOM J1s1 BU/Ia AMana30He, TOra Kak AMHaAMUKa TeMIIepaTyphl B JIET-
HUI niepuoj (B UI0Jie) MOXKET BIUATh HA CPOKU cOpachIBaHMS pelienTakyioB. [Ipu 3ToM UMEHHO Mpu-
OOMHOCTD SIBJISIETCSl KJIIOUEBBIM (PAKTOPOM, OIMpeessiomyuM MOP(QOJIOTHi0 TaJIOMOB U COAEpKaHKe
O€JIKOB, a TaKXke JOCTYMHOCTh KUCTIOPO/a, MUTATEbHBIX BEIIECTB U CTENeHb MEXaHMUECKOTo CTpecca,
YTO HAMPSMYIO OTPAKAECTCSl HA HAKOIJICHUH MeTaOOJIMTOB B BOJOPOCIISX.

BriBoabI:

1. Anamms 6uomacchl Ascophyllum nodosum B 1ByX akBatopusix BapeHiieBa MOps BBISIBUJI CXOJTHBIN
XapakTep U3MEHEHU: e€ 3HaueHUs ObUTM MaKCUMAIIbHBIMU B Meprojl (PepTUIHHOCTH (B CpeIHEM
25 kr-M~2), COOTBETCTBYIOIIMIA JIETHUM MecsAnam. Bmecre ¢ Tem B ry6e 3aBammmmna 6uomacca 6y-
POI BOAOPOCIM XapaKTepU30Baiach 0oJiee BHICOKMM SHEPreTHIeCKMM SKBUBAJICHTOM (B 1,4 pa3za)
U MeHblIIer 30JbpHOCThIO (B 1,4 pa3za), yem Onomacca B ryoe KopabenbHasi, 9To CBHIETEIbCTBYET
0 JIOKaJIbHOU Bapra0eIbHOCTU (PU3MOIOTMYEeCKUX MOoKa3aTesel ucciaeyeMoro Bua.

2. IlpoBenéHHast OIIEHKA Pa3IMYHBIX 30H TayuloMa A. nodosum B Ty0e 3aBanuiivHa u ryde Kopadens-
Has (ry6a TepuOepckas BapeHiieBa MOps) MO3BOJIWIA YCTAHOBUTD, YTO HAMOOJIBINIEH SHEpreThye-
CKOW LIEHHOCTBIO XapaKTepU30BAJIMCh alIEKChl B IEPUO]] pa3MHOkeHU ((a3a pepTUIbHOCTH) (MI0JIb,
2,67 1 2,56 KKaIT ! COOTBETCTBEHHO) M pelenTaKkyJibl B KOHIE BereraTUBHOro nepuona (¢pasza
CTepPUJILHOCTH) (CEHTSAOPS, 3,13 1 2,56 KKaT ).

3. TloTeHnman OTaeNbHBIX 30H TAJUIOMA KaK MICTOYHUKOB OMOJIOTMYECKU AKTUBHBIX METa0OJIMTOB OIpe-
aensiercs: cneunUuYHBIM pacrpeseneHeM coeruHeHui. Tak, Hauboblee KOJMYECTBO JIMIHUAO0B
1 (PyKOKCAaHTHHA COJIEPKAJIOCh B 3pEJIbIX pelienTaKyJax, OejaKa — B 3aUaTKax perenTaKyJsioB 1 B 3pe-
JIBIX PEleNTaKyJIax JeTOM, YIJIEBOJIOB — B CpeJHEN 30He TayioMa B uioste (st ryost KopabenbHas)
1 B WIoHe (11 TyObl 3aBaJIMINMHA), TOJM(EHOJIOB — B alMKaJbHOW 30HE TaJUIOMa B CEHTSOpe
(11 ryOsl 3aBasmimHa) U uioje (a1 ryosl KopabenbHas), Xjaopodwiia a 1 KapOTUHOUAOB —
B alieKcax B UIOHE, XJIOpousUia ¢ — B pPelENTaKy1ax B UIOHE.

4. YCcTaHOBIIEHBI 3aKOHOMEPHOCTH pacmpesesieHuss MetaboiuToB B A. nodosum BapeHneBa Mops
TI0/1 BO3JCUCTBUEM TPEX (PAKTOPOB: 30HBI TAJUIOMA, (Da3bl pa3BUTHS M MECTOOOMTaHHUS. 30Ha TaJUIO-
Ma OKa3blBajia 3HAUMTEJIbHOE BIIMsIHUE Ha AJUTOKAINIO (PYKOKCAaHTHHA, OEJIKOB, JIUIHUJIOB, YIJIEBOJIOB,
xJiopopuILIa a, XJI0pouLia ¢ ¥ CyMMbl KAPOTUHOUAOB. MecTooOUTaHKe CyIECTBEHHO BO3IEUCTBO-
BaJIO Ha coJiepKaHue MOIM(MEeHOIOB, OETKOB 1 (DYKOKCAHTHHA, a TAKKE HA YPOBEHb YIJIEBOAOB U JIU-
naoB. Paza pasMHOKEHUSI BOJOPOCIIEH OKa3ala 3HAUMTEIbHOE BIMsHUE HA COfIepKaHUe OesIKOB,
1o g eHOI0B, XJI0poduiia ¢ ¥ JUIMHUI0B.
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METABOLITE CONTENT AND ENERGY VALUE
OF THE BROWN ALGA ASCOPHYLLUM NODOSUM (L.) LE JOLIS
UNDER CONDITIONS OF THE BARENTS SEA

A. Daurtseval?, E. Obluchinskaya!?, and S. Kolbeeva!*

"Murmansk Marine Biological Institute of the Russian Academy of Sciences, Murmansk, Russian Federation
Murmansk Arctic University, Murmansk, Russian Federation
E-mail: tav.mmbi@yandex.ru

The brown alga Ascophyllum nodosum (L.) Le Jolis is a valuable producer of bioactive compounds
and a key component of the Barents Sea ecosystem. Analyzing algal biomass and determining its en-
ergy value are relevant for assessing the status of the species in the ecosystem and its resource potential.
For a better understanding of the changes occurring in A. nodosum during the commercial summer—
autumn harvesting period, it is important to investigate the allocation of metabolites within the thallus
and the contribution of different structures to total biomass. In this study, biochemical parameters
(total proteins, lipids, carbohydrates, polyphenols, chlorophyll a and c, total carotenoids, and fucoxan-
thin) were determined by standard methods. Both in sifu biomass and laboratory-processed biomass
were measured; based on these data, the energy content and the energy equivalent of biomass were
calculated. For A. nodosum sampling, two Barents Sea bays were selected: Zavalishin Bay and Kora-
belnaya Bay. Those are located close to each other but differ in hydrological conditions. In both bays,
A. nodosum forms dense intertidal mats. It was found that biomass peaked in June in both bays, with
minimal differences between sites and a mean value of 25 kg-m™. However, the energy equivalent
of biomass at this time differed: in samples from Zavalishin Bay, this parameter was 1.4 times higher,
while ash content was 1.4 times lower. Also, A. nodosum from Zavalishin Bay featured higher con-
tent of polyphenols and fucoxanthin. We examined the distribution of bioactive compounds among
functionally differentiated thallus zones (receptacles, apical tips, and the remaining thallus), as well
as in relation to the phase of reproduction (fertile vs. sterile thalli), and abiotic habitat conditions (a set
of factors included salinity, temperature, and wave exposure). We revealed patterns of metabolite dis-
tribution in A. nodosum from the Barents Sea under the effect of three factors: the thallus zone, phase
of reproduction, and habitat. The thallus zone noticeably affected the allocation of fucoxanthin, pro-
teins, lipids, carbohydrates, chlorophyll ¢, chlorophyll a, and total carotenoids. The habitat of the alga
had a significant effect on the content of polyphenols, proteins, and fucoxanthin, and also on the level
of carbohydrates and lipids. The phase of reproduction noticeably affected the content of proteins,
polyphenols, chlorophyll ¢, and lipids.

Keywords: Ascophyllum nodosum, biomass, energy value of biomass, protein, carbohydrates, lipids,
pigments, polyphenols
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The climate change and increasing anthropogenic load affect the aquatic ecosystems. State and pro-
ductivity of pelagic ecosystems are largely determined by photosynthetic capacity of phytoplankton.
The aim of this work was to analyze the variability of phytoplankton photosynthetic parameters [quan-
tum yield of photosynthesis (¢) which characterizes efficiency of absorbed light quanta utility in pho-
tosynthesis, its potential capacity (dmax), and light-saturation coefficient (I)] depending on light con-
ditions, which are determined by the ratio of thickness of the upper mixed layer (UML) to the depth
of the euphotic zone (Z.,). The study covered data obtained in the Pacific Ocean and the Sea of Okhotsk
during the cruise 23/4 of the RV “Professor Multanovskiy” in August-September 2023. Parameters
®max and Iy were calculated based on measurements of rapid light—response curves of variable fluores-
cence. As found out, variability in photosynthetic parameters was mainly determined by phytoplankton
physiological acclimation to light. Importantly, acclimation to light, which differed between the UML
and the deeper layer of the Z,, resulted in distinct light-response patterns of relative electron transport
rate curves. The values of Iy were directly related to light intensity. Nonetheless, the values of Quax
were inversely related to light intensity, but to a larger extent than the values of Iy. As a result, ¢, which
depends on Iy and ¢, dropped with increasing light intensity. A tight relationship between the values
of ¢ and light intensity (r = 0.97) was revealed (p < 0.0001), and it was described by an exponential
function. This analysis showed peculiarities of the light forcing variability in photosynthetic parame-
ters. The revealed dependences of Iy, dmax, and ¢ on light intensity can be used for express assessment
of their values based on light; this is necessary for analysis of primary production involving spectral
approach.

Keywords: chlorophyll fluorescence, photoacclimation, rapid light—response curve, quantum yield
of photosynthesis, Pacific Ocean, Sea of Okhotsk

All life on Earth is supported by the process of primary production (hereinafter PP). PP is formed
by the conversion of inorganic compounds (water and carbon dioxide) into organic ones (carbohy-
drates) during photosynthesis. In aquatic ecosystems, phytoplankton is the most important primary pro-
ducer [Evolution of Primary Producers, 2011]. Since photosynthesis requires light quanta, phytoplank-
inhabits the upper water layer, where there is enough light. Within the euphotic zone (hereinafter
Ze,), phytoplankton deals with various environmental conditions. Vertical water stratification divides
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the water column into quasi-isolated layers and limits the water exchange between the upper mixed
layer (hereinafter UML) and the layer between the UML bottom (Zy;;; ) and the Z,,. As a result of strat-
ification within the Z,, phytoplankton inhabits water layers (UML and layer below the UML) with dif-
ferent nutrient availability, temperature, and light, and this affects photosynthesis rate and PP. Precise
assessment of PP is necessary to study patterns of primary synthesis of organic matter in the World
Ocean, which is crucial in the context of global warming and increasing anthropogenic load. Spec-
tral PP algorithms [Churilova et al., 2016; Morel et al., 1996; Smyth et al., 2005], which take into
account the spectral features of light and the light absorption capacity of phytoplankton, provide
a more correct PP assessment than other algorithms. The spectral PP model is based on phytoplank-
ton photosynthetic parameters: light intensity saturating the photosynthesis rate and values of maxi-
mum quantum yield of photosynthesis (¢pmax), Which characterize efficiency of absorbed quanta utility
in the organic matter synthesis.

Traditionally, photosynthesis-irradiance curves (P-I) are used for the quantitative characterization
of the light-dependent photosynthetic activity of photoautotrophs [Platt, Jassby, 1976; Platt et al., 1980].
P-I curves are built by measuring photosynthesis rates under a range of light intensity levels and provide
information on photosynthetic characteristics of phytoplankton. P-I curves supply data on physiologi-
cally meaningful parameters which can be estimated by mathematical models describing the general
photosynthetic light—response pattern [Bannister, 1979; Platt et al., 1980]. Steady-state P-I relationships
allow characterizing photoacclimation status of cells formed as a response to long-term light exposure
conditions, by means of the maximum photosynthesis rate, the tangent of initial slope of P-I curve,
and light intensity saturating the photosynthesis rate [Maclntyre et al., 2002; Platt et al., 1980].

The application of fluorometric methods allowed rapid assessment of in vivo photosynthesis by moni-
toring the activity of photosystem II (hereinafter PSII) [Schreiber et al., 1994] using rapid light-response
curves (hereinafter RLCs) of relative electron transport rate (rETR). Although rETRs in PSII charac-
terize status of cell photoacclimation to recent light history (short-term photoacclimation) [Schreiber
et al., 1997], RLCs may also provide information on long-term photoacclimation status, as obtained
by P-I curves [Cruz, Serodio, 2008; Serddio et al., 2006]. Consequently, RLCs are particularly use-
ful for the study of the photosynthetic activity of phytoplankton in different water layers within
the Ze,. Specifically, based on RLC parameters, light intensity saturating the rETR (Iy) and ¢pax
can be estimated [Schreiber et al., 1997].

The light-saturation coefficient Iy is determined as light intensity at which photosynthe-
sis reaches saturation and equals the maximum rETR (rETR,,) divided by tangent of initial
slope of RLC (a) [Schreiber et al., 1994]. Maximum quantum yield of PSII (F,/F,,) is trans-
formed to quantum yield of photosynthesis ¢n.x based on electron requirement for carbon fixa-
tion (K) [Lawrenz et al., 2013]. According to the classical Z-scheme for photosynthetic electron trans-
fer, it takes four electrons (e”) to transport through photosynthetic electron transport chain to fix one
CO; molecule [Falkowski, Raven, 2007]. Most studies use K- of 5 mole™/mol C to convert ETRs
to carbon fixation rates, assuming that four €™ transported through photosynthetic electron transport chain
are required for O, molecule produced, and that photosynthetic quotient is 1-1.5 mol O,/ mol CO, [Laws,
1991]. However, it was shown that the vast majority of K estimates in various regions were in a range
within 1.2-54 mol e/ mol C with a mean of (11 £7) mole™/mol C [Lawrenz et al., 2013]. Multivariate
analysis of data for the Ariake Bay [Zhu et al., 2016], the East China Sea, the Tsushima Strait [Zhu
et al., 2017], and the Arctic Ocean [Zhu et al., 2019] revealed a strong correlation between daily pho-
tosynthetically available radiation (hereinafter PAR) and K. This should be taken into account when
calculating Qpax-

The aim of the study was to analyze the variability of photosynthetic parameters of phytoplank-
ton measured by fluorimetry. This was necessary for assessment of primary production and the state
of the pelagic ecosystem of shelf waters near the Kamchatka Peninsula in August—September 2023.
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MATERIAL AND METHODS

Water sampling. Sampling was carried out during the cruise 23/4 of the RV “Professor Mul-
tanovskiy,” 17 August — 11 September, 2023, in waters near the Kamchatka Peninsula (the Sea
of Okhotsk and the Pacific Ocean) (Fig. 1).
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Fig. 1. Stations during the cruise 23/4 of the RV “Professor Multanovskiy,” 17 August — 11 September,
2023, in the Pacific Ocean (@) and the Sea of Okhotsk (+)

Puc. 1. Crannuu peiica 23/4 HUC «Ilpodeccop MynbraHoBckuii», 17 aBrycra — 11 cenrsops 2023 r.,
B Tuxom okeane (@) u Oxorckom Mope (+)

Within one day, sampling was carried out over an area of no more than 30 km x 30 km. Wa-
ter was sampled from several depths within the Z, in the daytime, 8:00-19:00. The Z., was deter-
mined as a depth where PAR was reduced to 1% of the PAR incident on the water surface (PAR).
PAR was continuously measured with a LI-COR portable photosynthesis system with a temporal res-
olution of 1 s. Sampling depths were chosen based on vertical distribution of temperature, salinity,
PAR, and chlorophyll a fluorescence. Sampling was carried out with Niskin bottles mounted on a frame
equipped with SBE oceanographic complex (Sea-Bird Scientific) and CTD profiler. Chlorophyll a fluo-
rescence was measured with submersible WETStar fluorometer W535-1246. Variable fluorescence of all
samples collected at the station was measured for ~ 1 h after sampling.

Zuwmr Was assessed using the density difference criterion (0.2 kg-m™) from a near-surface value
at a depth of 1 m [Brainerd, Gregg, 1995]. PAR in the UML (PARy;, ) was calculated according
to [Babin, 2008]:

1 — efaZumL
KyZyur

Diffuse attenuation coefficient of light (Ky) was determined as follows [Babin et al., 1996]:

4.

Zeu

Values of PAR at different depths (PAR,) were calculated according to [Kirk, 2011]:
PAR, = PAR, x e ¥a#

Water layer of the first optical depth equals 1/Ky [Lee et al., 2007].
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Fluorescence measurements. Variable fluorescence was determined with a chlorophyll a fluores-
cence kinetic measurement system Smart (Department of Biophysics, Faculty of Biology, Moscow
State University, Russia) [Antal et al., 2019]. A blue LED with maximum emission at 445 nm gen-
erates either strong actinic light pulses (photon flux density, PFD, of 5,000 umol-m2-s™) or short
measuring pulses. Prior to the start of variable fluorescence measurements, water samples were
dark-incubated for at least 30 min [Babin, 2008]. The fluorescence of samples was corrected
by subtraction of fluorescence yield of colored dissolved organic matter (Fcpgy) to get phyto-
plankton fluorescence yield. To determine Fpoy, samples were filtered through nucleopore fil-
ters (pore diameter of 0.2 um) under low vacuum (< 25 kPa). Nucleopore filters were pre-washed
with deionized water [IOCCG, 2019]. The water samples were pre-filtered through glass microfiber
filters (GF/F).

Minimum fluorescence yield (Fy), maximum fluorescence yield (F,), and F,/F, were deter-
mined for dark-adapted phytoplankton. F, was calculated as F,, — Fy [Schreiber et al., 1994].
RLCs of rETR vs. PFD were measured at 29 PFD levels (exposition of 20 s), from 0.0125
to 1,000 umol-m™2s7",

RLCs were fitted using the model of [Platt et al., 1980]:

aPAR BPAR

I I

where f is tangent of slope of rETR-light curve on declining section.
RLC fits were very good, with r > 0.95 for a total of 214 light curves.

Ix was determined applying parameters of RLC [Cruz, Serddio, 2008]:

_ rETR,, .»

I
K Q

The parameter ¢, Was calculated as follows:

()bmam = (F'U/Fm>/(2KC) ’

where 2 is conversion factor of electron requirement for carbon fixation to quantum requirement
for carbon fixation.

The values of K (mol e”/ mol quanta) were derived from relationships between PAR (mol-m'z-day_l)
and K [Zhu et al., 2017]:
K-=085PAR +6.55.

The values of ¢ were calculated according to [Marra et al., 2000]:
O = Gpae X tanh(l,/PAR) .

Statistical analyses. Kolmogorov—Smirnov and Shapiro-Wilk tests were applied to examine
the data for normality. The mean t+ standard deviation (SD) allowed describing the variability
within the data group. Statistical analysis involved Grapher v17 and Statistica 12 software. The map
of stations was plotted with QGIS desktop 3.8.0 software. The figures were plotted applying
Grapher v17.
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RESULTS

Hydrophysical properties. In August—September 2023, the study area was heterogeneous in terms
of water transparency. The Z, values varied by about 5 times: from 8 m in coastal waters to 47 m
in shelf waters; the mean was (21 £ 6) m (Table 1). Lower Z,, values, averaging (10 + 2) m, were recorded
in the Pacific Ocean: in the Avacha Bay, the Zhirovaya Bay, the Russkaya Bay, and near the Khalaktyrsky
Beach on the eastern coast of the Kamchatka Peninsula. The first optical depth varied from 1.3 to 7.6 m.

Table 1. Hydrophysical characteristics in waters near the Kamchatka Peninsula in August—
September 2023: photosynthetically available radiation incident on the water surface (PAR)); photosynthet-
ically available radiation in the upper mixed layer (PAR g ); depth of the upper mixed layer (Zyjg ); depth
of the euphotic zone (Z,,); salinity at the surface (S); water temperature at the surface (T); and maximum
density gradient (Ao

max)

Ta6smuna 1. Tmppodusnyeckre XapaKTepHCTUKM IIeTb(OBBIX BOJ KaMvaTckoro momyoctpoBa B aB-
rycte — ceHts16pe 2023 r.: (POTOCHHTETMYECKM aKTMBHAs paauauys, Najaollas Ha NOBEpXHOCTb MOpSs
(PAR)); boToCuHTETHYECKM AKTHBHAS PaJyalus B BEpXHEM KBa3HOIHOPOoaHOM ciioe (PARyy ); yOnHa
BEPXHEro KBa3UOAHOPOIHOIO cl0s (Zyjyyy,); I'TyOrHa 30HBI (hoTOCHHTE3A (Z,,); COJEHOCTb HA TOBEPXHOCTH
(S); TemnepaTypa Boabl Ha opepxHocTH (T); MakcUMasbHBIA rpaJueHT IJI0THOCTH (Ao, .. )

mol-l:nég-g;y‘l PAR ZiomL, M Z.,» M S, psu T, °C Ao, kgm™
mol-m~2-day~!
Pacific Ocean
Mean 23.0 14 3.9 20 30 +14 0.62
SD 9.7 6.7 2.4 6.4 1.5 1.5 0.40
Min 6.2 3 2 8 23 +9.9 0.20
Max 38.0 27 11 35 32 +16 2.5
Sea of Okhotsk
Mean 19.0 7.2 11 27 32.3 +11 0.22
SD 11.0 5.8 6.3 9.8 0.40 1.6 0.16
Min 4.7 0.77 2 14 30.5 +7.5 0.019
Max 33.0 22 24 47 32.6 +13 0.74

Sea surface temperature in waters near the Kamchatka Peninsula varied in the range
of +7.5...416.0 °C. The values decreased in the direction from the Pacific Ocean [+9.9...4+16.0 °C;
the mean of (+14.0 £ 1.5) °C] to the Sea of Okhotsk [+7.5...+13.0 °C; the mean of (+11.0 £ 1.6) °C]
(see Table 1).

Sea surface salinity in the Sea of Okhotsk fluctuated in a narrow range: from 30.5 to 32.6 psu.
In the Pacific Ocean, sea surface salinity dropped from 32.0 psu near the southeastern Kam-
chatka Peninsula to 23.0 psu in the Avacha Bay. The high desalination in the Avacha Bay
is associated with intensive coastal runoff. In the Pacific Ocean, the maximum density gradient
[the mean of (0.62 * 0.40) kg-m™] was approximately 3 times higher than in the Sea of Okhotsk
[the mean of (0.22 + 0.16) kg-m™] (see Table 1).

In the Pacific Ocean, density stratification occurred within the Z, throughout the entire area we
studied. Nevertheless, in the Sea of Okhotsk, density stratification at some stations occurred deeper than
the Z., (Table 1). Due to density stratification within the Z,, two water layers differing in conditions
were formed: the UML and the layer below the UML. The Z;,; varied significantly (from 2 to 24 m)
for the entire study area. The Sea of Okhotsk featured deeper UML [the mean of (11.0 + 6.3) m] than
the Pacific Ocean [the mean of (3.9 £ 2.4) m].

Vertical distribution of chlorophyll a fluorescence was characterized by homogeneous fluorescence
intensity within the UML. At some stations, deep maximum of chlorophyll a fluorescence was observed
in the thermocline or below (Fig. 2).
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Fig. 2. Examples of vertical profiles of chlorophyll a fluorescence (Flu, the green line), temperature (T, °C,

the blue line), salinity (S, psu, the red line), and density gradient (Ao, kg-m™, the brown line) in wa-
ters near the Kamchatka Peninsula in August—September 2023. The black solid line is the euphotic zone,
and the black dotted line is the upper mixed layer

Puc. 2. Ilpumepsl BepTUKaIbHBIX MTpoduielt ayopecueHun xaopoduuia a (Flu, 3enénas muHus), remre-

parypsl (T, °C, cunss nunus), conénoctu (S, PSU, kpacHast TUHUS) U FpaleHTa IIOTHOCTH (A0, KO-M ™2,

KOpHYHEeBas JIMHUA) B Ieb(OBBIX Bojax moiayoctpoBa Kamuarka B aBrycre — cenrsiope 2023 r. Yeép-
Hasl CIUIOIMHAS JTMHUS — TIyOWHA 30HBI (DOTOCHHTE3a; YEpHAsl yHKTUPHAS JIMHUS — TIIyOMHA BEPXHETO
KBa3HUOJHOPOIHOTO CJIOSI

Rapid light-response curves of variable fluorescence. Phytoplankton photoacclimation at sta-
tions with different hydrological properties (in the Z, in particular) resulted in distinct patterns of rETR
vs. PFD curves (Fig. 3). As shown, rETR values rose with PFD until reaching a “plateau” of light-
saturated values. Typically, initial phase of RLCs featured a more rapid increase in rETR. Phytoplankton
was acclimated to higher light intensities in the surface layer and in UML; therefore, RLCs of rETR
reached saturation at higher PFD than in the layer below the UML. In some cases, rETR gradually de-
creased after the maximum (rETR,,,, a “plateau”), which reflected photoinhibition induced by high
irradiance.

In the surface layer, rETR,,x Was a highly variable parameter (values varied from 48 to 160) (Table 2,
Fig. 4). Moreover, it decreased gradually with depth, down to a minimum of (51 + 16) near the bottom
of the Z, due to a drop in PAR. Phytoplankton in the UML was characterized by higher rETR,,,x val-
ues [the mean of (72 * 14)] compared to phytoplankton in the layer below the UML [the mean
of (53+19)] (p<0.0001). RLCs of rETR in the UML were saturated under higher irradiance [the mean
of (240 = 44) umol-rn’z-s'l] than in the layer below the UML [the mean of (170 + 55) umol~m_2-s'1]
(p < 0.0001). Iy in the surface layer, the same as TETR,,x, varied noticeably: by about three times,
160 to 480 pumol-m™2s™' (Table 2, Fig. 4). The values of I, decreased gradually with depth, down
to ~ 80 umol-m~s™! near the bottom of the Z.,. Values of o also varied significantly in the surface
layer: by about 1.5 times, 0.21 to 0.35 ptmol'1~m'2-s_1 (Table 2, Fig. 4). The values of a in the UML
and in the layer below the UML fluctuated in a similar range, 0.025 to 0.40 umol-m2s7!, and had
similar mean value, (0.31 + 0.024) pmol-m™2s~! (p = 0.05).
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Fig. 3. Rapid light-response curves (RLCs) of relative electron transport rate (rETR) in phytoplankton
at various depths of euphotic zone in waters near the Kamchatka Peninsula in August—September 2023:
at the surface (the blue line), in the upper mixed layer (the green line), and in the layer below the upper
mixed layer (the red line)

Puc. 3. Bricrprie ceetoBbie KpuBbie (RLC) oTHOCHTETBHOM CKOpOCTH TpaHcopTa 31eKTpoHoB (rETR) du-
TOIUIAHKTOHA C pa3HbIX IIyOUH 30HBI (JOTOCHHTE3a B LIEb(OBBIX BoAAxX NosyocTpoBa Kamyartka B aBrycre
u cenTs0pe 2023 r. — B IOBEPXHOCTHOM CJIoe (CUHSIS JINHNS), B BEPXHEM KBa3HOIHOPOIHOM CJioe (3eJIéHast
JIMHMS) ¥ B CJIO€ TIO/I BEPXHUM KBa3HMOJHOPOJHBIM CJIOEM (KpacHasl JIMHUA)

Table 2. Phytoplankton photosynthetic parameters in waters near the Kamchatka Peninsula in August—
September 2023: maximum relative electron transport rate (fETR,,,, ), light-saturation coefficient (I ), tan-
gent of initial slope of the rapid light-response curve of rETR (at), and maximum quantum yield of primary
photochemistry of photosystem II (F,/F,,)

Ta6uuma 2.  PorocuHTEeTHUYECKNE XapaKTepUCTHKH (PUTOIUIAHKTOHA B IIENh(OBHIX BOJAX MOJIYOCT-
poBa KamuaTtka B aBrycte — cents6pe 2023 r.: MakcuMmasibHasi OTHOCHTENIbHAsI CKOPOCTb TPaHCIOP-
Ta 3J1eKTPOHOB (rETRmaX) KO3 PUIEHT HACHILICHUs CBETOM (Ik) TAHI'€HC HAYaJIbHOI'O HAKJIOHA OBICT-
poit cBetoBoil KpuBo rETR (o) M MakcHUMasbHBII KBAaHTOBBIM BBIXOJ (POTOXMMHYECKHX PpeaKIMi
B porocucreme II (F,/F,)

‘ tETR,,, ‘ I, umol-m~2.57! | aumol'm?2s! ] F,/F,
Sea surface
Mean 84 290 0.29 0.57
SD 18 51 0.032 0.092
Min 48 160 0.21 0.31
Max 160 480 0.35 0.70
Upper mixed layer
Mean 72 240 0.30 0.64
SD 14 44 0.019 0.055
Min 36 120 0.25 0.51
Max 100 340 0.34 0.71
Layer below the upper mixed layer

Mean 53 170 0.31 0.66
SD 19 55 0.024 0.038
Min 25 84 0.25 0.56
Max 120 340 0.40 0.77
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Fig. 4. Vertical distribution of the maximum relative electron transport rate (tfETR,, ), the light-saturation
coefficient (I, ), and the tangent of initial slope of the rapid light-response curve of rETR (o) in waters near
the Kamchatka Peninsula in August-September 2023: at the surface (#), in the upper mixed layer (),
and in the layer below the upper mixed layer (#)

Puc. 4. BeprukanbHoe pacrpeaeneHre 3HaYeHNU MakCUMaJIbHOW OTHOCHUTEIBbHOM CKOPOCTH TPaHCIoOpTa
anektpoHoB (tETR ;. ), koaddpurmenTa Hacbienus ceetoM (I ) ¥ TaHreHca HAYAILHOTO HAKJIOHA OBICTPOI
ceroBoii kpuBoii rETR (o) B Bogax y moiyoctpoba Kamuarka B aBrycte — ceHtsiope 2023 r.: B oBepx-
HOCTHOM cJioe (4), B BepXHEM KBa3HOJHOPOIHOM cyioe (¢) W B CJIO€ ITOJT BEPXHUM KBa3HOJHOPOIHBIM
cjioeM (4)

Maximum quantum yield of photosystem II. For the data obtained in the Pacific Ocean

and the Sea of Okhotsk, noticeably different values of F,/F,, (0.31-0.70) were recorded in the sur-

face layer (Fig. 5). In the UML and the layer below the UML, the range of F,/F,, values was nar-

rower by 1.5 times (0.51-0.77) than that registered for the surface layer. The UML and the layer below

the UML did not differ statistically significantly in terms of F,/F,, (p = 0.43). The values of F,/F, near
the bottom of the Z,, averaged (0.67 = 0.04).
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Fig. 5. Vertical distribution of the maximum quantum yield of primary photochemistry of photosystem II
(F,/F,,) in waters near the Kamchatka Peninsula in August—September 2023: at the surface (¢ ), in the upper
mixed layer (#), and in the layer below the upper mixed layer ()

Puc. 5. BeprukansHoe pacnpenesieHre 3HAYeHUI MaKCUMAaJIbHOTO KBAHTOBOTO BBIX0/1a (DOTOXUMUYECKUX
peaxuuii B porocucteme II (F,/F,,) B Bogax y noiayoctpoBa Kamuarka B aBrycre — cenrsiope 2023 r.: B 1o-
BEPXHOCTHOM cJioe (4 ), B BEpXHEeM KBa3HOJHOPOAHOM cJjioe () U B CJIOe IO/ BEPXHUM KBa3HOJHOPOIHBIM
ciioem (4)

Marine Biological Journal 2026 Vol. 11 No. 2



Phytoplankton photosynthetic parameters in waters near the Kamchatka Peninsula... 75

The relationship was established between F,/F,, values in the surface water layer and the sampling
time (Fig. 6). During daylight hours, F,/Fy, in phytoplankton sampled before midday reached their max-
imums: F,/F,, values varied from 0.49 to 0.70. In phytoplankton sampled in the afternoon, F,/F,, values
were lower (p < 0.0001) and varied from 0.31 to 0.66.
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Fig. 6. Dependence of the maximum quantum yield of primary photochemistry of photosystem II (F,/F,,)
in the surface water layer on the sampling time near the Kamchatka Peninsula in August-September 2023:
in the Pacific Ocean (@) and the Sea of Okhotsk (+). The black solid lines divide the time axis into four-hour
intervals

Puc. 6. 3aBUCHMMOCTb MaKCIMaJILHOTO KBAHTOBOTO BBIXO/Ia (POTOXMMHUUYECKUX peakimid B hotocucteme 11
(F,/F,,) B IOBEpXHOCTHOM cJjl0€ BOJL y mosyoctpoBa KamuaTka B aBrycre — cenrs0ope 2023 r. oT Bpeme-
HU oTO0pa 1pod B Tuxom okeane (@) u Oxorckom mMope (+). YEpHbIE CIUIONIHBIE JIMHUK Pa3IesisioT 0Ch
BpEMEHU Ha YETHIPEXUACOBBIC UHTEPBAJIBI

F,/Fp, in the surface water layer varied due to the inhibitory effect of high PAR values at the sam-
pling time, and this was especially evident during midday and in the afternoon. Fig. 7 shows the dy-
namics of F,/F,, and PAR( during daylight hours, and also the values of daily PAR, on the sam-
pling day. The daily PAR, varied by an order of magnitude: from 4.7 to 38 mol-m >day!. Dur-
ing sampling, PAR, attained ~ 1,600 umol-m™s™! at some stations. Analysis of the daily dynam-
ics of F,/F,, showed the match of F,/F, minimum with PARy, maximum incident on the sea sur-
face at the sampling time. Thus, the short-term response of F,/F,, to change in ambient irradiance
was shown.

The entire F,/F,, data array for the surface layer was divided into three groups based on PAR,
at the sampling time:

* group 1, PARy < 500 Mmol-m_2-s'1;
+ group 2, 500 umol-m2.s™' < PAR, < 1,000 umol-m2s7";
» group 3, PAR; > 1,000 pmol-m s\,

The values of F,/F,, in these three groups varied statistically significantly (p < 0.0001). The low-
est F,/F,, values, the mean of (0.50 = 0.09), were obtained in group 3, while the highest, the mean
of (0.63 = 0.05), were recorded in group 1. The values of F,/F,, in group 2 averaged (0.54 = 0.09).
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Fig. 7. Daily dynamics of the maximum quantum yield of primary photochemistry of photosystem II
(F,/F,,) and photosynthetically available radiation incident on the surface layer (PAR) at the sampling time
in waters near the Kamchatka Peninsula in August-September 2023: in the Pacific Ocean (@) and the Sea
of Okhotsk (+). The numbers indicate the stations

Puc. 7. CyrouHas muHaMMKa 3HAYEHUN MaKCHUMAaJbHOTO KBAHTOBOTO BHIXOJa (DOTOXUMHUYECKUX PEeaKLUi
orocucremst Il (F,/F,,) u poTocuHTeTMUECKU aKTUBHOM paualiuy, NaJaouliell Ha I0BEpXHOCTHOCTb MO-
psi B MoMeHT otOopa npod (PAR), B menbdoBex Bogax noiayocTpoBa Kamuarka B aBrycre u ceHTOpe
2023 r. — B Tuxom okeaHe (@) u Oxorckom mope (+). Llucdpamu 0603HaUEHB HOMEPA CTAHIIU

Marine Biological Journal 2026 Vol. 11 No.

12.09



Phytoplankton photosynthetic parameters in waters near the Kamchatka Peninsula. .. 77

Maximum quantum yield of photosynthesis. For the entire data array (the Pacific Ocean
and the Sea of Okhotsk), ¢pmax varied by six times: from 0.0091 to 0.057 mol C/mol quanta. In the sur-
face layer, the values of ¢, fluctuated in a similar range: from 0.0091 to 0.047 mol C / mol quanta. Near
the bottom of the Z,, a range of ¢ax variations was narrow, from 0.044 to 0.058 mol C/mol quanta,
and the mean was (0.047 £ 0.006) mol C/mol quanta (Fig. 8). Highly significant (p < 0.0001) inverse
relationship was revealed between ¢, and daily PAR, and it was described by an exponential function
(Fig. 8).
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Fig. 8. Dependence of the maximum quantum yield of photosynthesis (¢,,,) on the photosyn-
thetically available radiation at sampling depths (PAR) in waters near the Kamchatka Peninsula
in August—September 2023: in the Pacific Ocean (@) and the Sea of Okhotsk (+)

Puc. 8. 3aBucuMocTbh MaKCUMaJIbHOTO KBAaHTOBOI'O BbIX0OAA (poToCHHTE3A ()., ) OT BEJIMUMHBI (POTOCHHTE-
THUYECKU aKTUBHOM pajanuy Ha rnyoune otoopa npod (PAR) B menbdoBbIx Bogax nonyoctpoBa Kamuatka
B aBrycte u ceHts0pe 2023 r. — B Tuxom okeane (@) u Oxorckom Mope (+)

DISCUSSION

Phytoplankton photosynthetic characteristics in the euphotic layer of waters near the Kamchatka
Peninsula were analyzed based on parameters of variable chlorophyll a fluorescence. In the Pacific
Ocean, sampling covered a period of relatively good weather (sea was calm). Under such conditions,
the hydrological structure of the Pacific Ocean waters featured vertical density stratification within
the Z., with the relatively narrow UML (maximum of 13 m at st. 41). In coastal waters of the Sea
of Okhotsk, sampling was carried out when meteorological conditions deteriorated. Namely, wind speed
increased; this resulted in active mixing of surface waters and in the UML deepening to the bottom
of the Z., at some stations. Thus, Z;\; /Ze, varied in this area from 0.1 to 1.3. In a relatively nar-
rower UML, phytoplankton deals with higher PARy;,;; than in the case when the UML is comparable
with the Z.,. Phytoplankton photosynthetic parameters shifted due to its adaptation to different envi-
ronmental factors in the UML. Variable chlorophyll a fluorescence is a reliable indicator of photosyn-
thetic parameters of phytoplankton. Effect of environmental factors on photosynthetic characteristics
can be described by RLCs [Schreiber, 2004; Serddio et al., 2006], since RLCs of variable fluorescence
are dependent on phytoplankton “light history” [Cruz, Serddio, 2008; Perkins et al., 2006]. The out-
comes of this study showed that the shape of RLC of rETR depended on the phytoplankton photoac-
climation to different light conditions within the layer. Although the shape of rETR photoresponse was
mostly the same for phytoplankton inhabiting different layers, the absolute values of tETR,,x and Iy
differed, as well as their variability range. In more insolated layers (the surface and the UML), phy-
toplankton featured higher values of rETR;,,x and I than phytoplankton inhabiting a lower and less
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insolated Z., (the layer below the UML) (see Fig. 6). For the entire data array (covering the surface layer,

the UML, and the layer below the UML), the relationship of Iy and rETR;.x with daily PAR was revealed
(p <0.0001) (Fig. 9).
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Fig. 9. Dependence of the light-saturation coefficient (I} ), the maximum relative electron transport rate
(rETR

max)» and the tangent of initial slope of the rapid light-response curve (o) on the daily photosyn-

thetically available radiation in the environment (PAR): at the surface (#), in the upper mixed layer (¢),
and in the layer below the upper mixed layer (#)

Puc. 9. 3aBucumocts 3HaueHuil koadduimenta HacoieHus ceetoM (I ), MakCMMaJIbHOM OTHOCUTEIbHOMN
cKopocTH TpaHcropra 31eKkTpoHoB (rETR,,,) ¥ TaHreHca Ha4yaJIbHOrO HAaKJIOHA OBICTPON CBETOBOW KpH-

BOI1 (1) OT CYyTOYHOH (POTOCHHTETHUYECKH aKTHBHOW paauanuu B cpesie (PAR): B moBepxHOCTHOM ciioe (¢),
B BEpXHEM KBa3MOAHOPOAHOM cJjioe () U B ClIoe NOJ, BEPXHUM KBa3UOAHOPOAHBIM ciioeM (4 )

The values of I and rETR,,,x were characterized by a steep increase under low PAR and a smooth
increase under PAR exceeding 1 mol-m-day'. However, no relationship was revealed between o
and PAR (p = 0.003) (see Fig. 9). Light-dependent variability of rETR;,x and Iy was in agreement
with variability of these photosynthetic parameters due to phytoplankton photoacclimation [Behrenfeld
et al., 2004; Maclntyre et al., 2002]. The photoacclimation is accompanied by changes in concentra-
tion and activity of enzymes of the Calvin cycle and in changes in the photosynthetic electron transport
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chain, resulting in the rETR,,x variability [Behrenfeld et al., 2004; Maclntyre et al., 2002]. Notably,
in the present study, no significant photoadaptive changes in o were noted (see Figs 6, 9). However, shifts
in a could be expected, since changes in the content of photosynthetic accessory pigment or other com-
ponents of the photosynthetic apparatus affecting the photoprotection capacity were recorded in other
studies, e. g., in [WoZniak et al., 2007].

Photoinhibition of the maximum quantum yield of primary photochemistry of PSII (F,/F,,) was ob-
served in the surface layer of the study area (the Pacific Ocean and the Sea of Okhotsk). The ob-
tained wide range of F,/F,, variability in the surface layer (Fig. 5) is due to differences in PAR
and the sampling time, since they determine “light history” (Figs 6, 7). The variability in F,/F,, is me-
diated by changes in physiological state of photoautotrophs due to environmental factors [Schreiber,
2004]. The maximum achievable F,/F,, value is 0.80-0.85 [Bjorkman, Demmig, 1978]. F,/F,, de-
pends on environmental factors: light [Heraud, Beardall, 2000; Vassiliev et al., 1994], nutrient avail-
ability [Beardall et al., 2001; Behrenfeld, Kolber, 1999; Lindley et al., 1995], and temperature [Wu
et al., 2012], as well as on phytoplankton species composition [Suggett et al., 2009]. However, light
is the key driver of F,/F,, changes. Exposure to high light intensities results in photoinhibition: pho-
tosynthesis rate decreases in response to prolonged excess absorption of light quanta [Baker, 1996].
Phytoplankton of the upper water layer is most susceptible to photoinhibition, since it lives under rela-
tively high light intensity. The analysis of F,/F,, variability showed inverse relationship between F,/Fy,
and PAR, at the sampling time (p < 0.0001) (Fig. 10). Minimum values of F,/F, (< 0.50) were ob-
tained at relatively high PAR (> 750 uE-m~%s™), indicating an inhibitory effect of high light inten-
sity. Photoinhibition of phytoplankton was governed by destruction of D1 protein of PSII reaction
center [Chow, Aro, 2005]. The restoration of F,/F,, during the night and the fact that it reaches its
maximum in the early morning (Figs 6, 7) are related to D1 protein restoration in the dark [Chow,
Aro, 2005]. In the UML and the layer below the UML, where PAR was lower than at the surface,
changes in F,/F,, values were weakly expressed, and F,/F,, values were close to the maximum achievable
magnitude (see Fig. 5).

0.8 -

F,/F, =-0.00015 PAR,+ 0.66, r = 0.73,n = 76

0.2~ [ T T T T T T T T T T T T T 1
0 200 400 600 800 1000 1200 1400
PAR , kmol m 28!

Fig. 10. Dependence of the maximum quantum yield of primary photochemistry of photosystem II (F,/F,,)
in the surface layer on the photosynthetically available radiation incident on the surface layer (PARy)
at the sampling time in waters near the Kamchatka Peninsula in August—-September 2023: in the Pacific
Ocean (@) and the Sea of Okhotsk (+)

Puc. 10. 3aBrcuMOoCTh 3HAUYEHHUI MaKCUMAJILHOTO KBAHTOBOTO BhIXOJa (POTOXUMHUYECKUX peakiuii oTo-
cuctems! II (F,/F,,) B OBEpXHOCTHOM ciioe MOpPS OT (POTOCMHTETUYECKU AKTUBHOHM pajualyy, Majano-
Iel Ha MOBEPXHOCTb MOPsl B MOMEHT oT0opa 1pod (PAR), B menbdoBbix Bogax noiryocrposa Kamuarka
B aBrycre u ceHtsiope 2023 r. — B Tuxom okeane (@) u Oxorckom Mope (+)

The values of ¢ rose while PAR decreased (Fig. 8). The obtained range of ¢nax Was in good
agreement with the data of earlier studies covering the Pacific Ocean [Bricaud et al., 2002; Lindley
et al., 1995; Vijayan et al., 2009] and the Sea of Okhotsk [Isada et al., 2013], where ¢, values
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in the surface layer were generally about 10—-40% of the theoretical maximum, 0.125 mol C/mol quanta,
and even reached 0.1 under some environmental factors. Research on ¢y, variability in various regions
of the World Ocean showed as follows: the values of ¢y,ax in eutrophic waters (~ 0.05 mol C/mol quanta)
were higher than in mesotrophic waters (~ 0.035 mol C/mol quanta) and oligotrophic waters
(~ 0.005 mol C/mol quanta) [Babin et al., 1996]. It was also shown that ¢, values depend on nutrient
availability [Johnson et al., 2002; Kolber et al., 1990] and/or on taxonomic composition of phytoplank-
ton populations [Babin et al., 1996; Cota et al., 1994]. Cyclic electron flow around photosystem I (PSI)
can reduce ¢pn,x. The cycle is related to the ratio of PSII-to-PSI reaction centers, which is > 1 in di-
atoms, ~ 1 in prochlorophytes, and ~ 0.25 in cyanobacteria [Babin et al., 1996]. However, the irradiance
has the maximum effect on ¢,,x values [Babin et al., 1996; WozZniak et al., 2007].

The values of ¢ varied by an order of magnitude: from 0.0046 to 0.057 mol C/mol quanta. Im-
portantly, ¢, the same as ¢m,x, depends chiefly on light intensity [WoZniak et al., 2007]. However,
light affects values of ¢ to a greater extent than values of ¢y, and this is especially evident at high
light intensities (Figs 8, 11) due to non-photochemical dissipation of the absorbed excitation energy,
mainly as heat [Kirk, 2011; Wozniak et al., 2007]. A tight relationship between values of ¢ and daily
PAR (p < 0.0001) (PARy),. for the UML and PAR, for the layer below the UML) was revealed;
it was described by an exponential function (see Fig. 11).

o ¢ =0.047EXP (-0.094 PAR), r=0.97, n =198

— : .
0 4 8 12 16 20 24 28
PAR, mol m2d

Fig. 11. Dependence of the quantum yield of photosynthesis (¢) on the daily photosynthetically available
radiation in the environment (PAR) in waters near the Kamchatka Peninsula in August-September 2023:
in the Pacific Ocean (@) and the Sea of Okhotsk (+)

Puc. 11. 3aBrucuMocTh 3HaYEHUI KBAHTOBOTO BBIXOAa (poTOCHHTE3a (P) OT CYyTOUHOH (POTOCHHTETUIECKU
akTMBHOH paauaumu B cpene (PAR) B menbdoBbx Bogax nomyoctpoBa Kamuarka B aBrycre u ceHtsiope
2023 r. — B Tuxom okeaHe (@) u OxorckoM mMope (+)

Conclusion. We studied the variability of the key photosynthetic parameters of phytoplankton:
the quantum yield of photosynthesis, its maximum value, and also the light-saturating coefficient — in wa-
ters of the Pacific Ocean and the Sea of Okhotsk off the southern Kamchatka Peninsula coast
in August—September 2023.

Reliable differences in the values of ¢, and Iy were revealed between the quasi-isolated layers
within the euphotic zone: the upper mixed layer (UML) and the layer below UML.

High variability of the photosynthetic parameters was observed in each selected layer; it was caused
by high heterogeneity of the study area in terms of the hydrological structure. Thus, the pycnocline was
located within the euphotic zone (Zjyy /Ze, varied from 0.1 to 1.3), which was the real physical boundary
between the layers. As a result, each layer featured high spatial heterogeneity in environmental factors,
mainly in light.
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As shown, Iy values were directly related to light intensity. Nonetheless, the values of ¢.x were
inversely related to light intensity, but to a larger extent than I.. Accordingly, ¢, which depended on Iy
and Quax, dropped while light intensity increased. The relationships between the phytoplankton photo-
synthetic parameters ((max, ¢, and Iy) and light intensity were revealed, which allows assessing phyto-
plankton photosynthetic parameters based on light in the case of highly variable hydrological structure
of waters.

The application of chlorophyll a fluorescence measurements for the assessment of phytoplankton photosyn-
thetic characteristics was carried out within the framework of IBSS state research assignment No. 124030100106-2.
Analysis of light-dependent variability in photosynthetic characteristics of phytoplankton was funded by the Ministry
of Science and Higher Education of the Russian Federation, project No. FZNS-2024-0037 “Integrated environmental
monitoring of coastal marine and terrestrial ecosystems of Kamchatka.” In situ measurements of chlorophyll a fluo-
rescence were performed within the framework of POI FEB RAS state research assignment No. 124022 100080-0.
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Bacterial communities occurring in subsurface bottom sediment layers from the deep basin and shelf
zone of the Black Sea were analyzed. The aim was to show that these sediments, formed under different
bottom-water conditions (reduced environment characterized by hydrogen sulfide at a depth of 2,030 m
vs. oxidized environment with oxygenated seawater at 49 m), serve as habitats for distinct microbial
communities. DNA was extracted from various sediment layers; the procedure was followed by PCR
amplification and Oxford Nanopore sequencing. The analysis revealed a total of 28 classified bacterial
phylotypes: 24 recorded in both zones, and 1 being specific to the deep sediment of the hydrogen sulfide
zone. In total, 335 representatives were identified from 171 families. Among those, 37 families were
found to be specific to the shelf sediment of the oxygen zone of the Black Sea, while 46 families were
exclusive to the deep sediment of the hydrogen sulfide zone. Moreover, 88 families were identified
as overlapping between two zones. These findings indicate that the two zones of the Black Sea indeed
harbor unique microbial communities, with greater diversity observed on the shelf. The results also
highlight the potential for research on roles of these communities in biogeochemical cycles.

Keywords: Black Sea, core of bottom sediment, DNA concentration, Oxford Nanopore sequencing,
prokaryote microbiome, subsurface bottom sediment, shelf oxygen-containing zone, deep-sea hydrogen
sulfide zone

The Black Sea is the world’s largest naturally anoxic water body. The presence of a hydrogen sulfide
zone in the Black Sea mostly determines specificity of its biodiversity, since deep waters (on average,
deeper than 100-150 m) do not contain oxygen, but contain hydrogen sulfide. In the reduced hydrogen
sulfide zone, there are no conditions for development of oxybionts.

The vertical structure of the Black Sea is shown in Fig. 1. As known, about 7.5 thousand years ago,
due to arise in the level of the World Ocean, the Bosporus Strait was formed, which connected the Black
Sea (practically a freshwater body at that time) with the World Ocean via seas of the Mediterranean basin.
Salinization of the Black Sea began due to the influx of salty Mediterranean waters, which led to density
stratification of the sea, impeded vertical water exchange, and limited oxygen influx into deep waters. Due
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to these processes, 5—7 thousand years ago, a hydrogen sulfide zone began to form in the Black Sea: in its
deep basin, in near-bottom layers. The boundary of the hydrogen sulfide zone gradually rose, and about
3 thousand years ago, it stabilized approximately within the modern boundaries of the hydrogen sulfide
reduction zone [Kondratev, Vidnichuk, 2018, 2020] (Fig. 1).

Hém? ) Openseaarea Shelf
] E Oxygen column of waters (H = 0 — 80-130 m) E
200 W] shelf
H=0-200 m
BLA CK SEA Suboxide zone
H=80-160
Hydrogen sulfide
column of waters
(H=160-2260m)
<@==={ Continentalslope:
H=200-2000 m
2000f 20T T T T T T T ——— < Deep-sea basin:
2260 H=2000-2260 m

Fig. 1. Scheme of some characteristics of the Black Sea vertical structure (H is the depth)

Puc. 1. Cxema HEKOTOPBIX XapaKTEPUCTHK BEPTHKAIBHOU CTPYKTYyphl Y€pHOTO MOpst (H — Tiry6mHa)

Spots for core sampling within the present study were chosen, taking into account the time when
bottom sediment layers were formed, namely, the period of recent global hydrochemical and hydrological
changes in the Black Sea. One core was sampled in the deep-sea hydrogen sulfide zone, and another one,
on the shelf, in the oxygen zone (see Fig. 1).

Microorganisms are known to be less dependent on the oxygen content in the environment. Many
types of bacteria can live in oxygen-free environments. The Black Sea bottom sediments in the deep-
sea hydrogen sulfide zone have been studied to determine the presence of both anaerobic and aerobic
organisms. In the Black Sea sediments, more than 80% of the total sequences retrieved belonged to Bac-
teroidota and Pseudomonadota (41 and 42%, respectively), and this slightly differs from the global com-
position of coastal sediments by a higher fraction of Bacteroidota [Zinger et al., 2011]. At the class
level, the most abundant bacterial groups were Deltaproteobacteria and Flavobacteriia. These increased
in sequence abundance toward anoxic conditions, especially a group of sulfate-reducing bacteria
of the families Desulfobacteraceae and Desulfobulbaceae (Deltaproteobacteria) [Jessen et al., 2017].

Previous investigations on microbiomes of bottom sediments in the hydrogen sulfide zone revealed
the presence of viable spores and oxybionts. Genera of germinated unicellular algae, fungi, and bacte-
ria were identified in sediment surface layers (0—1.5 and 1.5-5.0 cm). Thus, it was shown that bottom
sediments in the hydrogen sulfide zone serve as a bank of viable spores of oxybionts [Zaitsev et al.,
2008].

Earlier, the microbiome of a wider range of deep-sea bottom sediments was analyzed from the point
of the environmental effect on its biological diversity. Changes in the microbial composition in var-
ious geological periods were studied in connection with both history of the sea formation [More
et al., 2019] and role of microorganisms in the bottom sediment composition. Also, the participa-
tion of microorganisms in the biogeochemical cycles of individual substances was analyzed [Coolen,
2011; Coolen et al., 2009, 2013]. It was found that the decomposition of organic matter occurred
with the participation of representatives of the classes Deltaproteobacteria and Dehalococcoidia
[Suominen et al., 2021].
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The ratio between Flavobacteriia, Gammaproteobacteria, and Deltaproteobacteria, involved in the de-
composition of particulate organic matter, changed with reducing oxygenation, and it took longer for mi-
crobial community of the hypoxic zone to decompose similar amounts of deposited matter [Jessen
et al., 2017]. Desulfobacteraceae were also abundant in sulfate-poor, methanogenic areas of the Black
Sea sediment [Leloup et al., 2007]. Crenarchaeota and the bacterial candidate division JS-1, as well
as the classes Anaerolineae and Caldilineae of the phylum Chloroflexota, were highly abundant in anoxic
sediments [Schippers et al., 2012].

Bacterial community structure definitely differed in hypoxic and oxic zones. Conditions on the shelf
are favorable for aerobic forms of microorganisms. The Black Sea shelf features a noticeable
presence of methane. On the shelf, methane concentrations drop during a relatively short ascent
from the seafloor to the sea surface. Previously published data clearly demonstrate that Bacte-
ria mediate methane oxidation in oxygenated water [Durisch-Kaiser et al., 2005]. An increased
abundance of Archaea in the oxygen zone was a surprise, since no members of this domain
were known that could contribute to methane conversion rate under oxygen conditions [Durisch-Kaiser
et al., 2005].

Microbial communities of the oxygen zone resembled the ones of standard marine (e. g., Mediter-
ranean) photic zones, with dominance of Cyanobacteria (Synechococcus, with conspicuously absent
Prochlorococcus) and photoheterotrophs [Cabello-Yeves et al., 2021].

At the same time, microbes developed an adaptive metabolism, which included physiological adap-
tation to oxic-anoxic growth [Shah et al., 2019]. One of the most abundant microbes found in these
zones belonged to Candidatus ‘Marinimicrobia,” which thrived both in oxic and anoxic waters [Bertag-
nolli et al., 2017; Hawley et al., 2017]. In general, the investigation on microbial communities in bottom
sediments, including subsurface deep layers, of various seas is of high scientific and practical relevance
for both revealing microbial diversity and understanding the role of microbes in functioning of marine
ecosystems [Badmadashiev et al., 2023; Bertagnolli et al., 2017; Leloup et al., 2007; Merkel et al., 2017;
Roussel et al., 2008; Stroeva et al., 2023; etc.].

The aim of this work was:

1) to investigate the abundance and structure of microbial communities in different subsurface layers
of deep and shallow bottom sediments in the Black Sea;

2) to study the microbial diversity in the hydrogen sulfide zone of the bathyal vs. shallow-depth bottom
sediments in the oxygen zone on the shelf, thereby expanding our understanding of the Black Sea
ecosystem as a meromictic one.

MATERIAL AND METHODS

Research areas and material. Samples were taken as whole cores with geological tubes for sam-
pling of bottom sediments (TG-2) in the hydrogen sulfide zone in the western deep basin of the Black
Sea and on the shelf during the 110™ cruise of the RV “Professor Vodyanitsky” in October 2019 (Fig. 2).
The deep-sea station, st. 1 (43°19.6632" N, 32°10.1171” E), was at a depth of 2,030 m. The shelf station,
st. 2 (44°24.7851” N, 33°41.7321" E), was at a depth of 49 m (see Fig. 2). The Black Sea is known
as an internal semi-enclosed continental sea due to its geographical location. This is a meromictic reser-
voir, as its deep waters contain hydrogen sulfide. A 200-cm core was taken at st. 1, and another core,
a 140-cm one, was taken at st. 2 (Fig. 2).

Immediately after sampling at the stations, both bottom sediment cores (11 cm in diameter) were
split into sub-samples 5 cm in length. Sample aliquots were obtained aseptically from cores with sterile sy-
ringes. In this study, DNA concentrations at st. 1 were analyzed in the samples from subsurface sediment
layers of 20-25, 45-50, 70-75, 95-100, and 170-175 cm. DNA concentrations at st. 2, on the shelf,
were studied in the samples of sediment layers from depths of 20-25, 40—-45, 65-70, and 125-130 cm.
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Polymerase chain reactions (PCR) in layers of 20-25, 40-45, and 70-75 cm at st. 1 and in layers
of 20-25, 45-50, and 65-70 cm at st. 2 were performed. Designations used in sampling and analysis
are explained in Table 1.

Fig. 2. Sampling sites
in the Black Sea: st. 1 in deep-
sea western basin and st. 2
on the shelf near the Crimean
Peninsula

Puc. 2. Mecrd otbopa mnpod
B Yépnom mope — cT. 1
B IIyOOKOBOJHOW 3amaJHou
KOTJIOBUHE U CT. 2 Ha mesbde
y KpbiMckoro nosryoctposa

Table 1. Description of analyzed samples of subsurface layers of the Black Sea bottom sediments (YBP,
years before present)

Taosuma 1.  OmnwmcaHue HCCAeJOBaHHBIX OOPAa3lIOB CJIOEB IMOIMOBEPXHOCTHBIX JOHHBIX OTIOKEHHI
Yéproro mops (YBP — siet Tomy Hazax)

Characteristic Deep-sea basin, st. 1, H=2,030 m Shelf area, st. 2, H=49 m
Depth of the sedi- 95— 170- 125-
ment layer, om 0-5 | 20-25 | 45-50 | 70-75 100 175 0-5 | 20-25 | 45-50 | 65-70 130
zfertf:s:;lrfl‘;r?i‘;;‘:; 467- | 1738 | 3219- | 4632— | 5963-| 9558—| o .| 112- | 224- | 447 | 946~
(YBP) 800 | 2025 | 3521 | 4910 | 6225 | 9796 137 280 488 988
Date of formation
of the  middle 1336 | 2752 | 4075 | 8125
of the sediment layer 1385 125 BC BC BC BC 1991 | 1895 | 1757 | 1559 | 1052
(calendar year)

Seven samples were used for sequencing (see Table 2). One sample (bar1) served as the control (sham
DNA extraction, negative PCR, and Nanopore reagents) despite its absence on a stained gel. The other
six samples were as follows: bar2, bar3, and bar4 (st. 2, depth of 49 m; 20-25, 40-45, and 65-70 cm,
respectively), and bar5, bar6, and bar7 (st. 1, depth of 2,030 m; 20-25, 40—45, and 70-75 cm). A total
of 89,950 reads were performed; 11% of the reads represented the most abundant operational taxonomic
units (hereinafter OTUs) which were taken into account.

The samples were stored intact, anaerobically, at —80 °C before being aseptically sub-sampled
in a laminar airflow cabinet with a sterile stainless-steel corer (2 cm in diameter) and analyzed
in a laboratory.

Dating of bottom sediments. All samples from the sediment core and all obtained layers were
tested for radioactivity, in particular for the content of man-made cesium-137. The measurements
were performed on a gamma-spectrometric complex with a semiconductor detector (RADEK, Russia).
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The layers were dated according to literature data based on results of radioisotope dating using carbon-14
[Coolen et al., 2009] with corrections for the total carbon content in layers of bottom sediments and with
correction for cesium-137 at the sediment surface, 0—7 cm.

DNA extraction and quantification. DNA was extracted from sediment samples (~ 500 mg)
by one of the best methods for deep-sea sediments: the FastDNA Spin Kit for Soil with modifica-
tions [Webster et al., 2003] while leaving PCR inhibitors bound to DNA and following the recom-
mended protocol (MP Biomedicals, LLC, the USA). The technique was found to be reliable and con-
sistent in terms of DNA yield and the ability to generate PCR products. Therefore, in the given study,
we used FastDNA Spin Kit for Soil as recommended by the manufacturer. Briefly, a sample was soaked
with sodium phosphate buffer and MT buffer solutes, and homogenized with Q125 Sonicator (Qson-
ica, LLC, the USA). Then, a sample was centrifuged to get rid of the pellet debris. The supernatant
was transferred to a clean 2-mL microcentrifuge tube, where PBS (phosphate-buffered saline, a buffer
solution, pH ~ 7.4) was added and mixed 10 times. A sample was re-centrifuged to precipitate the pellet.
Then, supernatant was transferred to a 15-mL tube, and a binding matrix solution was added. A tube
was rotated for 2 min and placed in a rack for 3 min. Subsequently, 500 uL of supernatant was discarded,
and remaining 600 uL. of DNA solution was transferred to a SPIN filter tube. Then, 500 puL. of SEWS-M
solution was added, and a tube was rotated for 1 min. After SPIN filter air-drying for 5 min at room tem-
perature, 50—100 uL of DES elution solution was added. After centrifugation, DNA in the catch tube
finally was ready to use for DNA analyses. It was shown, that DNA contained PCR/DNA polymerase
inhibitors. Therefore, for subsequent PCR runs, DNA samples were diluted 10-20 times with molecular
biology grade water.

To visualize DNA, the agarose (1% weight/volume) gel electrophoresis was used with DNA
stained with 0.5 ug-mL™" ethidium bromide. DNA concentrations were measured involving NanoDrop
Microvolume Spectrophotometer (Thermo Fisher Scientific, the USA).

PCR amplification. Microbial community composition may vary significantly because of dif-
ferences in sequencing method, including choice of variable region of 16S rRNA gene. We used
the v3—v4 region that has proven itself in the study of extremophiles [Merkel et al., 2017] and marine
ecosystems [Ghate et al., 2021]. The extracted DNA was amplified by PCR using v3-v4 region-specific
bacterial 16S rRNA gene-targeted degenerate primers Merk-341F and Merk-805R [Merkel et al., 2017]
for 37 cycles involving FastStart polymerase (Roche, the USA) at annealing temperature of +53 °C.
The obtained sharp signals (about 485 base pairs, bp) were Nanopore-sequenced.

Oxford Nanopore sequencing. The MinlON device equipped with Flow Cell R9.4 was used
for Nanopore sequencing. The sequencing run was operated by MinKNOW software (Oxford Nanopore,
the UK). The sequencing was performed with libraries prepared for 16S rRNA gene v3—v4 region am-
plicons (about 485 bp). The corresponding kits were implemented: to repair amplicon ends (NEBNext
Ultra II End Repair/dA-tailing Module reagents E7546), ligate barcodes (Native Barcoding Expansion
1-12 EXP-NBD104), and then sequencing adapters (Adapter Mix II AMII). All these and further steps
(loading the libraries in a flow cell, etc.) followed instructions provided by Oxford Nanopore Technolo-
gies. The sequencing was run for 72 h. Obtained Fast5 files were basecalled under the “fast basecalling”
option with trimming barcodes using MinKNOW software. The resulting FastQ files were classified
with GenBank entries [Benson et al., 2013] and EPI2ME software (Oxford Nanopore) [EPI2ME,
2008-2024].

Bioinformatics analysis. At the first step, data quality was monitored using FASTQC soft-
ware [Babraham Bioinformatics, 2019], and then data cleaning of low-quality reads was performed
applying Trimmomatic [2021]. To confirm the success of the previous step, the quality of the reads
was re-checked using FASTQC. At the second step, the reads were classified with the software Kraken 2
[DerrickWood/kraken 2, 2023; Wood et al., 2019].
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Two different approaches were implemented to classify the reads. The first one involved
the FastQ 16S program of the software package EPI2ME [Oxford Nanopore Technology, 2008—-2024].
This approach allows classifying the reads using daily updated GenBank entries. Upon classification,
the similarity threshold was settled at 88%. Most reads remained unclassified, likely because of their low
similarity to GenBank classified entries, and they were excluded. The second approach involved WIPM
program in the same software package. It uses a specialized database (that of Oxford Nanopore Tech-
nologies) containing only classified entries, which is far from the updated GenBank. The two approaches
produced consistent results presented as a list of OTUs.

Accession number. The sequences of libraries prepared for 16S rRNA gene v3—v4 region amplicons
obtained in this study were deposited in the NCBI database under submission ID: BioProject accession
PRINA1137415 (GenBank).

RESULTS AND DISCUSSION

Dating of layers in geological tube. The gamma-spectrometry data obtained showed as follows:
in some surface layers, there was no cesium-137 in samples of bottom sediment core. This indicates
the absence of a surface layer, 0—7 cm, since cesium-137 should be contained in this layer of bot-
tom sediments as anthropogenic radionuclide both of Chernobyl and global origin. This is due to pe-
culiarities of sediment core sampling with a geological tube, as evidenced by studies of [Coolen et al.,
2009]. In the article, the figures illustrate the depth of the layers of bottom sediments, as they were
in the geological tube. The sedimentation rate (hereinafter SR) for bottom sediments deeper than 8 cm
was 0.15-0.21 mm-year™' depending on the depth of the layer of bottom sediments, and the value
decreased with sediment depth [Coolen et al., 2009, 2013; More et al., 2019].

The results on layer dating for bottom sediment sampled at st. 1 are shown in Table 1. As known,
in the Holocene, which began 11.7 thousand years ago, the mean SR on the Black Sea shelf was about
1.2 mm-year™! for naturally compacted sediment [Yesin, Kos’yan, 2006]. In the Anthropocene, which
began in 1950, the SR on the shelf increased and amounted to 2.3-5.5 mm-year™' [Egorov et al., 2013;
Tereshchenko et al., 2018; Yesin, Kos’yan, 2006]. This is probably due to the intensification of anthro-
pogenic activity, in particular on the coast. Economic development and urbanization resulted in an in-
crease in land erosion and coast abrasion, and also in a rise in solid runoff from rivers and pipe drainage
systems. The above data supported the dating of the sediment core sampled at st. 2 (Table 1).

DNA concentrations in subsurface bottom sediment. In Table 2, the results of the analysis are pre-
sented: DNA concentrations at st. 1 in samples from subsurface bottom sediment layers of 20-25, 45-50,
70-75, 95-100, and 170-175 cm.

Table 2. DNA concentrations in subsurface bottom sediment

Tadommma 2. Konuenrpanus JJTHK B noAnoBepXHOCTHBIX JJOHHBIX OTIOXEHUAX

Characteristic Deep-sea basin, st. 1, H=2,030 m Shelf area, st. 2, H=49 m
Depth of the sed- 95— 170- 125-
iment layer, cm 0-5 | 20-25 | 45-50 | 70-75 100 175 0-5 | 20-25 | 45-50 | 65-70 130
DNA concentra-| - _ | 70 | | 620 | 440 | - | 650 | * | 550 | 43.0
tion, ng-ul.
Sample - bar5 bar6 bar7 - - - bar2 bar3 bar4 -
Number of iden-
tified bacterial - 129 190 110 - - - 162 140 147 -
OTUs

Note: *, concentration was measured approximately by ethidium bromide staining after gel electrophoresis;
—, no data.

IIpumeuanne: acteprck (*) — KOHIEHTPALMIO U3MEPSUTH MPUOU3UTENBHO C TIOMOLIBIO OKpAIIMBaHUSI OPOMUIOM
3TUIUS TIOCIIE TelIb-3JIeKTpodopesa; MpoUepk (—) — JaHHbIE OTCYTCTBYIOT.
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For the control, DNA was extracted from local soil and pure water. This control was used in DNA
quantification trial, while another control (negative PCR) was used in Nanopore sequencing.

Comparative analysis of microbial communities from different samples. Microbial communi-
ties of sediments sampled at st. 1 and st. 2 and the control sample were analyzed. Data in Table S1
(available as a supplementary file at https://marine-biology.ru/mbj/article/view/527) provide evidence
for the fact that the biome of microorganisms from the shelf zone (bar2-bar4) features higher diver-
sity at the genus level than that in the deep-sea zone (bar5—bar7). Notably, our research did not claim
to compile a complete list of genera in the studied bottom sediment layers. At the same time, there
is a significant part of the genera that were found in the bottom sediment samples from both stations,
as well as in the control. Twenty-two OTUs for control and bottom sediment from both stations, in addi-
tion to 5 OTUs only from st. 1, and 6 OTUs only from st. 2 were common and were excluded. However,
a considerable number of bacterial genera in microbiome of subsurface sediment layers in the hydrogen
sulfide and oxygen zones differed within layers and also differed from the control. A total of 217 OTUs
were recorded in three sediment layers from st. 1. Out of those, 135 OTUs were common to sediments
from st. 2, and 87 OTUs were characteristic of the deep-sea bottom sediments only. For st. 2, 226 OTUs
were identified. Out of those, 135 OTUs were common to bottom sediments from st. 1, and 91 OTUs
were noted on the shelf at st. 2 alone (see Table S1 at https://marine-biology.ru/mbj/article/view/527).

A comparative analysis was also performed for the microbial genus composition only for samples
from bottom sediments from various depths at both stations. The distribution showed that the control
sample overlapped strongly in microbial composition with the sediment samples. Therefore, the micro-
bial genera of the control samples were excluded from the list of genera considered when analyzing
the composition of the microbial community in different layers of bottom sediments from the shelf
and deep-sea zone. This is important in order not to obtain a falsely inflated positive relationship between
the genus composition of samples from different sediment layers. A total of 49 common microbial OTUs
was revealed for all three investigated sediment layers from st. 1, while 53 OTUs were recorded in three
sediment layers from st. 2. In each sediment layer at st. 1, the number of original OTUs varied within
38-65, and at st. 2, 32-52.

Taxonomic affiliations of the identified bacteria. In the samples studied, 28 bacterial phyla were
identified (see Table S2 at https://marine-biology.ru/mbj/article/view/527). Out of those, 24 phyla were
present in both microbiota zones, and 1 phylum, Deinococcota, occurred in the hydrogen sulfide zone
only, but 3 phyla were found in the shelf zone only. The main contribution to the microbiome of bottom
sediments was made by seven phyla (listed in descending order): Chloroflexota — Pseudomonadota — Bacil-
lota — Actinomycetota — Thermodesulfobacteriota — Bacteroidota — Cyanobacteriota (Fig. 3). The bar plot
shows the most abundant OTUs.

The phylum Chloroflexota strongly dominated the data set comprising about 27% of all the reads.
Chloroflexota, Pseudomonadota, and Bacillota amounted to 56% of the total reads in two zones.
Actinomycetota was the fourth dominant phylum in the sediment samples, with 10.3% of the reads.

A complete list of the identified genera of bacteria and their count in bottom sediments layers
are given in Table S1 (see https://marine-biology.ru/mbj/article/view/527). In total, representatives
of 335 genera of bacteria were identified in the studied microbial communities in all six examined layers
of bottom sediments.

The taxonomic structure of the identified OTUs of the domain Bacteria from sediment samples
is presented in Fig. S1a—f (see a supplementary file at https://marine-biology.ru/mbj/article/view/527).
At the family level, Pseudomonadota, Bacillota, and Actinomycetota made up 53% (see Fig. 3).
The bar plot showed the most abundant OTUs.

The distribution of families across the two zones was compared (see Table S2 at https://marine-
biology.ru/mbj/article/view/527). Pseudomonadota, Bacillota, and Actinomycetota made up 65%
of the bacterial genera.
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Fig. 3. Relative abundance of bacterial community in subsurface layers of the Black Sea bottom sediments
at the phylum level

Puc. 3. OrtHocutepHOE 00MIME OaKTEPUATBLHOTO COOOIIECTBA B MOMINOBEPXHOCTHBIX CJIOSIX JOHHBIX
ocaikoB YEpHOTO MOps Ha ypoBHE (prutyma

There were some variations in the microbial composition among phyla in sediments. In both zones,
the proportion of Chloroflexota dropped with depth. Bacillota and Cyanobacteriota were the dominant
phyla in the deep-sea zone (24 and 16%, respectively), while Chloroflexota (27%) colonized the shelf
sediments in large numbers (Fig. 3). The presence of Cyanobacteriota in the deep-sea zone seems unex-
pected. Cyanobacteria are capable of both oxygenic and sulfide-driven anoxygenic photosynthesis [Klatt
et al., 2015], and this may explain their adaptation to fluctuating far-red light and sulfide concentrations.

In this work, sequences could be classified at the genus level, and distribution of families could be
reconstructed. Anaerolineaceae was the predominant family in both zones (30% on the shelf and 24%
in the deep-sea zone), significantly ahead of Thermoanaerobacterales Family Il (2.4 and 7.0%, respec-
tively), Leptolyngbyaceae (3.1 and 5.5%), Anaerohalosphaeraceae (5.6 and 1.5%), Clostridiaceae (3.1
and 4.2%), and Azonexaceae (0.7 and 3.2%) (Fig. 4). We registered 47 families in the deep-sea zone
only and 55 families on the shelf only. As for the class level, Syntrophorhabdia, Terriglobia, Epsilonpro-
teobacteria, Cytophagia, Desulfarculia, Fibrobacteria, and Chthonomonadia were found in the deep-sea
zone alone.

In total, 191 genera were identified (see Table S1 at https://marine-biology.ru/mbj/article/view/527).
Distribution of the most abundant 15 genera representing 54% of the reads in both zones is given
in Table S3 (available as a supplementary file at https://marine-biology.ru/mbj/article/view/527).

This study also revealed presence of Archaea in both zones. Data are not submitted before
confirmation involving the set of Archaea specific primers.

As shown in earlier investigations, the sediment mass accumulation rate, as well as the SR
on the Black Sea shelf, is much higher than that in the deep-sea zone [Tereshchenko, Parkhomenko,
2021]. This is due to the fact that no more than 10% of lithogenic suspended matter reaches the deep-sea
zone: it is mostly deposited on the shelf. Moreover, oxidation of suspended organic matter occurs
in the upper oxygen zone of waters. Only about 5% of suspended organic matter reaches the hydrogen sul-
fide zone [Tereshchenko, Parkhomenko, 2021]. Consequently, the biogeographic conditions of the Black
Sea, including its hydrological and hydrochemical characteristics, determine the fact that the SR values
on the shelf are several times higher than in the deep sea. This results in the formation of a discrepancy
in the age of layers at the same depth in sediments both on the shelf and in the deep-sea hydrogen sulfide
zone (Table 1).
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Fig. 4. Relative abundance of bacterial community members in the subsurface layers of the Black
Sea bottom sediments at the family level: 1, the total contribution of 207 families; 2, Anaerolin-
eaceae; 3, Thermoanaerobacterales Family I11; 4, Leptolyngbyaceae; 5, Anaerohalosphaeraceae; 6, Clostridi-
aceae; 1, Azonexaceae; 8, Caldilineacea; 9, Streptomycetaceae; 10, Kofleriaceae; 11, Dehalococcoidaceae;
12, Desulfocapsaceae

Puc. 4. OtHOcuTeNlbHOE 00MIIME WIEHOB OAKTEpHAIBHOTO COOOLIECTBA B MOANOBEPXHOCTHBIX CJIOSIX JOH-
HBIX 0ocagkoB UYEpHOTO MOPsI HA YpoBHE cemericTBa: 1 — oOmmii Bkiag 207 cemeicTB; 2 — Anaerolineaceae;
3 — Thermoanaerobacterales Family III; 4 — Leptolyngbyaceae; 5 — Anaerohalosphaeraceae; 6 —
Clostridiaceae; 7 — Azonexaceae, 8 — Caldilineacea; 9 — Streptomycetaceae; 10 — Kofleriaceae; 11 —
Dehalococcoidaceae; 12 — Desulfocapsaceae

To study the genus composition in bottom sediments, we carried out sampling that covered layers
from the deep-sea zone, from a sediment depth of 70—75 cm and more, since, according to dating,
these sediments were already formed under conditions of hydrogen sulfide water column.

The results obtained show that DNA concentration in subsurface bottom sediment of the Black
Sea (4070 cm) decreases with depth. We applied analytical methods of molecular biology to sequences,
involving special software for the final analysis of extracted nucleic acid and identification of microbial
taxa present, and received new data on the microbiome diversity in bottom sediments of subsurface layers
on the shelf and in the deep-sea hydrogen sulfide zone. Our results show as follows: there is a sufficiently
large percentage of the common genera in bottom sediments from the oxygen and hydrogen sulfide zones,
but also there are significant differences in the genus composition of biomes of the two zones. This
is probably due to both the different hydrochemical composition of waters during the formation of bot-
tom sediments in these two zones and the specificity in conditions for the existence of microorganisms
in deep layers of sediments. Moreover, a certain role is definitely played by the ability of microorganisms
to carry out vital activities in more extreme and specific conditions compared to macrobiota of the Black
Sea, the range of which is limited primarily to oxygen-containing habitats.

The analysis of taxonomic composition showed the presence of 28 prokaryotic phyla, with Chloroflex-
ota dominating. Anaerolineaceae was the predominant family in marine anoxic sediments, the same
as in [Schippers et al., 2012]. Anaerolineaceae is functionally linked to amino acid metabolism
and biosynthesis of other secondary metabolites.

The metabolic abilities of Chloroflexota representatives, encompassing aerobic and anaerobic con-
ditions, thermophilic adaptivity, oxygen-free photosynthesis, and the use of toxic compounds as elec-
tron acceptors, emphasize the stability of this phylum and its ecological significance. These diverse
metabolic strategies, driven by the interaction of temperature, variation in oxygen concentration,
and energy metabolism, illustrate the adaptations that allowed Chloroflexota to inhabit a wide range
of ecological niches. Apparently, a high proportion of the class Anaerolineae is explained by the role
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of its representatives in the decomposition of complex organic compounds, which makes a noticeable
contribution to the carbon cycle, including the anaerobic environment. Anaerolineaceae was the predomi-
nant family in marine sediments, functionally linked to amino acid metabolism and biosynthesis of other
secondary metabolites. The most abundant in our study Thermomarinilinea lacunofontalis belonging
to the class Anaerolineae is a thermophilic, obligatory anaerobic, and heterotrophic marine bacterium;
it was isolated earlier in a Japanese shallow hydrothermal system [Nunoura et al., 2013].

Conclusion. In this study, new data were obtained on the bacterial community composition
in the Black Sea sediment ecosystems in the oxygen zone on the shelf and hydrogen sulfide zone in deep-
sea area, and additionally along a gradient of depth in the bottom sediment core. The phylum Chloroflex-
ota dominated in both zones, with 27% in the marine ecosystem. Interestingly, 5% of families made up
51% of the total abundance.

This is the first report on the Oxford Nanopore sequencing studies of the bacterial community of bot-
tom sediments where ecosystems of the shelf and deep-sea zone were compared. Further research is re-
quired to understand the bacterial community composition of the Black Sea ecosystem and to monitor
occurring changes. These data lay the foundation for the analysis of microbiomes of the subsurface deep
bottom sediment layers of the sea as a meromictic reservoir.
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[IpoBenéH aHanu3 GakTepUATbHBIX COOOIIECTB, TPUCYTCTBYIONIMX B MOANOBEPXHOCTHBIX CJIOSX JIOH-
HBIX 0CAJIKOB TIIyOOKOBOJHOW KOTIOBUHHI U 1Iek(oBoii 300k UépHOTOo MOps1. Llenbio ucciepoBaHus
OBLJIO MIPOIEMOHCTPUPOBATH, YTO ST OTJIOKEHHU I, C(POPMHUPOBAHHBIC B PA3HBIX YCIOBHAX MPUIOHHBIX
BOJI (BOCCTAaHOBHUTEJIbHBIX — M3-32 HAJIMYMS CEPOBOJOPO/IA B IITyOOKOBOIHOI YacT! MOpsI Ha ITyOuHe
2030 M, OKHCIIUTENIBHBIX — B KMCJIOPOJCOJEPKALIMX 1IeTb(OBBIX MOPCKUX BOAAX Ha IIyOuHe 49 M),
CIIy’aT cpesior OOMTaHMs AJIs pa3IMYHBIX MUKPOOHBIX coodects. JJHK n3BiedeHa U3 pa3HbIX cJI0EB
0CaJIKOB, 3aTeM aMIuiduIpoBana ¢ nmomoinpio [11IP. [Janee nmpoBeaeHO cEKBEHUPOBAHUE METOIOM
Oxford Nanopore. AHaIU3 BBISIBII B OOLIEH CJIOKHOCTH 28 KiIacCU(PUIMPOBAHHBIX OaKTepHaIbHbIX
(bUIOTUIOB, U3 KOTOPBIX 24 MPUCYTCTBYIOT B 00enX 30HaX, a | crerpidryeH ajis riryOOKOBOHOM ce-
POBOIOPOTHOM 30HBI OCanKoOB. BriepBrle yctaHoBIeHH 335 mpencrasuresen 3 171 cemeiictea. Crie-
UU(pUUHBIMU 118 11ETb(OBBIX 0CATKOB KUCIOPOAHOHN 30HB UE€pHOro Mops okazaauch 37 CEMEUCTB,
a TOJIbKO B MOJMOBEPXHOCTHBIX OTJIOKEHHSIX CEPOBOAOPOAHOM ITyOOKOBOZHOHM 30HBI OOHAPY:KEHbI
46 cemeiictB. Kpome Toro, 88 cemeiicTB BCTpevyaliuch B 00EUX 30Hax. Pe3ysbTaThl CBUIETEIBCTBY-
10T O TOM, 4TO JB€ 30HbI YEPHOTO MOPSI JEUCTBUTENBHO COJEPKAT pasHbie MUKPOOHBIE COOOIIECTBA
¢ Goiee pa3HOOOpA3HOM KU3HBIO Ha Iesib(e, U YKa3bIBAIT Ha MOTEHIMAN OYAyIIUX UCCIIeIOBAHUN
POJIM TUX COOOIIECTB B OMOT€OXUMUUESCKHUX LIUKJIAX.

KuaroueBnlie caoBa: YEpHoe Mope, KepH JOHHBIX OTIOXeHUH, KoHnenTpauus QHK, cekBeHupoBa-
uue MetozoMm Oxford Nanopore, MUKPOOMOM MPOKAPUOTOB, TIOANIOBEPXHOCTHbIE JIOHHBIE OTJIOKEHUS,
1iesbhoBas KUCIOPOACOAepsKalas 30Ha, CEPOBOAOPOIHASI [TTyOOKOBOIHAST 30Ha
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BUJTOBOE PABHOOBPA3UE
JIMATOMOBBIX BOJOPOCJIEA SIINJINTOHA KAMEHHUCTBIX TPYHTOB
B 3AJIUBE JIOHY3JIAB (KPBIM, YEPHOE MOPE)

©2026r. JI. KA. Padymko, /1. H. JInmaes

®I'BYH PULL «HucTuTyT GHosoruu 10xHbX Mopeii uvmenn A. O. KoBanesckoro PAH»,
Cesactononb, Poccuiickas ®epepanms
E-mail: ryabushko@ibss-ras.ru

Iocrynuna B pepakimo 22.01.2025;  nmocne gopadotku 16.06.2025;
npuHsTa K myonmkanuu 12.02.2026.

BriepBrie 000011IeHB OpUTHHATIBHBIE U JIUTEpATypHBIE JAaHHBIE 1O BHIOBOMY COCTaBY, KOJOTO-
(putoreorpapuyeckuM XapaKTepUCTUKAM, CE30HHOW JWHAMUKE M CTPYKTYpHBIM TMOKa3aTesisiM JIv-
aTOMOBBIX Bojopociedd. OpUrHHaNbHBIE AaHHBIE OCHOBAaHBI Ha 54 mpobax snuiMToHa 3ainmBa Jo-
Hy31aB YepHoro mops, orobpanHbix B 2018-2020 rr. Ha ryounax ot 0,1 mo 1,5 M, npu Tem-
nepatype ot +7,0 no +27,0 °C u conénoctu Boapl ot 13,86 mo 18,60 %o. Hamu obOHapyxkeHO
75 TakcoHoB otnena Bacillariophyta, npencraeinensoro 3 kiaccamu, 13 nopsinkamu, 20 cemeilcTBa-
mu U 38 pomamu. B pafioHe Mopckux (epM BbIsIBIEHO 53 Buja; cpequ HUX 52 Buaa ObUH OOIIU-
Mu. BriepBble 111 paiioHa uccneioBaHus npuBeAeHo 59 TakcoHOB (29 ponos). Hambosbinee pasHo-
oOpasue otMeueHo B ponax Navicula (8 BunoB), Nitzschia (7), Licmophora (6) u Halamphora (4).
3umoii BcTpeueHo 32 Buia, BecHo — 50, netom — 42, ocenbio — 37. B cooOiectBax auarto-
MOBBIX BOJOpOC/eH mpeodiaananT OeHTocHbie BUIB (88 %), Mopckue (47 %), COIOHOBATOBOIHO-
Mopckue (39 %), kocmonionuT (34 %) u f-me3ocanpodruoHTHbIe (53 %), TO eCTh BUIB — WHOWKA-
TOPBI YMEPEHHOTO OPraHUIECKOT0 3arpsi3HeHN s Bojl. BrisiBiieHo 24 kooHuabHBIX Bia U 10 Kpyrio-
roguuHbIxX: Achnanthes longipes, Berkeleya rutilans, Caloneis liber, Cocconeis scutellum, Cylindrotheca
closterium, Grammatophora marina, Halamphora hyalina, Navicula perrhombus, Trachyneis aspera
u Synedrosphenia crystallina. 3agukcupoBaHO TPUCYTCTBUE OJHOTO MOTEHIIUATBHO TOKCHYHOTO BH-
na — Halamphora coffeiformis. MakcuManbHble 3HaueHust oOuams BuaoB (S = 18), obuieli uuc-
nennoct (N = 254,0-10° ki.-cMm™2) 1 6uomaccest (B = 1,15 Mr-cM™2) cooOIIECTB OTMEUEHBI JIETOM,
MuHUMAaJIbHBIE (S = 9 BuaoB, N = 14,8-10° ki1.-cm™2 u B = 0,037 MF'CM_Z) — OCEHbIO.

KuaroueBble ciaoBa: OUAaTOMOBBIE BOIOPOCIH, 3KOJIOro-puroreorpauueckue XapakTepUCTUKH,
Ce30HHasl JMHAMUKA, OOWIMe BHJIOB, YHCJIEHHOCTb, OHOMAacca, SIWIUTOH, 3aiuB JloHy37aB,
YepHoe mope

3amuB JlonysnaB YEpHOro MOpsi — YHHUKAJbHBIA TMOJYy3aKPHITBI MOPCKON BOJIOEM IUIOIIAIbIO
47,5 kM2, pacroJIoKeHHbIN Ha 3armagHoM rodepexkbe KpbiMa. [[iHa necyaHoi HaChIy, YaCTHYHO OT/Ie-
JISIOLLEH ero OT MOpsi, COCTaBIsieT 9 KM, mrpuHa Kosedsetcs B auanaszone ot 200 go 600 m. [Ipeodnana-
10T ITyOWHBI 4—5 M; 3HaU€HHe B pailoHe LIEeHTpabHOW KOTJIO0BHHBI fJocturaet 12—-20 m. Cpesanee coaep-
’KaHKe PaCTBOPEHHOIO KMCIIOPOJIA B BOJE cOCTaBseT 8,77-9,40 Mr-n~". DT 3HaUEHHsA CIUTAIOTCS Y I0-
BJICTBOPUTEIIBHBIMU JJTs1 KU3HEIEATEIbHOCTH THIPOOMOHTOB TPY TTPUEMIIEMON CTETIEHH 3arps3HeHU S
BOoHOM cpeapl [3yes, bonraves, 1999].

OcHoBHbIe (DaKTOPBI, BO3JEUCTBYIOIINE HA CE30HHYIO MPOCTPAHCTBEHHYI0 MU3MEHUYMBOCTh TEMIIe-
paTypHOro pexuma 3aJIMBa, — 3TO aTMOC(hepHbIe TEPMUUECKUE YCIIOBUS, ero mpeodiafaoias Mei-
KOBOJHOCTb, IIUPKYJIAIMS BOM, a TAKXke TEIUIOBOE BIUSHUE BOJ00OMeHa ¢ YEpHBIM MOpeM B paiioHe
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niepechiny. MeJKoBOTHOCTh OoJibInell yactu JloHy3/maBa 1 ero HeOOJIBIION TeTIo3anac CIykat rJIaBHOW
MPUYMHON 3HAYUTENILHOW CE30HHOW M3MEHUMBOCTH TOPU3OHTAIBHOIO pacIipelesieHus] TeMIIEpaTyphl
Boabl [[IpsikoB u 1p., 2018].

B Hacrosiiiee Bpemsi Ha 3KocucTeMy [loHy3/1aBa BO3JEHUCTBYIOT TaKue aHTPOIOTeHHbIE (aKTo-
pbl, Kak MpoOMbIIUIEHHass JoObya necka [3ye, Bontaues, 1999] u pasBeseHne Muauii U yCTpHIL
Ha PACIIOJIOKEHHBIX B 3aJIMBE (pepMax.

[epBbie cBeeHUs1 00 U3YYEHUU BUAOBOTO COCTaBA PA3JIMYHBIX OTIEIOB MUKPOBOAOPOCTE B 03e-
pe Honysnae (mpu conénoctu 80-100 %o), em€ He coemuHEHHOM ¢ YEpHBIM MoOpem, MpuUBee-
HBl B guccepraimu [Xpuctiok, 1949]. CornmacHO 3TMM [JaHHBIM, ObUIO OOHApyKeHO 15 TakCOHOB
JIMaTOMOBHIX Bojopocien (manee — JIB) u3 11 pomoB (Hekotopwie U3 Hux Mopckue): Cyclotella
meneghiniana, Tabularia fasciculata, Achnanthes brevipes, Frustulia vulgaris, Caloneis amphisbaena,
Gyrosigma spenseri, Hantzschia amphioxys, Nitzschia brevissima, N. lorenziana, N. reversa, N. umbonata,
Tryblionella hungarica, Surirella linearis, S. ovalis v S. brebissonii var. kuetzingii.

[lepBble KOMILIEKCHBIE UCCIEOBAHUS BUJOBOTO COCTaBA U CTPYKTYpPhl (DYHKIIMOHUPOBAHUS (PUTO-
IJTAHKTOHA, 300IJTAHKTOHA M ME30300IJIAHKTOHA, a TaKXkKe COJAEPKAHUS TSKEIBIX METALIOB U PTYTH
B TUIAHKTOHE W JIOHHBIX OCaJIKax ObUTH MpoBefieHbl B o3epe [loHy3maB B Mae — oktssope 1990 r. [Ca-
MbIeB ¥ 11p., 2001]. 3a 310 BpeMs B (PUTOIITAHKTOHE aBTOpaMH 0OHapyxkeHo 45 BuioB B, u3 Koto-
pbiX 13 TaKCOHOB He MICHTH(HUIIMPOBAHBI 0 BUJOBOTO PaHTa M3-3a OOWJIMS MEJIKUX, TPYAHO OIpe/e-
nsieMbIX (hOpM, OTMEUYEHHBIX BO BCE MecsIbl. 3aperucTpupoBaHo 15 BumoB 6eHTocHbIX [IB, BKiIouas
8 TUIMUYHO KOJIOHMAJIbHBIX BUAOB-OOpactateneit: Achnanthes longipes, Licmophora flabellata (Bctpe-
yauch MaccoBo), L. gracilis, L. ehrenbergii, Striatella unipunctata, Striatella sp., Grammatophora
marina u Grammatophora sp. Takxke yka3zaHbl OJUHOYHO >KUBYIIIKE BU/Ibl, OTPE/IENEHHbIE TOJIBKO 10 PO-
na: Cocconeis sp., Navicula sp., Pleurosigma sp. u Surirella sp. Kpome toro, ormeuero 10 6eHTO-
TUIAHKTOHHBIX BUJOB. M3 HUX 2 Buga popa Pseudo-nitzschia sIBASIIOTCS MOTEHLMAILHO TOKCUYHBI-
mu; Cylindrotheca closterium IOCTATOUHO IIMPOKO BCTPEUYAETCS HA YEPHOMOPCKOM IMpuOpexbe. JIuib
20 BUJIOB SIBJSIIOTCS IJIAHKTOHHBIMU. ABTOPaMU CTaThU 3apEerMCTPUPOBAHO JBa MUKA YUCIECHHOCTU
¢urorTaHkTOHA (BKJTIOYasi OSHTOCHBIE BH/Ib) — B KOHIIE BECHBI M HAYaJle OCEHHU.

B pabote mo uzyuenuio putorsianktoHa JdoHy3naBa BbisiBieHO 28 BujoB Bacillariophyta, oTHOCS-
nmmxcs K Tpém kiaccam: Coscinodiscophyceae, Mediophyceae u Bacillariophyceae [JIunutkast u ap.,
2012]. 3aperucTprpoBaHbl IJIAHKTOHHbIE W OEHTOCHBIC BHIBL. YKa3aHO 19 BHIOB — WHIMKATOPOB
canpoOHocTH. OTMeUeHO npeodiagaHue raoUIbHBIX ATKATA(UILHBIX BUIOB.

Mexny Tem y aBropoB [JInmuukas u np., 2012; CambiieB u ap., 2001; Xpuctiok, 1949] umerorcs
yCTapeBIlIMe WM Nepeuieiiie B pa3psi CHHOHUMOB Ha3BaHUsl BUOB; TAKKe BCTPEYAIOTCS OLIMOKU
B JIATUHCKUX Ha3BaHUSX. B HacTosiiee BpeMsi HEKOTOPbIe TAKCOHBI HYKJAIOTCSI B KPUTHYECKOM Tepe-
CMOTpe, HEOOXOUMO COCTABJICHUE HOBBIX CITMCKOB. AHAJIU3 JUTEPATYPHBIX UCTOYHUKOB CBUJIETEIIb-
CTBYeT O pa3HOOOpa3Wy MOAXOA0B K M3y4YeHUI0 OEHTOCHBIX BUIOB JIB M HampaBiieHWid TaKuX UCCIie-
noBanuil. OJHUM U3 €CTeCTBEHHBIX CyOCTpPATOB, UCIIOJIb3YEMbBIX MUKPOBOAOPOCIISAMHE TSI TIOCEJICHUS,
SIBJISTIOTCSI KAMEHUCTBIE TPYHTBI, IIIMPOKO PacIipOCTpaHEHHBIE BIOJIb MOPCKOTO Modepexbs [Paodymiko,
1994, 2013].

Bunosoe pasnooOpazue MUKpOUTOOEHTOCA, a TAK)KE CE30HHAS TMHAMHUKA KaYeCTBEHHBIX U KOJIU-
YECTBEHHBIX XapaKTepUCTUK cooOilecTB [IB OTHOCUTEIBHO XOPOIIO M3YYEHBI 10 €AWHOW MEeTOJUKe
B pa3HbIX KOTONAX KpbIMCKOro npubpexbs YépHoro mops [JIu, Padymko, 2010; Jlumaes, Psaoymi-
Ko, 2020; Psadymko, 1994, 2013, 2020; Padymko u ap., 2020; Balycheva, 2014; Ryabushko et al.,
2022, 2023]. OgHako ocTa€Tcsl aKTyaJbHOM 3aj1aua JaJbHEHNIIero UCCIeAOBaHUs C YUYETOM JIAHHBIX
3JIEKTPOHHOI'O CKaHUPYIOIIEr0 MUKPOCKOMNA M METOAOB CTATUCTUYECKOro aHanuza. M3yyenue Mukpo-
(putobGeHTOCa KaMeHHCTHIX TPyHTOB 3aymBa JloHy3naB Hayato Hamu B 2018 r. [Jlumaes, Psaoymiko,
2020; Blaginina et al., 2023; Ryabushko et al., 2019b, 2022, 2023]; HEKOTOpble METOAbl U3yUYEHUS,
PacCMOTPEHHbBIE B HACTOSIIIEHN CTaThe, BIIOCIEACTBUN ObUTH PACIIMPEHBI.
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Llenp naHHOW paOOTHI — W3YYHTh BHIOBOE Pa3sHOOOpasue COOOIIECTB AMATOMOBBIX BOJAOPOCIEH
SMUIMTOHA 3amBa J[OHY3/71aB M MX KayeCTBEHHbIC M KOJMYECTBEHHbIE XapaKTEPUCTHKHU B TEUCHHUE
KPYIJIOTOIMYHOTO [UKJIA C YYETOM CE30HOB M HEKOTOPBIX THAPOJIOTHUECKUX MTOKA3ATEIICH.

MATEPHUAJI 1 METO/IbI

OTt60p 006pa3noB kamuel npoBoawau ¢ anpess 2018 r. mo ¢gespans 2020 r. Ha OEBATH CTAHIU-
ax Ha ryoune ot 0,1 mo 1,5 m B 3ammBe Jonysnas (45°20°00” c. mr., 33°00°00” B. 1.), B KPHIMCKHX
npuOpeXHBIX Bogax YépHoro mops (puc. 1).

45°45'
Puc. 1. Kapra cranmmii (1-9)
oréopa Tpod  KaMEHHCTHIX
IPYHTOB B 3ajuBe [lOHy371aB
KPBIMCKOTO Mpubpexbss YEpHo-
O MOpsi

45°35'
Fig. 1. Map of sampling
stations (1-9) of stone sub-
strates in Donuzlav  Gulf
of the Crimean coastal waters
of the Black Sea

W

\
32°78' 33°03" 33°28'

45°25'

Cr. 1, 2,4, 6 u 7 pacniosiokeHbl BOJM3H YYaCTKOB MOPCKHX (bepM, Ha KOTOPBIX BHIPAIIUBAIOT MUAAUI
u ycrpuil. ['maponornueckrie XapakTepuCTUKH M0 TITyOWHAM U3MEHSUTHCH B IMMPOKHX Tpeiesiax: TeMIle-
parypa Bob Bapsrpoaa ot +7,0 °C (deBpainb) 10 +27,0 °C (utonb), conénoctb — ot 13,86 %o (MtoHbD)
10 18,60 %o (uroib) (Tadm. 1).

Ta6mamua 1. ['my6una (H), remneparypa (T) u conéHocts (Sal) Bozbpl O cTaHIMAM M Jatam oToopa npod
B 3auBe [Jonysnas, 2018-2020 rr.

Table 1. Water depth (H), temperature (T), and salinity (Sal) by stations and sampling dates in Donuzlav
Gulf, 2018-2020

Hara H,m Ne T,°C | Sal, %o flara H, Ne T,°C | Sal, %o
orbopa npod CTaHIINU otbopa npob CTaHLIUK
13.04.2018 0,3 1,2 +11,0 17,81 21.06.2019 0,5 7 +25,3 13,86
21.06.2018 1,0 3,4 +25,0 18,50 11.07.2019 0,5 7 +24.,6 15,67
12.07.2018 1,0 5,6 +27,0 18,60 22.08.2019 0,5 7 +20,6 16,72
05.10.2018 0,2 7 +19,8 16,58 16.09.2019 1,5 6 +22,0 16,70
28.01.2019 0,4 8 +10,0 16,58 09.10.2019 1,0 7 +15,9 17,71
22.03.2019 0,2 6 +10,6 17,97 09.11.2019 0,2 5 +14,1 17,81
08.04.2019 0,1 6 +10,6 17,97 07.12.2019 0,3 9 +8.9 16,97
30.04.2019 0,2 8 +10,0 16,76 11.01.2020 0,5 6 +9,8 18,01
27.05.2019 0,2 7 +20,7 15,56 14.02.2020 0,1 9 +7,0 16,66

OO0pas3iipl KaMHe# 0TOMpad BPYYHYI0 — IO TPU KaMHsI Ha KaXI0H cTaHiuu. B maboparopun Kax-
JbIA KaMEHb OUYMINAIY C IIOMOIIBI0 CHHTETUIeCKOU INETKY TS KAYeCTBEHHOH U KOJIMYeCTBEHHON 00pa-
60TkH. OOpasIbl CYCIIEH3UI IS KOJIMYECTBEHHOTO aHamm3a (UKCUpoBa 96%-HBIM pacTBOPOM ITH-
soBoro crimpta (2 M1 Ha 100 mut o6pasua). [Tpu 06padoTke MaTepuaia UCTIOIb30BAIN Pa3Hble METOIbI
uzyyenus [IB.
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JIJisi OIIEHKW KavyeCTBEHHBIX M KOJMYECTBEHHBIX MOKazaTesell MUKpPOo(pUTOOeHTOCca MOACUET Kile-
TOK OCYIIECTBJISLTM TOJ CBETOBBIM MHUKpockornom Axioskop 40 ¢ mporpaMMHBIM oOecrieueHueM
AxioVision Rel. 4.6 npu yseimuennn 10 x 20, 10 x40 u 10 x 90.

Bcero cobpano u o6padoraHo 54 mpoOsl B TpEX MOBTOPHOCTAX (cM. Tadu. 1). [Moacuér knerok /1B
npoBouH B kamepe I'opsaesa o6bémom 0,9 My, Ob6unme BuIoB (S) onpeaessny nocie TPEXKPATHOTO
MTPOCMOTPa KaMmephl. 3aTeM COCTaBJIsUIM CIHMCOK C yKa3aHWeM OOIIero KOJIMJYecTBa BCEX BCTPEUYCHHBIX
B HEll BUJIOB.

[Tnomanp noBepxHOCTH KaMHs Bbruuciisiiv 1o dopmytie R. Calow [1972]. Pazmepsl kamHen Ba-
PHUPOBAIM B CIEAYIOIIUX Ouarna3oHax: IauHa (Xx) — oT 4 no 12 cm, mmpuHa (y) — ot 2 10 7 cM,
BbicOTa (z) — OT 1,5 510 3,5 cm. CtBopku [IB ouminamu no craHAapTHOW METOJUKE C UCTIOJIb30BAHUEM
kuciot [[Inaromoseie Bogopociiu CCCP, 1974; Padymiko, 2013]. ITocie OTMBIBKMA YHCTHIE TTAHIAPH
3akyogasii B cMoity Naphrax (koagpuiuueHT npejiomieHnss MMMEePCUOHHOTO Maciia — 1,74).

[Tpu paccMOTpeHMH TaKCOHOMUYECKOH CTPYKTypsl [IB Mcnosb30Baiv B OCHOBHOM Kiaccuuka-
uuoHHyo cucreMy [Round et al., 1990] u nononnenus [AlgaeBase, 2026]. Unentudukauuio Bu-
JOB OCYHIECTBIISUTA MO PsiIy UCTOYHHMKOB [[lmatomoBbiii anamus, 1950; PaOymko, 2013; PsaOyr-
ko, beryn, 2015, 2016; Kuylenstierna, 1990; Ryabushko et al., 2022]. Hnekc canpoOHOCTH cO00-
mectB 1B onpepensim no [Psadymko u ap., 2019a; Barinova et al., 2019]. CxoacTBo KavyecTBeH-
Horo cocraBa [IB juis pailoHa ucciieqoBaHUsI N0 CE30HaM OLIEHMBAIM C MOMOIIBI0 KO3 UIMEHTA
Cépencena Kg = 2 C / (A + B), rne C — KonMuecTBO OOIIMX BUIOB ISl CPABHUBAEMBIX CIIUCKOB;
A 1 B — xoamuecTBO BUIOB B KakJIoM U3 ciiickoB [Dice, 1945; Sorensen, 1948].

Ko/4yecTBeHHBII yUET Ce30HHO AMHAMUKK oOuIus BUoB (S), unciennoctu (N, Ki1.-cM~2) u 6uo-
maccsl (B, mr-cm~2) coobmects 1B nposoaumu o opmynam B. Y. Padymko [2003]: N=n-V /S - Vk,
IJie N — YKCIIO KJIeTOK B cYETHOM Kamepe ['opsieBa o0bémMoMm (Vk) 0,9 mv>, uB=h-V-b/S - Vk,
rae b — cymma 6M000bEMOB KJIETOK B MKM>, a h — yIeJbHBIM BEC, COCTaBAMuUN 1,2- 10~ mr-mMxM ™
st 6eHTocHbIX B 1 1-10™ Mr-MKM ™ 114 IIaHKTOHHBIX [OKCHIOK, Opuenko, 1971].

[Ipu ananm3e cTpyKTyphl coodiecTs 1B ncnosip30Bamm MHAEKCH BUAOBOTO pazHooOpasus LllenHo-
Ha — YuBepa (H), BBIPOBHEHHOCTH BUJIOBOI CTPYKTYpHI cooOmmecTB [Tuenoy (¢) u TOMUHUPOBaHUS BH-
noB beprepa — Ilapkepa (Dgp) [Berger, Parker, 1970; Pielou, 1966; Shannon, Weaver, 1949]. Cxoa-
CTBO U pa3jiuue B pacripenesieHny [IB B aNuInToHe B 3aBUCUMOCTH OT UX BUAOBOW MIPUHA/IEKHOCTH,
OT pallOHOB U CTaHIIMI UCCIIEIOBAHMSI, 4 TAKKE OT CE30HA ¥ YaCTOThI BCTPEUAEMOCTH ONPEACISIN C IIPU-
MEHEHMEM MaKeTa MpUKJIaAHbIX TporpamMm Past 4.12b. Mukpodortorpadguu nanuypeii [IB BbInosHeHbI
C TIOMOIIBIO SJIEKTPOHHOTO CKAHUPYIOILLIETO MUKPOCKOIA (CM. PUC. 2), a HEKOTOPBIX UX MPUKU3HEHHBIX
¢opm BMECTE € XJIOPOIIACTAMUA — € IOMOIIBIO CBETOBOTO MUKPOCKOMA (CM. pUC. 3), YTO OYEHb BAKHO
TIPH OTpeJIeIeHNH TAKCOHOB 0€3 UCITOIb30BaHUS KUCIOT M MMepcui. OObIYHO Mog00HbIX (poTorpaduit
B CTaThsIX KpaiiHe MaJjio, ¥ Mbl CYUUTaeM HEOOXOAMMBIM BOCTIOJIHUTD ITOT MpoOet [1s 3auBa JloHy371aB.

PE3VIJIbTATHI 1 OBCYKJIEHUE

[IpenBapuTenbHO HaMK POBEIeHa MHBEHTapu3alus TakcoHoB Bacillariophyta no aBropckum cruc-
KaM 13 15 mTepaTypHBIX HCTOYHUKOB, TIOCKOJIbKY B IOC/IEIHUE JECATUIIETUS UMENIT MECTO CYILECTBEH-
Hble HOMEHKJIaTYpHBIE MEPECTPONKHU AJIs1 3TOH rpymmbl opraHu3MoB. Ha ocHOBE cOOCTBEHHBIX U JIMTE-
PaTYpHBIX JaHHBIX COCTaBJeH OOIIMI cucoK 1B anuinuToHa KpbIMCKOro npuopexbs YEpHoro mops,
OXBaThIBAOIIKI 296 BUIOB, pa3HOBUAHOCTEN U (hOPM, KOTOpbIE OTHOCATCS K 88 poaam. Haubosnbinee
KOJIMYECTBO BUJIOB MpUHAMIEKUT pogam Nitzschia (32), Cocconeis (16), Navicula (16), Amphora (15),
Diploneis (14), Licmophora (12) v Halamphora (11).

[To pe3ynpTaTam HalIMX UCCIIEJOBAHUIM, B SIMINTOHE 3aMBa [IoHy3/1aB OOHApYKEHO 75 TAKCOHOB.
Ha cranuusax Bosne mopckux pepm — 53 Buza. Bce onu npuHaanesxar k oraenty Bacillariophyta, 3 kiac-
cam, 13 nopsakam, 20 cemerictBam u 38 pogam (tadin. 2). U3 Becex [IB 59 BUIOB U BHYTPUBHUIOBBIX
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TaKCOHOB (29 ponoB) oTMeueHsl BriepBble. Hanbomnee pazHooOpasHo npencrasinensl Navicula (8 BuoB),
Nitzschia (7), Licmophora (6) u Halamphora (4).

Ta6amma 2. BuioBoii cocTaB, BCTpeUaeMOCThb, IKOJI0ro-putoreorpadpuyeckue XapakTepucTUKH AUATOMO-
BBIX BOJIOpOC/ICH 3MUINTOHA 3aivBa HoHy31maB (+) U ero Mapuxo3siictB (++) B 2018-2020 rr. (Kpsim,
YépHoe mope)

Table 2. Species composition, occurrence, and ecological and phytogeographic characteristics
of the epilithon diatoms of Donuzlav Gulf (+) and its mariculture farms (++) in 2018-2020 (Crimea, Black
Sea)

Ne Takcon Br | KO | 2k | Can or

1 | Achnanthes brevipes C. A. Agardh kou. +++ | ben | CM | f K

2 | Achnanthes longipes C. A. Agardh koin. +++ | ben | M B ABT

3 | Amphora angusta W. Gregory ** +4++ | ben | CM | B K

4 | Amphora arcus W. Gregory ** +++ | Ben | M - Ab

5 | Amphora ovalis (Kiitzing) Kiitzing ** +++ | ben | TIC | o- K

6 | Amphora proteus W. Gregory ** +++ | ben | M B-o K

7 | Bacillaria paxillifer (O. F. Miiller) N. Hendey ** ko +++ | BIT | CM | a-o K

8 | Berkeleya micans (Lyngbye) Grunow ** xou. +++ | ben | CM o b Hor
9 | Berkeleya rutilans (Trentepohl ex Roth) Grunow ** kour. +++ | ben | CM - AB HoOT
10 | Caloneis formosa var. densestriata Proschkina-Lavrenko ** +++ | ben | M - b

11 | Caloneis liber (W. Smith) P. T. Cleve ** +++ | Ben | M - K

12 | Carinasigma rectum (Donkin) G. Reid ** +++ | ben | M - BT HoT
13 | Cocconeis costata W. Gregory ** + ben | M B K

14 | Cocconeis pseudodebesii Proschkina-Lavrenko ** + ben | CM - b

15 | Cocconeis scutellum Ehrenberg ++4++ | Ben | CM | p K

16 | Cylindrotheca closterium (Ehrenberg) Reimann et Lewin +++ | BITl |CM | B K

17 | Diploneis bombus (Ehrenberg) Ehrenberg ** + Ben | M - BT HoT
18 | Diploneis chersonensis (Grunow) P. T. Cleve ** +++ | ben | M - ABT HoT
19 | Diploneis smithii (Brébisson) P. T. Cleve ** +++ | ben | CM - K

20 | Donkinia carinata (Donkin) Ralfs in Pritchard ** ++ | ben | M - BT

21 | Entomoneis paludosa (W. Smith) Reimer ** +++ | BIl | CM | f-a K

22 | Falcula media var. subsalina Proschkina-Lavrenko ** +++ | BIl | M o b

23 | Grammatophora marina (Lyngbye) Kiitzing ** kour. +++ | Ben | M p K

24 | Gyrosigma prolongatum (W. Smith) Griffith et Henfrey ** +++ | Ben | M - ADB HOT
25 | Halamphora coffeiformis (C. A. Agardh) Levkov ** +++ | ben | CM | « ABT
26 | Halamphora costata (W. Smith) Levkov ** +++ | ben | M - BT nor
27 | Halamphora hyalina (Kiitzing) Rimet et R. Jahn ** ++4++ | ben | M p ABT HoT
28 | Halamphora terroris (Ehrenberg) P. Wang ** +++ | Ben | M — | ABT sot
29 | Haslea crucigera (W. Smith) Simonsen ** + ben | M - b

30 | Haslea ostrearia (Gaillon) Simonsen ** + ben | M - BT

31 | Haslea subagnita (Proschkina-Lavrenko) Makarova et Karayeva ** +++ | ben C - b

32 | Licmophora abbreviata C. A. Agardh ** xoi. +++ | ben | M p K

33 | Licmophora dalmatica (Kiitzing) Grunow ** Kot + bBen | M - b

34 | Licmophora flabellata (Greville) C. A. Agardh ** koin. +++ | ben | M B BT Hot
35 | Licmophora gracilis (Ehrenberg) Grunow xoJ. + ben | M - ABT
36 | Licmophora hastata Mereschkowsky ** ko + Ben | M - b

37 | Licmophora paradoxa (Lyngbye) C. A. Agardh ** koun. + ben | M - K

38 | Lyrella clavata (W. Gregory) D. G. Mann ** +++ | Ben | M - BT
39 | Melosira lineata (Dillwyn) C. A. Agardh ** kox. +++ | BIl | CM o ABT HoT
40 | Melosira moniliformis (O. F. Miiller) C. A. Agardh ** xou. + BITl | CM | o-f | ABT Hor

[ponomkeHre Ha CIEAYOIEH CTPaHUIIE. . .
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Ne Takcon Br Kd | 3k | Can or
41 | Microtabella delicatula (Kiitzing) Round ** +++ | ben | CM - ABb
42 | Navicula antonii Lange-Bertalot ** + Ben | IIC - BT HoT
43 | Navicula cancellata Donkin ** +++ | ben | M - K
44 | Navicula directa (W. Smith) Ralfs ex Pritchard ** +++ | ben | CM - K
45 | Navicula distans (W. Smith) Ralfs ex Pritchard ** + Ben | CM - ABT
46 | Navicula perrhombus Hustedt ex Simonsen ** +++ | ben | CM - BT
47 | Navicula ramosissima (C. A. Agardh) P. T. Cleve ** kou. +++ | bern | CM - ABT HoT
48 | Navicula salinarum Grunow ** ++4++ | Ben | C o-f | ABT HOT
49 | Navicula pennata var. pontica Mereschkowsky ** +++ | ben | CM - BT
50 | Nitzschia hybrida f. hyalina Proschkina-Lavrenko ** +++ | ben | CM | f b
51 | Nitzschia lanceolata W. Smith ** + Ben | C p BT not
52 | Nitzschia longissima (Brébisson) Grunow ** +++ | BII M - K
53 | Nitzschia sigma (Kiitzing) W. Smith ** +++ | Ben C a ABT HoT
54 | Nitzschia sigmoidea (Nitzsch) W. Smith ** + ben | TIC | B-a b
55 | Nitzschia tenuirostris Mereschkowsky ** + BIT C - b
56 | Nitzschia vermicularis (Kiitzing) C. A. Hantzsch ** + Ben C B BT HoT
57 | Parlibellus delognei (Van Heurck) E. J. Cox ** ko. +++ | ben | M - K
58 | Petroneis monilifera (P. T. Cleve) Stickle et D. G. Mann ** +++ | ben | M - BT
59 | Plagiotropis lepidoptera (W. Gregory) Kuntze ** +++ | ben | M o ABT
60 | Pleurosigma elongatum W. Smith ** +++ | ben | CM B K
61 | Psammodyction panduriforme (W. Gregory) D. G. Mann ** +++ | ben | M - BT Hot
62 | Rhaphoneis amphiceros (Ehrenberg) Ehrenberg ** + ben | CM - BT Hot
63 | Rhopalodia gibberula (Ehrenberg) O. F. Miiller ** + Ben | C p ABT
64 | Seminavis ventricosa (Gregory) M. Garcia-Baptista ** +++ | ben | M B K
65 | Striatella unipunctata (Lyngbye) C. A. Agardh ko +++ | ben | M - BT Hor
66 Synedr?sphenia crysta.llina (C. A. Agardh) Lobban et Ashworth s+ | Ben |CM | B ET

(= Ardissonea crystallina) ** xoJ.
67 | Tabularia fasciculata (Agardh) D. M. Williams et Round ko. +++ | ben | CM | y-0 K
68 | Tabularia parva (Kiitzing) D. M. Williams et Round ** xo1. + Ben | CM a ABT nHot
69 | Tabularia tabulata (C. A. Agardh) Snoeijs ** xoi. +++ | ben | CM | -« K
70 | Thalassiosira eccentrica (Ehrenberg) P. T. Cleve ** kour. +++ | BII M - K
71 | Trachyneis aspera (Ehrenberg) P. T. Cleve ** +++ | ben | M B K
72 | Tryblionella coarctata (Grunow) D. G. Mann ** + ben | CM - BT
73 | Tryblionella hungarica (Grunow) D. G. Mann ** + ben | C a-0 K
74 | Undatella lineolata (Ehrenberg) L. I. Ryabushko** kou. ++4++ | Ben | CM | p ABT
75 | Undatella quadrata (Brébisson ex Kiitzing) Paddock ex Sims ** kou. + ben | CM - b

IIpuMeuanue: npoyepk (—) — AaHHBIE OTCYTCTBYIOT; * — BUJ YKa3aH BepBble 11t KpeiMa u YépHoro mops; ** —
HOBBIN BUJI /151 3aymBa [JOHy3J1aB; KOJI. — KOJIOHHa bHas (popMa. BT — BeTpedaeMocTh Bia O CTaHIUAM (+), BKJTIO-
yast paiion (epm (++). KO — xusHeHHas opma: ben — OeHrocHblid Bui; BII — OeHTO-IUIAaHKTOHHBIA. DK —
akosiornueckas ¢gopma: M — mopckoit Buj; [IC — npecHOBOJHO-COIOHOBATOBOIHBII; C — COJIOHOBATOBO/IHBIA;
CM — CcoJI0HOBAaTOBOAHO-MOPCKOM. Car — MHJIEKC CAallpOOHOCTH: & — Q-ME30CaIpOOHOHT; 5 — [3-Me30CaIrpOOHOHT;
B-a — B-a-Me30canpoOUOHT; 0 — 0-CAPOOUOHT; O~ — O-A-ME30CANPOOUOHT; 0-f3 — 0-[3-Me30CaPOOUOHT; Y-0 —
x-o-canipobuoHT. PI'” — putoreorpacpudeckasi xapakrepuctuka: Ab — apkro-6opeasnbHbiii B, ABT — apkro-
6opeabHO-Tponuyeckuil; b — GopeasbHblit; BT — 6opeaibHO-Tponu4ecKkuit; K — KOCMOIMOJIUT; HOT — HOTaJIbHbIN
BUJI, BcTpeyvaromiics v B KOxHOM mosyimapum.

Note: —, no data; *, a species is listed for the first time for Crimea and the Black Sea; **, a new species for Donuzlav
Gulf; ko, a colonial form. Br, frequency of species occurrence by stations (+), including the area of mariculture
farms (++). XK®, a life form: Ben, benthic species; BII, benthic-planktonic. k, an ecological form: M, marine
species; TIC, freshwater-brackish; C, brackish; CM, brackish-marine. Cam, saprobic index: a, a-mesosaprobiont;
P, B-mesosaprobiont; 5-a, f-a-mesosaprobiont; o, o-saprobiont; o-a, o-a-mesosaprobiont; o-3, 0-f-mesosaprobiont;
X-0, x-o-saprobiont. ®I', phytogeographic characteristics: AB, arctic-boreal species; ABT, arctic-boreal-tropical,
b, boreal; BT, boreal-tropical; K, cosmopolitan; HoT, notal species occurring in the Southern Hemisphere as well.
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HexkoTopble BUIbI MpeAcTaBiaeHbl HA MUKpPOgoTOorpadusax, BbIIOJHEHHBIX B CKAHUPYIOIIEM 3JIeK-
TPOHHOM MHUKpockone (puc. 2A-JI) u B cBeroBoM MuKpockone (puc. 3A-II). BeigBieno 24 xoio-
HUAJBHBIX BUIA (Tabna. 2), yacTh U3 HUX npuBeneHa Ha ¢orto (puc. 2b-I', U, puc. 3A-I, 3, II).
Kpome Toro, obHapyxeHo 10 kpyriaoroguunsix BUIOB: A. longipes (puc. 2U1), Berkeleya rutilans
(puc. 2b-T"), Cocconeis scutellum (puc. 2J1), G. marina (puc. 3B), C. closterium (puc. 3]1), Halamphora
hyalina (puc. 3X), Caloneis liber (puc. 31), Trachyneis aspera (puc. 3H), Navicula perrhombus
u Synedrosphenia crystallina. OTMe4€HO MPUCYTCTBUE OJHOTO MOTEHUMAJIbHO TOKCMYHOIO BHJIA —
Halamphora coffeiformis (puc. 3E). [lo ce3oHaMm BcTpeueHO clieayiollee KoimyecTBo BUIOB [IB:
3umou — 32, BecHoit — 50, retoM — 42, ocenbio — 37.

Navicula antonii 6b11 0OHapyX)eH B meckax OyxTol Kpyrmo#t (muspx CeBacTomnodisi) M yKa3aH BIiep-
Bole 111 Kpeima u Yépnoro mops [Ryabushko et al., 2022]. BriocneactBuu 310T BUj ObUI HaileH
B aMWINTOHE 3aivBa JloHy371aB (Tadu. 2, puc. 2A).

Puc. 2. dortorpadum HEKOTOPHIX BUAOB TUATOMOBBIX BOJOpOCIei 3anuBa JJoHy371aB (CKaHUPYIOIIA SJIeK-
TPOHHBII MUKpockon): A — Navicula antonii; b—I" — Berkeleya rutilans, crBopka (b), (pparMeHTbI 1 CTPyK-
typa (B, I'); I — Tabularia parva; E — Licmophora abbreviata; K — Petroneis monilifera; 3 — Haslea
subagnita; I — Achnanthes longipes; K — Diploneis bombus; J1 — Cocconeis scutellum. MaciutabHast
JmHelika — 10 MKM

Fig. 2. Micrographs of some diatom species of Donuzlav Gulf (a scanning electron microscope): A, Navicula
antonii; B-T", Berkeleya rutilans, its valve (Bb), fragments, and structure (B, I'); I, Tabularia parva; E, Lic-
mophora abbreviata; X, Petroneis monilifera; 3, Haslea subagnita; Y, Achnanthes longipes; K, Diploneis
bombus; J1, Cocconeis scutellum. Scale bars are 10 um
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Kpome TOro, Hamu mnpezacrasieHbl MUKpogoTorpadpuu, MoaydYeHHble B CBETOBOM MHKPOCKOIIE.
MHorue U3 3aperucTpupOBaHHbIX BUJOB BCTPEYAJIUCH B 3aJIMBE JOBOJIBHO 4acTo (puc. 3).

Puc. 3. ®otorpadun HEKOTOPHIX BUJOB JUATOMOBBIX BOAOPOCIEH SMMIMTOHA 3aiuBa JoHy3naB (cBeTo-
BOI MUKpockomn): A — Achnanthes brevipes; b — Berkeleya rutilans; B — Grammatophora marina; I’ —
Tabularia tabulata; I — Cylindrotheca closterium; E — Halamphora coffeiformis; XX — Halamphora
hyalina; 3 — Haslea ostrearia; I — Caloneis liber; K — Nitzschia sigma; Jl — Diploneis smithii; M —
Tryblionella coarctata; H — Trachyneis aspera; O — Pleurosigma elongatum; I1 — Undatella quadrata.
MaciurabHas auHenka — 10 MKM

Fig. 3. Micrographs of some diatom species of the epilithon diatoms of Donuzlav Gulf (a light micro-
scope): A, Achnanthes brevipes; b, Berkeleya rutilans; B, Grammatophora marina; U, Tabularia tabulata;
I, Cylindrotheca closterium; E, Halamphora coffeiformis; K, Halamphora hyalina; 3, Haslea ostrearia;
W, Caloneis liber; K, Nitzschia sigma; J1, Diploneis smithii; M, Tryblionella coarctata; H, Trachyneis aspera;
O, Pleurosigma elongatum;, I1, Undatella quadrata. Scale bars are 10 um

Dkonoro-duopuctuueckuid aHanu3 [IB smunuToHa 3anuBa mokasan cienyioiiee. B cooOmecTBax
npeoOyasany OeHTOCHbIe XKU3HEHHbIE (opMbl (88 %). BeHTO-ITaHKTOHHBIE (POPMBI OBUTM PEAKH-
MU (12 %). TIpu 3TOM OTMEUeH BCero ovH TaHKToHHbIN BUI [IB — Thalassiosira eccentrica (tadm. 2),
KOTOPBII 9acTO BCTpedaeTcsl B paboTax 1Mo u3ydeHuio MUK poduTodeHToca YEpHOro Mops.

HecmoTpst Ha HU3KYIO COJEHOCTh 3aiuBa, npeodnaganu Mopckue (47 % BceX BUIOB)
¥ COJIOHOBATOBOHO-MOpPCKHE BUIB — 39 % (Tadi. 2, puc. 4), 4TO B 1EJIOM XapaKTepHO TSI MUKPO-
(purobenToca YepHoro mopsi [Psadymiko, 2013]. OTMeueHo TpH MPECHOBOAHO-COJIOHOBATOBO/IHBIX BH/IA.
B niporiiom [loHy3maB ObUT OTACTIEH OT MOPSI, €r0 Ha3bIBAJIM 03¢pOM WITH IMMaHOM. Tereps ke, mocie
0O0bEIMHEHUsI €r0 aKBaTOPUM C MOPEM, IO HAIlMM JaHHBIM, JJOHY3J1aB MOXHO CUMTaTh MOPCKHM
3asimBoM [Ryabushko et al., 2019b].
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47%

39%

EM mCM uC mlIIC

Puc. 4. Pacnipenenenue BUIOB AMATOMOBBIX BOAOPOC/EH SMUIMTOHA 3ajiMBa JIOHY371aB 10 OTHOLIEHUIO
K con€éHoctH Bojbl. M — Mopckue popmel; CM — cosIoOHOBaTOBOJHO-MOpPCcKHUe; C — COJIOHOBATOBOJHBIE;
I1C — npecHOBOIHO-COJIOHOBATOBOIHBIE

Fig. 4. The ratio of diatom species of Donuzlav Gulf in terms of water salinity. M, marine forms;
CM, brackish-marine; C, brackish; I1C, freshwater-brackish

K 3KkoornueckuM XapakTeprCTHKaM OTHOCHTCS WHAWKATOpPHas poyib BUAOB [IB mo campoOHO-
ctu [Psadymiko u jip., 2019a; Barinova et al., 2019]. OtmedeHo nipeodiaganue S-Me30canpoOMOHTHBIX
BUIOB (53 %) — WHAMKATOPOB YMEPEHHOIO OPraHUYECKOro 3arpssHeHuss Bon (puc. 5). Cxop-
Hble 3HA4YeHUs1 STOM TpyNIbl BUIOB YyKasaHbl W IJI JPYIUX PailloHOB KPBIMCKOTO mpuope-
Kbsi Y€pHoro u AsoBckoro mopeit [PsOymko, 2013; Barinova et al.,, 2019; Ryabushko et al.,
2019b, 2023]. Brkian Opyrux HMHAMKATOPHBIX TPYyMH OBUI CIEAYOIIUM: [3-0--Me30CarpOOMOHTOB
U o-Me30canpoOroHTOB — 1o 11 %; 0-canpoOMOHTOB W 0-f3-Me30CcanpoOMOHTOB — 10 8 %;
0-0-Me30carpoOHOHTOB — 6 %; y-0-canpoOHOHTOB — 3 % (Tabi. 2, puc. 5).

5%

8%

11%

N Bfjg Ny NMoff Bxo Mo o

Puc. 5. PacripenesieHue JUaTOMOBBIX BOJOpPOCIE — WHIMKATOPOB canpoOHOCTH B 3ayimBe JloHY3-
JiaB: § — [3-Me30canpoOUOHTHL;, [3-a¢ — [3--Me30CarpoOOUOHThI, (¢ — (-Me30CaIPOOUOHTHL; 0-f —
0-[3-Me30canpoOUOHTHI; -0 — )-0-CATIPOOUOHTBI; 0~ — O0-0t-Me30CAITPOOHOHTBL; 0 — O-CaPOOUOHTHI

Fig. 5. The ratio of diatoms serving as indicators of saprobity in Donuzlav Gulf: 3, f-mesosaprobionts;
p-a, p-a-mesosaprobionts; «, oa-mesosaprobionts; o0-f, o-f-mesosaprobionts; y-o, x-o-saprobionts;
0-a, o-a-mesosaprobionts; 0, o-saprobionts
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Kpome 3Ko10rnueckux XapakTepuCcTUK, IpoaHaIn3upoBaHsl (puroreorpauyeckue CoCTaBAIOLIMe
¢noper [IB B 3aBUCHMOCTH OT apeasloB BHIOB, YTO CYIIECTBEHHO JOIOJHWIO OOLIYI0 XapaKTepH-
CTUKY BOJl 3a/MBa. BelsiBIeHO mpeoOiajaHie KOCMOMOIUTHBIX BUIOB (34 %), TO ecThb TeX, KOTOpble
XapaKTepU3yI0TCs IOBCEMECTHBIM paclpoCTpaHeHeM B MupoBoM okeaHe (puc. 6).

5%

21%

EK uET "ABT " WAB

Puc. 6. duroreorpadpuyeckue cocraBisionye (ropbl AUATOMOBBIX BOAOpociei 3anmBa JloHy3maB.
K — Bugpl-kocmomnonntel; BT — OGopeanbHo-Tponueckue; ABT — apkTo-00peanbHO-TPONMUYECKIE;
B — 6opeanbhbie; AB — apkTo-60peanbHbie BUIbI

Fig. 6. Phytogeographic components of diatom flora in Donuzlav Gulf: K, cosmopolitan species;
BT, boreal-tropical; ABT, arctic-boreal-tropical; b, boreal; AB, arctic-boreal

Cxo0acTBO KauecTBEHHOro cocrasa JIB 1o ce3oHaM oLieHeHO ¢ nomouibio koagduuuenta CépeHceHna
K (puc. 7). Ilo pesyabrataM €ro NpMMEHEHUA HAMU OTMEUYEHO, 4TO 14 JJoHy3/1aBa XapaKTepHbl Hau-
OosblIMe ycpeAHEHHbBIE BEIMYUHBI K B JIETHHE MECSIbl 1 MUHUMaIbHbIe — B 3UMHHEeE. Jletom duopa
Pa3HBIX JIOKAIMH BHIIVIs/IENA CYIIECTBEHHO OoJiee eqMHO00pa3HO, YeM 3MMON.
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Puc. 7. lunamuka cpepHux 3HaueHuil kosgduumenta Cépencena (Kg) Aas JUATOMOBBIX BOAOPOCIEN
SMWIMTOHA 3ajmBa JloHy371aB

Fig. 7. Dynamics of mean values of the Sgrensen coefficient (Ks) for the epilithon diatoms of Donuzlav
Gulf
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C nomoipi0 KJIACTEpPHOTO aHAIM3a HaMM OINpelesi€H ypOBeHb CXOACTBa Mexdy Bugamu [IB
MO WX BCTpevaeMocTu B cooOiectBax (puc. 8). KiactepHblii aHAIN3 CpeTHUX 3HAYeHUI KO3 puUIm-
enta CEpeHceHa Moka3ajl HU3Kylo creneHb cxonacTtBa (menee 0,075) y Nitzschia sigma no cpaBHEHHUIO
CO BCEMM OCTaJIbHBIMM BUAAMHU, OTMEUEHHBIMUA HAMU B 3aJIMBE 3a BCE BpeMs uccieoBanus. [1pu atom
BEJIMUIHBI CXOJICTBA OCTAJIBHBIX BUJIOB IO YaCTOTE BCTpPEeYaeMOCTH (POPMUPYIOT €UHBIN KJlacTep.
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Fig. 8. Dendrogram of similarity of diatoms of Donuzlav Gulf by species occurrence (bootstrap support
values are shown at nodes)

['omoBo# X0/ 3HaYEeHMI MHJEKca BBIpOBHEHHOCTH BUIOB I1ueny (e) B cooOmectBax [IB Bo MHOrOM
OBLIT CXOXK 10 CBOEH IMHAMMUKE C TOJIOBBIM X0J0M 3HaueHui nuaekca lllennona — Yuepa (H). 910 00b-
SICHSIETCS MIX TTPSIMOH B3aMMOCBSI3bIO IPYT C Apyrom. MI3MeHunBoCTh cooOImecTB [IB BO MHOTOM 3aBHCHT
OT TeMIIepaTypsl BOJIBI 1 ce30Ha 0TOOpa 1pod. HanbobIass BHIPOBHEHHOCTh BUJOB OTMEYEHa B CEH-
T0pe, a HauMeHbIasi — B Jiekadpe (puc. 9). Uro kacaercst AMHAMUKK MHAEKca [Iueny mo ce3oHam,
TO BECHOH, IIPY BBICOKMX €r0 3HaYeHMsIX, 00111ast BRIPOBHEHHOCTh MUHUMAJIBHA, a JIETOM U OCEHbIO OHa
CYILIECTBEHHO BBILIE.
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Puc. 9. Ce3oHHas mMHaMUKa CpeJHUX 3HAYeHM nHaekca [Iueny (e) cooOIIecTB ANATOMOBBIX BOAOPOCIIEH
B 3amBe [loHy37aB

Fig. 9. Seasonal dynamics of mean values of the Pielou index (e) of diatom communities in Donuzlav Gulf
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WHieKc BBIPOBHEHHOCTH BUJIOB B cooOmecTBax [IB HanpsAMyo CBSI3aH ¢ MHAEKCOM BHIOBOTO Pa3HO-
o6pasus llleHHoHa — YuBepa, ¥ U aHAJIM3E €ro FOJI0BOM TUHAMUKY Mbl HAOTIOIAIM Pa3InyKsl B Hau-
MEHBIIUX U HAUOOJBIINX KoJieOaHUsIX 3HaUeHu# (puc. 9). MakcumanbHble 1 MUHUMAJIbHBIE 3HAYCHU S
unzaekca [ueny u unnekca lllennona — YuBepa ormeuensl B cienyioriue Mecspl: 0,31 (e) u 0,98 (H)
B nekadpe u 0,85 (e) B ceHtsiope u 3,26 (H) B mae (puc. 9, 10). HaumeHnbime 3Havenus st e u H
3apeructprpoBansl B gekaope (0,31 u 0,98 cooTBeTCTBEHHO), HANOOJIBIIIHE BBISBJICHBI 1)1 € B CEHTSIO-
pe (0,85) u g H B mae (3,26) (puc. 9, 10). D10 BBIZBAHO TEM, YTO MPU HU3KOU TeMIIepaType BOJBI,
KaK 3a(PUKCUPOBAHO B JieKabpe, HAOMOAATCSA MUKW YUCIEHHOCTHU Mpeodiaiaionux BUaoB. [Ipu BbI-
COKOW YMCJIEHHOCTH TOMUHUpYIoIero Bujaa unaekc [ueny Bceraa ctpeMUTCsi K MUHUMAaJIbHBIM 3Haue-
HusM. CpeHue 3HaUeHHs1 TEMIEPaTypPhl U COJIEHOCTH BOJIBI IO CE30HAM, KPOME 3UMbl, OTHOCUTEILHO
c1abo pa3IMyaIuch MexIy coOou (cM. Tad. 1).
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Puc. 10. Ce3onnas muaamuka uHpaekca lllenHona — VYusepa (H) AMaTOMOBBIX BOJOPOCHEN B 3aJMBe
Hony3nas

Fig. 10. Seasonal dynamics of the Shannon—Weaver index (H) for diatoms in Donuzlav Gulf

3umoii (1ekadbpb — eBpasib) KOJIMUYECTBEHHbIE XAPAKTEPUCTUKU MOMYJIAIMA U coodectB 1B
ObLTM JIOBOJIBHO HU3KMMU, KaK U THIPOJIOTHYecKue rnokazatenu (tadin. 1). JJoMMHUpOBAIM KOJOHH-
aneHBle BUABL B. rutilans (N = 30,35-10° kn.-cm™? npu B = 0,012 mr-em™2) u Tabularia fasciculata
(N =21,6-10% ki1.-cm™? ipu B = 0,031 mr-cm™2). Cy6nomunanTamu 6bimm Nitzschia hybrida f. hyalina
(N = 7,3:10° kn-em™? mpu B = 0,029 mr-em™2), Tryblionella coarctata (N = 9,9-10° ki.-cM™>
npu B =0,016 mr-cM %) u Haslea subagnita (N = 11,4-10° ki.-cm™2 npu B = 0,015 MT-CM2).

BecHoii (MapT — Mait) gomunupoBam B. rutilans (N = 45,32-10% kin.-cm™2 ipu B = 0,019 mr-cm™2),
C. closterium (N = 51,2-10° kim.-cm2 npu B = 0,011 Mr-cM™2) o Licmophora abbreviata
(N =42,2:10° ki1.-cM™2 mipu B = 0,07 mMr-cM™2), KOTOpble CyMMapHO cocTaBIsi 71 % 1o YnCIeHHOCTH
1 49 % no 6uomacce. Cpeu Cy6IOMUHAHTOB BhisBNEHH! H. subagnita B mapte (N = 18,4-10° ki1.-cM™2
npu B = 0,047 mr-cm~2), Navicula directa B anpene (N = 25,6-10% ki1.-cm™ npu B = 0,151 mr-cm™2)
u N. perrhombus B mae (N = 15,5-10° kir.-cm2 npu B = 0,051 Mr-cM2).

Yro kacaercd jera (MoHb — aBrycr), To B uioHe 2019 r., npu temneparype +25,3 °C u co-
nénoctu 13,86 %o, monynsuus B. rutilans HocTUTaNa HAUOONBIIMX 3HAYEHWI KOJMYECTBEHHBIX Ma-
pamerpoB (N = 112,6-10° km.-cm™? npu B = 0,086 mr-cm™2) (tadm. 1). Cy6aOMHHAHTAMU ObLIH
N. perrhombus (N = 61,4-10% ki.-cm™2 npu B = 0,094 mr-cMm~2) u L. abbreviata (N = 54,4-10° ki.-cm™2
npu B = 0,07 Mr-cM™2). B aBrycre npoM30NLIO CHUKEHHE TeMIepaTypsl Bojsl 10 +20,6 °C Ha ¢one
TMOBBIIIEHUsI CONEHOCTU 110 16,72 %o (cM. Tab. 1), 4TO MpUBENIO K COKpAIIEHUI0 OOIIel YMCIEHHOCTH
Y TIpU 3TOM K yBeJIuueHuo 6uomacchl coodiiectB B no makcumyma (tadi. 3). Takke 1jisi IETHETO
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Cce30Ha OTMeYEH HAaUOOJIbIINI p8.36p0C 3HAYEHWH YUCIEHHOCTH M OMoMacchl. B ncJIoOM ycpeﬂHéHHbIe
3HAYEHH I YUCIEHHOCTH U OMOMACCHI COO6IJ_[CCTB ,HB AOCTUT'AJIM MAKCUMYMa B BECEHHE-JIETHUIN nepuon
1 MUHUMYMa — B OCeHHe-3MMHUM.

Taouuma 3. CpenHue 3HaueHUs U quana3oH (min—max) yrciaeHHoctd (N) u 6uomaccst (B) cooOiect
JIMaTOMOBBIX Bojiopociell B 3aiuBe JloHyznaB no cezoHaM (T — temmnepaTypa Bojibl; Sal — COJIEHOCTD)

Table 3. Mean values and ranges (min—max) for abundance (N) and biomass (B) of diatom communities
in Donuzlav Gulf by season (T, water temperature; Sal, salinity)

2

2

CesoH T, °C Sal, %o N, x10° ki1.-cM™ B, Mr-cmM™

Becua +10,0...420,7 15,56-17,97 (Bzzgﬁ 5152;) ( 8’23168::0(?’5()19())
Teto #206...427,0 18,50-25,3 3 a5at) o115,
Ocems +14,1...422,0 16,58-17,81 (9 164;?87_415521’,261) (0(3,2(%350(1’1%561)
uma 7,0...410,0 16,58-18,01 (2%2_1636,:% (06,1181250(?’30226)

IIpumeuanne: nocie + nmpuBeeHa ommMoOKa CpeIHero npu ypoBHe 3HaunmMoctu p < 0,05 (n = 27).
Note: after +, the error of the mean is given at a significance level of p < 0.05 (n = 27).

Ocenblo (CeHTsA0pb — HOSIOPb) IPU CHIKEHUH Temnepatypbl Boapl ¢ +22,0 1o +14,1 °C (cMm. Taba. 1)
BBISIBJICHO yMEHbIIIEHHE OCHOBHBIX MHTErpajbHbIX IMOKazaresneil oownus cooOmectB (Tadba. 3). Ho-
muHantamu Osum B. rutilans (N = 66,5-10° ki1.-cM™> npu B = 0,012 mr-cm2), C. scutellum
(N = 4,510 xi.-cMm™ ipu B = 0,018 mr-cm™2) u L. abbreviata (N ot 43,6-10% no 58,4-10° ki.-cm™>
nipu B ot 0,167 0o 0,285 MI-CM ™). CyopomunaanTamu 0sutd Navicula cancellata (N = 14,8- 103 ko1.-cm2
npu B = 0,042 mr-cM~2), a takxe C. closterium.

Hamu mokasaHa cTeneHb JOMUHUPOBAHUSI KPYIIOTOJUYHOIO MEJIKOKJIETOUHOrO BUaa B. rutilans
B coobmectBax IB mo nHaekcy Beprepa — Ilapkepa, 3HaueHHsI KOTOPOTO MO CE30HAM COCTABIISLIH
ot 0,26 mo 0,58 (puc. 11). dons Buaa no yuciaeHHoctu — 40 % 3umon, 27 % BecHoi, 48 % nerom
1 30 % ocenbio. B. rutilans SBISIETCS MEJTKOKJIETOUHBIM BHIOM, TIOSTOMY €ro J0JIs TIo Oromacce Oblia
KpaiiHe MaJa, J1o 8 % Bcero cooOmecTna.

Dgp
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0,3 -
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0,1 -
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MeCHTBI
Puc. 11. Ce3onHas auHaMuka umHOekca goMmuHupoBanusi beprepa — Ilapkepa (Dgp) Ui nomyasnuu
JMaTOMOBOM Boiopociu Berkeleya rutilans B 3anuBe [JoHy3naB

Fig. 11. Seasonal dynamics of the Berger—Parker dominance index (Dgp) for the population of a diatom
Berkeleya rutilans in Donuzlav Gulf
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3akJrouenne. Briepeble npeicTaBieHsl JaHHbIE O BUIOBOM pa3HOOOpa3uu, KU3HEHHBIX (popmax,
9KOJIOr0-(pJIOPUCTUYECKUX U FeorpapuecKnx XapaKTepUCTUKAX, CE30HHBIX BETMUMHAX KAUYECTBEHHBIX
Y KOJIMYECTBEHHBIX MOKa3aTes el U OCOOEHHOCTSIX CTPYKTYPbI COOOIIECTB TMATOMOBBIX BOJIOPOCTIEH SMH-
JIMTOHA C YYETOM THIPOJIOTMYECKHUX MapaMeTpoB cpeabl 3aimBa [lonysnas. Beero B smmimToHe oOHA-
PYXEHO 75 TaKCOHOB TMATOMOBBIX BOJOPOCIEH; 53 U3 HUX ObLIM HAWIEeHbI B paliOHe MOPCKUX (hepM.
Brniepebie oTMeueHbl 59 BUIIOB M BHYTPUBUIOBBIX TAaKCOHOB (29 ponoB). BoisiBiieHO 24 KOJIOHHUATb-
HbIX Buja u 10 kpyroroguuHbix. HabonbImM komdyecTBOM BUAOB IpeAcTaBieHsl poabl Navicula (8),
Nitzschia (7), Licmophora (6) u Halamphora (4). OlieHKa CXOJCTBa Ka4eCTBEHHOIO COCTaBa JUATOMO-
BBIX BOZIOPOCIIEN N0 ce30HaM 1o koadduuuenty CépeHceHa K¢ nokaszaia: 11 JJoHy3/1aBa XapaKTepHbI
MaKCHUMaJIbHbIe BeJIMUMHBI JIJIS1 JIETHUX MECSIeB 1 MUHUMAJIbHble — I 3UMHHEX. [IpeoOnamaiot OeH-
TOoCcHbIe BUJIBI (88 %), Mopckue (47 %), conoHOBATOBOJHO-MOpPCcKHeE (39 %), kocmononuTHbie (34 %)
u [-me3ocanpoOuoHTHbIe (53 %), TO eCcTb BUIBl — UHIUKATOPbl YMEPEHHOI'O OPraHUYeCcKOro 3arps3-
HeHus BoA. i 3a11MBa XapaKTEPHO BBICOKOE (PIIOPUCTUYECKOE CXOJCTBO COOOIIECTB OJHOBPEMEHHO
C HU3KOU U3MEHUYMBOCTBIO BUIOBOTO COCTaBa 0 CE30HAM.

MakcuMasbHble 3Ha4YeHusT o0ns BUIOB (S = 18), oowmeit uncnennoctu (N = 254,0-10° kir.-cm™2)
u 6uomacchl (B = 1,15 mr-cM™2) COOBIIECTB THATOMOBBIX BOAOPOC/Ie OTMEUEHBI JIETOM, MUHUMAJIb-
Hele (S =9, N = 14,8-10° ki.-cm™2 u B = 0,037 MI-CM %) 3apEeruCTPUPOBAHBI OCEHbIO. YCTAHOBJIEHO,
YTO YUCJIEHHOCTh U OHoMacca coOOIeCTB TMAaTOMOBBIX BOJIOPOCIEN XapaKTepU3YIOTCs CYIIECTBEHHBIM
POCTOM B BECEHHE-JIETHUI NIEPUOJT U CHUKEHUEM B 3UMHE-OCEHHUI CE30H; BEJIMUUHBI 3aBUCAT HE TOJIb-
KO OT (paKTOPOB Cpe[ibl, HO U OT pa3MEPHBIX MOKa3aTeeil MaCCOBBIX BUJIOB, B TOM YHCJIE IOMUHAHTOB
U CyOIOMUHAHTOB.

BrbisiBieHue BUJOB — MHIMKATOPOB OPraHMYECKOrO 3arpsi3HEHMS BOJl, YTOYHEHHE IKOJIOTMUECKHUX
u (puroreorpaduYecKux XapaKTEPUCTUK U OIpeleIeHUEe TMHAMUKHM Ka4eCTBEHHBIX M KOJUYECTBEH-
HBIX TTOKa3aTeJiel (0OMIMS BUIOB, YUCIIEHHOCTH M OMOMACCHI) IOHHBIX COOOILECTB IUATOMOBBIX BOJIO-
pocyeil Ha MEJIKOBO/IbE C YUYETOM CE30HHOTO XO0j/a TEMIEpPaTypbl BOAbI U €€ COJEHOCTH PACHIUPSIOT
HAIIIM TPEJICTABIICHUsI O Pa3BUTHU MOPCKOro MukpodutodeHToca. [lomydeHHble JaHHBIE MOTYT OBITH
WCTOJIb30BaHbI JIJI51 OIIEHKH IMPOTYKTUBHOCTH U KA4€CTBA BOJTHOU CPE/IbI.

Paboma evmnonnena 6 pamkax zocyoapcmeennozo 3adanusi PUL] UnBIOM no meme «Komnaexchoe uc-
CNe00BaHUe MEeXAHUIMO8 (PYHKUUOHUPOBAHUS. MOPCKUX OUOMEXHON0ZUMECKUX KOMNAEKCO8 C Ueabl0 NOAYUEeHUS
OUONOUMECKU AKIMUBHBIX BeUlecna U3 2uopoouormoe» (Ne zoc. pezucmpayuu 124022400152-1).

Baarogapaocts. Bripaxaem colo npusHatesnsHOCTh T. A. BormaHoBoil 3a onpenesieHue COJNEHOCTH BOIBI
B 3aymBe [JoHy371aB M HauaubHUKY Jabopatopurt Mukpockoru PUL MHBIOM B. H. JlumaeBy — 3a momoris
B pa60Te Ha CKAHWPYIOIIEM 3JICKTPOHHOM MHKPOCKOIIE.
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SPECIES DIVERSITY OF THE EPILITHON DIATOMS OF DONUZLAYV GULF
(CRIMEA, THE BLACK SEA)

L. Ryabushko and D. Lishaev

A. O. Kovalevsky Institute of Biology of the Southern Seas of RAS, Sevastopol, Russian Federation
E-mail: ryabushko@ibss-ras.ru

For the first time, original and literature data are summarized on the composition of diatoms, their
ecological and phytogeographic characteristics, seasonal dynamics, and structural indicators. Original
data are based on 54 samples of the epilithon of Donuzlav Gulf (the Black Sea) taken in 2018-2020
at depths of 0.1-1.5 m, at temperatures of +7.0...427.0 °C, and salinity of 13.86—18.60%0. We regis-
tered 75 taxa of the phylum Bacillariophyta represented by 3 classes, 13 orders, 20 families, and 38 gen-
era. In the area of mariculture farms, 53 species were found. Out of those, 52 were common. A to-
tal of 59 taxa (29 genera) were noted in Donuzlav Gulf for the first time. The most species-diverse
genera were Navicula (8 species), Nitzschia (7), Licmophora (6), and Halamphora (4). In winter,
32 species were recorded; in spring, 50; in summer, 42; and in autumn, 37. The communities were
dominated by benthic species (88%), marine (47%), brackish-marine (39%), cosmopolitan (34%),
and f-mesosaprobic (53%), i. e., species that serve as indicators of moderate organic pollution of wa-
ter. We identified 24 colonial species and 10 year-round ones: Achnanthes longipes, Berkeleya rutilans,
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Caloneis liber, Cocconeis scutellum, Cylindrotheca closterium, Grammatophora marina, Halamphora
hyalina, Navicula perrhombus, Trachyneis aspera, and Synedrosphenia crystallina. Also, one poten-
tially toxic species was noted: Halamphora coffeiformis. The maximum richness of diatom species
(S = 18), their abundance (N = 254.0-10° cells-cm™2), and biomass (B = 1.15 mg~cm_2) were revealed
in summer, while the minimum values (S = 9 species, N = 14.8.10° cells-cm ™, and B = 0.037 mg-cm™)
were observed in autumn.

Keywords: diatoms, ecological and phytogeographical characteristics, seasonal dynamics, species
richness, abundance, biomass, epilithon, Donuzlav Gulf, Black Sea
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XPOHUKA H UHDPOPMALINA

K IOBWIEIO TIPOPECCOPA 'EPMAHA BACUJIBEBUYA 3YEBA

27 mona 2026 r. ucnonusercs 90 et I'epmany Bacu-
JbeBUUY 3yeBy — U3BECTHOMY YUEHOMY, BBIAAIOIIEMY-
CS1 UXTHOJIOTY U CHEUUAUCTY MO FOJIOBOHOIMM MOJLITIOC-
KaM, JIOKTOpY OMOJIOTMYECKMX HayK, mpodeccopy, Ha-
YUYHOMY KOHCYJIBTaHTY OTAena uxtuojorun Penepaib-
HOTO MCCJIEI0BATEIbCKOTO IIeHTpa «IHCTUTYT Ouosoruu
10’kHbIX Mopert umeHn A. O. KosaneBckoro PAH».

I'epman BacunbeBuu poauics B 1936 r. B ropoge
Yure (3abailkaabCKuid Kpail) B ceMbe BOSHHOCIYKaIle-
ro. B 1954 r. oH OKOHYMJI CpPEJHIOI0 LIKOJY M IOCTY-
W1 Ha UXTUOJIOTUYECKUH (paKyIbTeT MOCKOBCKOIO TeX-
HUYECKOTO MHCTUTYTA PHIOHOM MPOMBIIUIEHHOCTH U XO-
3siictBa umenn A. . Mukositna (MocpwiOBTy3). U3 of1-
HOKYPCHMKOB, ¢ KOTOpbiMM ['. B. 3yeB Ipyxui BClO
KU3Hb, MOXHO yHomsiHyTb Mropst Epemeeuua I1la6one-
eBa, MHOro JieT padorasiero Bo BHUPO u B ['ockomure-
te CCCP 1o Hayke u TexHUKe, 1 akagemuka IOpus Iler-
poBrYa ANTyXOBa, BO3MIaBJsBIIEro MHCTUTYT oOmiei
renetuku nvenu H. . Basunosa PAH.

B 1959 r. I'epman BacwibeBUY MoJIyuyms1 JUILIOM
MXTHOJIOTa-peIO0BO/IA M OBbLT HAaNpaBjieH Ha paboTy B AT-
JIAHTUYECKYI0 HAay4YHO-UCCIIEJOBATEbCKYI0 MPOMBICJIOBYIO NEPCIIEKTUBHYIO pa3Beaky (KamuHuHrpam)
B JIOJDKHOCTH WHXeHepa-uxtuojora. B nepuon padorst B AHUIIIIP oH mpuHSIT yyacTe B YeTHIPEX
HAyYHO-TIOMCKOBBIX IKCTIeMIMsIX B CeBepHYI0 ATIIAHTHKY Ha CyJax phiOOIPOMBICIIOBOTO (hioTa.

B 1960 r., Haxoasce B otnycke, I'. B. 3yeB Bnepssie nocerms1 CeBacTonop, riae MO3HAKOMMJIICS
¢ qupekropoM CeBacTONobCKOW OMOIOrMUYeCcKOi cTaHiuK wieHoM-KoppecrionaeHTom AH YCCP Bna-
mumupom AnekceeBudeM Bonsauiikum. B 1961 r. oH moctynun B acnupaHTypy. Ero HaydHbIM pyKoO-
BonutesieM cran FOpuii [ieboBru AJjieeB, BO3IIABIISIBIINIA OT/e] HEKTOHA. 32 BpeMsi OOyUeHHUsI B aCIv-
pantype ['epman BacunbeBud npuHsin yuyactue B 1Byx skcnenunusax Ha HUC «Akagemuk A. Kopases-
ckuit» — B CpenuzemHoe u KpacHoe Mopsi ¢ BIX0JI0M B AfieHcKHi 3a7uB. CoOpaHHbBIN OOIMPHBIT OHO-
JIOTMYECKHI MaTeprall CTasl OCHOBOH ero auccepranuu. B 1965 r. B auccepTalimoHHOM coBeTe 300J10TH-
yeckoro uHctutyTa AH CCCP (Jlenunrpan) I'. B. 3yeB ycnieniHo 3amuTiil KaHAUJATCKYI0 AUCCEPTAIUIO
Ha TeMy «DyHKIIMOHAJIbHbIE OCHOBBI BHEIITHETO CTPOEHHSI TOJIOBOHOTUX MOJLTIOCKOB» IO CHEIUATbHO-
CTU «300JI0THsI OECTIO3BOHOYHBIX». A yKe uepe3 roji OH OnyOJIMKOBaJI CBOIO MEPBYI0 MOHOTpaduio —
«DYHKIMOHAJIbHBIE OCHOBBI BHEILIHETO cTpoeHus Ledanonon» (1966 r.).
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C 1961 no 1968 r. I'epman BacuibeBrd y4acTBOBaJI B 9KCHEUIMSX B CEBEPO-3anaHyIo 4acTh VH-
JOUICKOro OKeaHa, Bkimovas KpacHoe u Apasuiickoe mops u [lepcuicknii 1 AIEHCKUI 3aJMBbI, B KOTO-
PbIX coOpa OOJIBIIYI0 KOJIIEKIMIO TOJIOBOHOTUX MOJLUTIOCKOB. [1o/TyueHHbIe pe3ybTaThl JIENIA B OCHOBY
ero MoHorpagum «I 0J0BOHOrME MOJUTIOCKM CeBEpO-3amagHoi yactu MHauiickoro okeana» (1972 r.).
B 1971 r. BblILIA U3 nIeYaT MOHOTrpadusi B COABTOPCTBE ¢ U3BECTHBIM yu€HbIM Knpom HazumoBnuem
Hecucom «Kanpmapsr (6uosiorust u ipomsices)». B 2003 1. oHa Obuta NiepeBeieHa Ha aHTTTMACKUH SI3BIK
1 nzgaHa CMUTCOHOBCKMM MHCTUTYTOM (BammHrron).

B 1967 r. I'. B. 3yeB Obul IepeBeEH M3 OTEsa
HEKTOHA B OT/IEJ MXTHUOJIOTUH, IIe MPOAOJIKUI H3yde-
HUE MOP(OJOrMM U SKOJIOTMU TOJIOBOHOTHUX MOJUIIOC-
KOB, a TaK)X€ BOIIPOCOB MX IPOMBICJIOBOTO HUCIIOJIb30Ba-
HusA. B 1972 r. oH Havan 3aHUMATLCS UCCIIEIOBAHUEM
BHYTPUBHOBOW CTPYKTYPBI, OMOJIOTH, SKOJIOTHUH U pac-
MpeleieHrs] aTJIAHTUYECKOTO KPBUJIOPYKOTO KajlbMapa
Sthenoteuthis pteropus. Y4acTBysi B MHOTOUMCJIEHHBIX KC-
negunusax Ha HUC «Muxawn JIoMOHOCOB», « AKageMUK
Bepnaackuii» u «IIpoeccop Bopsuuukuii», oH pas-
paboTanm MeTo/ibl BU3YaIbHOTO KOJIMYECTBEHHOTO YUETa
3MNUIETArNYECKUX KaJIbMapOB. KamepanbHast oOpabGotka kajabpmapoB. Ciie-

B nepuog ¢ 1976 r. Tepman BacumbeBna Obut Ha- B4 Hanpaso: O. IL Osuapos, I'. B. 3yes

u B. H. Huxosbckui

YUYHBIM PYKOBOAMTEIEM M OTBETCTBEHHBIM MCIIOJIHUTE-

nem pspa teM [ockomutera CCCP mo Hayke M TEXHUKE U XO3JOTOBOPHBIX Pa0OT C HAay4dHO-
UCCIIEIOBATEIbCKUMU  MHCTUTYTaMu MunuctepctBa peiOHOro xossiictBa CCCP  (AtnmantHUPO
u A3YepHNPO), HanpaBieHHbIX Ha W3yYeHHE NMPOJYKTUBHOCTU IEIArMYECKUX OKEAHWYECKHMX Kajlb-
MapoB, Ha BBISBJICHHE U PAlMOHAIBHOE MCIIOJIb30BaHUE UX pecypcoB. B 1981 1. oH ObL1 Ha3HauYeH
3aBe/IyIOIIUM J1Tab0paToOpuerl MPOAYKTUBHOCTA HEKTOHHBIX KMBOTHBIX M MPOSIBUI ceOsl KaK TaJlaHT-
JuBbI pykoBogutesnb. B 1982 r. I'. B. 3yeB ycnemno 3ammrun B MTHBIOM noktopckylo nuccepra-
o Ha TeMy «CTpyKTypa BUJIA, SKOJIOTUSL U MPOJYKTUBHOCTh HEKTOHHBIX OKEAHMYECKUX KaJIbMapOB»
MO CIIEIUATIBHOCTH «TUIPOOUOTIOTHSI» .

B 1983-1984 u 1990-1991 rr. on 3aBenoBan Jjabopatopueil ruapoduosorun CoBETCKO-
I'Buneiickoro HayuHo-uccaenosaressckoro nenrpa MI'M AH YCCP (Konakpu), rie npoBOanI UXTHO-
JIOTUYECKME UCCleIoBaHusl. Pe3ysibTaThl JIeriM B OCHOBY KOJUIEKTUBHON MOHorpaguu «Tponuyeckas
Atnantuka. Pervion ['Bunen» (1988 r.) u psima crartei.

C 1996 no 2021 r. I'epman BacunbeBuu Bo3rasiisut otaest uxrtuojoru MHBIOM.

Ero npogeccruoHanbHble HHTEPECH CBSI3aHbI C U3yYEHUEM ITPOMBICIIOBBIX pbiO YEPHOTO MOpSi, BBISIB-
JIeHHEM 3aKOHOMEPHOCTEH (pOPMUPOBAHHUSI IPOMBICIIOBBIX CKOTUIEHUH PhIO U HAyYHBIM OOOCHOBaHUEM
ONTHMU3AINH UX TIPOMBICTA. VIM pa3paOboTaH 1 yCHEeNIHO anpoOUPOBaH KOJIOTO-reorpaduyeckuil moj-
XOJ1 K BBIIEJICHUIO TIOMYJISIIMI MacCOBBIX BHJIOB YUEPHOMOPCKHX PBIO, UMEIOIINX POMBICIIOBOE 3HAUE-
HUe, IaHa OIIeHKA BJIMSIHUS TPOMBICIIA U KJIMMATUYeCKUX U3MEHEHHI Ha OMOIOrMYecKre OCOOEHHOCTH
XaMChl U IIIPOTA, a TAKKE HA TUHAMUKY UX YUCIIEHHOCTH.

Brarogaps cBoeii HemccsKaeMol SHEPTrur, KOJIOCCAIbHON pad0TOCIOCOOHOCTH, KPEATUBHOMY MBbIIII-
JICHUIO, AaHAJIMTUYECKOMY YMY U CKPYMyJIE3HOCTH B u3bickaHusx I'. B. 3yeB cran usBectbiM B Poccun
1 32 pyOeKOM CMEelMaIiCTOM — UCCIIEA0BATENIeM COCTOSIHUS MOMYJISIIIMI MaCCOBBIX ¥ TIPOMBICJIOBBIX
BUJIOB pbI0 A30BO-YepHOMOpPCKOTO OacceiiHa, a Takke MPOAYKTUBHOCTY TETaTMIeCKUX OKEAaHMIEeCKUX
coodmiecTB. 3a 65 et padorsl B UHBIOM I'epman BacunbeBru onyomkoBan 6ojiee 250 HaydHBIX CTa-
TeH, JBE JIMYHBIE U MATh KOJUIEKTUBHBIX MOHOIpaduil, 1B€ HAYYHO-TOIYJIsIpHble KHUTU. OH SBJsET-
Cs1 YWIEHOM peJIKOJUIEruu «MopcKOro OMOIOrMYECKOro JKypHaIa» U WIEHOM JUCCEPTALMOHHOIO COBETA
1o crienaibHOCTH «1.5.16. I'mapobuonorus» npu PULL UHBIOM.
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I B. 3yeB wuMeer OOJBIIONW OMBIT HAYYHO-
NeJaroruyeckoi AeATeabHOCTH. B Tedyenue psga ner
OH 4MTaJI KypChl JIEKIIMIA cTyaeHTam B CeBacTomoJb-
ckom pumane MI'Y u B CeBacTononbCKOM MHCTH-
TyTe SIEPHON SHEPTrUM U IMPOMBIILJIEHHOCTH, PYKO-
BOJWJI MPAKTUKOW, a TaKkKe KypCOBBIMU M JUILIOM-
HbIMU pabOTaMM CTYJEHTOB HECKOJIbKUX BY30B CTpa-
Hel. B 2001 r. emy npucBoeHo 3BaHue npodeccopa.
Ilog ero pykoBOACTBOM 3allMILIEHbI IIECTh KaHIUAAT-
CKUX JIUCCEepTAIIA.

3a 100pOCOBECTHBIN TPY, BBICOKHIA TTPOdeccHo-
HaJIM3M, pa3BUTHE (PyHJAMEHTAIbHbIX Y IPUKJIQAHBIX
UCCIIeJOBaHUA, TUIOIOTBOPHYIO pabOoTy MO MOArOTOBKE KBAJIM(PUIIMPOBAHHBIX HAYYHBIX KapoB, 3 dek-
THBHYIO HAy4YHO-OpraHu3alMoHHylo padoty ['epman BacunbeBuu 3yeB HarpaxaéH meaaninio «Betepan
Tpyda» (1987 r.), nouétHbiMu rpamoramu HanmonanbHoi akagemun Hayk Ykpaunsl (2011 r.), ene-
paJIbHOTO areHTCTBa Hay4YHbIX opranu3armii (2017 r.), Poccuiickon akanemuu Hayk (2021 r.) u lenapra-
MeHTa TIPUPOJHBIX pecypcoB 1 3KoJoruu roposa Cesactomnoss (2021 r.), a Takke 100WISHHON MeIIbIo
«300 ner Poccuiickon akagemuu Hayk» (2024 r.). B 2026 r. emy NpucBOEHO 3BaHUE «3aciyKEHHbIN
AeATesb HayKU M TeXHUKU ropoja CeBacTonoss».

Hoporoii I'epman BacunbeBnu! KomnektB MHCTUTYTA OMOJIOTHM 105KHBIX MOPEN MCKpEHHE BOC-
xuaercs Baiueil neneycTpeMiIEHHOCTBI0, MHULIMATUBHOCTBIO, BBICOKMM NPO(ECCUOHAIN3MOM U T1pe-
NaHHOCThI0 Hayke. B neHp Bammero 3ameuarenbHoOro ioOwiest Mbl keflaeM BaM Kpemkoro 3m0po-
Bbsl, aKTUBHOTO JIOJITOJIETHSI, HOBBIX TBOPUECKUX YCIIEXOB, CEMEHHOTO OJIAaronoyyus U MCIOTHEHHS
BCEX JKEeJIaHWUM !

C. A. lapun, E. H. Ckypamoeckas, PHUL] HnBIOM

ON THE ANNIVERSARY OF PROFESSOR GERMAN ZUYEV

On 27 June, 2026, D. Sc., Prof. German Zuyev turns 90. He is a well-known ichthyologist, leading
expert on cephalopods, and scientific advisor in IBSS Ichthyology Department. During his 65 years
at IBSS, G. Zuyev has made significant contribution to the study of the intraspecific structure of hy-
drobionts. He is the author of over 250 scientific publications and serves on the editorial board
of Marine Biological Journal.
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