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MOP®OJIOI'MIYECKAA NBMEHYNBOCTD BbIYKA-KPYIUVIAKA
NEOGOBIUS MELANOSTOMUS (PALLAS, 1814) (ACTINOPTERYGII, GOBIIDAE)
A30BO-YEPHOMOPCKOI'O BACCEHHA
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PaccmoTpeHa M3MEHUMBOCTh MPU3HAKOB BHELIHEH Mopdosoruu (36 miuactuyeckux U 6 Mepu-
cTUYecKuX) OblYKa-Kpyrisika Neogobius melanostomus (Pallas, 1814) u3 cemu paiioHOB A30BO-
UYepHOMOpCKOro HacceiiHa: ceBepo-3anafHoro 1 0ro-3anajHoro YepHoMOpCKoro nodepeskbs Kpbim-
ckoro nostyoctpoBa (Kapkunutckuii 3anuB, muman JJonysnas, Ctpenenkas 6yxta CeBacronons), Ka-
3aHTUIICKOTO 3ajBa A30BCKOTO MOpsI, a Takxke peku Cairup B HeHTpaIbHON yacTu KpbiMckoro mo-
JIyOCTpOBa. YCTaHOBJICHO, YTO OBIYOK-KPYIVISIK U3 pa3HbIX PaOHOB BbUIOBA B BO3pacte 2+...3 umeer
pasHble pa3Mepsl Tesa: Haubosblnue y ocooert u3 CTpenenkon OyXThl, SL, (136,2 £1,97) mm; Hau-
MeHbLne y ocodeit u3 peku Canrup, SL, (66,8 +2,28) M. C nomowpio kpurepust ManHa — YuTHHA
ME3Ky BBIOOPKaMH YCTaHOBJIEHBI CTATUCTUYECKH JOCTOBEPHbIE Pa3IMuMsl 110 OOJIBIIMHCTBY ILIACTHYE-
CKUX TpH3HAKOB. [10 MepHCTUYECKUM MPU3HAKAM OHHM OTCYTCTBYIOT. HanOobImii BKJIaJ B AUCKPH-
MUHAIIMIO BHIOOPOK N. melanostomus BHOCAT TUIACTHYECKUE TIPU3HAKH, CBSI3aHHbIE C PACTIONOKEHUEM
T1aBHUKOB. COIIACHO pe3yJibTaTaM KJIACTEPHOTO aHaJM3a, 0 COBOKYITHOCTH BCEX M3YYEHHBIX IMpU-
3HAKOB Yy ObIUKa-KpyIsika A30B0-YepHOMOPCKOTro OacceiiHa HanOOJIBIINM CXO/ICTBOM 00JIaIaloT BbI-
6opku 3 KapkuHutckoro 3anusa (3amuB Camapurk u dpeirauckas 0yxra, D = 28,6) v ©3 akBaTOpUH
Bakanbckoii kocel. Ha ypoBne nuBeprenumu D = 47,3 00beIUHSIOTCS TPYIIbI ObIYKOB 13 CTpesekoit
OyxThl 1 KazaHTurnckoro 3aimBa, a 3aTeM K HUM Ha ypoBHe D = 215 npumbIkaeT BHIOOpKa U3 JIMMaHa
Hony3nas. Beibopka Obiuka u3 peku Canrup 3aHuMaer Havbojiee 000COOJEHHOE MOJIOKEeHHUe: ypo-
BEHb AMBEPreHINN COCTaBisieT okojo 475. [lo JaHHBIM JUCKPUMUHAHTHOTO aHAJIM3a YCTAHOBJIEHO,
YTO OBIYOK-KPYIIIAK U3 A30BO-YepHOMOpcKkoro GacceiiHa audepeHIpoBaH Kak MUHUMYM Ha TPH
IPOCTPAHCTBEHHBIE TPYNITUPOBKY: NIepBasi — U3 palioHa 3amaaHoro nodepexnsi KpeiMckoro noxyoct-
poBa (Kapkunurtckuii 3ammB u iuMmas [loHy3naB) u paiiona Ceacronosns (6yxta Crpenerikas); BTO-
past — u3 KazanTunckoro 3anuBa (A30Bckoe Mope); TpeTbst — u3 peku Cairup. Hanbonpimii Bkiazg
B INCKPUMHUHALIMIO IPOCTPAHCTBEHHBIX IPYMITUPOBOK (IpH KO3 (PULIMEHTE KOPPEALUHA MEXAY MpHU-
3HaKaMU U 3HaYEHWsIMUA KOOPJHMHAT 10 BTOPON KaHOHUYECKO# ocu 6onblie 0,75) BHeC/IU clieLylomime
NPU3HAKH: BBICOTA TeJIa, BHICOTA U TOJIIIMHA XBOCTOBOTO CTeOJIsI, aHTEJOPCATIbHOE U AaHTEBEHTPAIbHOE
PACCTOSIHUS ¥ INMPYHA I'PYJHBIX U OPIOLIHBIX IUIABHUKOB. BhIsSIBIEHHAs HEOTHOPOAHOCTD NTOKA3bIBAET
BBICOKYIO MapaTUIIMUYECKYI0 U3MEHUYMBOCTD MJIACTUUECKUX IPU3HAKOB; B PA3JIMUHBIX SKOJOTUUECKUX
YCIIOBUSX Y 0coOelt ofHoro Buaa popmupyercs cendpudeckuil hbeHOTHII.

KiroueBbie ci1oBa: ObYOK-KPYDIsAK, A30Bo-UepHOMOPCKMIT OACCENH, IUIACTUYECKUE U MEPHUCTHU-
YecKue NPU3HAKH, U3MEHUYHBOCTb, TTOMYJIAIUS
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Bburuok-kpyrsk Neogobius melanostomus (Pallas, 1814) — NOHTO-KaclUACKUI HAEMUK, €cTe-
CTBEHHBIN apeasl KOTOPOro BKIoUYaer Oacceinbl YépHoro, MpamopHoro, Kacrmiickoro u A30BCKOTo
Mopen [bonraue, Kapnosa, 2017; Bacunbsesa, 2007; Manuno, 2014; CeeroBunos, 1964; CMupHoB,
1986; Pinchuk, Miller, 2003]. ITpakTryecku BO BCEM €CTECTBEHHOM apealie OblYOK-KPYIVISAK SBJAETCSA
OJJHUM M3 BaKHBIX IPOMBICJIOBBIX 00beKTOB [Bonraues, Kapriosa, 2017].

BBIUOK-KpYIIISIK — JOHHAs pblOa, MPeANoYUTaIoNIas COIOHOBATOBOAHbIE TPUOPEKHBIE YIACTKU MO-
peii 1 YCThEB peK, OJIMH U3 MaCCOBBIX BUJIOB OBIYKOBBIX y GeperoB KpeiMckoro nomyoctpoBa [bonTaues,
Kaproa, 2017; Manuno, 2014]. ToT BUJ, COIIACHO MHOTOYKCJIEHHBIM JIMTEPATYPHBIM JTaHHBIM, 00-
JlaJaeT BBICOKOW KOJIOTMYECKOW IJIACTUYHOCTHIO M MHBA3UOHHBIM MOTEHIIMAIOM, aKTUBHO OCBAaMBAET
HOBBIE apeasibl 3a npeenamu [Tonto-Kacnmiickoro 6acceiina. Tak, N. melanostomus caMOCTOSITETBHO
MIPOHUK BBEPX 0 TEYECHHUIO KPYITHBIX EBPONEHCKHUX peK U chOPMHUPOBAIT B HOBBIX [UIst ceOsl BOOEMax
YCTONYMBBIE TTPECHOBOIHBIE TIOMYJISAIMK; OH ObLT 3aBe3€H ¢ Oa/UIAaCTHBIMU BoJaMH B OacceiiH bantuii-
ckoro mops u Bemmkue o3épa CeBepHoit Amepuku [CmupHoB, 2001; Bufic et al., 2015; Crossman et al.,
1992; Nyeste et al., 2017; Piria et al., 2011; Roche et al., 2015; Simonovi¢ et al., 2001; Skoéra, Rzeznik,
2001; Stranai, Andreji, 2004; van Beek, 2006; Verreycken et al., 2011; Coli¢ et al., 2018].

W3BeCcTHO, YTO OBIYKOBBIE — MaJOMHUTPUPYIONINE PHIObI, CIIOCOOHBIE 00pa30BHIBaTh MOP(OJIOTH-
YeCKH OTIMYAIoNIMecs JOKaJdbHble ITpynnupoBku [Manwio, 2014]. CymiecTByloT paOOThI, IMOCBSIIEH-
HBIE UCCJIEJOBAHUIO BHYTPUBUIOBON M3MEHUMBOCTU ObIUKA-KPYIJISIKA B €CTECTBEHHOM apeaie U B HO-
BbIX [IJ151 Hero ycnousix [Koayxosa u ap., 2017; Cmupnos, 1986, 2001; Tkauyenko, 2012; Demchenko,
Tkachenko, 2017; Diripasko, Zabroda, 2017]. OgqHako Mopdgoiorinueckast CTpyKTypa OblYKa-KpyIisika
npuOpeskHOM 30Hb KpbiMa n3yuena ciado, a st BHyTpeHHUX BogoéMoB KppiMa oHa B 11e710M He Oblia
UCcJieJOBaHa.

DKOJIOTUIECKUE YCJIOBHS BOJHBIX 0OBEKTOB U aKBaTOPUH Y K pbIMCKOT0 IMoJTyOoCTpOBa BechMa pa3Ho-
o0pasHbl. B cpenmHem conénocts Y€pHoro Mopsi coctasisieT 17-18 %o, A3oBckoro — 10—11 %o. AHTpO-
MOTeHHOE BO3/IEMCTBUE Ha HEKOTOPBIe palloHbI A30BO-YepHOMOPCKOro HacceiiHa 3a MOCIeIHUE MOJIBEKa
BBI3BAJIO U3MEHEHUSI KaK B TUIPOXUMUYECKHUX XapaKTEPUCTUKAX, TAK M B COCTaBe PHIOHOTO HACEJCHUS.
Ha uxtnogayny Kapkunuutckoro 3amBa u BHyTpeHHUX BO10EMOB Kpbima /10JIroe Bpemsi OKa3bIBaJl BJIM-
ssaue CeBepo-KpbIMCKmii KaHa, B pe3yibTate paboThl KOTOPOTO B JIAHHBIX paliOHaX PErMCTPUPOBAIA
npescTaBuTeNel nHenpoBckon uxtnodaynsl [Kaprnosa, 2016; KaprioBa, bonraues, 2012; Belogurova
et al., 2020]. B numane [loHy31aB coBpeMeHHas uxtrodayHa (popMUpoBaIaCch Mocjaeanue 35 ger —
C TOro BpEMeHHU, Kak B Koce besnstyc, oTaesnsionieit 01HO U3 caMblx cos€HbIX 03€p B Kpbimy oT Y€pHOro
Mopsi, ObUT TPOpHIT KaHat [3yes, bonraues, 1999].

[Tpu pasHBIX KOJOTMYECKHUX YCIOBHSX, HANIPUMEP THUAPOXMMUUYECKOM PEKUME WIM CKOPOCTH
TeueHusl, Y pbi0 OqHOro BHUIa (GOPMUPYIOTCS BapHwaiuu MOpQOJIOTMUECKUX Mpu3HakoB. Mccnenys
UX BapraOebHOCTh, MOKHO OIIEHUTh MACIITA0BI aJanTayii BU/Ia K 9KOJOTHUECKUM YCJIOBUSIM.

C y4€ToM TOro, 4To OBIYOK-KPYIVISIK AKTUBHO OCBaMBAET HOBbIE BOAOEMBI U CIIOCOOEH 0OPa30BbI-
BaTh MOP(OJIOrMYECKH OTIIMYAIOIIMECS JIOKAJIbHbIE IPYNIIMPOBKU B Ipe/iesiax apeaia B 3aBUCUMOCTH
OT yCJIOBUH OKpY’Kaloller cpejibl, Oblia TMOCTaBJIeHa 1IeJIb PAaOOThl — OIIEHUTh M3MEHYMBOCTh TIPU3HA-
KOB BHellIHe Mopdosiorun Neogobius melanostomus U3 pa3In4yHbIX akBaTOpUi A30B0O-YepHOMOPCKOTO
OacceiiHa 10 MJIACTUYECKUM ¥ MEPUCTUUECKUM MPU3HAKAM.

MATEPUAJI 1 METO/1bI

Marepuan 1jist paboThl — (pUKCUpOBaHHBIE 4%-HbIM pacTBOpOM hopMasbaeruaa mpoosl peid, mo-
JIy4eHHBbIE B X0/ie aKkcneauimi otaena miaikrona @UILL MTaBIOM B 2009-2020 rr. Paitonamu uccneno-
BaHUs OBUIM HECKOJIbKO akBaTOpuil YEPHOTro MOpsI Ha ceBepo-3araJHOM U I0ro-3araJ HoM MoOepekbe
Kpeivckoro nonyoctposa (Kapkuautckuit 3aymB, 3 BeIOOpkH; uMaH [loHy371aB, 1 poda; Ctpeernkas
oyxTa CeBactonoJis, 1 nmpooa), a Takxke peka Caiarup (BHyTpeHHHI BOI0EM KpbIMCKOrO MOJyoCTpOBa,
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1 mpo6a) u Kazanrturickuii 3anue (A30Bckoe Mope, 1 mpooda) (puc. 1). IXTHOJIOrMYecKui MaTepyat B JId-
Mmane JloHy371aB 1 B KapKMHUTCKOM 3aJMBe OTOMPAv KPEBETOUYHBIMH BEHTEPSIMH C sT4e€it 6,5—7,5 MM.
B peke Canrup (paiion cena HoBorpuropseBka) u B KazaHTumnckom 3amBe A30BCKOTO MOPsI JIOB OCY-
IIECTBJISUIM € MOMOIIBIO kabepHbIx ceteld ¢ ssueéit 10-30 mm. B Ctpenerikoii OyxTe UCTIOIb30BAIN JOH-
HYIO JIOBYIIKY C stue€id 12 mm. it MopgomeTprueckoro aHam3a u3 7 BLIOOPOK otodpanu 167 3K3. mo-
JIOBO3PEJIBIX CaMIIOB OBIUKA-KPYIJIKa B Bo3pacTe 2+...3. Bo3pact onpenensiim 1o otoanTam, KOTOpbIe
MPOCMAaTPUBAJIN 110 OMHOKYJISIPHBIM MUKPOCKOTIOM TipH 20-KpaTHOM yBenmueHuu [[1paBauH, 1966].

Puc. 1. Kapra-cxema pacrosioxeHusi MecT oToopa rpod Obrka-kpyrisika Neogobius melanostomus B A30Bo-
Yepromopckom Oaccerine. Sam — 3anuB Camapuuk; Aur — OyxTa bakanbckas (paiioH mocéika ABpopa);
Yarlg — Speitrauckas 6yxra; Dnz — numan Jlonysnas; Str — Crpenenikas 0yxra; Slg — peka Canrup
(paiioH cena HoBorpuropeeBka); Kaz — KazaHturickuil 3a1us

Fig. 1. Schematic map of the round goby Neogobius melanostomus sampling sites in the Sea of Azov—Black
Sea Basin. Sam, Samarchik Bay; Aur, Bakalskaya Spit (Aurora village area); Yarlg, Yarylgachskaya Bay; Dnz,
Donuzlav Liman; Str, Streletskaya Bay; Slg, Salgir River (Novogrigorievka village area); Kaz, Kazantip Bay

N3yyensl 36 miaacTuyeckux U 6 MEpUCTHMUYECKMX MPU3HAKOB. [IpomMepbl BBINOIHEHBI C MTOMOILBIO
IITAHTEHIUPKYJIs ¢ TOYHOCTHIO 10 0,1 MM 1o cTaHIApTHOH cXxeme ¢ JononHeHussMu (puc. 2) [3adposa,
Hupurnacko, 2009; [Ipapaun, 1966]. [lns nansHeliieir 06pabOTKY poMepsl Ha TeJie U FOJI0Be KPYIJIsKka
riepeBe/IeHbl B MH/IEKCHl IPU3HAKOB, BbIPAKEHHbIE B % OT CTaHAAapTHOU AyuHbI (standard length, SL)
u gyaHbl roJioBsl (head length, HL).

JmHa peiO B pa3HBIX BBIOOPKAX CYHIECTBEHHO OTJIMYAIAch, O3TOMY ISl HUBEIMpPOBaHUs (hak-
TOpa pa3sMEpHONl M3MEHYMBOCTH aOCOJIIOTHBIX 3HAUYEHWH MPOMEPOB BBIIOJHEHO MpeoOpa3oBaHKe
o (popmysne Peiicra:

lg X, =lglgX;, —b(lgSL; —1g SL),

rie 1gX; — npeoGpa3oBaHHOe 3HaUYeHKe pU3HaKa X y i-it 0coou;

X; — MCXOJHOE 3HAYECHHE TPU3HAKA Y i-i 0COOH;

SL,; — crangapTHas JUIMHA i-i1 ocoou;

SL. — cpenHsisi ATMHA B BBIOOPKE;

b — automeTpuueckuil KO3(pPUIIMEHT, orpeiessseMblid KaK TAHI'€HC yIJla HAKJOHA JIMHUK perpec-
cUM JioraprupMUPOBaHHBIX 3HAUYEHUI TpoMepa Ha JiorapuMHUpOBaHHbIE 3HAUEHUS JAJUHBI Tesa [Reist,
1985, 1986; Thorpe, 1975].
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Puc. 2. Cxema npomepoB Obluka-Kpyrisika Neogobius melanostomus. TL — TotanbHas nymna; SL — cras-
JnapTHas JuimHa. [lnactudeckue rnpu3Haku, BeipaxkeHHsle B % ot SL: H — HaubosnbIas BeicoTa Tena; h —
BBICOTA XBOCTOBOTO cTe0Is; iH — Hanbospinas TonmuHa Teiia; ih — tosmHaa XBocToBoro credis; aD —
aHTeJOpcajbHOE paccTosiHue; pD — nocTaopcanbHOE paccTosiHue; aP — aHTeneKTopalbHOE pacCTOSIHUE,
aV — aHTEeBEHTPaJIbHOE PacCTOSsIHUE; AA — aHTeaHaJIbHOE PAcCTOsiHME; V-A — BEHTpOaHaJIbHOE paccTo-
siHue; pl — 1uHa XBocToBOrO c1edis; ID1 — naMHa OCHOBaHUS MEPBOrO CIMHHOIO IUIaBHUKA; hD1 —
BBICOTA NIEPBOTO CIMHHOTO IUIABHUKA; D2 — AjiMHa OCHOBaHMsI BTOPOTO CIIMHHOTO TUIaBHUKA; hD2 — BhI-
COTa BTOPOT'O CIIMHHOTO IJIaBHUKA; |A — [JIMHAa OCHOBAaHMs aHAJILHOTO IJ1aBHUKA; hA — BICOTa aHAJILHOTO
TUaBHYKa; [P — nymHa rpyaHoro riaBHMKA; iP — mmipiHa OCHOBaHMS TPYIHOIO IUIABHUKA; |V — mnnHa
OPIOIITHOTO TUIABHUKA; 1V — IIMPUHA OCHOBAHUS OPIOITHOTO TUIaBHUKA; IC — JJIMHA XBOCTOBOTO IJIABHUKA,;
HL — nuiHa ronosel. [Tnactuyeckrie npu3Haku, BeipaxkeHHbie B % oT HL: ic — HanGobIIast MupHHA roJIo-
BBI; 40 — JUIMHA PblJIa; 0 — FOPU30HTAJIBHBII JUaMeTp I71a3a; Op — 3arjia3HUYHOE PACCTOSIHUE; 10 — IIHMpPH-
Ha 710a; Im — pyimHa BepxHel dyemocTy; Imd — [IMHa HUKHE YesTIoCTH; Of — PacCTOSIHUE MEXy I1a30M
U yriioM pta; hop — BbIcOTa IIEKH; it — IIMpHUHA pTa; hc — BBICOTA rOJIOBHI Uepe3 cepeiuHy IMa3a. Mepu-
cThyeckue npu3Haku: D1 — 4ucio syyeid B IepBOM CIIMHHOM TUIaBHUKE; DB2 — 4YHCII0 BETBUCTHIX JIyden
BO BTOPOM CIIMHHOM TUTABHUKE; AB — YHCJIO BETBUCTHIX JIyueil B aHAJILHOM IIJIaBHUKe; P — umcio mydeit
B I'PYJHOM IUIaBHHKe; V — YUCJIO JIyded B OpIOITHOM Iu1aBHUKe; C — YHCIIo Jiydel B XBOCTOBOM IUIABHUKE

Fig. 2. Scheme of morphometric measurements of the round goby Neogobius melanostomus. TL, total
length; SL, standard length. Morphometric characters as % of SL: H, maximum body depth; h, minimum
body depth (caudal peduncle depth); iH, maximum body width; ih, minimum body width (caudal pedun-
cle width); aD, predorsal distance; pD, postdorsal distance; aP, prepectoral distance; aV, prepelvic distance;
aA, preanal distance; V-A, pelvic-anal distance; pl, caudal peduncle length; ID1, length of the first dorsal fin
base; hD1, first dorsal fin depth; 1D2, length of the second dorsal fin base; hD2, the second dorsal fin depth;
1A, length of anal fin base; hA, anal fin depth; IP, pectoral fin length; iP, width of pectoral fin base; IV, pelvic
fin length; 1V, width of pelvic fin base; 1C, caudal fin length; HL, head length. Morphometric characters as %
of HL: ic, head width; ao, preorbital distance; o, horizontal eye diameter; op, postorbital distance; io, inter-
orbital distance; Im, upper jaw length; Imd, lower jaw length; or, distance between eye and corner of mouth;
hop, cheek depth; ir, mouth width; hco, head depth through middle of eye. Meristic characters: D1, the first
dorsal fin spines number; DB2, the second dorsal fin rays number; AB, anal fin rays number; P, pectoral fin
rays number; V, pelvic fin rays number; C, caudal fin rays number
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J11s1 06pabOTKM JaHHBIX MCTIOIb30BAHBI OOLIEPUHSATHIE CTATUCTUYECKHE TIOKA3aTesH, paCCUMTaH-
Hble B mporpammuoMm naketre MS Office Excel. 17151 onieHk# pa3ninuuii Mex 1y BHIOOpKaMu ¢ HeOOJIbIITHM
KOJIMYECTBOM 3K3EMIUISIPOB IMPUMEHEH HerlapaMeTpuieckuil Kpureprii MaHHa — YUTHU NIpU YpOBHE
3HayrMocTu p < 0,05. OrieHKa U3MEHYMBOCTH MPU3HAKOB B KX O BHIOOPKE OCYIIECTBJIEHA C UCTIONb-
30BaHUEM KO3(puUIeHTa Baprauyu (var), KOTOPBIi MpeJCcTaBiseT coO00i CTaHAAPTHOE OTKJIOHEHMHE,
BBIPAKEHHOE B IIPOLIEHTaX OT BEJIMYMHEI cpeiHell apudmeTrnyeckoil. CunTtanu, 4yTo MHAEKCH MTpU3HaA-
KOB BapbupoBamu cnado npu var < 10 % u cpenne npu var 11-25 % [Jlakun, 1990]. [Ins oneHkw
PACXOKIEHUS TI0 KOMIUIEKCaM M3yYEeHHBIX PU3HAKOB MEXKIY pPhiOaMH Pa3JIMUHBIX PAHOHOB MCIIOJIB30-
BaH Mokasaress auBepreHnuu Kyms6aka — Jleitonepa (D) [Anapees, Pemernukos, 1977]. IlpumeHeHs!
METO/Ibl OJHOMEPHOIO 1 MHOT'OMEPHOTO CTATUCTUUYECKOTO aHAIN3a (AUCKPUMHUHAHTHBIN U KJIaCTEPHbIN
aHanm3), pacy€Thl BhNOJHEHBI B porpaMMHoM nakete STATISTICA 10.0 [Xanadgsn, 2007].

PE3VJIbTATHI

PesynbTatel MOpgoMeTpuyeckoro aHaam3a ObIYKA-KPYITISKA U3 CEeMH KCCIEyeMbIX PalilOHOB
AzoBo-YepHoMopcKoro GacceiiHa MpeacTaBieHsbl B Ta0I. 1.

Kpyrnsk u3 Crpenenkoid OyXThl B CpeJHEM OKa3aJiCs KpyIHee, YeM OCOOU U3 OCTAIbHBIX HCCIIe-
JTYEMBIX aKBaTOPHI, SLCp cocraBuia (136,2 = 1,97) mm. Bo3M0KHO, 3TO CBA3AHO C CEJIEKTUBHOCTHIO
OpyHs JIOBA, UCIIOJIL3YeMOTo B JAHHOM paiioHe. OIHAaKO He Clie/yeT UCKIJII0YaTh, YTO OBIYOK-KPYTJISAK
MOJET JOCTUTATh CTOJIb KPYITHBIX pa3MepoB B OyxTax ropoja CeBacTomnois B CBSI3U CO CBOEH HEBBICOKOM
TUIOTHOCTBIO B IPHOPEKHON 30HE U, CICAOBATENHHO, C JIYUIIMMH YCJIOBUSMHU TSI POCTA U HaryJia.

B ynoBax u3 Crpernenkoii 0yxtsl CeBacTornoist Kpyriisik, B OTJIMUUE OT JPYTUX BUIOB PbIO, €IUHU-
YeH, B TO BpeMs Kak B KapkuHUTCKOM 3aiuBe U JuMaHe J[JoHy3/1aB IJIOTHOCTD MOMYJISLUA BCeX ObIY-
KOBBIX TOBOJIbHO Bbicoka. Harpumep, B 2017 r. B iumane CaMapuuK YUCIEHHOCTb KPYIJISKa B YJIOBAX
coctapisiia 10 42 % ot Bcero KonmuyectBa ObrukoBbiX [[Ipurtena u ap., 2018].

[Tpu3Haku B BHIOOPKax ObIYKa-KPYIIsiKa B LIEJIOM BapbUPYIOT He3HAUMTeIbHO. HanbonbInei n3meH-
9uBOCTHIO (var > 10 %) XxapakTepru30BIUCh TOJIIIMHA XBOCTOBOTO CTeOJIsl y pbid u3 3amBa CaMapunk
u Spbiaradckoid OyXThI, a TaKXke JITMHA XBOCTOBOTO CTeOJIs y OBIYKOB M3 aKBAaTOpUHU BakaibCKol Ko-
cbl, pekn Canrup u KazanTturickoro 3anvBa. BricoTa aHanbHOTO TUIaBHMKA ObUIA CAMOW M3MEHYHBOW
y pbi6 u3 peku Canrup u Kazanrurckoro 3aimuBa. Takxke y ObrYKOB U3 peku Canrup HauOoJbIIen U3-
MEHUYMBOCTBIO OTIMYAJIUCH BBICOTA NIEPBOIO U BTOPOTO CIIMHHOTO IUIABHUKOB. Cpeau MpoMepoB roJio-
Bbl HanOoJIee BapbUpOBasia B BHIOOPKAX U3 IIECTH palloHOB (Kpome 3aimuBa Camapuuk) mupuHa joa,
a Juist Op19koB 13 peku Canrup u KazaHTUIICKOTO 3a/IMBa cCaMbIMU BapraOeIbHBIMU TTapaMeTpamu ToJIo-
BBl PbIO OKA3QJIMCh JUAMETP I71a3a U PACCTOSIHUE MEXIy I71a30M U YIJIOM pTa. PailoHOM, 1)1 KOTOPOro
Bapuaiuu var > 10 % ObUM OTMEUEHBI TOJILKO JIJIS1 BHICOTBI IIEPBOTO CMUHHOTO TUIABHUKA, OKA3aJ1ach
oyxTa Crpenenkas.

Mepuctudeckre TPU3HAKM ObIYKA-KPYIJISIKA B HCCJEIyEeMBIX BBIOOPKAX OKa3aJiCh HavMeHee
BapraOeJIbHBIMU U3 BCEX U3yYaeMbIX IIPU3HAKOB.

Io pe3ynbraTam cpaBHEHUS C IPUMEHEHUEM HETTAPAMETPUIECKOro Kputepus ManHa — YUTHU, UH-
JEKCHI TUITACTUYECKUX MTPU3HAKOB N. melanostomus u3 ceMu paiioHOB A30B0-UepHOMOpCKOro GacceitHa
JOCTOBEPHO Pa3JIMUaIMCh MeX Iy coOoi. B Tabi. 2 npeacTaBieHo KOJMUYECTBO MPU3HAKOB, U3YUEHHBIX
y ObIUKa-KPYIJISIKA, IO KOTOPbIM OOHAPY3KEHBI TOCTOBEpHBIE OTINuus. [1o MepucTuyeckuM nmpusHakam
JOCTOBEPHBIX OTJIMYMI HE BBISIBJICHO.

[To BceM miacTiUecKuM rpu3Hakam (24 Ha Tesie u 12 Ha rojioBe) OTIMYKS OTMEUYEHBI MEK Ty OblUKa-
MU U3 OyxThl CTpesienkas U U3 OCTAIBLHBIX IIECTH PAOHOB. BeposATHO, 3TO CBSI3aHO ¢ 0oJiee KPYITHBIMU
pa3zmMepamMu ObIYKa-KpyIiisika U3 OyxThl. OTINYMS 10 HAMMEHBINEMY KOJMYECTBY MPU3HAKOB 3a(hUK-
CUPOBAHBI MEXk/Ty ObIYKaMH M3 TPEX paioHOB KapKMHUTCKOTO 3a/MBa, BUAMMO BBUIY 3HAYUTEIILHOTO
CXOJICTBA YCJIOBHI MTpHU TeorpapuvecKoi OJIM30CTH YKa3aHHBIX akBaTopuid. Takxke 3aperucTpupoBaHbI
OTJINYMS TIO OOJIBIIIMHCTBY M3YYaeMbIX MTPU3HAKOB MEK/Ty ObIYKaMU M3 TPEX y4acTKOB KapKUHHUTCKOTO
3aJIMBA U U3 OCTAJIbHBIX PAaOHOB.
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Tadémmma 1. Mopdomerpudeckue Npu3HAKU caMLOB OblUKa-Kpyriska Neogobius melanostomus u3 ce-
MH paifoHOB A30BO-UepHOMOpCKOro GaccefiHa, MM (Ha3BaHMsI paiiOHOB PadOT COOTBETCTBYIOT TAKOBBIM
Ha puc. 1)

Table 1.

Morphometric characters of the male round goby Neogobius melanostomus from seven regions

of the Sea of Azov—Black Sea Basin, mm (the names of the study regions correspond to those in Fig. 1)

IIpuznak | Sam, n =21 Aur,n=32 | Yarlg,n=23 | Dnz,n=22 Slg, n=19 Kaz, n =23 Str,n =27
SL 99,0-129,5 | 100,7-123,1 | 91,9-124,1 80,5-107,2 55,5-90,8 81,0-136,9 | 108,7-153,4
111,0+£1,87 | 109,2+£0,90 | 105,0+ 1,42 | 87,6 +1,27 66,8 + 2,28 96,6 £ 3,37 | 136,2 + 1,97
ITnactuyeckue npusHaky, B % ot SL
q 20,5-24.9 20,8-26,5 19,2-25,1 18,0-22,6 19,3-24,8 18,4-23,4 18,8-24,0
22,2 +0,25 23,6 + 0,24 22,2 +0,25 19,9 £ 0,28 21,9+ 0,36 20,3+ 0,27 21,2+0,29
h 10,3-12,4 10,4-13,4 10,7-12,5 9,8-11,5 9,4-12,1 8,8-11,4 9,3-11,6
11,1 0,14 11,7 £ 0,11 11,5+0,11 10,5 0,11 10,6 £ 0,17 10,5 £2,28 10,5%0,11
H 16,2-20,2 18,7-22,0 16,7-20,3 14,4-19,5 17,7-24,4 13,5-17,8 16,8-21,6
18,0 £0,25 20,2 +£0,14 18,4 £0,22 16,4 £0,32 20,3 + 045 16,1 £0,27 18,3+0,24
h 5,0-8,0 7,0-9,3 6,4-10,3 6,4-8,2 4,0-5,8 4,2-6,1 4,5-6,1
6,2£0,19 8,3 £ 0,09 7,9+ 0,18 7,210,10 4,8+0,28 5,210,10 5,3+ 0,09
D 33,7-38,7 34,7-38,7 26,5-39,2 32,6-38,1 34,0-37,5 32,6-38,3 31,4-36,9
35,8 +0,29 36,2 + 0,16 35,4+£0,55 35,6 £0,30 35,9 +£0,30 35,0+£0,36 34,5 +0,27
pD 12,2-16,9 12,1-18,5 12,8-16,8 14,5-18.8 13,3-18,4 14,6-19,0 13,7-17,0
14,7 £ 0,25 15,5+0,24 15,1 +£0,24 16,4 £ 0,18 15,4 +£0,33 16,6 £ 0,25 15,7£0,19
P 27,8-33,5 29,4-32.9 30,2-32,9 26,8-30,8 30,9-34,9 29,2-33.3 29,3-34.8
31,6 £ 0,28 31,1 £0,12 31,3+£0,15 28,7+0,22 | 32,8 +0,23 31,5+0,18 32,0£0,26
AV 31,0-35,9 31,3-34,9 30,0-35,3 27,8-32,4 26,5-32,6 29,6-34,7 29,1-34,8
32,9 + 0,25 32,8+0,15 32,7+0,25 30,5 £ 0,27 30,0 £ 0,37 32,2+0,26 32,1 £0,27
aA 56,1-63,8 31,5-62,6 55,0-64,0 52,1-61,0 54,7-62,2 54,1-63,1 54,1-64,6
60,9 + 0,39 58,7 £ 0,96 59,6 + 0,46 56,6 £ 0,41 57,0 £0,51 58,1 £0,53 59,1 £0,52
V-A 22,6-32,5 25,3-32,9 26,0-33,4 22,0-31,9 23,5-30,4 24,2-30,9 24.,7-35,9
29,5 +£0,49 29,6 + 0,32 29,0 £ 0,45 27,4 +£0,55 27,1 £0,44 26,8 £ 0,39 28,8 £ 0,54
ol 13,6-17,6 12,1-24.,4 14,2-18,1 15,5-24,1 13,2-20,1 14,8-25,0 14,7-19,6
16,1 £ 0,24 16,7 £ 0,40 16,0 £ 0,22 18,3 +0,35 17,5+ 0,41 18,3 £ 0,55 16,9 +£ 0,26
DI 15,4-20,4 15,1-21,3 16,2-19,5 15,3-19,9 15,5-20,9 14,5-21,4 15,6-20,9
17,9 £ 0,31 18,5 £ 0,24 18,1 £0,18 18,1 £0,28 18,4 £0,29 17,6 £ 0,36 18,3+ 0,36
hDI1 12,9-17,1 13,7-17,0 13,2-18,2 14,2-18,2 15,0-21,2 12,1-18,3 14,0-19,4
15,3+0,26 15,8 £ 0,12 15,5+0,26 16,3+ 0,25 17,9 £ 0,45 15,0+ 0,31 16,1 £ 0,25
D2 30,2-35,8 18,8-35,1 28,9-36,6 28,9-36,5 30,6-35,3 31,1-36,2 26,3-38,1
32,3+0,32 32,2 +0,49 32,31+0,36 32,31+0,46 329+0,34 | 33,7+0,29 334+£0,42
hD2 13,5-18,6 14,0-18,1 13,2-17,3 13,4-18,7 14,9-23,2 14,5-18.3 12,2-17,3
15,7+0,33 16,0 £ 0,17 15,7+0,22 16,2 £ 0,31 18,3 + 0,52 15,9 £0,21 14,7 £ 0,25
A 20,7-27,1 20,2-28,7 23,5-29,1 21,1-28,8 21,6-28,7 22,3-28,6 20,8-29,6
24,5+ 0,37 25,3 +£0,25 26,8 + 0,27 | 25,6+0,34 25,8 £ 0,45 26,0 £ 0,37 25,9+ 0,38
hA 11,7-16,1 11,1-16,2 12,9-17,1 12,1-15,4 13,2-21,9 12,6-18,8 11,1-15,5
13,5+0,25 14,2 £ 0,20 14,4 £0,25 14,2 +0,16 16,1 + 0,56 14,7 £ 0,34 12,9 £ 0,20
P 21,9-28.5 24,0-30,0 22,4-29,1 23,5-30,3 20,2-26,9 27,8-33,0 22,4-30,2
25,4+0,33 27,1 £0,23 25,8 +0,34 27,5 +£0,36 24,4 + 0,31 30,2+ 0,30 | 26,2%0,32
p 12,5-18,4 12,4-14,3 13,0-15,4 11,0-13,2 9,0-12,1 11,7-15,2 11,8-14,3
13,6 £ 0,27 13,2 £ 0,08 13,8 £ 0,12 12,1 £0,14 10,7 £ 0,18 13,0£0,15 12,9+0,11
v 17,0-20,8 19,0-22,0 18,1-21,8 18,7-23,0 20,7-24,2 19,2-24.0 15,5-20,5
19,0 £ 0,23 19,9 +£0,13 19,5 +0,22 20,4 +£ 0,25 224 +0,23 | 21,3+£0,26 18,5+0,24

[IpogomkeHue Ha cleayIolel CTpaHuIEe. . .
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IIpuzHak | Sam, n =21 Aur,n=32 | Yarlg,n=23 | Dnz,n=22 Slg, n=19 Kaz, n =23 Str,n=27
v 7,1-8,9 7,2-8,7 7,3-9,2 6,6-8,0 6,1-8,0 6,6-8,9 6,6-8,9
8,0 £ 0,09 7,9+ 0,07 8,2 + 0,08 7,310,09 7,210,13 7,6 £0,09 7,6 20,10
c 19,8-24,6 19,0-25,0 20,2-26,7 21,6-25.5 21,7-27,0 23,0-27,8 19,1-25,4
22,7+0,32 22,7+£0,22 22,3+£0,29 23,5+0,22 24,2 +£0,33 254 +0,27 | 22,8+0,30
HL 27,9-31,5 28,0-30,4 28,9-31,3 26,7-29,0 27,6-33,7 27,0-31,0 27,8-31,8
29,7 £0,21 29,2 +0,10 30,0£0,15 27,8 £0,15 30,6 + 0,35 28,8 £0,20 29,3+0,19
[Inactuueckue npusHaku, B % ot HL
hez 71,6-82,8 72,9-88,4 69,6-87,3 64,6-84,6 65,2-79,1 64,2-79,9 67,4-82,6
77,31+0,73 81,7+ 0,65 | 78,8+0,91 76,2 +£1,19 72,1 £0,84 73,2+ 0,81 74,8 £ 0,76
o 52,2-61,3 51,4-61,0 49,4-59,6 50,2-57,8 69,8-81,2 49,8-60,2 50,8-60,3
56,3 £ 0,54 56,2 £0,43 55,7+0,57 53,9 +0,51 76,1 + 0,75 54,5 £ 0,56 55,0+0,48
0 34,2-39,1 34,1-40,3 32,4-40,1 34,2-39,6 28,1-39,6 31,1-38,5 32,2-39,8
36,6 £ 0,29 38,2+ 0,24 36,4 £0,41 36,1 £0,27 34,0+ 0,54 34,9 +£0,39 36,3 +0,33
o 17,8-22.3 18,4-22,6 18,7-23,7 19,2-24,0 20,8-30,6 16,9-25.9 14,6-21,8
20,2 £0,25 20,3 £0,22 21,3+0,30 21,6 £0,31 24,9 + 0,64 | 22,4+0,53 18,6 £ 0,32
op 52,7-58.5 54,6-60,7 53,9-59,0 52,8-60,4 50,5-62,1 52,4-57,9 53,2-59,3
55,3+0,37 57,5 £ 0,26 56,4 +£0,33 56,5 £ 0,36 56,3 £0,76 55,3+0,34 55,5 +0,31
o 12,7-16,7 11,1-18,1 8,7-15,8 9,6-15,4 10,7-20,3 12,2-18,8 12,8-19,0
14,5 £0,23 15,2+ 0,31 13,5+ 0,34 12,5 £ 0,34 14,9 £ 0,53 15,3 +£0,37 16,0 + 0,30
Im 30,3-36,2 25,8-32,5 25,3-34.9 24,4-31,3 22,3-30,4 28,5-39,7 30,4-36,9
32,5+0,37 29,8 £0,30 30,8 £ 0,50 27,8 £0,38 26,6 £ 0,47 32,7+£0,58 33,1 + 0,30
1md 38,6-48,6 35,7-45.4 36,9-48.,5 37,3-44,1 30,1-36,7 40,4-54,8 37,7-41,5
43,9+ 0,50 42,1 £ 0,46 41,7 £ 0,60 40,5 £ 0,36 33,5+042 45,7 + 0,65 43,3+0,48
or 23,8-33,6 23,8-30,6 22,5-32,4 21,3-29,3 16,7-23,9 23,5-33,7 26,6-35,8
27,4 +£0,56 27,3 £0,31 26,8 £ 0,46 24,7 +0,43 27,5+ 0,53 27,5+ 0,53 31,0 = 0,38
hop 40,4-47,4 40,7474 40,6-48,7 40,6-45,8 31,9-46,4 34,8-50,5 37,4-45,2
43,1 10,42 43,6+0,30 | 44,1 +043 | 43,3£0,29 39,9 +0,72 42,1 £0,73 42,3+0,32
i 39,1-49,0 34,6-46,2 35,6-51,9 31,8-42,5 31,4-45,8 38,3-55,3 38,7-52,1
43,8 £ 0,57 41,9+ 0,43 41,9 £ 0,81 36,7 £0,59 39,2 +£0,86 443+0,90 | 44,4 + 0,65
heo 58,0-69,0 54,5-64,2 51,4-61,2 51,3-59,0 47,7-58.,8 54,7-69,8 57,5-68,8
61,2 £0,60 60,1 £0,41 56,5 £ 0,50 54,6 £ 0,35 52,1 £0,77 58,5+ 0,81 61,9 + 0,55
Mepucrryeckre pu3HaKu
5,0-7,0 6,0-7,0 5,0-6,0
b1 6,1 £0,08 6.0 6,1 = 0,07 6.0 6.0 6,0 £ 0,04 6.0
DE2 14,0-15,0 14,0-15,0 14,0-16,0 13,0-16,0 15,0-16,0 14,0-16,0 15,0-16,0
14,5+0,11 14,8 £0,08 14,9 £ 0,09 15,1 £0,13 15,8 £0,09 14,9 +0,14 15,5 £ 0,10
As 11,0-12,0 11,0-13,0 12,0-13,0 11,0-13,0 11,0-13,0 11,0-13,0 11,0-13,0
11,6 0,11 11,8 £ 0,10 12,6 £ 0,09 12,2+0,11 12,0 £ 0,09 12,0£0,13 12,5 + 0,12
p 18,0-20,0 17,0-20,0 18,0-20,0 17,0-20,0 17,0-18,0 17,0-19,0 18,0-20,0
19,1 + 0,14 18,6 £ 0,16 18,6 £ 0,15 18,6 £ 0,14 17,7+0,11 17,9 £ 0,10 18,8 +£0,13
\" 12,0 12,0 12,0 12,0 12,0 12,0 12,0
C 23,0-25,0 23,0-26,0 23,0-26,0 23,0-25,0 22,0-24,0 24,0-27,0 25,0-28,0
23,7+0,16 24,2 +£0,15 24,6 £ 0,20 24,1 £0,14 23,2 +0,20 255+0,19 | 26,2 +0,16

IIpumeuanue: B uuciauTeNle TIPUBEICHBI MpeAeIbHbIe 3HAUCHHUS MPU3HAKOB, B 3HAMEHATele — cpelHee * craH-
JapTHasi onmOKa cpeaHero. L[BeTom BblieNIeHbI MPU3HAKU, U1 KOTOPBIX 3a(pMKCHPOBAHO 3HaYeHHe KO3 ulmeH-
Ta Bapuauuu var > 10 %. [TonyxupHbIM MIpUTOM BBIIEIEHBI MTOKA3aTEM, CPeIHE 3HAUEHUsI KOTOPBIX SIBJISIOTCS
HAMOOJIBIIUMH B BRIOOPKAX U3 CEMHU PAiOHOB.

Note: the numerator denotes the limiting values of the characters; the denominator, the mean * standard error
of the mean. Characters for which the value of the coefficient of variation var > 10% is recorded are highlighted
in color. Indicators with mean values being the highest in samples from seven regions are highlighted in bold.
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Tadamma 2. Pe3ynbTaThl OLIEHKH pa3iIMynil MEXAy BHIOOpKaMK ObluKa-Kpyrisika Neogobius melanostomus
U3 ceMU parioHOB YEPHOro MOPS MO IJIACTUYECKUM MpU3HAKaM (Ha3BaHUs PaliOHOB pabOT COOTBETCTBYIOT
TaKOBBIM Ha puc. 1)

Table 2. Results of assessing differences between samples of the round goby Neogobius melanostomus
from seven regions of the Black Sea by morphometric characters (the names of the study regions correspond
to those in Fig. 1)

Paiion Sam Aur Yarlg Dnz Slg Kaz Str
Sam 3 6 12 12 12 12
Aur 3 4 12 12 12 12
Yarlg 9 17 12 12 10 12
Dnz 23 24 24 9 8 12
Slg 24 24 24 24 11 12
Kaz 19 21 19 14 24 12
Str 24 24 24 24 24 24

IIpumeuyanne: omuns HaGMOAAIOTCS PU ypoBHE JocToBepHOoCcTH p < 0,05. [oa quiaroHasbio yKka3saHo KOJMYeCTBO
JOCTOBEPHO OTIIMYAIOIIMXCS TPOMEPOB Ha TeJjle ObIYKa, HaJl JUArOHAJIbI0 — Ha TOJIOBE.

Note: differences are observed at a significance level of p < 0.05. Below the diagonal, the number of significantly
different measurements on the body of the round goby is indicated; above the diagonal, on its head.

Crenenb cxo[CcTBa ObIYKA-KPYIISIKA U3 CeMU palloHOB A30BO-YepHOMOPCKOro HacceliHa Mo BCeM
M3Y4YEeHHBIM MPU3HAKaM TOKa3aHa Ha JieHaporpamme (puc. 3), IOCTPOEHHOM ¢ IOMOIIIBIO KJIACTEPHOTO
aHaJIM3a 110 ToKa3atesisiM TuBeprernun Kympoaka — Jleiidnepa (D) B pa3HBIX BapuaHTax 0ObeIMHEHUST
MIPU3HAKOB.

500

450 +
Puc. 3. [lenaporpamma cxolcTBa Bcex
W3y4YEeHHBIX MPU3HAKOB BBHIOOPOK OBIUKa- 400 ¢
Kpyrisika — Neogobius ~ melanostomus
13 CeMHU ParioHOB A30BO-YepHOMOPCKOTO
OacceifHa (Ha3BaHUsI palOHOB padoT 300 |
COOTBETCTBYIOT TAKOBBIM Ha puC. 1)

350 ¢

Fig. 3. Similarity dendrogram of all

studied characters of samples of the round 200
goby Neogobius melanostomus from seven
regions of the Sea of Azov-Black Sea 1501

Basin (the names of the study regions

correspond to those in Fig. 1) oy

50 ¢

Slg Dnz Str Kaz Sam Yarlg Aur

Ha Husiiem yposHe auBepreHimu (D = 28,6) mporcxoaut o0beJUHEHNE BBIOOPOK ObIUKa-KPYTJIsSKa
u3 3aymBa Camapuuk u SIpputrauckoit OyxTel. K HUM mpucoenunsiercs rpynna u3 akBaropuu bakaib-
ckoit kocel. Ha ypoBHe muBepreHmmu D = 47,3 00beqUHAIOTCS TPYyMITbl ObIMKOB U3 CTpesienKkon 0yx-
Tl ¥ KazaHTurckoro 3anmBa. Jta rpynmnyupoBKa 00pa3yeT KJIacTep ¢ rpynroi ObIYKOB U3 TPEX paiio-
HOB KapKMHMTCKOrO 3a11Ba, K HUM IIPUMBIKAET BHIOOpKa pblO U3 umaHa JloHy3naB. Beruku U3 pexu
Casirup 00beAMHSIOTCS ¢ STUMU TPYNIIAMHU Ha CAMOM BBICOKOM YPOBHE JMBEpPreHIMU — OKoJio 475.
[IpenBapuTenbHO MOXKHO 3aKJIIOUUTh, YTO TAKWE Pa3IMyMs CBSI3aHbI C TMIPOXMMUYECKUMU MOKa3aTe-
JIIMHM U3y4aeMBIX BOJOEMOB: PHIObI M3 MOPCKUX aKBATOpHH (3Bl U OyXThl YEPHOTO M A30BCKOTO
Mopeii) 00pa3yioT OTAENBHYIO TPYIITY, K KOTOPOH MPHMBIKAeT rpymma peld u3 mmana [{oHysnas, xa-
pakTepusyolerocs 0oJiee BBICOKOM COJIEHOCTBIO; IOCIEIHEN B IEHAPOrpaMMe IPUCOEJUHSETCS rpyIna
ObIYKa-KpYIIsiKa U3 MPecHOro Bogoéma (peka Canrup).
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Paznenenvie BHIOOpOK N. melanostomus n3 ceMu paiioHOB A30B0-UYepHOMOPCKOro HacceriHa 1o KOM-
IUIEKCY TUIACTUYECKMX MPU3HAKOB JIAJIM Pe3yJIbTaThl AUCKPUMHUHAHTHOIO aHaIM3a. BbUIM MOJTydYeHsl
99 % npaBUIbHBIX KJIaccupuKalmii ocodeil o paiioHam BeUIOBA. VccieayeMble PU3HAKU B BBIOOpKax
00pa3yloT o0yiaka TOYEK B MPOCTPAHCTBE IBYX KOPHEN TUCKPUMUHHUPYIOUMX (pyHKIMiA (puc. 4A, B).

KopeHb 1 vs. KopeHb 2

Kopetb 2
N

Sam
Aur
Yarlg
Dnz
Slg
Kaz
Str

< O o

-20 -10 0 10 20 30 40

o m e

KopeHb 1

Puc. 4. [luarpamma paccesiHisI KAHOHUYECKHUX OLIEHOK COBOKYITHOCTH MHIEKCOB IUIACTMUYECKUX ITPU3HAKOB
Obruka-kpyrisika Neogobius melanostomus 3 ceMu paiioHOB A30Bo-UepHOMOpCcKoro OacceliHa (A) U 3Ha-
YeHUIl PU3HAKOB, ITpeoOpa3oBaHHbIX 10 (popmylie Pericta (B) (pe3ynbTaThl TUCKPUMUHAHTHOTO aHAJIN3A)
(Ha3BaHUs PaiOHOB PabOT COOTBETCTBYIOT TAKOBBIM Ha puC. 1)

Fig. 4. Scattering diagram of canonical estimates of the indices of morphometric characters of the round
goby Neogobius melanostomus from seven regions of the Sea of Azov—Black Sea Basin (A) and the values
of characters transformed by the Reist formula (B) (results of discriminant analysis) (the names of the study
regions correspond to those in Fig. 1)

ITo pe3yabpTaTtaM IMCKPUMHUHAHTHOTO aHAIN3a, ObIYOK-KPYIVISAK B A30BO-YepHOMOPCKOM OacceiiHe
i depeHIMpoBaH MUHUMYM Ha TPU MPOCTPAHCTBEHHBIX T'PYMIMPOBKH, OTHY M3 KOTOPBIX 00pazy-
10T pBIOBI U3 pafioHa 3amaaHoro nodepexbs Kpemvckoro momyoctpoBa (KapkuHuTCKHMIA 3a1MB M 03e-
po Hony3na) u paitona CeBacromnos (6yxra Crpesnerkas), Apyryo — Obluku u3 peku Canrup, Tpe-
Thi0O — ocobu u3 KazaHnrturnckoro 3aimuBa (A30Bckoe Mope). AHaINW3 C UCIHOJIb30BaHUEM 3HAUYEHH
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pPOMEPOB, Npeodpa30BaHHbIX Mo opmyJie Peiicta, mokasan 6ojee 4ETKyI0 000COOIEHHOCTh BHIOOPOK.
Tax, ObIYKHM U3 reorpapuyecK OJIMBKUX paiioHOB KapKMHUTCKOTO 3aiBa 00pa3yioT OTAEIbHYIO IPyI-
Ny B MPOCTPAHCTBE KOPHEN NTUCKPUMMHUPYIOUIMX (PYHKIMIA, a pbIObl U3 aKBATOPUH, OTIMYAIOIIMXCS
10 9KOJIOTUYECKUM YCJIOBUSM [M3 MpecHOBOIHOro BogoéMa (peka Canrup) u u3 Ctpesnenkon OyXThi]
000CO0JIEHBI OT OCTAJIBHBIX TI0 00EMM KaHOHUYECKMM TiepeMeHHbIM (puc. 4B).

AHan3 Koppesiiui KcclielyeMbIX IPU3HAKOB ObIYKa-KPYIIsIKa CO 3HAUSHUSIMUA KaHOHMUECKHX T1e-
PEMEHHBIX BBISIBUII, UTO paszielieHre BHIOOPOK TI0 JBYM OCSIM OOeCTIeunBaeTCs] MPAKTUIECKU BCEMH WH-
JeKcaMy TIPOMEPOB TeJia pbIo (Tadu. 3) mpu NMokKazaTessax KoapuIMeHTa KOppessiid MKy TIpU3Ha-
KaMU ¥ 3HAYEeHUSIMU KOOPJIMHAT 110 BTOPOW KaHOHWYecKoi ocu 6obine 0,50. Hanboupimmii BKJ1a B AnC-
KPUMMHALIMIO 110 IEPBOM KAHOHWYECKOM ocu (KOpeHb 2) mpu KoadduumenTax koppensuuu 6onee 0,75
BHOCAT npusHaku H, h, ih, aD, aV,iP uiV.

TakuM 00pa3oM, BBISIBJICHHBIE pa3iddyus MeXIy OCOOsSMHU OblYKa-KpyIJIsika M3 W3YUYEHHbIX
AKBAaTOPUH OMpeessIoTCs JIOKAIbHBIMU YCIIOBUSIMH, B KOTOPBIX OOUTAIOT PHIOBI.

Ta6uauna 3. Koppensauun Mexay Npru3HaKaMy ¥ 3HAUSHUSIMU KOOPAMHAT IBYX KAHOHUYECKUX ITIePEMEHHbIX
1Tt ObIUKa-KpyTisika Neogobius melanostomus w3 ceMyu paiioHOB A30BO-YepHOMOpPCKOro HacceitHa

Table 3. Correlations between the characters and coordinate values of two canonical variables for the round
goby Neogobius melanostomus from seven regions of the Sea of Azov—Black Sea Basin

ITpuszHak Kopens 2 Kopens 3 ITpuszHak Kopens 2 Kopens 3
SL 0,56 0,20 1D2 0,66 0,31
H 0,75 0,04 hD2 0,61 0,14
h 0,78 0,10 1A 0,60 0,24
iH 0,68 -0,12 hA 0,51 0,19
ih 0,88 -0,19 P 0,68 0,46
aD 0,77 0,21 iP 0,77 0,29
pD 0,70 0,35 I\Y% 0,64 0,31
aP 0,67 0,26 Y 0,75 0,22
aV 0,76 0,27 IC 0,63 0,45
aA 0,72 0,25 HL 0,70 0,20
V-A 0,74 0,13 hez 0,17 0,02

pl 0,54 0,35 ic 0,05 -0,01
ID1 0,70 0,16 ao 0,15 0,03
hD1 0,62 0,07

IIpumevanne: 1octoBepHble KOI(DOULIMECHTH KOPPEALMH BbIIAEICHBI MOIYKHPHBIM IIPUDTOM.
Note: significant correlation coefficients are highlighted in bold.

OBCY XIEHUE

Paznuuus B Moposioruu nomy syl MHBa3UBHBIX BUJOB MOTYT OTPaXaTh IIPOLIECCH Al TUBHbBIX
(peHOTUIIMYECKUX U3MEHEHUH, a TAKKe YHUKAJIbHYIO OMYJIAMOHHYI0 uctopuio [Langerhans, DeWitt,
2004]. B TO xe BpeMs Takue pa3inyvs UMEIT MECTO U B Mpelieiax HaTUBHOro apeasia Bujaa. Cornac-
HO padoTte [CMmupHOB, 1986], y «a30BOMOPCKOI» TOMYJISAIUK ObIYKA-KPYIJISKA, 0 CPABHEHUIO C «Uep-
HOMOPCKO#1», JUIMHA I'PYJAHBIX U OPIOIIHBIX IUIABHUKOB, a TaK)Ke BBICOTA aHAJbHOIO IIABHUKA OOJIb-
111e, TIPX 3TOM BBICOTA M TOJIILIMHA TeJIa MEHbIIIe, YTO OOBICHSAETCS XapaKTepoM MUTAHUs U JABUKEHUS.
VY Obluka u3 peku [JHernp mpucyTCTBYIOT IPU3HAKU PeO(PUIBHOCTH: YAJIMHEH XBOCTOBOM OT/EIN Tea,
yBenndeHa mmprHa j6a [CmupHoB, 1986]. YV N. melanostomus B ycnoBusix KaxoBCKOTO BOIOX paHIIIH-
I11a, TI0 CPAaBHEHUIO C 0COOSIMH U3 3AIMBOB A30BCKOTO MOpsI, YBEJIMUYEHA BBICOTA CITMHHBIX [LIABHUKOB,
[IPY 9TOM MEHbIIIE JIMHA U HIMPUHA PUCOCKH, JUIMHA IPYAHBIX, AHAJIBHOTO U XBOCTOBOTI'O IJITABHUKOB,
YTO CBSI3aHO C OOUTAHUEM B YCIOBHSX cTostuelt Bofpl [ Tkauenko, 2012; Demchenko, Tkachenko, 2017].
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Bbrruku nonynsnuu FOro-Bocrounon bantrku XxapakTepu3yloTcsi yMEHBIIIEHHBIM YMCJIOM JIyYe B I1aB-
HHMKax U YMCJIOM MO3BOHKOB, IO CPABHEHMIO ¢ ObIYKaMU U3 HaTUBHOro apeasa [Kogyxosa u ap., 2017].
V Obluka-kpyrisika u3 Bemmkux 03€p CeBepHON AMepUKHY (MHBa3UBHAsS TIOMYJISALIMS) TaKXkKe OTMEYEHO
M3MEHEHNE CUETHBIX IIPU3HAKOB: Y HUX CHMKEHO KOJIMYECTBO JIy4el BO BTOPOM CIIMHHOM M XBOCTOBOM
maBHuKax [CvupHoB, 2001].

ITo pe3yabTaTaM JUCKpPUMHMHAHTHOTO aHAJIN3a, HAMOOJIBIIHIA BKJIA]] B pa3eieHIe BEIOOPOK KPYIJIsi-
Ka U3 ceMu pailoHOB A30B0-UepHOMOPCKOro GacceiiHa BHOCAT TaKue MPU3HAKM, KaK BBICOTA TeJa, Bbl-
COTa U TOJIIIIMHA XBOCTOBOI'O CTE0Isl, aHTEAOPCAIbHOE U AHTEBEHTPAJIbHOE PACCTOSIHUE U IUMPUHA IPY/-
HBIX ¥ OPIOIIHBIX TUIABHUKOB (yKa3aHbl IPU3HAKY, 7151 KOTOPBIX KOI((PUIMEHTH KOPPEISILIU MEKLY
MpPU3HAKAMH M 3HAYSHUSIMU KOOPJHMHAT 110 BTOPOW KaHOHMYecKou ocu Ooutbiie 0,75). Y pbib U3 paiioHa
BakasbcKoW KOCHI YBEJMYEHBI MEPEHUI OTHEN Telia, a TakKe TOJIIMHA W BBICOTA XBOCTOBOTO CTEO-
71s1. BeposTHO, y OBIYKOB, OOMTAIOIIMX B 30HE JEWCTBHS CUIIBHOTO MPHUOOS, Iepe/iHssl YacTh Tesla Mac-
cuBHee. Y Kpynisika u3 peku Cajrup Bblllle, 4eM y 0coOell U3 JIpyrux pailOHOB, NMOKA3aTesId BBICOTHI
TUIABHUKOB (MIEPBOrO M BTOPOTO CIMHHBIX U AHAJILHOTO) U JAJIMHBI OPIOIIHOTO MIABHUKA, YTO SIBJISETCS
MPUCTIOCOOJICHUEM [J1s1 OOMTAHHUS B YCJIOBUSIX IOCTOSTHHOTO TEUEHHMSI.

WHaeKcs TPU3HAKOB TOJIOBBI OKA3aJIMCh BhIIIE Y OBIYKOB M3 akBaTtopuu bakanbckoit kocel u CTpe-
JenKoii 6yxThl. B mepBom paiioHe, 1o cpaBHEHMIO C APYTUMHU, y PHIO OBUTH JAJIMHHEE PBUIO U 3arIa3HUY-
HOE PacCTOsIHUE, BO BTOPOM — MAacCHUBHEE BEPXHsIS YEIIOCTh U B LIEJIOM roJioBa (IIMpUHA J10a, JJIMHA
BEPXHEH YeJIIOCTH, PACCTOSIHUE MEXIY I71a30M U YIJIOM PTa, IIMPUHA PTa U BBICOTA TOJIOBBI Yepe3 ce-
peauHy riasa ObU HanOOMBIIMMK). BO3MOXHO, B criekTpe nuTaHus OblYkoB U3 CTpesienkoil OyXThl
MIPUCYTCTBYIOT OOJiee KpYIHbIe OOBEKTHI, YeM y 0coOel B Ipyrux paiioHax. Kak mokaszano B padote [bo-
rauuk, 1967], cTpoeHne 4emoCTHOTO arnmapaTa y ObldKa-KpyryisKa CBSI3aHO C XapaKTEPOM €ro MUTAHHUS.
BOJIbIIyI0 YacTh MAIIK Y 9TOrO BUIA COCTABIISAIOT MOJUTIOCKM ponoB Mytilus Linnaeus, 1758, Mytilaster
Monterosato, 1884, Balanus Costa, 1778 u Dreissena Van Beneden, 1835. Y Obluka-KpyIJisika pa3BUTHI
crielr(pUUEcKre MBIIILBI HA BEPXHEH YeJII0CTH, TIO3BOJIAIONIME UCIIOIb30BATh B IUIILY TPUKPEILIEHHbIE
(bOpMBI MOJLTIOCKOB, KOTOPBIX MaJIO MOTPEOJISIOT Ipyrie BUIBI PhIO.

3akmaouenne. BeisBieHa cymectBeHHas MoOp@osIorMyeckass HEOJHOPOJHOCTb I'PYHNIMPOBOK
Neogobius melanostomus w3 pa3HbIX akBaTOpuil A30B0-YepHOMOpcKoro dacceiiHa. Pe3yibTaThl qUCKpH-
MHUHAHTHOTO aHAJIN3a MOKAa3aJIi, YTO [IPOCTPAHCTBEHHBIE IPYIIMPOBKU ObIUKA-KPYIJISKA OObEIUHSIOT-
Csl MUHUMYM B TPH TPYIIIbl, IEPBYIO U3 KOTOPBHIX 00pa3yloT pbIObl U3 palioHa 3amaJHOro MoOepexkbs
Kpsbmvckoro nomyoctposa (Kapkunutckuil 3ammB 1 o3epo loHy3naB) u paiiona CeBacromos (OyxTa
Crpenenkas), BTopyio — N. melanostomus n3 pexu Cairup, TpeTblo — ObIYKHY 13 KazaHTHIICKOTO 3a711-
Ba (A3oBckoe Mope). Kak 1oka3bIBaloT MOJTyYeHHBIE JaHHBIE M aHAJIM3 JIMTEPATYPhl, PA3IMUUA MEKIY
JIOKQJIbHBIMU TPYIITMPOBKaMHU ObIUKa-KPYIVISKA 0 TPU3HAKAM BHELTHEN MOP(OJIOrui MOTYT ObITh 00Y-
CJIOBJIEHBI Pa3HBIMM IIPUUMHAMU: TUIPOJIOTMYECKUMHU, TUIPOXUMUYECKMMHU, KOJIOTUYECKUMHU, B TOM
yucie TPOPUUECKUMH YCIOBUAMM B TEX WJIM UHBIX aKBaTOpUsaX A30Bo-UepHoMopckoro pervona. Io-
NOOHBIE Pa3IMuMs CBS3aHbl, BOBMOXKHO, M C UCTOpHEN (hOPMHUPOBAHMS PHIOHOTO HACENICHUsI B MCCIIe-
AyeMbIX akBaTopusix. N. melanostomus BO BHYTpeHHUX BogoéMax KpbIMcKoro nosyocrpoBa (B 4acT-
HocTH, B peke Canrup) Obu1 chopMUpoBaH U3 UXTHO(payHbl OacceiiHa peku lHenp, pacrpocTpaHKB-
mMch B iepro]1 padotsl CeBepo-KpbIMCKOro KaHala, 4To, BEpPOSITHO, U onpeiesisieT MOp(OJOrHIYecKyIo
000COOJIEHHOCTD STOM JIOKAJIbHOW TPYIITUPOBKH.

Takum 00Opazom, y OblYKa-KpyIIsika B Tpefenax akBatopuu A30Bo-UepHoMopckoro OacceitHa
c(OpMUPOBATUCH MOP(OJIOTUYECKU PA3IMYAIOIIUECs IPOCTPAaHCTBEHHBIE I'PYIIIMPOBKH, COOTBETCTBY-
IOLIME SKOJIOTMYECKUM YCJIOBUAM B 3TOM PervoHe. BhisiBiIeHHast HEOHOPOAHOCTh MOKA3bIBAET BBICO-
KYIO IAPATUITMYECKYI0 U3MEHUMBOCTD TUIACTUUECKHUX MPU3HAKOB U TO, YTO B PA3IMYHBIX SKOJIOTUYECKUX
YCIOBHUSAX y 0co0eit 0JHOTro Bra (popMupyercs ceuupuieckuil (peHoTurI.
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MORPHOMETRIC VARIABILITY IN THE ROUND GOBY
NEOGOBIUS MELANOSTOMUS (PALLAS, 1814) (ACTINOPTERYGII, GOBIIDAE)
OF THE SEA OF AZOV-BLACK SEA BASIN

R. Belogurova'~

'A. O. Kovalevsky Institute of Biology of the Southern Seas of RAS, Sevastopol, Russian Federation
Research Center for Freshwater and Brackish Water Hydrobiology, Kherson, Russian Federation
E-mail: prishchepa.raisa@yandex.ru

The variability of external morphological characters (36 morphometric and 6 meristic ones)
of the round goby Neogobius melanostomus (Pallas, 1814) from seven regions of the Sea of Azov—Black
Sea Basin is considered: the northwestern and southwestern Black Sea coast of the Crimean Penin-
sula (the Karkinitsky Bay, Donuzlav Liman, and Streletskaya Bay of Sevastopol), the Kazantip Bay
of the Sea of Azov, and the Salgir River in the central Crimean Peninsula. As established, the round
goby from different catch regions at the age of 2+...3 has different body sizes: the maximum in indi-
viduals from the Streletskaya Bay, SL,, (136.2 + 1.97) mm; the minimum in individuals from the Salgir
River, SL,, (66.8 £ 2.28) mm. With the Mann—Whitney test, statistically significant differences were
found between the samples for most morphometric characters. In terms of meristic characters, there
were no differences. The greatest contributors to the discrimination of N. melanostomus samples were
morphometric characters related to the location of fins. According to the results of cluster analysis,
based on the totality of all the studied characters of the round goby of the Sea of Azov—Black Sea
Basin, the samples from the Karkinitsky Bay (Samarchik Bay and Yarylgachskaya Bay, D = 28.6)
and from the Bakalskaya Spit water area had the highest similarity. At the level of divergence D =47.3,
groups of the round goby from the Streletskaya Bay and Kazantip Bay were united; then, a sample
from the Donuzlav Liman adjoined them at the level D = 215. The sample from the Salgir River had
the most isolated position: the level of divergence was about 475. As found according to the discrim-
inant analysis, the round goby from the Sea of Azov-Black Sea Basin was differentiated into at least
three spatial groups: the first one, from the western coast of the Crimean Peninsula (the Karkinitsky Bay
and Donuzlav Liman) and the Sevastopol area (the Streletskaya Bay); the second one, from the Kazan-
tip Bay (the Sea of Azov); and the third one, from the Salgir River. The following characters made
the greatest contribution to the discrimination of spatial groupings (with the correlation coefficient
between characters and coordinate values along the second canonical axis being higher than 0.75):
maximum body depth, caudal peduncle depth and width, predorsal and prepelvic distances, and width
of pectoral and pelvic fin base. The revealed heterogeneity shows a high paratypical variability of mor-
phometric characters; under different environmental conditions, individuals of the same species form
a specific phenotype.

Keywords: round goby, Sea of Azov-Black Sea Basin, morphometric and meristic characters,
variability, population
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Nonylphenol (NP) is a ubiquitous environmental pollutant of major concern due to its toxicity to hydro-
bionts, animals, and humans. Moreover, NP is known as an endocrine disruptor. The aim of this study
is to isolate from bottom sediments sampled in the southern Gulf of Finland (the Baltic Sea) and identify
a highly-efficient NP-degrading bacterial strain and to analyze its NP-degrading capacity at different
levels of temperature, initial pH, dissolved oxygen concentrations, and initial NP content. The iso-
lated strain F8 was identified by phenotypic traits using standard methods and by Sanger sequencing
of a fragment of the 16S rRNA gene sequence (rrs). NP content was determined by high-performance
liquid chromatography. The novel NP-degrading bacterium Raoultella planticola F8 was isolated from
the bottom sediments sampled in the Gulf of Finland. R. planticola F8 isolate was deposited in the Rus-
sian Collection of Agricultural Microorganisms (RCAM), All-Russia Research Institute for Agricul-
tural Microbiology, as the strain RCAM 05450. The rrs sequence of the F8 isolate was deposited
in the GenBank database (No. OL831016). This strain is highly efficient for NP degradation in aerobic
conditions at different NP concentrations (up to 900 mg-L™"), in the temperature range of +5...435 °C,
the initial pH range of 5-9, and the dissolved oxygen concentration range of 0.8—2.46 mg-L™". This
is the first study to demonstrate the ability of R. planticola to degrade NP. Results of this investigation
provide useful information for R. planticola F8 application in bioremediation processes.

Keywords: Raoultella planticola F8, sediments, identification, nonylphenol, biodegradation

Nonylphenol (hereinafter NP), an endocrine disrupting xenobiotic of anthropogenic origin,
is a widespread environmental pollutant worldwide. NP is actively used in manufacture of modified
phenolic and epoxy resins and non-ionic surfactants, more specifically NP ethoxylates [Bhandari et al.,
2021]. NP pollution in aquatic and terrestrial ecosystems occurs mainly due to a massive discharge into
the environment of domestic and industrial wastewater, insufficiently treated at wastewater treatment
plants [Barber et al., 2015].

NP pollution in the environment is of great concern due to its toxicity to hydrobionts, animals,
and humans. Besides, NP is known as an endocrine disruptor [Bhandari et al., 2021; Khalid, Abdol-
lahi, 2021; Uguz et al., 2009]. For these reasons, NP is referred to in the list of priority hazardous sub-
stances under the Environmental Quality Standards Directive 2013/39/EU and in the list of hazardous
substances in the Baltic Sea.
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Because of its widespread use, NP is frequently detected in all natural environments, inter alia rivers,
lakes, coastal waters, and bottom sediments. NP concentration in water can reach hundreds of micro-
grams per L [Bhandari et al., 2021; Sol€ et al., 2000]. Due to its high hydrophobic nature and low solu-
bility in water, NP can be adsorbed on sediment particles, and this leads to its accumulation in bottom
sediments of freshwater and marine ecosystems [Soares et al., 2008]. NP concentration in sediments
is several orders of magnitude higher than in water, up to several thousand milligrams per kg. Con-
sidering NP persistence, its half-life in bottom sediments may exceed 60 years [Bhandari et al., 2021;
Soares et al., 2008]. Sediments can serve as a secondary NP contamination source for aquatic ecosys-
tems due to the desorption of part of sediment-bound NP fraction followed by its dissolution in the water
phase [De Weert et al., 2008].

In the natural environment (soil, water, and bottom sediments), NP may be transformed into less
toxic compounds due to abiotic (like hydrolysis and photolysis) and biological processes [Bhandari
et al., 2021]. As known, microbial degradation is one of the main strategies to reduce NP pollution
in the environment. The rate and extent of the degradation of pollutants, including NP, are largely deter-
mined by the physiological activity of microorganisms and conditions of their incubation (temperature,
pH, pollutant content, efc.) [Abatenh et al., 2017; Khan et al., 2009; Xie et al., 2015]. It is also known
that microbial degradation of NP can occur under both aerobic and anaerobic conditions: methanogenic
and nitrate- and sulfate-reducing [Mao et al., 2012; Soares et al., 2008; Wang et al., 2015a].

Various microorganisms of different taxonomic groups, such as bacteria [Corvini et al., 2006;
Ma et al., 2018; Reddy et al., 2017], blue-green algae [Baptista et al., 2009; Zaytseva, Medvedeva,
2019], microalgae [Feng et al., 2022], yeast [Rajendran et al., 2017; Vallini et al., 2001], and filamen-
tous fungi [Kuzikova et al., 2020; Yang et al., 2018], were reported to be able to degrade alkylphenols,
inter alia NP.

This finding prompted the search for more bacterial species that may serve as efficient NP
biodegraders in bioremediation processes.

The aim of this study is to isolate from the bottom sediments sampled in the southern Gulf
of Finland (the Baltic Sea) and identify the highly-efficient nonylphenol-degrading bacterial strain
and to analyze its NP-degrading capacity at different levels of temperature, initial pH, dissolved oxygen
concentration, and initial NP content.

MATERIAL AND METHODS

The sediments used in this research were sampled in the southern Gulf of Finland, the Baltic
Sea (N59.99007°, E28.96475°) in June 2018. The sample (0—10-cm depth) was taken with a Box Corer,
placed into a glass jar, and stored at +4 °C.

Technical NP (CAS 84852-15-3) was purchased from Sigma-Aldrich (the USA). Since NP has low
solubility in water and mineral salt medium, NP stock solutions in ethanol were used in the tests.

The sediment sample was contaminated with NP (300 mg-kg™!) and incubated in the dark at +25 °C
for 240 days.

The sediment sample (5 g, wet weight) was added to 50 mL of minimal mineral medium (here-
inafter MMM) containing: (NH4),S04, 4.0 gL7!; KH,PO, 1.5 gL™'; K,HPO,, 1.5 gL
and MgSO,4-7H,0, 0.2 g-L™! supplemented with NP (50 mg-L™") as a selective agent, pH (7.2 + 0.2).
The mixture was incubated on a rotary shaker Certomat BS-1 (230 rpm) at +28 °C in the dark for 7 days
and then transferred to a fresh medium with NP and incubated under the same conditions. After that,
the cultures were transferred regularly, every 3—4 days.

After 3 times of repeated subculturing, 0.1 mL of culture broth was pipetted and spread
on solid MMM containing glucose (5.0 gL™!), yeast extract (2.0 gL™), agar (20 gL™),
and NP (50 mgL™"). Single colonies were selected and streaked on nutrient agar supplemented
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with NP (50 mg-L™"). The cultures were incubated at +28 °C for 3 days. Morphologically different
colonies of bacteria were selected for further study of their NP degrading ability.

Selected bacterial isolates were incubated on MMM supplemented with NP (100 mg-L™) on a ro-
tary shaker at 230 rpm, at +28 °C, in the dark for 7 days. After that, samples were taken to measure
NP concentrations.

Phenotypic traits of the strain F§ were determined using standard methods and culture media [Krige,
Padgtt, 2011].

The isolated strain F8 was identified according to the Bergey’s Manual [1994] and the Sanger
sequencing method for a 1450-bp fragment of the 16S rRNA gene (rrs) using primers fD1 (5-
AGAGTTTGATCCTGGCTCAG-3’) and rD1 (5-CTTAAGGAGGTGATCCAGCC-3’) [Weisburg
et al., 1991]. Direct sequencing of PCR products was conducted on an ABI PRISM 3500xI genetic
analyzer (Applied Biosystems, the USA).

The NCBI GenBank database (https://www.ncbi.nlm.nih.gov) and the BLAST pro-
gram (https://blast.ncbi.nlm.nih.gov/Blast.cgi) were used to search for homologous sequences.
To construct a phylogenetic tree, we applied the MEGA software v. 6 and used the neighbor
joining method [Tamura et al., 2011]. Evolutionary distances were calculated by the Maximum
Composite Likelihood method. The statistical reliability of the clusters was assessed with bootstrap
analysis (1,000 replicas).

The inoculum was obtained by harvesting the strain F8 grown on solid MMM containing glu-
cose (5.0 g-L'l), yeast extract (2.0 g-L'l), agar (20.0 g-L'l), and NP (50 mg-L'l) for 3 days. Cells were
washed three times in 20 mM phosphate buffered saline (pH 7.0) and inoculated into 50 mL. of MMM
supplemented with NP. The initial cell density was (3 % 1) x 10% cells-mL™". The strain F8 was cultivated
on MMM with NP in the dark for 7 days. NP was added to the medium in the form of ethanol solutions.
Equal amounts of ethanol were added to abiotic controls.

The following cultivation conditions were manipulated in order to investigate their effects
on NP biodegradation: temperature (+5, +10, +16, +22, +28, and +35 °C), initial pH (5.0, 6.0, 7.0,
8.0, and 9.0), dissolved oxygen (hereinafter DO) concentration (0.8, 1.08, 1.31, 1.53, and 2.46 mg-L‘l),
and initial NP content (100, 300, 500, 700, and 900 mg-L'l).

The effects of initial pH, DO concentration, and temperature on NP biodegradation were estimated
at 100 mg-L™! of NP in MMM.

To study the effects of NP content, initial pH, and DO concentration on the biodegradation capac-
ity of the strain F8, cells were cultivated on NP-containing MMM on a rotary shaker Certomat BS-1
in the dark at +28 °C.

Various levels of DO concentration were created during the strain F8 cultivation in the Erlenmeyer
flasks with different volumes of MMM (25, 50, 75, 100, and 125 mL). Winkler iodometric method
was used to measure DO amount in the medium [Water Quality, 1983].

The effect of temperature on NP biodegradation rate was estimated during the bacteria cultivation
under static conditions in the dark.

Non-inoculated variants were kept as blank controls to determine the abiotic loss of NP and in-
cubated throughout the cultivation period. Each treatment in different tests was replicated three times
for accuracy.

NP concentrations in the entire content of bacterial culture (cells with medium) and in abiotic controls
were measured by high-performance liquid chromatography on an HP1090 chromatograph (Hewlett-
Packard, the USA), according to the technique presented earlier [Kuzikova et al., 2020].

The kinetics of NP degradation during its fast phase under different bacterial cultivation conditions
was analysed in accordance with the first-order model described by the following equation:

1n<Ct/Co> - _k Xt,
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where Cj is initial NP concentration (mg-L™);
C, i1s NP concentration at the time t (mg-L'l);
k is the degradation rate constant, days™' [Baptista et al., 2009].

All statistical analysis was carried out applying PAST 4.0 software. Statistical significance was de-
termined using one-way ANOVA and Tukey’s post-hoc test for normally distributed data; differences
were considered significant at p < 0.05. Shapiro—-Wilk and Levene’s tests were performed to assess data
normality and variance equality. The obtained data are given in tables and graphs as mean values with
a standard deviation (M *+ SD) of three independent replicates (n = 3). Spearman’s correlation coeffi-
cients (r;) were used to identify relationships between NP degradation parameters and NP cultivation
variables; p < 0.05 was considered statistically significant.

RESULTS

Ten bacterial strains isolated from the sample of NP-contaminated bottom sediments had the ca-
pacity to degrade NP. Extent of NP (100 mg-L™!) degradation after 7 days of cultivation was found
to be between 43.1 and 91.5% depending on a bacterial strain (no data provided).

The highest biodegradation capacity (91.5%) was recorded for the strain F8. It should be
pointed out that in the abiotic controls (without bacterial cells), NP degradation did not occur
in the medium.

Cells of the strain F8 are gram-negative, non-spore-forming, and non-motile rods with capsules.
The strain F8 forms circular beige colonies on nutrient agar, with a diameter of 2-3 mm, a smooth
edge, smooth and shiny surface, fine-grained structure, and liquid consistency. The strain F8 is catalase-
positive and oxidase-negative. It is a facultative anaerobic bacterium. Voges—Proskauer reactions and acid
formation are positive; indole is not formed. This strain is capable of using urea, assimilating nitrogen
from the atmosphere, performing denitrification, consuming nitrogen from mineral salts, and catabolizing
lactose, sucrose, rhamnose, fructose, galactose, mannose, xylose, mannitol, sorbitol, glucose, arabinose,
and starch with acid and gas formation; it does not use inositol. The strain shows amylolytic and lipolytic
activity. Its cells are capable of growing in a wide range of temperature (+5...+36 °C) and pH (5-10,
but not at pH of 3).

Phenotypically, the isolate F8 is close to the genus Klebsiella (Enterobacteriaceae family) [Bergey’s
Manual of Determinative Bacteriology, 1994].

As revealed by sequencing, the rrs gene fragment of the isolate F8 has the highest similar-
ity (99.72%) with a similar fragment of the type strain Raoultella planticola NBRC 14939, belonging
to Enterobacteriaceae family (Table 1).

Raoultella genus was separated from the closely related Klebsiella genus on the basis of the rrs
and rpof3 gene sequences analysis, DNA-DNA hybridization, and biochemical studies [Drancourt
et al., 2001]. Initially, in addition to R. planticola, this genus included two species: R. ornithi-
nolytica and R. ferrigena [Drancourt et al., 2001]. Later, the species R. electrica was described
as well [Kimura, 2014].

A phylogenetic tree based on the rrs gene sequences, representing the taxonomic status of the iso-
late F8 within Enterobacteriaceae family, is shown in Fig. 1. As can be seen, the studied isolate
formed a single cluster with the type strain R. planticola NBRC 14939T at a high level of statistical
support (91%).

Summing all the phenotypic traits with the reported sequence of the 16S rRNA gene fragment,
the strain F8 was identified as R. planticola F8. The isolate R. planticola F8 was deposited in the Russian
Collection of Agricultural Microorganisms (RCAM) as the strain RCAM 05450 and stored at —80 °C
in the automated Tube Store (Liconic Instruments, Liechtenstein). The rrs sequence of the isolate F8
was deposited in the GenBank database (No. OL831016).
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Table 1. Similarity between the isolate F8 and the closest type strains belonging to Enterobacteriaceae
family based on the 16S rRNA gene sequencing

Taomauua 1. Cxoxcrso uzosara F8 ¢ OmmxaiinyMu TUIIOBLIME IITaMMaMu ceMelicTBa Enterobacteriaceae
T0 IaHHBIM CeKBeHrpoBaHus reHa 16S pPHK

Type strain NCBI accession number Similarity with the isolate F8 (%)
Raoultella planticola NBRC 14939 NR113701 99.72
Raoultella ornithinolytica JCM 6096 NR114736 99.45
Klebsiella aerogenes KCTC 2190 NR102493 99.24
Raoultella electrica 1GB AB762091 99.16
Raoultella terrigena NBRC 14941 AB680714 98.69
Klebsiella grimontii SB73 NR159317 98.54
Klebsiella oxytoca ATCC 13182 NRO041749 98.01
Klebsiella pneumoniae DSM 30104 NRO036794 97.80
Enterobacter asburiae JIM-458 NR145647 96.46
Erwinia amylovora DSM 30165 NRO041970 95.73

Fig. 1. Phylogenetic tree generated by the neighbor joining method using partial 16S rRNA gene sequences
reflecting the taxonomic position of the strain F8 isolate within Enterobacteriaceae family. The isolated
strain is highlighted in bold. Type strains are indicated by the letter T. Bootstrap values of more than 30%
are given

Puc. 1. PunoreHernyeckoe epeBo, MOCTPOSHHOE METO/IOM IPUCOEIMHEHUsI COCelIel ¢ MCIOIb30BaHMU-
€M YaCTHYHHIX rociefoBarenbHocTeil reHa 16S pPHK, kotopoe oTpakaeT TakCOHOMHYECKOE MOJIOXKe-
Hue u3oiiATa mramma F8 BHyTpu cemeiictBa Enterobacteriaceae. BoinesieHHBIN [IITaMM [TOMEUEH KAPHBIM
mpudrom. Tunossle mrTammbl 0603HaYeHbl OykBo# T. [IpuBeneHs 6yTcrpen-3Hauenus dosee 30 %

The results of studying the effect of temperature on NP degradation revealed the capacity of R. plan-
ticola F8 to degrade NP in a wide range, +5...4+35 °C (Fig. 2). A high level of correlation was found
between temperature and NP biodegradation rate constant k (r, = 0.818; p = 0.0038).
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Fig. 2. Dependence of nonylphenol content in the culture
liquid of the bacterium Raoultella planticola F8 on temper-
ature: 1, abiotic control; 2, +5 °C; 3, +10 °C; 4, +16 °C;
5,+22°C; 6, +28 °C; 7, +35 °C

Puc. 2. 3aBucumocTh copepkaHns HOHWIGEHOA B KYJIb-
TypaJIbHOU XKUIKOCTH Oaktepumn Raoultella planticola F8

OT TeMmmeparypel: 1 — aOHMOTUYECKUHd KOHTpOJIb;, 2 —
+5°C;3—+10°C;4 —+16 °C; 5 — 422 °C; 6 — +28 °C;
7—+35°C

At +5 °C, the degradation rate constant k during the fast phase was 0.111 days™!, while half-life ts,
was 6.2 days. NP degradation by the isolated strain was accelerated with a rise in the incubation temper-
ature up to +28 °C, which resulted in a statistically significant (p < 0.5) increase in k and decrease in NP
half-life by 2.7 times, as well as in an increase in NP degradation degree from 51 to 71.5%. A further
rise in temperature, up to +35 °C, led to a decrease in k and increase in t5) by 1.2 times (Table 2).

Table 2. Effect of cultivation conditions on destruction of nonylphenol (100 mg-L™!) by Raoultella
planticola F8

Ta6auna 2. BiusHue ycnoBuii KyIbTUBMPOBAHHSA Ha JecTPyKIMio Houundenona (100 mr-n~') Raoultella
planticola F8

. Nonylphenol
Cultivation _ | Dissolved |y i » , degradation
condition T, °C oxyge_r}, pH k, days R tso, days degree after
mg-L 7 days, %
+5 0.8 7 0.111 £ 0.004 0.95 6.2+0.2 512
+10 0.8 7 0.161 £ 0.005 0.991 43+03 585+19
+16 0.8 7 0.212 £0.011 0.992 33+0.1 65+3
Temperature
+22 0.8 7 0.251 £ 0.004 0.979 28%0.1 67.5+1.2
+28 0.8 7 0.307 £ 0.005 0.99 23+0.2 715+ 1.8
+35 0.8 7 0.26 £ 0.01 0.995 27%0.2 70+2
+28 0.8 7 0.307 = 0.006 0.99 2.26 £ 0.01 71.5+1.2
Dissolved +28 1.08 7 0.525 = 0.005 0.999 1.32+£0.04 812
oxygen +28 1.31 7 0.66 = 0.01 0.998 1.05 £ 0.03 85+2
concentration +28 1.53 7 1.15+0.11 0.986 0.6 +0.1 915+19
+28 2.46 7 0.916 £ 0.005 0.944 0.76 £ 0.03 89+2
+28 1.53 5 0.569 £ 0.003 0.985 1.22+0.14 802
+28 1.53 6 0.655 £ 0.011 0.999 1.06 +0.09 82+2
Initial pH +28 1.53 7 1.15+0.11 0.986 0.6+0.1 915+19
+28 1.53 8 0.886 + 0.009 0.997 0.78 £0.04 88+ 1
+28 1.53 9 0.458 £ 0.006 0.998 1.51 £0.08 76 +2
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Taking all data into account, it can be concluded that the maximum biodegradation rate was observed
at +28 °C.
As shown, NP degradation by the bacterium R. planticola depends on DO concentration (Fig. 3).

Fig. 3. Dependence of nonylphenol content in the cul-
ture liquid of the bacterium Raoultella planticola F8
on dissolved oxygen concentration: 1, abiotic con-

trol; 2, 0.8 mgL™!; 3, 1.08 mgL™'; 4, 1.31 mgL™';
5,1.53 mgL™!;6,2.46 mgL™!
Puc. 3. 3aBucumMocTh conepkaHus HOHWIEHONIa B KYJIb-

TypaJibHOU XKUIKocTH Oaktepumn Raoultella planticola F8

OT KOHLIEHTpallMK PacTBOPEHHOro Kuciopoaa: 1 — abuo-

TUYECKUIA KOHTposb; 2 — 0,8 mroi ' 3 — 1,08 mrem L

4 —131mra ;5 —1,53 et 6 — 2,46 mrn!

A rise in DO concentration from 0.8 to 1.53 mg-L™! led to a statistically significant increase in k
and decrease in tsy by 3.8 times. The degree of NP degradation after 7 days of cultivation dropped
by 1.3 times (Table 2). A further rise in DO concentration, up to 2.46 mg-L™!, resulted in a decrease
in NP biodegradation rate constant and an increase in half-life by 1.3 times.

Based on the results, DO concentration for effective NP degradation by R. planticola should be within
1.53-2.46 mg-L™".

The results of studying the effect of initial pH on NP degradation by R. planticola revealed that
the highest NP degradation degree, 88-91.5%, was reached after 7 days of cultivation in the pH range
of 7.0 to 8.0 (Fig. 4, Table 2).

Fig. 4. Dependence of nonylphenol content in the cul-
ture liquid of the bacterium Raoultella planticola F8 on ini-
tial pH: 1, abiotic control; 2, pH 5; 3, pH 6; 4, pH 7; 5, pH 8;
6,pH9

Puc. 4. 3aBucumocts conepxaHus HOHWIpEHONA B KYJIb-
TYpaIbHOM XHUAKOCTU Oaktepuu Raoultella planticola F8

ot ucxomgHoro pH: 1 — abuoTryeckuii KOHTpob; 2 — pH 5;
3—pH6;4—pH7;5—pHS8;6—pHI
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The highest degradation rate constant k (1.15 days'l) and the lowest half-life tsy (0.6 days) were
revealed at pH of 7.0. A decrease in pH from 7.0 to 5.0 and an increase to 9.0 resulted in a statistically
significant (p < 0.5) drop in k and a rise in half-life tso by 2 and 2.5 times, respectively.

Finally, optimal initial pH value for NP biodegradation by R. planticola was determined as 7.0-8.0.

As found, the bacterium R. planticola F8 degrades NP in a wide range of NP concentrations,
from 100 to 900 mg-L™! (Table 3).

Table 3. Effect of initial nonylphenol concentration on its destruction by Raoultella planticola F8

Tad6amma 3. BimsiHne ncXoqHOM KOHIIEHTpalMy HOHWI(EHOJa Ha ero IecTpykiwmio Raoultella
planticola F8
Nonylphenol
Nonylph_elnol, Kk, days™! R? tso, days degrada};izn degree
mg-L after 7 days, %
100 1.15%£0.11 0.986 0.6£0.1 91.5%£19
300 0.866 = 0.005 0.914 0.8%0.1 84.8+0.6
500 0.292 + 0.002 0.976 24+0.1 84 +2
700 0.22 £0.01 0.88 32+04 78614
900 0.12£0.01 0.986 5.8+0.5 556%13

A high level of correlation (p < 0.001) was registered between NP biodegradation rate constant
and initial NP content (r, = —0.983) and between tsy and initial NP concentration (r; = 0.999). A rise
in NP content in the medium from 100 to 900 mg-L™! led to a statistically significant (p < 0.05) de-
crease in the degradation rate constant k and an increase in half-life tso by 9.6 times. The degree of NP
degradation dropped by 1.6 times (Table 3).

DISCUSSION

Recently, one of the main ecological problems was environmental contamination by endocrine
disrupting chemicals, in particular NP which affects the endocrine system of living organisms.

NP degradation in natural environments is caused by its abiotic destruction and biodegradation.
A wide range of bacteria belonging to different genera are known to have NP-degrading capacity:
Acinetobacter, Achromobacter, Alcaligenes, Arthrobacter, Bacillus, Burkholderia, Citrobacter, Corynebac-
terium, Desulfobacterium, Klebsiella, Pseudomonas, Serratia, Sphingomonas, etc. [Corvini et al., 2006;
Gabriel et al., 2005; Ma et al., 2018; Reddy et al., 2017; Xie et al., 2015].

The pathways of NP biodegradation by bacteria are widely presented in scientific literature. Pre-
viously, it was revealed that aerobic NP degradation by bacteria can be initiated either by oxidative
cleavage of the alkyl chain or by oxidative action on an aromatic ring. A putative mechanism for degra-
dation of the alkyl chain includes hydroxylation at the terminal carbon atom (as the first step), oxidation
of the resulting alcohol into the corresponding carboxylic acid, and further degradation via B-oxida-
tion. NP degradation via oxidation of the alkyl chain is characteristic of NP isomers, in which the side
chain is linear or at least not highly branched. NP isomers with highly branched side chains can ini-
tially be destroyed by hydroxylation phenolic ring. Type II ipso-substitution mechanism (hydroxylation
at the carbon atom-4) was described as the first step of degradation pathway, which occurs by oxidation
and replacement of aromatic carbon atom of NP by an alkyl side chain [Bhandari et al., 2021].

As mentioned earlier, the bacterium R. planticola F8, an active NP biodestructor, was isolated from
bottom sediments sampled in the southern Gulf of Finland. This strain belongs to Proteobacteria phy-
lum, Gammaproteobacteria class. Gammaproteobacteria, along with Alphaproteobacteria, are known
as the most abundant bacterial groups in the microbiome of NP-contaminated bottom sediments [Wang
et al., 2015b].

Mopckoii 6uosorrueckuii xypHain Marine Biological Journal 2024 vol. 9 no. 1



26 T. Zaytseva, V. Safronova, A. Russu, 1. Kuzikova, and N. Medvedeva

Raoultella representatives have been associated with degradation of various organic contaminants,
such as drugs [Palyzova et al., 2019], pesticides [Bhatt et al., 2019], polycyclic aromatic hydro-
carbons [Ping et al., 2017], and so on. The ability of R. planticola to degrade NP was revealed
for the first time.

Two phases of NP biodegradation by R. planticola were identified analyzing the degradation curves
under test conditions: the fast and the slow one. It should be noted that a similar two-phase nature of a de-
crease in alkylphenols content was previously found during their destruction by cyanobacteria [Baptista
et al., 2009; Zaytseva, Medvedeva, 2019] and micromycetes [Kuzikova et al., 2020]. The limitation
of NP degradation process at the end of the fast phase can be caused by a decline in the medium quality
which results from formation of metabolites toxic to bacteria [Bai et al., 2017].

Due to their metabolism and capacity to adapt to adverse environmental conditions, microor-
ganisms can degrade a wide range of organic pollutants, including alkylphenols. However, their effi-
ciency depends on many factors, inter alia pollutant concentration and physicochemical characteristics
of the environment, such as temperature, pH, DO concentration, efc. [Abatenh et al., 2017; Watanabe
etal., 2012].

This study allowed revealing that the rate of NP degradation by R. planticola F8 depends on temper-
ature, initial pH, DO concentration, and initial NP content to a large extent. It is well known that temper-
ature is one of the most relevant abiotic factors affecting the degradation of xenobiotics. Temperature
variations can accelerate or decelerate biodegradation by affecting the physiological properties of mi-
crobial degraders, in particular via direct effect on the biological enzymes involved in the degradation
pathway [Abatenh et al., 2017; Khan et al., 2009].

The temperature dependence of NP biodegradation, as well as the optimum temperature (+30 °C),
were revealed earlier during NP degradation by bacterial strains Pseudomonas sp., Acidovorax sp.,
Pseudomonas putida, Citrobacter freundii, and complex microorganisms ZJF composed by three strains
combined: Serratia sp., Klebsiella sp., and Ps. putida [Ma et al., 2018; Watanabe et al., 2012; Xie et al.,
2015].

It is worth noting that previous studies were focused on the ability of bacteria to degrade NP at tem-
peratures above +14 °C [Ma et al., 2018; Watanabe et al., 2012; Xie et al., 2015]. To date, information
on NP degradation at lower temperatures is still lacking.

As shown in our tests, NP destruction by R. planticola F8 also significantly depends on tempera-
ture. This bacterium was found to be highly efficient for NP degradation in a wide temperature range,
+5...435 °C. The fact that R. planticola F8 is capable of degrading NP even at such a low temperature,
as +5 °C, is of certain interest. Biodegradation rate increases as temperature rises from +5 to +28 °C,
reaching its maximum at +28 °C. A rise in temperature from +28 to +35 °C led to a drop in biodegra-
dation rate. It is assumed that contaminant biodegradation is slowed down at relatively high and low
temperatures due to a decrease in the activity of bacterial and extracellular enzymes [Xie et al., 2015].

Aeration and pH levels significantly affect the biodegradation of organic pollutants.

Oxygen is the most common electron acceptor in the bacterial respiration. During aerobic biodegra-
dation of aromatic compounds, oxygen acts as an electron acceptor for aromatic pollutants, besides
participating in substrate activation via oxygenation reactions [Cao et al., 2009]. As known, in aerobic
conditions, the bacterial biodegradation of alkylphenols, inter alia NP, involves mono- and dioxidases
and multicomponent phenol hydroxylases. These enzymes catalyze chemical reactions cleaving chem-
ical bonds and assisting the transfer of electrons from reduced organic substrate (donor) to another
chemical compound (acceptor). Oxidases play a key role in metabolism of organic compounds, increas-
ing their reactivity or water solubility or causing the aromatic ring cleavage. Generally, introduction
of O, atoms into the organic molecule by oxygenase results in the aromatic ring cleavage [Cao et al.,
2009; Karigar, Rao, 2011; Tuan et al., 2011].
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We established that R. planticola F8 is capable of degrading NP in a wide range of DO concentrations
in the medium (0.8-2.46 mg-L™!). The rate of NP degradation by this bacterium was minimal at the low-
est DO content used in the tests, 0.8 mg-L™". An increase in DO concentration up to 1.53 mg-L™ resulted
in arise in degradation rate. Optimal DO content for NP degradation by R. planticola F8 was determined
as 1.53-2.46 mg-L ™%,

The level of pH is known to affect the physiological properties of microorganisms, thus playing a no-
ticeable role in biodegradation of organic pollutants. Like other proteins, microbial enzymes, inter alia
those catalysing biodegradation processes, are extremely sensitive to a medium pH. The changes in pH
level cause alterations in the electric charge of various chemical groups which are present in enzyme
molecules. An imbalance in electrical charges in very acidic and alkaline pH ranges leads to de-
struction of chemical bonds that support the structure of the enzyme, decrease in enzymatic activ-
ity, and denaturation of the enzyme. Consequently, there is a significant deterioration in pollutant
biodegradation [Alneyadi et al., 2017].

As previously reported, pH level affects the bacterial degradation of various organic pollutants:
polyaromatic hydrocarbons, phenol and its derivatives, antibiotics, etc. [Ibrahim et al., 2018; Khan
et al., 2009; Lakshmi, Sridevi, 2009; Liu et al., 2017]. As shown earlier, pH value significantly af-
fects NP degradation by the bacteria Ps. putida and C. freundii with optimal pH levels of 5-7 and 6-7,
respectively, and by complex microorganisms ZJF with optimal pH of 6.0 [Ma et al., 2018; Xie et al.,
2015].

This work investigated effects of initial pH in the range of 5.0-9.0 on NP degradation by the bac-
terium R. planticola F8, and optimal pH level for NP biodegradation was revealed, 7.0-8.0.
Both increasing pH to 9.0 and decreasing it to 5.0 decelerate pollutant biodegradation.

Initial NP concentrations affect the bacterial degradation as well. Earlier studies showed the effect
of initial NP content on efficiency of NP removal by different bacrteria: Acidovorax sp., C. freundii, Ser-
ratia sp., Klebsiella sp., and Ps. putida [Ma et al., 2018; Xie et al., 2015]. For example, an increase in effi-
ciency of NP degradation by Ps. putida and C. freundii was recorded when initial pollutant concentration
was raised from 1 to 5 ug-L™'. However, a further rise in NP content, up to 9 ug-L™!, caused no statisti-
cally significant changes in extent of degradation [Xie et al., 2015]. A rise in initial NP concentration
from 5 to 1015 mg-L™" also resulted in an increase in efficiency of pollutant degradation by the bacte-
ria Serratia sp., Klebsiella sp., and Ps. putida up to 60%. But a further rise in initial NP concentration,
up to 100 mg-L™!, led to a drop in degradation efficiency to 30% [Ma et al., 2018].

Our data show as follows: an increase in NP concentration from 100 to 900 mg-L™" led to a suppres-
sion of degradation efficiency by R. planticola F8, a decrease in degradation rate, and an increase in NP
half-life. The slowdown in biodegradation of pollutants at high concentrations is explained by their toxic
effect on pollutant-degrading microorganisms [Abatenh et al., 2017]. However, it should be noted that
the isolated strain R. planticola F8, despite a statistically significant drop in the degradation rate con-
stant k, a rise in half-life tsy by 9.6 times, and a decrease in the degree of NP degradation by 1.6 times,
was capable of degrading NP at such a high content, as 900 mg-L™". The same degradative activity at such
a high toxicant concentration was previously registered only in the microbial consortium NP-M2 iso-
lated from bottom sediments, mainly consisting of bacteria of the genera Sphingomonas, Pseudomonas,
Alicycliphilus, and Acidovorax [Bai et al., 2017].

Conclusion. We isolated the bacterial strain F8 from the nonylphenol-contaminated bottom sedi-
ments sampled in the southern Gulf of Finland (the Baltic Sea). Raoultella planticola F8 is capable of de-
grading nonylphenol in aerobic conditions at its different concentrations (up to 900 mg-L™") and in a wide
range of temperature, initial pH, and dissolved oxygen content.

The results of this study provide useful information for the potential application of the bacterium
R. planticola F8 in bioremediation processes.
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BUOJIETPATAITNSI HOHU®EHOJIA
BAKTEPHUEI RAOULTELLA PLANTICOLA T8,
BBIAEJIEHHOI 13 TOHHBIX OCATKOB
GUHCKOTO 3AJINBA BAJITUIICKOTO MOPSI

T. B. 3aiinesa', B. 1. Cacpponosa?, A. JI. Pyccy!, 1. JI. Ky3uxosa', H. I'. Measeena'

! Canxr-TleTep6yprekuii (peaepanbHblii HccIea0BaTeNbCKHI EHTp Poccuiickoil akaieMuu HayK,
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Hounngenon (HP) — kceHOOMOTHK aHTPOMIOT€HHOTO IMTPOUCXOKACHHUS — SIBJISIETCS ITUPOKO PACIIpo-
CTpaHEHHBIM BO BCEM MUpE 3arpsi3HUTENIEM OKpykamomei cpensl. [lomaganne H® B 06beKTH OKpy-
JKaloIer Cpefibl BRI3BIBAET CEPbE3HYI0 03a00UEHHOCTh BCJECTBHE €r0 TOKCUYHOCTH ISl BOAHBIX Op-
raHW3MOB, KUBOTHBIX U YesioBeka. Kpome toro, H® u3BecteH kak SHAOKpUHHBIN AecTpykTop. Llems
JaHHOM CTaThbil — BbIAEIECHUE U3 JOHHBIX OTJIOKEHWH, OTOOPaHHBIX B I0KHOKM yacTu PHHCKOro 3a-
nuBa (BanTuiickoe Mope), 1 uaeHTU(UKALKA BBICOKOI((EKTUBHOIO IiITaMMa OaKTepHid, CIOCOOHOTO
nectpykrupoBath HO, a Takxe u3ydeHue ero ciocoOHocTH K aerpaganuu H® npu pa3inuHbiXx ypoB-
HAX Temriepatypsl, pH, KOHIIEHTpanuii pacTBOPEHHOTO KHUCIOPOAA M UCXOAHBIX KoHIeHTpanui HO.
Wnentudukanuio BeieieHHoro mramma F8 mpooaniy mo (peHOTUNMYEeCKrM MTPU3HAKaM C HCTIONb-
30BaHKMEM CTaHAAPTHBIX METOIOB, a TAKXkKe METO/IOM CeKBeHUpoBaHus 1o CaHrepy ¢parMeHTa mnocJie-
nosatenpHocTy TeHa 16S pPHK (rrs). Cogepixanne H® onpenensnu MeTogoM BbICOKOI((PEKTUBHON
*)uakoctHou xpomarorpacduu. HoBas HO-nectpykrupymoruas 6akrepust Raoultella planticola F8 Brize-
JIeHa U3 IOHHBIX OTJIOKEHUH, 0TOOpaHHbIX B PuHCKOM 3anuBe. U3omar R. planticola F8 nenonuposan
B BemoMcTBEHHOM KOJUTEKIIMY MUK POOPTaHU3MOB CeTbCKOXO03siiicTBeHHOro HazHadennss BHUMCXM
nof, peructpauroHHbiM HomepoM RCAM 05450. [TocnenoBarenbHOCTb TeHa rrs u3ojsta R. planticola
F8 nenonuposana B 6aze aanaeix GenBank nmog Homepom OL831016. 10T mtamm BelcOk0IDEKTH-
BeH [U1s Aerpazanii HO B a3poGHBIX yCIOBHAX NPH PasInyHbIX KoHneHTpanuax H® (10 900 mr-n~!),
B JManas3oHe TemrepaTyp oT +5 o +35 °C, HavaynbHbIX 3HayeHuil pH ot 5 1o 9 u KoHUeHTpamit
pacTBOpéHHOrO KKcaopoaa ot 0,8 1o 2,46 mr-n~!. JlaHHOe MCcclenoBaHMe — MepBOe, JeMOHCTPUPY-
1oiiee crnocodbHocTh R. planticola Tpandopmupoats H®. PesynbraThl 3TON padOTHI MPEIOCTABISAIOT
1oJie3HyI0 nH(popMaruio 11 npumenenns R. planticola F8 B miporeccax GuopemMequaiim.

KmioueBbie caoBa: Raoultella planticola F8, nonnble ocanku, uaeHTU(UKALMS, HOHWIPEHOI,
Ouoperpaaanus
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Pabota nocesiena npodiemMaM B3aMMHOH aJanTalyy ABYX UYKEPOAHBIX BUJOB MPOMBICTIOBBIX Kpa-
00B — kamyarckoro kpaba Paralithodes camtschaticus n kpaba-crpuryHa onwimo Chionoecetes
opilio — W penunueHTHON 3KocucTeMbl bapeniieBa Mops. [IpencTaBieHs! JaHHbIE O pacrpee/ieHud
coo0IIecTB MeradeHToca, nonydeHtsie 3a nepuoz ¢ 2006 no 2020 r. [IpoaHaM3UpoOBaHbl AMHAMUKA
YHCIIEHHOCTH KPaOOB M CBSI3aHHbIE C HEil N3MEHEHHs], TPON3OIIe IIINe B IOHHBIX coodmecTBax bapen-
LeBa Mopsl 3a yKa3aHHble Tofipl. IIpoBesieHo o0Cysk/ieHne MEeXaHU3MOB BO3/IEICTBUSI KpaOOB Ha JIOH-
Hble COOOILECTBA U IEPCIEKTUB OCBOSHHS UMH akBaTtopur bapeHiiea Mops. VcciienoBanue 0CHOBaHO
Ha pe3y/bTaTax KOJMYeCTBEHHO-TAKCOHOMUYECKOTO aHaIn3a NpuiioBa 6ecrno3BoHOYHBIX B 6010 Tpa-
JIEHUSIX CTaHJapTHBIM Yy4E€THbIM TpasioM Campelen 1800, BIOIHEHHBIX B akBaTopru bapeHiieBa Mo-
ps B 2006-2020 rr. B X0/i€ MPOBEAEHNS COBMECTHOU POCCHICKO-HOPBEKCKON SKOCUCTEMHOMN ChEMKHU
Ha cynax [Tonspaoro ¢pmmana PI'BHY «BHUPO» n MHcTrTyTa MOpCKHX MccienoBanuii (Institute
of Marine Research, Bergen, Trgmso). Pacmupenue apeasa v yBeJIMueHUE YUCIEHHOCTH KAMYATCKOIO
Kpaba ¢ Hauana 1990-X IT. NpUBeJM K ero paccesIeHMIo B OOLIMPHON akBaTOPUH 10:)KHOH Yactu Bapen-
uesa Mopsi. B 20062010 rr. kaMyaTckuil Kpad JOMUHUPOBaJ B cooOIecTBax MerabeHroca Mypmas-
ckort 1 Kanunckoii 6anok. K 2016-2020 rr. o6J1acTh ero JIOMUHUPOBAHKSI pacIIMPUIIACh Ha CEBEP U BO-
cToK — 110 ocTpoBa Kosryes u 10:xHOro ckjioHa I'ycuHol 6anku. PocT ynciaeHHoCcTH Kpaba-cTpuryHa
OTIMJIVIO TIPUBENT K 3aCEIEHUI0 MM OIPOMHOM akBatopuu B bapentieBom Mope — ot [ledyopckoro mMo-
psa 1o apxunenara 3emis @panna-Mocuda u ot apxunenara Hosas 3emis no apxunenara nun-
6epren. B 20062010 rr. uncieHHOCTh Kpaba-CTpUTyHA ONMWJIMO Havajla pacTH y apxurnenara Hosas
3emus, TIe OH BHICTYIIAJI B KAYeCTBE CYOJOMUHAHTA B COOOIIECTBAX MATKUX IPYHTOB I 'yCHHOI OaHKH.
B 2011-2015 rr. KpaOG-CcTpUryH ONUIMO CTaJ AOMUHUPOBATH B coodmecTBax ['ycuHoi 6anku, Hoso-
3eMeJIbcKOW OaHKH, ceBepHOW YacTu LIeHTpabHON BO3BBIILIEHHOCTH. B TO ke BpeMsi OH MpOA0JIKal
YBEJIMYMBATH CBOIO POJIb KaK BUI-CYOIOMUHAHT PAKTUIECKH BO BCex coodinecTBax y apxurenara Ho-
Bast 3emuist. [To3anee, B 2016-2020 rr., KpaO-CTPUI'YH ONMMIKO AOMUHHPOBAI B OEHTOCHBIX COOOIIIe-
cTBax Ha rpanuue ¢ Kapckum mopem mexny apxunenaramu Hosas 3emiis u 3emuta @panua-Hocuda,
Ha ckjoHax HoBosemensckoii O6anku, y Llentpanbnoit 6anku 1 B FOxHO-HoBO3eMensckoM xénode.
Ero apeas yBennuumics 1 B UTOre OXBATUII aKBATOPUIO OT apxurenaros 3emist Gpanua-Hocuda u Ho-
Bas 3emuid 1o Bo3BelieHHOCTH [lepces Ha 3amaze u go Ilevyopckoro Mops Ha tore. [loka3aHo, 4ToO Kam-
JaTCcKui Kpad OyIeT U Jajibliie BXOJUTh B COCTAaB COOOIECTB I0r0-BOCTOYHOM YacTh bapeHiieBa Mopsl.
Kpa6-cTpuryH onuivo mpojioyiKUT MUTPAIMIO ¢ BOCTOKA B 3aMaHYI0 YacTh MOPS BIUIOTH JI0 apXH-
nenara IlInuGepren, e CymecTBYIOT CXOHbIE COOOIIECTBA OEHTOCA; B ClIydae IOXOJIOJaHUS MH-
rpauus nouzaer 0osee OBICTPHIMHU TeMIaMU. Bo3MoxeH clieHapuil, Ipy KOTOPOM MEJIKOBOABE apXu-
nenara lnundepren craHeT HOBBIM LEHTPOM BOCIIPOM3BOICTBA MOIMYJISALMHI Kpada-CTpUryHa ONUIMO
B bapeHiieBoM Mope BMecTe ¢ HBIHEIIHUM LIEHTpOoM Yy apxurnenara Hoas 3emust.
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BOJIBIIMHCTBO JOHHBIX COOOIIECTB KPYIMHBIX MOPCKUX 9KOCHUCTEM, TAKMX Kak bapeHiieBo Mope, 1ojI-
BepKEHBI TpaHCOpPMAITUH, TIPOTEKAIIIEH B MPOCTpaHCTBe U BO BpeMeHU. OnHM U3 HanboJiee CHTb-
HBIX (DAKTOPOB, BAUSIOLIMX HA UX MEePECTPONKY, — (hIyKTYyallK KJIMMAaTa, MEeKBUI0BAsi KOHKYPEHIIUS
Y QaHTPOMIOreHHOE BO3JIEIICTBHE.

B BapeniieBoM Mope Takue U3MEHEHHSI UCCIIEAYIOT TOBOJBHO JTABHO, M OHU BBISIBJIIEHBI HA IMpU-
Mepe MaKpo3000eHTOca B Cliydyae BJIMSHUs KJIMMara W JOHHOTO TPaJoOBOTrO Ipombicia [/leHuceHko,
2003, 2007, 2013; Manymms, 2021a, b], a Takke mpecca co CTOpOHbl UHTPOAYLIEHTOB [3axapoB U JIp.,
2022b; ManymmH u 11p., 2021; CtpenkoBa u ap., 2021; Zakharov et al., 2021b]. OnHako B CBs34 € OSIB-
JIeHUEM MHOTOJIETHUX JIAHHBIX O IPUJIOBE JOHHBIX OECIIO3BOHOYHBIX MPU UXTHOJIOTUYECKUX TPATECHUSIX
Y O BBISIBJICHUU OTJIMYMI STOW YaCTH COOOINECTBA OT MaKPO300OEHTOCA, M3y4aeMOro ¢ MPUMEHEHUEeM
JHOoueprnaTesiel u apar [3axapoB u ap., 2021a], BO3HUKaET BOIPOC O €ro peakiuy Ha BHEIIIHEE BO3/IeH-
crBue. B uteparype 6eHTOC, MONAIA0NIMI B UXTHOJIOTHYECKHE TPAJIBI, IPEMMYIIECTBEHHO HAa3bIBAIOT
MeraGeHTOCcOM [ ATiiac MerabeHTOCHBIX opranu3MoB, 2018; Gutt, Starmans, 1998; Jgrgensen et al., 2022;
Rybakova et al., 2019; Zakharov et al., 2020], pexxe — TpayioBeiM MakpobeHTocoM [Kosmakos u ap.,
2018; llynros, Bonsenko, 2015].

B mocnenHee BpeMs MOsIBJICHHE HOBBIX BUJIOB B Ipejiesiax OapeHIIeBOMOPCKOro Mmesibda — J10-
BOJIbHO Yactoe siBjieHue [Zakharov, Jgrgensen, 2017]. Kak npaBuiio, 3T0 eIMHUYHBIE HAXOJKU U BJIM-
SIHAE TaKUX BCEJICHIIEB HA HATHUBHbIE COOOIIECTBA HOCUT MPEUMYIIIECTBEHHO JIOKAJIbHBINA 1 OTpaHUYEH-
HbII XapakTep. VICKIoueHre CoCTaBIsIioT KaMmuaTtckuil Kpad Paralithodes camtschaticus (Tilesius, 1815)
1 Kpad-ctpuryH oo Chionoecetes opilio (Fabricius, 1788). B ciy cBoux pa3MepoB OHU MOTYT OBITh
OTHECEHBI K KaTeropuy MerabeHToca, Mo3TOMY UCCIIe[JOBaHNe UX MPUJIOBA B COCTaBe TPAJIOBOTO OCH-
TOCA MPEJCTaBISIeT ONpPeNeIEHHbI MHTEPEC B paMKaxX M3yueHHs Kak Ipoliecca MX aKKJIMMaTU3alluy,
TaK U CBSI3aHHOW C HUM JMHAMUKH OEHTOCHBIX cOOOIIecTB B bapeHiieBom Mope.

C momeHTa BcenieHus] B bapeHIleBo Mope KaMuyaTCcKOro kpabda mporuio yxke 0onee 60 ner [Kam-
yarckuil kpad, 2021], kpaba-crpuryHa omummno — Oosiee 25 ner [Kpad-crpuryn, 2016; Kuzmin
et al., 1998]. Pacmupenue apeasa W pOCT YKCICHHOCTH TIOMYJISIMA KaM4YaTCKOro kpaba ¢ Hadva-
aa 1990-x IT. mpuBeM K 3aceJiCHWI0 UM OOIIMPHON aKBaTOPUM IOKHON dacTh BapeHiieBa Mops.
Ob6nacth pacrpocTpaHeHHsi Kpaba-CTpUryHa ONWIMO yBenwumiack oT ['ycuHoW OaHku (ofHa Ha-
xozaka B 1996 r.) no oOmmpHON akBaropu B BapeHueBom u Kapckom Mopsix ¢ Hpuieraiomymu
K HUM paiilOHaMH.

W3ydeHrie muTaHusl KAMUYATCKOTO Kpada u Kpaba-CTpUryHA ONMMIMO TO3BOJIMIIO OIUCATh UX Palld-
oH B BapeHrieBom Mope U BBISIBUTh HAMOOJIee MHTEHCUBHO MOTPeOIsieMble TPYIITHI )KUBOTHBIX [Kpad-
ctpuryH, 2016; Manymun, 2021b; Zakharov et al., 2021b u ap.]. JJaHHbIE O IPUIOBE UXTUOJIOTMYECKUX
TPAJIOB MO3BOJISIOT OIIEHUTh pacceieHue KpaOoB-BCEIEHIEB, X OMOMAcCy B HOBBIX palOHaX U BO3-
MOJKHOE BJIMSIHUE Ha Ipyrue BUJIbI MeraOeHToca. B cBS3U ¢ 3TUM 1ieJIb HACTOSIIIETO MCCIIEAOBAHUS —
BBISIBUTh U3MEHEHHS B CTPYKType MErabeHTOCHBIX COOOIIeCTB, TPOM3OIIE/IIIMe 3a Tocieanue 15 ner
T0]] BJIUSTHUEM KaM4JaTCKOro Kpaba u Kpada-CTpUTryHA OIMUJIHO.

MATEPUAJI 1 METO/1bI

Marepuan it JaHHON paboThl ObLT COOpaH B €KErOHBIX POCCUIICKO-HOPBEKCKUX IKOCUCTEMHBIX
cheéMKax B aBrycre — Hostope 20062020 rr. (puc. 1A). UccnenoBanusmMu ObLUTH OXBaueHBI BCS aKBa-
Topusi bapeHueBa Mopsi, ceBepo-3anagHas yactb Kapckoro mopsi, BoctouHble paiioHsl HopBeskckoro
u ['peHanackoro Mope, a Takxke npueramoiye ydactku Ceseproro Jlenosuroro okeana. Tpasnenus
B OCHOBHOM BBITIOJIHSUTUCh B y3/1aX CTAHAAPTHON CETKW CTAHIMIA C PACCTOSTHHMEM MEXIY CTaHIUSIMU
okoJio 40 Mopckux Musib (puc. 1B).
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Puc. 1. [lounsie Tpanenus, BemonHeHHble B 2006-2020 rr. (A) u cranmaptHas cetka cranimii (B),
MPUHATAS B COBMECTHOW POCCHICKO-HOPBEKCKON SKOCUCTEMHOHN ChEMKE

Fig. 1. Position of bottom trawls in 20062020 (A) and the standard grid of stations (B) in the joint
Russian—Norwegian ecosystem survey

Jls cobopa MaTepurasia KCIOJIb30BaH YYETHBIN ToHHBIA Tpast Campelen 1800 [ ATinac MeraGeHTOCHBIX
opraau3moB, 2018]. 3a 2006-2020 rr. BbimoaaeHo 6010 cranwmii. Martepuan oOpadaTbiBaiu Ha OOp-
TY HAay4YHBIX CY/IOB IO €JMHOU MeToauke [3axapos u ap., 2022a; Zakharov et al., 2020]. Onpeznene-
Hbl 1182 Takcona, u3 HUX 747 — 10 BUIOBOIO ypoBHS. TaKCOHOMMUECKYIO MIEHTU(PUKALIMIO KUBOT-
HBIX POBOJVJIM 10 MAKCUMAJILHO BO3MOKHOTO YpOBH:sI. MaTtepuai 1o Kpady-CTpUryHy OMHUIMO U KaM-
yarckoMy KpaOy cooupanu ¢ 2004 r. [laHHble 0 IMTaHWKA KpaOOB B3STH U3 paHee OMyOJMKOBAHHBIX
padot [ManymmH, 2021a; Zakharov et al., 2021b].

JI1sl CpaBHUTENIPHOTO aHaJM3a TPEACTABICHHYI0 B HACTOSIIEH CTaThe OMOMAacCy pacCUMTHIBAIIM
Ha CTaHJApTHYIO AUCTaHIMIO TpajeHus B 1 mopckylo Mwmo. Ilenarnyeckue u OeHTONeNIarmyeckue
BU/Ibl (Haripumep, kpesetka Pandalus borealis Krgyer, 1838) uckiioueHbl U3 aHAIN3A.

JIu1s1 OLIEHKH M3MEHEHHUH, IPOM3OILEIIINX B COOOMECTBaX MerabeHToca 3a 15 Jiet, 3ToT BpeMeHHO
nepuoa pasaeneH Ha tpu: 2006-2010, 2011-2015 u 20162020 rr. CTaHuMM, BHIIOJHEHHBIE B KakK-
ObIii U3 YKa3aHHBIX MEPUOAOB U HAXOJAIIMECs Ha PacCTOSIHUM He Oojiee 35 MOPCKMX MWUJIb OT Y3JIOB
CTAaHJAPTHOI ceTku cTtaHuuil (puc. 1B), oobenuHsum 11 nocnenyoniero aHaau3a. CTaHIUM, pacro-
JIOXKEHHbIe Ha OOJIbIIIEM PACCTOSHUU W HE BXOJAMBIINE B CTAHJAPTHYIO CETKY TPaJICHU, UCKITIOYAIIH
n3 aHaym3a. Kaxnas TpajgoBas Touka ObUla TIPUKpEIUIEHa TOJBKO K OJHOMY Y3J1y CTaHIAPTHOW CeT-
KM CTaHIMK. BapbupoBaHue NIyOMH MEXIy CTAHIMAMHU B y3J1aX PEIIETKU IO KakKJIOMY M3 IEPUOJIOB
COCTaBWJIO B CPEJHEM OKOJIO 5 M.

Tak Kak MaTepual, MOJyYEHHbIH B Pa3Hble O/Ibl HA PA3IMUYHbIX CyAax U 0OpaOOTaHHBINA CrielyaIy-
CTaMU pa3HOW KBaIM(HKAINM, Pa3InJajcs AeTau3aleld TAKCOHOMUYECKON 00paOOTKH, I CTaH-
AapTU3allii UCXOIHBIX AHHBIX W VISl TIOCJEOYIOIIEro aHalin3a 4acTh MaTepuajia He WCIOJIb30Ban
WM OOBEIUHSUT B TAKCOHOMUYECKHUE TPYIIIbL. BUIbI M TAKCOHBI, OTMEUYCHHBIE €IMHOKIbI 32 BECh pac-
CMaTpUBAEMBbIl TEPUO]], ObLIIM UCKITIOUYECHBI M3 aHaTN3a. Takske U3 Hero ObLIM UCKJIIOYCHBI HA/IBUIOBbIC
OTpe/ie/IeHNs IUPOKO PACIPOCTPAHEHHBIX U JIETKO WACHTU(UIMPYEMBIX BUIIOB [Harpumep, Hyas sp.
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MPY HAIMYHMH JIBYX XOPOIIO Y3HaBaeMbIX BUIOB — Hyas araneus (Linnaeus, 1758) u Hyas coarctatus
Leach, 1815]. Onpenenenus 10 ypoBHSI TUIA, Kjacca U OTpsga ObLIM MCKIIIOUEHbl M3 aHAN3a W3-
32 MaJIOYMCJICHHOCTH WJIM HE3HAUMTEJBbHOTO BKJaga B oOIIyl0 OMomaccy. Bumipl, nMeroie HU3KYIO
ouromaccy (MIIaHKH, TUAPOUIBI 1 aM(PUTIONBI) U CIIOKHBIE IS TAKCOHOMHUYECKOTO orpejiesieHus (TyOKu
Y MHOTOIIIETUHKOBBIE YePBH), 00BEIUHSIIN JIO PAHTa CEMEHCTRA.

JI71s1 KaskIOW TPYNITBI CTAHIIA, OOBEJMHEHHBIX B y3JIaX CTAaHIAPTHOM CETKHU TPaJIeHWA, OTpeIesIsiid
OOIIMIA CMHUCOK TAaKCOHOB U WX JOJIO B 001Iel cymmapHoi 6uomacce. [lomydyeHHble faHHbIe 00pada-
THIBJIM METOJJOM KJIACTEPHOTO aHa/IM3a k-means ¢ UCToIb30BaHueM nHaekca bpes — Képrtuca B kave-
CTBE MOCTAaHIIMOHHOM Mephbl cX0cTBa. KommuecTBo Ki1acTepoB ObLIO OMpe/IesieHo TSl KaXI0r0 eproa
Ha OCHOBAHWY MTPOBEPKU ONTUMAIILHOTO X KOJIMYECTBA PA3HBIMK CTATHCTHUYECKUMHU CIIOCOOAMU — Me-
TogoM JIOKTA (elbow method), gap-anam3om (gap statistics), Metomom cuty3ToB (silhouette method)
Y METOAOM KJIacTepHOro jaepesa (clustree).

Craructuyeckas o0pabOTKa JaHHBIX IIPOBE/IeHa B MporpaMMHoOu cpee R ¢ ucrnonszoBanuemM 6uo-
motek geosphere, tidyr, tidyverse, ggplot2, clustree, vegan, factoextra u cluster, a Takxxe B MS Office
Excel. Kaptbl noctpoensl B Golden Software MapViewer 8.

Hazeanus mopdoctpyktyp BapeniieBa Mopsi 3auMcTBOBaHbI U3 padothl A. I'. 3unuenko [2001].

PE3VJIbTATHI

Mownwurtopunr, Hadatbiii B 2004—2005 rr., Mokasaj, 4To Kpad-CTPUryH OIMIIMO U KaMYaTCKUI Kpad
B aKBaTOPMU ChEMKM BCTpevyasuch Ha 1 % cranimil. [lanee MX BCTpedyaeMOCTh M3MEHsIIACh: y Kpada-
CTPUTyHa OIWJIMO OHA Havasa pe3ko pactd U K 2020 r. yBeanuunachk npaktuuecku B 30 pas; y Kam-
yarckoro kpaba oHa g0 2013 r. ocraBanach Ha ypoBHe 2 %, a ¢ 2014 r. cTana pactd M AOCTHIJIA
4-5 9% (puc. 2). D10 OTpaxkaeT pa3Hble ITAMbl AKKJIMMATU3ALUH, HA KOTOPBIX MOIMYJISAIMU KpaOboB Ha-
XOJIMJIUCh B paccMaTpuBaeMblid epuoi. Tak, KaM4aTcKuil Kpa® HaXoQuiIcs Ha MOCJIEAHUX dTarax Ha-
TypaJi3alyy, B TO BpeMs KaKk KpaO-CTPUTYH ONWJIMO aKTUBHO OCBaMBaJl PELMITMEHTHYIO SKOCUCTEMY,
pacimpsis CBOi apeasl M yBeJIMUYMBasi YMCIEHHOCTb.

B 2004 r. momap pacnpocTpaHeH|s Kpada-CTPUIyHa OMIIMO cocTaBua 20 ThC. KM2, KAMYATCKO-
ro kpaba — 28 Thic. km2. K 2020 r. apeay kpaba-CTpUTryHa ONHMIMO yBeIUumics 6osee yeM B 40 pas,
nocTurHyB 831 ThIC. KM%, B TO BpeMs KakK ILIOMIAAb PACIIPOCTPAHEHN KAMUATCKOTO Kpaba BHIpoCia
MM B 6 pas, cocTaBus 176,1 Thic. kM. TIpu 9TOM CKOPOCTH YBEIMUEHUS KaK YacTOThHl BCTPEYaeMOCTH,
TaK M IUIOLIAJ1 apeasa Kpada-CTpUryHa OMUIIMO ObLIM CYLLIECTBEHHO BBIILIE, YEM TAKOBBIE Y KAMYATCKOIO
Kpaba (puc. 2).

Puc. 2. Yacrora Bctpeuaemoctd (%) (A) u momams apeana (km?) (B) kpaba-cTpuryHa OMMIMO
¥ KamMyatckoro kpaba no nanabmM 2004-2020 rr.

Fig. 2. Frequency of occurrence (%) (A) and range area (km?) (B) of the snow crab and the red king crab
in 2004-2020
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Jl1s1 aHanm3a U3MEeHeHU , POM3OLIEAINX B COCTaBe MerabeHToca 3a 15 yiet, Oblii BHIOPaHBI y3JIbl
CTaHAAPTHOU ceTKu cTaHImi (puc. 1B), B KOTOpBIX 32 Bech MEpUO] UCCIAEIOBAHUI ObLTN 3aperucTpu-
POBaHbl KpaO-CTPUT'YH ONMJIMO M KaMyaTcKkuil Kpal. [loss kpaGa-cTpuryHa onuivo B oOmieil ouomac-
ce MPWIOBOB B 3aHMMAEMOW MM aKBaTOpUM MocteneHHo yBeanuuBaiack ¢ 0,2 % B 2006 r. 1o 2 %
B 2011 r. B 2012 r. ona Bo3pocina a0 5 %, a k 2013 r. pe3ko yesuumiach 10 15 %. B nocnenyoiiue
roJibl OTHOCHTEJIbHAS OroMacca CTaOMIM3NPOBAJIaCch U HE3HAYMTEIbHO BapbHPOBAJIa HA OTHOM yYpOBHE,
nocturdyB B 2020 r. 20,6 %. OtHOCHTEIbHASI OMOMAacca KaMuyaTCKoro Kpada B 00CIeJOBAaHHOW aKBaTO-
puu B 2008-2013 rr. ocraBanace Ha ypoBHe 1-2 %, onHako ¢ 2014 r. oHa cTana pe3Ko yBeIMunuBaThCsA
u k 2020 r. nocrurna 28,9 % (puc. 3).

Puc. 3. lunamMuKa COOTHOIIEHHS GMOMACChl OCHOBHBIX I'PYIIT MerabeHTOCa U IBYX BCEJICHIIEB B UX apealie
B bapeHnnieBoM mope (TpExJieTHHE CKOJIb3SLIME CPEIHNE)

Fig. 3. Dynamics of the ratio of biomass of the main megabenthic groups and two invasive species in their
range in the Barents Sea (three-year moving averages)

B niesiom B o6acti pacnpoctpaHeHus BeeieHeB ¢ 2006 r. CHU3MIIACH JIOJIT MPAKTHUYECKU BCEX
rpymnn MerabenToca: acuuauii — ¢ 5 10 0,1 % B 2020 r.; cTpekaimx (IpeuMyIecCTBeHHO aKTHHUN) —
¢ 7 1o 1 %; pakooOpa3Hbix (0e3 yuéTa HHTPOAYLIEHTOB) — ¢ 6 110 3 %; Mo/uTIOcKOB — ¢ 5,2 10 1,3 %. 3Ha-
YUTEJILHO YMEHBIIMIACH OIS UTIOKOKUX — ¢ 62 % B 2006 1. 10 36 % B 2020 . He 0OHapy)eHO u3me-
HEHUI B OTHOCUTEILHOM KosinuecTBe nosmxet (Annelida va puc. 3), HemeptuH, npuaryiua u ap. (Varia
Ha puc. 3). Bmecte ¢ TeM oTMedeHO yBeJMdeHue 101 TyOoK B nmpuiioBe — ¢ 5 10 10 % (puc. 3).

JluHAMWKa OTHOCHTEIBbHOUW OMOMAacchl Kpada-CTpUryHa OIMWIMO JEMOHCTPHPYET CTATHUCTHUYECKU
3HAUMMBIA TIOJOXMTENbHBIA Tpena (R? = 0,69; p = 0,0015) (puc. 4). Ilpu ynaneHuu u3 pac-
yéroB ngaHHbIX 3a 2018 m 2019 rr., Korjga mMaccoBble CKOIUIEHHs KpaOa-CTpUryHa OMNMIIMO ObLIH
Henooocnenosansl [ICES Working Group, 2020], koadduimenT netepmunarimu Bospoc 1o 0,79.

Puc. 4. JIluHamMuka OTHOCHUTEJLHON OHMOMACCHI
Kpaba-cTpuryHa onuino B ero apeaye. Cruiomi-
HOW JIMHUEW Mpe/CTABJICHbl TPEXJIETHUE CKOJIb3sI-
[IMe CpeJHHe 3HAYEeHHSs, MyHKTUPOM — JIUHUS
JIMHEWHOTO TpeH 1a

Fig. 4. Dynamics of the snow crab relative biomass
in its range. The solid line represents three-year
moving averages; the dotted line, linear trend
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Cronb3simas cpeJHsisl JMHAMUKHA OTHOCUTEILHON OMOMacchl Kpada-CTpUryHa OMUJIMO B TIpeiesiax
00JIaCTH €ro PacHpOCTpaHEHHs JAEMOHCTPUPYET POCT, IPUYEM C HEOOJIBIIUM CHUXCHUEM B TOCTIE-
HUe roapl (puc. 4), OAHAKO Takas TEHICHIIMs XapaKTepHa He AJis Bcex vacTedd apeana. Tak, Ha [y-
CUHOU OaHKe JIMHEWHBIA TPEeH]] JUHAMUKUA OTHOCUTEIbHOW OMOMacchl Kpaba-cTpUryHa OMUIMO 3a Tie-
puoa 2006—-2020 rr. HOCUT OTpHULIATENIbHBINA XapakTep (puc. SA), Torga Kak B pailoHe LleHTpasnbHoi
BO3BBIIIEHHOCTU 1 HA HOBO3eMeJIbCKOM MEJTKOBOAbE OH MOJIoKUTENEeH (puc. Sb-I).

e
o
N
o

y=-1,2261x+ 16,604
R*=0,6488

y = 1,8088x- 00,3677
R*=0,7117

w
(=]
w
o

20
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)
o
OTHocuTenbHas buomacca, %
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OTHocuTensHan Buomacca, %
L8]
(=1
OtHocuTenbHan buomacca, %

Puc. 5. [luHamMyka OTHOCUTEIbHOW OMOMAcChl Kpada-CTpUryHa OIMWIno B parioHe I'ycuHoit OaHku (A),
HenTpanbHoii Bo3BbiIeHHOCTH (B), 10:kHOI yactn HoBozemenbckoro MeskoBoapbs (B) 1 ceBepHOi yactu
Hoeozemenbckoro mMenkoBoabst (IN). CrutoniHo# IMHYEH npeacTaBlieHbl TPEXJIETHUE CKOJIB3SIIINE CPEeTHIe
3HAYEHUsI, TyHKTUPOM — JIMHUS JIMHEHHOTO TpeH a (MCIOIb30BaHbl IaHHbIE BCEX YJIOBOB B PalioHe)

Fig. 5. Dynamics of the snow crab relative biomass in the Goose Bank (A), Central Bank (B), southern
Novaya Zemlya Bank (B), and northern Novaya Zemlya Bank (I'). The solid line represents three-year
moving averages; the dotted line, linear trend (data from all catches in the area are used)

Hounst KamyaTcKoro Kpaba B cyMMapHO# OMomacce MeradeHToca B Ipejiesiax ero pacipocTpaHEeHuUs
OBICTPO yBEIMYMBAIACH BIUIOTH 10 2015 1., mocie 4ero B onpenesiéHHON CTeNeHn CTaOUIM3UPOBAIaCh
Ha JJOCTaTOYHO BHICOKOM YPOBHE C HE3HAUUTEIbHOUN TeHACHIIMEN K CHUXeHUIO (puc. 6). [luHamuka oTHO-
CUTEJILHOI GMOMACCH KAMYATCKOIO Kpaba JIEMOHCTPUPYET CTATUCTUYECKHU 3HAYMMBIN Tpen (R2=0,81;
p=0,0012).

Puc. 6. [luHamMuKa OTHOCHTEILHOM OHMOMACCHI
KaM4aTCKoro kpaba B ero apeaje

Fig. 6. Dynamics of the red king crab relative
biomass in its range
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[To pe3symbraTam KJIACTEpPHOTO aHaiM3a k-means ObLIO BbiesieHO 11 KiacTepoB B TEpPBOM
aHAJIM3UPYEMOM Tieprojie U 1o 12 KiacTepoB BO BTOPOM U TpeTheM (puc. 7, Tadi. 1).

B 2006-2010 rr. KpaO-CTpUryH ONWJIMO CTPEMHUTENBHO YBEJIMUYMBAJ CBOI YHMCIEHHOCTb B I0TO-
BOCTOYHOW YacTu BapeHiieBa Mopsi, JOCTUTHYB CyOJOMUHMPOBaHUs [Ha (hOHE JOMUHMPOBAHUS MOP-
ckoii 3Be3bl Crenodiscus crispatus (Bruzelius, 1805)] B cooOimecTBax MATKMX IPYHTOB B paiioHe ['ycu-
HoW OaHKM [cooOmecTBo Ne 6 Ha puc. 7 u B Tadi. 1]. K 2010 r. kpa®-CTpUryH oNmuno yxe JOKaJIbHO
npeoOaia mo Gruomacce B yJioBax MerabeHToca B 9ToM paroHe [JIoouH u ap., 2010a].

Puc. 7. CoobmectBa MeraOeHTOCa, BblJIC/ieHHbIe B BapeHIIeBOM MoOpe U MpUJIerailiux Bogax IO pe-
synbTaTam ucciegoranuii 2006-2010, 2011-2015 u 2016-2020 rr. O6o3HaYeHUsT COOOIIECTB PUBEICHBI
B Tab. 1

Fig. 7. Megabenthic communities in the Barents Sea and adjacent waters based on the surveys of 2006-2010,
2011-2015, and 2016-2020. Designations of the communities are given in Table 1
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Ta6uuma 1. CoobOmectBa MerabeHToca, BhiieneHHbIe B Bapentieom mope B 2006-2010, 2011-2015
u 2016-2020 rr. O6Go3HaueHUs1 COOOIIECTB — Te ke, YTo W Ha puc. 7. [IpuBeneHbl JOMUHAHTHI
1 cyOJOMHMHAHTHI C yKa3aHUEM J0JIM OT oO1ieit Gruomacchl coodectsa (%)

Table 1. Megabenthic communities in the Barents Sea based on the surveys of 2006-2010, 2011-2015,
and 2016-2020. Designations of the communities are the same as in Fig. 7. Dominant and subdominant
species are given with relative biomass indicated (%)

2006-2010 rr.

2011-2015 rr.

2016-2020 rr.

+_

camtschaticus (55,0)
Geodiidae (1,9)
Hippasteria phrygiana (1,7)

+_

Paralithodes
camtschaticus (41,7)
Suberitidae (1,8)

=~

Co006- JIOMHHAHTHI Co006- JIOMMHAHTHI Co00- JIOMHUHAHTHI
1LIECTBO 1 CyOJOMHUHAHTBI 11IECTBO 1 CyOIOMUHAHTBI 11IECTBO 1 CyOJIOMUHAHTHI
Paralithodes

Paralithodes
camtschaticus (61,2)

@®-

Gorgonocephalus (14,8)
Ophiopleura borealis (9,7)
Umbellula encrinus (7,6)
Heliometra glacialis (7,3)
Ophiacantha bidentata (5,8)

@

Ophiopleura borealis (21,0)
Gorgonocephalus (12,9)
Molpadia (6,6)
Ophiacantha bidentata (5,6)
Ophioscolex glacialis (4,5)

@®-

Ophiopleura borealis (24,3)
Chionoecetes opilio (4,9)
Molpadia (4,0)
Gorgonocephalus (3,7)

®-

Hormathiidae (5,1)
Hippasteria phrygiana (3,5)

Q-

Urasterias lincki (6,2)
Ctenodiscus crispatus (5,0)

Q-

3 | Geodiidae (75.4) 3| Geodiidae (67.2) 3| Geodiidae (70.,2)
. Parastichopus tremulus (1,4) . Ancorinidae (4,9) . Ancorinidae (4,9)
Bol tuediae (10,1
Actiniaria (57,4) Hormathiidae (8,7) H(;p;Z’;jriZepilZ;;iana )(10 1
Alcyonacea (7,0) Actiniaria (6,5) ;

Parastichopus tremulus (8,2)
Hormathiidae (5,0)
Molpadia (4,5)

O -

Gorgonocephalus (48,8)
Actiniaria (2,9)
Heliometra glacialis (2,8)
Ctenodiscus crispatus (2,5)

Gorgonocephalus (45,9)
Ctenodiscus crispatus (4,2)
Sabinea septemcarinata (3,1)
Chionoecetes opilio (2,1)

O -

Gorgonocephalus (37,6)

Chionoecetes opilio (13,0)
Ophiopleura borealis (4,2)
Ophioscolex glacialis (4,1)

(e

Ctenodiscus crispatus (23,7)
Chionoecetes opilio (7,7)
Urasterias lincki (7,0)
Icasterias panopla (6,7)

OF

Ctenodiscus crispatus (39,6)
Icasterias panopla (18,6)
Urasterias lincki (10,0)
Sabinea septemcarinata (8,7)
Hormathiidae (5,8)

(e

Ctenodiscus crispatus (23,1)
Urasterias lincki (9,6)
Icasterias panopla (6,9)
Polymastiidae (5,0)
Chionoecetes opilio (4,4)

O~

Polymastiidae (10,6)
Actiniaria (8,3)

Molpadia (7,5)
Ctenodiscus crispatus (6,2)
Theneidae (4,1)

O =

Ciona intestinalis (13,7)
Molpadia (11,5)
Ctenodiscus crispatus (4,3)
Strongylocentrotus (4,3)

Molpadia (24,8)
Ctenodiscus crispatus (11,2)
Polymastiidae (3,6)
Theneidae (3,6)

Molpadia (22,9)
Ctenodiscus crispatus (12,3)
Bathyarca glacialis (7,6)
Polymastiidae (7,1)

®-

Strongylocentrotus (35,1)
Sabinea septemcarinata (5,7)
Gorgonocephalus (5,5)
Ctenodiscus crispatus (3,6)

Strongylocentrotus (34,4)
Chionoecetes opilio (18,0)
Ctenodiscus crispatus (9,2)
Urasterias lincki (4,6)
Gorgonocephalus (3,6)

Strongylocentrotus (37,9)
Chionoecetes opilio (9,9)
Gorgonocephalus (1,7)

(s

Heliometra glacialis (27,6)
Actiniaria (6,0)

Sabinea

septemcarinata (3,7)

10

O

Gorgonocephalus (7,9)
Sabinea septemcarinata (6,4)
Heliometra glacialis (6,1)
Ophiacantha bidentata (5,0)
Strongylocentrotus (4,4)
Ctenodiscus crispatus (4,1)

Heliometra glacialis (7,6)
Sabinea septemcarinata (6,0)
Ctenodiscus crispatus (5,6)
Chlamys islandica (5,0)
Ophiacantha bidentata (4,7)
Gorgonocephalus (4,5)

[IpogomkeHue Ha clenyIolei CTpaHule. . .
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2006-2010 rr. 2011-2015 rr. 2016-2020 rr.
Co006- JIOMUHAHTbI Co006- JIOMMHAHTHI Coo0- JIOMHUHAHTHI
LIECTBO U CyOJJOMUHAHTBI LIECTBO U CyOJJOMUHAHTBI LIECTBO 1 CyOJIOMUHAHTHI

Cucumaria frondosa (21,2)
11 Cucumaria frondosa (32,0) 11 Paralithodes

Sabinea septemcarinata . Microcosmus glacialis (4,7) . camtschaticus (13,8)
(15,4) Balanus (1,9) Suberitidae (7,0)
11 Cucumaria frondosa (12,7) Hormathiidae (2,3)
. Sclerocrangon boreas (7,0) Strongylocentrotus (13,8)
Hyas araneus (6,4) 12 Balanus (_1 0.4) ) 12 Strongylocentrotus (16,2)
Balanus (5,8) Chlamys islandica (6,9) Balanus (9,1)
Strongylocentrotus (5,4) Q Alcyonidium Q Chlamys is}andica (6,9)
gelatinosum (5,6)
Hyas araneus (4,7)

13 Chionoecetes opilio (35,3)
+ Ctenodiscus crispatus (4,1)
Gorgonocephalus (3,3)

B 2011-2015 rr. KpaO-CTpHUryH OIWIIKO BHIIIET HA TIO3UIMY CYOJOMUHAHTA B pailoHe HoBo3emeb-
CKOTO MEJIKOBOIbSI (coo0mecTBO Ne 9 Ha puc. 7 1 B Ta0I. 1) u k ceBepy ot LlenTpanbHoit 6ankm (Ne 5).
B 310 BpeMsi OH mpUCYTCTBOBAJI B KauecTBe CyOAOMUHAHTA IPAKTUYECKU BO BCEX COOOILIECTBAX, PA3BU-
Batoiuxcs y apxurnenara Hoeas 3emus. Ilnomans HEKOTOPBIX COOOIIECTB U3MEHSIACh: TAKOBAasI MOP-
CKHX exel, Harpumep, cokpaianack (Ne 9), a mopckoit 3Be3abl C. crispatus (Ne 6) — yBeMuMBaiIach.
[Mocenenus kpada-CTpUryHa OMUIAO ObUTH HEMOCTOSIHHBIMHU (CM. puc. 5). Tak, rnotHoe nocesenue y ['y-
CHHOW OaHKM CHJIbHO YMEHBIIIWJIOCH, UTO CBS3aHO C TepepacnpeseneHneM ckoruieHnid. [Ipu sTom me-
peieive B pailoHsl LIeHTpanbHOI BO3BBIIIEHHOCTH U 10:KHOW yacTu HoBO3eMebCKOro MeKOBO/IbS
CKOILJIeHUsI Kpaba-CTpUTyHa ONMUJIMO HapalllUBaJlM CBOIO 0JI0 B coobiiectBax ¢ 2006 r., a B ceBEpHOM
yactu HoBozemesnbckoro menkoBoibst — ¢ 2009 r.

B 2016-2020 rr. kKpabG-CcTpUryH ONuIno JOMUHUPOBaI B coodmectBax (Ne 13 Ha puc. 7 u B Tadm. 1)
Mmexy apxurenaramu Hosas 3emuis u 3emiisa @panna-Nocuda na rpanuiie ¢ Kapckum Mopem, Ha CKJ10-
Hax HoBozemenbckoro menkoBoaps Uy LleHTpanbHoi GaHkH, a Takke B FOxHO-HOBO3emesnbckoM
x€nobe. ITlnomanpe coodIecTB ¢ CyONOMHUHMPOBAHMEM 3TOro KpaGa BO3pOC/a M OXBATWJIA aKBaTO-
puio ot apxunenaroB 3emiss ®panna-Nocuda n HoBas 3emns no BosebimieHHOCTH [lepcesi, a Tak-
ke ceBepHylo 4acTb [ledopckoro mops (Ne 2, 5 u 9). K rory or apxunenara 3emis Ppania-
Hocuda kpad-CcTpUTyH OMUIIKO BHICTYTIAT CyOIOMHUHAHTOM B cooOtecTBe opuypsl Ophiopleura borealis
Danielssen & Koren, 1877 (Ne 2). Ha HoBo3emenbckoM MeTKOBO/IbE B COOOIIIECTBE MOPCKUX €Xel poa
Strongylocentrotus Brandt, 1835 (Ne 9), rmaBHbIM 00pazom Strongylocentrotus pallidus (G. O. Sars, 1871),
KpaO-CTPUTYH OMUJIMO BBICTYIIAT BTOPHIM MO IOMUHUPOBAHUIO BUIOM. B BOCTOUHOM YacTH MOpS B CO-
obectBe opuyp pona Gorgonocephalus Leach, 1815 (Ne 5) u O. borealis (Ne 2) KpaO-CTpUryH ONUINO
3aHUMaJl BTOPOE MECTO.

B 2006-2010 rr. kaMm4aTCK1ii Kpad JOMUHHPOBAJI CPEJIM METaOEHTOCHBIX OPraHU3MOB B IMPHOPEK-
HbIX Bojiax Koibckoro nosyoctpoBa, B paiiloHe MypMaHCKOTO MEJTKOBObSI M B BOAAX, MPUMBIKAIOIINX
K nosyoctpoBy Kanun (coobmiectBo Ne 1 Ha puc. 7 u B 1adn. 1). B coobmmectse ryook (Ne 3) y Bo-
crouHoro Mypmana u TeroBogHbix BuioB (Ne 4) y 3anagHoro MypmaHa OH BBICTYIIAJI B KauecTBe
CyOJIOMUHAHTA.

B 2011-2015 rr. oH Bcé Tak ke JOMUHUpPOBaI B paitoHe Mbica Hopakan u B Bogax BocrouHoro
MypmMaHa, HO CTaJI peke BCTpeuyaThCs B IPUJIOBaX B MPUOpeXHON oOnacTu 3anagHoro Mypmana u Myp-
MaHCKOT0 MeJIKOBOb . [LTOTHBIE CKOTLIEHHSI KAMYATCKOro Kpada B paiioHe 105KHOTo ckyioHa KaHuHckoi
OaHKHU paclUIMPUIMCh HA BOCTOK, K MOJTyocTpoBy KaHuH.
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B 2016-2020 rr. o0nacTb JOMHHUPOBAHMS KaM4YaTCKOro Kpaba 3HAYMTENILHO pACIIPUIIaCh
B CEBEPO-BOCTOYHOM HAIpaBJICHUH: OH JIOMHUHUPOBAJI B COOOIIECTBaX BOKPYT BCero mosyoctpona Ka-
HUH, K CeBepy U 3amaay oT ocTpoBa Konryes, Bokpyr Kanunckoii 6anku u 'y ['ycunoit 6anku. B coo6-
mectBe rosorypun Cucumaria frondosa (Gunnerus, 1767) (Ne 11 Ha puc. 7 v B Ta0n. 1) kKaM4yaTcKuii
Kpal BBICTYNaJI B KAYeCTBE MEPBOrO CyOJOMHHAHTA B paiioHax Ha ore MypMaHCKOW OaHKH, Ha CKJIO-
Hax KanuHckoii 6anku u Ha ore ['ycuHoi 6aHku. Takske oH BCTpevasicsl B OTpaHMUYEHHOM KOJTMYECTBe
B cooOriecTBax ryook poaa Geodia Lamarck, 1815 (Ne 3), TerioBoaHbix BUIOB (Ne 4) U METKOBOAHBIX
BuzioB (Ne 12) B [lewopckom Mope U Jaxke B coodiecTBe Kpada-ctpuryna omwmmo (Ne 13) y wxkHOM
OoKoHewHocTH apxunenara Hoas 3emus (cMm. puc. 1 u Taom. 1).

OBCYKIEHUE

HccnenoBanusi IMHAMUKH COOOINECTB MaKpo3000eHToca B bapeHiieBoM Mope NmoKas3aliu, 4To UX u3-
MEHEHUsI [0]] BO3JIEHCTBUEM KJIMMATUYECKUX (DAKTOPOB U JIOHHOTO TPAJIOBOTO MPOMBIC/IA PETUCTPUPY-
I0TCSI C 3aJIePKKOM MPHOIM3HUTENILHO B YeThipe roja [[lenucenko, 2013; Jloouna u ap., 2016; Lyubina
etal., 2012]. B cyuae ¢ 6oJiee KpYIHBIMU U JIOJTOKUBYIIIUMHI METaOEHTOCHBIMU OpTaHU3MaMU 3aIePxK-
Ka PerucTpyupyeMoil peakilui Ha CTPEeCcCOBOE BO3JEHCTBUE WM W3MEHEHUE YCIOBHM Cpellbl JOJIKHA
ObITh TIpoOJDKUTENIbHEe. [10 3TUM cooOpakeHUsIM, ISl aHAJIM3a U3MEHEHUI B CTPYKType MeraOeH-
TOCHOM COCTABJISIIONIEN OEHTOCHBIX COOOIIECTB OB PACCMOTPEHBI HE €KETO/IHO T0JTyYaeMble JaHHbIE,
a JIaHHBIE 32 NIEPUO/Ibl TPOJOKUTENILHOCTBIO B MSTH JIET.

Tpancgopmarys cCooOIECTB B pa3IMYHBIX YacTsx BapeHiieBa MOpsi MOKET MPOTEKATh MO Pa3HBIM
CIIeHapusIM (B 3aBUCUMOCTH OT CHJIBI BO3JIEHCTBUS IIpeodiaanmuXx (GpakTopoB).

B 1oxHOl yactu Mopsi Hambosiee 3HAYMMbIMU (haKTOpamMK BO3AEUCTBUSI Ha OEHTOCHBIE COOOIIle-
CTBa SBJISIIOTCS: MPUTOK TEIUIBIX aTIaHTU4YeCKux Boj [[enucenko, 2003, 2007, 2013; 3axapos u ap.,
2022b], akTUBHO BEIYIIUICS 3/1€Ch TOHHBIN TPaIoBbIi pombicesn [Jliooun u ap., 2010b], a Takxke Xu1-
HUYECTBO CO CTOPOHBI KaM4aTckoro kpada [Manyims, 2021a, b] 1 JOHHBIX BUAOB PO (B OCHOBHOM
nmukim 1 kamo6ansl) [Eriksen et al., 2020]. Cnenyer npusHaTh, YTO HU OJUH U3 MEPEUUCTICHHBIX (haK-
TOPOB B T€UEHHE HECKOJbKUX MOCIEAHUX ACCATUJICTUN HEe MPEMsATCTBOBAT aKTUBHOMY MPOIECCYy aK-
KJIMMATU3alIMU KaMYaTCKOTo Kpada B 10:)KHOW YacTu bapeHiieBa MOpsi, HApalllMBaHUIO UM YUCIIEHHOCTH
Y pacIIMpeHuIo apeaa.

JUTeNbHBIA TIepHO/ MOJIOKUTENFHBIX TEeMIIEPaTypHBIX aHOMaNIWi, HaOmonaommxcs B bapeniie-
BoM Mope ¢ koHna XX B. [Tpodumos u ap., 2018; Boitsov et al., 2012], crrocodcTBOBa pacceIeHUI0
Kpaba He TOJILKO Ha 3araji, BI0JIb oOepekbss HopBeruu, HO U B BOCTOYHOM HaIpaBJICHUH, BJIOJIb TIOOe-
pexbsa Kosbckoro nosyocrtposa BILIoTh 10 Boponku benoro mops, a takxke Mypmanckoro u Ceepo-
Kanunckoro menkoBoauii [Kamuarckuii kpa6, 2021].

AKTHUBHO OCYIIIECTBIISIEMbI B 10)KHOU yacTu bapeHiieBa MOpsi JOHHBII TPOMbICENT KpaliHe HEeraThB-
HO CKa3bIBaeTcs Ha MerabeHToce [3axapos, JlioouH, 2012; Jlrooun u ap., 2010b; Lyubin et al., 2011;
Lgkkeborg, Fossa, 2011], Ho kamuyaTcKoro Kkpada 3aTparuBaeT B MEHbIIIEH CTETNIeHH, TaK KaK CyLIeCTBY-
I0I[e Ha JaHHBII MOMEHT MpaBuia pbidosoBcTBa PP HarmpapieHbl HA MAKCUMAJIbHYIO 3AIUTY 3TOTO
BUJA, SBJISIONIETOCs IIEHHBIM MPOMBICIIOBBIM pecypcoM. He nomyckaercss mpuiioB KpaboB B 00bEME
6osiee 10 9k3. Ha 1 T yJOBa; B cilydae MPEBBIIEHNUS STOTO YPOBHSI NIPWJIOBA CYTHO TOJKHO CMEHHUTD
MO3UIIMIO HA 5 MOPCKUX MIIIb. Bee moiiMaHHbIe KpaObl, HE3aBUCUMO OT KOJIMYECTBa, 1MoJia U pa3mepa,
JOJKHBI OBITh HE3aMeITUTENIbHO BO3BpAIlIEHbI B Cpe/ly OOMTaHMs, YTO JOCTATOUHO CTPOrO KOHTPOJIH-
PYIOT Ha/I30pHbIE OpPraHbl. BpakKOHbEPCKHIA IIPOMBICEIT JIOKAJTM30BAH MPEUMYIIECTBEHHO B TPUOPEKHBIX
BO/IaX U OKa3blBa€T MUHUMAaJIbHOE BO3/ICIICTBYE HA TUIOTHbBIE TPOMBICIIOBBIE CKOILJIEHUSI B OTKPBITON Ya-
¢t Mopsi. K ToMy e TOHHBIN TPaJIOBBIN MPOMBICEI SBJISIETCS ISl KpaOOB AOMOTHUTEIbHBIM UCTOYHH-
KOM ITUIIH (OTXOJIbI CYIOBOK 00paOOTKH PHIOBI M BBIOPOCHI HEKOHIUIIMOHHOM YacTH yJIoBa) [MaHyImH,
2021a], a KMBOTHBIE, TPABMUPOBAHHBIE TpajJaMH, CTAHOBATCS [UIsl HUX IPUBJIEKATEJbHOW U JIETKOW
noowrueiri [Kedra et al., 2017].
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EnuHCTBEHHBIM HEraTMBHBIM (DAKTOPOM M3 BBILLIETNIEPEUUCICHHBIX MOKHO CUATATh KOHKYPEHIIMIO
C JIOHHBIMU pbIOAMH, OJHAKO MPOMBICE]T AKTMBHO CHUKA€T WUX [aBJI€HWE Ha JOHHbIE COOOIIECTBa,
a notpebjieHne pbldaMu B3pOCibIX KpaOoB KpaitHe HeszHauutenbHO [[lonros, Bensuk, 2021]. Ta-
KM 00pa3oM, B OTKPHITOM, 10)KHOW 4yacTh BapeHiieBa MOpsi B MOC/EIHUE IO/l CIOKUIUCH BEChMa
OJIaronpHsATHBIE YCIOBUS TSI pacCceIeHHs] KaMJaTCKoro Kpaoba.

Bornee cnabo BeIpakeHHbIH 32 aHATM3UPYEMBIN MEPUO]] POCT YACTOThI BCTPEYaeMOCTH (CM. pHC. 2)
1 00JIaCTU PacIpOCTPaHEHU I KAMYATCKOTo Kpada, 1o CPaBHEHUIO € IOKA3aTeIsIMU Kpada-CTpUryHa Omu-
JI10, 0OYCJIOBJIEH MEHbIIEH IIOMAIbI0 apeaa ¥ TeM, YTO 3HAUUTE/IbHASI YaCTh €ro MOMYJISLUA CKOH-
HEHTPUPOBaHA B PUOPEKHBIX Bojax. Kpome Toro, TpasoBbie YIOBb KAMYATCKOTO Kpaba B OTKPBITHIX
BO/Iax (MPH JIOCTaTOYHO PEAKOW CETKE CTAHIUI SKOCUCTEMHOUN ChEMKH) BO MHOTOM HOCSIT CITyYalHBIN
XapakTep U3-3a BHICOKOW MOOMJILHOCTH IPYIITMPOBOK KPYIMHBIX IMOJIOBO3PENBIX CAaMIIOB: OHU COBEpIIIA-
0T JUIMTESIbHBIE U TTPOTSKEHHBIE MUTPALIMU B TTOUCKAX MUK U K MECTaM pa3MHOxkeHus [bepenooiim,
2003]. 3naunTenbHas 10 KAMYATCKOTo Kpada B o0miel bruomacce MeradeHToca OObsCHSIETCS TaKkKe
TEeM, UYTO B I0’)KHOU 4acTu BapeHrieBa MOpsi TpaJIoBBIN IPUIJIOB MEradeHTOca TOCTATOYHO HU30K. B Ka-
YeCcTBE OJIHOM M3 BO3MOXHBIX MTPUYMH ITOTO OOOCHOBAHHO PACCMATPUBAIOT MHOTOJIETHEE HETaTHBHOE
BO3JIEMICTBHE aKTUBHOTO TPAJIOBOTO MpoMbicia [Jliooun u ap., 2010b]. Tak, naxe oJuH MPOMBICIOBBIT
camell BeCOM B HECKOJIbKO KMJIOTPAMMOB, MOTIABIINIA B TPaJl, MOXKET CTaTh TPUYMHOMN MPEBBIILIEHNS BCEH
Oromacchl MerabeHToca B MPHJIOBE.

OCHOBHBIMH T'PYIIIaMH MaKpO3000eHTOCA, HANOOJIee aKTUBHO BbIEAAEMbIMU KaMYaTCKIM KpaOoM,
SIBJISTIOTCSI UTJIOKOKHe U MOJUTIOCKH [ CTpesikoBa 1 1p., 2021]. Cpey MerabeHTOCHBIX OPraHU3MOB B ITpe-
Aenax 00JIaCT! paclpOCTPaHEHUsI KAMYATCKOTo Kpada B II€JI0M 3a UCCIISIOBAHHBIN MEPUOJ CHU3UIIOCH
TaKke OTHOCUTEIbHOE KOJIMYECTBO AKTUHUI, pakooOpa3HbIX U acuuanuil. OMHOBPEMEHHO OTMEUEHO yBe-
JIMYEHHE OTHOCUTENILHOTO KOJIMUECTBA TYOOK, OMomMacca KOTOPBIX OTPUIATENIbHO KOPPEIUPYET C IJIOT-
HOCTBIO pacripeie/ieH!sl KaMJaTcKoro Kpada. B yactHocTu, B Bogax 3amaaHoro MypMaHa (dacts rmooe-
pekbs K 3anagy oT Koibckoro 3ajiMBa) Nmocjie yMeHbIIeHUs IJIOTHOCTU paclpe/ie/ieH|sl KaM4aTCKOTo
Kpaba 3a(UKCHPOBAH POCT OTHOCHTENILHOM OMOMACCHI TYOOK BIUIOTH O (DOPMHUPOBAHUS JIOKAJIBHBIX
COOOIIIECTB C UX JIOMUHUPOBAHHUEM.

V3mMeHeHre CTPYKTypbl JOHHOTO HACelieHWs, C 3aMellleHneM I'yOKaMHu 4acTh OEHTOCHOTO CO00-
IeCTBA, paHee OBUIO 3apEerMCTPHUPOBAHO B pafioHe CBATOHOCCKOTO TOCEJIEHUS HCIAHICKOTO Tpe-
oemka Chlamys islandica (O. F. Miiller, 1776), B o01acTu MaccoBOro pa3BuTusi (hbayHbl CECTOHO-
(paros [3onorape, 2016; HocoBa u ap., 2018]. OcHOBHBIM (paKTOpOM, IMOBIMABIIAM Ha U3MEHE-
HHME COCTaBa COOOIIECTBa B 3TOM pailoHe, CTajJ MHOTOJETHHUH MpoMmbices rpedemika. B pesysbra-
Te IepesoBa U BO3HMKIIEH Ha ero (poHe SMM300TUM MPOU3OLLIO 3aMelleHUe JOMUHUPYIOUIETO BH-
na (MCIaHACKOTO Tpedemnika) APYTMMH cecTOHO(aramu, NmpeuMyiecTBeHHO ryOkamu. OHH, B OT-
e oT GoJiee BBICOKOOPTraHW30BAHHBIX KUBOTHBIX, CJ1A00 TOJBEPKEHBI MPECCy XHUIMHWKOB, WH-
(pekIMOHHBIM 3200JI€BaHUSM M TPaBMATU3MYy OT BO3JECUCTBHS MPOMBICIOBHIX Apar. Tak, Hapyie-
HHE 1IeJIOCTHOCTU Tesa TYOKM MpHU MEXaHWYEeCKOM BO3JEHCTBUM MOXET MPOBOLMPOBATh (DOPMHUPO-
BaHME HOBBIX 0COOEil Ha OCHOBE 0Opa3oBaBHIMXCs (PparMeHTOB. B MCKYCCTBEHHBIX YCIIOBHUSIX (ppar-
MeHT ryOku Geodia barretti Bowerbank, 1858, mmpoko pacnpocrpanéHHoii B BapeHrieBom Mope,
3a roJi MOJHOCTBI0O PEereHepupoBal CTPYKTYpy Teja M yBeiauumia ero maccy Ha 40 % [Hoffmann
et al., 2003]. Ha maHHBII MOMEHT He SICHA BEpPOSITHOCTh OOpAaTHOTO Mpoliecca — IO KOHKYPEHT-
HOMY 3aMelleHHI0 T'yOOK rpeOelIkaMu MpU MpeKpallleHnd WX MpoMbicia. BeposTHo, mporecc ae-
rpajalnyu rpeGerKoBOro MoceNeHns Mo/ BIUSHUEM IPOMbICIAa HEOOpaTUM; TOTZIa BOCCTaHOBJIEHHE
3araca 3TOro IIEHHOrO BUJa 10 NPEXHEro YpoBHSI HEBO3MOXHO. OnHaKo JUisl JAPYrMX BHUJOB JaH-
HBIA (DAaKTOp MOXET OKa3aThCsl TMOJIOKHUTEIBHBIM, IMOCKOJBbKY I'yOKH, 0Opa3ys IUIOTHBIE TOCeJIeHUs,
CO3JAI0T OJIATONPUSATHYIO Cpely OOMTaHUsI 1J1s1 MHOTMX BUIOB kUBOTHBIX [Kedra et al., 2017; Khalaman,
Komendantov, 2011].
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[Toxoxas KapTMHa OTMEYeHa B pallOHaX MacCOBbIX nocesneHuid Kykymapuu C. frondosa Ha men-
KOBOJIbSIX B CEBEPO-3aMaIHOM U 10r0-BocTouHOM yacTsax mops (IlInunbdeprenckas, ['ycunas u Ceepo-
Kanunckas 6anku, mnaro Mosnepa). B nepuon 2006—-2010 rr. e€ cooO1iecTBO He BBIIEISIIOCH B Kade-
CTBE OTAEJIBHOIO MPH KJIACTEPHU3ALIUH, a ObLIO COETUHEHO C COOOIIECTBOM, XapaKTEPHBIM I MEJIKOBO-
aui 1oro-Boctoka Mopst 1 yactu Lnundeprenckoit 6anku. B 2011-2015 rr. oTHOCHTEIbHASI OMIOMacca
KyKyMapHy B I0KHOW YacTH MOPsI YBEJIMIMIACH (CM. TaOJ. 1), 9TO MOKET OBITh CBSI3aHO C TIOCTETICH-
HBIM BbIEJIAHUEM KaMYaTCKUM KpaOoM OIpeAeiEHHBIX TPYIIT OEHTOCA U C MEPECTPONKON CTPYKTYPBI
cooOrecTB. PaHee aHAJIOTMUHBIE CTPYKTYpHBIE IEPECTPOMKHA — YMEHbIIIEHHE KOJUYEeCTBA OCHOBHBIX
KOMITOHEHTOB (TaKCOHOB) pallMOHA KaMYaTCKOro Kpada M yBeJMYeHue OOMIMs UX TPO(UUECKUX KOH-
KypPEeHTOB, He MOTpedIsieMbIX KpaOoM, — ObUIM 3aperuCTPUPOBAHBI B MAKPOOSHTOCHBIX COOOIIECTBAX
Mortogckoro 3amuBa [CtpesikoBa v ap., 2021]. CxoaHy10 KapTUHY OTMEYaJIM U B PsIJIE APYTUX BOAOEMOB
NPy NOSIBJIEHUU BcesieHieB [AnmnmoB u 1ip., 2000].

DTONOrMYECcKre aCleKThl OMOJOTMM KaMYaTCKOro Kpada u Kpaba-CTpUryHa ONuJIMO CYIIECTBEHHO
paznuyatorcs. KamyaTtckuit kpad, 06JacTi pa3MHOKEHHUSI 1 OTKOPMa KOTOPOTO pa300IeHbl B IPOCTPaH-
CTBE, COBEpPULIAET JJIMTEJIbHBIE U MPOTSKEHHBIE MUTrpalvu. Kak yka3aHo Bbllle, B OCHOBHOM 3TO Kaca-
€TCsI KPYITHBIX TTOJIOBO3PEJIBIX CAMIIOB MIPOMBICJIOBBIX pa3mMepoB. CaMKH M MOJIOADb SIBIISIIOTCS OoJiee
OCeUIBIMU 1 IPAKTUIECKH KPYIJIOTOIMYHO AEPXKATCS B Y3KOM NPHOpesxHOi rojtoce [KamuaTckuii kpao,
2021]. Takum 06pa3oMm, B I03KHOM, OTKPBITOM YacT bapeHiieBa Mops B IPUJIOBE MPe00IajaloT KpyITHbIe
CaMLbl KAMYATCKOro Kpada, KOTOpbIe MOTYT ObITh OXapaKTePU30BaHbI KaK MACYIIMECs XUIIHUKU. Mexk-
Ay TeM 1Jis1 Kpada-CTpUryHa ONWJIMO XapaKTepHa 3HAYUTEIbHO MEHee BhIpaKeHHAs] MUTPALIMOHHAS aK-
THBHOCTD; B TIpeJeJlax BCEro ero apeasa B yJIOBaX BCTPEUYAIOTCsI 0COOM 000X MOJIOB U BCEX BO3PACTHBIX
IpYI ¢ He3HaUMTeIbHON nuddepennmanuei mo rryounam [Zakharov et al., 2021b].

Poct momynsiun kpada-CTpUTyHA ONMJIMO TPHUBE K 3aceJICHUI0 MM OTPOMHOM aKBaTOPUHU B BO-
CTOYHOM U ceBepHOM 4yacTu bapeHineBa mopss — ot Iledopckoro mops 1o apxunenara 3emis PpaHua-
Nocuda u ot apxunenara Hoeas 3emuis o [lInundeprena. B nienom paccenenue kpaba-CTpuryHa omnm-
JIMO BO MHOTOM KOITMPYET pacnpezesieHue B peaenax bapeHiieBa Mopsi THXOOKEaHCKUX O TTPOUCXOK-
JEHUIO BUJIOB, HAIIPUMEP MOJUTIOCKOB OyKImHK [ 3axapos, 2013]. B HacTosIee BpemMsi THXOOKEaHCKHUE
BUJIBI BCTPEUAIOTCSI TIOBCEMECTHO B BapeHIieBoM Mope, OHAKO YCTONYMBBHIA (DAyHUCTUIECKUI KOM-
rieke onu popmupytot Ha HoBozemenbckom, Kanuncko-Ileyopckom u Menpexuncko-Hane:xx auHckom
MEJKOBO/IbsIX. PayHHCTHUECKOE CXOJCTBO JIOHHOTO HACENIeHHUs CBUAETENILCTBYET O OJIM30CTU YCIOBHIM
OOUTaHUS B ITUX YIAIEHHBIX IPYT OT JIpyra paioHax.

B Hacrosimiee Bpems apean Kpada-CTpUTYHA ONFJIMO MPOAOJDKAET PACHIMPAThCS HA 3amaj, B Ha-
HpaBJ'IeHI/II/I apxnr[enara H_Im/lu6epreH, rac 6eHTOC CXOJIICH I10 BI/IILOBOMy COCTaBy 1 KOJIMYECTBECHHBIM
XapaKTepUCTUKAM C COOOIIECTBAMHM, IIMPOKO PACIPOCTPAHEHHBIMU B 00JIaCTH HamOoJjee IIOTHBIX
COBPEMEHHBIX CKOILJIEHUH Kpala-CTpUryHa OMUIIHO.

[1pu 5TOM COBpeMEHHBIE IaHHBIE CBUIETEILCTBYIOT O TOM, UTO pacIIMpeHHe apeaia Kpaba-CTpuryHa
OINWJIMO B 3allaJHOM HAIIPABJIECHUU [TPOUCXOAUT 3HAUMTEIBHO MEJJIEHHEE, YeM Ha BOCTOK, B IIpUJIETra-
fomue paiioHsl Kapckoro mops [Zalota et al., 2018, 2019, 2020; Zimina, 2014]. ITo-Bugumomy, oc-
HOBHBIM (DaKTOPOM, KOTOPBI TOPMO3UT €r0 PAaclpOCTPAHEHUE Ha 3arajl, B HACTOSAIIEEe BpeMs SBJISAET-
cs1 moteruieHre Bo bapeHiieBa Mopsi, Habogaomieecs Ha MPOTSHKEHUH TIOCTIEAHUX HECKOJIbKUX JIeCs-
twiietud [ICES Working Group, 2022]. OueBuiHO, YTO B Cllyyae MOXOJOAAHUS MPOLECC 3aCEIeHUs
KpaOOM-CTPUT'YHOM OINMJIMO 3alaJHOM 4acTh MOpsi MOXeT yckoputhesi [bakane, 2017] u B paiione
apxurnenara [Inmundepren MoxkeT chopMHUPOBATHCS HOBBIH IIEHTP €ro BOCIIPOM3BO/ICTBA B JIOTIOJTHEHHE
K umemomemycs y apxunesara Hopas 3emurs.

B nepuoa 2006-2010 rr. B ['ycrHOM OaHKe B OTAEbHBIE TOIBI MPUJIOB Kpada-CTPUTYHA OITHJIMO
nocturan 30—40 % ot maccel yJ0Ba; B MOCIEQYIOIIME TOAbl MPOU3OILIM CHUXEHUE €r0 YUCJIEHHO-
CTH B 9TOM paiioHe 1 (POPMUPOBAHNE HOBBIX IUIOTHBIX MOCETEHUI 3HAUUTEILHO CeBepHee, B 001acTH
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CeBepo-HoBo3eMenbcKoro MeJKOBOIbsl U BOCTOYHBIX CKJIOHOB LIeHTpasibHON BO3BBIIIEHHOCTH U BO3-
BoillieHHOCTH [lepces. CHMkeHMe YMCIEeHHOCTH Kpada-CTPUTryHa OO U €r0 3HAYMMOCTU B Mera0eH-
TOCHOU 4acTH OEHTOCHOTO co001IecTBa B pailoHe ['ycuHOI OaHKKM MOXKET ObITh CBSI3aHO KaK C BIUSHUEM
TEIJIBIX BOJI OIHOM W3 BeTBell Hopakarckoro TeueHus, Tak U ¢ yMEHbIIIEHHEM KOPMOBOM 0a3bl MmocJe
B3PBIBHOTO POCTa YMCIICHHOCTH BCEJICHIIA.

Nurepecen Takske ¢dakt Hamuus B 2006—2010 rr. coobmectBa ¢ toMuHrpoBanueM acuuanu Ciona
intestinalis (Linnaeus, 1767) B paiione LlearpanbHoit Briagunsl (Ne 8 Ha puc. 7 u B Ta0i. 1). B cinemnyio-
IIYe /IBa TIepHO/Ia OHO YK€ He BBIIEISIOCh, OHO OBLIO TOTJIOMIEHO COOOIECTBOM C JOMHUHUPOBAHUEM
rojiotypuii poga Molpadia Cuvier, 1817. OT4actu 3TO MOXET ObITh OOYCJIOBJICHO BbIEIAHMEM aCIH-
IWU pacTyIei MomyJsiuen Kpada-cTpuryHa onuino. bosbiioi pazmep, MArkoe HMIMHAPUIECKOE TEJIO
0e3 3aIUTHON 000JIOUKH, MPUKPETUIEHHBIA 00pa3 )KU3HU — BCE ITO, CKOpee BCEro, Ceaso acluaui
ySI3BUMBIMU JIJTsI BCEJICHIIA-XUIIHUKA TIPU €r0 MacCOBOM IMOSIBJIEHUH, B OTJIMYKE OT 3aKarbIBAIOIIXCS
B I'PYHT MOJIbIIAJUIA.

Be3ycoBHO, IpY MOXOJIOJAHUHN YacTOTa BCTPEYAEMOCTH M apeasl Kpada-CTpUryHa ONuino OymyT
yBemunBaThes [bakanes, 2017], oMHAKO pOCT YUCIEHHOCTH BCEJIEHIIA B YK€ OCBOCHHBIX aKBATOPUSIX
MAaJIOBEPOSITEH, MMOCKOJIbKY OCHOBHBIM JIMMUTUPYIOIIMM (haKTOPOM B STOM CIIyyae BBICTYNAeT HE TeM-
nepaTypa OKpyXkaloliei cpesbl, a KopMoBas 6a3a. [1o Bcell BUIUMOCTH, MOCTIe 3acesieHus ONpeeeH-
HBIX PailOHOB OYIyT MPOUCXOJUTH Mepepacrpe/ie/ieHre CKOIJICHUH B MOIXO/ISIIUE 1)1 BUAA CMEKHbIE
coo0IecTBa 1, BOZMOKHO, JaJibHEHIIee YMEHbIIEHHE YUCIIEHHOCTH BCEJIEHIa JI0 ONpeaeEHHOTO, OIl-
TUMaJIHOTO ypoBHs. Ha TaHHBI MOMEHT IOX0kas KapTuHa HaOmoaaercs B [ 'yCHHON OaHKe U B HEKO-
TOPOH Mepe B 10:kHOW yacTu HOBO3eMeIbCKOro MeJIKOBO/IbS, TJIe POCT YUCJIEHHOCTH BCEJIeHIIA CHUXKA-
eTcs win yxe npekparuics. Ckopee Bcero, HoBble YpoKaiHble TOKOJIEHHS OyAyT BOZHUKATH JIOKATbHO
BO BIIEPBbIE OCBaMBAEMBIX BCEJICHIIEM aKBAaTOPUSIX, HANIpUMep B pailioHax apxunenaroB lInundepren
u 3emns Ppanua-Mocuda, a Takke BO3BBIIIEHHOCTEN CEBEPO-LIEHTPAIbHON YacT! MOPSI.

Kak 1 kamyatckuil KpaO, KpaO-CTPUTYH OMUJIMO BBHITECHSIET WM 3aMelaeT a0OPUTEHHBIE BUIIBI MTY-
TEM UX TOeJIaHNS WM KOHKYPeHIUH 3a nuiry. OHAKO W3-3a CBOMX MEHBIIIUX Pa3MepOB KpaO-CTpUTYH
OIMUJIMO, CKOpee BCEro, He CIIOCOOEH MoeiaTh KPYITHBIX 0coOel MeraOeHToca; OH OKa3bIBaeT BIIUSHUE
Jyepe3 BblegaHMe MX MoJjioau. OTYacTu Ipecc BeesieHIIa Ha MeraOeHTOC MOJKET CHYIKAThCs 3a CUET
noTpedIeHns] KpaboM Makpo3000eHTOCA.

B nocneanue ronpl 1ons Kpaba-CTpUryHa ONMWJIMO B YJIOBaX B JaBHO OCBOGHHOW MM aKBaTOPUU
JEPKUTCS HA YpOBHE OKOJIO %5 00mmieli OrMomacchl TpajioBoro MerabeHroca. MOKHO MPEATIONOXUTS,
4TO B ycJIoBUsIX BapeHiieBa Mops Takoe COOTHOIIEHUE SIBJISIETCSI ONTUMAIbHBIM U B IEPCTIEKTUBE Oy IeT
COXPaHATHCA B IIpeiesiaX BCE aKBaTOPUM, OCBOEHHOU 9TUM BUIOM.

OueBUOHO, YTO MOsIBJICHUE Kpada-CTPUryHA OMUIMO U KaMuyaTCKoro kpaba B skocucteme bapen-
1ieBa MOpsS He BeJET K YBEJIMYEHUI0 OOIIell OMOMPOAYKTUBHOCTH BOJOEMA, TaK KaK TMOCIEAHSS TO-
HOCTBIO OTIpe/IeNIsIeTCS YPOBHEM JIOCTYITHBIX ISl JOHHOTO HAaceJIeHUs TIHIIEBBIX PecypcoB [3eHKeBHY,
1970], To ecTh mepBUYHON MPOAYKIIMHU. B cilyuae paccMaTprBaeMbIX BCEJIEHIIEB peUb UIET TOJIBKO O Tie-
pepacnpeie/ieHuy SHEPreTHUECKUX MOTOKOB M O HapalMBaHUKM UX OMOMAcCCHI 32 CYET HATHBHBIX BH-
10B. Byyul MCKIIIOUUTEIBHO TUIOTOSITHBIMU SKUBOTHBIMH, 3TH JIBA BUJA HE MPUBHOCST B IMUILEBYIO
MUpaMUIy HOBbIE WJIM HEBOBJICUEHHBIE MCTOUYHMKN OMOTEHHBIX JIEMEHTOB (HAampuMep, HeBOCTpeOo-
BaHHBIM JETPUT WU TUIAHKTOH), & JIUIIIb SKCIUTYaTUPYIOT B TPAHC(OPMUPYIOT CYIIECTBYIONINE TOHHbBIC
coobmiecTBa [bronornueckue nasaszuu, 2004; llagpun, Anygpuesa, 2019].

OdeBUIHO, YTO B TEKYIIMX YCJIOBHSX 00a Kpaba MpOJOJIKAT pacIIUpsTh CBOM apeal B pamMKax
KOM(OPTHOTO Mana30Ha YCIOBUH U HATMYHMS JOCTATOYHON KOpMOBO# 6a3bl. KamuaTtckuit kpad Oyner
U JaJibllie BCTpauBaThes B coodiectBa [ledopckoro Mopsi v npuiieraioniyx K Hemy akBaropuil. OiHako
MPO/IBUXKEHHE ero Ha ceBep, CKopee Bcero, orpaHnuutcs ['ycuHoit 6aHko# u riato Moiiepa, a Ha BO-
CTOK — MEJIKOBO/IbSIMU, MOJIBEPKEHHBIMU 3UMHEMY BBIXOJAKUBAHUIO. Apeast Kpada-CTpUryHa Oruirio
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OXBaTUT BCIO CEBEPHYIO M BOCTOYHYIO YaCTh MOPs1, 33 UCKJIIOYEHUEM PAlOHOB, HAXOSIIUXCS MO, BJIU-
SIHUEM TEIIBIX amIaHTU4YecKux BoA. Ero pacripenenenue OyaeT HEpaBHOMEPHBIM, OJHAKO ILIOMIA[b
COO0O0IIeCTB MEraOEHTOCHBIX OPraHU3MOB C €r0 JOMUHUPOBAHUEM YBEIUUYMUTCS. B3anMHasi KOHKYpeH-
[IUs1 MEXTy BCEJICHIIAMU OKaXeTCsl, CKopee BCero, MUHUMaJIbHOW U OyJIeT HaOJII0JaThCs JIUIIh HA CThI-
ke apeayioB. [Ipn kimmMaTuyeckux (PIyKTyaIrusx apeajibl KpaOoB OyIyT M3MEHSThCS B MPOTHBO(da3e:
IIPH TIOTETJICHUH apeal KAMYaTCKOTo Kpaba CTaHeT PacHIMpsAThCS, a Kpada-CTpUTyHa — YMEHBIIAThCS,
¥ Ha00OPOT.

Takum oOpa3om, B HacTosiliee Bpems JOHHBIE cooOriecTBa bapeHiieBa Mopsi HaXOAsTCS B CO-
CTOSIHUM TpaHC(OpPMallMM, BBI3BAHHOM JJIMTENIbHBIM MEPUOJIOM TMOTEIVICHUS] M MOsIBJIEHUEM HO-
BbIX MHBa3MBHBIX BUJAOB. [IpenacraBiieHHbIe pe3yJbTaThl MO3BOJISIOT MPEANOJIOKUTb, YTO B MPOLEC-
Ce OCBOCHHs paccMaTpUBaeMbBIMU KpaOaMu BCEH JIOCTYITHOW IJII HUX aKBaTOPHU JOHHOE HaceJe-
Hue BapeHiieBa MOps MpeTepnuT 3HaUMTe bHbIE CTPYKTYPHbIE U3MEHEHHUsI B Mpejesax Bceill o0aacTu
UX PacrpOCTpPaHEHUS.

Mamepuan oas dannotli padomul 6bln cOOpan 8 pamkax zocyoapcmeennozo 3adanust Tonsprozo duauana
QI'BHY «BHUPO» u Hncmumyma mopckux uccaedosaruii 6 bepeene. [lyoauxauus nodzomoenena 6 pamkax
2ocyoapcmeenrozo 3adanust SUH PAH Ne 122031100275-4.

BuaarogapHocTh. MBI TpU3HATEIBHBI BCEM KOJUIETaM U COTPYAHUKAM Ha KOpaOiisx, B JaOopaTopusix U B ou-
cax 3a pabOTy B COBMECTHOH POCCHUICKO-HOPBEKCKOM IKOCHCTEMHON ChéMKe BapeniieBa mops. Ml KpaiiHe
GnarolapHbl pelieH3eHTaM 3a UX 3aMeYaHUsl ¥ MOJIOKUTEILHYI0 UTOTOBYIO OIICHKY Halllel paOoTHL.
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IMPACT OF THE RED KING CRAB AND THE SNOW CRAB
ON THE BARENTS SEA MEGABENTHIC COMMUNITIES

D. Zakharov!, I. Manushin?, L. Jergensen®, and N. Strelkova?

1Zoological Institute of Russian Academy of Sciences, Saint Petersburg, Russian Federation
ZPolar branch of VNIRO (“PINRO” named after N. M. Knipovich), Murmansk, Russian Federation
3nstitute of Marine Research, Bergen, Norway
E-mail: zakharden@yandex.ru

The work is devoted to problems of mutual adaptation of two invasive commercial crab species, the red
king crab Paralithodes camtschaticus and the snow crab Chionoecetes opilio, and the recipient ecosys-
tem of the Barents Sea. Data on the distribution of megabenthic communities obtained for 2006-2020
are provided. The dynamics of invasive crab populations is analyzed, and related changes that oc-
curred in the Barents Sea bottom communities during this period are studied. Mechanisms of the im-
pact of crab species on bottom communities and prospects for their colonization of the Barents Sea
are discussed. The research is based on the results of quantitative and taxonomic analysis of bycatch
in 6,010 by-catches with a Campelen 1800 trawl performed in the Barents Sea in 2006—-2020 during
the joint Russian—Norwegian ecosystem survey on RV of the Polar branch of VNIRO and the Institute
of Marine Research. The expansion of the range and increase in abundance of the red king crab since
the early 1990s led to its colonization of the vast water area of the southern Barents Sea. In 2006-2010,
this species dominated in megabenthic communities around the Murmansk Rise and Kaninskaya Bank.
In 2016-2020, the red king crab spread north and east — up to the Kolguev Island and the southern slope
of the Goose Bank. An increase in abundance of the snow crab resulted in its colonization of a huge
area in the Barents Sea: from the Pechora Sea to the Franz Josef Land archipelago and from the Novaya
Zemlya archipelago to the Spitsbergen archipelago. In 2006-2010, the snow crab abundance started
to increase in the Novaya Zemlya archipelago area; there, it was a subdominant species in communi-
ties of soft sediments of the Goose Bank. In 2011-2015, the snow crab began to dominate in com-
munities of the Goose and Novaya Zemlya banks and the northern Central Bank. At the same time,
it continued to increase its role as a subdominant species in almost all megabenthic communities near
the Novaya Zemlya archipelago. Later, in 20162020, this species dominated in benthic communi-
ties on the boundary with the Kara Sea between the Novaya Zemlya and Franz Josef Land archipela-
gos, on the slopes of the Novaya Zemlya Bank, near the Central Bank, and in the Southern Novaya
Zemlya Trench. Its range increased and covered the area from the Franz Josef Land and Novaya Zemlya
archipelagos to the Perseus Bank in the west and to the Pechora Sea in the south. As shown, under cur-
rent climatic conditions, the red king crab will remain part of megabenthic communities in the south-
eastern Barents Sea. The snow crab will continue to migrate from the east to the western Barents
Sea, up to the Spitsbergen archipelago, where similar benthic communities exist; in case of colder
weather, its migration will occur faster. A scenario is possible in which shallow waters of the Spits-
bergen archipelago will be a new reproductive center of the snow crab population in the Barents Sea,
along with the current center near the Novaya Zemlya archipelago.

Keywords: Barents Sea, megabenthos, bottom communities, red king crab, Paralithodes camtschaticus,
snow crab, Chionoecetes opilio
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«ATtnanTrdukanua» bapeHnesa Mops MPUBOIUT K YMEHBLIEHHIO IUIOIIAAH JIEASHOTO TIOKPOBa U yBe-
JIMYEHHUIO NIEPUOJA OTKPBITOM BOABL. DTOT MpOLECC BIMSET Ha BCIO MeJarnyeckylo skocucremy ba-
peHLieBa MOps, TIe OCHOBHAS 4acTh TOJJOBOW NEPBUYHON MPOLYKIUH (PUTOIIAHKTOHA (popMUpYeTCS
BO BpeMsl BeCEHHEro I1BeTeHus. KoHlleHTpanus XjIopoduiuia a oTpakaer n3MeHeHrs OnoMacchl (pu-
TOTUIAHKTOHA U MOXET CIIyKWTh TOKa3aTeJieM ero MpOoayKIMOHHBIX XapakrepucTtuk. Becnoit 2021 T.
Ha CBOOOJHOM OTO JIbJja akBaTOpry BapeHiieBa Mopsi ObIIN MCClIeJOBaHbI THIPOIOTMUECKUE XapaKTe-
PUCTHKH BOAHBIX MAacC U OCOOEHHOCTH paclpe/ieieHus] KOHIEHTPALMU XJI0poduiia a 1 OMOTeHHbIX
3JIEMEHTOB. DTOT IoJ] XapaKTepPU30BaJICs OTPULIATEIbHBIMA aHOMAJIMAMM JIeIOBUTOCTU. Pacrnionosxe-
HHE M MPOTSKEHHOCTh 30H MOBBIIIEHHBIX (WJIM MOHMKEHHBIX) KOHLIEHTpaLUil XJopoduslia a corna-
COBAJINCH C YepeJJOBAHUEM BOJAHBIX Macc. BbUIM BBHIBIEHH Pa30OMEHHbIE LIEHTPbl PAHHEBECEHHETO
[BETCHUS] — B NPUOPEKHBIX BOJAX Ha I0TO-BOCTOKE U Ioro-zamnaje bapeHniieBa mops. B koHne map-
Ta — HavaJle anpesis MaKCUMaJIbHble KOHLEHTPALUK XJI0po(UIa a B IPUOPEKHBIX BOJAX JOCTUTAIH
3HauYeHnit okono 1 Mr-M~>. B 310 %e BpeMs B 6apeHIIeBOMOPCKIX U APKTUUECKHX BOJIAX MAKCUMyM
KOHIEHTpalmii He npesbiman 0,20 Mr-M~>. Pacripesienienrie GMOTEHHBIX 2EMEHTOB COOTBETCTBOBAJIO
TaKOBOMY B 3UMHHUM MEPHO[l, KOTa BEPTUKAIbHbBIE IPaJUEHTHI 3THX MapaMeTpoB enlé He chopMHpPO-
BaJIMCh. BenuiiHbl HackilieHus1 BOJ KuciiopogoM Bbiie ypoBHs 100 % (B pa3HOH cTeneHW Ha Bceil
MCCIIEIOBAaHHON aKBaTOPHM) XapaKTepU30BalIM aKTUBU3ALMIO Mpolecca (POTOCHHTE3a B (PUTOIUIAHK-
TOHHOM COOOIIeCTBE. AHAJIM3 MHOTOJIETHUX JaHHBIX CBUIETEJbCTBYET, YTO MOCJEAYyIoIee aKTUBHOE
BECEHHee I[BETeHNe (PUTOIUIAHKTOHA B TOJbI C OTPUIIATENIbHBIMU AaHOMAJIMSMU JIEIOBUTOCTH HACTYyIIa-
JIO yXe BO BTOPOW-TPEThEW JIeKaje ampess B Pa3dNyHbIX TUIAX BOAHBIX Macc bapenineBa Mops —
B aPKTHYECKHX, ATIAHTHYECKHUX ¥ IPUOPEKHBIX BOJAaX (MAKCUMYM KOHIIEHTpaLuii XxJopoduiia a go-
crurai 5,69 Mr-M—> B apKTHUecKUX Bojiax). B Mae mpoliecc BeCEHHEro [BEeTeHUs OXBaThiBaJ yke BCIO
akBaTopuIio bapeHnieBa Mops M BCe THIBI BOOHBIX MacC (MAaKCMMYM KOHLEHTpalyi Xj1opoduiia a —
5,08-5,77 MF-M_3). B aHOMasIbHO XOJIOHBIE TOJbl HU3KOE MOJIOKEHUE JIEAOBOW KPOMKU B MapTe —
arpeJsie OrpaHUYMBAJIO BOSMOKHYIO 00/1aCTh pa3BUTHs (PUTOIUIAHKTOHA, a aKTUBHAs (pas3a ero upere-
HUSA (COIIACHO CIyTHUKOBBIM JaHHBIM) HacTylajla ropasjo mosxe, B Mae. «AmiaHtudukammsa» ba-
peHIIeBa MOps CIOCOOCTBYET PACIPOCTPAHEHHMIO BECEHHETO 1BETeHUs (PUTOILIAHKTOHA Ha OOJIbIIIeiH
AKBaTOPUH, YTO MOKET BIUATH Ha TOJIOBBIE MPOAYKIMIOHHBIE ITOKA3ATEIN BCEH MEIaruaim.

KiroueBble cioBa: xjopopuiul a, BECeHHee IBETEHHE, BOJHBIE MAacChl, «aTIAHTU(UKALMI»,
bapenneso mope

MN3MeHeHne KiIMMaTa OKa3bIBaeT U, I10 IMIPpOrHo3am, 6yaeT NpoaoJIKaTh OKa3blBATbh 3HAYUTCJIbBHOC
BO3HefICTBHC Ha MOPCKHUE 3KOCUCTEMbI ApKTI/IKI/I C IIOCJIEACTBUAMU HA PA3JIMYHBIX YPOBHAX! IEIarnvc-
CKOM, OEHTHYECKOM U CHUMIIATUYECKOM. Ha6n10;1aeM0e PE3KOEC NMOTCIVICHUE B APKTUICCKOM 621CC€IZH€,
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KOTOpoe Hayasioch B 1980-X IT. MO/ BIUSHUEM IIOOAIBHBIX KJIMMAaTHYeCKUX aHomaimii [Barber et al.,
2008; Comiso, Hall, 2014], npuBesio k U3MEHEHUAM KJIMMATUYECKUX U TUAPOJIOTMYECKUX TapaMeTPOB
Bapeniiesa mops. B mocnenHee BpeMst (pKcUpyIOTCS yBeIndeHrue 00bEMa 1 OBBIIIEHUE TEMIIEPATY PbI
ATJIAHTUYECKUX BOJ, MOCTYNAIIMX B bapeHIieBo Mope, a Takke CBS3aHHBIE C 9TUM OecIpelie/IeHTHOe
COKpallleHue MOPCKOTO JIb/Ia U YBEJIMUEHUe TIepruoia OTKPHITON Boakl [ Asiekcees, 2015; Boitsov et al.,
2012; Zhichkin, 2015].

TepmuH «amiaHTU(DUKALMS» BIEPBbIE ObLT MCMOJIBL30BaH, YTOOBI OXapaKTepU30BaTh MEepUOANYE-
CKYI0 CMEHY BEPTMKAaJbHOU CTPYKTYpBl BOJ B LIEHTpajbHOI yacTu bapeHueBa mops [Reigstad et al.,
2002]. B manbHeiieM 310 MOHATHE ObIJIO pacIIMpeHo Ha BcE€ BapeHrieBo Mope 1 orpeesieHO Kak BO3-
pactaHue MPUTOKA ATVIAHTUYECKUX BOJI, TPUBO/IAIIEE K COKPAIIEHUI0 MOPCKOTO JibJia B Mope. B HacTos-
1ee BpeMs TEpMUH IPUMEHNM YykKe Ko BceMy Oacceiiny HanceHa. Ycemnenue «atnantudgukanmm» CeBep-
Horo JIeIoBUTOro OKeaHa 3aKJII04YaeTcsl B paCHIMPEHUU 30HbI BIUSHUS aTJIaHTHUECKUX BOJI HA €ro TH/-
POJIOTMYeCKHi 1 JTeJJOBbIN pexuM [ AkceHoB, MBanos, 2018]. BapeHiieBo Mope, SIBsCh CBOEOOPa3HBIM
teriooOMeHHUKOM CeBepHoro JleqJoBUTOro okeaHa, BbIIIseT OOJIBIIYI0 YaCTh MOCTYMAIONIETO0 OKeaH-
ckoro Tervia u3 CeBepHoll ATIaHTUKK. CBSI3aHHBIA C STUM TEIIOOOMEH MEkIy BO3IYyXOM M MOpEeM
UrpaeT pemamIlyo pojb Kak B PeryJMpoOBaHUM KJIMMaTa, TaK U B ONpeeSICHUN TTyOUHHON IUPKYJIs-
uun B CeBepHoM JlenoBuToM okeaHe U 3a ero npenenamu. CoriacHO MPOrHo3aM KJIMMaTUYeCKON MO-
JeJH, BeCbMa BEpPOSITHO, UTO OXJIakaamias poib bapeHiieBa Mopsi OyIeT IpoIoKaTh PaCIIUPAThCS
no Kapckoro mMops, a 3atemM 10 ApKTUYeCcKOro 0acceiiHa B YCJIOBUSIX TIOTEIJIeHUs KiuMaTa. B pe3yib-
TaTe apKTHUUYecKas «aTIaHTU(pUKaIUs» B OyAyIeM CTaHeT yCHJIMBAThCS M CMemaThes K nostocy [Shu
etal., 2021].

B Hacrosiiiee Bpemsi ypoBeHb 3HAHUI O TOM, KK KJIMMAT BAMSET HA CPOKU Havyasla BECEHHETO I[Be-
TeHUs1 (PUTOIUIAHKTOHA, €r0 MPOAOKUTEILHOCTh M YPOBHU KOJIMUYECTBEHHOTO PAa3BUTHS MEPBUYHBIX
MPOJYIIEHTOB aPKTUYECKUX BOJI, OCTAETCS orpaHudyeHHbIM. [Ipemnoaraercs, 4to coKpalieHue miona-
11 Mopckoro Jibaa B CeBepHoM JleqoBUTOM OKeaHe MPUBEAET K YBEIMUEHUIO TIEPBUYHON MPOITYKITUN
(purornankrona [Kahru et al., 2011; Wassmann, 2011]. 9toMmy OyayT cnocoOCTBOBaTh yBEIMYEHHE
TUIOIIA/IA OTKPBITOM BOJIBL, O0Jiee MPOAOIKUTENIbHbIA BEreTAlIMOHHBIN MEPUOJ] U AOTIOTHUTEIbHBIN JKC-
MOpT yIiepoja B nejaruayib U3 atmocgepst [Lewis et al., 2020]. Bece 311 pakTOpbl MOTYT HOBIUSThH
Ha (peHoJIOTMIO 1IBeTeHUS (puTOIUIaHKTOHA B bapeniieBom mope [Dong et al., 2020; Oziel et al., 2017].
N3meHeHne ce30HHBIX IPaHUIl MOPCKOTO JIbJIA, CBSI3AHHOE C YMEHBIIIEHUEM JISSTHOTO MIOKPOBa, B bapeH-
LIEBOM MODE YK€ MPUBEJIO K CMEIIEHUI0 BECEHHETO U JIETHETO I[BETeHUs1 (PUTOIUIAHKTOHA B CEBEPHOM
Y BOCTOYHOM Harpasienusix [Oziel et al., 2017].

B apkruyeckoii v cybapKTHUecKoi 30He MUPOBOro okeaHa OCHOBHAsI YaCTh TOJIOBOM MEPBUYHON
MPOAYKIMKU (DOPMHUPYETCSI BO BPeMsI BECEHHETO IBeTeHMS (PUTOIUIAHKTOHA; BCE JaIbHEWIee pa3Bu-
THE YKOCHUCTEMbl aPKTUUYECKHUX MOpEN B TEUYEHHE Tojia ONpelesieTCsl YDOBHEM BECEHHETO IBETCHHUS.
[Toa uBeTeHueM (PUTOIMIAHKTOHA MMOHUMAIOT €KEr0JIHO MOBTOPSIOIIeecs MOBBIIIIEHHe ero ooiei Ouo-
Macchl. B ceBepHOil yacTu BapeHiieBa Mopsi Ha4aJlo 3TOTO Mpolecca TPAAUIIMOHHO CBSI3BIBAIOT C MPH-
KPOMOYHOM JIEIOBOY 30HOM, B I0T0O-BOCTOYHOW YaCTH — C palloHaMH MEJIKOBO/IMH U CTPYSIMU OCHOBHBIX
amtantuueckux TeueHudl [Kysuenos, Illommnua, 2003; ITnankron mopeit 3anagHoit Apktuku, 1997;
Biological Atlas, 2022]. Hauano uBeTeHus1 onpenessieTcs CoBnajeHeM psiga puzndeckux (hakTOpOB:
TasHUSA JIbJa, KOJMYECTBA MOCTYMAIOIIEr0 CBeTa, CTpaTU(UKAIIMKM BOJHOHN TOJIIHM, BETPOBOTO MepeMe-
[IMBaHUs1, 00ECTIEYeHHOCTH OMOTeHHBIMU dJIeMeHTaMu U T. 1. [Fujiwara et al., 2014; Park et al., 2015;
Wang et al., 2018]. LiBerenne HaunHaeTcs, MO JaHHBIM Pa3HbIX aBTOPOB, B MapTe-arnpesie [Biological
Atlas, 2022; Qu et al., 2006] wiu anpene-mae [Kysuenos, [lommna, 2003; [Tnankton Mopeit 3amagHoun
Apktuky, 1997]. OCHOBHBIMY, IOMUHUPYIOIIMMU BUJAMU SIBJISIOTCS MPEICTABUTENIM APKTUYECKUX JU-
ATOMOBBIX BOJIOPOCJIEN HEpUTHYECKOTo porcxoxaeHus [Makarevich et al., 2012]. Becennee 1iBerenue
B bapeHIieBoM Mope I0CTUraeT CBOMX MaKCUMAJIbHBIX 3HAUEHUI B Mae Ha BCEl CBOOOJHOM OTO Jibja
AKBaTOPHHU, BKJIIOUAsH 30HY AperyIOlInX JIbAOB, U 3aTyXaeT B JIETHUE MECSIbl, & OTMEUEHHbIE B psilie
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CJly4aeB BCIIBIIIKYA (DUTOTUIAHKTOHA JIETOM B MPUKPOMOYHOH JIEIOBOW 30HE HOCSIT BTOPUYHBIH, (ha-
KyJbTaTuBHbIA Xapaktep [Ky3neuos, Hlommna, 2003; Biological Atlas, 2022; Wassmann et al., 2006].
Kaxk mpaBuio, uccienoBanus in sifu OXBaTHIBAIOT TOJBKO HEOOJbIINE YIaCTKUA MOPS (MEPUIUOHAIbHbIE
VI HIUPOTHBIE pa3pesbl), UTO He TIO3BOJISET CAeIaTh BBIBOJIBI 00 OCTAILHON YacT akBaTopuu. bosee
TMOJTHYI0 KapTHHY MOXKHO HalTH B PadOTax Ha OCHOBE CIYTHUKOBBIX HaOmoaeHuil. OQHAKO I BbI-
COKMX IMUPOT TOJTyYeHHE CITYTHUKOBBIX JAHHBIX 3aTPYAHEHO BBHUJIY BBICOKOW OOJIAYHOCTH M CBSI3aHO
CO 3HAYUTEJILHBIMU UX UCKAKEHUSIMU B pe3yJIbTaTe OCPEeJHEHUI.

B mapte — anpene 2021 r. ObUM IPOBEAEHBI SKCIEUIIMOHHBIE UCCIIEAOBAHKS Ha CBOOOIHOM OTO
Jbaa akBatopun bapeHiieBa Mopsi. Llebio paOoTHI SIBJISUIOCH BHISIBIICHHE IIEHTPOB PAHHEBECEHHETO I1Be-
TeHus1 (PUTOTUIAHKTOHA. [IJ1s1 9TOr0 Onpeesisiv KOHIIEHTPAIHIo XJIOpousuia a, i3MEHYMBOCTh KOTOPOI
B IIEJIOM MOKET OTPakaTh M3MEHUMBOCTh OMOMACChI (DUTOIJTAHKTOHA M CITYKUTh TIOKa3aTesieM OOIIero
OOWJIHSI ¥ TIPOJTYKTUBHOCTH (PUTOTUIAHKTOHHOTO COOOIIIECTRA.

MATEPUAJI 1 METO/1bI

Pab6ots! 6bun ipoBesieHsl B xoae perica HUC «[lanbuue 3eneHibl» B iepron ¢ 10 mapra o 12 an-
penst 2021 r. v oxBaTWIM OOIIMPHYIO YacTh akBaTOpUM bapeHieBa Mopsi, CBOOOJHYIO OTO Jibjia. Bruto
BBIIIOJIHEHO 9 pa3pe30B B IMPOTHOM U MEPAAMOHAIBHOM HAIIPABJIEHUH, BKJIIOYABIINX 52 TUAPOJIOrnye-
CKHUe cTaHIMU ¥ 34 KoMIuleKcHble cTaHuuu (puc. 1). Hymepanms cranumii M pa3pe3oB — B COOTBETCTBUU
C pENCOBBIMU 3aIIUCSMHU.

Puc. 1. PacnionoxeHnue craHIui 1 JieJOBbIe YCIIOBUS, bapeHiieBo Mope, MapT — arnpesns 2021 r. [Tonoxenne
kpomku Jpaa mo [EOSDIS Worldview, 2022; Johannessen et al., 2007]

Fig. 1. Location of stations and ice conditions, the Barents Sea, March—April 2021. The ice edge location
according to [EOSDIS Worldview, 2022; Johannessen et al., 2007]
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Jnst ommcaHMs THAPOJIOTMYECKOW CTPYKTYPhl BOAHBIX MAacc B paiiOHe HCCIIeIOBaHWE ObLIM HC-
MOJIb30BaHBl MaTepualibl pericoBoro otué€ra [2021]. Ha 52 craHiusx ObLT BBIIOJHEH KOMILIEKC
rujiposiornueckux padot. Temmeparypy U coj€HOCTh BOabl ompenensiiu ¢ nomoinsio CTD-30HA2
SBE 19plus V2 SeaCAT (Sea-Bird Scientific, CIIIA). Ha ocHOBaHMM TOJTy4YeHHBIX JAaHHBIX OBUIH
MOCTPOEHBl U30JIMHUM TeMIIepaTypsl U COJIEHOCTU BIOJb pa3pe3oB. sl BblAEIEHUs BOAHBIX Macc
HCToIb30BaH MeTon TS-anammza [Mawmaes, 1987].

OT160p poO MOPCKOI BOJBI IsI MOCAEAYIONIETro ONpeeieHrst KOHIEHTpaluid xjaopoduia a (1a-
nee — Chl-a) (Mr-Mm~*) ocymecTsisamm Ha ropusontax 0, 25 u 50 M. Ucnonb3osamu 6atomerphl Huic-
kuHa Ha 5 u 10 1 (Hydro-Bios, I'epmanus). Beero otobpano u obpadorano 114 mpod. Msl npu-
JEepKUBAIUCh METOIMYECKUX pekomeHanumii [Aminot, Ray, 2000], ocCHOBaHHBIX Ha KJIACCHUECKOM
metone onpeaeneHuss KonneHtpaimii Chl-a FOHECKO [Determination of Photosynthetic Pigments,
1966]. OTKJIOHEHUsT OT METOJUKHU He JIOMyCKaJIUCh. [1IpoObl BOJIBI 00BEMOM S JI )i KaXKI0Tro rOpH-
30HTa (PUIBTPOBAIM HEMEMJIEHHO Ha BAKyyMHOW YCTaHOBKE B CyAOBOH Jlabopatopuu. Mcnonb3oBa-
M MeMOpaHHble (pMIIbTpbl «Bragunop» nuamerpoM 47 MM u pasmepom mop 0,6 mxm. IMocne (usb-
TpauuK (PUJIbTPBI, CIOKEHHBIE MOMOJAM OCAJKOM BHYTPb, XPaHWIM B MOPO3UJIbHOW Kamepe B IKCH-
Karope ¢ cwimkareseM npu temmepatype —20 °C. danpHeinnyio oOpaOOTKy OOpa3lioB IMPOBOIAMIH
B CTallMOHAPHOW ruapoxumMmuueckoi sadoparopun. Ocanok sxcrparupoBaiid 90%-upiM anietroHoMm. Io-
cJle TOMOTeHU3aLMK TTPOBOIMIN HeHTpHdyruposanue 06pasuos npu 8000 06.-mun~". KonuenTpanuio
Chl-a B 3kcrpakre onpenensuim Ha cnekrpodgoromerpe Nicolet Evolution 500 (Spectronic Unicam,
BesmmkoOputanus).

Js1 aHasIM3a MPOCTPAHCTBEHHOro pacripenesieHus: koHueHtpauui Chl-a no Bceil akBaTropun Mo-
Ps1 IPUBJIEKAJIM JIaHHbIE CITyTHUKOBOT'O JUCTAHIIMOHHOTO 30HAMpoBaHus. Vcnonb3oBanu aemudpoBan-
Hole CHUMKU NASA [Ocean Color NASA, 2022]. K aHanu3y NpHUBJIEKAIU CYTOYHbIE U OCPEIHEH-
Hble (3a Mecsn) nanHble. Mcnonb3oBamu Level-3 CHL co cniytaukos SeaWiFS (marepuan 3a 1998 r.)
u MODIS-Aqua (matepuan 3a 2021 r.). Jannsie ¢ caitta NASA nmnoptuposanu B ' MMC-nipuiioxkenue
ArcMAP u ¢dopmupoBaii pacTpoBble HM300paxeHHs] MpocTpaHCTBeHHoro pacrpeaenenus Chl-a
3a ONpeeIEHHBIN MIepUO/I.

JI71s1 THIPOXUMHMYECKHX MCCIIeOBaHUI 00pa3iibl MOPCKOM BOJIBI OBUIM OTOOpaHBI Ha Topr3oHTax 0,
10, 25, 50 u 100 M u B npugoHHoM ciioe. KoHueHTpauuu pactBopéHHOro kuciopoza (O,) (mr-1")
onpenesisuii ¢ TNoMollblo aHaiu3aropa kuciopona MAPK-303 (B30P, Poccus). Ilokazatens
KHCJIOTHO-IIEJIOUHOTO paBHOBecusi (pH) w3mepsiin B He(pUIBTPOBAHHBIX MPOOAX BOABI HA MOHOMeE-
pe U-500 («AkBuion», Poccusi) ¢ mpuBeseHMeM K 3HaueHMio in situ. HeopraHumyeckuil pacTBo-
péunblii docop (P-PO,) onpenensim meronom Mépdu u Paitnmn, pacTBopéHHBI KpeMmHuUil (Si-
S105;) — meropom Koponésa, aurputsl (N-NO,) n Hurpateii azor (N-NO;) — meronom benn-
mHaiinepa u Poduncona [PykoBoactBo no xumuueckomy aHanusy, 2003; Chemical Methods, 1983;
Methods of Seawater Analysis, 1999]. Iloka3arenu usmepsuim Ha cnektpodoromerpe I13-5300BU
(«9kpocxum», Poccus).

[Ipn aHanu3e [AaHHBIX WCIOJB30BAIM 3HAYEHHUs] cojepkaHus amiantuueckux (fa, %)
n peunsix (fr, %) Bom, a Takke BOI, TpaHC(OPMUPOBAHHBIX B pe3yJbTaTe Jiea000pa3oBa-
Hus/nepotasuus (fi, %). DTH BeJMUNHBI TOJYYEHbl PACUETHBIM MYTEM IO MPEJICTaBIEHHBIM B padoTe
A. A. Hamarona [2021a] 3aBHCHMOCTSM.

DTU 3aBUCUMOCTH T0JTy4eHbl 1pu aHaau3e 2200 pe3yabTaToB Napajuie/bHbIX ONpeAeeHH COJIEHO-
ctu 1 u3otonHoro napamerpa 8'30 B nepuos ¢ 1978 no 2014 r. B BapeHrieBoM Mope pasHBEIMK aBTO-
paMu, B pa3jIMiyHble BpeMeHa rojia M Ha pa3jiMyHbIX ropu3oHTax. OO0CHOBaHME BO3MOKHOCTH UCTIONb-
30BaHMs JAHHBIX 3aBUCHMOCTEN 3a IpejielaMi MMeIONIerocs psja HabmoaeHuii conénoct, — O'80
paccmorpeHo A. A. Hamsarosem [2021b].
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PE3VJIbTATHBI

Boanbie Macchbl Ha BBINIOJHEHHBIX pa3pe3ax. bapeHnesomMopckas BogHast macca. Paszpessl
u 11 OputH BbIoIHEHBI 2 1-26 MapTa B paitone LlenTpasibHoit koTioBUHBI BapentieBa Mopsi. [loBepxHOCTD
BOJIbI B 9TOM paiiOHe He OXJIaXKJaeTCs 3UMOM TAK CHIIBHO, KaK B I0TO-BOCTOYHOM YacTH MOpsi, Onarogapsi
JEVCTBUIO TETUTBIX aTJIAHTHYECKUX TedeHni. Ha cranmusax pa3spesa [ BogHast Tosa Obl1a XOpOIIo mepe-
MelllaHa OT TOBEPXHOCTH JI0 THA U 3aHsATa OAPEHLIEBOMOPCKUMU BOAAMU, KOTOPbIE UMEJIU TEMIIEPATYPY
0...-0,5 °C u conénocts 34,72-34,83 PSU (puc. 2).

Puc. 2. Temneparypa (T, °C) u conénocts (S, PSU) Ha pa3pesax: a — paspes [; b — pazpes 11
Fig. 2. Temperature (T, °C) and salinity (S, PSU) at the transects: a, transect I; b, transect II

B Hanbosee riryOokoBOAHOI yacTH paspesa (ct. 28—30) Ha ryouHax 6osiee 150 M omtyianock Bius-
HUE aTJIaHTUYECKUX TEYEHUH, BBIPAKEHHOE HE3HAUUTENIbHBIM MTOBBIIEHUEM TemIiepatypsl (10 +0,5 °C)
u conénocru (o 34,91 PSU). Ha ct. 33-35 paspesa Il nepemeriaHHblil cJI0M BOJIBI paclipoOCTpaHsIC
1o rayounsl 100—150 m. Ero xapakTepucTHKY TEMITEPATYPhI M COJIEHOCTH COOTBETCTBOBAIN OAPEHIIEBO-
MopckuM. [Toj nepemeriaHHbIM CJIOEM TeMIIepaTypa HECKOJIbKO CHUKAJIAch, a COJIEHOCTh BO3pacTaia.
Ha crt. 36 Ha riiyOoune okosio 100 M oOHapyxuBaiachk témas (+2,2 °C) crpys TpaHChOPMUPOBAHHBIX
aTIaHTHYeCKuX BoA HoOBO3eMeNbCKOro TeueHMs, COXPAHUBIIMX CBOIO WIEHTUYHOCTb TOJBKO B TOJE
TeMIieparyp (He B 110JIe COJIEHOCTEN).

Ha cr. 32 pa3pesa I, Hanbosiee nprOIMKeHHON K KPOMKE JIb/Ia, 3aPETMCTPUPOBAHO MAaKCUMAITBHOE
3HaYeHHE HACHIIIEHHOCTH BOJbI PACTBOPEHHBIM KHCI0poaoM — 102 %. BenuurHa B 6oJee 3anaaHoi
yactu pa3pesa He npesbimasa 100 %.

Kouryesckasa BogHast macca. CbEMKa C BHICOKUM IPOCTPAHCTBEHHBIM Pa3peLIeHUEM (paccTos-
HUE MeXIy CTaHIMAMH OT 5 10 10 MOpcKkuX MuJb) ObLIa MpoBejieHa BOJM3M KPOMKHU JIbJja B CEBEP-
HOU U 10ro-BocTtouHOU 4vactsix mMopsi. Pazpessl III, IV u V pacnonaramich B 10ro-BOCTOYHOW 4acTH
BapennieBa mopsi. B 3Ty yacts ¢ benoMopckum TedyeHreM mocTynaer Boja u3 benoro mMops ¢ coné-
HOCThI0 OKOJI0 33 PSU. HanbGosbimas co€HOCTh B TAHHOM paiioHe HaOJI0IaeTCcsl B IEPUO C HOSIOPS
o ¢eBpasb. [ToHnKeHre COIEHOCTH, CBSI3aHHOE C MOCTYIUIEHUEeM OMpPecHEHHBIX BoA U3 Benoro mops,
HAuMHAeTCsl yke B MapTe U 3aTParvBaeT HE TOJIbKO MOBEPXHOCTHBIM CJIOH, HO M MPOMEXKYTOUHbIN
U Iaxe npuaoHHbI [Oxurud u ap., 2016]. B Teyenne 3uMHHUX MecsIieB CBOOOAHAsSI OTO JIbJla aKBa-
Topusi bapeHnieBa Mopsi MHTEHCUBHO oxJaxaaercs. [log nelicTBueM KOHBEKTMBHOIO M BETPOBOTO Iie-
peMeNIMBaHUs B 9TOT MEpUo]] 00pa3yeTcsi OTHOCUTENIBHO OJHOPOIHBIN MO TEMIIEpaType U COJIEHOCTH
cnoit ToammHoi 100—150 M. B MeKOBOAHBIX palloHaX MOpPS MEPEMEIIMBAHUE MOXKET JOCTUraTh [IHA.
CrpyKTypa BOJHOH TOMIIM YCIOXKHSETCS BECHOU B CBSA3M C HAUAJIOM TastHUA Jibjia. PaboThl 31€ch ObLIN
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BBINIOJIHEHBI 2729 MapTa, Korja BeCeHHee TasiHue Jibja emié He Havaiock. Ha pazpesax III u IV tem-
niepatypa M COJIEHOCTh C INTyOMHON MOHOTOHHO pociu. Temrieparypa MOBEpXHOCTHA BOJIBI COCTaBIIsI-
ma —1,8...—1 °C, y ngHa 6bu1a 6smu3ka k 0 °C, a Ha HEKOTOPBIX CTAHIMAX JOCTUTAJA TIOJI0XKUTEIbHBIX
3HaueHui (puc. 3).

Puc. 3. Temnepatypa (T, °C) u conénocts (S, PSU) Ha paspesax: a — paspes III; b — pazpe3 IV;
¢ — pa3pe3 V

Fig. 3. Temperature (T, °C) and salinity (S, PSU) at the transects: a, transect III; b, transect IV; c, transect V

MuHMMaTbHOE 3HaYeHUE COJIEHOCTH Ha MoBepXHOCTH cocTapisiio 33,9 PSU. MakcumaiibHOe ObI-
1o 3adukcupoBaHo y qaa — 34,6 PSU. Ha paspese V (ct. 49 u 50) Ha ryoune 100 m Obuta oOHa-
pyxeHa crpys Te€mwbX Boa (+1,4 °C) ¢ conénocreio 34,7 PSU. 9tu cranuuu npuypouensl k CeBepo-
HoBozemenbckomy k€100y, ABISIONIEMYCs] OMTHUM U3 IyTel pacrpocTpaHeHus: TpaHC(POPMUPOBAHHBIX
aTmaHTudeckux Bog HoBosemelnbckoro tedenus. B obmem Bune cranimu paspesos III, IV u V mo-
IyT ObITh OTHECEHBI K KOJTYEBCKOW CTPYKType BOAHBIX Macc. B paiioHe 3THX pa3pe3oB XapaKTepH-
CTUKM U CTPYKTypa BOJHOW TOJIIM ONPEAESISIOTCs MPEeUMYIIECTBEHHO MOCTYIJIEHUEM OIpPECHEHHBIX
Boj1 u3 benoro mopsi, 60JbIIM 00BEMOM PEYHOTO CTOKA B I0TO-BOCTOYHYIO YacTh BapeHiieBa Mops
Y UHTEHCUBHBIM NIepeMelIMBaHUeM BOJ, 10 JHA B OCEHHE-3UMHUIA IEPUO/.

BocTtouHble cTaHIK 3TUX Pa3pe30B ObUTU BBHITIOJHEHBI B HETIOCPEICTBEHHOW OJIM30CTH OT KPOMKH
nbaa. Ha maHHBIX CTaHIUSAX BEJTMUYNHBI HACHITIEHHOCTH BOJI PACTBOPEHHBIM KHCIIOPOJOM OBbLITH HUIKE
100 %. OmHako TpH yaaJIeHUuH OT KPOMKH Ha CeBepOo-3ara] ObUIO 3apeTUCTPHUPOBAHO MPEBHIIICHUE TT0-
poroo#t BeinuuHb B 100 %, 4TO yKa3bIBaeT Ha MOJI0KEHUE MIEPBbIX BECECHHUX 0YaroB aKTUBU3aLIMU IIPO-
niecca potocuntesa. Ha 6oee 1oxxHOM paspese Il aTa od6macth npuypodyeHa K MoBEPXHOCTHOMY CJIOKO
cT. 42 (101 %), a Ha Gonee ceBepHBIX pa3pe3ax IV u V 061acth ¢ HAMOOIBITMMY 3HAYSHUSIMH JTAHHOU
BeJIMYMHBI Obl1a pacrionioxkeHa B cioe 40—-60 m. Makcumymsl coctasiisi 101 1 104 % cooTBeTCTBEHHO.
Pacnipesienienre ocTaibHBIX OMOTEHHBIX JIEMEHTOB IO pa3pe3am ObLIO IMSTHOOOPA3HBIM.

Apkrnueckast BogHasi macca. Paspesst VI, VII u VIII 6butn BeimosHeHs! 31 MapTa — 3 anpens
B CEBEPHOI 4YacTU MOpsl BOJIM3U JIEAOBOM KPOMKH; TaJbIid CJIOW B MEPUOJ MCCIEAOBAHUNA OTCYTCTBO-
Baj. Ha paszpesax VI u VII Bcs BogHas Tonmia OblTa 3aHSATAa BOAOM apKTUYECKOTO MPOUCXOXKICHUS.

Mopckoii 6uosorrueckuil xypHai Marine Biological Journal 2024 vol. 9 no. 1



Jlokanuzanuus HEHTPOB PAHHEBECEHHEI'O IBETCHUSA CpHTOHHaHKTOHa B II€J1aruajimn BapeHueBa MopAa 57

Temriepatypa U COJEHOCTh YBEJIMYMBAIUCH C IIyOnHOM, y aHa gaocturamm —0,8 °C u 34,82 PSU co-
otBeTcTBeHHO (puc. 4). Ha pa3pese VIII takxke npeoOnasany apKTHUECKHe BOJIbI, OJHAKO Ha CT. 61
1 64 y ITHa OLIYIIAJIOCh BIMSHUE aTIAaHTUYECKUX BoJ. Temreparypa AOCTUraia MojJOKUTEIbHbIX 3HA-
yeruit (+0,5 °C). B atoM paiioHe cyIecTBYeT CIOKHAsi CUCTeMa TEYeHUH, CIIOCOOHBIX MPUHOCUTH
KaK aTJaHTUYeCKUe BOJIbI C 3arafHON TpaHuIlbl bapeHtieBa Mopsi, Tak U CUJIbHO TPAaHC(OPMHUPOBAHHBIE
aTJIaHTUYECKHE BOJIBI, MPOIIe e Yepe3 APKTHIECKUAN OacCeiH.

Puc. 4. Temnepatypa (T, °C) u conénocts (S, PSU) Ha pa3spesax: a — paspe3 VI; b — paspe3s VII;
¢ — paspe3 VIII

Fig. 4. Temperature (T, °C) and salinity (S, PSU) at the transects: a, transect VI; b, transect VII;
¢, transect VIII

[TpeBbillieHHe HACHILIEHUS] BOIbI KUCIOPOAOM (PUKCHUPOBAIM B TMOBEPXHOCTHOM CJIO€ Ha TIpO-
TSOKEHUH TouTH Bcero paspesa VIII, sBnsomierocs HambOosiee 3amaJHbIM B 3TOH Tpymme paspe-
30B. B MOBEpPXHOCTHOM CJIO€ I0KHOM €ro 4YacTH BeJMYMHA HACBIIEHUS] KHUCJIOPOJIOM JAOCTHUralia
105 % (ct. 64), a ipeBbIeHne MoporoBoro 3HaveHust B 100 % B MOBEpXHOCTHOM CJIO€ OBUIO OTMe-
YeHO (paKTUUYECKU Ha MPOTSKEHUH BCEro pa3pe3a. B moBepXHOCTHOM cjioe ApYyrux, 0ojiee BOCTOUYHBIX
pa3pe3oB B TOU BOTHON Macce BEJIMYNHBI HACHINEHUs KuciopoaoM Obuti MeHee 100 %: 3HayeHus
coctaBisii 98-99 %.

ATnanTHYecKasi 1 mMpuOpe:KHasl BOJAHbIe Macchl. PaboTh Ha CTaHAAPTHOM OKeaHorpaduue-
ckoM paspese «Konbckuit Mepuauan» ObUTH BHITIOTHEHBI 8—12 anpesns. Pa3pe3 pacnonarancs Ha myTtu
pacnpocTpaHeHus TEMUIBIX Boa Hopakanckoro TeueHust U OnpecHEHHBIX BoJ MypMaHCKOro pruoOpexk-
HOTO TeyeHus1. B 105kHO# yacTu paspesa (cT. 74—76) nonwkenue conénoctu (1o 34,44-34,65 PSU) o0y-
CJIOBJIEHO MPecHOBOAHBIM cToKOM pek CeBepnoit Hopseruu u Kosbckoro noyoctpoBa, epeHOCUMbIM
Hopsexckum nu MypmaHckuM TeueHusMU (puc. 5). I'paHuIa pacipocTpaHEHHUs! ONPECHEHHBIX IMPH-
OpeXHBIX BOJI OIpeesislach Ha MOBEPXHOCTU MOPSI MeXAy cT. 74 u 73. B meHTpabHOM YacTu pas-
pe3a (ct. 67-73) onpenensuiuch aTJaHTUYECKUE BOABI BHICOKOH coniéHoctH (34,95 PSU). Ha cr. 66
OCHOBHas BOJJHAsI TOJIIA ObUIA 3aHATA APKTUIECKUMH BOJIAMH, UMEIOIIIMMU OTPHIIATEILHYIO TeMIiepa-
Typy (1,2 °C) 1 nonmxkennywo conéHocts (34,44 PSU). V aHa Ha c1. 66 onpenensiics cioit Oosee
témwnon (+0,8 °C) u 6onee conenoit (34,84 PSU) TpancopMUpOBaHHOM aTIAHTUYECKOW BOJIBI.
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Puc. 5. Temnepatypa (T, °C) u conénocts (S, PSU) Ha pa3pese «Konbckuil Mepunuan»
Fig. 5. Temperature (T, °C) and salinity (S, PSU) at transect “Kola Meridian”

Ha stom paspese, B OT/IMUUE OT APYrux, B IOBEPXHOCTHOM CJIO€ OT I0KHBIX JI0 CEBEPHBIX CTAHLIUI
HACHIIIIEHUE BOJ| PACTBOPEHHBIM KHCI0po1oM mpeBbimano 100 %. B moBepXHOCTHOM clioe aTJIaHTUYe-
CKMX Boj BennuuHa usMensiack ot 100 go 102 %; 3HaueHue pe3ko Bo3pocio 10 108 % B XONMOAHBIX
ApPKTUYECKHUX BOJIaX B CEBEPHOU UacTU pa3pesa.

I'mapoxnMmnueckne nmokasareu BOAHBIX Macc. Bece BoiHble Macchl bapeHiieBa MOpsi COCTOSIT
13 TpEX 0a30BBIX BOJ — aTJIAHTHYECKUX, PEYHBIX M TPaHC(OPMUPOBAHHBIX B pe3yJibTaTe Jieqoo0pa-
3oBaHus1/nenorasHus [Namyatov, 2021a]. I3MeHeHre COOTHOIIEHHSI 3TUX BOJ B T€UYEHHE roja B pe-
3yJIbTaTe MX aBEKIMU U3 IPYTUX aKBATOPUM U B pe3yJibTaTe BEPTUKAIBHOIO NEPEeMEIIMBAHUS MOKET
3HAYUTENILHO BJIMATH Ha XapaKTep IOJ0BOTO LKKJA U3MEHYMBOCTH UCCeyeMoro aiemMenTa. B Tadin. 1
MpeCTaBlIeHbl CpeIHUE 3HAUCHUS M CPEIHEKBAIPAaTUUHbIE OTKJIOHEHUSI KOHIIGHTPAIUil paccMaTpuBa-
€MBIX OMOTeHHBIX 3JIEMEHTOB, BEJIMUUH TEMIepaTyphl U COJEHOCTH, a TaKXkKe 3HAYCHUs COJIEPKAHUS
amtantuueckux (fa, %), peunsix (fr, %) u tanbix Boj (fi, %) B ONMMCAHHBIX HAMHU BOJHBIX Maccax
B Mapte — amnpene 2021 r.

OO1eit uepToii pactpeeneHus onoreHHsIx iemMeHToB (P-PO,, N-NO; 1 Si-SiO;) Ha Bcex BHIIOJI-
HEHHBIX pa3pe3ax sBJIAeTCS MX COOTBETCTBUE 3MMHEMY THITy, KOIJIa BEPTUKAJbHbBIE TPATUCHTHI ITHUX
napameTpoB enié He cpopMupoBasUCh. [IpuIOHHBIE CTIOM XapaKTePU30BAIUCh HAMMEHBIIIUMU BEINYH-
HAMU HACBIIIIEHHOCTU BO/IbI PACTBOPEHHBIM KUCIOPOIOM (10 94 %) 1 MOBBIIIEHHBIMU KOHIIEHTPALIUSIMU
MUHepalbHBIX (hopM docdopa, a30Ta U KPEMHUS.
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Tadémmua 1. Cpennue 3HaueHUs] U CpefHEKBagpaTUUHbIe OTKJIOHeHHs BenuuuH Temmepartypsl (T, °C)
u conénoctu (S, PSU), KoHLEHTpauuil OHOTEHHBIX 3JIEMEHTOB, a TaKKe 3HAUYEHHUS COJepKaHWs
atnantnieckux (fa, %), peunsix (fr, %) u Tansix Box (fi, %) B cmoe 0—10 M, mapt — anpens 2021 r.

Table 1. Mean values and standard deviations of temperature (T, °C) and salinity (S, PSU), concentrations
of nutrients, and the values of the content of Atlantic waters (fa, %), river waters (fr, %), and meltwater (fi, %)
in the 0-10-m layer, March—April 2021

Boanas Kon Bap Apk Atn IIp
macca a b a b a b b b
40-42, 5157 52-54,
Ne cr. 39, 43, 47 44, 46, 32 26, 29, 31 61’ 66’ 58-60, 67-73 74-76
48-50 ’ 62-64
T °C -1,82 -1,40 + ~0.19 -0,07 £ -1,64 -1,82 2,16 = 3,54 %
’ 0,02 0,46 ’ 0,42 0,31 0,06 1,30 0,05
34,00 £ 34,18 £ 34,8 + 34,67 £ 34,65 + 3491 + 34,49 +
S, PSU 0,18 0,14 3472 0,01 0,09 0,08 0,04 0,05
fa, % 97,0 97,5 99,1 99,2 98,9 98,8 99,6 98,4
. fa, 96,4-97,5 | 97,0-97,9 99,2-99.3 | 98,6-99,4 | 98,4-99,5 | 99,3997 | 98,2-98,6
min—-max, %
fr, % 2,55 2,09 0,69 0,53 0,84 0,90 0,24 1,29
. fr, 2,04-3,09 | 1,71-2,54 0,51-0,58 | 0,41-1,10 | 0,31-1,67 | 0,34-3,89 | 1,13-1,40
min—-max, %
fi, % 0,49 0,43 0,23 0,21 0,26 0,29 0,16 0,33
. fi, 0,43-0,55 | 0,39-0,49 0,21-0,22 | 0,19-0,30 | 0,17-0,31 | 0,14-0,21 | 0,30-0,34
min—-max, %
0. M| 8,32 8,42 216 8,02 £ 8,48 £ 8,40 = 7,84 £ 7,42 +
2 0,12 0,09 ’ 0,08 0,32 0,19 0,42 0,04
. O, 97,7-100,6 | 98,3-107,5 | 99,3-101,9 100,4 97,3-108,1 105,1 98,2-108,9 | 99,7-101,5
min—-max, %
0,36 + 0,35 + 0,50 + 0,53 + 0,47 + 0,50 + 0,44 +
P-PO,, uM 0,11 0,09 0,59 0,10 0,08 0,12 0,10 0,10
4,61 % 5,33 8,57 £ 7,18 = 7,14 + 10,7 £ 7,19 =
N-NO;, uM 1,20 0,87 7,53 0,33 1,58 0,67 0,74 0,61
. 2,67 % 1,93 + 1,88 + 1,95 + 1,55 + 3,16 £ 2,14 +
SESIO5 WM |y 55 0,75 2,40 0,41 0,31 0,54 0,87 0,33

HpI/IMe‘laHI/Ie: Kon— KOJITYEBCKas BOJAHAA Macca; Bap — 6apCHHCBOM0pCKaﬂ BOJHaA Macca, ApK — apKTUYeCKad
BOJIHAs Macca; AT — aTIaHTA4YecKas BOIHAs mMacca, Hp — HpI/I6pe)KHaH BOJHasdA Macca; a — CTaHIUU, OmKanime

K KPOMKE JIbJid; b— CTaHLIH, PACIIOJIOKEHHBIC Ha OTKpLITOfI BOJE.

Note: Ko, Kolguyev water mass; Bap, Barents Sea water mass; Apk, Arctic water mass; AT, Atlantic water mass;
Ip, coastal water mass; a, stations closest to the ice edge; b, stations located in open water.

Konnentpanusa xjaopocgmuiiia a Ha BbINOJHEHHBIX pa3pe3ax. Ha paspezax I u II (Ga-
peHueBoMopckue Bojbl) KoHueHTpauuu Chl-a cocraBwim B mosepxHoctHoM cioe (0,11 + 0,05)
u (0,13 £ 0,02) Mr-M—> cooTBeTcTBeHHO; Ha ryouHe 25 M — (0,15 + 0,04) u (0,16 + 0,01) mr-m~>
COOTBETCTBEHHO; Ha IiyOouHe 50 M aOCOMOTHBIC 3HAYEHUST ObLIM COIMOCTABMMBI C TAKOBBIMH ITOBEPX-
HOCTHOTO ciiosi (puc. 6a, b). EnunctBeHHas cranuus paspesa II, pacnionoxeHHass B aTJaHTUYECKUX
Boaax (cr. 36), no koHueHtpaiusaM Chl-a He oTIMuanack OT OCTAJIbHBIX CTAHIMI, BBHIOJIHEHHBIX
B OAPEHIIEBOMOPCKUX BOJAX.

Pazpessl 111, IV u V (puc. 6d, e, f), BbIlosHEHHBIE HA I0TO-BOCTOKE MOPSI, HAXOIUJIUCH TTOJ1 BJIUSHU-
€M KOJITYeBCKOU BojgHOM macchl. Ha cranmmsx paspesa Il BOmm3u kpomku sbaa (cr. 39 u 40) KoH-
uentpauuu Chl-a B cpennem cocrasum (0,23 + 0,04) mr-M~ (0 M), (0,18 + 0,09) mr-m™> (25 ™)
u (0,22 *+ 0,03) mr-m> (50 m) (puc. 6d). Ha cr. 41 u 42 conmepxanue Chl-g 3HAUMTENLHO
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yBeMuwioch — go 1,14 mr-m— (0 Mm); Cpe/lHMe TOKa3aTesid 37ech ObUIM HanOoJjiee BHICOKMMM
IU1s1 BCeM KouryeBckoil BogHou maccel — (0,96 + 0,28) mr-m~ (0 m), (0,87 + 0,27) mr-m~ (25 M)
u (0,60 + 0,40) mr-m~> (50 m) (puc. 6d). Ct. 41 u 42 XapakTepu30BaJIUCh HE3HAUUTEIILHBIM yBEJIU-
YEHHUEM TeMIIEpaTypbl BOAbl HAa NOBEPXHOCTH 10 CPaBHEHUIO ¢ TakoBoU Ha cT. 39 u 40. Bo3moxkHo,
cT. 41 1 42 vcnbITHIBAIM BIMsIHUE PUOPEXHBIX BoA KoIbCKOro momyoctpoBa, mepeHocuMbix MypMas-
cKUM TeueHueM (cM. puc. 1). Takum oOpa3om, CYIIeCTBYeT BEPOATHOCTh aJBEKIMK (PUTOIIAHKTOHA
npuOpeskHbIX BoJl Kosbckoro mosyoctpoBa B paiioH cT. 41 u 42. D10 Moo cnocodcTBoBath Oojiee
paHHEMY Havasy IBETeHHUs 3[1eCh, YeM Ha OCTAIbHBIX CTAHIIUAX B I0TO-BOCTOYHON YacTu bapeHiieBa Mo-
ps. Ha paspese IV (puc. 6€) ormeueHo cHuxeHue cogepxanus Chl-a; mpu 3TomM KOHIIEHTpaLUK B CJI0OE
0—50 M U3MeHAIUCh He3HAunTebHO, coctasiss (0,36 +0,13) mr-m~> (0 m), (0,32 +0,10) mr-m~> (25 m)
u (0,26 = 0,11) mr-m— (50 m). Ha paspese V (puc. 6f) Gonee Beicokue konuentparuu Chl-a
OBLIM COCPEeIOTOYEHBI B TOBepXHOCTHOM cJioe, (0,52 * 0,05) MI-M ">, U Ha 25-meTpoBoll ITyOuHe,

(0,54 £ 0,10) Mmr-m~>; Ha ryoune 50 M 3HayeHue cHuxkanock 1o (0,19 + 0,03) Mr-M .

Puc. 6. Konuenrpauusa xaopopusia a (Mr-M~>) Ha paspesax: a — paspes I; b — paspes II; ¢ — paspes
«Konbckuii Mmepuanan»; d — paspes III; e — paspes IV; f — pa3pe3 V; g — paspe3 VI; h — paspes VII;
i — paspes VIII (bapBM — 6apennieBomopckuie Bopl; KonBM — konryesckue Bojpl; AT1BM — atnas-
Tryeckue Boapl; ApkBM — apktudeckue Bojbl; [IpBM — npuGpexHbie BOJIbI)

Fig. 6. Chlorophyll a concentrations (mg-m_3) at the transects: a, transect I; b, transect II; c, transect
“Kola Meridian”; d, transect III; e, transect IV; f, transect V; g, transect VI; h, transect VII; i, tran-
sect VIII (bapBM, Barents Sea waters; KonBM, Kolguyev waters; ATniBM, Atlantic waters; ApkBM, Arctic
waters; [IpBM, coastal waters)

[Tpukpomounsie pazpe3sl VI, VII u VIII Obuti BRINOTHEHB! HA CEBepe aKBATOPUM, B APKTUUYECKON
BojiHOU Macce. Huskue konnienTpanuu Chl-a, ve 6omee (0,13 +0,02) MI-M ">, ObUTH pacripeziesieHbl OTHO-
CUTEJIbHO PABHOMEPHO KakK B TOJIIIIE BOJIbI, TAK M MEk/1y CTAHIIUSIMU BCEX TPEX pa3pe3oB (puc. 6g, h, 1).

Haubonee npotsok€HHBIN pa3pe3 — «Kosbckuil Mepuanan» (puc. 6¢) — BKIIIOYAJ CTaHIMH, BbI-
MOJTHEHHBIE B Pa3IMYHBIX BOAHBIX Maccax. Cr. 74—76 Haxomwich B NpHOpexHbIX Bomax. Cpen-
Hue 3HaueHus: KoHueHTpauuu Chl-a OblIM JOCTAaTOYHO BBHICOKUMU BO BcéM cioe 0-50 M —
(0,65 +0,04) mr-m~ (0 m), (0,86 + 0,28) mr-m~> (25 M) 1 (0,57 + 0,08) mr-m~> (50 m). MakcuMasbHOe
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conepxkanre Chl-a orMeueHO Ha ropu3oHTe 25 M s cr. 74 m 75: 3HayeHus cocraBwin 0,91
u 1,11 Mr-m~> cootBetcTBeHHO. CT. 67, 72 1 73 ObLIN BBHINOJHEHBI B ATIAHTHUYECKUX BOJIAX. [Ipu s3TOM
Ha cT. 73 xonueHtparmu Chl-a 6puM BEICOKUMEU — MakcumyMm 1,39 mr-M—> (50 m). Obpartnaet Ha cedst
BHUMaHUE OJIM30CTh JAHHOW CTAHIMM K OOJIACTH pacIpOCTpaHEeHUs MPUOPekKHBIX BoA. TepMoxaanH-
HBIE XapaKTEPUCTUKHU BOTHOMW TOJIIIH 3[eCh OOJIbIIIe COOTBETCTBOBAIM TAKOBBIM ATIAHTHUYECKON BOJIBI,
yeM npuopexxHor. OIHAKO COIEHOCTHBIA (PPOHT HA TIOBEPXHOCTH MOPsI IPOXOAUT MEeXTy CT. 74 u 73,
a TeMIlepaTypHbId — Mexay cT. 73 u 72. Takum o0pa3om, cT. 73 okaszajach B 00J1aCTH UHTEHCUBHOTO
B3aMMOJIEIICTBUS IBYX TUIIOB BOJ. B aTiaHTHUYECKUX BOAAX Mbl He OOHAPYXKUJIM BHICOKUX KOHIIEHTPA-
uuii Chl-a. D10 no3BoJIsieT npeanoaarath, YTo MPUUNHA €ro 0osee BHICOKMX KOHIEHTpAIMi Ha CT. 73
KpOeTCsl B Pa3BUTHH (PUTOTUIAHKTOHA, TIOCTYNAIONIEro U3 MpuOpekHbix Boa. Ha cr. 67 u 72, pacnono-
’KEHHBIX B aTIAHTMYECKMX BOJAX 3a mpeiesamMu (DpOHTATBHOM 30HBI, CPEIHME 3HAYSHHSI KOHIIEHTpa-
1mu Chl-a 6 HE3KUME — He 6outee (0,34 + 0,23) mr-m— (25 m).

[lo maHHBIM Halllero uccieloBaHus, B KOHIIE MapTa — Havase arpesis 2021 r. npocTpaHCTBEHHOE
pacnpenenenve KoHeHTpauuii Chl-a, ux abco0THBIE ¥ CPEAHUE 3HAYECHU S CYILIECTBEHHO Pa3JInyaIiCh
B Pa3HBIX IO MPOMCXOKACHUIO Bojax bapeHuesa mops (puc. 7). Kak u B IpeployIlMX UCCIIEAOBAaHU-
sax [Makarevich et al., 2021, 2022], tuHeHON 3aBUCMOCTH MeX 1y U3MeHeHussMU KoHIeHTparwii Chl-
a vl TeMIIEpaTypHBIMU WJIA COJIEHOCTHBIMU XapaKTePUCTHKAMU BOJIbI He HAOI0Ja10Ch. [JnHaMuKa KOH-
ueHtpauuu Chl-a, no-BuaAnMoMy, CBs3aHa HE C TEPMOXAJIMHHBIMUA XapAaKTEPUCTUKAMU BOJAHBIX Macc,
a C UX IpoucxosxaeHueM u nytsamu murpauuu. Konuenrpauuu Chl-a, ocpennénnsie as cinost 0-50 M,
pacrpeesnsuiuch B Ipeaenax Kaxaou U3 BbIACIEHHbIX BOJHBIX MACC JOCTATOYHO PAaBHOMEPHO, 3a UC-
KJIIDYEHHEM TaKOBBIX Ha CT. 41, 42 u 73 (puc. 7). BeposrHee Bcero, cT. 41 u 42 (KoaryeBcKue BOAbI)
1 CcT. 73 (aTJTaHTUYECKUE BOJIBI) MCITBITHIBAJIM BJIMSHAE MyPMaHCKUX MPUOPEKHBIX BO/I.

Puc. 7. Konnentpauuu xiopopuiia a (Chl-a, mr-m™>), ocpeanénHble s ropuzonta 0-50 M, B 001aCTH
TS-nuarpaMmel

Fig. 7. Concentrations of chlorophyll a (Chl-a, mg-m™) averaged for a seawater horizon of 0-50 m
on a TS diagram
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OBCYKIEHUE
Havano BecenHeld BereTanuu (DUTOIUIAHKTOHA B He3aMep3alolMX YacTsax bapeHiieBa Mopsi
NPUXOAUTCS Ha KOHEl MapTa — Hayajo afpeis M IpUYypoOYeHO B IMEPBYI0 ouyepedb K Mel-

KOBOJHBIM paliOHaM IOrO-BOCTOYHON dYacTh OapeHIIEBOMOPCKON aKBaTOpUM W K BOJAM BOJIM3H
KpoMku Jsbga [Biological Atlas, 2022]. BeceHHuid makcumMym pa3BuTHs (pUTOILUIaHKTOHA (op-
MHUpYyeTCsl B OCHOBHOM 3a CYET PaHHEBECEHHUX AapKTO-OOpeasbHbIX HEPUTUYECKUX TMAaTOMOBBIX
Bogopocnen [Makarevich et al., 2012].

[[BeTenne (pUTOILUIAHKTOHA B bapeHlieBOM MOpe O4YeHb YyBCTBUTEIBHO K CE30HHBIM M MEXIOAO-
BBIM U3MEHEHMAM IUIOLIAM MOPCKOTIO JIb/a, K PaclpeAeeHHI0 BOJHBIX MAacC U OKEaHWYeCKUX (PpOH-
toB [Oziel et al., 2017]. OcHOBHBIMU 3KOJIOTUYECKUMHU (hAaKTOPAMH, KOHTPOIUPYIOIIMMU OapEeHIIEBO-
MOpPCKOE BeCeHHee LIBeTeHHEe (PUTOIUIAaHKTOHA, SIBJISIOTCS OBICTPO YBEJIMYMBAIOIIASACA CYTOUHAs CyM-
MapHasi OCBEUIEHHOCTb, HAJIMUYME MAKCUMAJIbHbIX KOHIIEHTPALMil NUTATEIbHBIX BEIIECTB B IeJjarua-
JI, BEPTUKAJIbHOE NepeMellMBaHue, MOJI0KeHUe MOJSPHOro (PpoHTa U I'PAHMILIB JIEASHOTO MOKPO-
Ba [Kogeler, Rey, 1999; Signorini, McClain, 2009]. [lonoJHUTEIbHBIA MEXaHU3M, 3aIyCKAIOIIUN Be-
CEeHHee 1IBeTeHHEe Ha aKBaTOPUsIX B pailOHaX TasiHWs MOPCKOT'O JIb/la BAOJIb JIeI0BOM KpoMKu BapeHneBa
Mops, — Tajble Boabl [Dong et al., 2020; Oziel et al., 2017]. B menkoBoaHbIX pailoHax bapeHuesa Mops
BaXXHBIM PETYJIMPYIOLIMM (PaKTOPOM Hauasla BECEHHETO LIBETEHHUs SIBJISIETCS BBIHOC CIIOP U KJIETOK (pU-
TOIUIAHKTOHA U3 JIOHHBIX OTJIOKEHUI, a HAJIMUKE [TPOLECCOB BEPTUKAIBHOIO MEPEMENIMBAHUS TOJILIH
BOJIbI MOKET CITOCOOCTBOBATH IIBETCHUIO MUK POBOJIOPOCIIel B (poTrueckoM crioe rniesaruanm |Eilertsen
et al., 1993]. BeceHHee 1BeTeHHEe — 3TO €XEroJHOE W KPaTKOBPEMEHHOE TOBBIIIEHHEe OUMOMACCHI (PH-
TOIUIAHKTOHA U €r0 YMCJAEHHOCTU. B oTKpbITOl yacTu bapeHiuieBa Mopsl perucTpupyioT OJIMH BECEHHUI
MaKCUMYM pa3BUTUS (pUTOILIaHKTOHA. B Hauasie BeceHHero useteHus koHueHrpauuu Chl-a B bapen-
LIEBOM MOpE CIIEpBa JIOCTUTAIOT 3HaYeHuit nopsaka 0,5 MM, a 3aTeM pe3ko noBbimaTcs. OHl Mo-
I'yT COCTaBAThH 6—14 mr-M~> [Makarevich et al., 2022; Reigstad et al., 2002]. Makcumym 11BeTe-
HUS HENpPOAOJUKUTENEH, U MOCJIe HEro IMpPOUCXOAUT OBICTPOE CHMKEHUE MOKa3aTesledl IpOLyKTHUBHO-
CTU COOOUIECTB MeJarnyeckux MUKpOBoJopociell. MolHoe (CTpeMUTEbHOE) LIBETEHHE MUKPOBO/IO-
pociiell TPUBOJAUT K OBICTPOMY MAJ€HHIO 3alacOB MHUTATE/BHBIX BEIIECTB B BEPXHUX CJIOSX Iejarua-
JIM, a HAIMYME PE3KOU CTpaTU(UKALMK MPENATCTBYET MOMOJHEHUIO 3TOr0O 3araca U3 HUKeJexKallrx
cnoés [Ky3nenos, [lonmna, 2003].

ITo faHHBIM MHOT'OJIETHUX HaOJIIOAEHUI, CaMBblil JIeJOBUTHIN Mecsll 1)1 BapeHueBa Mopst — Mapr.
OOBIYHO B MapTe JIbIOM TMOKpbITa BCS BOCTOYHASI YacTh MOps. B 3amajHOM ero yacTu Jibapl pacrpo-
CTPaHSAIOTCSA Ha 10T BILIOTH 40 75° c. m1. JIo cepeauHsl anpess MpoAoIKAETCs YBEJIWYEHUE IIOMIAAN
JIbJIa, 3aT€M HauMHAETCsl MOCTENIEHHOE OTCTYIUIEHUE KPOMKH JibJja Ha CeBep U BOCTOK. B Mae oTo jbaa
0CcBOOOXKJaeTCs BCS LIEHTpaJIbHAsA YacTh MOps, a B KOHLIE MIOHA M Havaie uiosisg — [levopckoe mope
u npudpexbe apxunenara Hosas 3emis [Johannessen et al., 2007]. Ce30HHOE MOJI0XEHHUE KPOMKH JIbja
B Pa3HbIE IO/Ibl MOXET CYLIECTBEHHO OTJIMYAThCS OT CPEHEr0 MHOTOJIETHEr0. B aHOMaIbHO XOJI0IHbIE
roJibl, MOCJIEJAHUM U3 KOTOPBIX ObLT 1998 T., B epuoj CBOEro MakCMMaJIbHOTO Pa3BUTHUS JIE] 3aHUMAII
3HAYUTEJILHO OOJIBIIYIO TUIOMIA/b U JO0JIbIIE 3aJIEPKUBANICS HA aKBATOPUU MOPs1. B Takue rofpl €ro 1oro-
BOCTOYHAsI YaCTh OBLIA IOJTHOCTBIO NIV YACTHYHO MOKPHITA JIbIOM BILIOTH 1O cepeAnHBI 1iojisl. COracHo
JaHHBIM JUCTAHIIMOHHOTO CITyTHUKOBOI'O MOHMTOPUHIa, HU3KKMe KoHUeHTpauuu Chl-a B mapre — an-
peJie aHOMaJIbHO X0JI0HOro 1998 r. MCKIIoYaiy CTauIo BECEHHETO IIBETEHUS B CYKLIECCUOHHOM LIMKJIe
(purorankroHa. TosbKO B Mae ObLIM 3aperucTpupoBaHbl MakCMMasbHble KoHIleHTpauuu Chl-a u ak-
TUBHOE pa3BUTHE (PUTOIIAHKTOHA Ha Bcel akBaTopur bapeHiieBa Mopsi, CBOOOIHOM OTO Jibaa (puc. 8).
B anomainbHO TEIUIBIE TOAB yke B KoHIle Mas mpuodpexkbe Hooii 3emim u [ledopckoe Mope mMoryT
OBITh MOJHOCTBIO CBOOOHBI OTO JibAa. Kak B TEIUIbe TOABI, TaK U B XOJIOJHbIE HA MPOTSIKEHUH BCETO
roga cBOOO/IHA OTO JibJja Ioro-3amnajHas yactb bapeHuesa mops. B 2021 r. OblIM OTMEUeHbl OTpHULIa-
TeJIbHble aHOMaJINHU JiefloBuTocTH Bapennesa mops. B mae 2021 r. Havyano ocBOOOKIATECS OTO JIbAA
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ITedopckoe Mope, a mpudpeskHbie Boabl HoBoli 3eMin K cepeiiHe Mast ObLIM YiKe ITOJIHOCTBIO CBOOO/I-
HBbI OTO Jibja. JlaHHBIE TUCTAaHIMOHHOIO CITyTHUKOBOTO MOHMTOpUHIa KoHueHTpauui Chl-a 3a 2021 r.
YKa3bIBAIOT HA TO, YTO B 3TOM T'OJly, B OTVIMYKE OT aHOMAJILHO XOJIOMHOTO TO/ia, yke B anpese ObUIo 3a-
(pyKCHpPOBAaHO aKTMBHOE pa3BUTHE (PUTOIJIAHKTOHA B I0rO-BOCTOYHO yacTu bapeHuieBa Mops U Ha OT-
JIeJIbHBIX Y4aCTKax OCTAIbHOU akBaTopuu. B Mae ripotiecc pa3BuTHs (pUTOIIAHKTOHA PACITPOCTPAHUIICS
B LIEHTPAJIbHOM Y CEBEPHOM HAIpPaBJICHUSIX, OXBATUB MPAKTUUECKU BCIO aKBaTOPHUIO MOPA (puc. §).

Puc. 8. Ocpennénnrie 3a MecsIl KOHIIEHTpAINH XJIopoduiia a (Mr-m73), paccurTaHHbIe 10 CITYTHUKOBBIM
nanHeiM [Ocean Color NASA, 2022]. KpacHas nuHusi — cpefHee MOJIOKEHUE KPOMKH JibJja 32 MeCsILl
no gaHHeIM [EOSDIS Worldview, 2022; Johannessen et al., 2007]

Fig. 8. Monthly averaged chlorophyll a concentrations (mg-m™) according to satellite data [Ocean Color
NASA, 2022]. The red line is the average position of the ice edge for the month according to [EOSDIS
Worldview, 2022; Johannessen et al., 2007]

MHoroJieTHUe HAOMIOASHUS in Situ 32 0COOEHHOCTSIMU pactipeneneHus konueHtpamuid Chl-a B pas-
JIMYHBIX TIO MPOMCXOKAEHUIO TUIMAX BOJA bapeHiieBa MOpsi MO3BOJISIIOT CUCTEMATU3UPOBATh ITU JIaH-
Hble 1 TEIbIX JieT. Ha puc. 9 npencrapiieHsl ocpeiHEHHBIE AaHHbIe KoHlleHTpanuil Chl-a B pa3inu-
HBIX BOAHBIX Maccax (ciou 0-50 m) BapeHniieBa Mmopsi B BeceHHMiA niepuosl — B Mapte 2021 r., anpe-
e 2016, 2018, 2019 [Makarevich et al., 2022] n 2021 rr., mae 2016 u 2018 rr. [Makarevich et al.,
2021, 2022] u wione 2017 r. [Vodopianova et al., 2019]. Otmerum, uto 2016, 2017, 2018 u 2019 rr.
XapaKTepU30BAINCh OTPULIATEIbHBIMA AHOMAIMSIMU JIEJOBUTOCTH U cONOCTaBUMBI ¢ 2021 1.
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o HammM AaHHBIM, B TO/Ib C OTPULIATEIbHBIMUA aHOMAJIMAMM JIEAOBUTOCTU YXKE B TPEThEN JeKaie
MapTa — TepBOi JieKae arpessi MOXKHO HaOJoJaTh Ha4alo BeCEHHEro IBeTeHus. OOmmpHas akBaTo-
pusi, CBOOO/IHAS OTO JIb/1a, CIOCOOCTBYET PA3BUTUIO STOTO MPOLIECCa B HECKOIBKUX Pa300LIEHHBIX paii-
OHax — Ha I0r0-3arnajie 1 10ro-BocToke Mopsi. MecTd nokanu3anuuy noBbleHHbIX KoHUeHTpauui Chl-a
OTMEUYCHHI B HpI/I6pe)KHHX, ATJIIAHTUYECKHX U KOJI'YEBCKUX BOJAX.

Puc. 9. Konnenrpauuu xiopoduiia a (Mr-M~—>), ocpeanénnsie 1is cnos 0-50 M 1 BogHbIX Macc Bapen-
neBa mops: Mapt 2021 r.; anpens 2016, 2018, 2019 [Makarevich et al., 2022] u 2021 rr.; maii 2016
u 2018 rr. [Makarevich et al., 2021, 2022]; utons 2017 r. [Vodopianova et al., 2019] (bap — 6apeHIieBo-
Mopckue Bofbl, Ko — konryeBckue BoJpl; AT — aTIaHTUYeCKue BoAbl, AT Tp — TpaHcOpMUpPOBaHHbIS
aTJIaHTHYEeCKHe BObL, APK — apKTHYecKue BoJbl; [Ip — mpropexHbie BO/IbI)

Fig. 9. Chlorophyll a concentrations (mg-m~) averaged for 0-50-m layer and water masses in the Barents
Sea: March 2021; April 2016, 2018, 2019 [Makarevich et al., 2022], and 2021; May 2016 and 2018 [Makare-
vich et al., 2021, 2022]; July 2017 [Vodopianova et al., 2019] (Bap, Barents Sea waters; Ko, Kolguyev
waters; A1, Atlantic waters; AtnTp, transformed Atlantic waters; Apk, Arctic waters; [1p, coastal waters)

CornacHo JuTepaTypHBIM CBEIECHUSAM, TPUOpekHbIe BoAbl bapeHiieBa Mopsl XapaKTepu3ylTcs Ha-
JINYMEM HECKOJIbKMX BCIBIIIEK Pa3BUTHS (PUTOIUIAHKTOHA (3—4) B T€UEHUE BEreTalMOHHOIO Meproa,
oIHaKo cpenHee copepxkanure Chl-a Bo BpeMsi ak THBHOTO Pa3BUTHsI B IPHOPEKHON 30He Ha I0ro-3arajie
BapeHuieBa MOpst HEBBICOKO M COCTaBJISIET MopsAKa 1 MM [Ky3nenos, Illommua, 2003]. [To Hammm
JaHHbIM, B MapTe cpefHue nokaszatenu cogepxkanusi Chl-a B KOJTyeBCKUX BOJAX, KOTOPBIE SIBJISIIOT-
Cs1 MPUOPEKHBIMK TI0 CBOEMY MPOMCXOXKICHUIO, ObUIM BBIIIIE, YeM B APYIMX BOJHBIX Maccax (cpea-
nee 0,44 mr-M—). B anpene konuenrpauus Chl-a B IpuOpeXHBIX BOJAX Ha I0ro-3amajie COCTaBMIA
B cpenneM 0,64 MT-M ">, a B Mae 3HaueHue CHU3MWIOCh 10 0,43 mr-m—> (puc. 9).

B apkTuyeckux u 6apeHIIeBOMOPCKUX Bojiax B MapTe coaepskanue Chl-a 6b110 oueHb Hu3kuM. B 6a-
PEHIIEBOMOPCKHX BOJIAX MOKa3aTesb B cpeaHeM coctapui 0,13 mr-M~. CTosb ke HU3KHE KOHLIEHTpa-
i Chl-a B GapeHLIEBOMOPCKMX BOJax ObUIM 3aperucTpupoBaHsl B ampele (cpeanee 0,21 mr-m—),
¥ JUIIb B Mae 3HAueHHs JOCTUIVIM CYIIECTBEHHBIX BenuuuH (cpeanee 1,32 mr-m~>) (puc. 9). Apk-
TUYECKHE BOJIbI B MapTe TaKke XapaKTepu30BaINCh KpaiiHe HU3KMMHU KoHleHTpauusmu Chl-a (cpen-
mee 0,11 mr-m~3), omHako yxke B ampene ObLIO OTMEUEHO PE3KOe yBEIMYeHHE ero Cofepka-
Husa (cpennee 1,32 MI-M™), ¥ B Mae B 9THX BOJax koHeHTpaimu Chl-a npogomkanu pac-
T (cpennee 2,53 mr-M~>). MakcUMabHbIE 3HAYEHNS B APKTUUECKHX BOJAX B allpesie U Mae COCTABIIIH
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5,69 1 5,77 mr-m~> cootBeTcTBeHHO. K MI0MII0 MBI HAGTIOIAIN CHIKEHUE KOHILIEHTpalUi 3TOr0 MUrMeH-
Ta B aPKTUYECKUX U OAPEHIIEBOMOPCKUX BOJAX, OMHAKO OHU BCE €IIE€ OCTABAIUCh 3HAUUTEIbHBIMU —
B cpeanem 0,70 Mr-M~> (apkTuyeckue) u 1,18 Mr-M~ (GapeHIieBOMOpCKUE).

B atnanTnyeckux Bogax B anpesie koHeHTpanus Chl-a B cpegnem cocrasisna 0,44 Mr-M~> (MaKcH-
myMm 1,39 mr-m~3). B mae B TpaHC(hOPMUPOBAHHBIX ATIAHTUUECKHMX BOJAX COAEPKAHME TUIMEHTa ObLIO
yie CyIIECTBEHHO Bhile (MAKCUMAILHO 5 Mr-M ™). B 9ToM MecsIle ycTaHOBUIICA OGN BHICOKMIA (hoH
KOHIIEHTpAIMi BO BCeX TUMax Boj (puc. 9).

[To Hammm gaHHBIM, B MapTe — anpesie 2021 r. BepTuKajibHble IPalMeHThl U3MEHEHUSI MUHEPaJIb-
HbIX popM (pocdopa, a30Ta U KpeMHUSI, XapaKTepHbIE /1JIs IEPUO/Ia AKTUBHO MPOTEKAIOIIIETo Mpoiiecca
(orocunTe3a, eme He chopmupoBach. MI3MeHeHre KOHIIEHTpaIiii OMOTeHHBIX JIEMEHTOB He Beera
HAXOUTCS B IPSIMOM 3aBUCUMOCTHU OT U3MEHEeHHI OroMacchl (pUTOITaHKTOHA Wi coaepskanus Chl-a.
KoHkpeTHast BeTMUMHA KOHIIEHTPAIIMM OMOTEHHOTO JIEeMEHTA 3aBUCUT OT COOTHOIIeHUsI 0a30BbIX BO/,
(puznueckux (pakTopoB (TemMmepaTypbl U COJEHOCTU MOPCKOW BOAbI), MOJIOKEHUSI KPOMKH JIbIa U UHTEH-
CUBHOCTH Tporiecca potocuHTe3a (cM. Tadi. 1). B apkTryeckom paiioHe B TETUIBIN TIEPUO/] TOa BETIH-
Hbl HACBIIIIEHHOCTH BOJIbI PACTBOPEHHBIM KHCJIOPOJIOM, MpeBbimnatonye 3Hauenue B 100 %, Tpaguuuon-
HO CBSI3BIBAIOT C pa3BUTHEM (PUTOILIAHKTOHA [ Xumus okeana, 1979]. UsMeHUYMBOCTD 3TOTO NOKa3aTesist
Ha MccreyeMoi akBaTopuM U BeanurHbl Beille 100 % ypoBHSI HACHIEHHUS BOJ KUCIOPOAOM CBHIE-
TEeJILCTBOBAIM O BECEHHEH aKTUBU3AINHM Tporiecca (bOTOCHHTE3a B (PUTOIIAHKTOHHOM COOOIIECTBE.

3akJrouenne. [IpocTpaHcTBeHHbIE HEOHOPOJHOCTU pachpesesieHus xjaopoduia a, Ha0moae-
Mble HaMU B BeceHHMH nepuoz 2021 r., Obu1 00ycI0BIeHb! pa300UIEHHOCTBIO IEHTPOB LIBETEHU s (PUTO-
IJIJAHKTOHA BO BPEMEHHU Y ITPOCTPaHCTBE. PacrnosnioxkeHne u npoTs:kEHHOCTb 30H MOBBIIIEHHBIX (WX TTO-
HWKEHHBIX) KOHLIEHTpaLUi XJI0poduilia COrIacoBaIMCh C YepeloBaHueM BOJHBIX Macc. Ero jokab-
HBbIE MAaKCUMYMBbI OBLTM 3aperdCTPUPOBAHBI B IPHOPEKHOM 30HE IEHTpaIbHOro MypMaHa ¥ B BOjIax
Konryesckoro menkoBoabsi. Ha akBatopusix ceBepHoi yact bapeHiieBa Mopsi, TPUMBIKAIOIIUX K KPOM-
Ke JIb/IOB, 3HAYEeHHUsI XJIOpO(pUIIa 3HAUUTETLHO YCTYIAIM TAaKOBBIM JIJIs1 I0)KHOU e€ JacTu. Bogpl 1ieH-
TPaJIbHOW YaCTU MOPSI XapaKTEPU30OBAIMCH IIPOMEXKYTOUHBIMU (CPEAHUMMU ) 3HAUEHUSIMU KOHLIEHTPAIUI
XJIOpodUsIIa.

Pacrnipenienenue B mapte — anpesnie 2021 r. B pa3iuuHbIX BOJHBIX Maccax bapeHiieBa Mopsi Mu-
HepabHBIX (hopM docdopa, a30Ta U KpeMHUS B OOJIbIIeN CTeIIeHM COOTBETCTBOBAJIO 3UMHEMY THILY,
KOT/Ia BEPTUKAJIbHBIE TPAIMEHTHI MX U3MEHEHHUs elé He chopMupoBanch. BenrurHa HaCHIIIEHHOCTH
BO/J1 pACTBOPEHHBIM KKCI0poioM Bbite 100 % Oblia 3apMKCpOBaHa B Pa3HbIX YACTSAX aKBATOPUU U SIB-
JS11aCh KOCBEHHBIM TMOKa3aTesieM HAa4yalbHOTO dTana BECEHHEN aKTMBU3AlMU Mporiecca (poTOCHHTE3a
B (DUTOIUIAHKTOHHOM COOOIIIECTBE.

CymecTByeT 3aBUCUMOCTh JIOKQIM3ALMU IIEHTPOB PAHHEBECEHHEro pa3BUTUs (PUTOIUIAHKTOHA
OT IUIOUIA/IU JIEASTHOTO MOKPOBa. B XoJsio/iHbIe TO/IbI (IIEPUO/IbI C TIOJOKUTEIbHBIMA AHOMAIASIMU Jie-
JIOBUTOCTH) aKTMBHOE BECEHHEe IIBETeHHE HACTYMaso MO3JAHO — B Mae. B rojpl ¢ oTpuiiaTebHbIMU
AHOMAaJIMSIMM JIEJIOBUTOCTH BCITBIIIIKA BECEHHETO IIBETEHNS HAUMHAJIACh B allpelie-Mae B MPUOPEKHBIX
Bojlax bapeHiieBa MOpsi, OTHAKO HAYAJIO ITOTO MpoIecca MOKHO ObLIIO HAOMIOIATh YkKe B TPEThel AeKa-
ae maprta. [Ipu oTpuriaTeIbHbIX aHOMAIUSX JIETOBUTOCTH MBI BBISIBUJIM HECKOJIBKO SMUIIEHTPOB Havasa
BECEHHEr0 pa3BUTHSA: B MPUOPEKHBIX BOAAX BIOJIb MyPMAaHCKOTO MPUOPEXKbsi; HA I0r0-BOCTOKE MOPS
B KOJITYEeBCKHX BOJAAX, SIBJISAIONIMXCS MPUOPEKHBIMU TIO TTPOUCXOXKICHUIO; YACTUIHO B ATJIAHTUIECKUX
BOJIaX, Ha TeX YJacTKaX, IJie CYIIEeCTBOBAJIO BIMSAHKE MPUOPEKHON BOAHOM Macchl. [Ipu 3ToM oOrmast
MPOAYKTHBHOCTb M aOCOJIIOTHBIC 3HAYEHUSI KOHIICHTpAIMK XJI0poHUIa B MPUOPEKHBIX BOJAX OBLIH
HUKE, YeM TPU MOCIEAYIOIIMX BCIIBIIIKAX pa3BUTHUs (DUTOIJIAHKTOHA B BOJAX MHOTO TeHe3uca.

MOHUTOPUHT BECEHHUX YPOBHEN KOHIIEHTpaIui X1opoduiia B bapeHIIeBoM MOpe CBUIETEILCTBY-
€T O BJIMSIHUY Ha BECEHHUI CYKLIECCUOHHBIN ITUKJT (PUTOIJIAHKTOHA BO3PACTAIOIIEH «aTIaHTU(UKALIUN»
BapeniieBa mopsi. iMeHHO B BeceHHU# mepuof (opMUpPYeTCsi OCHOBHASL YacTh TOAOBOW OMOMACCHI
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(puTOIIAHKTOHA M OTIpeielisIeTCsl BEKTOP JallbHEHIero rogororo pa3sutus. Hadmonparormeecs ¢ 1998 r.
yBeJIueHre CBOOOTHOM OTO JIbJIa TUIOIIAIM MOPSI TO3BOJISIET PeaIM30BaTh HECKOJILKO CLIEHAPUEB Pa3BU-
TS (PUTOIJIAHKTOHA HAa aKBaTOpUM bapeHiieBa MOpsl U MAKCUMAIbHO OXBAaTUTh YYaCTKU, OIaronpusiT-
Hble JUIs1 (POPMUPOBAHMS LIEHTPOB PaHHEBECEHHETO 1IBeTeHUsl. B CBOIO o4yepe/b, YpOBEHb MPOIYKIIUU
(puTOnIaHKTOHA, 3aJI0)KEHHBIN B BECEHHUI MEPHOM, MOXET OKa3blBaTh BIUSHUE HA MPOAYKTUBHOCTh
BCEX OCTAJIbHBIX 3BEHbEB IEJIarnIecKoi SKocucTeMbl bapeHiieBa Mopsi.

Paboma evinoanena ¢ pamkax zocyoapcmeernozo 3adanusi MMBH no meme «CmpyxmypHo-Ounamuveckue
MPAHCPHOPMAUUU  NENAZUMECKUX IKOCUCTIEM MOPCKUX APKIMUUECKUX OACCeliHO8 8 YCAOBUSIX TMEXHOZEHHbIX
U eCMeCmBEeHHBIX UBMEHEHULT CPedbl».

BaaromapHoctb. brarogapum cotpyaHMKOB MypMaHCKOTO MOPCKOro Ouosiorudeckoro nHcruryta PAH
3a cOOp HOaHHBIX W OTOOp MpoO B IKCHEAUIMOHHBIX YCJOBHAX. BblpakaeM IIyOOKYI0 MpPU3HATEIBHOCTh
peLieH3eHTaM 3a [IeHHbIe 3aMeYaH!s 1 TIOXKeIaHus.
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LOCALIZATION
OF PHYTOPLANKTON EARLY SPRING BLOOM SPOTS
IN THE PELAGIC ZONE OF THE BARENTS SEA

P. Makarevich, V. Vodopyanova, A. Bulavina, P. Vashchenko,
A. Namyatov, and 1. Pastukhov

Murmansk Marine Biological Institute of the Russian Academy of Sciences, Murmansk, Russian Federation
E-mail: makarevich@mmobi.info

Atlantification of the Barents Sea leads to a decrease in the area of ice cover and an increase in the ice-
free period. This process affects the entire pelagic ecosystem of the Barents Sea, where the main
part of the annual primary production of phytoplankton is formed during the spring bloom. Chloro-
phyll a concentration reflects changes in phytoplankton biomass and can serve as an indicator of its
production characteristics. In the spring of 2021, hydrological characteristics of water masses, as well
as the distribution of concentrations of chlorophyll a and nutrients, were studied in the ice-free water
area of the Barents Sea. The year of 2021 was characterized by negative ice cover anomalies. The lo-
cation and length of the areas of increased (or decreased) chlorophyll a concentrations were consistent
with the alternation of water masses. Separate spots of early spring bloom were identified — in coastal
waters in the southeastern and southwestern Barents Sea. In late March and early April 2021, maxi-
mum chlorophyll a concentrations in coastal waters reached values of about 1 mg-m™. At the same
time, in the Barents Sea and Arctic waters, the maximum content did not exceed 0.20 mg~m'3. The dis-
tribution of nutrients corresponded to that for the winter period when the vertical gradients of these
parameters were not formed yet. The values of water saturation with oxygen exceeding 100% (to vary-
ing degrees throughout the studied area) characterized the activation of the photosynthesis process
in the phytoplankton community. Analysis of long-term data showed that the subsequent active spring
phytoplankton bloom in years with negative ice cover anomalies occurred already in the second or third
decade of April in the Barents Sea water masses of various types — in Arctic, Atlantic, and coastal
waters (maximum chlorophyll @ concentration reached the value of 5.69 mg-m™ in Arctic waters).
In May, this process covered various types of water masses throughout the Barents Sea (maximum
chlorophyll a content was of 5.08—5.77 mg-m™). In abnormally cold years, the low position of the ice
edge in March—April limited the possible area of phytoplankton development, and the active phase
of its bloom (according to satellite data) occurred much later, in May. Atlantification of the Barents
Sea contributes to the formation of several bloom spots and the distribution of spring bloom over
a larger area, which might affect the annual production indicators of the entire pelagic zone.

Keywords: chlorophyll a, spring bloom, water masses, Atlantification, Barents Sea
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OIIBIT BBIPAIIIMBAHU A MUKPOBO/J0OPOCJIN
TISOCHRYSIS LUTEA (HAPTOPHYTA)
B YCJIOBUAX BUOPEAKTOPA LABFORS
JIJIA IPOAYIIMPOBAHU S KAPOTUHOUIOB 1 HEVTPAJILHBIX JIMITU/IOB
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[puBeneHsl pe3yIbTaThl SKCIIEPUMEHTA MO UCTIONB30BaHUIO OMOpeakTopa MaHenpHoro Tuna Labfors 5
Lux LED flat panel (Infors HT, IlIsefittapust) mist KyaptuBupoBanus Tisochrysis lutea (Haptophyta).
B xoze TpéxHeneIbHOro UCCIeJOBAHUS OLIEHUBAIM POCT M PA3MEPHYIO CTPYKTYPY HOMYJIALMU MUK-
POBOAOPOCIH, COAEPkKaHNE XJIOpodHIIa a, KAPOTUHOUAOB 1 HEUTPAJIbHBIX JIMIHUAOB. MaKkcUMabHast
9HCIEHHOCTh KIeToK, 5,3 x 10* ki1.-mMn~!, 3admkcnpoBaHa K KOHITy 3KCTiepUMeHTa, Ha 21-¢ CyTKH.
VBenuueHre J0MM KJIETOK pa3MepoM 4—6 MKM perucTpupoBayiv Ha 11-e cyTku onbita. Hanbosbiuee
HAKOIUIEHHE KAPOTMHOUIOB TIPOUCXOMIIO Ha 18-e cyTku axcnepumenta (3,3 mr-n!), HeiirpaibHbIx
o (payopecuennus Nile Red cocrapnsna 5,3 x 10%) — na 14-21-e cyrku. BoisBieHo, 4T0 610-
peakTop manenbHoro tuna Labfors 5 mMoxeT OHITH YCIIEIIHO WCHOJIB30BaH JAJIS KYJIbTHBUPOBAHHUS
MUKpoBogopocan 1. lutea.

KaroueBbie cioBa: Tisochrysis lutea, GMOTEXHONOTUs, OMOPEAKTOpP, KAPOTUHOWIBI, HEUTpaJIbHBIE
JIMTTU/IBI

Tisochrysis lutea Bendif & Probert, 2013 (Haptophyta) Ha mpoTsikeHUU AOJITOro BpeMEHM 3a-
HUMaeT OJHO M3 BEOyIIUX MeCT B OMOTEXHOJIOTMM BOJOPOCIEH B KauyecTBE KOPMOBOTO OOBEKTA
s TMYMHOK Oecno3BoHOYHBIX [Alkhamis, Qin, 2016; Aradjo et al., 2020]. Dtor BuUn SBIAET-
Cs1 cCaMbIM TEPCHEKTUBHBIM IMPOAYIIEHTOM IMPeo0Jialaioliero B HEM KapoTHHOMIa (hyKOKCAaHTHHA —
10 98 % ot obmiero copepxanusi KapotuHouaoB [Mohamadnia et al., 2021]. Takxe 7. lutea —
BAKHEWIINN TMPOAYLEHT HEUTpaJbHBIX JUNMIOB. Pa3paGoTka yCIOBMIA BBIpAIMBaHUs KYJIbTYPBI
B Onopeaktopax siBisieTcsi 0a30i Al OMOTEXHOJIOTMYECKUX IMPOIECCOB, YTO OCOOEHHO aKTyaJlbHO
s T. lutea [Mohamadnia et al., 2021].

JlaHHBIA BUJI /17151 Liesiell OMOTEXHOJIOTMU BBIPAIIMBAIOT, B YaCTHOCTH, B KOy1Oax [Mohamadnia et al.,
2020], ognako vaie — B 6uopeaktopax [Falinski et al., 2018; Gao et al., 2020; Ippoliti et al., 2016;
Leal et al., 2020].

K Hacrosimemy BpemMeHHu pa3pa®oTaHbl pa3Hble MoguduKanmu 6uopeaktopoB. OqHUMYU U3 HarOO-
Jiee yOOOHBIX Il KyJbTUBUPOBAHUSI MUKPOBOJIOPOCIIE SIBJIAIOTCSA MaHeIbHble OnopeakTophl. VX jo0-
CTOMHCTBA — XOpolliee TepeMelMBaHe CYCIIEH3UN BOAOPOCIICH, OOJIbIIast IIOMIAAb OCBENaeMOM T10-
BEPXHOCTH U HU3KOE HAKOIUIEHUE KUCIOpOJa B cpellie, UTo odecrieunBaeT 0ojiee MHTEHCUBHBIA POCT
MukpoBogopocinen [Guedes, Malcata, 2011; Tan et al., 2020].
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B kauecTBe MCTOUHMKA OCBELEHUS UCTIOB3YIOT HE TOJIBKO (PJIyOpECLIEHTHbIE JIAMIIBI, HO U CBETO-
ool (light-emitting diodes, LED). [IpeumymiectBa LED-ocBelienus — Hu3Kasi 3Heprust notpedie-
HU$1, OYeHb HU3KOE BbIJIJIEHUE TeIuIa IIpH padboTe, CTaOMIIbBHOCTh CBETOBOTO IIOTOKA, IOJITHIA CPOK CITy K-
Obl, HEI3MEHHOCTb NTAPaMETPOB CBETOBOT'O MOTOKA CO BPEMEHEM IPH PEryJISIPHBIX IIUKJIaX BKIIOYECHUSI-
BeIKTIOUeHnd [Posten, 2009].

Llenp paGoThl 3aKJI0YAIaCh B U3yYEHUM JTUHAMHUKHU POCTa MOMYJISLUM, COAEPKaHUSI KaApOTHHOU-
JO0B W HEUTpanbHBIX JUIUAOB y Tisochrysis lutea, mramm MBRU_Tiso-08, B manenpHOM OHOpeak-
tope Labfors 5 Lux LED flat panel (Infors HT, [lIBeliriapusi), KOTOpbIA BepBbie ObUT UCHOIB30BAH
1J151 BBIpAIMBaHUs1 MUKPOBOJOPOCIIEH.

OCHOBHBIMH OTIpeJesIsIEMbIMHU TTOKA3aTEISIMUA B MCCIEIOBAHUM OBUIM YUCIIEHHOCTh KJIETOK M pa3-
MepHasi CTpyKTypa nonyisiuuu 7. lutea, a Takxke coiep:kaHHe KapOTUHOWIOB M HEUTPAIbHBIX JIM-
NUIOB B OMOMAacce 3TOro BUJA KaK BEIIECTB, MPEICTABISIONMX HMHTepeC sl OMOTEXHOJIOTUU. 3Ha-
YeHUsl MOKazaTesiell ONTUYECKON IUIOTHOCTH, IMOJYYEHHBbIE Pa3HbIMU CHOCOOAMH, SIBIISUTUCH AOMOJ-
HUTEJIbHBIMU MHIMKATOPaMH, IpeajaraéMbIMU IS SKCIIPECC-OLEHKU YuciieHHocTu 1. lutea. Xiopo-
ust a B JaHHOM padoTe aHAIM3UPOBAJIH /17151 OOJIee TIOTHOTO OMUCAHKS (PU3HOIOTMYECKUX MPOLIECCOB
MHUKPOBOAOPOCIIH.

MATEPUAJI 1 METOIbI

OOBeKTOM HCCIeIOBaHMS CITyKUIA KyJIbTypa OHOKIeTOYHOU Bogopocau 7. lutea (Haptophyta) —
mramMM MBRU_Tiso-08 13 KoJIeKIIMM MUKPOBOJOPOCTEN pecypcHoro teHrpa «Mopckoit 0MoOaHK»
HHIIMB JIBO PAH (http://marbank.dvo.ru). Bomopocip Obuta Beipamiena Ha cpeae f [Guillard,
Ryther, 1962], npuroroBieHHON Ha OCHOBE (PUIBTPOBAHHON M CTEPUIM30BAHHOW MOPCKOHM BOJBI CO-
néHocThio 32 %o B OuopeakTope Labfors 5 B peknMe HaKONMMTENIbHON KyibTyphl. Temmeparypa Bo-
1b1 coctaBisuia +20 °C, UHTEHCUBHOCTD cBeTa — 50 MKMOJb-M 2-C~' (MCTOYHHKOM OCBEIeHHsI Obl-
na LED-nanens) B Anana3zoHe (hOTOCMHTETUYECKU aKTUBHOM paauanvu. CBETO-TEMHOBOU Meproa —
12u: 124 (cBeT : TeMHOTa), Hojaya Bo3ayxa — 0,2 1-MuH"' . O6BEM Kook GropeakTopa — 1,8 11, ToJI-
IIIMHA CJI0S CYCTICH3UH B MaHes i — 45 MmMm. MartepuaioMm padodeit kojiosl Onopeakropa Labfors 5 sBiis-
eTcsl KapOoHaTHOe cTekJio. OHO 00J1ajaeT caMOl BBICOKOH IPOHUIIAEMOCTHIO JIIs cBeTa (95 %) cpenu
BCEX MAaTepUaJioB JIJIsl COJEPKAHUS BOAOPOCIEH U BHICOKOM XUMUYECKON YCTOMUUBOCTHIO, €r0 MOKHO
cTeprwn3oBaTh. OHO HEPACTSKUMO, B OTIIMUKE OT MOJUITUIICHA U TIOJMIIPOIIIIEHA, U He MPOIYCKaeT
yJbTpaduoeToBoe u3mydeHue, Kak noarkapoonatoe crekio [Guedes, Malcata, 2011].

B kauecTBe MHOKYJISATA WCIOJb30BAIM KyJIbTYpY Ha SKCHOHEHUMAJIbHOW craguu pocrta. Ha-
YambHAs KOHILEHTpALMs KJIETOK MHKPOBOIOPOCIH B ombiTe coctapisia 0,75 x 10° xm-mr.

IIponomxuTenbHOCTD 3KCiepumMenTa — 21 cyT.

V3mepeHHst YMCIEHHOCTH KJIETOK M UX JIMaMeTpa, a Takke ONpejesieHue ColepKaHUs HelTpaib-
HBIX JMIUA0B npoBesieHbl Ha poToyHoM muroMeTpe CytoFLEX (Beckman Coulter, CIIIA). [1ns ana-
m3a 3armmcano 10 000 coOwITHii (perucTpupyeMsix B poOe YacThIl) B TEUCHHE KakJIOr0 M3MEpPEeHUS.
Bri60op KJI€TOK BOAOpOCIel U3 OOIIEro 4ncia COOBITHI, PErMCTPHUPYEMBIX LIUTOMETPOM, ITPOBOMIIH
no ¢ayopecueHmu xyuopopwiia a [Hyka et al., 2013], onpenensemont Ha kanane PC5.5. [lnamerp
KJIETOK YCTaHABJIMBAJIM C MOMOIIIbI0 KaMOpoBouHbIX OycuH (Molecular Probes, CIIIA) no nokasareio
MIPSIMOTO CBETOPACCESHUS.

Onruueckylo miotHocTs (OD-5,) omnpenensuii Ha MyJIbTUMOAAJIBHOM IUIAHIIETHOM pHIEpe
Spark 10M (Tecan).

B kon6e 6uopeakropa Labfors 5 ontryeckyo miotHocTs (optical density, OD) ycTaHaBIMBaJIH C I10-
mouipio AaTunka Dencytee (Hamilton), kotopslit o6ecnieurBaeT uzmepeHust OD KJIETOUHO# CycrieH31n
B PEAJIbHOM BPEMEHH.
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Copneprxanue xjopoduiia a 1 CcyMMapHOe CofepkKaHrue KapOTUHOWIOB OIPeIesIi CTAaHIaPTHBIM
METO/IOM UX SKCTPAKIIMU B alleTOHE C MOCeIYIOIUM U3MEePEHHEM ONTHYECKON TNIOTHOCTH Ha MYJIbTH-
MoOjaNbHOM IUIaHmeTHoM pujepe Spark 10M. Pacu€r KoHUEHTpauuil NUIrMEHTOB IPOBOAWUIN
1o cravapTHeiM (popmynam [Jeffrey, Humphrey, 1975].

Copepxanue HEUTpPAIbHBIX JIMIIUJOB YCTaHaBAMBAIM 1O yopecieHiu  (hiayopoxpoma
Nile Red (N3013-100MG, Sigma-Aldrich) B konnentpanuu 1 MEKT-MJT ), OKpalIMBaHUE MPOBO-
IWIA B TeueHWe 15 MUH Npu KOMHATHOW TemIiepaType B TeMHoTe. [lJIMHa BOJHBI BO3OYXICHHUS —
488 HM, wucnyckanuss — 580 HM. YcraHOBJEHHME COJEpXKAHUS JIMIUAOB METOJOM IPOTOYHOM
LHUTOMETPUM MMEET MPEUMYIIECTBA B CKOPOCTH OMNpEeJesIeHusl, U €ro JaHHble COOTBETCTBYIOT TaKO-
BbIM, IOJIYYEHHBIM C TIOMOIIBIO JAPYTrMX METOJOB, UTO IMOATBEPKICHO HA Pa3HBIX IMPEACTABUTENSX
MuKpoBogopocieit [Alemédn-Nava et al., 2016].

PE3VIJIbTATBI 1 ObCYKJIEHNE

YucneHHocts kieTok 7. lutea Bo3pacTaja ¢ yBeJIMUEHUEM BPEMEHH SKCIIO3ULMU O KOHLIA SKCIIEPHU-
MeHTa (puc. 1). KoimuecTBo KJIETOK KOPPeJIMpoBaJIO C JAHHBIMUA ONTUYECKOU TIJIOTHOCTH, MOJTy4YEHHbI-
MH pa3HbIMH MeTogaMu — criekTpodoromerpudeckuM (OD;5y) 1 ¢ momompio JaTunka Guopeakropa
TI0 I3MEHEHMIO MyTHOCTH KJIETOYHOH B3BecH (CM. puc. 1). B cycriensuu mpeo6iaganm KJIeTKH pa3sMepoM
4—6 MKM, ocobeHHO ¢ 11-x cyTok. [JaHHBI (haKT HEOOXOJMMO YUUTHIBATH MPH COCTABJIEHUM palliOHa
KOPMJICHUSI IMYMHOK OECIIO3BOHOYHBIX HA PAa3HBIX ITAax UX Pa3BUTHS.

Puc. 1. Yncnennocts kinetok (x 10° ki1.-mm~!) n ontiaeckas niuotsocts (OD) KymbTyphl Tisochrysis lutea

Fig. 1. Cell abundance (x 10° cells-mL™") and optical density (OD) of Tisochrysis lutea culture

Cxonnas nuHamuKa pocta onmicaHa u it 1. lutea CCAP 927/14: y storo mramma Takxke 3aduk-
CHPOBaHO yBeJIMYEHHE Pa3MepOB KJIETOK. ABTOPHI OOBSCHSIOT JaHHbINA (PakT Oosiee BHICOKMMU TeMITa-
MU JefieHdsl KJIeTOK B Havasie skcrepumMenTa [Costa et al., 2017]. B pa6ote [Rasdi, Qin, 2015] otme-
YeH BbIXOJ KyJbTYpHl (KJIOH Tisochrysis He yKa3aH) Ha CTallMOHapHYIO (pa3y pocTa Ha 6-€ CYTKH OIlbl-
ta. Y T. lutea w3 xomekuun Roscoff (®panuus) KynpTypa Ha 7-€ CyTKM 9KCHEpUMEHTa Nepexoania
B CTallMOHapHYIO a3y pocTa, a Ha 21-e — B a3y ormupanus [Gnouma et al., 2017].

B umiuMHApUYecKoM peakTope YHCIEHHOCTh KiIeTok 7. lutea Tpu WCXOAHOM KOHILIEHTpa-
mn 0,4 x 10° kor.-mr™! yepe3 14 cyt cocraisina Toibko 0,45 x 10° ko.-mor~! [Falinski et al., 2018].
MakcuManbHasi YMCIIEHHOCTh KJIETOK B Onopeaktope 00bémMom 500 1 Oblia AoCTUTHYTA Yepe3 12 cyT
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ombita — 6,92 x 100 x1.-mr! npu HayasibHOM 0,2 X 10% kn.-m! [Leal et al., 2020]. KonndecTBo Kiie-
ToK 7. lutea, BelpanieHHON B K0JIOaX, ObUIO BBIIIE, YEM TAKOBOE MUKPOBOJOPOCIH B PEAKTOPaX, U CO-
craBisno 4,3 x 10% ki.-mn~! yepes 4 cyr [Mohamadnia et al., 2020] p1 HaYaILHOM KOHIEHTPALUHU
1,2 x 107 ki.-ma~!'. Mexay TeM B HalieM SKCIIEpUMEHTE Yepe3 4 CYT YHMCIEHHOCTh KJIETOK JOCTUraja
1,1 x 10° x.-mr~! mpu HauansHO# 0,75 x 106 k1.-Ma~!. OnHAKO GHOPEAKTOPHI MO3BOJIAIOT BHIPAIUBATH
MHKPOBOJOPOCIN B OOJIBIIIEM 00BEME, UTO SABJISETCS MX BAKHBIM ITPEUMYIIIECTBOM.

Coaepxanue (POTOCUHTETUYECKUX MUTMEHTOB 1. lutea yBeIMYMBAJIOCh HE3HAUUTENILHO B TEUECHHE
14 cyT (puc. 2). Ha 18-e cyTku OTMEUEHO X pE3KOe BO3pacTaHUE, IIPU ITOM COZIEPKaHUE KAPOTMHOMUIOB
CTaJIO BBILLIE, YEM KOHLEHTpaLus XJopoduia a.
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Puc. 2. Cogepxanue (pOTOCUHTETMUECKMX MMTMEHTOB M HENTPaIbHBIX IMNMIOB (110 hiryopectientun Nile
Red) y Tisochrysis lutea

Fig. 2. Content of photosynthetic pigments and neutral lipids (Nile Red fluorescence) in Tisochrysis lutea

CHMkeHMe KOHLEHTPALMU XJOPOpUIa a CBSI3aHO C YMEHbILEHUEM COJEpKaHUs a30Ta B TeUCHUE
KyJIbTUBUPOBAHMSI, B pe3yJIbTaTe YEro B KJIETKaxX BOJOPOCIIeH MafaeT KOJMuecTBO (hepMEHTOB, HEOOXO-
aumoe st cuHTe3a xsopoduia [Costa et al., 2017]. K 21-m cyTkam coepxaHue MArMeHTOB MPOJI0JI-
’aJio yBeJIMUMBaThCs, HO MeHee MHTeHCUBHO. ConepxaHue (POTOCUHTETUYECKUX MUTMEHTOB 3aBUCHUT
OT YCJIOBHI BBIPAIIMBAHMS MUKPOBOJOPOCIH, a TaKXke OT ocoOeHHocTel e€ (pusnonornu. Hanpumep,
y T. lutea CCMP 1324 nipu Takux ke YCIOBUSX KyJbTUBUPOBAHMSI, KaK U B HACTOSIIEH padoTe, B MUK-
corpoHOl KynbType 3apeructpupoano 4500 MKr xsopodwiia a B pacuére Ha 1 i1 Ha 16-e cyTku
SKCIIEPUMEHTa, a B TeTepoTpodHoil — 5200 mxr-n~! [Hu et al., 2018].

ConeprkaHue HERTPaATbHBIX JIMITUJIOB JIO 7-X CYTOK YBEJIMUUBAJIOCH C1a00, MOKA3aTesIb 3HAYMMO BO3-
pactai ¢ 7-x no 14-e cyTKu, mocjie 4ero OCTaBajicsl Ha OJJHOM YPOBHE (CM. puc. 2). YBeJIMYeHue co-
AepKaHusl HENTPaJIbHBIX JIMITUJIOB C BO3PACTOM KYJIbTYpPhl OIMCaHO U B Apyrux padorax [Costa et al.,
2017; Huang et al., 2019]. Heo0X0aOMMO OTMETHUTH, YTO y OOJIBIIMHCTBA BOAOPOCIIEH 3allaCHBIMU HEW-
TPaJbHBIMU JIMIIMAAMU SBJIAIOTCSA TPUALIIIMLEPUABL, B TO Bpems Kak y 7. lufea, kKak u y Apyrux
nipencraButesen cemeiicta Isochrysidaceae, — ankenonst [Costa et al., 2017].

[MogGop MeToAOB MCCEeOBAHUS SIBISACTCS KPaeyrojibHBIM KaMHEM HAayYHOW paOoOTHI, a BaKHEH-
IMIMMHA KPUTEPUSIMH BBICTYIIAIOT TOYHOCTh M OOecredyeHHe JOCTOBEPHOCTH IOJyYaeMBIX pe3yJibTa-
TOB. IIpu olLieHKe COCTOSHUSA KYJIbTYpbl MUKPOBOAOPOCIN B PYTUHHBIX OMOTEXHOJIOTMUECKUX MPOLIEC-
cax K MepeuyrcIeHHbIM KpUTEpUsIM J100aBJIsSETCs CKOPOCTh BHIIOJHEHHs aHau3a. [loydyeHHble HaMu
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JaHHBIE IEMOHCTPUPYIOT, UTO TIOKA3aTE) M ONITUIECKOU IJIOTHOCTA MOTYT ObITh IIPUMEHEHBI J1J15T OLICHKH
AMHaAMUKU pocTa nonyiasauuu 1. lutea. Taxxe panee Ha Chlorella vulgaris Beijerinck, 1890 Obuto BbI-
ABJICHO, YTO HA CTa[MAX JIar-passl U 9KCIOHEHIMANBHOH (pasbl pocta OD;5, KOppeaupyeT ¢ YUCIEHHO-
CTbIO KJIETOK, MIOJTyYeHHON METO/I0M ITPOTOYHOW IMTOMETPUU U ITyTEM UX MPSIMOTO YUETA MO/] CBETOBBIM
MUKPOCKOTIOM B CUETHOM KaMepe, OIHAKO CBETOBAsI MUK POCKOMHS sBjsieTcst 6oiee Tounoi [Chioccioli
etal., 2014].

[MoyueHHBIE JaHHBIE TOKA3aJIH, YTO OMOpeaKkTop MaHebHOro Tria Labfors 5 MoxeT ObITh yCIenmHo
MCHOJIb30BaH U151 KyJbTUBUPOBAHUSI MUKPOBOaoOpociu Tisochrysis lutea.

Paboma evinonnena 6 pamxax eocyoapcmeentoeo 3adanuss HHIIMB /IBO PAH «/lunamuka Mopckux sKocu-
cmem, adanmayu MOPCKUX OP2aHUIMO8 U COOOULECME K UBMEHEHUSIM cpedbl ooumanusi» (Ne zoc. pesucmpayuu
121082600038-3) u npu cpunaricosoii noodepaicke epanma Poccuiickozo nayunozo ¢poroa Ne 2 1-74-30004.
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EXPERIENCE OF GROWING THE MICROALGA
TISOCHRYSIS LUTEA (HAPTOPHYTA)
UNDER CONDITIONS OF A LABFORS BIOREACTOR
FOR THE PRODUCTION OF CAROTENOIDS AND NEUTRAL LIPIDS

Zh. Markina, A. Zinov, and T. Orlova

A. V. Zhirmunsky National Scientific Center of Marine Biology, FEB RAS, Vladivostok, Russian Federation
E-mail: zhannav@mail.ru

The results of the experiment on the use of a Labfors 5 Lux LED flat panel bioreactor (In-
fors HT, Switzerland) for Tisochrysis lutea (Haptophyta) cultivation are presented. During the three-
week study, growth and size structure of the microalga population were assessed, and the con-
tent of chlorophyll a, carotenoids, and neutral lipids was estimated. The highest cell abundance,

5.3 x 10* cells-mL™", was recorded at the end of the experiment, on the 21° day. An increase in the pro-
portion of 4-6-um cells was registered on the 11" day. The maximum accumulation of carotenoids
occurred on the 18" day (3.3 mg-L'l), and neutral lipids (Nile Red fluorescence was of 5.3 x 10%),
on the 14M-21% day. As revealed, Labfors 5 Lux LED flat panel bioreactor can be successfully used

for cultivation of the microalga 7. lutea.

Keywords: Tisochrysis lutea, biotechnology, bioreactor, carotenoids, neutral lipids
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STYLOTHERISTUS PARAMUTILUS SP. NOV. (NEMATODA: XYALIDAE),
A NEW NEMATODE SPECIES FROM THE BLACK SEA

©2024 T.Revkova and N. Sergeeva

A. O. Kovalevsky Institute of Biology of the Southern Seas of RAS, Sevastopol, Russian Federation
E-mail: alinka83 14@gmail.com

Received by the Editor 17.07.2023;  after reviewing 20.09.2023;
accepted for publication 09.10.2023;  published online 22.03.2024.

Stylotheristus paramutilus sp. nov. from bottom sediments sampled in shallow-water and deep-sea
habitats in the Black Sea is described and illustrated. The new species is characterized by well-
developed lip region; 12 setiform cephalic sensilla in female and 16 in male; cervical setae present;
spicules 0.6-0.9 anal body diameters long and expanded proximally; gubernaculum plate-like slightly
curved; conico-cylindrical tail of 4.5-5.8 anal body diameters (except for one male with it equal
to 12.9 anal body diameters); and 3 terminal setae. The present study provides the first Stylotheristus
species record in the Black Sea. S. paramutilus sp. nov. is characterized by a wide spatial and bathymet-
rical (2-250-m depths) distribution in the Crimea region and the Istanbul Strait’s (Bosphorus) outlet
area of the Black Sea. However, in future, molecular analysis is required to confirm the identity of these
specimens from different Black Sea habitats.

Keywords: Monhysterida, free-living marine nematodes, taxonomy, distribution, deep-sea,
shallow-water

Free-living nematodes are among the most numerous and widespread multicellular organisms
in the World Ocean. The study of meiobenthos in various areas of the Black Sea provided extensive data
on the taxonomic diversity of free-living nematodes. In total, the species richness of the nematode fauna
of the entire Black Sea is about 350 species and morphotypes identified only down to a genus or family
level. In the region of Turkey alone, the nematode fauna includes 255 species [personal communication
of PhD Derya Urkmez]; for the Crimea region, about 230 species of nematodes are known [Sergeeva,
2003; Revkova, unpublished data].

The family Xyalidae includes 50 genera [Nemys, 2023; Venekey et al., 2014]. Out of them, 7 gen-
era are registered in the Black Sea: Valvaelaimus Lorenzen, 1977, Theristus Bastian, 1865, Daptonema
Cobb, 1920, Steineria Micoletzky, 1922, Paramonohystera Steiner, 1916, Cobbia de Man, 1907, and Am-
phimonhystera Allgén, 1929 [Muresan, 2012, 2014; Revkova, 2015; Sergeeva, 2003; Sergeeva et al.,
2021; Shnyukov, Yanko-Hombach, 2020; Vorobyova, Kulakova, 2009; Yanko et al., 2017].

Representatives of the genus Stylotheristus (the family Xyalidae) are widely distributed in the World
Ocean: in the North and Mediterranean seas, in the Pacific, Atlantic, and Indian oceans [Nemys, 2023;
OBIS, 2023], and in the Sea of Japan [our unpublished data]. Most of them were identified only down
to a genus level. According to Nemys database [2023], two valid Stylotheristus species are known:
S. mutilus described from the depth of 27-28 m in the North Sea and S. multipapillatus described
from the depth of 5 m on the coast of Portugal.

In the present study, we provide a taxonomic description, illustrations, and data on distribution
of a new Stylotheristus species for the Black Sea.
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MATERIAL AND METHODS

The material was sampled in different years in the coastal and deep-sea areas of the Black Sea (Fig. 1,
Table 1).

Fig. 1. The study areas where Stylotheristus paramutilus sp. nov. nematodes were found: 1, the Northwest-
ern Crimea, the Zernov’s Phyllophora Field (2010); 2, the Donuzlav Bay (2019); 3, the Kruglaya (Omega)
Bay (2010); 4, the Laspi Bay (2017); 5, the Southwestern Crimea (2010); 6, the Istanbul Strait’s (Bosphorus)
outlet area (the Black Sea) (2009 and 2010)

Puc. 1. Paifons uccnenoBanus, e ObUT OOHapYXeHbl HeMatonwl Stylotheristus paramutilus sp. nov.:
1 — Cesepo-3anaansiii Kpev, ¢punnogoproe nosne 3eprosa (2010 r.); 2 — Oyxrta Jonysnas (2019 r.);
3 — oyxra Kpyrnas (Owmera) (2010 r.); 4 — 6yxTa Jlacru (2017 r.); 5 — FOro-3anagnsiit Kpeim (2010 1.);
6 — paiion Bexona u3 nmposusa bocgop (Y€proe mope) (2009 u 2010 rr.)

To study the meiobenthos, in the coastal areas of the Crimea, the Kruglaya (Omega), Donuzlav,
and Laspi bays, material was sampled at various depths using push cores (sample area of 18.1 cm?
height of 5 cm) at each station by a scuba diver. In the Kruglaya Bay, material was sampled at 1 station
in different seasons in 2009-2010 [Zaika et al., 2011]; in the Donuzlav Bay, at 10 stations in its southern
area in 2019 [Revkov et al., 2021]; and in the Laspi Bay, at 19 benthic stations in 2017 [Sergeeva
et al., 2023]. To analyze meiofauna on the Zernov’s Phyllophora Field, 18 sediment cores were taken
by subcoring the sediment sampled with an Okean-25 bottom grab during the cruise No. 68 of the RV
“Professor Vodyanitsky” in 2010. A cylindrical corer with inner diameter of 4.8 cm was used [Sergeeva
et al., 2013].

In the deep-sea areas, material was sampled at the oxic/anoxic interface (82-363-m depth)
in the northern Black Sea off the Crimean Peninsula during the research cruise No. 15/1
of the RV “Maria S. Merian” (Germany) (April-May 2010). In the Istanbul Strait’s (Bosphorus) outlet
area of the Black Sea (93-300-m depth), sampling was carried out during two research cruises: the cruise
of the RV “Arar” of the Istanbul Technical University (November 2009) and the cruise No. 15/1
of the RV “Maria S. Merian” (April 2010). In the deep-sea areas, bottom sediments were sampled with
a multiple corer (diameter of 9.6 cm), push corer or geological corer (diameter of 7.3 cm), and devices
that provide obtaining virtually undisturbed samples. The sediment cores were sliced into 1-cm-thick
layers down to a depth of 5-10 cm in order to study the vertical distribution of the fauna [Sergeeva et al.,
2017, 2021].
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Table 1. Station coordinates and sampling depth and time (the Black Sea)

Tadmmua 1. KoopaunaTel craHimid, riyOrHa U BpeMs otoopa npod (Yépaoe mope)

Station No. ‘ Latitude, N ‘ Longitude, E ‘ Depth, m ‘ Date
Zernov’s Phyllophora Field, the cruise No. 68 of the RV “Professor Vodyanitsky”
21 45°4524” 31°2128” 41 13.11.2010
25 46°4'3” 31°35’5” 20 13.11.2010
The Donuzlav Bay
1 45°1859” 33°1'11” 2 11.07.2019
3 45°19'13” 33°0°50” 2 11.07.2019
4 45°1927” 33°0'60” 2 11.07.2019
The Kruglaya (Omega) Bay
5 44°36’11.0” 33°26°34.3” ‘ 8.8 28.01.2010
The Laspi Bay
1 44°25'05” 33°41'43” 14.5 15.09.2017
15 44°25'10” 33°42’13” 9 16.09.2017
17 44°25'04” 33°42722” 10 16.09.2017
18 44°25°04” 33°4228” 9 16.09.2017
The Southwestern Crimea and the Bosphorus Strait outlet area, the cruise No. 15/1 of the RV “Maria S. Merian”
235 41°2937” 29°15'12” 159 15.04.2010
372 44°37°14” 32°53’49” 163 25.04.2010
405 44°3721” 32°54'9” 155.5 28.04.2010
425 44°47°09” 31°58°05” 163.2 30.04.2010

The Bosphorus Strait outlet area, t|

he cruise of the RV “Arar” (Istanbul Technical University)

3 41°24°01.2” 29°03'12.6” 82 12.11.2009
4 41°24'01.2” 29°03’12.6” 88 15.11.2009
5 41°23'17.4” 29°12'14.4” 103 15.11.2009
7 41°26’51.6” 29°12'57” 160 15.11.2009
9 41°28'59.4” 29°15°08.4” 250 15.11.2009

All sediment sections were fixed with 75% alcohol to preserve morphological structures without
distortion. In a laboratory, all sampled sediments were washed through two staked sieves with mesh size
of 1 mm and 63 pm in series and stained with rose bengal for at least 24 h.

The stained samples were placed in a Bogorov chamber; meiofaunal organisms were identified
to major taxa and counted out under a binocular microscope. Nematode specimens were transferred
to pure glycerin and mounted on wax—paraffin ring permanent slides [Ryss, 2002]. All measure-
ments, photographs, and drawings were taken under Carl Zeiss Axiostar Plus and Olympus BX53 light
microscopes. Holotype and paratypes were deposited in IBSS collection (Sevastopol).

Abbreviations are as follows: a, ratio of body length / maximum body diameter; b, ratio of body
length / pharynx length; c, ratio of body length / tail length; c’, ratio of tail length / anal body diameter;
cbd, corresponding body diameter; and abd, anal body diameter.

RESULTS

Taxonomy. Order Monhysterida Filipjev, 1929. Family Xyalidae Chitwood, 1951. Genus
Stylotheristus Lorenzen, 1977.

Diagnosis (emended from [Fonseca, Bezerra, 2014]). Cuticle transversely striated. Somatic se-
tae usually present. Anterior sensilla arranged in two crowns with the number of setae in the second
crown depending on the sex and life stage: (6 + 4) setae in juveniles; (6 + 4) or (6 + 6) in females;
and (6 + 10) in males. Amphidial fovea circular or oval. Buccal cavity conical. Pharyngeal muscles
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well-developed around the buccal cavity. Females with one outstretched ovary, located to the left side
of intestine. Males with single anterior outstretched testis to the right or left of intestine. Spermatheca
can be present. Spicules short (< 1 abd). Gubernaculum narrow, without apophysis. Precloacal supple-
ments present or absent. Three caudal glands opening through separate pores. Tail conico-cylindrical,
with three terminal setae.

Type species. Stylotheristus mutilus (Lorenzen, 1973) Lorenzen, 1977.
List of valid Stylotheristus species:

* Stylotheristus mutilus (Lorenzen, 1973) Lorenzen, 1977,
* Stylotheristus multipapillatus Pinto & Neres, 2020;
o Stylotheristus paramutilus sp. nov. (Figs 2, 3, 4, 5, Tables 2, 3).

Table 2. Measurements of Stylotheristus paramutilus sp. nov. from different areas of the Black Sea. All
values are in wm unless otherwise stated, except for the ratios a, b, c, and ¢’. All curved structures were

measured along the arc

Taoimna 2.

Wsmepenus Stylotheristus paramutilus sp. nov. U3 pa3iW4HbIX pailoHOB YUEpHOro mMops.

Bce 3HaueHMs mpuBeIeHbl B MKM, €CJIM HE yKa3aHO MHOE, 3a HCKJIIOYeHHEeM HHJEKCOB a, b, ¢, u C’.
Bce M30rHyTBIE CTPYKTYPHI ObLTM M3MEPEHBI BIOJb JIyTU

The Donuzlav Bay The Bosphorus Strait area Th%ﬁ;Spl
Character Male panll/lt?/fe pi?;?}: panll/ltil};e Female Male
holotype n=5 n=4 n=2 paratype paratype
Body length 1,767 1,545-1,752 | 1,613-1,799 | 1,854-1,875 1,820 1,565
a 49.1 40.6-48.7 38.2-46.1 51.5-52.1 45.5 36.4
b 9.7 8.2-9.8 8.7-9.8 10.4-11.2 10.5 8.5
4.6-5.5
c 5.1 (12.9%) 4.8-5.7 4.5 4.5 5.8
, 12.2-13.3
c 12.6 (3.3%) 12.2-14.3 12.9 16.2 9
V (%) 51.9-56.6 49.1
Vulval body diameter 32-43 35
Maximum body 36 36-40 35-47 36 40 43
diameter
Pharynx length 181 165-188 172-196 165-180 173 184
Buccal cavity length 20 18-21 20-24 20-21 17 20
Buccal cavity diameter 15 15-20 12-14 17-20 12 19
g,:;ph‘d width /- cbd 32 206-36 | 31.1-333 | 333-3438 38.1 26.7
Amphid from anterior 17 1720 20-21 12-15 11 18
end
Nerve ring 86 81-98 81-105 82-95 - -
from anterior end
Nerve ring cbd 35 32-35 31-38 30-32 - -
. 317-345

Tail length 353 (120%) 316-345 412 405 270
abd 28 26-31 22-27 29-30 25 30
Spicule length 22 17-22 (27%) 22 21
Gubernaculum length 14 10-12 12 9

Note: * denotes a male (Meib.44

. N.p.) with a very short tail; x denoted a male (Meib.43. N.p.) with longer spicules.

IIpumeuanne: * — camer (Meib.44. N.p.) ¢ oyeHb KOpPOTKUM XBocToM; X — camenl (Meib.43. N.p.) ¢ Gonee

JJIMHHBIMHA CITUKYJIaAMHU.
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The latter species was previously recorded in the Bosphorus Strait outlet area (the Black Sea)
as Daptonema sp. [Sergeeva et al., 2021].

Type material. Nine males and six females. Male holotype mounted on slide Meib.39. N.h. Male
paratypes mounted on slides: Meib.40. N.p. — Meib.45. N.p., Meib.50. N.p. Female paratypes in pure
glycerin: Meib.41. N.p., Meib.46. N.p. — Meib.49. N.p.

Type locality. The Black Sea, the Donuzlav Bay, 45°19"13”N, 33°0’50”E, sta. 3, silt with the smell
of hydrogen sulfide, sediment depth of 2 m.

Etymology. The species name means “close to mutilus,” “similar to mutilus.”

Description. Male. Body cylindrical and gradually tapering towards posterior end. Cuticle striated.
Somatic setae scattered along the body, 4—11 um long. Cervical setae thin, 9—-14 um long. Lips well
developed, high. Six short inner labial conical papillae (3 wm long) and a circle with 16 cephalic setae:
12 long setae (11-18 wm long) and 4 short setae (6—9 wm long). Stoma funnel-shaped. Cheilostoma with
thin, smooth walls.

Pharyngostoma funnel, with weakly cuticularized walls. Pharynx muscular, almost cylindrical. Car-
dia 15-21 wm long, surrounded by intestine. Amphids circular, 8-9 pum in diameter. Pharynx cylindri-
cal, about 8.9-12.2% of total body length. Nerve ring situated near middle of pharynx (45-52.8%).
Secretory-excretory pore not observed. Reproductive system monorchic. Testis outstretched, situated
to the right of intestine.

Spicules short (0.6-0.9 abd), slightly curved and expanded proximally. In proximally part of spicules,
visible ejacular canal. Gubernaculum plate-like, slightly curved, about 42.9-63.6% of spicule length.
Sperm cells globular, 11-15 um wide. Tail conico-cylindrical, with elongated filiform portion;
three terminal setae, 8—11 wm long, on the tail tip.

2 <

Fig. 2. Stylotheristus paramutilus sp. nov. Male holotype.
A, general view; B, pharyngeal region; C, tail region;
D, head; E, spicule. Scale bar: A, 100 um; B, C, 50 um;
D, 20 um; E, 10 um

Puc. 2.  Stylotheristus paramutilus sp. nov. Tomno-
tun (camern). A — oOmmi Bug; B — mmotka; C —
xBoct; D —ronoBa; E — cmnukyna. MacirabHast
ymHenka: A — 100 mxm; B, C — 50 mxm; D — 20 MKMm;
E — 10 Mxm

Female. Similar to male in general morphology. Cephalic sensilla arranged in a circle with
12 cephalic setae (10-18 um long). Nerve ring at 50-57.4% of pharynx length from anterior. Reproduc-
tive system monodelphic. Ovary outstretched and on the left side of intestine. Vulva directed anteriorly,
situated slightly posterior to mid-body (861-1,015 um). Small copulatory plug visible to seal the vulva.
Vagina long, with muscular walls. Spermatheca absent. Mature egg (127 x 43 um) and spermatozoa
present in uterus. Caudal glands not visible. Tail long, with three terminal setae (8—9 um long).
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Fig. 3. Stylotheristus paramutilus sp. nov. Female paratype. A, head; B, vulval region; C, general view.
Scale bar: A, 20 um; B, 50 um; C, 100 um

Puc. 3. Stylotheristus paramutilus sp. nov. ITaparumn (camka). A — rojioBa; B — paiioH ByJibBbl; C — 0O11IMi
Bua. MaciraOHas mHerka: A — 20 MxM; B — 50 mxm; C — 100 MKkm

Fig. 4. Stylotheristus paramutilus sp. nov. A, male holotype, general view; B, female paratype, general
view; C, male holotype, spicule; D, male paratype, preanal somatic setae; E, female paratype, head; F, male
paratype, head; G, female paratype, buccal cavity. Scale bar: A, B, 200 um; C, 10 um; D-G, 20 um

Puc. 4. Stylotheristus paramutilus sp. nov. A — royorun (camerr), oOmui Bua, B — mnaparun (cam-
Ka), ooumi Bua;, C — rojorum (camerr), cnukyia; D — napaTuil (camerr), peaHaJbHbIE COMAaTHUECKUE
metuHky; E — nmaparun (camka), ronoBa; F — mapatun (camen), rojiosa; G, naparun (caMka), poToBast
nojocth. Maciiraduas aunernka: A, B — 200 mxm; C — 10 mxm; D-G — 20 MKkM
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Diagnosis. S. paramutilus sp. nov. is characterized by body length of 1,545-1,875 um; 12 seti-
form cephalic sensilla in female; cervical setae present; spicules short and widening proximally; gu-
bernaculum plate-like slightly curved; and tail 270412 pm long (expect for one male paratype,
120 wm long).

Differential diagnosis. S. paramutilus sp. nov. differs from all valid species (see Table 3) by num-
ber of cephalic setae in female (12 vs. 10); relatively shorter body in males (1,545-1,875 um
vs. 1,830-2,330 um in S. mutilus and 1,968-2,052 um in S. multipapillatus) and in fe-
males (1,657-1,820 um vs. 1,970 um in S. mutilus and 2,100-2,240 um in S. multipapillatus); struc-
ture of the spicular apparatus (expand proximally vs. thin all over in S. mulfipapillatus and S. mu-
tilus); and longer tail (c value of 4.5-5.8 [except for one male with 12.9] vs. 5.8-6.6 in S. mutilus
and 6.8-8.6 in S. multipapillatus). S. paramutilus sp. nov. is similar in the body structure to S. mutilus,
but differs from it by wider body in males (a value of 36.4-52.1 vs. 55-61). The new species differs
from S. multipapillatus by precloacal supplements (absent vs. present).

Variability of body size and copulatory organs. Specimens from different areas of the Black
Sea have significant variability in body and tail lengths; there are also slight differences in the shape
and length of spicules (see Fig. 5, Table 2). Specimens from the Bosphorus Strait area are much
longer and slightly slenderer than those from the Donuzlav and Laspi bays. One male (Meib.42. N.p.),
from the Bosphorus Strait area, has straight spicules, and another male (Meib.41. N.p.) has prox-
imally curved spicules (Fig. 5D, E). The third male paratype (Meib.43. N.p.), from the Donu-
zlav Bay, has longer spicules [27 um (0.9 abd) vs. 17-22 um (0.6-0.8 abd)] and ratio of spicule
length to gubernaculum length (2.25 vs. 1.6-1.9) compared to other specimens (Fig. 5B).
The fourth male paratype (Meib.44. N.p.), from the Donuzlav Bay, has shortened tail (3.3 abd
vs. 9-13.3 abd) (Fig. 5A).

Fig. 5. Stylotheristus paramutilus sp. nov. A, male paratype, tail (the Donuzlav Bay); B-E, variation of shape
of spicules in male paratypes: B, the Donuzlav Bay; C, the Laspi Bay; D-E, the Bosphorus Strait area.
Scale bar: A, 50 um; B-E, 10 um

Puc. 5. Stylotheristus paramutilus sp. nov. A — naparun (camen), XBocT (3anuB [Jony3nas); B-E — u3men-
YMBOCTH (POPMBI CITUKYJI y MapaTtunoB camuoB: B — 3amus donysnas; C — Oyxra Jlacnu; D-E — paiion
npoiuBa bocdop. Macmradnas muneiika: A — 50 mxm; B-E — 10 Mxkm
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Table 3. Morphological characters of Stylotheristus species. All values are in um unless otherwise stated,
except for the ratios a, b, ¢, and ¢’

Ta6yuma 3. Mopdosoruueckue XxapakTepuCTUKU BULOB Stylotheristus. Bce 3HaUeHU s IPUBEJICHB B MKM,
€cJIM He YKa3aHO UHOE, 32 UCKJII0YEHUEM UHJIEKCOB a, b, ¢ u ¢’

Character Sty lOthens‘zu‘;I; 3ramutllus Stylotheristus mutilus Stylotheristus multipapillatus
males females males female males females

Body length 1,545-1,875 | 1,613-1,820 | 1,830-2,330 | 1,970 | 1,920-2,052 | 2,100-2,240
a 36.4-52.1 38.2-46.1 55-61 45 56.9-68.9 43.7-56.45
b 8.2-11.2 8.7-10.5 9.2-9.6 8.7 8-9 8.2-8.9
c 4.5-5.8 4.5-5.7 5.9-6.6 5.8 7.5-8.6 6.8-7.6
c 9-13.3 12.2-16.2 11.2 14.3 7.4-9.8 9.7-11
Number of cephalic setae 16 12 16 10 16 10
V (%) 49.1-56.6 55 57-63
Spicule length 17-22 18-20 15.5-25
Number of supplements absent absent 11-15

It can be assumed that such morphological variability is determined by the adaptation of the species
to different conditions of the waterbody. On the other hand, it is possible that in future, genetic meth-
ods applied to study individuals from various habitats will show the existence of different species
of Stylotheristus genus in the Black Sea.

This work was carried out within the framework of IBSS state research assignment “Biodiversity as the ba-

sis for the sustainable functioning of marine ecosystems, criteria and scientific principles for its conservation”
(No. 124022400148-4).
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STYLOTHERISTUS PARAMUTILUS SP. NOV. (NEMATODA: XYALIDAE),
HOBBIN BIJI HEMATO/ 3 YEPHOT'O MOPSI

T. H. PeBkoBa, H. I'. Cepreena

®I'BYH PULL «MucTuTyT GMosorun 10xHbX Mopeid uMenn A. O. Kosanesckoro PAH»,
Cesactonosb, Poccuiickas ®epepanus
E-mail: alinka83 14@gmail.com

[puBeneHs! WwuTIOCTpay 1 onvcanue Stylotheristus paramutilus sp. nov. U3 cOOPOB TOHHBIX OCA/IKOB
MEJIKOBOJHBIX U ITyOOKOBOIHBIX 30H U€pHOoro mops. HoBbIll BUI XapakTepu3yeTcsl XOpOILIO pa3BH-
TOH ryOHOI 00JsacThio, 12 MIETMHKOBUIHBIMU T'OJIOBHBIMH CEHCUJUIAMH y caMKd M 16 y camia; Ha-
JIMYMEM IISHHBIX MIeTUHOK; criukyiamu (0,6—0,9 aHanbHOrO Iuamerpa), pacuIupsIOIIMMUCS TPOKCHU-
MaJIbHO; TUIACTUHYATBIM PYJIBKOM, CJIE€rKa M30THYTHIM; KOHUKO-IIMJIMHAPHYECKIM XBOCTOM, PaBHBIM
4,5-5,8 aHanpHOTO MUaMeTrpa (KpoMme OJHOTO caMIla, 3HauYeHHe Y KOTOPOro cocTaBwio 12,9 aHaib-
HOTo JuaMerpa) U 3 INeTMHKAMH Ha KOHYMKE XBOCTA. B HacTosineMm HcciaeJOBaHUM ONUCaHa Iep-
Bas Haxopaka poaa Stylotheristus B YépHoM Mope. S. paramutilus sp. nOV. XapakTepU3yeTcsl IUPOKUM
MIPOCTPAHCTBEHHBIM M OatumeTpudeckuM (TiyOouHsI oT 2 1o 250 M) pacripoctpaHeHueM B YépHom
MOpe — Kak B pa3jMuHbIX pailoHax KpeMma, Tak M Ha BbIxoge u3 nposausa bocgop. Crenano 3a-
KJIIOYEHHe 0 HeOOXOUMOCTH MPOBeAeHHs B OyAyIIIeM MOJIEKYJISIPHOTO aHAIN3a AJIs TOATBEPKACHUS
NPUHA/IJICKHOCTH YEPHOMOPCKUX MIPE/ICTABUTENEH U3 pa3HBIX MECTOOOMTAHUH K OTHOMY BUILY.

KuroueBbie ciaoBa: Monhysterida, CBOOOAHOXKMBYIIIME MOPCKHE HEMATOIbl, CHUCTEMaTHKa,
pacripeziesieHue, riyOOKOBO/HbIN, MEJTKOBOTHbIN
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[IpoBeneHo uccnenoBanue 0coOEHHOCTEN (POPMHUPOBAHUS CTPECCOBOM PEAKLMU B KJIETKAaX 3€IEHOM
BoJOpociu Acrosiphonia arcta Ha BO3EHCTBUE SMYJIbCUU TU3eJbHOTO TOIUIMBA. [IpoaHatn3npoBaHbl
M3MEHEHHUs TIoKa3aTteell OKUCIUTENIBHOTO cTpecca (KOHLEHTpALs MepeKcH BOJOpoJa 1 HaKOILIe-
HHE TPOJYKTOB MEPEKUCHOTO OKMCJIEHHUS JIMIHIIOB), aKTUBHOCTh (DEPMEHTOB aHTHOKCHIAHTHOMN CH-
CTEMBI, HTHTEHCHBHOCTh (DOTOCHMHTE3A U COCTOSIHME KJIETOK. [loKka3aHo, 4TO B T€UeHHE NEpBBIX CY-
TOK BO3ZIEHCTBUS TOKCHKAHTA B KJIETKAX IIPOMCXOAUT Pa3BUTHE IJIA3MOJIN3a U HApYIIEHUE CTPYKTY-
pbl xJ0oporutactoB. CtpeccoBast peakuusi (hopMUpYyeTcsl MOITAHO: HA TIEPBOM STaIle yBEINUUBACT-
Cs1 KOJIMYECTBO IMEPEKUCH BOAOPOA, M3MEHsIETCSl KOHLEHTpauusl NPOAYKTOB MEPEeKHUCHOTO OKHCIIe-
HUS JIMNUJIOB, TMOBBIIAETCS aKTUBHOCTh CYNEPOKCHAIMCMYTa3bl; HA BTOPOM 3Tare MPOUCXOIUT aK-
TUBM3allMs KaTanasbl; K KOHIYY MEPBBIX CYTOK BO3JEHUCTBUSA Ha (hOHE CHUKEHHS aKTMBHOCTH KaTaja-
3bl YBEJMUMBAETCS] aKTUBHOCTh MEPOKCUIA3bl (TpeTuil atar). IHTeHCHBHOCTD (pOTOCHHTE3a CHUXKa-
eTcsA K KOHILy 9KCIIEpUMEHTa. BHIBUHYTO MpEeoyiokeHne, ITO MO BO3JAEUCTBUEM dMYJIbCUH -
3€JIbHOTO TOIUIMBA MOXET IIPOMCXOAUTh HAapyLIEHHE CYTOYHOW AMHAMHUKYN OMOJIOTMYECKHMX LIMKJIOB
psina pepMeHTOB.

KaroueBnie caoBa: Acrosiphonia arcta, nu3enbHOE TOIUIMBO, KaTajasa, CYMEPOKCHATUCMYTAa3a,
MePOKCHIA3a, MEPEKICHOEe OKKCIICHUE JIUIUJIOB, MIEPEKUCh BOJIOPOJIA, MHTEHCUBHOCTh (DOTOCHHTE32

Acrosiphonia arcta (Dillwyn) Gain, 1912 — Bux 3e1€HBIX BOAOPOCJEH, KOTOPBIM IIMPOKO IMpel-
CTaBJIeH B JIMTOpasibHOU 30He bapennea mopsi [Malavenda, 2018], roe moxer (popmupoBath J10cTa-
TOYHO OoJbive 3apociu. OH OTHOCUTCS K MEPBOIOCENICHIIAM, TIOArOTaBIMBAIOIINM CyOCTpaT AJIs 3a-
CeJIeHUs] MHOTOJIETHUMU BUIaMU BOJOPOCIIEN, Harlpumep (PyKyCOBBIMU. A. arcta UMeeT BHICOKUE aJar-
TAlIMOHHBIE BOBMOKHOCTH, TaK KaK BbIIEPKMBAET IUPOKUI JHana30H KosiebaHui (haKTOPOB BHEIITHEH
cpeapl (K IpUMepy, TeMIepaTypsl M OCBEIIEHHOCTH) [Sussmann, Scrosati, 2011].

C MHTEeHCUBHBIM Pa3BUTHEM MPOMBIIIIIEHHOCTH HEU30EKHO YBEJTMUMBAETCS aHTPOIIOTeHHASI HAr Py 3-
Ka, B TOM YHCJIe pacTeT MOCTYyIUIEHUE B OKpY:Xawlyio cpery HedreyraeBogopoaoB [[latun, 2008].
B mpumopckux ropogax HamOosiee YS3BHMOW SIBISIETCSl PUOpEKHAsi 30Ha, MOCKOJIbKY Ha He€ OKa-
3BIBAETCSI BO3JCHCTBUE KaK C CYIIH, TaK W ¢ MOpsi. Priopa TakuX y4acTKOB MoOepexbsi OeiHa Mo BU-
JOBOMY COCTaBY; 3/1eCh BBIKMBAIOT PACTEHUSI, Y KOTOPHIX C(pOPMHUPOBAHBI MEXAaHU3MBI 00€3BPEKHUBA-
HUsI TOKCUKAHTOB W/WIY afanTaluuu K ux npucytcreuio [Muibyakosa, [llaxmarosa, 2007; Malavenda,
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2018; Shakhmatova, Milchakova, 2014]. HedrenpoaykTsl 3amMeUIsSIOT POCT, YTO OBLIO IMOKa3aHO
Ha Ascophyllum nodosum wn Laminaria digitata [Bokn, 1985], Hapymaor ¢hopMupoBaHue 3UroT 1 pas-
Butre ¢pykonnon [Thélin, 1981]. Ha npumepe ¢pyKycoBbIX Takke ObUIO 3aperMCTPHUPOBAHO OTCYTCTBHE
3HAUUTEJIbHBIX U3MEHEHWII MHTEHCUBHOCTU (POTOCHHTE3a M KOHIIEHTPAIIMA NMUTMEHTOB KakK Mpu AJIU-
tesibHOM [ Voskoboinikov et al., 2004], Tak u npu kpaTkoBpemeHHOM [CrenanbsiH, 2014] Bo3aeiicTBUN
He(TENPOYKTOB, OHAKO OMOXUMUYECKHI COCTaB W aKTUBHOCTb (PEPMEHTOB CYIIECTBEHHO M3MEHsI-
Jmck o ux BaustHueM [Shakhmatova, Ryzhik, 2020; Voskoboinikov et al., 2004]. Mexay TeM ripu 1eu-
CTBUU HE(PTENPOIYKTOB Ha 3€JIEHBIE BOJOPOCIIU ObLIIM OTMEUYEHbI CHIKEHUE MHTEHCUBHOCTU (POTOCHH-
Te3a, a TaKXkKe 3HAUYMTENIbHbIe MOBPEKICHUS U U3MEHEeHHe OMOXMMHYECKOrO COCTaBa KJIETOK [Bocko-
O60iHMKOB U 11p., 2018; El Maghraby, Hassan, 2021; Klindukh et al., 2021; Pilatti et al., 2016; Ryzhik,
Makarov, 2019].

VY opraHu3ma mpu BCTpeue C TOKCMKAHTOM IIOITANTHO AKTUBUPYIOTCSI HECKOJBKO CHUCTEM 3alllu-
ol [Komymaes, 2007; Apel, Hirt, 2004]. B niepByo odyepenpb MpOUCXOAUT MHTEHCU(UKAIIS 00pa3o-
BaHUA akTUBHBIX (popMm kuciaopona [Pokora, Tukaj, 2010; Vega-Lopez et al., 2013], kotopsie akTu-
BUPYIOT CUCTEMY AaHTHOKCUIAHTHOMW 3alIMTHl (KaTanasza, CyNepOKCHUAIUCMYTa3a, TIIyTAaTHUOHIIEPOKCH-
naza u ap.) [Alscher et al., 2002]. VI3MeHeHUs1 aKTUBHOCTH CYNEPOKCUAIUCMYTa3bl ObUTH 3a(PUKCH-
poBanbl anst Chlorella vulgaris [Calderén-Delgado et al., 2019], Phaeodactylum tricornutum [Wang
et al., 2008] u Ulvaria obscura [Salakhov et al., 2020], a akTUBHOCTH KaTajas3sl — i Palmaria
palmata [Voskoboinikov et al., 2020] u yibBoBbIX Bogopocieu [Pilatti et al., 2016; Ryzhik, Makarov,
2019]. Xapaktep u3MeHeHUs] aKTUBHOCTH (hpepPMEHTOB 3aBUCUT OT BEJIMUMHBI U MPOAOIKUTEILHOCTU
AercTBuUs cTpeccoBoro akropa. [Ipu XpoHnYeckoM BO3/IEHCTBUY 3aITyCKAIOTCS TTyOMHHbIE IEPEeCTPOii-
KM IIUKJIOB CHHTe3a OeJIKOB/aMHHOKUCIIOT, JIMIUAHOTO OOMeHa (M3MEeHEHUe COCTaBa KUPHBIX KHUCIIOT
u urmaoB) U T. A. [Nechev et al., 2002; Ramadass et al., 2015].

AHTHOKCHUJaHTHBIE (DEPMEHTHI, SIBJISSCH OMOMapKepaMu, MOTYT ObITh UCTIOJIb30BAHBI VIS BhISIBJIE-
HUS METaOOTMYECKUX HApYIIIEHUH, BEI3BAaHHBIX KceHoOnotukamu [Illaxmarora, 2004; Diaz-Béez et al.,
2004; Geret et al., 2003; Inupakutika et al., 2016; Mallick, 2004]. CkopocTb, ¢ KOTOPOW aKTUBUPYIOTCS
CHCTEeMbI 3allUThl, BAXKHA [UIs1 TabHEHIIeH aanTalluy OpraHu3Ma K TOKCUKAHTY.

Mexay TeM BOIPOCH CKOPOCTH (DOPMHUPOBAHUSI CTPECC-PEAKIIMN U OCOOEHHOCTH BKJIIOUYEHHUS pa3-
HBIX KOMIIOHEHTOB aHTUOKCUIAHTHOM CUCTEMBI B ITPOLIECC 3ALUTHI KJIETKU OT OKUCIUTEILHOTO CTpecca,
0COOEHHO y BOAOPOCIEe-MaKpOo(UTOB, MPOU3PACTAIONINX B APKTUYECKOW 30HE, OCTAIOTCS CIabou3y-
YeHHbIMU. MBI peArnoiaraeM, 4To 1Mo MHTEHCUBHOCTH Pa3BUTHSL OTBETHON PEeaKIUU U 10 U3MEHEHUIO
AKTUBHOCTH (DePMEHTOB MOXKHO OyJIET CyIUTh O JaJIbHEIIIeH CyIbOe pacTeHUI: CMOTYT JI OHU a/1allTH-
pOBaThCs K BO3ICHCTBUIO TOKCHKAHTA WM TIOrMOHYT. Kak ObLIO OTMEeUeHO paHee, cyIp0a KJIeTOK Oy ieT
3aBUCETh OT U3MEHEHMI, TPOUCXOAIIMX B MOMEHT KOHTaKTa C TOKCUKaHToM [Shiu et al., 2020]. Ta-
KUM 00pa3oM, aHaIu3 TMOoKa3aTeiell aHTUOKCUAAHTHOM CHCTeMbl U (DOTOCUHTETUYECKOW aKTUBHOCTH
B IMEPBbIe CYTKM KOHTAKTA KJIETKU C HeTEenpoayKTaMu UMeeT OOJbIloe 3HAUeHHE ISl TIOHUMAaHUS
MEeXaHU3MOB (DOPMUPOBAHUS AJANTAIIUH.

Lenb HacTOSAIIETO UCCIIEIOBAHUSI — OLIEHUTh CKOPOCTbh AKTUBU3ALIMU AHTUOKCUAAHTHOUN CUCTEMbI
Acrosiphonia arcta B OTBET Ha KOHTAKT PaCTEHUSI C IMYJIbCUEN TU3eJIbHOTO TOTUIMBA. XapaKkTep BO3Ae-
CTBHS OyJIET MPOaHAJIM3UPOBAH 10 MapKepaM OKUCIIUTEIBHOTO CTpecca (KOHIICHTpAIIUs IIEPEKUCH BOJIO-
poJia ¥ TPOAYKTOB IEPEKUCHOTO OKUCIICHUS JIMTTAAOB) U 10 COCTOSTHUIO (PEPMEHTOB aHTUOKCUJAHTHOMN
cUcTeMbl (CyNepOKCUAINCMYTa3a, KaTalas3a U MepoKCcUaasa).

MATEPUAJI 1 METO/IbI

DKcIepUMeHTaIbHbIe PadOTHI BBIMOHSIIM B Miosie 2020 1. Ha ce30HHOM Onoctanimu MMBU PAH
(mocénok [lanpHue 3eseHIbl, BOCTOUHOE MoOepexbe BapeHiieBa mopsi). [laHHBI palioH OTHOCUTCS
K 9KOJIOTMYECKH YUCThIM MeCTaM MPOU3pacTaHusi BOAOPOCIIEH.
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Tannomsbl Boopocieit coOpaiu Ha JIMTopaiy ryosl JlaibHe3eIeHeKoi U IOMEeCTHIIA B J1abopaTop-
HbIE YCJIOBUS — B TEPMOCTATHPyeMOe HoMeleHue ¢ ocsemenueM 150 Br-m~2 (24 4 cset : 0 4 TeMHOTa),
Temriepatypou Boapl +8...+10 °C 1 nocTossHHOM aspale cocy10B C pacTeHUsAMHU. Vcnosb3yemslii pe-
KUM OCBeIlleHUs ObLT 00YCJIOBJIEH OCOOSHHOCTSIMU (poToreproa (MOJISIPHBIN JIeHb) B MOMEHT MPOBe-
AeHUs SKcriepruMeHTa. Bogopocin akKIMMHUPOBATH K JTa0OPATOPHBIM YCIIOBUSIM B TEYEHHE TPEX CYTOK.
B nanpHelieM yacTb pacTeHUI MOMEUTa B KOHTPOJIbHbIE COCYIbI [UMCTast MOPCKasi BO/a COJIEHOCTBIO
33 %o] 1 B 3KCIIepMeHTaJIbHBIE [MOpPCKast BoAa CONEHOCTHIO 33 %o ¢ 100aBIeHNEM JIETHETO JU3ebHOTO
tormmBa ('OCT 305-82) B koHueHTpauuu 43 mr-1']. B Kakaplit BApUAHT YKCIEPUMEHTA NIOMELaIN
1o 8 TaJUIOMOB Bojiopociieit (o01mas macca He 6osee 50 ). Micrionb3yemast KOHLIEHTpaLus HepTermpoLyK-
Ta COOTBETCTBOBAJIA MAKCUMAJILHOM, KOTOpasi ObUla OTMEUeHa AJ1s1 BOJ puOpexkHoi 30HbI Kosbckoro
3aymBa B niepuoj ¢ 2014 o 2016 .

JIMTENbHOCTh IKCIIEPUMEHTA COCTaB/IsUla OJHM CYTKU. M3MepeHus mnokasaresneil IpOBOJWIIN
B TeueHue CcyTok depes 1, 3, 7, 10 u 24 4, B Tp€x moBTopHOCTAX. O6padorano 70 mpod. Pusnosoro-
OMOXMMMUYECKUE TOKa3zaTesm omnpenesnsyii Ha crektpodoromerpe I[19-5300BU  («Dkpocxum»,
Poccus).

Copepxanue NepeKkucHu BOJOPOJA OMPEeAessid M0 MOIUMDUIMPOBAHHOM CHEKTPOGOTOMETpUYE-
ckoil meroguke D. Bellincampi ¢ coasropamu [2000]. MeTon ocHOBaH Ha OKMCJIEHUM MOHOB KeJjie-
3a Fe?* nepekuchio BoIOpoaa 10 MOHOB skene3a Fe’t, kotopble 00pa3yloT OKpalleHHble COeUHEHHs
C KCUJIEHOJIOBBIM OpaHkeBbIM. ONTHUYECKYIO IIIOTHOCTh U3MEPSIM NIPU JUIMHE BOJHBL 560 HM.

YpoBeHb NEPEKUCHOTO OKUCIeHUs JUnUIoB (nanee — I10JI) olieHrBaM 1O HAKOIUIEHUIO AKTUB-
HBIX TIPOIYKTOB THOOapOuTypoBoi Kuciothl [Esterbauer, Cheeseman, 1990]. 3mepenre nmpoBoauiu
MpH JUTMHE BOJIHBL 540 HM.

CynepHaTaHT 1J1s ONpeaesieHUs] aKTUBHOCTY Kartaiasbl U cynepokcugancmyrassl (nanee — KAT
1 COJ coOTBETCTBEHHO) IMOJIy4Yalu CieAylonmmM oopazom. Bomopocim maccori 150-200 mr pactupa-
M Ha Jbay B cTynke ¢ gooaenenvem 2000 mka skcrpakuuonHoro Oydgepa (K/Na-docdartnbiii Oy-
ep). 'omorenat nentpudyrupoBasu 5 muH npu 12000 g, nocsie 3Toro 0TOUpaIM HaAOCAAOUHYIO
KHJIKOCTb (CyIIEpHATAHT).

AxtuBHOCTh KAT m3Mepsiiy ¢ moMoIpio MoAUMDUIIMPOBAHHOTO CEKTPO(OTOMETPUUECKOTO METO-
na [Kopoumok u nip., 1988]: k 0,1 ma cynepnaranta npunisaiu 2 mi 0,03%-Horo pactBopa NepeKUcH
BojIopofa. B xonoctyto mpody BMecTo cyrnepHaTanTa BHocwu 0,1 M TUCTUILTMPOBAHHOW BOJBI. Pe-
akIuio octaHaBmBamy yepe3 10 muH noOaeneruemM 1 mit 4%-Horo Moimbdaata aMMoHus. VIHTeHCHB-
HOCTb Pa3BUBAIOIIEHCS OKPACKW M3MEPsUIA NpU JUIMHE BOJHBI 410 HM MPOTHB KOHTPOJILHOM MPOOHI,
B KOTOPYIO BMECTO MEePEKUCH BOJIOPOJa BHOCUIM 2 MJT BOJbI.

AxrtuBHocTh COJl onpeaensau no [Giannopolitis, Ries, 1977]. OnTuueckyio MI0THOCTh COAEPKU-
MOTO MTPOOUPOK U3MEPSUIH TIpH JyTHE BOJHBI 560 HM. Pacuér aktiBHOCTH (hepmenTOoB (KAT 1 COJI)
MIPOBOJIMIIM HA CYXOH Bec.

AKTHBHOCTb IEPOKCH/IA3bl aHATTM3UPOBAIH 110 MeToay bosipkrHa [MeTo bl OMOXMMUYECKOTo UccJie-
JOoBaHMSA pacTeHwid, 1987], ocHOBaHHOMY Ha OIpe/ie/IeHUH CKOPOCTH OKUCJICHUsI OCH3WINHA TIPY HAJIH-
YU NIEPEKKUCH BOJIOPOJA U MEPOKCHIa3bl. MI3MepeHus onTu4Yeckoi MIOTHOCTU MPOBOIWIIN TIPU AJIUHE
BosIHBI 590 HM execekyHAHO B TeueHue 120 c. [Ipu pacy€re yuuThiBaaM pasHUIly MEXAY HadyaabHOU
Y KOHEYHOU ONTUYECKOW TNIOTHOCTBIO. Onipeie/ieHre aKTUBHOCTY (DepMEHTa MPOBOJWIIM Ha CyXOu Bec.

WuteHcuBHOCTH (poTocuHTe3a (nanee — Vd) uzMepsid TATpUMETPUYECKUM MeTo1oM BuHkiepa,
PaCCUMTBHIBAIM U3MEHEHUE COJEepKaHUsl KUCJIOpOoa B BOJIE 3a NMepuoj, MHKyOaluuu Tauiomo (Mkr O,
Ha | T cbIpoil Macchl TaiomMa B 4). KOHTpoJieM city:XKuiiu BOIOPOCIN B EMKOCTSIX 0e3 He(hTeIpOLyKTOB.

ConepxkaHue CyxOoro BeIeCTBA OIpeNesisIi COINIACHO OOUICTIPUHATON MeToauke [Metomapl
OMOXMMMYECKOTO HCClieloBaHus pacteHuid, 1987]. [l 3TOro TayuioMbl BOJOPOCTM TOCTE yAa-
JIGHUs1 C TIOBEPXHOCTH KameJbHOW BJark C MOMOUIbIO (PUIBTPOBAIBLHOW OyMaru B3BEIIUBAJIM
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Ha Becax BJIT3-310 («I'ocmerp», Poccus) (tounocts 0,001 Mr), BeICyIIMBaIM B CYIIMJIBHOM IIKady
B TeyeHue 24 4 1o nocrosstHHOro Beca npu +105 °C u noropHO B3BemmBaiu. CoaepkaHue Cyxoro
BEIIIeCTBA OIIEHUBAIU KaK JOJIO CYXOW MacChl OT ChIPOH.

AHamu3 COCTOSIHMSI KJIETOK BOAOPOCTEH MPOBOAMIM METOJOM CBETOBOM MHKPOCKOIUU
C UCIoJib30BaHueM Mukpockona Mukmen-6 (JIOMO, Poccust) nipu yBenuuenun x400.

JlOCTOBEpHOCTb pa3IUUMil MEXIy BapUAHTAMHU PACCUUTBHIBAIM ISl UCXOOHBIX JAHHBIX C MpUMe-
HeHueMm f-kputepusi CTeiofieHTa npu BeposiTHOCTH 95 % (p < 0,05). 115 OlleHKM 3HAYMMOCTU BJIU-
sIHUS (paKTOpa 3arpsI3HEHHOCTU MCIOJIb30BAIM OJHO(AKTOPHBINA AUcHepcHOoHHBIN aHamu3 (ANOVA).

JInst 0O6pa®OTKM M aHaM3a TOJYYSHHBIX JAHHBIX TPUMEHSUIA CTATUCTUYECKUH TMaKeT MPOTrpaMMEbI
MS Office Excel 2010.

PE3VJIbTATHBI

CocTtosinue KJIeTOK BojaopocJeii. KoHTponbHbIe 00pa3ibl K KOHITy 9KCIEPUMEHTa OCTaBaJIUCh
B MHTAKTHOM COCTOSIHUM (puc. 1A). V oIbITHBIX 00pa3LoB nocje 3 4 ucciieloBaHus HaOIoJai Paciiy-
pEHUE CTPYKTYp NepOpUpOBAHHOrO XJoporulacta. K KOHIly nepBbIX CyTOK XJIOPOILIACT YMEHbIIAJIC,
npuoOpeTas B psifie KJIETOK 3epHUCTYIO CTPYKTypy. OTMeueHo pa3BuTHe riazmosmsa (puc. 1B, B).

Puc. 1. Knetku Acrosiphonia arcta x KoHIy 3kcniepuMeHTa (24 4): A — KoHTpoJb; b, B — kiieTku nocne
HaXOXJIEHUs B BOJE C JU3EJIbHBIM TOIJIMBOM

Fig. 1. Acrosiphonia arcta cells at the end of the experiment (24 h): A, the control; B, B, cells after exposure
to water containing diesel fuel

Mapkepbl OKHCJIHTEJbHOIO cTpecca. B HopMe B KJIeTKax MOCTOSIHHO MPUCYTCTBYIOT NIEPEKUCh
BOJOPO/A, yPOBEHb KOTOpoii konebercs B npeaenax 0,004-0,005 kmonb-T~! cyxoro Beca, U IIPOIYKTHI
TepPEKUCHOTO OKMCIIEHU JIUIUIOB, KOHLIEHTpallks KoTopbix cocTaisgeT 0,003-0,005 y.e..r~! cyxoro
Beca. YMEHbIIICHUE U YBEJIMUeHNE KOHLIEHTPAIMY STUX BEIIECTB B KJIETKe 00YCJIOBJIEHbI, CKOpee BCEro,
HaJIMYMEM CYTOUHBIX PUTMOB U3MEHEHUs1 aKTUBHOCTU (PU3HOJIOTMYECKUX MTpoLieccoB (puc. 2A, b).

[Mox nmeiicTBUEM AM3EIBHOTO TOIUIMBA Y SKCHEPHUMEHTATBHBIX 00Pa3lioB KOHIEHTPAIMs ePeKUCH
BOJIOpOJia B TeueHue 1-ro yaca yBenmuuBaercs B 1,5 pa3a; 3aTeM NpoUCXOUT MOCTENEHHOE €€ YMEHbIIIe-
Hue (B 2 pa3a). YposeHsb [10J] y skcriepuMeHTaIbHbIX BOAOPOCIEN Ha MPOTSKEHUH 1-ro yaca CHUXKaeT-
cs1; B JaJIbHEMIIEM, K 7-My Yacy OMbITa, OH MOBBIIIAETCS MPaKTUYECKHU BABOE; K 10-My yacy HaOoAeH!A
ypoBeHb cHukaetcs. K konuy sxcnepumenra [10JI ycunusaercs.
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[Tpn 3TOM HEOOXOAMMO OTMETHTh, YTO M3MeHeHHs ypoBHs I1OJI B KOHTpoJe M OmbITe HaXOIAT-
csa B nporuBodaze. Yepe3 1 u 10 u skcneprMeHTa B KOHTpOJIE 3a(PMKCUPOBAHO HAKOIUIEHUE IPO-
aykrtoB ITOJI, Torna kak B OmbITe B 3TO k€ BpeMs KOHLeHTpauus npogykros I1OJI 3HauurtenbHO
yMeHsbImach (puc. 2A, b).

AKTHBHOCTH (hepMEHTOB aHTHOKCUJAHTHOI cucTeMbl. AKTUBHOCTh COJl B KOHTpOJIE B NEpU-
o1 ¢ 1-ro o 7-1 yac ucciaenoBaHus OCcTaBajach HeU3MeHHOM, Ha 10-i yac yBesmuuBaniach B 1,3 paza
U JIO KOHIIA KCIIepUMeHTa He u3MeHsuiack. [loy Bo3aecTBreM 1n3esibHOro TormBa akTuBHOCTh COJJ
pocia B 1,5 pa3a B 1-ii yac IKCmepuMeHTa, CHWKajdach B 2 pa3a Ha 7-d 4Yac U CpPaBHUBAJIACH
C aHAJIOTMYHBIM TIOKa3aTesieM B KOHTPOJIE K IEPBBIM CyTKaM (puc. 2B).

Puc. 2. V3meHeHne oCHOBHBIX (PU3HOJIOTO-OMOXMMHUYECKUX TIOKazaTesel Acrosiphonia arcta B TedeHue
9KCIIepUMeHTa: A — KOHLIEHTpalusl NepPeKUcH BOIoposia; b — ypoBeHb MepeKMCHOrO OKMCIIEHHS JIMIH-
J0B; B — akTMBHOCTb CynepoOKCUAIUCMYTa3bl; I — aKTMBHOCTD KaTasasbl; [l — aKTUBHOCTb NMEPOKCUIA3HI;
E — unTeHcuBHOCTH poToCHHTE3a. [laHHBIE Ha rpadrKax MpeCTaBIIeHb! B BUIE CPETHUX apHU(PMETHIECKHUX;
Oapbl 0003HAYAIOT CTAHIAPTHOE OTKJIOHEHHUE [* — J10CTOBEpHBIE pa3inuus ¢ KoHTposeM (p < 0,05)]

Fig. 2. Changes in the main physiological and biochemical parameters of Acrosiphonia arcta during the ex-
periment: A, hydrogen peroxide concentration; b, the level of lipid peroxidation; B, superoxide dismu-
tase activity; I', catalase activity; /I, peroxidase activity; E, rate of photosynthesis. Data in the graphs
are presented as arithmetic means; bars indicate standard deviation [* marks significant differences
with the control (p < 0.05)]
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AxtuBHOCTh KAT B KOHTpOJIE HE U3MEHsIACh B TeueHue 1-ro yaca uccienoBanusa. Ha 3-i1 yac or-
MeueHo nosbiiieHre aktTuBHocTH KAT B 3,6 pa3a, Ha 7-i1 yac — ymeHblleHue B 3 pa3a, Ha 10-i1 yac —
yBesarveHue B 1,5 pasza ¢ COXpaHEeHHEM BBICOKMX 3HAYEHMI O KOHLIA U3MepeHUil. B ombITHBIX 00pa3-
11aX MPOUCXOAUJIO MocTeneHHoe noBbiiieHne aktTuBHOCTU KAT (B 3 pa3a) ¢ 1-ro nmo 7-i1 yac uzmepe-
HUil, Ha 10-i yac akTUBHOCTb (pEPMEHTA CHMKaJIach B 2,5 pa3a U JO KOHLIA SKCIIEPUMEHTA OCTaBalach
Heu3MeHHoH (puc. 2I).

AKTHBHOCTb TIEPOKCH/Ia3bl B TE€UYEHHE SKCIEPHMEHTa y KOHTPOJBHBIX W OIBITHBIX 0Opa3IoB
W3MEHSIACh 3HAUUTEIIBHO.

B xoHTpose Habmomam BOJTHOOOpa3HOe N3MEHEeHHe aKTUBHOCTH (hepMeHTa. B Teuenne 1-ro yaca
OTMEUYEHO HEe3HAUMTEJIbHOE MOBbILIEHNE aKTUBHOCTU NIEPOKCHIA3bl, a Ha 3-i1 yac — cHUkeHue B 6 pas.
B nepuoa ¢ 3-ro no 7-i 4yac akTMBHOCTb pocia B 2 pasa, 3aTeM CHIKAJIACh B 2 pa3a, K KOHILy KCIle-
puMeHTa (24-11 yac) yBeaMuuBasach B 3 pa3a [0 CPABHEHUIO C NIPEbIIYIIMMU 3HaUeHUAMU (puc. 2[1).
VY onbITHBIX 0OPA3IOB TaKkKe MPOUCXOANIIO OBBIILIEHNE aKTUBHOCTH MEPOKCHAA3HI HA |- yac sKcnepH-
MmeHTa (B 1,3 pa3a) u cHrkeHue Ha 3-it yac (B 7 pa3). B 1o ke Bpemsi, HaunHas ¢ 7-ro yaca SKCIiepuMeHTa,
OBUIO 3apEerucCTPUPOBAHO YBEJIMUYEHHE aKTUBHOCTH MEPOKCHAA3bl, KoTopast K 10-My yacy mccrienoBa-
HUs yBEJIMUMBAJIAch B 5 pas, a K 24-My — B 1,5 pa3a 1o cpaBHEHMIO C MPeAbIIyIIMMHU 3HAYEHUSIMU
NoKazateJsisi ¥ OblIa IOCTOBEPHO BbIlLe KOHTPOJIA (puc. 2[1).

HNuTencnBHOCTL (boTOCHHTe3a. B xoze skcnepumeHTta Obuta Takxke usmepeHa P (puc. 2E).
B niepBbIie Yachl y OIBITHBIX 00pa310B IPoUcXoauiio nosienre P no cpaBHeHuIo ¢ koHTposieM. Hau-
OoJiee cyniecTBeHHbIe OTIIMYMS HAOIOAAMM Ha 3-i Yyac U3MEepeHMii: 3HaueHus1 Obuti B 1,3 pasa Bhilie
koHTpoJist. K okoHuaHMIo skcriepumenTa P onbITHRIX 00pa3iioB CTala HUKE TAaKOBOM KOHTPOJBHBIX
B 1,3 paza.

OBCYKIEHUE

V3meHeHne akTUBHOCTY (DEPMEHTOB AaHTMOKCHIAHTHOM CUCTEMBI B OTBET Ha JIEMCTBHIE CTPECCOPOB
Pa3HOM MPUPO/IBI — 3TO YHUBEPCAIbHAS peaKiusi Ioooro oprann3Ma [ Munbuakosa, [llaxmarosa, 2007;
[MaxmaroBa, 2004; Regoli et al., 2002; Ryzhik et al., 2019; Sardi et al., 2016; Zhang et al., 2004]. B nu-
TepaType B OCHOBHOM OOCYKIAIOTCSl JOJITOBPEMEHHOE BO3/IEHCTBIE HE(PTEPOAYKTOB U COOTBETCTBY-
I0LL1E NIEpPecTpOrKU B opranusMe. Hanipumep, Ha Hypnea musciformis IpoJeMOHCTPUPOBAH CIIOKHbIN
XapakTep U3MEHEHHUsI PA3JIMUHbIX OMOXMMHUYECKUX MOKa3aTeNiel — CHUKEHUE COIEPKaHMUS XJIOPOUII-
Ja a ¥ (PEeHOJIbHBIX COEAMHEHMI U MIOBBIIEHNE KOHUEHTPAMN KAPOTUHOUJOB. Takke OTMEUEeHO h3Me-
HEHUe MOP(QOJIOrvH KJIETKHU, B YACTHOCTH CTPYKTYPbI IOBEPXHOCTHU KJIETOYHOM cTeHKH [Ramlov et al.,
2014, 2019]. Ha mukpoBopopocnsx Pseudokirchneriella subcapitata ipoJjeMOHCTPUPOBAHO, YTO CBe-
kee u (B OOJbIIEH cTerneHW) OTpadOTaHHOE MOTOPHOE MAacjO BBI3BIBAIO TMOBBIIIEHWE AKTHMBHOCTU
AHTUOKCUJAHTHBIX (pepMEHTOB (BHauase yBeaunuuBaiach akTMBHOCTh COJl, moToM — mepoKcuaasbl
u KAT); Takum 0Opa3oM, yMeHbIIIaJI0Ch OKMCIUTEIbHOE TIOBpeXkaeHne onomostekyn [Ramadass et al.,
2015]. B k1eTkax 3eJI€HbIX BOAOPOCIEH MPH JJIUTEIbHOM BO3/IEUCTBUM TOKCUKAHTA MIOKA3aHbl PA3BUTHE
TU1a3MOJIN3a, Pa3pylleHre XJIOPOIUIACTOB U T. 1. [Bockoboitnukos u ap., 2018; Salakhov et al., 2021].

3ayacTylo B JOJITOBPEMEHHbIX KCIEPUMEHTAX HE YIAETCA BBIABUTH MCTMHHYIO OTBETHYIO pEak-
LMI0 Ha BO3JeicTBUE TOKCUMKaHTa. Hampumep, B padotax Ha Fucus vesiculosus He ObUIO 3aperucTpH-
poBaHo yBenuueHue aktuBHocTH KAT mocne mumrensHoro (6omee 10 1He#) KOHTaKTa ¢ AU3EJIbHBIM
torumBoM [Ryzhik et al., 2019]. OngHako B mpupoaHbIX ycaoBusax akTuBHOCTh KAT Obuta qoctoBep-
HO BBILIE y BOJOPOCJIEHN, NOJBEPKEHHBIX XPOHUYECKOMY JIEMCTBHUIO BBICOKOTO YpPOBHS 3arps3HEHMS,
YEM Y PACTEHMI M3 SKOJOIMUECKU YUCThIX pailoHOB [Shakhmatova, Ryzhik, 2020].

B naHHOM HcceoBaHMM MOKa3aHO N3MEHEHUE aKTUBHOCTH aHTUOKCUIAHTHBIX (DEPMEHTOB B KJIET-
Kax A. arcta B OTBET Ha BO3JEHCTBUE [M3EJIbHOTO TOIUIMBA B T€UEHHE NEPBbIX CYTOK IKCIEPUMEH-
Ta. K HacrosiieMy BpeMeHM YCTaHOBJICHO, YTO HMHTEHCH(pHMKalusi oOpa30oBaHHUsS AaKTUBHBIX (opM
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KHMCJIOpOJ1a TPUBOJUT K YBEJIMUEHUIO AKTUBHOCTH aHTUOKCUIAHTHBIX (DEPMEHTOB, yYaCTBYIOLUX B (pop-
MHPOBAHUU J10JITOBpeMeHHbIX agantauui [Kosnynaes, 2007; Konynae, Kapnen, 2010; Poroxun, 2004;
Migdal, Serres, 2011].

Pe3ynbraThl Hallero ucciieIoBaHus MOKa3aid, YTo K 1-My yacy BO3JEICTBUS B KJIETKaX pacTeHUN
HAYMHAIOT (POPMUPOBATHCS CTPECCOBbIE PEAKIIMH, B YACTHOCTU PAa3BUBAETCS IJIA3MOJIU3 U HAPYILIAETCS
CTPYKTYypa XJIOPOILIACTOB.

B Xxo7e nepBbIX CYyTOK MOKHO BBIAETUTH TPU OJIOKA OBICTPBIX CTPECCOBBIX PEAKIIHIA, KOTOPbIE 3aIyC-
KatoTcs nosrarnHo. OUH U3 IEPBbIX, PeaIn3yeMblil cpa3y NOCIIe Hauasla BO3JEUCTBUS, — UHTEHCU(UKA-
st ipotieccoB [TOJI. ManoHoBbIi anasbaerun U apyrue npoayktsl IIOJI sBisioTcsi cBOeoOpa3HbIMU
CUTHAJIAaMM ISl YCUJICHUsI CUHTe3a (DEpMEHTOB aHTHOKCHIAHTHOU cucteMbl. [locnie 1-ro yaca skcne-
puMeHTa ObuT 0TMeueHbl yMeHbleHne ypoBHs [10J1 u nosbiienne aktuHocTr COJl 10 cpaBHEHUIO
¢ koutposeM. [Iporeccst [TOJI pazBuBatoTcs ¢ OOJBILION CKOPOCTHIO; KAK MOKA3aHO HA TIPUMEPE BHICIINX
pacTeHui (IIPOPOCTKM MIIEHULIbI), 3HAUUTEIbHOE HakorieHue npoayktos I1OJI Moxer npoucxoanTsb
yke B TedeHre nepBbix 10-15 mun Bo3aevictBus [Poroxkun, 2004]. [Insa ux o0e3BpekMBaHUS WCIIONb-
syetcst TOoT mya CO/l, KOTOpbIN MPUCYTCTBOBAJ B KJIETKE JI0 Havasia BO3ACUCTBUSA. Takxke 3amycKaeTcst
cuHTe3 de novo, nockoiibky CO/I otHOCHTCSA K MHAYLMpPYyeMbIM (pepMeHTaM. COITIaCHO JIMTepaTyPHBIM
JAHHBIM, Ha IPUMEPE UCCIIEAOBAHMUS BIUSHUSA YJIbTPa(UOJETOBOIO U3JIyYEeHUs HA MPOPOCTKY MIIIEHH-
16l IPOJIEMOHCTPUPOBAHO, YTO HAa HAYaJIbHBIX 3TANlaxX BO3AEUCTBUS I yTWIN3ALMHU aKTUBHBIX (POPM
KHCcJopoia ucrnosibzyercs umeroiuiics 3anac CO/, a 3atem yxe 3amyckaercsi cunre3 gepmenta [Po-
roxus, 2004]. [MapauielbHO MBI MOXEM HaOMIOIaTh B KJIETKax Acrosiphonia yBeluyeHUue KOHIICHTPA-
MM Nepeknucu Boaopona. Takxke B 3T0T nepuon aktuBupyercs cuate3 KAT, MakcuMyM akKTMBHOCTH
KOTOPOU MPUXOAUTCS HA 7-1 Yac U3MepeHuil (BTOPOi OJI0K peakiuii).

B nanpHenmeM y ucciieryemsix Bogopocien ymensinaercs konieHTpaiusa KAT u noseiaercs ypo-
BEHb MePOKCU/Ia3bl (TPeTHil 3Tam). BoisBIeHHBIE OCOOEHHOCTU MOTYT OBITh CJI€ICTBUEM UHTMOMPOBAHUS
akTuBHOCTU KAT BBICOKMMM KOHLEHTPALMSMHU NEPEKUCH BOAOPOJA U/WIM MPOAYKTAMU PaCIlIEIIeHUsT
He(TeyI/IeBOIOPOJOB U BO3MOKHBIM IIEPEXOI0M 3TOro (pepMeHTa B ApYryio popMy, KOTOpas 03BOJIsA-
€T BBINOJIHATH OKCUreHasHywo ynkuuio [Konynaes, Kapnen, 2010; Konynaes u ap., 2011]. I1pu atom
cHkeHne akTuBHOCTH KAT conmpoBOXaloch YBEJIMYEHUEM aKTMBHOCTH MEPOKCUIA3bI, YTO C yYé-
TOM CXOJICTBA BBINIOJHSEMBIX UMU (DYHKIIMI CBUIETEIbCTBYET O KOMIIEHCATOPHOM XapaKTepe U3MeHe-
HUl. B myOnukanusx psiaa aBTopoB ObUTH IMOKa3aHbI KOMIIEHCATOPHBIE TIEPECTPOUKH OJJHUX KOMIIOHEH-
TOB QHTUOKCHJAHTHOM CHUCTEMbl IPYU MHIMOMPOBAHUM aKTMBHOCTU / CHYKEHHU COAEPKAHUS APYTUX
e€ KoMrnoHeHTOB [Mupomnnyenko, 1992; Apel, Hirt, 2004].

Takke B padoTte oTMeueHo nosbinenre VId y onbITHBIX pacTeHui B iepBble Yachl u3mepenu (1, 3,
7 u 10-i1) ¥ CHUKEHHUE K KOHITY SKCIIepUMEHTA.

Ha6monaemoe Hamu roeitieHre VI® B iepBbie 4achl OMbITa, BO3MOXKHO, CBSI3aHO C 0OCOOEHHOCTSIMU
Metona BuHkiepa, B KOTOpoM Uit U3MepeHus (POTOCHHTE3a pacTeHHs IEPeHOCAT B cpeay 0e3 TOKCH-
kaHTa Ha niepuoa ot 30 muH A0 1 4. MbI nipeamnosiaraeM, 4to NepeHeceHre PacTeHU B YUCTYIO BOAY
1151 U3MEPEHU S BbI3BAJIO0 BPEMEHHYIO AKTUBALMIO (DOTOCUHTE3A, TAK KAK CHU3UJIOCh TOKCUUYECKOE BIIMS-
HUE IM3eIbHOrO TOINBA. Mexay Tem mpu OoJiee AUTEIbHOM HaX0XICHUU PACTEHU B SKCIIEPUMEHTE
AaHHbIN 3(peKT He ObLT 3apPEerucTPUPOBaH, MOCKOJIBbKY B MX KJIETKaX HAKaIIMBAIOTCS HEOOpaTUMBbIE U3-
MeHeHus1. Takum 0Opa3om, cMelleHre MPOOKCUIAHTHO-aHTHOKCUIAHTHBIX PEaKIUi B CTOPOHY IIPOLIeC-
coB [10OJI B kJIeTKax OMBITHBIX PACTEHUI MOCTIE CYTOK IKCIEPUMEHTA, BEPOSITHO, IPUBEJIO K U3MEHEHHUIO
CTPYKTYPBI XJIOPOILIACTOB, IJIA3MOJIA3Y M, COOTBETCTBEHHO, CHUAeHUI0 N D.

V3meneHns: (pU3MOIOTHUECKHX TMOKa3aTeNield B TeUeHNe TEePBhIX YacoB JEHCTBHS CTPECCOPOB Obl-
JIM OTMEYEHbI ISl Pa3HbIX IPYNIl OPraHU3MOB, W 3aTpParvMBaJid OHU HE TOJBKO COCTOSTHUE AHTHOK-
CUJIAHTHOU CUCTEMBI, HO U OEJIOKCMHTE3UPYIOIIUI U SHepreTHUecKuil anmnapatsl kiaetku. Hampumep,
IJ151 MUKPOBOJOPOC/IEN M MUKPOOPraHU3MOB ObUTM IPOJEMOHCTPHUPOBAHBI 3HAUUTEIbHbIE N3MEHEHU S
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B COOTHOIIICHUSIX OEJKH/YIJIEBOBI U CKOPOCTh POCTa / BBIKMBAEMOCTh KJIETOK, KOTOPBIE TIPOUCXO/SIT
P KOHTAKTE C PACTBOPEHHBIM JMU3EJIbHBIM TOIJIMBOM B T€UEHHWE MEPBBIX CYTOK BO3aercTBUsA [Shiu
et al., 2020]. B uccnenoBaHusAX BIMSHUSA IUIEHKH HE(PTENPOAYKTOB MOKA3aHO, YTO MPU KpaTKOBpe-
MEHHOM €€ BO3[EHCTBUM (OJVH MPWIMBHO-OTIIMBHOW LIMKJI) y 3€JEHBIX BOJOPOCIEW PEruCTPUPYIOT
TJ1a3MOJIN3 KJIeTOK, cHukenue P u yBenmuenne nHteHCMBHOCTH Jpixanus [Ryzhik, Makarov, 2019].

B T0 e BpemMs1 Hamu ycTaHOBJIeH caBur cyTouHoro Iukia KAT u yposus [1OJI B onbITHEIX 00pa3-
11X [0 CPABHEHUIO C KOHTPOJIbHBIMU. DTO MOKET CBUJIETEJILCTBOBATh O HAPYILIEHUU CYTOYHBIX PUTMOB
aktuBHOCTU (pepmenTa KAT u nponeccos I1OJI. B psane nmyOnukanuidi ObIO NOKA3aHO CyILECTBOBA-
HHE y BOJOPOC/Iel OMOJIOTMYECKUX PUTMOB BbIPAOOTKM AHTUOKCHAHTOB, MIMEIOIIMX OOJIBIIOE 3HAYEHHEe
s pyakumonupoBanus kietok [Carvalho et al., 2004]. Ananornansiii 3¢pdekt ObUT OTMEUeH B pado-
Tax MO U3yUYEHHUIO BIIUSIHUSA yIbTPapUOIETOBOIO U3/IyUeHH s Ha COCTOSIHUE aHTUOKCUIAHTHOTO KOMILIEK-
ca 371aKkoBbIX pacteHu [Poroxun, 2004]. HapyieHre puTMOB MOKET HEraTUBHO CKa3bIBAThCS HA YCTOM-
YUBOCTU PACTEHUI B MEHSIOIIMXCS YCIOBUSIX BHEIIHEN CPEbl, UTO MOATBEPKAAIOT IMOJyYeHHbIE HAMU
pe3yJIbTATHI.

Takum 00pa3om, pe3yJabTaThl UCCIECAOBAHUI MO3BOJIMIIN YCTAaHOBUTh, YTO YBEJIMUYEHUE aKTUBHO-
CTU aHTUOKCUJAHTHBIX (DEPMEHTOB B KJeTKax Acrosiphonia arcta, NOJBEPraBLIMXCS JAEUCTBUIO M-
3€JIbHOTO TOIUIMBA, POUCXOAMUT B TEUYEHME 1-ro yaca ompiTa M SABJISETCA aJAallTUBHOM peaklUen pac-
TEHWI Ha MOBBILLIEHNE KOHUEHTPAUUK MepeKucu Boaopoja. Ha npotskeHuu skcrnepUuMeHTa YyCTaHOB-
JieHbl pa3Hble BpeMeHHble MakcuMyMbl akTUBHOCTH COJl, KAT u nepokcupaassl, 4YTO0 COOTBETCTBY-
€T COBPEMEHHBIM IPEICTABIEHUAM O IOCJIEI0BATEIBHOCTH peaM3alid aHTUOKCUIAHTHOIO OTBETA!
CO/[l — KAT/nepokcunasa.
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CHHXPOHH3AIIMU MOKET IMPUBECTU K TUOEIN BOAOPOCIIEH.

Hccnedosanue gvinonneno é pamkax epanma Poccuiickozo Hayunozo gpornda Ne 22-17-00243 «Paduayuonnas
OKeanono2us U 2e09K002ust npuopexcrozo ueavgha bapenuesa u benozo mopeit. bBuokochvie 63aumooelicmeust 6 cu-
cmeme OOHHble OMAOHCEHUST — 8004 — MAKPOBOOOPOCAU — MUKPOOP2AHU3MbL, UX PONb 8 PEMEOUaUUU MOPCKOT
NPUOPENCHOTE IKOCUCTIEMbL NPU PAOUAUUOHHOM U XUMUUECKOM 3a2PSI3HEHUU 8 YCAOBUSIX APKIMUKU.

CIIMCOK JIMTEPATYPbI / REFERENCES

1. BockobovinukoB I'. M., Jlonymanckas E. M., B PaCTEHUsIX IMpU JAEHCTBUM CTPECCOPOB: 00pa3o-

Kakosckag 3. A., MerenvkoBa JI. O., Maru-
moB I'. I. O6 ywactum 3enéHoil BOIOpOCTH
Ulvaria obscura B OnopeMenvanuud MOPCKOU
cpeapl or HedrenponyktoB // [Joxaader Axa-
Oemuu nayk. 2018. T. 481, Ne 1. C. 111-113.
[Voskoboinikov G. M., Lopushanskaya E. M.,
Zhakovskaya Z. A., Metelkova L. O., Ma-
tishov G. G. Participation of the green algae
Ulvaria obscura in bioremediation of sea water
from oil products. Doklady Akademii nauk,
2018, vol. 481, no. 1, pp. 111-113. (in Russ.)].
https://doi.org/10.31857/S086956520000064-3

2. Konynaes 0. E. AxTtuBHBIE (DOPMBI KHCIOpPOIA

BaHUE U BO3MOKHbIe (DyHKUMY // Bicnuk Xapkieco-
K020 HauioHanbHoezo yHisepcumemy imeri B. H. Ka-
pazina. Cepis «bionoeis». 2007. Bumn. 3 (12).
C. 6-26. [Kolupaev Yu. Ye. Reactive oxygen
species in plants at stressors action: Formation
and possible functions. Visnyk Kharkivskoho na-
tsionalnoho universytetu imeni V. N. Karazina.
Seriia “Biolohiia”, 2007, iss. 3 (12), pp. 6-26.
(in Russ.)]

. Komynaes 10. E., Kapnen 0. B. ®opmuposariue

aoanmueHbIX peaxkyull pacmenuil Ha Oelicmeue
abuomuueckux cmpeccopos. KueB OcHoga,
2010. 352 c. [Kolupaev Yu. Ye., Karpets Yu. V.

Mopckoii 6uosnorrueckuii xypHain Marine Biological Journal 2024 vol. 9 no. 1


https://doi.org/10.31857/S086956520000064-3

94

N. B. Pokuk, [. O. Canaxos, M. B. Makapos, M. }0. MeHsbI1akoBa

rastenii
Kyiv

Formirovanie  adaptivnykh  reaktsii
na deistvie abioticheskikh stressorov.
Osnova, 2010, 352 p. (in Russ.)]

. Konynaes I0. E., Kapren 10. B., O6o03ns1i1 A. 1.

AHTHOKCH/IaHTHAsl CHCTEMa paCTEHUIl: ydacThe
B KJISTOYHOW CUTHAIM3AIMH W a[anTaivy K Jei-
CTBUIO cTpeccopoB // Bicnux Xapkiecvkozo nayio-
HaavHoeo yHieepcumemy imeni B. H. Kapasziua.
Cepis «bionoeis». 2011. Bum. 1 (22). C. 6-34.
[Kolupaev Yu. Ye., Karpets Yu. V., Obozniy O. L.
Plants antioxidative system: Participation in cell
signaling and adaptation to influence of stressors.
Visnyk Kharkivskoho natsionalnoho universytetu
imeni V. N. Karazina. Seriia ‘“Biolohiia”, 2011,
iss. 1 (22), pp. 6-34. (in Russ.)]

. Kopomox M. A., UBanosa JI. ., Maiioposa U. T,

Tokapes B. E. Meron onpeneneHus akTUBHO-
cTH Katanaswl. Jlabopamoproe deno. 1988. Ne 1.
C. 16-19. [Korolyuk M. A., Ivanova L. I,
Maiorova I. G., Tokarev V. E. Metod opredeleniya
aktivnosti katalazy. Laboratornoe delo, 1988, no. 1,
pp- 16-19. (in Russ.)]

Memoobl Ouoxumuueckozo uccredosanus paciie-
nuii / nop pen. A. E. EpmakoBa ; 3-e u3na-
HUe, TepepaboTaHHOe W JONOJHEHHoe. JIeHWH-
rpag : Arpomnpomusnar, JIeHWHrpajackoe otie-
nenue, 1987. 429 c. [Metody biokhimicheskogo
issledovaniya rastenii / A. 1. Ermakov (Ed.) ;
3" edition, revised & enlarged. Leningrad : Agro-
promizdat, Leningradskoe otdelenie, 1987, 429 p.
(in Russ.)]

. Mmmpyakosa H. A., IIaxmatoBa O. A. Ka-

TaJla3Has aKTMBHOCTb MAaCCOBBIX BHJIOB 4ep-
HOMOPCKMX MaKpOBOJIOPOCNEHl B TpaJueHTe
XO3HCTBEHHO-OBITOBOrO  3arpsisHenust // Mop-
ckoti  skonoeuveckuti  ocypran. 2007. T. 6,
Ne 2. C. 44-57. [Milchakova N. A., Shakhma-
tova O. A. Catalase activity of the widely-
distributed macroalgae of the Black Sea
by gradient of the sewage pollution. Morskoj
ekologicheskij zhurnal, 2007, vol. 6, no. 2,
pp. 44-57. (in Russ.)]. https://repository.marine-
research.ru/handle/299011/906

. Mupomnnyenko O. C. buorenes, ¢usnonoru-

yeckash posib M CBOKCTBa Kartanaswl // Buonoau-
Mepol u kaemxa. 1992, T. 8, Ne 6. C. 3-25.
[Miroshnichenko O. S. Biogenesis, physiologi-
cal role, and properties of catalase. Biopolimery
i kletka, 1992, vol. 8, no. 6, pp. 3-25. (in Russ.)].
https://doi.org/10.7124/bc.00033C

9.

10.

11.

12.

13.

14.

15.

16.

IMatun C. A. Hegpmsnvie pazausvi u ux 803oeii-
cmaue Ha MopcKyto cpedy u duopecypcol. MockBa :
Nzn-so BHUPO, 2008. 508 c. [Patin S. A. Oil
Spills and Their Impact on the Marine Environ-
ment and Living Resources. Moscow : VNIRO
Publishing, 2008, 508 p. (in Russ.)]

Poroxun B. B. Ilepoxcudasa kax komnonenm
AHMUOKCUOGHMHOU  CUCEMbL  HCUBLIX  OP2AHU3-
moe. Cankr-IlerepOypr : TUOP], 2004. 240 c.
[Rogozhin V. V. Peroksidaza kak komponent
antioksidantnoi sistemy zhivykh organizmov. Saint
Petersburg : GIORD, 2004, 240 p. (in Russ.)]
CrenanbsH O. B. BosneiictBue HedTAHON MIEH-
KM Ha (poTocuHTe3 Oyphix Bogopocierd BapeHiie-
Ba Mops // bomanuueckuii scypran. 2014. T. 99,
Ne 10. C. 1095-1100. [Stepanyan O. V. The oil
film influence on photosynthesis of brown algae
in the Barents Sea. Botanicheskii zhurnal, 2014,
vol. 99, no. 10, pp. 1095-1100. (in Russ.)]
MaxmatoBa O. A. AxmugHocmv aHMUOKCU-
OaHMHOU  CUCTEMbl  HEKOMOPLIX UEePHOMOPCKUX
2udpooduormos 6 npuodpescroli axkeamopuu Ce-
sacmonons. : aBTOped. AWC. KaHja. OWOJ.
Hayk : 03.00.17. Cesacromons, 2004. 21 c.
[Shakhmatova O. A. Aktivnost’ antioksidantnoi
sistemy nekotorykh chernomorskikh gidrobiontov
v pribrezhnoi akvatorii Sevastopolya : avtoref.
dis. ... kand. biol. nauk : 03.00.17. Sevastopol,
2004, 21 p. (in Russ.)]. https://repository.marine-
research.ru/handle/299011/9708

Alscher R. G., Erturk N., Heath L. S. Role of su-
peroxide dismutases (SODs) in controlling ox-
idative stress in plants. Journal of Experimental
Botany, 2002, vol. 53, iss. 372, pp. 1331-1341.
https://doi.org/10.1093/jexbot/53.372.1331

Apel K., Hirt H. Reactive oxygen species:
Metabolism, oxidative stress, and signal trans-
duction. Annual Review of Plant Biology, 2004,
vol. 55, pp. 373-399. https://doi.org/10.1146/
annurev.arplant.55.031903.141701

Bellincampi D., Dipierro N., Salvi G., Cer-
vone F., De Lorenzo G. Extracellular H,0,
induced by oligogalacturonides is not involved
in the inhibition of the auxin-regulated rolB gene
expression in tobacco leaf explants. Plant Phys-
iology, 2000, vol. 122, iss. 4, pp. 1379-1386.
https://doi.org/10.1104/pp.122.4.1379

Bokn T. Effects of diesel oil on commer-
cial benthic algae in Norway. In: 7985 Oil
Spill Conference (Prevention, Behavior, Control,

Mopckoii 6uonorndeckuii xxypHain Marine Biological Journal 2024 vol. 9 no. 1


https://repository.marine-research.ru/handle/299011/906
https://repository.marine-research.ru/handle/299011/906
https://doi.org/10.7124/bc.00033C
https://repository.marine-research.ru/handle/299011/9708
https://repository.marine-research.ru/handle/299011/9708
https://doi.org/10.1093/jexbot/53.372.1331
https://doi.org/10.1146/annurev.arplant.55.031903.141701
https://doi.org/10.1146/annurev.arplant.55.031903.141701
https://doi.org/10.1104/pp.122.4.1379

Ananus pU3NoNoro-OMOXMMHYECKUX MOKa3aTesel KieTtok Acrosiphonia arcta (Dillwyn) Gain. ..

95

17.

18.

19.

20.

21.

22.

23.

24.

Cleanup), 25-28 February, 1985, Los Angeles,
California. Washington DC : American Petroleum
Institute, 1985, pp. 491-496. (International Oil
Spill Conference (IOSC) proceedings ; vol. 1985,
iss. 1).

Calder6n-Delgado 1. C., Mora-Solarte D. A.,
Velasco-Santamaria Y. M. Physiological and en-
zymatic responses of Chlorella vulgaris exposed
to produced water and its potential for bio-
remediation. Environmental Monitoring and As-
sessment, 2019, vol. 191, iss. 6, art. no. 399 (13 p.).
https://doi.org/10.1007/s10661-019-7519-8
Carvalho A. M., Neto A. M. P., Tonon A. P.,
Pinto E., Cardozo K. H. M., Brigagdo M. R. P. L.,
Barros M. P., Torres M. A., Magalhdes P., Cam-
pos S. C. G., Guaratini T., Sigaud-Kutner T. C. S.,
Falcdo V. R., Colepicolo P. Circadian protection
against oxidative stress in marine algae. Hypnos,
2004, [vol.] 1 (suppl. 1), pp. 142-157.

Diaz-Baez M. C., Bustos Lopez M. C., Espinosa-
Ramirez A. J. Pruebas de toxicidad acudtica:
fundamentos y métodos. Bogotd, Colombia :

Universidad Nacional de Colombia, 2004,
118 p.
El Maghraby D., Hassan 1. Photosynthetic

and biochemical response of Ulva lactuca
to marine pollution by polyaromatic hydrocar-
bons (PAHs) collected from different regions
in Alexandria city, Egypt. Egyptian Journal
of Botany, 2021, vol. 61, no. 2, pp. 467-478.
http://dx.doi.org/10.21608/ejbo.2021.37571.1531
Esterbauer H., Cheeseman K. Determina-
tion of aldehydic lipid peroxidation products:
Malonaldehyde and 4-hydroxynonenal. Methods
in Enzymology, 1990, vol. 186, pp. 407-421.
https://doi.org/10.1016/0076-6879(90)86134-H
Geret F., Serafim A., Bebianno M. J. Antioxidant
enzyme activities, metallothioneins and lipid per-
oxidation as biomarkers in Ruditapes decussatus?
Ecotoxicology, 2003, vol. 12, iss. 5, pp. 417-426.
https://doi.org/10.1023/A:1026108306755
Giannopolitis C. N., Ries S. K. Superoxide dis-
mutases: [. Occurrence in higher plants. Plant
Physiology, 1977, vol. 59, iss. 2, pp. 309-314.
https://doi.org/10.1104/pp.59.2.309

Inupakutika M. A., Sengupta S., Devireddy A. R.,
Azad R. K., Mittler R. The evolution of reactive
oxygen species metabolism. Journal of Experimen-
tal Botany, 2016, vol. 67, iss. 21, pp. 5933-5943.
https://doi.org/10.1093/jxb/erw382

25

26.

27.

28.

29.

30.

31.

32.

. Klindukh M., Dobychina E., Makarov M., Ry-
zhik L. Influence of diesel fuel on the composition
and content of free amino acids in the green
alga Acrosiphonia arcta. IOP Conference Se-
ries: Earth and Environmental Science, 2021,
vol. 937, art. no. 022010 (5 p.). https://doi.org/
10.1088/1755-1315/937/2/022010

Malavenda S. V. Macroalgae’s flora of the Kola
Bay (the Barents Sea). Vestnik Murmanskogo go-
sudarstvennogo tekhnicheskogo universiteta, 2018,
vol. 21, no. 2, pp. 245-252. https://doi.org/
10.21443/1560-9278-2018-21-2-245-252

Mallick N. Copper-induced oxidative stress
in the chlorophycean microalga Chlorella vul-
garis: Response of the antioxidant system.
Journal of Plant Physiology, 2004, vol. 161,
iss. 5, pp. 591-597. https://doi.org/10.1078/
0176-1617-01230

Migdal C., Serres M. Reactive oxygen species
and oxidative stress. Médecine/Sciences, 2011,
vol. 27, no. 4, pp. 405-412. https://doi.org/
10.1051/medsci/2011274017

Nechev J. T., Khotimchenko S. V., Ivanova A. P.,
Stefanov K. L., Dimitrova-Konaklieva S. D.,
Andreev S., Popov S. S. Effect of diesel
fuel pollution on the lipid composition
of some wide-spread Black Sea algae
and invertebrates.  Zeitschrift  fiir = Natur-
forschung C, 2002, vol. 57, iss. 3—4, pp. 339-343.
https://doi.org/10.1515/znc-2002-3-401

Pilatti F. K., Ramlov F., Schmidt E. C,
Kreusch M., Pereira D. T., Costa C.,
de Oliveira E. R., Bauer C. M., Rocha M.,
Bouzon Z. L., Maraschin M. In vitro ex-
posure of Ulva lactuca Linnaeus (Chloro-
phyta) to gasoline — biochemical and mor-
phological alterations.  Chemosphere, 2016,
vol. 156, pp. 428-437. https://doi.org/10.1016/
j-chemosphere.2016.04.126

Pokora W., Tukaj Z. The combined effect
of anthracene and cadmium on photosynthetic
activity of three Desmodesmus (Chlorophyta)
species.  Ecotoxicology —and  Environmental
Safety, 2010, vol. 73, iss. 6, pp. 1207-1213.
https://doi.org/10.1016/j.ecoenv.2010.06.013
Ramadass K., Megharaj M., Venkateswarlu K.,
Naidu R. Toxicity and oxidative stress in-
duced by used and unused motor oil on fresh-
water microalga, Pseudokirchneriella subcap-
itata. Environmental Science and Pollution

Mopckoii 6uosnorrueckuii xypHain Marine Biological Journal 2024 vol. 9 no. 1


https://doi.org/10.1007/s10661-019-7519-8
http://dx.doi.org/10.21608/ejbo.2021.37571.1531
https://doi.org/10.1016/0076-6879(90)86134-H
https://doi.org/10.1023/A:1026108306755
https://doi.org/10.1104/pp.59.2.309
https://doi.org/10.1093/jxb/erw382
https://doi.org/10.1088/1755-1315/937/2/022010
https://doi.org/10.1088/1755-1315/937/2/022010
https://doi.org/10.21443/1560-9278-2018-21-2-245-252
https://doi.org/10.21443/1560-9278-2018-21-2-245-252
https://doi.org/10.1078/0176-1617-01230
https://doi.org/10.1078/0176-1617-01230
https://doi.org/10.1051/medsci/2011274017
https://doi.org/10.1051/medsci/2011274017
https://doi.org/10.1515/znc-2002-3-401
https://doi.org/10.1016/j.chemosphere.2016.04.126
https://doi.org/10.1016/j.chemosphere.2016.04.126
https://doi.org/10.1016/j.ecoenv.2010.06.013

96

N. B. Pokuk, [. O. Canaxos, M. B. Makapos, M. }0. MeHsbI1akoBa

33.

34.

35.

36.

37.

38.

Research, 2015, vol. 22, iss. 12, pp. 8890-8901.
https://doi.org/10.1007/s11356-014-3403-9
Ramlov F., Carvalho T. J. G., Costa G. B.,
de Oliveira Rodrigues E. R., Bauver C. M.,
Schmidt E. C., Kreusch M. G., Moresco R.,
Bachiega Navarro B., Cabral D. Q., Bouzon Z. L.,
Antunes Horta P., Maraschin M. Hypnea mus-
ciformis (Wulfen) J. V. Lamour. (Gigartinales,
Rhodophyta) responses to gasoline short-term
exposure: Biochemical and cellular alterations.
Acta Botanica Brasilica, 2019, vol. 33, iss. 1,
pp. 116-127.  https://doi.org/10.1590/0102-
33062018abb0379

Ramlov F., Carvalho T. J. G., Schmidt E. C., Mar-
tins C. D. L., Kreusch M. G., de Oliveira Ro-
drigues E. R., Bauer C. M., Bouzon Z. L., An-
tunes Horta P., Maraschin M. Metabolic and cel-
lular alterations induced by diesel oil in Hyp-
nea musciformis (Wulfen) J. V. Lamour. (Gi-
gartinales, Rhodophyta). Journal of Applied Phy-
cology, 2014, vol. 26, iss. 4, pp. 1879-1888.
https://doi.org/10.1007/s10811-013-0209-y
Regoli F., Gorbi S., Frenzilli G., Nigro M.,
Corsi 1., Focardi S., Winston G. W. Oxida-
tive stress in ecotoxicology: From the analy-
sis of individual antioxidants to a more in-
tegrated approach. Marine Environmental Re-
search, 2002, vol. 54, iss. 3-5, pp. 419-423.
https://doi.org/10.1016/S0141-1136(02)00146-0
Ryzhik 1., Pugovkin D., Makarov M.,
Roleda M. Y., Basova L., Voskoboynikov G.
Tolerance of  Fucus vesiculosus  exposed
to diesel water-accommodated fraction (WAF)
and degradation of hydrocarbons by the as-
sociated bacteria.  Environmental  Pollution,
2019, vol. 254, pt B, art. no. 113072 (6 p.).
https://doi.org/10.1016/j.envpol.2019.113072
Ryzhik I. V., Makarov M. V. Effect of diesel fuel
film on green algae Ulva lactuca L. and Ulvaria ob-
scura (Kiitzing) Gayral ex Bliding of the Barents
Sea. IOP Conference Series: Earth and Environmen-
tal Science, 2019, vol. 302, art. no. 012029 (6 p.).
https://doi.org/10.1088/1755-1315/302/1/012029
Salakhov  D., Pugovkin D., Ryzhik I,
Voskoboinikov G. The changes in the morpho-
functional state of the green alga Ulva intestinalis L.
in the Barents Sea under the influence of diesel fuel.
IOP Conference Series: Earth and Environmental
Science, 2021, vol. 937, art. no. 022059 (8 p.).
https://doi.org/10.1088/1755-1315/937/2/022059

39.

40.

41.

42.

43.

44.

45.

Salakhov D.,
Voskoboinikov

Pugovkin D., Ryzhik L.,
G. The influence of diesel
fuel on morpho-functional state of Ulvaria
obscura (Chlorophyta). IOP Conference Se-
ries: Earth and Environmental Science, 2020,
vol. 539, art. no. 012202 (7 p.). https://doi.org/
10.1088/1755-1315/539/1/012202

Sardi A. E., Sandrini-Neto L., da S. Pereira L.,
Silva de Assis H., Martins C. C., da Cunha
Lana P., Camus L. Oxidative stress in two trop-
ical species after exposure to diesel oil. En-
vironmental Science and Pollution Research,
2016, wvol. 23, iss. 20, pp. 20952-20962.
https://doi.org/10.1007/s11356-016-7280-2
Shakhmatova O., Ryzhik I. Seasonal dynamics
of catalase activity in Cystoseira crinita (Black
Sea) and Fucus vesiculosus (Barents Sea). Ecolog-
ical Chemistry and Engineering S, 2020, vol. 27,
iss. 4, pp. 643-650. http://dx.doi.org/10.2478/
eces-2020-0041

Shakhmatova O. A., Milchakova N. A. Ef-
fect of environmental conditions on Black
Sea macroalgae catalase activity. Inferna-
tional Journal on Algae, 2014, vol. 16,
iss. 4, pp. 377-391. http://doi.org/10.1615/
InterJAlgae.v16.i4.70

Shiu R.-F., Chiu M.-H., Vazquez C. 1., Tsai Y.-Y.,
Le A., Kagiri A., Xu C., Kamalanathan M.,
Bacosa H. P., Doyle S. M., Sylvan J. B,
Santschi P. H., Quigg A., Chin W.-C. Protein
to carbohydrate (P/C) ratio changes in micro-
bial extracellular polymeric substances induced
by oil and Corexit. Marine Chemistry, 2020,
vol. 223, art. no. 103789 (8 p.). https://doi.org/
10.1016/j.marchem.2020.103789

Sussmann A. V., Scrosati R. A. Morpholog-
ical variation in Acrosiphonia arcta (Codi-
olales, Chlorophyta) from environmentally
different habitats in Nova Scotia, Canada.
Rhodora, 2011, vol. 113, no. 953, pp. 87-105.
https://doi.org/10.3119/10-06.1

Thélin 1. Effets, en culture, de deux pétroles
bruts et d’'un dispersant pétrolier sur les zy-
gotes et les plantules de Fucus serratus Lin-
naeus (Fucales, Phaeophyceae) = Effects
in culture of two crude oils and one oil dis-
persant on zygotes and germlings of Fucus
serratus Linnaeus (Fucales, Phaeophyceae).
Botanica Marina, 1981, vol. 24, pp. 515-519.
https://doi.org/10.1515/botm.1981.24.10.515

Mopckoii 6uonorndeckuii xypHain Marine Biological Journal 2024 vol. 9 no. 1


https://doi.org/10.1007/s11356-014-3403-9
https://doi.org/10.1590/0102-33062018abb0379
https://doi.org/10.1590/0102-33062018abb0379
https://doi.org/10.1007/s10811-013-0209-y
https://doi.org/10.1016/S0141-1136(02)00146-0
https://doi.org/10.1016/j.envpol.2019.113072
https://doi.org/10.1088/1755-1315/302/1/012029
https://doi.org/10.1088/1755-1315/937/2/022059
https://doi.org/10.1088/1755-1315/539/1/012202
https://doi.org/10.1088/1755-1315/539/1/012202
https://doi.org/10.1007/s11356-016-7280-2
http://dx.doi.org/10.2478/eces-2020-0041
http://dx.doi.org/10.2478/eces-2020-0041
http://doi.org/10.1615/InterJAlgae.v16.i4.70
http://doi.org/10.1615/InterJAlgae.v16.i4.70
https://doi.org/10.1016/j.marchem.2020.103789
https://doi.org/10.1016/j.marchem.2020.103789
https://doi.org/10.3119/10-06.1
https://doi.org/10.1515/botm.1981.24.10.515

Ananus pU3NoNoro-OMOXMMHYECKUX MOKa3aTesel KieTtok Acrosiphonia arcta (Dillwyn) Gain. ..

97

46.

47.

48.

Vega-Lépez A., Ayala-Loépez G., Posadas-
Espadas B. P., Olivares-Rubio H. F., Dzul-
Caamal R. Relations of oxidative stress in freshwa-
ter phytoplankton with heavy metals and polycyclic
aromatic hydrocarbons. Comparative Biochemistry
and Physiology Part A: Molecular & Integrative
Physiology, 2013, vol. 165, iss. 4, pp. 498-507.
https://doi.org/10.1016/j.cbpa.2013.01.026
Voskoboinikov G. M., Matishov G. G,
Bykov O. D., Maslova T. G., Sherstneva O. A.,
Usov A. L. Resistance of marine macrophytes
to oil pollution. Doklady Biological Sciences, 2004,
vol. 397, iss. 1-6, pp. 340-341. https://doi.org/
10.1023/B:DOBS.0000039711.48557.16
Voskoboinikov G. M., Ryzhik 1. V., Sala-
khov D. O., Metelkova L. O., Zhakovskaya Z. A.,
Lopushanskaya E. M. Absorption and conversion
of diesel fuel by the red alga Palmaria pal-
mata (Linnaeus) F. Weber et D. Mohr, 1805

49.

50.

(Rhodophyta): The potential role of alga
in bioremediation of sea water. Russian
Journal of Marine Biology, 2020, vol. 46,

iss. 2, pp. 113-118. https://doi.org/10.1134/
S1063074020020108

Wang L., Zheng B., Meng W. Photo-induced
toxicity of four polycyclic aromatic hydro-
carbons, singly and in combination, to the marine
diatom Phaeodactylum tricornutum. Ecotoxicol-
ogy and Environmental Safety, 2008, vol. 71,
iss. 2, pp. 465-472. https://doi.org/10.1016/
j-ecoenv.2007.12.019

Zhang J. F., Sun Y. Y., Shen H., Liu H.,
Wang X. R, Wu J. C, Xue Y. Q. An-
tioxidant response of Daphnia magna ex-
posed to no. 20 diesel oil. Chemical Spe-

ciation & Bioavailability, 2004, vol. 16,
iss. 4, pp. 139-144. https://doi.org/10.3184/
095422904782775027

ANALYSIS OF PHYSIOLOGICAL AND BIOCHEMICAL PARAMETERS
OF ACROSIPHONIA ARCTA (DILLWYN) GAIN CELLS
AT THE EARLY STAGE OF STRESS REACTION FORMATION
UNDER THE EFFECT OF DIESEL FUEL EMULSION

I. Ryzhik!, D. Salakhov!, M. Makarov', and M. Menshakova®

'Murmansk Marine Biological Institute of the Russian Academy of Sciences, Murmansk, Russian Federation
2Murmansk Arctic University, Murmansk, Russian Federation
E-mail: alaria@yandex.ru

Features of stress reaction formation were studied in cells of the green alga Acrosiphonia arcta un-
der the effect of diesel fuel emulsion. Changes in indicators of oxidative stress (concentration of hy-
drogen peroxide and accumulation of products of lipid peroxidation) were analyzed; activity of anti-
oxidant enzymes, intensity of photosynthesis, and condition of cells were investigated. As shown, during
the first day of exposure to the toxicant, plasmolysis and disruption of the chloroplast structure occur
in cells. The stress reaction develops in stages. At the first stage, the amount of hydrogen peroxide
increases, the concentration of products of lipid peroxidation changes, and the activity of superoxide
dismutase rises. At the second stage, catalase activity increases. By the end of the first day of expo-
sure, against the backdrop of a drop in catalase activity, peroxidase activity rises (the third stage).
The intensity of photosynthesis decreases by the end of the experiment. As suggested, under the ef-
fect of diesel fuel emulsion, the daily dynamics of the biological cycles of a number of enzymes

may be disrupted.

Keywords: Acrosiphonia arcta, diesel fuel, catalase, superoxide dismutase, peroxidase, lipid
peroxidation, hydrogen peroxide, photosynthesis intensity
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MOPPOMETPUYECKUE XAPAKTEPUCTUKU SPUTPOUIHBIX 9JIEMEHTOB
IEMOJIMM®bI ANADARA KAGOSHIMENSIS (TOKUNAGA, 1906)
B YCJIOBHUAX CEPOBO/IOPO/THOI'O 3APAZKEHUA
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2CeBacToONoNILCKMIA rocyIapcTBeHHBI yHuBepcuTeT, CeBacTomnonb, Poccuiickas deneparus
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npuHaATa K myonukaimu 09.10.2023;  ony6nmkoBaHa onnaid 22.03.2024.

B yc10BUsIX 9KCIIEpMMEHTA UCCIEI0BANI BJIMSIHUE CEPOBOAOPOAHON HArpy3K1 Ha MOp(OMETPUYECKHUE
XapaKTEPUCTUKH SPUTPOUAHBIX JIEMEHTOB reMoiuMpsl Anadara kagoshimensis (Tokunaga, 1906).
Pabora BbINoOIHEHA HA B3POCTIBIX 0COOSIX MOJUTIOCKA C BHICOTOM pakoBUHH 26—38 MM. KoHTposibHYI0
IPYIIy MOJUTIOCKOB COJIepKalli B aKBapuyMe C KOHIeHTpaimeit kucioposa 7,0-7,1 mr O,-m~! (Hop-
MOKcH ). DKCIepUMEHTAIbHYIO TPy MOJBEpraiu AeHCTBUIO CEPOBOAOPOJHON Harpy3KH, CO3/1aBaB-
uiefics pU PacTBOPeHUH B Boje oHopa Na,S /1o huHanbHO# KonnenTpamyuu 6 mrS2~-n~!. Crycra
CYTKH YpOBeHb KMCIOpo/ia B Bojie coctasui 1,8 Mr 0,11, a cepoBojiopos He Gbi 0GHapyskeH. YacTh
MOJUTIOCKOB NOJBEPTrajId IOBTOPHOW CEPOBOAOPOAHOM HArpy3Ke IMyTéM BHeceHus: Na, S 1o ¢huHanpHOMI
xoHuenTpamuu 9 mMr S>~-17!. K KoHILy BTOphIX cyToK B Bofe peructpuposatu 1,9 mr S2~-n~! u cneno-
BYIO KOHIIeHTpaiuio kuciopoga — 0,03 Mr O,-17!. B ycoBusX KpaTKOCPOUHO# CepOBOJOPOIHOM Ha-
Ipy3KH (TIepBBIE CYTKH) OMYJISLMS SPUTPOUIHBIX SJIEMEHTOB aHaJapbl CTAHOBHJIACH OOJIee reTeporeH-
HO#. B remosnme noBsimanocs cogepxaHie MUKPO- M MaKpPOLIMTOB, YBEIUUYMBAJIOCh YHCIIO KJIETOK
¢ M3MEHEHHOHN (POPMOY M HU3KKUM COAEpKaHWEM 3€PHUCTHIX BKJIIOYEHUI B IUTOIUIA3Me. Yucio cBo-
OOHBIX I'paHyJI reMaTHHa B reMoMde CyIiecTBeHHO pocsio. CpeHekIeTouHsli 00beM (V) yBenm-
yuBasics bonee yem Ha 20 %. [IpeObiBaHre B YCIOBUSIX MOBBIIIEHHON KOHIIEHTPAIMH CYJIL(UIOB B Te-
YeHHE IBYX CYTOK MPUBOAWIIO K 3HAUUTEILHOMY TOHMKEHHIO V., UTO OIPEAeIIsSeTCs CyLIECTBEHHBIM
COKpallleHUeM TOIYJISLMY MAaKPOLUTOB B TeMOJIMM(e MOJLTIOCKOB.

KuroueBrble ciaoBa: mosumocku, Anadara kagoshimensis, cepoBonopo, reMonumda, SpuTpOrIHbIE
3JIEMEHTBI

Hamaue B Toymme YEpHoro mMopsi OOIMIMPHON PeIOKC-30HBI (30HA XEMOKJIMHA) IMPUHIIMITHATIBHO
OTJIMYAeT ero OT JOpyrux akeaTopuil MupoBoro okeaHa. Il He€ XapaKTepHO COUYETaHUE YCJIOBHMA
OCTPO¥ T'MITOKCHU C CepOBOIOPOAHBIM 3apaxeHueM [[TogpivoB, 2005]. 30Ha XeMOKJIMHA OOBIYHO pac-
nosaraercsi Ha rayouHax 100-150 m. CXoIHbI KOMIUIEKC YCJIOBUH MOKET BO3HHMKATh W HA IIEJb-
(e [3auka u ap., 2011]. Yamme Bcero 310 fABIAETCSA CIEACTBUEM OTCYTCTBUSI CKBO3HOU BEPTUKAJIb-
HOW KOHBEKIIMM ¥ 0Opa30BaHMS JIOKAIBHBIX 30H THUCHHUS MEPTBOTO OpraHMYeckoro BerecTBa [Ope-
xoBa, Konomanos, 2018]. He cnemyer uckimodarb M3 BHUMAaHHMSI M IIPOILIECCHl alBEJUIMHIA, CIO-
COOCTBYIOILIME CIIyYallHOMY BBIHOCY INTyOMHHBIX, 3apak€HHBIX CEPOBOJIOPOAOM BOJ B NMPHUOPEKHYIO
30Hy [OpexoBa, Konosasos, 2018].

98


https://marine-biology.ru/
http://ibss-ras.ru/
http://ibss-ras.ru/
https://www.sevsu.ru/
mailto:alekssoldatov@yandex.ru

Mopdomerpryeckue XapaKTepUCTUKU SPUTPOUIHBIX IEMEHTOB reMouMsbl A. kagoshimensis... 99

Oco0blil MHTEPEC MPEACTABISAIOT OPraHU3MBbI, CIIOCOOHBIE CYIIECTBOBATh B YCIIOBHSIX CEPOBOAOPO/I-
HOTO 3apaKeHUs M SKCTPEMAIbHO HU3KUX KOHIIEHTPAUI KUCI0poaa. B 3Tom oTHOIIEHNH BbIACTSAETCS
JBYCTBOpYATHI MOJUTIOCK — BcesieHel Anadara kagoshimensis (Tokunaga, 1906) (nanee — anagapa).
Bnepsebie HailneHHbIl B akBaTopun Ye€pHoro mops B 1968 r. [Kucenésa, 1992], k HacTosiieMy BpeMeHH
OH CTaJI OJHOM U3 pyKoBoasmx ¢opm Oerroca [PeBkos, 2016]. B ycloBusX SKcriepuMeHTa aHajapa 1no-
Ka3aJia BBICOKYIO YCTOMUUBOCTb HE TOJIBKO K OCTpbIM (popmam runokcuu [Cortesi et al., 1992; Isani et al.,
1989], Ho u Kk cepoBoOpoAHON Harpy3ke [Miyamoto, Iwanaga, 2017; Nakano et al., 2017]. 91um B 3Ha-
YUTEILHOU CTETNeHU 0O0BSCHSETCS e€ IMPOKOe PacpOCTpaHeHHE B TPOOJIEMHBIX akBaTOpUsAX YEpHOTo
1 AzoBckoro mopeii [PeBkog, 2016].

TonepaHTHOCTbh MOJUTIOCKOB K OCTPbIM (hOpMam T'MIMOKCUU U aHOKCUH IOCTATOYHO XOPOIIO U3YYeHa.
[TokazaHo, 4TO B €€ OCHOBE JIE)KUT CIIOCOOHOCTh UX OPraHM3Ma COIPSATaTh MPOIIECCHl OETKOBOTO U yIJyie-
BOJHOro oOMeHa. CBUJIETeIbCTBOM TOMY SIBJIsIIOTCA MoBbleHue npoaykuuu NH,* [Chew et al., 2005],
POCT aKTMBHOCTH aJIaHMH- W acnaptatamMuHoTpaHcdepasbl [Soldatov et al., 2009], ycunenue nponec-
COB MepeaMUHUPOBaHus riiyTamarta U anannHa [Hochachka, Somero, 2002], o6pa3oBaHue B KauecTBe
KOHEUHBbIX MPOJYKTOB ajlaHMHa U cykuuHara [Buck, 2000].

CrocoOHOCTh MOJUTIOCKOB KOMIIEHCHPOBaTh MPHUCYTCTBHE B BOJIE CEPOBOJIOPO/IA O KOHIIA HE M3Y-
yeHna. [lokazaHO MpUCYTCTBHE B UX reMonumde ocodoro Oesika, HaaMuhe HEUyBCTBUTEIBHBIX K Ce-
poBojopoay remoriioouHoB [Arp, Childress, 1981, 1983], a Takxe yyacTue B HEHUTpaIM3alluM MTOBbI-
IIIEHHOW KOHIIEHTPAIIUH CYJIL(PUIOB OCOOBIX 3ePHHUCTHIX BKJIIOYSHUN SPUTPOIIMTOB, COJIEPKAIIX remMa-
i [Holden et al., 1994; Vismann, 1993]. Posis faHHBIX BKTIOUeHUH B HelTpaymm3aimu H, S Obi1a mpopie-
MOHCTpPHPOBaHa HaMH U 1151 aHaaphl [Soldatov et al., 2018]. B HacTosme# myOiMKarmy npeicTaBIeHbI
MaTepHasbl B pa3BUTHE STUX 3aKOHOMEPHOCTEN.

Llesb paGOTBl — B YCIIOBHSIX SKCTIEPUMEHTA UCCIIeJOBATh BIIMSIHUE TOBBITIEHHBIX KOHIIEHTPAIIUH ce-
poBoopoaa Ha MOPGOJIOTHUecKUe U MOP(OMETPUUECKUE XaPAKTEPUCTUKY IPUTPOUTHBIX JIEMEHTOB
reMoIMMQbl aHAAAPBI.

MATEPUAJI 1 METOIbI

Pabota BeIMoHEHa Ha B3POCTBIX 0c00siX A. kagoshimensis, coOpaHHbIX B MioHe 2021 r. B akBaTO-
puun Oyxthl Jlacnu (Kpeim). BbicoTa pakoBHHBI MOJUTIOCKOB (OT 3aMKa JI0 Kpasi CTBOPKHM) COCTaBJIsiIa
ot 26 10 38 MMm.

Cxema skcnepuMenTa. KOHTPOJIBHYIO IpyIy MOJUTIOCKOB COJEPKail B BOJE C KOHIIEHTpaLU-
et kuciopona 7,0-7,1 mrO,-1~! (HOpMOKcHs). DKCIEPUMEHTANBHYIO TPYIITY TIOABEPrali JEHCTBHIO
cepoBojopoa. B Boze, rae HaxOOWJIMCh MOJUIIOCKM, pacTBopsuid Na,S 10 (pMHAJIbHOW KOHILIEHTpa-
i 6 mr S?~-!. Dkenosuuusa coctaBnsia 24 4 (MepBble CYyTKU 3KcrepuMenTa). IIpucyTcTeue B Boje
CyJb(pUI-MOHA MPUBOAUJIO K €€ 3aliesauynBanuio. 1o komneHcuposaiu BHeceHuem 0,1 H HCI. 3naue-
Hus pH yaepxuanu Ha yposHe 8,20-8,27. Cynbua-uoH B3auMOAENUCTBOBAN C KUCJIOPOAOM, UTO CO-
MPOBOXKIAJIOCH C TEUEHHEM BPEMEHH TIOHIKEHUEM COJIepKaHus 0OOMX ra30B B Boje akBapuyMma. Cry-
cTs1 24 4 ypoBeHb KMCIIOpo/a B Bojie cocTau 1,8 mr 0,171, a cepoogopos He ObL1 oOHapyskeH. Y ya-
CTU MOJUTIOCKOB (7 ocoOeil) oTOnpanu oOpasiibl reMoauM@bl U3 FKCTpaANaUIMaIbHOTO MPOCTPAHCTBA,
ocTaJibHBIX (7 ocobOeit) nmoBeprayiu MOBTOPHOI CEpOBOIOPOAHOM Harpy3ke. B Bogy akBaprmyma BHOCH-
mu Na,S 710 puHaIbHO#M KoHtenTpariu 9 mr S2~-17!. Cryctst 24 4 (BTOpble CyTKH 9KCTIEPUMEHTA) B BOJIE
aKkBapuyma ObLIM OOHapyKeHbl ciiebl Kuciopona, 0,03 Mr O,-17!; ypoBeHb cepoBOIOpOIa COCTABIIAI
1,9 Mr S?~-n7!. Tak:ke y MOJLTIOCKOB OTOMpaIu 00pa3Libl FeMOTUMBL.

KoHTponp 3a copepkaHueM KHUCIOpOJAa B BOJAE OCYILECTBISUIA IPU TMOMOUIM OKCHUMETpa
ST300D (Ohaus, CIIIA). 3nauenus pH onpenensiin Ha pH-metpe InoLab pH 720 (I'epmanus). Benu-
YMHY CyJb(UI-UOHA B BOJIE U3MEPSUIU MOTEHIIMOMETPUUYECKH C MPUMEHEHHEM CYJIb(UICETEKTUBHOTO
ceHcopa MSBS (Hunepnanpr).
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MopdomeTpuueckne XapakTepuCTHKH SPUTPOIUTOB. OKpacKy Ma3KOB MPOBOAUIIM MO KOM-
ouHupoBaHHOMY Metoay [lanmenreiima. Ma3ku aHaJIM3UPOBAIM MPU MOMOIIY CBETOBOIO MHKPOCKO-
na «buomen ITP2 JIIOM», o6opynoBanHoro kamepoil Levenhuk C NG Series. Iuametp knetku (C,
u C,) u aapa (N, u N,) uzmepsuu no ¢pororpadusm B nporpamme Imagel 1.44p (puc. 1). Ha kaxnom
Ma3Ke yKazaHHble BeJinuiiHbI orpenensiin y 100 kierok. Ha ocHOBaHMYM MOJTyYeHHBIX 3HAYEHU 110 13-
BECTHBIM AJITOPUTMaM PaCCUMTHIBAIN cpeaHekIeTouHbIi 00bEM (V) [Houchin et al., 1958], 00bEMm s1a-
pa (V,), Tomuuny kiaetku (h) [Umxescknid, 1959], minomanes nosepxHoctu kietku (S,) [Houchin et al.,
1958], ynenpHyI0 MOBEPXHOCTh KJIETKU (SS.) M ANEPHO-LUTOILIaA3MaTUUECKOE OTHOIIEHME (nuclear-
cytoplasmic ratio, NCR):

Cy+Cy\°
n:ogmz(—§;£>-h+mw

7T'N1‘N22
6 )
h=1,8+0,0915-(C, —7,5),

2rabsin(h~te)
S. =2mab ,
. Ta“o + c

V, =

rme

n

.
¢ NCR=-"
v

c

2—0? Cc;+C
e=YI T , a:—1+ 2

, b=0,6Th, SS, =
a 4

N

OpHoBpeMeHHO Ha Maskax remosmMgbl u3 pacuéta Ha 1000 KJIeTOK Ompenessav Yucio
SPUTPOLIMTAPHBIX AHOMAJIH.

CrarucTryeckre CpaBHEHUS BHIIIOJHEHBl HA OCHOBE Henapamerpuieckoro U-kpurepusa MaHHa —
VutHu. PesynpraThl mnpeactaBieHsl Kak M t+ m. B paGoTe MCMONb30BaH CTaHIAPTHBIA MakeT
Grapher (Bepcus 11).

PE3VJIbTATHI

MopdomeTpudeckne XapaKTePUCTHKHA. DPUTPOLUTH reMOTUM(bI aHAIAPbI MPEACTABIISIOT CO-
Ooii KpymnHsle OKpyrible KiaeTku (puc. 1A). I[Tpogonshsiii (C,) u nonepeunsiii (C,) AuaMeTpbl UMEOT
omu3kue 3HaveHuss — (18,86 + 0,61) u (16,13 £ 0,52) mxMm cootBeTcTBeHHO. CpeTHUil 00BEM KIIET-
ku (V.) cocraBnger (678,5 £ 52,0) MKM>, a TUIomans nosepxHoctH (S.) — (1037,5 £ 78,4) MKMZ.
SInpo KOMIIAaKTHOE, C BBICOKOM JI0JIEN TeTEPOXPOMATHHA, YTO OTPAKAET HU3KYIO (DYHKIIMOHAJIbHYIO aK-
TUBHOCTb JAHHOU CTPYKTYypbl. Popma aummncongnas [N, (5,46 £ 0,09) mxm; N, (4,11 £ 0,10) mMxm].
Pacrionoxeno oHo oObr4HO B LeHTpe KieTkn. O0bém (V) coctanser (50,1 £ 3,1) MKM. dnepHO-
nuroriazmatuyeckud uHiIeke (NCR) HeBbicok — 0,08, 4TO Takke CBHUIETENIBCTBYET O MOJAaBJICH-
HOW (PyHKIMM sipa KJeTku. LluToruiasma anmaoduibHasi, ¢ BHICOKUM COJEPKaHUEM IeMOrIOOMHA
1 OOJIBIIIMM YHCJIOM MEJIKUX 3€PHUCTHIX BKIIOYESHUH.

CepoBofopoHasi HArpy3Ka B IEpBbIE CYTKHU COMPOBOKAAIACH 3HAUMTEILHBIM POCTOM 00bEMA KJIET-
KM ¥ €€ aapa (puc. 2). Yeeanuenue coctaBuiio 24,3 u 30,1 % coOTBETCTBEHHO U SIBJISLIOCH CTATUCTUYE-
cku 3HaunMbIM (p < 0,05). Kak BugHO, poct 0buT Osiu3kuM. OO 3TOM CBUIETEILCTBOBAIO COXPAHEHHUE
3HaueHuid NCR Ha ypoBHEe KOHTPOJIbHBIX BeJIWuuH. [Lomans MOBEpXHOCTH KJIETKU YBEIMYMBAIACH
noutu Ha 23 % (p < 0,05) u gocturana (1275,5 = 99,6) MEKM?. [Ipu 3TOM yAenbHasA MOBEPXHOCTD KJIET-
k4 (SS.) He U3MeHsIach, cocraBissd B cpegHeM 1,53 mkm~ !, B reMosiuMde pocio YUCIO CBOOOIHBIX
rpaHyJl reMaThHa.
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Puc. 1. Mopdosnorudeckue TUIBI KJIeTOK B remonumdbe Anadara kagoshimensis (A — HOPMOLUTEI;

b — mukpormtel; B — makpouutsl; [T — kjieTku ¢ u3MeHEHHOU (popMoid; [] — KIETKM ¢ HU3KUM YUCIIOM
TPaHyJISIPHBIX BKTIOYEHU)

Fig. 1. Morphological types of cells in Anadara kagoshimensis hemolymph (A, normocytes; b, microcytes;
B, macrocytes; I', cells with an altered shape; I, cells with a low number of granular inclusions)

Ha BTOpBIE CyTKM 3KCliepUMeHTa CUTyalusi Oblla MPOTUBOIMOJOKHON. OOBEM KIETKH Cyllle-
CTBEHHO yMEHbIIAICS (CM. pHC. 2): OTHOCHTEIbHO KOHTPOJIbHBIX 3HAUEHWI CHMKEHHE COCTaBHUIIO
36,4 % (p < 0,05), a oTHOCUTENILHO TIepBhIX cyTOK — 48,9 % (p < 0,01). AHaTOrMYHBIM 0OpPa30M Me-
HSUJTUCh OOBEM s/Ipa M IJIOMIAb IOBEPXHOCTH IpUTporuTa. M3MeHeHrsT ObUTH TTPOTIOPIIMOHATIBHBIMU,
YTO OTpaXaeT coxpaHeHue 3HayeHun naaekcob NCR u SS...
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Puc. 2. MopdomeTpruueckue XapaKTepHUCTHKH SPUTPOUAHBIX 3JIeMEHTOB remonuMmdsl Anadara
kagoshimensis B ycnoBusix cepoooponHoro 3apaxenus (A — V ;b —V, ;B—NCR; ' — S_; I — SS.;
1 — KOHTpOJIbHAS I'PYINA; 2 — NEPBbIE CyTKU SKCIIEPUMEHTA; 3 — BTOPbIE CYTKH KCIIEPIMEHTA)

Fig. 2. Morphometric characteristics of erythroid elements of Anadara kagoshimensis hemolymph under
conditions of hydrogen sulfide loading (A, V.; B, Vy,; B, NCR; I, S¢; I, SS,; 1, the control group; 2, the first
day of the experiment; 3, the second day of the experiment)
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Oco0ennoctu Mopdosoruu. AHaan3 MOpPQOIOrHIeCKUX 0COOEHHOCTEN IPUTPOUTHBIX KIETOK
MIOKa3aJl 3HAUUTEJIbHBIA POCT YKMCIa MUKPOLMTOB B reMosiuMde MOJUIIOCKA B YCJIOBHAX CEPOBOIOPO-
HOW Harpy3Ku (IIEpBbIE U BTOpbIE CYTKH 9KcniepuMeHTa) (puc. 1b, 3A). Ha Hux npuxoguiocs 6,6—-7,0 %
KJIETOK, 4TO OBUIO ITOYTH B TPH Pa3a BbIlle KOHTPOJIbHBIX Ben4rH (p < 0,05). MUKPOIMTH OTIINYAIUCH
6oJiee HU3KMMHU 3HAYSHUSIMH TTOTIEPEYHOro AMaMeTpa Kietku (MeHee 15 mxm). CrietyeT oOpaTuTh BHU-
MaHUE U Ha yBEJIMUYEHHUE YKCiIa MAKPOLIMTOB B TeMoIMM(e MOJITIOCKA Ha TIEPBbIE CYTKU SKCIIEPUMEHTA
Ha 30-32 % (p < 0,05) (puc. 3b). [lonepeyHoe ceuyeHue KJIETKM y HUX MpeBblLaio 22 MKM (puc. 1B).

A b

Puc. 3. Conep:xaHue KJI€TOK pa3n4HbIX MOP(OJIOrUYecKrX THIOB B reMonumMbe Anadara kagoshimensis
B YCJIOBHUSIX CEPOBOJOPOJHOIO 3apaxeHus (A — MUKpoluTsl; B — MakpouuTsl; B — kiieT ¢ HapylueH-
HOM popMmoif; ' — KIJIETKM ¢ MajbM YUCIOM 3€peH; | — KOHTpOJIbHAS TPyIa; 2 — IepBble CYyTKH
IKCIIEpUMEHTA; 3 — BTOPBIE CYTKU SKCIEPUMEHTA)

Fig. 3. Content of cells of various morphological types in Anadara kagoshimensis hemolymph under con-
ditions of hydrogen sulfide loading (A, microcytes; b, macrocytes; B, cells with an altered shape; I', cells
with a small number of grains; 1, the control group; 2, the first day of the experiment; 3, the second day
of the experiment)

B ycnoBusix cepoBOJOPOAHON HArpy3ku (TepBble CYTKM SKCIEPUMEHTa) B reMoMMde MOJUTIOCKa
BO3PACTAJIO YUCJIO IPUTPOLIUTAPHBIX aHOMaIUiL. [ToABIAIMCH KIIETKU ¢ M3MEHEHHOH (DOpMOY U KpaiiHe
HU3KUM COJEpPKaHUEM 3epHUCTBIX BKioueHud (puc. 1I', [). Mx uucno ysemmuusanocs Ha 30-50 %
OTHOCUTEJIBHO KOHTPOJIBHOTO YypoBHA (puc. 3B, I'), omHako pa3iuuus, BBUAY CYIIECTBEHHOU
VHIVBUIYaJIbHOW BapuaOeIbHOCTH MOJTYUYEHHBIX BEJIMUMH, He ObUTH CTATUCTUYECKU 3HAUNMBIL.

OBCYKIEHUE

JIBykpatHOoe BHeceHue Na,S B BOjly akBapuyMa, Iie HaXOIWJINCh MOJUTIOCKHU, IPUBOJMIIO K pa3BU-
THUI0 HEOTHO3HAYHOMN CUTYalIUU:
* TI0CJIe IEPBBIX CYTOK B BOJIE AKBAPMYMOB pa3BHBaach yMepeHHas runokcus (1,8 mr O,-17!), a cepo-
BOJIOPO/ HE OMPEAEISIICS, UTO, [0-BUAUMOMY, SIBJISETCS CIEACTBIEM B3aUMOJICUCTBUS MOCIEIHETO
C KUCJIOPOJOM;
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¢ IIOBTOPHOC BHCCCHHC NaZS (BTOpHC CyTKI/I) MMPpUBOAUJIO K PA3BUTHUI0 AHOKCUH C COXPAHCHHUEM

CEpOBOJIOPOIHOTO 3apakeHus Ha ypoBHe 1,9 mrS >~ !,

CocrosiHue SPUTPOUIHON MOMYJISIUU KJIETOK MOJUIIOCKA B KaKJOM KOHKPETHOM Cilydae MMEJIo
CBOIO CeI(UKY.

IlepBble cyTKH 3KcnepuMeHTa. B cpaBHEHMU ¢ KOHTPOJIEM SPUTPOUIHAS TOMYJISALUs KIETOK
cTaHoBWIaCh Oosiee reTeporeHHor. OO 9TOM CBUIETENbCTBOBATM 3HAUUTEILHOE YBEJIMUEHUE COMIEpKa-
HUS B reMojiMM@e Makpo- 1 MUKPOLIMTOB, a TAK:KE MOBBILLIEHNE YHCIIA KJIETOK C U3MEHEHHOHN (hopMOii
Y CHIKEHHBIM YHUCJIOM 3€PHHCTHIX BKJIIOUCHHI B IuToruiazMe. CpeHEeKJIETOYHbI 00bEM poc OoJiee
4yeM Ha 20 %. B ocHOBe yBenuueHust KJIeTOUHOro oobseéMa (V) MOTyT JiesKaTh HECKOJIBKO IPOIIECCOB.

YuuteiBasi T0, YTO MOJUIIOCKM HAXOJWINChH B YCJIOBUSIX YMEPEHHOW TMIIOKCUU, MOKHO JOMYCTUTh
pa3BHUTHE Y KJIETOK KPaCHOHM KpOBHU peakiu HaOyxanus (swelling), KOTOpyio OTMEYaloT y MHOTMX BOA-
HBIX OPraHU3MOB, B TOM uucyie MoyutiockoB [Hosuiikas, Conmatos, 2011; Holk, 1996; Jensen et al.,
1998; Nikinmaa et al., 1987]. Cuutaetcs, 4To 3Ta peakiys HalpaBJeHa Ha KOPPEKIMIO BeJTMUYNHEI BHYT-
pukJierouHoro pH u onpenensiercs padoroii Na*/H*-antunopra [Tufts, 1992]. Peakimst KoHTpompy-
eTcsl KaTexoJlaMHHaMU (aIpEeHATMHOM, HOpPAJIPeHATIMHOM) U peaiu3yeTcs uepe3 B-aJpeHOperenTophI
kietok 1 cCAMP [Ferguson, Boutilier, 1988; Salama, Nikinmaa, 1990; Val et al., 1997]. B nammewm ciy-
Yyae MOXKHO OKUJATh POCT COJAEPKAHUS KaTeXOJaMHUHOB B reMoJiuM(e MOJUTIOCKOB, TaK KakK Mepexo]
K YCJIOBUSIM YMEPEHHOM TMITOKCHH OCYIIECTBIISIICS B OTHOCUTEJILHO KOPOTKUI ITPOMEXKYTOK BPEMEHHU.
OnHaKO JaHHBIA POLIECC MOXET ONPEIeNIITh POCT 00bEMA KIIETOK He Oosiee yeM Ha 5—6 % [Nikinmaa
et al., 1987], 4To He BNOJHE COMNIACYeTCsl C MPEACTABJICHHBIMU B HACTOSAIIEH paboTe BEJIMUMHAMU W3-
MeHeHUsI KJieTouHoro oobséma (> 20 %). [Jaxke eciu NpUHATH BO BHUMaHUE 0oJiee BBHICOKYIO JIaCTUY-
HOCTh KJIETOYHBIX MEMOpaH MOJITIOCKOB, KOCBEHHBIM OTpakeHHeM KOTOPOU sIBJisieTcs 0oJiee NIMPOKHIMA
JMara30H OCMOTHUYECKON Pe3UCTEHTHOCTH UX PUTPOUAHBIX dsieMeHToB [HoBuiikas, CongaTos, 2011],
3TOT POCT MOKHO PacCMaTpUBaTh KaK Ype3MepHbIil.

Crnenyet oOpaTUTh BHUMaHKE Ha YBEIMUCHUE COJCPKaHUS B reMoiuMe aHaJaphl YMcia MaKpPOITU-
TOB, TMAMETP KOTOPBIX MIPEBHIIIAT 22 MKM. POCT ypOBHS 3THX KJIETOYHBIX (POPM BITOJTHE MOKET OObSIC-
HUTh CTOJIb 3HAUHMTEJIbHOE YBEJINYeHHe cpeaHekieTounoro oobséma (V). Ilossienne nx B remommmde
MOJUTIOCKa OOBIYHO MPEIIECTBYET MPOIIECCY arorTo3a, KOrjaa KJeTKa pacnaaaeTcs Ha OTAebHbIe (ppar-
MEHTHI (arnontoTuueckue tesbla) [Manckux, 2007]. B ciydae ¢ aHagapoil 3Ta peakuysi UMeeT ajarl-
TuBHOE 3HaueHue [Soldatov et al., 2018], MOCKOIbKY MpU pa3pyllleHUU KJIETKU B reMonuMQy BbICBO-
00K IAI0TCS B 3HAUUTEIHHOM KOJIMUECTBE 3epHUCThIC BKITIOUSHHUSI, coepkarnue rematuH [Holden et al.,
1994; Vismann, 1993]. I'ematuHbl 00J121a10T BHICOKOW OKHMCIIATEILHON CIIOCOOHOCTBIO M MOTYT BCTY-
naTh BO B3aMMOZEUCTBUE ¢ cepoBogopoaoM [Vismann, 1993]. Hanbosee BEpOSITHBINA MTPOIYKT ITOTO
B3aUMO/IENCTBUSI — CYJIb(U TPEXBATEHTHOTO Xkeje3a:

2Fe3T +35% — Fe,S,

ITO HECTOIMKOE COeTMHEHNE, KOTOPOE MPY HATMIMH KUCJIOPO/Ia OKUCISIETCS IO OKCHIA TPEXBAJIEHTHOTO
’KeJie3a ¢ BBICBOOOKJEHUEM aTOMapHOH Cepsl:

2F€2S3 + 302 — F6203 + 650 .

M3BecTHa CIOCOOHOCTh HEKOTOPBIX BUJIOB MOPCKUX OECIIO3BOHOUYHBIX B YCJIOBUSIX CEPOBOJOPOIHO-
ro 3arpsi3HeHus1 HakarmBath cepy [Powell et al., 1980], yTo mo3BosseT JOMYCTUTh PACCMOTPEHHBIH BbI-
I1Ie TTOPSIIOK COOBITUH. YBeIMUeHrne coJepKaHus B TeMoJIMM(pe aHaIaphl B yCIOBUSIX CEPOBOIOPOIHON
Harpy3Ku pUTPOLIUTOB C MOHMKEHHBIM YHUCJIOM 3€PHUCTBIX BKJIIOUEHUI MO3BOJISET TAKXKe CAENATh J10-
MyIIEHUe O CIOCOOHOCTU ITUX KJIETOK BBIBOAUTH 32 CBOM IPE/IEIIbl IPaHy Ikl FeMaTHHA 0e3 HapyLIeHus
COOCTBEHHOU LIEJIOCTHOCTH.
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Bropslie cyTkm 3kcnepuMeHTa. OTIMYUATEIBHBIMUA YEPTAMU COCTOSIHUSA TOIMYJISALIMA IPUTPOULI-
HBIX 3JIEMEHTOB FeMOJIMM(BI aHA1apbl HA BTOPBIE CYTKHU SKCIIEPUMEHTA SIBJISUIUCH BEICOKOE COZIEpKaHUE
B Hell MUKPOLIMTOB M 3HAUYUTE/IbHOE yMEHbILEHUe cpelHekeTouHoro ooséma (V). Iocnennee, no-
BUJMMOMY, OIPEIEsIOCh IOHMKEHUEM YKCa MAaKPOIIMTOB B reMoJMM@pe MOJUTIOCKA, TaK Kak cofaep-
’KaHUe MUK POIUTOB Ha TIePBBIE U BTOPbBIE CYTKU IKCTIIEPUMEHTA ObUITO OTM3KKUM. POCT Ynciia MUK POITUTOB
B reMosimM@e MOXKET ObITh 00YCJIOBJIEH HECKOJILKAMH MTPOIIECCAMH.

[epBblil mporiecc — (pparMeHTalys y4acTKOB HUTOILIa3Mbl KJIETOK KPAaCHOM KPOBH, KOTOpas Mpu-
BOJIUT K 00Pa30BaHMIO MIMCTOUTOB. [Ipy 5TOM MPOUCXOAUT YMEHbIIIEHHE pa3MepPOB CaMOU KJIETKH (00-
pa3oBaHUE MUKPOLIMTOB). DTO SIBJIEHUE OTMEUYEHO /JIsi OPraHU3MOB PA3JIMYHOIO YPOBHS OpraHU3alllu,
BKJIIOUast yesioBeka [ Bessman, 1988]. OHo 00bIYHO HAOMIOJAETCS TPU PA3BUTHU AaHEMHYHBIX COCTOSTHUM.
[Toka3zano oHO U /1711 aHAJAPHI B YCJIOBUSIX BHEITHel aHokcuu [Soldatov et al., 2021]. BepositHO, 310 OC-
HOBHOM TPOIIECC, KOTOPHIA 32 OTHOCUTEJIbHO KOPOTKUH MEPUO]] BpEMEHH MPUBOIUT K 00Pa30BAHUIO
OOJIBIIIOrO YKCIa MUKPOIIUTOB B reMOIUM(pe MOJLTIOCKA.

bim3kum Kk (pparmeHTanuu sABJIsSETCS MPOLIECC MPSMOrO JIEIeHUs Y3KOCTIeMATU3UPOBAHHBIX KJle-
TOK (aMHUTO3), K KOTOPBIM OTHOCSTCSI U SpUTPOIUTHL. [Ipu HEM rpoucxoaut ciiyyaiiHoe pacrpe/esieHue
snepHoro Matepuaia [Fuller, Shields, 1998]. YacTHbIM IIpOsIBJIEHMEM 3TOTO TpoIiecca ABIsIeTcss 00pa-
30BaHUE Oe3bsIICPHBIX KJIETOK U MUKPOITUTOB; OHO IMPOUCXOJUT B CIIydae, e SAPO Tepes] Mporiec-
COM IIUTOKMHEe3a (00pa30BaHUS MEPETSKKM) CMEIIAETCs B CTOPOHY OJJHOTO U3 MOJIOCOB KJieTKH. Takoe
sIBJIEHWe omnucaHo u A anagapsl [Novitskaya, Soldatov, 2013]. Ero MoxHO HaOmomaTh U y KJIETOK
HerpaBUIbHOM (hOpMBI B HacTosimiel padore (puc. 1T).

Oobpa3oBaHe MUKPOIIUTOB BO3MOXHO TaKXke MPH MHTEHCUBHOM TeMOIIo33¢e (3PUTPOIIo33e), KOTO-
PBIM yallle BCEro OTMEYaloT B YCJIOBHAX AePUUUTA KUCIOPOJA, YTO COBMAJAET C YCJIOBHUSAMH, B KO-
TOpBIX HaxoauTcA aHajaapa. OJHAKO CBEIEHUs M0 3TOMY BOMNPOCY B OTHOUIEHMH MOJUIIOCKOB KpanHe
orpannueHHsl [Furuta, Yamaguchi, 2001], yTo He nM03BOJIsSI€T NPUHATH TAKYIO TPAKTOBKY 32 OCHOBY.

3akJ/ro4yeHne. B ycioBUaX KpaTKOCPOUHON CEPOBOJOPOJHOM HArpy3KH (TI€pBble CYTKH) MOILYJIs-
IS1 9PUTPOUTHBIX JIEMEHTOB aHAJapbl CTAHOBUTCS OoJiee reTeporeHHor. B remosnmMe moBbimaeTcst
coJiepkaHle MUKPO- U MAaKPOLIMTOB, YBEJIMUUBAETCS YUCIIO KJIETOK C U3MEHEHHOU (POPMOIi Y HUZKUM
coJiepKaHNeM 3€PHUCTBIX BKJIIOUEHUH B uToriazmMe. Ynciao cBOOOIHBIX IpaHyJ FeMaTUHA B TeMOJIMM-
(e cymecrsenHo nosbiaercs. CpeaHekyieTouHslil 00béM (V) yBennuuBaercs 6osee yem Ha 20 %.
[TpeObIBaHME B YCIOBHSX TMOBHIIIEHHOW KOHIIEHTPAIMU CYJIb(UIOB B TE€UCHUE BTOPHIX CYTOK MPUBO-
JUT K 3HAYUTEJILHOMY MOHMKEHHUIO V., UTO ONpeaesIseTcsl CYIeCTBEHHbIM COKPAILEHUEM MOIYJIALUN
MaKpOLMUTOB B reMOJIMM(E MOJITIOCKOB.

Paboma evinoanena 6 pamxax zocyoapcmeernnozo 3adawuss PUL] HuBIOM no meme «@yHkuuoHans-
Hbvle, Mmemaboauueckue u MONEKYNAPHO-2EHEMUUECKUE MEXAHUIMbL adanmabguu MOPCKUX OpP2aAHU3MO6 K YCao-

BUSIM IKCMPEMANbHBIX 3KOmonos Yépnozo u A3o6ckozo mopeli u Opyeux axeamoputi Mupogozo okeana»
(Ne 124030100137-6).
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MORPHOMETRIC CHARACTERISTICS OF ERYTHROID ELEMENTS
OF ANADARA KAGOSHIMENSIS (TOKUNAGA, 1906) HEMOLYMPH
UNDER CONDITIONS OF HYDROGEN SULFIDE LOADING

A. Soldatov'?, V. Rychkova!, and T. Kukhareva!

'A. O. Kovalevsky Institute of Biology of the Southern Seas of RAS, Sevastopol, Russian Federation
2Sevastopol State University, Sevastopol, Russian Federation
E-mail: alekssoldatov@yandex.ru

The effect of hydrogen sulfide loading on the morphometric characteristics of erythroid elements
of Anadara kagoshimensis (Tokunaga, 1906) hemolymph was studied experimentally. The work
was carried out on adult molluscs with a shell height of 26-38 mm. Molluscs of the control group
were kept in an aquarium with oxygen concentration of 7.0-7.1 mgO, L™ (normoxia). Molluscs
of the experimental group were exposed to hydrogen sulfide loading created by Na,S donor dissolv-
ing in water to a final concentration of 6 mgS?-L!. A day later, the oxygen level in water amounted
to 1.8 mgO, L™, and hydrogen sulfide was not detected. Some of molluscs were subjected to re-
peated hydrogen sulfide loading by Na,S adding up to a final concentration of 9 mg S?-L!. By the end
of the second day, 1.9 mg S*-L™' and 0.03 mg O,-L™! (trace oxygen concentration) were recorded in wa-
ter. Under conditions of short-term hydrogen sulfide loading (the first day), the population of A. kagoshi-
mensis erythroid elements became more heterogeneous. In the hemolymph, the content of micro-
and macrocytes increased; the number of cells with an altered shape and low content of granular in-
clusions in the cytoplasm rose. The number of free hematin granules in the hemolymph significantly
increased. The mean cell volume (V) rose by more than 20%. Exposure to increased concentration
of sulfides for two days led to a noticeable decrease in V., which is determined by a significant reduction
in the population of macrocytes in the hemolymph of molluscs.

Keywords: molluscs, Anadara kagoshimensis, hydrogen sulfide, hemolymph, erythroid elements
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In 1995-2019, marine algae were sampled in the intertidal and upper subtidal zones of the Amakusa
Archipelago (Shimoshima islands) and the southern islands of the Ryukyu Archipelago (Okinawa,
Sesoko, leshima, Akajima, Miyako, Ishigaki, Iriomote, and Yonaguni). A total of 569 species and tax-
onomic forms of benthic macroalgae were identified. Out of them, 57% belonged to red algae; 15%,
to brown algae; and 28 %, to green algae. On these islands, 153 taxa were found for the first time. During
the specified period, the benthic marine flora of individual islands was analyzed with varying degrees
of care. The most thoroughly studied island of the Amakusa group was Shimoshima (14 localities
during all seasons), and of the Ryukyu Archipelago, Sesoko (8 localities during all seasons). The com-
parison of taxonomic and biogeographic characteristics of marine floras of these two archipelagos — bio-
diversity of species and forms, taxonomic composition of algal communities, and potential capabilities
of geographic (latitudinal) distribution of taxa — give us the grounds to classify the Shimoshima Is-
land as a warm-temperate region of the Northern Hemisphere in East Asia, and the southern islands
of the Ryukyu Archipelago, as a tropical biogeographic region.

Keywords: macroalgae, Amakusa Archipelago, southern islands of the Ryukyu Archipelago,
comparison of the marine flora

The southern islands of Japan are situated in warm waters of two biogeographic regions of the North-
ern Hemisphere — Indo-West Pacific warm-temperate region and tropical region — in geographic
latitudes from 32°23'N to 24°03’N, according to the scheme of J. C. Briggs [1974] modified
by K. Liining [1990] (Fig. 1).

The benthic marine flora of the southern islands of Japan has been fairly well studied mainly
by Japanese algologists since 1897 [Okamura, 1897, 1930] and during the 1930s-2000s (see Supple-
ment 1: https://marine-biology.ru/mbj/article/view/422/655). Only one work was dedicated to the ben-
thic flora of Amakusa islands [Segawa, Yoshida, 1961].

The authors of the present article initiated the research on the benthic flora of the islands
of the Ryukyu Archipelago in 1995 within the framework of ecological studies of Sesoko Is-
land coral reef ecosystem (the west of Northern Okinawa) at the Tropical Biosphere Research
Center Sesoko Station of the University of the Ryukyus. In parallel to eco-physiological investi-
gations, the study of the benthic marine flora of the Amakusa Archipelago (Shimoshima islands)
and the Ryukyu Archipelago (Okinawa, Sesoko, Ieshima, Akajima, Miyako, Ishigaki, Iriomote,
and Yonaguni) was carried out (Fig. 1).
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Fig. 1. Sites of algal sampling (marked with red circles) on islands of the Amakusa and Ryukyu archipela-
gos. A, islands where algae were sampled. B, sampling sites in Okinawa Prefecture: Cape Hedo (site 1);
Ieshima Island (2); Sesoko Island (3); Oura Bay (4); Henoko point (5); Maeda coast (6); Arasaki Beach (7, 8);
Ohdo coast (9). C, sampling sites along Tomioka Peninsula, Shimoshima Island: Magarizaki coast (1, 2);
Akaiwa coast (3, 4); Shikizaki Bay (5); Shiraiwazaki Bay (6-8); Reihoku coast (9); Tomioka Har-
bor (10-13); Tsujishima Island (14, 15). D, sampling sites along Sesoko Island (1-8). E, sampling sites
along Iriomote Island: Hoshidate coast (1); Kanoka coast (2). F, sampling sites along Yonaguni Island:
Sonai locality (1-3); Higawa Bay (4); Tojima coast (5). G, sampling sites along Akajima Island, upper sub-
tidal of the western coast (1-3). H, sampling sites along Miyako Island: Karimata coast (1, 2); Cape Higashi
Hennasaki (3). I, sampling sites along Ishigaki Island: Shiraho coast (1); Kabira Bay (2). J, sampling sites
along Ieshima Island, southeastern coast (1, 2)

Puc. 1. Mecra cbopa BogopocJeli (OTMeUeHbl KPaCHBIMHU KPYKKaMH) Ha OCTPOBaxX apXuiejaroB Amakca
u Piokio. A — ocTpoBd, rie ObuUti coOpaHsl Bogopocin. B — mecra coopa B ipodektype OKMHABa: MbIC
Xeno (touka 1); octpo Uaasuma (2); octpoB Cecoko (3); 3amue Oypa (4); Mbic XeHOKO (5); modepexkbe
Maspna (6); sk Apacaku (7, 8); modepexbe Omo (9). C — mecra cbopa Bosb nosyoctpoBa Tomuoka,
octpoB Cumocuma: nodepexse Marapuzaku (1, 2); modepexse Akausa (3, 4); Oyxta Cukuzaku (5); Oyx-
ta Cupaiiazaku (6-8); modepexne Peiixoky (9); raBanb Tomuoka (10-13); octpoB Llymzucuma (14, 15).
D — mecra coopa B0k octpoBa Cecoko (1-8). E — mecra c6opa B1osb 0ctpoBa MpriomoTe: nodepexbe
Xocupare (1); nodepexne Kanoka (2). F — mecra c6opa BIoJIb OCTpOBa IZOHaryHI/I: mecteuko Conaii (1-3);
Oyxta Xurasa (4); mooepexne Tomsuma (5). G — mecra cbopa BIOJIb OCTpoBa AKaa3nuMa, BEpXHsisl CyO-
yuropainb 3anagHoro nodepexbs (1-3). H — mecta cbopa Biosibs OcrpoBa Musiko: nodepexbe Kapuma-
ta (1, 2); mpic Xuracu Xennacaku (3). I — mecra coopa BoJib 0ctpoBa Mcuraku: nodepexnbe Cupaxo (1);
Oyxra Kabupa (2). ] — mecta coopa Baosb 0crpoBa Macuma, 10ro-Boctounoe noodepeskbe (1, 2)
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Material partially published earlier provided the dynamics of algal growth on damaged and dead
coral colonies in the sea and in aquariums of Sesoko Island [Titlyanov et al., 2008, 2010, 2018], decadal
changes in algal assemblages of Yonaguni Island [Titlyanov et al., 2016], and historical changes in the ma-
rine flora of Tomioka Peninsula, Shimoshima Island [Titlyanov et al., 2019a, b]. For other islands
we studied, the data are published for the first time.

The aim of this work was to present an annotated list of benthic algae in coral reef ecosystems
of the Ryukyus and ecosystem of hard substrata with coral settlements of Amakusa islands, using all
papers on the inventory of the benthic flora of the islands and our published and unpublished sampling
data of 1995-2019. Moreover, based on a comparison of taxonomic and biogeographic characteristics
of recent benthic algal floras of the islands of these two archipelagos [diversity of species and forms,
taxonomic composition of algal communities, and potential opportunities for geographical (latitudinal)
distribution of taxa], we aimed at assigning them to specific biogeographic regions of the Northern
Hemisphere in East Asia.

MATERIAL AND METHODS

Sampling sites and time. The study of the marine flora along the coast of Okinawa Island was car-
ried out in November—December 2006 in the following localities: Cape Hedo, Oura Bay, Henoko point,
Maeda coast, and Ohdo coast; in March 2013 and February 2014, the investigation was carried out along
Arasaki Beach (Fig. 1B). In the west of Northern Okinawa, along the coast of Sesoko Island, algae were
collected in 1995 (May—October), 1997 (September—December), 1998 (January—April), 2002 (October—
December), 2003 (January—September), 2004 (July), 2005 (February—-May), 2006 (November—
December), 2007 (January), 2014 (February), and 2019 (January—February) (Fig. 1D). In Decem-
ber 2006, marine algae were sampled along the southeastern coast of Ieshima Island (Fig. 1J).
In August 1995, algal sampling was carried out on a coral reef along the western coast
of Akajima Island (the group of Kerama islands) at three localities (Kubamanohama, Kushibaru,
and Hanase) (Fig. 1G), Kohama Island (the group of Yaeyama islands), and at two localities of Ishi-
gaki Island (Kabira Bay and Shiraho Reef) (Fig. 11). In March 2013, marine algae were sampled around
Yonaguni Island (Sonai, Higawa, and Tojima bays) (Fig. 1F) and along the coast of Miyako Island (Kari-
mata locality and Cape Higashi Hennasaki) (Fig. 1H). In February 2017, algal sampling was carried out
along the coast of Iriomote Island (Hoshidate and Tanaka bays) (Fig. 1E). On Shimoshima Island, marine
algae were sampled in November and December 2012, April and August 2013, January 2014, October
and November 2015, and November 2017 at seven localities of Tomioka Peninsula: Akaiwa, Magarizaki,
Shikizaki Bay, Shiraiwazaki Bay, Tomioka Harbor, Tsujishima Island, and Reihoku-cho (Fig. 1C).

Collection, conservation, and floristic analysis of samples. Macroalgae were sampled in the up-
per, middle, and lower intertidal and the upper subtidal (from 0.5-m to 4-m depth during low tide) zones
of Ryukyu islands by T. Titlyanova, E. Titlyanov, and O. Belous; on Amakusa islands, by T. Titlyanova,
E. Titlyanov, and M. Tokeshi. In the upper subtidal zone, marine plants were sampled via snorkel-
ing (by T. Titlyanova) and scuba diving (by E. Titlyanov and M. Tokeshi) during low and high tides.
Algae were collected from all types of substrata. The algal samples are deposited at the A. V. Zhir-
munsky National Scientific Center of Marine Biology, Far Eastern Branch of the Russian Academy
of Sciences (Vladivostok, Russian Federation).

Fresh and dried specimens were identified by T. Titlyanova, E. Titlyanov, and O. Belous using
the data of monographic publications, floristic studies, and systematic articles cited in previous pa-
pers [Titlyanov et al., 2011; Titlyanova et al., 2012]. The systematics and nomenclature follow Algae-
Base [2023]. Hierarchical classification of the phylum Rhodophyta is given according to [Saunders, Hom-
mersand, 2004; Schneider, Wynne, 2013; Wynne et al., 2014]. The classification system of the phyla
Chlorophyta and Ochrophyta is given in accordance with [Tsuda, 2003, 2006].
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RESULTS

Species composition. The results of the present study are provided in Table (see Supplement 2:
https://marine-biology.ru/mbj/article/view/422/656). It documents 569 species and taxonomic forms
of benthic macroalgae sampled off the southern islands of Japan in 1995-2019; 153 species of marine al-
gae were new records for the Amakusa and Ryukyu archipelagos (see [Titlyanov et al., 2016, 2019a, b]).
The phylum Rhodophyta (Rh in Fig. 2) was comprised of 4 classes, 17 orders, 47 families, 128 gen-
era, and 324 species (57% of all species). The phylum Ochrophyta (Oc) was comprised of 2 classes,
10 orders, 16 families, 43 genera, and 86 species (15% of all species) belonging to the class Phaeo-
phyceae. The phylum Chlorophyta (Ch) was comprised of 2 classes, 7 orders, 23 families, 49 genera,
and 159 species (28% of all species) (Suppl. 2, Fig. 2).

Fig. 2. Proportion of species and their
taxonomic forms sampled along the is-
lands of the Ryukyu and Amakusa
archipelagos in 1995-2019. Ry, islands
of the Ryukyu Archipelago; Ss, Sesoko Is-
land; Sh, Shimoshima Island (the Amakusa
Archipelago). Rh, Rhodophyta; Oc, Ochrophyta;
Ch, Chlorophyta

Puc. 2. CoorHollleHUE BUOOB U HX TaKCO-
HOMHMYecKUX (opM, COOpaHHBIX HA OCTPOBaX
apxunenaroB Piokio n Amakca B 1995-2019 1.
Ry — ocrpoed apxunenara Piokio; Ss —
octpoB Cecoko; Sh — ocrpoB Cumocu-
Ma (apxunenar Amakca). Rh — Rhodophyta;
Oc — Ochrophyta; Ch — Chlorophyta

Out of red algae, the highest number of taxa belonged to four orders: Ceramiales (129),
Gigartinales (35), Corallinales (29), and Rhodymeniales (24). Brown algae were mostly represented
by Ectocarpales (26), Dictyotales (22), and Fucales (23). Out of green algae, Bryopsidales (67),
Cladophorales (47), and Ulvales (23) prevailed (Suppl. 2, Fig. 3A).

All species of our collection were found earlier by other authors in tropics and/or subtropics.
Out of them, 79% were recorded in tropics and/or subtropic alone; 13% were registered in tropics
and/or subtropics and in temperate latitudes as well; and 8% were noted in tropical and/or subtropical,
temperate latitudes, and Arctic and/or Antarctic.

More than a half (58%) of all species of our collection were found in the seas of Pacific, Indian,
and Atlantic oceans; 27% inhabited only the Indo-Pacific; and 15% inhabited only the seas of the Pacific
Ocean (Fig. 4A).

On all investigated islands of the Ryukyu Archipelago, 428 species of marine algae were docu-
mented. Out of them, 54% were red algae, 12% were brown, and 34% were green (Suppl. 2, Fig. 2).
Species of red algae belonged to 4 classes, 16 orders, 40 families, and 104 genera; species of brown algae,
to 2 classes, 7 orders, 10 families, and 28 genera; and species of green algae, to 2 classes, 7 orders, 22 fam-
ilies, and 46 genera. In terms of species number, the richest families and orders were the following ones:
out of red algae, Rhodomelaceae (50), Ceramiaceae (32), and families of Corallinales (23); out of brown
algae, Dictyotaceae (17), Sargassaceae (11), and Scytosiphonaceae (6); and out of green algae, Cauler-
paceae (23), Cladophoraceae (21), and Ulvaceae (13) (Suppl. 2, Fig. 3B). All species of our collection
were previously found by other authors in tropics and/or subtropics. Out of them, 84% were registered
only in tropical and/or subtropical latitudes; 8% were noted in temperate latitudes; and 8% were recorded
in Arctic and/or Antarctic. Also, 28% of marine algae belonged to the Indo-Pacific, and 8% inhabited
only the seas of the Pacific Ocean (Suppl. 2, Fig. 4B).
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Fig. 3. Number of marine algal species in the richest taxa: A, all investigated southern islands of Japan;
B, islands of the Ryukyu Archipelago; C, Sesoko Island; D, Shimoshima Island

Puc. 3. KonuuecTBo BUIOB MOPCKMX BOJOPOCIIEH B HanOosiee O0raTbix TAKCOHaX: A — BCe MCCIIeI0BaHHbIE
10’kHbIe ocTpoBd Anonnu; B — octposd apxunenara Piokio; C — octpoB Cecoko; D — octpos Cumocuma

Out of the islands of the Ryukyu Archipelago, the highest number of species (329) were sampled
along the coast of Sesoko Island (26°38'N, 127°51’E); out of them, 55% were red algae, 12% were
brown, and 33% were green (Suppl. 2, Fig. 2). Species of red algae were represented by 4 classes,
16 orders, 38 families, and 94 genera; brown algae, by 2 classes, 7 orders, 10 families, and 26 genera;
green algae, by 2 classes, 6 orders, 21 families, and 42 genera. The highest species richness was regis-
tered for the following orders and families. Out of red algae, Rhodomelaceae (32), Ceramiaceae (23),
and families of Corallinales (14) prevailed; out of brown algae, Dictyotaceae (12), Sargassaceae (9),
and Acinetosporaceae (5); and out of green algae, Cladophoraceae (14), Caulerpaceae (14), and Ul-
vaceae (11) (Suppl. 2, Fig. 3C). In the collection representing Sesoko Island, 83% of all species belonged
to tropics and/or subtropics alone; 8%, temperate latitudes; 9%, Arctic and/or Antarctic. Moreover, 28%
of algae represented only the Indo-Pacific, and 7%, the seas of the Pacific Ocean (Suppl. 2, Fig. 4C).
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Fig. 4. Geographic distribution of marine algae off the southern islands of Japan. A, all investigated
southern islands of Japan; B, islands of the Ryukyu Archipelago; C, Sesoko Island; D, Shimoshima Is-
land. T, S + S, previously found inhabiting only the tropics and/or subtropics; T, S, M + S, M, previously
found in tropical and/or subtropical and temperate latitudes; T, S, M, Ar / An, previously found in tropical
and/or subtropical, temperate latitudes, and Arctic and/or Antarctic; I-P, inhabiting only the Indo-Pacific;
P, found living only in the seas of the Pacific Ocean

Puc. 4. T'eorpaduyeckoe pacripocTpaHeHre MOPCKUX BOAOPOCIIEH Ha I0XKHBIX OCTpoBax SmoHun. A — Bce
HccreoBaHHbIe 10KHbIe OcTpoBa fnonnn; B — octpoBd apxunenara Piokio; C — octpos Cecoko; D — ocrt-
poB Cumocuma. T, S + S — paHee HaliieHbI TOJILKO B TPOITUKax u/umy cyorponukax; T, S, M + S, M — panee
HalIeHbl B TPOMMYECKUX W/MIM CyOTPONMYECKUX U yMepeHHbIX mmpotax; T, S, M, Ar / An — panee Haii-
JeHbI B TPOIMYECKUX W/ CyOTPONMYECKUX, YMEPEHHBIX IIUPOTaX U APKTHKE W/vin AHTapkTuke; [-P —
o0uTaT TOJIbKO B VHI0-TuxookeaHCKOM peruone; P — BcTpedanTcest TOIbKO B Mopsix THXoro okeaHa

Off the most northern island of investigated ones, Shimoshima (the largest island of the Amakusa
Archipelago, 32°31’N, 130°02E), located 6° north of Sesoko Island, we sampled 321 species and forms.
Out of them, 63% were red algae, 17% were brown, and 20% were green (Suppl. 2, Fig. 2). Species
of red algae represented 4 classes, 17 orders, 40 families, and 93 genera; species of brown algae,
1 class, 8 orders, 13 families, and 28 genera; and species of green algae, 1 class, 5 orders, 20 fami-
lies, and 30 genera. The highest species richness was registered for the following families: out of red
algae, Rhodomelaceae (33), families of Corallinales (20), and Ceramiaceae (13); out of brown algae,
Sargassaceae (15), Dictyotaceae (14), and Scytosiphonaceae (8); out of green algae, Ulvaceae (12),
Cladophoraceae (10), and Codiaceae (7) (Suppl. 2, Fig. 3D). In the collection of algae sampled off Shi-
moshima Island, 69% were tropical and/or subtropical species; 18% were species of temperate lati-
tudes; and 13% were species of Arctic and/or Antarctic. Moreover, 22% inhabited only the Indo-Pacific,
and 20% belonged to species inhabiting only the seas of the Pacific Ocean (Suppl. 2, Fig. 4D).
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DISCUSSION

The floristic diversity and composition of macrophytes from islands of the Ryukyu Archipelago
sampled by us in 1995-2019 were close to those for other islands in the Indo-Pacific, where coral reefs
are the main ecosystem, algal species richness is characterized by 400 taxa, and the floristic composition
is reported to be as follows: 50-60% of red algae, 20-35% of green algae, and 10-20% of brown
algae [Huisman, Borowitzka, 2003; Lewis, Norris, 1987; Silva, 1992; Silva et al., 1987, 1996; Tseng,
1983; Tsuda, 2003, 2006; Zhang, 1996].

Taxonomic diversity, species richness of above-mentioned families, a group of species, or an indica-
tor species of coral ecosystems of the seas of Southeast Asia, and potential latitudinal distribution of ma-
rine algae of the Ryukyu Archipelago are close to those of other coral reefs studied by us in the South
China and East China seas lying in tropical and subtropical latitudes [Belous et al., 2021; Titlyanov et al.,
2011, 2014, 2015, 2016; Titlyanova et al., 2014].

Taxonomic characteristics of the benthic marine flora on Shimoshima Island of the Amakusa
Archipelago differed significantly from those for the southern islands of the Ryukyu Archipelago.
On the Amakusa Archipelago, the relative number of red algae was higher by 9%, and brown algae,
by 5%. At the same time, the relative number of green algae was lower by 14% than on Ryukyu islands.
Taxonomic diversity of green algae on Shimoshima Island was significantly lower than that for the south-
ern islands of the Ryukyu Archipelago: the values were lower by 1 class, 2 orders, 2 families, 16 gen-
era, and 82 species. Moreover, green algae of two archipelagos differed in composition of families
with the highest species richness. Specifically, on Ryukyu islands, those were Cladophoraceae, Cauler-
paceae, and Ulvaceae; on Amakusa islands, Ulvaceae, Cladophoraceae, and Codiaceae. Algal collections
from the archipelagos differed in relative number of species belonging to various geographical zones.
The collection from Shimoshima Island contains less species (by 14%) representing tropics and subtrop-
ics alone than the collection from Ryukyu islands, as well as relatively more species belonging to tem-
perate latitudes (by 11%) and Arctic and/or Antarctic (by 3%). Also, there are 13% more species which
inhabit only the seas of the Pacific Ocean.

According to the scheme of marine biogeographic regions provided by J. C. Briggs [1974] and modi-
fied by K. Liining [1990], Kyushu Island and the Amakusa Archipelago (southern islands of Japan) are lo-
cated on the border between the warm-temperate region and cold-temperate region, and the southern is-
lands of the Ryukyu Archipelago are situated on the border between the warm-temperate region and trop-
ical biogeographic region. Data presented by us on taxonomic diversity of marine algae on the Amakusa
and Ryukyu archipelagos give the grounds to suppose that the recent benthic flora of these archipelagos
belongs to two different biogeographic regions.

As known, the marine flora of biogeographic temperate regions in both hemispheres differs
in species diversity and the values of R/P index (number of Rhodophyta species divided by num-
ber of Phaeophyceae species) and C/P index (number of Chlorophyta species divided by number
of Phaeophyceae species) [Belous et al., 2013; Lewis, Norris, 1987; Nguyen et al., 2013; Perestenko,
1980, 1994; Pham, 1969; Santelices et al., 2009; Titlyanov et al., 2015; Titlyanova et al., 2014]. It can
be summarized that an average of about 200 species of benthic macroalgae were found in the cold-
temperate region, and more than 400 species were recorded in the tropical biogeographical region. Both
in the Northern and Southern hemispheres, the marine flora of cold waters is enriched with brown algae,
and the flora of warm waters is enriched with red and green algae. The indices R/P and C/P in a given
flora are very important characteristics of biogeographic regions. Their values for the marine flora of cold
waters are 1.0-2.0 and 0.3-0.8, respectively; for the marine flora of warm waters, 2.5-4.0 and 0.5-1.0,
respectively; and for the marine flora of tropical waters, 3.0-4.5 and 1.0-2.0, respectively [Santelices
et al., 2009].
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One of key indicators of the benthic flora in the tropical biogeographic region is the richness of algal
species and forms in families of the order Ceramiales (Rhodophyta) and in Caulerpaceae, Boodleaceae,
and Valoniaceae (Chlorophyta) [Belous et al., 2021; Titlyanov et al., 2015]. Main identification char-
acteristic of the benthic flora of the warm-temperate region in the Northern Hemisphere in East Asia
is the most actively settling representative of the warm-water genus Sargassum C. Agardh, 1820 [Belous
et al., 2013].

Our sampling in 2012-2017 on Shimoshima Island [Titlyanov et al., 2019a] allowed documenting
more than 300 species of benthic macroalgae with a significant prevalence of red algae (63%) over
brown and green algae. R/P value for sampled algae was 3.6, and C/P value was 1.1. Those corre-
spond to the flora of warm-temperate regions and give us the grounds to classify Shimoshima Island
of the Amakusa Archipelago, with its benthic flora, as part of the warm-temperate region.

On Sesoko Island, 6° south of Shimoshima Island, in 1995-2019, we recorded more than
300 species and forms of marine algae, with red and green algae prevailing. R/P value of sampled algae
was 4.4, and C/P value was 2.6. All found species belonged to tropical latitudes; in these calcu-
lations, we also used material from our earlier works [Titlyanov et al., 2008, 2010, 2018, 2019b].
In the collection, species of red and green algae of tropic-specific families prevailed: Rhodomelaceae,
Ceramiaceae (Rhodophyta), and Caulerpaceae (Chlorophyta).

On Yonaguni Island (southwest of Okinawa islands, 8° south of Shimoshima Island), only at three
localities, we sampled about 200 species of marine algae; out of them, as well as on Sesoko Island,
red (59%) and green algae (31%) prevailed. R/P value was 6.1, and C/P value was 3.2 [Titlyanov
et al., 2016]. Thus, the main indicators of the taxonomic diversity of benthic floras for the most stud-
ied islands, Sesoko and Yonaguni, give us the grounds to assign the southern islands of the Ryukyu
Archipelago (from N26° and south), with their benthic flora, to the tropical biogeographic region.

Conclusion. A total of 569 species of marine benthic algae were found off the southern islands
of Japan; out of them, 153 species were registered for the first time. The comparison of taxonomic
and biogeographic characteristics of marine floras of the Amakusa and Ryukyu archipelagos — biodiver-
sity of species and forms, taxonomic composition of algal communities, and potential capabilities of geo-
graphic distribution of taxa — give us the grounds to classify Shimoshima Island as a warm-temperate
region of the Northern Hemisphere in East Asia, and the southern islands of the Ryukyu Archipelago,
as a tropical biogeographic region.

REFERENCES
1. AlgaeBase. ~World-wide electronic  publica- 4. Briggs J. C. Marine Zoogeography. New York, NY :
tion, National University of Ireland, Galway McGraw-Hill, 1974, 475 p.
/ M. D. Guiry, G. M. Guiry (Eds) : [site], 5. Huisman J. M., Borowitzka M. A. Marine benthic
2023. URL: http://www.algaebase.org [accessed: flora of the Dampier Archipelago, Western Aus-
10.01.2023]. tralia. In: The Marine Flora and Fauna of Dampier
2. Belous O. S., Titlyanova T. V., Titlyanov E. A. /F.E. Wells, D. I. Walker, D. S. Jones (Eds). Perth,
Morskie rasteniya bukhty Troitsy i smezhnykh ak- Western Australia : Western Australian Museum,
vatorii (zaliv Petra Velikogo, Yaponskoe more). 2003, pp. 291-344.
Vladivostok : Dal’'nauka, 2013, 263 p. (in Russ.). 6. Lewis J. E., Norris J. N. A History and Anno-
http://www.algae.ru/350 tated Account of the Benthic Marine Algae of Tai-
3. Belous O. S., Titlyanov E. A., Titlyanova T. V. wan. Washington, DC : Smithsonian Institute
Decadal comparison (1950-2020) of the benthic Press, 1987, 38 p. (Smithsonian Contributions
marine flora from Central and Southern Vietnam. to the Marine Sciences : no. 29).
Phytotaxa, 2021, vol. 21, no. 4, pp. 249-288. 7. Lining K. Seaweeds. Their Environment, Bio-
https://doi.org/10.11646/phytotaxa.521.4.3 geography and Ecophysiology. Hoboken, NJ : John

Mopckoii 6uosorrueckuii xypHai Marine Biological Journal 2024 vol. 9 no. 1


http://www.algaebase.org
http://www.algae.ru/350
https://doi.org/10.11646/phytotaxa.521.4.3

116

E. Titlyanov, T. Titlyanova, O. Belous, and M. Tokeshi

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Wiley & Sons, 1990, 527 p.

. Nguyen V. T., Le N. H., Lin S.-M., Steen F.,

De Clerck O. Checklist of the marine macroalgae
of Vietnam. Botanica Marina, 2013, vol. 56,
iss. 3, pp. 207-302. https://doi.org/10.1515/
bot-2013-0010

. Okamura K. On the algae from Ogasawara-

jima (Bonin Islands). Botanical Magazine,
1897, vol. 11, nos 119-120, pp. 1-10, 11-17.
https://doi.org/10.15281/jplantres1887.11.enl
Okamura K. On the algae from the Island Hatidyo.
Records of Oceanographic Works in Japan, 1930,
vol. 2, pp. 92-110.

Perestenko L. P. Vodorosli zaliva Petra Velikogo.
Leningrad : Nauka, 1980, 232 p. (in Russ.).
http://www.algae.ru/273

Perestenko L. P. Red Algae of the Far-Eastern Seas
of Russia. Saint Petersburg : “Olga”, 1994, 330 p.
(in Russ.). http://www.algae.ru/270

Pham H. H. Marine Algae of South Vietnam.
Saigon : Center for Science and Technology, 1969,
558 p. (in Vietnamese).

Santelices B., Bolton J. J., Meneses 1. Ma-
rine Algal Communities. In: Marine Macro-
ecology / J. D. Witman, K. Roy (Eds).
Chicago, IL : Chicago University Press, 2009,
chap. 6, pp. 153-192. https://doi.org/10.7208/
chicago/9780226904146.003.0006

Saunders G. W., Hommersand M. H. As-
sessing red algal supraordinal  diversity
and taxonomy in the context of contem-
porary systematic data. American Journal

of Botany, 2004, vol. 91, iss. 10, pp. 1494-1507.
https://doi.org/10.3732/ajb.91.10.1494

Segawa S., Yoshida T. Fauna and Flora
of the Sea Around the Amakusa Marine Biolog-
ical Laboratory. Pt 3. Marine Algae. Amakusa,
Japan : Tomioka, Reihokucho-cho, 1961, 24 p.
(in Japanese).

Schneider C. W., Wynne M. J. Second addendum
to the synoptic review of red algal genera. Botan-
ica Marina, 2013, vol. 56, iss. 2, pp. 111-118.
https://doi.org/10.1515/bot-2012-0235

Silva P. C. Geographic patterns of diver-
sity in benthic marine algae. Pacific Sci-
ence, 1992, vol. 46, no. 4, pp. 429-437.
http://hdl.handle.net/10125/1869

Silva P. C., Basson P. W., Moe R. L. Catalogue
of the Benthic Marine Algae of the Indian Ocean.
Berkeley ; Los Angeles ; London : University

20.

21.

22.

23.

24,

25.

26.

27.

of California Press, 1996, 1280 p. (University
of California Publications in Botany ; vol. 79).
Silva P. C., Menez E. G., Moe R. L. Cata-
log of the Benthic Marine Algae of the Philip-
pines. Washington, DC : Smithsonian Institute
Press, 1987, 179 p. (Smithsonian Contributions
to the Marine Sciences : no. 27).

Titlyanov E. A., Titlyanova T. V., Chap-
man D. J. Dynamics and patterns of algal
colonization on mechanically damaged and dead
colonies of the coral Porites lutea. Botanica
Marina, 2008, vol. 51, iss. 4, pp. 285-296.
https://doi.org/10.1515/BOT.2008.042

Titlyanov E. A., Titlyanova T. V., Belous O. S.
Checklist of the marine flora of Nha Trang Bay
(Vietnam, South China Sea) and decadal changes
in the species diversity composition between
1953 and 2010. Botanica Marina, 2015, vol. 58,
iss. 5, pp. 367-377. https://doi.org/10.1515/
bot-2014-0067

Titlyanov E. A., Titlyanova T. V., Tokeshi M.
Marine plants in coral reef ecosystems of South-
east Asia. Global Journal of Science Frontier
Research—C Biology, 2018, vol. 18, iss. ClI,
pp.- 1-34.

Titlyanov E. A., Titlyanova T. V., Tokeshi M.
Recent (2012-2017) seaweed flora of Tomioka
Peninsula, Shimoshima Island (the East China
Sea, Japan). Coastal Ecosystems, 2019a, vol. 6,
pp- 1-21.

Titlyanov E. A., Titlyanova T. V., Tokeshi M., Li X.
Inventory and historical changes in the marine flora
of Tomioka Peninsula (Amakusa Island), Japan.
Diversity, 2019b, vol. 11, iss. 9, art. no. 158 (15 p.).
https://doi.org/10.3390/d11090158

Titlyanov E. A., Titlyanova T. V., Xia B. M.,
Bartsch 1. Checklist of marine benthic green
algae (Chlorophyta) on Hainan, a subtropical
island off the coast of China: Comparisons
between the 1930s and 1990-2009 reveal en-
vironmental changes. Botanica Marina, 2011,
vol. 54, iss. 6, pp. 523-535. https://doi.org/
10.1515/bot.2011.064

Titlyanov E. A., Kiyashko S. I., Titlyanova T. V.
Raven J. A. 8°C and 8N in tissue of coral
polyps and epilithic algae inhabiting damaged
coral colonies under the influence of different
light intensities. Aquatic Ecology, 2010, vol. 44,
iss. 1, pp. 13-21. https://doi.org/10.1007/s10452-
009-9248-5

Mopckoii 6uonorndeckuii xxypHai Marine Biological Journal 2024 vol. 9 no. 1


https://doi.org/10.1515/bot-2013-0010
https://doi.org/10.1515/bot-2013-0010
https://doi.org/10.15281/jplantres1887.11.en1
http://www.algae.ru/273
http://www.algae.ru/270
https://doi.org/10.7208/chicago/9780226904146.003.0006
https://doi.org/10.7208/chicago/9780226904146.003.0006
https://doi.org/10.3732/ajb.91.10.1494
https://doi.org/10.1515/bot-2012-0235
http://hdl.handle.net/10125/1869
https://doi.org/10.1515/BOT.2008.042
https://doi.org/10.1515/bot-2014-0067
https://doi.org/10.1515/bot-2014-0067
https://doi.org/10.3390/d11090158
https://doi.org/10.1515/bot.2011.064
https://doi.org/10.1515/bot.2011.064
https://doi.org/10.1007/s10452-009-9248-5
https://doi.org/10.1007/s10452-009-9248-5

Marine algal flora of the southern islands of Japan

117

28. Titlyanov E. A., Titlyanova T. V., Li X. B., 32. Tseng C. K. Common Seaweeds of China. Beijing :
Hansen G. I, Huang H. Seasonal changes Science Press, 1983, 316 p.
in the benthic macroalgae and Cyanobacteria  33. Tsuda R. T. Checklist and Bibliography of the Ma-
of the intertidal zone in Sanya Bay (Hainan rine Benthic Algae from the Mariana Islands
Island, China). Journal of the Marine Biologi- (Guam and CNMI). Mangilao, Guam : Univer-
cal Association of the United Kingdom, 2014, sity of Guam Marine Laboratory, 2003, 49 p.
vol. 94, iss. 5, pp. 879-893. https://doi.org/ (Technical Report ; no. 107).
10.1017/S0025315414000460 34. Tsuda R. T. Checklist and Bibliography of the Ma-

29. Titlyanov E. A., Titlyanova T. V., Kalita T. L., rine Benthic Algae Within Chuuk, Pohnpei,
Tokeshi M. Decadal changes in the algal as- and Kosrae States, Federated States of Microne-
semblages of tropical-subtropical Yonaguni Island sia. Honolulu, Hawaii : Bishop Museum Press,
in the western Pacific. Coastal Ecosystems, 2016, 2006, 43 p. (Bishop Museum Technical Re-
vol. 3, pp. 16-37. port ; no. 34). http://pbs.bishopmuseum.org/

30. Titlyanova T. V., Titlyanov E. A., Xia B, pdf/tr34.pdf
Bartsch I. New records of benthic marine green 35. Wynne M. J., Bradshaw T., Carrington C. M. S.
algae (Chlorophyta) for the island of Hainan A checklist of the benthic marine algae of Barba-
(China). Nova Hedwigia, 2012, Bd. 94, Heft 3—4, dos, West Indies. Botanica Marina, 2014, vol. 57,
S. 441-470. https://doi.org/10.1127/0029-5035/ iss. 3, pp. 167-184. https://doi.org/10.1515/bot-
2012/0022 2014-0007

31. Titlyanova T. V., Titlyanov E. A., Kalita T. L. Ma- 36. Zhang S. The species and distribution of sea-

rine algal flora of Hainan Island: A comprehen-
sive synthesis. Coastal Ecosystems, 2014, vol. 1,
pp. 28-53.

weeds in the coast of China seas. Chinese Biodi-
versity Science, 1996, vol. 4, iss. 3, pp. 139-144.
https://doi.org/10.17520/biods.1996025

MOPCKAA ®JIOPA I07KHBIX OCTPOBOB AITIOHNU

3. A. Tutasunos!, T. B. Turasimosal, O. C. Beaoyc!, M. Tokemu?

'HanmonansHblii Hay4HbIi 1EHTp MOpcKoil 6uonorun umenu A. B. JKupmynckoro IBO PAH,
BnaguBoctok, Poccuiickas ®eneparwist
2Mopckas 6uonoruueckas nadopatopus Amakchl, Yausepcutet Kiocio, Peiikoky-Amaxkca, Kymamoro, Snonus
E-mail: ksu_bio@mail.ru

C 1995 1o 2019 r. Ha MTOpaK U B BepXHEeH cydmMTopaiu apxurienara Amakca (octpoB Cumocuma)
1 I0)KHBIX OCTpoBOB apxurnejara Pokio (Okunasa, Cecoko, Usn3uma, Akanzuma, Musko, Mcuraku,
Vpriomote u MoHaryHu) GbUTi cOGpaHE MOPCKHE BOAOPOCIH. Beero o6HapykeHo 569 BHIOB U TAKCO-
HOMUYECKUX (popM OEHTOCHBIX MaKpOBOAOPOCHEH, U3 HUX 57 % TMpuHaIIekaT K KpaCHBIM BOAOPOC-
a5M, 15 % — x OypbiM, 28 % — k 3enéHbIM. HoBbIMU /17151 3THX OCTpOBOB ObLIM 153 BuIa Bogopocien.
B Teuenue ykazaHHOro neproa OEHTOCHYI0 MOPCKYIO (bJIOpY OTAENIBbHBIX OCTPOBOB aHATM3HPOBAIIH
C pa3HOW CTeneHblo TiiaTepbHoCcTH. Cpe OCTPOBOB apxuIiejiara AMakca caMbIM M3y4YeHHBIM ObLI
Cumocuma (uccienoBadHo 14 Toyek BO Bce CE30HbI), a cpeAr ocTpoBoB apxuriesnara Piokio — Ceco-
KO (8 Touek Bo Bce ce30Hbl). CpaBHEHNE TAKCOHOMHUYECKHX U OMOreorpapuuecKux XapaKkTepHCTHK
MOpPCKUX (DJIOp STHX JBYX apXUIeNaroB: OMOpa3HOo0Opa3us BUIOB U (OPM, TAKCOHOMHUYECKOTO CO-
CTaBa BOJIOPOCJIEBBIX COOOIECTB U MOTEHIIUATIBHBIX BO3MOXHOCTEN reorpapuyeckoro (IMpOTHOTO)
pacipocTpaHeHus BUAOB — JAa€T HaM OCHOBaHMS Kjaccu(UIMpoBaTh ocTpoB CMMOCHMa Kak Terl-
noymepeHHbd peruon CeBepHoro nojymapusi B Bocrounoit A3uu, a 105KHBIE OCTPOBa apXuIlenara
Piokio — kak Tponuueckuii Guoreorpaduyeckuii peruoH.

KiioueBbie cjoBa: MakpoBOJOPOCIH, apxuiiesar AMakca, I0KHble OCTpoBa apxumenara Piokio,
CpaBHEHHE MOPCKOH (1opbI
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XPOHUKA H HHPOPMALIUA

K IOBMIEIO TOKTOPA BUOJIO'NMYECKUX HAVK, IIPOPECCOPA,
YJIEHA-KOPPECIIOH/IEHTA HAH ABEPBAVI2KAHA
NJIbXAMA XAVISIM OI'JIbI AJIEKIIEPOBA

Beigaomemycs nporucrosiory Mnbxamy XaisiM OIJIbI
AJekniepoBy, 3aBeyoIeMy J1adopaTopuer IpOTO300JI0THH
Nucturyta 300nmorun HAH Asepbaiikana, 20 HosiOps
2023 r. UCHIOJHUJIOCH 75 JIET.

Nnbxam Xaiisim orsbel AJIEKIIEPOB POJWICS B TOpOAe

Baky B cembe OuosioroB. Ero ortern, kaHaunar ouojiormye-
cKkuX Hayk XauaMm Myxtap ormibl AJIEKIIEpOB, W3BECTHBIN
TEPHUOJIOT, aBTOP MHOTMX HAy4yHBIX CTaTedl MU MOHOIpadui,
ObL1 coTpyaHuKoM MHcTuTyTa 30050rMM AH A3epOaiikaHa.
Ero matp, Xamna ['yceiin kei3bl KysieBa, kaHauaaT OMoIio-
T'MYeCKUX HayK, Joirue rojasl padorana B MHCcTHTYTE GOTa-
Huku AH Asep6aiimkana. CrieliaabHOCTh POIMTEIICH orpe-
aenuia BeiOop Mibxama AJieknepoBa, M MOociie OKOHYAHHS
CpefiHell MIKOJIbl OH MOCTYIHJI Ha OUOJIOTMYECKUil (paKyib-
TeT A3epOaiIKaHCKOTO TOCYapCTBEHHOTO YHHMBEPCUTETA,
KOTOpBIN OKOHuUMI B 1971 T.

Emg 6yayun crynentom, M. X. AjekrnepoB IposBUI OOJIBIIION MHTEPEC K U3YYEHHIO MPECHOBO/I-
HBIX MH(Y30pUll U OBJIAJE] COBPEMEHHBIMU LIMTOJIOTMYECKMMHU METOAAMU MMITPETHALMK MH(ppaLy-
JMaTypsl MH(Y30pUil cepeOpoM M OKpackM MX sIAEPHOrO ammapara M IPYrux KJIETOYHBIX CTPYKTYP.
Vxe B cryseHueckue rojasl Minbxam XaiissM oriisl AJieKnepoB Havasa MyOJIMKOBAaTh HAay4YHbIE CTaTbU
Y YCIIEIITHO BBICTYTIATh HA aBTOPUTETHBIX HAYYHBIX COOPAHUSIX, YTO B T€ BpeMeHa ObLIO PeJKOCTHIO.

Cpasy no OKOHYaHMM YHUBEpPCUTETa OH IMOCTYNWI B acnupaHtypy HMHcrutyta 300510rmu
AH Asep0aiinkaHa, rie BbITOTHSIT AUCCEPTAIMOHHYI0 paboTy B JaOOpaTOpUy rMAPOOUOIIOTHH.

B 1977 r. 1. X. AnexknepoB yCreuHo 3aluTI KaHIUAATCKYI0 IuccepTaiuio Ha TeMy «[1maHKToH-
Hble nH(]Yy30prK1 MuHreuaypckoro, BapBapunckoro u [Jxeiipan6ataHCKOro BOJOXPAHMIUIL. B miaHk-
TOHE 3THX TPEX BOJOXPAHWIUIN UM OblM HaieHsl 120 TakcoHOB MH(Y30pHid, B TOM 4nciie | HOBBIN
pon 1 20 HOBBIX BUJOB.

B 1975 r. Unbxam XaisM onisl AJIEKIIEPOB BMECTE C PAAOM IPYTMX MOJIOJBIX CHELUAIMCTOB pac-
nopsixkeHueM [lpesunnyma AH AzepOaiigkaHa Obl1 iepeBeEH B 1a0OpaTOPHIO IKOJIOTMUECKOl pr3no-
norun UucturyTa pusnonorun AH AzepOaiigkana, rae mpopadotai 1o 1986 r. Bee atu roapl, Hapsiay
C MCCIIEIOBAaHUAMM 110 MCIOJIb30BAHUIO HEKOTOPBIX BUAOB MH(Y30pHil B KaUeCTBE TECT-OPraHU3MOB
Y C pa3pabOTKON METOJIOB OIpeAeIeHH I TOKCUIHOCTH TSDKENBIX METAIIOB, TIPOIYKTOB HepTea00bIH,
WHCEKTULMIOB U APYIMX TOKCUKAHTOB I10 KJIETOYHBIM (PU3UOIOTMYECKAM ITapaMeTpaM (CKOPOCTb Aejie-
HUS, HapyLIEHUs IpoleccoB (parouuro3a U ocMoperyssauun), M. X. Aneknepos mpofoikal U3y4eHue
BUJIOBOTO Pa3HOOOPAa3Usi U SKOJIOTMU CBOOOJHOKUBYILMX UH(MY30pHiA IPECHBIX BOA A3epOaiikaHa.
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Ero myOmukanum 3TOro nepmona, 0COOSHHO COAEpXKallfie ONMCAHMS MHOTOYMCIEHHBIX HOBBIX
TAKCOHOB MH(PY30pUii, AKTUBHO LIUTUPOBAIM BeIyIIME CHELUATUCThI-IUIMATONONU, a caM Mibxam
XaiisM oribl AJIEKIIEpOB CTaJl IPU3HAHHBIM ABTOPUTETOM B CBOEH 0071acTH.

B 1986 r. oH 6121 IEepeBeIEH B 1a00PAaTOPUIO TPO-

Tozoonorun MHctutyTa 300moruu AH AzepOaiiixka-
Ha Ha JOJIKHOCTb CTapIero Hay4yHOro COTPY/AHUKA.
B 1989 r. oH cras 3aBeAyoOIMM J1a00PaTOPUEH.

B 1987 r. 1. X. AneknepoB yCHEIIHO 3alluTHI
B JIeHMHIpaJCKOM Trocy/1apcTBEHHOM YHUBEpPCHUTE-

T€ JOKTOPCKYIO JuccepTaluio Ha TeMy «IIpecHoBon-
Hble MH(]Y30pUM HMCKYCCTBEHHBIX BOAOEMOB A3ep-
OalikaHa». DTa 3allliTa CTaIa COOBITUEM, TEM OOJIeE
4TO O(UIMATBLHBIMU ONIMOHEHTAMU ObLIM MPHU3HAH-

HbIE JIUJEPbl OTEUYECTBEHHOM U MUPOBOM MPOTO300-
Jorun — wien-koppecrionzentT AH CCCP, npodec- Ha V EBporneiickoM KOHIrpecce pOTUCTOJIOTOB
(Cankt-TletepOypr, 2007 r.).

cop 0. . Tlomsreknit, poceccop JI. H. Cepasun B nenrpe — npodeccop Busbrensm doiiccHep
u npoceccop A. 1. CrapoboraTos. (3anbudypr, ABCTpus)
[TomMuMoO feTanbHOrO MOP(OIOTHYECKOrO OMU-
cauus 100 peokumx TakCOHOB WH(PY30pUH, BKJIO-
yasi 2 HOBbIX poja u 40 HOBBIX BUAOB, B AUCCEPTa-
UM BIIEpPBbIe OBUTU MPHUBEJICHBI JaHHBIE O MHUKPO-
30HAJILHOCTHU pacnpe/ieieHusl UH(Qy30puid, uX cyTou-
HBIX MUTPAllMsX Kak B TUIAHKTOHE, TaK U B OeH-
TOCE; YCTAaHOBJIEHbl HOBbIE 3aKOHOMEPHOCTH 3aceJie-
HUsA UH(Y30pUAMU CTEPUIIBHBIX CyOCTpaTOB; AdaHa
CaHMUTapHasl XapaKTepUCTHKa BCEX HUCCJIEJOBAHHbBIX
BOJIOEMOB U YKa3aHbl UCTOYHUKM MX 3arpsi3HEHUS;
MPEUIOKEH OPUTHMHAJIBHBIA METOJ| MOJyYeHUs KU-
BOro MH(Y30pHOr0 KOpMa Jjisi KOPMJIEHHS JINYU-
HOK IIEHHBIX IIPOMBICTIOBBIX PbIO, KOTOPBIN ObLIT BHEI- Bo Bpems cOopa MaTepuasa Ha o3epe Baiikan
PEH Ha PHIOOBOJHBIX XO3AKCTBaX JIEHUHIpaICKON (2007 r.). CripaBa — npocpeccop Hopbept

OBTIACTH Bunb6epr (boHHCKMI yHUBEPCUTET)

B xonne 1990-x rr. M. X. AneknepoB pyKOBOJMJI HECKOJbKMMU OMOMOHUTOPUHIOBBIMH IPOEK-
TAMH TI0 OLIEHKE BO3JEHCTBUS Ha OMOpa3HOOOpa3ue reoioropa3Be/Ikl B palloHaX MOPCKHX HedrTe-
npomeicsioB. B 2001-2007 rr. on 6bi1 nipencraButesieM HAH AsepOaiimkaHa B TpyIie HAy9IHBIX UC-
cnepoBaHuid U OuoMoHuTopuHra ¢upmsl British Petroleum Azerbaijan. C 2002 mo 2010 r. Wnbxam
XaiisM oribl AJieKnepoB ObUT WIEHOM, a 3aTeM M IpeAce/aTesleM SKCIEePTHOro COBETa OTHEJICHUs
ouosiornu u cenbckoro xo3siicTBa BAK AzepOaiimxaHa.

B 2007 r. U. X. AseknepoB Obul u30paH uieH-koppecriongeHToM HAH Asepbaiiixana,
a B 2009 r. pemennem BAK AsepOaiimxaHa emy Obuto mpucBoeHO 3BaHMe mpodeccopa. B 2009 r.
Wnbxam XaiissM oriel AneknepoB ObUI Ha3HAUeH 3aMecTHTeNleM aupektopa MHCTUTyTa 300J10THU
HAH Aszepb6aiimxana. OH Obu1 n30paH qupektopoM uHcTHTyTa B 2011 1. 11 Bo3rassi ero 1o 2016 T.

Wnbxam XaiissM oriisl AJleKnepoB — aBTOp U coaBTop 4 MoHorpaduit u 6onee yem 190 Hayu-
HBIX cTateil. OH pa3padoTan psJ OPUTHHAIBHBIX METOIVK M3YyYeHHs] MPOCTEHIIMX U METOHOB OHO-
TECTUPOBAHUS AJI1 OLEHKU He(PTAHOro 3arps3HeHMs, omnucan 5 ceMelcTB, okoio 20 poJoB U OKO-
710 200 HOBBIX BUAOB MH(Y30pHil U paKOBUHHBIX aMED. [To1 ero pykoBOJICTBOM MOJATOTOBJIEHBI U yCHIEI-
HO 3allMILIEHBI IECATh KaHIUJATCKUX U JIB€ JOKTOPCKUX Aucceprauyy. OH IpUHUMAJ y4acTue B psje
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KPYIIHBIX MEXIYHAPOAHBIX IIPOEKTOB ¥ B MHOTOUYMCJIEHHBIX MEXIYHAPOAHBIX HAYYHBIX KOH(PEpEeHIIH-
ax. W. X. AJleKniepoB SBJISIETCA YIEHOM PEIKOJUIEIMI CEMU HAayUYHBIX KyPHAJIOB, B TOM UYMCJIE KypHasa
«BbuopaznooOpasue u ycroitunBoe pa3Butue», KoTopsiil m3gaét ULl MHBIOM, a Takxe perieH3eHToM

psAAa pEUTUHIOBBIX MEXIYHAPOIHBIX KYPHAJIOB.
[Moznpaensiem gopororo Mnbxama Xaiiam oriisl AJieKIiepoBa ¢ 0OWIeeM U kKejlaeM JajibHerIen

TUTOJJOTBOPHOW PaOOTHI M1 TBOPYECKUX YCIIEXOB!

H. B. Jloszanw, H. A. I'aspunosa, A. I1l. Abubynaesa,
DUl HnBIOM

ON THE ANNIVERSARY OF ILKHAM KHAYAM OGLY ALEKPEROYV,
D. SC., PROFESSOR,
CORRESPONDING MEMBER OF THE AZERBAIJAN NAS

On 20 November, 2023, Ilkham Khayam ogly Alekperov celebrated his 75" birthday — D. Sc., Profes-
sor, and corresponding member of the Azerbaijan National Academy of Sciences. I. Kh. Alekperov
is a famous protistologist who heads the laboratory of protozoology at the Institute of Zoology
of the Azerbaijan National Academy of Sciences. He is the author and co-author of 4 monographs
and more than 190 scientific articles and serves on editorial boards of 7 scientific journals.
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