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A.®. bepaHuk
MypmaHckuin mopckoit bronornyeckuin nHeTutyT PAH, r. MypmaHck, Pocens

ANHAMUKA ®OPMUPOBAHUA AUOOEPEHLIMPOBOYHOI O CJIEAOBOIO
YCNOBHOIO PE®NEKCA HA 3BYKOBbIE PA3IPAXUTENN ONPEOENEHHOW
NPOAOITKUTENBHOCTU Y CEPOI'O TIHONIEHA HALICHOERUS GRYPUS
FABRICIUS, 1791 METOAAMW ONMEPAHTHOI O OBYCIABJIUBAHUA

AHHOTaUMA

B npouecce nccnegoBanuin 15-neTHss camka ceporo TioneHs bbina obyyeHa HaxumaTb
Ha KHOMKY nocre LeMOHCTpauuu 3BYKOBOTO ANUTENbHOCTBIO 5 C W MIHOPUPOBATb
aHanornyHble 3BYKOBble CWUrHanbl Gonbluiel WAW MEHbLEN ANUTENBHOCTM.
lMpoBeaeHHble paboTbl NPOAEMOHCTPUPOBANK CNOCOBHOCTb NOLOMBITHOTO THOMEH S
[0CTOBEPHO AndhpepeHUMpoBaTh 3BYKOBble curHanbl Yepes 3 ¢. OnucaHbl M3MEHEHUS
BO BPEMEHW peakuWun W NoBeAeHUW TIONEHS NpU AEMOHCTpaLuyM 3BYKOBbIX
pasgpaxutenen ¢ pasnuuuMbIMi 1 HEPa3NYMMbIMU BPEMEHHBIMW Ayana3oHaMm.

Knioyeenie cnosa: cepblil TONEHb, CNEAoBOM YCMOBHbIN pedneke, BpEMEHHbIE MHTEPBATbI.

A.F. Berdnik
Murmansk Marine Biological Institute RAS, Murmansk, Russia

DYNAMICS OF THE FORMATION OF A DIFFERENTIATION TRACK
CONDITIONED REFLEX TO SOUND STIMULI OF A CERTAIN DURATION
IN THE GRAY SEAL HALICHOERUS GRYPUS FABRICIUS, 1791

BY THE METHODS OF OPERANT CONDITIONING

Abstract

In the course of the study, a 15-year-old female gray seal was trained to press a button
after displaying an audio signal for 5 seconds and ignore similar audio signals of longer
or shorter duration. The conducted research has demonstrated the ability of the
experimental seal to reliably differentiate sound signals with a difference in sound
duration of 3 seconds. Changes in the reaction time and behavior of the seal during the
demonstration of sound stimuli with distinguishable and indistinguishable time ranges
are described.

Keywords: gray seal, trace conditioned reflex, time intervals.

Beenenne. Bocripusatie BpeMeHU y KUBOTHBIX UTPAET BAXKHYIO POJIb
B LIEJIOM psZie NOBEIEHUYECKUX IPOLECCOB OT BOKAJIM3ALUUM U OXOTHI
70 pa3MHOXEHMS. BpeMms M ero BOCHpPHUATHE COEIMHEHO C MHOYKECTBOM
KOTHUTHBHBIX MPOIIECCOB (HampuMep, BHUMaHue U namsath) (Matthews, Meck,
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2016) u, xak cjiencTBUE, SBJISETCS OAHUM M3 KIIIOYEBBIX ACIEKTOB >KU3HU
AKUBOTHBIX. {751 BOCIpUATHSI BPEMEHHU HE CYILECTBYET KOHKPETHOIO OpraHa,
[OJIyYaroIero MepMaHEeHTHYI HH(popMaluio, Oosiee TOro, B 3aBUCUMOCTH
OT JAJUTEIBbHOCTH BPEMEHHOIO OTpe3Ka MOTYT ObITh 3a/leHiCTBOBAHBI Pa3HbIE
obnactTu Mo3ra npu oOpaboTke BO3IEHCTBYIOIIMX B JAHHBIE MOMEHT
cTuMysioB. MccinenoBanus B 3TOM 00JacTH IPOBEAEHBI HA MHOXECTBE
KUBOTHBIX, BKrouas romybeii (Differential ..., 2007), xpeic (Whitaker et al.,
2003) u komek (Rosenkilde, Divac, 1976), ¢ npuMeHneHreM pa3HbIX METOJUK U
C pa3IMYHBIMU BPEMEHHBIMH WHTEPBAIAMHU.

CBs3b BPEMEHHOI'0 BOCHPUATHS € (U3NOJOTHUECKUMH OCOOEHHOCTAMU
U BbIpAaOOTKON peduiekcoB Jierja B OCHOBY MHOYKECTBA TEOPUH O CHCTEMax
OLICHKH TPOJIOJKUTEIbHOCTH. MHOTHE HCCIIeA0BATENIN CBA3BIBAIOT TAKOE
BOCIHpUATHE C (PU3MOJIOTHEH, pa3MepaMy XKMBOTHOTO HJIM OIpPEAeIICHHBIM
oOpa3zom xu3Hu. OgHOM K3 Haubosee pacHpOCTPAHEHHBIX TEOPUH B 3TOH
obnactu sBISIETCS TeopHsl oxkumaemoro ckanmupoBanus (Gibbon et al., 1984).
B ocHOBY nmaHHOH TEOpUH MOJOKEHO MPEANOJIOKEHHE O BHYTPEHHHX Yacax,
COCTOSALIMX M3 IPHCMEHKep-HAKOMUTEIbHOIO KOMIIOHEeHTa. llpoenupyemsle
HEHUPOHOM-IIPHCMENKEPOM UMITYJIbChI COXPAHSIOTCSI B HAKOIUTENE, B PE3YJIbTATE
KOJIMYECTBO HMITYJIBCOB (POPMHUPYET OINPEACICHHYIO YaCTOTY W JIOKHUTCS
B OCHOBY BOCHpUATHS BpeMeHU. OJHUM U3 OCHOBHBIX aTTPAKTOPOB MeiicMeiikep-
HaKOIMUTEIbHOTO KOMIUIEKCA SIBISETCS CEpAEYHO-COCYJUCTasi CHUCTEMa.
Bricokuii mynbc yBeTUYMBAET YACTOTY HAKOILJICHHS, IPUBOAA K M30BITOYHOMN
CTUMYJISIUU CYOBEKTUBHOI'O BOCHPHATHS, B TO BpeMs KaK CHI)KEHHBIN
MyasC TPUBOIUT K oOpaTtHomy 3ddekty (Zakay, Block, 1996). Onnaxo,
MOMUMO (DU3UOJIOTHYECKON COCTABIISIONIECH, BO3/IEHCTBHE Ha BOCHPHUITHE
BPEMEHH TAK)K€ OKa3bIBae€T MHOXKECTBO APYTUX (PaKTOPOB — ABHIKEHHE, CTpPECC,
Bo3pact (Wearden, Penton-Voak, 1995). Bpems nHanpsiMmyio cBsi3aHO
C BBIPaOOTKON YCIOBHBIX pe(aeKcOoB, Tak KaK OJHOW M3 Ba)KHEUIIHUX
ocoOeHHOCTE B JaHHOM IIpoliecce SBISIETCS BpeMs BBIPAOOTKH
Helipodusnonornyeckux usmenenuit (Wittmann, Wassenhove, 2009).

[Ipu cpaBHEeHHMH cnocoOHOCTEN y OOBIKHOBEHHOTO TrOJeHsl Phoca vitulina
1 I0’KHOA(DPUKAHCKOTO MOPCKOTO KoTuka Arctocephalus pusillus pusillus, Tre
paccMaTpuBaics NIMPOKUHA BPEMEHHON Ji1ana3oH (0T CyOCeKyHAHbBIX 3HaYeHU N
1o 7-8 ¢), ycraHoBJI€Ha CIOCOOHOCTh UG depeHIIMpoBaTh HHTEPBAJIBI 10 2 C,
a Taxoke pasnuuath cyocekyHanele (Heinrich et al., 2020).

B cooTBeTcTBUM ¢ BbIIIECKAa3aHHBIM, HaMU OBUIM BBIJIBUHYTHI
MPENOJI0KEHUS O BO3MOXKHOCTH BBISIBIIEHUS] HAMMEHBIIETO ONpEAeNsieMOoro
BPEMEHHOTO WHTEpBalla y CEpPOTO TIJIEHS METOJaMH OIEePaHTHOT O
o0yclaBiIMBaHHS TPH HUCIOJH30BAHUM B KAYECTBE CTUMYJIa 3BYKOBBIX
pasgpaxureneid pasHoM anuTenbHOCTH. PaHee Oblma ycTaHOBJIEHA
BO3MOYKHOCTh TIPHOOPETEHHsSI YCIIOBHOTO pe(ieKca Yy CaMKH CEpOTo THOJICHS
(bepnnuk, 2020), BeIpabaThIBAEMOro Ha Cjel OT JEHCTBUS CUTHAJIBHOTO
paszapaxurens uyepes S C.
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lenp wuccrnegoBaHuil — YCTAaHOBUTH BO3MOXHOCTb BBIPaOOTKHU
1 PepeHIIMPOBOYHOTO CIETOBOIO YCIOBHOTO peduiekca, H3yYUTh TUHAMUKY
(dbopMHPOBaHUS U ONPEAEIUTh MUHUMAIILHOE BpPEeMSsl, CIIyCTs KOTOpOE€ HaYMHAET
pearupoBath TIOJIEHb.

Marepuan M MeToabl. OKCIHEPUMEHT MNPOBOAUIICA B YCIOBHUIX
akBakomiuiekca MMBU PAH (r. Ilonspuelit) Ha axBaropun Kosbckoro 3anusa.
[logonbITHBIM >KMBOTHBIM BBICTYyIAda 15-I€THAS camMKa CEpPOro THOJIEHS
Halichoerus grypus Fabricius, 1791, panee y4acTBOBaBIlasi B SKCIIEPUMEHTAX
10 BBIPA0OTKE YCIOBHBIX PE(IIEKCOB Ha PA3IMYHbIC PA3APAKHUTEIH.

JIns KOPpPEKTUPOBKH JACUCTBHI NPUMEHSUIUCh METOJbl ONEPAHTHOIO
00ycIaBIMBaHUs: TIOJI0KUTENFHOE MOJKPEIUICHHE B BUJIE MUIIEBOTO MOOILIPEHHS
U OTpULIATENIFHOE HaKa3aHHWe — BPEMEHHOW mTpad C COMYTCTBYIOIIMMHU
Opumk-curnanamu. CoTpynHUKaMH Jabopatopuu OWOTEXHUYECKHX CHUCTEM
ObuTa pa3paboTaHa dKCIIEPUMEHTANIbHAS ycTaHOBKa (puc. 1), MO3BOJIsIOMIAs
B aBTOMAaTHYECKOM PEKHUME I'€HEpUPOBaTh 3BYKOBOM CUTHAJI, 3a/1aBaTh BpEMs
3BYYaHMsl, OTCJICKHUBATh HAKATUE KHOIKHU U BECTU IIPOTOKOJI UCCIIEA0BAHU.

Puc. 1. Cxema sxcneprMeHTaTbHOM yCTaHOBKHU:
1 — Oyok ymnpaBieHHs; 2 — OJOK KOHTEHHEPOB C PBIOHBIM KOpMOM; 3 —
[BbE30DJIEKTPUUCCKUN TUHAMUK B KOXKYXe; 4 — KHOIKA JUISl B3aHMMOJICHCTBHS C TIOJICHEM
Fig. 1. Schematic of the experimental setup:
1 — control unit; 2 — block of containers with fish feed; 3 — piezoelectric speaker in the
casing; 4 — button for interacting with the seal

Cxema palOoThl Ha KaXXJIOW TpPEHHPOBKE, Kak oOydaromied, Tak u
KOHTPOJBHOM, BBHITIISAAENA ciaeayomuM olOpa3zoMm. OmepaTop 3aKperisi
JSKCIEPUMEHTAJIbHYI0 YCTaHOBKY B BojJbepe U Bkiarouan ee. [locie
CaMOTECTUPOBAHMs, YCTaHOBKA I10jlaBajla CUTHaJl O TOTOBHOCTH K pabore.



Omneparop 3arpyxail pbl0y B KOHTEHHEpbI, Ha)KaTHEM KHOIKHU 3aIycKall
SKCIIEPUMEHT U YXOAMJI OT BOJbEPA B 30HY BHE BUAMMOCTH TroJieHs. CucreMa
aBTOHOMHO mpoBojamia 10 LHUKIOB ONBITOB U IOCIE OMNYCTOUICHUS
KOHTEMHEpOB CHUTHAJIM3UpOBaja omnepaTtopy o 3aBepuieHuu. Omnepartop
BO3BpAIIaNICSi K BOJbEPY, OIEHUBAI TOTOBHOCTh TIOJIEHS K MPOIODKEHHUIO
paboThl ¥ MO0 OCTAaHABIMBAI SKCIEPUMEHT, JHOO NMPUHUMAT pEIICHUE O
poJo/bkeHuH. B 3ToM citydae onepatop CHOBaA 3arpyskall ppl0y B KOHTEHHEPHI
U 3aIlyCKaJl HOBBIE LIUKJIbI KCIIEPUMEHTA.

B kaxaoMm ombiTe cucTeMa cHauyaia BblIEp)KHUBalla May3y B CIy4ailHOM
auana3oHe oT 5 1o 15 ¢, 3areM reHepupoBajia CUHYCOMIadbHbIH YUCTHINA TOH
Ha yactote 3200 I'u. Bpems 3Bydanus ¢ marom B 1 ¢ cocrasmisizio ot 1 10 9 c.
3BYKOBBIE OTpPE3KHM TI€HEPUPOBAINCH TPUIUIETAMU, B KOTOPBIM BXOIWIH
CIIEyIOIIMEe BPEMEHHbBIE OTPE3KH: MOAKPEIUIIEMBIH — 5 ¢, HEMOIKPEIUISIeMbIH —
1, 2, 8, 9 ¢ u HenmoAKpeIUIsieMbl Hepa3uuuMbiil — 3, 4, 6, 7 ¢. O4yepeIHOCTh
CUTHAJIOB B TPHUIUIETE M TIOCJIEI0BATeIbHOCTh TPHUILIETOB TE€HEPUPOBATIACH
NICEBJOCTYyYailHBIM METOJIOM IO CXeMe — He 0oJjiee BYX MOBTOPOB MOJPSA.
Ecnu TroneHs mocie 3aBepiieHus 3By4aHUsl S-CEKYHAHOTO OTpe3Ka B TEUCHHE
5 ¢ HaxMMaJ Ha KHOIKY, TO CHCTE€Ma BOCIPOU3BOJMIA OpPUIXK-CUTHAI
MOJIOKUTETIFHOTO MOAKPEIJICHUSI U OTKPhIBaJla COOTBETCTBYIOIIUN KOHTEHHED
JUIS TIOJIa4yM MUIIEBOro NMOOIIpeHus. 3aTeM BbliepkuBaia nay3y B 10 c, naBas
TIOJICHIO BO3MOKHOCTh ChECTh KOPM, U 3allycKaja HOBbIM 1uki. Ecnu TioneHb
HaXMMaJl Ha KHOIKY I10CJ€ BOCIPOU3BEACHUS HEMOAKPEIIIEMOro OTpe3Ka
BO BpeMs BOCIPOU3BEACHUS WU B IMEPUOJA 3aJEPXKKH, TO CHCTEMa
BOCITPOM3BOIMIIa OPUIK-CUTHAJ HAaKa3aHUs U Ipekpaiaia padoty Ha 10 c.

CucremMa caMOCTOSITENILHO OCTaHABJIMBAJIa HKCIIEPUMEHT B Cly4yae, €cliu
TIOJIEHb OoJiee 5 pa3 MmoAapsiA UTHOPUPOBAN MOjAady HOJKPEIISIEeMOro
3BYKOBOI'O CHTHaJIa U €CJIM TIOJIEHb HAUYMHAJ MOCTOSIHHO OECCUCTEMHO HaXKUMAaTh
WIN YAepKUBaTh HAXXaTOM KHOMKY, TO Kaxjable 2 ¢ eMy Hauucisuck 10 ¢
mTpadHbIX IPU HAOOpPE CyMMapHOTo BpeMeHu oxunanus 6onee 120 c. B atux
ClIydasx CUCTEMa IIPEKpAILaia OMbIT ¥ CUTHAIM3UPOBAa OIIEPaTOpYy.

Ha xaxnoil TpeHHMpPOBKE OLIEHWBAIUCH KOJMYECTBO BEPHBIX BHIOOPOB U
BpEMS PEAKIIMH, a TAK)KE U3MEHEHHUS B IIOBEICHNUH THOJICHS.

PesyabTaTsl M 00cy:xkaenue. Panee Hamu Obuto ycranosieHo (bepanuk,
2020), uTto AN BBIPAOOTKH CJIEAOBOTO YCIOBHOTO pediiekca y TIHOJICHS
TpebyeTcss B 2 pasza Oojbllie OMBITOB, YeM NPHU BBIPAOOTKE TAKOBBIX Ha
3BykoBble (JIutBuHOB, [TaxomoB, 2019), o6onstensHbie (JIuTBUHOB, [TaxomoB,
2018) u 3putensHbie pazapaxutenu (ITaxomos, 2020). B To xe Bpems npu
o0yueHnn JuddepeHInpoBKEe OAHOMOJATBHBIX CTUMYJIOB KOJIMYECTBO OIIBITOB,
JOCTaTOYHBIX JJIs1 POPMHUPOBAHUS CTOMKOTO UG (HepeHIUPOBOYHOTO YCIOBHOTO
pediiexca, Koraa /10 BBIOOPOB 3HAUYUTENILHO BBIIIE BEPOSTHOCTH CIIydaifHOro
yrazapiBanus, — okoisio 100.

B nanHoMm wuccinegoBaHuu paboTy ¢ THOJEHEM MPOIOJIKHIH
C JIEMOHCTpAlMK 3BYKa JJIMTENbHOCTHIO 5 c. Korma TioseHp B TeueHHe Tpex
TPEHUPOBOK MOJAPAJA HaXMMaJl Ha KHOIIKY TOJBKO IOCJIE IMPEKpaLIeHUS
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3By4YaHHUs, BBEJIM HOBBIH CTUMYJI — 3BYK C TaKUMH >K€ aMIUIUTYJIHO-
YaCTOTHBIMU XapaKTEPUCTUKAMHU, HO C JUIMTEIbHOCTHIO 3By4aHus 1 c. TrosneHp
[0 pe3yibTaTaM 4YETBEPTOM TPEHHWPOBKH IOKa3all pe3ysbTar B 87 % BEpHBIX
BBIOOPOB, TpU OOIIEM KOJUYECTBE MPEIBSIBICHUH HENOJKPEIIsIeMOTo
ctumyna — 80 omnbiToB. [Ipu BBeeHHHM BTOPOTro HEMOJKPEIUISIEMOrO CTUMYJIa
B 9 C TIOJIEHIO MOHAJO0MIIOCH €lIe MSATh TPEHUPOBOK C OOIIMM KOJHMYECTBOM
npeabsiBiaeHuin B 100 ombITOB, YTOOBI MTOJISI BEPHBIX BBHIOOPOB COCTaBWJIA
100 %. Cnenyer OTMETUTh, YTO THOJIEHb Ha)KMMajl Ha KHOIKY TOJBKO IOCIIE
OKOHYAaHUsS 3BY4YaHUS CTHUMYJOB, XOTd MpeANoJarajlioch, 4TO HpH
JAEMOHCTpALMM 3BYKa MJIUTEIBHOCTHIO 9 C TIONEHb OyneT coBepuiaTh
omuOoyHble HaxkaTtus yepe3 5 c. llpu BBegeHHM 3BYKOBBIX CTHUMYJIOB
JUTUTENIFHOCTRIO 2 U 8 C KakuxX-TM0O0 M3MEHEHHWH B JI0JIe BEPHBIX BBHIOOPOB
BBISIBJICHO HE OBLIO. DTO CBUAETEIHCTBYET O TOM, YTO TIOJEHb, BO-IIEPBBIX,
OTJIMYAET JIaHHbIE BPEMEHHBIE OTPE3KH OT MOJAKPEIUISIEMBIX 5-CEKYHJIIHBIX, a,
BO-BTOPBIX, HE OTJIMYAET 3TU BPEMEHHBIE OTPE3KH OT 1 U 9 C COOTBETCTBEHHO.
IIpu BBeneHUM 3BYKOBBIX OTPE3KOB JUIMTENBHOCTBIO 3 M 7 C TIOJNEHb
M3HAYaJIbHO HE OTJIMYAT UX OT 5-CEKYHJIHOTO OTpe3Ka, HO 3aTeM J0JIsl BEPHBIX
BBIOOPOB TIpu MU depeHIMalU Pa3HALIBI BO BPEMEHH 3ByYaHHs B 2 C HaJaia
BO3pacTarh € TpeThbed TpeHHpoBKH M npocturia 100 % Ha narHaauarow,
COXPAHMBILKUCH JUIs1 000MX OTPE3KOB JI0 KOHIIA 3KcriepuMeHTa. OIHOBPEMEHHO
C BPEMEHHBIMU OTpe3kamMH B 3 W 7 ¢ BBeleHBI OTpe3kd B 4 u 6 ¢, Takyro
pasHUIly BO BPEMEHM TIOJIEHb HE pas3inyal, J10Ji1 BEPHBIX BBIOOPOB €CIIH
U ToJHUManack, To He Bbime 30 % 3a TPEeHHPOBKY, YTO CBUAETEILCTBYET
0 Ccly4yailHOCTH TakuxX BbIOOpOB. B 3TOT ke mepuon 11011 BEPHBIX BBIOOPOB
IIPH IEMOHCTPAIMH MOJKPEIIIEMOr0 CTUMYJIA JUTUTEIbHOCTBIO 5 ¢ CHU3UIIACH,
TaK Kak Ha YeTBEPTON TPEHUPOBKE TIOJEHb HAa4yall HAXKUMAaTh Ha KHOIKY I1OCIIe
JEMOHCTPALIMK KaXKJIOTO OTpe3Ka JUIMTEIBbHOCTBIO OT 3 10 7 C XaOTHYECKH,
SIBHO IIBITAsICh yraiarb. Pe3yabTaTsl KOHTPOIBHBIX TPEHUPOBOK IPECTABIEHBI
Ha puc. 2.

1001

801

60

401

20+

Jons BepHEBIX BEIOOPOB, %0

[ ]

1 2 3 4 < 6 7 8 9
JlnnTenpHOCTE CHIHANA, C

0

Puc. 2. Pe3ynpTaThl KOHTPOJIBHBIX TPEHUPOBOK
Fig. 2. Results of control trainings

N3meHsioch M BpeMsl peaklMyd IpU BEPHOM M HEBEPHOM BBHIOOpE.
N3HayanbHO, MPU AEMOHCTPALMU TOJBKO 5-CEKYHIHOI'O OTpE3Ka CpeiHee
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3a TPEHUPOBKY BpeMsl peaklUH IOCTENEHHO CHMXXAalOCh, U Ha TPETbei
TpeHupoBke pocturio 3.27 c. [lpu BBeneHun orpeska B 1 ¢ cpenHee Bpems
peakuuu Bo3pocsio A0 3.94 ¢, 3areM IUIABHO CHUXaloch A0 2.78 ¢, 4TO
COTIOCTAaBUMO C BPEMEHEM pEeaKIUU JaHHOTO TIOJNEHS MPU BHIPAOOTKE
mudepeHIupOBOYHOTO YCIOBHOTO pediiekca Ha 3BYKOBbIe (JIMTBUHOB,
ITaxomoB, 2019) u 3putensubie ctumynsl (Ilaxomos, 2020). Ilpu BBeaeHun
9-cexyHIHOro OTpe3ka KapThHA Oblila CX0Xasi — CHayalla yBeJINYeHUEe BPEMEHU
peakuuu 10 3.9 ¢ u nocreneHHoe cHuxkeHue 1o 2.45-2.84 c. Ilpu BBeneHumn
2- U 8-CeKyHIHOTO OTPE3KOB CpellHee BpeMs PEaKIMH HE H3MEHSJIOCh, IpU
3-, 4-, 6- u 7-CeKyHTHOM B T€UEHHE NIEPBBIX ABYX TPEHUPOBOK CpPEIHEE BpeMs
peakuuu TaKkKe HEe M3MEHsUIOCh, HO J0Jisi BEPHBIX BHIOOPOB 3HAYUTEIHHO
cHm3WIack. Ha TpeThell TpeHHPOBKE CpeHee BpeMs peakiMy KaTacTpOPHUECKH
BBIPOCIIO U cocTaBwiio 4.38 ¢, a mpu BU3yaJIbHOM HAOMIOACHHUU 32 TIOJCHEM
OBLIO BHUHO, YTO YKHMBOTHOE JIOJITO TSHET C OTBETOM, OCOOECHHO BO30YXKIasCh
MpU JIGMOHCTpaIuu B auanaszone 3—7 ¢, npu 1, 2, 8 1 9 ¢ TroneHs ObL1 O0JCe
crokoeH. Ha uerBepToii TpeHUpOBKE cpenHee BpeMmsi cocTaBuwio 3.83 c,
a Ha MOCIeNyKIIuX CHU3WIOCh 10 2.87-3.31 ¢ W COXpaHsUIOCh OO KOHLA
AKCIIEPUMEHTA.

3akawuyenue. M3yuena nuHamMmuka GOPMUPOBAHHUA CIEIOBOTO
¢ GHepeHIIMPOBOYHOTO YCIOBHOTO pediiekca Ha 3BYKOBOH pa3apaKUTEINb.
[TokazaHo, YTO MOMOMBITHBIA TIOJIEHb CHOCOOEH pa3uvaTh BPEMEHHBIE
OTPE3KHU JUTUTEIBHOCTHIO /10 2 C.

JlanbHeiiee MCMONb30BaHUE JTaHHON METOAMKH IMO3BOJIUT BhIPAOOTATh
KOMaH/IbI, CBs3aHHBIE ¢ AuddepeHnnanueid onpeneJICHHBIX BPEMEHHBIX
MIPOMEKYTKOB U PEaKIMEl Ha pa3fpakUTeNH, a TAKKE UCCIIeI0BATh BOCIIPUSATHE
U OIEHKY MOPCKHMMH MJIEKOMUTAIIMNMH BPEMEHH U HUX CIHOCOOHOCTH
K 3aIIOMUHAHUIO BPEMEHHBIX OTPE3KOB.
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PA3MEPHbIA COCTAB U MPOAYKUUOHHBIE XAPAKTEPUCTUKK
CErONETOK TPECKW U CAUAbI B I'YBE 3ENEHELIKASA
(BOCTOYHbIX MYPMAH) B 2018 rogy

AHHOTauuA

lMpencTaeneHbl AaHHbIE NO POCTY CEroneTok Tpecku Gadus morhua Linnaeus, 1758 u
cangpl Pollachius virens (Linnaeus, 1758) B rybe 3eneHeukas B 2018 r. PaccuntaHbl
CYTOYHas yAerbHas CKOpOCTb POCTa ¥ Npogykumw. [nnHa ceroneTok Tpecku B uione—
ceHTsbpe BapbupoBana ot 3.5 go 7.9 cm, cangbl — ot 2.5 go 9.4 cm. CytouHas
yaenbHas CKOpOCTb BECOBOMO PoCTa (Qw) CEroNneToK TPECKM C MIONS No aBrycT cocTaBuna
0.41, c aBrycta no ceHtsbpb — 1.08, ona ceroneTok canabl 3TW MOKasaTenu pPaBHbI
1.32 1 0.94 cootsetcTBeHHO. CyTOuHAs yaenbHas npoaykums (C) ceronetok Tpecku
B rybe 3a netHun nepwog Bapeuposana ot 0.015 go 0.036, a ceronetok cangsl —
o1 0.011 go 0.042.

Knroyeenie cnoea: poct, npoaykums, Tpecka, canga, npubpexoe, bapeHueso mope.
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SIZE COMPOSITION AND PRODUCTION CHARACTERISTICS
OF ATLANTIC COD AND POLLOCK JUVENILES
OF THE ZELENETSKAYA BAY (EASTERN MURMAN) IN 2018

Abstract

In this article presented data on the growth of the atlantic cod Gadus morhua Linnaeus,
1758 and pollock Pollachius virens (Linnaeus, 1758) juveniles in Zelenetskaya Bay in
2018. The daily specific growth rate and production rate were calculated. The length of
atlantic cod juveniles in July-September varied from 3.5 to 7.9 cm, and pollock — from
2.5 10 9.4 cm. The daily specific weight growth rate (q) of atlantic cod juveniles in
Zelenetskaya Bay from July to August was 0.41, and from August to September — 1.08;
for pollock juveniles, these indicators are 1.32 and 0.94, respectively. The daily specific
production (C) of atlantic cod juveniles in Zelenetskaya Bay over the summer period
varied from 0.015 to 0.036, and of pollock juveniles — from 0.011 to 0.042.

Keyword: growth, production, atlantic cod, pollock, coastal, Barents Sea.

BBenenmne. IlepBble HXTHOJIOTMYECKHE HCCIENOBaHUS B rydax
Bocrtounoro Mypmana npoBoaMiuch Ha 0aze MypMaHCKOH OMOJIOTHYECKOU
cTaHuMu U MypMaHcKoro Mopckoro Omonorudeckoro mactutyra AH CCCP
B 1936-1970-x rr. (Kammmnos, Muponosa, 1950; Muponosa, 1951, 1956, 1957;
UymaeBckas-CeToBuioBa, 1955; Uyrynosa, 1967). Ognako pacrnpeneicHue
u OuopasHooOpazue pbIO STOro pailoHa BIIEPBBIE CTAll0 PacCMAaTPUBATHCSA
O.1O. KyapsBuesoit ¢ 2008 r. [1o pe3ynbraTaMm MHOTOJIETHET0O MOHUTOPUHIA
ycranoBieHo (KyapsBuesa, 2019), uto mpuOpexkHas 30Ha WUIrpaeT BaKHYIO
poib B (hOpMUPOBAHUM PHIOHOW YACTHU COOOIIECTBA, & JOMUHUPYIOUIUMHU
BUJAMU PBIO SIBISIOTCS CETOJIETKH aTJIaHTHuecko Tpecku Gadus morhua
Linnaeus, 1958 wu caiinet Pollachius virens (Linnaeus, 1958). IlmotHoCTb
pacmpeseneHuss ¥ 6romacca peld M3 rojia B TOJ KOJEOIIOTCS, MaKCUMAJIbHBIC
3Ha4YeHHs y cauael — 162.5 Thic. 3k3/Ta U 132.7 Kr/ra COOTBETCTBEHHO, TEM
caMbIM OKa3blBasl BJIMSHHME Ha Omopa3zHooOpasue NmpuOpexkHON uXTHO(hayHbI
(OcHoBHBIE ..., 2020).

JlanHast paboTa sBISETCS MPOAOJKEHHEM HCCIIEOBaHUN, B KOTOPBIX yXKe
ObUIN PAacCMOTPEHBI BUIOBOM COCTAB U €r0 KOJIMUYECTBEHHBIE XapaKTEPUCTHKH,
W3Y4YE€HO MHTAHHWE M POCT JAOMUHHUPYIOUIMX BUJOB PBIO B OTAEIBHBIE TOIbI
(Uxtuodayna ..., 2014; IIpeacrasutenu ..., 2015; Kyapssuesa, 2015, 2017,
2018, 2019; bonpmapes, 2017, 2020; Kyapssuesa, Kynpssuesa, 2017,
OcHoBHBIE ..., 2020).

IIpn pacuerax TreHEpaTUBHON MPOAYKLMHU MCIONb3YIOT I10Ka3aTelb
OroMacchl CEerojieToK Ha KoHell roja. JIump HekoTopble pabOThI MOCBALICHBI
orieHKe mpoaykiuu Monoau peio (Estuarine ..., 2008; Konmakos, 2010, 2016,
2018; Pacxoxesa, 2010, 2018). Hamu BbInosHEH pacdeT NPOIYKLUHU CETOJETOK
TPECKHU U caiiibl B rybax Bocrounoro Mypmana B sietHuii nepuon 2018 r.
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Marepuana u MeToabl. MaTepuai st paboThl COOpaH B UIOJIE—CEHTIOPE
2018 r. B ryde 3enmenenkas (puc. 1). OOGIOB MPOBOAMIN C MTOMOIIHIO
15-MeTpoBOif MaTbKOBOW BOJIOKYIITH (BbICOTA — 1.8 M; siuest 1enu B KPBUIbAX —
6 MM, B ropioBuHe — 5 MM, B kyry — 4 MM). [lnomans omgHoro obGiioBa
BOJIOKyIIEH BapbupoBaga oT 100 1o 350 M?, MpOAyKIHOHHBIE MOKAa3aTean
6bUTH paccuuTanbl Ha 2050 M2,
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Puc. 1. Kapra-cxema craniuii 0T00pa HXTHOJIOTHYECKHUX P00
Fig. 1. Map of ichthyological sampling stations

VY pbiO u3Mepsiu aOCONMIOTHYIO UIMHY Tena 1L (0T BEpIIMHBI pbuUIa
70 KOHIa HauOoJiee IJIMHHBIX Jydyel XBOCTOBOI'O IUIABHUKA), B3BEIIMBAHUE
IIPOBOJIMIIM Ha TOPCHOHHBIX Becax ¢ ToYHOCTHIO 70 0.01 1. Beero obpaboTtano
203 9K3. Tpecku u 572 ok3. caiinpl. [lepBoHayanbpHasi OMoMacca CETrOJIETOK
TpeckH cocTaBisna 25.7 T, caiiapl — 483.5 r Ha 550 M2,

CpenHiOl0 yIenbHYI0 CKOPOCTH pOCTa MAacChl Tella BBIUYHCISIHN
no opmyne (Bunbepr, 1966)

annH 71an

qw = >
tn+1 - ZLn

rae Wa+1 m Wy — cpenHsisi Mmacca pblO B BO3PacCTe fn+1 | h, T.
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ComaTtnueckas npoaykuus Ps Opula pacCyuTaHa IO OJHOPA30BOM
BbIOOpKEe (MakcumoBuy, [Torpe6os, 1986; Anumos u np., 1990):

N
P = (—T +2NT] ](VVT - VVP]):

S

rae Ps — comaruueckas TPOIYKIMS BO3PACTHOM Tpymmbl (KOropTel), Wp —
cpemHsis oomas Macca oco0ei Bo3pacra t; Ny — YMCIICHHOCTh 0cO0el B BO3pacTe 7.

CyTouHyI0 YIENbHYIO MPOIYKIUIO MOMYJISILIMUA ONPEISISIN KaK OTHOIIICHUE
CYTOYHOH mpoAyKuuu P K cpeqHeMy 3HaueHUI0 Ouomacchl B 32 KOHKPETHBIM
nepuoy (4uciio THel Mexy obmoBamu) (3auka, 1983):

Pe3yabrarsl u 06cy:xnenne. PaccmarpuBas pa3MepHBIM COCTaB CEroJIeTOK
Tpecku B ry0e 3eneHerkas MOXHO OTMETUTh cienytomiee. B utone 2018 r.
mHa pul0 BappupoBaia ot 3.5 no 6.0 cM, ocHOBHyW nomto (58 %)
coctaBisnu ocobu anuHo ot 4.5 mo 5.4 cm (puc. 2). B amrycre
OTCYTCTBOBAJIM MEJIKUE PBIOBI [UTMHON 110 4 CM, HO OTMEUYAIMCh 0COOU JITMHOMN
10 7.9 cm. K cenTsOpro HaOMIONAETCSs CHMKEHHE YHCICHHOCTH PBIO, a WX
JuIiHa KoseOsercs oT 6 10 7.4 cMm.
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Puc. 2. Pa3MepHBIi cOCTaB CEroJIeTOK aTIaHTHYeCKOW TPecKu B TyOe
3enenenkas B 2018 r.

Fig. 2. Dimensional composition Atlantic cod juveniles in the Zelenetskaya Bay
in 2018

B wurone pnuHa ceroneTtok cauael BapbupoBaia oT 2.5 go 7.4 cm.
B aBrycre nosBuinck ocobu umHoi ot 7.0 10 9.4 ¢M, B CEHTAOpE OTMEUYCHBI
enMHUYHBIe HK3eMIuisippl oT 5.0 mo 7.4 cm (puc. 3). Takum o6pazom,
M0 CPABHEHUIO C TPECKOM, B MEPBBIE MECALBI MOJIOJb Cali/Ibl UMEET MEHBIIIHNE
pasMepsl, a K cepeIMHe aBrycTa MOSIBIIIOTCS 0COOH CBBIIIIE 8 CM.
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Puc. 3. Pa3mepHblit cocTaB ceroierok caiinel B ryde 3eneHenkas B 2018 .
Fig. 3. Dimensional composition pollock juveniles in the Zelenetskaya Bay in 2018

B ry6e 3enenenkas B JIUTOPaIbHO-CYOIUTOPAIBHON 30HE C HIONS IO
aBr'yCT MecCsSYHasi MPOAYKIIMS CErOoJIETOK TPecKu paccuuTaHa B 57.98 r mpu
cyrouHoit yaenbHoU npoaykuuu 0.015 (tabmuua). s monoau cailpl B 3TOT
NepUOJ HCCIEAOBaHUs Mecs4yHas MpOAyKLHMs Bblle U coctaBwia 702.14 r
(mpu C = 0.042). C aBrycra 1no CeHTAOph y TPECKU MPOUCXOIUT YBEIMUCHUE
yAEIBbHOM CKOpOCTU pocTa Macchl (qw = 1.08) 3a cuer 3TOoro mecsiuHas
npoaykuus coctraBuna 130.83 r, y caiiael oHa cHuxkaercsa go 114.71 r
(mpu C = 0.011), HECMOTps HA TO, UTO yJeJIbHAas CKOPOCTh POCTa MAacChI
Ha MPOTSHKEHUH BCETO UCCIIEI0BAHMS ObLa BBIIIE YEM Y TPECKHU.

IIpoayxkuuoHHBIE MOKa3aTeIN UCCIeAyeMbIX BUI0B PbI0
Production indicators of the studied fish species

Tpecka Caiina
ITepuon P, Gws C, P, P, Gws C, P,
r/cyt. | 1/cyr. | 1/cyT. | t/mec. | T/cyr. | 1/cyt. | 1/cyT. | r/mec.

16.07-13.08.2018r. 2.14 041 0.015 5798 260 1.32 0.042 702.14
13.08-10.09.2018r. 4.85 1.08 0.036 130.83 42 094 0.011 114.71

Y CcTaHOBIIEHO, YTO MaKCHMaJIbHAsI CYTOYHAs MPOTYKIIHS, COCTABIISIOMIAs
26 T/cyT., OTMEUEHA Yy CEroJIeTOK cailbl M3 TyOBhl 3eJeHelKas C WIS
0 aBT'YCT, a K CEHTAOPIO OHa cHUXKaeTcs 10 4.2 r/cyT. (Tabnuia). st monoan
TPECKH B HCCIEAyeMOW aKBaTOPUU ITOT MOKazaTelb U3MeHsuics oT 2.14
1o 4.85 r/cyr.

3akiawuyenue. B pesynpraTe pacueTa NpoAYKIUH COOOIIECTB PHIO
B rybax BoctouHoro MypmaHa yCTaHOBJIEHO, YTO HPOAYKIIMOHHBIEC
MOKa3aTeNN CEroJIeTOK TPECKH YBEIWYHMBAIOTCS C HMIONS TO CEHTAOpb. Jlims
CETOJIETOK CalIbl MPOYKIUS K CEHTSIOPIO CHIDKAETCS, a MaKCUMallbHA C UIOJIS
M0 aBTYCT. YenbHas CyTOYHAs MPOAYKIUS HUCCIEAYEMBIX BHIOB PbHIO
nu3MeHsiace B npegenax ot 0.011 xo 0.042.
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MOAENWPOBAHUE CTOKA PEKW OBb NMPU U3MEHEHWUU KITUMATA

AHHOTauuA
PaccMoTpeHbl Tpu CueHapus uM3MeHeHWs knumata BogocbopHoro baccenHa Obu
B 2021-2050 rr. 1 ux BnusiHWe Ha 06EM CTOKa peku B 3amblkatoLlem cTBope. lNokasaHo,
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4TO NPU COXPAHEHWUM TEHOEHUMA W3MEHEHUS METEOPONOrMYECKUX XapaKTEpPUCTUK,
HayaBwwmxcs B 1970-x rT., WAWM NPU WX CUHXPOHHON cMmeHe, obbem ctoka p. Obb
He ByaeT npeTepneBaTb HanpPaBfieHHbIX U3MEHEHWIA.

Knroueenie cnoea: peyHoit cTok, peka OBb, NPOrHO3 PeyHoro CToka.

A.S. Bulavina
Murmansk Marine Biological Institute RAS, Murmansk, Russia

MODELLING OF THE OB RIVER RUNOFF UNDER CLIMAT CHANGE

Abstract
Modelling of the Ob river runoff under changing climatic conditions has been carried out.
Three scenarios of climate change in the Ob river catchment area in 2021-2050 are
proposed. It is shown that if the trends of changes in meteorological characteristics that
began in the 70s of the XX century continue, or if they change synchronously, the Ob
river discharge will not undergo significant directional changes.

Keywords: river runoff, Ob river, runoff predict.

BBenenne. O6p — ogHa u3 kpynHeimux pek Poccum m mupa. Ona
obecneunBaet 6onee 30 % peunoro ctoka B Kapckoe mope. KoneGanust croka
OOu 0Ka3bIBAIOT CYIIECTBEHHOE BIIMSHKE HA THAPOIOTHUYECKOE U SKOJIOTUIECKOEe
coctosinue Mops. O0bpeM noctynaromux B Kapckoe Mope peyHbBIX BOJ BIUSET
Ha LUPKYJIALHUIO BOJA B MOpE, a MO HEKOTOPHIM OIIEHKaM M BO BCEM
Apktuueckom Oacceiine (Broecker, 1997; Kynakos, 2012). Ctox O6u
ABIseTCA I dKocucTeMbl Kapckoro mops 3Ha4MMBIM HCTOYHHKOM
pa3sHOOOpa3HbIX 3arpA3HSAIOMIMX BEIIECTB, B TOM YHCJIE€ TEXHOTE€HHbIX
pPaaiUOHYKIUJIOB U He(PTenpoayKToB. BoBieueHHE y4acTKOB pEKU U
MpUJIerarIeil akBaTopu Kapckoro Mops B XO3SIMCTBEHHYIO IEATEIIBHOCTh
u B cepy pekpeanuu onpeaenseT HeoOXO0AUMOCTb Hay4YHOTO HCCIEeI0BaHUs
3aKOHOMEpHOCTEeH NpUpOAHBIX mporeccoB OOM Kkak (yHIaMeHTaIbHON
OCHOBBI YCTOWYMBOro mnpupoponoinb3oanus (Mnsun u ap., 2015). ITostomy
IIPOrHO3 M3MEHEHMH 00BbeMa CTOKAa PpEeKU SIBISETCS aKTyaJbHOW Hay4yHOMH
3a/1a4en.

N3yuarh koneGaHus peyHOro CTOKa W JiejaTh MPOTHO3 €ro M3MEHEHUi
HEBO3MOXXKHO 0€3 OLIEHKH JeWCTBUS KJIMMaTudeckux (axktopoB. Panee nHamm
ObL1 TMpPEeaIOXKEeH MEeTOJ PEKOHCTPYKUHMH cToka p. OOb MO JaHHBIM
0 KOJIMYECTBE OCAJKOB M TeMIlepaType BO3AyXa Ha Bojgocbope peku
(bynaBuna, 2020). PexkoHCTpYMpOBaHHBI psZ C BBICOKOH TOYHOCTHIO
BOCIPOU3BENl MHOTOJIETHHE TEH/IEHLMN U3MEPEHHBIX CPEIHUX PACXOJIOB BO/IBI
p. O6b. Ilo cremeHu COOTBETCTBHSI PEKOHCTPYMPOBAHHBIX M (HaKTUUYECKUX
JAHHBIX OBUIM cJelaHbl BBIBOABI O IE€JI€CO00pa3sHOCTH MPUMEHEHUS
pa3pabOTaHHOT'O METO0/1a PEKOHCTPYKLUH JUISl TPOrHO3HBIX OLICHOK.
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Lenp Hacrosmiell pabOThl — aJaNTHPOBATh NPEIJIOKEHHBIH METOM IS
MpPOrHo3a u3MeHeHui croka OOM MPHU COXPAHEHUU TEKYIIMX KIMMAaTHYECKUX
TEHJCHIIMIA U B CIIy4ae HACTYIJICHUS albTEPHATUBHBIX CLIEHAPUEB U3MEHEHHUS
KIIMMAaTa.

MaTepuag u MeToabl. MeTOon PEKOHCTPYKHUHM cToka p. OOb B
3aMBbIKaIoNeM cTBope (Tuaposiorudeckuii moct “Canexapn’), mpencTaBlIeHHBIN
B pabore A.C. BbynaBunoit (2020), 3akmrodaics B TOHCKE ONTHMAaIbHOU
perpeccuoOHHON 3aBUCHUMOCTH PacXxOJOB BOJBl OT KoleOaHU I
METEOPOJIOTUYECKUX IapaMEeTPOB Ha OTIENbHBIX YYacTKaX BOJOCOOPHOIO
Oacceitna. OcTaHOBHMCS Ha KJIFOYEBBIX MOMEHTAX 3TOTO IOHMCKA.

Bomnoc6opusriii 6acceitn O0u sBISETCS OJHUM HM3 KPYIMHEUIINX B MHUPE.
W3meHeHus XxapakTepUCTUK KJIMMaTa B pa3HbIX YacTsax OacceliHa MOTYT UMETh
pa3HOHAIPABJICHHBIA XapakTep. OTO 3aTPYIHSCET BBISIBICHUE 3HAYUMBIX
TPEHJIOB METEOPOJIOTHUECKUX TTapaMeTpOB UL TEPPUTOPUH BCEro Oacceiina, a
TaKk)Ke KOppensiuuid MeXAy HUMU U 00beMOoM cToka peku. [losTomy Gacceitn
OO6u ObL1 TOZIEeTIeH Ha Psif MO0A0ACCEHHOB, KIMMAT KaXI0TO U3 KOTOPBIX U €ro
BIIUSTHUE HA CTOK PEKH PACCMATPUBAIM OTACIHHO. BBUIM BBIIEICHBI YETHIPE
noabacceitna: MpTeim (3a UCKIIIOUEHHEM BOAOCOOpHBIX OacceiiHoB Toboma u
Nimmma), To6on, Nium, BepxHsisa u cpeaasis O0b.

JlaHHBIE METEOPOJIOTHUSCKUX HAOIIOACHHI TONYYEHBI U3 AJICKTPOHHON
0a3bl MaHHBIX Bcepoccuiickoro Hay4YHO-HCCIEIOBATEIHCKOTO MHCTUTYTA
ruapoMeTeoposorndeckod uHpopmanun — MHUPOBOTO ILEHTpa AaHHBIX
(r. O6nuHCK, Poccus; http://meteo.ru/data/158-total-precipitation#onucanue-
MaccHBa-IaHHBIX; http://meteo.ru/data/162-temperature-precipitation#onrcanue-
MacCHBa-JaHHbIX). BbIIM OTOOpaHBI aHHBIE O CPEIHUX MECSYHBIX CyMMax
KHUJIKUX ¥ TBEPJIBIX OCAJKOB U ©KEMECSIYHBIC JaHHBIC O TEMIIEpAType BO3IyXa
3a JOCTYynHBIN niepuona Habmonenuit (¢ 1936 mo 2015 rr.). Jnst BerYucieHus
CPEeHUX XapaKTEPUCTHUK METEOPOJIOTUYECKUX IMapaMeTpoB Ha TEPPUTOPUSIX
Mo10acCefHOB B KaY€CTBE PACUETHOTO OB UCTIOJIb30BaH METOJI €CTECTBEHHOM
okpectHocTH (monuroHoB Tuccena). I[lo pesymbTatram wuccienoBaHUU
M.IO. KpiokoBoit u T.E. Cumakunoit (2018), npu HUHTEpHOISIIUHA
METEOPOJOTHYECKUX TaHHBIX 3TOT METOJ JaeT Haubolee TOCTOBEpHBIE
pe3ynbratel. M3 oTkpbITONM 3nekTpoHHON 0a3bl “A Regional, Electronic,
Hydrographic Data Network For the Arctic Region” (http://www.r-arcticnet.
sr.unh.edu/v4.0/Tiles/arctic10.html) ObiTM B3ATHI JaHHBIE TUIPOIOTHUECKOTO
nocra “Canexapa” o cpeaHux roaoBbix (¢ 1936 mo 2015 rr.) u MecsuHbIX
pacxonax Bojbl (¢ 1936 mo 1999 rr.).

AHanu3 KOPPENAIHOHHBIX CBS3€H MEXAYy pPacxogaMu BOJABI H
METEOPOJIOTUUYECKUMH TlapaMeTpaMu MO3BOJWI OINPEACIUTs Hamboee
3HaYMMBbIe M3 HUX. biiaromaps BBINENEHUIO YaCTHBHIX MOJ0ACCEHHOB, yIaIoCh
TaKk)K€ BBISIBUTH JIOKAIBbHBIE 30HBI MPEOOTANAIONIEr0 BIUSHUS PA3TUYHBIX
METEOPOJIOTUYECKUX TapaMeTpoB Ha CTOK HIbkHeW OOu. Bwiam cocraBieHbI
pa3IMYHbIC BapUAHTHl PETPECCHOHHBIX 3aBHCUMOCTEH MEXIY 3HAYUMBIMH
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MPOTHOCTHYECKUMHU METEOPOJIOTHIECKUMH XaPaKTEPUCTUKAMHE (ITPEIUKTOPAMH)
U pacxojiaMu BOJbl B 3aMblKarolieM ctBope p. O0b. [l Kax10ro mosyroaus
Obula BbIOpaHa (YHKLHS PErpeccHH, ONHUCHIBAIOLIAS XapaKTep CBA3M MEXIY
napameTpamMy HauiIy4imuM oopazom. st XxonoxHoro noiyroaus (¢ HOAO0ps 1Mo
arpelib) ONTUMAJIbHON OKa3ajach MOJENb PErpecCuu C JBYMs IEPEMEHHBIMH,
IUIsL TEIUIOro mojyroaus (¢ mas 1mo OKTAOph) — € MATHIO NEPEMEHHBIMHU.
O06e perpeccuoHHbIE MOJEIU 3HAYMMbl N0 F-KpuTepuio, U 3HaYUMOCTH
MOJIYYEHHBIX KO3(()UIMEHTOB YpaBHEHUH perpeccuu MOATBEpPKIAeTcs IO
t-kpuTepuro. PerpeccnoHHble MOJEIM XOPOLIO BOCIPOU3BOAST MHOTOJIETHHE
TPEHIbl HM3MEPEHHBIX CpPEAHUX pacxogoB BoAbl. OHU MOryT OBITH
WCIIOJIB30BAaHBI JJISi MPOTHO3a MHOTOJIETHEH H3MEHYMBOCTH cToka OOu mpu
M3MEHEHHUH KJIMMaTa.

MexrogoBsass HM3MEHYHMBOCTh METEOPOJOTMUYECKUX IapaMeTpoOB
MPaKTUYECKH HE TMOJJACTCS MOJEIHPOBAHHUIO BCIEACTBHE HEIUHEHHOCTH
KJIMMAaTH4YECKUX MpoLeccoB. MOJEIUpOBaHUE CPEIHHUX KIMMATHYECKHUX
XapaKTepUCTUK Ha JUIMTEJIbHBIX BPEMEHHBIX OTpe3Kax oOsazaer Oosbliel
JIOCTOBEPHOCTBIO, TaK KaK MOXXET HAaJIe)KHO ONEPeThCsl Ha CTaTUCTHYECKUE
U BEPOSTHOCTHBIC XapaKTEPUCTHUKU METEOPOJIOTHUECKUX BenuuuH. CpemaHue,
aucrepcud, (QyHKIUM pachpeleseHuss MOBTOPSIEMOCTH, HWHTEHCHUBHOCTH U
MPOJOIDKUTEFHOCTH TPOLIECCOB, BEPOSTHOCTH HACTYIUICHHS TE€X WA HWHBIX
COOBITHM MNpPOSABISAIOT CTa0MJIBHOCTh Ha JUIMTENBHBIX OTPE3KaxX BPEMEHHU.
Takum o00pa3om, TOYEYHBIE HOJTOCPOYHBIE KIMMATHYECKHE IPOTHO3BI
Ha/IeXKHEe KPaTKOCPOUHBIX.

JUTITETBHOCTD TOCTYITHBIX PSIOB MHCTPYMEHTAIIBHBIX METEOPOIOTHYECKUX
HaOmonenuit B OacceriHe OOum enBa gocturia 80 nmer. M xors psabl
JUINTEIBHOCTBI0 Oosiee 60 JIeT B METEOpOJIOTMYECKON MPAKTUKE CUUTAIOTCA
JOCTaTOYHBIMU JJISi CTaTUCTUYECKHX pPacdyeTOB, HEIOYYET JOJIMONEPUOIHBIX
KoJeOaHWil W BTOPIKEHHWE HEHW3BECTHBIX IIPOIECCOB B TOJYYECHHYIO
BEPOSTHOCTHYIO KApTUHY MOTYT CHUXaTh TOYHOCTb IIPOrHO3A.

OmHUM M3 caMBIX TPOCTHIX CIIOCOOOB MPOTHO3a KIMMATHUYECKHUX
W3MEHEHUHN SBISETCSA HKCTPANOJISIIUSI COBPEMEHHBIX TPEHJOB U ILIHMKJIOB
M3MEHEHUH METEOPOJOTUYECKUX XaPAKTEPUCTUK. DKCTPAIMOISIHOHHBI €
METOABl SBISAIOTCA OJHUMHM H3 CaMbIX paclpOCTpaHEHHBIX W Hauboliee
pa3paboOTaHHBIX CpelH BCEH COBOKYITHOCTH METOJOB MPOTHO3HPOBAHMS,
OJTHAKO CTENEeHb JOCTOBEPHOCTU TaKOro pojia IMPOrHO30B MpPHU ONHCAHUHU
pa3BUTHs TPHUPOJHBIX NPOIECCOB BcCerga HeompenaeneHHas. OHa 3aBHCHT
OT TOro, HACKOJbKO BbIOpaHHas MaTeMaTHdeckas (QYHKLIHS NpOrHo3a
COOTBETCTBYET XapaKTepy H3y4aeMOoTro MPHPOTHOTO SBJICHUS. B CBs3H ¢ 3TUM
IPU CTaTUCTUYECKOM aHaJN3€e TEHJICHIMI U SKCTPANOIMPOBAaHUH HEOOXOIMMO
cOpMyIHPOBaTH OJHY WJIA HECKOJBKO THUIIOTE3 O Pa3BUTHU MPOTHO3UPYEMOTO
mpolecca M, UCXOAS M3 HHUX, ONPEACNHUTh (PAKTOPHI, CTUMYIHPYIOLINE
U TPENSTCTBYIOIIHE €ro Pa3BUTHIO, a TaKXe MOMYCTHMYH IalbHOCTH
HKCTPATIOJISALMH.
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CoBpeMeHHBIC KIIMMATUYECKUE M3MEHEHHS, MIPUBOIAIINE K (UIYKTyalusm
PEYHOTO CTOKAa, MOTYT OBITh BBI3BaHBI DPsIOM (yHIaMEHTaJIbHBIX IMPHUYUH,
Olpe/ieieHue KOTOPBIX OCTAeTCsl aKTyaJbHBIM JI0 HACTOSIIETO0 BPEMEHH.
N3ydenue 3TOro BOmpoca HUJET B JABYX T€HEPalIbHBIX HaNpaBICHHUSX.
CTOpOHHHMKHM NEPBOr0 HANPABIIEHUSI COCPEIOTOUYCHBI HAa MOUCKE CBSI3U MEXKIY
KJIMMaTHY€CKUMH U3MEHEHUSIMU U JIeATEIbHOCThIO 4YenoBeka. CTOPOHHUKH
BTOPOTO HAIpaBJECHUS CUUTAIOT, YTO HM3MEHEHHE KJIHMaTa CBS3aHO
C €CTECTBEHHBIMU IUKIMYECKMMH IpOILleCCaMH Ha IJaHEeTe WU 3a ee
npenernamu. Onupasch Ha BhIIEYKa3aHHBIE MO3UIUH, OBLUTH PACCMOTPEHBI
u3MeHeHHs cToka p. O0b mpu M3MEHEHHWHU KJIMMara BOJOCOOpHOTo OacceiiHa
10 TPEM CLICHAPUSIM.

Pe3yabTarsl um 00cyxaeHne. OCHOBHBIM HMCTOYHUKOM mHTaHus OOu
ABISIIOTCA aTMochepHble ocanku (Anemmna, ['epre, 2019). KommuectBo
ocankoB Ha Bojocbope OOm B XX Beke HMeNo cladylo TEHACHIUIO
K YBEJIMYCHHIO, HO CTaTUCTHYECKas 3HAYMMOCTh TPEHJa HE MOJATBEPKIAcTCs
(Berezovskaya et al., 2004). C cepenunbsl 1970-x rogoB cpeaHsisi romoBas
Temreparypa Ha Bogocbope OOm pocma co ckopocteio 0.3 °C/10 ner
(bynaBuna, 2020). HecmoTpst Ha 310, cTok OOu B XX Beke He MpeTeprieBal
HaMpaBJIEHHBIX M3MeHEeHUH. OTMedYeHO JUIIb NepepacupeesieHue CToKa
BHYTpPHU TOJa NPHU IOCTOSHCTBE CPEIHETOJOBBIX Pacxoa0B Bojabl (AradoHOB,
2010). OgHako TpU COXpPAaHEHWH HAMETHBIIUXCS TCHACHIIMHA W3MCHCHMU S
KJIMMaTa OHU MOTYT OTPA3UThCS U Ha CPETHEM T'OJJOBOM CTOKE PEKHU.

[Ipu skcTpanmonsiuuu KINMATHYECKUX TEHACHUIUM B BOJOCOOPHOM
Oacceitne OOM B KadyecTBE OCHOBHOI Oblla MPUHSATA THUIOTE3a O JTUHEHHOM
XapaKTepe U3MEHEHHS U3y4YaeMbIX METEOPOJOTUUECKUX XapaKTEPUCTUK
Ha OTPAaHUYEHHBIX BPEMEHHBIX OTpE3Kax.

Cuenapuit | ucxoauT W3 THUMOTE3bl MpeoOIaJAOIMIEro BIUSHUSA
Ha KJIMMAaT aHTPONOTE€HHOrO BO3JEHCTBUS W MPEANOJaraeT COXpaHEHUe
HaIpaBIIEHUs] U BEIMYUHBI TPEH/IOB BCEX METEOPOIIOTUYECKUX XaPaKTEPUCTHUK.
MoXHO OXUAATh YCHUJICHWS HAMETHUBIIMXCS TEHICHIUW BBUAY YBEIUYCHHS
aHTPOIMOTeHHOT0 BO3JAEHCTBUSA, HO B cleHapuu | oHO OyAeT HPHUHSATO
MTOCTOSTHHBIM.

JlanbHOCTh JKCTpamnosisauu OyAeT orpaHH4YeHa BPEMEHHBIM OTPE3KOM
70 TOCTHKEHHUSI TaKUX W3MEHEHUH KIuMaTa, MpPH KOTOPBIX 3aKOHOMEPHOCTH
(GYHKITMOHUPOBAHMS KIMMAaTHYECKOW CUCTEMBbl IUIAaHEThI HE MpeoOpasyroTcs
KOpeHHBIM o00pa3zoM. OmnpenenuTh BEIUYHHY STOTO BPEMEHHOTO OTpe3Ka
MPAKTUYECKH HEBO3MOXKHO, MOATOMY JAIBHOCTh AKCTPATOJISIIIUN OTPAHUIUM
CTaHJIaPTHBIM KJIMMATHYECKUM TiepruoaoM B 30 ner.

Cuenapun Il u III ucxomaT w3 rumoTe3bl MpeoOIIaTaOMIero BIMSHUS
€CTECTBEHHBIX PA3HOMEPHUOMHBIX KoJeOaHWW KiIuMaTa. MHOTOJETHHE
KojeOaHusl TeMIepaTypsl BO3yXa MPUHATO CBA3BIBATH C IUKIAMHU COJTHEUHOU
aKTUBHOCTH ¢ mepuogamu okojo 11, 22, 33, 90 ner. Tak kak KaKIbIi LMK
MMEeT BOCXOJAIIYI0 M HUCXOIAIIYIO ¢a3bl, TO JUHEHHOE yBEIWYEHUE WITU
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YMEHbILIEHUE 3HAYEHUIN TeMIIepaTypbl CIEAYET 0XKHUAATh Ha OTPE3KaX, paBHbIX
[IOJIOBUHAM IIMKJIOB COJIHEYHOM aKkTUBHOCTU. [lo3aTOoMy 5KcTpamonupoBarh
TaKUM 00pa3oM MOXKHO He Ooiiee, yeM Ha 45 Jer.

da3a HampaBIEHHBIX M3MEHEHHH Temrmeparypbl BO3AyXa Ha BojxocOope
O6wu, HavaBmasicst B 1970-x rr., mymres yxe okono 50 mer. OHa MOXKeT OBITh
CBSI3aHa C KBA3UJEBSHOCTOJIETHUM IIMKJIOM COJHEYHOH akTMBHOCTH. B Takom
cllydyae B HAcCTosIlee BpeMs rpauK MHOTOJETHETO XOJa TeMIIepaTypbl
IPEeIO0I0KUTEIbHO MOAOLIE] K TOUKE 3KCTpeMyMa WM yXe JOCTHUI ee.
CrnenoBaTenbHO, MOXKHO 05KMJIaTh CMEHBI TPEHJa Ha IIPOTUBOIOIO0KHBIMH.

N3meHenue konuyecTBa OCakoB Ha Bogocbope OOM B JOCTYIHBIN
MepHOJ] MHCTPYMEHTaNbHBIX HabmoneHuit (19362015 rr.) xapakrepusyercs
cy1a0oil TeHAEHIMEeH K yBEIMUEHNIO. 3HAYMMBIX U3MEHEHUH KOJIMUYECTBA OCAIKOB
C HaCTYIJIEHUEM I1€pHO/ia MOBBIILIEHUS TEMIIEpaTypbl Bo3ayxa B 1970-x rr. He
Habmoaanock. BeposTHO, M3MEHEeHHe KOJIMYecTBa OCAIKOB Ha HCCIeayeMOi
TEpPUTOPUH OOYCIOBIECHO APYTHMH KJIMMAaTHYECKHUMHU MPOIECCAMH,
LIUKIMYHOCTh KOTOPBIX B JOCTYIHBIN NEproJ HaOMIOJeHUN HEe O4eBUIHA TUOO
orcyTcTByeT. Mcxond U3 3TOro, MOXHO IpeArnojiaraTb Kak COXpaHEHUE
TEH/ICHIUI B N3MEHEHUN KOJINYECTBA OCA/IKOB, TaK U CMEHY UX HaIlPABJICHHUS.

Hexonss w3 rumoTe3sl O JMHEWHOM XapakKTepe M3MEHEHHS
METEOPOJIOTHYECKUX XapaKTEePUCTHUK Ha NPOTHO3UPYEMBIX BPEMEHHBIX
OTpe3Kax, JJIsl IPOrHo3a ObLI MCIOIBb30BaH METOJ JUHEHMHON IKCTPAIOJIALNH.
OH 3aKiro4aeTcst B TOM, YTO IPOrHO3HBIE BEJIMUMHBI ONPEAEISAIOTCS Ha OCHOBE
cpeaHero npupocra (YMEHbLIEHHUS) UCCIEAYEMOro TIOKa3aTesl 3a ONpee/ICHHbIN
nepuoJl BpeMeHu. B kadecTBe ONMOPHBIX NEPUOJOB JUIS SKCTPANOJIALUN ObLIN
UCIIOJIb30BaHbl MEPUOJIbl YCTAHOBJIEHUS COBPEMEHHBIX TpeHa0B: ¢ 1970
no 2015 rr. qns TemnepaTtypsl Bo3ayxa, ¢ 1936 mo 2015 rr. nns konuyecTsa
0CaJIKOB.

bbumn ornpeneneHsl 3HaUEHNS TPEHI0B METEOPOJIOTMUECKUX XapaKTEPUCTUK
Ha TeppuTopuu BogocOopa OOU B ONMOpPHBIE MEPUOBI U IPOTHO3HbBIE CPEIHUE
3HAYEHUs] 3TUX XapaKTEPUCTUK B CIEAYIOLIEM KIMMAaTHYECKOM IMEPUOAE
(2021-2050 rr.) mo tpem cueHapusm (tabnuua). Cuenapuii | npennonaraer
COXpaHEHHME TEKYUIMX BEJIWYMH WM HAINPABICHUN TPEHAOB TEMIIEpaTypbl
BO3/1yXa M KOJIMYECTBA OCAJKOB, clieHapui Il — coxpaHeHne BeIM4YMHBI TPEHIA
TeMIEpaTypsl BO3JyXa, HO U3MEHEHHUE €r0 HalpaBJIEHHS, U COXpPaHECHHE
TeHJACHUMA HM3MEHEHUs KOJIMYeCcTBa OCaakoB, cueHapud III — coxpanenue
BEJIIMYMH TPEHAOB TEMIIEpAaTypbl BO3AyXa M KOJHYECTBA OCAAKOB, HO
M3MEHEHUE UX HaIlpaBJICHUH.

B perpeccruoHHyl0 MoJenb OBLTM BBEJCHBI NMPOTHO3HBIE BEIMYUHBI
METEOPOJIOTHYECKUX XapaKTepPUCTUK U pacCUUTaH CpeaHUN 00beM CTOKa
p. O0b 10 TpeM KIMMAaTHYECKUM CLIEHApHUSIM (PUCYHOK).

TenneHunu U3MEHEHUs TeMIlEpaTypbl BO3AyXa U KOJIMYECTBA OCAIKOB,
paccuMTaHHbIe KaK CpeIHHE BEIMYUHBI ISl OONBINMX IUIOIIAJeH, He Bcernaa
MOTYT OOBSICHUTh U3MEHYHUBOCTH THAPOJIOTHUECKUX XapaKTEPUCTHUK.
Bonocbop OOu umeeT cioxHoe NaHAmapTHOE CTpoeHUe. Brnusinue He
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aTtMoc(epHBIX (aKTOPOB UTpaeT OONBIIYI POJIb B (OPMHUPOBAHHHU CTOKA
p. O06b. Jlangmadraas muddepeHmmanus BogocOOpHOro OacceifHa co3maet
pa3uyKs B 3HAUMMOCTH METEOPOJIOTUIECKUX XaPaKTEPUCTHK JUI PA3HBIX €ro
YYaCTKOB.

IIporno3ubie 3HAYEHUSA
METEOPOJOTHIYEeCKUX XapaKTePUCTHK Ha Bogocoope p. O0b

Forecast values of meteorological characteristics
in the catchment area of the Ob river

[IpenukTop
XoJ0/IHOE MOTYTO/Iue Temnoe monyroue K
I'on |KomnuectBo| Cpennsis |KommuectBo| Cpennsist ggg;}fg;?o Teﬁggggxpa
TBEPJBIX [TEMIEpPaTypal OCAIKOB, [TEMIEPATYpPa MM BO3IVXa. °C
0CaJKOB, MM| Bo3ayxa, °C MM Bo3ayxa, °C Ayxa,
Cuenapuii [
2030 137.9 -8.2 333.0 13.8 535.7 2.5
2040 139.0 -7.8 3344 14.2 541.2 2.8
2050 140.1 -7.4 335.8 14.5 546.8 3.1
Cuenapuii 11
2030 137.9 -9.6 333.0 13.2 535.7 1.9
2040 139.0 —-10.0 334.4 12.8 541.3 1.6
2050 140.1 -10.5 335.8 12.5 546.8 1.3
Cuenaputi 111
2030 135.8 -9.6 330.2 13.2 518.6 1.9
2040 134.7 -10.0 328.8 12.8 513.1 1.6
2050 133.6 -10.5 327.4 12.5 507.6 1.3
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[Iporao3ubie BenuyuHBI 00beMa cToka p. OO0b (THIPONIOTHYECKHH TOCT
“Canexapn”) pu U3MEHEHUH KJIMMaTa
Forecast values of the flow of the Ob river (Salekhard) under climate change

bnaronaps nenenuto Bogocoopa O6u Ha 1mo10acCeiHbl, ObUTH YCTaHOBJICHBI
obmacTu mpeoOsamammero BIUSHUS Pa3IUIHBIX METEOPOJOTHYECKUX

25



XapakTepUCTUK Ha CTOK peKu B 3aMbIkaromeMm ctBope. Ilpu cuenapHom
MOJICTIMPOBAHUH W3MEHEHUI CTOKA OBLIM YYTEHBI MPOCTPAHCTBEHHO-BPEMEHHBIE
HEOJTHOPOJAHOCTU H3MEHEHUIl KimMaTta BoaocOopHoro Oacceitna OO6wu.
Perpeccuonnasi Mojenb pacxoJOB BOJBI B CTBOPE THMAPOJIOTMUYECKOTO IOCTa
“Canexapn” OCHOBaHa Ha OTACIBPHOM ydeTe KOJEOAHUN METEOPOJIOTHYECKUX
napameTpoB B mogodacceiinax Mmuma, Tobona, MpTeima, BepxHEd u cpeaHei
O6u u paznuuuii B (HOPMHUPOBAHMM PEYHOrO CTOKA B TEIJIOE U XOJOIHOE
nonyroaue (bynasuna, 2020).

CoracHo pacyeram, 06beM cTtoka O0u OyaeT cTabuieH Mpu U3MEHEHUHN
knumara mo cueHapusMm [ m III. O6Ga 3Tux cueHapusi MPEANONararT
KOMIIEHCAI[MI0 BO3pacTamuie unu yoObIBaroleid TeMmnepaTypbl Bo3ayXa
YBEJIMYEHUEM WJIM YMEHbIIEHHEM KoaudecTtBa ocagkoB. C Hawana 1970-x
rogoB Ha Ttepputropun OacceiitHa p. OOb HabmIOJANICs WHTEHCHBHBIA POCT
TEMIIEpPATyphl BO3/lyXa, B TO BPEMsl KaK KOJMYECTBO OCAJKOB HE IIPETEPIIEBAIIO
CTaTUCTUYECKU 3HAUMMBIX M3MEHEeHuH. Jlexkariye BOMM3M JIMHHUM MHOTOJIETHErO
TPeH/a Pe3yabTaThl MOJCTUPOBaHUs 00beMa cToka OOM MpH KIMMATHYECKUX
n3MeHeHusx no cueHapusm I u Il cBUaeTenbCTBYIOT O TOM, YTO HE UMEIOIIEe
CTaTUCTUYECKOM 3HAYMMOCTH M3MEHEHUE KOJMYECTBA OCAJAKOB HA TEPPUTOPUU
BoJ0cOOpHOrO OacceiiHa peKkH CIOCOOHO KOMIIEHCHPOBATh MHTEHCHUBHOE
3HAaYUMOE€ M3MEHEHHE TeMIepaTypbl BO3JyXa Ha O3TOH TEPPUTOPHU.
[IpyunHamMu 3>TOMYy MOTYT OBITH ONHCAHHBIE BbINIE JaHAMA(THAS
HEOJHOPOAHOCTH BOJnOcOOpHOTO OacceitHa OO0M M TPOCTPAHCTBEHHO -
BpEMEHHAasi U3MEHYUBOCTh XapaKTEPUCTUK KIIMMATa.

OO6p umeeT mpenuMyIecTBeHHO cHeroBoe nutanue. bonee 50 % nuranus
peku npuxonurtcs Ha cHer, 20-25 % — Ha [0XKAEBOE M TPYHTOBOE IUTAHUE
(Anemmna, I'edpke, 2019). TlosTromy ocoOeHHO BakHBI JJIsi (HOPMHUPOBAHMS
cToka oOmacTu oOpa3oBaHMsI MAacCCHUBHBIX CHero3amnacoB. Takas o00yacThb
pacriosio’)keHa B noadacceiine BepxHeit u cpeaneir O6u (ITomosa u ap., 2010;
bynasuna, 2020), 1 ©UMEHHO B 2TOW 00JIACTH TEHICHIIUH H3MEHCHHU S
METEOPOJOTUYECKUX XAPAKTEPUCTUK OTIMYAKOTCS OT TAKOBBIX B OCTaJbHBIX
nosadacceiHax.

CxopocTh pocTa cpeiHel ro0BOM TeMITepaTypbl BO3/lyXa B BbIICIEHHBIX
noabdacceiiHax OblIa MPAKTUYECKU UJAEHTHYHA, CTATUCTUYECKHM 3HAUYMMA,
u coctasisana 0.33-0.34 °C/10 mer. OnmHako poOCT cpeaHel TOAO0BOM
TeMreparypsl B mnopaOacceiiHax HWpteima, WMmmmva u ToOoma mnpoucxonun
IIPEUMYIIIECTBEHHO 3a CYET POCTAa TEMIIEPATyphl B XOJIOAHOE IOJIYTOAME, a B
Oacceline BepxHell u cpenHeit OOM — B OCHOBHOM 3a CUET pOCTa TeMIIepaTyphbl
B TEIUIOE MOJIYrOJue.

N3menenuss teMmmepaTypbl BO3JyXa B pa3jMYHbIE CE30HBI Toja
MO-pa3HOMY BJIMSAIOT Ha CBOMCTBA MmoJcTUIawLIed nmoBepxHocTu. CHer,
BBITIAJIAIONINNA HAa MOKpPYIO TPOMEP3IIyI0 TIOYBY, HE BIHWAET Ha MHTaHUE
MOA3EMHBIX BOJ, TaK KaK IPU BECEHHEM CHETOTasHUM BOJA HE HMEET
BO3MOXXHOCTH IPOCOYUTHCS BIUIyOb MOYBBL. Eciu cHer BbIIajaeT Ha Talylo
WU TPOMEP3NIYI0 CYXYI0 IOYBY, TO B HEE IMPU BECEHHEM CHErOTassHUU
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OOWJIBHO MPOCAYMBAIOTCA BOJBI. YIIydIlIEHHE MPOCHIXaHUS MOYBBI B TEILJIOE
II0JIYTOJINE MOKET CIIOCOOCTBOBATh MUTAHUIO TPYHTOBBIX BOJI U MOAJEPIKAHUIO
BOJHOCTH PEKH 3a CYeT OBICTPOro BBHIBEICHHS 3HAUYUTEIBHOI'O KOJMYECTBA
BIaru u3 obnactu uHTeHcUBHOTO HMcmapenus (Komes, 2002). O6bem Bnaru,
JOTIOJIHUTEbHO 3allaCeHHOM B IPyHTax BECHOM, MOXET KOMIIEHCHPOBATh
YBEJIMYMUBILIKECS 3aTpaThl BJard Ha MCIapEHUE JIETOM U OCEHbI0. Tak Kak
nonbacceiin BepxHed W cpeaHeit OOu sBiIseTCs BakHeWIIend 00J1acThiO
HAKOIJICHHUS CHET03aracoB, TO MPOHUIIAEMOCTb TPYHTOB B 3TOW 00JIaCTH UMEET
00J1bI110€ 3HAUCHUE I (HOPMUPOBAHUSI CTOKA.

Ha Ttepputopusx mnondacceiiHOB HaOIIOAATNCh W3MEHEHHS T0JI0OBOTO
KOJIMYECTBA OCAIKOB C pa3HOM CKOpocThio. B mogdacceitnax MUpteima, Mimuma
n Tobosa cpeaHee roloBO€ KOJUUYECTBO OCAJKOB HMMEIO TEHIECHIIU IO
K YBEJIIMYEHHIO, B mojadacceiine BepxHed U cpenHeid OOU — K YMEHBIICHHUIO.
[Ipu 3TOM yBeIMUEHNE KOJUYECTBA OCAAKOB MIPOUCXOIUIIO IPEUMYIIECTBEHHO
B XOJIOJHOE TOJYyrojaue, yMEHbIIEHHE — B TEIIOoe mojiyrogue. MoxHO
OTMETUTh CTAaTHUCTUYECKU 3HAYMMOE YBEJIMYEHHE KOJHUYECTBA OCAJKOB
B XOJIOJHOE monyroaue B moabacceitne Wpteima co ckopocteio 1.5 mm/ron,
a 370 okomno 2.5 kM® Boxmpl exeronno. Takxke HaGII0aI0Ch 3HAYUMOE
yMEHBIIIEHUE KOJIUYEeCTBa OCAJKOB B TEILIOE MOJYrojaue B mojadacceiHe
BepxHed U cpenHeit O6u co ckopocThio 0.8 MM/Toja, 4TO yMEHBIIAET
KOJIMYECTBO HocTynatomeil Boasl Ha 0.8 kM’/roa. OxHako, yMeHbLICHUE
KOJIMYECTBAa OCAJKOB B mojdacceiiHe BepxHed u cpeaHeir OOu B Teruioe
MOJYrOJUEe B COBOKYIMHOCTH C POCTOM TEeMIEpPaTypbl BO3AyXa MOKET
CIIOCOOCTBOBATh MPOCBHIXAaHUIO TPYHTOB IE€PE] HACTYMJIEHUEM XOJIOAOB,
yaydiiasi yCJIOBHS MUTAHUSI TPYHTOB MPU BECEHHEM CHETOTASTHUH.

Cornacao cuenaputo II, cpennss romoBas Temmeparypa BO3Jayxa
B mpenenax BojgocOopHoro OacceitHa O6u ¢ 2021 mo 2050 rr. Oyxnert
cHIKaTbes co ckopoctbio 0.3 °C/10 ner. KonmdecTBo ocaakoB Ha BojocOope
p. O0bp OyaeT He3HAUYUTENbHO PACTH NMPU HAJWUYMU PA3HOHAIPABICHHBIX
TeHAeHIM B moabacceitnax Wpteimma, Mmmma, Toboma, BepxHEl U cpeaHeit
O6u. Ilo pesynpraraM MojenupoBaHus, o0beM croka OO6u B cTBOpE
rujposiornyeckoro nocra “Canexaps’”’ Npu TaKUX U3MEHEHUSX KinMmaTa Oyner
YBEIMYMBATLCA CO CKOPOCTBIO Ookonmo 1 km>/rox, u x 2050 r. ero Hopma
nocturHet 430 kv,

KaptuHa BpeMeHHBIX KoNeOaHUI METEOpPOJIOTHUECKUX XapaKTEPHCTHK
B MO3aMYHOM MPOCTPAHCTBE JIaHAMA(THO-TUIPOJIOTHYECKUX KOMIIJIEKCOB
BojocOopHOrO OacceitHa p. OOb upe3BbIUAaHO CJI0KHA. OTMEUEHHBIE BHIIIE
3aKOHOMEPHOCTH TPEOYIOT IOMOJTHUTEIBHOTO U3YyUSHHS.

3akiouenue. [lomydeHsl TPOTrHO3HBIE OIEHKH 0Obema cTtoka p. OO0b
Ipy U3MEHEHMH KJuMaTa Mo TpeMm cieHapusM. [TokazaHo, 4TO B TeueHUE
nociegHux 50 JeT TeHAEHIMM H3MEHEHHUS TeMIepaTyphl BO3JyXa
U KOJHMYECTBa OCaJKOB Ha BojgocObope OOM HaxonATcs B PaBHOBECHUU
U CIOCOOCTBYIOT CTaOMJIBHOCTH 0OObeMa peuHoro crtoka. Ilpu coxpaHeHuu
COBPEMEHHBIX TPEHIOB METEOPOJIOTHYECKUX XapaKTepuCTHK (cueHapuit 1) nmu
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npu ux cuHxpoHHoi cmene (crueHapwuii 1) crok OOu He OyneT mpereprieBaTh
HaIMpaBJICHHBIX U3MEHEHUH. YBEIWYeHHE 00beMa CTOKAa MOXHO OXKHJATh TpPU
peanu3any KIMMaTH4Ieckoro cieHapus Il ¢ oOpaTHBIM TpeHJIOM W3MEHEHHI
TEMIEPATypbl BO3AyXa M COXpPAHCHHEM TEHICHIIMA HM3MEHCHHS KOJIUYECTBa
OCaJIKOB.

[IpocTpaHCcTBEHHOE U CE30HHOE pacIpeesieHHe 0CaJKOB Ha BoAocOope
O0u umeeTr Oonblioe 3HAYCHUE i (GOPMHPOBAHHS PEYHOTO CTOKA.
PaznonanpaBieHHbIC TCHICHIIMM H3MEHEHHsS TEeMIepaTypbl BO3JyXa H
KOJIMYECTBA OCAJIKOB B PA3HBIX IO I'e0JI0r0-reoMop(oIornieckoMy CTpOSHUIO
gacTax BoaocOopa ompenensroT oobem ctoka OOu. Jlake mpu OTCYTCTBUU
HAIPaBJICHHBIX M3MEHEHUH KOJMYECTBA OCAJKOB Ha BOJOCOOpE B ILEIOM
M3MEHEHUE WX KOJIWYECTBA B JIOKAIBHBIX O0OJIACTSAX OKAa3bIBAET 3aMETHOE
BJIMSIHME HA 00beM cToKa peku. HeoOX0IMMO yUuTBIBAaTh 3TO NIPU MPOBEACHUU
THIIPOMETEOPOIOTHIECKUX UCCIICAOBAHMM.

PaGoTa BbINOIHEHA B paMKaX TOCYJIapCTBEHHOTO 3aJIaHHsI.
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qEPHOBbII‘IbCKI/IlZI CNER B HA3EMHbIX 3KOCUCTEMAX
CEBEPO-EBPOMENUCKOIo PETMOHA

AHHOTauuA

lMpeAcTaBneH aHanu3 AnUTENbHbIX U3MEHEHUI PaANOIKONOrMYECKOr0 COCTOSAHUS
9MIeMEHTOB HA3eMHOM 9KOCUCTEMbI CeBepa eBponeickon 4actn Poccun u
CkaHanHaBWyW, noaBepraBLUMXCH BO3AEUCTBUIO aTMOCKEPHBIX BbINadeHU NpoLyKTOB
aBapun YepHobbibckon ASC 35 net Hasad. AHanusnpyetcs COCTOsiHME OOBEKTOB,
BKITIOYEHHbIX B MULLEBYI0 CE€Tb HaceneHus u HopMUPYIOLMX [03Y BHYTPEHHErO
obnyvyenus xutenein MypmaHckon obnacTtu. lNokasaH akTyanbHbIA YPOBEHb
PaAMoaKTUBHOTO 3arpsi3HeHNst pacnpoCTPaHEHHbIX rPOOB 1 Arofd NecoTyHAPOBOWA 30HbI.
[atoTca cpaBHUTENbHLIE OLEHKM 3GhDEKTOB rnobarnbHbIX BbiNaAeHUA PaguoHyKNMaoB
Ha TeppuTopun CeBepHoi EBponbi.

Kntoyesble cnosa: TexHOreHHble PafyoHYKNUAb!, a9PO30NK, AWUKOPaCTyLMe Arogbl 1 rpubbl,
pbiba, nouBa.

D.A. Valuyskaya, G.V. llyin
Murmansk Marine Biological Institute RAS, Murmansk, Russian

RADIONUCLIDES IN MARINE AND TERRESTRIAL ECOSYSTEMS
OF THE NORTH EUROPEAN REGION

Abstract
The paper presents an analysis of the radioecological state of the terrestrial ecosystems
in north european part of the Russia, which were exposed to the a products of the
Chernobyl accident. The analysis of the state of marine and terrestrial objects included
in the food network of the population and forming the dose of internal radiation of the
population of the Murmansk region is given. Comparative estimates of the effects
of global radionuclide deposition in the North-European territory are given.

Keywords: technogenic radionuclides, aerosols, wild berries and mushrooms, fish, soil.

UepHoObUIbCKHE BbIMaeHusi 35 JeT Ha3aj MPHUBEIU K paglalliOHHOMY
3arpsi3HeHUIo TeppuTopuil CkananHaBckoro u Koabckoro noiayocTpoBoOB.
3apaxeHHble aTMOc(hepHbIe OCaJIKU B MEHbIIIEH CTENEHH 3aTPOHYIM MOPCKHE
apKTUYECKHE aKBaTOPUHU U B OCHOBHOM BBINAJM Ha TeppUTOpHIO cymu (Arvela
et al., 1990; Texuorennsie ..., 2005). 3arpsA3HEHUIO TOJBEPIVIMCH MMOYBA H
pacTUTENBHOCTh. B nanpHeleM BbIaBIINE OCAIKH, B TOM YHCJIE CMBIBAEMBbIE
c oOmuUpHON MIomAaau BOJOCOOPOB, OKa3alu BIUSHHUE HAa apKTHYECKYIO
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MOPCKYIO cpely — BOAY, AOHHBIE ocaaku U 6uoty. Hanbonee 3HaunMbIi BKIa
B BHINAJEHHUAX NPUHAIEKHUT paguousoromy °'Cs. Ilosxe, B 2011 1.,
Haj Tepputopueii CeBepHoii EBpombl OBLIIM OTMEUYEHBI adpPO30JId aBAPUIHBIX
BbIOpocoB ADC “@ykycuma Jlaitnun”. OgHaKO 3HAUUMOTO BO3JCHCTBHS ATHX
BBINQ/ICHUN HA TEPPUTOPHIO PETHOHA U akBaTopuio bapeHiieBa Mopsi oTMEUEHO
He Obmo (K omenke ..., 2012; Artificial ..., 2013). Takum o6pa3om,
COBpPEMEHHAasi HEPAaBHOMEPHOCTh Pa/IMOAKTUBHOIO 3arps3HEHHs HA3eMHOW CpeJlbl
Y BapualMy JI03bl BHYTPEHHETO OOJTY4YeHHUsI HACEICHUS BO MHOTOM OTPAXKAOT
peTpocneKTUBHBIE 3P PEKTh pacnpocTpaHeHUs 00Jlaka YEePHOOBIIbCKH X
BEIOPOCOB.

Lens HacTosAmeil paboThl — MOKa3aTh COBPEMEHHBIM YpPOBEHbB
paaualMoOHHOrO 3arpsi3HEHUs IUKOPACTYIIUX T'PpUOOB M STOA U JTUHAMHUKY
€ro M3MEHEHMH IO cieAy BbINAJEHUN NMPOAYKTOB YEPHOOBUILCKOW aBapuu
Ha ceBepe EBporsbl.

Martepuanamu A pabOThl MOCITYKUIH MHOTOJIETHUE IKCIEAUIIMOHHBIC
U QHAIMTHYECKHE MCCIICOBAHUS aKTUBHOCTH °'CS B Ha3eMHBIX YKOCHUCTEMAX,
poBoAUMbIE MyYpMaHCKUM MOPCKHM Ouosiorndueckum wuHCTHTYTOM PAH
B 2011-2020 rr. Ha teppuropun MypMaHCKON 00IacTH, U JTUTEPaTypHBIC
CBECHHUS T10 3arpsi3HeHuIo ceBepa CKaHIMHABUU.

Pagnomerpuueckuii aHanmu3 npoO BeIMoiHEH B Jaboparopun MMBU
PAH. AxtuHOcTh *’Cs M3MepeHa B CUETHBIX 00Opa3lax Ha CIEKTPOMETPax
v-m3nydenus “InSpector-2000”, y- u peHTreHoBckoro usnydenus “b13237”
(““Canberra”, CIA). Cnektpbl NpoaHaIM3UPOBAHbI C MTOMOIIBIO ITPOTPAMMHOTO
obecrieuenust Cenie-2000.

B kauecTBe moka3aTelbHBIX KOMIOHEHTOB 3KOCHUCTEMBI MPHUHSITHI
NUKOpACTyLIHEe TPUOBI U AT0JAbl, 3aHUMaOIIMe Hauboljiee Ba)KHOE MECTO
B NMHUTaHWUU HaceseHus. PerynspHoe morpebiieHne 3THX MPOJYKTOB HACEIEHUEM
OTIpeJIeNIIeT TEOPETUUECKYIO U MPAKTUYECKYIO aKTyaJbHOCTh JAHHOH paboThI.
[Ipo6s1 OuonorMyecKkux 0Opa3IOB M MOYBBI OTOOpaHBI Ha HECKOJIBKHUX
IioniaiIKax B pailoHax, Haubosiee MOCEeIIaeMbIX MECTHBIM HACEIEHHEM IpU
cbope rpudoB u arox (puc. 1).

OOuuit ypoBeHb 3arpsi3HEHHs] CEBEPHBIX TEPPUTOPUI MOXKHO OLIEHUTH
no cojepxkaHuio TexHoreHHoro °’Cs B mouse (Tabn. 1). B 1986 roay
HauOONbIIME KOJMYECTBA °/CS YEPHOOBUILCKOTO IIPOMCXOKIEHHS BBINAJIH
B punckoii Jlanmanguu — 10 3.6 kbx/M?. B Mypmanckoii o61nactu 1 CeBepHoit
Hopseruu Bbimano He 6oiee 2.72 u 1.19 kBbk/M? cootBercTBenHO (Arvela et al.,
1990; Nedfall ..., 1986; Summary ..., 2002).

Ilocne 4yepHOOBIIBCKUX BBIMAJEHUN MOAPOOHBIE HCCIENOBaHUS,
MO3BOJISIOIINE JIaTh CPAaBHUTENIbHbBIE OLEHKH 3arpsi3HEHHs], ObLIN BBITOJIHEHbI
mumpb B 2011-2012 um 2017 rr. O6pamaer BHUMaHHUE 3HauYUTENIbHAs
HEPaBHOMEPHOCTh KOHLEHTPALUN 3TOTO 3JIEMEHTA HA KAXJIOW IUIOIIAJKeE
npo6oTbopa. B 1eroM MOXHO OTMETHUTh, YTO CHMIKEHHE PaIHMOaKTHBHOIO
3arpsi3HEHHUS] MOYB MPOUCXOAUT 3HAYUTEIbHO HMHTEHCHUBHEE, YEM IpPH
€CTECTBEHHOM pacnaje. JIuip B OTAeNbHBIX ydacTkax MypMmaHCKOW o0actu
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(paiion mioc. Jlaneaue 3enenipl) u CeBepHoit Hopeerun (paiioH 3amoBeqHUKa
JluBuaIeH) eIe COXPaHsIETCsl aKTUBHOCTh, COTIOCTaBUMas ¢ ypoBHeM 1986 r.

(Tabm. 1).

Puc. 1. Crannuu or6opa mpobd Ha Kombckom momyoctpose B 2011-2012,
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Fig. 1. Sampling stations on the Kola Peninsula in 2011-2012, 2017.

The numbers indicate the figures of sampling sites

Tadbaunpga 1

VYaenbnasi akTuBHocTh ¥’Cs B mouBax cesepHoii yacru EBponbi, Bx/m?
Table 1

Specific activity of 1’Cs in the soils of northern Europe, Bq/m’

Paiion 1986 . 2011-2012 rr. 2017 .
Cpemnee | Maxc. | Mun. | Cpennee | Makc. | Mun. | Cpennee
Jlarutagausa 3600 312 275 294 — — —
MypmaHckasi 0b61acTb 2720 1045 149 502 385 13 134
Cesepnas Hopserus: 1098 217 528 - - -
HuBunanex 1190 1098 285 625 - - -
[TacBuk 354 217 285 - - -

Haunbonee HMHTEHCHBHOE CHW)KEHHE 3arpsi3HEHHUs MOYBBI IMPOMCXOIUT
Ha tepputopuu Jlamnanauu u KoOJabCKOro moJiyoCcTpoBa, TA€ yJEJNbHas
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aktuBHOCTh '*’Cs coctapiser okono 10-15 % oT ypoBHS, OKMIAEMOrO IpH
€CTeCTBEHHOM pachajie 3Toro paauousorona. IIpuunHoil 3Toro, oueBuaHO,
SBJISICTCS BBIMBIBAHME paJMOLIE3MsI NOYBEHHBIMU BOJIAMH B €CTECTBEHHBIC
BOJIOTOKU M BOJIOEMBI, @ TAK)KE €0 MUTPALMSI B HWKHUE TOPU3OHTHI IOYBEHHOI'O
cnoss. B CeBepHoii HopBerum caMOOuYMIEHHE BEPXHEro CJOS IOYB
IIPOMCXOJUT MEHEe HMHTEHCHBHO. 3JIeCb OCTATOYHBIH YpPOBEHb 3arps3HEHUs
COCTAaBJISIET OKOJIO 75 % 0’KHM1aeMOTr0 MPU €CTECTBEHHOM pacmaje.

HccnenoBaHus AUMKOpAcTyIIUX T'pUOOB M SAroj Ha 3arpsi3HEHHBIX
TEPPUTOPUAX IOKA3aJaM, YTO HAKOIJIEHHbIE B HUX YPOBHM MCKYCCTBEHHBIX
PaAMOHYKIIUIOB Ja)Xe B MEPBbIE TOJbI OCIE YePHOOBIIBCKUX BhINIACHH I
OCTaBaJIUCh MHOTO HM)KE€ CAHUTAPHBIX HOPM JJISl MMHIIEBBIX MPOAYKTOB B ITUX
cTpaHaX. Y CTaHOBJICHO, YTO CPEIHSS yIeIbHAs AKTUBHOCTh ' CS B CheI0OHBIX
rpubax cem. Boletaceae B 1987-1992 rr. cocrtaBnsinma s palloHOB
Jlarumanuu, Konbekoro nomyoctpoBa u Ceeproit Hopserun 10002800 Br/kr
cyxoit maccel (Pagmonykmuaer ..., 1994). B 2011-2012 rogax yaenbHas
panuoakTuBHOCT *’Cs Bo Beex mpoGax sroa M rpubOB U3 3THX ke PailoHOB
eme Oosee cHuzmiach (tadis. 2). OAHAKO NMpPU CPAaBHUTEIbHBIX OLIEHKAX
HaOJI0AAI0TCS YeTKUE TePPUTOPUAIbHBIE U BHJIOBBIE Pa3/IMyMsl B HAKOIIJICHUU
panuoaktuBHocTH. K mpumepy, Haubosiee NOMYJSPHBIM ChbedOOHBINH TpHO
I0JIOCHHOBMK coziepkan °'Cs 12-185 BK/KI CyXoif Macchl, a CBHIPOEKKA —
26-512 Bbk/kr cyxoi maccel. Kpome Toro, mpociexuBaeTcsi 3HAYUTENbHAS
BHYTPUBHJOBas BapuabelbHOCTh PaJMOAKTUBHOCTH B IpelesiaXx OIHOU
mwiomanaku cbopa npoO. IloBwilIeHHBIE KOHIEHTPAIMM PATUOHYKIUIA
OTMEYAJI M B YCIOBHO CbEIOOHBIX Ipubax (CBUHYILIKM W TOPBKYIIKH) —
35486 bx/kr cyxoil maccel. CrneqyeT MOMHUTh, 4TO OOBIYHO Macca CYXHX
rpuboB u sroj cocraBisier 6—14 % oT maccel cBexux II0A0B. B cpeanem
coJiepKaHUE CYXOTro BEIIECTBA MOXET OBITh OIIEHEHO MJIA SITOJ U TPUOOB
npubnusutenabHo B 10 %. Camble BocTpeOOBaHHBIE HAaceleHHEM T'pHUOBI
ceM. Boletaceae (mo1ocuHOBUKY, TOA0EPE30BUKHM) HAKAIUIMBAIOT TEXHOTCHHbIE
PaZMOHYKIIU/IBI U3 OKPY KaIOLIeH cpesbl Oosee qpyrux.

Co BpeMeHM 4epHOOBIIBCKUX BBIMAJCHUN 3arpsA3HEHUE JTUKOPACTYIIUX
CbeZIOOHBIX TpUOOB cHU3MIOCH Oonee yeM B 10 pa3. K Hacrosimemy Bpemenu,
M0-BUAMMOMY, yCTaHaBJIMBAaeTCs KojeOJsrolieecs paBHOBECHE MEXAY
xoHuenTpanueit '’Cs B rpubax ¥ MHKpOBapHalUsAMM €ro COJAEpPKaHMS
B MouBax. B cpeaHeM ynenbHas aKTHUBHOCTb pajuolLe3uss B Ipubdax
ceM. Boletaceae cocraBnsger okono 310 Bk/kr cyxoit maccsel. IIpu stom
CaHUTApHBbIE HOPMBI JIONYCKAIOT aKTUBHOCTh 5 KBK/Kr B mepecuere Ha CyXyro
maccy (CanlluH 2.3.2.1078-01).

Conepsxanue *’Cs B sirofax ceBepHBIX JeCOTYHAPOBBIX NaHAA(GTOB
B IIEpBBI€ T'OJbl MOCIE YEPHOOBIIBCKUX BbINAJEHUI CHU3WIOCH B 4—8 pa3
(Tabm. 3).
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Tabnuma 2
Cpennsis yebHasi aAKTUBHOCTH '¥’Cs B MONMYJISIPHBIX CheI0GHBIX rpUGax
ceBepHoii yacTu EBponbl, BK/Kr cyxoii Macchl
Table 2
Average specific activity of *’Cs in popular edible mushrooms
of northern Europe, Bq/kg d.w.

Paiion ITogocuroBuk | Ilombepe3oBHK CrIpoeKKa Bomnymka
2011r.[20171./20111.[20171.[20111.][20171.[20111.[2017T.
Jlammanaws 70 - 397 - 271 - - -

MypmaHckas 74 141 281 480 279 164 50 264
001acTh

CeBepHas 355 - 636 - 326 - - -
Hopgerus:
JnBumanex 546 - - - 177 - - —
[TacBuk 163 - 636 - 474 - - -

Tabnaunga 3
Cpenusisi yieiabHast akTUBHOCTD 'Cs B IMKOPACTYIIHMX Ar0AAX
ceBepHOii yacTu EBponbl, BK/Kr cyxoii Macchl

Table 3
Average specific activity of *’Cs in wild berries
of northern Europe, Bq/kg d.w.
Paiion YepHuka bpycHuka Moporka
1989 1.2011 1.]2017 r.[1986 r.2011 r.]2017 r.[1988 r.]2011 r.[2017 T.
Jlannanaus - 34 - - 19 - - - -

Mypwmarnckas 200 36 53 230 14 20 220 23 170
o0J1acThb

CesepHas - 47 - - 28 - - - -
Hopserus:
HuBupganen  — 28 - - 16 - - - -
[TacBux - 65 — — 39 - - - -

*JlaHHbIE IPUBEIEHBI 110: PaquoRyKIMEI ..., 1994,

K 2011 rony u nanee xk 2017 r. HaKomJIeHHE PATMOHYKIUAOB B SArogax
OTHOCUTENBHO CTAaOUJIM3UPOBAIOCH U B TEYEHHE ITHUX JIET BapbUPOBAJIO
B npenenax 30 %. Cpeau HaunOonee BocTpeOOBaHHBIX Aroj ceM. Ericaceae
(depHHKa, GpyCHHKA, rojyOMKa) MaKCHMajlbHBIM cojepxkanueM °'Cs
XapaKTepU3yeTcsl YepHHUKa, B KOTOPOM 3TOT paAuoOU30TOI HAKAIJINBAETCS
BABOe Oonblie, yeM B OpycHuke. Hu3kue KOHIEHTpaluu OTMEYEHBI
B rojyOuke, cnabo pacrnpoCTpaHEHHOM B MOJSAPHBIX JaHImadTax srojsl, —
B cpeaHeMm 8.5 Bk/kr cyxoit maccel. Conepxkanue '’Cs B saromax
Ha HUCCIENYEMOW TEPPUTOPHUU MOXKET Pa3jnyuaTbCid B HECKOJBKO pas
B 3aBHCHMOCTH OT pailoHa cOopa, OJHAKO OCTaeTCs 3HAYUTEIbHO HUXKE
NpeJeNbHO JIOMYCTUMBIX YpOBHeH, npuHATHIX B Poccun — 1600 Bx/kr cyxoit
macchl (CanlluH 2.3.2.1078-01). CpaBHeHHE COBpPEMEHHBIX ypOBHEMH
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Hakorutenust 'Cs B rpubax u srogax MypmaHckoi obnactu, B Jlarutanauu
(Lehto et al., 2013) u Hopseruu (Gwynn ..., 2013) mokasano, 94To AUKOPOCHI
B CeBepHoit OunIIHINM O0JIee 3arpsA3HEHBI.

Ha ocHOBe moNy4eHHBIX JaHHBIX OBUI MPOBEIEH pacdyeT BHYTPCHHEH
103bl 00yueHus xutened MypMaHCKOil o0nacTu npu ynoTpeOIeHuu Sroja u
rpuboB. [yt pacuera ObUT UCIONIB30BAH METOJI, MPUHATHIA PocnoTpedbHaazopom
B 2008 r. (MY 2.6.1.2222-07 ..., 2008). UToOBI N30€KaTh HEONPEACICHHOCTH,
KOTOPYIO BHOCSAT HETOYHBIC JAHHBIE 1O TOJAOBOMY MOTPEOICHUIO MPOAYKTOB
Jieca, pacdeThl BBITIOJHEHBI M1 “yCIOBHOTO moTpedsieHus” — 1 Kr/rox cyxou
maccel. I'osoBoe noctymienue 2’Cs npu norpebienun rpuboB cocTapiser 7.5
" 8.5 bk o gaggeM 2011 u 2017 IT. COOTBETCTBEHHO. DTO COCTABJISIET JIMIIE
2 % ot oO0IIero MOCTYIUICHHUS PaJUole3rsi B OpPraHU3M YeJOBeKa C MUIIeH

(puc. 2).

Monoko

XneGonpoayKTsl

NecHsle rpubel

0 5 10 15 20 25 30 35 40 45 50
MocTynnexune *°Cs, BK

B 2011 ron I 2017 ron

Puc. 2. TogoBoe noctymnenne '*7Cs ¢ nuiieidl B OpPraHm3M 4YelOBEKa,
MPOXKHUBAIOLIETO HA TEPPUTOPHH MypMaHCKOM 06acTu

Fig. 2. Annual intake of *’Cs into the human body in the Murmansk region,
with food

TonoBas >ddexTuBHas 103a 006aydenus °’'Cs, monydaemas HaceJIeHHEM
MypMaHCKOH 001acTH MpU yHOTPeOJIEHUH OCHOBHBIX IMPOAYKTOB MUTAHUS,
He npesbimaer 0.002 m3B, 4yto cocraBnseT MeHee 1 % OT yCTaHOBJIEHHOIO
ypoBHsI 6e30macHbIX 1030BbIX Harpy3ok (CanlluH 2.6.1.2523-09).

Takum o0pa3zoM, nosydyaemas HaceJe€HUEM IMpPH YHOTPEeOJECHUH B MHILY
BCEX BHJIOB ChEJOOHBIX IpHOOB /1032 BHYTPEHHEro OOJY4YEeHHs Ha MOPSAKH
HIDKe JonmycTUMbIX caHuTapHbix HOpM (CanlluH 2.6.1.2523-09). AnanoruyHbie
3aKOHOMEpPHOCTH COOJIOJAIOTCS M IS JUKOPACTYUIUX SAT0J, 00BEeM
noTpedsieHns KOTOPBIX CcTaTUCTHUecKu He ompeneneH. Hacenenue CeBepHoit
QOUHISHIUN TTOy4aeT HECKOJIBKO OOJIBIINE J103bl TEXHOI'€HHOTO O0JIyueHHUs,
9TO OOBSCHSETCS IMOBBIICHHBIM 3arPsI3HEHHEM TEPPUTOPHH HHCKOH Jlaruanim
nocye aBapuu Ha YepHoObuibekoit ADC.
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OueBUAHO, YTO CpEAHsAs] TOJOBas /1032 BHYTPEHHETO OOJIy4YeHHSs
HaceJeHMUs INpHU YNOTPEOIEHUU JECHBIX IpubOOB M AroJ, Kak M APYTrUX
CEJIbCKOXO3SICTBEHHBIX MPOIYKTOB, C1a00 H3MEHSeTCsl OT rojaa K TOAy,
OCTaBasCh Ha OYEHb HU3KOM YpOBHE (pHC. 2). YCI0BHS TaKOW HECTAOUILHOCTU
B IIOCTYEPHOOBUILCKUI MIEPUO/T ONPEIEIIATCS MEKIIEPUOIHON HEPAaBHOMEPHOCTHIO
I00JIBHBIX BBINAJEHUM TEXHOTEHHBIX PaAUOU30TOINOB HA TEPPUTOPUIO
ceBepHoil CkannuHaBuu U KoJIbCKOTO MOJIyOCTpOBA, CIYKAllyl0 BOJI0OCOOpOM
IUId SKOCUCTEMbI bapeHiieBa Mopsi.

ABTOpBI BBIPaXAIOT 6JIaroJapHOCTh 32 IOMOIIb B cOOpe Mpo0 B yIaIeHHbIX
BOCTOYHBIX pailoHax obnactu (Kpacnomenwse, KaneBka, COCHOBKa) y4MTEIIO
OMOJIOTHHM MECTHOU 00111e00pa3oBaTesibHON K06l M.A. PoueBy.

Pabora BeimonHeHa no npoekTy Poccuiickoro ¢onna pynmameHTanbHbIX
uccinenoBanuil “PanuoakTuBHOE 3arpsi3HEHUE M BTOPUUYHBIE HCTOYHHUKH
AHTPOIIOTCHHBIX U30TOMNOB B MOpsix CeBepHoro JleqoBuTOro okeaHa Ha pyoexe
XX-XXI BexoB” (Ne 18-05-60249) B pamkax rocyJapCTBEHHOTO 3aaHHsI.
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OCEHHWUN BAKTEPMOMNTAHKTOH OTKPbITOW U MPUBPEXHOW YACTH
BAPEHLIEBA MOPA

AHHOTaLMA

MpeacTaBneHbl pe3ynbTatbl MUKPOBMONOTrNYECKUX UCCIIEL0BAHMNIA, BbINOTHEHHbIX
B okTsi6pe 2017 r. B MoToBCckom 3anmBe u okTsiope 2020 r. B ceBepo-BOCTOYHOM YacTu
BapeHueBa Mops. YCTaHOBMEHO, YTO MpW COMOCTABUMBIX 3HAYEHUSX YMCHEHHOCTH,
Ouomaccbl 6aKkTepuonnaHKTOHa B OTKPbITHIX BOAAX OblM HECKONMbKO BbILLE,
yem B nNpubpexHbix. [nana3oH konebaHnit YNCNEHHOCTU M Buomacchl cocTaBun,
COOTBETCTBEHHO, (148-717)-103 kn/mn n 7.26-29.07 mr/m3 (MoToBCKMIn 3anuB),
(170-957)-10% kn/mn n 9.71-51.39 wmr/m3 (ceBepo-BOCTOYHAsA 4acTb MOpS).
MakcumanbHble 3Ha4YeHns nokasatenen Habnoganucs B cnoe 0-50 M, MUHUManbHbIE —
B MPWAOHHOM CII0€ PalioHOB KCCrenoBaHni. [onyyeHHble faHHbIe NO3BONSIOT AOMOMHUTL
UMeroLLMecs NpeacTaBneHns 0 pasBuTUM WU pacnpefeneHn 6apeHLeBOMOPCKOro
BaKTepMONaHKTOHa B OCEHHWI CE30H.

Knroyesnie crnosa: b6akrepronnaHkToH, MoToBCKuiA 3anmB, bapeHLeBo Mope.

A.V. Vashchenko
Murmansk Marine Biological Institute RAS, Murmansk, Russia

AUTUMN BACTERIOPLANKTON OF THE OPEN WATERS AND COASTAL
PART OF THE BARENTS SEA

Abstract

The paper presents the results of microbiological studies carried out in the Motovsky
Bay (2017) and the northeastern part of the Barents Sea (2020) in October. It was
shown that, with comparable values of abundance, the biomass of bacterioplankton
in open waters was slightly higher than in coastal waters. The quantity was
148-717 thousand cells/ml in Motovsky Bay and 170-957 thousand cells/ml in the open
water area. The biomass was 7.26-29.07 mg/m3 in Motovsky Bay and 9.71-
51.39 mg/m? in the open water area. The maximum values were in the 0-50 m layer,
the minimum - in the bottom layer in both areas. Those results supplement the existing
understanding of bacterioplanktons development and distribution in the Barents Sea in
the autumn season.

Keywords: bacterioplankton, Motovskiy Bay, the Barents Sea.
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B apkTuueckux skocucTeMax 0aKTEpUOIJIAHKTOH UI'PAET KIOUYEBYIO
poJib B OanaHce BelecTBa U SHEpruu. bakrepun MUHEpaIU3yl0T OpraHuyeckoe
BEIIECTBO, 00pa3ysi COEAMHEHUS OMOTEHHBIX AJIEMEHTOB, KOTOpbIE AKTHBHO
ACCUMUIUPYIOTCS GUTOIUTAHKTOHOM (DKoiorus ..., 1990; Microbial ..., 2008),
KpOME TOI'0 OHM HCIOJIB3YIOTCS B IHILY FeTepOTPO(HBIMU KI'yTUKOHOCLIAMH,
uH(}Yy30pUAMHU, aNNEHAUKYISIPUIMHI, KOMENOAaMHU U JIMYMHKAMH JTOHHBIX
opranu3moB (Dxonorus ..., 1990; Vargas, Gonzailez, 2004). Hecmotps
Ha 3HAYUMOCTh MHKPOOPTaHU3MOB B TPO(HKE MOPCKHX IKOCUCTEM, OHU
710 CUX IIOP OCTAIOTCSI HEJOCTATOUYHO U3yYEHHBIM KOMIIOHEHTOM.

N3yuenue mukpoopranu3sMoB bapeHlieBa MOpsi UMEET AJIUTENIbHYIO
ucroputo. IlepBeie ynmomunanus otHocsTcss Kk Hauyany XX Beka (Mcauenko,
1914). HauGonee monHO W3ydeHBl mpubOpexuabie paiionsl (baiitasz, 1990;
Komnnekcuwiii ..., 1990; Temnumnckas, 1990; baiita3, baiitas, 1991;
[InankToH ..., 1997; baiita3, 1998; Benrep, 2013, 2019 u ap.), B To BpeMs Kak
TPYAHOAOCTYITHBIE BBICOKOIIMPOTHBIE 00J1aCTH, OCOOCHHO B OCEHHHUH TEPHO,
OCTaroTCsl HeuccaeaoBaHHbIMY (bakTepuoruiankToH ..., 2017).

Henp nanHOM pabOThl — U3YYUTh NPOCTPAHCTBEHHOE pacCIpelelieHUE
KOJIMYECTBEHHBIX XapaKTEPUCTUK OaKTEPUONMIAHKTOHA U €ro pa3MepHO-
MOP(OJIOTHUECKYIO CTPYKTYPY B OCEHHHM mepuo] B ipudpexxkHoit (MoToBckuit
3aJIUB) U OTKPBITOM YacTu (CeBepo-BOCTOK, paiioH 3emun Dpanna-Hocuda)
bapenueBa mopsi.

BapennieBo Mope OTHOCHTCS K HIENb(OBBIM apKTUYECKHUM MopsiM. Ero
BaXHOW OCOOEHHOCTBIO SIBJIIETCS MPOHUKHOBEHHE ATJIAHTUYECKUX BOJ Yepe3
3anagHyo rpanuny mops (Boast ..., 2016) npu oAHOBPEMEHHOM MOCTYIUIEHUN
xonoaubix Boa CeepHoro JlemoBHTOro okeaHa C ceBepa Mo 00e CTOPOHBI
3emnu @panna-Mocuda ([Tanuenko, 1991). Ocenvio Ha ceBEpO-BOCTOKE
bapenneBa mops Temmeparypa BOJBl OT HEOOJBIINX IMOJIOKUTEIbHBIX
3HAaYeHUH Ha NMOBEPXHOCTH MOHMXaeTrcs nmpumepHo ao —1.7 °C y naHa
(dobpoBonbckuit, 3anorus, 1982).

MOTOBCKMI 3aIUB OTHOCHTCA K OTKPBITOMY THIy, TJA€ COXPaHAETCs
TUIIMYHO MOPCKOM TepMoxannHHbIN pexuM (IIepuesa, 1939).

Matepuan u Meroabl. CO0p MaTepualia OCYLIECTBIAJICS B XOJ€
skcnenuimit Macrutyra nHa HUC “lansaue 3enenusr” 29, 30 oktabps 2017 1.
B MotoBckoMm 3anuBe (Tpu craHiuu) U 9, 10 oktsa6ps 2020 r. B OTKPHITOH
CeBEepO-BOCTOUHONM uacTu bapeHneBa Mops (TpU CTaHIMH, MEXIy 3emiei
®panna-Hocuda n Hosoii 3emuneit) (puc. 1). IIpoObl oTOMpamu no craHAapTHBIM
ropuzontam (0, 10, 25, 50, 100 m, gHO) 6aTomerpom Huckuna.

V3MepeHust OCHOBHBIX OKeaHOTpahUIeCKUX MapaMeTpoB MOPCKON Cpeibl
npoBoamwinch mMetoaoM CTD-mpodunupoBanus ¢ momoibio 30H1a SBE
19plus V2 SeaCAT.

YucneHHOCTh M OMoMaccy OaKTepHOIUIAaHKTOHA OINpPEAeIIsid METOI0OM
IPSIMOTO CYETa C MCII0JIb30BAaHUEM sZIepHBIX GpUIbTpoB (AuameTp mop 0.2 MKM)
u kpacurenss DAPI (Porter, Freig, 1980). IIpenapatsl mpocMaTpuBaiu
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o snudayopecieHTHRIM MUkKpockonoM Olympus BXS53 mpu ys. 1000.
Jlig aHanu3a JMHEWHBIX pa3MEpoOB KIETOK U MX YHCIEHHOCTH MPUMEHSUIN
nporpammuoe obOecneuenue CellSensStandart. [Tomumo 3toro, omnpenensiu
pa3MepHo-Moposiornueckuii cocraB 0akTeproriankTona. [Ipu yctanoBneHumn
KOPPEISLHOHHBIX 3aBUCUMOCTEH MEXIYy MmapaMeTpaMu OblI UCIOJIb30BaH
paHroBbIi K03 dunueHtT xoppensiuun Crnupmena u U-kpurepuiit ManHa—
YutHu 1715 ypoBHA 3Hauumoctu p < 0.05.
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Puc. 1. Kapra-cxema pacnojioxkeHusi CTaHIME 0TOOpa mpoO BOABI B pailoHax
nccnenoBanuii B oktsi0pe 2017 u 2020 rr.

Fig. 1. Map of the water sampling stations location in the research areas
in October 2017 and 2020

Jns aHanu3a ObUTM TOCTPOEHBI TpaMKU BEPTUKAIBHOTO pacHpeiesiCHusI.
WuTepnonsiys BeioHEHa MeTo/1IoM Kpurunra ¢ ucrosib30BaHHEM ITPOrpaMMbl
Golden Software Surfer 13.

PesyabTarbel u o0cy:xkaenue. [lo nanaeim CTD-30HaupoBanus,
Temneparypa Box B MoToBckoM 3anuBe (ctaHiuu 6, 8, 9) uzmensiach ot 3.9
no 7.1 °C, B ceBepo-BocTouHOI yacTu bapenuesa mops (craniuu 10, 11, 13)

38



ot —1.7 mo 0.9 °C, muama3oH COJEHOCTH COCTaBHJI, COOTBETCTBEHHO, 33.92—
34.45 u 33.49-34.84 %o (puc. 2).

Howmep ctaHuum Homep cTaHuumu
8 8

ny6una, m

T,°C

myBuna, m

T T I I
0 40 80 120 0 40 80 120
PaccToaHue, kM PaccTonue, km

Puc. 2. BepTukaneHoe pacrpeziefieHHe COJICHOCTH U TeMIeparypsl B MOTOBCKOM
3anmBe B okTsA0pe 2017 1. (A, B) m ceBepo-BocTOUHOW uyacTtu bapeHieBa mops
B okTsi0pe 2020 1. (B, I')

Fig. 2. Vertical distribution of salinity and temperature in the Motovsky Bay
in October 2017 (A, B) and in the north-eastern part of the Barents Sea in October
2020 (B, I

B okrts0pe 2017 r. B MOTOBCKOM 3ajMB€ NMUKHOKJIMH OTCYTCTBOBAJ,
B ceBepo-BOCTOUHOM vactu bapenneBa mops 2020 r. oH oTMedalics Ha BCeX
CTaHIUX, 0JfHaKo Ha cT. 10 oH pacnonaraincs Ha riyoune 40-50 m, Ha cT. 11 —
30-45mM,aHact. 13 —25-40 m.

KonuyecTBeHHbIE XapaKTEPUCTUKU OaKTEPHOIUIAHKTOHA Ha MCCIIEyeMbIX

HaMM aKBaTOPHSIX MPECTaBICHBI B Ta0IUIax 1 1 2.
Tabnumoa 1

39



Yucaennocts (IV), ouomacca (B) u cpeanuii 00bem kiaeTok (V)
0akTepuoIIaHKTOHA B MOTOBCKOM 3ajiuBe B OKTsI0pe 2017 r.
Table 1
The values of the abundance (/V), biomass (B) and the average cell volume (V)
of bacterioplankton of the Motovsky Bay in October 2017

Cranuus | Topusonr, M [ N, -10° k/mn | B,mr/™m® [ B,mrC/m® |V, Mkm®
399 12.38 3.93 0.031
10 421 21.11 5.85 0.050
25 538 24.55 6.99 0.046
50 509 26.59 7.29 0.052
100 324 19.72 5.18 0.061
242 (o) 148 7.26 2.02 0.049
8 0 413 10.05 3.40 0.024
10 409 14.53 4.43 0.036
25 715 27.34 8.17 0.038
50 610 28.17 7.99 0.046
66 (1H0) 684 28.92 8.41 0.042
9 0 611 29.07 8.18 0.048
10 382 14.28 4.30 0.037
25 577 22.08 6.60 0.038
50 717 27.68 8.26 0.039
100 198 8.78 2.51 0.044
129 (o) 218 8.47 2.50 0.039

Tabnuma 2
Yucaennocts (IV), omomacca (B) u cpeanuii 00bem Ki1eTok (V) 6akTeproIIaHKTOHA
B CeBepPO-BOCTOYHOM yacTn bapeHueBa mops B oxkrsiope 2020 r.
Table 2
Values of the abundance (/V), biomass (B) and average cell volume (V)
of bacterioplankton in the north-eastern part of the Barents Sea in October 2020

Cranmms | Topusont, M| N, -10°w/mn | B,mr/m® | B,mr O | 7, mxw®

10 0 333 11.72 3.57 0.035
10 601 18.33 5.83 0.030

25 493 17.69 5.38 0.036

50 957 41.72 12.02 0.044

100 346 20.18 5.36 0.058

366 (nHO) 367 11.41 3.62 0.031

11 0 692 51.39 12.48 0.074
10 925 24.80 8.14 0.027

25 406 10.12 341 0.025

50 748 24.77 7.71 0.033

100 379 16.32 4.68 0.043

225 (mHO) 233 12.82 341 0.055

13 0 505 16.32 5.11 0.032
20 692 24.14 7.39 0.035

50 435 36.90 8.46 0.085

100 218 13.88 3.59 0.064

203 (mHO) 170 9.71 2.59 0.057
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B Bomax MoOTOBCKOTO 3aiiBa JMana3oH YMCICHHOCTH OaKTepuil cOCTaBUII
(148-717)-10* xn/mn, 6momaccel — 7.26-29.07 wmr/m>. MakcumanbHbIE
MOKa3aTeJ KOJWYECTBEHHBIX XapaKTEPUCTUK BbIsABIEHBI B ciaoe 0—50 M,
MUHHUMAaJbHbIE — MPEUMYIIECTBEHHO B NMPUAOHHOM. VcKkiatoueHueM Oblia
cT. 8, rae HabdOIaNOCh JOCTATOYHO PaBHOMEpPHOE paclpejiesieHue
OakTepuoruiankToHa. Crenyer OTMETUTb, YTO JaHHas CTAaHLUS SBIISETCS
MenkoBogHoOU (66 M). Cpennuil o0beM kiieTok Bapbuposan ot 0.024
10 0.061 Mxm®. MakcUMyM ero 3Ha4yeHMi NMpUXOAMIcS Ha ropu3oHTH 0, 50 u
100 M, muaumyM — Ha 0 1 10 M. B 11e710M B BOJTHOM CTOJIOE KPYITHBIC KICTKH
HAXOMWJIUCh Ha OOnpmuMX TiyOmHax, deM Meinkue. OOBeMBbl KIETOK
0aKTEepUOIIAHKTOHA HAa BCEM yYacTKE MCCJIEIOBaHUM, BHE 3aBUCUMOCT U
OT TOPU30HTA, PA3INYAINCh He OoJiee ueM B 2 pasa.

B ceepo-BocTouHOM yactu bapeHueBa Mopsi Quana3oH YMCICHHOCTH
6axtepuii cocrasun (170-957)-10° xn/mn, 6uomaccsl — 9.71-51.39 mr/m>.
MakcuMyM YHCIEHHOCTH M Oumomaccel HaOmronancs B cimoe 0-50 M.
MuHuManbHBIX 3HAUYCHUH MOKa3zaTelu AOCTHUTald MPEUMYIIECTBEHHO
B npuioHHOM cioe. Cpenuil 06beM KineTok Mensiucs ot 0.025 1o 0.085 mxm>.
3aKOHOMEPHOCTEl B €ro M3MEHEHHH C T[IIYOMHON HE OTMEYEHO, MPU 3TOM
KJIETOYHBIE 00BEMBI pa3Inyainch He OoJee yeM B 3 pasa.

CooTHomeHHEe pazMepHO-MOP(OIOTHUECKUX TPYHIT MPEICTABICHO
B Tabm. 3.

Tabaunma 3
Hoast pazmepHo-Mopgosiorudeckux rpynn daxkrepui
B 00111€eil YMCJIEHHOCTH 0AKTEePUOIIAHKTOHA, %
Table 3
The proportion of size and morphological groups of bacteria
in the total number of bacterioplankton, %

Paiion Menxkue knetku | KpymnHble k1eTku | ArperupoBaHHbIE
(<2 MxMm) (= 2 MxMm) (hopMBI
MoToBCKHIi 3aJIHB 99.62 0.13 0.25
CeBepo-BOoCTOYHAS 4aCTh 98.72 0.64 0.64

Bapenuesa mops

B coctaB GakTepuanbHBIX COOOIIECTB aKBATOPUN BXOAMIU OJMHOYHBIE
KJIETKH (MEJIKHE ¢ pa3MepoM MEHbIIEe 2 MKM M KpYyIHbIE OOoJIbIlIe 2 MKM) U MX
arperupoBaHHble popMbl. [Ipr 3TOM MenKHe KJIETKH COCTaBIsUIA OOJIBIIMHCTBO
B oOmiel yuciaeHHOCTH OakTepHil, MPOLIEHT KPYNHBIX U arperupoBaHHBIX
dbopm, kak mpaBmiio, He nipeBbiman 0.64. B MoToBckoM 3aiuBe YHCICHHOCTD
arperupoBaHHbIX (POPM IpeBbIIIana KOJMYECTBO KPYIHBIX KIETOK, B CEBEPO-
BOCTOYHOM yacTu bapeHiieBa MOpsi KX COOTHOILIEHHE ObLIIO PABHBIM.

OCHOBHBIM HCTOYHHUKOM OPTaHWYECKOrO BEIEeCTBa s OaKTepHOIUIAHKTOHA
aBisieTcsd (UTOIMIAHKTOH, OOMIME KOTOPOTO MOKHO KOCBEHHO OLIEHUTH
M0 KOHIIEHTPALMH XJIOpOpHILIA a.
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B MortoBckom 3anuBe B okTs0pe 2017 r. pacnpenenenue xjaopoduiuia
OBUIO OTHOCHTENFHO PAaBHOMEPHBIM, IOKA3aTelNH HAaXOAWJINCh B HMHTEpBaje
0.22—0.37 Mr/M®, IpH 3TOM MaKCUMyM OTMEYEH B NOBEPXHOCTHOM CIIOE,
MUHUMYM — B IpuJoHHOM (BononbsHosa, lyxHo, 2018).

Panee ycraHoBieHO, YTO KOHILEHTpalus xjopoduiia ¢ B OCCHHUH
nepuoa Ha axBatopuu oT 3emnu Dpanna-Mocudpa no Hosoit 3emiuu
cocrasiser ot 0.20 10 0.70 mr/m® (Benepuuxos, Iarapun, 1998).

Takum o0pa3om, KOHIEHTpamus xjJopoduiuia Ha 000MX ydacTKax
akBaTopuu bapeHlieBa MOps COOTBETCTBYET MEPUOIY, KOTJa BereTaus
(UTOIUIAHKTOHA IEPEXOAUT B CBOIO 3aBEPILIAIOIIYIO CTAIAMIO.

B cBsi3u ¢ oTcyTCTBHEM CBEICHHI 10 OaKTepUOIIAaHKTOHY MOTOBCKOTO
3aJIMBa CPABHHUM IOJTYYCHHBIC HAMH JIAHHBIC C TAKOBBIMH JIPYTHX MPHOPEIKHBIX
parioHOB (Tabx. 4).

Tabnuma 4
Yucaennocrs (V) u 6uomacca (B) 6akTepHoONIaHKTOHA
NpUuOpesKHbIX U OTKPBITHIX BoA bapenuesa mops
Table 4
Values of the abundance (V) and biomass (B) of bacterioplankton
for coastal and open waters of the Barents Sea

N, B, JIutepatypHslii
Tepuon 10° /M| mr/m? HCTOYHHUK
I'y6a 3enenernkas ([lanpHe3eneHEKas)
OxT0ps—HOsI0ps 1983—-1989T. 558 179  baiiraz, 1998
OxTs10pp—HOsI0ps 1984 1. 325-668 213-439 Temmnckas, 1990
Cents6ps 1989 1. 500-800 - Kommnnekcuslii ..., 1990
OxTs106ps—HOs0pE 2017 T. 700 36  Benrep, 2019

CeBepo-BocTOYHAS YaCTh MOPS
Cents10pp—oKkTs10ps 1998 1. 10-240 2-50  Muxkpobuonorudeckue ..., 2000

[TonydyeHHble HaMU pe3yNbTATHI JUIsl OAKTEPHOIUIAHKTOHA MPUOPEKHBIX
BOJI COMOCTaBUMBI C paHee OMYyOJMKOBAaHHBIMH IO YHCIEHHOCTH, HO UMEIOT
BEChbMa CYILIECTBEHHBIE PAaCXOXJAECHUS 10 OromMacce. ITo, B MEPBYIO OUEpelib,
MOJKET OBITh CBS3aHO C OCOOEHHOCTBIO METOJMKU OKpalluBaHHs OaKTEepHi.
[Ipu sTOM naHHbIe, Moay4YeHHBbIE I MOTOBCKOIO 3a1MBa U ry0Obl 3ejeHerKas
oceHpr0 2017 r., NEMOHCTPUPYIOT MaKCHMalbHOE CXOJACTBO, 4YTO
CBHUJIETEIBCTBYET O €IMHOOOpa3WM YCIOBHI, HAOIIONABIINXCSA B OCCHHUU
MIEPHOJ] HA PaCCMATPUBAEMBIX aKBATOPHSIX.

B ceBepo-BocTouHOM yacTu bapenmea mops B okTsiope 2020 r.
YHUCJICHHOCTh ObUIa B HECKOJBKO pa3 BhIIIE, YeM OTMEUYEHO B Ooyiee paHHHUX
ucciegoBaHusAX, a Omomacca — comoctaBuma. B TOo xe BpeMs
3apeTUCTPUPOBAHHBIE HAMH MOKa3aTeNN YHUCICHHOCTU OakTepuil OIM3KHU
K TakoBbIM JeTHero nepuoga 2009 u 2010 rr. B OTKpHITOM 4YacTH MOpS
(apxunemnar 3emius @panna-Hocuda; Benrep, 2011).
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Jlis u3ydeHus: 3aKOHOMEpPHOCTEH IMPOCTPAHCTBEHHOI'O paclpeiesieHus
0aKTepHOIUIAaHKTOHA B TOJIIE BOJABI ObLTa BHIIOJTHEHA WHTepHoysnus. Ee
pe3yNbTaThl MIPEICTABICHBI Ha puUC. 3.
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Puc. 3. PacnpeneneHnue 4HCIEHHOCTHM M Ouomacchl OaKTE€pHOIUIAHKTOHA
B MotoBckoMm 3ammBe B OKkTsiOpe 2017 1. (A, b, B) m ceBepo-BocTouHO# YacTh
Bapenmnesa mops B oxTsiope 2020 r. (I, I, E)

Fig. 3. Distribution of quantity and biomass bacterioplancton in the Motovsky
Bay in October 2017 (A, b, B) and in the north-eastern part of the Barents Sea
in October 2020 (T, A, E)

B MoToBCcKkOM 3anuBe BBICOKHE KOHLEHTpALUU OakTepuil OTMEYauCh
B BepxHeM 100-merpoBoM ciioe, cHWXeHHue 3HaueHuil — oT 100 M u riyGxe.
B ceBepo-BOCTOYHOH yacTu MoOps pachnpejeneHne O0aKTepHOIJIaHKTOHA
ObUIO MO3aMYHBIM, BBICOKHE 3HAUEHHs YMCICHHOCTH M OMOMAacChl OTMEUEHBI
Ha pa3InYHbIX [TyOMHAX.

KoppensaionHslil aHami3 mokasan OTCYTCTBHE CBSI3M MEXAY OakTepusiMu
1 (aKTOpaMu CpeJibl.

CornacHo aHaJM3y YUCIEHHOCTH U OMOMacchl OakTepuil B MpUOpPExKHON
U OTKPBITON 4acTAX Mops 1o U-kputeputro MaHHa—YUTHU OHU IIPUHALIEKAT
OJIHOM M TOU K€ T€HEPAIILHON COBOKYITHOCTH.

3akawuenue. KonuuecTBeHHbIE MOKa3aTreau OaKTEpHUOIIaHKTOHA
MOTOBCKOro 3al1MBa U CEBEPO-BOCTOYHOM YACTH MOpPs COOTBETCTBOBAIHU
3HA4YEHMSM, YCTAaHOBJIEHHBIM paHee Uil oceHHero nepuona. Ilpm stom
3HA4YEeHUs] YMCIEHHOCTH OaKTepHil KaK OTKPBITBIX, TaK M MPUOPEKHBIX BOJ
ObUIM COMOCTaBUMBI, OMOMAacChl HE3HAUUTEIbHO OTINYAIUCH, UMesl OOJbIINe
3HAYEHUsI B OTKPHITHIX BoJgax. OCHOBHas 4YacTh OaKTEpHOIJIAHKTOHA
CKOHIICHTPUPOBaHA B BEPXHUX CJIOSIX BOJHOM TOJIIIH.
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B GakrepuoneHo3ax rnpeodiiagani MeIKue OJUHOYHBIE KIIETKU Pa3MepoM
< 2 MKM, HX J0JIsI cOcTaBuiIa cBhiie 98 % B 00IIel YNCICHHOCTH.

Pabota BeimmoaneHa o teme 9-17-01 (133) “OcobeHHOCTH OpraHU3aAlNH
APKTUYECKUX IJIAHKTOHHBIX COOOIIECTB B YCIOBHUSAX COBPEMEHHBIX
ximMarndeckux u3MmeHennii (bapenneso, Kapckoe mops u mope JlanteBbix)”
(N2 0228-2019-0003) B paMKax ToCyJapCTBEHHOT'O 3aaHMsl.
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MypmaHckuin mopckoii ruonornyeckuin nHeTuTyT PAH, r. MypmaHck, Pocens

BUPWO- N BAKTEPMOMNAHKTOH BAPEHLEBA MOPSI B OCEHHWIA NEPUOL,

AHHOTaUMA
B oceHnuin nepuog 2011, 2015 rr. B Bogax bapeHueea mops nccnegoBaHbl CoobLecTBa
BMPYCOB W GakTepui, OnpeaeneH WX KONMYEeCTBEHHbI COCTaB M M3yYeH xapakTep
pacnpegenexns. MNokasaHo, 4To pacnpedeneHne Bupuo- 1 GakTepuonnaHkToHa UMeno
BbIPAXXEHHYID 30HANLHOCTb, 0OYCMOBMEHHYIO, NPEANONOXMTENBHO, NOBbILIEHHBIM U
KOHLIEHTPaLMAMI OpraHM4eckoro BellectBa B 6onee NpogyKTUBHBIX MPUOPEXHbIX W
aTnaHTUYeckux BoAax, Yem B apkTuyeckux. B ceHTsbpe 2011 r. konmyecTBoO BUPYCOB
konebanock ot 0.6 4o 46.7 MIH YyacTuu/mn, npe.billas TakoBoe 6akTepuin B CpegHem
B 5 pa3. YncneHHocTb BakTepronnaHKToHa nameHsnack B npegenax 0.3-2.9 MnH kn/mn,
Buomacca — 4.1-35.1 mr C/m3, cpegHuit 06bem knetok — 0.030-0.115 mkm3. B Hosibpe—
pexabpe 2015 r. obunme Bupycos cocTaBnano 0.3-6.4 MAH YacTUWMN W KOMMYECTBEHHO
NPeBOCXOANIIO CBOMX X035eB 6akTepuin B cpegHeM B 18 pas. YncneHHocTb 1 bruomacca
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Bakrepuin cootsetctBoBana 0.02-0.3 mnH kn/mn u 0.3-2.7 mr C/mM3 npu cpegHem
obbeme knetok 0.013-0.068 mkme. YCTaHOBMEHO, YTO YPOBEHb PA3BMTUS BUPKO- W
DaKTepronnaHKTOHa CyLYECTBEHHO CHUXAETCS K NO34HEOCEHHEMY NEPUOAY.

Kntoyeenle cnosa: BUp1onnaHKToH, GakTepuonnaHkToH, bapeHueso Mope.

M.P. Venger
Murmansk Marine Biological Institute RAS, Murmansk, Russia

VIRIO- AND BACTERIOPLANKTON OF THE BARENTS SEA IN THE AUTUMN

Abstract

In the autumn period 2011, 2015 in the waters of the Barents Sea, the communities
of viruses and bacteria were studied, their quantitative composition was determined, and
the nature of their distribution was studied. It was shown that the distribution of both
virio- and bacterioplankton had pronounced zoning presumably due to increased
concentrations of organic matter in more productive coastal and Atlantic waters
compared to the Arctic. In September 2011, the number of viruses varied from 0.6
to 46.7 million particles/ml, exceeding the abundance of bacteria by 5 times an average.
The quantity of bacterioplankton varied within 0.3-2.9 million cells/ml, biomass —
4.1-35.1 mg C/m3, with a range of mean cell volumes of 0.030-0.115 ym3. In
November-December 2015, the abundance of viruses was 0.3-6.4 million particles/ml
and quantitatively exceeded their bacterial hosts by 18 times an average. The quantity
and biomass of bacteria varied within 0.02-0.3 million cells/ml and 0.3-2.7 mg C/m?,
with a range of mean cell volumes of 0.013-0.068 um?. It was found that the level
of development of virio- and bacterioplankton significantly decreased by the late autumn
period.

Keywords: virioplankton, bacterioplankton, Barents Sea.

C HacTyImJIEHHEM OCEHHU B apKTUUECKHX MOPSAX CHHUXKAETCS YpPOBEHb
MHCOJISILIMY, YTO MPUBOJUT K 3aMEJICHUIO aBTOTPO(HOI0 CHHTE3a OPraHMYeCKOro
BEILIECTBA, [IO3TOMY B JKOCHCTEMAax Iejlarnald Ha4MHAIT JOMHHUPOBATh
JNeCTPYKLUHOHHBbIE ITporiecchl. OCHOBHAsI 4acTh 3THX IPOLECCOB NPOTEKAET
MpU Y9aCTUU TIpeJCTaBUTENe MHKpOOHOW mmiieBoir cetn. CpaBHUTEIHHO
HEJ0CTaTOYHAs! U3YYEHHOCTh €€ HauboJjee MacCOBbIX KOMIIOHEHTOB — BUPYCOB
u OakTepuil — B ceBepHBIX Mopsix Poccum o0ycioBuiIa akTyaJlbHOCTh HAIIUX
HUCCIeJOBaHUH.

Hens paGoTsl — aHAIU3 KOJMYECTBEHHBIX XapaKTEPUCTHUK BUPHO-
1 OaKTEepHUOIUIAHKTOHA U 0COOEHHOCTEN UX pacipeeneHus B Bojgax bapeniesa
MOpSI B OCCHHUH MEPUO/I.

Matepuan Obul coOpaH B KOMIUIEKCHBIX JKCHEAUIMSIX MypMaHCKOTO
MOPCKOT0 OMOJIOTMYECKOr0 MHCTUTYyTa Ha paspese “Kosbckuit mepunuan”
B ceHtsOpe 2011 r. u HosOpe—nexabpe 2015 r. (pucyHok). IIpoOsl BoabI
OTOMpaIM MO CTaHJAPTHBHIM TOPU30HTaM IUIACTMKOBBIMHU Oaromerpamu Huckuha,
yCTaHOBJIEHHBIMH Ha cucteme Rozett. [t n3mMepenust riryOuH U TEPMOXATHMHHBIX
xapakrepuctuk ucnoiab3zoBaiu CT/I-3ou1 SBE 19plus V2 SeaCAT.
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[Toncuer BHPYCHBIX YacTUIl M OAKTEPHAIBHBIX KIETOK OCYIIECTBIISLITH
CTaHJAPTHBIM METO/IOM 3MHU(IYOpPECIEHTHON MUKpOcKonuu. YnciaeHHocTs (V)
U pasMepsl KJIeToK (V) OakTepuOIIaHKTOHA OIPEAeNsIn C ITOMOIIbIO
dbayopoxpoma DAPI (Porter, Feig, 1980) u ¢unsrpos OUAN (r. JlyOHa)
¢ auametrpom 1nop 0.2 MKM, KOJIMYECTBO BUPYCOB — C IMOMOIIBIO (IyopoXpoma
SYBR Green I u ¢punsrpoB Anodisc (“Wathman™) ¢ auamerpom nop 0.02 MM
(Noble, Fuhrman, 1998). bakrepuanbuyto 6uomaccy (B) paccuuTbiBaIu
B yriiepoanbix eaununax (Norland, 1993).

KonndecTBO KOHTAKTOB MEXIYy BUPYCAaMH U OaKTEPUSMHU PACCUUTHIBAIIN
no ¢popmyne (Marray, Jackson, 1992)

R =Sh2nwD\VP,
rne Sh — uucno llepByna (ucnonbs3oBanu BenuuuHy 1.01, mpuHuMaemMyro ais
HEMOJBMXHBIX OaKkTepuil); w — nuaMerp OakTepuaibHOU KieTku; V' u P —

YHCJIEHHOCTh BUPYCOB U OakTepuil COOTBETCTBEHHO; Dy — nuddysus
(pacmpocTtpanenue BupycoB). Juddy3uto onpenemnsiam no ypaBHEHUIO
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D, = kT ’
3mpd,

rie k — xoncranTa Bomsrmana (1.38:1072 x/K), T — Temmeparypa in situ
B rpagycax KenbBuHa, |L — BA3KOCTb BOABI, dy— JUaMETP BUPYCHOT'O KalCHJIA.

[Ipu cratrcTryeckoil 00pabOTKE MaTeprana UCIIOIb30BaIM METOJ PAHTOBOM
koppensiuuun CniupMeHa st pacdyera rs U U-xkputepuilt ManHa—YUTHHU.
JocToBepHbIMU cunTaiu paznnuus mpu p < 0.05.

B cooTBercTBUM C qrana3zoHaMy BHYTPUTOJOBBIX U3MEHEHUN TeMIepaTyphl
U COJIEHOCTH pa3iuyHbIX TUNOB BoJ bapenueBa mops (Boxbr ..., 2016)
Ha W3YYEHHOW aKBaTOPUHU OBUIO BBIICICHO TPU YYacCTKA: FOXKHBIM, 3aHSATHIN
Bogamu mpudpexps (34.24-34.78 %o), LEHTpaIbHBII — BOJaMH ATIAHTUKH
(34.72-35.08 %o), ceBepHBI — MOJAPHBIMU BOJAMU CMEIIAHHOTO TeHEe3Hca
(33.60-35.01 %0), kOTOpBIE 1ajiee B TEKCTE Ha3bIBaeM apKTUUECKUMHU (Tadu. 1).
Heobxomumo oTMeTHTh, 4TO 00a ro/ia UCCIeIOBAaHUH OTHOCHIIMCH K aHOMAIIbHO
TETUJIBIM M XapaKTEPU30BAIUCH MOBBIINICHHBIMU TEMIEpAaTypaMu BOJBI U
BO3/yXa, a TaK)Ke MaJoi JienqoButocThio (Tpodumos u ap., 2018).

Tadbaunpga 1
TepmoxannHHasi XapaKTePUCTHKA BOAHBIX Macc bapenuesa mopst
Table 1
Thermohaline characteristics of the water masses in the Barents Sea

Boxmas macca HOMepevL ['myOuHa, TeMn%paTypa, COJ‘IGOHOCTB,
CTaHIAN M C %0
Centsi6pp 2011 1.
[Tpubpexxnas MmypMaHcKast 14 0-25 8.9-9.0 34.24-34.43
50 6.2-7.5 34.50-34.67
100-261" 2.5-5.3 34.65-34.78
ATnaHTHYeCKas 6-14 0-25 6.3-8.6 34.72-34.99
50 4.4-6.9 34.98-35.08
100-297" -0.6...5.0  34.91-35.08
ApxkTHueckas 15-18 0-25 0.7-4.3 33.60-34.02
50 -1.6...—1.1 34.33-34.46
100 -0.9...-0.6  34.49-34.64
156"~190" 0.8-1.4 34.90-34.95
Hos6pp—nexabps 2015 1.

[TpubpexxHas MmypmMaHcKast 3 0-25 6.8 34.43

50 6.8 34.43
100-200" 3.3-6.5 34.62-34.65
ATnaATHdeckas 58, 60 0-25 3.2-6.5 35.02-35.05
50 3.1-5.2 35.01-35.04
100299 1.0-5.2 35.01-35.04
ApkTHuecKas 14,15, 17, 0-25 -1.2...2.2 34.08-34.75
19, 21 50-70 -09...22  34.11-34.75
100 -0.1...2.1 34.61-34.76
150*-212° 0.8-1.9 34.80-35.01

*
HpI/I,Z[OHHBIe BOJBI.
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["o0BoI 1MKIT THAPOIOrHYEcKOro peskuma bapeHiieBa Mopsi opasienseTcs
Ha YETBIpE CE30HA, B TPAHUIIAX KOTOPHIX CEHTSIOph OTHOCUTCS K Hadamy
OCEHHEro Ce30Ha, HOSOpb—/IEeKaOph — K €ro OKOHYAHWIO M HAYally 3UMBI
(IHaBbikun, Unbun, 2010). TIpogomKuTeaIbHOCTh CBETOBOIO JHSI B T'PaHHUIIAX
paspesa “Konbckuii Mmepuauan™ B ceHTsi0pe 2011 r. cocraBisna okono 12 u,
B HOsiOpe—nekabpe 2015 r. — cHmwkanack 10 3 4 Ha caMO#l FO)KHOW CTaHIUH,
a ceBepHee Hee MCCIEJOBAHUS BBINOJHSUINCh B YCJIOBUAX HACTYMUBIIEH
MOJIIPHOM HOYM.

B cenrs6pe 2011 r. uyncieHHOCTh BUPYCOB u3MeHsmachk oT 0.6
n0 46.7 MIIH 4acTHUI/MJI, TIPEBBINIAs TaKOBOE OakTepuil B cpeaHeM B 5 pas.
PaccuntanHOe KOJIMYECTBO KOHTAKTOB MEXIy HHMMHU coctaBisuio 0.4—-143.3
(B cpegnem 12.7) B cyTku. MHUHHMaJIbHOE KOJMYECTBO BUPYCHBIX YaCTHIL
OTMEYEHO B apKTMYECKUX BOJAX, 1€ cpelHue 3HaueHus B cioe 0-50 m
U B NPUJOHHBIX BoJax ObuiM comoctaBUMbl (Talia. 2). B mpuOpexHbIXx u
aTJaHTUYECKUX Bogax B cioe 0-25 M KOHIEHTpaumus BUPYCOB ObLIa
MaKCHUMaJIbHOM, CHUXKAsICh ¢ TIIyOUHOH B cpeaHem B 3.3 pasa.

UucneHHOCTh OaKTepHOIIaHKTOHA M3MEHsIack B mpeaenax 0.3—
2.9 mMmH x1/ma, 6uomacca — 4.1-35.1 mr C/M>, cpemHuii 00BEM KIETOK —
0.030-0.115 mkm>. TloBbIlIEHHbIE BEIMYMHBI KOJNHMYECTBEHHBIX IOKa3aTeleil
BBISIBJICHHI B cj10€ 0—25 M, ¢ ri1yOMHON OHM CHIDKAQJIMCh U B IPUAOHHBIX CIIOAX
BOJI Ha UCCJIEJOBAHHON aKBaTOPUHU JOCTOBEPHO HE PA3IMUAIHCh MEXIY COOOIM.

B nos6pe—nexabpe 2015 r. obunme BupycoB coctaBisiio 0.3—
6.4 MJIH 9acCTHI/MJI ¥ TIPEBOCXOUIIO TaKOBOE OakTepwii B cpeaHeM B 18 pas.
KonunuectBo konTakToB n3Mensuiock ot 0.01 1o 1.4 (B cpennem 0.3) B TeueHue
CyTOK. MakcumanbHasi KOHLUEHTpaIUsi BUPYCHBIX 4YaCTHUIl HAOII0ganach
B AaTJIAHTUYECKHX BOJAaxX MO BCE€HM BOAHOW Tojume. MHUHUMaIbHBIMHU
3HAQUYEHUSIMU XapaKTEPU30BAINCH aPKTUUECKHE BOJIbI, 1€ KOJIMYECTBO BUPYCOB
¢ TIyOMHOI 10CcTOBEpHO CHIKANOCh B 1.3 pasa. [IpubpexHbie BOIbI 3aHUMAIN
MPOMEXYTOUYHOE TOJ0KEHUE — OOUINE BUPYCOB JOCTOBEPHO CHUXKAIOCH
K MPUIOHHBIM CIIOSIM B CPETHEM B 2 pasa.

Uucnennocts Oaktepuil coctaBimsuia 0.02-0.3 muH kii/mi, 6uomacca —
0.3-2.7 mr C/m® npu cpensem o6beme kimetok 0.013-0.068 mxm>.
B npubpexHbIX W aTIaHTHYECKHUX BOJAX KOJIHMYECTBEHHBIE MOKa3aTeNH
Mo Bced BOAHOUN ToOdIIE OBLIM OMHOPOIHBIMHU. [ITOTHOCTH CKOTIEHHSA
0aKTEepUOIIAaHKTOHA YMEHbBIIIAIACh K ApKTHUYECKUM BOJIaM, T/I€ YHCICHHOCTh U
Oromacca KJIETOK ObUTa Ha MOPSAOK HIDKE CPeIHUX 3HAUYCHHM, HaOJI01aeMbIX
Ha pa3pe3e. B apkTuueckux Bojgax UYHCICHHOCTh M OmMoMacca Oaktepuid
CHUJKAJIaCh C TIYOMHOW M JOCTOBEpHO oTiuyanack B ciosix 0-50 m u
MIPUIOHHOM.

[Ipu cpaBHEHNU MTOTYYEHHBIX TAHHBIX C IUTEPATyPHBIMU CBEJCHUSIMU OBLIO
BBISIBJIEHO, 4TO B ceHTs0pe 2011 r. Bupychl U OakTepuu MMeENH MOKa3aTelH,
CONIOCTaBUMBbIE C JeTHUMU. B nienTpanbHoil yactu bapenuesa mops (MIOHb—
urob 1999 r., aBryct 2010 r.) KOIMYECTBO OaKTEPHATBLHBIX KJIETOK M3MEHSIOCH
or 0.4 1o 4.1 mmH kin/mn, 6uomacca BapbupoBana oT 8.0 10 26.1 mr C/m°,
YUCIEHHOCTh BUPHUOIUIAHKTOHA cocTaBisna 1.7-35.8 muH dYacTtun/miu
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(Distribution ..., 2002; Bausuaue ..., 2016). lanupie B HOIO0pe—aekadpe
2015 r. comocTaBUMBI C pe3yibTaTaMH, MOJYYEHHBIMU 3UMOM B 30HE BJIMSIHUS
Mypmanckoro npubpexnoro teuenus — 0.2—0.7 mun kin/mn (ITnankron ...,
1997) m B Bojax 3amajgHOro yvacrtka bapeHueBa Mops, I'Zle€ YUCIEHHOCTD,
O6uomacca 1 cpeiHre 00beMbl OaKTepHAIbHBIX KJIETOK HAXOAUJIUCH B Ipe/esiax
0.3-0.6 v /M, 2.2-8.3 mr C/M® u 0.021-0.058 MKM® COOTBETCTBEHHO
(Benrep, 2020). O6wire BUPYCHBIX YaCTHIl B HAIIUX HCCICAOBAHHUAX HMMEJIO
0oJiee MUPOKUI qUana30H U HU3KNE MUHUMAJIbHBIC 3HAUCHUS, YeM B (eBpasie
B 3anuBe @panknuna (1.4-4.5 muH gactun/mu) (Wells, Deming, 2006)
U B CceBepHOM paiioHe bapeHiieBa mops B mepuoj okoHuaHus 3uMbl (0.9—
4.0 ma yactuny/mia (LLupokono6osa u ap., 2017).

[To ypoBHIO GakTepuanbHOro pa3BuTHs Tpodhudeckuit cratyc (Copokun
u 11p., 1996) GapeHI1eBOMOPCKUX BOJ CHUXKAJICS OT ME30TPO(HOTrO B CEHTAOpE
10 onurorpodHOro B HosOpe—aekalbpe, 4TO, BEPOSATHO, OOYCIOBIEHO
COCTOSIHUEM (PUTOIUIAHKTOHA — OCHOBHOTO ITOCTABIIMKA JIAOMJIBHOTO CyOCTpara
s Oaktepuil. B ceHTsOpe 3TO COCTOSHME OIEHUBAETCS KakK MpPelOCEHHEe
C cepuelt (akyJIbTaTUBHBIX BTOPOCTENICHHBIX MHUKOB pa3putus (II1aHKTOH ...,
1997). B 10kHBIX W IEHTpaIbHBIX paiioHax bapeHmeBa Mops Ouomacca
¢uroneHa B ceHTssOpe moxer pocturath 400—-500 mkr/n (bapman u np., 1990;
KysnenoB u ap., 1996). C Hos6ps no ¢deBpalip nerarudeckue aabroleHO3b
npeOBIBAIOT B CTAIWU TOKOS M XapaKTEPHU3YIOTCS HU3KHUMH TI0Ka3aTelsIMU
KOJIMYECTBEHHOTO pa3BuTHs. Tak B HOsOpe—nekadpe 2012, 2013 u 2015 rr. Ha
paspese “Konbckuit mepuauan’ ot 70 go 78° c. m. MakcUMalibHas Ouomacca
¢uTomnankToHa He nmpebiiana 1.14 mxr/n (Makapesuy, Oneiinuk, 2017).

AHanu3 Marepuaia, NOJy4YEHHOTO B XOJI€ JIBYX IKCHEAMIIMH, MO3BOJIMII
MpPOCIEeAUTh M3MEHEHHUS B CTPYKType BHUPHUO- U OaKTEpPUOIIAHKTOHA
bapenneBa mopsi. B centsiope 2011 r. moBbIIeHHOE COJEepKaHUE OaKTepuit
OBLIO XapaKTEepHO /sl BEPXHEro 25-MeTpoBOr0 CJOS MO BCEMY BOJIHOMY
npouiIo pa3pe3a, YUCICHHOCTh M OMomMacca OakTepuil CHMXXallach KO JTHY
B CpelHeM B 3 pa3a W MpeBbIlIaja aHaJOTHYHBIE BEIWYHHBI, MOJTyYEHHBIS
B Hos0pe—nexabpe 2015 r., korga OaKTEpUOIUIAHKTOH paclpeesiics
OTHOCUTEIBHO PAaBHOMEPHO B MPUOPEKHBIX M ATIAHTUYECKUX BOJAX,
B apPKTHYECKHX — MOKA3aTeJIM CHIKAITUCH HA TIOPSA0K BEIUYHH U JIOCTOBEPHO
yMmeHbIanuch oT 0-50 M K IpUIOHHOMY CJIOI0 B cpelHeM B 2 pa3a. B koHiie
OCEHHEro mnepuojaa, B Hos0pe—zaexabpe 2015 r., GakTepHOIIAHKTOH
HE JOCTUTAJl MHUHHMAJbHBIX 3HAUYEHUH, 3apEruCTPUPOBAHHBIX B TMPUIOHHBIX
BOJax B Hauvase ce3oHa 2011 r.

Hamu npoBeneHo cpaBHeHHE CpeIHUX 00bEMOB OaKTepHAbHBIX KIETOK.
B centsa6pe 2011 r. kiuetku Oaxtepuil Obutn kpynHee B 1.5-3.5 pasa, uem
B Hosi0pe—aexabpe 2015 r. [lomydeHHble pe3yabTaThl MOATBEPHKAAIOT, YTO
B HHU3KOMPOJYKTUBHBIX BOJAX MPeo0safaloT OaKTepHH OTHOCHUTEIHHO MAaJIbIX
pa3MepoB, TaKk Kak C YMEHbIIEHHEM OO0OBEMOB KIIETOK YBEIWUYHMBAECTCS
UX yAenbHas TMOBEPXHOCTh M, KaK CIJEJACTBUE, aKTHUBHEE MPOTEKAIOT
MeTtabonmueckue mporecco (baitrasz, 1990).
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Tabauma 2
KosnyecTBeHHAsI XapaKTepPHCTHKA
BHPHO- U 0aKTepHOILIAaHKTOHA B BapenueBom Mope

Table 2
Quantitative characteristics of virio- and bacterioplankton in the Barents Sea
['ryouna
Tapamerp Bognas 200 m—
Macca 0-25wm 50 M 100 MM | mpumoHHBIE
BOJBI
BupuonjiaHkToH
Centsi6ps 2011 1.
N, [Ipubpexnas 8.3+1.2 4.842.9 - 3.5+0.7
MJIH yacTAI/MII  ATiantuueckas 12.3+2.2 2.5+1.1 2.9+1.1 3.3+0.7
ApKTHUYeCKas 1.7+0.3 1.4+0.5 1.0+0.3 1.5+0.1
Hos6pp—nexadps 2015 1.
N, [IpuGpexnas 1.7+0.2 1.9 1.1 1.2
MJIH yacThui/Mil  Arimantuueckas  4.4+0.8 43+1.3 — 4.8+0.4
ApKTHUYeCKas 1.1+0.3 1.2+0.3 0.9+0.1 0.9+0.2

BbakTepHonJIaHKTOH
Centsi6ps 2011 1.
N, v /M [Ipubpexnas 2.0+0.1 1.2+0.3 0.6+0.04 0.5+0.02
Atmartudeckas  1.6+0.1 0.6+0.1 0.4+0.04 0.5+0.05

ApKTHUYeCKas 1.2+0.2 1.1+£0.5  0.4+0.002 0.5

B, mr C/m? [Tpubpexnas 25.0£2.2  14.4+0.04  7.9+0.8 5.9+0.5
Atmartudeckas 22.1+1.1 9.8+1.6 5.24+0.5 8.5+0.8
ApKTHUYeCKas 18.0+2.1 15.9+8.3 6.4+1.1 9.0

V, MkM® IIpubpexnas  0.043+0.002 0.046+0.016 0.053+0.014 0.048+0.006

Atnantuueckas 0.056+0.002 0.067+0.017 0.056+0.003 0.0714+0.008
Apxruueckag  0.059+0.003 0.056+0.002 0.062+0.018  0.070
Hos16ps—nexadpp 2015 .

N, vmH k/mn - [Ipubpexnas 0.2+0.04 0.1 0.3 0.1
Arnantnueckas  0.2+0.03 0.2+0.01 0.2 0.240.1
Apkruueckass  0.07£0.01 0.1+£0.04 0.05+0.01 0.04+0.01

B, mr C/m? [MpubpesxHast 1.6£0.2 — 2.7 1.0
Arnantnyeckas  1.7+0.2 2.0+0.02 1.8 2.240.04
ApKTHYECKas 0.9£0.1 1.1£0.4 0.5£0.1 0.440.1

V, MEM® [Mpubpexknas  0.026+0.004  0.013 0.032 0.029

Atimaatnueckas 0.028+0.003 0.034+0.006 0.025 0.039+0.002
Apkruueckas  0.040+£0.003 0.036+0.004 0.039+0.002 0.049+0.006

B wuccnenyemsiii mepuon Ha paspese “Koabckuit mepuauan”
BUPUOIIJIAHKTOH HMMeEJNl TOBBIIICHHbIE KOHIEHTPAlUH B MPUOPEXKHBIX U
aTJIaHTUYECKUX BOJAX, MOHMKEHHbIE — B apKkTudeckux. B centsiope 2011 r.
BUpycoB Obl1o B 3.3 pa3za Oosblie, yeM B HosiOpe—aekabpe 2015 r. B konue
oceHHero nepuoga B 2015 r. KOIMYECTBO BUPYCHBIX YACTHUI[ MOJIOKUTEIHHO
KOPPEJIMPOBAJIO C YUCICHHOCThIO M Ouomaccoit Oaktepuil. CBs3b 3THUX
nokasaresied npocturaina BeduuuH 7rs = 0.60 m rs = 0.58 mpu n = 22
COOTBETCTBEHHO, YTO CBHJETEIHLCTBYET O IpeobiiafaHuu OakTepuodaron
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B BUPYCHOM COOOIIIECTBE, MOCKOJIbKY BUPYCHI TECHO CBSI3aHbI C UHCICHHOCTHIO
CBOMX XO035I€B W JIIOObIC M3MEHCHUS B YHCICHHOCTH WJIM MeTaboiIu3Me
MOCJIEIHUX BJIHUAIOT HAa KOJMYECTBO BHpHUOILIaHKTOHA (Spatial ..., 1993;
Wommack, Colwell, 2000). OTcyTcTBHE 3HaUUMOW KOPPEIALHH MEKIY
OakTepusiIMU W BHpycamMHu B Hadasie oceHHero mepuonaa B 2011 r. ykaspiBaer
Ha TO, YTO C OOJIBLION J0JIei BEPOATHOCTH B BUPYCHOM COOOIIECTBE HAPSAY
¢ 6akTepuodaramu nmpeodIagaoT aasrodar.

B cents6pe 2011 r. Mexay Bupycamu M OakTepusiMU ObLIIO OOHAPYKEHO
MOBBIIIEHHOE KOJUYECTBO KOHTAKTOB B MPUOPEKHBIX U aTIIAHTUYECKUX BOJAX,
CKOpPOCTb KOHTAKTOB MEXJy HUMM COCTaBjsja B cpeaHeM 17.2 B cyTkwu,
CHMXasiCh B apKTHYECKUX BoJax B 8 pa3. B HosO6pe—gexabpe 2015 r.
KOJIMYECTBO KOHTAKTOB IIOBCEMECTHO OBUIO HE3HauuTeabHOe (He Oojee 1.4
B CyTKH) U B 17 pa3 HmKe, yeM B Haudaje oceHHero nepuoga 2011 r. Panee
OBIJI0O yCTAHOBJIEHO, YTO BEPOSTHOW NPUYMHOW ITOTO MOXKET OBITh
MOBBILIEHHAS BSI3KOCThH BOJIbI HA ()OHE €€ MOHMKECHHBIX TEMIEpaTyp U HU3Kas
YHCIICHHOCTh OCHOBHOTO X03simHa — Oakrepuii (Cottrell, Kirchman, 2012).

Taxkum oOGpa3om, BriepBbie 3a nociaeanue 20 jet Ha paspese “Konbckuit
Mepuauan” (¢ 69 mo 80° c. m1.) BEIMOJTHEH aHAJIN3 MUKPOOUOIOTHISCKUX
COOOIIIECTB B OCEHHUH MepuOoA. YCTaHOBJICHO, YTO B Hayalie 3TOTO Mepuoja
(2011 r.) nokaszaTenu BUPUO- U OAKTEPUOIJIAHKTOHA COOTBETCTBYIOT JIETHUM
3HAYEHUSIM M OCHOBHAsl YacCTh COOOIIECTBa KOHLIEHTPUPYETCS B BEPXHEM CJIO€
BOJHON Tonuu. OTO ompenensercs IOCTYNHOCTbIO JUIsi MHUKPOOHBIX
COO0IIECTB OPraHUYECKOT0 BEIIECTBA, 00pa30BaHHOTO (PUTOIMIAHKTOHOM
B mpouecce Beretanuu. JJoMHHHPYIOT anbroard, BBICOKAs YUCICHHOCTH
KOTOPBIX B BEpXHEM (POTHUECKOM CIIO€ MOXKET OBITh CIEACTBHEM JHU3HCaA
(UTOMIAHKTOHHBIX KJIETOK M BBICBOOOXK/IEHUSI HOBOI'O BUPYCHOT'O ITOTOMCTBA.
3aBepuieHue oceHHero nepuona (2015 r.) conpoBoXkgaercs yMEHbIIEHUEM
(GOTOCHMHTETUYECKOH AaKTUBHOCTH (UTOLEHOB U BCIEIACTBUE 3TOTO
MMOBCEMECTHBIM CHM)KEHMEM KOJINUYECTBEHHBIX XapaKTEPUCTUK BHUPYCOB H
OakTepuil MO0 3HAYEHUH, XapaKTEePHBIX AJS 3MMHETO MEepPHoJa, JIUIUPYIOIIas
POJIb IPUHAUIEKUT OakTepruodaram.

PaGora BeImoIHEHA B paMKax roCyJapCTBEHHOTO 3aaHHUS.
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3UMHAA ABUDAYHA KOJNIbCKOIrO 3AINUBA B 2020-2021 rr.

AHHOTaUMA

AxBaTopus KonbCKOro 3anuea — BaXHOE MECTO [N MOPCKMX M OKOMOBOAHBIX MTWL
BO BPEMS OCEHHE-BECEHHUX MUrpauuii U 3uMOBOK. [lpuBedeHbl pes3ynbTaTbl Y4YETOB
3UMYIOLLMX NTUL, B pasHblx YacTsx 3anuea B 2020-2021 rr. HabriogeHns BhINOMHEHbI
Ha y4yacTkax nobepexbsi 3arvBa C npuneratowein aksatopuen (ryba pssHas, paiioH
Konbckoro mocTa). B Lenom B 10XHOM 1 cpeaHein Yactu Komnbckoro 3anuea Haubonee
MHOMOYMCNEHHbIE BUbI B 3UMHUMIA Nepuo — 0ObIKHOBEHHas rara Somateria mollissima,
mopsiHka Clangula hyemalis, kpsikea Anas platyrhynchos n 6ypromuctp Larus
hyperboreus. Bo Bpems uccrnegoBaHuin 0TMEYEHa OTHOCUTENBHO HU3Kast YMCMEHHOCTb
3UMYIOLLMX MOPCKMX necoyHukoB Calidris maritima, Yyem B npegblgywine roabi
HabmogeHun. B Konbckom 3anuBe cocTaB aBupayHbl B TEYEHUE 3MMbl JOCTATOYHO
NOCTOSIHEH. Peskue M3MEHEHWs norogpl, HanpuMep MOTENneHue, NOXorogaHue unu
MeTeNlb, MOryT BbI3BaTb NUWb Hebonbluive nepemeweHns NTuy B npegenax
3MMOBOYHOIO paloHa.

Kniouesnie cnoea: 0ObIkHOBEHHAS rara, MOPSIHKA, 3UMOBKA, YNCTIEHHOCTb, KOnbCkii 3anmB.

AN. Gurba
Murmansk Marine Biological Institute RAS, Murmansk, Russia

WINTER BIRD FAUNA OF THE KOLA BAY IN 2020-2021

Abstract

The water area of the Kola Bay is an important place for marine and near-water birds
during spring-autumn migrations and wintering periods. The results of counts of wintering
birds in different parts of the bay in 2020-2021 are presented. The observations were
carried out on the coast areas of the bay with the adjacent water area (Gryaznaya Bay,
the area of the Kola Bridge). In general, in the southern and middle parts of the Kola
Bay, the most numerous species in winter were common eider Somateria mollissima,
long-tailed duck Clangula hyemalis, mallard Anas platyrhynchos, and glaucous gull
Larus hyperboreus. During the observations, a relatively low nymber of wintering purple
sandpipers Calidris maritima was noted in comparison to previous years. The
composition of the bird fauna in the Kola Bay is fairly constant during the winter. Abrupt
weather changes, such as warming, cooling, or snowstorms, cause only small
movements of birds within the wintering area.

Key words: eider, long-tailed duck, wintering, number, Kola Bay.
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BBenenune. KoabCkuil 3anuB SBISAETCA KPYNHEHITUM (BOPIOM
noOepexbsi MypMaHa M HCHBITBIBAET BBICOKYIO AHTPONOTCHHYIO HArpys3Ky.
VYCIIOBHO aKBaTOpUS 3ajMBa Pa3ENAETCs Ha CEBEPHYIO, CPEIHIOI H I0XKHYIO
qyacTu (KOJIeHa). 3aJI1B UTPAET BaXKHYIO POJIb B OCEHHE-BECEHHUX MUTPALUAIX U
3MMOBKaX MOPCKHUX M OKOJIOBOJHBIX ITHILI, a Oepera 3ajiuBa CIyXaT MECTOM
pPa3MHOXKEHHMSI HEKOTOPBIX M3 HHUX B JIETHHH mepuon Omnarogapsi 6orartoit
KOpPMOBO# 0a3e W pazHoOOpa3uio MeCT Ui THe3qoBaHMs. B TeueHne MHOrmX
JIeT OCHOBHBIE IPEACTaBUTENN 3UMHEH aBU(ayHbl — OOBIKHOBEHHAs rara,
culOupckas rara, rara-rpe0eHyIIKa, MOPSHKA, KPSKBa, OYproMUCTp, MOPCKOM
necounuk (Kpacuos, I'opsies, 2001, 2013; Konbckwuii ..., 2018).

Ha uuncieHHocTs ¥ BHIOBOE pa3HOOOpazne MOPCKHUX M OKOJIOBOJHBIX
IITUL] BIUSAIOT KaK BHYTPUIOMYJISAIIMOHHBIE MPOIECCH], TAaK U aHTPONOTEeHHBIE
¢dakTOphl (B OCHOBHOM OECIOKONCTBO M 3arpsi3HEHHE MECTOOOHTaHU).
JIist OLIEHKHU CTENEeHH MPOMCXOAIINX W3MEHEHHI HEOOXOIMMBI COBPEMEHHBIE
JaHHBIE O COCTOSHUHM OpHHUTO(AYHBI 3aJIMBa, TaK KaK HAa €ro akBaTOPHUH U
nmoOepexbe eKEeroHO OOUTAIOT MHOTHE BHJIbI IITHUII.

Lenb paboThl — ONpeAenuTh COBPEMEHHBINA BHIOBOI COCTaB, YHCIEHHOCTh
U TIOJIOBO3PACTHYIO CTPYKTYPY HTHI] B pa3HbIX 4acTax Konbckoro 3anuBa u
MIPOAHATN3UPOBATh OCOOCHHOCTH MX pa3MeEIIEeHUs B 3SUMHUAN TIEPUOJ.

Marepuan u meroabl. Yuer npooauics ¢ 4 Hoa6ps 2000 r. mo 19
depania 2021 r. Ha IBYX ydacTKax MOOEpEkbs ¢ MpUJIETrarolieil akBaTOpUEH.
[lepBpIii y4acTOK HaXOJUTCS B FOKHOM 4YacTu 3anuBa, oT Koibckoro mocra
710 aBTOPBIHKA, BTOPOI — B Cpe/IHEH YacTH 3ainuBa BAOJb ryos! [ pszHast (puc. 1).

BenokameHka

Yyactok 2

PocnakoBa + &

Puc. 1. Kapra-cxema pacrnonoxeHust paloHOB pa0oT:
1 — Kossekwmii Mocr, 2 — ry6a I'ps3Has
Fig. 1. Map of the location of work areas:
1 — Kola Bridge, 2 — Gryaznaya Bay
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JlnmuHa mepBoro mapiipyrta coctaBuia 2 KM, BToporo — 3 kM. [lmomans
aKBATOPUM, OXBAYEHHOW y4eTOM, Ha MEpBOM ydacTke paBHa 1.4 kw2,
Ha BTOpoM — 2.1 xM?. CymmapHoe BpeMs ydeToB — 43 4. Ilpu sTom
MPOAOIDKUTEIHLHOCTh HAOIOIEHHH ObljIa pa3HOU B CBSI3U C MOJIAPHON HOYBIO U
KOPOTKHUM CBETOBBIM JTHEM JI0 M MocJie Hee B 3uMHUN nepuon. Okomno 55 %
W3 HUX BEJIMCh BO BpeMs OTJIMBA.

OTMmeyannch ¥ MOJCUYUTHIBAIMCH MTHUIBI 110 MYTH MapuipyTa, B BO3IyXe
U Ha aKBaTOpUMU BOAOeMa (OCMOTpP IMPOBOJUIICS HEBOOPYKEHHBIM TJIA30M M
¢ momoInplo 16-kpaTHOTO OMHOKIS). Takke B MOJEBOH KypHal 3aHOCHIIHCH
JAHHBIE O TTOBEJCHUU NTHUII, TOTOJHBIX U MPUITUBOOTIUBHBIX YCIOBUSX.

Pe3yabTaTsl u 00cyxkaenne. Becero B xoae pabot otmedeH 21 Bu NTHUIL
u3 5 orpsgos: Anseriformes, Charadriiformes, Columbiformes, Piciformes,
Passeriformes (Tabnuua). 11 BUIOB HANpsIMyIO CBSI3aHBI C BOJHON 3KOCHCTEMOM.

CpenHsisi YUCIEHHOCTH U NJIOTHOCTH pacripene/ieHusi ITHI B K0:KHOI U cpeaHeii
yacTax Koabckoro 3anuBa B 3umunii nepuoxa 2020/21 rr.
Average number and density of distribution of birds found in the southern
and the middle parts of the Kola Bay in winter 2020/21

['y6a I'psizuHas Paiton Koasckoro mocta
Bun IImoTHOCTH IImoTHOCTH
YuceHHOCTb, pacnpeecHus YUCIEHHOCTb, pacnpeencHus
3K3. > ’ JK3. > ’

IK3/KM IK3/KM
Kpsxsa - - 155 74
Anas platyrhynchos
OObBIKHOBEHHAs rara 34 8 340 162
Somateria mollissima
I'ara-rpeGenymika 5 0.3 23 1
Somateria spectabilis
Cunbra — — 8 -
Melanitta nigra
MopsiHka - - 180 86
Clangula hyemalis
OOBIKHOBEHHBIH - - 5 0.7
rorois Bucephala
clangula
Mopckoii necouyHuK 6 1.5 - -
Calidris maritima
Cu3zas gaiika 1 0.1 6 1
Larus canus
Mopckas vaiika 1 0.3 3 0.6
Larus marinus
Cepebpucras vaiika 2 0.3 3 0.5
Larus argentatus
Bypromuctp 45 32 35 17
Larus hyperboreus
Cepas BopoHa 29 20 14 7

Corvus cornix

[MPUMEYAHUME. [Ins cuHbrH yKa3zaHa o0Imas YHWCICEHHOCTh 3a BCE BpEMS
HaOIIOACHUI.
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Cpemu 3umyrommx ntuif B 2020/21 rr. npeobnaganu OOBIKHOBEHHAs
rara, MOpsiHKa, KpsSAKBa — THUIHUYHBIE BOJHBIC MTHUIBI, © OYyproMucTp —
B OoJpIIell cTeneHu MpeCTaBUTENIb OKOJIOBOAHOHN ¢ayHbl. B 1oxHON yactu
3aJMBa JOMUHUPOBAJIU MTHUIBI OTpsAga T'yceoOpa3HBIX, a B CpEIHEU —
PKaHKOOOpa3HbIX (Yaliku U KylukH). B oOuielt yncneHHOCTH BceX YUTEHHBIX
IITULL JIOJIEI MOPCKUX M OKOJIOBOJHBIX COCTaBIIAECT MpUMEpPHO 92 %o.

Bboénpmas yacth KpAKB M3 ropoja M ONHM3IEkKANIUX MECT MHUTPUPYET
Ha [OT, @ B 3aJMBE OCTACTCS HEMHOTOYHCIICHHAs TpymnupoBKa. KpsKBbI
OBLIM OTMEYEHBI TOJILKO Ha FOKHOM Y4YacTKe, TaK Kak B OCEHHE-3UMHUUI
MeproJ OHHM MOKUJAIOT TOPOJICKUE BOJOEMBI H MPEANOYUTAIOT JEPIKATHCS
B PAcCIpEeCcHEHHbIX 4YacTsX 3aiuBa. HecMoTps Ha TO, yTo OOIbIIas 4acTb
sumyronnx B KoiabCkoMm 3aiimBe OOBIKHOBEHHBIX rar OOBIYHO OOUTAaeT B €ro
cpenHem u ceBepHoM KosieHax (Kpacuos, ['opsieB, 2013), Heckonbko coTeH
0co0eil Bce K€ MPEIIOYUTAIOT JACPKATHCS B BEPIIMHHONW YaCTH 3aJIMBA, YTO
CBSI3aHO C 0oJiee CIIOKOMHBIMHM BOJHOBBIMH, BETPOBBIMU M OJIarONPUSTHBIMU

KOPMOBBIMH YCIIOBUSIMH.

Beicokast uncieHHOCTh OyproMucTpoB B ryoe I'pszHas oOycioBieHa ee
MEJIKOBOJTHOCTBIO, TaK KaK BO BpPEMsI OTJIMBA OOHAXKAIOTCS OOLIMPHBIC YIACTKU
JUTOPAJIH, KOTOPbIE NITHIIBI UCIIOIB3YIOT I IOUCKA MUIIH U OTAbIXA (puUC. 2).

Puc. 2. Ckoruienne OyproMHCTpOB BO BpeMs OTJIMBA HA Y4YacTKE JIMTOPAIH
B ry0e ['pszHas
Fig. 2. Flock of glaucous gulls at low tide in the littoral area in Gryaznaya Bay

[To nanuaeiM mpensinymx net (Kpacuos, ['aBpuio, 2009) B uccnenyemMpix
palioHax, Kak W Ha BceM mnoOepexnre KolbCkoro 3aimBa, Ha 3UMOBKaX
MPUCYTCTBOBAIM B OONBIIOM KOJIWYECTBE MOPCKHE MECOYHUKHU, OTHAKO
BO BpeMsl HaIllUX HAOJIOJIEHUH UX YHCIEHHOCTh ObLIa ropas/io MeHblle. Takue
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pe3yabTaThl MOI'YT OBITH O0YCIIOBJIEHBl OTHOCUTEJIBHO HEOOJIBIION IO b0
CBOOOIHOM OT JIbJIa JIMTOPAJIU, a TAK)KE HENOYUETOM ATHX NTHIL U3-3a MJIOXOU
BUJMMOCTH U KOPOTKOI'O CBETOBOT'O JTHS BO BpeMsl MOJIAPHONH HOYM, KOTOPBII
HE BCErJa COBIAJaJl C OTJIUBOM.

Ha axBaTopuu Konbckoro 3annBa OObIKHOBEHHBIE I'alrd M MOPSHKHU
Habmonanuck crasmu ot 100 ocobeli u Oosee. MoOpSHKH TpH 3TOM
He 00pa30oBBIBATIM JIOCTATOYHO IUIOTHBIX CKOIUIEHUH M JIE€P’KAINUCh PACCESTHHO
[0 aKBaTOpHUM. B BO3Ayxe 4yallku BCTPEYAIMCh IO OJHOM, HO B BOAOEME M
Ha JIMTOpPAIM MOIJM OOpa30BbIBaTh IPYIIBl YUCICHHOCTbIO 1O HECKOJIBKHUX
necsatkoB ocobeil. Tak, B ry0e I'psA3Has Ha ydyacTke KaMEHUCTOW JIMTOpPAIH
ObUI0 OOHApPYKEHO MECTO OT/AbIXa OYproMHUCTpPOB, i€ BO BpeMs OTJINBAa OHH
cobupanuce no 60-70 ocobeii. B Teyenue mepuoma HaOIIOICHUN Tam
HaXOJWIMCh KaK I10JIOBO3pEJIbIE MTHUIBl B 3MMHEM ONEPEHHH, TaK U MOJOAbIE
pa3Horo Bo3pacra.

Crenyer OTMETHTb, 4TO BO BpeMs OTJIMBA TOOEPEKbE U JTUTOPAIb 3aJIUBa
aKTHUBHO HCIIOJB3YIOTCSI CEPHIMH BOPOHAMH B KayecTBE KOPMOBOW CTallWH.
IIpu 3TOM YMCIIEHHOCTh 3TUX NTHIl HA YU4aCTKe MOXKET fgocTturarb 50 ocobeil.

I'pynma u3 BockMH oco0eil cuHbIu ObUTa BeTpedeHa 5 aexadpst 2020 r.,
OHHM JIepXKaJucCh HEMOAANEKYy OT CKOIJIEHUS OOBIKHOBEHHBIX rar B pailoHe
Komnbckoro mocra.

Jlons caMIIOB M caMOK OOBIKHOBEHHOH Tarm cocraBuia 55.4 u 44.6 %
COOTBETCTBEHHO, KpSIKBbl — 53.2 u 46.8 %, mopsaHku — 48.8 u 51.2 %.
VY 4YalMKOBBIX HOTHI] MOJOALIE 0coOM cocTtaBmwid 37.5 % oOT 00Iero 4ucia.
VY ocTanbHBIX BUAOB IITUL] OIPEAEIUTH T0JIOBO3PACTHYIO CTPYKTYPY HE YAaI0Ch.

OtHocuTenpHOE OOMIME MTHIl A FOKHOM 4acTH 3ajMBa COCTaBUIIO
B cpexHeM 783 ocobu/xm?, nas ryoel I'pssuas — 233 ocobu/xm?. UHpgexc
BUJ0BOro OorarcTsa Bblille B ryoe I'psisHas u paBeH 0.05 (BO3MOXHO, 3a cUeT
O0JIbIIIET0 KOJMYECTBA BUAOB BOPOOBUHOOOPA3HBIX, UTO CBSI3aHO C OJIM30CTHIO
JIECHOW 30HBI HAa 3TOM ydacTke HaOmroaeHuit). Jlns paiiona Konbckoro mocra
3HA4YEHMs JTAaHHOTO UHJIeKca paBHbl 0.013.

3axumouenue. Bo Bpemsi HaOmoneHuit Ha Teppuropun Konbckoro 3amuBa
cocTaB aBU(ayHbl B T€YEHUE 3UMBI OB JOCTATOYHO MOCTOSIHEH. Pe3kue
M3MEHEHUs TMOTr0Abl, HApUMEp MOTEIJICHHE, MOXO0JIOJaHue WIJIM METEelb,
BBI3bIBAJIM JIMIIb HEOOJbIINE NepEeMEIICHUs 3UMYIOIUX NTUIl B Mpeaenax
M3y4aeMoro pailoHa.

Pabota Obla BHINONIHEHA B paMKaX TOCYAapCTBEHHOTO 3a/laHUsl.
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MLUAHKW (BRYOZOA) MOPEM NNANTEBbIX
N BOCTOYHO-CUBUPCKOIr0: COBPEMEHHBIE UCCITE[JOBAHUA

AHHOTauuA

MonyyeHb! HoBble AaHHble No ayHe Bryozoa cubupckiux mopeir (JlanteBbix 1 BoctouHo-
Cubupckoro). B npobax, cobpanHbix B akcneanumm MMBW KHLL PAH (2014 r.) Ha 50
CTaHumsX, ugeHTugmumposaHo 48 supos Bryozoa: 45 — B Mope [lanteBbix 1 16 —
B BocTouHo-Cubupckom. lpoaHanuanpoBaH TakCOHOMMYECKMI W Guoreorpadmyeckuii
COCTaB MLUAHOK, a Takke 0COOEHHOCTU WX pacnpeaeneHus. MpoBeaeH CpaBHUTENbHDIN
aHanua uccnefosaHui koHua XX Beka (1986, 1987 n 1993-1998 rr.) no nutepaTypHbIM
AaHHbIM (FoHTapb, 1990, 1994, 2004, 2015a,6, 2016). OTMEYEHO 3HAUNTENBHOE YBENMUUEHNE
Ao 6opeanbHO-apKTUYECKUX BUOOB BCMEACTBIE CYLLECTBEHHOM YMEHBLUEHS apKTUYECKUX
(no4Tn Ha TpeTb), YTO, BEPOSTHO, OTPaxaeT W3MEHEHWe KnumaTta B CTOPOHY
notennexus, Habnogaemoro B Havane XXI| Beka.

Knioyeebie cnoesa: mwaHky, Bryozoa, KONOHWUW, 30apui, YCNOBKUS cpedsl, cMbupckue mopsi,
mope JlanteBbIx, BoctouHo-Cnbupckoe mope.

0.Yu. Evseeva
Murmansk Marine Biological Institute RAS, Murmansk, Russia

BRYOZOA OF THE LAPTEV AND EAST SIBERIAN SEAS: MODERN RESEARCH

Abstract
The new data about bryozoan fauna of the Siberian seas (Laptev Sea and East Siberian
Sea) are obtained. 48 species of Bryozoa were identified in the samples, collected in the
MMBI RAS expedition (2014) at 50 stations: 45 — in the Laptev Sea and 16 — in the East
Siberian Sea. The taxonomic and biogeographic composition, the features of distribution
of Bryozoa are analyzed. A comparative analysis of the studies of the end
of the 20t century (1986, 1987 and 1993-1998) based on literature data is carried
out (Gontar, 1990, 1994, 2004, 2015a,6, 2016). There was a significant increase
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in the share of boreal-arctic species due to a significant decrease of arctic species
(by almost a third), which probably reflects the climate change towards warming,
observed at the beginning of the 21st century.

Keywords: Bryozoa, colonies, zoary, environment conditions, Siberian seas, Laptev Sea,
East Siberian Sea.

BBenenmne. Vcrtopus u3ydeHuUs JOHHBIX OHOILIEHO30B Haubojee
TPYAHOJIOCTYIHBIX CHOUPCKUX Mopeil — JlanreBbix U Boctouno-Cubupckoro —
Havanach 6osee 140 ner Hazan. Dt okpanHHbIe MOpsi CeBepHoro JleqoBuToro
OoKeaHa OOJIBIIYIO YacTh I'0JIa MOKPBITHI JbJIOM, XapaKTEPU3YIOTCS HU3KOM
TeMmrnepatypoi Bonabl (okoyio 0°) W 3aHUMAIOT OOIIMPHBIC YYACTKH
MaTEepUKOBON OTMENU (¢ TIyOrMHaMu B cpeiHeM 110 50 m).

B mope JlanteBbix mpeo0nasaloT MOBEPXHOCTHBIE APKTHYECKHE BOIbI
C CE30HHBIM pACCIOEHUEM IO TeMIepaType U cojieHOocTH. M3meHeHue
TEMIIEpPaTyphbl C MIYOMHON HaOII0JaeTCsl MCKIIIOUUTENBHO B JIETHUE MECSIIbI,
3UMOM Ha MeNKOBOAbIX (50—60 M) Temmneparypa BOJbI OT MOBEPXHOCTH JI0 JHA
onuHakoBas. CoJeHOCTh BapbUpPYeT B LIMPOKUX mpenenax — oT 1 a0 34 %o,
HO TpeoOsanarT BoAbl ¢ coleHOCThio 20-30 %o. B 3amamnyro dacts Mops
JlanTeBbIX BIAeTCs IIyOOKHIl kenoo, o KOTOPOMY B MOpe IMPOHUKAIOT Oosee
TeIUIble U coJieHble BoJbl. Hambompiias cojaeHOCTh HaOIl0/aeTcsi B CEBEPO-
3armagHoON 4yacTH MOps, KyJa ¢ ceBepa 3axoAsT Ooiiee cojieHble BoAbl. B roro-
BOCTOYHOW YacTH MOpsl OTMEYEHa MaKCUMajbHasi NPUJIOHHASI COJIEHOCTb —
30.5 %o (I'ykos, 2013). C yBenuyeHueM IIIyOUHBI COJICHOCTb IOBBIIIACTCS
10 33 %o. CHilbHOE BIMSIHME HAa BETUYHMHY COJIEHOCTU OKAa3bIBAIOT PEUHOM CTOK
u tasuue npnaa (lonraps, 20156). Ha menkoBoase (1o 50 M) mpeoGrianarot
necyaHo-uInuCThie TPYHTH. OCHOBHAS TUIOMAAb melbda Mops JlanTeBbIx
(rmy6una ot 50 no 100 M) mokpsiTa unamu. B npubpexHnsix paiioHax
(bopMupyIOTCA TTIMHUCTBIE U TiecuanucTsie wibl (benos, 1967; I'ykos, 2013).

Bocrouno-Cubupckoe Mope — OZIHO U3 CaMbIX MEJIKOBOJIHBIX apKTUUECKUX
Mopei. [Toutu 96 % momaan Mopst npuxoauTces Ha rryouHsl 1o 200 M, a Bes
ceBepo-3alajiHas 4yacTh MOpPS MOJHOCTBIO PacIoiOXkKeHa B Mpeaenax menbga.
BocTouno-Cubupckoe Mope HaxOAUTCS MO BO3JEHUCTBUEM Pa3HBIX THUIIOB
BOJHBIX Macc. JTO TeIIble BOJBI MOHUKEHHON COJIGHOCTH, TEIJIble BOJbI
MOBBIIIEHHONW COJIEHOCTH U XOJOIHBIE BOJIbI BBICOKON COJEHOCTH. OCHOBHOE
IIOCTYIUIEHHE TPECHBIX BOJ B MOpE OcCyllecTBisercss ¢ rora. Kpome storo,
pacnpecHeHHble BOJAbl (TpaHC(OpPMHUpPOBAHHBIE BOJBI PEK) MOCTYMNAIT
B 3amajaHble pailoHsl BocTouHo-Cubupckoro mops u3 Mops JlanTeBbIX.
TemnepaTypa BoJbl B IPUIOHHOM CJIO€ Ja)K€ JETOM HMEET OTpHIaTeIbHbIE
3HayeHUs. CONEHOCTh BOJBI MOCTENEHHO YBEIUUYHMBACTCS C TIIyOUHOM.
Tak Ha rimyoune 50 m coneroctb coctaBisieT 30—-34 %o, a Ha 200 M — 34.5 %o.
B uenTtpanbHOM U mpHUOpEXHOM pailOHaX MOpPsS PAaCHpPOCTPAHEHBI HIIUCTO-
TJIMHKUCTHIC, @ B BOCTOYHOH YaCTH — WIIUCTO-TIECYaHbIe JOHHBIE ocanaku (MoHnH
u ap., 1987; I'ykos, 2013).
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Qdayna Bryozoa culupckux mopeil ¢opMupyercs MoJ BIHSHHEM
aApPKTHYECKHUX M COJIOHOBATOBOIHBIX YCIOBUIA cpenibl. COracHo JIUTEepaTypHbIM
nauabM (I'oHTapsb, 2015a,0), MITAHKK UTPAIOT 3HAYUTENBHYIO POJIb B OMOIIEHO3aX
Mopst JIanTeBBIX W YacTO OKa3bIBAIOTCS ITOMHUHHUPYIOIICH Tpymnmoi B ¢ayHe.
HeGonpmas 4uciIeHHOCTh BHAOB OTMEYEHA Ha MEIKOBOJbE (Ha riryOMHax
MeHee 25 M) 10 NpUYMHE HU3KOH COJIEHOCTH BOJbl, HO C YBEJIMYEHUEM
riyOuHBI, a ClIeI0BATEIbHO, U COJIEHOCTH, KOJMYECTBO BHJOB BO3pacTaeT
(I'onTaps, 2016).

HecMoTps Ha 10OCTAaTOYHO MOJIHYIO M3YyYEHHOCTHh (DayHbI CHOMPCKUX
MoOpeH, 11e71eco00pa3HOCTh MOHUTOPUHIA OMOPa3HOOOpa3Hsi OCTACTCs aKTYaIbHOM,
0COOEHHO B YCJIOBHSIX HAOMIOIAEMBIX KIMMATHUECKUX U3MEHEHHH.

Matepuan u Meroabl. MaTepuaioMm Juis JaHHOW pabOThI MOCITYXHIN
MIIaHKH U3 1pod 3000eHTOCa, COOpaHHBIE B dKcmeauuuun MypMaHCKOTO
Mopckoro Oumonoruueckoro mHcTHTyra Ha HUC “Jlanpame 3emeHmbr”
B aBrycre—okTsa0pe 2014 r. B mopsx JlanteBbix u Boctouno-Cubupckom
(pucynok, tabin. 1). I[Ipo6sr otObupanuce Ha riyoune ot 10 mo 100 M Tpanom
Curcbu u u3 NPUIOBOB PBIOHOTO JOHHOTO Tpaja. TakcoHOMHUYECKas
UACHTU(PUKAIUS TPOBOAUIACH aBTOPOM C HCIOJB30BaHHWEM OIpeAenuTeNnen
MmaHok ceBepHbix Mopeit (Kmarore, 1962; Kluge, 2009) u c yuetom
COBpPEMEHHOM KJ1acCU(UKALIUHU.

buoreorpadmueckuii  aHANM3  TPOBOAWMJICS TIO  KJIACCU(UKAIIHH,
npeiokeHHod B pabore B.M. Tomtapp m H.B. Jlenucenko (Gontar,
Denisenko, 1989).
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Kapra-cxema paiioHa wuccnegoBanmii u oTbopa mpoO 3000€HTOCA B MOPSX
JlanreBbix 1 BocTouno-Cubupckom B aBrycre—okTsiope 2014 r.

Map of the zoobenthos research and sampling area in the Siberian Laptev and
East Siberian seas in August—October 2014
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Tadoauna 1
XapakTepucTHKa CTaHIUIl B pailoHAaX McCJIe0BAHUI

Table 1
Characteristics of stations in the research areas
Howmep |['my0Ouna, T,°C | S, %o KonuuecTso Jomunupyromuii
CTaHIIUU M BH/JIOB BHJT
Mope JlanTeBbIx
1 21 2.02 32.69 2 Diplosolen obelium arcticum,
Tegella armifera
2 15 2.18  30.16 13 Alcyonidium radicellatum,
Dendrobeania flustroides,
Eucratea loricata,
Serratiflustra serrulata
3 18 2.47  32.00 2 Eucratea loricata
4 25 0.99 33.81 3 Leieschara subgracilis
5 19 223 32.62 1 Flustra nordenskjoldi
6 54 -1.52  34.17 3 Serratiflustra serrulata
7 23 2.50 33.14 1 Dendrobeania levinseni
8 58 —-1.66 3445 29 Dendrobeania levinseni,
Flustra nordenskjoldi,
Pseudoflustra solida,
Serratiflustra serrulata
9 19 092 33.72 8 Flustra nordenskjoldi,
Serratiflustra serrulata
10 94 -1.77 3441 2 Alcyonidium disciforme,
Alcyonidium gelatinosum
11 46 -1.67 34.76 3 Serratiflustra serrulata,
Flustra nordenskjoldi
12 10 2.09 31.64 2 Serratiflustra serrulata
13 65 -1.69  34.62 2 Alcyonidium disciforme,
Alcyonidium gelatinosum
14 44 -1.74  34.70 10 Bugula fastigiata,
Flustra nordenskjoldi,
Serratiflustra serrulata
15 41 - - 1 Alcyonidium radicellatum
16 28 - - 2 Serratiflustra serrulata
17 13 276 29.06 1 Serratiflustra serrulata
18 76 -1.77  34.66 2 Alcyonidium disciforme,
Alcyonidium gelatinosum
19 37 -1.63  34.56 1 Alcyonidium gelatinosum
20 63 -1.81 34.72 1 Alcyonidium disciforme
21 37 -1.50 33.69 1 Alcyonidium disciforme
22 37 -1.53 33.87 1 Eucratea loricata
23 58 —-1.52 34.28 2 Arctonula arctica,
Turbicellepora canaliculata
24 32 -1.46  32.92 1 Alcyonidium gelatinosum
25 37 -1.51  33.69 1 Alcyonidium disciforme
26 69 -1.38 3434 7 Alcyonidium disciforme,
Serratiflustra serrulata
27 54 -0.95 34.05 1 Alcyonidium radicellatum
28 21 1.67 29.66 3 Eucratea loricata,
Flustra nordenskjoldi
29 20 — — 2 Alcyonidium disciforme,
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Oxonyanue ta0mn. 1

Homep |['myOuna, T.°C | S. % KomnuectBo Jomunupyromui
CTAHIIMH M ’ ’ BHJIOB BHU]I
30 19 2.73  25.25 1 Alcyonidium disciforme
31 16 - - 3 Tegella armifera
BocTtouno-Cubupckoe Mmope
32 101 -1.06  34.29 1 Alcyonidium gelatinosum
33 34 0.28  31.09 1 Alcyonidium disciforme
34 18 3.96 26.24 3 Alcyonidium gelatinosum
35 12 399 23.14 4 Alcyonidium gelatinosum,
FEucratea loricata
36 10 - - 1 Alcyonidium disciforme
37 39 -1.12  30.27 7 Flustra nordenskjoldi,
Porella compressa,
Terminoflustra
membranaceotruncata
38 35 -1.03  29.11 1 Alcyonidium disciforme
39 30 -0.47 28.67 2 Alcyonidium gelatinosum
40 31 3.15  30.27 1 Alcyonidium gelatinosum
41 36 — — 4 Alcyonidium gelatinosum,

FEucratea loricata
42 38 —-0.82 29.76 6 Flustra nordenskjoldi,
Serratiflustra serrulata

43 31 -091 29.17 1 Serratiflustra serrulata
44 35 -1.24  29.86 1 Serratiflustra serrulata
45 33 — — 5 Alcyonidium gelatinosum,
Eucratea loricata,
Serratiflustra serrulata
46 36 -1.17  29.95 2 Alcyonidium gelatinosum
47 30 -0.71 29.34 2 Alcyonidium gelatinosum
48 30 -0.70  29.16 1 Alcyonidium gelatinosum
49 22 1.92 27.50 1 Alcyonidium gelatinosum
50 13 - - 1 Alcyonidium gelatinosum

PesyabTaThl u 00cy:kaenne. B Matepuane, coopaHHoM B Mope JlanTeBbix
(cranuun 1-31, 31 npoba) u ceBepo-3anagHoit yactu Bocrouno-Cubupckoro
Mopst (cranuuu 32-50, 19 npo0), maentudunmponano 48 BugoB Bryozoa,
OTHOCAIUXCSA K 3 oTpsanaMm, 24 cemeiictBaMm, 34 poxam. U3 Hux 45 BUIOB
3apeructTpupoBaHo B Mope JlanteBbix (Tabm. 2), wiu 23 % ot obiiero yucna
MiIaHok (195 BHIOB), U3BECTHBIX B HACTOsLIEE BpeMsl JJsl JaHHOI'O BOJOEMa
(Fontaps, 1990, 2004, 2015a,6, 2016; Kluge, 2009) u 16 BUIOB OTMEYEHO
B Boctouno-Cubupckom mope (tabin. 2), uro cocrasisier 16 % ot obmiero
gyrcna mmaHok (100 BumoB) m3BecTHBIX ansi 3Toro paifon (I'ontaps, 1994;
Henucenko, 2010).

Pacnpenenenue mMimaHok B pailoHE MCClIeIOBAaHUM TIIaBHBIM 00pa3zoM
3aBUCHUT OT CTPYKTYpPHI TpyHTa (pacrnpocTpaHeHbl MSTKHE HWJIMCTO-TJIMHUCTO-
MeCYaHbIe JJOHHBIC OCA/IKH) U UHTCHCUBHOCTH THIPOJMHAMUKH (TIPUOOMHOCTH,
TEUYEHUI), YTO BIUSIET Takke Ha TN U (opmy 30apusi. MakcuMaiabHOE
KOJIM4ecTBO BUIOB (29) Obulo oTMeueHo B Mope JlanTeBbIX B paiioHe (CT. 8)
C TIOBBIIIEHHBIM COJIEP)KAHUEM B I'PyHTE I'py0000JI0MOUYHOr0 MaTepuaa
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(ranpkm) Ha TiyOuHe 58 M (puc. 1, Tabn. 1). B mope JlanTeBsix Oonee
nosioBuHb (58 %, 26 BumoB), a B BocTouno-CuOMpPCKOM — TpU 4YETBEPTHU
(75 %, 12 BuaoB) 0OHApPYKEHHBIX MMPEACTABUTENCH MIIIAHOK UMEIOT BETBUCTO-
KyCTHCTYI0 (OpMYy KOJTOHUU. MIIaHKU C MPUIOAHSATONH HaJ cyOCTpaToM
dbopMoii 30apusi pa3BUBAIOTCS B OCHOBHOM B OMOTOMNAX C MHTEHCHBHBIM
OCAJIKOHAKOIUICHUEM M YMEPEHHOHN THIPOJIUHAMUKOM.

Tadbaunga 2
Bunosoii coctaB Bryozoa Ha cTaHOMAX B pailoHAX HCCJIeAOBAHMI

Table 2
Species of Bryozoa composition in the research areas
buoreorpa- BocTouHo-
Bun (uueckas 1 Mope Cubupckoe
amnTeBbIX
XapaKTePUCTHKA Mope

Alcyonidium disciforme Smitt, 1872 A 10, 13,18, 33, 36, 38

20, 21, 25,

26, 29, 30,

31
Alcyonidium gelatinosum (Linnaeus, 1761) b-a 10, 13, 18, 32, 34, 35,

19,24,29 39,40, 41,

45, 46,47,
48, 49, 50

Alcyonidium radicellatum Kluge, 1946 A 2,15,27 -
Arctonula arctica (M. Sars, 1851) b-a 8,23, 31 -
Aquiloniella paenulata (Norman, 1903) b-a - 35
Bugula fastigiata Kluge, 1929 b-a 4,9,11, 14 -
Bugulopsis peachii (Busk, 1851) b-a 4,8,9,26 42,45
Buffonellaria arctica Berning & b-a 8 —
Kuklinski, 2008
Callopora craticula (Alder, 1856) b-a 2,9, 14 —
Callopora lineata (Linnaeus, 1767) b-a 8, 14 —
Cauloramphus cymbaeformis (Hincks, 1877) b-a 2 —
Celleporella hyalina (Linnaeus, 1767) b-a 9 —
Celleporina nordenskjoldi (Kluge, 1929) b-a 8 —
Cheilopora sincera (Smitt, 1867) b-a 8 -
Corynoporella tenuis Hincks, 1888 b 26 -
Crisia eburneodenticulata Smitt ms A 8,26 -
in Busk, 1875
Crisia klugei Ryland, 1967 A 8 -
Crisularia harmsworthi (Waters, 1900) A 8 -
Dendrobeania decorata (Verrill, 1879) b-a 8 —
Dendrobeania flustroides (Levinsen, 1887) b-a 2 —
Dendrobeania levinseni (Kluge, 1929) A 7,8, 14 46
Diplosolen obelium arcticum (Waters, 1904) b-a 1,2,8 -
Disporella hispida (Fleming, 1828) b-a 2 —
Escharella ventricosa (Hassall, 1842) b-a - 37
Eucratea loricata (Linnaeus, 1758) b-a 2,3,6,8,22, 34, 35,41,

28 42,45, 47
Flustra nordenskjoldi Kluge, 1929 b-a 2,3,5,8,9, 37,42

11, 14,28
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Oxonuanue Tadi. 2

Buoreorpa- Mobe Bocrouno-
Bun (uaeckas 1 P Cubupckoe
anTeBbIX
XapaKTEePUCTHKA Mope

Hippoporina reticulatopunctata (Hincks, b-a 2,8 -
1877)
Kinetoskias arborescens Danielssen, 1868 b-a 8 37
Leieschara subgracilis (d'Orbigny, 1853) b-a 4 -
Patinella multicentra (Kluge, 1955) A 2,9, 14 -
Patinella verrucaria (Linnaeus, 1758) b-a 2,26 -
Pleuronea fenestrata (Busk, 1859) A 8 -
Porella compressa (J. Sowerby, 1805) b-a - 37
Porella fragilis Levinsen, 1914 b-a 8 -
Porella proboscidea Hincks, 1888 A 9 -
Proboscina incrassata Smitt, 1867 b-a 8 -
Pseudoflustra solida (Stimpson, 1854) A 8 -
Rhamphostomella bilaminata (Hincks, 1877) A 8 -
Rhamphostomella scabra (O. Fabricius, b-a 16 42
1780)
Serratiflustra serrulata (Busk, 1880) A 2,6,8,9,11, 34, 35, 39,

12, 14,16, 41,42,43,

17,26,28 44,45
Schizoporella crustacea (Smitt, 1868) b-a 8, 14 -
Tegella armifera (Hincks, 1880) b-a 1,2,8,12, 45

14, 31
Terminoflustra membranaceotruncata b-a 8 37,41
(Smitt, 1868)
Tricellaria gracilis (Van Beneden, 1848) b-a 8, 26 -
Tubulipora flabellaris (O. Fabricius, 1780) b-a 8 -
Tubulipora soluta Kluge, 1946 A 8 37
Tubulipora ventricosa Busk, 1855 b-a 8 -
Turbicellepora canaliculata (Busk, 1881) A 14,23 37,42

[MPUMEYAHMUE: b-a — 6opeanbHO-apKTHYECKHH, A — apKTHYeCKHid, b — OopeanbHbIi BUL.

[lo nutepaTypHbIM JaHHBIM, B CHOMPCKHUX MOpPSX, B YaCTHOCTU B MOpe
JlanTeBbIX B YCIOBUSX MOHUKEHHON COJIEHOCTH, OJHUMH U3 CAMBIX MacCOBBIX
BUJI0B Bryozoa gBisi0TCA HEOOBI3BECTBIEHHbIE (MATKOTENbIE) BUABI poja
Alcyonidium — A. disciforme Smitt, 1872 u A. gelatinosum (Linnaeus, 1761)
(TonTaps, 1990, 2004, 2015a,6, 2016). DTO0 MOATBEPKIAET TUIIOTE3Y O TOM,
YTO HHU3Kass COJIEHOCTh B COYETAaHUMU C HHU3KOW TeMIEpaTypoill BOIbI
0arONMPUATCTBYIOT Pa3BUTHUIO MSTKOTEIBIX BUJIOB, TaK KaK 3aTPYAHSETCS
U3BIIeYeHHE OECIIO3BOHOYHBIMHU Kalbllus M3 BoIbl (Axmeruynna, 2018), uto
TOPMO3UT Pa3BUTHE M3BECTKOBBIX MIIAHOK. Tak B HCCIEAYyEeMOM MaTepuaie
MSATKOTEJTBIC BUIBI MIIIAHOK BCTPETHIIUCH MIPAKTUYECKH BO BCeX Mpodax (Tadi. 2).

buoreorpaduueckas crpykrypa ¢ayHbl pernoHa OTpakaeT yCJIOBHUSA
cpenbl (TaBHBIM 00pa3oM, TeMmIlepaTyphl), B KOTOpoW aaHHas (ayHa
dbopmupoBanack. HabGmomaemoe B mociaeaHue TOAbI MOTEIUIEHHE B APKTHKE
MO3BOJISIET U3y4aTh BJIMSHHE BOJHBIX MAacC Pa3jMYHOTO MPOUCXOXKICHUS Ha
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(dbopMHpOBaHKE CTPYKTYPhI COOOILECTB JOHHBIX OECMO3BOHOUHBIX (B YAaCTHOCTH,
MIIAHOK) U MPOTHO3UPOBAThH MOCHeAyomue n3MeHeHus. Tak B TeueHne XX
n Hayame XXI BexkoB B ApKTHKE ObUI BBISABICH PSA TEIUIBIX U XOJIOJHBIX
nepuonoB. Hanpumep, B bapenniesom mope B 1960—1980-¢ roasr Habmonancs
NEPUOJ MOXO0JOJAaHUSA, KOTOPBIH CMEHUJICA NMEPUOJOM HNOTEIJIECHU
(Oxkeanorpaduueckue ..., 2004), IpoIOIKAIONIMMCS B HACTOSIIIISE BPEMSI.
CormacHo nurepaTypHbiM gaHHbIM (I"oHTaps, 1994, 2004, 2016), B 1986,
1987 1 1993—-1998 rr. B paccMaTpuBaeMbIX CHOMPCKUX MOPSIX 3aperHCTPUPOBaHA
BBICOKasA JOJs1 apKTU4YeCKux BUAOB Bryozoa — 37 %. Ilpm stom B mope
JlanteBpix ObuTO BBIsIBICHO 44 % (I'onTaps, 2004, 2015a,6, 2016), a
B Bocrtouno-Cubupckom — 42 % (I'ontapp, 1994; Jlenucenko, 2010)
apkTU4YecKux BUAOB. Jloas OopeanbHBIX NIPEACTaBUTENICH i JBYX MOpei
B 1986, 1987 u 1993-1998 rr. — 8 %, B Mmope JlanteBrix — 5 %, Bocrouno-
Cubupckom — 3 %, a GopeanbHO-apKTHUECKUX — 55, 50 1 55 COOTBETCTBEHHO.
B wuccnenoBanusix 2014 r. ans 3TuX MoOped OTMEUEHO apKTHUYECKHX
BUa0B 29 %, OopeanbHbIX — 2 %, 6opeanbHO-apKTH4YeCKUX — 69 %, U3 HUX B
Mope JlanTeBbIX 3aperucTpUpoBaHO apKTHUECKUX BUIIOB 31 %, GopeanbHbIX —
2 %, OopeanbHO-apkTHueckux — 67 %, a B Bocrouno-Cubupckom — 31 %
apKTHYeCKuX BUAOB U 69 % OopeanbHO-apkTHuecKuX. bopeanbHbie BUIBI
orcyrcTBoBanu. CrnemoBaTenbHO, 3a mociennue 20 JeT A0ds apKTHYEeCKHUX
BHI0B B Mopsix JlanteBrix u BocTouno-Cubupckom cokparunack Ha 13 u 11 %
COOTBETCTBEHHO, a 00peaIbHO-apKTUUYECKUX BUOB MIIAHOK YBEIMUYMIACh.
3akaouyenue. B marepuane, coOpanHoMm B 3kcnenuuuu MHCTHTyTA
B cubupckux Mopsax (JlanTeBelx u ceBepo-3amagHoi yactu BocTouHo-
Cubupckoro mopsi) B 2014 r., 3apeructpupoBano 48 BHI0OB MILIAHOK,
Ha pacrpeaencHue u o0mIne KOTOPhIX BIUSET, IIaBHBIM 00pa3oM, XapakTep
rpyHTa. Tak, mMakcuMmalnbHOE 4YHCIO BUIOB (29) oTMedyeHO B Ouorome
C TIOBBIIIICHHBIM COJIEP)KaHUEM TBEPABIX CyOCTpaToB (Ha TyouHe 58 M B Mope
JlanTeBbIX).
B paiione uccienoBaHuii OTMEUEHO TOBBHINIEHHOE (MO CpaBHEHUIO
C JIPYTHMHU PETHOHAMH apPKTHUYECKUX MOpei) oOmiine HEOOBI3BECTBICHHBIX
(MsITKOTENBIX) BUIOB pona Alcyonidium (BCTPETHIMCh NPAKTUYECKH BO BCEX
mpo6ax). ITo MOATBEPKIAET TUMIOTE3Y, UTO B YCIOBUSX MOHMKEHHON COJIEHOCTH
U HU3KOM TeMIeparypbl BOJbl 3aTPYAHSETCS W3BJICUYEHHE OECIO3BOHOUHBIMU
Kanblus U3 BOIbl (AxmerumHa, 2018), 4TO TOPMO3HUT pa3BUTHE H3BECTKOBBIX
MIIIaHOK, HO, BEPOSITHO, OJIArONPHSATHO ISl Pa3BUTHUS MSATKOTENBIX BUIOB.
CpaBHUTENBHBIN aHANMKU3 OHoreorpauuecKoil CTPYKTYpbl COBPEMEHHOM
(dayHbl MIIIAHOK C JIMTEPATYPHBIMU CBEICHUSMHU JIEMOHCTPHPYET 3aMETHOE
yYBEJIMUEHHUE JIOJHM apKTUYECKO-OOpEabHbIX BHJIOB 3a CYET CYIECTBEHHOTO
YMEHBIIIEHUS (Ha TPETh) JIOJIN apKTUYECKUX BHUOB, YTO OOBSCHSETCS BIUSHHEM
MOTETUICHUS KJTMMaTa, HabJt01aeMoro 3a mporieamuid nepuoa (okosno 20 jer).
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I.B. 3axaposa, E.[l. O6ny4nHckas
MypmaHckuin Mopckomn bruonorudeckuin nHcTUTyT PAH, r. Mypmatck, Poccus

MONU®EHOINbI U AHTUOKCUAOAHTHASA AKTUBHOCTb SKCTPAKTOB
®YKYCOBbIX BOOOPOCIIEN 3ANIUBA ®AKCA®JIOYU (MOPE UPMUHIEPA)
W BYXTbl 3ABAJNULUNHA (BAPEHLIEBO MOPE)

AHHOTaLMA

B npubpexHbix Bogax Mopeit ApKTuki Haubonee pacnpoCTpaHeHHbIMI BUAAMM (yKyCOBbIX
Bogopocnen asnswTtca Fucus vesiculosus, Fucus spiralis, Ascophyllum nodosum.
YCTaHOBMNEHO, YTO BMOAKTUBHbIE COBAMHEHMS (TaKWe Kak NonndgeHorbI, nonmcaxapuabl,
Oenkn, aMMHOKUCNOTEI M Ap.), MpUCyTCTBYloWwMe B Bypbix Bogopocnsx, obnagatT
pasHO0BPa3HbIMM BUONOTMYECKUMI CBONCTBAMM: aHTUOKCUAAHTHBIMI, MPOTUBOBUPYCHBLIMM,
aHTMbaKTepuanbHbIMK, aHTUKOAryNSAHTHBIMU U Ap. W3BnedeHne GMONOrMYEcKM aKTUBHBIX
BELLECTB M3 MakpOBOAOPOCHEN C LEMnblo MOMyyYeHus npoayKumMu ¢ HeobxogumbiMu
CBOWCTBaMM OCHOBAHO Ha XWMMYECKOM COCTaBE CbIpbsi, KOTOPbIA 3aBUCUT OT YCMOBWA
MeCT Mpou3pacTaHns, a Takke NpUPOLEe PacTBOpUTENs, MeToda 9SKCTpaKkuuv u Aap.
B paHHoit paboTe npeactaBneHbl pesynbTaTbl CPABHUTENBHOMO WCCNEA0BaHUS
9KCTPaKTOB M3 TPEX BUAOB ceM. Fucaceae, cobpaHHbix Ha nobepexbe bapeHuesa Mops
1 mops Vpmunrepa (3anagHast Micnangus), no cogepanuio nonudeHonos. OnpeaeneHa
aHTMOKCAHTHAs aKTMBHOCTb AKCTPAKTOB NO peakuum ¢ 2,2-andeHnn-1-nukpunruapasun
(DPPH). MokasaHo, 4YTO copepxaHue nonugeHonoB B 3KCTPaKTax 3aBUCUT OT paiioHa
Npon3pacTaHms, B TO BPEMS! KaK WX aHTUOKCUAAHTHAs akTUBHOCTb 3HAYMMO He OTNYaeTcs,
4TO NMO3BONSIET NPEANONOXMTL NPUCYTCTBUE APYINX aHTUOKCMAAHTOB B KCTPAKTaX.

Knioyesbie crnoea: aHTUOKCWAAHTHAS aKTUBHOCTb, I'IOJ'II/Id.)eHOJ'IbI, AKCTpaKLUuA, 6ypb|e Bodopocnu.

L.V. Zakharova, E.D. Obluchinskaya
Murmansk Marine Biological Institute RAS, Murmansk, Russia

POLYPHENOL AND ANTIOXIDANT ACTIVITY OF FOCUS ALGAE EXTRACTS FROM
FAKSAFLOI BAY (IRMINGER SEA) AND ZAVALISHIN BAY (BARENTS SEA)

Abstract
In the coastal waters of the Arctic, the most common species of Fucoids are Fucus
vesiculosus, Fucus spiralis, and Ascophyllum nodosum. It was reported that bioactive
compounds present in brown algae (such as polyphenols, polysaccharides, proteins,
amino acids, etc.) have a variety of biological properties: antioxidant, antiviral,
antibacterial, anticoagulant, etc. Extraction of biologically active substances from
macroalgae in order to obtain products with the necessary properties is based
on several factors: the chemical composition of the raw material, which depends on the
conditions of the collection sites, as well as the nature of the solvent, the extraction
method, etc. This paper presents the results of a comparative study of extracts from
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three Fucaceae family species collected on the coast of the Barents Sea and
the Irminger Sea (West Iceland) for polyphenol content. The antioxidant activity of the
extracts was also determined by reaction with 2,2-diphenyl-1-picrylhydrazyl (DPPH).
It was shown that the content of polyphenols in extracts depends on the places
of collection of algae, and their antioxidant activity does not differ significantly, which
suggests the presence of other antioxidants in the extracts.

Keywords: antioxidant activity, polyphenols, extraction, brown algae.

BBenenue. [To6epexns mopeit ApkTuku 1 CeBepHOM ATIIAaHTUKH OOTaThI
OypbeIMU BOJMOpoOCHsiMU. M3-3a BBICOKOTO COJEpKaHUS IMMOJTUCAXAPHUIOB,
MoJIM(PEHOJIOB, MOJUHEHACHIIEHHBIX JXHPHBIX KHCJIOT, HE3aMEHHUMBIX
AMUHOKHCJIOT M BUTAMHHOB MOPCKHE BOJOPOCIH SBISIOTCS XOPOIIHM
HCTOYHUKOM 3a0poBor mnwmmu (Phenolic ..., 2015). H3BecTHO, 4YTO
METabOIMTEl BOJOPOCIICH O0JIAMAIOT IUTOCTATUYECKON, MPOTUBOBUPYCHOM,
MIPOTHBOTPUOKOBON M aHTHOAKTEPHUAIbHOM aKTHBHOCTBIO, KOTOpas CBs3aHa
C HaJIMYMEM MOINHBIX M HETOKCHYHBIX NMPUPOJHBIX aHTUOKCHUIAHTOB
(Characteristics ..., 2020). AHTHOKCHIAHTHBIN 3(D(EKT cBs3aH ¢ noiaudeHoIaMu
U, B YaCTHOCTH, C (IIOPOTAaHHMHAMH, OJUTOMEpPaMU WIH TOJUMEpPaMHu
¢baoporaonuHa. CymTaeTcs, YTO OHH BCTPEYAIOTCH TOJIBKO B OYpBIX
Bogopocasx (Imbs, Zvyagintseva, 2018). AHTHOKCHAAHTHAs aKTUBHOCTH
(JIOPOTaHHUHOB, SKCTPArUPOBAHHBIX U3 PA3IMYHBIX BUJIOB OYpPBIX BOJOPOCIIEH,
Obu1a TIpoaemMoHcTpupoBaHa in vitro (Relationship ..., 2019; Antioxidant ...,
2020). Hekotopsie moau(eHOIbHbIE COCIUHCHHS, TAK)KE IPOSBIISIOIINC
AHTUOKCHUJIAHTHBIN 3P (eKT, TaKue KaK KaTeXUHbI, (PJIABOHOJBI U TIIMKO3HU/IbI
(h1aBOHOJIOB, OBUTH MICHTU(PHUITMPOBAHBI B METAHOJIBHBIX AKCTPAKTAX KPACHBIX
u Oypoix Bogopocneit (Extraction ..., 2015).

[Tomudenonsr UrparT pa3zHOOOpPa3HYIO POJb Ha MPOTSIKEHUU BCel
KU3HU PACTEHUS, OT €ro pocTa U Pa3MHOXKEHHs J0 0O0pa3oBaHUsl KJIETOYHBIX
creHok u nurmeHntanuu (Imbs, Zvyagintseva, 2018; Characteristics ..., 2020).
Conepxanne ToJU(EHOIOB B BOJAOPOCISIX 3aBHCUT OT CE30HA, TEMITEPaTyphl
BOJIbI, HHTEHCUBHOCTH CBETa U JOCTYIHOCTH NMHUTATEIbHBIX BEIIECTB, UX
KOHIICHTPAIIUS MOXKET JIOCTUTaTh MaKCUMaJIbHOTO YpoBHS — 110 20 % OT cyxou
Maccel Bojgopocien (Tkau, O6myumnckas, 2017; Peokuk, ducak, 2018;
Relationship ..., 2019).

Iens nccaenoBaHuii — ONPEACIICHUE COACPKaHUsI OOIIUX MOIU(EHOIOB
B DKCTpakTax OypbIX BOAOPOCIEH TPEX BHIOB, MPOM3PACTAIOIINX B MPHUOPEIKHBIX
akBaTopusx bapeHiieBa Mopsi u Ha modepexbe 3anajaHon Mcmananu, u oneHka
WX AHTHOKCHJIAHTHOW aKTHBHOCTH. [[si MONmy4eHHs SKCTPakTOB U3 OyphIX
Bopopociuent Fucus vesiculosus L., 1753, Fucus spiralis L., 1753, Ascophyllum
nodosum (L.) Le Jolis, 1863 wucnonp3oBanu OUHApPHYIO CUCTEMY
PacTBOPHTEIICH, COCTOSIIIYIO U3 alleTOHA M BOABI. MeTOoANKa SKCTPAKIIUU Obliia
YCOBEPIIIEHCTBOBAHA paHee ISl MOJIYyUYeHUsI SKCTPAKTOB C BHICOKMM BBIXOJOM
nonudenonoB (3axapora, 2020). Tect Ha cmOCOOHOCTh ylIaBIUBAHHU A
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pagukanoB 2,2-gudenun- 1 -nukpunruapaswi (DPPH) npumensum 1s oneHKn
AQHTHUOKCHJIAaHTHOW aKTUBHOCTH SKCTPAKTOB.

I[To Mepe pocTa wWHTepeca Ha HATypPaJlbHBIC MPOIYKTHI C MEHBIIHM
KOJINYECTBOM XHMHYECKUX J00aBOK AHTHOKCHUJAHTHBIE HHTPEIUCHTBI
U3 pacTeHU MpUBIEKalOT 0OJIbIIIOE BHUMAHUE ISl UCTIOJIb30BAaHMUS B KaueCTBE
KOHCEPBAHTOB MHUIIEBBIX MPOJAYKTOB WM HYTPUIEBTUKOB. AHTHOKCHIAHTHI
MOTYT CIIY)KHTh THUIIEBEIMH KOHCEPBAHTAMH BMECTO XHUMHYECKHX J100aBOK
(Optimization ..., 2019).

Martepuan u Meroabl. O0beKTaMH SBIISUTUCH 0OPa3Ilbl OYPBIX BOAOPOCICH
Fusus vesiculosus, Fusus spiralis u Ascophyllum nodosum. Bomnopocin Obu11
coOpanbl BO BpeMsl oTiuBa B jeTHUU mepuon 2019 r. B OyxTe 3aBanuimmHa
(ryoa Tepubepckas) B bapenneBom mope — 69°11.02° ¢. m. 35°14.73’ 8. n. u
B 3anmuBe Dakcaduioyn (Mope MpmuHrepa) Ha 3anaaHoM modepexbe Memanaum —
64°07.25° c. m1. 21°55.84° 3. n.

OO0pa3usl BOAOpPOCIEH OBUIM IIPOMBITHI Ha MECTE MOPCKOH BOJOM,
TAJJIOMbl OYHUILNEHBl OT AMU(UTOB, 3aT€M BBICYLIEHBI B MOMEIICHUU MPHU
noctossHHOM Temmnepatype 25 °C. Bo3nymiHo-cyxue TalsloMbl BOJOPOCIEH
H3MenbyYaiy ¢ momoiuisto 6aenaepa (Redmond, Kuraif).

DKCTpakuuo Mojau(eHonoB NpoBoAwIM ¢ ucnonb3oBanueM 70 %-ro
BOJIHOTO pacTBOpa areroHa. [l HanOoIiee TOTHOTO M3BJICUCHHS MOIU(ESHOIIOB
ObLTa MpoBeIeHa MHOTOKpAaTHAsl HCUEPIIBIBAIOIIAS IKCTPAKIIUS IO OMHUCAHHON
panee meronuke (3axapona, 2020).

Coneprkanue oOmmx NoargeHoNIoB (naiee — MmoM(eHOI0B) B IKCTPAKTaxX
BOJIOPOCIICH ONpPEACISUTH CIEKTPO(HOTOMETPUIESCKH C UCIIONIL30BAHUEM pPearcHTa
donmnHa-YokaneTey corimacHo metomuke (Obluchinskaya, Daurtseva, 2020).
B xadectBe cranmapra vcnonszoBaiu (ruopormorwH (Sigma-Aldrich, I'epmanms).

AKTHUBHOCTh OO0Opa3loB IO YyIaBIMBAaHUIO CBOOOJHBIX paJUKaIOB
onpenensanu ¢ ucnoiap3zoBanueM DPPH (2,2-nudenun-1-nukpuiaruapasun)
B cootrBeTcTBUM ¢ Mertonmkor (Content ..., 2017; Effect ..., 2020).
AHTHOKCHJIAHTHYIO aKTUBHOCTH (AOA) BbIpakaiy B MPOLEHTAaX WHIMOUPOBaHUS
aktuBHocTH DPPH.

Pe3ynpTarhl Tpex mapauienbHbIX U3MEepeHri ObUTH 00padOTaHbl METOIAMU
OMHCATENbHON CTATUCTHUKH C OIEHKONW HOPMalIbHOCTU paclpeaeleHHs.
CraTucThuecKkue JaHHbIC ObLIN paccuHMTaHbl ¢ ucnoib3oBanueM STATISTICA
(cucrema mporpaMMHOro oOecredeHus JJis aHalu3a NaHHBIX; Bepcus 10,
StatSoft, Inc., 2011).

MetonoMm oaHOodakTopHOTO aucrepcuoHHoro anamu3a (ANOVA)
MpoOBeJicHa OIlCHKa BIMSHHS MecTa cOopa BOJOpOCield Ha KOHIEHTPALHUIO
nonudenonos B akcTpakTax u ux AOA (UBantep, Kopocos, 2011).

Pe3yabTaTel u obcy:xkaenue. OeHOIbHBIC COSAUHEHHS] — 9TO OOJBIIIAS
IpyIIa BemeCcTB ¢ pa3JIMIHBIM COCTAaBOM W CTPYKTYpOH Kak
BOJIOPACTBOPUMBIX, TaK M JIMMTOPUIBHBIX, ITOATOMY TPOIEAYPHI IKCTPAKIIHH
TakXe 3HAYUTENbHO pa3nuvaroTcs. M3BECTHO, YTO CTENEHb IKCTPAKIUHU
3aBUCHT OT MCIOJIB3yeMOTO PACTBOPHUTENS U YCIOBHUU SKCTPAKIHH.
Ha skcrpakiuro monmudenonos u AOA enusiet BeiOOp pactBoputens (Effect ...,

70



2014). Hanpumep, cumTaercs, 4To (DJIOPOTAHHUHBI JIYUIIE 3KCTPArupyroTCs
BOJIOM, YeM BOJHO-3TaHOJBHBIMH PACTBOpPAaMH, HO HE Tak 3(PPEKTUBHO, KaK
pactBopamu anerona (Barton, 1983). IlonsgpHOCTh pacTBOPHUTEISA, a TaKKE
PacTBOPUMOCTh COSAMHECHHM CYIIECTBEHHO BIIMSIOT Ha MEPEXO0JI MOIH(PEHOTIOB
B 3KCTpakT. OCOOCHHOCTH SKCTPAKIIMHA AaHTHOKCHIAHTOB M3YYEHBI 11 Ha3eMHBIX
pacTeHui, OJHAKO IJIA OyphIX BOJOPOCIEH MOJTHOCTHIO HE HMCCIIEIOBAHBI.
Hampumep, B uiccnenoBannu (Optimization ..., 2019) ansa Ascophyllum nodosum
ONTUMAJILHOE YCIIOBHE JIJIs MOTYUYEHUs SKCTpaKTa ¢ Hanbonee cuiibHO AOA —
Temneparypa skcrpakiuuu (20 °C) u konuenTpanus sraHoina (80 %).

CXxeMBl 3KCTpaKIUU PACTBOPUTEIIEM M TO, KaK YCJIOBHS BIHSIOT
Ha cojcp)kaHue MoaudeHosoB B pacTBopax W ux AQOA, M3ydaauch paHee
IJI1 HEKOTOPBIX BHIOB KpacHBIX U Oypeix Bomopocnuei (Content ..., 2017;
Relationship ..., 2019). HarpeBanue 3KCTpakTOB NPHUBOAHWIIO K YBEIUUYCHHIO
CTENIEHU JIKCTpPAKUUM MOoJu(EeHosoB, HO yale K cHmkeHuto ux AOA.
Hcnonp3yemass B 3TOM HCCIEIOBAHMHM CXE€Ma JKCTPAKIMH OO0eCIeunBacT
BBICOKHMM MPOICHT BBIXOJA IMOJIU(EHOIOB, a AKCTPAKIUSA TP IMOHMKEHHOMN
TEeMIIepaType MO3BOJISAET N30€KATh Mepexo/ia B pacTBOP OAJJIACTHBIX BEIIECTB
u camwkenus AOA.

B npenprnymux uccinenoanusx (3axapona, 2020; O0ayunHckas, 3axapoBa,
2020) ObUIO BBISBICHO, YTO HamOOJCe LIEHHBIM CBhIPbEM IS HM3BIICUCHMS
MO (PEHONBHBIX COEIMHEHUN SIBIISIOTCS Oyphle Bomopociu Fucus vesiculosus,
IpouspacTaromue B 0yxTe 3aBanuininHa bapeHneBa Mops, rie ObUIO OTMEUYCHO
HanboJee BBICOKOE CyMMapHOe cojepxaHnue noiudeHnonaoB. HauMmeHnsinee
CyMMapHO€ KOJHYECTBO IMOJU(PEHOIOB BBIIBICHO B BOJOPOCIX,
MPOM3pacTAONINX Ha 3anmagHoM mobepexbe Wcemanmuu (3amuB dakcaduioyw,
Mope Mpwmunrepa) B ngaHHOM wuccrnenoBaHuu mpoBeAeHO cpaBHeHHE AOA
OKCTPAKTOB U3 Fucus vesiculosus, a TakXe JIBYX JIPYTrUX IIHPOKO
pacmpocTpaHEeHHBIX BUAOB OypbIX BOJIOPOCIIEH, COOpaHHBIX B TEX )K€ palioHaX.

Ha pucynke | moka3aHbl pe3yibTaThl OMNPEICICHUS COACpPKAHUS
o (EHONIOB B AKCTPAKTaX TPeX BUAOB (DYKYCOB M3 pa3HBIX MECT OOMTaHMUS,
KOTOPBIE CUIILHO Pa3JIMYatOTCsl.

Coneprxanue MoaueHOIOB B OKCTpaKTax OypsIx Bogopociel bapeHiesa
MOpsI HaxOJUTCSA B auama3oHe 1.8—4.5 Mr/mi, 4To MpeBBIIIAET TaKOBOE
B DKCTPAKTaX UCIIAHJACKUX Bojopociei. CoaepkaHue Moau(peHO0I0B B AKCTPAKTaxX
Fucus vesiculosus Oyxtbl 3aBanuiuHa B 6.5 pa3a BbIIIEe, YeM B JKCTPaKTax
3Toi Bomopocau B 3anuBe Dakcadioyu, dKCTpakThl Fucus spiralis u
Ascophyllum nodosum B 3.5 u 2.5 pa3a COOTBETCTBEHHO.

AHTHOKCHIaHTHAs aKTUBHOCTH JKCTPAKTOB MCCIICAYEMBIX BOJIOPOCIEH
MpejcTaBieHa Ha puc. 2. B COOTBETCTBHM C paHee MpeI0KeHHON TUIOTE30M
AKTUBHOCTBH 10 YJIABJMBAHUIO PaJUKaIOB MOJIU(DEHONBHBIX COCAUHCHHH,
0Cc00eHHO (DIIOPOTAaHHUHOB, OMpeaAciaseTcs (EeHOIBHBIMUA THAPOKCUILHBIMHU
IPYMIaMHy, TPUCOCAMHEHHBIMUA K KOJIBIICBOW CTPYKTYpPE, U OOBIYHO COIJIACyeTCs
C YBEJIMYEHHEM COJepKaHusl OOIMX MOMU(GEHOIOB B IKCTPAKTaX BOJOPOCIEit
(Imbs, Zvyagintseva, 2018; Relationship ..., 2019; Caracteristecs ..., 2020).
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Fig. 2. AOA of extracts of fucus algae of the coast of the Barents Sea and the
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AHTHOKCH/IAaHTHASI aKTUBHOCTh SKCTPAKTOB TPEX BHUIOB (PYKYCOB OYXThI
3aBanumuHa coctaBuia 15.5-20.4 %, uist SKCTpakTOB BOJOPOCIJEH 3aMBa
dakcadoyu — 9.6-18 %. OGHapykeHO, 4TO, HECMOTPSI Ha HU3KOE COZEpIKaHHe
noau(eHoJIOB B dKCTpaKTax Bojgopocien 3anuBa ®akcadnoyn, ux AOA
COIIOCTaBMMa C TAKOBOM 3KCTPAKTOB BOJOPOCIEH OYXThl 3aBalUIINHA.

Kak mpaBumno, cogepxxanue nmonudenonoB koppeaupyer ¢ AOA.
B wuccnenoanusax (Phenolic ..., 2015; Correlation ..., 2021) oOnapysxeHo,
YTO aKTHUBHOCTH IO YJIaBIMBAHHUIO PAJMKAIOB BO3PAaCTaeT C YBEIMYEHHUEM
conepkanus noiaudenonos. OaHaKo, APyrue UCCIe0BaHUs MOKa3alu, 4TO HE
BCErJa CyIIeCTBYeT IpsimMasi cBsA3b Mexy AOA u cojepkaHueM NOJU(PEHOIOB
(Breton et al., 2011; Characteristecs ..., 2020). BepositHO, CTpyKTypa
(bIOPOTAaHHUHOB M MX CBOMCTBA CYIIECTBEHHO PA3NIMYAIOTCS Y Pa3HbIX BHUJIOB
BOJOpociiel. MOKHO TakXe HNPEeANoJ0XKUTh, YTO Yy BOJOPOCIEH 3ajiuBa
dakcadoyn IpuUCYTCTBYIOT COeAMHEHUs, oOnanarmue 60oiaee BRICOKOH
aKTUBHOCTBHIO yJIaBJIWBAaHUS paJuKanoB, ueM noiaudenonsl. [lanpHeiinee
M3Y4YE€HHE BOJOPOCIEBBIX SKCTPAKTOB C YCTAHOBICHUEM COCTaBa, CTPYKTYPHI U
CBOMCTB NOJU(EHOJIOB U IPYIHX OMOJIOTUYECKH aKTUBHBIX BELIECTB IO3BOJIUT
MOJIYYUTh JETalbHYI0 WH(pOpMalnio 00 MX BIMSHUU HAa aHTHOKCHIAHTHYIO
aAKTUBHOCTbD.

OnHodaKkTOPHBIM TUCTIEPCUOHHBIA aHAIU3, PE3yIbTATHl KOTOPOT O
MPUBEJICHBl B TaOJuIle, MOKa3al 3HAYUMOE BIUSHHE MecTa MPOU3PACTAHUS

Ha conepkaHnue nonudenonos B skcTpakrax (p = 0.000) B otnuume or AOA
(p =0.044).

OnHohaKkTOPHLIN AUCIEPCUOHHBIN aHAJTU3 BJIUSHUSA
MeCT IPOM3PACTAHUA BOAOPOCJIEH Ha cojep:KaHue MoJaudeHo 0B
B JKCTPAKTAX U UX AHTHOKCHIAHTHYIO AKTUBHOCThH
One-way analysis of variance of the effect of the algae collection place
of algae on the polyphenols content in extracts and their AOA

XapakTepucruka . Power
9KCTPAKTOB F-ratio p-value (a.=0.04)
Conepxanue mompeHoIoB 32.95 0.000030 0.999482
AHTHOKCHUIAHTHASI aKTUBHOCTD 4.80 0.043530 0.497310

3akawouenue. B xonxe wuccienoBaHUIl ONpeNeNeHO COJepKaHUE
noJu(eHoJ0B B HKCTpaKTax BOJOPOCIEH Tpex BHUIOB U3 pailoHOB,
pacnosoxkeHHbIX B bapeHuesoM mope u mope Mpmunrepa.

Conepxxanue moiu(eHoJIOB B IKCTPAaKTax OyphIX BOJOpOCHe OyXTb
3aanummHa (bapenueBo mope) coctaBuno 1.8—4.5 mr/mi, uto B 2.5-6.5 pasa
MPEBBIIIIAET TAKOBOE B JIKCTpaKTax Bogopociei 3anmuBa dakcadioyu.
AHTHOKCH/IaHTHAsl aKTUBHOCTb 3KCTPAKTOB Tpex BUAOB (pykycoB bapeHniepa
Mopsi cooTBeTcTBOBana 15.5-20.4 %, nas dKCTPaKTOB BOJOPOCIEH MOps
HNpmunrepa — 9.6-18.0 %.
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OnHo(haKkTOpHBIA TUCTIEPCUOHHBINA aHAIMU3 BBIIBUJI 3HAUMMOE BIUSHUE
MECT MPOU3PACTAHUS HA COJIEPKaHUE MOTH(PEHOIOB B IKCTPAKTAX TPEX BUIOB
¢dbykycoBbIX Bomopociei, a ai11 AOA He ObuUI0 0OHApPYXEHO 3HAYMMBIX
paznuunii. BeposaTHo, 3T0 MOXET OBITh O0YCJIOBIIEHO Pa3HON CTPYKTYpOH H
cocTaBoM (JIOPOTAHHUHOB, a TaKXKe€ HAIMYHEM IPYrUX aHTHOKCHUIAHTOB
B BojJopociax 3anuBa Pakcadiaoym ¢ 0ojee BBICOKOH aKTHBHOCTHIO
ylaBiauBaHUsA paaukaioB. [lanpHeilee u3ydyeHHe cOCTaBa, CTPYKTYPHI
U CBOWCTB NOJH(ECHOJOB Pa3HBIX BHAOB OYpBIX BOJOPOCICH ITO3BOJHUT
BBISIBUTH B3aUMOCBs3b ¢ MX AOA 1is penienuss GyHIaMEHTANbHBIX 3a/1ad U
BO3MOYXHOT'O TTPAKTHYECKOTO UCTIOIE30BaHUSI.
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rMAPONOrMYECKUE UCCNEQOBAHUA B CEBEPO-BOCTOYHOMN YACTH
BAPEHLIEBA MOPSA B 2019 1 2020 rr.

AHHOTaUMA

B cTatbe npeactaBneHbl pesynbTaThl rMAPONIOrMYECKUX UCCNEA0BaHUI CEBEPO-
BOCTOYHOI yacTn bapeHuesa mopsi. HaGniogeHus BbINOMHEHbI B KOMMMEKCHbIX
okeaHorpacmyeckux akcneguumax HAC “OanbHue 3eneub” MMBU PAH B okTsbpe—
Hosbpe 2019 1 2020 rr. MpoBeAeH aHanM3 cepumn rMapoNorMYeCckX paspesos, AatOLLMX
nogpobHoe npefcTaBneHuMe O CTPYKType BOA W TEYEHU W3y4yaemoro paioHa.
B cTpykType BOA BblOENEHO [Ba MOTOKA aTNaHTWYecKuX Bog. MOTOKW HanpaeneHbl
NPOTMBOMONIOXHO APYr APYry U PacnonoXeHbl B PasfuyHbIX rMy6UHHBIX CROSX.
Bbixoaswuin u3 bapeHuesa Mops aTnaHTUYeCKUin NOTOK UOEHTUULIMPYETCS Kak BETBb
Tennoro HoBo3emenbckoro TeyeHnus. B Havane 3uMHero nepuoga Teuyenue
pacnpocTpaHsaeTcs B cnoe oT nosepxHoctu Jo 50-75 m. Brekawwwne B mope
aTnaHTMyeckne BOAbI MAEHTUMUMPYIOTCA Kak BETBb [MyOMHHOTO TeueHus xenoba
Casiton AHHbl. OHu nocTynatot u3 MonsipHoro bacceiiHa 1 npoxoasT B bapeHueso Mope
C BOCTOKa Ha 3anag ao 62-60° .. 4.
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Knroyeebie cnoea: ruoponoruyeckue ycnoeusi, BoAHble Macchl, bapeHLeBo mope,
aTnaHTUYeckVe BObI.

T.M. Maksimovskaya, G.V. llyin
Murmansk Marine Biological Institute RAS, Murmansk, Russia

HYDROLOGICAL STUDIES IN THE NORTH-EASTERN PART
OF THE BARENTS SEA IN 2019 AND 2020

Abstract

The article presents the results of hydrological studies of the north-eastern part of the
Barents Sea. The observations were made in the oceanographic expeditions R/W
“‘Dalnie Zelentsy” of the MMBI RAS in October—November 2019 and 2020. The analysis
of a series of hydrological sections is carried out, which details the vision of the structure
of the waters and currents of the studied area. In the water structure, two streams
of Atlantic waters are distinguished. The flows are directed opposite to each other and
are located in different deep layers. The Atlantic stream emerging from the Barents Sea
is identified as a branch of the warm New Earth current. At the beginning of the winter,
the current spreads in a layer from the surface to 50-75 m. The Atlantic waters flowing
into the Barents Sea are identified as a branch of the deep current of the St. Anna
trench. They come from the Polar Basin and pass into the sea from east to west up
to 62-60° E.

Keywords: hydrological conditions, water masses, Barents Sea, Atlantic waters.

BBenenne. B paGote paccmaTpuBaercs crienuUyecKuil pailoH ceBepo-
BOCTOYHOM 4YacTu bapeHieBa Mops — IposMB Ha rpaHune bapeHuesa u
Kapckoro mopeit apxunenaramu Hosas 3emins u 3emns ®panna-Hocuda.
Paiion pacnonokeH B IMPOTHOM 30He Mexay 77 u 80° c. II. U B HEKOTOPBIX
M3IaHUSIX HUMEHyeTcsi mpoiuBoM MakapoBa (I'mapomereoposorus..., 1990).
Yepes maHHBIA MPOJIMB MPOUCXOAUT BojgooOMeH bapenuesa mops ¢ Kapckum
MoOpeM U TiyO0okoBoaHOM dYacThio CeBepHoro JlemoBUTOro okeaHa —
[MonsipusiMm  GacceliHoM. ['maposoruueckuit pexXuM palioHa OTpakaeT
0COOEHHOCTU 3TOr0 BOJOOOMEHA M (POPMHUPYETCS COOTBETCTBEHHO MO
BiustHUEM BoJ [lonspHoro 6acceiina u Kapckoro mopsi.

JUis 3TOro apKTHYECKOro Mosica XapaKTEepHbl HyJeBble JTUOO
OTpHUIaTENIbHbIE 3HAUEHUs TEMIIepaTypbl BO3/lyXa B TE€UEHUE roja U Hajauuue
ob6nayHocTH B 8—9 06aminoB, KOTOpas yMEHbIIAeT MOCTYIUICHUE HPsAMOM
coiHeyHoM panuanuu Ha 60-80 % mo cpaBHeHHIO ¢ 0e300JauHBIM HEOOM.
Bbonbuiyto pons B (OpMUPOBAHUM KJIMMAaTa UrparOT MOCTYIUIEHHUE B BBICOKHE
MIUPOTHl TEIUIBIX AaTIAaHTUYECKUX BOJ M LHUPKYISANUS aTMochepsl.
ATMocdepHas HUPKYIALUS NOMUMO BIMSHHUS NPSIMOrO NMPHUTOKA Teria
B OOJBIIONW CTENEHU OMpeeNseT HANpaBJIECHHOCTh XOJOJHBIX U TEIUIBIX
TEUEHUH, a TaK)K€ CTENEHb MOKPBITHS JIbJJOM MOPCKON ITOBEPXHOCTU. B cBsA3M
C 3THM 37ech HabmromaeTcst Oojee TEMJbl KIMMAaT B CPAaBHEHHUU C JPYTUMHU
apktuueckumMu wmopsamu (I'mppomereoposnorus ..., 1990). Ilpurtok
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aTJIAaHTUYECKOTrO Terja B CEBEPO-BOCTOYHBIM CEKTOP MOPS C TCUCHHUSIMU
MPOMCXOAUT, KaK MPaBUJIO, B MPUJIOHHOM M MPOMEKYTOYHOM CJIOSIX BOJHOM
maccel (Midttun, 1985; Loeng et al., 1997; Tpodumor u ap., 2008; Lien,
Alexander, 2013; Bongr ..., 2016).

ens maHHOW pabOTHI — M3YYEHHE CTPYKTYPHI BOJ CEBEPO-BOCTOYHOIO
paiioHa MoOps, pOJH TOTOKOB aTJIAHTUYECKHUX BOJ B BOJOOOMEHE
MPUJICTAIOIINX aKBATOPUN B YCIIOBHSIX M3MEHSIOIIETOCS KIIMMaTa

MaTtepuan u MeToabl. B pabore uCmONb30BalNCh JaHHBIC
uccienosanuii MMbBMU, nonydyennsie B sxcnienuiuu HUC “Jlanbaue 3eneHubr”
¢ 30 oxtsa6ps mo 4 HosOps 2019 r. m 6-10 okTab6ps 2020 r. (puc. ).
[IpoBeneHbl M3MEpEeHUS TeMIepaTypbl U COJEHOCTH NPU BEPTHKAJIBHOM
npoUIUPOBAHUU BOJHOM TONIIM HA TUAPOJIOTHYECKUX CTAaHIMSX. J[7s 3TOTO
ucnonp3oBaicsa CT/-npodunorpad SBE 19plus V2 SeaCAT (CLIA).
[TapamienpbHO Ha ATUX XK€ CTAHIHAX H3MEPSIINCh METCOPOJOTHUYECKHUE
MapaMeTpsl C TOMOIIBIO CYZ0BON METEOCTAHITHH.
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Puc. 1. Cxema pacnonoxeHus OKeaHOrpadUYecKux CTaHLUUM Ha aKBaTOPUH
ceBepo-BocTouHOU yacTu bapentiea mops B 2019 (A) u 2020 rr. (b)

Fig. 1. The position of oceanographic stations in the north-eastern part of the
Barents Sea in 2019 (A) and 2020 (b)

Pe3yabTaThl M 00cy:xkneHue. ATMocepHbie TPOILIECCH B UCCIEAYEMOM
paiioHe (hopMUPYIOTCS TOJ BO3ACHCTBHEM MPOHUKAIOIIUX HAa CEBEPO-BOCTOK
aTIaHTUYECKUX BO3JYIIHBIX MaccC, KOTOpbIE€ BBI3bIBA€T 0OOpa3oBaHUE
MOJIOKUTEIBHBIX aHOMAJIUM TeMIlepaTypbl BO3JyXa 3MMOMl Ha CEBEpHOU
okoHeuHoctu Hosoit 3emnu (I'mppomereoposnorus ..., 1990). Benuunnsl
HaOII0aeMbIX B IKCHEAUIHAX MOKa3aTeleld COCTOSHHUS MPUBOIHOTO CIOS
aTMocdepsl — TeMIEpaTypbl U CKOPOCTH BETpa, XapaKTEPU3YIOTCS BBICOKOM
KpaTKOBPEMEHHON W3MEHYHBOCTHIO Ha (JOHE pacTyliero 0apruecKoro MoJis.
OueBunHo, uyTo B Oapuyeckux moisx B 2019 m 2020 rr. oToOpakeHbI
nepudepuitHple YacTH IUKIOHOB, MPOXOASIIUX Ha CEBEPO-BOCTOKE MOPS
B CTaJMW 3AMOJHEHUS BO3HUKIINX OapHIECKUX MUHUMYMOB. MI3MeHeHU 51
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TEMIIEpPaTyphl BO3yXa COMPSKEHBI C TAKOBBIMU CKOPOCTH BETpa B CYTOYHOM
U MHOTOCYTOYHOW JMHAMHUKE, OJHAKO 3TH U3MEHEHUS NPOUCXOIAT
B mpoTuBOdaze. Bunumoil KOpoTKONEPHOIHON B3aMMOCBSI3U TEMIIEPaTypPhl
BO3/yXa C aTMOC()EPHBIM JIaBICHUEM HE TPOCIICKUBACTCS.

BerpoBoii apeiid MOBEpXHOCTHOTO CJIOS BOJBI BBI3BAJ IMOJIbEM
K TIOBEPXHOCTH 3ariy0JIEHHOTO MOTOKA aTIaHTHYECKUX BoJ HoBozeMenbckoro
TeueHusa. TeM caMbpIM TemiepaTrypa NOBEPXHOCTHOM BOJABI Ha IPHJIETAOLIEH
k HoBoit 3emne akBaTtopuu Mops Obina yBenwdeHa go 1.1 °C. O6mmit
¢boH TemIepaTypbl BOJbl XapaKTEepU30BaJICs 3aKOHOMEPHBIM CHUKEHUEM
no HampaeieHuio k 3emisie ®panna-Hocuda no —1.5 °C u obpazoBanmem
(GpOHTANBHOTO pa3jena MeXAY aTJaHTHYeCKMMH U TMOJSPHBIMH BOJaMH Ha
Bcell akBaTopuu nponusa. Pactipenenenne conernoctu (0T 33.99 no 34.92 psu)
COTJIacyeTcCsl C pacupeae]eHueM TeMuepaTypsl BoJbl. B HOBO3eMenbCKU X
Bojgax Kapckoro Mops coJeHOCTbh OKa3bIBaeTCs CHUXKEHHOM a0 31 psu.
CnoxxHas BepTHKalIbHas TEPMOXaIUHHAS CTPYKTYpa BOJ MPOCIEKUBACTCS
Ha CepHH Pa3pe30B Uepe3 UCCIIEAYeMYIO 00IacTh MPOJUBa (PUCYHKH 2, 3).
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Puc. 2. IIpodunu TepMU4ecKoil CTPYKTYphl BOJ B MPOJIMBE CEBEPO-BOCTOYHOMN
yactu bapenieBa mopsi, HOsiOpb 2019 1.

Fig. 2. Profiles of the thermal structure of waters in the strait of the north-
castern part of the Barents Sea, November 2019
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Puc. 3. Ilpoduns TepMuyeckoil CTPYKTYpBl BOA BIIOJIb IPOJIMBA MEXIY 3emiieit
®panna-Uocuda u Hosoit 3emneit, HosOps 2019 1.

Fig. 3. Profile of the thermal structure of the waters along the strait between the
Franz Josef Land and Novaya Zemlya, November 2019

Bepxuuii 50-MeTpOBBIA CIIOM BOJABl MMEET SYEUCTYIO CTPYKTYpY.
ITpu ciabo pa3BUTOM (PpOHTAIBHOM pa3zjiesie Takas CTPYKTypa COIpsiKeHa
C BETPOBBIM BO3JEHCTBHEM U HMMEET KOPOTKONEPUOJHYIO H3MEHUYUBOCTD.
Hwke 3Toii 30HBI TNIaBHBIMU CTPYKTYPOOOPa3yIOIUMH AJIEMEHTAMU SIBIISTIOTCS
MOTOKH aTIAHTUYECKUX BOJ, TIOCTYMAIOIINE B IIPOJIUB C JIBYX HAINIPABICHHUH.

OnvH U3 MOTOKOB TPaHC(HOPMUPOBAHHBIX ATIAHTHYECKHX BOJ — BETBB
HoBo3emenbckoro tedeHus, NpoXoauT BAOJb CkioHa HoBo3emenbckoro
menbda B cioe oT 25 1o 75 M u BeixoauT B Kapckoe mope. TemnepaTypa Bojbl
B fAJlpe MOTOKa cocTamisieT okoyio 1 °C, a comeHocTs — mpumepHo 34.6 psu.
PacipocTpaHeHne aTIaHTHYECKUX BOJ B BEPXHHUX CIIOSX OIpenesieT
MOBBILLIEHUE TEMIEPATYPHI BOJ 3UMOM /10 MOJOKHUTENbHBIX 3HaueHui — 0.3 °C
Ha (oHE OKpYyKarollel mosipHoil Bojb! ¢ Temneparypoit —1 °C.

Jlpyroil moTok BOJ aTIAHTMYECKOTO MPOUCXOXKIEHUs Habirogaercs
B Oonee riy6okux crnosax — oT 100 go 200 m (puc. 3). [lotok mpoxoauTt
B bapeHiieBom mMope mo oTporam eixo00B, OTHOCSIIIUXCS K MOHUKEHH IO
CeaToit AHHBI, IO KOTOpOMY mpoucxoauT oOmeH [lomsipHoro GacceitHa
¢ Kapckum u bapenineBsiMm Mopsimu. Ha BepTUKAIBHBIX MPOPHUIISIX MOKHO
Ha0JII0aTh, YTO TMOTOK TEIUIBIX BOJ OCIa0eBaeT B 3alaJHOM HaIpaBJICHUU.
OnHOBpEMEHHO B A1pe MMOTOKA CHIKaeTcs Temnepatypa Bozs ¢ 1.3 1o 0.8 °C.
ConeHOCTh BOJBI MEHSIETCS Mallo U BapbUpPyeT OKoyio 34.8 psu, 4To OIU3KO
K COJICHOCTH 3UMHHX HOJISIPHBIX BOJI.
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Tako# 3armyOseHHBIN MOTOK BIOJb 78° ¢. II. OBUI BBISBJICH U B JICTHE-
oceHHUI mepuon (B ceHTsAOpe—okTsiOpe 1997 r.) skcnenuuuerr Mncrurtyra
okeanosoruu um. ILII. [lupmoBa PAH na HUC *“Axanemux Cepreit
BaBunoB”. fAapo moroka Owuio 3arny6ieno o 150 M, a BOAbl uMenu
MPAaKTUYECKU T€ K€ TEPMOXAJIMHHBbIE XapakTepucTuku. X Temmepartypa u
COJIEHOCTh COCTaBIISUTH, COOTBETCTBEHHO, 1.5 °C u 34.83 psu (JIebenes, 1999).

Kak yxe oTmeuanoch, BETpOBOE I0OJi€ OKAa3bIBACT OIpEAesiolee
BJIMSIHUE HA BEPTUKAIBHYIO M TOPU3OHTAJIBHYIO CTPYKTYPY BOJ BEPXHETO
50-meTtpoBoro cnos. [loaxoasmue OMU3KO K BEPXHEMY CIOK MOTOKHU
aTJIAaHTUYECKUX BOJ| TIOJl BO3JICHCTBHEM BETpa BOBJICYCHBI B (POPMUPOBAHUE
CTPYKTYpPbl BOJ NEpEMEIIaHHOrO CJI0S B BHUJI€ PAa3HOBEIMKHUX JIHUH3
Ha akBaTopum mponuBa. OTemispnlee BIUSHUE STUX JUH3 Ha (OHE
OTpPHUIATENILHBIX TEMIEPATyp MOJSPHBIX BOJ 3aMEJISeT BHIXONAKHMBAHUE WU
CTaHOBJICHHE JISJITHOTO MTOKPOBA B HAYAJIbHBIN TIEPUO]T 3UMBI.

3aximouenue. TakuM 0Opa3om, HccieOBaHUE THIPOIIOTHYECKOTO PEKIMa
CEBEPO-BOCTOYHOM yacTu bapeHieBa mopsi oOHapyXHUBaeT Cleayloliee
XapakTepHble 4yepThl. TepMoxanuHHas CTPYKTypa 3TOTO MOPCKOTO paiioHa
(dbopMupyeTCsl B pe3y/IbTaTe B3aMMOJICHCTBHSI IBYX OCHOBHBIX BOJHBIX Macc —
MOJSIPHOM M aTJIaHTUYECKOW MpU BO3JICHCTBUU BETPOBOTO MOJIS.
TpanchopMupoBaHHBIC aTIAHTHYECKUE BOJBI MOCTYMAKT CHOJA JABYMS
YCTOMYMBBHIMU Pa3HOHANPABICHHBIMU MOTOKAMH B TIYOMHHBIX CIIOSX.
3arny0sieHHe MOTOKOB MOXET BapbHPOBATH MPU W3MEHEHUSX CHHOINTHYECCKIX
yCIIOBUH, B IEPBYIO OYepeb BETPOBBIX MOJIEH.

Brixonsimas u3 bapenueBa Mmopsa BeTBb HOBO3eMeEIbCKOro TE€UECHHU S
MIPOXOUT BAOJb CKJIOHA U OKA3bIBACT OTEIUISIONIee BIUsHUE Ha 1enabd HoBoi
3emun U mpwiieraromyto akBatoputo Kapckoro mops. IloTok artmaHTHYECKUX
Boa u3 IlomsipHoro GacceitHa mpoxoauT Ha 3anaja B bapeHieBo mope g0 62—
60° B. 1. U paccenMBaeTCs MO Mepe BHIKIMHUBAHMS HAMPABISIONIMX TEUYCHUE
KeJI000B U BIPaBHUBAHUU JJOHHOTO peibeda B MPOJIHBE.

TepMmoxanuHHas CTPYKTypa BOJ BepXHEro 50-MeTpoBOro ciosi B 3MMHUN
MepuoJi BEChMa MO3aWyHa, €€ U3MEHYMBOCTh 3aBHUCUT OT BETPOBOW HArpy3KH.
HabmroaBimasicss Bo BpeMsi SKCIEAUIIMOHHBIX HCCIEI0BaHUN CTPYKTypa ObLia
chopMupoOBaHa B pe3ysIbTaTe JJIUTEIBHOTO (B TE€YEHHE 6 CYT.) BO3IEHCTBUS
BeTpa CO cpeaHel ckopocThio 12.5 M/c. YcToitunBoe HampaBlieHHUE BETpa
dhopMupyeTcsl MOAMOBEPXHOCTHBIE JTUH3BI TEIJIOW U COJICHOW BOJBI, KOTOPHIX
3aMeJJISIIOT CTaHOBJIEHHUE JIEASHOTO MOKPOBA B IMPOJMBE U ONPEAEIAIOT
0JIarOMpPUSITHBIEC YCIIOBUSI CYJIOXOCTBA B 3UMHUX YCJIOBHSIX.

PaGora BeIMOTHEHA B paMKax roCyIapCTBEHHOTO 3aaHMUS.

Jluteparypa

Boowi bapeniieBa Mopsi: CTpyKTypa, IUPKY/Isaius, nameHndnBoctsh / B.K. Oxurus,
B.A. UBmuH, A.I'. Tpodumos u ap. Mypmanck: Uza. [IMHPO, 2016. 260 c.
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BOAOPOCIN rybbl BEPECOBAfA KOITIbCKOIO 3AJIMBA (BAPEHLIEBO MOPE)

AHHOTaUMA

MpeacTaBneH BMOOBOM COCTaB MaKpOBOAOPOCNEN M nepudmtoHa rybel Bepecosast
Konbckoro sanuea. OtmeueHo 17 smgos Bogopocnei: 3 — Charophyta, 13 -
Chlorophyta, 1 — Rhodophyta. Hanbornbluiee yucno BugoB 3auKCMpoBaHO B Havane
OCEHU, HanMeHbluee — 3umon. MakpoBogopocnn 06pasyioT MOKPOB TOMbKO Ha NEBOM
Oepery, CkonneHns XapoBblXx BOAOPOCIEN OTMeYeHbl Ha 0boux Geperax. Hanbonbluas
yacToTa BCTPEYaeMOoCTH xapakTepHa ans Rhizoclonium riparium v Cladophora rivularis.
Bopopocnu pogos Nitella, Ulothrix, Zygnema v Spirogyra npeobnagatot no 6uomacce.

Knwuyeenie cnosa: Chlorophyta, Zygnema, actyapui, utobeHToc, nepudutoH, ryba
Bepecosas, Konbckuii 3anuB.

S.V. Malavenda
Murmansk Marine Boilogical Institute RAS, Murmansk, Russia

ALGAE OF THE VERESOVAJA BAY OF THE KOLA BAY (BARENTS SEA)

Abstract
The species composition of macroalgae in the benthos and periphyton of the Veresovaya
Bay is presented. 17 species were noted. The largest number of species is recorded
in early autumn, the smallest-in winter. Macroalgae form a cover only on the left bank,
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accumulations of Chara algae are noted on both banks. The highest frequency
of occurrence is characteristic of Rhizoclonium riparium and Cladophora rivularis. Algae
of the genera Nitella, Ulothrix, Zignema and Spirogira predominate in mass.

Keywords: Chlorophyta, Zygnema, phytobentos, periphyton, Veresovaja Bay, Kola Bay.

B nemom mns Konbckoro 3anuBa bapenieBa mopst onucana ¢iopa
BOJIOPOCIEH-MaKpOo(PUTOB, COCTaBIEHBI KapThl pacupeaesieHuss OMoMacchl
n coobmectB (3aBanko, [lommna, 2008; Manaenma, 2018). 13 94 Bumon
Bojopociei-makpoguToB 18 oTHOCUTCS K 3eleHbIM, 33 — K KpacHbIM H 43 —
K OypeiM. UTO KacaeTcs MX paclpeseieHus 10 3aJUBY, TO B CEBEPHOM KOJIEHE
ormeueHo 17 mpencraBuTenei 3eneHnix, 31 — Oypbix U 39 — KpacHBIX,
a, COOTBETCTBEHHO, B CPEJIHEM U I0)KHOM KojeHax — 15,22, 37 u 8, 12, 4 Buna
(Manasenna, 2018). Onuako aus ryosl BepecoBasi, pacmoioXeHHO U
B Konbckom 3anmBe, anbroiorndeckue CBeAeHUs OTCYTCTBYIOT. Cienyet
OTMETUTB, UTO B Iry0y Brnajnaet p. Tynoma, oOpasyroias oOUIMpHBII 3cTyapuil.

Lenp paboTel — omMcaHWE BUAOBOTO COCTaBAa M CE30HHOW IMHAMUKHU
BOJIOPOCJICH TUTOPATIM U BEpXHEH cyonuTopanu ryosl Bepecosasi.

Marepuan u meroasl. lccrnenoBanue MakpoBOIOPOCIEH MPOBOIIIN
c uroHa 2018 r. mo gexkabpr 2019 r. BxkawuutenbHo. OlneHUBAIHU
pacnpezenenue, JOMUHAHTHBIE BUIBI U TPOEKTUBHOE MOKphITHE. Ha Haubonee
TUMUYHBIX y4aCTKaX PAaCTUTEIBHOTO MOKPOBAa OTOMpPAIM KOJWUYECTBEHHBIEC
poOsl Bomopociieir. CO0p BOJOPOCIICH OCYIIECTBISUIN C BAIYHOB M BBICIICH
pacTUTENBHOCTH MO MeToJaM cOopa MNPEeCcCHOBOJHOTo mepuduToHa
(PyxoBoactBo ..., 1983), ¢ rpyHTa — Kak Mopckoii putodbentoc (PykoBoacTBo ...,
1992). B nepBoM ciryyae 0TOMpaIH MO HECKOJIBKO SK3EMILISIPOB IOMUHHUPYIOIIETO
BHUJIa pacTEHMH WM Jedalu COCKoObl ¢ BalyHoB. Bo BTopom ciyuae
ucnonp3zoBaiu pamky 10x10 cm. CoOupanu Bce BOJOPOCIH, OCHOBAHUE
KOTOPBIX (PU30MIBI WJIM JIMCK) OKa3bIBAJIIUCh BHYTpH pamku. Ha cranium
oTOMpay Mo TpU HpoOkl, Kaxayto Npoly ¢ukcupoBanu. ['ne Bogopociau He
(hopMHpOBaITK TJIOTHOTO MOKPOBA U OBLIM HE BUAHBI HEBOOPYKEHHBIM TJIa30M,
B IIpo0Oy cobupanu BepxHUi 0.5-CaHTUMETPOBBII CIIOH IpyHTa, KOTOPBIN 3aTeM
UCCIIEIOBAJIN T10J] MHUKPOCKOIIOM. JlomoJHuTEeNbHO OTOMpanu o0pasubl Asis
BHJIOBOM UACHTU(HUKAIIMN BOJIOPOCIEH.

Bce mpo6s1 puxcupoBanu 4 %-m pacTBoOpoM GopMannHa B IPECHON BOJIE
B TeueHue 2—4 1 mocine cobopa. [[ns oOpa3iioB Bogopocieil Obuia BBINOJIHEHA
repOapuzanus.

B nmaGopaTopHbIX yCIOBUSAX TMPOBOJAWINA BHUAOBYIO HACHTHU(DHUKAIUIO
BOJIOPOCIIEH, ONpeAessuii ux ouomaccy ¢ TouHoctsto g0 0.01 r. lyis BugoBOro
OTIpe/IeNICHUS] UCIIOJIb30BANIM OIpPENEIUTENH JUIsl IPECHOBOAHBIX BOJOPOCIIEH,
CTaTh M KOMMEHTAapUHM MEXJIYHApOJHOU OOHOBIsieMOl 6a3bl JaHHBIX
o Bojgopocnsam AlgaeBase (http://www.algaebase.org), KIr04u U TaOIUIIBI
W3 pa3NUYHBIX TOJIEBBIX OMpeaenuTenei u ctateit mo dguopam pek (I'omnepdbax
u ap., 1953; Jlenycenko-Illeronesa u nap., 1959; I[Tamamaps-MopaBuHiieBa,
1982; I'omnepb6ax, KpacaBuna, 1983; Konwckwii ..., 1997; Komynaitaen, 2005).
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Pe3yabTaTrhl u o6cyxaenune. B ryoe BepecoBas B 2018-2019 rr. Bcero
OBUIO BBISBICHO 18 BHIIOB MaKpOBOJOPOCIEH, U3 HUX 3 — XapoBbIe BOAOPOCIIH,
13 — mpencraBuTeNN 3€NIEHBIX, | — KpacHBIX (TabauIa).

BunoBoii coctaB makpoBoaopociieii B ryoe BepecoBasn
Species composition of macroalgae in Veresovaya Bay

Takcon | Becua | Jleto | Ocenp | 3uma
Otaen Charophyta
Chara vulgaris - -
Nitella aff. opaca +
Spirogyra sp. -
Otaen Chlorophyta
Blidingia minima -
Chaetomorpha tortuosa -
Cladophora fracta +
Cladophora rivularis -
Derbesia aff. tenuissima -
Rhizoclonium riparium -
Stigeoclonium sp. -
Stichococcus bacillaris —
Ulothrix tenuissima -
Ulothrix zonata -
Urospora aff. penicilliformis -
Zygnema sp. —
Otaen Rhodophyta
Audouinella sp. -
Bcero 2

J’_
J’_

J’_
J’_
J’_

F+ 1 +1 1 ++
L+ 1+ 1+

L+ 4+ ++ 1 + 1 +++ 1
+ 1+

= +
O
W

Hins ¢noper Kosnbckoro 3anuBa 3 Buga Charophyta u 8 Buos
Chlorophyta panee He yka3bIBaJIMCh, TIO3TOMY HUXE MPUBEJEM KPATKYIO
XapaKTePUCTHKY MX PACIPEICIICHHS.

Otnen Charophyta

Chara vulgaris Linnaeus, 1753 — oOHapy>keHa TOJBKO CpeIH PIECTOB
Ha npaBoM Oepery r'yobl B BepxHel cyonuTopanu. [IpecHoBoaHbIHN BUI.

Nitella sp. (Nitella C. Agardh, 1824) — BepositHo, Nitella opaca
(C. Agardh ex Bruzelius) C. Agardh, 1824. Bogopocne pacrpoctpaHeHa B ry0e
BepecoBasi moBceMecTHO B TeU€HHE BCEro IepHoja HCCICOBAaHUN B BHIIE
OTJIENbHBIX TAJJIOMOB WM CKOTUIeHu# Ouomaccoit 1o 110 r/m?. IIpouspactaer
Cpenu pACCTOB HA TPaHUIIE JIUTOPAIH U cydnmuTopanu. [IpecHOBOIHBIN B/,

Spirogyra sp. (Spirogyra Link, 1820, nom. cons.) — oOHapyxeHa
Ha Oojiee KpPyTOM JIEBOM O€pery Ha TalleyHO-CKaJUCTOM TPYHTE B KOHIIE
aBrycra (puc. 1). IIpu maccoBom pa3Butum 6uomacca gocturaetr 80 r/m> Bce
MIPEJICTABUTENN POJ/Ia OTHOCSATCS TIPECHOBOTHBIM BHIAM.

Otnen Chlorophyta
Kiacc Cladophoraceae

Cladophora fracta (O.F. Miiller ex Vahl) Kiitzing, 1843 — ormedeHa eToMm

Ha HIDKHEH TpaHulle TUTOpaiu. MOpCKO BHUI, BBIIEPKUBAET PACIIPECHEHUE.
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Cladophora rivularis (Linnaeus) Kuntze, 1891 — 3apeructpupoBaHa
TJIaBHBIM 00pa3oM Ha pAEeCTax JIETOM M OCEHBIO OTACIbHBIMH MaJICHbKUM U
TasmoMami. [IpecHOBOHBIN BHT

Chaetomorpha tortuosa (Dillwyn) Kleen, 1874 — oOHapyxeHa Ha BayHax
OeperoB T'yObl B KOHIIE aBrycra. Buja GpopmupoBan mioTHBINA cioi dGrnomaccoi
10 600 r/m?. Buag MOpPCKOH, HO BBIIEP)KMBAET PACIIPECHECHHUE.

Stigeoclonium sp. Kiitzing, 1843, nom. cons. — eAMHUYHO OTMEUYCH
B cocTaBe oOpactanuii paectoB. [IpeacTaBuTenu posa SBISIOTCS TPECHOBOAHBIMHU.

Knacc Stichococcaceae

Stichococcus bacillaris Négeli, 1849 — enquHnYHas HaXO0JKa BECHOU
Ha IECYaHOM TpYyHTE Ha JIUTOpalu mpaBoro Oepera ryObl. Bunm mwupoxo
pacrpocTpaHeH B MOPCKUX U TPECHBIX BOJAX.

Knacc Ulvophyceae

Ulothrix tenuissima Kiitzing, 1833 — oTMeueH BecHOIl Ha jeBOM Oepery
Ha TaJleYHO-IIeCYaHOM IpyHTe (puc. 1), rae Hapsany ¢ ApyrMMHU BUJIAMHU
(dbopMHUpOBaJ MIOTHBIN PaCTUTENBbHBII MOKPOB, OOMacca KOTOPOTO JOCTUTala
300 r/m?. Bua pacnpocTpaHeH B MOPCKHX U MPECHBIX BOJAX.

Ulothrix zonata (F. Weber & Mohr) Kiitzing, 1833 — enumHUYHBIC
TaJNIOMbl OOHApYXKEHBI JIETOM Ha paectax (pucyHkd 1, 2). [IpecHoBogHBIN BU.
Knacc Zygnemataceae

Zygnema sp. C. Agardh, 1817 — enuHW4YHBIE TAIJIOMBI OOHAPYKEHBI
JETOM U OceHblo Ha ppaectax (puc. 1). IIpencraButenu poja mpou3pacTaroT
B IIPECHBIX BOJAX.

W3 uncna BHISIBICHHBIX TAKCOHOB JIBa BUJIA SBJISIOTCSI MOPCKHUMH, HO MBI
COMHEBaeMCs B IIPABUIIBHOCTH OIPEIeICHHs], XOTSI MOP(HOJIOTUS TUITUYHAS:

Derbesia aff. tenuissima (Moris & De Notaris) P. Crouan & H. Crouan,
1867 — HECKOJIBKO TAJZIOMOB OTMEUEHO Ha pJecTax MpaBoro oepera ryosl;

Urospora aff. penicilliformis (Roth) Areschoug, 1866 — netom wacto
¢bukcupoBau OTAECTBHBIMU HUTAMU cpenu Ulothrix sp.

K Bugam, pacnpoctpaHeHHbIM U B rybe BepecoBas u B Konbckom
3aJIMBE, OTHOCSATCS CIIEAYIOIINE TPEACTaBUTEIH.

Blidingia minima (Ndgeli ex Kiitzing) Kylin, 1947 — oOnapyxeHa
Ha BaJIyHHOM TPYHTE JIEBOTO Oepera B KOHIIE aBr'ycTa, Ormomacca JOKaJIbHOTO
nocenenuss — 130-264 r/m?. Mopckoil BUA, HO cOCOOEH BBIAEPKUBATH
pacripecHeHHe.

Rhizoclonium riparium (Roth) Harvey, 1849 — ormeuen neTtom u 3uMoi
B cocTaBe OeHTOoca M nepupuToHa B HEOONbIIMX KonudecTBax (puc. 1). Bun
MOoBceMECTHO pacipocTpaHeH B Kosbckom 3anuse. [Ipouspacraer B MOpsxX u
MIPECHBIX BOJOEMaX.

Audouinella sp. — TalJIOMBl 3aperuCTPUPOBAHBI €IMHOXKIBl JETOM
Ha IeCYaHOM TPYHTE.

Haubonbmias 6uomacca cpeu Bcex MaKpoOBOJIOpOcCieil CBOMCTBEHHA
XapoBBIM BOJIOPOCIISIM, TNIaBHBIM 00pazom Nifella sp. JlokanbHas BCIIBIILIKA
YUCJICHHOCTH HaOmoaanack y Spirogyra sp. B nemom Ouomacca Bomopociei
B rybe BepecoBas HeBelnKa, JOMMHUPYIOIIME BUABI CMEHSIOT OPYr Apyra
10 CE30HAM.
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Puc. 1. MukpodoTtorpaduu Bogopocieii u3 ryost Bepecoast:
A — Zygnema sp.; b, B — Spirogyra sp.; I' — Ulothrix tenuissima; J1 — Rhizoclonium
riparium; E — Ulothrix zonata
Fig. 1. Microphotographs of some algae from the Veresovaya Bay:
A — Zygnema sp.; b, B — Spirogyra sp.; I’ — Ulothrix tenuissima; J1 — Rhizoclonium
riparium; E — Ulothrix zonata

Puc. 2. TunuuHelil BHEMIHUNA BUJT CKOILJICHUI BOJIOPOCIEH:
A — obOpacranue BanyHoB Ulothrix zonata, nioHp, b — MaccoBoe pa3BHTHE 3EICHBIX
HHUTYATHIX BOAOPOCIICH HA IECUYAHOM I'PYHTE C BAlyHAMH U CKaJbHBIM OCHOBAHHEM, aBI'YCT
Fig. 2. Typical exterior of algae fouling:
A — Uothrix zonata covers on boulders, June; b — green filamentous algae in mass cover
on sandy soil with boulders and rocks, August
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[TomyyeHHble faHHBIE 110 BUAOBOMY COCTaBYy MaKpOBOJOPOCIEH U3 I'yObl
BepecoBas xapakTepu3yloT ee Kak 3cTyapHbli Bomoem. IlpumepHo oana
[I0JIOBMHA OTMEYEHHBIX 3[1€Ch BHAO0B IIPOU3PACTAET B MPECHBIX U MOPCKHUX
BOJIaX, a BTopas — B IpecHbIX. 110 ynciay BUIOB CyIIECTBEHHO IpeoliagaroT
npexacraButenu otnenoB Chlorophyta u Charophyta, 4uTo cBOWCTBEHHO
npecHsIM BogoeMaMm. OtcyrcTByroT Phaeophycea, cpenn xoTopsix HeT
IIPECHOBOAHBIX BUJOB. TakuM 00pa3oM, XOTsS ONUCAHHBIE AJbIOLIEHO3bI
SBJISIIOTCS IPECHOBOHBIMY, YTO HE UCKJIFOUAET UX CBA3b C MOPCKOU (IIOpPOiA.

Pacnipenenenue Bomopocieil Mo JIUTOpad HOCUT CE30HHBIM Xapakrep.
BecHoli Boopocinu BCTpedaroTCsi HOBCEMECTHO, HO OMoMacca UX HEBEIHMKA —
MeHee 1 r/M%. BbUIo OTMEYEHO TOJBKO JIOKaNbHOe cKomuenue Ulothrix zonata
Ha JIeBoM Gepery ry6s1 (6uomacca — 35 r/M%) u Hauano passutus Nitella sp.
B BepxHeH cyOiuTopanu mnpasoro Oepera. Jletrom Bogopociu MaccoBO
pa3BUBalOTCs Ha JieBoM Oepery. OHU (OPMHUPYIOT Ha 3TOM ydacTKe OOJIBIIYIO
6uomaccy (mo 1020.0 r/m?), npeobnanaer Ulothrix zonata. OceHbI0 TOHKHIA
HaJeT Ha KaMHAX M TpyHTe (OPMHUPYIOT 3€J€Hble HUTYATHIE BOJIOPOCIH,
OTMEYaIOTCsl eJMHUYHbIE TaJioMbl Nitella sp. Ha rpyHTe 3apeructpupoBaHbl
TaK)Ke OT/AeNbHbIE HUTH PA3JUYHBIX 3€JIEHBIX BOJOpOCIEH, cyMMapHas
6uomacca koTopeix Huxke 0.01 r/mM%. B cy6autopanu ry6sl MaccoBoO
pa3BUBalOTCsA xapoBele Bojpopociu — Nitella sp. u Chara sp., KOTOpbIe
(GOopMHPYIOT MOKPOB Hapsly C BBICIIEH PACTUTEIbHOCTHIO. MHOTrO4MCICHHA
ylibBOBasi Bogopociub Blidingia minima, B MecTax CKOIJEHHUS KOTOPOM
6uomacca pocturaet 200 r/m’. Ha OTHebHBIX ydacTKax JHA JIEBOro Oepera
npouspacraer Spirogyra sp., koropasi (OpMUpPYET TOHKHH IOKPOB Ha I'pYHTE
(6uomacca — 80 r/m?). B Hauase 3UMbl BOAOPOCIH He (JOPMHUPYIOT TIOKPOB Ha
Oonbiiel yacTu Jutopaiu ryosl. Hambonee pacnpocTpaHEHHBIMH SIBISFOTCS
3eieHble Bojpopocau Rhizoclonium sp., Takke Ha y4dyacTKe BepXHeW
cyOnuTOpaIu 3aMeTHYI0 OroMaccy GOpMHUPYIOT XapOBbI€ BOAOPOCIIH.

Pacnipenenenue Bomopocieit Ha nutopaiv ryosl BepecoBasi cymiecTBEeHHO
OTJIMYAETCs OT JIpyrux pailoHoB Konbckoro 3ammBa npeoOiajaHueM XapOBbIX.
Ce30HHOCTb pa3BUTHUS 3€JEHBIX BOJOPOCIEH BCTpedaeTcs Ha MOJABUKHBIX
rpyHTax B 3anuBe (ManaBenna u ap., 2017).

3aka4yenue. BriepBole npeacTaBieH BUJOBOM cOCTaB BOAOpOCIEH
Haubonee npecHoit yactu Kosibckoro 3anuBa — ryosl BepecoBas. YHukansHoe
COUYETaHME MPECHBIX U MOPCKUX BOJ, a TAK)KE MPABUIIBHBIX MOJTYCYTOYHBIX
Koje0aHuil YpOBHSA BOJABI 00YCIOBUIM (OPMHUPOBAHUE IIUPOKON JIMTOpAIIH,
rae copMUpOBAJINCh PACTUTENbHBIE COOOIIECTBA C MAaCCOBO PAa3BUTBHIMHU
COCYAMCTBIMU PAcCTEHUSIMU U BOJOpOCIsIMU. BpisiBiaeHo 3 BuIa XapoBBIX
Bogopociei, 13 — 3enenbix u 1 — kpacHsix. HoBbiMu mia ¢uiopsr Konbckoro
3ayiiBa ABIAIOTCS 11 BUIOB. BONBIIMHCTBO OOHAPYKEHHBIX MaKPOBOIOPOCTEH
B ryboe BepecoBas OTHOCATCA K THUINHUYHO NPECHOBOAHBIM, 4 BuUIa
pacrnpocTpaHeHbl KaK B PECHBIX, TAK 1 MOPCKUX Bogax. OTMeUeHbl U MOPCKHE
BU/IBI, OJIHAKO €CTh COMHEHUS B UX HJeHTHU¢uKaiuu. Bugosoe pasHoobpasue
¢uToOEeHTOCa MAaKCUMAaJILHO B Hayalleé OCEHU, MUHUMAaJIbHO — 3UMOH.
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MONUXETbI POAA PHOLOE (POLYCHAETA: PHOLOIDAE)
CEBEPO-BOCTOYHOU YACTU BAPEHLIEBA MOPA

AHHOTauUuA

WccnenoBaHbl BUOOBOW COCTaB, OCOBEHHOCTU pacrnpepeneHuns, pacnpocTpaHeHus W
Buonorum nonmxet poaa Pholoe B ceBepo-BOCTOMHOM YacT bapeHuesa mops (Mexay
apxunenarom 3emnsa ®paHua-Mocuda n ceBepo-3anagHbiM nobepexbeM apxvnenara
Hoeas 3emns). B gaHHOM palioHe uccnegoBaHMW Ha OCHOBe OBGHOBMEHHbIX
MOPONOrMYEeCcKMX OnucaHun uaeHTuguuUnpoBaHsl ocobu Pholoe assimilis.
YCTaHOBNEHO, YTO Hambonblwmx nokasatenein nnotHoctn nonynsauun (1130 ak3/M2) u
Buomaccel (570 mr/mM2) nonmxeTbl JAHHOTO BMAA LOCTUrAOT B OTHOCUTENBbHO TEnmbIX
NpuBpexHbIX HOBO3eMenbCkMX BoAax. Bnepsble Gbina npoaHanuanpoBaHa pasmepHas
CTPyKTypa nonynsuuin Pholoe assimilis ceBepo-BOCTOMHOM YacTh bapeHueBa mops
no LUMPVUHE NATOrO CErMeHTa Tena, YTO MO3BONMMNO YCTaHOBUTL MPUCYTCTBUE 0COGEN
yeTblpex pasmMepHbIX KNaccoB.

Kntoveenie criosa: nonuxeTbl, pog Pholoe, skonorus, pacnpocTpaHeHue, bapeHueso mope.

K.K. Moskvin
Murmansk Marine Biological Institute RAS, Murmansk, Russia

POLYCHAETE GENUS PHOLOE (POLYCHAETA: PHOLOIDAE)
IN THE NORTH-EAST REGION OF THE BARENTS SEA

Abstract

The paper describes species composition, distribution and biology of the polychaeta
genus Pholoe in the north-east region of the Barents Sea (between Franz Josef Land
and north-west coast of Novaya Zemlya archipelago). One species of the genus
was identified based on the reviewed morphological descriptions — Pholoe assimilis.
The highest values of population density (1130 specimens/m?) and biomass (570 mg/m?)
were registered in comparatively warm coastal waters of Novaya Zemlya archipelago.
Pholoe assimilis’ population size structure based on the dorsal width of the fifth chaetiger
was investigated for the first time. Size-frequency histograms indicate presence
of at least four size classes.

Keywords: polychaeta, genus Pholoe, ecology, distribution, Barents Sea.

BBenenue. CCBCpO-BOCTO‘{HaSI 4acTb EapeHueBa MOPs, XapaKTCPU3YIOIIAsACA
CIIOKHBIM B3aMMOJICHCTBUEM BOAHBIX MacCC KaK AapKTHUYCCKOro, TaK H
ATIIAHTUYCCKOTO IMMPOUCXOKACHUS, ABIIACTCA CPABHUTCIBHO MCHCC N3YYCHHBIM
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palioHoM wuccienoBaHuii. OcoOEHHOCTH pacHpelesieHus BOJHBIX Macc
B JAHHOM pailOHE OKa3blBAalOT HEIMOCPEACTBEHHOE BIIMSHUE Ha CTPYKTYpY
JIOHHBIX COOOIIECTB M, B TOM YHUCIIE, HA PACIPOCTPAHEHUE MACCOBBIX BHJIOB
MHOTOIETHHKOBBIX uepBeil. XHIIHbBIE MOJUXETHl pona Pholoe, necMoTps
Ha CPaBHUTEIBHO HeOousblIMe pasmepsl (AnuHa 10 10 MM, mupuHa 10 2 MM)
¥ HE3HAYUTENbHBIM BKJIaa B OMOMaccy cOOOLIECTB, SBJISIOTCS OJHUMU
u3 HauOoJiee pacrpoCTpaHEHHbIX (POHOBBIX BHJIOB.

JloCTIKeHHsI TIOCIEIHUX JIeT B obnactu TakcoHomum (Meilner et al.,
2017, 2020) 3HaYUTENBHO YHNPOCTHIIM MPOILECC BUIOBOW HIACHTHU(DUKAIIIU
JAHHOM T'PYyNIbI >KUBBIX OPraHuU3MOB. B yka3aHHBIX paboTax IpeaCTaBICHbI
OOIIMpPHBIE CBEIEHUS 10 TAKCOHOMUH, MOP(OJIOrHH U 3KOJIOIHU IIECTU BUJIOB
MHOTOIIETUHKOBBIX uepBel poaa Pholoe mpubpexusix Box CeBepHoit EBporbl
u ['pennanauu. ABTOpaMu IpUBEIEHb OOHOBJIECHHBIE TaKCOHOMHUYECKHE
KJIIOYH, B KOTOPHIX HE TOJBKO MOATBEPXKIECHA JOCTOBEPHOCTH KIIACCHYECKHUX
CUCTEMATUYECKUX IIPU3HAKOB, HO U BBIIEJICHBI JIOIIOJHUTEIIBHBIE.

[IIupokoe pacnpoCTpaHEHHE M BBICOKAs 4YacTOTa BCTPEYAEMOCTH
B apKTHUYECKHX BOJAAX OIpPENESeT JaHHYIO IPYIITY XUBbIX OPraHU3MOB Kak
MOTEHLMAIbHBI MHAMKATOP MPU MOHUTOPUHIE KIMMATUYECKUX H3MEHEHUU
B bapenneBom mope. OgHako OTCYTCTBUE CBEJIECHHUU O MOMYJSIIIMOHHOU
Oouonoruu mnoiauxer poaa Pholoe He M03BOJNSIET AOCTOBEPHO CBS3bIBATh
MOTEHLIMATbHbIE U3MEHEHUS UX IMJIOTHOCTU IMOCENEeHHs U OMoMacchl Kak
M3MEHEHHMs YCIOBHI OKpyxarouieil cpeasl. TakuM oOpa3oM, 1eb JaHHOU
paboThl — yCTAaHOBJIECHHE BHJIOBOTO pa3zHooOpasws monuxer pona Pholoe
B CEBEPO-BOCTOYHON yacTH bapeHiieBa Mopsi, OIpeeeHne 0COOEHHOCTEN UX
pacrpocTpaHeHHS U TOMYIISIIIMOHHON OHOJIOTHH.

Matepuan u mMeroasbl. [IpoOsl GeHTOCa ObUIM B3STHI Ha 12 CcTaHIMAX
B paMmkax KomiuiekcHoi skcnenuuuu Ha HUC “lanpuHue 3eneHusr”
B bapennieBo u Kapckoe mopst ¢ 23 oktsa0pst mo 27 wHosiopsa 2019 r. (puc. 1).
Jliist orOopa ucnosb30BaI AHOYEpNaTenb BaH-BuHa ¢ miomanpio 3axBara
0.1 M*> B 3-KpaTHO# MOBTOPHOCTH. Pa3Mep suen HUKHETO CHTA IIPU MPOMBIBKE
rpyata — 0.5 mM. [locne mpombiBKM MaTepuan Obl1 3adukcupoBaH B 4 %-M
pacTBope GpopMaliiHa, HEUTPaTu30BaHHOTO TeTPabopaTOM HaTpHSI.

CraHuuM BBINOJHEHBI B 30HE BIHSHUS Pa3INYHBIX BOJHBIX Macc
(Tabmuia). Beero Obuto npoanamu3upoBaHo 446 5K3. MHOTOIIETHHKOBBIX YEPBEH.
B paiione BiusHHA TPUOPEKHBIX HOBO3EMEIBCKUX BOJ PAaCHpPOCTPAaHEHBI
XapakTepHble Juisd Oosbleil yactu bapeHieBa Mopsl 3eJ1€HOBATO-CEpble TPYHTHI.
Mexny apxunenaramu Hosasg 3emns u 3emuss @panna-Hocuda ocanku
IIPEJCTaBIEHbl XapaKTEPHBIMU ISl CEBEPO-BOCTOYHOM dacTu bapenuesa u
Kapckoro mopeil OKHCIE€HHBIMU KOPUYHEBBIMU JTOHHBIMHU OCaJKaMH
(Henucenko, 2013). [Tocenenus nonuxet npudpexnst HoBoit 3emiau 1 moiauxer
KOPUYHEBBIX IPYHTOB IIPUHAJUIEKAT K Pa3HbIM OHOIIEHO3aM.

[Ipn BumoOBON uMIeHTHUPUKALUU MOTUXET pona Pholoe nmpumeHsnu
crepeockonuyecknii Mukpockon Motic K-400L u GMHOKYISpHBIH MUKPOCKOI
JIOMO BUMAM P-11-1, a Takxke pyKOBOACTBOBAJINCH OOHOBIECHHBIMHU
TakcoHOMHueckumu kitouamu (Meiliner et al., 2020).
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Puc. 1. Kapra-cxema paiioHa ucciejoBaHUi
Fig. 1. Map of the research area
XapakTepucTHKA Cpelibl B paiioHe UCCIe0BAHMI
Characteristics of stations in the research area
Boanble Macchl
XapakTepucTuka | OapeHIICBOMOPCKHE PUOPEIKHBIC apKTHYCCKHUC
TpaHC(HOPMHUPOBAHHBIC | HOBO3EMEJIbCKHUE
Howmepa cranmmii 5,6,10-12, 15,20 22,33,34 4,17
I'nyOuna, m 343-507 105-127 186427
Temnepatypa, °C -0.3...-0.1 -0.1-0.8 -1.2...-0.25
Conenocts, psu 349 34.8-34.9 34.7-34.8
Conepxxanue Oz, % 84 87-88 84
Tun rpynra Kopuunessnii un nin Cpezane- u kpynHo- KopuaneBblit
MECYaHUCTHIN UJI, 3€pPHUCTHIN NIECOK, TECUAHUCTHIN U,
MATKas KOpUYHEBass  cepas BS3Kas IJIMHAa cepas IJIOTHAs U
IJIMHA KOpPHYHEBas MTKast
IJIMHA
KonugecTBo 101 344 1

ITOJIUXET, 3K3.

[MPUMEYAHUE. Temneparypa u COIEHOCTh YKa3aHBI JJIsI IPUIOHHOTO CJIOSI BOJIBI.

B kaxmoil mpoGe ObUIM BBIUMCIEHBI IUIOTHOCTH MOCETeHHs (IK3/M2),
6uomacca (Mr/mM?) ¥ 4acToTa BCTPEUaeMOCTH ToauxeT poaa Pholoe. Brimonnen
KOpPENSIUOHHBIA aHAlW3 BIHSHUSA TIAYOHHBI, TEMIEpPATyphl BOIBl H
OonoTndeckux (PakTopoB (IUIOTHOCTH TOCEICHUS €Tr0 MOTCHIIMAIBHBIX O0OBEKTOB
MUTaHUs, OMOIIEHOO0Pa3yIOIINUX BUAOB) HA UX TIIOTHOCTh MOCEICHHUS.
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JUist u3y4eHus pa3MepHOUN CTPYKTYpPHI MOMYJISLUU, COTJIACHO paHee
paspaboranHoit meromguke (Heffernan, 1985), mpoBeaeHsl 3amepbl HMIMPHHBI
MATOr0 cermMenrta tena. Jljis M3MepeHuil MCHOJIb30BaIM CTEPEOCKOMHUECKUIA
Mukpockormr MBC-10. Ocobu ¢ 0quHAKOBBIMU MMOKA3aTEISIMHU IITUPHUHBI TISATOTO
CerMeHTa Tejla ObUIM OObEeIUHEHBI B IPYMIbI, B JaJbHEHIIEM OIpereisiach
JOJIsT K&KIOU TPYIIBI OTHOCHTEIBHO BCEX 0CO0E€H, OTOOpaHHBIX HA CTAHIIWU.
ITo paccuuTaHHBIM JIOJISIM COCTaBJIEHBI Pa3MEPHO-CTPYKTYPHBIE THCTOTPAMMBI,
oTroOpakaromue OCOOCHHOCTH Pa3MEPHOM CTPYKTYpPhl MOIMYJSIUH MOJHXET
pona Pholoe B okTsi0pe—HOS0pe B ceBEpO-BOCTOUHOM YacTu bapeHrieBa mops.
[To mukam Ha pa3MEPHO-CTPYKTYPHBIX TMCTOIpPAMMax BBIJICJIIEHBI IPUMEPHBIE
BO3PACTHBIC T€HEPAIHH.

PesyabTatsl u o0cyxnenue. [1o pesyabraram BHIOBON UACHTH(PHUKAIINN
OBUIO YCTAHOBIICHO, YTO M3 IIECTH BHJOB, 3apPETUCTPUPOBAHHBIX B MPUOPEKHBIX
Bogax CesepHoit EBporer (Meifiner et al., 2020), B ceBepo-BOCTOYHOHN YacTh
Bapennesa Mops obuTaeT Tonsko Pholoe assimilis Orsted, 1845. JlanHbIi BUN
XapaKTepU3yeTcsi HANMEHBIINMHU CPETHUMH pa3MepaMH MOJIOBO3PEIIbIX 0co0ei
OTHOCHUTEJIBHO JIpYruX npeactaBuTenel poga (mumHa 2.1-5.1 MM, mmpuna 0.6—
1 MM). OCHOBHBIMH TaKCOHOMHYECKUMH TPU3HAKAMH SIBIISTIOTCS OTCYTCTBHE
danuanbHON TyOepKyJbl, JaTepadbHBIX AaHTEHH W NMUTMEHTAIUH JJIUTP.
[Tocnennue, B CBOIO OuYepeib, MOJTHOCTHIO MOKPBIBAIOT JOPCATIBHYIO CTOPOHY
Teja, JAUCTAJbHO PACIOJOKEHHbIE HAa HHUX MalWUIBl JUIMHHBIC, TOHKHUE,
yetkoBuaHble (Meilner et al., 2020).

B paiione uccinenoBanuil monuxetbl Pholoe assimilis B uenom
XapaKTePU3YIOTCS OTHUM M3 HAaHOOJBIINX TTOKa3aTeNield YacTOThl BCTPEYaeMOCTH
(83 %), ycrymas tompko monmxeram cemeiictB Lumbrineridae (100 %) wu
Cirratulidae (91.7 %), a takxe Spiochaetopterus typicus (91.7 %), KOTOpBIi
He OBbII 3aperucTpupoBaH TONbKO Ha craHuusax 4 u 20. Hecmotps Ha ToO,
YTO YKa3aHHBIE CTaHIIUM SBIAIOTCS TiyOokoBoAHbIMU (427 M u 392 M
COOTBETCTBEHHO), B pailoHe HCCieAoBaHUN MoauxeTsl poaa Pholoe Obuin
3aperucTpUPOBaHbI Ha MIyOMHE BILIOTH 70 502 M, HOTOMY OTCYTCTBUE Ha HUX
Pholoe assimilis MoXeT OBITH CBA3aHO C TMOHMXEHHBIM COJAEPKAHUEM
kuciopoaa y AHa. CpeaHss IVIOTHOCTH noceneHus nis Pholoe assimilis,
OoOMTAIONMX Ha 3€J€HOBATO-CEPBhIX T'PYHTAX, OMBIBAEMBIX NMPUOPEKHBIMU
HOBO3€MEJIbCKUMM BOJAAMH, cocTaBjiseT 513 5k3/M?, a juld HOJUXET
KOPUYHEBBIX I'PYHTOB CKJIOHOB ke1000B CBstas AHHa u CeBepo-BocTouHbli
IJIOTHOCTb MOCENeHUs Huke Ha 92 % — 42 5K3/M°.

YcTaHOBIEHO, YTO HAMOOJIBIINX MOKa3aTeNel MIOTHOCTh MOMYJIALHNH
(1133 »K3/M?) u Gumomacca (566.7 mr/m>) Pholoe assimilis TOCTHUTaroOT
B MPUOPEXKHBIX HOBO3EMENbCKUX Bojax (puc. 2). JlaHHbIA pailoH OTIMYaeTcs
HE TOJBKO CPaBHUTENBbHO BbICOKMMH TemnepaTtypamu (—0.1-0.8 °C), HO u
HauMeHbIIUMH TiyouHamu (106—127 m). OH xapaktepusyeTcs OOIbIIMM
pa3HooOpa3ueM 3KOJIOTMYECKUX HHUII U 0ojiee BBICOKMM COJIepKaHHEM
opranudeckoro Bemecta (1-2 % yriepona) B goHHBIX ocankax (I'opiukosa,
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1939), uTO0 00YyCIOBIMBAET BHICOKHME YHCICHHOCTh W OMOMAacCy OCHTOCHBIX
OpraHU3MOB U, KaK CJEACTBHUE, 0oyiee OOMUPHYIO0 KOpMOBYIO 0a3y mist Pholoe
assimilis. IlepeuncneHnple 0COOEHHOCTH OJIArONPUATHBI IS KU3HEICITEIILHOCTH
3TUX TMOJIUXET, MO3TOMY HauWOOJbIIEH MIOTHOCTH MOMYJSIUU JAHHBIA BHUJ
nocTturaet B mpuopexkbe HoBoit 3emutn.
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Puc. 2. V3MeHeHHe TUIOTHOCTH NONYNSAUU U Ouomaccel Pholoe assimilis
B 3aBUCHMOCTH OT IITyOWHBI B paifoHe UcCIeI0OBaHnH

Fig. 2. The tendency of changes in population density and biomass of Pholoe
assimilis in relation to depth in the research area

MakcumanbHas IJI0THOCTh nonynsiuuu Pholoe assimilis, obutarouiei
B paiioHax BIHMSHHS OapeHIICBOMOPCKHX TPAHC(HOPMHUPOBAHHBIX BOJ, HUXKE
Ha 83 % (190 sk3/m?), a 6Guomacca — Ha 84 % (93.3 mr/m?). DTO CBA3aHO
C TeM, YTO B JJAaHHOM pailoHE HMCCICJIOBAHUNA MMEET MECTO YBEIHUYCHUEC
riyoussl (o 502 M), SBISIOLIEHCS OCHOBHBIM JTUMHUTHPYIOIIUM (HaKTOPOM IpH
pacrmpocTpaneHuu nojauxer poaa Pholoe. Onnako Ha rnyoune 445 m (ct. 10)
HaOJII01aeTCs PE3KOE MOBBIICHUE MX TUNIOTHOCTH MONYJIsiiiuU (puc. 3).
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Puc. 3. U3menenue mioTHocTH monyisituu Pholoe assimilis Ha KOpUYHEBBIX
TPYHTax B 3aBUCHMOCTH OT TTyOHHBI

Fig. 3. The tendency of changes in population density of Pholoe assimilis
in relation to depth on the brown bottom types

Ha cranmusx, pacroyio)KeHHBIX B pailoHE XOJOIHBIX apKTUYECKUX BOJI,
rje TpuAOHHas Temreparypa gocturaia —1.2 °C, ObUIM 3aperucTpUPOBAHBI
eIMHUYHBIC YK3eMIUTApbl Pholoe assimilis (pucynaku 4, 5).
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Puc. 4. U3menenue miotHocTH momynsiuuu Pholoe assimilis B 3aBUCUMOCTH
OT MPUIOHHOW TeMIIepaTyphl BOJbI B PaOHE UCCIICIOBAHUI

Fig. 4. The tendency of changes in population density of Pholoe assimilis
in relation to temperature in the research area overall
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Puc. 5. U3menenue mioTHocTH monyssituu Pholoe assimilis Ha KOpUYHEBBIX
IPYHTaX B 3aBUCHMOCTH OT IIPHIOHHOM TeMIEepaTyphbl BOJIBI

Fig. 5. The tendency of changes in population density of Pholoe assimilis
in relation to temperature on the brown bottom types

Amnanuzupyemble ocobu Pholoe assimilis 6bun 0TOOpaHBI Ha CTAHIUAX
C OTHOCHUTEIFHO CXOXMMHU TMoKa3zarensiMu coneHocTd (34.7-34.9 %o), B cBS3H
C OTUM BIUSIHUE JAHHOTO (haKTOpa HE paccMaTpPUBAIOCh. TakuMm oOpa3om,
JOCTOBEPHOH CBSI3M MEXKTY BIUSTHHEM a0MOTHUECKUX (PaKTOPOB U U3MEHEHUEM
IUIOTHOCTH TOCEJIEHHUS HCCIEAYyEMBbIX IMOJUXET YCTAaHOBJIEHO HE ObLIO,
0 YeM CBUJICTENIbCTBYIOT HU3KHE TOKa3aTenu KOdPPHUIMEHTa NeTepMHHAIIUH
(pucynku 2-5). OgHaKo yCTaHOBIJIEHHbIE TEHACHIIUN CBUAETEILCTBYIOT O TOM,
YTO C YBEJIWUYECHUEM TIYyOUHBI U MOHUKEHUEM MPUIOHHOU TeMIepaTypsl
Ha0JI0AaeTCsl CHIDKEHUE TUIOTHOCTH MONYJISIIMK U 6uomaccsl nonuxer Pholoe
assimilis. [TomoOHas MMHAMUKA MOXXET OBITh HATJISIHO MPOJAEMOHCTPHUPOBAHA
MpU CPaBHEHUH CPEJAHMUX TOKa3aTeled TUIOTHOCTH MOMYJSIUU A CTaHIIUM,
HaXOJSIIMXCS TOJ] BIUSHUEM TpeX BOJIHBIX Macc (puc. 6). B paiione BnusHus
ApPKTUYECKHUX BOJ C HAUMEHBIIUMH 3apETHCTPUPOBAHHBIMHU MPUIOHHBIM U
TeMIeparypaMu, 4YTO He SBISETCS ONarONPHATHBIMU YCIOBHUSIMH IS
KHU3HEACSATCIBHOCTH TMOJIUXeT poaa Pholoe, MIOTHOCTh WX MOMYJSAIUA
MUHHMANbHA — 3 3K3/M?.

B paiionax umccnenoBanuii oOHapy»Ke€Ha BBICOKAs CTETICHb KOPPEISIUU
MEXJy IUIOTHOCTBIO TMOCENeHHs B mnomyinsiuuu Pholoe assimilis 1 TakoBoi
y Philomedes globosus (R? = 0.93), Macoma calcarea (R* = 0.88), Eteone agg.
flava (R* = 0.84) u Cossura longocirrata (R*> = 0.68). Hamu pauHBIE
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