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ObuTatowme B benom mope nnaHKTOHHbIE BECMOHOMME pakoobpas-
Hbole Calanus glacialis, Pseudocalanus spp., Triconia borealis wn
Metridia longa 06bIYHO HE CUUTAIOTCS TONEPAHTHLIMU K YMEHBLLEHWIO
coneHocTu BoAabl, a Oithona similis, kak NpaBUNo, NPUYNCISIETCS K 3B-
puranuHHbiM Buaam. OOHaKo >KM3HEHHBIN LMK NEePBbIX ABYX POLAOB
BKITIOYAET aKTMBHOE NUTaHNE BO BPEMS BECEHHETO TasgHUs Nbaa, Kor-
Oa bonbluas YacTb NX UCTOYHMKOB MULLIM COCPEAOTOYEHA B BEPXHEM
Croe BOAbl, XapakTepuayloLEMCst CONEeHOCTb0 MeHee 18%o. M. lon-
ga n T. borealis — me3onenarnyeckme Buabl. [lepBbin pasmHoOXaeT-
CSl OCEHBIO U, TakKMM 00pa3oM, MEHbLLE BCETO 3aBUCUT OT BECEHHETO
LUBETEHUS] (PMTONMAHKTOHA; Pa3MHOXEHNE BTOPOro NPOUCXOOUT BEC-
HOWM B rNybOoKnNX Crosix BoAbl, 04Hako oba OHWM HaxogATcs B hoTmye-
CKOM Croe B BeCeHHuI nepuofd. C uenblo BbISIBIIEHUS CNOCOBGHOCTH
BCEX BbILLENEPEUNCIIEHHbIX BMOOB BECHOHOMMX pakoobpasHbIX Mo-
nyyaTtb JOCTaTOYHO SHEPIMM Afsi pocTa U Pa3MHOXEHWS, UCMONb3ys
OMNpeCHeHHbIE, HO HaChbILEHHbIE NULLEN cnown Boapl, B uione 2019 . n
mapTe 2020 r. Obina npoBeaeHa Cepust XpOHUYECKUX N OCTPbIX SKCMe-
prMeHTOB. CMepTHOCTb Konenog uadyyanu npu 25/26%o (KoHTponb),
18%o0 1 15%o (3kcnepumeHT). Y C. glacialis v Pseudocalanus spp.
B KPaTKOCPOYHbIX 24-4aCOBbIX IKCMEPUMEHTAX YPOBEHb CMEPTHOCTMU
6bIn HeBbicok M coctaensan oT 0 go 1.1 £ 0.2%. CmepTHOCTb OaH-
HbIX BWAOB JOCTurana mMakcumyma nocne natv OHEN MoCTEeNeHHO-
ro yMeHbLUeHWs coneHocTn Boabl A0 15%0 (12.1 £ 1.8%), npn aTom
B KOHTpone (25/26%o) n npu 18%o 3TOT Nokasatenb Obln BABOE MEHb-
we (6.4 £ 0.5% 1 6.9 + 0.6%, cooTBeTCTBEHHO). T. borealis bbina ca-
MbIM CTEHOTANMMHHBIM BUAOM, AeMOoHCTpupysa 100% cMepTHOCTb yxe
npu 18%o0 nocne 2 yacoB akcno3uummn. M. longa He nepeHocuna cone-
Boro ctpecca npu 15%o, gocturas 100% cmepTHOCTU Yepes 24 yaca
akcnoaunumn. O. similis XopoLlo NepeHoCcKna CHMKEHNE CONEHOCTY 1,
Takum obpasom, NPosIBIIsIa 3BPUranmMHHOCTb, Kak 1 yKa3blBaeTCcs Ans
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BBeaeHue

YCTOMYMBOCTb K M3MEHEHMIO CONEHOCTU urpa-
€T BaXKHYI0 pofib B GUOMOMMM N XXMU3HEHHBIX LMKIax
MHOIMMX BWAOB BECITOHOMMX pakoobpasHbiX. B uenom
dayHa bernoro mopsi uctopmyecks agantupoBaHa K
coneHoctn 24-28%o (Berger et al., 2001), bonee Hu3-
KOW MO CpaBHEHUIO C OKeaHWYEeCKOW, COCTaBnsoLLEeN
B cpeaHeM 32—35%0. Buabl Acartia bifilosa, A. longire-
mis n Oithona similis oTAN4alTCA TONEPAHTHOCTLIO K
LLUMPOKOMY AmanasoHy KOHLIeHTpauum conen, 4to cno-
CcOBCTBYET ycnexy ux nonynsiuMin B pasnuyHbiX cpegax
obuTaHMs: OT CONMOHOBATbLIX O OKEaHWYECKUX BOZ
(Dutz and Christensen, 2018; Hubareva and Svetlichny,
2016; Lance, 1963); oHn Takke obuTatoT n B bernom
Mope. B To xe Bpemsi cuMTaeTcs, YTo npeacTaBuTenu
rpPynnbl CTEHOrANMHHBLIX BUAOB OOLIYHO UCMbITLIBAKOT
CVMNbHBIN CTPECC, CBA3aHHbIV C HU3KOW CONEHOCThLI0. B
Benom mope Calanus glacialis, Metridia longa, Triconia
borealis u Pseudocalanus minutus OTHOCSAIT K CTEHOra-
NMHHBLIM MopckuM cbopmam (Kocobokora u lMNepuoea,
2012; Berger et al., 2003; OBIS, 2020). B bernom mope
HegaBHO OOHapyXeH BTOPOW npeacTaBuTeENb popa
Pseudocalanus, P. acuspes (Markhaseva et al., 2012).
BonblMHCTBO Guoreorpadmyecknx 6a3 AaHHbIX OT-
HOCAT ero K CTeHoranvHHbIM Mopckum Buaam (OBIS,
2020; Razouls et al., 2005-2020; WoRMS..., 2020).
OgpHako B bantuinckom Mope 3TOT BMA Konenog, Croco-
6eH nepeHoCUTb CHWXeHWe coneHocTn Ao 7%. (Renz
and Hirche, 2006; Renz et al., 2007).

CnocoBHoCTb (hyHKUMOHMPOBATL B BoAaAxX C HU3-
KOW COMNEHOCTbI0 MOXET UMETb BaKHOe 3HayeHue
0N HEKOTOPbIX 3MUMNENarn4ecknx HepPUTUHECKUX KO-
nenog, HacenstoLwmx BbICOKME LUMPOTHI, MOCKOIbKY
nepuog Mx pPasMHOXEHMWSI MPUYPOYEH K BECEHHEMY
useteHnto utonnaHktoHa (Nicolajsen et al., 1983),
npoucxogsilemMy BO BpeMsi TasHUs nbaa. C ogHom
CTOPOHbI, MOXXHO NPEANONOXUTL BbICOKYI KOHLEH-
Tpauuo NN B TOHKOM CIoe BOAbl NMOAO NbAOM,
00yCrOBMNEHHYI0 BLICBOOOXOEHMEM EefoBLIX BOAO-
pocnien (Gradinger, 2009; Hirche and Bohrer, 1987);
C Apyrow — aToT GoraTtbii MULLEN CMNOW Takke UCbI-
TbIBAET 3HAYMTENbHOE ONpPecHeHNe Bnarogaps Tomy
xe npoueccy TagHua neaa (Durbin and Casas, 2014;
Runge and Ingram, 1991). B benom mope 310 MO-
XKET CNyXWUTb NUMUTMPYIOWMM (DaKTOpPOM ONs BU-
noB C. glacialis n Pseudocalanus sp., Ha4MHaloLLMX
hopmMmpoBaTh roHaAbl U AaXe pasMHOXaTbCs yXKe B
mapTe (MpbiryHkoBa, 1974); nx paumoH B 3T0 BpeMs
makcumaneH (Conover et al., 1986). Nunk pasmHoxe-
HUS1 9TUX BMAOB MPUXOAUTCA Ha KOPOTKWM nepuom,
ONAWnnca okono Mecsua M cosnagaroLlmm ¢ Tas-
Hnem nbaa (Tourangeau and Runge, 1991). Ycnex
NNOAOBUTOCTU N Pa3MHOXEHUS Y STUX BECITOHOMMX
pakoobpasHbIX 00bIYHO 3aBUCUMT OT KOPMOBOM 6asbl
B [O-HEpecToBbI N HepecToBbIN nepuoabl (Daase
et al., 2011; Hirche and Bohrer, 1987; Lischka and
Hagen, 2005). ns Ttoro 4tobbl Mcnonb3oBaTb Kak
MOXHO D0mbLLE NCTOYHUKOB NMULLIK, anunenarmdeckme

BUAbl, OOMTaloWmne B 3amep3alolmx MOpsiX, MOryT
pa3BMBaTb 0COBEHHOCTM, NMOMOratoLme UM nepeHo-
CUTb KpaTKOBPEMEHHOE BO3O4EWNCTBME paCMpeCHEH-
HOW BOABbI.

Llenb paboTbl — NpoBeEpUTbL CNOCOBOHOCTL Kore-
noa benoro Mops, xapakTepusyloLLMXCca pasnuyHon
aKornorven, NPoTUBOCTOSATL OCMOTUYECKOMY CTPECCY.

MaTepMaﬂbl n MeToAbl

OT60op npo6 npoussoguncsa B rybe Yyna Kau-
Janakwckoro 3anvBa bernoro mopsi (N 66°19'50",
E 33°40'06") B utone 2019 . (c 6opTta cygHa) u B mapTe
2020 r. (co nbga). MNepen ot6opom Npob 300MNaHKTO-
Ha TemnepaTypy M CONMEHOCTb BOAbl U3MEPSAnM 30H-
aom MIDAS CTD + (Valeport Ltd., BenukobputaHus),
KOHLIEHTpaLMIO xrnopodunna a — NOrpyxHoiM aat-
ynkom Cyclops-6K (Turner Designs, CLUA). OaHHble
HEMeOJIEHHO 3arpyanu B HOYTOyK ONnsl Mony4YeHus
BEPTUKarNbHOro Npodunsa usMepsieMblx napameTpoB
B nporpammax C-soft n Valeport Terminal X2. 3atem
Npobbl 300MMaHKTOHa OTOMpanu cTaHgApTHOW NnaH-
KTOHHOW ceTbto [xeaun (amametp otBepcTusi 36 CM,
avameTtp s4en unstpytowero koHyca 100 MKwm)
B cnosix 0—10 m, 10-25 m n 25-50 m. Mocne otbopa
Ans nNpob npoBogumnach 3KCMpecc-oueHka Hambonee
pacnpocTpaHeHHbIX BUAOB. TN AaHHbIE COOTHOCUNN
C npochunammn nokasarenen BogHoW cpegbl. Hatume-
HYI0 MOPCKyl0 Bogy OTOMpanu C COOTBETCTBYHOLLMX
rmybuH B6atometpamu cuctembl Niskin 1 nepenusa-
nm B cTeknsiHHble ByTbinn Pyrex obbemom 2.0 n (no
1.8 1 MopcKol BoAbl B Kaxaown), cobnogasi OCTOpOX-
HOCTb, YTOObLI M3bexaTb cTpecca Ansa puTo- N MUKPO-
300M1aHKTOHa (UCTOYHMKA Ny konenogd). Mpobbl
XMBOr0 MEe30300rMMaHKTOHa (konenoa) Ang akcnepu-
MeHTa oTbMpanu TomnbKo Mocre Toro, Kak BCce Bbille-
OMNMCaHHbIE NPUIOTOBMNEHNS ObINN 3aKOHYEHBI. YKNBbIX
Konenoa OTNaenNuMBanu CTaHAapTHOW NNAHKTOHHOW
ceTbto [xeau (amametp otBepctusa 36 cMm, guameTtp
saveun ounsTpytoero koHyca 100 MKM) B COOTBETCTBY-
olwemM croe BoAbl (CM. METOAMKY BblAEMNEeHUs Crios
BbiLLE) U BbINIMBANuM C MakCMMarnbHOW OCTOPOXHOCTbHO
B npenBapuTeEnbHO 3anofiHEHHble HaTUBHOW BOOOW
cTeknsiHHble ByTbinM Pyrex. O6bem Bogbl Obin go-
CTaTo4eH AN TOro, YToObl XXMBOTHBIE HE UCMbITbIBA-
N HeXBaTKM KMcrnopoaa BO BpeMS TPaHCMNOPTUPOBKU.
o MomeHTa NpubbITUst B nabopatoputo OyThInu xpa-
HUMM B TEMHOM NPOXIIagHOM MeCTe, YTOObI n3bexarb
TennoBoro u ceetoBoro crpecca (Ludvigsen etal.,
2018; Rahlff et al., 2017) y konenog.

OKCMePUMEHTbI BbINM HaMpaBneHbl Ha U3y4YeHne
peakuuu Kornenog Ha OCMOTUYECKUI CTPeCC, MO3TOMY
BCE WHble BO3MOXHblE CTPECCOBble hakTopbl Obln
cBefeHbl K MUHUMYMY. JTO AOCTUranocb 3a CyeT
KpaiHe oCTOpOXHOro obpalleHus ¢ npobamm Ha Bcex
aTanax NoaroToBKM K 3KCMEPUMEHTY, BKITOYas oToop
npo® ¥ TpaHCNopTUPOBKY B Nabopatopuio, a Takke
Ha aTane 3anycka akcnepumeHTa. Bce maHunynauum
c ob6pasLaMm KMBOFO 300MSTAHKTOHa MNPOBOAWIIUCH
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C HanborbLUen OCTOPOXHOCTLID B XonogHoun nabo-
patopuun (0—4 °C) npyn 1% HOTOCUHTETUYECKU akK-
TMBHON pagmauun (PAP). CeexeoTobpaHHble NPoOkI
pa3baensanu B nponopummn 1:5 Mopckon Bogon Tow xe
TemnepaTtypbl, NOMy4eHHON U3 TOro e Cnos BoAbl,
cpasy nocre AocTaBkvu matepuana B nabopatopuio.
Mpobbl ocTaBnanu Ha 24 yaca ONsi CHATMSA CTpecca
NMOMMKMW, 3aTeM BCEX MepTBbIX KOnenog (ecnu Tako-
Bbl€ UMEMNUCb) OCTOPOXKHO YAansanm NMNeTKON Co AHa.
MepBuYHyto (HaTMBHYIO) Npoby B BYTbINM UCNONb30-
Banu Anis 3KcnepuMmeHTa 6e3 nepBMYHON COPTMPOB-
K/ paykoB Mo BMAaM M cTagusam, 4Tobbl usbexarb
CBETOBOrO CTpecca M cTpecca NovMmku npu pasbope
XMBOro mMatepuana nog OuHokynsipom. [MepBu4HYtO
npoby pasgensnu Ha anukeoTbl No 150 mn n ocTto-
POXXHO MOMeLLanu B CTEKNsHHbIE ByThiNn Pyrex o6b-
emom 2.0 n, npeaBapuTensHO 3anofiHeHHbIe HaTUB-
Hon Mopckow Bogon (400 mn).

OkcnepuMeHTbl nposoaunu npu 2 °C (gna ap-
ktudeckux BuaoB C. glacialis, M. longa, T. borealis) n
4 °C (gns aBpubuoHTa O. similis n apkTo-60pearnbHbix
Pseudocalanus spp.) B utone 2019 r., a Takxke npn 0 °C
B mapte 2020 r. (ana C. glacialis n M. longa). Ocse-
LLIeHHOCTb BO BCEX 3KcrnepuMeHTax coctasnsna 1%
®AP (cymepeuHas 30Ha). TemnepaTypa B 3Kcnepu-
MeHTe Obina ycTaHOBMeHa B COOTBETCTBUM C TeMne-
paTypon BOAbl TOro Criosi, B KOTOpOM Habnioganacb
MaKcMMarnbHasi YMCNEHHOCTb KOHKPETHOro Buaa Ha
MOMEHT oTbopa npob. BeinonHeHne nccnegosaHuii B
pasHble Ce30HbI (BECHOM 1 NETOM) ObINIo NpeanpuHATO
ONS noucka BO3MOXHbIX pasnuynii B TONEePaHTHOCTU K

Tabn. 1.
3KCnepUMeHTanbHbIX ByTbINsAX B AaHHbIA MOMEHT BpeMeHM.
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OCMOTMYECKOMY CTPECCY, CBA3aHHbIX CO CTaaunen pas-
BUTMA konenod. CMepTHOCTb BECIOHOMMX pakoobpas-
HbIX naydanun npu 25.0%o (koHTponb, utonb 2019 r.),
26.0%o (koHTpornb, MapT 2020 r.), 18.0%o 1 15.0%o (3KC-
nepumeHT, 06a cesoHa). o nNpeaBapuTenbHbIM OaH-
HbiM (CMypoB 1 Ap., Heony6n.), y 6onbLUMHCTBA BUAOB
Benomopcknx 6ecno3BOHOYHbIX, UCCIEA0BaHHbIX K Ha-
CTOSILLLEMY BPEMEHW, HVXKHUI Npeaern TonepaHTHOCTU
K coneHocTn cocTasnset okorno 18%o, cepbe3Hoe yrHe-
TEHWe XM3HEHHbIX PyHKUMI HabnogaeTcs npu 15%o.

B utone 2019 r. 6611 NpUMEHEHbI TPY pasHble 3KC-
nepumeHTanbHble cxembl: (Ne 1) ocTpoe passegeHue
OT 25%0 00 18/15%0 B O 4, npoBepka B 0 4, 1 4, 3 u,
64, 124 n 24 4.; (Ne 2) nocteneHHoe pa3BefeHune oT
25%o0 00 18/15%0 B 04, 14, 3 4, 6 4 1 12 4 (NpoBepka
BOuY,14,34,64, 124124 4); n (Ne 3) nocreneHHoe
pa3sbaBneHne ¢ 25%o0 o 18/15%o B TeueHne NaTn gHemn
C NpoBepkon kaxaple 24 yaca (Tabn. 1, 2).

B mapte 2020 r. n3-3a HebomnbLIOro KonmyecTsa
KMBOro matepuana 6bin npoBeaeH OAMH XPOHUYECKMI
akcrnepumeHT (Ne 3 ¢ HekoTopbiMU MoAMdUKaALUAMNY):
B Hayane aKkcrnepumeHTa ObINO0 NPUMEHEHO OLHOMO-
MeHTHoe pasBefdeHne A0 15%o0 u 18%., HabnoaeHus
Benucb NATb CyToK. BO Bcex akcnepumeHTax Ans
pa3baBrneHns UCMONb30Banu CBEXYH OUCTUIINPO-
BaHHyto Boay (0%o) Tow e Temneparypbl. YTOObI
NOBTOPUTbL «MEXaAHWYECKUA» CTpecc pa3baBneHust u
nsbexaTb OoTpuuaTenbHOro BrMsSHUA bakTopa orpa-
HUYEHHOro 0O6beMa, B KOHTPOmbHble OyTbinn gobas-
NSANU - aHanornyHbIn 06beM TepPMOCTaTMPOBAHHON
MOPCKOW BOfbI, T. €. B KO0 eMKOCTU Obln 0anHaKo-

Cxema pasBegeHns BOAbl B OCTPbIX dKcrnepumeHTax. KypcvMBOM BbideneHbl 3HadYeHus coneHoctu BoAbl (%o) B

BpeMﬂ KCno3nuunun, 4

ConeHocTb

0 1 3 6 12 24

OcTpbint skcnepumMeHT Ne 1
15%o 15 16 15 15 15 15
18%o 18 18 18 18 18 18

OcTpbit akcnepumeHT Ne 2
15%o 23 21 19 17 15 15
18%o 24 22.5 21 19.5 18 18

Tabn. 2. Cxema pa3BedeHusi BOAbl B XPOHWYECKOM 3KcnepumeHTe. KypcMBOM BbieneHbl 3HayeHuss coneHoctu Boabl (%e) B

SKCNnepuMeHTarnbHbIX 6yTbIJ'I$IX B AaHHbIA MOMEHT BpeMeHUn.

Bpems akcnosuumm, 4

ConeHocTb
0 24 48 72 96 120
XpoHudeckun akcnepumeHT Ne 3
15%o 23 21 19 17 15 15
18%o 24 22.5 21 19.5 18 18
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BbIll onpeaerneHHbIn 06beM BoAbl Ha Kaxdow ctagum
akcnepumeHTa. [nga kaxgow rpagaumm caktopa co-
NeHOCTU 3aKknajpiBann Tpu NOBTOPHOCTU; HanNpuMep,
obLiee konmyectBo OyTbinen B 3akcnepumeHTe Ne 3
6bino 45 = 3 (rpagaunm dhakTopa ConeHocTn) x 5 (gHu,
npoBepKa exeaHeBHO) x 3 (MOBTOPHOCTD).

OKcnepuMeHT cHUManu B ABa 3Tana. Ha nepsom
aTane M30bITOK BOAblI OCTOPOXHO yaansanm ns oyTbinm
C MOMOLLbIO CUMMKOHOBOIO LUMaHra; npu aToM, 4To-
Obl n3bexaTb NoTepu Konenog C TOKOM BOAbl, HaKo-
HEYHWUK, MOMELLEHHbIN B OyTbiNb, 3akpbiBanu rasom
¢ pasmepoM siden 100 mkm. [Nocne yMeHbLleHus Ha-
YyanbHoro obbemMa npumepHo fo 100 mn octatoyHoe
KONMM4YeCcTBO BOAbI C pavkamy aHanuavposanu nog bu-
Hokynspom. BTopon aTan 3akntoyanca B nopcyeTe
paykoB Kaxaoro Buaa v CTaauu B KpYrrion kamepe ¢
nnowaabto gHa 9.4 cm?, ¢ HaHeCEHHOW CeTkon (CTo-
poHa kBagpata 0.5 cm). [NoacyeTr XKMBOTHbIX BEMU Ha
NATM CnyyarnHo BblOpaHHbIX kBagpatax (0.5 x 0.5 cm),
3aTeM UX KONMMYEeCTBO YCpeaHsinM U nepecyntbiBanm
Ha oOwyl nnowaab Kamepbl. [aHHas npouenypa
Obina npumeHeHa ansa Pseudocalanus spp., T. bore-
alis n O. similis. KpynHble Buabl BecrioHorux (C. gla-
cialis n M. longa) nogcuntbiBany NonHOCTLI0. Ha sTom
aTane onpefensnu Bua, CTaauio pasBuUTUSA U CcTaTyc
payka (MepTBble, XuBble, MOABEpPrIMEcs CTpeccy).
MepTBble XUBOTHbIE NEXanNu Ha OHE U He ABUranuchb,
Jaxe ecrnn K HAM npukacanucb nuneTkon. XKveble —
aKTMBHO MnaBanu u nsberanu Toka BoAbl K NUMNETKE.
XKuBoTHbIE B COCTOSIHUM cTpecca nubo ABuranucb
CMULLKOM Me[JIeHHO NO CPaBHEHWUIO C APYrMMU Kone-
nogamm Toro Xe Buaa / ctagum, nbo nexanu Ha oHe ¢
aHTEHHaMW, CIOXXEHHbIMW BOOMb TENa, HO ABUranuchb,
ecnu nx kacanacbk nunetka. KonmyectBo paykoB Kax-
Joro BMga / ctagum B 0QHON OyThinu ObINo He MeHee
10 3K3. 4nA KPYMHbIX BUOOB BECIIOHOMMX pakoobpas-
Hbix C. glacialis v M. longa v npesbiwano 30 ak3. Ans
menkux (Pseudocalanus spp., T. borealis n O. similis).

Pasnunuuna mexagy KOHTPOMNbHOW U 3KCMEepUMEH-
TanbHOW rpynnamm Kaxgoro Buaa ObinvM npoTtecTu-
poBaHbl No kputeputo CTbiogeHTa Npu ypoBHE 3Ha-
ynmoctn p = 0.05. 3HaueHus npeacTaBneHbl Kak
cpefHee + cTaHgapTHoe OTKNoHeHne (m = SD).

B TekcTe mcnonb3yloTcs obLenpuHATLIE CoKpa-
weHnsa ctaguin passutusa konenoguta: Cl — CV — He-
nonoeo3spenble konenoguTbl ctagui -V, CF — camku,
CM — camubl.

Pe3ynbTaTthbl

I'm::ponoruqecr(ne ycsoBus B nrosie
2019 r. u mapTte 2020 r.

B uione 2019 r. n mapte 2020 r. KpuBble TeMne-
paTypbl U CONMEHOCTW BOAbl HA MecTe oTbopa npob
(Puc. 1) 6binn obbluHbIMU ANng ce3oHa (Usov et al.,
2013). Kak npaBurno, coneHocTb Boabl B nione 2019 .
BapbupoBana ot 25.0 0o 27.8%., a B mapte 2020 r.
B Gonbluen yactu Tonwm Bogbl cocTaensna 26.0—

27.1%0, 32 UCKIOYEHMEM MPUMNOBEPXHOCTHOIO Crlosi
NPOTSPKEHHOCTBLIO OKOMOo 1 M, rAe MMHUMarnbHOe 3Ha-
YeHne cocTaBnano 4.9%., NOCTENEHHO yBenu4uBa-
SICb BAOMb 3TOM0 CNOs 40 HOpMarbHbIX 3HAYEHUN.
KoHueHTpaumsa xnopodunna a B NpunoBepxHoC-
THOM cnoe B mapTe 2020 r. gocTurana o4YeHb BbICO-
KMX 3HA4YeHWI, NpeBbilatowmnx 9 Mkr/n, ogHako B 60-
nee rnybokux crnosix aToT Nnokasarterlb COCTaBMsn He
oonee 0.5 mkr/n (Puc. 1 C). Takum obpasom, B npe-
Aenax CUNbHO pacrnpecHeHHOro crnost UMernach Xopo-
LU0 BblpaXKeHHas NuH3a, boratas nuLLen, B TO Bpemsi
Kak bonee rnybokne BoAbl XxapakTepu3oBanucb HU3-
KOW KoHueHTpaumen nuwu. B none 2019 r. camas
BbICOKasi KOHLleHTpauusa xnopodunna a (4.3 mkr/n)
Habntoganack B cnoe Bogbl 0—15 M, 4TO JOBOMBHO
o6bI4yHO Ans neTtHero nepuoaa (Usov et al., 2013).

Peakuyuns konenog HA U3MeHeHUe
COJ/1IeHOCTU BOoAbl B SKCriepyMeHTe

Pseudocalanus spp.

OkcnepumeHTbl npooannu B utorie 2019 r. ¢ ko-
nenogutamu ClIl — CV ctagmin, maccoBo npeacras-
neHHbIMK B coobulecTBe nnaHkToHa (552—1644 aka.
Ha nosTopHoCTb). [aHHble no Clll, CIV u CV B nione
Obinn 06beaMHeHbI AN aHanmn3a, NoCKoNbKY COOTHO-
LeHne cTaguin BO BCeX OyTbinsax Obino novtn oau-
HakoBbIM (31.4 + 2.4%, 34.7 + 1.1% n 33.4 + 2.2%
COOTBETCTBEHHO).

B octpom akcnepumeHTe Ne 1 70.1% XMBOTHbIX
Haxoaunucb B COCTOsIHUM rMyBoKoro ctpecca nocre
nepBoro 4aca akcnosvummn npu 15%.. OgHako 6onb-
LUMHCTBY U3 HWUX ObiN NMPUCBOEH «KMBOW» CTaTyC B
cnepyowme aBa vaca (77.8%), a yepes 6 yacoB Bce
BbDKMBLUME paykuM ABWUranvicb HopmanbHo. CmepT-
HOCTb Obina Huskow (2.2%), HO CTaTUCTUYECKM 3Ha-
yumon npn 15%o nocne nepBoro 4yaca BO3OENCTBUS;
nocrie 6 4 1 24 4 aKCNo3nLUUN B 3KCNEPUMEHTaNbHbIX
ByTbInax (15%o n 18%e) CMepTHOCTbL CocTaBnsna Me-
Hee 2% (Puc. 2 A). CToUT OTMETUTb, YTO MepTBble
XMBOTHble He Obinu obHapyxeHbl nocne 3 4 n 12 y
akcno3nummn. B octpom akcnepumeHTe Ne 2 Habnoga-
nacb Hyrnesasi CMEPTHOCTb Ha BCex aTanax aKcrnepu-
MeHTa Npu BCeX pa3BedeHusIX N B KOHTPOre.

Hanbonee BblpaxeHHasi AMHaMuKa CMEPTHOCTM
oTMeYanacb B XO4e XPOHWYECKOro 3KcrnepumeHTa
Ne 3. MNMocTeneHHoe u MeaneHHoe pasbaBneHne co
CKOPOCTbLIO OKOMO 2%o B A€Hb, MO CPABHEHWIO C Obl-
CTpbiM passefeHnem 2%o. B 4ac (OCTpbIA 3Kcnepwu-
MeHT Ne 2), npuMBeno K HynesoW CMEPTHOCTU B Te-
YeHue nepsblX 72 YacoB 3kcrepumeHTa (Puc. 2 B).
Mocne Toro kak coneHocTb BoAbl gocturna 19%o (npu
passegeHun o 15%o) 1 21%0. (Npy passegeHun Oo
18%o), cMepTHOCTL cocTaBuna 2—3% nocne 24 4 aKkc-
nosuuun. Mo Mepe yMeHbLUEHUSA CONEHOCTU CMepT-
HOCTb yBenuuuBarnach, gocturas npumepHo 4% npu
17%0/19.5%0 (C 3 No 4 aeHb) 1 npesbiwas 14%, korga
coreHocTb cHxanacb A0 15%o (¢ 4 no 5 geHb). Cne-
AyeT OTMETUTb, YTO MoKasaTenu CMePTHOCTU B KOH-
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Puc. 1. Temnepartypa Bogpl (A), coneHocTb Boabl (B) u koHueHTpauus xnopodwunna (C) B mone 2019 r. (cnnowHas NuHUsS) n mapTe
2020 r. (nyHKTUpHasa NnHUsA) B Touke oTbopa npob.
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Puc. 2. CmepTtHOCTb Pseudocalanus spp. B ocTpoM akcnepumenTe Ne 1 (A) n xpoHudeckom akcnepumeHTte Ne 3 (B) B nione 2019 1.
3Be3noukoi (*) 0603Ha4YeHb! OCTOBEPHbIE pasnuyus (kputepuii CTbtogeHTa, p < 0.05).
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TPOMbHbIX OyTbINSAX HA 4 U 5 AeHb ObINM aHaNOrMYHbI
HabntogaemebiM npu 18%0 B Te e OHWU: B CpeaHeM
3.8+0.1% 1 6.9 £ 0.6% (18%o, AeHb 4 N AeHb 5) 1
2.3+£0.3% 1 6.4+0.5% (koHTpOnb, AeHb 4 1 eHb 5).

B mapte 2020 r. gaHHbIN BN BECNOHOMMX pako-
006pa3sHbIx Obin NpeacTaBneH Ha MecTe oTbopa npob
HebonbLwmm KonmyectsoMm CV n CF, HegocTaTovHbIM
ONS CTaTUCTUKN.

Calanus glacialis

B wione 2019 r. konenoantel ClII coctaBnanm
HonbLuyto yacTb nonynsumm C. glacialis. KonnyecTtso
KonenoauToB Ha MOBTOPHOCTb ObINo oT 66 o 143.
B octpom akcnepumeHte Ne 1 29.8% XMBOTHbIX
HaxoOAuNUCb B COCTOSIHUWM CTpecca nocrne nepsoro
Yyaca OCTpoOro Bo3gencremsi coneHoctn 15%o.. OgHako
BGONbLUMHCTBO U3 HUX BEPHYNNCH B HOPMaribHOE CO-
CTOSIHME B Te4YeHne crneayoLmx AByx Yyacos (97.3%),
N Yyepes 6 YacoB BCe payky ABUranucb Kak obbl4HO.
HyneBasi cmepTHOCTb Habnoaganack B TeveHue 6 va-
COB BO BCeX OYTbINAX (U KOHTPOSb, U 3KCMIEPUMEHT),
HO Yepe3 12 4/24 4 kapTnHa pe3ko U3MeHunach, U Npm
15%0 norménu oo 23.5% Clll, a npu 18%o0 — 0o 4.0%
(Puc. 3 A). B octpom akcnepumeHTe Ne 2 Habnoaa-
nace 100% BbIKMBAEMOCTb Ha MPOTSXKEHUU BCEro
3KCnepumMmeHTa nNpu BCeX BapuaLusiX CONMeHOCTU, TO
€CTb MOCTEMEHHOE CHUXEHWE CONMEHOCTU B TeveHue
12 4y paxe 0o 15%o He BNUSNO Ha 3Ty cTaano Boob-
we. B xpoHnyeckom akcnepumeHTe Ne 3 cMepTHOCTb
yepes 5 gHen He npeBbiwana 6.6% npu 18%o 1 7.6%
npu 15%o, @ B KOHTPOE AaHHbIV Noka3aTenb CocTaB-
nan scero nuwb 1.1% (Puc. 3 B).

B mapte 2020 r. B XpOHWYECKOM 3SKCMEPUMEH-
Te Ne 3 ¢ mogudpumkaumamum (13—18 ak3. Ha NoBTOp-
HOCTb) ObInK y4YTeHbl TONbKo camku Calanus glacialis,
NMoCcKONbKy Apyrve crtagum nvbo OTCyTCTBOBanM
(Cl = Clll) B coobliecTBe nnaHkTOHa, NGO Obinn
npeacTaBneHbl eauHUYHbIMK  3k3emnnspamu (CIV,
CV u CM). Uccneagyemas koropta (CF) xopowlo ne-
peHocuna ocTpoe CHuxeHne coneHoctn Ao 18%o: no-
cne 48 4 akcnoauumm cmepTtHocTb cocTtaensana 0%,
yepes 72 4 —42.9%. MNpun 15%0 cMepTHOCTL COCTaBU-
na44.4 +11.0% n57.1 £ 17.1% 4depes 24 4 n 48 v,
cooTBeTCTBEHHO; 100% — 4epes 72 u.

Metridia longa

B wione 2019 r. B npobax npucyTcTBOBaNu eau-
HWYHblE OCOOM, MO3TOMY WX HE YYWTbIBanNM B 3KCMe-
pumeHTax. B mapte 2020 r. gaHHbIA BUAO BECITOHOMMX
pakoobpasHbIx Obin NpeacTaBneH LWMPOKMM CMEKTPOM
pa3nuyHbIX cTagun passuTus: ot konenogutos Il (CII)
no camok (CF), ot 14 oo 30 XMBOTHbIX KaXadomn cTa-
01K Ha NOBTOPHOCTb (XpOHUYeckuin akcnepumeHT Ne 3
¢ moaudukaumen). Mnagwme konenoamtbl (Cll) Bbinm
Hanbonee ys3BUMbI K CHUXXEHWIO coreHocTn 0 15%c;
ux cmepTtHocTb cocTaBuna 100% nocne 24 4yacos BO3-
pevicteus (Puc. 4 A). Konenogutbl 6onee crapLumx
BospacTos (Clll, CIV n CV) n camkun okasanucb bonee
TONnepaHTHbl K OCMOTUYECKOMY CTpeccy, UX CMepT-
HOCTb MOCHe NepBoro AHs akcnosuummn B 15%o coctas-

nana B cpegHem 65.5 + 11.9% n BapbupoBanacb OT
50.0% (camku) oo 83.3% (CIV), HuKkorga He gocTuras
100% 3a atoTt nepuog. Ocoboe BHUMaHWE crnepyet
0bpaTnTb Ha HyneByld CMEPTHOCTb AMs BCEX CTa-
an npu 18%o B Te4eHWe NnepBbIX CYTOK 3KCMO3ULUN.
Mocne 48 yacos akcnosuumm npu 18%. Bce CV n CF
ObINM XMBbI, OOHAKO CMEPTHOCTb cpeaun Gonee paH-
Hux ctagmi passuTus (Cll — CIV) 6bina 4yeTko Bblpaxe-
Ha (Puc. 4 B). Y Bcex cTagui pa3sutus Habnroganach
100% cmepTHOCTL Nocne 72 4 akcnoauuum npu 18%o.

Triconia borealis

B wione 2019 r. aHanusuMpoBanu CMeEPTHOCTb
TONMbKO Cpean HenonoBo3perbiX KONenoauToB. JTU
CcTaaun MoYTM OTCYTCTBOBAamnu B MNMaHKTOHE B MapTe
2020 r.; konnyecteo CF 1 CM B npobax kak B utone
2019 r., Tak n B mapTe 2020 r. Takke ObINO HegocTa-
TOYHbIM Ons ctatuctuku. B uione 2019 r. Ha noBTOp-
HOCTb npuxoaunock ot 32 0o 67 Henonoso3penbIX
konenoguToB. Bce xumBoTHbIE nornbnm (100% cmepT-
HOCTb) B OCTpoM 3kcnepumeHTe Ne 1 nocne AByx
YacoB akcrno3uuumn kak npu 15%o, Tak 1 npy 18%e.
B xpoHuyeckom akcnepumeHTe Ne 3 U OCTpOM 3Kc-
nepmmMeHTe Ne 2 Bce XXMBOTHbIE UCTbITbIBANN CTPECC
nocrie MOCTENEHHOro CHWXEHUS1 COMEeHOCTU BOAbI
Hxke 20%o; korga e coneHocTb cHuaunack 4o 18%o
1 HUXe, 6bina 3apernctpmuposaHa 100% CMepPTHOCTb.

Oithona similis

OkcnepumeHTsbl nposoaunu B uore 2019 r. ¢ He-
nonoso3pensiMn ctagusimu; B mapte 2020 r. o6b-
eM maTepuana Obin HegocTaToveH AN NpoBeAeHUs
aKcrnepumeHTa. Yncno KoNnenoguToB Ha NOBTOPHOCTb
coctasnsano 40-171 ak3. B xoge uccnegosaHui (npu-
MEHSINMUCb BCE TPWU 3KCMEepUMEHTarnbHbIE CXEMbl) OT-
meyanacbk 100% BbbkmBaemocTb O. similis, 3a uckrnto-
YEHUEM ELMHUYHBLIX PadkoB, MOrMOLUIMX Nocre MATK
OHEeN MOCTEMNEHHOro CHWXeHUsa coneHocTn A0 15%o
(cmepTHOCTE <1%).

O6cyxpeHue

TonepaHTHOCTb K W3MEHEHUIO (CHWXEHMUIO) CO-
neHocTn Gbina onucaHa NS MHOMMX BUOOB MOPCKMX
BecnoHorux poaoB Acartia (Cervetto et al.,, 1999;
Dutz and Christensen, 2018; Lance, 1963), Tigrio-
pus (Damgaard and Davenport, 1994), Eurytemora
(Karlsson et al. al., 2018; Lee and Petersen, 2002) un
Oithona (Hansen et al., 2004), Hacensowmx ycTbe-
Bble Mnn npubpexHble Ouotonbl. OgHakKo AaHHble
006 yCTOMYMBOCTM K OCMOTUYECKOMY CTPECCy Y BMOOB,
He pacnpoCTpaHeHHbIX B paioHax C HU3KOW COMeHo-
CTblO, KpalHe cKyAHbl. Hawe uccnenoBaHue Hanpae-
NEHO Ha U3y4YeHne peakuum (CMEePTHOCTU) HEKOTOPbIX
BMAOB MOPCKMX BECMOHOMMX pakooOpasHbIX, KOTOPbIM
40 CUX Mop yAenanock HeJoCTaTO4HO BHMMaHMWS B OT-
HOLLEHUW KPaTKOCPOYHLIX M3MEHEHMWI B OKpY)KatoLLEen
cpene (ocmotudeckuin ctpecc). MNopor 15%o., no-snau-
MOMY, SIBNSIETCA KPUTUYECKUM Ofsi MOPCKUX Me3one-
narnyeckmx Korenopg, YTo sABnsieTcs Gonee BbICOKUM
3HayeHueM Mo cpaBHEHUIO C 12%o, OTMEYEHHBIM Kak
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Puc. 3. CmeptHoCTb Calanus glacialis Clll B nione 2019 r. B octpom akcnepumeHTe Ne 1 (A) n xpoHndeckom akcnepumeHT Ne 3 (B).
3Be3noykor (*) 0603Ha4YeHb! AOCTOBEPHbIE pasnuyus (kputepuii CTbtogeHTa, p < 0.05).



140 MapTbiHoBa, [1.M., MiBaHkoBwuY, KO.B., 2020 TpaHcghopmauyusi akocucmem 3 (4), 132—-146.

Puc. 4. CmepTHOCTb pa3nuyHbix ctagun (Cll — CF) Metridia longa npun 15%o (A) n 18%o. (B) B MoandULMPOBAHHOM XPOHUYECKOM
akcnepumenTe Ne 3, mapt 2020 r.
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KPUTUYECKUA YPOBEHb ANS MHOMMX MOPCKUX BUOOB
(Kinne, 1964). C gpyron CTOpOHbI, AvanasoH cone-
HoCTU 15-32%0 hOpMUPYET €CTECTBEHHYIO rpaHuLly
B BanTtunckom Mope Ona pacnpocTpaHeHWst MHO-
rmx npeacrasuTenen mopckomn gayHel (Feistel et al.,
2008). B uenom pesynbratbhl HalUMX 3KCMEPUMEHTOB
coBrnagatoT C JaHHbIMW, MNOMYyYEHHbIMWU ANA ApYrux
6ecno3BoHOYHbIX Bernoro Mops, aganTUpPOBaHHbLIX
K >XU3HK npu Gonee HU3Kow coneHocTn (25-28%o) n
NOABEPXKEHHbBIX BO3OENCTBUIO ONPECHEHNST OKpYXato-
wew cpeapbl 80 15%o 1 18%o0 (CMypoB 1 gp., Heonyon.:
NM4YH. cooOu,.).

TonepaHTHOCTb K COMEHOCTN MOXET urpaTb Bax-
Hyl0O pofib B OMOMOrMM BECIOHOMMX pPakoobpasHbIX.
YCTONYMBOCTb K LUIMPOKOMY Anana3oHy KOHLUEeHTpaLui
conem xopoLuo ussectHa ansa Oithona similis. Peakunsi
[aHHOro B1Aa Ha ornpecHeHWe B HalleM uccrnenoBaHum
naeanbHO COOTBETCTBYET €ro 3BpuUranvHHbLIM Xapak-
Tepuctukam (OBIS, 2020). Ana atoro Buaa B bernom
MOpe OTMeYaeTCs YCTOMYMBOCTb K LUIMPOKOMY Auana-
30Hy coneHocTtu ([dsopeLkun n [Asopeukun, 2011), ko-
Topas Takke MoATBeEpPXOAeTCst Ans Nonynsauui, obu-
TalLLKMX B Apyrux Yactsx apeana (Fransz et al., 1991;
Hansen et al., 2004; Hubareva and Svetlichny, 2016).
OKOMNOrMYecKn y 3BpUranuHHbIX BUAOB pakoobpasHbIX
GonbLUe NPenMyLLIECTB N0 CPaBHEHMWIO CO CTEHOrANNH-
HbIMW BUOAMM TEX XKe pOgoB MPU pacLLUMPEHUN UX reo-
rpadudeckux apeanos (Marie et al., 2017; Svetlichny
and Hubareva, 2014). B cBsi3u ¢ 9T1M BblCOKas yCTOW-
YMBOCTb K OCMOTMYECKOMY CTpeccy Ouonornyecku
BO3MOXHa M B HEKOTOPbLIX Cryyasx onpasBgaHa and
ycnexa nonynsiuuu.

BecnoHorne pakoobpasHble pogoB Calanus wu
Pseudocalanus pasMHOXalOTCA B Te4EHUE KOPOTKO-
ro nepuoga, Koraa 3HauyMTenbHOe KOnMYecTBo NULLN
(Hanpumep, negoBbIX BOJOPOCHEN) MOXET ObITb
HEOOCTYMHO U3-3a ero akkymynsuum B nogregHom
onpecHeHHoM cnoe (Puc. 1); ogHako, B KOHEYHOM Cye-
Te, 3TOT MCTOMHUK MWLM AN HUX KpalHe BaxeH. Ecrin
npeanonoXuTb YCTOMYMBOCTb KOMenod K KpaTkoBpe-
MEHHOMY CHUXXEHUIO COMEHOCTU, TO Y PAYKOB ECTb Kak
MUHMMYM AiBa criocoba JOCTKEHMS pacnpeCcHEHHOIOo
cnos. MepBbIi — «HanNpaeBfneHHas MUrpauusa», korga
Konenoabl akTMBHO MUIPUPYIOT B 3TOT CMOW, YTOObI
KOPMUTBLCH, HECMOTPS Ha rpagueHT corneHoctu. Opy-
ror cnocob 3akntoyaeTcs B TOM, YTO payky OKa3biBakoT-
Cs1 B 9TOM Cfoe BoAbl Cry4anHO BO BPEMS «CKaYKOBY,
koTopble y Calanus moryT gocturate 0.5 m (Kigrboe
et al., 2010). Metridia pwkeTtca Gonee paBHOMEPHO
Oaxe npu ou3n4eckoMm BO3AENCTBUM, Hanpumep, 13-
Geras Toka Boabl (CO6CTB. AaHHbIe). Bnarogapsa atomy
OaHHbIN BU MOXET BOCTIPUHUMATL FPagNEHT CONEHO-
CTM 3340Nr0 A0 TOro, Kak OH JOCTUTHET KPUTUYECKOro
YPOBHS, 1 Taknm obpazom n3beraTb ero bornee ycne-
HO, YeM BuAbl, COBepLUatoLLMe pe3Kue CKayku B TOr-
we Boabl. NHbIMKM cnosamu, Metridia He HyxaaeTca
B pa3BUTUM MEXaAHU3MOB YCTOMYMBOCTU K CONEHOCTH,
MOCKONbKY OHa MOXET Jerko n3dexarb BOLHOMo Criost

C HebnaronpusTHOM KOHUEeHTpauwuen conei. MNocnea-
Hee Takke noaTBep)kaoaeTcs Guornorven Buaa: 6onb-
LUMHCTBO BMAoB poaa Metridia CknoHHLI 0bUTaTb Ha
BonbLunx rmybuHax gaxke BO BPEMSsi BECEHHETO LiBETE-
Husa cdoutonnaHkToHa (Darnis and Fortier, 2014) u B oc-
HOBHOM MpUypoYeHbl K Me3onenarnanu (Padmavati et
al., 2004). Triconia borealis — eLle oauH BUA, KOTOPbIN
He BbIHOCUT CHWXeHust coneHoctn (Auel and Hagen,
2002) n Tarke npegnoumTaeT obutatb B Benom mope
B Me3onenarnanu (Usov et al., 2013). B xoae ananusa
pasHULbI MEXOY peakuuaMn Ha YMeHbLLEHNE CONeHo-
ctn anunenarudeckux (Calanus n Pseudocalanus) v
mesonenarudeckux (Metridia w Triconia) BuooB ycTa-
HaBMUBaEeTCs O4YeBMOHas 3aKOHOMEPHOCTb: BTOpas
rpynna BMaoB Gonee YyBCTBUTENbHA K YKa3aHHbIM U3-
MEHeHVsM, YeM nepBas.

Mounck GUOXUMUNYECKOW U TEHETUYECKON NPUPOAbI
YCTOMYMBOCTM K OCMOTUYECKOMY CTpeccy, Habnto-
0aeMoN Yy «HaACTOSILLUX MOPCKUX» BUOOB, BbIXOAUT
3a paMKku HacTosLero uccnegosaHus. OgHako cne-
ayeT yuuTbiBaTb nepuon asonoumm benoro mops,
anawminca okono 6000 net. 1o 03HavaeT, no Kpau-
Hen mepe, 6000 nokoneHun Ans BUOOB, XapakTepu-
3YIOLMXCH OAHOMETHUM >KU3HEHHbIM LIMKIOM, YTO
OOCTaToO4HO AN U3MEHEHWUA Ha reHeTUYEeCKOM YpOoB-
He (Barrera-Morena et al., 2015; Peijnenburg and
Goetze, 2013), nosBonswWUX aganTMpoBaTbCs K
obuTaHuio npu Bonee HU3KOM CONMEHOCTU, YEM B CO-
cegHem bapeHueBOM Mope, roe AvanasoH COrneHo-
CTU XapakTepuayeTcs kak okeaHudeckui (Lind et al.,
2016; Smedsrud et al., 2010). Npeanonaraetcs, 4YTo
coBpemMeHHoe benoe Mope nsHavansHo copmupo-
Banocb kak GacceiliH ¢ ABYMsI pas3fnnyHbIMU BOAOHbI-
Mu maccamu (Haymos, 2006), 4To npeanonaraet Asa
COBEpLLUEHHO pa3HbiX cnocoba CTaHOBMNEHWUsI 30ecCb
coobLlecTB 300MnaHKToHa. [Mo-BMgmMmMomy, mesone-
narndeckue suasl (Metridia longa v Triconia borealis)
MOrnn GbITb M3Ha4YanbHO NpuHeceHbl B Benoe mope
npeaLecTBeHHUKOM [1eptormHCKOro Te4eHns, ¢ KoTo-
pbIM MpuULLa YacTb apKTuyeckon gayHbl 3 bapeH-
uesa mops (Haymos, 2006), B ocHoBHOM obuTatoLas
B XOmnoAHbIX rMyOuHHbIX Bogax. MocnegHee, B CBOK
odepefb, MOIMO 3amMeanuTb pasBUTUE FreHETUYECKNX
agjanTauun y aTux BUAOB ONS XKM3HW Mpu 6onee Hn3-
Ko coneHoctn. OcTaeTcs OTKPbITbIM BONPOC, TOMb-
KO nu anunenarudeckne Mopckue konenoasl benoro
MOPS1 MOTYT YCMELUHO CNpPaBnATbCA C YMEHbLUEHNEM
COMEHOCTU, UMK Xe 3Ta YepTa npucylla apyrum Bu-
AaM JaHHbIX pOAO0B B CE30HHO 3amMep3atoLLmX MOpsiX.

MHTepecHa ObicTpas akknMmauus Konenop K
PE3KOMY CHUKEHUIO COMEHOCTU B OCTPbIX 3KCrNepu-
MeHTax, Hanpumep, y BuMaoB Pseudocalanus, korga
OONbLUMHCTBO PaYKOB HayMHaNM HOpMarnbHO OBU-
raTtbCsl y>ke nocne 2 4acoB 3KCMNo3uLmMK. ATOT Nepuog
COOTBETCTBYET BPEMEHU, HAOMOOAEMOMY Y pasHbIX
rpynn pakoobpasHbiX, NOABEPrLUNXCA OCTPOMY OC-
MOTMYeCKOMY cTpeccy. B uyacTHoctu, coobuuaetcs
O 3HauuMTenbHOM noBbIWeHUn akcnpeccun MPHK
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6enka Tennosoro woka (BTLU) nocne nonyyaca oc-
MOTUYECKOro CTpecca Yy amepukaHcKoro rnobcTepa
Homarus americanus (Chang, 2005) n Bo3gencTBus
HW3KOW CONMEHOCTN Y TUXOOKEeaHCKOWN Benon KpeBeTkn
Litopenaeus vannamei B Te4yeHue yaca (Huang et al.,
2018). Hanbonbluasi cKOpoCTb 3KCMPECCUM CTPECCO-
BbIXx 6enkoB oOHapyxeHa 4yepes 3—6 4 y UIoBOro Kpa-
6a Scylla paramamosain nog BO3OeNCTBUEM HU3KON
corneHoctu (Huang et al., 2019). Buicokas andde-
peHumnanbHas 3KCnpeccusi reHoB Npyu OCMOTUYECKOM
cTpecce Habnwopaetcs y kpeBeTok Palaemon longi-
rostris u P. macrodactylus (Marie et al., 2017), Ho,
K coXaneHuto, aBTopbl He yKasanu Bpems 3KCro3u-
uuun. Tem He MeHee, onpeaeneHHasi TONepaHTHOCTb
K CHUXKEHMIO CONEHOCTW, Noaaepunusaemasi bbicTpbiM
TPaAHCKPUMNTOMHbIM OTBETOM, MO-BMOMMOMY, Xapak-
TepHa A1 MHOTMX pakoobpasHbIX.

B Benom mMope 1, B 4acTHOCTW, B panioHe ucche-
OOBaHNA OTHOCUTENbHO HEAABHO ObINW HaWaeHbl ABa
poAcCTBEHHbIX Buaa Pseudocalanus, koTopble Hepas-
nnynMel Ha HenonoBo3pernbix ctagusax (Markhaseva et
al., 2012). 3710, NO CyTW, OTKPbIBAET ABa BO3MOXHbIX
cnocoba TpaKTOBKM pe3ynbTaToB MO YCTOMYMBOCTU
K CONMeHocTn, nonydeHHblx Ans Pseudocalanus spp.
B Hawen paboTe. MNepBoe 06bLACHEHWE COCTOUT B TOM,
yTto P. minutus He BblAEPXMBAET pacrnpecHeHUs, noa-
ToMy BCe normbLumne ocobu B nyne Pseudocalanus spp.
npuHagnexar kK aToMy Buay, u, Takum obpasom, noka-
3aTenn CMEPTHOCTU pasnuyaroTcst Anst AByX BWUIOB.
OT0 0OBbSICHEHNE OOBOMNBHO MPUBIIEKATENBHO, OLHAKO
noka aHHble O COOTHOLLEHWM BUAOB B panioHe uccne-
OOBaHNA OTCYTCTBYIOT. [lpyrasi BEpCcusi COCTOUT B TOM,
41O Yy 060MX BUOOB UCTOPUYECKN CrioXunack onpege-
NeHHas ToNepaHTHOCTb K HU3KOW CONEHOCTM, NOCKOMb-
Ky 0b6a Buga BedyT anunenarmiyeckuin obpas XusHu u
obuTalT Ha Gomnblion nnowaan NpubpexHbix BoA B
Benom mMope, KOTOpoe B LENom SBNsieTcs npubpex-
HblM mopeM (Berger et al., 2001). MNocneaHee npeano-
NoXeHne NoATBePXAaeTCs pasNUyHbIMU AMana3oHa-
MW OOMNYCTUMBIX 3HAYEHWUA COMNEHOCTU ANS YCTbEBbIX,
NpUOPEXHbIX U  MOPCKUX BMOOB  (PUTOMNMAHKTOHA
(Brand, 1984). B npvBegeHHOM uccregoBaHum aua-
Na3oHbl TONIEPAHTHOCTM YCTLEBBIX Y OKEAHNYECKUX BU-
OB COOTBETCTBOBAsM YCIOBUSIM UX 0OUTaHUS, OQHaKO
BOMbLUMHCTBO NPUOPEXHBIX BUAOB MO NEPEHOCUTL
COMeHoCTb ropasfo bonee HWM3KOrO YPOBHS, YeM Ha-
6niopaemas B ux MectoobutaHusx (Brand, 1984). Mbl
npeanonaraem, YTo anunenarnyeckne Konenogbl Tak-
XKEe MOryT UMETb OMpPELENEHHYH0 CTENEHb «CKPLITON»
YCTOMYMBOCTU K KonebaHUsM COMNEHOCTH, Tak YTo npu
HeobX0OMMOCTM peakuusi Ha UBMEHEHUNE YCITOBUIA Cpe-
Obl MOXET pa3BUBaTbCA JOBOMBbHO ObICTPO. BhICTpbIf
0TOOp NPU XPOHUYECKOM OCMOTUYECKOM CTpecce Gbin
obHapyxeH y nuTopanbHbIx konenop Tigriopus cali-
fornicus yxe nocne nNATM MNOKONEHWUIA, NOABEPTLUNXCA
BO3AEVCTBUIO BbICOKOW / HU3Kon coneHocTu (Kelly et
al., 2016). Y pblb nokasatenu reHeTM4eckon AMBepCH-
chvKaLmm GbInu BeiLLe B NPECHON BOAE, YEM B MOPCKOM

(Bloom et al., 2013). Kpome Toro, coobLiaeTcsi 0 3Ha-
YNTENbHOM B3aUMOAEWCTBUM FEHOTUMA C OKPYXato-
e cpedo B OHTOreHe3e BECIIOHOMMX pakoobpas-
HblX Eurytemora affinis, Hacensowmx cofioHosaTble
n runepconeHole Boabl (Lee and Petersen, 2002).
[aHHble npuMepbl BMeCTe C pesynsrataMmn Hallero
uccrneaoBaHust MOryT MOCNYXUTb OTMPaBHOW TOYKOW
ONg nocneayoLero n3y4eHns reHeTM4eckon npnupoabl
YCTOMYMBOCTU K OCMOTUHECKOMY CTPEeccy y BECMOHO-
MX pakoobpasHbIX PasnUYHbLIX SKOMOTMYECKUX rpymn,
HacensLwmx ogHy 6uotndeckyto obnactb (realm).

HepoctaTtoyHOCTb AaHHbIX 00 YCTOMYMBOCTU K
OCMOTUYECKOMY CTPecCy Ha pasHbIX CcTagusax no-
CTOMOPUMOHarNbHOrO pas3BMTUA OOHOMO U TOro Xe
BMOA BECMOHOMMX PakoobpasHbIX, YTO XapaKTepWHO
anst M. longa B Hawwem uccrnegoBaHum, Takke Tpedyet
NPUCTanbLHOro BHUMaHuA. [10 HACTOsILLEro BpeMeHwu
WCCreaoBaHNsi Ha BECITOHOMMX pakoobpasHbix Bbinn
cocpeaoToveHbl MO0 Ha NX SMOPUOHANbHbLIX CTaaAMAX
(Charmantier and Charmantier-Daures, 2001), n16o
Ha nonoso3penbix ctagusx (Calliari et al., 2019; Dutz
and Christensen, 2018). WcknioueHue cocTtaBnsiet
Eurytemora affinis ns bantumnckoro mops (Karlsson et
al., 2018). [aHHble 0 pa3nuyHbIX peakuusax Ha OCMOo-
TUYECKUIN CTPECC B OHTOreHe3e MMETCS Ans U30mMog
(Charmantier 1 Charmantier-Daures, 1994), kpeBeTok
(Torres et al., 2011; Vazquez et al., 2016) n kpabos
(Charmantier et al., 1998; de Jesus de Brito Simith et
al., 2012). OuyeBuaHO, ANsi OLIEHKN BO3MOXHOW [MHa-
MUKW aganTauni Ha NPOTSKEHUU XKU3HU BECIOHOIoro
padka TpebyeTcsi KOMMIEKCHbIA Noaxod, NpuMeHsie-
MbIli O CUX NMOP 415 APYTMX pakooOpasHbIX.

BbiBOAbI

B uenom Hawe uccnegoBaHne paccMaTpuBaeT
OOHO U3 MPOSIBMEHWI CTpaTErMn >XU3HEHHOMO LKA
BMAA, @ UMEHHO — UCMOSb30BaHNE AOCTYMNHbLIX pecyp-
COB C HaunborbLuen 3 eKTUBHOCTLIO, OCOBEHHO KOT-
42 MakCUMyM NULLY OrpaHnYeH BO BpEMEHU 1 HEOBXO-
OVM Ans ycrnexa nonynauuv. dnunenarnyeckue suabl
MOPCKUX BECITOHOMMX PayKoB, 3aBUCALLUX OT CE30H-
Horo nuka nuwmn (C. glacialis u Pseudocalanus spp.)
(Conover et al., 1986; Durbin and Casas, 2014), noxo-
Xe, BMNOJIHE YCMELIHO NEPEHOCAT KpaTKOBPEMEHHOE, a
WHOrZA U JOMTOCPOYHOE 3HAYUTENIBHOE CHUXKEHNE CO-
neHoctu. Buapl, oTHOcALMECA K Me3onenarmyeckmm
(T borealis n M. longa), XN3HEHHbIE LMKIblI KOTOPbIX
He npuBsi3aHbl K BECEHHEMY / NETHEMY LBETEHMIO
(PUTOMMAHKTOHA C NOCMeayloLWUM MUKOM YUCIIEHHO-
CTU MUKponnaHkToHa (Kocobokosa u lMepuosa, 2012;
Padmavati et al., 2004), feMOHCTPUPYIOT HaUMeHb-
LUYIO TONEPAHTHOCTb K CHUMXKEHMWIO CONEHOCTM.

duHaHcupoBaHUue

Pabota BbinonHeHa npu noanepxke r003a,D,aHMﬂ
«dnHamuka CTpyKTypbl U (DYHKLUMOHUPOBAHUS 3KO-
cuctem benoro MOpA N npunerarmnx apKTn4eckmnx
mopeit» (per. AAAA-A19-119022690122-5).
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Response of planktonic copepods of the White
Sea to the water salinity changes in acute and
chronic experiments
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In the White Sea, planktonic copepods Calanus glacialis, Pseudocalanus spp., Triconia borealis, and Metridia
longa are usually not considered as tolerant to the water salinity decrease, and Oithona similis is generally at-
tributed to the euryhaline species. However, the life cycle of the first two genera includes active feeding during
the spring ice melting, when a large part of their food sources are concentrated in the upper water layer charac-
terized by salinity less than 18%.. M. longa and T. borealis are considered to be deep-dwelling species; the first
one reproduces in autumn and thus relies on the spring phytoplankton bloom the least, the second spawns
in spring in deep water layers; however, they are both found in the productive (photic) layer during this season.
In order to study if these copepods can use food-rich freshened water layers to get enough energy for growth
and reproduction, a series of experiments were performed in July 2019 and March 2020, including chronic
and acute ones. The copepod mortality was analyzed at 25%o or 26%o. (control), 18%o. and 15%. (experiment).
Surprisingly, C. glacialis and Pseudocalanus spp. stood the salinity decrease with minor mortality rates ranging
from O up to 1.1 £ 0.2% in short-term 24-h experiments. The mortality rate in these species was the highest af-
ter five days of gradual water freshening down to 15%o (12.1 + 1.8%), while the mortality rate was half as much
in control vials at 25/26%o and at 18%o (6.4 + 0.5% and 6.9 + 0.6%, respectively). T. borealis was the most steno-
haline species, exhibiting the 100% mortality rate already at 18%. after 2 hours of exposure. M. longa did not
tolerate the salinity stress at 15%o, reaching 100% mortality in 24 h. O. similis tolerated the salinity decrease well
and thus exhibited euryhaline features as reported for this species in different areas of its range.

Keywords: salinity tolerance, epipelagic copepods, mesopelagic copepods, Calanus, Pseudocalanus, Metridia,
Triconia, Oithona
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