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OOBEMBI TPOM3BO/ICTBA JIEKATIO METO/IAMH aKBAKYJIbTYPBI B TTIOC/IEJHUE TObl IIOCTOSIHHO YBEJINYMBAIOT-
csi. I1pu 3TOM 0c00YI0 aKTyaIbHOCTh IIPUOOPETAIOT MCCIIe/IOBAHM S, HAIIPABJICHHbIE HA MHTEHCU(PUKALIIO
TEXHOJIOTMUYECKHX MporeccoB. OHUM U3 HUX SABJISETCS UCIIOIb30BaHUE PELIMPKYJISLIMOHHBIX YCTAHOBOK.
B padote Ha npumepe aBcTpanniickoro paka Cherax quadricarinatus NpoBeAEH aHAIM3 OCHOBHBIX (PaKTo-
POB, TOPMO3SIINX UHTEHCU(PHUKALIMIO KYJIbTUBUPOBAHUS JECATUHOTUX PAKOOOPA3HBIX B PEMPKYJISAIHOH-
HBIX YCTaHOBKaX. [JIABHBIMU Cpelli 3TUX (DAKTOPOB SIBISAIOTCS KAaHHUOAIM3M M MOJaBJIeHNE KPYITHBIMU
0cOOSMHU POCTa MENKUX. B 9KcriepruMeHTax UCCIIeIOBANIOCH BIMSHUE HA POCT U BBKMBAEMOCTb: TPYIITIOBO-
0 ¥ MH/AVBU/IyaJIbHOTO COZIepKaHMs; pa3MEPHOTO COCTaBa IPyII; 00bEMa EMKOCTEN /IS KyJIbTUBHPOBA-
Hus. Bee ucronpzoBanHble 0cOOM MOJTydeHs! oT ogHou caMku C. quadricarinatus. ITpogoIKUTEIbBHOCTD
SKCIIEPUMEHTOB COCTaBWJIA ILIECTh MecsleB. BrisiBieHa npsiMasi Koppesasiuus KaHHUOAIM3Ma C TJIOTHO-
CTBIO MOCaIKU ocoOeit. B éMKOCTSIX HeOOJIBIIIOrO pa3Mepa B rpyIIax pakoB OTMEYEHO (DOpPMHUpPOBAHUE
OJJHOW-JIBYX IOMHHHUPYIOIMIMX 0COOEH, MOAABISIONIMX POCT OCTAIBHBIX PakoB B rpymne. [lpy nHIUBU-
JyaJIbHOM COJIEpPKaHUU CKOPOCTb POCTa y MEJIKMX 0cOOel Oblia BBIIIE, YeM Y KPYIHBIX. DKCIIEPUMEH-
THI C pa3HOPa3MEPHBIMU I'PYIIIAMHA MOJIOAY PAKOB MOKa3aJIv, YTO IPOBEJEHUE COPTUPOBKHU IO Pa3Mepy
I03BOJISIET TIOJTyIUTh OoJiee OBICTPO U PABHOMEPHO PAacTyILHE TPYIbl 0COOEH, HO He IIOMOTaeT PeInThb
npobsieMy kaHHMOaM3Ma. Ha ocHOBaHMM cOOpaHHBIX JAAHHBIX PEKOMEH/IOBAHO B NEpBbIE TPU Mecsla
KyJIbTUBUPOBaHMSI B bl IPOBOJAUTH COPTUPOBKY 0COOEH MO pa3sMepy M CHUKATh IUIOTHOCTH MOCA/IKH.
ToMHOCTBIO UCKITIOYNUTH KAHHUOATM3M BO3MOKHO TOJIBKO MPH MHAWBUAYaJIbHOM COJEPKaHUU PAKOB.

KiroueBble ci10Ba: akBakyJbTypa PakooOpa3HbIX, aBCTPAIMUCKMHA KPACHOKJIEIIHEBBIA pak, Cherax
quadricarinatus, pocT, KAHHUOATU3M

AKBakyJIbTypa JeCATHHOTMX PAaKOOOPa3HBIX B MOCJIEJHUE /IBA AECATHICTUS JEMOHCTPUPYET aKTUBHBIN
poct. Tak, B 2012 r. mpou3BOACTBO JAEKAIo] METOJaMU aKBAKYJIbTYPbl BIIEPBbIE MPEBBICUIO X BHUIOB
U3 €CTECTBEHHBIX BOJJOEMOB, a B 2015 r. BeIpaieno 7,35 MuiH T AecatuHorux pakooopasusix [10]. Ocobdoe
MECTO B aKBaKYJIbType 3aHUMAeT UCIIOJIb30BAHNE PEIIMPKYJISIIMOHHBIX YCTAHOBOK, TIO3BOJISIONIEe KOHTPO-
JIMPOBATh HE TOJIBKO MapaMeTpbl BOJHOW CpeJibl, HO M TUIOTHOCTh I'PYII TUAPOOMOHTOB, UX Pa3MEpPHBIT

“)Crarps 10 MatepuaiaM J0KJagos Beepoccuiickoil koH(epeHInH ¢ MexkyHapoaHbIM y4yactieM «HayuHble urenus, nocpsménHsle 110-netuio co aua
poxkzaenust 1. 6. H., npocdeccopa Bukropa Cepreesuya Veiesa (1907-1964) u 100-netuio co aHs poxaenus 1. 6. H. Upunst BuktoposHs! MBnesoii (1918-1992)
“TlepcrieKTUBEL U HATIPABJIEHUS PA3BUTUS SKOJIOIUH BOJOEMOB™» (11-15 oktsi6pst 2017 r., CeBacTonons).
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Y MOJIOBOM COCTaB. PeliMpKyJIALMOHHbIE YCTAHOBKY IPUMEHSIOTCS KaK Il BbIpallliBaHUs TOBApPHOW IIPO-
AYKUMH, TaK U JJIs IOJY4YEeHHUs M0CaJ0YHOro MaTepraja MHOTUX BUIOB Jiekano/. Vcrnonb3oBaHue penup-
KYJISIIMOHHBIX YCTAHOBOK — €JMHCTBEHHBIII BOZMOXHBIN CIIOCOO KYJIbTUBHPOBAHUS TETJIOBOAHBIX BU/IOB
B PErMOHax, IJe TEMIEPaTyphbl B ECTECTBEHHBIX BOJIOEMAX OITyCKAIOTCS HUKE I'PaHULIBI YCTOMYMBOCTH Ta-
KMX BU0B. OIHAaKO IIpU BCEX CBOMX MHOTOYMCJIEHHBIX TOCTOMHCTBAX MPUMEHEHUE PELUPKYJISALIMOHHBIX
YCTAaHOBOK CBSI3aHO C PSIIOM OTPAaHWYEHUH, IJIABHBIE CPEAN KOTOPBIX — AE(PUIMT IUIOLIA/IEN, BHICOKUE
9KCILTyaTallMOHHbIE 3aTPaThl ¥ HEOOJIBION OOBEM HCIOJIb3yEMbIX EMKOCTEH (MEHBIIHNIA, YeM 00bEM ecTe-
CTBEHHBIX BOIOEMOB). B pesysbrare 1151 HOBBIIIEHNST pEHTA0eIbHOCTH TPeOyeTCs yBeJIMUMBATh IVIOTHOCTD
KyJIbTUBUPOBAHUSI TMAPOOUOHTOB.

[Tpu 5TOM OIHOM M3 CYIIECTBEHHBIX MPOOJEM KyJIbTUBUPOBAHUS JECATUHOTUX PAKOOOPA3HBIX SIBJIS-
€TCsI BBICOKHI YPOBEHb X arpecCHy M KaHHMOAIM3Ma B TPYIIIAax ¢ MOBBIIIEHHOW IJIOTHOCTBIO COfIEpkKa-
Husl. KaHHnOam3M xapakTepeH it OOBIIMHCTBA BUIOB JEKAIO/l; 3TO OCHOBHOM (haKTOP, TOPMO3SIIUIA
MHTEHCU(PUKAIMIO TEXHOJIOTUI MHIYCTPUATIBHON aKBaKyJIbTyphl pakooOpasubix [8, 12, 13, 17, 28, 30].
Hpyras npobieMa — CHUXEHHE M HEpaBHOMEPHOCTh POCTa OCOOE B IPYIIaX ¢ BBICOKOH MJIOTHOCTBIO
cogepxanus [21, 25]. VI3yyeHue 3TUX SBJEHUIN U MOUCK PELUEHUM, HAIIPABJICHHBIX Ha YMEHBIIIEHUE UX
BJIMSIHUS, — OJJHO W3 TIPUOPUTETHBIX HAMPABJICHUI B aKBaKyJIbType pakooOpa3Hbix. Cpenu paJuiKaabHBIX
MIO/IXOJJOB K PEIIEHHIO BHIIIEYKA3aHHBIX IPOOJIEM MOKHO Ha3BaTh MCTIOIb30BAHIE CUCTEM MHUBUYJIbHO-
ro cogepxanus. OHU IPUMEHAIOTCA /I KYJIbTUBUPOBAHUS HEKOTOPBIX JOPOTOCTOSAIIMX U arpecCUBHBIX
BUJIOB, Hanipumep KpaboB u omapos [9, 30]. Paku oOblYHO MeHee CKJIOHHBI K KaHHUOAIM3MY, YeM Kpa-
Obl UJIM OMapbl, TEM HE MEHEee OH BCE elIE€ paccMaTpUBaeTCsl KaK OCHOBHOM (DaKTOp, OrpaHWYMBAIOIINI
pa3BUTHE UX aKBaKyJbTYpHl [12, 16, 28].

OnHUM U3 aKTUBHO KYJIbTUBUPYEMBIX B MUPE PEUHBIX PAKOB SBJISETCSA aBCTPATMNCKUN KPAaCHOKJIEI-
HEBBIN pak Cherax quadricarinatus. X0351CTBa 110 €r0 BHIPAIIMBAHUIO €CTh B Pa3HBIX CTpPaHAaX Ha YEThI-
péx KoHTuHeHTax [8, 31]. BemyTcs paOGoThl 1O ajanTalMy TEXHOJOTHUM €ro KyJbTUBHpPOBaHMS U B Poc-
cru [5]. Kak 1 y G0JIBIIMHCTBA AECATHHOIMX PAKOOOPA3HBIX, Y 3TOrO BU/A NIOBE/ICHUE TEPPUTOPHAIBLHOE,
HO ypoBeHb arpeccuu B rpymmax C. quadricarinatus 0ObIYHO HIXKE, YeM CPe APYTUX BUIOB PEUHBIX PAKOB.
B03MOKHOCTB KyJIbTUBUPOBAaHUS B PELIMPKYJISLMOHHBIX YCTAHOBKAX [2], a TAK:KE OTHOCUTEIBHO BHICOKHE
CKOPOCTH POCTa W Pa3BUTHS [IEJIAIOT JAHHBIA BUJI XOPOLIMM MOJEIbHBIM OOBEKTOM [UIsl UCCIIEA0BAHUSA
MOBE/IEHN I, AaHTATOHUCTUYECKUX B3aMMOOTHOIIEHUI 1 OCOOEHHOCTE! pOCTa B rPyIax.

MATEPHAJI 1 METO/Ibl

DKCIEPUMEHT MPOBOAMIM B [Ba 3Tana. Ha nmepBom Moisiogp pakoB B Bo3pacTe okoso 20 cyTOk
C MOMEHTAa BBIXO/Ia M3 WKPBI, MOJYUYEHHYIO OT OJHOW CAMKHU, WCIIOJIb30BAJM I YETHIPEX BApUAHTOB
9KCIIepUMEHTa MPOJOJIKUTETBHOCTRI0 60 cyTok (Tadm. 1). ITociae 3Toro u3 MoxydYeHHON MOJIOAM PAKOB
ObLTM OTOOpaHBI HE UMEIOIIKE TTOBPEkICHUI 0COOU TPEX pa3MepHBIX KaTeropuii: KpymnHele (uymHa 55,0—
69,5 mm, macca 3,42-6,69r1); cpennue (uHa 47,0-56,0 mm, macca 2,12-3,621); menkue (aymHa 35,5—
47,0 mm, macca 0,94-2,00T). C oroOpanHbIME 0co0siMu B TedeHue 120 cyTok mpoBoawiu 4 BapuaHTa
9KCIIepruMeHTa (Ta0. 2), BKIIOYAIOIIETo IPYIIOBOE U MHINBHUIYaTbHOE COAepKaHNe.

Ta6auma 1. YcnoBus mpoBeieHUs MEPBOTO STara SKCIepUMeHTa
Table 1. Arrangements for the first stage of the experiment

XapaKTepUCTUKH EMKOCTEI Kon-Bo | IInoTHOCTH MOCAgKH,
Bapuant — 5 . 2 IToBrOpHOCTH
00BEM BOJIBI, J1 | TUIOMIAAb JHA, M~ | OcoOer 9K3.-M
1 5,6 0,043 10 230 3
2 5,6 0,043 15 345 3
3 5,6 0,043 20 460 3
4 210,0 0,570 107 190 1
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Tadamma 2. YcnoBusi npoBeieHUs1 BTOPOTro 3Taria SKCIIepuMeHTa

Table 2. Arrangements for the second stage of the experiment

XapaKkTepUCTHKU EMKOCTEN KonnuectBo ocodelt JyIMHOM:
Bapuant — > IloBTOpHOCTH
00BEM BOAbL, J1 | Twiomanb qHa, M- | 35-47mm | 47-56 MM | 55-70 MM
1 2,8 0,025 1 10
2 2,8 0,025 1 10
3 200,0 0,500 10 10 1
4 200,0 0,500 20 1

Ha 30-e u 60-e cytku nepBoro 3tamna, a Takxke Ha 30, 60 u 120-e cyTKu BTOPOro 3Tana KCnepruMeH-
Ta ONpeIENsUT BBUKMBAEMOCTb, JJOJII0 0COOEH ¢ MOBPEkICHUSMU MIePEoNoz, JUTMHY M MacCy Tejla PaKoB.
Kpowme Toro, B BapriaHTax ¢ MHAMBUIYAJILHBIM COIEPKAHUEM OTCIIEKUBAIU MTPOAOIKUTEILHOCTh MEXKITHU-
HOYHBIX NIEPUOJIOB, a MOCJIE KaX O JIMHBKY U3MEPSUIM JUJIMHY M Maccy Tella Jekanoj. Temneparypy noj-
nepxuBamu B auarnazone 27-29 °C. B kauectBe kopMma mcnosib3oBaim komoukopma TetraMin Granules
u TetraWafer Mix npousBoactsa ['epmanuu. Kopm BHOCKIM 0AMH pa3 B cyTKHU U3 pacyéra 5—10 % ot mac-
cbl Tesa ocoOert. KoppekTHpoBKy KoJIMuecTBa BHOCUMOTO KOpMa TI0 XO/1y SKCIIEPUMEHTA TIPOBOIMIIU B CO-
OTBETCTBUU C POCTOM M MHTEHCHUBHOCTBIO €ro notpedieHust ocodossMu. Bo Bcex EMKOCTSIX HAXOIUIUCh UH-
AMBU/lyaIbHbIE YKPBITHS HOPHOTO THIIA M CyOCTPAThI U3 CITyTAHHBIX TVIACTUKOBBIX HUTEH, YBEIMUMBAIOLIIE
IeTepOreHHOCTb ITPOCTPAHCTBA.

J1s ctatucTyeckoil oOpaOOTKM TaHHBIX MPUMEHSIM mporpamMmy Statistica 6.0. B ciyvae napamer-
PUUECKMX aHAJIM30B JIAHHBIX UCTOJIb30BaNN t-Kputepuil CThloeHTa. Pa3inuns cuuTaamch CTaTUCTUYECKU
sHaunMbIMu TIpu p < 0,05. B oTIenpHbIX ciiydasx mpu CpaBHEHUH BBIOOPOK HEOOJIBIIIOTO pa3Mepa Imprume-
HSUIM HerapaMmeTpuyeckue Metobl (Tect Kommoroposa — CMHPHOBA) IIPU TOM K€ YPOBHE 3HAUYMMOCTH.

PE3VJIbTATDBI

IlepBrIii 3Tan 3xcnepumenTta. Yepes 30 cyTok ¢ Hayasla SKCIEepUMEHTa MaKCUMallbHasl BbIKMBae-
MOCTb OTMeueHa B BapuanTe 1 (m1otHocTs nocaaku 230 3k3.-M2) — 90 %, MUHMMAaIbHASA 3a(PMKCHPOBAHA
B BapMaHTe 3 (IWI0THOCTh nocaaku 460 3k3.-M2) — 72 % (puc. 1). Jloaa ocobeli ¢ OTCYTCTBYIOLIMMH WA
YACTUYHO PEreHepupyoIIMU NIEpeornojaMu MepBoy Mapkl (epBble KJIEIIHEHOCHbIE KOHEUHOCTH) KOppe-
JIMpOBaJa C TUIOTHOCTHIO Mocagku ocodert (Bapuant 1-3) (puc. 1). Bee ciydan rudenm pakoB Kak B IEpBOH,
TaK ¥ BO BTOPOYW YaCTH IKCIIEPUMEHTA ObLTN CBSI3aHbI C MPOSBICHUSMH KaHHUOAM3Ma. YTpaTa 0coOsIMU
MIEPEOTIO]T TAKKE ABJSIIACH PEe3Y/IbTATOM arpeCCUBHBIX B3aMMOAEHUCTBUIN Mex Ay pakamu. HanOombinee Biu-
sIHUE Ha JaJbHEHIINIA POCT OKa3bIBAET yTPaTa MEPBbIX MEPEOIIO]], ITOCKOJIbKY UX pereHepanus Tpedyer 3Ha-
YUTEJIbHBIX SHEPreTUUecKuX 3aTpaT. Kpome Toro, oTcyTCTBHE NEpeono HEraTUBHO CKa3blBa€TCs Ha BO3-
MO3KHOCTSIX PaKOB BIIOCJIEJICTBMHM aKTMBHO KOHKYPHUPOBAaTh B IpyIIIe 3a pecypchl. BoccTaHOBNIEHNE EpBbIX
MIePEeoIIo ] MPOUCXOJUT MEIJIEHHO, U B TEYEHHUE CJIEAYIOIIMX HECKOILKUX JIMHEK OHU OCTAIOTCS CYIECTBEH-
HO MeHbIIIe, YeM y HeMOBpexkIEHHBIX 0coOeil. MUHUMAIBbHOW JI0JIsI MOJIOJM C TAKUMH TOBPEKICHUSIMU
Obuta B BapuanTe 1 (motHocTs nocagku 230 9k3.-M2) — 17 %, a MaKCUMaJIbHOI — B BapuaHTe 3 (IUI0T-
HOCTB nocajiku 460 3k3.-M2) — 43 %. Pazmephl 0coOeii BO BceX BapuaHTax SKCIEPUMeEHTa (pHC. 2) Obun
OJIM3KMMHU M CTATUCTUIECKH 3HAYMMBIX OTIMUMI He uMes (t-kputepuit CteionieHTa, p > 0,05). [Ipu atom
HaWJTy4IIFeE TIOKA3aTen POCTa 3apUKCUPOBAHBI B BapuaHTe 4 (II0THOCTH nocanku 190 9k3.-M72).

Ha 60-e cyTku BO Bcex BapuaHTax SKCHEPUMEHTAa IOKa3aTesJy BbIKMBAEMOCTH 3aMETHO CHU3U-
Jch (puc. 2). BosbIire Beero ciiydaeB rudesm ocoOeld B pe3ysibTate KaHHuOam3ma (45 %) 3ahuKkcupoBaHO
B BapuaHTe 3, MpU MaKCUMAJIbHOW MJIOTHOCTU MOCAJKU. B OCTabHBIX BapuaHTax IKCIIEpUMEHTa MoKas3are-
JIM BBIKMBAEMOCTH ObLIH OJIM3KH M KOJIe0aMch B Auana3oHe 66—68 %. [loyis ocodell, yTpaTUBILUX [IEpBbIe
NIepeono/ibl B pe3yJsIbTaTe arpecCMBHBIX B3aUMOIecTBUl (puc. 1), Oblia BbIcOKa BO Beex BapuaHTax (1-3)
IIpY COJEPKAHUU PAKOB B EMKOCTSIX HEOOJBIIOr0 00bEMa. MUHUMAIIBHOM /107151 0COOEH, MOCTpaaBIIIX
B pe3yJibTaTe KaHHMOAIN3MA M arpecCUBHBIX B3aMMOJICUCTBUI, Obllla B BApUaHTe 4.

Mopckoii 6uosnoruueckuii xyprain 2018 Tom 3 Ne 3



6 P.P. BOPUCOB, 1. H. HUKOHOBA

100 -
[]- ocobu ¢ NospexaeHnamMU NepBLIX Nepeonoa

90 - M - ocobu Des noepexaeHU NepebIx Nepeonog

80 -

60 -
50 -

BepkmneaemocTs, Y%

30 A
20 -

30cyr 60cyT 30cyr  60cyT 30cyr  60cyT 30cyr 60cyT
BapuanT 1 BapuaHTt 2 BapuaHTt 3 BapuaHTt 4

Puc. 1. V3MeHeHre BBUKMBAEMOCTH U oy Mosioau paka C. quadricarinatus ¢ IOBpeXIEHUSMU Ha TIEPBOM
JTane KCIepUMeHTa

Fig. 1. Dynamics of survival rate and proportion of C. quadricarinatus juveniles individuals with defects
at the first stage of the experiment
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Puc. 2. Poct mononu paka C. quadricarinatus Ha TIepBOM 3Tarie IKCIepUMeEHTa
Fig. 2. Growth of crayfish C. quadricarinatus juvenile at the first stage of the experiment

B koHIle mepBoro srana 3KCHepUMEHTa MOJIOAb B BapuaHTe 4 OKa3ajlach JOCTOBEPHO KpymnHee (-
kputepuii CterogeHra, p < 0,05), yem B BapuaHtax 1-3 ¢ €MKOCTAMH MaJIeHBKOTO pasmepa (puc. 2).
[Mokazarenu pocta Monoau (puc. 2) B EMKOCTSAX HEOOJBIIOro oObéMa (BapraHThl 1-3) ObUTH OIM3KUMU
Y HE MMEJIU CTATUCTUYECKH 3HAUYMMBIX OTIMYMI BHE 3aBUCHMOCTH OT IJIOTHOCTH Tocaaku. I1pu atom 3a-
TpPaThl KOPMOB Ha eIMHUITY IPUPOCTa MO Macce TeJia ObLTM MeHbIIle BCcero B BapuaHTe 4 (ko3gduimeHr 1,5).

CpaBHeHue pazMepa 0coOel ¢ TIOBpekICHUAME Mepeoriol U ocodeli 6e3 TaKuX MOBpekAeHu (puc. 3)
MOKa3aJI0, YTO BO BCEX BapHaHTaX SKCIIEPUMEHTA HENIOBPEXKIEHHbBIE paKy ObUIN JIOCTOBEPHO KpyITHee (TecT
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Konmoroposa — CmupHOBa, p < 0,05). OcoOeHHO APKO JaHHAsI 3aKOHOMEPHOCTD ITPOSIBUJIACH B BapUAHTaX
1-3, r1e Ha oHy EMKOCTD MPUXOIUIUCH TOJILKO OJTHA-/IBE, PeXke TPU 0coOU Oe3 TIOBPEKACHHIA, KOTOpbIe
OBbLTN 3HAYUTEJILHO KPYIHEe IPYTHUX.

Bropoii 3Tan 3xcnepuMenTa. 3MeHeHe pa3MepHO-BECOBBIX MMOKa3aTeNiell pakoB Ha MPOTSKEHUU
BTOPOI'O 3Tarna dKCIepUMeHTa MpecTaBieHo Ha puc. 4 u 5. Haubosnee cyiecTBeHHbIE MOKA3aTeNU MPU-
pPOCTa MPOJEMOHCTPUPOBAIM MEJIKME OCOOU, COMepKaBIIuecs WHAMBUAYanbHO (BapuaHT 2) (1,32 paza
no mHe u 11,76 pa3a mo macce), 1 0coOM CpeHero pa3mepa, CoJepkaBIrecs B rpymre (BapuaHt 4)
(1,26 paza o gymue u 11,35 paza o macce). [1pr 3ToM MakcuMasbHbIE TIOKA3aTeU CPEeTHEN JJIMHBI U Mac-
coi Tea (114 mm 1 32 T COOTBETCTBEHHO) Ha KOHEIl 9KCIIepUMeHTa ObLTH y ocoOeli u3 BapuaHTa 4 (puc. 5b).
OpHako nokazaTtesid BbIKMBAEMOCTH B BapHaHTax 3 U 4 COCTaBWIM TOJBKO 65 U 55 % COOTBETCTBEHHO.
Kpome Toro, y yactu pakoB 3a nepuof dKCIIEpUMEHTa B pe3yJibTaTe arpECCUBHBIX B3aUMOJAEWCTBUI Ha-
OJmozianach yrpara Wwiv noBpexjaeHue nepeonos. 1ot ocoOeil, cTaBIIMX KepTBaMUA KaHHUOAIM3MA WU
yTPaTHUBIIMX NIEpBbIE MIEPeoTioibl, B BapuanTax 3 u 4 cocraBuna 50 %. KaHHnOamM3M B rpymnmax pakoB Ha-
OJTI0/171C S IPAKTMUECKH BCETIIa BO BpeMsl JIMHbKH, KOTJIa JIMHSIONIAsi 0COOb MMeJIa MATKHe MOKPOBHI U ObLIa
6e33ammuTHa. Pe3ynbTaToM BHICOKOTO YPOBHSI KaHHHOAIM3MA IPU COJIEPKAHUU PAKOB B IPYIIIax CTaJIO TO,
YTO MOKAa3aTelb MPOAYKIMU C OTHOM MOCAKEHHON 0COOM y PaKoOB U3 Ipymil (BapyaHThl 3 U 4) ObLIT MOYTH
B J1Ba pa3a Hike (17,7 r Ha 0coOb), YeM y KPYITHBIX PaKOB, KOTOpbIE COJIEPXKAIMCh MHAUBUAYaIbHO (31,5 T
Ha 0co0b), M Jake MEeHbIIe, YeM y MEJIKMX PAaKOB, COJCPKABIIMXCS MHAUBHIYaIbHO (18,5 T Ha 0coOB).

70 [ - Bea noBpexJeHui nepekLIx nepeonog,
[l - ¢ NOBpPeXAeHUAMM NepPBLIX Nepeocnop
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: |
=
G 40 -
@
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(=
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D T T T

Bapuant 1 BapwuaHT 2 BapwuaHt 3 Bapuant 4

Puc. 3. [Jnuna tena monoau paka C. quadricarinatus B KOHLE NEpBOro tamna skcrnepuMeHTta (60 cyTok)
y ocobelt 6e3 MOBPEeKAEHUH U C TIOBPEKICHUSIMH TIEPBBIX IEPEOIIOf

Fig. 3. Body length of the juvenile C. quadricarinatus at the end of the first stage of the experiment (60 days)
in individuals without defects and in individuals with defects of the first pereopod

Coaepsxanue ocoOell MHAMBUIYAIbHO (BapuaHThl 1 M 2) MO3BOJIMIIO CPAaBHUTh CKOPOCTh POCTA U Ya-
CTOTY JIMHEK MEJIKUX M KPYITHBIX PaKoB. 3a BpeMsl KCIIEpUMEHTa MeJIKHe 0COOU JIMHSLIM Jaile (B cpef-
HeM 3,9 TMHbKM), yeM KpymnHbie (2,6 muHbki). COOTBETCTBEHHO, MEXJIMHOUHBIE TIEPUOJIbl Y MEJTKUX pa-
KOB OBUIM B CpelHEM Kopoue, 4YeM y KpynHbIX. [loka3artenn mpupocTa 1o AIMHe U Macce Tejla y MEeJKHX
(19 1 71 % cootBercTBeHHO) M KPpYNHBIX (18 11 67 % cOOTBETCTBEHHO) 0cOOel ObUTM OJIM3KYU M HE MMEIH
CTaTUCTUYECKU 3HAYMMBbIX OINYUA. CIIeJCTBUEM 3TOTO CTAJIO COKPAIEHUE PA3HULIBI B PA3MEPHO-BECOBBIX
MOKa3aTesIsAX MEJIKMX U KPYIHBIX PAKOB IPU MHAMBUAYAJIBHOM cojepxkaHuM (BapuaHThl 1 u 2) (puc. 4).
[Tpu rpynmoBoM coaep:kaHuu (BapuaHT 3) MOJOOHOM TEHICHIINH He HaOJI01aI0Ch, U pa3HUIIa B pa3Mepax
MeXy MEJIKUMHU M KPYITHBIMU OCOOSIMU B KOHIIE IKCIIEPUMEHTa OCTaBajIach CYIECTBEHHON (puc. SA).
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Puc. 4. M3meHeHue pa3sMepHO-BECOBBIX XapaKTEPUCTUK Mostoqu paka C. quadricarinatus Tipu UHIUBULYalTb-
HOM CofiepkKaHuM: A — KPYIHBIX ocobelt (BapuaHT 1), B — Menkux ocodei (BapuaHT 2)

Fig. 4. Changes of length and weight of C. quadricarinatus juvenile in individual housing: A —large individuals
(variant 1); b — small individuals (variant 2)
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Puc. 5. H3meHeHue pa3MepHO-BECOBBIX XapaKTepUCTHK Mosionu paka C. quadricarinatus npy rpyrnioBOM
cofiepKaHUM: A — KPYIHBIX ¥ MeJIKUX 0coOei (BapuaHT 3); b — cpenHux ocobelt (BapuaHt 4)

Fig. 5. Changes of length and weight of C. quadricarinatus juvenile in group housing: A — large and small
individuals (variant 3); 5 — medium individuals (variant 4)

OBCYKIEHUNE

HlecATuHOTME pakooOpa3Hble, KaK W Jpyrue WICHUCTOHOTUE, UMEIOT KECTKUM, HepaCTSKUMBIA K-
30CKEJIET, BBHIMOJHAIIIMI ONOPHYI0 M 3alIUMTHYI0 (pyHKUIMM. OJHAKO IUIATON 3a BBICOKYIO 3((PEeKTUB-
HOCTb BHEIITHETrO 9K30CKeJeTa SIBJISIeTCS] HEBO3MOKHOCTh pocTa 0coou 6e3 cMeHbl MOKpoBOB. PakTnye-
CKM M3MEHEHHE Pa3MepoB y PaKOOOpPa3HBIX MPOUCXOIUT TOJBKO B IMpOIlECCce JIMHBKH, KOrjma cOpachiBa-
I0TCSI CTapble MOKPOBBI, pa3Mep 0coOU OBICTPO YBEJIMUYMBAETCS 3a CUYET TMIpATAIlMH, MOCJIE Yero Mpo-
MCXOJIUT 3aTBEpJEHHE HOBBIX MOKPOBOB. B pe3yibraTe pocT JeKamoJsl HOCUT CTYHEHYaThlil XapakTep,
a B JKM3HEHHOM LIMKJIE OCOOM PEryJiipHO MOBTOPSIOTCS MEPUObI, KOTJAa OHA M3-32 MSTKUX MOKPOBOB
OCTa€TCs MPAKTHUYECKW He 3alMIIEHHOW. [Ipy MpoBeIeHWN SKCIIEPUMEHTOB Mbl OTMETWIIM, YTO OOJIb-
MIMHCTBO CJIy4aeB KaHHUOAIM3Ma W TPAaBMHUPOBAHHUsSI TMPOUCXOAUT B TMEPUOJ JIMHBKHA PAKOB. 3a4acTylo
3I0pOBBIe 0COOM OJIM3KOTO pa3Mepa, HaXOsCh B MEKJIMHOYHOM IIEPUOJIe, HE MOTYT HAHECTU JPYyT Jpy-
Iy CepbE3HBIX TpaBM. VICKIIIOUEHMEM SIBJISIOTCS BUbl C OYE€Hb MOIIHBIMU KJIEIIHSAMU, MpeqHa3HAUYEH-
HBIMHU 1Sl APOOJIEHUsI PAKOBUH MOJUTIOCKOB (Hampumep, oMapsl). Kak mpoieMOHCTpupoBaiy Hall KC-
MEPUMEHTBl U UCCIIEOBAaHUS JAPYrux aBTOpoB [16, 29], yacTroTa BOBHUKHOBEHUSI arpeCCUBHBIX KOHTAK-
TOB U, KaK CJIeJICTBHE, KAaHHNOAIM3Ma HANpPSMYIO 3aBUCUT OT IUIOTHOCTH Tocagku ocodeil. Ha mepBom
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JTane KCNEepPUMEHTA ITPU BBICOKUX IUIOTHOCTSAX MOCAJKU OTMEUYAIUCh YMEHbILIEHNE BbIKMBAEMOCTH U IO-
BBIIIIEHHE J0JIM TPaBMHUPOBaHHBIX ocobeil. [Io Mepe pocTa MOJIOIM PaKOB TakkKe HAOMIOAANOCH YBEJIH-
YeHUe CllyyaeB KaHHMOAIM3Ma U J0JM TPaBMHUPOBAHHBIX OCOOEW. DTO CBA3aHO, MO-BUAMMOMY, C IO-
TpeOHOCTHIO B OOJIbIIEN MHAWBUIYAIBHON TEPPUTOPUM TIO MEpe pocTa JIMHEHHBIX pa3MepoB pakoB. Io-
CKOJIKY OCHOBHBIM IIEPHOJIOM, KOrja 0coOb ObIBaeT HawOoJiee YA3BUMOW, SIBISETCS JIMHBKA, MOKHO
TOBOPHUTH O TOM, YTO KaHHMOAJIN3M BO MHOTIOM OTIpEAENsieTCs BEPOSTHOCTBIO BCTPEUM JIMHSIOMIMX pa-
KOB C JPYTMMH OCOOSIMM Trpynmsl. [Jiss yMeHbIIeHUs YpOBHSI KaHHMOQJIM3Ma YCHIHS JIOJKHBI OBITh
HAarpasJieHbl HA CHIKEHUE 3TOW BEPOSITHOCTH WM HA 3aIUUTY JMHAIOLIMX 0COOEH.

BakHbIM (paKTOpOM, ONpEEISIOIUM pa3Hble aCleKThl MOBEJEHUS THAPOOUOHTOB, SBJISIETCS HEOJHO-
poaHocTh cpensl [3, 4]. Tak, yBennueHne HEOAHOPOJHOCTU CPEAbl COAEPKAHUS PAKOB 3a CUET YCTAHOBKU
MHIVMBUAYaJbHBIX yoexum [11, 15], a Takke cyOCTpaToB pa3idyHBIX THIIOB C OOJIBIION IIIONIA b0 TIOBEPX-
HOCTH, TIO3BOJISIIONIMX OCOOSIM HE TOJIBKO TIepeMEIaThCs Mo JHY EMKOCTH, HO ¥ MAKCUMAJIBHO HCTIONB30-
BaTh e€ 00beM [ 19, 24, 28], ma€T BO3MOXKXHOCTh B HECKOJIBKO pa3 CHU3HMTh YPOBEHb KaHHMOAM3Ma [22, 27].
OnHako Aaxe nNpuMeHeHHe OOJIBIIOro KOJMYecTBa CyOCTpaToB M YKPHITHI HE MO3BOJISET MOJHOCTHIO pe-
IIUTh POOJIEMY, a 3HAUUT, JAHHbIE MEPbI JOIKHBI COUETAThCs C MOJOOPOM JOMYCTUMBIX (ONTUMAJIbHBIX)
IoTHOCTeN mocaaku. CrnesyeT y4uThiBaTh, YTO C POCTOM OCOOEH 3TH 3HAYEHHUS] MOTYT YMEHBIIATHCS
B HECKOJIbKO pa3. B ciywae C. quadricarinatus mpy MCTIONb30BaHUU AOCTATOYHOTO KOJTMYECTBA YOEKHIIL
¥ CyOCTPATOB IUIOTHOCTh OCOOEN B TIEPBbIiA MECAI] KyJIbTMBUPOBAHUS MOKET COCTABIATH 10 200 3K3.-M 2,
Ve B Hauase BTOPOro MecsIa OHa JIOJKHA ObITh yMeHbIneHa 10 100 3K3.-M2, a Ha BTOPOM-TPETHEM MeCs-
1ie — cHmkena 10 20-303k3.-M 2. M3 NoJTyYeHHBIX HAMM PE3yJIbTaTOB IIEPBOTO 3Tara SKCIIEPUMEHTa MOK-
HO cZIeJ1aTh el€ OMH MHTEPECHBIN BHIBOJ: KYJIbTUBUPOBAHUE 0COOEH B EMKOCTSIX HEOOJBILOIO pa3Mepa
MIPUBOJMT K BBIIEJCHUIO B KAXKIOW U3 HUX OIHOM-IBYX KPYITHBIX OCOO€H, MOAABISIONINX POCT OCTAIBHBIX.
Bosnee kpymHble pa3Mepbl pakoB, HE MOJYYUBIIMX NOBPEXJEHUI, OTMEUEHBl BO BCEX BAPUAHTAX IKCIEPHU-
MEHTa, HO B EMKOCTH OOJIBIIIOro 00bEMa JaHHAS TEH/ASHIMS BhIpaKeHa He CTOJIb SIPKO. DTO MOATBEPKAAET
OIyOJIMKOBAaHHBIE paHee cBeIeHUs 0 ToM, uTo y C. quadricarinatus KpynHble 0COOU 3aHUMAIOT JOMHHAHT-
HOE I0JIOKEHUE B TPYIIax U OKA3bIBAIOT HETaTUBHOE BJIMSIHUE Ha POCT Apyrux ocodeii [7, 18]. B émkocTtu
OOJIBITIOTO pa3Mepa Takke Hadmoaanock 6osee 3hdeKTUBHOE UCIIOIL30BaHUE KOPMOB. B cBsI3u ¢ 3TUM
MpUMeHeHHne EMKoCTel MaJieHbKoro oobséma (10-20 1) peacraBisercs: HereecooOpa3HbIM.

Kak nokaszanu pe3ysipTaTsl BTOPOTrO 3Tana KCIepUMEHTa 110 COAEPKaHUI0 PAKOB B IPYIIaX, C POCTOM
ocobeil, 1axe HECMOTPS Ha 3HAYUTEIbHOE CHIKEHHUE TUIOTHOCTH MOCAIKH, KAHHUOAIN3M OCTAETCSl OUYEHb
CyILECTBEHHOM ITpo0sieMoit. 3a BpeMs KyJIbTuBHUpoBaHus S0 % pakoB B BapuaHTax 3 1 4 UM NOruoOIIM, Uin
JIMIIMIMCH NEpBBIX niepeoniofl. Kpome Toro, HaOmoeHus 32 pOCTOM AEKarlofl MoKa3au, YTo MpU IPymIo-
BOM COJIep)KaHUU KPYITHbIe 0COOM IIPOJOIIKAIOT OKa3bIBATh TOPMO3SIIIEe BIMSHUE Ha POCT MEJIKUX. B aToi
CBSI3Y MHIMBU/IyaJbHOE COJIepXKaHue MOXET ObITh 3(P(PEeKTUBHBIM TP KYJIbTUBUPOBAHUM BU/IA B 3aMKHY-
THIX CHCTeMax, pu Aedurmre miomaneid. HecMoTps Ha oTcyTcTBHE KaHHMOAIN3MA M TPABM ITPU MH/ABH-
AyaJIbHOM COJEpKaHUH, B 3TOM BapuaHTe HaMM 3a(UKCUPOBaHbl 00jiee HU3KUE CKOpOCTH pocta. OnqHUM
13 00BCHEHUI JAHHOTO SIBJIEHUS] MOKET ObITh TO, YTO pa3Mep EMKOCTU COJIepKaHMsI BIUsET Ha POCT OCO-
Ou, 9YTO OTMEUEHO paHee IJIs1 HEKOTOPBIX BUAOB pakooOpa3Hbix [23, 32]. Heo6xoauMbl JONOTHUTETbHbIC
UCCIIeJOBaHUS BIMSHUS pa3Mepa EMKOCTH Ha poct y C. quadricarinatus.

CpaBHeHUME pe3yJIbTaTOB pOCTa M BbDKMBAEMOCTH PaKOB B Pa3HO- M OJHOPA3MEPHBIX IpyIIax Moj-
TBEPAWJIO IaHHbIE, TIOTyYeHHbIE HEKOTOPBIMH aBTOPAMU, YTO COPTHPOBKA OCOOEH IO pa3Mepy Yaliie BCero
HE MPUBOJMT K CYIIECTBEHHOMY COKPAIIEHHIO YPOBHS KaHHMOAIM3Ma, HO MOKET CIIOCOOCTBOBaTh Ooliee
PaBHOMEPHOMY pOCTy pakoB [6, 26]. Kpome Toro, 1o mepe pocta oco0eit COpTUPOBKM CTAaHOBATCS] MEHEe
a¢ppexTuBHBIMH [6, 14, 26], TOCKOJIBKY HAPYILLIAIOT YKE CIOKUBIINECS NEPAPXUUECKUE B3aMMOOTHOLIEHU S
B rpynre. B cBs3u ¢ 3TUM nepecasiky AeKarof U X COPTUPOBKY MO pa3Mepy LesiecO0Opa3HO BBIMOIHATD
B IIEpBbIE TPU Mecslla KyJIbTUBUPOBAHUS.

CpaBHEHHE CKOPOCTH POCTa PAKOB MPH WHAMBUIYAILHOM COJECPKAHUMU TIOKA3aJI0, YTO MEJIKHE 0COOH
JIMHSJTA Yalle KPYMHBIX. 3a CUET YacThIX JIMHEK MEJIKME PaKHW POCiIU ObICTpee KPYITHBIX U B HECKOJBbKHX
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ciydasx JOTHaIM WX 1o pasmepy (puc. 4A). IIpu 3ToM HaOoa1ach HEPABHOMEPHOCTh pOCTa 0CO0OeH,
a pa3HMLIAa B CPEIHUX pa3Mepax MeXJy KPYIHbIMU U MEJIKMMHU PaKaMH COXPAHSIACh. YCKOPEHHE pOCTa
MEJIKMX 0coOeil OTMEUYEHO TaKke B CIydasx ydaJleHus] KPYMHbIX JOMUHAHTOB u3 nonyssaiuu [20] u npu
pas3IebHOM COJIEPKAHUU TPYI MEJIKMX U KPYMHbIX ocobeit [1]. Takum odpa3zom, nepapxudeckre OTHO-
mieHnsi B rpynmnax pakoB C. quadricarinatus ArpailoT 04eHb OOJBIIYIO POJIb U OKA3bIBAIOT CYIIECTBEHHOE
BJIMSIHUE HA POCT OCOOEH.

3akmouyenne. KaHHUOAM3M ¥ TIO/IaBJICHHE KPYITHBIMU OCOOSIMU POCTa MEJIKUX SIBJISIIOTCS TJIABHBIMU
npobaeMaMu MpU COAEPKaHUM aBCTPATIMICKOTO paka B TpyMIax, Mpu 3TOM HaOmoaaeTcs nmpsmasi Kop-
pessanMs KaHHUOAIM3Ma ¢ IJIOTHOCTBIO MOcaaku ocodel. I1o mepe pocta MOJIOIM PakoOB YBEIUYUBAETCS
yPOBEHb arpeccuy M KaHHUOAIM3Ma. B yCIIOBUSAX OrpaHMYeHHOTO MPOCTPAHCTBA B IPYIIAX OJHA-IBE OCO-
OU CTaHOBATCS JOMUHHMPYIOIIUMH. YCKOPUTh POCT MEJIKUX PaKOB MOKHO, M30JIMPOBAB MX OT KPYITHBIX
JOMUHUpPYIOLIMX ocoOeil. [IpoBeneHre COPTUPOBKU MO pa3Mepy MO3BOJISET MONYyYuTh Oojiee paBHOMEp-
HO U OBICTPO paCTyIl[e IPYIIBl PAKOB, HO HE MOMOTaeT pemuTh mpodaemMy kaHHuOam3Ma. Kpome To-
ro, CyliecTBeHHAs] MHANBUIYaJIbHASI N3MEHUYMBOCTh B CKOPOCTH POCTa HAOI0aeTCs pU BCeX BapUaHTax
conepsxkanus. 1is nmoBeieHust 3(pHeKTUBHOCTH KYJIbTUBUPOBAHUS aBCTPAIMICKOTO paka 1o Mepe pocTa
oco0eil B TiepBbie TPU MecsIa HeOOXOJMMO TOCIIeIOBATEIbHO CHIKATh TUIOTHOCTD MOCAIKU, TPOBOAS MTPU
9TOM COPTUPOBKY JIEKaro/1 o pa3Mepy. Ha mocneqHux sTanax KyJIbTUBUPOBAHUS aKTYaJIbHBIM MOKET OBITh
VHAMBUyaJIbHOE COAEpKAHUE.

Pe3ynbTaTel McClieIOBaHUN MOTYT OBITh HCIOJIL30BaHBI IJIsI YCOBEPIIEHCTBOBAHMS OUOTEXHUK
KyJIbTUBUpOBaHUs Kak C. quadricarinatus, Tak M PYTUX BUJIOB JECSITUHOTHX PaKOOOPa3HBIX.
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SPECIAL ASPECTS OF DECAPOD CRUSTACEANS GROWTH
IN RECIRCULATING AQUACULTURE SYSTEMS
AS EXEMPLIFIED BY AUSTRALIAN CRAYFISH CHERAX QUADRICARINATUS
(DECAPODA: PARASTACIDAE)”

R.R. Borisov & I.N. Nikonova

Russian Research Institute of Fisheries and Oceanography, Moscow, Russian Federation
E-mail: borisovrir@mail.ru

The volume of decapod crustacean production in aquaculture has steadily increased in recent years. At the
same time, studies focused on the intensification of technological processes have gained special popularity.
One of such area of focus is the use of recirculating aquaculture system. In this work an analysis of the main
factors inhibiting the process of intensification of the cultivation of decapod crustaceans in the recirculating
aquaculture system was carried out as exemplified by Australian crayfish Cherax quadricarinatus. The main
factors are cannibalism and the suppression of small crayfishes by large individuals. In the experiments,
the influence of group and individual housing, length frequency and tank size on growth and survival rate
was studied. All individuals used in the experiment were obtained from one female. The duration of the
experiments was six months. A positive correlation of cannibalism with the stocking density was revealed.
The formation of one-two dominant individuals suppressing the growth of the remaining individuals of
the group was observed in small-sized tanks. In individual housing the grows rate of small crayfishes was
higher than that of large ones. Experiments with different-sized juveniles showed that the size separation
allows to obtain faster and more evenly growing groups, but it does not solve the problem of cannibalism.
Considering the results, it is recommended to provide size classification two times in the first three months
and decrease the stocking density. Cannibalism can be excluded only with the individual housing.

Keywords: crustacean aquaculture, Australian red claw crayfish, Cherax quadricarinatus, growth,
cannibalism
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The article focused on morphological peculiarities, chemical composition and function of the loricae in cili-
ates. Pseudochitinous (tectinous), hyaline and mucopolysaccharide loricae differ by chemical composition.
There are also composite (pseudochitinous + mucopolysaccharide) and agglutinated loricae. The morpho-
logical features and associated protective properties of loricae and semi-loricae of sessile ciliates are also
discussed. The increase in floatability of cells has been reported in literature as the main function of mu-
copolysaccharide and hyaline loricae in planktonic ciliates. It is the authors’ opinion that the main function
of the lorica is to prevent the contact of extrusomes or other capturing organelles of unicellular predators
or parasites from the cellular membrane of ciliates. It is also assumed that another important function
of the semi-loricae and loricae in sessile ciliates is to protect joints between their stalk and zooid from
hydrodynamic loads.

Keywords: ciliate, lorica, pseudochitin, hyaline, predator, parasite, extrusome, hydrodynamic load

The various loricae (also named in lit-
erature as tests, envelops, cases and shells)
are widely occur among different ciliate
taxa [14], whereas in such groups as Tintin-
nida Kofoid et Campbell, 1929 and Folli-
culinidae Dons, 1914 all representatives have
a lorica and their structure characterizes
these taxa [14].

The loricae of some suctorian (Fig. 1),
peritrich and folliculinid ciliates are com-
posed by a protein-polysaccharide complex  Fig, 1. Suctorian ciliate Periacineta striata Dovgal, 1993
named pseudochitin (or tectin), and the with pseudochitinous lorica on aquatic beetle antenna (found
hyaline loricae with different proteins in a bog near village Malaya Ugol’ka, Ukraine) (orig.)

are common in tintinnid ciliates [1] Puc. 1. Cykropusi  Periacineta striata - Dovgal, 1993
. . . C TICECBAOXUTUHOBOU PAKOBMHOM Ha AaHTEHHE BOJHOIO
(Fig.  2) though earlier xanthoprotein S o (oGmapykema B Gomote y c. Manas Vrombka,
and pseudochitin have been mentioned  Vkpawuna) (opwur.)
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Fig. 2. Tintinnid ciliate Amphorel-
lopsis acuta Schmidt, 1902 with
hyaline lorica (found in Sevastopol
Bay of the Black Sea) (orig.)

Puc. 2. Tuatunauna Amphorellopsis
acuta Schmidt, 1902 ¢ rmaamHOBOM
pakoBuHOI (oOHapyxeHa B CeBacto-
nojibckori  Oyxrte, UYépHoe Mope)

(opwr.)

Fig. 3. Suctorian ciliate Mucophrya
pelagica Gajewskaja, 1933 with
mucopolysaccharide lorica (after [9])

Puc. 3. Cyxropus Mucophrya pelag-
ica Gajewskaja, 1933 c Mykormnosu-
caxapumHOW pakoBUHOM (110 [9])

among major lorica materials in the group [1, 13]. Finally, mu-
copolysaccharide (mucous) loricae are presented in some suctorian
(Fig. 3), peritrich (Ophrydium sp.), stichotrich (Stichotriha sp.) and
colpodean (Maryna sp.) ciliates [14].

Some ciliates are provided with composite loricae, for in-
stance suctorian ciliate Metacineta baikalensis (Jankowski, 1982)
has pseudochitinous lorica with the aperture covered
by mucopolysaccharide layer (Fig. 4) [11].

However, composite loricae, which have an organic base with
agglutinated inorganic particles such as sand grains, diatom flaps,
coccoliths, etc., are more distributed. In part, such loricae are
present in several tintinnid ciliates (Fig. 5) [1, 13].

The great diversity of loricae has been reached in ciliates
through different combinations of morphology and chemical com-
positions. The main function of loricae is usually monotonously in-
terpret; most common is as mechanical defense [16] or protection
from predators [2].

However, the so called semi-loricae cover only the antapical
region of cell body or colony in sessile peritrich and suctorian cil-
iates [3, 21] (Fig. 6), and the function is difficult to explain from
the point of view of protection from predators. It is German au-
thors’ opinion that the semi-lorica represents the microaquarium
(“Kleinstaquarien”) [16], which functions as a reservoir for water
at a time when ciliate host (aquatic bug or beetle) migrate from one
waterbody to another, being the protection from desiccation.

It is believed that both mucous and hyaline loricae of plank-
tonic ciliates can increase the floatability of cells assisting ciliate
swimming [13] especially in case of suctorian Mucophrya pelag-
ica Gajewskaja, 1933 with absence of locomotor ciliature
(see Fig. 3) [9].

Hence, the functions of loricae as a rule were indicated without
special discussion of their realization. Thus, the purpose of this
article is to make a more detailed analysis of the most important
protective functions of the loricae in ciliates due to the peculiarities
of their morphology.

Protection against biotic factors. Protection functions of cil-
iate loricae have been explained as a defense from multicellular
predators such as calanoid copepods or invertebrate larvae [1].

However, for example, the tintinnid loricae were regularly
found in calanoid copepod intestines [13, 26], and also the sal-
pas are active eat of these ciliates [13], with the tintinnids be-
ing the food supply for euphausiids, planktonic crustacean larvae,
chaetognathans [10, 18, 19], and fish larvae [24]. Noctilluca scin-
tillans Kofoid et Swezy, 1921 feeds on tintinnids in accordance
with literary [8, 20] and our data. It is believed that large lori-
cae of tintinnids can serve as a protection only from specialized
nannoplanktotrophic predators such as appendicularians [13].
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Fig. 4. Suctorian ciliate Metacineta baikalensis (Jankowski, 1982) with composite (pseudochitinous
+ mucopolysaccharide) lorica (after [11])

Puc. 4.  Cyxropuss Metacineta baikalensis (Jankowski, 1982) ¢ KOMIO3UTHOW (IICEBAOXUTHUHOBOM
Y MYKOMNOJIHUCaXapuIHON) pakoBUHOM (1o [11])

As for loricae of sessile ciliates, they also probably serve as a protection against scrape grazing animals
like gastropods. Thus, it is unlikely that loricae are efficient enough as a defense from large predators.

However, the loricae of ciliates probably can serve as a protection against unicellular predators, the sizes
of which are usually comparable with the sizes of the prey. For this reason, the ways of hunting in unicellular
predators should be discussed.

For example, predator ciliate Didinium nasutum (Miiller, 1786), prey organisms suitable for which are
ciliates, flagellates, amoebae, and turbellarians [25], have feeding apparatus that consists of a cell protu-
berance (proboscis) furnished with two types of extrusomes — long trichocysts and short pexicysts (Fig. 7).
The proboscis clamp solidly to the prey cell membrane by trichocysts whereas prey immobilizes through
the action of toxin inherent in pexicysts [25], with the prey being ingested by the invagination of proboscis.

The tentacles are used by suctorian ciliates for prey capturing in the same manner as the conoid
in katablepharid flagellates and peduncle (feeding tube) in phagotrophic dinoflagellates.

The suctorian tentacle tips are armed with extrusomes (haptocysts), whereas extrusomes (ejectosomes)
in katablepharids are located at the cell forward end [7].

The centrohelid heliozoans capture their preys by axopodia, where the extrusomes (kinetocysts)
are located, whereupon the preys move toward the heliozoan cell body and are phagocytized [17].

Thus, with all diverse ways of capturing and eating prey among unicellular predators, there is a common
feature — the prey is captured and immobilized by extrusomes or other special organelles.

It should be mentioned that some unicellular ectoparasites (such as suctorians) also use the extrusomes
for attaching to the host cell body.

In turn, the lorica of ectoparasitic ciliates, for example, suctorians from genera Urnula Claparede
et Lachmann, 1859 (Fig. 8) [5] or Pseudogemmides Kormos, 1935 (Fig. 9) parasiting on other suctorians
may serve as a protection from host extrusomes.
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Accordingly, it can be assumed that the protective func-
tion of the loricae consists in the prevention of the con-
tact of predator or parasite extrusomes or other capturing
organelles with the ciliate cell membrane.

This raises the question of whether the fenes-
trated lorica of tintinnids of genus Dictyocysta Ehren-
berg, 1854 (Fig. 10) can prevent the contact with predator
extrusomes.

The fact is that ciliates when swimming rotate around
the longitudinal axis of the body [22]. It is our point that the
unicellular predators cannot synchronize their motion with
prey rotation and correspondingly contact with the parts
of prey cell membrane, which are unprotected by lorica.
Thus, the perforated loricae also perform their function.

Probably the protection of the ciliate lorica aperture
is more important, especially in sessile ciliates. For exam-
ple, the ectoparasitic ciliates such as suctorian Pseudogem-
mides globosa Kormos, 1935 (see Fig. 9) attach to the host
such as suctorian Periacineta buckei (Kent, 1881) cell body
exactly in the aperture of their lorica.

Hence, the loricae of some peritrich ciliates (from ge-
nera Pyxicola Kent, 1882 and Thuricola Kent, 1881, and
from the family Lagenophryidae Biitschli, 1889 [12, 15])
and tintinnids (of genus Nolaclusilis Snyder et Brown-
lee, 1991) are equipped with a lorica closing appara-
tus (Fig. 11). It is believed [1] that the closing ap-
paratus might be a valuable protection against con-
tact predators, which use feeding tubes (dinoflagellates)
and pseudopodia (radiolaria). At the same time as it
has been remarked above, some suctorian species have
mucopolysaccharide loricae, without aperture.

Thus, mechanical protection against extrusomes or
other capturing organelles of predating protists can be
reasonably considered as one of the principal functions
of the loricae in ciliates. However, it can hardly be per-
formed by the semi-loricae of sessile ciliates such as
peritrichs and suctorians. The function of the latter struc-
tures should probably be discussed from the point of view
of protection from abiotic factors.

Protection against abiotic factors. Sessile ciliates
are mainly represented by stalked zooid. The hydrody-
namic loads can be considered as the main abiotic factors
effecting sessile protists including ciliates [4, 6, 23].

The reduction of cell body shape to geometrical fig-
ures are usually used for comparative estimation of these
loads. In particular, the stalk of ciliates can be considered
as a cylinder, whereas the cell body (zooid) as a sphere [23].

Fig. 5. Tintinnid ciliate Tintinnopsis to-
cantinensis Kofoid et Campbell, 1939 with
agglutinated lorica (found in Sevastopol Bay
of the Black Sea) (orig.)

Puc. 5. Tuutunnuga  Tintinnopsis  to-
cantinensis Kofoid et Campbell, 1939
C arnIlOTUHUPOBAHHOW PaKOBMHOW (0OHapy-
skeHa B CeBacTomoyibckoil Oyxte, UY€pHoe
Mope) (opur.)

Fig. 6. Peritrich ciliate Propyxidium tecti-
formis (Scheubel, 1973) with pseudochitinous
semi-lorica (after [21])

Puc. 6. Iepurpuxa Propyxidium tecti-
formis (Scheubel, 1973) c mceBIOXUTHHOBOU
noJrypakoBuHOM (110 [21])
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Fig. 7. A — general view (SEM) and B — schematic drawing of the proboscis structure of Didiniun nasutum
Miiller, 1786 (after [25]); mt — mictotubules, ¢t — trichocysts, p — pexicysts, and # — prey trichocysts

Puc. 7. A — oOmwmii Buj (CKaHUpYIOIIAs JIEKTPOHHAS MUKPOCKOIUS) U B — cxema cTpoeHusi Xo00TKa
Didiniun nasutum Miiller, 1786 (mo [25]); mt — MUKPOTPYOOUKH, { — TPUXOLMCThI, p — MEKCUIUCTHI,

{r — TPUXOLUCTHI JKEPTBBI

Fig. 8. Parasitic suctorian ciliate Urnula turpissima
Kormos K., 1958 localized near lorica aperture of suc-
torian ciliate Periacineta hydrochi (Matthes, 1954)
(after [5])

Puc. 8. [Ilapasutuyeckas cykropus Urnula turpis-
sima Kormos K., 1958 y ycTbsl pakoOBHHBI CYKTOpPHHA
Periacineta hydrochi (Matthes, 1954) (o [5])

Marine Biological Journal 2018 Vol 3 No 3

Fig. 9. Two individuals of parasitic suctorian ciliate
Pseudogemmides globosa Kormos, 1935 localized
in lorica aperture of suctorian ciliate Periacineta buckei
(Kent, 1881) (found in Prypyat’ River, Ukraine) (orig.)

Puc. 9. [Ie ocobu mnapasUTUYECKOH CYKTOPHU
Pseudogemmides globosa Kormos, 1935 B yctbe
pakoBuHbl cykTopuu Periacineta buckei (Kent, 1881)
(o6Hapyxens! B p. [Ipunsate, Ykpauna) (opur.)
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Fig. 10. Tintinnid ciliate Dictyocysta lepida Ehrenberg, 1854 with perforated hyaline lorica (found near Oman
coast of the Aravian Sea) (orig.)

Puc. 10. Tuntunaupa Dictyocysta lepida Ehrenberg, 1854 ¢ nepdoprpoBaHHON T'MaJIMHOBON PaKOBHHOM
(oGHapyskeHa y nodepexbs OmaHa, ApaBuiickoe Mope) (Opur.)

The forces, which increase with height of body above the substrate, are significant ones for stalked
sessile ciliates.
As illustrated in [23], the force over the cylinder of length / and radius a perpendicular to the substrate

(i. e. stalk) is:
/ d
yay
F=4
s ( ) / 2—InRe’
0

where y is the distance from the substratum surface;
U is bulk flow velocity;
w is the coeflicient of dynamic viscosity;
Re is the Reinolds number.
At the same time for the sphere (zooid) of radius r touching the substratum the force would be:

F =102mur? (d—U) [23].
dy /

In addition, the turning moment 7 affects the sphere, which would be:

d
T = 47Tur3d—z [23].

Thus, the magnitude of the load affecting the stalk does not depend on stalk radius (since the latter
is constant). At the same time, loads proportional to the square and the cube of the stalk radius, accordingly
affect the zooid.

Taking into account that r > a, the hydrodynamic load rises steeply in the zone of joints between stalk
and zooid of sessile ciliate.
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Fig. 11. Closing apparatus (loricastome) of lorica aperture in peritrich ciliate Lagenophrys leniusculus
(Jankowski, 1986) (after [12])

Puc. 11. 3ambikaromwmii annapar ycTbs pakoBUHBI NepuTpuxu Lagenophrys leniusculus (Jankowski, 1986)
(mo [12])

It must be recognized that the above-mentioned equations are valid in case of laminar flow and
in stationary conditions when the flow parameters do not vary with time. However, the water flow rate
near surface in flowing water is permanently irregular in natural conditions [6], which causes peak loads
that in turn can lead to the interruption of ciliate zooid from the stalk.

Thus, the strength of the connection between the stalk and the cellular body becomes important when
ciliate inhabit at substrate in flowing water. The strength is most often provided by forming the allometric
widening of the stalk upper part [3, 6].

As a result, on the one hand the contact area between stalk and cell body significantly increases.
On the other hand, the character of the force affecting on the widened part of the stalk corresponds
to the load on the sphere; that is, higher load falls on the structure consisting of extremely durable material,
armored with microfilaments [3, 6].

Probably, the protection is even more effective when the zone of connection of the stalk and cell body
of the ciliate is covered by a cup-like extension, i. e. when there is a semi-lorica.

It is our point that the mechanic defense of stalk-cell body zone from hydrodynamic loads is essential
function of semi-lorica in sessile stalked ciliates [3, 6].

It is possible that intensification of the function followed the order when the semi-lorica to cover large
and large part of ciliate cell body. At one time, the semi-lorica begins to perform the additional func-
tion of protection from predators and parasites. The intensification of the latter function in turn leads
to the formation of a lorica completely covering the cell body of the ciliates [3, 6].

Conclusions. As suggested in the literature [13], the function of both mucous and hyaline loricae
of planktonic ciliates can increase the floatability of cells and assist to swimming of ciliates.

The hypothesis about the function of a semi-lorica as microaquarium, which protect against
desiccation [16], requires further testing because it is not confirmed by observations or experiments.

It is our opinion that, irrespective of morphology and material, the ciliate lorica is a barrier preventing
the contact of extrusomes or other capturing organelles of unicellular predators or parasites from the cell
membrane of ciliate pray or hosts.

Protection of the joint zone between the stalk and cell body from hydrodynamic loads is the initial
function of the pseudochitinous semi-loricae and loricae of the sessile ciliates.

It should be mentioned that between representatives of Ciliophora there is a great variety of other ways
to protect against predators, parasites and physical loads. Among them, the formation of various adhesive
organelles [6], alternative ways to strengthen the joint zone between stalk and zooid (for example, the en-
dostyle in chonotrichs), the formation of the cuticle (in chonotrichs), the selection of protected localizations
on the substrate, etc., may be listed [4, 6].
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PA3BHOOBPA3BHE U ®YHKIIUA PAKOBUH MH®Y30PHM (CILIOPHORA)"
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B craTthe 00cyx)maloTcst 0COOEHHOCTH MOP(OJIOTHY ¥ XMMHUYECKOTO COCTaBa, a Takke (PyHKIUH PaKo-
BUH nH(}pY30pHi. [To XMMIUECKOMY COCTaBY pa3/IMyaloTCs [ICEBIOXUTUHOBBIE (TEKTMHOBBIE ), THAIMHOBbIC
U MYKOIOJIMCaXapyUAHble PAKOBUHBI. Takske CyIIECTBYIOT KOMIO3UTHbIE (COCTOSILIME U3 TICEBIOXUTHUHA
1 MYKOTIOJIMCAXapUIOB) U arIIOTHHUPOBAHHBIE pakoBUHBL. O0Cy)AaI0TCsa MOPGOJIOrHUecKre OCOOSHHO-
CTH U CBSI3aHHBIE C HUMHU 3aIlMTHBIE CBOIICTBA PaKOBUH U MOJIyPaKOBHUH CUIAYMX MH(]Y30puil. B kauecTBe
OCHOBHOW (DYHKIIMK MYKOTIOJIMCAXaPUAHON ¥ THAIMHOBOM paKOBHH ITUIAHKTOHHBIX MH(Y30pUil paHee Obl-
JI0 YKa3aHO TOBBIIIIEHNE TUIaByJeCcT! KJieToK. [Io MHeHMIO aBTOPOB, OCHOBHOMW (DYHKIMEH PAaKOBHUHBI SIB-
JISIeTCsl MPEMSTCTBIE KOHTAKTa SKCTPYCOM MJIM MHBIX OPTaHesl 3aXBaTa OJHOKJIETOUHBIX XUILITHUKOB WX
Mapa3uToB C KJIETOYHOI MemMOpaHoi nH(py3opuit. Kpome Toro, pyHKIMEH NICEBAOXUTUHOBOM MOy PaKO-
BUHBI U PAKOBUHBI CUISTYMX MH(Y30pHil ABIISETCS 3aIIUTA 30HBl COEIMHEHUs CTeOeNbKa U KIETOUHOTO
Tesa OT TUAPOAVHAMUYECKUX Harpy3o0K.

KitoueBble ciaoBa: MH(QY30pusl, paKOBHHA, NCEBIOXUTHH, TMAJIHMH, XUIIHUK, Apa3uT, SKCTpPycoMma,
TUAPOAMHAMUYECKAs Harpy3Ka
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Uzyyanuce cu€tHbie MOP(OJIOrMUecKre MPU3HAKY Y TPEX MACCOBBIX BHIOB PO — IUIOTBBI, PEUHOTO
OKYHsI U 30JI0TOTO Kapacsi, OOUTAIOIINX B HEOOJIBIINX UCKYCCTBEHHBIX BOZOEMAX IIEHTPATbHO-BOCTOYHON
yactd YAMypTUd. Y OTJIOBJIEHHBIX PhIO MPOU3BEAEH MOJACUYET YKC/IA OTBEPCTHH CEMCMOCEHCOPHBIX Ka-
HAJIOB B HEKOTOPHIX MAPHBIX ITOKPOBHBIX KOCTSIX CKEJIETA IOJIOBBI M BBIYMCJIEHA CyMMa 3HA4Y€HUI 3TUX
CUETHBIX MPU3HAKOB (25S) ¢ ycpeAHEHUEM /151 JIEBOW U IIPABOM CTOPOH. B nccie 0BaHHBIX BOJOEMAX U3-
MePpsUIach TAK:Ke 00ILasi MUHEPaIM3aLysi BOABI M OLIEHUBAJIOCh COAEPKaHNE B BOAE MOHOB KaJIbLIUS U Mar-
HUs. 17151 ©I3y4eHHBIX BUJOB PHIO BBISBJICH OO TPEH BHYTPUBUIOBON M3MEHUYMBOCTH: C YBEJIMUCHUEM
KOHIeHTpalmu Mg?* B npecHoi Bojie yMeHbIIANOCh CpejiHee 3HaYeHne SSS B UCCIIeIOBAHHBIX MOMYJIs-
uusax. s momyJisinuii IIOTBbL, OKYHSI ¥ Kapacs, OOUTAIONIMX B BOAOEMAX ¢ HAMOOJBIIMMH OTJIMUMSIMU
B COZIEP’KAHUM MarHus, OTMEYEHB! CTATUCTUYECKHU 3HAYMMBbIE PA3IMYMA CPETHUX BEJIMYMH U YACTOTHBIX
pacrnpeeeHrid JUCKPETHBIX BAPUAHTOB 3TOTO MPHU3HAKa CEHCMOCEHCOPHOH cucTtembl. B nomonHenve
K HaTypPHBIM HCCJIEIOBAHHSM MPOBeJeHbl Ta00PaTOPHBIE SKCIEPUMEHTHI 110 aKBAPUYMHOMY BHIPAIIIBa-
HHIO MaJIbKOB OKYHS M IUIOTBBI B Pa3/IMUHbIX T'MAPOXMMHUYECKUX YcIoBUsX. ChopMUpOBaHHbIE B BOAE
C TIOBBIIEHHBIM cofiepkaHueM Mg>" MaJlbki OKYHs M TUIOTBBI XapaKTepU30BATMCh MEHBIIMM YMCIIOM
OTBEPCTHI B OKOCTEHEBIIMX CEHCMOCEHCOPHBIX KaHaJlaX TOJIOBBI IO CPABHEHHUIO C TAKOBBIM KOHTPOJIS,
a Tak’kKe B3POCJIbIX 0COOer M3 MaTepUHCKUX ronyJisiuii. IToBbiieHHbIe KOHIeHTpamu Nat He okazaiu
MOAOOHOTO BIUSHUSA Ha (POPMUPOBAHNE N3YUEHHBIX TPU3HAKOB. [17151 00bsICHEHNsI HAOMIOAEHHBIX OHTOTe-
HETUYeCKMX 3(PPeKTOB paccMaTprBaAETCsA BOZMOKHOCTD MPSIMOTO BIMSHUS NOHOB MarHusi Ha CKOPOCTh
Pa3BUTH S TIMIMHOK IIPECHOBOIHBIX PHIO, & TAKXKEe KOCBEHHOTO BIIHMSHUS HAa MX MOP(OTreHe3 KOHKYPEHTHbIX
OMOXUMMYECKMX OTHOLIEHUH 3TOTO 3JIEMEHTA C KAJIbLIUEM.

KiroueBnble cioBa: pLI6I>I, CCﬁCMOCeHCOpHaﬂ CUCTEMA, CUETHBIE IMPU3HAKU, NOHBbI MarHnua

B Hacrosinee BpemMs HaKOIUIEHO MHOIO JAaHHbBIX, OTPAXaloIIUMX CBA3M BHYTPUBHUAOBOM W3MEHYM-
BOCTH PBIO C 3KOJOrMueckumu (pakropamu BoaHOW cpeabl [3, 10, 11]. W3 abuormueckux ¢akro-
POB, BJIUSIONIMX HA U3MEHUYMBOCTh MOP(OJOrMYECKMX MPU3HAKOB PbIO Pa3HBIX BUAOB, Jy4lle BCETO
U3yyeHa TeMIepaTypa BOAbl, KOTOpas OTJIMYAETCs 3HAUMTEIbHON HEOJHOPOJHOCTBIO B IPOCTPAHCTBE
¥ BpEMEHM M BIHMSHHE KOTOPOW YCHEIIHO MOJAENIMpPYeTcsl B JaOOPaTOPHBIX dKCrepuMeHTax. [JocraTou-
HO BCTIIOMHHTH M3BeCTHOE INpaBmio KopaaHa o0 yMEHBIIEHHH CPEIHErO YMCjia MO3BOHKOB B IOMYJIs-
IMSIX pHIO OJHOTO BW/A, OOWTAIOIIMX WM Pa3BUBAIONIMXCS NMpU Oojiee BBHICOKMX TemrmepaTtypax [21].

“)Crarpst 0 MarepuaiaM JIoKJ1anoB Beepoccuiickoil KoH(bepeHInH ¢ MeX1yHapoJHbIM yuacTueM «HayuHbie utenus, nocsiénnsie 110-netuio co aHs
poxaenus 1. 6. H., npocdeccopa Bukropa Cepreesuya Hernesa (1907-1964) u 100-netuio co nus poxaenus 1. 6. H. Mpunst BuktoposHs! IBnesoii (1918-1992)
“IlepcrieKTUBBI M HANIPABJICHNS Pa3BUTUSA SKOJIOTUK BOIOEMOB™» (11-15 okts16ps 2017 r., CeBacTomnoun).
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B TO xe BpeMs TOIBITKM HAWTH aHAJOTMYHYIO OOINYI0 3aKOHOMEPHOCTh IPH BJIMSHUU (hakTopa co-
JNEHOCTU BOAbI HA STOT MPHU3HAK [AIOT MPOTUBOPEUMBBIE PE3YJIbTATHl, B YACTHOCTU [JIs MOPCKHX
Y SBPUTAIMHHBIX BUJOB [5].

YV npecHOBOHBIX BUAOB PhIO U3 MofceMelicTBa Leuciscinae 0TMeYaloTCs MPOTUBOIIOIOKHBIE TPEH/IbI
M3MEHYMBOCTA HEKOTOPBIX CUETHBIX MPU3HAKOB B reorpauyeckoM rpaJueHTe yBeJIUYeHUs OOIIen Mu-
Hepaym3anuy BomoéMoB. Tak, y nemeit pona Abramis v ryctepsl Blicca bjoerkna (Linnaeus, 1758) npu
00pa30BaHUM UMHU B KOHTMHEHTAJIbHBIX BOjIoéMax EBpa3uu noaynpoXoJHbIX U COJIOHOBATOBOIHBIX (DOPM
CpeliHee YKCIIO OTBEPCTHI CeCMOCEHCOPHBIX KaHAJIOB B HEKOTOPBIX MAPHBIX OKPOBHBIX KOCTSIX T'OJIOBBI
YMEHBINIAETCsI, TOTAA Kak y ToTBbl Rutilus rutilus (Linnaeus, 1758) — HaoOoport, yBenuuuBaercs [4, 8, 19].
[Mocneanuii pakT MOKET OBITH CBS3aH C OOJIBINICH CTENIEHbI0 TAKCOHOMUYIECKOM IMBEPTeHIINHU TIOTYIPOXO/I-
HBIX (DOPM TIIOTBBI — BOOJIBI ¥ TAPaHU, KOTOPBIE B HACTOSIIEE BPeMs paCCMaTPUBAIOT KaK CAaMOCTOSTEIThb-
Hble BB R. caspicus (Yakovlev, 1870) u R. heckelii (Nordmann, 1840) [18] wim 0O0beIMHSIOT B MOHO-
(puneTnyeckyio rpymnmny BUAOBOIO paHra BMeCTe ¢ IPYrUMH I0KHBIMU TonyJsiusamu R. rutilus sensu lato,
a Takke ioTBoi BogoémoB Cudupu [20]. B nocieHeM ciiyyae ecTeCTBEHHOCTD BbIICIEHUSI TAKOM TPYTIIIHI,
BKJIIOYAIOIIEN KaK JIEJIbTOBO-3CTyapHBIE U MOJIYIPOXOIHBIE, TAK U YUCTO MPECHOBOJHBIE (DOPMBI U3 Pa3HBIX
pEeUHBIX OACCEHOB, BBI3BIBAET OIPEIC/IEHHbIE COMHEHUS.

[To HammM JTaHHBIM, JaXe B BOJOEMAX, MPUHAJICKAIIMX K OJHOMY PEeUYHOMY OacCelHy M PacIiofio-
JKEHHBIX B CXOIHBIX 30HATbHO-KJIMMATUYECKUX YCIIOBUSIX, CUETHBIE MPU3HAKU CEMCMOCEHCOPHOI cucTe-
MBI TOJIOBBI Y Psiia 9KOJOTMYECKH TIACTUYHBIX BUOB PbIO MOTYT IEMOHCTPUPOBATH BHICOKYIO MEXKITOMY-
JIALMOHHYIO BapraOesIbHOCTh CPeIHUX 3HAYCHUN M CTATUCTUYECKH 3HAUUMYIO CBS3b C HEKOTOPHIMU WH-
TerpajJbHBIMU XMMUYECKVMH TapaMeTpaMy MPECHOBOIHOM Cpefibl, B YaCTHOCTU C OOIIel MHUHEepasIv3a-
et [6, 16, 17]. Tlpu 3TOM B Npenesiax OJHOW MPUPOJHOW 30HBI pa3iMuUsl HEOOJBIIMX MPECHBIX BO-
JOOEMOB MO CYMMApHOMY COJIEPKAHUIO M COOTHOILIEHUIO KOHILIEHTPAIMH Pa3IUYHBIX PACTBOPEHHBIX Be-
IeCTB OOYCJIOBJIEHBI, KaK MPABUJIO, JIOKAILHBIMA OCOOEHHOCTSIMH HX BOAOCOOPOB (yIeNbHbIE pa3Mephl,
COCTaB PBIXJIBIX MMOYBOOOPA3YIOIIUX U KOPEHHBIX TOPHBIX TIOPOJ, CTENeHb aHTPOIOTeHHOW TpaHcgopma-
[IMY TTIOYBEHHO-PACTUTEJILHOTO IMMOKPOBA, HAJIMYKME OPraHM30BAaHHBIX UCTOYHUKOB XUMHUYECKOTO 3arpsi3He-
Hus). B omMuMe oT MOPCKMX, TIPECHBIE BOJIBI C OOLIEH MUHepaau3alueil He Gonee 1 r-AM™ XapakTepu-
3YIOTCSI 3HAUUTENILHO 00Jjiee pa3HOOOPa3HbIM COOTHOIIEHUEM KOHIEHTPALIMH INIAaBHBIX HOHOB B CYyXOM CO-
JIEBOM OCTaTKe, 0COOEHHO TPEX KATMOHOB — KaJibllvsl, MarHus u Hatpus [9]. B cBoio ouepens, 3Tu Me-
TaJLJIb SIBJISIIOTCS] BAKHBIMU MaKpO3JIEMEHTAMU, ONPEACIISIONIMMU Pa3/IMyHbIe aCTIEKThl KU3HEAEATeJIbHO-
CTH BCEX OPraHWU3MOB, BKJIIOUAsl PO, IIO3TOMY HEIOCTATOK MJIM M3OBITOK MX MOHOB B BOJHOW Cpejie MO-
KET M3MEHSITh OMOXUMHUYECKHUE MPOIecChl M (PU3UOJIOTHUECKUE PEaKIUK MOCTeJHUX. Y TPEeCHOBOIHBIX
PbIO MHTEHCUBHBIM KaTHOHHBIA OOMEH C BHEIIIHEH cpelod HaOJoaaeTcsl cpa3y Moclie BhIKJIEBA UX JIMYH-
HOK (TpeAMYMHOK) U3 MKPHI [2], cleqoBaTesbHO, MOXKHO OXHIATh MOCTEICTBUI M3MEHEHUs] HOHHOTO
COCTaBa BOJIBI HA YPOBHE CTPYKTYPHBIX Pe3yJbTaToB MOp(oreHe3a pa3BUBAIOIIUXCS OCOOei, a 1anee —
Y Ha MOMYJISIIIMOHHO-MOP(OJIOrMYeCKOM YPOBHE.

Less HacTOSAIIEH paOOTHI — BBISIBUTH OCHOBHBIE THIPOXUMUYECKHe (DAKTOPBI M OOIIHE TPEHIbl BHYT-
PUBHIOBO N3MEHUMBOCTU CUETHBIX TPU3HAKOB CECMOCEHCOPHOM CUCTEMBI TOJIOBHI y Pa3HBIX BUAOB PHIO
B YCJIOBHSIX JIOKaJIbHOM AucdepeHIamy mpecHOBOIHOW Cpe/ibl U U3MEHEHHsI €€ MIOHHOTO COCTAaBa.

MATEPUAJI 1 METOJIbI

Co60p uxtuosornyeckoro Marepuasia nmpopoawar B 2009-2017 rr. B 16 HEOOIBIIMX aHTPOIIOTEHHBIX
BOoIoéMax (TUIOTMHHBIC TIPY/bI, KOMAHM), PACIIOJIOKEHHBIX B IIEHTPAJIbHBIX U BOCTOYHBIX paliOHAX YI-
MYpPTCKON PecryOyMKu M npuHajiexkanmx K OacceliHaM mpaBoOepexHbix nputokoB Cpeaneit u Huk-
Henl Kamel. [Tnomane BogoémoB — ot 0,4 no 62,0ra, Bogsl IO XMMUYECKOMY COCTaBy — IIPECHBIE
TUIPOKApPOOHATHBIE KAJbIIMEBbIe WM KaJbIIMEBO-MAarHUEBBIC, JOMUHHUPYIOIIME BHUIB PHIO — IJIOTBA
Rutilus rutilus (Linnaeus, 1758), peunoii okyHb Perca fluviatilis Linnaeus, 1758 uiau 3070TOM Kapach
Carassius carassius (Linnaeus, 1758).
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Bcero omioBieHo v noaBeprayTo MOpgoa0rH4eckoMy aHaau3y 564 3k3. ioTBbl pazmepom 70-183 cm
B Bo3pacte 27-9" ner, 2503k3. okyHs pasmepoMm 65-185cm B Bo3pacte 2°—10" ner u 183 3k3. kapacs
56-84 cm B Bo3pacte 2*—4" roma. InuHy Tena pei®0 M3MeEpsUIM 0 3aHEr0 Kpas YellyiHOro MOKpoBa
y OCHOBaHH$l XBOCTOBOIO IUIaBHMKA, BO3PACT OINPENEJIsUIM MO TOJOBBIM KOJbLIAM Ha KJIEUTPyME U jKa-
OepHoii Kpbiiike. OCTEOJOrMYECKUil MaTepruasl OT KaXA0TO IK3EMIUISIpa MOIyUYeH TMOC/e ero BhIBapHBa-
HUSI M OCBOOOKJIECHHS KOCTEH OT MATKHMX TKaHEel. B MOKPOBHBIX KOCTSIX CKeJIeTa TOJIOBBI MO/ICUMTHIBAIIN
YHCJIO OTBEPCTUI CECMOCEHCOPHBIX KaHAJIOB CJIeBa U cripaBa (6e3 y4€Ta OTBepPCTHUI Ha CTBIKAX KOCTEN):

o CSO' — HaArna3HWYHBIN KaHAJ B JIOOHBIX KOCTSIX;

e CSOP — Haarna3HUYHBIA KaHaJI B TEMEHHBIX KOCTSX (Y TJIOTBBI);

e CSTP — HagBUCOYHBIN KaHAJI B TEMEHHBIX KOCTSIX (Y IJIOTBBI M Kapacsi);

e CPMP — npeaKpblllIeUHO-HMKHEUETIOCTHOW KaHal B IPEAKPBILIEUHBIX KOCTSIX;
e CPM! — npeik phIIeYHO-HUKHEYETIOCTHON KaHal B HUKHEYETIOCTHBIX KOCTSIX;
* CIO' — noarna3HUYHBIA KaHaa B CIE3HBIX KOCTAX (Y OKyHS).

Jlanee BBIYMCISUIACH CyMMa 3HAUEHMH 3THX JAUCKPETHBIX CEMCMOCEHCOPHBIX IPU3HAKOB (2SS)
IUTS KQXKJIOW CTOPOHBI TOJIOBBI U TIOJTycyMMa 2SS [1s1 00erX CTOPOH.

OO0m1yl0 MUHEPAIM3alMI0 BOJIBl B BOJOEMAX M3MEPsUIM KOHIYKTOMETpOM-MyJibTuMoHuTOpoM PHT-
028 B HATYpHBIX YCIIOBHUSIX B TeYEHHUE MATH BereTalMoHHbIX ce30HOB 2013-2017 1T., ¢ Mast M0 CEHTAOPD,
CO CpelHel NepHOJUYHOCTBIO OMH pa3 B Mecsil. [IpoObl BOIbI sl onpeiesieH s Co/iepKaHusl [TaBHBIX
KAaTUOHOB, KaJbllMs M MarHusi, OTOMpaan B OKyHEBO-TUIOTBUYHBIX Bogoémax B mae 2015-2017rr. mo-
cjie OKOHYaHUs (ha3bl BECEHHETO MOJIOBO/IbSI, B KAPACEBBIX BOJOEMAaX — B KOHIIE UIOHS (Havasie WIoJs)
2016-2017 rr., c MPUBA3KOM K MEPUOAaM MPOTEKAHUsI PAHHETO OHTOTe€He3a BhIIIEYKa3aHHBIX BUIIOB PHIO.
AHanmu3 BOJBl MPOBEIM B XMMHUYECKOW J1abopaTtopu YIMYPTCKOTO TOCYapCTBEHHOTO YHHBEPCUTETA
I10 aTTECTOBAHHBIM METOJUKAM.

Cratuctueckass oOpaOOTKa KOJMYECTBEHHBIX JAHHBIX BBIIIOJHEHA C IPUMEHEHHEM Iporpamm
Microsoft Office Excel 2007 u Statistica 7. Wcnonszosam kpurepun Creiogenta (), ITupcona (x?)
1 Manna — Yuthau (U), a Takke paHroBblid ko3 duuueHT koppensuuu Cnupmena (rs).

B 2017r. B #omosHeHHe K TOJIEBBIM HCCIIEIOBAHUSAM OBbLIM TPOBE/IEHB JTA0OPATOPHBIE SKCIIEPH-
MEHTHI 10 AKBAPUYMHOMY BBIPAIlIMBAHUIO MAaJbKOB OKYHS U IUIOTBBl B PA3JIMYHBIX I'MIPOXUMHUYECKUX
ycnoBusx. HeckosbKO JIEHTOBUIHBIX KJIAJIOK OIJIOZIOTBOPEHHON MKPBI OKYHSI ObLIO COOpaHO Ha Hepe-
CTWIMIIE B OJHOM M3 HPYJOB C MHUHEpanm3alued Boasl okono 200Mr-am> B Havane Mas, a ¢par-
MEHTBl TPUOPEKHBIX PACTUTEIBHBIX CYOCTPATOB C MPHUKJIEEHHOW OIUIOAOTBOPEHHONW MKPOW IJIOTBBl —
B HeOOJILIIOM 3aJIMBE JPYTOro BOAOEMa ¢ MUHepammsanuen Boasl 100 mr-am™ B cepemuHe Mas. MHKy-
Oaryst MKpbl OKYHS IIPOBE/IEHA MPU €CTECTBEHHBIX CYTOUHBIX KosieOaHusAX TeMmneparypsl ot 15 no 17 °C
B KIOBETAX C IOCTENEHHOM aKKJIMMalMeld K KOHTPOJbHOMY XMMHMUYECKOMY COCTaBy BOJBL CHavajla —
ABOE CYTOK B IPUPOJHOW IPYAOBOW BOAE, 3aT€EM — JIBOE CYTOK B CMECU INPUPOJHOM U KOHTPOJIb-
HoW Bogpl (1:1). damee JieHTHI MKpbl ObUIM (hparMEHTHPOBAHBI, TOJyYeHHbIE (PparMeHTHl Mepemeria-
HBI ¥ Pa3JIOkKeHbl MPUOIU3UTETBHO TMOPOBHY MO TPEM 15-TMTPOBBIM aKBapuyMaM C HaYaJbHBIM OOBE-
MoM Boipl 2. OHa ObUIa MpeABapUTENIbHO TOJATOTOBJIEHA MO CIEAYIEeH cXeMme: B KOHTPOJbHOM akK-
BapMyMe — OyTWJIMpOBaHHas BOJA BHICIIEW KaTeropum (oOmas munepammsamus 190-200 mr-am, co-
nepxanue Ca’* 48-50mr-am~>, Mg** — 8-14mr-am>, Nat — menee 20 Mr-am™), B Apyrux akBapu-
yMax HMCXOJIHbIe 3HAYEeHHUsl MHUHEPAIM3alMKd KOHTPOJIBHOW BOJBI ObUIM YABOEHBI J0OABJICHUEM XJIOPHU-
Ia MarHusi Wi Hatpusi. B Teuenue mociemyommx 25 qHed 0OBEMBI BOJBI C 3aJaHHBIMU B Haydase KC-
NEPUMEHTA TUAPOXMMHUYECKUMH IapaMETPaMy TOCTENEHHO YBEJIMYMBAIA O MaKCHMAJbHBIX, aKBApH-
YMBI COZIEPKaJIM B OJMHAKOBBIX YCJIOBHUSX TEMIIEPATYPbl U OCBEILEHMS, MOCTOSHHO a3pUPOBAIN U Iie-
PUOJMYECKH OYHMINAIMA OT CEJMMEHTOB M oOpacTaHuil. JIMUMHOK OKYHsI BBIKAPMJIMBAJIM KMBBIM KOP-
MoM. Tak, cHayana MX BBIKAPMJIMBAIXA NPUPOIHBIM 300IJIAHKTOHOM (KOJIOBPATKAMH, HAYIUIMAMMU LIMK-
JIOTIOB), 3aT€M IOCTENEeHHO MEPEeBOIIIN Ha MUTaHue OoJiee KPYMHBIMH, MCKYCCTBEHHO BBIPAIEHHBIMU
HayIUIMsMU apTemuil. Jlanee BBUKMBIIMX U MOAPOCIIMX MO3JHUX JIMYMHOK Nepecaguiv B 32-JIUTpoBble
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aKBapuyMbl M TOJpalMBAIM €€ OJAUH MECSIl B Te€X K€ T'MIPOXMMHUYECKUX YCIOBUSX npu 25-26 °C
1o mopdosorudecku chopMHPOBAHHBIX 0co0eil Broporo majibkoBoro 3rtana no H.H. ducrepy [14],
BbIKApMIIMBasi UX TpyOouHukoM. [lociie AByX MecslieB IKCIIEPUMEHTA Yy OCTABIIUXCSA B KHMBBIX BBIPOC-
X MaJbKOB OKYHS (233k3.) Oblla M3MepeHa [UIMHA Teja 0 OCHOBAaHWs XBOCTOBOIO IUIABHUKA SL
Y 0]l OMHOKYJISIPHBIM MHKPOCKOIIOM TPOM3BEIEH IMOJCUET YKC/IA BBHIXOJHBIX OTBEPCTUN B OKOCTEHEB-
IIMX CEMCMOCEHCOPHBIX KaHaJlaX TOJIOBBI C TPEABAPUTENILHBIM OKpPAIIMBAHUEM WX METWJICHOBOW CH-
Hbl0. KommuecTBO MajbKOB OKYHSI B KOHTpOJiE cocTaBWIO 133K3., B omblTHOW rpymme “+Mg” — 7,
B OIBITHOM rpymne “+Na” — 3.

WukyOanus MKpbl IUIOTBBI ObLIa MpPOBEJEHA B KIOBETaX B AHAJOTMYHBIX YCJIOBHUSIX TeMIlEpaTy-
pbl U OCBEIEHUsI C MOCTENIEHHOW aKKJIMMAalMel B TEUYeHUE HeleNId K BOJE KOHTPOJIbHOTO XUMHUYE-
CKOTO COCTaBa, B Ka4yeCcTBE KOTOPOUM WCIIOJb30BaHA Takas ke OyTWIMpPOBaHHAs BOja, pa30aBiieHHAs
JIMCTHIIATOM 10 MuHepamszauuu 150 mr-am™. Tlocne nepexoma Ha 3tan B no Bacmenosy [1] mo-
JBVDKHBIE PaHHWE JIMYMHKH TUIOTBBI OBUIM PAacCakeHbl B IATh aKBAPHUYMOB: C KOHTPOJIbHBIM XMMHYE-
CKMM COCTaBOM M C MHUHEpaJIM3alMed BOJbI, MOBBILIEHHOW A0 3HaueHud 250 u 400 MI-IM> B Kaxk-
JIOM cly4yae JAByMs crioco0amMu — A00aBJIeHMEM XJIOpUAA MarHusl Wiu HaTpus. JIMYMHOK BBIKApM-
JUBAIM CyXUM COQJIAHCHUPOBAHHBIM KOPMOM JIJISi MOJIOJIM aKBAPUYMHBIX PbIO M KUBBIM MPUPOIHBIM
300IUIAHKTOHOM, KOTOPBIA MOCTENEHHO 3aMelaid HAyIIMsSMUA apTeMuid. [lanee SKCrepuMeHT C TUIOT-
BOI TIPOOJDKAJICS TIO TOM ke CXeMe, Y4TO M C OKyHeM, HO OblI OoJjiee pacTsHyT BO BpemeHu. O0-
asi MPOAOJIKUTENILHOCTh BBIPAIIMBAHUS MAJIbKOB U3 OIUIOAOTBOPEHHOW WMKpPbI Y IUIOTBBI COCTaBUJIA
At MecsueB. CyMMapHOe KOJIMYECTBO BBDKMBILIMX K KOHIYy 9KCIEPUMEHTAa MaJbKOB IUIOTBBI HA 3Ta-
nax pasButuss F' u G BO Bcex TIpynmax CoOcTaBuiIo 673K3., B TOM YHUC/IE C TMOJHOCTBIO OKOCTe-
HEBIIMMU CEWCMOCCHCOPHBIMU KaHAJIAMHM TOJIOBBl B JIOOHBIX M TPEIKPHIINIEYHBIX KOCTIX — 27 9K3.
(KoHTpOJIb — 63K3., ONBITHBIE Tpynmbl — 5, 6, 5 u 53k3.). B cpaBHUTEIbHOM aHaMM3e 3SKCIEPU-
MEHTJIBHBIX TPYIII 1O OTACJIbHBIM TMapHBIM NpPU3HAKAM 32 €JWHUIy HAOMIOJCHUs MPUHUMAIA Kax-
AyI0 CTOPOHY OcOoOM, B pe3yJbTaTe Yero 4YMciIO CTermeHell CBOOOAbI MpU pacdyére CpeAHUX 3HAUYEHUIt
YBEJIMYEHO BJBOE.

PE3VIJIbTATDBI 1 OBCYXJIEHUE

B Mccrie10BaHHBIX BOAOEMAX 00Ias MUHEpAIM3alus Boabl Konebanack ot 80 10 610 mr-am™=. B 60/1b-
IIMHCTBE TJIOTUHHBIX MPYAOB C BECHBI 0 OCEHM OHA M3MEHSUIACh CUHXPOHHO B 3aBUCUMOCTH OT (ha3bl
BOJIHOTO peXXUMa ¥ CTETICHH pa30aBJIeHuUsT BOIBI TAJIBIMU VU JTOXKICBHIMHA CTOKAMHU, TTOCTETICHHO ITOBBIIIIA-
SICh K KOHILY BETreTaIl[MOHHOTO CE30Ha, a B 0OBOIHEHHBIX Kapbepax ¢ HeOOJBIIUM Y/IETbHBIM BOIOCOOPOM
OblJIa OTHOCUTEJILHO NOCTOsIHHA. KosiebaHus 3TOro mokasartesis B OOHHM U T XK€ MeCALBI JIETHE-OCEHHUX
MeKEHHBIX TEPHOJIOB Pa3HBIX JIeT ObLUTM BBIPAXEHBI C1a00. AHATIOTUYHBIM MEXKTOIOBBIM IMOCTOSTHCTBOM
XapaKTepU30BAJIOCh B KOHIIE BECHbI U HavaJie JieTa CoJAepKaHhe MOHOB KaJblIMsl M MarHus. 3a Nepuoj
ViCCIeIOBAHNIT MUHMMaIbHas KoHueHTpauusa Ca’t Oblia oTMeueHa B HEOOJIBIIOM 3all0JTHEHHOM BOJOM
HIECYaHOM Kapbepe — 26,1 Mr-IM™, MakcuMalbHas 3apericTpUpOBaHa B IPYy-OTCTOMHHKE, PacIoNo-
KEHHOM Ha TEPPMTOPHM CTAPOrO MECTOpOKAeHHsA Hept, — 116,0 mr-am>. Jlnsa koHueHTpamun Mg
AQHAJIOTMYHBIE MMHUMAJIbHBIE ¥ MaKCHMAaJIbHbIE 3HAUEHUS COCTaBIHM 4,9 1 32,2 Mr-am™>.

B moBepXHOCTHBIX MPECHBIX BOJAX BEIMYMHA OOIIeld MUHEepaIU3alliu OIpeneliseTcss B MepBYIO
ouepeqb COJIEPKAHMEM TUAPOKAPOOHATHBIX AHMOHOB, a TAaKXkKe KATHOHOB Kajbllusi W Maraus [9].
B Hamem ciyuae CBSI3b JAHHOTO THIPOXMMHYECKOTO TIIOKa3aTesisi C KOHIEHTpaled HMOHOB Kab-
U U MarHusi B HCCJICIOBAHHBIX BOJOEMAax OblTa TECHOW M cTaTUcTUiecku 3Haummon (p < 0,01;
rs = 0,825 u 0,745 coorBerctBeHHO). [lpm 3TOM MUHepanM3auusi BOIbl M3MEHSUIACh IPAKTU-
yecKM IHMHEHHO ¢ cojepxkanveM Ca’t, Torga Kak e€ 3aBUCMMOCTh OT cojiepkaHuss Mg>* ume-
Jla HeNMuHeWHbId Xapaktep. OTHOCUTENbHAs KOHILIEHTpAIMsl MOHOB MarHusl Oblla HAauOOJIbINEH (CBBI-
me 10% obmero cosiecogepkaHusi) B HECKOJNBKUX TMPyAax C BeJIMYMHAMUA MHUHEPATM3ALUN OKO-
70 200 Mr-aM>, COOTBETCTBOBABIIIMMU cpemHuM «(OHOBBIM» 3HAYEHHUSIM STOTO THAPOXUMHUYECKOTO
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napaMeTrpa [l MOBEPXHOCTHBIX BOJI pacCMaTpUBAaEMOIo permoHa. B JIpyrux BoJOEMAax C IOBBILLIEH-
HOIl WM TIOHMKEHHOW MHHepasM3aliell BOJABl OTHOCHTEJbHOE COJEp)KaHMe MarHus ObUIO MEHbIIe
B cpeaneM B 1,5-2,0 pa3a.

CorocTaBiieHre pe3yabTaTOB OIIEHKH CPEeTHEBHIOOPOYHBIX 3HAUCHUN 2SS y 0c0o0ei TIOTBB, PEYHOTO
OKYHS U 30JI0TOTO Kapacs ¢ JIOKAJIbHBIMU I'MAPOXUMUYECKMMU OCOOEHHOCTSIMU TeX BOJOEMOB, B KOTOPBIX
OHM OOWTAJM, BBISIBUIO CTATUCTMYECKU 3HAUMMBIE CBSI3M 3TOTO MPHU3HAKA C M3YUYEHHBIMU XUMUYECKUMHU
napameTrpamu Bofpl (Tadu. 1). [Ins Bcex TpEX BUIIOB MPECHOBOJHOM MXTHO]ayHbl HAOIIONAICSA OJUH 00-
UK TPEeHJ BHYTPUBUIOBOM U3MEHUMBOCTHU: C YBEJIMYEHHUEM KOHLIEHTpAlMM MOHOB MarHus B IPECHOM
BOJIE Y PbIO YMEHBIIAJIOCh CPEAHEE YMCIIO OTBEPCTHI CEHICMOCEHCOPHBIX KAHAJIOB B MOKPOBHBIX KOCTSIX
roJioBHl (prc. 1a—B). AHAJOTMYHBIA OTPULIATENILHBIN TPEH B IpaJlieHTe YBEJIMUeHHs 00IIei MUHepaan3a-
LIMU TTPECHOM BOJBI YAAJIOCh BBISIBUTh TOJIBKO Il CECMOCEHCOPHBIX MPU3HAKOB OKYHS U Kapacs, Toraa
KaK y IUIOTBBI CBA3M NpU3HaKa 2SS ¢ 3TUM I0Ka3aTtesieM He OOHapyKeHO.

Tadamma 1. KoadguumeHTs! paHroBoil KOppesiiny CpeIHMX BHIOOPOYHBIX 3HAUSHWH Mpu3HaKka 2SS y Tpéx
BUJIOB PO C HEKOTOPBIMU THIPOXVMUYECKHMH MapaMeTpaMu

Table 1. Coefficients of rank correlation of mean sample values of 2SS feature in three fish species with some
hydrochemical parameters

Bun M [Ca’*] [Mg?*] [Ca™ /M [Mg>*)/M | [Ca**]/[Mg**]
R. rutilus -0,139 —0,079 -0,705 0,207 -0,790 0,842
P. fluviatilis -0,867 -0,964 -0,857 0,643 -0,214 0,321
C. carassius -0,975 -0,667 -0,975 0,667 -0,308 0,462

IIpumeuanue. M — munepamu3anys Bogsl. [lomyxupHbIM mprgTOM BbIIETEHBI TOKA3aTeH, COOTBETCTBYIO-
1Me YpoBHIO 3HauumocTu p < 0,05.

Note. M — mineralization of water. In bold — values corresponding to the level of significance p < 0.05.

JIJ1s1 IOKaJIbHBIX TTOITYJISIIIAY TUIOTBBI, OKYHS ¥ Kapacsl, OOUTAIOIIMX B BOJOEMAaX, KOTOPbIe B HANOOJIb-
1Ieil CTeNneHy OTIMYAIOTCA o cofepkaHuio Mg?t, oTMedeHbl craTucTidecky 3Haunmbie (p < 0,01) pasiu-
YK KaK MO CPeAHUM 3HAYEeHUsIM MTpU3HaKa 2SS (f-KpuTepHil), Tak U MO YACTOTHBIM paclpe/ieIieHUsIM ero
OTZIE/IbHBIX BApUaHTOB (KpuTepuid y %). PeanbHble reorpaMyecKre pacCTOSAHUA MEXKIY BOJOEMAMU C Ta-
KUMU HOMYJISLUASIMU OLIEHEHB HaMU JIJ1s1 TUIOTBBL B 30 KM, 1Sl OKYHsI — B 25 KM, 17151 Kapacsi — B 20 kM
ripu 00ITIeM pa3dpoce MEeCTOIOJIOKEHHMI UCCIIeJOBAHHBIX BOJOEMOB B IIMPOTHOM HaripasiieHuu 10 50 K,
a B MepuarioHabHOM — 110 80 kM. Takum 00pa3oM, MIMEHHO pa3HOOOpa3ue JIOKATIbHBIX yCIOBUM, KOTO-
poe MPOSIBUJIOCH B THAPOXUMHUYECKOH CrienidUKe OTIETbHBIX HEOOJBIINX BOJOEMOB, MOTJIO O0YCIIOBUTD
BBISIBJICHHBI pa3Max BHYTPUBHUIOBON M3MEHUMBOCTH M3YUYEHHBIX CEMCMOCEHCOPHBIX MPU3HAKOB y TPEX
MacCOBBIX BHJOB PbIO, OOUTAIONIMX B MpeJeiax OJHOTO peyHoro OacceiiHa B MPAKTUYECKU MAESHTUYHBIX
KJIUMaTUIEeCKUX YCIoBUsX. [Ipr 5TOM MeXIMOMyIAIMOHHBINA pa3Max BapbUPOBaHMS MPU3HaKa 2SS y TIIOT-
Bbl Ha UCCJIEJJOBAHHOM JIOKQJIbHOM YPOBHE OKa3aJicsl LIMPE IUana3oHa, paCCUMTAHHOIO 110 JUTEPATYPHbIM
AaHHBIM [4] s nomyssuid ioTBbl Beero Bomkcko-Kamckoro 6acceiina: 20,53-21,94 u 20,78-21,47
COOTBETCTBEHHO. [I/1s1 cpaBHEHMSI: aHAJIOTUYHBIN [UANA30H y MPECHOBOAHBIX MOMYJISIMIA TUIOTBBL B Mpe-
nenax Bceil eBponerickor yactu ObiBiero CCCP, Briouast Gacceitnbl Y€pHoro, Bantuiickoro, besoro
u bapenneBa mopeii, cocrasisiet 20,47-22,39.

['padpmueckoe conocraBieHne YaCTOTHBIX pacHpeeeHuil BeJIMUMH MpU3HaKa 2SS y peuHOro OKyHs,
TUIOTBHL M 30JI0TOTO Kapacsi U3 BOJOEMOB, pa3IMYaoIUXCs MO COACPKAHUI0 NOHOB MAarHusl, IPUBEACHO
Ha puc. 2a-B. M3 ananmisa rpauKoB clieflyeT, uTo Mo Mepe yBeluueHUs KOHLeHTpauuu Mg>* B Boge
BO BCEX TPEX Cllydasix CABUraeTCsl BJIEBO HUKHSISI TPaHMIIA pacrpejesieHus: 3HaueHuil 2SS u Moaa 31o-
ro npusHaka. TOJBKO y 30JI0TOrO Kapacsi, OOUTAIOMIEro B NMPyay ¢ HAUOOJBIIAM COfIepKaHHEM MarHus,
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Puc. 1. JluHeliHble TpeHIbl U3MEHEHUs CPEIHEBHIOOPOYHBIX 3HAYEHUHA CYMMApHOTO CYETHOTO IMpPU3HAKA
CEMICMOCEHCOPHOM CUCTEMBI 2SS B 3aBUCUMOCTH OT KOHLIEHTPALMM MOHOB MarHusl B BOJHOM cpefie Ui TPEX
BHUJIOB PBIO: a — IUIOTBA, O — PEYHON OKYHb, B — 30JI0TOH Kapach

Fig. 1. Linear trends of the change of average values of the total countable feature of seismosensory system
2SS depending on the concentration of magnesium ions in water for three species of fishes: a—roach, 6 — perch,
B — crucian carp

B JIEBOM HallpaBJIeHUH TepeMellaeTcs U BepXHsisl IpaHula pacripeaeneHus. Ha ocHoBaHMM 3TOro MOX-
HO ITPEANOJIOKNTD, YTO YMEHBIIEHNE CPEJHUX BEINYMH PACCMATPUBAEMOTO CEIICMOCEHCOPHOTO IPU3HAKA
B TIOMYJISILUAX PbIO, OOUTAIOIINX B YCJIOBHSX MOBBIIIEHHOW KOHIIEHTPAIMM MOHOB MarHusi, MPOUCXOIUT
IJIaBHBIM 00Pa30M 3a CUET MOSIBJICHHUSI U 3aKPETUICHHS B MIX COCTABE OT/AEIBHBIX 0COOEH ¢ HOBHIMU HAUMEHb-
IIMMH 3HAYEHUSIMHU 3TOTO MPU3HAKA U JIMIIb OTYACTA — 34 CYET OTCYTCTBHSI MM OBICTPOM TMMHUHALIIN
U3 COCTaBa MOIMYJIALMIA 0cO0ei C ero HauOOJbIIMMU 3HAYEHUAMU. BeposITHO, CyIIEeCTBYIOT KaKHUe-TO OHTO-
reHeTHYECKIe MEXaHU3Mbl, KOTOPBIE IPUBOASAT K PEAYKIMHU YKCIA TPU3HAKOB CEIICMOCEHCOPHOM CUCTEMBI
TOJIOBBI y YaCTH 0COOeH phIO IIpH yBeIUUeHUH coiepkanus Mgt B Bojie.
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Puc. 2. YacroTHble pacmpenesieHus] UCKPETHBIX 3HAYSHUI CyMMAapHOIro CUETHOTO Mpu3HaKka 2SS B MOIyJIsi-
IIMOHHBIX BHIOOPKAX M3 BOJOEMOB C MUHUMANIbHOH (1) M MakCUMaJibHOU (2) KOHIEHTpAIMell HOHOB MarHusl

IUIst TPEX BUJIOB PHIO: 8 — PEYHOU OKyHb, 6,7 u 17,0 MI-IM™; 6 — TUIOTBa, 5,5 1 22,8 Mr-AM™; B — 30JI0TOM
Kapaco, 4,9 u 32,2 MI- M

Fig. 2. Frequency distributions of discrete values of the total countable feature 2SS in population samples
from ponds with a minimum (1) and maximum (2) concentration of magnesium ions for three species of fishes:

a— perch, 6.7 and 17.0 mg-dm™; 6 — roach, 5.5 and 22.8 mg-dm™; B — crucian carp, 4.9 and 32.2 mg-dm™

[o HameMy MHEHUIO, B IMANa30He BEJIMUYMH OOl MUHEepAIU3alii, COOTBETCTBYIOIINX KATETOPUU
IPECHBIX BOJ, €€ BJIMsHNE Ha THIPOOMOHTOB HE MOXET PAacCMaTpUBATBHCS KaK JEHCTBHE €IMHOTO U Of-
HOPOJHOIO XMMMYECKOIo (paKTOopa COJIEHOCTU B TPAAMLIMOHHOM €ro INOHMMaHUU. B ayTakonornyeckom
aCIIEKTE 3TOTO BIMSAHUSA, NPEXAE BCETO, CIELYET BBISCHATh PEaKLMHU ITPECHOBOAHBIX OPraHU3MOB Ha OT-
AeJbHbIE MOHBI (TPYIIBI HOHOB), PACTBOPEHHBIE B BOZE, KOTOPbIE, C OJHOW CTOPOHBI, OIPEAEISI0T e€ 00-
IIyI0 MUHEPAIU3aluIo, C JPyrod — o00JaJaloT pas3inyHbIMU Ouostornyeckumu ¢ dexramu. Ecmm pac-
cMaTpUBaTh MOHbI MarHusi B KAU€CTBE CAMOCTOSITEJIbBHOTO XMMHUYECKOTO (paKTOpa MPECHOBOIHOW Cpelibl,
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TO MEXAHU3MBI UX MPSAMOTO WJIA KOCBEHHOTO BIUSHUA HAa MOP(OJIOrMYECKYI0 U3MEHUYMBOCTh OPraHU3MOB
pbIO HEOOXOJMMO MCKATh, KAK HAM MPEACTABIISETCS, HA YPOBHE OMOXUMUYECKON PeryJisiliuy MPOTeKaHUs
Pa3IMYHBIX TPOLIECCOB MX PAHHEI0 OHTOreHe3a. B 3TOM cMbiciie BO3MOKHBIE MOMYJISIIIMOHHBIE 9(P(EKTHI,
CBsI3aHHBIE C AU(DPEepPEeHIUATPHON CMEPTHOCTHIO Pa3BUBAIOIIMXCS B BOJE OPraHU3MOB pPHIO OT W3-
ObITKa WJIM HEJIOCTaTKAa PACTBOPEHHBIX (DOPM MArHUs, SIBJISIIOTCS BTOPUYHBIMU (JOTIOJTHUTEILHBIMH)
10 OTHOLICHUIO K OHTOTEHETUYECKUM.

BrisiBnieHHBIE MOP(OJIOTMYECKE pa3Iniisl y MPECHOBOJHBIX PhIO, OOUTAIOIIUX B HEOJMHAKOBBIX JIO-
KaJIbHBIX TUIPOXUMHUYECKHUX YCJIOBHSX, MOIJIM OBITh OOYCIIOBJIEHBI Pa3HOM CTETEHbI0 KOJMYECTBEHHOTO
MPOSIBJIEHUS B UX OHTOI€HE3€ CAMMX CEMCMOCEHCOPHBIX MPU3HAKOB WJIM SMUTCHETUYECKU CKOPPEIUPO-
BAHHBIX C HUMHU APYrux MOp¢o(pU3UOJOrMUECKUX XAPaKTEPUCTUK. MBI MONBITAIUCH B SKCIIEPUMEHTE
M0 BBIPALIMBAHUIO IJIOTBBl U OKYHS OLIEHWUTh MpPsIMble OHTOreHeThuuecKue 3(PpdeKThl BO3AEHCTBUS BOJIbI
C Pa3IMYHBIM MOHHBIM COCTAaBOM Ha MOpP(oreHe3 ceiCMOCEHCOPHOI CUCTEMBI TOJIOBBI Y STUX BUIOB PBIO.
BhlpallleHHble HAMM B BOJE C MOBBILIEHHBIM cofepkaHueM Mg?* Majbku OKYHSI XapaKTepH30BaJKCh
MenpirMu 3HaueHusiMu CSO' u CPMY, yem manbky, BBIpAILIEHHbIE B BOJIE C TaKOW ke OOIed Mu-
nepamizanueit (400 mr-aM™), HO ¢ TIOBBIIIEHHBIM cofepxkaHueM Na®, a Takke 4eM MOJIOb KOHTPOIb-
HOM rpymnbl (MuHepamusamusa Bogsl 200 Mr-aM>) M B3pocible 0COOM OKYHSI W3 Npyda, OTKya Oblia
B3sITa ISl MHKyOalMy OIIOAOTBOPEHHAs MKpa 3toro Buma (puc. 3a—0). CpaBHenus o U-KpuTepuio
Y KPUTEPUIO ) BBIABUIM CTATHMCTMYECKH 3HauMMble pasznmuuus (p < 0,05) no npusHaky CSO! neppoit
IPYIIIB MAJIBKOB C «KOHTPOJIEM» U C MPYAOBOU BHIOOPKOM.

Takum ke 00pa30M MajIbK¥ M3 JIByX T'PYIII TUIOTBBI, BHIPAIIICHHBIE B YCJIOBUSIX MOBBIIIEHHOTO CONEp-
s)KaHUS Mg2+ B IpecHoi Boje ¢ MuHepanu3anuen 250 u 400 MT-IM >, MIMEJU CTATUCTUYECKH 3HAYMMO
(p < 0,05) menblime 3HaueHus1 cueétTHoro npuszHaka CPMP, yem ManbKu, BbIpallleHHbIE B BOAE aHAJIOTHY-
HOU MUHepaym3aiuy ¢ godasieHreM Na*, a Takke MaJbKi KOHTPOJBHOU TPy (MUHEPATH3AIMS BOIbI
150 Mr-qM™) 1 B3pOCIIBIE MTPY0BBIE 0COOM ILIOTBHI (puc. 4a—06). Io npusnaky CSO' 3HauMMBIX paziu-
YUl BBISIBJIEHO He ObLI0, a nmpusHaku CSOP, CSTP u CpM¢ y MHOTMX MaJIbKOB IUTOTBHI 3Tana G 1o 3a-
BEPIICHMH MATUMECSYHOIO IKCIEPUMEHTA elIE He CPOPMUPOBAIUCH, TAK KaK COOTBETCTBYIOLIME YUYACTKU
CENCMOCEHCOPHBIX KAHAJIOB Y HUX OKOCTEHEU HE MOJIHOCTHIO.

[TpoBen€HHbIe aOOPATOPHBIE IKCIEPUMEHTHI MOATBEPKAAIOT HAIlle MPEAINookeHe, OCHOBAHHOE
Ha pe3yJbTaTaX HATYPHBIX MCCJIEJOBAHUI, O 3HAYMMOUN pPOJIM MOHOB MarHusi B (pOpMHUpPOBAHUU BHYT-
PYBHIOBON M3MEHYMBOCTU CTPYKTYP CEHCMOCEHCOPHON CHUCTEMBI TOJIOBBI y TIPECHOBOJIHBIX PHIO B JIO-
KJIbHBIX TUIPOXMMHUYECKHUX YCJIOBHSX. He WCKI0YeHO, 4TO MEeXaHW3Mbl BIIMSIHUS MarHusi Ha Je-
(PMHUTHBHOE COCTOSIHME 3TUX CTPYKTYp B MPUPOAE U B SKCIIEPUMEHTE MMEIOT pas3jinuMs, TaK Kak
B [IEPBOM CJIy4yae BJMSHUE MOHHOIO COCTaBa BOJAbl OMNOCPEJOBAHO TE€HOTUIMYECKOHN CrenU(pUKOn
KaXAOM U3 MONYJsLMA U, B KOHEYHOM WTOre, e€ anureHernyeckuM jannamagroMm. OnHako eaBa Jiv
B JIAHHOM CJIy4ae MOKHO TOBOPUTh O (PEHOKOIMPOBAHUU M0 THUMY KJIACCUYECKUX MOPGO30B MOj]
BO3/ICHICTBHEM HEOOBIYHBIX WJIM KCTPEMAJbHBIX YCJIOBHHA pa3BUTUs [22], TIOCKOIBKY B IKCIIEPUMEH-
Te Mbl OPMEHTHPOBAIMCh MMEHHO HA €CTECTBEHHBIE Tpeelibl coiepkanusa Mg>*, HabmomaeMble B BO-
nax YaMypruu, U paboTanM ¢ KOHLEHTpAUMAMM MarHus He Gonee 50 mr-ir!, KOTOpble JHIIL HEMHO-
MM BbllIe JAeWCTBYIOIIUX (penepanbHbix HopMmatuBoB IIJJK 3TOro snemeHnra B mpecHbIX BOAOEMax
PHIOOXO3AICTBEHHOTO 3HaueHus (40 mr-ml).

B skcniepuMeHTe ¢ OKyHeM MOMUMO BbISIBJICHHBIX PA3IMUMi 3HAYEHHUI CEHCMOCEHCOPHBIX MPU3HAKOB
y chOpMUPOBAHHBIX MAJIbKOB U3 Pa3HBIX TPYMIT ObUTM OTMEUEHBI CTATHCTHYECKU 3HAYMMBbIC Pa3INIus
no jmHe tena (p < 0,05; U-xputepuit). CpegHue 3HaYeHUsI UX JMHEWHBIX pa3MepoB IO OKOHYAHUU
JBYXMECSYHOI'O IKCIIEPUMEHTA COCTABUJIM B KOHTpoJibHOU rpymre (33,2 + 0,7) mMm, B rpynne “+Mg” —
(37,3 £ 1,9) MM, B rpynmne “+Na” — (29,0 = 0,6) mm. Ckopee Bcero, OTMEYEHHbIE HAMU OTJIMYHUS B TEM-
Max pocra y JIMYMHOK OKYHSI U3 Pa3HBIX TPYNI ObUIM 3aJ0KEHHI ellEé Ha SMOPHMOHAIBHBIX 3Tamax HX
pa3BuTHS BO (PparMEHTHPOBAHHBIX MKPSIHBIX «JIEHTAaX», YTO MPOSBUIOCH, B YaCTHOCTH, B OoJiee TO3[-
HUX CPOKaX OKOHYAHUS BHIKJIEBA JTMYMHOK B KOHTPOJILHOM TPYIITe M B OMBITHOW I'PYIIIE C J00aBICHUEM
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Puc. 3. OumoKyu cpeHNX 3HAYEHHIT U MANa30HB! BAPHUPOBAHKSA CUETHBIX Tpu3HakoB CSO' (a) u CPMY (6)
y MaJbKOB OKYHSl M3 TPEX SKCIEPUMEHTAIBHBIX TPYII TpPU Pas3IUYHBIX THAPOXMMHUYECKHX YCIOBHUSAX
BBIPAIIMBAHMS U Y B3POCIIBIX OCOOEH 3TOr0 BUAa U3 MATEPUHCKOW NIPYJOBOY MOMyJissun (n = 23)

Fig. 3. Errors of the average values and variation ranges of the countable features CSO' (a) and CPM! (6)
of the perch fry from three experimental groups with different hydrochemical conditions of growing and adult
individuals of the species from the parent pond population (n = 23)

B Bogy Na* 1o cpaBHEHMIO CO CPOKaMH T'PYIIIbl, COIEPKABILEICS B YCIOBUSIX MOBBIILIEHHON KOHILIEHTpa-
i Mg?*. 3anepkKa OKOHYaHHs BBIKJIEBA B MEPBBIX [BYX IPYININAxX COCTABUJIA IIPUMEPHO OJHM CYTKH,
XOT$ €r0 HayaJlo BO BCEX TPEX IpyMIlax COBHAJAlIO M0 BpeMeHU. [Ipy 3TOM y MaJIbKOB IJIOTBBI, BBIPOC-
IIMX ¥ Nepeleammnx Ha 31ant G B NATH Pa3sHbIX SKCHEPUMEHTAIbHBIX I'pyIIax, CTATUCTUYECKU 3HAYU-
MBIX Pa3JIMYMi 10 JJIMHE Teja BhISBIEHO He OblIo. OTCYTCTBUE Y MOJIOAM TUIOTBBI B KOHIIE SKCIIEPUMEH-
Ta MEKTPYNIOBBIX pa3Muuil O JMHEHHBIM pa3Mepam ObLIO CBS3aHO, BEPOSTHO, ¢ 0oJjiee MO3AHUM, YeM
B 9KCIEPUMEHTEe C OKYHEM, CO3/[aHMeM TIpYII, a Takke C OOJblIel AIUTEIbHOCThIO IKCIEPUMEHTA,
00yCIaBIMBAIOIIEH MOSBIEHNE BOZMOKHOCTEN /1711 KOMIIEHCAIIMOHHOTO POCTa OCOOeH.

Bbroxummueckue (pyHKIIMM MarHus Kak MOHa, akTUBHUpYolero Muorue AT®-3aBrcumble peakliui CUH-
Te3a W SHEPreTHUECKoro oOMeHa, B TOM YHCJIe CBSI3aHHBIE C POCTOBBIMH IPOIIECCAMH, XOPOIIO M3BECT-
Hbl [15]. Kak mbl mosiaraem, B OIMHAKOBBIX YCJIIOBHSIX TEMIIEPATYPHOTO M CBETOBOIO PEXMUMOB MMEHHO
TMIPOXMMHUYECKHE OCOOEHHOCTH — MOBBILEHHOE cofepkanre Mg?* B Bojie — MOIVIM NPUBECTU K YCKO-
PEHUIO pa3BUTHS SMOPUOHOB OKYHS U JITHEWHOTO POCTA €ro JMYMHOK B CPABHUBAEMBIX SKCTIEPUMEHTAITb-
HBIX rpynnax. He uckitoueHo, 4To Marauii MOXeT y4acTBOBAaTh B YCKOPEHUH HE TOJILKO JIMHEMHOIO POCTa,
HO U MOp(oreHe3a KOCTUCTBIX PbIO MOCPEICTBOM SHEPreTHUECKON AKTUBAIUU PETYJISATOPOB KJIETOYHOTO
Metabosm3mMa. B KauecTBe TaKOBBIX XOPOIIO M3YYeHB TUPEOUAHBIE TOPMOHHI [13]. DKcnepuMeHTa bHO
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Y MaJIbKOB IJIOTBBI U3 MATH KCIIEPUMEHTAJIBHBIX TPYIII [TPU Pa3IMYHBIX THAPOXUMUYECKUX YCIOBUSX BbIPAIIU-
BaHMS U Y B3POCJIBIX 0COOEH 3TOro BUia M3 MATEPUHCKON MPYa0Bo# nomysuuu (n = 17): 1 — MuHepanu3anus

BobI 250 mr-am ™, 2 — 400 mr-qm™

Fig. 4. Errors of the average values and ranges of variation of the countable features CSO' (a) and CPMP
(6) of the roach fry from five experimental groups with different hydrochemical conditions of growing
and adult individuals of this species from the parent pond population (n = 17): 1 — mineralization

of water 250 mg-dm~, 2 — 400 mg-dm™

MOKA3aHO, YTO aKcesiepalusi OHTOreHe3a MPH BO3JEHCTBUM SK30T€HHOIO TPUHMOATUPOHUHA HA PAHHIO
MOJIOJJb PHIO TIPUBOJUT K OJIMTOMEPHU3AIMK TAKUX METaMEPHBIX CTPYKTYpP, KaK Yellyd B OOKOBOW JIMHUM,
IJIOTOYHBIE 3YOBI, TYYH B MAPHBIX M HEMapHBIX TUIaBHUKaX [23]. Ecim MarHuii JedcTBUTENILHO CIIOCOOCH
BJIMSATh HA CUHTE3 WM aKTUBHOCTh TUPEOUIHBIX TOPMOHOB Y KOCTHCTHIX PbIO, TO 9TO BIMsHUE, OJOOHO
TAKOBOMY JIPYTUX MPOCTHIX MOHOB, MOKET B HAMOOJIbILIEH CTEeH! Pean30BBIBATHCS HA PAHHUX JIMYU-
HOYHBIX 3Tarax OHTOreHe3a phlO, OOBIYHO MPOTEKAIOIIEr0 BO BHEIIHEW BOJHOM cpefie, A0 MOJHOro (op-
MHUPOBaHMS Y HUX CHUCTEM OPraHoB, oOecreuynBaiomux 3G (PEKTUBHYI0 HOHHYIO PETyJISAIUi0 HAa YPOBHE
LIEJIOrO OpraHu3Mma.

W3 ta6m. 1 BUAHO, U4TO CpeiHME BEIMIMHBI CYMMAPHOTO MpU3HaKa 2SS B M3yYeHHBIX BHIOOPKAX IJIOTBBI
VIMEIOT CTATUCTUYECKH 3HAYUMYIO CBA3b HE TOJILKO C A0COIOTHBIM M OTHOCUTENIBHBIM cofiepkanueM Mgt
B BOJIOEMAXx, HO 1 C OTHOIIIEHWEM KOHIIEHTPAIMH JIBYX IJIABHBIX KATUOHOB — KaJIbIIMS M MarHus, 4To 3a-
cTaBJsieT 00paTUTh BHUMaHKE TaKXkKe Ha MX BOBMOKHOE B3auMoJIelicTBIe B MopdoreHese prid. M3BecTHO,
YTO MarHWii, sIBISISICh N30OMOP(HBIM 3aMEHUTEIEM, OMOXUMHYECKUM KOHKYPEHTOM U (PU3UOTIOTMIECKUM
AHTArOHUCTOM KaJIBIIHSI, MOKET BIIUATh HA KAIBIIMEBBIA OOMEH, B YACTHOCTU Ha CKOPOCTb MOCTYILICHUS
€ro MOHOB B OPraHM3Mbl KHMBOTHBIX U3 BHelIHeW cpenbl. [1o nqanabiM I'. A. Bunorpagosa [2], nmonasie-
HUe cOpOIMU KaJibliisl HAOMI0JaeTCsl y MPECHOBOAHBIX PHIO MPY MHUHUMAJIbHOW KOHIIEHTPAIIA MarHusI
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oko0J10 50 MEMOuTb-AM ™ (1,2 Mr-am™), 4TO CYLIECTBEHHO MEHbIIIE 3HAYEHHI, 3aPErMCTPUPOBAHHBIX HAMU
B HCCJIEJOBAaHHBIX BOJOEMAX, a JAJIbHEHIIIEE €€ YBETMUEHUE YMEHBIIAET MOITIOIEHNE NOHOB KaJIbLIUSA U3 BO-
apl Ha 70-80 %. B cBo1o ouepenp, KaJIbLMIA PETYJIUPYET MpoLecchl posndepayu U AudpepeHIpoBKU
KJIETOK, BBIIIOJHSET POJIb YHUBEPCAJIBHOIO «BTOPUUHOIO MECCEHAKEpa» FOPMOHAIBHBIX U MHBIX BHEKJIE-
TOYHBIX CUTHAJIOB. Takke KaJbIMii HEOOXOAMM TIpH Tepesiaye HEPBHBIX UMITYJILCOB U JUIsl OCTEOreHe3a
MO3BOHOYHBIX [7]. YuuThIBast TO, 4TO (POPMHUPOBAHHE 3aYATKOB CEHCMOCEHCOPHOIM CHCTEMBI HAa PaHHUX
Tarnax OHTOreHe3a pbld HauMHAeTCs B 0a3aJbHOM CJIOE SMMAEPMHCA ellé 10 OKOCTEHEeHHUs] KaHaJIOB B I10-
KPOBHBIX KOCTSIX CKEJIETA T'OJIOBbI, MOKHO MPEAIOJIOKUTh, YTO BaXHYIO POJIb B ONPEAEICHUH Yuciia 3a-
KJIaIbIBAEMBIX HEBPOMACTOB urpaioT 1 Ca’*-3aBucumMble MOp(hOreHeTUIECKHE MEXAHU3Mbl MEKKIJIETOUHOM
aAre3uu, XOpoIIO U3YYEHHBIE KaK pa3 Ha IIpuMepe nuTenns KoxH [12]. Pojab MOHOB MarHus B TakoM cCity-
Yae SIBJISIETCS] CKopee KOCBEHHOW U CBOJIUTCS K OTPAHUYEHHIO OMOJIOTMYECKOTO JIOCTYIA K HFOHAM KaJIbIIUSI
y Pa3BUBAIOIMXCS B BOJIE OPraHW3MOB PbIO. DTO OrpaHUYEHME, B CBOIO OUYepe/lb, MOXKET IPUBECTH K J10-
CPOYHOMY 3aBEPILIEHUIO HEKOTOPBIX MPOLECCOB UX MOP(OreHe3a, akTUBUPYEMBIX C yYaCTUEM KaJlbLMs,
Y B UTOT€ — K CHUKEHUIO YMCJIA JIEMEHTOB METAMEPHBIX CTPYKTYP.

3akmouenne. TakiuM o0pa3oM, THIPOXMMUYECKast CrielM(UKa MPECHBIX BOJIOEMOB JIaXe B Mpeesiax
OTHOCHTEJILHO HEOOJIBIIION TEPPUTOPUH, COTIOCTABUMOM C TUIOIIA/IbI0 OacceiiHa CpeTHel peKH, MOXET IpHU-
BOJMTD K CYIIIECTBEHHBIM BHYTPHUBHUJIOBBIM PA3JIMUYMSM Y PHIO 110 MPU3HAKAM CEHCMOCEHCOPHOW CUCTEMBI,
pa3Max KOTOPBIX CPABHUM C JIMANa30HOM UX M3MEHYMBOCTH BO BCEM Bokcko-Kamckom Oacceiine. Dtu
pa3yinuusl CHJIbHEE BCEro CBSI3aHBI C OCOOCHHOCTSIMA MOHHOIO COCTaBa BOABI: B MEPBYI0 o4epenp —
C colepXaHWeM MOHOB MarHus, B MEHbIIeH cTerneHn — ¢ e€ oOmell MuHepanu3anueil. OHU TposIBIIs-
I0TCSl B YMEHBILIEHUH YHUCJIa OTBEPCTUI B CEMCMOCEHCOPHBIX KaHajax IOJIOBbI MPU IMOBBIIEHUU 3Haye-
HHI 9TUX TUIPOXMMHUECKUX MTOKa3aTesel. AHAIOTMYHAas 3aBUCUMOCTh HaOJIOIaeTCsl ¥ B 9KCIEPUMEHTaxX
TI0 ICKYCCTBEHHOMY BBIPAIIIMBAHUIO MOJIOJM PbIO B BOZIE C Pa3HBIM MOHHBIM COCTaBOM. MeXaHN3MBbI peasiv-
3aLIMU BBISIBJIEHHOTO TPEH/1A CBA3aHBI, BEPOSATHO, C MOP(OreHeTUIECKUMU 3(PPEKTaMU HIOHHOU PETYJIALUN
OMOXMMHYECKHX MPOIIECCOB B PAHHEM OHTOT€HE3€ KOCTHCTHIX PbIO.
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VARIABILITY OF THE COUNTABLE FEATURES
OF HEAD SEISMOSENSORY SYSTEM
IN DIFFERENT SPECIES OF FRESHWATER FISHES
AND THEIR DEPENDENCE ON HYDROCHEMICAL FACTORS”

B. G. Kotegov

Udmurt State University, Izhevsk, Russian Federation
E-mail: rutilus@yandex.ru

Countable morphological features in individuals of three mass species of fishes — roach, perch and cru-
cian carp, living in small ponds of the Central-Eastern part of Udmurtia — were studied. The number
of holes of seismosensory channels in some paired cover bones of the head skeleton of the caught fishes
was counted and the sum of the values of these countable features (2SS) was calculated with averaging
for the left and right sides. The total mineralization of water was also measured in the investigated reser-
voirs and the content of calcium and magnesium ions was estimated in the water. For all three fish species,
one trend of interpopulation variability was revealed: with an increase of the concentration of Mg?* in fresh
water, the average value of 2SS decreased in fish individuals from the studied populations. Statistically
significant differences in mean values and frequency distributions of discrete variants of this seismosen-
sory feature were observed for populations of roach, perch and crucian carp, living in water bodies with
the greatest differences in the content of magnesium. In addition to full-scale research, laboratory exper-
iments on aquarium cultivation of juvenile perch and roach in various hydrochemical conditions were
carried out. Formed in fresh water with a high content of Mg?*, perch and roach juveniles had a smaller
number of holes of seismosensory channels in some head bones in comparison with juveniles from the con-
trol groups and adult individuals of these fish species in reservoirs, where fertilized fish eggs for incubation
were taken. Increased concentrations of Na* did not have a similar effect on the formation of the studied
signs. To explain the observed ontogenetic effects, we consider the possibility of direct influence of mag-
nesium ions on the rate of larvae development of the freshwater fishes, as well as indirect influence on their
morphogenesis of the competitive biochemical relations of this element with calcium.

Keywords: fish, seismosensory system, countable features, magnesium ions

“)Scientific communication on the materials of the reports of All-Russian conference with international participate, devoted to the 110" anniversary
of Dr. Viktor Sergeevich Ivlev (1907-1964) and to the 100" anniversary of Dr. Irina Viktorovna Ivleva (1918-1992) “Prospects and directions of aquatic
ecology development” (11-15 October, 2017, Sevastopol).
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[IpuBeneHs! pe3yJbTaThl UCCIIEA0BAHMS COIEPKaHUs MacCcOBOM 10JM HedTeymieogopoaos (HY) B npu-
JOHHOM CJIO€ BOJBI, JOHHBIX OTJIOKEHUSX M TKAaHSAX KPYIHBIX JBYCTBOPYATHIX MOJUIIOCKOB, COOpPaHHBIX
B ycTbeBOH obnactil p. CeBepHolt JpuHbl B Teuenue 2009-2016 rr. B ce30Hb HanbobLIeH (GUIbTpALU-
OHHOM aKTMBHOCTH MOJUTIOCKOB. OlieHeHsl YpoBHU HakoruieHus HY B Bojie, JOHHBIX OTJIOKEHMSIX U TKa-
HSIX JBYCTBOPYATHIX MOJUTIOCKOB YCTheBOM o0actu p. CeBepHO [IBrHBI. M3yueHbl 3aBUCUMOCTH MEKIY
cTeneHpi0 HakoruieHns HY B TKaHSAX ABYCTBOPYATHIX MOJUTIOCKOB M YPOBHEM 3arpsi3HEHHS Cpelpl MX
obutanus. KommyectBenHoe onpezenenue cogepxkanns HY B TKaHSX ABYCTBOPYATBIX MOJUTIOCKOB, BO-
Jie TIPUAOHHOIO CJIOS U IOHHBIX OTJIOKEHUSIX NPOBOIMIM (DIyOPUMETPHUUECKUM METOJOM. YCTaHOBJIEHO,
yto MaccoBasi Jonst HY B TKaHsAX ABYCTBOPYATHIX MOJUTIOCKOB HE MPEBBILIAET TAKOBOM JJIs1 OTHOCHUTEJb-
HO YHUCTBIX BOJI Ha BCEM HCCIEOBaHHOM ydacTke pekd. Ilo mokasarenmo MaccoBoit noau HY B TOHHBIX
OTVIOKEHUSX YCTheBYIO YacTh p. CeBepHOM [|BUHBI MOXHO OTHECTH B OCHOBHOM K He3arpsi3HEHHOH U clia-
603arps3HEHHON (32 UCKITIOYEHHUEM JIOKAJIbHBIX YYaCTKOB B aKBATOPHHU PEKH B TOPOJICKON Yepte). B mpu-
JOHHOM CJIO€ BOZIbl B paliOHe MCCleJOBaHus MoKa3artesb MaccoBoil foy HY npeBbliaeT rocyjapcTBe-
Hble HOPMATUBHI B OTAEJIBHBIX TOUKaxX 0TOOpa. [loKa3aHo, YTO B yCIOBHSIX CJIOKHBIX I'PAJUEHTOB CPE/IbI
HEOOXOIMM KOMILIEKCHBIN aHAIN3 OMOTHYECKMX U a0MOTHYECKUX (DAaKTOPOB.

KuroueBrle cioBa: ycrbe, CeBepHasi [IBuHa, MaccoBasi 10Js1 He(PTEyJIeBOAOPOIOB, TPUAOHHBIN CJION
BO/Ibl, IOHHBIE OTJIOKEHNS, ABYCTBOPYATHIE MOJITIOCKH

B cBoeit moHOrpaduu A. M. Hukanopos [11] oTMeuasnt, 4To B pelieH!H MPaKTUIECKH JTI0OBIX TPoOIeM
OLIEHKH 9KOJIOTMUYECKOTO COCTOSTHHS BOJHBIX OOBEKTOB BEJIMKA POJIb AHAIN3A COACPKaHMUs HE(PTIHBIX KOM-
MOHEHTOB. DTO CBA3aHO C UX IIOBCEMECTHBIM PACIIPOCTPAHEHUEM, BBICOKOW TOKCUYHOCTBIO, TEXHOT€HHBIM
1 OUOTreHHbIM ABTOXTOHHBIM M aJUIOXTOHHBIM IPOMCXOKJIEHHUEM, AKTHBHBIM YYacCTUEM B IPOTEKalo-
IIMX B BOAHBIX O0bEKTaX (PU3NYECKUX, XUMHUECKHX M OMOXMMHMYECKHX IMPOLECCax, B3aMMOJENCTBUEM
¢ 61oTOI (OMOAKKYMYJIAIMSI, MUKPOOUaIbHAS AETpajaliusi, MeTadoIu3M) U T. 1.

[Totepu B pe3ysbTaTe aBapuii py J0ObIYE, TPAHCIOPTUPOBKE U NEpepadOTKe YIIIEBOAOPOAHOIO CHIPhS
NPUBOJAT K 3arpsAA3HEHMIO OKPY:KaloIlei cpelbl He(Thio M He(PTENPOAYKTaMH, [I09TOMY OLICHKA yPOBHEN
He(TSAHOrO 3arpsi3HeHUs] BOJAHBIX CHUCTEM, a Takke OMOJIOrMuecKux 3(peKTOB U MOCIEACTBUM, KOTOpbIE
OHU BBI3BIBAIOT, — OJJHA U3 HAUOOJIee aKTya IbHBIX TEM IIPU PEIICHUH MTPOOJIeM 3arps3HEHU T OKPYKAIOIIEH

“)Crarest 0 MarepuaiaM JIokJ1anoB Beepoccuiickoil KoH(bepeHIMH ¢ MexX1yHapoJHbIM yuacTueM «HayuHbie uyTenus, nocsiménnsie 110-netuio co aHs
poxaenus 1. 6. H., npocdeccopa Bukropa Cepreesuya HBnesa (1907-1964) u 100-netuio co nus poxaeHus 1. 6. H. Mpunst BuktoposHs! IBnesoii (1918-1992)
“ITepcrieKTUBBI M HAIPABJICHNS Pa3BUTUSA SKOJIOrUK BOA0EMOB™» (11-15 oktsa6ps 2017 r., CepacTomnonb).
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cpenpl. Borpockl B3anmoieicTBIS THAPOOMOHTOB ¢ HE(PTHIO M APYTMIMH MOJLTIOTAHTAMH HPUBJIEKAIOT BHU-
MaHME MHOTHMX ucciegoBatesei. K HacTosmeMy BpeMeHH BBIITYILEHO HECKOJIBKO KPYITHBIX MOHOIpadui,
MOCBALIEHHBIX BOIPOCAM BO3JEMCTBUA HE(PTENPOLYKTOB HA MOpPCcKMe opranusmel [7, 10, 13, 14].

HedraHble KOMIIOHEHTBI IIPY NOMNAJAHUK B IIOBEPXHOCTHBIE BOJBI HAXOAATCS B PA3JIMYHBIX (popMmax.
B navanpnbiii nepuog ot 60 10 70 % nocrynusuiel HepTU COAEPKUTCS B BOJHOW Macce B paCTBOPEHHOM,
SMYJIbTUPOBAHHOM WM aICOPOMPOBAHHOM COCTOSTHMU. DMYJIbIMPOBAHHBIX KOMIOHEHTOB OOBIYHO B /1B
paza 6oubiie, yeM pactBopEHHBIX. [Tocnemnne cocrosat Ha 80-90 % w3 apoMaTUYeCKUX YIJIEBOAOPOIOB
(6eH3071, TOJIYOJI, STUIOEH301, KCHUJION U JIp.), 00JaJaI0OMUX BHICOKOI TOKCHYHOCTBIO B CBSI3H C TTOBBIIIICH-
HOM CIIOCOOHOCTBIO K PacTBOpeHMIO B Bojie. [lonaBsias B NOBEPXHOCTHbIE BO/BI HE(PTH BCTYHAET B OOLIYIO
LIETb CJOKHBIX ¥ MAJIOMCCIIEAOBAHHBIX I10 IJIMTEILHOCTH IIPOLIECCOB, TAKMX KaK UCIIAPEHUE, PACTBOPEHNE,
9MYJIBIMPOBaHUE, OKKCIIeHUE, 00Opa30BaHKE arperaToB, cCeqUMeHTarus U ouonerpagamus [7, 12]. tu npo-
LIECCHI 3aBUCSAT KaK OT COCTaBa WM KOJIMYECTBA HE(DTU B BOAHOM Cpelie, TaK U OT YCJIOBUM B BOIOEMAX (TeM-
IIEpaTypa, COIHEYHOE OCBEIIECHUE, HAJIMYUE B BOJE KOJIJIOUIOB, B3BELLIEHHBIX YACTUI] M IITAHKTOHA U T. II.).
ITo muenuto mHoOrux aBTopoB [6, 10, 13], Bo Bcex popmax MUrpalliy MPOUCXOIUT HAKOIUIEHHE yCTOM-
YMBBIX K OMOJIOTMYECKOMY Pa3yIokKEHUI0 KOMIOHEHTOB (MapaduHbl, CMOJIbI, acaabTeHbl U Mp.), IPUIEM
MaKCUMYM He(TeNpOaAyKTOB KOHLEHTPUPYETCS B JOHHBIX OTJIOKEHUSX.

B nenom gaHHbIE O B3aMMOJAENCTBUM HE(TU U KUBBIX OPraHU3MOB JOCTATOYHO Pa3HOPEUUBHI B CBS-
31 C pa3HOOOpa3UeM CHUTYAIMi 3arpsi3HEHUs, CIOKHOCTBIO COCTaBa HE(TH M AUHAMUYIHOCTBIO €€ TpaHC-
(opmarm B Mope, OmmOKaMi U HECOTTIACOBAHHOCTHIO aHAJIMTUYECKMX METOJIOB, a TaKkKe B CHJIYy TOTO,
41O HeTh, NONAJAss B OPraHu3M, Cpa3y ke BKJIIOUaeTCs B CIOKHEHIIYIO IeNb OMOXMMHUYECKHUX TpeBpa-
LIEHUH, NPU KOTOPBIX PaJUKaJIbHO W3MEHSETCS UCXOAHAs CTPYKTypa COEJVHEHUWI He(THU: OHM IIpeBpa-
IIAI0TCS] B METa0OIUThI, MAJIO TIOXOXKHE Ha «POAMUTENbCKUE BelllecTBa». TeM He MeHee, XOTs pa3HooOpa-
3ue MyOJIMKAIMI HA TeMY HAKOIUIEHHs He()TETPOAYKTOB B TeJie TUIPOOMOHTOB U BEJIMKO, MOKHO C/IENATh
HeKoTophle 0600menus [13].

Cy1iiecTByeT NONOKUTEIbHASL KOPPEJIALUSA MEXLy CollepKaHueM HepTAHBIX YIJIEBOJOPOAOB (jajiee —
HY) B nenarnyeckux v JOHHBIX OPraHU3Max U MX COAEP/KaHUEM B BOJE U JOHHBIX OCAJIKaX COOTBETCTBEHHO.
Hakoruienne Hedtr 1 e€ (ppakimil B BOAHBIX OpraHU3Max MPOUCXOJUT OHOBPEMEHHO 3a CYET OHocopo-
MM Ha KOHTAKTUPYIOLIMX C BOJOH opraHax M TKaHsx (kaOpbl, KOxa U Jp.) ¥ MyTEM (PUIbTPALIMOHHOTO
W3BJIEUEHUS B3BELLIEHHBIX SMYJIbITMPOBaHHBIX (DOPM HE(TU M MX MOIVIOIIEHUS B ITpoLecce MUTaHUus. Ypo-
BEHb COAEPKAHUS MOJULIUKIAYECKMX APOMAaTUYECKUX YIIIEBOAOPOIOB (aasiee — [IAY) u npyrux Kommno-
HEHTOB HE(PTHU ONpeesAeTCsS B KOHEUHOM CUETE COOTHOUIEHUEM MEKIY CKOPOCTBIO X MOCTYIUIEHUS B Op-
raHU3M, UHTEHCUBHOCTBIO (DEPMEHTATUBHOIO PA3JIOKEHUA B OPraHax M TKaHAX U CKOPOCTBIO BbIBEICHHUS.
BenTocHble 6ecro3BOHOYHbIE (OCOOEHHO JABYCTBOPUYAThIE MOJUIIOCKU), B CUJTy HAJIMUUS MEHEe Pa3BUTHIX U
AKTHBHBIX, YeM Y pblO, (DEPMEHTHBIX U METa0OJIMYECKUX CUCTEM, a TAKXkKe 3a CUET BBHICOKOU (pUIIbTpaly-
OHHOW aKTUBHOCTU ¥l OOWTAHUS B JIOHHBIX OCA/IKaX 00Jaal0T, KaK IMPABHJIO, MIOBBINIEHHON CIOCOOHOCTHIO
K HAKOIUJICHUIO BEIIECTB HE(PTSIHOIo NporcXoxaeHus. IMEeHHO Mo3TOMY PUKPEIUIEHHbIE U MAJIONOABHK-
Hble OEHTOCHBIE OPTAHU3MBI MOTYT OBITh MCIIOJIb30BaHbl B KAYECTBE CTAaHJAPTHBIX OOBEKTOB MOHUTOPUHI'A
HEPTAHOTO 3arpsA3HEHUA MOPCKOU CPE/Ibl. Y CTAHOBJIEHHOE J1J11 HEKOTOPBIX TOKCUKAHTOB (B OCHOBHOM IS
TSKEJIBIX METAJIJIOB Y XJIOPOPTaHUYECKUX BEIIECTB) IBJIEHUE HAPACTAHUS MX KOHLIEHTpALUI B MOPCKUX Op-
raHU3Max 10 Mepe MOBBIILIEHH TOKCUYECKOTO YPOBHS HE paclipoCTpaHseTcsl, CKOpee BCero, Ha IIOBeICHUE
1 pacripeie/ieHre B MOPCKUX coodiecTBax oonmpmuHcTBa HY 1 qpyrux BerecTB HE(TAHOTO MPOUCXOXKIe-
HUs. B TO ke BpeMs HeJlb3s1 UCKJTI0YaTh BO3MOXKHOCTB MOA00HBIX 3(phexToB i [TAY tumna 6en3(a)nmipeHa,
YCTOMYMBOCTD U JIMIIO(PUIBHOCTb KOTOPBIX MOTYT IIPUBECTU K YCUJIEHUIO MX aKKYMYJISLMHA B OpraHu3Max
BEPXHHUX YPOBHEN TPOUUECKON LIENH.

O0o00111as1 BBIIEU3IOKEHHOE, ClIe/lyeT OTMETHTh, YTO TOKCUYHOCTh coearHeHuil HY ngocrarouyHo mmu-
POKO HCCJIeJOBaHa JJIsi MOPCKMX OpPraHU3MOB. B TO ke BpeMs TOKCMYECKOe BO3JEHCTBUE ITUX COE/IMHE-
HUI Ha TIPECHOBOJIHBIX IMIPOOMOHTOB U3YUYEHO B 3HAUUTEIHLHO MEHbBIIEW CTEeTeHU, XOTs, KaKk OTMedaeT
A. M. Hukanopos [11], npoGyiema 3arpsi3HeHUs1 HepTePOILYyKTAMUA BHYTPEHHUX BOJIOEMOB U BOJJOTOKOB
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HE MEHEE aKTyaJIbHA B CUJIY TOT'O, YTO MX ITOBEPXHOCTHBIE BOJBI SIBJISIOTCS] OCHOBHBIMU UCTOUYHUKAMMU IIPEC-
HOH BO/ibl. BHYyTpeHHHE BOJOEMBI UMEIOT CPABHUTEIBHO HEOOJIBIIINE Pa3Mephbl U 9KOJOTMYECKYI0 EMKOCTb,
a UCTOYHUKU 3arpsi3HEHUS] BOJHBIX OOBEKTOB CYIIM OYEHb Pa3HOOOpa3Hbl. VIMEHHO Mo3ToMy AJisi BO3-
HUKHOBEHUS BO BHYTPEHHUX BOJOEMAaX OMNACHBIX SIBJICHUI, BBI3BAHHBIX BHICOKMM YPOBHEM 3arpsi3HEHMS,
JOCTATOYHO MOCTYIUIEHUS] MEHBLIETO KOJMYECTBA HE(PTENPOLYKTOB, YEM B MOPCKYIO Cpelly.

Kak ormeuaer B cBoeii MoHorpacduu C.A. IMatun [13], opraHu3Mbl 3000€HTOCA, KOHTAKTHPYIO-
mye ¢ IByMs cpelamMu (BOAOM M JOHHBIMUA OTIOKECHUSMM), II€ HAKAIUIMBACTCSA 3HAYUTEJIbHASA YaCTbh
MOCTYMAIIMX B BOAOEM HE(PTENpPOLYKTOB, MOIYT pPacCMaTpUBAThCS KaK IOKa3aTesbHble OOBEKTHI
IIPU 9KOJIOTO-TOKCHKOJIOTMYECKUX HCCIIEIOBAaHUAX. 3000€HTOC OTIIMYAETCSl CTAOMJIBHOW JIOKAIM3aluen
Ha ONpE/ENEHHBIX MecCTaXx OOMTAaHWS B TEUEHHE [UIMTEJIbHOTO BPEMEHH, BBHIY 4Yero sIBJseTcs ynao0-
HBIM OOBEKTOM MJIsi HAOMOIEHWH 3a aHTPOMOTEHHOM CYKIECCHed M 3a MpoleccaMyd CaMOOYMINECHUS
BOJIHBIX 9KOCUCTEM.

B cocraB 30006eHTOCA BXOJAT IPYMITHl HanOoJee JOJITo ([0 MIECTH JIET) KUBYIIMX THIPOOHOHTOB —
MOJUTIOCKM U OJIMTOXEThl, IPUYEM Ha HUX NMPHUXOAUTCS OoJiblIast 10151 OMOMAacChl 3000€HTOCa BO MHOTUX
BOJIOEMAX U BOJIOTOKaX. Takue JOJIroXKUBYILHE KOMIOHEHTbI OUOTHI SIBJISAIOTCS XOPOLIMMU MHIMKATOpaMU
XPOHUYECKOTO 3arpsAI3HEHUs] U YCTOMUMBOCTH BOJIHBIX 3KocucTeM [11]. AHann3 uMmeromuxcs B IMTEpaType
JAHHBIX 110 COAEPKAHUIO YIIIEBOJOPOIOB B OpraHax M TKaHsAX MOPCKMX OPraHU3MOB Mokasail [13], uyto ux
KOHLEHTPALMX B TUIPOOMOHTAX KaK MUHUMYM Ha 2—3 NIOpsI/IKa BhIIIE, YeM B BOAHOM Cpejie, a AJ1s JOHHBIX
0CaJJKOB 3TH COOTHOIIEHHSI HIKE U MOTYT OBITh OJM3KHU K 1.

WHbIMU €IOBaMU, MOKHO IMPEAINOJIOXKUTh, YTO OPraHW3Mbl 3000€HTOCA W, B YAaCTHOCTH, JBYCTBOp-
YaTble MOJUTIOCKH, CIIOCOOHBI XapaKTepH30BaTh IKOJIOTMUECKOE COCTOSIHME BOJOEMOB M BIIOJIHE MOTYT
MIPUMEHSATHLCS KaK MEePCHeKTUBHbIE OOBEKTHI ISl OMoJorudeckoro Monurtopunra [1, 7, 9, 13].

Llens naHHOM pabOTH — MPOBEPKA BO3MOKHOCTH MCIIOJIb30BAHUS JJBYCTBOPYATHIX MOJLTIOCKOB B Kaue-
CTBe OMOWH/IMKATOPOB 3arpsI3HEHNS] HE(PTAHBIMU YIIIEBOJOPOJIAMH B PallOHE YCThEBOW 00JIACTH PEKH, OT-
JIMYAIOLIENCS CJIOKHBIMYA CPEJOBBIMU I'PAJUEHTAMH, KOIJa XUMUUYECKUX COCTaB BOJAHOU TOJIIIU, CKOPOCTh
CEIMMEHTALIMX B3BECU U JPYyTHe NapaMeTPbl MOTYT U3MEHATHCS 3 CUUTAHHBIE YaCHI.

MATEPUAJI 1 METOJIbI

B pamkax maHHOW pa®OTHI [UIsl OIIEHKM YPOBHSI HaKOIUIEHHsI MaccoBOM a0y HY B TKaHSAX JTOHHBIX
’KUBOTHBIX YCTheBOM 30HHI p. CeBepHOU [IBUHBI 0TOMpAM ABYCTBOPUYATHIX MOJUTIOCKOB Anodonta anatine
(Linnaeus, 1758) u Unio pictorum (Linnaeus, 1758). OmHOBpeMEHHO B TeX ke TOYKaX OTOMPAH MPOOBI
JOHHBIX OTJIOKEHU! W BOJBI U3 MpHUIOHHOTO cios. B mepuon ¢ 2009 mo 2016 1. ObLT UCCeNOBaH yCThe-
BOH y4acTok OT ycTbsi p. [Iuneru (cranuus 1 — Ha 95 KM Bblilie LIEHTPAJIbHOW YaCTH I'. ApXaHIeJIbCKa)
10 NPUYCTEBOTO B3MOpPb: (ctanumu 30, 27, 26, pacnosio:keHHbIe OKOJIO BHEIIHETo Kpas AeJbThl) (puc. 1).
B pasnble roapl mpoOsl OTOMpaM HA pa3IMYHBIX YYaCTKaX YCThEBOM 00IACTH.

MOJUTIOCKOB OTOMPAJTM CTAaHIAPTHBIMHA THPOOUOJIOTMYECKUME MeTofaaMu [17] B ce30HBI MX HanOOJIb-
el (pUIbTPAIOHHON aKTMBHOCTH: Ha ITyOMHAaX 10 1,5 M — ¢ MOMOIIBI0 TMAPOIOrHYECKOro cKpeoka,
Ha 6oJiee ryOoKuX yyacTtkax (ot 2 1o 10 M) — ¢ cnonp30BaHMeM BO0JIa3HOTo 0bopyaoBanus. OTodpaH-
HBIX )KUBOTHBIX COPTHPOBAJIH IO Pa3Mepy, OUMINAIN OT 0OpacTaHUI 1 MOMEIIAJIHY B MTAKETHI C BOAOM Ha CyT-
KM (17151 OYMCTKY KHUIIIEYHUKA), 10CJIe YETO MpenapupoBaii, U3BJIeKast MATKME TKAaHU LIEJIMKOM, U 3aMopa-
’KMBaJIM 10 MOMEHTA poBeieHus aHanu3a. KonryecTBeHHOE orpejiesieHre coiepkKaHusl YIJIeBOJOPOJOB
He()TU B ABYCTBOPYATHIX MOJUTIOCKAX MPOBOAMIH (hiiyopuMeTpudecKiuM MetosioM. [loarotoBky mpo6 Tka-
Hell K aHaIM3Y OCYIIECTBIISUIM C UCTIONIb30BaHUEM METOAMKH, pa3pabotanHoi B PI'BHY «AsHUNPX>» [8].
[TpoGs! Bozs! praoHHOTO ciiost otoupamu no F'OCT P51592-2000 [4].

B Boge u noHHBIX omiokeHusAXx CeBepHOM IBUHBI M YCTHEBOIO B3MOpPbs COZEpKaHUE HE(PTENpoayK-
TOB omnpeAessuy 1no crangaptaeiM Metoaukam [THAD 16.1:2.21-98 [16] u [THAD 14.1:2:4.128-98 [15]
COOTBETCTBEHHO.
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PE3VIJIbTATBI 1 ObCYKJIEHNE

VYerbeBast o6nacts p. CeBepHOI [IBUHBI SIBISETCS TUITUYHBIM ITPUIMBHBIM YCThEM. DTO CIIOKHBIN IS
M3y4YeHHsI OOBEKT, TIOCKOJIbKY YCThEBOE B3MOpbE, [eIbTa PEKM U MPHUIETBTOBBIN YUaCTOK Pa3InYaloTCs
10 CBOMM T'H/IPOJIOTUYECKUM U TUIPOXMMHUUECKOM XapaKkTepucTukaM. Ha HeKOHCTpYKTHBHOCTb 0ObeAnHe-
HUS JAHHBIX 110 BCEMY BOJIOTOKY B IIOUCKAX CBA3EN MEXIy I'MAPOXUMUYECKUMHU U TUIPOOUOIOrMUECKUMU
XapaKTepUCTUKAaMU Ha pa3InyHbIX ydyacTkax CeBepHo [IBUHBI yKa3blBaJaIu MHOTHE aBTOPHI [2, 5, 9].
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Puc. 1.

Kapra-cxema Touek orOopa Mmpod BOAbI MPUIOHHOTO CJIOSI, JOHHBIX OTJIOKEHWHA M OEHTOCHBIX

OopraHu3MoB B ycTheBoi odsiactu p. CepepHoint [IBunbl (Poccusi, 6acceiin Besoro mops) B 2009-2016rr.

Fig. 1. Map of sampling points of the bottom layer of water, sediments and benthic organisms in the estuary
of the Northern Dvina River (Russia, White Sea basin) during 2009-2016

ITo 3Toii mpuyYMHe AJ1s1 OArOTOBKH MOJTYUYEHHBIX SMIIMPUYECKUX JAHHBIX K 00paOOTKe W aHAJIM3Y MBI,
PYKOBOJICTBYICh CIIPABOYHBIMU JIAHHBIMU O THAPOJIOTUYECKOM PeXUME PEKU [3], YCIOBHO pa3aeniv u3y-
YaeMbIil yJ4acTOK Ha Tpu 4yactu (puc. 1). Yuactok 1 — rpymma cranmmii ot 1. Ycrb-IIunera no n. Kocko-
BO — IIPECHBIE PEYHBIE BOJIbl C OTHOCUTEIbHO HU3KMM TEXHOTEHHBIM IIPECCOM. 3/1€Ch IPUJINBO-OTIMBHBIE
SIBJIEHUS IIPU JIETHEM MEKEHHOM PacxoJe BOJbI BIMAIOT TOJbKO HA YPOBEHb BOJBI M HE BIMAIOT HA JVHA-
MUKY IPOUCXOJALIMX MPOLECCOB. YUacToK 2 — oT . KockoBO 10 BepIIMHBI AEbTH (10 CTAaHIMMA, KOTO-
pble pacIoJIOKEHBl HA YYacTKe PEKH, MPUWJIETAoIeM K LEHTPY ropojia) — TaKkKe MPECHbIe peUHbIE BOJIB,
HO 3JIeCh B pe3yJibTaTe NMPUJIMBHO-OTJIMBHBIX SIBICHUI BOBHUKAET 0OpaTHOE TeYeHHe, TO €CTh B KaKHUe-TO
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MOMEHTHI BOJIa OCTAaHABJIMBAETCS U B3BECh C COPOMPOBAHHBIMYU Ha Hel 3arps3HSIONIMMHU BEIeCTBAMU OCe-
JaeT Ha JHO. Y4YacTok 3 — craHuuu aenbThl p. CeBepHoil [IBUHBI, Ilie B MPUIOHHOM CJIO€ CYIECTBEH-
Ha pOJIb COJIEHBIX BOJA: OHU TOCTYMAIOT C MPUJIMBOM U BIUSIOT Ha MPOTEKaHUE XUMHUYECKUX MPOIECCOB
Ha rpaHuIle BOjia — JHO.

[Tpu oueHke ypoBHei HakoruieHHd HY B abuoTHyeckux U OMOTUYECKMX KOMIIOHEHTaX SKOCHUCTEMBI
YCThEeBOM 00JaCTH peKU Ha TPEX BBIIEJEHHBIX YUACTKAX MOJYyUYEeHbI CIEAYIOIUE PE3yIbTaThI.

CymmapHoe copep:xkaHue He(pTenpOAYKTOB B MPUAOHHOM CJIO€ BOJBI B MEPUOJ MCCIEIOBAHUS CO-
crasnsuio ot 0,001 mo 0,190 Mr-am™> 1o BOJIOTOKY OT II. Yctb-IlnHera 10 0. KymOBIII W mpeBbImaio
ITJIK (0,050 Mr-kr'!) B OT/E/IBHBIX TOUKaX OTOOPa, HE3ABUCHMO OT yJacTKa peku (Taom. 1).

Ta6amma 1. Conepxanue MaccoBOH 101 He(PTEPOAYKTOB HA pa3iuyHbIX yyacTkax p. CeBepHoit [IBUHBI

Table 1. Content of the mass fraction of petroleum hydrocarbons in different areas of the Northern Dvina
River

VYuacrok 1 VYuacrok 2 VYuacrok 3
ITpunoHHBIA 10 BOIbI, 0,027+0,140 0,001+0,091 0,013+0,190
mr v 0,030 0,020 0,040
JIOHHBIE OTJIOKEHHS, 4,000+15,82 4,116+147,940 6,500+-14,120
mr-Kkr! 8,90 9,036 8,830
TkaHu IBYCTBOPYATHIX 1,510+7,100 1,450+15,84 3,45+25,52
MOJUTIOCKOB, MI-KT™! BII. M. 2,760 4,440 11,51

IIpumeuanue. Hag uepToit — MUHUMYM -~ MaKCUMYM, O]l YePTON — MeIraHa.

Note. Min + max is above the line, median is below the line.

B BepxHeM cJioe TIOHHBIX 0CA/IKOB Ha TOM ke YJacTKe cofiepkKaHue o0IMX HePTEMPOILYKTOB MO BCEMY
pyciy usmeHsnock ot 1,14 1o 147,94 mr-xr! (tadn. 1) 1 uMeno Mo3anyHbIid xapakTep. MeauaHHOe 3Ha-
YeHMe Ha BCeX TPEX ydacTKax PeKH ObLIO Ha OJHOM YPOBHE M COCTAaBIANO 0KoJo 9,0 Mr-kr! (tadm. 1),
MaKCUMaJlbHble ke 3HaueHuss — 147,93; 73.63; 37,38 mr-kr! — (pukcupoBanch Ha psne CTaHLMU,
B JIOHHBIX OTJIOXEHUsIX, B akBatopuu p. CeBepHoil [IBUHBI B uepTe I. ApxaHreibcka (Ha ydactke 2).
CpaBHuBasi JaHHBIE C YCJIOBHO (DOHOBBIMU 3HAUSHUSIMU JIJIsI JIOHHBIX OTJIOKEHUUN MIPECHOBOJIHBIX OOBEK-
108 (0T 10 10 100 Mr-kr'!) [1], noHHble omnoKeHUs p. CeBepHOli JIBMHBI MOKXHO B OCHOBHOM OTHECTH
K HE3arpsA3HEHHBIM, 32 UCKJIIOYEHHUEM PsZia TOUYEK B aKBATOPUU B YepTe ApXaHIeJIbCKa.

B TKaHSAX MOJUTIOCKOB, KOTOpbIe aHATM3UPOBAIM B BHUJE WHTETPAIbHON MPOOBI, COepkKaHUE YIIeBO-
JIOPOJIOB MEHAJIOCHh B Ipeaenax ot 1,45 go 25,52 mr-kr! o m. (tadm. 1). MeauaHHOe 3HaYEHHE COAEP-
kaHusit HY B MATKUX TKaHSX MOJUTIOCKOB BO3PACTaJIO MPU MPHUOJIMKEHUH K MOPCKOMY Kpalo JIEJbTHI
oT 2,76 MIr-Kr"! BI. M. B NpuensToBoM ydactke (puc. 1) 1o 11,51 Mr-kr™!' B M. Ha yyacTke peKH HMKE
TOPOACKOM YepThl.

N3ydyeHue 3aBUCHMOCTH MeXy CTelleHbI) HAaKOIUIeHHe He(TenpoayKTOB B TKAaHIX
JBYCTBOPYATHIX MOJUIIOCKOB M YPOBHEM 3arpsi3HeHHMsi cpejbl. /[ OLEHKM 3aBUCHUMOCTH MEX-
ay cogepxaHvieM HY B TKaHSX MOJUTIOCKOB M B UX cpejie OOMTaHUsl MPOBEIEH KOPPESAIMOHHBINA aHa-
JIU3 10 SMIUPUYECKUM JIaHHBIM, TIOJTyYE€HHBIM BHYTPU BBIIETIEHHBIX YYacTKOB (Tabm. 2). B cBs3u ¢ Tem,
YTO pacripe/iesieHre B BHIOOPKaxX He COOTBETCTBOBAJIO HOPMAJIbHOMY, UCTIOJIb30BAIA HelapaMeTpUIeCcKHit
K03(PUIMEHT paHroBoil koppesnsiiuy CnupMeHa.

W3 taba. 2 BUIHO, YTO B3aMMOCBSI3U MPOCJIEKUBAIOTCS TOJIBKO Mexay coiaepxkanueM HY B TkaHsax
MOJUTIOCKOB U B BEPXHEM CJI0€ JOHHBIX OTIOkeHUi (Rg = —0,83), mpuuém oOpaTHasi 3HaUMMasi CBsI3b Ha-
OJm0/1aeTCS Ha yYacTKe PeKH, ITPUJIETalolieM K TOpoy, CKopee BCero, h3-3a CIIOCOOHOCTH MOJLTIOCKOB B ITPO-
riecce (PUIBTPAIIMKU HE TIPOITyCKATh Yepes3 MUIIEBAPUTEIbHYI0 CUCTEMY KPYITHbIE MUHEPAIbHbIE U IPyTHe

Marine Biological Journal 2018 Vol 3 No 3



40 H.B. HEBEPOBA, A.B. YYITAKOB

Taduauma 2. Pe3ynbrarthl KOPpENSIIMOHHOTO aHAJIM3a MEXy coiepkaHueMm maccoBoit o HY B TkaHsix
JBYCTBOPYATHIX MOJLTIOCKOB, IIPUJOHHOM CJIO€ BOJBI M BEPXHEM CJIO€ JOHHBIX OTJIOXeHUH, p = 0,05

Table 2. Results of correlation analysis of mass fraction of petroleum hydrocarbons content in the tissues
of bivalves, the bottom layer of water and upper layer of bottom sediments, p = 0.05

Bopga/guo Bopga/Tkann JIIHO/TKaHK
Yyactok 1, n="7
0,56 0,17 0,60
VYuyactok 2, n =12
0,15 0,11 —-0,83*
VYuacrok 3, n =8
0,25 -0,4 0,20

IIpumeuanue. * — CTaTUCTUYECKU 3HAYMMBIA K03(ppueHT koppensauyu npu p = 0,05.

Note. * — statistically significant correlation coefficient, p = 0.05.

YaCTHIIBI (B HAIIIEM CJTyyae — B3BEIIICHHBIC B TOJIIIE BOIbI JIOHHBIE OTJIOKEHHS C COPOMPOBAHHBIMU Ha HUX
HY), a o6BonakuBaTh ux 1 copaceiBaTh B Bue nicepnodekanuid. Ha yuactke CeBepHoii [IBUHBI OT 11. YCTb-
[Munera no a. KockoBo (puc. 1) 3Ta cBs3b MpsiMasi, 4TO MOKHO OOBSICHUTh TPUCYTCTBUEM B MeCTax 0TOOpa
OoJiee MEeTKOUCTIEPCHBIX JIOHHBIX KOMIIOHEHTOB, IPOXOIAIINX MepepaboTKy B OpraHu3Me MOJLTIOCKOB.

B nesiom B3auMocBa3b mexy coaepxanreM HY B TKaHSAX MOJUIIOCKOB Y B IPUIOHHOM CJIOE BOJIBI ITPO-
CJIE/ITH JIOBOJIBHO CJIOKHO B CBS3H C OOJIBIIION TUHAMUYHOCTHIO BOJHOH Cpefibl U ¢ (PU3NOJIOTMUSCKUMMU
0COOEHHOCTSIMH JBYCTBOPYATHIX MOJITIOCKOB.

Takum 06pa3om, ObLIO YCTAHOBIIEHO, YTO:

* cojepxaHue oOmuX HeTenmpoAYKTOB B MPHUIOHHOM CJIO€ BOABI B MEPUOJ MCCIIEAOBAHMS MO BCeE-

My U3y4aeMoOMy y4dactky (oT m. Ycrb-Ilumera o o. KymoObimm) npesbimano ITJIK (0,05 mr-gm™)

HA JIOKAJIbHBIX YYacTKax;

* JoHHBIE OTIoXkeHus p. CeBepHoU [IBUHBI MOXKHO B OCHOBHOM OTHECTHU K He3arps3HEHHBIM (32 UCKITIO-

YEHUEM OT/IEJIbHbIX YUACTKOB, PACIOJIOKEHHBIX B IIpeJiesiax TOPOACKOM YepThl ApXaHTelbCKa);

* ypoBHU HakorieHuss HY B TKaHSX [BYCTBOpYaTbIX MOJUIIOCKOB HE IPEBBILATM YPOBHS ISl

OTHOCHTENIBHO 4uCThIX Bog (0T 40 10 60 mr-kr! Bi. m.) [11].

B maHHO# paboTe HaMU He BHISIBJIEHO KaKUX-TMOO 3aKOHOMEPHOCTeH B HakoruieHn HY TkaHsMU IBY-
CTBOPYATHIX MOJUTIOCKOB T10 M3y4aeMOMY BOIOTOKY B CBSI3U C HEBO3MOKHOCTBIO yUECTh BCE MHOTOUHCIICH-
Hble (DaKTOPHI, BIUSIONINE B €CTECTBEHHOM cpejie OOMTaHUsI Ha HAKOIUICHWE U BbiBejieHHe HeTIHBIX YT-
JIEBOAOPOIOB MOJUTIOCKaMU. VIMEHHO MO3TOMY /ISl OLIEHKH 3arpsi3HEHUS Cpe/ibl OOMTaHUS TUAPOOHMOHTOB
HY HeoO6xoauM KOMITIEKCHBIH MOAXO/, BKIIOYAIOIINI aHAINU3 COISPKAHUSI 9TOTO MOJUTIOTAHTA B a0KOTHYe-
CKHX YaCTsIX 9KOCUCTEMBI U JAHHBIX T10 €r0 HAKOIUIEHUIO B OMOJIOrMUECKUX 00BbEKTAX, a TAKKE HAOJII0IeH e
32 OMOJIOTMIECKUMU MapKEPaMHU.

Paboma evinoanena npu nooddepoicke npoexkma @®AHO Ne0409-2015-0140, npozpammvr YpO PAH 18-9-5-29,
eparmos POPU Ne 18-05-01041, 17-45-290114, 17-05-00342, 17-05-00348.
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ESTIMATION OF HYDROCARBON ACCUMULATION
BY HYDROBIONTS IN THE ESTUARY OF THE NORTHERN DVINA RIVER"

N.V. Neverova & A.V. Chupakov

N. Laverov Federal Center for Integrated Arctic Research, Arkhangelsk, Russian Federation
E-mail: nevnata@yandex.ru

The article contains the results of the research of the content of a mass fraction of petroleum hy-
drocarbons in the bottom layer of water as well as in sediment and tissues of bivalves sampled
in the estuarial of the Northern Dvina River during 2009-2016 in the seasons of the highest filtra-
tion activity of mollusks. Accumulation levels of petroleum hydrocarbons in water, sediments and
tissues of bivalves in the Northern Dvina estuary were estimated. Dependence between petroleum
hydrocarbons accumulation level in bivalves’ tissues and pollution level of their habitat was stud-
ied. Quantitation of petroleum hydrocarbons content in the tissues of bivalves, in the bottom layer
of water and sediments was carried out by fluorometric method. It is found that the mass fraction
of petroleum hydrocarbons in the tissues of bivalves didn’t exceed the level for relatively clean wa-
ter in all studied areas of the river. Considering the mass fraction of petroleum hydrocarbons in bot-
tom sediments of the Northern Dvina estuary, it can be attributed mostly to the uncontaminated and
slightly contaminated areas, except for local areas of the river within the city limits. In the bottom
layer of water in the studied region, the content of the mass fraction of the petroleum hydrocar-
bons exceeds the state standards in some sampling points. It is concluded that further comprehensive
analysis of biotic and abiotic factors is needed to study complex environmental gradients.

Keywords: estuary, Northern Dvina River, mass fraction of petroleum hydrocarbons, bottom water layer,
sediment, bivalves
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ecology development” (11-15 October, 2017, Sevastopol).
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OCOBEHHOCTHU ITIUTAHUA KEPYAKA-AOKA
MOXOCEPHALUS JAOK (CUVIER, 1829) (COTTIDAE)
1 EI'O MECTO B TPO®PHUYECKON CUCTEME IPUKAMYATCKHX BOJI"
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Kamuarckuii punman Tuxookeanckoro uacruryta reorpaguu IBO PAH, [lerponasnosck-Kamuarckuit, Poccus
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npuHATa K myosmmkanm 09.08.2018;  ony6uskoBana oxutaiH 28.09.2018.

Io marepuanam 1978-2008 rr. (975 xeyIkoB 00pabOTaHO KOJIMYECTBEHHO-BECOBBIM METO/IOM, OKOJIO
2 TBIC. JKEJTyJKOB BCKPBITO U MPOAHAIM3UPOBAHO B TOJIEBBIX YCIOBUSIX) PACCMOTPEHBI OCOOEHHOCTH M-
TaHUus Kepuaka-sioka Myoxocephalus jaok B mpukamyatckux Bogax Oxotckoro, bepunrosa mopeit u Tu-
XOr0 OKeaHa U MPeIPUHSITA MOTBITKA BEISICHUTh MECTO STOTO BH/Ia POTaTKOBBIX B TPO(UUECKON CHCTEMe
JaHHOTO paiioHa. [Toka3aHo, YTO Kepuak-sS0K XapaKTepU3yeTcsl IMUPOKUM CHEeKTPOM MUTAHUS (CBBIIIE
100 KOPMOBBIX OOBEKTOB), OTHAKO HAHOOJIbIIIee 3HAYUSHHE B €T0 pallMOHE MMEIOT phIOHI (B cpeaHeM 64,1 %
Macchl MuIM) U aecsatuHorve paku (32,2 %). OCHOBY HepBbIX COCTaBJSIOT KamOaibl Pleuronectidae
(24,3 % maccw um), muHaTat Theragra chalcogramma (14,4 %), TMXOOKeaHCKas riecuanka Ammodytes
hexapterus (9,5 %) u poratkoble Cottidae (5,6 %); Bropsix — KpaOsl cemerictBa Majidae (22,4 %) (rnas-
HBIM 00pa3oM kpad-ctpuryH Chionoecetes opilio (14,2 %) v xpa6-niayk Hyas coarctatus (8,1 %)), a Takxke
Kpabwl cemeiicTBa Atelecyclidae (4,7 %) (mperMyIIeCTBEHHO MATHYTOJIBHBINA BOJOCATHINA Kpad Telmessus
cheiragonus (4,5 %)) u kpeBetku cemerictBa Crangonidae (3,1 %). PaccmoTpeHsl ce30HHBIE, TOKATbHbIE,
MEXXTOJIOBbIE M BO3PACTHBIE U3MEHEHUsI COCTaBa MUIIM Kepyaka-si0Ka. YCTAaHOBJIEHO, YTO STOT BUJL SIB-
nsietcs paKyIbTaTUBHBIM XUIITHUKOM-3aCaTIMKOM; éMy CBOMCTBEHHA BHICOKAs IUIACTUYHOCTD MMUTAHUSI,
JaroIas BO3MOXKHOCTb UCIIOJIb30BaTh 3HAUMTE/IbHBI HAOOp MMIIEBBIX KOMIIOHEHTOB. B Tpoduueckoin
cHrCTeMe MPUKAMYATCKUX BOJ| BBIAEIEHBI 3BeHbsI, (DOPMUPYIOIINe OMOMacCy Kepuaka-soKa.

KaroueBrblie caoBa: kepuak-siok Myoxocephalus jaok; Cottidae; ce30HHbBIE, JIOKaJIbHbIE, MEKIOIOBbIE
M BO3pAaCTHbIE M3MEHEHMs COCTaBa MUINK; (paKyJIbTaTMBHBIN XUIIHUK-3aCa UMK ; PUKAMUYATCKUE BOJIBI
Oxortckoro, bepunrosa mopeit u Tuxoro okeana

Kepuak-sok Myoxocephalus jaok (Cuvier, 1829) — oauMH M3 KpyIHBIX M HIMPOKO PacIpOCTPaHEH-
HBIX B ceBepHOH yactu Tuxoro okeana BUJ0OB poraTtkoBbiXx peiO (Cottidae), ABISIONIMIACA XapaKTepHbIM
MpeJICTABUTENIEM JeMePCATbHON UXTUOMaYyHBI pUKaMyaTckux BoA [4, 35]. OH BcTpevaeTcs OT CeBEPHbBIX
parioHOB SIMOHCKOTO MOpSI M THUXOOKEAHCKOTO MOOepexbsi 0. XOHCIO [0 3alagHON 4acTH 3ajmBa AJisic-
ka u Bpuranckoit Koxymouu, Brmodas akBaropur OXoTckoro u beprHroBa mMopei (3apeructpupoBaH
B I0KHBIX palloHax UyKOTCKOro Mops), a Takxke MPUKYPUIbCKHE, MPUKAMUYATCKUE U MPHAJICYyTCKUE BO-
awl [5, 21, 31, 32, 33, 36, 37, ap.]. YuuTbiBasi OTHOCUTENIHHO BBICOKYIO YMCIEHHOCTh U OMOMACCY 3TO-
ro Kepuaka B psijie paiioHOB ero oowrtanus [4, 24, 27, 30, ap.], MOKHO CKa3aTh, YTO OH KaK XHUIITHUK
UrpaeT CYIIECTBEHHYIO POJib B JOHHBIX MXTHOLICHAX, 4 TAKKEe MOXKET ObITh OOBEKTOM MPUOPEKHOTO PhI-
O0JIOBCTBA, TIOCKOJIbKY 00J1a1aeT 3HAUYMTEILHBIMU pa3zMepamMu [24, 27] 1 TOCTaTOYHO BBHICOKOM MUIIEBON
LIEHHOCTHIO [9].

“)Crarest 0 MarepuaiaM JIokJ1anoB Beepoccuiickoil KoH(bepeHIMH ¢ MexX1yHapoJHbIM yuacTueM «HayuHbie uyTenus, nocsiménnsie 110-netuio co aHs
poxaenus 1. 6. H., npocdeccopa Bukropa Cepreesuya HBnesa (1907-1964) u 100-netuio co nus poxaeHus 1. 6. H. Mpunst BuktoposHs! IBnesoii (1918-1992)
“ITepcrieKTUBBI M HAIPABJICHNS Pa3BUTUSA SKOJIOrUK BOA0EMOB™» (11-15 oktsa6ps 2017 r., CepacTomnonb).
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HecMoTpst Ha Hauve LeJioro psiaa MmyOJIMKaIuid, B KOTOPBIX MPUBEIEHBI CBEJICHHUS O COCTaBe THUIIU
U XapakTepe NMUTaHUs Kepuaka-sioka B NMpUKamMyaTckux Bogax Oxortckoro, bepunrosa mopeit u Tuxoro
okeaHa [2, 4, 16, 17, 23, 25, 26, 34, np.], MeCTO 3TOro BUAa POraTKOBBIX B TPO(PUUECKON CUCTEME TAHHOTO
paiioHa OCTa€Tcsl 40 HACTOSIIIEr0 BpeMEHH He BhISICHEHHBIM JI0 KOoHIIa [4, 15, 16, 26, ap.].

Llenb paGOTHl — Ha OCHOBAaHMM OOOOIIEHHMS MHOTOJISTHUX JaHHBIX MMPOAHATM3UPOBATh OCOOEHHO-
CTU THWTaHMS Kepyaka-sioka y OeperoB KamMuaTku v mpeACTaBUTh B MEPBOM MPHUOTUKEHUH €ro MECTO
B TPO(pUUYECKON cucTEME MpUKamyaTckux Boj Oxorckoro, bepunrosa mopeii u Tuxoro okeaHa.

MATEPUAJI 1 METO/1bI

B ocHOBY paOOTHI IOJIOKEHBI PE3YIIbTAaThl aHAIN3A COAEPKUMOTO KeJTyJKOB KepUaKa-sioKa, COOPaHHOTO
B pasnnuHble ce30Hbl 1978-2008 IT. B 1ATH pailoHax MpUKaMyaTCKUX Bog (puc. 1):
1) Ceepo-3anaa KamuaTku (Bbime 54° c. 11.);
2) IOro-3amag KamuaTtku (mo 54° c. m1.);
3) IOro-Bocrok KamuaTtku (M. Jlonmatka — M. [ToBOpOTHBIN);
4) Kponoukuit 3amuB (Bocrounas Kamyarka);
5) Kaparunckuii 3anuB (oro-3anajasas yactb bepunrosa mopsi).

JloB mpow3BOAMIM JOHHBIMH TpajlaMH M CHIOPPEBOJOM (JOHHBIM HEBOJOM) Ha IiIyOmHax or 15
1o 400 m. C60op 1 00pabOTKY >KETyIKOB BEJM B COOTBETCTBUM ¢ «MeTtoandyeckum nocoduem...» [12].
Bce opranusmel 0 BO3MOKHOCTU OIpEAessui 10 Buja. KosmyecTBeHHO-BECOBBIM METOAOM 00padoTa-
975 xeyaKoB Kepyaka-sioka. [JornoJHUTEeIbHO BCKPBUIM M NTPOAHAIM3UPOBAIN B MOJIEBBIX YCJIOBUAX
€I1I€ OKOJIO 2 TBIC. KEJIyJKOB, UYTO MO3BOJIMJIO CYLLIECTBEHHO PaCIIMPUTD MPEJICTABIEHUE O KaUeCTBEHHOM
COCTaBe IMHIIM 3TOTO BUA POTaTKOBBIX M O pa3Mepax MOTpedsseMbIX UM OpraHiu3MoB. CTaTUCTHUYECKYIO
00pabOTKY MPOU3BOIMIIM IO OOIIETTPUHATHIM MeToquKam [11].

160° 180° B.1.
m. HaBapun
e 600
M. OnmoTopekuit
M-0B bepunzoeo
(D F Kawuarka 3 Mope
~ .I- ; + 55°
Q4 :
. Do
-]
@ :'I 0?;‘ = .:nwa :
» '
i 7] - 50°
% 4-u Kypurscruii RPOUG
P 4 . C.II.

Puc. 1. Cxema pacronoxeHust MecT cOopa MaTepUaJioB 10 MUTAHUIO KepYaKa-s0Ka B MPUKaMYaTCKUX BOAAX
(HOMepa paiiOHOB yKa3aHbl B TEKCTE)

Fig. 1. Scheme of sampling points to study feeding of the plain sculpin in near-Kamchatka waters
(the numeration of the regions see in the text)
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PE3VIJIbTATBI 1 OBCYKIEHUE

Oo6mme cBeneHnsi 00 oOpa3e KU3HH W XapaKTepe NUTAHUS Kepuyaka-sioka. [lo jaHHBIM
YUYETHBIX TPAJOBBIX CbEMOK, BbINOJHEHHBIX B 1980-err. axcnieauumavu TUHPO-Lentpa, uncineHHOCTD
Kepuaka-sioKka B IPUKaMYaTCKUX BOJAaX HauOoJIee BeIMKa Ha 3aMaJHOKaM4yaTcKoM Ienbde (puc. 2). Y tu-
XOOKEaHCKOTo nodepeskbsi KamMyaTky BeMyrHa yJIOBOB 3TOTO BHA 3HAYMTETLHO HUKE, YeM B IPUKAM-
yaTcKux Bojaax Oxorckoro mops [2, 24, 27], npuyémM e€ MUHUMaJIbHbIE 3HAYeHUs1 oTMevalotrcs y KOro-
Bocroka Kamuatku u B Kamuarckom 3ayuBe. B 3anmagHon yactu bepuHrosa Mopst MakCUMaJIbHBIE YJIOBBI
Kepyaka-s0Ka XapakTepHsl 411 Kaparuackoro 3aimsa.

30
25 -
20 -
15 -

10 -

0 | | — | | — |

1 2 3 4 5 6 7
PalioH

CpegHwii ynos, ak3s.Juac. TpaneHue

Puc. 2. OTHOCHTENbHAS YUCIIEHHOCTh KepYaKa-s0Ka B Pa3IMYHbIX palioHaX MpHUKamMJyaTcKux Bog B 1980-err.:
1 — CeBepo-3anan Kamuartku (Bbiie 54° c. 11.); 2 — ¥Oro-3anan Kamuatku (1o 54° c. m1.); 3 — IOro-Boctok
Kamuatku (m. Jlonatka — M. IloBopotHsiil); 4 — Kpononxuii 3B (Bocrounas Kamuatka); 5 — Kam-
yarckuil 3aymB (Boctounas Kamuarka); 6 — Kaparunckuil 3a1uB (foro-3amnajgHasi 4acTb bepuHrosa mops);
7 — OmoTopckuil 3ayUB (10ro-3araaHas 4acTb beprHroa Mopsi)

Fig. 2. Relative number of the plain sculpin in different regions of near-Kamchatka waters in the 1980s:
1 — Northwest Kamchatka (above 54°north latitude); 2 — Southwest Kamchatka (to 54°north latitude);
3 — Southeast Kamchatka (Cape Lopatka — Cape Povorotnyi); 4 — Kronotskyi Gulf (Eastern Kamchatka);
5 — Kamchatskyi Gulf (Eastern Kamchatka); 6 — Karaginskyi Gulf (southwestern part of the Bering Sea);
7 — Olyutorskyi Gulf (southwestern part of the Bering Sea)

Kepuak-sioK BXOJMT B COCTAaB JIMTOPAILHOrO UXTHOIeHA [35]. OH oOuTaeT B GaTUMETPHUECKOM JHa-
nazone 0—680 M, 0IHAKO B TeUEHHE I'OI0OBOIO IUKJIA TPeodIaJaolas 4acTb 0cOOei AEPKUTCS B OCHOBHOM
Ha rryouHax meHee 180 M [26, 27]. [l JaHHOTO BUJA XapaKTEPHBI CE30HHBIE BEPTUKAJIbHbBIE MUTPALIIU:
BECHOW — Ha HaryJ B MPUOPEKHYIO 30HY, OCEHbIO — Ha 3UMOBKY B BEPXHIOIO YaCTh MATEPUKOBOTO CKJIO-
Ha [26, ap.]. DTOT Kepyak SABISAETCA OJHUM U3 KPYIHbIX BUIOB POTaTKOBBIX CEBEPHOM yacTu THUXOro okea-
Ha, ero npenesbHblie pazMepsl gocturaloT 70 cm u 4,9 kr [2, 26, 27], 0IHAKO OCHOBY YJIOBOB [IOBCEMECTHO
COCTaBJISIIOT 0coOu AnuHoM (TL) 25-45 cm ¢ maccoit Tena 0,5—1,5 kr [4, 26]. B cBsi3u ¢ IpKO BhIpakK€HHBIM
MOJIOBBIM IUMOP(HU3MOM PhIOBI MAKCUMAJIbHBIX pa3MepoB — Bcerga camMku. Hanbosblias qivHa caMIioB
Kepyaka-sioKka He mpeBblinaet 52 cM, a macca — 2,2 kr [27].

[To crocoOy muTaHUsI KepYak-siOK — XHIHUK-3aCaTIUK, KOTOPBI BEJET CPAaBHHUTEILHO MAJIONO-
JBVDKHBIA 00pa3 KWU3HU, MpU JOOBIBAHUM UM MAacCKUPYeTCsl Ha TPYHTE M XBaTaeT JTOOBIYY Ha PaccTo-
SIHUM, He TpeOyIoleM 3HauuTeIbHOTO TiepemMeltieHust [25, 26, ap.]. Ero nuimeBoil criekTp B mprKamyar-
ckux Bojax BkimodaeT cBbiiie 100 KopMoBbIX 00beKTOB (10 70-90 TAKCOHOB B KaXIOM M3 paccMaTpu-
BaeMbIX pailoHOB). OHAKO HauOoJblllee 3HAUCHUE B PALIMOHE B TEUEHHE Toja MOBCEMECTHO UMEIOT Phl-
Oob1 — 59,9-74,5% (B cpennem 64,1 % mno macce) — u necatuHorue pakoodpasneie (Decapoda) —
23,7-71,8 % (32,2 %) (tabu. 1, puc. 3). OCHOBY IepBbIX COCTaBIIOT KamOabl Pleuronectidae (24,3 %)
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(npeumymiecTBEHHO kenroneépasi Limanda aspera n caxanuHckas L. sakhalinensis), muntaii Theragra
chalcogramma (14,4 %), TuxookeaHckas necuanka Ammodytes hexapterus (9,5 %) n poratkopble Cottidae
(5,6 %) (1abn. 2), BTOpeIX — KpaObl cemeiictBa Majidae (22,4 %) (rmaBHBIM 00pa3oM KpalO-CTpUTYH
Chionoecetes opilio (14,2%) u kpa0-mayk Hyas coarctatus (8,1 %)), a Takxke KpaObl ceMmeilcTBa
Atelecyclidae (4,7 %) (rnaBHBIM 00pa30M IATUYTOJIBHBINA BoJIOCAThIN Kpad Telmessus cheiragonus (4,5 %))
1 KpeBeTKH cemericTBa Crangonidae (3,1 %) (ta6u. 3). Bce ocTanbHbIE KOPMOBBIE OPraHU3MbI MOKHO OTHE-
CTH K KaTeropuu AOMOJHUTEIbHON UM CITy4YailHOW MUK, MOSIBJISIOIENCS B palliOHe KepyaKa-sioKa Mpu
HEJ/IOCTATKEe OCHOBHBIX OOBEKTOB MUTAHMS WM IOMYTHO C IPYTMMU ruapoouoHtamu. Panee Hamu ycra-
HOBJICHO [23], 4TO MHTEHCHBHOCTh MIUTaHUS Kepyaka-sioka y OeperoB KamyaTku B TeueHHe rojia Hapacra-
€T OT 3UMBI K JIETY, IOCTHrasi Makcumyma B utojie (B cpegHeM 307 %oo), 3aTeM MPOUCXOJUT € CHUKEHUE
1o muarMyMa (110 %e0) B nekadpe-sHBape.

Ce3oHHbIE U JIOKAJbHbIE H3MEHEeHHsI cocTaBa nmuiu. M3BectHo [4, 23], 4TO ce30HHbIE U3MEHe-
HUS IOTPeOIEHUS KEPUAKOM-SIOKOM MTPeCTaBUTENEN OTIENbHBIX TPYII OPraHM3MOB BECbMa 3HAUUTENIbHBI.
[To HaMM AaHHBIM, Ha 3aMaJHOKaMYaTCKOM Iesbge (paiioHsl | 1 2) B JI€THUI NEepUO] INIABHBIM OObEK-
TOM IIMTaHUsI 3TOTO XUIITHUKA CITyKaT KaMOaJIbl (MTPEUMYILECTBEHHO CaXaIMHCKAsI M KEeATONEPast), MUHTAN
1 necyaHka (tadu. 2). [Ipyrue pelObl 1 IECATHHOTHE PaKooOpa3HbIe JIeTOM B HIIE KepyaKa-sioka UrpaioT
MEHBIIYIO poJib. B oAbl BBICOKOM YMCIEHHOCTH MOMBH Mallotus villosus catervarius AIMEHHO OHA COCTaB-
JISIeT OCHOBY PBHIOHOI MUK STOTO Kepuaka BO BpeMsl HaryJia, Torjaa Kak norpediieHre kamoda CoKpariaeT-
cs1 [23]. 3uMoii COOTHOIIIEHHE MTOEAAEMbIX OPIraHM3MOB Pe3Ko MeHseTcs (Tadi. 1, 2). B cBs3u ¢ ce30HHOM
MHUTpalel Kepuaka-s0Ka K HUKHEH IpaHulie 1iesbga U B IPUJIETaolyIo K Hel BEpPXHIOI 30HY KOHTUHEH-
TaJIBHOTO CKJIOHA, TAaKWE BUJIBI MPHOPEKHBIX PHIO, KaK MecyaHka, OOBIKHOBEHHBIA BOJIOcO3yO Trichodon
trichodon v naTHUCTBIN Tepryr Hexagrammos stelleri, TOTHOCTBIO BBIMIAJAIOT U3 €ro paroHa (tadi. 2). [lo-
711 KamOaut B cocTtaBe nuiy B Bogax FOro-3anagHoit KamuaTtku cokpainaetcst Oojiee yeM B TpH pasa, pu
9TOM 3HaYeHUE MUHTAs ¥ pa3IMYHbIX MTpeacTaBuTeneil cemericta Cottidae Bo3pacraert (Tad. 2). B 3umuue
MeCSIIIbl TAKKe MPOMCXOIUT PE3KOE YBEINUEHHE MOTPEOICHU I KEPYaKOM-sI0KOM JECATUHOTHX pakooOpas-
HBIX (Ta0M. 1, 3). Pob MUHTAasI Kak MUIIEBOTo0 0ObEKTa 3TOro XUIHMKA B Bogax CeBepo-3amnagHon Kamyar-
KU B 3UMHHUE MECSIIbl CYIIECTBEHHO YMEHBINAETCs, YTO 00BSICHSETCS MHUTpalueit ero Mesnkux (1o 40 cm)
ocobeii Ha TiTyOrHbI 6osee 300 m.

Y BOCTOUHOTO MoOepekbsl MOIyOCTPOBA CE30HHBIE U3MEHEHHS B COCTaBe MUIIY KepuaKa-s0Ka HOCAT
MHOH Xxapaktep (Tadm. 1, 2). JleTom B THXOOKeaHCKMX BoAax Kamuatku (pailoHbl 3 U 4) OCHOBHBIMH €T0O
KOPMOBBIMH OOBEKTAMH SIBJISIIOTCS AECATHHOTHE pakd (Tadi. 1), cpeu KOTOPBIX JOMUHHUPYIOT KpaOsl ce-
MerictBa Majidae (ta6u1. 3). PbIOBI (TperMyIiecTBEHHO MHHTAM M ITeCUYaHKa) B IUIIE 3TOrO Kepyaka 3/1eCh
MMEIOT MeHbIllee 3HaUeHUe, YeM y 3anmagHoro nmodepexbs Kamyarku (Tadun. 1, 2). JJOMUHUPYIOT AecATH-
HOTHe pakooOpa3Hble B pallioHe Kepuaka-soka v B Kaparunckom 3anuse bepunrosa mops (paiioH 5), To-
ra Kak pbiObl 3[IeCh B JIETHUH MEPUO]] UTPAIOT BTOPOCTETNIEHHYIO POJib, MPUYEM JIOJISI MUHTAs U KamOan
KpaiiHe HeBesuka (Bcero 1,2 u 3,4 % cOOTBETCTBEHHO), & OCHOBY paIlMOHA, HApsIIy C JECATUHOTUMU PaKo-
00pa3HBIMH, COCTABJISIOT pa3iruHble BUIbI cemericTB Cottidae, Zoarcidae, Stichaeidae m THXOOKeaHCKast
niecyaHka (tabi. 2). 3MMoii B THXOOKEaHCKUX Bojiax KamyaTku moTpedieHre MIUHTAs KEPYaKOM-SIOKOM Cy-
IIECTBEHHO YBEJIMUMBAETCS, & JECATUHOTUX PAKOOOPA3HBIX — HA0OOPOT, COKPAIAETCsI, YTO OOYCIIOBIIEHO,
Ha HaIl B3IJIsI[, CE30HHON MUTpaIiiell XMIIHMKA K BEpXHEU IrpaHuile MAaTePUKOBOTO CKJIOHA (Tadu. 1, 2).

[ToCKOIBKY YMCIEHHOCTh, MECTA M CPOKM 00Pa30BaHUsI CKOTIJIEHUI KOPMOBBIX OOBEKTOB KepUaKa-sioKa
MOJBEPKEHBl MEXKIOI0BOW TMHAMUKE, COCTaB €ro MUIIY B Pa3jMyYHbIe TOJbl MOXKET TaKKe CYIIECTBEHHO
ommyatkcs. Tak, B uesoMm B Bojax IOro-3anagnoit Kamyatku OCHOBY painioHa 3Toro Bujaa (popMupyoT
MUHTal, KaMOasibl U KpaoObl cemeiictBa Majidae (Tabut. 2, 3), HO MX COOTHOIIIEHHUE B MUILIE B JIETHUI NIEPUOJ
B pasHble TOJbI BapbUPYET B IIMPOKUX Mpelenax: Hampumep, A0S JAECATUHOTUX PaKoOOpa3HbIX — OT
3,2% (1980) mo 21,0 % (1988), kamban — ot 73,3 % (1980) mo 30,4 % (1988) [23]. [TosTomMy TpoOHI,
B3ATHIE B OT/EJIbHBIC TO/Ibl, HE BCET/IA JAAI0T BEPHOE MPEICTABJICHUE O COOTHOIIIEHNH KOPMOBBIX OOBEKTOB
B PalLIMOHE JIJAHHOTO XMIITHUKA.
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Cottidae
Mallotus villosus catervarius ]

Trichodon trichodon 7:]
Limanda aspera ]

L. sakhalinensis | ]

Myzopsetta proboscidea 7:|
Ammodytes hexapterus

Theragra chalcogramma |

DOpyrue Pisces

Chionoecetes opilio

Hyas coarctatus

Telmessus cheiragonus !
Crangonidae 7:|
[Opyrue Decapoda 7:|
Mpouve opraHu3mbl 7

\ \ \ \ \ \ \ \
0 2 4 6 8 10 12 14 16

OTHOCUTENBbHOE 3HaYeHue B nuLye, % no macce

Puc. 3. 3HaueHne OCHOBHBIX KOPMOBBIX OOBEKTOB (% 1O Macce) B IMUIE KepuaKa-soKa B MPUKAMYATCKUX
Bogax (1978-2008)

Fig. 3. Significance of the main nutritive objects (wt %) in food of the plaint sculpin in near-Kamchatka
waters (1978-2008)

Bo3pacTHble n3MeHeHus1 cocTaBa numu. Hapsay ¢ ce30HHBIMU, JIOKAIBHBIMU U MEXKTO/IOBBIMU,
y Kepyuaka-sioKa JOCTaTOUYHO SIPKO BBIPAKEHBI BO3PACTHBIE M3MEHEHHsI COCTaBa MUIIIM, 00IIast 3aKOHOMep-
HOCTb KOTOPBIX TAaKOBa: IO Mepe pocTa noTpediieHre peld yBeIMUMBaeTCs, a OECIIO3BOHOYHBIX — HA000-
poT, cokpammaercs [4, 16, 23, 25, 34]. Ocobu pymHON MeHee 15 cm siBistioTest OenTodaramu [17], y peio
16-25 cm oTmeuaeTcsi CMeNIaHHBIA TUI TMTaHUs, a 0ojiee KpyIHbIe 0cOOU (CBBIIE 25 CM) MEepexomsiT
K xumHr4YecTBy [23]. Hamm naHHbIe XapakTepu3yloT B OCHOBHOM IUTAaHUE Kepyuaka-sioKa UIMHOH OoJee
20 cM. YuuThIBasi HEOJMHAKOBOE 3HAYEHUE MUILEBHIX KOMIIOHEHTOB B JIETHUE U 3UMHUE MeCsIIbl, aHATIN3
BO3PACTHBIX U3MEHEHUH ero MUIIY MTPOBEIU OTAEIBHO MO ce30HaM (puc. 4).

B nernmii nepuoj, korma y Kepyaka-sioka MPOUCXOJUT UHTEHCUBHBIM HaryJs, OCHOBHOI MUIIEH €ro
0co0siM pazmepoM 21-40cM B IpUKaMUyaTCKUX BOAAX CIIyXaT pa3jMyHble MEJKUe CTaiHble phlObl (50—
62 % mo macce), MpeICTaBJIeHHbIE [JIABHBIM 00pa30M MOMBOM, MECYaHKOW U CTPEJIOBUAHBIM JIIOMIIEHOM
Lumpenus sagitta. OpHako y 60Jiee KpyITHbIX 9K3eMIUISIPOB KepuaKka-soKa ux J0Js1 cokpaiaercs (puc. 4).
[Tpu pmne 26-30 cM 3TOT MpeICTaBUTeh POraTKOBBIX HAYMHAET NOTPeOIsITh KaMOal U MUHTasl. 3Have-
HUE NIEPBBIX TI0 MEPE €ro pOCTa MOCTENEHHO BO3pacTaeT, Aocturas MakcumyMma (37 %) y cambIX CTapImMx
ocoOeil. B oTimume oT 10711 KaMOaJkl, 1011 MUHTAs B MHUIIE TOTO XMITHAKA Pa3HBIX Pa3MepoB BapbUpy-
€T He3HauMTeNIbHO (puc. 4). [lecATUHOTME pakooOpa3Hble B PallMOHE KepyaKa-sioKa pa3InYHbIX pa3MepHO-
BO3PACTHBIX I'PYII UTPAIOT CXOAHYIO poJib. OHAKO MO Mepe ero pocTa MorpedieHre KPeBeTOK MOCTENeHHO
cokparaercs (¢ 11 % mo macce y oco6eit 21-30 cMm 10 4 % y pbi6 qymHou 51-60 cm), Toraa kKak KpaboB —
Ha060poT, Bo3pacTaeT (¢ 7 10 17 % cOOTBETCTBEHHO).

B 3uMHuE MecsIpl B MUIle Kepyaka-sioka pazmepoM 21-40 cm pe3ko yBeInunBaeTcsl 3HaUeHHe MUH-
Tast (29—43 % 1o macce), KOTOPbII BMECTE C pa3IMuHbIMUA MEJIKUMU BUJaMu pbld cemerictBa Cottidae co-
CTaBJIsIeT OCHOBY pallMOHA 3TOrO XWIMHUKA (puc. 4). Mexay TeM ux nojs y Hauboliee KPYyIHBIX 0cOoOeH
Kepyaka-sioKa CyIeCTBEHHO COKpalllaeTcsl, HO, Kak M JIeToM, Bo3pacTtaeT nmorpediaenue kamoan (1o 20 %
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no macce npu aavHe 51-60 cm). B ommume ot JieTHero nepuoja, 3MMHee BpeMsl XapaKTepu3yeTcsl TeM,
YTO TI0 Mepe YBEJIMUEHHUsI pa3MepoB Kepyaka-sioka Pe3Ko HapacTaeT MoTpedsieHrne UM KpaboB ceMeiicTa
Majidae, 107151 KOTOPBIX Y caMbIX KpymHbIX ocodeit (51-60 cm) nocturaer 47 % no macce (puc. 4).

Macca naum, %
100% 1

80%

2130 31-40 4150 51-60
LnuHa, cm

Macca nuuwgm, %
100%

80%

60%

40%

S eeentti]
20% NN R
ISl L l'lll'l'l':l'lll o Sl 4]

0%
21-30 3140 41-50 51-60

AnuHa, cm

Puc. 4. Vzmenenue cocraBa nuniu (% 1o mMacce) Kepyaka-sioKa B PUKaMUYaTCKUX BOJAX 10 Mepe ero pocra:
a — TepuoJ| ¢ Masl 10 aBrycT; b — mepuos ¢ aexadps no mapt (1 — kamOanbl, 2 — MUHTal, 3 — JIpyrue
pbIObI, 4 — Kpadbl, 5 — Apyrue JecATUHOTHE Paku, 6 — Mpoyre)

Fig. 4. Change in the food composition (wt %) of the plain sculpin in near-Kamchatka waters during its
growth: a — from May to August; b — from December to March (1 — flatfishes, 2 — Alaska pollock, 3 — other
fishes, 4 — crabs, 5 — other Decapoda, 6 — others)

Kak um y MHOrux Jpyrux BHMJOB pblO, Y Kepyaka-soKa XOpOIIO MPOSBISAETCS 3aKOHOMEPHOCTh
yBEJIMYEHUSI KOPMOBBIX OOBEKTOB, UCIIOJIb3YEMBIX B MHUIILY, C POCTOM €ro pa3MepoB [23].

Mecto B Tpohuueckoi cucreMe. AHAJIN3 COCTaBa MUIIA U OCOOEHHOCTEN NMUTAHKS KepUuaKa-soKa
B MIPUKAMYATCKHUX BOJIaX JAET BO3ZMOXKHOCTh B MEPBOM MPUOJIMIKEHUU OIIPEIEUTh €r0 MECTo B Tpoduye-
CKOH cHCTeMe JaHHOTro paiioHa. IIpu 3TOM Mbl UCXOOUIM U3 KOHUEILMHU, COIIACHO KOTOPOM OpPraHU3MBbl,
NOJTyYalolliye MUILY OT MPOIYLEHTOB Yepe3 OJMHAKOBOE YKCIIO 3BEHBEB, CUMTAIOTCS MPUHAIEKAIUMU
K OIHOMY Tpo(prueckoMy ypoBHIO [18].

[Mo nurepatypubiM nanueM [ 1, 3, 6, 8, 10, 13, 14, 17, 19, 20, 22, 25, 28, 29, 30], mpeodagaoriee 601b-
IIMHCTBO NHIIEBBIX OOBEKTOB Kepuaka-sioka (0kojio 99 % 1o macce) SIBISIOTCS MOTPEOUTENSIMHU KUBOT-
HOH iy (KpaObl, paKU-OTIIEIbHUKH, KPEBETKH, OCBMUHOTH, PbIObI), HeKpodaramu (OpIoXOHOrHe MOJI-
JIIOCKM), JETPUTOEIaMU (3XUYPUIbI) UM BCESITHBIMU, MOTPEOIAIOIIMMYI B PABHOM CTENIEHU PACTUTEIIbHYIO
MY, PACTUTEIbHOSIHBIX )KUBOTHBIX M OPraHUYECKUE OCTATKM (OOKOIIaBbl, MHOTOLIIETUHKOBbIE YePBH,
ABYCTBOpYAaThle MOJUTIOCKHU). T. €. X BCEX MOKHO paccMaTpuBaTh Kak KOHCYMEHTOB 2-TO MOPs/IKA WIH 3a-
HUMAIOIIMX POMEXKYTOYHOE MOJIOKEHUE MEKy KOHCYMEHTaMH 1-ro ¥ 2-ro NopsiAKOB, XOTsI HEKOTOpbIE
BUJIBI pHIO ¥ KpAaOOB MOTYT OBITh OTHECEHBI K KOHCYMEHTaM 3-TO MOpsIAKa.

Marine Biological Journal 2018 Vol 3 No 3
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Ha cxeme (puc. 5) BblmeneHsl TpogHUecKHe 3BEHbs, 3a CUET KOTOpPBIX co3maércsi Ouomacca

Kepuaka-sioKa B IpUKamMyaTcKux Bojax. Ero B3pocibie ocobu, koHcymMeHThl 3-ro nopsaka (Ks) (nmpasna,
COIVIACHO JAHHBIM JPYTUX UCCieaoBatesniei [ 7], camble KpyITHbIE U3 HUX, T. €. pa3MepoM Oosiee SO cM, MOTyT

OBITH OTHECEHBHI 1aXke K KOHCYMEHTaM 4-T0 MopsiaKa), (opMUPYIOT OCHOBY cBoel 6Gromacchl (0koio 96 %)
(bakTHUECKU JHIIB 32 CYET PBHIO M IECATHHOTUX PaAKOOOPa3HBIX — TJIABHBIM 00pa30M KOHCYMEHTOB 2-TO
nopszka (K;). 1o BcessiHBIX rpynm 6eHTOCa — OOKOIIIABOB, MHOTOINETUHKOBBIX YePBEH, 3XUypH/L, IBY-
CTBOpPYATHIX MOJUTIOCKOB U Jpyrux (K;—Kj;), moTpedinsionux B paBHOM CTeNeHH paCTUTENLHYIO MHIILY, pac-

TUTEJIbHOSIIHBIX KUBOTHBIX U MX OCTaTKH, — He TMpeBhIIaeT 3 % 1Mo macce, IpuIeM HCIOJb3YIOTCS OHU
[JIaBHBIM 00pa30M MOJIO/IBIO KepUaKka-soKa pa3MepoM MeHee 25 cM.

K

Gastropoda

Octopoda

K,

Bivalvia [|Echiurida

Polychaeta | |Amphipoda

Ki-K;

Puc. 5. Cxema Tpoduyeckux 3BEHbEB, 32 CUET KOTOpHIX (popMHUpyeTcsi OMomacca Kepuaka-soKa B IpH-
kamyatckux Bogax. Oo6osHaueHus:: K{—K, — ¢uto- u 3000eHTOdarn; Ky — KOHCyMeHTHI 2-ro Nopsijka;
K3 — xoHCyMeHTH 3-rO TMOpsKa, 4YWClia B TPEYrOJNbHUKAX — [OJs KOMITOHEHTOB JaHHOTO YPOBHS
B parione, %; A — meHee 1 %; B — 1-2 %; C — 30-35 %; D — > 60 % no macce. [losicHeHHs1 CM. B TeKCTe

Fig. 5. Scheme of trophic units that play a role in the formation of biomass of the plain sculpin in near-
Kamchatka waters. Designations: K;—K; — phyto- and zoobentophages; K, — second order consumers;

K3 — third order consumers; numbers in triangles are the percentage of components of this level in the diet, %;
A—-<1%;B-1-2%; C—-30-35%; D —> 60wt %. See the text for explanations

BriBoabI:

1. B mpukamMyaTCKHUX BOjIax Ke€pUak-sIoK sIBJseTCs (paKyIbTATUBHBIM XUITHUKOM-3aCaJUMKOM, KOTOPOMY
CBOWCTBEHHA BBICOKAS IIACTUYHOCTb MUTAHMUSI, JAI0IIAs BO3MOXKXHOCTbh MCIIOIb30BATh 3HAUYUTEIbHBIN
Ha0Op MOTEHIIUAIBHBIX MMUIIEBbIX KOMIIOHEHTOB.

2. XOTs BUJIOBOUM COCTaB U CTETeHb MCIOJIb30BAHUS B MUY OTAEIBHBIX TPYII OECIIO3BOHOYHBIX U PBIO
B Pa3JMYHBIX PaliOHAX MPUKAMYATCKUX BOJI 3aMETHO Pa3IMYaAIOTCs B T€UEHHUE roja U Ha MPOTSKeHU!
KU3HEHHOTO ITMKJIa Kepyaka-sioka, OCHOBa ero omomaccel (0kosio 96 %) noscemecTHO hopMUpPYeT-
cs 3a CU€T JIByX I'PYII KOPMOBBIX OOBEKTOB — PBIO U JIECITUHOTUX PAKOOOPA3HBIX, HAXOMSIIUXCS
Ha IBYX TPO(PUUECKUX YPOBHSX, IJIABHBIM 00pa30oM KOHCYMEHTOB 2-TO TMOpPsIKAa, B MEHbIIEH cTere-
HU KOHCYMEHTOB 3-ro mopsiaka. loyisi mpeactaBuTesield mpoMeKyTOYHOTO YpoBHs ((puto- u 3000eH-

TO(paroB), KOTOPHIMU MUTAETCS MPEUMYIIECTBEHHO MOJIOJb KEpuaKa-soKa pa3MepoM MeHee 25 cM,
HE TpeBbIaeT 3 % Macchl MUIIIN.

Marine Biological Journal 2018 Vol 3 No 3
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3. Cpeau pplO OCHOBHOE MECTO B COCTaBe IMHUIIM KepyaKa-soKa 3aHMMaloT KamOassl (24,3 % 1o macce,
[JIaBHBIM 00pa30M CaxajlMHCKAas U KeJITONEpasi), TAKOM MHOTOUMCIIEHHBI B ceBepHOM yacTtu Tuxoro
OKeaHa IPUIOHHO-TIeJIarn4ecKui Buj, Kak MuHTai (14,4 %), 31uTopasbHbIi IpeICTaBUTE b UXTHO(A-
YHBI TUXOOKeaHCKas necyanka (9,5 %) u poratkoBsie (5,6 %); cpeu IECITUHOTUX PaKOOOpa3HbIX —
Kkpad-ctpuryH Chionoecetes opilio (14,2 %), kpad-nayk Hyas coarctatus (8,1 %) v TATHYTOJIBHBINA
BoJtocaThlid Kpad Telmessus cheiragonus (4,5 %).

Paboma evinonnena 6 pamxax zoczaoanust THI" /IBO PAH no meme «EcmecmeeHHble U aHmponozeHHvle (haKmopbl
8 360.M1I0UUl, OUHAMUKE U YCIMOUMUBOCIU PAZHOPAHZOBbIX 260CUCTEM U UX KOMNOHEHINO08 @ NepexoOHOll 30He: CYyua —
oxean» (npoekm Ne0272-2015-0023).

BaaromapHocTb. ABTOp BbIpakaer OnarogapHoctb BceM cotpynHukam KamuatHUPO u TMHPO-Llentpa,
npuHEMaBImM B 1978-2008 rr. yyactme B cOope M 00paOOTKe MaTepuajoB IO IHTAHHWIO Kepyaka-sioKa
B IIPMKaMYaTCKUX BOAAX.
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FEEDING PATTERNS OF THE PLAIN SCULPIN
MYOXOCEPHALUS JAOK (CUVIER, 1829) (COTTIDAE)
AND ITS POSITION IN THE TROPHIC SYSTEM OF NEAR-KAMCHATKA WATERS"

A.M. Tokranov

Kamchatka Branch of Pacific Geographical Institute of FEB RAS, Petropavlovsk-Kamchatsky, Russian Federation
E-mail: rok_50@mail.ru

Feeding patterns of the plain sculpin Myoxocephalus jaok in near-Kamchatka waters of the Sea of Okhotsk,
the Bering Sea and Pacific Ocean are considered using materials collected during 1978-2008. This species
of Cottidae is characterized by wide feeding spectra (over 100 nutritive objects); nonetheless, fishes
(on average 64.1 %) and Decapoda (32.2 %) have the highest significance in its diet. The fishes include
flatfish Pleuronectidae (24.3 % of food mass), Alaska pollock Theragra chalcogramma (14.4 %), Pacific
sand lance Ammodytes hexapterus (9.5 %), and sculpins Cottidae (5.6 %). Decapoda include crabs from
the family Majidae (22.4 %) (Chionoecetes opilio — 14.2 %, Hyas coarctatus — 8.1 %), and Atelecyclidae
(4.7 %) (Telmessus cheiragonus — 4.5 %) and shrimps from the family Crangonidae (3.1 %). Seasonal, lo-
cal, interannual, and age-related changes in food composition of the plain sculpin are considered. This
species is a facultative ambuscade predator; it is characterized by a wide feeding spectra that permits it
to use a considerable range of food components. In the trophic system of near-Kamchatka regions, units
that form the biomass of the plain sculpin are determined.

Keywords: plain sculpin Myoxocephalus jaok; Cottidae; seasonal, local, interannual and age-related
changes in food composition; facultative ambuscade predator; near-Kamchatka waters of Sea of Okhotsk,
Bering Sea, Pacific Ocean

“)Scientific communication on the materials of the reports of All-Russian conference with international participate, devoted to the 110" anniversary
of Dr. Viktor Sergeevich Ivlev (1907-1964) and to the 100" anniversary of Dr. Irina Viktorovna Ivleva (1918-1992) “Prospects and directions of aquatic
ecology development” (11-15 October, 2017, Sevastopol).
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N3YYEHUE BEPTUKAJIBHOI'O PACITPEJAEJIEHU A 300IIJIAHKTOHA
3AIIOPOZKCKOI'O BOJOXPAHNJIMIIIA
JIJ1 PACUETA 3APBIBJIEHUSA ITECTPBIM TOJICTOJIOBUKOM”

©2018r. B.A. flxoBenko, E.IO. 3aiiuenko

JIHEenpOBCKUI HAIIMOHATIbHBINA yHUBepcuTeT umenu Onecst Tonuapa, [Inenp, YkpauHa
E-mail: yakovenko_via@ukr.net

Iocrynuna B pepakimio 30.12.2017;  mocne nopadotku 16.06.2018;
npuHsTa K myosmmkanm 09.08.2018;  ony6uskoBaHa onutaiiH 28.09.2018.

OnuceiBaeTcst BEPTUKAIbHOE PACIpeeIeHUe 300IUIAHKTOHA, YTO aKTyaJIbHO /11 yTOUHEHUs pacyéra 3a-
pBIOIeHNS 3aIOPOKCKOTO BOJOX PAHIJIMINA IIECTPBIM TOJICTOJIOONKOM. Bosiox paHnuiie — BOZoEM KOM-
IUIEKCHOTO WCIIOJIb30BAHMS, M OHUM U3 NPUOPUTETHBIX €r0 Ha3HAUEHWI SIBJISETCS BBLIOB PBHIOBL. 300-
IUIAHKTOH — BaKHEHIIMI KOMIIOHEHT KOPMOBOH 0a3bl pbI0. VIMEHHO 1103TOMY /7151 TOBBIILIEHUS (P deK-
TUBHOCTU MCTIOJIb30BAHUS KOPMOBOW 0a3bl BONOXPAaHWIMILA MYTEM 3apblOieHrs] HEOOXOAUMBI TOUHbIE
MOKa3aTesi KOJMYECTBEHHOTO Pa3BUTHSA 300IUIAaHKTOHA. OHM B 3HAYMTENILHON CTENEHM 3aBUCAT OT IITy-
OWHBI yYaCTKOB BOJIOEMAa M MOTYT CYIIIECTBEHHO M3MEHSIThCS HA Pa3HBIX CJIOSX BOJHOM TOMIIH. B TO ke
BpeMsI IIPAKTHUYECKH BCE MCCIEJOBAHMS 3aropOoKCKOTO0 BOAOXPAHIIIUINA HAMIPABJIEHB! Ha M3y4YEeHHUE TI0-
KasaTeJsiell pa3BUTHSA 300IUIAHKTOHA B IOBEPXHOCTHOM CJIOE, YTO MOXKET MCKaXaTh TOUHOCTh PACUETOB 3a-
prIOJIeHN s BofgoEMa pridaMu-TulankToaramu. I1oatomy nesbio paboTh ObUIO HE TOJIBKO U3Y4YEHHE BEPTHU-
KaJIbHOTO PacrpeiesieHrs 300IJIaHKTOHa 3aopoKCKOro BOJOXPAHMWIUILA, HO M PacyYET ero MpoLyKIUuu
Y COOTBETCTBYIOIIMX HOPM 3apblOsieHns] BOZOEMA MECTPBHIM TOJICTOIOOMKOM. B JeTHMIA 1 oceHHMiT nepu-
OfIbl YCTAaHOBJICHO HEOJHOPOJHOE BEPTUKAIBHOE paclipe/iesieHHe 300IIaHKTOHA B 00EHX 4acTsaX BOJO-
XpaHwmina. B BepxHeil yacTu BoJoEMa MaKCUMYM II0Ka3aTesiell pa3BUTUs 300IUIAHKTOHA OTMEYEH B I10-
BEPXHOCTHOM U MPUIOHHOM CJIOSIX, B HUKHEH — B MOBEPXHOCTHOM cJioe 1 Ha riryoune 10 m. TTockosbky
YCJIOBHSI BEPXHEW YacTH BOAOXPAHWIUIIA HEOIArompusATHBI Ul IECTPOTO TOJICTOJIOOMKA, a pacyETHAs
BeJIMUMHA IIOTHOCTH Tocaku (0,3 3k3.-ra™!) peHe6pexuMo Mana, 3aphibJieHHe YKa3aHHBIM IIAHKTO(a-
rOM JaHHOH 4acTH Bojo&Ma He npepycMaTtpuBaetcs. I1pu pacuére 3apblOieHns1 HA OCHOBE MPOLYKLMN
300IUIAHKTOHA B ITOBEPXHOCTHOM CJIOE€, & HE BO BCEM CTOJI0€ BOAHOW TOJIIM, MOJTyYEHHAs MOYTH ABY-
KpaTHasi mepeoleHka (M30bITOK cocTaBUT 246,8 ThIC. 9K3.) IPUBEAET K IKOHOMUIECKUM YObITKAM B CBfI-
31 C OTXOJIOM 3apbIOJIIEMOr0 MaTepyaa BCJIeACTBUE HEJOCTaTKa MUIIEBBIX pecypcoB. s addexTus-
HOTO KCIIOJIb30BAHMS 300IJIAHKTOHA Kak KOPMOBOM 0a3bl 1e1ecO00pa3sHo 3apblOeHNe HIKHEH 4acTH

BOJIOXPAHMJIMIIA JIBYXJIETKAMH MECTPOTO TOICTONOOKMKA B KosuuecTse 19,1 3k3.-ra”!.

KurroueBbie cJiOBa: 300IUIAHKTOH, BEPTUKAIBLHOE paClpelielieHue, 3aropokCKOe BOJOXPaHUIIUIIE,
MIPOJIYKIIUsL, 3apbIOJIeHUe, IECTPBIN TOJICTONOOUK, Hypophthalmichthys nobilis

3anopoxckoe BOJOXpaHWIHIIe, oOpa3oBaHHOe MoTHHOW [[Hernporac B 1931-1934 1., — BomOEM
KOMIUIEKCHOTO Ha3HAYEHMU I, & 3HAYUT, TIOMUMO 00eCTIeYeHHOCTH KOPMOBBIMHU PECYPCaMHU, Ha BBLIOB PIObI
BIMSIOT Takue (haKTOpPbI, KaK MUThEBOE BOJOCHAOKEHHNE, PEeKpeallMOHHOE UCTIONB30BaHUE, CYIOXO/ICTBO,
cOpOC B BOAOEM MPOMBIIIUIEHHBIX ¥ KOMMYHAJIBHBIX CTOYHBIX BOJI U Ap. [109TOMY ITPOMBICIIOBBIN BBIJIOB PhI-
OBbI OCYIIIECTBJISIETCS JIUIIIb B HUXKHEN 9acTh BojoéMa (okoJio ¢. BoiickoBoe). OcobeHHOCTHIO pyciia [lHenpa

“)Crarest 0 MarepuaiaM JIokJ1anoB Beepoccuiickoil KoH(bepeHIMH ¢ MexX1yHapoJHbIM yuacTueM «HayuHbie uyTenus, nocsiménnsie 110-netuio co aHs
poxaenus 1. 6. H., npocdeccopa Bukropa Cepreesuya HBnesa (1907-1964) u 100-netuio co nus poxaeHus 1. 6. H. Mpunst BuktoposHs! IBnesoii (1918-1992)
“ITepcrieKTUBBI M HAIPABJICHNS Pa3BUTUSA SKOJIOrUK BOA0EMOB™» (11-15 oktsa6ps 2017 r., CepacTomnonb).
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Ha MECTe BOAOXPAaHWINLIA SABJISETCS HAJIMYME JIBYX YacTel: BepxHeu (OT I. JJHenpoa3ep:KuHCKa 10 YCThbs
p. Camapa) 1 HIKHe, ObIBIIEN TOPOXKUCTOH (0T ycThs p. Camapa 110 T. 3amopoxbe), KaHbOHOOOPa3HOM,
rae p. JHenp nporekaeT 1o pasjaoMy YKPauHCKOTO KpUCTAJLIMYECKOro IuTa mupuHon 1,5-2,5 km [3].

BepxHss yacTb coXxpaHuia 4epThl peKU, TPAHC(POPMUPOBAHHOW 3aTOILUIEHUEM, CO 3HAUMUTEJIbHBIM Te-
YEeHUEM, MOJBUKHBIMH TIeCYaHBIMU I'PYHTaMH, HEOOJBIION U PaBHOMEPHOH TIIyOMHOW, MHOTOUYMCIIEHHBI-
MH OCTPOBAMH, C IMUPOKOH TeppaCMPOBAHHOW JIOJMHOW M Pa3BUTOM MPHUIATOYHOUN cHCTeMou (OoIbIoe
KOJIMYECTBO PYKAaBOB, 03€p U JIp.). PUBNKO-XMMUYECKME MApaMETPbl BOABI 3TOW YAaCTU JOBOJBHO OJHO-
o6paznsl [13]. Kpome Toro, ajsi BepXHell 4acTh BOAOEMA XapaKTepHO OOJBIIOE KOJIUYECTBO MPOMBIIII-
JICHHBIX W XO3CTBEHHO-OBITOBBIX CTOYHBIX BOJ|, M3-3a YEro OHa 3HAUYMTENIbHO 3arpsa3HeHa [3, 13]. [Ipo-
MBIIIUIEHHbIE CTOKHM YTHETAIOT pa3BUTHE (PUTO- M 300IUIAHKTOHA, a TAKKe 3000€HTOCA BOAOXPAHMJIMIIA
u ero puToKoB [ 18, 19, 28]. Xo3sicTBEHHO-OBITOBBIE CTOKH CIIOCOOCTBYIOT PA3BUTHIO CarTpOUTHBIX OaK-
Tepuid U OaKTEpHil TPYIIbl KulieyHou manouku [3, 13]. Bosbinas yuciaeHHOCTh HE(TEOKUCIISIONIX
OakTepuil yKa3blBaeT Ha 3HAUMTEIbHYIO KOHIIEHTPAIMIO B BOJe HEPTENPOIYKTOB [27].

CpenHsis ryOvMHa B HMKHEW 4acTW BOJOXpaHWIMIIA B 3—4 pa3a OoJblile, 4eM B BepxHel (rryOuHa
B Mejauanu Bo3pactaeT ¢ 10 M Ha rpanune yacreir 1o 60 M Bo3jie IUIOTUHBI JIHEITPOrac), CKOPOCTh Teue-
Hus He npesbimaer 0,5 M-c! gake B Meprosi BECEHHETo MoJ10BobA. I1I0Imaas 0CTPOBOB ¥ MEJIKOBOIHIA
B HIDKHEH YacTh OYeHb HeOOJIbINAsI, M 9Ta YaCTh He MMeeT pa3pabOTaHHOW TeppPaCUPOBAHHON OJIMHBI.

OneHrBasi KOJIMYECTBEHHBI COCTAB 300TUIAHKTOHA, HEOOXOIUMO MPUHUMATh BO BHUMAHUE €ro pac-
IIpeJeJIeHde BO BCEX CJIOSIX BOJHOM TOJILIM, @ HE TOJIBKO B IOBEPXHOCTHOM. Mexay TeM IoJaBis-
foriee OOJIBIIMHCTBO padOT MOCBSIIEHO HMCCIENOBAHMIO KOJMUYECTBEHHBIX IMOKa3aTesield 300IIaHKTOHA
BOJOXPAHWIUIL U O3€p YKpaumHbl B MOBEPXHOCTHOM cJio€. B THENPOBCKUX BOJOXPAaHWIMINAX BEPTHU-
KaJIbHOE pacrnpelie/ieHue 300IUIaHKTOHa npodyHaanu ucciaeaoBaioch B.A. fAkosenko [14], a nuto-
pasibHOTO 300MIaHKTOHa — B. M. Tpoxumiom c¢ coaBropamu [12]. B TO xe BpeMs MMEIOTCA MHOTIO-
YKCJIeHHbIe PadOoThl MO BEPTUKAJIBLHOMY pacrpefie/ieHUI0 300IUIaHKTOHa BogoéMoB Poccuu [4, 11, 29]
u apyrux crpas [15, 17, 21, 23, 24].

C mpakTUYECKON TOUKM 3peHHs TIOKa3aTeld YKCIEHHOCTH M OMOMAacChl 300IUIAHKTOHA Ha pas-
HBIX I[IyOMHAaX BOJHOH TOJNIIM HEOOXOMUMBI JJIsi TOYHOTO pacué€ra 3apblOJIieHUs] BOAOEMA IECT-
pbIM ToJicTOoNIoOUKOM Hypophthalmichthys nobilis (Richardson, 1845), sBisiomMMcsi OCHOBHBIM 300-
TUIAHKTO(aroM ¥ UMEIIUM MPOMBICTIOBOE 3HaueHue. HecMoTpsi Ha OOWJIbHBIE 3amachl 300TUIAHKTO-
Ha [14, 19] B 3amopoxkCKOM BOJOXPAHWJIMIIE, BBUIOB MECTPOrO TOJCTOJOOWMKA COCTaBISIET B Cpel-
nem 4,1 krra’! (10 %). B BbUIOBaX JOMUHMPYIOT Kapach cepeOpsaHbii (26 %) u motsa (20 %) [19].
DTO CBUIETENBCTBYET O HEJOCTATOYHOM HCIIONb30BAaHMM KOPMOBOW Oa3bl B BHE 300IUIAHKTOHA, Ja-
ke ¢ yderoM TNHTAaHUsl JOPYrHX 300IUIaHKTO(aroB. B3pociblii TOJNCTOJOOMK W3-32 BBICOKOW CKOpPO-
CTU TUIABaHWSI M TPeOOBATENbHOCTH K HAIMYUIO OOJBIIOro 0O0hEMAa BOAHOW TOMIM OOUTAeT TMpe-
MMYILECTBEHHO B MPO(YHIAIN BOJOXPAHWIMINA, TOTAA KaK MOJOIb PbI0 COCPEJOTOYEHAa M IMUTAeT-
csi B JuTOpaibHOM 30He. [losTomy [uisi pacu€ra 3apblOjieHUs] BOJOXPAHWIIMINA TECTPHIM TOJICTOJIOOU-
KOM HEOOXOIMMBI TOKa3aTe Pa3BUTHSI 300IUIAHKTOHA, TMPEkIEe BCEro B TIIYOOKOBOIHOW YacTH BO-
noéMa. 3apblOJieHHMe BOAOXPAHWJIMINA TECTPHIM TOJICTOJIOOMKOM OCYIIECTBIISIETCSI €XKEerOHO B HUK-
Hell yacTu BOJOEMA: OHA, BCJEICTBUE OOJBIIOW TIyOMHBI, XapaKTepu3yeTcsl KpailHe HU3KOH CKOpO-
CTBI0O TEYEHHs, YTO CO3AAET XOpOLIMe MPENOChUIKM AJisi pa3BUTHs 300IUIAHKTOHA. DToMy Osaro-
MPUATCTBYET TaKKe OTCYTCTBHUE IPOMBIILJICHHBIX MPEANpPUATUN B JAHHOM vacTu BojoéMa. Mexay
TEM HaJU4YMe MPOMBIILIEHHBIX CTOKOB, COCPEJOTOYEHHBIX B BEPXHEH 4YacTU BOJOXPAHWJIMILA, CIIO-
COOCTBYeT CHWKEHUIO TEMIIOB Pa3BUTHs TOJCTOJIOOMKA W HAKOIUICHHWI0O B PhIOE TOKCUYECKUX Be-
mects [13, 19]. Tem nHe menee Hypophthalmichthys nobilis BblIaBIMBaeTCsi U B BEpXHEU 4YacTu
BojioxpaHwmia. [losTomy A TOYHOro pacué€ra 3apblOfieHUs] MECTPHIM TOJICTOJIOOMKOM HEOOXOIU-
MO HCCJIEJOBAHUE BEPTUKAJIBbHOIO paclpelie/ieHUs] 300IUIAHKTOHA KaK B BEpPXHEW, TaKk M B HIKHEN
YacTH BOAOXPaHUJIMIIA.
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MATEPHAJI 1 METO/IbI

[TpoOs1 oTOMpanu B ampee, utoje u centssope 2017 r. 6aromerpom [laranaca oObEMOM 511 B TPEX
HOBTOPHOCTSIX B BepXHel yactu BojoxpaHwuina (0. Monacteipckuii) (48°27°58”N, 35°04’27”E) ot no-
BEPXHOCTH [0 JHA 4Yepe3 1M, a B HIKHEH JacTh BogoxpaHmiumina (okojo ¢. BoiickoBoe) (48°10°17”N,
35°09’57”E) — oT moBepXHOCTH JI0 JIHA Yepe3 Kaxipie 5 m (puc. 1).

—— OctpoB MoHacThIpcKuii
(BepxHsist UacTh)

L) m‘
H\Q\Qf | W&

Oxono cena BolickoBoe
(HuxHsg vacTk)

Puc. 1. Yuactku ot6opa npod 300MIaHKTOHA B 3aTIOPOKCKOM BOJOX PAHHJIHIIIE
Fig. 1. The sites of zooplankton sampling in the Zaporozhskoye Reservoir

OtoOpaHHBII MaTepra MPOLEKUBAIN Yepe3 IJTAHKTOHHYIO CeTh AMIITelHa ¢ sue€id pazMepoM 64 MKM
1 puxcupoBasii 4%-HeiM (popMaTMHOM. PUKCHPOBaHHBIE TPOOBI OTCTAUBAIM B T€YEHHE CYTOK B MEPHOM
LWIMH/IpE [U151 OCAKAECHU I OPraHM3MOB 300IIaHKTOHA. KolMuecTBEeHHBII TOCUET U IEPBUYHOE OIpeieie-
HHE BUJOBOTO COCTaBa 300IUIAHKTOHA MTPOBOAMIIM B KaMepe Boroposa ¢ ucronp3o0BaHreM OMHOKYJISIPHOTO
crepeomukpockona MBC-1 [8]. Haynmu 1 10BeHWIbHBIE CTaUU BECIOHOTUX PaKOOOPa3HBIX, a TAKKe MO-
JIOAb BETBUCTOYCHIX PAKOOOPA3HBIX MOJICUMTHIBAIIN OTAEIbHO. [lanbHelIee yTouHeHre BUI0BOrO COCTaBa
OCYIIECTBIISUM o] MUKpockornoM MB/I-1. [InuHy Tena ruApoOMOHTOB U3MEPSIIA C MOMOIIBI0 OOBEKT-
Mukpometpa. [Ipu kamepaabHON 00padOTKe MaTeprasia BETBUCTOYChIX PAYKOB U KOJIOBPATOK ONpeaesIsiid
1o Buja 1o [5, 6, 7]. 1o Buaa onpenensm ocodeit [V-VI KonernoauTHBIX CTa vl BECJIOHOTUX PaKooOpas-
HBIX, JIJTMHA KOTOPBIX cocTaBiisiia 6osee 70 % IUIMHBI B3pOCIIBIX TUAPOOUOHTOB. [1p 9TOM TSI IIMKJIOTIONT
UCTIOJIb30BaAIM onpeAenuTess [9], a ans kansHoua — [2]. Ipoaykiys 300IIaHKTOHA PacCUUThIBAJIACH OT-
AeJbHO 711 TieJlaruaiv BepXHed 1 HWKHEN JyacTeil 3aropokKCKOro BooX paHmiuina. [IpoayKimo otaessb-
HBIX T'PYIII 300IUIAHKTOHA PACCUUTHIBAIM MO (PU3HUOJOTMYECKOMY METO/Y C IOIPABKOM Ha TEMIIEPATypy,
cornacHo ypaBaenmio Bant-I'odda [1]. KoadpurmeHTs! ncronb30BaHMs aCCUMUIMPOBAHHOM MUY Ha 00-
pazoBanue npoaykimu coctarism 0,3 s Copepoda u Asplanchna v 0,4 ns Cladocera u Rotifera [1].
O611y1I0 TPOAYKIMIO 300IUIAHKTOHA OMPEENISUIM C YUYETOM paliMoHa XUIIHUKOB. [IprHrMMas B pacyér npo-
AYKIHIO 300ITAHKTOHA, OMpeAesIsid OTeHIIUATBHYIO PHIOOIPOAYKTUBHOCTH NMECTPOTO TOJCTOIOOMKA, KO-
TOpast MOKET OBbITh CO3/IaHa 32 CUET 300IJIAHKTOHA. BeslmunHa BblelaHNsI 300MJIAaHKTOHA ppiOaMU TPUHUMA-
nach paBHou 80 %, a kopmoBo# ko3 durment — 6 [10]. 3HaueHus ckopoctu TeueHus B3sThl u3 [3]. s
M3MEpeHHUsl TemMIeparypsl UCIofb3oBajics TepMomeTp Reuben heaton thermometer, npukpensBimiics
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K 6aToMeTpy U3HYTpU. PacdyéT mpoayKIuu 3001IaHKTOHA BOIOX PAHWIIUIIA IPOBEEH JIIS1 OOIIETTPUHSITHIX
TIoIaiel u r1yOuH Mmia€coB (MpodyHIanr) BepXxHel 1 HUKHel yacteil Bogoxpanwuiia [13].

PE3VIJIbTATDBI 1 OBCYXKJIEHNE

B nacrosiee BpeMsi B 3aropoKCKOM BOIOXPAHWIIUIIE JIOMUHAHTHBIMU SIBJISIIOTCSI BUBI KOJIOBPATOK
(Rotifera): Brachionus calyciflorus Pallas, 1766, Euchlanis dilatata Ehrenberg, 1832, Keratella cochlearis
Gosse, 1851, Keratella quadrata Miiller, 1786; BetBucTOychiX pakooOpasHbix (Cladocera):
Alona rectangula Sars, 1861, Bosmina longirostris Miiller, 1776, Chydorus sphaericus Miiller, 1776,
Podonevadne trigona Sars, 1897; BecnoHorux pakooOpassubix (Copepoda): Acanthocyclops americanus
Marsh, 1893, Eurytemora affinis Poppe, 1880, Eurytemora velox Lilljeborg, 1853, Heterocope caspia
Sars, 1897; a Takxke Bequrepsl MOJUTIOCKOB poaa Dreissena. Bce yka3aHHble JOMWHAHTHBIE BUIbI
UMEIOT MaJIeHbKUI pa3Mep, M JlaXe TaKhe OTHOCHTENIbHO KPYITHbIE BECIIOHOTHME pPakooOpasHble, Kak
Eurytemora affinis, Eurytemora velox n Heterocope caspia, npeAcTaBJI€Hbl IPEUMYIIECTBEHHO MEJIKUMU
0co0simu. OCHOBHBIE TPUYUHBI TAKOW Pa3MEPHOCTH 300IIAHKTOHHBIX OPraHU3MOB — 3BTPOUKALIUS
U IBETEHUE CHHE3EJIEHBIX BOAOPOC/IEH: 3TO MPUBOJUT K 3aMEUICHWI0 KPYIHBIX BUJOB MAaJIbIMU, SIB-
JIAI0MUMKCS 0oJlee aJanTUPOBAaHHBIMKA (OpMaMH M3-32 CBOET0 KOPOTKOTO XKM3HEHHOro IMKia [25].
Takke B HM)KHEW 4YacTW BOJOXPaHWIMINA BCTpedanuch Buabl Daphnia cucullata Sars, 1862 w Daphnia
hyalina Leydig, 1860, He oOHapykeHHbIE B MPOOax BEpXHEH 4acTu. DTO CBA3AHO, BEPOSATHO, C TEM, UTO
JaHHBIE BUIBI ABJSAIOTCSA TMMHOWIaMu [3, 7, 17] 1 mosy4yaioT 10CTATOUHOE Pa3BUTHE B OJArOMPUSITHBIX
03epONOIOOHBIX YCIOBUSAX HIKHEH YacTH BOJOEMA.

B anpere B mpodyHmamm obewx dvactedd 3aropokKCKOTO BOJOXPAHWIMINA ObUIO 3a(hUKCHPOBAHO
19 BUIOB 300ITaHKTOHA (M3 HUX 12 BUJIOB KOJIOBPATOK, 4 — BETBUCTOYCHIX PaKOOOpPa3HBIX, 3 — Bec-
JIOHOTMX PaKOOOpa3HbIX), a Takke | BujA MepoIUlaHKTOHa (cTagusi Beiurepa pona Dreissena). Ha doune
useTeHus1 Bogopociu Melosira islandica Miill, 1906 1 MHTEHCMBHOTO BECEHHETO INEPEMEIIMBAHUA BEp-
TUKQJILHOE pacrpe/ie/ieHue YUCIEHHOCTH M OMOMACChl 300TUIAHKTOHA B BEPXHEW YacTH BOAOXPAHUJIMIIA
ObLIO paBHOMEpPHBIM (puc. 2). Ha pa3HbIX riyOuMHax BOJHOrO CTOJI0A YMCIEHHOCTh 300TUIAHKTOHA KOJe-
6aack oT 8,9 10 26,7 ThC. 9K3.-M™ (B cpeqHem — (19,2 £ 5,6) ThIC. 9K3.-M™), a 6rmomacca — ot 12,0
10 44,8 Mr-m™ (B cpenHem — (28,5 £ 11,1) mr-M~). He3HaunTeIbHOE CHUKEHUE YKCIIEHHOCTH nIaHKkToda-
YHBI HA0JII0JAJI0Ch Ha [TyOMHE 4 M, OIHAaKO Ha IIyOrHe 5 M, 1 0COOEHHO 6 M (IIPUIOHHBIN CJ10i1), TOKa3aTe-
JI Pa3BUTUS 300TUIAHKTOHA BO3PACTAIM 32 CUET Pa3BUTHUS 3A€Ch MPUAOHHBIX (DOPM BECJIOHOTHX PAKOOO-
pasubix Diacyclops bicuspidatus Claus, 1857 u Eucyclops macruroides Lilljeborg, 1901, a Takxe, yacTud-
HO, — 3a CU€T pa3BUTHS MPUIOHHBIX KOJNOBpaToK Philodina citrina Ehrenberg, 1832 u Rotaria rotatoria
Pallas, 1766. B npuioHHOM cJi0€ YHCIEHHOCTh U OMOMAcca 300TUIAHKTOHA OKa3aJUCh MAKCUMATbHBIMMU.
B cpennem, 117151 Bcero BOIHOTO CTOIOA, TOJIM BECIIOHOTUX PaKOOOPa3HBIX U KOJIOBPATOK OT OOIIEH YnCIeH-
HOCTH 300IUIAHKTOHA ObLTH conoctaBuMbiMU — 57,5 1 40,5 % cootBetcTBeHHO. [0 cCpaBHEHMIO C J10JIei
M0 YMCJICHHOCTH 300TUIAaHKTOHA, JOJISI BECJOHOTMX PaKOOOpa3HBIX 1Mo OGuomacce Bo3pacrtana o 85,8 %,
a KOJIOBPATOK — CHWKaach 10 9,4 % 3a cu€t OoJbllield MHIUBHUIYaTbHOW MAcChl Tejla BECJIOHOTHX.

OtmedeHa orpesiei€HHasl CTEleHb MPUYPOUEHHOCTH HAyIUIMEB, IOBEHWIBHBIX BECJIOHOTHX paKo-
00pa3HbIX W JOMUHHPYIOIIUX IUJTAHKTOHHBIX KOJOBpatok Keratella cochlearis, Keratella quadrata,
Notholca acuminata Ehrenberg, 1832, Notholca squamula Miiller, 1786, Polyarthra dolichoptera
Idelson, 1925, Synchaeta oblonga Ehrenberg, 1832 k mOBepXHOCTHBIM CJIOSIM, a TIPUIOHHBIX KOJIOBPATOK
1 B3pOCIBIX (hOpM PakooOpa3HbIX — K MPHUIOHHBIM. DTO HE BBI3BIBAJIO 3aMETHOW PAa3HUIIBI MEXIY IT0-
Ka3aTe/IIMU Pa3BUTHS 300IIAHKTOHA HA pa3HBIX MIyOMHAX. PaBHOMepHOe pacnpezeieHrue YMCIeHHOCTH
1 OMOMacchl MIAHKTO(ayHbl B JAHHOW YaCTH BOJOXPAHIIIUILA OOBSCHSIETCS HE TOJIbKO BECEHHUM Tiepeme-
IIMBAHKEM, HO U HEOOJILIION ITTyOMHOM, OTHOCUTENILHO BBICOKOM CKOPOCTBIO Teuenus (1o 0,3 m-c!) [3, 13]
u romorepmueit (tabna. 1). Bce 3Ti (aKkTOphl MCKIIOYAOT HAIWYME TPAJAUEHTOB UHCIEHHOCTH
W OMOMACCHI 300TUIAHKTOHA Ha Pa3HBIX CJIOSIX BOJIHOW TOJIIIH.

Marine Biological Journal 2018 Vol 3 No 3



N3YYEHUE BEPTUKAJIbHOI'O PACITPEJEJIEHUA 300ITJTAHKTOHA.. .. 61

I'ny6una, m

Om

M

2M

3m

I'nybuHa, m

4m

Sm

6m

Om

1m

2M

3m

['ny6una, m

4m

Sm

6M

N, TBIC.3K3-M™

0 6 12 18 24 30
% Al
| v Al
| D A
| v %
|72
| v Al
| L 2|
- A
N, ThiC.9K3-M
0 7 lfl 2‘1 2‘8 3‘5 4‘2
Z A ]
| % 78 |
=2 7 |
72222 =
W//////%-
—77777
| % % W
) A
N, ThiC.9K3-M™
0 3 6 9 12 15 18
V777 |
| | |
] V7 |
(7 —
IZ [ |
| —
52z _i

A

B, mr-m3
0 9 18 27 36 45
Om % /I]
Im V A
w [ 2 | 4
Wl 1 m3
] 2
awm [[V7777773 @1
Sm % %\
[V V ﬂ]
- A
B, mr-m3
0 50 100 150 200 250 300 350 400
o 2 7
v [7 78
w 777777 -
N 7 | f
4w P22
su [ % 1
om [ 7 _:l
- A
B, mr-m3
0 10 20 30 40 50 60 70
ovm [ 17777 [ ]
w [ 17727 [ ]
o [T 7
i m3
3w [Z 72 72
7 o1
W vty
sv V7B ]
om [777 \

N A

Puc. 2. BeprukansHoe pacnpeneiienue yncieHHoctTr (N) u 6uomacchl (B) 300IU1aHKTOHA BEPXHEH 4acTH
3arnopoxckoro BojoxpaHwiia B amnpene (A-b), mone (B-I') u cenrsa6pe (I-E) 2017r. 1 — Rotifera,

2 — Copepoda, 3 — Cladocera, 4 — Benurepsl Dreissena

Fig. 2. Vertical distribution of abundance (N) and biomass (B) of zooplankton in the upper section
of the Zaporozhskoye Reservoir in April (A-B), July (B-I') and September (I-E) in 2017. 1 — Rotifers,
2 — Copepoda, 3 — Cladocera, 4 — Dreissena veligers
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Taduuma 1. Temneparypa Boapl (°C) Ha pa3JIMUHBIX NIYOMHAX YacTedl 3aropoKCKOro BOJIOX PaHUIIHIIA
Table 1. Water temperature (°C) at different depths of the Zaporozhskoye Reservoir sections

BepxHsisi yacTb BOJIOXpaHUJIMILA HuxHsis yacTh BOAOXpaHUIIHIIA
I'my6una, m | 15 anpenst | 2 mionst | 17 centsaops | [nmy6una, m | 15 anpenst | 2 mionst | 17 ceHTs16ps
0 9 25 21 0 9 26 21
1 9 25 21 5 9 25 21
2 9 24 21 10 9 21 21
3 9 23 21 15 9 19 20
4 9 22 21 20 9 18 20
5 9 22 21 25 9 16 20
6 9 22 20 30 9 16 19

B ntone B mpodyHaanu odenx yacteit 3amopokCKOro BOAOX paHIIIHIINA ObUIO 3a(PUKCUPOBAHO 57 BUIOB
300IUIAaHKTOHA (M3 HUX 25 BUJOB KOJIOBPATOK, 12 — BECJIOHOTMX pakooOpa3HblX, 20 — BETBUCTOYCHIX
pakooOpa3HbIX), a TaKke | BUA MepOIUIaHKTOHA (cTaaus Beaurepa pona Dreissena).

B BepxHell 4YacT BOAOEMAa YKMCIEHHOCTh 300IIAHKTOHA B Pa3HBIX CJIOSX BOAHOW TOJIIU
konebanack or 10,9 mo 40,7 Thic. 3k3.-M> (B cpenHem — (27,3 = 11,7)TbIC. 3K3.-M7), a Ouo-
macca — ot 47,6 go 355,8mr-m> (B cpemnem — (202,4 * 120,5)mr-m>). MakcUMyM YHCIIEH-
HOCTM ¥ OMOMAacCChl 300IUIAHKTOHA OTMEYeH B TOBEpPXHOCTHOM (0-2M) W TIPHIOHHOM  CIOSIX
(cm. puc. 2). B moBepXHOCTHOM ciioe goMuHupoBanu Euchlanis dilatata, Keratella cochlearis, Keratella
quadrata, Polyarthra dolichoptera, Polyarthra vulgaris Carlin, 1943, Bosmina longirostris, Chydorus
sphaericus, Podonevadne trigona, Acanthocyclops americanus, Eurytemora affinis, Eurytemora velox,
Heterocope caspia, Thermocyclops oithonoides Sars, 1863, a Takxe Benurepbl Dreissena. C yBequueHU-
€M TIIyOMHBI KOJMUYECTBEHHBIE MOKAa3aTely 300IUIAHKTOHA CHIKAIUCh. BBICOKOE 3HaueHWe OMOMACCHI
300IUIAHKTOHA B TIPUIOHHOM cJtoe (6 M) ObUIO 0OYCIIOBJICHO HAJTMYUEM OOJIBIIIOTO KOJTMYECTBA KPYITHBIX
uukKaonoB (Acanthocyclops americanus, Acanthocyclops vernalis Fischer, 1853, Macrocyclops albidus
Jurine, 1820, Mesocyclops leuckarti Claus, 1857), umetonux OoJiblIyi0 MHIAMBUAYaJIbHYIO Maccy. B cpen-
HeM, U BCEro BOAHOrO CTOJ0A, BECJIOHOTME pakooOpa3Hble ObLIM JOMHHHUPYIOIIEH TIpYyNHoi Kak
o uucieHHoctu (54 %), tak u o 6uomacce (71,8 %). KonoBparku 3aHMMAaIM BTOPOE MECTO IO YHCIICH-
HoctH (12,8 %), a BeTBUCTOYCBIE pakooOpa3Hbie — 1o 6uomacce (18,3 %). Benencreue Maioi riryOUHBI
Y BBICOKOW CKOPOCTH TEUYECHHWs, B BEPXHEW YacTH BOJOXPAHWIMINA TeMIlepaTypa ci1abo W3MeHSeTCs
IO CJI0SIM BOAHOM Tommu (cM. Tabi. 1), a paccioeHue Ha 3MU-, MeTa- ¥ TUIIOJIMMHUOH OTCYTCTBYET Jake
B JIETHUH MEPUOJ, YTO UCKJIOYAET HAJIMYUE TPAJUEHTOB YMCIEHHOCTH WM OMOMACChl 300TUIAHKTOHA.

B ocennuil nepuon B mpodyHaanu odeux 4acteid BogoxpaHuiuiia 3acpukcupoBaHo 40 BUIOB 300-
raHKkTepoB (17 KOJIOBpATOK, 9 BECIOHOTMX PakoOOpa3HbIX, 14 BETBUCTOYCHIX pakooOpas3HbX) U 1 BuA
MepoIUIaHKTOHa (Benurepsl Dreissena). B BepxHeil yacT BOAOEMA YMCIEHHOCTb 300I1JIAHKTOHA 10 CJIOAM
BOJHOTO cT0JI0a Kojiebanack ot 3 10 17,9 Thic. 3k3.-M™ (B cpeneM — (9 £ 6,3) ThiC. 9K3.-M™), a Guomac-
ca—ort 12,4 10 88,4 mr-m> (B cpenHem — (52,3 +26,6) Mr-M>). MakcuMyM YHUCTIEHHOCTH 300IUIAHKTOHA
MPUXOAUJICS HA TOBEPXHOCTHBI cioit 0-1mM, a Ouomacca pacnpelensuiach PaBHOMEPHO, 3aMETHO
CHMXAsACh JIMIIb Ha [1yOuHe 5 M. Eciiu B MOBEpXHOCTHOM cJioe JOMUHMPOBaM Buabl Keratella cochlearis,
Keratella quadrata, Alona rectangula, Bosmina longirostris, Chydorus sphaericus, Oxyurella tennuicaudis
Sars, 1862, a Takxe Benmrepsl Dreissenad, TO B CpeIHUX U TIIYOMHHBIX clIOsIX — Acanthocyclops americanus
u Thermocyclops oithonoides. Tlo ancieHHOCTH HanOoJbIel Obuta o Beawrepos (47,0 %) u Becio-
HOTUX pakooOpasHbeix (21,5 %), Mo Ouomacce NOMUHUPOBAIN BecjaoHorue (44,8 %) U BETBUCTOYChHIC
pakooOpasHbie (37,6 %). Takum oOpa3oM, B OCEHHUMH NepHOJ HauOOJbllas pasHULA YHCIEHHOCTU
300IUIAHKTEPOB MEKAY CMEKHBIMU CIIOSIMH BOJHOM TOJIIM OTMEUYEHA [Isl MEJIKUX BETBUCTOYCHIX PaKOOO-
pa3HbIX, KOHUEHTPUPOBABILMXCS B IOBEPXHOCTHOM cJioe. B HIKHE! yacTy BOJIOXPaHWIIMIIA B BECEHHUI
NIepHo/1 TIOKA3aTeM Pa3BUTHS 300IUIAHKTOHA ObLTM COTIOCTABMMBI C TAKOBBIMHU B BEpXHel yactu (puc. 3),
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Puc. 3. BeprukanpHoe pactipenenenue unciaenHoctd (N) u 6romaccel (B) 300MmaHKTOHa HIKHEH YacTH
3arnopoxckoro BojoxpaHwmiia B amnpene (A-B), uone (B-I') u cenrsaope (I-E) 2017r. 1 — Rotifera,

2 — Copepoda, 3 — Cladocera, 4 — Benmrepsl Dreissena

Fig. 3. Vertical distribution of abundance (N) and biomass (B) of zooplankton in the lower section
of the Zaporozhskoye Reservoir in April (A-b), July (B-I') and September (I-E) in 2017. 1 — Rotifers,
2 — Copepoda, 3 — Cladocera, 4 — Dreissena veligers
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OJTHAKO BEPTUKAJIbHOE paclipeic/icHre 300IUIAHKTOHA B HIDKHEW 4YacTh ObUIO OoJiee HepaBHOMEPHBIM,
yeM B BepxHedl. UMCIIEHHOCTh 300IUIAHKTOHA KojeOanach oT 3 1o 31 Thic. 9K3.-M> (B cpegHeM —
(17,6 £ 9,5) Thic. 3K3.-M™), a GuoMacca — ot 6,5 10 40 mr-m~ (B cpegnem — (24,3 + 11,7) mr-m™). OcHo-
BY UKCJIEHHOCTH 300IIJIAHKTOHA COCTABJISIA BeCIOHOTHE pakoodpaszHbie (50,8 %) u konospatku (45,0 %),
ornomaccel — BecJioHorue pakooodpasusie (71,8 %). Ha rmyoune 0 m yacTHYHO 5 M KOHIIEHTPUPOBATUCH
KOJIOBPATKH, HAYIUIMM BECJOHOIMX PaKOOOPa3HBIX M MaJIOUMCIICHHbBIC TIPEICTABUTENIM BETBUCTOYCHIX pa-
K00Opa3Hbix — Bosmina longirostris w Chydorus sphaericus. B 6onee rTyOWHHBIX CJIOSIX BOJHOH TOJI-
1 YBEJIUYMBAJIACh JI0JIs1 B3POCIBIX 0COOE BECIOHOIMX PakooOpasHeix — Acanthocyclops americanus,
Diacyclops bicuspidatus, Eucyclops serrulatus Fischer, 1851 u Mesocyclops leuckarti. Takum oGpazom,
B YCJIOBUSIX PABHOMEPHOI'O pacIipeJe/ieHus] TeMIlepaTypbl Bo BpeMs LiBeteHus: Melosira islandica Bc€ xe
MTPOUCXO/IUJIO HEKOTOPOE CHIKEHHE KOJIMYECTBEHHBIX TTOKa3aTesiel MIaHKTogayHbl B HAITPABJIEHUH OT TI0-
BEPXHOCTH KO JIHY. DTO siBJIeHHEe ObLJIO CBSI3aHO, BEPOSITHO, C YMEHbIICHUEM WHTEHCUBHOCTU OCBEICHUS
M0 Mepe yBeJIUYeHUs TTyONHBI U C TIOJI0KUTEIbHBIM (DOTOTPOITU3MOM, TIPUCYIIMM KOJOBPATKaM, KJIai0-
uepam 1 mosoau korenop [ 15, 22]. Takxe I'poccep u ap. [21] ycraHOBMIN sIBJIEHHE TPOIIM3Ma KJIaJoOLED
(color dances), 00ycIOBIEHHOE HE BUJIMMBIM CBETOM B IIEJIOM, a Y3KUM JHANa30HOM, COOTBETCTBYIOIIHM
1IBETY CKOTUIEHUI BOJOPOCTICH.

B wione Ha pa3HBIX MIyOMHAX B HUKHEH 4YacTW BOJOEMA UYUCICHHOCTh 300IUIAHKTOHA Kosiebatach
or 6,9 10 554,9 ThiC. 9K3.-M™ (B cpeanem — (169,3 + 215,6) Thic. 3k3.-M™), a OGuomacca — ot 15,8
10 2016,4 Mr-m™ (B cpenneMm — (835,8 £ 800,4) mr-M~). HanGosbIme 9icieHHoCTh U GroMacca oTMede-
Hbl Ha TyouHax ot 0 10 10 M. KosimuecTBeHHBIE TIOKa3aTe /I 300IJIAHKTOHA HAMHOT'O TIPEBBIIIIAJIM TAKOBBIE
B BepXHEH YacTH B MIEPBYIO ouepeb O1aroaapsi yMEHbIIEHUIO CKOPOCTH TeUEHU s B HUKHEM, ObIBILEH MOpo-
MCTOM, 4acT! BogoxXpaHumina (B cpeguem — 0,05 M-c™') BciieACTBYE CyIECTBEHHOTO YBEIMIEH A TITyOu-
Hbl. JlaHHBIN 3(peKT oTMeueH Kak B 3aopoKCKOM BOJAOXpaHWIMIIIE, TaK U B Ipyrux Bogoémax [3, 11, 17].
Emg omHoM npuuuHON OoJiee HU3KKX IMOKa3aTesiell pa3BUTHS 300TUIAHKTOHA B BepXHEH 4acTu BOJOEMA
MOJKET OBITh BJIMSIHUE TIPOMBIIUIEHHBIX CTOYHBIX BOJI, HACBIIIEHHBIX TSDKEIBIMUA METAJIAMU U HedTenpo-
aykrtamu [14, 19, 27]. onst KonoBpaTOK B 0011Iel YUCIEHHOCTH 300IJIAHKTOHA CHIKAJIACh B HATIPABJICHUH
OT TIOBEPXHOCTH K MPUIOHHOMY CJIOI0, & BECTIOHOTMX PaKOOOPa3HbIX — HA00OPOT, BO3pacTaa.

Han6obI1ero KoJIM4eCTBEHHOrO Pa3BUTHsI B IOBEPXHOCTHOM clioe gocturaiu Asplanchna brightwelli
Gosse, 1850, Bipalpus hudsoni Imhof, 1891, Euchlanis dilatata, Polyarthra vulgaris, Synchaeta oblonga,
Bosmina longirostris, Corniger maeoticus Pengo, 1879, Daphnia cucullata, Podonevadne trigona,
Eurytemora affinis, Eurytemora velox, a Takxe 10BeHWJIbHBIE BECJIOHOTHE pakooOpas3Hbie. Hamprmep, umc-
JneHHocTh Buna Polyarthra vulgaris B cioe 0-5 M xone6anach ot 3,7 no 173 ThIC. IK3.- M, HayIUIMEB BECJIO-
HOTUX pakooOpa3Hbix — oT 42,3 1o 162,6 ThIC. 9K3.-M™. [l HIKHEl yacTu BOJIOXPaHWIMILA OTMEYEHa
MOJIOXKUTEIbHAST KOPPEeJIsALiMs YUMCIEHHOCTH 300IUIAHKTOHA U Temriepatypsl B utone (r = 0,78). B cpen-
HEM, JJIs BOJHOTO CTOJI0a, O KOJIOBPATOK M BECJIOHOTUX PAKOOOPA3HBIX OT OOIIEH YHUCIEHHOCTH 300-
TUIaHKTOHA ObUTH cxoqHbIMU — 39,3 1 36,7 % cooTBeTcTBEHHO. [{J11 BCero BOJHOIO CTOJI0a OCHOBY OHO-
Macchl 300TUIAHKTOHA COCTaBJIsUTM BecsioHorue (66,3 %) u BetBuctoychle (22,1 %) pakooOpasHbie; mep-
BbIE JIOMMHMPOBAJIM BO BCEX CIIOSIX. B MPUIOHHOM CJIo€ YMCIEHHOCTh M OMoMacca 300TUIAHKTOHA OKa-
3a71MCh MUHUMAJIbHBIMU (OYEBUAHO, BCJIEACTBHUE HEJOCTATKA MUTAHUS M KUCIOPOa 1Jis 300IUIaHKTOHA);
JAHHOE SIBJIEHME HEpeAKo oTMevaercs B urepatype [11, 24, 29]. Ilocne He3HAUMTEIBHOTO cHiaja Ha ITy-
OvHe 5 M Bo3pacTaHue OMOMACChl 300ILTaHKTOHA Ha r1youHe 10 M cBsizaHO, BEPOSATHO, ¢ 3(pHEeKTOM BTO-
pOro Ha, BO3HUKAIOUIMM BCJIEJCTBUE PE3KOro mepenajaa temnepatypsl (cM. Tadm. 1). Dddekt BTOporo
JHa Takxke oTMevaeTcs B jaurepatype [3, 4, 11, 23], B JaHHOM cJi0€ MPOUCXOJUT KOHIEHTpPALMsI B3POC-
abix ocodeit. Tak, B 1960-e IT. pe3koe Bo3pacTaHue MoKas3aTtesell pa3BUTHS 300IIAHKTOHA HAaOJ01aJI0Ch
Ha r1youne 15 M [3]. KonnenTpanueii 0opiux mo 6romacce 300IUTAaHKTEPOB HA TaHHOU TTyOMHE MOX-
HO OOBSICHUTH OTCYTCTBHE JOCTOBEPHOW KOPPEJIALIMU MEKYy OMOMACCON 300IUIAHKTOHA M TeMIIEpaTypoi
(r =-0,42). B utosie B HUKHEHN 9aCTH BOAOXPAHUJIMIIA OTMEUEHO paccjoeHre Ha STMJIMMHUOH (ITyOruHa
ot 0 10 5 M), metaiumMHKOH (0T 5 70 10 M) U runosumMHUOH (Huxke 10 m). [I7s1 uiosns xapakTepHbl pe3Kue
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CKaYK{ TeMIIepaTyphl, YacTO BO3HUKAIIIMe Ha TIyonHax 8—15wm [3]. B qaHHOM Mecslie B HYDKHEH Ya-
CTU BOJIOEMA TMepernaj] TeMIepaTypsl B 3TOM CJIO€ MPUBOIWI K 3aMETHOMY CHIKEHHUIO KOJIMYEeCTBEHHBIX
rokKasareJieil 300MJIaHKTOHA Ha ropu3oHTax Hike 10 M. Emé oqauM pakropom, oOycnaBiuBaoimm dosiee
HU3KYI0 OMOMAaccy 300IUIAaHKTOHA TIOBEPXHOCTHOTO CJIOSI 0 CPAaBHEHMIO C TAKOBOU Ha riyouHe 10 M, Mo-
KeT ObITh IIBETCHHE CUHE3EJIEHBIX BOJOPOCIIEH, TOKCHHBI KOTOPBIX, HAKATIIMBAsICh, OKA3bIBAIOT aJljIesiona-
THUYECKOEe yrHEeTaIllee BO3/IeHCTBIE Ha 300IUIaHKTOH [ 16, 20]. HecMOTpst Ha CHOCOOHOCTD JIOMHMHAHTHBIX
BU/IOB 300IUIAHKTOHA MUTAThCA KaK CHMHE3eJEHBIMU BOIOPOCISAMH, TaK U MUKPOOPraHM3MaMH, Pa3MHO-
KAIOIUMUCS B YCJIOBUSIX JETPUTHOMW MUILNEBOM LIENH, a TAKXkKe HECMOTPsI HA PE3UCTEHTHOCTh K TOKCUHAM
CHHE3EJIEHBIX BOJOpOCel [26], CIMIIKOM BBICOKasi KOHLEHTpALMs MOCIEHUX B YCJIOBUSIX BOJIOXPaHU-
Jiuia JetoM [28] BIOJIHE MOXKET CO3JaBaTh TOKCUYECKUE YCIOBUS ISl 300IUIAHKTOHA B TIOBEPXHOCTHOM
CJIOE BOIHOM TOJIILIH.

B ocennuii mepro; B IOBEPXHOCTHOM CJIO€ HMKHEW 4acTH BOAOEMA TOMHHUPYIOIIUMU KaK 1O YHC-
JICHHOCTH, TaK M 1o Ouomacce Obli BUIbl Asplanchna brightwelli, Bipalpus hudsoni, Filinia longiseta
Ehrenberg, 1834, Keratella cochlearis, Polyarthra vulgaris, Pompholyx complanata Gosse, 1851,
Synchaeta oblonga, Bosmina coregoni Miiller, 1867, Bosmina longirostris, Chydorus sphaericus,
Podonevadne trigona, nHaynniu u oBeHaJIbHbIe (DOPMBI BECJIOHOTHX PAKOOOPA3HbIX, Belurepsbl Dreissenda.
B nurepatype Takke ecTh YIIOMHHAHUS O MpeoOdJialaHiu 0ojiee MEJIKMX 300TUIAHKTOHHBIX OPraHW3MOB
B IMOBEPXHOCTHOM cJioe [24, 29]. [IpeobiagaHre B cOOOMECTBE 300IUIAHKTOHA MEJIKUX BUJIOB U MOJIOH
BECJIOHOTHUX PaKOOOPa3HBIX, KOTOPbIE UHTEHCUBHO Pa3BUBAJIUCH M KOHIICHTPUPOBAJIVCH B IIOBEPXHOCTHOM
CcJi0e, TPUBOIJIO K OTPOMHOM Pa3HUIIE, IPEsK/Ie BCETO MO YUCICHHOCTH, MEX Y MOBEPXHOCTHBIM clioeM ) M
(170 TIC. 3K3.-M™) ¥ HUKeIEKALUMYA CIOAMH BoaHOro cronba (or 0,32 go 8,31 thic. 3k3.-M7>). B cpen-
HEM, BJIOJIb BCETO BOJHOTO CTOJIOA, M0 YUCICHHOCTH HauOOJIbIIeH OblIa OIS BECIOHOTMX PAKOOOPA3HBIX
(42,3 %), a mo GuomMacce JOMUHUPOBAJIH BecIoHOTHE (53,6 %) M BeTBUCTOYCHIE (25,5 %) pakooOpa3HbIe.

Vcxons W3 TOJydYeHHBIX TOoKas3aTesiell BepTUKAJIBHOIO pacrpe/ieieHUs YUCICHHOCTH U OMOMacChl
300IUIAaHKTOHA BEepXHeW W HWXKHEW dYacTedl 3aropoKCKOro BOAOXpAHWIMINA B ampese, WIoJie U CeH-
Ts0pe, OblTa paccuMTaHa MPOMYKIMS 300IUIAHKTOHA IJIsi BECEHHEro, JIETHET0 U OCEHHETro Ce30HOB
COOTBETCTBEHHO (puC. 4).

A r-M>-ce30H B r-M>-ce30H

- O

0,5 1 1,5 2
L

~_|
1

3 6 9 12

I'ny6una, M
[\
N
)

3 2 15 Z| O Becna
7 Jleto
4 A4 20
B OceHb

Puc. 4. BepruxkamsHoe pacrnpeaeneHre NPOLYKLMH 300IMJIAHKTOHA 3aropoikCKOro BOAOXPAaHMWIMIIA.
A — BepxHss 4aCTb, b — HUKHASA YacTb

Fig. 4. Vertical distribution of zooplankton production of the Zaporozhskoye Reservoir. A — upper section,
b — lower section
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Jl1s MaKCUMaJIbHOW TOYHOCTH MCTIONIb30BaH (PU3HOJIOTMYECKUI METO/I, KOTOPbIA, B OTVIMYME OT IpU-
MEHEHHUSI U3BECTHBIX U3 JIUTEpaTypbl ko3 duiiveHToB P/B, no3BoiseT paccyutaTh NpOLYKIIMIO 300IJIAHK-
TOHA C YYETOM KOHKPETHBIX CPEJHMX pa3MepoB ero BUAOB, OOHAPYKEHHBIX B BOJOEME. BbluucieHHas
cpeHss 10 ITyOMHAM IIPOAYKIUS 300IUIAHKTOHA BEPXHEN YacTH BOJOXpaHuimina cocrasuna 0,127 r-m
BecHOIA, 1,515 r-m> netom u 0,514 1-M ocenpo. C y4éToM cpeHero NpoLEeHTa BbleIaHKs 300IIAHKTOHA
(80 %) 1 ycBOEHM IIeCTON YacTh 300IIaHKTOHA [ 10] py cpeHel riryOruHe BepXHEH 4acTi 3amopoKCKOTo
BOJIOXpaHWIMIIA 5 M [3] nmoTeHIMa bHas MPOAYKLMS PhIO-TUIAHKTO(AroB 3a CUET 3aMacoB 300IUIAHKTOHA
BEpXHEil YacTH BOJOXpaHWIMIIA cocTaBnser 14,4 kr-ral. B HacTosIee BpeMs BBUIOB IIECTPOTO TOJCTO-
700MKa B BOJOXPaHMWJIMIIE paBeH B cpeaneM 4,1 kr-ra!. C y4érom Toro, uto TpeTh OT 00IIEro oobéMa
BbIE/IaHUSI 300TUIAHKTOHA PHIOAMU-TUIAHKTO(AaraMu COCTABJISIET €ro MoTpedeHre TOJICTOJOOMKOM, TPO-
YKL ECTPOTO TOJICTOIOOMKA 32 CUET 3aIaCOB 300IIAHKTOHA BEPXHEH YacTH BOJOXPAHUIIUIIA MOKET
nocTrdb nokasarens 4,79 kr-ra”. TIpoLeHT BhIKMBAHUA IBYXJIETOK TOJICTOJIOOMKA BhIlE (B MEPBYIO OYe-
pelib BCIIEACTBIE MEHBIIIETO MOeAaHU sl MX XUIHBIMUA PIOAMU 10 CPABHEHUIO C MTOSJAHUEM MOJIOJIH), 4 3HA-
YUT, 11e71eCO00Pa3HO 3apHIONATH BOAOEM UMEHHO ABYXJIeTKaMu. C y4€TOM TOro, 4YT0 CpeJHEero TOBAPHOTO
Beca 2,4 KT TOJICTOJIOOWK JIOCTUTaeT 3a 2 roJa, MOXKHO CKa3aTh, YTO PACYETHOE KOJTMUECTBO ABYXJIETOK IS
3apbIOJIeHUs] COCTAaBUT [ = % = 0, 39K3.-ra”’. Takum 00pa3oM, MOJYYEHHOE 3HAUEHHE MOTEHIUAITb-
HOI PHIOOIPOAYKTUBHOCTH MECTPOIO TOJICTOIOOMKA 3a CUET 300ILTaHKTOHA (4,79 kr-ra’!) oueH» GIM3KO
K peajbHOMY 00bEMY BblIOBa Hypophthalmichthys nobilis B Bogoéme. 3appideHre NECTPHIM TOICTOIO0U-
KOM BEpXHEM YacTy BOJOXPAaHWIMUILA HE PEKOMEH/IyeTCs U3-3a €€ 3arpsA3HEHHOCTH U U3-32 OTHOCUTEJIBHO
BBICOKOI CKOPOCTH TE€YEHHUSI.

CpenHsii TPONYKIMs 300IUIAHKTOHA BOJHOTO CTOJNI0A HWXKHEW dYacTH 3amopoXCKOTO —BO-
noxpaHwimma cocrasuina 0,144 r-M>  BecHoW, 5,764r-m> netom u 0,3421-M7  oceHbo. [pu-
HB B pacu€T CpeiHIO0 IyOuMHy HIKHell uactu Bojoéma (18m [3]), a Takke BblIIEyKa3aH-
Hble TMPOMOPLIMU BbIEJIAHUS 300IUIAHKTOHA M €ro YCBAaWBaHUs, MOKHO 3aKJIIOYUTh, YTO IOTEH-
[UaJibHasl TMPOJYKIUs PHIO-TUIAHKTO(AroB 3a CUYET 3armacoB 300IJIAHKTOHA HIDKHEW 4YacTH BOJIO-
xpanwmma cocrasasger 150kr-ra’. C yuéTom TOro, uto [0 BblEJAHUS 300IUIAHKTOHA TOJI-
CTOJIOOMKOM COCTaBJISIET TPETh OT €ro BBICJAHUS BCEMH pPbIOAMU-TUIAHKTO(MAraMu, MpPOLYKIIHUS
Hypophthalmichthys nobilis 3a c4€T 3amacoB 300IUIAHKTOHA HUKHEW 4YacTh BOJOXPaHWIMINA MO-
xeT cocrtaBuTh SO0krral. Takum o00pa3oM, B HIKHEH YacTH BOJOXPAHWIMIIA LEJIECOOOPA3HO
3apbIOJIeHHE IBYXJIETKAMH MIECTPOTO TOJICTOJIOOUKA B KOJIMYECTBE 502_ j’l =19,13k3.ra’l.

Jlisi cpaBHEHUSI: IPOIYKITUsI 300TIJIAHKTOHA TTOBEPXHOCTHOTO CJIOSI HUKHEH JacTy 3anopoxKCKOro Bo-
noxpanwina cocrapuia 0,189 r-m> BecHoit, 10,399 r-m~ netom u 0,739 r-m™ ocensio. Ecim MMPUHUMATh
B PACYET MPOIYKIIMIO 300IUIAHKTOHA JIUIIh B TIOBEPXHOCTHOM CJIOE, TO C YUETOM ITyOMHBI BOJOEMA U TIPO-
MOPIMY BBIEJAHUS] U YCBAaMBAHMS 300IUIAHKTOHA MOTEHIMAIbHAS MPOMYKIMS BCEX PBIO-TUIAHKTO(AroB
3a CYET 3aacoB 300IUIAHKTOHA HMKHEN 4acTU BOJOXPaHUIMIIA cocTaBut 271,8 krra’l, a norenuuanpHas
HpOAyKIHUs NECTporo Tosctonoorka — 90,6 kr-ra™!. TIpu 9ToM pekoMeHIyeMas BEIMYMHA 3apbIOJIeHU
TOJICTOJIOOMKOM COCTABUT % = 36 9K3.-ra”!, 4TO 3HAYUTENLHO BHILIIE CPEIHEN BEJMUNHBI 3aPhIOJICHMU,
MOJTyYeHHOW Ha OCHOBAHUU cf)eﬂHeI?I MIPOJIYKIIMH 300IUIAHKTOHA BO BCEM BOJHOM crojide. [Ipu nepepacué-
Te Ha IUIONIAIb HIKHEW yacTu 3anoposxckoro Bogoxpanunuina (14 607 ra [3]) pazHulia BeIn4uH 3apbioie-
HUS IECTPHIM TOJICTOJIOOMKOM OKAa3bIBA€TCsI CYILIECTBEHHOM: 279 ThIC. 9K3. Ha BECh BOJOEM (MCXO[s U3 KO-
JIMYECTBEHHBIX MMOKAa3aTeJiel 300IUIAHKTOHA BO BCEM CTOJIOE BOJHOM TOJIIM) MPOTUB 525,8 THIC. 9K3. (UC-
XOJIsI U3 YMCIICHHOCTH ¥ OMOMACCHI 300TUIAHKTOHA B TIOBEPXHOCTHOM cJioe). Takum 00pa3oM, N30BITOK 3a-
PHIOJICHU ST TIECTPBIM TOJICTOJIOOMKOM COCTaBUT 246,8 THIC. 9K3., YTO MPUBEIET K SKOHOMUIECKUM YOBITKAM
B CBSI3U C OTXOJIOM 3apbIOJIsIEMOr0 MaTeprasia BCJIEICTBUE HeJOCTaTKa KOPMOBOM 0a3bl — 300IUIAHKTOHA.

BriBoabI:

1. BuoBo# cocTaB 300IUIAHKTOHA 00EUX MCCIIeJOBAHHBIX YacTell BOJOXPAHIIIUINA ObLT CXOIHBIM, JIUIIh

Buabl Daphnia cucullata v Daphnia hyalina BcTpedanuch UCKJIIOUMTEBHO B HUKHEW yacTu. BecHom

ObU10 UaeHTU(UIPoBaHO 20 BUIOB 300IUIAHKTOHA U MEPOIUIAHKTOHA, JIETOM — 58, oceHbio — 41.
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2. BecHoil BepTUKaJIbHOE pacIipe/ie/ieHre 300IUIAaHKTOHA 00enX YacTel BOJOX paHWIMINA ObUIO paBHOMEP-
HBIM, C HE3HAUUTEJIbHBIM BO3pacTaHUEM KOJIMYECTBEHHBIX MIOKa3aTesiell B MPUIOHHOM clloe Oarogaps
Pa3BUTHIO LIMKJIOTIOML.

3. Jlerom B 00enx 4acTsX BOAOXPAHWJIMIIA OTMEUEHbl XapaKTepHble MAKCUMYMBbl Pa3BUTHSI 300TLIaHK-
ToHa. bosiee BhICOKHME TMOKa3zatenn u OoJiee BbIpakeHHAs HEPABHOMEPHOCTh BEPTUKAIBLHOTO pacrpe-
JeJIeHHs 300TUIAHKTOHA ¢ KoJieGaHusIMUA OroMacchl oT 15,8 10 2016,4 Mr-M™ GbUIM OTMEUYEHBI B HUXK-
Hel (6oJiee rTyOOKOH) YacTH BOAOXPAHMIIMIIA, C KOHIIEHTPALMEH OPraHM3MOB B IOBEPXHOCTHOM CJIOE
u Ha nyoune 10 M. B netHuit mepuop U1s1 JaHHOW YacTU BOAOEMA OTMEUYEHA MOJIOKUTESbHAS KOp-
peJsALuMs MEXAY YMCJIEHHOCTBIO 300IUIAHKTOHAa M Temneparypoil (r = 0,78). B BepxHell yactu Bo-
noéMa KosieOaHusT GMOMACCH 300IUIAHKTOHA COCTABISLIA OT 47,6 no 355,8 Mr-M™>, ¢ HaMOOIBIIMMU
MOKAa3aTesIsIMU pa3BUTHS B IOBEPXHOCTHOM U IIPUAOHHOM CJIOSIX.

4. OceHpI0 Takke HAOTIOJAMCh BHICOKME MOKA3aTeNI Pa3BUTHUsI 300IUIAHKTOHA M OoJiee 3HaYMTEeIbHAS
HEpaBHOMEPHOCTb €ro paclpee/ieHus1 B HUKHEW JacTu BojoxpaHwiviia. Hanbosee cuiibHbIE KoJle-
GaHus ObLIM XapaKTepHHbI IS yncaeHHocTH (0T 0,32 10 170 Thic. 3K3.-M™), 0HAKO KOppeJIAlMs KC-
JIEHHOCTY WJIM OMOMACCHl 300IUIAHKTOHA C TEMIIEPATYpOil OTCYTCTBOBaIA. B BepxHeil yacTi BogoéMa
He Ha0JTI0/1a710Ch BRIpKEHHON HEPaBHOMEPHOCTH PACIpe/ie/IeHrsT, MAKCUMYM YHCJICHHOCTH 300TUIaHK-
TOHA PUXOIMJICS] Ha TOBEPXHOCTHBIN ciioit 0—1 M, a 6romacca pacrpe/iesisiiack paBHOMEPHO, 3aMETHO
CHMXKAsICh JIMIIb HA TITyOHHE 5 M.

5. Bo Bce ce30HbI B 00eMX YacTsaX BOJOEMA MEJIKME OpraHU3Mbl 300IIAHKTOHA (TUTAHKTOHHbIE KOJIOBPAT-
KU, HAYTIJTUY ¥ IOBEHUJIbHBIE BECIIOHOTHE PAaKOOOpa3Hbie) ObUIM IPUYPOYEHBI K TOBEPXHOCTHBIM CJIOSIM,
a IPUIOHHBIE KOJIOBPATKH M B3pOCIble (hOPMbI paKOOOPa3HBIX — K MPUAOHHBIM. [laHHas XapakTepHas
0COOEHHOCTD pacIpe/ie/ieHus B HanOOJIbIIIeH CTETIeHN MPOSIBIISIACH OCEHBIO.

6. 1151 3¢ppeKTUBHOTO MCTIOIB30BAHUS KOPMOBO 0a3bl B BU/IE 300IIAHKTOHA LIEJIeCO00pa3Ho 3aphioie-
HUE BOJOXPAHWIMILA JBYXJIETKAMHU MECTPOTO TOJICTOIO0MKA B KommuecTBe 19,1 9k3.-ra”! my1s HukHel
yacTu Bogoéma. M3-3a 3arps3HEHHOCTH BEPXHEN YaCTU BOJIOXPAHWIIMINA U U3-32 OTHOCUTEJILHO BBICO-
KOW CKOPOCTH TEUEHHUsI 3apbIOJieHHe MECTPHIM TOJICTOJIOOMKOM JIAHHOW YacTW BOAOEMA HE PEKOMEH-
nyetcsi. Pacu€r 3apbiOneHns yka3aHHBIM IUTAHKTO(aroM Ha OCHOBE MPOIYKIMU 300IJIAHKTOHA B T10-
BEPXHOCTHOM CJIOE, @ He BO BCEM CTOJIOE BOIHOM TOJIIM HIKHEH 4acTH BOJOXPAaHWJIMINA, TIOKa3asl:
NOJTyYeHHas MMOYTH JBYKpATHAsi epeolieHKa (M30BITOK coCcTaBUT 246,8 ThIC. 9K3.) MPUBEAET K KOHO-
MHUYECKMM YOBITKaM M3-32 O0TXO0/1a 3apbI0IsIeMOro MaTepraa BCIeACTBUE HeIOCTaTKa KOPMOBO 0a3bl.
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STUDY OF VERTICAL DISTRIBUTION OF ZOOPLANKTON
IN ZAPOROZHSKOYE RESERVOIR
AIMING TO CALCULATE BIGHEAD CARP STOCKING"

V.A. Yakovenko & E.Yu. Zaychenko

Oles Honchar Dnipro National University, Dnipro, Ukraine
E-mail: yakovenko_via@ukr.net

The article focuses on the vertical distribution of zooplankton because of its importance for calculation
of bighead carp stocking the Zaporozhskoye Reservoir. The reservoir is a water-body of complex use with
fish catching being one of the priorities of the reservoir. Zooplankton is an important component of fish
forage base, so accurate quantitation of zooplankton development is necessary for improving efficiency
of forage base use of the reservoir by means of appropriate stocking with fish. These indicators depend
significantly on the depth of the reservoir and can vary through the vertical section. At the same time,
almost all investigations of the reservoir were aimed at studying the indicators of zooplankton develop-
ment in the surface layer which can led to inaccurate calculations concerning the stocking of the reservoir
with planktivorous fish. Therefore, the purpose of this work was not only to study the vertical distribu-
tion of zooplankton of the Zaporozhskoye Reservoir, but also to calculate the zooplankton production
and the corresponding rates of stocking the reservoir with bighead carp. In summer and autumn periods,
the heterogeneous vertical distribution of zooplankton was found in both parts of the reservoir. In the up-
per part of the reservoir, the maximum values of zooplankton development were observed in the surface
and near-bottom layers whereas in the lower part of the reservoir — in the surface layer and at the depth
of 10 m. Since conditions of the upper part of the reservoir are unfavorable for bighead carp, and the esti-
mated value of the stocking density (0.3 spec.-ha™!) is negligible, no stocking of this part of the reservoir
with the indicated planktivorous fish is expected. When calculating the stocking based on the zooplankton
production in the surface layer only, but not in the whole water column, almost double overvaluation ob-
tained (excess would be 246.8 thousand specimens) would lead to economic losses because of the wasteful
expenditure of stocked material due to a lack of food resources. For effective utilization of zooplankton
as the food base it is advisable to stock the lower part of the reservoir with two-year-old bighead carps
with the stocking density of 19.1 spec.-ha™!.

Keywords: zooplankton, vertical distribution, Zaporozhskoye Reservoir, production, stocking with fish,
bighead carp, Hypophthalmichthys nobilis

“)Scientific communication on the materials of the reports of All-Russian conference with international participate, devoted to the 110™ anniversary
of Dr. Viktor Sergeevich Ivlev (1907-1964) and to the 100" anniversary of Dr. Irina Viktorovna Ivleva (1918-1992) “Prospects and directions of aquatic
ecology development” (11-15 October, 2017, Sevastopol).
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Lenp naHHOW pabOTBl — OMMCATh MEPBBI CIydaill perucrpauuu KankaHa Scophthalmus maeoticus
(Pallas, 1814) B mpuycTheBOM B3MOPBe p. [IoH (47°3’57”N, 39°12’39”E) 1 npoaHaIM3upOBaTh €T0 B KOH-
TEKCTE pOCTa COJEHOCTU A30BCKOrO Mops. MaTepuanoM MOCTyKWJIU J1Ba SK3EMIUIsIpa KajlKaHa, OTJIOB-
nersbix 16.07.2016 1 01.09.2016 craBHO¥ ceThio ¢ sA4eéit 55 MM. B cTaThe IpUBOASITCS OCHOBHBIE MEpPH-
CTUYECKHUEe W IJIACTUYEeCKUe TIPU3HAKY MOMMAaHHBIX 0COOEl B CpaBHEHUH C TAKOBBIMU U3 JIUTEPATyPHBIX
rncToYHUKOB. COJEHOCTDh BOJI A30BCKOTO MOpPsI OIIEHUBAIM IYyTEM €KEerOTHOr0 MOHMTOPHHTA Ha TPEX
THPOMETEOINOCcTax B enbTe JJoHa ¥ B BOCTOUHOUM vactu TaraHporckoro 3aimea. [IpoaHann3upoBaHa
JMHAMKKa cojiéHocTu A3oBckoro mopsi u Taranporckoro 3ayimBa. OOHapykeHHe KajlKaHa B IPUYCThe-
BOM B3MOpbe p. [I0H sABIAETCA CBUAETENBCTBOM TpaHC(OPMAIIM UXTUOLIEHOB B CBSI3U C OCOJIOHEHUEM
A3zoBckoro Mopst 10 12,5 %o u Taranporckoro 3amiBa — 10 6 %o 1 XOPOIIIO COINacyeTcsl ¢ TeHIeHIIUen
YBEJINYEHHUS JI0JIM MOPCKUX M COJIOHOBATOBOJIHBIX BUJIOB MPH YMEHBINICHUM YUCIIEHHOCTH aO0pUTEHHBIX
MOJTYTIPOXO/IHBIX (hOPM.

KaroueBbie caoBa: miepBas Haxomaka, Scophthalmus maeoticus, Scophthalmidae, A3oBckoe mope,
Taranporckui 3aj1MB, OCOJIOHEHHE

BacceilH A30BCKOro Mopsl BBUJy CBOEro reorpahuyeckoro MoyokeHUsl 1 SKOHOMUYECKOW 3HAYMMO-
CTU Ype3BbIYaifHO MOJABEPKEH AHTPOIIOI€HHOMY BO3JEWCTBUIO M KJIMMATHUECKUM M3MEHEeHUsM. B cBs-
34 C 9TUM AJIs1 SKOCUCTEMbI A30BCKOTO MOpSI XapaKTepHa BBICOKAs JaOUIbHOCTD, IPUBOASAINAS K YaCTON
TpaHcOpMaIyy CTPYKTYPBl COOOIIECTB THAPOOUOHTOB.

OnxHMM U3 KJTI0UYEBbIX (PAKTOPOB, OIPEAEISIOIINX COCTAB UXTUOLIEHOB A30BCKOro Mops B 1iejioM U Ta-
FaHPOICKOTO 3aJIMBA B YACTHOCTH, SIBJISIETCS COJIEBOM pekuM. 3a BCIO UCTOPUIO U3YUYEHHs, B 3aBUCMOCTH
OT M3MEHYMBOCTHU 3aTOKA BOJI YePHOMOPCKOIO MPOUCXOKAEHUSI U PEYHOr0 CTOKA, COJIEHOCTh A30BCKOIO
Mopsi BapbupoBajia B uHTEpBajie oT 8 1o 14 %o. Benencrteue manoro o6bEMa Mopsi U OOJIBILION M3MEH-
YUBOCTH PEYHOTO CTOKA MEXTOJIOBBIE TIepernabl COJEHOCTH MOTYT gocturath 1 %o u 6onee [4]. B ycio-
BUSIX Pa3BUBAIOLIETOCS OCOJIOHEHUS HEPEIKUM SBIIAETCA PAaCHpOCTPaHEHHE INpeJCcTaBUTeNIed MOPCKOW
uxTrodayHsl B TaraHporckoM 3aj1vBe BILIOTH JI0 CAMOM BOCTOUYHOM €ro YacTy U 10 ycTbs p. oH [2].

B KOHTEKCTe KJIMMAaTUYeCKUX U3MEHEHUH, MPOUCXOAIINX B MOOAJIbHBIX U PETMOHAIBHBIX MacIITa-
0ax, ONMCcaHue CIy4yaeB PerucTpalii BUJOB-BCEICHIIEB CTAHOBUTCS aKTyalbHOH 3a1a4eid. OHO Ba)KHO Kak
IJIS pelieHus psiAa TEOPETUIECKUX TIPoOJIeM, TaK U IJIs OCYIIECTBICHUS PAIMOHAIBHON XO3SIHCTBEHHOM
IeSTeILHOCTH.
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[ToBOOM [UIsI HACTOSAIIEro COOOIIeHUsT siBWIAch TOMMKa B 2016T. JBYX 3K3EMIUIAPOB KaJKaHa
Scophthalmus maeoticus (Pallas, 1814) B HexapakTepHOM /Js1 Hero paiioHe A30BCKOro OacceiiHa —
B IIpUyCTheBOM B3MoOpbe JloHa (puc. 1).
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Puc. 1. Kapra c ykazanuem Mecra noumku (@) KaJikaHa B IPUYCTHEBOM B3MOpbe p. [loH
Fig. 1. Map marking the place of capture (@) of the Black Sea turbot in the estuarine seashore of Don River

MATEPUAJI 1 METO/J1bI

B ocHOBY pa0GoThI MOJIOKEHBI PE3yJIbTAThl UXTUOJOTMYECKOr0 MOHUTOPUHIAa B BOCTOYHOW vacTu Ta-
raHporckoro 3aivBa B 2016 r. KOHTpOJIbHBIN JIOB OCYIIECTBIISIIA )aOepHBIMU ceTsiMu ¢ stde€in 30—60 Mm.
Cpoku HaOJOJEHUI BKJTIOYATH OOJIBIIYIO YaCTh FO/a, C SHBAPSI 110 HOSIOPb, M HE OXBATHIBAJIM JIWIIIL HE3HA-
YUTEJIBHYIO YaCTh 3UMHETO ce30Ha. [IJ1s onucaHusi MOMMAaHHBIX SK3eMILUISPOB UCHOIb30BATU PsiJ IIACTH-
YEeCKUX U MEPUCTUYECKUX MPU3HAKOB, PEKOMEHJOBAaHHBIX /1151 KaMOaJIOBBIX pbIO [6, 8].

JI7151 OLIEHKY XaJIMHHBIX YCIOBUM OCYLIECTBIISIIN €KEr0JHbI MOHUTOPUHT Ha TPEX TMIPOMETEONOCTax,
JBa U3 KOTOPbIX PACMOJIOKEHBI B ycThe JJoHa, a 0IMH — B IPUYCTbeBOM B3MOpbe. CONEHOCTb BO/I U3MEPSLIU
KOH/JIyKTOMETPHUYECKUM CITOCOOOM C TIOMOIIBIO JATIYMKOB 3J1eKTporipoBogHocTH «Commc» CJI15-10T. Tun-
pomeTeonocTsl ocHalleHsl perucrpatopamu Aanderaa RCM 9LW u okeanorpapuueckum 3onn1om CTD-
90. baza jaHHBIX C TMIPOMETEONOCTOB BKJIOYaeT O6osee 150 Thic. M3MepeHuil CONEHOCTH BOAB U Koieha-
Huil ypoBHA Mops B 2013-2015 rr. C 2009 no 2015 . Ha cyaax nposesu okojo 80 3Kcneauiui, B KOTO-
pbIX ¢ oMolibio okeaHorpapuueckux 304108 SBE-21, SBE-19 u CTD-60M peructpupoBaiy COlNEHOCTb
A30BCKOT0O MOpPSI Ha OKEaHOJIOTMYecKoM pa3pese aesbTa Jlona — KepueHckuil mposus.

PE3VIJIbTATBI 1 OBCYKJIEHNE

MarepuaJ. Scophthalmus maeoticus — 2 3k3., SL 131 1 195 mm (puc. 2). [TepBbiil sK3eMIUIsAp NOWMaH
16.07.2016, Bropoit — 01.09.2016. Opyaue 10Ba — cTaBHAs kKaOepHAasi CETh C maroM siueu 55 Mm. Mecto
MOUMKH — BOCTOYHAs YacTh Taranporckoro 3aimsa (47°3’57”N, 39°1239”E). Coopuwik — [I. H. Ky1pin.
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Puc. 2. Kankan, moiiMaHHBII B IPUYCTbEBOM B3MOphe p. [IOH, U ero ciemnas cTopoHa

Fig. 2. Black Sea turbot caught in the estuary of the Don River and his blind side

Omnucanme. [lepBoiii sx3emiuisip: D 62, A 44, P 11, sp. br. 16, I. 1. 86. Bropou sxzemiuisip: D 63,
A 45, Pll,sp. br. 16,11 88 (tabn. 1). KocTHele OYropku MOKPHIBAIOT JIMIIb TJIA3HYIO CTOPOHY, HEMHO-
rOYMCJICHHbIE, MEHBIIIE TUaMeTpa I71a3a, B BUJIE TUIOCKUX, SJUTUIITHYECKUX Ha TeJie M OKPYIVIEHHBIX HA TO-
JIOBE IIMTKOB, CO CJ1a00 BBIpaKEHHBIMU IMUIUKAMH Tocepenune (puc. 3). Bricota Tena cocrapisier 64—
69 % ero gymuHbl. [nuHa rofoBsl 3 pa3a ykiaasiBaeTcs B SL. [[nuHa pputa ykiaaeiBaeTcs 4 pasa B AJIMHE
TOJIOBBI, aMeTp ra3a — okoyio 10 pa3. AHTegopcalbHOE pacCTOsIHUE KOPOTKOe, YKJaabBaercs: B SL
17 pa3, anreananpHoe — 3 pa3a. Okpacka (PMKCUPOBAHHBIX K3EMIUTSIPOB OypOBATO-KOPUUYHEBAs C psijia-
MU HeOOJIbIIMX TEMHBIX MsITeH. Ha TulaBHUKaX MsTHA BBHITATUBAIOTCS BJIOJb JienuaoTpuxuii. Crenast cTo-
poHa xéntasi, 6e3 MATeH, Y OCHOBAHWI CIIMHHOTO W aHAILHOTO TUIABHUKOB CTAaHOBHUTCS OypoBartoi. Kak
BUJIHO U3 TaOJI. 1, MOiMaHHbIe 0COOM KaJIKaHa MO OOJIBIIMHCTBY IPU3HAKOB COOTBETCTBYIOT OMMCAHHOMY
B JIUTEpAType a30BCKOMY TOJBHITY.

OBCYXJIEHUE

KayikaH — TUNYHBIA MOPCKOH BHI, OH pacripocTpaHéH B YEpHOM Mope y Bcex OeperoB, BCTpevaer-
cs1 B BocToYHOM yactu CpeanzeMHOro ¥ B AipuatudeckoMm Mope [7]. Bun ocemibiid, paanyc MUrpaliiu
cTaj KasikaHa oObraHO He mpeBbiaeT 60 km [8]. B A3oBckoM Mope psini uccienoBateneii [7, 8] BeiaenseT
noBu Scophthalmus maeoticus torosus (Rathke, 1837), KOTOpbIil BCTpeyaeTcst MPeuMYIIeCTBEHHO Y 3amaji-
HBIX U ceBepHBIX OeperoB (y koc OourouHoi, bepasiHckoi 1 beocapaiickoil) U pexke — BIOJIb BOCTOYHBIX
oeperoB (y Apabatckoii crpenky, y Kazantumna u Auyesckoii kockl) [7]. JI. Y. Cemenenko u A. Y. Cmup-
HOB [8] oTMeuanu mpuypoYeHHOCTh KallkaHa K rryonHam 5—10 M u k conéHnoctu Boasl 11-13 %o. B aT0ii
CBSI3U OOHApY’KEHHE JIAHHOTO BUJA B BOCTOYHOM YacT TaraHporckoro 3ajimBa, a UMMEHHO B ITPUYCTbEBOM
B3MOpbe [loHa, pecTaBIseT 3HauMTeIbHBII UHTEPEC.

Kak ocHOBHyIO MpeanochUlky oOHApyKeHUsl KalKaHa 3a Mpe/ieiaMyu HAaTUBHOTO apeana cleayeT pac-
CMaTpUBATh U3MEHEHHUE TUAPOIOTUYECKOTO peskumMa A30BCKOTo MOpsi. IIpuuuHbl yBeIMUeHus CONEHOCTU
KPOIOTCSI BO BHYTPUMBEKOBOM IMKJIMYHOCTU Kiaumara (30, 60 1eT) 1 B yMEHbIUIEHUH CTOKA MOCIe TIePeKpbl-
TS gonuHbl [JoHa B 1952 rr. HumiisHekoit minotuHoi [4, 5]. [Ins A30BCKOro Mopsi XapakTepHa BbICOKast
CTeTeHb 3aBUCHUMOCTHU OKEaHOJIOTMYECKUX YCIOBUI OT peuHOro ctoka. Bo Bropoii nososune XX B., Bie-
CTBHE €CTECTBEHHBIX KIIMMATUYECKUX U3MEHEHUM, ApUIN3ALIUN U THIPOTEXHUYECKOTO CTPOUTENLCTBA, yUa-
CTUJIMCh TOJIBI C aHOMAJIbHO HU3KUM CTOKOM. Tak, B meproa 1942-2015 rr. rogoBoii 00bEéM cToka p. JIoH co-
Kkpatuics ¢ 52 no 11 KM>; B HACTOSIIIIEE BpeMsI POUCXOAMT €0 3aMEILEHUE COJIOHOBATBIMA YEPHOMOPCKH-
mu Bogamu. B utore ¢ 2004 o 2015 r. cpeansis con€HocTh A30Bckoro Mopst yBesmumiach ¢ 11,0 1o 12,5 %e.
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Taﬁ.lmua 1. MOpq)OMeTpI/I‘[CCKI/IC ITPU3HAKHN MTOMMAaHHBIX 9K3EMIUIAPOB a30BCKOI'O KaJIKaHA B CpaBHEHHU
C TAKOBbIMHU U3 JIMTEPATYPHBIX UCTOYHUKOB

Table 1. Morphometric features of caught specimens of the Black Sea turbot in comparison with the published
data

ITo CemeneHko, o Mipinacko [1]
TpusHax I II CmupHOBY [8] (n=75)
9K3EMILISIP 9K3EeMILISIP (n=125)
Mtm lim M+tm lim
SL, Mmm 1314 195,0 401,9+4,0 330460 272,5+5,9 270,5-380,0
MEPUCTHYECKHIE PU3HAKH

D 62 63 63,40 £ 0,53 59-70 63,7510,13 56-70

A 44 45 46,44 + 0,35 43-49 46,12 £ 0,12 39-51
LP 11 11 11,28 £ 0,19 9-14 - -

RP 10 10 - - - -
sp. br. 16 16 15,80+ 0,11 14-17 15,23 £ 0,05 13-17
IA 86 88 83,20 £ 0,49 70-86 - -

B % ot SL

H 69,41 64,10 70,43 £ 0,59 64,1-74,2 69,75+ 0,37 63,4-77,1

h 12,86 11,74 11,15+ 0,15 8,9-12,3 12,21 £ 0,06 11,0-13,4
aD 5,78 5,38 5,43 10,13 4,6-6,7 5,47 £ 0,06 4,3-6,8
aV 18,49 19,33 18,43 £ 0,26 17,1-22,8 18,52 £ 0,10 16,1-20,2
aA 33,56 33,33 35,87 £0,45 30,1-38,5 36,19 £ 0,24 32,3-40,0
V-A 4,34 4,15 5,191+0,34 3,8-7.9 - -
pl 4,72 3,18 4,63 10,17 3,3-6,1 5,49 £ 0,08 4,2-7,0
hD 16,13 14,41 15,35+ 0,15 13,8-16,7 16,49 £ 0,10 14,5-18,1
hA 17,12 17,03 15,55+ 0,17 13,2-16,9 16,80 £ 0,12 14,7-18,6
ILP 15,07 13,69 14,31 £ 0,18 11,9-16,0 15,4+0,12 13,0-17,7
IRP 13,01 11,23 - - - -

v 10,12 7,74 8,47 10,14 7,1-9,8 - -
c 33,49 29,95 33,80 £ 0,25 29,5-34,0 31,99 + 0,08 30,6-33,3
B % oT ¢
28,41 25,86 23,99 £ 0,49 19,4-29,3 - -

0 10,23 11,82 10,39 £ 0,18 8,8-12,2 15,53 £ 0,22 11,7-21,9
po 65,23 62,84 65,63 £ 0,46 60,0-97,7 61,46 £ 0,15 59,5-63,6
Hc 78,64 96,58 87,10 £ 0,90 76,2-98,2 79,00 £ 0,35 74,5-85,0
Imx 43,64 47,77 45,43 + 0,31 36,8-49.4 64,08 £ 0,16 43,4-48,7
Imd 40,45 40,24 50,50 £ 0,30 37,4-52.3 52,04 £ 0,13 49,5-54,6

io 11,0 13,0 10,79 £ 0,27 9,0-14,7 11,29 £ 0,08 10,1-13,1

IIpumeuanne. SL — cranmapTHas AvHA; D — YKCIIO JTy4Yeil B CIIMHHOM IUIaBHUKE; A — TO e B aHAJIbHOM IIABHUKE;
LP — 10 e B JIeBOM I'PyJHOM IUIABHUKE; RP — TO K€ B IPABOM I'PY/IHOM ILIABHUKE; SP. br. — YHCIIO %a0SPHBIX THIYMHOK
Ha NepBoii xkabepHoii ayre; . . — uuciio venyit B G0KOBOH JiMHUM; H — HauOoJIbIas BHICOTA Telia; i — HauMeHbIast
BBICOTa TeJia; aD — aHTeJOpCaJIbHOE PACCTOSIHUE; @ V — aHTeBEHTPAJIbHOE PACCTOSIHUE; dA — aHTeaHATbHOE PACCTOSIHUE,
V—A — paccTosiHre Mek]Ty OCHOBAHUSIMU OPIOIIHOTO W aHAJIBHOTO IJIABHUKOB; pl — JUIMHA XBOCTOBOTO CTe0Is1; hD —
BBICOTA CIIMHHOTO TJIABHUKA; 1A — BBICOTA aHAILHOTO TUIABHUKA; [LP — [TMHA JIeBOTO TPy JHOTO TUIaBHUKA; [RP — nrHa
MPABOro IPyJHOrO IJIaBHUKA; [V — [UTHA OPIONIHOIO [UIABHUKA; C — JUIMHA TOJIOBBI;, ¥ — JIJIMHA PbLIA; 0 — JAUAMETP
I71a3a; po — 3arIa3HUYHBIA OT/EN TOJIOBBI; He — BBICOTA TOJIOBHI; [imx — AIMHA BEpPXHEW YeIioCTH; [md — AiHa HIKHEN
YeJIIOCTH; i0 — NIMpHHa Jida.

Note. SL — standard length; D — number of rays in dorsal fin; A — same in anal fin; LP — same in left pectoral fin; RP —
same in right pectoral fin; sp. br. — number of gill rakers on the first gill arch; I . — the number of scales in the lateral
line; H — maximum height of the body; /2 — lowest body height; aD — antedorsal distance; aV — anteventral distance; aA —
anteanal distance; V-A — distance between the bases of the abdominal and anal fins; pl — length of the caudal peduncle;
hD — height of dorsal fin; hA — height of anal fin; /LP — length of left pectoral fin; I[RP — length of right pectoral fin; [V —
length of ventral fin; ¢ — length of head; r — length of snout; o — eye diameter; po — postorbital head division; Hc — head
height; Imx — length of the maxilla; Imd — length of the mandibula; io — width of the forehead.
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Puc. 3. KoctHbie Oyropku Ha I1a3HOU CTOPOHE KaJlKaHa
Fig. 3. Bony tubercles on turbot ocular side

[Tpu 3TOM TpOekpaTHO — ¢ 2 10 6 %o — BO3pOCHA CpeqHsIs COJMEHOCTh TaraHporckoro 3anmsa (puc. 4).
B 2016T. TeHneHIMA OCOJIOHEHHSI COXpaHWIach. B pailoHe MXTHOJIOTMYECKOTO MOHUTOPHHIA, TJe ObLT
oOHapykeH KaykaH (puc. 1), conéHocts gocrurana 6 %eo.

Kak ormeuaer I'.I". MarumoB ¢ coaBtopamu [5], MOsiBeHUE COJIOHOBATHIX BOJ (4—8 %c) B aBaH-
nenbre JIoHa — HOBOE sIBJICHHE, OHO BO3HHUKAET B pe3yJIbTaTe CHUKEHHUS 00BEMOB BOJI, MOCTYMAMOIINAX
B A30BcKoe Mope u3 p. JIoH, 1 3aMelleHns] UX BBICOKOCOJIOHOBAaTHIMU (MOPCKMMM) Bogamu YEpHOro Mo-
ps. B 9T0il cBsSI3M MOSIBIIEHNE HOBBIX JIEMEHTOB MOPCKON MXTHO(AyHbl MOKET HOCUTbh 3aKOHOMEPHBIit
XapakTep U MOAJIEKUT JaTbHENUIIEMY U3YUEHUIO.

Takum 0Opa3om, OOHapyKeHHe KaJKaHa B MPUYCThEBOM B3MOpbe [loHa SBISIETCS] CBUAETEIHCTBOM
TpaHc(OpMaI UXTHOIIEHOB A30BCKOTO OacceilHa B CBSI3M C OCOJIOHEHMEM M XOPOIIO COIJIACyeTcs
C TEHJIEHIMSIMU YBEJMYEHUs JOJIM MOPCKUX M COJIOHOBATOBOJHBIX BUJOB U YMEHBIIIEHUsI YHCIIEHHOCTH
AOOPUreHHBIX MOJYIPOXOAHBIX (POPM B 3CTyapHOii 30He p. [oH [2, 3].
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Puc. 4. [luHamMuKka CpelHEroJOBHIX 3HAYEHWUA COJIEHOCTH A3OBCKOrO Mopsi M TaraHporckoro 3ajiuBa

B 2004-2015rr.
Fig. 4. Dynamics of average annual salinity in the Sea of Azov and Taganrog Bay during 2004-2015
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FIRST FIND OF THE BLACK SEA TURBOT
SCOPHTHALMUS MAEOTICUS (SCOPHTHALMIDAE)
IN DON RIVER ESTUARY
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The aim of the work was to describe the first catch of Scophthalmus maeoticus (Pallas, 1814) in the Don
River estuary (47°3’57”N, 39°1239”E) and to analyze it in the context of salinity increasing in the Sea
of Azov. The study was carried out using two turbot specimens caught on July 16, 2016, and on September
1,2016, by a net with a mesh 55 mm. Assessment of the chalinic conditions of the Sea of Azov was carried
out through annual monitoring at 3 hydrometeorological stations in Don River delta and in the eastern
part of the Taganrog Bay. The article presents main meristic and plastic features of the turbots studied
in comparison with published data. The dynamics of the salinity in the Sea of Azov and in the Taganrog Bay
is analyzed. Find of the turbot in the estuary of the Don River is an evidence of ichthyocene transformation
in response to salinity increasing (up to 12.5 %o in the Sea of Azov and up to 6 %o in the Taganrog Bay).
The first catch of the turbot corresponds with trend of increasing of marine and brackish-water species
share and with a decrease in the number of native semi-anadromous fish species.

Keywords: first find, Scophthalmus maeoticus, Scophthalmidae, Sea of Azov, Taganrog Bay, salinization
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Some diatoms are rich food for herbivorous copepods, while others are toxic for their recruitment. No ne-
gative effect of diatom Cylindrotheca closterium was ever observed for copepods, and some estuarine
copepods preferred it as a food. Data on grazing diatoms by abundant now in the Black Sea coastal waters
invasive copepod Oithona davisae are still contradictory. Interaction of O. davisae and C. closterium, both
having high colonizing potential and both typical for coastal waters, was studied in experimental culture.
Two weeks after inoculation of C. closterium the cultured O. davisae was drastically fouled by globulous
conglomerates of diatom cells. Diatom cells in “colonies” on copepod exoskeleton were interconnected
by means of adhesive substances at one of their flexible ends at the point-wise areas at various parts
of copepods exoskeleton, and the opposite flexible ends performed various circular roll-over fan-shaped
movements around the axis passing through the point of their attachment. “Colonies” behaved as integrated
aggressive organisms against any approaching flagellate and prevented normal locomotion of copepods.
Herein we present the first report on epizoic behavior of C. closterium: quick disastrous colonization of alive
copepods O. davisae by diatom “colonies” led to total extinction of cyclopoid experimental population
while alive diatoms formed dense network on copepods degenerative tissues.

Keywords: diatom, Cylindrotheca closterium, colonization, copepod, Oithona davisae, Black Sea

Diatoms often dominate in temperate waters during seasonal blooms in winter, early spring and autumn,
and had been reputed for a long time as excellent food for herbivorous copepods and the basis for their re-
cruitment. However, in the late 1990s, the copepod-diatom interaction was re-considered when the insidious
effect of diatoms on copepod reproduction was found [16]. Diatom-induced inhibition of copepod repro-
duction was registered in different environments and laboratories proved by field and experimental data.
Feeding some species of diatoms can disturb different stages of development of copepods from embry-
onic to postembryonic related to anti-proliferative action of diatoms associated with low molecular weight
aldehydes leading to copepods mortality [8, and literature cited thereinafter].

No toxic, or any other negative effect of ubiquitous marine diatom Cylindrotheca closterium (Ehren-
berg) Reimann & J.C. Lewin, 1964 (Bacillariaceae, Bacillariophycidae) (formerly Nitzschia closterium)
was observed on reproduction of copepods Calanus helgolandicus and Acartia clausi [4]. Unlike some other
diatom species known to produce toxins, this diatom was never associated with any harmful toxins release,
and to date, is widely cultured for far going pharmacological purposes as a transporter of Ag associated
nannoparticles [20], or as a source of fucoxanthin [23]. Some coastal harpacticoid copepods even prefer
C. closterium as a food source to other diatoms [29].
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The Black Sea coastal waters were recently invaded by Asian cyclopoid copepod Oithona davisae, and
nowadays during warm periods it periodically contributes up to 99 % of total copepod abundance in the Se-
vastopol Bay [2, 25] similar to that observed in its native environment in Tokyo Bay [27]. It is interesting
that both diatom C. closterium and copepod O. davisae have high colonizing potential and are considered
typical representatives of the same coastal waters, as for example, Tokyo Bay [18]. C. closterium is often
found in plankton and is abundant in offshore areas [21]. Study of feeding selectivity of O. davisae in natural
environment of the Black Sea so far did not reveal feeding on diatoms [13]. Currently, the data on feeding
of ambush feeder O. davisae on diatoms are contradictory and uncertain [10] while this copepod is often
abundant during summer diatom blooms [20]. Herein, the interaction between O. davisae and C. closterium
in experimental culture was studied to find out whether the former can feed on the latter.

MATERIAL AND METHODS

Microalgae culture. Marine semi-benthic tychoplanktonic pennate non-colonial diatom Cylindrotheca
closterium (Ehrenberg) Reimann & J.C. Lewin, 1964 (Bacillariaceae, Bacillariophycidae) (formerly,
synonym Nitzschia closterium), cosmopolitan in temperate and tropical waters [11], initially isolated
from the Black Sea coastal waters, was kept in the Museum of Alive Phytoplankton Cultures of the Depart-
ment of Physiology of Algae in A. O. Kovalevsky Institute of Marine Biological Research RAS (former
Institute of Biology of the Southern Seas). This species was cultured intensively using new modified ar-
tificial medium for mariculture purposes [23], and sub-samples of it from the batch culture were kindly
provided for our experiments by Ms Zheleznova S. N.

Copepod culture. Culture of copepod Oithona davisae Ferrari and Orsi, 1984, originated
from the ovigerous females selected from alive zooplankton samples from the Sevastopol Bay in June
2013, and thereafter was fed cultured cryptophytes IBSS Cr-54 isolate [13]. The sub-culture of cope-
pod was separated in late August 2013, and besides cryptophytes, diatom C. closterium was added
at initial level 103 cells-mL!, to test this diatom as a possible prey for O. davisae, while control culture
of O. davisae was fed only cryptophytes. The experiment was carried out in two 750 mL (10 cm diameter)
glass beakers filled by sterilized by filtration and UV natural Black Sea water 18 salinity. Copepods
(only adults and late copepodites, male :female ratio appr. 1:15) were inoculated at initial density
appr. 0.1 per mL. Observations were conducted under natural light (var. 3000-7000 lux) and photoperiod
appr. 13:11 hrs (light : dark) at (25 £ 2) °C.

Images were obtained using light inverted microscope Nikon Eclipse E200 connected to a video camera:
alive copepods — at magnification 4 x 10 and 10 x 10, and various movement modalities of alive microalgae
cells — at magnification 10 x 40, and processed using free ImagelJ software (http://imagej.nih.gov/ij/).

RESULTS

Several days after sub-culture of Cylindrotheca closterium was added to the sub-culture of Oithona
davisae, copepods started to decrease their activity. Two weeks after the start of the experiment the cope-
pod movements appeared to be too slow and atypical for this ambush predator. No new nauplii were found
in the sub-culture of O. davisae where C. closterium was added, while control culture of copepods fed only
cryptophytes successfully reproduced, and different stages of development including nauplii were observed
in it. Thereafter, the copepods from the sub-culture “O. davisae — C. closterium” were investigated under
light inverted microscope to clarify the problem of their “lethargy”.

Microscopic study was carried out 2 weeks after the start of the experiment, and disastrous effect of dia-
toms on copepods was revealed. All specimens were found fouled but the severity (degree) of infestation va-
ried, possibly, depending on the data of the first attachment of diatom. In less fouled copepods, presumably,
at the early stage of infestation, the cells of C. closterium attached mainly to the lower part of cephalothorax
(Fig. 1A) or to the genital segment (Fig. 1B), forming small ball-shaped conglomerates of cells.

Severely affected by diatoms, most likely infested earlier copepods had the appearance as if their
cephalothorax was dressed in a fur coat (Fig. 2A), and their appendages in muffs (Fig. 2B).
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Fig. 1. Start of fouling of Oithona davisae carapax by conglomerates of Cylindrotheca closterium attached
to the lower part of cephalothorax (A) or genital segment near spermatheca (B) of females of Oithona davisae.
Light inverted microscope Nikon Eclipse E200. Magnification 4 x 10

Puc. 1. Hauano oOpacranusi kapanakca Oithona davisae xoHrnomepatamu Cylindrotheca closterium,
MIPUKPETIEHHBIMU K HIDKHEHN 9acTh LedanoTropakca (A) MM K TeHUTATBHOMY CETMEHTY OKoJIo criepmatexu (B)
camok Oithona davisae. CeetoBort Mukpockon Nikon Eclipse E200. Yeennuenue 4 x 10

Fig. 2. Late stage of infestation by conglomerates of diatom Cylindrotheca closterium on different females
of Oithona davisae. Light inverted microscope Nikon Eclipse E200. Magnification 10 x 10

Puc. 2. Tlo3gusas cramus 3apaxkeHus] KOHITIOMepaTaMu TUaToMoBBIX Cylindrotheca closterium pa3HBIX caMOK
Oithona davisae. CetoBoii nHBepTHpOoBaHHBIN MuKpockor Nikon Eclipse E200. Yeenmuenne 10 x 10

Microscopic investigation and video registration of copepods at higher magnification (40 x 10) showed
that carapaces of O. davisae were totally colonized by globulous agglomerates of active movable
C. closterium cells adhered to different parts of copepods exoskeleton. One of the flexible ends of typical
slightly sigmoid lanceolate cells of C. closterium were adhered tightly to each other (25—45 cells per cluster)
and to a small point-wise area of copepods carapax while the opposite free ends formed small ball-shaped,
verticil-like conglomerations of fusiform frustules (Fig. 3). The free flexible ends of C. closterium performed
composite smooth circular fan-shaped and oscillatory movements around the axis passing through the point
of their firm adhesion to substratum (copepod carapax) (video is available as a supplementary file
at https://doi.org/10.21072/mbj.2018.03.3.08).
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Fig. 3. Urchin-like clusters of movable flexible ends of alive cells of Cylindrotheca closterium attached
to point-wise areas on carapax of Oithona davisae. Light inverted microscope Nikon Eclipse E200.
Magnification 10 x 40

Puc. 3. ExernogoOHble NMy4yKM MOJABMXKHBIX TUOKHMX KOHIIOB XUBBIX KieTok Cylindrotheca closterium,
MPUKPETUIEHHBIX K TOUSUHBIM 001acTsIM Kapanakca Oithona davisae. CBETOBON MHBEPTUPOBAHHBIA MUK POCKOIT
Nikon Eclipse E200. Yeennuenue 10 x 40

Three weeks after the start of the experiment we observed on already dead copepod carapax that the cells
of C. closterium still continued to grow on its degenerative tissues: conglomerates of alive moving diatom
cells were found attached elsewhere on carapax of decaying copepod, or attached to the antennula of a dead
copepod O. davisae (Fig. 4). Free cells of C. closterium found nearby substratum area were conducting
various movement modalities: “smooth gliding”, “pivot”, and “pirouette” (named so according [3]).

The diatom cells in “colonies” behaved as an integrated aggressive organism injuring approaching
cells of alive nanoflagellates. Some of crypophyte cells were “glued” by mucilageous substances to dia-
tom cells matrix, immobilized (Fig. 4) and died later, while cells of larger microalgae, naked dinoflag-
ellates Gyrodinium sp. (when added occasionally) even “glued” to adhesive substances of C. closterium
were able to detach from adhesive diatom substances (video is available as a supplementary file
at https://doi.org/10.21072/mbj.2018.03.3.08).

Meanwhile, control culture of O. davisae fed cryptophytes reproduced successfully, and in two weeks
the second generation of copepods originated from nauplii produced by females (started 2 days after the start
of the experiment) reached adulthood.

Our experiment showed that no feeding of copepods, O. davisae, on C. closterium took place. Vice versa,
fouled by diatoms O. davisae (100 % of copepods) lack mobility and rapidity (obligatory for ambush preda-
tor), decreased feeding rate on cryptophytes and ceased reproduction. The impact of diatoms on cope-
pods thereafter logically resulted in complete elimination of copepods experimental population in 5 weeks
(more than 90 % of copepods were dead, the remaining were still alive but in poor condition) while diatom
population flourished for a long time (minimum a month of observation) on the decomposed copepods
remnants. Cells of C. closterium formed a dense network on the carapax of the dying and dead O. davisae
specimens and around it at the bottom of culture vessel (Fig. 5A, 5B), apparently using decomposed
organic matter as nutrients.
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Fig. 4. Full coverage of antennula of already dead copepod Oithona davisae by alive moving cells of Cylin-
drotheca closterium. Free cells of Cylindrotheca closterium (below the antennula) are approaching the sub-
strate. Dying oval cryptophyte cell (above antennula) “glued” by EPS (extracellular polymeric substances)
to C. closterium cells. Light inverted microscope Nikon Eclipse E200. Magnification 10 x 40

Puc. 4. Anxrennyna norubmei konemnonbl Oithona davisae, TIONTHOCTBIO TOKPBHITasi MPUKPEIIEHHBIMU
OTHMM KOHIIOM KUBBIMM TOJBMXHbIMU KieTkamu Cylindrotheca closterium. Cpobomuble kietku Cylin-
drotheca closterium (HUXe aHTEHHYJIBI) NpUOIMXaloTca K cyOctpary. OTMUpaloliie OBAIbHBIE KIIETKH
KPHUIITO(UTOBBIX BOJOPOCTIEH «IIPUKJIEEHBl» SK30MOJMMEPHBIMU BeliectBamMu K kjietkam C. closterium.
CeertoBoii uueeptupoBanHbiii Mukpockon Nikon Eclipse E200. Yeemuuenue 10 x 40

DISCUSSION

Many species of pennate diatoms were reported as epibionts on planktonic copepods. Blooming
of tychoplanktonic diatom Cylindrotheca closterium, common in phytoplankton samples, have been
reported in coastal environments, i. e. along the west coast of Southern Baja California in the Gulf
of California [9, and references thereinafter]. They dominate in planktonic aggregates in Adriatics [1].
Registered as a permanent and abundant species in different Black Sea benthic communities [19, 22] it
was listed among the Black Sea phytoplankton species causing blooms with maximum densities attaining
3.2x 10°cells-L! in Varna Bay, 5 x 10° cells-L™! at Cape Galata [17], (6 x 10°)—(13 x 10°) cells-L™! in the Ro-
manian area [5]. The cells of C. closterium present permanently in plankton, and can dominate early summer
algal blooms (7.4 x 10° cells-L"! in early July) in the surface waters of the Sinop Bay [28].

Until recently C. closterium had not been listed among epizoic species. Discovery of similar epizoic
nature and behavior of C. closterium on different zooplankton objects in different marine systems, regardless
temperature and salinity, was revealed for the first time practically at the same time and independently
by several researchers: heavy infestation of C. closterium on exoskeleton of a specimen of marine copepod
Paracalanus sp. found in planktonic sample from the Gulf of California in October 2013 at 28 °C [9];
severe infection of the sea urchin juveniles from St. Lawrence estuary, Canada, at 8 °Cin 2016 [15], and fatal
colonization of cyclopoid copepod Oithona davisae by C. closterium revealed in the laboratory experiments
in the Black Sea water at 25 °C in September 2013 (reported in this paper). In all three cases similar type
of attachment of the cells of C. closterium by one of their flexible ends was observed in Paracalanus sp. [9],
in O. davisae (this paper) and in the sea urchin [15].

Marine Biological Journal 2018 Vol 3 No 3



82 A.N. KHANAYCHENKO

Fig. 5. Cells of Cylindrotheca closterium at the bottom of culture vessel. A — ovoid cells of cryptophyte
((16.9 = 1.4)um long; (7.1 = 1.4) pm wide) among lanceolate cells of C. closterium (apical axis 30-55 um;
transapical axis 1.7-3.6 um). B — alive cells of C. closterium forming dense network at the bottom of culture
vessel. Light inverted microscope Nikon Eclipse E200. Magnification 10 x 40

Puc. 5. Kuerku Cylindrotheca closterium, oOpasyioliye TycTyl0 CeTh Ha JHE KYJIbTYpPaJbHOrO COCYJA.
A — oBanbHble KJIeTKH KpunroduroBeix ((16,9 + 1,4)mkm B amuny; (7,1 £ 1,4)MKM B IUpUHY) cpeau
JIAHLIETOBUAHBIX KIETOK C. closterium (Bapuauuu anukaiabHOU ocu 30-55 MKM; BapHally TPaHCATTUKAIbHOU
ocu 1,7-3,6 mkm). B — xuBsle kiietku C. closterium, odpa3yoliye rycTyio CeTh Ha JHE KyJIbTYPaJIbHOTO COCY/Ia.
CaetoBoii nHBepTUpoBaHHbIi Mukpockor Nikon Eclipse E200. Yeenuuenue 10 x 40

During the process of infestation, the cells of C. closterium were linked by exopolymeric substances
in clusters of 25-45 per group on the carapax of O. davisae (this paper), comparable with appr. 30 per
group on the spines of the sea urchin [15] attached to the small areas of substratum. Cells of C. closterium
colonizing sea urchin juveniles from Canadian waters at 8 °C were distributed in three discrete classes: small
cells with length (65 £ 7) um and width (4.9 + 0.6) um; larger cells with length (112 £ 4) um and width
(5.5 £ 0.6) um; and cells without flexible valve ends with length (22 £ 2) um and width (4.7 £ 0.5) um [15].
Cells of C. closterium proliferating in the culture of O. davisae in the Black Sea water at (25 + 2) °C varied
in apical axis from 30 to 55 um and in transapical axis — from 1.7 to 3.6 um. The type of cells lacking
typical flexible ends, or the cells with flexible ends longer than 15 pm each [15] were never observed in our
culture of C. closterium, either on the carapaces of copepods, or at the bottom of culture vessels. Differences
of the cell morphotypes of C. closterium in our work and the work carried out by Magesky et al. [15] could be
connected with different conditions of growth of genetically different geographic isolates of diatom.

The main movements of the free ends of the cells of C. closterium (attached in clusters by their flex-
ible ends on a point-wise area of O. davisae carapax) observed in our study resembled modalities de-
scribed as “pivot” and “pirouette” with one tip of the cells of C. closterium attached to substratum [3]
while free cells of C. closterium performed mainly “smooth gliding” and “pirouette”. Quick colonization
of copepods by diatoms observed in our study is explainable by possibility for active settlement and attach-
ment of cells of C. closterium in 30-45 min [21]. More strong and aggregated adhesion of C. closterium
(N. closterium) cells was revealed onto hydrophobic surfaces in contrast to hydrophilic surfaces where dia-
toms distribute more uniformly [14], hence, chitin of copepods, mainly consisting of highly hydrophobic
polysaccharides [6], is likely to be a preferable substrate for diatoms adhesion.

In mechanisms of adherence and locomotion, the expulsion of highly hydrated extracellular
polymeric substances (EPS) from the raphe system of diatom is implicated [1, 13]. This process
is closely linked to migratory rhythms, light and dark cycles, and the highest levels of EPS are
produced under phosphorus limitation. Production of bound EPS closely associated with the diatom
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aggregates occurred only in the light and was the highest during the exponential phase [7]. EPS pro-
duced by C. closterium organizes a web of polysaccharide fibrils with two types of cross-linking: fibrils
association forming junction zones and fibril-globule interconnections with globules connecting two
or more fibrils; and these flexible fibrils extend up to 15um from the cell [26]. Complex mucilagi-
nous matrix of C. closterium was considered to be one of the triggers for large aggregates and “ma-
rine snow” formation, especially in coastal waters [1]. Our experiments were performed under nat-
ural light of high intensity during late summer and early autumn, extra amount of phosphorus ini-
tially present in diatom culture medium, was absent in experiment, and these two factors seemed
to be enough for the quick expansion of diatoms on copepods exoskeleton. Yet, the infestation
behavior of C. closterium on the sea urchin juveniles [15] could not be explained by these factors.

According to our results, diatom C. closterium, a facultative heterotroph [24], can use hydrophobic
surfaces of alive hosts (planktonic copepod O. davisae, as example) as substratum; attach to them by self-
released EPS rapidly and tightly; form aggressive colonies; stick and immobilize the copepod flagellate prey
(presumably due to production of allelopathic chemicals) [12]; damage the host alive tissues; break normal
locomotion and behavior of the host decreasing its ability to feed, reproduce and escape from predators;
lead to the death of the host, and, thereafter, proliferate on its degenerative tissues in a similar way to that
observed for sea urchin [15].

Although results obtained in the laboratory do not always strictly reproduce processes in natural
populations, our findings highlight the possibility of tychoplanktonic diatom C. closterium to affect nega-
tively copepod populations due to biofouling of their exoskeleton, changes in behavioral and, consequently,
in their reproduction ecology, possibly, involving copepods into “marine snow” aggregates. The kind of in-
teraction between copepods and diatoms revealed in the present study has identified the need for further
research in order to evaluate properly the impact of tychoplanktonic diatoms with adhesive properties
on copepods population dynamics.

Acknowledgments. This work was supported by RFBR project (grant agreement no. 14-45-01576) and RAS
project (grant agreement no. 0828-2018-0004).
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KAK ITUATOMOBBIE BOJAOPOCJIN CYLINDROTHECA CLOSTERIUM
YHUUYTOKAIOT UTHBA3UBHDBIX KOIIEIIO/I OITHONA DAVISAE

A. H. XanainueHko

WHctutyT MOpcKuX Ouosiornyeckux uccienopanuii umenu A. O. Koeanesckoro PAH, Cesacrormnonb, Poccust

E-mail: a.khanaychenko@gmail.com

OpHY BUIB! AUATOMOBBIX BOJOPOCIEH SIBJISIOTCS BaXKHBIM KOMITIOHEHTOM UL PACTUTEIbHOSIHBIX KOTle-
10J, APYr¥e OKA3BIBAIOTCS TOKCUUHBIMU JJIs1 UX Pa3MHOXKEHUS. J]0 HACTOSAIIEr0 BpEMEHU OTCYTCTBOBAJIU
CBEJIEHUS O HETATMBHOM BIIUSIHAU TUaTOMOBBIX Cylindrotheca closterium Ha MATAOMUXCS UMU KOTIETIO];
W3BECTHO, YTO HEKOTOPbIE ICTyapHbIE KONEMOIbl Jaxe MPEANOYUTAIOT JaHHBIA BUI IPYIM MUKPOBO-
JopocisaM. JlutepaTypHble JaHHBIE 10 MTUTAHHUIO TUATOMOBBIMUA MUKPOBOJOPOCIISIMU HEJTABHUX BCEJIEH-
ueB B YeépHoe mope, korenof Oithona davisae, TIpOTUBOPEUYMBHL. B SKCTIEpUMEHTAIBHON KYJIbTYpe OBLIO
uzydeHo Bzaumonercteue O. davisae n C. closterium Kak JIByX OPraHM3MOB, O0JIAJAIOIINX BEICOKMM I10-
TEHIMAJIOM KOJIOHU3ALIUK U SIBISIIONIMXCS THITMYHBIMY 151 PUOpexXHBIX Bol. Yepes Be Henemnu nocie
uHOKyJisimu C. closterium B KynbTypy O. davisae NIOBEpXHOCTH TeJla KOIeMNo/ oOpacTaia mapooOpa3Hbl-
MU KOHIJIOMEpaTaMy AUATOMOBBIX KJIETOK. [laHHbIE KJIETKH B «KOJIOHHUSIX>» Ha TIOBEPXHOCTH TeJla KOTeTIO ]
OBUTH CBSI3aHBI MEX Ty COOOH 1 IMPUK PETIEHbI C TOMOIIIBIO AT€3UBHBIX BEIIECTB OTHAM U3 THOKMX KOHIIOB
B TOUYEYHBIX 00JIACTSIX Ha Pa3HbIX y4acCTKax 9K30CKEJIEeTa KOO/, a POTUBOIOIOKHBIE TMOKHME KOHIIBI
KJIETOK JUATOMOBBIX BBITIOJIHSUIM pa3/IiuHble KPYTroBble BeepooOpasHble ABMKEHHS BOKPYT OCH, IPOXO1s-
1Iel Yepe3 TOUKY MX MpHUKpervieHusl. «KoJIoHnn» IMaTOMOBBIX BeJiM ceOsl KaK MHTEerpUPOBAHHbBIEC arpec-
CHMBHbIE OPraHM3MBbI IIPOTHB JTIOO0H MPUOTMKAIOIIEHCS KTYTUKOBOH MUKPOBOJOPOCIIN U IIPETSITCTBOBAIN
HOPMAaJTLHOM JIOKOMOITMH KOTIeNo/l. B TaHHO#I cTaThe BrepBble coo0MIaeTcsl 00 AMU300THUECKOM TTOBE/Ie-
Huu C. closterium 1o OTHOIIEHUIO K LUKJIONOUAHBIM KOIlenogam: ObICTpasi KaracTpoguyeckas KOJIOHU-
3anus kuBbIX O. davisae JUaTOMOBBIMY IPUBOJUT K MOJHOHN JIMMUHALIMA SKCIIEPUMEHTAIBHOM MOITYJIs-
LMY, B TO BpeMs KaK XXUBbIE KJIETKH TUATOMOBBIX 00pa3yIoT IUVIOTHYIO CETKY Ha AEreHePaTUBHBIX TKAHIX
OTMHPAIOIINX KOTETO.

KiroueBble cioBa: auatoMoBbie Bopopociu, Cylindrotheca closterium, oOpacTtaHue, KOIEIOIBI,
Oithona davisae, Y¢pHoe Mope
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Mopdoduznonornyeckue uccieIoBaHus TUAPOOUOHTOB U, B YACTHOCTH, MUJIUI, KyJIbTHBUPYEMBIX B Ma-
PUXO3AHCTBAX, CTAHOBATCS aKTyaIbHBIMHU IJIs1 COBPEMEHHOM ruapoouonorny. M3yuenne (peHoTHIIYE-
CKOH CTPYKTYpbI IOCENEeHNI Muinii B YEpHOM MOpe — BaKHBIM ACTIEKT MOHUTOPHHIA COCTOSIHUS TOITY-
JISILMY MOJUTIOCKA B M3MEHSIOIIMXCSl YCIIOBUSIX cpenpl. CBeeHHs O 3aKOHOMEPHOCTSIX pean3alyy 1oJja
B ONpeeIEHHBIX YCIOBUAX MOTYT OBITh OCHOBOW aKTHBHOIO yNpaBiieHUs1 (pOPMUPOBAHUEM MOCEIEHHUI
TIpU KyJIbTUBUPOBaHUM MUIUI. He MeHee BaXHO HaJIMUMe aKTyaJIbHBIX JAHHBIX O 3aKOHOMEPHOCTSIX MO-
JIOBOTO CO3PEBAHU I MOJUTIOCKOB, CTA/IUSX PA3BUTHS TOHA]] U BHIMETE TTOJIOBBIX MPOLYKTOB. Llenbio paboThl
ObLIa OlICHKa (PEHOTHUITIUECKON W TIOJIOBOW CTPYKTYPHI TIOCENICHUI MOJUTIOCKOB, a TaKXke CTauu 3pesio-
¢ty roHan Muauii Mytilus galloprovincialis, KynbTUBUPYEMBIX HA MUIUIHO-YCTpUYHON (pepme. Mosumoc-
KOB C pa3MepoM pakoBHHHI OT 4,9 1o 5,4 MM oTOMpamm exemecsiuHo ¢ Mapta 2015 1. no asrycr 2016T.
Ha MUJMIAHO-YCTPUYHON (bepMe, pacroioxkeHHOW Ha BHelIHeM peiige . CeBacrononsa. OKpacKy pako-
BUHBI, TIOJI ¥ CTAJIMIO 3pEJIOCTU TOHAJ OMPeNesai y MUJUNA MO CTaHAApTHBIM Metoaukam. 1o uroram
UCCIIeIOBAHMUSI YaCTOTHI BCTPEYaEMOCTH ITBETOBBIX MOP( MOJUTIOCKOB HA MUAUUHO-YCTPUYHOM hepme OT-
MeueH OOJIBIINHA MPOIIEHT 0CO0eH ¢ YEPHOU OKPACKON PAaKOBUHBI, YeM C KOPUYHEBOW. B cpeiHeM 3a uzy-
YEeHHBI [IEPHOJ], COOTHOLIEHHE JaHHbIX (heHOTUNOoB coctaBmwio 1,8 : 1. [Ipu aHamM3e noaoBoil CTPYKTYphI
M. galloprovincialis oTMe4€HO, YTO KOJMYECTBO CAMLIOB MPeodIaaao Hajl KOJINYECTBOM CaMoOK (B cpes-
HeM — 2,8:1 (d':9Q)). Honsa repmadppoautoB — 1-6 %. CooTHolIeHHe NON0B (S : Q) KaKAbIA MecsI
ommmyanock. B mapre 2015r. oHo cocraBnsuio 1,7:1. K asrycry 20151., mo Mepe pocTa MOJUIIOCKOB
Ha KOJIIEKTOpe, HaOJTo1a1ach MakcuMasibHast 1oJist camiios (8 : 1). [Tocsie mpopexkuBaHust MUAUA Ha KOJI-
JIEKTOpE COOTHOIIIEHHE TMOJIOB CTAaOWIIM3MPOBAIOCH K OKTsAOpIo 2015 T. U coxpaHsiock Ha ypoBHe 2 : 1
1o mapta 2016 1. B manpHelmeM oceaHie MOJIOAN U Bo3pacTanue Macchl M. galloprovincialis Ha xo1-
JIEKTOPE BHOBb IIPUBEJIM K MAKCUMAJILHOMY CIIBUT'Y ITOJIOBOH CTPYKTYPHI (10 7,5 : 1) k Mato 2016 1. OnHu
W3 BO3MOXKHBIX NPUYMH YBEIWYEHHUs JOJIM CaMIIOB HA MUIUAHO-YCTPUYHON (hepMe — BBICOKAs IJIOT-
HOCTh MOJUTIOCKOB B Jpy3€ M COMYTCTBYIOILME 3TOMY MPOLECCY THUIOKCHS M cladasi JOCTYIHOCTh KOp-
Ma. B pe3ynbpTate aHanmM3a cTeneHy 3peiocTy roHajl KyJIbTUBUPYEMbIX MUAMI BHIJEIEHO ABa MUKa Hepe-
CTa — BECEHHMH (MapT — amnpesib) 1 OCEHHUI, PACTSHYTHI BO BpeMeHH (C OKTAOps 10 Havania jeKao-
ps1). MaccoBoe pa3MHOXeHHE MOJUTIOCKOB ITPOUCXOIMIO BECHOH (IIPU MPOrpeBe TIOBEPXHOCTHOTO CJIOST
Bobl 10 9-12 °C) 1 oceHbI0 (CO CHUKEHUEM TemIiepatypbl Bofpl 10 18 °C), oHaKO OTae/IbHbIE 0COOH
B HEPECTOBOM COCTOSIHUHM BCTPEYAJIUCh JIETOM M 3uMOil. OTMeUYeHa aCHHXPOHHOCTb CO3PEBAHUS I'OHAJL
M. galloprovincialis 06oux nosos. CaMipl UMenu 04JIbIIYI0 BapraOeIbHOCTD 10 CTaAUSM 3pEIOCTH, YeM
caMKu. B pasnuuHble MecsIbl KOIMYECTBO CTA/IUI 3pesIOCTH ToHaJ BapbupoBato. COBUT COOTHOIIEHMS
TI0JIOB B CTOPOHY YBEIWYEHUS CaMIIOB, POCT YMC/Ia MU ¢ YEPHON OKPACKOW pakOBHHBI U ACUHXPOH-
HOCTh co3peBanus ronan M. galloprovincialis Ha MUTUIHO-YCTPUYHOU hepMe MOKHO paCCMaTPUBATh KaK
(pr3moNOrMUecKii OTKIIMK MOJUTIOCKOB HA MI3MEHEHHSI OKPYKAIOIIEH CPepl.
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Kuarouessle caosa: YepHoe mope, muaus Mytilus galloprovincialis, pen, non, craaus 3peocTd rOHa,
MUAMRHO-yCcTpUYHasA pepma

HckyccTBeHHOE pa3BeleHWe MUK MMEET MHOTOBEKOBYIO MCTOpPHMIO, M B HACTOsiiee BpeMsl Ha-
OmogaeTcss TEHJCHIMS K YBEJIMUYEHUI0 OOBEMOB KyJbTHMBUPOBAHMS STOTO MOJUTIOCKA. Mummst Mytilus
galloprovincialis — oayH 13 HanboJIee MaCCOBBIX U IIMPOKO PACIIPOCTPAHEHHBIX OOBEKTOB MAPUKYJILTYPbI
B akBaropuu Y€pHoro mops [13].

B nocnepnue necsatunerusi skocucreMa UYEPHOro MOpsl UCHIBITHIBAET aHTPOIOTEHHBIM CTpecc. DTO
NPUBOUT K COKpAIEHUI0 OMOpa3HOOOpasWsi M B KOHEYHOM CUETe — K YMEHBIICHHWIO J0OBIYM
rugpoouoHToB [16, 19].

Mopdodusnonornyeckue uccaeJoBaHUsS TUIPOOMOHTOB U, B YACTHOCTH, MUAWH, KYJIbTUBUPYEMbBIX
B MapUXO35MCTBAX, CTAHOBSITCS aKTyaJIbHBIMU JJIs1 COBPEMEHHOU rupoorosioruu. Mzyuenne (peHorunu-
YECKOW CTPYKTYPHI TIOCeeHnid MU B YEpHOM MOpe — Ba)KHBIM aCTeKT MOHUTOPUHTA COCTOSIHUS TIO-
MYJISLMY MOJUTIOCKA B U3MEHSIIOIMXCS YCJIOBUAX cpeibl. bosblioe 3HaueHne npuoodpeTaeT ycTaHOBJIEHHE
(pakta HacneACTBEHHOH 0OYCIOBIEHHOCTH MOJMMOP(pU3Ma OKPACKU PAKOBUHBI: 3TO MOABOIUT reHeTHYe-
cKui (byHIAAMEHT 110 MHOTOUYMCIIEHHBIE NOMYJIAMOHHbIE uccnenoBanus M. galloprovincialis, ncroins3ylo-
1€ IPU3HAKU OKPACKM PAaKOBHHBI B KAUECTBE MapKepoB (pu3nosiornueckux mnpoueccos [4, 14, 15]. Cae-
AEHUs1 O 3aKOHOMEPHOCTAX (POPMUPOBAHUS MOJIOBOM CTPYKTYpPbl IPYNIIUPOBOK MUIUI B OMpPeeEHHBIX
YCJIOBHSIX TaKXe MOTYT ObITh OCHOBOM aKTMBHOTO yIpaBJieHHs (POPMUPOBAHUEM MOCEICHUN TIPH KYJIbTH-
BUPOBAHUM MOJUTIOCKOB. IIpu BeIpalMBaHiy MUAWN B MapUXO3SMCTBAX MOJMIMKJINYHOIO THUIIA JAOJIKHO
BBITIOJIHATBCS YCIIOBHUE O HAJIMYMK HA/IEKHOTO UCTOYHMKA CMaTa, KOTOPbIM SIBJISIETCS IPUPOIHAS MOITYJIsi-
1Ml MOJUTIOCKOB. He MeHee BakHO onepupoBaTh aKTyaJlbHBIMH JAHHBIMU O 3aKOHOMEPHOCTSIX I10JIOBOTO
CO3pEeBaHUs1 MUIUH, CTAUSAX Pa3BUTUS TOHAJl M BbIMETE MOJIOBBIX MPOAYKTOB.

Llesnbio paGoThI OBUIO BHISIBJIEHHE U3MEHEHNH (PEHOTUITIUYECKOM, TIOJIOBOW CTPYKTYPBI IOCEIEHUI MOJI-
JIIOCKOB U cTaauy 3pesioctu roHan M. galloprovincialis, KyTbTUBUPYEMBIX HA MUAUMHO-YCTPUYHOU (pepMe.

MATEPHAIJI 1 METO/IbI

DKCIepUMEHTaIbHYI0 YacTh padoThl mpoBoauau ¢ Mapta 2015r. no asryct 2016r. Ha MuUAMAHO-
YCTpUYHOM (hepMme, pacronokeHHO! Ha BHelnHeM peiizie r. CeBacronous (44°3713,4”N, 33°30°13,6”E).
EsxemecsiuHO ¢ riyOuHBI 6 M, ¢ 9KCIIEPUMEHTAIBHOTO BEPEBOYHOTO KOJIJIEKTOPA, BbIcTaBIeHHOro B 2013 1.,
oroupam okosio 150 3k3. mumuii M. galloprovincialis. VI3mMepeHust JJTAHBI IPOBOIVUIIA ITPH TIOMOIIY IITaH-
TEHIMPKYJIA ¢ TOUYHOCTHIO Jio 0,1 MM. Pa3smep pakoBuH coctaBisin 4,9-5,4 Mm. B BRIOOpKE MOJITIOCKOB
OIpeJessId OKPACKY PaKOBHHBI, MOJ M CTaJui0 3pesocTh roHa]. OKpacKy pakOBHH MOJLTIOCKOB yCTa-
HABJIMBAJIM 110 METOJMKE, MpeokeHHoH dparonu [3]: oH cpean pazHOOOpa3HbIX (pOPM BbIAEISIT MU
¢ uépHoui (1) n kopuunesoil (K) okpackoil. [Iy1s onpenenenus nosa u CTaguu 3pesiocTH TOHa, TPUMEH I
METOJMKY BU3YaJIbHOTO M3YUeHHsI X Ma3KoB noj ouHokyasipom MBU-6 [10].

Inst  cratcTrveckoil 0OpabOTKM Marepwana HCHOJIB30BIM MakeT mporpamMm  Microsoft
Office Excel 2007.

PE3VIJIbTATDBI 1 OBCYXKJIEHUE

[Ipu onpeseneHUM YacTOTHI BCTPEYaEMOCTU IIBETOBBIX MOpQ MUIUA OTMeYeH OOJIBIIMA TPOIEHT
MOJUTIOCKOB C YEPHOW OKPACKOW PaKOBUHBI 3a Bech Mepuoj uccienoBanuil. Ha puc. 1 mpencraBiieHbl
yCpeTHEHHBIE pe3yJbTaThl aHAIN3a (DEHOTUITUYECKOW CTPYKTYPHI MOCENEHUN KYJIbTUBUPYEMbBIX MU
3a 18 mecsues.

[To pe3ynpTaTam HalMX WCCIEIOBAHWA, COOTHOIIEHHE MHUIWAN C YEPHON OKPACKOW PAaKOBUHBI K Ta-
KOBBIM C KOpuuyHeBo# Obuto 1,8:1. PaznuuHble ajanTHBHBIE pEakMM MOJUIIOCKOB C YEPHOM U KOpUY-
HEBOW OKPACKOM, CBSI3aHHBIE C (DU3UOTOTMYECKUMU TPOLIecCaMu, OOYCIIOBJIEHbl TeHETHUYECKUMU 0COOEH-
HOCTAMU. YEpHbIE MUIMHM YUCJIEHHO AOMHUHHUPYIOT Ha CKajaxX, KOPUYHEBble — Ha WJIMCTBIX I'PYHTax.
Ocobu u€pHOi MOpP(dBI HACETSIOT MPEUMYILIECTBEHHO TBEP/BIE CyOCTpaThl B MPHUOOWHON 30HE MOPCKHUX
akBatopwmii [1, 12, 15].
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H YepHpie B Kopuunessle

Puc. 1. CooTHollleHre YKCIEHHOCTH 0COOer ¢ pa3HOW OKPacKOW pakoBMHBI y Muauu M. galloprovincialis
Ha 00CJIeIOBAHHOW MUIUIHO-YCTPUIHON (hepme

Fig. 1. The shell color ratio of the mussel M. galloprovincialis cultivated on the studied mussel-oyster farm
(dark segment — black shell (64 %); gray segment — brown shell (36 %))

N3BecTHO, YTO MUIMU OCEIAIOT Ha KOJUIEKTOpHl B cooTHOomeHuu ¢gpenorurioB 1:1 (Y: K) [6]. Panee
nokasaso [14], 4To cooTHOIIIeHre 0cO0eH ¢ pa3IMYHON OKpaCKoW pakoBHMHBL Y M. galloprovincialis MOXeT
MEHSTHCSI B 3aBUCMOCTH OT MECTOPACIIONIOKEeHUsI MUAUNHBIX (pepM. T1o Mepe pocTa MOJUTIOCKOB Ha KOJI-
JIEKTOpax KOJIMYECTBO 0COOEH ¢ YEPHOI OKPACKOIN PAKOBUHBI YBEIMUMBAJIOCH B AKBATOPUSX C HEOIAronpu-
SITHOM 9KOJIOTUYECKOU 0OCTAHOBKOM, & COOTHOIIIEHHE PAKOBUH C Pa3fIMUHON OKPAcKou B 0. MapThIHOBOM
nocruraino 3,7 : 1 (4: K). M3BecTHO, 4TO MOJUTIOCKH C YEPHON OKPACKON PaKOBUHBI UMEIOT OOJIee IPOYHbIN
OWCCYCHBIV ammapar, a MAUU C KOPUIHEBON OKPACKOW PAKOBHHBI 00Jiee YYBCTBUTENIBHBI K 3arpsi3HEHHIO
BojibI [2]. ITo Mepe pocTa MOJLTIOCKOB, MTO-BUAUMOMY, BO BpeMsI IITOPMOB Ha JJHO ONAAAI0T MUJUU PEUMY-
[IIECTBEHHO C KOPUYHEBOUM OKPACKOW paKOBHHBL B pesyiibTaTe ecTecTBEHHOr0 0TOOpa BHIKUBAIOT OCOOH,
HauboJiee MPUCTIOCOOJICHHBbIE K JAHHOMY MeCToOOuTaHuI0. VI3MeHeHre COOTHOIIeHUsT (PeHOTHUITOB MOKHO
paccMaTpuBaTh Kak XapaKTepHbII OTKJIMK MUJUIHON MOIYJISLUH HA BIMSHUE OKPYXKAIOLIEH Cpepl.

Uccnenosanus, npoenéHabie Hamu B 2005-2007 rr. Ha MUITUIHON (bepme, BBIIBIIIN OOJIbITee KO-
YeCTBO CaMIIOB B BRIOOpKE BHE 3aBUCHMOCTH OT pa3Mepa MoJuTiocka [ 14]. Pe3ybTaTsl M3ydeHus TOJIOBOM
CTPYKTYpHI B BbiOOpKe M. galloprovincialis na munuitHO-ycTpruHoi pepme B 2015-2016 rr. npuBeneHbI
Ha puc. 2.

LIS [ e

Puc. 2. CootHorrenre nonoB y munuu M. galloprovincialis Ha 06cieoBaHHON MUTUIHO-YCTPHUYHON (bepme
(2015-2016)

Fig. 2. Ratio of sexes of the mussel M. galloprovincialis cultivated on the studied mussel-oyster farm
(2015-2016)

OT™MeueHO, YTO KOJIMYECTBO CAMIIOB ITPpe00:1a1alo Hajl KOJIMYeCTBOM caMOK. B cpentHeM 3a 18 mecsines
COOTHOILIEHHe ¢ : Q cocTaBuio 2,8 : 1. lonsa repmadpoautoB — 1-6 %.

B Tabn. 1 mnpexactaBieHbl JaHHblE OO0 W3MEHEHUM TIOJIOBOM CTPYKTYpBHl TOCEJCHUsI MUAUU
3a Mapt 2015 . — aBryct 2016T.
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Tadamma 1. CooTHolleHWe TOJOB B  BBHIOOPKE MHIOWH, KYJbTUBHPYEMBIX Ha 0OCJIeIOBaHHOM
MUIUIHO-ycTpu4HOU pepme (n = 2325)

Table 1. Ratio of sexes in the sample of mussels cultivated on the studied mussel-oyster farm (n = 2325)

Mecs ‘ d Q CoortHortrieHue ' : Q
2015r.
Mapr 110 67 1,7:1
Arnipenb 73 39 19:1
Maii 73 35 2,1:1
ionn 102 31 3,3:1
Mions 83 14 59:1
Agrycr 73 6 81:1
CeHts10pb 95 18 53:1
OKTs6pb 106 37 29:1
Hos6pb 98 50 2,0:1
Hexa6pb 88 46 19:1
2016r.
slaBapb 144 68 2,1:1
Despaip 120 67 1,7:1
Maprt 113 46 25:1
Ampenb 109 26 4,2:1
Mai 68 9 75:1
Wionn 93 25 3,7:1
Uions 44 13 34:1
ABrycr 110 26 4,2:1

CoorHotieHre moJioB (' : Q) ObUIO pa3IMYHBIM Kaxk bl Mecsil. B mapte 2015 r. oHo coctasisino 1,7 : 1,
a k aprycry 2015r., o Mepe pocta MOJUTIOCKOB Ha KOJUIEKTOPE, CIBUT B CTOPOHY MpeodsIaJaHus caMIOB
goctur §:1. B 3TOT mepuon muauu oOpa3OBBIBAIM IUIOTHBIE APY3bI, pacrofiarasich Ha KOJUIEKTOpE
B HECKOJIBKO CJIOEB, IPY 3TOM HUKHHUE CJIOM MOJUIIOCKOB HaXOJUJIUCh B YTHETEHHOM cocTossHuM [13]. T1o-
CJle POPEKUBAHKUSA MUIMIA HAa KOJUIEKTOPE COOTHOINIEHHE TIOJIOB CTA0MIIM3UPOBATIOCh K OKT0pio 2015T.
1 coxpaHsioch Ha ypoBHe 2 : 1 no mapta 2016 . Ilocneayroiee ocenanue MOJIOAW U BO3pacTaHUE Mac-
Chl MMM Ha KOJUIEKTOPE BHOBb IPHUBEJIO K MAKCUMAJIBHOMY CABHIY MOJOBOM CTPYKTYpHl (10 7,5:1)
K maio 2016r. (cm. Taom. 1).

B GounbimHCTBE cityyaeB y OeperoB YEpHOro MOpsi OMUCHIBAIOT PABHOE COOTHOIIIEHHE TIOJIOB MOJLTIOC-
KoB nipu 1-3 % repmacdpoUTOB, HE3aBUCUMO OT ce3oHa rofa [1, 5, 10]. B nocnennue rogpl MosiBUIUCH
MyOJIMKAIK ¢ JAHHBIMU O C/IBUTE TIOJIOBOM CTPYKTYPHI MOCETEHUI MUV B CTOPOHY MTPeodIajaHusl KakK
CaMIIOB, TakK M caMok [7, 11, 14, 15]. 3BecTHO, YTO COOTHOIIIEHUE CAMIIOB M CAMOK B MOITYJISILIMKA MOJI-
JIIOCKOB 3aBHUCHUT KaK OT T€HETUYECKHX MEXaHM3MOB (DOPMHUPOBAHMS 110J1a, TAK U OT YCJIOBUI OKPYKalo-
et cpensl [20]. K skosnornyeckum paktopam, BAMAIOIIMM Ha COOTHOUIEHHUE TOJIOB MUAMMA, MOKHO OT-
HECTH HeOJIaronpusATHBIC YCIIOBUSI OOUTAHUS: TUTIOKCHIO, PACTIONOKEHNE B IPY3€, UHTEHCUBHOCTH BOAO00-
MeHa u T. A. [10, 15]. Panee Mbl oTmMeuanu [14], 9to mosoBasi CTpyKTypa BRIOOPKH MOJUTIOCKOB 3aBUCENa
OT MX pa3Mepa U MeCcTOoOOMTaHUs. B akBaTopusx ¢ HeOIaronpuATHON IKOJIOTHIECKOW OOCTAHOBKOW YBe-
JIMYMBAJIOCh KOJIMUECTBO caMIIOB. Takas MacKyJIMHHU3ALMS MOMYJISIUN MOJUTIOCKOB, MTPOUCXOSIIAs MO
BO3/ICVICTBUEM 3aTPSIBHSIONINX BEIIECTB, MOXKET OBITh CJIEICTBUEM PEIIPECCHH YacTH MOJIOBBIX reHoB [11].

AxBaTopusi pa3MelleHHs] UCCIIeAyeMOll MUAUIHO-YCTPUYHON (hbepMbl XapaKTepu3yeTcsl CpaBHUTEb-
HO OJIArONPHUATHBIMUA TUAPOJIOTO-TUIPOXUMUYECKUMHU YCIOBUSIMU 10 CPABHEHHUIO C aKBAaTOpHEN APYIux
paiioHOB pa3MelleHus MUAUIHBIX (epM [8]. IMeHHO Mo3TOMY OJHMMHU M3 BO3MOXKHBIX IIPUUUH YBEJIU-
YeHMs1 KOJMYECTBA CaMIIOB Ha M3Yy4aeMONl MUAUMHO-YCTPUYHOHN (pepMe SIBJISIOTCS BBICOKAsl TUIOTHOCTD
MOJUTIOCKOB B JIPY3€ M COMYTCTBYIOIIHE JAHHOMY ITPOIIECCY TMIIOKCHS U cliadasi TOCTYIHOCTh KOpMa.
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PesynbTaThl uWccnenoBaHus co3peBaHus roHan 'y M. galloprovincialis ToBapHOro pa3mepa
Ha MUJIMMHO-YCTPUYHOM (pepMe NPeCTaBJIeHbI HA pUC. 3.

A
100,00% - — — — = = M M — /@ M e
% % 7 %
90,00% - 71 b o 7l 7 v
80,00% - ) é U 2 7 §
70,00% - = - = H E =
— = — = = = O5crT.
60,00% - 7 = = = BH H =
) = — = B B = 74 cT.
50,00% - = K= —] = B B U E
= = =] ) = = H B = =3 crT.
40,00% =H = = = H B H 8 0
= B = = BH B H 5 B X2 cT.
o0 4 ) H E = =H B H B B E
= BH H = —] =H H B B H - HmlcrT.
009 H B H E = =H =H B B H =
wow- = H H B = =5 = B E
0,00% =  E - iﬁ
& © A ) © ) ) © & © A 0
R S g K K K K & & & X
AN N $ & N % & N ~ Q ®©
s W & & ¢ & W
B
100,00% - — = — T — —
(] 7‘ 7’ 7
90,00% - [77] 7 - % 7
80,00% | 7 7 % v 7 Y
70,00% | Z Z Z = H Y
60,00% - 7 = 7 7 B = H B
50,00% - = H A = = % = H E
oo ] 4 H B B - EEEE O ¢
wos | E H B B 1 HE E 2 0 B E
oo B H H B A = | = 5 5 H E
o E HH EHEH OB IEHEHE HE
OYOO% g T ﬁ T ; T ; T ; T ; T E— T g T E T b ; T g T E T E T g
& © A © A ¥ ) 0 © © & © A )
Q 5 @ S 3 ¢ L Q N N ) 5 o S
RN WK & ¢ &L &@ \@@ Qqé‘ RN NS
v Oe‘z‘ o~ A 3

Puc. 3. Pacnpenenenuie craguil 3pesioOCTH TOHAJ Y MU, KyJbTHBUPYEMbBIX Ha 00CJI€0BAaHHOW MUAMIHO-
ycrpudHoit (hepme (A — camirsl; B — camku; n = 2325)

Fig. 3. Distribution of stages of gonads maturity in mussels cultivated on the studied mussel-oyster farm
(A — males; B — females; n = 2325; 1-5 — maturity stages)

JloJist MUIUIA, TPOXOISIIMX PaHHUE CTaauK ramerorenesa (1 — craausi OTHOCUTENBHOTO MOKOsI, 2 —
HayvaJIo raMeToreHes3a), yBeJrMurBaiach MOCjie MacCOBOro Hepecta (5-51 CTaausl) U IOCTUraia HaubOJIBbIINX
3HAYEHU! B Mae, MIoHe, iHBape U (peppasie. Camasi MpOJOIKUTENbHAS — CTaAMs aKTUBHOT'O TaMETOTeHe3a
(3-51 cTagus) — 3aHMMaET 3HAUYMTEJIbHYIO YaCTh PENPOLYKTUBHOIO IIMKJIa MOJUTIOCKOB. IMeHHO noatomy
MUINI Ha 3-¥ CTaJMU MOKHO BCTPETHTH B JTIIOOOH ce30H roja (puc. 3). [IpoaHaim3npoBaB COCTOSTHUE TOHA/T
KYJIbTUBUPYEMbIX MOJUTIOCKOB Ha MUIAUIMHO-YCTPUYHOH (hepme B TeueHue 18 mecsiiieB, MOKXHO BBIIEIUTD
IBa MUKa HepecTa — BEeCEHHUW (MapT — ampesib) U OCEHHUM, PACTSAHYTHIA BO BPeMEHH (IIPOAOJIKAICS
C OKTAIOpsI 10 Havana aekaodps). MaccoBoe pa3MHOKEeHHE MUV TPOUCXOAUIIO BECHOM MPH MPOTrPeBe IMo-
BEPXHOCTHOTO ¢J10s1 BoAbI 10 9—12 °C 1 oceHblo co CHYKeHHeM TemrepaTypbl Bojpbl 10 18 °C. Mexay Tem
OT/IeJTbHbIE OCOOM B HEPECTOBOM COCTOSIHUM BCTPEUYATUCH B JITHUI ¥ 3UMHUIA TIEpHOIHI (puc. 3).
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Y M. galloprovincialis oTMe4eHa aCHHXPOHHOCTb CO3PEBaHMsI TOHa]] 0OOMX IOJIOB 32 BECh TIEPHO]] HC-
cnenoBaHuid. Camibl HAXOOWINCh Ha 2, 3, 4 U 5-1 cTagusx 3pesiocTH TOHajl, a CAMKM — B OCHOBHOM
Ha 3, 4 1 5-i1, TO ecTh caMIIbl MUJMIA ObICTPEe MePEXOUIIU Ha TIOCIEAYIONINE CTAIUH, YEM CAaMKU.

AHanornuHasi TeHIeHIMs otMedeHa i M. galloprovincialis w3 Anpuatuyeckoro mops [17]. Bonee
OBICTPOE CO3PEBaHME CAMIIOB, TIO CPABHEHMIO C TAKOBBIM CaAMOK, CBSI3aHO, MO-BUIMMOMY, C (PH3HOJIOTH-
YEeCKUMHU OCOOCHHOCTSIMU TPOTEKAaHUSI OBOTEHE3a U CIiepMaToreHe3a y MoJUTIockoB. OBoreHe3s — OoJiee
CJIOKHBI TIPOLIECC, TPEOYIOIINIA GONBIINMX SHEPTETUIECKUX 3aTpaT, 4eM criepmaroreHes [9].

[TapameTp CUHXPOHHOCTH MOJOBOTO IIUKJIa MU/IUM, KAaK ¥ KOJMYECTBO MOJIOBBIX CTa Ui, OJTHOBPEMEH-
HO OTMEUaeMBIX B [Tpo0e, ABJISETCS YyBCTBUTEIbHBIM MHCTPYMEHTOM 9KOJOTMYECKOr0 MOHUTOPUHIA U T103-
BOJISIET HA MAJIOOOBEMHBIX BRIOOPKAX CTATUCTUYECKH JOCTOBEPHO BBISIBUTH BIIMSIHUE OKPYXKAIOIIEH CpeIbl
Ha (pusnosoruio MouTiockoB [18]. TIpu e€ HeGIaronpusITHHIX YCIOBUSX YBEINUYMBACTCS KOJMUECTBO MU-
AU ¢ YEPHOU OKPACKOI PAaKOBHUHBI, IO YUCJIEHHOCTH IOMUHUPYIOT CaAMIIbl, BO3PACTAET KOJIMYECTBO CTa Ui
3peNocTH, OTHOBPEMEHHO OTMEUEHHBIX B BHIOOPKE MOJLTIOCKOB.

BriBoabI:

1. Ha ananu3upyemoil MUIUHHO-yCTprUHON (bepme mpeodiiaiaiy, He3aBUCUMO OT Ce30HA W rofa, MU-
MY C YEPHOM OKPACKOW pakOBHHBL. B cpeaHeM COOTHOIIEHHE MOJLTIOCKOB C YEPHOW M KOPUYHEBOMN
OKPAacKOW pakoBUHBI cocTaBiisuio 1,8 : 1.

2. Cam1pl KOJTMUYECTBEHHO MTpeolIaaay HaJl CAMKaMU, COOTHOIIIEHUE O : Q B CPeAHEM COCTaBUiIo 2,8 : 1.
Hoinsa repmadpoauroB — 1-6 %.

3. V KyJabTUBUpYEMbIX MUAMK 3a(PMKCHPOBAHO JiBa MMKAa HEpecTa — BECEHHUH (MapT — ampejb)
Y OCEHHMH, PACTSIHYTHII BO BpeMeHH (OKTSOph — HAvallo ieKadpsi).

4. OTMedeHa aCMHXPOHHOCTh co3peBaHus ToHan M. galloprovincialis oboux mojioB. Camibl UMen
O0JIBIIYI0 BapUaOeIbHOCTD 0 CTA/IUSM 3PEJIOCTH, YeM CAMKH.

5. CaBur cOOTHOIIIEHUS TIOJIOB B CTOPOHY YBEJIMUEHHS I0JIU CAMIIOB, POCT KOJIMYECTBA MUIUIA C YUEPHOU
OKpacKoOW PaKOBUHBI, ACHHXPOHHOCTb co3peBaHusi ronan M. galloprovincialis Ha MAIUITHO-YCTPUYHOM
(hepme MOKHO paccMaTpuBaTh KakK KOJOTO-(PU3UOJOTMYECKU OTKJIMK MOJITIOCKOB HAa M3MEHEHHS
OKpY:Kalollen Cpe/ibl.

Paboma evinonnena 6 pamxax ezoczadanuss ®IBYH HMBU no meme «Hccnedosanue MexaHusmos
YnpagneHust NpoOYKUUOHHBLIMU NPOUECCAMU 8 OUOMEXHON0ZUMECKUX KOMNAEKCAX C Ueavld paspabomku Hayu-
HbIX OCHO8 NOAYYEHUs. OUONOUMECKU AKMUBHBIX BEUeCME U MEeXHUUECKUX NPOOYKMO8 MOPCKO20 2eHe3UCa»
(Ne 2oc. pezucmpayuu AAAA-A18-118021350003-6).
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PHENOTYPIC AND SEXUAL STRUCTURE
OF MYTILUS GALLOPROVINCIALIS LAM.,
CULTIVATED ON THE MUSSEL-OYSTER FARM
IN THE OUTER HARBOR OF SEVASTOPOL CITY (CRIMEA, BLACK SEA)

N.S. Chelyadina

Kovalevsky Institute of Marine Biological Research RAS, Sevastopol, Russian Federation
E-mail: chelydina2007 @mail.ru

Morphophysiological studies of hydrobionts, and, in particular, mussels cultivated in marine farms, be-
come important for modern hydrobiology. The study of the phenotypic structure of the mussel settlements
in the Black Sea is an important aspect of monitoring the state of the mollusk population in changing envi-
ronmental conditions. Information about patterns of sex realization under certain conditions can be the ba-
sis for active management of settlement formation in the cultivation of mollusks. Data about the regularities
of sexual maturation of mussels, the stages of maturity of gonads and gametes spawning are also of im-
portance. The aim of the work was to assess the phenotype and sex structure of the mussel populations
as well as the stages of gonads maturity of the mussel Mytilus galloprovincialis cultivated on the mussel-
oyster farm located in the outer harbor of Sevastopol. Mussels with the size of the shell from 4.9 to 5.4 mm
were collected monthly from March 2015 to August 2016 on the studied mussel-oyster farm. Phenotype,
sex and stages of gonad maturity were determined in mollusks by standard methods. When determining
the frequency of occurrence of mussel phenotype on the mussel-oyster farm, a higher percentage of mol-
lusks with black color shells (Bl) in comparison with whose with brown color shells (Br) was observed,
and on average for the studied period the shell phenotype ratio (Bl:Br) was 1.8:1 respectively. Data
on the sexual structure of M. galloprovincialis on the studied mussel-oyster farm are presented. Average
d':Q ratio was 2.8 : 1, with the proportion of hermaphrodites reaching 1-6 %. The sex ratio was different
every month. In March 2015 it was 1.7 : 1 (5" : @) and by August 2015, while mollusks growing on the mus-
sel’s collector, the share of males reached its maximum (8 : 1). After thinning the mussels on the collector,
the sex ratio had stabilized by October 2015 and remained at the level of 2 : 1 until March 2016. The next
subsidence of the young and increase of mussels mass on the collector had again led to a significant shift
of the mussel sexual structure (7.5:1) by May 2016. One of the reasons of the increase in the number
of males in the studied mussel-oyster farm is thought to be the high density of mussels in the druse result-
ing in local hypoxia and poor food accessibility. The analysis of the state of gonads maturity of cultivated
mussels showed two peaks of spawning — spring (March, April) and a long autumn one (started in Octo-
ber and continued until early December). Mass reproduction of mussels was observed in the spring when
the surface water layer warmed up to 9-12 °C and in the autumn with the decrease of water temperature
to 18 °C. The asynchronous maturation of the gonads of M. galloprovincialis of both sexes was observed.
Males had greater variability of maturity stages than females. The shift in the ratio of the sexes towards
the increase of males share as well as the increase of the number of mussels with black color shell and also
the asynchronous maturation of the gonads of M. galloprovincialis on the studied farm can be considered
as the ecological and physiological response of mollusks to the environment changes.

Keywords: Black Sea, mussel Mytilus galloprovincialis, phene, sex, maturity stage of the gonads,
mussel-oyster farm
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Photos of predation of sagitta (Chaetognatha) to fish larvae are presented for the first time for the Black Sea.
While analyzing ichthyoplankton samples obtained in May and November in 2017 (94" and 98™ cruises
of RV “Professor Vodyanitsky”) several sagittas were found with their guts containing fish larvae. Fish
larvae seem to have been captured by sagittas in the same way as sagittas in cannibalism cases, with both
folding in half at the spot of capture. The data obtained allow us to assume sagittas in conditions of high
abundance of eggs and fish larvae in the plankton to be not only a food competitor of larvae and juve-
niles of fish, as a fodder plankton consumer, but an active predator, being able to play a significant role
in the elimination of ichthyoplankton.

Keywords: food items, fish larvae, sagitta, predation, Black Sea

According to numerous studies, predation is one of the main causes of fish larvae mortality. The pa-
per [2] focuses on the analysis of some biotic factors affecting fish larvae survival, and larvae and juveniles
of Decapoda, nauplii of Balanus are considered as some of the most dangerous predators. Consumption
of fish eggs by amphipods, decapods and isopods was studied both in natural fish spawning grounds and ex-
perimentally [6]. Based on field observations and experimental data of different scientists the following con-
clusion has been made: high abundance of predators in the plankton in summer period can have a negative
effect on the number of fish larvae [2, 5]. Feeding of the Black Sea sagittas (Sagitta setosa Miiller, 1847)
was studied in detail in the 1950s, using both field samples (including those collected at daily stations)
and experimental ones [7]. Sagittas were shown to feed actively at the sea surface at night and in layers
of plankton swarm in the daytime [3]. Since food items in the guts of sagittas are usually heavily digested,
it makes quantifying of the consumed items difficult in most cases. The content of weakly digested food
items can be determined through sagittas guts [7]. According to the data available in literature zooplankton
(specifically copepods) are the main food items of sagittas, along with fish larvae as well as sagittas them-
selves [3, 4, 7]. Location of the consumed items allowed to assume that sagittas capture crustaceans mainly
by the head while sagittas capture other sagittas by any part of their body, with the captured sagittas folding
in half at the spot of capture [7]. There are no data available for the Black Sea on the way sagittas capture
fish larvae, and there are no photos confirming this fact.

The analysis of ichthyoplankton samples obtained in May and November in 2017 (94" and 98" cruises
of RV “Professor Vodyanitsky”) showed that guts of several sagittas contained fish larvae. Fish larvae
seem to have been captured by sagittas in the same way as sagittas in cannibalism cases, with both folding
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in half at the spot of capture (Fig. 1B), as described by O. G. Mironov [7]. Several occurrences of fish larvae
capture by sagittas by caudal fin have also been observed (Fig. 1A).

Sagitta length of 9.4 mm is shown in (Fig. 1B). Fish larvae which we identified as sprat — Sprat-
tus sprattus (Linnaeus, 1758) with the size of about 4 mm — is clearly seen through the transparent covers
of the of sagitta body (Fig. 1B, C, D).

Fig. 1. Sagitta with the larvae of Sprattus sprattus (Linnaeus, 1758): A — sagittas in the process of captur-
ing of S. sprattus larvae by caudal fin (May 2017); B — sagitta with S. sprattus larvae in the gut; C — folded
in half Sprattus sprattus larvae from the gut of sagitta; D — S. sprattus larvae from the gut of sagitta straightened
under a cover glass (November 2017)

Puc. 1. Carurra c ntmunHKo# mmpota Sprattus sprattus (Linnaeus, 1758): A — caruTTsl B mporiecce 3axpara
JIMYUHKM IIITPOTA 32 XBOCTOBOM MJIaBHUK (Maii 2017 r.); B — caruTra ¢ TMUMHKOM InpoTa B KuieyHuke; C —
CJIO’KEHHAsI BABOE JIMYMHKA IIIPOTA U3 KUIIEYHUKA CaTUTThl; D — NMYMHKa MIpoTa U3 KUIIEYHUKA CaruTTH,
BBINPSIMJICHHAS TIOJI IOKPOBHBIM CTEKJIOM (HOsIOph 2017 1.)

The share of the consumed ichthyoplankton in the daily diet of sagittas for the Sea of Okhotsk was stu-
died in [4]. It was shown that the share of ichthyoplankton in the daily diet of sagittas with the length
of less than 15mm in winter-spring period was 0.1 %, and in summer-autumn period it was 0.5 %
(% of body weight of sagitta) [4]. According to [4] sagittas consume those groups of hydrobionts that domi-
nate in zooplankton, and are available in sizes, preferring items of a relatively large size. It should be noted
that in May and November 2017 there was a high abundance of larvae S. spraftus in the Black Sea
near Crimea. In the first decade of May it reached 54 ind.-m™, and in November — 70 ind.-m2, with average
being 18 and 20 ind.-m2, respectively. In the 1950—1960s at the coasts of Crimea S. sprattus larvae were ge-
nerally observed as single individuals and their maximum number even at spawning peak did not exceed
30ind.-m™. There are no reliable data available on feeding the Black Sea sagittas on fish eggs as mem-
branes of eggs seem to be easily destroyed when being captured by sagittas. But considering that ave-
rage number of S. sprattus eggs in November 2017 off Crimea was 262 ind.-m™ and maximum number
was over 800 ind.-m, these values being four times higher than in the 1950-1960s [1], it can be assumed
that S. sprattus eggs were easily available food items for sagittas.

The data obtained allow us to assume sagittas in conditions of high abundance of eggs and fish larvae
to be not only a food competitor of larvae and juveniles of fish, as a fodder plankton consumer, but an active
predator, being able to play a significant role in the elimination of ichthyoplankton.

This paper was made within the framework of research issues of IMBR RAS no. AAAA-AIS-
118020890074-2 “Regularities of formation and anthropogenic transformation of biodiversity and bioresources
of the Sea of Azov — the Black Sea basin and other regions of the World Ocean” (Vdodovich 1. V., Klimova T. N.)
and no. AAAA-A18-118021490093-4 “Functional, metabolic and toxicological aspects of the existence of hydrobionts
and their population in biotopes with dif ferent physico-chemical regime” (Podrezova P. S.).
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JINUUHKU PbIb
KAK KOPMOBOU OBBEKT IINTAHKTOHHOTI'O XNIIIHNUKA (CHAETOGNATHA)

N.B. Bnoaosuu, II. C. Ilogpe3ona, T.H. KnumoBa

HuctutyT MOpckux 6uonorndeckux uccnenopanuii umenn A. O. Koanesckoro PAH, CeBacrorons, Poccust
E-mail: vdodovich@mail.ru

Bnepseie 111 YépHoro mMopsi mpenctaBieHbl (POTOAOKYMEHTBI, CBUAETENILCTBYIOLIME O XUIIHUYECTBE
CarvTTHI 110 OTHOILLEHMIO K JIMYMHKaM pbIO. [Tpu pazdope nXTHOIIaHKTOHHBIX P00, oTy4YeHHbIX B 2017 1.
B Mae 1 HosiOope (94-ii u 98-i1 peticet HUC «Ilpodeccop BonstHutikuii» ), ObIIM OTMEUSHBI HECKOJIBKO Ca-
TUTT, B KUILEYHUKAX KOTOPBIX OOHAPYKUIIM CBEXKE3aIrJI0UeHHbIe TUIMHKY pbIO. JIMUMHKU PO 3aXBaThI-
BAJIMCh XUIITHUKAMU TaK K€, KaK CaruTThl IPU KaHHMOATN3Me, U B MECTe 3aXBaTa CKJIAJbIBAIUCH BIIBOE.
[NonydeHnbie qaHHBIE TIO3BOMSIOT CAEJIATh MPEIOJIOKEHHE O TOM, YTO MIPU BBHICOKOM YHCIEHHOCTH HK-
Pl U JIMYMHOK PHIO B IUIAHKTOHE CATUTTHI SIBJISIIOTCSI HE TOJIBKO KOHKYPEHTAMM B ITUTaHUM JIMUMHOK
1 MOJIOZM PbIO Kak NOTpeOUTE I KOPMOBOI'O TUIAHKTOHA, HO M aKTHBHBIMH XUIIHUKAMH, U MOTYT UTPaTh

CYHIECTBEHHYIO POJIb B 3JIMMUHAIIUN UXTHOIIJIAHKTOHA.

KuiroueBrbie c10Ba: nuineBbie 00bEKTHI, TMUYMHKY PbIO, CATUTTA, XUIIHIUUECTBO, YEpHOE MOpe
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ITAMATHU CEPTEA BOPUCOBUYA T'YJIMHA
(01.03.1960 - 27.09.2018)

Uucturyr Mopckux Ouosormueckux uccnenoBanuii umenu A.O. KosaneBckoro PAH monéc HeBoc-
MOJHUMYIO yTpaty: 27 ceHTsi0pst 2018 r. Ge3BpeMeHHO YIIET U3 KU3HU JTUPEKTOP HMHCTUTYTa JOKTOP
Ouosornyeckux Hayk, npodeccop Cepreit Boprcosud I'ynuH.

Cepreit bopucosuu poaumics 01.03.1960 B r. Kéntbie
Boapl. OkonuuB B 1984 1. ¢ ommmunem Cumceporioib-
CKUI TOCYJapCTBEHHBII YHUBEPCUTET IO CIHELUaTbHO-
CTH «OUOJIOTHsI», OH BCIO CBOIO IAVIbHEHIITYIO JKM3Hb T10-
ceatwil Hayke. B 1990r. C.b. I'yaun 3ammtii guccep-
TallMI0O HA COMCKaHWe YYEHOH CTereHu KaHaupata Ouo-
JIOTUYECKUX HAYK IO CHIEHUATbHOCTH «TUAPOOUOJIOTUST»,
a B 2002 r. — guccepralMio Ha COMCKaHUE YUEHOM CcTe-
HEHN JOKTOpa OMOJIOTMYECKHUX HAyK IO CHEINATbHOCTH
«PaauoOUOIIOTHSI».

OcHoBHble HamnpasiieHus ucciegosanuii Cepres bo-
pricoBrYa ObUIM CBSA3aHBI C U3YYEHHEM PAJMOAKTUBHOTO
3arpsi3HEHHs MOPCKOU cpeibl rociie aBapuu Ha YADC
U C pa3pabOTKOW PaJIMOXMMHUYECKUX M pagroTpaccep-
HBIX METOJIOB OIpe/ie/ieHns] OMOTEeOXMMHUECKHX XapaK-
TepUCTUK 3KocucteM. OH BHEC OOJBLION BKJIAJ B MC-
clieJoBaHKe CpeaooOpas3yoliell U SKOJOTUIYECKON posiu
CTPYMHOM METAaHOBOM pa3rpy3ku 1Ha Y€pHoro mMops.

Cepreii Bopuconu yuactBoBai B 6oiice yem 40 sKcrieMIUsAX Ha okeaHorpadudeckux cymax B Cpe-
AN3eMHOMOPCKOM OacceiiHe, bantuiickom Mope, ATIIaHTHYeCKOM OKeaHe U B AHTapKTHke. OH MprUHIMAI
AKTMBHOE Y4acTHe B OpraHM3aliy M MpoBeJeHuH Oosiee yeM 20 MOPCKUX IKCIEIULMI [0 IporpaMmmaM
Mex yHapoaHOro areHTcTBa no atomHoil suepruu (IAEA) u EBponeiickoro coosa, norpy:xaicsi B MOp-
CKHe ITyOMHBI Ha MCCleoBaTeNbckor noaoaHou jonake «bentoc-300». C.B. I'ynun Obul OTBETCTBEH-
HBIM HCcTIoNTHUTEIeM OoJiee yeM 15 rpantoB EBpocoiosa, IAEA, NATO, NOAA 1 MeXnpaBUTEIbCTBEHHBIX
ME3KyHapOIHBIX IIPOrpamMm, paboTai B HalMOHAIbHOM J1aboparopuu Risg ([Janus), B Jlabopatopuu Mop-
ckoii cpenpl (MoHako), B akcriepTHbIX MuccHsix IAEA na Brmxnem Boctoke, OblT conpescenatenem psiga
BCEPOCCUICKUX U MEXKIYHAPOJHBIX KOH(DEPEHIIHIA.

Pesynprarsl HayuHbIx uccienoBanuil Cepress bopucoBruya nonyumiy mmpoKkoe MUPOBOE NPU3HAHKE.
OH M3yuynJ1 OCHOBHBIE ITAPAMETPBI PAJAMOIKOJIOTMYECKOro OTKIMKa YEpHOro mops Ha aBapuio Ha YAIC
¥ YCTaHOBIJI TeHAEHLIMH PACTIPOCTPAHEHHSI MTOCTYEPHOOBITBCKIX OCKOJIOYHBIX PaJHOHYKIMIOB B BOJHOU
cpene ot 50-x mmmpot CeBepHoro nojymapus 10 akBatopuu AHTapktuku. Cepreit bopucoBuu pazpadortan
METO[], AIEPHON T€OXPOHOJIOTMM JOHHBIX OTJIOKEHUN U OLIEHKU MHTEHCUBHOCTU CEJMMEHTAIIMOHHBIX MPO-
LIECCOB B BEKOBOM MaciTade. MM rosyueHbl 3HaUMMble HayYHbIE Pe3yJIbTaThl B cpepe U3ydeHHs1 OMoreoxu-
MHYECKMX MEXaHU3MOB (POPMUPOBAHUSI KPUTHUECKHUX 30H, PaJOEMKOCTH OKHUCIIUTEILHON U TITyOOKOBO/I-
HOU CEpOBOAOPOIHBIX 30H YEPHOTO MOPsI, paMaIMOHHON U XUMHUUYeCKOU skoTokcukoyoruu. C. b. I'ynmun
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0OHapy X1 KapOOHATHBIE OaKTepHUaIbHbIE TOCTPONKH B TITyOOKOBOIHOM 30HE Y€pHOoro Mops. OH rokasai,
YTO OHHU SBJISIIOTCSI (hOPMOIA CYITIIECTBOBAHU I paHee HEM3BECTHOTO (heHOMEHA )KU3HU B YCJIOBUSX CEPOBOJIO-
POIHOTO 3apakeHusl BOJl — aHadPOOHOT0 OKUCIIEHHS MeTaHa KOHCOPIIMYMOM apXxei u Cyibgarpeayuupy-
IOHIMX OaKTepUid. YCTAaHOBUJI, YTO BO3pACT OAKTEpUAbHBIX IIOCTPOEK Ha Pa3HBIX IIyOMHAX COOTBETCTBYET
TPEH/y CEPOBOIOPOHOTO 3aPaKeHUsI MOPsI B MOCJIEAHUN TIEPUO]T €T0 T€OJIOTMUECKOUN IBOTIOIUH.

Cepreii Boprconu omy6mkoBan 200 HaydHBIX padoT, BKovas 13 MoHorpadwii, eMy MpHUHAJICKAT
SmnareHTOB Ha M300peTeHrs. OH ObUT WIEHOM-KOppeCTIoHIeHTOM KphIMCKOI akajieMuu Hayk, JIeHCTBU-
TeJbHBIM WIEHOM MeXAyHapOJHOTrO COI3a PaJMOIKOJIOTOB, a TaKXKe YICeHOM MexXIyHapOIHOro Co3a
I10 9KOJIOTUYECKON ITUKE, YNTAJI KypC JIEKLIMHI MO paanoxuMuu B CeBacTONOIbCKOM MHCTUTYTE SIEPHOM
SHEPruM U MPOMBIIIJIEHHOCTH.

C.b. TI'yiuH uMen BBIAAOIIMECS OpraHu3a-
Topckue crocodHoctu. OH ycremHo padoTan
B JIOJDKHOCTH 3aBeyIOIEero Hay4dHou Jabopato-
pueit, ¢ 2009 o 2015 r. uCNoONHST 00A3aHHOCTH
3aBeYIOIIEero OTAEIOM PaMallMOHHON U XUMUYe-
cKkoi 6uosioruu, a ¢ 2015 r., mocie BO3BpaIeHust
Ceacronosisi B coctaB Poccuiickonn ®epepanuu,
posmiaBisi UMBU PAH. Ha poskHOCTAX 3aBe- —
ayoiiero JabopaTopueii U OTAEIOM OH MOAJep-

’KMBaJI BBICOKMI HAyYHbII YPOBEHb UCCJIEIOBAHUN |

BO BBEPEHHBIX €My HAYYHBIX MOJApA3JCIEeHUsX. |

Ho Hambosee SpKO Kak Hay4YHBIA PYKOBOJHTEIH -
Cepreit BoprcoBud mposiBiII ce0s1 Ha JOJDKHOCTH AUPEKTOpa. 3a BpeMsl CBOETO MPeObIBAHMUST HA 3TOM ITOCTY
OH JI00WJICS TIPOBEIEHHSI PEMOHTHO-CTPOUTEIIBHBIX PA0OT B MHCTUTYTE M YJIYUILIEHUS €r0 MaTeprabHO-
TEXHUUYECKOTO CHAOKEHUsI, CO3[aJI COBPEMEHHYI0 XMMUKO-aHATTUTUIECKYIO Ta00paTOpuUIO, TPUBJIEK aIMU-
HucTpanuio r. CeBacTornos K BbIISICHUIO TPUYANIOB [Tl Oa3MpOBaHUs IUIABCPE/ICTB, OPraHU30BaNl pe-
T'yJISIpHOE MPOBEJEHUE HayYHO-MCCIIeJ0BATeNIbCKUX peiicoB Ha MasioMepHbIx cyaax u Ha HUC «IIpodec-
cop Bonsuuiikuii», odecrieunst paboToCrocoOHOCTh HayyHOW Oa3bl B BaTmimmane, a Takxke CoracoBas
oobenunenne UMBU PAH ¢ Kapanarckoit HayyHo# ctanuueit umenu T. U. Bszemckoro.

Cepreit BoprcoBiu ObUT BHICOKOKBATM(PUIIMPOBAHHBIM CIEIMATACTOM, TAITAHTIIMBBIM OPraHU3aTOPOM
Y BCEMUPHO M3BECTHBIM YYEHBIM, IIEJIeyCTPEMIIEHHON JIMYHOCTBIO, TAKTUYHBIM U TITYOOKO MOPSIOYHBIM
YeJIOBEKOM, HacTosmuM naTpuotom Poccuiickonr @enepaimu. On Boner B uctopuio UMBU PAH kak
AesiTesib, MOJIOKUBIIMIA BCE CBOU CWJIBI Ha OJaro MHCTUTYTa, MOPCKMX HCClieloBaHMi U Poccuiickoit
akageMuu HayK. Mbl T1yOOKO CKOpOUM B CBSI3U C €ro IMpekJAeBPEeMEHHBIM YXOA0M W3 KU3HU. [lamsaTh
o Cepree bopucoBrue HaBcerja COXpaHUTCS B HALIMX Ceplax.

FEzopos B. H.,
2n. 1. c. UMBHU PAH,
0. 0. H., npogb., akademux PAH

TO THE MEMORY OF SERGEY GULIN
(01.03.1960 — 27.09.2018)

A. O. Kovalevsky Institute of Marine Biological Research of the Russian Academy of Sciences suffered
an irreparable loss: on September 27, 2018, Sergey Borisovich Gulin, the director of the Institute, passed
away. The main areas of his research were related to the study of radioactive contamination of the marine
environment after a nuclear accident at the Chernobyl Nuclear Power Plant and of the development of ra-
diochemical and radio-trace methods for determining the biogeochemical characteristics of ecosystems.
Keywords: Gulin Sergey, IMBR RAS, radioactivity, radiobiology
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3oonoeuueckuti uncmumym PAH,
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ooeanuil umeHu A. O. Kosanesckozo PAH

uzoarom
HAYYHbBLIL HCYPHAN

MOPCKOU
BUOJIOTMYECKUN
KYPHAJI

* MBK — nepuoanyeckoe M3IaHUE OTKPBITOrO OCTYMA.
[NonaBaemble MaTepuasbl IPOXOASIT HE3ABHCUMOE JIBOM-
Hoe cJierioe perieH3upoBanue. JKypHai myOiuKyeT 0630p-
Hble U OPUTMHAJIbHbIE HAYYHBIE CTaThbM, KpaTKHe CO00-
IIEHUS U 3aMETKH, COJepXalllie HOBBIE JaHHBIE Teope-
THUYECKUX U IKCIEPUMEHTAIbHBIX UCCJIeJOBAaHUN B 00Jia-
CTH MOPCKOW OHMOJIOTMH, MaTepuasbl 10 PasHOOOpPa3HIo
MOPCKUX OPTraHU3MOB, WX MOMYJISAIUN U COOOIIECTB, 3a-
KOHOMEPHOCTSIM paclpe/ie/IeHusl KUBbIX OPraHU3MOB B
MupoBoM OKkeaHe, pe3yIbTaThl KOMIUIEKCHOTO U3y4eHUs
MOPCKHUX U OKEaHWYECKUX KOCHUCTEM, aHTPOIOTEHHOIo
BO3JICVCTBUSI HA MOPCKHE OPTaHU3MBbI M SKOCUCTEMBI.

e lleneBass aynuropusi: OMOJIOTHM, KOJOTH, OMO(U3UKHY,
TUAPO- U PaJuOOHOJIOTH, OKEaHOJIOTH, reorpadbl, yUEHbIE
JPYTUX CMEXHBIX CIIEIIUATbHOCTEN, aCIMPAHTHI U CTYIeH-
TBI COOTBETCTBYIOIIMX HAYYHBIX U OTPACIEBBIX IPOQUIEH.

* Cratby MyOJIMKYIOTCS HA PYCCKOM M QHIJIMHCKOM SI3BIKAX.

¢ [leproaM4HOCTh — YETHIPE pa3a B IO/,

* TMoamucHoii wnHnekc B Karayore «I[Ipecca Poccum» —
E38872.
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