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IIpoBeneHo cpaBHEHUE YIBTPACTPYKTYPBI POCTOBOTO Kpasi paKOBUH TUTUIOMIHBIX U TPUITTIOUIHBIX YCTPUIL
(Crassostrea gigas Thunberg 1793), BbIpallleHHBIX IO TOBAPHOTIO pa3Mepa Ha MOpPCKoii hepMe y Geperon
Kpbima. JIurmonaHble YCTPUIIBI — OCEBIINE M3 TUTAHKTOHA, TPUTUIOUIHBIC — MTOJTYYeHbBI B TMTOMHUKE aT-
JIAHTUYECKOTo Tobepexbs. [1pn ucciaenoBaHUM UCITOIb30BaH 3JICKTPOHHBIN CKAHUPYIOIIUI MUKPOCKOIT
SEM Hitachi SU 3500 co BcTpoeHHBIM nporpaMMHbIM ob6ecrieueHneM Oxford Ultin Max 65 mjiss MUKpO-
aHanu3a. [TokazaHo, YTO pOCTOBOIT Kpaii paAKOBUH COCTOUT 13 ABYX CJIOEB: IIEPUOCTpaKyMa 1 ITpU3MaThyie-
ckoro cios. IleprocTpakyM IHMITIOWIHBIX YCTPUII TJIAAKUA, MOPUCTHIA. [leprocTpakyM TPUTLIOMIHBIX
YCTpUL OOBEMHBII, C MPOAOJIbHBIMU CKJIanKamMu. [Ipu3MaTuyecKuii cjioif Kak mpaBoii, Tak 1 JIEBOil CTBO-
POK PaKOBHMH COCTOUT U3 TTPU3M, OKPY>KEHHBIX OpraHUYECKMMHU 000JI09KaMu. B oT/Imuue OT TUTTIIOUIHBIX,
Yy TPUIUTOMIHBIX YCTPULL TPaHU MPU3M JJIMHHEE, KaJbIIUTOBOE 3aMOJTHEHUE 3HAYUTEIbHO HUXXE HOPMBI,
a MeXITpU3MaTHIeCKre OpraHMYecKre 00OJIOYKU TMPEPHIBUCTBIC ¢ BKITIOUEHUSIMU KapOOHATa KaJIbIIMS.
JloJist opraHM4YecKOro BellleCcTBa B paKOBUHAX IUILJIOMIHBIX YCTPULL TOCTOBEPHO BBIIIIE, YeM B paKOBUHAX
TpUTUIONIHBIX. O6CyKaaloTcs (haKTOPHI, BIUSIONINE Ha YIBTPACTPYKTYPY PAKOBUH YCTPUIL pa3HOM IUTOW/I -

HOCTH.
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Apean oOwutaHus yctpunbl Crassostrea gigas
(Thunberg 1793) — Oxotckoe, AnoHcKkoe, KeénToe,
Bocrouno- m IOxHo-Kuraiickoe wmops (Pakos,
1987). B 60—70-¢ rogel XX B. TMTaHTCKas yCTpHUIIA
ObLj1a 3aBe3eHa Ha ATJIaHTHUYeCcKoe Imodepexbe EBpo-
el ¥ 3anagHoe nooepexne CILA, tae B nanbHeiem
cTajla JTOMUHUPYIOIIUM BUAOM, KaK Cpeaud NpUpo-
HBIX HOIYJISILUI IBYCTBOPYATHIX MOJLIFOCKOB, TaK U B
akBakynbType (Helm, 2004; Troost, 2010; Dauphina
et al., 2013). C. gigas BbIpalBalOT BO MHOTHX CTpa-
Hax EBporbl, Azun, Adbpuku, ABCTpaTM U AMEPUKU.
Cnat ycTpull cobuparoT Ha KOJUIEKTOPhI B MEpUO
MaKCUMaJIbHON YKMCJIEHHOCTU JUYMHOK B TJIAHKTO-
He, a TakxKe MOJIy4yaroT MpyU pa3BeAeHUU B MUTOMHU-
Kax. 3HauuTeIbHasi 4acTb MUPOBOTO MPOU3BOICTBA
MOPCKHMX MOJIJTIOCKOB, 0co0eHHO B EBporie u AmMepn-
Ke, MIPUXOIUTCS Ha TOJII0 TUTAHTCKOM yCTpUIIbI, O1a-
rogapsi €e BbICOKOMY TEMITy POCTY M ajanTalliu K
IIMPOKOMY AMaIla30Hy YCJIOBMI OKpyXalollei cpe-
nbl (Troost, 2010). Hauunas ¢ 2010 r., MupoBoe IIpo-
n3BonctBo C. gigas yBenmmauiaoch Ha 22% u B 2016 T.
npocturio okojo 600 Teic. T (FAO, 2018).

B Yepnoe mope C. gigas Ob1a MHTpOAYyLIMPpOBaHa
B HauaJjie 80-x romoB XX B. B3aM€H HMCYE3a0IIEro BU-
na Ostrea edulis (Linnaeus 1758) (Opnaenko, 2005).
MomIIOCKOB pa3HOTO pasdMepa (MPeuMyIIeCTBEHHO
cIaT) JOCTaB/IsUIM U3 SIMOHCKOro Mopsl Ha Imobepe-
Xbe YépHOro Mops. AKKIIMMaTH3alIus IIPOBOANIACH
COMTACHO TOCYIApCTBEHHOM MporpaMme, ¢ MpoXoxXK-
JIeHUEM MOJUIIOCKOB 4epe3 KapaHTUH C MOCeayo-
IIUM pacceJeHUEeM MO MHOTUM 3KCIIepUMEHTAJb-
HBIM MOPCKHMM (pepMaM. YCTPUIIBI XOPOIIO amgaIrTh-
POBaAJIMCh K YCPHOMOPCKHMUM YCIIOBUAM, O HEM MOKHO
OBLIO CYAUTh MO UX TEMITY pOCTa I BBIXKMBAEMOCTH.

B HacTost1iee Bpemst Ha 4epHOMOPCKOM Mobepekbe
Poccryt (pyHKIIMOHUPYIOT TpU AECATKA MapUXO3SIICTB
C IpUMEHEHNEM OMOTEXHUKHU TTOJYLIUKINUYHOTO BbI-
pamuBanusa C. gigas. J1JIst 3TOTO CITaT TUTUIOWIHBIX U
TPUITUJIOMOIHBIX YCTPUIL 3aKyImaroT B IIMTOMHUKAX aT-
JIAHTUYECKOTO MoGepexXbsl JTUOO CIaT JUITJIOUIHBIX
YCTPULI, OCEBIINIA HA MCKYCCTBEHHBIE CyOCTpaThl B
mopsix JlamsHero BocToka, mogpaliiBaroT B cagKax B
TedeHUe ABYX JIET O TOBAPHOIO pa3Mepa. 3a 3TOT Iie-
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pyon nuruiouaHble yerpulbl C. gigas IBaXXIbl Hepe-
CTATCSI B IIPUPOIHBIX YCIIOBUSX, T.K. TIOJIOBO3PEIIbI-
MU OHM CTAHOBSTCS B IepBbIil ron xkm3Hu (Pakos,
1987). B UE€pHOM MOpE TMTaHTCKUX YCTPUIL BCE Yallle
OOHapy:KMBaIOT Ha TBEPABIX CyOcTpaTax OHA, KOH-
CTPYKLMSIX MOPCKUX (hepM M paKOBUHAX OPYTUX BU-
OB NIBYCTBOpYATHIX MojutiockoB (IlupkoBa u np.,
2020).

ToBapHasi TIpUBIIEKATEILHOCTh YCTPULL 3aBUCUT
OT LEJOCTHOCTU U MPOYHOCTHU PAKOBUHBI, KOTOpasi
3alUIaeT MITKHE TKAHW MOJIIIOCKOB OT BO3MICHi-
CTBUIT BHENIHMX (pakTopoB M XUIIHUKOB (Suzuki
et al., 2017). A3BecTHO, 4YTO PaKOBUHBI YCTPUIL CO-
crosiT u3 KapoboHara Kanbiusa (CaCO;) nByx popm
KPUCTAJUIN3ALVN: KAJbLXTA U aparoH1uTa. AparoHuT
B PAKOBMHE YCTPUILL HAXOAUTCS TOJBKO B MECTe MpU-
KpEeIJIEeHUSI MyCKyJla amayKropa (MUOCTpaKaJlbHbII
CJI0i1) U B 3aMKOBOM Kpae pakoBuHEBI (Galtsoff, 1964).
Heopranuuyeckasi 4acTb paKOBUHBI TUTAHTCKUX YCT-
puir coctaBisieT oT 95 mo 99% mx Beca (Suzuki et al.,
2017; Song et al., 2019). Opranudeckasi 4aCcTb paKo-
BUHBI (MaTpulia) MpeacTaBiaseT coboit cMech Oe-
KOB, ITOJIMCAaXapuaoB, MIMKOIIPOTEWHOB, JIUITUIOB,
NUTMEHTOB, CBOOOMHBIX aMUHOKUCIOT U TEHTU-
JIOB, BbIJIEJSIEMbIX TKaHSIMU MOJIJTIOCKA B Mpoliecce
CKeJIeToreHe3a; MpuyeM OeIKU SIBJISIIOTCSI OCHOBHBI-
MU MaKpOMOJIEKYJIaMH, KOHTPOJIUPYIOIIMMU CUHTE3
ounokpuctamyioB (Marin et al., 2012; Mouchi et al.,
2016). HecMoTps Ha TO, YTO OpraHudYecKasi MaTpuia
COCTaBJIIeT He3HAYUTENIbHYIO YaCTh PAKOBUHBI MOJI-
JIFOCKA, OHA SIBJISIETCSI OMHUM U3 OCHOBHBIX KOMIIO-
HEHTOB, OTBETCTBEHHBIX 3a IPOYHOCTb PAKOBUHBI
(Marin et al., 2012).

B ¢dopMupoBaHUM pakOBMHBI YYacTBYIOT Kpaii
MaHTUM W BHEUIHWUW SNMUTEIUaJbHBIA CJIOM BCei
MaHTUU. PakoBuHa conpukacaeTcsl ¢ MAaHTHUEH yepe3
AKCTpalauIiajbHyIO0 XHUIKOCTh, KOTOpasi cHaOXaeT
MEePUOCTPAKYM U KAJILIIMHUPOBAHHBIE CJIOW Heopra-
HUYECKUMMU MOHAMU U OPTaHMYECKMMU BElleCTBAMM
(Waller, 1980). MoHBl Kanblysl ITOIIOIIAIOTCS U3
NUINY TIpU PUIBTpallMM BOIBI MJIM B pe3yJibTaTe
rnaccuBHoOl nuddy3run yepe3 Bce opraHbl. Brocien-
CTBUHU 3TU MOHBI MIEPEHOCATCS KJIIETKAMU TeMOIMMQPBI
1 MOTYT BpEMEHHO HaKaIrlJIMBaThbCS B COCANHUTEITh-
HBIX TKAHSIX MAHTUU WX B 3NUTeaUM MaHTUM (Marin
et al., 2012). B remonuMde ycTpuil ecTb IBE OCHOB-
HbIe (POPMBI aMeOONIHBIX KJIETOK: arpaHyJIOIMNThI U
IrpaHyJIOUUTHI. [paHyJIOLMTHI JOCTABISIIOT KPUCTAJI-
Jibl CaCO; K MecTy 06pa30BaHUs PAKOBUHbI U y4acT-
BYIOT B (DOPMHPOBAHUM NPU3MATUISCKOTO CJIIOST M
KpucTajuiu3auuu Kanbuus (Song et al., 2019).

Pakosuna C. gigas, Kak 1 y IPYTUX IBYCTBOPUYATHIX
MOJUTIOCKOB, MUMEET MHOTOCIOWHOE OpraHO-MHHe-
panbHOoe cTtpoeHme (Marie et al., 2011). IlepBbiM
dbopMupyeTcst meprocTpakyM, KOTOPBIA TTOKPHIBAET
BHEIITHIOK MOBEPXHOCTh PAKOBUHBI U COCTOUT B OC-
HOBHOM M3 OpraHM4ecKoro Marpukca. Ilepmoctpa-
KyM CEKpETUPYETCs CITeIIMaTu3MPOBAHHBIMU KJIET-

300JIOTUYECKHU KYPHAJ

MM PKOBA, JTAABITUHA

KaMM IepUOCTpaKaIbHOI OOpO3Ibl 1 BHIASISIECTCS B
BUJIE XUAKOCTU. 2ZKMIKOCTb COCTOUT U3 HECTAOWIIb-
HBIX PaCTBOPUMBIX IIPEAIIIECTBEHHUKOB, KOTOPEIC
Ooratbl THUPO3MHOM 1 CTAHOBSITCSI HE PACTBOPUMBIMU
Mpyu IOoIagaHUKM BO BHEKJIETOYHYIO cpeny (Marin
et al., 2012). OauH U3 paCTBOPUMBIX MPEAIIECTBEH-
HHMKOB ObLI BBIAEJIEH M3 mepuocTtpakyma Mytilus
edulis (Lamarck 1819). D10 BelllecTBO, YaCTUYHO OXa-
paKTepu30BaHHOE U OMMMCAHHOE KaK ITIepUOCTpalliH,
conepkuT 55% octaTkoB rmuuHa, 10% TMpo3uHa u
2.2% NODA (3,4-murnopoxkcudenunaianut) (Waite
et al., 1979). I1lepuoctpakym obecrieunmBaeT nepBrY-
HYI0O MaTpUIly IJISI BHEKJIETOYHOM MHWHepaIu3alun
PaKOBUHBI ¥ POCTa KPUCTAUIOB; pa3rpaHUYMBAET U
TEpPMETU3UPYET 3aMKHYTOE IIPOCTPAHCTBO MEXIY
TKaHSIMM MaHTHU W CaMOil paKOBUHOM (3KCTparai-
JIMaJIbHOE TIPOCTPAHCTBO) U 3allMIIAET PAKOBUHY OT
pactBopeHus (Marin et al., 2012).

IMox nmepuocTpakyMoMm opMUpyeTcsl Ipu3MaT-
YeCKUI CIOoM. DTOT CION COCTOUT M3 KPUCTAIOB
KaJIbLIUTa, OKPY>KEHHBIX OPraHMYEeCKMM KapKacoM 1
OPUEHTUPOBAHHBIX MTEPHEHINKYISIPHO K ITOBEPXHO-
ctu pakoBuHBI (Suzuki et al., 2017). BeicoTa npusm
npaBoii ctBopku C. gigas coctapiseT oT 20 no 200 MKkM
u mmpuHa — ot 5 10 40 MxM. ITpu3MebI 1€BO CTBOPKU
BCerma MEeHBIIIe, U UX pa3Mephl BapbupyioT oT 11 1o
31 MKM B BeIcOoTy 1 9.5—17.7 mxMm B mupuny (Marie
et al., 2011). YcraHoBIeHO, YTO Kaxknas IIpu3Ma, B
CBOIO OYepeab, COCTOUT U3 cyobenuHull (<~200 HM)
1 opraHmyeckux Makpomoiiekys (Dauphina et al.,
2013). Ha BHyTpeHHeii 4acTM pakOBMH IIPOCTHIE
MPU3MBI UMEIOT XapakKTePHYIO “COTOBYIO” CTPYKTYPY
C OpraHM4YecKoi MeMOpaHoOIi, pa3aeasiolieii Kapoo-
HaTHbIe eAWHULBI. ToJIIIMHA OPraHUYECKON MeM-
OpaHBI y OOJBIIMHCTBA BUAOB YCTPULL BApPbUPYET OT
0.5 no 8 mxMm (Kennedy et al., 1969). OnucaHs! aBa
cnocoba 00pa3oBaHUsS MEXMPU3MATUYECKUX MEM-
opan (Checacetal., 2005). Ha HayaibHOM 3Tamne opra-
HU3alMU 3TUX MEeMOpaH BeCch BHEUIHUIN SMUTEIN
MAaHTUU BBIIEISIET OPTaHUYECKYIO XXUIKOCTb, TTOKPhI-
BAIOIIIYIO0 BCIO MOBEPXHOCTh. B mambHelileM Mex-
Mpu3MaTUYecKre MeMOpaHbl 00pa3yroTcsl B pe3ysib-
Tare BBIIEJCHUSI CEKPETa OCOOBIMU SIUTETUATBHBIMU
KJIeTKaMM BHEIIHETro Kpast MaHTUuu. OpraHudecKkue
MeMOpaHbl 3aTBEpAeBalOT B pe3y/bTare MoJIMMepHr-
3anuu. Bckope mocie (hopMUpOBaHUST 3a4aTOYHBIX
OpTaHUYECKUX TIOJIOCTEM B HUX HAYMHAETCS POCT
MOHOKPHUCTA/UIOB KaJiblIUTa, KOTOPbIC BbIpaBHUBA-
IOT CEKPETUPOBAHHYIO MTOBEPXHOCTh OPTaHUYECKUX
memb6OpaH (Checa et al., 2005). CornacHo pe3syJibTa-
TaM MHOTMX UCCJIeIOBaHUI, OTJIOXXEHUE MUHEPaJIoB
B OMOJIOTMYECKUX TKAHIX — 3TO KOHTPOIUPYEMBbIit
npoiiecc. Cpenn HanboJiee aKTUBHBIX aT€HTOB, KOH-
TPOJIMPYIOIINX OMOJOTMYECKYI0 MMHEpaau3aluio,
€CTb TPYIIIbI KUCIbIX O6EJIKOB, 60raThIX acraparuHo-
BOM KHUCJIOTOU, cepyHOM uau ruimHoMm (Weiner,
Addadi, 1991). OHu MoryT crieuu@UuIeckKn B3auMo-
JIefiCTBOBAaTh C HEKOTOPLIMU TPaHSIMM KPUCTAJLa,
BBI3bIBAs ODUEHTUPOBAHHOE OTJIOKEHUE KPUCTAIIOB
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(nucleation), WM BHEOAPSTHCI B caMy KpPUCTaJUIMYe-
CKYIO pelleTKY.

Bce »tu cBeneHUST O CTPYKType PakoOBHH ObLIU
MMOJIyYeHbI IPY UCCACAOBAHNU TUIIJIOUIHBIX TUTAHT-
CKUX YCTPUII.

Llens HacTosIIIEro McCAeIOBaHUSI — CpaBHEHUE
MOpGOMETPUIECKUX XapaKTEPUCTUK, YIbTPACTPYK-
TYPBI POCTOBOTO Kpast M COAePXKaHUST OPTaHMIECKOTO
11 HEOPraHMYEeCKOTO BellleCTBA B PAKOBUHAX YCTPUIL
C. gigas TATITIONIHBIX — YePHOMOPCKOTO TTPONCXOX-
IEeHUs ¥ TPUTUIOUIHBIX — C aTJaHTUIEeCKOTO mobe-
pEXbs, BEIPAIICHHBIX 10 TOBAPHOTO pa3Mepa B UACH-
TUYHBIX YCIOBUSX Ha MoOpcKoil depme YE€pHOro
MODSI.

MATEPUAJTI U METOINKA

MatepuanaoM st padboThl MOCTYXKWIN AUTLIOW/I -
Hble U TpUIUTOUAHbIe ycTpullbl C. gigas BO3pacTom
2.5roga (BbIcOTa paKOBUH AUIUIOUMAHBIX YCTPUII
ot 86.76 10 121.06 MmM; TpuruionaHeX — ot 89.04 10
131.20 MM), BeIpalleHHbIE B ITIOABECHOM KYJIBTYpE B
cagkax Ha Mopckoii ¢pepme (BHemrHuit peitng CeBa-
CTOIOJbCKOM OyxThl: 44°37°13.4” N, 33°30713.6” E).
CnaTt IMIUIOUAHBLIX YCTpull pasmepamu 10—12 MM
Ob11 0O6HapyxeH B 2019 1. Ha pakoBUHaXx IBYCTBOpYa-
TOTO MOJUIIOCKA aHanapbl (Anadara kagoshimensis
(Tokunaga 1906)), mompammBaeMoif B cagkax Ha
depme. Cniat TPUTUIOUAHBIX YCTPULL pa3MepaMu OKO-
Jjo 12 MM Ob11 mpuodbpereH B 2019 r. OOO HUO
“MapukysibTypa” B yCTPUYHOM MUTOMHUKE, PACIIO-
JIOXKEHHOM Ha aTJIaHTUYECKOM MOOepexXbe.

JluHeiiHble XapaKTepPUCTUKU YCTPUL (BBICOTY,
IJIMHY, IIUPUHY) WU3MEPSUIM LTU(POBLIM IITaHTEH-
mupkysiem (II1I-1 “3y6p”, ¢ TouHocTsIo A0 0.01 MM)
comtacHo Metoauke (Almeida et al., 1998). PakoBu-
Hbl B3BEIIMBAJIM Ha 3JeKTPOHHBIX Becax AXIS
ANG200C (mo 0.0001 r). PaccMoTpeHbl 0cOOEHHO-
CTM W3MEHEHUsI WHIEKCOB carutraibHoui (H/L),
¢ponTanpHOil (D/L) KpUBM3HBI W BBIIYKJIOCTU
((H+ D)/L) pakoBun (Harding, Mann, 2006). 1nsa
BECOBBIX U Pa3MEPHBIX XapaKTePUCTUK YCTPULL PH-
BOISTCS CpemHHe apudMeTUUecKUe 3HAYeHUs CO
CTAaHJAPTHBIMU OTKJIOHEHUSIMU U 95% moBepUTED-
HBIe MHTEPBAaJIbl CPEIHUX.

oo opraHM4YecKoro BelllecTBa B IIpaBbIX (BEpX-
HUX) U JIeBBIX (HUKHMX) CTBOPKAX PaKOBUH JTUILIIO-
UIHBIX U TPUIJIOUIHBIX YCTPULL OIPEAesiu Kak
pa3HUILYy Beca JI0 U MOCJe CKUTaHUS U TIPEeICTaBUIN
B IIPOLIEHTaxX OT Beca CTBOpPOK. OOpa3upbl paKOBUH
cxuranu B mydenbpHoii eun “TEMOC-Dkcnpecc”
npu 450°C (TemrepaTypa, IpU KOTOPOM IIPOUCXOIUT
pa3iokXeHue OpraHu4YecKoll MaTpUllbl) B TEUYEHUE
5yac (IT0 TpM HaABECKM IIpaBOil M JIEBOil CTBOPOK;
Bcero 36 HaBECOK) ITOCJIE IPEABapUTEIHLHOIO MeXa-
HUYECKOI'O M3MEJIbYEHUSI U BBICYIIMBAHMSI B CYIIMJIb-
HoM 1Kady B TedeHue 42 yac npu 45°C cornacHo
Mmetoauke (Soisuwan et al., 2014).
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Huist u3ydeHus yabTpacTpyKTypbl CTBOPKU Pako-
BUH TILIATEJIbHO IPOMBIBAJIU B IIPOTOYHOI, 3aTeM A1~
CTWUIMPOBAaHHOI BOJAE W CYLIWJIW Ha Bo3ayxe. Je-
TaJIbHBIM yAbTPACTPYKTYPHBIM U XMMMUYECKMII aHa-
I3 pocTtoBoro kpasi (puc. 1) mpaBbIX U JIEBBIX
CTBOPOK JUTIJIOUIHBIX U TPUTUIOUIHBIX YCTPULL ITPO-
BOIMJIU C MOMOIIbIO JIEKTPOHHOIO CKAaHUPYIOIIETO
mukpockoria SEM Hitachi SU 3500 co BcTpoeHHBIM
nporpaMMHbEIM o6ecnieueHneM Oxford Ultin Max 65
1T MUKpoaHayiu3a. Perucrpauusi peHTT€HOBCKOIO
M3Jy4YeHUST OT KaxA0l TOYKHU B Tpoliecce CKaHUPO-
BaHUS IMO3BOJISIET TIOCTPOUTH U300paXKeHUE, OTpaxka-
Io111e€e PJIEMEHTHbII COCTaB Pa3IMUYHbIX yYaCTKOB MO-
BepxHOCTU. Takue M300paxkeHUsI Ha3bIBAlOT KapTa-
MU 3j1eMeHTHOro coctaBa (Pirozzi et al., 2018).

IMnounHOCTL ompenesii WHAWBUAYAJTbHO Kak
JUTSL TATITIOUIIHBIX, TaK U JUISI TPUTUIOMIHBIX YCTPUIL,
aHanu3upys Metacdasbl MUTO3a STTUTETUATBLHBIX KJle-
TOK Xa0p ¢ yIOBJIETBOPUTEIBbHBIM PACITOJIOKEHUEM
XPOMOCOM C IIOMOIIBI0O MUKpockomna “Axioskop 40”
C.ZEISS, dotokamepsnl “CanonPowerShot A640” u
nporpaMMHOro obtecreuenust “AxiVision Rel. 4.6”.
®oTtorpacpumn meradas MmuTo3a ObLIM 0OpabOTaHbI B
Adobe Photoshop (Bepcust 3) mpu HCIIOJIb30BAHUU
KOHTpAacTa, ONTUMU3ALIMHU 1IBeTa U PuiabTpa. [TocTo-
SIHHBbIE MpernapaTbl FOTOBUJIM COMJIACHO METOAWKE
(dapnunrroH, Jla Kyp, 1980). Ins aToro Kycouku
TKaHei kabp IMpOMbIBAJIU NUCTUJLUIMPOBAHHON BO-
Joit, oOpabaThiBaid TUITOTOHUYECKUM PacTBOPOM
(0.03 M 1TMMOHHOKUCIJIOTO HAaTpUsI) IIPU TeMIIepaTy-
pe 60°C B TeueHue 30 MUH U GUKCHUPOBAJIIU B CMECH
3TUJIOBOTO CITMPTa U YKCYCHOM KUCTOTHI (3 : 1). Cme-
HY (pukcaTopa IIpoBOAWIN ABaXAkL: yepe3 30 MUH 1
2 gaca. g IpuroTOBICHUS KIIETOYHOW CyCIIEH3UH
TKaHU u3Menbdaan B 50% pacTBope YKCYCHOM KMC-
JIOTBI; HA TIPEAMETHOE CTEKJIO HAHOCUJIM HECKOJIBKO
Kamnejb CyCeH3UU; pacnpeessiii TOHKMM CJIOeM U
BBICYILLIMBAJIM HA BO3Ayxe B TeueHHe cyToK. [Ipemnapa-
ThI OKpalllMBay pa3daBieHHbIM PacCTBOPOM [ 1IM3bI B
TeuyeHrne 2—4 yacoB. 3aTeM IIPOMBIBAJIU TUCTUILIIN-
POBaHHOI BOMOU, BBICYIIMBAJIM U 3aKI04aiu B hy-
dro-matrix.

3HAUYMMOCTb pa3IMyusl Beca PAKOBUH JUTLIOMII-
HBIX U TPUIUIOUIHBIX YCTPUIL U 3HAYMMOCTb pa3jiv-
YUsI COOEPKAHUSI OPTaHUUECKOTO BellleCTBAa B paKo-
BUHax TpoBoauin no U-kputeputo ManHa—YUTHU
(I'yonep, I'enkuHn, 1973):

— nxny + nmax(nmax + 1)
2

rae: n, v n, — 00beMbI BBIOOPOK;

Npmax — OOBEM BBIOOPKH, UMEIOIIET OOJIBIITYIO pAHTO-

BYIO CYMMY;

T — 667bl1ast cyMMa paHTOB U3 BBIOOPKU X U ).

[Mpu 3TOM pazmuuus Mexmy OBYMsI BBIOOpKaMM
CUUTAIOTCS 3HAYUMBIMU, eciu U, < U os.

U -7,

IMIL

CpaBHeHI/IC Cp€oaHUX 3HAYEHUU O opraHuye-
CKOI'0o B€IIECTBA B ITpaBbIX CTBOPKaX AUIIIOUMIHBIX U
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Puc 1. Crassostrea gigas: A — nUIUIOUTHASI, OCEBILIAsl U3 TUIaHKTOHA YEPHOTO MOpsI HAa paKOBUHY aHanapbl Anadara kagoshimensis
(0003HAYEHO CTPENIKOI); B — TpUIUIONIHAS, TTIOJyYeHHAsI B TUTOMHUKE aTJIAHTUYECKOTO MOOePEeKbsl M BhIpAIlIeHHAsT 10 TOBAPHOTO
pa3mepa Ha Mopckoit (hepme YEépHoro Mopst. (PocToBoii Kpaii ycTpuIl BblIeIeH MOTYITPO3paYHbIM TTPSIMOYTOITBHUKOM).

TPUTUIOMIHBIX YCTPHII, a TaKKe B JIEBBIX CTBOpKax
YCTPUIL pa3HOM TUIOMITHOCTU TTPOBOIVIIM IO -KPUTE-
puto CteioneHTa (1 ypoBHs 3HaunMoctu P = (0.05)
(JlakuH, 1973).

PE3VJIBTATDI

CpenHue 3HayeHus1 BbicoThl (H, MM) pakoBUH nc-
clielyeMbIX NUIUIOUAHBbIX U TPUIUIOWAHBIX YCTPHIL
MPUMEPHO PaBHbI U COCTABJISIIOT COOTBETCTBEHHO
104.05 + 19.41 (SD = 17.15) u 105.01 = 25.87 (SD =
= 22.86) MM Ipu 6oJiee CUITBHOM BapbUPOBAHUU 3TO-
ro Mpu3HaKa y TPUILUTOUAHBIX ycTpull (Tad. 1). [u-
puHa (D, MM) paKOBUH TPUTUIOUIHBIX YCTPULL OOJIb-
ure (cpenHee 3HaueHue 41.24 £ 6.57 mm, SD = 5.81),
yeM OUIUIONIHBIX (cpenHee 3HaueHue 30.76 £ 2.67 Mm,
SD = 2.36). U kak cieacTtBue — 3Ha4YeHUsI MOpPGO-
METPUUECKHUX WHAEKCOB, a OCOOEHHO BBIMYKJIOCTb
pakoBuH ((H + D)/L) TpUIJIOUIHBIX YCTPULL OOJIb-
e, 4YeM IMIUIOUAHBIX, YTO SIBJISIETCS OTJIUYUTEb-
HbIM MOPMOIOrMYECKUM MPU3HAKOM TPUTLIOUIHBIX
YCTPHII C YalleBUIHOMN pakoBuUHOI. [1pu cpaBHeHUN
CpPEIHUX 3HAYEHUU BECOBBIX MapaMeTpoOB JIEBbIX
CTBOPOK IHUITIOMIHBIX (26.49 + 8.88 1, SD = 7.85) m
TpurionaHbeix (26.17 £ 6.08 r, SD = 7.05) ycrpui
pa3auuurs He BBISIBJICHBI (cM. Tabj.1). OmHako cpen-
HU1 BeC MpaBbIX CTBOPOK NUIUIOUIHBIX YCTPULL He-
ckojibko 6ojbine (20.16 £ 3.98 1, SD = 3.52), yuem
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tputuionaHbix (15.05 = 5.53 1, SD = 4.89). CpaBHe-
HME Beca IPaBbIX U JEBBIX CTBOPOK IUIJIOUIHBIX U
TPUTUIOMAHBIX YCTPUIL MO KpUTEpHio MaHHa— YUTHU
MOKAa3ajI0, YTO PAa3jiuyusi HE HOCTOBEPHBI U HOCST
cinyyaiineiii xapakrep: U,y = 14 > Uy, o5 = 7.

OpraHnyeckoe BeIIeCTBO B IIPaBbIX CTBOPKAX pa-
KOBMH IOUIUIOMOHBIX yCTpHI coctaBwio: 3.40, 3.17
" 2.99%, y TputmionmHbIX — 2.08, 2.01 1 1.87% (Tabm. 2).
IMocne paHXXMpOBaHMS MTOTYYEHHBIX JAHHBIX 110 Be-
JIMYMHE JO0JIM OPTaHUYECKOro BEIlecTBa U IoAcYeTa
sHayenus U, ycraHoBieHo, 4to U, = U, 095 = 0
npu ypoBHe 3HaUunMocTu p <0.05. IIpu aHaIOTMIHOM
CpaBHEHUU COepXKaHUSI OPraHUYECKOTO BEIleCTBa B
JIEBBIX CTBOPKAX TUILTOUAHBIX (4.24, 3.3512.95%) u
tpurionaHbix (1.97, 2.12 u 2.35%) ycrpuil TakKe ObI-
Jo ycraHoBieHo: U,,, = Uy, s = 0. Tak xak ammu-
pudeckoe 3HauyeHUe U-KpUTepus paBHO KPUTHYE-
CKOMY, TO Pa3JINYMs B COMEPKaHUKM OPTaHMIECKOTO
BellleCTBA KaK B IPaBbIX CTBOPKAX MUIUIOMIHBIX U
TPUILUIOUIHBIX YCTPHII, TaK U B JIEBBIX CTBOpKaX
YCTPUII pa3HO TIIOMTHOCTH MOKHO CIUTATh 3HAUM -
MBIMM.

st IpoBepKY AOCTOBEPHOCTU pas3vuyuii cpas-
HUBaJIN CpeIHVE 3HAYEHUSI O OPTaHNIECKOTO Be-
IIECTBa B MPaBbIX CTBOpPKax AUTUIOUAHBIX (3.19%)
" TpuruIonaHbIX (1.99%) ycTpull MO (-KPUTEPUIO
CreioneHnTa (mis mojeit). beuio ycraHoBiieHO, 4TO
111 ypoBHs 3HaunMoctu P=0.05uk=4,1,=7.55>
ToMm 102
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Tabomuna 1. BecoBbie 1 pa3MepHbIe XapaKTepUCTUKU JUTUIOMIHBIX U TPUTUIOUIHBIX yeTpull Crassostrea gigas
JWTIIONIHbBIE YCTPULIBI TpunnaouaHble yCTpULIbI
IMapameTpsl

1 2 3 cpen. 3Hay. * i SD 1 2 3 cpen. 3Ha4. + i SD
H, mm 121.06 |104.34 | 86.76 | 104.05+£19.41 | 17.15 | 131.20 | 94.73 | 89.09 | 105.01 £25.87 | 22.86
L, Mmm 62.98 | 77.46 | 57.40 | 6595+ 11.72 | 10.35 53.00 | 55.36 | 45.54 | 51.30 £5.80 5.13
D, mm 32.10 | 32.15 | 28.04 | 30.76 +£2.67 2.36 47.00 | 41.32 | 35.39 | 41.24 +6.57 5.81
H/L 1.92 1.35 1.51 — - 2.48 1.71 1.96 - -
D/L 0.51 0.42 0.49 — — 0.89 0.75 0.78 — —
H+ D/L 2.43 1.76 2.00 - — 3.36 2.46 2.73 — -
Wn.c., T 24.09 | 19.09 | 17.30 | 20.16 + 3.98 3.52 20.22 | 14.44 | 10.50 | 15.05+5.53 4.89
Wi.c., 1 35.12 | 24.59 | 19.77 | 26.49 * 8.88 7.85 31.11 | 23.76 | 20.65 | 26.17 £6.08 7.05

TTpumeuanusi. H, MM — BbICOTa paKOBUHBI; L, MM — JIJTMHA PAaKOBUHBI; D, MM — LIMpUHA PaKOBUHBI; H/L — carutrajibHas KpUBU3HA;
D/L — dpontanbHag kpuBusHa; (H + D)/L — BHIITyKJIOCTh paKOBUHBI; WII.C., T — BeC MpaBoii CTBOPKU; WIIL.C., T — BeC JIEBOI1 CTBOPKM;
cpell. 3Had. — cpenHee 3HaueHue; SD — craHmapTHOe OTKIIOHeHue; + i — 95% noBepuTeIbHBIC MHTEPBAIbI CPEAHUX 3HAYCHUIA.

Taomuna 2. J1oist (%) HeopraHM4ECKOIro M OPraHUYECKOro BEIECTBA B paKOBUHAX JUTUIOMAHBIX Y TPUTUIOUIHBIX YCTPHULL

Crassostrea gigas
JlumnmonaHble yCTPULIbI TpuruionaHbIe YCTPULIBI
Ne ycrpuiibl mpaBasi CTBOpKa JIeBasi CTBOpKa rpaBasi CTBOpKa JIeBasi CTBOpKa

HEOpr. Belll.| Opr. Belll. | HEOPr. Belll. | Opr. Belll. |HEOpr. Belll.| Opr. BElll. | HEOpr. Belll. | Opr. Belll.

1 96.83 3.17 95.76 4.24 97.92 2.08 97.88 2.12

2 96.60 3.40 96.65 3.35 98.13 1.87 98.03 1.97

3 97.01 2.99 97.05 2.95 97.99 2.01 97.65 2.35
Cp.3Hau. £/ ({96.81+0.23|3.19 £0.23|96.49 £ 0.75 | 3.51 £0.75 |98.01 £0.12| 1.99 £ 0.12 | 97.85 £ 0.22 | 2.15 £ 0.22

SD 0.21 0.21 0.66 0.66 0.11 0.11 0.19 0.19

TTpuMeuyaHusi. HEOPT. Belll. — HEOPraHWYECKOE BEIIECTBO, OPT. BEll. — OPraHUYECKOe BELIECTBO, CPE/. 3Ha4. — CpeJHee 3HAUCHUE,
SD — cranmaptHoe oTKJIoHeHue, + i — 95% noBepuTeIbHbIE MHTEPBAJIbI CPEIHUX 3HAUCHUIA.

>t = 2.78. I[lpu cpaBHEHUU CPEAHUX 3HAUYECHUI CO-
IepKaHUsI OpraHMIECKOTO BEIIECTBA B JIEBBIX CTBOP-
Kax IUIIOUIHBIX (3.51%) w tpurmtonnHbix (2.15%)
VCTPHII TaKXe BBIIBIEHO ITOCTOBEPHOE pa3Iniue:
I =5.03>1,=2.78 (k=4u P=0.05), T.e. ¢ BLICOKO
BEPOSTHOCTBIO MOXHO YTBEPXKIaTh, UTO AOJISI Opra-
HUYECKOTo BeIlleCTBa B paKOBMHAX MTUTUIOMIHBIX
YCTPUIL TOCTOBEPHO BBIIIIE, YeM B paKOBUHAX TPUII-
JIOUITHBIX.

B pesynbrate 31€KTPOHHO-MUKPOCKOTTMYECKUX
HWCCAEeI0BAaHUM ObLIO ITOKAa3aHO, YTO POCTOBOI Kpait
PaKOBUH JUIIOMIHBIX U TPUILTIOUMIHBIX YCTPUIL CO-
CTOUT U3 JBYX CJIOEB: IepuocTpakyma (UId KOHXUO-
JIMHOBOTO CJIOST) (pHUC. 2) M IPpU3MaTUIECKOTO CJIOS
(puc. 3). KoHX1MOIMHOBBIN €10 TUITOUIHBIX YCTPUIL
MMeEET IJIaJIKYI0 ITOPUCTYIO IMMOBEPXHOCTh (puc. 2A4).
BeposiTHo, yepe3 Mopbl MPOUCXOAUT MOCTYIIJIEHUE
MOHOB IPU MUHEpAJIU3allM1 pakoBUHBbI. [TeprocTpa-
KyM POCTOBOTO Kpasi TPUTUIOUIHBIX YCTPULL OObeM-
HBbI, COCTOUT U3 COEAUHEHHBIX “IIJIACTUH” pa3HOIro
pasmepa u (HOpMBI, KOTOpbIE O0Opa3yloT KpPYITHBIC
MIPOIOJIbHbBIE CKIAAKKU 1 00po3nku (puc. 28). Ckian-
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K1 COCTOAT U3 HECKOJIBKMUX HCITJIOTHO IMPUJICTAIOITNX
CJIOEB KOHXMOJIMHA. Memy CKJIagKaMM1 BUIHbBI MEM-
6paHBI, ITOKpPbIBArOIIM€ OCHOBAHUEC ITPU3M.

ITpusmaTtnyeckuii cioii pocTOBOTO Kpasi JUTLIO-
WIHBIX U TPUIUIOUIHBIX yeTpuLl C. gigas pacoioXeH
HEMOCPENCTBEHHO IO/ IIEPUOCTPAKyMOM PAKOBUHBI.
Kak 0n1710 moka3zaHo paHee, MIPU3MAaTUYECKUI CIIOM
PakoOBUH IBYCTBOPYATBHIX MOJUIIOCKOB COCTOUT W3
CTOJIOYATHIX TPU3M B OKPYXXEHUU OpraHMYeCcKOi
obosouku. Ha puc. 3 mpeacrtaBieHbl 2JISKTPOHHO-
MUKpOCKOITMYeckre (GoTorpaduu IIpu3MaTUIECKO-
ro cios nuriouaHbiX C. gigas, UMEIOIIETro XapakKTep-
HyI0 “COTOBYIO0” CTpyKTypy. KOHIIBI mpu3M Tipen-
CTaBJISTIOT COOOM HEIpaBWJIbHBIE MHOTOYTOJBHUKMN.
Yucio CTOpOH MHOTOYTOJIBHBIX ITIPU3M — OT YEThIpex
JIo 1IecTu. JITMHa CTOPOH OTASIBHBIX TTPU3M MPaBoii
cTBOPKHU — OT 2.27 mo 15.53 mxm (puc. 34—3A1); ne-
BOI cTBOPKU — OT 5.77 mo 18.12 mxm (puc. 3B—3B]I).
CTOpOHBI MPU3M B OCHOBHOM TIpSIMbIE, PEIKO BCTPE-
YaloTCs M30THYThIE. ToMIMMHA MEXIIPU3MATAIECKIX
OpraHMYecKuX 000JIOYeK MmpaBoit cTBOpku oT (.27
1o 1.07 mxMm, neBoii ctBopku oT 0.44 mo 1.15 MkwM.
LlenTpanbHast 4acTh OONBIIMHCTBA IIPU3M IIPaBOit

2023
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SU3500 10.0kV 6.6mm x1.50k SE 11/25/2021 SU3500 10.0kV. 6.7mm x1.50k SE 11/25/2021

Puc. 2. COM-u3o0paxeHns1 KOHXMOJUHOBOTO CJI0S1 POCTOBOIO Kpasi MpaBbIX CTBOPKaX pakoBUH ycTpull Crassostrea gigas: A —
IUTIOUIHOM, B — TPUTUIOWITHOM.

o, i e
e fd p =T e i e e e o i e i

]
SU3500 10.0kV 6.7mm x1.50k SE 11/25/2021 30 MKM 5 MKM

3 i
i 7
1 e e s P e e

SU3500 15.0kV 9.8mm x1.50k SE 12/09/2021 30 MKM 5 MKM

Puc. 3. COM-u3o0paxeHusi Mpu3MaTUUYeCKOro CJIOsi pOCTOBOTO Kpasi paKOBUHBI TUILTOUAHBIX YcTpull Crassostrea gigas: A,
Al — BHYTpeHHSsIsSI CTOpOHA IPaBoii CTBOPKM; B, Bl — BHyTpEHHSISI CTOPOHA JIEBOIl CTBOPKH.
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SU3500 1¢

5 MKM

Puc. 4. COM-u3obpaxkeHusi MpU3MaTUUYECKOTO CJIOSI POCTOBOTO Kpasi paKOBMHBI TPUILIOUMAHBIX ycTpull Crassostrea gigas: A,
Al — BHYTpEHHSISI CTOPOHA MpaBoii CTBOPKU; B, BI — BHyTpEHHSISI CTOPOHA JIEBOil CTBOPKH.

CTBOPKMU AUTIJIOUIHBIX YCTPUILL HE TTOJIHOCTBIO 3aI10J1-
HeHa Kpuctauiamu (cMm. puc. 34—3A1). BepositHo,
MpoLIeCcC 3alOJIHEHUSI WIAET OT BHYTPEHHUX MEX-
MPU3MaTUYECKUX CTEHOK K LIEHTPY NMpu3mbl. [Tpus-
MbI JIEBOI CTBOPKM TOJIHOCTBIO 3aIlOJHEHbl HAHO-
KpucTtautaMu (cMm. puc. 38), 9To 04eBUIHO 00YCIOB-
JIEHO pa3HOI CKOPOCTHIO OOBI3BECTBIICHUS TIPABO 1
JIEBOU CTBOPKHU.

Ha puc. 4 npencraBieHbl 3J€KTPOHHO-MUKPO-
ckonuueckue otorpadru MpU3MaTUYECKOro CJIOs
pakoBUH TpUILIOUTHBIX C. gigas. YMcIo CTOpoH MHO-
TOYTOJILHBIX MPU3M TIPaBOif CTBOPKM OT TPEX IO Ce-
MU; JJIMHA CTOPOH OT 2.54 no 17.23 mxMm (puc. 4A4).
IlInpuHa opraHUYeCcKOM IMPOCTONKHN MEXKIY ITpH3Ma-
mu ot 0.55 1o 0.98 Mmxm. Kpome TOrO, B HEKOTOPBIX
Mpu3Max OpraHUYecKrue TMPOCIONKN BpacTaloT B
MpU3My IPpUMEPHO Ha ofHY TpeTh (10 8.38 Mkm). Kak
W B TIpaBOM CTBOpPKE ITUIUIOMIHBIX YCTPHII, ICH-
TpajibHasI 9YacTh MIPU3M IIPABOM CTBOPKU TPUTUIOWI-
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HBIX YCTPHII He TIOJTHOCTBIO 3aMOTHeHA KpUCTAJTAMI
Kanbauta (puc. 441). Yrabel ipusM JIeBOl CTBOPKU
TPUTUIOUAHBIX YCTPULL YACTO OKPYTJIBIE; KOTUUECTBO
CTOpoH OT 3 110 5 (puc. 4B). MakcuManbHast U MUHU-
MaJTbHast JUTMHBI CTOPOH Pa3IMYHBIX TPU3M pa3inda-
oTCa G6oee 4eM B BoceMb pas: 5.95 u 43.81 MKM.
KanblmToBoe 3artonHeHue OTOEIbHBIX YY4aCTKOB
MPU3M 3HAUYUTEJIbHO HIKe HOpMBI (puc. 4B1). lupu-
Ha opraHudeckoii npocioiiku oT 0.93 mo 2.02 MKwM.
Mexxay MHOTMMU TIPpU3MaMU PaCOJIOKEHBI OpraHu4de-
CKHe MeMOpaHbI ¢ YaCThIMU BKITIOUEHUSIMU OKPYTJION
dopmel pasmepamu 10 0.94 Mkm (cMm. puc. 4B—4B1).

s yTOYHEHUsT XMMMYECKOTO COCTaBa BKJIIOYE-
HUM, BBISIBIEHHBIX B MEXITPU3MaTUUECKUX OpPTraHU-
YeCcKMX 000J0YKaX TPU3MATUIECKOTO CIIOST JIEBBIX
CTBOPOK TPUIJIOMIHBIX YCTPHII, MPOBEICHO Kade-
CTBEHHOE KapTHUPOBaHHE MPOCTPAHCTBEHHOTO pac-
MnpenesieHus JIEMEHTOB (KaiblLiUsl, KUCIOPOJA U YI-
nepona) (puc. 5). BeisiBIeHO, UTO B IIPHU3MaTUUECKOM
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Puc. 5. Kaptsl pacnpenenenus anemeHtoB Ca, C, O B npu3MaTU4YeCKOM CJIO€ POCTOBOrO Kpasi BHYTPEHHEl CTOPOHBI JIEBOM

ctBopku Crassostrea gigas: A — TUTIJIOUAHBIX, B — TPUTIJIOUIHBIX.

cj0e y AWUTUIOMIHBIX YCTPUIL BJIEMEHTHI KaJbIIW,
KUCJIOPOA U YIJIEpON paclpenesieHbl paBHOMEPHO
TOJBKO B TIpu3Max. B MeXmpusMaTnaecknx 000109~
Kax 3TU 2JIEMEHTBI OTCYTCTBYIOT. CiemoBaTeibHO,
MPU3MBbl cOCTOAIT U3 KapboHata Kaiablusa (CaCOs).
Y TPUITIOMIHBIX YCTPUIL 3TU JIEMEHTHI pacripencie-
HBI paBHOMEPHO KaK B MPU3Max, TaK U B MEXITPHU3-
MaTUYECKUX OO0O0JI0UYKax, 4YTO CBUIACTEIBbCTBYET O
BrimoyeHurn CaCO; B OpraHn4YecKuit MaTpukcC.

OBCYXIEHUE

B pesynbrare aHaimmM3a KapMOJIOTUIECKHX MpeTTa-
paToB 3MUTENUS XKa0p ObLIa MOATBEPKICHA TIJIOUI-
HocTh ucciaenyembix ycrpull C. gigas. B mertadaze
MUTO3a TUTAHTCKUX YCTPUIL YEPHOMOPCKOTO TIPOHC-
xoxnaenuss — 20 xpoMocoMm; Ha MmeTada3HOM TIa-
CTUHKE YCTPUIL aTJIAHTUYECKOTO MTPOUCXOXKICHUST —
30 xpoMocoM (puc. 6). PaHee GbLIU OIMMCaHbI KAPUO-
tinbl auriougHo C. gigas ¢ YUCIOM XPOMOCOM,
paBHbIM 20 (Ahmed, Sparks, 1967), u KapuOTUIIBI
TPUTUIOMIHOM YCTPHIIBI C YHUCIIOM XPOMOCOM, PaB-
HbiM 30 (Gerard et al., 1994). Crioco0 mosaydeHust
TPUTUIOUAHBIX YCTPUILL ObLT pa3paboTaH ISl TIpUMe-
HEHUs B aKBaKyJIbType. TpHUITTIOMIHBIE YCTPUIILI OT-
JIMYAIOTCS OT OTUTUIOUIHBIX 00Jiee BHICOKUM TEMITOM
pocTa, OOJBIINM BeCcoOM U 0ojiee HU3KOUM perpoayK-
TUBHOU crioco0HocThIO (Payton et al., 2017). Huskas
pPeTpONYKTUBHASI CIIOCOOHOCTh TPUIIOUIHBIX YCT-
pMLL SIBJISIETCSl CJIEACTBUEM HApYLICHUSI MUTO3a U
Meiio3a Ha paHHMX cTaausx rameroreHesa (Maillard
et al., 2021).

ComnacHo pe3yabTaTaM UCCII€A0BaHMA, COACP2Ka-
HHEC OpraHn4Y€CKoOro B€UieCTBa B paKOBMHAaX TPUIIJIO-
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WIHBIX YCTPUIL JOCTOBEPHO HUXE, YEM B paKOBMHAaX
IUTUTOMAHBIX. Tak, 3TOT MOKa3aTe/lb B IMPaBBIX CTBOP-
Kax TPUIUIOMIHBIX YCTpHUIl B 1.6 pa3a HILKe, YeM B
IIpaBBIX CTBOPKaX IUILIOUAHBIX: 1.99 u 3.19% coor-
BETCTBeHHO. M3 TuTepaTypHBIX NCTOYHUKOB U3BECT-
HO, YTO OPraHUYECKOE BEILLECTBO B PAKOBUMHAX OU-
TIonAHbBIX yeTpull C. gigas MOXET COCTaBISATb OT O1-
Horo (Marie et al., 2011) mo IByX IIpOLIEHTOB Beca
(Seung Woo Lee, Cheong Song Choi, 2007). BeposT-
HO, COOTHOIIIEHWE OPraHUYECKOro W HeopraHuve-
CKOTO BellleCTBa B paKOBMHAX TMTAHTCKOM YCTPUIIBI
3aBUCHUT OT MeCTa OOUTaHUSI MOJUTIOCKOB, TeMIiepa-
TYPBI BOJBI M TIPOAYKTUBHOCTH aKBAaTOPUM.

PocTtoBoii kpaii pakoBMH U AUTUIOMIHBIX, M TPUTI-
JIOUTHBIX YyCTPUIL] COCTOUT U3 IBYX CJIOEB: ITIepuUOCTpa-
KyMa M IIpU3MaTUIECKOro ciiosl. Takasi cTpyKTypa pa-
KOBUHBI XapakTepHa IJisi MHOIMX JIBYCTBOPYATBIX
MosutockoB (Checa et al., 2005). ToammHa Mex-
MIPpU3MATUYECKUX OPraHMYECKMX O0O0JIOUYEK MIpaBOii
CTBOPKM IUTITOMIHBIX yeTpull oT 0.27 mo 1.07 MKM,
JeBoii ctBopku ot 0.44 no 1.15 MM, 4TO B ABa pasa
MeHble, ueM y Crassostrea virginica (Gmelin 1791)
(Checa et al., 2005). B pakoBuHe TUIIIOMIHOM yCT-
PULIBI TPU3MBI JIEBOU CTBOPKY MOJIHOCTHIO 3aI0THE -
HBl HAHOKPUCTAJUIAMHM, 4YTO OOBSICHSIETCS pa3HOM
CKOPOCTBIO OOBI3BeCTBIIEHUSI. Tak, cOIJTacHO IaH-
HBbIM, MOJYYEHHBIM TPU U3yYeHUN CKOPOCTU OOBI3-
BecTBJieHUs pakoBUH mosoau C. virginica, ObLIO
YCTaHOBJIEHO, UTO CKOPOCTH B JIEBOI CTBOPKE BHIIIIE,
yeMm mnipaBoii (Galtsoff, 1964).

B ynpTpacTpyKType paKOBUH YCTPUIL pa3HOM TTJI0-
NIHOCTU BbIABJIICHBI CYILICCTBCHHBIC pa3/IM4Md. Be-
pOSITHO, 3TO OOYCJIOBIIEHO pPa3HOM CEKPETOPHOM
AKTUBHOCTBIO SIIUTEIIMAIIBHBIX KIIETOK II€pHUOCTpa-
ToM 102

Ne 10 2023
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Puc. 6. Meradasbl MUTO3a B SNUTEIUATIbHBIX KJIeTKaxX xkaop Crassostrea gigas: A — nuruiouaHoi (2n = 20 xpomocom), B — Tpu-

mnoumHoit (3n = 30 xpomocom). Macmtad 10 MKM.

KaJIbHOM OOpO3Abl WU OMOJOTMYSCKON aKTUBHO-
CTBIO BBIACISIEMOr0 MMM cekperta. Hamuume mpo-
JIOJIbHBIX CKJIAgOK IEepUOCTPaKyMa TPUIUIOMIHBIX
YCTPUL] BOBMOXKHO CBSI3aHO C aHATOMUYECKUM CTPO-
eHUeM TIepruocTpakaaibHOM 60po3abl. CornacHo naH-
HBIM 3JIEKTPOHHO-MUKPOCKOITMYECKUX MCCIEA0Ba-
HU TIpU3MaTUYECKOIO CJIOSI POCTOBOTO Kpasl pako-
BUH YCTPUII, Y TPUILUIOUAHBIX YCTPUIL TPaHU IIPU3M
JJIMHHEE, 4YeM Y TUTLIOUIHBIX; KaJbIIUTOBOE 3aroJ-
HEHUE OTAENbHBIX YYaCTKOB IIPH3M 3HAUYUTEIHLHO
HIXXE HOPMBI; MEXIIpU3MaTHIeCKe 000JI0YKI Me-
CTaMM TIPEPHIBUCThIE C BKIIIOYEHUSIMU KPUCTAJIOB
KapOoHaTa Kajablus. BeposTHO, Takne MecTa COOT-
BETCTBYIOT O0JaCTSIM Kpas MaHTUM TPUILIOUIHBIX
YCTpHLL C aHOMaJbHO HU3KOM CeKpelueil opraHude-
CKOro BelllecTBa. Mn ceKpeTUpyroTcs KUIKOCTU —
MpeAIIeCTBEHHUKN OpraHMYeCKNX MeMOpaH, KOTOpbIe
pasinyaloTcs MoJUMMepU3aluel 1 OMOXUMUYECKUM
coctaBoM. MI3BECTHO, YTO OMOJIOTUUECKYIO MUHEpa-
JIM3aLIMI0 KOHTPOJIMPYET I'pyNIia KUCIbIX OEJIKOB U
mmikornpotenHoB (Weiner, Addadi, 1991). OcHOBHBI-
MU aMUHOKMCJIOTaMU, OOHAPYKEHHBIMU B MAaTPUKC-
HBIX OeKax pakoBUHBI ycTpullbl C. gigas, SIBISIOTCS
acraparmHoOBasl KUCJIOTa, CUPUH U DIUIWH, IIpUYeM
JIOJISI TIMIMHA — camasl BhicokKas (Almeida et al.,
1998). N3BecTHO TakXke, 4TO OeJIKU, boraThbie acrapa-
TUHOBOM KUCJIOTOM, ITOJABIISIIOT HEKOHTPOJINPYEMYIO
KPUCTANIN3ALUI0 aMOP(HOTO KapOoHaTa KaJbIIUS
BO BpeMs OUWOMUHepaau3allMd HPU3MATHIECKOTO
ciost pakoBuHEI (Politi et al., 2007). CnenoBaTebHO,
OpraHMYeCKUi MaTPUKC IMTPU3MATUISCKOTO CJI0SI pa-
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KOBUWH JUTUIOUIHBIX U TPUIJIOMIHBIX YCTPUILL MOKET
pa3andaThbCsl MO KaYeCTBEHHOMY WMJIM KOJIMYECTBEH-
HOMY COCTaBYy G€JIKOB. Y TPUILIOUIHBIX YCTPUILL OBLIO
OTMEYEHO BpacTaHUe B MPU3MY OPraHUYECKUX MPO-
cioek. YacTuyHoe BpacTaHUe OpraHn4YecKux 000J10-
YeK B MPU3MATUYECKHE STUEHMKM XapaKTePHO TaKXKe
st O. edulis (Checa et al., 2005).

PaHee ObLTO yCTaHOBJIEHO, YTO 3JI€MEHTHBINA CO-
ctaB pakoBuH C. gigas 3aBUCUT, B OCHOBHOM, OT THTIa
OTJIOKEHMI U B3BELIEHHBIX YaCTUL], OOHAPYKEHHBIX
Ha KaXIIOM ydyacTke BbIpalinBaHus (Almeida et al.,
1998). B HamreMm mcciaenoBaHWM BBEIpAIIMBAHUE -
IUIOUIHBIX U TPUIUIOMAHBIX YCTPUI] MPOXOAMJIO B
caJKax, pacIlOJIOXXEHHBIX OJIM3KO OOUH K JIPYroMy.
B mpusMaTueckoM cJIoe CTBOPOK YCTPHII pa3sHOM
IUIOUJTHOCTU HaOJII0NaNCh pa3Hble KOHLEHTpaLUU
3JIEMEHTOB, UTO MOXET OBITh CBSI3aHO C pa3Inyalo-
LIAMUCSI MEXaHU3MaMU MeTa0oIM3Ma TUIIOUIHBIX
u tputuiouaHbix C. gigas, 4TO paHee MOATBEPXKICHO
IpU U3YYeHUHN aKTUBHOCTU OTKPBLITUSI CTBOPOK YCT-
pyll. Y TPUIJIOUIHBIX YCTPUL ITPOIOKATEILHOCTD
OTKPBITHSI CTBOPOK U UX CYTOYHBII pUTM OBLIM 3HA-
YUTEJIbHO BHIIIE, YeM y auiuionaHbx (Payton et al.,
2017).

M3BecTHO, UYTO y OBYCTBOPYATHIX MOJLTIOCKOB

KOHLEeHTpamus noHoB [Ca’"] u [HCO;] KoHTpoIu-
pyeTcst GU3NOJOTUUECKN U U3MEHSIETCS HE3aBUCUMO
OT KOHIIEHTpAIUU 3TUX MOHOB B OKPYXalolleit MOp-
ckoii Bone (Green et al., 2009). Kanbuuii moctynaer
B MaHTHUIO HEMOCPEACTBEHHO M3 MOPCKOW BOIbI U
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MOXET IIOIVIOIIATECA APYTMMU OpraHaMu MOJUIIOCKaA
2—

U TpPaHCHOPTUPOBaThcst B MaHTUIO. MoHbl [COj |

i [HCO5] MoryT 1100 nomiowarscs, 00 Mpou3-

BOJUTLCSI MeTaboIM4eCcKUM myteM, npudeM [HCO;]
SIBJISIETCS. UICTOUHUKOM HEOPraHMYeCcKOTO yriepoa,
KOTOPBIM MCTIONIB3YETCS IS KaTbLIM(PUKAITUN PAKO-
BUH (Thomsen et al., 2015). MeTabonudeckuii yrie-
PO MOXET COCTaBISITh M0 69% yriepona pakoBUH
C. gigas, v ero cofepKaHue KOoJIeOIeTCsI B 3aBUCUMO-
CTH OT cCKOpocTu MeTabonusma. Y C. virginica oOHa-
pyXeHa TIpsiMasi 3aBUCMMOCTb MEXIY aKTUBHOCTbBIO
MUILEBAPUTEBHOTO TPAKTa U CKOPOCTBIO pocTa pa-
koBUHEI (Galtsoff, 1964).

M3 nurepaTypHBIX MCTOUHMKOB M3BECTHO, YTO
yBeJIMYeHNE MaplaibHOTO NaBJACHUST YIISKMCIOTrO
rasza B MOPCKOI BOIe M, KaK CJeACTBUE, CHIDKEHUE
pH B npenenax sKoJIOrMUeCcKU 3HAYMMOTO TUAMNa30-
Ha IIPUBOIST K CHUXKEHUIO CTEIIEHU HACKIILIEHWSI BO-
JIbl KapOOHATOM KaJIbliMsl. DTO HETaTUBHO BJIUSIET Ha
GU3MOIOTUIECKHE TTPOILIECChI, CKOPOCTh KaJbII(pU-
KalliM U MeXaHWUYeCKHe CBOMCTBA PAKOBUH YCTPUIL
C. gigas (Dauphina et al., 2013). DkcniepruMeHTaJIbHO
YCTAHOBJIEHO, YTO MOBbIIIEHHbIE YpOBHU pCO, OT-
pUMLIATEILHO BJIMSIIOT Ha IpoliecC OMOMUHEpaIn3a-
UM U3MEHSIIOTCS YIBTPACTPYKTypa M MeXaHude-
ckue cBoiictBa pakoBuH C. gigas, YBeIUUMBAETCS
TOJIIIVHA KAJIbLUTOBBIX TJIACTUH B TUIIOCTPaKyMe U
CHUXXAETCd TBEPAOCTh U TPEIIMHOYCTOMYMBOCTh pa-
koBuH (Wei et al., 2015). 3nauenuns pH mopckoii Bo-
Ibl B MECTE PaCHOJIOXEHHUST MOPCKOM (hepMbl, IIe
IIPOXOIMJIO BEIpAIIMBaHUE OTUILUIOMIHBIX U TPUILIO-
WUIIHBIX YCTPHUILI, B TeUEHUE TOAA U3MEHSIIOCH B IIpee-
nax ot 8.28 no 8.35 (Kapranov et al., 2020). Takoe u3-
MecHeHne pH sIBiIsIeTcs onTUMalbHBIM U HE MOTJIO
MOBJIUSITh HAa MUKPOCTPYKTYPY M MeEXaHHYECKUE
CBOICTBa PAaKOBUH TPUTUIOUIHBIX YCTPHUIL.

Momowenue [Ca?t] u Apyrux MOHOB, HEOOXOAU-
MBIX IS QOpMUpPOBaHMs pakoBUHBI C. gigas, a TaK:Ke
YCJIOBUSI, BIMSIOIIME Ha IIPOLeCcC KaablIn(pUKaIIIN,
3aBUCSAT OT cojieHocTy Boabl (Sillanpai et al., 2020).
O1mtomoTBOpeHNE, 3MOpPUOHAILHOE, JMYMHOYHOE
pa3BUTHE M JOpallldBaHUE OUIUIOMIHBIX YCTPUII
C. gigas 10 TOBApHOTO pa3Mepa MPOXOAWJIO B MpHU-
poIHbIX ycioBusax YépHoro Mopst. Ce30HHbIE KOJIe-
OaHUs coJieHOCTH BOAbI B CeBacTOMOJIBCKOM OyxTe,
rae pacmnojoxkeHa Mopckasi (pepma, coctaBuiu 17.25—
18.40%0 (Kapranov et al., 2020). TpuruionmHbIE YCT-
pUILIbI ObUIM TIOJIyYEHBI W BBIpAIEHBI O Pa3MepOB
12 MM B yCTPUYHOM ITMTOMHUKE aTIAHTUYECKOTO 110~
Gepexbs TIPU COJIEHOCTU BOIbI 0KOJIO 32%0 (Harney
et al., 2016). 3aTeM craT TPUILIOUAHBIX YCTPUILL AOPaA-
IIMBaJIX IO TOBApHOIO pa3Mepa Ha MOPCKOii (pepme
YepHoro mopsi. M3BecTHO, YTO yCTpULIBI (OCOOEHHO
u3 pona Crassostrea), Kak 1 MHOTHE IPYTU€ dBPUTa-
JIMHHbIE OPTaHU3MbI, CHOCOOHBI KUTh B MOPCKOI1 BO-
Jle OYeHB I POKOTo nrana3oHa cojieHocTu (Galtsoff,
1964; Troost, 2010). I'mraHTCKKEe YCTPULIBI PaCTyT
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MPU ONTUMANTbHOI coneHocTu oT 20 1o 25%o0; oHn
TakXXe MOTYT BCTpeYaThCs IIPU COJIEHOCTU HILKE
10%0 W BBDKUBAIOT MpPU COJIEHOCTU BhIlIe 35%o0
(Helm et al., 2004). OgHako HHM3Kasl COJEHOCTb
YBEJIMYMBAET CTAHIAPTHYIO CKOPOCTh MEeTaboIn3Ma
C. gigas v 3aTpaThl Ha KaJblIM(UKAILUIO PAKOBUHBI, a
TakXXe IMPUBOILT K CHIKEHUIO MAHTUIMHOTO U Ka-
6epHoro AT®D-ypoBHeii U ITOTpeOIEHUST KMCI0pOa
(Wei et al., 2015). Ocmoperyasinusi 1 TpaHCHOPT
WOHOB, 3arachl HEPrMM U METabOJM3M, a TaKxkKe
akcnpeccust 6enka 1 MPHK 3aBucar ot coneHoctn
(Zhao et al., 2012). BausiHMe COJIEHOCTU Ha TpaHC-
IMOPT MOHOB U OCMOPETYJISLINIO MPEACTABISIET 0OCO-
OBIif MHTEpEC, MOCKOJBKY 3TU (PYHKIIMU HAIPSIMYIO
CBSI3aHbI C COCTOSIHUEM IF'eMOJIMM@BI U, CJIET0BATEIIb-
HO, mpoueccoM Kambludukanuu (Sanders et al.,
2018). Xots ¢usunonorudyeckue (pyHKUUU YCTPMUII,
TaKMe KaK OCMOPETYISLMS, MOTYT afallTUPOBAThCS K
U3MEHEHUSIM COJIEHOCTH, B JOJITOCPOYHOI MepCHeK-
TUBE PE3YJIbTHUPYIOIIe U3MEHEHUS MIepeHOca MOHOB
MOTYT NPUBECTU K CHIDKCHUIO MUHEpaJIM3aluK pa-
KoBUHEL. CTpecc OT BO3ACUCTBUS CyOONITUMATBLHOM
COJIEHOCTH MOXET TOJABJISITh OMOMUHEpaIU3alnIo,
4TOObI 3KOHOMMTHL BHEPIUIO IS OCYIIECTBICHUS
JIPYTUX BaXXHBIX (PM3MOJIOTMIECKUX IIpolieccoB (Sil-
lanpaa et al., 2020).

Takum 06pa3oM, TPUIMHON OTIIMUUTEILHBIX OCO-
OEHHOCTE YIbTPACTPYKTYPhl PAKOBUH W HU3KOTO
colep>XKaHMsI OPraHMYECKOTO BelleCTBa B CTBOPKax
TPUTUIOMAHBIX yeTpull C. gigas aTIAHTIYECKOTO TPO-
HUCXOXACHUS, TI0 CPAaBHEHUIO C IUILIOUAHBIMU YCT-
puLlaMi 4YEPHOMOPCKOTO HPOUCXOXIACHUSI, MOKET
OBITH TTOBHIIIIEHHAS CKOPOCTh MeTaboau3ma. He uc-
KJIIOYEHO BJIUSIHUE IOJTOCPOYHOIO BO3IEHCTBUS
PE3KOI0 CHIDKEHUSI COJIECHOCTM MOPCKOII BOIBI Ha
KaJTbLIM(PUKALINIO PAKOBUH TPUILUIOUIHBIX YCTPUIL
npu gopamyBaHuu B YEpHOM Mope IO TOBapHOIO
pasmepa.
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FINE STRUCTURE OF THE SHELL OF DIPLOID AND TRIPLOID OYSTERS,
CRASSOSTREA GIGAS (THUNBERG 1793) (BIVALVIA, OSTREIDAE) REARED
IN THE BLACK SEA
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The fine structure and chemical composition of the shell growth margin were compared in diploid and trip-
loid oysters, Crassostrea gigas (Thunberg 1793), reared to commercial size in a Crimean marine farm. The
diploid oysters were deposited from plankton, whereas the triploid ones were obtained from an Atlantic coast
nursery. An electron scanning microscope SEM Hitachi U 3500 with built-in software Oxford Ultin Max 65
for microanalysis was employed in the study. The shell growth margin is shown to consist of two layers: peri-
ostracum and prismatic. The periostracum in diploid oysters is smooth and porous, whereas the periostracum
of triploid oysters is volumetric and shows longitudinal folds. The prismatic layer of both right and left shell
valves consists of prisms surrounded by organic membranes. In contrast to diploid oysters, triploid ones have
longer prism facets, their calcite filling is significantly lower than normal, their interprismatic organic mem-
branes are discontinuous and contain calcium carbonate. The proportion of organic matter in diploid oyster
shells is significantly higher than that in triploid ones. The factors affecting the fine structure of oyster shells

differing in ploidy are discussed.

Keywords: shell growth margin, fine morphology, ploidy, chemical composition
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