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ITpoBeneHbI 3KCIIEPUMEHTHI 110 MPUKU3HEHHOMY MEUYEHUIO OTOJIMTOB OCEBILE MOJIOAU INIa34aTOro OMU-
croueHTpa Opisthocentrus ocellatus (Stichaeidae) anuzapuHOBbIM KpacHbIM. [ToacyeT MUKPOIIPUPOCTOB B
30HE MEXIY IBYMS IOCJIENOBATEIbHBIMU MEUEHUSIMU C MHTEPBAJIOM B 9 CYTOK MOATBEPAUI CYTOUHYIO TTe-
PUOAMYHOCTD MX 3aKJIaJIKM HA JaHHOM 3Talle pa3BUTHSI [JIa34aTOro OMUCTOLEHTPA. DTO MTO3BOJIMIIO OIpe-
JIeJINTh MEPUOM BbUTYIJICHUS B €CTECTBEHHBIX YCIOBUSIX MOJIOIU, oceBlieil B 6. 2)Kutkosa 3an. Ilerpa Be-
nukoro B 2017 r.: ¢ mocJienHel neKaabl MapTa 40 KOHIIa BTOPO JeKaabl anpesis ¢ MIMKOM B IIEPBOii AeKaae
anpeJs. BeulyruieHrne HauMHaeTCs elle MOI0 JILIOM, HO MacCOBO OHO MAET yXKe npu teMmiiepatype 1—3°C,
MocJie BbIHOCA Jibaa u3 O0yxThl. C yueTOM U3BECTHBIX CPOKOB HEpeCcTa, Mbl MOXXEM YTBEPXKIAaTh, YTO pa3BU-
e ukphl O. ocellatus B 7aHHOM paiioHe IIPU OTPULIATEILHBIX TEMITEpaTypaxX BOIbI B JeKaOpe-MapTe MOXKET
WATHU B TeueHue 4—5 MecslieB, YTO ITOYTH B 3 pa3a MpeBbIIIaeT BpeMsl pa3BUTHSI B 00Jiee MSITKUX YCIOBUSIX
fora o. XOKKaino.

KioueBble ciioBa: mra3vaThlii OMUACTOLICHTP, MeUeHUE, aIM3apUHOBBIN KpPacHBIN, CPOKU MHKYOAIIUN

U BBUIYIIJIEHUsI, OTOJIUTHI, 3aJ1. [Terpa Benukoro, SInoHckoe Mope
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BBEIAEHME

Imazyaterii ormucroueHTp Opisthocentrus ocellatus —
MPUOPEXHBIN BUI CTUXEEBBIX PHIO, IIMPOKO pacipo-
CTpaHEeHHBIN B Bogax fAmnoHckoro, Oxorckoro u be-
PUHIOBA MOPEM U C TUXOOKEAHCKOI CTOPOHBI CEBEP-
HbIX AmoHcKux ocTpoBoB [3]. YcioBus oOuTaHus B
apeasie 9TOTO BUlla CWJILHO BapbUPYIOT: Ha OTHE/b-
HBIX yyacTKax apeaja TeMmIieparypa 3uMOi HUKOTrAa
He onyckaetcst HuxKe 0°C, B Ipyrux oTpuliaTeabHbIe
Temrieparypsl nopsiaka —1.5...—1.7°C Moryt HaG110-
IaThCsd B TeUeHME 2—4 MecCsIIeB, a B CEBEpHOM YacTH
OXOTCKOTO MOpPSI U cylliecTBeHHO aosblie [10]. On-
HaKoO 3TOT BUJ JOCTATOYHO TJIACTUYEH, U C UBMEHE-
HUEM YCJIOBMIA OOUTaHUS MPOUCXOJUT CMEILIEHUE
€ro HepeCTOBO aKTUBHOCTU TaK, YTO BpeMs pa3BU-
TUSI MKPbI TIPUXOAUTCS Ha HauboJ1ee XOJOMHbIN 3UM-
HUI Tiepuo, a JUUUMHKY MOSIBISIOTCS B MJaHKTOHE
MPU HACTYMJIEHUU OJIaronpUsITHBIX IJI1 UX MUTaAHUS
ycaoBUii BecHoM [6, 26]. Hampumep, y ceBepo-Bo-
CTOYHOTO ITO0EPEeXbs 0. XOHCIO M Ha Iore 0. XOKKam-

JIO HepeCT Ia3yaToro OMUCTOLIEHTPa UAeT B 1eKadpe—
gHBape npu temiiepatype 5—10°C. Ukpa nuMmepcaib-
Hasl, OTKJIAIbIBACTCS B IyCThIe PAKOBUHBI MOJITIOCKOB
U oxpaHsieTcs camkoii. Ee pazBuTre mpoucxoauT rnpu
MOCTETNIEHHOM CHUXKEHUU TEMIIEPATYPhI B IMANa30He
npuMepHo 10—5°C [27]. B Bogax IIpuMopbst HepecT
MPOXOAUT BO BTOPOIT MOJIOBUHE OCEHU [9] ripu cxomn-
HBIX ¢ TTobepexbeM SITTOHNM TeMmepaTypax, OMHAKO
3MMOI TeMIlepaTypa 31eCh OMycKaeTcs 10 OTpUlla-
TeJIbHBIX 3HAUYEHUWI1 U YICPKMBAETCSI HA TAKOM YPOB-
He 70 KOHIIa MapTa, KOIa B 3aKPbIThIX OyXTaxX 3a/IMBa
ITeTpa Benukoro B3jnamMbIBaeTCSI 1 BBIHOCUTCS JIE.

PaHee B akBapHaJIbHBIX 3KCIEPUMEHTAX yIAJIOCh
IT0Ka3aTh, YTO Pa3BUTHE MKPHI Y TOTO BUAA JaXe B
0ojiee MSITKUX YCJIOBUSIX TPHU TeMIlepaType BOIbI
okojio 5°C 3anumano nopsaka 50 cyr. Ha momeHTt
BBUTYTUICHMS TIPETMINHKY, 110 fTaHHbIM M. 11Inora-
KU, uMeloT IuHy 9—10 MM (B cpeaHeM 9.58 mm) [27].
[dna mpousBoguTeiell OTIOBICHHBIX B 3ai. Ilerpa
Besnukoro ObuIM TIOJydyeHBbl CXONHbBIE TMOKa3aTesNu:
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pa3BUTHUE UKPBI IpoaorKaaoch 46—48 cyTt rpu TeM-
neparype 5—7°C [8]. Ilpu 3TOM OTMEYEHO, YTO
MpeaIHePECTOBbIE U3MEHEHUSI B OKPACcKe CaMIIOB U
MOBEICHUM HAUYMHAIOTCS YK€ TIPU TeMIIepaType HILKe
14°C, 4TO COOTBETCTBYET OKTSIOPIO B €CTECTBEHHBIX
YCIOBUSIX.

VY 1oxHOro modepexbs 0. XOKKaiIo JUUYMHKU
mrazgaToro onucroueHrpa (7L or 10.5 Mmm) oTmeua-
JIUCh Ha CBETOBBIX CTAHIIMSX C IEPBOM HeKaabl
Mapra [28]. B poccuiickux Bogax SImoHCKOTo Mopst
OHHU TOSBIISIIOTCSI HAa CBETOBBIX CTAHIMSX B KOHIIE
MapTta—armnpee [9].

TemnepaTypHblii peXXMM KOHKPETHBIX aKBaTO-
puii, HECOMHEHHO, OKa3bIBaeT BIIMSIHME KaK Ha CKO-
POCTh Pa3BUTUS SMOPHOHOB M CPOKM BBLIYIUICHMS,
TaK ¥ Ha CKOPOCTh pOCTa JIMYMHOK U Mojoau [7, 17].
Kak yxe ObLIO cKa3aHO, pa3BUTUE UKPBI B POCCUIi-
CKMX BOJIaX IIPOMCXOIUT B 00JIee CYpOBBIX YCIIOBUSIX.
B 3anuse IleTtpa Benukoro, B 4aCTHOCTH, OHO MIET
3HAYUTEJIbHBIA TPOMEXYTOK BpEMEHU IIPU OTpULIA-
TEJILHBIX TeMIIepaTypax, a HepeCTWIMIIA OIMCTO-
LIEHTpa, KaK IpaBujIo, 00Jiee TPEX MECSILIeB HAXOISIT-
csl moao JpIoM. B pesysibTate HEMoCpenCTBEHHO Ha-
OJII0maTh 32 €0 paHHUM pa3BUTHEM U BBUIYILUIEHUEM
B €CTECTBEHHBIX YCJIOBUSIX OKa3bIBAETCS 3aTPYIHU-
TeJibHO. Mcxonsl U3 3TOro, Mbl PELIMJIM BBIICHUTH
MIPOIOJKUTEIBHOCTh Pa3BUTHUSI UKPHI X CPOKM BBI-
JIYIUIEHUSI OITMCTOLIEHTPA B €CTECTBEHHBIX YCIOBUSIX
ceBepo-3arnagHoii yactu SMoHCKOro Mopsi peTpo-
CIIEKTUBHO, C IIOMOIIIBIO ITIOICYETa MUKPOIIPUPOCTOB
Ha OTOJIMTaX OCEBIIE MOJIOAM, IIpearnoaras, 4To ux
3aKjiagKa MPOUCXOIUT C OMNpeNeJIeHHON Mepuoany-
HOCTBIO MOCJIe BhUTyIUIeHM . st 3Toro 0bUI0 HEOO-
XOJIMMO OITMCaTh MUKPOCTPYKTYPY OTOJIMTOB, OIIpe-
JIEJIUTH pa3Mepbl OTOJIMTOB HAa MOMEHT BBUIYILICHUS,
¥ YCTAHOBUTH ITEPUOINYHOCTD 3aKJIaIKI MUKPOIIP-
pPOCTOB Ha HHUX, YTO JeJacTCs IJIsI OIMMCTOLIETPOB
BIIEPBLIC.

MATEPUAJTI U METOIUKA

Oces111ast MOJIOJb U TTOJIOBO3peibie ocodbu O. ocel-
latus, vicrionb30BaHHbIE B paboTe, ObLIM COOpaHbI
B riepuon ¢ Mapta 2017 o mait 2021 r. B 6. 2KutkoBa
o. Pycckuii B 3anuBe IleTtpa Benankoro, B AMypcKoM
3anuBe B uioHe 2017 r. u B 3an. Bnmamumupa (Hopxa-
Ocrt) B mionie 2017 1. PeiO cobupanu Ha 3apOCIINX
MPEUMYIIECTBEHHO 30CTEePOii U capracyMMOM y4yacT-
Kax MPUOPEXHOr0 MEJIKOBOAbsl C TecyaHo-Tajieu-
HBbIM U MECYAHO-WUJIMCTBIM THOM C IMOMOIIIbIO MaJlb-
KOBOTO HEBOJIa M py4yHOro cauka (tabauua). B nmepu-
ong ¢ mapta 2017 mo utoHb 2021 r. B 0. ZKutkoBa
o. Pycckuii B 3anuBe IleTpa Benmkoro exxeHeneapHO
u3Mepsiaach TeMmrieparypa Boabl B ciioe 0—7 M ¢ mo-
moubio npodumiorpaga CastAway CTD (SonTek,
CIIIA). OnHOBpEeMEeHHO MPOM3BOAMICS OTJIOB Iejia-
FMYECKUX JUUMHOK Ha CBETOBBIX CTAHLIUSIX IIJISI MO-
HUTOPUHTA BUIOBOTO COCTaBa UXTUOIUIAHKTOHA U
JTUHAMUKU pa3MEpPHOro COCTaBa JIMYUHOK B yJIOBax.
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JImaymxkn O. ocellatus 0OnaBIMBAINCH PYYHBIM Cad-
KOM B CBETOBOM IISITHE IO/ CBETONMOAHBIMU JIaMIIa-
MU MoliHOCThIO 20—30 BT ¢ HacTymieHueM cymMepex.
Bce o06pasinl pukcupoBanu cpasy I1mociie TOMMKHN 1
IO U3BJIEYEHUS OTOJIUTOB XpaHUIN JINOO B 95% o1U-
JIOBOM CITUPTE, TUOO0 3aMOPOXKEHHBIMU.

Jnauny Tena ocobeii (7L) naMepsiyii ¢ TOMOILBIO
JIMHEKN, MO0 OKYISIp-MUKPOMETpa Iod OMHOKY-
asspom MBC-10 y mmamHOK, ¢ TOYHOCTHIO 710 0.1 MM.
Maccy Tena ornpeneasiyii ¢ TOMOIIbIO aHaIUTUYe-
CKMX BECOB ¢ TOYHOCTBIO 10 0.01 I'y MaJIbKOB U C MO-
MOIIIBIO 21eKTpOoHHBIX BecoB SHIMADZU (Amo-
HMUSs1) ¢ TOYHOCTBIO 10 0.01 'y MOJIOBO3pEIbIX OCOOEHA.
OTOJIUTHI U3MEPSIU C ITOMOIIBIO MPOrpaMMHOIO
obecrieyeHNsT KoMIniekca Zeiss Axio Image.Z2, min6o
Zeiss Discovery (Carl Zeiss AG, I'epmaHust) (B 3aBU-
CHMOCTH OT pa3Mepa OTOJIMTOB) C TOUHOCTHIO 0.01 MKM.
OTOJIUTHI TIOC/IE W3BJIEYEHUS] XPAHUIUCh B CMECHU
JIMLIEPUHA C STWIOBBIM criupToM 1 : 1.

CerojieTKy I1a34aToOro OITMCTOLIEHTPA, HCIIOIb-
30BaHHbIE B pabOTE MO MEUCHUIO, TTOCJIE TIOUMKU ObI-
JIa TIOMEIICHBI IJISI amalTallii B aKBapUyM 00bEMOM
200 1 B yCJIOBHUSIX, COOTBETCTBYIOIIIMM YCIIOBUSIM B
MecTe mouMKu Ha 2 utoHs 2017 r.: TemriepaTtypa BOJbI
10°C, coneHoCTh 0KOJIO 32%0, €CTeCTBEHHBIN (POTO-
MEPHOA U KOPMJIEHNE KMBBIM KOPMOM (MHU3UIBI M UX
MoJionb). TeMmnepaTypa BOABI peryJuMpoBajach CTa-
LMOHAPHOW MPOTOYHOM XOJIOOAUJIbHOM YCTaHOBKOM
Hailea HC-500A (Kwurait) 1 1mocTeneHHO ITOBBIIIA-
JIaCh B COOTBETCTBUHM C MPOTPEBOM B MECTE TMMOUMKU
1o 14°C k 09.06.17 u nanee nonaepXuBajaach Ha 3TOM
yposHe. [lepen okonyanuem skcriepumenTa, 05.07.2017,
TeMmIiepaTtypa BOJbl B aKBapuyMme ObLIa KpaTKOBpe-
MeHHO MnoHMxKeHa 10 12°C 11d BBISICHEHUS BIUSHUS
MOAOOHBIX M3MEHEHUM B YCJIOBUSIX OOMTaHUSI Ha
¢dbopMuUpoBaHUE CTPYKTYPHI OTOJIUTOB.

HenaBHO oceBIlIMe ceroseTKW OBUIA BBIOpAHBI,
MOCKOJIbKY UX YK€ OBLJIO JIETKO collepxKaTb, OHU XO-
POIII0 IEPEHOCUIN MEYEHME U X OTOUTHI ObLIU T10-
CTaTOYHO KPYITHBI JJISI MAHUITYJISILIMIA, CBI3aHHBIX C
U3roToBJIeHMEeM NG OB. B ToxXe BpeMst KOJTU4ECTBO
MUKPOIIPUPOCTOB HA OTOJUTAX OBLIO ellle HeOOJb-
M, YTO 00JIeTYaao ux yJer.

g ompenelieHUsT BO3pacTa MCHOIb30BaJICs ca-
MBI KPYITHBIN 13 3 ap OTOJTUTOB — carutTa. MbI nc-
I10JIb30BaJI B OCHOBHOM ITpaBbIii OTOJIUT, HO €CJIM HE
yIaBaJIOCh U3BJIeUb 00a OTOJIMTA, TO UCIIOIL30BAIU U
JIEBBIM, TIOCKOJIbKY aCUMMETPUU B POCTE OTOJIMTOB
y JaHHOTO BUJa HaMM He OOHAPYXKEHO.

INeproaAMYHOCTD 3aKIANKU MUKPOIIPUPOCTOB MBI
YTOYHUJIY C TTIOMOILbIO MPUKU3HEHHOTO XMMHYECKOTO
MEYEHUSI OTOJIMTOB aIM3apUHOBBIM KpacHBIM [12, 18],
MPEeIBAPUTEILHO amanTUPOBAB 3Ty METOAWKY LISt
JIaHHOTO BUJA U K CTaANU Pa3BUTUSI.

PactBOp anm3apmHOBOrO KpacHoro, 3a0ydepeH-
HbIA TUIPOKCUIOM Kajusl OO0 ectecTBeHHoro pH
(okoJ10 8.2), TOTOBMIICS HETTOCPEACTBEHHO IIepel Me-
YyeHUeM. DKCIO3ULIMS OCYLIECTBIsIaCh B OCHOBHOM
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Puc. 1. Carurra 1;1a34aToro onucToleHTpa: (a) meaarndeckoit mtmunHku 7L 10.5 MM mocjie Havyasa nepexoia Ha BHEIIHee M1~
TaHue, (6) ocesuieit mosionu TL 33.1 MM (1), HemocpeAacTBeHHO rocie oTiioBa 09.06.2017 u3 BLIOOPKU, UCITOIb30BAaHHOMN
st MmeueHust. P — npumopnuym, C — sipo otosinta (Ha MOMEHT BbIKJieBa), N — MeTKa Hauaja epexo/ia Ha BHEllHee TMTaHue,
R — usmepsieMblii paguyc carutThl (213.53 MKkM), @min —HauMeHbILIW quaMeTp caruTThl (335,68 MkM), Jmax — HauboJIb-

M [uamMeTp caruTThl (441.53 MKM, UCTTOJIB30BaH B pacueTax).

B TEMHOE BpEMSI CYTOK B TeueHue 16—18 yacos ¢ 17%—
18%, mockobKy paHee GbIIO MOKA3aHO, YTO OTIOXKE-
HUe KapOoHaTa KaJlbliusl B OTOJIUTAX PbIO, IJIs1 KOTO-
pBIX XapakTepHa JHEBHAasl aKTUBHOCTb, MPOUCXOAUT
B HOYHOE BpeMs [25], a alu3apuHOBBII KpacHBI
o0pasyeT yCcTOMUYMBOE KOMIUIEKCHOE COEIUHEHUE C
KaJIblIMEM B COCTaBe KapOoHaTa KaJlblIus.

IlepBoe mMeuyeHure ObLTO MpoBeaeHo 19—20 uioHs
2017 r., BTopoe — ¢ 29 no 30 utonHs 2017 r. Eme nBa
CeroJieTKa IJ1a34aToro OIMMCTOLIEHTPAa, MOMMaHHBIe
29.06.2017 B AMypcKOM 3a1Be, IIpeaIBapUTEILHO afarn-
THUPOBaBIINECS B TeUeHUE 4 YaCOB K aKBapUaIbHbIM
yCJIOBUSIM, OBLIM TMoMeuYeHbl oguH pa3 29.06.2017
B oO1Ieil rpymnmne. Takum obpaszoM, ISl UccienoBa-
HMsI ObLT 0TOOpaH 31 CerojIeToOK Mmocie AByX MEYEeHM A
anm3apuHoM. IlepBoe MeueHue OBIIO cAeIaHO B Of-
Hot maptuu (BbL10B 02.06.2017) uepe3 17 u B Apyroii
(BbutOB 09.06.2017) — yepe3 10 cyT mocje MOMMKH.
Crnenylomiasi MeTKa cTaBWilach uepe3 9 cyT 1ocie
nepBoii. E1le y 1ByX ceroJjieTkoB Obliia cAeaaHa TOJb-
KO OJJHA MeTKa aJlu3apuHOM, CAEJIaHHOM HEIoCpe-
CTBEHHO B JIeHb UX MOUMKU. DKCIIEPUMEHT ObLI 3a-
BepuieH 11.07.2017, u Bce cerojieTK ONUCTOLEHTpA,
MOIBEPriIvecs MEYECHUIO ObUIA 3aMOPOXEHBI Uyepes
10 cyTOK 1ociie mociaeaHeTo MEUeHUSI.

IMocne usBnedyeHust U U3MEPEHUSI B pOCTPATIbHO-
KaymaTbHOM HampaBIeHUU uaMeTpa ¥ B KaydaTbHOM
HampaBJeHUM paauyca CaruTThl ¢ TOMOIIbIO MPO-
rpaMMHOro obecmedyeHusT MUKpockomna Zeiss Axio
Image.Z2, oTONNTHI OBV MHIWBUAYATBHO 3aJIUTHI
BIMOKCU-PE3NHOBBIM KjeeM-KoMmnayHaoMm [1D0-
510K5-20/0 B moagroroBieHHbIe (popMbl. [TomydeH-
HBIEe 3aJIMBKU 4epe3 2—3 CyT NPUKISHUBAIUN OBICT-

POTBEPACIONINM IIMAHOAKPUJIATOM K IPEIMETHOMY
CTEKJTy IIPeABapUTEIbHO OTHLIN(GOBAHHON THUILHOM
MOBEpPXHOCTHhIO. [lasee pabouylo MOBEPXHOCTH Ipe-
napara oopadaThIBaJIU MOCISIOBATEILHO BOTOCTOM -
Koit numgoBaabHOil Oymaroii ¢ 3epHoM oT 40 mo
0.4 MKM 10 mony4yeHus nirda TOMIMUHON MopsiaKa
50 MKM BO pOHTaAJIbHOM IIIOCKOCTU Yepe3 SIAPO OTO-
juTta. MBI crapaiuch MOJYYUTh HIING BOOJIb OCH
HanOOJILIIIETO POCTa, HO 3TO HE BCerma I0Iy4aioCh
M3-32 U3OTHYTO# (OpPMBI OTOJUTA U CMEILIEHHOIO
MOJOXEHUs ero siapa. B CBsI3U ¢ 3TUM IJIs1 TTOTyYe-
HMSI CpaBHUMBIX JAHHBIX I10 IMMPUHE MUKPOIIPUPO-
CTOB y pa3HbIX 0co0eii Mbl TPUBOIMIN BCE MTPOMEPHI,
cleJaHHbIE BIOJb BbIOpAHHOU IJI1 U3MEPEHUS OCHU
(B reHepaJlbHOM HampaBJICHMU K 3aJHEMy Kpaio ca-
TUTTHI) K U3MEPEHHOMY paHee HanOOoJIbIIeMy pagny-
Cy OTOJIUTA B 3TOM K€ HampaBieHUu. [{Jisi monyyeHust
YEeTKOI'0 U300paXkeHUsI MUKPOIIPUPOCTOB Ha Mpera-
paTax OTOJIMTOB BIOJIb BCEIl OCH M3MEPEHUS AeJIaan
HECKOJIBKO IIOCIEOOBATEILHEIX (oTorpaduii mpu
¢ oKycHpoBKe Ha OTIEJbHBIX €ro y9acTKax 1 IpU He-
00XOIMMOCTH HOULIU(OBBIBAIIM UX WJIM DKCTpAIlo-
JIMPOBAJIA U3MEPEHMS MUKPOIIPUPOCTOB C TOITOITHU -
TeJIbHBIX OCEe, TPOBEEHHBIX HA COCEMHUX yyacTKax,
IJe MUKPOIIPUPOCTHI ObUIH XOPOIIO BUAHBI. POTO-
rpacupoBaHue MOTYYEHHBIX METOK, M3MEPEHUSI U
MoACYeT MUKPOIIPUPOCTOB MPOBOIUIN C IMOMOIIBLIO
MUKpockona Zaiss Axio Image.Z2 ¢ ynsrpaduosnero-
BOI ITOJICBETKOM B MPOXOISIIEM CBETe uepe3 00beK-
tiB 40X 1 100X ¢ mmmepcueit. [TogcueT MuUKponpu-
POCTOB MPOBOAMJICS OT SIIpa CaruTThl (TIepBasi YeTKast
KOJIblIeBasi METKa, acCoLlMMpyeMasl 1o HallluM pac-
yeTaM ¢ MOMEHTOM BbLTyIUIeHus (puc. 1). B memowm,
JUIST y9eTa CYTOYHBIX MUKPOIPHUPOCTOB 0Ka3aloCh
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Puc. 2. lllnud carutTel cerojieTka onuctoiieHTpa 7L = 55.5 MM, Bbi1oBIeHHOTO B 6. 2Krnkosa 02.06.2017, 3arkcrupoBaHHOTO
11.07.2017 rtocie 2-X MeYeHMit aau3apuHOBBIM KpacHbIM 19—20.06 1 29—30.06.2017. (a) nuumid B yapTpadroeTOBOM MOACBET-
Ke: M1, M2 — MeTKM, 3aJI0KEHHBIE BO BpeMsI IEPBOr0 M BTOPOro MeUeHUid; (6) 3TOT Ke U1K B MIPOXOASIIEM CBETe, I — Mpe/-
roJjiaraeMblii pa3Mep cCaruTThbl HA MOMEHT Hauajla 9KCIIepUMEHTA, ¢ — SIAPO OTOJINTA.

JIOCTaTOYHO 00BbeKTHBa 40X 0€3 UCIIOIb30BAHMUS M-
Mepcuu. B aTOM citydae B 30He MeXXIy METKaMU Cy-
TOYHBIE TTPUPOCThI OKA3aJIMCh JOCTATOUHO XOPOIIO
pa3IMYUMEI, TTOAIABAINChH YYETY, U UX BHYTPEHHSIS
CTPYKTYPMPOBAaHHOCTb HE CO3/1aBajia JOITOTHUTEIbHBIX
3aTpyogHeHMI, KakK 1on oobekTuBoM 100X (puc. 2).
IMToncuer MuKpoIprpocToB Ha poTOorpadmsIX Impena-
paToB NPOBOIMJI OJUH ONepaTop ABAXKAbl C UHTEpBa-
JIOM B HECKOJILKO MECSIIIEB.

Cratuctnyeckass oOpaboTKa ITOJIyYeHHBIX HaH-
HBIX U OLICHKa 1apaMeTpoOB MCIIOJIb30BAaHHbBIX ypaB-
HEHUI1 OCYIIIECTBIISIIACh B MTAKeTe CTATUCTUKMU Statis-
tica 8.0 u Excel Microsoft Office 2007.

PE3VYJIBTATDbI

B uxTroniaaHTOHHBIX cOOpax Ha CBETOBBIX CTaH-
nmsx B 0. ZKutkoBa o. Pycckuii B mepuon 2017—2021 rr.
rnejarnyeckue JMYMHKM T1a34aTOro OIMUCTOLIEHTpa
¢ nmuaHoit TL 9.0 — 17.5 MM BCcTpedanuch ¢ IOoCIe-
Hell neKaapl MapTa 1o KoHell Mast. Hanbouee paHHsIs
nomuMka Oblia caeitaHa 28 mapta 2019 roma. B ocranb-
HbIe TOJIbl HAOIOACHWI UX MOSIBJICHUE B MIJIAHKTOHE
OTMEYaJIOCh HECKOJIbKO IMO3Xe, B MepBO—BTOPOIi
JIekane arnpessi. BriepBble TUUMHKU TOSIBJISIIOTCS Ha
CBETOBBIX CTAHIUSIX TTIPUMEPHO Yepe3 HeAeII0 Mocie
BBIHOCA JIbJa M3 OyXThI, KOTHa TeMIlepaTtypa BOIbI
y MOBEPXHOCTU MporpeBaercsi 10 npumepHo +2°C,
a Ha TIyOMHe, Tae OOBIMHO HAXOMSTCS KJIaJKU UKPBI,
OHa elle HUXe Hyas [26]. Pasmepbl HanboJjiee paH-
HUX JIMYMHOK B IMJIAHKTOHE Ha CBETOBBIX CTaHLIMSX
B Mapte 2019 r npu temneparype 2°C Ha OBEPXHO-
ctu 1 okoJio 0°C Ha ryouHe 7 M ObLIM HECKOJBKO
oosnbie (ot 11.5 MM), YeM yKa3aHHbIE HA MOMEHT BbI-
JIYIUIEHMS B aKBapUaIbHbBIX 9KCIIepruMeHTax (0T 9.0 MM)
[27], xoTs B npyrue roabl B arpelie (Harpumep, 09.04
2021 r.), mpu temreparype 3.6—3.7°C 1o Bceit BoI-
HOI TOJIIIE, B yJ0BaX BCTPEYATUCH JIMUYUHKU C IJIU-
Hoii Tena 9—10 MM 1 OCcTaTKaMHM >KEeJITOUHOTO MeIlKa,

OKEAHOJIOT U Ne 3

TOM 63 2023

YTO, HECOMHEHHO, YKa3bIBaeT Ha HemaBHEE MX BBI-
JIyTUICHUE.

CeroyieTKy TIJ1a34aTOro OMMCTOLIEHTPA, MCIOJb-
30BaHHbIE B 9KCIIEPUMEHTE MO MEUYEHUIO, B3SIThIE U3
IBYX BbIOOpOK B 0. 2KutkoBa, nmenu 02.06 2017 1.
JUIMHY Tejla B cpeaHeM 24.93 mm u maccy 0.05 1, a
09.06.17 — yxe 32.4 MM 1 0.10 r (Ta6:1. 1). Ha MoMeHT
dukcanyu 11.07.17 mociae MedeHUS CETOJIETKA MMEITHN
IuHy Tena ot 38.5 mo 61 MM (B cpenHeM 47.08 MMm) u
Maccy B cpeaHeM 0.46 1. I[1pu 3ToM 1Be 0cOOU, KOTO-
pble ObUIM IOACaXeHBI B 3KcrmepumeHT 29.06.17 u3
yJIOBa B AMYPCKOM 3aJIUBE, HA TOT MOMEHT OBLJIM 3a-
METHO KpyImHee (54—57 MM), 1 K KOHIIy 3KCIIEpHU-
MEHTa, COOTBETCTBEHHO, UMEJIN 3HAYMTEIIBHO OOJIb-
e pasMepsr: 62.0 1 69.0 MMm.

ANU3apuHOBBIN KpacHBIM JIETKO ITIPOHUKAeT B
TKaHU yepe3 XKaOpbl M BHEIITHME TTOKPOBbI, U 00pa3y-
€T YCTOMYMBOE KOMIUIEKCHOE COeAMHEHNE C KaJIbLIEM
B cocTaBe KapOoHaTa KajbliMsl, Jaroliee (rroopec-
LIEHIIMIO TIPU O00JydeHUHU YIbTPadUOJEeTOM C IJTUHOM
BosHHEI 450—490 uwMm [11, 12, 16, 18]. DrcniepuMeH-
TaJlbHO HaMU ObLIO ycTaHOBJIEHO, yTO 100% 06pa3zo-
BaHME METKM aJIM3apMHOBBLIM KpaCHBIM Ha CaruTTe
IIPOMCXONUT y OCEBIIIEI MOJIOIM I71a34aTOIO OMKUCTO-
LIEHTpa IIPU SKCIIO3ULIUU B TeueHue 16—18 u ¢ 17%0—
18% B pactBope ¢ KoHueHTpauueii 200 mr/in. Panee
Takasi KOHIeHTpanus nokasana 100% pe3ynbTat 06-
pa3oBaHMUs METOK B paboTax IO MEUEHUIO MOJIOAU
MUHTas1, npu cMeptHocTU <80% [16]. JaHHas KOH-
LEeHTpaLus IT03BOJIMJIA HAM IIOJIyYUTh METKH C HYJIE-
BOI CMEPTHOCTBIO.

ITonydyeHHBIE aTM3apUHOBBIE METKM OBIIIN XOPO-
IO BUAHBI NpU YIbTpadUOJIECTOBOIl NOACBETKE B
auarna3oHe mopsimka 450 HM, MHTErPUPOBAHHOM B
Zaiss Axio Image.Z2 (puc. 2a). KonuuectBo ¢iyo-
PECLEHTHBIX METOK COOTBETCTBOBAJIO KOJMYECTBY
MpOBeACHHBIX MEUEeHUIT Yy Bcex ocobeit. B mpoxomsi-
IIEM CBETe M COOTBETCTBOBAJIM METKU B BHUIE GoJjiee
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Ta6muma 1. PaSMCpHO—BeCOBI)IE XapaKTEpUCTUKU JIMYMNHOK, OCEBILIEH MOJIOOU U ITOJIOBO3PECJIbIX oco0eit r1a3gaToro

OMUCTOLIEHTPA, UCITOJb30BaHHBIX B paboTe

LITEJTEXOB

Jara coopa | [loarora MMupora | IMox, cran. | ACg,, MM Min—Max | Maccag,, r | Min—Max | N, wr
26.05.17 131.932 43.021 m, f 106.7 89.0—114.5 6.32 3.84-8.60 8
2.06.17* 131.932 43.021 j 24.93 19.5-29.8 0.05 0.02—0.09 17
9.06.17* 131.932 43.021 j 32.4 26.8—40.4 0.10 0.05—0.19 51
9.06.17 131.932 43.021 m, 98.37 33.1-126.3 6.71 0.17—13.2 9
29.06.17* 131.540 43.110 j 55.5 54.0—57.0 2
11.07.17** 131.540 43.110 j 65.5 62.0—69.0 1.33 1.07—1.58 2
11.07.17** 131.932 43.021 j 47.08 38.5—61.0 0.46 0.24—0.82 31
23.07.17 135.502 43.893 m, f 50.69 46.6—58.0 0.53 0.39—0.78 7
20.10.17 131.932 43.021 m, f 84.6 69.0—100.9 33 1.55-5.21 7
09.04.21 131.932 43.021 larv. 12.5 9.2—14.4 6
26.05.21 131.932 43.021 larv. 19.1 16.9—-24.6 9

* — BpIOOpKA 0CO0Ei, MCITOJIb30BAaHHBIX IJISI MEYCHMSI, HA MOMEHT IMIOMMKHU, ** — 0cO0M IT0C/Ie MEYEeHUs] HA MOMEHT (pUKCaLIUU.

TEMHBIX MUKPOIIPUPOCTOB (CTpeccoBhie) (puc. 20).
Kpowme Toro, cTpeccoBasi MeTKa HabII0gaIach B Me-
CTe, KOTOPOE COOTBETCTBOBAJIO MO HAIIIMM pacyeTam
BpEMEHHM TTOUMKU 0co0eii ¥ TTOMEILIEHUIO UX B aKBa-
pUYM, TIOCJIE YETO MUKPOIIPUPOCTHLI HA OTOJIUTE CTa-
JI1 MeHee OTYETIMBBIE, a WX IIUPUHA HECKOJIBKO
yMeHbIuIach. Ellle omHa MeTKa B BUJE MUKPOMPHU-
pocTa ¢ 6oJiee TEMHBIM KpaeM Obljla pa3indyyMa Ha
HeOOIBIIOM PACCTOSTHUM OT Kpasi U COOTBETCTBOBAJIa
SKCIIEPUMEHTY 10 MOHMXXECHUIO TeMIIEpaTyphbl B aK-
BapuUyMe Ha 2 rpaayca 3a 5 IOJIHBIX CYTOK 10 (pUKca-
1 ocobdeii (puc. 20).

HecMmoTpst Ha TO, UTO B TIeprO COASPKAHUS B aK-
BapuyMe METKU OBLIM XYK€ BbIpaXKeHbl, MEHee YeT-
KHe U IIUPOKHUE, YeM B TIeprofd oOUTaHusI ocobeil B
€CTECTBEHHBIX YCJIOBUSIX, OHM BCE€ Xe ObLIM IOCTa-
TOYHO XOPOILLO BUAHBI U ITOAAABAIUCH y4eTy (puc. 20).
IMoncueT KonuuecTBa MUKPOIPUPOCTOB MEKAY M-
BO U BTOPOM alM3apMHOBOM METKOMN y Te€X DK3eM-
IUISIPOB, IS KOTOPBIX MPOBOAUJIOCH ABa MEYEHUS
yepes 9 cyTok, nayl 3HaueHUs B nuana3zoHe 8—11 npu-
poctoB (X, = 9.14, 6 = 0.61, N = 44). KonuvecTso
MUKPONPUPOCTOB OT MOCISIHEN METKH A0 Kpast OTO-
Jmra 6bu10 B nipezenax 9—12 (X, = 10.78, 6 = 0.92,
N= 49). Or npennoigaraeMoro MOMEHTa IIOMMKM,
BUHOTO Ha OTOJIUTAX 3a CUET U3MEHEHUSI ITUPUHBI U
OTUYETIMBOCTA MHUKPOIIPUPOCTOB JIO IIEPBOI ajin3a-
PUHOBOM METKM MBI paziandaiu audo 9—11 mpupo-
croB (X, = 9.9, 6 = 0.47, N = 14), iu6o 18—20 mnpu-
pocToB (X,, = 18.6, 6 = 0.89, N = 5), B 3aBUCUMOCTU
OT TOT0, CKOJILKO CYTOK 0COOb MpoOBeia 10 MEYCHUS
B akBapuyMme. [TojydeHHBIe 3HaUeHUST TPAKTUYSCKU
COBITAIAIOT C BpeMeHeM MpeObIBaHUsI 0COOei B DKC-
nepuMeHTe (CM. MaTepUaJIbl U METObI) U TIO3BOJISTIOT
TOBOPUTh O CYTOYHOI IEPUOAMYHOCTH 3aKJIaJIKU
MUKPOTIPUPOCTOB Ha JaHHOM 3TaIrle Pa3BUTHS IJ1a3-
yaToro onucroueHTpa. Mcxons U3 3Toro, Mbl MOXKeEM
OLICHUTbh KOJIMYECTBO CYTOK, IPOKUTOE DK3EMILIsIpa-

MM 13 HallleTo 3KCIeprMMeHTa C MOMEHTA BBIKJIEBA 10
dukcanuu.

B3aumocBs3b pa3MepoB OTOJIUTOB (HAUOOJBILINIA
JIUaMETp W paauyc B HAIpaBJCHUU TMOCTPOCTPyMa)
C IJIMHOIM TeJa XOPOIIO OINMCHIBAJIACh YpaBHEHUEM
CTEINEeHHON (PyHKILMU C BBICOKUM KO3(MPUILIMEHTOM
nerepmuHauuu (R 1o 0.988) (puc. 3). ITosydyeHHbIE
ypaBHEHWS B3aMMOCBSI3M POCTA TeJIa M CATUTTHL: J =
=172.73 x TLO8Y71 _ 48221 (R = 0.9878) u r =
= 94.8589 x TLO480202_ 268 58 (R = 0.9842), naror Ha
MoMeHT BoutymieHusd (7L = 9—10 mm) paguyc oTo-
JuTa nopsinka 3.9—18.0 mxm (B cpeaHem 11,0 MKM) 1
nurametp ropsiaka 15.9—41.8 mxwm (B cpenHem 29.0 MKM).
B 3tux nnanaszoHax Ha caruTTax, Kak IIpaBWIoO, Ieii-
CTBUTEJIbHO HaOJI0AaeTCs IepBasi OTYETIUBAsT MET-
Ka, KOTOPYIO Mbl MOXEM MACHTU(PUIIMPOBATh KaK
MeTKY BbUTyIUIeHus. Cnenyromiasi oT4eT/IMBasi METKa
pagzuycoM B CpemHEM OKOJIO 25 MKM COOTBETCTBYET,
B cpeaHeM, aiuuHe Teja 7L = 10.3 MM 1, KaK MBI IO~
JlaraeM, MOXET COOTBETCTBOBATh Hadaldy Iiepexomaa
Ha BHelllHee nuTaHue. OT sapa K Kpam OTOJMTa Ha
Ut ax BUIHbBI KOJIbLIEBbIE MUKPOIIPUPOCTHI, 00/Ice
y3KHe B LIEHTPAJbHOM YacTH, HA PACCTOSHUM IIpU-
MepHO 100 MKM OT LIeHTpa pacIIuPSIIOIIMECcs U IIPpU-
oOpeTalonre COOCTBEHHYIO BHYTPEHHIOIO CTPYKTYPY
un3 2—3 cnabo pa3nuInMbIxX Konel (puc. 1).

Kak yxe orMeuanoch, MpruHa MUKPOIIPUPOCTOB

Ha CaruTTe CYIIeCTBEHHO M3MEHSUIACh OT LICHTpa K
Kparo: B LEHTPAJIIbLHOW 00JIAaCTH, COOTBETCTBYIOIICH
MEepUOay A0 TOJHOU pe30pOuMU XKenTKa, IIMpPUHA
MUKPONPUPOCTOB ObLJIa MUHMMAJIbHA (puc. 1 u 4),
B cpemHeM Tiopsaka 1.5 mkm. [ajmee oHa 3aMeTHO
yBeJIMYMBaJIaChb U Ha TIPOTSKCHUU Teproja pocTa,
MpeAIIeCTBOBABIIEIO IIOMMKE, B CPEIHEM COCTaBIISI-
JIa yke OKoJIo 4 MKM. B mepuron comepkaHUsI OTIMCTO-
LIEHTPOB B aKBapuyMe OTUETJIMBOCTb MUKPOIIPUPO-
CTOB B 1LICJIOM CHU3MUJIACh, HECKOJBKO YMEHbBIIMIACh
W X IIMpWHA, B cpemHeM 1o 3.8 MkMm. Hammaune BHyT-
OKEAHOJIOTUS Ne 3
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Puc. 4. PocT caruTThbl 1J1a34aTOro ONMMCTOLEHTPA, BOCCTAHOBJIEHHBIH 110 IIMPUHE MUKPOIIPUPOCTOB, YUTEHHBIX OT siApa 10 MO-
meHTa dpukcauuu 11.07.2017.

pEHHEN CTPYKTYPhI B OTHEJbHBIX MUKPOIPUPOCTaX #n = 25), UTO COOTBETCTBYET IEPUOOY BBIKJIEBA C
COXpaHMJIACh: TaK ke HaOJIomaioch m0 ABYX moba- 20 mapra mo 20 ampeds (B cpeaHeM 3 anpenst) (puc. 4).
BOYHBIX MUKPOIPUPOCTOB BHYTPU CYTOYHOTO.

V 3apukcupoBanHHbIX 11 mtonsg 2017 T 3K3eMIUIS - OBCYXXJIEHUE
POB Ha CaruTTe OT AApa IO 3aIHEro Kpasi ObLIo MomI-
c4uTaHo OT 82 no 113 MUKpPOIIPUPOCTOB, UHTEPIIPE- IMogBneHne TMYMHOK I[Ia34aTOTO OIMUCTOLIEHTPA

TUPOBAHHBIX HAMM KaK CyTOYHBIE (X, = 99, G = 8.9, B ymoBax Ha CBETOBBIX CTaHIMSX B 0. JKuTkoBa

OKEAHOJIOTUA  tom 63  Ne 3 2023
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o. Pycckuii oTMeueHO HamMu BCero IPUMEPHO Ha
20 nHei To3Xe, 4eM IIpU CXOMHOI MEeTOIUKE JoBa
Y IOXKHOTO TTOOEpeXbsT 0. XOKKaino. [1pr 3ToM Hy>XKHO
OTMETUTb, YTO M3-3a OJM3KOro PACHOJOXEHUS
Y TUXOOKEAHCKOIO ITO0epeKbs 0. XOKKalgo BETBU
xoJiogHOoTO TeueHus1 Oisicuo, TUAPOJOruYecKue
YCJI0BMSI Ha OTKPBITOM aKBaTOPUU B 3TOM pailoHe 10-
CTaTOYHO CBOEOOPA3HBI: 3UMa MATKasA (fy,, = 1.8—
5.8°C B sHBape—MapTe), JIETO — MPOXJIATHOE (Z50, =
= 10.5—16°C B utosne) [28], a B 3aKPBITHIX MEIKOBOIHBIX
oyxrtax 0. XoKkaimo [21] ce30HHEBII X0oO TeMIIepaTyp
B BECEHHEEe-JIETHUU Tepuo OJM30K K MoKa3aTesiM
MenKoBOmHBIX OyxT 3ai. Ilerpa Beaukoro [22].

B cepenune ampenst y modepexbs 0. XOKKaiao
BCTpeUaAJIUCh JUYMHKU IJMHOHN okono 20 mm [28].
K nepBoii nexkane WIOHS MX pa3Mephl, MO TaHHBIM
TUX K€ aBTOPOB, YBEJINUMIMCH J0 25 MM, XOTS Y TI0-
O6epexbs MpedeKTypbl AOMOPHU K 1ory oT CaHrapcKo-
ro TIPOJIMBA YK€ B KOHIIE Masi BCTpEYaAJIMCh HETIOJI0-
Bo3peibie ocoou anuHoit 33—40 mMm [27]. Kpome TO-
ro, €CThb IaHHbIE C FOXHOTO MOOepeXbsi XOKKaiIo,
IIe B cOopax M3 MEIKOBOIHOM 3aKpBITON OYXTHI YCy
B MIOHE MPUCYTCTBOBAJIM OCOOU JIMHHOM Tesa oT 30
110 55 mMm (cpennsis mmmHa 47 mm) [21]. To ectb, B 3a-
BUCUMOCTU OT YCJIOBUN OOMTaHUS 3lech Habona-
JIUCh CYIIECTBEHHBIE pa3jdyusl B CKOPOCTU pOCTa
ocobeil omucroneHTpa. B Hammx cbopax Oim3Kue
K OCEJJaHUIO T0 pa3MepaM W MUTMEHTalluU Oocobu
(TL > 20 MM) BCTpeyaUCh YK€ CO BTOPOIi TTOJIOBUHBI
Masi B 3apocisx aecMapectuu Desmarestia viridis.
TakuM o6pa3om, 3amazablBaHUE MO CPOKaM pa3BU-
THSI B CPAaBHEHUH C IOKHBIM MTOOEpexXbeM 0. XOKKaki-
Jo octaBasioch B nmpeaenax 20—30 cyTox.

ITpoBeneHHbIE MCCIENOBAHUS MUKPOCTPYKTYPbI
OTOJIUTOB IJIa34aTOr0 OMUCTOLIEHTPA MO3BOJIWIN HaM
UIEHTU(GULIMPOBATh METKY BbUTYTIJIEHUS U TIepexoa
Ha BHEIIHEe MUTaHWE MCXONSl U3 YCTAaHOBJIEHHOM
B3aMMOCBSI3M JIMHEMHOIO pOCTa C POCTOM CarMTThI
(puc. 3) ¥ U3BECTHBIX U3 JIUTEPATYPHBIX UCTOYHUKOB
pa3MepoB IMYMHOK Ha MOMEHT BbUTYTUJIEHUS U MIEpe-
XOJla Ha BHEIITHEE MUTAaHUE B aKBapUAJIbHBIX YCITOBU-
ax [27]. K ueHTpy oTOJMTA OT METKM BBHLIYILICHUS
3aMeTHHI elle 3—4 ciaabo pasIMuyuMMbIe KOJIBIEBBIC
CTPYKTYpPBI IIIMPUHOIT OKOJIO 2 MKM U, KaK MpaBUIo,
0oJiee TeMHas LIeHTpaJibHasI CTPYKTypa — MPUMOPAU-
yM (LEHTp 3aKJIaIK/A OTOJIMTA) PAIUYyCOM 4—5 MKM
(puc. 2). MUKponpupoCcTbl BHYTPH siipa MOTYT CBU-
JIeTeJIbCTBOBATb O HAJMUYMU Yy JAHHOTO BUIA CYTOY-
HOI NEPUOINYHOCTHU B Pa3BUTUU SMOPUOHA, CBSI3aH-
HOW ¢ peakiMeii Ha eCTeCTBEHHbII (poTonepuo, mo-
cie ¢opMUPOBAHUS OPraHOB 3PEHUST M 3aKJIaIKu
OTOJIUTOB. DTO SBJIEHUE ONMUCHIBAIOCH PaHee U IS
JIpyTUX BUIOB phIO [14, 15, 19, 20, 29]. Mexny MeTKa-
MU BBUTYTIJIEHUSI W Mepexoja Ha BHEIIHee MUTaHue
BU3YaAJILHO Pa3JIMYNMO OT 6 110 14 KOJIBIIEBBIX ITIPUPO-
CTOB MpuHOM 1—2 MKM. Hauvamo mepexoma Ha
BHellIHee MUTaHue, Cyls Mo MPOoBeAeHHBbIM paHee
KUCCJIEJOBAHUSM, MMPOMCXOAUT Y I71a34aTOTO OMUCTO-

LITEJTEXOB

IIEHTpa B Bo3pacTte oKoJio 10 cyT mocie BhUTYIICHUS,
a 3aBepllaeTcs Mepexo Ha BHEITHee MUTaHKe C TIOJTHOM
pe3opOIMeii XKeaTKa B Bo3pacTe IopsiaKa 23 cyT npu
uMHe Teya mopsaka 12.7 mm [27, 28]. Ilepexonm
Ha BHEIIIHee MUTaHUe, CyIs 10 BEIPAXKEHHOCTH 3TOM
METKM Ha CarurTe, SBJISIeTCS He McHee KpUTU4IeC-
CKUM, CTPECCUDPYIOIIMM COOBITUEM B OHTOTEHE3E,
YeM BBIXOJ SMOPUOHA U3 SIi1IeBOi 000I0UYKH.

Hanuuue cnabo pa3anuymMbIX KOJIbIIEBBIX 00pa30-
BaHWi1 BHYTPU CYTOUHBIX MUKPOIPUPOCTOB OTMeYe-
HO HaMHU KaK B 30HE POCTa, COOTBETCTBYIOIIEH 001~
TaHUIO B €CTCCTBEHHBIX YCIIOBUAX, TaK U B 30HE, 3a-
JIOXKEHHON TIpM coAepXaHWM B KOHTPOJUPYEMBIX
ycinoBuii akBapuyMma. CTpyKTypHUpOBAaHHOCTE CyTOY-
HBIX MUKPOIIPUPOCTOB MOXET CBMIETEIbCTBOBAT,
Ha Halll B3IJIsiI, 00 UBMEHEHMUSIX B MUIIEBOM aKTUB-
HOCTH MOJIOIM B YCIOBUSX €CTeCTBEHHOTO (hOTOITe-
puona, HalfpuMep, HaJTUYUs YTPEHHETO M BeYepHETo
MEepUOIOB aKTUBHOTO MUTAHMUSI.

KoHlieHTpaliusi pacTBopa ajanM3apuHOBOTO Kpac-
HOTO, MCMOJIb30BaHHAsA HAMU TSI TIPUKU3HEHHOTO
MEYEHMSI OTOJIMTOB y orucrolieTpa (200 Mr/i1) maBaja
100% pe3ynbTaT MpU HYyJEBOM CMEPTHOCTH, TOTAa
KakK y MOJIOIY MUHTAasi CMEPTHOCTh IPU TAaKOM KOH-
neHTtpauuu 6bvuta <80% [16]. DTo TOBOPUT, HA HAII
B3MJISIA, O Oojiee BBICOKOU YCTOMYMBOCTH OIMCTO-
LEeHTpa K TOKCUYHOMY BO3ACUCTBUIO JAHHOTO Kpa-
CUTEJISI, Y TIO3BOJISIET PEKOMEHIOBATh alu3apUHO-
BBIM KpacCHBIN I aHAJOTMYHBIX padOT ¢ APYyTUMU
Bugamu poaa Opisthocentrus N, BEpOSITHO, BCETO ce-
MelicTtBa Stichaeidae.

KonnyecTBO MUKPOIIPUPOCTOB, Pa3IUUYUMbBIX B
TIEPUOJ MEYEHMUSI, COOTBETCTBOBAJIO KOJIMYECTBY CYy-
TOK MEXIY MEUEHUSIMU U OT TMOCJIETHEr0 MEUCHUS
JIo hmKcam ocodeil y BceX 0co0eil B 9KCIIEpUMEHTE.
Taxkxe oOHapy>KeHO COOTBETCTBUE KOJIMUYECTBA MUK~
POIIPUPOCTOB OT MPEANoaaracMoil METKU IIOMMKU 10
Kpasi OTOJIUTAa KOJUYECTBY CYTOK, HPOBEICHHOMY
MOJIOAbIO B akBapuyme. [lonydeHHbIE B pe3ybTaTe
HAIlIUX 3KCIIEPUMEHTOB TI0 NMPUKU3HEHHOMY XUMU-
YeCKOMY MEUYEHUIO OTOJUTOB IaHHBIE ITO3BOJSIIOT
yTBEPKIaTh, YTO HA 3TOM 3Talrle pa3BUTUS Y MOJIOIU
Ia34aToro OIMUCTOLIEHTPAa MUKPOIPUPOCTHI HA ca-
TUTTE 3aKJaJBIBAIOTCI C CYTOYHOM TEePUOIUIHO-
CTBIO, U MX MOACYET MOXET OBITh MCIOJb30BaH IS
YTOYHEHUsSI OAThl BBUIYIUIEHUSI JUYMHOK B €cTe-
CTBEHHBIX YCIIOBUSX.

PocT caruTTel B HampaBJIeHWHM IIOCTPOCTpyMa,
BOCCTAHOBJIEHHBII 110 IIMPUHE MHUKPOIPUPOCTOB
(puc. 4) y m1a3yaToro ONnucTOLEHTpa OT Havajla pas-
BUTHS UACT OYeHb HEpaBHOMEPHO: TIPUMEPHO J0 pa-
nuyca 120 MKM pocT OoJiee MeIJICHHBIIN, YeM Ha T0-
clieyolleM oTpesKe 10 MOMMKHU. Takoii paguyc ca-
TUTTHI COOTBETCTBYET mIHe Tena 7L okomo 19 M,
ITPY KOTOPOit MOJIOAH YK€ TIEPEXOIUT K TIPUIOHHOMY
0o0pa3sy XM3HM B 3apociisix necMapectuu. Enle onHo
3aMeJIeHre pOCcTa y OOJBIIMHCTBA 0COOE BO BTO-
PO TTOJIOBUHE WIOHS CBSI3aHO, OYEBMIHO, C COAEP-
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KaHMEM 0CO0ei B aKBapruyMe 1 SKCIIEpUMEHTaMU 110
MEUYEHUIO ajin3apuHoM. Takum obpa3om, rpaduk pe-
TPOCHEKTUBHBIX M3MEHEHUSI paauyca CaruTThl, I10-
CTPOEHHBIN IJI1 OTACIBHBIX 0CO0eii C TOMOIIBIO 13-
MEPEHUS paCCTOSIHUS OT LIEHTPA 10 TPaHUIIbI KaxKI0-
IO CYTOYHOTO MUKPOIIPUPOCTA, JAeT IIPEACTaBICHIE
0 JaTe BBUIYILUICHMS U II03BOJISIET HETIOCPEACTBEHHO
10 XapaKTepy pocTa OTOJIUTOB (M3MEHEHUIO IIIMPUHE
MUKPOIPUPOCTOB Ha pa3HBIX 3Tarax >XU3HEHHOTO
IKJIa) CYyOUTh O TeMIIaX JMHEMHOIO pocTa ocobeil
B 9TU Iepuobl (puc. 4).

ITo onleHKe, OCHOBAHHOIT Ha TTOACYETe CYyTOYHBIX
MUKPOIIPUPOCTOB Ha CarvurTTe, BhUIYIUIEHUE OCOOei
U3 Hallleil BRIOOpKM mpoucxomuyio ¢ 20 mapra mo
20 amrpesrst 2017 1. ¢ TMKOM B TIEPBOM JIeKaJie arpers.
DTO cornacyeTcs ¢ pa3MepaMu JUUMHOK B yJI0BaxX Ha
CBETOBBIX CTAHLIMAX B 3TOT MEPUOI M C HAIMYMEM B
YJIOBaxX JIMYMHOK C OCTATKAMU XKEJITOUYHOTO MeEIIKa.
KpomMe Toro, cBsi3b CPOKOB BBUIYTIJIEHUSI U TTOSIBIIE-
HUS TAYUHOK Ha CBETOBBIX CTAHLIUSIX Y 0. XOKKAaI0
[27, 28] Tak ke TOBOPUT B MOJIb3Y ITPABUIILHOCTHU Ha-
IIIMX BbBIBOJOB O HayaJI€ BbUIYILVICHHSA B 3aJl. HeTpa
Benukoro nuink B mociemgHei nekaae maprta, Mpu-
MEPHO Ha MEeCSIII TT033Ke, YeM Y 0. XOKKaMIO0.

MHoroneTHUe HAOIIOACHUS AMHAMUKA TeMIIepa-
Typ ¥ TasTHUSA JibIa BecHoi B 6. 2ZKTKoBa rmokaszanu,
YTO TasiHUE JIbJa Y €ro BBIHOC 3[1eCh IPOUCXOIUT Ha-
YMHag C MocaeaHeN AeKanpl MapTa [22, 26], mpu 3ToM
Ha mIyOMHE pacIOJIOXKEHUST KJIadoK OIMCTOLIEHTpa
(2—5 MeTpoB) TemIiepaTypa B 3TOT MEPUO/ ellIe MPU-
MepHO Ha 0.5°C HuzKe HysI BIUIOTh A0 KOHIIA MapTa.
Takum o6pa3zoM, BeUIYIUIEHUE JIMUMHOK INIa34aToOro
omnucroueHTpa B 3aj. [lerpa Benukoro, oueBumaHO,
HauyMHaeTCs HeMOCPEACTBEHHO ITepe pa3pylleHueM
JIEIOBOTO TIOKPOBA €llle MpY CIad0 OTpUlIaTEIbHBIX
TeMmIieparypax, 1 HanboJjiee MYHTEHCUBHO IMPOXOAUT B
IIEPBOI1 IeKae arnpeisi, Koraa TeMrepaTypa BOabl 110
BCel Toe yXe, Kak rpaBujio, Ha 1—3°C Beillle Hy-
Jist. [TpoaoKUTEIbHOCTD TIeproaa BbUTYTUICHUS JIU-
yuHOK B 0. KutkoBa B 2017 1. OBITa, IO HAIIUM
olleHKaM, Mopsiaka mecsia (puc. 4), 4To, OYeBUIHO,
CBSI3aHHO C OCOOEHHOCTSIMU YCJIOBUI pa3BUTHUS OT-
JIeJIbHBIX KJIagoK (ImyOmHa M cpoKu Hepecrta). Bos-
MOXeH TakXKe 3aHOC U OocellaHue MejlarndecKuX JIr-
YUHOK C COCEIHUX aKBaTOPHUii, Tie YCIOBUS pa3BU-
THSI OTIMYAJINCh Oojiee pasuTeIbHO, YEM BHYTPU
OyxThl. Mcxoast M3 3TOro M M3BECTHBIX CPOKOB HEepe-
cra [9], BpeMst pa3BuTus MKpbI B 3ai. [letpa Benukoro
MOXET IOCTUTATh B 3aBUCHMOCTU OT YCIOBUII KOH-
KPETHOIO rofila U MUKPOKJIUMAaTa OTIAEAbHBIX yJacT-
KOB IIpUOpEXHBIX akBaTOpuii 4.5—5 MecsueB, 4TO
o4ty B 3 pasa Oosblile, 4eM y Imodepexbs SInoHun
[27]. YuuTBIBast, 4TO HEPECT IIA34YaTOro OMMUCTOLCH-
Tpa B 3ai1. Ilerpa Benmkoro npoxonut B OCHOBHOM B
HOsIOpe, a TeMIIepaTypa BOAbI OITyCKAETCs HYKE HYJIS
B palioHe UCCJIefOBaHMI TOJBKO B IMTOCIEOHEN AeKaae
nekabpst [26], BeposATHO, SMOPUOHBI YXKe YCITeBalOT
JIOCTUYH K 3TOMY BPEMEHM IOCTATOYHO IPOIBUHY-
TOI cTaguy pa3BUTUS (B 3KCIIEPUMEHTAIbHBIX YCJIO-
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BUSIX JIJIST PA3BUTUSI UKPBI OBLIO HEOOXOIMMO ITOPSII-
Ka 250 rpanyco-aHeii [8, 27]), mocie yero oHo daxk-
TUYECKM 3aMHpacT OO0 KoHIa MapTa. KocBeHHBIM
MOATBEPKASHUEM HaJW4Us 3aAepKKU B Pa3BUTUU
WKPBI Y TJ1a34aTOTO OMUCTOLEHTPA MPU OTPULIATEb-
HEBIX TeMIIepaTypax, Ha Halll B3IJIsI, MOXKET CIIY:KUTh
U TOT (PAKT, YTO NPEIIUINHKI C OCTAaTKAMU KEJITOU-
HOTO XeJITKA TPOIOJIKAIOT BCTpEeYaThCsl B YJIOBax Ha-
psioy ¢ IMYMHKAMU Ha 0oJice IIPOABUHYTHIX CTaIUs
pa3BUTHS eIl B TE€UEHUE IIPUMEPHO IBYX HEIeIb B
ampeJsie Tpu TTOBCEMECTHO TTOJIOXKUTEIbHBIX TeMITe-
paTrypax.

IToporosast aist IpoTeKaHUsI OMOXUMUYECKUX Pe-
aKIIMii ¥ pa3BUTUS OpraHn3Ma B 1IeJIOM TeMIlepaTypa
BOIBI (TeMImepaTrypa OMOJIOTUUECKOTO HYJIsSI) HCCIe-
JIOBaHa JJIs1 TOCTAaTOYHO OOJIBIIIOTO KOJUYECTBA Op-
raHW3MOB, B TOM 4ucie u pei0o [4, 5, 7]. U3BecTHO,
YTO IPU CONEPXKAHUU B YCIOBUSIX TEMIIEPATYP HUXKE
nmoporoBbix (1°C) Bo3MOXHa TOTajibHasl TUOEIb M-
OpPHMOHOB JaxKe Y TaKOro 0opeaabHOroO BUIA, KaK I10-
Jlocaras 3yoatka Anarhichas lupus [24] (uut. 1o [7]).
IIpy >TOM B €CTECTBEHHBIX YCJIOBUSIX, HaIlpUMeEp,
B bestom Mope, nKpa 3Toro Buaa ycnenrHo pa3BuBa-
€TCSI OCTAaTOYHO MPOIOKUTEIBHOE BPEMSI IIPU TEM-
nepartypax Huke HyJIs (1o —1°C). OngHako maHHBIE
10 TIPOAOKUTEIBHOCTY Pa3BUTUSI MKPhI 3TOTO BUIA
B Pa3HBIX YACTSIX apeajla JOCTaTOYHO MPOTUBOPEYM-
Bbl. Tak, ecnu misa HerodayHaneHna, rae TeMIiepa-
TYPHBIE YCIIOBUSI OTHOCUTEIFHO MSITKIE, YKa3bIBaeT -
Cs IepHMOJ C KOHIIA aBryCTa 10 CEpEeIMHBI 1eKadpsI, TO
y ceBepHoro nobdepexnbst Hopseruu u B beirom mope
MKpa pa3BUBAETCsI C aBIyCTa—CEHTSIOPS 110 amnpelb,
He CMOTps Ha TO, 4TOo B bejsom Mope, ouyeBMAHO,
YCJIOBUSI 3HAUUTEJbHO 0O0Jiee CypoBbIe, B TOM YUCJIe
OTMEUalOTCsI OTPUIIATEIbHBIC TeMIIepaTyphl Ha MPO-
TsoKkeHun 3—4 mecsues [23]. Beikiies B benoMm Mope,
HE CMOTpsI Ha TPOJAOKUTENIbHBINA TepUoa OTpULla-
TeJILHBIX TeMIIepaTyp, HaUMHaeTCs B anipesie, Kak 1y
nobepexbss HopBeruu, mpnuéM HauMHAETCSI OH €lle
MpU OoTpuLIaTeIbHBIX TeMmepaTrypax. O4eBUIHO, YTO
pa3BUBAIOIIASICSI UKPa CTUXEEBBIX, TAKMX, KaK OMU-
CTOLIEHTPHI, TAKXKE MOXET MEePEHOCUTD IJIUTEIbHBIA
MEepUOJ HAXOXIEHUSI B YCJIOBUSIX TeMIIeparyp, 0J1u3-
KMX K TOYKe 3aMep3aHusi MOPCKOI BOIbI (B HallleM
ciiyyae 10 —1.7°C) Ha cragusix, OJM3KUX K BbUIYILIE-
HUIO, U BO3OOHOBJISITh pa3BUTHUE MPU BO3BpaAIlleHUU
TeMIlepaTyp B AUara3oH OJIaronpUsSITHHIX 3HAYCHUIA.
Ilepuon BeUTyIIIEHUS TIPU 3TOM MOXKET HauMHAThCS
yKe MpU c1abo-oTpULIaTeIbHBIX TeMIleparypax. Tpur-
repoM IISI 3aBeplIeHUs] SMOPUOHAJIBHOTO Pa3BUTHUS
B JaHHOM CJIy4ae MOKET BBICTYIIaTh, IIOMMMO POCTa
TeMIIePaTyphl BbIllIe KpUTUYSCKOIO 3HAYCHMSI, BEPO-
SITHO, U yBeIWYEHUE OCBelleHHOCTHU [13] Ha Hepe-
CTUJIMILIAX 34 CYET YBEJIMUECHMS TIPOIOJKUTETbHOCTHU
CBETJIOTO BPEMEHU CYTOK U TasTHUS JIbIA.

CwMellleHre CPOKOB HepecTa y psiia MpUOPEXKHBIX
BUIOB Ha OoJjiee paHHUe cpokU B 3ai1. [leTpa Benuko-
ro MO CPaBHEHUIO C CeBEPHbIMU ATMOHCKMMU OCTPO-
BOBaMU C ux 00jiee MTKMMU yCJIOBUSIMU [26], B OT-
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JIMYMe OT CUTyallMM C moJjocaTtou 3ybdaTtkoir [23],
MIPOMUCXOMUT BMHOJHE 3aKOHOMEPHO CO CMEIIEHUEM
rneproga 0JaronpUsITHLIX IJIsI HEpecTa TeMIlepaTyp.
I[Tomo6HOe xapaKTepHO HE TOJBKO I INIa34aToro
OINMCTOLIEHTPA, HO M IJIs APYTUMX BUAOB CEMEMCTBA
ctuxeeBbix [1, 2, 26]. Y yacTu U3 HUX, TAaKUX, KaK CO-
06auku poga Chirolophis, TMIMHKA yCIIEBAIOT BBHIKIIIO-
HYTBCS €1le OCEHbIO 1 00JIaBIMBAIOTCS B Iejlaruain
IIpU JIOBE Ha CBET C OKTSAOpS (MpeMINYMHKU U JIV-
YMHKM) BIUIOTH IO ocenaHus B Mae [1]. Y npyrux Bu-
JIOB OHU TOSIBJISIIOTCSI B MXTUOIJIAHKTOHHBIX YJIOBax
TOJILKO BECHOM e€Ille Ha CTaAuM IIPEMINYUMHKU, B
YaCTHOCTH Y BCEX TPeX M3BECTHHIX B Boaax 3ail. [leTpa
Benukoro BunoB pona Opistocentrus [26]. OcobeHHO-
CTH SMOPHOHAJILHOTO Pa3BUTHUS Y 3TUX BUIOB B €CTE-
CTBEHHBIX YCJIOBUSIX TaHHOTO paiioHa MOKa He OITr-
CaHbl, U MpPeIJIoXEeHHAasT METOAMKAa YTOUYHEHUST CPO-
KOB BBUIYIUICHUS [UISI HUX, Ha HaIll B3O, OymeT
MoJe3Ha.
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Verification of the Daily Periodicity of Microincrements Formation on the Otoliths

OKEAHOJIOT'UA

of the Juvenilrs of the Ocellated Blenny Opisthocentrus ocellatus (Stichaeidae)
for a Retrospective Evaluation of the Period of Mass Hatching
under the Conditions of Peter the Great Bay of the Japan Sea

V. A. Shelekhov*

A. V. Zhirmunsky National Scientific Center of Marine Biology, Far Eastern Branch, Russian Academy of Sciences,
Viadivostok, Russia

*e-mail: shelekhov@mail.ru

Experiments were carried out on intravital otolith-tagging of juveniles of the ocellated blenny after transition
to benthic life mode with Alizarin Red S. Marking at a dye concentration of 200 mg/L for 16—18 h at night,
gave 100% formation of fluorescent marks with zero mortality of experimental individuals. Alizarin marks on
the otoliths correspond to “stress” marks in the form of darker micro-increments, visible in transmitted light.
The calculation of microincrements in the zone between two consecutive markings with an interval of 9 days
confirmed the daily periodicity of their laying at this stage of development of the ocellated blenny. This al-
lowed us to determine the period of hatching in natural conditions of juveniles in the Zhitkov Bay (Russky
Island, the Peter the Great Bay, Japan sea). Hatching of larvae in 2017 in this species occurred, according to
our estimates, from the last decade of March to the end of the second decade of April, with a peak in the first
decade of April. Hatching begins even under the ice at a slightly negative water temperature of —1—0°C, but
it proceeds mainly already at a temperature of 1—3°C, after the removal of ice from the bay. Taking into ac-
count the known timing of spawning of the ocellated blenny in the Peter the Great Bay (November—early De-
cember), we can state that the development of its eggs in this area is greatly slowed down at water temperatures
below zero in December—March and can go on for 4—5 months, which is almost 3 times longer than the de-
velopment time in more mild conditions of the south Hokkaido.

Keywords: ocellated blenny, otolith-tagging, Alizarin Red S, time of incubation and hatching, otoliths, the
Peter the Great Bay, Japan Sea
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