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Hzyuena 6o3mooicnocms ucnonvzosanus yewyu batikarvckozo xapuyca Thymallus
baicalensis Dybowski, 1874 ¢ xauecmee mapxepa mMucpupylouux u oceovix puld Ha
yuacmxe pexu Enuceii ¢ usmeHeHHbIM MepMUYECKUM PEeNCUMOM 6 Hudichem Obede
Kpacnospcrou I'DC. /s mecmuposarnus memooa uchoib306ana gvloopra uz 161 ocodou
Xapuyca, omnosiennvix 8 utone — Hoaope 2019 2. 6 ocnosnom pycae Enuces, ebnusu
yCmusi 00HO20 U3 Kpynuvix npumoxos — peku Kan. Ha ocnosanuu panee nonyuennuix
OGHHBIX O NOBLIULEHHOM KOTUYECMEe CKAEPUINO8 80 8MOPOM 200080M KOTbYE Yeulyu

xapuycos uz ocHoenozo pycna Enuces evibopka ougpgepenyuposana na o0se epynnoi.

Ocobu, umerowue 15 u 6oree ckiepumos 60 6MoOPoOM 200080M KOIbYe, OMHECEHbL K
NOMEHYUATILHO 0CEONbIM, 0CObU, UMeloujue MeHee 15 cKaepumos, — K NOMeHYUAIbHO
muepupyrowum. [lonsa muepanmos é odweti gvlbopre cocmasuna 18,6%. Haubonvuuii
ux npoyenm ommeyeH ¢ uione (24%), ¢ aseycme — cenmsbpe on cocmasnan 20—-22%, 6
okmsbpe — 15%, 6 nosbpe muepanmel He ecmpeuanucy. Cmamucmuuecku 3HaUUMble
(p < 0,05) paznuyus no AUHEUHbIM PAMEPAM MeNHCOY OCEONLIMU U MUSPUPYIOUUMU
pulbamu  2—3-1emHe20 603pacma GbIAGLEHbl 6 UlNe — AB2YCme; PAUYUsL NO
cooepoicanuio  paduoyezus (*’Cs) 3aghuxcuposanvl 6 aszycme. Ha ocnosanuu
NONIYUEHHBIX Pe3VIbMamos NpeodiodceHa Mooeilb PACHpedeieHUst Xapuycd, CO2lACHO
KOMOpOUl 0cobu 6 lemHee pemMs MACCo80 NePEeMEUaiomes U3 KPYnHbIX NPOSPEemblx

npumoxoe ¢ ochogHoe pycio Enuces, 20e memnepamypa 600vl He npegviuiaem 12 °C.
Ipeonooicenuviil n0OX00 NO360Js€m GbIAGIAMb 0COOEl, PACCENAIOWUXCS U3 NPUNIOKOE,

HO He npueodeH Ol UOEeHMUDUKAYUU NOTOB03PENbIX pblh, OCYUeCMETTIOUUX

Kpamxkogpemennvle 8HympupeuHvle MUepayuu.

KunroueBsie cinoBa: Thymallus baicalensis; ce30HHasT MUTpalys; TePMHUYECKUIl

PEKUM; CKIICPUTDI; paﬂnouemﬁ; Cp€AHEC TCUCHUE P. Enuceit
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BBenenune

3aperyaupoBaHue CTOKA PeK IUIOTHUHAMU runposnekrpoctanimii (I'DC) oka-
3BIBAET CYIIECTBEHHOE BO3JCHCTBHE HA IOMY/SIAN MUTPHUPYIOIINX BHIOB PHIO,
MPEMATCTBYS UX MEPEMEIICHUIO MEXAY Y4acTKaMH BEPXHEro 1 HIXKHEro obeda
[1, 2]. HapymieHre ypoBEHHOTO W TEPMHYECKOTO PEKUMA PEKU B HIDKHEM Obede
I'DC Tarxke MOXKET IPUBOAUTH K MOJU(PHUKAIIMKA MUTPALIMOHHOTO IMpoliecca Kak
B IIpe/ieIaX OCHOBHOTO PyClia, TaK M MEXKIY OCHOBHBIM PYCJIOM U €T0 IPUIATOY-
HOU cucreMol. Panee Takoit addexT ObuT onmMcaH sl HEKOTOPBIX MOMYJSIHUMA
eBporneiickoro xapuyca Thymallus thymallus (Linnaeus, 1758), nmepemenmmx K
ocelIoMy 00pasy *KU3HHU Ha y4acTKax Huke ToTuH [3]. MBI npennonaraem, 4To
CXOIHBIE N3MEHEHHSI MUTPAIIIOHHOTO TIOBEJCHUS PBIO Ipon3onumd B p. Exnmceit
Ha yuyacTke HmxHero Obeda Kpacnospckoit I'DC. BceneacrtBue ycraHOBISHHS
KOM(OPTHBIX JETHUX TEMIIEPATyp BOAHI B OCHOBHOM pycie Enncest oOnTarommmii
3neck Oaiikanbckuil xapuyc Thymallus baicalensis Dybowski, 1874 wactuuno
TepecTai; MUTPUPOBATh B MPUTOKH [4], a Takke HApaCTHJI CBOIO YHCICHHOCTH
u Temnsl pocta [5, 6]. Ilpu 3Tom nputoku EHHMces Ha JaHHOM y4acTKe TakkKe
HaceneHbl XxapuycoM [7, 8], mpouCcXoXKAeHNEe KOTOPOTO OCTAETCS HEN3BECTHBIM.
BeposiTHO, 4TO CcyOmOmynsuuy BUAa Kak B OCHOBHOM pycClie, TaK U B IMPUTOKAX
MPEJCTABISAIOT COOOH CMECh OCEIBIX 0COOel W MUTPAHTOB M3 Pa3HBIX YacTeH
OacceifHa. KomuuecTBeHHbIE OLEHKM 00BEMa MUTPHPYIOIIHUX PBIO OTCYTCTBY-
IOT, YTO HE JaeT BOZMOKHOCTB PEIIUTH BOIIPOC O COBPEMEHHOH POJIH IIPUTOKOB B
MoJIep>)KaHU M YUCIIEHHOCTH Oalfkaibckoro xapuyca p. EHuceil B HxHeM Obede
Kpacnosipcxkoit I'OC.

CraHiapToM B M3yY€HUHM MUTpalMid MPEeCcHOBOAHBIX PbIO B mocneanue 20—
30 jer craso MpUMEHEHHE BBHICOKOTEXHOJOTHYHBIX JJIEKTPOHHBIX METOK, TIpe-
xae Bcero paauo u PIT-mertok [9, 10]. Tem He MeHee B cuily (PMHAHCOBBIX H
TEXHUYECKHUX IIPUINH KaXKIBIA U3 JaHHBIX THIIOB MEUCHUS UMEET OIpEIICIICHHEIE
HEIOCTAaTKH, YTO OTPaHMYMBAET UX MAcCOBOE MCIONb30BaHUE. B nccienoBanu-
SIX MATPAIANA XapHyCOB C MCIIOIB30BAHAEM JTOPOTOCTOSIINX PAAAOMETOK 00BEM
MedeHBIX pbI0 He mpeBbimai 100 ocobeit [11, 12]. PIT-MeTkamu B paMKkax OAHOTO
HCCIIEIOBAaHMS MOYKET UMILIAHTHPOBATHCS 3HAYUTEIILHO OONBIIE PBIO, 10 THICSIH
9K3eMIUIsIpoB [13, 14], onHako JeTeKIMs MEUEHBIX PhIO, Kak U B cllydae KIacCH-
YECKHUX METOK, TPEOYeT IIPOBEICHHS IOBTOPHBIX KOHTPOJIBHBIX OTIIOBOB.

PacimpenneM apceHana METOJOB MEUEHHUS SBISIETCS NPUMEHEHHE ecTe-
CTBEHHBIX (MOP(OJIOTHYECKIX, OMOXUMHUYECKHX H JIP.) MapKEepPOB, XapaKTepH3y-
IOILUX OIpEeeNIeHHYI0 TPYITy 0co0el U3 KoHKpeTHoro Ouoroma [15, 16]. Ilpe-
UMYIIECTBAMU TAKUX MapKEPOB CUUTAIOT OTHOCHTEIBHYIO ICIIEBU3HY, IPOCTOTY
MIPUMEHEHUs], OTCYTCTBHE HEOOXOAUMOCTH MOBTOPHOIO OTJIOBA, OTCYTCTBHE BO3-
JEWCTBHS Ha POCT U BEDKUBACMOCTD PHIO, a TAK)KE BO3MOYKHOCTH MCIIOB30BAHUS
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MaccoBoi BEIOOPKH [16]. EcTecTBeHHBIM MapKepOM XapHyCOB, HACEISIFOIINX OC-
HOBHOE PYyCII0O TEPMUYECKH M3MEHEHHOTO y4acTka p. EHuceil B HHxkHEM Obede
Kpacnosipckoit I'DC, sBnsiercs crpykrypa demryu [4]. Hamuume takoro mokasa-
TeJNs TOTeHIIUATIbHO MO3BOJISET BBIABIATH PHIO, MUTPUPOBABIIMX U3 pyciia PEKH
B IPUTOKH, U pemIaTh OOpaTHYIO 3aJady I10 BBIABICHUIO PBHIO, CKATHUBIIUXCS U3
nputoka B EHuceld. JJOMONHUTENEHBIM MapKkepoM THAPOOMOHTOB, HACEISIOMINX
p. Enuceli B HmkHeM Obede KpacHosipckoit 'DC, SBISAIOTCS MOBBIICHHBIC 11O
CPaBHEHUIO C ()OHOBBIMHU COIEPIKAHUS TEXHOT€HHBIX PAJAUOHYKIUIOB, B YACTHO-
ctu pamuoresus, '’Cs, 3a cueT paaroakTUBHBIX cOpOCOB [OpHO-XUMHYECKOTO
kombuHata 'K POCATOM (I'XK), pacmionoxkeHHOTO B paiioHe T. XKenezHoropcka
[17-20].

HecMmotps Ha yka3aHHBIe TIEpCHEKTHBBI HCIIOJIb30BAHUS YEHIYH U XUMHUYE-
CKOTO COCTaBa TKaHEW Xapwyca A HACHTU(QHKAINH 0COOed ¢ pasHBIM Mpo-
HCXOXKJIEHUEM, paHee JJIs ATOH Lelu UX He MpUMEHsUIH. B pamkax Hactosiiei
paboTEI HAaMH BIICPBBIC TIPEATIPUHSATA MTOMBITKA OLCHUTH COOTHOIICHHE OCEIUTBIX
Y MUTPUPOBABIIMX U3 MPUTOKOB 0CO0Ei OaiikaibCcKOro Xxapuyca Ha TEPMUYECKH
HW3MEHEHHOM ydacTke p. EHUCel Ha OCHOBaHUU CTPYKTYpHI yelyu. B kauecTBe
BepHU(HKALKU MPENTIOKEHHOT0 MapKepa UCIIOIb30BaHbl IMHEHHBIE pa3Mephl PbIO
U cofiep)KaHUE palMOaKTUBHOIO LI€3Us B UX TKaHSIX.

Marepuajibl 1 METOAUKH HCCJIET0BAHUS

B pabGore wucnomnp3oBaHa BBIOOpKa Oalikanbckoro xapuyca, Thymallus
baicalensis Dybowski, 1874, cobpaHHas Ha y4acTke OCHOBHOTO pycia Enuces B
paiione yctes p. Kan, BOmmsu c. XiontyHoso (56°28'05"c.ur., 93°38'53"8.1.) B
utone—Hos0pe 2019 r. (puc. 1). OTioB peIO NpoBeeH kaOePHBIMH CETSIMH C pa3-
Mepom siuen 25—40 MmM. BeutoBitenHast ppi0a xpaHuiack npH temreparype —30 °C
710 Havyajla aHanu3a. 3a BeCh MepUOJT HCCleJoBaHui coOpaH 161 3k3. [Ipu pabore
C KUBOTHBIMH aBTOPBI coOmonanu pekomenaanuu J{upexkruser 2010/63/EU Eg-
pomnetickoro napnamenra u Cosera EBpormneiickoro corosa.

B xone cOopa mMareprana y Bcex SK3eMIULIPOB PBIO M3MEpeHa JUTMHA Tela TI0
Cwmurty, FL (MM), u Macca Tena, W (r). nst onpenenenus Bo3pacta u quddepeH-
[UANUH PHIO, IMCIOIINX PAa3HOE NMPOUCXOXKICHHE, CIIOIh30BAHEI YCITyH XapHy-
ca, OTOOpaHHBIE MO]] OCHOBAHUEM CIIMHHOTO TUIABHHUKA B IEPBOM—TPETHEM PsIIax
Haj OokoBoi yimHUEH [4]. He MeHee 3 demnyii ¢ KaxIoi 0COOH, ITPeIBAPUTEIILHO
ounteHHbie B 2%-M pactBope KOH 1 momerieHHbIe MEXIY ABYyX MPEAMETHBIX
cTekol, cdororpadupoBansl Ha crepeomukpockorie JIOMO MCII-2 (Poccus)
(x48). Ha moiy4eHHBIX CHUMKax OJHHMM ONEpPaTopoM IMOACUUTAHO CpelHee JUIs
OIHOM PHIOBI KOJIMUECTBO CKIEPHTOB BO BTOPOM T'OIOBOM KOJIBIIE B CEKTOPE MEXK-
NIy KpaHHAJIbHBIM U TOPCATBHBIM TIOJIEM YCIITYH.

[puanun quddeperanuy ocodeit xapryca Mo UX MPOUCXOKICHUIO OCHO-
BaH Ha paHee MONyYCHHBIX PE3yNbTaTax O MOBBIIICHHOM KOJHYECTBE CKICPUTOB
Ha yerrye poi0 (TIpexkie BCero, BO BTOPOM TOJJOBOM KOJIbIIE), OOUTAIOINX HA Tep-



Hoenmugpuxayus oceonvix u Muzpupyroujux xapuycoe 155

MHYECKH W3MEHEHHOM ydYacTke cpemHero Tedenus p. Enuceir. CpenHee 4ucio
CKJIEpUTOB BTOPOTO T'OJOBOTO KOJblLIA Y XapHyCOB M3 OCHOBHOTO pycia Exuces
cocraBmsuio 17,6 ¢ 95% moBepurenbHBIM HHTEPBAJIOM OT 15,6 1o 19,8 [4]. YV pr1
u3 mpuTokoB EHuUCes cpeqHee YHCIo CKIEPUTOB BO BTOPOM KOJIblle BapbUPOBa-
1o ot 8,7 mo 10,7. B paMkax maHHOTO WCCIEIOBAaHUSI HAMH TIPEIIOI0XKEHO, YTO
ocobu xapuyca, uMerolue oonee 15 CkIepuToB BO BTOPOM T'OIOBOM KOJIbIIE Ye-
IIyH, TIOCTOSHHO HACEIISIOT OCHOBHOE PYCJIO TEPMHUYECKH U3MEHEHHOTO yJacTKa
p. Enuceii. Jlanee ganneie ocobu 0003HaYeHBI TEPMUHOM «ocensbiey. Ocodu ¢
MEHBIIIAM YHCIIOM CKJIEPUTOB, 0003HAYaeMbIe KaK «MHUTPAHTBD», KAK MUHHMYM
BTOPOH TOJ] )KU3HU MPOBETU B MIPUTOKAX.

p. Aneapa
[Angara River]
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Puc. 1. Kapra cpennero yuactka p. Eaunceii. 'OC — mnoruna Kpacuosipekoit ['9C:
1 — ygacTok oTiioBa xapuyca; 2 — I. JKenesHoropck
[Fig. 1. Map of the middle reaches of the Yenisei River. HPP is the dam of Krasnoyarsk
Hydroelectric Power Plant. 1 - Sampling site; 2 - the town of Zheleznogorsk]

Jnst u3MepeHust cofepiKaHusi TEXHOTEHHBIX PAaMOHYKIMIOB M3 OOIIei BbI-
OOPKH BBIJICIICHBI PHIOBI IBYX YKa3aHHBIX THUIOB. B 00beIMHEHHBIX TIpo0ax oce-
JIBIX XapHyCOB JUISl KaXJOTr0o Mecslla 4Yucio ocobeit Bappuposano or 12 mo 31
(Bcero 125), B mpobax MUrpHpyomuX — oT 3 70 8 ocobeii (Bcero 18).
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[purorosnenue npo6: MpoOBI TOTOBHIIM U3 MBI, CHATBIX C 0CEBOTO CKENeTa
PBIO, BBICYIICHHBIX U 030JEHHBIX B My(enbHoi neun npu 450 °C. Conepxanue
Y-M3IyYarolUX PaJoHYKINIOB B MPO0ax 301 M3MEPEHO C MOMOIIBIO T'aM-
Ma-CHEKTPOMETPA C MOIYIPOBOAHUKOBBIM I'eépMaHUEBBIM JeTekTopoM GX2320
(Canberra), kak ornmcano panee [18, 19]. CriekTpbl IpoaHATU3UPOBAHBI C IIOMO-
m1bto nporpamMmel Genie-2000 (Canberra). Pe3ynasTaTsl npuBeaeHb! B OCKKepesx/
kr (BK/KT) cyxoit Macchl B iepecuére Ha jaty oToopa psIo. [lorpenHocTs n3mepe-
Hus, 1 sd, paccunTaHa mporpaMMoit Ipu aHaJIu3e CIEKTPOB.

CooTBeTCTBHE MCHOIB30BaHHBIX JAHHBIX HOPMAJIBHOMY 3aKOHY pachpesene-
HUSI OLIEHEHO ¢ moMolbio kpurepus Hlanupo — Yunka. Ilockonbky 60IbIIHHCTBO
BBIOOPOK C ATMHAMH PHIO MMENTH WHOH THI paclpenereHus, I X CPaBHEHHS
UCTIONIb30BaH HemapaMmeTpudeckuil Tect MaHHa — YutHu. Bee cratuctuueckue
pacueTsl BoionHeHHBI B cpeie R (R Development Core Team, 2011). /lannbie mo
conepxannio ’Cs (BK/KT CyX. Macchl) B MBIIIIAX XapUYCOB MPEICTABICHBI B
BHJIE CpelHel apu(pMETHIECKON CO CTaHIapTHBIM OTKJIoOHeHueM (M £ SD). lmu-
Ha TeJI (CM) XapuycoB NPECTaBIeHa KaK MeJHaHa ¢ KBapTUILSIMH.

PeSy.]'leaTbI HCCJICA0OBaAHUA

KonudecTBo CKIIEPUTOB BO BTOPOM TOIOBOM KOJIBIIC HCCIICIOBAHHBIX Xapuy-
COB BapbupoBaio oT 9 o 24 (puc. 2). Pacpenenenue otnuyanoch OT HOPMaIb-
Horo 1o Tecty lanmupo — Yunxka (p < 0,01), o0nanast BeIpaXKEHHBIM JIEBBIM «XBO-
cTtom» (ko3 unuent acummerpuu paseH —0,61). Jlons ocoOeid, UMEIONMX OT
9 1o 14 ckiepuToB, U 0003HAYAEMBIX B paMKax HalIei paOOThl KaK MHUIPAHTHI,
cocrasisa 18,6% ot Bcelt BRIOOPKH.

HaunOonpmii npolieHT MUTPUPYIOLIMX 0co0eit oTMeueH B utone (24%), B aBry-
cTe—CeHTsI0pe OH cocTaBisuI oKojio 20-22%, B okTs10pe — 15%, a B HOsIOpe Takue
XapUyChl HE BCTPEUATUCh. J{J1 OIIEHKH TIOTEHIIUATIBHBIX Pa3INIKii B TEMIIAX POCTA
OCEIBIX ¥ MUTPHUPYIOUIUX PHIO BEIOOPKU OBUIM pa3ieieHbl Ha TPYHIBI IO BO3-
pacram u Mecsam omiosa. Ha puc. 3 mokasaHsl JIMHElHBIE pa3Mepbl phI0 B Tpex
BO3pacTHBIX rpynmax. JIMHeHHbsIe pa3Mepsl OCEUIOT0 Xapuyca B Bo3pacte 2—3+ Ha
3—5 cm npesbiman (p < 0,05) muHEHHBIE pa3Mepsl y MUTPUPYIOLIUX PhIO B HIOJIE—
asrycre (puc. 3). Y pbi0 4+ JIeTHEr0 BO3pacTa B HIOJIE, a TAKXKE Y TPEXJIETHHX PHIO
B CEHTAOPE-OKTAOpE pasimuyms o F'L 0TcyTcTBOBaNM. M3 UKcia TeXHOTEHHBIX T'aM-
Ma-M3IIy9alonX PAIHOHYKIUIOB B MBIIIIAX XapHyca 3aperucTpUpOBaH TOJIBKO
pamumonesuii (¥'Cs, nepuon nonypacmana — 30,1 roma). Comeprkanue *’Cs B Mbi1il-
ax xapuyca BapbupoBaio B auanazoHe 0,9—7,2 Bk/kr. MakcumaiibHOE cojepika-
Hre Cs 0TMEUYCHO Y OCEIIBIX PhIO B aBIyCTe, YTO MPEBBILIANIO COICPIKAHIE ITOTO
PaIMOHYKIIHIA B BEIOOPKE MUTPAHTOB B IIECTH pa3 (puc. 4). B ocramsHbIe MecsIIbI
BBIOOPKH OCEUIBIX ¥ MUTPHPYIOLINX 0Cc00ei cofepany ONU3KYIO YIAENbHYO aK-
tuBHOCTH *’Cs. B mione comepkaHue paarone3us B BEIOOPKE MUTPHPYIOLIMX 0CO-
Oeit He m3Mmepsin. ConepikaHue paJfone3Hs B MBIIIIAX XapHUyCOB, OTJIOBIEHHBIX
Ha (hoHOBOM ydacTke EHmces:, He IpeBHIIIaio mpenesioB 00HapYKeHHSL.
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Puc. 2. Pactipenenenue yncna CKIEpUTOB BO BTOPOM 3aKOHYEHHOM T'OJJOBOM KOJIBIIE
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KOJIMYECTBA CKIEPUTOB, IPUHAIIEKAIINE TOTEHINAIFHO MUTPUPYIOLIHM 0CO0sIM
[Fig. 2. Distribution of the circuli number in the second completed annual
ring of grayling scales from the Yenisei River in the sample of 2019. Numbers
of circuli typical of migrating specimens are highlighted in grey]
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Puc. 4. Conepxanne '*Cs (BK/KT CyX. Macchl) B MBIIIIAX OCEIBIX U MUTPUPYIOIINX
xapuycoB u3 p. Eaunceii B 2019 1. *B urone comepxanue paguonesus B BRIOOpKe
MUTpUpyIomux ocobei He n3mepsuii. CCepbIM IBETOM BBIIEICHBI
BBIOOPKH MOTEHINAIEHO MUTPUPYIOLIHX 0CO0ei
[Fig. 4. Content of *’Cs (Bq/kg d.w.) in the muscles of resident
and migrating graylings from the Yenisei River in 2019.

*In July, radiocesium was not measured in the sample of migrating graylings.

Samples of migrating specimens are highlighted in grey] (M + SD)

O06cy:xneHue pe3yaibTaTOB UCCJIAETOBAHUS

K Hacrosimemy BpeMeH! HaKOIUIEH 00JIbIIoi 00beM HH(popMauu 00 0COOCH-
HOCTSIX MHUTPAIIMOHHOTO MOBEACHUsI XapuycoB. Kak U MHOTMM MpeJCTaBUTEISIM
OTpsAga J0coceoOpa3HBIX, XaphycaM CBOMCTBCHHBI HEPECTOBEIC, KOPMOBEIE, 3H-
MOBaJIbHBIE W TIOKaTHBIE (U1t Moytogu) murpanuu [3, 11, 21]. IIpoTsKeHHOCTb
MUTpAIid OTACTBHBIX BHIOB poma Thymallus moxer mocturath 100 xm [11],
XOT$ B [IEJIOM XapHYCOB CUUTAIOT MEHEE MOOMIBHOM IPYIIIOH, YeM MPOYHEe BUIIbI
nmococeoOpa3HbIX [22]. MccnemoBareid TakkKe OTMEYAOT IeTepPOreHHOCTh HC-
CJICIOBAHHBIX MOMYJSIHUNA XapUyCOB B OTHOIICHHH MUTPAIMOHHOTO MOBEACHHUS,
YTO SABJISIETCS MPOSBICHUEM (PeHOMEHA YaCTHYHBIX MHTpanuil [23]. B kaxmbrit
U3 BHUOB MUTPAIMH, KaK [TPABUIIO, BOBICKAIOTCS HE BCe OCOOM BO3PACTHOM MM
pasmepnoii rpymms [3]. CriecCTBHEM TaKOW HEOTHOPOIHOCTH SIBISIETCS] BO3MOXK-
HOCTh OJIHOBPEMEHHOT'0 MPUCYTCTBUS B Mpeleiax ydyacTKa peKkd ocoOeil ogHoro
MIPOMCXOXKIICHHS, HO C Pa3HOW MHUTPAIMOHHON aKTHBHOCTBIO, a TaKXke 0CoOeH,
HUMEIOIINX Pa3HOE MTPOUCXOKICHHE.

Xapuyc, OTIIOBICHHBII HAMH B OCHOBHOM pyciie EHuces, MoxkeT OBITh Tpea-
CTaBJICH PHIOAMU TPEX OCHOBHBIX CTpaTerHii: 1) 0co0u, pOXkKIECHHBIC U IIOCTOSTHHO
obuTaromue B OCHOBHOM pyciie Exuces; 2) ocoOu, poXIeHHBIE W OOWTAIOIINE
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B Enmcee, HO ocymiecTBisONIeé BpeMEHHBIE MUTPAUU B MPUTOKH; 3) ocobwu,
POX/IeHHBIE B IPUTOKE, HO MUTpUPOBaBiIre B EHMcel Ha OHOM U3 ATAIOB JKU3-
HEHHOTO [uKiIa. [IockoNbKy B HaIlleM HCCICIOBAaHUN MapKePOM OCEIUTBIX U MU-
TPUPYIOUIUX PBIO OBLIO BTOPOE rO0BOE KOJBIO, Tu(depeniuanus peld 1-if u
2-#f cTpaTerny HEBO3MOXKHA, €CITH BO3PACT PHIO B IIEPHOI MUTPALIUH TIPEBHIIIAT
JBa roga. Bo3sMoXHOCTh uaeHTU(UKAUU pBIO 2-i cTpaTeruu, COBEPIIUBIINX
MUTPALUIO B IIPUTOKH B OoJiee paHHEM BO3pacTe, 3aBHUCHT OT BPEMEHU HX Ha-
XOXKJIECHUS B PUTOKE. M3-3a OTCYTCTBUS TaKUX CBEJCHUN HCIIONB3yEMbI HAMH
TIOAXOIT TI03BOJISIET pa3rpaHNINBaTh PEIO TONBKO 1-if 1 3-# cTpareruu.

W3BecTHO, UTO MOMyJIALUS Xapuyca, Hacelstollas cpefHee TeueHne Enuces,
o0JIajiaeT OJTHAM M3 HAHOOIBIINX TEMIIOB pOCTa BO BCEM OacceliHe peku [5, 6].
[ToaToMy MBI IPENTIONOKUITHN, YTO 0COOU, MUTPUPOBABILIUE U3 IPUTOKOB B OCHOB-
Hoe pycio Ernces, HomkHBI 001a1aTh MEHBIIIMH pa3MepaMH, YeM PLIOBI aHAJIO-
TUYHOTO BO3pacTa, OOMTaBILIKE 3/1€Ch B TEUCHUE BCel KHU3HU. Takke MbI mpen-
TIOJIOKMITH, YTO COAEp)KaHNe TEXHOTEHHBIX PAJHOHYKIHIOB B TKAHIX OCEHIIBIX
XapuycoB, obuTaronmx B EHncee HIKe MecTa paMOaKTHUBHBIX COPOCOB, MOXKET
OTJIMYATECS OT COAEP KaHMS PaTUOHYKIHIOB B TKaHSIX MUTPAHTOB W3 IIPHTOKOB.
Hamm npeanonoxeHus moaTBEpAUIUCH IS TaHHBIX, MTOJIyY€HHBIX B HIOJIe—aBry-
cTe: pa3Mepsl 2—3+-JIETHUX OCEIIBIX XapHyCOB B MIOIE—aBrycTe ObLIH OOJbBIIE,
YeM y MUTPAHTOB; MOBBIIIEHHOE COIEPKaHUe PaJAHOIe3us B OCEIbIX PhIOax 3a-
PETHCTPHUPOBAHO B BEIOOpKE, COOpaHHOH B aBrycre.

OnHako ppIOBI, OTHOCHMBIE HAMHU 10 CTPYKType Yelllyd K MUTPaHTaM, B CEH-
TAOpE—OKTIIOpE CTATHCTUYCCKH HE OTIIMYAIUCH (p > 0,05) OT MECTHBIX XapHyCOB
10 TEMIIaM POCTa U COAEPKAHUIO PaJHOHYKINA0B. OOBsICHEHHEM JAaHHOTO (haKTa
MOXET SIBJISATHCS Pa3HUIA BO BPEMEHH, IPOBEICHHOM MUTPAHTAMU B OCHOBHOM
pycie Enuces. O4eBUIHO, YTO HanOoJiee KOHTPACTHBIE PA3IUYUi MEXKAY OCO-
OsMu 1-i u 3-i cTparernii OyIyT BBIpaKCHBI B MEPBBIC MECAIbI POHUKHOBE-
Husl MurpanToB B Ennceil. B nanbHelinieM MUTpaHThl MOTYT JAOTOHSTH B POCTE
MECTHBIX 0CO0ei Xapryca 3a cdeT SIBJIICHUS KOMIIEHCaTOPHOTo pocta [24]. 3Hauu-
TenbHas Ornomacca 3006eHToca B cpenHeM teuenun Enuces (10-30 r/m?) [25, 26]
JOMYCKAaeT TaKyl0 BOSMOXHOCTb. AHAJIOTHYHAs IPUIHHA OOBSICHSIET OTCYyTCTBHE
pasiuuuii B ATUHE Tella MeX1y pplOaMu cTapIinx Bo3pacToB. Kak mokazamu mpe-
JBITYIIAE UCCIEeNOBaHUs [4], KOPPemsuus MEXay KOJIHMYECTBOM CKJIEPHUTOB BO
BTOPOM M MOCIIEAYIOIIMX FOIOBBIX KOJbIIaX YElIyd Xxapuyca u3 cpennero Exnuces
OTCYTCTBYeT. PEIOBI, MMeroIIIe Majioe KOJMYECTBO CKICPHTOB BO BTOPOM T'OZI0-
BOM KOJIbIIE, 00J1a1aii THTUYHBIM YUCIIOM CKJIEPUTOB B MOCJIEAYIOUINX KOIbLIAX
1, OYEBHIHO, IIPOXKIIIN B OCHOBHOM pycie EHnces He MeHee 0gHOTO Toja.

IMpuuuna moBkImeHHOTO conepkanus */Cs B OCEJIbIX XapUycax B aBTyCTe
HaM He SICHA, HO, BO3MOXKHO, O0yCJIOBJIEHA AUHAMUKON Pa3peIICHHBIX PaIHoaK-
TUBHBIX cOpOCOB B p. EHUCEH, TEpHOAMYHOCTH KOTOPBIX B TEUEHHUE T0Jla aBTOPaM
HE W3BECTHA, ITOCKOJBKY HE ITyOIMKYeTCS B €XETOMHBIX PaJHOdKOIOTHICCKUX
oryerax [27]. Lle3uil, ABISCH XUMUYECKUM aHAJIOTOM Kajus, BeleT ce0sl B op-
TaHU3ME PHIO0 aHAJIOTHYHO 3TOMY OMOTEHHOMY dJeMeHTy. OCHOBHEIC ICTIO3HUTHI
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1e3ust HaxonaTcs B Mblmmax peio [28]. Ilpu ypaBHOBEIIMBaHNHA WHTEHCUBHOCTH
NOTpeOJIeHNs U BBIBEJICHUS PAIMOIE3HsI €r0 COJIepIKaHne B TKAHAX OCEUIBIX 0CO-
Oell BBIXOJUT HA CTAIlMOHAPHBIN YPOBEHb, YTO MBI HAOIONAIH B CEHTIOpe—HOs-
Ope (cM. puc. 3).

Takum 00pa3om, KOppeKTHAsT MHTEPIIPETAIHs Pe3yJIBTaTOB HCIOIB30BAHUS
YeIIyH, Pa3MepPOB PhIO U CONEPKAHU B HUX PATHOHYKIHIOB Ui auddepeHnna-
MU PBIO Pa3HOTO MPOUCXOXKICHUS TpeOyeT MpUBIICUSHIUS HHPOPMAIIUU O BpeMe-
HU TPOHUKHOBEHHS MUTPAHTOB U3 MPHUTOKOB B OCHOBHOE pycio p. Enuceii. Co-
[JTACHO COBPEMEHHBIM JaHHBIM, Y XapHyca BEIICITIOT [1Ba KA (MCKIII0Yast CKaT
MOJIOJI) MUTpalMid BHU3 10 TeueHuto [3, 11, 29]. BeceHHe-neTHUI UK CBA3aH C
KOPMOBOI MHUTpaITieli OIOBO3PEIBIX XapHyCOB cpa3y HOCiIe HepecTa (CTpaTerus
2). [Ipu4nHOM OCEHHEH MUTPALIH SBIIACTCS IEPEXOJT PHIO HA ITYOOKHE YUACTKH C
MEHBIIAMHU CKOPOCTSIMH TEUCHHUS, T/Ie B JAIFHEHUIIIEM IIPOUCXOIUT 3UMOBKA.

AHanmu3 pacrpeieJICHUs] PO C pa3HbIM KOJMYECTBOM CKJIEPHTOB BO BTOPOM
TOOBOM KOJIBIIE ITO MECAIaM HX OTJIOBA TOKA3bIBACT, YTO 3HAYUTEIBHAS JOJIS MU-
rpaHTOB NosiBUIack B EHuCee yxxe B urone—asrycte (puc. 5). Mx nons ocraBanach
BBICOKOW B CEHTAOpE, CHUKASICH K OKTAOpI0. B HOsSOpe Takue peIObI B Mpobax oT-
cyTcTBoBaiH. Kak oTMedanock paHee, HCIIOIb3yeMblil HAMH MapKep He CIIoCOOeH
BBISIBILITD €HUCEHCKUX PBIO, OCYIIECTBIIOMNX KPaTKOBPEMEHHYIO MUTPAIIHIO B
nputokH (crparerus 2). CienoBarenpHO, MacCOBOe IosBiIeHHe B EHNcee Murpan-
TOB B MIOJIE—aBTYCTE JOJDKHO UMETh IpyTroe OOBSICHEHHE.
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Puc. 5. Pacnipenenenue konuyecTBa CKJIEPUTOB BO BTOPOM I'OIOBOM KOJIbLIE
y xapuycoB u3 p. Eanceii B 2019 . CepbIM IBETOM BEIJIENICHBI BAPHAHTHI KOJTMYECTBA
CKJICPUTOB, IPHUHAIJISKAIINX TIOTEHIIHAIBHO MUTPUPYIOIIUM 0CO0SIM
[Fig. 5. Distribution of the circuli number in the second completed annual ring of grayling scales from
the Yenisei River in 2019. Numbers of circuli typical of migrating specimens are highlighted in grey]
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Mel npeanonaraem, 4To NPUUUHON JIETHETO IIEPEMELLEHHS Xapuyca B OCHOB-
Hoe pycno Exuces siBiseTcss mporpeB MPUTOKOB BBIIIE KOM(OPTHBIX IJIs BUJA
Temneparyp. Temneparypa BoJAbl B CPEJHEM U HIKHEM TEUEHHU KPYIHBIX IpH-
TokoB EHuces B HuxHeM 0bede KpacHosipekoit 'DC (pp. Kan, Mana, bazanxa) B
nrone—asrycte gocturaet 18-25 °C [30, 31], uyTo nmpeBbIIaeT BEPXHIOK TPAHUILY
(hM3MONOTHYECKOTO ONTHUMYMa JUI B3POCIBIX 0C00eil CHOMPCKOro U eBpoIlei-
ckoro xapwuyca, cocrasisomyio 17-18 °C [32, 33]. Jlo cTpouTenbcTBa MI0TH-
el Kpacnospckoit 'DC Boga B EHucee B uione—aBrycre Takxke HporpeBaiach
mo 18-19 °C, omHako B HacTosIIee BpeMs MAaKCUMAIJIBHEIE JIETHHE TeMIIEPaTyphI
cocTaBisioT He Oonee 12 °C [34].

CormacHO Hallemy HpeIoNIOKEHHIO, [IPY MOBBIIEHUN TeMIEpPaTyphbl BOIbI B
HIKHEM U CPETHEM TeUEHHH MPUTOKOB B MIOJIE—aBIyCTe YacTh MECTHBIX PbIO MO~
HIMAaeTCs BBEpX IO TEUCHHWIO, 4 YacTh CKaThIBaeTcs B Ooree XomomHbli Enmceit.
HMeHHO B 3TOT meproa MOTyT ObITh JMarHOCTUPOBAHBI HAHOOJIee Pe3KUE Pa3IuyHs
MEXIy eHUCeHcKuMHU pribamy U MurpanTaMu. K cepennHe — KOHITy OCEHH TakKue
pa3nuuus HUBETUPYIOTCA, & CAMH MUTPAHThI PACCEUBAIOTCS CPEIN EHUCEHCKHX PBIO.
deHoMeH MacCOBOI MUTpaIUH XapHyca Ha TPaHHIe BEPXHETO AnUara3oHa KoMpopT-
HBIX TEMIIEpaTyp paHee B JIuTeparype He oOcyxaanca. Bmecte ¢ TeM cCoBpeMeHHbIE
HCCIIEJOBaHUS NIOKA3bIBAIOT, YTO BEPXHSI TPaHHULIA TEMIIEPaTypHOU yCTOWYHBOCTH
OIpe/IeNsAeT MUTPAIIMOHHYIO CTPATETHIO HEKOTOPBIX BUIOB JIOCOCEBBIX [35].

BoiBOABI

1. [lomyyeHnsIe B Xoze pabOTHI pa3IHdrs B pa3Mepax phbi0, Ce30HHAs TIMHAMUKA
pacrpeieNieHus OCEAIBIX U MUTPUPYIOLINX 0CO0EH, a TakxkKe CoAepkaHue Parole-
37 B TKAHSX PBIO XOPOIIIO COINTACYIOTCS C MOZIENBIO IPOCTPAHCTBEHHO-BPEMEHHO-
TO pacrpe/eNeHns MOMYIAINHA Xaphyca Ha yJacTKe cpeHero TeueHus p. Enucet,
OCHOBAHHOH Ha JaHHEIX O TEMIIEPATyPHOM PEKUME B OCHOBHOM PYCIIC B TPUTOKAX.

2. PwIO, BbIZIENEHHBIX W3 00IIEH BHIOOPKM Ha OCHOBAHMM MEHBIIIETO YHUCIIa
CKJIEPUTOB BO BTOPOM TOJOBOM KOJBIIE, AEHCTBUTEIFHO MOKHO CUHTATh MHU-
rpaHTaMH U3 NPUTOKOB. VICONB30BaHHBI HAMH TOAXOJ] BBIIBISICT HPEHMYIIIC-
CTBEHHO HETIOJIOBO3PEIBIX U BIIEPBBIC CO3PEBAIOIIIX 0CO0EH, pacceNsIommxcs u3
MPUTOKOB, HO HE MPHUTOJCH JUIS UICHTH(GUKAIIIMH MOJIOBO3PEIBIX PHIO, OCYIIECT-
BISTFOLIMX KPAaTKOBPEMEHHBIE BHYTPUPEUYHBIE MATPAIIHH.

3. Pe3ynbrarsl HcciaeqoBaHUs [TOKA3bIBAIOT, YTO MPUTOKHU MO-TIpexHeMy 00e-
CIIEUMBAIOT 3aMETHEIM BKJIAJ B YACICHHOCTH XapHyca Ha TEPMUUECKH U3MCHEH-
HOM ydacTke cpenHero Enuces. B paiione ycTbsa p. Kan, omHOro U3 KpynmHbIX
TIPUTOKOB cpemHero EHmces, oIt MUTPaHTOB B JIeTHe-oceHHUH mepuog 2019 .
cocTapsiia okojio 20% oOT 001Ieil YNCIIEHHOCTH Xapuyca.

4. HeoOX0omMMOCTb pa3ieeH st OCEIIBIX i MUTPHPYIOMNX 0co0e BayKHA IS
MONTyYeHHsI OHOPOJHBIX BHIOOPOK XapHyca, TPAAULIMOHHO HCIIOIB3yeMOro Kak
MOZETBHBIA OOBEKT MPH aHAJIHM3€ PACHpPENeICHIS TEXHOTEHHBIX 3arps3HATEICH
B peKe, a TakxkKe JUIs U3YYeHHUS MUILEBON LEHHOCTH Xapuyca M SKOJOTHYECKUX
PHICKOB ISl HACENICHHUS, CBS3aHHBIX C €r0 MOTPEOICHUEM.
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movement between the upstream and downstream sections. Violation of the level
and thermal regime of the river in the downstream of the HPP can also lead to a
modification of the migration process, both within the main channel and between the
main channel and its adjoining system. It is assumed that after the construction of the
dam of Krasnoyarsk hydroelectric power station, a significant part of the population
of the Baikal grayling Thymallus baicalensis in the downstream section switched to a
sedentary lifestyle. However, quantitative assessments of this phenomenon have not yet
been carried out. The middle course of the Yenisei River in the downstream of the HPP
is a specific watercourse with a smoothed seasonal amplitude of water temperatures
and a high biomass of benthic invertebrates, up to 10-30 g/m?. Such conditions provide
an increase in the growth rate of grayling in the main channel of the Yenisei, and
lead to the formation of the structure of its scales, which differs from fish from the
tributaries of the Yenisei. An additional feature of the Yenisei in the downstream of
the HPP is that the content of technogenic radionuclides, in particular, radiocesium,
37Cs, increased compared to the background levels, below the point of radioactive
discharges of the Mining-and-Chemical Combine ROSATOM (MCC) located near the
town of Zheleznogorsk (See Fig. I). Thus, high growth rates, a unique structure of
scales, and an increased concentration of radiocesium can be considered as markers of
graylings that constantly inhabit the main channel of the Yenisei in the downstream of
Krasnoyarsk HPP. Within the framework of this work, we, for the first time, attempted
to assess the ratio of settled and migrated individuals of the Baikal grayling from the
tributaries in the thermally altered section of the Yenisei on the basis of the structure of
the scales. As a verification of the proposed marker, we used the linear dimensions of
fish and the content of radioactive cesium in their tissues.

A sample of 161 individuals of the Baikal grayling was used in this work. Fish were
collected in the section of the main channel of the Yenisei near the mouth of the Kan
River, near the village of Khloptunovo (56°28'05” N, 93°38'53" E) in July—November
2019. When working with animals, the authors followed the recommendations of
Directive 2010/63 / EU of the European Parliament and the Council of the European
Union. Fork Length and total weight of fish were measured. Grayling scales taken in the
lateral line region were photographed and then used to count the number of sclerites in
the completed annual rings. The principle of differentiation of grayling individuals by
their origin is based on previously obtained results on an increased number of sclerites
on the scales of fish (primarily in the second annual ring) inhabiting a thermally altered
section of the middle reaches of the Yenisei. Within the framework of this study, we
assumed that individuals of grayling with more than 15 sclerites in the second annual
ring of scales constantly inhabit the main channel of the thermally altered section of the
Yenisei. Further, these individuals are designated by the term “sedentary”. Individuals
with a smaller number of sclerites, designated as “migrants,” spent at least the second
year of their life in tributaries. To measure the content of technogenic radionuclides,
fish of the two indicated types were isolated from the total sample. In the pooled
samples of sedentary grayling for each month, the number of individuals varied from
12 to 31 (total 125), in the samples of migratory ones - from 3 to 8 individuals (total
18). Samples were prepared from muscles taken from the axial skeleton of fish, dried
and ashed in a muffle furnace at 450°C. The content of y-emitting radionuclides in the
ash samples was measured using a gamma spectrometer with a hyper-pure germanium
detector GX2320 (Canberra). The spectra were analyzed using the Genie-2000 software
(Canberra).

The number of sclerites in the second annual ring of the studied grayling varied
from 9 to 24. The share of individuals with 9 to 14 sclerites, and designated in our work
as migrants, was 18.6% of the entire sample (See Fig. 2). The highest percentage of
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migrating individuals was recorded in July (24%); in August-September it was about
20-22%, in October - 15%, and in November such grayling was not found. To assess
potential differences in the growth rates of sedentary and migratory fish, the samples
were divided into groups by age and month of capture. The linear dimensions of the
sedentary grayling aged 2-3 + were 3-5 cm higher (p <0.05) than the linear dimensions
of migrating fish in July—August (See Fig. 3). There were no differences in FL in 4+ year
old fish in July, as well as in 3-year-old fish in September—October. Of the technogenic
gamma-emitting radionuclides, only radiocesium was registered in the muscles of
grayling ('¥’Cs, half-life - 30.1 years). The content of '*’Cs in grayling muscles varied
in the range of 0.9-7.2 Bq/kg. The maximum content of '*’Cs was noted in sedentary
fish in August, which exceeded the content of this radionuclide in the sample of
migrants six times (See Fig. 4). In the rest of the months, the samples of sedentary and
migrating individuals contained a similar specific activity of '*’Cs. In July, the content
of radiocesium in the sample of migrating individuals was not measured. The content
of radiocesium in the muscles of graylings caught in the background site of the Yenisei
did not exceed the detection limits.

Thus, for 2-3-year-old fish, caught in the summer period, the assumption about
the differences in the growth rates and the content of radionuclides in the tissues
of residential and migratory individuals was confirmed. To explain the absence of
differences between individuals of the two strategies in other months, a temperature
model of the distribution of grayling in the tributaries of the Yenisei was proposed.
According to our assumption, when the water temperature rises to the physiological
optimum (17-18 °C) in the lower and middle reaches of the tributaries in July-August,
part of the local fish rises upstream, and part rolls down into the colder Yenisei (summer
temperatures no more than 12 °C). It is during this period that the most dramatic
differences between the Yenisei fishes and migrants can be diagnosed. By mid-late
autumn, such differences are leveled, and the migrants themselves are scattered among
the Yenisei fish (See Fig. 5).

The reason for the increased content of '*’Cs in sedentary graylings in August is not
clear to us, but, possibly, it is due to the dynamics of permitted radioactive discharges
into the Yenisei, the frequency of which during the year is not known to the authors,
since it is not published in the annual radioecological reports. Cesium, being a chemical
analogue of potassium, behaves in the body of fish similarly to this biogenic element.
The main deposits of cesium are found in fish muscles. When balancing the intensity
of consumption and excretion of radiocesium, its content in the tissues of sedentary
individuals reaches a stationary level, which we observed in September-November.

The results of the work show that fish isolated from the general sample on the basis
of a smaller number of sclerites in the second annual ring can indeed be considered
migrants from tributaries. The approach we used reveals predominantly immature and
first maturing individuals settling from tributaries, but is unsuitable for identifying
sexually mature fish that carry out short-term intra-river migrations. In the thermally
altered section of the Yenisei in the downstream of the HPP, tributaries can still make
a significant contribution to the grayling population. In the area of the mouth of the
Kan River, one of the largest tributaries of the middle Yenisei, the percent of migrants
in the summer-autumn period of 2019 was about 20% of the total grayling population.
The need to separate sedentary and migratory individuals is important for obtaining
homogeneous samples of grayling, which is traditionally used as a model object in
analyzing the distribution of technogenic pollutants in the river, as well as for studying
the nutritional value of grayling and environmental risks for the population associated
with its consumption.

The paper contains 5 Figures and 35 References.
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