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AHHoTauus. B pabote paccMoTpeHbl 0COBEHHOCTU pa3mMepHO-BO3PACTHOW CTPYKTYpPbl, POCT U FrEHETU-
Yyeckunin nonumopdnam opM1MpyeMor B Xo4e peakkrmMaTu3aumoHHbIX MEPONPUATUIA NONYNSLMK CTep-
nsav p. Monora Bonorogckow obnactu. BceneHue ctepnsam B p. Monora Havanocb B 2016 1., a B Hayu-
HO-MCCreaoBaTenbCKMX yroBax OHa ctana Betpedatbes ¢ 2018 r. Ha pycnoBbix MeananbHbIX ydacTkax
pekn gonst ctepnsam B odwmx ynoeax coctaensna ot 31.4% po 49.3% no uncneHHoctn n ot 26.0%
A0 64.0% no 6uomacce. B 2022 r. B cocTaBe ynoBoB OTMeYeHb! pbibbl AnnHon 22—-51 cM, maccon 64—
958 r naTn Bo3pacTHbIX rpynn. PasMmepHbIin, BECOBOW 1M BO3pacTHOM cocTaB (hopMUpyeMor NonynsaLumm
B HacToslLLlee BpeMs onpeaensieTcs Komy4ecTBOM BbiMyCKaeMown B OTAeNbHbIE roAbl MONoAn CTepnsaau.
AHannz mutoxoHapmansHon AHK Beissun 23 pasnuyuHbix MTOHK rannotuna n HM3Koe oTHOCUTENbHOE
rannoTMnuyeckoe pasHoobpasune. YpoBeHb HabnogaeMon retepo3nrotHocTn ssgepHon OHK coctaBun
B cpeaHem 0.567 ¢ ananasoHom ot 0.149 o 0.871. NeHeTnyeckas pasHopogHOCTL ocobein B hopMupy-
emMou nonynsauun ctepnagun p. Monoru goctatodHa Ans nokansHOW NonynsiumMm OTAENbHO B3ATON PEKU.

KnioueBble crnoBa: pasmepHO-BO3pacTHas CTPYKTYpa, NIMHEHbIN pOCT, BECOBOW POCT, MUKPOCATENNT-
Hble NOKYChI, annenu, MutoxoHapuaneHasa JHK, rannotunsl, reHeTUYeckuii NonMmMopamnam
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Abstract. This paper examines the size-age structure, growth and genetic polymorphism of the sterlet
population of the Mologa River, Vologda Oblast, formed during reacclimatization measures. The
introduction of sterlet into the Mologa River began in 2016, and since 2018 it has been found in research
catches. In the channel medial sections of the river, the proportion of sterlet in total catches ranged
from 31.4% to 49.3% in numbers and from 26.0% to 64.0% in biomass. In 2022, the catches included
fish with a length of 22-51 cm and a weight of 64-958 g of five age groups. The size, weight and
age composition of the emerging population is currently determined by the number of juvenile sterlet
released in individual years. Mitochondrial DNA analysis revealed 23 different mtDNA haplotypes and
low relative haplotype diversity. The level of observed nuclear DNA heterozygosity averaged 0.567 with
a range from 0.149 to 0.871. Genetic heterogeneity of individuals in the emerging population of sterlet
from the Mologa River is sufficient for the local population of a river.

Key words: size-age structure, linear growth, weight growth, microsatellite loci, alleles, mitochondrial
DNA, haplotypes, genetic polymorphism
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BBepeHue

Crepnanb Acipenser ruthenus L., 1758 B Bogoemax Bonoroackoin obnactu siBnsieTcst cambiM LieH-
HbIM BUAOM pbi6 M €ONHCTBEHHBLIM NPELACTABUTENEM OCETPOBLIX C €CTECTBEHHLIM BOCNPOM3BOACTBOM
(Bopwucos 1 ap., 2019). B HaTuBHLIV apean gaHHOro BMaa B rpaHuuax Bonorogckon obnactu Bxogunum
KpynHble npuTokn p. Bonra — WekcHa n Monora, a Takke 03. benoe. B XIX B. atoT BuA yepes Cese-
po-EkaTepvHUHCKMIA KaHan NpoHuk B 6accenH p. CeBepHas [IBuHa, a yepe3 MapuuHCKMIA KaHan — B
OHexckoe o3epo (KoHosanos n KoHosanos, 2016). B HacTosee BpemMs caMOBOCMNPOU3BOAsLLNECH
HEMHOrOYMUCIIEHHbIE MONYNALUK JAHHOMO BuAa COXpaHUNUCb Torbko B pekax Manas CesepHas [Bu-
Ha, CyxoHa, tOr n Bara ceBepopasuHckoro 6acceriHa. B pekax Bormkckoro 6accenHa LLekcHe n Monore
cTepnagb notepsina npoMbicrioBoe 3HadeHue B Hadane XX Beka, XOTS paHee 3[1ecCb cyllecTBoBarn eé
cneumanuampoBaHHbin noB (KoHoeanos u KoHosarnos, 2016). 3a nocnegHue gecatnnetyus AocToBep-
HbIX CBEOEHWI O CyLLECTBOBaHMM NONYyNsiLMK CTEPNAAN B pekax BOIMKCKOro baccerHa B rpaHmuax Bo-
norogckon obnactu He noctynano (3eneHeuknit, 2006; Pbibbl PeibrHckoro.., 2015).

B Bogoemax eBponenckon yactu Poccun YMCNEHHOCTb 3TOro BMAa B OCHOBHOM MNoaaepXKuBaeT-
€S 32 CYeT MCKycCTBEHHOro Bocnpou3soacTea (bbikoB n BpaxHuk, 2022). B Bonorogckon obnactu ¢
2014 r. B pamKax koMneHcaumm Bpeaa, HaHECEHHOTO BOAHbLIM BMONOrMYyecknM pecypcam, peanuayorcs
MEepPONpUATKS MO BCENEHN0 Monoamn ctepnsaan. K HacTosweMy MOMEHTY B BoAHble 0O6bEKTbI pervMoHa
(pekn CyxoHa, tOr, Bara, Monora n peyHyto YacTb LLlekCHMHCKOro BOogOXpaHunuLia) BbinyLeHO CBbl-
e 2 MUINIMOHOB CEroNeToK cTepnsan. Hambonee 3Ha4MMBbIA NONOXUTENbHLIA Pe3ynbTaT OT BbIMYCKOB
Monoau crepnsam 3admkcmpoBaH B p. Monora (UrHawes n Bopucos, 2022). C 2016 . B Hee 6bino
BbinyLLeHo cBbilwe 450 ThiC. ceroneTok crepnaau cpegHen Haseckon 5.0-10 r, B ToM uncne: B 2016 1. —
13.3 TbIC. 3K3., B 2017 . — 142.8 ThiC. 3K3., B 2019 . — 120.6 ThiC. 3k3., B 2020 . — 170 TbIC. 3K3.,
B 2021 r. — 2.6 TbIC. 3k3. U B 2022 1. — 1.2 ThIC. 3K3. Bbinyck monoan ctepnaaum B p. Monora ocyuiecT-
BNAMCS B HKHEM ee TedeHun npumepHo B 30 KM OT yCTbA B parioHe 4. BaHckoe YCTHoXeHCKOro panoHa
Bonoroackon obnactu. C 2018 r. ctepnsab cTana BCTpevaTbes B HAayYHO-UCCNeaoBaTenbCknx ynosax,
a B 2020 r. Hayancs reHeTU4eCcKUi MOHUTOPUHT hopMUpPYEMOro cTaja.

MN3BecTHO, 4TO Npobnemamm MCKYCCTBEHHOTO BOCMPOU3BOACTBA XXMBOTHLIX, B TOM Yncne 1 pblb, sB-
NSIETCS CHWXKEHUE TEHETUYECKOTO pa3Hoobpasus nonynauun, MHOPUAMHL, HapyLleHne NorioBOW CTPYK-
Typbl 1 camoBocnpoussogcTea (AnTtyxos, 2001). B cBa3n ¢ aTuM onpegeneHne reHeTUY4eCcKoro pasHoo-
©pasua hopmupyemon nonynauum B oTAENbHO B3ATOM BOAHOM 00bEKTE MMEET 0COBYI0 aKTyarnbHOCTb.
Llenbto HacTtoswen paboTbl SBNSETCS OLEHKa MONynsLUMOHHO-TEHETUYECKON CTPYKTYpPbl CTEPNsiam
p. Monora B ycnoBusix MeponpusaTuii Mo ee peakknuMmaTtusauuu.

MaTepMaﬂbl n MetToabl

Peka Monora siBnsieTcs KpynHenwmmM nputokoM PbIGUHCKOro BOgOXpaHunuvLa; ee AnvHa cocras-
nsieT 456 km, a nnowaab BogocbopHoro 6accenHa — noutn 30 Teic. km? (LecTtakosa, 2007). OHa npo-
TekaeT no Tepputopun Teepckon, Hoeropoackon n Bonoroackon obnacten. B mectax npoBeneHus
nccrnenoBaHuii B HUXKHEM TedeHun WwunpuHa pekun coctasnset 200—-360 m, rmybuHa go 6 M, CKOpoCTb
TeveHus 0.05-0.10 m/cek.

MxTrnonormnyeckun matepman cobupancsa ns ctaBHbIX XabepHbix ceTel ¢ warom sden 20—60 mm.
Cetn B 2018-2022 rT. ycTaHaBNMBANMUChb Ha OOHUX U TEX XXe y4acTkax nopsiakamu B NpubpesxxHom n me-
OunanbHOM YacTsax pekun B panioHe AepeBeHb BaHckoe u Byrpbl YCTIOXKEHCKOrO MyHULMNANLHOIO OKpyra
Bonoroackon obnactu (Puc. 1). CeTn BblaepXvMBanucb B BOAOTOKE B Te4eHue cyTok. Bce pbiObl nogsep-
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Puc. 1. Kaptocxema pa3smelleHuns y4acTkoB OTrioBa cTepnsgu Ha p. Monora.

ranucb NOrMHoOMy GronorM4eckoMy aHanmuay CorfiacHo obLenpuHATbiM MeTtogukam (MpasavH, 1966).
OnuHy pbIb n3mepsnu 4o KOpHEN cpegHUx nyvyen XBoCTOBOrO NiaBHuKa. BospacT ctepnsigm onpegens-
nn B NabopaTopHbIX YCMOBUSIX MO CNUfaM MapruHanbHbIX NyYen rpyaHbIX nraBHMKoB. OOLWmun obbem
CODOpaHHOro MXTUOSOrMYeCKoro MaTepurana coctasun 571 aksemnnsp.

C6op reHeTM4eckoro matepuana npov3BOOUIICS Y CBEXEBbLINOBMNEHHbIX OCODOEN CornacHo MeTo-
andecknm pekoMeHgaumsim'. OT6op Bkrovan B3ATME dparMeHTa rpyaHoro nnaeHuka. MNepepn oT6o-
POM MMAaBHMK OYMLLANCS OT CRM3U U MPOYMX BHELUHWUX 3arps3HeHui i MapneBbiM TaMnoHOM, 0BubHO
CMOYeHHbIM 94-96% pacTBOopoM 3TaHona. Bce MHCTpYMeHThI, UCMonb3yeMble Npy B3ATUM MaTepuana
(ckanbnenu, HOXHMLbI, MMHLETLI), MPU Nepexode oT 0cobu K 0cobu TLaTeNnbHO o4YULLANMCb OT ocTart-
KOB TKaHeW npegbiayLiero B3siTus Nnpod MexaHudeckn (YNCTON MapreBon candeTkon), NpoMbIBanuch
OETEpPreHToM, AUCTUNNIMPOBAHHON BoAOW M obe33apaxuBanmcb cnupToM. Npoba oT kaxgon ocobu no-
Mellanacb B MHAMBMAOYanbHYO Npobupky, 3anveanack gukcupytowmm 94-96% pacTBopoM pekTudm-
KOBaHHOIO 3TUJTOBOrO CMMPTa BbICLUENA OYMCTKW; OTHOLLEHNE CMpT : 06pasey coctaensno 10:1. Mpobe
npuceavBancsa nHaMBuayanbHbIi GykBeHHO-LUMdpoBOW kod. MopdomeTpuyeckne nokasaTtenu ocobu
yKasblBanucb B BEJOMOCTM AN COOTBETCTBYOLWEN Npobbl. B cpegHem yepes Tpoe CyTOK OCyLlecT-
Brsinacb BTOpMYHas dukcaums obpasua cnmpToMm B cooTHoweHun 5:1. [anee obpasLbl NoMeLLanuch

' MeTtoguueckune pekomeHgaumm MP4.2.001-2015 «MeToankm MonekynsipHO-reHeTUYECKOro aHanuaa BogHbIX GropecypcoB u
06BLEKTOB aKBaKyNbTYpbl, @ Takke NMPOAYKLUM U3 HUXY», YTBEPXKAEHHbIe AupekTopom PIEHY «BHUPO» 27.01.2015 .
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Ha XpaHeHue B MOpO3unbHyto kamepy ¢ Temnepatypon —10 °C. Bcero ans nposegeHUs reHeTU4eCcKmx
nccriegoBaHnii otobpaHebl 06pasupbl rpyaHbLIX NNaBHUKOB OT 223 ocobel.

Bce B3aTble 06pasLbl XpaHATca B POCCUIACKON HaLMOHANbHOW KOMMEKUMM 3TaNOHHbIX reHeTu4e-
ckux matepuanos (PHK3IM) BHUPO (ceBnaeTenbctBo 06 odmumansHON pernctpaumm 6asbl AaHHbIX
Ne 2006620351), kaxxgomy obpasLy NpUcBOEH MHAMBUAYANbHBLIN OEHTU(UKALNOHHBIA HOMep. Brige-
nexve n nocnegytowyto oumctky OHK 13 nnaBHMKOB oceTpoBbIX pbiG MPOBOAUNN HA afCOPOLMOHHBLIX
konoHkax PALL 5051 (AcroPrep™ 96 1 ml filter plate with 1.0 ym Glass Fibermedia, natural housing) B
COOTBETCTBUM C npoTokonoM KaHaackoro ueHTtpa no OHK-wrpuxkoguposaHuio (lvanova et al., 2006).
O6pasubl sgepHon OHK monogun ctepnsign aHanuavpoBanucb Mo 14 MUKpOCATENUTHBLIM JTOKycam
(Tabn. 1) c donyopecUeHTHEIMM MeTKaMu, ycriosusi nposeaexHus MNLP onTumMn3anpoBaHbl 4is 0CETPOBbIX
BMaoB pbib (BapmuHuesa n Mtiore, 2013).

Ta6n. 1. MukpocatennuTHble NOKYCbl AN aHanv3a nonvmopduama crepnsaav p. Monora.

Jlokyc Mparimepbl 5'-3’ MeTka

F:AATAACAATCATTACATGAGGCT
An20 HEX
R:TGGTCAGTTGTTTTTTTATTGAT

F: TGACGCACAGTAGTATTATTTATG
AfuG41 FAM
R:TGATGTTTGCTGAGGCTTTTC

F:ATAATAATGAGCGTGCTTTCTGTT
AfuG51 HEX
R:ATTCCGCTTGCGACTTATTTA

F: TTTGACAGCTCCTAAGTGATACC
AoxD165 TAMRA
R: AAAGCCCTACAACAAATGTCAC

F: GTTTGAAATGATTGAGAAAATGC
AoxD161 FAM
R:TGAGACAGACACTCTAGTTAAACAGC

F:-TCCTGGCTAGCGAACGAA
AfuG63 FAM
R:CTTTTAAATGGGGGACAGACTAT

F:CAAAGCTAGAACAAGTAAAGAGAA
AfuG67 FAM
R:GGGGTGTCCTATAATAAAAGTGC

F-TATTGTTCCTTTATGGTTATG
AfuG112 HEX
R:TATTTCACTGTCTGTTGTATGTA

F:CAATGGGGTGGGCAAAAA
AfuG174 FAM
R:ATTAGGAGTATGGCAGTGTAGAAC

F:AACTGGCTTTGTGATTGATCC
AoxD234 TAMRA
R:TGAAGCAAAGGGTATTATTTGAG

F:CATCTTAGCCGTCTGGGTAC

LS-19 FAM
R:CAGGTCCCTAATACAATGGC
F:-TTCTGAAGTTCACACATTG

LS-39 HEX
R:ATGGAGCATTATTGGAAGG
F:TTATTGCATGGTGTAGCTAAAC
LS-68 TAMRA
R:AGCCCAACACAGACAATATC
F:TTGTTCAATAGTTTCCAACGC

Aox-45 HEX

R:TGTGCTCCTGCTTTTACTGTC
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[nsa noctaHoBkM peakuui Obinv nogobpaHbl cneaylowmne YCrnoBusl: KOHEYHbI 00bem cocTaB-
nsan 15 mkn, Bknovas 16.6 mM (NH,),SO,; 70 MM Tpuc-HCI (pH 8.6); no 200 mkM kaxgoro dNTP;
1.8 MMMgCI,,; 1 nkM npanmepa, MoANMLMPOBAHHOIO Ha 5’ KOHLIE (oiyopecLeHTHbIM kpacutenem FAM,
HEX nnn TAMRA; 50-100 Hr OHK; 4 nkM obpaTtHoro (Heme4veHHoro) npanmepa; 0.8 egunny, Tag-nonu-
mepasbl (Cunekc, Mocksa). Peakuus amnnudmkaumm 6bina npoBefeHa No cxeme: npeaBaputenibHas
neHatypauns OHK 94 °C — 1 muH; 8 uunknos: nnaeneHue — 95 °C — 20 ¢, omxur npanmepos — 58 °C B
nepBoM Uukne — 25 ¢, B KaxaoM nocneayoLleM Lmknie TemnepaTypa oTxura cHukanack Ha 0.5 °C, cuh-
Te3 [1IHK — 65 °C — 40 c; 25 unknos: nnasneHne — 95 °C — 20 ¢, omxur nparimepos — 54 °C — 30 ¢, cuHTe3
OHK — 65 °C — 40 c; pocuHtes AHK npu 65 °C — 10 MuH. MNonyyeHHyto B pesynbsrate amnnudukalmm
cmeck MLUP pasbasnanu sogor (milliQ) B Tpu pasa, 3aTemM nepeHocunun 1 MK CMecu B HOBYIO NnaLw-
Ky 1 gobaensanu 12 mkn popmamuga HiDi ¢ MonekynsipHeIM CTaH4ApPTOM ONS onpedeneHns pasmepa
amnnuduumpyembix coparmeHtToB OHK. MNMpoaykTsl amnnudurkaLmm anekTpoopeTnieckn pasaensnm B
cucteme kanunnspHoro anektpodopesa “ABl 3500 Genetic analyzer”. Nocne aToro ¢ NOMOLLbIO MPo-
rpammHoro obecnedyeHus GeneMarker (Version 1.2) onpegensany onuHbl annenen.

Amnnudukaumsa KoHTponbHoro permoHa MTOHK (D-netnn) npoBogunace ¢ npanmepamu:
DL651 (ATCTTAACATCTTCAGTG) n M13AHR3 (TCACACAGGAAACAG-CTATGACATACCATA-
ATGTTTCATCTACC) (Miore u gp., 2008). Peakuus MNMUP npoBogunack B koHe4HOM obbeme 15 mkn,
copepxana 100 Hr JHK. CocTas peakumoHHon cmecu: 16.6 MM (NH4),SO,, 70 MM Tpuc-HCI (pH 8.3),
2 MM MgCI2, no 1.5 nkM kaxpgoro nparmepa, no 100 mkM dNTP, 1 ea. ColarTag-nonumepasbl (Cu-
nekc, Mockea). AMnnMdukaumsa Obina npoBedeHa No crefylLlen cxeme: npeaBaputensHas geHary-
pauua AHK 95 °C — 10 muH; cuHTes MNUP-npoaykToB (30 uuknos): nnasneHne — 94 °C — 20 ¢, oTxur
npanmepoB — 52 °C — 40 ¢, cuntes HK — 72 °C — 60 c; okoH4aTenbHaa goctpounka uenen: 72 °C —
10 myH. Buayanusaumsa npogyktoB MNLP 6bina nposeneHa B 2% arapo3Hom rene B 0.5X TBE 6ydepe
¢ okpawmBaHneM SYBR Green |. CekBeHpoBaHMe KOHTposbHoro pernoHa MTOHK 6bino npoeegeHo ¢
ofHou uenu ¢ yHnsepcansHoro npanmepa M13(-22) — TCACACAGGAAACAGCTATGAC (5 nkM) Ha
«ABI 3500 Genetic analyzer», ¢ ucnonb3oaHvem Habopa peaktneoB BigDye™ Terminator Kit v. 3.1
(Applied Biosystems, USA) B 06bemMe peakumm 10 MK 1 ¢ UICNONb30BaHUEM NpuaratoLerocs kK Habopy
5X peakumoHHoro 6ydpepa. B nnaHwet ¢ 96 nyHkamu, B KaXX4O0W U3 KOTOPbIX HAXOAMWICst peaBapuTenb-
HO ocaxpaeHHbIn MLP-npoaykT, Obina gobasneHa peakumoHHas cmeck: 5X BigDye Oydep — 1.7 mkn,
BigDye — 0.25 mkn, npanmep M13(-22) — 3 nkM, soga (milliQ) go 10 mkn.

BepoaTHOCTb NpUHaAneXXHOCTM 0cobum K BO3pacTHOM rpynine BelvMcreHa B nporpamme Structure 2.3.4
(Pritchard et al., 2000) npu cnegytowimx napametpax: 1000000 MCMC waroB, ucknodas nepsble
100000. Ctatuctuyeckune gaHHble (cpegHee uncro annenent (Na), oTHocuMTenbHbIE YacToThl annenen,
Habniogaemas (H ) n oxnaaemas reteposurotHocTb (H,), nnaekc dukcauum Panta (F), Fg ) nonyyeHsi
B nporpamme GenAlex (Peakall and Smouse, 2006).

BblpaBHUBaHMeE 1 aHanNn3 cekBeHMPOBaHHbIX NocnenosatensHocTe MTOHK nposBoannu B nporpam-
me Sequencing Analysis 5.4 (Applied Biosystems, USA) npu nomoLun 61MonHpopmaLMoHHOro nakera
nporpamm SegMan® version 12.0 DNASTAR (Madison, WI, CLLUA). Homepa rannotunos mtAHK npu-
cBavBanu B cOOTBETCTBUM ¢ peecTpom MTOHK-rannotnnos oceTpoBbix BUAoB pbid PrEHY « BHUPO».
CeTb rannoTtunos noctpoeHa B nporpamme PopART (Leigh and Bryant, 2015).

BbIG0pKM Mo rogy BbiNycka okasanucb 04eHb HEPaABHOMEPHbLIMI: OCHOBHYHO MacCy COCTaBMANN OCO-
61 2017 (89 3k3.) n 2019 rT. (112 3k3.), B To Bpems kak 2020, 2021 1 2016 rr. 66111 npeAcTaBneHbl BCEro
3, 5 1 14 ocobsiMm COOTBETCTBEHHO. B CBSI3an C 3TUM CpaBHUTEMHbLIA aHanu3 Obin NpoBedeH TONbKO
cpeam Bbibopok 2016, 2017 1 2019 rr. BbINyCKA.

Pe3ynbTtaTthbl U 06cy)KneHMe

PocT u pasMepHO-BO3PACTHAS CTPYKTypd

Mpy npoBegeHUN HayyHO-MCCNEeaoBaTENbCKOro foBa CTaBHLIMU CETSIMU pasHOBO3pacTHasi cTep-
nsgb Havana perynsapHo otmedatbesi ¢ 2018 r. OHa obHapykeHa kak HENOCPELACTBEHHO B MECTE BbIMy-
CKa Monoau B panioHe aepeBHU BaHckoe, Tak 1 B 25 KM HWXe No TeYeHuto B parioHe AepeBHU byrpbi.
Hons ctepnsigm B o6LLMX yroBax Ha PYCIoBbIX y4acTKax peku BapbupoBana B pasHble rogbl oT 31.4%
80 49.3% no umcneHHocTn n ot 26.0% o 64.0% no Guomacce (Tabn. 2). Hanbonee Bbicokas aons
cTepnaau B ynosax no ymcneHHoctu otMmedanack B 2019, 2020 n 2021 rr., a caMble BbICOKME MOKa-
3aTenn ynosa CTeprnsau Ha ogHy CeTb B CyTKuM chukcnposanuck B 2019, 2021 un 2022 rr., coctaBnss
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COOTBETCTBEHHO 7.5, 8.3, 9.4 3k3. Hapsaay co cTepnaabto B ynoBax B 3HaYMTENbHbIX KONMYecTBax oTMe-
Yanuce ryctepa, 6enornaska, NroTea, B MEHbLUNX — OKYHb, epLu, feLl, 6epLu, YeXoHb, CUHeL, eauHNY-
HO — cyaak, coM, ronaenb. Mpu noctaHoBKe ceTen B NPUBPEXHbIX yYacTKax pekn CTepnsadb B ynoBax
He oTMevanace.

B ycnoBusax MCKYCCTBEHHOIO BOCMPON3BOACTBA pa3MepHbIA, BECOBOW U BO3PaCTHOW COCTaB YNOBOB
cTepnsgun onpepensietcs npexae Bcero obbemamu Bbinycka mornogu. Tak, ecnv B 2018 1. B ynoBax
BCTpeYanach CTepnsab ABYX BO3pacTHbIX rpynn (1+, 2+) ot BeinyckoB 2016 1 2017 rr.,, To B 2022 1. OT-
MEYEHO yXe NATb BO3pacTHbIX rpynn (1+, 2+, 3+, 5+, 6+) oT BeINyckoB 2016, 2017, 2019, 2020 1 2021 rr.
(Tabn. 3). C poctom 4ncna BO3paCTHbIX rPynn B NOMyNsUUN pa3MepPHbIA U BECOBOW COCTaB YIOBOB
cTaHoBUTCS bonee pasHoobpasHbiM. B ynosax 2018 r. gnivHa pbl6 BapbmpoBarna B npegenax 24—36 cwm,
B 2019 . — 2641 cm, B 2020 rr. — 20—44 cm, B 2021 . — 20—46 cm, a B 2022 . — 22-51 cm, Npn 3TOM
mMacca pblb cocTaBuna cooTBeTCTBeHHO 74—-224, 82—380, 44—676, 56736 n 64-958 r (Tabn. 2, 4, 5).

MepBbI KpynHbIA Bbinyck (142.8 ThiCc. 3k3eMnnspoB) ctepnsagu B p. Monora 6bin nponsBefeH B
2017 r., a yxe Ha cnegyowuii rog Belpociune Ao 24—31 cm n 76—198 r. pbibbl B 60MbLIOM KonuyecTse
oTMevanuch B ynosax (Tabn. 3, 4, 6). O6was gons peid 2017 1. BbiNnycka Ha cnefyloLwuin rog coctaBuna

Tabn. 6. JlnHeiiHbI 1 BecoBoOW pocT cTepnsau p. Monora.

OnuHa, cm Macca, rpamm
log Bospact ] ] N
cpeaHsis min—max cpeaHsis min—max
1+ 28.3+0.36 24-31 133.5+3.77 76-198 43
2018 2+ 33.3+0.86 31-35 210.0 £9.02 196-224 2
2+ 32.2+0.23 26-39 187.8 +4.78 82-330 132
2019 3+ 40.3 + 0.67 3941 376.7 £ 2.41 372-380 4
1+ 23.7+£0.35 20-27 726 +2.78 44-104 28
2020 3+ 36.2 £0.54 32-42 378.1£14.32 182-584 41
4+ 43.3+1.22 41-44 616.3 + 56.88 562-676 2
1+ 22.3+0.16 20-25 62.6 + 0.64 56-70 3
2+ 26.8+0.13 24-31 118.3 £ 1.64 70-156 111
2021 4+ 38.5+ 0.51 33-42 439.2 +19.43 240-596 32
5+ 44.3 + 0.54 44-47 728.0 £ 24.44 656736
1+ 22.9+0.48 22-24 70.0 + 3.56 64-80
2+ 29.3+0.27 26-30 142.8 +5.34 80-174 48
2022 3+ 33.5+0.19 30-38 221.1+£5.28 142-408 74
5+ 42.7 +0.30 3847 550.8 £ 12.19 344-912 40
6+ 49.8 +0.30 49-51 928.0 + 18.79 902958 3
1+ 26.1 £0.33 20-31 103.6 £ 4.08 44-198 79
2+ 29.7 £ 0.20 24-39 155.7 + 3.19 70-330 293
B cpeatem 3+ 35.0+0.28 3042 269.7 + 8.21 142-584 119
4+ 38.4+0.27 33-44 426.1 £ 20.33 240-676 34
5+ 42.8 +0.29 3947 561.5 + 18.52 344-912 43

6+ 49.8 £ 0.30 49-51 928.0 + 18.79 902-958 3
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95.6%, aB 2019 1. — 97.1% (Tabn. 3). Boicokas gons pbib 3TOro NokoneHus B Nepeble ABa roga Habrto-
OEHWI CcBsi3aHa Kak ¢ bonbwummmn obbemamm BCENEHUs], TaK U C HE3HAYUTENBbHBLIM KONTMYECTBOM BhbIMy-
LLEHHBIX pbl6 B 2016 I. M OTCYTCTBMEM MEPONPUATUIA MO UCKYCCTBEHHOMY BocnpounssoacTey B 2018 1. B
nocriegytouime roabl UCCnegoBaHUM YUCNIEHHOCTbL cTepnaan nokoneHms 2017 r. octaBanacb BbICOKOW,
a ero gons B ynosax coctasuna 57.8% B 2020 r., 21.5% — B 2021 r. n 23.5% — B 2022 r. B uenom, ans
(POPMMPOBaHUSA MHOTOYUCIIEHHOMO MOKONEHUST eXXerofHble 06beMbl BbiMycKa A0MKHbI ObiTb HA YPOBHE
NPUEMHOW EMKOCTU, KOTOPasi B COOTBETCTBUM C BMonormyeckum o6ocHOBaHMEM NpW BCENEHNWM MOSoaN
HaBeckon He MeHee 5 anga p. Monora onpegeneHa B konuyectse 170 ThIC. 3K3eMNNSPOB.

B ycnosusax p. Monora HanbonbLWMn NPUPOCT AJUHBLI Y CTEPNSAN OTMEYaETCsl B NEPBbIN rof, XKN3HU.
Yepes rog nocrie BbiMycka AfIMHA HEKOTOPbIX ocoben ctepnsam npesbiwana 30 cM, a macca — 198 r.
Haunbonee MHTEHCMBHO BbINyLLEHHaA MONoAb pocra B NepBble rofbl UCKYCCTBEHHOIO BOCNPOM3BOACTBA
OaHHoro Buaa B p. Monora. Tak, cpegHsis AnvHa roaoBukoB OT Bbinycka 2017 . coctaBuna 28.3 ¢,
2019r. —23.7 cm, 2020 1. — 22.3 cm, 2021 1. — 22.9 cMm. Ewe Gonee 3HauuTenNbHbIE OTNMYMA OTMEYatoTCs
B BecoBoM pocTe. Ecnu B 2018 . cpeaHsasa macca rogoukoB 6bina 133.5 1, To B 2020 r. oHa cHU3MNach
po 72.6r, 82021 r. coctaBuna 62.6r,aB 2022 r. — 70 r. (Tabn. 6).

BbIsiBNEHHbIE OTNNYMSA B JIMHEHO-BECOBOM POCTE pbl® HA MEPBOM oAy XMU3HWU, NO-BUANUMOMY, CBSi-
3aHbl CO CHWKEHNEM MX 00ECNEYEHHOCTM MULLEN B YCITOBUAX POCTa YUCNIEHHOCTU nonynsumi. B ganb-
HelLeM NMHENHBIN eXerofHbIi NPUPOCT pbid cHUXxXaeTca Ao 3—6 cm B rog. B To e Bpems Ha oHe
3aMeaneHnst IMHeNHOro pocTa OTMEYaeTCs UHTEHCUBHbIN POCT Macchl. B oTaenbHble rofbl exerogHble
npupocTbl Macckl Tena npesbiwatoT 300-400 r. Jaxe HeCcMOTpsa Ha 3aMefneHue pocTa cTepnsau B
nocnegHue rogpl, ero obwmi Temn B p. Monora BbICOK MO CPaBHEHMWIO C NMPUPOAHEIMU NONYNALUSMU U3
pek Bonra, Kama, Oka 1 BogoxpaHunuiy, Bormkckoro kackaga (AdaHackes, 1985; Adanacbes v Lypy-
xvH, 1987; BacanvH, 1972; I'paHnH n ap., 2020; KysHeuos, 1983). OH conocTaBuM C nokasaTenamu Ans
3TOro BMAa B cpeagHem TedeHun p. Oka, rae Takke OCyLLEeCTBMASETCA UCKYCCTBEHHOE BOCMPOU3BOACTBO
ctepnagu (beikoB n Manatos, 2019). Beicokuin TeMn pocTa «3aBOACKUX» MNONyNsALUMIA B MAaaLllux BO3-
pacTHbIX Fpynnax, a B 0CO6GeHHOCTU B NEPBbIV rof, CBA3aH C TeM, YTO pbiba, BbipalleHHas B 6accenHax,
nmeet 6onbLUMe pasMepbl 1 NOBbILLIEHHYHO BbkMBaeMocTb (bbikos, 2021).

AHanuns MmurtoxoHapuanbHon HK

AnHanus mutoxoHapuaneHon OHK Beissnn 23 pasnuuHbix MTOHK rannotuna y 223 nayyeHHbIX 0CO-
Gen (Tabn. 7). Bce rannotunel xapakTepHbl ANst CTEpnAan BOMMKCKOro 6accenHa, Ans KOTOporo K Ha-
croswemy BpemeHu onucaH 161 mTOHK rannotun (Puc. 2) (LWep6akosa u ap., 2022). YHuKanbHbIX
rannoTunos He obHapyxeHo. B uenom obuiee oTHoCKTENbLHOE rannoTunuyeckoe pasHoobpasme (H ) y
Bbinyckaemou B p. Monory monoau gocratoyHo Huskoe — 0.10. MNpu atoM Ana npupogHow nonynsaumm
BOJIKCKOW CTEPIsiAM OTHOCUTENbHOE ranfioTunnyeckoe pasHoobpasue coctaenset 0.67 (LLepbakosa n
ap., 2022). [laHHble aHanm3a 6onee MHOro4YMcneHHbIX Bbibopok 2017 1 2019 ronos Bbinycka NokasbiBa-
0T cxoxmm pesynerat — 0.19 n 0.12 cootBeTcTBEHHO. [daHHble 3a 2020 n 2021 roabl U3-3a Manon Ync-
NEHHOCTN BbIOOPKN HEAOCTOBEPHbI, HO BbINOBMEHHbIE 5 ocoben 2021 roga Bbinycka ¢ €4UHCTBEHHBLIM
mMTOHK rannotunom roeopaT 06 MHGpegHOCTM Bbinyckaemor monoam B atom rogy. B 2016 r., HanpoTus,
BbINyckaemasi Mmonodb bbina oTHoCcUTeNbHO Gornee reTeporeHHoN, Yem BbIMyCKX B Apyrue rogpl.

Haunbonee yvacto B Bblbopke 2017 roga Bbinycka otMeyveHbl MTOHK rannotunel Ne 77, Ne 61 u
Ne 40, a 2019 roga Bbinycka — Ne 11, Ne 71 n Ne 62 (Tabn. 8). B 10 e Bpema mTOHK rannotun Ne 22
BCTPETUIICS TONMbKO Yy ocoben, BbinyweHHbIx B 2021 1., Ne 68 1 Ne 137 — B 2019 1., Ne 75, Ne 83, Ne 144
n Ne 245 — B 2017 r., a Ne 82 — B 2016 r. MHorouncneHHble rpynnsl MTOHK rannotnnos npeacTaensioT
coboVi NOTOMCTBO OAIHOW camku (nokoneHue F1) unu notomcTBo ot nokoneHuns F1 (nokonexue F2).

Ta6n. 7. Xapaktepuctuka mTAHK rannotunos ctepnsam peku Monora 2016—2021 ronoB Bbinycka.

log Bbinycka 2016 2017 2019 2020 2021 O6uwee
KonunyectBo nccnegoBaHHbIX ocoben 14 89 112 3 5 223
Konn4yecTtBo rannoTtunos 8 17 13 3 1 23

OTHocuTenbHOE rannoTunuyeckoe pasHoobpasme 0.57 0.19 0.12 1.0 0.20 0.10
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Ta6n. 8. Konuyectso mTAHK-rannotunos y crepnsaun p. Monora 2016—-2021 rr. Bbinycka.

Ne mTOHK rannotuna

anr'lOﬂ rxvm%
ke TR 8 F 5 888N RRENRRRERSEX®I 2T I o
2016 - — — — 2 — — 2 — — 4 2 — — 111 -1 - - — — 14
2017 2 9 - - 1214 - 1 - 2 7 2 1 6 161 9 2 - 2 - 2 1 89
209 %91 - 8 2 -14-532-3 - 21 -1 1 - -3 - - 12
20200 - - — — 1 — — — — 1 — — — — 1 — — — — — - - - 3
2021 - - 5 — — - - - - - - - - - - - - - - - - - _=5

Bcero 41 10 5 8 171414 3 5 3% 11 7 1 8 19 2 1 3 1 2 3 2 1 223

AHanus sgepHou AHK

AHanus agepHon JHK no 14 mukpocaTennmMTHbIM NOKyCcaMm, Kak 1 OXUAanochb, He BbIsIBUN cneumdu-
YeCKMX annenem, xapakTepusylLmx gaHHyo nonynsaumo ctepnsaau (Tabn. 9). Bce 14 nokycos amnnu-
duULmMpyoTcs, He MOHOMOPMOHBI, UMEIOT OT 4 00 22 annenen Ha NOoKYC U XapakTepU3yTCH, B OCHOBHOM,
BbICOKOW Habrogaemon reteposmrotHocTbio (H ). B 6onee yem 60% nokycos (9 us 14) nokasarterns Ha-
Gnogaemon reTepo3roTHOCTN UMeET 3HaveHus bonee 0.5. Hanbonee BbICOK 3TOT NokasaTtesb Y JTOKYCOB
An 20 (0.871), AfuG112 (0.867) u Afu G41 (0.845). HanmeHbLIas reTepo3nrTHOCTL BbISIBIIEHA Y FTOKYCOB
AoxD234 (0.149), AfuG67 (0.188), LS39 (0.281), AfuG51 (0.333) n AfuG63 (0.363). 3TU xe NOoKyChbl siB-
naTca U ManoannensHsiMu (0T 6 40 8 annenen Ha NoKyc), KPOMe CaMoro MHoroasnfnensHOro fokyca
AoxD234. YpoBeHb Habntogaemon reTepo3nroTHoCTU coctaBun B cpeaHem 0.567 ¢ guanaszoHom ot 0.149
(AoxD234) no 0.871 (An20). OcTarnbHble FOKYCbl NOKa3bIBaKOT BbICOKUIA YPOBEHb FEHETUHECKOIO PasHOo-
Opasust BoccTaHaBnmMBaemon ctepnsaam B p. Monora, 4to cnoco6CeTBYET Nyyllen agantauum K YCrioBusiM
0BUTaHMSA 1 SKOMOTMYECKON NNACTUYHOCTM NONYNSLUN B LIEMNIOM.

CpaBHeHue BbINYCKOB pasHbIX NET MO AaHHbIM NnokasaTensm NpoaeMOHCTPUPOBano, YTo B Bbiny-
ckax 2017 v 2019 rr. Habnogaemas reTepo3nroTHOCTb MEHbLLIE, YEM OXUAaeMasi, UMEETCH HEKOTOPLIN
AedununT reTepos3nroT, a MHAEKC ukcaumm PanTa npMHUMaEeT NonoxnTteneHble 3HaveHust (Tabn. 10).
B Bbinycke xe 2016 r. 3HayeHne HabngaemMon reTepo3nroTHOCTU NMPEBbLILLANO TEOPETUYECKM OXMAa-
eMylo, a uHaekc pukcaumm Paiita nmen oTpuuatenbHoe 3HadeHue. Kak u no pesynsratam aHanusa
MTOHK, HecmoTpst Ha HebomMbLIOE KONMMYECTBO BbiNyLLEHHbIX ocobelt, Bbinyck 2016 r. okasarncs 6onee
NoNMMopHbLIM NO OTHOLLEHWUIO K BbIMyCKaM ApYrux rogos.

KnacTtepHbin aHanu3 nokasatenen saaepHon OHK ana cpaBHeHUs HEOQHOPOAHOCTU BbiNyCKaeMom
cTepnaau Tpex pasrnuyHbIX rogoB Bbinycka Aan YyeTkoe pasgeneHue Ha ase rpynnsl (Puc. 3). B nepsyto
rpynny nonanu Beinycku 2016 1 2017 rr. O6e BbIOOPKM NPeACTaBMneHbl CMELLEHNEM ABYX KIacTepoB
(cuHMIA 1 KpacHbIN), a Bbinyck 2019 . NpeacTaBneH cMelleHMeM ABYX APYruX KnactepoB (3eneHbl
N KpacHbln) 1 obpasyeTt BTOpyt rpynny. Bmecte ¢ Tem HeGonbluaa 4YacTb 0cobeln Mo reHeTu4eckomMy
npochunio COoTBETCTBYET Apyromy rody Bbinycka. B BeiGopke 2017 r. ogHa ocobb Ha 100%, a 4 oco-
61 — 6onee Yyem Ha 50% (0603HaYEHbI 3eMEHbIM LLBETOM B «CUHEM KIlacTepe») NoXxartcs B kKnacTep Bbl-
6opkn 2019 1. B T0 e Bpems wecTb ocobern 2019 r. (CUHWI LBET B «3€fIEHOM KracTepe») reHeTU4eCKm
oTHOCATCA K Bblbopke 2017 . OgHako No pasMepHO-BECOBLIM XapaKTeEpPUCTUKaM 1 onpeaerieHHomy no
cnunam Bo3pacTy OHW OTHOCATCH K APYroMy roAly Bbinycka. B Lienom, Hanmumne pasnuyHbIX Knactepos B
BOCCTaHaBNMBaeMow nonynsauumn ctepnsam p. Monora cBuaeTenbCcTByeT 06 MMeRLLENCS reHeTUYeCKom
pa3HOpPOOHOCTU, KOTOpas, KOHEYHO, ropa3fo MeHbLLUE, YeEM Y BOIDKCKOM NoNynsauum B LIeNoM, HO JoCTa-
TOYHa ANS BbDKMBaAHUSA NOKaNbHOM NONyNALMM OTAENbHO B3SITON PEKU.
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Ta6n. 9. XapakTepucTuka nccnefoBaHHbIX MUKPOCATENNUTHBIX NOKYyCOB cTepnagun p. Morora.

MaccoBbil annenb,

fogc amnenen ' map o epmeorizon TSR e eror
Ha NOKYC  HYyKreoTuaos BCTpeYaeMocTi) HocTb (H) HocTb (H,)
AoxD161 9 102-134 102 (0.52) 0.634 0.612
An20 10 145-181 177 (0.61) 0.871 0.870
AoxD165 13 164-202 176 (0.31) 0.574 0.525
AfuG51 8 232-268 252 (0.81) 0.333 0.321
AfuG41 16 197-257 229(0.20) 0.845 0.773
AoxD234 22 188-296 256(0.17) 0.149 0.157
207 (0.15)
AfuG112 19 195-291 215 (0.15) 0.867 0.871
223 (0.15)
AfuG174 6 139-163 147(0.9) 0.700 0.884
AfuG67 7 180204 188(0.7) 0.188 0.197
AfuG63 6 104-152 132(0.9) 0.363 0.359
LS39 7 115-139 ]g;‘gg:gg 0.281 0.278
LS19 4 134-143 137(0.8) 0.537 0.572
Aox45 17 108-159 129(0.19) 0.796 0.861
189 (0.13)
LS68 16 177-253 o §8:]§g 0.794 0.868
213 (0.13)

Ta6n. 10. 3Ha4yeHnsa oxuaaemon M HabnogaeMon reTeposnroTHOCTM cTepnaau p. Monora no Bcem nokycam B pasHble rogbl
BbINycka Monoaw.

loa BbInycka H, H, F
2016 0.551 0.544 -0.049
2017 0.561 0.601 0.057
2019 0.587 0.601 0.035

O6was 0.567 0.582 0.014

Puc. 3. AnoctepropHas BeposaTHOCTb MPUHAANEXHOCTU K KrnacTtepam ctepnsan p. Momora ot Beinyckos 2016 (1), 2017 (2) n
2019 (3) rr.
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3aknouyeHue

B pesynbrate peakknMMmaTusaLlnOHHbIX MEPOMNPUATUA CTepnsab cTana urpatb BeayLLyo porb B UX-
TMOLIEHO3€e OTKPbITLIX MeauarnbHbIX y4acTkoB p. Monora. [lons ctepnsgm B obLMX yNoBaxX Ha pycrioBbIX
yyacTkax peku B 2018-2022 rr. BapbupoBana B npegenax 31.4—49.3% no uucneHHoctn 1 26.0—64.0% no
Buomacce. PaaMepHbIi, BECOBOW M BO3pacTHOM cocTaB (hopMUPYEMON MONYNsiLUN B HACTOSILLEE BPEMS
onpeaernsieTcsi KOMYeCcTBOM BbIMyCKaeMoW B OTAEeNbHble rodbl MONoAW CTepnsiav, NpuyemM C pocToM
yncna BO3pacTHLIX FPynn B MONyNsiLumM pasMepHbIA U BECOBOM COCTaB YNOBOB CTaHoBMTCS Gornee pas-
HooGpa3HbIM. Kak u B Apyrmx BogHbIX obbekTax, B p. Monora Hanbornee MHTEHCUBHEIN JIMHENHBIN POCT
cTepraan oTMedaeTcs B NepBhIN rof X13HW, a B 6onee ctapLumnx Bo3pacTax NnoBbILLAETCS BECOBOW POCT.

AHannz mutoxoHgpuanbHon OHK Bbigsun 23 pasnunuHbix MTOHK rannotuna, xapakTepHbIX Ans
cTepnsgmn Bosmkckoro 6acceriHa. ObLiee OTHOCUTENBHOE rannoTunMyeckoe pa3Hoobpasve Bhbinyckae-
mMow B peky Mornory monoam HeBbicoko (0.10), npu aToM y pblb, BbinyLeHHbIX B BOgoTok B 2016 r., aTa
Benu4yMHa 6bina 3ameTHo 6onbue (0.57). MTOHK rannotunsl doopmupytoLleicst nonynsiumMm cTepnsan B
p. Monora npvHagnexar K pasnuyHbIM rannorpynnam, KOTopble B OCHOBHOM XapakTepPHbl 1 MHOTOYUC-
NeHHbI ANs Bormkckon nonynsauum ctepnagn. AHanus aagepHon HK no 14 mukpocatennuTHbIM fokycam
He BbisBMN B p. Monora cneuudmyeckmx n He xapakTepHbIX Ans cTepnagu Bormkckoro 6accenHa an-
nenen. YpoBeHb HabntogaemMon retepo3nroTHOCTK coctaBun B cpegHem 0.567 u Bapbuposan ot 0.149
(AoxD234) no 0.871 (An20). Mo pesynstatam aHanu3a sgepHon HK oTmeuyeHa cyuwlectBeHHasa aud-
depeHumnaumna mexay Bbinyckamu 2016—2017 rr. n Beinyckom 2019 r. CnenosatensHo, Ang dopmMupye-
MOM nonynsumm ctepnsaau p. Monora xapakTepHa MeHbLLasi B CpaBHEHUU C NPUPOAHBIMU NONYNALUSMN
BOJTKCKOrO BaccenHa reHeTndeckas pasHopogHOCTL OCOBEN.

Ona popmmnpoBaHns MHOroBO3pacTHOW MONYMSILUOHHOW CTPYKTYPbl CTEPRSAM C BbICOKOW YUCIEH-
HOCTbHIO KaXK4,0 BO3PACTHOM rpynmnbl HEOBX0OUMbI eXXerogHble BbIMYCKN CErONeToK 4aHHOro Buaa Hase-
ckol He meHee 5 1 B konnyecTBe 170 ThbiC. 9K3eMMNAPOB eXeroaHo. MNMpu BceneHmn Monoam peld B peky
C LeNnblo YBENUYEHUS TEHETUYECKOro pasHoobpasnst Nonynauum, ynyyleHnsa agantaumm K yCrioBusiv
0BUTaHUSA N NOBbLILLEHNST 3KONOMMYECKOM MNNacTUYHOCTU PEKOMEHOYETCS UCMONb30BaThL Oonee reHeTu-
YeCKM pasHOPOOHbIX MPOU3BOAUTENEN.
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