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CHHUCOK COKPAIIIEHUI
JAW — noBepUTENBHBIN UHTEPBAI
JIHK — ne3okcupruOoHyKIEnHOBAs KUCIOTA
MTIHK — MutoxonapuansHas 1e30KCHpPUOOHYKICHHOBAsI KUCIOTA
[II[P — monumepasHas LienHas peakuus
II. H. — [1apa HyKJICOTHIOB
pAHK — pubocomuas ne30kcupruOOHYKICHMHOBAs KUCIOTa
COM — ckaHupyromas 31eKTPOHHAs MUKPOCKOIHS
DA — dpaykTyupyromas acCHMMETpUs
an/IHK — sanepHas ne30kcupuOOHYKIEMHOBAST KUCIIOTa
COl — ren nepBoii CyOBEAUHHUIIBI ITATOXPOM-OKCHIA3bI
Fa — cpennHsis yacToTa aCUMMETPUYHOTO MPOSIBIICHUS HA MPU3HAK
ITS1 — [IlepBeiii BHYTpeHHHWHA TpaHCKpUOMpyemblii cmeiicep pubocomuoi JIHK,
PacIoJIOKEHHBIN MEX Iy MmocaeaoBaTebHOCTIMU Koaupyronumu PHK 18S u 5S
TMRCA —Bpems mo Ommkaitmero oo6mero mpenka (Time to the Most Recent Common
Ancestor)
Paitons! nepanona E. baikalensis:
Cb — CoenHUTENHHBIN OOKOBOMA
CJIb — coeqMHUTEIBHBIN JIEBBIA OOKOBOM
CJIC — coenMHUTENbHBIN JIEBBIN CPEHUM
CIIb — coenmnHUTENbHBINA TTPaBbIA OOKOBOM
CIIC —coenHUTENbHBIN MTPABbIN CPETHUI
CC- coemMHUTENbHBIN CpeaHUI
Tb — TopakanbHbIii O0KOBOM
TJIb — TopakanbHBbIi J1€BbII OOKOBOI
TJIC — TopakaJIbHBIN JEBBIN CPEAHUI
TIIb — TopakanbHbIN TpaBblii OOKOBOU
TIIC — TopakanbHbIi IpaBbld CPeHUN
TC — TopakanbHbIi CpeTHUAN
[[C — ueHTpanbHbIi CpeaHUI
LT — ueHTpanbHbIi TOpaKaIbHbBIN

OA - OGmiast acuMMeTpust
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BBEJAEHHUE

AKTyaJIbHOCTH  mpoOJjiembl  [lmaHKTOHHBIE GopMBl  pakoOOpa3HBIX,
COCTABJISIFOIIME OCHOBHYIO MAacCy 300ILJIAHKTOHA, UTPAOT BXKHYIO POJb B MOPCKUX U
MIPECHOBOAHBIX 3KocucTeMax [MonakoB, 1976]. MWM3BecTHO, dYTO BECIOHOTHE
pakooOpasnpie  (moakiacc  Copepoda) HWMEIOT  MOpPCKOE  IPOUCXOXKICHUE.
[IpeacraButenu Mopckoit (dayHbl mpeoOnamaroT Mmo4ytd Bo Bcex 10 oTpsimax 3TOro
nojikiacca [Monuenko, 2001].

Otpssn  Calanoida, otHocsmmiics k moakiaaccy Copepoda, cOCTOMT W3
CBOOOJHOXHMBYIIIMX MOPCKMX M TpecHOBOAHBIX Bua0B. CemeiictBo Temoridae,
otHocuTcs K otpsaay Calanoida, ero mpencraBureny OOMTAOT B CEBEPHOM TOJIYIIAPHUH,
BXOJST B 300IUIAHKTOHHBIC COOOIIECTBA MPUOPESIKHBIX MOPCKHX BOA (pox Temora),
9CTyapHBIX M cojoHoBaThix Boja (Eurytemora) m mpecubix Box (Epischura wu
Heterocope) [Boxshall & Halsey, 2004], rane MoryT 3aHMMaTh BaKHOE MECTO B BOJHOM
coobmiectse. [IpencraBurenu poma Epischura Forbes, 1882 oOuraror Ha TeppuTOpHH
Asun n CeBepHON AMEPHUKH, SBJISIOTCS XOpPOLIEM MOJAENIBI JUISl HW3YYEHHUS
DKOJOTUYECKUX W TEHETUYECKHX pa3Iuduil BHUJOB, MEXaHU3MOB pACCEIICHUS U
MPUCTIOCOOJICHUST BHUOB, (DUIOTEHETUYECKUX TOCTPOCHHUH, IMOCKOJIbKY OOWTAIOT B
pPa3IUYHBIX 10 pasMepy, TPOPHOCTH W TeMIepaTypHOMY PEKHUMY IPECHOBOIHBIX
BOJIOEMAaX CEBEPHOro MoJIyliapus. BcTpedaroTcss oHM OT HEOONBIIUX W METKOBOIHBIX
o3ep | NpyaoB, 310 - Epischura massachusettsensis u Epischura nordenskioldi, u mo
rnyOouaiimero o3epa baiikan, rme oourtaer E. baikalensis. EcrectBenno, uro
0COOEHHOCTH OOWUTaHUS COOTBETCTBYIOIIMM OOpa30M OTPa)XaroTCS HAa OMOJOTHYECKUX
O0COOEHHOCTSIX OpPTraHU3MOB.

PazopBaHHOCTH apeasoB MpenCTaBUTENCH POJa MOMKET CBHUETEIHCTBOBATH O
paHee OoJyiee MIMPOKOM €ro pacmpoCTPaHEHUH B TMPECHBIX BOJaX CEBEPHOTO
noJymapus. AKTyaJbHBIM OCTaeTCS BOMPOC O IYTIX pacCeIeHHMs W TPUYHUHAX,
NPUBEIIIUX K MOJOOHOTO poja pa3zopBaHHOCTU. LleHTpoM Bug000pa3zoBaHus poja
npemyaraercs cuutath CeBepHyro Amepuky [CmupHoB, 1936], Tak kak TamM OOMTaeT

OCHOBHas Macca BHUIOB. B maHHOW paboTe akIeHT delaeTcs Ha a3huaTCKUuX
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npencraButensx poxa Epischura, a mmenno E. baikalensis u E. chankensis, dbro
obmHuocte otmevan eme C.C. CmupHoB [1936] mpemyaras OTHOCHTH OOWTAIOIIE B
Asum Buapl k moxpoxy Epischurella, B mpoTHBONONOXKHOCTh aMEPHKAHCKHM BHIIAM,
KOTOpPBIC MpeIaraioch OTHOCHTh K mozapoxy Epischura. Hekotopwie coBpemeHHBIC
UCCJIeIoBAaTeNM OOCYXKIanM JaXe BO3MOXKHOCTh BBIJICIICHHS a3UMaTCKUX BHJIOB B
otnenbHbI pox Epischurella [Bowman et al., 2019].

Epischura baikalensis Sars, 1900 — sugemuk Baiikasa, oOuTaromimii B rejaardaim
03€pa B TE€UYEHHE BCEro roja. JlaHHbll pavyok OJMH U3 IJIaBHBIX OOBEKTOB B MHUTAHHUU
pBHIO M XUIIHBIX OECIIO3BOHOYHBIX MEIarMueCKOro KOMIUIEKCA — SIBISECTCS BaKHEUIIIMM
3BEHOM B OMOTHMYECKOM KPYroBOpOTE BeliecTBa u sHepruu B baiikane. [To HekoTOphIM
pacyeraM, B IIPOLECCE CBOEU >KU3HEAEIATENBHOCTH HCHOJB3yeT 3a rox okono 30%
NepBUYHOM Mpoaykiuu o3epa [Botunies, AdanacbeBa, 1968; Adanacnena, 1977].

Epischura chankensis Rylov, 1928 — 3anumaer BaxkHOE MeCTO B 03epe XaHKa, /e
COCTaBJISIET OCHOBY 3MMHErO 300IUIaHKTOHA, mHorga nocturas 100% B ero cocrase.
Jonst ee B KOJTMYECTBEHHOM COOTHOILICHHM CPEAM IJIAHKTOHHBIX KUBOTHBIX B MEPUOJ
OTKPBITOM BOJIBI cOCTaBisAeT B cpenHeM 31-37% u ot buomaccs 30ommtankrona 45-60%
[bapabanmukoB, 2001]. Pacnpoctpanen Bujm Tak ke B OacceiiHe peku AMyp u
MOMMEHHBIX 03epax AMypa, BCTpeudaercs: B mpecHbIX BojgoeMax Kwuras [bopyukuit u
ap., 1991]

[TonynsuuoHHass CTPYKTypa BHUAQ, MPOIECCHl CKPBITOrO BHI000pa30BaHMUS
aKTUBHO HCCIEIYIOTCSI MHOTMMHU YYE€HBIMH B MHUpe. braromaps mupokoMy
NPUMEHEHUIO MOJIEKYJISIPHBIX METOJIOB B TOCJIEAHHE AECITWIECTUS B 3TOM BOIPOCE
Npou30lUIa  CEpbe3HAas  AKTUBU3ALMS  KCCIEJAOBAaHUM  OPraHU3MOB  MHOTHX
TaKCOHOMUYECKUX rpymnn. CpaBHUTENbHbIA aHalIW3 OO0JHMKa BHUAOB U IOMCK
TCHETHYECKUX © MOPGOJOTHUYECKUX MAapKEepOB, KOTOpPbIE MOTJIM OBl yTOYHUTH
CUCTEMATUYECKOE TMOJIOKEHNE BUJIOB M CTEMEHb UX POJICTBA MEXKIY COOOM SBISIOTCS
aKTyaJbHBIMM HE TOJBKO [JI1 DKOJOTUYECKHUX, HO U [JI1 TAKCOHOMHYECKUX U
ABOJIIOIIMOHHBIX 337a4. AKTyaJbHbIM OCTA€TCS M IOUCK METOJOB HHTETPATUBHOU
OLICHKM BO3JCHCTBUS Ha OKPYXKAIOUIYIO Cpely, B YaCTHOCTU Ha o3epo baiikan, yto

0COOEHHO AKTyaJIbHO B CBCTC BOIIpOCA O rI00aJbHBIX KIMMATHYECKUX M3MEHEeHUsX. E.
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baikalensis u E. chankensis — sBisfoTCS KIFOYE€BBIMH MPEICTABUTEISIMUA TUIAHKTOHHBIX
coobmectB. [loHMMaHuEe OCOOCHHOCTEW WX IHKH3HEACATEILHOCTH, MOMYJISIIMOHHON
CTPYKTYpBI, OSBOJIOIIMOHHOH UWCTOpHHM OyJdeT TOJE3HBIM Ui JAJTbHEHIIEro

MOACIMPOBAHUA BO3II€I\/'ICTBI/II\/1 Ha S9KOCHCTCMbI YHHUKAJIBHBIX O3€P.

Crenenb pa3padoTaHHOCTH TeMbl. B HacTosee BpeMsi TaKCOHOMHUYECKAs
CTPYKTypa U (DUIOTE€HETHUYECKHE OTHOIICHUS BECIOHOTHUX PAKOOOpa3HbIX — BOMPOC
nuckyccuonHsli [Dussart, Defaye, 2001].

duoreHeTHYECKHEe OTHOIICHUS MpeacTaBuTeNeit poxa Epischura, wucropus
MIPOUCXOKICHUS ObLIU MPEATIOI0KEHBI PaHEee TOJIbKO Ha OCHOBAHUHN MOP(OTIOTHYECKUX
npusHakoB [CmupHOB, 1936; Bopyukuit u np., 1991; Huys, Boxshall 1991; Dussart,
Defaye, 2001]. B HeaBHee BpeMst BOITPOC K CHCTEMATHUKE M (DHJIOTEHUH TPYIIIBI Haval
NOJHUMAThCS ~ BHOBb, C  NPUMEHEHHUEM  MOJICKYJISIPHO-TEHETHYECKOTO U
MEXKIUCIUIUTHHAPHOTO 1Moaxo0B [Bowman et al., 2019]. JIucKyCcCHOHHBIM OCTaeTCs
BOMPOC O HAJWYMHU MOMYJISIMOHHON monpasaencuHoctu E. baikalensis saytpu o3epa
baiikan [AdanacweBa, 1977; bopyukwit um np., 1991, Bowman et al., 2018]
[Monmynsamuonnas crpykrypa E. chankensis B o3epe Xanka paHee He paccMaTpHBaiach.
PekoHCTpyKIMii  MOMYJSAIUOHHON HCTOPUM  OOO3HAYEHHBIX BHJIOB paHee He

IIPOBOJIAIIOCH.

Hear u 3agaum ucciaenoBanusi. llens HacTosimeit paboTel — HCCIeAOBaHUE
MOMYJISIITUOHHO-BUJIOBOM  CTPYKTYpbl M JBOJIIOIIMOHHOW  MCTOPUM  a3MATCKHUX
npeacraButenieii poxa Epischura: E. baikalensis u E. chankensis ¢ momoripio
MOJIEKYJISIPHO-TEHETUYECKUX U MOP(OIOTHYECKUX METOJIOB.

JIist TOCTYDKEHMSI TTOCTABICHHOW e HEOOXOIUMO OBUIO PEIIUTh CIICTYIOIIHNE
3a1a4u.

1. ITomo6pars reHeTHUECKHE U MOP(OTOTHUECKHE MapKePhI JJIs1 aHaIM3a BHYTPH-

1 MEKBHUIOBOTO TTOIMMOp(PHu3Ma.
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2. IlpoBectn aHanM3 BHYTPUBHIOBOTO U MEXBHJIOBOrOo moaumMopduzma ¢
UCIOJIb30BaHUEM MOP(OJIOTMYECKUX M HE3aBUCUMO HACIEAYEMBIX TI'€HETUYECKUX
MapKepoB.

3. ConocTaBUTh pe3ysIbTaThl MOJEKYISAPHO-TEHETUYECKOTO U MOP(OJIOTUYECKOTO
aHaJIN30B C KOJIOr0-OMOJIOTUYECKUMU OCOOEHHOCTSIMU UCCIIEAYEMBIX BUIOB.

4. TlpoBecTu (pusoreHeTHUECKHE PEKOHCTPYKIIUHU U OLEHUTH BPEMSI TUBEPTCHIIUU

HCCICAYCMBIX BUJOB C IIPUMCHCHUCM MOJICKYJIAPHBIX 9aCOB.

Hayunasi HoBH3HA. BriepBrie s Tpex BUAOB poaa Epischura cexBenupoBana
nocienoBaTeabHOCTh  (pparmMenta wmutoxoHnpuanbHo JHK (mMTJAHK) mnepsoit
cyobenuuuiel uToxpom okcuaassl COl, spepuoro rena 18S pPHK u mexreHHoro
pubocomuoro cneiicepa ITS1. Bce yHHMKalbHBIE MOCIIEIOBATEIBHOCTH MOMELICHBI B
Gen Bank. C wucnonp3oBaHMEM TOJXYYEHHBIX TOCIEAOBATEIBHOCTEH IPOBEICHBI
NOMYJSIUUOHHO-TEHETUYECKUEe U  (ujoreHernyeckue wucciegosanuss. Ha ocHoBe
yHuKanbHbIX TamotunoB COl ompeneneHsl mpuOIM3UTENbHBIE TaTUPOBKH OCHOBHBIX
¢dunoreHeTnyeckux u aemorpapuyeckux cooertuii g E. baikalensis u E. chankensis.
BriepBbie npoBeleH aHANIMW3 PACIONOKEHHS MHUKPOCTPYKTYp UHTerymeHra E.
baikalensis ¢ mnpuMeHeHHEM CBETOBOW MHMKPOCKOINHH, TOKA3aBIIWH BBICOKUI
noauMop(hu3M O JTaHHOMY MpU3HaKy. M3ydeHO CTpOeHHE POTOBBIX KOHEYHOCTEH ¢
NPUMEHEHUEM CBETOBOM M 3JIEKTPOHHOM MHUKPOCKOMHH, KOTOPOE MOKAa3ajio BBICOKYIO
MPUCIOCOOJICHHOCTh BUJOB K JKU3HM B MecTax ux oOutanus. Bnepswie mia E.
baikalensis u E. chankensis ¢ momoripo0 npHCTaBKH PEHTIC€HOBCKOIO MHKpOAaHAIN3a
EDAX K CckaHHpYIOIIEMY D3JIEKTpOHHOMY Mukpockony Quanta 200 omnpeneneHo

OTHOCHUTCJIBHOC COACPIKAHNC KPECMHUA B KOPOHKAaX BECHTPAJIbHBIX BY6OB MaHI[I/I6yJ'I.

Teoperuueckasi 1 npakTUYeCKasi 3HAYUMOCTb pPadoThl. [lomyueHHbIE TaHHBIC
SIBJISFOTCST BKJIQJIOM B Pa3BUTHE KOMITJIEKCHBIX TIOJIXO0JIOB K M3YYCHHIO KITFOUCBBIX BUIOB
YHUKaQJIBHBIX BOJAOEMOB. YHHKaJbHbIE NocieaoBarenbHoctu (Bcero 101) Tpex BHIOB
Epischura Baecenst B GenBank u cucremy OapKoAMpOBaHHS OpPraHM3MOB, YTO

ocobeHHo akTyanbHO g pparmenta COIl, KOTOPHIN ABISETCS OJHUM W3 MPU3HAHHBIX
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MOJICKYJISIPHBIX MapKepoB sl OapKoAupoBaHHs OpraHu3MoB. CKOHCTPYHpPOBaHbBI

HOBBIe BHaocnenuduubie mpariMepsl Ha ¢parment COIl: LCOI Epischura (L-

TTGGAACTCTTTATTTACTTGCTG) u HCOI Epischura (R-
CAAAATAAATGTTGGTATAAAATAG) nns E. baikalensis, a taxke LCOI_ECh (L-
GGGACAGGGTTAAGGATAAT) u HCOI_ECh (R-

TCCAGGGTGACCAAAAAATC) mms E. chankensis. Ins ¢parmenta rena 18S
CKOHCTpyHpOBaHbl yHuBepcaibhubie g Calanoida mnpaiimepsr  18L_323  (L-
GTTCGATTCCGGAGAGGGAGC U 18R_1426 (R-
GTGTGCGGCCCAGAACATCT). MHccrnemoBanue BHECIO BKJIaJ B IOHMMaHHC
npoueccoB (OPMUPOBAHUSA BHUAOB M TPUCIOCOOJIEHUS K MEHSIOIIMMCS YCIOBUSAM
oOutanusa. Pe3ynbrarel [OaHHOM pabOTBl MOTYT OBITh  HKCIOJB30BaHbI IS
MOJEJIMPOBAHUS IOCJIEICTBUI AHTPOIIOIEHHOIO BJIMSHUS HA BOJHBIE 3KOCHCTEMBI.
[TonmHoTa MHOpMaLMKU O CTPYKType M (PYHKUHUSAX KOMIIOHEHTOB OMOIIEHO3a Ha BCEX
YPOBHSIX €ro OpraHu3aluy (B TOM YHCIIE CBEAEHUS O T€HETUYECKON CTPYKTYpE BHJIOB)
UMEET IPAKTUYECKOE 3HAYEHHE JUIsI MOHMTOPUHIA 3KOCHCTEMBI, IPOrHO3UPOBAHUS
nyTel ee pa3BUTHs, pa3pabOTKH TOJIXOJ0B MO CHM)KEHHIO aHTPOIOI€HHOTO
BO3JICHCTBHS U Pa3yMHOI'O UCITOJIB30BAaHUS €€ PECYPCOB.

Teopernyeckne TOJOXKEHHUSIT M PE3YJbTAThl IPOBEACHHBIX HCCIEAOBAHUM
MCITIOJIb30BaHbl MPU MOJArOTOBKE HAYyYHO-MCCIEI0BATEIbCKUX 0T4eTOB no Temam JIMH
CO PAH «MounekyinsipHasi 5KOJOTHSI U 3BOJIOLMS KUBBIX cucteM LleHTpanbHON A3uu
Ha IpuMepe prIO, TYOOK U aCCOLMUPOBAHHOM ¢ HUMHU MuKpodmops» (0345-2014-0002,
No roc. peructpanuu 01201353444) u «MonexkynspHasi SKOJOTHS U IBOIIOLUS KUBbIX
cucreM lleHTpanbHON A3MM B YCIOBUSX TIJIOOAIbHBIX HKOJIOTHUYECKUX H3MEHEHUI»
(0345-2016-0002, No roc. perucTpanuu AAAA-A16-116122110066-1),
«MccnenoBanus TpaHchopmaiii  COCTOSHHS BOJOEMOB M BOJOTOKOB BoctouHoi
Cubupu B CE30HHBIX U JOJITOBPEMEHHBIX ACMEKTaX B KOHTEKCTE M3MEHEHUH KiIuMmara,

r'e0JIOrMYeCKOM Cpe/bl M aHTPOMOTeHHBIX Harpy30k» (0279-2021-0005).
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MeTtogoioruss W MeTOABI JMCCEPTAIMOHHOIO  HcciaenoBaHusi. s
WCCJICIOBaHMsI BHYTPUBUIOBOTO W MEKBHOBOTO TEHETHYECKOTO MOJIMMOpPHU3MA, B
JaHHOW paboTe, OBUIM WCIOJIB30BAaHBI HE3aBUCHMO HACIEIyeMbIe TE€HETHYECKHUE
MapKephl: OMpPENEICHb HYKJICOTHUIHBIC IOCICIOBATEIIEHOCTH TEPBON CYOBEIUHUIIBI
MUTOXOHJIPHAILHOTO TeHa IMToXpoM okcuaasel (COI), a Takke sIEepHOrO TeHa
komupytomero 18S pPHK u pubGocomuoro creticepa ITS1. Mopdonorndeckuii aHanm3
MIPOBOJMJICS C HCIIOJIb30BAHMEM METOJOB CBETOBOM W CKAHHPYIOMICH 3JIEKTPOHHOM
MUKPOCKOIIMH, a TaK € METOJUKH IPOCBETICHUS M OKpAIIUBAaHUS WHTCTYMCHTA
pakooOpa3HbIiXx. AHanu3 mnoiuMmopdusma mnocienoBatenbHocTel ydactkoB JIHK u
PaCTONIOKEHUST CTPYKTYp MHTETYMEHTa MPOBOJUIICS C MCIOIH30BAHUEM COBPEMEHHBIX
KOMITBIOTEPHBIX TporpamMm. s MpoaHaIM3UPOBAHHBIX JAHHBIX OBUIH IOCTPOCHBI

(bHJ'IOI‘GHGTH‘-IGCKI/IG ACPCBLA, JNarpaMMEbl, Ta6JIPIIIBI n Fpa(bI/IKI/I.

OcCHOBHBIE M0JIOKEHHUSI, BBIHOCUMbIE HA 3aIIUTY:

1. PexoHCTpyKIIUS (PUITOTEHETUYECKUX COOBITUN MJISi IBYX POJICTBEHHBIX BHJIOB
BECJIOHOTHX pakooOpa3Hbix, E. baikalensis u E. chankensis, sBistomuxcst KitoueBbIMU
BUJIaMU  300IJIaHKTOHA B  MECTax CBOEro OOWTaHHs, CBUACTEIBCTBYET O
MPOJIOJDKUTEILHOM, HE MEHee 8 MIH. JIET, CYIIECTBOBAaHUHM TPEJCTaBUTENEH poja

Epischura na reppurtopun Azun.

2. E. baikalensis mpencraBiena B o3epe enuHONW NMaHMHUKCHOM momyssiued. B
HeIHe enuHoM momymsuuu  E.  chankensis  oOmapykenbl  cieapl  HEKoraa
CYIIECTBOBABIIEN T€HETUUYECKOU MOIPA3ACIEHHOCTH, BEPOSITHO BOSHUKIIIEN B IIEPUOIbI
perpeccun o3epa BCIEACTBHE 00pa30BaHUS B €ro JOJHMHE HU30JMPOBAHHBIX BOJOEMOB.
Ob6a Buma mpeTepriend B TPONUIOM pe3kue wu3MeHeHus 3(PdekTuBHOrO paszmepa
MONYJISIIUNA, COOTHOCUMBIE C KIMMATUYECKUMU M TE€OJOTMUYECKUMH W3MEHEHUSMHU B
peruoHax OOWUTaHMS: TOSIBJICHMEM B XaHKaWCKOMW KOTJIOBHHE €IUHOTO BOJOEMa U
MaKCUMaJbHBIM U3 3a(UKCUPOBAHHBIX Ha balikaie B cpemHeM IUICHCTOIEHE

oJIeIeHEHU.
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3. Ilpu uccnenoBanuu 6uostornu BuaoB poja Epischura (Copepoda, Calanoida)
1€JIECO00Pa3HO UCIIONB30BaTh HECKOIBKO METOAOB (MOP(OIOIHYECKUX, TEHETHYECKHX )

JJIs BBISABJIICHUA 0COOEHHOCTEM BHYTpHBHHOBOﬁ u MC)I(BHI[OBOﬁ HU3MCHYMBOCTH.

CreneHb O00OCHOBAHHOCTH W JOCTOBEPHOCTH IIOJIYYE€HHBIX [JAHHBIX.
JIOCTOBEpHOCTh ~ pe3yJabTaTOB  OOECHEYeHa  HCIOJb30BAHHEM  COBPEMEHHBIX
MOJIEKYISIPHO-TEHETHUYECKUX METOJIOB, JOTIOJIHSIEMBIX HCIIOJIb30BaHUEM
MOpGooTHYecKuX MeTOoA0B. [IpUMEHSINCh aKTyalbHbIE CTATUCTHUYECKUE METOJIbI
o0pabOTKM MaHHBIX, B TOM 4HCJIe Takue, Kkak baliecoBckuit mnoaxon. [ns
MOATBEPKICHUS PE3YJIHTATOB UCCIIEOBAHUS MTPUBEICHBI TAOIMYHbBIC JaHHBIEC, PUCYHKH,

(unoreHeTHYECKrue IepeBbs, rpauKu U KapThl.

AnpoGanust padorbl. OCHOBHBIE PE3yJbTAaThl JTUCCEPTAIIMOHHONW PpabOThI
NPEACTABICHBl Ha MEXIYHapOJHbIX M POCCHUUCKHX KoH(pepeHuusx: Ilaroi
MexayHaponHoi Bepemarunckor baiikanbckoit kondepenimu (Mpkyrtck, 2010); 11
MEXIyHApOIHOU Hay4dHOU koH(pepeHunun «PazHooOpasue mouB u OuoThl CeBepHOU U
Hentpanpaori Azum» (Yman-Ymp, 2011); MexnyHapogHom pabodemM COBEIIAaHUU U
HayuyHou KoHbepeHnuu «HWccnegoBanne OuopasHoOOpasuss W KPUNTHYECKOTO
BUJI000pa30BaHUsd Yy OPraHU3MOB BOJHBIX 3KocucTeM Poccum u  YkpawHbl C
npumeHenueM Oapkoaunra» (Cankr-Ilerepoypr, 2011); V Bcepoccuiickom ¢
MEXIYHAPOJHBIM ydacTHEM Meauko-ononornyeckoM Konrpecce «CumOunos-Poccus
2012» (Teepw, 2012); XI cwe3ne I'mppodbuosormdeckoro ooOmecta npu PAH
(Kpacnosipck, 2014); Illectoit MexnyHnapogHoit Bepemarunckoit balikanbckoi
koH(pepenuuu (HUpkyrck, 2015); MexnyHnapoaHoit koHdepenun «lIpecHoBonHbie

HKOCHUCTEMBI — COBpeMEHHbIE BbI30Bb» (MpkyTck, 2018 rona).

I[Myoaukanuu. Pe3ynbTaThl HcclieqoBaHUs OMyOJUMKOBaHbI B 14 Hay4yHBIX
paborax, U3 HUX 7 — cTaTei, 5 U3 KOTOPBIX B XypHanax cnucka BAK, u 7 — te3ucsr u

MaTtepuaibl KOH(epeHIUH.
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JInunblii BkIax aBropa. /[uccepranmonHas pabora pe3yibTaT HCCIEAOBaHUN
aBTOPA BBIMOJHEHHBIX B COOTBETCBUUH C MJIaHAMHU MCCIIEOBATEILCKUX pabOT B rpymme
sBosmomoHHO ['enetnku JIMH CO PAH. ABTop npuHuMan HENOCPEACTBEHHOE YUacTHE
B KCIIEIMIIMOHHBIX paboTax, 0TOOpe U 00paboTKe MpoO, aHATIN3E MOJTYYCHHBIX JTAHHBIX

N HAITUCAaHWH HAYYHBIX CTaTeH.

CTpykTypa u 00beM auccepranuu. JlyccepTaiysi COCTOUT U3 BBEICHUS, CITCKA
COKpAIIICHWH, 4YeThIPEeX TJIaB, 3aKIIOYCHHs, BBIBOJIOB, CIIMCKA JIATEPATypbl U
npwioxeHuii. Pabora mznoxkena Ha 110 cTpanumax, coaepxut 6 Tadmmil, 22 pUCyHKa U
8 npunoxxenuit ¢ Tabnumamu. Crivcok nurepatypbl BkiodaeT 207 HaMMEHOBAaHUM, U3

KOTOpBIX 63 poccuiickux u 144 3apyOexHBIX U3TAHUS.

baarogapHocT. ABTOp BbIpaKaeT IIyOOKYH0 MPU3HATEILHOCTh HAyYHOMY
pykoBoauTento: K.0.H., nouenty JI.B. CyxaHOBoWl M Hay4HOMY KOHCYJIbTaHTy K.0.H.
E.1O. HaymoBoOli 3a rpaMOTHOE PYKOBOJCTBO, MOMOILb B OpraHU3allMyd U IMPOBEACHUU
uccinenoBanuii. 3aB. jaboparopuu Mxtuonmoruum k.0.H. [[3t06a E.B., pykoBomutemnto
TPyl 9BOJTIONUOHHON TeHeTuku K.0.H. Kupunpuuky C.B. 3a 1ieHHBIC 3aMeyaHUsT U
KOHCYyJIbTalMK. 3aB. jabopatopueit «PecypcoB KOHTHHEHTAJIbHBIX BOJOEMOB U DPHIO
sctyapHbix  cucrem»  TUHPO-Llentpa  k.0.H.  bapabanmmkoBy E.M. 3a
npefocTaBieHHble  obpasubl  E.  chankensis, poktopy Jlappu bBoymany u3
HccnenoBatrenbCckoro HMHCTUTYTa MOpCKuX pecypcoB (Marine Resources Research
Institute) B Yapncrone (FOxunas Kaponuna) 3a mnpenoctaBieHHble o0Opasibl E.
nordenskioldi. IIKIT Dnektponnas Mukpockonuss JIMH CO PAH. CotpymHukam

naboparopuun xTruonoruu, uHbIX jabopatopuii u nonpaszaenenuiit JIMH CO PAH.
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I')TIABA 1. OB30P JIMTEPATYPBI

1.1. Buasi poaa Epischura Forbes, 1882

Pox Epischura Forbes, 1882 otnocurcs k moarumy Crustacea, HaakJ1acc
Multicrustacea, kmacc Hexanauplia, moakiaacc Copepoda, undpaxiacc Neocopepoda,
HagoTpsn Gymnoplea, orpsx Calanoida, cemeiictBo Temoridae Giesbrecht, 1893
[Walter, Boxshall, 2018].

[TpencraButenu cem. Temoridae sBistOTCS 0OUTATEIIIMUA XOJIOAHBIX YMEPEHHBIX
Boja ceBepHoro momymapus [Dussart, Defaye, 2001]. CemeicTBO BKIIIOYACT POJIBI
Epischura Forbes, 1882; Eurytemora Giesbrecht, 1881; Heterocope Sars, 1863 u
Temora Baird, 1850. Panee k JaHHOMY CEMEMCTBY OTHOCHIIM TaK ke poJi Temoropia, Ho
MO3Xe ero cucreMatuyeckuii craryc Obutl nmepecmorpeH u G.A. Boxshall u S. Halsey
[2004] oTHecu ero k cemericTBy Fosshageniidae Suarez-Morales & Iliffe, 1996.

C HemaBHUX TOP K JJaHHOMY ceMmelcTBy oTHocsT poa Ganchosia Oliveira, 1946 ¢
enuHcTBeHHBIM BuzoM Ganchosia littoralis Oliveira, 1946 u pox Lahmeyeria Oliveira,
1946 Tak ke ¢ emuHuuHbIM BuioM Lahmeyeria turrisphari Oliveira, 1946, o6a
obutarenu mopeit [Walter, Boxshall, 2018].

Temora mpencTaBieHbl TOJBLKO MOPCKHUMH BUAaMH;, poia Eurytemora riaBHBIM
o0pa3oM COJIOHOBAaTOBOAHBIMU (opmamu; poasl Heterocope wu Epischura —
MPEUMYIIECTBEHHO 00UTATENIMU KOHTUHEHTAIILHBIX BOJI.

Ponx Epischura ycranosien B 1882 roay st pauka Epischura lacustris Forbes,
1882 oOuraromiero B Benukux AMepHUKaHCKUX 03€pax M B HEOOJIBIIHUX, KaK MPaBUIIO,
ctpatuuIpoBaHHbX o3epax Kanmamckoro mmurta. ['omom mo3zxke, js HOBOTO poja
OIKCaH elle OJuH ceBepoamepukaHckuii Bun E. fluviatilis Herrick,1883, Ho 3aTem oH
BbIIETICH B camoctositenbHbn  pon  Lamellipodia Schmeill, 1897. Hekotopbim
poccuiickum aBtopam poa Lamellipodia [Bopyukuit u mp. 1991] npencraBnsercs
COMHMTEIIBHBIM, TEM HE MEHEE, OH CYIIECTBYET B COBPEMCHHBIX TaKCOHOMHYECKHUX
ceoakax [Dussart, Defaye, 1983], a wuHbIe aMepuKaHCKHE aBTOPHl BCE PABHO
OIPEACIIAIOT ero KaK Epischura fluviatilis [Bowman, 1991;

http://www.cnas.missouristate.edu/zooplankton]. Cnenyrommmu omnucansl BHIbl E.



http://www.marinespecies.org/aphia.php?p=taxdetails&id=347364
http://www.marinespecies.org/aphia.php?p=taxdetails&id=347364
http://www.marinespecies.org/aphia.php?p=taxdetails&id=352520
http://www.cnas.missouristate.edu/zooplankton
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nevadensis Lilljeborg, 1889 u3 o3ep bpuranckoit Komymoun u CIIIA (B ToM 4wmcie
Aunsicku) BeTpevaromuiics oT Tuxoro okeana no CkamucTeix Top U E. nordenskioldi
Lilljeborg, 1889 w3 o3ep Huiodaynmmenmna, Hopoii Illormanamm, Maccauycerca u
CeBepnoit Kaponunel. B 1906 omnmcan eme OOWH ceBEpOAMEPUKAHCKUWA Buia E.
massachusettsensis, Pearse, 1906. OourtaeT B oueHb HEOOJIBIINX, €CTECTBEHHBIX IPYAaX
HyBpa u Maccauycerca [Humes, 1955], npeumyiecTBeHHO B HU3MHAaX JiecoB. [loMrmo
OIMCAHHBIX BHJOB, K poay Epischura Moryt oTHOCHTH e€llle OJJUH aMEPUKAHCKHI BH]I
Epischura vagans Pickering, 1844 [Walter, Boxshall, 2018], wu3nauanpHO
ornpeneneHHbpI 3 o3epa OHTapuo kak Scopiphora vagans Pickering, 1844. Takum
o0pa3oM, €IMHOTO MHEHUSI O CUCTEMATUKE aMEPUKAHCKUX IMPEACTaBUTENCH pojia TaK U
HE CIIOKUIIOCH.

Pon Epischura cuurtasncs HCKIIOYUTENIBHO ceBepoamepukanckuMm g0 1900 r.,
koraa G.O. Sars, mo marepuanam 3o010rudeckoro mysest Poccuiickoil AkajieMun Hayk
ommucan E. baikalensis Sars, 1900 u3 o3zepa batikan. Ilo3zxe B.M. PeutoBeiM ommcana
smuinypa u3 03. Xanka Ha JlanmeHem Bocroke — E. chankensis sp. nov. Rylov, 1928.
BnocneacTBuum 3TOT BU OBLT HaliJIeH B TOMMEHHBIX 03€Pax, OTHOCSIIUXCS K HU30BBIO
peku AMyp, a Takke B HEOOJIBIIIOM O3€pe B pailloHE BEpXHEro TeueHus AMypa y C.
[TokpoBku [bopyukuii, 1961].

E.B. Bopy1kuii, B MIaHKTOHHBIX Npobax U3 AMypckoro OacceiiHa, Hamen erie
nBa Buaa 3toro poma. M3 o3. Yawsuib (Oaccelin Amypa) oH omucan E. udylensis
Borutzky, 1947 [bopyukuii, 1947], a u3 o3epa Ui U B HIDKHEM TCUEHUU P. AMyp y
noc. Teip — E. smirnovi Borutzky, 1961, oburatommii Tam Bmecte ¢ E. chankensis
[Bopyukwuit, 1961]. ITo3xe E. udylensis u3 o3epa ¥Yaputb [bopyukwuii u ap., 1991] 6b11
npu3HaH uaeHTHYHbBIM E. chankensis Rylov 1928.

OCHOBBIBasICb ~Ha  HEKOTOPHIX  MOP(QOJOTUYECKHX  OCOOCHHOCTAX M|
reorpadudecku 060cobsieHHbIx parioHax ooutanus C.C. CmupnoB [1936] npenmoxun
pa3meNuTh BCE ONKMCAHHBIC BHIbI poaa Epischura wa nBa moapoma. Bcee
ceBepoaMepHKaHCKHe BHIbI OTHECTH K moapoay Epischura, Bce asmarckue K moapoy
Epischurella. Takoe jgenenwe, 10 HEAAaBHEr0 BpPEMEHH, IOJJACPIKUBAIOCH

IIPEUMYLIECTBEHHO POCCUMCKMMHU CUCTEMATHKaMHM, & B MHPOBOM TaKCOHOMHYECKOU
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nauteparype k nmoapoay Epischurella otaocumu uckmountensro E. smirnovi Borutzky,
1961 [Dussart, Defaye, 1983]. HenmaBHue (QHIOreHETHYECKHE HCCIICIOBAHUS
npenacraButesied poga [Bowman et al, 2019], mamu A0ONMOJHUTENBHBIC JTaHHEIC,
CBUJICTEIBCTBYIOIIME B TMOJB3Y TAaKOro pasfeneHus. B mocieqHux HcclieoOBaHUsMX
npeanojaraercs Jaxe BO3MOXKHOCTh CHUCTEMATHYECKOrO paslieJieHusT poja He Ha
TIOJIPOJIBI, @ Ha OTAebHBIC poabl Epischura u Epischurella.

Takum obOpazom pox Epischura Bkmoyaer B ceOs OT 4eTBIpeX 10 MIECTH
amepukanckux BugoB: E. lacustris, E. nevadensis, E. nordenskioldi, E.
massachusettsensis, Bosmoxxuo Scopiphora (E.) vagans u Lamellipodia (E.) fluviatilis
UMEIOIIHNE CIIOPHOE TAaKCOHOMHUYECKOE TIOJIOKEHHE, a TakkKe Tpu asuarckux: E.
baikalensis, E. chankensis, E. smirnovi.

CoBpeMeHHBIIN  apeanm  pojga  Epischura, ero  pa3opBaHHOCTH  MOTYT
CBUJIETEIBCTBOBATh O CYIIECTBOBABIIEM paHee 0oJiee MHUPOKOM PACIpPOCTPaHEHUU
€ro TMpeACTaBUTENIEH B MPECHBIX BOJAX CEBEPHOro TMOJyIIapus, a I[IEHTPOM
BH000pa30BaHUsI, BO3MOXKHO, CTOUT cuuTath CeBepHyro AMmepuky [CmupHOB, 1936].
B 1nop3y qaHHOM MMITOTE3bI CBHJICTEILCTBYET HATMUKE MpeacTaBuTeleii Epischura B o3.
baiikan, B 03. Xanka u B o3epax OacceitHa p. Amyp. Ilo muenuto E.B. Bopymkoro
[1947] coBpemeHHBIC MpeACTaBUTEIM poaa Epischura sBisioTCs oCcTaTKOM HEKOTaa
IMPOKO pacnpocTpaHeHHONM B CeBepHol Amepuke n BoctouHOoM A3sum rpymnmsl, OT
KOTOpPOM cerlyac OCTaIUCh OTJIEIbHbIE KOJIOHHH.

TakuMm oOpa3om asmarckumu Buiamu sBistioTcs: E. baikalensis, E. chankensis u
E. smirnovi Borutzky, 1961. Ilocnemuuii Bua (E. SMirnovi), oOHapy»eHHBIH B 03epe
Uns v B HIDKHEM TedeHWUU pP. AMmyp y moc. TheIp, W3BECTEH TJIaBHBIM 00pa3oM IO
JUTEPATYPHBIM JIAHHBIM U3 paboThl, B KOTOpOU U ObuT onucan [bopyukwuii, 1961]. O ero
OMOJIOTMM Maji0 YTO WM3BECTHO, W TOJIYYHTh €ro oOpasmbl ISl HCCICIOBAaHUS HE

y1aJI0Ch.



16

1.1.1. Epischura baikalensis Sars, 1900

Epischura baikalensis Sars, 1900. Beneacrue 3akpaBiieiicss HEKOI1a OIIMOKH, B
OTEUECTBCHHOW M HEKOTOPOW 3apyOeKHOW IWTepaType, BHAOBOC Ha3BaHHE JOJITOC
BpeMs mucaliock Kak E. baicalensis. B ucxognoi myonukanuu G.O. Sars BUJl onucaH
kak «Epischura baikalensis G.O. Sars n. sp.» u a0kl BOCCTAHOBUTb HCTOPHUYECKYIO
CIIpaBeNTMBOCTh, B COBPEMEHHOU cucremaTtmueckoir nuteparype [Walter, Boxshall,
2018] mpennaraeTcst BEpHYThCS K TIEPBOHAYATILHOMY BHJIOBOMY HA3BAHMUIO.

E. baikalensis — snaemuk balikana, oOurtaronuii B mnejiarvaiyd o3epa B TEUCHUE
BCETrO roja. SIBJSIETCS OJHUM W3 TJIABHBIX OOBEKTOB B MUTAHUU PHIO M XHUIIHBIX
OECIO3BOHOYHBIX TI€JIaruajid, BaXKHEWUIIUM 3BEHOM B OHOTHYECKOM KpPYrOBOPOTE
BelecTBa U YHeprun B baiikane. [lo HekoTopsIM pacuetam E. baikalensis B xoae cBoeit
KU3ZHENIEATEIbHOCTH 3a TO0JI MOXET HCIoyb30oBaTh OKono 30% Bcell MepBUYHOU
npoaykiuu o3epa [Borunies, AdanacbeBa, 1968; AdanacneBa, 1977; 1995].

E. baikalensis — nuTaetcst n30MpaTebHO, BEUIABIUBAS U3 BOJIHOM TOJIIIU TOJIBKO
JKUBbIE OOBEKTHI M HE YJIaBIIMBas OTMEPIINE YACTUYKU, KOTOPHIE MOTYT MOEAAThCs
JIMIIb TIPYA BBICOKOM IUIOTHOCTHU B3BecH mociiennux [Koxosa 1953]. OcHoBy parmoHna
COCTABJISIIOT JMATOMOBBIE M TEPUIUHUEBBIE BOJOPOCIH, BTOPOE MECTO 3aHUMAET
oaktepuorankToH [KoxxoBa 1953, 1956; AdanacwseBa, 1977; 1989; 1995; Konormiera
1983; Haymoga, 2004], BO3BMOXHO UMEET MeCTO nuTanue npocreimumu [Moore et al.,
2019].

Pacnpenenenune u OumoJiorus B o3epe baiikaua. bonbsmyto wacte roga E.
baikalensis obutaeT mpeuMMmyIlIecTBEHHO B BepxHeM 250-METPOBOM CJIO€ BOIBI, TIIE
MOJKET cocTaBiATh oOKojio 80% wuynmcnennocty u 70% OmMoMacchl 300IJIAHKTOHA,
HaCeJIIoNIEro BoiHyo Toy [AdanaceeBa, 1977;1995].

E. baikalensis coBepmiaetr cyrounbie Murpanuu. C UIOJIsI 0 CEHTSIOPh B CBETIIOE
BpEMs CYTOK OOUTAET B CIIO€ TEMIIEpaTypHOTO ckaudka (Tipu Temmeparype ot 4 1o 6°C):
B Hayvasie Jieta B ciioe 5—10 M, 3aTeM 1o Mepe MporpeBa BEPXHHUX CIIOEB BOJBI — B CIIOE
10-25 M, a B KOHIIE aBTyCTa-CeHTsIOpe — B cioe 25-50 M, rae ckarmmBaetcs 10 70%
YUCJICHHOCTH PAyKOB BCEro BepxHero 50-meTtpoBoro ciod [MenbsHuk, 1995], Ho npu

ONyCKaHUU (PUTOIUIAHKTOHA HIke 50 mMeTpoBoro ciosi, BIIOTh 10 200 M., OCHOBHas
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Macca SMUIIYPbl MOXKET YCTpeMIIsaThes Beiies 3a HuMm [Makarov et al., 2019]. B temuoe
BpeMs cyToK E. baikalensis n3 3aHUMaeMOro €10 JHEM CJIO0S TIOJJHUMAETCA B BEPXHUM 5-
METPOBBIH CIIOH, Iie JOCTHraeT BHICOKMX KOHIIEHTparmii 10 0,5 T/ M° u maxe Goiee
[3axBarkuH, 1930; Koxos, 1962; Adanackera, 1995; Menbuuk, 1995].

["opu3oHTaNbHOE pacnpeiesieHue ITOro payka 1o akBaTOpUHU OTKpbITOTro baiikana
paccMaTpuBaioch MHoruMu wuccienoBatensimu [Koxkos, 1962; AdanaceeBa, 1977]
MoryT HabnroAaThCsl OOJIBIINE PA3JIMYUS B YUCICHHOCTH U MPOIEHTHOM COOTHOIICHUH
BO3PACTHBIX TPYIII B Pa3HbIE TOJBI M B PA3HBIX YacTsIX bakarna, a Takke BHYTpH OJHOTO
roga B pa3Hble ce30Hbl. OOIas YUCIEHHOCTh MO TrO0JaM U KOTJIOBHUHAM MOKET
BapbUPOBaTh OT 1 10 13 ThIC. 9K3./M° [Adanacsesa, 1977].

B mnpubOpexHbIX M MEIKOBOAHBIX paiioHax o3epa baiikan pacnpenenenue
Epischura baikalensis 3nauntenpHo kosiebmeTcs. B oTKpbIThIX yuacTkax Masoro Mops
E. baikalensis siBnsieTcs MOCTOSTHHOM COCTaBIISIONICH 300IJIAHKTOHA, a €€ JI0JS MOXKET
nocturath 85% [BuimcoBa, 1959], B 3asimBax u copax BCTpeYaeTCs MPEUMYIIECTBEHHO
B TIOJIJICJTHBIN TIEPUOJT M YaCTUYHO BECHOM, Tociie TasHus Jbaa. Korja Bojga B 3ammBax
JIOCTUTAET HaWOOJBIIEro MporpeBa (B HIOJE-aBryCT€) OHA IMOJHOCTHIO HCUYE3aeT U3
COCTaBa IUIAHKTOHA, W3PEIKa COXPaHASICh JUIIb B HEOOJBIINX KOJUYECTBAX,
npenumyIecTBeHHO B baprysunckom 3anuBe [Koxos, 1962; AdanackeBa, 1989; 1995].
B IloconbckoMm cope E. baikalensis Tak ke BCTpeUyaeTCs JUIIb 3UMON U paHHEH BECHOM,
Ha 3HAYUTENbHOM paccrosiuud oT [lpopsel. Ilo Mepe ymeHbIeHUS TIyOWHBI,
YMEHBIIAETCS U KOJIUYECTBO ITHX PAuKOB, IO MOJHOTO MCUE3HOBEHUS Ha MEJIKOBOJbE.
Bcerpewaercs Kpyrieiil rog B cTBOpax UMBBIPKYWCKOrO M bapry3mHCKOro 3ajiuBOB, a
TakkK€ B IEHTPAJIbHOW YACTU TOCIEAHETO0, TaK KakK JITH pPAHOHBl HAXOMSTCS TOJ
CWJIbHBIM BJIMSIHUEM BOJ OTKPBITOTO baitkana.

W3 baiikana E. baikalensis monagaet B AHrapy 1 jajiee 1o T€YeHHIO B BOJOXPaHWINILA,
B TOM uucJe, U B bparckoe, riae B rimy0O0Ko#H MPUIUIOTUHHON YacTH HAIIIA MOAXOISIIHIE
yCIIOBUSI Il  Pa3MHOXKEHHs, 00pa3oBaB CaMOBOCIPOM3BOASIIYIOCS —TMOIYJISIUIO
[Adanacwesa, 1995]. XoTs, B OoJiee MO31HME MAJIOBOIHBIE TOJIBI TIPU BHICOKOW CTEMEHU
nporpeBa Boji BojgoxpaHwimina E. baikalensis B mpoOax mo4TH HE OOHApyKUBajlach

[[lIeBenera, [Tactyxos, 2009; IlleBenera u ap., 2012]
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Pa3mMHo:keHUe U JKU3HEHHBIN UMK Y E. baikalensis HabmonaioTcs pa3nuyus B
TEMIIaX BOCIPOM3BOJICTBA, KOTOPBIE 3aBUCAT OT TEMIIEPATYPHBIX YCIOBUU Trojia
BO3pACTHOTO cocTaBa mokoyieHus [AdanacseBa, 1977]. Cpennss Ouomacca B Hadaie
JieTa BO BceM BepxHeM 50-METpOBOM CJIO€ MOXKET MEHAThCS B pa3Hble rojbl oT 2 10 11
r/M°. B epro/; MakCHMaIbHOTO pasButis E. baikalensis —eToM W OCCHBIO (CEHTSOPD)
— Gromacca koxebnercs ot 6 10 24 r/m°. TeMIbl BOCIPOU3BOACTBA OIM3KH K APYTHM
Calanoida. Ilo mnekoTopeiM pacuetaM [AdaHacbeBa, 1995], OCHOBaHHBIM Ha
MHOT'0JICTHUX HaOII0OJICHUSIX, TOJI0Bas npoAykuus E. baikalensis nis Bcero baiikana (B
nepecyeTe Ha BCIO MeJlaruajib) B BepxHeM 250-MeTpoBOM CIIO€ COCTaBIISIET OKOJIO 6
MJIH. T.

VY camok E. baikalensis hopmupyercst OJIUH SUIIEBOMH MEIIOK, B KOTOPOM MOXET
HaxoauThess oT 7 mo 60 sum [AdanackeBa 1977]. 3adacTyr0 OHM BBIHAIIMBAIOTCS
caMKaMH JI0 HUX CO3peBaHud. SIHIEeBOM MEIIOK CaMOK OY€Hb HEMpPOYeH W TIpH
HE3HAUYUTEILHOM BHEIIHEM BO3JEHCTBUHM MOXKET cOpachIBaThCs, paspbiBasch. [locie
cOpacblBaHMs fiflla TPOJOJDKAIOT CBOE pas3BuUTHE B Boae. OjgHa camMka MOXKET
dbopmupoBath 1o 9-10 MemkoB 3a KuU3Hb 4yepe3 kaxzabie 10 gHeidt netom u 20 gHei
3UMO.

E.}O. HaymoBoit [2006] Obl10 BBICKA3aHO MPEATNONIOKEHUE O Hamuunu y E.
baikalensis moxosimuxcss cragwii  SUI, OOHAPYKEHHBIX Y MHOTHX MOPCKUX U
IPECHOBOHBIX CBOOOTHOKUBYIIIUX BUIOB BeCJIOHOTUX pakoodOpasubix [Madhupratap et
al., 1996; Bron et al., 2011; Holm et al., 2018]. TTokostuecs stifiia MOryT 0OecrieunBaTh
pe3epBHBIN (OHM, CAYKAIMMK OJHUM W3 MEXaHU3MOB IMOMYJISIITUOHHON YCTOWYHUBOCTH
E. baikalensis. B kauecTBe 0gHOrO W3 MPH3HAKOB MOJATBEPXKIAMONINX 3Ty THIIOTE3Y
paccMaTpHUBaeTCsl HATUYUE YTOIIEHHON CTeHKU Y 95% cBOOOIHO TIJIaBAIONIUX SIHII, TIO
CPaBHEHUIO C SUIAMH, HAXOIAIIMMHUCS B SIMIIEBBIX MEIITKaX CaMOK.

IMporiecc passuTHs, kak u y Bcex Calanoida mpowcxoaut B aBa mepuoga —
HAyIUIMANbHBIA (JINYMHOYHBIM) M KonenoAuTHbIM. Kaxiplii mepuoa cocToutr u3 6
craguit; 12-1 cragus saBasieTca 1ojoBo3penoil. (CMeHa BO3pAaCTHBIX CTaguid

COMPOBOXKAAeTCs JUHbKOM. Pauku monoBo3spenoit 12-i1 cragum Oojblle HE pacTyT

[AdanacbeBa, 1995].
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OCHOBBIBAsICh Ha Pa3HUIIC B pa3MeEPax PavyKoB, COCTOSTHUH TOJIOBBIX MPOJAYKTOB H
HaJIMYUHU JABYX IMMKOB YHCJIEHHOCTHU JUISl MEJIKUX U KpymHbIX paukoB J.JI. AdaHacheBa
[1977] cumrtaet, uro E. baikalensis maer B TeueHmm roja aBa IOKOJICHHS: «3HMHE-
BECCHHEe» U «JieTHee». [logo0HOe ke MHEHHE O IMOKOJICHHSX BCTpEUaeTcsl paHee y
M.M. KoxoBa [1953; 1962]. Pa3BuTue paukoB «3UMHE-BECEHHETO» ITOKOJICHUS
3aHuMaeT okoio 180 cyTok (¢ KoHIIa ekadps Mo HIOHB), OK0JIO 90 CYTOK Ha pa3BUTHE
HayIUTMAIBHBIX CTaJMM M MPUMEPHO CTOJBKO K€ Ha Pa3BUTHE KOMEHMOAUTHBIX. JIeTHee
MIOKOJICHHE Pa3BHBACTCS B 0OJiee TEILIBIX YCIOBHSX, MOATOMY, PAa3BUTHUE MPOUCXOIUT
ObicTpee W 3aHuUMaeT OKojJo 90 cyTok (C cepeAuHBbl aBrycta MO CEHTAOph) st
HAYTUIMAIIBHBIX M KOMEMOJAUTHBIX cTafauil (okoyio 45 cyTok). B3pocinbie pauku 3uMHeE-
BECCHHETO ITOKOJICHHS OoJjiee KPYITHBIE, YeM JIeTHEeTO. [IpomomKUTEeIbHOCTh JKU3HU
oco0el 000X MOKOJICHHH cocTaBisieT 0Kojo roja [AdanacseBa 1977].

E.}O. HaymoBa [Naumova, Alekseev, 2020] Ha OCHOBE BBISBJICHHBIX B OJUH H3
«HE MEJIO3UPHBIX» TOIOB YETHIPEX IMMKOB YHCICHHOCTH, JIEJacT MPEINOJIOKEHUE O
Bo3MokHOCTH E. baikalensis maBate 10 4eThIpeX MOKOJCHHM 3a TOMA, a TakKe, 4YTO
pa3BUTHE payka MOXKET MPOXOJUTH ObICTpee (OKOJIO TPEX MECSIIER).

HenaBHue wWccieoBaHus SKCIPECCHMHM TEHOB IMMokasanu, uyto E. Dbaikalensis
BBICOKO TPHUCIIOCOOJEHA K MEHSIOMMMCS YCIoBHS o3epa baiikanm u B MEHSIOMUXCS
MUIIEBBIX YCIOBHAX CIIOCOOHA aKTHBU3UPOBATH 3allaCaHUE JIUTTUIOB, IS ITeP CKUTAHUS
MeHee OoraThlX THUIIEH MepUuoJOoB MU O0OECTeUYCHHUs] BO3MOKHOCTU PA3MHOKCHUS
[Bowman et al., 2017]. Jlns ocobOeit M3 pa3HBIX KOTJIOBHMH, HaOJIOJaNach pa3HUIA B
OKCIIPECCUM W 4YacTOTaX aJUleJIel TeHOB, CBS3aHHBIX C OTBETOM Ha TEIUIOBOE
Bo3zaericteue [Bowman et al., 2018], uro aBTOpamu wuCCACIOBaHHS, TakK IKe,
WHTEPIPETUPOBATIOCHh KaK BO3MOYKHBIM MPHU3HAK T'eOrpaduyecKoi IMoapa3IeeHHOCTH

nonyssuuu E. baikalensis.

1.1.2 Epischura chankensis Rylov, 1928
Epischura chankensis Rylov, 1928 noBoibHO IIMPOKO pacCIpOCTpaHCHA B
OacceiiHe pekM AMYp W HM3BeCTHAa M3 oO3epa XaHKa M IMOWMEHHBIX 03ep AMypa,

OoTMeuaack B caMoM AMype U B 10kHOU yacTh CaxanuHckoro 3anuBa (OX0TcKoe MOpe)
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B 30HE BBIHOCA PACIPECHEHHOM BOJBI U3 AMYpPCKOTO TUMaHa B 3anuB. JlaHHBIN Bu ObLI
BCTPEYEH U B pecHbIX BojoeMax Kuras [bopyukuii u ap., 1991; Haymosa, 2006].

[Mpaktrdecku kpyriaoronuano E. chankensis B 03. XaHka nmutaeTcst B3BEChIO, CO-
CTOSIIIIEN U3 OPTaHUKHU, a0COPOMPOBAHHOTO MUHEPAIBHOTO BEUIECTBA U OaKTepUATbHOU
IUIEHKU. MUHUMAJIbHBIN pa3mep notpediseMbix yactull y E. chankensis cocrarnser 0,3
MKM, MakKCHUMajbHbIH — 12 MKM, 3TH MOKa3aTeld MPaKTUUYECKH HE MEHAIOTCA B 3a-
BUCUMOCTH OT ce3oHa [HaymoBa, bapabanmiukos, 2008]. DTu ycnoBUs OTIWYAIOTCS OT
CYILIECTBYIOIIMX B OOJIBIIMHCTBE MPECHBIX BOJOEMOB, IJI€ HAOIIOAAIOTCS 3HAUUTEIIbHbBIE
CE30HHBIE KOJIeOaHUs cocTaBa U OOMIIMS (PUTOIUIAHKTOHA.

E. chankensis cocTaBiseT 0CHOBY 3UMHETO 300IUIAHKTOHA 03epa XaHKa M MHOTIa
nocturaet B 310 Bpems 100% B cocraBe 3oorankToHa. Cpeansii Ouomacca
300IUIAHKTOHA 03epa B 9TOT Iepuox, okono 100-200 mr/m®. Jons E. chankensis B
KOJIMYECTBEHHOM COOTHOIIEHUU CPE/I IUIAHKTOHHBIX JKUBOTHBIX B MEPHOJ OTKPBITOU

BOJIbI cOCTaBJIsieT B cpeaHeM 31-37% Ouomaccel 3oomiankToHa [ bapabanuiukos, 2001].

1.1.3. Epischura nordenskioldi Lilljeborg, 1889

Epischura nordenskioldi Lilljeborg, 1889 Bcrpeuaetcs B o3epax W mpyaax
Herodaynnnenna, Hosoit [lotmannuu, Maccauycerca u CeepHoii Kapomunsl. [Ins
3TOT'0 BHJIa U3BECTHO, YTO BBIXOJ M3 MTOKOSI HAUMHASTCS ¢ (DeBpasisi, © MaCCOBBIM BBIXO]I
HAyTUINYCOB HabIto1aeTcs B Hauajae mapra. [lepBbie B3pocibie 0coou HaOII0IaI0TCsS B
Hadayie WioHSI. OCoOM C SIMIIEBBIMH MEIIKaMU BCTPEYAIOTCS C HMIOHSA 1O JIeKaOpb.
HaOmoaeTcs Ba MiKa YMCIICHHOCTH B MapTe — anpeJie u B utone [Hairston, DeStasio,
1988; DeStasio, 1990]. Jlns HeOOMBIIOrO Mpyaa MPOCIEkKEHAa POJb CTAIHUHM MOKOS B
JUHAMUKEe BuAa M 3o0ormiankroHa [DeStasio, 1990]. Ecte gaHHBIE O BIUSHUU
cooOuTaHMs C IPYTMMHU BUAaMHU Ha ckopocTh nuTanus [Schulze, Folt, 1989].

Kak u npyrue Buabl pona, E. nordenskioldi copaceiBaer siifiia HemocpeaCcTBEHHO
Cpa3y TOCJIe MX MPOU3BOJICTBA, TIOITOMY TPYAHO OTCICKHBATH BPEMS MX OTKIIAIKH U

TUII AHII. }Iﬁua MOTYT COXPAaHATBHCA JKH3HECIIOCOOHBIMH B oCcaJgkax OO0 TpPEX JICT

[Hairston, DeStasio, 1988; DeStasio, 1989].
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1.2. Onucanue MecTOOOMTAHMI MCCJIelyeMbIX BUI0B
1.2.1. I'eomopdosiornyeckue 0COOEHHOCTH, PU(PTOreHe3 U MAJTeOKIMMAT 03.
Baiikan
Ozepo baiikan - camoe riaybokoe (1637 M) u crapeiiliee 03epo B MHUPE,
pacIojioKeHHOE B LIEHTpaJIbHOW YacTu balikanbckoit pudToBOM 30HBI. JlenuTcs Ha TpH
KOTJIOBHHBI 3a CUET JBYX MNOAHATUN: Byrynpaeiicko-CeneHrnHCKOW MEepeMbIYKU U
Akanemuueckoro xpedra (Puc. 1). IOxHass KOTJIOBMHAa HUMEET MaKCUMAaJIbHYIO
rnyouny 1420 m, Cpennsis — 1637 m u CeBepHas — 900 m. OcHOBHOW BKJIaja B
BOJJOOOMEH O3€pa BHOCST BETPOBbIC U ApeiihoBbIC TEUEHHUS, HO U3-3a MOJHSATHUMA JTHA
npumepHo 56% Bcero o6bemMa BOJHOM MacChl HE y4acTBYIOT B OOMEHE BOJIbI MEXTY

komioBuHamu [[lIlumapaes u np., 2003].
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Pucynok 1. Ilonepeunsiii OatumeTpuyeckuil pa3pe3 o3epa baiikan ¢ rora Ha cesep:
http://www.lin.irk.ru/intas/morphometry.htm

O3epo HMEEeT JOBOJBHO JJIMTEIBHYIO HCTOPHIO. BONBIION M OTHOCHUTEIBHO
ri1yOOKOBOIHBIN Oacceitn hopmupyetrcst B parione FOxnoit u CpenHell KOTJIOBUH B
uHTepBaie 27—10 muH. jet Ha3an. XoTsa, HETJyOOKHEe KOTJIOBUHBI CYHIECTBOBAJIM Ha
mecte baiikana u B Oojiece pannmii nepuos [Mar, Illep6akos, 2008]. Cuurtaercs, 4To
MMEHHO CO BpeMeHU PopMHUpPOBaHUs TTyOOKOBOJAHBIX 0acCEMHOB, BOJHAS Macca 03ep
Y HaceJsBIINE UX THAPOOMOHTHI HENMPEPHIBHO MPEEMCTBEHHO Pa3BUBAIUCH, U KaKue
Obl M3MEHEHMS HE IPOUCXOAWIM, BCErJa OCTABAINCh pPEQYTHUyMbl, TI€ OHHU

coxpaHsuiich [Man u gp., 2001]. B nmo3mnem mwuouene (okono 10 MiH. J.H.) 1O
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MPOJIMBY, pacroJjiaraBIIeMyCsi B IIEHTPaJIbHOW dYacTh AKaJeMHUecKoro XxpeOTa
HaunHaeTcs TpaHcrpeccust Boa u3 Oxuo-Cpenneit Bnagunsl B CeBepHyto [Man u ap.,
2001], roe dopmupyetcst Apyroe KpymHoe U TiIyOOKOBoaHOE o3epo. Ha aTom srtame
CYIIECTBYIOT JBE OT/AeibHbIC BraauHbl [Jlorades, 2003]. 3HaunTeapHOE YriayOJIeHUE
W pa3pacTaHue KOTJIOBHUH, a TaKXKe IOJHITHE TOPHOTO OOpamJICHUS MPOMCXOJHUT B
T.H. HeoOailkanbckyto craauto (3,5-0 muH. j.H.). B 3Ty craaguio oObeauHSIOTCA
IOxno-Cpennsis  u  CeBepHas KOTJIOBMHBI, a bailkan mnpeBpamaercs B
yABTPAriiyookoBoJHOE 03epo. [IpoucxoasT KapAMHaIbHbIE U3MEHEHUS KIIUMaTa — OT
CyOTpONMUYECKOTO K YyMEpPEeHHOMY U BbicOkoropnomy. C 1,8—1,6 MuH. et
HAYMHAIOTCS Iepruoanueckue onenenenus [Kapabanos, 1999].

B nepuoabl oneaeHeHuid  GOPMUPYIOIIUMECS TOPHO-AOJUHHBIE  JICTHUKHU
KOHIIEHTPUPYIOT Ha cebe TOouYTH BCIO CBOOOJHYIO BIary, HCHapseTcs Biara cC
MMOBEPXHOCTH 03€pa, YMEHBIIAETCA WJIM COBCEM IPEKPAILAETCS CTOK U3 PEK 3a CUeT
CHIYKEHHUSI KOJTMYECTBA aTMOC(EPHBIX OCATKOB, KaK CJIC/ICTBHE YPOBEHb 03€pa MajacT, a
TaKKe 3HAYMTEIBHO CHIKAETCS MPUTOK OroreHoB. [['onpadepr u ap., 2005]. TasHbe xe
JICTHUKOB B TEPHUOJIbI MOTEIUICHUSI U CTOK JICAHUKOBBIX BOjA B balikan, mpuBoauiu K
3HAYUTEIBHOMY 3aMYTHEHHIO O3€pHBIX BOJ U COOTBETCTBEHHO COKpPAIICHUIO
dboTtudeckoit 30HBL. [loxomomaHus, CHUXEHHE YpPOBHS OHOTEHOB, a TaKXe
yMeHbIIeHHe (HOTUUYECKON 30HBI, BEPOATHO, MPUBOJUIN U K CHUXKEHUIO TIEPBUYHOMN
NPOAYKIIMYU, I[IOKa3aTeleM YEero MOXKET CIYXWUThb CHI)KEHUE 4YHCIa WU JIaXKe
OTCYTCTBHE CTBOPOK JIMATOMOBBIX BOJOPOCTEH B COOTBETCTBYIOIIUX OCATOYHBIX
cnosix [XypceBuu u ap., 2001].

[lenarnane TMyOOKOBOAHBIX pailioHOB baiikama, HecMOTpsS Ha Kaxyleecs
OJIHOOOpa3ue, HE SBISCTCS OJHOPOAHOM Kak IO PEXKUMY BOJ, TaK U MO BUIOBBIM U
KOJJMYECTBEHHBIM XapaKTepUCTUKAM TIUlaHkToHa. Ha ocHoBaHum ocoOeHHOCTEN
pacrpeaeneHus: TeMIepaTypbl BOJbl, BO3yXa, BETPOBOTO PEKUMa, XapaKTepa TEUCHUM,
penbeda mpuUOpEKHBIX TOp W JIHA 03€pa, a TaKXKe CTOKa BCA akBaTtopusi baiikana
nojiesieHa Ha msATh paiioHoB: FOxubiid, Cpennuit, CeBepHbiii baiikan, CeleHrMHCKUN
paiioH, YikaHuii ocTpoBHOM paiioH. Kpome Toro, oco6o Obu BeiiesieHbl Man. Mope,

baprysunckuit u Yusbslpkyiickuii 3amuBbl [BepOonoB u ap., 1965]. I'panunm
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BBIACJICHHBIX paﬁOHOB B€CbMa YCJIOBHbI U IMOJABUKHBI. OnHu MEHSIOTCS B 3aBUCHMOCTHU
OT CE30HHOM CMECHBI q)aKTOPOB Cpcabl, HX TOHOBBLIX KOH€63HPII>1, a TaKXKC OT

MCTCOPOJIOTNYCCKHX YCJ'IOBI/Iﬁ B IIpcaciiax 0oaHoIro CC30Ha.

1.2.2. O3epo XaHka

Ozepo Xanka — camoe kpymnHoe Ha JlanbHeM Boctoke Poccuu, mpuHaaiexuT K
BOoZ0cOOpHOMY OacceilHy Amypa u pacrnonaraerca Ha ceBepe [Ipumopckoro kpas. Ilo
aKBaTOPHUM O3epa MPOXOJUT rocyAapcTBEeHHas rpanuiia ¢ Kuraem, Tak 4To HeOOJbIIas
4acTh O3€pa HaxXOJMUTCS Ha ero teppuropuu. JyimHa o3epa okoiao 90 kM, HanbOOmbIIAs
IMpUHA OKOJI0O 67 KM, B 3aBUCHMOCTH OT KIUMAaTHYECKUX YCIOBUM, IUIOLIAb
BApBUpYET B panioHe 4—5 ThIC. kM’ V 03. Xanka CPaBHUTEIBHO POBHOE JHO C OYEHb
MOJIOTUM TIOHM)KEHUEM K 30He HauOoabmux rimyouH [Ksacos, 1989]. ['myGuna o3epa He
npeBbimaer 10,5 m, a cpeansisi coctaiseT 4,5 M, npeodiagaroT TIIyOUHBI OJAUH—TPU
Metpa [PunumoHoB, Amnonacenko, 2013]. U3 o3epa BbeiTekaer peka CyHrad,
BlIaJaomass B peky Yccypu u nanee B Amyp. [Ipuxankalickas HU3MEHHOCTb U,
COOCTBEHHO, IOro3amajHbie Oepera o3epa NPEACTaBISAIOT coOoi 3a00J0YCHHYIO
MecTHOCTh. [IuTaHne o3epa MpeMMyIIECTBEHHO AOXKIEBO€. B cpeaHeM CTOK B 03€po
cocrasister 1,99 km® 3a ron, us o3zepa— 1,7 KM® [ DumumonoB, Anonacenko, 2013].

O3zepo XaHkKa UMEET AJIUTEIbHYI0 HUCTOPHUIO, HO B COBPEMEHHOM OOJIMYHUHU OHO
BO3HMKJIO OTHOCUTEJIBHO HENABHO B pe3yjbTaTe 0Opa30BaHMS Ha CEBEPE XaHKAMCKOM
KOTJIOBUHBI «AJTIOBUATIBLHOMN TJIOTUHBI», CHOPMUPOBAHHONW HAaHOCAMHU pPeK YCCypHu U
MynuHxe, BbIllIE KOTOPOM 00pa3oBaioch OOUIMPHOE MENKOBoAHOE o03epo [KBacos,
1989]. XaHnkaiickasi KOTJIOBUHA, B KOTOPOH PacCHoOJIOKEHO 03€p0, MPENICTABIACT COOOM
CUHKJIMHAIBHBIM Mporud, B TpeAeiaXx KOTOPOro Ha pas3HbIX JTamnax KailHO30s
Bo3HUKain o3epa [Kopotkmii, 2007]. Pemaromyto poiab OpU 3TOM HUrpana pasHas
WHTCHCUBHOCTh HAKOIUJICHUS OTJIOXKEHUM BOJHBIX TMOTOKOB, MPUBOJAIIAS K
obOpazoBanuto wiotuH [KBacos, 1989].

[To-BuammMoMmy, B HayaJse MICHCTOIeHA B XaHKaCKON KOTJIOBHHE 03epa HE ObLIO,
HO CYIIECTBOBaJia pa3BUTas peyHas CeThb, CBsA3aHHas ¢ OacceiiHoMm I[laneo-Amypa

[Kopotkuii u nap., 1982]. K Hauwamy cpemaHero IUICHCTOIICHA BO3HHUKIM OTICIIBHBIC
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HErIyOOKHE 03epa B LEHTPAJIBHONW M CEBEPHOM YacTsIX 03€pa, LENOoYKa MEITKOBOIAHBIX
03€ep CyHIECTBOBaja M MO BOCTOYHOMY O0pTy XaHKaiickoil koTioBUHBI [KopoTkuii u
nap., 2007]. Engunelii o3epHBIA BOJOEM BO3HHK B CPEIHEM IUICHCTOLIEHE, 4YeMy
CIIOCOOCTBOBAJIO MOXOJIOAAHWE KIMMara B IIMakoBckoe Bpemsi — Q2 [[laBimtoTkuH,
2004], natupyemoe npubnuzutenabHo 300-240 Teic. et Hazaa [Kapra deTBepTUUYHBIX
oOpasoBanuii..., 2013]. Pasmepsl o03epa Ha TPOTHKEHWU CPETHETO M IO3IHETO
IJIEMCTOLEHA U TOJIOLIEHA CHJIBHO U3MEHSJIMCh. B COBPEMEHHBIX IpaHUIax 03. XaHKa
chopmupoBanoch okosio Tpex Thic. J.H. [Kopotkuit u ap., 1982]. Ecth cnopHbie
MHEHUS, YTO O3€pO MOIJIO HcYe3aTh B Hauaie roJioueHa [KBacos, 1989; Koporkuil n
ap., 2007; Mukwuius, 2007].

I'uapoJiornyeckuii peskuM 03epa M pacrnpejieieHHe 300IUIaHKTOHA. Bona B
03epe MyTHas, 4TO OOBACHAETCS YacCThIMU BETPAMH, NPHUBOJALIMMH K CHIBHOMY
nepeMelmnBaHuio BojA. Hanbomblee 3aperucTpupoOBaHHOE COZAEpPKAaHUE B3BELLIEHHOIO
BemecTBa BOMM3M Oepera 167 r/M°, a B IEHTpEe 03epa MPH CHIBHBIX BETPAX MOJKET
nocturath 145 r/m°, B 3MMHMI [epHOM MOCTENEHHO CHUKAETCS mpuMepHo 10 10 r/m’
[®unmonoB, AntoHacenko, 2013].

[locne cxoma Jpaa pacHpeAcsieHHE 300IUIAaHKTOHA B 03€pe  JOBOJIBHO
PaBHOMEPHO, KAK CJIEICTBHE aKTUBHOIO MEPEMEIIMBAHNS CHIIBHBIMU BETPAMH BOJHBIX
Mmacc [bapabanmumkoB, 2004]. bimke K neTy, mo mMepe MmporpeBa BOA U B CIEACTBUU
NIOCTOSIHHBIX HAINPABJICHUH BETPOB, NPOUCXOAUT pa3/elieHue BOJAOEMA HA 30HBI
UMEIOINE pa3Hyl0 IUIOTHOCTh IUIAHKTOHHBIX Oecrno3BOHOYHBIX. HaumeHnbuime
KOHLIEHTpallMi 300IJJAaHKTOHA OTMEYaloTCs B 3TO BpeMs B LEHTpPE o03epa.
300MJIaHKTOHHBIE COOOIIECTBA EHTPAIBLHON 30HBI MOMOJHSIIOTCS 3@ CYET TOCTOSTHHOTO
BBIHOCA JKMBOTHBIX M3 IOKHOTO MNpPUOpExbs MU 3amuBOB. OCEHBIO pacnpeleseHue
300IUIAHKTOHA B 03€pe, B CWJIy BETPOBOIO BO3JEHUCTBHS, BHOBb CTaHOBHUTCS
PaBHOMEPHBIM, KaK U BECHOM, 3a HCKIIFOUEHHEM 3aJIMBOB, 1€ KOJWYECTBO KUBOTHBIX
HIDKE M3-3a 00Jiee paHHETO BBIXOJIaXKUBaHUs BoIbI [ bapabaniukos, 2004 ].

[Tormynsituy MIaHKTOHHBIX 0€CITO3BOHOYHBIX 03€pa MPAKTUUYECKH HE3aBUCUMBI OT
PacCOJIOKEHHBIX HUXKE TI0 TEYEHUIO BOJOEMOB, BKIItoUas U p. AMyp. HekoTopslit oOMeH

U3 HIDKHUX YYacTKOB OacceifHa Amypa ¢ 03. XaHKa MOXET OCYIIECTBISTHCS MpU



25

MNEPEHOCC C BO3AYIIHBIMHU MACCaMU HAXOIAIIMUXCA B JHUAIIAY3C IMOKOAIUXCA AUII, 1100
BOJOINIaBAOIINMEC IITHUOBI BO BPCMA MI/IFpaHI/Iﬁ MOI'yT IHICPCHOCHTL HX HIIN CaAMHX

YKUBOTHBIX Ha ceOe u T.11. [bapabanmukos, 2004].

1.2.3. IIpya Cropc (Storrs Pond)

Storrs Pond — meGombmoii (mromans 0,063 kM%) OMUrOTPOGHBIA TPHPOIHBIL
BoZioeM Ha ceBepo-BocToke CIIIA pacnono’keHHbI B OJHOMMEHHON pPEKPEAlMOHHON
30HE psIOM C TropogoMm XaHoBep, B okpyre I'padron, mratr Hero-I'smommp. Ipyxn
oTHeJeH IOTUHOM OT pekn Konnektukyt. Cpennss riyOuna 2,6 M, MakcuMmasibHas 6,2
M. KimMar 3Toro pailoHa yMEpEeHHO TEIUIbIM, CPEIHSAs TEMIEpaTypa BOJABI B SIHBApE
(cambrii xomoausid Mecsi) -1°C, B urone (cambiii Temsiii) 23,6 °C. B rox Belmamaer
okoso 1030 MM ocangkoB. TemmepaTypa BOJbl BO BTOpPOW IMOJIOBUHE JieTa (B HIOJE —

aBrycre) mporpesaetcs 10 20-25 rpaaycos.

/ 5)_<iFampetire Cooperative o~ / \
= Nursery \S::noo:/

Kendal At Hanover Q
?.96

o

PUBEPKPECT TNoygCroppe
RIVERCREST &

rmy Department )
i o Frances C. Rbchmor}i

© piddle school
Storrs Pond ®
‘ Recreation Aréa

5 % V' &
Pucynoxk 2. Storrs Pond Koopaunatsr: 43°43'37" N 72°15'49" W

1.3. MoJiekyJ/JSIDHO-TeHeTUYeCKUE METO/IbI B MCCJIEIOBAHNM BECJOHOTHUX
pPaKoo0pa3HbIX
[TomymsiuoHHasi CTPYKTypa BHJA, MPOIECChl BUJI000pa30BaHUSI aKTHBHO
HCCIIEAYIOTCS MHOTMMM YYE€HBIMM B Mupe. biaromaps MHUPOKOMY NPUMEHEHHIO
MOJIEKYJISIPHBIX ~ METOJIOB B  TOCJIEIHHME JCCATWUJIETHS TMPOHM30IIa Cepbe3Has
AKTHUBHU3allusa I/ICCJ'IGI[OBaHI/Iﬁ OpraHn3MoOB MHOI'MX TaKCOHOMHYCCKHX TIPYIIII B TOM

qHclIe BeCJIOHOTHX pakoooOpasHbix (Copepoda) [Bucklin et al., 1998; Burton, 1998; Lee,
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2000; Rocha-Olivares et al., 2001; Bucklin et al., 2003; Goetze, 2003; Ki et al., 2009;
Figueroa, 2011; Blanco-Bercial et al., 2011., Laakmann et al., 2013; Bradford-Grieve
atet.al, 2014., Sukhikh et al., 2016; Capua et al., 2017 Khodami et al., 2017; Bowman et
al.., 2019].

1.3.1. Mapkepsbl 1JI1 MOJIEKYJISPHO-TEHETHYECKUX UCCJIeJ0BAHUIT BECJTOHOTHX
PaKooOpa3HbIX

Mutoxonapuanenas JHK sBasercs ogHuM ©3  HauOolsiee MOIYJSIPHBIX
MOJIEKYJISIDHBIX MapkepoB. Ee momynspHocTh cBsizaHa ¢ teM, 4yto MTAHK wnmeer
MaTEpPUHCKYIO MPUPOY HACIEAOBAHUS, HE YYaCTBYET B PEKOMOMHAIIMOHHOM MPOIIECCe,
o0naaeT BBICOKOW CKOPOCTBIO 3BOJIOUMA M 3HAYUTENIBHBIM BHYTPUBUIOBBIM
noJIUMOPGU3MOM, CENIEKTUBHO HEUTPaIbHOM WM MOYTH HEUTpaIbHOM MpPUPOIOH
MyTalMii, W TMpeACTaBlIeHa OIPOMHBIM KOJHM4YecTBOM Komui [AOpamcoHn, 2007].
Oposonmonneie  u3MeHenus: MTIHK mnpoucxonst rnaBHeIM o0Opa3oM 3a cyeT
HAKOIUICHHS] TOYEUHBIX MyTalui, a uacepuuu u aeneunu B MTIHK, 3a nckimrouenuem,
HEKOJIMPYIOIUX PAalOHOB, CIYy4arOTCs AOCTATOYHO PEAKO. Y IKMUBOTHBIX CKOPOCTH
somoruu MT/IHK B cpemnem ropasno Beiie, yeMm y siiepHoro reHoma [Moriyama,
Powell, 1997]. bonee Bwicokuii ypoBeHb 3ameH B MT/IHK, Bo3moxHO, 00ycrnoBieH
HECOBEPILIEHCTBOM MexaHu3MmoB penapaiuu JHK, orcyTrcTBHEeM OENKOB-THCTOHOB U
HAJIMYMEM CBOOOJHBIX PATUKAIIOB KUCIOPOJIA, SBJISIONIMXCS MOOOYHBIMU MPOAYKTAMU
a’poOHOTO JbIXaHMs, ocylnecTBisieMmoro mutoxouapusmu [Li, 1997; Lightowlers et al.,
1997]. Ckopocth Hakorienus 3ameH MTIHK BappupyeT y pa3M4HbIX OpPraHU3MOB B
JIOBOJIBHO IIMPOKUX TMpeaenax, AaKe MEXAY TECHO CBSI3aHHBIMM TaKCOHAMH H
cocTaBJIsieT, B cpenneM, 1-2% 3amen 3a mutH. Jjiet [Brown et al., 1979].

Cpenn Haumbonee momynsapHbix paiionoB MtJHK s wmccnemoBanumii
0€CIO3BOHOYHBIX KMBOTHBIX U B TOM YHUCJIE€ BECIOHOTHUX PAaKOOOpa3HbIX — (pparMeHT
reHa nepBou cyobeAMHUIIbI IUTOXpoM okcuaasbl (CO1). JlanHbI palioH UCIIOJIB3YETCS
JUIsl  ONMM3KOPOJICTBEHHOW (UIIOTEHUH W aHalIW3a TMOMYJSIIIUOHHOW CTPYKTYpBI, K
npuMepy, y BuaoB komiuiekca Euritemora affinis [Winkler et al., 2011; Sukhikh et al.,

2016]. Hcnonb3yloT ero W A aHanu3a OoJiee OTHAICHHBIX (DUIOTEHETHYECKUX
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B3aMMOOTHOIIICHH, HarpuMmep, ObLTH oTIpe/IeICHBI bunoreHeTHYECKre
B3aMMOOTHOIIeHUsT 34 BUIOB, BXomsumx B 10 pomoB W ABa cemelcTBa MOAOTpsAa
Calanoida (Copepoda) [Bucklin, 2003]. Baek et al. [2016] ucnonb30Banyu JaHHBIN
dbparmeHT 15 aHanuza 94 BusioB kopeiickux Copepoda u3 6 oTpsiaoB.

Opnako ucnoab3oBanue ogHoM Toabko MTIHK MoskeT mpuBecTH K OIMOOYHBIM
pe3ynbTaTaM, BCICICTBUE aMIUTH(UKAIINH TICEBAOTEHOB, MEXBUIOBOM THOPUIN3AIIUN U
s¢dekra orbopa [Harst, Jiggins, 2005]. Kak cieactBue, B aHaiu3e QUIOTCHETHYCCKUX
B3aMMOOTHOIICHUH, TOBOJBGHO dYacTo wucnonb3yior COl B couetannmum ¢ JOpyruMH
¢dparmentamu, B ocHoBHOM pubocoManpHOr sa/IHK [Rocha-Olivares et al., 2001;
Bucklin et al., 2003; Goetze, 2003; Ki et al., 2009; Figueroa, 2011; Blanco-Bercial et
al., 2011., Laakmann et al., 2013; Bradford-Grieve et al., 2014; Capua et al., 2017
Khodami et al., 2017].

Pu6ocomunie rennl. Kogupyromue pernonsl p/IHK (18S, 5.8S, 28S) mmpoko
UCIIOJIB3YIOTCSI B KA4eCTBE MOJEKYJSPHBIX MapKepoB I  (UIOTEHETHICCKUX
WCCJICIOBAHUM KOIIETIO] Ha PAa3HBIX TaKCOHOMHYECKHX YypoBHAX. [Ipomcxomut 3TO,
MTOCKOJIBKY OOJIBIITMHCTBO MYTallMi B JAHHBIX YYacTKax OBICTPO (PUKCHPYIOTCS B
pe3yNbTaTe COTVIACOBAHHOW HBOJIOIMU BHYTPH TMOMYJSIIMU WJIA BHAA B TMPOIECCE
pPacxXoXKICHHUS, B TO BPeMs KaKk MEKBHIOBBIC pasnnuuns Hakarusaiorcs [Hillis, Davis,
1988; Hillis, Dixon, 1991]. Buyrpm Buga pJ/IHK cBoiicTBeHHa TeHeTHUYECKAs
TOMOT€HHOCTb, KOTOpAasl JOCTUTAETCS 3a CYET KPOCCUHTOBEpa M T€HHOW KOHBEPCUHU
[Hillis, Dixon, 1991; Odorico, Miller, 1997], a u3MeHYHBOCTH OOBIYHO OTPAHHMYUBACTCS
HEKOUPYIOIUMH 00JIACTSIMH, TAKUMH KaK BHYTPCHHHE TPAHCKPUOUPYEMBIE CTICHCEphI
(ITS1, ITS2) unu mexxrennsiit crieticep (IGS) [Harris, Crandall, 2000; Reed et al., 2000;
Parkin, Butlin, 2004]. Hexoaupyroiue odopactu pudocomansroi JJHK B cumy GombIioi
CKOPOCTH HAaKOIUIEHUsI 3aMEH, 10 CPABHEHUIO C Koaupyromumu permoHamu plHK,
UCITOJIB3YIOT JUISI TIOMYJISIIIMOHHO-BUAOBBIX HCCJICAOBAHHMMA, a TaKKe HWCCICAOBAHUS
dbunorennn Oym3kux BuAOB [Rocha-Olivares, 2001; Goetze, 2003; Ki et al., 2009;
Figueroa, 2011; Zagoskin et al., 2014; Capua et al., 2017].
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HMcnonbp30BaHuE HECKOJBKMX T'€HETUYSCKHUX MapKepoOB, HC3aBUCUMBIX JIPyI’ OT
Apyra, IIO3BOJEICT IIOJHEC OLCHUTH @HHOFCHGTH‘ICCKI/IC B3aMUMOOTHOIICHUA U

MONYJIALUOHHO-TEHETUYECKYIO CTPYKTYPY BUIOB.

1.3.2 OneHnka reHeTHKO-A1eMorpa¢gpuiyecKux napamMeTpoB NOMyJIsiuu

Ha ocHOBe MOJIEKYISIpHO-TEHETUYECKUX JAHHBIX MOXKHO OIICHHUBATh T€HETHUKO-
neMorpaduyeckre mnapaMmeTpbl MOMYJSIWU, Takue Kak 3((EeKTUBHAs YHMCICHHOCTh
MOMYJISAIANA, TEHETHYECKOE pa3HOooOpaswe MOMYJSAIUU, MOTOK TE€HOB, W BPEMS [0
Ommkaiiiiero  oOmiero mpeaka. Psjg  ucciienoBaHWil  MokazaiM  CIOCOOHOCTH
HBOJIIOIMOHHBIX U JEMOrpapUYECKUX COOBITHI OCTaBIATH CIE]] B TalUIOTUITUYECKOM U
HYKJICOTUJHOM pa3zHooOpazuu nomyisinuii [Rogers and Harpending 1992; Fay, Wu,
2000; Ramos-Onsins, Rozas, 2002; Rozas et al., 2003].

BaxxubimMu MOMYJISIIUOHHO-TEHETUYECKUMHU MOKa3aTeJIsIMU SIBJISIFOTCSI:
OddextuBnpiii pazmep nonyisauuu (Ng), Hykneotuanas u3MeHYUBOCTH (OOBIYHO
o0o3HayaeTcs Kak 1), [ammorunuyeckoe paznooopasue (Hd).

DddextuBnpiii pazmep monyiasiuu (Ng) — 3To 1078 ocoOeld B TOMYJISIIHH,
HEIMOCPE/ICTBEHHO YYacCTBYIOIMX B Pa3MHOXKEHMHM, a pPaBHO W B TPOU3BOJICTBE
cienytomiero nokoieHus. O6 mamenenusx Ne B X0je €€ DBOJIOIUH MOXKHO CYJIUTH IO
TaKUM  KPHUTEpPHUSAM, KaK HYKJICOTHIHAS W3MEHUMBOCTh M  TaIUIOTHITHYECKOE
pa3zHooOpasue.

HyxneornnHas M3MEHYMBOCTH () — CPEMHSISA NOJS Pa3IUuuil B HYKJICOTHIIAX

MCXKAY BCEMHU BO3MOXKHBIMHU IIapaMH HOCHeﬂOBaTGHBHOCTCﬁ. Omno OIIPCACIIAACTCA KaK

[Nei, Li, 1979]:
q
T =2 xxd,
i
q
T = 2 xXd,
i

rae  — oOmee KOJMYECTBO aiulenei, Xj — dacrora i-toro amiens u dj —

KOJIMYECTBO Pa3IM4YMil B HyKJIEOTHIaX WIIM 3aMEHAX Ha CAlT MEXIy ajlIeIsiMH | U .
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amotunuyeckoe pazHooOpazue (Hd) roBopuT 0 KONMMYeCTBE W 4aCTOTE
BCTPEYAEMOCTH PA3IUYHBIX aJljieseil B JIOKyCe.

Hd=1-3f?

rae fi —4JacTora I-Toro rarioTuIa.

Beicokne mokazatenu Hd u 7 CBOWCTBEHHBI TOMYJSAIUM HAXOJAIICHCS B
CTaOWJILHOM COCTOSTHUHU C OOJIBIION W COXpaHsIomiencs fgoiaroe Bpems 3(dexTuBHOM
YHCJICHHOCTBIO. Bbicokme mokaszarenmn HA w 7w, Takke, MOryT HaOMOAAThCsA IS
CMEIIIAaHHBIX BBEIOOPOK 0cOo0ed M3 pa3MYHBIX MOMyJisiiuii. Beicokue mokaszatenu Hd u
HU3KHE T MOTYT TOBOPUTH O TOM, YTO UMEJICS OBICTPBINA POCT YUCICHHOCTH MOIYJISALIUN
U3 TMONYJSINUU C HU3KOH 3(Q¢eKTUBHON uucIeHHOCThIO. [Ipu TakoMm pe3koM
BO3pDaCTaHWM YHUCJICHHOCTH, TMO-BUAMMOMY, OBUIO JOCTAaTOYHO BpPEMEHHU Jif
BOCCTAaHOBJICHUSI Pa3HOOOpa3usi TAIUIOTHIIOB IyTEM HAKOIUJICHUS MYyTaluil, HO
HEJOCTAaTOYHO JUIS HAKOIUIEHHUS CEPhE3HBIX pA3MYUil B IOCJIEI0BATEIbHOCTSIX
HyKJIeoTua0B. HeBbicokne mokasatenu HA w 7© MOryT CBUAETENBCTBOBATH O
MIPOXO’KJICHUH TOMYJISIIIUEN B HEaBHEE reosiornueckoe Bpems dhdexra «0yThUI0UHOTo
ropiabiikay. Huskue mokazarenn Hd w Oonblie © MOTYT SIBISITBCS CIICICTBUEM
KOPOTKOTO  BO3JCHCTBUSA «OYTHUIOYHOTO TOPJIBIINIKA» B  OOJBIINON MPEIKOBOMN
MOMYJISIMA, B TaKOW CHUTyallMM MHOTHE TalUIOTHIIBI HCYE3al0T, a HYKJICOTHUIHOE
pa3HooOpa3ue ocTaeTcs Ha BBICOKOM ypoBHe. [lomoOHbie ke mokaszatenm Hd m =©
OBIBAIOT CBOWMCTBEHHBI CMEIIIAHHBIM BBIOOpKaM OcoOel M3 HEOOJBIIUX Pa3eICHHBIX
reorpaduuecku nomyJsiwmii [Avise, 2000].

JIJis OLIEHKW COCTOSIHUS W HWCTOPUU TIOMYJISALNUU, B TOMYJISIIUOHHONW TEHETHKE
UCIIOJIB3yeTCsl TapameTp 6 - CKOpOCTh TIOSIBJICHUS MYyTalluid B TOMYJISIIIUA
[Watterson,1975], koTopslii Beruuciasiercs GopMyIion:

6 = 4Ne A, — I TUIUIOMIHBIX TEHOB

0 = Ne A, — U1 TalIONIHBIX T€HOB,

r7ie A — CKOPOCTh BOZHUKHOBEHHSI MyTallX Ha MIOKOJICHHE.

[TapameTp O Tak *xe OonpenesstoT yepe3 A0 CErperupoBaHHbIX (MOJTUMOP(HBIX)
caiitoB s (wm 6Ow) [Watterson, 1975], cpeaHee 4mcio MOMAPHBIX pasauuuii O,

[Tajima, 1983], unu BeIWMUMHY OKMIAEMOM reTepo3urotHocT Gy, Ha ucnons3oBanum,
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a TaKXKe CpPaBHEHMHM MEXIy cOO0OM mapaMeTpoB € pacCUMTaHHBIX Pa3HbIM CIOCOOOB
CTPOUTCS Pl TECTOB, OIICHWBAIOIINX COCTOSIHHE TMOMYJISAINH, TaKMX, HampuMep, Kak
TecT HelTpaiapHOoCcTH: Tajima’s D [Tajima, 1989]. Tajima’s D TecT oneHHBaeT pa3HUILY
MEXIy Or u 6S, Ipu HEUTPAILHOM XapaKTepe HBOJIOIMOHHBIX W3MEHECHUU CpemaHee
3HayeHue Tajima’s D paBHo Hymto. Takum oOpa3zoM, HaOojaeHue 3HaueHuid D co
3HAYNUTEIHHBIM OTKJIOHEHHEM OT HYJS MOXET pacCMaTpUBAThCA KaK TMPU3HAK
HEHEUTPATBHOTO COOBITHS, TAKOTO Kak 0TOOp WM JeMorpadrueckoe n3MEHEHHE.

B cnydae OTKIOHEHHS OT HEHTPAJIBHOTO XapakTepa 3BOJIOIHH IIEIeCO00pa3HO
WCITOJI30BaTh MHBIC TECTHI JIJIST OIICHKH XapakTepa AeMorpadudecKux COOBITHH, TaKue
kak Hanpumep R2 tect [Ramos-Onsins, Rozas, 2002], olecHHBAIONINI JTaHHBIC Ha
DKCITAHCHIO WJIM PE3KOE YBEIWYCHUE YHCICHHOCTH TOIMYJSIuu. JIaHHBIH TecT
OLICHMBAET PA3HUILy MEXAY YHCIOM OJUWHOYHBIX MyTallud M CPEAHUM YHCIIOM
HYKJICOTHUJIHBIX Pa3Induil.

Jlmst  Toro, droOBl OIECHHWTH TMOMYJANHOHHYI0O U  CYONOMYJISIIHOHHYIO
TCHETHYCCKYIO TOAPA3CICHHOCTh TNPUMEHSETCs cTatucThka Paiita Fst [Weir,
Cockerham,1984].

Fst — DOto Mepa reHeTHdecko mojpasaeneHHocTd (muddepennuanyn)
NOMYJISIMA. DTOT TIOKa3aTellb IMO3BOJSET BBIIBUTh OJHOPOJHOCTH HCCIEAYEeMOM
MOMYJISAIIAA, TI0 KOHKPETHOMY aHaJM3UpyeMoMy JIOoKycy. [l aHanmm3a MHOXKECTBa
amneneit Heit [Nei, 1977] ObuT peajioKeH CTATUCTHYECKHMIA aHAIH3:

Fe«= (H:- Hs) / Hr,

rne Hr — cpemnsis okumaemasi Te€TEpO3MTOTHOCTh BO BCeW momynsmuu, Hs —
CpEIHSs OKuAaeMasi TeTePO3UTOTHOCTh BHYTPU OTACIIBHON CyONOMyISIIHH.

Jliis TpakToBkM Tokazateneit Fst Paitr [Wright, 1978] mpemioxun ciieayromniie
rpajaluy TeHETHYECKOM MO pa3IeIeHHOCTH:

oT 0 1o 0,05 au3kas;

ot 0,05 no 0,15 ymepennas;

ot 0,15 mo 0,25 3HaunTEeNILHAL,

>(0,25 o4yeHb 3HAUYUTEIbHA.
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Ornenka mapameTpoB Hd, w, 6 u Fst momymsiuii, a Takke TeCThl HEHTPATLHOCTH,

peann3yeTcss B psjie KOMIIBIOTEPHBIX IporpamMm, Hampumep, B DnaSP [Rozas et al.,

2003].

1.3.3. Moaesiu 3BOIIOIAN M METOAbI MOCTPOEeHHsI PUIOTeHETHIECKHX CXEM

Jns aHannM3a HYKJICOTHIHBIX MOCIEI0BATEILHOCTEH BECIOHOTUX PaKOOOpa3HBIX
MOTYT HCHOJIB30BaThCSl PA3JIUYHBIC MATEMaTUYECKUE MOJICNIA HBOJIOIWU, KOTOPBIE
OTJIMYAIOTCS CJIOKHOCTBIO M KOJIMUECTBOM MCIIOJIb3YEMBIX MapaMeTpoB. bosiee mpocThie
MOJIEIM BKJIIOYAIOT OAWH WIM JiBa MapameTrpa, 0ojee CIOXKHbIe MOTYT COAEpKaTh HX
6onee 60.

[TapaMeTpbl OTpaXkarOT T€ WA MUHBIC PA3IU4Usl B CKOPOCTSIX HAKOIUICHHUS 3aMEH
pa3HbIX THUIIOB HYKJIEOTHJOB, B YacCTOTaX HYKJICOTHIOB, CKOPOCTSIX TpaH3ULHUN WU
TpaHcBepcuil. Tak, HauboJiee MPOCTOM MOJIETBIO SBIISIETCS oHOnapaMmerpruueckas JC69
— wmoaenb Jlxykeca-Kantopa [Jukes, Cantor, 1969], koTopas mnpenmnonaraer, 4To
JacTOTa BCTPEYAEMOCTH HYKJICOTHIOB BCEX THIOB HE oTiaudaercsa. Haumboiee
00o0mmeHHor Moxaensio MoxHO Ha3BaTh GTR — (General Time-Reversible) [Yang,
1994], koTopas mnpenamnonaracT pa3Hble CKOPOCTH 3aMELICHUS A KaxIou mnapbl
HYKJICOTHJIOB, a TaKXKe TMPEINOJOKEHUE O pPa3IMUYHbIX YacTOTax MOSBICHUS
HYKJIEOTUI0B. Jljisi 3TUX Mojeneld 4YacTOThl HYKJICOTHUIOB OIEHUBAIOTCS MO
Ha0JII0/IaeMBIM YacToTaM B rociienoBarelbHOCTH. B cymuoctu, JC69, kak u MHOTHE
npyrue mojenu, 6osiee mpocteie, Hexenn GTR, Takue kak K80 Kumypst [Kimura,
1980], F81— ®denn3enmreiina [Felsenstein, 1981], HKY85 [Hasegawa et al., 1985] -
aBysrOTCs YacTHhIMU cirydasimu Mmojien GTR [Bos, Posada, 2005].

Paznuunble yuacTtku nocnepgoBarenbHocTerd JIHK Moryr wu3MeHsTbca ¢
pPa3ITUYHON CKOPOCTBHIO, YTO MOXKET OBITh CBS3aHO C TEM, K MPUMEPY, UYTO KAKOU-TO
Y4acTOK KOJMPYET aKTUBHBIM IIEHTp Oelka W Kak CJICACTBUE SBISETCS Oolee
KOHCEPBaTUBHBIM [0 CPaBHEHUIO C JPYrUMHM ydacTkamu. Jljisi Toro, 4TOOBI
CKOPPEKTHpPOBaTh pa3Hble CKOPOCTH HAKOIUJICHHS 3aMEH B MOCJIEAOBATEIbHOCTIX
ucrojs3yercs ramma pacnpenenenue (G unu '), a Takke 1015 MHBApUAHTHBIX CAlTOB

(I) B mocnenoBaTeNbHOCTH — TO €CTh KOHCEPBATHUBHBIX CaWTOB, HAXOJSAILIUXCS IOJ
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JIEUCTBUEM OTPHUIIATEIHLHOTO OTOOpa. JItoOble MOJEenr MOTYT COBMEIIATHCS C ATUMU
JOTMOTHUTENbHBIMU TapameTpamMu G u I, ¢ uenpio Hawitydiiero (uiIoreHeTUYeCKOro
ITOCTPOCHHUSL.

Jns mopbopa Hawydlied MOJENM 3aMEIleHUs W HAKOIUICHUS 3aMEH MOTYT
UCIIOJIb30BAThCS Pa3jIMYHbIe KOMIIBIOTEpHBIE NporpaMmbl, Takue kak: MrModeltest
[Nylander, 2004], Jmodeltest [Posada, 2008] nmu MEGA [Tamura et al., 2013]. I[Tox6op
ONTUMAJIbHOW MOJIENTM OCYUIECTBIISICTCS Ha OCHOBE HWH(MOPMAIIMOHHBIX KPUTEPUEB
takux kak BIC (Bayesian information criterion) [Schwartz, 1978] unu AIC (Akaike
information criterion) [Akaike, 1974]. HudopManuoHHBIE KPHUTCPUH H3MEPSIOT
OKHMJIAEMOE PACCTOSIHUE MEXIYy BEpHOW MOJENbI0 W oueHuBacMou. Hawmnmyumein
SBJISIETCSA MOJIETb C HAMMEHBIITUM KOJIMYECTBOM HEOOXOAUMBIX IMapaMeETPOB.

MeToabl IOCTPOCHUS (PUJIOTEHETHYECKHUX JePeBbeB JEIATCA Ha IBE OCHOBHBIE
rpynmnbl. I[lepBas rpymnma — [OUCTAaHIMOHHBIE METOMbI, HCHOJIB3YIOUIME MATPHILY
TEHETUYECKUX PACCTOSHUM (IUCTAHIMI) MEXIy MOCleI0BaTeIbHOCTIMU. BTopas
rpylnmna MeTOAOB — JUCKPETHbIE METOAbl WJIM CHUMBOJIbHO-OPUEHTHPOBAHHBIE,
YUYUTBHIBAIOT MOMUMO F€HETUYECKUX AUCTAHIMU, coueTtanue no3uuuii B JIHK, kotopeie
noABeprinch n3mMeHeHusm [ Tempaneesa, 2014].

JIUCTAHIIMOHHBIE METOAbl SBISIOTCS  HaumboJee TMPOCTHIMU  METOJaMHu
dbunoreHeTnyeckoro anaiauza. K HUM OTHOCSITCSI TAKUE METOJIbI KaK:

UPGMA (Unweighted Pair Group with Arithmetic Mean) — HeB3BelleHHBIH
nonapHo-rpymmoBoii meron [Sneath, Sokal, 1973] mnpeamonaraer OAMHAKOBYIO M
MOCTOSTHHYIO CKOPOCTh 3BOJIFOIIUH JIJIsI BCEX CPABHUBAEMBIX TAKCOHOB.

WPGMA (weighted pair -group using arithmetic averages) — B3BCIICHHBII
nornapHo-TpymmnoBoit meton, moaudukanus UPGMA, 3necs ycpeaHeHue AUCTaHIINU
HOPMHUPYETCS Ha NOJIHOE YUCIIO TAKCOHOB;

NJ (Neighbor-Joining,) — meTon o0bemuHeHus OMmKaimux coceneii [Saitou, Nei,
1987]. IlpumeHnsroT meTod Mg OJU3KHUX TAKCOHOB, PAa30IMICAIINXCS OTHOCHUTEIHLHO
HEJIaBHO.

J{ucKpeTHbIE MeTOAbI paccMaTpuBarOT paznuus MEXKITY

MMoCJICA0BAaTCIIbHOCTAMHA B KOHKPCTHBIX ITO3HUIIUAX. Hx LECJIBIO ABJIICTCA PCKOHCTPYKIIHA
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crieHapwsi, HanboJiee BEPOSTHO OOBSICHSIONMIETO MOPSAOK HYKICOTHIHBIX 3aMEIICHUN B
ABOJIIOIIMOHHON UCTOPUHU aHAIM3UpYeMbIX rpymi [JIykamos, 2009].

K muckpeTHBIM MeTO/1aM OTHOCST:

Maximum Parsimony (MP) — wmakcumanbHOH 53KOHOMHUH. V3HAa4aabHO
paspabotanbl s Mopdosormueckux mpusHakoB [Hennig, 1966]. VYxke mosxe,
amanTupoBaH i1 amMmuHOKHCIOTHBIX [Eck, Dayhoff, 1966], a nmanee HykIeOTHIHBIX
[Fitch, 1971] mocnenoBatenbHOCTEH. CTPOAT JEPEBbS C HAUMEHBIIMM KOJIUYECTBOM
MYTaIMOHHBIX IIaroB, HEOOXOIUMBIX JJIsl OpraHU3alliid TakCoHa. MuHuMU3anus oouiei
JUIMHBI JIepeBa JIOCTUraeTCs HW3MEHEHHMEM TOIOJIOTUM BeTBeH. SIBisieTcss HamOosee
YyBCTBUTEIBHBIM TPH HU3KOM YPOBHE IUBepreHnuu TakcoHoB [Miyamoto, Cracraft,
1991].

Maximum Likelihood (ML) — makcumansHOTO mpaBpomnomodus [Felsenstein,
1981], HampaBieHbI Ha IMOMCKHA TAKOTO JEpPEeBa, HA KOTOPOM H3MEHEHHS IPU3HAKOB
HanOoJIee MPaBA0NOA00HBI C TOUKH 3PEHHUSI SBOJIOLIMOHHON MOJIENH, TTapaMeTPbl KOTOPO
3amal0Tcsl Ha anpuopHoi ocHoBe [[laBmom, 2005]. @dyHKIHMsS MpaBaOMOa00us
BBIYUCIISICTCS] OTACJIBHO JIJIS KaXKJIOM MO3UIMU B MOCIEI0BATEILHOCTH, MPU ITOM, IS
BCEX BHYTPEHHUX VY3JI0B KOHKPETHOM TOIOJIOTUH, TOJCYUTHIBAIOTCS BEPOSTHOCTU
HAXOXKJICHUST KXJIOTO HYKJIeOTHIa. TakuM 00pa3oM, JepeBO ONTUMHU3UPYET JIOKAJIHHO, a
He Bce B 1HenoM kak B MP meromax. Pe3ynbTaTbl MOTYT HaXxOIUTHCS B OOJIBIION
3aBHCUMOCTH OT BBIOOPA MOJIETIH 3aMEIIICHUSI.

Bayesian inference — OaiiecoBckuii MeTOa. MeETOJI OIIEHUBAET CTATUCTHYCCKYIO
BEPOSTHOCTh THIOTE3bI (AlIOCTEPUOPHAsT BEPOSITHOCTh) HA OCHOBE MMEIOIIUXCS TAHHBIX
U HEKOTOporo ampuopHoro mnpenmnonoxenus [JlyxtanoB 2013]. Ha ocHoBe 3apanee
3aJJaHHBIX  JIAaHHBIX,  WMCIOIIMXCA  HYKJICOTHIHBIX WM  aMHUHOKHCIOTHBIX
MOCJIETIOBATEILHOCTEH U BRIOPAHHOW MOJIEIIN YBOJIFOIIUN CTPOSATCS JIEPEBbSA, a 3aTeM JIJIs
KQKJIOTO JIepEeBa OMPEENSIOTCS CTATUCTUYECKUE TOJJIEPKKH B BHJIE allOCTEPUOPHBIX
BEPOSTHOCTEH. 3areM JepeBO WM JIepeBbs C HAUBBICHIUMU TOKa3aTeIsIMU
CTAaTUCTUYECKOW TMOJCPKKU BBIOMPAIOTCS Kak Hambosee BeposTHbie. UTo maer

BO3MOKHOCTB PEKOHCTPYUPOBATDH @HHOFGHGTHQCCKI/IC ACPECBLA, HUMCHOIITMEC
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CTaTUCTUYECKUE TMOJAECPKKA B BHUJE alOCTEPUOPHBIX BEPOSITHOCTEH U paccyuTaTh
TaKWe MOJJICPKKHU JIJIs 33JJaHHOM 3apaHee TONoJIoruu BeTBiaeHus [ Tempaneesa, 2014].
JIJIsl OLIEHKU CTaTUCTHUYECKOW JTOCTOBEPHOCTH (DUIOTCHETUYECKHX IMOCTPOCHUH,
NOMUMO O€WCOBCKOTO METOJIa, MCIOJIb3YeTCS HemapaMeTpU4YecKuid OyTCTpam-aHaIu3
(bootstrap analysis) [Hedges, 1992]. Ha ocHOBe MMeIOIIEHCS BHIPOBHEHHOM BBIOOPKHU
MOCJICIOBATEIFHOCTEH MTPOUCXOIUT TTOCTPOSHUE HOBBIX BBIOOPOK TOTO K€ pazMepa, HO
CaliThl B HUX BBIOpaHbI CiIy4allHBIM 0Opa3oM MO ICEBAOCIYyYalHOMY ajJrOpUTMY C
BO3BpaTOM. Takue MOCTPOEHUS MOBTOPSAIOTCA OOJIBIIOE KOJUYECTBO pas, GpopMHUpys
HECKOJIbKO HAOOpOB mMOcCHeAoBaTebHOCTEH. METOl MOXXET MPUMEHATHCS Kak K
JUCTAaHIIMOHHBIM METOJIaM, TaK U K METO/Iy MaKCUMAaJIbHOTO MPaBI0NOI00MUS.
Cuuraercs [Cummings et al., 2003], uyto OyTcTpam-aHanu3, sBISETCS Oojee
rpyObIM METOJIOM 10 CpPaBHEHHIO C 0alleCOBCKOM OILIEHKOW amoCTepUOPHBIX
BEPOSITHOCTEM M Kak TMpPaBWJIO JIa€T MEHBIIYI0 TOAJCPXKKY JJisi  y3JIO0B

Cl)HHOFGHGTH‘I@CKI/IX JACPCBbLCB.

1.4. Mopdgoiornueckune Meroanl ucciaegoanust Copepoda

B wuccrnenoBaHusix BHYTPUBHUJIOBOW TOAPA3AECICHHOCTH IEPCIEKTUBHO
napajuieJIbHOE MCTOJIb30BaHUE MOP(OIOTHYESCKUX U MOJICKYJISIPHO-T€HETHYECKUX
nmoaxomoB [Figueroa, 2011; Havermans et al., 2013; Bradford-Grieve et al.,
2014; Capua et al. 2017; Radhika et al., 2017; Kochanova et al, 2018]. B
CUCTEMAaTHYECKUX MOCTPOCHHUSIX PA3IUYHOrO YpOBHS HMH(POPMATHBEH AaHAIIU3
pacloJIOKEHUsI MOp M JPYTUX MHUKPOCTPYKTYp IK30CKeneTa aprpomnoj, [AJiekcees,
Haywmosa, 2005].

Y Kkomemnoj, WHTETyMEHTAJbHbIC OpraHbl CUMTAIOTCS OTBETCTBEHHBIMHU 3a
BHYTPUBHUIOBYIO KOMMYHUKAIIHIO, BKJIIOYas  paclio3HaBaHWE  MOJOB U
MPOCTPAHCTBEHHYIO OpHEHTaruioo B BoaHou cpene [Fleminger,1973]. Amnanus
pacmoyioKeHUusT Mop U JPYTMX  MHUKPOCTPYKTYpP  9K30CKeJeTa MpeCTaBisieT
3HAYUTETBHBI WHTEPEC MPU HMCCIECIOBAHUAX TAKCOHOMHH BOJHBIX PaKOOOpPa3HBIX M

JUJISl CHCTeMaTHYECKHUX MOCTpOeHUM paznuuHoro ypoBHs [Fleminger,1973].
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CUMMETpUYHOE  PACIOJIOKEHUE HHTETYMEHTAJbHBIX OpPraHoB, a TakKkKe
3HAUUTEIPHOE WX YHUCJIO Ha CErMEHTax Teja pakooOpa3HbIX U B OCOOCHHOCTH Ha
nedamocoMe MOTYT TPEACTaBIATh 3HAYMTEIBHBIA WMHTEpPEC [JIsl HCCICIOBAHUMN
GaoKTyupyome acuMMeTpud U (PUIOTEHETHYECKUX TMOCTPOCHHUM  MEeTOoJaMH

kinanuctuku [Layus, Alekseev, 2000].

1.4.1. UccaenoBanne CTPYKTYP MHTEryMeTa

JKCIpecc MeTOoA NMPOCBETJeHHS M OKPACKH JK30CKejera kKomenoa. Meroa
IIPOCBETJICHUS M OKPACKU 3K30CKEJeTa BECIOHOTHX pPakooOpa3HbIX pa3pabortan B.P.
AnekceeBbiM [AnekceeB, Haymosa, 2005]. CyTh MeTO/Ia 3aKII0YAETCAd B PACTBOPECHUH
BHYTPEHHHUX OpPraHoOB, (PUKCUPOBAHHBIX JIIOOBIM 00pa3om ((popManuH, COUPT, pacCTBOP
Jlroronia, yOUTBHIX HArpeBaHHEM) BECJIOHOTHX PaKOOOPA3HBIX THUIIOXJIOPHUJIOM HATPHS,
MOCJIE PACTBOPEHUS CTPYKTYPbI AK30CKEJIETa MEPEHOCAT B KAaIUII0 BOJbI C BOJHBIM
KOJUIOMJIOM YEPHOI0 aHWJIMHOBOro Kpacuteis. OkpallMBaHUE MPOUCXOAUT B KaIlle,
MOMEIIEHHOW Ha MPEIMETHOE CTEKJIO, HarpeBaeMoe OTKPBITHIM IJIAMEHEM CHUPTOBKH
WM ra3oBod ropenku. llocie OkpalMBaHUs KpacUTENb CMbBIBAIOT, a OKpPAIlEHHbIE
CTPYKTYpPbI U3YUaIOTCS O] CBETOBBIM MUKPOCKOIIOM C JJAJbHEUILIUM KapTUPOBAHUEM.

C ucnonp30BaHMEM JAHHOTO METOJa YCTAaHOBJIEHO, YTO CTPYKTYpPhl OPTaHOB
WHTETYMEHTA JOCTAaTOYHO CTAOWJIBHBI U, MO-BUJIUMOMY, UMEIOT BUIOBYIO CHEHU(PUKY
[Haymoma, 2006], a ycraHoBieHHas BapuaOEIbHOCTh B YHUCIE TOP, CEHCHWII U HX
NO3ULHMAX  [O3BOJIIET PEKOMEHIOBATh JJIA  aHalW3a TMpU  HCCIEIOBAHUAX
GIIOKTYHpPYIOIIEH aCUMMETPHUH, U B KIIAJJUCTUKE.

KaprupoBanne opraHoB wuHTerymenrTa. J[Ji1 KapTUpOBaHUS OpPraHoOB
MHTETYMEHTA BECJIOHOTMX pakooOpasHbix [AnekceeB, Haymosa, 2005] npemnaraercs
cCXeMma, KapTUpyoIasi paclojio)keHHe Ha 1edamocoMe  CeKpPEeTHPYIONUX |
YYBCTBUTEIBHBIX CTPYKTYP BECJIOHOTHX pakooOpasHbiX. KapTupoBaHme mpenmnosiaraer
ycioBHOe pazzeneHue nedanocombl Ha 19 cermentoB (Puc. 5), 3a cuer neneHus
nedanoHa Ha TPOJOJIbHBIE 30HBI W TomnepedHbie cermMeHThl. llenTpanbnas (L) 3oHa
OrpaHUYeHa JBYMSl JIMHUSIMU PpACCTOSTHUE MEX]Yy KOTOPhIMH PAaBHO OCHOBAHUIO

poctpyma. Ilo ctoponam oT LeHTpanbHOW 30HBI Haxongrcs jgeBas (JI) m mpasas (I1)
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OOKOBBIE YaCTH, KaXK/1asi U3 KOTOPBIX pa3JesieTcsl HOCEPeANHE MPOA0IbHBIMU JIUHUSIMU
emie Ha aBe 30HbI cpeauHuyo (C) u 6okoByto (b). [Tonepeunbie TMHUN KOOPAMHATHOM
CETKHU MPOXOJAT MapajuIeTbHO HUKHEH IpaHu 11ealoCOMbl U OTPAaHUYMBAIOT CEKTOPA.
Ha camoMm Bepxy pacrojiokeH OJIMHOYHBIA pocTpalibHbli cerMeHT (P), Huxke
aHTEHAIbHBIA (A) CEKTOp NPOXOJIUT OT TOJIOBHOTO Kpasi Ha yJajeHUHU, MPUMEPHO
PAaBHOM IIIMPUHE LEHTPAIbHOW 30HBI, M JIOCTUTas HAPY>XKHBIX TPaHUI] CPEAHUX 30H,
oOpa3zys B pesynbTrate Tpu cermenta AJIC ALl u AIIC. [anee unyT emie Tpu cekropa
Makcuisipubiil (M), TopakanbHbiil (T) u coenuauTenbHbi (C) OTTpaHUYCHHBIE ABYMS
napasuieIbHbIMU JIMHUSIMU, IPOXOIAIIUMU APYT OTHOCUTENIBHO JIpyra Ha IUPUHE TPETU
octaBiieiicss yactu. Kaxnapiii cekTop mpu MepecedyeHuu ¢ 30HaMU 00pas3yeT Mo MATh
CEerMEHTOB.

Kaptupyemble CTPYKTYypbl, KaKk MPaBUI0, CAMMETPHUYHBI OTHOCUTEIBHO OCU TENa
Y TMPEJCTaBICHBl B OJJMHAKOBBIX KOJIMUECTBAX B MPABOW W JIEBOM YAaCTAX SK30CKEIIETA,
YTO MPHUAAET HX PACIOJOKEHUIO ONPENEIEHHYI0 3aKOHOMEPHOCTb M IO3BOJSET
CpPaBHUBAThb Pa3UYHBIX OCOOEW OJHOTO BHUAA WM BECTH MEXKBUJIOBOM aHAIIU3
[HaymoBa, 2006]. OTKJIOHEHHS B CHMMETPUU PACIOJOXKEHUS OuiarepagbHbIX
MOP(OJOTUYECKNX  MPU3HAKOB, B  YACTHOCTH, TOKa3zaTelb  (IyKTyHpYyIOUeh
ACUMMETPHH, TO3BOJSIET OLICHUBATh CTAOMILHOCTH PA3BUTHS OPTaHU3MOB M SIBIISAETCS

YyBCTBUTEJIBHBIM WHIUKATOPOM COCTOSHUSL TNPUPOAHBIX MOMyJISUud [30pvH W AOp.

2000].

1.4.2. UcciienoBanne poTOBBLIX KOHEYHOCTEM

Mopdomnorus poTOBBIX MPUIATKOB apTPOIOJ, M PaKOOOPA3HBIX B YACTHOCTH,
aKTyaJlbHa HE TOJBKO JUISI JUArHOCTUKM BHJOB, HO W i1 CPaBHHUTCIIBHBIX
uccienoBannii u ¢gunoreHeTndeckux pexoHcTpykumii [Dahl, Hessler, 1982; Scholtz et
al., 1998; Browne, Patel, 2000; Bitsch, Bitsch, 2004]. Muorue wuccaenoBaHus
YKa3bIBAIOT Ha 3HAYUTEIBHYIO CBS3b MEXKIY IHUIICBBIM CTaTyCOM H CTPYKTYpOH
poToBbIX uacteit y komeno [Itoh, 1970; Turner, 1978; Ohtsuka, Onbe, 1991; Romano
et al., 1999; Giesecke, Gonzalez, 2004]. B Hacrosimee BpeMs CTajdd IIHPOKO

IMPUMCHATBCA MCTOAbI, ITO3BOJIAIOIINC IMMPUMCHATH CTATUCTUKY K IIapaMCTpaM CTPOCHUA
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POTOBBIX KOHEUHOCTEH.

B 1970 r. Itoh K. omucan MeTom U3MEpeHHs OCTPOTHI 3yOOB MaHIHOYISPHBIX
TJTACTUHOK KOTIETIOJ, KOTOPBIA TM03Ke Obl1 Ha3BaH «uHAECKC WTo» (Ei). DTOT MHIEKC
CBSI3BIBAJI OOUIYIO HIUPUHY MaHAMOYISIPHBIX TJIACTUHOK, OOIIYIO JIJTMHY PAaCCTOSHUS
MEXIy KOHYMKOM U OCHOBaHHUEM MaHJUOYJSPHBIX MIACTUHOK U OOIIee YUCIO 3y0OB.
Ha ero ocHoBe MTO BBIIETNI TPHU TPYIIIBI KOMETO: (GUIBTPYIONTNE TPABOSTHBIC BH]IBI
xapaktepuzoBaiauchk Ei menbiie 500, Bcesgabie BUABI MMenu nHaeke Mexay S00 u 900,
W XHUNIHBIE BUIOBI nMenu uHaekc 6onee 900. DTOT MeTOX B JaJIbHEHUIIIEM HCIIOIB30BaJICI
psamom ydenbix [Schnack 1982; Revis et al,., 1991; Saito, Kiorboe 2001; Giesecke,
Gonzalez, 2004; Bowman et al., 2019].

B pabore Hopp U. m Maier G. [2005] ObL1 mHpUMEHEH MOKa3aTeNb
«O6naBnuBaemas miomanas» (F), (oxBaTbiBaemas MakCHJUIAINENAMU IUIOMIAIE). DTOT
MOKA3aTellb OHU MWCIHOJIb30BAJIM TPU CPABHEHUH S5 BHUJIOB B3POCIBIX LHUKIOMU.
bnarogaps stomy nokazatento Hopp U. u Maier G. cBsi3bIBaIM MEXKIy COOOU CPETHIOIO
JUTMHY MaKCWUIUIIEA U CPEIHIOI0 JJIMHY CET, BBIYHCISIS CPEIHIOI O0JIaBIMBAEMYIO
MJI0IIAb.

JIIMHa KOHEYHOCTEM HMEET HE MAaJlOBaXHOE 3HaueHue. Bo3mylieHHoe mosie
BOKPYT JBWXKYIIEHCS KOHEYHOCTH COU3MEPHMO C JUIMHOW KOHe4yHocTu [Jiang et al.,
2002]. IloaTOMYy JOTrMYHO MPEANOJIOKUTH, YTO YIJIMHEHWE KOHEYHOCTH YBEJIWYNT
00BeM IKUIKOCTH, 3aXBAaYCHHOM B Tpollecce MNuTaHud. [[MMHA KOHEYHOCTH JaeT
MPEUMYIIIECTBO B XEMOPEICMIIUH, TaK KaK XeMOPEILENIUs MPOUCXOIUT B OCHOBHOM MPHU
kacanuu [Vanderploeg, Paffenhofer, 1985]. Ilpu menkoit u Majgo4uCICHHOW MUIIE
BBITOJIHEH JJIMHHBIE KOHEYHOCTH M HEBBICOKAs] CKOPOCTh UX ABWkeHUs. [Ipu nmmHHON
KOHEYHOCTH OoJibllle TUIOLIAAb 3axBaTa M JETEeKIMU d4actul. [lpu kpynmHOH W
MHOT'OYHCIICHHOW MHUIIIE I OCYIIECTBICHHUS 3aXBaTa HYKHbI KOPOTKHE KOHEYHOCTH.

st uccnenoBaHUsT TOHKOM MOP(OJIOTMH POTOBBIX KOHEYHOCTEH, MOMHUMO
CBETOBOM MHUKPOCKONHUHU, 3P(EKTUBHO HCMOIB30BaTh JJeKTpoHHYIO [Felgenhauer,
1987; Ohtsuka, Onb, 1991; Nishida, Ohtsuka, 1996; Ohtsuka, Huys, 2001; Michels,
Gorb, 2015], B 4YacTHOCTH CKaHHPYIOIIYIO OJJIEKTPOHHYIO MHUKpockomuio (COM),

JAA0IYH0 A0CTATOYHO BBICOKOC YBCIMYICHHC.
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I'IABA 2 MATEPUAJIbBI U METOJbI
2.1. Coop oOpa3unosB

E. baikalensis. [lns MolekyIsspHO-T€HETHUECKOIO aHaln3a HCIO0JIb30BajINCh

nosioBo3pennie camku E. baikalensis c¢ siineBbiMu Memikamu, win 0e3 HUX, M3 P00

otoOpaHHbIX Ha cTaHiuax B FOxHol, [{entpansuoit u CeBepHoil koTiaoBuHax (Puc. 3).
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Pucynok 3. Kapra ot6opa npo6 E. baikalensis

Coop nmpoBoauicst ToTabHO ceThbio Jkenu Oxeanuueckoit monenu (J>xkOM) B
ceatsiope 2010 r. ¢ ry6bun 400-0 m B FOxuo#t (M. Toncteii) m 600-0 M B

[entpanbHoii (M. Opco) koTiaoBuHax. ToTanbHO ceThio Jkenu ¢ ropu3onta 50-0 M B
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mapre 2010 r. FOxnasa kornmoBuna (1. Jluctsinka), B utoHe 2010 r. CeBepHas
koTioBuHa (Enoxun — JlaBma cr. Llentp), B depane 2011 r. KOxxHas KoTiIOBUHA
(JIuctBsaka — Tamxoi, ct. Llentp). [Ipo6er duxcupoBasmce B 96 u 70% pactBope
ATaHoJIA.

J171st uccnenoBaHusi MHTETYMEHTA UCTIOIb30BAIUCh 0COOU, OTOOpaHHBIE TOTAILHO
cetbto [Ixenu ¢ ropuzonta 50-0 m B Mapte 2010 r. FOxnas koTioBuHa (JIucTtBsiHka) u
B utoHe 2010 r. CeBepnas koTioBuHa (Enoxun — [laBmia ct. LleHTp).

E. chankensis. Jlns aHamu3a MCMOIb30BAINCH TOJOBO3PEIBIC CAMKH H3 MPOOBI
3oorutankToHa otoOpanHoi E.W. bapabanmukoseiM (TUHPO-LlenTp) B o3epe Xanka
4.06.2014 wnanporuB 06a3zei TUHPO B c¢. Kamenn-PeibomoB (Puc. 4). Ilpoba
dbuxcupoBanack B 96% »stanone. [ uccienoBaHusi TOHKOM MOP(OJIOTUU POTOBOTO
amnmapara MCIOJb30BaMCh MpoObl U3 o3epa Xanka coOpanHsie 2003 u 2005 rr.

dbukcupoBannbie 4% GopManuHOM, Tak ke npeaocrapieHuble E.J. bapabaHiukoBbiM.

Poccus

03. XaHKa

Pucynok 4. Touka or6opa npo6 E. chankensis
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E. nordenskioldi. Jlns aHaim3a WCIOJIB30BAIUCh CAMIIBI M CAMKH W3 TPOOHI,
npenocrasieHHon Jlappu boymanom u3 Wenbckoro YHuBepcurera, coopanHoit 29 mas
2015 r. B Storrs Pond, Hanover, New Hampshire, USA, dukcupoBannoii 96%

O9TaHOJIOM.

2.2 MoJjieKkyJasipHO-TeHeTHYeCKHe MeTOAbI
2.2.1 Boiaeaenue JIHK

Cymmapuyro JIHK Bbimemsiii U3  SMIEBBIX MENIKOB, WIM IJIaBaTEIbHBIX
KOHEUHOCTEeH ocoOeit, ¢ukcrupoBaHHbIX B 96 u 70% sTanosne. OcoOb BBIICPKUBAIHA B
teyeHue 10-15 MUHYT B TUCTHUIUIMPOBAHHOM BOJIE, YTOOBI YJAIUTh OCTATKH CIHPTA, U
3aTEM OTHEJSUIM KOHEYHOCTH WM siileBble Memku s BeiaeneHus JIHK. Boinenenue
JIHK u3 xaxxnoro o6pasua npooauiau B 10 Mk 2-kpatHoro 6ydepa nns TP, (32 MM
(NH4),SO4, 130 MM Tpuc-HCI pH 8,8 (25°C), 0,2% Tween 20, 0,1 wmr/mn),
cozepkaiiero 2 Mk nmporenHasbl K konuentpanueit 0,5 mr/min st Beiaenenus: JJHK u3
SUIIEBBIX MENIKOB WJIM 2 MKJ mpoTenHasbl K KoHIeHTpanuei 1 Mr/mit juist BeIICTICHUS
JAHK u3 maBatenbHbIX KOHEUHOCTEH. CMech MHKYOHpoBaiu mipu Temmepatype 65°C B
TeueHue 4aca, nainee nporpeBanu npu 95°C B teduenue 10 MUHYT AJIsi MHAKTUBALIUU
nporernassl K. [lonydeHHBI THApPONM3AT MCIOIB30BAIA IS aMIUTU(DUKAIIIN

aHanusupyembix gpparmenton JJHK.

2.2.2 AmMmiinpurkanus JJHK

dparMeHT reHa mnepBoll cyobeaquHun UTOXpoM okcuaasbl (COIl). Tlpu
ammmnukanuu reda COl mT/IHK, u3HavanbHO 11 BCEX HCCIEAYyEMBIX OOBEKTOB
UCToNb30Bany yHuBepcaibabie npaiimepsl LCOl 1490 u HCOI 2158 [Folmer, 1994].
Peakuus npoxoauna B npucyTcTBUM 5 MKM kaxknoro mpaiiMepa, 1 mxi Dream-taq wim
Encyclo-oydepa ¢ MgCly, 0,2 MM kaxmoro tHT® u 0,5 en. aktuHoct Dream-taq
win  Encyclo-nmomumepassr  (Fermentas), 1 wMkn ruaponmsara, pa30aBICHHOTO
npeaBapurTenbHo B 10 pa3 AUCTUILISITOM.

[Iporpamma ammiudukanuu Jjsi BCEX HCCIEAYyeMbIX OOBEKTOB COCTOsUIA W3

cinenyronux craguii: mwiasiaeHue 94°C — 15cek., omkur 48—61°C (B 3aBUCUMOCTH OT
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TEMIIepaTyphl IUIABJIECHHS UCHOJIb3YEMBIX MpaiiMepoB) 15cek., monmumepusanus 72°C —
60 cexyn, 40 muknos. ITLP peakuus npooaunack B TepMolukiepax «MJIResearchMJ
Research PTC-100», «bBHC» u «Bio-RAD T-100». ITepen nagamom I[P peakimonnas
cMech mporpeBanack npu 95°C 3 MUHYT, a IO OKOHYAaHHWM TMOCJIEIHErO IUKJIA
BbIIEpKUBaIach npu 72°C — 2 MUHYTHI.

Jlst mpaiimepoB LCOI 1490 u HCOI 2158 dparment JIHK oxxmmaemoro pasmepa
(697 map nykieotunoB — 1.H.) qis E. baikalensis Obl1 mosyden mpu HcIob30BaHUN
nonumepassl Dream-taq (Fermentas).

Ha ocHOBe TmMOJMyd4eHHBIX ¢ TIOMOIIBIO  YHHUBEPCAIBHBIX  IpaiiMepoB
nocinenoBareiabHocTeii s E.  baikalensis Obumn  momoOpaHbl  TOMOJHUTEIIBHBIC
npaiimepsl  LCOI  Epischura (L-TTGGAACTCTTTATTTACTTGCTG) u HCOI
Epischura (R-CAAAATAAATGTTGGTATAAAATAG) [3aiiabikoB u ap., 2015], uto
MO3BOJIMIIO TIOJTy4aTh CTAOUIIBHBIN NMPOAYKT amruindukanuu (664 m.H.).

s npaiimepoB LCOI Epischura m HCOI Epischura B peakiinu amrummgukamnum
ucrnonb3oBamnck  Encyclo-6ydhep wu  Encyclo-monmmepaza coorBeTcTBeHHO (B
nanpHelmem Encyclo-Oydep n momumepasa ucnonb3oBanuch B ITIP-amrdukanum
BCEX HCCIICyEeMBIX OOpasIoB), YTO TaK € IMO3BOJMJIO TOJy4aTh 0oJiee CTaOMIIBHBIMN
OpOAyKT amiumdukanuu. B mporpamme ammumdukanuu s npaiimepo LCOI
Epischura u HCOI Epischura w3menwnach numib Temmeparypa OTKHTa, KOTOpas
coctabuia 58°C. Bo Bcex ciuywasx mnepen Hawaiaom IIIIP peakunoHHass cmech
nporpeBasiack mpu 95°C 3 MUH., a MO OKOHYAHUU TOCIEIHETO [IUKJIA BBIACPKMUBAIACH
npu 72°C — 2 MUHYTHI.

Jis obpasuoB E. chankensis mepssie mocieqoBatensuoctu COIl, Tak ke, Kak u
mis E. baikalensis, ObuM TOJy4eHBI ¢ UCTOJIB30BAHUEM YHUBEPCAIBHBIX TpaiiMepoB
LCOI 1490 u HCOI 2158. Pasmep mannoro ¢parmenta JJHK y E. chankensis cocraBun
671 n.u.

Ha ocHOBe TIOJNIyYCHHBIX C MCITOJIb30BAaHUEM YHHBEPCAIBHBIX IpaiiMepoB
nocienoarenaprocter COl mast E. chankensis 0wt mogoOpansl  crienuUYHbIC,

BHYTPpEHHHE, I10 OTHOIICHHIO K yHHBepcaiabHbIM, mpaiimepsr LCOI_ECh (L-

GGGACAGGGTTAAGGATAAT) " HCOI_ECh (R-



42

TCCAGGGTGACCAAAAAATC) [3aitnpikoB u ap., 2018], 4T0 MO3BOIMIO MOTYYaTh
CTaOWIIBHBIN TIPOAYKT aMIUTH(PUKAIUH.

s peaknuu ammumndukanun pparmernroB COl E. chankensis ucnonp3oBanuch
Te ke ycnoBud, uro u ais E. baikalensis, Encyclo-0ydep u noiaumepasa, Temmnepatypa
omxkura cnerupuynbix npaiimepos LCOlI ECh u HCOI ECh cocrtaBuna 57°C.

s oopastoB E. nordenskioldi Bce mocnenoBatensHOCcTH (pparmenTa COIl Obim
MOJTyYeHBI ¢ UCMOJIb30BaHUEM yHHUBepcaiabHbIX IpaiiMepoB LCOI 1490 u HCOI 2158,
oOmuii pasmep mnosiydeHHOro (parmenTta coctaBuil 709 1.H.. YcCIoBUS peakiuu
amIuUKaIK ObLTM aHAJIOTUYHBI oncanubiM Jutd E. baikalensis.

Buyrpennnii Tpanckpudupyemslii cneiicep ITS 1 sanepnoii p/IHK. [{ns Bcex
uccienyembix BuaoB ycnoBusi [P — ammmudukanuu ¢dparmentoB ITS1 Obutn
aHAJIOTUYHBl ONHMCAHHBIM paHee s peakuuu amrmuiMduxanuum ¢parmenra COl. B
peakuuu UCIIOJIb30BAINCH npaniMepbl KP2_F (L-
AAAAAGCTTCCGTAGGTGAACCTGCG) u 5.8S R (R-
AGCTTGGTGCGTTCTTCATCGA) [Sajdak, Phillips, 1997], umeBuine Temmeparypy
omxkwura = 55°C. Jlnuna ananmmsupyemoro pparmenta cocraBuia: s E. baikalensis 303
.H., g E. chankensis 306 m.1., 1us E. nordenskioldi 312 m.x..

I'en pudocomanbnoii PHK 18S siaepnoii JHK. [l ammmdukanuu reda 18S
UCIIOJIBL30BaIM  yHUBepcalbHble mpaiimepelr 18A1 w1800 [Raupach, 2009].
Temneparypa omkura = 60°C. Ho mocie CeKBEHUPOBaHUS IOCIEI0BATEIbHOCTEN C
o0oMx mpaiiMepoB  KadyecTBO  LIEHTpaJbHOTO  ()parMeHTa TeHa  OKa3ajoch
HEYJOBJICTBOPUTEIbHBIM. J[7s1 perneHuss JaHHOW TIpoOJieMbl, Ha OCHOBE YK€
MOJyYEHHBIX TOCIEI0BAaTEIbHOCTEN M HECKOJBKUX IOcieqoBaTeabHOCTe TreHa 18S
KaJITHU]T TIOJTy9eHHBIX U3 ['eH banka, Obutv BRIOpaHBI BHYTPH I'eéHa KOHCEPBATHUBHBIC
YYaCTKU M Ha MX OCHOBE MOJ0OpaHbl BHYTPCHHUE YHHBEpCAJIbHBIE (10 KpaitHel Mepe
st kansaun) npaimepbr  18L 323 5°-GTTCGATTCCGGAGAGGGAGC-3’ wu
18R _1426 5’-GTGTGCGGCCCAGAACATCT-3’. Temneparypa OTKWTa IJs ITOH
napsl npaiimepoB = 64°C. Jlnuna pparmeHTa 71 HOBBIX MPaiMEpPOB COCTABHIIA OKOJIO
1100 n.H. B nmanpHeliieM, MOJHYIO MOCIEAOBATEILHOCTh I'eHa 18S momydanu myTem

COBMEUIEHHUS MTOCIEA0BATENBHOCTEN, MOJYUYECHHBIX C IBYX Hap MpaniMeEpPOB.
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2.2.3 OuncTKa ¥ onpeeieHHe HYKJICOTHIHBIX IOCJIeI0BATEeJIbHOCTEH MPOAYKTOB
P

[Mpoaykr ILP-ammmmdukanun BuzyanusupoBanu B 0,8% arapo3HoMm resue ¢
nobapiienneM OpomucToro 3tuaus nox Y® uzimydeHueM, MpeABapUTENIbHO Pa3roHss
MPOAYKT € TTOMOIIBIO Teb-aekTpodopesa B 0,5 kpatHom TBE-6ydepe npu V 90-110
B TeueHUH 30 MUHYT.

O4KCTKY aMIUIMKOHOB MPOBOJIAIIM C MOMOIIbI0 Habopa st Beiaenenus JHK u3
arapo3HOro rejis U peakMOHHbIX cMeceld pupmbl « EBporen», Wiam ¢ moMombio reib-
anekTpodopesa B 0,5 kpatnom TA wim TAE Oydepe (pH=8,0) mpu V 60-70 B Teuenun
gaca. Kycouku, comepkampe aMIUIMKOHBI, BbIpe3anu u3 0,6% arapo3Horo rens,
3amopaxuBaiu npu -20°C, orrauBanu u ueHrpudyruposanu 10 munyt npu 12000 g.
[TosmyueHHBI 3710aT MCIONB30BAJIM B pEakUuu CeKkBeHupoBaHua. O0e wnenu
CEeKBeHHpoBaJiM Ha aBToMaTHdeckoMm cekBeHaTope ABI Prism 3100 Avant Genetic
Analyzer (Applied Biosystems, USA) ¢ Big Dye terminator sequencing kit (Applied
Biosystems, USA) B llentpe CexBenupoBanus JIHK Cubupckoro otaeneHus

Poccuiickoii akagemun Hayk (HoBocubupck , Poccwus, http://sequest.niboch.nsc.ru).

2.2.4 O6padoTKa MOJIEKYJIAPHO-TEHETHYECKHUX JAHHBIX

[IpenBapuTenbHbId aHANW3 HYKICOTHUIHBIX IOCIEI0BATEIBHOCTEW, pacyeT
YPOBHEW HYKJICOTUIHOM HM3MEHYMBOCTH () M HHIEKCOB pPa3HOOOpa3usi TraruioTUIIOB
(Hd), a Taxxxe 3nauenus Fst [Cockerham, 1973; Weir, Cockerham, 1984] otpaxaroriue
CTEIEHb MOJIPa3ICJICHHOCTH BUIOB, MOJACYUTHIBAIM C MOMOIILI0 TporpaMmmbl DnaSP 5.1
[Rozas et al., 2003].

HyxkiieoTuiHbie TIOC/IENOBATEILHOCTH BBIPABHUBAIM C IMOMOIIBIO MPOrpaMMBbl
ClustalW Bnoxxennoit B nmporpammy MEGA 6 [Tamura et al., 2013]. Jlna ananuza
MOCJIEA0BATEILHOCTEM W pacdeTa MNOMApHbIX TE€HETUYECKHX PACCTOSHUM TaK Ke
ucrnojap3oBanack nporpamma MEGA 6.

[TocTpoeHue MeIMaHHOM CETH rarmaoTUNoB npoBoAuiIn nmporpammoid NETWORK
4.6 [Bandelt et al., 1999], ¢ npumeHeHreM anroput™ma oobenuHeHust Meauan («median

joining»). AHanM3 paclpeneieHus] MOMapHbIX pPAa3IWYUil MEXAY BBISIBICHHBIMU
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rartotuniamu MTJIHK mpoBomumncs ¢ momomisio mporpammbl DNA SP 5.1 [Librado,
Rozas, 2009].

[TpoBepka HachIllEeHUS TPETbUX MO3MIMKA KomoHa mocienoBatenbHocTet COI
HYKJICOTHUHBIMH 3aMEHaAMH B HaOOpE JaHHBIX BBIMIOJIHIACH C MTOMOIIIBIO TecTa [ Xia et
al., 2003] B nporpamme Dambe v.6.4. [Xia, Lemey, 2009].

Brei6op Hambomee omntumanbHOW Moaenu sBomonmu JHK nmns dumorennn
MPOBOAWIICS C TMOMOIIbI0 OaiiecoBckoro wuHdopMmanuonHoro kpurepus (BIC) B
nporpamme Jmodeltest-2.1.7 [Darriba et al., 2012] uimu MEGA 6.

PexkoHcTpyKins ~ (QUIOTEHETHYECKOTO  JpeBa  MPOBOAMIACK HAa  OCHOBE
yHuKanbHbIX TamtotunoB COl ¢ momompio baiiecoBckoro mMerosa ¢ MOJEKYISIPHBIMU
gacamu B makere mnporpaMmm BEAST v. 1.8.4 [Drummond, Rambaut, 2007]. s
aHaJIM3a UCTIOJIb30BAIUCH CIEAYIOIINE YBOIOIMOHHBIC BUI000PAa30BaTEIbHBIC MOJICIH:
yule process [Gernhard, 2008] with strict clock, yule process with uncorrelated
lognormal relaxed clock [Drummond et al., 2006], birth-death process [Gernhard, 2008]
with strict clock, u birth-death process with uncorrelated lognormal relaxed clock.
Bb160p B mosib3y, Kakoil -1u00 U3 3BOJIOLMOHHBIX MOJENEH MPOBOAWICS CPABHEHHUEM
nokasaresie rmpaBonooous B mporpamme Tracer v1.6.

Jnst  matupoBaHUs  (PUIOTEHETHYECKOTO JIpeBa HA OCHOBE YHHKAJIbHBIX
rarutotunioB COl mcmonp3oBanack CKOPOCTh HaKOIUIGHUS 3amMeH B 1,7% 3a MUJUIMOH
JeT, paccuuTaHHas IS SHACMHUYHON Oalikambckoii ambunoasr Gmelinoides fasciatus
[bykun u np., 2018]. Ckopocte sBomoruu B 1.7% 3a MWIIMOH JieT OJIM3Ka K
3HAYCHUSM, MTOJIyUYCHHBIM IS pakoB-IIeakyHoB poaa Alpheus (snapping shrimp in the
genus Alpheus) [Knowlton, Weight, 1998] u SImaiickux kpaboB cemeiictBa Grapsidae
(Jamaican crabs of the family Grapsidae) [Schubart et al., 1998], koropbie 00BIYHO
UCTIONIB3YIOT A Komernos. CKOpOCTH, pacCUMTaHHbIE il OalKanbCKux aM(umon, B
HalleM ciiyyae, Oosiee akTyaldbHbl, B CHJIy OoJblIel OJU30CTH YCIOBUW OOWTaHUS
MOCITICIHUX MCCIIEAYEMbIM OpTaHU3MaM.

JIist pEeKOHCTPYKIIMM WCTOPUU WM3MEHEHUs! d()PEKTUBHOTO pazmMepa MOIMYISIITUN
UCIoJIB30BajIcs MeTo baiiecoBckoro ckaiimiora (Bayesian Skyline Plot) [Drummond,

et al., 2005] peanuzoBanHbIi ¢ momonibio mporpammel BEAST v1.8.4. [Ipu npoBeaennn
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pacyueToB MCIOJIb30BAINCH CTPOrHEe MOJeKysipHbIe dackl (Strict molecular clock) u ta
ke camas wmoxaenb sBomouuu JHK, uro w mpu QuioreHeTnyeckoM aHajm3e.
Kamu6poska TMRCA nonymnsuuii B baliecoBckom ckailmioTe mpoBOAMIACH HA OCHOBE
PE3yIbTaTOB (PHIIOTEHETHYCCKOTO aHATN3A.

Jis KXo W3 aHAIU3UPYEMbIX MOMYJSIIHUA HCCICAYEMBIX BHJIOB poja
Epischura B mporpamme DNAsp 5.10 [Librado, Rozas, 2009] Obumi paccuuTaHbl
napameTpsl 6, 0003Ha4aeMbie B IporpamMMe 4epe3 «K» — cpeiHee YHCIO MOMapHBIX
paziuunii  (HE  COBNAJAIONIMX  HYKJICOTHJIOB)  MEKIy  CpPaBHUBACMBIMH
TIOCJICIOBATEIPHOCTAMU U U5 0003HaYaeMblidi B MporpamMMe kak «Theta (per sequence)
from S, Theta-W» - BblUHCHIEMBbI Kak 4YHCIO MOJMUMOP(HBIX CaHTOB Ha
IOCJIEI0BATEILHOCTD. J{JIsl onpe/ie/IecHHs SBOJTIOIIMOHHBIX MEXaHU3MOB, MPUBOJISIINX K
(GOpMUPOBAHNIO HAOIIOAAEMOTO TEHETHYECKOTO0 pa3HOoOOpa3usi B TOIYJISIHSIX
ucnonb3oBanbl Tajima's D — tect [Tajima, F. 1989] — npoBepka Ha HEHTpabHBIH
XapaKTep HaKOIUICHUS 3aMeH B nommyJisinuu U R2 — tect [Ramos-Onsins, S. E., & Rozas,

J. 2002] — mpoBepka Ha SKCHAHCHIO WJIA PE3KOE YBEIUUCHUE YUCICHHOCTH MOMYJISIINH.

2.3. Mopdoaornyeckue MeToabl
2.3.1 Crpykrypsl uarerymenrta E. baikalensis

JInsi TaHHOTO MCCJEeIO0BAHMS MCMOJIb30BAMCh CAMKH M3 MPo0, 0TOOpaHHBIX Ha
HEHTPAIBHBIX CTaHIMIX pa3pe3oB Enoxun - JlaBma (CeBepnbiil baiikan) u JIuctBsinka —
Tauxoit (FOxwubrii baiikan) B Hauane utons 2010 roma ¢ ropuszonta 50-0 M ceThiO
Hxenu. @ukcupoBanubie 4 % QopManpaeruioM Mmpemnaparbl, IS aHalu3a
MOBEPXHOCTHBIX CTPYKTYpP OKpAIIMBAIUCh AHWJIMHOBBIM KpACHUTEIIEM IO METOAUNKE
MPOCBETIICHUS M OKPACKM XUTHHOBOTO SK30CKEJeTa Komemnoj, pa3zpadoranHon B.P.
AnekceeBbiM [2005]. [lamee MNOACYMTHIBAIOCH KOJMYECTBO MOP U IIUIUKOB Ha
MOJICJICHHOM Ha CEKTOpHI medarnone, mis yaooctBa ux uaeHtudukanuu (Pucynok 5).
Hccnenosano 27 3x3. u3 KOxnHoro baiikana n 29 sx3. — u3 CeBepHoro baiikama. [l
aHajgu3a WHCHOJIb30BaduM 6 TMap Y4YacTKOB, pPACIOJOKEHHBIX CJ€Ba W CIpaBa OT
LHEHTPaJIbHOM 30HBI LedaioHa: Mo ABa y4yacTKa Ha MaKCUJUIIPHOM, TOPAaKaJIbHOM U

COEIMHUTENBHOM CeKTOpax. CTPYKTypbl Ha LIEHTPAJIbHOW 30HE HE YUWUTHIBAJIUCH IPH
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aHaNMM3€ AaCUMMETPHUHM, HO YYUTHIBAINCH IPU CPABHEHUU BBIOOPOK IO OOIIEMY
KOJIMYECTBY CTPYKTYp. AHAIW3 [JaHHBIX NPOBOJWIM C TIOMOIIBIO SI3bIKA TSt
nporpaMupoBaHus R ¢ ncronp3oBanreM nmakeToB outliers, stats, ggplot2 [Kostma, 2006;
R Core Team, 2020; Wichard, 2009]. HopmansHOCTb pacripeiciieHus ONpeacIsin
tectoM Illanmpo-Yumka [Shapiro, Wilk, 1965] Gonee moaxosaiiuM ajis HEOOBIINX
BEIOOPOK ¢ N <30, mucrepcuto Uisi HOPMAJIBHBIX BBIOOPOK ompenesum F-kpurepruem
dumepa, MaJbHEHINMN aHAIU3 HOPMAJBHBIX BBIOOPOK € 3aJaHHON jJuCHepcuei
npoBouiH 1o T-kputeputo CThrofeHTa. BRIOOpKH, HE MOAIUHSIONTHNECS HOPMAITBHOMY
3aKOHY pachpeeNeHus, aHanusupoBanmuchk U-kputepuem YunkokcoHa — MaHHa —
Yutau [Mann, Whitney, 1947]. BriOpochl sl pacnpeneieHui, He MOAUNHAIONIMXCS
HOpMaJIbHOMY 3aKOHY omnpenesum ¢ momorisio dmierpa Xammens [Hampel, 1974],
JUTSL TIOTUMHSIOLIMXCST HOpMaJibHOMY pactipenenenuto Tectom ['pad6ca [Grubbs, 1969].

Onykryupyromas  acummetpust  (DPA)  omeHuBaizach MO0 CIEAYIOIIUM
nokaszaressaM: 1) 10Jisi aCHMMETPUUYHBIX 0co0el B BBIOOPKE, 2) A0JiA 0COOEH MO YuCily
ACUMMETPHUYHBIX MPU3HAKOB OT OOIIET0 YMCia ACHMMETPUYHBIX PAuKOB B BHIOOpKE, 3)
JIOJISI aCHMMETPHUYHBIX 0CO0CH 10 KaKI0MYy M3 TpPHU3HAKOB. [IOCKOJIBKY OTACITBHBIC
0CO0M MOTYT OBITh ACHMMETPUYHBIMU HE TOJIBKO IO OJIHOMY, HO U 1O HECKOJbKUM
MpU3HaKaM, MEepPBbIA MOKa3aTelb, Ha HAlll B3TJISM, OlleHUBaeT ypoBeHbh DA He OveHb
O0OBEKTHBHO, KaK MpaBWIIO, 3aHMkas ero. [loatomy s unterpupytomei oneHku OA
M0 HECKOJIBKMM TMpU3HAKaM ObUI MPUMEHEH M TaKoW mokazareib, kKak 4) CpemHss
yacToTa aCMMMETPUYHOIO TMpOsIBICHHMs Ha mpusHak Fa=A/n, rme A — cpemanss
apupMeTHICeCKas Yncia aCHMMETPUYHBIX TPU3HAKOB y KaXKIOW OCOOM; N — YHUCIIO
NpUMEHSEMBIX TpU3HAKOB [3axapoB u ap., 2000]. 5) [lnsg cpaBHEHHS YpOBHS
aCUMMETPHUH MEXy BBIOOPKaMH TaKKe HCHoJib3oBasiachk obOmias acummerpus (OA) mo
OOKOBBIM U CPETHUM paiioHAM TOPAKAIBHOTO U COSTUHUTEIHHOTO CEKTOPOB, KOTOpOAast
MPEACTABIISIa PAa3HOCTh MEXKIY KOJIMYECTBOM CTPYKTYpP B JIEBOM M TIPaBOM YacTH
nedasnoHa.

[Tomumo mnoxkazareneit @A, mexay BbIOOpKaAMH MPOBEICHO CTATUCTHYECKOE

CpaBHCHHC KOJIHMYCCTBA CTPYKTYP I_Ie(i)aJIOHa B IICJIOM M 11O CEKTOpaM B OTACIIbHOCTH.
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Pucynok 5. Cxema nedamona E. baikalensis. XXupHbiMu Toukamu 0003HAYCHBI
nopbl. bykBamu 0003HaueHbl palioHbl 1edanoHa, 1Mo BepTukanu: P — poctpym, A —
aHTeHaNbHBI, M — mMaHaUOyApHBIA, T — TOpakambHbI, C — COCTMHHUTENBHBIN; IO
ropuzonTanu: JIb — neBobiii OokoBoit, JIC — neBwlit cpeanuit, 1] — uenrpansusiii, [1C —

npaBslil cpeanuit, [1b — npaBbiii GOKOBOIA.

2.3.2. UccnenqoBaHune POTOBBIX KOHEYHOCTEN
Jlnst vuccnmeioBaHusl TIPHU TTOMOIIN AJICKTPOHHOTO CKaHHUPYOIIEro Mukpockona (COM)
QUANTA 200 ¢upmbr FEI o0pa3ipl OTMBIBAINCh B IUCTUJUIMPOBAHHOM Boje. Jlanee
POTOBBIE KOHEYHOCTH OTACIISUIUCH C TIOMOIIIBIO TPENapOBATLHBIX UTJ1 M TIOMEIIATUCH Ha
bunbTp, cymmauck cMmeron cnuptos (30, 50, 70 u 96%), a ocTaTku cnuvpTa yIansUIUCh
c momomiplo Tekcamermiaucunazana [Laforsch, Tollrian, 2000], mocie dero
HaIBUISUTACH 30JI0TOM. [Ipemapars MaHIuOY T MPUTOTABIMBAIMCH IBYMs criocobamu. B
MIEPBOM CJIydae TaK ke, KaK OMMCAHO BBIIIE, U K€ MaHIUOYIIBI Ha GUIBTPE CYIININ B

cymmmnibHoM mkadgy mpu 40°C B Tteuenuwe cytok [Haymoma, 2006], mocne uero
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HaIBUISIIA 30JI0TOM B BakyymHoOU ycrtaHoBke SCD 004 (BALZERS). DnemeHTHBIN
cocTaB 00pa3loB ONPEACTSIA C TTIOMOIIBIO IPUCTABKH PEHTTEHOBCKOTO MHUKPOAHAIH3a
EDAX x COM Quanta 200. Ha xaxmoni manguOyine E. baikalensis ompenemsiu
CoJlep’KaHHEe PJIEMEHTOB HE MEHEE YeM B IATH TOYKaX Ha BEHTPAJbLHOM 3yOIlle U B
IICHTPE MaHIUOYJIAPHON IUIACTHMHKHM JUIs KOHTpouisi, y FE. chankensis ompenensiu
CpelHee 3HAYCHWE JUIA JBYX BCHTPAIBHBIX 3YOIIOB, B KOTOPBIX OOHApPYKHBAJICS
kpemuuii (Si). [IporieHTHOE comepkaHue Si OMpeaessuid OT A0JH BeeX 1eMeHToB (0T B
no U), wucmonb3ys mnporpammuble ommuu Genesis Spectrum EDAX-mpucraBku.
M3mepennss oOwektoB Ha COM  (dororpadmsx MpOBOAMINM C HMCHOJB30BAaHUEM

nporpammel Image Pro 4.

SO MKM

Pucynox 6. O6mmii Bua Mmakcusuiel Epischura chankensis. Ctpenkamu nokaszassr: 1 —

cera, 2 — ceryJa.
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[Tpu MIPUTOTOBJICHUH npemnapaToB TUTST CBETOBOTO MHUKPOCKOTIa
OTIpEenapupoOBaHHbIC MAHIUOYIIBI TOMENIAINUCH B ruiepuH. OO1as AjiMHa Tejla CaMoK
U3MEpsIIach C TIOMOIIBI0  OKYJISIp-MUKPOMETpa IIOJ CBETOBBIM  MHKPOCKOIIOM.
W3mepeHuss METpUUYECKUX TapaMeTPOB POTOBBIX KOHEYHOCTEH MPOBOJMIUCH TIO
doTorpadusiM, nosryueHHsiM Ha COM, ¢ ucnonb3oBaHreM nporpamMmmsl Image-Pro 4.0

[Tnomans 0610Ba BBEIMHCIISIIACH TI0O METOMY, NMPUBEAECHHOMY B paboTte Xorma u
Maiipa [Hopp, Maier, 2005], kak npousBenenue F = Ly xLi*x2, tne L nx — cpenuss
nuHa Makcuiu, L g — cpenuss nnuna cet (Puc.6).

[TorydeHHBIC TaHHBIC TIPOMEPOB 00Pa0ATHIBAMCH C TIOMOIIBIO CTATHCTHYECKOTO

nmakera Excel.
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I'JTIABA 3. PE3YJIBTATHBI
3.1. AHAJIM3 HYKJICOTHAHBIX MOCJIeI0BATEIbHOCTEN
3.1.1. ®parment MTIHK COI

E. baikalensis. ITonyueno 60 mnocnenoBarenbHOCTel (parmenta rena COI

KoTopeie Obutn jgobaBiacHel B GenBank mox nHomepamm KC683830-KC683889
[BaiinpikoB u np., 2015]. Ilpm BelpaBHUBaHMEM oOmas iMHA (PArMEHTOB,
MCKIIIOYAIOIINX HEAOCTAIOIINE JaHHBIe, COCTaBMIa S66 M.H. AHaJINU3 BBISIBUI HAIAYUE
65 BapuaOenbHBIX no3ulMii B uccnegyemoM gpparmente MTAHK, U3 koTOphIX Kaxmas
nsATasg B MEPBOM MO3UIMU KOAOHA. B 00mem 32 mo3umuu sSBiastoTcs (PUIoreHeTH4eCcKu
uHpopMaTuBHbIMHU. TpaHcBepcuu ObuIM 3aMeueHbl B 9 mnosunusax. COOTHOIIEHHE
TpaH3uIUi/TpaHcBepcuil paBHO 4,7. Bce 3aMeHBbl SABISIOTCS CUHOHUMUYHBIMU U
pacnoJiokeHsl B 1 ¥ 3 Mo3uIMsIX KOJOHA.
Cpennsass BenuunMHa auBepreHunu nocienosatenbHocTed MTAHK mms Bcex 60
UCCIIEIOBaHHBIX 0co0eil coctaBuiia 1% 3aMeH HYKIEOTHIOB Ha CalT. JTO 3HAUYCHUE
OnM3K0 K cpeaHemy 3HaueHuto auBepreHiuu (0,9%) paccuMTaHHOMY HCXOAS U3
3HAYEHUW, TIOJYYEHHBIX OTAEJIBHO 1O KaXJI0M KOTJIOBUHE. B BbIOOpKE ObLIM
yHUKaNbHBI 54 u3 60 rarmioTUnoB, TPU TaruioTUNA ObUIM OOHAPYXKEHBI JIBAXKIIbI.
[MamnmoTunuueckoe pasHoodpasue cocrasmiio 0,998.

[TocTpoen rpaduk nomapHeix paznuuuii (Puc.7) Ha3biBaeMmblid Tak e mismatch
distribution, BbIsIBMBIIKMK TUK B oOmacTh 5 momapHbiX pasnuuuii. Ha rpaduke
HaO0JII0aeTCsl YHUMOAAIBbHOE JJOTHOPMAIIbHOE PACTIPEICIICHHE.

Tajima's D — Tect [Tajima, 1989] noka3zan 10cTOBEpPHO OTPHUIIATEIbHBIC 3HAUCHUS
D cratuctuku (Tabnumal), cBUAETENBCTBYONINE 00 IKCIIAHCHH (PE3KOM BO3pacTaHUU
YUCJIEHHOCTH), JHOO BO3ACHCTBUM ABWXKYIIEro oroopa. Pesympratel R2 - Tecta
[Ramos-Onsins, S. E., & Rozas, J. 2002] (Tabaumal) moarBepamin JOCTOBEPHOE
oTKJIOHEeHHe oT HeuTpanbHocTH (P <0.05) B mosib3y rumoressl MOMYJISALMOHHON

OKCIIaHCHH.
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Pucynok. 7. I'paduk pacnpeneneHus 4acTOT 3HAYCHUN MOMAPHBIX Pa3InuUi

(mismatch distribution) rarumorunos Mt/IHK E. baikalensis (mporpamma DNAsp 5.1).

Tabnuua 1. Pe3ynbrarsl NOMyIsI{UOHHO-TEHETUYECKOTO aHAIK3a N0 PparMeHTy

mtIHK COI nns nByx BumoB poga Epischura.

Hassanue | KoymuectBo | Kommuectso | TMRCA | 0, 05 Tajima's R2 test
IPyINbl | IIOCIEI0BATE | TAIIOTUIIOB | CTPOTHE D test
JIBHOCTEN 4acel
E. 60 o6 0,36 5,21113,2| D=-2,0/ | R=0,034
baikalensis (0,19 - 9 | P_value=0 | P_value=
0,95) ,016 0,00
E. 38 30 0,63 2,92 18,56 | D=-2,31 | R=0,028
chankensis (0,40 - P_value=0 | P_value=
['pymma 1 1,00) ,00 0,00
E. 13 13 0,42 429 16,44 | D=-1,42 -
chankensis (0,24 — P_value=0
['pymma 2 0,80) ,15
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[Toctpoennsie B BEAST 1.10 rpaduku, peKOHCTPYHPYIOITUE HCTOPHUIO
u3MeHeHus: d¢pdexTuBHOrO pasmepa mnomyisimuu (Puc. 8) metomom baiiecoBckoro
ckariota (Bayesian Skyline Plot) [Drummond et al.,, 2005], mno3Bomawm
BU3YAIM3UPOBaTh JleMOTrpaduuecKrue W3MEHEHUs, MPOTEKaBlIMe B Tomynsnuu E.
baikalensis. TIpumeHeHHE MOJCKYISAPHBIX AaTHPOBOK IIO3BOJHIIO  ONPEACIIUTH
NpUOIM3UTENIEHOE BpeMsl PE3KOr0 BO3pacTaHUsl YUCIEHHOCTH payka B o3epe. llepuon
pocta 3ddexkTuBHON unciaeHHoctu aartupyercs 0,18 - 0,1 MuH. JeT, mocie 4ero
nomyysnust E. baikalensis gocturaer cBoero MakcMMyma M YK€ OCTaeTCSl CTaOMIIbHO

BbIcOkol [Zaidykov et al., 2020].
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Pucynox 8. Pe3ynmbTaThl pEeKOHCTPYKIIMHM HUCTOPUU HU3MEHEHHS 3(PGHEeKTHUBHOU
yrcieHHoctd monyssiiuu E. baikalensis ¢ momormpio Bayesian Skyline Plot. Cepas
obmacth Ha Trpaduke mokaspiBaeT 95% MOBEpHUTEIBHBIN WHTEPBAI I OICHHMBAEMOM

3¢ ¢deKTUBHON YMCIEeHHOCTH Tnomynauud. [IpoMexyrouHas KpuBas - MeEIHMAHHOE

3HaueHue st 3PPEKTUBHOTO pa3Mepa MOMyJIALHH.
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Jis  TpOBEpKH  HAIWYHS/OTCYTCTBHSI  IMOMYJISILMOHHON — IMMOAPa3AeIeHHOCTH
E.baikalensis B o3epe Baiikan ObUIM MOCTPOECHBI MEIHWAHHBIE CETH TAIJIOTUIIOB B
nporpamme NETWORK 5 ¢ ucnonp3oBannem anroputma «median-joining» [Bandelt et
al., 1999]. Ha nepBoii HOCTPOCHHOM MEAMAHHON CETH CPaBHUIIM TaIJIOTUIIBI 0COOCH U3

pa3HbIX KoTsIOBHH (Puc. 9).

@ HOxHbiv bankan

\ \ LleHTpanbHbi bankan

\ e CeBepHbin barikan

OTCYTCTBYFO e y3Jibl raryiotTunos

Pucynok 9. Cets ramnorunos. I{Berom nmoka3zansl ocoou E. baikalensis u3 pasubix

paiioHOB 03epa baiikai.

Ha npyroit menuanno#i cetn (Puc. 10) cpaBHUIM 0CcOOM M3 pa3HBIX TE€HEPAIHA
(JleTHe#l U 3uUMHe-BeceHHel). Ha MoCTpOoeHHBIX CeTsSX TarjoTHIOB HE HaOJI0JaIoch

HUKaKOM HOHYJ]SIHI/IOHHOI\/'I moapasaAcCIICHHOCTH 110 KOTJIOBUHAM HMJIM I'CHEPAILIUsAM.
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® 3MMHe-BeCeHHsS reHepauus
O JleTHas reHepauus

OTCyTCTBYHOLLME Y3/bl FAnIoTUMNoB

*.
e /
| 7 /

Pucynok 10. Cetb ramnotunos. LIBerom oToOpaxxeHsl reHepaiuu E. baikalensis.

B kawectBe eme OJHOrO HMHCTPYMEHTA Uil IIPOBEPKA T'€HETUYECKOU
nojipaszzeneHHocTd Ha ocHoBe (pparmenta COIl B mporpamme DnaSP 5.1 paccuuntanb
3Ha4YCHUSIMU Mepbl reHetnyeckor muddepennuanmu Fst (Tabmuna 2). 3nauenus Fst
PacCUMTHIBAINCh MEXAY KOTJIOBHHAMM IMONApPHO, a TaKXKe MEXAY JIETHEH W 3UMHe-
BeCeHHEH reHepauusMu. Bo Bcex ciydasx mokazaTtesnu FSt ObUTM 3HAUMTENTBHO HUXKE
0,05, 4Yro TOBOPUT B TOJIB3y OTCYTCTBUS WIH KpallHE HHU3KOTO YPOBHS

noapasaACJIICHHOCTU MCXKAY KOTJIOBHMHAMU WUJIHM I'CHCPpALIUAMMU.



55

Ta6numa 2. Pe3ynbTaThl BEIYUCICHUS MEPbI TeHETHYECKOU nuddepeHnanuu s

ramioTumnoB Fst U3 pasHeIX KOTIOBUH o3epa baiikan u 115 pa3HeIX reHepauui E.

baikalensis.
Paiions! bakana Fst
IenTp IOr 0,00038
Hentp Cesep 0,00119
Cesep Or 0,00012

I'enepauuu E. baikalensis

3UMHE-BECEHHSIA JleTHss 0,00124

E. chankensis. ®parment HykimeoruaHoW mocnenoBaTenbHocTH TeHa COI
pasmepoMm 547 m.H. onpezenen s 52 oopasuos E. chankensis (momemensr B8 GenBank
noq Homepamu: KR704356-KR704407) [3aiimpikoB u  ap., 2018]. Awxanwms
nocnenoBareiabHocTeil E. chankensis mo COIl BeisiBun 49 BapuaOenbHBIX IO3UIUH,
Cpeld KOTOPBIX YEThIpe HAXOJIWINCh B TIEPBOM IMOJOKEHHWU KoJoHA. B oOmieit
cinokHoct 21 mo3umms Obuta  QuiioreHeTHdYeckn HHPopMmaTHUBHA. TpaHcBepcun
oOHapykeHbl B 11 mosumusix. B AByx mocinenoBaTenbHOCTSX OBLIO OOHAPYKEHO IO
OJIHOM HECMHOHMMHUYHOM 3aMeHe. B enmmHCTBeHHOM uucie Obl1 mpenacraBieH 41
rarioTun oT 52 ocoOei, OuH rarjoTUII BCTPEUEH y 7 ocolel U ellle JiBa rarjioTuna
Obl  TpenctaBieHbl  ABaxabl. [ammorurmmueckoe (Hd) wm  nHykmeotuaHoe (p)
pazHooOpasue coctaBuiio 0,982 u 0,009 cooTBETCTBEHHO.

s E. chankensis 6bu11 MOCTPOCHBI METUAHHBIC CETH TAIIOTUIIOB B IPOTPaMMe
NETWORK 4.6 [Bandelt et al., 1999], ¢ ucnons3oBanueM anropurma «median-joiningy»
(Puc.11). B nocTpoeHHOM CETH TarIOTUIIOB BBIJEISETCS OJIHA TPYIIIa, MpeCTaBICHHAs
OOJBITMHCTBOM TaIUIOTUIIOB W MMEIOIIAsl YETKYIO 3BE3/1000pa3HYI0 CTPYKTYPY, 3/1€Ch,
OT HEHTPAJIBHOTO TAIJIOTHIA, BBIABICHHOTO y CeMH oOcoOei, Ha 1-3 miara oTXomsT

IMPOU3BOAHBLIC TaIlJIOTHIIBI, I'AC K&)K,Z[I)Iﬁ MpEACTaBJICH C,Z[HHCTB@HHOIZ OCO6I>I-O, 3a
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HCKIOYCHHUECM JABYX TaIUIOTHIIOB IIPCACTABJIICHHBIX JIBAK/IbI. Or 3BCBI[OO6p33HOﬁ

CTPYKTYpPHBI SBHO JUCTAHIIMPOBAJIACH TPYIINA, 00pa30oBaBIasi HEKUIl XBOCT.

Pucynok 11. Cerp ramioTunoB mnoctpoeHHas B nporpamme Network s

nocnenoBareiabHocTeit pparmenta COIl pauka E. chankensis.

AHaM3 pacnpelneseHds] MONapHbIX pa3audyui Mexay ramtortunamu MT/JHK
nocTpoeHHbI B nporpamme DNASP BbISIBIII B aHAIM3UPYEeMOW BHIOOpKE JBa MHKA B
obsactu Tpex (caMbiit 00mb1I0M) U 8 monapHbIX pazmuuuit (Puc. 12). Eciu uckimouuTh
U3 aHajgu3a TMOMapHbIX pa3IMYUil TPYIIy TalIOTUIOB, COCTABJSIONIYI0 B CETH
TaruIOTUIIOB «XBOCT», TO rpaduk (Puc. 13) mpuHuMaeT BUJl yHUMOIAIbHON KPUBOH, TIe
OOJBIIMHCTBO TMOMAPHBIX Pa3IU4YMil HaXOAUTCS B O0OJACTH MajbIX T'€HETHYECKUX
pacctostHuil. ['paduk momapHBIX pa3muyuid s XBOCTOBOM TPYINIBI HE CTOJb

omHopojaeH (Puc. 14). 3necs HaOMIOMaI0TCSA HEOOBIIHE TOMOTHUTEIBLHBIC TTHKH.



57

0,18
016 T% ——Habnwpaemoe
\
014 +—%
\
0,12
0.1 = = «Owupa. pna
0,08 - PaBHOBECHON
nonynauum
0,06 - ynay,
e - =0}ug. onAa
0,02 +¥ pacTyuwen
o nonynauum
1234567 8 910111213141516171819202122232425262728

Pucynoxk. 12. I'paduk pacmpenencHus 4acTOT 3HAYCHHHN IMOMAPHBIX pPa3IAdUit

mt/IHK E. chankensis Bcex rammorumos.
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Pucynok. 13. I'paduk pacrmpenerneHrdss 4aCTOT 3HAYCHHWM TMOMAPHBIX Pa3IAuUN

mt/IHK E. chankensis neHTpalibHBIX TalioTHITOB.
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Pucynok. 14. I'paduk pacrnpegencHus 4acTOT 3HAUYCHHM TMOMAPHBIX Pa3TudIUi

mtJIHK E. chankensis xBocToBoii rpymibl

lamotuner E. chankensis, takum o0pa3om, pas3aeiuinch Ha JBE TPYIIILI,
«IEHTPaJIbHYI0» 0003HaueHHyH0 B ganpHeimem «E. chankensis rpymma 1» w
«XBOCTOBYIO» 0003HAYCHHYIO B JaJIbHEHIINX TecTax Kak «E. chankensis rpymma 2.

Tect newrpansHocTH Tajima D mokasan, uro «E. chankensis rpymma 1» umena
noctoBepHo otpunareiabubie (P <0.05) 3nauenus D cratuctuku (Tabmuma 1), uro
CBUJETEIBCTBYET 00 OKCHaHCHMU (PE3KOM BO3PACTAHMM YMCIEHHOCTH), JIMOO
BO3JleHcTBUM JBUXKyIIero otoopa. Tect R2 (Tabmuma 1), anst 3Toil rpymmbl, Jgait
noctoBepHoe OTkiIoOHeHHe oT HeutpanmbHoctd (P <0.05) B momp3y rTHMIoOTE3BI
nonynsnuoHHo skcrancuu. st «E. chankensis rpymma  2»  mOmySISIIMOHHOE
TECTUPOBAHUE HE A0 JOCTOBEPHOTO OTKIOHEHHS OT THUMOTE3bl HEUTPAIBHOCTH TPH
dbopMHUpOBaHUN TOMYJSAIMOHHOTO pa3HooOpasusa. HawuOonbime OTHOCUTETBHBIC
OTJMYUSA MEXKIY CPEIHMM UYHCIOM TMOMAPHBIX paznuuuil ¢, u Aoneil mormMopdHBIX
caiToB 05 Habmoaaercs it nonyisuuu «E. chankensis rpynma 1.».

PexkoncTpykuus uctopuu u3MeHsA SPQPEKTUBHON YHCIEHHOCTU TMOMYJSIUN

(Puc.15) nokazana, 4To B TEUEHUH BCErO MEPHOJIa CYIIECTBOBAHUS HAWOOJBIIUNA POCT
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HabOmomancs B «E. chankensis rpynma 1.». [{ns momymsuuu «E. chankensis rpymma 2»
Takke HaOmromancs poct APQPEKTUBHOW YHCICHHOCTH, HO B TOPa3l0 MEHBIIEM
Mmacmitabe (Y4uTbiBas JorapupMHUUecKyro mkany Ha rpadukax). Ob6e momyssuu E.
chankensis yBenn4uBaiu cBO pa3mMep ¢ MaKCUMAaIbHOW CKOPOCThIO B repuon ot 0,4 1o
0,25 mun. ner nHaszanm [Zaidykov et al., 2020]. Ilpu npuOIMKEHHH K HACTOSIIEMY

MOMEHTY BpeMeHH »J(PEKTUBHAS UYHUCICHHOCTh BCEX HCCIEAYEMBIX MO

CTa6I/IJII/IBI/Ip0BaJIaCI).
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Pucynok 15. Pe3ynbTarbl peKOHCTPYKLHS HUCTOPUU H3MEHEHUs 3(DPeKTuBHON
YHCIACHHOCTH AByX rpymn ramtotunoB E. chankensis (E. chankensis rpymma 1 u E.
chankensis rpymma 2) c¢ momompbto beiicoBckoro ckaimuiora. Cepas o0nacte Ha
rpadukax mnokaszpiBaeT 95%  nOBepUTENbHBIA WMHTEpBal A OLEHUBAEMOM
3¢ ¢deKkTUBHON uMCcIeHHOCTH mnonyisinuu. [IpoMexyTouHas KpuBas - MeEIHMAHHOE

3HaueHue Uit 3PPEKTUBHOTO pa3Mepa MOMyJIALHH.

E. nordenskioldi. O6mwuit pasmep anammsupyemoro ¢parmenta COI, mms E.
nordenskioldi coctaBun 709 m.H. (moOaBmen B (Gen BankGenBank mox HoMepom
MT131782). bblno OTCEKBEHUPOBAHHO 8 MOCIEAOBATEILHOCTEN, BCE OHHM OKA3ajuCh
UJCHTUYHBI, BEPOATHO, 3TO CBS3aHO C TE€M, YTO MPOOBI OTOMpAIMCh W3 HEOOIBIIOrO

IMapKOBOI'O 0O3€pa. B cBs3u ¢ OTHUM, OLICHKa IOIYJIAOWOHHBIX IIapaMETpPOB JIA E.
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nordenskioldi e mpoBoaMIack W MAaHHBIN BUJA MCIIOJNB30BAJICS TIaBHBIM 00pa3oM Kak
BHEIIIHSS TPYIIA.

Oob0mee ¢uaorenernueckoe apeBo. Ha OCHOBE yHUKalnbHBIX TalUIOTUIIOB
dparmenta COIl E. baikalensis u E. chankensis moctpoeHo ¢uaoreHeTHUeCKOE IEPEBO
(Puc. 16) ¢ MonekyiaspubiMu nmatupoBkamu [Zaidykov et al., 2020]. Anamms,
OIIPEISIISIONINI YPOBEHb HACKHIIICHNsI, BHIMTOJIHEHHBIN B iporpamme Dambe v.6.4 [Xia,
Lemey, 2009], ans manHOro Ha®opa raljIOTHIIOB IOKa3ajl MPHUTrOJHOCTh JAHHBIX JIJIS

dbunoreneTnyeckux 1aTupoBok (Tabmuna 3).

Ta6J'II/IHa 3. P€3YJII>TaTI>I TCCTa Ha HACBIINICHUC HYKICOTHIHBIX 3aMCH JIA

nocienosarenpHocTeidr COl E. baikalensis u E. chankensis. “IsS” — moka3atens
HACBIIIEHUs 3aMeH; “ISS.C” — kpuTudeckoe 3HadyeHue ISS; “Iss.cSym” — “Iss.c” s
CUMMETPUYHOMN Tomojoruu; “Iss.cAsym” — “ISs.C” mjist acCUMETpUYHOM TOIMOJIOTHH.

NumOTU Iss Iss.c Sym Iss.c Asym

4 0,100 0,799 0,766

8 0,094 0,756 0,645

16 0,092 0,729 0,519

32 0,090 0,707 0,379

Bce mokazatenu Hacwimenus 3ameH Iss (index of substitution saturation) ObutH
3HAYHUTEIHHO HI)KE KPUTHYECKUX 3HAYEHHUHM HACHIIEHHUS ISS.C, MPU KOTOPBIX Ha OCHOBE
IOCJIEIOBATEIBHOCTEH YK€ HEIb3s BBICTPOMTH MPAaBHIBHYIO Tomojoruio. Ho, mpwu
no6aenennu ramiotuna E. nordenskioldi, manHblii aHamu3 yke MOKa3bIBaJl HATUYUC
HACBIILIEHUSA, YTO HE I[IO3BOJMIIO MCIOIb30Barh raminorun E. nordenskioldi ms

MOJICKYJIIPHBIX JaTUPOBOK I10 BCEM TPEM ITO3HULIUAM.
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B mporpamme Jmodeltest-2.1.7 [Darriba et al., 2012] ycranoBiieHo, 4T0 Hanboee
ontuMaabHONH Mozenbio 3oy JIHK mis mabopa mamubix siasercs HKY+I+G
(nanmenbinee 3HaueHue BIC=6521.48). Ilpu ¢unoreHeTHYECKUX PEKOHCTPYKIIHIX
HanOoJiee ONTUMAaILHON OKa3anach Moneib (Tabmuma 4) speciation birth-death process
with strict molecular clock (mau6onsmee likelihood value). ®unorenernueckoe apeBo,
MIOCTPOEHHOE C MOMOIIBIO 3TOW MOJIEIH, UCTIONIb30BAIOCH JJIs NajlbHEHIIEro anaansa u

BBIBOJOB.

Tabmuma 4. CpaBHEeHHE HBOMIOIMOHHBIX Moaenel s ramtotunoB MT/IHK COIl

E. baikalensis u E. chankensis

DBOJIFOIMOHHAS MOJIEIb IToka3zarenb Bpewms PaCcX0KICHUSA E.
IPaBAOIIOA00HS baikalensis u E. chankensis B
(Likelihood value) | mumnonax net Hazan (95% JI)
Speciation yule process + -2335,32 6,04
Strict clock (4,34 - 7,94)
Speciation yule process + -2335,64 6,01
Uncorrelated relaxed clock (4,27 —7,96)
Speciation birth-death process -2321,13 13,71
+ Strict clock (8,34 — 21,43)
Speciation birth-death process -2321,57 15,19
+ Uncorrelated relaxed clock (8,31 — 23,25)

Ha noctpoenHom ¢uiorenernueckom npese (Puc. 16) Bpems go oOiero npeaka
s E. baikalensis u E. chankensis coctasuno 13,71 mu. net (95% moBepuTeabHBIIR
uarepBan (JAU: 8,34 - 21,42 mun. set). YHukaneHble ramiotunsl E. baikalensis
o0pa3yloT Ha (UIOTEHETUYECKOM JIepeBe E€IWHBIA KjacTep ©Oe3 BHYTpeHHEH
MOAPA3ACICHHOCTH, CO BpeMeHeM paszjieiieHnus oT oomiero npeaka 0,58 muH. et u 95%
noBeputTenbHbIM HHTEpBajioM 0,37 — 0,89 MiH. neT. YHUKaIbHbIE TaruioTUIBI E.

chankensis paznenmimcek Ha J1Ba Ki1actepa MOJHOCTBIO COOTBETCTBYIONIUE BBIICICHHBIM
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panee rpynmnam ramotunoB («E. chankensis rpymma 1» u «E. chankensis rpymma 2»).
Pasnenenue BBISIBICHHBIX Ipymi ramiotunosB E. chankensis mpousonuio 0,69 muH. net
Hazang ¢ 95% noseputenbHbiM uHTepBasioM 0,39 — 1,06 maH. ner. Pasnenenue
raiIoTHIIOB BHYTpHU KiacTepa «E. chankensis rpymma 1» mpowmsonuio 0,41 MiH. jeT
Hazan ¢ 95% noBeputenbHbiM uHTEpBaoM 0,25 — 0,64 maH. ner. Pasnenenue
rarmioTunoB BHYTpH kiactepa «E. chankensis rpymma 2» mpousomnio 0,44 mutH. neT
Hazag ¢ 95% noseputenbHbIM HHTEpBaioM 0,22 — 0,69 miH. JeT.

B mporpamme Network ¢ wucnonp3oBanuem anroputma Median Joining (MJ)
ObLTH TIoCcTpoeHBI ceTr ramnoTunoB mo COl g mpencTaBIeHHBIX TpeX BUIOB poja
Epischura. T.x. ananu3 HachllieHWss 3aMeH, NpPU J00aBJICHUM TaryioTHNoB E.
nordenskioldi, mokazanm Hamuuyue HACHIIEHUS, TO MEIWAHHYIO CETh TalUIOTHIIOB
MIOCTPOMIIUA TOJIBKO C YUYETOM JIBYX MEPBBIX no3ulinii kogoHa (Puc. 17). Ha nomydenHoi
MEIMaHHOW ceTH, Tpymnmna ramioTunoB E. chankensis 3anumaer mnpomexyTodHOE

noJjiockeHre Mexxy ramrotunamu E. nordenskioldi u E. baikalensis.



63

t = 0,58:(0,37-0,89), p=1

e

= E. baikalensis

t = 13,71:(8,34-21,43). p=1

P

=
7/ t = 0,41:(0,25-0,64), p=0.93 _ —
E. chankensis
t = 0,69:(0,39-1,06), p=1 [ rpymna 1

o e

t = 0,44:(0,22-0,69), p=0.84 E. chankensis
rpynmna 2

/ —2‘,‘ nordenskioldi
L
'

/
7

J
7

L d L] 1 ” I - I
30 25 15 10 5
MWUIHOHOB JIET Ha3a/

=5

Pucynok 16. JlepeBo ¢ BpPEMEHHOW IIKajJOM, ITOCTPOEHHOE Ha OCHOBE
HykiIeoTunHbIXx mocienoBatenbHocTtedt reHa COl mt/IHK B mporpamme BEAST.
[TpuBeneHb! 1aTUPOBKY TMBEPTECHIIMK TAKCOHOB B OCHOBHBIX Y3JIaX, B CKOOKaxX yKa3aHbI
95% noBepuTENbHBIC WHTEPBAIBI A AATUPOBOK. JJIg 3THX K€ Y3JIOB NMPUBOAMUTCS

CTAaTUCTHUYCCKAA IIOAACPIKKA P - AlIOCTCPHUOPHASA BEPOATHOCTD.
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E. baikalensis

E. chankensis

E. nordenskio/dui-'xIVVV"“O

PucyHnok 17. MenuaHHasi ceTh TaIUIOTUIIOB, TOCTpOCHHAs B mporpamme Network
¢ momoisio anroputMa Median Joining, Ha ocHoBe mocienoBarenbHocTel COl oT Tpex

BUI0B Epischura ¢ yaetom Tosbpko 1-ii ¥ 2-# mO3MIMN KOJIOHA.

3.1.2. ®parmenT aa/[HK ITS1

E. baikalensis. BeimonaHeH aHajau3 HYKJICOTHIHON IMOCCIOBATEIBHOCTH
pubocomuoro cmericepa ITS1 ax/IHK, xoTopelii wmen 1menpl0 MPOBECTH
JOTIOJIHUTEIBHYIO MMPOBEPKY HAIU4YMS/OTCYTCTBUsA moapasaenennoctu E. baikalensis B
o3epe baiikan. OOmas nnuHa aHamuzupyemoro ¢parmedra coctraBwia 303 1.H.
[Ipoananu3upoBaHbl MOCAEAOBATEILHOCTH OT 9 ocobeil, Mo Tpu 0co0U € KaxIou
KOTJIOBUHBL. Bce  mMociemoBaTenbHOCTH — OKa3aduCh  AOCOMIOTHO — WACHTHYHBI.
[TocnenoBarenbHOCTh A00aBieHa B GenBank mox nomepom MF134402.

E. chankensis. TlpoBeneH aHamuM3 HYKJICOTHIHOW IOCIICIOBATEILHOCTH
pubocomuoro creiicepa ITS1. O6mas quHa aHamu3upyemoro (pparmMeHTa coCTaBHUiIa
306 m.H. YToOBI MHPOTECTUPOBATH HAIMYHUE PEMPOAYKTHUBHOM 000COOJIEHHOCTH IO
SAJIEPHOMY T€HOMY ObUTA BBIOOPOYHO OMPEeNIeHbl HYKJICOTHUIHBIE MTOCIEI0BATEILHOCTH
ITS1: Tpu nmocnenoBaTenbHOCTH, OT 0coOei, ubu ramiotumbl MTJHK COl otHOCHINCH

k rpymnne «E. chankensis rpymma 1» (ueHTpajibHas) U ABa oOpasiia u3 rpymmbl «E.
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chankensis rpymma 2» (o6pa3oBaBiieii XBOCT), HandoJIee TUCTATBLHBIX TTO0 OTHOMIECHHUIO K
«E. chankensis rpymnma 1» (ogus u3 Hux umen no COl He CHHOHMMHYHYIO 3aMEHY).
Ananmu3 ITS1 mokaszan, 9To BO BCeX IMATH 00pas3iiax MPHUCYTCTBOBaja 00IIast Il BCEX
amnenb. B aByx oOpasmax 3Ta aijenb Oblla TOMO3MTOTHOHM, a B TPEeX OCTAJbHBIX
oOHapy>XKeHa TeTePO3UTOTHOCTh. B Ka)I0M citydae BTOpas aJuiesib OTJIMYAIach Ha OHY
3aMeHy. AJIbTepHATUBHBIC aJUIeIM WMEIW MyTallud B  Pa3HBIX  Yy4YacTKax.
['eTepO3UroTHOCTh BCTPETHIIACH B OJHOM W3 00pa3IioB, OTHOCHBIIHMXCS IO MapKepy
COl x «E. chankensis rpynma 1» u y aByx otHocuBmmxcst K «E. chankensis rpymma 2».
YHUKaIbHBIC TTOCIEA0BaTEIbHOCTH Ao0aBieHbl B GenBank moa Homepamu MF134403—
MF134405.

E. nordenskioldi. Jms E. nordenskioldi  oTcekBeHupoBana  ojHa
nocienoBaTeabHOCTh Gparmenta ITS1 nouHHOM 312 1.H., KOTOpas U KUCIMOIH30BATIACH
Kak BHerrHss rpymmna. JJo6asiena B GenBank o Homepom MF134406.

Oo01ee ¢unorenernueckoe ApeBo. Ha OCHOBE YHUKAJIBHBIX
nocienoBatenbHocTel ITS1 (muHa dparmenta 315 m.H.) Tpex BbIlle 0003HAYCHHBIX
BugoB B mporpamme BEAST moctpounm ¢unorenernyeckoe apeso (Puc. 18), B
KauyeCTBE MOJEIM 53BOJIOIUH HcHoab30Bamu moaenb JC69 [Jukes, Cantor, 1969],
o 00paHHy0 B KayecTBe onTUMaiibHOM mporpammoit Jmodeltest-2.1.7 [Darriba et al.,

2012]. O611as TomoJorus aepeBa COOTBETCTBYET nmocTpoeHHoMy Ha ocHoBe COl.
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Pucynok 18. dunoreHeruueckoe ApEBO, MOCTPOCHHOE HA OCHOBE HYKJICOTHIHBIX
nocjenoBareIbHOCTe pubocomHoro creiicepa ITS1 Tpex BumoB poma Epischura B

nporpamme BEAST.

3.1.3. HykjeoTuaHasi mocJjie10BaTeJIbHOCTh pud0OCcOMHOro rena 18S.
[MocnenoBarensrocTr 18S y E. baikalensis u E. chankensis, secMotps Ha T0, uTO
BpeMsI TPEINOI0KHUTEILHOTO PACXOXKACHUS JTUX BHAOB JOBOJBHO OOJNBIIIOE — HE
ormmuaiiick. Ot nocnegosarenbHoctu E. nordenskioldi o6mas nocnegosarenbHOCTS E.

baikalensis/E. chankensis orinuuanuce Ha 2,7 %.

3.2. Mopdoaornyeckuii aHaau3
3.2.1. Ctpykrypsl nnTerymenra E. baikalensis.

[IpoBeneH aHalM3 pacloJIOKEHUS MHUKPOCTPYKTYp uedanona (Tabmuiibl
IMpunoxenus | u 1) nByx BeIOOpOK mpeactaButeneir E. baikalensis ¢ Ceseproro u
IOxnoro baiikana [HaymoBa, 3atigsikoB, 2016]. HaOmogaeTcst 6ombIinoii pa3opoc B
YUCIIE YIbTPACTPYKTYp UHTETYMeHTa OoT 0 10 5 Wiin OT 2 0 8 10 HEKOTOPBIM CEKTOpaM,
pa3dpoc ke 3HaYEHU 1Mo 00IIeMy YHCITy CTPYKTYp BapbupyeT ot 2 10 26 nns FOra u ot

6 10 23 ns CeBepa. XOTsl MaKCUMaJlbHbIE 3HAYEHUS OOIIIET0 KOJIMUecTBa CTPYKTYp (26
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U 23 COOTBETCTBEHHO) ONPEIEISIIOTCS CTaTUCTUYECKHMMH TECTaMH KakK BbIOPOCHI,
OJIHO3HAYHO OIPEACIIUTh UX XapaKTEp CIO0KHO, HEIb3S C OIMPENEIEHHOCThIO CKa3aTh
ABJIAIOTCS OHU PE3YJbTATOM OLIMOKM HM3MEPEHHS WM K€ BBINAJAIOT BCIEICTBUU
HEJI0OCTaTOYHOTro pa3Mepa BeiOOpKU. Ho gake mpu MCKIIOYEHUH ONMpPEAeIIONMXCcs Kak
BBIOPOCHI 3HaYEHUH, pa30poc Yucia CTPYKTYp Ul 1edanoHa B 1IeJIOM OCTaeTCsl BeChbMa
BBICOKUM OT 2 10 16 nmns roxxHOM BeIOOPKM W oT 6 mo 20 mis ceBepHoil. Jlomns
aCUMMETPHUYHBIX 0coOel coctaBmiia 86% y ceBepHoil u 70% y 105kHOM BBIOOPOK. Jloms
oco0eil aCCUMETPUUHBIX 10 | Mpu3HaKy OT OOIIEero Yucia aCCUMETPUYHBIX 0COOeH st
ceBepHOU BBIOOpKM cocTaBisia 40%, a nna roxxHou 26,3% (Tabnuna 5). B roxxHoM
BBIOOpKE J0JIs1 0C00e aCHMMETPUYHBIX IO JIByM NpPHU3HAKAM BBIIIE, YEM B CEBEPHOM
(57,9 u 28% coorBercTBeHHO). Hapymenue cuMMeTpun MO TpeM NpHU3HAKAM
MaKcUMalibHa y ceBepHOil BbIOOpKH (28%), a y FOKHOM TOYTH B J[Ba pa3a MEHBIIE
(10,5%). Tlo uerblpem mHpHU3HAKAM Yy CEBEPHON BBIOOPKHM aCUMMETPUYHOCTH 4%, y

10kHOM 5,3%.

Tabmuua 5. [Hona acummerpuunbix (A) um cummerpuussix (C) ocobeit E.

baikalensis B Ceepnoii u FOkHoit yactax o3epa baiikain, 2009 r

Mecto orOopa | KoJ- A, % C,% | Hoas ocobdeil, aCHMMETPUYHBIX 110
npoo BO, JK3. Pa3HOMY YHCJY NPU3HAKOB, %o
1 2 3 4
CeBepHas 4acTh 29 86,2 13,8 40 28 28 4
barikana
IOxnHas gacThb 27 70,4 29,6 26,3 57,9 10,5 5,3
barikana

Jlonst acuMMeTpuu AJis1 BBIOOPOK OTJIMYAETCSl B OCHOBHOM Ha OOKOBBIX y4acCTKax
(Pucynok 19). Hanuume mop ¥ IIMNMKOB HaOJIOANOCh TOJBKO B TOPAKAIbHOM H
COCMHUTENHHOM cerMeHTax nedanona. Jloas ocoleil ¢ MposBlIeHUEM aCUMMETPUH Ha

TUX YacTsax nedanona Obuia y 10kHOU BBIOOpKHU: 40,7% st 60okoBbIX U 18,5% s
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CPEIHUX CEKTOPOB Ha TOpaKaJbHOM 4YacTH, a Mg COoeIMHUTENnbHOU 25,9 m 48,1%
COOTBETCTBEHHO. Y 0coOel ceBepHOW BHIOOPKH OCHOBHOE MPOSIBIIEHUE aCUMMETPUU
NPU3HAKOB MPHUXOAUTCS Ha COCAMHUTEIBHBIA CEKTOp IedanoHa (MPUMBIKAIOMUN K
abmoMeHny), noyis ocoOeil, aCMMMETPUYHBIX II0 YHUCIY CTPYKTyp Ha HTOM 4YacTu
coctaBisuia 69 u 51,7% nnsa OOKOBBIX M CpPEAHMX CEKTOPOB, B TO BpeMsi Kak Ha

TOpakanbHOU yacTH 26,6 u 17,2%.

CeBepHblit Baiikan >~ P " tOxHbIV Bavikan >~ P .

Cid e 0 1P e ,r’J\ I N 407% T
/26,6% / - - /}0,7% ; Y, | e
7 /" 17,2% | \ 17,2%.. % Ly t8.5% | 18,5%

/ ) 5 ! i . 69% / : ( i v 25,9% \
[ 69% | 51,7% | v 51,7% 4 \ [ 259%/ 48,1% ! . 48,1% -
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Pucynok 19. Acummerpust Mexxay cektopamu 1iedanona E. baikalensis y oco6ei
U3 pa3HbIX paiioHoB baiikana. bykBamu 0003HaueHbI pailoHbl 11edanoHa, M0 BEPTUKAIIH:
P — poctpym, A — anreHanbHbli, M — ManguOymspueii, T — TOpakanpHbI, C —
COCIMHUTEIbHBIN; 110 ropu3oHTanu: JIb — neBwiit 6okoBoit, JIC — neBbiit cpenauit, 11 —

ueHTpanbhbii, [IC — npassliii cpegnuii, [1b — npaBbiii GOKOBOI.

UToOBI ompenenuTh KaKUMU CTaTUCTUYECKUMH METOJIaMH (TMapaMeTpUYeCKUMU
WM HE TNapaMeTPpUUYECKUMH) TIOJIb30BaThCs IS aHaliu3a JaHHBIX, C IOMOIIBIO
kputepus [lannpo-Yunka npoBepusii HOPMaJIbHOCTh PACIPEACICHUS YUCTIA CTPYKTYP
Ha neanone (ITPUJIOXKEHUE I11) u nokazareneit acummerpun (ITPUJIOXEHUE 1V).

CoryiacHO JaHHBIM CTATUCTUYECKOTO aHaIM3a TMIOTe3a O HOPMAJIbHOM 3aKOHE
pacnpenenenus (P>0,05) moaTBepawiach TOMBKO [JIsi OOIIEro 4YHCIA CTPYKTYp ¥y
CEeBEPHOM BBHIOOPKH U TMOKa3aTesei o01el aCuMMETpUH J1Jisl BEIDOPOK C ceBepa U fora.

Takum 06pa30M, HCIIOJIB30BAHUC TMAPAMCTPHUUYCCKUX  CTATUCTHYCCKUX MCTOHOOB
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BO3MOYKHO TOJBKO MJIsi CpPaBHEHHUsS TOKaszaTelield oOIeld acuMMETpPUU BBIOOPOK, ISt
BCEX OCTaJIbHBIX ONPABJAHO UCMOJb30BAHNE HEMAPAMETPUUECKUX METOIOB.

HapymieHue CHUMMETPUYHOTO  PACHOJIOKEHUSI TMPU3HAKOB MOXKET  OBITh
IeHETUYEeCKH OOYCJIOBJIEHO M HOCHTH aJalTUBHBIN Xapaktep. IlposiBisercs Takoe
HapyllIeHUE B BUJIE CMEIIEHHOW aCUMMETPUH U aHTHCUMMeETpuH [3opuHa, 2012], koraa
Ha OJHOW CTOpPOHE KOJUYECTBO CTPYKTYP MOXKET OBITh CTAaOWIBLHO BBIIIE, YeM Ha
JIPYTou.

Jns uckimroueHuss HampaBlieHHOM acummerpuu |[['emamBunu, 2004] mposenn
CTaTUCTUYECKOE CPAaBHEHUE pACHpEICICHHUST TOKAa3aTelie MEXAy JEBOW MpaBoi
croporamu ([TPUJIOXKEHUE V). Tak kak cpaBHHUBaeMbIe pacipeaeCHHUs OTINIA0TCS
OT HOPMaJIbHOTO, HCTOJIB30BAJIM HENAPAMETPUUECKUN KPUTEPUM Y MIIKOKCOHA — MaHHa
— YUTHU.

Bo Bcex cayudasx (ITPUJIOKEHUE V) cratuctuyeckd 3HAYMMbIE OTIUYUS
MEXJly CpaBHMBaE€MbIMU y4acTKaMHu IliepajioHa ciieBa U clpaBa oTcyTcTBoBanu (P>
0,05), uro sBisercs mnpuzHakoM @OA U UCKIIOYAET HANPaBICHHBIA XapakTep
acummetpuu [['enamBunm, 2004]. Jlanee mnpoBenn TecThl Ha wuacalbHyro DA
[[CenamBuiu, 2004], mo3BOISAIONIME OTINYUTH €€ OT aHTUCUMMETPHUH. [ 3TOro Mbl
onpenenuin  otkionenus odkcuecca (IIPUJIOXKEHUE VI), cpaBauBas wux c
TaOJUYHBIMU KpUTHUUECKUMHU 3HaYeHussMu mipu a=0,05 [Jlakun, 1990].

BhIsIBIEHBI OTKIOHEHUSI JKCIIECCA MPEBBIIAIOIINE KPUTUUYECKUE 3HAYEHHUS, HO
BCE OHM HMEIOT TMOJOXKHUTENbHbIE 3HaueHUs. O aHTUCUMMETPUM CBUJIETEIbCTBYIOT
OTpHUIIATENILHBIC 3HAYEHHUS JKCIECCa, B TO BPEMS KaK MOJIOKUTEIbHBIE MOTYT TOBOPUTH
o rereporeHHoctu nonyssanuu [Rowe, 1997; Van Dongen, 1998; T'enamBunu, 2004;
3opuna, 2012]. O Mopdosornueckoilt HEOTHOPOJHOCTH MOMYJISLUNA CBUAETENbCTBYET U
BBICOKHU pa30pOC KOJIMYECTBA CTPYKTYp HHTeryMeHTa. COOTBETCTBEHHO MBI HMMEEM
neno ¢ paykryupytomiei acummerpueit (PA) B reTeporeHHOM MOy IS,

[IpoBeneno cpaBHenue BbIOOpok (I[TPMJIOXKEHUE VII) ¢ rora u cesepa mo
nokazarensim @A (TTPUJIOXKEHUE | u 1l): oOmiast acumMMeTpust U CpeaHssl 4acToTa

ACUMMCTPHUYHOTI'O ITPOSABJIICHUS Ha IIPU3HAK. Taxxe BI>I60pKI/I C I0ra u CEBCpa CpaBHUIU
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MEXIy Co00# B KOJTUYECTBE CTPYKTYP OTIAEIHHO MO ydacTKaM IedayoHa u mo oomemy
YHUCIIy CTPYKTYpP Ha BceM IiedajoHe.

BriOGopku He wuMenu 3HauuMbix otiuuuid (P>0,05) Hu no ogHOMYy U3
CpaBHUBAEMbIX MapaMETPOB, YTO MOKHO MHTEPIPETUPOBATH KAK OTCYTCTBUE 3HAUYMMBIX
OTIIMYUI MEXKIy CEBEPHOU M F0’KHOM MOMYJIALMSIMU SMUITYPHI Kak 10 ypoBHIO DA, Tak

U 10 KOJIMYECTBY CTPYKTYP B IIEJIOM.

3.2.2. Mopdosiornueckune uccjaeJ0BAHUS POTOBbIX KOHEYHOCTEH

[Tpu mpoeenennu COM wuccnenoBanus [3aiinpikoB, Haymosa, 2011; Haymosa,
3aiipikoB, 2020] Mbl OOHAPY)KHUIIH, YTO BTOPBIC aHTEHHBI (AN2) U MAJbIIbI MAHIUOYIIbI
E. chankensis u E. baikalensis HecyT 1mo HeCKOJIbKO JJIMHHBIX IJIaJKHX CET (IIETHHOK).
[TepBas u BTopas makcuiuiel (Mx1 1 Mx2) u makcwmmuneas! (Mp) o00uX BUIOB UMEIOT
CCeTHI, IOKPBITHIC HEOOJBIIMMU CETyJIaMH. Pe3ynbpTaTbl H3MEpeHHs KOHEYHOCTEH
npuseneHsl B Tadmuue (Ilpunoxenne VII). Y oboux BugoB cetynsl Ha Mx1 co3gator
mwioTHyH0 cethb (Puc. 20). Cpennss nivHa sueiiku, oOpa30oBaHHON ceTaMH U CeTylaMu
Mx1, cocraBiseT okono 1 mxm mis E. baikalensis u 0,3 mxm st E. chankensis. Pasmep
SUCHKN CeTH, 00pa30BaHHOM ceTaMHU M CeTysaMu Ha Mx2, cocrapmsut 3,2 MkM s E.
chankensis u 9,1 mxm as E. baikalensis. ITpu aTom auameTp (TOIIMHA) CAMUX CETYJ Y
ATUX JIBYX BUJOB HE pazndacTcs.

JlnuHa ceT Ha Bcex opaibHBIX npuaatkax E. baikalensis Obuta Gosbire, yem E.
chankensis, B HekoTOpbhIX ciy4asx Ooyiee 4eM B JBa pasa. Takxke, 3HAYUTEIBHO
pasnuyanach JyIMHA KoHeYHOocTed. OTHOIICHUE TMHBI Tella K JiauHe Mx1 cocTaBuio y
E. chankensis 12,3, a y E. baikalensis 8,2. OrtHomienne miuHbl Tena K giuHe Mx2 y
9THX BUIOB OTJIMYAJIOCh He Tak cwibHO M y E. chankensis cocraemsuio 8,6, a y E.
baikalensis 7,2. OtHomenue JuHBI Tena K JumHe cet Mx2 cocrasmsuio 10,8 y E.
chankensis u 6,9 y E. baikalensis. Takum o6paszom, E. baikalensis umeer potoBbie
KOHCYHOCTH 3HAYUTENIbHO JIMHHee, ueM E. chankensis. Ilostomy u miomasis,
nokpeiBaeMass Mx2 y E. chankensis, mouru B 1Ba pa3a menbiire, uem y E. baikalensis.
[Tnomank, KOTOPyO OXBaThIBalOT Mx1, y 3TUX BHIOB pa3nuyaiach MOYTH B ISITh pa3

(ITpunoxenwne VIII).
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| ——— ]
10 Mkm

Pucynok 20. Cetb, co3aBacMasi ceTaMu U ceTyjlaMmu nepBbeix Makcuun (Mx1).

doto COM.

Crtpoenue manaudyua. VMccnenoBanue MaHIuOyIIpHBIX MJIACTHHOK C TMTOMOIIBIO
CBETOBOM W 3JICKTPOHHON MUPKOCKOTIMH BBISIBHIIO psifi ocoberHocterd [Naumova et al.,
2015].

E. baikalensis (Puc.21 A, C). Bentpanbnsiii 3yoen Vi (cm. Puc.22) wumeer
IIMPOKOE OCHOBAaHWE M OCTPYIO BEPIIMHY C OOpO3a4aToi MOBEPXHOCTHIO. ['panuiia
MEXIy KOPOHKOHM M TeJIoM MaHAMOYIbI 1I0X0 paznmuunMma. Llentpanbubie 3yo1st (Cp —
C3) UMEIOT TpHU OCTpBIC BEPIIMHBI. boliee BhICOKHE 3yOIIbl pacoiokKeHbI TT0 KpasM. D;
u D, octpeie, nByBepmmHHbIe. D3 OgHOBEpHIMHHBIN, TOYTH BABOE yiMHHEee Dj.
HopcanbHasi IIeTUHKA Taakas, ykopoueHHas. [loBepxHOCTb MaHIUOYISIPHOM
IUTACTUHKA € BEHTPAJIbHOW CTOPOHBI TOKPHITA MEIKMMH IIHMUKamMu. Bce
MaHIUOYJSIpHBIE 3yOIbl PACTHOJIOKEHBI ONM3KO Apyr K apyry. l[lpaBas u neBas
MaHAHOYIIBI CAMMETPUYHBI. BeTpeuanuch SK3eMIUSIPhI CO CTOUYEHHBIMU [IEHTPATLHBIMU

3yO1amMu 1 00JIOMaHHOM KOPOHKOW BEHTPAIBLHOTO 3y0I1a MaHINOYJIbI.
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E. chankensis (Puc 21 B, D). /Isa BeHTpanbHbIX 3yona, (Vi, V,) OKaHUINBAIOTCS
OKPYTJIBIMH BEpIIMHAMU. OTH 3YyOIlbI MMEIOT HEPOBHYIO OYTPHCTYIO IOBEPXHOCTD.
Boipaxkennoit koponku He 3ametHo. Llentpampubie 3yOust (C,;—C3) rmaakue
OJIHOBEPIIMHHBIC, 0€3 MPUAATKOB U MEeTUHOK. JlopcanbHbie 3yO01el (D;—D3) cxoxu ¢
IEHTPaJbHBIMU 3yOIlaMH TI0O CTPOCHHIO. TpeTwili JopcaibHBIA 3yOeI] MEHBIIEe
OCTanmbHBIX B JIBa pa3a. JlopcaibHas IIETHHKA Tajakas, yKopodeHHas. [loBepxHOCTb
MaHAUOYISIPHON TUTACTUHKHU THajaKasi, 0e3 MMIUKOB. Bee uccieoBaHHbIe SK3EMILISPHI

HMCIIM OCTPBIC HCHTPAJIBHBIC 1 JOPCAJIBHBIC SY6HBI.

Pucynok 21. MauauOynsipHble IJIACTUHKUA U TIEpBbIE BEHTpalibHbIE 3yOLbl Vi
nByx BuaoB poxa Epischura: (A, C) E. baikalensis, mpaBas manguoyna; (B, D) E.

chankensis, mpaBast MmanuOYy1a.
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Pucynox 22. Cxema wanmauOynsgpHod miactTuHku. OO0ozHauenus: Ci—Cj
ueHTpaibHble 3yobl; Di-D3 nopcanbnbie 3yObl; Vi BeHTpanbHblld 3y0; B, nmopcanbHas

HIeTUHKA. 3Be309KamMu (*) oTMeueHbl 00J1acTH, B KOTOPBIX nipoBoamwicss EDAX ananus.

EDAX-30ona1npoBanue (MeTon DHEPTrOJUCIIEPCHOHHON  PEHTIE€HOBCKOU
CIIEKTPOCKOITNH) MOKA3aJI0, YTO B DIICMEHTHOM COCTaBe KOPOHOK BEHTPAIBHBIX 3yOIIOB
y E. baikalensis u E. chankensis cpennee comepxanne kpemuus (TabOmuia 6) B 10-15
pa3 Oosbliie, YeM B OCHOBAaHMHM MaHAMOYJsApHO# rutacTuHkH. CojepikaHue KPEeMHHUS B
oboux BeHTpanmbHbIX 3ybOnax (Vi m V) y E. chankensis mpumepHO OauMHAKOBOE.
MakcumasibHOe OTHOCHUTEIBHOE COACPIKAaHUE KPEMHHUS OT OOIIETro COACP:KaHUs IPYTHX
9JIEMEHTOB B KOPOHKax y BHMOB OTMedeHbl cieayromue: E. baikalensis - 39 %, F.

chankensis — 11 %.
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Tabmuma 6. CpenHee comepkaHUE KPEMHHS B MaHAMOYJaxX MO JaHHBIM

EDAX u tpoduueckuii cratyc BugoB Epischura.

Bun Conepxxanue Ty muranus Hctounuk

KpeMHus, %

V; Manaubyn | CocraB IMUIIEBOTO
sipHast KOMKa
[IACTUHKA

E. baikalensis | 28+6,6 |1+0,8 n=50 | TpaBosaubIi

n=50 Menkue BOZOPOCITH
(cyanophyta, KoxoBa 1953,
chlorophyta), o6momku | 1956; Haymosa
KOJIOHHAJTBHBIX 2006
JTMaTOMOBBIX

E. chankensis | 9+2,0 1+£0,6 n=20 | TpaBosIHBIA,

n=40 Hetputodar Haymoga,
Herput, nuaTomen bapabanmukoB
2008

Tpoduueckuil cratyc onpeneneH N0 MUKPOCKOIMMYECKOMY aHaJIN3y COCTaBa MUILEBOIO

KOMKaA, IIMTAHUIO B 9KCIICPUMCHTC U I10 JdHHBIM U3 JINTCPATYPHBIX HCTOYHHUKOB.
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I''TABA 4. OBCY/KJAEHUE

[TpoBeneHHBIE MOJIEKYISAPHO-TEHETHUECKUE MCCIICIOBAHMS MO3BOJMINA BBISIBUTH
YPOBEHb TaIIOTUITUYECKOTO pa3HO00pa3us U MONYJISIIIMOHHYIO CTPYKTYPY [3aliIbIKOB U
ap., 2015; 2018], a Taxke PEKOHCTPYMpPOBATh W JATUPOBATh HCTOPUIO W3MEHCHHSI
appexTuBHON yucneHHOCTH ais momynsuuii E. baikalensis B o3zepe baiikan u E.
chankensis B o3epe XaHka, Olpeae/uTh NPUOIM3UTEIBLHOE BPEMS PACXOKICHUS BUIOB
[Zaidykov et al., 2020]. Mopdosornyeckue HCCIIEIOBaHUS KOJIUYECTBA CTPYKTYP
uaterymenra [Haymoma, 3aiinpikoB, 2018] mo3BoimMiau  OICHHTH  YPOBCHD
nomumMopdusmMa U (QIYKTYUPYIOMIEH acHMMETPUU TIO JaHHOMY MpHU3HAKy. AHAIu3
POTOBBIX KOHEYHOCTEW TO3BOJIMI OMPEACIUTh OCOOCHHOCTH CTPOCHUS JaHHBIX
cTpyktyp [3aiimeikoB, Haymosa, 2011; Naumova et al., 2015; HaymoBa, 3aiiibIKoB,

2020]. TTony4eHHbIC Pe3yIbTaThl COMIOCTABICHBI C YCIOBUSIMH OOUTaHHS BUIOB.

4.1 MoJsieKkyasIpHO-TeHETHYEeCKN aHAIH3

ITo ¢pparmenty Mt/IHK COIl nns E. baikalensis, Tak ke, kak u qiis E. chankensis
HaOJIOAAJICS BHICOKMN YPOBEHB TarutoTunuieckoro pasnooodpasus (0,998 u 0,982) npu
HU3KOM HykieotugHoM pasnooOpaszuu (0,0095 u 0,0094). Bwicokuii ypoBeHBb
TamIOTUIIAYECKOTO Pa3HoOOpa3usi yKa3bIBaeT Ha MPUCYIIUH OOEUM TOMYJISALHIM,
TEeKylnui OoyblIoi pasMep S(PPEKTUBHONW UYUCIECHHOCTH TOMYJSIMA W HUZKUN
reHeTuueckuil apeiid. Huzkoe HykiieoTHAHOE pa3HOOOpa3re MOKET yKa3blBaTh Ha TO,
YTO B OTHOCHTEIHFHO HEIAaBHEM T'€0JOTHYECKOM MPOIIOM, MOMYJISIMH O000OMX BUIOB
MPOILUIM TIEPUOJ] PE3KOTO YBETUYCHHUS YHCICHHOCTH W3 TPEIKOBOW MOMYJSAIHH C
HU3KUM 3(QPEKTUBHBIM pa3MepoM. 3a OTHOCHUTEIHHO KOPOTKHUW TMEPHOJ BPEMECHU B
MOMYJSIIIAA ~ TIOSIBUJIOCH ~ OOJBINIOE  KOJMMYECTBO TAIUIOTHIIOB € HEOOJIBITUMU
TCHETHYECKUMU PACCTOSHUSIMH.

Pacnipenenennss ~ mOMapHBIX — pa3IUYHiA MEXIy  TaljIOTHIaMd  Ha
COOTBETCTBYIOIMUX Tpadukax, moctpoeHHbIx B nporpamme DNAsp v.5 (Puc.7, 12, 13,
14) mnonaTBepkAAlOT HAIMYME PE3KOTO0 YBEJIWYEHUS YHUCICHHOCTH B  MPOIIJIOM.

YHUMOIalbHOE pacnpe/iefieHne (MMEIOIee OJIMH MUK), HaOIr01aeMoe IJis MOMyIsSIUN
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E. baikalensis, xapakTepHo IS TOMYJSAIHA TPOMICANIMX dYepe3 IEePHOJ PE3KOTro
YBEIMYEHHS] YHUCIEHHOCTH, MMEBIIMI MECTO B OTHOCHUTEIbHO HEJABHEM IIPOLLIOM
[Slatkin, Hudson, 1991]. [onymnsmus E. chankensis pa3aenuinacek Ha ase rpymmsl (Puc.
11): «uentpangsHyto» («E. chankensis rpymma 1») u «xBoctoByio» («E. chankensis
rpytima 2»). [lepBas rpyrma cooTBETCTBYET Ha rpaduke nonapHsix pasznuuuit (Puc.13)
pacupesieIeHUI0 CBOMCTBEHHOMY JUIA NOMYJISUMNA NPOLIEANINX IEPUOJ PE3KOro
yBEIMYEHHST 4YUCIeHHOCTU. Btopas rpymnma (Puc. 14) umeer Onu3koe K pacTyuiei
MONYJISIIIUN pacTpe/ieNIeHHe, HO ¢ HEKOTOPHIMU OTKJIOHEHHUSIMU, KOTOPbIE MOTYT OBITh
0OyCJIOBJIEHBI HE MOJHOW OAHOPOJIHOCTHIO TAHHOM TPYMIIHL.

Ha ¢unorenernueckom apese (Puc. 16), moctpoeHHOM Ha OCHOBE (hparmeHTa
mt/IHK COIl, Bpems no odmero npeaka s E. baikalensis u E. chankensis cocrasuio
13,71 man. et (95% nosepurenbubiii untepBai ([AM:): 8,34 - 21,42 muH. ner). JlanHbie
JATUPOBKU COBIAJIAIOT C JaTUPOBKAMU JIJISi JIAaHHOTO MCTOPUYECKOTO MOMEHTA
MMEIOUIUMHUCS B JIUTEpPAType, KOTOPhIE ObLIM MOJYYEHHI MO sigepHbiM reHam (14,81 +
0,88 muH. set) [Bowman, 2019], 4to roBOpUT 00 yMECTHOCTH MX HPUMEHECHHUS IS
JIpYyrux (PUIOT€HETUYECKUX U MOMYJISIIUOHHO-TEHETUYECKUX COObITUI. OO03HAUYCHHBIC
JATUPOBKU TOBOPSAT O TMPOJOJDKUTEILHOM CYIIECTBOBAHUM TPEJCTABUTENICH poja
Epischura na tepputopun Aszun. Murpanus )HBOTHBIX MeKAy CeBepHON AMEpUKO# U
EBpasueit morna uaru yepe3 bepuHruro, COEIMHSABUIYIO /1Ba JAaHHBIX KOHTHHEHTA B
eIMHbIM CcynepkoHTUHEHT [[nmagenkoB, ImanmenkoB, 2004]. DTa CBiI3b MEXIY
KOHTMHEHTaMH cyuiectBoBasia Oosee 100 MuH. JeT, HauMHAs C paHHEro Meja J0
MO3JHEr0 MUOIIeHa (OKOJIO 5 MIIH. JIeT Ha3aja), Korjaa Hadyain ¢popMupoBaThes bepuHron
nponuB [Marincovich et al., 1990].

Ha ¢unorenerndeckom apeBe yHuKanbHbIe ramiotunsl E. baikalensis o6pasyror
eAWHBIA KJacTep, 0€3 BHYTPEHHEW MOJApa3/IeICHHOCTH, CO BPEMEHEM KOaJeCICHITUN
0,58 mun. mer ¢ 95% AU 0,37 — 0,89 muH. ner. D10 corjacyercs € JaHHBIMU
pacnpenenenus ramtotumos B ceTsax Network (Puc. 9-10), a Taxke pacnpeaeieHHeM Ha
rpaduke momapueix paznuuuii (Puc. §8). CeTu ramioTUnoB U yHUMOJAJIBHBIN XapakTep

pacmpenenieHdss Ha rpaduKe TOMAPHBIX pa3IMyuil  TOBOPSAT 00 OTCYTCTBUU
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HOMYJISIIIMOHHON TTopaseneHHocTy E. baikalensis B 03. bakan. 3mech 3TOT BUA
MPECTaBIICH OHON MOJIUMOP(HON MOMYIAIIUCH.

YuaukanpHple Tammotunbl E.  chankensis pasmenminuce Ha ABa  KiacTepa
cootBeTcTBytomue rpymmam («E. chankensis rpymma 1» u «E. chankensis rpymma 2»).
Taxkum oOpa3om, oOHapykeHHas Ha cetu ramiotunoB (Puc.11) moapasaeneHHOCTh —
MOATBEPIMIIacCh U Ha (UIOTeHEeTHYECKOM JepeBe. Pasnmenenue rpynn npousonuio 0,69
MJIH. JieT Hazax ¢ 95% I 0,39 — 1,06 muH. net. Pa3neneHue ramioTUNOB BHYTPHU
kinactepa «E. chankensis rpymma 1» mpowmsommo 0,41 muH. et Hazam ¢ 95%
noBeputTenbHbIM uHTEpBAIoM 0,25 — 0,64 muH. netr. PazneneHne ranioTUNOB BHYTPH
kiactepa «E. chankensis rpymma 2» mnpowusomnmio 0,44 wmuH. jer Hasax ¢ 95%
noBeputTenbHbIM uHTEpBajioMm 0,22 — 0,69 muH. net. [lonynsuuu 000UX BUIOB UMEIOT
CXOJHBIE JAaTUPOBKM Hayajga CBOETO CYIIECTBOBAaHUS, UYTO MOXET TOBOPUTH 00
OOILITHOCTH TIPOIIECCOB, MOBIMUSBIIUX HA WX PACCEJICHHE WJIM BBDKUBAHHE, a TaKXKe
(bopMHpOBaHKE MOMYISUOHHO-TEHETUYECKON CTPYKTYphl. 3HAYUTEIBHOE BIUSHUE HA
dbopMupoBaHUEe MOMYJIAIMOHHO-TEHETUUECKOW CTPYKTYpPhl MOTJIM OKa3aTh IiI00aibHbIC
W3MEHEHUSI KJIMMaTa W TEOJIOTMYECKHUE TMEePeCTPOMKU, KOTOphIE BIJICKIM 3a COOOM
W3MEHEHUE TPUBBIUHBIX YCJIOBHI CYIIECTBOBAHMS BUIOB, M3MEHEHHE MPEKHUX MECT
oOuTaHus WU 00pa30BaHNE HOBBIX.

PekoHcTpykiug HCTOpUU U3MEHEHUS 3(()EKTUBHONM YUCIEHHOCTU TOMYJIALMMA
(Puc. 8, 15) moka3asia, 4TO B TEUEHUU BCETO MEPHUOJA CYIIECTBOBAHMS HAMOOIBIIHIA
poct HaOmonancs y nomynsiun E. baikalensis u «E. chankensis rpynma 1» y Buga E.
chankensis. s «E. chankensis rpynma 2» Buaa E. chankensis taxxe Habiogancs poct
3¢ ()EeKTUBHON YHUCICHHOCTH, HO B TOpa3f0 MEHbIIEeM MacimTabe (y4uThiBas
JorapupMHUUECKYIO IIKany Ha rpadukax). B ornmmume ot monyssimum E. baikalensis,
MaKCUMaJibHa CKOPOCTh pocTa 3()(PEKTUBHON UMCIECHHOCTH KOTOpPOHM HaOIrofanach B
nepuoa ¢ 0,18 mo 0,1 muH. nmet, 06e monyssiuu E. chankensis ysennuuBanu cBoit
pa3Mep ¢ MakCUMallbHOW ckopocThio B nepuon ot 0,4 mo 0,25 muH. net Hazan. Ilpu
NPUOIMKEHUU K HACTOSIIEMY MOMEHTY BpeMeHU 3(PdeKThBHAs YHMCIEHHOCTh BCEX

HCCIICAYCMBIX HOHYJISIHI/Iﬁ CT3.6I/IJII/ISI/IpOBaHaCL.
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Pe3ynbTaThl MOMyISIIMOHHO-TEHETUIECKUX aHAIM30B MoKa3bBatoT (Tabmumma 1),
4yTO HauOOJbIIME 3HAYEHUSIMU Mapamerpa 0, HaOmomaroTcs mig nomyisiuu E.
baikalensis u «E. chankensis rpymma 2». «E. chankensis rpynma 1» obnanana MeHbIIUM
3HaUYE€HHUEM 3TOro mnapameTrpa. MakcumanbHble 3HaueHus Oy Obun y momyssiuui E.
baikalensis u «E. chankensis rpymmna 1». Bo Bcex monymsiusax 0, Mo 3HaYCHUIO OBLIO
meHbiie yem Os. Bonpimas pasnuma mexay 3HaueHussMH 0, u 05 ykaspiBaeT Ha
HEHEUTpaJIbHBIA XapaKTep IBOJIOIMOHHOTO Ipolecca B nomnyisainuu [Tajima, 1996], a
MMEHHO, PE€3KHE U3MEHEHUS B pa3Mepe MONyJIAIuK Win 3()(PEKT eCTECTBEHHOTO 0TOOpa.
Jlis  MHTOXOHIpHAIbHBIX TeHOMOB mapamerp 0=2NedA (Ne — umcmo camok,
YYaCTBYIOIIMX B Pa3MHOKEHUH, A — BEPOSATHOCTh MyTaIlnu). Tak Kak A B UCCJIEIOBaHUU
OblJIa MOCTOSHHOW BEJIMYMHOMN (TIpU (PUIOTE€HUU MOJIEPKUBANIACh TMIIOTE3a CTPOTHX
4acoB), TO M3MEHEHUsI 0 W HapalieHue HEUTPaJILHOCTH Ha TOMYJISIIMOHHOM YPOBHE
MOTJIO TMPOUCXOAUTh TOJBKO 3a cuer pe3kux wusmeHeHudt Ne. Ilapamerp Ne
npornopimonaned 3(PQGEeKTUBHOMY pa3Mepy TOMyNAlHA, [O3TOMY CMEIIEHUS B
3HaYCHUSAX O, W 0; mpoucxoamyno 3a cYeT u3MeHeHus d3(PEGEKTHBHOrO paszMepa
HOMYJISIIUI. DTO OATBEPKIASTCSI MOMYJISIIIMOHHBIMU Tectamu s E. baikalensis u «E.
chankensis rpymma 1.». [Jnsg »tux nomynsuuil 3HadeHus D cTaTHCTUKU  ObLIM
noctoBepHo oTpuiarenbHbiMu (P<0,05) (Tabnuua 1), uTo, onsTh e, CBUACTEILCTBYET
00 sKcmaHCUU (PEe3KOM BO3PACTAHUU YUCICHHOCTH), JIMOO BO3JIEUCTBUU JABUKYIIETO
otoopa. s stux >xe momymsiuuid (Tabmuna 1) Tect R2 gan 1ocToBepHOE OTKIOHEHUE
ot HelTpanbHOCTH (P<0,05) B MOJB3Yy TUIIOTE3bl MOMYJSITMOHHON dKcmancuu. Jis «E.
chankensis rpynma 2» nonyJisiuoHHOE TECTHPOBaHKME HE Jano goctoBepHoro (P>0,05)
OTKJIOHEHUSI OT THUMOTE3bl HEHUTPATBHOCTH TpH (HOPMHUPOBAHUM TMOIMYISIITUOHHOTO
pazHoo0pa3usi. ITO MOXKET OBITh CBA3AHO C TEM, YTO B A3TOW MOMYJISUUU B MPOLLIOM,
€CJIM M TIPOUCXOJWIIM YBEITUYCHUS! YUCICHHOCTU, TO OHU OBbUIM HE 3HAYUTEIHHBIMH.
HauGonbmme oTHOCUTENbHBIE paznmuuus Mexay 60, um 0 HaOmomaercs s «E.
chankensis rpynma 1». B arToif rpymme, B MpOILIOM, BEPOSTHO, MPOHM3OIIET CaMbIii
OOMBIION POCT YMCICHHOCTH. Pe3ynbTaThl MOMYJSIIIMOHHBIX TECTOB COBMAAAIOT C
BBIBOJIaMH, TojiydaeMbiMu mipu Bayesian Skyline Plot ananuze u rpaduxamu,

nonydernnbiMu Mismatch Distribution.
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Taxum obpazom, E. baikalensis B balikane npeactaBieHa BICOKO MOTUMOPGHOIM,
MaHMUKCHOW mnomyJanuen, npomenmed 0,18 mo 0,1 muH. neT Ha3ag 4depe3 mepuoj
PE3KOT0  YBEIMYECHUS YHUCICHHOCTH (OyThUIOYHOE TOPJbIIKO). I[IpOTSKEeHHOCTD,
JICJICHNe Ha KOTJIOBHMHBI, WK OoJblue TyOuHBI o3epa baiikam He coszmaror mns E.
baikalensis 3HaunMmbIX TeorpadUyecKUX WM SKOJOTMUECKHUX OapbepoB. PasHble
redeparuu E. baikalensis, ornmuaromuecs pa3smepom ocoOeil OTHOCATCS K €IHHOMN
nonyisanu. BakHbIM SBIISETCS U TO, YTO Hanuuue eauHoi momynsauuu E. baikalensis
MOJTBEPAUIOCH ucrnoib3oBanueM Mmapkepa aaJlHK ITS1, koTopsrii mokasan moiHoe
¢IMHOOOPAa3Me 10 JAHHOMY MapKepy JJIs 0COOCH U3 pa3HbIX KOTJIOBUH M FeHEepaIni.

Cutyanus ¢ pe3KiM poCcTOM YHCICHHOCTH HEOJHO3HAa4YHas, TaK Kak 03. baiika B
COBPEMEHHBIX KOHTYpax CYIIECTBYET MOpsaka 8 MIIH. JieT. PUIOreHETHYSCKUN aHaTN3
(Puc. 14) nmokaseiBaer, uro E. baikalensis (wnu ero npeaok) y»ke Mor oOMTaTh B 03¢pe B
TEYCHHE BCErO 3TOTO MPOMEKYTKa BPEMEHHU, TaK KaK WCCIEAOBAHHBIC BHIBI K ATOMY
BpPEMEHHU Yyke pasonniuch. [lomymsmumonHas skcnancus E. baikalensis mpowucxommna
npu 3toMm ot 0,18 mo 0,1 muH. ner Hazan. Pe3koe yBenMYeHHE YMCIEHHOCTH MOXKET
NPOUCXOANTh W B TOM Cllydae, ©CJIM IONyJIANHS CHadajga TepeHeciaa TMaJCHHe
YHCIICHHOCTH M3-32 YXYIIICHHUS YCIOBHUA cpebl (OyThIIOUHOE TOPIIBIIIKO), a 3aTEM 3TH
YCIIOBUSI HOPMAJIM30BAJIMCh, BHOBbH PACIHIMPUB SKOJIOTHUYSCKYIO HUMMy. [IpumumHamu
pe3kux ymeHblneHuid umcieHHoctd E. baikalensis mornm OwiTh mepuomnueckue
TIOXOJIOIAaHUS KJIMMaTa (JISAHUKOBBIC STOXH). B JIGTHUKOBBIC ASMOXU 3HAYUTEIHHO
CHIDKAJICS TIPUTOK OMOTEHOB B 03epo baiikai, 3a cueT yMEHBIICHUS PEYHOTO CTOKAa U
KaK CJICJICTBHE 3HAYMTEIHLHO CHHXKAJIaCh IMEpBUYHAS IMPOAYKIMS TelIarkaid o3epa.
Oco0eHHO K CHIKEHHUIO KOHIIGHTpAallMd OHMOreHOB B BOJAE OBUIM YYBCTBUTEIHHBI
JTUATOMOBBIC, KOTOPHIM HEOOXOAMMO CTPOHUTH MAHIMPh Ha OCHOBE OKCHJa KpeMHus. B
OTJIMYHE OT Jpyrux Oailikaabckux Kkomenoa, E. baikalensis naxomuma crocoObr
BBDKHBATh B JITHX YCJIOBHSIX, TOIJICPKHBAs HEOOJBIIYIO YHCICHHOCTH MOIYJISIIIHH
Onmarogapsi CIOCOOHOCTH IMHTAThCSA Pa3IUYHBIMH BUIaMH (UTOIJIAHKTOHA, a TaKKe
OaKTEepHOIIAaHKTOHOM © 1naHoOaktepusimu [AdanaceeBa, 1977] U BO3MOXKHO
npocteimumMu [Moore et al., 2019], ob6naBnuBas 6ojbIire 00bEMbI BOJBI B MOMCKAX

. Y E. baikalensis umeercs MexaHu3M 3amacaHys JUIIAIOB Ui CHUKCHUSA
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3aBUCUMOCTH OT TEKYIIUX YCJIOBHA TUTAaHUS W, BO3MOXHO, TMOJICPKAHUS
pa3sMHOXKEHHUSI B MEPUOJIbI ¢ HU3KOM MEpBUYHOM mpoaykiuei [Bowman et al., 2017].
Habnrogatrorcss Bapuanuu B YpOBHE DKCIPECCHU TEHOB, CBSA3aHHBIC C OOWTAaHHEM B
pasHbIX TeMIlepaTypHbIX ycioBusx [Bowman et al., 2018]. [TogoOHBIe 0COOCHHOCTH
ounonorum E. baikalensis Moriu ceirparh CymiecTBEHHYIO pOJib B BBDKUBAHUU BO BpeMs
I00ANTBHBIX TIOXOJIOAaHUH. B mepro moTerieHns 1 BOCCTaHOBJICHUS TIPOYKTUBHOCTH
nenaruanu o3epa baiikan E. baikalensis ysennunBasia CBOXO YHMCIEHHOCTD 110 CIIEHAPHIO
MOMYJISTTHOHHON 3KCIIAaHCHH.

Bo3MokeH U Ipyroil MexaHu3M, BBI3BAaBIIMN MOIMYJSIUOHHYIO 3KcHaHcuio E.
baikalensis. 3a mocmegnwe 150 ThIC. JIeT MaKCHMajibHble TIyOMHBI 03. baiikai
yBeIU4MInCh Oosiee yeM Ha 600 MeTpoB U3-3a MOJHATHS OOPTOB BHAJAMHBI U OITyCKaHUS
nHa [Mar u ap, 2001]. IIpu 5TOM yMEHBIIWIOCH OTHOLICHHUE TUIOMIAN MOBEPXHOCTH
o3epa K 00beMy BOJIbI B HEM. DTO MOCTYKUIJIO IPUUMHON YMEHBIIICHUS POTPEBA BOJIbI
B JIETHUW MEPUOJ U CHIUKEHUIO €€ CPEeIHEroJ0BOM Temrepatypbl. B atux ycnosus E.
baikalensis kak x0110101F00MBBIIi BH/, MOT BBHITECHHTH IPYIrHeE, 00jiee TEII0I00NBbIE
BU/IbI 300TIJTAHKTOHA, 3aHSB X SKOJOTHYCCKHEC HUIITH.

I'pynmet rarmotunos E. chankensis («E. chankensis rpynma 1» u «E. chankensis rpymnna
2»), B HacTOIIIEe BpeMsl, TeorpapuuecKu He OTACNICHBI IpyT OT Apyra. Mcnonb3oBanue
nonogHUTeNbHOrO Mapkepa sanJIHK ITS1 moareepamimo, 4ro ceiiyac 3TO OHA eauHas
nonynsiiua. Hamuuue retepo3uror B puOOCOMHOM CrHeiicepe MOXKHO OOBSICHUTH
HE3aBEPIICHHOCTHIO TMPOIEcca COTIACOBAHHOM BOJIONUU B MYJIbTUTEHHOM CEMEWCTBE
— BHYTPHUBHUIOBOW T'OMOTEHHU3AIMH, TPUBOIANICH K 0Opa30BaHUIO TaIlIOWIHBIX
HYKJICOTUJIHBIX TIOCTIEOBATEIIPHOCTEH (DIMMUHAIMM TETEPO3UTOTHBIX aJljIesied B
safaepHbIX Jokycax) [Liao, 1999]. MoxHO mpennosiokuTh, YTO TIEeHETHYECKAs
mupdepennmanust nomyssiuid mo  pparmenty COl  chopmupoBanace Omaromaps
reorpaduveckoil u3oaAIMH B TpomuioM. [lpeakn AByX Tpymnm Kakoe-TO Bpems
CYIIIECTBOBAJIM HM30JIMPOBAHHO APYT OT JIPyra, a MOTOM OISITh COSTUHUINCH B OJHY
rpynny. Hamnuue mogoOHON MOApa3aesieHHOCTH MOXXHO OOBSICHUTh 3HAYUTEITLHBIMU
U3MEHEHUSIMU B CTPOCHHUM O3EPHO-PEYHOM CHCTEMbl B XaHKaWCKOM KOTJIOBHHE U

IO O03€pa B XOAE CMEHSIOIIMXCS IEPUOJIOB JIEAHUKOBUM M MEKIICTHUKOBUU
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IJIEHCTOEHA, a TaKXe pa3lIMuHbIX Treojorudeckux nepecrpoek [KBacos, 1989;
MuxumH, 2007; Kopotkui, 1982, 2007]. MMeromuecss peKOHCTPYKIIMA HCTOPUHU
permoHa Ha OCHOBE Treosiorndyeckux JnaHHbIX [KpacHo, 1989; Mukumumn, 2007;
Koportkuii, 1982, 2007] npeanonarator, 4To €AMHBIA BOJ0OEM B XaHKANCKON KOTJIOBUHE
NOSIBUJICSL B CPEIHEM IUJICHCTOIICHE, a WMMEHHO B XOJOJHOE IIIMaKOBCKOE BpeMs
[KopoTkwuit, 2007] 0,26 — 0,29 mun. net [KapTta yeTBepTHUHBIX 00pa3oBanwmii..., 2013].
Jlo »TOrO, Ha €ro TEPPUTOPUM ObLIa CETh PEUHBIX JOJUH, C HEOOJBIIUMHU O3€paMHu,
KOTOPBIE MOCTENEHHO HAIMOJHSIMCh BOJON W pacHIMpsUINCh. B 3THUX H301MpOBaHHBIX
BOJIOEMax B MpouutoMm rpymmbl ocobeit E. chankensis chopmupoBanm paznuynbie
IreHEeTHUYECKUE JIMHUU C BBICOKOHM cTeneHbio nuddepeHnuanuu. B nanpHeimem mnpu
CUHXPOHHOM PACIIMPEHUH ITUX 03€p B XaHKANCKOU KOTJIIOBUHE U 00pa30BajCs €IUHbIN
BOJIOEM C OJIM3KUM COBPEMEHHOMY OOJIMKOM o3epa. Kak BUIHO W3 HAIIUX JATUPOBOK
(puc. 16), Hauano cymecTBoBaHus rpymm E. chankensiS oTHocuTCsS KO BpeMEHH 0
NOSIBJICHUST eauHOro BojoeMa. Ilocime d¢opmupoBanus o3epa E. chankensis o
HACTOSIBIIIETO  BPEMEHH  COXpaHsAET  OTIEYaTOK  MpOIUIoN  reorpaduyeckon

noapasacJICHHOCTH.

4.2 Mopdosornueckuii aHaJIu3
4.2.1. CTpyKTYpbl HHTET'YMEHTA

Ha BHemHux mokpoBax (9PK30CKeNeTe) pPakooOpa3HbIX paCIoIaraloTcsi TMOpPHI
CEKPETHUPYIOIINX OPTraHOB W YYBCTBUTEIIbHBIC CTPYKTYphl (IIMmuku). Pacmnosoxenue
CTPYKTYp Ha 1uedanoHe, Kak M TMPOSBICHUE JOOOTO MpU3HAKA HAXOJUTCS B
3aBUCUMOCTH OT JABYX (paKTOPOB, TEHETUYECKOTO M CPenoBOro. MBI MmpeArnoaraim, 4To
oOlIee KOJIMYECTBO ATHUX CTPYKTYpP 3aBUCUT OT TI€HOTWIIA, & YPOBEHb IOKA3aTels
cTabunbHOCTH pa3Butud (mokazarenu @A) — oT paKkTOpPOB BHEIIHEH CpPEIbl.

CornacHo MeroguueckuM pexomenpanusm [2003] mokazarenun DA HauuHas C
KOTOPBIX MOXKHO CYJIUTh O HApYIIEHUAX HOPMAJIBHOTO Pa3BUTUS ISl Pa3HBIX
opranu3MoB Bapeupytorcs oT 0,3 mo 0,5. B nacrosimiee Bpemsi TOBOpUTh 00 ypOBHE
HapyILIEHUH CTaOMIBbHOCTU Pa3BUTHS Y PAKOOOPA3HBIX HE MPEACTABISIETCS BO3ZMOKHBIM,

TaK KaK HAaKOIJICHHBIM Ha I[aHHbIﬁ MOMEHT 00BEM JaHHBIX HE IMO3BOJBICT IMOCTPOUTH
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JUISL 9TOW Tpymmbl OalIbHYIO MmIKamy. XOTs cpeaHuil mokaszatens DA ceBepHOU
Bb100pKH (0,42) HeckoabKO BhINIe, yeM Yy 1oxHoU (0,34), cTaTHCTUYECKUE KPUTEPUH HE
BBISIBIJT MEXIY HUMHU JJOCTOBEPHBIX Pa3ITUIHI.

Beioopku E. baikalensis w3 [oxHOM W CeBEepHOW KOTJIOBHH HE HMEIOT
JOCTOBEpHBIX oTmunii  (p>0,05) HU 1o o0O0meMy KOJMYECTBY CTPYKTYp Ha
WCCJICIOBAHHBIX 00JacTsaX medanaoHa, HA IO TOKa3aTesiM acummeTrpuu. [Ipu stom
Ha0ro/1aeTcst 00JIBINION pa3dpoc B KOJIMUECTBA CTPYKTYp B 00enx BbiOOpKax. B menom
HaOIOMaeTCsl HU3KUN YpPOBEHb aCHMMMETPHH B BBIOOpKAaxX MPH CHIBHOM pazbpoce
3HAUYCHWW TIpU3HAKA, YTO MOXKET SBISITHCS CIEACTBUEM BBICOKOTO TEHETHYECKOTO
nosiuMopdu3Ma AOUMIYPhl. OTH  BBIBOJBI  MOATBEPXKIAIOTCS U pe3ysibTaTaMu
MOJIEKYyJIIpHO-TeHeTndeckoro aHanm3a ¢parmenta COIl. Mmeronuecs nutepaTypHbIe
JAHHBIE O BBICOKOM MOJUMOP(GU3ME TPAHCKPUIITOMOB psAlla SJAEPHBIX T'EHOB,
oTBeYarIuX 3a npucnocodienue E. baikalensis k temneparypubsim ycnosust [Bowman
et al., 2018], Takke XOpOIIO COIJIACYIOTCS C HAIIUMU BbIBOJaMH. OTCYTCTBHE
CTATUCTUYECKU 3HAYUMON pa3HUIBI MEXIy BBIOODKaMU IO OOIIEMYy KOJUYECTBY
CTPYKTyp TOBOPHT B TOJB3y eamHCTBa momyisuuu E. baikalensis B baiikane wu
MOATBEPKIACT BBIBOBI, ClICIAHHBIE HA OCHOBE MOJIEKYJISIPHO-TEHETHUYECKOTO aHaIn3a
no ¢pparmenty COL.

KotnoBunsl baiikana MOryT 3HaUMTENbHO OTJIMYATCA MO COCTaBy M OMomacce
(GUTOTUTAHKTOHA, TIEPUOJY €ro IBETCHHS M OINYCKaHWs, a TaKKe TeMIIepaTypHOMY
pexumy. M3-3a TOCTOSSHHO MEHSIOMIUXCS, HE TOIBKO OT CE30HA K CE30HY, HO M OT Toja
K ToJy YCJOBHMI oOWTaHMs, Ha BbDKMBaeMmocTh E. baikalensis mosker okasbiBaThCs
pa3HOHAIpaBJICHHOE JaBiiecHHe oTOopa. B pasHbix paitonax baiikama, moj BIusHUEM
BHEIIHUX (PAaKTOPOB, MOTYT IIOJy4aTh MPEUMYIIECTBO OCOOM C TEMHU WM WHBIMHU
raruioTUNIaMU, YTO BIUSET HA WX BBDKMBAEMOCTh. PeryssipHbli TEPEHOC TECUCHUSIMU
ocobeii E. baikalensis mexny paiionamu baiikana mOpuUBOIUT, MO-BUAUMOMY, K
GOpMUPOBAHUIO  BBICOKOMOJMMOP(HON  reTeporeHHoN  momyisuuu.  Beicokuii
MOIMMOP(HU3M 37eCh MOXXET OBITh C OJHOH CTOPOHBI CIICJICTBHEM pPa3HOOOpa3us
BHEITHUX YCJIOBHA, C KOTOPBIMHU MPUXOJUTCS CTATKUBATHCA PAYKy, C APYTOd CTOPOHBI

MCXaHHU3MOM, IIO3BOJIAKOIINMM K HHM HpI/ICHOCEl6J'II/IBaTBC$I. BecbMma BCPOATHO, HYTO
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PACIOJIOKECHUE MIMMUKOB — KAaK CEHCOPHBIX CTPYKTYp M IOpP — KakK CEKPETOPHBIX,

HaXoIATCA B onpeaeneHHoﬁ 3aBHUCHUMOCTHU OT BJIMAHHNSA BHCIIHUX YCJ]OBI/Iﬁ.

4.2.2. PoTroBble KOHEYHOCTH

Kak mokazanm MoseKynspHO-TeHeThdeckue matupoBku 1o ¢parmenty COI,
Pa30ILINCh UCCIICIOBAHHBIC BUABI IOBOJHHO JaBHO, Ooyee 8 MIIH. JIET Ha3ald. 3a 3TO
BpeMsi y 000ouxX BHAOB CPOPMHUPOBAINCHL MOP(OJOTHUECKHE OCOOCHHOCTH,
XapaKTEPHUIYIOIINE CTICITHATN3AINIO K CpelaM UX OOUTaHUS.

Cpenu Takux OCOOCHHOCTEH CTPOCHHWE POTOBBIX KOHEYHOCTEH HCCIIETyEeMbIX
BuioB. Tak E. baikalensis nmeeT poToBble KOHEYHOCTH 3HAYUTEIBHO JUIMHHEE, YeM E.
chankensis. Ilepele u BTOphie MakcwiLibl E. baikalensis 3a cuer Oombliei mIMHBI
UMCIOT W OOJIBIIYIO TOKphIBaeMyto KoHeuHocTsMu 1iomians (I[Ipumoxkenue VIII), |
MaKCHJLIBI PUMEPHO B 5 pa3, || Makcuiel B 2 pasa.

M3BecTHO, 9TO KOMEMOAbl OOHAPYKUBAIOT THAPOMEXAHUYECCKHE M XUMUYCCKHEC
pa3mpakuTeNd, WCIONb3ys CHEIUATN3UPOBAHHBIC OPTaHbl, PACIOJOKCHHBIE Ha
aHTEHHAaX, POTOBBIX YacTsax M moBepxHoctu Teia [Strickler, Bal, 1973; Huys, Boxshall,
1991; Heuschele, Selander, 2014]. JlnuHa KOHEYHOCTH Jae€T IPEHMYIIECTBO B
XEMOPCIICTIIINA, TaK KaK XEMOPEHENIHS MPOUCXOIUT B OCHOBHOM TIpH KacaHUHU
[Vanderploeg, Paffenhofer, 1985]. [Ipu menkol um MalOYMCICHHON MHINE BBITOJIHEH
JUIMHHBIC KOHEYHOCTH MW HEBBICOKAasS CKOPOCTh UWX JBIXKEHHUSA. [IpyW UIMHHOM
KOHEYHOCTH OOJIbIIIEe TaTbHOCTh ACTCKIIMN YACTHUI] U TJIOMIAIh 3axBarta. [Ipu kpymHO# 1
MHOTOYHCJICHHON THIIE JIJIsi OCYIIECTBICHHUS 3aXBaTa HYKHbI KOPOTKHE KOHECYHOCTH.
CoOTBETCTBEHHO, OOHApY)KCHHAs 3HAYUTEIIbHASI Pa3HUIIA B JUIMHE POTOBBIX MPUIATKOB
JIBYX BHUJOB SIBIISICTCS CIEACTBHEM IIPHUCIIOCOOJICHUSI K OOWTAaHWUIO B Pa3HBIX I10
JTUHAMUKE IMHIIEBBIX PECYpCOB BojoeMax. PaBHO M BpeMsl CyIISCTBOBAaHHUS B JaHHBIX
YCJIOBUSX OBLIO JOCTAaTOYHBIM JIsl IPHOOpPETEHUsI 0003HAUYEHHBIX MPUCIIOCOOICHUI.

Crtpoenue manauoy/1. MakcuMaabHOE OTHOCUTEIHHOE COJEP’KaHUE KPEMHUS B
3yOHBIX KOpoHkax ManauoOyi E. baikalensis (39%) npesbimaet TakoBoe y E. chankensis
(11%). O3epo baiikan sBisieTcst OAUrOTPO(GHBIM BOAOEMOM C MAaCCOBBIM Pa3BUTHEM B

BCCCHHCM M OCCHHCM IINIAHKTOHC AHMATOMOBBIX BOI[OpOCJ'I@fI, AOMHUHUPYIOIIUM BUIOM
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cpeIy KOTOphIX siBisieTcs TosictoctenHas Aulacoseira baikalensis (K. Meyer) Simonsen
[[TomoBckast u ap., 2002]. Beicokoe comepxkanue KpeMHHs B KopoHkax E. baikalensis
MO3BOJISICT KOHCYMEHTY (parMEHTHPOBATh IMHHBIC (10 1-2 MM) HUTYAThIE KOJOHUH
nuatomen A. baikalensis, koropeie ona motpebiaser B mumry [IlleBeneBa u ap. 1992].
Harpyska Ha pexymmui kpaii ManauOynel E. Dbaikalensis cromp Benmka, dTo
OCTPOBEPILUHHBIC 3yOIbI CTHPAIOTCSA, a KOPOHKA YacTo O0JaMbIBACTCs, OOHaXKasl
OCTpOE BO3BBIIICHUE. DTa CTPYKTYpa, CKOpEe BCETO, SBISCTCS KaHAJIOM, 0 KOTOPOMY
IIPOMCXOTUT BBIZICIICHIE KPEMHUI-coieprkaIiero cekpera s ee mocrpoenus [Miller et
al., 1990]. [To Bceit BHAUMOCTH, KOPOHKH C BBICOKHUM COJACPKAHUEM Sl SBISIOTCS
npucnocobeHueM peiukToBoi E. baikalensis k mutanuto quaromesiMu — OCHOBHBIMH
MEPBUYHBIMHA TPOAYILIEHTaMHU 03. baitkan. Mcxoad u3 mpoCTOrO CTPOCHUSA PEXKYIIETO
Kpast MaHauOyn E. chankensis, MOXHO HPEANONIOKNTE, YTO I MOTPEOICHUS B THIILY
JTMaTOMOBBIX BOJIOPOCJICH 3TOMY BHy HE TpeOyeTcs mpuiaraTh OOJBIIMX YCHIUH JJIs
uX u3MesabucHus. JledCTBUTEIBHO, B 03epe XaHKa MaCCOBBIM U JJOMHHHUPYIOIMM BHIOM
BECEHHEr0 IUIAHKTOHA SABISAETCA TOHKOCTeHHas pauaromes Aulacoseira islandica
(O.Miiller) Simonsen, 1979 [VYconbueBa u gp. 2006]. Ilo nHamum HaOIIOACHUAM,
KPEMHHUCTBIC TMAHIIUPU 3TOM JMATOMEH CMHHAIOTCS JIaXKe MPU BBICYIIUBAHHH 00Pa3IoB
¢burorutankTona. Takum obOpazom, mo mMopdosoruu MaHAUOY, U MO TOTPeOIsIEMOi
nuite E. baikalensis u £. chankensis cymecTBeHHO pa3inyaroTcess MEXKIy COOOM.

ConepkaHre KpPEMHHsSI MOXKET SBIATBCA HE TOJIBKO BaKHBIM ITOKa3aTesieM
HKOJIOTUYECKON MNPHUCIIOCOOJIEHHOCTH BUIOB K TPOPUUYECKUM OCOOCHHOCTSM, HO U
BuAoCHeM(GUYHBIM MpH3HAKoM. Tak OJIM3KHMe BUABI MOI'YT 3HAYHTEIHHO OTIMYATHCS
10 COACPIKAHUIO KPEMHHsI B BEHTPAIbHBIX 3yOIlax MaHAMOYI, YTO MMEET MECTO He
TOJBKO y a3WaTCKUX, HO M Y aMEpUKAHCKHUX TMpeacTaButeneii poma Epischura: E.
lacustris u E. nevadensis [Naumova et al., 2015], a Taxke Ha mpuMepe €Iie OAHUX
npejcraBuTenieli cemeiictea Temoridae: Eurytemora lacustris u Eurytemora velox
[Bexxnosen u np. 2012].

OTHOCHTEJIBHO CTPOCHHS MaHAKOYJ CTOUT BCIIOMHUTD U €III€ OJMH IMOKa3aTelb -
Wunekc MTO, KOTOPBIA HCIOJNB30BANCS KaK OJUH W3 KPUTEPHEB I TOCTPOCHUS

JICpeBbEB B HEJaBHEH paboTte mocBsmieHHON (uinoreHuu poaa [Bowman et al., 2019].
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Ha nam B3risig — 3TO HE COBCEM YMECTHBIN sl (DUIOTEHETHYECKHUX IMOCTPOCHHIMA
nokasarelb, Tak Kak Ha npumMepe Eurytemora lacustris [Slugocki, 2019] onucano, uro
JIAHHBIA TOKa3aTellb MOXET CHJIBHO BapbhbHPOBaTh JaXe BHYTPH OJHOTO BHIA, B
3aBUCUMOCTH OT TI0JIa, BO3pacTa, ce30Ha W ycioBuid muTaHus. COOTBETCTBEHHO,
OCHOBBIBaTh Ha TaKOM I[IOKa3areje BO3MOXHOCTh  BBIICICHHUS  a3MATCKUX

npeacTaBuTenel poga Epischura B otenbHBIN poj - HE YMECTHO.
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3AKJIIOYEHUE

B npencraBnenHoil paboTe BIiepBbIE MPOBEICH aHAIN3 MOMYJISIIMOHHO-BUI0BON
CTPYKTYPBI Ha OCHOBE MOJIEKYJISIpHO — TeHeTrnaeckux mapkepoB (COIl, ITS1) azmarckux
npeacrasutenei poga Epischura (E. baikalensis u E. chankensis). I ananusupyeMbIx
BUJIOB MOCTPOEHO (PUIOTEHETHYECKOE JIEPEBO HA OCHOBE YHUKAIbHBIX TaIIOTHIIOB C
noMmomblo  ballecoBckoro MeToma ¢ MOJIGKYJSIpHBIMH  dacamu. [IpoBeneHa
PEKOHCTPYKIUSL U3MEHEHUS dS(PQGEKTUBHOM YUCICHHOCTH MOMYJSALUHUA METOA0M
baiiecoBckoro ckaimiora (Bayesian Skyline Plot). Bpemsi pacxoxnenus mexny E.
baikalensis u E. chankensis, kotopoe Ha ¢uaoreHeTHueckoM JpeBe coctaBmio 13,71
miH. ger (JAU: 8,34 - 21,42 muH. 7eT), COBHAJIO ¢ HMCIOUIMMHCS B JHUTEpaType
natupoBkamu 14,81 + 0,88 muH. ner [Bowman, 2019], nosy4eHHBIMU MO SACPHBIM
reHaM, 4YTO TOBOPUT B TMOJB3Y HCIOJB3YEMBIX HaMH KaauOpoBok. [lomyueHHbIe
JATUPOBKU TOBOPSAT O MPOJOJDKUTEILHOM HE MeHee 8§ MIIH. JIeT CYIIECTBOBaHUU
npeacTaBuTenel poga Epischura na reppuropun Aswum.

[Momynsaiuonnslie ucciaenaoBanuss MutoxouApuanbHeix (COl) u saepubix (ITS1)
HYKJICOTHJIHBIX TIOCIIEOBATCIIPHOCTEH TIOKa3ajdd, 4YTO: HECMOTPS Ha OOJBIIYIO
MPOTSHKEHHOCTH 03epa baiikan, rimyOuHy, pa3neineHue MoJHATUSIMH JHA Ha KOTJIOBHHBI,
a TaKkKe HAIWYUE OTIUYAIONIMXCS IO pa3Mepy B3POCIBIX 0CO0EH y pa3iIMyYHbIX
reneparuii  E. baikalensis, nmns panmHOro BHga He HaOMOJaeTCs KaKOW-THOO
TeHETHYECKOM MOApa3AeIeHHOCTH B o3epe. Ha ¢unorenernyeckom apeBe YHUKAIbHbBIC
ramotunibl - E. baikalensis  oOpasyror  emunblii  kimacTep 0e3  BHYTpPEHHEH
MOJpa3ACJI€HHOCTH CO BpeMeHeM KoanecueHimu 0,58 miH. et ¢ 95% noBepuTebHbIM
uareppasioM 0,37 — 0,89 mun. ner. [lomynsiuust JaHHOTO payvka SIBISETCS €IMHOU
MaHMUKCHOM ¥ MOJUMOPGHOM, UYTO TMOJATBEPXKIACTCS W pe3yJbTaTaMu aHaiIu3a
CTPYKTYp MHTETYMEHTA.

Hcnonp3oBanue MTOMUMO MOJICKYJIIPHO-TEHETUYECKUX  HHCTPYMEHTOB
UCCIICMOBaHMS  eme ©W  MOP(OJOTMYECKHX  METOJOB,  ITO3BOJMIIO  SICHEE
WHTEPIPETUPOBATh TOJYyYEHHbIE JaHHbIE. Tak, NpPOBEIECHHbIE MOPGHOIOTHICCKUE
WCCIICJIOBAaHMsI CTPOCHUS POTOBBIX KOHEYHOCTEH moka3biBaoT, yto E. baikalensis,

UMEET BBICOKYIO MPHUCIOCOOJICHHOCTh K OOMTAaHWIO B YCJIOBHSIX OJUTOTPOQHOTO
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BOJIOEMA, KOT'/Ia MHILEBbIe 00BEKTHI MOTYT BCTPEUAThCA JOBOJIBHO peaKko. B koHTekcTe
O0I00HOM MPUCTIOCOOJIEHHOCTH, BIIOJIHE OOBSICHUM POCT YUCICHHOCTHU, BBISIBICHHBIN C
NOMOIIbIO aHanu3a ramwtoTunoB (parmenta rea COl u mpuxonsuIuiics Ha TEPUOA
OJIeJICHEHUH, Korjaa TPOopHOCTh BOJOEMa CHIKajdach. B yCIOBUSX 3HAYUTEIBHOTO
CHIW)KEHUM TPO(PHOCTH BOJIOEMA SKCHAHCHUSI payka B 03€pe SABJIIACH, MO-BUIAUMOMY,
CJIEICTBHEM OCBOOOKIEHUS 3KOJOTUYECKON HUILIM, IPOU30LIEANIECH 3a CYET U3MEHEHUI
Y BBIMUPAHH, BBI3BAHHBIX JIEAHUKOBBIMHU 3TI0XAMH, CBOE BO3JICUCTBUE MOIJIO OKA3aTh
U LIEAIIee B 3TOT NEPUO] YBEITUUEHUEM [NIyOUMH 03€pa, KOTOPOE MOIJIO OBITh CBSA3aHO C
TEMIIEPAaTypHbIM PEKHUMOM O3€pa MU €ro TpoPHOCTHIO. Bpicokuil mnomumopdusm
HOIYJISILIMM, BBISBICHHBIH Ha OCHOBE T'€HETUYECKUX U MOP(QOJIOTHYECKUX MapKepoB,
takxe rmo3soisieT E. baikalensis BenkuBaTh B M13MEHUMBBIX YCIoBUsX balikana.

[Momynsaus E. chankensis u3 o3epa XaHka X0Th U IPECTaBlIeHA ceiyac eMHOM
HOMYJISIIMEH — OOHApYy>KMBAeT Cielbl HEKOrJa CYLIECTBOBABILEH IOAPA3/IEICHHOCTH,
Haydasio koropou matupyercsa 0,69 miH. net Hazan ¢ 95% AOBEpUTEIBHBIM HUHTEPBAIOM
0,39 — 1,06 mun. mer. IloxmpasmeneHHOCTb, BO3MOXKHO, CBsi3aHa C reorpapuyecKoin
U30JsIMeNd MMeBIIe MecTo B mpouuioM. ['eorpaduyeckas H3OJSLUSA, UCXOIS W3
IIPUMEHEHHBIX JaTUPOBOK, OTHOCHUTCS KO BPEMEHM 10 IMOSBJICHHUS B XaHKaNUCKON
KOTJIOBUHE €MHOI0 BOJOEMA, HO CYIIECTBOBAaHUS PEUHOM CeTH M psiia HEOOJBIIMX
o3ep. Okcmancus E. chankensis, BeposiTHO, cBs3aHa ¢ W3MEHEHUSIMH pa3MEpoOB
3aHMMAaEMBIX €10 B TO BpeMs BOJOEMOB, B JaJIbHEHIIIEM 00pa30BaBILKX €IUHBIN BOJIOEM
B XaHKalWCKOW KOTJIOBHHE.

[lepcneKTUBHBIM KaXeTCsl JOTOJHUTh HCCIeqoBaHUE mpeacTaBuTensimu E.
chankensis w3 gpyrux BogoemoB JlampHero Bocroka, a Takke J100aBHTH
npeacraButenel £. SMirnovi, onvucanHbIX B o3epe Uit U B HUKHEM TEYCHUU P. AMYp Yy
nioc. TrIp.

Uro kacaercs QUIyKTyHpyrolled acHUMMETPHHM, HMEET CMBICI H3MEPUTh €€
nokazarenu s ocobeit E. baikalensis m3 HerneHTpanbHBIX, TPUOPEKHBIX CTAHIIHM,
0COOEHHO B palfOHaX MOCEICHHI.

T.x. aHanM3 NOMyISUMOHHONW UCTOPUHU BUJIOB MPOJIMBAET CBET HA MPOIILIOE MECT

06I/ITaHI/I$I, HHTCPEC MOKCET BbI3bIBATL COIIOCTABJICHUC 3BOJ'HOHHOHHOﬁ HCTOPpHHU
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UCCIIEIOBAaHHBIX BHJIOB C TAaKOBOW Yy JPYruX TMpeACTaBUTENCH TUAPOOUOHTOB,

OOHTAIONINX B JAaHHBIX BOJOEMAX.

BbIBO/IbI

1. Anam3 momuMopdu3Ma HYKICOTHIHBIX mochenoBatenbHocTelt reHa COI
mT/IHK u ITS1 p/IHK BeISBHN y HbIHe enuHoW momynsuuu E. chankensis B ozepe
XaHKa cleapl TeHETUYECKOH TMOJpa3/IeieHHOCTH. PasnerieHue BBISBICHHBIX TPYII
rarotunioB E. chankensis mpousonuio 0,69 miH. set Hazan ¢ 95% A0BEepHUTEIBHBIM

unrepBaiioM 0,39 — 1,06 muH. nerT.

2. Ananu3 HyKJIeoTHIHBIX mocienoBarenbHocTe reHa COI mtJHK u ITSI1
pAHK He mnoarBepaun Haau4yue MNPOCTPAHCTBEHHOW M CE30HHOM T'€HETUYECKOM
MOAPA3AEICHHOCTH ANUILYphl B 03epe baiikan. E. baikalensis nmpencTtaBieHa €IUMHOU
MAaHMUKCHOM TOMYJISIIUEeH C BBICOKUM YPOBHEM TalNIOTUIUYECKOTO Pa3HOOOpas3us
mMt/IHK. Vumkanenbeie ramiotunsl E. baikalensis oOpasyior Ha ¢uioreHeTHYecKOM
JIepeBe €IUHBIN KiIacTep 0€3 BHYTPEHHEH MOApa3ieIEHHOCTH CO BPEMEHEM pa3/eiIeHUs
ot obmero npeaka 0,58 muH. et ¢ 95% nosepurenbHbiM uHTEpBaioMm 0,37 — 0,89 mutH.
JeT.

3. E. baikalensis u E. chankensis npomuiu depe3 nepro/isl pe3koro yBeINYCHHUs
YUCJIEHHOCTU: MHTEPBaJIbl BPEMEHU JJIs ATUX coObITUi cocTtaBuin oT 180 1o 100 ThIC.

aet Hazan s E. baikalensis u 400 mo 250 teic. neT Hazax qis rpynn E.chankensis.

4. CornacHo MOJIEKYJIIPHBIM JIaTUPOBKaM Ha OCHOBe mocieaoBarenbHoctet COI
mT/IHK Bpems xoanecueniuu ans E. baikalensis u E. chankensis cocrasmio 14 muH.
et (95% JW: 8 - 21 muH. ner). [lomydyeHHbIE JaHHBIE MOJHOCTHIO COTJIACYIOTCS C
UMCIOIUMHUCS B JIMTEPAType HE3aBUCUMBIMHU JATUPOBKAMU IS JTAHHOTO COOBITHS,

ONpEICICHHBIMU MO JPYTUM (SIICPHBIM) MOJIEKYJISIPHBIM MapKepam.
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5. VYcraHOBIEHO 4YTO YpOBEHb KpEeMHHA B MaHAUOYIApPHBIX 3yOIax u
mopdosoruss potoBbix koHeuHocteit y E. baikalensis u E. chankensis pasmuuarorcs.
MakcumalibHOE OTHOCUTEIIBHOE COJICPIKAaHNE KPEMHHUS OT OOIIEro COACPIKaHUS IPYTUX
9JIEMEHTOB B KOpoHKax: E. baikalensis - 39 %, E. chankensis — 11 %. [1epBbie 1 BTOpbIC
makcuuiel (Mx1, Mx2) y E. baikalensis mnmunnee, uem y E. chankensis. ITostomy u
Iomaab, MokpeiBaeMas Mx2 y E. chankensis, B aBa paza mensmie, yem y E.
baikalensis. ITnorians, KOTOpyIO OXBaThIBalOT MX1, y 3THX BHIOB pa3jandajiach B ISITh

pas.

6. BolsiBieH BBICOKMU pPa30poC 3HAYEHUW 4YHClia CTPYKTYp HHTerymeHTta y E.
baikalensis mpu HH3KOM ypOBHE aCHMMETPUU B BBIOOPKAX, YTO MOATBEPIKIACT BHICOKUI
TEHETUYECKUN MOoNMUMOpPu3M mnonyiasuuu. OTCYyTCTBHE 3HAYMMBIX OTIMYMA MEXIY
BBIOODKAaMH 110 YHUCIY CTPYKTYp CBHUJAETEIbCTBYET O €AMHCTBE Momyasiuuu F.
baikalensis B o3epe baiikan. OTCYTCTBHE 3HAYUMBIX OTIMYHA IO YPOBHIO
GaykTyupyrome acuMMeTpUM MeXAy BBIOOpPKAMHM TOBOPUT O CXOJHOM JIaBJICHHUH
(bakTopoB cpeapl (A0MOTHYECKMX W OMOTHMYECKHX) Ha IOKHYIO U CEBEPHYIO YacTu
MOITYJISILMKU B IEHTPAIBHBIX paioOHax o3epa. JJaHHbIM MOKa3aTeab MOXKHO UCIOJIb30BaTh

JJI1 OOCHKH X KOMIIJICKCHOI'O BOSI[GﬁCTBHH.
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HPUJIOKEHUSA
[MPMJIOXKEHUE |.Yucno mop B cermeHTax 1edanoHa U nokazareinud GayKTyupyromen
acUMMeTpuH, ocoOeit u3 10xHoro baiikana.

Ta6HI/IHa. VYcnoBHbIE 0003HAYCHHUS CMOTPCTH CIIMCOK coxpameHHﬁ
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Ne O6pasua | TJIB | TJIC | LIT | TIIC | TIIB | CJIB | CJIC | LIC | CIIC | CIIb

1 1 0 2] 0 1 1 1 0] 1 1 | 0,00 0,00
2 1 0 |2] 0 1 1 2 | 0] 3 1 [-1,00(0,25
3 1 0 |4] 0 1 1 2 0| 1 1 |1,00 (0,25
4 1 0o |1] 0 1 1 1 0| 2 1 [-1,00(0,25
5 2 0 |2] 0 1 1 1 0] 1 2 | 0,00 |0,50
6 1 1 2] 0 1 1 2 |0 ] 1 1 | 2,00 0,50
7 1 0 |2] 0 1 1 1 0] 1 1 | 0,00 0,00
8 1 0o |1] 0 1 0 1 |0 1 0 | 0,00 |0,00
9 0 0 |2] 0 0 0 0o 0| O 0 | 0,00 |0,00
10 2 0 |2] 0 3 1 0o | 0| 1 1 [-2,00/0,50
11 0 0 |4] 0 0 0 1 0] 1 0 | 0,00 |0,00
12 2 0 | 4] 0 2 2 1 |0 1 2 | 0,00 |0,00
13 1 0 | 4] 2 2 1 1 0] 1 1 [-3,00(0,50
14 1 0 | 4] 0 0 1 2 | 0] 2 1 | 1,00 0,25
15 1 2 | 2] 2 1 2 2 o] 1 3 | 0,00 |050
16 1 0 |3] 0 2 4 2 |0 | 1 3 | 1,00 | 0,75
17 1 0 | 3] 0 3 1 1 10| 2 1 |-3,00/0,50
18 1 1 4] 0 1 1 2 | 0| 3 1 | 0,00 0,50
19 1 0 |2] 0 1 1 1 |0 1 1 | 0,00 0,00
20 2 0 |5] 0 3 5 5 |0 | 5 1 | 3,00 0,50
21 1 0 | 4] 0 1 1 3 /0| 3 1 | 0,00 0,00
22 2 0 | 3] 0 2 3 3 /0| 1 1 | 4,00 0,50
23 0 3 /2] 0 2 1 3 /0| 1 0 | 4,00 |1,00
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-2,00 | 0,25

-4,00 | 0,75

-2,00 | 0,50
3,00 | 0,50

-4,00 | 0,00

4,00 | 1,00

0,04 | 0,34

1
1
1
1
0
3
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24
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[MPMJIOXKEHUE Il. Yucno mop B cermeHTax IedajoHa U IOKa3aTesu
baykTyupyromiei acumMMeTpun, ocodeit u3 cesepHoro baiikana.

Ta6HI/IHa. VYcnoBHbIE 0003HAUCHUS CMOTPCTH CIIMCOK COKpaHIGHHﬁ

CEBEP
TOPAKAJIbHBIN COEJIMHUTEJIbHBIN OA | Fa
NeO6pazua | TJIB | TJIC | LIT | TIIC | TIIb | CJIB | CJIC | LIC | CIIC | CIIB

1 2 0 |5 1 2 2 1 0] 4 3 |-5,00]0,75
2 0 0 | 8] 0 0 1 1 |0 1 2 |-1,00(0,25
3 0 0 |2] 0 0 2 1 0] 1 3 |-1,0010,25
4 1 0 |2] 0 1 2 2 | 2] 1 1 | 2,00 0,50
5 2 0 |2] 0 1 2 1 0] 3 4 |-3,00/0,75
6 0 1 |2 1 0 0 1 |0 1 0 | 0,00 |0,00
7 1 4 | 4] 3 1 1 1 0] 1 1 |1,00[0,25
8 1 3 |3 3 1 3 5 0| 1 3 | 4,00 |0,25
9 2 2 | 2] 2 2 1 1 0] 1 1 | 0,00 0,00
10 1 2 | 2] 4 1 0 2 | 0| 2 2 |-4,000,50
11 1 3 2] 3 1 2 1 0] 1 0 | 200025
12 1 0 | 4] 0 1 0 1 o] 1 1 [-1,00(0,25
13 2 2 4] 0 1 2 1 0] 1 1 |4,00/0,75
14 0 0 |2] 0 1 0 1 | 1] 2 2 |-4,00/0,75
15 1 0o |2] 0 1 1 1 ]0] 2 2 |-2,00]0,50
16 1 0 |3] 0 2 1 1 |0 2 2 |-3,00/0,75
17 1 0 |2] 0 0 0 1 |0 1 1 |0,00 0,50
18 1 0 |4] 0 3 2 2 | 0| 3 1 [-2,00/0,75
19 1 0 |2] 0 1 1 2 | 0| 3 1 |-1,00/0,25
20 1 0 |4] 0 1 1 2 | 0| 2 1 | 0,00 0,00
21 1 0 |2] 0 1 1 1 |0 1 1 | 0,00 0,00
22 2 0 | 4] 0 2 1 1 0| 2 1 [-1,00(0,25
23 1 0 |2] 0 1 1 3 /0| 2 2 | 0,00 |050
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-4,00 | 0,50

-2,00 | 0,25
1,00 | 0,25
-1,00 | 0,50

5,00 | 0,75

-1,00 | 1,00

-5,00 | 0,00

5,00 | 1,00

-0,59 | 0,42
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[MPWMJIOXKEHUME Ill. Pesynbrarel Tecta Ilanmupo-Yuika Ha HOPMaJIbHOCTH
pacnpeseNneHus Yucia CTPYKTyp Ha CerMeHTax 1edaioHa.

Tabnuua. YcinoBHble 0003HAUEHUS CMOTPETh CITMCOK COKpPAIllEHUN

Yuactok Hopmansnoe
Bribopka nedanona W p-value pacnpeaeaeHue
{0)y CIIb 0,71693 0,00 Her
CIIC 0,69156 0,00 Her
CJIb 0,68241 0,00 Her
CJIC 0,82926 0,00 Her
TIIb 0,86681 0,00 Her
TIIC 0,36809 0,00 Her
TJIb 0,79055 0,00 Her
TJIC 0,42801 0,00 Her
TLI 0,84806, 0,00 Her
LC Her Her Hert
Oowee 0,91238 0,03 Her
Oo6mee (6e3
BBEIOPOCOB) 0,9639 0,47 Jla
Cesep CIIb 0,88559 0,00 Her
CIIC 0,78702 0,00 Her
CJIb 0,86049 0,00 Her
CJIC 0,70739 0,00 Her
TIIb 0,78445 0,00 Her
TIIC 0,60617 0,00 Her
TJIb 0,8249 0,00 Her
TJIC 0,57667 0,00 Her
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TII 0,7057 0,00 Her

LC 0,3579 0,00 Her

Oomree 0,97136 0,60 Ja
O6mee (6e3

BEIOPOCOB) 0,97036 0,61 Jla
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[MPUJIOKEHUE 1V. Pesynpratel Tecta Illanupo-Yuiika Ha HOPMaJIbHOCTH
pacrpeneseHns aCHMMETPUN.

Tabnuua. YciaoBHble 0003HaAUEHHUSI CMOTPETh CITUCOK COKpAICHUH.

Bri6opka HopmanbHoCTh
Paiion wW p-value pacnpeneneHus

{0)y Tb 0,86 0,00 Her

TC 0,58 0,00 Her

Cb 0,60 0,00 Her

CcC 0,85 0,00 Her

OA 0,94 0,10 Ja

Fa 0,86 0,00 Her

Cesep Th 0,73 0,00 Hert

TC 0,58 0,00 Her

Cb 0,92 0,03 Her

CC 0,86 0,00 Her

OA 0,95 0,24 Jla

Fa 0,90 0,01 Her
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[MPUJIOXXEHMUE V. Pe3ynbTaThl CTaTUCTHYECKOTO CPABHEHUS MEXKAY COO00M pailoHOB
nedanoHa clieBa U CpaBa Mo YUCILy CTPYKTYP.

Tabnuna. YciaoBHbIE 0003HAUEHUSI CMOTPETh CIIUCOK COKPAIICHHH.

U-tect Yunkokcona — Manna — YuTtHu
Bri6opka Crar. 3Hau.
[TapameTp W P-value OTJINYHE
IOr Tb 428 0,23 HET
TC 352,5 0,73 HET
Cb 350 0,77 HET
CC 330 0,51 HET
OO0mmit 3425 0,71 HET
Cesep Tb 393,5 0,63 HET
TC 4345 0,78 HET
Ch 485,5 0,29 HET
CC 480 0,32 HET
OO6mwmit 349,5 0,27 HET
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[MPUJIOXKEHUE VI. Pe3ynbraThl CTAaTUCTUYECKOTO CPAaBHEHHS MEXAYy cOOON pailOHOB
nedanoHa cieBa U ClpaBa [0 YUCIy CTPYKTYp. 3HAUEHHUs dKcliecca Uil pacipeaesIeHus
MoKasaTesield aCHMMETPUHU MEXIY pailoHaMH medanoHa.

Ta6J'II/IHa. VcnoBHBIE 0003HAYCHUS CMOTPCTH CIIMCOK COKpaHleHHﬁ.

Paiion N JKc. Okc. Kpur
(a=0,05)

Or Tb 27 0,84 0,87
TC 27 6,94 0,87
Cb 27 9,59 0,87
CC 27 0,17 0,87
OOruee 27 0,05 0,87
Cesep Tb 29 2,92 0,85
TC 29 5,35 0,85
Cb 29 -0,63 0,85
CC 29 3,49 0,85
Oo1ee 29 0,17 0,85
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[MPUJIOXEHUE VII. Pe3ynbTaTsl CTAaTUCTUYECKOTO CPaBHEHHS BBIOOPOK IOTa U ceBepa

Tabnuna. ¥YciaoBHble 0003HAYEHUSI CMOTPETH CIIMCOK COKPAILIEHUM.

F-rect ®umepa

[Tapametp F P-value Jlumepcun paBHBI
OA 0,68 0,32 Jla
OO0111€€ KOJIMYECTBO 0,89 0,77 Jla

CTPYKTYp (0€3 BRIOPOCOB)

T-tect CThIONEHTA

[TapameTp T P-value Crart, 3Ha4, OTJIUYHE
OA 1,04 0,30 Hert
OO0111E€ KOJIMUECTBO 1,82 0,07 Her

CTPYKTYD (0€3 BEIOPOCOB)

U-tect Yuikokcona - ManHa - YUTHH

[MapameTp wW P-value Crart, 3Ha4, OTJINYNE
Fa 331 0,31 HET
KonuuectBo TJIb 354 0,49 HET
CTPYKTYD TJIC 349,5 0,33 HET
TIIC 324 0,11 HET
TIIb 4475 0,31 HET
CIIb 302,5 0,11 HET
CIIC 286,5 0,06 HET
CJIC 376 0,79 HET
CJIb 3815 0,86 HET
LT 391.5 1 HET
C 432 0,09 HET
Oouee 283 0,07 HET
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[MTPMJIOKEHUE VIII Pe3ynbrartel u3MepeHui JJIMHBI T€Ja U POTOBBIX KOHEUYHOCTEMN

nByx BuaoB poaa Epischura (= SD(N), rae N — uncino usmepenuii, SD- cranmapTHOE

OTKJIOHCHHE).
TaoOmumna.
Ha3zBanue 00BEKTA, €IMHULIA ) ) ]
E. baikalensis E. chankensis
U3MEPEHUS

JlimHa Tena, MKM

1184+84,1(30)

864+60,2(25)

I[JII/IHa BTOPBIX aHTCHH, MKM

230,2+36,9 (10)

176,2+32,8 (10)

I[JII/IHa CCT BTOPBIX AdHTCHH, MKM

261,1+68,9(10)

198+67(10)

JlnmuHa nanbinbl MaHIUuOYIIbl, MKM

170,5+18,2(10)

80,5+15,1 (10)

JlmuHa cet nanbibl MaHIUOYIIbI, MKM

263,1+70,2(10)

111,8 40,4 (10)

JnmuHa nepBoi Makcuuibl Mx1, MKkM

144,5+21,3 (30)

69,7£16,1 (25)

JlnuHa cer mepBoM Makcwiuibl Mx1,

MKM

230,7435,2 (25)

94,8402 (25)

Juametp ceT mepBod Makcwuisl Mx1,

MKM

2,4+1,3 (180)

1,70,7 (180)

JnuHa cetyn nepBoi Makcwiuibl Mx1,

MKM

10,9+2,3 (37)

12,7+2,3 (25)

Jnamerp ceTynm mnepBOM MaKCHUILIbI

Mx1, MKkM

0,29+0,06(25)

0,29+0,08 (112)

PaccrosiHue Mexy ceTyjiaMu IepBoi

MakcHiuIbl Mx1, MKM

1,03+0,3 (102)

0,34+0,18 (106)

JlmuHa BTOpOil MakCHIUIbl Mx2, MKM

165,8+21,3 (5)

98,7+11,3 (4)

JlnuHa ceT BTOpOW MakCWIIbI Mx2,

MKM

181,5+41,1(40)

83,0£17,8 (31)

JuameTp ceT BTOpoil MakcwiIbl Mx2,

MKM

3,57+0,78 (150)

3,15+1,1 (150)

Paccrosinue Mexay ceramMu BTOPOU

20,9+8,7 (25)

8,643,3 (20)
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MaKCUJLIbI MX2, MKM

JlmuHa ceTys BTOpOM MaKCWIIIbI Mx2,

MKM

10,7+2,6 (150)

7,9+2,4 (120)

Paccrostnue mexny ceryinaMu BTOPOU

MaKCUJIIBI MX2, MKM

9,142,7 (100)

3,2 £0,7 (120)

ITnomans F, nog Mx1, MKM°

66 470

13 215

ITnomans F, nos Mx2, MKM-

30089

17572




