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IIpoBeneHo uccienoBaHue reHETUYECKOTO pa3HOOOpa3us B IpyIMUpPOBKax apuKaHCKON CKyMOpPUM U3
akBaTopuii lleHTpanbHO- BocTouHOM ATIaHTUKMA HAa OCHOBAaHMM CEMM MMKPOCATEJUIMTHBIX JOKycOB. Bce
JIOKYCHI OBLITA TTOJIMMOP(HBI, OLIEHKHU OKMIAeMOU reTepo3uroTHoCcTH BapbrpoBaiu ot 0.021 mo 0.914. st
BCEX MCCJIENOBABIIMXCS BbIOOPOK BBISIBIEH Ne(MUIIMT IeTepO3UTOTHOCTH, CBSI3aHHBIM C MPUCYTCTBUEM
Hy/Ib-aJuleJieil B YeThIpeX U3 CEMM UCCIIEA0BABIINXCS MUKPOCATE/UTUTHBIX JIOKYycOoB. [TosyyeHo Hu3Koe, HO
JIOCTOBEPHOE 3HAUYECHME TeHEeTUYEeCKOI nuddepeHIMALIMK, pacCUMTaHHOe T10 BceM JiokycaM (6 = 0.0052),
YTO TMPEANOJIOXUTETBHO, B TOM YMCIIE, MOXET ObITh CBSI3aHO C HapylIeHWeM IMMaHMUKCUM 3a cYeT popMU-
POBaHUS OTAENBHBIX CyOTIOMYJISIIINIA B pe3y/ibTaTe HEPaBHOMEPHOTO BO3IEMCTBUS TPOMBICIA B pa3TMYHBIX

JIOKAJIbHOCTAIX.

Karoueswie crosa: abpukanckasi ckym6opus, LleHrpanbHo-BocTouHast ATiaHTMKa, MUKPOCATEJUTUThI, TeHEe-

TUYECKUI MOTUMOPPU3M.
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Adpukanckas ckymopus Scomber colias Gmelin,
1789 [1] — menaruyeckasi cTailHast pbida, IIUPOKO
pacrpocTpaHeHHasI B IPUOPEXKHBIX aKBATOPUSIX AT-
JIJAaHTUYECKOTO oKeaHa oT buckaiickoro 3aimBa Ha
ceBepe 1o ora Appuku (Bkiouast YepHoe u Cpeau-
3eMHOE MOPSI), SIBJISIIOIIAsICS TPAAUIIMOHHBIM O0beK-
TOM TPaJIOBOTO M KOIIEJIbKOBOTO JioBa. Kak xo3sii-
CTBEHHO LICHHBIIA OOBEKT, MPEACTaBJISIIOIINI cOOO0M
BAaXXHYIO COCTAaBJISIIOIIYIO II€JIarM4ecKOil 3KOCHUCTEe-
MBI, appUKaAHCKasd CKyMOpHs SIBIISIETCSI OOBEKTOM
pa3JIMYHOTO pojia MCCIeNOoBaTeIbCKUX paboT, Ha-
IIpaBJICHHBIX KaK Ha pa3BUTHE O0IIe0MOJIOTUIECKOTO
¢dyHIaMEeHTaJIbHOIO 3HAHUS, TAK 1 MOHUTOPHUHTOBBIE
CBIPbEBBIC MCCIIEIOBAHMSI, B 1IeJIM KOTOPBIX BXOOUT
CO3IaHMe YCIIOBUI IJISI pallMOHAJILHOTO, “IIPEIOCTO-
POXXHOTO” MCITOIb30BaHMS PEIOHBIX pecypcoB. Bax-
HBIII MaTepuay Kak I (yHIaMEHTAJIbHBIX, TaK U
MIPUKIAIHBIX pa0OT JAI0T PE3yJIbTAThI ITOITY/ISIIIOH-
HBIX MCCJIENOBAaHUI, MPOBOIUMEBIX C IIPUMEHEHUEM
criekTpa MOpP(PO-OMOJIOTMYECKUX, MOBEASHUYECKUX,
(GU3NONIOrMYeCcKNX, TeHETUYECKUX MeTonoJiormii. Tak,
C MCNOJIb30BaHNEM aHaiu3a MOP(GOMETPUUYECKMX Xa-
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PaKTEPUCTUK U (DOPMBI OTOJIUTA BbISIBJIEHA MOIYJISILINA-
OHHAasl CTPYKTYPUPOBAHHOCTh a(hpUKAHCKOUN CKyM-
opum npubpexHbix Bod Ilopryraamu M oCTpOBHBIX
akBatopuit lLlenTpanbHo-BocTouHOol ATiaHTUKH
(IIBA) [2]. ITo pe3ynabraTam ompencaeHUs OUOI0r-
YEeCKHMX XapaKTepucTuk (IoJi, JJrHa, oblasi Macca,
Macca MopKU U Jp.) BbISIBJIEHA U3MEHYUBOCTb CKyM-
OpUM U3 aKBaTOPUii LIeHTpaJIbHOU YacTu CpeausemM-
Horo Mops [3]. Ha ocHOoBe aHanu3a Mopgomerpuye-
CKMX U MEPUCTUYECKUX MPU3HAKOB BbISIBJIEHA OIpe-
JleJiIeHHasi  CTPYKTYPUPOBAHHOCTb  TPYMNIIUPOBKU
a(puKaHCKOU CKyMOpUHU U3 MPUOpEeXHbIX Bom Ty-
Huca [4]. Ha ocHOBe aHanm3a nojuMmopdusma saep-
Hoit 1 MutoxoHapuanbHoi JHK nmpoBoauiu aHanus
BUIOBOTO cocraBa popa Scomber [5, 6]. Ha ocHoBe
aHaJIN3a UBMEHYMBOCTU KOHTPOJIBLHOTO PETMOHA MUTO-
xouapuanbHOi JIHK paccmarpuBamyi reHeTMYecKyro
CTPYKTYPUPOBAHHOCTb CKYMOpUU TIpUOPEXHBIX BOI
IMopTtyranuu u ceBepHbIX aKBAaTOPWA CpeAN3EMHOMOP-
ckoro pernoHa. Ecmu ckyMOpusl aTJaHTUYECKUX BOJ,
XapaKTepru30Bajlach KaK MaHMUKTHUYECKasl TPYTIITUPOB-
Ka, TO B CPEIU3EMHOMODPBE BBISIBIIEH OMNpPEAeIeHHbIN
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Taomuna 1. XapakrepucTruka aHaJIM3MpyeMoro B pabote MaTepuraia

Koopnunartst
Nupekc BeIOOpKU MecTto u BpeMsi B3SITHSI BBIOOPOK Yucio pwI0, 3K3.
IMPOTa JoJirota
Marl LIBA, 3an. Adpuka 21.09.2017 21°15' N 17°24 W 50
Mar?2 LIBA, 3amn. Adpuka 29.09.2017 22°34'N 17°30° W 50
Mar3 LIBA, 3an. A¢ppuka 14.10.2017 23°0’ N 16°38’ W 50
Mar4 LIBA, 3an. Adpuka 20.10.2017 23°39’ N 16°38’ W 50
Mar5 LIBA, 3amn. Adpuka 22.10.2017 23°39'N 16°38’ W 50
Mar6 LIBA, 3an. Adpuka 23.09.2017 23°36’ N 16°40" W 50
Mavr LIBA, 3am. Adpuka 27.09.2016 18°2' N 16°26" W 50

YPOBEHb I€HETHMYECKOI CTPYKTypHUpOBaHHOCTU [7].
Ha ocnoBe ananm3a namenunBoct SNP-mapkepoB
aHaAJIM3UPOBAJIU MONYJISILIUOHHO-TEeHETUYECKYIO
CTPYKTYpPY CKyMOpuM IIpuOpexXHBIX Bom KaHambi,
buckatickoro 3anmBa n CpenmseMHoOro Mops [8].

M3 BBIIEU3TOKEHHOIO CIEAYeT, YTO TMpU 3HAYU-
TEILHOM O0ObeMe IIPOBEICHHBIX ITOMYJISIIIMOHHBIX
WCCIIeqOBAaHUM I TIpencTaBuTelIell poma Scomber
paitonoB Mupo-TTanmduku u ATIaHTUKU, TPAKTH-
YeCKU OTCYTCTBYIOT MOMYISLUOHHO-TeHETUYECKIE
ncciieoBaHUS appUKaHCKOM CKyMOpPHUH M3 aKBaTO -
puit LIBA.

Ilens paHHOI pabOTHI — UCCIEOOBAaHNUE OIS -
LMOHHO-TEHETUYECKOM CTPYKTYpHhl adpuKaHCKOMN
ckyMOpuu akBaTopuii IIBA Ha ocHOBe M3yyeHUS

noauMop@dusMa  MUKPOCATEIJINTHBIX  JIOKYCOB
anepHoit JTHK.
MATEPHAJIBI U METO/1bI

MarepuanaoM i1 BBITIONTHEHUs] TaHHOW pabOTHI
TTOCITY>XKIUTH cOOpBI apprUKaHCKON CKyMOpHH, TIOJTY-
YeHHBIe B paMKax IpOrpaMMbl MOHUTOPHMHTA KOM-
TUTEKCHBIX MCCIEAOBAHUIT MENTKUX ITeJJaTmIeCKUX
pPBIO Ha PHIOOJIOBHBIX CYyIaXx B MapOKKaHCKO-MaBpH-
TaHCKMX 9KOHOMUYECKUX Bogax (tadi. 1, puc. 1).

B xauecTBe MapKepoB UCIIOIb30BaI CEKBEHUPO-
BaHHbIE IJISI BOCTOYHO# CKyMOpHY MUKPOCATEIJIUT-
Hble 1oKychl SJT5, SJT25, SJT36, SINT66, SJT205,
SJT142, SJT175[9]. Ana I P-ammiudpukanm uc-
noab3oBanu Habopel Gene Pak PCR Core (OOO
“Mzolen”, Poccust), K KOTOPBIM ITO0ABISIIA 5 MK
cMecu  TpaiiMepoB  (KOHeYHass  KOHIICHTpaIus
0.5 MxM) u 5 mxu1 uccneayemoit JIHK (100 Hr). AM-
IIMGUKALI0 MUKPOCATEIUIUTHBIX JIOKYCOB ITPOBO-
m B Tepmonnkiiepe “MJ Research PTC 100” mpu
clleayollIeM peXuMe: cHavyaja 4 MUH pas3pylleHHue
AHK mipu remneparype 95°C, 3atem 35 IUKIIOB AaJTb-
Heieit neHatypauyn JJHK MaTpuiibr, oTskur ripaiime-
POB 1 CMHTEe3 HOBBIX lienieid. [1pomykThl amruidpuka-
LI pa3IesIsuIn IyTeM SJIeKTpodopesa B 6%-HoM Helle-
HaTypUpylolieM mnoauakpwiaMugHoM Teile B TBE-
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oydepe [10] mpu 300 B B TeueHMe 2—3 4, OKpaIIBaiIn
OpOMUCTBHIM 3TUANEM U (PororpadpupoBain B YOP-
cBete. Pa3Mepnl auieneii o Kaxnomy JIOKyCy onpe-
JIeJISUT ¢ UCTIOJIb30BaHWEM TiporpamMmbl “1D Image
Analysis Software Version 3.5” (“Kodak™).

YacToTel ajieneit, paBHoBecue Xapau—BaiiH-
Oepra, reTepo3UuroTHocTU oxunaemas (H,) u HabI10-
naemas (H,), koadduuueHt nubdepeHIrauu Mo-
myssiauii © (aHamor Fgp-cratmctukm) [11] m apyrme
MoKa3aTeau OIPenessiii C UCMOJb30BaHUEM TIPO-
rpamMHoro naketa GDA [12]. T'eHeTuuecKyro UIeH-
TUYHOCTh (/) paccuuTsiBaiu 1o merony Hes [13] B
GDA. locTtoBepHocTh oTinuuii H, u H, oueHuBaiu
¢ roMo1Ibo F-kputepus @uinepa [14]. 1 cHIKe-
HUI 3P PeKTa MHOKECTBEHHBIX CpPaBHEHHUI MTPOBO-
JIVJIN IIpOLeaypy BHECeHUs nonpaBku boHbeppoHu
[15]. ITporpammuebrii maker GENEPOP 4.2 [16] uc-
MOJIb30BaJIY TIPU OLIEHKE YaCTOT HeaMITU(PULUPYIO-
IIUXCSl HyJb-ajlJieJieil U oIpenejeHUuM MokKasaTess
WHTEHCUBHOCTHU F€HHBIX MOTOKOB (/V,,,). 151 olleHKU
BO3MOXHOTO BJIWSIHUSI JeMorpaduyecKux HU3MeHe-
HUlt (cHUXeHUs1 3(EOEKTUBHONW YMCIEHHOCTH, TakK
Ha3bIBaeMOE€ “TOPJIBIIIKO OYTHUIKM’) HAa TeHEeTHUdYe-
CKoe paszHooOpasue B TMOMyJISIlUSIX CKyMOpHUM MUC-
nmonb3oBayin nmporpammy BOTTLENECK ver. 1.2.02
[17] co ctanmapTHEIMU TTapamMeTpamu. st npoBepKU
KauyecTBa JaHHBIX U HAJIMYMS HeaMITM(PULIMPYEMBbIX
HyJb-aJlJIeJIell MCIoJb30BaM Tporpammy Micro-
Checker 2.2.3 [18]. as1 OLIEHKW CTENEHU BIUSHUS
MpearojiaraeMblX HOJIb-aJlJIeJieid Ha MoKa3aTesiu re-
HeTuyeckoit nuddepeHanuu Fgr IpOBOIUIU KOP-
PEKTHMPOBKY MX 3HAUYEHMUI C MCIIOJb30BAHUEM IIPO-
rpammbl FreeNA [19]. [IpencraBneHue rpapudyeckoit
MPOEKIIMU BLIOOPOK HA OCHOBE MHOTOMEPHOTO IIIKa-
JIMPOBAHUSI MaTPUILIbl TeHETUYECKUX AUcTaHIMi Ka-
Bammn—Cdopua npoBogwin B rmporpamme STATIS-
TICA 10.
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Puc. 1. Kapra-cxema jiokanuzauuu BbI0OpoK apprukaHcKoit cKkymOpuu (0003HaueHusI Kak B Ta0. 1).

PE3YJIBTATbBI U OBCYXIEHHUE

HMccnenoBaBiivecs: MUKpOCATEIUTHBIE JIOKYCHI
JMEMOHCTPHPOBAITU TOTUMOPGU3M Pa3TUIHOTO YPOBHS
C HEKOTOPHIMH OTIWYMUSIMHU B BBIOOpKax adpuKaH-
ckoit ckym6puu. Jlokyc SJ736 6611 HAaUMeHee IO~
MopdeH (oT 2 no 3 ajuieneil B MHTepBaje pa3MepoB
122—128 niH). HanbGonbinii ypoBeHb MOJIUMOPDU3-
Ma BBISBIIEH B JIOKycax SJNT66 (ot 13 mo 19 anneneit
B MHTepBae pasMepoB 104—146 nH), SJT25 (ot 7 no
12 ayuteneit B uHTepBaje pasMepoB 105—156 mH),

SJTS5 (ot 13 no 19 ameneit B uHTEpBajie pa3MepoB
80—126 miH). CpenHuii ypoBeHb MOJIUMOpdU3Ma ae-
MOHCTPUPOBaIU JOKYychl SJT205 (ot 6 no 9 amneneit
B MHTepBaJjie pa3MepoB 152—168 nH), SJT142 (ot 3 no
6 anneneit B mHTepBasie pasMepoB 126—136 mH),
SJT175 (ot 5 no 8 anjesieii B UHTEpBaje pa3MepoB
144—158 1iH) (Tab. 2).

B cemm BrIOOpKAX CKYMOpPHM pacCUMTAHBI OLICH-
KU BHYTPUIIOIYJISILIUOHHOTO NeHETUYECKOro pa3Ho-
oOpaszug (Tabiu. 2). 3HaueHus H, U3MEHSJIUCH B Bbl-

Tabomuna 2. YacToTbl HeaMIUTM UL PYIOIINUXCS HYIb-aJUlesieil B UCCIeT0BaHHBIX BBIOOpKaX appuKaHCKON CKyMOpuu

Bri6opxu
Jlokyc

Marl Mar2 Mar3 Mar4 Mar5 Mar6 Mavr

SJITS 0.0781 0.0424 0.1056 0.1239 0.1470 0.0550 0.0075
SJT25 0.0000 0.0458 0.0000 0.0000 0.0000 0.0000 0.0000
SJT36 0.0000 0.0121 0.0000 0.0000 0.0168 0.0444 0.0000
SINT66 0.0132 0.0292 0.0433 0.0351 0.0328 0.0380 0.0000
SJT205 0.1225 0.0992 0.0552 0.0965 0.0000 0.0964 0.0596
SJT142 0.1462 0.0773 0.1136 0.1273 0.1043 0.1280 0.1412
SJITI175 0.1572 0.1444 0.1783 0.1437 0.1332 0.1264 0.1245
T’EHETUKA  Tom 59 Ne 1 2023
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6opkax ckym6puu ot 0.021 mo 0.914. MakcumanbHbIe
3HaueHus H,, Kak 1 HauOoJblllee YKUCIO ajiesei,
nokasaHsl B jokyce SJT5. CpenHue oueHku H, Bo
BCeX U3yYEeHHBIX BEIOOpKaxX BapbrpoBain oT 0.625 no
0.662. Tlocite mpoBeeHHUsT TECTUPOBAHUSI Ha COOT-
BeTcTBUE paBHoBecuio Xapau—Baitn6epra (HWE),
MOpsiAKa MOJOBUHBI TECTOB MPOIEMOHCTPUPOBAIN
OTKJIOHEHHE OT oxunaeMoil BeaumuuHbl (P < 0.05).
ITposeneHue npouenypsl BBEAEHUs NMONpaBKu boH-
¢dheppOHM IS MHOKECTBEHHBIX CPAaBHEHUN CHU3MIIO
06beM otkiioHeHut ot HWE nmo 35%. Hecootrsert-
CTBHE OKOJIO TPETheil YacTU BBINOJHEHHBIX TECTOB
pacrpeneiaeHuo Xapau—BaiiHOepra He MO3BOJISIOT
OTHECTHU 3TO OOCTOSITEILCTBO K 00JIACTU CITydaliHBIX.
ITpoBeneHHOE (B pamMKax onpeaeaeHus] TpUUYuH Mac-
mrabHoro orkiaoHeHuss or HWE) TtectupoBanue Ha
BO3MOXHOE COKpallleHWe TPyNIUPOBKU CKyMOpHUY B
HeTaJIeKOM MPOIILJIOM He BbISIBUJIO CUTYALIMM C MIPO-
XOXICHUEM “TOpPJBIIIKA OYTBUIKU” TPYIITMPOBKOMN
appukanckoit ckymopun LIBA, B ToM uncite Ha (poHe
neduimTa reTepo3uroTHOCTH.

M3 pe3ynbTaToB paHee MPOBeIeHHBIX UCCIIEa0BAa -
HU U3BECTHO, YTO JOCTATOUYHO YaCTO TECTUPYEMOE B
MOMYJISILIUOHHBIX MCCJIENOBAHUSIX OTKJIIOHEHHUE OT
paBHoOBecust Xapau—Baitn6epra [20] mpu UCIOab30-
BaHUU CYUTAIOLIUXCA CEIJIECKTUBHO HeﬁTpaﬂbeIMVl
MUKPOCATEJINTHBIX JIOKYCOB (hOPMUPYETCS B YCIIO-
BUSIX TIPUCYTCTBUSI HyJb-aJlJIeJIeii B HCCICAYEeMBbIX
JoKycax [21—24].

I[Mpumenenune Hamu nporpammbl Micro-Checker
BBISIBWIO TIPUCYTCTBUE HYJb-ajlieieil B UeThIpeX U3
CeMU HCCIIEIOBABIIMXCS MUKPOCATEJUIMTHBIX JIOKY-
coB. [IpakTnuecku cXxoaHble pe3y/IbTaThl 1ajia OleHKa
YacTOT HEAMITTU(ULIMPYIOIINXCS HY/Ib-aJUIeJieil B UC-
CJIeNOBaHHBIX BbhIOOpKax achpuKaHCKOI CKyMOpUU C
npuMeHeHueMm TiporpamMmmHoro Imaketa GENEPOP
4.2. YacToThl HyJIb-aJlJIeJieii B BLIOOpPKAX CKyMOpUM
BapbMpOBAJIM B JIOBOJBHO IIMPOKUX Mpeaesax: OT
0.0075 mo 0.1783 (Tabn. 2). Beicokast moast 10KyCOB C
HyJIb-JIJIESIMA B BIOOPKax 0€CITO3BOHOUHBIX U PbIO
oTMevaslach 1 B paHee MPOBOAMBIIMXCS MOMYJISILIUOH-
HBIX MCCJIETOBAHUSIX KaK POCCUNCKMX, TaK U 3apyOeK-
HbIX aBTOPOB. Tak, Mpu U3y4yeHUU NOMYJISIMNNA SITTOH-
ckoro rpe6etka (Chlamys farreri) BeISIBIIEHO 56 % J10-
KyCOB C HyJb-ajuieasaMu [25]. B pabotax ¢ MUHTaeM
(Theragra chlalcogramma) bepuHroBa u OXOTCKOro
MOpeil B 4YeThIpeX MUKPOCATE/JIUTHBIX JOKycax W3
JIECSTU UCCIIeTOBABIIMXCS MPEAIIOJIarajioch HaJIndyue
Hy/nb-ajuiens [26]. B ucciaenoBanusx BEIOOPOK THXO-
OKEaHCKUX JIOCOCEU TakxKe ObUTM OOHapYKEHbI HyJIe-
BbIe ayutenn [27]. YTo KacaeTcd 9acTOTHI HYJIb-aJlJie-
Jieit, To 3HaUYeHUE ee IS AMHYKJIEOTUTHBIX TTOBTOPOB
moxxet gocturats 0.30 [28].

TEHETUKA Ne 1

TOM 59 2023

IIpucyrcTBUe Hynb-ajiesieii MOXET ObITh CBsI3a-
HO C OIIMOKaMU TeHOTUTIMPOBAHUS B CBSI3U C HAKOII-
JIeHMEM MyTalliil B MOCIeA0BATEIbHOCTSIX, KOMILIE-
MEHTApHBIX MpaliMepHbIM, ¥ aHAJIU3UPYEMOTO BUA
MO0 CpaBHEHMIO C BUIOM/TIOMYJISIIIMEl s KOTOPO-
ro/KOTOpOii 3TH NpaiiMepbl ObLIIU pa3padboTaHbl, UTO,
Harnpumep, ObLUIO MOKa3aHO MPU UCCIIEAOBAHUSIX BbI-
00pku rojomsiHku [29]. TlpumeHeHus TpaitmMepa ar-
JIaHTU4ecKoi Tpecku Gmo3 B MOMYJISILMOHHBIX UCCIIe-
JIOBAaHUSIX MMHTasi COMPOBOXIAIOCH OOHapyXXeHUeM
Hynb-ajuieneit B 44% nokyc-tectoB [22]. B Hamrem
ciiydae JJIsl MCCIIeOBaHUSI TIOMYJISILIMOHHON CTPYK-
Typbl CKyMOpuu u3 akBatopuii [IBA ObUIM MCITONb-
30BaHbl MUKPOCATEJUIUTHBIE JIOKYCbl, CEKBEHUPO-
BaHHbIE IS CKYMOpUM W3 LIEHTpajbHO-3aMaaHoi
yactu Tuxoro okeaHa. Eciu Gojee paHHUE pabOThI
OTHOCWJIM 3TU IPYHIIUPOBKU K OMHOMY BUIY C MO~
BUIAaMU, TO B COBPEMEHHbBIX paboTax 3TU MOABUIbI
MoJtyymiu BunoBoii ctatyc [1, 30, 31]. Takum o6pa3om,
IUBEpreHIusl PIaHKUPYIOLIMX MUKPOCATEJUIMTHBIN
MOBTOpP TIOCJIeIOBaTeIbHOCTEl Ha BUIOBOM ypOBHE
MoOTJIa CTaTh MPUYMHON MPOOJIEM C OTKMIOM Tpaii-
MepoB npu amrnukanuu JJTHK.

BreInoiaHeHa olleHKa C TIPUMEHEHUEM KPUTEPUS
duiepa 3HAYUMOCTU PA3TUYMNI OXKUIAEMON U Ha-
OJII0JAEMOI TETEPO3UTOTHOCTEM B BBIOOPKAX CKYM-
6pun. [TokazaHO TOCTOBEPHOE OTIIMYME CPETHUX 3HA-
yeHuili H, u H, BO Bcex uccaeaoBaBIINXCS BHIOOPKaxX
adpukaHcKoit ckym6opum (tabdsn. 3). [lomydeHHBIE pe-
3YJIETAThl TIPOAEMOHCTPUPOBAIA Hajuue meduimTa
TeTePO3UTOTHOCTH, YTO MOXKET OBITh CBSI3aHO C TIPUCYT-
CTBHEM HYJIb-aJlJIeNIei, TIPOBOLMPYIOIIMNX OIIMOKH Je-
TeKLIMY ToMO- 1 reTepo3nToT [32]. [TpoBepka BIMSHUS
BO3MOXHBIX HY/Ib-ajlIeNieii Ha OLIEHKW TeHeTU4e-
cKoil nuddepeHIUaIMKM TPOAEMOHCTPUPOBAJIa U3-
MeHeHUsS Fgr 10 WMCCIeTOBABITUMCS MUKpPOCATEN-
JIMTHBLIM JIOKycaM B cpenHeM Ha 17.9%.

Jnarpamma paccestH1sI Obljia ITOCTpoeHa Ha OCHO-
Be TIpoleaypbl MHOTOMEPHOTO IIKAJIMPOBAHUS B
MPOCTPAHCTBE IBYX KOOPAMHAT B COOTBETCTBUU CO
CKOPPEKTUPOBAHHBIMU C TOYKU 3PEHUST BIUSIHUS
HyJb-ajijleJiel TeHeTMYeCKUMMU auctaHuussMu Ka-
Banmn—Cdopua. IToaydeHHBIC 3HAUYSHUS TOKa3aTe-
Jis1 FOHra (0.08) n koadopunnenrta oraykaeHus (0.14)
CBUIETEJILCTBYIOT O XOPOIIIEM COOTBETCTBUU MOAEIU
ncxogHbIM gaHHBIM [33]. CoOoTBEeTCTBYIOIINE MPO-
aHAJIM3UPOBAHHBIM BBIOOPKAM TOYKHU (pOPpMUPOBATHI
Ha guarpamMmMe — oo1Iee 00J1aKko, IIpy 3TOM HanboJee
OJIM3KO OBUIM PACITONOXKEHBI JIBE Iapbl BHEIOOPOK:
Mar4-Mavr u Marl-Mar5 (puc. 2). MoxHo npenmno-
JIOXKUTh, UTO 0Opa3oBaHMe Map ¢ AaHAJIOTUYHBIMU Te-
HETUYECKUMHM XapaKTEPUCTUKAMU MOTJIO OBITh CBSI-
3aHO CO B3ITHEM MaTepualia U3 CXOIHBIX (HECMOTpPS
Ha TIPOCTPAHCTBEHHYIO Pa300IIeHHOCTh), HO aKTUB-
HO TIepeMelIaloNIuXcsl TPYIIUPOBOK aPpPUKaHCKO
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Taomuna 3. [Tokazarenn reHETUUECKOTO pa3HOOOpa3usl B BHIDOPKax CKyMOpUun
Brioopku
Jlokyc | Hokasarens Marl Mar2 Mar3 Mar4 Mar5 Mar6 Mavr
N=47 N=148 N=148 N=48 N=148 N=148 N=48
SJTS A/Ap 13/13 15/15 16/16 16/16 19/19 15/15 14/14
H./H, 0.859/0.723 1 0.858/0.770 | 0.872/0.666 | 0.884,/0.625 | 0.914/0.625 | 0.860/0.750 | 0.854/0.791
SJT25 A/Ap 10/10 12/12 9/9 10/10 7/7 10/10 8/8
H./H, 0.731/0.829 | 0.776/0.687 | 0.763/0.895 | 0.802/0.812 | 0.730/0.770 | 0.753/0.812 | 0.667/0.791
SJT36 A/Ap 2/2 3/3 2/2 2/2 2/2 3/3 2/2
H./H, 0.021/0.021 | 0.225/0.208 | 0.061/0.062 | 0.099/0.104 | 0.188/0.166 | 0.155/0.083 | 0.205/0.229
SINT66 |A/Ap 16/16 19/19 17/17 17/17 13/13 13/13 16/16
H./H, 0.907/0.872 | 0.875/0.791 | 0.882/0.791 | 0.909/0.833 | 0.861/0.791 | 0.849/0.770 | 0.858/0.895
SJT205 |A/Ap 6/6 9/9 7/7 8/8 8/8 7/7 7/7
H,/H, 0.582/0.382 | 0.646/0.458 | 0.679/0.541 | 0.620/0.458 | 0.624/0.666 | 0.620/0.458 | 0.646/0.541
SJTI42 | A/Ap 4/4 5/5 5/5 3/3 6/6 5/5 5/5
H./H, 0.550/0.319 | 0.541/0.416 | 0.557/0.375 | 0.388/0.208 | 0.540/0.375 | 0.579/0.354 | 0.484/0.270
SJTI75 |A/Ap 8/8 8/8 6/6 7/7 5/5 7/7 7/7
H./H, 0.724/0.446 | 0.711/0.458 | 0.680/0.375 | 0.685/0.437 | 0.641/0.416 | 0.700/0.479 | 0.741/0.500
Cpennee |A/Ap 8.42/8.42 | 10.14/10.14 | 8.85/8.85 | 9.00/9.00 | 8.57/8.57 8.57/8.57 8.42/8.42
Sraiere H./H, 0.625/0.513 | 0.662/0.541 | 0.642/0.529 | 0.627/0.497 | 0.643/0.544 | 0.645/0.529 | 0.636/0.574

IIpumeyanue. A — uucio amweneit, Ap — cpenHee YUCIO ajUieseil Ha noauMopdHbIii ToKyc, H, — oXunaeMasi reTepo3UroTHOCTb, H, —

HabJrrogaeMasi TeTepo3UTroTHOCTh, N — 00BbeM BHIOOPKH.

ckyMbpun. Takke HEOOXOOMMO OTMETUTb, YTO KOp-
peKlIMsl 3HAYEHUI TeHETUYECKUX NUCTAHLIUI C TOUKU
3peHUsl BIUSHUS HyJlb-ajllejield He oKa3biBaja Kap-
JUHAJIBHOTO BIMSHUS Ha XapaKTep JuarpaMMbl pac-
cesHusi. Hapsiny ¢ BiaussHueM HyJb-ajjiefieil MoHu-
JKEHHBI YPOBEHb TE€TEPO3UTOT MOXKET OBbITh TaKXKe
CBSI3aH M C HapylleHUEM MaHMUKCUM 3a CYET TMpu-
CYTCTBUSI U CMEIICHUs OTIENbHBIX CYOIOIyJSInit
[25, 34]. Ecnu B momysiiuK CYIIECTBYIOT OIpelie-
JICHHBIE TPYTIbI, MEXIy KOTOPBIMU OOMEH TeHamu
MPOUCXOAUT C MEHbIlled MHTEHCUBHOCTHIO (U4eM B
npeaeaax caMmux 3TUX TPYIIN), MOXET UMETh MECTO
pazaejieHUe TIOMyJIsSILMU Ha Ccyomomyasuuud M, B
OIpeaeIeHHO! CTeNeH , U3OSLIMS.

Ilpu oueHke reHeTUYECKOl MOoApa3neieHHOCTH
IPYNNUPOBKU apPUKAHCKON CKyMOpUHU MOJTyYEHbI
JIEMOHCTPUPOBABIIIME BbICOKYIO CTETIEHb CXOICTBA HC-

CJIeIOBABIINXCSI BLIOOPOK TOIMapHble 3HaYeHUs MoKa-
3aresst TeHeTndeckoi naeHTnyHocty Hes (1= 0.975—
1.003). ITpu 3TOM I1pU I106ATIBHOI OLIEHKE TeHeTUYe-
cKoil nuddepeHIMalu, pacCCUMTaHHOM MO BCEM JIO-
Kycam, ToJIydeHbl HU3KH1E, HO JTOCTOBEPHbIE 3HaUe-
Husg 0 (0.0052 ¢ 95%-HBIM OyTCTpEIT-UHTEPBAIOM
0.0015—0.0091). HanGompmmii BKiIam B OLIEHKY 6 BHO-
car Jokycel SJT36 (6 = 0.0146), SJT5 (0 = 0.0118),
SINT66 (0 =0.0072), SJT25 (0 =0.0058). [TornMmas,
YTO Ha GOPMUPOBAHME 3HAYCHMS O MOTYT OKa3hIBATh
CBSI3aHHbIE C HYJIb-AJJIEJISIMU MOTPELIHOCTU, BCE XKe
BO3MOXHO JOMYIlIEHUEe WU TOro, 4YTO TOJyYeHHbIe
OLIEHKU B OTPENIeJI€HHOMN CTENEeHU MOTYT CBUIETEb-
CTBOBAaTb B M0JIb3y CTPYKTYPbI CO c1abO0ii reHeTuue-
CKOIi monpasneneHHOCThIo [35, 36] B aHaIM3upyeMoii
TpyIIMpoOBKe appuKaHcKoi ckymopuu LIBA.

FTEHETUKA TtoM 59 Nel 2023
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Puc. 2. PacnionoxxeHue ToYeK, COOTBETCTBYIOIIMX BIOOpKaM adprKaHCKOM cKyMOpum u3 akBatopuii LIBA, B mpocTpaHcTBe
JIByX KOOPIMHAT B COOTBETCTBUU CO CKOPPEKTUPOBAHHBIMU (C TOUKU 3PEHUS BIMSIHUSL HYJIb-aJlIeNIei) TeHETUYECKUMU I -

cranumssmu Kasammm—Cdopua (0603HaueHUs Kak B Tabm. 1).

IMokazartenb MHTEHCUBHOCTH T€HHBIX [TOTOKOB (V)
[37] MmoxeT xapaKTepu30BaTh OCOOEHHOCTH CTPYKTY-
PUPOBAHHOCTU WCCJIEAYEMOM TIpPYNIIMPOBKU. Tak,
HampuMep, IS aTJIAHTUYECKON TPECKU II0Ka3aHo,
4yTO, eclii B paMKax akBaTtopuii CeBepo-BocTouHoit
ATJIaHTUKY MHTEHCUBHOCTh T€HHBIX ITOTOKOB BBICO-
Kast (N,, = 37.06), To Mmexxny CeBepo-BoctouHoii AT-
JaHTukoi u CeBepo-3anagHoil ATJIAaHTUKOM, B CHITY
OCOOCHHOCTEM TUAPOJOTMYECKUX XapaKTEPUCTUK,
WHTEHCUBHOCTb T€HHBIX MOTOKOB TafaeT (N, = 8.27),
YTO CIOCOOCTBYeT (DOPMUPOBAHUIO OIpPENEeICHHOIO
YPOBHSI TeHHOI monpasneieHHocTh [38]. CxomHas
CUTyallMsl TIOKa3zaHa JUIsI eBPOINEeMCKOro aHdoyca
AzoBo-YepHoMopcKoro 6acceiiHa, JeMOHCTPUPYIO-
IIEero cj1adylo TeHEeTUYECKYIO IToApa3IeIecHHOCTh Ha

CbOHC BBICOKOI1T MHTEHCUBHOCTU T€HHBIX ITOTOKOB
(N, = 86.58).

Yro KacaeTcs aHaIM3UpPyeMOIl B Halleil padoTe
rpynnupoBKH adpukaHckoid ckym6puu LIBA, T0O
OIleHKa 3TOoro noka3zareis B mporpamMe GENEPOP
4.2 nana ycpemlHEHHOE JIOBOJIbHO HU3KOE 3HaueHUe
N,, = 13.20, 4TO, COOTBETCTBEHHO, COMPOBOXIAETCS
OTKJIOHEHHEM OT TOMOTE€HHOM CTPYKTYpPhI C IIAaHMUK-
cueil. YJuTheiBasi OTHOCUTEIbHO HEOOIBIIYIO MPOTSI-
KEHHOCTh paiioHa cOopa MCIOJb3yeMOro B Hamlei
paboTe 3KCNepUMEeHTaIbHOTO MaTepuralia appruKaH-
cKoii ckym6puu (B npenenax 500 kM), ee nejrarnde-
CKUit 00pa3 XXU3HU, 3HAYUTEIbHBII ITIepUOI BpeMEHU
JIeHATAaHTHBIX MUTPAlLIMii B paHHEM Pa3BUTUM, BBICO-
Kyl0 MUTPAHTHOCTb IOJOBO3PEJIbIX 0CO0Eil CKyM-

TEHETUKA Ne 1

TOM 59 2023

Opum, ciegoBaao Obl OXXMAATH TOpa3no 0ojiee BHICO-
KM moKazaTeslb MHTEHCUBHOCTU T€HHBIX MOTOKOB.
He 3a0n1Bast 0 BO3MOKHOM OTIpeJIeICHHOM OTKJIOHE -
HUU 3HaueHUs1 N, U3-3a CMEUIEHUS aJlJIeJIbHbIX Ya-
CTOT, MBI TaKXK€ MOXKEM MOIYCTUTh M BIMSHUE aH-
TPOIIOT€HHOTO (haKTopa Ha OrpaHNYEeHIEe MHTCHCUB-
HOCTM TEHHBIX TIIOTOKOB U (opMupoBaHUE
OIpelIeIcHHOIO (HEBBICOKOIO) YPOBHSI CTPYKTYpHU-
POBAaHHOCTH B aHAJIU3MPYEMOM IPyNIIUPOBKe appu-
KaHCKOM CKyMOpUU.

Jlero B TOM, 4TO KaK XO3SMCTBEHHO IIEHHBIN 00b-
eKT aprKaHCKasg CKyMOpHUST HaXOIMTCS IIOI TIpec-
COM pBIOOJTOBHOTO ITpoMEIcia. I[Tpu aToMm, HecMoOTpst Ha
CYIIECTBYIOIINE OTPaHNYEHUSI HEBO3MOXHO obecre-
YUTh PAaBHOMEPHOE pacIpeeicHrne MPOMBICIOBOIO
YCUIIUS IO Beeil akBatopun. HeMuHyemo, peIGOJIOB-
Hble CyJa KOHILICHTPUPYIOTCS B Y4acTOK apeayia C
MaKCUMAaJIbHO TNIOTHOCTBIO 00BEKTa BhLIOBA. B pe-
3y/IbTaTe€ 3TOTO OMHM CYyOITOMYJISILIUU TIepeIaBInBa-
I0TCsI, IpyTUe HeaoJaBiuBaloTcd. B cBSI3u ¢ 3TUM
MMPOUCXOAUT HAPYILIEHUE €CTECTBEHHO CIOXUBIIIMXCS
KaHaJIOB MUTPALlMOHHOM CBSI3U MEXOY 3JIeMeHTaMu
CHUCTEMBI, B HEKOTOPOIl CTeNeHU HapyIllaeTcs CJIOo-
XKUBIIAsICS TeHeTUYeCKas CTPyKTypa rmonyJrsiiunu |39,
40]. IpeamonoXnUTh B HaIleM ciiydae Ipyrie BO3-
MOXHBIE MeXaHU3Mbl TuddepeHInAUn B TPy~
POBKax MOPCKUX PhIO (KaK TO: OKeaHNIEeCK1E (DPOHTHI,
30HBI AMIBEJJIMHTA, TEUSHUS U JIP.) JOBOJBHO CIIOKHO
B CBSI3M C OTPAaHMYEHHOCTBIO AKBATOPUIA B3TUS BbI-
OOpOK M OMOJIOTMYECKMMM XapaKTepUCTUKAMM ad-
PUKAHCKOM CKYMOPUH.
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Mcxons u3 BBIIEN3103KEHHOTO MOKHO OTMETHUTH,
YTO BIIEPBHIE C IOMOIIBIO CEJICKTUBHO HENTPaIbHBIX
TEHETUYECKNX MapKePOB — MUKPOCATEJIUTHBIX JIO-
KycoB saepHoii JIHK mpoBeneH aHanu3 ypoBHS I10-
MYJISILIMOHHO-TEHETUYECKOM CTPYKTYpPUPOBAHHOCTU
TPYNIIMPOBKU a(pUKAHCKON CKyMOpHMU aKBaTOPUIA
LIBA. BrisgBiaeHo yctoiiunBoe oTkiioHeHue oT HWE,
OIHOI 13 OCHOBHBIX IIPUYMH KOTOPOTO MOXKET OBITh
MIPUCYTCTBUE HY/Ib-aJIeJICH TIOYTU B ITOJIOBUHE MC-
CJIEIOBABIIUXCSI MUKPOCATEIUTHBIX JIOKYCOB. DTO
MOXKET OBITH CBSI3aHO B TOM YHCJIe C IIPUMEHEHUEM
MpaiMepoB, CEKBEHMPOBAHHBIX paHee 11 CECTPUH-
CcKoro Buma u3 pona Scomber [9]. BeisiBieHa cnabas
CTPYKTYPUPOBAHHOCTh TPYIIIIMPOBKU a(ppUKaAHCKOM
cKymOpuu Ha akBaTopusix LIBA, roe Ob11 coOpaH uc-
clienyeMblii MaTepuall. IloBogoM K 3TOMY MOXKET
ObITh MHTEHCUBHBI (C HEPpaBHOMEPHBIM pacIipelie-
JIEHEM Harpy3ku) IIPOMBICEJI 3aracoB Iiejarude-
CKUX PBIO B MapOKKAHCKO-MaBPUTAHCKUX 9KOHOMM -
YeCKMX BOAax.

ITonyyeHHbIE B HACTOSIIIEM UCCIEeIOBaHUU Tep-
BUYHBbIE TaHHbIE MPEANOJIaratoT MoJe3HOCTb U HEOO-
XOJIMMOCTb Pa3BUTHUS TTOMYJISILIUOHHO-TEHETUYECKMUX
WICCJIENOBATEIbCKUX PA0OT TSI JaTbHEWIIIETO U3ydye-
HUS U MOHUTOPHMHIA TPYNNUPOBKU adpUKaHCKOM
ckymb6puu LIBA. OgHuM u3 HampaBlIeHUI UCCIea0-
BaTEJIbCKUX pPabOT SBJSIETCSI COBEPIICHCTBOBAHUE
METONMYECKON uccliefoBaTebcKoii 6a3bl, Halpas-
JIECHHOE€ Ha OOHapyXeHWe aJIbTEpHATUBHBIX TIpaiiMe-
pOB IUJIS BbISIBJIEHUS HYJb-ajeneil. [Ipaktuyeckas
COCTaBJISIIONIAST Pa3BUTHUSI UCCIeTOBaHU COCTOUT B
OTpabOTKE METOMOJOTUI MPUMEHEHUS MOTydaeMbIX
pEe3yJIbTaTOB JIJIsI MOHUTOPUHIA U COBEPIIIEHCTBOBA-
HUSI TIPOMBICJIA, HATPABJIEHHBIX HA BOCCTAHOBJICHUE
HATUBHOW MOMYJSILIUOHHOW CTPYKTYpbl adpuKaH-
CKO1 cKymOpuu akBatopuii LIBA.

ABTOpBI BbIpaXaroT 0JarogapHOCTb 32 KOHCYJIb-
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COop MaTepuaia OCyILECTBIISICS B 9KCIIEAULINSIX
BHUMPO, a obpaboTka M aHaiIM3 MPOBOIMINCH B
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Study of Population Genetic Structure of Atlantic Chub Mackerel Scomber colias
Gmelin, 1789 (Scombridae) in the Central-East Atlantic

A. N. Stroganov* *, A. 1. Nikitenko?, T. A. Rakitskaya‘, and V. A. Belyaev/
“Moscow State University, Department of Ichthyology, Moscow, 119234 Russia
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A study of genetic diversity in groups of Atlantic Chub mackerel from the waters of the Central-East Atlantic
was carried out on the basis of seven microsatellite loci. All loci were polymorphic, the estimates of expected
heterozygosity varied from 0.021 to 0.914. For all studied samples of Atlantic Chub mackerel, a heterozygosity
deficiency was identified, associated with the presence of null alleles in four of the seven studied microsatellite
loci. A low but significant value of genetic differentiation was obtained, calculated for all loci (6 = 0.0052),
which, presumably, may also be associated with the violation of panmixia due to the formation of individual
subpopulations as a result of the uneven impact of fishing in different localities.

Keywords: Atlantic Chub Mackerel, Central-East Atlantic, microsatellites, genetic polymorphism.
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