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MarepuaioM JjIsi TEHETHIECKOTO HCClenoBanus Hacene- | T0 conduct a genetic research of beluga whale popula-
Hus Gemyx poccuiickoro Jlamsaero Bocroka mocmy»xummu | tion inhabiting Russian Far East, we took skin remote
o0pasisl KOKH, coOpaHHBIe MeTofoM Guorcun, y mept- | biopsy samples as well samples taken from dead ani-
BBIX JKMBOTHBIX WJIM TPH JXMBOOTIOBax s Haywno- | mals and from live animals during capture for educa-
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MPOCBETUTENBCKUX Tiesield B OXoTckoM Mope: B CaxaiuH-
CKOM 3aJiBe («CaXaJIMHO-aMypCKOE€ JIETHEE CKOIUICHHEY,
2004-2011 rr., n=136); B 3amuBax Hukonas, Yap0aHCKUiA,
Tyrypckwuii n Y nckast ryba («IraHTapckoe JIeTHee CKOILIe-
Hue», 2008-2011 rr., n=189); y 3amagHoro mnobGepexbs
Kamuatku (yctee p. Xaprozoso, 2010-2011, 35 ocobeii) B
OxoTckoM Mope U B AHaablpckoM JuMmaHe bepunHrona
Mopst (2010-2011 rr., n=77). JInsd BceX >KUBOTHBIX OBLIH
OTIpeNieIeHbl HyKJIICOTUIHEIE TTOCIIEAOBATEIbHOCTH yIaCT-
ka muroxoHapuansHod JHK (MTJHK) 00mei#t mmmHOM
559 m.H. (ren TPHK-npormmaa — 62 1.H. ¥ KOHTPOJIBHBIN
peruoH — 497 1.H.) ¥ A1 GONBIIMHCTBA — aJUICBHBINA CO-
CTaB BOCBMHU WM 19 MHKPOCATEIUTUTHBIX JIOKYCOB sIIIep-
Hou JIHK.

AHanu3 pacrnpezieneHls 4acToT ayvieed IMO3BOJIHMI KOH-
CTaTUPOBaTh T'€HETHYECKYI0 H30JIMPOBAHHOCTh Oeiryx
Oxotckoro u bepuHrora mMopeii U BBICOKYIO CTENEHb Te-
HETHYECKON 000COOJICHHOCTH CTaj, JICTYIOIIUX Ha 3amajie
(Caxanmuackuit 3amuB u lllanTapckuii pernoH) u Ha BO-
cToke (3amazHoe nmobepexne Kamuatki) OXxoTckoro Mopst
(bopucoBa u ap. 2012). B To xe Bpems Tpymmsl OemyX,
00pa3yonMX caxaIHHO-aMypCKOe M IIAHTapCKOe JIETHHE
CKOIUIEHHS SIBJISIOTCS MPEACTABUTEISIMUA €IMHON IOIyJIs-
i (S3pkoBa u Ap. 2012). YuurteiBas ykazaHHBIE OCO-
OEHHOCTH, €€ MOXKHO Ha3BaTh «3aIlaJHO-O0XOTOMOPCKOMH
HOILYJISALUEID.

AHanu3upyemblii B JaHHOW paboTe xapakTep pacrpese-
JICHUSI MUTOXOHJIPUAIIBHBIX JIMHUKA OTpa)kaeT He MOIyJIs-
HOHHYIO CTPYKTYpY, @ YCTOWYMBBIC IIPEANOYTCHUS B
BBIOOpPE MECT JIETOBOK, (pOpMHpOBaBIIHECS B Ipolecce
HUCTOPUYCCKOTO OCBOCHUS pPalOHOB oOurTaHus ((uo-
narpusi). Beero y 437 npoanann3upoBaHHBIX ocoOei ObI-
J0 oTMe4YeHo 24 BapuaHTa (TalyIoTHIIA) HYKJICOTHIHOU
HOCIIEJOBATENILHOCTH  [POAHAIM3UPOBAHHOTO — y4acTKa,
XapakTep CTPYKTYPHBIX OTHOLICHHH MEXIy KOTOPBIMHU
NOKa3aH Ha PHCYHKE, a KOJIWYECTBEHHAs OLEHKa NPHCYT-
CTBHS B K&XJIOM paitoHe — B Tabi. 1.

Bce ueThipe ncciaeqoBaHHBIX paiioHa JIETOBOK JOCTOBEPHO
(p<0,000001) oTiauuaroTCs MEXAy COOOW HE TOJBKO IO
Y4acTOTaM BCTPEYaEMOCTH KOHKPETHBIX T'alUIOTUIIOB (KpH-
tepuit Fst), HoO 1 mo cpexneit aucranumu (kpurepuii dst)
MEXIy IPUCYTCTBYIOIIMMH B KaXJIOM pailOHEe BapHaHTa-
MH. B caxammHO-aMypCcKOM CKOIUIEHMH OIHO3HAYHO JI0-
muHHpyeT Tamnotun S022 u ero mpomsBoxHble (SO011,
S051: S001, S053, S063). Jaunas rpynma Oemyx xapakx-
TEpU3yeTCs CaMbIM BBICOKMM YPOBHEM TaIIOTHIINYECKOTO
U BEChbMa BBICOKUM — HYKJICOTHIHOTO DPa3HOOOpa3wusl.
Crenyer OTMETUTbh, YTO TalUIOTUIIBI, NMEIOIINE B OCHOBE
(ygacrox mmuHOU 409 m.H.) Ty XK€ IOCIEZOBAaTEIHHOCTD,
yT0 1 ramwtotun S022, mIMPOKO MpenCcTaBIeHBl U y OeyX,
BCTPEYAIOIINXCSI BIOJIb oOoux mobepexuit CeBepHOH
Awmepuku u g0 apxunenara llnunOepren Ha BocTOKe

tional and scientific purposes from the Okhotsk Sea
beluga whales in the following regions: the Sakha-
linsky Bay (Sakhalin-Amur summer aggregation,
2004-2011, n=136); Nikolaya, Ulbansky, Tugursky,
and Udskaya Bays (Shantar summer aggregation,
2008-2011, n=189); off the west coast of Kamchatka
(the mouth of the Kharyuzovo River, 2010-2011, 35
individuals) in the Okhotsk Sea, and in the Bering Sea
(the Anadyr Estuary, 2010-2011, n=77). Nucleotide
sequences of the mitochondrial DNA (mtDNA), with a
total length of 559 bp (proline tRNA gene — 62 bp, and
control region — 497 bp) were determined for all ani-
mals tested; allelic compositions at 8 or 19 nuclear
DNA microsatellite loci were determined for most of
the animals tested.

Estimation of the distribution of the allele frequencies
showed genetic isolation between the Okhotsk Sea and
the Bering Sea stocks. It also showed a high level of
genetic isolation between the stocks that summer in the
western Okhotsk Sea (the Sakhalinsky Bay and the
Shantar Region) and in the eastern Okhotsk Sea (the
west coast of Kamchatka) (bopucosa u ap. this book).
Since the beluga whales from the Sakhalin-Amur and
Shantar summer aggregations are members of the same
population (S3sikoBa m ap. this book), they can be
named the “western-okhotsk population”.

The mitochondrial lines distribution pattern that is
being analysed in this paper reflects stable preferences
in selection of summering areas (that were formed
historically, during habitat enhancement), rather than
the population structure. The same DNA fragment
tested in 437 individuals was found to contain 24 nu-
cleotide sequence variants (haplotypes). The structural
comparison of the variants is shown in the figure, and
the quantitative estimation of their presence in the an-
imals from each summering area is shown in Table 1.

All the 4 summering areas demonstrated statistically
significant differences (p<0.000001) not only in the
frequency of occurrence of particular haplotypes (ac-
cording to Fst), but also in the mean genetic distances
(according to ®st) between the variants present in each
study region. For example, the most frequently occur-
ring haplotype for the Sakhalin-Amur aggregation was
haplotype S022 and its derivatives (S011, S051, S001,
S053, S063). This beluga whale aggregation is charac-
terized by the highest degree of haplotype diversity
and a rather high degree of nucleotide diversity. It
should be noted that haplotypes having the same base
sequence (of the 409-bp fragment) as haplotype S022
are often observed in beluga whales occurring along
the both coasts of North America, up to the Svalbard
Archipelago in the east (O’Corry-Crowe et al. 1997,
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(O’Corry-Crowe et al. 1997, 2010, Taba. 2).

| 2010, table 2.)

Puc. MeauanHas ceTh rarioTunoB
ydactka reHa TPHK-niponaa u
KOHTpoJbHOTro pernoHa Mt/IHK
(Bcero 559 m.H.), mpenCTaBIEHHBIX
B rpynmnax oenyx Ha JlansHem Bo-
croke Poccun. MunumansHoe pac-
CTOSTHHE MEX[Y IByMsI COCEJHUMHU
KPY’KKaMH COOTBETCTBYET OTHOMY
MYTaIMOHHOMY coOBITHIO. [I1a-
METp KPYKKOB OTPAKAET YaCTOTYy
BCTPEYAEMOCTH TaIUIOTHIIA: MaK-
CHUMAaITFHBIN — TOMHUHHAPOBAHHE,
BCTpeYaeMocTh He MeHee 15% B
KaKoM-TTHOO0 U3 paiOHOB, CPEITHIHA
— BCTpevaeMocTh He Ooee 15%,
HO HE MEHee, 4eM y JIByX oco0ell B

C425

OJHOM paiioHe, MUHUMAJIbHBIN —
€MHUYHbIe BCTpeun. YepHbIit
L[BET 3aJIUBKU — CaXaJHUHO-
aMypCKO€, CBETJIO-CEPBIi — IIaH-
TapCKOE JICTHUE CKOTUICHUSI, OeIbIi
CO IITPUXOBKOI — 3amaiHoe moode-
pexxbe KamuaTku, Gensiii — AHa-
JBIPCKUN JTMMaH.

C435

Fig. Median-joining Network of haplotypes of mtDNA tRNA-Pro gene and the control region fragment (559 bp as a
total) presented in beluga whale groups in Russian Far East. Minimal distance between two nearest circles corre-
sponds to single mutative change. The circles diameter represents the haplotype occurrence: maximal for majority
(15% or more in at least one locality), intermediate for occurrence less than 15%, but found for two or more indi-
viduals in one locality, minimal — single findings. Black circles — Sakhalin-Amur summer aggregation, grey —
Shantar aggregation, crosslined white — Western Kamchatka, white — Anadyr’ Estuary

B matapckoM CKOIJICHUH B IEJIOM TaK)Xe JOMHHUPYIOT
ocobu ¢ ramnotunoM S022, 0JHAKO MEXIy pSIOM OT-
JIETIbHBIX 3aJIMBOB B TIpejieflaXx CaMOro peruoHa oOHapy-
KHMBAIOTCS JIOCTOBEpHBIC paznuuust (SI3plkoBa u  1Ip.
2012). OHM BBIpaXaIOTCSI B HAPACTAHUH IIPH TIPOIBIIKE-
HHH C BOCTOKA Ha 3aI1ajl JOJIH CHIBHO TUCTaHIMPOBAHHO-
ro ot S022 rammoruna S148 u ero mpon3BoaHbIX (S148A,
S327). 3a cuer 3HAYUTENBHBIX PA3TUUYUN MEXAY IOMH-
HUPYIOIIUMHI BapHaHTaMM BBIOOpKa MIAHTAPCKOTO CKOII-
JICHUA XapaKTCPpU3yCTCs MOBBIIICHHBIM YPOBHEM HYKJICO-
TUHOTO Pa3HOO0Opa3usl.

Cpenu ocoOell, JIETYIONMX Yy 3amagHoro MoOepexkbs
Kamuatku, ramtotumnsl guaud S148/K357 moMuHUpPYIOT
abcomroTHO. B AHanmplpckoM JHMMaHe mpeoOiajgaer rar-
sgotun C425 u ero mpous3BOJHBIE, HIMPOKO PacIpoCTpa-
HEHHBIE y OelyX y>ke B apKTHuecKoM Oacceiine (Tadi. 2).
OpmHaKo 3aMETHYIO JIOJIO 3/IeCh COCTABILIIOT U OeIyXH ¢
ramotunoM K357, noMuHHpYIOIIMM B palloHE 3amagHo-
ro mobepexnss Kamuarku. [Ipu 5TOM, HU B KaKUX IPYTHX

The S022 haplotype was also the most frequent haplo-
type in the individuals of the Shantar aggregation, but
within this aggregation there were statistically signifi-
cant differences between belugas, depending on the bay
(A3pikoBa u ap. this book). The differences consisted in
an east-to-west increase in the presence of the S148
haplotype (that is essentially distanced from S022) and
its derivatives (S148A, S327). These considerable dif-
ferences between the dominant variants were the cause
of samples from the Shantar aggregation.

As for the individuals that summer off the west coast of
Kamchatka, haplotypes S148/K357 were found to be
absolutely dominant in them. The haplotype prevailing
in the Anadyr Estuary is haplotype C425 and its deriva-
tives (they commonly occur in beluga whales of the
Acrctic Basin (table 2). However, the number of beluga
whales with the K357 haplotype (that is dominant
among belugas of west coast of Kamchatka) is also
high. It is noteworthy that the S148/K357 haplotypes
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were not detected in any other region (according to the
published data), including regions off the North Ameri-
ca coasts.

paiioHax, BKto4as (IO M3BECTHBIM HaM OITyOJHKOBaH-
HBIM JaHHBIM) BOIBI y 6eperoB CeBepHONl AMEpHKH, ram-
soturbl TuHur S148/K357 He OTMEUEHEI.

Tab:. 1. Betpeuaemocts (%) 1 mokaszatesy pa3Hoo0Opasus ralIoTHIIOB MPoaHAIM3upoBaHHOro GparmMenta MT/JHK

(559 n.H.) Genyx B MCClIeIOBaHHBIX paiioHax JIeTOBOK. JKUPHBIM MIPU(PTOM MOKa3aHbl JIOMUHUPYIOLIE

(BcTpeuaemocth >15%) BapHaHTHL
Table 1. Occurrence (%) of haplotypes of the analyzed mtDNA fragment (559 bp) and genetic diversity indices in

beluga whale samples from studied summering localities. The major (occurrence >15%) haplotypes are given

in bold.
TamuioTun CaxamuHo-amypckoe | IlanTapckoe 3amagHas AHazpIpcKui
Haplotype CKOILICHHE CKOTIIICHHE Kamyarka | nmuman
Sakhalin-Amur ag- Shantar Western Anadyr’
gregation aggregation Kamchatka | Estuary
S001 21,2 0,6 0 0
S011 15,4 0,6 0 0
S022 34,5 49,2 0 0
S051 8,1 0 0 0
S053 7,3 0 0 0
S063 3,7 0 0 0
S130 0 6,1 0 0
S247 0 2,7 0 0
S300 15 5,0 0 0
S303 0 0,6 0 0
S327 0 2,7 0 0
S706 1,6 9,9 2,9 0
S148 0,7 18,2 45,7 13
S148A 0 4,4 0 0
K357 0 0 45,7 18,2
K362 0 0 2,8 0
K464 0 0 2,9 0
C411 0 0 0 3,9
C421 0 0 0 13
C422 0 0 0 7,8
C425 0 0 0 62,3
C431 0 0 0 13
C435 0 0 0 2,6
C447 0 0 0 13
OO0111€e€ YMCITO TAIUIOTHIIOB
Total number of haplotypes 9 11 5 9
WNHpekc ramioTunn4eckoro
pa3Ho00Opas3us 0,775 0,709 0,597 0,555
Haplotypic diversity (H)
WNHaeke HyKJIEOTUIHOTO
pa3HooOpa3us 0,290 0,313 0,143 0,263
Nucleotide diversity (z, %)

BrusiBiissemast CUTyalus TPEICTAaBIIICTCST BO MHOTOM
napanokcanbHoi. CocrtaB M pa3HOOOpa3ue MHTOXOH-
JPUANBHBIX JIMHUM B CaxaJIMHO-aMyPCKOM CKOILICHUU
Jy4Ille BCETO OTBEYAIOT CHUTYallMH THIIOTCTUYECKOTO
pedyruyma, oTkyaa OeyXu ¢ OKOHYAHHEM JICTHUKOBOU
SMOXM HaYalld 3acelliTh Ooyiee CeBepHBbIC paiioHbI [la-

The situation observed is in many ways paradoxical. The
composition of mitochondrial lines in the Sakhalin-
Amur aggregation and their diversity are in the best ac-
cordance with that of population of hypothetical Ice Age
refugium, from where, at the end of the ice age, beluga
whales began to move north, occupying more northern
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UU(QUKY, TPOABUIASACH, COIJACHO CYIIECTBYIOIIUM
npeanonoxenusiM (O’ Corry-Crowe et al. 1997, 2010) u
BIOJIb CEBEpPO-3alaJHbIX OeperoB aMepHKaHCKOI0 KOH-
TuHeHTa. OJHAKO B HaCTOfIIEe BpeMS 3alagHo-
OXOTOMOpCKasi MOMYJIALMs, BKIIOYaromas Oenyx caxa-
JIMHCKO-aMypPCKOT'0 U IIAHTAPCKOTO CKOIUIEHHUH, HE MO-
JKET paccCMaTpUBAThCs B KaueCTBE NMPEIKOBON i Bceil
CesepHoii Ilammdukn, Tak Kak B €€ COCTaBe HPUCYT-
CTBYIOT M 0OCOOM WHOH, SHIEMHYHOW ISl a3HaTCKOTO
o0epeskbsl, HHIOT€HETHIECKON JIMHUH.

parts of the Pacific Ocean including (according to the
existing assumptions — O’Corry-Crowe et al. 1997,
2010) waters along the northwestern coasts of the Amer-
ican continent. At the same time, we cannot consider the
recent West Okhotsk Sea population (that includes the
Sakhalin-Amur and Shantar stocks) to be the ancestor
population for the whole North Pacific area, because this
population includes individuals of different philogenetic
line that is endemic to the Asian coast.

Tabmn. 2. [IpucyTcTBHE B pa3IHYHBIX paifoHAaX TAIUIOTHIIOB YYACTKa KOHTPOIBHOTO pernoHa amuHoi 409 m.H., uaeH-
TUYHBIX COOTBETCTBYIOIIEMY (pparMeHTy y4acTka IIHHOH 559 1m.H.
Table 2. Occurrence of 409 bp mtDNA control region haplotypes identical to corresponding part of 559 bp fragment

in different regions.

Tlammotun yuyactka MTJIHK 559 1m.H., Hamm naHHbIe
559 bp fragment haplotype
(our data)

WnenTudHas nocneaoBaTeabHOCTh As yuacTka 409 m.H.
The same sequence for 409 bp fragment
(O’Corry-Crowe et al. 1997; 2010)

C447:
Awnaneipckuit tuman / Anadyr’ Estuary

hpl:

3anuB Kyka (momunupyet) / Cook Inlet (major),
sanuB Hopron / Norton Sound,

BocToK Yykorckoro mopsi / Eastern Chukchi Sea

S300:
CaxaJIMHO-aMyPCKOC€ U NIAHTAPCKOC CKOIUICHU A / Sa-
khalin-Amur and Shantar aggregations

hp2:

BocTok YykoTckoro mops (momunupyer) / Eastern Chuk-
chi Sea (major),

3anuB Kyka /Cook Inlet,

mope Bodopra / Beaufort Sea

S022:

CaxaJInHO-aMypCKOE M MAHTapCKOe CKOTIEHHS (10-
munupyer) / Sakhalin-Amur and Shantar aggregations
(major)

S130:

mranTapckoe ckormienue / Shantar aggregation

C421:

Awnaneipckuii auman / Anadyr’ Estuary

hp5:

3amuBel Hopton u bpucronsckuii (momuampyet) / Norton
Sound, Bristol Bay (major),

sanmB Kyka / Cook Inlet,

BocTok Yykorckoro mops / Eastern Chukchi Sea,

mope bodopra / Beaufort Sea,

3ar. nodepexne ['pernnanaun / West Greenland,
HInuu6epren / Svalbard

C422:
Amnanpipckuit muman / Anadyr’ Estuary

hp7:
3anmuB Hopron (equnmyno) / Norton Sound (a single find-
ing)

C425:

Amnanpipckuit muman (nomunupyer) / Anadyr’ Estuary
(major)

taxxe benoe mope (Memepckuii u p., HEOMyOI. T1aH-
HBIE) /

also White Sea (Meschersky et al., unpublished data)

hp9:

Mmope Bodopta / Beaufort Sea,

3ar. mobepexbe I'pennanmun / West Greenland,
MInuu6epren / Svalbard

- IOMMHHPYET BO BCEX BBILIENEPEYHCIIEHHBIX palionax / as
a major everywhere above,

takke ormeden B / also found in

BocTok Yykorckoro mopst / Eastern Chukchi Sea,

benoe mope / White Sea

C435:
Awnaneipckuit uman / Anadyr’ Estuary

hp14:

BocTok Yykorckoro mops / Eastern Chukchi Sea,
mope bodopra / Beaufort Sea,

Inundepren / Svalbard

Pabora BrinonHeHa B pamkax [Iporpammer «benyxa-

The research was done under the Beluga White Whale Pro-
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Bensrit kut» U193 PAH IlocTossHHO AeHCTBYIOLICH
skcneaniun PAH 1o m3yyennto sxuBoTHBIX KpacHoi
kauru Poccuiickoit ®enepanmu U Apyrux 0cobo
Ba)XHBIX HMBOTHBIX (hayHbl Poccum mpu nopnepixke
Pycckoro reorpaduueckoro oOuiecTBa W IMpOeKTa
«CoBpeMeHHBII cTaTyc OeinyX aMypcKOro CKOILIe-
Hus (Oxotckoe mope, Poccus): oneHka ycToiiunuBo-
cti» (ucmomaurens OO0 POLl «/lemspur u S»)
npu  ¢uHaHcoBod  moxmepxkke Ocean  Park
Corporation (Hong Kong); Georgia Aquarium Inc.,
SeaWorld Parks and Entertainment, Mystic
Aquarium and Institute for Exploration, (USA);
Kamogawa Sea World (Japan).

gram (the program is part of the Permanent expedition of
Russian Academy of Science studying Red Book animals
and other focus species of Russia) conducted by the
Severtsov Institute of Ecology and Evolution of the Russian
Academy of Sciences, with the support of the Russian Geo-
graphical Society and the project “Current status of the Sa-
khalin-Amur beluga aggregation (The Okhotsk Sea, Rus-
sia): sustainability assessment” (contractor: “Dolphin and I”’
Ltd: rehabilitation and health center), with the financial
support of Ocean Park Corporation (Hong Kong); and with
the financial support of Georgia Aquarium Inc., SeaWorld
Parks and Entertainment, Mystic Aquarium and Institute for
Exploration, (USA); Kamogawa Sea World (Japan).
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VY pasnu4HbIX BHJOB HBIPSIOIIMX MIICKOMHUTAIOIINX aK-
TuBHOCTH (epmeHToB AOC BBIIIE, YeM y Ha3eMHBIX XKH-
BoTHBIX (PymmeBa-TuroBa 1997, T'amanmeB u ap. 1999).

Compared to terrestrial animals, diving mammals
have higher levels of antioxidant enzyme activity
(Pynuesa-TutoBa 1997, Tamanmes u gp. 1999).
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