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OueHKa BNUAHUA reorpacyeckon N3onsiLMm Ha cteneHb reHeTu4e-
CKou 06ocobneHHOCTU B nonynsauusix 6enyxu (Delphinapterus
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SIBnsisick 0ObIuHBIM BUIOM Jutsa OxoTckoro u bepun-
roBa Mopeii (KneitnenOepr u ap. 1964), B HacTosmiee
BpeMsi Oeiyxa pelko BCTpEYaeTcsl y I0ro-3arajgHoro
nobepexbst moyocTpoBa KamuaTka M mpakTHYECKH
HHUKOTJ]a — y BOCTOYHOTO, YTO CBUAETEILCTBYET 00
orpenenIEHHON Treorpaduyeckoil M30JSIUN OXOTO-
Mopckux Oenmyx ot Oenyx bepunrosa mopst 1 ApKTH-
ku (Menbsaukos 2001). OnHako MpaBOMEPHOCTH BbI-
JIETICHNS OT/ENBHBIX TOMyJIuid BHYTpH OXOTCKOTO
MOpSI IO CHX TIOp OcTaBajlach CHOPHOW. AHanm3 pac-
NpeeIeHNs aieNied MHUKPOCATEIUTUTHBIX JIOKYCOB
H0Ka3aj, 4To OelyXd caxaJHHO-aMypCKOro M IIaH-
TapCKOT0 JIETHUX CKOIJICHUH MPECTABISIOT CIUHYIO
nonyysuuio (SI3pIkoBa M Ap., HAcT. cOOpHUK). Tem
OonbIMii MHTEpEC MpeACTaBIseT BOIpoc 00 U301u-
POBAaHHOCTH XMBOTHBIX ITHUX CKOIUIEHHH OT OemyX,
neryronmx y OeperoB 3amanHoii Kamuarkn. XoTs
JIBa ATUX paiioHa M pa3/ieNeHbl PAacCTOsIHMEM Ooiee
yeM B 1000 kM, 3UIMOBKa «caxaJIWHCKHX» OelyX B
CEBEPHBIX paiioHax Mops (pe3yIbTaThl CITyTHHKOBO-
ro npocnexusannsa — lmak u gp. 2010) mo3Bomsier
MpeAroIaraTb BO3MOXKHOCTh MX BCTPEYH U CHapHBa-
HUS C «KaMYaTCKUMK» B 3UMHE-BECEHHHUH MEpUO/I.

J1s oLileHKHU CTENEeHH TeHeTHUECKOW N30JIAIUY TPy
6emyx OXOTCKOro MOpsi, KaKk MEXIy cOOOH, Tak u 1o
OTHOIIEHHIO K Oeryxam bepuHrora mopsi, Mbl npo-
BEJM OLIEHKY YacTOT BCTPEYaeMOCTH aijeneil Boch-
MU MHKPOCATEJUIUTHBIX JIOKycoB suepHoi JIHK:
DIrFCB4, DIrFCBS u DIrFCB17, EV94Mn, 415/416,
417/418, 464/465 n 468/4609.

Co6op marepuaina npoBoawiicst B CaxaJlMHCKOM 3allH-
Be, y 3amajHoro nodepexbs Kamuatku U B AHaObIp-

The beluga whale is a species commonly occurring in the
Sea of Okhotsk and the Bering Sea (KieiinenGepr u mp.
1964). But beluga whales are rarely seen off southwestern
coast of the Kamchatka Peninsula and are almost never seen
off the eastern coast of Kamchatka, which indicates that the
Sea of Okhotsk beluga whale stock is geographically sepa-
rated from the Bering Sea stock and the Arctic stock
(Menpuukos 2001). However, the possibility of existence of
separate stocks within the Sea of Okhotsk has been disput-
ed. Analysis of allelic distributions of microsatellite loci has
shown that beluga whales that form the Sakhalin-Amur
summer aggregation and the Shantar Islands summer ag-
gregation belong to the same population (SI3eikoBa u ap.,
this book). Of even greater interest is the issue whether be-
luga whales that aggregate in the above-mentioned sites are
isolated from the stock summering off Kamchatka’s west
coast. Although the Sakhalin-Amur summer aggregation is
separated from the Kamchatka’s west coast summer aggre-
gation by a distance of over 1000 km, the fact that Sakhalin-
Amur stock spends the winter in the northern part of the Sea
of Okhotsk (as was indicated by satellite tracking data —
[Imak u ap. 2010) leaves open a possibility of the encoun-
ters and mating between the Sakhalin-Amur stock and
Kamchatka’s west coast stock during the winter and spring
months.

To assess the degree of genetic isolation both between dif-
ferent groups of the Sea of Okhotsk population and between
the Sea of Okhotsk and the Bering Sea populations of belu-
ga whales, we estimated allele frequencies at eight nuclear
DNA microsatellite loci: DIrFCB4, DIrFCB5 and
DIrFCB17, EV94Mn, 415/416, 417/418, 464/465 and
468/469.
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CKOM JinMaHe. bonbmuHCTBO TMpoOd OBLIM COOpaHBI
METOAOM JUCTAHI[MOHHOW OHWOIICHH, HEOOJbIIas
4acTh — OT MEPTBBIX )KUBOTHBIX. Y HUKaJIbHOCTh 00-
pasnoB, B3ATBIX METOIOM 6I/IOI'ICI/II/I, Oonpeac/isiiii B
npoliecce TeHOTHUIUPOBAHUS, TOJIOBYHO MPHHAIICHK-
HOCTh — ¢ momotibio [TIP-gquarnocTuku mo MeToxy
Poyzen (Rosel 2003). KonuuectBo o0cobel, rojbl
cOopa, a Takke MOJOBOW COCTaB BEIOOPOK TPHUBEIC-
HBI B Tabn. 1, a mokasateny pasHOOOpas3Hs Mo Kax-
JIOMY W3 JOKYCOB — B Ta0II. 2.

Samples were collected in the Sakhalin Gulf, on the Kam-
chatka’s west coast, and in the Anadyr Estuary. Most of the
samples were collected by the method of remote biopsy
sampling. Some samples were collected from dead animals.
Uniqueness of biopsy samples was identified by genotyp-
ing. Gender verification was performed by PCR, using the
method described in (Rosel 2003). The number of individu-
als, the years the samples were collected, and gender identi-
ty are shown in Table 1. Diversity indices for all loci are
shown in Table 2.

Paiion c6opa / Locality Toner / & | @ | wo | Beero | Tabmn. 1. PaifoHbI 1 romast
years n/r | total | c6opa i KOMHYECTBO MpPO-
Caxamunckuii 3amuB / Sakhalin Bay 2009-2011 |29 |24 | 2 55 AQHAIN3UPOBAHHBIX 0COOEH.
3anagnas Kamuarka / Western Kamchatka | 2010-2011 | 25 | 7 | - 32 Table 1. Localities, years
Anansipekuii maman / Anadyr Estuary 2010-2011 |57 |15 2 74 and samples sizes.

Tab. 2. Pasnoobpasue amieneii 8 MEKpOCATEIUTMTHBIX JIOKYCOB B BRIOOpKax Oenmyx u3 3 paitonos. Als —uucio ot-
MEUECHHBIX anienell; Ho — HabmroaeMsblil ypoBEHb TeTepO3UIrOTHOCTH; HE - 0kngaemMblil ypoBEeHb TeTepo3Hu-
TOTHOCTH; P— ypOBEHb 3HAYMMOCTH IIPH OIICHKE HECOOTBETCTBU pacnpenenenuto Xapau-Baitabepra. [To-
CJIE/IHSS CTPOKA: JJIs YKCIa ajulelieil MPUBOJUTCS UX CyMMa, IUIS TIOKa3aTelnell YpOBHS reTepo3UroTHOCTH —

CpeIHHE 3HAUECHUS.

Table 2. Allelic diversity of eight microsatellite loci in samples of beluga whale from three localities. Als — number
of alleles; Ho — observed heterozygosity; He — expected heterozygosity; P— statistical significance level for es-
cape from Hardy-Weinberg equilibrium. Bottom line: a sum for number of alleles and means for heterozygosi-

ty indices.

Tokye CaxaHI/_IHCKI/Iﬁ 3aJIUB 3am, KamuaTka AHaJBIpCKUN TUMaH
Locus Sakhalin Bay, n=55 W, Kamchatka, n=32 Anadyr’ Estuary, n=74

Als | Ho He P Als | Ho He P Als | Ho He P
Ch4 10 0,80 0,80 (0,66 |7 0,68 0,78 0,08 8 0,81 0,76 0,18
Cb5 5 0,71 0,66 | 058 |4 0,66 0,58 0,95 4 0,56 0,6 0,67
Cb17 8 0,72 0,78 [ 0,76 | 7 0,81 0,77 0,98 11 0,72 0,84 0,18
Ev94 4 0,65 0,68 [ 024 | 4 0,68 0,69 0,40 6 0,81 0,79 0,71
415 4 0,74 0,69 (069 |4 0,75 0,74 0,97 4 0,62 0,72 0,17
417 8 0,78 0,75 (0,17 | 8 0,78 0,81 0,05 9 0,79 0,81 0,25
464 3 0,41 0,50 (0,04 |3 0,39 0,63 0,01 5 0,4 0,49 0,14
468 5 0,53 0,69 (0,04 | 4 0,55 0,66 0,10 7 0,64 0,75 0,11

47 0,67 0,69 41 0,66 0,71 54 0,67 0,72

VY «aHaZbIpCKUX» >KUBOTHBIX, MO0 CPAaBHEHHIO C «OXOTO-
MOPCKHUMH», OTMEUEHO OOoJblIee KOIMYECTBO ajuleNeld s
OOJBITMHCTBA JIOKYCOB M HECKOJBKO O0Jiee BEICOKHE CPel-
HHE TIoKazatenu paszHooOpasus. B mpenmemax OxoTckoro
Mopsi 0OJIbIIIce YHCIIO ajiesicli ObLIIO OOHAPYKEHO Yy «ca-
XaJIMHCKUX» OellyX, OJJHAKO CPEeIHHE I10Ka3aTeNlu reTepo-
3UTOTHOCTU Y JABYX OXOTOMOPCKHMX TPYII NPAKTUYECKU
OJUHAKOBBI.

Mexy BceMH TpeMsi BBIOOpKaMH OTMEYEHBI BBICOKO JI0-
CTOBEpHbIE OTJIMYMSI B YAcCTOTaX BCTPEYAEMOCTH aJuleliei
(Tabmn. 3), 4TO CBHAETENBCTBYET 00 MX MPUHAIIEKHOCTH K
Pa3HBIM PENPOIYKTUBHBIM TpyIIaM (TOIYJISIHSIM).

Beluga whales from the Anadyr Estuary population
had a greater number of alleles at most loci and
somewhat higher mean diversity index values than
beluga whales from the Sea of Okhotsk population.
Comparison of different groups of the Sea of Okhotsk
population showed a greater number of alleles in the
Sakhalin stock, but mean heterozygosity values of
both Sea of Okhotsk stocks were almost the same.
The highly significant differences in allele frequency
between three sample sets tested (Table 3) showed
that three stocks belong to different populations (or
reproductive groups).
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IIpu sTOM ypoBeHB TeHeTHUYecKHX oTimumid Oemyx Caxa-
JIMHCKOTO 3alliBa OT JKMBOTHBIX 3alaiHOro MOOepexbs
KamuaTku okasbIBaeTcs Ja)ke HECKOJIBKO BBILIE, YEM ypO-
BEHb OTJIMYMIA «KaMUYATCKUX» OClTyX OT O0eayX AHaIbIPCKO-
o JIMMaHa

AHanmu3 MetomoM KiacTepusanuu (mporpamma Structure
2.3.3, Pritchard et al. 2000) Taxxe OOHApY>KHUBAET SBHYIO
TeTEepOTeHHOCTh B Ipeeax oOmel COBOKYITHOCTH — aHa-
JTM3upyeMasi BBIOOpKa ¢ OOJIBINEH BEPOSITHOCTBIO pa3zess-
ercst Ha TpH (3HaueHwe LNP, morapudma BepostHOCTH, = —
3537,2), nexxenn wa nee (LnP= —3600,3) rpynmsl. Beras-
JIEHHasi TeTEPOT€HHOCTh HANpsSIMyI0 CBSI3aHA C MECTOM
cbopa 00pasIoB — «aHAABIPCKUEY, «KAMUATCKHE» U «caxa-
JIMHCKUE» OENyXH OTJIMYAIOTCS CXOJHO BBICOKOH BEPOSIT-
HOCTBIO OTHECEHUsS] MMEHHO K «CBOEH» TpyIIe Kaxuas

(puc. 1).

Moreover, the genetic differences between the Sakha-
lin stock and the Kamchatka’s west coast stock were
even somewhat greater than the genetic differences
between the Anadyr Estuary stock and the Kamchat-
ka’s west coast stock.

Using a clustering method (the software Structure
2.3.3, Pritchard et al. 2000), we confirmed the exist-
ence of obvious heterogeneity of the entire universal
set: there was a higher probability that the samples
being analysed were divided into three groups (the
log probability LnP = —3537.2) rather than two (LnP=
—-3600.3). The heterogeneity directly correlated with
the sample collection locations. All the three sets of
samples (samples from the Anadyr Estuary, Kam-
chatka’s west coast, and Sakhalin Gulf) had a similar-
ly high probability of belonging to their own stock

(Fig. 1).

Tabu. 3. 3nauenus Fst-kpurepus (HaJ IMaroHaabio) M YPOBEHb CTATHCTHYECKOW 3HAUUMOCTH OTIMYHH (I10[] J1aro-
HaJ'IL}O) npu CpaBHECHUU BLIGOpOK IO 4aCTOTC BCTPEHAECMOCTHU ajiesaeii BOCbMHU MUKPOCATCIIJINTHBIX JIOKYCOB.

Table 3. Samples pairwise FSTs (above diagonal) and statistical significance level (below diagonal) for the samples
comparison by frequencies of eight microcatellite loci alleles.

Paiion c6opa

Locality Sakhalin Bay
Caxanunckuii 3anus / Sakhalin Bay ol

3amn. Kamuartka / W. Kamchatka 0,00000
Amnaneipckuii uman / Anadyr’ Estuary  0,00000

K=2

1.00
0.80
0.60
0.40

CaxaJIMHCKHH 3aIUB

3an. KamuaTka
W. Kamchatka
0,06768

*k*k

0,00000

AHaJBIpCKUI TUMaH
Anadyr’ Estuary
0,07422

0,06556

**k%

Puc. 1. BeposrHocTs npuHaj-
JIEXHOCTH 0co0ei 0000IEeHHOI
BbIOOpKH (N=161) Kk 0JJHOMY U3
nByx (K=2) nimm tpex (K=3) ru-
MOTETUYECKUX TeHETHYECKUX
KiactepoB. Mojenb « Admixture-
LOCPRIOR», 500 000 peruk.
Paitons! c6opa obpasmos: 1 —

Takum 00pazoM, MpHU OTCYTCTBHU BHIPaKEHHBIX TeOrpa-
(uueckux mperpaj B mpenesax €JUHOW aKBaTOPUU U
BO3MOJKHOH OJH30CTH paliOHOB 3MMOBOK W ITyTeH MHU-

CaxaarHCKHM 3aIUB, 2 — 3allajl-
HoOe mobepexbe Kamuarku, 3 —
AHaJBIpCKUN JTUMaH.

Fig. 1. Probability of individuals
of total sample (n=161) to belong
to one of two (K=2) or three
(K=3) hypothetic genetic clusters.
Admixture-LOCPRIOR model,
500000 replications. Sampling
localities: 1 — Sakhalin Bay, 2 —
Western Kamchatka, 3 — Anadyr’
Estuary.

Thus, despite the absence of obvious geographical ob-
stacles between two stocks inhabiting the same Sea of
Okhotsk and despite the possible nearness of their win-
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rpamuif, MeXmy IByMs rpynmamMu Oemyx OXOTCKOro
MOpsI TOIEP’KUBAETCS HE MEHBIINI YPOBEHb T'€HETHYE-
CcKOoWl 000COOJICHHOCTH, YeM MEXAy TIeorpapuyecku
Pa3aACICHHbBIMU TTONYJIAIUAMUA OXO0TCKOro U Eepl/IHFOBa
MOpeH.

BaxHO OTMETHTB, UTO IPH Pa3eIHHOM aHAIHU3E CAMIIOB
U CaMOK CTAaTHCTHYECKH JOCTOBEPHBIE OTIIMUUS MEXITY
TpeMsl pailoHaM¥ COXPaHSIOTCS JJIsl 00enX IpyII, OJHA-
KO ypoBeHb oTianuui camioB Kamuatku m Caxanuna
(Fst=0,08046) oka3biBaeTCs B JiBa pa3a BBIIIE, YeM Ca-
MOK m3 3Tux paitonoB (Fst= 0,0372). IIpu 3Tom BHYTpH
3araHO-KaM4aTCKON BBIOOPKH MEXIy CaMIlaMHU U CaM-
KaMH TaKke 0OHapy’KHBAIOTCSI CYIIECTBEHHBIE PA3ITIUM
B uyacrotax BcTpedaemoctd amitened (Fst=0,0356,
P=0,018), B TO BpeMs Kak BHIOOPKH CaMIIOB M CAaMOK H3
CaxanMHCKOr0 3a1MBa U U3 AHAIBIPCKOTO JMMaHa T'eHe-
THUYECKH OJTHOPOJTHEI.

[Ipn ucronb3oBaHMM MeTOAA KiacTepu3auuu 000co0-
JICHHOCTh CaMOK KaM4aTCKO#M rpymmel oT caMok u3 Ca-
XaJIWHCKOTO 3aJIMBa He BBLIBIIIETCS (XOTH, KaK yKe CKa-
3aHO, KpUTepuid FSt onpenenser pazanuns MexXIy HUMH
KaK CTATHCTHYECKH JOCTOBEPHBIC) — HaMEHBIISe 3Ha-
4yeHHe Jorapudma BEpOSTHOCTH COOTBETCTBYET IBYM
rpymmnaMm («aHaIbIPCKOW» B «OXOTOMOpCKOi»: LnP= —
1059,9 mpu K=2 u LnP=-1062,2 npu K=3, puc. 2), B T0
BpEMs KaK IMPU aHAJIU3€ CaMIIOB MPOAOJIKACT BbIABIIATH-
cs1 000COOJIEHHOCTh Bcex Tpex rpymm: LnP= —2449,6
npu K=3 u LnP=-2485.4 npu K=2, puc. 3).

tering grounds and migration routes, these two stocks
have a level of genetic isolation that is as high as the
level of genetic isolation between the geographically
separated the Sea of Okhotsk stock and the Bering Sea
stock.

It is of importance that separate analyses for males and
females still showed statistically significant differences
between the three areas tested. Although the level of
difference between the Kamchatka’s west coast beluga
males and Sakhalin beluga males was two times higher
(Fst=0.08046) than the level of difference between the
Kamchatka and Sakhalin females (Fst= 0.0372). Moreo-
ver, there was a significant difference in allele frequen-
cies (Fst=0.0356, P=0.018) between males and females
of the Kamchatka’s west coast stock, while there were
no genetic differences between males and females of the
Sakhalin Gulf stock or between males and females of the
Anadyr Estuary stock.

The clustering method did not reveal any genetic isola-
tion between females of the Kamchatka’s west coast
stock and females of the Sakhalin Gulf stock (although
we have already mentioned that there were statistically
significant differences in the Fst values) — two groups
(the Anadyr and the Sea of Okhotsk ones) had the mini-
mum value of the log probability: LnP= -1059.9, K=2
and LnP=-1062.2, K=3, Fig. 2. However, the analysis
of males by the clustering method showed isolation of
all the three groups: LnP= -2449.6, K=3 and LnP= —
2485.4, K=2, Fig.3.

Puc. 2. BepostHOoCTh IpHHAJ-
JISKHOCTH 0CO0CH B BEIOOpKE
caMoK (n=46) k oJHOMY U3
nmByx (K=2) umm tpex (K=3)
THITOTETUYECKUX TeHEeTHYe-
CKHUX KJ1acTepoB. Moyens u
paiioHsI cOopa 00pa3IoB — CM.
puc. 1.

Fig. 2. Probability of individ-
uals of sample of females
(n=46) to belong to one of two
(K=2) or three (K=3) hypo-
thetic genetic clusters. Model
and localities — see fig.1.

Jlyis TipeicTaBIeHUs] O TOM, C YeM MOXET OBITh CBsi3aHa

To understand the possible causes of the isolation, fur-
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BBISIBJICHHAsT OCOOEHHOCTh, HEOOXOIMMBI JaIbHEHIINE
HCCIICIOBAaHMS U YBEIHUCHHE 00beMa BEIOOPOK.

PabGora BbimonneHa B pamkax [Iporpammer «bemyxa-
benprit kut» UMD PAH IlocrosiHHO aeiicTByromie
skcnieauiun PAH no wm3yuenuio >xuBoTHBIX KpacHoit
kauru Poccuiickoit @enepanuu U Ipyrux ocobo Bak-
HBIX JKMBOTHBIX (ayHsl Poccun mpum mopanepxke Pyc-
CKOT0 reorpaduieckoro oomecTna.

K=2

1.00
0.80
0.60

0.40

ther research and large sample sizes are required.

The research was done under the Beluga White
Whale Program conducted by the Severtsov Institute of
Ecology and Evolution of the Russian Academy of Sci-
ences, with the support of the Russian Geographical
Society. The program is part of the Permanent expedi-
tion of Russian Academy of Science studying Red Book
animals and other focus species of Russia.

Puc. 3. BepoarHocTs npuHaj-
JIEKHOCTH 0c00ei B BEIOOpKE
camroB (n=111) x ogHOMY U3
mByx (K=2) mmm tpex (K=3)
THIIOTETUYECKUX TCHETHYE-
CKHX KjacTepoB. Mozenb u
paiioHsl cbopa 00pa3oB — CM.
puc. 1.

3 Fig. 3. Probability of individ-
uals of sample of males
(n=111) to belong to one of
two (K=2) or three (K=3)
hypothetic genetic clusters.
Model and localities — see
fig.1.
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