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Kocarok, oburaromux B Bogax [lansHero Bocroka Poccuu,
OTHOCAT K JIBYM 9KOTUIIAM — IUIOTOSITHOMY U PBIOOSTHOMY.
Pasnuums B IuINEBON CreuanM3aluyM MeXAY HUMMU ObIIK
BBIAB/ICHBI He TONIBKO IMyTeM HEelOCPEeICTBEHHBIX HaOMIOeHNUIT
OXOTbI OJHUX TPYIII UCKTIOYUTENBHO Ha PBIOY, a IPYTUX — Ha
MOPCKMX MJIEKOIUTAIONINX, HO ¥ HA OCHOBE M30TOITHOTO aHa/IN-
3a Mpo6 KoX11, 0TOOPAaHHBIX OT 0cobeil kaxaoro tuma (bypaun
u fp. 2004, Ivkovich et al. 2010, ®umarosa u np. 2014).

VccnenoBaHusi KOCAaTOK CeBepO-BOCTOUHOI wactu Tu-
XOro OKeaHa IIOKa3aly, YTO >KMBOTHbIE PAa3HBIX 9KOTUIIOB
PasnIMYaoTCA 1O COLMATbHON CTPYKTYpe, IOBEIEeHUIO U He-
KOTOpbIM Mopdomorndeckum mnpusHakam (Ford 1984, Baird,
Stacey 1988, Baird, Whitehead 2000, Baird 2000). Bsino
BBIABJICHO 1 HajM4Me PENpORYKTMBHON M3OMALMM MEXLY
srumu tunamu (Hoelzel et al. 1991, 1998, Barrett-Lennard
2000). CxomcTBO KOocaToK BocTouHoi KamyaTku (camoro us-
YYEHHOTO B POCCHUIICKMX BOJIaX peruoHa) ¢ coobIjecTBaMu
PBIOOSIIHBIX M IIOTOAJHBIX KOCATOK CEBEPO-BOCTOYHOI Ya-
ctu Tuxoro okeaHa 6bI70 IOKa3aHo B psfe pabor (Pumaro-
Ba 2005; Tapacsin 2005, Burdin et al. 2010). Ogzako, Bompoc
0 cTeneHy 060CO6TEHHOCTY PHIOOSIHBIX U IIOTOSIHBIX KO-
carok JlanbHero Boctoka Poccum monroe BpeMs ocTaBajcs
HEBbISICHEHHDIM.

Jlyisl IposicCHeHMsI BOIIPOCa O TeHETUYeCKOl 060Cob/IeHHO-
ctu Kocarok JlampHero BocToka, OTHOCAIMXCA K [BYM pas-
JMYHBIM 9KOTUIIAM, MBI IIPOBENN aHA/IU3 a/IeJIbHOTO COCTaBa
IeBSITY MUKPOCATE/UIUTHBIX T0KycoB sineproit [JHK: DIrFCB12,
DIrFCB13, DIrFCB17 (mocnenoBaTebHOCTY HpPAIMEPOB CM.
B Buchanan et al. 1996), 464/465 (Fullard et al. 2000), MKS5,
MK9 (Krutzen et al. 2001), Ttrll, Ttr48 (Rosel et al. 2005),
Dde66 (Coughlan et al. 2006). O6pasiib! Ob1111 TONYYEHBI U3 Ye-
TBIPEX PErMOHOB: U3 ABauMHCKOro 1 KaparnHckoro 3anmBos Ii-
oBa Kamuarka, n3 aksaropun Komanpgopckux octposos (o. Be-
puHra) u us sanagHoit yact Oxorckoro Mops. O61muit 06vem
aHa/IM3MPYeMOro MaTepuasa IpefCTaBlIeH B TabmuIe 1, pailoHbl
cbopa pob — Ha puc. 1.

[Tpo6s! 6b11M COOPAaHBI METOLOM AUCTAHLIMOHHON 6MomCHn
C MCTIONIb30BaHMeM OTCTPENTNBaeMOli U3 apbaeTa CTPEIBI C Me-
Ta/UINYeCKMM HaKOHEYHUKOM B Bufie Tpybouku. Tpu obpasia
OBL/IN MOMTy4eHbl OT MEPTBBIX XMBOTHBIX, HallICHHBIX Ha bepe-
ry. O6pasibl COXpaHIUCh B 96%-M CIIUpTe.

Killer whales inhabiting the waters of the Far East
of Russia can be related to two ecotypes — carnivore
and piscivore. The differences in a food specialization
between them were revealed not only by direct obser-
vation of hunting of some groups only for fish, and
the others for marine mammals, but also on the basis
of isotopic analysis of samples of the skin taken from
individuals of each type (Burdin et al. 2004, Ivkovich
et al. 2010, Filatova et al. 2014).

The studies of killer whales of the north-eastern
part of the Pacific Ocean showed the animals of differ-
ent ecotypes are different in social structure, behav-
iour, and some morphological characteristics (Ford
1984, Baird, Stacey 1988, Baird, Whitehead 2000,
Baird 2000). Presence of reproductive isolation be-
tween these specimens was revealed as well (Hoelzel
et al. 1991, 1998, Barrett-Lennard 2000). The similar-
ity of killer whales of east Kamchatka (the most stud-
ied region in Russian waters) to communities of car-
nivore and piscivore killer whales of the north-eastern
part of the Pacific Ocean was shown in a number of
studies (Filatova 2005; Tarasyan 2005, Burdin et al.
2010). But the question about the degree of isolation
of carnivore and piscivore killer whales of the Far East
of Russia for a long time has remained unclear.

We performed analysis of allele composition of
nine microsatellite loci of nuclear DNA to clarify the
question about genetic isolation of the Far East killer
whales belonging to two different ecotypes: DIrF-
CB12, DIrFCB13, DIrFCB17 (for primer sequence see
Buchanan et al. 1996), 464/465 (Fullard et al. 2000),
MKS5, MK9 (Krutzen et al. 2001), Ttr11, Ttr48 (Rosel
et al. 2005), Dde66 (Coughlan et al. 2006). The sam-
ples were received from four regions: from Avacha
and Karaginsky gulfs of the Kamchatka Peninsula,
from the water area of the Commander Islands (the
Bering island), and the western part of the Sea of Ok-
hotsk. Total volume of the tested material is presented
in table 1, the regions of samples collection — in fig. 1.

The samples were collected by the method of re-
mote biopsy with the use of an arrow being shot with
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Tab7, 1. PaitoHbl, rofel c6opa 1 06beM MaTepuaa 6yorcuu Kocatok JlanbHero Bocroka Poccum.
Tab. 1. Regions, years of collection, and volume of material of biopsy of killer whales of the Far East of Russia.

Region Ecotype Number of samples
Karaginsky Gulf (2008-2009) fish-eating 2
Bering Island (2009, 2011, 2013) fish-eating 10
Bering Island (2010) mammal-eating

Bering Island (2009, 2011) unknown * 2

Avacha Gulf (2004, 2010-2013) fish-eating 45
Avacha Gulf

(2010-2013) mammal-eating 5

Okhotsk Sea (western part) (2011-2013) mammal-eating 28

Okhotsk Sea (western part) (2013) unknown * 1

Total: 94

(2010-2013) mammal-eating 5

Okhotsk Sea (western part) (2011-2013) mammal-eating 28

Okhotsk Sea (western part) (2013) unknown * 1

Total: 94

*Ipo06bl OT HalifieHHbIX Ha Oepery ocobeii / samples from stranded animals

[yl BBISB/IEHMSI BO3MOXKHBIX AYOJIeil KaXX/{0€ XMBOTHOE
py B3ATUM 6uoncuu gororpadupoBany s MOCIeNYIONeit
npentTudukanym. Kpome aroro, mjsi BbIsBIEHMs 06pasIioB-
RyOIMKATOB C MOCIEAYIOUIMM VX MCK/IIOYEHVEM U3 aHaam3a
[I0 pe3y/IbTaTaM IeHOTUIIMPOBAHNUS MCIIOIb30BAIN IIPOrPaM-
My GeneCap 1-2 (Wilberg, Dreher 2005). [Ins onpenenenus
BO3MOXKHOJ IPMHAIEXKHOCTY 0Cc0belt 00111eit BHIOOPKY K pas-
HBIM IIONY/IALJMSAM METOOM K/IaCTepyU3alMy VCIIONb30BaJIN
nporpaMmy Structure v.2.3.3 (Pritchard et al. 2000). 3nauenne
norapudma BeposatHocTu (Estimated Ln Prob of Data) mma
Kaxgoro «K» (mpepmonaraeMoro 4mcia reHeTndecky 060co-
6/IeHHBIX TPYIII) PAacCUMTHIBAIM KaK CpefHee s TPEX MO-
BTOpHOCTeN Ha ocHoBe 500000 pernuk kaxpaa. Haubonpiree
3Ha4YeHIe TOrO joraprudma CBUETEIbCTBYET O OOMbILeil Be-
POSITHOCTY HAJIMYMSI COOTBETCTBYIOLIETO YNC/IA TeHETUYEeCKIX
rpynit (momynsnuit). YpoBeHb reHeTUIeCKNX Pa3/INImil MEXY
[IpefIIoIaraeMbpIMy HOIY/ISIIVMAMY B 4aCTOTAX BCTPEIAEMOCTI
anneneit (Fst-kpuTepuit) u CTeleHb ero CTaTUCTUYECKON [I0-
CTOBEPHOCTY OIPEefeNsIN IIPY OMOLIM IIporpaMmbl Arlequin
v.3.11 (Excoffier et al. 2005).

[Ipu aHanm3e [JaHHBIX O YaCTOTaX BCTPEYaeMOCTU ajule-
Jeil METOfOM K/IACTEPM3ALMI C VCIIO/Nb30BAHMEM MOJEN
«admixture» BBLIB/ISETCSA SIBHASI T€TEPOTEHHOCTb B IIPEeNax
00111e1 COBOKYITHOCTY — MCCIIEflyeMble 0COOY PasmessiioTCsI Ha
[iBa YETKVMX TeHETMYECKNX KJIacTepa, CpelHee 3HAUEHMeE jIora-
pucma BeposTaocty (In Pr) pma K=2 cocrasuno -1835,9 npo-
TnB -2217,8 mna K=1.

a crossbow with a metal tip in the form of a tubule.
Three samples were received from dead animals found
on the shore. The samples were stored in 96% alcohol.

To identify possible double samples, each animal
was photographed during taking of biopsy for the
subsequent identification. In addition, to identify du-
plicate samples with their subsequent exception from
the analysis based on the results of genotyping, they
used a GeneCap 1-2 (Wilberg, Dreher 2005) soft-
ware. To identify possible grouping of individuals of
a total sample to different populations by the cluster-
ing method, they used a software Structure v.2.3.3
(Pritchard et al. 2000). The value of a logarithm of
probability (Estimated Ln Prob of Data) for each «K»
(the assumed number of genetically detached groups)
was calculated as an average for three replication on
the basis of 500000 replicas. The largest value of this
logarithm indicates a higher probability of presence of
the corresponding number of genetic groups (popu-
lations). The level of genetic differences between the
alleged populations in frequencies of occurrence of
alleles (Fst-criterion) and the degree of its statistical
credibility was determined with help of a software Ar-
lequin v.3.11 (Excofier et al. 2005).

During analysis of the data on frequencies of oc-
currence of alleles by the clustering method with the
use of the model «admixture», an obvious heteroge-
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B mepBbIit KyacTep MOMaaoT IPOObI, B3ATHIE OT XKI-
BOTHBIX, OTHECEHHBIX K PBIOOSITHOMY THUITy — 00€ Kapa-
TMHCKYE, JeCSTh KOMaHAOPCKUX U 45 mpob ¢ ABaumH-
ckoro sanusa. Ciofia ke IO a/Ie/IbHOMY COCTaBy OblIa
OTHeCeHa I OffHa 13 KOCATOK HeM3BECTHOro sKortuma (o.
Bepuura, cm Ta6n. 1). Bo Bropoit kacrep Borm 06pas-
LBl OT IUTOTOSIFHBIX )KMBOTHBIX — OIMH KOMaHZOPCKII
obpasell, IATh aBaYMHCKUX U Bce 28 mpo6 ¢ OXOoTcKoro
MOps, a TaKXe JIBa OCTAaBLIMXCS 06pasiia HeolpenenéH-
Horo tnma (0. Bepunra u samagHoit gactu OXOTCKOTO
Mops).

[pu Mopemn  «admixture—
LOCPRIOR», yuutbiBamomieit Mecta cbopa 06pasIios,
IeJleHVe Ha [Ba K/IACTepa 110 SKOTUIY COXPAHSETCS BHE
3aBUCHMOCTY OT MeCTa BCTpeun >kuBoTHOro (puc. 2). Ha-
ubosbllee 3HaUeHe JIorapugma BepOATHOCTI OCTAETCS
nnsa K=2 (In Pr= -1835,3), B T0 Bpems kak mist K=1, K=3
u K=4 (1o uncrny reorpauueckux rpymni) BeIMYNHa 10-
rapudma menbie (-2217,9; —-1848,5 u —1843,8 coorBeT-
CTBEHHO).

JICITIO/Ib3OBAaHUN

neity within the limits of a general aggregation is revealed —
the studied individuals are divided into two well-defined ge-
netic clusters, an average value of a logarithm of probability
(In Pr) for K=2 was -1835.9 against —-2217.8 for K=1.

The samples, taken from the animals assigned to a pisci-
vore type, get into the first cluster — both from the Karagin-
sky gulf, ten from the Commander Islands, and 45 samples
from the Avacha gulf. By the allele composition one of the
killer whales of an unknown ecotype was assigned here as
well (the Bering Island, see Tab. 1). The second cluster in-
cluded the samples from carnivore animals — one Com-
mander Islands sample, five Avacha and all 28 samples from
the Sea of Okhotsk, as well as two remained samples of an
unidentified type (the Bering island and the western part of
the Sea of Okhotsk).

By using of the model «admixture-LOCPRIOR» which
takes into consideration the places of collection of samples,
the division into two clusters by the ecotype is preserved
regardless of an animal occurrence place (fig. 2). The larg-
est value of a logarithm of probability is retained for K=2

I I
4

3

Puc. 2. BeposTHOCTb OTHeceHMst 0cobeil K OFHOI U3 ABYX reHeTHYecKux rpynm (momymsnuit). Kaxppiit cronbuk
COOTBETCTBYET OZHOMY >KMBOTHOMY. a- MOZenb «admixture», 6- «admixture-LOCPRIOR». 1 — Kaparnuckmit 3amus,
2 —ABaunHcKmit 3anuB, 3 ~-Komangopckie o-Ba, 4 —3anagHas 4actb OXOTCKOTO MOPSL.

Fig. 2. Probability of assigning of individuals to one of two genetic groups (populations). Each column corresponds to
one animal. a is a model «admixture», 6- «xadmixture-LOCPRIOR». 1 — the Karaginsky gulf, 2 — the Avacha gulf, 3 — the
Commander Islands, 4 — the western part of the Sea of Okhotsk.
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Mexxpy 3T¥MU ABYMs KJIacTepaMyl Hab/mofaeTcs fo-
CTOBEPHOE OT/INYYIE B YACTOTAX BCTPEYaeMOCTH ajljeneis,
YTO CBUJETENbCTBYET B MIONIb3y X T€HETUYECKOI U30TIA-
i fpyr ot apyra (F=0,23901, p<0,00001). Jns kaxxgo-
rO U3 HUX XapaKTepHO Ha/lu4ue U CIelu(puyHbIX anme-
JIeii: TSI IEPBOTO K/IACTEPA, COCTOSIIETO U3 PHIOOSITHBIX
KOCAaTOK, CHeludNUyYHble a/Ulen OTMEYeHbI B TPEX U3
[eBSTH MCCIENOBAHHBIX JIOKYCOB (MX CyMMapHas JONA
6,9% OT 06111eTO YKCIa aenei, obmaa yactora-11,3%);
IIs1 BTOPOTO K/IacTepa, KyZia BOLLIUA 0COOM MIOTOSSHO-
TO TUIIA, HA/IMUME TaKUX ajjiefiell XapaKTepHO AJis Bcex
JIOKYCOB M X CyMMapHas fonA cocTasuia 51,7%, a 06-
mas yacTtoTa-38,7%. KpoMe Toro, y nnoTosafHbIX Koca-
TOK, 110 CPAaBHEHMIO C PHIOOSITHBIMMU, OTMEYEHO OOsbIIIee
KOIMYECTBO a/Iefiell /I BCeX JIOKYCOB U 6oJee BBICO-
KI1e CpefIHMe ITOKAa3aTe/M TeHETUYECKOTO PasHooOpasus
(0,668492 no cpaBHeHuo ¢ 0,480193 y pbIOOATHBIX).

Ha ocHOBe nomy4eHHBIX HaMM JaHHBIX MOYKHO 3aKJTIO-
YUTh, 4TO KocaTku JlambHero Bocroka Poccun, oTHOCATIN-
ecsi K IByM Pas/IM4YHbIM 3KOTUIIAM — PBIOOSIHOMY U IUIO-
TOATHOMY, C BBICOKOJI CTENEeHbIO0 BEPOATHOCTH IIPENICTaB-
JIAIOT pasHble PENPONYKTMBHBIE TIPYHIBI (MOIYIALMN).
ITpu atom 6oree BBICOKOE T€HETMYECKOE pasHOOOpasme
TUTOTOSITHBIX KOCATOK MOXKET CBUJETETLCTBOBATh O TOM,
YTO MX HOMY/ALMA COCTOUT He TONbKO U3 XMBOTHBIX VIC-
CreflyeMbIX HaMJM PETMOHOB, HO BK/IIOYaeT 3Bepeil M U3
APYTUX pPaliOHOB, HAMJ He MI3YYeHHbIX. Y YUThIBAA CyIIeCT-
BYIOII[VIe MEX/Ty SKOTUIIaMM PaslNdMs B COLMANbHON Op-
TaHM3aLMY, TTOBEJeHNY, IIUIIEBOI CIelannu3alum, Mop-
¢domoryy v IpuHMMas BO BHUMaHMe ITOTyYeHHbIe JAHHbIE
B TOJEP)KKY T€HETMYECKOI U3OMALUY MEXIY 3TUMM THU-
amy, He0OXOAMMOCTh PACCMATPUBATH PHIOOSIIHBIX U IIJIO-
TOSITHBIX KOCATOK 10 OT/Ie/IbHOCTY IIPY MOHUTOPUHTE, OX-
paHe, yIpaB/IeHUN U ONIpefe/ieHN I 00bEMOB JJOYCTIIMOTO
U3DATUA XXVBOTHBIX U3 MPUPOAHBIX TOMY/ALMIA albHe-
BOCTOYHBIX MOpeil Ka>KeTCsl O4eBUITHOIL.

(In Pr=-1835.3) while for K=1, K=3 and K=4 (by the number
of geographical groups) the value of a logarithm is smaller
(-2217.9; -1848.5 and -1843.8 respectively).

A significant difference in frequencies of occurrence of
alleles is observed between these two clusters, which points
out in favour of their genetic isolation from each other
(F=0.23901, p<0.00001). For each of them also presence of
specific alleles is typical: for the first cluster consisting of
piscivore killer whales the specific alleles were identified in
three from nine studied loci (total cumulative percentage is
6.9% of the total number of alleles, total frequency — 11.3%);
for the second cluster which included the individuals of a
carnivore type, presence of these alleles is typical of all loci
and their total cumulative percentage made 51.7% and total
frequency — 38.7%. In addition, in comparison to the pi-
scivore killer whales carnivore ones had a larger quantity of
alleles for all loci and higher average indicators of a genetic
diversity (0.668492 in comparison with 0.480193 of piscivore
killer whales).

On the basis of data received by us one can conclude that
killer whales of the Far East of Russia which belong to two
different ecotypes — carnivore and piscivore — are different
reproductive groups (populations) with high degree of prob-
ability. At the same time the greater genetic diversity of carni-
vore killer whales can indicate that their population consists
not only of the animals of the regions studied by us, but also
includes the animals from other regions not studied by us.
Taking into consideration differences existing between eco-
types — in social organization, behavior, food specialization,
morphology and taking into consideration the data received
in support of genetic isolation between these specimens,
the need to consider carnivore and piscivore killer whales
separately during monitoring, conservation, management
and determination of volumes of admissible harvesting of
animals from natural populations of the Far East seas seems
obvious.
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