Shulezhko et al. Brand misreading rate calculation in marked Pinnipeds and ways to reduce the error

0,41. CnenoBarenpHO, TIEpBasi CXeMa HAJOKEHHUS TaBpO
okaspIBaeTcs 6onee ahhekTuBHON (puc. 2a).

Takum 00pazoM, MpUMEHEHHE CXEMbl HAJIOKEHUs TaBpo,
Ipu KOTOPO# Y€THbIe NU(PHI CMEMIAIOTCS Ha ITOJI-IMHUN
BBEpX, @ HEUYETHbIC Ha MOJ-JIMHUHA BHH3, MO3BOJIUT OoJee
4eM BJIBO€ COKPATUTh BEPOSATHOCTb HEBEPHOI'O CUUTHIBA-
HUS TaBPO, U PEKOMEHAYETCS. aBTOPAMHU UL UCIIOJIb30Ba-
HUs IIPY TaBPEHUM JIACTOHOTHUX.

Hence, the former pattern of branding proves more
effective (Fig. 2a).

Thus the application of branding pattern whereby the
even digits are displaced half a line upwards, and the
uneven figures, half a line down, would reduce more
than twofold the probability of an erroneous interpreta-
tion of the brand and is to be recommended by the
authors for the use in branding pinnipeds.
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HHTeHCuBHBIE HMCCIENOBAHUA TE€HETUYECKONH CTPYKTYpbI
craj Oenyx, AepKamuxcs y Oeperop aMepukaHCKOro KOH-
THHEHTa, poBoasATcs ¢ konma XX B. (Brown Gladden et
al. 1997, 1999, de March and Postma 2003, O Corry-
Crowe et al. 1997, 2010, u ap.), HO aHAaJOTHYHbIE PAOOTHI
B Poccun ObLi HayaThl TOJIBKO B caMoO€ IOCIIEJHEE BPEMs
(Memepckuit u ap. 2008, 2010). OcHOBHOE BHUMAaHHE
ynensiercs OemyxaMm IajdbHEBOCTOYHBIX MOpEH, SKCIUTya-
Talys CTajx KOTOPBIX MPECTABIAET HAaHOOIbIINI HHTEPEC.

Intensive studies of the genetic structure of popula-
tions of beluga whales inhabit North America waters
held from the end of XX century (Brown Gladden et
al. 1997, 1999, de March and Postma 2003, O Corry-
Crowe et al. 1997, 2010, etc.), but similar work in
Russia began only recently (Meschersky et al. 2008,
2010). The focus of the studies is on beluga Eastern
seas, where exploitation of beluga stocks is of most
interest.
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B OxotckoM MoOpe, OTIENCHHOM OT THXOOKEAHCKUX BOJ
noiryoctpoBoM Kamuatka m Kypunbckumu octpoBamu,
CYIIECTBYET HECKOJIbKO MECT JIETHEH KOHIeHTpauuu Oe-
nyx: CaxaJuHCKUH 3amuB U AMYPCKUM JHMMaH, 3aJUBBI
lanrtapckoro peruona (Hukonas, Ynbbanckuii, Tyryp-
ckuit u Yjackas ry6a), 3anuB lllemuxoBa (['mxuruHCcKas u
IMemxuHckas ryObpl) W 3amagHoe mobOepexkbe Kamuatku
(MenpaukoB 2001). [lyist ananm3a reHETHYECKON CTPYKTY-
pHI Tpymn OeryX, JETYIONMX B Pa3HBIX paiioHaX 3arajaHoN
gacTi OXOTCKOTO MOpPsI HAMH OBUI OIIPEeeH COCTaB HyK-
JICOTHAHBIX TTOCIE0BATENbHOCTEH KOHTPOIBHOTO PErnoHa
MtAHK (497 n.H.) m amensHbIi cocTaB 19 Mukpocaren-
mutaeix Jokycos siJIHK (DIrFCB1, DIrFCB2, DIrFCB3,
DIrFCB4, DIrFCB5, DIrFCB6, DIrFCB8, DIrFCBI10,
DIrFCB11, DIrFCB13, DIrFCB14, DIrFCB16, DIFFCB17,
EV37Mn, EV94Mn, 415/416, 417/418, 464/465, 468/469)
y xkuBOTHBIX u3 Caxammuckoro (coopsr 2006-2010 rr.),
VYp6anckoro n Tyrypckoro (coopst 2010-2011 rr.) 3a1m-
BOB, Yjckoit Ty0osl (coopsr 2008-2011 rr.) n 3amuBa Hu-
kouas (coopst 2009-2010 rr.) — puc. 1.

140°E

In the Okhotsk Sea, separated from open Pacific by
Kamchatka peninsula and Kuril Islands, there are
some areas where belugas aggregate in summer peri-
od: Sakhalinsky Bay and Amur Estuary, bays of Shan-
tar region (Nikolaya, Ulbansky, Tugursky, and Ud-
skaya Bays), Gulf of Shelihov (Gizhinskaya and Pen-
zhinskaya Bays), as well as off the west coast of Kam-
chatka (Mensaukos 2001). To analyze genetic struc-
ture of groups of belugas summering in different areas
of Western part of the Okhotsk Sea we sequenced the
mitochondrial DNA control region (497 bp) and de-
termined allelic composition of 19 microsatellite loci
of nuclear DNA (DIrFCB1, DIrFCB2, DIrFCB3,
DIrFCB4, DIrFCB5, DIrFCB6, DIrFCB8, DIrFCB10,
DIrFCB11, DIrFCB13, DIrFCB14, DIrFCB16,
DIrFCB17, EV37Mn, EV94Mn, 415/416, 417/418,
464/465, 468/469) for belugas from Sakhalinsky Bay
(collected in 2006-2010), Ulbansky and Tugursky
bays (2010-2011), Udskaya Bay (2008-2011) and Ni-
kolaya Bay (2009-2010) — Fig. 1.

Puc. 1. Paifonsl
cbopa marepu-
aja. 3amuBel: 1
— Ynckas ry0a,
2 — Tyrypckwuii,
3 - Vianban-
CKui, 4 —
Huxkomnas, 5 —

Sea

of Okhotsk
55°N

MaTepI/IaJ'IOM U UCCIICAOBAHUA CITYXKUIIN O6p33LII>I KOXH, CO-
6paHHBI€ NpeuMynieCTBEHHO METOAOM I[I/ICTaHLIHOHHOfl ouoncuu
M B HEOOJIBIIIOM KOJIMYECTBE — OT MEPTBBIX )KUBOTHBIX.

AHanu3 pacrpezielIeHus 4acToT ayuresieil 19 MUKpocaTeIMTHBIX
JIOKYCOB IOKa3aJl, 4TO CPeJHHE 3HAUYCHUS T€HETHYECKOTro pas3Ho-
o0pa3us 11 BceX BBIOOPOK SBISIOTCS CXOAHBIMH, BapbUpys OT
0,590 B Yackoii ry6e 1o 0,643 B 3anmBe Hukonas. Crarucruue-
CKHM JIOCTOBEpHbIE OTJIMYHMSA B YacCTOTE BCTPEYACMOCTH auleNiel

CaxalIuHCKHIA.

Fig. 1. Sample
collecting lo-
calities: 1 -
Udskaya Bay,
2 — Tugursky
Bay, 3 -
Ulbansky Bay,
4 —Nikolaya
Bay, 5 — Sa-
khalin Bay

DNA was extracted from skin samples, the
most of which was collected by remote biopsy
and in some cases from dead animals.

Analysis of 19 microsatellite loci alleles distri-
bution showed that averaged indexes of genetic
diversity were similar for all samples, varying
from 0.590 in Udskaya Bay to 0.643 in Niko-
laya Bay. Statistically significant differences in
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ObLIM OTMEYEHBI TOJBKO MEXIy BbIOOpKamu m3 Yipbanckoro u | allele frequences were found only for pair of

CaxaJMHCKOr0 3aJIMBOB, HO HU Ul KaKUX JAPYTHX Map CpaBHe-
HUSI, B TOM YHKCJIC U C Y4aCTHEM BBIOOPOK M3 3THX 3aJHMBOB (TaO0JI.

1).

samples Sakhalinsky Bay vs. Ulbansky Bay,
but not for any other pairs of comparison (Ta-
ble 1).

Tab6mn. 1. 3nauenus Fst-kpurepus (Hax 1MaroHaibio) ¥ ypOBEHb CTATHCTHYECKOI 3HAUMMOCTH OTIMYHIA (T10]] 11aro-
HaJIbIO) TIPH CPaBHEHUH BEIOOPOK M3 Pa3HBIX PaOHOB MO YaCTOTE BCTPEYAEMOCTH ajuieniel 19 MukpocaTesit-
HbIX JIOKYCOB. )KI/IpHI)IM HIpI/I(i)TOM BBIACJICHBI CTATUCTUYCCKH JOCTOBEPHBIC OTINYUS.

Table 1. Fst values (above diagonal) and statistical significance level (below diagonal) for pairwise comparison of
samples from different localities by 19 microcatellite loci alleles frequencies. Statistically significant values are

given in bold.

P-u cbopa matepnania | Yackas ry6a Tyrypckuit Vip0aHckui 3auB | 3ayUB CaxanuHckui

Sampling site Udskaya Bay, n=77 | 3anus Ulbansky Bay, Huxomas | 3amuB
Tugursky n=61 Nikolaya | Sakhalin Bay,
Bay, n=26 Bay, n=8 | n=37

Vckas ry6a falaed 0,00000 0,00234 0,00000 | 0,00141

Udskaya Bay

Tyrypckuii 3an1B 0,95312 falaled 0,00000 0,00000 | 0,00000

Tugursky Bay

Vip0aHcKuil 3a11B 0,11719 0,90430 F*kk 0,00000 | 0,00759

Ulbansky Bay

3anus Hukonas 0,65137 0,71094 0,59180 Fkk 0,00201

Nikolaya Bay

CaxanuHCKuit 3a71B 0,27930 0,53809 0,00000 0,35352 | ***

Sakhalin Bay

AHanu3 MeToloM KiacTepuzanuu (mporpamma Structure
v.2.3.3 — Pritchard et al. 2000) oka3ayt BEICOKYO CTENEHb r'e-
TEPOreHHOCTH OO0IIeH BHIOOPKH, HUKAK HE CBSI3aHHYIO, OJTHA-
KO, C paiioHamu npeObIBanus Oenyx (puc. 2, ananu3 s K=3
u K=4 neMOHCTpUpyeT aHaJOTMYHbIH YPOBEHb HEOMPEICIICH-
HOCTH CBSI3M TEHOTHIIA C MECTOM IMPOUCXOXKICHUS 00pa3ia).

B nccnemoBaHHBIX paifoHAX JIETHUX CKOIUICHHH OeyX BBISB-
nero 13 ramrorunoB KoHTpodbHOTO pernona MTIHK, u3 kxo-
TOPBIX HamOOJieE pPACHPOCTPAHEHHBIMH OKAa3alInCh TPU —
S022, nomuHupoBaBIIMii BO Beex paitoHax, S001, momuHMpO-
BaBmni B CaxaJduHCKOM 3aiuBe W 3anuBe Hukomnas, u S148,
JoMuHMpoBaBIIMKH B TyrypckoMm 3aimuBe U YICKOH Ty0e
(tabm. 2).

Jns CaxaiaMHCKOTO 3ajMBa OTMEYEHO HauOoJbllee KoJIude-
CTBO TarjIOTHIIOB, cpeau KoTophix Tpu (S051, S053 u S063)
VHHUKAIBHBI, T.€. HE OTMCUCHBI HA B OJTHOM JIPYT'OM HCCIIEIO-
BaHHOM paiioHe. CaMbIM HHU3KHM TaIlIOTHIHYECKUM U HYK-
JICOTHUIHBIM Pa3HOOOpa3WeM OTJINYAeTCs BBHIOOpKAa W3 YIIb-
0aHCKOTrO 3alKBa, B OCTAJIbHBIX 3aJHMBaX 3TH IOKA3aTeln
HAXOJITCSA HA CXOAHOM ypoBHE. OTIHYMS B HYKICOTHIHBIX
MOCIIEZIOBATENLHOCTSIX TaIUIOTUIIOB y OelyX, AepiKaluxcs B
pa3HBIX paiioHaX, OKAa3bIBAIOTCS CTATHCTHYECKH BBICOKOJIO-
CTOBEPHBIMM, 33 UCKJIIOYEHHMEM Hap CpaBHEHMs Tyrypckuii
sanmuB/Yackas ryda u CaxanuHCKui 3anuB/3anuB Hukomas
(Tabm. 3).

The model-based clustering method, realized in
Structure v.2.3.3 software (Pritchard et al. 2000)
showed a high level of total sample heterogenity by
no way correlated, however, with spatial belugas
distribution (see Fig. 2 — results for both K=3 and
K=4 demonstrated no correlation between geno-
type and sample collection locality).

In studied summer beluga aggregations 13 haplo-
types of the mtDNA control region were revealed.
The most frequent were three of them: S022 which
prevailed in beluga in all areas, S001, prevailed in
Sakhalinsky and Nikolaya Bays, and S148, pre-
vailed in Tugursky and Udskaya Bays (Table 2).

The largest number of haplotypes was found in
Sakhalinsky Bay, and three (S051, S053 and S063)
ones found there were unique, i.e. not observed in
any other studied areas. The lowest haplotypic and
nucleotide diversity was found for sample from
Ulbansky Bay. In other bays these indexes were at
a similar level. Differences in nucleotide sequences
of mtDNA control region in belugas, summering in
different areas are highly statistically significant,
except for the comparison pairs Tugursky Bay vs.
Udskaya Bay and Sakhalinsky Bay vs. Nikolaya
Bay (Table 3).
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Tab:x. 2. Berpewaemocts (%) rammotumioB KoHTpodsHOTO pernona MT/HK (497 m.H.) 1 HHAEKCHI TeHETHYECKOTO
pasHooOpasus B BbIOOpKax Oesyx U3 3aIMBOB 3anaHoi yactu OxoTckoro Mopst. JKUpHbIM MpHU(BTOM BbIJEICHBI
noMuHupyromnie (BectpeuaeMocTs >15%) rarmioTuiisl.

Table 2. Occurrence (%) of the mtDNA control region haplotypes (497 bp) and genetic diversity indices in beluga
whale samples from bays of western part of the Okhotsk Sea. The major haplotypes (occurrence >15%) are given

in bold.

Tanmorun / Haplotype VY nckas ryba Tyrypcxuii VY ip6aHCcKHuH 3anuB Huxo- Caxanus-
Udskaya Bay, 3aJIMB 3aJIMB nast CKHIi 3aJIUB
n=84 Tugursky Bay, | Ulbansky Bay, | Nikolaya Bay, | Sakhalin

n=31 n=61 n=8 Bay, n=72
S001 1,2 (1ind.) 0 0 50,0 23,6
S022 36,9 29 80,3 25,0 36,1
S148 34,5 25,8 3,28 0 1,4
S247 2,4 9,68 0 0 0
S300 9,52 3,2(1ind.) 0 0 1,4
S303 1,2 (1ind.) 0 0 0 0
S706 14,3 12,9 1,6 (1ind.) 0 1,4 (1ind.)
S130 0 12,9 8,2 12,5(1ind.) 0
S327 0 6,45 4,9 12,5(1ind.) 0
S011 0 0 1,6 (1ind.) 0 13,9
S051 0 0 0 0 6,94
S053 0 0 0 0 9,72
S063 0 0 0 0 5,56

Yucno ramaoTHIIOB 7(1) 7(0) 6(0) 4(0) 9(3)

(B T.4. yHHKAJIBHBIX)

Number of haplotypes (includ-

ing founds in this bay only)

TFannoTtunuy. pasHooOpasue 0,723 0,828 0,350 0,750 0,788

Haplotypic diversity (H)

Hyxneotnin. pasnoobpasue 0,388 0,429 0,138 0,431 0,341

Nucleotide diversity (r, %)

[MpencraBneHHOCTh y OenlyX, JETYIOUIMX B OJNH3KO
PacCioJIOKEHHBIX APYT OT ApyTa 3ajluBax, YHUKAJIbHBIX
COYETaHWH MaTEPHHCKHX JIMHUH CBU/IETEIBCTBYET O
BBICOKOI1 crenenn ¢Qunonatpun. [loromkn opHux ca-
MOK YCTOHYHMBO, U3 ITOKOJICHHSI B IIOKOJICHUE, HAIPaB-
JISIFOTCS JIETOM B OTHU M T€ )K€ paiioHsl. B To ke Bpems
Bce Oemyxm 3amamgHoi yacTh OXOTCKOro Mopsi o0ma-
JIAf0T €IUHBIM SJEPHBIM T€HO(QOHAOM, T.€. SIBISIOTCS
MpeACTaBUTENSIMU OHOM nonyisuuu. [loanepxkanue
oOmHoCcTH TeHO(OHIA, BEPOATHO, MPOUCXOAUT IIPH
CIapHBaHNM Ha MECTaX COBMECTHBIX 3MMOBOK H/HIIH
Ha CIMHBIX BECCHHUX MUTPALIMOHHBIX ITYTAX.

Pabota BrimonHeHa B pamkax IIporpammer «bemyxa-
benwrit kut»y U123 PAH IlocrosiHHO AeicTBYyrOIMIEH
skcneauiun PAH no m3ydenuro xuBoTHBIX KpacHoi
kauru Poccuiickoit denepanuu U Apyrux ocobo Baxk-
HBIX XMBOTHBIX (ayHbl Poccun mpu noguepxke Pyc-
ckoro reorpaduueckoro odmecrsa u npoekra «Co-
BPEMEHHBIH cTaTyc OelyX aMypcKOro CKOIIJICHUS
(Oxorckoe Mmope, Poccust): oneHka ycTOWYHBOCTH»

The fact that groups of beluga summering in close spaced
bays represent unique combinations of maternal lines in-
dicates a high degree of philopatry. Descendants of one or
the other female persistently, from generation to genera-
tion, follow in the summer to certain areas. At the same
time, all belugas of western part of the Okhotsk Sea share
a single nuclear gene pool, i.e. represent a single popula-
tion. Maintaining a common gene pool probably occurs
during mating at joint wintering areas and / or on common
spring migration routes.

The research was done under the Beluga White Whale
Program (the program is part of the Permanent expedition
of Russian Academy of Science studying Red Book ani-
mals and other focus species of Russia) conducted by the
Severtsov Institute of Ecology and Evolution of the Rus-
sian Academy of Sciences, with the support of the Russian
Geographical Society and the project “Current status of
the Sakhalin-Amur beluga aggregation (The Okhotsk Sea,
Russia): sustainability assessment” (contractor: “Dolphin
and I” Ltd: rehabilitation and health center), with the fi-
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(ucnonuurens OO0 POLL «/lensdun u S»), punan- | nancial support of Ocean Park Corporation (Hong Kong);
cuposanme Ocean Park Corporation — Hong Kong; | and with the financial support of Georgia Aquarium Inc.,
Georgia Aquarium Inc., SeaWorld Parks and Enter- | SeaWorld Parks and Entertainment, Mystic Aquarium and
tainment, Mystic Aquarium and Institute for Explora- | Institute for Exploration, (USA); Kamogawa Sea World
tion — USA; Kamogawa Sea World — Japan). (Japan).
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Puc. 2. BeposiTHOCT NpHHAIIEKHOCTH 0c00eit 0000meHHol BeIO0pKH (N=209) k oxHOMY 13 ABYX (K=2) mim nsatu
(K=5) renerndeckux knactepoB (0003HaUCHBI OTTEHKAMH CEpOT0 IBETA) MPH 33AaHHOM YHCJIE STHX KJIACTEPOB.
Mopgens «Admixture-LOCPRIOR», 300000 peruirk. MecTa npoHcXoxIeHUS 00pa3loB — Kak Ha puc. 1.
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Fig. 2. Probability of individuals of total sample (h=209) to belong to one of two (K=2) or five (K=5) genetic clus-
ters (marked by gray gradations) in case the clusters number is specified. Admixture-LOCPRIOR model 300000
replications. Sampling localities as on fig. 1.
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Tab6u. 3. YpoBeHb OTIIMYMI B HYKJICOTUAHBIX MOCIEA0BATENLHOCTAX (Dst-KpuTepHii) KOHTPOJIILHOTO PeroHa
MTIHK (497 1n.H.) (Hax AuaroHaigbio) ¥ YPOBEHBb CTATHCTUYECKOHN 3HAYMMOCTH OTIMYHUH (II0J] TUAroHaIb0) IpH
CpaBHEHUH BBIOOPOK M3 MATH 3aJIMBOB 3araaHoi yactu OX0oTckoro Mops. JKupHbsIM IpUQTOM BBIZEICHBI CTATH-
CTUYCCKU JOCTOBEPHLIC OTINYUSA.

Table 3. Difference in nucleotide sequences of the the mtDNA control region (497 bp) (®st, above diagonal) and
statistical significance level (below diagonal) for pairwise comparison of samples from five bays of western part of
the Okhotsk Sea. Statistically significant values are given in bold.

Paiion cbopa marepu- | Ynackas ry6a / Tyrypcxuii VYis6aHCcKuH 3anuB Huxonas | CaxamuHcKui

ana / Udskaya Bay, 3anuB / Tu- 3anus / / Nikolaya Bay, | 3amus / Sakha-

Sampling site n=77 gursky Bay, Ulbansky Bay, | n=8 lin Bay, n=37
n=26 n=61

VYackas ryba Fhx 0,00000 0,15478 0,21489 0,17812

Udskaya Bay

Tyrypckuii 3a51uB 0,36719 Fkk 0,12317 0,18206 0,17470

Tugursky Bay

Yp0aHCKHH 3aJIUB 0,00000 0,00098 el 0,35167 0,14455

Ulbansky Bay

3ammB Huxonas 0,00195 0,00293 0,00000 falelel 0,04039

Nikolaya Bay

CaxanuHCKui 3aJIUB 0,00000 0,00000 0,00000 0,14746 il

Sakhalin Bay
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