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ABHay4eTsl KATOOOPa3HBIX TO3BOJIAIOT TONYYUTh HHQOP-
MalMI0 O PaclpeieieHU U YUCIEHHOCTH YKUBOTHBIX, OJ-
HAaKO MOBEIEHHUE, IPUYMHBI JIOKAIU3ALUKU )XKUBOTHBIX B Ka-
KOM-TO KOHKPETHOM MECTE€ M MapLIPyThl KOUEBOK IIPUHSTO
n3y4yaTb Ha3eMHbIMU Metoiamu. Ilo pesynpraTam Takux
Ha3eMHbIX HaOIIOJIEHUI K HACTOSAIIEMY MOMEHTY HaKOTUICH
0OJIBIION MACCHB JaHHBIX. MBI MPEAMOIOKHUIN, YTO CO-
BMellas JaHHbIE aBUAy4deTa U HMEIOLIUECS JIUTepaTypHbIE
CBEJICHUSI MOKHO CJeNaTh OINpPEICICHHBIE BBIBOJbBI O THUIIE
MEpPEeMEIICHUS. ¥ TPUYMHAX JIOKAIH3aluU KHATOOOPa3HbIX,
00HAPYKEHHBIX MIPH MPOBEICHIH aBUAPAOOT.

Iens nanHOM pabOTHI: ONPEACINTH THUIIBI JOKAIBHBIX TIepe-
MermieHu# 0emyx B OXOTCKOM Mope I0 TaHHBIM (poToMmaTte-
pHanoB aBuaydera B aBrycre-ceHTs0pe 2009.

[Tlo merommke, paspaborannoil panee (Kysmemoa u np.
2008), ompenensiocs HalpaBiICHWE OpHUEHTANH Oemyx Ha
¢dororpadusx, NOTy4EHHBIX C (OTOANNAPATOB, KECTKO 3a-
KpeIUIeHHBIX B (ro3eispke camosera. [Ipu oOHapyxeHuM
rpymmsl 6exyx (QoTocheMKa Bejlach HEHPEPhIBHO C MHTEp-
BaJIOM MEXIY Kajapamu B 3-5 cexkyHa. [loixydeHHble 1aHHbBIC
o Oesryxax, oOHapy>KeHHBIX Ha (pororpadusix, HAaHOCHINCH
Ha KapTocxeMmy. 3aTeM IOJy4YHBIIYIOCS KapTHHY COOTHOCH-
JIM C M3BECTHBIMHU YK€ JIUTEPATYPHBIMU AHHBIMU O THIIaX
nepeMenieHuss OeldyX B OTOM perHoHe, HH(popMmaimeil o
NPWIMBHO-OTIMBHBIX TEYCHUSX, MMOJYYCHHOH M3 HpOrpam-
Mbl WXTide32 (cBoOoaHO oCTynHA B MHTEpHETe). B kaue-
CTBE MOJENBHBIX PErHOHOB OBUIM PACCMOTPEHBI paiioH OaH-
ku 3oroBa B CaxanuHCKOM 3anmBe U [ mxuruHckas ryba B
sanuBe lllenuxoBa— XOpoWIO W3y4YEHHBIE MECTa JIETHHUX
cKoruteHuii Oenyxu. B 00oux pernoHax mpoBOAMINCH MHO-
roJIeTHUE HAONIOJEHUs] BO BpeMs IIPOMBICIIA OelTyXH KOHIA
1920-30-x 1. (dopodeer u Kirymon 1936, Apcennes 1937,
1939, 1 940), B pe3ynbraTe KOTOPBIX OBUIM COCTAaBJICHBI
MoJpOOHbIE KapThl M ONMCAHUS KOUEBOK OEITyX.

Ha xaprocxeme mokazansl Oexyxu, oOHapyXeHHBIC 13 ceH-

Aerial su rveys al low obt aining t he i nformation o n
the beluga distribution and abundance. On the con-
trary, be havior, the reas ons for animal localizations
at certain a reas, and movements are mostly studied
by ground-based methods. At present, a large dataset
based on the results of th ese g round-based sur veys
exists. We suggested that by combining aerial survey
results and the information from literature it is p ossi-
ble t o understand t he t ypes of m ovements and t he
causes of loc alizations of the cetaceans  observed
during aerial surveys.

The objective of the present study was to determine
the types of beluga local movements in the Okhotsk
Sea using the photom aterials of the aeria 1survey
conducted in August-September 2009.

Beluga o rientation o n t he photographs was det er-
minedusi ngt hem ethod developedearl ier
(Kyznenona u np. 2008). Photos were taken with the
cameras rigidly fixed to the aircraft fuselage. When
belugas were detected, the shooting was done conti-
nuously with the intervals of 3-5 seconds. The data
obtained fromt he p hotos were plottedont he
scheme-map. The n, the obtained picture was c om-
pared to literature data on beluga movement types in
this region, information on tides from the WXTide32
program (free software). Well-studied areas of belu-
ga summer concentrations — Zotova Bank region in
Sakhalin Bay and Gizhigin Bay in Shelikhov Gulf —
were used as model regions. Long-term studies were
conducted i n both re gions during bel uga whal ing
periodintheendo f1 920s-1930s. ( Jopodeer u
Knymor 1936, ApcenneB 1937, 1939, 1940), and as a
result detailed maps and descriptions of beluga local
movements were built.

Scheme-map (fi g. 1A) sh ows bel ugas det ected o n

Mopckue mnekonutatoLme Monapktuki. 2010

315



Kuznetsova et al. Determination of the type of beluga local movements based on aerial survey in the Okhotsk Sea

1a6ps (puc. 1 A). XXuBoTHBIE pacmoiaraince IpeuMyIIecT-
BEHHO K 3amajay M ceBepo-3amany oT Oanku 3o0ToBa. boib-
HIMHCTBO OENyX, B YMCIIO KOTOPBIX BOILIMA BCe OOHAPYKEH-
HbIe OCyXH C JCTCHBIIIAMHU, OKa3aJMCh MO0 HAXOSIIH-
MHCSI HEMOCPEJCTBCHHO B (papBaTepe AMYPCKOrO JIMMaHa,
m00 OpHUEHTUPOBAHHBIMH B HalpaBieHHMH K Hemy. He-
OosbIme oTAenbHBIE TPYyNBl OexyX (9 Tpymm) ObuTH pac-
CPEIOTOUCHBI B CEBEPHON yacTH OaHKW 30TOBA M OPHUEHTH-
POBaHBI B pa3HbIC CTOPOHBI. DTH )KUBOTHBIE HAXOIMINCH Ha
MmenkoBoabe (Tiybuna 1-2 ). Hampasnenue 88% rpynm
6emyx, i 90% ocobeii, monano B AWANAa30H MEXKAY PyM-
6amu  BOCTOK-toro-Boctok (1 12,5°) wm 1oro-roro-3amap
(202,5°) — T.e. )KUBOTHBIC OBLIH OPUEHTHPOBAHEI IO (hapBa-
Tepy AMypCKOTo JTUMaHa.

CornacHo JIUTEpaTypHbIM JaHHBIM, Juisi CaxajJMHCKOro 3a-
JBa OBUIO BBISBJICHO J[Ba THIIA IIepeMeleHni Oenyx. OauH
— XOZBl KOCSKOB OT HECKOJBKHX 0CO0€H /10 HECKOJIBKHX
COTEH, KOTOpBIE MAYT MEIJIECHHO, MHOT/Ia BO3BPAIIAsCh Ha-
3aJl, 1 OCTaHABJIMBAIOTCS JUIS TOMCKA MHIH. DTOT TUI KO-
YEBOK NPHYPOUYCH K MPOMEXKYTKY MEXKIY XOIaMH JIOcoce-
BBIX U CBSI3aH C XOJIOM PBIOBI B MEHBIIICH CTEIICHH, YeM BTO-
poil THI — LeJeHaNmpaBlIeHHOE IepeMeIleHne Ha OOJBIION
CKOPOCTH KOCSIKOB O€ITyXH B HECKOJIBKO THICSY TOJIOB (Ap-
cenbeB 1937).

OOBIYHO OeITyXu TepeMeIIaloTcsl BAOJIb OeperoBoil JTHHUN
ceBepHoro CaxanuHa B 00OUX HAIPaBJICHUSAX — KaK C CEBe-
po-BOCTOKa, OT 3anuBa baiikan, Tak W C Ioro-3zamaja, or
6anku 3ortoBa. [Ipu xozne Ha roro-3amaj Oenmyxa, JOUIS IO
nep. CyBOpoBKH, 00X0UT O0aHKY 30TOBA C 3amaja, mornaas
B CyZOBO# (apBatep AMypckoro ymMmana. [lepemenieHus
Oenmyx B ATOH 4yacTd palioHa MOTYT OBITh CBS3aHBI C IPH-
TUBHO-OTIIMBHEIMA TedeHUsMu (dopodees u  Kirymos
1936).

Bo Bpems Hammx wmcclenoBaHWN dYacTh OOHAPYKEHHBIX
Gemyx ObUTa OpHEHTHpPOBaHA B pa3HBIE CTOPOHBI U paccpe-
JIOTOYEHA [0 OKPYXKAroLlel akBaTopuu. Mbl NpULUIN K BBI-
BOJly, YTO 3TO HE MOXET ObITh BTOPOM THUIl KOYEBKH (TIepe-
MellleHne OOJIBIIMX KOCSKOB), CBS3aHHOW C MacCOBBIMH
X0aaMH JIOCOCECBBIX. ITo APXUBHBIM JJaHHBIM O BBICOTC BObL
yZaIoCch YCTaHOBUTh, YTO BO BpeMsi OOHAapy)XEHHsS HaMHU
Oenyx B CaxannHckoMm 3anuBe 13 centsiops (12:30-14:11)
oputa HE3Kas Bona (0,21-0,36 M npu MuHUMAaNBHOH 0,2 M U
MakcumansHOH 1,7 M). Takum 00pa3om, MBI MOXKEM TIpea-
MIOJI0KUTh, YTO B MOMEHT HaOJIOCHUI MBI 3a()MKCHPOBAIIH
TUTNWYHBIE TIEPEMEINeHNsT OelyX, CBSA3aHHbIE C HHU3KUM
YpOBHEM BOJIBI, C OTMeNIeH Ha OoJiee rryOoKHe MecTa.

September 1 3. Animals were lo cated mostly to the
west and north-west of the Zotova bank. Majority of
belugas, in cluding all d etected m other-calf p airs,
stayed either directly in A mur river fairway or were

oriented toward it. Sep arate small b eluga groups (9

groups) we re dispersed in t he n orthern part of t he
Zotova ban k and we re differently oriented. These
animals were | ocated on the shallow places (1-2 m

depth). Direction of 8 8% of beluga groups, or 9 0%
of individuals, was bet ween east-south-east (112.5°)
and south-south-west (202.5°) bearings, i.e. belugas
were oriented along Amur River fairway.

According to the literatu re so urces, there were two
types of beluga movements in the Sakhalin Bay de-
scribed. The first is the movement of he rds — f rom
several individuals to several hundred — which move
slowly, sometimes return bac k, and stop for search-
ing food. This type of movement is timed to the gaps
between salmon runs and is associated with fish runs
tol ess de greet hant he secondt ype — purpose-
oriented fast m ovement of bel uga aggregations o f
several individuals (ApcenbeB 1937).

Usually b elugas m ove alo ng th e co astline o ft he
northern Sakhalin in both directions — either from the
north-east, Baikal Bay, or from the south-west, Z o-
tova bank. While moving towards the south-west, at
Suvorovka village b eluga p asses Zo tova bank from
the western side, and finds itself in the Amursky Est-
uary fairway. Beluga movements in this part of the
region may be associated with tidal current s ([lopo-
¢beer u Kimymos 1936).

During our surveys, some of detected belugas were
oriented in different directions and dispersed on the
adjacent water area. We concluded that this could not
be the second type of m ovement (large ag gregation
movement) associated with a mass salmon run. From
the archival data on tidal height, we have found that
during our survey in Sakh alin Bay on the 13 th of
September ( 12:30-14:11), t he wat er 1 evel was | ow
(0.21-0.36 m while m in=0.2 m and m ax=1.7 m).
Thus, we supposed that what we observed during the
survey were t he t ypical bel uga m ovements asso-
ciated with 1ow water height, from the shallows to
the deeper areas.
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Puc. 1. Kaptocxema opu-
eHrauuu oenyx. Jluausamu
0003HaYEHBI U300aTHI,

U paMu - TIyOUHBI, M.
A) Paiion 6anku 3oToBa
(CaxanuHCcKuit 3a11B)
13.09.2009.

B) I'mxurunckas ryoa
21.08.2009

Fig. 1. Scheme-map of the
beluga orientations. Iso-
baths are presented as
lines; depths(m) are pre-
sented as figures.

A) Zotova bank region
(Sakhalin Bay), 13 Sept.
2009. B) Gizhigin Bay, 21
Aug. 2009

B BepxoBbsax ['mxurnHckoii ry0Osl B pesynbrare obsera 6e- | On August 21, the aerial surv ey along the coastline
peroBoii mosockl 21 aBrycra 0but0 00Hapy)eHo ckorureHue | resulted in detecting the beluga aggregation between
Oemyx MeXAy ycThsiMH pek 3emisiHas u Kpukynaka. Ha mep- | Zemlyanaya and Krikunka river mouths in the upper
BEII B3TJIAM, Bce OeyXu, BCTpEUCHHBIE B 3TOM paiioHe, ka- | Gizhigin Bay. At fi rst, it see ms th at all belu gas in
KYTCS XaOTHUHO «pa3HOHampaBieHHbIMI» (puc. 1B). Op- | this region are randomly oriented in different direc-
HaKO TPH TOCTPOCHWH AWArpaMMbl OKas3biBaeTcs, 4to Ha- | tions (Fig. 1B). But the diagram shows that majority
npasieHne OonbIMHCTBA Oemyx (64%) nonagaer B nuana- | of beluga directions (64%) lay between south-south-
30H OT foro-toro-3amaja (202 ,5°) mo 3amaa-ceBepo-3amana | west (202.5°) and west-north-west ( 292.5°), i.e. to
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(292,5°) — t.e. Boousb 3amagHoro oepera ['MKUIMHCKOM Ty-
ObI B CTOPOHY BbIX0za U3 He€ (puc. 2).

1507

— Konnuecteo 6enyx (ocoben)

[To snmTepaTypHBIM N@aHHBIM HaM HM3BECTHO, YTO KOUYEBKH
Oenyxu B ['mKUrMHCKON ry0Oe 00ycllOBIEHBI OoJbIe NpH-
JIMBHO-OTJIMBHBIMH TE€UYEHHUSMH, WIPAIOLIMMHU 37IECH OTPOM-
HYIO POJIb, HEXKEITH KaKUMH-TN00 IpyTUMH akTopamu. ITO
OOBSICHSIETCSI OUCHD OOJBIIION — 10 8 M - aMIUIUTYI0H KOJe-
Ganns ypoBHS Boapl. KoueBku Oemyxa coBepIIaeT exe-
JTHEBHO OJHUMHM WM TE€MH K€ IMyTsAMH. B BepxoBwsx I'mxu-
TMHCKOH T'yObl Oellyxa HaXOAMTCS TONBKO C TOTO MOMEHTa,
KaK BOJIa JJOCTUTAET INIyOHHBI, JOCTATOYHOMN AJIsl CBOOOIHO-
ro IUIABaHUs, a C HAYaJOM OTJIMBA XXMBOTHBIC HAYMHAIOT
CIyCKaThCsl Ha 1OT. B mpuimB myTh OeNyXw K BEPXOBBIM
ryObl MPOXOJHT BJOJb BOCTOYHOrO Oepera, rae Oemyxa
WJIeT KOMITaKTHBIM cTajgoM. Ha TpaBep3e octpoBa Peunas
Maryra 3Bepu pacXomsATCsi B CTOPOHBI U paccpeaoTaunBa-
IOTCSl IOOMMHOYKE 110 Bee Tyoe (puc. 3). Hoias mo ycTes
p. ['mxwra, 6enyxa KOpMHTCS, a ¢ HAYaJIOM OTJINBA MEJICH-
HO TIOIXOAUT K 3aMajHOMy Oepery m BMecTe C yXOJSIIeH
Bojoii cmyckaercsa Ha 1or (I'.A. ITuxapes, nut. mo: ApceHb-
eB 1949).

Kak Ham ynamoch ycCTaHOBHTb, B MOMEHT OOHapyKeHHs
oemyx (12:23-12:32) Boga cmanmana, HaxoIsICh HA OTMETKE
2,5 M (npu ammutyze 1,2-7,6 m). Ecnu npuHsTh BO BHU-
MaHue TOT (akT, 4To B yCThe [ M)KuTH M Ha HEKOTOPOM pac-
CTOSTHHM OT Hee OellyXW HaMH OOHapy>KeHO He ObLIO, MOXK-
HO TIPEJIOJIOKUTD, YTO OHA YK€ Hadasla CITyCKaThbCsl BJIOJb
3amagHOTo Oepera ¢ HAYajioOM IaJCHUS BOABL, U B MOMEHT
OOHapyKEHHsl PACCESHHBIMU TPYNIIAMH IMPOJOJDKANA JIBHU-
JKCHHE B CTOPOHY Oepera 1 BBIXOZa U3 TYOHI.

[IpeumytiecTBeHHOE HAINpaBlIeHHE OPHEHTAIMU OEIyX COB-
[aJi0 C HampaBJIeHHEM IepeMenIeHni, 0003Ha4eHHBIM Ha

the ex it of Gizh igin Bay along its western coastline
(fig. 2).

Puc. 2. AsumyT opueHTarm 6emyx B BEpXOBBE | IDKUTHHCKOM
ry6s 21.08.2009

Fig. 2. Azimuth of beluga orientations in Gizhigin Bay, 21 Aug.
2009, Gizhigin Bay.

From the literature we know that beluga movements
in Gizh igin Bay are co nditioned by the tid es m ore
than by any other factors. It is explained by very high
—upto 8 m —am plitude of water level fluctuation.
Every day, belugas move along the same routes. Be-
lugas stay in the upper part of the bay only when the
water reaches the enough high level for free swim-
ming; and with t he beginning of t he eb b, bel ugas
start goi ng down s outhward. The beluga r oute t o-
ward the upper part of the bay during the high tide
lies along the eastern coast, where belugas move in a
compact formation. The group breaks down into sole
individuals on the beam of R echnaya Matuga island,
and the animals disperse on the entire area of the bay
(fig. 3). When belugas reach the mouth o f Gi zhiga
River they start feeding. At the beginning of the ebb,
belugas slowly move to th e west and the n proceed
down southward together with subsiding water (I".A.
[uxapes, cited from: ApcerneB 1949).

The water level was decreasing at th e m oment o f
beluga detection (12:23-12:32) and was about 2.5 m
(the amplitude — 1.2 to 7.6 m). Taking into account
that we have not detected belugas in the mouth of
Gizhiga river and around it, it is p ossible to suggest
that b elugas hav e already started to go down along
the western coast with the falling water level. At the
moment of d etection, bel ugas co ntinued t o move
towards th e coast and to th e exit of th e bay in dis-
persed groups.

The predo minant d irection o fb eluga orien tation
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cXeMe KOYEeBOK OeIyXH 110 JTUTEePaTypHBIM JaHHBIM (puc. 3).
[IpumeuarensHO U TO, 4TO OelyXa HaxoAWJIach UMEHHO Y
3amagHoro Oepera ry0bl, K KOTOPOMY, HO JIMTEpaTypHBIM
CBEJICHUSIM, IPUYPOUECH BBIXOZ 3Bepst U3 TyObI C OTIMBOM. Y
BOCTOYHOrO Oepera, rie Oenyxa, MO JIMTEPATYPHBIM JaH-
HbeIM (ApcenbeB 1949), nepemeniaercs Bo BpeMs IMPUINBA,
Oexyxu oOHapy>XeHO HaMU He ObLIO.

coincided with one depicted on t he schem e-map of
beluga movements from literature sources (fig. 3). It
is worthy to note that belugas were staying p articu-
larly near the western coast of the Bay, alon g which
—according to literature data — the anim als leave the
Bay with the ebb. There were no belugas found near
the eastern coast, where they move during the tide as
reported in the literature (Apcennes 1949).

M. frorepug s

i&leMntwu;

Fumuzunckan ¥ys{

Puc. 3. Cxema ko4eBok Oemyxu B [ mxu-
ruacKoi ry6e (mo I A. [MuxapeBy, uut
mo: Apcenses, 1949). OBanom o603Haue-
HO MeCTO OOHApYKEHHSI HAMHU TPYIIIIEI
Oemyx.

Fig. 3. Scheme of the beluga migrations
(by Pikharev G.A., from: Arseniev, 1939).
The area where we observed belugas is
marked as oval.

Takum ob6pa3om, Hamu Oblla anpoOMPOBaHA METOJHUKA OI-
pelesieHts TUIA JIOKAJIbHBIX MepeMelIeHH OellyX Ha OCHO-
Be JaHHBIX aBHadoTrocheMku. Ha mpumepe nByx Hamboiee
WCCIIEIOBAaHHBIX PErMOHOB (OKpECTHOCTH OaHKM 30TOBa B
CaxaJMHCKOM 3aJIMBE U BEPXOBbs [ IDKUTMHCKOW TyOBI B
3aiuBe lllennxoBa) OBUTO TOKa3aHO, YTO C MPHUBICYCHUEM
JUTEPATYPHBIX JaHHBIX M ITOKA3aTeNed BBHICOTHI BOABI BO3-
MOXXHO TPEATOIOKUTh THI MEPEMENIeHIsI 00HAPYKCHHBIX
6exyx. ComocraBleHNE JIUTEPATypPHBIX JaHHBIX Hadama XX
B. C pe3yJbTaTaMH HAIINX HAOMIOJEHUI MO3BOJISAET IPEIOo-
JIOXKHTh, YTO XapakTep IEepeMEIICHUs OelnyX U HX JIOKaIH-
3alus B OMHCAHHBIX PalOHAaX OCTAINCH HEM3MEeHHBIMHU. []o-
JIyYeHHBIE Pe3yJbTaThl CBUAETEIBCTBYIOT O BO3MOXHOCTH
HCIOJIb30BAHUS JIUTEPATYPHBIX JAaHHBIX MHOTOJICTHEH HaB-
HOCTH ITpY TUIAHWPOBAHWHU MapLIPyTOB U BPEMEHH (OTHOCH-
TEJIFHO TPWINBA-OTIMBA) aBHAIIMOHHBIX y4eToB. IIporuos
JIOKIM3alMd W paclpesaeneHus Oenyxu B oOciiexyeMoM

Thus, we have tested the method to define the types
of beluga local movements based on the aerial pho-
tos. On the example of two well studied regions (Zo-
tova Bank area in Sakhalin Bay and upper Gizhigin
Bay in Shelikhov Gulf) it was sh own that to gether
with the literature and tid al data it’s possible to as-

sume aty peofm ovementofdet ected bel ugas.
Matching the data from the literature of the b egin-
ning of the 20th century with our results lets suggest
that t he cha racter of beluga movements and t heir
localization i nt he st udied regions rem ained u n-
changed. The obtained results suggest that it is poss-
ible to use old literature d ata to p lan aerial survey
routes and time schedule (in reference to tide-ebb). A
forecast of bel uga localization and m ovements in a

surveyed region may be usef ul for choosing a me-
thod of m athematical p rocessing of aeri al survey
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paiioHe MOKeT OBITh TIOJIE3CH MPH BbIOOpE MeTOAa Martema- | data.

TUYECKOI 00pabOTKY JaHHBIX aBHAyYETa. L
P A Y We are grateful to V.I. Chernook for the organization

ABTOpBI BBIp@XaIOT UCKpeHHIO OnarogapHocth B.W. Uep- | of aerial survey of t he Okhotsk Sea bel ugas and for
HOOKY 3a OpraHH3allMio aBuaydera 0XoToMopckux Oenyx u | the idea of using aerial photography with fixed cam-
UJICI0 KUCIIOJIb30BaHUS (POTOCHEMKH C 3aKpEIUICHHBIX (oTo- | eras, and to all aerial survey participants.

anmnaparos, a TAK)XE BCEM YYACTHHKAM y4eTa. .
P ’ y y The study was conducted under Pe rmanent expe di-

Pabora npoBoxmnce B pamkax IlocrossHHO neiictByromeii | tion of the Russian Academy of Sciences for studies
skcneuiuu PAH mo uzydenuto sxuBoTHEIX KpacHoii kauru | of the R ussian Red book ani mals and othe r exce p-
Poccuiickoit denepanmu u qpyrux oco00 BaKHBIX JKUBOT- | tionally im portant species of the Russian fauna, the
HBIX (hayHel Poccun mo IIporpamme «bemyxa - benbrit kut» | program "Beluga - White whale" of the A.N. Severt-
UII25 PAH. sov Institute of Ecology and Evolution RAS.
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