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BBEJIEHHE. lOxHoe nokansHoe crano (JIC) Genyxu B
JieTHee BpeMsi 0OMTaeT B FOTO-BOCTOYHOM 4acTh OHEKCKO-
ro 3anuBa benoro mops (Yepreuxkuit u np., 2002). Jletom
2003 r. Hamu OBLIIO HAYATO MCCIIEIOBAHUE ITOTO CTaaa, a B
ceHTsI0pe B 10KHOW yacTH OHEKCKOTO 3aJIUBa MTPOU30ILIEI
aBapuitHbIN pa3nuB Ma3yTa (AHapuaHoB U ap., 2005). Pe-
3ynbTaToM pasnuBa HedrenpoaykroB (HII) cramo 3arpss-
HEHME I0r0-BOCTOYHOM yacT OHEKCKOTOo 3aIUBa, MPUIEM
NpakTHYeCKH Bcel akBaTtopuu obutanHus roxHoro JIC
(AngpuanoB u ap., 2009). B netnue cesons 2004-2006,
2011-2013, 20162018 rr. MBI TPOBOAWIIA HCCIAEAOBAHUS
OexyX, OOMTArOIMX B IOr0-BOCTOYHOM yacTd OHEXCKOro
3aJMBa, W MapajuieIbHO BEMM HAOMIONCHUS 32 YPOBHEM
3arpsisHeHus! HeTsHBIMU yriieBoopoaamu (YB) paziny-
HBIX Y4acTKOB akBaTopuu. HaOmroneHus 3a M3MEHEHUSIMA
B IOBEJICHUU U PACIpeAeIeHUN OelTyX MOKa3alu UX SIBHYIO
CBS3b C U3MEHEHHEM YPOBHS 3arps3HEHUs B pailoHe. Pas-
muB HII oka3zan HeraTMuBHOE BO3AEHCTBHE HA Pa3IMUHBIX
Npe/ICTaBUTeNeH TPOPHUECKON LIEH, CPEAN KOTOPBIX U TE,
KOTOPBIX HaM YJaJloCh HCCIEN0BaTh — OECHO3BOHOYHBIC
u peiObl (AHApHaHOB U ap., 2016). B coBokynHOCcTH 3a-
IpsI3HEHUE Cpelbl OOMTaHMs U OOBEKTOB MHTAHUS OeryX
CO BPEMEHEM CTajI0 HEraTUBHO CKA3bIBATHCS HA COCTOSHUU
toxHoro JIC. Ha cerogusiHuii [eHp y’ke HaKOMUIOCh 10-
CTaTO4YHO MaTepuasla O AMHAMUKE 3arpA3HEHUs aKBaTOPHU
W U3MEHEHUSIX COCTOSHHMS cTajga OenmyX Ui TOro, YToObl
MOJIBECTH HEKOTOPBIII HTOr JONTOBPEMEHHOIO BO3EH-
CTBUS 3arpsi3sHeHus Ha roxHoe JIC.

MATEPHUAJI 1 METO/BI. N3yuenue 6exyxu mpoBOIH-
i B niepuon mroHs-mions 2003-2006, 2011-2013, 2016—
2018 IT. C UCTONB30BAHMEM MAapUIPYTHHIX (CYHZOBBIX) H
CTaIlMOHAPHBIX HAOMIONCHUH MO CTaHJAPTHOH METOIHKE
HETIPEPBIBHO B CBETIIOE BPEMsI CyTOK C HCIOJIB30BAHUEM

INTRODUCTION. The southern local herd (LH)
of white whales inhabits the southeastern part of the
Onega Bay, White Sea during the summer season
(Chernetsky et al. 2002). In the summer of 2003, we
began to study this group, and in September, there
was an accidental fuel oil spill in the southern part
of the Onega Bay (Andrianov et al. 2005). The spill
of oil products (OP) caused the contamination of the
southeast part of the Onega Bay and covered almost
the entire area used by the southern LH (Andrianov et
al. 2009). During the summer seasons of 2004-2006,
2011-2013, and 20162018, we conducted studies
of the white whales inhabiting the southeastern
Onega Bay and, in parallel, monitored the level of
oil hydrocarbon (OHC) pollution in various parts
of the area. The observations of the behavior and
distribution changes in white whales have shown their
evident relationship with a degree of water pollution
in the area. The OP spill has had a negative impact
on various members of the trophic chain, including
some invertebrates and fishes for which we were able
to collect the data (Andrianov et al. 2016). In general,
the contamination of the habitat and food objects
negatively affected the condition of the southern LH
of white whales. To date, enough material has been
collected on the dynamics of pollution in the area and
variations in the condition of the herd to draw some
conclusions on the long-term impact on the southern
LH.

MATERIAL AND METHODS. The study of
white whales was carried out in June - July during
2003-2006, 2011-2013, and 2016-2018. The vessel-
based and shore-based observations were conducted,
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ounoxelt BITI[S 8x30M u YUKON 30x50, a Takxe moj-
30pHOit TpyOsI (30x50). duKCHpPOBaTH 0COOCHHOCTH pac-
HpesiesIeHNs] KUBOTHBIX, YUCICHHOCTh U BO3PACTHOM CO-
CTaB I'PyYIII, CTENIEHb NPUBSI3aHHOCTH OeJTyX K KAKUM-TTHO0
AKBaTOPHSIM, XapakTep IOBEJICHUS XKMBOTHBIX, BIHSHHE
Ha HUX IOTOIHBIX yclloBHH. Bo3spact Oenmyx oueHuBanu
M0 OKpacKe: TEMHbIE — JETEHBIIN (HOBOPOXJCHHBIE U
CETOJIETKH), Cepble — HEIOJIOBO3peble, Oellble — B3pOC-
neie (Kneitnen6epr, 1964, u np.; Ognetov, 1981). I'pynms
paszensuii Ha Pa3HOBO3pPAcTHBIC (B3POCIBIE C JETEHBI-
[IaMH) ¥ CaMIIOBble (IPYHIIbI UCKITIOYUTEIBHO B3POCIBIX
JKUBOTHBIX) (TaMm xe). [Ipu 0OpaboTke pe3ynabraTroB cra-
IMOHAPHBIX HAONIOIEHN 3a KaXIbIi JICHb CTPOWIN JTHa-
rpamMMy MPUCYTCTBUS OEIyX, OTPaXKAIOIIYI0 YHCIEHHOCTh
Y JUTUTENBHOCTH ITPUCYTCTBUS B HAOIIOAAEMOM aKBaTOPHU
JKMBOTHBIX Pa3IMUHBIX BO3pacTHBIX Kareropuid. OGpado-
TaHHBIE TaKUM 00pa3oM Marepualibl NCTIOIb30BAIUCH IS
TIOJyYSHHUS] PACUETHBIX TTOKa3aTelield, Cpeu KOTOPBIX: KO-
a¢¢unment vadmonaemoctu (Kuab), mocemaemMocTs (A,
attendance) u cpenusist unciaenHocTs (Ncp). C MeToaukon
pacdera 3THX IT0Ka3aTeiel ¥ OCTPOSHHS THarpaMM MOXK-
HO O3HAaKOMUTHCS B Hallleil cennaibHoit padore (AHApH-
aHoB, JIykun, 2017).

st oLleHKH YpOBHSI 3arpsi3HEHUs] aKBaTOPUM FOKHOW da-
ctu OHexckoro 3anusa B uroae 2005 r. mo ceTke cTaHIuH
65U 0TOOpans! 20 P06 BOABI U3 MPUIOHHOTO TOPU30HTA
u 22 npoOBl TOHHBIX oTiOXeHHH. B mepmox 2011-2013
IT. OBUTH BBINTOJTHEHBI MTOJMTOHHBIE CHEMKH B MPUOpEXk-
HOH akBaTopuu OT M. JIUCTBEHHBIN 10 M. BeltHaBonok 10
m300atsl 10 MeTpoB. 26 utons 2011 r. u 7, 12 uromst 2012
. 65010 oTtoOpano mo 11 mpob BOxBI W3 MPHIOHHOTO TO-
pm3onTa. B 2013 1. paboTs! OBUTH TIPOBEICHEI TOJBKO Ha
3aragHoOM IOJINTOHE, Te OBII0 0TOOpaHO 6 MPod MPHUIOH-
HOM Bozbl. B etHwmii cezon 2016 1. B akBaTtopun y M. [my-
6okuit B 250 M oT Gepera BBIITOTHEH O0TOOP MPOO BOABI HA
20 craHuusIX B 4 3Tama ¢ MHTEPBAJIOM Y4 MOITYCyTOYHOTO
LUKJIA AT OTMPENENICHNS] B HUX COAEPKaHUS YITIEBOIO-
pomoB. A metom 2017 1. 65UT0 B3ATO 7 TIPOO BOIBI HA Y4
CYTOYHOM CTaHIIUHM U3 MPHIOHHOTO TOPU30HTA U 28 1pod
BOZIbI Ha 2-X MONYCYTOYHBIX CTAaHIMAX C MHTEpBaioM | 4
W3 TOBEPXHOCTHOTO Topm3oHTa. Jlerom 2018 1. GBI mIpo-
JoJbKeH oTOop mpob Boxmel Ha comepxanne YB. ITpoOst
BOJIBI OTOMPAIIICH C TOBEPXHOCTHOTO TOPU30HTA, ¢ Oepera
B TeUeHHUe JHS Kaxasle 3 gaca. OnpenencHue conepKanus
YIIEBOIOPOOB B MP0oOax BOABI M JOHHBIX OTIOKEHHUSIX
MIPOBOIIIOCH B JabopartopHbix ycnoBusix. ComeprkaHue
VB B mpobax TOHHBIX OCAaTKOB M BOABI, OTOOpPAHHBIX Ha
Pa30BBIX CTAHIMAX, ONIPEACIAIN METOIOM HH(ppaKkpacHOH
cnexrpometpun — UKC (Meromuxka ..., 1995, 1998).

MasytHo-necuansie arperarsl (MITA) Obuin coOpaHbl B
paiione M. I'tyOokmii mpu MX oOHAapy)KEHHH Ha OCYIIKE.

according to the standard technique, continuously
in the daytime hours with use of field binoculars
BPTS5 8x30M and YUKON 30x50, and also a
spotting scope (30x50). We recorded parameters such
as the patterns of animals distribution, size and age
structure of groups, degree of fidelity of white whales
to a certain area, patterns of animals’ behavior, and
impact of weather conditions. Age of white whales
was determined by the body color: dark animals were
defined as calves (newborns); grey - subadults; and
white - adults (Kleinenberg et al. 1964; Ognetov
1981). The groups were divided into mixed-age
(adults with calves) and male groups (of exclusively
adult animals) (ibid.). When processing the results
of shore-based observations, we composed a daily
diagram of white whales presence, which showed the
number and duration of animals present by the age
categories in the observed. The data processed this
way were used to calculate the following parameters:
the observability factor (Kobs), attendance (A,
attendance), and average number (Nav). The
methodology for calculating these parameters and
composing diagrams can be found in our special
publication (Andrianov, Lukin 2017).

To assess the level of pollution in the southern Onega
Bay in July, 2005, 20 water samples from the near-
bottom depth and 22 samples of the bottom sediments
were collected from the stations arranged into a grid.
In 2011-2013, we performed surveys in the coastal
waters from Cape Listvenny to Cape Veinavolok to
the 10-m isobath. On June 26, 2011 and July 7 and 12,
2012, 11 water samples were collected from the near
the bottom. In 2013, the works were conducted only
in the western area, where 6 samples of near-bottom
water were collected. During the summer season of
2016, water samples were collected in the water area
off Cape Glubokiy at a distance of 250 m from the
coast, at 20 stations in 4 steps with an interval of 1/4
of a semidiurnal cycle (to measure the hydrocarbons
content in them). In the summer of 2017, 7 water
samples were taken from the near-bottom depth at
the 1/4 diurnal station and 28 water samples from the
surface at 2 semidiurnal stations with an interval of
1 hour. In the summer of 2018, we continued water
sampling for determination of OHC. The water
samples were collected from the surface directly from
shore, every 3 h through the day. The hydrocarbon
content in the water and bottom sediment samples
was analyzed at the laboratory. The OHC content
in the samples, collected from a single stations, was
measured by the method of infra-red spectrometry
(IRS) (Technique..., 1995, 1998).
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st u3y4ueHnst COCTOSHUS MPUOPEXHBIX MOMYISAINHA PHIO
B 2012, 2013, 20162018 rr. B paitone M. I'myOokuii Ha
Pa3IUYHBIX MPUOPEKHBIX YIACTKAX MPOU3BOIAMICS OTIIOB
pBI0. Otipenernsiics BUIOBOM cocTaB yaoBOB. s peanoi
M MOPCKOW KamOaJbl IpOBOAMICS OMOaHAIN3, BKITIOYAIO-
AN pa3MEpHO-BECOBBIC XapaKTEPUCTUKH, OTPEICICHHUE
1oia ¥ oTOOp OTOJMTOB JUIS ONPENENICHHS BO3pPacTa B
nmabopatopHbIX ycinoBusax. OT6op mpob TkaHel Oecro3Bo-
HOYHBIX JJISI OTIPEAETICHUs] COAEPX AHUS MacCOBOW JIOIH
HeTAHBIX Y B npounsBoamics mocine nx cobopa ¢ mociemny-
IolIei JocTaBKOW B TabopaTtopuio B )kuBOM BHe. O0Imme
HE(TENPOAYKTHI B TKAHAX TMAPOOHOHTOB OMPEEIISUINCH
cornmacio HIAM 05.17-2009. B xozxe ompoca xutenei 1.
ITypuema u 1. JIsmua, a Takxke 1o COOOIIEHHUSIM OT COTPY/-
HukoB T IMC MUC u xwureneit r. OHern, BBISICHHUIIOCH,
yto B nepuog 2009-2017 rr., B paiioHe perucTpupoBaIn
rudens Oemyx.

PE3YJIBTATBI WU OBCYXIEHHUE. Pesynbsrarsl
MapIIPYTHBIX M CTAIlMOHAPHBIX HAOIIOJICHUM, MPOBEIACH-
HbIX B 2003-2006 TT., TO3BOJIMIIA BBISBUTH, YTO JICTOM B
F0T0-BOCTOYHOM yacTu OHEXKCKOTO 3aIMBa pacIipeiejeHIe
Oemyxu HOCHT JUCKPETHBIM XapaKTep, HO IPH 3TOM 0emy-
XM, OOHTAIONINE B PaiiOHEe, COCTABIAIOT €IUHOE CTano. B
3TOT IEPHO CTaI0 HacyuThIBaIO 10 150 ocobeit (130 Oe-
JIyX MbI HAOJTFOIAJTH TOJBKO B CTaTHOM CKOILJICHUH B HIOJIE
2005 r.) 1 uMeno 6 y4yacTKOB PENPOAYKLUH C IEHTpalb-
HBIM y4acTKOM B paiione M. [1y0okuii (AHAPUAHOB | Jp.,
2009) (puc. 1A). Kaxkaprit yuacTok pa3MHOKCHHUS FOXKHOTO
JIC — 3T0 pubpexHast akKBaTOPHS MPOTHKEHHOCTHIO 5—7
KM, TJe oOMTana pa3HOBO3pACTHAsl TPYIIHPOBKA Oemyx
YUCIIEHHOCTHIO 710 30 ocobeit, cocTosIas n3 HECKOIbKUX
ceMei, KaxJas W3 KOTOPhIX HMMeENa CBOW MPHOPEKHBIN
YYaCTOK JCTOPOXKICHHUSI.

Haumnast ¢ 2006 r., HaMeTUIach TEHACHIMS HM3MEHEHUS
IIPOCTPAHCTBEHHOM CTPYKTYpHI ctana. Paiion neropoxne-
HUS y M. [IryOokwii cTaHOBUTCS TO OOJNBIIEH YacTH Me-
CTOM OOMTaHMA B3pOCHBIX Oeryx 0e3 AeTeHbImeH (Tpymn
camIioB). Y4YacToK B paifoHe 1. JIAMITBI mpaKTHIECKH TIe-
pecTan MCIONB30BaThCs OeyXxaMHu Kak MeCTOOOWTaHHe,
Ha yJacTKaX OOMTaHMS OTAEIBHBIX TPYMIIUPOBOK HaOIIO-
Jancs otxox 0emyx oT MenkoBoauit (puc. 1B).

W3menuiics xapakTep U akTHBHOCTh OCEIAeMOCTH Oety-
XaMH aKkBaTopuu y M. [I1yOoKuii, 4TO OTpakaeT pUCYHOK
2. 1o nedrsnoro 3arpszuenns (2003 1.) 1 Kakoe-To BpeMs
nocie 3arpsizHeHus (2005 r.) axBaropust y M. [myGokwmii
SBJISTIACH YYAaCTKOM PENpOAYKIHMH OelyX, rje MpOoHCXo-
JIMJIO JICTOPOXKJCHUE M HavajlbHOE BOCIHMTAaHHE HOBOPO-
JKIEHHBIX, x0T B 2005 . Ha OoJblIel 4acTH aKBaTOPHUU
oburaHus craja conepkanue YB B Boje Haxoanmnoch Ha
yposae 10-15 ITJIK (Anapuanos u ap. 2016). Ha rpaduke

Black oil-sand aggregates (BOSA) were collected
near Cape Glubokiy, if found during low tides. To
study the condition of the coastal fish populations,
fish were caught off Cape Glubokiy from various
coastal sites in 2012, 2013, and 2016-2018. Species
composition of catches was determined. Freshwater
and sea flounder were analyzed, including: size/weight
measurements, identification of sex, and otoliths were
collected for age determination in the laboratory.
Tissues from invertebrates to determine the weight
fraction of OHC were sampled after the animals were
live-collected and delivered to the laboratory. Total
oil products in tissues of aquatic organisms were
determined according to NDI 05.17-2009. Residents
of the villages Purnema and Lamtsa reported in their
interviews that white whales mortality was registered
in 2009-2017. Similar information was received from
the officers of the State Inspection on Small-Size
Vessels (GIMS), EMERCOM of Russia, and residents
of Onega Town.

RESULTS AND DISCUSSION. The results of the
vessel- and shore-based observations in 2003-2006
have shown that in summer the distribution of white
whales in the southeastern part of the Onega Bay has a
discrete pattern, but overall the white whales inhibiting
this area represent a single herd. During this period,
the herd numbered up to 150 individuals (we observed
130 white whales in one aggregation only in July 2005)
and had 6 breeding sites with the central site near Cape
Glubokiy (Andrianov et al. 2009) (Fig. 1A). Each
breeding site of the southern LH is an area of coastal
waters (about 5—7 km in length), inhabited by a mixed-
age group of white whales, up to 30 individuals and
consisting of several pods, each of which has its own
coastal site for calving.

Since 2006, the spatial structure of the herd has been
changing. The calving site near Cape Glubokiy is
becoming mainly a habitat for adult white whales
without calves (male groups). White whales have ceased
to use the site off the Lamtsa Village as a habitat; at the
sites inhabited by separate groups, we observed white
whales leaving the shallow waters (Fig. 1B).

The pattern and frequency of attendance of the area off
Cape Glubokiy by white whales changed, as is shown in
Fig. 2. Before the oil spill (in 2003) and for some time
after (through 2005), the water area off Cape Glubokiy
was a breeding site used by white whales for calving
and nursing newborns, although in 2005 the OHC
content in water, through the most of the area inhabited
by the herd, remained at a level 10—15 times higher than
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Puc. 1. Pactipenenenue 6exyxu B 1oro-BoctoyHoi yactu OHexckoro 3ainuBa: A — B 2003-2005 rr, b — B 2006-2013
IT. | — HaOIrOAATeNbHBIN ITyHKT; 2 — OCHOBHBIE HAIPaBJICHUS KOUYEBOK OeiryX; 3 — y4acTKH JIOKaIbHOTO OOHUTaHUS
6enyx; 4 — mutopais; 5 — cxorutenue 130 ocobeii Oemyx 21.07. 2005 r.; 6 — MecTa 0OHapyKeHHS TOTHOMNX OeryX Ha
JUTOpany; 7 — MecTa 0OHapyKeHHs OrnOIHX OeTyX Ha BOJe.
Fig. 1. Distribution of white whales in the southeastern part of the Onega Bay: (A) in 2003-2005; (B) in 2006-2013.
(1) Observation post; (2) the main directions of white whales’ movements; (3) sites of local habitat of white whales;
(4) littoral zone; (5) an aggregation of 130 white whales on July 21, 2005; (6) places where dead whales were found
in the littoral zone; (7) places where dead white whales were found in water.
Key:

Onesxckuii 3amuB —> Onega Bay
Mpeic Iny6okuii = Cape Glubokyi

Mpeic Betinasonok —> Cape Veinavolok

3TO OTPaXXaeT ypOBEHb MOCEUIAEMOCTH aKBATOPHH B3POC-
JIBIMH C JIETEHBIIIAMU-CETOIETKAMU, JOCTUTAIOIIMMA B OTH
ronbl 50—60 oco0b X 4yac 3a neHs HaOmoneHui (puc. 2.)

OTOo0p ¥ aHamM3 MPOO MPUIOHHOIO CJIOS BOIBI, BBIMOJI-
HeHHble HamHu JieToM 2011 I, moka3an CHMXXEHUE YPOBHS
KOHIIEHTpAlMU YIJIEBOJOPOJIOB B BOJE IO CPABHEHHIO C
2005 r. B 2-3 paza. CranuoHapHble HaOJIIOEHNUS, IPOBE-
nennsbie B 2011 r. y M. [lryGokwuii, noka3zaiu, 4to mocera-
€MOCTb OeJyXaMH 3TOro paiioHa SBJISIeTCs BBICOKOM, OCTa-
Basick Ha ypoBHe 2003, 2005 rr. OnHaKO HCTIOIB30BAIICS
OH, MOJI00HO JieTHeMy ce30Hy 2006 T., B OoJblieit Mepe
B3pOCIBIMU Oenmyxamu 0e3 JeTeHbliel (camuamu). OTo
HaBITHO OTPAKaeT CHIMKEHHE YPOBHS IOCELIAeMOCTH
aKBaTOPUU CaMKaMH C JeTeHbIaMu cerojeTkamu B 2011
I, paBHO KaKk 1 B 2006 I., B CpPaBHEHHUH C NMPEIbIIYIIUMU
rogamu (puc. 2). B 2012 r. akBaTopusi I0ro-BOCTOUHOM
yacT OHEXCKOTo 3ajiMBa B pe3ysibTare MITOPMOB B 3Ha-
YUTEIHLHON Mepe OYMCTHIIACh OT OTJIOKECHUI Ma3yTa U Co-
JepxaHue YB B Boje Ha Gonbliei yacTu akBaTOpUU CHH-
3miock 110 ypoBHs [IJIK. benyxu 3neck cranu 3aXoauTh Ha
MmenkoBonke. Kpome toro, 2.07.2012 r. y camoro mbIca, Ha

the maximum allowable concentration (MAC) limit
(Andrianov etc. 2016). As can be seen in the graph, the
level of attendance by adults with calves in this area
during those years reached 50—60 individuals x hour
per an observation day (Fig. 2.)

The sampling and analysis of water from the near-
bottom layer, collected in the summer 0f 2011, showed a
2-3-fold decrease in the concentration of hydrocarbons
in the water compared to that in 2005. The shore-based
observations in 2011 at Cape Glubokiy showed that the
attendance of this area by white whales is high, and
remaining at the level of 2003 and 2005. However, it
was used mostly by adult white whales without calves
(males), similarly to the summer season of 2006. This
evidently reflects the decrease in the level of attendance
of the area by females with calves in 2011 and 2006,
compared to that in the previous years (Fig. 2). In 2012,
the waters of the southeastern Onega Bay was cleaned of
oil deposits to a significant degree as a result of a storm,
and the OHC content in water over most of the area
decreased to the MAC level. White whales returned to
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Puc. 2. I3meneHune cyTouHoit nocemaeMoctu (A, oc. X 4) GesryxaMu pa3HbIX BO3PACTHBIX KaTErOpHii aKBaTOPHH Y M.
I'my6oxwmii B meproz netHux ce3oHoB 2003-2018 rr. 1 — B3pocible, 2 — HEMOIOBO3pEJIbIe, 3 — CETOJIETKH.
Fig. 2. Variations in daily attendance (A, inds. x hour) of the water area off Cape Glubokiy by white whales of
different age categories in the summer seasons of 2003—2018. (1) adults, (2) subadults, (3) calves.

Key:

A,oc. xu > A, inds. xh

Hronb-utons —> June—July

MEJIKOBOJIbE, MbI HAOJIIOAIN POXKICHHE OCIyIIOHKa. DTO
nepBoe Takoe Haomoaenue nocie 2003 r. C 3Toro aHs cam-
Ka ¢ HOBOPOXACHHBIM CTaJIM MOAOJITY JACPKATHCA B6J'II/IBI/I
MBICa, U TIOCEIIAEMOCTh aKBATOPHH HAOIONCHUI JPYTUMHE
CaMKaMU C JETCHbINIaMU TAaKXE YBCIWMYUIACH, YTO OTpa-
JKAIOT JIBa MUKa MMOCEIACMOCTH aKBAaTOPUH JICTCHBIIIIAMH,
KOTOPBIC MOKHO BHJICTh Ha TUArpaMMe MOCE[aeMOCTH 3a
3TOT nepuo (puc. 2).

V3MeHeHns B UCTIONB30BAHUN MECTOOOHUTAHUS OelryXamu
HUMEIHN IeTBINA PA HETAaTUBHO CKA3aBIIMXCA HA COCTOSHUH
CTajia MOCIEACTBUH. benyxu yTpaTuinm psn aganTHBHBIX
HAaBBIKOB, YTO MOIJIO CTAaTh OAHOM M3 MPUYNH HMOBBIIICHHUS
YPOBHS CMEPTHOCTH, O KOTOPOM MOKHO CYIHTD 10 Pe3YIIb-
TaTaMm ONPOCHBIX cBefeHuH. 3a 4 rona, HaunHas ¢ 2009 r.,
OoTMeueHa THOeNb 2-X B3POCIBIX KUBOTHBIX, 3-X JICTCHEI-
el ¥ OHOM HEMOIOBO3PENoi OelyXu, Torna Kak B IIpe-
IBITYIIAE TOOBI PETUCTPAIH HOTHOMKX OeTyX B paiioHe

the shallow waters here. In addition, on July 2, 2012
we observed the birth of a calf in the shallow waters
near the cape. This was the first such observation since
2003. After the birth, the female with her newborn calf
were staying near the cape for a long time, and the
attendance of the observed area by other females with
calves also increased, as shown by the two peaks of
calves’ attendance of the area in the diagram for this
period (Fig. 2).

The changes in the habitat use by the white whales had
a variety of consequences that negatively influenced
the condition of the herd. The white whales lost a
number of adaptive skills, and that could be one of
the reasons of an increased mortality rate reported in
the interviews. During the four years since 2009, six
cases of white whale death (2 adults, 3 calves, and 1
immature) were recorded, whereas in previous years
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ObUTH OOMBINON peAKOCThI0. JIpyroll MPUYUHON MOBHIIIIE-
HUSI CMEPTHOCTH OE€ITyX MOIJIO CTaTh CHIDKCHHE YpPOBHS
nx KopMoBoi 0a3pl. ITo pesymbraTraM OIPOCHBIX CBene-
HUH, COCTOSHHE PBIOHBIX PECYpPCOB B paliOHE MO TaKUM
BU/IaM, KaK CeNbb, KaM0asa, CUT M HEKOTOPBIM APYTUM,
B MOCJIEHUE TO/IBI 3aMETHO yXyaummiock. Enie oqxa Bo3-
MOXHAsl TIPUYMHA, KOTOpas MOTJAa BbHI3BAThH INOBBIIICHNE
YPOBHSI CMEPTHOCTH 0€yX, — HAKOIUIEHHE B TKAHAX HMX
opranu3moB YB. Ilo nonmydyennsim Hamu B 2012-2013 rr.
JaHHBIM, coziepXaHue YB B TKaHSIX THAPOOHMOHTOB, OTO-
OpaHHBIX Ha JINTOPAIH B paiioHe M. [ITyOOKuii, B IECATKI
pa3 mpeBOCXOAMWIO copepkanne YB B TKaHAX THAPOONOH-
TOB M3 HE3arpsi3HEHHBIX PaliOHOB, KOTOPOE COCTABISIET
1-3 mr/kr ceipoit maccel (exarypuna,1992). ITockoms-
Ky amst 6erryxu Oecrio3BOHOUHBIC, KaK M PBIOBI, SIBISIFOTCS
KOPMOBBIMH OOBEKTaMH, TO €CTCCTBEHHO OXKHJIaTh HAKO-
mwicHne YB 1 B TKaHAX OemyXx.

B 20162018 rT. paboTHI I0 MOHUTOPHHTY KOJIOTHIECKO-
TO COCTOSTHHS 3arPSI3HEHHOTO paiioHa ObUTH MPOJOJIKEHBI.
HccnenoBanusi mokasaiu, 4To B MPUOPEIKHOM 30HE Yy M.
I'myOoKwmii B pa3InIHbIC IEPUOBI IOTYCYTOYHOTO MPUITH-
BO-OTJIMBHOTO IIHKJIA IPe00Iaaiu YicThie Boabl (AHIpHU-
aHoB u np. 2017). B 1ienom nposenennsie B 2012, 2013,
20162018 rr. uccieqoBaHUs IOKA3alM, YTO B JICTHHE
CEe30HBI 3THX JIeT YB 3arpssHeHue ucciexyeMoi mnpu-
Ope)KHOM aKBaTOpUM Ha OOJBIIEH e¢ YacTH MOCTEICHHO
cHuzunoch A0 ypoBHs I1JIK. B cBsizu ¢ aTuM npousonuiu
MIEPEMEHBI U B COCTOSIHUU Pa3JIMYHBIX 3BEHHECB TPO(HUUe-
CKOH 1erH, B TOM uyuciie U O0enyxu. Heckonbko Oomnee mo-
3UTHBHAs KapTHHA, YeM Ipexe, HabIaaIach ¢ U3MeHe-
HUEM COCTaBa MOMYJISAIUI PEYHOM ¥ TOJIAPHON KamMOaJIbl,
0 YeM MOKHO CYAMTH 10 BO3PACTHOMY COCTaBY BBLIOBJIEH-
Ho¥ kambaubl. Tak, ecnu B 2012, 2013 rr. uX cocraB co-
CTOsUI B OCHOBHOM M3 3-X TeHepaluii Bo3pacTtoM 2—4 Jier,
1o B 2017-2018 TT. BO3pacTHOIl cOCTaB pacUIUpHUICS N0
5—7 reHeparuii, mpudeM i 00OUX HCCIICAOBAHHBIX BHU-
JIOB.

CramuoHapHbIe HAaONMIONEHNS, IPOBEJCHHEBIE B pailoHe M.
I'my6oxuit B metamne cezonsl 2016, 2017 rr., moxa3zanu,
YTO B [EJIOM yXyamuBiieecs coctossHue JIC, oduraromie-
O B paifoHe M. [ybokuii, octaBanocs Ha ypoBre 2013 1,
HO HaMETHIINCh HEKOTOPbIE ITOJIOKUTENILHbIE IIEPEMEHBI B
moBeneHNN Oenyx. Tak, ecnu mocemaeMocTs OerxyxaMu
aKBaTOPUM HaOJIONEHHH OCTaBanach Ha CaMOM HHU3KOM
ypoBHe (HmKe Oputa Tompko B 2004 1., cpa3y mocie 3a-
rpsa3HeHns) (puc. 2), To XapaKkTep 3TOH MOCenaeMOCTH B
cpaBaenunu ¢ nepuogom 2011-2013 rT. u3MeHMIICS B OO~
KHUTEIbHYIO CTOPOHY. beyxu cramu mogxonurs Onke K
Oepery, 4T0 CBUACTEIHCTBYET 00 ONpeAeTICHHOM OYHIIe-
HUW TPUOPEXHOIN aKBaTOpuHu OT HeTernpoaykToB. Kpo-
Me TOTrO, OCyXH BHOBb CTAJIM HUCIIONB30BAaTh LUKINIHOE

dead animals in the area had been rarely found. A
reduction in the level of food supply could become
another factor of the increase in the white whales
mortality rate. According to the interview data, the
status of fish resources in the area such as: herring,
flounder, white fish, etc., significantly deteriorated
in previous several years. One more possible factor,
which could cause the increased mortality rate, is an
accumulation of OHC in tissues of the organisms.
According to the data obtained by us in 2012-2013,
the OHC content in tissues of the aquatic organisms
collected from the littoral zone off Cape Glubokiy was
dozens of times higher than the OHC level in tissues of
the organisms from the non-polluted areas, which was
1-3 mg/kg wet weight (Shchekaturina, 1992). Since
invertebrates, as well as fish, are the food items in the
diet of white whale, it is logical to expect accumulation
of OHC in tissues of white whales also.

In 20162018, the work on monitoring the ecological
condition of the polluted area continued. The study
showed that in the coastal zone near Cape Glubokiy
clean waters prevailed during various periods of the
semidiurnal tidal cycle (Andrianov et al. 2017). In
general, according to the studies conducted in 2012,
2013, and 2016-2018, the OHC pollution of the
considered coastal waters gradually decreased to the
MAC level in most of the area during the summer
seasons of those years. In connection with that, changes
also occurred in the condition of various elements of the
trophic chain, including white whales. The variations
in the structure of the populations of freshwater and
polar flounder showed a slightly more positive trend
compared to that observed previously, as is evidenced
by the age structure of flounder in the catches. Thus, in
2012 and 2013 the age structure consisted mainly of 3
year-classes aged 2—4 years, but in 2017-2018 the age
structure extended to 5—7 year-classes for both species.

The shore-based observations near Cape Glubokiy
during the summer seasons of 2016 and 2017 showed
that the declined condition of LH inhabiting the waters
off the cape remained generally at the level of 2013,
but some positive trends in behavior of white whales
were also noted. Thus, while the attendance of the
study area by white whales remained at the lowest
level (it was lower only in 2004, immediately after
the oil spill) (Fig. 2), the pattern of this attendance is
improving compared to that in the period 2011-2013.
White whales began to approach closer to the coast,
which may indicate a lack of oil pollution in those
coastal waters. Also, white whales used the cyclic
tidal current for stay locally in the habitat: they were
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Puc. 3. [TornOmmii nerensim 6emyxu, 3oomoruueckas aauna 141 cm. Mions 2017 1, paiton m. ['myGoxwuii, OHe>KCKui
3aJIB.
Fig. 3. The dead white whale calf (zoological length 141 cm) found near Cape Glubokiy, Onega Bay, in July 2017.

MPWIMBHO-OTIMBHOE TEIEHHE IS TOJIEPKaHUSI JIOKAJIBHO-
CTH MecToOOHMTaHMsA: 10 OONbIIEH YacTy, Jiexa Ha BOZE U
IIACCUBHO IIEpeBUIasich BIOJIL Oepera B 00e cropoHsl. Ho
MMENUCh U HETAaTHBHBIC IS MOIYIISIIUY MU3MEHEHNUS B [IOBE-
nennn 6enyx: nerom 2017 . 6enyxu CTaiy OCTaBJIATh CBOUX
JIETEeHBIIIell Ha momedeHne 1-2-X B3poCHbIX Oenmyx, a He-
CKOJIBKO pa3 JEeTEHBIIIN NOSBIISUTCH BOOOIE 6e3 B3pOCIIBIX.
310 omacHO A4 Oemymar B CTONb CIOKHBIX THAPOJIOTH-
YECKUX YCIIOBUSIX, Kakue HaOII0NaloTCs B FOTO-BOCTOYHON
yacT OHEKCKOTO 3aJIUBa, U BIIOCIIEACTBUH 3TOMY HAIIUIOCh
noxaTBepxaeHUe. [lo-BUOMMOMY, BBIHYKAEHHO OCTaBIIAS
CBOMX JICTCHBIIIEH, CAMKH YXOIMIN KOPMHUTBCS B yAaIeH-
HbIe OT YYacTKOB PENPOAYKIMH PAHOHBI, YTO MOIIO OBITH
BBI3BAHO IIEepepaclpeielicHHeM B pailoHe 0OBEKTOB MHTa-
HUA 1 CHIKEHHEM HX 3anacoB. OIIpoc MECTHBIX XKHUTETEH .
ITypHeMa 3acBHIETEIBCTBOBAN IPONOIDKAIOIIYIOCS THOEIb
Oenyx, HauaBuryrocs ¢ 2009 . u k 2017 1. cocTaBuBIIyIo 12
oco0eli, BKIIIOYasi 5 B3pOCIBIX OelyX, 2 HEHoJI0BO3peIble
Oenyxu u 5 nerenpimeid. B 2017 1. ObU1 HaiieH MOrKOIIHIA
JIeTeHbIII Ha Oepery B paiione c. [lypHema, rae ocyiika ao-
cturaer 6omee kmomerpa (puc. 3). Ilo-Buaumomy, nere-

mostly lying on the water surface and moved in both
directions with the tide. There were changes in white
whales behavior that were negative for the population:
in the summer of 2017 white whales were seen to leave
their calves in care of one or two adult white whales,
and several times the calves appeared without any adult
supervision. This is dangerous for calves in such difficult
hydrological conditions that exist in the southeastern
part of the Onega Bay, as was subsequently confirmed
by an incident. It is possible that, females went to
feed in remote waters from the breeding sites, thus
abandoning the calves for an extended period of time.
The reason for that could be a redistribution of their
food objects and a decrease in their stocks in the area.
In their interviews, local residents from the Purnema
Village reported the continuing high mortality of the
white whales which had begun in 2009 and counted
12 individuals, including: 5 adults, 2 subadults, and
5 calves by 2017. In 2017, a dead calf was found in
the area off Purnema Village, where the low tide zone
reaches more than a kilometer (Fig. 3). The calf was
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HBIII OB OCTaBJICH B3pPOCJIbIMU ) KMUBOTHBIMU U B OAUHOYKY
HE CMOI' BOBPECMS IIOKUHYTh MeJIKOBOZ[HLIﬁ pa1710H.

3BAKJIFIOYEHHUE. Takum o00pazoM, JONTOBpEMEHHBIE
HEeTaTUBHBIE NOCIIEICTBHS AJIS FOXKHOT'O JIOKAIBHOTO CTaja
Oeyx oueBunHbl. B urone 2004 r., Korna craso NpUIILIO B
palioH JIeTHEero OoOWTaHus, 3arps3HEeHHe BOA 3[eCh OBbLIO
HACTOJILKO BEICOKHM, YTO O€ITyX1 HOKUHYJIH PaiioH perpo-
nyknuu. Ho yxe nerom 2005 1. cTaio YMCIEHHOCTBIO OKO-
710 150 pa3HOBO3pACTHBIX 0COOEH BHOBH MOSIBUIIOCH B paii-
oHe, HecMoTps Ha 10—15-tu xpatHoe npessimenue [TIK
ypoBHs conepkanusi YB B Boge. M Bce ocTanbHbIE rofbl
BILIOTH 710 2017 . cTaj10 MPUXOAUIIO B PalfOH CBOETO JIETHE-
ro ooutanus. Ho rogel oOutaHus B 3arpsi3HEHHOM paioHe
He mpouu s Oemyx Oeccrnenno. HeratnBHoe Bo3nei-
CTBUE Ha HUX OOBEKTUBHO Hayajio mposBisThes ¢ 2009 T,
KOTZla B paiiOHe CTaIW PErHMCTPHPOBATH ITOTHOIINX OelyXx,
XOTSI HA CaMOM Jielie K OyyIieMy MOBBIIIEHHIO CMEPTHO-
CTH IPUBENH MIEPEMEHBI, IPOU3OIIEALINE CO CTAJ0M eIle B
2006 1., Takue Kak U3MEHEHUE IPOCTPAHCTBEHHOM CTPYKTY-
pa craza u Jp., BeI3BaHHbIE 3arps3HeHueM. K Hacrosmemy
BpPEMEHH aKBaTOpHs palioHa OOMTaHUs OeNlyX CyIEeCTBEH-
HO OYHCTHIIACh OT HePTAHBIX Y B, HO Oemyxu IponomKaloT
ruOHyTh. OHAKO TIOMUMO OYMIIEHHS BOJ €CTh M JIPyrue
NPU3HAKK TOCTENEHHOW CTaOWIM3aliK IOCTpalaBIIeH
OT 3arps3HEHUs] 3KOCHCTEMBI: YIy4IIeHHE COCTOSHUS
HOMYJSIUKA PBIO U OECIIO3BOHOYHBIX, KOTOPBIE SIBISIOTCS
KOPMOBBIMU OOBeKkTamMu Oenmyx. Ecnmu TeHmeHuus yimyd-
IIEHUS COCTOSIHUS SKOCHUCTEMBI COXPAHMTCSH, TO CIexyeT
OXXHMJaTh CTaOMIM3allMK YHCICHHOCTH JIOKAIBHOTO CTaja
Oeyx (BO3MOXXHO Ha HOBOM YPOBHE), U 9TO NPOHM30iIeT
IIPY BO3BPALCHUH YPOBHS CMEPTHOCTH OENTyX K YPOBHIO,
HaOJIfoaBIIeMycsl 10 3arps3HEHHs, KOTJa pPerrcTparis
noruomux Oemyx Obu1a OONBIION PENKOCTHIO.

BBIBO/IbI: 1. PaznuB Ma3yTa B 1o:xHOM 9acTH OHEKCKO-
TO 3aJMBa MPUBEN K CEPhE3HBIM HAPYIICHUSM HPUOPEK-
HOU 3KOCHCTEMBI F0r0-BOCTOYHOM YacTH OHEKCKOIo 3ajIH-
Ba, I 0OWTAET I0KHOE JIOKAJIBHOE CTAaN0 OeIyXH.

2. Ilouru 10 et nocne pa3auBa ypoOBEHb 3arpA3HEHUS BOJ
akBaTopuu ucciaenosanuil npessiman [1JIK B HeckoIbko
pa3. B TkaHsAX THAPOOMOHTOB HAKAIUTMBAINCH HE(PTSIHBIC
VB, cocraB nomynasuui peyHOM W TONSIPHON KamOalibl,
BBUIOBJICHHOM B aKBaTOPUHU, COCTOST B OCHOBHOM U3 3-X
reHepanuii Bo3pacToM 2—4 JierT.

3. B mepuon ¢ 2009 mo 2017 r. B paiione Habmoganach
rubenb OelyX U YMEHbILIEHNE YHCIEHHOCTU MTPUXOASIIECTO
CloIa cTaja.

4. B nepuon uccnenosanuii 2016—2018 rT. ObLIO BEISABICHO,
YTO aKBaTOpUs MPAKTUUECKU oYHCcTMIIach oT Y B. B Tkansix
THIPOOHOHTOB cofepikaHne YB Takke MPUIIIO B HOPMY,

apparently left by adult animals and could not leave the
shallow zone on its own in time.

CONCLUSION. As a result, the long-term negative
consequences to the southern local herd of white
whales are evident. In June 2004, when the herd arrived
in the area of their summer habitat, the water pollution
was so high that the animals left the site. But in the
summer of 2005 the herd (counting approximately 150
individuals of different ages) appeared again in area,
despite the OHC content in water exceeded the MAC
level 10-15 times. In all the subsequent years up to
2017 animals used the area of summer habitat. But the
years of staying in the polluted waters possibly had an
impact on the white whales. The negative effect became
apparent since 2009, when dead white whales were
first recorded in the area. Although the actual cause of
mortality rate increase (that happened in the following
years) was possibly the changes in the spatial structure of
herd and food, all of which was a side effect of pollution.
Currently, the area inhabited by white whales has been
mostly cleaned of OHC, but white whales continue to
die. There are also other signs of gradual stabilization
of the ecosystem (besides improvement in the water
quality) which has suffered from pollution: increase in
the numbers of fish and invertebrate populations which
are the food objects of white whales. If the condition of
the ecosystem continue to improve, we can expect that
the same would happen to the local white whales’ herd
(probably at a new level). This will occur when the death
rate of white whales returns to the level recorded before
the pollution, when records of dead white whales were
very rare.

KEY RESULTS: 1. The accidental spill of fuel oil in
the southern part of the Onega Bay has led to a serious
disturbance of the coastal ecosystem inhabited by the
southern local herd of white whales.

2. During almost 10 years after the spill, the level of
pollution of waters in the study area exceeded the
maximum allowable concentration (MAC) limit several
times. OHC accumulated in tissues of aquatic organisms;
the populations of freshwater and polar flounder caught
in water area consisted mainly of 3 year-classes: aged
24 years.

3. During the period from 2009 to 2017, a high mortality
of white whales and a decline in the size of the herd was
observed.

4. The studies in 20162018 showed that the water area
was mostly cleanned of OHC. In tissues of aquatic
organisms, the content of OHC also decreased to a
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YIIYYIIWIOCh COCTOSIHUE HOHyﬂHHI/Iﬁ pequﬁ u HOﬂHpHOﬁ normal level; the population trends of freshwater and

xam6ans1. B 2018 roxy rubenu Genyx yxe He Habmonanocs. | polar flounder has improved. In 2018, no mortality of
white whales was observed.
5. Ilpu npoBeneHuM fanbHENIINX UCCIEA0BAaHUM MBI BIIpa-

BE OXHMIATh BOCCTAHOBJIEHWS YHCIEHHOCTH IHOro jo- | 5. When carrying out further studies, we may expect
KaJIbHOTO CTa/1a GeTyXH, 4To 03HaJano 61 BocctaHoBnenue | a recovery of the southern local herd of white whales
SKOJIOTMYECKOr0 paBHOBeCHs HpHOpesxHOil skocuctemsr | With the restoration of ecological equilibrium to the
FOTO-BOCTOUYHOM YacTi OHEIKCKOTO 3aJIHBA. coastal ecosystem in the southeastern part of the Onega
Bay.
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Myseit MupoBoro oxeana — KOMILIEKCHBIH MapHUHHCTH-
YECKUH My3€H, paccKa3blBalOLUIl B CBOMUX 3KCIIO3ULUAX
0 TEXHUKE CY[JOCTPOEHHS, KHUBOIUCH, Pa3BUTHH MOPCKOH
TOPTOBIIHM, UCTOPUU MOPCKHX CPaXXEHHH, MCTOPHH OKea-
HOTpaUECKUX HCCIICTOBAHUH. 3a MPOIIEIIne TOAbI My-
3eii 3apaboran amInIya «My3est Kopadlei», TeM He MeHee,
IVIaBHYIO II€b — BCECTOPOHHEE NPEACTABICHHE MPUPOABI
MupoBoro okeana B My3eH{HOH SKCTIO3UIINN — HEIIB3S OBLIO
cauTark nocturayToid. OcraBaiachk HepemeHHOH mpoobire-
Ma CO3JaHUsl €CTECTBCHHOHAYYHOTO KOMILICKCA, IT03BO-
JISFOIIETO MPEACTaBUTh MHPOBOW OKeaH Kak II00aIbHYIO
HKOCHCTEMY BO BCEM €r0 MHOTOOOpa3ni.

OenepanbHas 1enesas nporpamma «Kymerypa Poccum»
2012 — 2018 rr. mana BO3MOXKHOCTh MY3€H0 Pa3BEPHYTh aK-
TUBHOE CTPOUTENBCTBO U JBUTaThCs B HAIIPABIECHUH peLle-
Hus 1oi 3anaun. Hoselii kopryc «Ilnanera Okean» crpo-
eKTHPOBaH KaK 7-3TaXXHOE COOPYKEHHE LIapooOpa3HOU
(hopMBI BEICOTOH 32 M. APXUTEKTOPHI IPEITTONOKHUIIH, YTO

The Museum of the World Ocean (MWO) is
an integrated marine museum with its exhibits
representing  shipbuilding technologies, seascape
paintings, development of maritime trade, stories of
sea battles, and the history of oceanographic research.
Over the past years, the museum has rightly gained the
status of a “ships’ museum”, however, its main goal—a
comprehensive representation of the nature of the
oceans with museum exhibits—cannot be considered
achieved. The problem of creating a natural-science
complex, which would allow viewing the World Ocean
as a global ecosystem with its full diversity, remains yet
unsolved.

The “Culture of Russia” Federal Targeted Program
(2012-2018) gave the museum a good opportunity of to
begin active construction and resolve this problem. The
new building named The Planet Ocean was designed
as a 7-storey spherical construction with a height of 32
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