











ConoBbeB u Ap. 3asucumocme UkfIbCKO20 pacrnpederneHus b6ernyxu 8 berom mope om anybuH

o B toxkubix p-vHax (/Isunckuii, Kannamakiickuii, OHex- tor on the distribution of the beluga is significant.
ckuit) benoro mops BinusiHue ¢aktopa menkoBogHocTH | e The summer distribution of the beluga throughout
Ha pacnpezesneHne OeJlyXy BbISBIEHO JI0CTOBEPHO. sea sections with different depths has not been

e JleTtHee pacmpeseiicHHe OEIyXH MO ydacTKaM MOps ¢ changing within the three-year period
pa3IMYHBIMH TTTyOMHAMHU HE M3MEHseTCs B uccienoBan- | o The greatest density of the beluga is observed
HBIA 3-JICTHUH TIEPUOI. throughout the last three years (2005-2007) in the

e HawnOomnpinas IIOTHOCTh OedyX HaOIIOmaeTCs MOCIe- shallow Onega Bay, on the average 0.13 individu-
aue 3 roga (2005-2007 rr.) B MenkoBogHoM OHEXCKOM als/100 km?.
3ammBe — B cpegHem 0,13 ocoou/100 KM

Parionns / dreas | 205 |2 | 2w | Gt | 190 [omcn st s e
Bopouxa/ Voronka 0,08 0,04 0,08 0,07 (0co6u/100 kM)
Topio/ Gorlo 0,09 | 0,06 0,08 0,08 Table. Beluga density in different regions of
Kannanaxwmckuit/ Kandalaksha 0,01 0,06 0,02 0,03 the White Sea , 200.2-2007 2.
Jlsusckwii/ Dvina 0,18 0,08 0,02 0,09 (individuals/100 km")
Omuesxckuii/ Onega 0,21 0,11 0,07 0,13

Puc. 1 I'myOunst beno-
TO MOPS ¥ TPYIIIIBI
Oeryx, oOHapyKEeHHbIE
B pe3yJbTaTe y4yera
2006 r., nuppamMu HA
KapTocxeMe 0003Ha-
yeHbl paiionsl benoro
Mopsi: 1-Boponka, 2-
T"opio, 3-
Kanpanakmickuid, 4-
JBuHCKH, 5-
OHexckuit

Fig.1. Depths of the
White Sea and groups
of belugas found as a
result of the 2000, the
figures stand for the
regions of the White
Sea: 1-Voronka, 2-
Gorlo, 3-Kandalaksha,
4-Dvina, 5-Onega
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Puc. 2. 3aBUCHMOCTB «yCIIOBHOH INIOTHOCTHY» OCITYXH OT TIIyOWH B pa3HBIX paifoHax bemoro mops,
13-17, 19, 22 urost 2006 r. (0co6m/100 km?)

Fig. 2. The relationship between the conventional density of the beluga and the depths in different regions
of the White Sea , July 13-17, 19, 22, 2006 (individuals/100 kmz)]
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Soloviov et al. Depth related distribution of white whales in the White Sea in July

"Ward", LS Means
Wilks lambda=,07413, F{9, 14,753)=3,1354, p=,02523
Effective hypothesis decompasition
Vertical bars denote 0,25 confidence intervals
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Puc. 3. Pesynpratet ANOVA Repeated Measures,
2006 r. AHanu3 «yCIOBHOU INIOTHOCTU

Fig. 3. The results of ANOVA Repeated Measures,
2006. analysis of “conventional density”
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Prenatal development of the vestibular apparatus in echolocating

mammals

A.N. Severtsov Institute of Problem Ecology and Evolution, RAS, Moscow, Russia

W3ydenue pa3BuTHs BECTHOYISPHOTO anmnapaTa MO3BOJISET He
TOJBKO O0Jiee TOAPOOHO M3YUUTh CTPYKTYpPHBIE OCOOEHHOCTH
€ro KOMIIOHEHTOB, HO M BBISICHUTH OCOOCHHOCTH HX (opmu-
poOBaHUsA B CBA3U CO CBOMCTBaAMHU Cpeabl O6I/lTaHI/l§I, a TaKXe
HalWTH OOBSICHEHHWE BO3ZHMKHOBEHHIO HEKOTOPBIX CTPYKTYp-
HBIX aJanTaluil CIIyXOBOIO W BECTHOYJSPHOTO OPraHoOB Yy
BO3/YIIHBIX M BOAHBIX 3XOJIOLUPYIOUIMX (OpPM, ONpereInuB
9Tl UX (GOpMHUPOBAHMSI.

The investigation of the development of the vestibular
apparatus does not only provide a more detailed in-
sight in the properties of its components but also in
their formation with special reference to the properties
of the habitat and also an interpretation of the devel-
opment of some structural adaptations, those of the
auditory and vestibular organs in air and aquatic echo-
locating forms by determining the states of their for-
mation.
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ConHueBsa. lpeHamanbHoe passumue SeCfTIU6y!7FI,DHOZO annapama y axosioyupyrowux mriekonumaruwux

Jns peuieHust 3TOM 3agauv Mbl MPOBEIU CPaBHUTEIBHO-
SMOPHOJIOTHYECKOe HCCIEIOBAaHNE BECTHOYIIAPHOTO ammapara
IXOJIOIUPYIOMUX BUAOB (Rhinolophus ferrumequinum, Tur-
siops truncatus, Stenella attenuata, Delphinapterus leucas),
HayMHas ¢ 00pa30BaHUS CIYXOBOIO My3bIPbKA, WM CTAIUU
MOYKH MepepHeld KOHEYHOCTH, 10 3aBeplueHus (pOpMUPOBaA-
HUSI OCHOBHBIX aHATOMHYECKUX CTPYKTYpP C TeM, 4TOOBI BbI-
SIBUTh YE€PThI CXOJICTBA U pa3iniusi B (HOPMUPOBAHUU CTPYK-
TYp OpraHa paBHOBECHs Ha Pa3HbIX CTAJHIX Pa3BUTHS B Ipe-
HATaJHHOM OHTOTEHE3€ Y BHIOB C Pa3IMUHOM IKOJIOTHIECKOH
cnermmanmzanuei (Conanena 2006, 2007).

BectuOymnapHBIil anmapar McClleOBaHHBIX BHIOB BKIIIOYAaeT
TE K€ CTPYKTYPbI, KOTOPbIE XapaKTEPHBI U1l HA3EMHBIX MIle-
KONMUTAOUMX. TpU MOJYKPY>KHBIX KaHaia (JBa BEpTHKaJb-
HBIX U OJIMH TOPU3OHTAJILHBIN) PaCIOI0KEHbI B TPEX B3aHM-
HO NEpHEeHANKYISPHBIX [UIOCKOCTSX, CAKKYJIOC, YTPUKYIIIOC,
aMITyJISIpHBIE KPUCTHI (CIIyXOBBIE IPEOCIIKN), CaKKyJIsIpHas U
YTPUKYJISIpHAs. MakyJbl. PasMepsr BecTuOyIsipHOTO armapara
y 0OJIBLIOTO MOJKOBOHOCA M NpenacTaButenei cem. Delphini-
dae B I1Ba pa3a MeHbILE, YeM pa3Mepbl YIUTKH, B TO BpeMs
KaK y Ha3eMHBIX (opM pazMepsl BeCTHOYJSIPHOTO arapara B
JIBa pa3a NPEeBOCXOIAT pa3Mephl YIUTKH.

Ha 14-15—i1 cragusx pa3BUTHA y HCCIENOBAaHHBIX BHIOB 00-
Hapy»KEHbI YePThI CXOJCTBA B (JOPMUPOBAHHH BECTUOYIISIPHO-
ro ammapara, T.e. HPOHUCXOJHUT IOJPAa3JeNIeHUE CIyXOBOTO
my3bIpbKa Ha JIBa OTJAEJA: BEPXHHU, U3 KOTOPOro (GOpMHPY-
I0TCS YTPUKYIIIOC U NOJIYKPYKHBIE KaHalbl, U HUXKHUIM, Jar0-
IIMHA HAYAJIO CAKKYJIIOCY U YJIUTKOBOMY KaHaJy.

Ha 16-oii cranum Hameuaercsi nudQepeHIpoBKa BecTHOY-
JSIPHOTO OTZEJa Ha 00pa3yIoline ero CTPYKTYpPBI: CaKKYJIIOC,
YTPUKYJIOC U MOIYKpPY)KHBbIE KaHalbl. Y BCEX HCCIEIOBaH-
HBIX BHJIOB YYaCTKM BEPXHEH YaCTH CTEHKH BEPXHErO Me-
II0OYKa HAYMHAIOT YTOJIIATHCA M M3 HHUX 00pasyroTcs IUIo-
CKHE KapMaHBbI, IPOTUBOIOJIOKHBIE CTEHKH KOTOPBIX IpHIIE-
raroT Apyr K Apyry. B nanbHelimem mecTa ciunaHus pacca-
CBIBAIOTCA M M3 HApPY)KHBIX YacTed KapMaHOB (OPMHUPYIOTCS
noxykpyskHele kananel (TutoBa 1968, Burlet de. 1934). Ile-
peOHMN U 3aJIHAN BEPTUKAJIBHBIEC MIOJIyKPYXKHbIE KaHAJIbl pa3-
BUBAIOTCSl M3 OOIEro 3a4yarka, UX 33/IHUE KOHILBI BIAJAalOT B
CpefHIOI 4YacTh (opMupyromierocst yrpukyitoca. Jpyrue
KOHIIBI ITOJTYKPY’KHBIX KaHAJIOB BIaJal0T HEMOCPEACTBEHHO B
YTPUKYJIIOC, B pe3yJbTaTe 4ero oOpa3yloTCsl pacIIUpeHHs —
aMIIynbl NOMYKPYXHBIX KaHanoB. Ha maHHON cramuu yxke
HaMeuaeTcsd JENIeHHE CIYyXOBOTO HEpBa Ha KOXJICApHYI0 U
BECTHOYJISIPHYIO BETBH C HX TaHIMAMH. B BecTuOymsipHOM
OTJeJie dIUTENNH pacnoiaraercs B 2-3 psja, B TO BpeMs Kak
KOXJICApHBIH OTAeN o0pa3oBaH OIHOCIONHBIM dmuTeNreM. B
KOHIIE 3TOM CTaJMH NPOMCXOIUT MOJHOE MCYE3HOBEHUE CIY-
XOBOTO ITy3bIpbKa U 00pa3ylOTCs JBa COBEPILEHHO CaMOCTOsI-
TEJILHBIX OTJIeNIa: BECTUOYJISIPHBIA M KoXJieapHblid. B o6pazo-
BaHHOM MpPEAABCPUHN pa3IMYarOT JABC I'PYIIIbl KJICTOK, U3 KO-
TOPBIX (POPMHPYIOTCS MEIIOYKH (CaKKYJIIOC M YTPHUKYIIOC),
TPU aMITyJIbl MOJYKPY’KHBIX KaHANIOB. YyBCTBYIOIIMI SMHTE-
JIMH KPUCT 3aMETHO Pa3JIeNIIeTCs Ha PELENTOPHBIE U ONOPHBIE
KIIETKH.

Ha 17-o¥i cragum yTpUKYJIIOC M CaKKYJIIC YK€ OTIEIHIUCH
IpyT oT apyra. K kaxmoMy U3 HUX MOAXOIUT HepB. Bee Hel-
pO3IIHUTENHANbHEIE 00pa30BaHus: CIIyXOBBIE IITHA MEIIOYKOB
HpeAaBepHs, CIyXOBOH IpebeHb aMITysl MOITYyKpPY>KHBIX KaHa-
JIOB U KOPTHUEB OpraH Ha4MHAIOT Pa3BHBATHCS M3 OOJIBILIOTO

To solve that problem we made a comparative em-
bryological study of the vestibular apparatus of echo-
locating species (Rhinolophus ferrumequinum, Tur-
siops truncatus, Stenella attenuata, Delphinapterus
leucas), from the formation of the auditory vesicle or
the study of the Anlage of the front extremity to the
completion of the formation of the main anatomical
structures to reveal similarity and differences at differ-
ent stages of the formation of the equilibrium organ
structures in the prenatal ontogenesis in species with
different ecological specialization (Comaresa 20006,
2007).

The vestibular apparatus of the species under study
includes the same structures that are characteristic of
terrestrial mammals. Three semicircular canals (two
vertical and one horizontal) are situated in three mu-
tually perpendicular surfaces, sacculus, utriculus, am-
pullar cristae (auditory crests), saccular and utricular
maculae. The size of the vestibular apparatus in the
greater horseshoe bat and members of the family Del-
phinidae is twice smaller than the size of the cochlea,
whereas in terrestrial forms the size of the vestibular
apparatus is twice greater than that of the cochlea.

Stages 14-15 of the development in the species under
study reveal some similarities in the formation of the
vestibular apparatus, i.e., the auditory vesicle divides
into two parts: the upper, which gives rise to utriculus
and semicircular canals and the lower, which gives rise
to the sacculus and the cochlear canal.

Stage 16 shows some differentiation of the vestibular
part into component structures: sacculus, utriculus and
semicircular canals. In all the species, the regions of
the upper part of the septum of the upper sacculus start
to dilate to form flat pouches, whose opposite septa
adjoin each other. Subsequently, the adhesion sites are
desorbed and the semicircular canals are formed form
the outer parts of the pouches (Tutosa 1968, Burlet de.
1934). The anterior and posterior vertical semicircular
canals develop from the common Anlage, and their
posterior ends enter the medium part of the forming
utriculus. The other ends of the semicircular canals
enter directly the utriculus as a result of which dila-
tions — the ampules of semicircular canals are fromed.
At this stage, the division of the acoustic nerve into the
cochlear and vestibular branches with their ganglia has
already started. In the vestibular part, the epithelium is
disposed in 2-3 rows, whereas the cochlear region is
formed by a monolayer epithelium. At the end of that
stage, the auditory vesicle completely disappears and
two absolutely independent regions are formed: vesti-
bular and cochlear. In the vestibulum formed two
groups of cells are distinguished from which sacs are
formed (sacculus and utriculus), three ampullae of the
semicurcular canal. The sensitive epithelium of the
cristae divides into receptor and sustentacular cells .

At Stage 17, utriculus and sacculus already separated
from each other. There is a nerve coming up to each of
them. All the neuro-epithelial structures : the auditory
spots of the vestibulum sacs, the auditory crest of the
semicircular canals and the spiral organ of Corti start
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Solntseva. Prenatal development of the vestibular apparatus in echolocating mammals

YHCla SMUTENHANBHBIX KIIETOK, PAaclONOXKEHHBIX Oecrops-
JOYHO M oOpasyrommx npuMepHO 8-10 psAmoOB 3THX KIETOK.
[To Mepe pa3BUTHS KOJIMYECTBO SIUTEIHAIBHBIX KJIETOK 3Ha-
YHUTEIbHO yMeHblIaercs. Ha naHHOW crajuu pa3BHUTHS yBe-
JIMYUBAIOTCS TPOCBETHI MOJIYKPY>KHBIX KaHAJIOB. Y TPUKYJIOC
npuodperaeT Oojiee OBaJbHYIO (opMy, B TO BpeMs Kak Cak-
Kymoc — okpyrinyto (Puc. A). IlepBoHauanbHasi KieTOYHas
mddepeHIpoBKa YyBCTBYIOIIErO JMUTENHS HA PELENnTOp-
HBIE ¥ ONIOPHBIE KJIETKH OTMEUCHA B YTPUKYJSIPHON MaKyJe y
6OJIBIIOr0 TIOAKOBOHOCA W B CAKKYJIIPHOW MakyJyie y Mpen-
crasureneit ceM. Delphinidae.

Heckompko moznaee, HaumHaeTcs aud(depeHIupoBKa Kie-
TOYHBIX JJIEMEHTOB B aMITyJSIpHbIX KpucTax. CBsi3b MEXIY
YTPHUKYJIFOCOM U CaKKYJIOCOM O0ECHeYMBaeTCs Y3KUM KaHa-
oM — ductus utriculosaccularis, B KOTOPBIH OTKPBIBAETCS
ductus endolymphaticus. B mnepemHeM BEpTHKAILHOM IOJY-
KPY)KHOM KaHajle 3aKaH4MBaeTcsi (POPMHUPOBAHUE aAMITYJIBI.
[Iponomxkaercsi GopMupoBaHUE 33JHETO BEPTUKAIBLHOTO I10-
JYKPY’KHOTO KaHaja BMECTE C aMIIyJIOi, a Takke TOpH30H-
TAJILHOTO TOJIyKPYXXHOTO KaHalla, IPOCBET KOTOPOTO 3HAa4M-
TEJIHHO YBEIMIUBACTCS, IPHOOPETast OKPYTIIyio Gpopmy.

Ha 18-0if craguu pa3BUTHS aMITyJBl TOXYKPYKHBIX KaHAIIOB
AMEIOT OBaJbHYIO (hopMy. Ha HIDKHEH cTeHKe aMIyibl MOs-

developing from a large number of epithelial cells si-
tuated randomly and forming roughly 8-10 rows of
those cells. As they develop, the number of epithelial
cells diminishes considerably. At this stage of devel-
opment, the lumens of the semicircular canals expand.
The utriculus becomes more oval in shape whereas the
sacculus become more round in shape (Fig. A). The
initial cell differentiation of the sensitive epithelium
into receptor and sustentacular cells was recorded in
the utricular macula of the greater shoe bat and in the
saccular macula of Delphinidae.

Puc. I'ncroronorpadust cpeHero u BHyTPEHHETO
yXa y 9XOJIOUUPYIOMINX BUIOB MIIEKOITUTAIO-
mux. A — Stenella attenuata, ctagus 18-19; B
— Delphinapterus leucas, cragus 18-19. 1 —
OapabaHHas Iepernonka; 2 — CBA3Ka, COeIH-
HSIOMIast OapabaHHYIO IEPETIOHKY C PYKOSAT-
KOH MOJIOTOYKA; 3 — MOJIOTOYEK; 4 — HaKo-
BaJIbHS; 5 — cTpeMs; 6 — CTPEMEHHAs! MBIIILIA;
7 — 6apabaHHas TIOJIOCTh; 8 — MOMYKPY>KHBIN
kaHal; 9 — cakkymoc; 10 — yrpukymtoc; 11 —
MO3T; 12 — ynuTKOBBIN KaHau; 13 — aMmmyssip-
Hast KpHcTa; 14 — ammysia nmogykpy»XKHOTO Ka-
Haina; 15 — cimyxoBoil Heps; 16 — koxneapHas
BETBb CIIyXOBOTO HEPBA.

Fig. Histotopography of the middle and inner ear
in the echolocating species of mammals. A —
Stenella attenuata, stage 18-19; B — Delphi-
napterus leucas, stage 18-19. 1 — eardrum; 2 —
the ligament connecting the eardrum with the
handle of the malleus ; 3 — malleus; 4 — anvil;
5 — stapes; 6 — stapedius muscle; 7 — tympanic
cavity; 8 — semicircular canal; 9 — sacculus;
10 — utriculus; 11 — brain; 12 — cochlear ; 13
— ampullar crista; 14 — ampulla of the semi-
circular canal; 15 — acoustic nerve; 16 — coch-
lear branch of the acoustic nerve.

Somewhat later differentiation of the cell elements in
ampullar cristae starts. The relationship between the
utriculus and sacculus is provided by a narrow duct —
ductus utriculosaccularis, into which ductus endolym-
phaticus opens. The formation of the ampulla is com-
pleted in the anterior vertical semicircular canal. The
formation of the posterial vertical semicircular canal
together with the ampulla continues. The same applies
to the horizontal semicircular canal, whose lumen ex-
apands considerably to acquire round shape.

At Stage 18, the ampullae of the semicircular canals
are oval in shape. At the lower septum of the ampulla,
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ConHueBsa. lpeHamanbHoe passumue SeCfTIU6y!7FI,DHOZO annapama y axosioyupyrowux mriekonumaruwux

BWICA TpeOeHb, HAa TOBEPXHOCTH KOTOPOTO PAaCIIONIaraercs
MHOTOPSIIHBIA 3MUTENUi ¢ opMHUpYyOMUMcsS KynoioMm. Pe-
LENTOPHOE ISTHO YTPUKYJISIPHOW MaKyJbl IIPUHUMAET Oosee
TOPU30HTAJILHOE MOJIOXKEHHE MO OTHOIICHUIO K PEIeNTOPHO-
My [ATHY CAaKKyJIIPHOM MakyJibl, KOTOpPas JIEKUT IIOYTH BEp-
TUKaIBbHO. B pe3ymprare 00a msaTHa OOpa3yrOT MO OTHOIIE-
HUIO JpYr K JOpyry OpsMod yroj. Makyjbl OpeacTaBisItOT
co0oli pelenTopHbie 00pa30BaHMS, BBICTIIAHHBIC IAJIHHIPU-
yecKuM aruTenneM. Kaxkaas u3 HAX HeceT CBOIO CTPOTO CIie-
MUPUIECKYI0 (YHKIHIO, SBIBIACH CaMOCTOSITCIBHBIM OpTa-
HOM.

B cdopmupoBaHHBIX amITyiax HOJYKPY)KHBIX KaHaJoOB pac-
TIOJIATAFOTCSI CIIyXOBbIe I'PEOCIIKH, WM aMITyJIIpHBIC KPHCTHI
(Crista ampularis), perienITOPHBIN MUTEIUN KOTOPHIX CXOJICH
¢ peuentopHeM snuTenreM Makyn (Puc. B). YV nenbpunon
KpPHCTa TepEeIHEr0 BEPTHKAJIbHOIO MOJYKPY>KHOTO KaHala
OosiblIasi W NPAaKTHYECKH JOCTHIaeT IPOTHUBONOJIOKHON
cTeHKH KaHaia. Kpucra pacrionaraercst MepreHJuKyIsIpHO K
MOBEPXHOCTH TOJYKPY)KHOTO KaHaja. 'peOHM KpHUCT MOTYT
OBITh MOJIOTHMMH WM 00Jiee KPyThIMH. UyBCTBYIOLIHI dIIUTE-
TN KPUCTHI TIOKPBIBAET BECh e rpeOeHb M 00e OOKOBEIE TO-
BEPXHOCTH.

Haz nmoBepXHOCTBIO 4yBCTBYIOILIETO JIUTENHS PACIIONAraeTCst
OTONHMTOBAasE MeMOpaHa. B ominume oT mepeaHero u 3aJHEro
BEPTHUKAJIBHBIX MOJTYKPYKHBIX KaHAJIOB, MPoxoiIKaeTcs Gop-
MHUpPOBaHHE TOPU30HTAIBHOTO MOIYKPYKHOro KaHana. OTMe-
yeHa AU (epeHInpoBKa YyBCTBYIOLIETO SMUTENUS MaKyjl U
KPUCT B YTPUKYJIIPHOM U CAKKYJIIPHOM MaKynax.

B 3aJHEM BCPTHUKAJIBbHOM MOJJYKPYKHOM KaHaJIC C(bOpMI/Ipo-
BaHa aMIlyJjia, B TO BpEMs KaK B T'OPU30OHTAJILHOM IMOJYKPYIK-
HOM KaHaJIC 3TOT MPOLECC CIIC NPOAO0JIKACTCS.

Ha 19-if cragum pa3BUTHS YBETHUYCHBI Pa3Mephl IOIYKPYXK-
HBIX KaHAJIOB, CAaKKYJIIOCA, YTPHKYJIOCA, CIyXOBBIX Ipeder-
KOB (KPHCT), a TAaKKE aMITyJISIPHBIX YacTeH IIOyKpPYXHBIX
kaHanoB. JluddepeHnnpoBka YyBCTBYIOIIETO SIHUTEIHA Ha
pELENTOPHBIE U OMOPHBIE KJIETKU y OOJIBLIOTO MOJKOBOHOCA
MMPOUCXOAUT OAHOBPEMCHHO B HECKOJIbKUX YYaCTKax MaKyJl U
KPHCT, 3aXBaTbhiBasi MX OOJBLIYIO [OBEPXHOCThb, KaK H Yy
OoJIbIIMHCTBA HAa3eMHBIX BUIOB. JnddepeHupoBKa cakky-
JSIPHOM Makynbl y JeNb(HHOB IPOUCXOJUT B OCHOBHOM B
LEHTPAIFHOM YYacTKe 4yBCTBYIOLIETO SHUTENUS. Y Nenbdu-
HOB XOpOILO IPOCIEKUBAETCS CTPYKTYpa PELENTOPHBIX M
OTIOPHBIX KIIETOK, KOTOPBIE pa3iIHyaroTcs Mexay coboif. Pe-
LENTOPHBIE KJIETKH PacIojiarafoTcsi B OAWH PSAA B BEpXHEH
YacTH YyBCTBYIOUIETO SMUTENH. Teno KIETKH UMEET LMINH-
JpUUYecKylo (opMy M COIEPKHUT KPYITHOE SAPO OBATBHOU
dbopmbl. Anpa kmerok ceTiible. OMOpPHBIE KIETKA HMEIOT
MPOTSHKEHHOCTh OT 0a3zambHOW MeMOpaHbI J0 anmuKaIbHOMN
MOBEPXHOCTU peuentopHoro snutenus. CyXeHHble YacTH
OMOPHBIX KJIETOK paclojiaraloTcsi MEeXIYy pelenTOPHBIMU
KJeTkaMu. ['paHuIlbl ONMOPHBIX KJIETOK HE MPOCIEKHBAIOTCA.
Ux sinpa Menkue, TeMHBIE, OBaJIbHOM (hopMbl. PenientopHble n
OTIOpHBIE KJIETKH 00pa3yloT MO3aWYHOCTh B PacIOi0KEHHH,
KOTOpast XapakTepHa M AJIsl KJIETOK KOpTHeBa opraHa. Bectu-
OyJSIpHBIN TaHTIIMH XOPOIIO pa3BUT. Ero HEHpoHBI comepkat
OonpIue sapa OBaJbHOM (POPMEL.

B yTpuxyJsipHOW U CakKyJSpHON MakyJax, a TaKkKe B aMILy-
Jax MOITYKPY>KHBIX KaHAJIOB 3MUTEIHAIbHBIE KIETKU MEPeXo-
ot B quddepeHunpoBanHblil snutenuid. K kiaerkam makyon
HOAXOJAT HEPBHbIE BOJIOKHA. Y OOJBLIOTO MOAKOBOHOCA Pa3-

a crest appears on whose surface a multi-layered epi-
thelium with a forming cupola is disposed. The recep-
tor spot of the utricular macula acquires a more hori-
zontal position in relation to the receptor spot of the
saccular macula, As a result, both spots form a straight
angle in relation to each other. The maculae are recep-
tor structures lined with cylindrical epithelium. Each
of them has a strictly specific function, being an inde-
pendent organ.

In the formed ampullae of the semicircular canals are
acoustic crests or ampullar cristae (Crista ampularis),
whose receptor epithelium is similar to that of epitheli-
al maculae (Fig. B). In dolphins, the crista of the ante-
rior vertical semicircular canal is large, and virtually
reaches the opposite septum of the canal. The crista is
perpendicular to the surface of the canal surface. The
crests of the cristae may be gentle or steep. The sensi-
tive epithelium of the crista covers its entire crest and
both lateral surfaces.

Over the surface of the sensitive epithelium is the oto-
lith membrane. In contrast to the anterior and posterior
vertical semicircular canals, the formation of the hori-
zontal semicircular canal continues. There is differen-
tiation of the sensitive epithelium of the maculae and
cristae in the utricular and sccular maculae.

At the vertical semicircular canal, the ampulla has
been formed, whereas in the horizontal semicircular
this process still continues.

At Stage 19, the size of the semicircular canals, saccu-
lus, utriculus, acoustic crests (cristae), and also the
ampullar parts of the semicircular canals are increased.
The differentiation of the sensitive epithelium into
receptor and sustentacular cells in the greater horse-
shoe bat proceeds concurrently at several sites of the
macula and cristae covering their greater surface as is
the case in the majority of terrestrial species. The dif-
ferentiation of the saccular macula in dolphins takes
place largely in the central region of the sensitive epi-
thelim nerve. In dolphins the structure of the receptor
and sustentacular cells, different from one another, is
well seen.. The receptor cells are disposed in a single
row in the upper part of the sensitive epithelium. The
body of the cell is cylindrical, containing a large nuc-
leus, oval in shape. The cell nuclei are are light. The
sustentacular cells extend from the the basal mem-
brane to the apical surface of the receptor epithelium.
The narrowed parts of the sustentacular are situated
between the receptor cells. The boundaries of the sus-
tentacular cells cannot be seen. Their nuclei are small,
dark, oval in shape. The receptor and sustentacular
cells form a mosaic pattern, which is also characteris-
tic for the cells of the Corti organ. Its neurons contain
large nuclei, oval in shape.

In the utricular and saccular maculae, and also in the
ampullae of the semicircular canals, the epithelial cells
turn into a differentiated epithelium. The neural fibers
come up to macula cells. In the greater horseshoe bat,
the development of the utricular maculae is much
speedier than that of the saccular macula, whereas in
dolphins, by contrast, the development of the saccular
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Solntseva. Prenatal development of the vestibular apparatus in echolocating mammals

BHUTHE YTPHUKYJSIPHOW MaKyJbl 3HAYUTEIHHO OIEPEKaeT pas-
BUTHE CAKKYJISIPHOH MakyJjbl, B TO BpeMsi KaK y JNeab(pHUHOB,
Hao0OpOT, Pa3BUTHE CAKKYJSIPHON MakyJjbl ONEpeKaeT pas-
BUTHE YTPHUKYJISIPHOH MaKYyJIbL.

Ha srToil craguu pa3BUTHs OTMEYEHBI PA3NIMYUS MEXIY pe-
LENTOPHBIMHA M ONOPHBIMH KJIE€TKaMHU. PenentopHslie KIETKU
PacCIONOXKEHbl B OJUH PsJi B BEPXHEH YacTH UyBCTBYIOILETO
SMUTENNSI, OHU UMEIOT LIMIMHAPHYECKYIO (opMy ¢ KpYIHBIMU
CBETJIBIMH SIIPAMH OKPYTJI0i (opMbl. SInpa oObIYHO Jekar B
6azanpHONH uacTH KIETOK. KileToyHbIe T'paHHIBI ONOPHBIX
KIIETOK TPYJHO INPOCIEKHUBAIOTCA. BepXHUE 4acTH OMOPHBIX
KIIETOK PE3KO CYXKEHHBIE M PAacCIOJaraloTcs MEXAy TellaMu
peLenTopHbIX KIeTOK. CTpPOEHHE pPELENTOPHOrO 3IUTENHS
KPHUCT OY€Hb CXOJIHO C TaKOBBIM MakyJj. Kak Ob10 0TMEUeHO,
OCHOBHOE OTJIMYUE PELENTOPHOIO SIUTENIUs MaKyl OT pe-
LENTOPHOTO SMHUTENNS KPUCT 3aKJII0OYaeTcs B TOM, YTO B Ma-
KyJax pelenTOpHbIN SIUTEINHA CUIIBHO BaKyOIH3HPOBaH.

Ha 20-i1 craguu pa3BUTHS yBEIUYEHBI pa3Mepbl MOIYKpPYX-
HBIX KaHAJIOB, CAKKYJIIOCA, YTPUKYJIIOCA U aMITYJIIPHBIX KPUCT
y OOJBIIOrO MOAKOBOHOCA. Y AETh(HHOB IMPOCBETHI MOIY-
KPYKHBIX KaHAJOB 3HAYMTEIBHO YK€, a pPasMephl JIpyrux
KOMITOHEHTOB OpTraHa PaBHOBECHS MEHBIIHUE, YeM y OOJIBIIO-
r'0 IOAKOBOHOCA M APYTHX BUJOB MIICKOIIUTAIOIINX. Y HCCIe-
JOBaHHBIX BHJIOB HAuMHAeTCA Ipolecc AuGHEepeHIIPOBKU
YyBCTBYIOILIETO SMUTENHNS B aMITyJSIPHOH KpPHCTE TOPH30H-
TaJILHOTO MOJYKPYKHOTO KaHana. OaHako auddepeHIupoBKa
PELENTOPHOrO 3MUTENINS KPUCT U YTPUKYJSIPHOM MakyJlbl y
JNenb(GUHOB OTCTaeT OT AU(PQPEPEHIMPOBKU HYBCTBYIOLIETO
SMUTENUS CaKKYJISIPHOM MaKysbl. Y OOJIBIIOTO IMOJIKOBOHOCA,
Hao6opoT, M PepeHINPOBKa PEIENTOPHOTO SIUTENHS CaK-
KYJIIPHOW MaKyJibl OTCTaeT OT TaKOBOM KPHUCT M YTPHUKYJISIpP-
HOW Makyibl. BecTHOYNMSApHBIA ammapaT y 3XOJIONHAPYIOMIHX
BHJOB BJBOE-BTPOE MEHBINE YIUTKH. Bce 31eMeHTH BeCTH-
OymsipHOTO ammapara c(OpMHUPOBAHBI M XOPOIIO BBIPAXKECHEI.
UyBCTBUTEIBHBIE W ONOPHBIE KJIETKH pacroyiararoTcs Ooiee
pa3pexeHHo, 00pa3yst MexXay co00i CBOOOAHBIEC TPOCTPAHCT-
Ba. 3HAUUTENIBHO YBEJIMYUBAETCS B pa3Mepax aMmyla IMoiy-
KPY)KHOT'O KaHaJla, OHa pacUIMPsIeTCsl U CTAaHOBHTCS Oosee
okpyriod. Ilpomomxaercs kierouHas guddepeHupoBka
YyBCTBYIOIIETO 3IUTENNS MaKyj, KPUCT M KJIETOK KOPTHEBa
oprana. CopMupoBaHbI KOXJIeapHasi 1 BECTHOYJIIpHAs BETBU
CJ[yXOBOTO HEpBa y OOJIBILIOTO ITOJIKOBOHOCA U JIETb()HUHOB.

Takum o0Opa3om, y mpencrasureneit ceM. Delphinidae B paH-
HEM IPEAIUIOTHOM MEPHO/Ie aHATOMUYECKHE CTPYKTYPBI Bec-
THOYJISIPHOTO M KOXJIEAPHOTO aIapaToB OTAEISIOTCS APYT OT
Jpyra OJHOBPEMEHHO, 4TO OBIJIO MOKAa3aHO Yy HA3eMHBIX U
MOTYBOJHBIX MJIEKONUTAIOIINX. BuIoBBIE 0COOCHHOCTH B
CTPYKTYpHOW OpraHU3allid BHYTPEHHETro yXa (OpMHPYIOTCS
BO BTOPOW IOJIOBUHE PaHHEro NPEAINIOTHOro neprona. AHa-
TOMHUYECKOe (POPMUPOBAHHE CTPYKTYp OpraHa paBHOBECHS B
OCHOBHOM 3aKaHYMBACTCA B paHHEM IMPCAIIOAHOM II€pUOAC,
B TO BpeMs Kak KierouHas auddepeHIrpoBKa 4yBCTBYOLIE-
IO BIUTENHS YIUTKH, MaKyJ ¥ KPUCT y HE3PEJIOPOXKAAIOIINX-
csl BUAOB (OONBIION TMOJKOBOHOC) MPOJOIDKAETCS BIUIOTH JI0
paHHUX CTaaui MOCTHATAJIBLHOTO OHTOTEHE3a. Y 3peNIOpOXK-
Jaromuxcs BUIOB (nenb(uHb) nudQepeHnrpoBKa CTPYKTYp
BHYTPEHHETO yXa 3aBEpIIAeTCS K MOMEHTY POXIEHHA. Y CTe-
Hewwibl U Oenyxu Oosee paHHsA Iud(depeHIpoBKa YyBCT-
BYIOILIETO 3IUTENNS HA PELENTOPHBIE U OTMOPHBIC KIETKU OT-
MCUYCHaA B CaKKyJ’IﬂpHOﬁ MaKyJi€¢, B TO BpEeM:A KaK IIUTOJIOrn4e-
ckast nuQQepeHMPOBKa KIETOK KOPTHEBA OpraHa, YTPHUKY-

macula is speedier than that that of utricular macula.

That stage of development shows some differences
between the receptor and sustentacular cells. The re-
ceptor cells are situated in a row in the upper part of
the sensitive epithelium. They are cylindrical in shape,
with light large nuclei, round in shape. The cells boun-
daries of the sustentacular cells normally lie in the
basal part of the cells. The cell boundaries of the sus-
tentacular cells are hard to trace. The upper parts of the
sustentacular cells are sharply narrowed and disposed
between the bodies of the receptor cells. The structure
of the receptor epithelium of the cristae is very similar
to the of the maculae. As was noted the main differ-
ence o receptor epithelium of the maculae form the
receptor epithelium of the cristae lies in the fact that in
the maxulae, the receptor epithelium is heavily vacuo-
lized. .

At Stage 20, the dimensions of the semicircular canals,
sacculus, utriculus and ampullary cristae in the greater
horseshoe bat are increased. In dolphins, the lumens of
the semicircular canals are much narrower, and the
size of other components of the equilibrium organ is
smaller than in the greater horseshow bat and other
mammals. In the species under study the process of
differentiation of the sensitive epithelium in the am-
pullary crista of the semicircular canal. However, the
differentiation of the receptor epithelium of the cristae
and the utricular macula in dolphins lags behind the
differentiation of the sensitive epithelium of the saccu-
lar macula. In the greater horseshoe bat, in contrast,
the differentiation of the receptor epithelium of the
saccular macula lags behind that of the cristae and the
utricular macula. The vestibular apparatus in the echo-
locating species is two to three times smaller than the
cochlea. All the elements of the vestibular apparatus
were formed and well-defined. The sensitive and sus-
tentacular cells are arranged in a sparser pattern to
form vacant space in between. The ampulla of the se-
micircular canal is considerably increased in size. It is
dilated to become more round in shape. The cell diffe-
rentiation of the sensitive epithelium of the maculae
and cristae and the Corti organ cells continues. The
cochlear and vestibular branches of the acoustic nerve
have been formed both in the greater horseshoe bat
and in dolphins.

Thus, members of Delphinidae in the early pre-fetal
period, the anatomical structures of the vestibular and
cochlear apparatuses are separated from each other
concurrently, which was demonstrated in terrestrial
and semi-aquatic mammals. The species-specific prop-
erties in the structural organization of the internal ear
are formed during the second half of the early pre-fetal
period. The anatomical formation of the structures of
the equilibrium organ largely ends in the early pre-
fetal period, whereas the cellular differentiation of the
sensitive epithelium of the cochlea, maculae and cris-
tae in altricial species (the greater horseshoe bat) con-
tinues until the early stage of postnatal ontogenesis. In
precocial speices (dolphins) the differentiation of the
structures of the internal ear is completed by the time
of birth. In Stenella and beluga, an earlier differentia-
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ConHueBsa. lpeHamanbHoe passumue SeCfTIU6y!7FI,DHOZO annapama y axosioyupyrowux mriekonumaruwux

JSIPHOM MakyJbl M aMITyJSIPHBIX KPHUCT €II€ HE Haudauach.
Pannsas nquddepeHInpoBKa YyBCTBYIOIIETO SIUTENHUS CaKKY-
JSIPHOM Makynbl y Jedb(HHOBBIX yKa3blBaeT Ha TO, 4TO Y
BOJHBIX MJICKOIUTAIOUIMX OpraH BHOpanuu (CakKyJC) BbI-
NOJHsET 0oJiee BaXKHYIO (DYHKIIHMIO [0 CPABHEHHUIO C OPraHOM
rpaBuTalMu (YTPUKYIIOC), KOTOPBIA Y Ha3eMHBIX (OpM, Ha-
000pOT, paHbllIe Pa3BUBACTCS U SBIAETCS Ul HUX JKU3HEHHO
HEOOXOANMBIM. Y OOJIBIIOTO IOJKOBOHOCA, HECMOTPS Ha Or-
POMHBIE YJINTKH, BECTHOYJISIPHBIN amnmapaT XOpOIIO Pa3BuUT, a
HavyajabHas KieTouHass Au(p(GEepeHIUpOBKa UYyBCTBYIOIIETO
SMWUTENUS. TMPOUCXOANUT B YTPUKYJSIPHOM Makyie, Kak U Y
6OJIBIIMHCTBA HA3EMHBIX BUJIOB.

MO>XHO IIPEANOIOKUTD, YTO 3HAYUTEIBHOE YBEIUUCHUE Pa3-
MEPOB YJIUTKH y OOJIBIIIOrO MOIKOBOHOCA U ICIb()UHOB OTHO-
CHUTENBHO Pa3MEpOB BECTHOYISIPHOTO alapara, mpex/e Bee-
0, CBA3aHO C BHIPaOOTKON 0c000ro criocoda MpoCTPaHCTBEH-
HOIl OpHEHTAllMM M KOMMYHHKALMH — O9XOJOKALHUH, KOria
CITyXoBasi (DYHKLHUS HMEET MEPBOCTENICHHOE 3HAYCHHE 10
CpaBHEHHUIO ¢ (PYyHKUHMAMH BECTUOYJIAPHOIrO ammapara, 0Co-
OCHHO y BOIHBIX 3XOJOLUUPYIOMUX HOpM.

tion of the sensitive epithelium into receptor and sus-
tentacular cells is recorded in the saccular macula whe-
reas the cytological differentiation of the Corti organ
cells hs not yet started. The early differentiation of the
sensitive epithelium of the saccular macula in Delphin
idea is indicative that in aquatic mammals the vibra-
tion organ (sacculus) performs a more important func-
tion compared with the gravitation organ (utriculus),
which by contrast develops earlier in terrestrial forms
and is of vital importance to them. In the greater
horseshoe bat despite the huge cochleas, the vestibular
apparatus is well-developed and the initial cell diffe-
rentiation of the sensitive epithelium takes place in the
utricular macua, similar to the majority of the terrestri-
al species.

There are grounds to believe that a considerable in-
crease in the size of the cochlea of the greater horse-
shoe bat and dolphins in relation to the size of the ves-
tibular apparatus is primarily associated with the de-
velopment of a special method of spatial orientation
and communication — echolocation, where the acoustic
function is of primary importance compared with the
functions of the vestibular apparatus, particularly in
aquatic echolocating forms.
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The auditory organ of echolocating mammals in prenatal ontogeny
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[IpoBeneHHOE CPaBHUTEIBHO-IMOPUOIIOTHYECKOE HCCIIe-
JIOBaHHE OpraHa CIIyXa IMO3BOJMIO Ooliee MOAPOOHO OIH-
caTh €ro CTPOCHHUE Yy 3XOJOLMPYIOIIUX BHIOB MJIEKOIIH-
TAOUIMX C PAa3IMYHON HKOJIOTHYECKOW Clienuaiu3aluei
(Rhinolophus ferrumequinum, Tursiops truncatus, Stenella
attenuata, Delphinapterus leucas); BbISICHATH OCOOCHHO-
CTH ero (OPMHPOBAHHUS B COMOCTABICHUU C aKyCTHYEC-
CKHMU CBOWCTBAMHU CPebl OOUTAHUS; ONPEICIIUTh 3TAIIbI
(hopMUpOBaHUS OTHENBHBIX CTPYKTYpP, BKJIIOYAs BBISB-

A comparative embryological study of the auditory organ
performed provided a better insight in the structure of the
auditory organ in echolocating mammal species with dif-
ferent ecological specialization (Rhinolophus ferrumequi-
num, Tursiops truncatus, Stenella attenuata, Delphinapte-
rus leucas); and helped to reveal the properties of its for-
mation as compared with the acoustic properties of the
environment; determined the stages of the formation of
some particular structures, including the morphological
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Solntseva. The auditory organ of echolocating mammals in prenatal ontogeny

JICHHBIE HaMH paHee Mopdoyoruueckue ananranuu; Hail- | adaptations previously found by us, find the sources of the
TH HUCTOYHMKHM BO3HMKHOBEHHMsSI CTPYKTYpHBIX ajzanrtanuid | origin of structural adaptations in aerial and aquatic echo-
y BO3AYIIHBIX U BOAHBIX 9XOJIOLUPYIOIIMX BUAOB, a Tak- | locasting species, and also reveal the properties in com-
)K€ BBISIBUTH YEPTHI CXOJCTBA M pasnuuus B ¢popmuposa- | mon and differences in the formation of the structures of
HUHM CTPYKTYp OpraHa ciiyxa Ha paHHHX craausax passutus | the organ of hearing at the early stages of development in
Y HCCJICJIOBAaHHBIX BHJIOB. the species under study.

Kak wm3BectHO, Ha cramguu 14-15 map coMHUTOB 0Opa3yercs
CIIyXOBas sIMKa, U3 KOTOpoi Ha crazuu 20 nap comutoB (13-5
CTamusl pa3BUTHS) Pa3BUBACTCS CIYXOBOU ITy3BIPEK, KOTOPBIi
0e3 0COOBIX TpaHUI] MEPEXOTUT B SHAOIUMPATHUESCKHIHA PO-
Tok (TuroBa 1968, Burlet de. 1934). V Bcex mcciae0BaHHBIX
BHJIOB IIO/IPa3/EICHNUE CIYyXOBOTO ITy3BIPhKa HAa BEPXHUH H
HIDKHUH OTIENbl MPOMCXOMUT Ha 14-15 cramusx pa3BUTHSL.

Puc. I'ncroronorpadus
YIAUTKH 3XOJIOLUPYIOIINX
BUJIOB MJIEKOTIUTAIOIINX. A
— Rhinolophus
ferrumequinum, cranus 20-
21; B — Delphinapterus
leucas (mpenruron, amHA
tena 250 mm). 1 — ynutko-
BBIH KaHaT, 2 — BeCTHOY-
JIIpHAas JiecTHUIA; 3 — Oa-
pabanHas necTHULA; 4 —
peiicHepoBa MmeMOpaHa; 5 —
aMIyJsipHast KpUcTa; 6 —
amItyJia MoJyKpyKHOTO
KaHasna; 7 — KoxjeapHast
BETBb CIIyXOBOT'O HEPBa; 8 —
CIMPAJIbHBIN TaHTIHH; 9 —
OapabaHHast TOJIOCTb.

Fig. The histotopography of
the cochlea of echolocating
species of mammals. A —
Rhinolophus ferrumequi-
num, Stage 20-21; B — Del-
phinapterus leucas (pre-
fetus, body length 250 mm).
1 — cochlear canal; 2 —
staircase of the vestibule; 3
— staircase of the
tympanumirecTHana; 4 —
Reisner membrane; 5 — am-
pullar crista; 6 — ampulla of
the semicircular canal; 7 —
cochlear branch of the
acoustic nerve; 8 — spiral
ganglion; 9 — tympanic cav-
ity.

As is known at the stage of 14-15 pairs of somites, the
otic depression is formed, from which at the stage of
20 pairs of somites a (developmental stage 13) an au-
ditory vesicle is formed, which without some well-
defined boundaries passes into a endolymphatic duct
(TurtoBa 1968, Burlet de. 1934). In all the species un-
der study the subdivision of the auditory vesicle into
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ConHueBsa. OpeaH Cliyxa axosioyupyrowux Mriekornumarwux e ripeHamarsibHoOM pazsumuu

O6a oTmema OKpY)XEHBI Me3eHXMMOW. B mampHeimem wu3
BepXHEro oraena (HOpMHUPYETCsl BECTHOYJIAPHBIH ammapat, a
U3 HIWKHETO OTAeNa HayuHaeTcsi (OpMHUpOBaHUE YIUTKOBOTO
KaHasa. B BepxHeM oTjese CllyxoBOro Iy3blpbKa HaOnonaer-
csi nuddepeHnmanus BeCTUOYISIPHONW YacTH Ha IMOIYKPYX-
Hble KaHaJbl M MEUIOYKH. B KoxjeapHOWH dYacTH OTME4eH
TOJIBKO Y/UIMHEHHBIH KaHaJl — SHJ0IUM(paTHUYECKUH KaHal, U3
KOTOpOTo B JaybHeWIIeM oOpasyercs ynuTtka. Ha aToit cra-
MU HaOJFoJaeTcsl pa3iesieHue CIIyXOBOro HepBa Ha BECTHOY-
JSIPHYIO M KOXJICAPHYIO BETBH C MX TaHIJIHSAMH.

Ha 16 cramgum y 0ONBIOIOrO MOJKOBOHOCA, KaK U y NPYTHX
MIIEKONHUTAIONINX, UMEIONNX YITHYI0 PaKOBHHY, IepBast jka-
OepHast 11eh, TOCTETIEHHO pacIInpssich, oOpa3yer yriayoire-
HHE, M0 KPar KOTOPOro HaYMHAIOT (JOPMHUPOBATHCS HEOOJIb-
e Oyropku, KoTopble Ha 17 CTaauu CIMBAIOTCS MEXAY CO-
00i1 U 00pa3ylOT €QUHYI0 ME3EHXHMHYIO 3aKJIajKy YIIHON
paxoBunbl. K Havany 18 cragum ymHas pakoBHHa rpuoOpe-
taer Oojiee uerkne KOHTypwl. Ha 16 cragum y mccienoBaH-
HBIX BHJIOB M3 OOKOBBIX CTEHOK IIE€pBOM >kabepHOH ILIenu Ha-
YUHACT Pa3BUBATHCS XPALICBON OTIEN HAPYKHOTO CITyXOBOTO
MpoxXo/a B BHIE KOPOTKOHM M ClieTKa M30THYTOH TpyOKH, OT-
KPBITOW Ha BCeM MPOTsHKeHNUU. KocTHBIN oTaen ¢popMupyercs
MO3KE: y HE3PEIOPOKAAIOUINXCS BHIOB (OOIBIION MOIKOBO-
HOC) 3TO TMPOUCXOAWUT B MEPHOJ PAHHETO IMOCTHATAIHHOTO
Pa3BUTHS, ¥ 3pEIOPOKAAIONINXCS BUAOB (AETBPHHBI) — K MO-
MEHTY POKICHHS.

V Bcex HMcceI0BaHHBIX BUJIOB 3alOTHEHHUE XPSIIEBOTO OT/IE-
Jla CJIYXOBOTO MPOXOJa SMUTETHATbHBIMA KJIETKAMH IMPOUC-
XomuT Ha 19 cramgun.

Ha 19 crapgun y npencrasuteneit ceM. Delphinidae oTmedeHo
(opmupoBanue Bupocrenn(PUUECKUX OCOOCHHOCTEH HapyX-
HOTO yXa B BHJI€ 3aMETHOTO CY>KEHHUS CIyXOBOTO IPOXOJa B
€ro IMCTaJIbHOM yacTu. Jlanee ciiyXxOBOM MPOXOJ yAJUHSAETCS
u mpuobperaer S-obpasHyio (opmy, XapaKkTepHYIO IJS Je-
¢unnTrBHBIX Gopm. K 20 cTaguu ciyxoBo# MpoxoJ| pacuiu-
psieTcs B IPOKCUMAJIbHON YacTH.

B teuenune 20-21 craguii cnmyxoBOM MPOXOJ y HCCIEIOBaH-
HbIX BHUJO0B ITIOJIHOCTBHO 3aIIOJIHACTCA JIUTCIMAaJIbHBIMU KIICT-
KaMH, KOTOpbIE Pe30pOUPYIOTCS Yy 3PENOpPOKIAIOIIUXCS BH-
J0B (#enb(UHBI) K MOMEHTY POXKICHUS, Y HE3PEIOpPOXKIar0-
muxcsi BUaoB (OOJBIION MOAKOBOHOC) MPOLiECC Pe30pOLnu
3aKaHYHMBACTCS JIMIIb B PAHHEM MMOCTHATAIILHOM Pa3BHTHU.

BriepBple HaMH BBISICHEH MCTOYHHK SIHTEIMOUIHOTO 3apac-
TaHWs B JUCTAbHOM OTJEJIE CIyXOBOIO IPOXOAa Y AeNb(u-
HOB U Oemyxu (Solntseva 1992, 1999). V 3penopoxxaaromux-
csl 3y0aThIX KUTOOOPA3HBIX IONHAS pe30pOuus 3MUTeTHalb-
HBIX KJIETOK MPOMCXOIMT JIMIIL B NPOKCUMAIBHOM OTIENe
CI[yXOBOTO IIPOXOZa, B TO BpeMs KaK B JIHCTAaJbHOM OTIENe
4acTh SMOPHOHAIBHON AMUTEIHATBHON POOKK COXpaHseTcs,
HE TOJIBEprasich pe3opOIyK, 1 Ha ee OCHOBE B JAJIbHEUIIEM
(dbopMupyeTcs SUTEINaIbHas TKaHb B3POCIBIX (opM, KOTO-
past 6buta 0OHapyxeHa Hamu panee (ConHuesa 1971).

Bce aiieMeHTHI cpeTHeTro yXxa pa3BHBAIOTCS U3 ME3CHXUMBI U
Me30/IepMaIbHBIX JIEMEHTOB. Y HCCIEIOBAaHHBIX BHIIOB MIIe-
KOTIHUTAIOMINX 3aKJIaJKa CIYXOBBIX KOCTOUEK TOSBISACTCA Ha
13 craguu B BuIe crymeHns Me3eHxuMbl. Ha 14-15 crammsax
MIPOCIIKUBAIOTCS KOHTYPHI 3aKIaJ0K CIIyXOBBIX KOCTOYEK, HO
ux (opMa He CXOJHa C TOH, KOTOPYIO OHHM MPUOOPETAIOT Ha
6oree mo3mHUX cTagusax pa3BuTHs. CoennHEHNE MEXAY CIy-
XOBBIMH KOCTOYKaMu HempepbiBHOe. OTcyrcTByeT audde-

the upper and lower parts takes place at developmental
stages 14-15. Both parts are surrounded with mesen-
chyma. Subseqeuntly, from the upper part the vestibu-
lar apparatus is formed, and from the lower the coch-
lear canal starts to be formed. In the upper part of the
auditory vesicle differentiation into the semicircular
canals and the sacs takes place. There is only one
elongated canal in the cochlear part — the endilymphat-
ic canal from which subsequently the cochlea is
formed. At this stage, one can see the division of the
acoustic nerve into vestibular and cochlear branches
with their ganglia. .

At Stage 16 in the greater horseshoe bat, similar to
other mammals with an auricle, the first branchial
aperture gradually dilates to form a deepening, on the
edge of which, small tubercules start forming, which at
Stage 17 merge to form a single mesenchymal Anlage
of the auricle. By the beginning of Stage 18, the au-
ricle acquires some more well-defined outlines. At
Stage 16, in all the species under study, from all the
lateral septa of the first branchial aperture, a cartila-
ginous region of the external acoustic meatus starts
developing in the form of a short and slightly curved
tube open throughout the entire length. The osseous
region is formed later in altricial species (the greater
horseshoe bat) — by the time of birth.

In all the species under study the filling of the cartila-
ginous region of the acoustic meatus with epithelial
cells takes place at Stage 19.

At Stage 19, members of Delphinidae show develop-
ment of species-specific properties of the external ear
in the form of a conspicuous narrowing of acoustic
meatus in it distal part. Farther, the acoustic meatus is
lengthened to assume S-shape characteristic of defini-
tive forms. By Stage 20 acoustic meatus is dilated in
its proximal part.

During stages 20-21 the acoustic meatus in the species
under study is entirely filled up by epithelial cells
which are desorbed in precocial species (dolphins) by
the time of birth, and in altricial species (the greater
horseshoe), the desorption is completed.

For the first time, we elucidated the source of epitheli-
al overgrowing in the distal part of acoustic meatus of
dolphins and the beluga (Solntseva 1992, 1999). In
precocial toothed cetaceans complete resorption of
epithelial cells only occurs in the proximal part of
acoustic meatus, whereas in the proximal part of the
acoustic meatus some of the embryonic epithelial plug
remains without being desorbed and subsequently
serves as a basis for the development of epithelial tis-
sue for adult forms, which was found by us earlier
(Comnnuesa 1971).

All the elements of the middle ear develop from the
mesenchyme and mesodermal elements. In the species
under study the anlage of ear bones appears at Stage
13 in the form of congestion of the mesenchyme. At
stage 14-15, one can see the outlines of the Anlagen of
the ear bones, but their shape is nor similar to that they
acquire at later developmental stages. The connection
between the ear bones is continuous. There is no diffe-
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PEHIMPOBKA CIYXOBBIX KOCTOYEK Ha 0Opasyollue HX 3Je-
MeHThl. Ha 16 crasuy BbISBISIIOTCS KOHTYPBI CIIyXOBBIX KOC-
TOYEK, a Ha 17 CTaJuu KaKaas 3aKiajka CIIyXOBBIX KOCTOUEK
npeJCTaBsieT co00i camocTosTenbHOe oOpazoBaHue. Dop-
MHPOBaHHE OCOOCHHOCTEH, CBSI3aHHBIX C B3aHMOPACIIOJIOKeE-
HHUEM CJIyXOBBIX KOCTOUYEK B OapabaHHOU MOJIOCTH Y OOJIBINO-
ro MOAKOBOHOCA M Jedb(UHOB OTMEueHO Ha 16-0if cTaguu
pa3BUTHS, TOT/IA KaK y OONBIIMHCTBA BHOB, HE 00IaIa0IINX
CIOCOOHOCTBIO K DXOJIOKAIWH, 3TO TpoucxomuT Ha 18-19
CTAMSX PA3BUTHSI.

BapabanHast moocts Gpopmupyercst Ha 16 cTagum B BHIE TO-
ABJICHHUSA Y3KOTO KaHaja, JEeKAIlero HIbKe 3aKIaoK CIyXO-
BBIX KocTouek. Ha 18 craguu hopmupyercs os tympanicum u
os perioticum, a Ha 19 cTaauu OCYIIECTBISIETCS MIOBOPOT Oa-
pabaHHOW MOJOCTH BOKPYI CaruTTaJIbHOW W (DPOHTAIBHOM
oceil Tena npeaIoa.

BapabanHas nepernonka oOpa3zyeTcsi Ha MECTe CONPHKOCHO-
BEHUS 3HTOJICPMBI TJIOTOYHOI'O KapMaHa M IKTOJCPMBI Iep-
BOI xa0OepHOM menu. Y BCeX HCCIICAOBAaHHBIX BUIOB 3aKIIa -
Ka OapaOaHHOH MMEeperoHKH MosBiseTcs Ha 16 craguu u k 17
cTamuu oHa ToncTast ¥ peixias. K 18 cragum GapabanHas re-
peTOHKa 3HAYUTENPHO YTOHYACTCS U IPHOOPETAET TPEXCIIOM-
Hoe cTpoeHue. Y mpeacrasureneit cem. Delphinidae chopmu-
poBaHa CBs3Ka, COEAMHSAONIAs OapabaHHYIO TEPETOHKY C
PYKOSITKOM MOJIOTOYKA.

dopmupoBaHHE KaBEPHO3HOTO CIUIETEHHS Y JENb(GHHOB OT-
MeueHo Ha 18-19 cramusax. PasButue BeHO3HBIX M MEPHOYJI-
JIAPHBIX CUHYCOB MPOHMCXOJUT HECKOJIBKO MO3KE, HAUWHAsS C
21 craguu pa3BUTHA. Y BCEX UCCIICIOBAHHBIX BUIOB 3aMeIlle-
HUE XpsIIEeBOM TKaHU KOCTHOM OTMeueHO Ha 20 cTaauu B BU-
Jie 00pa30oBaHMs OTIEIBHBIX OYaroB OKOCTCHEHHS B TIOKPOB-
HBIX KOCTSIX depema, oS tympanicum u os perioticum. Ha-
YaJbHOE OKOCTEHEHME CIIyXOBBIX KOCTOYEK OTMEYEHO Ha 21
cTafuu. 3aKOHYMJICS Tpolecc (GOPMUPOBAHMS YIIHBIX MBIIII]
Y KOJIBLIEBHUHOM CBSI3KM CTpEeMEHH. YIIHas Karcyja o0pa3o-
BaHa MajoauGHepeHITMPOBAHHBIM XPSIIOM.

Ynurka OOJBIIOTO MOJKOBOHOCA OIPOMHAs, e¢ 00pas3yroT 3,5
obopora. B cTpoeHuHn yIuTKH OTMEUEHBI OMpe/eiIeHHbIE 0CO-
6eHHOCTI/l, HaIlpaBJICHHBIC HAa BOCIHPHUATHE BbICOKOYACTOTHBIX
CHTHAJIOB. 3HAYUTEIBHOIO PAa3BUTHSI TONYUYMI HIDKHHUN, WA
0a3anbHBIA 000POT YIMTKH, KaK MMEION[UIA HEMOCPEICTBEH-
HOE OTHOILICHUE K BOCIIPUATHIO BBICOKUX 4acToT (Puc. A).

VY adamunapl yautky o6pasyioT 1,5 obopora, y CTEHEIDIB U
oemyxu — 2 oboporta (Puc. B). Pa3meps! ynuTky 3HaYHTENEHO
MIPEBOCXOMIAT pa3Mephl BeCTUOYISIpHOTO anmapaTa. CTpoeHue
YIUTKH y AeNbGHHOB OOHAPYKUBAET CXOACTBO C OOJIBIINM
MIOAKOBOHOCOM, T.€. XOPOIIO Pa3BHUTHI T€ CTPYKTYPHI, KOTO-
pbIe OTBEYAIOT 32 BOCIPHUATHE YIbTPa3BYKOBBIX CHI'HAJIOB.

Ha 16 craguu y 601b1I0r0 NMOAKOBOHOCA YIMTKOBBIA KaHA
HAaYMHAET 3aKpy4YMBaThCS 10 CHHMpaiu U (opMmupyercs Oa-
3abpHBIA 000poT ynuTku. Ha 17 cragun dopmupyercs menu-
ANBHBIA 000pOT, a Ha 18 cTamuu — anuWKambHBIA W IIOJI-
oboporta. K xonmy 18 cramum ynnuTka aHaToMuuecku cdop-
MHpOBaHa, ee 00pa3ymorT 3,5 obopora.

VY nenpduHOB Ha 16 cTamuu YIUTKOBBIN KaHAT HAYWHACT 3a-
Kpy4YUBaThCA IO CIIMPAIH, 00pa3ysl HIKHAN, Wi 0a3aIbHBII
000pOT YIHUTKH, KOTOPBIA OKpPY)KEH YIIHOM KarcyJoW, co-
CTOAIIEH M3 YIUIOTHEHHON Me3eHXHMEI. KileTounsle 31eMeH-
Thl KOPTHEBA OpraHa HaXOAATCS MPUOIU3UTENHHO Ha OJWHA-

rentiation of ear bones into their forming elements. At
stage 16 the outlines of ear bones are revealed and at
Stage 17 every Anlage of of ear bones is an indepen-
dent structure. The development of properties asso-
ciated with the mutual disposition of ear bones in the
tympanic cavity in the greater horse shoe bat and dol-
phins is recorded at developmental Stage 16, whereas
in the majority of species with no echolocation capaci-
ty, this takes place at stages 18-19. .

The tympanic cavity is formed at stage 16 in the form
of narrow canal lying below the Anlagen of the ear
bones. At Stage 18, os tympanicum is formed and at
Stage 19 there is a rotation of the tympanic cavity
around the saggital and frontal axes of the pre-fetus
body.

The tympanic membrane is formed at the site of the
contact of the entoderm of the pharyngeal recess and
the ectoderm of the first branchial aperture. In all the
species under study the Anlage of the tympanic mem-
brane appears at Stage 16 and by Stage 17, it is thick
and loose. By Stage 18, the tympanic membrane thins
considerably and acquires a three-layer structure. In
Delphinidae there is a ligament connecting the tym-
panic membrane with the malleus manubrium.

The formation of the cavernous plexus in dolphins is
recorded at stages 18-19. The development of venous
and peribullar sinuses takes place somewhat later be-
ginning Stage 21. In all the species under study the
replacement of the cartilaginous tissues by the osseous
tissue is recorded at stage 20 in the form of develop-
ment of some particular foci of ossification in the in-
vesting bones of the skull, os tympanicum and os peri-
oticum. The initial ossification of ear bones was rec-
orded at Stage 21. The process of formation of the
auricular muscles and the ear and the annular ligament
of the anvil. The auricular capsule is formed by a little-
differentiated cartilage.

The cochlea of the greater horseshoe bat is huge,
formed by 3.5 turns. In the cochlear structure there are
certain features aimed at the perception of high-quality
signals. A considerable development is that of the
lower of basal convolution of the cochlea, which is
directly associated with the perception of high fre-
quencies (Fig. A).

In the bottlenose dolphin, the cochlea is formed by 1.5
convolutions, in Stenella, 2 convolutions (Fig. B). The
size of the cochlea shows some similarity with that in
the greater horseshoe bat, i.e., the structures responsi-
ble for the perception of ultrasound signals are well
developed. .

At Stage 16 in the greater horseshoe bat, the cochlear
canal starts spiraling to form the basal convolution of
the cochlea. At Stage 17, the medial convolution is
formed, and at 18, the apical and a semi-convolution.
By the end of Stage 18, the cochlea has been devel-
oped anatomically and formed by 3.5 convolutions 3.5.

In dolphins at Stage 16, the cochlear canal starts spiral-
ing to form the lower or basal convolution of the coch-
lea, which is surrounded by the auricular capsule of
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KoBO# ctagnu nuddepenupoku. Ha 17 cramgusx ¢popmupy-
€TCsl CIIeIYIOUIUH 000POT YIUTKH.

Iporecc oOpa3oBaHusi 00OPOTOB COMPOBOKAACTCS POPMHUPO-
BaHHWEeM ynuTKOBoro HepBa (n. cochlearis). op3o-
MEaraJibHasg 4aCcTb 3TOIr0O HEPBA HAIIPABJIACTCA K allMKaJIbHO-
My 000pOTYy, a BEHTpO-JarepalibHas — K 0a3aabHOMYy 000po-
Ty.

Ha 18 cragmm oTMe4eHO Hayallo KJIETOYHOU udQepeHIm-
POBKH KOpTHEBa opraHa. MIMeHHO Ha 3TOil cTaguu LMIMHI-
PUYECKUI SIUTENH YIUTKOBOTO KaHaja pa3dABHTacTCs, B
pe3ynbpTaTe 4ero oOpa3yroTcs ABa YTOINIICHUS: aKCHAIBHOE U
JaTepagbHOe, U3 KOTOPBIX 00Pa3yIOTCS 3IEMEHTHI YIUTKOBO-
ro xojxa W KopTueBa oprana. KieTku eme He 00pa3yroT Xa-
paKTepHOW MO3aWKH B pacnonoxeHud. CTpOGHHE U Pacro-
JIOXKCHHUE 3THX KJIETOK Ial0T BO3MOXKHOCTH IMPEIIOJIOKHUTD,
YTO B JaJbHEHIIIEM U3 HUX 0OPa3ylOTCs HAPYKHBIC BOJIOCKO-
BbIe KieTkd. [log HUME pacmonararoTcs kietku Jleirepca.
Knetku I'ensena u Knayanyca npencraBiieHbl B BHIE KyOu-
YECKOT'0 SMUTENHS, PACIIONOKEHHOTO B 1-2 psima. Chopmupo-
BaHa peiicHepoBa MeMOpaHa. OTMedeHO (popMHpoBaHHE Ka-
BEPHO3HOTO CIUICTCHUSI.

Ha 19 cramuum y uccieqoBaHHBIX BHAOB B Iporecc audde-
PCHIIMPOBKK BOBJICYEHBI KaK PELEHTOPHBIC, TaK W OMOPHBIC
KJIETKM KOopTHeBa oprana. KileTku pacronararorcsi yrnopsiao-
4yeHHO, 00pa3ys 3 psama. HelpoHBI cHHpasbHOTO TaHTIIHS
KPYITHBIC W TUIOTHO MPUJISKAT APYT K APYTy, 00pa3ys xapak-
Teprle CKOIIJICHUSL.

Hanee Ha 19 craguu auddepeHIMpoBKa KIETOK KOPTHEBa
opraHa, HauMHaeTcsi ¢ 6a3albHOr0 00OPOTa YIUTKH U MOCTe-
NEHHO PAaCIpPOCTPAHSETCS HA PACIONOKEHHBIE BbIIIE 000pO-
Tol. [103TOMY BO Bcex 00OpOTax YJMTKH OTMEYEHa pa3Has
CTETeHbh AHATOMUYECKOTO (POPMHUPOBAHMS YIIUTKOBOTO X0/a H
KIIeTOYHOM nuddepeHnnpoBku kopTuena oprana (Puc. A). 13
CTPYKTYp YJIUTKOBOTO XOJa paHblle BCEX (HOPMHPYETCs
peficHepoBa MeMOpaHa, a TI03Ke BCEro — COCYAUCTast MOJIoC-
Ka.

Ha 20 craguu nponosmkaetcs GopMUPOBAaHHE OMOPHBIX JIe-
MEHTOB KOpPTHEBAa OpraHa (Hapy>HbIX KJIETOK-CTOJ00B). DTH
KJIETKM MMEIOT TOHKOE W30THYTOE TEJO C SIPOM, PacIoiio-
JKEHHBIM B 0a3aJibHOM YacTh KieTku. OqHoBpeMeHHO anudde-
PEHLMPYIOTCS KIETKU [MIMHAPHYECKOH (HOPMBI C OKPYIIIBIM
OCHOBaHHMEM. JTO BHYTPEHHHE BOJIOCKOBBIE KJIETKH. YJIMTKH
0OJBIIOr0 TOJKOBOHOCA M NIENb(OUHOB 3HAYUTEIHHO YBEIHU-
4YeHHI B pa3Mepe. B ynutkoBoM kaHane Hadanachk auddepen-
IIUPOBKA CIUPATHHOTO JTMMOA, COCYAUCTON TIOJIOCKH W CITH-
panbHOU BBIpE3KH. basanbpHas MeMOpaHa, Ha KOTOPOH pacIo-
JIaraloTcsl KJIETKM KOPTHEBAa OpraHa, COCTOMT W3 COCIMHU-
TeNbHOW TKaHU. TyHHeNb emie He 00pa3oBaH. YBEIMYCHBI
pa3Mepbl HEHPOHOB CHUPAJIBHOIO TaHINIMSA M XOPOLIO IIPO-
CJIC)KUBAIOTCS] HEPBHBIE BOJIOKHA.

Takum oOpa3om, B paHHEM dMOpHOreHe3e OOJIBLIOTO MOJKO-
BOHOCA U JIeNIb(MHOB Hal/IEHbI CBOCOOPa3HbIE YEPTHI CTAHOB-
JICHUsI OpraHa ciyXa, CBSI3aHHbIE KaKk C 00pa3oM >KM3HH, TaK U
BOCTIPHSITHEM YacTOT IIMPOKOTO AHWAala3oHa. AJXarTHBHBIC
YepTHl B CTPOCHHU OpraHa CiiyXa OOHapyKHBalOTCS Ha pas-
HBIX CTaausAX 3MOpHOreHe3a, Jake HAa CaMBIX PAaHHUX, He-
CMOTpSI Ha TO, YTO Pa3BUTHE B yTpoOE MaTepH MPOUCXOIUT
0e3 HEMOCPEICTBEHHOTO BIHSIHHUA YCIOBUH OKpYXKaromei
cpensl. OTH 4YepThl CTPOEHHUS 00YCIOBICHBI OCOOCHHOCTAMHU
Cpeabl 06I/lTaHI/Iﬂ " Pa3BUBAIOTCA U3 TOMOJIOTUYHBIX 3a4YaTKOB

congested mesenchyma. The cell elements of the Cor-
ti’s organ are roughly at a similar differentiation stage.
At Stage 17 the next cochlear convolution is formed.

The process of formation of convolutions is accompa-
nied by the formation of the cochlear nerve (n. coch-
learis). The dorso-medial part of that nerve is directed
to the apical convolution and the ventro-lateral, to the
basal convolution.

Stage 18 marks the beginning of cell differentiation of
the Corti's organ. It is at this stage that the cylindrical
epithelium of the cochlear canal is separated to form to
dilations: the axial and lateral from which elements of
the cochlear convolutions and Corti’s organ are
formed. The cells do not yet form a characteristic mo-
saic pattern and disposition. The structure and disposi-
tion of those cells give grounds to believe that subse-
quently, flat hair cells form from them. The Deuters’
cells are situated under them. The Hensen and Clau-
dius cells are represented in the form of columnar epi-
thelium arranged in 1-2 rows. The Reisner membrane
has been formed. The formation of the cavernous
plexus is recorded.

At Stage 19 in the species under study the process of
differentiation involves both receptor and sustentacular
cells. The cells form a regular pattern of three rows.
The neurons of the spiral ganglion are large and dense-
ly adhere to one another to form characteristic aggre-
gations.

Subsequently, at Stage 19, differentiation of the Cor-
ti’s organ cells starts with the basal convolution of the
cochlea and gradually expands to the convolutions
situated above. Thus, the entire cochlear convolutions
show a different degree of anatomical formation of the
cochlear ducts and cell differentiation of the Corti’s
organ (Fig. A). The first of the structures of the coch-
lear duct to be formed is the Reisner membrane, and
the last is the stria vascularis .

At Stage 20, the formation of the sustentacular ele-
ments of the Corti’s organ (external columnar cells).
Those cells have a thin curved body with a nucleus
situated in the basal part of the cell. Concurrently cells
are differentiated, cylindrical in shape and with a
round base. Those are internal hair cells. The cochleas
of the greater horseshoe bat and dolphins are consider-
ably increased in size. In the cochlear canal the diffe-
rentiation of the spiral limb of the stria vascularis and
the spiral notch. The basal membrane at which the
cells of the Corti’s organ are situated consists of con-
nective tissue. The tunnel has not been formed yet.
The size of neuronal of the spiral ganglion is in-
creased, and the neural fibers are well-defined.

Thus, in early embryogenesis of the greater horseshoe
bat and dolphins some specific features of the forma-
tion of the auditory organ are found associated with
the mode of life and the perception of the frequencies
of the broad range. The adaptive features in the struc-
ture of the auditory organ are revealed at various stag-
es of embryogenesis, even at the earliest despite the
fact that the development in the mother's womb takes
place with no direct effect of the environmental condi-
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nepu(epruIecKoro OTAea CIYXOBOW CHCTEMBI; c(HOPMHPO-
BaHHBIC B PaHHEM MPEIIUIONHOM MEPHOJE aIalTHBHbBIE 0CO-
OGEHHOCTH OpraHa Cliyxa 3XOJIOLUPYIOIIMX BUIOB, KaK U JpY-
TUX MJICKOIIUTAOMIUX, MPOAOJIKAIOT Pa3BUBATLCA B IJIOAHOM
HepHojie W B XOJE PAHHEro IMOCTHATAJIBHOIO Pa3BUTHS
(ComuueBa 2006, Solntseva 2007).

VY axonomupyromux ¢opM (JIeTydue MBIIH, ACTb(QUHE),
MPUHAIICSKANINX K Pa3IHYHBIM TAKCOHOMHYECKUM M DKOJIO-
THYECKUM TPYIIIIaM, pa3BUTHE CPEIHET0 W BHYTPEHHETO yxa
mprobpeno olmue CBOMCTBAa MyTeM MapalieNbHON SBOIIO-
MU, B TPOILECCE KOTOPOW OBUIM CO3MaHBI YCIOBHA LI HX
BHYTPUBHUIOBOH aKyCTHYECKOM KOMMYHHKAIIMH B YCIOBHSX,
HEONarONPHUATHBIX JJIS 3PEHUS U B CBS3H CO CHENH(UICCKH-
MU CBOWCTBaMU Cpeibl KaK KaHajla aKyCTUYECKOU CBSI3H.

tions. Those features of the structure are determined by
the properties of the environment and develop from the
homological anlagen of the peripheral region of the
acoustic system; formed in the early pre-fetal period,
the adaptive properties of the auditory organ of the
echolocating species, similar to other mammals, con-
tinues to develop during the fetal period and in the
course of the early postnatal development (CosHueBa
2006, Solntseva 2007).

In the echolocating forms (bats, dolphins, belonging to
different taxonomic and ecological groups, the devel-
opment of the middle and inner ear has acquired some
common features by parallel evolution, in the course
of which some conditions were created for their intra-
species acoustic communication under conditions un-
favorable for vision and in connection with some spe-
cific properties of the environment as an acoustic
communication channel.
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CnocobHocTb 6enyxu (Delphinapterus

leucas Pall) kK «akcnpecc-

oGy%umo» pacno3HaBaTb 3afaHHbIN OO BLEKT npm noaBoaAHOM Noucke

MockoBckuii rocyiapcTBeHHbIH YHUBepcuTeT uM. M.B. Jlomonocosa, Mocksa, Poccust

Starodubtsev Y.D., Nadolishnyaya A.P., Kotova S.V.

The capability of beluga whale (Delphinapterus leucas Pall) for a fast
learning to recognize a desired object while underwater searching with

a use of an “express-teaching” method

M.V. Lomonosov Moscow State University, Moscow, Russia

[Ipu ocBoeHnr MupoOBOro OkeaHa HE3aMEHHMBIMH KHBOTHBI-
MH, COCOOHBIMH OKa3aTh YEIOBEKY IIOMOIIb, SBIITIOTCS MOp-
CKHE MIIEKOMHUTAIOMINE, O00JaNalonfe XOPOIIMMH CIIOCOOHO-
CTSIMH K OOYYECHHIO U BHICOKUM YPOBHEM Pa3BUTHS PacCylod-
HOH JesTeNbHOCTH. PaHee HaMu OBIIO TPOBEACHO HMCCIENI0Ba-
HUE, TIOKa3aBIIlee, YTO «XOPOIIO MOATOTOBICHHBIN K BBITOJIHE-
HUIO Pa3JInYHbIX HABBIKOB HeIbGUH adaaMHa MOXKET OYCHb
ObIcTPO O0Y4YHTBCS 3ajaye MOJBOJHOIO IIOMCKAa — OOHapyiKe-
HHUIO, PACIIO3HABAHUIO M JIOKAIM3AIUK 33JaHHOTO OOBEKTa B
BonHOM cpene» (Crapomy6rie u ap. 2006a, 6). OgHAKO Aeib-
¢uHbl adanuHBl HE OOUTAIOT B CEBEPHBIX MOPSX, TNE, HANPH-
Mep, IMIAPOKO PACIPOCTPAHCHBI OCIyXU — )KUBOTHBIC, KOTOPEIC

In settling the World Ocean, marine mammals with
their good capacity to learning and a high level of
development of intellectual activity are indispensa-
ble. Earlier, we made a study to demonstrate that «a
well trained bottlenose dolphin can very quickly
learn the task of underwater search — detection, rec-
ognition and location of an assigned object in an ag-
vatic environment” (Crapoxy6ues u ap. 2006 a,0).
However, bottlenoses do not dwell in northern seas,
where beluga whales are widespread — the animals
that were the first marine mammals maintained in a
man-made water body (Byx 1979).
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OBLIM MEPBBIMH M3 MOPCKHX MIJICKONHUTAIONIHUX, COAEPKaBIINX-
Csl B ICKYCCTBEHHO co31aHHOM Bogoeme (Bynx 1979).

Llenpto Hamed paboTbl OBLIO OMNpEAETIeHHEe BO3MOXKHOCTH
«3KCIIpecc-00yUYeHUs» OelTyXu paclo3HaBaTh 3aIaHHBIA 00BEKT
M3 JIBYX U TPEX MPCABABICHHBIX MMPU OCYHICCTBICHUN TMOJABOA-
Horo mnoucka. OcoOeHHOCTh pa3paboTaHHOM HAMU METOIHUKH
3aKJII0YAeTCsl B MPEABAPUTENBHON HACTPOMKE JKMBOTHOTO Ha
BBIOOp HEOOXOIMMOro O0BEKTa B OTIMYHE OT JUINTEIBHOTO
00yueHHs 10 MeTOANKe U PepEeHIUPOBKH.

DKCIIepuMEHT POBEJICH B AEMOHCTPAIMOHHOM OacceiiHe Moc-
KOBCKOTO OTZEJICHHSI YTPHIICKOTO Jenb(GHHAPUS Ha MOJOAOM
(okomo 6 net), mpupydeHHOM camie Oeryxu. B mepuoz npose-
JEHUS] SKCIIEPUMEHTa XMBOTHOE HAaXOAWJIOCh HA CTaJuH 00Yy-
YCHU BBINIOJIHCHUIO Pa3JIMYHbIX HABBIKOB JId y4acTus B O€-
MOHCTPaLMOHHOM mporpamme. Pasmepnl Oacceiina — 24,8 x
11,8 M mpu ray6unax ot 1,5 M no 5,8 M. Bo Bpems akcriepu-
MEHTa HCII0JIb30BAINCH JIBE TPOWKH IIPEIMETOB.

[epBas Tpoiika sKCIIEpUMEHTAIBHBIX IPEAMETOB!

1) monsrit pe3uHoBBIH M4 (D=0,125 M), oOTSHYTHINH CETKOH, K
KOTOPO¥ mpuBs3aH (ai ¢ Tpy3om;

2) TakoM ke M4, 3aIOJIHEHHBIN JpOOICHBIM KAPIIAIOM, 00TS-
HYTBIHA CETKOH, ¢ (haJIoM U TPY30M;

3) momoe kombuo (D=0,31 M) u3 MeramtomnacToBoi TpyOKH
(D=0,025 ™) ¢ nmpuKperuieHHbIM (aioM C TPY30M.

Bropast Tpoiika skcriepuMeHTaIbHBIX MTPEAMETOB:

1) HeroHymas merka u3 miactuka (amuHa =0,15 M, mupuHa
=0,06 M) 115t yMCTKU KadeIbHBIX MOBEPXHOCTEH, C KOTOPOii
cpe3aHa IIeTHHA M K KOTOpOH TpuBsi3aH ¢ai ¢ rpy3om. Pyyd-
ka HaxoauTcs Ha BeicoTe 0,03 M OT BepXHEro Kpas HIETKH,
mupuHa pydxu = 0,03 m;

2) nnacTUKOBBINA (piakoH m3-mox mammyHst (Beicota =0,15 M,
mmpura =0,07 M, tommuHa =0,04 M), 3alOIHEHHBIA 3a-
TBEpIEBaIONIeH TOJIMYPETAHOBOM MEHOH («MakpogIIekey), K
KOTOpPOMY IPHBs3aH (aj ¢ Ipy3oM;

3) morutaBok M3 1iactuka u neHorwiacta (D =0,1 M, TonmmHa
=0,05 ™M), mpemHa3HAYCHHBIH I pasTpaHUYEHHs IUTaBa-
TEJILHBIX JIOPOXKEK B OacceliHe, ¢ NPUKPEIUIEHHBIM K HEMY
(hanom ¢ rpy3om.

Bce ucnonp3oBasimecs B 9KCIEPUMEHTE MPEAMEThI ObLIH IS
JKMBOTHOTO HE 3HAKOMBI. Ha MOATOTOBUTENBHOM 3Tare dKcIie-
puMeHTa Oenyxa ajanTupoBajach K HOBBIM IpeaMeraMm U o0y-
yajiach MX allOpTUPOBKE CO JHa OacceliHa.

Ilpu mpoBeneHUM OCHOBHOHM 4YacTW 3KCIEPUMEHTA B Hadale
Ka)KJJOTO HCHBITAHUS OCYIIECTBISIACH ITpeIBapUTENbHas Ha-
CTpO¥iKa >KHBOTHOTO Ha BEIOOp HeobOxommmoro oOwekra. Jlms
sToro Oexyxa 8 pa3 moapsAn HaXOAWJIA W MOJaBajla TpeHepy Ha
MOBEPXHOCTh 33JaHHBI OJWHOYHBIN IPEAMET, HPEIbSIBIB-
IIMHACS B pa3HBIX dacTsax OacceiiHa. Cpa3y IHocie 3TOro mpoBe-
pslach CIOCOOHOCTh O€NyXHM HaxOIMTh M PAcHO3HAaBaTh STOT
CTUMYJ HpU MNPEABABICHUU €TI0 IONEPEMEHHO C OAHUM U3
I depeHIIMPOBOYHBIX CTUMYJIOB, @ 3aT€M OJHOBPEMEHHO C 2
1 depeHIPOBOYHBIMU CTUMYJIAMHU.

HccnenoBanue cocTosyio M3 IIATH 3TanoB: 1) mpoBepka cro-
CcOOHOCTH OeTyXH BBIACTATH 3aJaHHBIA CTUMYI U3 ABYX M TpeX
MIPEMETOB TIEPBOM TPOUKH (PacCTOSHUE MEXKAY IpeaMeTraMu |
M) TIOCJIE BOCBMH ITOCITHIOBATEIBHBIX €0 OJWHOYHBIX INPEIb-
SIBJICHUH; 2) TIPOBEPKa CIMOCOOHOCTH >KMBOTHOTO K BBITIOJIHE-
HUIO 3a/1a4M PACIO3HABAHM 33aJaHHOTO OOBEKTa TOCHE Tepe-
pBIBa B paboTe MPOAOHKUTEIBLHOCTRIO 13 MecsneB; 3) mpoBep-

The objective of the present study was to determine
the capacities of «express learning» of the beluga
whale to recognize an assigned object out of the two
or three presented in the course of underwater search.
A peculiar feature of the method developed by us lies
in the adjustment of the animal to select the needed
object in contrast to a long learning using the diffe-
rentiation method. The experiment was performed in
a display pool of the Moscow division of the Utrish
Dolphinarium, a young (about 6 years) tame beluga
whale being involved. In the course of an experiment
the animal was at the stage of learning various skills
to participate in a show program. The pool size is
24.8 x 11.8 m at depths of 1.5 m to 5.8 m. During the
experiment two sets of three objects were used.

The first set of experimental objects included:

1) a hollow rubber ball (D=0.125 m), covered with a
net to which a rope with a load was attached ;

2) a similar ball filled with crushed bricks, covered
with a net, with a rope and a load;

3) a hollow ring (D=0.31 m) of metalloplastic pipe
(D=0.025 m) with an attached rope with a load.

The second set of experimental objects included:

1) a non-sinking brush of plastic (length =0.15 m,
width =0.06 m) to clean tile surfaces, from which
bristle hair was cut off and a rope with a load at-
tached. The handle was at a height of 0.03 m from
the upper edge of the brush, the width of the han-
dle being 0.03 m;

2) a plastic shampoo bottle (height =0.15 m, width
=0.07 m, thickness =0,04 m), filled up with solidi-
fying polyurethane foam (“macroflex”), to which a
rope with a load was attached;

3) a float of plastic and foam (D=0.1 m, thickness
=0.05 m), designed for delimitation of swimming
lanes in the pool with a load attached to it with a
rope.

All the objects used in the experiment were not fa-
miliar to the animal. At a preparatory stage of the
experiment the beluga whale was adapted to new
objects and was learning their transportation from the
bottom of the pool.

When conducting the main part of the experiment,
the animal was preliminarily adapted to the choice of
the needed object. For that, the whale would 8 times
running approach and raise to the surface a single
object assigned, which was presented in different
parts of the pool. Immediately after that the capacity
of the beluga whale to recognize that stimulus being
presented alternately with one of the differentiating
stimuli, and subsequently concurrently with 2 diffe-
rentiating stimuli was tested.

The study consisted of five stages: 1) the test of the
capacity of the beluga whale to identify the assigned
stimulus of two or three objects of the first three sets
(the distance between the objects of 1 m) after 8 con-
secutive single presentations; 2) the test of the capac-
ity of the animal to recognize the assigned object
after an interval of 13 months; 3) the test of the ca-
pacity of the beluga whale to search for the object
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Ka crmocoOHOCTH OelmyXu K TOWCKY 3aJaHHOTO OOBeKTa MpH
YBEIMYEHUH PACCTOSHUS 10 8 M MEXIy KpalHHMHU U3 IIpeaMe-
TOB; 4) mpoBepka criocoOHOCTH OelyXH K pacro3HaBaHUIO 3a-
JaHHOT'O CTHUMYJIa MpU NPEABABICHUN HOBBLIX JIA )KMBOTHOTO
CTHMYJIOB U3 BTOPOI TPOHKHU MPEIMETOB; 5) MPOBEpKa CIIOCO0-
HOCTH OeJlyXH pacro3HaBaTh 3a/laHHBIA OOBEKT IPH BO3BpATE K
pabore ¢ IepBoii TPOMKOI NPeAMETOB.

JlBa WCHBITaHUs, NPOBEJCHHBIC HA MEPBOM JTale HCCIeIO0Ba-
HUS, TIOKa3aldn craTucThudecku 3Haunmoe (p<0,01 mo OmHOME-
AIBHOMY pacIpeie]ICHHI0) TpeodiafaHne MPaBUIIEHOTO BEIOO-
pa >)KUBOTHBIM 3aJaHHOTO OOBEKTa M3 ABYX U TPEX HPEIMETOB,
NPeNbABICHHBIX HAa PAcCTOSIHUM 1 M APYr OT Apyra, BCEro
JIMLIB [IOCIIE BOCBMH ITOCJIEOBATENbHBIX OAUHOYHBIX IPEIbsIB-
JeHui Tpedyemoro oobekTa (Tad. 1). DTO CBUACTENBCTBYET O
CIOCOOHOCTH O€yXH K BBIJEJICHUIO 3aJ]aHHOI'0 CTUMYJIA IPU
COBEPILICHUH TOJIBOTHOTO TOMCKA 0e3 MpeIBapUTEeIbHOr0 00Y-

with an increased distance of up to 8 m between the
extreme objects; 4) a test of the capacity of the belu-
ga whale to recognize the assigned stimulus from the
second of the three sets of objects; 5) a test of the
capacity of the beluga whale to recognize the as-
signed object when getting back to work with the
first set of three objects.

Two tests conducted at the first stage of the study
revealed a statistically significant (p<0.01 according
to binominal distribution) predominance of the cor-
rect selection by the animals of the correct object out
of two or three objects presented at a distance of 1 m
from each other, only after eight consecutive presen-
tations of the assigned object (Table 1). This indi-
cates the capacity of the beluga whale to identify the
assigned stimulus in performing an underwater

YECHHS IO KJIACCUYECKON MeTOuKe MU HEpEHIIMPOBKH.

search without preliminary training according to the
classical differentiation method.

Tab. 1. Pe3ynpTarsl NpoBepKy criocoOHOCTH O€ITyXH BHIJEISTE 33IaHHBIH OOBEKT U3 JIBYX M TPEX MPEIMETOB (IIepBBIi

JTal UCCIIEAOBAHNS)

Table 1. The results of the testing of the capacity of the beluga to distinguish the assigned object out of the two and

three (the first stage of studies)

Howep Cepusi npeabABIeHHI ucno . Cpenruit Cpennnit Homnst NIpaBHIIEHBIX
eI Series of tests IpEABABICHUA JIIs*, ¢ JIn*, ¢ peaxiuit, %
ID of a test Number of presentations Mean LPt* sec | Mean LPp* sec | Correct responses,%
1 1( 1(1H 225[223) 8 16,4+4,0 17£2,5 100
: 22(2(; Io)ZfehgsT)a) 20 14,8+0,9 15,5+1,3 80
3 3(3(31I 32?22)&) 13 14,2+0,6 17,5+2,1 84,6
' I(JH SZ;ES}’ 8 15+1,7 14,3212 100
2 ? 2(2(; ngeMcfsT)a) 1 14,1407 18,442.6 90.9
33(3(3“ ngeN;(;sT)a) 10 15,7+0,7 15,1+1,3 90

* - Cpennue natenTaole nepuoast: JIIIB — B3atust mpeamera, JIIIn — mogauu ero Tpenepy
* - Mean latent periods: LPt — taking the objects, LPp — producing it to the coach

Pe3ynpTaThl BTOPOro 3Tana MCCICIOBAHUSA INOKA3alH, 4TO
Oemyxa crocobHa K 6e30mMO0YHOMY BBIIOJIHEHUIO 3a7add
pacno3HaBaHHs 3aJaHHOIO CTUMYJIa U3 IBYX U TPEX IPEab-
SABJICHHBIX TIIPpW COBEPIICHUU IMMOABOJHOI'O IIOMCKA IOCJIC
nepepeiBa B paboTe MpOAOJDKUTEIBHOCThIO 13 Mecsies.
Cpennue 3Ha4YEHHS JIATEHTHBIX MEPHOIOB B3ATHS M MOAAYH
TpebyeMoro o0beKTa ObUTH MEHBIIIE, YEM Ha IIEPBOM JTaIe
9KCIICPHMEHTA.

Pe3ynbTaThl TPEThEro JTana MCCISHAOBAHUS MOKA3aIU, YTO
Oemyxa oKkasanach CHOCOOHAa HE TOJBHKO PAcllo3HAaBATH 3a-
JAHHBIN 00BEKT U3 TPYIIIbl IPEIbIBICHHBIX, HO UCKATh €r0
MIPH YBETUYEHUH PACCTOSHUS MEXKAY IpeaMeTamu (Tab. 2).

Pe3ynbTaThl 4eTBEpPTOro 3Tama HCCIENOBAHMS MOKa3aH
cTatucThyecku 3Haunmoe (p<0,05) mnpeoOnamanue mpa-
BUJIBHBIX BBIOOPOB O€NyXOil 3aJaHHOro CTHMYyJia IIpH
MNpCABABICHUU HOBBIX IJIA )KUBOTHOT'O CTUMYJIOB U3 BTOpOﬁ
Tpoiiku mpenmeroB (tad. 3). HoBble cTuMyiel HaMHOTO
MEHBLIE OTIMYAINCH JIPYT OT APYra, HEXEIH HpPEaAMETHI
MIepBOH TPOMKH, MCIOJIB30BAaBIIMECS Ha IEPBBIX TPEX dTa-
nmax uccienoBanus. OHM OBIIH OYECHB OJNM3KH 110 pa3Mepy U
OKpacKe W CJeNIaHbl M3 OJHOro Marepuaia. [loatomy xu-
BOTHOE COBEPINAIO OOJbBIIE OMHOOK, W OIS MPAaBHIBHBIX
BBIOOPOB Ha YETBEPTOM 3Tale HIKE, YeM Ha MPEAbIAYIIHX.

The results of the second stage of the study revealed that
the beluga whale is capable of successfully fulfilling the
tasks of recognition of the assigned stimulus out of the
two or three presented when making an underwater
search after an interval of 13 months. The mean values
of the latent period of taking and producing the object
required were lower compared with those at the first
stage of the experiment.

The results of the third stage revealed that the beluga
whale is capable of not only identifying the assigned
object in the set of those presented but also to search it
with an increased distance between the objects (Table
2).

The results of the fourth stage of study demonstrated a
statistically significant (p<0.05) predominance of the
correct selection by the whale of the assigned stimulus
when new ones stimuli from the second set were (Table
3). The new stimuli differed from one another to a much
less extent than the items of the first set of three objects
used at the first three experimental stages. They were
very close in size and coloration and made of the same
material. Hence, the animal would make more errors and
the proportion of correct selections at the fourth state is
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Tem He MeHee, CTaTHCTHYECKH 3HAUYMMOE MpeoliaaHue
BBIOOPOB 00BEKTa MOWCKA TOBOPUT O TOM, YTO Oenyxa Ie-
peHECTIa MOJYYCHHbIC HABBIKM B HOBBIC YCJIOBUA U CMOIJIa
pasznuuarh 04eHb OJIM3KHUE 10 NapaMeTpam OObEKTHI.

lower than at the preceding ones. Nevertheless, the sta-
tistically significant predominance of the correct selec-
tion of search objects is suggestive that the beluga whale
learns to use the skills obtained in new conditions and
was able to differentiate between object very close in
size.

Tab. 2. Pe3ynbTaTsl IPOBEPKH CIIOCOOHOCTH OEITyXH K BBIZIEJICHHUIO 3aJaHHOTO 00BEKTa U3 JIBYX M TPEX HPEIbsIBICHHBIX
IIPY YBEIMUCHNUH PACcCTOSHUS MEXLy IpeMeTaMu (TPETHi 3Tal NCCIIeJOBAHMs)

Table 2. Results of the testing of the capacity of the beluga whale to distinguish the assigned object from the two or
three presented with an increase in the distance between the objects (Stage 3)

Howmep u conepxanue Yucno Cpenunii Jlons npaBUIbHBIX
WCIIBITAHUS Cepust npebsBIeHNI IpeIbsIBICHUI Cpennuit JIIIs*, ¢ JIIn*, ¢ peakmui, %
No and content oftest Presentation series Number of Mean LPt*, sec Mean LPp*, Correct
presentations sec responses, %
1
1 (1 npeamer)
ITomarosoe (1 M) yBe- 1 (1 object) 8 13,6+0,7 16,3+1,2 100
JMMYCHNUE PACCTOSHUS
MEXAy KpaHUMU
NpeMeTaMH 2 (2 npeamera) 13 14,9+0,8 17,440,5 76,9
. 2 (2 objects)
Step-by-step increase (1
m) in the distance be- 363
tween the extreme ob- (3 npenveta) 10 14,8+0,8 19,6+2,2 100
. 3 (3 objects) > ’ > >
Jjects
2 I (1 mpexver) 8 14,5+1,1 17,5412 100
PaccTosiHME MEXLY 1 (1 object)
KpaiiH. npezveTamu 8 M 2 (2 npenmeta) 12 17,3+1,1 18,8+0,8 100
Distance between the 3 2 3(2 objects)
extreme objects 8 m (3 npeeta) 12 15,9+0,7 17,8+0,8 100
3 (3 objects)

*_Cwm. Tab. 1./ See Table 1.

Ha 3aximrounTenbHOM, IATOM 3Tale HWCCICIOBaHUS Oeiryxa
MoKa3alia CTONPOICHTHBIA YPOBEHb PEIICHHS 3a7a4dd C MPeJl-
MeTaMH MEpBOH TPO#KK mocie paboThl ¢ HOBBIMH CTUMYJIa-
MU, 0e30ImMO0YHO BBHIOWpas 3aJaHHBIA OOBEKT U3 2 W 3
[PE/IMETOB.

B pesynbpTare NpOBEJCHHOTO HCCIEIOBaHHS YCTaHOBJICHO,
YTO MPEIOKEHHAsI METOINKA «IKCIIpecc-00yUeHns» obectie-
YKJIa BO3MOYKHOCTh BBIIIOJHEHHs OeJTyX0H 3a/1a4uu [OBOHO-
ro MOMCKa W paclo3HaBaHUs 3aJaHHOrO OOBeKTa 0e3 yiu-
TEJIBHOTO 00YUYEHHSI IT0 METOMKE TU(PEepeHIIMPOBKH. 3a1aua
MOXET OBbITh BBIIIOJHEHA KAK MPHU MPEIbSIBICHUN CUIILHO Pa3-
JMYAOUIMXCS CTHMYJIOB, TaK W TPH MPEIbABICHHH OYCHb
MOXO0XMUX. be3omunbo4Hoe perreHne OeyXoi 3amavyd Mmocie
13 mecsneB nepepbiBa B paboTe CBUACTEIBECTBYET O XOPOIIO
Pa3BUTOMN JOITOBPEMEHHOM MAMSTH 3TUX KHUBOTHBIX.

B nenom, pe3ysbTaThl MPOBEISHHOTO HCCIIEAOBAHMS TI0Ka3a-
JIH, 9TO CII0cOOHOCTH OeTyX K 00yUSHHIO M PEIICHHUIO 3a1aqu
HOABOJHOTO TOKMCKa HE YCTYNAIOT TaKOBBIM CHOCOOHOCTSIM
adanun (Crapoayoues u ap. 2006 a,0). Mbl npeamnonaraem,
9TO CTOJIb OBICTPOE 00yUCHHE OCTyXH BBHIIIOJHECHHUIO 33Ul U
€€ YCIICHIHOC PCUHICHUC B U3MCHABIINXCS YCIIOBUAX SKCIIEPpU-
MEHTa CBSI3aHO CO CIIOCOOHOCTBIO 3THX >KMBOTHBIX K 0000-
meHno. bermyxu crocoOHbl K OBICTPOMY YCBOEGHHIO ITPHUHIIN-
na pelieHHs 3aJadd MOWCKAa W PAClO3HAaBaHMS 3aJaHHOTO
CTUMyJNia cpead Opyrux oO0bekToB. TakuM 00pa3oM, mpoBe-
JICHHOE MCCIeJOBAaHUE II0KA3aJ0, YTO OENyXH MOIYT OBITH
LCHHBIMHU ITOMOIITHHKAaMH YeJIOBEKa PH OCBOCHHU MHPOBOTO
OKeaHa.

ABTOpHI BBIP@XKAIOT NIyOOKYyI0 OJarofapHOCTH 3a BO3MOXK-
HOCTb IIPOBEJEHUS HUCCIECNOBAHUNM IOUPEKTOPY YTPULICKOTO
nenbGuuapus J.M. MyxameroBy, nupekTopy MOCKOBCKOTO
¢unmmana VYrpumckoro nenbpuuapus B.C. Ilerpymmny u

At the final, fifth stage of studies, the beluga demon-
strated a one-hundred percent level of problem solving
regarding the items of the first set of three objects after
work with new stimuli selecting the assigned object
out of three items without errors.

The conducted study has revealed that the method of
«express-learning» proposed ensured solving by the
beluga of the problem of underwater search of an ob-
ject without long-term training by the method of diffe-
rentiation. The problem can be solved both when quite
different stimuli or very similar stimuli are presented.
The correct solution by the beluga whale after a 13
month interval is indicative of a well-developed long-
term memory of those animals.

As a whole, the results of the study have revealed that
the capacity of belugas to learn and solve underwater
search problems is not inferior to that of bottlenose
dolphins (Craponybues u ap. 2006 a,0). We believe
that a rapid learning of the beluga to solve a problem
and its successful solution under conditions of the ex-
periment is associated with the capacity of those ani-
mals of generalization. Belugas are capable of rapid
learning the principle of problem solving and recog-
nizing the assigned stimulus among other objects.
Thus the present study has demonstrated that beluga
whales can be valuable assistants in settling the World
Ocean.

The authors are thankful to Director of the Utrish Dol-
phinarium L.M. Mukhametov, Director o the Moscow
Branch of the Utrish Dolphinarium V.S. Petrushin for
offering the opportunity of conducting this experiment
and the coach Pavel Dolonsky for assistance in con-
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a desired object while underwater searching

TpeHepy IlaBiy [loloHCKOMY 3a IOMOILB B IPOBEIEHUM JKC-
MIEpPUMEHTA.

ducting the experiment.

Tab. 3. Pe3ynbpTaTsl NpoBEpKH CIIOCOOHOCTH O€ITyXH K BBIJCICHHUIO 33JaHHOTO 00BEKTa IIPH NPEAbSIBICHUN HOBBIX

MIPEeIMETOB (YETBEPTHII ATAIl UCCIICTOBAHMUS)

Table. 3. Results of the testing of the capacity of the beluga to distinguish the assigned object upon presentation of new

objects (Stage 4)
Howmep Yucio
UCHBITaHUS] Cepus npeabsBIeHUi HpeIbABICHUH Cpenuuii JITTs*, ¢ Cpemmmit JITI*, ¢ | Jons MpaBHsHbIX peaiit, %
1D of a test Series of tests Number of Mean LPt*, sec Mean LPp*, sec Correct responses,%
presentations
1 1 (1 mpeamer)
1 (1 object) 8 20,5+7,8 18,3+1,1 100
2 (2 mpenmera)
2 (2 objects) 28 13,8+0,8 23,2424 64,3
2 1 (1 mpeamer)
1 (1 object) 8 13,0+0,9 21,842,0 100
2 (2 mpeameTta)
2 (2 objects) 30 16,8+1,1 21,3£1,2 66,7
3 1 (1 mpeamer)
1 (1 object) 8 12,5+0,8 17,1%1,1 100
2 (2 mpenmera)
2 (2 objects) 25 14,6+0,7 20,1+1,0 63
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Cynun A 4.

3neKTpo¢)M3MonorV|qecxa;| ayaAnomMeTpusa y MOpPCKUX MIeKonnuTarLlwunx.:
BO3MOXHOCTU UcCCrieaoBaHNUsA BUAOBbIX OCOOEHHOCTEN U nHauvBuAay-

anbHON ANArHOCTUKMU

WuctutyT ipodaem skonorun 1 3Bomonnu PAH. Mocksa, Poccus

Supin A.Ya.

Electrophysiological audiometry in marine mammals: Possibilities of
Investigation of species properties and individual diagnosis

Institute of Ecology and Evolution, RAS. Moscow, Russia

Y MOpCKHMX MJICKONHTAIOIIUX CIIyXOBasi CUCTEMA SIBIISICTCS
OJTHUM M3 OCHOBHBIX KaHAJIOB MOCTYIUICHUS HH(OPMALUH
00 okpyxaromier cpene. B ocobeHHOCTH 3TO XapaKTepHO
JUTS KUTOOOpa3HbIX, Y KOTOPBIX CIIyXOBasi CHCTEMa paboTaet
KaK B OOBIYHOM IACCHBHOM PEKUME, TaK U B PEKUME aK-

In marine mammals the auditory system is one of the
main channels of information about the environment.
This is particularly characteristic of cetaceans, whose
auditory system operates both in the passive regime and
in the regime of active echolocation. Hence the investi-
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CyI'II/IH. 3neKmpocpu3uonoeuquKaﬂ ayduomempun Y MOPCKUX mrieKkonumaruwux

TUBHOM 3xojokauuu. Iloaromy uccienoBaHue BO3MOKHO-
CTeH CIyXOBOW CHCTEMBI UCKIIOYUTEIHHO BAXXHO IS ILIA-
HUPOBAHUS MEp M0 OXpaHe U PalMOHAILHOMY HCIOJIb30Ba-
HHUIO MOpCKl/IX MIJICKOIIUTAKOIIUX.

TpaauIMOHHO SKCHEPUMEHTAIBHOTO MCCIECIOBAaHMS Xapak-
TEPUCTHUK ciyXa (Kak, BIIPOYEM, U IPYTHX CEHCOPHBIX CHC-
TEM) y )KMBOTHBIX OCHOBaHBI Ha NCUXO(HU3NYECKOM METO/IE,
KOIZ1a 0 BO3MOXKHOCTSIX CEHCOPHOM CHCTEMBI CYAAT IO I10-
BE/ICHUECKUM PEAKIUSIM JKUBOTHOTO HA T€ WJIM WHBIC CHI-
Haiel. Kak mpaBmiio, 3To TpeOyeT mpeaBapUTeIbHOTO 00Y-
YEHUS! JKUBOTHOTO PEArupoBaTh HA CUTHANIBI OMPEICICHHBIM
obpazom. J1Ji )KHBOTHBIX, COAEPIKAMNKCS B JJAOOPATOPHBIX
YCIIOBUSIX, B TOM YHMCIIE JJIsl COAEPIKAIMXCSI B HEBOJIE MOP-
CKHX MJICKOIIUTAIOMIHUX, 9TOT METOJ AOCTATOYHO IMPOAYKTH-
BeH W Jay OonblmIod o0beM CBeINEHUH 00 OCOOEHHOCTSIX
CjlyXa MHOTHUX BHIOB XHWBOTHBIX. OﬂHaKO BO3MO>XXHOCTH
9TOr0 METOJa OKa3bIBAIOTCS HEJOCTATOYHBIMH, KOTJa
NpPEJMETOM HCCIIeIOBaHHUS CTaHOBSATCS KPAaTKOBPEMEHHO
coJIeprKallecs B HEBOJIE MM CBOOOJHBIE >KUBOTHBIE, JUIS
KOTOPBIX HepealbHa IUTEeNbHAs TMpoLeaypa IMpelBapu-
TENBHOTO 00yUCHHS.

YcnemHsIM 3aMEHHUTEIEM TICHXO(PU3UIECKOTO METOIa HC-
CJIC/IOBaHUS CIyXOBOI CHUCTEMBI MOXET OBITh AIEKTPODU-
3HOJIOTUYECKHH METOH (AJIeKTPO(U3UOTIOTHYECKAsT ayAno-
MmeTpusi). [Ipu 3TOM perucTpupyrorcss He IMOBEIEHYECKHE
peakiuu OOYYCHHOTO JKHBOTHOTO, a OHODJICKTPHYCCKHE
pPEeaKMy CIYXOBBIX OT/IEJIOB MO3ra (BbI3BAHHBIE MOTEHIIHA-
JIbl) Ha 3BYKOBBIC CHTHAJIBI BapbHPYEMbIX MapameTpos. [1o
HAJIMYHIO WU OTCYTCTBHUS PEAKIUU MOXKHO CYAHTH, KaKue
CUTHAIBI JIOCTYITHEI TN HEIOCTYITHBI JUIsl OOHAPYXKCHUS U
pasznuyeHust ciyxoBoil cucremoil. [Ipumenenue sToro me-
TOJA IO ONPEAETICHHOTO MOMEHTa CICPKUBAJIOCh TEXHUYE-
CKUMHU cIoKHOCTsMHE. [Tpr HEMHBAa3UBHOM (OT MMOBEPXHOCTH
TeJNa) PerucTpalii aMIUINTYIa BBI3BAaHHBIX ITOTEHIIMAJIOB
MO3Ta Majia — MHOTO MEHBIIE, YeM JJIEKTPUIECKHEe ITyMBI,
co3/1aBaeMble IPYTMMHU TKaHSIMH. VIHBa3WBHas K€ PETUCT-
pamus (BBeIEHUE PETUCTPUPYIONINX SJEKTPOJOB HEMOCPEI-
CTBCHHO B CTPYKTYpPhI MO3ra) BO MHOTHX CIy4asiX HEIpH-
MEHHMMA TI0 TPAKTHYCCKUM M ITHYCCKMM npuurHam. OjHa-
KO COBPEMCHHBIC METOIbI IH(POBOII 00pPabOTKH CHUTHAIOB
W BBIJENICHUS CIAOBIX CHUTHAJIOB M3 IIyMa IMO3BOJWIN yC-
MENIHO MPEOJ0JIETh 3TO OIPAHUYEHUE U IIHUPOKO HCIOJIb30-
BaTh HEWHBA3WBHYIO PETHUCTPAIMIO BHI3BAHHBIX IMOTCHIIHA-
JIOB.

B ocobeHHOCTH yCHEIIHBIM 3TOT METOJI OKa3aJICs NPHMEHH-
TENBHO K 3y0aThIM KUTOOOPAa3HBIM, y KOTOPBIX BCJIEACTBUE
THIEPTPO(UH CITYXOBBIX LIEHTPOB MO3Ta OHO3IEKTPHYECKHUE
PEaKHy UMEIOT OOJBIIYI0 aMIUIUTYy M MOTYT OBITh H3Me-
PEHBI C BEICOKOH TOUHOCTBIO. AyIHOMETPHIECKOE UCCIIE0-
BaHUE C HCIOJNB30BAaHUEM JJIEKTPO(PU3HUOIOIUYECKOTO Me-
TOJIa MOXKET OBITh BBIIIOJHEHO 33 OTHOCHUTEIBHO KOPOTKOE
BpeMsi, He TpeOyeT NpeaBapuTeIbHOIO 00Y4YeHHs >KUBOTHO-
ro ¥ IPUMEHHMO K >KUBOTHBIM, COJEpKallUMcsl B Jadopa-
TOpUH TIpenenbHO KOopoTkoe Bpems (“catch and release”)
WK BOOOILE MOXKET OBITh BBIIIOJIHEHO B MOJICBBIX YCIOBHSX.

Bnarogapsi npuMEeHEHHIO 3JEKTPOPU3HOIOTHISCKUX HCCIIe-
JIOBaHHWM, B HACTOsILEe BPeMsl IOJy4eHbl JJaHHbIE O 0a30-
BBIX CBOMCTBax CIyXOBOW CHCTeMbI (1yBCTBUTEIBHOCTH W
YaCTOTHBIM TUANa30H) MHOTHX BHIOB 3yOaThIX KUTOOOpa3-
HbIX, B TOM YHCJIE U TCX, KOTOPbIC HC COACPKAINUCH IJIN-
TEJIBHOE BPEMsI B HEBOJIC H, CJICJIOBATEIILHO, HE MOTJIH OBITh

gation of the possibilities of the auditory system is of
exceptional importance to planning measures for the
conservation and management of mammals

Conventional experimental studies of auditory characte-
ristics (similar to other sensory systems) in animals are
based on the psychophysical method where the possibili-
ties of the sensory system are judged by the behavioral
reactions of the animal to some particular signals. Nor-
mally, this requires preliminary training of the animal to
respond to signals in a particular manner. The animals
are maintained in laboratory conditions, including ma-
rine mammals maintained in captivity demonstrated that
the method concerned is productive and produced a
large volume of information of the auditory properties
for a number of animal species. However, the capacities
of the method concerned proved insufficient when the
subject of study is animals maintained in captivity only
briefly or free-ranging animals for whom the procedure
of pre-training is unrealistic.

A successful replacement of psychophysical method of
study of the auditory system may be the electrophysio-
logical method (electrophysiological audiometry). Rec-
orded in this case are not the behavioral reactions of the
animal being trained but the bioelectrical reactions of the
auditory parts of the brain (evoked potentials) to the
acoustical signals of varying parameters. The presence
or absence of response could demonstrate what signals
are accessible or inaccessible in revealing and differen-
tiation of the auditory system. The application of the
method concerned was until a particular time handi-
capped by technical problems. In case of non-invasive
(in relation to body surface) registration, the amplitude
of evoked potentials of the brain is very low - much
lower than the electrical noises created by other tissues.
By contrast, the invasive registration (introduction of the
recording electrodes directly into the brain structures) is
in many cases inapplicable on practical grounds. How-
ever, modern methods of digital processing of signals
and distinguishing of weak signals from the noise made
it possible to overcome successfully that limitation and
use widely the non-invasive registration of evoked po-
tentials.

That method proved particularly successful to toothed
cetaceans — due to hypertrophy of of the auditory centers
of the brain their bioelectrical reactions have large am-
plitude and can be measured with high accuracy. An
audiometric study using the electrophysiological method
can be performed in a fairly short time and it does not
require pre-training of the animal and is applicable to
animals maintained in the laboratory for brief periods
("catch and release") or it can be performed in field con-
ditions.

Thanks to electrophysiological studies, today data on the
basis properties of the auditory system (sensitivity and
frequency range) of many toothed cetaceans were ob-
tained, including those that were not kept in captivity for
a long time and could not be studied by conventional
behavioral methods. Moreover, the high efficiency of
the method made possible the individual diagnosis of the
hearing of the animals maintained in captivity for re-
search or commercial purposes realistic, which is the
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Supin. Electrophysiological audiometry in marine mammals

W3yYEHbl TPAIMIIMOHHBIMA MOBEICHYCCKUMH METOJaMH.
Bonee Toro, BeicOKas 3pPEKTHBHOCTh METOA CAeiiana pe-
aJIbHOM MHAWBUAYAJbHYIO JUArHOCTHUKY CJlyXa KMBOTHBIX,
COZIEPYKAIIMXCS B HEBOJE B MCCIICNOBATEIBCKAX HJIA KOM-
MEPUYCCKUX LCIIAX, YTO ABIACTCA Ba)XHEHIIIUM II0Ka3aTeleM
JUISL OLICHKU YCIIOBUU COJEpIKAHMS U JICYCHUS, & TAKXKE YC-
TAQHOBHUTH POJIb BO3PACTHBIX U MHBIX (PAKTOPOB B COXpaHe-
HUM HOPMAJBHBIX MMOKa3zaTenel ciyxa. Tombko Omaromaps
MPUMEHEHHIO BIIEKTPOPHU3HOIOTHIECKOTO METO/Ia OKasa-
JIOCh BO3MOKHBIM YCTaHOBHUTE, YTO MHOTHE KMTOOOpAa3HEIE,
COZlepIKaIiecs JNINTEIbHOE BPEMS B HEBOJE, HMEIOT 3Ha-
YUTEIBHYIO MOTEPI0 CIIyXa, BBIPAXKAIOIIYIOCS B CYKCHUH
YaCTOTHOTO JMAna3oHa.

OnHako ompeJelieHHe YyBCTBUTEIBHOCTH M YaCTOTHOTO
JMana3oHa Cllyxa — He €JMHCTBEHHO BO3MOXKHOE COJeprKa-
HHE ayIUOMETPHYECKOr0 HCCIEJOBAHUS. DIEKTPOPU3UOIO-
TMYECKUI METOJI TO3BOJIMII MOJIYYHTh BayKHbIE JaHHBIE U T10
JPYTHM XapaKTEpPUCTHKaM Cilyxa 3y0aThIX KHTOB — OCTPOTE
YaCTOTHOM CEJIEKTUBHOCTH, IPOCTPAHCTBEHHOW HaIpas-
JICHHOCTH, OMHaypaJbHBIM B3aMMOJACHCTBHAM. XOTS TaKue
Oonee cIOXKHBIE 00CIeNOBaHUs TPEOYIOT, COOTBETCTBEHHO,
OOJbIIEr0 BPEMEHHU, YeM CTaHHapTHas ayAuoMeTpust (4yB-
CTBUTEJIHOCTb M YaCTOTHBIM JMAIa30H), HO BCE )K€ AeNAl0T
9TH UCCIIEIOBAHUS BO3MOKHBIMHU.

Haxonen, 2neKTpo(GU3HMOIOTHYECKHE METOIbl  OTKPBLIH
YHHUKAJIBHYIO BO3MOXHOCTh HCCIICAOBaHUS (YHKIMH CITy-
XOBOH CHCTEMbI 3y0aThiX KHTOOOpA3HBIX B MpOIECCE aK-
THBHON 9XOJIOKAIIMH. DTU HCCIEAOBAHUS YK€ TMO3BOJMIN
OTBETUTh Ha Psii UHTPUTYIOLIUX BOIPOCOB, B YACTHOCTH,
Kak o0ecrednBaeTcss BO3MOXKHOCTh BOCHPHUSTHS Cl1abO0ro
9Xa yepe3 KOPOTKOoe (MUJLTUCEKYH/IBI) BPeMs ITOCIIE MOIIIHO-
IO U3JyYEHHOr0 3XOJOKALMOHHOTO HMITYJbCa, KaK CIyXO-
Bas CHCTEMa CIIPABIISETCS C HEOOXOIMUMOCTHIO aHATIH3UPO-
BaTh 3XO-CUTHAJbl, UHTCHCUBHOCTb KOTOPBIX MEHSETCS Ha
MHOTHE JECATKH AeUNOET B 3aBUCUMOCTH OT CHJIBI MHIICHU
U PAcCTOSIHUA 10 HEe, U Psil APYTHX.

K coxanenuto, 10 HaCTOSIEro BPEeMEHH IOITHOCTBIO OTCYT-
CTBYIOT SKCIIEpPUMEHTANbHbIE HCCIEIOBAHUS CIyXa yCaThIX
KHUTOB. DTO CBSI3aHO C TPYAHOCTSMHU OTJIOBA U COAEPIKAHUS
KpPYNHBIX JKABOTHBIX. Il03TOMy HEW3BECTHO, HACKOJIBKO
3G PEKTUBEH 3IEKTPOPHU3HOIOTMYECKUI METON NPUMEHH-
TEJIBHO K YCAaThIM KUTOOOpa3HBIM, YYUTHIBask OCOOCHHOCTH
X aHaTOMuM 1 ¢usuosnornd. Ho, HECOMHEHHO, MOIBITKH
MIPOBECTH NHJIOTHBIE 3JIEKTPOPHU3HOIOTHIECKUE HCCIEN0-
BaHMS ClTyXa ycaTbhIX KHTOOOpa3HbBIX, KOTOpPHIE YK€ Mpel-
MIPUHUMAIIUCh, Oy Iy T MPOAOIIKATHCA.

Uro xacaeTcst APYIuX MOPCKHX MIICKOMHTAIOIINX, UMEECTCS
OIIBIT IPUMEHEHUs BIEKTPO(U3MOIOTHIECKOH ayIHoMeT-
pUHM M K HUM. BBINOJNIHEHBI UCCIEI0BaHMsI Ha JIACTOHOTHX
(xanmnOpHUHCKUX MOPCKHX JIbBAX M MOPCKUX CIJIOHAX).
Wmerorcst enMHUYHBIE HCCIIeI0BaHuUs Ha amMaHTHHaX. Ciy-
XOBasl CHCTEMa y 3TUX JKUBOTHBIX HE CTOJIb Pa3BHUTa aHATO-
MHYECKH, KaK y 3y0aThIX KUTOOOPa3HBIX, MOITOMY aMILIU-
TyAa CIIyXOBBIX BBI3BAaHHBIX IIOTCHLMAJIOB MO3ra y HHX
MEHBIIIE, YTO CO3JaeT HEKOTOphle orpanmueHus. OgHaKo
NPUMEHEHHE METoJa VISl CTaHAAPTHOW ayIHMOMETPHH H Y
9THX JKUBOTHBIX OKa3aJ0Ch BIIOJHE yCHEIIHBIM.

most important index for the assessment of the condi-
tions and therapy, and also revealing the role of age or
other factors in preserving the normal hearing indices.
Only thanks to the application of the electrophysiologi-
cal method was possible to reveal that many cetaceans
that were long maintained in captivity are characterized
by considerable loss of hearing, which is manifested in
the narrowing of frequency range.

However, determination of sensitivity and frequency
hearing range is not the only possible content of audi-
ometric study. The electrophysiological method permit-
ted obtaining some important data on other characteris-
tics of the hearing of toothed whales — the acuity of fre-
quency selectivity, spatial direction, and binaural inte-
ractions. Although such more complex examinations
require, accordingly, more time than standard audiome-
try (sensitivity and frequency range), but still they make
these studies possible.

Finally, the electrophysiological methods have revealed
some unique possibility of the investigation of the func-
tions of the auditory system of toothed cetaceans in the
course of active echolocation. These studies have al-
ready provided answers to a number of intriguing ques-
tions, including the perception of the weak echo via the
short (milliseconds) time after a strong echolocation
pulse, the way the auditory system copes with the need
to analyze the echo-signals whose intensity changes
many dozens of decibels depending on the strength of
the target and the distance to it or a number of others.

Unfortunately, today there are no experimental data
available on the hearing of baleen whales. This is asso-
ciated with the problems of capture and maintenance of
big mammals. Hence, it is not known how effective the
electrophysiological method is with reference to baleen
whales, taking into account the properties of their anat-
omy and physiology. Without a doubt, the attempts to
perform pilot electrophysiological studies of the hearing
of baleen whales will continue.

As to other mammals, there is also some experience
available of application of electrophysiological audi-
ometry to them. Studies were performed on pinnipeds
(California sea lions and elephant seals). There are some
individual manatee studies. The auditory system in those
animals is not so well developed anatomically as the one
in toothed cetaceans, hence the amplitude of auditory
evoked potentials of the brain in them is small, which
causes some limitations. However, the application of the
method of standard audiometry in those animals proved
quite successful.
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CeeToueB 1 CeeTtoueBa. PacripedeneHue mopxa 8 berom, bapeHuesom u Kapckom mopsix 8 2004-2007 ze.

Csetoues B.H., Csetouena O.H.

PacnpeneneHune atnaHtnyeckoro mopxa (Odobenus rosmarus
rosmarus L.) B benom, bapeHueBom n Kapckom mopsax B 2004-2007 rr.

Mypmanckuit Mmopckoit 6uonornueckuit uactutyt KHI] PAH (MMBN), Mypmanck, Poccust

Svetochev V.N., Svetocheva O.N.

Distribution of the Atlantic walruses (Odobenus rosmarus rosmarus L.)
in the White, Barents and Kara seas in 2004-2007

Murmansk Marine Biological Institute of the Kola Science Centre of the RAS, Murmansk, Russia

B 2006-2007 rr. HaMu ObUIM TIOJTyu€HBI HOBBIE JaHHBIE O
BeceHHeM pacnpenesnieHun Mopxa (Odobenus rosmarus
rosmarus) B benom mope. Matepuain Obl1 coOpaH B repuo
BE/ICHUS CYZI0BOTO ITPOMBICIIAa TPEHIIaHACKoro TrojeHs. Ha-
OJIro/1eHHs TPOBOJMIIMCH € OOpTa Cy/HA, a TAKXKe C TPOMBI-
CIIOBBIX JIOZOK. [IpH ydere ¢ cyaHa MOpPKU yYHTHIBAJIHCH B
nosioce wupruHoi 1 kM. Ilpu ydyere ¢ IpoOMBICIOBBIX JIOJOK
HIMpYHA YYeTHOM mosockl BapsupoBaia oT 300 no 800 m.
[Ipn oOHapy)XeHNH €AMHWYHOTO MOp’Ka WM TPYMIBI MOp-
el kaTep (CyAHO) MpHONMKAIOCh K MOPXKY JUIS OIpezesie-
HHS TOYHBIX KOOPAUHAT U (HOTOTrpadpOBaHUS )KUBOTHOTO.

B 2006 r. mopxu yuuthiBaniuck ¢ 17 anpens mo 10 mas B
I'opne n Boponke. Bo Bcex ciydasix >KUBOTHBIE ObUIM 00-
Hapy»XeHbl OT/ABIXAOLIMMHU Ha JibAax. MopKu BeIOMpaIH
JBIUHEL 10 15 M B MonepevyHuKe, 4To Mo3BOJISIO UM OBICT-
PO TOKHHYTH JIbAWHY B Cilydae omacHocTH. Kak mpasuio,
3BEpH OTMEYAINCh Ha OKpPaWHaX 3aJIe)KEK TI'PEHIIaHICKOTO
TioneHa. Bcero Opmio otmeueno 13 Berpeu. CruenaHHBIE
Hamu (oTorpaduu OOJBIIMHCTBA MOPKEH MO3BOJSIOT HaM
YTBEpKIATh, YTO 3TO OBUTH pa3HbIC KUBOTHBIE. OTMHOYHBIC
3BepH BCTPEYAIHCh § pas, TPYymIsl U3 2-5 ocobeit — 5 pas.
Bce ogmHOUYHBIE MOPXH, TT0 BUAMNMOMY, OBUIN ITOJIOBO3pE-
JBIMH, C KPYIHBIMU KibIKaMu (cBble 20 cM) U JUITMHOM
Tena okono 3 M. B rpymmax Obumn mpeacTaBiieHBI 3BEpU
pa3HBIX BO3pPAcTHBIX rpymil. J{Baxabsl HaOIIOJAH HEIOJI0-
BO3PEJIBIX KUBOTHBIX (KIBIKK 10 10 cM) U [UTHHOM Tena 1o 2
M. B 2007 r. yuer Mopxkell Benu ¢ 29 mapta no 04 mas B
Bacceitne, ['opne u Boponke. Bcero Obuim oTmeueHbl 4
BCTPEYH — OJMHOYHBIC TOJIOBO3pENBe 3BepH. Bee Mopku
HaXOJWJIHNCh Ha OKpanHaX 3aJIe)KEK TPEHIAHACKOTO TIOJCHS.

Takum 00pa3oM, MOKHO OTMETHTbH, UTO 3aXOABI MOpXKEH B
benoe Mope BeCHOU B MOCIENHUE 5 JIET HOCAT PEryJISPHBIA
xapakrtep. B ['opiie u BopoHke 3Bepu BCTpeuyarOTCsi MOCTO-
SIHHO, B bacceiiHe — HeCKOJIbKO peke. MOpKU NPOHUKAIOT U
BO BHYTPEHHUE PalOHBI MOPs, HApUMEP, 3KUIAX CyJHa
«Hanup» B anpene 2003 r. HaOMrOIA)T KPYITHOTO MOpIKa Ha
TpaBep3e 1. Konsuna B Kanganakmickom 3anuee (CBeTouen
u CeeroueBa 2007).

JlaHHBIE O pachpelneieHul MOpPKEH BIOJb MaTEePUKOBOM
yacti bapeniieBa Mopst ObUIM COOpaHbl HA OCHOBE YCTHBIX
coobmennii ot E. JIutsuna, . A. JlaBpurenko u O.A. JlaB-
purerko. Tak, B Hauane utoHs 2004 r. B paiione n. ToOcena
Ha JIbJIaX HaOmomanu okoio 160 mopskeit (0OJBITMHCTBO —
camiiel). 3Bepu npeiidoBanu Baoabr TumaHckoro Oepera. B
ntone-aBrycre 2004 r. ma o. ['oyery ¥ BAOIH BOCTOYHOTO
nobepexbs 0. Baiirau (M. boin. JIsmunn Hoc, o-Ba KaprioBo
CraHoBbe) ObUTM OTMEYEHBI 3 JIeKOMIIa MOpXKeil 1O He-

In 2006-2007, we obtained some new data on the spring
distribution of the walrus (Odobenus rosmarus rosma-
rus) in the White Sea. Data were collected during the
ship harvest of the harp seal. Observations were made
from board the ship and also from hunter boats. From
the ship, the walruses were surveyed in a zone of 1 km
wide. When the survey was made from hunting boats the
width of the census zone ranged from 300 to 800 m.
When seeing a single walrus or a group of walruses, the
boat (ship) approached the walrus to determine the pre-
cise coordinates and take a picture of the animal.

In 2006, the walruses were surveyed from April 17 to
May 10 in Gorlo and Voronok. In all cases the animals
were found resting on the ice. The walruses chose ice
floes up to 15 m in diameter, which made it possible for
them to leave the ice floe quickly in case of danger.
Normally the walruses were found at the edge of the
harp seal haulouts. The walruses were sighted 13 times.
The pictures of the majority of walruses give us grounds
to believe that those were different individuals. Single
individuals were sighted 8 times, and groups of 2-5, 5
times. All the single walruses appeared to be mature
with big tusks (over 20 cm) and body length of about 3
m. The groups comprised animals of different age
classes. Two times immature individuals were sighted
(the tusks less than 10 cm) and body length up to 2 m. In
2007, the survey of walruses was conducted from March
29 to May 04 in the Basin, Gorlo and Voronok. The
walruses were sighted 4 times — single and mature indi-
viduals. All the walruses were at the edge of the harp
seal haulouts.

Thus, it may be noted that walruses have entered the
White Sea during the last 5 years on a regular basis. In
Gorlo and Voronok they occur constantly, and in the
Basin, less frequently. The walruses penetrated in the
inner regions of the sea. For instance the crew of the
ship “Nadir” in April 2003 was watching a big walrus on
the traverse of the village of Kolvits in the Gulf of Kan-
dalaksha (CseroueB u Cerouesa 2007).

Data on the distribution of walruses along the mainland
part of the Barents Sea were gathered on the basis of
oral communications by E. Litvin, [.A. Lavrinenko and
O.A. Lavrinenko. In fact, at the beginning of June 2004
in the region of the town of Tobseda about 160 walruses
were sighted, the majority of them being males. The
animals were drifting along the Timan shore. In July-
August 2004 on Golets Island and along the eastern
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CKOJIBKY IIECSITKOB ocobell B kKaxaoM. B xonmne mross 2005
T. Ha Jiexowuie o. [onerr Haxoaunuch 160 MOpkei, a Ha O.
MartseeB — 43 mopka (CBetouesa 2006).

JanHple o pacmpeneneHun Mopxed B mpoia. FOropckuit
[lap ObuIH MOJTy4YEeHBI HAMHU B MIEPUOJ MOJIEBBIX HUCCIIE0Ba-
HUN B aBrycre-ceHTsiOpe 2006 r. I'pymma mopxkeit (6-10
oco0eii) mepemeniajack C 3amajga Ha BOCTOK 28 aBrycra
(ytmuHOE coobenne mrypMana Oykcupa «Oray»), a 09 cen-
Ts0ps B paiione p. UepHas HamMu OBUT OTMEUYEH MOPIK, TUIBI-
ByLIMI B 3amagHoM HampaBieHUH. OQuH TOTUOIIMA MOpPXK
ObUT OOHApy>KEH HaAMH B CepelrdHEe aBrycTa B paiioHE II.
Ampzepma (adpomnoprT).

JaHHble O pacnpeneseHud MOpXKeW BIOJIb MaTEPUKOBOM
nuHnn B Kapckom Mope ObUIM MOJIyYEeHbI HAMH BO BpEMs
NPOBEACHUS CYJIOBBIX HAOJIOJCHUN 3a pacrlpeaecHUEM
Mopckux MitekonuTaromux B Kapckom Mope (1/x «Komay») B
utoiie 2004 1., a Tak)Ke U3 JTUIHBIX COOOIIECHHUH.

25 ntonsg 2004 . MOpKH OBIIM OTMEYEHBI Ha IJIaBy MEXKIY
Toukamu 73°34°2 c.m. / 68°55°8 B.a. m 73°49’5 cam. /
70°44°3 B.n. Becero Ha mapuipyrte anuHOM 63 kM ObLIHM 3a-
peructpupoBano 24 mMopika. JKHBOTHBIE IUTBUIN B CEBEPHOM
HaIpaBJIeHUH OJMHOYHO W IpymnmnaMu no 2-3 ocodwu, yaane-
HUe OoT Ommkaitmero Oepera (o. bemnsrit) cocramso Goxee
30 kM.

B xoH1ie okts06ps 2004 r. Ha 0. benpiil ObUTH OTMEYCHEI 1BE
OeperoBble 3anexku Mopxkel. [lepBas — B xonmdecTBe 00-
nee 100 ocobeli — B 3a1MBe Ha CEBEPO-BOCTOYHON OKOHEY-
HOCTH octpoBa (73°24°05 c.m./71°05°54 B.11.), u BTOpas —
pUMEpPHO 15 Mopikel — B 3aIMBe Ha I0)KHOW OKOHEYHOCTH
octposa (73°02°42 c.m. / 70°00°26 B.1.) (7IMuHOE COOOIIE-
nue A.C. Muxaiinosa).

ITo-BuauMoMy, peryisipHble BcTpeud Mopxa B benowm, ba-
penueBom u Kapckom mopsix B 2004-2007 rr. MO3BOJISIOT
TOBOPUTH O TIOCTENEHHOM BOCCTAaHOBJIEHUM apeajia U TEH-
JEHIUM K YBEIMYEHUIO YHUCIEHHOCTH AaTJIaHTHYECKOIo
MOp’Ka B JAHHOM PETHOHE, M0 CpaBHEHMIO ¢ cuTyauuen 40
neT Hazax. OJHAKO WHTCHCUBHOE OCBOCHUE IIeib(a B X0/e
IOOBIYH TIPUPOIHBIX YTIIEBOJOPOMIOB, BO3PACTAOIIEE BO3-
JNEUCTBUE CYIOXOJACTBA B AapKTHUYECKUX MOpAX IIO-
MPEeKHEMY OCTAIOTCSl HETaTWBHBIMU (DaKTOpaMH Ha IyTH
BOCCTAHOBJICHHS aTJIAHTUYECKOTO TMOJBHUJIa B POCCUICKOM
YacTH €ro apeasa.

shore of Vaigach Island (Cape Bolshoi Lyamchin Nos,
the Karpovo Stanovye) 3 haulouts of walruses of several
dozen in each were recorded. At the end of July 2005 on
the haulouts of Golets Island, there were 160 walruses,
and on Matveev Island, 43 walruses (Csetouena 2006).

Data on the distribution of walruses in the Yugorsky
Shar Strait were obtained by us in the period of field
studies in August-September 2006. A group of walruses
(6-10 individuals) were moving eastward on August 28
(personal communication of the pilot of the tug “Ota”),
and on September 09 in the region of the Chernaya Riv-
er we sighted a walrus swimming westward. One dead
walrus was found by us in mid-August in the region of
the town of Amderma (airport).

Data on the distribution of walruses along the mainland
line in the Kara Sea were obtained by us in the course of
ship observations of the distribution in the Kara Sea
(«Kola» ship) in June 2004, and also from personal
communications.

On July 2004, walruses were sighted swimming between
the points 73°34°2 N / 68°55’8 E and 73°49°5 N /
70°44°3 E. A total on the route 63 km long 24 walruses
were recorded. The animals were swimming northward
singly and in groups of 2-3 individuals at a distance of
over 30 km from the nearest shore (Bely Island).

In late October 2004 on Bely Island, two shore walrus
haulouts were recorded. The first numbered over 100
individuals — in the gulf on the northeastern extremity of
the island (73°24°05 N/71°05°54 E), and the second —
roughly 15 walruses — in the gulf on the southern ex-
tremity of the Island (73°02°42 N / 70°00°26 E) (person-
al communication by A.C. Muxaiinos).

It appears that regular sighting of the walrus in the
White, Barents and Kara seas in 2004-2007 are sugges-
tive of gradual restoration of the range and a trend to
increase in the numbers of the Atlantic walrus in the
region concerned compared with the situation 40 years
ago. However, intensive settlement of the shelf in the
course of production of natural hydrocarbons, an in-
creasing effect of navigation in the Arctic seas remain to
be negative factors for the restoration of the Atlantic
subspecies in the Russian part of the sector.
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IIutranue rpennanackoro TrosieHd B bemom mope, HecMoTps
Ha MHOTOYHCJICHHBIC HCCIIEOBAHUS €r0 OMOJIOTHH, H3Y9IECHO
HepocratouHo. ITo muenuto [lopodeesa (1960) TromeHu B
Mapre-anpeyie MPaKTHYeCKd He TMHTAIOTCI. |HUMOIIEHKO
(1963) mpuBOIUT JaHHBIE O MTUTAHUM TPEHJIAHJICKOTO TIOJIECHS
B MapTe CelbJbl0 (OeJIOMOPCKON M aTIIAHTUYECKOW) U MOH-
Boit. OH ke yka3pIBaeT, 4yTo pakooOpasubie (Themisto sp.,
Macrura sp., Pandalus sp.) B MapTe-Mae «CyIIECTBEHHOU
poiM B MHUTaHUM OEJIOMOPCKOTo JIBICYHA He WrparoT». Hasza-
pesko (1986) cunraer, 4ro peiba U paKooOpa3HbBIE SBISIOTCS
PaBHOIICHHBIMHA [0 3HAYNMOCTH OOBEKTAMH THUTAHUS IS
TIOJICHA, HO TIOTpeOJIeHne UX BeCHOW He3HaunTenbHO. [lo3n-
Hee Nilssen et al. (1995) u Ilotenos (1998) npuBonsat yoenu-
TENbHBIE JaHHBIE O TMTAHUH B3POCIBIX TPEHIIAHJICKUX TIOJIE-
HE B MapTe pakoOOpasHBIMH, OIHAKO YKa3bIBAIOT, HTO
OOJBIIMHCTBO MCCIEIOBAHHBIX JKEITYAKOB ObUIM IycThl. OHU
)K€ TOBOPST O HU3KOM YPOBHE TMOTPEOJICHHS MTUILH TIOJICHIMU
B ampelsie-Mae, NpuBOAs AaHHbie 1992 T., Korma B NMUTaHUH
JIMHSIOIMX TPEHJIAHCKHUX TIOJIEHEH ObUTH OTMEYEHBI pblida U
pakooOpasHble (MO¥Ba, KOpIOIIKa, Oenprora, OermoMopckast
cenblib, Themisto sp., KPEBETKN).

B nepuoz ¢ 1999 mo 2007 rr. B benom Mope Hamu OpLH c00-
paHBl MaTepHaNbl 10 NMUTAHUIO AETCHBINIEH TI'PEHIAHACKOTO
TIOJICHA Ha CTAIMsIX «PBaHBIN JKakeT» U «cepka» (690 mpoo)
1 TIoneHel B Bo3pacte 1 rox u crapire (200 mpo6). B 1999 u
2001 rr. marepuansl Obut cobpansl B mepuox ¢ 17 mo 31
MapTa, B 2006 r. — ¢ 18 anpens mo 15 mas, B 2007 r. — ¢ 28
MmapTa 1o 22 anpens. J{ist mosy4eHus npod MUTaHus y TIOJe-
Hel npocMaTpuBain KEJIYJOK U KUIICYHUK Ha HAJIUYUEC ITHU-
HIeBbIX ocTaTkoB (Ta0. 1). Bee xemyaku, 3a UCKIIOUECHHEM |
npoOs! B arpene 2007 r. u 2 B mae 2006 r., okazanuch Imyc-
TBIMH, TaKMM 00pa3oM, cOOpaHHbIE MaTe€pUalIbl IO MUTAHUIO
OBUTH ITOJTy4EeHBl B OCHOBHOM M3 KHIIEYHUKOB TIOJICHEH.

B mapte 1999 1. y Bcex IeTeHBINICH KHUIIEYHUK OBLT 3aIioii-
HeH OeJoi TBOPOXKUCTOM Maccoil, CMeIIaHHOW ¢ SMOpHO-
HaJIBHBIM BoltocoM. B mapte 2001 . TOBKO B 01HOM TIpode y
JIETCHBIIA HA CTAIUH «CepKa» ObLT OTMEUYEH OTONHUT MOMBBHL
B anpene 2001 u 2007 1T. y «cepok» A0S MpoO ¢ HHIIEBHI-
MHu octaTtkamu coctaBuia 4,3% wu 0,8%, coorBeTcTBeHHO. B
npo0ax BCTPEYAINCh WM TOJBKO PakooOpa3HbIe MM TOJIBKO
otoiuThl peid. B Mae 2001 r. ObUIH TOTyYEHBI TPU TPOOBI U3
kumeyHrkoB (Tad. 1). Habnronenus B Kanmpanakuickom 3aim-
BE 3a TIOJCHSAMHU B Mac B TeUcHHe 14 mHEH mokasanu, 4To
«CepKW» HaXOIWINCh B MOHMCKAaX KOpMa, OOBEKTOM IHTaHUS
3/IeCh MOTJH SBIATHCSA rammapunasl (CBetoueB m CBeroueBa
2005). B mae 2006 1. y «cepok» MUIIEBbIE OCTATKH OBLIN OT-
MEYeHBI TOJBKO B KumieuHuke (9,5%). CMeImaHHbBIl cocTaB
i (peiba+pakooOpa3Hbie) ObLT OTMEYEH OJUH Pa3, B OC-

Despite numerous studies of its biology, the feeding of
the harp seal in the White Sea, has not received
enough attention. According to (JJopodees 1960) seals
in March through April virtually do not feed.
(Tumomenko 1963) reports that the harp seal in March
feeds on herring (White Sea and Atlantic) and capelin.
He also points out that crustaceans (Themisto sp., Ma-
crura sp., Pandalus sp.) in March through May do not
play “an important role in the feeding the White harp
seal”. (Hazapenko 1986) believes that fish and crusta-
ceans are equal in importance as prey to the seal, but
their consumption in spring is negligible. Later (Nils-
sen et al. 1995) and (IloremoB 1998) provide some
convincing evidence of the feeding of harp seals on
crustaceans in March; however they report that most of
the stomachs were empty. The same authors report the
low level of food consumption by seals in April-May,
providing 1992 data when the diet of molting seals
included fish and crustaceans (capelin, smelt, blenny,
White Sea herring, Themisto sp., and shrimps).

In the period between 1999 and 2007, we obtained
data on the feeding of the diet of the harp seal at the
stages “torn jacket” and “gray” (690 samples) and
seals at an age of 1 year and older (200 samples). In
1999 and 2001, data were obtained from March 17 to
31; in 2006 — from April 18 to May 15; and in 2007,
from March 28 to April 22. To obtain diet sample, the
stomach and intestines were examined for food re-
mains. All stomachs except Sample 1 in April 2007
and Sample 2 in May 2006 proved empty, and thus the
collected nutrition material was obtained mainly from
the seal intestines.

In March 1999 in all the pups the intestines were filled
with white caseous mass mixed up with embryonic
hair. In March 2001, only in one sample in a pup at the
stage of “gray”, a capelin otolith was recorded. In
April 2001 and 2007 in “grays” the proportion of sam-
ples with food remains was 4,3% and 0,8%, respec-
tively. The samples contained crustaceans only or fish
otoliths only. In May 2001, three samples were ob-
tained from the intestines (Table 1). Observations of
seals for 14 days in the Gulf of Kandalaksha revealed
that “grays” were in search of food, and their prey
might be gammarids (Ceroues u Cerouesa 2005). In
May 2006, “grays” contained food remains only in the
intestines (9,5%). Mixed diet (fish + crustaceans) was
reported once, and the other samples contained either
crustaceans or fish.
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TaJbHBIX MPOOax BCTPEYAINCH WIIH PAKOOOPa3HbIE HIIN PhIOA.

B ampene oroiuThl peIO B mMpo0ax IHTAHUS ICTCHBIIICH
BCTpEUalCh 4Yallle, YeM PakooOpa3Hble, HO THUIEPEUbl OT-
MeyalliCh MaccoBO, a OTOJIUTHI PHIO — €JMHUYHO. B Mae B
npobax MUTAaHUsI «CEPKW» PakooOpas3Hble (THIIEpeH[Ibl, raM-
Mapuibl M KpPEeBETKH) INpeolianany, OTOJIMTHL PeIO (MoiiBa,
IecYaHKa) OTMEYAITUCh SMHUYIHO (Tal. 2, puc.).

V Tioneneit B Bo3pacte 1 roa u crapue B mapte 2007 . Bce
HCCIIeIOBAaHHBIE MUIEBAPUTEIBHBIC TPAKTHI OBUIN ITYCTHIMH.
B anpene 2006 u 2007 r. Hons npoO ¢ MUIIEBBIMUA OCTAaTKa-
MU coctaBmia 3,6%, B OXHOM JKEITyAKEe MacCOBO OBLTH OTMeE-
4eHb! 3B(ay3unpl, MpoOsl U3 KUIIEYHUKA COJEPIKalId OCTat-
KM TUIEpPEens, KPEeBETOK, EAWHHYHBIE OTOJHUTHl JOHHO-
HeJaruyeckux M JOHHBIX pbIO (Tad. 2). B mae 2006 r. moms
mpo0 ¢ MUIIEBBIMU OCTaTKaMu OKasanach Beime — 11,3%, B
JBYX eJyJKax MaccoBO ObUIM OTMEYEHBI pakooOpasHbIe —
TUIepenisl U 3B(ay3unpl, B Mpodax U3 KUIIEYHHKA BCTpe-
YaJuch THUIIEPEUIbl W KPEBETKH, a TaKkKe OTOJMUTHI PHIO.
BerpedaemocTs phIObI M pakooOpa3HbIX B MpoOax ObL1a 01H-
HAKOBOH, 4acTh Mpo0 WMella CMeIIaHHBIA cocTaB (pakooOd-
pasHbBIe+pBI0a), OOHAKO PAaKOOOpPa3HBIE BCTPEYATUCh MAacco-
BO, 2 OTOJUTHI PBIO — eMMHIYIHO (Tal. 2, puc.).

Takum 00pa3oM, MOXKHO CKa3aTh, YTO NETEHBIIN TPEHIIAH/-
CKOTO TIONIEHA B benoMm Mope HauMHAIOT CaMOCTOSTENIBHO
IIUTaThCS BO BTOPOI! Zieka/ie anpese Ha CTaJuu «CepKay, T.e. B
Bo3pacte 45-50 muei. [ «cepok» XapakTepHa ONpeneseH-
Has M30MPaTEIbHOCTh B MUILE — NUTaHKE JUO0 pBIOOH (MOW-
BO¥) b0 pakooOpasubimMu (Themisto sp., Anonyx sp., Kpe-
BeTkH). TroNieHH B Bo3pacte | roj u crapiue B amnpesie U Mae
MUTAOTCS. JAOCTYMHBIMH BHAaMH — MAacCOBBIMH PakooOpas-
HBIMH (B TOM 4Hcie 3Bhay3unaaMu), JOHHO-IIeNarndIeCKUMH
W JIOHHBIMU pBIOAMH, HE OTHaBas NPEINOYTCHHUE KaKOMY-
1160 00bekTy. [IuTaHne TPeHIIaHICKOTO TIOJICHS CETIbIBIO HE
OBIJIO OTMEYEHO HU B OJJHOM paiioHe Mopsi. OTCYTCTBHE NMUILH
B JKeJIy/IKaX, HeOOJIBIIOI IPOLEHT Mpod ¢ MHUIIEeBBIMHU OCTaT-
KaMH XapaKTepU3yIOT HHU3KUH YpOBEeHb HOTPEOJICHUs TrOJIe-
HsAMH BecHOH. IlomydyeHHble MaTepuanbl MMOKa3ajld, 4To, 4TO
pbi06a U pakooOpa3Hble OCTAIOTCSI PABHOLCHHBIMH 110 3Haue-
HUIO O6'I)€KT8.MI/I nuTaHus JJid rpC€HJIaHACKOro THOJICHA B be-
JIOM MOp€ B BECCHHH MEPHOI.

In April fish otoliths occurred in pup food samples
more frequently than crustaceans, but hypereids were
numerous, and fish otololiths occurred only rarely. In
May the diet samples of “grays” were dominated by
crustaceans (hypereids, gammarids and shrimps) the
otoliths of fish (capelin and sand eel) were only rare
(Table 2, Fig.).

In seals at an age of 1 year and older in March 2007,
all the digestive tracts were empty. In April 2006 and
2007, the proportion of samples with food remains was
3.6%, in one stomach, numerous Euphasiidae, the in-
stestine samples contained remains of hyperiirds,
shrimps and some single otoliths of bottom-pelagic
and bottom fish (Table 2). In May 2006, the proportion
of samples with food remains proved higher — 11,3%,
in two stomachs numerous crustaceans were found —
hyperiids and Euphasiidae, the intestine samples con-
tained hypereids and shrimps, and also fish otoliths.
The occurrence of fish and crustaceans in the samples
was similar, some of the samples having mixed com-
position (crustaceans + fish), however, crustaceans
were numerous, and fish otoliths were rare (Table 2,

fig.).

Thus, there are grounds to believe that the harp seal
pups start feeding during the second day of April at the
“gray” stage, i.e., at an age of 45-50 days. “Grays” are
characterized by certain nutritional selectivity — they
feed either on fish (capelin) or crustaceans (Themisto
sp., Anonyx sp., shrimp). At an age of 1 year and older,
in April and May feed on available species — mass
crustaceans (including Euphasiidae), bottom pelagic
and bottom species, with no preference of some par-
ticular prey. The feeding of the harp seal on herring
was not recorded in any of the sea areas. The absence
of food in the stomachs and a large percentage of sam-
ples with food remains are characteristic of a low level
of consumption by seals in the spring. Data obtained
reveal that fish and crustaceans are of equal impor-
tance to the harp seal in the White Sea during spring.

Tab. 1: MccnenoBanHbIN MaTeprall 1O MATAHUIO TPEHIIAHICKOTO TIosieHs B bemom mope B 1999-2007 rr.
Table 1. The study material of the nutrition of the harp seal in the White Sea in 1999-2007

Kosn-Bo nipo6 ¢
o Komn-Bo 1po6 .
T'on Mecsin Paiion Bospacrhble rpymnmst () nmied (1T.)
Year Month Area Age classes Sam le' size Number of sam-
pre ples with food
T'opno, Boponka PBanblif xxaker, cepka
1999 Mapr / March Throat, Funnel “torn jacket”, “gray” 28 0
Maprt / March - I:BaHH.H JRAKCET, cepKa 23 1
torn jacket”, “gray
Kannanaxuickuif 3ai. “ ”
2001 . Kandalaksha Bay Cepra / “gray 2 2
Maii / May >
JIBUHCKUH 3aIl. Cepka | “aray” 1 1
Dvina Bay P gray
2006 Anpenb-mait Bacceiin, I'opao Cepxka / “gray” 251 24
April — May Basin, Throat >1 rog (year old) 62 7
2007 Mapr-amnpens - Cepka / “gray” 385 3
March-April - >1 rox (year old) 138 5
Bceero / Total: 890 43 (4,8%)
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Tab. 2. OOBEKTHI MUTAHMSI TPEHIIAHACKOTO TIoJIeHs B beroM Mope B mapte-mae (1999-2007 rr.)
Table 2 The harp seal prey objects in the White Sea in March-May (1999-2007).

Kous-Bo nipo6 ¢
Mecs BospacTHble rpynimsl e (mr.) .
Month Age classes Number of samples Ovextot nutaims / prey objects
with food
Maprt Cepka / “gray” 1 MotiiBa / Capelin
March >1 rop (year old) 0 -
Cepxa / “gray” 16 Themisto sp., Fandalus sp., Crangon ip., Macrura sp., moiiBa (cape-
lin), necuanka, ukon(?)*, HaBara (navaga)
Anpepb >1 rox (vear old) 4 Themisto sp., Pandalus sp., Cvrangon SP-s Macrura sp., 3Bbay3unmpl,
April MoliBa (capelin)
>1 rog (vear old) 5 Crangon sp., Macrura sp., 3Bhay3unbl, IIJIEMOHOCHBIH OBIYOK, Kep-
4ak, HaBara (navaga)

. Cepka / “gray” 8 Themisto sp., Anonyx nugax, Crangon sp., KOpIOIIKa, MoiiBa (capelin)
Maii Themisto sp., Pandalus sp., Crangon sp., makon (?)*, munapuc(?)*
May >1 rox (year old) 3 v Ny ; ” 7 7

MoliBa(capelin), necyanka

* OronuThl O0X0 coxpaHuiuck / Otoliths in poor condition

100% Puc. BcrpeyaemocTb pbiObl 1 pakoOOpa3HBIX B IIPO-
0ax mUTaHKUs IPEHIIAH/ICKOTO TIOJICHS B MapTe-Mae

2006-2007 rr.

Fig. 1. The occurrence of fish and crustaceans in diet
samples in March-May 2006-2007
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O¢ddexTnBHOE ympaBIeHHE pecypcaMd KOJNBYaTOH HEpIIbl
(Phoca hispida), apKTHIeCKOTO BHAA CHIIBHO 3KCILTyaTHPyEeMO-
TO AJISl MMTAHUS ¥ HAXOSIIETOCS O YrPO30i IPH U3MEHEHUH
KIIMMaTa, TpeOyeT MOHMMAHUS CTPYKTYPbl €ro IOIyJISLHU.
OOBIYHO KOJBYATYIO HEPIy Ha AJISICKE CUUTAIOT MAaHMHKTHYC-
ckoil nonyssauuend. OHaKo ecth BCE 0OJIbIIE JAaHHBIX O IPUBSI-
3aHHOCTH K MECTY B MEpPHOJ Pa3MHOXKEHHs, YTO YKa3bIBaeT Ha
MIPOSIBJICHNE WHCTUHKTA JjoMa ((HUIONaTpHIo) U O TEHETHYECKH
muddepeHIpoBaHHBIX TONMYIALUSIX. B TeueHne mocienosa-
TENBHBIX TEPHOJIOB PA3MHOXKEHHsS HaOmomamu 12 KoIbyaThIx
Hepn. Bce oHM BepHyJIMCH Ha TO )K€ MECTO Pa3MHOXEHHS B
MTOCTIEAYIOIINE TOBI, HeCMOTpPs Ha myTh B 6000 kM, pa3aemnss-
Wi nepruoisl pasMHOKeHUs. OnpeneseHne CTpyKTyphl HOIy-
JSIIMU CTAHOBUTCSA BAXHBIM C YYETOM OBICTPOTO M3MEHEHUS
knmuMaTa B ApkTtuke. Ecnm KospyaTas Hepma CyIIECTBYET B
BUJI€ HECKOJIBKHX 6OJ'II)I_HI/IX U INAaHMHUKTHYCCKHUX HOHyJ’IﬂLlHﬁ,
TOr'JIa U3MEHEHHE KJIMMaTa MOBeJO Obl K COKPAIIEHHIO MX pac-
MMpoCTpaHCHUsl, HO ¢ MUHUMAJIbHBIMU T€HETUUCCKUMU TIOTEPA-
mu. ['eHeTnueckoe pazHOOOpazue BaXKHO JUIS CHOCOOHOCTH
MOIYJISIIMM  pearupoBaTh HAa TaKHE YIPO3bl, KaKk HM3MEHEHUE
KiMMaTa. B ciydae orpaHMYeHHOro pazdpoca KOJbUaThIX HEpI
IIPA Pa3sMHOKEHWH OHHU COCTOSUIM OBl M3 MHOTOYHCIICHHBIX
MEHBIINX MOIMYJIAUA U ObUT ObI 0OJIee TTOIBEPIKEHBI TeHETH-
4yecknuM norepsiM. Ecim konbuaTbie Hepribl (QHIIONIATPHYHbI, OHU
CYIIECTBYIOT B BHJI€ MHOTOUYHCICHHBIX OTAEJIbHBIX MOIYJISAIHS
1 U3MEHEHMS KJIMMaTa yBEIWYaT BEPOSTHOCTb MCUE3HOBEHUS
MECTHBIX T'PYII U TEHETUIECKUX HOTEPb.

CobGpano 265 npob u3 cemu paiioHoB B Mmope bodopra, UykoT-
ckoM U bantuiickom mopsix. IIpoObl coCTOSIIM U3 KOXKH, B3SITOM
OT HepHl NOHMAaHHBIX XMBBIMU WJIM C MECT Ha JIbJY, TJIe HEPIIbI
JIMHSUIM, cpasy Tociie repuojia pasMHoxeHus. Kaxayo npoOy
AQHAIM3MPOBAIIM N0 8 MHUKPOCATEIUINTHBIM JIOKycaM. /lonoiHu-
TeNbHO 6-18 ocoOeil ¢ KakIoi TOYKH OT O6opa Mmpod CeKBEeHU-
poBaM IO JBYM MHTOXOHApHanbHbIM Jokycam COI u koH-
TPOJIBHOM 001acTH.

MBI onpenenii YUCIo TeHETHYECKUX MOMYJIALUI ¢ IpIMEHe-
HUeM  Oefie3sMaHCKHX  TporpamMM sl KJIacTepU3aIliu
STRUCTURE u BAPS. YpoBeHs NONYISIUOHHON CTPYKTYPHI
onennBain ¢ nomomipio mporpammbl ARELQUIN, a uwmcno
oco0eil MmepeMenIaloInXCs MEXAY NOMYJISAUUSIMUA C OMOUIBIO
GENECLASS2. Nlna ompeneneHus] BIUSHUS H30JSLUU pac-
CTOSIHUEM MBI OLICHIJIN CPEIHIOI0 CTEIICHb CBSI3M MEXTY BCEMH
0co0sIMHU B TIpe/ieax Kax 0¥ mpoOHOH iomaau. Mel cpaBHU-
JIU CPEIHIOI MPUBSI3aHHOCTh HAa MPOOHOM IUIOIAAM CO CpEl-
Hell TPUBS3aHHOCTBIO MEXIY MPOOHBIME IDIomansiMu. Hako-

Effective management of the ringed seal (Phoca his-
pida), an Arctic species heavily exploited for subsis-
tence and threatened by climate change, requires
understanding its population structure. Ringed seals
in Alaska are currently classified as a panmictic pop-
ulation; however, increasing evidence of site fidelity
during the breeding season suggests philopatry, and
genetically differentiated populations. Twelve
ringed seals tracked between successive breeding
seasons all returned to the same breeding location in
successive years, despite traveling as much as 6,000
km between the breeding seasons.  Determining
population structure becomes important when consi-
dering the rapid climate change in the Arctic. If
ringed seals exist in a few, large, panmictic popula-
tions, then climate change may reduce their range but
with minimal genetic loss. Genetic diversity is im-
portant to the population’s ability to respond to
threats such as climate change. If ringed seals exhibit
limited breeding dispersal, they will comprise mul-
tiple smaller populations and be more susceptible to
genetic loss. If ringed seals are philopatric, they will
exist in numerous discrete populations, and climate
change will increase the probability of local extirpa-
tions and genetic loss.

Two hundred and sixty-five samples were collected
from 7 locations in the Beaufort, Chukchi, and Baltic
Seas. Samples consisted of skin taken from live-
captured seals or from sites on the ice where seals
had molted immediately following the breeding sea-
son. Each sample was analyzed at 8 microsatellite
loci. Additionally, 6-18 individuals from each sam-
pling location were sequenced at two mitochondrial
loci COI and the control region.

We determined the number of genetic populations
using the Bayesian  clustering  programs
STRUCTURE and BAPS. The degree of population
structure was calculated using ARELQUIN, and we
estimated the number of individuals moving between
populations using GENECLASS2. To determine the
impact of isolation by distance, we estimated the
average degree of relatedness between all individuals
within each sample location. We compared the aver-
age relatedness within a sample site to the average
relatedness between sample sites. Lastly, the se-
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HEIl, JAHHBIE O MOCIIC0BATEILHOCTH ObUTH IPOAHATH3HUPOBAHBI
¢ momotipio Geneious IS ONpeneIeHHs 3BOJTIOIUOHHBIX OT-
HOIIICHUH MEXIy OCOOSIMU W TOMAJAlOT JIU OCOOM M3 Pa3HbIX
NpoOHBIX TUIOMIAAEH B OJIUH KI1acTep.

STRUCTURE u BAPS nokazanu, 4to 1mo Bcell BEpOSTHOCTH
ecTh ABe momynsanuu. [IporpamMmel B 0OOIIEM Jaid CXOTHYIO
KJIACTEPU3ALNIO, OJHY s BanTHiiCKOoro MOps U IPYTYIO JUIs
CeBeproro JlemoButoro oxeaHa. YpPOBEHb IOMYJIAIMOHHOW
CTPYKTYpPHI OKa3aJiCsi HU3KUM MEXIY BCEMH MPOOHBIMH ILIO-
magsmu  (Bce Fgy < 0,026). Tectsl Ha TPHUBSI3aHHOCTH
(Assignment tests), omHaKo, Iau JIMIIb cla0ble yKa3aHWUsS Ha
nepeMeneHnst ocodelt Mexay momynsamusMa. JIume 5 u3 265
Hepr (1,8%) OBUIM TeHEeTHYECKH MPUBS3aHbI K WHOW IOIYJIs-
MM, YeM Ta B KOTOpOH oHM ObutM moiimansl (Tal.). CpenHss
MPUBS3aHHOCTh BHYTPHU MPOOHON IJIOMIaAX OKa3allach 3Ha4yH-
TEJBHO BBIIIC, YeM TAaKOBas MEXKIy MPOOHBIMH ILIOMIAIIMHU
(A=7; B=21; W=149; P=0,01; pucyHok). ®uioreHeTHICCKIE
JIEpeBbs, TOCTPOCHHBIC MO MTAHHBIM MHUTOXOHAPHAIBHON IO-
CJIEJIOBATEIILHOCTH, HE MMOKA3aIH Teorpa(puIeckoil CTPYKTYPBI.

Hecmotpst Ha TO, 94TO HEOOXOTUMBI HaTbHEUIIHE HCCIIECHOBa-
HUSI, HAIll TIEPBOHAYAIbHBIN aHAIN3 YKa3bIBACT, YTO KOJIbYATAs
HepIia MOXeT OBITh B Ipoliecce reHeThdeckoil auddepenima-
pun. CXOJCTBO J@HHBIX O IMOCIEAOBATENBLHOCTAX Y 0co0eil u3
KaHaJICKOH APKTUKH M AJISICKH BEPOSITHO OTPAKAET PEKOJIOHH-
3anuio CeBepHoro JIeqoBUTOro okeana nociie BACKOHCHHCKOTO
oneneneHus. Takxke, BpeMs NPOLIE/IIEE OCIE PEKOTOHU3AMH
ObUI0 HENOCTATOYHO JUIsi TeHeTH4YecKoi aud¢depeHunannm,
KOTOpast MorJia Obl OBITH BBISBJICHA C TIOMOIIbIO Oaiie3MaHCKUX
MpoTrpaMM KJIACTepU3allK. BBICOKas CTEleHb T'CHETHYCCKOM
MPUBSI3aHHOCTH K KAXKIOMY U3 TPEX MOpPEH, 0JIHAKO, YKA3bIBACT
HA TO, YTO YaCTOThI AJIeJel JOCTATOUYHO OTIMYAIOTCS B Kax-
JIOM M3 3THX MOpei Juiss OECCIOPHOro reHEeTHYECKOro OIpese-
JICHUSI MECTa POXICHHS OTJACIbHBIX HEpH. DTO 3aKIFUYCHHE
TaKKe MOJAKPEIUIIETCS 3HAYUTENBHO OoJiee BBICOKOM MpUypo-
YEHHOCTHIO BHYTPH MPOOHOH IUIOMIaM MO CPABHEHHIO C TaKO-
BO MexIy ruroniaasiMu. Hamm nanHble YKa3bIBalOT, YTO KOJIb-
yarasi Hepra oOHapyKMBaeT HEKOTOPYIO CTEIleHb (PHUIONaTPUH,
HaOro1aeMoi y maTHUCTOro TioJieHs (Phoca vitulina), ceporo
tronens (Halichoerus grypus), rpernanackoro twonens (Phoca
groenlandica), mopckoro ciona (Mirounga leonine) u TONeHs
VYonnemna (Leptonychotes weddellii). Pa3MHOXeHHE B TOM Ke
MecTe, T POJMICS, IIOHEMHOTY (OpMHUpYyeT MecTHBIE aude-
PECHIMPOBAHHBIC TOMYJISALHH, KaK [MOKA3bIBAIOT KPUTEPUHU MPH-
BA3aHHOCTH W TOKAa3aTelH MPUYyPOUYCHHOCTH. PeKoioHM3arms
CesepHoro JlemoBUTOrO OKeaHa MOTJIa TPOW3OHTH B TEUCHHE
nocnenaux 7000 ner, mpumepHo 400 TeHepammii KOJIbYATOMN
HepIbl, OJIHAKO, HET JOCTATOYHOTO BPEMEHM, 4TOOBI KaxKias
npezmnosaraemMas cyOnonysius qana Obl yHUKAIbHYIO TeHEeTH-
YECKYH0 II0CJIEJOBATEIbHOCTh WIN cocTaB ajiened. duonar-
pHUYECKOe IOBEIACHUE KOJIBYATBIX HEPIl YBEIUYHMBACT BEPOAT-
HOCTh I'MOENIM UX MECTHBIX I'PYIII MPH MPOJIOKAIOIIEMCS T10-
TEIJICHUH APKTHKH.

quence data were analyzed using Geneious to deter-
mine the evolutionary relationships between individ-
vals and if individuals from different sample loca-
tions or seas clustered together.

STRUCTURE and BAPS both indicated that the
most likely number of populations was two. The
programs broadly agreed in their clustering of ringed
seals into distinct populations, one in the Baltic Sea
and another in the Arctic Ocean. The level of popula-
tion structure between all sample sites was low (all
Fsr <0.026). Assignment tests, however, provided
little evidence of movement of individuals between
populations. Only 5 of the 265 seals (1.8%) were
genetically assigned to a population other than the
one in which they were captured (Table). The aver-
age relatedness within a sample site was significantly
higher than the average relatedness between sample
sites (A=7; B=21; W=149; P=0.01; Figure). Phylo-
genetic trees produced from the mitochondrial se-
quence data showed no geographical structure.

While further research is needed, our initial analysis
suggests that ringed seals may be in the process of
differentiating genetically. The similarity in the se-
quence data between individuals from across the
Canadian and Alaskan Arctic likely reflects the reco-
lonization of the Arctic Ocean following the Wiscon-
sin Glaciation. Similarly, the time since recoloniza-
tion has not been adequate to produce genetic diffe-
rentiation detectable using the Bayesian clustering
programs. The high degree of genetic assignment to
each of the three seas, however, indicates that allele
frequencies are sufficiently different between each of
the seas to allow unambiguous genetic determination
of the birth area of individual seals. This conclusion
is further supported by the significantly higher aver-
age relatedness within a sampling site compared to
between sites. Our data suggest that ringed seals like-
ly display some degree of philopatry, as do harbor
seals (Phoca vitulina), grey seal (Halichoerus gry-
pus), harp seals (Phoca groenlandica), southern ele-
phant seals (Mirounga leonine), and Weddell seals
(Leptonychotes weddellii).  Breeding in the same
location where one is born slowly produces locally
differentiated populations, as shown by the assign-
ment tests and relatedness values. Since the recolog-
nization of the Arctic Ocean must have occurred
within the last 7,000 years, approximately 400 ringed
seal generations, however, there has not been enough
time for each putative subpopulation to produce
unique genetic sequences or allelic composition. Phi-
lopatric behavior of ringed seals will increase their
probability of experiencing local extinctions as the
Arctic continues to warm.
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Tab6. I'eneTndeckas mpuypOYCHHOCTH KOJIBYATHIX HEPI Mpu uctonb3oBanmu mporpaMMbl GENECLASS?2. IToka3anbt
MecTa cbopa 1 MecTa, Ky1a 0COOM OBLIIM OTHECEHBI.

Table. Genetic assignment of ringed seals using GENECLASS2. The rows indicate the site of collection while the rows
indicate the site to which the individuals were assigned.

Holman | Tuktoyaktuk | Paktoa | Prudhoe Bay | Peard Bay | Kotzebue | Baltic
Sound
Holman 20 1
Tuktoyaktuk 40
Paktoa 20
Prudhoe Bay 38
Peard Bay 60 1 1
Kotzebue Sound 51
Baltic 1 21
o Puc. Ha ocHoBe kpurepus
0.8 BuKOKCOHa CyMMBI paHTOB

0Ka3aJI0Ch, YTO BEITHYUHBI
MPUYPOUEHHOCTH KOJIbYATHIX
0.041 HepH BHYTpHU y4acTka (uép-
HBIE CTOJIONKH) 3HAYUTEILHO
6onbme (A=7; B=21; W=149;
o1 P=0,01), uem BenTMUUHBI TIPH-
002 YPOUEHHOCTH MEK/1Yy y4acT-
kamH (cepble crosioukn). Ko
= nponuB Korneby, Pe = 3a-

0.06

0.02 4

0,04

‘magga:ugwu—n=£5s==o=s=s==s=o~a nuB Iepa, Ol = OnukToK

] & A a & & & £ @ & £ F & £ £ & T @ o _ _

1423335332353 23:3333333:33838%% Toitur, Pa = [akroa, Tu =
Sample Site Tyxrosiktyk, Ho = Xonmas,

Ba = banrtuka.

Figure. Based on a Wilcoxon Sum-of-Ranks test, the relatedness values for ringed seals within a site (black bars) are
significantly higher (A=7; B=21; W=149; P=0.01) than the relatedness values between sites (gray bars). Ko =
Kotzebue Sound, Pe = Peard Bay, Ol = Oliktok Point, Pa = Paktoa, Tu = Tuktoyaktuk, Ho = Holman, Ba = Baltic.

Coruenxo A.A.', bypkaros B.H.>*, Tpyxux A.M.*
OduHamuka poxxgaemocTu WeHKoB cuBy4Ya (Eumetopias jubatus) Ha pe-
npoaAyKTUBHOM nexouile o. Pankoke (Kypunbckue o-Ba)
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OmHUM W3 TSATH OCHOBHBIX penpoxyKTHBHBEIX NexxOmimn | One of the five major breeding rookeries of the Steller sea
cuByda Ha Kypunax sisisiercs o. Paiikoke, pacrnonoxen- | lion on the Kurils is Raikoke Island, situated in the middle
HBIH B cpeaHeit uactu octpoBHOW rpsiiabl (N48°18’; | part of the island range (N48°18’; E153°15°). Each year
E153°15”). Exeronto 3nech poxaaercs 10-15% mpuruio- | 10-15% of the offspring of the Kuril Steller sea lions are
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CblyeHko v ap. JuHamuka poxdaemocmu UueHKos cusyyda Ha pernpodykmueHoM nexoéuuie o. Palikoke

na Kypunbckux cuByueit (Trukhin et al. 2003). [lerasn-
HbIe HaOJIONEHUS 3a pa3MHOKEHHeM cuBy4a Ha Kypuib-
CKUX 0-Bax Hayanu npoBoguts ¢ 2002 r. Ilens HacTosmen
pabOThI — OLICHUTh MEXTOIOBBIC CPOKU U TEMIIBI POXKIac-
Moctu cuByuei. MccnenoBanust mpoogmauch: 2002 r.
(02.06-10.07), 2003 r. (24.05-14.07), 2004 r. (27.05-
19.07), 2005 r. (26.05-20.07), 2006 r. (27.05-22.07) u
2007 r. (06.06-19.07). Yuer ;KUBOTHBIX BEJCS €KCITHEBHO
B OJTHO ¥ TO € BPEMSI C TOMOIIBIO MTOJIEBBIX OMHOKIIEH 13
HaOJIOAaTEIFHOTO MYHKTA, PacloiiokeHHoro B 30 M oT
JeXOWIa Ha CKIIOHE BYJIKaHa W B 35 M HaJ YPOBHEM MO-

psL.

ITo manueM A.C. Ilepnosa (1970) zeropoxxnenue y cuBy-
4ya Ha Kypuibckux o-Bax Ha4MHAIOTCS B KOHIE Mas. Tak,
25 mas 1968 r. uM Ha nexOume o. Paiikoke Obutn 0OHa-
pyxensl 3 menka cuyda. B 2003 u B 2005 rr. MbI Ha-
Guro1any NepBBIe POJBI, KOTOphIe mpoucxomuay 27 u 28
Masi cootBeTcTBeHHO. B 2004 1 2006 rT. B nepBblii yuer-
HBIA JIeHb 27 Mas Ha JIe)OuIIe yXe HaXOAWIOCh MO OJI-
HOMY HOBOPOXKAEHHOMY IeHKY. ClemoBaTenbHO, Hadajo
POIIOB Y CHBYYEH Ha 3TOM JICKOHIIE 3a TocieqHne 35 jer
HE M3MEHWIOCH. JI0 TEepBBIX YMCEN HMIOHS POIBl HaOIIro-
JAIOTCS PENKO — Ha JIKOWIE TOsBIsSETCS He Oonee 2
IICHKOB B JIeHb. B Hayasie MIOHS TeMII IEHKH YBEIHINBa-
eTCSl W JIOCTUTaeT Mo cpeannm 3HadeHusM: 2002 r. — 4
menka; 2003 r. —4,8; 2004 r. — 4,6; 2005 r. — 3,4; 2006 1.
— 3,6. C cepeaunbl NepBOM JeKaabl UIOHS HaOMIOAAeTCs
CaMblil BBICOKMHM INPUPOCT YUCICHHOCTH IIEHKOB, KOTO-
pBIii JUTMTCST IO KOHIIA BTOPOM JEKaIbl Mecsla, Koraa
exeqHeBHo poxjaercsa: B 2002 r. — 10 menxos, B 2003 r.
—11,82004 r. — 12, B 2005 r. — 10, B 2006 1. — 9, B 2007
r. — 12. CpenHue 3HaYCHHS YUYETOB II0 MMATHIHEBKAM HIO-
HS TIpeicTaBiIeHsl B Tabimme. [Iuk neropoxxnernii B 2002-
2004 u 2007 romax mpumIENcS Ha BTOPYIO ITOJIOBHHY BTO-
POl nekambl WIOHS, KOTJa pOXKAAIoch B cpemnneM 13-16
IMEHKOB B JieHb. B 2005 T. HHTEHCHBHEE BCErO POXKaae-
MOCTb I1IJIa B [€PBOM MOJIOBUHE BTOPOW JA€KaAbl UIOHS —
11 menkoB, a B 2006 r. — BO BTOpO#l MOJIOBUHE TEPBOIL
nekannl Mecsita — 10 meHKoB.

K 20 urons poxnaercsa ocHOBHas Macca npuminoga: 2002
r. — 82%, 2003 1. — 87%, 2004 1. — 92%, 2005 r. — 80%,
2006 r. — 74%, 2007 r. — 88%. B oTmenbHbIe JHU IOKa3a-
TENH y4eTOB HIDKE, 4eM B mpensinyniie (Puc.). Oto cBi-
3aHO C TOTPEIIHOCTSMH Yy4eTa, BBHI3BAHHBIMH TIJIABHBIM
00pa3oM MOTOAHBIMH (PaKTOpaMH — TYCTOH TyMaH WA
JKMBOTHBIE TIONAJIAJIN B «MEPTBBIE 30HBI» — PACIIEIHHBI,
BIAJUHBI MEXIy KaMHEH, T.e. OHH ObUIM HE BUANUMBI BO
BpeMsl nojcuera. B Hauane TpeTbel AeKajlbl UIOHS TEMIT
POXKIEHHUS CHBYYEH CHIXKAETCsI, 0COOEHHO TO YETKO Hpo-
cnexusaercs B 2003, 2004 u 2007 rr. leropoxnaeHue B
STH TOABI IIJIO C HEKOTOPBIM omepexeHueM, a B 2006 r.
POJBI IUTH B HECKOJIBKO 3aMEUIEHHOM TeMIIe, HO ObUIH Ha
ST JHEH NPOJOIDKUTENIBHEE.

CHIDKEHHE TEMIIOB IMPUPOCTA YHCICHHOCTH IIEHKOB B
TPETHIO JIEKA/y MIOHS HEJIb3sl PACCMATPUBATh KaK CIIE/ICT-
BUe Henoydera mpurioga. OO0 3TOM CBHIETENLCTBYET,
MPEXIe BCEro, €KErogHOE PEe3KOe COKpAaIleHHE HaOIIro-
JTA€MBIX Ha JISKOUINE poaoB B 3TOT nepuo, a ¢ 30.06.02,
29.06.03, 30.06.04, 26.06.06, 28.06.07 ux mpekpaiicHue.
Ponpl B uione siBJICHUE peaKoe, 3aQUKCHUPOBAHO TPU CITy-
qas: 2002 r. (4 utons), 2004 r. (10 urons), 2007 r. (3 uto-

born there (Trukhin et al. 2003). Detailed observations of
the breeding of the Steller sea lion on the Kurils were
started in 2002. The objective of the present study was to
reveal the inter-annual dates and rates of Steller sea lion
births. The investigations were conducted: 2002 r. (02.06-
10.07), 2003. (24.05-14.07), 2004 r. (27.05-19.07), 2005
r. (26.05-20.07), 2006 r. (27.05-22.07) and 2007. (06.06-
19.07). The animals were surveyed daily at the same time,
using field binoculars from an observation point situated
30 m from the rookery on the slope of a volcano and 35 m
above the sea level.

According to A.S. Perlov (Ilepnosa (1970), the births in
the Steller sea lion on the Kurils start in late May. In fact,
on May 25, 1968 Perlov found 3 Steller sea lion pups on
Raikoke Island. In 2003 and 2005 we watched the first
parturition that took place on May 27 and 28, respectively.
In 2004 and 2006, on the first survey day on May 27, there
were newborn pups found. Hence, the beginning of partu-
rition on that rookery did not change over the last 35
years. Until the first day of June, parturitions occurred
early, there were no more than 2 pups a day born there. At
the beginning of June, the rate of pupping increases to
average: 2002 — 4 pups; 2003 — 4.8; 2004 — 4.6; 2005. —
3.4; 2006 — 3.6. From the middle of the first ten-day-day
period of June, the highest increment of pup numbers has
been observed, lasting to the end of the second decade of
the month, when the number of births per day is : in 2002
— 10 pups, in 2003 — 11, in 2004 — 12, in 2005 — 10, in
2006 — 9, in 2007 — 12. The mean values of surveys with
respect to five-day periods of June are presented in the
table. The peak of births in 2002-2004 and 2007 was in
the second half of the second ten-day period of June when
on the average 13-16 pups per day were born. In 2005, the
birth rate was more intensive and the parturition were dur-
ing the first half of the second ten-day period of June — 11
pups, and in 2006 — during the second half of the first ten-
day period of the month — 10 pups.

By June 20, the bulk of the offspring is delivered: 2002 —
82%, 2003 — 87%, 2004 — 92%, 2005 r. — 80%, 2006 t. —
74%., 2007 r. — 88%. On some days the survey indices are
lower than on the preceding days (Fig.). This is associated
with survey errors, largely weather factors — dense mist or
the animals found themselves in the «dead zones» — cre-
vices, depressions between the rocks, i.e., they were not
seen during the survey. At the beginning of the third ten-
day period the birth rate of Steller sea lions declines,
which is particularly well seen in 2003, 2004 and 2007.
Births in those years took place at a higher rate, and in
2006, births were somewhat delayed, but they were five
days more lasting.

A decrease in the rate of increment of pups during the
third ten-day period is not to be considered as a conse-
quence of underestimate of offspring. This is primarily
indicated by a sharp decrease in births observed on the
rookery during that period and since 30.06.02, 29.06.03,
30.06.04, 26.06.06, 28.06.07 their discontinuance. Births
in July are a rare phenomenon recorded in three cases as
follows: 2002 (July), 2004 r. (July 10), 2007 (July 3). A
maximal number of counted live pups was: 30.06.02 —
212, 30.06.03 — 224, 08.07.04 — 217, 03.07.05 — 207,
01.07.06 — 212, 03.07.07 — 224.
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7151). MakcuManbHOe KOJIMYECTBO YUTEHHBIX JKUBBIX IICH-
koB coctasmio: 30.06.02 — 212, 30.06.03 — 224, 08.07.04
—-217,03.07.05 -207,01.07.06 — 212, 03.07.07 — 224.

B urone mokaszaTenu y4eToB 4acTO IAfaloT, BCIEACTBUE
TOT'0, YTO NOAPOCHIUEC HICHKU CTAHOBATCA NOABUIKHEEC, UTO
3arpynHseT ux moxacder. Kpome Toro, Mecs4Hble OICHKH
CIIOCOOHBI C MaTepsIMU TOKUIATh OCTPOB U MHUIPHUPOBATH
Ha cocennue nexouma. Tak B 2003 r. mocne TaBpeHHs
npumiofa 6 Mo y)Ke 4epe3 HECKOJIBKO JTHel 4 MeueHbIX
mieHka OpUTH 3amedeHsl Ha o. Jlopymku (Tpyxun u Byp-
kxaHoB 2004). A B 2007 r. Ha o. Paiikoke mocie TaBpeHHs
HaMH OTMEYAIINCh MEHKU-MUTPAHTHL: 2 — ¢ 0. JIoBymmikw, 3
— ¢ 0. Cpennero.

Takum o06pasoMm, mporecc AETOPOXKAEHHUS CUBy4Ya Ha
o.Paiikoke IpoxoauT B TOYHO ONIPEIEIICHHbIE CPOKHU, Ha-
YMHASACh B KOHIIE Mas U 3aKaHYMBAsACh B KOHLE UIOHA -
Hayazne utond. Ileproa MaccoBBIX POAOB JUIMTCS C cepe-
JUHBI NEpBOM AeKaabl MIOHA N0 KOHLIA BTOPOH AeKajbl
9TOro MeCALa.

In July, survey values are frequently lower due to the fact
that grown pups become more mobile, which makes their
counting difficult. In addition, month-old pups are capable
to leave the island together with their mothers to migrate
to neighboring rookeries. In fact, in 2003 after the brand-
ing of offspring on July 6, as early as after several days, 4
marked pups were sighted on Lovushki Island (Tpyxun n
Bypkanos 2004). An in 2007 on Raikoke Island, after
branding we sighted migrant pups: 2 — from Lovushki
Island and 3 — from Srednego Island.

Thus, the Steller sea lion parturition process takes place at
a well-defined period, beginning in late May and being
over in late June — early July. The period of mass births
lasts from the middle first ten-day period of June to the
end of the second ten-day period of that month.

Cpoku / Dates | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | Ta0. Cpennnii exenHeBHbIi MPUPOCT HHC-
JICHHOCTH IIEHKOB CHBY4Ya Ha 0. Paiiko-
01.06-05.06 4 5 5 3 4 3 Ke 0 MSTHIHEBKAM B HIOHE.
06.06-10.06 8 11 10 9 10 12 Table. Mean annual increment of Steller sea
lion pup numbers on Raikoke Island in
11.06-15.06 10 9 10 11 8 10 relation to five-day-period in June
16.06-20.06 13 14 16 9 9 14
21.06-25.06 4 3 1 5 8 4
26.06-30.06 4 3 1 2 2 1
250 Puc. lunamuka poxxaaeMocTu
IICHKOB CHBYYa Ha JIS)KOH-
2 e o. Paiikoxe B 2003,
EO I ,.r-.ﬁﬁ%:j‘;‘;é 2006, 2007 rr. (Bu3yats-
E e 2007 /\‘\ Hble yuersl u3 HII)
IS % Fig. Birth-rate dynamics of
§ 150 X X Steller sea lion pups on
F % Raikoke Island rookery in
/ 2003, 2003, 2006, 2007 2.
El .
x 100 el (visual surveys from NP).
E 50
g //
=%
0 "

26.06
28.056
30.05
01.06
03.06
05.06
07.068
09.06

w w w w
=1 =1 t=1 =1
— ] w [

24.06
19.06
21.06

nara yuéral survey date

23.06
25.06
27.06
29.06
01.07
03.07
05.07
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Pasznuuna cTpyKTypbl OCTeOAeHTUHA B 3y6ax KawanoToB U3 pa3HbIX

panoHoB

Kanununrpan, Poccus

Tormosov D.D.

Features of osteodentin structure in teeth of sperm whales from differ-

ent regions

Kaliningrad, Russia

B palore npencraBieHbl pa3indus CTPYKTYPBl OCTEOICHTHHA
B 3y0ax KamajJoTOB, KOTOpash MCCIIE0OBajach Ha 3yOHBIX
nugax, U3rOTOBICHHBIX IS OINPEeNeNieHUs] Bo3pacTa I00bI-
TBIX JKUBOTHBIX. BBUTM yCTaHOBJICHBI XOPOIIO BBIPA)KCHHBIC
OTINYHUS y KUTOB, JOOBITHIX B PAa3MUYHBIX palioHax (ATiIaH-
THYeckoM W MHOmiickoM oOkeaHax). Pa3muuns OoTMedeHBI y
CaMOK M CaMIIOB.

OOBIYHO TSI OTIPENEIICHNUs BO3pacTa KamlajioTOB OTOMPAaiCs
nepBbld 3y0 HIKHEl uenocTd. Penko, B cirydae ero orcyTcr-
BUs (IIOJIOMKA, MOTEps...) oTOUpascs Bropon 3y6. U3 cpen-
HEHW yacTu 3y6a BBINMWJIUBAJIACh MTPOJOJIbHAA IJIaCTUHKA JIBY-
Ms TapauiedbHBIME ()pe3aMu, 3aKpeIUICHHBIMH Ha OIHOM
Baly, Ha CICIUALHOM CTaHKE, CKOHCTPYHPOBAHHOM JIJIS
stort e (TopmocoB 1969). IInacTuHKM MOXHO OBLIO HC-
CJIEJIOBATh B MPOXOMSAIIEM U OTPAKCHHOM CBETE.

Pabora mo ompexeneHnio BO3pacTa KamlalOTOB MO 3yOHBIM
nutidaM MpHUBICKIa BHUMaHHE K pasHooOpasmio (opM, KO-
JIMYECTBA OCTEOJCHTHHA, €r0 PACIIOJIOKEHUS, CTPYKTYPBI €ro
3epeH, 00IIero pUCyHKa. DTO HATOJNKHYIJIO Ha MBICIH IIPOBEC-
TH aHAJN3 CTPYKTYpPbI OCTEOJACHTHHOBBIX 00pa30BaHUM, pac-
cMaTrpuBasg UX B KauCCTBC IIPU3HAKa-MapKepa, U BbIICHHUTH
BO3MOXHOCTb IIPUBSI3KHM UX Pa3IM4YHbIX BapualMi K IpyIIu-
POBKaM KUTOB, OTIMYAIOLIIMCS [0 PACIIPEICIICHIIO, B HAIIIEM
ciaydae, B ATiaaHTuyeckoM 1 MHauiickoM okeaHax.

O npuynHax oOpa3oBaHMSI OCTEOJCHTHHA HET JOCTOBEPHBIX
nmaHHbIX. bomma (1938 mo bepsuny 1971) mpennonaraer, 9To
OCTEO/ICHTUH OTKJIA[bIBACTCSI HPU HEOIArONMPHUATHBIX YCIO-
BusiX. JIOKa3aTenbCTBO 3TOrO MPUBECTU TPYAHO, KAK U OMPO-
BepxeHnue. HecomHeHHO, B OCHOBE ero 00pa30oBaHUsl JIexKaT —
cnenudrka Meraboau3Ma, (HU3UOJOTHYSCKHE OCOOCHHOCTH
opranuiMa, oOyCJOBJICHHBIE JTUOO AKOJOTHYECKUMH (HaKTO-
pamu, IHOO TEHOTHIMMYCCKHMMU OCOOCHHOCTSIMH OOMEHHBIX
MPOLIECCOB, JISKAIUMH B OCHOBE M3MEHUUBOCTH YIIOMSHYTO-
ro MpHU3HAKA.

W3BecTHO, YTO TemmepaTypHbId (pakTOp WrpaeT OrpOMHYIO
poJb BO BCEX MpOIEccax, MPOTEKAIOINX B OPTaHU3ME K-
BOTHBIX. TeMreparypHble OCOOCHHOCTH BOJ B ATJIaHTUKE H
Wunniickom oxearne (KOxHOe momymmapue) UMEIOT 3aMETHOE

The study presents the difference in the structure of
osteodentin in the teeth of sperm whales investigated
on the dental polished sections prepared for age deter-
mination of killed sperm whales. Some well-defined
differences were found in whales killed in different
regions (the Atlantic and Indian oceans). The differ-
ences are found both in females and males.

Usually, for determination of age of sperm whales the
first tooth on the lower jaw was selected. Rarely, In
case of its absence (break, loss, etc.) the second tooth
was taken. From the middle part of the tooth a longitu-
dinal plate was sawn out by two parallel cutters fixed
on one shaft in a special machine designed for this aim
(Topmocor 1969). The plates were examined in trans-
mitted and reflected light.

Determination of age of sperm whales attracted atten-
tion to the diversity of shapes, the quantity of osteo-
dentin, its position, structure of its granules, and the
general pattern. The above led to analysis of the struc-
ture of osteodentin structures, considering them as a
marker character and to elucidation whether their vari-
ations might be related to groupings of whales differ-
ing in distribution, in our case, in the Atlantic and In-
dian oceans.

There are no reliable data available to interpret the
causes of osteodentin formation. Boshma (1938, after
Bepsun 1971) believes that osteodentin is deposited
under unfavorable conditions. It is hardly possible to
prove or disprove this. It is certainly based on specific-
ity of metabolism, physiological features of the organ-
ism depending either on ecological factors or genotyp-
ic features of metabolism underlying the variation of
this character.

It is known that the factor of temperature plays an
enormous role in all processes occurring in the organ-
ism. Temperature characteristics of the waters of the
Atlantic and Indian oceans (the Southern hemisphere)
are noticeably different. In the same latitudinal zones

Mopckue mnekonutatowime MNonapktukn. 2008

553



Tormosov. Features of osteodentin structure in teeth of sperm whales from different regions

pasnuune. B ogHUX M TeX )K€ IIMUPOTHBIX 30HaX M3MEHEHUS
TEMIIepaTypHBIX YCJIOBHH BOIHOW cpexbl B KOxHON ATiaH-
THKE OoJiee MHTECHCHBHEI, ueM B MuauiickoM okeane. B At-
JIAaHTUYECKOM OKE€aHE OT PKBaTopa K IOry TeMIlepaTypa BOIbI
U3MEHSCTCS JIOBOJIBHO PE3KO, 0COOCHHO B paifoHax CTaIfo-
HapHBIX XOJIOJHBIX TeueHul, beHreabckoro u MOIKIECHACKO-
ro. B MuauiickoM okeane B1onbs O6eperos Adpuku u ABctpa-
JIUM HET CTAI[MOHAPHBIX XOJIOJHBIX TECUYCHUH, U 00IIee m3Me-
HEHHE TeMIepaTyphl OT PKBAaTOpa K 0Ty 37Iech OoJiee Criiaxe-
HO. MI3MeHeHus TeIUIOBbIX YCIOBHM BOJIHBIX Macc B MHani-
CKOM OKE€aHEe 3aBHCAT OT MYCCOHHOU ITUPKYIIIUH, U IOATOMY
BBIp@XEHBI HE pe3ko. Kpome Toro, TemioBOH MOTEHIHAT
BOAHBIX MacC B ATNaHTHKe W VHOWIICKOM OKeaHe BechMa
paznuuen. Cpeassisi TOOBasi TeMmIepaTypa MEXIY HOKHBIM
TPOIIMKOM M 3KBaTopoM Ha riybune 200 m B MHauiickom
okeane cocrapnsger 15-20°C, a B Atnantuke — 10-15°C; Ha
rryoune 400 M oCHOBHYI Iwiomans WHAMKWCKOTO OKeaHa
3aHUMAIOT BOJBI ¢ TeMneparypoi 6omnpmie 10°C, a B FOxHol
Atnantuke — menbire 10°C (Mopcko#t ariac, 1. II, xapThl
16,17. N3n-Bo Illtaba BoeHHO-MOpckux cui, 1953). Ectecr-
BEHHO, TEMIICPAaTypHBI (aKTOp HENb3sl paccMaTpUBaTh B
KadecTBe EIMHCTBEHHOTO, BIIIOMIET0 Ha crenuduky o00-
MEHHBIX MPOIECCOB B KOCTHBIX TKAHAX y KaIlaJIOTOB, KU3HB
KOTOPBIX TMPOTEKaeT B Pa3sHBIX TEMIIEPAaTyPHBIX IUAra30Hax.
Tem He MeHee, IPUBEICHHBIC BHIIIE JaHHBIC, OCTAIOTCS IOKa
€JMHCTBEHHO JOCTYIHBIMU JJISl IPEJIBAPUTEILHOTO aHalIn3a B
MIOUCKE TIPUYXH 00pa30BaHUS PA3IUUUI B OCTCOICHTHHE.

BusyanpHeiii ananu3 6osee 1200 3yOHBIX MUIMGOB CaMIOB U
CaMOK KallaJlOTOB, JOOBITBIX B FOKHOM moiymapud AKO
«¥Opuit Jonropykuit» B mepuon ¢ 1961-70 rr., mo3Bosun
BBIIBUTH 20 BapUaHTOB M3MEHUYMBOCTH OCTEOJIEHTHHA U Ba-
PHAHT €T0 OTCYTCTBUSI.

B ocHOBy muddepeHIpoBKH OBIIN B3STHI CISAYIOMNE KPH-
TEPUH — Pa3Mepbl CIUIOIIHOTO OCTEOICHTHHA, KOJIMYECTBO
OTZENIBHBIX €r0 3€PeH, «POCCHIIM» MEIKOr0 OCTEOICHTHHA,
UX JIOKJIN3alus, OTCYTCTBHE OcTeoAeHTHHA. OOHapyKeHHbIE
pUcyHKH Ha HuHdax ObUIM CrpYNIHMPOBaHbI B 8§ OCHOBHBIX
TUIOB (B TOM YKCJIe OauH ThIl 0e3 octeoneHTrHa) (Puc. 1).

CpaBHUTENBHBIN aHAIN3 BHIOOPOK PUCYHKOB OCTEOJICHTHHA
3yOHBIX OUTM(OB C mpuMeHeHHeM Kpurepus Ilupcona
(CvmuproB u [lynun-bapkoBckuii 1965) mo wacrore BcTpe-
YaeMOCTH BBIJICJICHHBIX TUIOB U3 ATiaHTHdeckoro u Vummii-
CKOTO OKEaHOB ITOKa3aj, 4TO PA3IMUYME MEXIy IABYMs CyM-
MapHBIMH TpynIamMy BeIOOpok mpu BepositHocTH 0,01 u cemn
CTEMNEHSAX CBOOOABI JIEKUT 3a IpeNeslaMH JOIyCTUMBIX 3Ha-
yeHui ans camioB — 27,82 mporuB X°=18,5; mans caMok —
26,65 mpotusB X*=18,5 (Puc. 2).

CpaBHeHne BBIOOPOK 10 | Tumy (OCTEOAEHTHH XapaKTepH3y-
€TCSI OTHOCUTEIILHO peAKHMMH — 1-2 KpymHBIMH 00pa3oBa-
HUSIMU OBaJIbHOW (DOPMBI C HMIMPUHON B cpenHel udactu 25-
50% mupHHBI JeHTHHA 3yOHOTO HUTHda) 1 1o § Tumy (ocreo-
JICHTHH OTCYTCTBYET) YKa3bIBAJIO Ha ellle OOJbIIYIO CTENEeHb
pasnu4uil.

Pacder mocToBepHOCTH pa3nuymii BHIOOPOYHBIX HOJNEH IO
kputepuro Cteronenta ([Imoxuackuit 1970) Mexay cammamMu
Atnantuueckoro u Maamiickoro okeanoB 1o I Tumy coctaBui
t=2,7, mo 8 tumy t=5,67; MeXAy caMKaMH, COOTBETCTBEHHO,
o I tumry t=2,39, no 8 Tumy t=3,5, (pu t,=2,0-2,6-3,3).

Bricokas cTeneHb TOCTOBEPHOCTH DPA3IU4YUii BBEIOOPOK 3yO-
HBIX IJ_UII/I(I)OB KalaJoTOB € pa3sHbIMH TUIIAMU OCTCOJACHTHHA

the changes in temperature conditions of the aquatic
environment are more intensive in the Southern Atlan-
tic Ocean than in the Indian Ocean. In the Atlantic
Ocean, south from the equator the water temperature
changes rather abruptly, especially in the regions of
stationary cold currents, the Benguele and Falkland
currents. In the Indian Ocean, along African and Aus-
tralian coasts there are no stationary cold currents and
the general change of temperature from the equator to
the south is more leveled here. Changes in temperature
conditions in the Indian Ocean depend on monsoon
circulation and therefore are no sharply expressed. In
addition, the heat potential of water masses in the At-
lantic and Indian oceans is very different. The average
annual temperature between the southern tropic and
the equator at the depth 200 m is 15-20° C, and in the
Atlantic Ocean 10-15° C. At a depth 400 m the main
area of the Indian Ocean is occupied by waters with
the temperature over 10° C and in the south of the At-
lantic Ocean — less than 10° C (Mopckoit atnac, T.11,
kapTel 16, 17. M3n-Bo lllTaba BOEHHO-MOPCKHUX CHII,
1953). Naturally, the factor of temperature cannot be
considered as a sole factor for the specificity of meta-
bolism in the bone tissues of sperm whales whole life
goes on under different temperature ranges. Still, the
aforementioned data remain the only ones available for
the preliminary analysis of potential causes of differ-
ences in osteodentin.

The visual analysis of over 1200 dental polished sec-
tions of male and female sperm whales killed in the
Southern Hemisphere by the whaler AKF “Yurii Dol-
gorukiy” in 1961-1970 revealed 20 kinds of variation
of osteodentin and its absence.

The following criteria were taken for differentiation:
the amount of continuous osteodentin, the quantity of
its separate granules, “groups” of small-sized osteo-
dentin, their localization, and absence of osteodentin.
The patterns found on polished sections were grouped
into eight principal types (including one type without
osteodentin) (Fig. 1).

Comparative analysis of samples of patterns of osteo-
dentin of dental polished sections with application of
Pearson test (CmuprHoB u JlyHumH-BapkoBckuii 1965)
by the frequency of occurrence of the discerned types
from the Atlantic and Indian oceans demonstrated that
the difference between two total groups of samples at
probability 0,01 and seven degrees of freedom is
beyond the admissible values for males — 27,82 vs X?
=18,5; for females — 26,65 vs X2 =18,5 (Fig. 2).

Comparison of the samples by Type I (osteodentin
characterized by relatively rare 1-2 large oval forma-
tions with the width in the middle part of 25-50% of
the structures of dentin of a polished tooth section) and
by Type 8 (no osteodentin) indicated to a still higher
level of differences.

Estimation of the significance of differences between
sample parts by the Student’s test (ITnoxunckuit 1970)
between males from the Atlantic and Indian oceans b
Type I was t = 2,7, by Type 8 t = 5,67; between fe-
males by Type [ t= 2,39, by Type 8 t=3,5 (at ty, = 2,0-
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U3 JBYX OKEaHOB — ATJIaHTHYECKOro M MHOmiicKoTO naet
OCHOBAHHE CUMTATh BO3MOJKHBIM MCITOJIL30BaHME OCOOEHHO-
CTeﬁ OCTCOACHTHHA B KAUYCCTBEC I/IHCprMeHTa JJIS1 BBIABJICHUS
MOMYJIAIMOHHON JIoKaJibHOCTH. LlerecooOpa3Ho mpoBecTu
JaTbHEeHIMEe MCCIIEJIOBAaHMsI 9TOTO MPU3HAKA C BBISIBICHUEM
BO3MOXKHBIX HOBBIX JleTalled €ro, B TOM YHUCJIE€ U Yy APYTUx
JKMBOTHEIX.

2,6-3,3), respectively.

A high significance level of differences of samples of
dental polished sections of sperm whales with different
types of osteodentin from two oceans, the Atlantic and
Indian, suggests that osteodentin characteristics may
be applied to elucidation of population localization.
Further investigation of this character would be feasi-
ble to reveal its possible new features, including other
animals.

Puc. 1. OcHOBHEBIE
THUTIBI PUCYHKA
OCTEOIEHTUHOBBIX
00pa3oBaHUii B
M€EIUAIbHBIX
nutugax 3y0ooB
kamiajotoB FOx-

HOTO IoJryrapus

Fig 1. Basic types
of osteodentin
Structures in mi-
crosections of
tooth from of
sperm whales
from southern

hemisphere
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W3 5 OCHOBHBIX PENPOAYKTHUBHBIX JISKOWI CHUByYa, (YHK-
OMOHMPYIOMIMX B Hacrosmee Bpemst Ha Kypmibckux octpo-
BaX, OCTPOB AHIHM(EPOBa CTOMT HECKOJILKO OCOOHSIKOM: pe-
NPOIYKTUBHAS TPYNIIUPOBKA 3/1eCh C(HOPMUPOBAJIACH CPABHU-
TeNbHO HenaBHo. JlexOuine Ha o. AHIudepoBa — eIMHCTBEH-
Hoe Ha Kypwmnax, rae B 1970-1990e rr. mpoucxoaut cTaOmib-
HBI POCT YUCIICHHOCTH XKMBOTHBIX. 32 3TOT MEPHOJ JIEKOH-
11e IpuoOpesno CTaTyc OJHOTO M3 KPYNHEWIINX B Hepeleniax
Kypuibckoii rpsabl.

CrammoHapHble paboTHl Ha JexOurie o-Ba AHnudepoBa Ha-
4anuch (Kak U Ha APYTHX OCHOBHBIX KYPIIJIBCKUX JISKOHUIIAX)
B 2002 r. 1 IPOJOIKAIOTCS €XKETOAHO JI0 TIOCIEIHETO BpeMe-
HU. B ycnoBusix pocrta Ha JaHHOM JIEXKOMINE UHCIEHHOCTH
CHBY4YEH HEMalblii MHTEpEC MPEACTAaBISET M3Y4YECHHE CTPYK-
TYpbl MECTHOM pENpOJIyKTUBHOH TPYNIUPOBKK M CTENEHb
yuactus B ee GopMHpOBaHUU aOOPUT€HOB U UMMHUTPAHTOB. C
STON IIeJIbI0 HaMHU TOMHMO OOIIMX BOIIPOCOB, CBSI3aHHBIX C
n3ydyeHneM (PyHKIMOHMPOBAHMS JISKOHIIIA, 0c000e BHIMaHHE
yIeIsIoch MACHTH(UKAMKM MEYeHBIX JKUBOTHBIX U OIpele-
JICHUIO UX COIIMAIBHOTO CcTaTyca.

B manHOM COOOIIEHUN aHANM3HPYIOTCS MaTepHaibl, coOpaH-
Hele aBTopamMu B 2006 u 2007 rr. B 2006 T. HccnenoBaHus
OXBaTIJIN niepuof ¢ 25 mas mo 23 urons (60 cyTok), a B 2007
r. — ¢ 5 mrons no 21 wutons (47 cyt.). Beero Ha nexoOumie B
TEYCHHE ITUX CE30HOB ObLIO MIAEHTHU(HUIMpoBaHO 166 n 144

Of the five main sea lion rookeries functioning on the
Kuril Islands, Antsiferov Island is somewhat special.
The rookery developed fairly recently. The rookery on
Antsiferov Island is the only one on the Kurils where
in 1970s-1990s there was a stable growth of numbers.
Over that period the rookery acquired the status of the
largest within the Kuril Islands range.

The stationary studies on the rookery of Antsiferov
Island started as those in all the other Kuril haulouts in
2002 and they continue to date. Under the conditions
of growth of the numbers of sea lions of great interest
is the study of the structure of the local breeding ga-
thering and level of its involvement of sea lions born
on the island and those born elsewhere that now breed
there. For that purpose, in addition to the general
problems associated with the functioning of the roo-
kery, particular attention was given to the identifica-
tion of the marked animals and identification of their
social status.

The present communication analyzes the materials
collected by the authors in 2006 and 2007. In 2006, the
studies involved the period between May 25 to July 23
(60 days), and in 2007, from June 5 to July 21 (47
days). During those seasons a total of 166 and 144
branded sea lions were identified, respectively. The
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TaBPEHbBIX CUBYYEH COOTBETCTBEHHO. BOJIBIIMHCTBO MEYEHBIX
JKUBOTHBIX ObLTH a0OpHUTEeHHOTO MponucXoxaeHus (Tad. 1).

JlaHHble, NOTyYeHHbIE HAMH B TEYEHHE JBYX CMEXHBIX pe-
NPOJIYKTUBHBIX CE30HOB, OKAa3aJIWCh JOBOJBHO CXOIHBIMH.
CuByun abopurenHoro npoucxoxaenus B 2006-07 rr. co-
CTaBIsId cooTBeTcTBeHHO 71,69% m 79,17%. Heckoabko
Goutee BbICOKMI Mokazatenb B 2007 1. 00BSACHAETCS MEHBIINM
M0 TPOJOJDKUTEILHOCTH NEPHOIOM HaOIOCHUH, U KOTO-
POM YacToTa 0OHapyXeHHsI IMMHUTPAaHTOB CHIDKaercs. Cpenn
UMMUTPAHTOB a0CONIOTHO JOMHHUPOBAIM JKUBOTHBIEC, MPO-
HCXOXKJCHUE KOTOPBIX CBA3aHO ¢ Hambosee OIM3KO Pacmoso-
JKEHHBIMHU JIEKOUIAMH, HAXOAAIINMHUCS Ha 0-Bax JIOBymIKY u
Paiikoke. Ha momto cuBy4ei, po>kACHHBIX Ha 3THX JISKOHUIIAX,
a B 2006-07 rr. HabmtonaBmiuxcsi Ha 0. AHuM(epoBa, Mpu-
IIJI0Ch (COTVIAaCHO OOBEAWHEHHBIM JaHHBIM) COOTBETCTBEHHO
50,65% u 31,17%. U Tonbko 18,18% meueHbIX CHUBYYCH ObI-
JM TIOMEYEHBI TIPH POXKIEHUM HA OCTAJIBHBIX YETHIPEX JIEK-
6umax. CaMIlbl COCTaBIISUIM MEHBIIYIO YacTh OT OOILIETOo YKc-
Jla YYTEHHBIX MeueHbIX cuByuei: 40,96% B 2006 r. u 41,67%
B 2007 r.

Perncrpannm Ha sexOuIIe B CE30H Pa3MHOKEHHS MEYEHBIX
CHBYYEH M aHAIN3 UX MOJOBO3PACTHOM CTPYKTYPHI IIO3BOJISIET
KOHCTaTUPOBATh, YTO B OTIHYHE OT OCTAIBHBIX PEHPOIYK-
THUBHBIX JISKOHII KypHUIBCKOTO CTafa JexOuie Ha 0. AHIH-
(epoBa HET OCHOBaHHMH CYUTATh THUIHYHO «PETPOITYKTHB-
HbIM». IIpocTpaHCTBEHHas CTpyKTypa IPYIIIMPOBKM CBHJE-
TCIBCTBYECT, UTO OHO SABJIACTCA CMCUHICHHBIM: IIOMUMO OCHOB-
HOW pENpOAYKTUBHOM 3aJIeKKH, 3aHUMaromedl OoJbIIyro
4acTh TEPPUTOPHUH JISKOHIIA, HA OJHOM U3 YYaCTKOB JIEXKOH-
12 B PENPONYKTUBHBIA MEpHOJ] IPUCYTCTBYET OONbIIas MO-
JoxHsAKOBas 3ajexka. OOpa3oBaHa OHAa HEIOJIOBO3PEIBIMU
CHBYYaMH B Bo3pacTe 1-2 JieT, OTHOCHTENbHAsI YHCICHHOCTh
KOTOPBIX Ha JIS)KOHUIIEe CPaBHUTEIFHO BBICOKa. Tak, B 2006 T.
TaBPEHBIE TOJIOBUKH COCTaBWIH 31ech 24,1% OT umcia Bcex
YYTEHHBIX MeEUYeHBIX cuBydeil, a B 2007 T. OBYXJIETKH —
27,78%. (Hampumep, B 2003 . Ha 0. Paiikoke ABYXJIETKH CO-
CTaBJISIN TONBLKO 2,68% OT 0OILIEro KOJIMYECTBA MEYEHBIX
3Bepeit). Eciu nomyctuth, 4to Ha 0. AHImpepoBa B Mocies-
HHE roJibl KOJIWYEeCTBO CUBY4YEH B Bo3pacTe 1 u 2 jeT u3 roga
B I'0Jl OTHOCHTEIILHO HIOCTOSIHHO, TO CJEIYeT 3aKJII0UYNUTh, YTO
JKMBOTHBIE 3THUX BO3PAcTOB €XEroJHO COCTaBJIAIOT Ha JIEK-
OwuIe OKOJIO IOJIOBHHBI BCEX ITOCEMIAIOIINX OCTPOB MM IO-
CTOSIHHO OOMTAIOUINX Ha JIekOume cuBydeil. OTMEeTHM, 9TO
pa3oBbIE YUEThl YHCIEHHOCTH MOJIOABIX CHUBYYEH TAarOT CpaB-
HHUTEJIFHO HEBBICOKHE LU(PBI, HO 3BEPH 3TOTO BO3pACTa MO-
OWJIBHBI, M B TEUEHHE BCETO CE30HA Pa3MHOXKEHUS IPOUCXO-
JUT WX 3HAYUTENbHAsl pOTalusi, OTYETO 3a CE30H JISKOMUIIE
HocemaeT 00JIbII0e KOJINIECTBO MOJIOAHSKA.

Cpenn MECTHBIX CaAMOK, Pa3MHOXKABIIIMXCSL Ha OCTPOBE, OTMeE-
YCHBI )KMBOTHBLIC BCCX MOMEUYCHHLIX 3/ICCh PAHEC HOKOﬂeHHﬁ,
npocturmux k 2006-07 rr. nmonooi 3penoctu (1ab. 2).

Ha o. AanmdepoBa 110 IOHOCHIN TaKXKe CAMKH, TIOMCUYCHHBIE
IICHKaMU HAa BCEX Ha3BaHHBIX BHINIE JiexkOumax (tad. 1), 3a
uckmroueHneM 0-BoB  Cpemaero. Ilpumdem, Bce caMmKu-
UMMHTPAHTHI, Pa3MHOKEHHE KOTOPHIX 3apETUCTPHPOBAHO Ha
0. ArnngepoBa, TUIOAOHOCAT 3[€Ch U3 TojJla B TOM, 9TO TOBO-
PHUT B TOJB3Y TOTO, YTO MMEHHO 3TO JISKOWIIE SBISAETCS IS
HUX TIOCTOSTHHBIM MECTOM pa3MHOKeHUs. OHAKO TaKux ca-
MOK Ha Jiexouire Bcero 8 ocobeii (1o Tpu ¢ 0-BoB Paiikoke u
JloBymiku u mo oxHoit ¢ o-BoB b. Uupmnoes u Mousr), crieno-
BaTEJIbHO, POCT YUCIICHHOCTH MECTHOW TPYIITHUPOBKH CHBY-

majority of branded individuals were born at Antsife-
rov (Table 1).

Data obtained by us during the two consecutive breed-
ing seasons proved fairly similar. The native sea lions
in 2006-2007 accounted for, respectively, 71,69% and
79,17%. A somewhat higher value in 2007 is ac-
counted for by a shorter period of observation where
the frequency of revealing immigrants is lower.
Among the immigrants absolutely dominant were the
animals whose origin is associated with the closest
haulouts on Lovushki and Raikoke islands. The sea
lions born on those rookeries, and in 2006-2007 ob-
served on Antsiferov Island (according to merged da-
ta) accounted, respectively, for 50,65% and 31,17%.
Only 18,18% of marked sea lions were marked at birth
on the four remaining haulouts. Males comprised the
smallest part of the total number of marked sea lions.
40,96% in 2006 and 41,67% in 2007.

The survey on the rookery during the breeding of
marked sea lions and analysis of their sex and age
structure demonstrates that in contrast to other rooke-
ries the Kuril population, the Antsiferov rookery is not
typical. The spatial structure of the breeding popula-
tion is indicative that it is mixed. In addition to the
main breeding haulout occupying the bulk of the roo-
kery, in one of the sections of the rookery during the
breeding season there is a young juvenile haulout. It
was formed by immature sea lions aged 1-2 years,
whose relative numbers in the rookery is fairly high. In
fact, in 2006, branded yearlings accounted for 24,1%
of the number of all the surveyed sea lions; and in
2007, two-year-olds constituted 27,78%. (For instance
in 2003 in Raikoke, two-year-olds accounted for only
2,68% of the total number of marked individuals). If it
is to be admitted that on Antsiferov Island during the
recent years, the number of sea lions at an age of 1 and
2 years is fairly constant, it can be concluded that the
animals of those ages on the rookery account for al-
most half of the population of all the visiting or resi-
dent sea lions. It will be noted that single surveys of
young sea lions give some fairly small numbers but the
individuals of that age are mobile and during the entire
breeding season, there is considerable rotation due to
which over the season the rookery is visited by a large
number of juvenile.

Among local females breeding on the island are ani-
mals of all earlier marked generations that achieved
maturity by 2006-2007 (Table 2).

On Antsiferov Island, females were also fecund that
were marked when they were pups on all the above
rookeries (Table 1) except the Srednego Islands. The
immigrant females whose breeding was recorded on
Antsiferov Island were fecund every year, which is
suggestive that that rookery is a constant breeding site
for them. However, there were only 8 such individuals
(three on Raikoke Island, 3 on Lovushki Island, one on
Brat Chirpoev Island and on Jonah Island), hence, the
growth of the local population is accounted for largely
by its internal reserves. .

It appears that the breeding potential of the Antsiferov
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Yel OCYIIECTBISIETCS] MPEUMYILECTBEHHO 3a CUET €€ BHYT-
PEHHHX PE3EPBOB.

[To-BumMMOMY, pPENpPOAYKTHBHBIA MOTEHLUAT «aHIU(pEPOB-
CKOI'O CTaJla» CUBYYEH HaXOAUTCA CelYac Ha BBICOKOM YpPOB-
HE, TIOCKOJIbKY B HACTOAIICE BpeMs JIeKOuIe Ha 0. AHnude-
poBa mMeeT cTaTyc BHoiHE OnaromoiydHoro. Ha pyOexe
MOCJIEZIHNX BEKOB Ha JIGKOMIIE YHMCIEHHOCTh XHBOTHBIX, B
YaCTHOCTH NPUILIOAA, IPOJODKAET PacTH. XOTS B TOJBI IIPO-
[BETaHHUSA KYPHIBCKOW TPYNIUPOBKH CHUBYYEH, KOT/a drHc-
JICHHOCTD JKUBOTHBIX B PETHOHE MMella Hanboliee BRICOKHE 3a
BECh IMEPHUOJ HUCCIICIOBAHUNA ITOKA3aTeNH, JIKOUIIe CUByUeit
Ha 0. AHnudepora 0b110 ciado 3aceneHo. Tak, B 1963 r. A.H.
Benkun (1966) yden Ha ocTpoBe TOIBKO 65 IIEHKOB, B TOM
YKCJIe HA OCHOBHOM JiexOwmie Bcero 15 (u eme 50 Ha ckane
Beinaps). Torpa ke, B 1960-x 1. Ha 0. AHUMdepoBa Hame-
THJICSA POCT YHUCJIEHHOCTH MPUILIOA, COCTaBUBIIEro B 1967 .
30 ocobeii, a B 1968 1. yxe 114 (Ilepnos 1970). B 1983 r. Ha
nexxonmie yureno 189 menkos, a B 1989 r. — 220 (MamuHoB
1991), mocine 4ero YMCIEHHOCTh HOBOPOXKACHHBIX 37I€Ch HU-
JKe IBYXCOT ocober He omyckanack. B 2000 r. Ha nexOwmie
ObuT poxnmeH 261 (Ha MOMeHT ydera 253 KWBBIX) IIEHOK
(Kopues u nmp. 2001), B 2005 r. — 283 menka (Burkanov et al.
2006), B 2007 r. YUCIEHHOCTh HOBOPOXKJCHHBIX MPEBBICHIIA
3/1eCh TpU COTHU ocobeit (313), 1 o BeMWYMHE 3TOTO TOKa3a-
TeJs JIeKOUIIE 3aHI0 YeTBepTYIo no3uiuio Ha Kypuibckoit
rpsze.

population is at a high level as today the Antsiferov
rookery has a well-to-do status. On the verge of the
recent centuries, the numbers of the animals on the
rookery, in particular, offspring continues increasing.
Although during the years when the Kuril population
of sea lions flourished and the region had the highest
numbers of sea lions, the Antsiferov Island rookery
was poorly populated. In fact, in 1963, A.N. Belkin
(benkun 1966) recorded only 65 pups on the island,
including only 15 (and another 50 on Vydar cliff). At
the same time, on Antsiferov Island, there was an in-
crease in the number of offspring, which was 30 indi-
viduals in 1967, and 114 in 1968 (Ilepnos 1970). In
1983, 189 pups were counted on the rookery; and in
1989, 220 (Mamunos 1991), whereupon the number of
newborn there was never less than two hundred. In
2000, 261 pups were born (as of the time of survey
253 live individuals) (KopreB u mp. 2001); in 2005,
283 pups (Burkanov et al. 2006), in 2007, the number
of newborns there exceeded three thousand individuals
(313), and with respect to that index, the rookery
ranked the fourth on the Kuril Range.

Ta6. 1. [IpoucxoxneHne MEUEHbIX CUBYUEH, 3aperucTpUpoOBaHHbIX Ha 0.AHuM(eposa B 2006-07 rr. * B unciurene —

caM1ibl, B 3BHAMCHATCJIC — CAMKH

Table 1. The origin of marked sea lions recorded on Antsiferov Island in 2006-2007. * the nominator — males; denomi-

nator - females

[Mpoucxoxaenue / Origin
l'on O. Anrudepona O-Ba Jloymku | O. Paiikoke | O-Ba Cpennero | O. bpar Yupnoes Smckue o-Ba O. Houst
Year Antsiferova Isl Lovushki isl- Raikoke Isl. Srednego isl- Brat Chirpoev Isl. Yamskie Isl- Jonah Isl.
ands ands ands
2006 50/69* 7/15 4/12 3/1 1/1 3/0 0/0
2007 47/67 7/10 3/5 0/0 1/1 2/0 0/1

Tab. 2. Yuactue B BOCIIPOHM3BOJICTBE a0OPUTEHHBIX caMOK Ha 0. AHiugeposa B 2006-07 rr. [Ipumevanue: D — 6e3
menka, NP — co menkom, NJ — ¢ Mosioabim B Bo3pacte 1+ net, NPNJ — co 1ieHKOM 1 MOJIOBIM.
Table 2. involvement in breeding of native females on Antsiferov Island in 2006-2007. Note: D — without a pup, NP —
with a pup, NJ — with a juvenile at an age of 1+ years, NPNJ — with a pup and juvenile.

Bospact camku (JieT) Bcero ocobeit PenponyktuBHbIi cTtatyc camku / Reproductive status of a female
Age of a female (years) Total number of animals D NP NJ NPNJ
4 16 13 3 - -
5 13 4 8 1 -
6 12 1 10 1 -
7 5 - 4 1 -
8 12 3 8 - 1
9 10 1 8 1 -
10 16 4 11 1 -
11 10 1 7 1 1
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The present-day status and the level of study of pinnipeds in the Sea of

Japan

V.LII’ichev Pacific Oceanological Institute, FEB RAS, Vladivostok, Russia

B ceBepo-3ananHoif yactn Tuxoro okeaHa HanOojee WHTCH-
CHBHBIE UCCJIEOBAHUS JIACTOHOTHX BO BTOPOH mojioBuHE XX
B. POBOAMIUCH B OXOTCKOM M BepHHTOBOM MOpSX, SIBJISB-
IIUXCS OCHOBHBIMH PallOHAMH MPOMBICIIA JIACTOHOTHX: MOpP-
JKeW, MOPCKHX KOTHKOB M JIEHOBHIX (popMm TroneHeid. SnoH-
CKO€ MOpe, TJie BUJIOBOM COCTaB JIACTOHOTHX OeHee, a yuc-
JICHHOCTh WX HHU3Ka, OCTaBAJIOCh B CTOPOHE OT mpodeccro-
HaJIbHBIX MHTEPECOB MOPCKUX MamMMoJioroB. He m3menunach
CJIOXKUBLIASICSI CUTYalUsl U K Hayally TPETbEro ThICSUEIIEeTHS;
OoJee TOro, OHa yCyryomiaachk OOIIUM CITajoM 00beMa HCCIie-
JIOBAaHUH MOPCKUX MIICKOIUTAIOIINX, IPOU3OMEANINM B
JATEHEBOCTOYHBIX MOPsIX Poccnu B CHITy M3BECTHBIX 00CTOSI-
TENBCTB.

B TeueHme Kak MUHMMYM JBYX-TPEX AECSATWIETHH OTCYTCT-
BYIOT IyOJUKAINH, B KOTOPBIX OblIa OBI IpeAcTaBIeHA OIICH-
Ka CTaTyca TeX BUJOB JIACTOHOTHX, apeasl KOTOPBIX B TOW HIIN
WHOM Mepe BKJIYaeT SMOHCKOe MOpe W, B YAaCTHOCTH, €Tr0
POCCHUICKHE BOJBI.

CoBpemeHHas (ayHa JIaCTOHOTHX 3alaJHOM ITOJIOBUHBI
SlmoHcKOro MoOpst HacCUMTHIBaeT 6 BHUIOB: cuByY (Eumetopias
Jjubatus), ceBepHblii Mopckod koTHK (Callorhinus ursinus),
Kolpyaras Hepna win akuoa (Pusa hispida), MOPCKOH 3asiy
wn naxtak (Erignathus barbatus), napra (Phoca largha) n
KpBUIaTKa WJIHM TIOJNOCAThlil TroNeHb (Histriophoca fasciata).

In the northwestern Pacific, the most intensive studies
of pinnipeds in the second half of the 20th century
were conducted in the Sea of Okhotsk and the Bering
Sea which are the main regions of pinniped harvest,
including walruses, northern fur seals and the ice- seal
forms. The Sea of Japan, where the species composi-
tion of pinnipeds is poorer, and their numbers are low
have not received enough attention by marine mam-
malogists. The situation has not changed by the begin-
ning of the third millennium, moreover, it was still
more aggravated by the general decline of studies of
marine mammals.

For at least two to three decades there have been no
publications discussing the status of those pinniped
species whose range includes the Sea of Japan and its
Russian waters.

The present-day fauna of pinnipeds of the western half
of the Sea of Japan has 6 species. The sea lion (Eume-
topias jubatus), the northern fur seal (Callorhinus ur-
sinus), the ringed seal (Pusa hispida), the bearded seal
(Erignathus barbatus), the spotted seal (Phoca largha)
and the ribbon seal (Histriophoca fasciata). For half of
them, the Sea of Japan is the southern boundary of the
range.
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Jns monoBuHbl U3 HUX SIMOHCKOE MOpe — HOXKHas TrpaHula
apeaia.

Cusyy

[Ipouzowenmiee Bo Bropoii mosoBuHe XX B. 0OBaibHOE Na-
JICHUE YHCIEHHOCTH BHJIa OCOOEHHO KOCHYJIOCH Iepudepuii-
HBIX YacTel ero apeana. Tak, BHI NPaKTHYECKH HCYE3 W3
I0’)KHOU N070BUHBI SnoHckoro mMops. Eme okono 70 ner Ha-
3a] Ha 0. AcKoub/l (3amaaHas yacts 3aymBa [lerpa Bennkoro)
omHoBpeMeHHO 3aierano mo 400 cuByueit (OrmeB 1935), a
MIOCIIEIHNE HECKOJIBKO JECATHICTHH 3TO MECTO CUBYYH IPAK-
THYECKH He mnocemaioT. Madopmanus o penkmx BeTpedax
cuBydeir y 6eperoB HOxuoro IIpuMopes mocTymaer mouTH
€XETO/IHO, HO B MPUOpPEKHOW akBaTopuu 3aymBa Iletpa Be-
JIMKOTO B HAacTosLIee BpeMsi HaOJIIOAAI0TCS JIUIb OJJUHOYHbIC
MOJIO/IbIE JKMBOTHBIE BO BPEMs CE30HHBIX KOUeBOK. Heckoub-
KO 0oJiee 4acTo OJIMHOYKU M MEJIKHE I'PYIIbl CUBYyYel OTMe-
YaroTCsl BAOJb BOCTOYHOTrO Iodepexbst CeBepHoro IIpumo-
pbsi, a B paiioHe c. MakCHMOBKa OCEHBbIO MEJIKHE TPYIIIbI
WHOTJIa Ha HENPOIOIDKUTEILHOE BPEMS BBIXOJAT Ha OJUH U3
6mu3 Haxosmuxcs MeicoB (Tpyxun 2001).

CegepHulii MOPCKOU KOMUK

B ornmume oT mpenplaymiero BUAa KOTHKU B NPUOpEKbe HE
BCTPEYAIOTCA, a PACIIPEIENIEHBI B MEJIaruaiy, I1e IpoJIeTalT
X MUTPAlMOHHBIE ITyTH M PACIIOJIOKEHBI MECTa 3MMOBKH.
OcCHOBHBIE 3UMOBKH BUZa TIPHYPOUYECHBI B OCHOBHOM K OaHKE
SImato u paitony Bocrouno-Kopeiickoro 3amuBa. YUucien-
HOCTb KOTUKOB B paliOHaX 3UMOBOK B SIIIOHCKOM MOp€ 3aBu-
CUT OT TAKOBOM Ha MECTax Pa3MHOXCHHUsS U, CIEIOBATEIIBHO,
OT 00LIeH YMCICHHOCTH BU/IA.

Mopckoti 3asy (naxmak)

AHanu3 pacrpeneieHus Buaa B SIMOHCKOM MOpE TMO3BOJHI
3aKJIFOYUTH, YTO BONPEKH MHOTHM OIIMOOYHBIM MHEHHSM,
FOKHAsI TPAHHUIIA apealia 3TOTO TIOJICHS IIPOXOIUT HE B 3aJIUBE
ITerpa Benukoro, a mpumepro mo 480 c.Il., XOTS U HE HC-
KITFOYAaeTCsl BEPOSATHOCTH 3aXOJI0B JIaXTaka u B OoJiee I0XKHbBIE
paitons! Anonckoro mops (Tpyxun 2002). B Tatapckom mpo-
JINBE MOPCKOM 3asil] BECHOM HEMHOTI'OUYHUCJIEH, a4 €r0 YUCJIEeH-
HOCTh 3JIECh B 3TOT MEPHOJA IIPETepPICBACT 3HAYUTEIHHBIC
MEKIOJIOBBIC M3MCHEHHs. Beperombie JexOwWIa JiaxTaka B
SnoHCKOM MOpe HE M3BECTHHI M MX OOHAPYKCHHE BPSI JI
BO3MOKHO — B PETHOHE OTCYTCTBYIOT MOAXOISIIUE IO CBOUM
reoMOp(OTOTHYSCKUM XapaKTEePUCTHKAM y4YacTKH CYIIH, Ha
KOTOPBIX OOBIYHO MPEATIOYNTAIOT 3aJIeTaTh JTaXTaKH.

Konvuamas nepna (axubda)

OTOT TIONEHP HAcesIeT CaMyl0 CEBEPHYIO YacTh SIMOHCKOTO
MOpsi, BCTpEYasich B BECEHHU MepUOJ Ha Jiblax TaTapcKoro
nponuBa. KomnpuaTas Hepra B OTPaHUYCHHOM KOJIHMYECTBE
3[1eCh Pa3sMHOXKAETCS, a €€ MO Cpenu TIOJCHEH JIETOBBIX
(dbopM cocTaBisieT B JIaHHOM PETHOHE B PENPOAYKTHBHBIN
nepuosi okono 2%. SAsnsgercs au TaTapckuil MpoNIUB MECTOM
JIETHE-OCEHHETO HaryJsa TIoJIeHel 3TOro BUja — JI0 CUX IOp He
U3BECTHO.

Jlapea

CornacHO CIOXHBIIEMYCSI MHEHHIO, CPeIOH JIEIOBBIX (OopM
TIOJIEHEN JTO €QUMHCTBEHHBIA BHJ, OOMTarOMMi B SIIOHCKOM
MOpe KPYTJBIA TOA W WMEKOIIUH CpaBHUTEIHHO BBICOKYIO
YHCICHHOCTh. B mpenenax Mopsl MpHU3HAHO CYIIECTBOBAHUE
IByx nomyssiuuid: B Tarapckom nposuse u B 3anuse Ilerpa

The sea lion

The sharp decline of the numbers of the species con-
cerned particularly applied to the peripheral parts of its
range. In fact, the species virtually disappeared from
the southern half of the Sea of Japan. As early as 70
years ago on Askold Island (western Peter the Great
Bay) concurrently hauled out up to 400 individuals
(Ornes 1935), and during the several recent decades
that area was not visited at all. Information about rare
sightings of sea lions off Southern Primorye arrives
almost daily, but in the coastal water area of the Peter
the Great Bay, there only occur some single young
individuals during their seasonal migrations. Some-
what more frequent are single individuals and small
groups of sea lions occurring off the eastern coast of
Northern Primorye, and in the region of the village of
Maksimovka, smaller groups occasionally come onto
one of the nearby capes (Tpyxun 2001).

The northern fur seal

In contrast to the preceding species, northern fur seals
do not occur on the coast, but are distributed in the
pelagic region, where their migration routes and their
wintering grounds are located. The main wintering
grounds of the species are largely on the Yamato Bank
and in East Korea Bay. The numbers of northern fur
seal in the wintering ground region in the Sea of Japan
depends on occurrence at their breeding sites and the
total number of the species

The bearded seal

Analysis of the distribution of this species in the Sea of
Japan gives grounds to conclude that despite numerous
erroneous views, the southern boundary of this regions
is not in the Peter the Great Bay but roughly at 480 N,
although there are possible arrivals of the bearded seal
into the more southerly regions of the Sea of Japan
(Tpyxun 2002). In Tatar Strait, the bearded seal is not
numerous in spring and its numbers during that season
there vary in a wide range with years. No coastal hau-
louts of the bearded seal in the Sea of Japan are
known, and they can hardly be revealed, the region
having no suitable land areas where bearded seal
would prefer hauling out.

The ringed seal

That seal populated the northernmost part of the Sea of
Japan, occurring in the spring season on the ice of Ta-
tar Strait. There ringed seals breed in limited numbers
and its proportion among the seal ice forms accounts
for about 2% during the breeding season. Whether
Tatar Strait is the site of the summer-fall feeding for
this species is not yet known.

The spotted seal

According to the well-established view, among the ice
forms of seals, this is the only species that dwells in
the Sea of Japan throughout the year and has fairly
large numbers. There are two populations in the Sea of
Japan: in Tatar Strait and in Peter the Great Bay. There
are no recent data available on the size of the spotted
seal population in Tatar Strait, and in the recent past,
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TPYXVIH. COSpeMeHHbIa cmamyc U cmerneHb u3y4eHHocmu riacimoHocux 8 SnoHckom mope

Benukoro. CoBpeMeHHBIE AaHHBIE O pa3Mepe IMOIMyJISALHUN
mapru TaTapckoro mposiiBa OTCYTCTBYIOT, a B HEIAJIEKOM
MPOIIJIOM YHCJIEHHOCTh 3TOTO TIOJIEHS COCTaBIsUIa 37ECh IO-
psnka 8-11 teic. ocobeit (PemoceeB u ap. 1970). Ha BocTou-
HoM nobepexxbe [Ipumopbs u B 3anuBe [lerpa Bennkoro ns-
BECTHO HECKOJIBKO JIECSTKOB JIS)KOMILL, a aHAJIM3 MHOTOJIETHEH
JUHAMUKH 4YHCJIEHHOCTH Japru B 3anuse Ilerpa Benmkoro
CBHJICTENIBCTBYET O HE3HAYMTENILHOM, HO CTaOMIIEHOM pocCTe
gucneHHocTn MecTHoi momyssimuu (Tpyxua 2005, Hecre-
perko u Karun 2007).

Kpvinamxa

BecHoli B HE0OIBIIIOM KOJTUYECTBE IEHUTCS Ha JIbJaX CeBEp-
HoM wactu Tarapckoro mposnmBa. OIUHOYKH MEPUOTUIECKH
HaOroMal0TCs Ha JbAax 3anuBa [letpa Bemukoro, HO 3mech
9TH TioJieHH He pazmHoxarorces (Tpyxun 1997). B Henenosblit
MepHoJ B aKBATOPUHM MOPS TOT MeJlarduecKuid B 0CO00H
PEAKOCTH, BEPOSITHO, HE MPEACTABISAET, HO, KaK U B APYTHX
paiioHax apeayia, BU3yaJIbHO B I€JIaTMa HE HAOJIIOJAETC.
IOxHast Touka peructpauuu Kpbutatku — Llycumckuit npoaus
(BBenenckuii 1950).

K macrosmemy BpeMeHu B SOHCKOM Mope OoJiee Wil MeHee
noipoOHas MH(OpPMAIHsI IMEeTCs TOIBKO M0 CUBYUY U Jlapre:
MEepBbIA BUJI MEPEKUBAET JACTNPECCHUI0, U B SIMOHCKOM Mope
CTaJI peaoK, BTOPOH — MpeOBIBa€T B OTHOCHTEIBHO OJIarormo-
JYYHOM COCTOSHHH. B OTHOIIEHMHM OCTaBIIMXCSl HYETBHIPEX
BUAOB JIACTOHOI'UX COBPEMEHHLIC JAHHBIC OTPBIBOYHLI; BEPO-
SATHEC BCCro, B TCUCHUC ITOCICAHUX HCCKOJIBKO IleCHTl/IJ'IeTl/Iﬁ
CTaryc 3TUX THOJEHEH B SIMOHCKOM MOpe BpsJ JIM CYILIECT-
BEHHO U3MEHUJICSL.

the numbers of that seal were about 8 to 11 thousand
(®enocees u ap. 1970). On the eastern coast of Primo-
rie and in Peter the Great Bay several dozens of hau-
louts are known and analysis of the long-term dynam-
ics of the spotted seal in Peter the Great Bay indicated
minor if stable growth of the local population (Tpyxun
2005, Hecrepenko u Karun 2007).

Ribbon seal

In spring in small numbers they breed on the ice of the
northern Tatar Bay. Some individuals are repeatedly
sighted on the ice of Peter the Great Bay, but those
seals do not breed there (Tpyxun 1997). During the
ice-free season in the sea water area, that pelagic spe-
cies appears to be fairly common, but similar to other
parts of the range, it is not sighted in the pelagic zone.
The southernmost site where the ribbon seal was
sighted is Tsushima Strait (BBegenckwuii 1950).

To date, there is only detailed information on the sea
lion and the harbor seal available for the Sea of Japan.
The former species is declining and it is rare in the Sea
of Japan; and the latter is fairly well off.

In relation to the four remaining pinniped species the
current information is patchy, and mot probably during
the several decades the status of those seals in the Sea
of Japan has hardly undergone any significant changes.
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B Jlenunrpanckoit obnactu cymiectByeT KOH(JIMKTHas CH-
Tyalquss MEXAYy pr6OJ'IOBCTBOM U ABYMs BHJAaAMU MOPCKHX
miexonuraomux. B @uUHCKOM 3anuBe 3TO Cepblil TIOJICHb
(Halichoerus grupus) n 6antuiickuii TOABHUA KOJIbYATOW HEp-
sl (Phoca hispida botnica); B JlagoxxckoM o3epe — JaJiox-
CKkuil monBua KoibuaTod Hepmbl (P. h. ladogensis). DtoT
KOH(IIMKT BBI3BaH KOHKYPEHIIMEH 3a NCIIOJIb30BaHIE PHIOHBIX
PECypcoB U BbIpa)karolIMiics, C OAHONM CTOPOHBI, B MOBPEX-
JICHUHY TIOJICHSIMH OPYIHH JIOBAa U TOWMaHHOH PHIOEL, a ¢ Apy-
roil — B ruOeI MOPCKHX MIIEKONUTAIOMIMX B PHIOOTOBHBIX
cHacTiaX. B ommuune ot coceanux rocynpapcrs banrtuiickoro
peruoHa y Hac 3TOH mpoOieMe BHUMaHHE MPAKTUYECKH HE
yaensiercs. [lepBble miarm Ha MyTH OLIEHKU CIIOKHUBLIEHCS
cutyarnuu Obutd caeianbl Toiabko B 2003 r. Ha ocHoBanum
orpoca cobpaHa MH(GOPMAIMS O CMEPTHOCTH TIOJNEHEW NpHU
MIOIYyTHOM OTJIOBE, IOpYE TIOJNECHSAMHU OPYAMI JIOBA, OTHOLIE-
HUHM TIpeJICTaBUTENEH PHIOOJIOBHON NPOMBIIIIIEHHOCTH K HPO-
OneMe B3aMMOJACHCTBUII C MOPCKMMH MIIEKOIHTAIOUIMMHU
(BepeBkuH u np. 2006). 3mech nmpeAcCTaBICHO MPOIOIDKEHUE
STOU pabOTHL

C6op marepuanos o Ouxckomy 3anmuBy U JlagoxckoMy o3e-
PY OCYIIECTBIISIICS METOJOM HPSMOTO aHKETHPOBAHUS U OII-
pPOCOB pHIOAaKOB, OPUTaAUPOB PHIOOJIOBELKUX OpHUrag M Apy-
TUX 3aUHTEPECOBAHHBLIX JIUII, BJIAaJCHOIIUX HH(l)OpMaHHeﬁ 10
npo0JeMe B3aMMOOTHOIICHUH PhIOAKOB ¥ TIOJICHEH B KaXKIOM
KOHKpETHOM paiione JleHnHrpaackoii odnactu. AHKeTHpOBa-
HUE OBUIO NPOBEICHO B OCHOBHBIX paiOHaX IpOMEICTA: B
roponax Hosas Jlanmora, IIpuosepck, HlnuccensOypr (moGe-
pexse Jlamoxckoro o3epa), Beibopr, a Taxke cpean puidoso-
Benkux Opwran, mpoMeuniromux B Hesckoit u Jlyskckoit
ry0e (DOuHCKHIT 325TUB).

Jlaooosicckoe o03epo. OTHOIIEHWE PBIOAKOB K JIAOKCKOM
KOJIbYaTOM Heprie Pe3Ko OTPHLATeNbHOE (32 MCKIIOYEHHEM
3amaJHoOM YacTh o3epa, e OHO Oosiee HelTpanbHO). Bee or-
POILIECHHBIE OTMEYalOT 3HAYMTEIBHBI Bpell, NPUHOCHMBIH
TIOJICHSIMU, @ TaKXXe yBEIMYEHHE YMCIIAa JKUBOTHBIX, MPUXO-
JSIIUX KOPMUTBCS K ceTssiM. HUKTO M3 OnpoLIeHHBIX phiOa-
KOB, HE INPUMEHSET HUKAKUX IPHUEMOB, IOMOTAIOIIUX IIpe-
JOTBPaTHTh BOPOBCTBO PBHIOBI M IOpPUY CETEH, MOCKOIBKY
CUUTAIOT, YTO MOAOOHBIX METOJIOB IIPOCTO HE CYLIECTBYET, U
CHHU3UTH YIIEpO OT MOPCKUX MIICKONMHUTAIOLIMX MOYKHO JIMIIb
HCKYCCTBEHHO PETYIHPYS UX YACIEHHOCTH (Tad. 1).

B 2007 r. xak u B 2003 r., BBISIBIEHO, YTO 3HAYUTEIHLHOE KO-
JIUYECTBO 0COOel rMOHET B OPYAMSAX JIOBA, UCIOJIB3YEMBIX B
KoMMepdeckoM peioooBcTBe (Aradonosa u ap. 2007). Cy-
IIECTBEHHYIO POJIb UTPAET MaTepHal, U3 KOTOPOTO M3rOTOB-

In the Leningrad Region there is a conflict situation
between fisheries and two species of marine mammals.
In the Gulf of Finland, these are the gray seal (Hali-
choerus grupus) and the Baltic subspecies of the
ringed seal (Phoca hispida botnica); in Ladoga Lake —
the Ladoga subspecies of the ringed seal (P. A. lado-
gensis). The above conflict is caused by competition
for the use of fish resources and is manifested, on the
one hand, in the damaging by the seals of fishing gear
and caught fish, and, on the other, in the death of ma-
rine mammals entangled in fishing nets. In contrast to
the neighboring states of the Baltic region, this prob-
lem has received practically no attention in our coun-
try. The first steps in assessing the current situation
were made as late as 2003. On the basis of the survey,
information about the mortality of seals in accidental
take and damage by the seals of fishing equipment, the
attitude of fishery workers to the problem of interac-
tion with marine mammals (Bepeskun u gp. 2006) was
made. Presented below is the follow-up of this study.

Collection of data on the Gulf of Finland and Ladoga
Lake was performed using interviews of fishermen,
team leaders of fishing teams and other stakeholders
possessing information on the interactions of fisher-
men and seals in each particular area of the Leningrad
Region. Interviews were conducted in the major harv-
est regions: In the cities Novaya Ladoga, Priozersk,
Shlisselburg (Ladoga shore), Vyborg, and also among
fishing teams operating in Neva and Luga bays (the
Gulf of Finland).

Ladoga Lake. The attitude of fishermen to the Ladoga
ringed seal is sharply negative (except the western part
of the lake, where it is more neutral). All the intervie-
wees report considerable harm caused by seals, and
also an increase in the number of seals that come to the
nets to feed. None of the interviewees used some me-
thods helping to prevent theft of fish and damage to
the nets as they believe that no such methods exists
and this detriment can only be mitigated by regulating
the numbers of the seals (Tab. 1).

In 2007, similar to 2003 it was revealed that a consi-
derable number of individuals perished in the nets used
in commercial fisheries (Aragonosa u mp. 2007). Of
great importance is the material the nets are made of.
In case of readily breakable line nets, seals in the ma-
jority of cases only damage them without getting en-
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BepeBkuH 1 ap. BaaumoomHoweHue mioneHel U pbiI6HO20 MpoMbiciia Ha meppumopuu JleHuHepadckol obnacmu

JIeHbl ceTH. B ciiydae mpuMeHEeHHs JIETKO PBYLIMXCS JEeCOd-
HBIX CETEW KUBOTHBIC B MOJABIIAIONIEM OOJIBIIMHCTBE CIIyda-
€B JIMIIb MOBPEXKAAIOT UX, MPU 3TOM He 3amyThiBasich. bonee
MIPOYHBIEC OPY/Us JIOBA (KapOHOBBIE CETU ISl JIOBJIH JIOCOCS
WM Tpajibl) MNPEACTABIAIOT PEANbHYI0 YIrpo3y i >KU3HH
MOMNABIIETO0 B HUX TIOJEHs. J[aHHbIE O BEIMYMHE MOIYTHOTO
otsioBa Heprbl B 2007 1. B 10)KHOM U 3anagHoi yacTu Jlagox-
CKOT'0 03epa Ipe/ICTaBICHBI B Ta0. 2.

Kak B 2003r., Tak u B 2007r., MaKCUMaJIbHOE KOJHYECTBO
KOJIbYaTOM HepIbl, Monaaano B npuioB B pailone Hosoit Jla-
nmoru. IIpociexuBaeTcss YBEIWYEHHE YHCIA JKABOTHBIX, IO-
nmaBmux B opyaus josa 3a 2007 1. (357), mo cpaBHEHHIO C
2003 r. (292) (Bepeskun u 1p. 2006). CymecTBeHHBIE H3Me-
HeHHs HaOJromaTCs B paiione ropona IllmuccensOypra, riae
KOJINYECTBO TOMMAaHHBIX HEPHI B aOCONIOTHOM BBIPAKEHUHU
BO3pOCII0. ITO MOXKET CBUAETEILCTBOBATH O TOM, YTO HEpIa
cTaya OoJiee aKTHBHO 3aXOJUTh B MEIKOBOJHBIC paliOHBI Be-
JICHHS TIPOMBICIIA.

Qunckuii 3anue. B paiione Beibopra peidaku oTMeqaroT pes-
KO€ yBEITMYEHHE YHCICHHOCTH CEPOro TIOJEHS oceHbro 2007
T. TIO CPaBHEHHIO CO BCEMH IPEIBIAYIINMHI rofgaMu. TroleHb
MOBPEX/AaeT HE TOJBKO CETH, KaK ObIIO MOKA3aHO paHee, HO U
MepeH. B ceTsix mpakTHueckn He IyTaeTcs, Tak Kak JIETKO
ux cpeiBacT. Habmromaercss M3MEHEHHE IMOBEAEHHS KHUBOT-
HBIX, KOTOpBIE CTanu 00Jee CMEIBIMHM, JIFOOOIBITHBIMH, CO-
MPOBOXKIAIOT PHIOOJIOBHBIE Cy/a, PHIOAKOB IMPU TOCTAHOBKE
ceTeﬁ, MOT'YT MOAXOJUTH K CCTAM, IMOCTABJICHHBIM Ha MCJIKO-
Bo/be Ha ryouHe 10 1,5 M (Tab. 3). Y peibakoB B paiioHe
Hesckoit n Jlyxckoil TyOBl IMOJIOKHUTEIFHOE WM HEHTpaib-
HOE OTHOIIEHHE K TIOJEHSM. B OCHOBHOM phIOaku HE mpUMe-
HSIOT HUKAaKWX MPHEMOB, IIOMOTAIOIIUX IPEIOTBPATHTh BO-
POBCTBO PBIOBI MM TOBPEKACHHE OpyaWd JyoBa. Jlume B
paiione Jlucbero Hoca MPOMBICIOBUKH BEIIAIOT KOJIOKOJIbYH-
KH («OpAIeno») Ha KOJBI C HENbI0 OTIYTHYTh KUBOTHBIX. B
2007 r. B Poccuiickoit gactin @uHCKOTO 3ainmuBa oTMeueHo 11
CilyyaeB T'nOeNH TIOJICHEH B OpyANsX JIOBA.

B 2003 r., B Poccuiickoii akBatopun PUHCKOTO 3auBa CIIy-
Hyaun MOBPECKACHUA ceTe u pI)I6bI TIOJICHAMMU 6bIJ'II/l CANHNUY-
Hel. B 2007 u 2008 rr. cutyarus n3MeHwiacs. Hecmotps Ha
TO, YTO OCTPOr0 KOH(IIMKTa MEXIYy MOPCKMMH MIIEKOIH-
TAIOIIUMHU U PHIO0IOBCTBOM B PHHCKOM 3anuBe He Halmona-
€Tcsl, OTMEYEH POCT BCTPEYAEMOCTU TIOJNCHEH B palioHax
MIPOMBICIIa B HETIOCPEACTBEHHON OJIM30CTH OT OpyIWil JIOBa,
Cilyyad TOpYM OpYIMH JIoBa M yijoBa B ceTsx. OTmeuarorcs
Cilyyad THOENHM MOPCKHMX MIIEKOIMTAIONIMX B INEPBYIO OYe-
pelb B 3aK0jax, B MEHBIIEH CTENIEHH B MEPEeXax, CTaBHBIX
HEBO/IaX.

Takum 00pa3oM, OTMEUEHO yCHWJICHHE KOH(MIMKTHON cHTya-
1M, BBIPAXKAIOUICHCSI B KOHKYPEHIMH 3a pbIOY, KOTOpas c
KaXJIBIM TOJIOM Bce 0ojiee 000CTpseTCA W MPUBOAUT THOCITH
TIOJIEHEW B OPYIUSIX JOBa C OAHOW CTOPOHBI M CYILECTBEHHO-
My yiiepOy pbIO0JIOBHOMY ITPOMBICITY C APYTOM.

B mecrax Hambosiee oCTporo KOH(IMKTAa MEXIY MOPCKUMHU
MJICKOTIUTAIOMINME W PBIOHBIM IIPOMBICTIOM HEO00X0IUMO
NPUHAMATh MEpHl 110 CHIKEHHIO ymiepOa, MPUYUHAEMOTO
TIOJNICHSIMA TIPOMBIIIJICHHOMY pBIOOJIOBCTBY, a TakXke IO
YMEHBILICHNIO CMEPTHOCTH MOPCKHX MJIEKOIHUTAIOIIUX B OpPY-
JUSAX JI0BAa. JTO MOXET OBITh AOCTUTHYTO IYTEM H3bATHA
yJIoBa M3 CETeH JO HACTYIUICHUS CBETJIOTO BPEMEHH CYTOK,
aTPyJIUPOBAaHUEM CETEH, IOCTAHOBKOW OpYAMH JIOBAa B MeC-

tangled. Sturdier fishing equipment as fishing-line nets
for the salmon or trawls is of real danger to the seal.
Data on the numbers of incidental take of the seal in
2007 in the southern and western Ladoga Lake are
presented in Table 2.

Similar to 2003 and 2007, the greatest numbers of
ringed seal was among the incidental take in the region
of New Ladoga. There is an increase in the number of
animals entangled in the fishing gear in 2007 (357)
compared with 2003 (292) (BepeBkun u ap. 2006).
Some substantial changes are observed in the region of
the city of Shlisselburg, where the number of captured
seals has increased in absolute figures. The above may
indicate that the seal began entering shallow harvest
areas.

The Gulf of Finland. In the Vyborg region, the fisher-
men report a sharp increase in the numbers of gray
seals in the fall of 2007 compared with all the preced-
ing years. The seal damages not only nets as was
shown above but also seines. They do not become en-
tangled in the nets as they easily tear them off. There
are some changes in the behavior of the seals, which
became more bold and curious, accompanying the ves-
sels and fishermen setting the nets, they may approach
the nets set in shallow water at depths to 1,5 m (Tab.
3). Fishermen in the region of Neva and Luga bays
show a positive or neutral attitude to seals. Essentially,
fishermen use no skills to prevent theft of fish or da-
maging of fishing equipment. It is only in the Lisy Nos
region that fishermen fix bells to pole to scare seals
off. In 2007 in the Russian part of the Gulf of Finland,
11 cases of the death of seals in fishing equipment
were recorded.

In 2003, in the Russian water area of the Gulf of Fin-
land, only few instances of injury of the nets and fish
by seals were reported. In 2007 and 2008, the situation
changed. Despite the fact that there is no sharp conflict
between marine mammals and fisheries in the Gulf of
Finland, seals occur more frequently in the immediate
vicinity of the fishing gear, and there are more fre-
quent instance of damage to fishing gear and catch in
the nets. There are instances of death of marine mam-
mals, primarily, in weirs, and to lesser extent in trap
nets and seines.

Thus, there has been an increasing conflict, manifested
in fish competition, which is becoming sharper each
year bringing about the death of seals in fishing
equipment on the one hand, and substantial detriment
to fisheries, on the other.

Where the conflict between marine mammals and fi-
sheries is particularly sharp, measures should be taken
to mitigate the detriment caused by seals to commer-
cial fisheries and also to reduce mortality of marine
mammals in the fishing gear. That may be achieved by
removal of the catch from the net before daytime, pa-
trolling the nets, setting the fishing gear far from the
areas of seal aggregations (Wilson 2003). Further stu-
dies of the problem concerned are called for to reveal
the conflict dynamics, changes in the behavior of the
seals and changes in the attitude to them of humans
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Tax, YJAJICHHbIX OT pPallOHOB KOHLEHTPALUU THOJIEHEH
(Wilson 2003). Heo6x01umMo0 pOBOINTH AabHEHIIINE UCCITe-
JIOBaHUSI PACCMOTPEHHON MPOOJIEMBbI C IEJIbI0 BBIIBICHUS
JUHAMHUKHU KOH(I)J'II/IKTa, U3MCHCHUS ITOBCACHUS TIOHeHeﬁ, nus3-
MEHCHUS OTHOUICHHA K HUM mo,uei&, 3aHATBHIX pr6OJ'IOBCTBOM.
Kpome Toro, Ba)KHO OCYIIECTBISTh CHCTEMATHYECKUE YUCTHI
YUCIICHHOCTH MOPCKHX MIICKOIHUTAIOMIAX JUIS OLEHKH CO-
CTOSIHUS UX TTOMYJISIUH.

engaged in fisheries. In addition, repeated surveys of
marine mammals are to be performed to assess their
population status.

Tab6. 1. Opymus moBa, IOBpeXAeHHBIE TIoNeHsIMH Ha Jlamoskckom o3epe B 2007 T.
Table 1. Fishing gears damaged by seals in Ladoga Lake in 2007

Yucio MOBPEIKACHHBIX

I'my6una mo- Opyauil 10Ba 3a CE30H Ha
Paiton mpompiciia Opynus j10Ba CTaHOBKH, M 1 prrbaka
Fishing area Fishing gears Water depth in Number of damaged fish-
the area (m) ing gears per 1 fisher-
man in a season
Hogas Jlamora Cetn, KypisTHKH, MEPEXKH 16-24 10-15
Novaya Ladoga Nets, kurlyanki, hoop nets 45-60 60-70
HInuccensOypr Cetn, KypisTHKH, MEPEXKH 10-15 10-60
Shlisselburg Nets, kurlyanki, hoop nets
IIpuosepck CtaBHBIE CETH, TPAJIBI
Priozersk Fixed nets and drag-nets 10-30 Bee /Al
Pz‘mo'ﬂ NpoMbIcIa 2003 2008 Ta0. 2. IIpunoB konpyatoii Heprbl B JIagoxkckoM o3epe
Fishing area . .
Table 2. By-catch of ringed seals in Ladoga Lake
nuccens0ypr 133 166-168
Shlisselburg
HosBas Jlagora
Novaya Ladoga 152 185-190
[Ipuozepck
Priozersk 7 >-10
Uroro / Total 292 356-358

Tab. 3. Opyaust 10Ba, OBpEkKACHHBIE TrOJMCHsIMH Ha PuHCcKOM 3anuBe 3a 2007 T.
Table 3. Fishing gears damaged by seals in the Gulf of Finland in 2007

Yuciio noBpexXICHHBIX
OpYyAMii JIOBA 33 CE30H Ha

Paiion nmpombiciaa | Opyaus jioBa I'myOuHa mo-cTaHOBKH, M 1 pr1Oaka
Fishing area Fishing gears Water depth in the area (m) | Number of damaged fish-
ing gears per 1 fisher-
man in a season
Bri6opr Cern, cTaBHBIE HEBOJIA
Vyborg Nets, fish traps 2-35 10-30
15-20 (3enenoropck / in 8-10
Hesckas ry0a Ceru, 3aK0JIbI Zelenogorsk)
Nevsakaya Guba Nets, weirs 2-5 (B uepre ropoma /in a 3
City)
Jlyxckas ryba Ceru, 3aK0JIbI
Luzhskaya Guba Nets, weirs 2-20 12-15
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Bo3mMoXxHble NMPUYNHbI UISMEeHEeHUsA YPOBHSA [o0blun rpeHnaHAcCKux Tro-

neHen (Histrophoca groenlandica)

T'ocynmapcreennsiii [legarormueckmii Yausepcurer umenu A.U. ['epriiena, Cankt-IletepOypr, Poccns

Ulichev V.I., Lovelius N.V.
Possible reasons of fluctuations in the
phoca groenlandica)

Al Herzen State Pedagogical University, S.-Petersburg, Russia

[IpenmonoxurenbHO OMXHUM H3 (DAKTOPOB, OKA3BIBAIOIIMX
3HAYUTEIHHOE OMOCPEIOBAHHOE BIMSHUE HA paclpeelicHue,
YUCIICHHOCTh W JUHAMHKA MOy MOpPCKHX MIIEKOIIH-
TAIONINX, ABISETCA CONHEYHas akTHBHOCTH (CHIOpOB H 1p.
2004). OcHOBOI#1 7151 HAIIETO MCCIEIOBAHUS MOCTYKHJIHN JTaH-
Heie 0 noobrde Hopeerueit 1 CCCP rpeHnanackoro TIOJISHS
(Histrophoca groenlandica) 6e10MOPCKON TOMYIISINHN, KOTO-
pBIi sIBIIIETCS HAHOOJICEe MOIXOASIIMM 00BEKTOM UIS IKOJIO-
TMYECKOI0 MOHUTOpUHIa B akBaropuu bapeniesa u benoro
Mopeit (Hazapernko 1984). Mbl npenmonoXuiii, 9To KOJIude-
CTBO JOOBIBAEMBIX TIOJICHEH B ONpEICICHHON CTEIICHU OTpa-
JKaeT uX OOIIYI0 YHUCICHHOCTb.

B namewm mccienoBaHuU OBUTH MOCTABJICHBI CISAYIOIINE 3a-
maau: 1) ompenenwTh ropl HAaNOOBIIEH W HANMEHBIICH YHC-
JICHHOCTH TIOJICHEH; 2) MPOCIECIUTh N3MEHEHUE YHCICHHOCTH
TIOJICHEH B AMOXHM MAaKCHMyMa M MHHHMYMa COJHEYHOH ak-
TUBHOCTH B 1l-J€THEM IMKIIE W BHYTPUTOAOBOE M3MEHEHHE
gucen Bonbha B roapl aHOMaIbHONW YUCIEHHOCTH KUBOTHBIX;
3) BBIABUTH NPOCTPAHCTBEHHOE H3MEHEHME IOJIOKEHUs Oa-
peHHeBOMOpCKOFO MI/lHl/IMyMa JaBJICHUA, CMCLICHUA apKTI/l-
YECCKOI'O aHTUIIUKJIOHA U OAaBJICHUS B €0 ueHTpe.

OCHOBOHl U1 aHaiM3a COCTOSHHS YHCIEHHOCTH OenoMop-
CKOM TOITYJISINY, TTOCTY XN JaHHble 1o 10o0b1ae B CCCP n
Hopgeruu, 4to oT4acTH HUBEIMPOBAJIO OCOOEHHOCTH 3ar0TO-
BOK Kaxx1oi u3 crpad (puc. 1). B 1940-1945 rr. HopBerus e
IoOBIBajya TIOJICHEW, W 3TH TOIBI B paboTe HE paccMaTpHBa-
1otcst. Ha puc. 1 mpencraBiaeH MHOTONETHHUH XOJ CpEOHHX
JECATHIETHUX 3HAYCHUH JOOBIUM TPEHJIAHICKHUX TIONEHEH
Hopgerueii u CCCP.

JUIs MCKITIOUEHHs! JOJITONEPUOJHOTO TPEHAA U BBIBICHUS
JlaT aHOMAJbHO BBICOKOH M HU3KOH MOOBIYM TIOJICHEH MBI
WCIOJIb30BaIi HOPMUPOBAaHUE NAHHBIX OT 10-JleTHel KaleH-
napHoi cpenHeit (1ab.). Ilpu onpenenenun 100BYM TIONEHEH
B l1-meTHeM LMKIIE COJIHEYHOM aKTUBHOCTH HCHOIB30BAJICS
METO]l HAJIO’KEHHBIX 3I10X. 33 pernephl B3AThI 1aThl MAaKCUMY-

harvest of harp seals (Histro-

Presumably, one of the factors for indirect effect of the
distribution, numbers and population dynamics of ma-
rine mammals is solar activity (CumopoB u mp. 2004).
Our study was based on data by Norway and the USSR
on the harvest of the harp seal (Histrophoca groenlan-
dica) of the White Sea population, which is the most
suitable subject for ecological monitoring in the water
area of the Barents and White seas (Ha3apenko 1984).
We assumed that the number of harvested seals re-
flects their total numbers.

The objectives of our study were: 1) to determine the
years of the highest and lowest numbers of seals; 2) to
monitor the changes in the numbers of seals in the
course of the minima and maxima of solar activity in a
11-year cycle and the intra-annual changes in the Wolf
numbers in the years of anomalous numbers; 3) to re-
veal the spatial changes in the position of the Barents
minimum of pressure, displacement of the arctic anti-
cyclone and its pressure in the center.

The analysis of the status of the White Sea was based
on the harvest in the USSR and Norway of the White
Sea population, which partly neglected the specific
features of sealing in each of the respective countries
(Fig. 1). In 1940-1945, Norway did not harvest seals
and those years are not considered in our study. Fig.1
represents a long-term pattern of mean decade values
of the harp sealing by Norway and the USSR.

To exclude a long-period trend and revealing the dates
of anomalously high and low sealing, we used the rat-
ing of data in relation to the 10-year calendar mean
(Table). To determine sealing in an 11-year cycle, we
used the method of superposed epochs. Used as land-
marks are the data of maxima and minima of the 11-
year cycle.

Various anomalies in the hydrometeorological regime
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MOB ¥ MUHMMYMOB | | -JIeTHero nukia.

PasnuuHbpIe aHOMATUHM B THAPOMETEOPOIOTHIECKOM PEXUME
OacceliHoB bapenuesa u benoro Mopeii BIUSIOT Ha JUHAMHKY
YHCJICHHOCTH Tomyssiiuid TroseHeit (Marumos 2000). Otu
AHOMAJIMU XOPOIIO MPOCICIKUBAKOTCS B MHOTOJICTHEH CTaTH-
CTHKE 3BepOOOHHOTr0 npomeicia. [Ipu paccMOTpeHUN BHYTpH-
TOJIOBOTO pacIpeleieHus: ucell Boimbha U KIMMaTHYeCKUX
XapaKTEPUCTHK, PACUYCTHI MPOBOAMIKCEH 32 TUAPOIOTHUCCKUI
rox (X-XII u I-IX Mecsipr). BoisiBIIeHHBIC TaThl aHOMAJIUH B
M3MEHEHHH TIOTOJIOBBS TIOJNCHEH ITOCIYKHIM OCHOBOH IS
OTIpeNieNIeH!s] BHYTPUTOAOBOTO Xoa yrcen Bonbda (puc. 2) u
Oapuueckux xapakrepucTuk. Kak ciemyer u3 pucyHka 2, B
roJpl MaKCHMAIIBHBIX 3HAYCHUH COJHEYHOW aKTHBHOCTH Ha-
OJII0JaeTCs CHIKCHUE JOOBIUN TIOJICHEH. AHAIN3 CTATUCTHKH
npomsbiciia B 11-eTHeM LUK CONHEYHOM aKTUBHOCTH IOKa-
3aj, YTO B BIOXM MAKCUMYMOB caMoe€ OOJbLIOE KOJIMYECTBO
TIOJICHEH NOOBIBaiM 3a 2 Toja 0 MaKCHUMyMa COJHECYHOMH
AaKTHBHOCTH, & caMoe MaJioe B 3-ii TOoJ Moclie ero npoxox/e-
HUs. B 3moXu MUHUMyMa MakCHMaJIbHOE KOJIHUYECTBO TIOJIE-
Hell MoOBIBay Ha 2-U TOJ TOCIIe MHHAMYMa, a CaMOe Majoe
Ha +5-i1. Oco0yr0 3HAYUMOCTh T (PYHKITMOHUPOBAHUS MOP-
CKHX SKOCHCTEM HMMEIOT PE3KHe KIMMAaTHYeCKHe aHOMAIWH,
KOTOpBIE BIMSIOT Ha TPOPHUUECKUE M IKOCUCTEMHBIE OTHOIIIE-
Hus (Mumms 1998).

CMmemienne 6apeHIIEBOMOPCKOTO MUHUMYMa AasieHus k Ce-
BEPY HEOJATOMPHUATHO ISl [TOTOJIOBBS TIOJICHEH, a CMEIIeHUE
apKTI/l‘ieCKOFO AHTULIUKJIOHA B TOM XK€ HaHpaBHeHl/II/I B z[eKa6-
pe, stHBape, (GeBpaiie OJArONPHUITHO AJIS YBEIHMUYCHHUS MTOT0JI0-
BbS )KMBOTHBIX.

B 3T0ii my0nHMKanuu pacCMOTPEHBI JIUIITh HEKOTOPBIE dJIEMEH-
ThI €MKOH TPOOJIEMBI B3aUMOCBS3H OHMOJIOTHYSCKON MPOAYK-
TUBHOCTH HKOCHCTEM C (pakTOpaMu MPUPOIHOH Cpelsl, KOTO-
past OyzmeT mpenIMeToM MaNbHEHIITNX UCCIIeTOBAaHHN.
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of the basins of the Barents and White seas affect the
seal population dynamics (Matumos 2000). Those
anomalies are well seen in the long-term body of data
of marine hunting. Consideration of the intra-annual
distribution of the Wolf numbers and climate characte-
ristics involved calculations for the hydrological year
(months X-XII and I-IX). The dates of anomalies in
the dynamics of the seal offspring served as a basis for
the determination of the intra-annual dynamics of the
Wolf numbers (Fig. 2) and baric characteristics. Als
follows from Fig. 2, in the years of maximal values of
solar activity, sealing declines. Analysis of statistical
data on sealing in a 11-year cycle of solar activity re-
vealed that the in the maximum epochs the greatest
number of seals were harvested two years before the
maximum of solar activity, and the least number, dur-
ing the third year after the maximum. In the epochs of
minimum, the greatest number of seals were harvested
during the second year of the minimum, and the least
number, during the +5™ year. Of particular importance
in the functioning of marine ecosystems are sharp cli-
mate anomalies, which affect the trophic and ecosys-
temic relations (Mumua 1998).

The shift of the Barents Sea minimum of pressure to-
wards the North exerted an unfavorable effect on the
seal population, and displacement of the Arctic anti-
cyclone in the same direction in December, January,
February is favorable for a population increase.

The present communication addresses only some the
aspects of the ample problem of interrelationship of
the biological productivity of ecosystems with factors
of natural environment, which will be further investi-
gated.

Puc 1. Cpennsist 10-netHsist no6brua troneHei B Hopse-
ruu u CCCP

Fig. 1. Mean decade sealing by Norway and the USSR

Puc. 2. Yucna Bonsda B roasr 001110
(cmonrHas TMHUSA) MaIoi (ITyHKTHD) TOOBIYH
tronenst Hopserun u CCCP

Fig. 2. The Wolf numbers during the years
(solid line) of low (dashed line) sealing by
Norway and USSR
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Ynunyes n J'loaenmyc. Bo3MOoXXHbIEe MpUYUHbI UBMEHEHUS YPO8HA 006bI14u ZpeH!'laHaCKUX mroneHeul

Tomst |4 ¢70 | 1880 | 1890 | 1900 | 1910 | 1920 | 1930 | 1940 | 1950 | 1960 | 1970 | 120 Omconenns or 10-
Years JIETHEH HOPMBI  JTOOBIYH
0 77 | 56 | 83 | 94 | 42 | 143 103 | 157 | 93 Troneneir CCCP u Hopse-
1 33 | 67 | 106 | 96 | 30 | 116 110 | 159 | 87 rueit (K%)
2 59 | 69 | 159 | 98 | 34 | 119 73 | 194 | 105 | Table. Deviations from the
3 187 | 95 [ 95 [ 111 | 56 | 117 49 | 126 | 104 | 10-year norm of sealing by
5 76 | 61 | 87 | 83 [ 122 | 113 | 114 57 | 41 | 98 | (C%)
6 9% | 83 | 127 | 68 | 96 | 424 | 98 | 72 [ 346 | 49 | 103
7 141 | 99 [ 138 97 | 81 | 87 | 85 [ 138 | 63 | 48 | 104
8 90 [ 150 [ 163 ] 95 | 92 | 88 | 35 | 143 | 62 | 53 | 87
9 112 86 [ 132 [ 143107 | 44 | 64 [ 172 | 52 | 51 | 125
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aBTOHOMHbIX FrMAPOaKyCTUYECKUX ByeB CO CTyTHUKOBOM TernemMeTpuen

WuctutyT okeanonoruu um ILI1. Iupmosa PAH, Mocksa, Poccust

Vedenev Al

Control of the noise from oil field facilities construction in the feeding
area of the western gray whale (Eschrichtius robustus) by using of au-
tonomous hydro acoustic satellite telemetry buoys

P.P. Shirshov Institute of Oceanology, RAS, Moscow, Russia

B 2006 r. Ha mensde [Munpryn-Acroxckoro paiiona o. Caxa- | In 2006, on the shelf of Piltun-Astokh region of Sak-
JUH, BONM3M paiioHa Haryja 3amagHbiX cepbix kuToB ObuTO | halin, near the feeding ground of western grey
MPOJOJDKEHO IIMPOKOMACIITA0HOE CTPOUTEIhCTBO MOpCcKuX | whales a large-scale construction of offshore facili-
00bekTOB 10 HedTerazoBoMy npoekty «CaxammH-2» — mpo- | ties of the oil and gas project “Sakhalin-2” was con-
Kiagka TpyOorpoBonoB ot Mopckux margopm ITA-b u Mo- | tinued — pipeline laying from marine platforms PA-B
muknak (Molikpaq) x Oepery. B teuennu siera 2006 r. B ctpou- | and “Molikpaq” to the shore. During summer 2006,
TeNBHBIX paboTaXx OJHOBPEMEHHO TpPHHHMANO ydacthe He- | several dozen of construction vessels took part in
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CKOJIBKO JIECSITKOB CTPOUTEIBHBIX CyHOB. lIpomomkutenbHOe
BO3JCMCTBUE IIyMa OT CTPOHUTENBHOM (IIOTWIMH MOTJIO OKa-
3aTh CEPbE3HOE HEraTMBHOE aKyCTHYeCKOe BO3JCiCTBHE Ha
cepbIX KHTOB. B Takoil curyarmuu HanOosee JeiicTBEHHOU Me-
pOﬁ 3alUThl TIOMYJISAIUN  SABJIACTCA MOCTOSIHHBIN KOHTPOJIb
YPOBHSI M IPOJIOJDKUTEIIFHOCTH TIPOMBIIIIEHHOTO LIyMa, KOTO-
PBIH IOJDKEH BBI3BIBATH HAYAJIO IPUMEHEHHS MEP CMSTYEHHS OT
aKyCTHYECKOTO BO3JEWCTBHS INPH IIPEBBILICHUH JOIYCTUMBIX
rapamMeTpoB IIymMa. Mepbl CMST4eHHsl BKIIIOYAIOT CHIDKCHHUE
IIPOMBIIUICHHONW aKTHBHOCTH BIUIOTH 0 BPEMEHHOH OCTaHOBKH
paboTsl HanboJee NIYMHBIX HICTOYHUKOB 3BYKa. AKYCTHUECKHI
MOHHUTOPHUHI TPOBOJMIICS B COOTBETCTBUH C PEKOMEHAALMAMU
HE3aBUCUMOW Hay4yHOW KOHCympTaTuBHOW Tpymmsl MCOIIL
(IISG, 2006). B a3Tom foKyMeHTE IJ11 KOHTPOJIS aKyCTHYECKOTO
BO3JICHCTBUS Iyma cTpouTenbcTBa 2006 T. Ha CEephIX KUTOB
PEKOMCHAOBAHO HMCII0JIB30BaTh H03Hblﬁ moAxo/J], UHTETpaJIbHO
OLICHUBAIOIIUI JOMYCTUMYK 3HEPreTHUYECKYI0 103y IIyma C
YUETOM €ro YpOBHS M IPOJODKHTENFHOCTH. B o0mem ciryuae
3HA4YEHMs TpeJIeNIbHO JOIMYCTUMOro ypoBHs myma Imax (ab) B
3aBUCHMOCTH OT BpeMeHHM 3kcno3uimu T (MUH) paccUuThIBa-

construction. A continuous effect of noise from the
construction fleet might exert a serious acoustic im-
pact on grey whales. In this situation, the most effi-
cient measure of protection of the population is a
permanent control of the level of industrial noise. If
the admissible parameters are surpassed the allevia-
tion measures for acoustic impact should be started.
Such measures would be a decrease in industrial ac-
tivity up to a temporary arrest of the noisiest sound
sources.

Acoustic monitoring was performed in accordance
with recommendations of the independent scientific
consulting group at IUCN (IISG 2006). For the con-
trol of acoustic impact of construction noise in 2006
on grey whales this document recommends a dose
approach which integrally estimates the admissible
energetic dose of noise with consideration of its level
and duration. In a general case, the values of maxi-
mum admissible noise level Imax (dB) depending on

rores (Benenes 2006, 2007) B COOTBETCTBHH C BEIPAKEHUEM:

exposition time T (min.) are calculated (Benenes
2006, 2007) according to the equation:

I'max =130-Q/3 10 logo (T / 60)

rae Q — mapaMeTp SKBUBAJICHTHOCTH BO3/EHCTBHS OT ypOB-
Hsl / BPEMEHH 9KCIO3UIIMH B IIIyMe paBHbIi 5 ab.

Kputepuil ans Hauana npuHATHS Mep CMST4eHus (Tak Ha-
3piBaeMblil «Action Criteria») OCHOBBIBaeTCS Ha JOCTHXKE-
HUM TIpeJIeNIbHO JOMYCTUMOHN 103kl IryMma. IIpenensHo no-
ITyCTUMBIMHU cuuTatoTcst komOnHanmu: 140 nb/15mun, 135
1b/30 mun, 130nb/14ac, 125 nb/24aca, 122 nb/3 gaca u 120
nb/4 daca, Toe Owomorndeckuit dPQPEeKT BO3AEUCTBUS He-
TIPEPHIBHOTO LTyMa MPEIoaraeTcsi OJuHaKoBbIM. [Ipenmo-
JaraeTcs TakKe, 9To ypoBeHb mryma Hike 120 nb spnsercs
0e30macHbIM, a IpH YPOBHAX cBHIIE 146 nb mMeprr cmsrde-
HUSI JIOJDKHBI IIPUMEHAThCA HEMEJICHHO. VIMEHHO 3TOT
KPHUTEPUI HCIOIB30BAJICS NPU MPOBEICHUH HE3aBUCHMOTO
aKyCTHYECKOTO MOHHTOPHHIA PaliOHa Haryja CepbhIX KHTOB
Wuctutyrom Oxeanonoruu um. ILII. Hlupmosa PAH B
2006 r. B 2007 r. HayuyHas KOHCYJbTaTHBHAs TpyIIa
MCOIT (WGWAP, 2007) pexoMenoBaia, He MEHss IIpe-
JIeTIbHOM JI03bI IIyMa, PAacIIMPHUTh TPAHULBI KOHTPOJIS Bpe-
MEHHU SKCIO3WIUN B ITyMe 0 24 9acoB, TOe MpelelbHO
JOIYCTHMBIM 3HAU€HHEM SIBIIACTCS YCPEIHEHHBIH ypOBEHb
myma B 107 nb.

HezaBrucumplii aKyCTHYECKHI MOHHTOPHHI NPHOPEKHOTO
paifoHa Harymna cepsix KuToB B 2006 1. mpoBoamiics ¢ 6opTta
napycHoro ydebnoro cynHa «Haaexma» MI'Y um. Anqmu-
pana ['.1. Hesenbckoro. Axycruyeckoe o000pyJOBaHHE
BKJIIOYAJI0 6 aBTOHOMHBIX TUAPOAKYCTUYCCKUX JTOHHBIX
cTaHIMi. J{1s1 MOHMTOPHHTIA B peaibHOM Maciutabe BpeMme-
HU, MCHOJB30BaCh 4 JNOHHO- OYHKOBBIE CTAaHIMM OCHA-
LIEHHbIE PaJHOKaHaIOM U CITyTHHKOBBIM KaHAJIOM Iepesia-
Yl NaHHBIX B ceTb VHTepHer. B mepmox MoHuWTOpWHTA B
pearsHOM MacIiTabe BPEeMEHH IO CIYTHHKOBOMY KaHAaly
cBs3u ctaHumu co CnytHukoBoit Tenemerpueit (CT) mepe-
CBUIAJIM YCPETHEHHBIE YPOBHH H CIIEKTPHI aKyCTHYECKOTO
(oHa M3 TOYEK MX YCTAHOBKH B pailOHE Haryljia cepbixX KH-
ToB. OcHOBHBIE Y316l CT M cxema ee MOCTaHOBKM Ha THO
nokasaHa Ha Puc 1. B cranmmsx CT ucnoib3yroTcsi coBpe-
MEHHBIE OJIHOILIATHBIE KOMIbIOTEphl (upMbl «/luamonn
CHCTEM» M CIIyTHMKOBas cucteMa cBa3u lnobancrap. B

where Q is a parameter of impact equivalency on the
level/time of exposition to noise, equaling to 5 dB.

The criterion for the beginning of alleviation measures
(so-called «Action Criteria») is based on attaining of the
maximum admissible dose of noise at boundaries of
feeding of whales. The maximum admissible are the
combinations: 140 dB/15 min, 135 dB/30 min, 130 dB/1
hour, 125 dB/2 hours, 122 dB/3 hours, and 120 dB//4
hours, at which the biological effect of noise impact is
considered to be identical. It is also assumed that the
noise level below 120 dB is safe and at levels of noise
above 146 dB the alleviation measures should be taken
immediately. This very criterion was used in indepen-
dent acoustic monitoring of the feeding area of gray
whales by the P.P. Shirshov Institute of Oceanology in
2006. It should be noted that in 2007 the advisory re-
search group of [UCN (WGWAP 2007), not changing
the maximum admissible dose of noise, recommended to
expand the boundaries of control of exposition in noise
to 24 hours where the maximum admissible value of
daily noise was 107 dB.

In 2006, independent acoustic monitoring of the coastal
feeding area of grey whales was made on board of a
training sailboat “Nadezhda” of Nevelskii MSU. The
acoustic equipment comprised six autonomous hydroac-
oustic bottom stations. For monitoring on a real time
scale four bottom-buoy station were used equipped with
a radio channel and satellite channel of data transfer to
Internet. In the period of monitoring on real time scale
the stations with Satellite Telemetry (ST) transferred by
the satellite channel the averaged levels and spectra of
acoustic noise from stations of their installations. The
principal units of ST and pattern of their installation is
shown in the figure.

In ST stations the modern one-plate computers of the
company “Diamond System” and the satellite communi-
cation system Globalstar are used. Depending on work-
ing schedule the time of autonomous installation of ST
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3aBHCHMOCTH OT pEXHMMa pabOThI, BPeMsi aBTOHOMHOM I10-
cranoBku CT mosxeT ObITh OT 3-4 10 15 cyTOK.

‘ may be from 3-4 to 15 days.

Puc. 1. Y316l 1 cxeMa IMOCTaHOBKH Ha JHO
ABTOHOMHOM JJOHHO-OYIKOBO# aKyCTHYECKOH
CTaHIIMM OCHAILEHHOM pajuo U CIIyTHUKOBOU
TeJIEMETPHUEH.

1- TOHHEBIN GJIOK C aKKyMYJIATOPAMH ITHTAHMUSI.

2- HOBEPXHOCTHBIN OJIOK C KOMITBIOTEPOM BHYTPH
U Cco CHyTHI/IKOBOﬁ 1 paguOaHTCHHAMU Ha Ma4Te.
3- «nmpamMuga» ¢ THAPOHOHOM.

4- IpOMEKYTOUHBIH TPY3.

5- CTpaxOBOYHBIN MOMJIABOK.

6- IOTLIABOK C YT'OJIKOBBIM OTPAXKaTCIIEM.

Fig. 1 Deployments of Acoustic Buoys with
Radio and Satellite Telemetry

1 - bottom buoy with power supply battery

2 - surface buoy with computer inside and radio /
satellite antennas on his mast

3 - "pyramid" with a hydrophone

4 - anchor

5 - float

6 - float with radio waves reflector

ITocne mocranoBku CT B MoOpe, aKyCTHYECKHE CHTHAJBI B
gyacToTHOM moJioce 10 8 K/k[ 11 HenmpephIBHO PErUCTPUPOBA-
JINCh 110 2 KaHajiaM 3aIliCy Ha KOMIIBIOTEP, 3aTEM JaHHBIC
00pabaThIBAIMCh KOMITBIOTEPOM CTAaHIMU, U PE3yJbTaThl B
peajbHOM BpEMEHH Iepe/laBallich 10 CITyTHUKOBOMY KaHa-
Ty cBsi3u B VIHTEpHET W/min 1o pajvoKaHalIy Ha CyI0BOH
MYHKT ymnpasieHus. Vcronb3oBaHWe paauoKaHajga B JO-
MOJHEHHE K CIYTHUKOBOMY KaHAlly [aeT BO3MOXXHOCTb
JIICTAHIIHOHHOTO YIPABJICHUs PeKUMaMu cOopa W aHalu3a
nanHbix Ha CT M 3HaUMTENbHO yIEUIeBISIET MPOLEecC mepe-
Jlau¥l JJAHHBIX B 30HE MPSIMON BUIMMOCTH IEpeiatoIero oys
(mo 10-15 xm). Jlns pacmmpeHusl pailoHa, OXBa4€HHOTO
MOHHUTOPUHI'OM, UCIIOJB30BaAJIUCh TAKIKE 2 JOHHBbIC CTAaHITUU
0e3 TeIIEMETPHUECKOro O00O0PYIOBaHHs, MO3BOJISIONINE B
ABTOHOMHOM PEXKHUME MPOBOAUTL JJIUTCIBbHYIO 3allMCh aKy-
CTHYECKNX CHTHAJIOB.

Ha Puc. 2 noka3an paliloH akyCTH4eCKOIO MOHHUTOPHUHTA B
MIepHOJ CTPOUTEIHCTBA ITOIBOIHBIX TPYyOOIpoBo10B. MecTa
MOCTAaHOBOK JIOHHBIX THJIPOAaKycTHUeckux craHmuii MO
PAH o00603HaueHbl KPYIHBIMH TOYKaMH, 3HAYKAMH «+» II0-
Ka3aHbl MeCTa YCTAaHOBKH paanoOyeB kommaHuu CaxamiH-
cKasg OHeprus, Tpacca CTPOMTENBCTBa TPyOOmpoBoma OT
wiatrdopm «ITA-By» u «Mosuknaky» Kk Oepery rokasaHa He-
MIPEPBHIBHON JIMHUEH.

Kak BugHO M3 Puc. 2, TOUKM «HE3aBUCHUMOTO0» aKyCTHYe-
CKOTO MOHHMTOpPUHTA, B OTJIMYHE OT TOYEK MOHMTOpPHHIa
komianuu «CaxaiauHckas DHeprus», ObuUIM BbIOpaHbI HE O
TpaHMIle, @ HEMOCPEACTBEHHO BHYTPU paioHa Haryna Ku-
TOB, YTO JaeT Oojiee peajrCTHYHBIC OLIEHKH BO3/CHCTBUS
YPOBHS IIlyMa CTPOHMTENBECTBA Ha CEPHIX KUTOB. BakHO OT-
METUTh, YTO HAIl MOHUTOPHHI HE CO3JaBajl JOMOJHHUTEIb-
HOTO OECTOKONCTBA ISl )KUBOTHBIX, TAK KaK MapyCHOE CyI-
HO B pailoH Haryja He 3aXOWJO, a BCE MOCTAHOBKH U BbI-
OOpKM JTOHHBIX CTaHLUH OCYIIECTBISINCH C ITOMOIIBIO HeE-
OonpIION MOTOpHOHM Nomku ThHa «3oamaky. CTaHIUH CO
CIIyTHHKOBOH M pafuo TeleMeTpueil mooyepeaHo yCTaHaB-
JIMBAIKCH B TOYKaxX, 0003HAUYEHHBIX HA KapTe MHIECKCOM «S»
(Puc. 2). ABTOHOMHBIE [OHHBIE CTaHIMH, OCHAIEHHBIE

In case of installation of ST in the sea the acoustic sig-
nals in the frequency band up to 8 kHz were continuous-
ly recorded by two channels of computer recording.
Then the data were processed by the computer of the
station and the results were transferred in online regimen
by the space communication channel to the Internet
and/or by the radio channel to the boat’s control center.
Use of the radio channel in addition to the satellite chan-
nel provides a possibility of remote control of patterns of
collection and analysis of data at ST and makes the
process of transfer of data within the zone of direct visi-
bility of the transferring buoy (up to 10-15 km) much
cheaper. To increase the region of monitoring, two bot-
tom stations without radio-tracking equipment were
also used producing in an autonomous regimen a pro-
longed recording of acoustic signals on a hard disk of
the computer.

Fig. 2 demonstrates the region of acoustic monitoring in
the period of construction of underwater pipelines.
Points of installation of bottom hydroacoustic stations of
IO RAS are shown by large dots, + designates the points
of installation of monitoring radio buoys of the Sakhalin
energy Company, the route of construction of the pipe-
line from platforms “PA-B” and “Molikpaq” to the shore
is shown by a continuous line.

Fig. 2 shows that points of “independent” acoustic moni-
toring, in contrast to points of monitoring of the Sakha-
lin Energy Company were selected not along the boun-
dary but directly within the region of feeding of whales.
This yields a more realistic estimation of the impact of
construction noise. It is important that our monitoring
did not cause additional disturbance to grey whales as
the sailboat did not visit the feeding area of grey whales
and all installations of the hauling of bottom stations
were made from a small “Zodiak” motor boat. The sta-
tions with satellite and radiotelemetry were installed
alternately in points designated in the map in Fig. 2 with
index “S”. Autonomous bottom stations equipped with
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TOJIBKO PETHCTPAaTOpaMH aKyCTHYECKHX JaHHBIX, YCTaHaB-
JUBAINCH B TOYKAaX, OOO3HAYEHHBIX Ha KapTe HHIEKCOM
«B». Bcero B nmepuoa MOHMTOpPHMHTA OBUIO BBINIOJIHEHO 12
MMOCTaHOBOK JIOHHBIX CTAaHIUH Ha TITyOMHAX OT 8 710 23 M.

recorders of acoustic data only were installed in points
designated in the map in Fig. 2 with index “B”. Alto-
gether, in the monitoring period 12 installations of bot-
tom stations were made, at depths from 8 to 23 m.
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Puc. 2 Cxema TO4YeK MOCTAHOBKH aKyCTHUYECKHX OyeB B MepHoA AKYyCTHYECKOTO MOHUTOPHHIA CTPOUTEIIHCTBA TPACCHI
HedTenpoBoaa ot Mmopckux miardopm ITA-B u Monukmnak B urose 2006 T.
Fig. 2. Points of deployments of the bottom buoys at Acoustic monitoring of pipe line construction from PA-B and Mo-

likpaq platforms to shore in July 2006

Pe3ynbTaThl aKyCTHUECKOTO MOHUTOPUHTA B pexuMe online,
B ¢ 09:22 21.07.2006 mo 22:22 29.07.2006, MOXHO OBLIO
HaOmonate B MurtepHere (http:/sns.academ.net/ifaw). Otu
JaHHBIC TPAHCIMPOBAINCH M3 TOUYEK YCTAHOBKH HAaIIMX
CTaHIMI B paliOHE HATyJa CePhIX KUTOB B EpHOJ TPyOOYK-
JMAJOYHBIX CTPOWTENBHBIX pabor. Ha Puc. 3, moxkaszama
CTpaHUIIA caiiTa, IJle MPEICTaBICHbl YPOBHHU IIyMa, TPAHC-
nupoBapmuecs B mepuon ¢ 9:22 21.07 mo 13:20 22.07 u3
TOYKH TMOCTaHOBKH S12 BOMM3M ycThs [IunbTyHCKOTO 3a7H-
Ba. Ha mepBoii crpanmiie BeOcaiiTa Oblia pa3MmellcHa HH-
¢dbopmarus 00 aKyCTHUECKOM MOHHTOPUHIE CTPOMTEIBCTBA
TpyOompoBoaa Ha 0. CaXaluH ¢ KapTOH YCTaHOBKU THAPO-
aKyCTHMYECKUX CTaHIMH CO CIIyTHMKOBOHM TelleMeTpuei B
paiioHe KopMIleHHsI cepbIX KHTOB. IIpn Kinke MBIIIKOH Ha
OJHY M3 KHOIIOK C HOMEPOM CTaHLUH IOSIBIISUIACh HOBAs
CTpaHHUIA C AByMs rpadMKaMu JaHHBIX (BO BPEMEHHOM OK-
He 2 CyTOK) — TeKyIIuM ypoBHeM 1mryma (RMS) u ero crek-
TPOM, 3apETHCTPUPOBAHHBEIM Ha BBHIOPAHHOH CTaHIWHU. YcC-
PEIHEHHBI ypPOBEHb IOKA3BIBAICS Ha BEpXHEM TIpaduke
(Puc. 3), a Ha HIWKHEM rpaduke BHIBOIMIACH CIICKTPOTPaM-
Ma myma B auamnasone 4actor 5-500 ['m, rae mHTEHCHB-

The results of acoustic monitoring on a real time scale dur-
ing 09:22 of July 21, 2006 till 22:22 of July 29, 2006 may
be observed in Internet at http://sns.academ.net/ifaw. These
data were translated from installation points of our stations
in the feeding region of grey whales in the period of pipe-
lining. Fig. 3 shows a copy of the monitor screen of website
with the data translated from 9:22 of July 21 till 13:20 of
July 22 from the point of installation of station S12 near the
mouth of the Piltun Gulf (Fig. 2). On the first page of the
site the information on construction of pipelines in Sakhalin
was placed with the map of installation of hydroacoustic
stations with satellite telemetry in the feeding region of
grey whales. Having clicked a mouse on one of buttons
with the number of the station a new station appeared with
two data plots (in the time window of two days) — a current
level of noise (RMS) and its spectrum recorded at the se-
lected station. The averaged level was shown in the upper
plot (Fig. 3). In the lower plot there was a noise spectro-
gram within frequency range 5-500 Hz with the spectrum
intensity was shown in different colors, color scale in dB
being shown above the spectrogram. A click with a mouse
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HOCTb CIIEKTpa M300pa’kaeTcsl pa3HbIMH LIBETAMH, IPUBSA3KA
KOTOpPBIX K IIKajie Ab moka3aHa Ha JUHEHKE Haj CIEeKTpO-
rpamMmoi. KMk MBIIIKOH Ha KHOMNKH C Pa3HbIM yCPEIHEHU-
eM nanHbiX (3 min, 30 min, 1 hour - 4 hours) oGHOBIISLI
CTpaHully, BBIBOJSA Ha 3KpaH JaHHBLIC YPOBH IIyMa Ha BbI-
OpanHoM mHTepBase. [Ipy 3TOM 11 KaskKA0ro BEIOpAaHHOTO
MHTEpBaJla BpEMEHH Ha rpaduKe ypoBHs IIyMa Oblia MOoKa-
3aHa KpacHasl OrpaHUYUTENbHAS YepTa — MPEJENIbHO JOIyC-
THUMOE 3HAa4YEeHHE YPOBHS IIyMa JJIsl BRIOPAHHOTO MHTEpBaia
HaKOIICHUS J03HI mryma. s mpumepa, Ha Puc. 3 mokasa-
HBl YPOBHH C MHTEPBAJIOM YCPEAHCHHMS TAHHBIX PABHBIM |
yacy. Hu3Ko4acTOTHasl CHEKTporpaMma IIyma, Ipe/CcTaB-
JICHHas. Ha HIDKHEM rpaduke, BEIUHUCIAIACH KOMIIBIOTEPOM
JIOHHOU CTaHLMM U IIEPEeaBajlaCh BMECTE C YPOBHSMM IIIy-
Ma JUId IOPUHATHS pElIeHUud o npupoae wyma. Hamuuume
XapaKTCPHBIX AUCKPECTHBIX COCTABJIAIONIUX B CICKTPE H
uHTep(EepeHINN Ha CIUIOMIHON YacTH CIIEKTpa — IPH3HAK
MPOMBIIIIEHHOr0 1ryMa. IIpu OTCYTCTBHM 3THX HNPU3HAKOB
JaHHBIE OTOPAaKOBBIBAINCH KaK «IceBAOmIyM». JIoKHBIE
«TIOBBIIICHHBIC» YPOBHH MIyMa OOBIYHO PErHCTPHPYIOTCS
IpU TPAHCIIOPTUPOBKE CTAHIMU BO BKIIOYEHHOM COCTOS-
HUHM K MECTy IIOCTaHOBKH (WJIM 0OpaTHO, K CYAHY) U M3-3a
oOTeKkaHust THIPO(OHA NIPH MOTPY)KSHUH WM CHOCE CTaH-
MW W3-3a MOABOJIHBIX TeueHnid. Hanmpumep, Ha Puc.3 mpe-
BhieHne ypoBus B 140 nb B Havaine rpadguka RMS B Teue-
HUE TCPBLIX 2,5 4acCcoB CBA3aHO C TECTUPOBAHUCM CTAHIIUH
Ha OOpTy cyaHa yXe NOCJie €€ BKIIOUEHHMs, TPAHCIOPTH-
POBKOH CTAHIIMM K TOYKE MIOCTAHOBKH U €€ MOTPY>KEHUEM.

K Hawanmy He3aBHCHMOro aKyCTHYECKOTO MOHMTOPHHIA ObI-
JIO W3BECTHO, YTO HamboJsiee IIyMHbIE (M MOTEHLIHUAJIBHO
OTIaCHBIE JUIS CEPhIX KHTOB) CTPOWTEJIBHBIC ONEpALUH, Ta-
KHe KaK PBITbe TpaHIIEeH IparaMu OBUTH YK€ 3aBepIIEHBI B
utoHe u Havane uiong 2006 r., mpuuem kommanus «Caxa-
JUHCKAsg JHEPTUs» AaKyCTHUYECKHII MOHHUTOPHHT B HIOHE
2006 r. He mpoBoawia. K coxaneHuto, u3-3a 3aep>KKH BbI-
Xola HKcneaunuoHHoro cyaHa «Hanpexna» W BbICOKOH
CTOMMOCTU MPOBCACHHUA MOHUTOPUHIAa B pPCAJIbHOM Mac-
mrabe BpEeMEHH, MBI CMOIVIM HMPOKOHTPOJIMPOBATH TOJIBKO
KOPOTKH 2-HeJeNbHbIA MePHOJ CTPOUTENBHBIX paboT mpo-
IIOJDKaBIIKXCS Ooliee 3 mec.

Haubosee Ba)XHBIMH NPEACTABISIOTCS PE3yIbTAThl HAILETO
Monutopunra B KOxxHoM paiione, B Toukax Slu S2 (Puc. 2),
rae «CaxanmHCKas DHeprus», u3-3a 20 KM OTpaHUYCHUS 110
JaTBbHOCTH PafnoNpHeMa JaHHBIX Ha [THIbTyHCKOM Masike
OT CBOMX MOHHWTOPHHIOBBIX Paano OyeB, IIPOBOAWTH aAKY-
CTUYECKUI MOHUTOPHUHT HE MOTJIA.

HezaBucumelii 2-He#eNmbHBI aKyCTUYECKUH MOHHTOPHHT
[I0Ka3aJl, YTO KPUTEPUM MPENEIBHO NOIYCTUMOW O3Bl LIy-
Ma pexomennoBaHHbIl B 2006 1. (IISG, 2006) HapymieH He
6bu1. OIHAKO pacIIMpeHHbIH (M Oosiee CTPOTHid) KpUTEpHii,
pexoMeHnoBaHHbIN 103ke, B 2007 r. (WGWAP, 2007) He
BBITIONHsICA. CpeHecyTOUHbIe YPOBHH LIyMa IPEBbILIaIH
nonyctumeie 3Hadenust B 107 ab. CienoBarenbHo, Ipoao-
JKUTETBHOE CTPOUTeNIhcTBO B 2006 T., CKOpee BCero, okasa-
JIO HEraTUBHOE BO3ACUCTBHE HA IOIMYIALUIO CEPHIX KHUTOB.
00 3TOM TaKXe CBUICTEIbCTBYIOT U3MEHEHHUS B IUNIOTHOCTH
pacnpenenenus cepbix KutoB B 2006 T.

PaboTer mo co3maHUIO TUAPOAKYCTHYECKHX CTAHIWN BBI-
TIOJTHEHBI IpH (PMHAHCOBOW MOAAEpKKe MexXTyHapOIHOTO
(donma 3amuTel )KUBOTHBIX (IFAW).

on buttons with different averaging of the data (3min,
30min, 1 hour - 4 hours) immediately renewed the page and
the data on the noise level within the selected interval of
accumulation of noise dose accumulation appeared on the
screen. For each selected time interval on the plot of noise
level a red limit line was shown — the maximum admissible
value for the selected interval of accumulation of noise
dose. In particular, in Fig. 3 the levels with the data aver-
aging equal to one hour are shown. A low-frequency spec-
trogram of noise shown in the lower plot was calculated by
the computer of the bottom station and was transferred to-
gether with noise levels for taking decisions on the nature
of noise. The signs of industrial noise are the presence of
characteristic discrete components in the range and of inter-
ference in the continuous part of the range. In the absence
of these signs the data were discarded as “pseudo noise”.
False “increased” noise levels are usually recorded during
transportation of the working station to installation place
(or back, to the boat) due to flow past the hydrophone dur-
ing its lowering or its drift by underwater currents. For ex-
ample, in Fig. 3 the excess of the level of 140 dB in the
beginning of the plot of RMS during the first 2.5 hours is
associated with the testing of the station on board of the
boat already after its switching on, transportation of the
station to the installation point, and its lowering.

It was known in the beginning of independent acoustic
monitoring that the noisy (and potentially dangerous for
grey whales) construction operations, such as digging of
trenches with dredges, were already finished in June and in
the early July 2006 and the Company ‘Sakhalinskaya
Energiya” did not make monitoring in June 2006. Unfortu-
nately, as the research boat “Nadezhda” was delayed and
due to a high cost of monitoring on a real time scale we
could control only a short two-week period of construction,
the latter having continued longer than three months.

The most important our monitoring is in the southern re-
gion, in points S1 and S2 (Fig. 2) where “Sakhalinskaya
Energiya” could not make any acoustic monitoring due to
20 km limit of radio reception from their monitoring radio
buoys at Piltun lighthouse.

The principal results of independent two-week acoustic
monitoring are the following: The criterion of the maxi-
mum admissible dose of noise recommended in 2006 (IISG
2006) was not violated. However, a wider (and more strict)
criterion on the maximum dose of noise recommended lat-
er, in 2007 (WGWAP 2007) was violated. The average
daily doses of noise surpassed the admissible values of 107
dB. This follows from processing of the data of 2006 saved
on hard disks of hydroacoustic stations. Thus the prolonged
construction in 2006 rather rendered a negative impact on
the population of grey whales. Indirectly, this is confirmed
by clear changes in density of distribution of grey whales in
the feeding area in 2006.

Creation of hydro-acoustic stations equipped with satellite
telemetry and making of “independent” acoustic monitor-
ing on board sailboat “Nadezhda” are supported by the In-
ternational Foundation for Protection of Animals (IFAW).
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COOTBETCTBHM C M3MEHEHHSIMU YCIIOBUH KH3HEAEATEIbHO-
ctu. OHa peanusyeTcss MOLYJISIIUEH PETyISIINUU AEATEIbHO-
CTH KIIETOK, OPTaHOB M CHCTEM C LEJIbIO IPUCIIOCOOIEHUs
opranusma k Qakropam cpezapl. [llupora Mmogymsauu GpyHK-
UMK T0J| BIWSIHUEM DETYJSIUH HEPBHOM CHUCTEMBI, 00Y-
CJIABJINBAET COBEPIICHHOCTh aIallTAllM MIICKOITUTAIOINX K
CE30HHBIM M CYTOYHBIM HM3MeHeHMsM. JI.A. Opbenu u ero
MIOCJIEIOBATEIH TOKA3bIBAJIM, YTO B SBOJIIOLIMU HOBBIE YPOB-
HH PEryJisiiuy HOAYMHSIOT ce0e YK€ MMEIOLINECs peryJs-
TOPHBIE MEXaHU3MBI, B PEarnpOBaHNH HA W3MEHEHHS CPEIbl
(Opbemu 1961). Takoe ycrmoKHEHHE PETYISNUNA B HEPBHOU
CHCTEME SIBISIETCSI OCHOBOM UISl COBEPILICHCTBOBAHUS a/1all-
TAIIMOHHBIX BO3MOKHOCTEH MJIEKOIUTAIOLINX.

Ora KOHLENUMS O CUX NOp HE yTpaTHja CBOEH NpuBIIeKa-
TEJILHOCTHU, XOTsI HE BCE €€ MOJI0KEHHsI MTOTY4HIIN IKCIIEPHU-
MeHTalIbHOE moaTBepkaAeHre. OCOOEHHO 3TO KacaeTcs Mop-
CKUX MJICKOIMTAOIIHX, BEIPA0OTABIINX OOIIMPHBIA CIIEKTD
Q/IaNTUBHBIX PEaKIWH, MO3BOJSIOIIMN MM YCIEIIHO NpH-
CIOCOOUTBCS. K BOJHOMY 00pa3y >KU3HH ITOCPEICTBOM pea-
JU3aIMA MHOTUX (DYHKIHMHA (HE MCKIF0Yast COH) Ha MPOJOJI-
JKHUTEIBHOM arHod. XOTS Yy Ha3eMHBIX MJICKOIUTAIOLINX
0OIpCTBOBaHHE M COH HEBO3MOXXHBI B YCJIOBHAX Lepeld-
pabHOM TUIIOKCUM NpHU anHo3. [IoaToMy 3aKOHOMEpEH MH-
Tepec K HMCCIEJOBAHUIO (DU3MOJOTUM OPraHU3Ma MOPCKHX
MJICKONIMTAIOIINX Ha  [pUMepe M3YyYEHUs  Kapauo-
pecnupatopHOi QYHKIMKA BO CHE U OOJAPCTBOBAHUH B COYEC-
TaHWU C aHAJIM30M apeayioB OOUTaHHs I'PEHJIAHACKUX U Cce-
pbIX TroneHel. Benb Mopdouorus u ¢guznonorus 3tTux mie-
KOIIUTAIOUINX UMEET CXOJACTBO W Pa3IMUMs, NPOSBIISIONIIX-
Csl B CE30HHOU JIMHAMUKE TPHCIIOCOOUTENILHOTO TTOBEICHUS,
CBSI3aHHOTO C MOpPEM, CO JIbJaMH, C KPOMKOH Oepera, ¢ Hc-
TOYHUKAMH IUTAHHUS H T..

B dyacTtHOCTH, TpEHNIAHACKHAN TIOJICHB (Pagophilus
groenlandica) — tanuuHblii narodui. Bosblias yacte ero
JKU3HH CBSI3aHa CO JIBJOM. B CBSI3M ¢ 3THUM >KMBOTHBIM IO
CPaBHEHHUIO C JAPYTUMH JIACTOHOTMMH CBOHCTBEHHBI YETKO
BbIPpAXKCHHBIC MUTpAIlUU. Heu IoJ BJIMAHHUEM BETPOB U I10-
CTOSIHHBIX TE€UYEHWH Iped(yeT H, COOTBETCTBEHHO, >KU3Hb
TIOJIEHEeH IMpOTEeKaeT B HEMPEephIBHOM IBIKEHHH. OTHAKO
MepHOAbl CHA Y HUX YacTO NPHYPOUYECHBI K HAXOXKACHHUIO Ha
JbIy. A MUTpallMOHHAsl aKTHBHOCThH B OOIPCTBOBAHUM MMe-
€T CE30HHYIO BBIPAXCHHOCTh. Tak B JIETHUE U OCEHHHE Me-
CSIIIBI, KOTIa TIPOUCXOAUT HATYIL, )KHBOTHBIE JAEPXKaTCs JIeT-
HEH TOJSIPHOW KPOMKH JIbJa ¥ BCTPEYAIOTCS TPYIIAMH OT
OITHOTO JIO TPEX AECATKOB ocoOeil. OTMmeuaercs, 9TO TPEH-
JIAHJCKUH TIOJIEHb B HATryJIe OXOTHTCS B OTKPBHITOM Mope. B
3UMHE-BECEHHUH TIEpHOJ PAa3MHOXKEHUS, CIAPHBAHUSI H
JUHBKY TPEHJIAHICKUH TIONEHb (POPMHPYET HECKOJIBKO pa-
300LIEHHBIX CTaJl, JOCTHTAIOIIMX HECKOJIBKUX COTEH ThICSY
ocobeii. bemomopckyro rpymmy o0Opasyror oburatenu ba-
peHueBa u yactuyHo Kapckoro mopeif; sH-MaleHCKyO —
TIOJNIEHH ['peHNaHICKOro MOpsi; HbIO(hayHIUIEHICKYIO — KU~
BOTHBIC, JKUBYIIHE MPEUMYIIECTBEHHO B NPUOPEKHBIX BO-
nmax o. Herodaynmnenn, B 3anuBe cB. JIaBpeHTHS B OKPECT-
HBIX y4yacTkax (ApuctoB u bapemmankos 2001). [Ipu sTom
HEOJHOKPATHO 3apETUCTPUPOBAHBI CIyYaH MOSBICHHUS €IH-
HUYHBIX 9K3eMIUILIPOB 3a MpeesiaMy apeajia IPEeHIaHACKOTO
TIOJIEHST — B BoJiaXx DJb0ObI, HA TeppUTOpUHN OeperoB Bemwm-
koOpuranun (ot Illotmanamu no Temssr). O6cyxmaercs
BO3MO>XXHOCTb CMCIICHUS HOHyJ’lﬂ]_Il/Iﬁ 3a CHECT MCPEMCUICHUA
JKUBOTHBIX 3a I'paHHUIbI MNOIMYJIAONUOHHOTO apcajia B EapeH—
uesoM (IToroB 1989) u B benom mopsx (Tumomenko 1995).

mity with changes in life activity conditions. It is mani-
fested in modulation of the regulation of the activity of
cells, organs and systems to adapt the organism to the
environmental factors. The range of the modulation of
the functions under the effect of regulation of the nerv-
ous system determines the perfect adaptation of mam-
mals to seasonal and daily changes. Orbeli and his fol-
lowers claimed that in evolution new levels of regulation
subordinate the already existing regulatory mechanisms
of responding to environmental changes (Opbemn 1961).
The above complication of regulations in the nervous
system is a basis for refinement of the adaptive capaci-
ties of mammals.

This concept is still attractive although not all of its pro-
visions have been proved experimentally. That particu-
larly applies to marine mammals which developed a
wide range of adaptive responses permitting them to
become successfully adapted to the aquatic mode of life
via implementation of a number of functions (sleep in-
cluding) in a lasting apnoe. In terrestrial mammals,
though, wakefulness and sleep are impossible under
conditions of cerebral hypoxia under apnoe. Thus, the
interest in studies of the physiology of marine mammals
as exemplified by the cardio-respiratory function during
sleep and wakefulness in combination of analysis of the
distribution ranges of harp and gray seals. The entire
morphology and physiology of those mammals has simi-
larities and distinctive features manifested in the season-
al dynamics of adaptive behavior associated with the
sea, ice, the shore edge, feeding sources, etc.

In fact, the harp seal (Pagophilus groenlandica) is a
typical pagophil. Most of its life is associated with ice.
Hence, compared with other pinnepeds, it is characte-
rized by well-defined migrations. The ice drifts under
the effect of winds and constant currents, and according-
ly the life of seals is characterized by constant move-
ment. However, sleep periods in them are often asso-
ciated with their stay on the ice. By contrast, seasonal
activity and wakefulness are seasonally determined. In
fact, in the fall, when the animals are feeding they keep
near the summer polar ice edge and occur in groups
from one to three dozens of individuals. It is recorded
that the feeding harp seal is hunting in the open sea.
During the winter-summer season of breeding, mating
and molting, the harp seal forms several separate aggre-
gations of several hundred of thousands individuals. The
White Sea group is formed by dwellers of the Barents
and partly Kara seas; the Jan-Mayen group comprises
seals of the Greenland Sea; the Newfoundland group,
the animals dwelling largely in the coastal waters of the
Newfoundland Island, in the St. Lawrence Gulf and ad-
jacent areas. And neighboring areas (ApucroB u
Bapeimankos 2001). In this case, sightings of individu-
als beyond the harp seal range — in the Elba waters and
in the territory of Great Britain (From Scotland to the
Thames were recorded The possibility of mixing of
populations due to movement of the animals beyond the
boundaries of the population range in the Barents
(ITorro 1989) and White seas (Tumormrenko 1995) are
discussed. The width of the range, lability of the animals
in relation to migration routes gives grounds to believe
that harp seals have a characteristic adaptive strategy —
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HIupora apeana BuIa, 1a0MIBHOCTh )KUBOTHBIX B OTHOILIE-
HUYU IIyT€d MUIPALUU JAET OCHOBAaHHME IPEIIION0XKHTh O
XapaKTepHOU A TPEHIAHJCKOTO TIOJNEHS HPUCIOCOOU-
TEJNBHOM CTpaTeTruH — MOMCKY Haubojee afAeKBaTHBIX YCIIO-
BUH CYILLIECTBOBaHUS.

B orimume ot rpennanickux, cepsie Tionenu (Halichoerus
grypus) He UMEIOT SIPKO BBIPAXCHHBIX NAIBHUX CE30HHBIX
MUTpAIMA U MOTYT OBITH MPHYHCICHBI K OCEIUIBIM JKHBOT-
HbIM (ApcerneB 1980). Apean Buaa pa3opBaHHBIH, BHI pa3-
JEIIOT HA TPU TOMYJSIIUN OaNTHICKYIO, BOCTOYHO- U 3a-
nagaoatnantniaeckue (KommakoB 1999). Cepsrif TrOJCHB
BEIIET OTHOCUTENLHO Mejarmdeckuid oopas xu3nu. Jlns pe-
THOHOB, B KOTOPBIX ITOCTOSIHHO NPOXHBAET CEPHIN TIOJCHD,
XapaKTepHa CJIOXKHas IITOPMOBas M JieloBas 0OCTaHOBKA,
CYLIECTBEHHBIE IIE€pEMNaabl TEMIIEPATYPHl BO3ayXa, IIPHYEM
HE TOJILKO MEXIY Ce30HaMH, HO ¥ BHYTpH ce30HOoB (Kapmo-
BuY # 1p. 1967). [lng Buga xapakTepHa OTHOCHTEIBEHO HU3-
Kas 3aBUCHMOCTb OT IIPUCYTCTBHS JIbJa, BO BPeMs CHA, pa3-
MHOKEHHSI, JINHBKHU, HATYJIBHOTO Tiepruona. Ho, ecmu Trome-
HU 3aMaIHOATIIAHTUYECKON W OaNTHHCKON MOMyIsImui pas-
MHOJKAIOTCSI IPEUMYIIIECTBEHHO Ha JbIYy, TO OCOOM BOCTOY-
HOATIAHTUYECKON TOMYJISIAA PA3MHOMXKAIOTCS M CIIAT Yarle
Ha cyme. Frre oIHUM IpPHU3HAKOM OCEAJIOCTH MOXHO CYH-
TaTh XapaKTEPHOE TEPPUTOPUAIBHOE IIOBEICHHE CaMIIOB
ceporo TioJeHs B Opaunsiii mepuoy (Kpymmuckas u Jlucu-
usiHa 1983, [Hunos 1985).

Bce 310 mo3BossieT MpeArnoIokKuTh, YTO ISl CEPOro THOJIe-
HSl, B YaCTHOCTH OaNTHICKOW MOMYJISLUK, XapaKTepHa BbI-
COKasl 3IalTHBHOCTD K CE30HHBIM M3MEHEHHSM TEeMIIEpaTyp
y MypmaHcKoro mnobepexbs, a TPEHIIAHICKOMY TIOJICHIO
CYIIECTBEHHBIEC a/IalITAlIMOHHBIC MEPECTPONKH (hU3UOIOTH-
4ecKnX (YHKIMH MEHEee CBOHCTBEHHBI, YTO 00yCIaBIMBAET
CE30HHBIC MHIPAlUU C ITOWCKOM ONTHUMAIBHBIX OKEaHOJO-
THYECKUE, KIMMAaTHIECKUe U TPO(UUECKUX YCIOBHH KU3-
HezlesiTeNbHOCTH. He MCKIMo4YeHo, 94To 3TO CBA3aHO € 0OCOo-
OEHHOCTAMH OpraHU3alUM PETYISALUHN CHA, OOAPCTBOBAHUSA
U aJanTHBHO-TPO(UYECKUX (YHKIMH Kak MeXaHH3Ma NpH-
CHOCOOJICHUs] K LUpKaguaHHbIM repemeHam. CoriacHo
npexacrapnenusiM M.A. [lwosa (1985) B nnane sBomonu-
OHHOHM 3HAYMMOCTH 3THX HPHCIIOCOOJICHUH OYEBHHO, YTO
CTpaTerusi 0CeIIoro oopasa >KU3HU TapaHTHPYET OOJIBIIYIO
BBEDKMBAEMOCTD TOMYJISIIMK (BHIa) B OTJIMYMHM OT MHIpa-
uii. Ocemuplii 00pa3 KU3HM MPEINOoIaraeT paclipocTpaHe-
HHUE KMBOTHBIX Ha OINPEICICHHON TEPPUTOPHH, C TIOCTOSH-
HO (M 3aKOHOMEPHO) M3MEHSIOIUMCS HabopoMm (hakTopoB,
HEOOXOMMBIM ISl )KU3HEESTEIIbHOCTH.

Ha 06a3e skcmepuMEHTaIbHOTO MOJUTroHa MypMaHCKOTO
MOPCKOTO OHOJOTHYECKOT0 MHCTUTYTa B TEUCHHUE psAda JeT
UCCIICAYIOTCS TIOBEJACHHWE U (DU3HMOJIOTHS CEPhIX M TPEH-
JIaHJICKUX THOJIEHEU. B BeceHHUE U OCEHHHE CE30HbI U3yyda-
JIUCh TMOKa3aTeNH MoBeleHus U (usnonorust GyHKUUNA KH-
BOTHBIX B BOJIb€paX, OLIEHUBAJIACh MNPOAOKUTEIBLHOCTh
3a/1ep>KeK JIbIXaHUs Ha CYIIE U MPU NOTPYKEHUSIX MO BOLY,
pEeTHUCTPUPOBANIACH AJIEKTPOKapAHOTrpaMMa B OOJPCTBOBa-
HUU U BO CHE. YCTaHOBJIEHO, YTO IMOKA3aTeIH IMKJIA COH-
00oapCTBOBaHUE BapbUPYIOT y CEPBIX TIOJECHEH B IIMPOKHX
mpezesnax, OCOOCHHO ATO KacaeTCsl UKINYHOCTH M CETMEH-
tauuu ¢a3. Kpome Toro, BEISCHHIOCH, YTO JUAIA30H JIBUTa-
TeNbHBIX (popM, BapHaOEIbHOCTh MPOJIODKUTEILHOCTH all-
HOD, TUIIOITHOY, OPaJMITHO? U TaXUITHOD Ha OEpery y cepbix
TIOJIEHEH CYIECTBEHHO IUpPE, YeM y TPEHJIAHICKUX THOJIe-

search of more adequate conditions of life.

In contrast to harp seals, gray seals (Halichoerus grypus)
are not characterized by well-defined seasonal migra-
tions and can be regarded as sedentary animals
(ApcenneB 1980). The range of species is patchy, being
divided into three populations: Baltic, eastern and west-
ern Atlantic (Konmakos 1999). The gray whale leads a
relatively pelagic mode of life. The regions where the
gray seal dwell constantly are characterized by a com-
plex storm and ice conditions and there are substantial
differences in air temperature, which are not only inter-
seasonal (Karpovich et al. 1967). The species is charac-
terized by low dependence on the presence of ice in the
course of sleep, breeding, molt, and feeding migration.
Whereas seals of western-Atlantic and Baltic popula-
tions breed mostly on the ice, the individuals of eastern-
Atlantic population more often breed and sleep on the
land. Another sedentary feature is a characteristic terri-
torial behavior of the gray seal during the breeding pe-
riod (Kpyumackas u Jlucuneiaa 1983, [umos 1985)

The above gives ground to believe that the gray seal, in
particular, of the Baltic population, is characterized by
high adaptation to seasonal temperatures off the Mur-
mansk shore, and the harp seal shows less substantial
physiological re-arrangements with search for optimal
oceanological, climatic and trophic life conditions. Pre-
sumably, this is associated with the properties of the
organization of sleep regulation and adaptive-trophic
functions as a mechanism of adaptation to circadian
changes. According to the concepts advanced by LA.
Shilov (IIunos 1985), evolutionarily, the significance of
those adaptations lies in the fact that the sedentary mode
of life strategy guarantees a greater survival capacity of
the population (species) in contrast to migrations. The
sedentary mode of life is associated with the distribution
of animals in a certain area with a constant (and regular-
ly) changing set of factors needed for life.

On the basis of the Murmansk experimental ground of
the Murmansk Marine Biological Institute, the behavior
of and physiology of gray and harp seals have been in-
vestigated for a number of years. In the spring and fall
seasons, the behavior and physiology of the functions of
animals in open-air cages was studied, the duration of
breath-holding on land and when diving was assessed,
and electrocardiagrams was registered in wakefulness
and during sleep. It was found that the indices of the
sleep-wakefulness cycle in gray seal vary in a wide
range, which particularly applies to the phase cycles and
segmentation. In addition, it was revealed that the range
of forms of movement, variability, the duration of ap-
noe, hypopnoe, bradypnoe and tachypnoe on the shore is
substantially greater in gray whales compared to harp
seals. The above is indicative of the high adaptive plas-
ticity of the gray seal. Thus, the physiological processes
of adaptation, which are based on the organization of the
regulation of adaptive-trophic and circadian functions,
have an important role to play in the development of
migration vs. settled mode of life. Thus, physiological
processes of adaptation, which are based on the organi-
zation of the regulation of adaptive-trophic, and circa-
dian functions have an important role to play in forming
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Heil. Bce 3T0 roBOpUT B MOJIb3y BBHICOKOW afanTalioHHOH | migration-sedentary mode of life, determining the diver-
TUIACTUYHOCTH ceporo TiosieHs. Takum oOpasom, ¢usmono- | sity of the ranges of habitats of marine mammals in the
TMYECKHE MPOIECChl aanTaliy, KOTopble OasupyroTcs Ha | Arctic waters.

OpTraHHM3alMK PEeryJisiuy aJanTHBHO-TPO(QUYECKUX M LHP-
KaJMaHHBIX (YHKIHUH UIPArOT BXKHYIO poJib B hopMHpOBa-
HHH MUTPAlUH-0CEIUIOCTH, OMpPEAeIisisl pasHooOpa3ue apea-
JIOB OOWTaHHSI MOPCKHX MIICKOMHTAMOIINX B apKTHYECKHX
MODSIX.
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B ®unckom 3anmmBe bantuiickoro mopsi oburtaer nBa Buma | The Gulf of Finland of the Baltic Sea is home to two
HACTOSIIUX TIoJeHeH: bantuiickuii cepsrit Tronens (Halichoe- | species of true seals: the Baltic gray seal (Halichoerus
rus grypus macrorhynchus) u bantuiickas xonpuatas Hepna | grypus macrorhynchus) and the Baltic ringed seal
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(Phoca hispida botnica). KonpuaTtas Hepria ¥ 9KOJOTHIeCKast
¢dbopma ceporo TrOJeHs oOuTaroiero B bantuiickom Mope B
PENpPOAYKTUBHBIN MEPHUOJ CBA3aHbI CO JipaaMmu. i ycnen-
HOTO Pa3MHOXKEHHsI KOJIbYAaTOH Heprie HeoOXOJuM IpuIai-
HbII HEMOABUHBIN JIE]l C yHaCTKaMH TOPOILICHUS, I/I€ MEXIY
IIBI0AME JIOMaHOTO JIbJIa B HaIyBaxX CHETa JKUBOTHBIC yCT-
pauBaloT MOJCHEXHbIE yoexuma. st pa3sMHOXKEHHUS Ceporo
TIOJIEHSI HEOOXOJMMBI TUIABAOIIHE JIBJBI, HAa KOTOPBIX TIOJIE-
HHU COOMpPAIOTCS B TPYHILY, 00pa3ys pernpoAyKTHBHBIC 3aJeK-
KH.

OO6pr9HO BocTouHast yacTh (Poccmiickas akBaTopus) OUHCKO-
ro 3aiuBa B (eBpajie, K HaYady pasMHOKEHUS 00OWX BHIIOB
TIOJICHEH, TTIOJIHOCTHIO MITH MPAKTHYECKH ITOJIHOCTHIO IOKPHITA
JIBJIOM. KomnbuaTas HEpHIa IMPUHOCUT MOTOMCTBO IOXKHEC H
3ananHee bepe3oBbIX O0CTPOBOB, Ile GOpMHUpYETCs MOAXOAS-
HIMA Ul Hee Jiel], KaK MpaBuiio, 310 He osmke yem B 80-100
kM oT Cankr-IletepOypra. JInHHBIC 3a/€XKH B TEpHOJ Tast-
HbS JIbJa IPUYPOUYCHBI K MECTaM pa3MHOXeHHS. PaifoH mieH-
KM ceporo TiojeHs Haxoautcst He Ommke 180 kM ot ropona B
OCHOBHOM 3amajiiee 0. ['ornaHa Ha NpUrpaHUYHON TeppuTo-
pun Tpex rocymapctB: Poccun Dcronmn m Ounnsaonmm. B
CBSI3U C 3TUM, IIPH TPOBEJCHUN aBHAIIMOHHBIX yUETOB B IEp-
BOM mojoBuHe ampenst B Poccuiickoir akBatopun dUHCKOTO
3aJIMBa Cephle TIOJIECHU BCTPEUAIHCH PEIKO.

JlenoBerit mokpoB B temibie 3uMbl 2007-2008 rr. B bantuii-
cKoM Mope (opMHpoOBaJICs TO3HO U paHo Tasul. B 2007 r.
nenoctaB B DUHCKOM 3ajMBE HA4aJICsl TOJIBKO C CEPEIHBI
ssHBaps, a B 2008 r. Ha MecsIl 03XKe U K CePEeIMHE anpers Jie
Ha 3aJIUBE TOJHOCTHIO pacTasul. CTaOWIBHBIA JIEASHON TO-
KpoB (hopMHpOBAJICS TI0 CEBEPHOMY Oepery 3ajHMBa U BOCTOY-
Hee 29° BOCTOYHOW JIOATOTHI, TOJIBKO OTTOPOKEHHBIN 1aMO0it
Y4acTOK 3aJluBa 3amep3all MOJIHOCThbIO. Ilpumainblil sen c
y9acTKaMH TOPOLICHUS TMPUTOMHBIA I pa3MHOKEHHS KOJIb-
4aTOW HEPIbI OTMEYEH B paiioHe T. 3eJeHOropcka, T.e. TpHU-
mepHO B 30 kM ot neHrpa Cankr-IlerepOypra. DTOT y4acTok
mobepexnst oTHOcHTcA K KypoprHOmMy paiiony CaHKT-
[lerepOypra M 3acTpoeH AOMaMH OTIbIXa M CAHATOPHUSIMH,
CBOOO/IHBIX y4acTKOB Oepera HeT. B mepnoj xona KOpIOIIKU
B 3TOM paﬁOHe C€XKEIHEBHO Ha JI€A BbIXOIAT COTHHU pbl6aKOB
aro0uTenei, KOTopble YXOIAT B 3aJIMB OoJiee yeM Ha SKM.

B mae-utone 2007 r. mocie TasiHbs JbJa U IPOrpeBa BOAbI
(kKoHel Mas HaYalo WIOHS) OBUIO MPOBEACHO 00CIEIOBaHUE
O6eperop OUHCKOTO 3alHBa C IENBI0 IMMOMCKA MOTHOIINX THO-
nereii. W mpoBemeH ompoc pabOTHUKOB KOMMYHAIIBHBIX
CITy’K0 yOHpArOINX TUBHKH OT Mycopa.

B maprte u anpene 2008 1. OpUIH IPOBEIEHBI CIASIYIONINE Pa-
OOTHI: TOKUCK IICHKOB M B3POCIIBIX KONBYATHIX HEPIT Ha JIBAY C
HCIOJB30BAHUEM CyJHA Ha BO3AYIIHOW MOIYIIKE H y4YeT
KOJIbYaTOM HEPIIBI C CAMOJIETA.

B 2007 r. Ha ceBepHOM Oepery 3anuBa B KypopTHOM paiioHe
Cankr-IlerepOypra HaiineHsl ocTaHku 14 TroneHeil: 3 Koib-
YaTble HEPIbl, 5 CephIX TIOJICHS U 6 OCTaHKOB TIOJIEHEW, BH-
JIOBasi MPUHAUIC)KHOCTh KOTOPBIX HE OIpeJielieHa T.K. OHU
ObLTH HaWIEHB! M YOpaHBI C TUISDKEH KOMMYHAJIBHBIMHU CITyK-
O6amu (puc. 1). Bce xompuaThie HEpIBI — B3pPOCIBIE OCOOHM
crapuie 3 JeT, ABe HOruOJIH B PIOOTOBEIKNX OPYAMSIX JIOBA U
oJHa 3acTpesieHa. Bee cepble TIoEHN MOJIOAbIe, OJUMH Oellek,
OCTallbHBIE TEPETHMHSABIINE OCOOM, TPH U3 HUX MOrHOIN B
PBHIOOJIOBEIIKHUX CETSX.

B 2008 r. mepBbie TPyIbl THOJICHEH OBUIM BBHIOPOILICHBI Ha

(Phoca hispida botnica). The ringed seal and the eco-
logical form of the gray seal dwelling in the Baltic Sea
during the breeding season are associated with ice. For
successful breeding, the ringed seal needs immobile
ice with hammocks, where among heaps of broken ice
in the accumulated snow, seals build under-snow cov-
ers. The breeding of the gray seal necessitates floating
ice on which seals get together in a group to form
breeding haulouts.

Normally, the eastern part (Russian water area) of the
Gulf of Finland in February by the beginning of breed-
ing of both seal species is virtually completely covered
with ice. The ringed seal breeds south and west of the
Berezovskie Islands, where appropriate ice is forming.
Normally, this is not closer than 80-100 km from
Saint-Petersburg. The molting haulouts during the
melting of the ice are situated on breeding grounds.
The pupping grounds of the gray seal are not closer
than 180 km away from the city and largely west of
Gogland in the frontier area of three states: Russia,
Estonia and Finland. Due to that, in the course of aerial
surveys during the first half of April, in the Russian
water area of the Gulf of Finland, gray seals occurred
only rarely.

The ice cover during the warm winters of 2007-2008
in the Baltic Sea set in late and melted early. In 2007,
the Gulf of Finland was frozen over as late as mid-
January, and in 2008, a month later and by mid-April,
the ice in the gulf has completely melted. A stable ice
cover developed on the northern shore of the gulf and
north of 29°, and only the dammed portion of the gulf
was completely frozen over. The shore ice with hum-
mock areas suitable for the breeding of the ringed seal
was recorded in the region of Zelenogorsk, i.e., rough-
ly 30 km from the center of Saint-Petersburg. That
shore area is in the Kurortny District of Saint-
Petersburg and there numerous by health resorts and
holiday centers and no vacant shore areas. In the
course of smelt migration in this region hundreds of
fishermen come to the ice, covering a distance of over
5 km of the gulf ice.

In May-June 2007, upon melting and warming of the
water (late May — early June) the shores of the Gulf of
Finland were surveyed in search of dead seals. Com-
munal services employees removing litter from the
beaches were interviewed.

In March and April 2008, the following work was
done: the search of pups and adult ringed seals on the
ice, using an air-cushion ship.

In 2007, on the northern shore of the gulf in Kurortny
District of Saint-Petersburg the remains of 14 seals
were found, including 3 ringed seals, 5 gray seals and
6 seal remains of unidentified species — they were
found and removed from the beach by communal ser-
vices (Fig. 1). All ringed seals are adult individuals
older than 3 years. Two of them died having been en-
tangled in nets and one was shot. All the gray seals
were young. One of them was white, the other had
molted. Three of them had died in fishing nets.

In 2008 the first the first seal carcasses were stranded
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ok T. Cectpopenka 12 mas. Ceifuac Ham U3BECTHO 0 9 mo-
TUOMINX TIOJCHSX HaWIEHHBIX B TOpPOJCKON depre. M3 HHMX
OJIHa B3poOciiasi KoJibyaTasl HepIa, JBa B3POCIHBIX CEPHIX TIO-
JICHA W OCTAJIbHBIC IEHKW CEPOT0 THOJICHA. prl’[Haﬂ CaMKa
CEeporo THOJICHS yOUTA, OCTAJbHBIC TIOTHOJIN B PHIOOIOBELIKUX
CHACTSX. B 3UMBI ¢ OOBIYHBIM JJISI 3THX MECT JICJOBBIM II0O-
KPOBOM TPYIIBI TIOJICHEW Ha 3TOM TOOEpeKbe OBIBAIOT Hali-
JICHBI PElKO M He Kaxapld ron. [lormOmme TroneHu, obomx
BUJIOB, Yaile OBIBAlOT 0OHApPYKEHBI Ha OCTPOBAX 3alliBa pac-
TIOJIOKEHHBIX 3HAYUTENBHO 3alaHee B MECTaX Pa3MHOXKECHUS
U JINHBKH, TIPU 3TOM YUCIICHHOCTH ITOTUOIINX XKHUBOTHBIX BCE-
rJa 3HA4YUTEIbHO MeHblle. B 3amamHod vactu Poccuiickoit
akBatopur DUHCKOTO 3aluBa PHIOOJOBHBIA TIpecC 3HAYH-
TCJIBbHO HHXKEC, YCEM B BOCTOYHOH COOTBETCTBEHHO PUCK rn6e—
JIV TIOJICHEW B CETSIX TOXKE MEHBLIE.

B 2008 r. npu o6cienoBannu akBaropuu OGHHCKOTO 3a1KBa ¢
CyJZiHa Ha BO3JYIIHOH MOJXYyIIKE HalJEHBl U OTMEUYEHBI KOOp-
JMHATHI 3 B3pOCIBIX OAWHOYHBIX KOJbYATHIX HEPI M CAMKHU C
6enpkoM. K MOMeHTY npoBenieHnst paboT CHEXHbIE yOeXHuIna
HEPITBl PAaCcTasuId, M MICHKH OBUIM HA TIOBEPXHOCTH B4, TO-
9TOMY TTOSIBIJIACH BO3MOXKHOCTE WX 00Hapyxuth. C camonera
0puTO0 yuTeHO eme 4 Hepnsl (puc. 2). Kpome Toro, Mer momy-
YU MHPOPMAIMIO OT PHIOAKOB O HAaxOJKe yOeKHINa KOJb-
YaTOW HEPITBI C OCTATKaMHU TUIAIEHTHI B paiioHe 1m. Komaposo.

Takum o6pazom, B 3uMbl 2007-2008 rT. pa3sMHOKEHHE KOJIb-
4yaToW Hepnbl, oduraromel B GUHCKOM 3anBe, MPOXOAUIO B
CaMoif BOCTOYHOI1 €ro 4acTH B paiioHe CEBEPHOro MoOepEekKbsi
ot 1. Cectpopernka 7o T. 3eneHoropcka. UucneHHOCTb KOJb-
yaroil Hepnbl B DUHCKOM 3aMBe KpaHe Majla M He TpeBbIlIa-
et 300 ocobeii, mo3TOMY AanbHEHIee NOTEIUIEHHE U COKpa-
IIEHHE IUIOMIAAeH JbJla NMPUTOJHOTO JUI €€ Pa3sMHOXKEHUS
MOJKET IPUBECTH K €€ THOeNu B 3anBe. Pa3MHOXKEHHE ceporo
TIOJICHA TIPOXOJFJIO B BOCTOYHOW YaCTH 3ajliBa Ha IUIABaIO-
IIUX JbIUHAX. VIX MECTONOI0KEHHE BO MHOTOM 3aBHCHT OT
HamnpaBiieHds: Berpa. [Ipu 10KHBIX BeTpax IUIaBarOUIUi Jie[
npuOMBAIO K OCHOBHOMY IIPHIIAI0, YTO OBLIO Hamboiee 6e30-
MacHO JIJIsl IIEHKOB TIOJICHEH, a IPH CeBEPHBIX — JIbJIbI IOATO-
HSUIO K FOXKHOMY Oepery, T IICHKOB HaXOJVJIH JIFOJU WU
Hamagam cobaku. [locne TasHbS KPYIHBIX IUIABAIOIIMX
JBJIVH HE MEPEeJIMHSBIINE ILIEHKH CEPOTO TIOJIEHS BBHIHYKIECHBI
BBIOMpATHCsT Ha MoOepekbe. DTO NOCTaTOYHO OE30IacHO Ha
OCTpOBaX, HO MHOTHE IOTIaIal0T Ha MAaTEPUKOBBII Oeper, rie
HEM30eXHBI BCTPEYM C JIOOBMH H cobakamu. o mecsTka
IIEHKOB CEpOT0 TIOJCHSA OBUIH MOMOOpaHBI KaK Ha FOXKHOM,
Tak M Ha ceBepHOM Oepery 3anuBa, B 2007 T. oquH OBLT Hal-
JleH Ha gamOe. Y DCTOHCKHX OeperoB B IieHTpaidbHOU bantu-
Ke cepble TIOJNICHH HavajH MPHUCIIOCA0INBATHCS K Pa3sMHOXKE-
Huto Ha cyme (Jussi et.al 2008). B BocTouHo#t yacTa PUHCKO-
O 3aJIMBa €I COXPAHIETCSI BOBMOXKHOCTD JUISl Pa3MHOXKEHUS
CephIX TroJIeHeH Ha Jipay. OJHaKO MOBEPXHOCTH MPUTOIHOTO
JIbJia KpaiiHe JTUMUTUPOBaHA, KPOME TOI'0, YPE3BbIYAHHO BbI-
COK pHCK ruben mIeHKOB. B ciydae nampHeimero norere-
HUSL WM ¥ COKPAILEHHUH JIEASHOTO TIOKPOBa B BOCTOYHOI yac-
T OUHCKOTO 3aJiBa Cephie TIOJNCHH, OOUTAIOMINE 3/1€Ch, MO-
TYT IEPEHTH K pa3MHOKCHHIO Ha CYIIIe.

Puck rubenn TroneHel B palioHe pa3MHOXKECHUS 000UX BHIIOB
B 2007-2008 TT. upe3BbIUaliHO BBHICOK B CBSI3U C aHTPOITOTEH-
HOW Harpy3Kol Ha paifoH: Oepera 3ajiBa 3aCTPOSHBI, BEAETCS
JIOB pHIOBI CTAaBHBIMHU CETSAMH, MHOXKECTBA JIIO/IeH Ha mobepe-
KbC U HEIOCPCACTBCHHO Ha JibAY, BBICOKas TpaHCIIOpTHas
Harpyska — Kponmrranckuii peis ¢ MHOXECTBOM KPYITHOTOH-

on the beach of the city of Sestroretsk on May 12. Cur-
rently we know of 9 dead seals found within the city
boundaries. One of them is an adult ringed seal; two
adult gray seals and the other are gray seal pups. The
large gray seal female was killed, the others died in
fishing nets. During winters with ice cover common
for those areas, the carcasses of seals on that shore
were found rarely and not every year. The dead seals
of both species most frequently were found on the isl-
ands of the gulf situated far west on the breeding and
molting grounds and the numbers of dead is invariably
much smaller. In the western part of the Russian water
area of the Gulf of Finland, the fishing pressure is less
heavy than in the eastern, and the risk of death of the
seals in the nets is also lower.

In 2008, when surveying the Gulf of Finland from
board an air-cushion ship, 3 adult single ringed seals
and a female with a white were sighted and their coor-
dinates recorded. By the time of our studies the snow
cover of the ringed seal had melted and the pups were
on the ice surface, and hence, it became possible to
find them. Another 4 ringed seals were sighted from
aircraft (Fig. 2). In addition we were informed by fi-
shermen that they had found a ringed seal cover with
placenta remains in the region of the village of Koma-
Tovo.

Thus, during the winters of 2007-2008, the breeding of
the ringed seal dwelling in the Gulf of Finland took
place in its easternmost part in the region of the north-
ern shore from Sestroretsk to Zelenogorsk. The num-
bers of ringed seals in the Gulf of Finland are very
small — they do not exceed 300, hence, further warm-
ing and reduction of areas of ice suitable for ringed
seal breeding may bring about its mortality in the gulf.
The breeding of the gray seal was in the eastern part of
the bay on floating floes. Their position is largely de-
pendent on the wind direction. With southerly winds,
the floating ice was washed to the main shore ice,
which is the safest for the seal pups, and with northerly
winds, the ice was washed up to the southern shore
where the pups were found by humans or attacked by
dogs. Upon melting of large floating floes, gray seal
pups that did not molt had to get to the shore. That is
safe on the islands, but many of them find themselves
on the mainland, where they invariably come across
humans and dogs. Up to a dozen of gray seal pups
were picked up both on the southern and northern
shore of the gulf and in 2007; one was found on the
dam. Off the Estonian shores in central Baltia, gray
seals started adapting to breeding on land (JUssi et.al
2008). In eastern Gulf of Finland, there is still oppor-
tunity for the breeding of gray seals on the ice. How-
ever, the surface of the suitable ice is limited. In addi-
tion, the risk of pup mortality is very high. In case of
further warming or reduction of the ice cover in east-
ern Gulf of Finland, gray seals dwelling there may
begin breeding on land.

The risk of mortality of seals in the breeding region of
both species in 2007-2008 was very high due to human
pressure: the gulf coasts have been developed, fishing
employs bottom gill nets, there are numerous people
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HaXXHBIX CYJIOB 0’KHMJIAIOIIUX CBOEH Oo4Yepean Ha BXOJ B TOPOI.
Ha mam B3risaa manpHe#ee MoTerjicHue KIIuMaTa Uil 3UMbBI
MoI0OHBIE JIBYM MOCJEIHUM MPUBEIYT K W3MEHEHHUIO TMOBE-
JIeHUS TIoNeHeld wim ux rudeny B GUHCKOM 3ajuBe.

on the shore — there is heavy ship traffic with numer-
ous large-capacity vessels waiting for their turn on the
Kronstadt roadstead. We believe that further warming
of the climate or winters like the two previous would

bring about changes in seal behavior or their death in

the Gulf of Finland.
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Puc. 1. Touku HaXOmOK MO-
rubmux tronenei B 2007 b
2008 rr.

Fig. 1. Locations where
dead seals were found in
2007 and 2008

Puc. 2. Toukn HaX0I0K TrHOJIE-
Heil Ha ey B 2008 1.

Fig. 2. Locations on ice where
dead seals were found in 2007

Jussi M., Harkonen T., Helle E., Jissi 1. Decreasing Ice Coverage Will Reduce the Breeding Success of Baltic Grey
Seal (Halichoerus grypus) Females Ambio. 37 (2), 80-85. March 2008, Royal Swedish Academy of Sciences 2008,
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Bce eBpomeiickue BHUIBI TIOJEHEH BHYTPEHHMX MOpEH, 3a Hc-
KJIFOUYCHHEM HEOOJBIION HOMYJISIA OOBIKHOBEHHOTO TIOJICHS,
oburaromeil B 10KHOW 4YacTH bBanTHiICKOTO MODS, SIBISIFOTCS
naroWIbHBIMH, MOITOMY HX paclpefeieHHe B NEPHOA pas-
MHOJECHHS 3aBHCHT OT IUIOLIAAU M CTPYKTYpPHI C(OPMHPOBAB-
nrerocs Je1oBoro nokposa. CypoBOCTb 3UMbI HAIIPSIMYIO BIIHSI-
€T Ha HaJIW4YUC NOAXOAAIHUX JIsI PAa3MHOKCEHUSA MECT, B TO
BpEMs KaK CJIMIIKOM CYPOBBIC WM CJIHUIIKOM MSITKUC 3UMbI
MOTYT OTpPaHHYMTH PACIPENEICHUE TIOJICHEH JMIIb Ompese-
JICHHBIMH HEOONBIIUMHU OO0JIaCTSAMH JibJia. B CypoBbIe 3UMBI
TIOJICHSIM 3aKPBIT JOCTYI K 3HAYUTEINbHON YacTH ITOTEHINAIIb-
HO IIPUTOIHOTO AJISI Pa3MHOXKEHHMS JIbJa, YTO CHIBHO OIpelie-
JICHO TeoTpapuIeCKIMH B 0aTHMETPUIECKHUMH OCOOCHHOCTSIMHU
BHYTPEHHUX BOZA. B OueHp MATrKHME 3MMBI JIeOBas IUIOMIAAb
MPEUMYIIECTBEHHO OIpaHUYEHa MPUOPEKHBIMU paiioHaMH.

Mpbl cpaBHHMBaeM pachpeeieHue Pa3sMHOXKAOUIUXCS KaCIUi-
CKHUX TIOJNIEHEH, OaNTHIICKUX CEephIX TIOJNIEHEH, a TaKke OainThii-
CKHX, CalilMEHCKHX U JIAJOKCKUX KOJIbYATBhIX HEPIT B PA3JIMIHBIX
JICAOBLIX YCJIOBHUAX U IMOKa3bIBAEM, KaK M3MCHCHUA JICAOBOT'O
MOKPBITUS BIUSIOT HA PACIpPEAEICHUE U YCHEX Pa3MHOKECHHUS
TIONeHel. bonee Msrkue 3uMbl ycumBaiu (QakTopbl, HETaTHB-
HO BIMSIOIIUE Ha YCHEX Pa3sMHOXKEHUS BCEX IEPEUUCIICHHBIX
BUJIOB, 110 MPUYMHE OTCYTCTBHS MM DPAaHHETO pPa3pyIICHHS
cyOcrpaTa JUId pa3sMHOXKEHHUS M YA3BUMOCTH UISl HAa3€MHBIX H
BO3JIyIIHBIX XWIIHUKOB. [loTemienue ximmara 3HAYUTEINBHO
YCHUIIMBAET PUCK HCUYE3HOBEHUs AJIsI BCEX €BPOINEHCKHX MOIy-
JSUUA TIOJEHEW BHYTPEHHHMX MOpPEH, TOrAa Kak UX 4yBCTBHU-
TEJIBHOCTh K M3MEHEHMSAM IIHUPOKO BapbUPYET B 3aBHCHMOCTH
OT BHJIA U Pa3JIMUHBIX TeOorpaUuecKuX CyO-TOMyIISIHHA.

All European land-locked seal species, except a
small population of harbor seals which inhabit the
Southern part of the Baltic are ice-breeders and thus
their breeding distribution is dependent on extent and
structure of the annually forming ice cover. Severity
of winter has direct influence on availability of suit-
able breeding habitat whereas both very severe and
very mild winters can limit seal distribution to only
certain fractions of the ice-fields. In severe ice condi-
tions seals are denied access to large proportion of
potential breeding habitat location of which is very
strongly determined by the geography and bathyme-
try of the land-locked water body. In very mild win-
ters ice area is limited to predominantly coastal
areas.

We compare breeding distribution of Caspain seal,
Baltic grey seal, Baltic ringed seal, Saimaa Seal and
Ladoga seal in different ice conditions and show how
changes in ice cover influence seal breeding distribu-
tion and success. In all named species, milder win-
ters increase factors that affect negatively seal breed-
ing success through absence or early loss of breeding
platform and exposure to terrestrial and avian preda-
tors. Climate warming increases significantly extinc-
tion risk for all of the European land locked seal spe-
cies while their sensitivity to changes varies largely
among species and different geographical sub-
populations.
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Vishnyakova and Gol'din. Findings of stranded bottlenose dolphins at the southern coast of the Sea of Azov

Bumnskosa K.A., I'oapaun I1E.

Haxopaku adanuHbl (Tursiops truncatus) Ha H0XKHOM no6epexbe A3oB-

CKOro mops

TaBpuueckuii HalMOHANBHBIH yHUBepcuTeT uM. B.M. BepHanckoro, Cumdeponons, Ykpanna

Vishnyakova K.A., Gol’din P.E.

Findings of stranded bottlenose dolphins (Tursiops truncatus) at the

southern coast of the Sea of Azov

V.1. Vernadsky Taurida National University, Simferopol, Ukraine

JloMUHHEPYONM BHAOM KHTOOOpa3HBIX B A30BCKOM MOpeE
SIBJISIETCSI a30BKa — MOJBUJI OOBIKHOBEHHOW MOPCKOIl CBUHBU
(Phocoena phocoena relicta). Cnydan 3axoma 06em000YKH
(Delphinus delphis) He perucTpupoBaiuch, a adaiuHa
(Tursiops truncatus) 3aXOIUT OYE€Hb PEIKO — IO MHEHMIO
H.B. ®ponosoii u JI.U. Tapanenko (1999), ue 6onee 1-2 oco-
6eii B rox. O 3axonax adannHsl B A30BcKoe Mope nucan B.1.
Hankun (1940). B naywsoii smteparype 3a nepuoxn 1980-
2000 rr. coobmaercst TOJILKO 0 3 BRIOpOcax MepTBHIX adainH
B AzoBckoM Mope. B 1982 1. Ha Gepery B paiioHe Yp3yoda
(Tonenkas obnacTh) OblIa HaifeHa 0cOOb JTHHOM okoto 150
CM C pe3aHbIM paHEHHEM B paiioHe 3aThUIOUHON KocTH (Dpo-
noBa 1 Tapanenko 1999). B 1995 r. B roxxHO# wactu Apabart-
ckoit crpenku (Kppim) Opiir 0OHApYKEHBI 1Be MEPTBEIX ada-
JIMHBIL: MOJIOAOW camerl JUIMHOK 175 cM co clienamu mpuiioBa
U B3pociias camka jiuHoi 273 cm (Birkun et al. 1997).

Hamm Haxoaku otHocsaTcs K nepuoay 1999-2007 rr. (puc.).
20 asrycra 2001 r. Ha ceBepHOM cKkJoHe Mbica DPoHapp B
a3oBckoi wacTH KepueHckoro mposmBa ObUT HaWaeH Tpyn
adanuHbI-ceroyeTky JHoN 140 cM; y )KMBOTHOTO Ipope3a-
JMCHh HECKOJBKO Tap 3yOOB B HIDKHEHW 4emrocTH. B Tom xe
paiione, 6mu3 bapzoBckoro mrica (M. Bap3oBka), B OKTA0pe
2003 r., IO COOOIIEHUIO MECTHBIX XHUTENeH, ObUIO BEIOpOIIIE-
HO B3pociioe KuBoTHOE. 1 okTs10ps 2005 1. Tam ke, y bap3os-
CKOT'0 MBICa, OBIIT 0OHAPY)KEH TPYIHOI MO3BOHOK a(aIiHbIL.

27 mas 2007 r. meprtBas adanuHa (IPEOIOIOKHUTEIBHO, Ca-
Mmen) JuIMHOHM 238 cM M Bo3pacToM 16 ser Obuia HaljeHa Ha
Mbice TapxaH — Ha FOXKHOM MoOepexbe A30BCKOT0 Mops. 15
OKTSIOpsI TOTO JKe To/1a ObUIa C/IeIaHa eIle 0JHa HaX0Ka OKO-
10 bap3oBckoro Mpica — camern JJIMHON 244 cM U BO3pacToM
12 ner. ITo cooOLIEeHNIO MECTHBIX PBIOAKOB, OH OBLT BHIOPO-
meH 3a 10 gaelt mo Hamredt Haxoaku. CocTosiHEE Tena 000ux
nenb(UHOB HE MTO3BOJIIIIO 3aPETHCTPUPOBATH CIIEABI IPHIIOBA
I JPYTUX BEPOSTHBIX TIPUIHH THOCTIH.

Ha ¢one cmama naxomok azoBku B 2007 T. oKa3anoch, 4TO
HAXOAKH adaTiHbl cocTaBWIN §% OT BCEX 3apeTUCTPUPOBAH-
HBIX BBIOPOCOB 3TOro roaa. ['1aBHBIM 0Opa3zoMm adamuHa pe-
THCTPHUPYETCs B a30BCKON yacTu KepueHCKoro mpojimBa — Ha
KPBIMCKOM T00epesxbe Mex 1ty MbicoM DoHaps u cesniom Oco-
BUHBI (puc.). 3neck adanuHa cocraBuna 7% Haxonok ¢ 1999
T.

Kpome Toro, 1o cooOuieHUsIM MECTHBIX JKUTEJeH, phI0akoB 1
OTABIXAIONINX, B pa3sHbIX MECTaX MOOEpeXbs OTMEYAIOTCS
BCTPEYH M BBIOPOCHI KUTOOOPA3HBIX, IO ONHMCAHUIO HE IOXO-
KHX Ha A30BKy W OTJIHMYAIOIIUXCA KPYIHBIMH pa3MepaMH.
OnHako HMeIoIIMecss B HAIleM pACIOPSHKEHHH OIHCAHUS

The dominant species of cetaceans in the Azov Sea is a
subspecies of the harbor porpoise (Phocoena phocoena
relicta). The case of entry of the white-sided dolphin
(Delphinus delphis) were not recorded, and the bottle-
nose dolphin (Tursiops truncatus) enters very rarely —
according to (®ponosa u Tapanenko 1999), not more
than 1-2 individuals per year. Entries of bottlenoses to
the Azov Sea were reported by (Ilankun 1940). Be-
tween 1980 and 2000, only 3 strandings of dead bot-
tlenoses in the Azov Sea were reported. In 1982 on the
shore in the region of Ursuf (Donetsk Region) an indi-
vidual was found of 150 cm long with a cutting wound
in the region of the occipital bone (®ponosa u
Tapanenko 1999). In 1995 in the regions of Arabats-
kaya Strelka (Crimea) two dead bottlenose dolphins
were found: a young male 175 cm long with some
signs of incidental catch and an adult female 273 cm
(Birkun et al. 1997).

Our finds were made between 1999 and 2007. [Fig. On
August 20, 20010n the northern slope of Cape Fonar in
the Azov part of the Kerch Strait, a carcass of a bottle-
nose young of the year, 170 cm long was found. It had
several pairs of teeth erupted in the mandible. In the
same region near Barzovsky Cape (Cape Varzovska)
in October 2003 according to local citizens an adult
animal was stranded. On October 1, 2005, off Cape
Barzovsky, a bottlenose vertebra was found.

On May 27, 2007, a dead bottlenose (presumably, a
male) 238 c¢cm long and aged 16 was found on Cape
Tarkhan —on the southern coast of the Azov Sea coast.
On October 15 of the same year, still another find near
Cape Barzovsky was made — a male, 244 ¢cm long and
12 years of age. According to the local fishermen, it
was stranded 10 days before our find. The body condi-
tion of both dolphins prevented from revealing any
signs of incidental catch or any other causes of death.

There were few finds of the harbor porpoises in 2007,
and those dead bottlenose finds accounted for 8% of
all the recording strandings of that year. Bottlenose
dolphins are mostly recorded in the Azov part of the
Kerch Strait — on the Crimean coast between Cape
Fonar and the village of Osoviny (Fig.). Bottlenoses
accounted for 7% of finds since 1999.

In addition according to local residents, fishermen and
vacationers, in different part of the coast some ceta-
ceans looking like harbor porpoises and large and size
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BuwHskoBa v MonbauH. Haxo0ku agbanuHbl Ha 10XXHOM r1obepexbe A308CK020 MOPSI

CITHIIIKOM HETIOJIHBI, 4TOOBI CeTaTh JOCTOBEPHBINA BBIBOJ O
TOM, YTO OHH JICHCTBUTEIBHO OTHOCSATCS K adaiuHe Wi Oe-
JI000UKE.

AHanu3upys IOJIyYeHHbIE JaHHBIE, MOXXHO 3aKIIIOUUTh, YTO
adanrHa 3aX0IUT B A30BCKOE MOpE PEIKO, HO PEryJIsipHO.
[pennonoxuTensHo, nenbGuH uaeT B A30BCKOE MOpe 3a
Ba)XKHBIM OOBEKTOM MUTAHUS — HJICHTACOM.

ABTOpBI BIpaXatoT OnarogapHocts .B. MapkoBy u B.H.
CoxuHy 32 IOMOIIb B cOOpe MaTepHania.

The Sea of Azov

were sighted and stranded. However, the reports in our
disposal are incomplete to claim that those were ac-
tually bottlenose or white-sided dolphins.

Analysis of data obtained gives ground to conclude
that the dolphins enter the Azov Sea for an important
prey — the Pacific mullet.

The authors are thankful to D.V. Markov and V.N.
Sokhin for assistance in gathering data.

Puc. Mecta oOHapy xeHUsI OC-
TaHKOB aanuH B 10)KHOH YacTh
A3OBCKOTO MOpS M a30BCKOM
yactu KepueHckoro npomnusa.

Fig. The sites where the re-
mains of bottlenoses were found
in the southern Azov Sea and
the Azov part of the Kerch
Strait.
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Voloshina et al. The range of the spotted seal in the Sea of Japan and the Yellow Sea
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Voloshina LV.", Park Grimm?, Rtishchev D.D.", Myslenkov ALl
The range of the spotted seal (Phoca largha) in the Sea of Japan and the

Yellow Sea

1. L.G. Kaplanov’s State Nature Reserve, Lazo, Russia
2. Sorak-San National Park, Sokcho, South Korea

B mpempiaymmx paboTtax MBI XapakTEpU30BaIH MPOCTPaH-
CTBEHHYIO CTPYKTYpY Homyisiwn jtapru (Bomommnaa 2004)
Y aHAIM3UPOBAIM KaJaCTp MECT OOMTAHHUS TIOJICHEH B aKkBa-
topun Cuxord-Anmackoro (CAB3) m Jlazosckoro (JIII3)
3anoBenHUKOB (Bomommua m bornapuyk 2001, Bomommaa
2005). KagactpoBble ommcaHus, OJHAKO, HE TOKAa3bIBAIOT
BCEX MECT OOMTAHUS U TEPEXO/I0B KHUBOTHBIX MEXIY JIEK-
OouiamMu U KOpMOBbIMU OaHkamu. [1o3ToMy OBUTO HEOOXO-
JAUMO YYUTBIBATH BCC TOYKU IMPUCYTCTBUA BHJA B aKBATO-
pun.

C 1999 r. B 3amoBeHMKAX HAa4YaJId BBOAWUTH TeonH(OpMa-
nuoHHbIe cucteMbl (GIS), U1 KOTOpBIX HaYaIn CO37aBaTh
6a3bl JaHHBIX 110 KAXJIOMY BUIy Milekonuratomero (Boo-
mmaa 2003). Ilpumenssiock mporpamMmHOe oOecreueHHe
ESRI

Mecra BH3yallbHBIX BCTpEY C TIOJICHSMU HAHOCWIIM HA
npeaBapuTenbHo noaroroBiennble 'MC kapTel obomx 3a-
MOBEJHUKOB C MpPUMEHEeHHeM mporpammbl ArcView 3.2a.
JlaHHble crpynnupoBaHbl Mo JecsiTuieTusM. KapTel pac-
NPOCTPaHEHUsI CO3/JjaHbl 3HAYKOBBIM METO/IOM II0Ka3a apea-
J1a, TJie TOYKa — OJIHAa BU3yaJlbHasi BCTpeYa 0COOU MITH IpyII-
el TroNeneit (Tynukosa 1969).

Takum 00pa3oM, yaanoch nepeiTr oT KagacTpoB MecT 00u-
TaHUs K HOJHOMY apeaiy BHIa C MCIIOJIb30BaHHEM OOJIbIIO-
IO KOJMYECTBA TOYEK IPUCYTCTBHS BU/A.

Kaproreunast 6a3a nanabix CUX0T3-AJIMHCKOTO 3ar0BE/HHU-
Ka HauuHaetcs ¢ 1957 . (1ad.).

In previous studies we characterized the spatial structure
of the population of the spotted seal (Bomommnua 2004)
and analyzed the known maps and aquatic distribution of
seal habitats in the Sikhote-Alin (SNR) and Lazovsky
(LNR) reserves (Bomommna u bommapuyk 2001,
Bosommna 2005). These descriptions, however, do not
show all the habitats and passes of the animals between
the haulout sites and feeding shoals. Hence, it was ne-
cessary to take into account all the sites where the spe-
cies was present in the water area.

The year of 1999 marks the beginning of the introduc-
tion of geo-information systems (GIS) on the reserves,
for which databases for each mammalian species were
developed (Bomomuna 2003). The software ESRLI was
applied.

The sites where seals were sighted were mapped in spe-
cially prepared maps of both reserves using the ArcView
3.2a software. Data were grouped according to ten-year
periods. The maps were created by the marking method
of demonstrating the range, where the point is one sight-
ing of an individual or a group of seals (Tymukosa
1969).

Thus, from habitat maps, the complete species range was
turned to with a use of a large number of sites of the
species presence.

The mapping base of data of the Sikhote-Alin Reserve
starts with 1957 (table).

Ta6. KonnuectBo Habmoaenui B 3amoBennukax / Tab. Number of observations in Reserves

ITepuon KomuaectBo Ha- KommaectBo ko- Kommdaectso Ha- KomuaectBo ko-
Period OJIFOICHUH OpJIMHATHBIX TO- OJIFOICHUH OpPJIVHATHBIX TO-
CAB3 YyeK B JIII3 YyeK

1958-1960 10 8 7 5
1971-1980 184 55 5 5
1981-1990 440 74 28 25
1991-2000 416 35 19 18
2001-2007 208 7 108 90
Hroro: 1401 212 170 139

B 0aze mo yapre mopakaeT TOYHOCTH NPHBSI3KH KaKHOMH
BU3yaJIbHOW BCTpPEYM K OTpe3Ky Mobepexbs SmoHckoro
Mopst. KaxIplif J€CHUK WM HayuyHBId COTPYAHUK YETKO
YKa3bIBaeT, B KAKOM MecTe OYXThl MJIM MbICA HAXOJWJINCH
KMBOTHBIC. Jlapru mpuxoasaT Ha 1oJisl NUTaHus B OYXTHI B

Striking in the database on the spotted seal is the link of
every sighting to the particular section of the shore of
the Sea of Japan. Every ranger or a researcher points out
precisely where in the bay or cape the animals are si-
tuated. Spotted seals come to the feeding fields in the
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BonowwuHa v gp. Apearn napau 8 SiInoHckoM u XKEnmom Mopsix

OJIHU U Te ke MecTa. TOJIbKO BOJHEHHE MOPS WITH TOSBIIC-
HHE JICIOBBIX TIOJICH B SIHBApEe HECKOIBKO MEHSIOT MX Pac-
MOJIOKEHHE BJIOJIb MOOEPEKBS M PACCTOSHUE OT KPOMKH
Oepera.

MakcrManbHOE KOJIMYECTBO TOUYEK IIPUYPOUYECHO K YETBIPEM
JeKOUIIAM, TPUIEM 3TO TOJEKO HAOIIOACHUS KOJUICKTHBOB
3al0BETHUKOB, a CIELUalbHbIe HCCIEIOBAHUS IO Jlapre
CIOJIa HE BKJIIOYAIUCh. JJaHHBIE CTPYNIIMPOBAHBI MO AECATH-
neTusM, IpuIéM nepBoe aecatmietie 1957-60 u mocnenHee
2001-07 — HemoTHEIE.

AHanu3 MOCTPOEGHHOTO apealia JIaprd MOKa3bIBaeT, YTO OH
TSHEeTCsl y3Kkol yieHTo# (He Oosiee 200) BIONb MOOEPEkKbS
CAB3 u XKenesnskoBckoro 3akazHuka (puc. 1). Pacmmpe-
Hue apeana B sHBape 1982 r. ormeueno no 400 M, korga 8
OTACJIBHBIX JKHUBOTHBIX JIC)KAJIM HA JIbAWHAX, HO OTO €AU-
HUYHBIN ciay4ail. Kak mpaBuiio, u B siHBape jJapru He ynaa-
mstrorest 6onee 70-100 M OT KpoMKH Oepera WM JIEISTHOTO
npunas. B netuunit nepuon napru ormeuenst B 200-220 m ot
KPOMKH Oepera, HO 3TO TOXKE €JUHUYHbIC HAOII0NeHHs. MBI
MMEEeM KOCBEHHOE IOJTBEP)KACHHE Y30CTH apeaya JaprH.
B.M. benskosud 1 M.H. [IlékotoB (1990) coobmaror, 4To,
KOTJia OHU yAasmich oT Oepera Ha 400 M K CTaBHBIM CETSIM
C LIEJIBIO 3alUCH 3BYKOB, TO YPOBEHb aKyCTHYECKON aKTHB-
HOCTH TIOJICHEH Tajai 0 HyJsl, IOTOMY YTO YHCIEHHOCTb
Japru pe3ko magana. Takum obpa3om, Ha pacctosHIM 400 M
oT Oepera, nepxaTcs JHUIIb PEIKUE EAWHUYHBIE OCOOH.
BOnu3u Oepera japri akTUBHO NMEPEKIMKAIOTCS 110 BOOH.
Hamm o6cnenoBanus ceBepa TepHeickoro paiioHa mokasa-
JIM, 4TO B OTKPBITOM MOpE JIapTyl HE BCTpeyalich. Tenemer-
puueckre HaONIOJCHUSI TOBOPAT O TOM, YTO OAWHOYHBIC
Japru MOTyT yaanathkes ot o6epera Ha 43 kM (Tpyxun 2005),
HO TaK{e CIydau He HOCSAT MaccOBOTO XapaKTepa.

MHoronetHue u3sMeHeHus apeana Jjapru B I[Ipumopckom
Kpae He MpOoCieXHuBaloTcs. JIMHaMIKa MaKCUMAaIbHBIX IO-
KazaTeneld duciaeHHOCTH Buaa Ha 100-KUIOMETpOBOM OT-
pe3ke Ceseproro IIpuMopesi Takke MOKa3bIBaeT HE3HAYH-
TeJbHbIe U3MeHeHus (puc. 2).

Amnanu3 apeana yapru B Jla3oBckoM paiioHe IoKa3an He3Ha-
YUTENbHYI0 IPEPHIBUCTOCTh Y3KOIl JIEHTHI apeana (puc. 3).
310 O0OBSICHSAETCS MEHBIINM KOJMYECTBOM HaOIIOIECHUH
(170) B r0xHOM yacTH apeana, yeM B ceBepHoi (1401) vac-
TH.

Takum obpazom, B SIMOHCKOM MoOpe, Japra UCHONB3YeT y3-
KyIO TIOJIOCY CyOnMTOpany ISt JIeKOHII ¥ TOJIITY BOABI JUIS
KOPMEXKKHN U TIepeABIKCHNN 10 TiryOouHB! 6-10 M. Heobxo-
MO OTMETHUTb, UYTO B yCIOBHAX abpa3moHHOro Oepera Ce-
BepHOro IIpuMOphst J€HTOYHAsI CTPYKTypa apeayia BIIOJIHE
onpasnana. [Ipu mepexomae ot abpa3noHHOTO Oepera K pua-
COBO-OyXTOBOMY, KOTJa Jiapra KOHICHTPUPYETCS BOKPYT
OCTPOBOB, 3Ta JIEHTa MOXET Orubarh OOJIIINE U MEJIKHE
OCTpOBA, OCTaBasICh TOM K€ IUUPHUHBI, YTO U IIPU BBIPOBHEH-
HOM a0pa3uoOHHOM MOOEpEeKbe.

O6cnenoBanue XKénroro Mopst 6bu10 MpoBeaeHO 25-26 ceH-
Ts20pss 2006 T. Bruto mpoiineHo mopem 190 kM oT mopTa
WNuvon mo ocrpoBa bek-Péonr (Bak-ryoung-do), roe m3-
BECTHBI TPYNIUPOBKU Japru. B OTKPBITOM MOpe Jjapru He
BcTpedeHbl. OiHa rpyNIMpoBKa Ha IUIaBy ObUIa OOHapyXe-
Ha BOJHM3M 3amagHOrO MOOEpEeXbs OCTpoBa: 29 TrOJCHEH
(Dumu-Jin). Ona xopmunace B 100 M ot Gepera. Bropas

TpyNIIUPOBKA HAXOAWIACh B 1 KM OT OCTpOBa Ha TPEX CKa-

bays to the same sites. Only rough sea or ice fields in
January somewhat change their situation along the shore
and distance from the edge of the shore.

The greatest number of the sites is associated with the
four haulouts, and those are only the observations by
reserve employees, whereas no special spotted seal stu-
dies were performed. Data were grouped according to
tens of years, and the first ten of years 1957-60 and the
last 2001-07 were incomplete.

Analysis of the constructed range shows that it extends
in a narrow strip (not more than 200 m) along the shore
of the SNZ and Zheleznyakovsky sanctuary (fig. 1). Ex-
pansion of the range in January 1982 was recorded up to
400 m when 8 individual animals were lying on an ice
block. Normally, in January, spotted seals do not move
away farther than 70-100 m from the shore or the shore
ice. In the summer, spotted seals were sighted 200-220
m from the shore edge. We have some indirect confir-
mation of the narrowness of the spotted seal range, V.M.
Belkovich and M.N. Schekotov (benmskoBuu u I1[ékoToB
(1990) report that when the the seals moved away from
the shore 400 m to the fixed gill nets to record signals,
the level of acoustic activity of the seals dropped to zero
because the numbers of spotted seals sharply declined.
Thus, only some individuals keep at a distance of 400 m
from the shore, which occurs rarely. . Near the shore
spotted seals actively communicate with each other. Our
studies of the north of the Terneysky District have re-
vealed that in the sea spotted seals do not occur in the
open sea. Radio-tracking studies are suggestive that
some individual spotted seals may move 43 km away
from the shore (Tpyxun 2005), but such cases are not
numerous.

No long-term changes in the range of the spotted seal in
the Primorsky Territory have been found. The dynamics
of maximum indices of the species number in a 100 km
section of Northern Primorye also showed some negligi-
ble changes (fig. 2).

Analysis of the range of the spotted seal in Lazovsky
District demonstrated some minor discontinuity of the
narrow range band (fig. 3). This is accounted for by a
smaller number of observations (170) in the southern
part of the range compared with that in the northern
(1401).

Thus, in the Sea of Japan, the spotted seal uses a narrow
strip of the sub-littoral for haulout sites and the water
column for feeding and movements to a depth of 6-10
m. It should be noted that under break-up conditions use
of narrow strip of shore of Northern Primorye is quite
justified. In transition from the abrasion shore to the ria-
bay shore, when the spotted seal is concentrated along
he islands that strip may detour smaller and larger isl-
ands of the same width as in the leveled-off abrasion
shore.

The examination of the Yellow Sea was conducted on
September 25-26, 2006. 190 km was covered by sea
from the port of Inchon to Bak-ryoung-do, where spot-
ted seal groupings are recorded. Spotted seals do not
occur in the high sea. One swimming group was found
near the western coast of the island: 29 seals (Dumu-
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mucThix octpoBkax (Mul-Beum-Rock) — 165 nexamux Tro-
nereir. B 70 M ot nexOwuina Ha KaTepe 3ariIyLIiId MOTOp,
HO BCE paBHO THOJICHW HadaJikd CXOAUTh B BOAY, IMO3TOMY,
noICUET SIBHO 3aHMKeH. TakuMm obpaszom, u B JKénrom Mope
JIApTH HAXOIATCS BOJNM3K OeperoB ocTpoBa, 3aHumas 100 m
TI0JI0CY BJIOJIb CKanucToro kiuda uiam aepxkack B 100-200 m
oT yiexxOnma Ha pude. MakcumanbHas yucieHHocTh (343
TIOJIEHS) B TPEX TOUYKAaX BOKPYI' OCTPOBA 3aperHMCTpUpPOBaHa
B aBrycrte 2002 r. (Won and Yoo 2002). Kopetfickue uccie-
JIOBaTeIM YIOMHHAIOT €ME O JIBYX JICKOHMIIHBIX TPYIIH-
poBkax B JXXénrom mope, npuHaanexamux Kopee, uncien-
HOCTb KOTOPBIX Heu3BecTHa. MMerorcs eme rpynnupoBKU
napru B boxaiickom 3ammBe JXKé€nroro mops, nmpuHammexa-
meM Kuraro (Wang 1986). Takum oGpasom, u B JXKéarom
Mope Jlapra ocTaércsi OeperoBbIM TIOJIEHEM M TaK XKe, Kak U
B SINOHCKOM Mope, HO JICHTOYHAsl CTPYKTypa IPOCIIeKHBa-
€Tcsl TOJIBKO BOKPYT OCTPOBOB. Apeaj BJOJIb KOHTHHEH-
TaJIbHBIX OeperoB M3ydeH HemocTaToyHo. OcoOeHHO Heoc-
Ta€T CBEJECHUH O INpUOpeKHOH 30HE SIMOHCKOro Mops y
Kopetickoro noxyoctpoBa. ABTOPHI Oiaromapsit opraHmu3a-
Topa wuccnenoBaHuii mMucc CaH-SH 3a (UHAHCHPOBAHHE
MOPCKOTO MapIipyTa Ha octpoBa JKénroro Mopsi.
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Jin). The seals were feeding 100 m from the shore. The
second group was 1 km away from the island on three
cliffy islets (Mul-Beum-Rock) — 165 lying seals. 70 m
from the haulout, the boat engine was stopped, but in
spite of that, the seals started descending into the water,
hence, the number was clearly underestimated. Thus, in
the Yellow Sea, spotted seals are near the shores, occu-
pying the 100 m strip along the cliff or keeping 100-200
m from the haulout on the reef. The greatest numbers
(343 seals) at three sites around the island was recorded
in August 2002 (Won and Yoo 2002). Korean research-
ers mention two other haulout aggregations in the Yel-
low Sea, belonging to Korea, whose numbers are not
known. There is a grouping of the spotted seal in the
Bohai Gulf of the Yellow Sea, belonging to China
(Wang 1986). Thus, in the Yellow Sea, the spotted seal
is a shore seal similar to that in the Sea of Japan, but the
strip pattern is only found around the islands. The range
around mainland shore has not received enough study.
Data on the shore zone of the Sea of Japan off the Ko-
rean Peninsula is particularly lacking. The authors are
thankful to the organizer of the study Ms San-Yan for
the financing of the sea cruise to the Yellow Sea islands.

Puc. 1. Apeain napru Ha oxpa-
HSEMBIX aKBaTOpHUsX TepHENCKO-
ro paiioHa

Fig.1. The range of the spotted
seal in the protected water areas
of the Terneisky District
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BonowwuHa v gp. Apearn napau 8 SiInoHckoM u XKEnmom Mopsix
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Puc. 2. IlnraMrka MakCHUMaJIbHBIX TIOKa3aTeNIeH YUCIIEHHOCTH Japru 3a 22 roga: 1986-2007
Fig. 2. Dynamics of maximum indices of spotted seal numbers in 22 years: 1986-2007
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Puc. 3. Pactipenenenuie napru B JIa30BCKOM paiioHe
Fig. 3. The distribution of the posted seal in the Lazovsky District
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Benomopckas nomynsinus rpeHnanackoro Tronens saeisi- | The Harp seal White Sea population is an important com-
€TCsl OYCHb BaXKHOW YacThiO 3KocucTeM bapeniieBa u be- | ponent of the Barents and White seas ecosystem. This
JIOTO MOped. DTO caMblii MHOTOYHCIICHHBIH BHJ| TIOJEHEH, | species is the largest in number among those breeding in
pasMHOXaroIuiicss B0 BHYTpeHHHX Mopsx Poccuu. Ha | the closed seas of Russia. The White Sea population dras-
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pE3KOe YMEHBIICHHE YHCICHHOCTH OEIOMOPCKON MoIry-
JSIUMY, TPOU3OLIENIIEee B MOCIEAHUE TOABI, OOpaTHIH
BHHMaHHE YUY€HbIE 1 MUPOBast O0IIECTBEHHOCTb.

C 1998 r. B benom mMope perynsapHO NPOBOAATCS UHCTPY-
MCHTAJIbHBIC aBUAay4€Tbl YUCJICHHOCTU HeTeHblHleﬁ I'pCH-
JIaHICKOTO TIOJICHS, OCHOBaHHBIE Ha MYJIBTHCHEKTPallb-
HOH TEXHOJOIWH (TEIUIOBH30p+(OTOCHEMKa) MOJCYETa
JICTCHBINICH Ha MICHHBIX 3aiexkax (puc. 1). YdaeTsl mpo-
BOMATCS B mepuof ¢ 12 mo 22 mapra, KoTJa MpaKTHIeCKH
BCE IIEHKU POJMINCH, HAXOAATCS HA JIbAY W B BOIY €Ile
He cxomaT (YepHook u mp. 2000).

PesynpraTel aBmayderos, BemmosHeHHBIX [IMHPO 3a me-
puoz ¢ 1998 r. mo 2005 r., moka3anu pe3Koe yMEHbIIECHHE
yucieHHocTy meHkoB B 2004 u 2005 rogax. YncneHHOCTH
meHkoB 3a 2 rona ¢ 340000 ymana no 122000. B 2006 u
2007 rr. IIMHPO yuera neTeHslei rpeHIaHACKOIO TO-
nenst beom Mope He poBoOAMIIO.

B aroii curyanum kpaiiHe HEOOXOANMO UMETh AaHHBIE O
COBPEMEHHOM cocTosiHuM nomyssiuu. [Toaromy B 2007 n
2008 r1r. OOBEAMHEHHAS KOMaHIA HCCIIENOBaTelIel W3
TUTTPOPBIB®JIOTa, U133 PAH u CoBeTa 110 MOPCKUM
MIICKONUTAIOMNM TpH (UHAHCOBOH moamepxkke [FAW
BBINIOJHMIA PAOOTHI MO OLEHKE COCTOSHMS JAETECHBINIEH
TPEHIIAHJCKOTO TIONEHs B bermom mope. ABuanccnenosa-
HUS TIPOBOJWIIMCH C MaJoro camojera-madopatopun JI-
410. UcnonwzoBanue camosnera JI-410 mo cpaBHEHHIO C
paHHee MPUMEHSIBIIMMCSA camojeToM AH-26 «ApKTHKa»
MO3BOJIMJIO YMEHBUIUTh CTOUMOCTh aBHayyera 0ojiee 4eM
B 2 pasa. [Ipy 3TOM KauecTBO MyJBTHCIEKTPAJIbHBIX Che-
MoK ¢ 6opta JI-410 okazanoch 3HAYUTENBHO Jy4LIe: IIyM
MaJloro camoJieTa He pacIyrnBall TIOJIeHeH, kauecTBo (o-
TOCHAMKOB BBIIIE, a TOjoca o030pa TemioBu3opa B 1,5
pasa mupe (UYeprook u ap. 2008).

IIpu mpoBeaeHNN aBUACHEMOK IIEHHBIX 3aliexkek B benom
Mmope ¢ 14 o 17 maprta 2007 1. u ¢ 14 mo 18 mapra 2008 r.
II0JIy4€HbI MaTepUabl [10 YUCIEHHOCTH U PaclpeiesIeHun
JICTCHBINICH OEIOMOPCKOW TOMYJSAIMA TPEHIIAHIICKOTO
TIOJICHS, 10 OWMOJIOTHYECKHMM I1apamMeTpaM THOJICHEH, Mo
JIEZIOBBIM YCJIOBUSIM U IO BO3JCHWCTBUIO CYIOXOJCTBA Ha
LIeHHbIE 3aJeXKU. KapThl pacnpeneneHus MEeHHbIX 3aie-
K€K U JIbJIOB TIOKa3aHbl Ha puC. 2.

Ouenka uuciaeHHOCTH poauBuuxcs B 2007 T. LIEHKOB
0ETOMOPCKON TMOMYISIIAN TPEHJIAHACKOTO TIOJNIEHS TIO
JAaHHBIM WHCTPYMEHTaJmbHOTO aBuaydera ¢ JI-410 cocra-
piuia 158+28 Tteic. gereHsbinei. OIleHKa YMCIEHHOCTH
ponuBmuxcs B 2008 T. MEHKOB MO HAIIMM JaHHBIM CO-
craBuina 114+21 TeIC. mereHblmeil. DTO MHUHHUMAaJbHAS
YHCICHHOCTh TpHUIUIoNa B 1l-meTHeM psigy WHCTpyMeEH-
TaJIBHOT'O aBI/laMOHl/ITopI/IHFa I'peHJ'IaH,HCKl/IX TlOﬂeHei/lI B
Bbenom mope (Tab.).

OTMe4YeHHOE PE3KOe CHIKEHUE YMCIIEHHOCTH JIETEeHBIIEH

00yCIIOBJICHO CIICIYFOIIUMHI OCHOBHBIMH IIPHYNHAMHU:

® pe3KHe KJIMMATHYCCKUEC W3MEHCHUsI, MpPHUBEIIINE K
YMEHBILIEHHUIO JISATHOTO MOKpoBa B benom mope;

e HTeHCH(UKAIMS [TPOMBIILUICHHOW JESITENbHOCTH B Oe-
JIOMOPCKOM pEeruoHe (MOPCKHE MMEPEBO3KH, 3arpsS3HEHUS
cpebl OOUTaHws);

® yCUJIGHHE KOHKYPEHI[MH C YEJIOBEKOM 3a BOJAHBbIE OHO-
pecypcest (bontaeB n Yeprook 2008);

tic decline, which has happened over the last years, at-
tracted attention of the public and caused the scientists’
concerns worldwide.

Since 1998, in the White Sea there have been regular con-
ducted instrumental aerial surveys of the White Sea Harp
seal calves quantity, based on multi-sensor technology
(thermal scanner+photography) of identifying the quantity
of calves at the breeding grounds (Fig. 1). The surveys are
being conducted over the period of 12-22 March, when
practically all the calves are born, located on the ice and
do not go to the water yet (Chernook et al. 2000).

Aerial surveys made by Polar research institute of a sea
fish facilities and oceanography (ITMHPO) from 1998 to
2005, provided evidence of a drastic decline of the Harp
seal calves over the period of 2004 - 2005 years. Within
two years only the quantity of calves has reduced from
340 to 122 thousand. In 2006 and 2007 Polar research
institute of a sea fish facilities and oceanography
(ITMHPO) did not conduct surveys of the White Sea Harp
seal calves quantity.

Under such circumstances it is vital to have data of the
current state of the population. Therefore in 2007 and
2008 the joint research team of GYPRORYBFLOT (State
Scientific, Research and Design Project Institute for De-
velopment of the Fishery Fleet), Institute of Ecology &
Evolution of Russian Academy of Sciences and Marine
Mammals Council supported by the International Fund for
Animal Welfare (IFAW) made a survey to estimate the
state of the Harp seal calves in the White Sea area. The
aerial surveys were conducted from the board lab-aircraft
L-410. In comparison to An-26 “Arctic” used before, L-
410 aircraft application allowed to reduce twice the cost of
the aerial survey. At the same time the quality of multi-
sensor photography from the board of L-410 aircraft
proved to be much better: noise of a smaller aircraft does
not scare seals, quality of the photography is better, and
the swath of the thermal scanner is 1.5 times wider (Cher-
nook et al., 2008).

As a result of aerial surveys of the breeding grounds in the
White Sea from 14 to 17 March 2007 and from 14 to 18
March 2008, the following data has been gathered: the
White Sea population of Harp seal calves quantity and
distribution, seals biological characteristic, ice conditions
and influence of the shipping on the breeding grounds.
Fig. 2 shows maps of breeding grounds and ice distribu-
tion.

In 2007, according to the results of the aerial survey from
the board of L-410 there were born 158 + 28 thousand of
the White Sea Harp seal calves. In 2008 we made an esti-
mation of 114 £ 21 thousand calves born. It is a minimal
offspring over 11-year period of instrumental aerial sur-
veys of Harp seals in the White Sea (Table).

This drastic decline of the calves quantity registered was

caused by the following factors:

e Severe climate changes which caused ice degradation
in the White sea;

e Strengthening of the industrial activity in the White
sea region (shipping, environment pollution);

e Higher competition with a man for water biological
resources (Boltnev, Chernook, 2008);
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® [IPOMBICEJI JIETEHBINIECH IPEHJIaHICKMX TIOJICHEH.

PaccMoTpuM BO37€HCTBHE BBINIETIEPEUUCICHHBIX (PaKTO-
POB Ha OEIOMOPCKYIO TOIMYJISILIMIO TPEHIIAHACKOrO THOJIe-
Hs.

e Hunt for Harp seal calves.

Let’s discuss in more detail the factors of influence on the
White Sea Harp seal population mentioned above.
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Puc. 1. UK uzo6paxenue u 1iupoBoii pOTOCHUMOK OJHOTIO M TOTO XKe ydacTka mieHHo# 3anexku (bemoe mope, 17
mapra 2008 r.). Ha MK u300pakeHur KOHTPACTHO BBIACIISIOTCS TEILIOBBIC MATHA U OT B3POCIIBIX, U OT JICTCHBIIICH, B
BUJIMMOM K€ JIMAa30He XOPOIIO BUIAHBI TOJIBKO B3POCIIbIE TIOJIEHH.

Fig. 1. IR image and digital picture of the same part of the breeding ground (White Sea, 17 March 2008). Thermal
spots on IR image show well both adults and calves, while on the digital picture one can obviously see only adult seals.

Brnusnue uzmenenuii knumama

Cpenu HamboJee BEPOATHBIX IPHUYHUH KaTacTPO(YUIECKOTO
CHIDKEHHS YHCIIEHHOCTH JCTCHBIIICH OeTOMOpPCKON TOmy-
TSN TPEHJIAHACKOTO TIOJNEHS — TI00albHOe MOTETUICHHE.
Hauunas ¢ 2004 1. 3UMBI B peTHOHE aHOMAJIBHO Teribie. B
2007 r. negoctaB B beroM Mope Hadalcs B IEpBOM JaeKane
¢despans, a B8 2008 r. erre mo3ke — B TpeThei aekane (es-
pajisi — Ha JIBa Mecsila 1o3)ke MHoroyneTHeil HopMel. K map-
Ty 2008 r. crnoxuinack karactpoduyeckas CUTyalus — B
AKBAaTOPUH MOpPS TPAKTUYECKHU HE 6]:1]'10 MMPUTrOJAHBIX JJId
1mieHkH ap10B! A yxke k nepBoil nekane amnpens 2007 r. ak-
Batopusi besoro Mopst mpakTHuecku 0cBOOOIMIACH OTO
JIbJ1a, YTO PaHbIE MHOTOJIETHEW HOPMBI Ha Mecsi. Takum
o0pa3oM, BpeMs CYIIECTBOBAaHHUS JIEIIHOTO TMOKpoBa B be-
oM mope B 2007 u 2008 rr. 65U10 Beero 60-80 mHei, 9To B
2 pa3a MEHbLIE MHOTOJIETHEH HOPMBI; KPOME TOrO, ILIO-
b JeISHOTO MMOKPOBa YMEHBIIMIACH OoJiee 4eM B 2 pasa
1o cpaBHeHuIo ¢ 1998 r., a e ObUT OYEHb TOHKUM U MOK-
peiM. TonmuyHa abaa B iepBoi aekaae maprta 2008 r. Obuia
10-12 cm (B 1998 1. — 40-60 cm).

Climate change influence

Global warming is one of the most probable reasons of
the critical reduction of the White Sea Harp seal calves
quantity. Since 2004 winters in the region are anoma-
lously warm. In 2007 freezing-over in the White sea has
started during the first ten days of February, in 2008 —
even later — in the end of February — it is two months
later than the normal time observed for years. By March
2008 the situation in the White Sea was catastrophic —
there was practically no ice suitable for breeding! And
by the beginning of April 2007 all the ice in the White
Sea has melted, which is month earlier than the norm.
So, ice cover in the White Sea in 2007 and 2008 sur-
vived for 60-80 days only, which is twice less than stan-
dard figures; apart from that the area of the ice cover
reduced more than twice in comparison to 1998, and the
ice was very thin and wet. Thickness of the ice during
first ten days of March 2008 was 10-12 centimeters (in
1998 — 40-60 centimeters).
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Ta0. Pe3ynpTaThl HHCTpYMEHTAIBHBIX aBHAYYETOB ACTEHBIIIEH TPeHIIaHICKOTo ToneHs B bemom mope B 1998-2008 rT.
Table. Results of instrumental aerial surveys of the Harp seal calves in the White Sea, 1998-2008

O1eHKa YMCIICHHOCTH JETEHBIIIEH 1 cTaT. ommoKa (ThIC.
N IT.)
Jara POCCHHCKHI/E fIPOMBICE]T Assessment of pups number and statistical error
Ton JIeTEHbILIEH, ThIC. LIT. .
aBHaydera . (in thousands)
Year Russian hunt
Date of survey 3 Hrorosas oueHka
(in thousands) Pesynbrater aBuayuera,
Results of survey MPHILIONE,
Final value of the offspring
12 mapTta/12 March 13 303+49
=+
1998 16 mapta/ 16 March 271473 28743
2000 18 mapra/ 18 March 31 340430 340430
2002 20 mapra/ 20 March 24 330+45 330445
18 mapta/ 18 March 335454
=+
2003 21 mapta/ 21 March 33 318+63 32741
22 mapra/ 22 March Ipomeiciia He GbLIO 243+52
+
2004 23 mapta/ 23 March there was no hunt 234+48 239436
15 mapra/ 15 March 122420
+
2005 20 mapra/ 20 March 14 115+19 12220
2007 | 14 u 17 mapta/14 and 17 March 6 158428 158+28
2008 17 n 18 mapra/ March 13 114421 114421

Taxue e0BBIe YCIOBUS MPHUBOIST K MacCOBOM THOEIN IETEHBI-
meH:

® CaMKU BBIHYXIEHBI OBUIM pOXKaThb Ha TOHKHX, MOKpBIX U
HENPOYHBIX Cepo-0elbIX JbIaX, KOTOPBIE JIETKO pa3pylia-
JIUCh TI0JT BO3JIEHCTBUEM CUJIBHBIX BETPOB U MPUJIMBHBIX Te-
YEHUM;

e  MaJas IJIOINAJb JIbJa, IPUTOJHOIO ISl IIIEHEHUSs], BBIHY M-
JIa TIOJICHEH CO3/1aTh 3aJICKKH C BBICOKOW ITUIOTHOCTHIO, U B
MOO0ON KPUTHYECKOW CHUTYalldd CTAHOBUTCS YS3BHMBIM
0O0JIBIIIOE KOJIMYECTBO JCTECHBIIICH;

e BpeMs HaXOXICHHS Ha JbIy IIEHKOB OBLIO Mallo, OHHU HE
ycreBainu HaOHUpaTh CHil, OBICTPOE TasHUE JBIOB IIPHUBOIH-
JIO K MOINAJaHuio B BOAY AETEHBIIEH, HE MOATOTOBIEHHBIX
K JI0JITOMY HaXO0>JIEHHUIO B BOJE.

Bruanue cyooxoocmea na 3anedxicku miosieHell

Bo Bpems aBuayuetHsix pador B mapre 2007 u 2008 rr. Opum
IMMPOU3BEACHBI UCCIICAOBAHUSA 10 OLICHKE BJIMAHWA MWHTCHCUBHOI'O
cynoxojcTea B bernom Mope Ha MOMyJSIHIO TPEHIAHICKOTO THO-
JICHSI.

Bo Bpems moneToB ObLTH 3ahMKCHPOBAHBI TAHKEPHI U KOHTEWHE-
POBO3BI, MPOXOAAIIME 1O JIAOBEIM ToisiM benoro mops. Map-
HIPYTHl CYJOB MPOXOJIMIN Yepe3 MecTa KOHIEHTpAIMA CaMOK C
HEelaBHO poauBIIMMHCS JeTeHblnamu. Cyla U OCTAoUIuecs OT
HHUX CIIe/Ibl BO JIbJAX XOPOIIO HAOIIOJANCh BU3YAIbHO U ObLIN
3aperucTpupoBanbl (hoToaraparaMi U TEIIOBU30POM C PErHCT-
parueit BpeMeH:n U MecTa chbeMKH (puc. 3.). Crneapl OT MPOX0XK-
JICHUsI CYZOB OOHapyXMBAIKCh BO JIbAAX B KXKIOM IOJIETe U
PETHCTPUPOBAIHCH HA OOJIBITMHCTBE YYETHBIX TaJICOB.

B pesynbraTe npoxoxIeHUs CyI0B Yepe3 3aJIeKKU TIOJICHEH:

® HEKOTOpPbIE JETEHBININ T'PSHIIAHICKOTO TIOJEHSI ObLIM pa3naB-
JIEHBI CYAaMU;

® HOBOPOJK/ICHHBIE JETECHBIIIN, OKa3aBIIHECs B BOAE, IMOTHOaN
100 OT NepeoXaXaeHHs, T.K. He yCIIeId HabpaTh A0CTaTO4-
HOTO KOJIMYECTBA XHWpa W TEPEIUHATH, MO0 TOHYNH, T.K. B
MJIaJICHIECKOM BO3pacTe HE MUMEIOT JOCTaTOYHON (hU3UIECKOM
CHJIBI JUISL JJTUTENILHOTO TUTABAHbS;

® [IOCTOSIHHOE HETAaTUBHOE BO3ACHCTBUE CYIOB HAa >KUBOTHBIX
MOXET CKa3aTbCd HAa HM3MEHEHHH MAaTEPUHCKOTO IOBEICHUS
CaMKH, KOTOpasi MOJKeT He BEPHYThCSA K BBIKAPMIIMBAHHUIO CBO-

Such ice conditions cause mass death of calves:

e during the breeding period females had to stay
on thin, wet and unstable grey-and-white ice
which destroyed easily under influence of
strong winds and tidal currents;

e limited space of the ice suitable for breeding
made seals form herds of high density, which
in any critical situation immediately makes a
big quantity of calves vulnerable;

e Calves could not spend enough time on the ice
which is critical for growing and gaining
strength; because of quick ice melting many
calves got into water before they were physi-
cally ready for spending long time in the water.

Influence of shipping on the seal herds

As a part of aerial surveys in March of 2007 and
2008 there was a research conducted to estimate
the intense shipping in the White Sea influence on
the Harp seals population.

During the flights the researchers observed tankers
and container ships making their way through ice
fields of the White Sea. The routes of the ships
went through the areas of concentration of females
with newly born calves. Ships and their traces in
the ice were visually vivid and registered by photo
cameras and thermal scanners with time and place
of the observation (Fig.3). Ship traces were ob-
served during all the flights and were registered in
most areas of research.

As a result of shipping through the areas of seal

herds location:

e Some Harp seal calves were killed by ships;

e Newly born calves, which got into water either
died of cold because did not have a sufficient fat
layer and did not cast the coat, or drowned be-
cause did not have enough strength for long
swim;

o Constant negative impact of shipping on animals
might disturb coupling or cause changes in the
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€ro JEeTEHBINIa, a TaKKe IMOMENaTh MOCIEAYIOIeMy CIaphBa-
HHUIO >KUBOTHBIX

® Tpacchl MPOXOXKACHHUSI CYAOB B bemoMm mMope npokiaabiBaloTCs
0e3 yueTa pacHoJIOXKEHHUsS MICHHBIX 3aJISKEK, YTO BEICT K IO-
CTOSTHHOMY pa3pyLIEHHIO JIEJOBOIO MacCUBa — OCHOBBI yCIIEII-
HOTO BOCIIPOU3BOJCTBA OCIOMOPCKOW MOIYJISIIMHA TIOJICHEH.
[Tocne mpoxokaeHus cyaHa pacKoJOThI€ JIEAOBBIE MO JIETKO
paspyliarTcs noj AecTBUEM NPUIMBHO-OTJIMBHBIX TE€UEHUHN U
BETPOB, U B pe3yJbTaTe B COYCTAHNH C TIOCTOSIHHO YMEHBIIAIO-
IIAMCS JIeISTHBIM ITOKPOBOM benoro Mopst n3-3a aHOMaJbHO Te-
IUTBIX 3WM 3HAYUTENBHO YMEHBIIAETCS IUIOIAAb JIBAOB, MPH-
TOTHBIX ISl PA3MHOXKEHUS TIOJICHEH W /Il BBDKWUBAHUS JIETe-
HBIIICH;

® HE BCEr/la CyJia, HaXOIIIUECs B MOpE, 00ECICUMBAIOT HaJljIe-
JxKarlee COOJIIOJICHHE Mep dKOJIOTHUECKOoi O0e3omacHocTd. Hamu
OTMEUEHbI Pa3IMBbl HEPTENPOIYKTOB Ha MOBepXHOCTH benoro
MOpS. ¥ CKOIUICHUS Mycopa. JIroOble 3arps3HeHHs CPEIbl, 0CO-
OCHHO TaKHWe arpecCHBHBIC Kak He(Th W Ma3yT, HEraTUBHO
BIIMSIIOT HA BCE BUJBI )KUBBIX OPraHU3MOB.

Hamu BbINOJIHEHBI pacyeTsl Ui OLEHKH BO3AEHUCTBUS CYAOXOM-
HBIX TpacC Ha IICHHBIC 3aJICKKH TroyneHel. CormacHO QaxThye-
CKOMY MaTepuairy (3adUKCHPOBAHBI TPACCHl CYAOB dYepe3 IUIOT-
HbIE IICHHBIE 3AJIC)KKN) U BBIMOJTHEHHBIM pacdeTaM ru0elb ImeH-
KOB OT BO3EUCTBUA MPOXOISALIMX IO LIEHHBIM 3JIEKKaM CYJOB
MOJKET COCTaBJIATH OT 2 10 6 THICAY B 3aBUCUMOCTH OT IUIOTHO-
CTU 3aJeraHusl THOJICHEH, HHTEHCUBHOCTH JBUXKEHHUS CYJOB U
MIOTOJIHBIX YCJIOBUH.

CoBepLIEHHO HEJOMYCTUMO OCYIIECTBIIATH MHTEHCUBHOE CYJO-
XOJICTBO IO POJMIIBHOMY JIOMY T'PEHJIaHJICKHUX TIOJIEHEH — TaKoTro
HE TO3BOJIIEeT cebe HU OJHAa LMBHUJIM30BaHHAS CTpaHa B Mupe!
Benomopckoi mOMyALUK TPEHIAHACKOTO TIOJNEHS TPO3HUT CEPhb-
€3Hast OIIaCHOCTh CO CTOPOHBI TAHKEPOB, JIECOBO30B M KOHTEHHE-
POBO30B.

Ilpomvicen

YpoBeHb NMPOMBICIOBOM KBOTHI YCTaHOBIEH 0e3 ydeTa HEoOXo-
JVMOCTH COXPaHEHHsI OEJIOMOPCKOH MOIMYJISALMU TPEHIAHACKOTO
THOJICHA W HEraTUBHBIX TeHLleHIJ,l/Iﬁ U3MCHCHHUA €€ YHUCIICHHOCTU:
kBota Ha 2008 1. B 137500 mieHKOB ompeeneHa Ha OCHOBE JaH-
HBIX IO YMUCJICHHOCTH MpHUIlIoAa 4-neTuen JaBHOCTH, a IIPU KO-
nmyectBe ponuBluxcs B 2008 r. 114000 meHkoB Takasi KBOTa
abcypnHa M (aKTHYeCKH JaeT MPOMBICIOBHKAM IPaBO BBIOWTH
BCEX POJUBIIMXCS JeTeHblmel. PeansHo B bemom Mope B Mapre -
anpene 2008 1. 1o6brTo gyTh Oombmre 13000 meHKOB, XOTS TPO-
MBICEIT IPOBOAWIICS € 4 MOPCKHUX CYJIOB, 4YTO KOCBEHHO ITOJTBEp-
JKTaeT HEBBICOKYIO YHCIEHHOCTH nputuriona 2008 r.

Bovisoowr

OmnpiT 11-71€THETO MCMONIB30BAHNS MHCTPYMEHTAIBHON TEXHOIO-
TUHU y4yeTa MO3BOJIUI CO3AaTh CUCTEMY OOBEKTUBHOTO KOHTPOJIS
COCTOSIHUS TTOMYJISIIUHM TPEHJIAHJICKOTO TIOJIEHS B TIEPUOJI PE3KUX
KIMMAaTHYeCKHX u3MeHeHui. 1998 r. — camblii xonoausiii. 2008 —
camblii Teruibli. [lonyyeH yHUKabHBIN psiJl JaHHBIX O COCTOSIHUU
0CIIOMOPCKOM OIS TPEHIAHACKAX TIOJCHEH W JIeOBBIX
XapaKTePUCTHKAX CpeAbl obmuraHus. OmnpenencHbl U JTOKYMEH-
TaNBHO 3a(pUKCHPOBAaHBI TCHACHINU PA3BUTHS OEIOMOPCKOH IT0-
MyJSOUA TPEHJIAHICKAX TIOJNEHEH, YTO MO3BOJSIECT BBIABIATH
B3aMMOCBS3b COCTOSHUS IMOIMYJIIUHN C TPOIIECCaMy, TIPOHCXOIs-
My B bapenniesoM u benom mopsix.

Bemosnaennsie B 2007 u 2008 rr., B Iepruo IPOBEASHUS IITUPO-
KoMacmTaOHBIX paboT B pamkax MexmayHapoaHoro Ilomsproro

maternal behavior when a female does not come

back to feed a calve;

Ship routes in the White Sea are planned without

consideration of seal herds location, which causes

permanent ice destruction, depriving animals of
the basis for successful breeding. A ship leaves
after it broken ice fields, which continue to be
easily destroyed by tidal currents and winds.

Thus, together with anomalously warm winters

shipping significantly reduces the ice space, suit-

able for seals breeding and calves survival;

o Not always ships observe the norms of ecological
safety. We have registered cases of oil spills and
rubbish accumulation in the White Sea. Any en-
vironment pollution, in particular such aggressive
as oil and fuel, makes a negative impact on all the
living organisms.

We have made the following estimations of the
shipping influence on seal herds: according to data
collected (registered shipping routes through seal
herds) and the following calculations, shipping
causes death of 2 — 6 thousand calves (the figure
depends on density of a herd, volume of traffic and
weather conditions).

Intense shipping is unacceptable in the areas where
Harp seals “maternity hospitals” are located — there
is no civilized country in the world doing this! The
White Sea Harp seal population is seriously threat-
ened by tankers, timber ships and container ships
activity.

Hunt impact

The quotas have been set without consideration of
the necessity to save and preserve the White Sea
Harp seal population and the current tendencies of
the population decline: quota for 2008 of 137 500
Harp seal calves has been calculated on the basis of
four-year-old figures of offspring; given that in
2008 only 114 thousand calves were born the quota
for this year looks absurd and allows hunters to kill
the entire offspring. According to the information
for April 2008, in March there have been killed
over 13 thousand calves in the White sea, although
there were only 4 hunting boats working there,
which indirectly proves low quantity of calves born
in 2008.

Conclusions

11-year experience of instrumental aerial surveys
application has allowed establishing a fair system
of Harp seal population control over the period of
drastic climate changes (1998 was the coldest year,
2008 — the warmest). The surveys have provided
unique data on the condition of the White Sea Harp
seal population and ice characteristics of their habi-
tat. They also allowed identifying and documenting
tendencies of the White Sea Harp seal population
development, which makes it possible to reveal the
correlation between the population condition and
the processes happening in the Barents and White
seas.
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lopa wuccienoBanusi GEIOMOPCKOM HOMYJISLUKM T'PEHIIAHICKOTO
TIOJICHS TIO3BOJIMJIM MOJYYUTh YHHKAJbHBIC JAHHBIE O BIMSHHUU
IIO0ATIBHBIX KIIMMATHYECKUX W3MEHEHHH Ha MOPCKHX MIIEKOITH-
TaOMUX APKTUKH.

B yci10BUsAX MOCTOSHHO MOBBIIIAOIICHCS aHTPOIIOTEHHON aKTHB-
HOocTH B OacceiiHe Bbermoro Mopsi, MpOMCXOASIUX TI00ATHHBIX
W3MCHEHWI KJIMMaTa W HEeOIAarompHATHOTO OOIIEro COCTOSHHS
JKOCHCTEMBI benoro Mopst HE0OX0UMO YETKO COOI0JATh 3aKO0-
HbI, HOPMbI U TPaBHJIA BO3ICHCTBHUS YEIOBEKA HA )KUBYIO [IPUPO-
JIy 9TOr0O peruoHa. B CBsi3u ¢ 3TUM mpeuiaraeM BBECTH 3alper
CyJlaM MPOXOJUTh Yepe3 IICHHbBIC U JIMHHBIC 3aJICKKU TPEHIIAH/I-
ckoro TrosieHs. [lajgeHue ypoBHs BOCIPOU3BOJCTBA MOMYJISIUH,
BBIpaXKaroreecss B exXerogHoMm, HaumHas ¢ 2003 T., CHIDKEHHH
YHCJIa HOBOPOXKIICHHBIX, BBI3BIBAET CEPHE3HYI 00ECIOKOCH-
HOCTh. B CErOMHAIIHUX KPUTHYCCKHUX YCIIOBHSIX KpaWHE Ba)KHO
MPOJOJDKUTE €KETOHBIH MOHUTOPHHI COCTOSIHUS OEJIOMOPCKON
TOMYJIAIUYU IS BBISBICHUS (DAKTOPOB, BIUSIONIMX HA BHDKUBA-
HUE JICTCHBIIICH IPEHIaHICKOTO TIOJICHS.

The research of the White Sea Harp seal population
made in 2007 and 2008 as a part of International
Polar Year provided unique data on global climate
changes influence on marine mammals of the Arc-
tic.

Given the constantly growing anthropogenic activi-
ty in the White Sea, global climate changes and
unfavorable state of the White Sea ecosystem in
general it is vital to observe the laws and regula-
tions of the human influence on the nature of the
region. In connection with what we have said
above we strongly recommend to forbid shipping
through breeding and molting grounds of Harp
seals in the White Sea. The annual (since 2003)
reduction of the level of population reproduction
causes serious concerns. Under such circumstances
we consider it vital to continue the annual monitor-
ing of the White Sea Harp seal population condi-
tion to identify the factors which influence on the
Harp seal calves survival.
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Puc. 2. Pacnipesienenue rpeHiIaHICKUX TIOJICHEH Ha IIEHHBIX 3ajexkax B beinom mope B 2007 1 2008 rr. (IpssMoOyroib-
HUKOM BBIJICJICH PaiiOH C TJIOTHBIMH CKOILUICHHSIMH TIOJNICHEH): a — pacnpe/eieHie EHHbIX 3aIeKeK U YUYeTHbIC Map-
mpyTsl B 2007 T., HATOXKEHHOE HA CITyTHUKOBBIH CHUMOK SSMI; 6 — 00beMHO€ IpeicTaBIeHNE TUIOTHOCTH pacIpeie-
JIEHUS TIOJIEHEH Ha OCHOBHOMW YacTH HIEHHOH 3aiexku, noisyueHHoe 17.03.2007; B — pacnpeenenre MEeHHbIX 3alekKeK
B 2008 1. (KpY>XKH TEMHOTO I[BETA), HATO)KEHHOE Ha CITyTHUKOBEII cHUMOK Modis (B BUANMOM IHara3oHe) 3a
18.03.2008; Ha CHIMKE BHIHBI TPACCHI CyIOB, MIPOXOIAIINE Yepe3 IIOTHYIO YacTh 3aJIeKKH, pa3OuB e€ Ha JacTH; T —
00BEeMHOE TIPECTaBIICHHE TUNIOTHOCTH PACTIPEICICHNUS TIOJICHEH HAa OCHOBHOW YaCTH IMICHHOM 3aiexku, 17.03.2008
Fig.2. Distribution of Harp seals at the breeding grounds of the White Sea in 2007 and 2008 (rectangle shows the area
dense concentration of seals): a — location of the breeding grounds and transect routes in 2007 put over the satellite
image SSMI; 6 — 3-D diagram of seals distribution density on the core part of the breeding ground, 17 March 2007, ¢ —
breeding grounds distribution in 2008 (dark spots), put over the satellite image Modis (picture), 18 March 2008; the
picture also shows ship routes going through the dense part of the breeding ground — it is obvious that ships have bro-
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ken the breeding ground into several parts, d — three-dimensional diagram of seals distribution density on the core part
of the breeding ground, 17 March 2008.

a 14-17 mapta 2007 roga
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Puc. 3. CynoxoaHble Tpacchl U MEHHBIE 3AJISKKU: a — 3apETHCTPUPOBAHHbBIE CHEMKOM 7 Tpacc CyAoB B neproa ¢ 14 mo
17 mapra 2007 r.; 6 — mwioTHOCTH pacnpenenenus ToneHer 17.03.2007 no camoii auHHOI Tpacce Nel; B — hotocHH-
MOK KHJIBBATEPHOTO CJIe/la TOJIBKO YTO MPOIIEAIIEr0 TaHKepa; T — GOTOCHUMOK CTaporo KHJIBBATEPHOTO Cliesia CyaHa
Fig. 3. Shipping routes and breeding grounds: a — 7 shipping routes documented over the period of 14-17 March 2007;
b — density of seals distribution, 17 March 2007 along the longest route (route No.l); ¢ — photograph of the fresh swirl
from a tanker,; d — photograph of the old swirl left by a ship.
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3a nocnennue 10 geT NpOMBILUIEHHOE CYJOXOJICTBO Ha CEBEPO-
BocTOKe Kacmus cTano npoxoauTh yepes3 3UMHHE JICAOBbIE 110~
s, WCIIOJB3yeMble KACHMHCKHMH TIOJICHAMH U Pa3MHOXe-
HUs. B cBs3u ¢ TeM, 4TO B OyAylieM HHTEHCUBHOCTD JIBH)KCHHUS
JIEZIOKOJIOB BEPOATHO BO3PACTET OJHOBPEMEHHO C POCTOM Hed-
TSHOW MPOMBIIUICHHOCTH Ha ceBepe Kacmus, oueHb BaXKHO BbI-
SCHUTH TO, KAaKMM 00pa3oM 3TO MOXKET IIOBIHATH HA Pa3MHO-
JKAIOIIUXCS THOJICHEH, 4TOOBI pa3paboTaTh MeEphl MPEAOCTO-
poxHoctH. MccnenoBarensmu Obljla IPOU3BEieHa OJJHA TTOE3/1-
Ka Ha Jiezijokosie B (eBpanie 2006 r. u aBe MOE3IKU B (eBpae
2008 1. ¢ Henpl0 U3y4YEHHs MOBEACHUS KOPMSILUX CaMOK U
IIEHKOB BOJM3M M MX pEaKkUUH Ha OECIIOKOHCTBO, BBI3BAHHOE
npoxoxeHneM cynHa. [loBeneHue 3amuchIBajJIOCh Ha JIUKTO-
(o, mudppoBoii poToanmapar U BHIECOKAMEPY, PACCTOSHHE OT
KOpaOJIIsl 10 KHUBOTHBIX OLIEHHBAJIOCH BH3YaIBbHO M C IIOMOILBIO
nazepHoro nanbHOMepa. B 2008 1. 11 yiaydmeHns BUIAMOCTH
B HOYHOE BpEMs HCIOJIB30BAMCh TAKKe MH(pakpacHble Ou-
HOKJIH.

B 2006 . cynoxoaHblit yTh Mpoiien yepe3 Haubosiee MI0THbIE
00J1acTH pa3MHOXKEHUS], IPU ATOM IIEHKH OTMEYaJIHCh Ha IPo-
TSKEHUH KPOMKH 4acTO MCIOJIB3yEeMOr0 CyI0XOJHOr0 KaHaja.
B cBetnoe Bpems cytok 25.02.2006 ObLI0 3amMcaHo MOBEJCHUE
270 map «camKa-IeHOK» 1 117 OJMHOYHBIX IIEHKOB (LICHKOB
0e3 matepeii), B Tom uuciie 191 mapel u 61 eTUHIYHOTO MICHKA
B mpenenax 50 M ot 6oprta cynHa. B 2008 r. perymsapHo co3na-
BAJINCHh HOBBIE CYIOXOAHBIE MAapUIPYTHI, 1 (PAKTUUECKH HE ObI-
JIO TIOCTOSTHHOTO CYAOXOIHOTO KaHala, MO3TOMY Pa3MHOXKalo-
IKecs TIOJIEHU HE ObUIM CKOHIIEHTPHPOBAHBI BIOJIb MapLIpyTa
cymHa. B 2008 r. 00a cyaHa Tonkanu 6apxy. B cBetnoe u tem-
Hoe Bpems cytok 14.02.2008 and 19-22.02.2008 Obu10 OTME-
4eHo Bcero 34 mapbl 1 36 OIMHOYHBIX IIEHKOB, B TOM uuncie 21
napa u 29 0IMHOYHBIX IICHKOB B mpeaenax 50 M oT 6opra cya-
Ha. BOJBIIMHCTBO THUX IIEHKOB eIlie OBLIO 0J1eTO B OENbKOBBIH
nokpoB (Héarkonen et al., 2008).

BonpmuHCTBO Nap «caMKa-IICHOKY, HAXOASIINECS Ha PacCcTos-
Hun MeHee 100 M ot 60opTa, yXOIWIN OT cyaHa. BoIbImMHCTBO
CaMOK JIBUTAJIOCh MEIJICHHO, TIEPHOJMYECKH TTOBOPAYHMBAs TO-
JIOBY B CTOPOHY CJIETOBABIIETO 32 HEH IIEHKA MU OXKHUIAsS eTo.
Opnako 56 u3 209 (27%) meHKOB, OTMEYEHHBIX HA PACCTOSHUH
MeHee 50 M oT 6opTa cynHa, OTCTaBajld OT CBOMX Marepen 0o-
nee yeM Ha 10 M. DTO MPOUCXOIWIO W3-32 TOTO, YTO CAMKH
JBUTAIKMCh ciuiikoM ObicTpo. B 2006 r. Obuio oTMedeHo 30
ciyyaeB (16% u3 188), xorna meHku orcraBanu Ooljiee 4eM Ha
20 M ot marepeit, a B 2008 r. — 2 Takux ciydas (10% u3 21). B

Industrial shipping in the north-east Caspian during
the past decade has begun to traverse the winter ice-
field through areas used by Caspian seals for pup-
ping. Since icebreaker traffic seems likely to increase
in the future with expanding development of the oil
industry in the north Caspian, it is essential to under-
stand the way in which such traffic may impact on
breeding seals in order to develop mitigation meas-
ures. Observers travelled on board ships during one
trip in February 2006 and two trips in February 2008
with the objectives of studying the behaviour of
mothers and pups at close range and recording their
response to the disturbance caused by the ship’s pas-
sage. The behaviour was recorded using dictaphone,
digital still camera and camcorder, and distances
from the ship were estimated visually and using a
laser rangefinder. Infra-red binoculars were used to
enhance visibility at night in 2008.

In 2006, the shipping route passed through the dens-
est pupping areas, and pups were found to be aligned
along the edge of frequently-used shipping channels.
On 25.02.06, during daylight hours, the behaviour of
270 mother-pup pairs and 117 lone pups (pups with-
out mothers in attendance) was recorded, including
191 pairs and 61 lone pups within 50m of the side of
the ship. In 2008 new routes were regularly created,
there was no established shipping channel, and con-
sequently pupping was not concentrated along the
ships’ path. Both ships in 2008 were pushing a barge.
On 14.02.08 and 19-22.02.08, during both daylight
and night, a combined total of 34 pairs and 36 lone
pups were recorded, including 21 pairs and 29 lone
pups within 50m from the ship. Most of these pups
still bore the lanugo coat (Harkdnen et al. 2008).

Most mother-pup pairs less than 100m from the side
of the ship moved away from the ship’s path. Most
mothers moved slowly while their pup followed,
repeatedly turning round to check the pup, or waiting
for it to catch up. However, 56 of 209 (27%) pups
less than 50m from the side of the ship fell more than
10m behind their mothers. This was due to mothers
moving too fast for their pups to keep up. In 2006
there were 30 cases (16% of 188 records) of pups
being left more than 20m behind the mother, and 2
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2006 1. OBIIIO HEBO3MOXKHO OMPEIEIUTh MX TOCIEACTBHS, OJl-
HaKo B 00omx ciaydasx, ormedeHHBIX B 2008 T., camKkam ynaBa-
JIOCh BOCCOEIMHUTBCS CO CBOMMH ILICHKaMH MOCIE MPOXoJa
cyaHa. B 2006 r. Obu10 3aperucTpupoBaHo 4 CHUTyallMu, KOTAa
IMIEHOK TNOMNajgajl B <«IEASHYIO Kallly» CyJIOXOJHOI0 KaHaia
MIPSMO TIepe]] HOCOM CyJIHa, IIPU 3TOM JIBa IIEHKa BHIOUPAINCH
13 KaHaJla Ha IPOTHBOIOJIOKHYIO CTOPOHY, OTAEISASACH OT CBO-
ux mMarepei. beuto otmeueno 2 cinyvast B HouHoe BpeMs B 2008
I., KOTJla caMKa 1 IEHOK HaXOIWINCh Iepe] Oapikel Jieokona,
YTO CO3/1aBAJI0 MOTEHINATIBHYIO YIPO3y IJIS KU3HHM IIEeHKa. Tak
KaK HOC 0ap>Kd HaXOIMJICS Ha paccTOSHHUU OKoio 90 M. oT Ka-
MTUTaHCKOTO MOCTHKA, TO PYyJIEBOIl MOT HE YBHJETH IICHKA IIe-
pen 6aprkeii, B 0COOCHHOCTH B HOYHOE BPEMS.

IToutu Bce oanHouHbBIe MmIeHKH (84 u3 90), OTMeUeHHbIEe B Mpe-
nemax 50 M OT cyaHa, yXomuiM OT Jjenokona, a 36 U3 HUX
(43%) cnegoBanu 3a OCTAJIBHBIMHU TIOJIGHSMHU, TIOYTH BCETAa
JPYTAMU OJMHOYHBIMU IIICHKAMH HIIH MMapaMHU «CaMKa-IIECHOK.
[IeHku, epeABUTAOIINECS TOOAMHOYKE WU C IPYTHMU IICH-
KaMH, KaK IpaBWIo, MEPEMEIIAINCh TOJIBKO HA KOPOTKUE JIUC-
TaHIIMK, HO MBI HAONIOAaNy, KaK OIUH IICHOK, CJICIOBABIIUI
HOYBIO 32 MApOi «caMKa-IIEHOK», ePEMECTHIICS Ha PacCTos-
Hue okoJio 300 M OT CBOEro M3HAYAJILHOT'O MOJIOXKEHUs. Takoe
MepeMeIIeHne, BepOITHO, MOKET BBI3BATh TPYJHOCTH IS 00-
Hapy’KEHU 1LIEHKA BEpHYBILENCS CaMKOM.

Ms1 He HaOmOany MICHKOB, YXOIIIINX B BOAY, XOTS HHOTIA
OHH CJICZIOBAJIM 32 CBOMMH MaTepsIMU, MPHOIIIKASICh K KPOMKE
nbaa uian J1yHke. B 2008 r. camku co mieHKaMu WHOTJa coOu-
paIuCh B HEOOJbBIIUE TPYIIBI CPEId TOPOCOB. DTH IECHKH
CTPEMITUCH OCTAaBaThCS PAIOM C 3TUMH YKPBITHSIMHU BO BpEeMs
MPOXOXKJICHHS CYIHA, TOT/Ia KaK Mapbl «CaMKa-IICHOK», HAXO0-
JUBIIAECS HA OTHOCHTEIBHO OTKPBITHIX JIbJIaX, MPOSBISLTH 3a-
METHO OOJIBIIe TBUTATENbHON aKTUBHOCTH. OIMHOYHBIC ICHKH
CTPEMIIINCH CIIEJOBAaTh 3a APYTUMH IIEHKAMH WIA IapaMu
«CaMKa-IIEeHOK», YXOIsI OT CyIHa, MHOTIA IepeMemasch Ha
HEKOTOPOE PacCTOSIHUE OT CBOEW NEepBOHAYAIbHOW Mo3uluu. B
pe3ynbpTaTe TOJIKaHWA cyaHoM Oapku B 2008 T. mMpOMCXOIHIIo
Oouibllle BIDKEHUH «BIIEpe/I-Ha3a», YTO CIocOOCTBOBAJIO CO3-
JAHUIO HAaBUTAIIMOHHOTO KaHaja. JTO BBI3BIBAJO JJIMTEILHOE
0ECIIOKOWCTBO JKMBOTHBIX B JBYX Clly4yasx — Mapbl «camKa-
HICHOK» MEPEMEINANINCH B TeUCHHE 7-22 MHUHYT Ha PAaCcCTOSHUE
300-400 M OT cBOEro HAYAIBHOTO MOJIOKEHUSL.

W3 cnenaHHBIX K 3TOMY BpeMEHH HaOJIOJEHUH SICHO, YTO MpPO-
XO0XKJCHUE JIETOKOJIOB MOXET BBI3BAaTh PAa3pyIINTEIHHOE BIINS-
HHE Ha CaMOK co meHKkamMH. CyIIecTByeT piCK TOTO, YTO MIEHKH
MOTYT TIOTIAaCTh IIOA HOCOBYIO 4acTh Oap)KW WM CyIHA, OCO-
OCHHO B HOYHOE BpEMS, KOTJIa 3pEHHE PYJIEBOrO OciabieHo.
JpyrumMu cepbe3HbIMH (aKTOpaMH Ul HEOOJBLIOTO YHCIA
LIEHKOB SIBJIIOTCS MX OTAEJICHHE OT MaTepeil u IepeMelneHne
OT MecCTa POKACHMsI. Mepbl 110 CHUKEHUIO BO3ACHCTBUS MOTYT
BKJIrOYarh: (1) co3aHue HOBBIX MapUIPYTOB, H30EraroIimx
MECTa pasMHOXKCHHSA, €CJIM OHU CKOHUCHTPUPOBAHLI BAOJIb CYy-
JIOXO/IHBIX KaHAJIOB B Hayalle Ce30Ha pa3MHOXeHus, (2) 3amper
Ha TPOXOXKICHUE CYJIOB Yepe3 MecTa pPa3MHOXKEHHS B HOYHOE
Bpems (3) 3ampeT HCHONb30BaHUS Oapxwu (4) HamW4me ABYX
HaOmomareneit Ha OOpTy M NPEIYNpPEXICHUS PYJIEBBIX O
TIOJICHSIX, HAXOJISIIIIMXCSI BIEPEIN CyJHA.

Msi Gnaronapubl kommnanun Amkun KKO 3a ¢unanCOBYIHO
MOIIEPIKKY, 010OpeHne, CONeHCTBHE U ITOMOIIb B IIPOBEICHUH
MTOJIEBBIX HCCIIEAOBAHHUNA BO BpeMs Bcer paboTel. Ocolyro Oia-
roJlapHOCTh X04eTcs BbIpas3uTh Jl>xoBanHu Pusac, Ilony bapr-
nert, Umomxen Kpoydopn, Bnagumupy TepentbeBy u Aiinbl-

such cases (10% of 21 records) in 2008. In 2006 it
was not possible to determine the outcome of these
separations, but in both cases recorded in 2008, the
mother succeeded in reuniting with her pup after the
ship passed. In 2006 there were four occasions when
a pup became trapped in the ice porridge of the ship-
ping channel just in front of the ship, and two of the
pups escaped from the channel on the ‘wrong’ side,
becoming separated from their mothers. There were
two occasions at night in 2008 where a mother and
pup were apparently caught in front of the ship’s
barge, with potential risk to the pup’s survival. Since
the barge bow extended about 90m in front of the
ship’s bridge, it is possible for the pilot not to see a
pup directly in front of the barge, particularly at
night.

Almost all lone pups (84 out of 90) within 50m of
the ship moved away from the ship, and 36 of these
(43%) followed other seals, almost always another
lone pup or a mother-pup pair. Lone pups moving
singly or with another pup usually only moved a
short distance, but one pup following a mother-pup
pair at night was seen to travel possibly about 300m
from its starting position. Such displacement might
cause difficulty for the returning mother in finding
her pup.

Pups were not seen to enter the water, although they
sometimes followed or approached their mother to
the edge of the water or ice hole. In 2008, mothers
and pups sometimes congregated in small groups
amongst ice-boulders and hummocks. These pups
tended to remain close to these shelters as the ship
passed by, whereas mother-pup pairs on relatively
featureless ice sheets displayed noticeably more
movement. Pups whose mothers were not in atten-
dance tended to follow other pups or mother-pup
pairs away from the ship, sometimes moving some
distance from their original location. The pushing of
barges on the 2008 trips entailed much movement
back and forth to create a navigable channel. This
resulted in protracted disturbance in two cases, with
the mother-pup pair moving away for 7-22 min, and
being displaced from the starting point by at least
300-400m.

From these observations thus far, it is clear that ice-
breaker traffic can cause a range of disruptive effects
to seal mothers and pups. There is a risk, particularly
at night when pilot visibility ahead is poor, of pups
being struck by the bow of a ship or barge. Other
serious impacts on a small number of pups include
separation from the mother and displacement from
their nursery site. Mitigation measures could include
(1) creating new routes to avoid seal pupping areas if
these should become concentrated along shipping
channels at the start of the season, (2) not travelling
through seal areas at night, (3) not pushing a barge,
and (4) carrying 2 seal observers on board to warn
the pilots of seals ahead.

We thank Agip KCO for their support, encourage-
ment and field assistance during this study. Particular
thanks are due to Giovanni Rivas, Paul Bartlett, Im-
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ogen Crawford, Vladimir Terentyev and Aidyn Ky-
dyrmanov. We are grateful to the Captain and crew
of the ‘Captain Chudinov’, ‘Tulpar’ and ‘Antarctica-
borg’ for their hospitality and support on board their
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Epoxuna 1. A.

OcobeHHOCTU MeTabonnama ceporo TroneHsa (Halichoerus grypus Fabri-
cius, 1791) B paHHeM nocTHaTasiIbHOM nepuoae pa3BUTUs

Mypmanckuii Mmopckoit Ononormaeckuii nactutyT KHI[ PAH, Mypmanck, Poccus

Yerokhina I.A.

Metabolism peculiarities of a grey seal (Halichoerus grypus Fabricius,
1791) in early postnatal period of development

Murmansk marine biological institute KSC RAS, Murmansk, Russia

B mpubpexxse MypMaHa 0TMEYalOTCS IBE Pa3MHOKAIOIINECS
Kononnn ceporo TroneHs (Halichoerus grypus Fabricius,
1791): 3amagHast — Ha AWHOBBIX 0-Bax M BOCTOYHAs — Ha ap-
xunenare Cemb OctpoBoB (Haug et al. 1994). Mutepec k HUM
00yCIIOBJICH TOJIOXKCHUEM BOJIHM3H CEBEPO-BOCTOYHOTO IMIpe-
Jiella COBPEMEHHOTO apeana, Tie Hanbosee BhIPaKeHBI ajall-
TUBHBIC BO3MOXKHOCTH Buaa. Oco0Oro BHHMaHUS 3aCITyKd-
BalOT PaHHHWE ATAIbl PAa3BUTHUS KUBOTHBIX, MOCKOJIBKY B 3TO
BpeMsI OCYIIECTBIIsIETCS Hanboliee HHTEHCUBHOE (PopMOOoOpa-
30BaHUE CTPYKTYPHO-()YHKIHOHAJBHBIX CHCTEM OpPraHU3Ma.
B cBsi34 C BBILICU3I0KEHHBIM, [IE1bI0 AaHHOH paboThl ObLIO
uccie0BaHue MeTaboM3Ma HIEHKOB CEepOro TIOJICHSI OT pPo-
JKJICHHS IO Havalla CaMOCTOSITENIbHOTO MTUTAHHS.

Marepuan st uccienoBaHusi ObII coOpaH BO BpeMs JKCIIe-
MUY Ha AWHOBBI ocTpoBa B KoHile 2006r. V3ydeHHble Ku-
BOTHBIC OBUIH pa3/ielieHbl Ha TPYIIIbI B 3aBUCHMOCTH OT CTa-
JIUM Pa3BHUTHUs, KOTOPhIC B PAHHEM IMOCTHATAJIBHOM IEPUOJIE
JKU3HHU OMPEICISIOTCS XapaKTepoM NHUTaHUs: | — HOBOPOXK-
neHHble (n=6), I - akTUBHO MUTArOIIUECS MOJOKOM MaTepu
(n=12), III - 3axoHumMBIIHE MOJOYHOEe mwTaHue (N=8). Jlms
(hopMUpOBaHHS LIETOCTHOTO IPEACTABICHUS O Pa3BUTHH Me-
TabONMIECKUX M MMMYHOJOTHYECKHX aNanTalnuii B CBSI3U C
TUTIOM TIMTaHUS K aHaJNN3y OBUIM TPHUBIICYECHBI paHEe IMOIy-
4YeHHbIe JaHHbIe (N=6) O cocTaBe KPOBU JKMBOTHBIX 3TOTO
BUA, TPOIIEAIINX CTAIWI0 TOJNOAAHUS IIOCJIE MOJOYHOTO
BCKapMJIUBAHMS M MPHUCTYIHBIINX K CAMOCTOSTEILHOMY IH-
TaHUIO peIOoH (rpymma [V).

KpoBb Opanu u3 skcTpanypaibHOW BeHbl. B minasme ompexne-
JSUTH OCHOBHBIE TIOKa3aTean oOMeHa OeJIKOB, JIUINIOB, yIile-
BOJIOB, MUHEPAJBHBIX BEIIECTB, UCIIOJIB3Ys OOLICTIPUHSATEHIE B
naboparopHoii npakTuke Metozp! (Kampimrankos 2000).

In the Murman coastal area there are two breeding
gray seal colonies (Halichoerus grypus Fabricius,
1791): The western — in Ainovye Islands and eastern —
in the Seven Islands archipelago (Haug et al. 1994).
The interest in them is determined by their position
near the northeastern edge of the present-day range
where the adaptive capacities of the species concerned
are most pronounced. Of special interest are the early
stages of development, the mentioned period demon-
strating the most intensive morphogenesis of organism
structural and functional system. The purpose of the
present study in this connection was the investigation
of metabolism of the gray seal pups from birth to the
beginning of independent feeding.

Data were collected in the course of the expedition to
the Ainovye Islands at the end of 2006. The animals
under study were classified into groups depending on
the developmental stage, which in the early postnatal
period are determined by the feeding pattern. I - new-
born (n=6), II — actively nursing (n=12), III — those
that completed nursing (n=8). For of an integral con-
cept of the development of metabolic and immunolog-
ical adaptations in connection with the type of feeding,
earlier data were relied upon (n=6) on the composition
of the blood of the animals that passed the stage of
starvation after nursing and which started independent
feeding on fish (Group IV).

The blood was sampled from the extra-dural vein. In
the plasm, the main indices of the metabolism of pro-
teins, lipids, carbohydrate and mineral substances were
determined, using the generally adopted methods (Ka-
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PesynbraTsl uccienoBaHus MpencTaBieHbl B Tadbmmue. buo-
XMMHYECKHH COCTaB KPOBH HOBOPOXKICHHBIX >KUBOTHBIX OT-
pakaeT ajanTaluu, CBsS3aHHbIE C POXKIEHHEM, KOraa mpe-
KpamaeTcs NPUTOK MUTATCIIbHBIX BEIIECTB C KPOBLIO MATEPH.
B 310 Bpems oTMeuaeTcs KpailHe HU3Kasi KOHLIEHTpaLysl TII0-
KO3bl — KJIIOYEBOTO 3HepreTuueckoro cybcrpara. K koHiy
MIeproaa MOJIOYHOTO BCKAapMJIMBAHHUSI STOT IOKA3aTellb CHH-
xaercs Oosiee ueM B 3 pasa, a TIIaBHBIM HCTOYHHUKOM SHEPIHU
CIy)XHT XXHP MAaTepHHCKOro Moiyioka. Hawano moBbImeHus
YPOBHS TJIIOKO3bI B KPOBH TIOJIEHEH BBISBICHO B BO3pacTe
1.5-2 mec (Epoxuna 2007), a 3HaUUTENBHEIH TpHpocT (Ootee,
4eM B 8 pa3) oTMeYaeTcs TOJNBKO C HAYaJIOM CaMOCTOSITEINb-
HOTO IUTaHWA, OYEBHIHO, B PE3yJbTAaTe CTAHOBICHUS MeXa-
HU3MOB TJIIOKOHeoreHe3a. K 0OCOOEHHOCTSM XHMMHUYECKOTO
COCTaBa IJIa3Mbl KPOBHU Y HOBOPOXKJICHHBIX JXUBOTHBIX OTHO-
CATCA TAK)KEC HHU3Kasd KOHUCHTpaluusd MOYCBUHLI, BBICOKAs aK-

THUBHOCTh Y-Tiryramuirpancdepassl (I'TD) u Huzkas — mie-
snoyHOW (ochaTtasel. Y OOJBIIMHCTBA MOPCKHX MIICKOIIH-
TaroUX HOPMAJIbHbIC 3HAYCHUA KOHICHTpAallU MOYCBUHLI B
IUIa3Me KpoBH BhIIIe, 4eM y HaszeMHbIX (Bossart et al. 2001).
Takue naHHbIe M3BeCTHBI I rpeHinanackoro (Kasuesnu u
Epoxuna 1996, Boily et al. 2006) u OOBIKHOBEHHOI'O
(McConnel and Vaughan 1983) TroneHel, KonpyaToil HepIIbI
(Geraci et al. 1979). Y HOBOPOXXIEHHBIX CEpPHIX TIOJICHEH 3TOT
IoKasarejib cocTaBiseT Bcero 3,55+0,94 MMoJb/1, 4TO B He-
CKOJIBKO pa3 MEHbIIE, 4eM y 1,5-2-MecaYHbIX MEeHKoB. Moue-
BUHA MOSBISETCS B KPOBH B 3HAYMUTEIHHON KOHLEHTPALUH
NIpU MHTEHCHUBHOM pacmazae OenkoB. MeTtabonmueckas cTpa-
TErusd MOJIOAbIX JKHBOTHBIX 3aKJIFOHACTCA B Hpeo6na,uaHI/m
IPOLIECCOB CHHTE3a OEJIKOB B PAacTyIIEM OpraHU3Me, B CBSI3U
¢ 4eM OeJIKM He SBISIFOTCS B 3TO BPEMsI NOCTABIIMKAMH aMH-
HOKHCIIOT JUIsi 00pa3oBaHUs JHEPreTHMYECKUX CyOCTpaToB.
[TockonbKy MaTepHHCKOE MOJIOKO TIOJIEHEH Ooraro Jmnuia-
MH, 3TH COCIMHEHHs IPEUMYLIECTBEHHO BOBJICKAIOTCS B
9HEProoOecrieyeHue NETeHBIICH, O YeM CBHACTEIBCTBYET
aKTUBHU3ALHS JIUIIOJIN3A.

I'T® sBnsercss GepMEHTOM, aCCOIMUPOBAHHBIM C KIETOYHBI-
MU MEMOpaHaMH MHOTHX OpPTaHOB (II€YE€Hb, CEPJLIE, MBIIILIBL,
MIOYKH, MOJDKENTyI0YHas xKeme3a). IIpu 3ToM ecTh cBeAeHHs O
TOM, 4T0 ['T® MOXKET KCIOIb30BATHCS B KAYECTBE Mapkepa
MACCUBHOI'O II€PEHOCa MMMYHOIJIOOYJIMHOB y HOBOPOXKICH-
HBIX MOPCKUX MJIEKOTUTAIOIINX, IIOCKOJIBKY MOJIO3UBO U MO-
JIOKO JIAKTHPYIOIIMX CaMOK XapaKTepH3YIOTCS BBICOKOH aK-
tuBHOCTHIO [ T® (Bossart et al. 2001). Ananornunsle 1aHHbIC
OBUTH TTOJTyYEHBI JUISl HA3eMHBIX JTOMAITHUX MJIEKOIUTAIOLINX
(Meyer and Harvey 1998). Omgnako, 3Ha4eHHS aKTHBHOCTH
I'T® mna stux XUBOTHBIX Oojee, ueM B 10 pa3 mpeBBHIMIAIOT
TaKOBBIE JUII HOBOPOXKICHHBIX CEPHIX TIOJEHEW B HAIlleM HC-
CJICZIOBAHUHY, a TAK)KE ITOKA3aTelH, MOIyUIECHHbIE TPH H3y4e-
HUM IICHKOB TPEHJIAHACKOTO TIONEHS U TIOJICHSI-X0X/Ia4a
(Boily et al. 2006). Otcroma ciemyer, 4yTo (OpPMHPOBAHUE
MMaCCUBHOTO MMMYHHUTETA 3a CUET I/lMMyHOFJ'IO6yﬂl/IHOB Mare-
PpU Yy JJACTOHOT'HMX IMPOUCXOOUT C MEHBbIIIE WHTEHCHUBHOCTBIO
10 CPAaBHEHHIO C Ha3eMHBIMU MJICKOIIMTAIOIIMMHU.

[enounass docdaraza (IL[D), oOHapyxkuBaeMas B ILIa3Me
KPOBHU B3pOCIBIX KMBOTHBIX, HUMEET MEYCHOYHOE MPOUCXOXK-
JICHHUe, a HA paHHHUX CTAJAUAX OHTOTE€HEe3a IPUCYTCTBYET 3Ha-
YUTETHHOE KOJIMYECTBO KOCTHOH (pakiuu GpepmerTa. Y Mop-
CKUX MIICKOIUTAIOIINX 10 CPAaBHEHHIO C Ha3eMHBIMU aKTHB-
Hocth II[® BeIIE BO Bee Bo3pacTHbIe mepuop! (Bossart et al.
2001, Boily et al. 2006). Ectp manHBIE O TOM, YTO YPOBEHH

MbIHEKOB 2000).

The results are presented in the table. The biochemical
composition of the blood of newborn animals reflects
the adaptations associated with birth, when the inflow
of nutrients with the mother blood discontinues. That
period is characterized by a very low glucose concen-
tration, which is a key energy substrate. By the end of
nursing, that index decreases by more than three times,
and the main energy source is the maternal milk fat.
The onset of an increased glucose level in the seal
blood is revealed at an age of 1.5-2 months (Epoxuna
2007), and a considerable increment (more than 8
times) is recorded as late as the beginning of indepen-
dent nutrition, presumably as a result of the develop-
ment of the mechanisms of glucogenesis. The proper-
ties of the chemical composition of the blood plasm in
newborn animals also include a low urea concentra-
tion, high activity of y-glutamyltransferase and low
activity of alkaline phosphatase . The majority of ma-
rine mammals show higher values of urea concentra-
tion in the blood plasm compared with that in terrestri-
al mammals. (Bossart et al. 2001). Such data are
known for the harp seal (KaBueBnu u Epoxuna 1996,
Boily et al. 2006) and the common seal (McConnel
and Vaughan 1983), and also the ringed seal (Geraci et
al. 1979). In newborn gray seals, that index was only
3.55+£0.94 mM/1, which is by several times lower than
in 1.5-2-month pups. Urea appears in the blood in con-
siderable concentration at intensive decomposition of
proteins. The metabolic strategy of young animals
consists in the predominance of the processes of pro-
tein synthesis in the growing organism due to which
proteins do not supply amino acids at that time for
development of energy substrates. The maternal milk
of seals is rich in lipids, and those compounds are
largely involved in energy supply of the calves, which
is indicative of lypolysis activation.

y-glutamyl transferase (GTF) is an enzyme associated
with cell membranes of a number of organs (liver,
heart, muscles, kidneys, pancreas). There are data
available to the effect that GTF can be used as a mark-
er of intensive transfer of immunoglobulins in new-
born marine mammals as colostrums and the milk of
lactating females is characterized by GTF high activity
(Bossart et al. 2001). Similar data were obtained for
terrestrial domestic mammals (Meyer and Harvey
1998). However, the value of GTF activity of those
animals exceeds by more than 10 times those for new-
born gray seals in our study as well as indices obtained
in the study of pups of the harp seal and the hooded
seal (Boily et al. 2006). It follows that the develop-
ment of passive immunity at the expense of maternal
immunoglobulins in pinnepeds is less intensive com-
pared with that in terrestrial mammals.

Alkaline phosphatase (AP) found in the blood sera of
adult animals are of liver origin and at early ontogenet-
ic stages there is a considerable amount of the enzyme
bone fraction. In marine mammals compared with ter-
restrial AP activity is higher in all the age periods
(Bossart et al. 2001, Gulland et al. 2006). There are
data available that the AP level in the blood sera is
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II® B muma3me KPOBH MOPCKUX MIIEKOIMTAOUIUX IOJO0XKHU-
TENIbHO KOPPEIUPYET C HMHTEHCHBHOCTHIO aHAOOIMYECKUX
MPOIICCCOB B OPraHU3ME, Ha OCHOBAHUHU YEro KOHIICHTPAIUS
(dhepMeHTa MOXKET HKCIOJIb30BATHCS B KAauyeCTBE ITOKA3aTess
YIUTaHHOCTH JKUBOTHBIX, a Takxke AuddepeHuuaimu karabo-
nyeckux u aHabomumdeckux cocrosHuin (Dover et al. 1993).
Y HOBOPOXKIICHHBIX CEPHIX TIOJICHEH OOHAPYKUBACTCS HHU3Kas
aktuBHOCTH 11D, KOTOpast CTATUCTHYECKU JOCTOBEPHO YBe-
JMYUBACTCS TOJIBKO K KOHILY MEPUOJA MOJIOYHOTO BCKAPMIIH-
BaHMs, OTpPaXkasi, OYEBUIHO, MHTCHCHBHBIM POCT KOCTHOMN
TKaHH.

Bo Bpemsi akTUBHOrO MHUTaHUS B OMOXMMHYECKOM COCTaBe
KpPOBH IIPOUCXOJAT HE3HAYUTEIbHbIE U3MEHEHUS: YBEINUUBA-
€TCsl KOHIIEHTpaIs o0Iero Oenka, yMEHbIIACTCS COICpIKa-
HHE TJIFOKO3bI U KAJIBIMS, CHUXKAETCS aKTUBHOCTE [ TD.

K KOHILY MOJIOYHOT'O BCKapMJIMBaHUs COCTaB KPOBHU MCHACTCS
3HAYNTEIHHO — TI0 CPaBHEHHWIO W C HOBOPOXKAECHHBIMH, U C
AKTHBHO ITUTAIOIINMHUCS MOJIOKOM >KUBOTHBIMHU. Tak, mpouc-
XOAWT YMEHBIIEHHE cojepxaHue oOmero Oenka, Ha (oHe
3TOr0 CTAaTHCTHYECKH [OCTOBEPHO IIOBBIMIAETCS YPOBEHb
anp0yMUHA W YMEHBIIAETCA COJepKaHHWe OeTa- M ramma-
rimoOynuHOB. IlocnemHee 3aciyXuBaeT 0cOOOTO BHUMAHUSA,
YUYHUTBIBas POJb OEJKOB 3TOH IPyHIBl B (PYHKIMOHUPOBAHUH
cucTteMbl UMMyHHTeTa. OYeBUIHO, CHHTE3 COOCTBEHHBIX MM-
MYHOIJIOOYJIMHOB, COCTaBIISIOLINX OCHOBHYIO 4acCTb (hpaKuuu
raMmma-rjao0yJIMHOB, Yy JKMBOTHBIX 3TOrO BO3pacTa euie He
NPOUCXOJNUT, a HAUNHAETCS C TIEPEX0Z0M K CaMOCTOSTEIbHO-
MYy NWUTAaHWUIO, TaK KaK aHTUTCHbI MU CTUMYJIHUPYIOT IIPO-
necc. Kpome storo, moBblaeTcsi ypoBEHb MOYEBHHBI, YTO
CBHJICTENIBCTBYET 00 ycuieHnu Kataboin3ma OenkoB. K koH-
Iy MOJIOYHOTO BCKapMJIMBaHHs B IUIa3M€ KpPOBH TIOJICHEH
MPOJOJKAET CHUXKATbcAd akTuBHOCTH ['Td. B mpoTtusomo-
JI0)KHOCTH 3TOMY, aKTHBHOCTH IIEJI04HON (ocdarassl yBemu-
YMBAeTCA, YTO IMOATBEPKAACT IPUBEACHHYIO BBIIIE TOUKY
spenust (Dover et al. 1993) o 3HaueHun GepMeHTa B XapaKTe-
PHCTHKE HANPaBIEHHOCTH METa0OIMYIECKUX ITyTEH.

HawuGonee cyniecTBeHHble U3MEHEHHSI B COCTaBE KPOBU TIO-
JeHeld OTMEYaroTcs ¢ HayaJoM CaMOCTOSTEIbHOTO MUTaHUS:
1) KOHIEHTpauus IJIIOKO3bl JOCTUraeT HOPMAJIBHOTO JUIS
B3POCIIBIX KMBOTHBIX YPOBHS; 2) HOBBIIIAETCS COIEPIKaHHE
ob1ero Oesika, 4TO XapaKTEPHO JUIS PacTYIIEro OpraHu3Ma;
3) yMeHblIaeTcss KOHIIEHTpaLus JIaKTaTa, OTpaXkas npeodJa-
JaHue a’pOOHBIX MEXAHMW3MOB YTWJIM3AIMH TIIOKO3Bl Kak
SHEPreTHIecKOro cyocTpara; 4) H3MEHAETCS aKTUBHOCTh BCEX
W3yYeHHBIX (hepPMEHTOB.

Takum o6pa3oM, B paHHEM IMEPHOJAE MOCTHATATHHOTO pa3BU-
THS CEphIX TIOJNEHEH NPOHMCXOAAT MeTaboymdeckne mepe-
CTPOMKH, MPUCYIIHE MIIEKOMUTAIOIIUM B II€JIOM, OJTHAKO CTe-
NCHb BBIPAKEHHOCTH OTMACIBHBIX PEAKIUHA MOXKET paccMar-
pHUBaThCS KaKk OCOOEHHOCTH JjlacToHOrux. Hambomnee 3Haum-
TEJIbHBIC U3MCHEHHUS B METa0O0JU3ME TIOJICHEH MPOUCXOMAT B
MEPUOJT OKOHYAHHS MOJIOYHOT'O BCKaPMJIMBAHUS U ITEPEXoja K
CaMOCTOSTEIIEHOMY ITUTAHUIO.

Pabora BrmosHeHa npu coneiictBun KaHpmamakmckoro rocy-
JAPCTBEHHOTO TIPHPOTHOTO 3allOBEAHMKA M TIpH (HUHAHCOBOH
nojaepxxke Poccmiickoro ¢oHma QyHAaMEHTaIbHBIX HCCIe-
nmoBaHui (poexTsl Ne 05-04-48388-a u Ne06-04-02106-3 k)

positively correlated with the rate of anabolic
processes on the basis of which the enzyme concentra-
tion can be used as an index of fatness and also diffe-
rentiation of catabolic and anabolic processes and
states (Dover et al. 1993). Newborn gray whales show
low AP activity, which statistically significantly in-
creases as late as the end of the nursing period, appar-
ently reflecting the intensive growth of bone tissue.

In the course of active nutrition, the blood biochemical
composition shows some minor changes: The concen-
tration of whole protein increases, the content of glu-
cose and calcium decreases, and the activity of y-
glutamyltransferase declines.

By the end of nursing, the blood composition changes
drastically-compared with that in newborns and active-
ly nursing individuals. In fact, the content of whole
protein declines, and against that background the level
of albumen decreases significantly, whereas the con-
tent of beta and gamma-globulins declines. The latter
is particularly noteworthy, taking into account the role
of proteins of that group in the functioning of the im-
munity system. Presumably the synthesis of own im-
munoglobulins, which accounts for the main part of
the gamma-globulin fraction in animals of that age,
does not take place yet, starting with transition to in-
dependent feeding as food antigens stimulate the
process. In addition, the level of urea increases, which
is indicative of augmented protein metabolism. By the
end of nursing, the seal blood plasm continues demon-
strating lower activity of y-glutamyltransferase. In con-
trast to that the activity of alkaline phosphatase de-
creases, which supports the above view (Dover et al.
1993) on the significance of the enzyme in the charac-
terization of the direction of metabolic pathways..

The most important changes in the blood composition
of seals coincide with the beginning of independent
feeding. 1) glucose concentration attains a level nor-
mal for adult animals; 2) the content of whole protein
increases, which is characteristic of a growing organ-
ism; 3) the lactate concentration declines, reflecting a
predominance of the aerobic mechanisms of the utili-
zation of glucose as an energy substrate ; 4) the activi-
ty of all the enzymes under study changes.

Thus, in the early period of postnatal development of
gray seals, metabolic re-arrangements occur, which are
characteristic of mammals as a whole; however the
degree of manifestation of some reactions can be re-
garded as pinneped-specific. The most substantial
changes in seal metabolism occur during the comple-
tion of nursing and transition to independent feeding.

The present study was supported by Kandalaksha Na-
ture Reserve and the Russian Foundation for Funda-
mental studies (projects Ne 05-04-48388-a u Ne06-04-
02106-3 k).
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Tab. bruoxuMuyeckue oKa3aTel ! IIa3Mbl KPOBH Y CEPOTO TIOJICHS B PaHHEM IIOCTHATAJIBHOM IIEPHOJIE PA3BUTHS
Table Biochemical indices of blood sera in the gray seal in early postnatal developmental period

. I'pynmel sxuBoTHBIX / Group of animals
Iokazarens / indices I I 1 v
OOGiuit 0enok, /1 64,75+0,80 78,4242 ,38*
whole protein (/1) 64,69+034 | 68,13£1,10% (<0,01) (<0,001)
Anp0yMuH, /1 43,32+0,52 50,3142,74*
Albumin(a/) 41,6342,19 41,22+1,32 (<001 (<0.0%)
o-['n00ymse, r/ 8,13+1,67 9,31+0,67 9,45+0,31 8,5141,62
a-globulin(g/l)
B-I'moOynuusL, /1 " . 5,76+0,31 11,18+1,47
P-globulin (g/) 8,49+1,43 7,88£0,92 (<0,05) (<0,001)
y-I'moOynuHsL, /1 + . % 5,11+0,27* 8,411+0,55*
y-globulin (g/l) 6,51£0.48 9,7320,63 (<0,001) (<0,001)
MoueBrHa, MMOJIB/JI 5,48+0,17 25,45+1,14%*
Urea (millimole/l) 3,5540,94 4,0120,52 (<0,01) (<0,001)
KpeatunuH, MKMOJIB/JT 170,50+13,42*
Creatinine (millimole/l) 73,7549,04 79,04+4,37 93,8546,76 (<0,001)
MoueBast KHCJIOTa, MKMOJIB/JT 214,20+£32,13*
Uric acid (millimole/l) 503,32447,13 | 468,33+27,43 504,35+£21,60 (<0.001)
I'mroko3a, MMOJIB/I1 0,70+0,07* 5,85+0,47*
Glucose (millimole/l) 2324048 1,0940,13* (<0,01) (<0,001)
MoJtouHast KHCJIOTa, MMOJIB/JT 13,7242,24 6,91%+0,35
Lactic acid (millimole/l) 8,3142,43 7,66£1,40 (<0,02) (<0,01)
OO01Me JIUIUILL, I/ 13,73+0,96
Total lipids (&/) 11,19+1,28 9,49+0,75 8,33+0,42 £0.000)
Tpurnuuepuas!, MMOJIB/T 0,76+0,04*
Triglyceride (millimole/l) 3,0040.16 1,96+0,52 1,310,11* (<0,001)
XonectepuH 00N, MMOJIB/T 12,4140,47* 8,621+0,43
Total cholesterol (millimole/l) 10,07x0,76 9,65+0,35 (<0,001) (<0,001)
Kanb1iuit, MMoJIB/ " « 3,1620,12
Calcium (millimole/l) 3,1340,18 2,6040,12 2,2940,14 (<0,001)
dochop, MMOIIB/IT
Phosphorus (millimole/l) 2,10£0,17 2,05+0,12 2,02+0,13 2,3240,23
Hatpwuii, Mmosb/n
Sodium (millimole/l) 133,13£8,17 141,25£7,10 143,91£9,42 124,00£8,68
Kanwuii, Mmosas/n
Potaissium (millimole/l) 7,2840,82 6,3910,64 7,38+0,43 8,3310,58
Maruuit, MMOJIB/JT % *
Magnesium (millimole/l) 1,41£0,15 1,0940,08 0,95+0,02 0,96+0,07
Kene3o, MKMOJIB/ 38,17+1,69*
Tron (millimole/l) 64,45+5,07 66,00+4,64 (<0.001) 38,73+£2,71*
AcnapraramuHoTtpancdepasza, ME/n 39,87+2,31 17,34+1,83*
Aspartate aminotransferase 44,9949,56 29,6342,62 (<0,01) (<0,001)
AJ‘IaH.I/IHaMI/I.HOTpaHC(bepa?.a, ME/n 28.3345.48 26.3442.86 21,05+1.23 34,9543,51
Alanine aminotransferase (<0,001)
y-I'myramuntpancepasza, ME/n 13.3342.10 7.36+1,20% 5.6341,44% 9,82+0,69
y-glutamyltransferase (<0,05)

- *
o-Ammnasa, ME/x 316,17419,01 | 3702242804 | 3509243133 | 210-78£10.54
a-amylase (<0,001)
enounas pocdaraza, ME/n 246,25+9,84*
Alkaline phosphatase 57,90£13,60 84,85+17,90 104,64+10,85* (<0,001)
Jlakratneruaporenasa, ME/n 1275,99+ 1601,66+ 1362,55+ 737,38+£36,85*
Lactate dehydrogenase 226,84 166,08 120,47 (<0,001)

IpuMeyaHne: n — KOJHWYCCTBO XKUBOTHBIX; 3HAKOM «*» 0003HAUYCHBI CTATHCTHYECKH JOCTOBEPHBIC Pa3IHYHUs MO
CPaBHEHHMIO C [IOKa3aTeNIsIMU HOBOPOXK/ICHHBIX )KUBOTHBIX; B CKOOKaX yKa3aHa CTEICHb JOCTOBEPHOCTH PA3INYHH 110
CPaBHEHHMIO C MPEJIbLIYIIHM IIEPUOAOM PA3BUTHS.

Note: n — number of animals; «*» designates statistically significant differences compared with the indices of new-
born animals; in parentheses, the level of significance compared with the preceding developmental period.
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MNEeKONUTaKLWMUX: ranTornoouH

Mypmanckuii Mmopckoit Ononormaeckuii nactutyT KHI] PAH, Mypmanck, Poccus

Yerokhina I.A.

To a question about indicators of the physiological state of marine

mammals: haptoglobin

Murmansk marine biological institute KSC RAS, Murmansk, Russia

TanToryioOnH — OMH U3 KOMIIOHEHTOB aKTUBHOH (Da3bl peak-
THUBHBIX 6eJ'lKOB, CHeHI/l(l)l/ILIeCKI/IM CBOHCTBOM KOTOPOI'O sABJIA-
€TCA CHOCO6HOCTL CBA3bIBATH FeMOFHO6I/lH. OTUM YaCTHYHO
OOBSACHSIOT ~ yyacTHe JaHHOro Oeinka B 3alUTHO-
NPUCTIOCOOUTENBHBIX PEAKIMAX OpraHu3Ma IT03BOHOYHBIX
JKMBOTHBIX. ['anToOrnoOMH pearnpyer Ha IaTOJOTHI0 H3MEHe-
HHEM CBOEW KOHIIEHTpAIMH, Ha OCHOBAHUM YEro paccMaTpH-
BaeTCsl B KAYECTBE UYBCTBHUTEIBHOTO TECTA B OLIEHKE (PH3HO-
jormdeckoro coctosHUs opraHuzMa (beficembaeBa 1984).
Hecmotps Ha oTcyTcTBHE CrielMPUIHOCTH W3MEHEHHUH KOH-
HEHTPalUy TAaNuTOTJIO0MHA TPU KOHKPETHBIX 3a00JIeBaHMSX,
HU3MEPEHUE ero COAEP)KaHUs B KPOBU HCHOIB3YETCS AJIS Au-
arHOCTUKM TATOJIOTHH YeloBeKa M KHUBOTHBIX (Gruys et al.
1994). OaHako CyIIECTBYIOT OTPAaHUYCHUS, CBSI3aHHBIC C BHU-
JOBBIMH OCO6€HHOCTHMI/I YPOBHA U CTCIICHU BBIPAXKCHHOCTU
OTBETHOW peakimu rantormoouna (Murata et al. 2004). Tlo-
3TOMY PEKOMEHJIyeTCs ONpPENeNATh JUana3oH M3MEHUYHUBOCTH
JTAHHOTO ITOKa3aTessl KOHKPETHO JJIS Pa3HBIX BUIOB JKUBOT-
HBIX. JIJI1 MOPCKHX MIIEKONIMTAIOMINX ITOJOOHBIC CBEACHUS
HemuorounciaeHnsl (Krafft et al. 2006, Thomton and Mellish
2007, Zenteno-Savin et al. 1997).

Ha ocHoBaHMM BBIMIEU3IIOKEHHOTO MBI COUWIH CBOCBPECMCH-

Haptoglobin is a component of the active phase of
reactive proteins whose specific property is the ability
to bind hemoglobin. This partially explains the partici-
pation of this protein in ptotective-adaptive reactions
of the organism of vertebrates. Haptoglobion reacts to
pathology by change of its concentration and this is
considered a sensitive test of estimation of the physio-
logical condition of the organism (beticembaeBa 1984).
Despite the absence of the specificity of changes in the
concentration of haptoglobin under actual diseases,
measurements of its content in the blood are used in
diagnostics of pathology of man and animals (Gruys et
al. 1994). However, there are limitations related to
species traits of the level and expression of response of
haptoglobin (Murata et al. 2004). Therefore it is rec-
ommended to determine the range of variation of this
parameter for different species of animals. For marine
mammals, such data are scarce (Krafft et al. 2006;
Thomton and Mellish 2007; Zenteno-Savin et al.
1997).

With consideration of the above we found it appropri-
ate to present our data on the content of haptoglobin in
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HBIM TIPEACTABUTH COOCTBEHHBIC JAHHBIC 10 COJCPIKAHHIO
ranToriio0WHa B IUIa3Me KPOBH JBYX BHIOB ApKTHYECKHX
JIACTOHOTMX — Tpennanackoro (Pagophilus groenlandicus
Erxleben, 1777) u ceporo (Halichoerus grypus Fabricius,
1791) Troneneit.

JKMBOTHBIX WM3y4alli BO BpeMsl IKCIIEANIMN Ha 3BepOOOIHBIN
TIpoMbIcen (TPeHNIaH/ICKUH TIONEHb, N=87) M Ha IICHHbIC 3a-
JIKKH (Cepblil TIOJIeHb, N=36), a TaK)Ke NpHU CoJepKaHUN Ha
skcniepuMmerTanpHOi 6aze MMBU KHII PAH B ry6e Caiina
Konbckoro 3ammBa bapennesa mopst (n=4). KpoBp Opamn u3
AKCTPagypaabHON BEHHI. [ amToOrIoOMH B IUTa3Me KPOBH OII-
pEIersull METOIOM, OCHOBAHHBIM Ha OCaKACHHH PUBAHOJIOM
KOMILIEKca  ranTorioOoua+reMornooud  (CrnpaBOYHUK. ..
2003). udporoit matepuan o00pabOTaH CTATUCTUYCCKH C
ucnons3oBanueM kputepus Crertonenta (Kokynun 1975).

IIo maHHBIM JIMTEPATYPBI, Y KOJIBYATOW HEPIBL COJEPIKAHUE
ranrorinobuna cocrariser B cpennem 0,26+0,02 r/n (pexne-
nel kosiebanuit 0,0-1,5 1/1) ¥ CyIIECTBEHHO 3aBHCHUT OT BO3-
pacra, nona, ynutanHocTy kuBOTHBIX (Krafft et al. 2006). ¥
CHBYYEH, CONEpIKAIMXCS B HEBOJIE, CPEIHSS KOHLECHTPALHS
ranrornobuna 1,33+0,17 r/n (Thomton and Mellish 2007),
IIPY 3TOM OTMEYEHO ee cyIecTBeHHoe yBenndyenue (1o 10,06
/1) y O0IBHOTO KUBOTHOTO C OOMIUpPHBIM abcueccoM. JlaH-
HBIE 110 COAEP)KAHMIO TaNTOrJI00NHa B KPOBU CEBEPHOTO MOD-
ckoro kotuka (Mazarro et al. 2004 — mur. mo: Thomton and
Mellish 2007) 6;1u3KH K TaKOBBIM y KoJibuaToit Heprbl — 0,35-
1,14 v/n.

Hamm MHOTONIETHHE HCCeI0BaHU OMOXMMUYECKUX TOKa3a-
TeNeil KPOBU I'PEHJIAHACKUX TIOJIEHEH OeIOMOPCKOil momyJis-
LMY TTO3BOJIMIIN ONPENENIUTh HOPMaJlbHbIE 3HaYE€HHs KOHIICH-
TpalKU TanTorioOuHa B IUIa3Me KPOBH, cocTaBistomue 1,1-
1,5r/n (KaBueBnu u Epoxuna 1996). YcraHoBieHO Takxe,
YTO YPOBEHb 3TOTO IOKa3aTelisl y B3POCIbIX )KUBOTHBIX CTa-
THUCTHUYECKH JIOCTOBEPHO BBIIIE, YEM Yy IIEHKOB. Tak, y HOBO-
POXIICHHBIX TIOJICHEH COIEPKAaHUE IallTOrJI00NHA COCTABIISIET
1,2620,18 /1, y 1,5-2-Mecsunbix meHkoB — 1,4440,008 r/m, y
B3pocubIX (crapme 6 net) — 2,00+0,17 r/in. MBI uMenu Takxe
BO3MO)KHOCTH MCCJIEIOBATH 3aBUCUMOCTD KOHIIEHTPALIUH Tall-
TOTJIOOMHA OT (DU3MOIOTHYECKOTO COCTOSHHUS IKMBOTHBIX,
H3y4YHB COCTaB KPOBU OCOOOH IpymNIIbl )KMBOTHBIX — TaK Ha-
3bIBAEMBIX 3aMOpBIIIEH (HEAOKOPMIICHHBIX LIEHKOB, IO Pa3-
HBIM TNIPUYMHAM OCTABJICHHBIX MAaTepbi0). AHOMAJIbHOE CO-
CTOSIHME 3aMOpBIILIeH Ha ypOBHE OOMEHa BELIECTB MOATBEP-
JKIAETCsl ¥ HAIIUMH WCCJIEJOBAaHUSMH I'€MaTOJIOTHYECKUX U
Oounoxumuueckux mnapamerpoB kpoBu (KasneBnu n Epoxuna
1996). YcranoBieHo, 4To BO BCe rojsl HaOMIOJCHUH conep-
JKaHUE TanToriioOMHa B KPOBH HOPMAJIBHBIX IIEHKOB HaXO/H-
JIOCH B Tpezenax HOPMBI, XOTS U Ha YPOBHE BepXHEH I'paHu-
LIbl HOPMAJIbHBIX 3HaueHUM. B 3T0 ke Bpems y 3amopbliei
9TOT MOKa3aTellb CTATHCTHYECKU JOCTOBEPHO ITPEBBIIIAN I10-
Ka3aTely HOPMAIbHBIX IIEHKOB, 33 WMCKIIOYEHHEM JaHHBIX
1994 r. (puc.1).

Ha nam B3rnsiz, 3T0T (pakT MOKa3bIBaeT, 4TO yPOBEHb ranTor-
J00MHA OTPa)kaeT COCTOSHHE HEOJIarONOoIy4Hs B OpraHHU3Me
00CIIeI0OBaHHbBIX XMBOTHBIX. B TOJB3y 3TOr0 CBHUAETENBCT-
BYIOT M JJaHHBIE 110 JPYTHMM W3y4YECHHBIM NapaMeTpaM KpOBH.
Crnenyer ormeTuTh, uTOo B 1991 T. paznuuus ObLIM 3HAYHU-
TenbHee, 4eM B 1994 r. MoHO rOBOpUTH O TOM, YTO BHEILIHE
HOpMaJIbHbIE IIeHKU 1994 T. poXkIeHHsS B CBOEM COCTOSIHHU,
10 JaHHBIM OHMOXMMHYECKOTO HCCIIEIOBaHHUS KPOBH, IIPH-
OMKAIOTCS K 3aMOpBIIIaM. 3aMeTHM, YTO Ha HeOIarompHsT-

blood plasma of two species of Arctic pinnipeds — harp
seal (Pagophilus groenlandicus Erxleben, 1777) and
grey seal (Halichoerus grypus Fabricius, 1791).

The animals had been studied during expeditions to
commercial sealing (harp seal, n=87) and to breeding
grounds (grey seal, n=36) and while keeping at the
experimental; base of the Murmansk Marine Biologi-
cal Institute, Karelian Research Center, RAS, in the
Saida Gulf of Kola Bay, the Barents Sea (n=4). Blood
was taken from the extradural vein. Haptoglobin in
blood plasma was determined by the method based on
precipitation with rivanol of the complex haptoglo-
bin+hemoglobin (CnpaBounuk... 2003). Numerical
material was treated statistically using Student’s test
(Kokynun 1975).

According to literature, in the ringed seal the content
of haptoglobin is on an average 0.26+0.02 g/l (range
0.0-1.5 g/1) and significantly depends on the age, sex,
and fatness (Krafft et al. 2006). In Steller’s sea lions
kept in captivity the average concentration of haptog-
lobin is 1.33£0.17 g/l (Thomton and Mellish 2007), its
concentration significantly increased (up to 10.06 g/I)
in the animal with a wide abscess. Data on the content
of haptoglobin in the northern fur seal (Mazarro et al.
2004 — cited after: Thomton and Mellish 2007) are
close to those in the ringed seal — 0.35-1.14 g/1.

In our long-term investigations of biochemical para-
meters of blood of the harp seal of the White Sea pop-
ulation the normal values of haptoglobin concentration
in blood plasma are determined as 1.1-1.5 g/l
(KaBuesuu u Epoxuna 1996). It is also determined that
the level of this parameter in adults is statistically sig-
nificantly higher than in pups. In newborn seals the
content of haptoglobin is 1.26+0.18 g/1, in 1.5-2-month
old pups — 1.44+0.008 g/l. In adults (over 6 years) —
2.00+0.17 g/l. We could also investigate the depen-
dence of the haptoglobin concentration on the physio-
logical state of animals investigating the blood compo-
sition of a special group of animals — so-called starve-
lings (underfed pups abandoned by mother by various
reasons). The anomalous state of starvelings at the
level of metabolism is confirmed by our determina-
tions of hematological and biochemical parameters of
blood (KaBueBnu u Epoxuna 1996). In all years of
observation, the content of haptoglobin in the blood of
normal pups was within norm, though at the level of
the upper boundary of normal values. In starvelings,
these parameters statistically significantly exceeded
the parameters of normal pups, except the data for
1994 (Fig. 1).

We believe that this fact indicates that the level of hap-
toglobin reflects the unhealthy state of the examined
animals. This is also supported by the data on other
investigated blood parameters. It should be noted that
in 1991 the differences were more expressed than in
1994. It may be assumed that the outwardly normal
pups born in 1994 approached starvelings by their state
according to the data of biochemical blood analysis.
We may note that unfavorable tendencies in develop-
ment of the White Sea population of the harp seal were
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HbIe TEHJICHIIMN B Pa3BUTHUH OEJIOMOPCKOMN IOMYJISALMU IPEH-
JAHJCKOTO TIOJICHS YKa3bIBAIM U JaHHbBIE OPYTUX UCCIIEA0Ba-
teneit, B yactHocti CeBI[IMHPO (Apxanrensck) (Timoshen-
ko 1995).

r/n
2 -
1 -
’ 6 6 6
0 = T T T 1
1990 1991 1992 1994

Fogbl HabnwpeHUn

Y HOBOPOXKICHHBIX CEPHIX TIOJNIEHEH coxep)kaHHe TanToriiooun-
Ha B TUIa3Me KPOBU CTATHCTHYECKHU JTOCTOBEPHO MEHBIIE, YeM Y
OTHOBO3PACTHBIX TPEHJIAHACKHX TIOJICHEH, W COCTaBIIET
0,85+0,10 r/n (mamsbie 1991 r.) u 0,74+0,11 /1 (nanabe 1994
T.). MOXHO OOBSCHUTH 3TOT (H)aKT BUIOBBIMH OCOOEHHOCTSIMHU.
C npyroii CTOPOHBI, HE UCKIIIOYEHO, YTO CTOh PA3INYAIONIHecs
3HAYCHHS CBHUJCTEIBCTBYIOT O HEOAMHAKOBOM COCTOSHHH KH-
BOTHBIX B HOMYJSAIMAX. B oTiinumMe OT OEIOMOPCKOW MOIMyJisi-
LM TPEHJIAH/ICKOTO TIOJICHSI, COCTOSIHUE MYPMAHCKUX KOJIOHHHA
BOCTOYHO-ATJIAHTHYCCKON TOMYJISIIIAKA CEPOrO TIOJICHS HE BEI-
3BIBAIO CEPBE3HBIX oOmaceHuil. Bo MHOTOM, Takas CHUTyaIus
OOBSICHIETCS TE€M, YTO 3TOT BHI B Poccuu oxpansiercs 3ako-
HOM, a MeCTa pPa3MHOMKEHHsI CEpOro TIOJeHS MypMaHCKOTO
PHUOPEKBS PACIIONATAIOTCS HAa TEPPUTOPHH 3aIIOBETHIKA.

HccnenoBanus conepaHWs TaNTOTIOOMHA B IUTa3Me KPOBH
IIEHKOB TPEHJIAHACKOTO TIOJICHS, IOMEIICHHBIX B OKEaHAPHUYM,
MIO3BOJIFUIN IPOCIEANTh AMHAMHUKY 3TOTO IOKa3aTels B MIEPHOJ
aJanTalyuy JKUBOTHBIX K YCJIOBHAM HEBONU. AHAIN3WPOBAIU
KpoBb 4 TpeHJaHICKUX TIOJIeHeH, mpuBe3eHHbIXx u3 Kanma-
JIAKIICKOT'O 3aJIiBa B Bo3pacTe 3-x MmecsueB. Cpoku Habrome-
HUS U1 OTACNbHBIX 0cobeit coctapmiu: Nel — ¢ 26 urons 2001
r. no Hactosiee Bpemsi; No2 — ¢ 26 utons 2001 r. mo HacTosi-
miee BpeMst; Ne3 — ¢ 26 utons 2001 r. mo 22 anpens 2002 r.; Ned
— ¢ 26 urons 2001 r. mo 13 ampens 2004 r. )Kusotnsie Ne3 u
Ned4 morubmm, npoxkuB B HeBodie 18 m 34 mecsma, cCOOTBETCT-
BeHHO. B Havane HaONIONEHHS COCTOSHHE JKUBOTHBIX OTIHYA-
JIOCh OT HOPMEI, 00 3TOM CBHIETEIHCTBOBAIHU IAaHHBIC OOIIETO
aHamM3a KPOBU U TOKA3aTelIW €CTECTBEHHOW PE3UCTEHTHOCTH
JKUBOTHBIX. B TeueHme mecsa HabIIOAEHUI y BCeX dKCIEpH-
MEHTAJIbHBIX )KUBOTHBIX OTMEYEHBI Pe3KHe KOJeOaHusl YpOBHS
rafnTorjioouHa B Iia3mMe KpoBu (puc.2).

Xapaktep AMHAMHKH TIOKa3aTeis CXOJICH, HO CTCMeHb BhbIpa-
JKCHHOCTH M3MEHEHU# pasnndaercs. [Ipu mepBom oOcienosa-
HUM COJIepXKaHue rantoriaobuna Obuto He Bhime 0,4 r/n. Uepes
JIBE HEJICTH 3TOT IOKA3aTellb BEIPOC B HECKOJBKO pa3 — MaKCH-
ManbHO 10 1,8 1/, a 3ateMm cTan cHIKaThed. K KOHIly meprona
HAOJIOJICHUSI, KOTOPBI COBMAJai C 3aBEpPUICHHEM IPOLECCOB
aJlanTanyy )KUBOTHBIX K COJICPIKAHUIO B HEBOJIC, YPOBEHb Tall-
TOTJIOOMHA PE3KO pazinyajics y 00CIeJOBAaHHBIX XHBOTHBIX: Y

pointed out by other experts, including the SevPINRO
(Arkhangelsk) (Timoshenko 1995).

Puc. 1. Comeprxanue ranroriodrHa B I1a3mMe KPOBH HOP-

MaJbHBIX IEHKOB (a) 1 3aMopkIiel (0) TpeHIan-
CKOTO TIOJICHS OETIOMOPCKOM NoImy sun. B pamke —
3HAYCHHS HOPMBI TSI JAHHOTO MOKa3aTess

- Fig. 1. The content of haptoglobin in blood plasma of

normal pups (a) and starvelings (b) of harp seal of
the White Sea population. In the frame the normal
values for this parameter are indicated.

In newborn grey seals the content of haptoglobin in
blood plasma is statistically significantly lower than
in harp seals of the same age and is 0.85+£0.10 g/l
(data of 1991) and 0.74%0.11 g/l (data of 1994). This
fact may be species-specific. On the other hand, it is
not excluded that so different values indicate to the
different state of animals in populations. In contrast
to the White Sea population of the harp seal, the state
of Murmansk colonies of the East-Atlantic popula-
tion of grey seal did not cause any serious alarm.
This situation is explained to a great extent by the
fact that this species in Russia is protected by law
and breeding grounds of grey seal are situated in the
Nature reserve.

Investigations of the content of haptoglobin in blood
plasma of pups of the harp seal kept in the oceana-
rium demonstrated dynamics of this parameter in the
period of adaptation to captivity. Blood of four harp
seals brought from Kandlaksha Gulf at the age of 3
months was analyzed. The periods of observation of
particular individuals were: Nel — from June 26,
2001 up to the present; Ne2 — from June 26, 2001 up
to the present; Ne3 — from June 26, 2001 up to April
22,2002; Ned4 — from June 26, 2001 up to April 13,
2004. Animals Ne3 and Ne4 perished having lived in
captivity 18 and 34 months, respectively. In the be-
ginning of observations the state of animals differed
from the norm as indicated by the data of general
blood analysis and by parameters of natural resis-
tance of animals. During a month of observations in
all experimental animals the level of haptoglobin in
blood sharply fluctuated (Fig. 2).

The dynamics of this parameter is similar but the
expression of changes differs. In the first examina-
tion the content of haptoglobin was not more than
0.4 g/l. In two weeks this parameter increased by
several times — maximally to 1.8 g/l and then was
decreasing. To the end of observation period which
coincided with the end of adaptation to captivity in
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tioneHerd Nel u No2 o He npeBbiman Benuuunsl 0,4 r/11, Torga | the animals the level of haptoglobin sharply differed
kak y Troneneit Ne3 u Ned nocruran 3nadenust 1 r/n. Kak orme- | in the investigated animals: in seals Nel and Ne2 it
4ajoch BBIIIE, M3 JAHHOW Ipynmbl )HUBOTHBIX a0 Hactosiero | did not exceed 0.4 g/l while in seals Ne3 and Ne4 it
BpeMeHu noxiiH TiosieHd Nel u No2, torma kak Ne3 u Ned mo- | attained 1 g/l. As was noted above, of this group of
ruoau. He uckiIio4YeHo, 4TO OTMEUeHHbIE OCOOCHHOCTH auHa- | animals, seals N 1 and N 2 live until now while Ne3
MHKH COZIEpKaHus TanTorjaoOnHa y HUX B KpoBH B HadaubHbIH | and Ned perished. It is not excluded that the afore-
TIEpUOJI a/laNiTalluy K HOBBIM YCJIOBHSIM JKH3HM CBS3aHBI ¢ 0co- | mentioned traits of dynamics of haptoglobin in their
OeHHOCTAMH (PM3HOJIOTHYECKOTO COCTOSIHUSL B 3TOT mepuof, | blood in the initial period of adaptation to new condi-
OTIpeNIeNMBIICTO MX JAFHEHITYIO JKU3HECTIOCOOHOCTh. B mosb- | tions is related to special traits of their physiological
3y 3TOT0 MPEATION0KEHUS CBUICTENBCTBYIOT U JPyTHE MOKa3a- | state in this period which predetermined their further
TEJH, TI0 KOTOPBIM PEe3KO Pa3InJajich BRIACICHHBIE HAMU MU- | viability. This is confirmed by other parameters
HU-Tpymbl. B wactHocTu, neiikonuraphas ¢opmyna, mupoko | which distinguished these mini-groups. In particular,
HCIIOJIb3yeMasi B MEIUIIMHCKOI M BeTepuHapHOW mpaktuke ¢ | it is also confirmed by the leukocyte count widely
JUArHOCTHYCCKUMH LICIISIMH. used in medicine and veterinary science for diagnos-

. tics.
Takum 00pa3oM, pe3ysibTaThl UCCIIEAOBAHNI MOKA3bIBAIOT, YTO

rantorioOuH sABJISETCS JaOUIBHBIM MoKa3aresieM, cogepkanue | Thus the results demonstrate that haptoglobin is a
KOTOpOTO B KpPOBHU TIOJEHEH 3aBUCHT OT (usmonorunueckoro | labile parameter whose content in blood of seals de-
COCTOSIHHMS )KUBOTHBIX. Ha 3TOM ocHOBaHMH moka3areiss ypoBHs | pends on physiological state of animals. On this ba-
ranTorjaoOnHa B IIa3Me KPOBH JIACTOHOTHMX MOXKET HCIOJb30- | sis, the parameter of haptoglobin level in the blood
BaTHCS JJIS OLIEHKH COCTOSIHUS MOIMJISIK B OnoMoHUTOpHHTE, | plasma of pinnipeds may be used in biomonitoring
a TakkKe I XapaKTePHCTUKU COCTOSIHHS KUBOTHBIX B yCIIOBH- | for estimation of the population and for characteriza-

SIX OKeaHapHuyMa. tion of animals under conditions of the oceanarium.
rfn Puc. 2. Coneprxanue ranrorio-
B 26.06.2001 -
ladeid OWHA B I1a3Me KPOBH IICH
B10.07.2001 KOB I'PE€HJIAaHICKOTI'O TIOJICHA
@17.07.2001 B HayaJIbHBII EPUOJ CO-
etk JepyKaHus B HEBOJIE

Fig. 2. Haptoglobin content in
blood plasma of pups of the
harp seal in the initial pe-
riod of keeping in captivity

N1 Ne2 He3 Ned

Homepa JKCNepHMEeHTaNnbHbIX HHBOTHLIX
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Oco6eHHOCTU 3BONOLUN KOPUHO3OM — Napa3nToOB aHTapPKTUYECKUX Ha-

CTOSALLUX THOJNIeHEeU

TaBpuyeckuii HAIMOHANBHBINA yHUBepcuTeT uM. B.U. Bepuaackoro, Cumbepornosb, YkpanHa

Yurakhno M.V., Stryukov A.A.

Evolutionary peculiarities of Corynosoma — parasites of Antarctic pho-

cid seals

Taurida National V.I. Vernadsky University, Simferopol, Ukraine

I'enbMUHTBI — MMPUPOAHBIE METKU CBOUX XO35CB. Ounn HECYT
I/IH(bOpMaLII/I}O 0 MECTax HUX MPOUCXOKICHHUA, T'€OJIOrnye-
CKOM BO3pacTe, IyTAX MUTPALMHA M O CTPYKTYpE MX COBpE-
MEHHBIX NOMyJALUUi. AxaHToredansl 0coOCHHO yIOOHBI
JUIS. KOSBOJIIOIIMOHHBIX HCCIIEJOBAaHMH, TaK Kak 00JIafaloT
psamoM 49€TKO HacleAyeMbIX W Jierko auddepeHnnpyemMpIx
TpHU3HAKOB ((opMa U pa3MepHI Teja, BOOPYKEHHE X000TKa,
COMAaTHYECKHE W TeHUTAJbHBIC MIUITUKH, pa3Mephl U Gopma
sun). HaTypaiapHBIM TeTbMHHTOIOTHYECKUI MaTepra coo-
pan M.B. IOpaxno B 1986-1987 r1r. Ha 3BepoOOiHO-
pBI60T0BHOM cynHe «3y0apeBo» B THXOOKEAHCKOM CEKTOPE
AHTapKTUKH (paiioH ocTpoBoB bamnenu u mope ropsuis).

Mpbl cpaBHWIM aHTapKTH4eckue Buibl poma Corynosoma
(Acanthocephala, Polymorphidae) ¢ apKTH4eCKUMU BUAAMUA
aToro pona. Okazajaock, 9YTO y BCEX aHTAPKTHUYECKUX KOPH-
HO30M B CEBEPHOM IOJYIIAPUH HMEIOTCS CBOETO poja
«IBOMHUKW» — BHIBI, OOMamaronie OOIbIIIM MOPQOIOTH-
YECKUM CXOACTBOM (0cOOEHHO TI0 opMe U pazMepaM Tela).
Tak, cxomguabl Corynosoma pseudohamanni (AHTapKTHKA) U
C. erignathi (Apxtuka), C. hannae u C. semerme, C.
arctocephali n C. villosum, C. australe n C. obtuscens co-
oTrBeTcTBeHHO. Emé Oosplee cxomcTBo Habmromaercs y
KOPUHO30M — IMapa3MTOB FOKHOTO M KaIU(OPHHUICKOTO
MOPCKHUX CJIOHOB. [0 HACTOAIIEr0 BPEMEHU OHHM CUYUTAIOTCS
oauuM BugoM — C. bullosum. He UCKIIIOY€HO, OQHAKO, YTO
Ooyee TmIaTeIbHOEC U3yUYCHHE KAMM(OPHUICKUX IK3EMIUIS-
pOB TpHUBENET K BBIICICHUIO MX B CAMOCTOSTCIBHBINA BHJI.
[IpuBeneHHOE CpaBHEHHWE WHTEPECHO, MPEXKIE BCETO, TEM,
YTO NPOJIMBAET CBET HA CKOPOCTh MaKpPOIBOJIIOLUH CKpeO-
Heil poga Corynosoma, OKa3aBIIUXCS B IKCTPEMAbHBIX
yCIOBUSIX AHTApPKTUKHU. VX X0351€Ba — aHTAPKTUYECKHE TIO-
JICHU TPOHMKIIM U3 CEBEPHOTO MONyLIApHs B I0XKHOE Tpel-
TIOJIOKHUTEIHHO OKOJIO 5 MiTH. J1eT Ha3ax (Reppenning 1976).
BrIsiBIICHHBIE OTJIMYUS B CTPOCHUM apKTUYCCKUX U aHTapK-
THYECKUX CKpeOHEe! MO3BOJIIFOT CYAUTh HE TOJIBKO O CKOPO-
CTH M3MEHEHHS TeX WJIM WHBIX MIPU3HAKOB, HO U O Maruct-
PATBHOM HampaBlICHWH COBPEMEHHON »SBONIOIMH. boiee
JIETaTbHO PACCMOTPUM 3TO Ha IPUMEPE JBYX CXOJHBIX BH-
noB: C. pseudohamanni, TTIaBHBIM OKOHYATEIBHBIM XO3S5H-
HOM KOTOPOTO SIBIIIETCS TIOJCHb Yauemna, u C. erignathi —
napasura Jjaxtaka. [Ipexjie BCero, OHM IMOXO0XH JPYr Ha

Helminths are natural markers of their hosts. They carry
information about the sites of their origin, geological
age, migration pathways and the structure of their
present-day population. Acanthocephals are particularly
convenient for co-evolutionary studies as they have a
number of inherited and readily-identifiable (shape and
size of the shape and size of the body, proboscis struc-
ture, somatic and genital spinules, the size and shape of
the eggs). Natural helminthological material was col-
lected by M.V. Yrakhno (FOpaxuo 1986-1987) on the
fishing and hunting ship “Zubsrevo” in the Pacific sector
of the Antarctic (the region of the islands Balleny and
Durville).

We compared the Antarctic species of the genus Cory-
nosoma (Acanthocephala, Polymorphidae) to the Arctic
species of that genus. It was revealed that all the Antarc-
tic Corynosoma have a kind of twins in the Northern
Hemisphere — the species with great morphological si-
milarity (particularly in shape and size of the body). In
fact, similarity is found between Corynosoma pseudo-
hamanni (the Antarctic) and C. erignathi (the Arctic), C.
hannae and C. semerme, C. arctocephali v C. villosum,
C. australe u C. obtuscens, respectively. A still greater
similarity is found in corynosomes — parasites of the
southern and Californian elephant seals. To date, they
have been considered a single species — C. bullosum. It
well may be, however, that a thorough study of the Cali-
fornian specimens would lead to their isolation into an
independent species. The comparison made is interesting
primarily because that it sheds light on the rate of the
microevolution of the Corynosoma genus under the ex-
treme conditions of the Antarctic. Their hosts are An-
tarctic seals, which penetrated from the Northern He-
misphere to the Southern supposedly 5 million years ago
(Reppenning 1976). The difference revealed in the struc-
ture of the Arctic and Antarctic proboscis worms are
suggestive not only of the rate of changes in some in
some particular characters but also the main direction of
modern evolution. Let us consider it in more detail as
exemplified by two similar species. C. pseudohamanni,
whose final host is the Weddell's and C. erignathi — a
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apyra ¢opMmol Tenma: KOHYCOBHUIHON Yy CaMIIOB M MEIIKO-
BUAHON y caMOK. CXOIHBI y HUX M XOOOTKH: TOYTH Ipa-
BUWJILHO LWJIMHJIPUYECKHE, HATIOMHHAIOT 10 (hOpMe KYKY-
py3HbIi oyaTok. O0a Buia OTHOCSTCS K IpyIie CKpeOHew,
y KOTOPBIX BCSl BEHTpaJbHAas CTOPOHA MOKpPbITA COMaTH4e-
ckumu munukamu. Oxnako y C. pseudohamanni 3T0T npu-
3HaK BBIPQKEH YeTde: M y CaMIOB M Yy CaMOK CBOOOJHOI
30HBI MEXXY COMAaTHYECKUMH M T€HUTAIBHBIMH IIUITHKAMHU
HeT. Urto kxacaercs C. erignathi, To mogoOHas KapTHHA Ha-
OmroaeTcst TOJIBKO ¥ caMOK Uy 75% caMIioB. Y OCTaNbHBIX
25% camioB umeetcs cBoOoaHas (romnast) 30Ha. CpaBHEHHE
IUTACTUYECKUX MPHU3HAKOB TOKa3zajno, uto cammel C.
pseudohamanni OT TIABHOTO OKOHYATEIHHOTO XO35MHA —
TIOJICHA Y3a7eiuia KpyiHee TakoBeix C. erignathi mo BceM
Mpu3HaKkaM, KpoM€ IJMHBI COMATHYCCKUX W TI'CHUTAJIbHBIX
IIMIIHMKOB. Y CaMOK 3Ta TEHJCHLHS BhIPaXKEHA MEHee YETKO.
Camxu C. pseudohamanni tpeBocxomar TakoBbix C.
erignathi JMIIb 10 JJIMHE TeNa, 3aJHEH 4YacTH TYJIOBHIIA,
X000TKa, OCTPHSI MAKCUMAJIHOTO KPIOYKa Ha HEM M HICHKH.
AOCONIOTHBIE 3HAYEHUS OCTATBHBIX IIACTHYSCKHUX MPU3HA-
KoB BhIe y camok C. erignathi. [lpaBna, mo pmiae 0yian0y-
ca, TOJIIMHE 3aJHEH YacTH TYJIOBHUINA, X000TKa M XOOOTKO-
BOTO BJIATaJIMIIA, & TAKKE MO JITUHE TeHUTAIBHBIX ITUITHKOB
JIOCTOBEPHBIX OTIWYMI HET. Bce ocTanbHble NMpU3HAKU pas3-
HSATCS CYIIECTBEHHO.

He MeHee HHTEPECHO CPaBHUTH MEPUCTHYCCKANE TIPU3HAKH:
YHCJIO TMPOIOJBHBIX PSIOB KPHOYBEB HA XO0OTKE, HYHCIIO
KPIOYbEB B PAIY, YACIIO NEPEAHUX (C KOPHEM) U 0a3albHBIX
(6e3 kopHs) KproukoB. Habop Bapuammii mo 4YHCIy PsIOB
coBmagaer. bonee Toro, y 000uX BHUIOB MaKCHMyM IPHXO-
naurcst Ha Bapuanuio 20 psgoB. CXOAHBI BUABI U [0 YHCITY
KPIOYKOB B PSy — Y KaXJI0r0 MO LIeCTh BapHuaiuii, HO y C.
pseudohamanni — ot 11/12 go 14/15 (wame 13 xprodkoB), a
y C. erignathi — ot 11/12 no 14 (wame 12/13). Urak, mno
YHCITy KPIOYKOB B MPOJOJIBHOM DALy Ha X000TKe HaOIoqa-
ercsi cxoAcTBO. OHAKO BBISBICHBI PA3IMuusi B CTPOCHUH
kptoukoB. Y C. pseudohamanni mpou3omién CABUT B CTOPO-
Hy yBenudeHus uucia nepensux (9/10-12) u ymeHblueHus
yucia 0aszanbHbIX (1/2-3). ¥ C. erignathi nepenuux 7/8-9,
0azanpHbBIX 3/4-0.

Oo6mee cxonctBo C. pseudohamanni n C. erignathi cBune-
TEJILCTBYET O TOM, YTO Y HUX ObLI 00wmmii npexok. B Apk-
THKE B Ka4eCTBE €ro MOTOMKOB coxpaHmmuck C. erignathi u
C. validum (mapazut Mop)ka), B AHTapKTHUKE OH TOXE -
BeprupoBan Ha 2 Buna — C. pseudohamanni u C. hamanni.
OkcTpeMainbHas cpena IOkHoro okeana (Oojiee HHU3KHE
TEeMIIepaTypbl BOJBI M BO3/yXa, H30SLUS OT OCTaJIbHOM
yacTH MHPOBOTO OKeaHa MOCPEACTBOM LUPKYMIIOISIPHOTO
AQHTapKTUYECKOTO TEUeHHMs) MpHBesa K MOP(OIOTHUECKIM
N3MCHCHUAM KOPHUHO30M. BO-HepBI)IX, YBEJIUYUIIUCH pasMe-
PbI UX TEJIA, YTO Ha6n}0uaeTca B AHTapKTl/IKe U B OTHOIIC-
HUM BBICHIMX JKUBOTHBIX. BO-BTOPBIX, YMEHBUIMINCH pa3-
MEpHI SIML. JTO MO3BOJISET Mapa3suTaM yBEINYNUTh UX KOJIHU-
YeCTBO JUII OOCEUBAHUS OTPOMHON aKBaTOPHH (JHAMETPOM
okoso 8000 km). B-TpeThux, ycHnmmics MpUKPETHTeIbHBIN
anmnapaT: yBEIUUYWINCH IUIOIMAIb PACIPOCTPAHEHHS COMa-
THYECKIK IIMIUKOB HAa TEJe, pa3Mephl X000TKa M JUIMHA
camMoro OOJNBIIOrO KpIOYKa B KaXAOM psamy Ha HEM. [Ipo-
M30IIJIO TIepepacipeielieHue BoopykeHust xoboTka. Kpym-
HBIX KpIOYbeB (IepejHuX) crayio OoJjplie, a Meikux (Oa-
3aJbHBIX) — MeHbIe. O0IIee jxe YUCI0 UX B KaXIOM psay
OCTaJIOCh ITPEIKHUM.

bearded seal parasite. They are primarily similar in body
shape; Which is saccular in males and cone-like in fe-
males. They have a similar proboscis: It is regular cylin-
drical, corn-knob shaped. Both species belong to the
group of proboscis worms whose ventral side is covered
with somatic spinules. However, in C. pseudohamanni
that character is better-defined: Neither males nor fe-
males have a vacant zone between the somatic and ge-
nital spinules. As to C. erignathi, a similar picture is
observed only in females and in 75% males. In the re-
maining 25% males there is vacant (naked) zone. Com-
parison of plastic characters revealed that C. pseudoha-
manni from the main definitive host — the Weddell’s seal
are larger than those from C. erignathi in all characters
except the length of somatic and genital spirules. In
females this tendency is less pronounced. C. pseudoha-
manni females exceed those of C. erignathi only in
terms of the body length, the posterior part of the body,
the proboscis, the point of the maximal uncus on it and
the cervix. The absolute values of other plastic charac-
ters are higher in C. erignathi females. However, in
terms of the length of the bulbus, the thickness of the
posterior part of the body, proboscis and the proboscis
sheath, and also in terms of the genital spinules, no sig-
nificant differences were found. All the other characters
differ considerably.

Of no less interest is comparison of meristic characters:
the number of longitudinal rows of unci on the probos-
cis, the number of unci in the row, the number of ante-
rior unci (with a root) and basal unci (without a root).
The set of variations in terms of the number of the rows
coincides. Moreover, in both species the maximum is the
variation of 20 rows. The species are similar in terms of
the number of the unci in the rows — each has six varia-
tions, but C. pseudohamanni has 11/12 to 14/15 (more
frequently 13 unci), C. erignathi, from — 11/12 to 14
(more frequently 12/13). Thus, there some similarity in
the longitudinal row on the proboscis. However, there
are some differences in the structure of the unci. In C.
pseudohamanni there is a shift towards an increase in
the number of the anterior (9/10-12) and decrease in the
number of basal (1/2-3). C. erignathi has 7/8-9 anterior
and 3/4-6 basal.

The common similarity between C. pseudohamanni and
C. erignathi is indicative that they had a common ances-
tor. Remaining in the Arctic as its descendents are C.
erignathi and C. validum (walrus parasite), in the An-
tarctic it also diverged into 2 species — C. pseudohaman-
ni and C. hamanni. The extreme environment of the
Southern Ocean (lower temperature of the water and the
air, isolation from the remaining part of the World
Ocean with a circumpolar Antarctic current) led to mor-
phological changes of corynosomes. Firstly, their body
size increase, which is also characteristic of the higher
animals in the Antarctic. Secondly, the size of the eggs
decreased. Thanks to that the parasites increase their
number to populate the vast water area (about 8000 km
in diameter). Thirdly, the fixation apparatus was streng-
thened: The area of somatic spinules, the size of the pro-
boscis and the length of the longest uncus in every row.
There was a re-distribution of the proboscis equipment.
There became more large (anterior) unci and fewer small
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ITomobHOE nmeTampHOE CpaBHEHHE OCYIIECTBICHO HAMHU U B
OTHOUIEHUH OCTaJIbHBIX YKAa3aHHBIX BBIIIE BUIOB — «JBOM-
HUKOBY. DBOJIIOIIMOHHBIC TPEOOPA30BAHUS X CXOXKH.

[TonyyeHHbIC MaHHBIC MOTYT HPEACTABISITH HHTEPEC IS
TEPHOJIOTOB TIPU BBUICHEHWH POICTBEHHBIX COOTHOIICHHN
MEXIy pa3IMYHBIME TrOJeHsMH. K mpuMepy, HEKOTOPBIMU
yuéusiMu (Fay et al. 1967, Auoburgep 1980) Ha ocHOBe Ka-
PHOJIOTHYECKUX HCCIICOBAHUIA BBICKA3aHO IPEAIIOIOKEHIE
0 CYLIECTBOBAaHMHU POJACTBEHHBIX CBS3CH MEXKIY CaMbIM Ce-
BEPHBIM JIACTOHOTMM OOMTATENIEM IUIAHEThl MOPCKUM 3aii-
uem Erignathus barbatus W caMbIM IO)KHBIM TIpEICTaBUTE-
JIeM oTpslla — TIOJeHeM Yaajesuia. BbldBieHHOe HaMu
0O0JIBIIIOE CXOACTBO MEXAY UX CHELU(PUYHBIMU Mapa3UTaMu
ckpebusimu  Corynosoma erignathi w C. pseudohamanni
MOJITBEPKIAIOT BHICKA3aHHOE MPEAIOoJoXKeHue. B mapasu-
TOJIOTHH ITUPOKO U3BECTHO MPABUIIO: POJICTBCHHBIC X03s5€Ba
HACEJICHBI POJICTBCHHBIMHU TAPa3UTAMHU.

[ony4eHHble cBeZeHUs] MOTYT OBITh MCIIOJIB30BAHBI TAaKKe
W TIpY M3yYeHHWH MHTpauuii Troneneil. Hamu ycranosneHo,
yTo ocobu C. pseudohamanni W3 aTIaHTUIECKOTO CEKTOpa
AHTapKTUKH UMEIOT OoJpliee MOP(POIOTHIECKOE CXOICTBO
¢ C. erignathi, 9eM THXOOKEaHCKHE. DTO IOATBEPKIAeT
BbickazanHoe Hamu panee (IOpaxnHo m CrproxoB 2004)
IPEIION0KEHHE O TOM, YTO NPEIKH AaHTApKTHYECKHX Ha-
CTOAIIMX TIOJICHEH, IPOHUKHYB B IUIMOLIEHE M3 CEBEPHOIO
HOJIyIIapusi B FOKHOE 110 XOJIOAHOMY BCTPEYHOMY aHTApK-
TUYECKOMY TCYCHUIO BIOJIb YUITANCKUX 6eper013, CTalin
npojsurarbesi B FO>kHOM okeaHe Ha BOCTOK, OCBOWJIM CHa-
yajla aHTApPKTUYECKYIO 4acTh AHTApKTHKH, 3aTE€M — THXO-
OKeaHCKylo. PacceneHHio MMEHHO B TaKOM HalpaBieHUH
CIOCOOCTBOBAJIO MOIIIHOE, AHTAPKTHYECKOE LUPKYMIIOJISP-
HOE TeUeHHUe ¢ Apei(yroMUMH ¢ 3amasa Ha BOCTOK JIbJIaMH,
OT KOTOPBIX TIOJICHU 3aBUCAT IKOJIOTHYECKH.

(basal) unci increased. Their total number in each row
remained the same.

The above detailed comparison was also made by us in
relation to the above twin species Their evolutionary
transformations are similar.

The data obtained may be of interest to theriologists in
revealing the relationships between different seals. For
instance, some scientists (Fay et al. 1967, AnOunnep
1980) on the basis of caryological studies put forward a
hypothesis that the northernmost pinniped Erignathus
barbatus and the southernmost Weddell’s seal are re-
lated. The revealed similarity between their specific pro-
boscis worms Corynosoma erignathi and C. pseudoha-
manni supports this hypothesis. There is a well-known
regulation in parasitology: Related hosts are populated
by related parasites.

The data obtained can also be used in studies on seal
migrations. We have revealed that C. pseudohamanni
individuals from the Atlantic sector of the Antarcti are
similar to C. erignathi to a greater extent than the Pacif-
ic. The above supports our previous hypothesis
(FOpaxno u CtprokoB 2004) to the effect that the ances-
tors of the Antarctic true seals by having penetrated in
the Pliocene from the Northern Hemisphere to the
Southern Hemisphere with the cold opposite Antarctic
current along the Chile shores, started moving in the
Southern Ocean eastward to settle first the Antarctic part
of the Atlantic part of the Antarctic and subsequently,
the Pacific. The distribution in that direction was pro-
moted by the strong Antarctic circumpolar current with
ice floes drifting from west to east on which the seals
depend ecologically.
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Benomopckas momynsuust rpenianackoro Tioiens (BIIIT)
SIBIISIETCS. OIHUM M3 OOBEKTOB MOPCKOT'O MPOMBICIA, TAKXKE
KaK ¥ NPOMBICIIOBBIE BHIBI PBIO, T.€. SBISAETCS BOJHBIM OHO-
normaeckuMm pecypcom (BBP). Drtor BuMm nmactoHOrWX 3KC-
nyatupyercs 1Byms crpaHamu — Poccueld u Hopserueil. B
TOKE BpEeMsl TPEHJIIAHJCKUN TIOJICHb TMPEACTaBIsACT COOOH
Ba)XHBIM 3JIEMEHT 3KOocucTeMbl bapeHnesa u benoro mopei,
ABJIAACH XUIIHUKOM IO OTHOIICHHWIO K MOPCKUM 61/10.]'101"14‘16-
CKUM O6’beKTaM, B TOM YHCJI€, K TAKUM ITPOMBICIIOBBIM BUAaM
pBIO, Kak cenbab, MOIBa, calika, cemra, TPECKOBBHIE BHJIBI
pu16. BIIT'T ucnbIThIBaET BIMSIHUE TaKUX (PAKTOPOB, KAK:
® OCBOCHHE YIJIEBOAOPOJHOTO CHIpbs Ha Ienbde bapenuesa
MOpsI ¥ TPAHCHOPTHUPOBKA €TO NMPOAYKTOB, BKIIOYAs M aK-
THUBHOE CYJJOXOJICTBO;
® 3HAYNUTEIbHbBIC KIMMATHUECKUE N3MEHEHHS, [TPOUCXOASAIINE
B TIOCJIETHUE TOJbI HAa aKBATOPUH MOpeil 3amagHoro CeKTo-
pa APKTHKH, CBSI3aHHBIC C KPYNHBIM IOTEIUIEHHEM, BKJIO-
qasg ¥ PEe3KOE yMEHbIICHHUE JIEASHOrO IOKpOBa, Kak B be-
joM, Tak U bapeHneBoM MOpSAX, a TakXkKe MPOAOIKUTEIb-
HOCTb €Tro CyIlleCTBOBaHUA B benom Mope.

Bce 310 B KOMIUIEKCE HEOOXOAMMO YYUTHIBATh IPU PACCMOT-
peHrH TPOOJIEMBI, CKJIAIBIBAIONICHCS B HACTOAIIEEC BpEMs
BOKPYT I'PEHJIAHJICKOTO TIOJIECHS.

AHAIOTHYHO TPOMEICTOBEIM BuaaM poi0 BIII'T sBmsercs
BBP, npu ucmonb30BaHAA KOTOPOTO HEOOXOAUMO IIPHUMEHSITH
npenocropoxsbiii moaxon (IIII) B pamkax 3KOCHCTEMHOTO
moaxoaa. ITo 00ecIeyuT ITOJITOBPEMEHHOE, HEUCTOUTUTEINb-
HOE, PallMOHAJIBHOE U3bATHE )KUBOTHBIX C YIETOM HX MECTa U
ponu B 3kocucteme bapenueBa u benoro mopei, B cOOTBET-
CTBHH C OOILEH YHCIICHHOCTHIO B PaMKaX YCTaHAaBIMBAEMOIO
OJZ1Y (0b6beM AOMYCTHMOTrO YJI0Ba WM A00BIYN), YTO ONpee-
nsiercst TpedoBanusimu UKEC, B pamkax KOTOpoOi# JelcTByeT
PI' HMKEC mno rpeHnaHACKOMY TIONCHIO U XOXJady
(WGHARP). Takum oOpazoM, [uisi peaiu3aliy yKa3aHHOTO
0JIX0/1a HEOOXOMMBI HaJIS)KHBIE M PENpe3eHTaTHBHBIC 3Ha-
Hus o uncieHHoctu BIII'T, koTopast B Toke BpeMs onpeaess-
eT OOBEKTHBHYI0 HAay4YHO-OOOCHOBAHHYIO TEKYIIYIO U OXKH-
JAEMYIO CHTYAIIHIO C MOIMYJISIINUEH TPEHIIaHICKOTO TIOJCHS.

B cBs3u ¢ Tem, uto 3anac BIII'T skciuyatupyercsa Poccueit u
Hopserue#i, OJ1Y ycranaBmuBaemoe WGHARP, nemwntcs
MEXIy 3THMHU cTpaHaMmu Ha exerofsbelx Ceccusax Cmernan-
HOM PpOCCHHCKO-HOPBEXKCKOW KOMHCCHUHU II0 PBIOOJIOBCTBY
(CPHK).

TpaI[I/IIII/IOHHO, B OCHOBC OIIPpEACTICHUS YUCJICHHOCTU IOITy-
JIAIUH JIEXKAT CBCACHUSA O Ouosioruu o0bEKTa I/ICCJ'IC,HOBaHI/Iﬁ n

The White Sea population of the harp seal (WPHS) is

an object of marine sealing, similarly to commercial

fish, i. e., is an aquatic biological resource (ABR). This
pinniped species is exploited by two countries — Russia

and Norway. At the same time, the harp seal is an im-

portant component of the ecosystem of the Barents and

White seas. It is a predator in relation to marine bio-

logical objects, including such commercial fish as her-

ring, capelin, Arctic cod, salmon, gadids. The WPHS
is exposed to such factors as:

e Development of hydrocarbon resources on the shelf
of the Barents Sea and transportation of its products,
as well as active navigation;

¢ Considerable climate changes occurring recently in
the Western sector of Arctic Regions related to a
significant warming, including drastic reduction of
the ice cover both in the White Sea and in the Ba-
rents Sea duration of its presence in the White Sea.

The complex of these circumstances should be kept in
mind in consideration of the problem formed at present
around harp seal.

Similarly to commercial fish species, WPHS is an ag-
uatic biological resource in whose exploitation a care-
ful attitude should be used within the ecosystem ap-
proach. This would provide long-term, sustainable,
rational exclusion of animals with consideration of
their place and role in the ecosystem of the Barents
and White seas in the framework of admissible catch
as required by ICES within whose system the ICES
working group on harp seal and hooded seal
(WGHARP) acts. Thus, realization of the aforemen-
tioned approach should be based on reliable and repre-
sentative knowledge on the abundance of WPHS
which also determines the unbiased and scientifically
based current and expected situation of the population
of harp seal.

As the stock of WPHS is exploited by Russia and
Norway the admissible catch set up by WGHARP is
subdivided between these countries at annual sessions
of the Joint Russian-Norwegian Commission on Fishe-
ries.

Traditionally, the determination of population abun-
dance is based on information on biology of the object
of investigations and on the quantity of newborn ap-
pearing annually among ice of the White Sea in the

606

Marine Mammals of the Holarctic. 2008



3abasHukoB u ap. O mekywel cumyayuu ¢ 6erroMopckol rnonynsyuel epeHnaHOCKO20 MISIeHs

3HaHUA O KOJMYECTBE HOBOPOXKACHHBIX JCTEHBIIIEH, MOSB-
JSIFOLIMXCST HA CBET €XETOAHO Cpenu JbIoB bemoro mops B
KoHIle (heBpayst — Hayane Mapra. YKa3aHHbIE NaHHBIE 3aTeM
UCIIONIB3YIOTCSI B MOJIEJIbHBIX pacyerax (MOJelb NMPHHATA U
yrBepxkaeHa skcnepramu WGHARP) oOmeit umciaenHocTn
BIII'T. Cbop OuosorMyeckoro marepuajia BBIIOJIHSIECTCS B
XOZie NPOBEICHUS CIIEIHAIN3UPOBAHHBIX OEPETOBBIX JKCIE-
JUnuil 1 paboT Bo Jibaax bemoro mMops, a Takke IMpu ocylie-
CTBJICHUM KOMMEPUYECKOTO MPOMBICIIA TPEHJIAHJICKOTO TIOJIEHS
CIELHUAIBHO TIOJTOTOBJICHHBIMH HaOIroaTensIMu-
uccaenoBaresiMu. KpoMe 3Toro, B epuos MpoBeACHHS exe-
TOZHBIX POCCHUICKO-HOPBEKCKHX IJKOCHUCTEMHBIX CBHEMOK B
bapeHuneBoM Mope mpoBoauTCsS COOp MaTepHANOB IO MUTA-
HHIO KHBOTHBIX.

CBelieHHs 0 KOJIMYECTBE MPUILIOAa COOUPAIOTCS MPH BBIMOJI-
HCHHUU CHCUATIM3UPOBAHHLIX YYETHBIX aBUACHEMOK B IICPUO/
IIEHKH XMBOTHBIX (KOHEIl MEepBOM JeKaJIbl MapTa — Havyalo
BTOpOI1 lekapl MapTa). B Tedenue nocneaunx 10-tu et atu
paboThI BBIMOJHSIOTCS IO YHUKAIBHON MYJIbTHCIIEKTPAILHOM
TEXHOJIOTUH, pa3padOTaHHON W YCIENIHO SKCILTyaTHPyeMOi
cnennamuctamu [IMHPO (r. MypmaHck) ¢ 6opTa criennaibHO
000pymoBaHHOTO camoleTa-Tabopatopun AH-26 «ApPKTHKa»
(CJD).

Brie nepeuncienHsle 3a1auu B KoMmIiulekce B Poccun B Ha-
CTOsAIIee BpeMs MOTYT pemarh ToiabKo crermanictsl [IMHPO
COBMECTHO C coTpyIHHKamu cBoero ¢umana (Ces[IMHPO) B
r. ApxaHrenbcK. JIOMOMHUTENBHO K 3TOMY, JJISl JIYIIETO Mo-
Humanus cutyanuu ¢ BIII'T, ¢ nensio ee HamexHOH, 3hdek-
TUBHOW M PE3YJIbTATHBHOMN DKCIUTyaTallid W YIPAaBJICHUS Ha
ocHoBe [III, yuntbiBas B3aMMHYIO 3aHHTEPECOBAHHOCTb CTO-
poH, B 2006 r. Ha 35-0if Ceccun CPHK Obuta mpunsita u yT-
BepkaeHa «CoOBMeCTHAas HaydHO-HCCIENOBATENbCKAs TIPO-
rpaMMa IO SKOJIOTHH TPEHIAHICKOTO TIOJCHS Ha MEepHON
2007-2011 rr.» (CoBMecTHas mporpamMma), KoTopas B Ha-
CTOSIIEE BPEMs YCIIEIITHO PeaTH3yeTCsl.

B 2008 r. HayuHO-TIpUKIagHBIe pabOTHI IO COOPY BHIIIE yKa-
3aHHBIX HEOOXOJHMMBIX MCXOJIHBIX JaHHBIX (OMOIOrHYecKHe
MaTepHabl U yYeTHbIE MYJIbTUCIEKTPAIbHBIE aBUAChEMKU —
YMCA) 6butn BeimonHeHsb! crenpanuctamu [TMHPO u Ces-
[MNHPO mnpakTuyecku B MOJIHOM OOBEME B COOTBETCTBHHU C
ITnanom u IlporpaMMoi MOPCKHX PECYPCHBIX HCCIEI0OBAHUI
Ha 2008 r., a Takxke CoBMecTHOM nporpammoii. He yaanoch
OCYIIIECTBUTH TOJILKO MEUCHNE KUBOTHBIX B IIEHHBIH IIEPHOL,
KOTOpOE SIBISIETCSI OJHUM M3 Ba)KHBIX JIEMEHTOB IIPH U3Yde-
Huu sxosiorun BIIT'T, mo npuunHe 3anpera BiacTeil.

K coxanennro, B 2006 u 2007 rr. YMCA He mpOBOJIMINCS.
OjHaKo, OIIEHKa YHCJICHHOCTH IMPHUIUIONa TPEHIIAHICKOrO
TIOJICHSI TPOM3BOAMIACH C HCIOJIb30BAHHEM SKCIEPTHOIO
noaxoja, Ha OCHOBAaHMU KOCBCHHO IIOJYYCHHBIX JaHHBIX
(pa3BenbiBaTebHBIC aBHAHAOMIOACHUS IEpe/l HAaYaJloM IpO-
MbICJIa JKUBOTHBIX, MaTC¢pUaIbl 6eper03b1x 3KCHCHI/IHHﬁ u
CYZOBOT'O TIPOMEICTIA).

B Hacrosmiee Bpemst (K MOMEHTY HOATOTOBKH HACTOSIIUX
MaTepHalioB), BCce AaHHBIC moydeHHble B 2008 T. mpoxonsT
00paboTky cormacHo metonuk, mpuHATEX B [IMHPO u Ces-
I[MUHPO. IlpenmonaraeTcs, 4To 00pabOTKa MOTHOCTHIO OyAeT
3aBepireHa kK Hagany ouepenHoii WGHARP (asryct 2008 r.),
BO BpeMsI IIPOBEAEHHsI KOTOPOl MM OyIeT JaHa 3KCIEepTHas
OLIEHKa Ka4ecTBa, MCXOJS M3 KOTOPOH OHM OyIyT NPHUHATHI
JUIS TaIbHEHIuX pacueToB oOmiedt uuciaennoctd BIIIT u

late February — the early March. These data are then
used by experts in model calculations (the model is
approved by WGHARP experts) of the total abun-
dance of WPHS. The biological material is collected in
the course of specialized expeditions to coasts and ice
of the White Sea and during commercial sealing by
specially trained observers. In addition, in the period
of annual Russian-Norwegian ecosystem surveys the
material on feeding of seals is collected.

The data on the number of offspring are collected dur-
ing specialized aerial surveys in the period of birth (the
end of the first ten-day period of March — beginning of
the second ten-day period of March). During the last
ten years these surveys are made according to a unique
multispectral technology elaborated and successfully
applied by specialists of PINRO (Murmansk) on board
of a specially equipped airplane-laboratory An-26
“Arktika”.

At present, the aforementioned tasks in their complex
in Russia may be solved only by specialists of PINRO
jointly with specialists of its branch (SevPINRO) in
Arkhangelsk. Additionally, for better understanding of
the situation with WPHS, for its reliable, efficient, and
productive exploitation and management on the basis
of careful approach with consideration of mutual inter-
est of both sides, in 2006 at the 35" session of the Joint
Russian-Norwegian Commission “The Joint Program
on the Ecology of the Harp Seal for 2007-2011” was
approved. At present, this program is being imple-
mented successfully.

In 2008, the applied research for collection of the
aforementioned basic data (biological materials and
multispectral aerial surveys) was performed by spe-
cialists of PINRO and SevPINRO in their full volume
according to the plan and Program of investigation of
marine resources for 2008 and the Joint Program. It
was only not possible to mark the animals in the breed-
ing period, an important element in the ecology of
WPHS, which was prohibited by authorities.

Unfortunately, in 2006 and 2007 no multispectral aeri-
al surveys were performed. However, estimation of the
abundance of harp seal offspring was made by expert
approach based on indirectly obtained data (scouting
aerial observations before the beginning of sealing,
material of coastal expeditions and of sealing on board
boats).

At present (by the time of the writing of the present
communications) all data obtained in 2008 are being
processed according to methods used at PINRO and
SevPINRO. It is assumed that the treatment will be
fully completed up to the beginning of the next
WGHARP (August 2008) when their quality will be
appraised. With consideration of the appraisal they
will be accepted or further calculations of the total
abundance of WPHS and determination of the total
allowable catch on the basis of careful approach.

However, the following preliminary principal results
may be represented.

1. Materials of aerial multispectral surveys. The sur-
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onpenenenus OJ1Y Ha ocnoBanum I111.

OpmHako yXe ceilyac MOXKHO TPEACTaBUTH CIEHYIOIINE OC-
HOBHbBIE TIPEJIBAPUTENbHBIE PE3YILTATHI.

1. Mamepuanvt YMCA. Yuer npoBogunu 13-20 maprta 2008
r. ¢ 6opra CJI. O6cienoBaHbl He TOJIBKO TPAJIULIUOHHBIE MeC-
tax meHkH (benoe mope), HO 1 1oro-BocTouHast YacTh bapen-
ueBa mMopst or M. Kanun Hoc o moGepexxsst Hooii 3emim,
Bkitouas Yenickyro ry0y U akBaTopuio BOKpyT 0. Kosryes.

PesynbraTel, momydeHHBIE B Xonxe ocymiecTBieHus YMCA,
yKe ceifuac IMo3BOJIIOT CAENATh BEIBOA O TOM, YTO, HECMOTPS
Ha HEOOBIYHOCTH JICIOBHIX YCIOBHMH B bemom wu foro-
BOCTOYHOUM wacTu bapeHiieBa Mopeil Bce IIEHHbIE 3aJIEXKKH
BIII'T 6sutn chopmupoBansl B bemom mope. /lanHOE 00CTOS-
TEJLCTBO B JajbHEMIeM ObUIO MOATBEPKACHO U TPU OCYIIIe-
CTBJICHUU Ha6J'IIO[leHHﬁ cricouajiucraMmu HHCTHUTYTa B XO/J¢€
MPOBEIECHUS] KOMMEPUECKOro MPOMBICIA, T.e. Jake B CTOJb
3HAUUTENbHBIX HECTaHAAPTHBIX JIEAOBBIX YCIOBHSX IIEHKA
BIII'T mpoucxonuia B TpaAULIMOHHOM MECTE, Ha aKBaTOPUHU
Benoro mops. Hanbonee kpyrnHble W IUIOTHBIE LICHHBIE 3a-
nexkn I'T B Bemom Mope ObUIH 3aperHCTPHUPOBAHEBI B FOTO-
3amaHoN YyacTu OacceiHa.

[IpeaBapuTenbHas OLIEHKA YUCICHHOCTH MPUILIOLA COCTABH-
ma 150-220 ThIC., YTO COOTBETCTBYET, MM HECKOJBHKO BBIIIE
ypoBHs 2006 u 2007 ., HO B 1,5-2 pa3a Hmxe ypoBus 2004 u
2005 rr. OKoHUaTEeNbHAS OIIEHKA OYAET JaHa MO3XKe.

2. Cyoosvle Habm0O0eHust u cOOp DUONOSUUECKO20 MAMepuand
OCYUIECTBIISTUCH 26 MapTa - 24 anpens B benom mope B xoze
KOMMEPYECKOTO TMPOMBICIA. BbUIH MOMYYEHBI CIEAYIOIIHe
OCHOBHBIE PE3YJIbTATHIL

A. Illenka mpoucxoauT mo-mpexkHeMmy B bemom Mope, uro
MOATBEPIKICHO U MaTepHaliaMU YYETHBIX aBUACHEMOK.

b. Pa3mepHo-BecoBble NapaMeTpbl AETEHBIEH U B3POCIBIX
HaXOMATCS B TpeAeiax OOMEPUHSTHIX 3HaYeHHH. MoryT
OBITH OTMEUYEHBI JINIIb He3HAYUTENIFHBIE JONTOIIEPUOTHBIC
KoyieOaHusI.

B. Takue xapakTepUCTHKHU KaK POKIAEMOCTh, CMEPTHOCTb,
MIOJIOBO3PEJIOCTh, TaKXKe HAXOAATCS B MpeAenax TpaIuliy-
OHHBIX OOIICTPUHATHIX HOPM, HE MpETepIreBas B HACTOS-
11ee BpeMs CYIIeCTBEHHBIX U3MEHEHUH.

I'. Orobpansl mpoOBl OT 50 KUBOTHBIX JJIsI TEHETHYECKOTO
aHanuza ¢ 1enblo oueHku uaeHtuyHoctd BIII'T u rpen-
Ja”JCKoro TrouieHs ['pennanackoro Mops. OTO Jenaercs
BIIEPBBIE, W peanm3yercss B pamkax COBMECTHOW Tpo-
TPaMMBIL.

B xone ocymiecTBIIeHHs BBIIIE IPEICTABICHHBIX HCCIIE0Ba-
HUIi ObUT yCTaHOBJIEH ()aKT, BBI3BIBAIOIINI CePbe3HYI0 03200-
YEHHOCTb: TPOXOXIEHHUE JIEHOKOIBHBIX TPacC M KapaBaHOB
CYIIOB HEIOCPEACTBEHHO 4epe3 IIeHHble 3anexku I'T niam
B6J'II/I3I/I HHX. y‘ll/ITI)IBaﬂ, 4yTO B HJ,eHH]:lﬁ nepuoa ACTCHBIIIN
BCAYT MaHOHOﬂBI/I)KHbIﬁ WA TMPaKTUYCCKU HeHO[lBI/I)KH]:Jﬁ
00pa3 JXKW3HHU, CYIIECTBCHHO IOBBIMIACTCS BEPOSTHOCTh HX
MaccOBO# ruleny u3-3a pa3pylieHUs JIATHOTO oKpoBa. [1o
pa3IMYHBIM OIICHKaM, CMEPTHOCTh «OENbKa» B pe3yibTare
TAKOTO BO3JEHCTBUA MOXKET KoyiebaTrhed oT 2 10 10 TBIC. Xu-
BOTHBIX. KpoMe 3TOrO Cciienyer oOpaTHUTh BHIMAaHHE Ha BO3-
MOJKHBIC HETAaTHBHBIC IIOCIEACTBUS IIHPOKOMACIITAOHOM
pa3paboTKy menb(hOBBIX MECTOPOKACHUH YIIeBOJIOPOIOB Ha
EBpomneiickom CeBepe, BKIIOYas MX TPAHCIIOPTHPOBKY. st
MUHUMH3AIUN HETaTHBHOTO BO3JEIHCTBHS yKa3aHHBIX BBIIIE

vey was made on March 13-20, 2008 on board an air-
craft laboratory. Not only traditional breeding grounds
es (the White Sea) were surveyed but also the south-
eastern part of the Barents Sea from Cape Kanin Nos
to the coast of Novaya Zemlya, including Cheshskaya
Bay and the water area off Kolguev Island.

The results obtained in the course of the aerial multis-
pectral survey lead to the conclusion that in spite of
uncommon ice conditions in the White Sea and in the
south-eastern part of the Barents Sea all breeding
grounds of WPHS were formed in the White Sea. This
fact was further confirmed by specialists of the Insti-
tute during commercial sealing, i. e., under so signifi-
cantly deviating ice conditions the breeding of WPHS
occurred in the traditional place, in the water area of
the White Sea. The largest and dense breeding colo-
nies of harp seal in the White Sea were recorded in the
south-western part of the basin.

A tentative estimate of the abundance of offspring was
150,000-220,000 which corresponds or somewhat sur-
passes the level of 2006 and 2007, but is by 1.5-2
times below the level of 2004 and 2005. The final es-
timation will be made later.

2. Observations on board the vessels and collection of

biological material were made during March 26 —

April 24 in the White Sea in the course of commercial

sealing. The following principal results were obtained.

A. Parturition still occurs in the White Sea as con-
firmed by aerial surveys.

B. The size-weight parameters of pups and adults are
within common values. Only insignificant long-term
fluctuations may be noted.

C. Birth, mortality, and maturation are also within tra-
ditional common norms and at present do not show
significant changes.

D. Samples for genetic analysis were taken from 50
seals to assess the identity of WPHS and the harp
seal from the Greenland Sea. This is done for the
first time and is realized with the scope of the Joint
program.

In the course of the aforementioned investigations the
fact was revealed causing a serious concern: the routes
ice-breakers and convoys passing directly across the
breeding grounds of harp seal or near them. As in the
breeding period the pups move little if any, the proba-
bility increases that they would perish massively due
to destruction of the ice cover. By various estimations
the mortality of “white-coat” seals as a result of such
impact may fluctuate from 2,000 to 10,000 seals. At-
tention should be also paid to potential negative con-
sequences of development of shelf fields of hydrocar-
bons in the European North, including their transporta-
tion. For minimization of negative impact of the
aforementioned factors the program of special moni-
toring is necessary

On the basis of the above tentative finding s and using
the model calculations accepted by WGHARP, as well
as the data on sealing for the recent 10 years the abun-
dance of WPHS was estimated. The obtained data lead
to the conclusion that at present according to careful
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3abasHukoB u ap. O mekywel cumyayuu ¢ 6erroMopckol rnonynsyuel epeHnaHOCKO20 MISIeHs

(hakTopoB HEoOXOaUMa MPOrpaMMa CIEIHATLHOTO MOHHUTO-
pHHra.

Ha ocHoBaHuM BBIIIE YKa3aHHBIX MIPEIBAPUTEIBHBIX Pe3yJib-
TaTOB, C HCIOJb30BAHHUEM MOJEIBHBIX PACU€TOB NPHHATHIX
WGHARP ¢ yueToM mgaHHBIX O IpoMbIcie 3a nocieanue 10
netr Obina oneneHa umcieHHocTs BIII'T. TlomydeHnHble maH-
HBIE MO3BOJISIIOT CAENATh 3aK/IIOUEHHE O TOM, 4TO B HACTOS-
mee Bpemsi, B cooTBercTBuu ¢ III1 u mpuHIMIamMu ’KocU-
cremHoctd, BIII'T HaxoguTcs Ha CTaOMIIBHO BBICOKOM YPOB-
HE ¥ JKCIDTyaTalrs MOXKET OCYIIECTBIATHCA B paMKaX ycTa-
HaBauBaeMbIx OJ1Y.

approach and ecosystem principles, WPHS is at a con-
stantly high level and exploitation may be made at
established total allowable catch rates.

3arpe6enbubrii C.B.

AnHamuKa YNCreHHOCTU U CMEePTHOCTU, HEKOTOpbIe acneKThbl AeMorpa-
dmuyeckomn CTPYKTypbl rPYNNUPOBKU KanaHoB o. bepuHra (KomaHgop-

ckun apxunenar) ¢ 1988 no 2007 rr.

T'ocynmapcTBeHHBIN TPUPOAHEIH OHochepHbIi 3anoBeqHUK «Komannopckuit», Pocens

Zagrebelnyi S.V.

Population and mortality dynamics and some aspects of demographic
structure of the sea otter population of Bering Island (Commander Arc-

hipelago) between 1988 and 2007

State Nature Biosphere Reserve “Komandorskiy”, Russia

B cBsi3u ¢ MHTEHCUBHON 3KCIUTyaTallke CO CTOPOHBI YENIO-
Beka B XVIII- nauane XX BB. UHCIEHHOCTh HEKOI'/Ia LIUPO-
KO pacrnpocTpaHeHHOro B ceBepHoi [lamuduke kamaHos
Enhydra lutris L. cokpaTmimach M0 pa3HBIM OILCHKaM C
300000 mo HECKOJBKHUX THICSY ocoOeil. 13 mpexHero apea-
na (ot SAnonmu n Kypunbckux octpoBoB o0 Kamudopaum)
JKMBOTHBIE COXPAHWINCH JIUIIb B 13 MecTax, U OJHO U3 HUX
— M30JIMPOBaHHAS OT APYTUX MECTOOOMTaHMI IPYNIHUPOBKA
KajlaHoB Ha 0. MenHoMm m3 rpynnsl KoMaHOOpCKHX ocTpo-
BoB. Ha 0. bepunra u3 310#l k€ Ipylbl OCTPOBOB KaJlaHbI
ucye3u OoJHMMH M3 mepBbIX (kK koHIy XVIII Beka), T.k.
ocBoenue borarcTB Pycckoli AMEpUKHM HayajaoCch HUMEHHO C
aToro ocrpoBa. Ilo pasnuuHbM ncTouHNKaM (CeBOCThSIHOB
u bypnun 1987) 3acenenue kananamu o. bepunra Hauanoch
¢ 1970-x rr. myTeM MUIpany 4acTU MEJHOBCKOH IpymIH-
POBKH, TA€ €€ YUCICHHOCTh JIOCTHIJIA TOH BEIWYMHBI, IPH
KOTOPOH BO3HHKIIM TPEINOCHUIKH K PACCENICHUIO >KUBOT-
HBIX. JleMorpaduyeckne U3MEHEHNSI BHYTPHU MOIYJISIIUHN Ha
MEPHOA POCTa, a TAKKe Ha MEPHOJ CTAOMIM3ALMK YHCIICH-
HOCTH M BO3PacTHO-IIOJIOBOTO COCTaBa AOCTaTOYHO IOJ-
po6HO ommcansl B psage pador (Bodkin et al. 2000, 3arpe-
6enpHbld 1 @omuH 2001, Bypnun u np. 2002, 3arpebernb-
Heiid 2004, Pszanor u nmp. 2002). Huwke MBI mocTapaiuch
JaTh XapaKTEPUCTHKY KOJICOAHHMSM YHCIEHHOCTH, ypPOBHS
CMEPTHOCTH OIHUCAaTh BO3PACTHO-MOJIOBYKD  CTPYKTYpY
TrpyNNUPOBKY KanaaHoB 0. bepunra.

Matepuanom st paOOTHI TOCITYXWIA NaHHBIE MOPCKUX
YYeTOB YHCICHHOCTH OEPHHTOBCKOW TMOITYJISIINH KaJIaHOB C
Hayana 1970-X Irr. Mo HACTOSIUMHA MEPUOJ, MPOBOIUMBIX

Due to intensive exploitation by humans in the 18th —
early 20th century the numbers of sea otters Enhydra
lutris L. that were formerly widely distributed in north-
ern Pacific declined, according to some estimates, from
300 000 to several thousand individuals. From the origi-
nal range from Japan and the Kuril Islands to California
the animals were preserved only at 13 sites and one of
them is an isolated group of sea otters on Medny Island
(the Commander Islands). Bering Island of the group of
islands concerned was the first to lose the sea otter (by
the end of the 18th century as the development of the
Russian America’s resources started exactly with that
island). According to different estimates (CeBocThHOB
n Bypmun 1987) the population by sea otters of Bering
Island started since the 1970s through migration of some
part of the Medny population, whose numbers reached
the values when distribution of the animals becomes
possible. The demographic changes within the popula-
tion during the growth period and also in the course of
stabilization of numbers and age and sex composition
are described in detail in a number of studies (Bodkin et
al. 2000, 3arpe6enbubiii 1 @omun 2001, Bypaun u mp.
2002, 3arpebensubiii 2004, Pszanos u ap. 2002). Below,
we characterize the fluctuations of numbers, mortality
level and describe the age and sex structure of the sea
otter grouping of Bering Island.

The study is based on data of marine surveys of the Ber-
ing population of sea otters since the early 1970s to the
present, performed by members of the Commander In-
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Zagrebelnyi. Population and mortality dynamics and demography of the sea otter population of Bering Isl. in 1988-2007

corpyaankamMu Komannopckoii macnekimun CeBBOCTPBIOBO-
na u Komangopckoro 3amoBeannka (puc. 1), a Takxke maH-
HbIE 110 CMEPTHOCTH JKUBOTHBIX. 38 HA4aJI0 FOJ0BOTO IIMKJIA
CUMTAJIM HA4aJlo OKTAOpsS — Mecsla, KOorja OCHOBHAas Macca
HNOrudImKX 3a 3MMY JKMBOTHBIX COOpaHa M HAYMHAIOT I10-
CTyNnaTh CBEICHUS O MOrMOmMX KajlaHax. Bospact m mon
MABIIUX OINPEAEISUICS C MOMOIIBIO OOIMIENPUHATHIX METO-
UK TIPUMEHHUTEIBHO K MecTHOW momyisiuu (Ps3aHoB u
MamuHoB 1996).

spection of the Sevvosrybvod and Commander Reserve
(Fig. 1) and also mortality data. Regarded as the onset of
the annual cycle was the early October, the month when
the majority of the animals that died have been collected
and information is coming as to dead sea otters. The age
and sex of the dead is determined using the generally
accepted methods applied to the local population
(Ps:3aHOB 1 MamuuOB 1996).
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Fig. 1. Dynamics of the Bering (1) and
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Panee Obut0 ycraHoBIIEHO, YTO: 1) Ha 3Tame pocTa WM pe3-
KHX KOJIeOaHMI YHMCIIEHHOCTH BO3PACTHOW M TIOJIOBOM COCTaB
MIOMYJISINMY  TaK)Ke HecTaOWIIeH, NPUYeM pEe3KO BO3pacTaeT
CMEpPTHOCTh CaMIIOB U JKHBOTHBIX MIQJIIETO U CPETHETO pe-
MPOAYKTUBHOTO Bo3pacTa (o 8 jer), a o0mas cMepTHOCTh
nocturaet 20-22% ot oOmelt yrciaeHHOCTH (puc. 2); 2) mpu
CTaOMIIBHOM COCTOSIHUM TIOMYJISIIMKA CMEPTHOCTH JKUBOTHBIX
MUHUMaJbHA U He npeBsimaeT 10-15% ot oOmel uncieHHo-
CTH, XOTSI JOJSI MABIINX CaMIIOB BCE PaBHO HECKOJBKO OOJIb-
re, yeM caMok (puc. 2). B 3ToT nepuoa B OCHOBHOM THOHYT
JKUBOTHBIE CTapIIMUX BO3PACTHBIX KiaccoB — oT 8-10 ser u
crapue (3arpebensusiii 2004, 3arpedenbusiii u ap. 2008). Ilo
MHeHHIO A.M. Bypnuna ¢ coaBropamu (2002), moBBIIIEHHAS
CMEPTHOCTH CaMIIOB 110 OTHOIIEHHIO K caMKaM BBbI3BaHa poc-
TOM KOHKYPEHTHBIX OTHOIIECHHHA MEXIy CaMmIaMd IpU Orpa-
HUYEHHOCTH KOPMOBBIX PECYpPCOB M BO3MOXKHOCTEH LIS Tep-
pUTOpHaNbHON aucmepcuw; 3) TIOKa3aTeNd eXEeroTHOU
CMEPTHOCTH BIIOJIHE MOTYT SIBJISITHCS KPUTEPUEM OIICHKH CTe-
MeHN ONaronoay4usi KOMaHAOPCKON TPYNNHUPOBKH KaJaHOB;
4) 0 TIOTHOCTH pacHpeAesieHNsI KaTaHOB B MCCIEIyeMOil ak-
BaTOPUH MOXKXHO CYyAUTb, UCXOAA U3 HAHHBIX C6OPOB OCTaH-
KOB MaBHIMX JXHWBOTHBIX Ha PA3JIMYHBIX YYaCTKax OCTpPOBa,
T.K. B TCUCHUC roJia MJIOTHOCTb PACIPCACIICHUA U3MCHIACTCA
HE3HAYUTEINILHO, NIPH YCIOBHH PEryJISIPHBIX COOPOB OCTaHKOB;
5) BO3pacTHO-TIOJIOBAsI CTPYKTypa IOIYJSIMK KaJaHOB Ha
Pa3yIMYHBIX Y4acTKaxX aKBaTOPHH B Pa3IMYHBIE CE30HBI roja
HE TOCTOSIHHA, TIOSTOMY IO JaHHBEIM, IIONyYeHHBIM B XOJe
cOopa maBmUX KUBOTHHIX (TIOTHOIINX B OCHOBHOM B 3MIMHE-
BECEHHHU NEpHO[), HENB3d CYOUTh O BO3PACTHO-IIOJIOBOI
CTPYKTYp€ HOITYJISIIHH B IIETIOM.

C xonma 1970-x rr. oTMedaroTCs IBa Mepruoia, Koraa Bo3pac-
THO-TIOJIOBOH COCTaB MABIIMX KHBOTHBIX 3HAYUTEIILHO MEHS-
ercs: B 1989-1992 rr. u 1996-1998 rr. B 31H xe mepuoasl

It was found earlier that: 1) at the stage of growth or
sharp number fluctuations, the sex and age composi-
tion of the population is also unstable and mortality of
males and younger and middle breeding age individu-
als (up to 8 years) increases and the total mortality
reaches 20-22% of total numbers (Fig. 2); 2) when the
population status is stable, mortality is minimal and
does not exceed 10-15% of total numbers, although the
proportion of dead males is still somewhat greater than
that of females (Fig. 2). During that period many ani-
mals of older age classes — from 8-10 years die
(3arpebenbubiii 2004, 3arpebensueiii u mp. 2008).
According A.M. Burdin and associates (bypauna u np.
2002), increased mortality of males in relation to fe-
males is caused by growth of competition between
males towards females under limited nutritive re-
sources and possibilities for territorial dispersion; 3)
indices of annual mortality may serve as a criterion for
assessment of the welfare of the Commander sea otter
grouping; 4) the distribution density of sea otters can
be judged on the basis of data of collection of the re-
mains at different sites of the island as during the year
the distribution density changes only negligibly on
condition of regular collections of the remains; 5) the
age and sex structure of sea otter population at differ-
ent parts of the water are and in different seasons of
the year is not constant and, hence, according to data
obtained in the course of collection of dead animals
(which died mostly during the winter-spring season),
one cannot judge the age and sex structure of the popu-
lation as a whole.

Since the end of the 1970s, 2 periods were recorded
when the age and sex composition of the dead animals
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BarpebenbHbin. HucneHHocmb, cMepmHocmb U 0emoepachusi epynnuposku KanaHos o. bepurea ¢ 1988 o 2007 ee.

YHCIEHHOCTh OCTPOBHOW TPYNIHPOBKH KajlaHOB Oblla Mak-
cumainbHast. B 3umer 1990/91 u 1996/97 rr. pe3ko Bo3pacraet
YPOBE€Hb CMEPTHOCTH XKUBOTHBIX, B OCHOBHOM CaMIIOB (pI/lC.
2). B TedyeHume OBYX MOCIEAYIOIIMX CE30HOB IIOCE IHKa
CMEPTHOCTH BO3PAaCTHO-II0JIOBasi CTPYKTYpa IOIYJISILUU TIPH-
XOJUT B COCTOSHUE OTHOCUTENBHOrO paBHOBecus. B 2006 u
2007 TT. BBIABICH 3HAYUTEIBHBIA POCT OEPUHTOBCKOM 1 Me-
HOBCKOH T'PYIITUPOBOK KaJlaHOB, M 3TH JTaHHBIE ITPEBOCXOMST
MTUKOBBIE TTOKa3aTenu gucieHHocTr 1990/91 rr., 3a KOTOpPBEIM
MIOCJIEIOBAJIO PE3KOE COKPAIIEHHE OEPUHIOBCKOM HOITYIISAIIIH.
Hapsimy ¢ stum 3umoit 2006/07 1. oTMedaeTcst yBEIMICHUE
00IIer0 ypOBHS CMEPTHOCTH, OJHAKO, MCXOAS U3 aHain3a
PETHCTPUPYIOLINX CTPYKTYP, BO3PACTHAsl CTPYKTypa MaBIIUX
COOTBETCTBYIOT HOPMaJIbHOMY COCTOSIHUIO OCTPOBHOMW TpyII-
IMAPOBKH, T.K. FI/I6J'II/I JKUBOTHBIE B OCHOBHOM CTapllnXx BO3-
pacTHbIX KiaccoB (crapiie 10 jer). DIMMHUHAIIMA B OCHOBHOM
MOJIBEPIVINCH CaMIbl Ha YYacTKaX MX MAacCOBBIX CKOIUICHHH
BIIOJIb ceBepHOro nodepexbst (0T M. CeBepo-3amaaHblii 10 M.
IOmmna). CMepTHOCTH Ha JPYTHX ydacTKax OCTpoBa He Ipe-
BBIIIAJIa HOPMAJIBHBIX ITOKa3aTeeil.

changed substantially: In 1989-1992 and in 1996-
1998. During those periods the numbers of the island
sea otter grouping was maximum. During the winters
of 1990/91 and 1996/97 the mortality level, essentially
males sharply increased (Fig. 2). In the course of two
subsequent seasons after mortality peak, the age and
sex population structure came to a relative equilibrium.
The years 2006 and 2007 saw a considerable growth of
the Bering and Medny sea otter grouping and those
data exceed the peak number indices of the years
1990/91, which were followed by a sharp decline of
the Bering population. Along with that the winter
2006/07 was marked by an increase in the general
mortality level, however, judging from analysis the
age structure of the dead corresponded to the normal
state of the island groupings as animals of mostly older
age classes died (older than 10 years). Mostly elimi-
nated were males at the site of their massive aggrega-
tions along the northern coast from Cape Northwestern
to Cape Yushina. Mortality at other sites of the island
did not exceed normal indices.
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€ 500 it “ ,D\ nepuoj ¢ 1989
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2 400 i (S . 2 ’ ,
s FH ~ !/ \‘ ! ‘\ " Fig. 2. Death
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[Tpouecchl, HabrOaeMble B OCTPOBHOW I'PYIIMPOBKE Kaa-
HOB 0. bepunra, moaTBepkaaercsi JaHHBIMH 110 APYTHM I10O-
MyJAnusiM 9Toro Buza (Amsicka, AJIEyTCKHE OCTpOBa): HpHU
BO3pacTaHWU YPOBHsI CE30HHOM CMEPTHOCTH (HapuMep, Mac-
coBasi THOEJb >KMBOTHBIX IOCJIE aBapuH TaHKEpa B 3aJIUBE
[puana Bumesma B 1991 1. Ha Auscke) yBennmdmBaeTcs
CMEPTHOCTb MOJIOJIBIX KHBOTHBIX U KMBOTHBIX CPEIHEro pe-
MPOAYKTUBHOTO BO3pacTa — A0 8 JeT; mpu CTaOMIn3anuu
YHCJICHHOCTH CTAaOMIM3HUPYeTCs CMEPTHOCTh, M IaJieX B OC-
HOBHOM IPUXOJMTCA Ha J>KUBOTHBIX CTApLINX BO3PACTHBIX
kiaccoB — ot 8 yiet u crapiie (bypaun u np. 2002, Ballachey
et al. 1994). MoxHO yTBepXKIaTh, YTO HCCICIyEeMbIC HAMU
NpOLECCHl B M30JMPOBAHHOW T'PYNIIUPOBKE KaiaHoB 0. be-
pHUHTIa HOAYHMHSIOTCS OOLIMM JIeMOTpaMuecKiM 3aKoHaM, a
camMa OCTPOBHAs TpPYNIUPOBKA HAXOIUTCS B CTaOWIBHO-
PaBHOBECHOM COCTOSIHHM. B oTiIMuMe OoT TpynnupoBOK Kalla-
HOB II-0Ba AJISICKa M AJIEyTCKUX OCTPOBOB, I'JI¢ YUCICHHOCTb
MECTHBIX MNOMyJsanuii cokparmnack Ha 80-95% (Southwest
Alaska... 2002), cocTossHIE KOMaHAOPCKOHM TPYIITUPOBKH Ha

The processes observed in the island sea other group-
ing of the Bering Island are supported by data on other
populations of the species concerned. (Alaska, Aleu-
tian Islands): With an increase in the level of seasonal
mortality (e.g., massive death of the animals after the
accident of a tanker in Prince William Gulf in 1991 in
Alaska) mortality of young animals of the middle
breeding age — up to 8 years increases; with number
stabilization, mortality also stabilizes and it is older
class animals that mostly die - from 8 years and older
(Bypaun u np. 2002, Ballachey et al. 1994). There are
grounds to believe that the processes in the isolated
grouping of sea otters of the Bering Island under study
follow common demographic laws, and the island
grouping itself is in a stable equilibrated state. In con-
trast to the sea other grouping of Alaska and Aleutian
Islands, where the numbers of the local population
decreased by 80-95% (Southwest Alaska.... 2002) the
state of the Commander grouping to date causes no
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Zagrebelnyi. Population and mortality dynamics and demography of the sea otter population of Bering Isl. in 1988-2007

JIAaHHBII MOMEHT HE BBI3LIBAET OECIIOKOMCTBA. concern.

Astop 6narogaput B.B. Beprsaunkuna (CeBBoctprioBon), B.B. | The author is grateful to V.V. Vertyankin (Sevvo-
®omuna (Poccensxo3nanzop), J.B. Illutoa (CeBBocTpriO- | strybvod), V.V. Fomin (Rosselkhoznadzor), D.V. Shi-
Boa) u A.M. Bypauna (K@ TUI' IBO PAH) 3a nomouis B | tov (Sevvosryba) and A.M. Burdin (KF TIG DVO
NPOBEJICHUH PaboT U B cOOpe MaTepHana. RAN) for assistance in collection of material.

CrucoK UCII0Ib30BaHHBIX HCTOUYHHUKOB / References

Bypaun A.M., Pszanos JI.A., boaxun JI.JI. 2002. Mexann3msl (pOPMHUPOBaHKS BHYTPHUIIONMYJISIIUOHHONW CTPYKTYpPBI U
COOTHOIIICHUS TMOJIOB B momyisnusax kamnaHa (Enhydra lutris). C. 107-110 6 Mopckue mirekonuraromue (pe3yinbTaThl
HCCIIeAOBaHUM, TIpoBeneHHBIX B 1995-1998 rT.). M. [Burdin A.M., Ryazanov D.A., Borodkin D.L. 2002. Mechanisms
of forming intrapopulation structure and sex ratios in sea otter (Enhydra lutris) populations. Pp. 107-110 in Marine
mammals (results of investigations in 1995-1998). Moscow]

3arpebenbHbiit C.B. 2004. Bo3pacTHO-110JI0BO# COCTAB MABIIMX M MPOCTPAHCTBEHHOE paciipezesieHue kanaHoB Enhydra
lutris L. octpoBa bepunra (Komannopckuii apxumnenar). Dxonorust, 6: 1-8 [Zagrebelnyi S.V. Fomin V.V. 2001. Age
and sex and distribution of sea otters Enhydra lutris L. found dead on the Bering Island (Commander Archipelago).
Ecology, 6: 1-8]

3arpeoensHsiii C.B., ®omun B.B. 2001. HekoTopsle noka3arenn CMEPTHOCTH KalaHOB Ha ocTpoBe bepunra B 1995-
1999 rT. ¥ OCHOBHBIE TEHACHIUH pa3BUTHs uX Homyasaiud B 1980-1999 rr. Ctp. 186-190 B Bramumupos B.A. (pen.),
PesynbraTel nccinenoBanuii Mopckux murekonuratomux Jamsaero Bocroka B 1991-2000 rr. BHUPO, M. [Zagrebel-
nyi S.V., Fomin V.V. 2001. Some indices of mortality in sea otters on the Beringa Island in 1995-1999 and basic
trends of the population development in 1980-1999. Pp. 186-190 in Vladimirov V.A. (ed.) Results of marine mammal
investigations in the Far East in 1991-2000. VNIRO, Moscow]

3arpe6enpusiii C.B., ®omuna B.B., bypaua A.M. 2008. JlnHamMuKa YUCIEHHOCTH, CTPYKTYPHI HOMYJISIIHU KaJaHOB
Enhydra lutrus L. na Komanmopckuii ocTpoBax M OLEHKA UX MUTPALMOHHOW aKTHBHOCTH MEX/y OCTPOBaMH apXHIie-
nara. Oxojorus, 1: 35-46 [Zagrebelnyi S.V., Fomin V.V., Burdin A.M. 2001. Population dynamics and structure of
sea otters Enhydra lutrus L. on the Commander Islands, and evaluation of their migration activity between the archi-
pelago islands. Ecology, 1: 35-46]

PsizanoB JI.A., Beprsukun B.B., Hukynun B.C., ®omun B.B. 2002. U3yuenne cmeptaocTy kananoB (Enhydra lutris) Ha
KomaHIopckuxX ocTpoBax IMpH MPOBEACHUU IOMYJLIIIMOHHOTO MOHHUTOpUHTA. 300 k. 81 (8): 999-1007 [Ryazanov
D.A., Vertiankin V.V., Nikulin V.S., Fomin V.V. 2002. Study of mortality of sea otters (Enhydra lutris) on Com-
mander Islands during monitoring of the population. Zoological journal, 81 (8): 999-1007]

PszanoB [I.A., MamuaoB M.K. 1996. Onpenernenune moia u Bo3pacrta o kisikaM y kanana (Enhydra lutris). 3o0m. x. 75
(4): 593-601 [Ryazanov D.A., Maminov M.K. 1996. Using canines to determination of age and sex in sea otters (En-
hydra lutris). Zoological journal, 75 (4): 593-601]

CeBoctpsHOB B.®., Bypann A.M. 1987. IlepciekTuBHI pocTa OEpHHTOBCKOH TPYIITBI KOMAaHIOPCKOM MOMYIIALINN Kata-
Ha. C. 15-18 ¢ Kanansl u kotukn Komanmopckux octpoBoB. BHUPO. IletponasnoBck-Kamuarckuii [Sevostianov
V.F., Burdin A.M. 1987. Prospects for growth of the Bering grouping of the Commander population of sea otters. Pp.
15-18 in Sea otters and fur seals of Commander Islands. VNIRO, Petropavlovsk-Kamchatskiy]

Ballachey B.E., Bodkin J.L., DeGange A.R. 1994. An overview of sea otter studies. Marine Mammals and the Exxon
Valdez. Academic Press. Pp. 47-59.

Bodkin J.L., Burdin A.M., Ryazanov D.A. 2000. Age- and sex-specific mortality and population structure in sea otters.
Marine Mammal Science, 16 (1): 201-219.

Southwest Alaska sea otter Workshop. Summary Report. 2002. U.S. Fish and Wildlife Service. Marine Mammals
Management Office. 2-3 April. 2002. Anchorage, Alaska.

612 Marine Mammals of the Holarctic. 2008



BaxapoBa. Bbibpoc kacrulickoeo miosieHs1 8 palioHe [JazecmaHckoeo nobepexnbsi oceHbto 2007 2.

3axapoBa H.A.

Bbi6poc kacnunckoro TioneHs (Phoca caspica) B panoHe [larectaHCKo-

ro nobepexba oceHbo 2007 r.

Bouro-Kacnuiickoe TeppuropuaiibHoe yipasieHue I'ockoMpbeiooioBctBa PO, Actpaxans, Poccus

Zakharova N.A.

Stranding of Caspian seals (Phoca caspica) on the Dagestan coast of

the Caspian Sea in autumn 2007

Volga-Caspian territorial direction of State Fishery Committee of Russia, Astrakhan, Russia

Crnygan BeIOpOCa TIOJECHS HA 3allaHOC W BOCTOYHOE TOOEPEKbs
Kacnmiickoro mopst u3BectHsl naBHo (Hanckuii 1930, bagamiimvs,
1971, UBanoB u np. 2001), HO IPUYUHBI TUOEIN JTACTOHOTUX I10-
POl OCTaBaJIUCh JANEKO HE SICHBIMHU. B OTKPBITOM MOpe «IUIbl-
BYH» BCTPEUAETCs] MPEUMYLIECTBEHHO BECHOM, JIETOM €ro yarie
MOJKHO BCTPETHTH Ha OOEpEXbe U OCTPOBaX. B cuiry koMIuiekca
MPWYHH, KOJIMYECTBO IUIBIBYHA B Pa3HBIC TOJBI KOJEOIETCS OT
HECKOJIBKUX COT TOJIOB JI0 HECKOJBKO THICSY, HO BEIOPOC TIOJNEHS
MIPOUCXOIUT HEM3MEHHO U3 rofa B ron. K HacrosmemMy BpeMeHN
BBISIBIICHO HECKOJIBKO IPUYHH THOCIHN TIONEHs, OJTHA U3 KOTOPBIX
— TUAPOIMHAMHUYECKUN yaap.

B naugane oxtsa6ps 2007 r. B 30He GeperoBoii moyiock! Jlarecrana,
MPOTSDKEHHOCTRIO 6-7 KM, B paifone Haraer, o6HapyxeH BEIOpOC
IUVIBIBYHA B KoiuuyecTBe 65 rosoB. OCHOBHas Macca OCMOTPEH-
HBIX TIOJICHEH NpUHaIeKana K B3pociabiM oco0sM. B gucie 00-
CJIC/IOBaHHBIX 3BEPEH JOMHUHHPOBAIM CaMKH, JIBE W3 KOTOPBIX
O6butn OepeMeHHbIMHU. IIpu BHEIIHEM OCMOTpe NPAKTHYECKH Y
BCEX JKUBOTHBIX OBUIM BBISIBIICHBI CXOIHBIE MOBPEXICHHUS TOJIO-
BBl B 00J1aCTH HOCOBBIX Masyx. J[pyrux TpaBMaTHYeCKHX MOBpe-
JKJICHHH, a TaKoke paH M A3B 00HApY>keHO He Obu10. TpyIms TrOME-
Hel HaXOIWJINCh Ha Pa3JIMUHBIX CTAAWSIX THHIOCTHOTO Pa3iloxkKe-
HHS, XOTS IIPU BCKPBITHN Y HEKOTOPBIX 0COOEH BHEIIHSSI CTPYK-
Typa BHYTPEHHHMX OPTaHOB M Pa3IMYHBIX YacTeil Tena Oblia OT-
yeTIMBa 3aMeTHa. Bce morubmme TrONEHM OBUIM J0OCTAaTOYHO
YOUTaHHBIMH, TOJIIMHA KUPOBOH MPOCIOWKU BapbHUpoBana ot 4
10 9 cMm. XKenyaku ObUIM CUIBHO PACTAHYTBIMHU, B HEKOTOPBIX U3
HUX HaxXOJWJIaCh NHIIla Ha pas3/IMYHbIX CTaJUAX NEpEBapuUBaHUA,
YTO CBUJAETEIHCTBOBAIO 00 MHTEHCUBHOM IHTAaHWW TIOJEHEH B
MOMeHT ux rubenu. Ilo anmuHe Tenma M XapakTepy BOJIOCSHOTO
MIOKPOBa OOHAPY>KEHHBIX SMOPHOHOB MBI MPHIIIIA K BBIBOAY, YTO
CMepTh TIOJIeHeH mpowm3onnia B Hadane ceHtsops 2007 r. Cme-
muanucraMu KacmtHUPX Obmi oToOpaHs! 00pa3isl BHYTPEHHUX
OpTaHOB MOP3BEPsI M MPOBECHBI APa3UTOIOTHIECKUE, TOKCHKO-
JIOTMYECKUE U THCTOIOTUYECKHE UCCIIEA0BaHNUSI.

PesynbraThl 00cCIe0BaHHs KUBOTHBIX Ha HaJIM4Ke TceBAaMbu-
CTOMO3a TOKa3ald pPa3sBUTHE JAHHOTO 3a00JIeBaHHUSA TONBKO Yy 2
caMOK. Y OepeMEHHOH CaMKd B TMEUCHH OTMEYaJIOCh CIMHHUYHOE
04YaroBoe paspacTaHHe COCAMHHUTENHLHON TKaHU, YTO COOTBETCT-
BoBajio | cramuu 3aboneBaHus. Y BTOpPOM CaMKu ObUIH OOHapy-
JKEHBI TAaTOJIOTHUECKHE W3MEHEHHs, cooTBeTcTBOBaBIMe I cra-
UM pa3BUTUS JAHHOTO 3a00JIEBaHMS, NP STOM aJE€MaTO3HbIE
paspacranus oxsateiBasu 10-15% oprana. OgHako HU B IEPBOM,
HHU BO BTOPOM CITydae pa3BUTHE OOJIE3HU HE MOTIIO CTAaTh MPHUH-
HOW THOEIH TIOJICHEH.

IIpoBeneHHBIE TOKCHKOIOTHYECKUE WCCIICAOBAHMS BBISBHIN Ha-
JMYUEe apOMaTHYECKUX YTJIEBOJOPOIOB M TSKEIBIX METAIJIOB BO
BCeX OOCIEeIOBaHHBIX 00pa3lax BHYTPEHHHX OPTaHOB KaCIIHii-

Cases of stranding of seals to the western and east-
ern coast of the Caspian Sea are known for a long
time (Yanckuit 1930, Bagammun, 1971, MBanoB u
ap. 2001) but the causes of mortality of pinnipeds
were mostly unclear. In the open sea “floating car-
casses” occur mostly in spring, in summer they are
more frequent at the coast and islands. For many
reasons, the quantity of “floating carcasses” fluc-
tuated in different years from several hundred to
several thousand but stranding of seals occurs inva-
riably from year to year. Up to now, several causes
of mortality of seals are found, one being hydrody-
namic shock.

In the beginning of October 2007 in the Dagestan
shore zone, over 6-7 km, in the Nagaets region 65
stranded “floating carcasses” were found. The ma-
jority of examined seals were adults. Females dom-
inated, two of which were pregnant. External ex-
amination revealed a similar head injury in the area
of nasal sinuses. No other traumas, wounds or ulc-
ers were found. The carcasses of seals were at var-
ious stages of putrescence, though dissection dem-
onstrated a well-defined structure of the internal
organs and various body parts in some individuals.
All dead seals were sufficiently well nourished, the
blubber thickness varying from 4 to 9 cm. Te sto-
machs were strongly dilated. Some of them con-
tained food at various stages of digestion indicating
intensive feeding of seals at the moment of death.
By the body length and the state of hair covering of
embryos we concluded that the seals died in early
2007. Specialists of the CaspNIRKh took samples
of the inner organs of the seals and made parasito-
logical, toxicological, and histological examina-
tions.

An examination for presence of pseudoamphisto-
mosis demonstrated this disease only in two fe-
males. A pregnant female’s liver contained a solita-
ry local excrescence of connective tissue corres-
ponding to stage I of the disease. In the second
female the pathological changes were found cor-
responding to stage II of this disease, adematous
excrescences accounting for 10-15% of the organ.
However, neither in the first nor in the second case
might the disease have caused the death of the
seals.

The performed toxicological investigation revealed
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ckoro TroneHs. CojlepikaHHe NaHHBIX TOKCUKAHTOB B II€YEHH
TIOJIEHS] HAXOIUIIOCH B TIPEJENIaX CPEAHEMHOTOJIETHUX 3HAYEHHIA,
a, CJIEJI0BATENILHO, HE SBUJIOCH MPHUYHHOM T'MOENH HCCIeI0BaH-
HBIX 0COO€I.

BriOpoc TroneHel Ha 00CEIOBaHHOM y4yacTKe MOOEpexkbs Mpo-
W30LIEN TOJ BO3ACHCTBHEM JUIUTENBHBIX IITOPMOBBIX BETPOB
CEBEPO-BOCTOYHOTO HAMPABIICHUS.

Takum 00pazom, B pe3yIbTaTe OCMOTPA, BCKPBITHS, MTAPa3UTOIIO-
THYECKOTO W TOKCHKOJIOTHYECKOTO HWCCIICAOBAHUHA MOTHOIIETOo
TIOJICHS, MOXKHO CZIeJIaTh BBIBOJ, YTO pailoH BEIOpOCA KHBOTHBIX
HE SBISIETCS MECTOM HMX THOENH, a 00yCIOBJICHBI IITOPMOBEIMH
BeTpamMu. 3BepH HE MMEIW MPHU3HAKOB XPOHMUYECKHUX 3a0oJieBa-
HUW U WHBA3WH, OTHECTPENBHBIX paH. Jlo MOMeHTa THOeNn TroJie-
HU HaXOJWJIUCh B aKTUBHOM COCTOSHUH, Ha YTO YKa3bIBAIOT OC-
TaTKW NHUIIA B XKEJIYJAKaxX W Xopollasd YINUTAHHOCTb XKUBOTHBIX.
[To-Bumumomy, rudesp TIOJIEHEH MPOM30IlIa BHE3AITHO Ha Orpa-
HUYEHHOM YyYacTKe OTKPBITOIO MOpPSI B PE3yJIbTaTe THIAPOIUHA-
MHYECKOT0 yaapa.

the presence or aromatic hydrocarbons and heavy
metals in all samples of internal organs of the Cas-
pian seal. The content of these toxicants in the liver
of seals was within average annual values and thus
could not cause death of the investigate specimens.

The stranding of the seals in the surveyed area of
the coast was caused by prolonged north-east storm
winds.

Thus, the results of examination, dissection, parasi-
tological and toxicological investigation of the
dead seals suggest that the animals did not die in
the stranding area and the stranding was caused by
storm winds. The seals had no signs of chronic
diseases, of invasion, and bullet wounds. Until
their death, the seals were active as indicated by
the remains of their food in their stomachs and
their fatness. Obviously, the seals died suddenly, in
a limited area of the open sea due to a hydrody-
namic shock.
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B nocnenHee necstuneTue y KaclMUCKUX THOJIEHEH Hporpec-
CHpYET CHIKEHHE PENPOAYKTHUBHOIO ITOTEHIMAA, CHUKAET-
cs1 00II1ast YUCICHHOCTD MPOAYIUPYIOIUX caMOK (XypachbKuH
u ap. 2001).

Hepez[ HaMH ObLIa ITOCTaBJCHA 3aja4a, ONpeACIINTbL CTCIICHb

During the recent decade, the productive capacity of
Caspian seals has been decreasing, as is the total num-
ber of productive females (Xypacbkun ap. 2001).

Our objective was to determine the effect of various
pollutants on the development of population numbers
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3axapOBa. PacyemHblie nopozosblie KOHUeHmpauuu rnosiiromaHmos, efusiouue Ha caMoK KacrutcKkoao mroseHs

BIIMSIHUSL PA3JIMYHBIX TOJUTIOTAHTOB HAa (DOPMHUPOBAHHE HHC-
JICHHOCTU TOMYJIAINHN KaCIUHUCKOTO TIONEHS, a TaK K€ BBI-
SIBUTh MX KOPPEIIAIUOHHBIC CBS3H C SJIOBOCTBIO IOJIOBO3pE-
JpIX caMoK. CpelHuil BO3pAcCT sUIOBBIX CAMOK OBLI IMpaKTH4e-
CKM B OJHOM jauarna3zoHe u coctaBun 11-17 ner. boum mpo-
AHATM3UPOBAHBI 3aBHCUMOCTH XJIOPOPTaHWMYCCKUX IECTHIIU-
JIOB, TPYIIIBI TSHKEIBIX METAIUIOB U YIIIEBOAOPOIOB HeTH C
YpPOBHEM STIOBOCTH CaMOK.

[pu aHaIK3e MOJTy4EHBI JJOCTOBEPHBIC KOPPEISAIIMOHHBIC CBSI-
3M MEX/Y SUIOBOCTBIO M BCEMHU MOJUTIOTAHTAMH B MOAKOKHOM
JKHUPE SUTOBBIX CAMOK, YTO CBHUJIETEIBCTBYET O TECHOM B3au-
MOCBSI3U MEXJy HUMH U BBIPQKAeTCsl BRICOKMMHU K03 durim-
edramu koppessinuu ot 0,6340 ¢ Y. JJAT no 0,9849 ¢ apoma-
TUYECKUMHU YTIIeBoJopoiamu (Tab. 1).

OnHOGbaKTOPHBIN PErPECCHOHHBIN aHAIN3 MEKIY SUTOBOCTHIO
CaMOK M TOKCHMKaHTaMH B TIEYECHHU TIOJIEHEH IOKasal JI0CTO-
BEPHBIC KOPPEIISIIIMOHHEIC CBSI3U MPAKTUYECKU CO BCEMH ITOJI-
JMOTaHTaMH. VICKITIOYEHHE COCTaBHIIM XJIOPOPTaHUYCCKUE
MECTUIUBI, Y KOTOPBIX KOPPEISIHOHHBIC OTHOIICHUS C sIJI0-
BOCTBIO coctaBmwim Toibko 0,2037-0,3906, urto TOBOpPHT O
HU3KOM WX B3aMMOCBS3M W TONTBEPXKIACTCA KaK HAIIAMHU
uccnepoBanmsiMu (Xypacbkud u 3axaposa 2000), Tak u pabo-
TaMu 1o OanTuiickoMy TroNeH0 (AnMkBucT u ap. 1987). B
OCTaJIBHBIX CITydasiX JOCTOBEPHOCTh KOPPEIALMOHHBIX OTHO-
IICHUH MEXIy SIIOBOCTBIO, TSKEJIBIMA METAIaMH U YTIIEBO-
JopoJaMu He(l)Tl/I 6])Iﬂa BbICOKA, 1 HAXOJWJIMChH B MpECaACiiax OT
0,5423 1o obmeit prytH 10 0,9726 110 CBUHILY.

Cratuctuueckas 00paboTKa MaTepHAIIOB MO3BOJIMIA YCTAHO-
BUTH JIOBOJBHO BEICOKYIO JIOCTOBEPHYIO (DYHKIIMOHAIBHYIO
CBSI3b MEXIy SUIOBOCTHIO (Y) caMOK M COBOKYITHOCTBIO OC-
HOBHBIX HCCJIEIyEMBIX IOJUTFOTAHTOB B JKHAPE KACIHICKOTO
tionenst: » I XTI - xy, Y° AT — x5, Pb — x5, Hgogw, — X4, Cd —
x5, Koaddumment MHOXKeCTBeHHOM nuHEIHOHN perpeccun (R)
pasen 0,8896, kosbduupent nerepmunamun (R?) — 0,7914,
3HAYMMOCTh JAHHOM 3aBHCHMOCTH MHOro menbine 0,05 u
cocrapmia 0,0251, T.e. JOCTOBEPHOCTHh TPEIACTABICHHOMN
(YHKIMM BBICOKA, M JAHHYIO MOJIENIb MOXKHO CUMTATh aJIeK-
BaTHO OIMCHIBAIOLIYIO 3aBHCHUMOCTh, KOTOpas HMEeT Cclie-
JIyIOIliee BhIpaKeHHUE:

of the Caspian seal, and also to reveal their correla-
tions with the barrenness of mature females. The aver-
age age of barren females ranged from 11 to 17 years.
The relationships between organochlrorine pesticides,
groups of heavy metals and oil hydrocarbons and the
level of female barrenness.

Analysis revealed some significant correlations be-
tween the barrenness and all the pollutants in the sub-
cutaneous fat of barren females, which indicates a
close relationship between them and is manifested in
high correlation coefficients from 0,6340 with >, DDT
to 0,9849 with aromatic hydrocarbons (Table 1).

The monofactor regression analysis of the relationship
between the barreness of the females and the toxicants
in the seal liver revealed some significant correlations
with virtually all the pollutants. An exception are or-
ganochlorine pesticides in which correlations with
barrenness were only 0,2037-0,3906, which indicates
their low interrelation and is supported by our studies
(Xypacekun u 3axaposa 2000), and also by studies on
the Baltic seal (Anmksuct et al. 1987). In other cases
the significance of correlations between barrenness,
heavy metals and oil hydrocarbons was high, being
within 0,5423 for total mercury to 0,9726 for lead.

The statistical treatment of materials made it possible
to establish a significant correlation between barren-
ness (V) in females and the totality of the main pollu-
tants under study in the fat of the Caspian seal :
ZHCCH - Xy, ZDDT — X2, Pb - X3, Hgo6m, — X4, Cd- X5,
The coefficient of multiple linear regression (R) is
equal to 0,8896, the determination coefficient (R?) —
0,7914, the significance of the dependence concerned
is much less than 0,05, being 0,0251, i.e., the signific-
ance of the function is high and the model concerned
can be regarded as adequately describing the depen-
dence, which is expressed in the following way:

YV =41,43 + 5,86 x; —0,0363 x,- 3,504 x; + 18,57x4 + 2,408x5 (1)

PerpeccuBHble ponenypsl Uil JaHHOTO TUIA 3aBHCUMOCTH
MO3BOJISIIOT PacCYUTaTh MOJENb, ONMCHIBAEMYIO JAHHBIMHU
YPaBHEHMSIMH M OTPAKAMOIIYI0 (YHKIHOHAIBHYIO 3aBHCH-
MOCTb MEXIY KOJMYECTBEHHBIMH NEPEMEHHBIMH. DKCIEpH-
MEHTHPYS C KOJMYESCTBEHHBIMH IIEPEMEHHBIMH, 110 MOTyYeH-
HBIM pe3yJbTaTaM MOJKHO OLIEHHTh CTENeHb 3aBUCHMOCTH
NEPEeMEHHBIX W IIPEACKa3aTh HOBBIE 3HAYEHMs 3aBUCHMOM
HEePEMEHHOM, YTO U OBUIO CHeNaHo A pacyeTa MakCUMallb-
HBIX 3HAYCHHUU TMOJUTFIOTAHTOB, IPU KOTOPBIX AJTIOBOCTH CaMOK
JocTurajia 3anpeaeibHbIX BEJINYWH, U, KaK CJICACTBUE, MOITY-
JALUA KaCIHUMCKOTO TIOJICHA ObLIa IIOCTaBIEHa IOJ yrpo3y
cymectBoBaHus (Ta0. 2).

Tak 1mpy KOHIEHTpalMu OOLIeH PTYTH B NEUYEHH HOJIOBO3pE-
JBIX CaMOK B 17 MI/KT MX SJIOBOCTb JOCTHUTAeT MPAKTHYECKH
100%, 9T0 MOXET MPUBECTH K HyJIEBOMY IIOTIOJIHEHUIO CTa/1a.

Jlpyrue TsDKelble METalUlbl, HApUMeEp, KaJMHA B MEYCHU
TIOJICHEW Ha YBEIWYEHHE SJIOBOCTH BIHMSHUE MPAKTUYECKH HE
OKAa3bIBACT U TPH PA3IUYHBIX BapUAIMSIX HAXOIUTCS B Ipee-
nax 38,7-56,54%.

The regressive procedures for the type of dependence
make it possible to calculate the model described by
the above equations and reflecting the functional rela-
tionships between quantitative variables. Experiment-
ing with quantitative variables one can estimate the
degree of dependence of variables and predict new
values of the dependent variable, which was done for
the calculation of the maximal values of pollutants at
which the barrenness of females reached some ex-
tremely high values, and as a consequence, the Cas-
pian seal population became endangered (table 2).

In fact, at a concentration of total mercury in the liver
of mature females at 17 mg/kg their barrenness reaches
virtually 100%, which leads up to zero recruitment.

Other heavy metals, for instance, cadmium in the seal
liver, virtually exerts no effect on the increase in bar-
renness with different variations remains within 38,7-
56,54%.

With lead in the fat, similar to cadmium in the liver of
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Zakharova. Calculated threshold concentrations of pollutants affecting reproductive abilities of the Caspian seal females

CBUHIIA B XKHpE, TaK XKe KaK ¥ KaJIMU{ B IEYeHH KaCIIMHCKOTO
TIOJIEHS, KOIZa NPH PA3IMYHBIX 3HAUYEHMSAX KOHLCHTpPaUUi
(o1 0,01 1 1o 14 Mr/kr) kK03 GHULNEHT SITOBOCTH BapbUPOBaJ
B npenenax 39,07-50,56%, Torna Kak Bce OCTAJIbHBIE TOJITIO-
TaHTbI, UMECJIU MPAMYIO 3aBUCHUMOCTH YBCJIMYCHHS MPOLICHTA
SJIOBOCTH CaMOK OT YBEJIMYEHHUS KOHLEHTPAIMH TOKCHKaH-
ToB. Tak npu 3HaueHuHn B 11 MKI/KI ramma-m3omep Trekca-
XJIOPIMKJIOTEKCaHa, SUI0BOCTh CAMOK PE3KO YBEIMUUBAJIach 1
coctaBisua 95,11%, npu 3Hauennn 750 MKI/KT ChIporo Beca
4, 4—muxnopaupeHUATPUXIOPMETHIMETaHa SITOBOCTh JOCTH-
rana 99,26%.

V Gantuiickux TroneHei 80% caMOK BBITIAAAIOT U3 BOCIPOMU3-
BozactBa npu KoHueHntpaiuu [T B 70 Mr/kr (AJMKBUCT U
np. 1987, KpeutoB u ap. 1990). ¥V xacnuiickoro TroJIeHsS
npaktudeckun 100% pacueTHOe HCKIIOYEHHE U3 BOCIPOHU3-
BOJICTBA HAcTymaer yxe mpu 0,75 MI/Kr, T.e. BIIOJIHE BEPOST-
HO, YTO KacHHICKOe CTaZ0 TIOJIEHEW XOTA U COIEPXKUT B Op-
raHax 4 TKaHSIX MHOT'O MEHbILIEe XJIOPOPTaHUYECKUX MECTULIU-
JIOB, YeM TIOJICHU U3 3arPsS3HEHHBIX BOJOEMOB, HO 0OJIee UyB-
CTBUTEIHHO M BOCHPHUHUMYHBO, a COOTBETCTBEHHO M Ooiee
MTOIBEPKEHO 3aTPSA3HCHHUIO.

the Caspian seal, when under various concentrations
(from 0,01 and to 14 mg/kg) the barrenness coefficient
ranged from 39,07-50,56%, when all the other pollu-
tants showed a direct relationship between an increase
in the percentage of barrenness of females and concen-
tration of the toxicants. In fact, at 11 pg/kg, the gamma
isomer of hexachlorhexane sharply increased to reach
95,11%, at 750ug /kg of fresh weight 44—
dichlorphenyl trichlormethylmethane reached 99,26%.

In Baltic seals 80% females are not involved in repro-
duction at concentrations of DDT at 70 mg/kg (Anmk-
BucT u ap. 1987, Kpsutor u ap. 1990). In the Caspian
seal, virtually 100% estimated exclusion from breed-
ing takes place at 0,75 mg/kg, i.e., it is quite probable
that the Caspian population of seals although contains
much less organochlorine pesticides in the organs and
tissues compared with seals from polluted water bo-
dies, but is more sensitive, and, hence, is to a greater
extent exposed to pollution

Ta6. 1. OnHOobaKTOpHbIH
pEerpeccuoHHbIN aHau3

CBA3H MEXKIY SAJIOBOCTHIO 1

TIOJUTFOTAHTaAMH B JKHUPE Ca-

MOK KaCITHICKOT'O TIOJICHS

Table 1. The monofactor

regression analysis of the

relationship between bar-

renness and pollutants in

the fat of Caspian seal fe-

males.

Tab. 2. [ToporoBsle KOHIIEHTPAIHN
nosuttoTanToB (LCyg0,) A715 Kac-

MUHUCKOTO TIOJICHS

Table 2. Threshold concentrations of

pollutants (LCyyo,) for the Cas-

HOJIH}OTaHTbI OCTOBCPHOCTH .
Pollutants Ko. A Reliabli'lity Dynxuwas / Function
mpu T. St=2,06
S TXIT 0,6473 2,8166 V=35,03+12,94x-3,19x°+0,23x°
S OAT 0,6340 2,7193 V=46,9-0,046x+0,00002x>
Pb 0,7771 4,0949 V=49,68-7,60x+1,74x>+0,098x°
Cd 0,8293 49226 V=48,39+40,52x-127,17x>+ 80,61
HE oo 0,6924 3,1826 V=39,64+60,59x-141,62x>+106,27x°
Zn 0,7900 42732 V=42 81+2,46x-0,069x>+0,0005x
mpu T. St=2,12
SVIB 0,7104 2,6709 V= - 4,42+0,43x-0,001x>+0,00000 1 x°
AYB 0,9849 15,08 Y=57,79-0,03x-0,003x>+0,00002x°
% AYBor YYIB | 0,7868 3,3724 V = 64,92-2,22x+0,07x>-0,0006x°
SXUC TS T T g g [cu | 2 | svim | av
IMoaxosxuslii sxup / Blubber
11,0 [ 7500 | * [ 1510 ] 12 | - ] 10326 | 8500 [ 210,
Ileyens / Liver
Hx | Hx | * ] * J170]04] 392 | Hx | *

pian seal
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Results of marine mammals hunting in Chukotka in 2006-2007 and envi-

ronment notes
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2. Kirov, Russia

OCKUMOCCKasi KyJIbTypa ¥ MOPCKOH 3BEpOOOIHHBIN IPOMBICET
Ha YyKoTKe, MO IaHHBIM apXeoJOTHH, MPOCIEKHBACTCS Ha
MPOTSDKEHUH TOCHEeTHUX 3-4 ThICsIUeneTHit (ApyTIOHOB | JIp.
1982). B obumx gepTax 3Ta KyJIbTypa COXpaHHWJIACh W B Ha-
crositee Bpems. J{oObIueit Mop3Bepsi 3aHUMArOTCs KOPEHHBIE
JKUTENN TIPHOPEXHON 30HBI MOPS, 3CKUMOCH! M 4yK4H. [Ipu-
OperkHass MOpCKasi 3KOHOMHYecKasi 30Ha UyKOTKH — MIOWH U3
CaMBIX OOTraThIX B MHPE PailOHOB MO OMOJOTHYECKHM PECyp-
caM (MOpPCKHE MIICKOIUTAIONINE, PBIObI, OECIIO3BOHOYHEIE,
MOPCKHE U BOJOIUIABAIOIINE MITHUIIBI U JIP.).

Hanuuue u xapakrep JIbJIOB — BaKHAsI COCTABJISAIONIAsT CPEIbI
obuTaHusl KUTOB M JJACTOHOTUX U ycrexa npombicia. B 2007
T. [0 HaOJIOACHUAM 3BEpO00CB Y ceBepHOTo modepexns Uy-
KOTKH Jiea ucue3 (yIIel) paHbllle OOBIYHOTO, B KOHIIC Mas,
Havaie uroHs (cena Yanen, MH4oyH, DHypMuHO). Bee nero
nmpaa He Obuto. MoJozoi e Hagam 00pa30BBIBATHCS TO3KE
00BIYHOTO — B KOHIIE HOs0ps. MHOTONETHHI NIen y modepe-
KBSl TaK M He nosiBwiics. B bepuHroBom mponmse nex ncues B
KOHIIE Mas. B uroHe penkue mois ibaa HabIIoaIuch Jaieko
ot Oepera. Bce neto u ocenb Mope Ob11o yrcto. HoBbrit nex
nosiBuiics Tobpko B (eBpasie 2008 r. B AHanbIpckoM 3anuBe
JieioBasi 00CTaHOBKA ObLIa OOBIYHOW — TOJIA JibJa HaOIr0aa-
JUCH elle B HIOHE. B KoOHIle HOsAOps cTam 00pa3oBBIBATHCS
HOBBIH JIEI.

B 2006-2007 rr. B mpoMsIciie y4acTBOBanIK 214 0XOTHUKOB U3
18 cen (B 2000 1. — 371 oxoTHHK). OXOTHHKH OpraHU30BaHbI
B CEJIbCKOXO3SMCTBEHHBIE MyHULIUITAIBHbIEC penpusiTus. 13
TEXHUYECKHUX CPEACTB HA MOpPE HCIHONB3YIOTCS MajlOMEpHbBIE
Cyla — IIepeBsSHHBIC BeNbOOTHI, IIOpaJIeBBIC JIOIKH Pa3HBIX
KOHCTPYKLUI, U U3pelKa TPaauLHOHHbIe KOJKaHble Oaiinapbl.
MoTopsl B OCHOBHOM SIIOHCKHE W aMEPHKAHCKHE Pa3HBIX
¢upm, momrHOCTRIO OT 30 10 115 11.c. Opyxwue — 173 xapabu-
Ha pa3HbIX Mojenel U kanubpoB (5,6mm; 7,62 mMm; 9,0 Mm).

Bes MMpOAYKIUA ZlO6])lT])lX JJACTOHOI'MX U KUTOB HCIIOJIb30BaHa
Ha THTaHWE KOPEHHOro HaceneHws. [1o maHHBIM OIPOCOB
oxoTHHKOB B 2004 T. (40 cemeii), akTHdeckas n1o0bya jac-
TOHOTHX TIPEBHIMIAET O(UIMAIBHYIO CTaTHCTHKY (B pa3HbBIX
cemax 10 10-50%), cooTBETCTBEHHO OOBEMBI MOTPEOICHUS
OynyT Bblme. s CpaBHEHHS, B OJCHEBOIYECKOH OTpaciu
UykoTku B 2006 1. O5UT0 3aHATO 857 OJICHEBOIOB U MOITyYCHO
987 T msca ot 12793 oneneit. B 2007 r. pa6orano 895 onene-
BOJIOB, mony4yerno 1500,3 T msica ot 19356 oneneii.

Msl omeHWIM W CpaBHWIA 3((EeKTHBHOCTH 3BEPOOOHHOIO
NPOMBICIIAa M OJICHEeBOJCTBA. J{JIsl ATOro MCIONb30BAIN YHHU-
BEPCAJIBHBIN [I0KA3aTelb — KAJIOPUWHOCTH IOJyYEHHOMU Iu-

By the data of archeology the Eskimo culture and
hunting of marine mammals marine in the Chukotka
took place during the last 3-4 millennia (ApyTioHOB 1
np. 1982). Generally, this culture persists till now. The
aborigines of the coastal zone of the sea, Eskimos and
Chukchi, are engaged in hunting of marine mammals.
The coastal marine economic zone of Chukotka is one
of the richest regions of the world in biological re-
sources (marine mammals, fish, invertebrates, marine
birds and waterfowl, etc.).

The presence and type ice are important elements of
the environment of whales and pinnipeds and of the
success of hunting. In 2007, by observations of hunters
the ice at the northern coast of the Chukotka disap-
peared earlier than usually, in the late May, early June
(settlements Uelen, Inchoun, Enurmino). There was no
ice for the whole summer. New ice was formed later
than usually — in the late November. No old ice ap-
peared at the coast. In the Bering Strait the ice disap-
peared at the end of May. In June, rare ice fields were
observed far away from the shore. The sea was ice-free
all over summer and autumn. New ice appeared in
February 2008 only. In the Anadyr Bay the ice situa-
tion was usual. The ice fields were observed in June.
New ice was formed in the end of November.

In 2006-2007, 214 hunters from 18 villages partici-
pated in hunting (in 2000 — 371 hunters). The hunters
are organized as agricultural municipal enterprises.
They use small-sized boats — wooden whaleboats,
duralumin boats of various design , and rarely tradi-
tional leather boats. The engines are mainly Japanese
and American of various companies, from 30 to 115
HP. Arms are 173 rifles of different models and cali-
bers (5.6 mm, 7.62 mm, 9.0 mm).

All production of the obtained pinnipeds and whales is
used as food for indigenous people population. In
2004, the hunters (40 families) reported that the actual
catch of pinnipeds surpasses the official statistics (in
different settlements up to 10-50%), accordingly, the
consumption is higher. For comparison, in 2006 in the
Chukotka 857 persons were engaged in reindeer hus-
bandry and 987 tn of meat from 12,793 deer was ob-
tained. In 2007, 895 reindeer breeders were engaged
and 1500,3 tn of meat was obtained from 19,356 deer.

We estimated and compared the efficiency of hunting
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Zdor and Mymrin. Results of marine mammals hunting in Chukotka in 2006-2007 and environment notes

meBoit nponykmmu (Kpymank 1989). IlpoBexensr pacueTs
KaJIOPHHOCTHU TI0 Ka)KJOMY BHIY JIACTOHOTHX M KHTOB U C€-
BEpPHBIM OJIeHAM. B urore, 985 T muiieBoil npoayKIuu Mop-
CKHUX MileKomnuTaroumx coctaBuiu 2611716300 kkan. Msico
onereir B 2006 r. — 789600000 xxan. Ha ogHOoro 3sepo0ost
npuxogurca 12 204 282 kkan OpogyKLUU MOPCKUX 3Bepeil
(2006 r.). Ha omHOrO oneneBomam — 921353 kkan msica oie-
Helt (2006 1.). D dhexTuBHOCTH PadOTHI 3BepOOOEB MPEBHIIIA-
€T TaKOBYIO OJIeHeBOJOB B 13,2 paza B 2006 r. u 9 pa3 B 2007
r. Ocraercsi TaBHas MpoOJIeMa MCIIONB30BAHUS MPOAYKIIUN
MOPCKHX MIIEKOITHTAIOMINX — BKyCOBas MEHHOCTh Msica. Ho B
STOM HAIpaBJICHHH YK€ OBUIM TPOBEICHBI MCCICIOBAHUSI U
yaa4qHble mpakTudeckue padotsl B Poccun B ynpasiennn Ca-
xanuHpbiOnpoM B 1970-80-x rr. BepositHO, ocraercsi mpume-
HUTB JIOCTHIXKCHUS Ha MTPAKTHUKE.

OXOTHUKaMH OTMEYEH MAaCCOBBIM MAJEK MOPXKEH OCEHBIO
2007 r. Bo BpeMs oceHHeW Murpanuu U3 YyKoTckoro Mops.
MO3KHO TOABKO HPEAINOoJaraTth, KaKoBbl MPUUUHBI 3TOro. On-
HOW M3 NPUYUH MOTJIO OBITh JUINTEILHOE OTCYTCTBHE JIBIOB B
UyKOTCKOM MOpE, O 4eM CKa3aHO BBIIIE.

B Pripkaiitun (M. IlIMuara) B Hayane oKTAOps mocie yxona
Mopxkel ¢ sexOuma obHapykeHO mpuMmepHO 500 mrudmmx
Mopxei. B Drypmuno (paiion M. Cepane-Kamens) B cepenn-
HE M TPETheH AeKaje OKTAOps HaOII0JaIH ABAXKIIBI BEIOPOCHI
Ha Oeper MHOXECTBA TPYIOB MOpPXEH, B OCHOBHOM B3POCIBIX
JKUBOTHBIX. Uncno He ykazaHo. B MlHUOyHE nBaXkIbl BHIOpa-
chIBaJIO TpyIbl Mopkel. [locie 4 HOsOpst mpou3olen BTopoi
BBIOpOC TpynoB Mopkei — 6osee 100 ronos. B obmeii ciox-
HocTH BBIOpocHio Oonee 220 mopikeil. BriOpackiBano B oc-
HOBHOM Tpymbl caMoK. Ha yanenckoi koce (paiion m. ex-
HEBa) B IEPBOY JieKajie HOAOps 0OHapyx)eHo okono 120 Tpy-
moB Mopxeit. Taxke ObUTH OOHAPYIKEHBI TPYIIHI AKHOBI.

Takum 00pa3oMm, 10 COOOIIEHNSM OXOTHHKOB OTMEUEHA TH-
Oenb Oomnee 840 mMopikelt B okTsiOpe-HOs6pe 2007 r. Bepost-
HO, W3/OoXeHHas uH(opMauus TpeOyeT MONOIHUTEIBHBIX
CIIELIMaIbHBIX MCCIICIOBAHUI U IPOBEPKH.

of marine mammals and of reindeer breeding. For that
aim, we used a universal index — caloricity of the ob-
tained food (Kpymuuk, 1989). The calculations are
made for each species of pinnipeds and whales and for
reindeer. In total, 985 tn of food production of marine
mammals made 2,611,716,300 kcal. In 2006, reindeer
meat made 789,600,000 kcal. Per one hunter, there are
12,204,282 kcal of production of marine mammals
(2006). Per one reindeer breeder there are 921 353 kcal
of reindeer meat (2006). The efficiency of hunters ex-
ceeds that of reindeer breeders by 13.2 times in 2006
and by 9 times in 2007. The main problem in use of
production of marine mammals is palatability of their
meat. Special investigations and successful applied
work were already made in Russia by the Sakhlinryb-
prom Administration in the 1970s — the 1980s. It re-
mains to apply these achievements to practice.

The hunters observed mass loss of walruses in the au-
tumn 2007 during the autumn migration for the Chuk-
chi Sea. One may just guess the causes of this loss.
One of reasons might be a prolonged absence of ice in
the Chukchi Sea, as mentioned above.

In Ryrkaypiya (Shmidt Cape) in the early October af-
ter walruses left their haulout about 500 dead walruses
were found. In Enurmino (Serdtse-Kamen Cape area)
in the middle of October and the third ten-day period
of October numerous dead walruses were twice ob-
served stranded onto the shore, principally adults.
Number of them was not indicated. In Inchoun. Dead
walruses were stranded twice. After November 4 over
100 walruses were stranded. Totally, over 220 walrus-
es were stranded, principally dead females. On Uelen
spit (Cape Dezhnev area) in the first ten-day period of
November bout 120 dead walruses were found, as well
as dead ringed seals.

Thus, by reports of hunters the loss over 840 walruses
occurred in October-November 2007. Obviously, these
reports require additional special investigations and
verification.

Ta6. B 2006-2007 rr. 3Bepobosimu UyKoTKH

JOOBITO (TOJIOB) *BhIX0/1 NHUILEBON POAYKIIUH

paccuuTaH M0 HOPMaM CETbXO3MPEANPUITHI

Table. In 2006-2007 Chlokot hunters obtained

(heads) * The food output is calculated by the

norms o agricultural enterprises.

Bup / Species 2006 2007 Bceero / Total

Cepelii kut / Grey Whale 129 126 255
benyxa / White Whale 13 - 13

Mopx / Walrus 1047 1082 2129

Mopckoii 3as111 / Bearded Seal 918 800 1718

Kompuarast Hepna / Ringed seal 2207 2943 5150
Jlapra / Spotted seal 532 459 991
Kpeuiatka / Ribbon seal 65 - 65

I'pennannckuii kut / Bowhead whale - - -
[MymeBas mpogyKIws, BCEro TOH®
Food output, Total tn* 985 975 1960
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B3aumocBA3b Mexay poOCTOM TOJILWMHbI MOAKOXHOIO XXUpa U CTeneHbo
AnaTtomMmoBoro obpactaHmsa Manbix nonocatukoB (Balaenoptera
acutorostrata bonaerensis) Ha nonax Haryna B AHTapKTUKe
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Zinchenko V.L.", Bushuyev S.G.”

Correlation between growth of thickness of blubber and the degree of
intensity of diatom films on minke whales (Balaenoptera acutorostrata
bonaerensis) at feeding grounds in the Antarctic

1. Ukrainian scientific center of ecology of a sea, Odessa, Ukraine
2. Southern research institute of Marine Fisheries and Oceanography, Odessa center, Odessa, Ukraine

Ha moBepXHOCTH KOXH MajbIX IOJOCATHKOB, KaK U JPYTHX
BUJIOB KHTOB, MIPUXOJISAIINX B BRICOKHE IUPOTHI AHTAPKTHKH,
HaOIOMaeTCs TPOTPECCHPYIONIee CO BPEMEHEM MacCOBOE
pasButHe konoHuid auatomeit Cocconeis ceticola. Tlo crere-
HU JMAaTOMOBOTO OOpAcTaHUS B NMPHUHIUIE MOXKHO CYAUTH O
JUTUTETLHOCTH TPeOBbIBAHUS KWUTOB B XOJIOAHBIX BOJAX, IO-
STOMY aHaJIHW3 €T0 W3MEHEHHWH IMPEeIarajoch MCIOIb30BaTh
KaK WHCTPYMEHT U1 M3y4YeHHS MUTpaluii KUTOB Ha MOJSA
Haryia (Mackintosh and Wheeler 1929, Hart 1935, Gambell
1968, 3unuenko1986, 3unuenko u Muxanes 1986, Muxaies
2006).

JIJiss IpOBEpKU HANEKHOCTH 3TOTO TOKa3aTels ObLIO MpoBe-
JICHO WCCIICJIOBAaHHUE CBS3M M3MECHEHUS CTEIICHH 00pacTaHus C
JIPYTAM TApaMeTPOM, XapaKTCPUIYIOIUM IPOIOIKHATEIb-
HOCTh W YCIIEUTHOCTh HAaryja, — YIHTAaHHOCThIO KUTOB. [lo
IaHHBIM B3BEIIMBaHUN MaybIX mojiocaTukoB Ha AK® «Co-
BETCKas YKpamHay», Macca Tejla KUTOB YBEIHYHBAETCS 3a Ha-
TYJBHBIA Ce30H B cpeaHeM Ha 9,2%. 3amachl Kupa OTKIagbI-
BAlOTCS Ha BHYTPEHHUX OpraHax, B MBIIICYHOW TKaHH U B
MOJIKO’KHOM JKHPOBOM CJIO€ KUTOB. B KauecTBe mokazaTess
YIOUTAHHOCTH, JICTKO MOAAA0MIEIoCa M3MEPCHUIO B IMOJICBBIX
YCIOBHSIX y OOJIBIIOrO yHcia ocoOei, ObUla MCIOIb30BaHA
TOJIIIMHA TTIOJAKOXHOTO JKHpPa B YCIOBHOM MeCTe — (PHKCHPO-
BaHHOW TOYKE HAa CEpeIUHE BEPTHUKAIM XBOCTOBOTO OTAEA
O] CITMHHBIM IUIABHUKOM. M3MepeHue mpou3BOIUIOCh MUII-
JIUMETPOBOM JIMHENKOM ¢ TOUHOCTBIO 10 1 MM.

ITo crenenn oOpacTaHust KATH OTHOCHIIUCH K TPEM OCHOBHBIM
rpymnmaM: HeoOpocmiie (BUAWMBIX TPHU3HAKOB OOpacTaHUsS
HET); cnaboobpocmre (oOpacTaHue B BUIE OTACIbHBIX TISATEH,
WHOTJa €/IBa 3aMETHBIX); CHIIbHOOOpocIre (oOpacTaHue mo-
KPBIBAaeT BCE TEJIO MM OOJIBIIYIO €ro YacTh CIUIONIHOHN IUICH-
ko). Marepuan 611 coopan Ha AK®D «Cosetckast Ykpauna»
B III, IV, II u I cekropax AHTapKTHKH B SIHBape — ampese
1986 r. OnHoBpeMeHHO 00a rokaszarelsi ObUIM M3MEPEHBI Y
381 camma u 1106 caMOK MaIbIX MOJIOCAaTUKOB (Tad. 1).

TonmuHa MOJKOXKHOTO )XUPa Y CaMIIOB BapbupoBaja ot 24 10
95 MM, a 'y camok — ot 21 mo 101 mm. Ce30HHOE yBEIMYCHUE
TOJIIIMHEI TTOJIKOKHOTO JKHpa Yy 000UX IOJIOB XapaKTepU3yeT-
Cs1 BBICOKOW JIOCTOBEPHOCTBIO. JIOCTOBEpHOE pasiuuue cpel-
HHUX BEJIMYUH 3TOTO MapaMeTpa MEXKAY CaMIlaMU M CaMKaMHU
OBIJIO OTMEYEHO TONBKO i sHBaps (t=5,47; P<0,001). s
OCTaJIbHBIX MECSIIEB Pa3IN4Ms MEXIY TOJIAMH HEJOCTOBEPHBI

Similar to other whale species that come to the high
latitudes of the Antarctic the skin surface of Minke
whales show a progressively massive development of
Diatomea Cocconeis ceticola. The level of diatom
fouling is suggestive of the period of stay of the
whales in the cold waters, hence, analysis of its
changes was to be used as tool to study whale migra-
tions to the feeding grounds (Mackintosh and Wheeler
1929, Hart 1935, Gambell 1968, 3unuenxol986,
3unuyenko u Muxases 1986, Muxanes 2006).

To test the reliability of that index, a study of the rela-
tionship between the level of fouling and other para-
meters characterizing the duration and success of feed-
ing — whale fatness was made. According to weighing
data of Minke whales on the whaling flotilla “Sovets-
kaya Ukraina”, the body weight of the whales increas-
es by 9.2% over the feeding season. The fat reserves
accumulate in the internal organs, in the muscle tissue
and in subcutaneous fat layer of whales. The thickness
of the subcutaneous fat at some conventional site on
the middle of the caudal region under the dorsal fin
was used as an index of fatness, readily measurable
under field conditions in a large number of individuals.
The measurement was made with a millimeter rule to 1
mm.

Whales fell into three main classes with respect to
fouling: Fouling-free (no visible fouling features); with
some fouling (in the form of some patches, which are
occasionally hardly visible), heavily fouled (fouling
covers the entire body or the bulk of its in a continuous
film). The material was gathered on the whaling flotil-
la “Sovetskaya Ukraina” in sectors III, IV, II and I of
the Antarctic in January — April 1986. Both these in-
dices were measured in 381 males and 1106 females of
Minke whales (Table 1).

The thickness of the subcutaneous fat in males ranged
from 24 to 95 mm; and in females, from 21 to 101
mm. A seasonal increase in subcutaneous fat in both
sexes is characterized by great statistical significance.
A significant difference of the mean values of that
parameter between males and females was only rec-
orded for January (t=5.47; P<0.001). For the other
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(4TO CcrIpaBeIIMBO AL BCEX TPYIIT KUTOB C PA3HOMN CTEIEHBIO
obpactanus). BeisgBieHa mocTaTodHO ciabas KOPPEISIHOH-
Has CBSI3b TOJILIMHBI TIOJAKOKHOTO JKUPa C JUIMHOH Tesla KUTOB
(3Hauenus r ot 0,05 mo 0,27). JloctoBepHas KOppeysIust
TOJIIIMHBI MOJKOKHOTO XKHPa Yy CaMOK U YHCJIa CIEJO0B XKell-
TeIX Ten OepemenHocTH n oByisinuu (CXKTBO), ucnonssye-
MOTO B Ka4eCTBE BO3PAcTHOI'O IPU3HAKa, YCTaHOBJEHA TOJb-
ko must 111 cexropa B staBape (1=0,15 +0,04). Ecth ocHOBaHuMs
oJIaraTh, 4YTO CBA3b TOJIIMHBI MOAKO)KHOTO JKHpa C BO3pac-
TOM KHTOB, II0 KpaifHeH Mepe, y caMOK, Takas ke ciadas, Kak
U CBSI3b C JJIMHOW Tena. BeisiBIeHHas pa3HHULA CpEAHEN TOJI-
IIMHBI MTOJKOXHOTO JKHpa Yy TOJIOBO3PENBIX (B CpPEeJHEM 3a
CEe30H 51,9+0,7MM) ¥  HETNOJOBO3PEIBIX  CaMIIOB
(46,443,2MM) OKa3zasach HEJOCTOBEPHOH. Y CaMOK JIOCTO-
BEPHBIX DPA3JIMUUM CPEIHEH TOJIIMHBI IOJKOXHOIO JXKHpa
Mexay rpynnamud  OepemeHHbIX (47,8+£0,4MM), sUTOBBIX
(46,5£1,8MM) u HemonoBo3penbix (45,1+£1,5MM) Takxke He
oOHapy>xeHo. [lyisi Bcex 4YeThIpex CEKTOPOB AHTApKTHUKH (U
MECSIIIEB IPOMBICIIOBOTO CE30HA) BBIABICHA JOCTOBEPHAs
KOPpEJSIIS TOJIIUHBI cana OepeMEHHBIX CaMOK M JNTHHOM MX
IUI0A0B (SMOPHOHOB):

III (aaBaps) — r=0,31%0,04; t=7,59; P<0,001; IV (dpeBpanp) —
r=0,36+0,05; t = 6,98; P<0,001;

IT (mapt) — =0,33+0,12; t=2,88; P=0,004; I (MmapT-anpemns) —
=0,48+0,10; t=4,68; P<0,001.

months, the differences between the sexes were insig-
nificant, which applies to all the groups of whales with
different degree of fouling. A fairly weak correlation
between the thickness of subcutaneous fat and the
body length of the whales was revealed ( the r values
from 0.05 to 0.27) A significant correlation of the
thickness of subcutaneous fat in females and the num-
ber of corpora lutea and ovulation used as an age cha-
racter was only found for Sector III (r=0.15+0.04).
There are ground to believe that the relationship be-
tween the subcutaneous fat thickness and whale age is
as slight as that with the body length. The difference
between the mean thickness of subcutaneous fat in
mature individuals (on the average over the season —
51.940.7mm) and immature males (46.4+3.2mm)
proved insignificant. In females, no significant differ-
ences in subcutaneous fat thickness between groups on
pregnant (47.8+0.4 mm), barren (46.5+1.8mm) and
immature (45.1+1.5mm) were found either. For all the
four sectors of the Antarctic (and the months of the
harvest season), a significant correlation between the
thickness of the fat and length of their fetuses was
found.

III (January) — r=0.31%0.04; t=7.59; P<0.001; IV (Feb-
ruary) — r=0.36+0.05; t = 6.98; P<0.001;

IT (March) — r=0.33%0.12; t=2.88; P=0.004; I (March-
April) — r=0.48+0.10; t=4.68; P<0.001.

Tabn. 1. Cpeanuwe 3Ha4YEHUS MPOMEPOB TONIIUHBI

IIOAKOKHOT'O XXHpa Yy MaJIbIX ITOJIOCATUKOB, Il06bI—

ThIX B AHTapKTHKe B sHBape-ampesne 1986 r. n —

4yHCI0 M3MepeHuil; M — cpemHee apudmerude-

CKOC€; mM — CTaHJapTHas ommoOKa

Mecs, cekTop CaMiipl CaMku
Month, Sector n M my n M my
Susaps, 11, January 56 39,1 | 0,11 557 45,5 0,04
Despaib, 1V, February 136 | 47,2 | 0,10 368 46,4 0,06
Mapr, II, March 61 54,3 | 0,16 93 53,1 0,14
Mapr, I, March 57 59,3 | 0,18 63 59,1 0,16
Anpens, 1, April 71 60,9 | 0,11 25 56,7 0,22

Table 1. Mean values of the thickness of the subcuta-

TonmuHa MOJKOKHOTO KUpPa y CaMOK M JUIMHA WX IUIOIOB
YBEIIMYHUBAIOTCS CHHXPOHHO, HCIBITHIBAs BIUSHUE OOIIEro
(axTopa — BpPEMEHH, KOTOPOE KHUThI MPOBOIST HA TOJISX
Haryna. YacTHeli KOA(QQUIUEHT KOPPENALUUA TOJIIUHBI
OJIKOYKHOTO JKUpa y OEPEMEHHBIX CAMOK M JUTMHBI UX TLIO-
JIOB 32 BECh CE30H (C dIMMHUHALNEH BIUSHUS (GakTopa Bpe-
MeHu) cocrasisieT r = 0,32+0,04 (t = 7,78; P<0,001). Kop-
PEILALUS TOJIIIUHBI [TOIKOKHOTO JKHPa CO CTEIEHBIO 00pac-
TaHMsI CaMIIOB M CaMOK MOJTBEPIKIACTCS C BBHICOKOH Bepo-
STHOCTBIO. 3HaUCHMsI 000MX IMapaMeTpPoOB OT Hayasla K KOH-
Iy ce30Ha Bo3pacraroT (Tab. 2). 3HaueHus kK03 UIneHTOR
KOPPEJISAIUH B Pa3HBIX CEKTOPax (MECSIIax) COCTABIISIOT:
camusl — III (saBaps) — r=0,04; t=0,33; pa3Huma HEIOCTO-
BEpHa;

IV (peBpainb) — r=0,34+0,08; t=4,42; P<0,001

[I+I (mapT-anpens) — 1=0,23+0,07; t=3,32; P<0,001;

camku — III (ssaBapsw) — 1=0,24+0,04; t=6,05; P<0,001;

1V (dhespains) — r=0,28+0,05; t=5,80; P<0,001;

II+I (mapTt-ampens) — r=0,17+0,07; t=2,34; P=0,02.

YacTHb K0d(QUIMEHT KOPPEISIHU TOIIMHBI TT0IKOKHO-
r0 JKUpa U CTEIICHH O0paCTaHUs 3a BECh CE30H (C IMMHUHA-
1pei BIUSHUS (AaKTOpa BPEMEHH) COCTABISCT: [UIS CaMI[OB
—r=0,21%0,04 (t=4,66; P<0,001); ms camok — r=0,20+0,03
(t=7,26; P<0,001).

neous fat in Minke whales taken in the Antarctic
in January-April, 1986. n — number of measure-
ments; M - mean arithmetic;, mm - standard error.

The subcutaneous fat thickness if females and the length
of their fetuses increase synchronously influenced by the
common factor of the time, which whales spend on feed-
ing grounds. The partial correlation coefficient of the
thickness of subcutaneous fat in pregnant females and
the length of their fetuses over the season (with elimina-
tion of the effect of the time factor) is r=0.32+0.04
(t=7.78; P<0.001). The correlation of the thickness of
subcutaneous fat and the level of fouling of males and
females is confirmed with high probability. The values
of both parameters from beginning to the end of the sea-
son increase (Table 2). The values of the correlation
coefficients in different sectors (months) are:

males — III (January) — r = 0.04; t = 0.33; difference is
insignificant;

IV (February) — r=0.3440.08; t= 4.42; P<0.001

IV (March-April) — r=0.2340.07; t=3.32; P<0.001
females — III (January) — r=0.24+0.04; t=6.05; P<0.001;
IV (February) — r=0.28+0.05; t= 5.80; P<0.001;

IV (March-April) — r=0.23+0.07; t=2.34; P<0.001.

The partial correlation coefficient of the thickness of
subcutaneous fat and the level of fouling over the entire
season (with elimination of the time factors) is: for
males — 1=0.21+0.04 (t=4.66; P<0.001); for females —
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3a WCKIIOYEHHWEM SHBAps, PaziIHdus MEXIy CaMIaMu M
CcaMKaM# BHYTPH TPYIII C OJHMHAKOBOW CTEIEHBIO oOpacTa-
HUS JJ15 KKJ0r0 OTIEJILHOTO MeCsIa HEIOCTOBEPHBI.

r=0.20+0.03 (t=7.26; P<0.001).

Except January, the differences between males and fe-
males within the groups with a similar fouling level are
insignificant for each month.

Tab. 2. Koppemsauus tonmuas! moakoxaoro xxupa (TIDK) co cremenpo oOpacTaHus MaJbIX TOJIOCATHKOB, JOOBITHIX B
AHTapkTHKe B ssHBape-amnpene 1986 r. A- Heobpocmme, b — cnaboobpociue, B — cuibHOOOpOCIIIHIE.
Table 2. Correlation of the thickness of the subcutaneous fat (TSF) and the level of fouling in Minke whales taken in the

Antarctic in January-April, 1986.

TIDK (MM) y KUTOB € % COOTHOILIEHNE KUTOB C pa3HOU
Mecsn pas3Hoil cTeneHbr0 00pacTanus CTEIEHbI0 00pacTaHusl B BEIOOPKE n
Month TSF (mm) in whales with different level Percentage of whales with different level (100%)
of fouling of fouling
A b B A b B
) ? 3 ? 3 ? ? 3 ? 3 ? 3 ?
I 39,5 | 440 | 384 | 479 | 39,7 | 50,7 | 37,5 | 61,9 | 41,1 | 36,1 | 214 2,0 56 557
I 42,0 | 41,2 | 46,6 | 47,8 | 51,8 | 50,2 | 243 | 26,9 | 434 | 59,8 | 323 13,3 136 368
1T 48,7 | 46,2 | 53,0 | 544 | 56,9 | 56,9 | 11,5 | 20,4 | 42,6 | 64,5 | 459 15,1 61 93
v 52,5 | 548 | 573 | 589 | 63,7 | 644 | 175 | 17,5 | 38,6 | 65,1 | 43,9 17,4 57 63
)\ 57,0 | 56,3 | 64,7 | 55,1 | 60,7 | 57,8 | 14,1 | 24,0 | 16,9 | 28,0 | 69,0 | 48,0 71 25
n 81 480 142 529 158 97 381 1106

WurepecHo cienyromiee — ¥ Uil CaMIOB, M ISl CAMOK Ha-
OJto/1aeTCsl TOCTOBEPHOE YBEIMYEHHE TOJIIMHBI TOJIKOXK-
HOT'O JKMpa BHYTPHU TPYIHII C OAMHAKOBOM CTeNeHbIo o0pac-
TaHMS OT Havaja K KOHIly ce30Ha. Tak y HeoOpocHmHx cam-
IIOB CpeJHee 3HAUYCHHE TOJIIMHBI ITOJKOKHOTO >KHUpa He-
TpepsIBHO Bo3pacTaeT oT 39,5 MM B stHBape m0 57,0 MM B
amperne, a y HeoOpocmux caMok — oT 44,0 MM B sTHBape, 10
56,3 MM B ampene. CpeHHe 3HAYCHUS TOJIIUHBI ITOIKOX-
HOT'O JKMpa OT Hayasla K KOHIly Ce30Ha BO3PACTAIOT U Y Clia-
6000pocmnx, U y criibHOOOpocHnX KUTOB (Tab. 2). locTa-
TOYHO HEOXKHJAHHO, YTO TOJIIMHA IOJIKOXKHOTO XHpa Yy
HEeoOpOCIINX KUTOB B MapTe-alpene okasajach Oojiee BbI-
COKOM, YeM Y CHJIbHOOOPOCIINX KHUTOB B sHBape-(peBpaie.
Benp ecnu momararh, 4TO 3TH HEOOpOCHIME KUTHI TOJBKO
YTO MPHUIILTA Ha IOJI HATYJIA U3 HU3KUX IIHUPOT, HEBO3MOXK-
HO OOBSICHUTD UX CTOJIb BEICOKYIO YIHTaHHOCTb.

Taxke TpyIHO OOBSICHUTD, IIOYEMY B STHBape CPEAHss TOJI-
IIMHA ITOJKOXHOTO JXHpPa B IPYIIIaX CaMIOB HA BCEX CTalH-
X oOpacTaHUs TIPAaKTHYECKH OJWHAKOBA — Ka3aloch OFI,
JAaBHO TIPHUIIEANINE B AHTAPKTUKY CHIBHOOOpOCIIHE 0co0H
JOJDKHBI OBITH 3HAUUTENIBHO 0OJiee YNMUTAHHBIMH, YeM He-
oOpocmme. AHaJTOTHYHOE OTCYTCTBHE CYIIECTBEHHBIX pa3-
YU HAOJIOAeTCs B ampee MKy HeoOpOCIIUMU U 00-
pocIMMn CaMKaMH.

O3HauaTh 3TO MOXET TOJBKO OJHO — HECMOTpSI Ha BBHISIB-
JIEHHYIO KOPPEJSIUUIO C U3MEHEHUEM TOJILIUHBI TTOJIKOXKHO-
ro KHpa, CTCNEHb IUATOMOBOTO OOpacTaHUS HE MOXET
CIIy’)KUTh HAJIC)KHBIM TIOKa3aTeieM BPEMEHH Hadvaja Haryla
MAaJbIX IIOJIOCATUKOB B AHTapKTHKe. Tak B Havaye Jera,
CHIIEHOOOPOCIIIHE CaMIIbl, TOCTATOYHO TaBHO MPHIIEIIINE B
XOJIOJHBIE BOJBI U3 HU3KUX MINPOT, TEM HE MEHEE, K Haryiy
elie MPaKTUYeCKH He IpucTynanu. HampoTuB, KUTHI, He
uMeroIue oOpacTaHusl B MapTe-anpelie, Mo-BHINMOMY, Ha-
XOJMINCH Ha TMOJISAX Harysia yXKe IOBOJBHO JaBHO, TaK Kak
HaOpaTh TaKOE KOJMUYECTBO XKHUPA, MUTASICh B HU3KUX IIHPO-
Tax, OHU HEe MOTJIH.

B kauecTBe OOBSICHEHHS 3TOrO SBIEHHS MOXHO MpeamnoJio-
JKHUTB, YTO 6HaFOHpI/I$ITHI)I€ yCJioBus AJid 06pa30BaHI/IH Jua-
TOMOBOH IIICHKH Ha TEJI€ KUTOB MMEIOT MECTO M BHE IIe-

Interestingly, both for males and females there is a sig-
nificant increase in the thickness of subcutaneous fat
within groups with similar level of fouling from the be-
ginning to the end of the season. In fact in fouling-free
males, the mean value of the thickness of the subcutane-
ous fat constantly increases from 39.5 mm in January to
57.0 mm in April; and in fouling-free females — from
44.0 mm in January to 56.3 mm in April. The mean val-
ues of the thickness of subcutaneous fat from the begin-
ning to the end of the season increase in both slightly-
fouled whales and in heavily-fouled whales (Table 2). It
is unexpected that the thickness of the subcutaneous fat
in fouling-free whales in March-April proved higher
than in heavily-fouled whales in January-February. In
fact, if one assumes that those fouling-free whales just
came from the feeding grounds in low latitudes, it is
impossible to explain why they are so fat.

It is also difficult to explain why in January the mean
thickness of the subcutaneous fat in male groups at all
the stages of fouling is virtually similar — it would ap-
pear that the heavily-fouled individuals that came to the
Arctic should be much fatter that those fouling-free. A
similar absence of substantial difference is recorded in
April between fouling-free and fouled females.

The only possible interpretation of the above may be
that despite the correlation with the changed thickness of
subcutaneous fat, the level of diatom fouling cannot
serve as a reliable index of the time of the beginning of
feeding of Minke whales in the Antarctic. In fact, in ear-
ly summer some heavily-fouled males, which came to
the cold waters from the low latitude long before, did
virtually start feeding. By contrast, fouling-free whales
in March-April must have stayed on feeding grounds for
a long time as they could not have accumulated such an
amount of fat feeding in low latitudes.

An interpretation might be that some favorable condi-
tions for developing diatom film of the whale body oc-
cur outside of the period and outside of the zone of feed-
ing of Minke whales. Male that left the low latitude ear-
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pHosa, U BHE 30HBI Haryjia Maibix nojocatukoB. Camipl, | ly, may be fouled intensively in the Sub-Arctic because
paHoO NOKMHYBIIWE HU3KKE UpoThl, B Cybanrapkrike Mo- | they cannot feed effectively before the beginning of the
TyT UHTEHCHBHO o0OpacTarh, Oyayuu juiieHbl Bo3moxHoctu | feeding season. On the other hand, under certain condi-
3¢ (deKTUBHO MHUTAThCS J0 Havajga HaryiapHOro cesona. C | tions, in a considerable number of whales, during feed-
JPYTO# CTOPOHBI, MPHU ONPEACICHHBIX YCIOBUSIX y 3Hauw- | ing, the fouling film may be lost as a result of exfoliation
TEJIHOI YacTH KUTOB BO BpeMs Haryia IuieHka oopactanust | of the epidermis upper layer and for some other reasons.
MOXET YTPAYMBATBCSA B PE3yJIbTATE CIYLIMBAHUS BEPXHETO
CII0S1 AMUACPMHCA WITH APYTUX MPUYHH.
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