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Heckonbko ciiydaeB MaccOBOW THOENU KUBOTHBIX, COBIIAB-
[IMX [0 BPEMEHU C MPOXOIMBIIUMH IOOJHU30CTH BOCHHO-
MOPCKUMH YYCHUSMH C HCIOJIH30BAHUEM MOIIHBIX THAPO-
JIOKaTOPOB, MOCTYXIIN TOJYKOM K Hadyally HCCIICIOBaHHMA
BIIMSIHUSL MHTCHCUBHBIX 3BYKOBBIX CHTHAJIOB HA ITOBE/ICHUC U
cinyx kuTooOpasubix (Zirbel et al. 2011) Baxkubim Hampas-
JICHUEM STHX Pa0OT SBISACTCS U3YICHUC BIHSIHUS UHTCHCHB-
HBIX ITYMOB Ha BPEMEHHBIE CABHUTH TIOPOTOB CIYXOBOW TyB-
creurensHOCTH (temporary thresholds shifts, TTS). Cuura-
€TCsI, UTO 3TH MCCIIEAOBAHMI TIOMOTYT PacCUUTATh MapaMeT-
PBI 3BYKOBBIX CHTHAJIOB, BBI3BIBAIOIINX OIACHBIC UIA KH-
BOTHOTO HEOOpATHMBbIC MOTEPH CIAYXOBOW UyBCTBHTEIIBHO-
ctu (permanent thresholds shifts, PTS). Uccnenosanus Biu-
SIHASL MHTCHCHBHOTO IIIyMa Ha CIIyX KHTOOOpPAa3HBIX HaXo-
JIATCSI €IIe B CBOCH HAYAIBHOW CTAIUM, CIUIIKOM MHOTO
MEPEMEHHBIX, OT KOTOPBIX MOXET 3aBHCETh CIYXOBas YyB-
CTBUTEIBHOCTH JKHUBOTHOTO, U CJIMIIKOM TPYIOEMKH JKCIIC-
PUMEHTEI, TIPOBOIMMBIC Ha KUTOOOpa3HEIX. Kak ciencrsue,
OCHOBHAs Macca yKe ITONyYCHHBIX TaHHBIX OTPHIBOYHA U C
TPYAOM TOINAETCS CPAaBHEHHUIO M3-3a Pa3IIMUHBIX YCIIOBHH
skcrepuMenToB (cM. 0630p Southall et al. 2007). Oxaum u3
MEPCIEKTUBHBIX MMOIXO0A0B K H3YUCHUIO YCIOBHIA BOZHUKHO-
BeHUSI T TS SBIACTCS HCIONB30BAaHUE I TECTHPOBAHUS
YYBCTBUTEIBHOCTH CIyXa 3JICKTPOGU3NOJOTHUSCKUX METO-
JIOB, METO/IOB HEMHBA3UBHOM, AMCTAHIIMOHHOMN PErUCTPAIlUH
pa3IMYHBIX BApUAHTOB KOPOTKOJIATCHTHBIX CIYXOBBIX BBI-
3BanHbIXx moteHnmanos (Finneran et al. 2007, Popov et al.
2011). OTi MeTONbI, B OTJIMYME OT MOBEJACHYCCKHUX MOJXO-
JTOB, TIO3BOJIFOT B XOPOIIO KOHTPOJIUPYEMBIX YCIOBUSIX U B
OTHOCHTEIIEHO KOPOTKHE CpPOKH MOJIYYHTH JOCTATOYHO
0OJNBIION MAacCWB JaHHBIX 00 M3MCHCHUSX UyBCTBHTEIBHO-
CTH CITyXa XHBOTHOTO.

B nacrosmeit pabote ncciieqoBaNoCch BIUSHUS HHTEHCHBHO-
ro IIymMa Ha CIYXOBYIO YYBCTBHTEIBHOCTH KHTa OCIyXH
(Delphinapterus leucas). DkcriepuMeHTBl ObLIM MPOBEIEHBI
Ha YTpUIICKON MoOpckod craHmmu HMHcTHTyTa TpobieM
SKOJIOTHH U HBOJIOIMH HA MOJIOJBIX, BO3PACTOM OKOJIO 2 JIET

Several instances of massive mortality of whales
coincident in time with a navy exercise, using pow-
erful sonars led to the beginning of studies on the
investigation of the effect of intensive audio signals
on the behavior and hearing of cetaceans (Zirbel et
al. 2011). An important aspect of these studies is the
effect of intensive noises on the temporary thresh-
olds shifts, TTS. It is thought that these studies
would help estimating the parameters of audio sig-
nals causing some hazardous permanent thresholds
shifts, PTS. The studies of the effect of intensive
noise on the hearing of cetaceans are still at their
initial stage as there are too many variables respon-
sible for the auditory sensitivity of the animal and
laborious experiments on cetaceans. As a conse-
quence, the bulk of the already obtained data can be
hardly compared due to the difference in the exper-
imental conditions (Southall et al. 2007). One of the
promising approaches to the study of the conditions
for TTS is the utilization of electrophysiological
methods for the testing of hearing, using non-
invasive remote recording of various versions for
auditory brain stem responses (Finneran et al. 2007,
Popov et al. 2011). In contrast to behavioral ap-
proaches those methods under well controlled condi-
tions and in a relatively brief time period permit
obtaining a fairly large body of data on changes in
the sensitivity of the animal hearing.

The present study addressed the effect of intensive
noise on the auditory sensitivity of the beluga whale
(Delphinapterus leucas). The experiments were per-
formed at the Utrish Marine Station of the Institute
of Ecology and Evolution Research on young (about
2 years old) male and female All the experiments
were performed according to the regulations for us-
ing animals in biomedical studies of the Ministry if
Science and Education, RF. For the experiment, the
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camIle u camke. Bce akcmepuMeHTBI TTPOBOJAMINCE B COOT-
BETCTBHH C TMPAaBWJIAMU HCIOJB30BaHUsS XHUBOTHBIX B OHO-
MEIUIUHCKUX uccienoBanusix Munucrepcrsa Hayku u O06-
pazoBanus P®. Ha Bpems skcliepMMeEHTa JKMBOTHOE B ClIe-
[UANBHBIX HOCHUJIKAX IMOMEIAIoCh B BaHHY C MOPCKOH BO-
ot (4,5x0,85x1,2 M) Takum 00Opa3oM, YTOOBI JOpCabHAS
TIOBEPXHOCTH TOJIOBBI C ABIXAJIOM HaXOAWJIACh HaJ MOBEpX-
HOCTBIO BOABI. J{J11 HEMHBA3UBHON PETUCTPALIUU BBI3BAHHBIX
MTOTEHINAJIOB HCIIOJIF30BAINCH JAWCKOBBIC JJICKTPOJIBI JTHA-
MeTpoM 15 MM W3 HeprKaBeIomIeH cTain, BMOHTHPOBAHHEIC B
naTekcHble 60 MM IPUCOCKU. AKTUBHBIN 31EKTPOA KpenuJ-
Cs Ha TIOBEPXHOCTH TOJIOBEI B 7 CM KayJajlbHee JbIXaina,
naanddepenTHrii Ha crnuHE XUBOTHOro. Ob6a 3mekTpona
HaXOJWJIUCh HaJl TOBEPXHOCTHIO TOJIOBBL. JIEKTpUUYECKas
aKTUBHOCTb, PETUCTPUpPYEMas OT TIOBEPXHOCTH TOJIOBHI,
ycwiIMBanach B 4actoTHoi mojoce or 200 mo 5000 I,
onu(pOBEIBATIACH M 3alTOMHUHANIACH B ITAMATH KOMIIBIOTEpA.
st BbIIENIEHUsT OTBETA U3 LIyMa UCIOIb30BaJICS METOJ KO-
TEPEHTHOT0 yCPeAHEHHsI, OTHOCUTENIBHO Hayaja cTumysa. B
KadecTBe TECTOBOTO CTHMYyJNia HCIIONB30BANach Cepus TO-
HaJIbHBIX MOCBUIOK, JUIMTEABHOCTHIO 16 Mc, conepxkamias 16
TOHAJBHBIX TIOCBUIOK, cieAyommx c¢ dactoroi 1000/cek.
Hecymast wactota TOHaJIBHBIX ITOCBUIOK MEHSIACh OT § 10
128 x['u. Takoi Tim ctuMyina odeHb 3((HEeKTHBEH B BHI30BE
PUTMHUYECKOTO CIIyXOBOT'O BBI3BAHHOTO IIOTCHIHANA, IIO
CBOEH MpHUpOJe aHAIOTMYHOMY TIOTEHITHANY CJeIOBaHUS
orubaromieir, [ICO (Supin and Popov 2007). B kauectBe
MOJIABJISIONIETO 3BYKOBOTO CHTHAJIA HCIOJB30BAJICS TOY-
OKTaBHBIN MOJIOCOBOH IIyM C LIEHTPATbHBIMH YaCTOTaMHU OT
11,2 1o 90 x['u. TecToBbIi U MOAABNISIOMINNA 3BYKOBBIE CUT-
HaJbl TPEIbSIBIUIMCH )KUBOTHOMY C MOMOIIBIO MhE30Kepa-
Mmudeckux mamydareneid: ITC-1032 (International Transducer
Corporation, USA) ma wactor 8-45 xI'm mmm B&K 8104
(Bruel & Kjaer, Denmark) asmst gactoT curaana 64-128 xIm.

OKCIIepUMEHTHI TTPOBOIMIINCH TIO CIIAYIOMIEH cXeMe: mepen
KaXJ0M cepuell ¢ MpeabsBICHUEM IMOAABIAIOIIEIO LIymMa y
YKMBOTHOTO OTPEAENSIICS HOPOr Ha 4acToTe TecTa ((OHOBBII
mopor). 3aTeM BKIIOYAJICS MMOAABIIIOMNIN IITyM € IEHTpalb-
HOM 4acTOTOM B pa3HbIX cepusx 11,2, 22,5, 45 wmm 90 kI,
nautenbHOCcThI0 1, 3, 10 mm 30 muH. Ilocae BBIKIIIOUCHUS
1IyMa OIpeAeNsUINCh MOPOTH HA TECTOBBIN cTUMyJ. YacTroTa
TECTOBOI'O0 CTHUMYJa MOTJIa COBMAaJaTh C LIEHTPaJbHOM dYa-
cToTOH myma, ObITh Ha 0,5 okTaBbl HIke Wi Ha 0,5, 1, 1,5
OKTaBbl Bblle. OnpeaeneHue moporoB Ha TECTOBBIN CTUMYJ
HayMHAJIOCh Cpa3y MOCJe OKOHYAHUs MOJABIISIIOIIETO 1IyMa
¥ TIPOJOJIKAIOCH IO TOJHOTO BOCCTAaHOBJIECHHUS ITOpOTa, HO
HE TPEBHIIIANIO 110 JAIUTEIBHOCTH | dYaca, Jake B TOM CITy-
Yae, KOTJa Mopor He JOCTHUTal ()OHOBHIX 3HAUCHUH.

[IpenwsBneHne MHTCHCUBHOTO LTyMOBOTO CHI'HAla BBI3bIBA-
JI0 pe3kuil moabeM ciyxoBbix moporoB (TTS). Ha puc. 1
TpeAcTaBieHbl TpadUKd BOCCTAHOBIIEHUS MOpPOTa (3aBUCH-
MOCTh TTS OT BpeMeHH I0CJ/ie OKOHYAHHUS IOJABIISIOIIETO
nrymMa ¢ IeHTpalbHOM "yacTtoToi 45 kI, HHTEHCUBHOCTBIO

animal in a special stretcher was placed in a bathtub
with sea water (4.5x0.85x1.2 m) so that the dorsal
surface of the head with the blowhole was over the
water surface. For non-invasive recording of evoked
potentials disk electrodes of stainless steel were
used, 15 mm, installed into 60 mm sucker cups. The
active electrode was fixed on the head 7 cm caudal
of the blowhole; and the indifferent electrode on the
back of the animal. Both electrodes were over the
head surface. The electrical activity recorded from
the head surface amplified in the frequency range
from 200 to 5000 Hz, was digitized and recorded in
the computer memory. In order to distinguish re-
sponse from the noise, the method of coherent aver-
aging in relation to the beginning of the stimulus.
Used as a test stimulus was a series of 16 ms in du-
ration, containing 16 tone bursts at a frequency of
1000/sec. The tone burst carrier frequency ranged
from 8 to 128 kHz. That type of stimulus is very
effective in evoking a rhythmical potential, which in
its nature is similar envelope following response
(EFR) (Supin and Popov 2007). Used as the fatigu-
ing signal was the semi-octave bandpass noise with
central frequencies from 11.2 to 90 kHz. The animal
was exposed to the test and fatiguing audio signals
with ceramic transducer: ITC-1032 (International
Transducer Corporation, USA) for the frequencies
8-45 kHz or B&K 8104 (Bruel & Kjaer, Denmark)
for the frequencies of the signal 64-128 kHz.

The experimental pattern was the following: before
each series when the animals were exposed to the
fatiguing noise, the test frequency threshold was
determined (background threshold). Subsequently,
the fatiguing noise was turned on with the central
frequency in different series of 11.2, 22., 45 or 90
kHz, with a duration of 3, 10 or 30 minutes. When
the noise was turned off, the thresholds were deter-
mined to the test stimulus. The frequency of the test
stimulus could coincide with the central noise fre-
quency, be 0.5 octave lower or by 0.5, 1, 1.5 octave
higher. The determination of the threshold to the test
stimulus started directly after the threshold was re-
stored completely but it did not exceed one hour
even in case when the threshold did not reach the
background values.

Exposure to an intensive noise signal caused a sharp
temporary threshold shift (TTS). Fig. 1 shows dia-
grams of the restoration of the threshold (the rela-
tionship of the TTS and the time after end of the
fatiguing noise with a central frequency of 45 kHz,
the intensity of 165 dB, the duration of exposure of
10 minutes, for test signals with a frequency of 32,
45 and 64 kHz. The maximal threshold shift (42.5
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165 nb, nutenbHOCTHIO SKcmo3unuu 10 MUH) 711 TECTOBBIX
CHTHAJIOB yacToToi 32, 45 n 64 xI'i. MakcuMaIbHBIN CABUT
nopora (42,5 nb) nabmogancs npu yacrore tecta 64 kI
(+0.5 okTaBBl OTHOCHUTENIEHO YacTOTHI IIymMa). IIpu gacrore
tecta 32 k' (-0,5 okr.) TTS He ¢ukcupoBaics, a mpu ya-
CTOTE€ TecTa COBMAJAIONIel ¢ YacTOTOM IymMa 3HauYeHUs
MaKCUMAaJIbHOTO TIOBBIIICHHUS TOpora OBUIM B JiBa pasa
MeHblIIe, yeM Ipu Tecte 64 kI,

Ha puc. 2 cymMMupOBaHEI JaHHBIE IO CPABHEHHUIO CIYXOBOM
YyBCTBUTEIHFHOCTH Y OCIIyXH B IOKOE W TIOCIHE IPEIbsIBIIC-
HUs nofasistoniero myma (165 nb) ¢ meHTpanbHBIMHE Ya-
croramu 11,2, 22,5, 45 u 90 k['11. MakcumanapHOE HagcHAE
YyBCTBUTEIHFHOCTH HaOIIOAIOCh B YaCTOTHBIX 00JIacTAX Ha
0,5-1 okTaBy BBIIIE IIEHTPATBHON YACTOTHI IMOAABISAIOIICTO
IIyMa, YTO COBIAJAeT ¢ JaHHBIMHU Apyrux padot (Schlund et
al. 2000, Nachtigall et al. 2004). I1lym, BO3A€HCTBYIOLIHI Ha
HHU3KOYAaCTOTHBIE 00JIacTh ciayXa Oemyxu, 6onee 3¢ HeKTuB-
HO TOJIABJISET CIIYXOBYIO UyBCTBUTEIILHOCTD.

HccnenoBanue BBHITOJIHEHO TP HOAJiepkke Pycckoro reo-
rpadugeckoro odmectBa 1 POOU (rpant 12-04-00654-a).
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dB) was recorded at a test frequency of 64 kHz
(+0.5 octave in relation to the noise frequency). At a
frequency test 32 kHz (-0.5 octave) TTS was not
recorded, and at a frequency test coinciding with the
frequency of the noise, the values of the maximal
increase of the threshold were twice as low com-
pared with the test of 64 kHz.

Fig. 2 provides a summary data on comparison of
auditory sensitivity in a resting beluga whale and
upon exposure to the rejection noise (165 dB) with
central frequencies of 11.2, 22.5, 45 and 90 kHz.
The maximal decrease in sensitivity was recorded in
the frequency areas of 0.5-1 higher than the central
frequency of the rejection noise, which coincides
with data of other operations (Schlund et al. 2000,
Nachtigall et al. 2004).The noise affecting the low-
frequency areas of the beluga whale hearing more
effectively suppresses the auditory sensitivity.

The study was supported by the Russian Geograph-
ical Society and RFFI (Grant T 12-04-00654-a).

Puc. 1. [Ipumep BOoCCTaHOBJIEHHUSI IOPOTOB MOCIIE
TIPEIBSIBIICHAS IITyMa C IICHTPAIbHOM YaCTOTOMH
45 xI'u, IIUTeIbHOCTRIO KCno3unuu 10 MuH 1
HMHTEHCUBHOCTBIO 165 nb 15t Tpex TecToBbIX ya-
crot: 32, 45 u 64 xI'y

Fig. 1. An example of restoration of the threshold
with a central frequency of 45 kHz, the duration
of exposure of 10 minutes and intensity of 165
dB for three test frequencies: 32, 45 and 64 kHz
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Puc. 2. doHoBas aynuorpamMmMa 1 KI3MEHEHHUE ITOPOTOB TOCIIE BO3EHCTBHS TI0JIyOKTABHOTO IIyMa HHTEHCHBHOCTBIO
165 nb otH. 1 Mklla, muTensHOCTHIO 3KCO3uUIHH 10 MUH. 3alITPUXOBAHHBIC KOJIOHKHA 0003HAYAIOT CIICKTPAIIb-
HYIO IIUPHUHY IIyMa (¢ HeHTpanbHbIMu yactotamu 11,2, 22,5, 45 u 90 xI'1, ykazansl okojio rpagukos). M3mene-
HHE TIOPOTOB U3MEPsUIOch OT 1.5 10 60 MuH mmociie OKOHYaHUsI JEHCTBHS IIyMa, KaK YKa3aHo B JIETEHE

Fig. 2. The background audiogram and changes in the thresholds upon the effect of the semi-octave noise at an in-
tensity of 165 dB in relation to 1uPa, duration of exposure 10 minutes. The hatched columns designate the spec-
tral width of the noise (with central frequencies of 11.2, 22.5, 45 and 90 kHz stated near the graphs). Changes in
the thresholds ranged from 1.5 to 60 minutes after the termination of the noise as stated in the legend.
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Meton GoTOHACHTHDHUKAIIMH MOPCKAX MIICKOIUTAOIINX TS
MOMYJISIIMOHHBIX MCCIIC0BAHMNA BIIEpPBbIe OBLT MCIIOIB30BaH
emé B 1970-x rr. bemyxu nuIeHb KOHTPACTHOTO OKpaca H
BBICTYMAOLICTO CIMHHOTO IUIABHUKA, MO3TOMY HMX WHIIMBH-
JyanbHas MICHTU(UKAIKS OCHOBBIBACTCS, B OCHOBHOM, Ha
pasIMYMsaX TpoQuiIeii CIMHHOTO TPeOHS M 3aMETHBIX KOX-
HBIX JedeKTaX Ha BHAMMBIX MOBEPXHOCTIX OOEHX CTOPOH
xopmyca (McGuire et al. 2011). I[MocneaHue, kKak MpaBHIIO,
UMEIOT Pa3INyHOE TIPOHCXOXKICHUE.

[omyueHnsrii B pesynbraTe paboT 1o (OTOHICHTH(UKAIIH
MaTepral MOXeT OBITh HCHOJIb30BaH IS BBIIBICHHSA KOX-
HbIX IOBPEKICHUI Pa3IMYHOrO MPOUCXOKIAEHUS. MOXKHO
OIICHUTHh OTHOCHUTEJIBHYIO Harpy3Ky €CTECTBEHHBIX BParoB Ha
nonymsinuto (Higdon et al. 2009), mytn murpanuun (Dwyer et
al. 2011), 3adukcupoBaTh TPaBMbI AHTPOIIOICHHOTO MPOUC-
xoxaenust (McGuire et al. 2011), a taxxe oTciaequts pac-
MPOCTPAaHEHUE PA3TMYHBIX HH(PEKIMOHHBIX TOPAKEHUH KOXKH
(Van Bressem et al. 2009). Bce 3T0 B COBOKYMHOCTH JIOTOJI-
HieT nHpopMmanuio o GakTopax, KOTOpbIE MOTYT OKa3bIBaTh
HeOnaronpuaTHOE BIMSHUE Ha COCTOSHHE MOIYJISINI OeyX
B Pa3IMYHBIX YACTSX apeaa.

Lenpro Hamrei paboOTHI ABJISETCS BBIIBICHHE M KIIACCHU(PHKaA-
U] TUIIOB KOXKHBIX TTOBPEXACHUH OCITyX B pasiUYHBIX Me-
CTax OOWTaHUs, BO3HHUKIINX BCIIEACTBHE BO3IEHCTBUSI pa3HoO-
00pa3HBIX (haKTOPOB OKPYXKAIOIIEH Cpeibl U MOTYLIMX OKa-
3aTh HETATHBHOE BO3ACHCTBUE HA COCTOSIHUE 3JI0POBBS KH-

The method of photo identification of marine
mammals for population studies was first used back
in the 1970s. Beluga whales lack any contrasting
coloration or the dorsal fin, hence their identifica-
tion is largely based on distinguishing of the pro-
files of the dorsal ridge and the visible skin defects
on the visible surfaces of both sides of the body
(McGuire et al. 2011). The latter normally differ in
origin.

The material obtained as a result of photo identifi-
cation can be used to reveal cutaneous lesions of
various origins. The pressure of natural enemies on
the population can be assessed (Higdon et al. 2009),
migration routes can be traced (Dwyer et al. 2011),
anthropogenic injuries can be checked (McGuire et
al. 2011), and the distribution of various infectious
lesions of the skin can be recorded (Van Bressem et
al. 2009). Such information helps to assess the fac-
tors affecting the beluga whale populations in dif-
ferent parts of the areal.

The objective of the present study was to use photo
identification data to reveal and classify the types
of cutaneous lesions of beluga whales in different
parts of their habitat caused by various environ-
mental factors and affecting the health of the ani-
mals under study
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