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AKYCTHYECKHH IIIyM — OMH M3 BaXKHEHINX (akTopos aH- | Acoustic noise is one of the major anthropogenic im-
TPOITOTEHHOTO BO3JIECHCTBUS Ha MOPCKHMX KMBOTHBIX. Ox- | pacts on marine mammal life. To date, the majority of
HaKo GOJIBITMHCTBO MCCIIEIOBAHM BIMAHMSA mymMa Ha Mop- | Studies have examined the effect of loud noise on
CKHMX MJIEKOITUTAOIIMX MOCBSIIIEHBI M3yUeHUIO cBsi3u Mek- | hearing (ITomos u ap. 2011) and behavioral response
Ny TlapameTpaMH IyMa W TOCIeAyomuMe HapyimeHusiMa | in marine mammals (Southall et al. 2007). On the
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ciyxa (ITomoB u mp. 2011) un U3MEHEHMSIMH B TTOBEICHUN
*uBOTHBIX (Southall et al. 2007). B To ke Bpems, dusmo-
JIOTHYECKHUE TOKA3aTeNIN UCIOJIB3YIOTCS VISl OLEHKU peax-
LMUHA, COCTOSHUS aBTOHOMHOUW HEpPBHOM CHCTEMBI U 3/10pO-
BbSl YEJIOBEKa M HA3€MHBIX J)KUBOTHBIX B CUTyalUsIX Oecro-
KoiictBa u crpecca (Aschwanden et al. 2008, Fallani et al.
2007), a Takke TpH JEHCTBHM aKyCTHYECKOro NIyma
(Holand et al. 1999). 3amaua qaHHOTO MCCIEIOBAHHS CO-
CTOsUIa B M3YyUCHHUU PEAKIMU OCITyX Ha TPOMKHU aKyCTHYe-
CKHUH IIyM IO TTOKA3aTeIsIM YacTOTHI CepACYHBIX COKpaIle-
auit (UCC) u putMa gpIXaHus.

HccnenoBanus mpoBOAWIN HA 2 MOJOIBIX Oeryxax, KOTO-
PBIX coIep Kaiy Ha YTPHUIICKOH Mopckoi cranimun PAH.
JKUBOTHBIM TIPENBABISUIIN MOJIOCOBBIE (IIMPUHON OJHA OK-
TaBa) aKyCTH4ecKue Hrymbl (4actoTel: 9,5-13, 19-27, 27-
38, 54-78 u 78-108 xI'i; uarencusHocth 140-165 1b ot-
HocutenbHo 1 Mklla; mmurensHocTh: 1, 3, 10 m 30 MuH).
[lo yacTOTHBIM XapaKTepUCTHKaM IIyMbl HEepPEKpHIBAIN
30HY Hawitydmiero ciryxa Oemyx. Ha Gemyxe 1 mposenu 2
CEpUU HCCIeIOBaHUI: B BO3pacTe okoio 1 roga gepe3 2-3
MecC. TIOCJIe OTJIOBA ¥ IOBTOPHO Ha CIeMyromuii roa. Y Oe-
TyX® 2 SKCIIEPUMEHTHI IPOBOIMIIN Yepe3 O[T IOCIIe OTIOBA
B Bo3pacte 1,5-2 roma. Cepaeunsrii puT™ y 6eIyx xapakre-
pHU30BajCs BBIpA)KEHHOW apUTMHEH: MEepHoAbl Opaaukap-
mun (UCC camxkamace 10 20 COKpalieHUil/MUH), MPUXO0-
JquBIIHecs Ha (azy 3alepKKH bIXaHHs, WK alHOd (JbIXa-
tenbHble Tay3sl — JII1, murensHOCTRIO O0sIee 60 cek), ue-
penoBanuch ¢ nepuoaamu yuarennoir UCC (mo 85 coxpa-
LIEHUI/MUH), KOTOpPBIE COBMAJANIN C CEpPUEH JIBIXaTENbHBIX
aktoB (2-10 BroxoB ¢ uaTepsaioM <30 cek, Puc. 1).

VY Genyxu 1 (Bo3pacT OKOJIO TO/1a) B TIEPBOI CEPUU UCCIIC-
noBanuit YCC yyaianach OTHOBPEMEHHO C IMPEIbSIBICHU-
€M IIIyMa, T.C. Pa3BUBAJIACH BRIPAXCHHAS TaXUKaPIUs (pHC.
1A; 2A). Mruoennas YCC pocturaga MaKCHMAalbHBIX
3radennii (o 100 coxparmenuii/MuH, 9T0 Ha 15 Gonbe,
4YeM B KOHTPOJBHBIX yCIOBUAX). [IpH mHTENEHOM MIyMe
(10-30 MuH) TaxUKapaus MPOAOIDKAIACH 0 5 MHH, KOTO-
pasi, Kak MpaBWUJIO, CMEHsIach Opamukapaueit (Puc. 1A).
IIpu strom mMruoBennas YCC ymensmanace 10 12 coxpa-
menuii/Mua. OnHoBpeMeHHo ¢ ydameHneM YCC nu3meHsii-
Csl PUCYHOK JbIXaHHS: YBEJIMYHBAJIACh MPOIOPIHS KOPOT-
kuX (<20 cex) ¥ yMEHbIIATIOCh YHCIIO JIMHHBIX (>60 cek)
AIT (Puc. 2b, B). ¥V 6emyxu 2 (Bo3pact 1,5-2 roma) peak-
sl Ha IIyM ObUIa MPOTHUBOMOIOKHON — MrHoBeHHass YCC
ypexanach (10 5 COKpaIieHH/MIH TIPH MEPBOM TIPEIbSIB-
JICHWU IIIyMa), T.€. pa3BHUBajach OpaJuKapaus AITUTEIHHO-
cThio 10 4 MuH (puc. 1Bb; 2A). U3MeHeHns maTTepHa IbIxa-
HUs y Oemyxu 2 OBUTM Tak)Ke MPOTHUBOIOJIOXKHBIMH: IIPO-
moprust AuHEBIX 11 yBennmumBanach, a 9MCII0 KOPOTKHUX
nay3 cokpamianock (Puc. 2b, B).

other hand, physiological parameters are often used to
evaluate the response and state of the autonomic
nervous system of humans and terrestrial mammals
under the conditions of anxiety and stress (Aschwan-
den et al. 2008, Fallani et al. 2007) as well as when
exposed to a fatiguing acoustic noise (Holand et al.,
1999). The objectives of this study were to investigate
the effect of acoustic noise on the heart rate (HR) and
breathing pattern in belugas.

The study was conducted on 2 young belugas housed
at the Utrish Marine Station of RAS. The belugas
were exposed to an octave band acoustic noise (fre-
quency: 9.5-13, 19-27, 27-38, 54-78, 78-108 kHz;
intensity: 140-165dB; duration 1, 3, 10 and 30 min).
The frequency of noise overlapped the range of best
hearing for the beluga. Two series of experiments
were conducted in beluga 1: 2 months after capture
when the animal was about 1-year old and then one
year later when the animal was about 2-year old. Be-
luga 2 was studied when it was 1.5-2.0 years, one
year after it had been captured.

The HR of the beluga laying on the stretcher was
characterized by expressed arrhythmia: periods of
bradycardia (instantaneous HR decreased to 20
beats/min), which accounted for the phase of breath
holding or apneas (respiration pauses longer than 60
s) that alternated with periods of accelerated HR (up
to 85 beats/min) concurrent with a series of respira-
tion acts (2-10 inspirations over 30s intervals; Fig. 1).

In the first series of experiments, acoustic noise
evoked a HR acceleration in beluga 1 (age about 1
year), manifesting tachycardia (Fig. 1A, 2A). The
instantaneous HR reached the maximum (up to 100
beats/min, 15 beats/min greater than the baseline val-
ues). When the noise was continued (10-30 min)
tachycardia lasted up to 5 min and was replaced by
bradycardia (Puc. 1,A). The minimal instantaneous
HR at that time was 12 beats/min. The pattern of
breathing changed simultaneously with the HR accel-
eration changes: the proportion of short BP (<20 sec)
increased and the ratio of long BP (>60 sec) increased
(Fig. 2B, B). In beluga 2 (age 1.5-2.0 years) the re-
sponse to acoustic noise was opposite: the instantane-
ous HR decreased (5 beats/min during the first noise
presentation) and remained low for 4 min (Fig. 1 b,
2A). The changes of breathing pattern were also op-
posite: the proportion of short BP decreased while the
proportion of long BP increased (Fig. 25, B).

42 Marine Mammals of the Holarctic. 2012. Vol. 2.



JlamuH v gp. Kumoo6pasHsie u akycmuyeckul wym

100 -

YacToTa cepaeyHbiX CoKpaLLeHWUin
(cokpalueHuin/MuH)

100

80

60 -

40 1%
©

20

Puc. 1. HactoTa cepieuHbIX COKpanieHui y 6exyx Bo Bpems aeictBus 10-MuH akycTudeckoro nryma. A, B — Gemyxa
1 B Bo3pacte okoio 1 roga u 1,5-2 roxa; b — 6emyxa 2. Kaxmast Touka — MTHOBEHHAsI 4aCTOTa CEPACYHBIX CO-
KpallleHUH B JaHHBI MOMEHT BPEeMEHH (COKpaIleHuit/MuH). BpeMeHHbIe HHTEpBaJIbI IPEIbIBICHUS ITyMa
BEIIeNeHH! cepbiM (horOM. [TapameTprr ryma: A u b —27-38 xI'm, 150 nb, B — 19-27 xI'1y, 165 1b.

Fig. 1. Instantaneous heart rate in belugas during presentation of a 10-min acoustic noise. A, B — beluga 1 in the age
<1 year old and 1.5-2.0 year old, b - beluga 2. Every dot marks the value of instantaneous heart rate
(beats/min) at this time. Periods of exposure to noise are marked gray color. Noise parameters: A and B — 27-
38 kHz, 150 dB; B — 19-27 kHz, 165 dB. Time scale — 1 min.

BrIpaskeHHOCTh ¥ NIPOJIOJKUTENBHOCTD PEakiuu y Oemy-
xu 1 B epBoii cepuu u y Oeyxu 2 3aBUCENN OT 4aCTOThI
u uHTeHcuBHOCTH myma (Puc. 2). V Genyxu 1 mym uH-
TeHCUBHOCTBIO 150 nb BBI3BIBAN peE3Koe BO3pACTAHUE
YUCC npu Bcex yacrorax (T-tect, p<0,03 mns Bcex ya-
CTOT): B IepByI0 MUHYTY Imyma cpenass UCC ysenwmyu-
Basiach 710 210% OT KOHTPOJBHBIX 3HAUEHUH. BoIpakeH-
HOCTh TaxWKapIuHM NPU JEHCTBUM IIYMOB B YacCTOTHBIX
nojnocax 19-27 u 27-38 I’y 6s11a G60mpmie (177 u 196%
OT KOHTPOJIBbHBIX 3HAU€HHH, COOTBETCTBEHHO), YEM IIPH
gactoTtax 54-78 u 78-108 xI'm (137 u 139%; momapuoe
CpaBHEHHE, p<0,05; ocJie Anosa, p=0,02;
F[4,35]=3,21). Bospactanne YCC mnpu HHTEHCUBHOCTH

In both belugasl (series 1) and 2 the expression and
duration of the response to noise depended both on the
noise intensity and frequency (Fig. 2). In beluga 1 a 150
dB acoustic noise evoked a sharp HR acceleration at all
noise frequencies (T-test; p<0.03 for all frequency
ranges). During the first 1-min of noise exposure the
average HR increased to 210% of the baseline values.
The magnitude of acceleration of HR in beluga 1 at
frequencies of 19-27 and 27-38 kHz was much greater
than at frequencies 54-78 and 78-108 kHz (paired com-
parison, p<0.05; after Anova, p=0.02; F[4.35]=3.21).
The HR acceleration in response to a 1-min 140 dB
noise (on average 127% greater than the baseline val-
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140 ob (127% ot doHOBBIX 3HaYeHMI; YacTOTH 19-27 n
27-38 kI'11) OBUTO MEHBIIIE, YEM MPH HHTCHCUBHOCTX 150
(186%) u 160 nb (160 %; monapuoe cpaBHeHue, p<0,02;
nocie AnoBa, F[2,28]=5,419, p=0,01).Y Genyxu 2 1mym
JUIMTEIIBHOCTRI0O 1 MUH M MHTEHCHUBHOCTBHIO 165 b BEI-
3bIBaNI 0CcTOBepHOe cHmkeHue cpenHet YCC mpu Bcex
yacrorax myma (T-tect, p<0,001). B mepByto munyTYy
cpenusist YCC camxkanock 10 20% OT KOHTPOJIBHBIX 3Ha-
4yeHui. BeipakeHHOCTH Opanukapany Obliia HanOoIbIIeH
npu gacrore 9,5-13 k' (B cpemnem 45% ot (GOHOBBIX
3HA4YEHWH) W IOCTENEHHO yMEHbBIIAJIAach NPH POCTE Ya-
ctotsl 10 78-108 xI'mt (74%). 3aBHCHMOCTH peakuuy OT
YacTOTHI IIIyMa OKa3aJach CTATUCTUYECKH HE 3HAYMUMOM
(p>0,05). Y 6enyxu 2 BBIpRXXEHHOCTh OpaauKapJuul Mpu
BCEX MHTEHCHBHOCTX mryma (145-165 nb) Obuia npu-
MEpPHO OIMHAKOBOW M BapbHpoBaia B mpeaeiax 50-64%
oT GoHOBBIX 3HaueHu# (p>0,05; yacrora 38-54 kI'm).

Brzeannbie mrymom usmenenuss UCC y Oemyxu 1 B mep-
BOM cepuH 3KCIEPHUMEHTOB M y OelyXu 2 He OrpaHuyu-
BAJIUCh TEpPBOM MHUHYTOM aeiictBus wmyma. Tak, mpu
MIpeabsBIEeHUH IIyMa yactotoit 19-27 k' 6emyxe 1 UCC
3HAYMMO TIpEBbINIaa KOHTPOJIbHBIE 3HAUEHHS Ha IPOTS-
keHnn nepBeix 4 muH (p<0,05, momapHOE CpaBHEHHE,
mocne AmnoBa, p<0,001, F[3,27]=39.,41). Ilpu npyrux
gacrorax npesbimenne YCC Han GpoHOBEIMH TOKa3are-
JSIMH  OBUTIO 3HAYMMBIM TOJILKO B IIEPBYIO MHH IIyMa
(p<0,05, momapHoe cpaBHEeHHE; A7 BCEX 4acTor). Y Oe-
nyxu 2 Opaaukapnusi, BbI3BaHHAas IIYMOM B YaCTOTHBIX
nuamazoHax 9,5-13, 19-27, 38-54 xI'1; Obl1a 3HAYUTENHHO
HYDKE KOHTPOJIBHBIX 3HAUEHHUH B MepBble 3 MUH (3HAYMMO
B 1 u 3 mun; p<0,05).

VY Genyxu | mpu MOBTOpHOM HcciieioBanuu (Bospact 1,5-
2 rona) UCC yBennunBaniach TOJBKO B IEPBYIO MHH IIy-
Ma, IPY 3TOM y4allleHHe ObIIIO CTATUCTUYECKH 3HAYNMBIM
mpu camoi Hu3ko# yactore — 9,5-13 k[’ (165 b, Puc.
1B; 2A).

Brizannbie nrymoMm yuamienue u ypexenne YCC y Oe-
nyx 1 m 2 — ABa BuAa peakiuu ucmyra. Taxukapaus y
Oemyxu | — mereHsima B Bo3pacTe okojo 1 rona, oTiIoB-
JICHHOTO 3a 2 Mecsilia 0 IMPOBEJCHUS] DKCIIEPUMEHTOB,
HaIlOMHMHAET «aKyCTHYECKYI0 PEaKlHIO UCIyTray, JeTallb-
HO HCCJICJIOBAaHHYIO y Ha3eMHBIX milekonuraromux (Vila
et al. 2007). Bospacranne UCC Ha 60% npu n3MeHeHUH
TIPUBBIYHBIX JUISL J)KUBOTHBIX YCJIOBHH paccMaTpUBAETCS
KaK CepJeYHO-COCYIUCTHIi KOMIIOHEHT CTpecC-peaKiivy,
COIIPOBOKIAIOIIUICS TOBBIIICHHEM TOHYCa CHMIIATHYe-
ckoit HepBHOI1 cuctembl (Herd et al. 1991), gro, B cBOMO
odepeb, MOKET MIPUBOANUTE K HAPYIICHUSIM PabOTHI cep-
JEYHO-COCYIUCTON W JIPYTHX CHUCTEM opraHm3ma. Y Oe-
myxu | TaxWKapAus BO3HUKANA MPH IIyME WHTEHCHUBHO-
cteio oT 140 nb. Ilpu Gonee BHICOKMX MHTEHCHUBHOCTSX
YCC nocrturana JBYKpaTHOTO IPEBBIMIEHUS «HOPMAalb-

ues; frequencies of 19-27 and 27-38 kHz) was smaller
compared to 150 (186%) and 160 dB (160%) noise
(Anova, F[2,28]=5.419, p=0.01, paired comparison,
p<0.02). In beluga 2 a 1-min 165 dB noise caused a
deceleration of HR at all noise frequencies (T-test,
p<0.001). During the first 1-min of noise exposure the
average HR decreased to 20% of the baseline values.
The magnitude of bradycardia was the highest at the
noise frequency of 9.5-13 kHz (the average HR was
45% lower than the baseline values) and progressively
decreased when the frequency was changed to 78-108
kHz (74%). However, the effect of the noise frequency
on the HR response in beluga 2 was not significant
(p>0.05). In beluga 2 the degree of evoked bradycardia
was similar at all employed noise intensities (145-165
dB) varying between 50 and 64% of the HR baseline
values (p>0.05; tested for the frequency of 38-54 kHz).

In both beluga 1 (series 1) and 2, the HR changes
caused by an acoustic noise lasting longer than 1 min
were not limited to the first minute of the noise presen-
tation. Thus, in beluga 1 for the noise frequency of 19-
27 kHz the evoked tachycardia lasted for a minimum of
4 min, so the average 1-min HR significantly exceeded
the baseline values during this time (paired comparison,
p<0.05; after Anova, p<0.001, F[3,27]=39.41). For
higher frequencies the increase of HR over the control
values was significant only for the first minute of noise
exposure (paired comparison, p<0.05; for all frequen-
cies). In beluga 2 the bradycardia caused by the noise
within the frequencies of 9.5-13, 19-27 and 38-54 kHz
was much lower than the average HR during the first 3
min of the exposure (p<0.05 for the 1% and 3 min).

In beluga 1 in the second series (age of 1.5-2.0 years)
the instantaneous HR increased during the 1% min of the
noise exposure. However, this increase was significant
only for the lowest frequency — 9.5-13 kHz (165 dB,
Fig. 1 B, 2A).

The tachycardia and bradycardia recorded in belugas
land 2 are physiological reactions to startling. Accel-
eration of HR recorded in beluga 1 (a calf aged about 1
year old captured 2 months before the study) in re-
sponse to noise is the first component of the “acoustic
startle response” which has been studied in details in
humans and terrestrial mammals (Vila et al., 2007).
When familiar conditions change, HR can increase up
to 60% compared to the normal values. This accelera-
tion is considered the cardiovascular component of the
stress reaction and is accompanied by activation of the
sympathetic nervous system (Herd et al. 1991), which
in turn may cause cardiovascular and other medical
problems. In beluga 1 tachycardia developed at the
intensities of 140 dB; at higher intensities, the HR
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HBIX» 3HAYEHHH, ¥ IPOJOIDKUTENLHOCTD repuooB Taxu- | reached a twofold increase over the baseline values and
KapJIMu COCTaBIsUIa He MeHee 5 muH. BesBannast mrymom | lasted at least 5 min. Deceleration of HR recorded in
Opamukapaus y Oeqyxu 2 HamoMuHaeT peaknuio uciyra | beluga 2 in response to noise remains a startle response
OpH HEOXKUIAHHOM TIPEIBSBICHHM CHJIBHOTO pasapaxu- | upon presentation of strong unexpected stimuli. A simi-
temst. Takass peakisi permcTpupoBanach, Hampumep, y | lar reaction was observed in manatees in response to
JAMaHTHHOB IPU NPUONMKEHUH YelloBeKa W MHTeprpe- | approaching humans and it was interpreted as a “cardi-
THPYETCsI KaK «peaklusi cep/ia Ha CTPECCOPHOE Bo3/ei- | ac response to a stressful impact” (Fananmes 1988).
crue» (["anannes 1988).
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Puc. 2. UCC (cronberr A) u rucTorpamMma pacripeieiCHus AbIXaTebHbIX may3 (cTonbern b u B) y 6enyx 1o u Bo
BpeMsi JieiicTBHA |-MHH aKycTHdeckoro myma. YepHele u cBetible ctonouku — cp. YCC (ynapoB/MuH) U KO-
JIMYECTBO (JI0J151) IBIXaTENbHBIX May3 (B MIPOLEHTaX) B S-MUH HUHTEPBAJIC BPEMEHH 10 MPEIbIBICHHS ITyMa 1
BO BpEMs ,Z[CflCTBI/IS[ myMa JJIMTCIIbHOCTBIO 1 MHUH, COOTBCTCTBCHHO. I[LIX&TGJ'ILHLIG nay3bl ObLIH pa3aciaCcHbL
Ha 3 kareropun: kopotkue (<20 cex), cpenuue (20-60 cex) u gnmuHHBIE (>60 cex). IHTeHCHBHOCTH IITyMa —
150 nb (6enyxa 1, BozpacT okosno roaa) u 160 nb (6exyxu 2 u 1, cooTBeTcTBeHHO; Bo3pact 1,5-2,0 roaa).

Fig. 2. Heart rate (column A) and pattern of breathing (columns b and B) in belugas before and during presentation
of 1-min acoustic noise. Black and light gray bars — mean HR (beats/min) + standard error and number (ratio)
of breathing pauses (% of all pauses) during 5-min before the noise and 1-min of the exposure to noise, re-
spectively. The mean heart rate is calculated for different noise frequencies (9.5-13.0, 19-27, 27-38, 38-54
and 76-108 kHz, shown on the abscissa). The breathing pauses are subdivided into 3 categories: short (<20
sec), medium (20-60 sec) and long (>60 sec; shown on the abscissa). The level of noise — 150 dB (beluga 1,
age about 1 year) and 160 dB (belugas 2 and 1, respectively; age 1.5-2.0 years).

C npyroii croponsl, nepuoauueckoe ypexxenne YCC sismsier- | At the same time, periodic HR accelerations and
Cs HOPMaJIbHBIM KOMIIOHEHTOM JbixaTeibHOro Imkiaa Bcex | decelerations are normal for all marine mammals.
MOPCKHX MIIeKoNUTaroIux. Y Genyxu 2 u3Menenue BpemeH- | In beluga 2 the temporal and frequency ranges of
HBIX M YaCTOTHBIX MapaMeTpoB cepaeuHoro purma Bo Bpems | the HR were similar both during the normal respir-
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HOPMAJIBHOTO [BIXaTEIbHOTO LUKJIA W IPU IPEAbSBICHUN
mymMa ObUIM MOXOXHMMH. BbI3BaHHAs IIyMOM TaxUKapaus y
6exyxu 1 (110 4aCTOTHBIM M BPEMEHHBIM IIapaMeTpam) He Xa-
paxkTepHa JJisi HOpMaJIbHBIX YCIOBHMH U SIBJISETCS OOJiee CHIIb-
HOM peakLuel OpraHu3Ma Ha pasapakKuTellb.

Kak nokazanm Hamm uccienoBaHus, peakuus Oeryx Ha IIyM
OIIpeIeTIsIeTCsl He TOJIBKO IMapaMeTpaMy IIyma, HO ¥ MHJMBH-
JQyaJIbHBIMA OCOOEHHOCTSIMH JKMBOTHBIX, MX BO3pacToM, a
TaKKe aJaNTHPOBAHHOCTHIO K YCIOBHSAM COAEPXKaHHS M CTe-
TICHBIO MPUBBIKAHUA K HOBTOpsomeMycs mwymy. [Ipu sTom
WHTEHCHBHOCTD U JJIMTEIBHOCTh IIYMOB OBUIH CYILECTBEHHO
MEHBIIIE TeX, KOTOPBIM KUTOOOpa3HbIE MOTYT IIOBEPraThCs B
okeane (Southall et al. 2007). Takum o6pazom, UCC moxer
CIIy)KHUTh OOBEKTHBHBIM KpUTEPHEM (H3HOJIOTHYECKON peak-
UK OeNyXu W, BEPOSITHO, NPYTMX KUTOOOpa3HbIX Ha Mpeib-
SIBJICHUE aKyCTHYECKOTO IyMa, BKIIIOYash aHTPONOTECHHBIMH.
[arTepH npixaHus siBIsETCS MeHee HHPOPMATUBHBIM ITOKa3a-
TeneM. JlOmoMHUTENbHYI0 HHOOPMAIMIO O COCTOSHUM KH-
BOTHBIX BO BpeMsl JEHCTBUS IIyMa MOXKHO IOJYYHUTb Ha OC-
HOBaHWHM OMOXMMHYECKOTO aHalM3a KPOBH, B IIEPBYIO O4Ye-
pelb, YpOBHS KOPTUKOCTEPOUJIOB.

atory cycle and in response to acoustic noise.
However, the tachycardiac response caused by
acoustic noise in beluga 1 is not typical for the
“normal” condition and it is a stronger response to
fatiguing noise.

We showed in these experiments that the response
to noise in belugas is determined by parameters of
noise as well as the animal individual response,
their age and subsequent adaptation to the repeated
noise. The intensity and duration of noise presented
to the belugas in this study are lower than the levels
of anthropogenic noise marine mammals may be
exposed to in the ocean (Southall et al. 2007).
Therefore, HR may serve as a criterion of physio-
logical response to fatiguing acoustic noises, in-
cluding anthropogenic, in belugas and, most likely,
in other cetaceans. The breathing pattern is a less
informative parameter because it depends on the
HR pattern. Additional information on the animal
state may be gathered via blood biochemistry.
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