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SUMMARY

An experiment was carried out to confirm the effect of audible
underwater sound on the luring of fish school of dusky spinefoot
Siganus fuscescens(Houttuyn) in the coast of Cheju Island. To find
hearing ability of this fish, auditory threshold and critical ratio were
measured and examined respectively.

The results of measurement are as follows ;

1. Under ambient noise in a quite condition, the mean auditory
threshold levels of dusky spinefoots were 101.5dB, 95.8dB, 92.1dB,
948dB, 1049dB and 120.8dB respectively in the range of
measurement frequencies from 80Hz to 800Hz with a peak
sensitivity of 92.1*45(mean*S5.D.)dB re 1uPa at 200Hz.

2. Under mean white noise spectrum level of 74.3dB, 785dB and
82.9dB respectively as masking stimuli, the auditory threshold
levels of dusky spinefoots were 104dB, 107dB, 110dB at 80Hz,
98dB, 101dB, 107dB at 100Hz, 104dB, 110dB, 113dB at 200Hz,
109dB, 112dB, 115dB at 300Hz, 113dB, 116dB, 122dB at 500Hz and
126dB, 129dB, 135dB at 800Hz with a peak sensitivity of 98dB,
101dB, 107dB respectively at 100Hz.

3. Auditory critical ratios of dusky spinefoots were 28.2dB, 23.3dB,
30.8dB, 34.0dB, 39.8dB and 52.3dB respectively in the range of
measurement frequencies from 80Hz to 800Hz with a minimum
value of 23.3dB at 100Hz, and masking point in noise spectrum
levels were 73.3dB, 725dB, 61.3dB, 60.8dB, 65.1dB and 68.5dB

respectively in the range of measurement frequencies from 80Hz to
800Hz.
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Fig. 1. A typical electrocardiogram of fish.
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Signal generator 7V DC supply

Power amplifier Electric shock switch
48 om
= :
............ E
o "f._"f
- Fycrophone
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¥

Preamplifier Bicelectric amplifier

FFT analyzer Digital real-time oscilloscope
1 cpe
GPIB > Personal computer

Fig. 2, Block diagram of the instruments for measuring auditory
threshold of dusky spinefoot.



Table 1. Specifications of instruments used for measurement and
analysis of auditory thresholds

Equipment Specification

Voltage sensitvity * -205dB re 1V/uPa
Hydrophone

Frequency range ' 0.1Hz to 120kHz
(BEK, 8104 Horizontal directivity 100kHz © £2dB

Amplifier sensitivity * 001mV to 10V/pC
Preamplifier

corresponding to -40 to +80dB

(B&K, 2635)

Frequency range 2Hz to 100kHz

Frequency range @ 0.7Hz to 22.4kHz
FFT analyzer Averaging tme * 1ms to thours wth a
(B&K, 2143) resolution of 1ms

Maximum ratng * 7 5V peak, 50V DC

Bioelectric amplifier
(NK, VC-11)

Sensitivity : AC 101V to 20mV/DIV,
DC 2mV to 5VDIV
Internal noise level * 5Vpp or less

Digital real-time oscilloscope
(Tektronix, TDS-340)

Resolution : 8bit
Maximum sampling velocity - 500M samples/s
Analog bandwdth © 100MHz

Power supply
(Tektronix, PS2520G)

Output rating : OV to 72V, OA to 1 5A
Resolution * Voltage 10mV, Current 1mA

Signal generator
(NF, 1915)

Frequency range 1uxHz to 2MHz

Output range * 2V or 20V switchable

Resolution * 2V range AC 001mVpp,
20V range AC O imVpp

Power amplifier
(Inkel, PSR-2000)

Frequency range ' 20Hz to 20kHz, +0.50B
Output rating © 500W per channel with B




A5z d5s Y529 YA 24 YBo2 WFtgon,
o] We) #4& Ssemsct

deols AEAA 19 Aol AgFzAM AYszz §717) Aol
200ppme) T4 Al (MS-222, SIGMA CHEMICAL)§91e] Wol mpaA2 &
FA HEE BE 43 A8 A¥ols) A% Bu o9 $3Ue 3
W AR Astel Aol DARA kel TANAN AYA oA &
Sol g% $UA7t GARA FES o], PSRN HAZHE HE
AR,

o W AT AL AL VAHL Ik 1659 WA ML A FEFEE
AANZ o) WA vy € Smm AE :=FARHOH, WA ExdE 3
A 08mme] ANE Adse], oo MALHY R2RE ofAY 94
el 5 A9 WAl BE AGHE 43 E@3Wos WA oy T A
297} A% Bad AAGEE 2dsdN AHEE 24,

A BL AT FozREe] AV AEE AHE 24d2rmnT FH
ZE7I(NK, VC-11)E 539 dAdE L4223 Z(Tektronix, TDS-340)
A QFAA AAEE BAFAN AFo] FYAA FAAYEAS) AR E
Bosglon, A% AHHR (Tektronix, PSBAC)E ol &3ted duol
w9 Bo] A7 BAL A & YRS A¥ol nAFA A=) FH
2(p 2mm)e MX s,

Agole) §% S&ol AUolM HELES ATLAINF, 19152 LA
2 &% Fd4 80, 100, 200, 300, 500, 80Hz9) 6379l £&& S5
on, 8% Gee AME 244 AL FRHT YA ¢ 12407 ool
A ol 9 24 FAr FTAA A9 FRs HUE Seozs
o, 4¥ol mARA e APl WAREAM ¢ 120~130dBo] Ao]
AES WYZE7)(Inkel, PSR-2000E FEAZ F Adsze ¢ 29
M2 B3R EE 43¢ 23297 (Promann, CBR)E $id FAE 5
Ados PHHAOD, GEeH Ay AL WeHd AAEe) WHE
Bl See SRAAT

d4e H4 T A7l 276l d@ 98 AW Fig 35t ged, Fig
b HHSE 52 £¢ FF 29AZ 4 HYol2, Fig. 3% 2

_10_



(@)

(o)

(c)

Fig. 3. The time sequences for emissions of pure sound and electric shocks,
(@) Time sequence for the emission of pure sound stimulus.
(b) Emission time and period of mure sound stimulus.
(c) Pulse for electric shock stimmilus,
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Sound response

e
k 4

Fig. 4. Electrocardiogram of which dusky spinefoot was not conditioned
and conditioned by pure sound stimulus.
(a) Before conditioning with pure sound stimulus.
(b) After conditioning with pure sound stimulus
( ¥ : Sound projection, V : Sound projection is over. ).
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Attenuator

Mixer Signal generator
White noise generator Graphic equallzer 7V DC supply
Power amplifier Electnc shock switch
1 4{\_
‘ "\ -": 3 ‘: ou\f";-“ -
.. ’ Hyulopmna =
75 Specker i
Preampltfier Bioelectic amplifier
FFT analyzer Digital real-time oscilloscope
GPIB
CPIB Personal computer

Fig. 5. Block diagram of the instruments far measuring auditory critical ratio

of dusky spinefoot.
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Table 2. Specifications of instruments used for measurement

analysis of auditory critical ratios

and

Equipment Specification
"= B P
Hydrophone Voltage sensitivity * -205dB re 1V/uPa
(B8K. 8104) Frequency range ' 0.1Hz to 120kHz
' Honzontal directivity 100kHz * £2dB
Amplifier sensitivity © 0.01mV to 10V/pC
Preamplifier
(88K, 2635) corresponding to -40 to +80dB
' Frequency range * 2Hz to 100kHz
Frequency range ' 0.7Hz to 22.4kHz
FFT analyzer Averaging tme @ 1ms to 1lhours with a
(B&K, 2143) resolution of 1ms

Maximum rating : 7.5V peak, 50V DC

Bioelectric amplifier
(NK, VC-11)

Sensitivity : AC 10 uV to 20mVv/DIV,
DC 2mV to 5v/DIV
Internal noise level : 5uVpp or less

Digital real-time oscilloscope
(Tektronix, TDS-340)

Resolution : 8bit
Maximum Sampling velocity : 500M samples/s
Analog bandwidth © 100MHz

Power supply
(Tektronix, PS2520G)

Qutput rating : OV to 72V, OA to 15A
Resolution * Voltage 10mV, Current 1mA

Signal generator
NF, 1915)

Freguency range : 1 uHz to 2MHz

Output range * 2V or 20V switchable

Resolution @ 2V range AC 001mVpp,
20V range AC 0 imVpp

Power amplifier
(Inkel, PSR-2000)

Frequency range * 20Hz to 20kHz, +0.5dB
Quiput rating : 500W per channel with 82
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Table 2. Continued

Equipment

Specification

White noise generator

Frequency range : White noise 20Hz to 100kHz,
Pink noise(White noise decreasing

(B&K, 1405) 3dB/Octave) 20Hz to 50kHz
Output load impedance = Sk
Freguency range * DC to 1MHz
Altenuator

(Kenwood, RA-920)

Attenuation range : 0 to 121dB, 0 1dB step
Maximum input level * 17Vmms

Muxer
(Inkel, MX-642)

Frequency range . 20Hz to 20kHz
Maximum output level * +20dB
Maximum voitage gain ' 84dB

Graphic equalizer
(Inkel, EQ-9231)

Frequency range : 20Hz to 20kHz
Equalizer level : +12dB
S/N rato : upper 80dB
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Fig. 6. The time sequences for emissions of pure sound and electric shocks
under the white noise.
(a) Time sequence for the emission of pure sound stimulus under
white noise.
(b) Emission time and period of pure sound stimmilus under white
noise.

(¢) Pulse for electric shock stimmulus.



Fig. 7. Electrocardiogram of which dusky spinefoot was not conditioned
and conditioned by pure sound stimulus under the white noise.
(a) Before conditioning with pure sound stimulus.
(b) After conditioning with pure sound stimulus

( ¥ : Sound projection, ¥V : Sound projection is over, ).

_21_



49 SYAMRE 3 Foee $A & 3~5dBY FAEAA
AAA, WY 4g PN HZ FEHA FZolgi ddHE XAgMEH
24E2 A48 e We= o 3dBUz, A4HA && HAE o 3dB
2EA Agder RHD, $4 F Ao A% 3FHo] 43
dolAE QXE 207 Yy Q&M 29 o) FAHSE NS
HE &7 Foed tid dYole] P FEHAR .

AYole] AAEE WA AN % 20 AREH 242 2I3ZN SHAHE
dom, GPIB R=& %39 AFH 4sA do|gE 02 F¢ 71F
s, WA F 5& T4 A 2HFo) B A oF 12~162 T4 A
B 2HAEY A9 §3 Fard §2 94 &% UEoexE #ARAA
=3



m2a 3

AA AdelE TE Zro] LA ol MY dPpz9 #7 257
B 288 FHF ENE A48 1/3 OctaveZ F3 60~1,000Hz
HA e »HEH & HEE £ 474E Fig. 84 JeEhidd

Ahsze 83 28 ~¥9EY ¢ #9L 470~815dB9) HA=R, ¥
e FRLgdN e FAFU2 B4 2HEY Ft dde] HA o}
A AL Jeuida, FAERS 63Hz9 2¥ER & #de g
Fisde A9y ¢ AWt A vdelve AL AdR TF{F77
Fol 9F A7l FE xolZ(Hum noise)Z B2k, 23, Wy £3E& 3
AR WA BASAL de YPFRe Y4 AF AMER &5 @
AL zhzh H{it 743, 785, 82.9dBel, o9, EEHAE 24, 16, 0.7dB
< Jehi A

B2 284 24 AF E€YX FTHE Fig. 99 Jehidm, Az £F
A9 B 4z &A Fu< 80, 100, 200, 300, 500, 800HzelA &%
1015, 958, 92.1, 94.8, 1049, 120.8dBoll 3, ol H¥FWA= ZHY &%
32, 49, 45, 47, 55, 33dBelled, d¥ol= £ F35 80~800HzH
FF NMAEE 5 A4FAA, 54 FA4r 100~300HzM F7 A=7}
FEstgen, &4 Fo4 200HzelA 7M€ A FEXE 2L,
00HzE. T &3 Fagrt geld4E A REYIAT FA3) Hede B
FE 2, 52 §A Fardqae 34 R0 9943 ¢ Vel At

Y A4S YA 24 A EEA F4E Fig. 109 ez, A
4 FYAT §4 FHT 80HzAA 2% 104, 107, 110dB, 100HzoNA 98,
101, 107dB, 200HzolA 104, 110, 113dB, 300HzelA 109, 112, 115dB,
500Hz M 113, 116, 122dB, 800Hzo A 126, 129, 135dBeinew, Ayol=
374 Fa¢ 80~800HzY +% 7ML& 25 A28, 44 289 4
T Tl Fsdd el A FYAE FoteE Ao o, JEEHA
ot27 ol dojut: UKL, F4 FHS 80~200HzAH AL A=/ 45
A3, &4 Fiua 300HzR2 T 34 3571 2odA4E AL FYA

-23_



1;‘2)

Noise spectrum level (dB re 1uPa/Hz

[ P — gy — —_— .
2o 0\./. ® N
80 |- AL
A’A"\‘/‘ A—p 4 4K

- -y
u
—0—g—n—

60 |- \

'

50

40 'l 1 i P R T W T |

50 100 500 1000
Frequency (Hz)

Fig. 8 Noise spectrum level in the experimental tank
( @ : Mean white noise spectrum level of 82.9dB,
A  Mean white noise spectrum level of 78.5dB,
B : Mean white noise spectrum level of 74.3dB,
] : Ambient noise spectrum level, ).

-924 -



120 |- }

100 [ E\{

Sound pressure level

80.— "\

40 a1l i A P R T W T I |
50 100 500 1000

Frequency (Hz)

Fig. 9. Audiogram of dusky spinefoots with ambient noise spectrum level
( @ : Auditory threshold level ( dB re 1uPa),

B : Background noise spectrum level ( dB ve 1uPafV Hz ). ).
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Fig. 10. Audiogram of dusky spinefoots with white noise spectrum
level ( @ : Auditory threshold level under mean white noise
spectrum level of 829dB, A : Auditory threshold level under
mean white noise spectrum level of 785dB, I : Auditory
threshold level under mean white noise spectrum level of
74.3dB, O : Mean white noise spectrum level of 82.9dB, A :
Mean white noise spectrum level of 785dB, [] : Mean white
noise spectrum level of 74.3dB. ).
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Fig. 11. Auditory critical ratio of dusky spinefoot in the measurement
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Fig. 13. Comparison of audiogram of dusky spinefoot( W )
with that of red sea bream( A : Ishioka et al., 1988 ),
masu salmon( @ : Kojima et al, 1992 ), walleye
pollock( ¥ : Park et al., 1995a ), yellow tail( O : Ahn
et al., 1998a ), black rock fish( A : Park et al, 1999 )
and scarpion fish( V : Lee et al, 1999a ).
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Fig. 14. Comparison of auditory critical ratio of dusky spinefoot
( [ ) with that of red sea bream( A : Hatakeyama,
1989 ), walleye pollock( ¥ : Park et al, 1995b ),
rainbow trout( @ : Yamakawa et al, 1997 ), black rock
fish( A : Motomatsu et al, 1997 ), yellow tail( O :
Ahn et al, 1998b ) and scorpion fish( ¥ @ Lee et al,
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