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SUMMARY

In order to obtain the fundamental data about method of luring
fish schools by sound, this experiment was carried out to
investigate the auditory threshold of jacopever Sebastes schlegeli |
scorpion fish Sebastiscus marmoratus, black rockfish Sebastes
inermis, coralfish Chromis notatus and vyellow tail Seriola
quinqueradiata which were on the coast of cheju island by
heartbeat conditioning technique using pure tones coupled with a
delayed electnic shock.

Values for the critical ratios were calculated in terms of the
masked thresholds using the noise projected to stable spectrum
levels at all measurement frequencies of background noise.

Auditory masking was determined by using white noise as
masking stimuli with spectrum levels of about 73dB, 78dB and
83dB re 1 pPa/V Hz.

The results are as follows ;

1. The jacopever could hear a sound in the frequency range from
80Hz to 800Hz. The mean auditory thresholds of jacopever at the
frequencies of 80Hz, 100Hz, 200Hz, 300Hz, 500Hz and 800Hz were
95dB, 89dB, 93dB, 99dB, 125dB and 125dB, respectively. As the
frequency became higher than 300Hz, the auditory threshold



Increased rapidly.

The critical ratios of the measurement frequencies were 22dB,
19dB, 22dB, 30dB, 54dB and 46dB, respectively. From 100Hz, the
critical ratio increased almost linearly with increasing frequency.
The noise spectrum level that started masking was about 65~
75dB within frequency range of 80~800Hz. This suggests that
hearing of jacopever is masked in the natural environment with

the noise spectrum level above 65dB.

2. The scorpion fish could hear a sound in the frequency range
from 80Hz to 800Hz. The mean auditory thresholds of scorpion
fish at the frequencies of 80Hz, 100Hz, 200Hz, 300Hz, 500Hz and
800Hz were 93dB, 92dB, 93dB, 96dB, 127dB and 123dB,
respectively. As the frequency became higher than 300Hz, the
auditory threshold increased rapidly.

The critical ratios of the measurement frequencies were 20dB,
28dB, 31dB, 35dB, 51dB and 48dB, respectively. The ratio
increased almost linearly with increasing frequency to 500Hz.

The noise spectrum level that started masking was about 64~
74dB within frequency range of 80~800Hz. This suggests that
heaﬁng of scorpion fish is masked in the natural environment

with the noise spectrum level above 63dB.

3. The black rockfish could hear a sound in the frequency range

-2 -



from 80Hz to 800Hz. The mean auditory thresholds of black
rockfish at the frequencies of 80Hz, 100Hz, 200Hz, 300Hz, 500Hz
and 800Hz were 102dB, 103dB, 99dB, 96dB, 116dB and 122dB,
respectively. As the frequency became higher than 300Hz, the
auditory threshold increased rapidly.

The critical ratios of the measurement frequencies were 28dB,
34dB, 26dB, 30dB, 47dB and 52dB, respectively. From 200Hz, the
critical ratio increased almost linearly with increasing frequency.
The noise spectrum level that started masking was about 65~
74dB within frequency range of 80-~800Hz. This suggests that
hearing of black rockfish is masked in the natural environment

with the noise spectrum level above 65dB.

. The coralfish could hear a sound in the frequency range from
80Hz to 800Hz. The mean auditory thresholds of coralfish at the
frequencies of 80Hz, 100Hz, 200Hz, 300Hz, 500Hz and 800Hz were
100dB, 99dB, 91dB, 88dB, 96dB and 114dB, respectively. As the
frequency became higher than 300Hz, the auditory threshold
increased rapidly.

The critical ratios of the measurement frequencies were 31dB,
35dB, 33dB, 23dB, 34dB and 41dB, respectively.

The noise spectrum level that started masking was about 58~
73dB within frequency range of 80-~800Hz. This suggests that

hearing of coralfish is masked in the natural environment with

_3_



the noise spectrum level above 57dB.

The yellow tail could hear a sound in the frequency range from
80Hz to 800Hz. The mean auditory thresholds of yellow tail at
the frequencies of 80Hz, 100Hz, 200Hz, 300Hz, 500Hz and 800Hz
were 99dB, 95dB, 96dB, 100dB, 101dB and 115dB, respectively. As
the frequency became higher than 500Hz, the auditory threshold

increased rapidly.

. The hearing indices of jacopever, scorpion fish, black rockfish,
coralfish and yellow tail without white noise were 51.0, 42.9, 29.1,
81.0 and 40.0, respectively. Those with white noise were 21.0,

104, 10.0 and 19.3 except yellow tail, respectively.
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1. £29£%

9] 82 (Sebastes schlegeli)2 Fig. 2-17 o] B WA Ao Mo
W flle BYA &2 324 rt2drt Jden, A HFeR vaE
stAl 2789 Am7t ik fEuvetel A 2 dE9 Halx ojgsEd,
Z3 A28 9 £4 100m ol e el AMsiy, FFAe 4L AF
A olirelth Ao A3t fEluEt RE A oA ALE 9%l
7VEekal Aol w7 wEd fEviele] A G AAFolth F=2 A
dajet A GoA FHo] o]FofAR it A FHE FR A, Tl
A o] g o] it TR A FAe] o] FolITHF PR E 4, 1994).
ZuEee] Ko fERE  Fig 2-2¢ o] (a) F(Mesencephalon), (b)
a3 (Cerebellum) (¢) €(Medulla oblongata) .2 ol FojA ¢li, d4 ¥
Foz Hg Wl FF V14 B9 189 (D) Ad(Sacculus)go] o4
(Sagitta)o] AT o] ML Fig, 2-37 o] REL Blgelwiy B 2YL
3 e o A7lE 27 8mm, ©7 5mm F =0t}

Fig. 2-1. The bodily appearance of jacopever.



Fig. 2-2. The structure of the inner ear of jacopever.
(a) Mesencephalon (b) Cerebellum
(c) Medulla oblongata (d} Sacculus

Fig. 2-3. The sagittas of jacopever.
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2. ¥9o|

&9 o] (Sebastiscus marmoratus)=  Fig., 2-49F #Zo] £ 9724 N4 i
of Wil o] 7kA] Refelu) Awbz o @ghel] MARE AL FEAE w
Aol Je Fe ANEte AL Be 48 Wol drk dFEde o 4
o B9t 2 tRuVE glon, A=y YAE me o 5749
H4 gge] widse] gk F2 vt Ak dE9 dAgl, FFF
TR, dUA AA ofFEA FA 80m ojWe RFIF WE G Ao
MAEH, 2 o]lF 8 o A me 42 Fer oFIAY E Agde
48 Hox Fow €& Fom oI AFEH oFE s oFoltk(sH
Hy A 34, 1999).

Fole ¥ FxE Fig. 2-5% #Zol (a) T4, (b) &3, () 9452 oF
ol Qli, | HFoR A4 "o FF V7RI FHS 1489 (d) 2F &
o] o} 9}, o] Fig. 2-63 Ho] RI2 1 BHHUY g v gloy
3 A= A7 75mm, ©74 3mm AXzelr}.

Fig. 2-4. The bodily appearance of scorpion fish.
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Fig. 2-5. The structure of the inner ear of scorpion fish,
(a) Mesencephalon (b) Cerebellum
(c) Medulla oblongata (d) Sacculus

Fig. 2-6. The sagittas of scorpion fish.

....12..



3. 8¢

B-&(Sebastes inermis)2 Fig. 2-T% o] § 4L A4 FAiut Zold
e} W7t AsAR 2% sddeln], F& eld¥or SWHo] da, F
Foly MEA & An F Fyede EESUE F4d 2wt 5~6%
guiaA k. F & Alel Zol Fi vhd £4 b gl SuvEte] o
o, YR Fajr oldel EXdo U3 A ARG ofFEAM G2t W
At el F2 A g ofFo] wet A 10mm olete] AL YW winE
Atolel] Fo] AL, 30mm e AL Hith FH wuhyE slEzRF 2E of
el A A A3, 60mm o] & &2 nirhe] ¢gF Apolo o AA JEE o)
Vel A ol F2A 11Y9 stedA] 129 28 AZvldte ohed] 1994 297
o 27 4~5mm¥ = oF 75 B& FeHHEeAREY, 1994).

2o ¥ 72 Fig. 2-8% o] (a) ¥4, (b) 24, () IFE ] F
A Nn AF HFoR AL Ao FF 717A #5149 (D A FA 9]
Aol gt} ol 4L Fig. 2-99 #o] HEL T BUY RYE W3 gow
2 A7l A7 10mm, @74 5mm A Eolu},

Fig. 2-7. The bodily appearance of black rockfish.
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Fig. 2-8. The structure of the inner ear of black rockfish.
(a) Mesencephalon (b} Cerebellum
(c) Medulla oblongata (d) Sacculus

Fig. 2-9. The sagittas of black rockfish.

_14_



4. #e)F

A&l E(Chromis notatus)& Fig. 2-103} Zo] § U242 SdMozw v B
e dey, A xzev] 45 of|Fe] 4z LM AmFo] ZLojA
i, ZhgAen] 714 R & Z4 wbge] glow, E Hopgls ufo
t A= M HF% Az ofd REd & A7]9] WA wye] 1A
th Aile wi FFele #ov, vy @, AFk ® d2 FH
o, BAUH T 4 5~15m AFHE IR AvolA & FHF Ao
A A @THE HEARLE 4, 1999).

A Ee o FaE Fig. 2-113 2ol (a) F4, (b 24, (¢) @FE o]
FolA 3 A4 HEFoR HF o HE 7IFA S 1% (D 2% F
of o]do] Qlt} o]A P Fig. 2-12¢F o] B} T ©¥Y RYg uu
glom =1 #=UleE A7 10mm, 978 5mm Fxolr)h

Fig. 2-10. The bodily appearance of coralfish.
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Fig. 2-11. The structure of the inner ear of coralfish.

(a) Mesencephalon (b) Cerebellum
(¢) Medulla oblongata {(d) Sacculus

Fig. 2-12. The sagittas of coralfish.
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5. %o

wol(Seriola quinqueradiata)= Fig. 2-135% #eo] & 922 &% & oF
o A W) RRe ewMldon B FYRodl Hue 49 ARt 9l
. & 7 WEgon 3 ZHsel gm, sheA et WA RN E
7el g Ao, A1EA=ulE AL Holrk $Euitel F3qL HI
aei dB Bxo] BEH £gid oHE BHE AgAAT FHLE,
ALRE ALAANET F&EoZ o|Fdhe WFEHIF olFolth ol fIU
g X ALFL AU B hgold 2AE F2 FU FHEA 9
Fow F#EIAY FUANFes RuHs, F2 $EvEl] FHAAAN ¥
A NSE e FAshy BE AddA A%, Baige] Ad of# AdE +3
3t FRZ ASFTHEEPLARE Y, 1994).

gole] o] Fx¥ Fig. 2-149 2ol (a) T3, (b) 24, (© AFE °F
A4 QI dAF HEoB AAF Wl B 71T AS 1489 (d) 29 &l
olAfo] ¢lrh. o|M & Fig. 2-159% o] RIS WEG 44y RYs w3 3
on 1 AY)E A4 45mm, @73 2mm FEoITh

Fig. 2-13. The bodily appearance of yellow tail.
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Fig. 2-14. The structure of the inner ear of yellow tail
(a) Mesencephalon (b) Cerebellum
(c) Medulla oblongata (d) Sacculus

Fig. 2-15. The sagittas of yellow tail.
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1. A3 e

2B 1996 290 AFE GAFE BAWA 2T DS A
AF F5d zu B Holg 19979 494 50mE PFdte] AFSn 3
FATF2z(0leh AFAT)Y AgA] AAH 4% (D160XHI4cm) FRPA

LN

FFo Yol AMgsdth A4 £E€R $4 Ao 10VF AMEslgn, A
F5 Fo 4% Aoy AL 28~3HcmE AFH 7|7 1998d 1~2¢
olon AY 77t Fo £L2L 12~16TAH. A2 dAY EAHE 9uE
AHEERA A FE Fol AT Aol A 27~30cmE AF 717t
< 1999 1~24, 1999 9¥olglen Ay 71z Fof +2& 13~20CTHTh
FulolE 1997d  9€o] AF dokllA &2 WA= Y} F HfYATA
o Ab% FERZ A % 3~471E ASEAY. AFL 21~28 em¥ o, A
7} ZEZA &4 Ay 12718 ARREAT AF 71zEE 1998 29 ~39 o]
Rqom AE 7|z Fo 28 12~16TCTHY. FZ dA] =4 A= 9
g AbgEgen #uolel AL 17~24cmth AF 7)7He 19994 1
Y ~2¥9o]0 e 19999 94 A3 VI F9 &L 13~20CTHATH
EZHE 19989 690l AF AtelA £F WAR o¥sd HUYdTLRE &
A A& Aoz 3 F 6vE AP AEsigh A4e 15~-30cmE A Y
7)7+8 19999 69, 2000 2ol o AP 7|7k F9) 2L 12~22TT
AelEe 19999 8o AT AtelA EHoR oFF AL YA TLe
A& 22 507 24 oF 3~4Y ARgElleh A¥ T Fo A A
Hojol AL 8~1lemZ Ago] 9 & Ag-stdn. 4g 77k 20004 1
Hollow Y 7 Fo] & T~15THH.
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ol 19989 129l AF AdeA LE HAR o Yata] s ST
A ASEAE 2g AGdTa ALS FRAM o 11YT AgeAT o
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Attenuator > Mixer : Signal generator
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White noise generator Graphic equalizer 7V DC supply
Power amplifier — | Electric shock switch
L :)P—
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Preamplifier
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FFT analyzer

GPIB

Bioelectric amplifier

y

Digital real-time oscilloscope

y

Personal computer

h

Fig. 3-1. Block diagram of equipments used in the experiment.
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Table 3-1. Specifications of instruments used for measurement and
analysis of auditory characteristics.
Equipment Specification
: sitivity © -2 B b2
Hydrophone Vollage sensitivity 05dB re 1V/uPa
Frequency range : 0.1Hz to 120kHz
(B&K, 8104) ) . i
Horizontal directivity 100kHz : =2dB
- Amplifier sensitivity : 0.0lmV to 10V/pC
Preamplifier

(B&K, 2635)

corresponding to —40 to +80dB
Frequency range : 2Hz to 100kHz

FFT analyzer
(B&K, 2143)

Frequency range : 0.7Hz to 22.4kHz

Averaging time : 1ms to lhours with a
resolution of 1ms

Maximum rating : 7.5V peak, 50V DC

Bioelectric amplifier
(NK, VC-11)

Sensitivity - AC 104V to 20mV/DIV,
DC 2mV to 5V/DIV
Internal noise level © 52 Vpp 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 : 0V to 72V, 0A to 1.5A
Resolution : Voltage 10mV, Current 1mA

Signal generator
(NF, 1915)

Frequency range © 1 ¢ Hz to 2MHz

Output range : 2V or 20V switchable

Resolution : 2V range AC 0.0lmVpp,
20V range AC 0.1lmVpp

Power amplifier
(Inkel, PSR-2000)

Frequency range : 20Hz to 20kHz, £0.5dB
Output rating : 500W per channel with 8Q
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Table 3 1. Continued.

Equipment Specification

Frequency range : White noise 20Hz to 100kHz,
White noisc generator Pink noise (White noise decreasing
(B&K, 1405) 3dB/Octave) 20Hz to S50kHz
Qutput load impedance : = 5kQ

Frequency range : DC to 1IMHz
Attenuation range : 0 to 121dB, 0.1dB step
Maximum input level : 17Vrms

Attenuator
(Kenwood, RA-920)

) Frequency range ' 20Hz to 20kHz
Mixer

(Inkel, MX-642) Maximum output level : *20dB

Maximum voltage gain @ 84dB

Frequency range © 20Hz to 20kHz
Equalizer level : +12dB
S/N ratio : upper 80dB

Graphic equalizer
(Inkel, EQ-9231)
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Fig. 3-2. The time scquences for emissions of pure sound and electric shocks.
(a) Time sequence for the emission of pure sound stimulus.
(h) Emission time of pure sound stimulus.

(c) Pulse for clectric shock stimulus.
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Sound response

Fig. 3-3. Electrocardiograms showing typical cardiac responses to a pure
sound stimulus.
(a) Before conditioned with a pure sound stimulus,
(b) After conditioned with a pure sound stimulus.

(¥ Spcaker on).
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Table 4-1. Each measuring and medium value of auditory threshold of jacopever.

Frequency(Hz) Auditory threshold (dB) ?f;?; j:f?;?:;i
80 97 107 93 8 93,93, 102 93 95 7.20
100 93 93 93 SaNIVERGRY LIEB3 93 33 39 5.10
200 33 93 93 93 98 93 98 93 93 447
300 38 102 102 97 97 102 102 102 99 5.01
500 119 123 123 128 123 128 128 123 125 3.43
800 119 127 127 127 127 121 127 127 125 3.25
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Fig. 4-1. Audiogram of jacopever and spectrum level of the
background noise.
a) Auditory threshold(dB re 1 uPa).

b) Background noise spectrum level(dB re 1 uPa/V Hz).
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Table 4-2. Each measuring and medium value of auditory threshold of scorpion fish.

M Standard
Frequency(Hz) Auditory threshold (dB) ean ) ar
Value deviation
80 93 8 8 97 93 93 93 8 104 97 93 5.20
100 93 8 93 93 98 83 93 & 9B 9B 92 5.64
200 98 8 8 103 8 8 93 93 98 103 93 6.61
300 97 93 88 102 102 97 93 93 93 102 96 490
500 128 126 131 131 128 128 121 123 126 126 127 3.14
200 129 120 119 121 120 129 124 120 120 127 123 413
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Fig. 4 2. Audiogram of scorpion fish and spectrum level of the

background noise.
a) Auditory threshold(dB re 1 xPa).

b) Background noise spectrum level(dB re 1 xPa/V Hz).
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Table 4-3. Each measuring and medium value of auditory threshold of black rockfish.

Frequency(Hz) Auditory threshold (dB) 34:]22 i:{?i?ﬁ
80 106 103 103 93 105 103 102 4.67
100 103 98 98 101 106 109 103 424
200 95 98 98 102 9% 102 99 3.00
300 94 95 97 97 94 94 9% 2.27
500 118 121 112 123 108 116 6.27
800 118 124 124 126 117 123 122 3.63
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Fig. 4-3. Aundiogram of black rockfish and spectrum level of the
background noise.
a) Auditory threshold(dB re 1 ¢ Pa).
b) Background noise spectrum level(dB re 1 pPa/V Hz).
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Table 4-4. Each measuring and medium value of auditory threshold of coralfish.

Mean Standard

Frequency(Hz) Auditory threshold (dB) Value  deviation
80 100 9% 102 107 96 96 99 102 100 3.81
100 9 95 SRR LA prtpme ) 9% 101 101 99 439
200 92 05 92 B & 88 N 9B 91 3.99
83 91 92 90 8 8% 88 8 88 3.25

300
500 9% 9% 100 9% 93 9% 93 100 9% 2.37
800 114 117 114 120 114 111 111 114 114 3.21
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Fig. 4-4. Audiogram of coralfish and spectrum level of the
background noisc.
a) Auditory threshold(dB re 1 xPa).

b) Background noise spectrum level{dB re 1 uPa/V Hz).
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Table 4-5. Each measuring and medium value of auditory threshold of vellow tail.

Mean Standard

Frequency(Hz) Auditory threshold (dB) ..
Value deviation

80 97 104 92 107 92 97 97 92 97 97 104 102 102 99 4.83

100 97 100 92 97 100 92 92 92 92 92 92 92 97 B 3.12

200 G2 105 8 105 102 102 92 88 92 97 8 97 92 %% 6.37

300 106 101 101 110 101 101 92 92 96 9% 96 9% 96 100 5.16
500 107 102 93 107 112 107 97 97 93 97 97 102 97 101 593
800 120 120 120 118 123 120 114 109 107 107 109 114 109 115 5.98
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Fig. 4-5. Audiogram of ycllow tail and spectrum level of the

background noise.
a) Auditory threshold(dB re 1 uPa).
b) Background noise spectrum level(dB re 1 pPa/V Hz).
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Fig. 4-7. Spectrum level of noise in the experimental tank.
a) Whitc noise spectrum level of 83dB.
b) White noise spectrum level of 78dB.
c) White noise spectrum level of 73dB.
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Fig. 4-9. Critical ratio of jacopever.
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Fig. 4-10. Continued.
200Hz(c) and 300Hz(d).
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Fig. 4-10. Continued.
500Hz(e) and 800Hz(f).
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Fig. 4--11. Minimum noise spectrum levels(0dB re 1 #Pa/V Hz) of masking

of jacopever at measurement frequency of 80~800Hz.
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Fig. 4-12. Audiogram of scorpion fish with white noise spectrum
level.
a) With whitc noise spectrum level of 83dB(A).
b) With white noise spectrum level of 78dB(O).
c) With white noise spectrum level of 73dB([]).
d) With ambient noise(@).

_58_



55 —
50 ~ \
‘457
40 -
35 -

30 ~ /

25

ZOJ

Critical ratio(dB)

15 -

1"1'"'ll| L} L) ¥ 1 T—IT]

50 100 500 1000
Frequency(Hz)

Fig. 4-13. Critical ratio of scorpion fish.
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200Hz(c) and 300Hz(d).
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500Hz(e) and 800Hz(f).
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a) With white noise spectrum level of 83dB(A).
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c) With white noise spectrum level of 73dB([]).
d) With ambient noise(@).
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Fig. 4-17. Critical ratio of black rockfish.
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Fig. '4—20. Audiogram of coralfish with white noise spectrum level.
a) With white noise spectrum level of 83dB(A).
b) With white noise spectrum level of 78dB(O).
¢) With white noise spectrum level of 73dB([]).
d) With ambient noise(@).
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Fig. 4-21. Critical ratio of coralfish.
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Fig. 4-22. Relation between auditory thresholds and noise spectrum levels
of corafish at measurement frequencies of 80Hz(a) and 100Hz(b).
[] : Without white noise.
B : With white noise.
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Fig. 4-22. Continued.
200Hz(c) and 300Hz(d).
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500Hz(e) and 800Hz(f).
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Az FYAEF Yz glemz G T AP o] Sy &%
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Table 4-6. The hearing index of experimental fishes.

Species Condition fo| f1] F2 Qf” Sp| Qua| HI
1048
Ambient noise| 100 (290} 75 | 215 | -11 | 0.46 | 51.0
jacopever
White noise | 100 | 300 | 45 | 255 -2 1039 | 210
Ambient noise| 100 | 320 | 37 | 293 -8 | 0.34 | 429
scorpion fish
White noise | 80 106 | 37 09 -1 | 1151 104
Ambient noise | 300 [ 390 | 50 | 340 -4 | 088 | 29.1
black rockfish
White noise | 300 | 380 | 60 | 320 5 093 | 100
Ambient noise| 300 {510 105 | 415 | -12 | 0.72 | 81.0
coralfish
White noise | 300 {530 | 60 | 470 1 063 | 193
Ambient noise| 100 [ 560 | 50 [ 510 -5 0.2 | 400
yvellow tail
White noise

fs  Frequency correspond to the most sensitive auditory threshold(Hz)

f1 ¢ Higher frequency correspond to the point of higher 10dB than most

sentive auditory threshold(Hz)

f5 ¢+ Lower frequency correspond to the point of higher 10dB than most

sensitive auditory threshold(Hz)

Q 1048

= Frequency range on hearing(Hz), f,— £

Sp ¢ Sound pressure level at most sensitive auditory threshold(dB re 1

¢ bar)
_ S
Q 10dB — fl — fz
HI @ Hearing index
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-(O- jacopever. -A- vellow tail,
-~ coralfish.
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dolsh 2 Aol &3 A 5(1998)9 Aol F FE A9 v
AE W APAAM AMEZ A Fuk 80~800Hz MY Wl Fkk 8
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Fig. 5-3. Comparison of the auditory thresholds of jacopever.
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b) September (207T).
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