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Summary

In this paper, the auditory threshold, critical ratio, hearing index, effect of
symphony projection and stress levels of sevenband grouper(Epinephelus
septerfasciatus) to the 350Hz pure tone were investigated to know the response of
sevenband grouper to low frequency sound,

The auditory threshold level, critical ratio and hearing index of svenband
grouper were determinded by conditioning method using a sound coupled with
electric shock on the condition of ambient noise or white noise in an experimental
water tank. The audio-signals of pure tone and electric shock in the experiment
were from 100 to 1000Hz and DC 6V, respectively,

The response of fish to low frequency sound was observed by
electrocardiogram(ECG) intervals extracted from  precordial leads method(Vy + V2
method).

The results obtained are as follows ;

1) The auditory thresholds of sevenband grouper for 100Hz, 200Hz, 250Hz, 300Hz,
350Hz, 400Hz, 500Hz, 600Hz, 700Hz, 800Hz, 900Hz and 1000Hz under ambient
noise were 102.1dB, 97.5dB, 96.6dB, 95.5dB, 94.8dB, 97.2dB, 100.2dB, 102.1dB, 107.8
dB, 112.2dB, 114.4dB and 1168dB(re 1gxPa). The lowest point in auditory
threshold was obtained at 350 Hz, 94.8dB on the range of 100—1000Hz,
showing V-shaped curve.

2) The critical ratios of sevenband grouper for 100Hz, 200Hz, 250Hz, 300Hz, 350Hz,
400Hz, 500Hz, 600Hz, 700Hz and 800Hz under white noise were 15.6dB, 25.8dB,
28.0dB, 33.5dB, 34.2dB, 39.1dB, 47.2dB, 53.9dB, 60.7dB and 68.4dB, respectively.



3)

4)

5)

6)

7

8)

The hearing indexes of savenband grouper for ambient noise and white noise
were 52.7 and 15.6, respectively, which are similar to 26 of masu salmon and
32 of brown trout.

While the sevenband grouper were intensively aggregated at both edges of
the experimental cage, they were hardly stayed toward the center of the
experimental cage. The sevenband grouper tended to stay motionless at the
edge parts on the bottom of the experimental cage, and showed weak
aggregation behaviour.

The sevenband grouper were usually located on the A, C area(opposite side
of experimental cage which has a feeder and an underwater speaker).
Appearance rate for the fish on the B area(middle part of experimental cage)
was less than 20%.

The sevenband grouper showed the dodge behaviour to B, C area(far-off
place from the underwater speaker), till 4 days after the conditioning sound
emitted.

The conditioning was very effective from 5 days after with the beginning of
conditioning experiment because 80% of the total fish were aggregated at A
area while conditioning sound was emitting. Before and after conditioning
sound emission, the appearance rate was stable around 50%.

The appearance rate of sevenband grouper in 20 days after finishing the
conditioning experiment maintained at 60~70% in A area as soon as the
conditioning sound emitted. It is believed that the sevenband grouper could
remember the conditioning sound and the conditioning effect at least for 20

days, continually.



9) The centre frequency of Mozart symphony was estimated as 150--380Hz

10)

11)

12)

13)

14)

15)

because it was 10~40dB higher than ambient noise at the range of 150380
Hz. The Mozart symphony may be used as a strong stimulus to sevenband
grouper whose auditory sensitivity lies in the range of 100~500Hz.

The comparison group of sevenband grouper was around 10mm longer for
total length than the conditioning sound projection group at the beginning of
conditioning sound emission experiment but it was reversed after 57 days.
The comparison group of sevenband grouper was around 20g heavier for
weight than the conditioning sound projection group at the beginning of
conditioning sound emission experiment but it was also reversed after 57
days.

The blood glucose level of sevenband grouper was 20.33%0.557mg/d¢ before
the experiment started.

No significant changes were observed in the concentration of blood glucose in
45 minutes of conditioning sound emission,

Blood glucose level increased rapidly from 26,33%1.528mg/d¢ in 60 minutes to
4867+3.055mg/d¢ in 120 minutes after the conditioning sound emission, and
increased to 59.67 £5.033mg/d¢ after 240 minutes.

It is believed that the conditioning sound emitted over an hour may be

stressed to sevenband grouper, because presentation time was between 60

and 120 minutes.
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.59 AAAHE SR A&7

1. 4|4y 54

A ol(Epinephelus septemfasciatus)e 734 & (Osteichthyes) A F¢}7(Teleostomi)
%0 & (Order Perciformes) H}2]3H(Family Serranidae)ell £8le 2uld oFo8MH,
WAL ol FEw7], dFEREA), FEA(AF)ER B¢, dHS Sea bass,
sevenband grouper, B € © & (Mahata)2h3 BT

ol BTAoFE favia dEd 53 AFE ddH B FHY, FFFH, A
EYg T 2xdgx <HA Az, 4o *0 AL RE Folss AMA olFE
A 4 6~60m He HZF/E BE dRuigd F2 AYse A AR FR
& °l§& A geth

5819l ¥ed BAL Fig. 2-15 go] & WZe] A4 d AF 2oz
TedE 7529 424 t2nrt flen, ofF Al 1~6We TALA JAAA A
Ztate] Zhevh 2w 2 ZEEol 3, A THA We aAFd] glow, o) yxA
T Aozt Y o] WEL EEWE A £¢ 52 7 Bgez ZHEo] ok

E gelle 2719 £279e] X, 2F HE2e] o] AFB WY Av, JL& A,
oldigo] AHHEYG £&FH Ax, AH HAEL olfARA Z@IHFTHFANEY,
1994). |

Adzle sgA R AddA Adstn, wIE A7le AxFt RAE Eeld



5 FQolol Fi AqA3m A WOcm7tA AFAsta, SHAeE NLF, AF, o

Aoz ol AL B3 A Wb, 2 42 A glom, ANY&F
of w7 oloe] Fol FFL Wo) Wol Mo] AP AFol Huae BL
Hfol Feglo] wlg mnngdm, g2t vl MAseR 75 Fzuiehe] &
A Fol AAE Yde S4& Adoh,

Aol olelE HHA A oldd AN oz ALFANEA FFo] wek FEo]
WPt A4 gHe] s, 43l wet FRo2 Agdd(E 5 1994, ¥ 5 ;5 1997).

Fig. 2-1. The bodily appearance of sevenband grouper.



2 3371+

ol fol AAZAQY Wolg AdelM && F4& &, o4 AAE SAE FEEA
@ou Mol ostd 2ol Wgte] WEsE o] mel olAo] FAAM FGHAX
g AT, o5 AXEFEH AAAFE HAFE Falo Mo g o4& &
ZolAl stEde HEYGE Z 3o o= AE 2 VA Ad d_7 Jes
2 o7t W & vlay g 4 F 1ol delAd Al 1992).

o] AFAXNE AdYele] FF +&71HA UolFEE &F37] Hsta], 4o &
T Ade R TALu ALY FRE JDAULE FAHAHA AT F, Ad
HE 4t A7 (NIKON, SNZ-10)€ o]-&-8te, 208) ~80u] W& & IAH S A7]d
met HASA 2AFEA £23E FAHLE 3o JIHEHNIKON, AFX)E ARE &
B3

Fig. 2-2, Fig. 2-3, Fig. 2-4% ¢] 47l Al48 AP & s%sle &9 F478
A g F o]ME A Wv|Fo FFF ALE, Fig. 2-2& FEE A/so N
9 FE, A, &3 Hd AUH e olAE YT ot AHeole Mo F
Z¢ Yoz AYAMEEH F 3 (Mesencephalon), 43 (Cerebellum), 5(Medulla
oblongata) A= ek A9 HEoE A4 1249 2 (Sacculus)e] ow, &
d dlele gxdn oMoz AR ok Fig. 2-32 24 o4& AAEH Fe
A W AR ZA o]N AAFE 2L FFR FAG H4E Hu g

Fig. 2-4¥ Fig. 2-22] &4 2ot 2 € o]y o2y F HiEd YolH g
ZE o] A& FHAR Qo] AF 1do] YA ¥L Aoz wndEH T
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g 2-2. The structure of inner ear of sevenband grouper.

(a) Mesencephalon, (b} Cerebellum,

(¢) Medulla oblongata, (dl, d2) : Sacculus
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Fig 2-3. The inside view of sacculus.

(a) Sacculus
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Fig. 2-4. Sagittas of sevenband grouper.
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3. ol& Y

Tty FAdo] o ¥F WMFE seteltr] Hete] 19759 FH 19963 7HA 2233
9 THFAEAAL ABRZRY F oYF 9T F4E BN 29, T4 Fo
3L 1,026M/To.2X A B o] FFL 466M/Tol e, A oA HFL 40M/T
< 7132 FUoh BAE R AT UEAY B2 2493 AFEY FojF
FE AUM/Te 2R $-2uet F o8 F 48%E A3

H, 9 o YF WFL ABIIQ 589L NF2E o fFe] FA FrEhrt 10
4g 71de Fa Aaxdte FEE Udehin glod, oA & i wEk 94
& Aol8FE dte AF A-H vEue d4deldn 44H
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m. 54019 F2EEA

1 43

AAEHA A¥d AHSE APojs FAAGA Fidol ol oFE F4o 2007
€2 FHFAAEFY FATHFH o] JAe FIAYEA AFEFZR(L6,000x B1,900%
D1,8330mm)E ol£3 F o I/MYET YX§ 28 AR(HIAIR)ZA ASeS AT
A F, 2008 739 FEdA AE) AL, A UL 148~196ecm=E HF
164cm, B W} 16lcm, AF M= 63~140g2 HEAFo| 962, EFHUA 20.09¢
o] 2ttt ;

AYole AZEEA SHL Fig. 3-19 vebd Az} o] opada] A¥ZE(L80
XB450 X D450mm) & AHE3Q L, a2l e shRol EHY miks FAC

A F 9d AN £FdFo HES dtn ¢ AAEE A7) HAste A
Pz Al Hi e A4 HEAR sk F4] A9 £3AE Hed ZAEA R
=g &

AY7IL F F2UY $#2& 183~254C, JE8FET 321~338% HoH, =9
dupgee WE] 4FS JAE7] A8 FA 2cme] 2FA-E HAAFA

_15_



Signal generator ' Signal generator 6V DC supply

A 4

Tape recorder Power amplifier Electric shock switch

I -

)
A 4

Power amplifier |-

Underwatersound levelmeter Bioelectric amplifier
FFT anatyzer Digital real-fime oscilloscope
| GPIB
Board
AD » Personal computer

Fig. 3-1. Block diagram of the apparatus for determining auditory thresholds
of sevenband grouper at ambient noise. The part designated by

dotted line was used to determine critical ratio.
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2) 4944 4 gas& WAy

s w4 2 Hz EEAE Fu] A% AR EE toloaddy AT
o] /12E Fig 3-1 ¥ Table 3-191 Yetuiich A@ds2 WA o7t 355
FHAke] o]Fel 2odle Moz FAAFE AL JAGA 5L AT AED
& FAHESF 7] At £xd 48 AN F AY 2HAE M2 AT EA
Az st ¥ w4 sk cHKojima et al, 1992).

o WAde F3k4 100~1,000Hz Alele] 100Hz HAQ 1089 &4 F AA
AZEHAE deld e 300Hz8 FHLE 50HzE4 <l 250Hz, 350HzY 2% 2 §3lo
T 12%2 FAFAT g £32 ATLAZIBEK, 1202 LAANA FF7
(INKEL, PA-2500RD)IAN ©AIA o2 ZEser FF52M7(UNIVERSITY, PAT2756)
g 539 wAs A,

ojg] WAHE 7 FAFRTFY F4I FY FFASY S¢S A¥FE o HX
3 FFHS71(0KI, ST8004), &HA(OKL, SWI1020)9 F3b4 E47)(B&K, 2032)2
3% Ty 10~1,000Hz M 208 3% & FF3 FIAh

3) $% Sy

29U £5¢ WSS o, 489 AARFo2 R dHge FAARE
#Bday] HAstd APolE HHAAN 196 AFEZdAA AW eb# A (SIGMA
CHEMICAL, MS-222)2 YA FHLE v A AAE &Fo g F 7l9 f=d
& Fig. 329 #Zo] A9 F3F fEY T Vi- V2 FEHLZ YA 299
Adatgch Aol A]dd ddele 4¥9F €48 WA 2 A FF0 % HA
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Fig. 3-2. Photo of sevenband grouper with electrodes inserted by precordial

leads method(V; + Vs method).
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Table 3-1. Specification of equipments used for ambient noise measurement and

analysis

Equipment

Specification

Signal generator

(B&K, 1027)

Frequency range : 2Hz to 10kik

Noise bandwidth : Six noise bandwidth(3.16Hz to 1000Hz)

White noise | Wide band random noise

Fink noise : Wide band random noise

quuency counter
- Accuracy © *1 on last digital +20 ppm of tuming frequency
- Counting time : 0.1s and 1s, switch selectable

Power amplifier

(INKEL, PA2500RD)

Out put : 100W
Output terminal impedance @ 4, 8%, 16Q

Bioelectric amplifier

Sensitivity : AC 104V to 2mV-DIV, DV 2mV to 5V-DIV-

(NK, VC-11) Internal noise level : 54 Vpp or less
Digital real-time Resolution : 8hit
oscilloscope Maxinmumn sampling velocity :© 500M samples/s
(Tektronix, TDS-340)  Analog bandwidth : 100MHz
Hydrophone Range : 5Hz~250k
(OK1, ST8004) Receiving frequency sensitivity : more than -223dB

(0dB =1V/ u2Pa, {=100kk)
Water proof pressure : more than 75kg/cm’
Usable termperature range : -10C~56C

Variable gain range @ 80dB
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Table 3-1. Continued

Equipment Specification

Tape recorder Power source : DC 9V
(Eroica, PCR-2318) 2 way 4 speakers
Frequency range : FM 88~ 108Mk, SW 2.3~7.5Mt
SWa 7.6~22Mz, MW 525~ 1,605Mk

Underwater sound Measuring range of sound pressure level @ 100—~180dB
levelmeter (OdB re 1 uPa)
(OKI, SW1020) Frequency range : 10Hz~50k
Precision of measurement @ *2dB(20Hz ~ 1idt)
£ 3dB(10Hz ~ 10ktkz)
Characteristics of filter : Highecut filter 10k
Roll off filter 10Hz, 100Hz
Noise flat filter 1kz OCT/6dB
Qutput terminal impedance : for headphone 8Q
' for tape recorder 10kR
for recorder 10kQ
for oscilloscope 10kQ

FFT analyzer Input characteristics : Two identical channels

(B&K, 2032) Usable temperature range : 5C~40T
Maximum peak input voltage : 28 ranges from 15mV to 100V
inalb 2 3, 4 6, 8 10 sequence.
Normal or inverted
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(@)

o)

©

Fig. 3-3. Time process for conditioning of sevenband grouper.
(a) Time sequence for the emission of pure sound stimulus,
{b) Emission time of pure sound stimulus.

(¢) Pulse for electric shock stimulus.
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Sound response

Fig. 3-4.

10 sec

Electrocardiograms of sevenband grouper which were

observed before and after conditioning by conditioning

sound(350Hz pure tone).

(a) ECG of sevenband grouper which observed before
conditioning,

(b) ECG of sevenband grouper which observed after
conditioning,

v : speaker on, v | Speaker off
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4) AAEYA F4UY

Ago7t Fetgol SR BeRE 4o HAEHAE A7) A
o &4 FaedE BHAFRY 2dBY EL SaSFEH WA AFEded,
WA F oEgd Aot vgetA Fow 2By FIHoR FIMAIAHYG.

o A" dgge g s A5 53 o) Aol AH HF o) Fig. 3-4(b)
9] &8 (Sound response)d ol dojAA &FEHES A4HUE A9 HA &4
S TFild A Fuaed A 4 EHAE AAI}AC

5 T4oe AAE

o}Fe AXE WP Age] YASE 1 Byl fAS HeE AADE, A
AAE 9] 9uPg 202 Q83He)(3, 1993), Fig 3-591A4 8} o] AHelg A
AE B8e Awe FEHE P, Ady E20 AAHL o Fio| Jdd =g
G7tx o] RYAE, & FRo) YA7RA AE@ ALE PQ, Ao FEo| Ed A
e QRS, A RIT ART F/AE BF X NS QT, AN FE
ol et d wel 3& TE EAYT

QRSS RZEH thg QRSS R7HA 9 A€ R-R tAo|gstd 44 HE7718
Uehde o] ghe2 6028 WERH A4 E 7Y £ AR - #ik, 199).

w3 Agole] BT &S AFS 7ted wAoz Adest FasE FALREo)
Yolupizd), o] APl FLEYR 53 L o AFHE F7|& A2 & A4
o #2371 UYehlE R-R 3AL A9nAez Hid ZARHIGE T,
1998), 2 st AL dlolE AN BF¢ 222 HAsA sPe g FAT ¥
teel AZsted B8



Fig. 3-56. Electrocardiogram(ECG) by precordical leads from
chest cavity. ECG is composed of P, Q, R, S and

T waves.
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_26._



Table 3-2. Heart rate of sevenband grouper by electrocardiogram

(Unit : sec)
. . Heart rate
Situation . . RR PQ QRS QT
(times per min.)
Stability 95 0.63 0.18 0.14 0.42
Stimulus 51 1.18 0.32 0.16 0.78

RR : Interval between R wave and adjacent R wave
PQ : Interval between P wave and Q wave
QRS : Interval between Q wave and S wave

QT : Interval between Q wave and T wave
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Table 3-3. Auditory thresholds of sevenband grouper on the condition of ambient

noise

Frequency Thresholds (dB re 1xPa)
(Hz)
Mean SD+*
100 102.1 1.9
200 975 19
250 96.6 1.9
300 95.5 14
350 94.8 0.8
400 97.2 1.8
500 100.2 1.3
600 102.1 14
700 107.8 1.3
800 1122 1.8
900 1144 14
1000 116.8 22

* 8D : Standard deviation
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Fig. 3-6. Auditory threshold level of sevenband grouper and
spectrum level of ambient noise at frequency between

100 and 1,000Hz.
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Hz®] &ollA @& AAEEA gL Bon, 500HzR0 & QTS e A
ZHEE A7 F43%] zotit. o] 4gelA dol HAY FLGEHA = Fig. 3-79
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Hel FAEEHAE YerdE Ao v, 4¥cje] &4 T4 Wl wE YF4Egx
= TS 350HzY o S 948dBS Ve s s VAR FAEEH TMHE
Bhu 3 Tk

_31_



Table 3-4. Heart rate and wave interval of each species by electrocardiogram

(Unit : sec)
Weight Heart rate
Species PQ QRS QT
(g) (times per min.)
Sevenband grouper 95.5 95 0.18 0.14 0.42
Sweet fish* 75.1 94 0.06 0.06 0.42
Rainbow trout# 328 100 0.14 0.08 0.40
Tilapia* 212 55 0.25 0.10 0.79
Red seabream# 112 146 0.07 0.03 0.31
Horse mackerel* 359 113 0.12 0.05 0.38

* Nanba et al(1973)
PQ : Interval between P wave and Q wave,
QRS : Interval between Q wave and S wave,

QT : Interval between Q wavé and T wave,
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Fig. 3-7. Comparison of the auditory threshold level of sevenband grouper(m)
with that of masu salmon(a : T. Kojima et al, 1992), brown trout (a :
Y. Hatakeyama, 1989), red seabream(Q : H. Ishioka et al. 1988) and
walleye pollock(e : Park, 1995).
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Fig. 4-1. Auditory threshold level of sevenband grouper and spectrum level of

white noise at frequency between 100 and 800H:z.
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Fig. 4-2. Critical ratios of sevenband grouper at frequency between 100 and 800Hz
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Table 4-1. Auditory thresholds and critical ratios of sevenband grouper on the

condition of white noise

Thresholds Spectrum level Critical ratio
Frequency(Hz) (dB re 1uPa) (dB re 1y Pa/VHz) (CR)

Mean SD= Mean SD= Mean SD*
100 103.7 16 88.1 0.9 156 25
200 102.4 1.8 76.6 05 258 23
250 102.0 25 74.0 05 280 30
300 101.8 25 68.3 0.4 335 29
350 1025 2.1 68.3 08 342 29
400 109.6 31 705 05 3¥1 36
500 1148 47 67.6 0.8 472 55
600 1209 3.7 67.0 0.5 539 42
700 1252 31 64.5 05 60.7 36
800 12938 1.7 61.4 0.7 684 24

x SD : Standard deviation
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Table 4-2. The hearing index of sevenband grouper

Condition fu fi f2 L St Qdb HI
Quoas

Ambient noise 350 900 60 840 -2 042 527

White noise 300 390 20 370 182 081 156

fv © Frequency correspond to the most sensitive auditory threshold(Hz)

fi ¢ Higher frequency correspond to the point of higher 10dB than most sensitive
auditory threshold(Hz)

fa : Lowér frequency correspond to the point of higher 10dB than most sensitive

auditory threshold(Hz)

Js

QlOdB

. Frequency range on hearing

So ¢ Sound pressure level at most sensitive auditory threshold(dB re 1z bar)
Quas=Ff1— 12

HI ! Hearing index
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Table 4-3. The hearing index of each species

Species Condition fn S Quoa  HI

Ambient noise 350 -5.2 0.42 52.7

Sevenband grouper
White noise 300 1.82 0.81 156
European eel” Ambient noise 40 -19 04 89
Carp” " 500 -42 043 4300
Cat fish” g 600 -34 035 2,600
Atlantic salmon” " 160 -5 0.77 26
Euthynnus affinus™ " 150 -23 0.81 11
Pleuronectus platessa” " 110 -3 0.79 17
Carcharhinus leucas” i 450 0 0.96 22

1) Jerk®@, et al.(1989), 2) Popper(1972), 3) Weiss(1969), 4) Hawkins and Jhonstone

(1978), 5) Tabolga and Wodinsky(1963), 6) Chapman and Sand(1974), 7) Klizer

and Wood(1961)

fy : Frequency correspond to the most sensitive auditory threshold(Hz)

Si : Sound pressure level at most sensitive auditory threshold(dB re 1 xbar)

Qua=J1— /2 (Hz)

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

auditory threshold(Hz)

f2 ¢ Lower frequency correspond to the point of higher 10dB than most sensitive

auditory threshold(Hz)

HI : Hearing index
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Fig. 5-2. Appearance rate of each fishes before conditioning sound emission in

experimental cage. Numbers in the blank mean appearance rate(%). The

sevenband grouper were intensively aggregated in both edges of the

experimental cage, they were hardly distributed toward the center of the

cage.
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Fig. 5-4. Average appearance rate before conditioning sound
emission in the A, B and C area of experimental cage.
®(A area) : Foreward area in the experimental
water tank.

O(B area) : Middle area between A and C area in
the experimental water tank.

m(C area) : Backward area in the experimental water

tank.
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Fig. 5-5. Average appearance rate while conditioning sound emission in A(@®), B
(O) and C(w) area of the experimental cage. During this observation only

conditioning sound were emitted.
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Fig. 5~6. Average appearance rate after conditioning sound emission

in A(®), B(O) and C(m) area of the experimental cage.
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Fig. 5-7. Average appearance rate of before(®), during(Q) and after(w)

conditioning sound emission in the A area of the experiment

cage.
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Fig. 5-8. Difference of appearance rate between before and during while
conditioning sound emitted in A(®), B(O) and C(m) area of

the experimental cage.
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Averzge appearance rate before conditioning sound emission

in the A, B and C area of the experimental cage in 20 days

after finishing the conditioning experiment.

® (A area) : Foreward area in the experimental water tank.

O (B area) : Middle area between A and C area in the
experimental water tank,

m (C area} ! Backward area in the experimental water tank.
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Fig. 5-10. Average appearance rate while conditioning sound emitted

in the A, B and C area of the experimental cage in 20

days after finishing the conditioning experiment.
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Fig. 5~11, Average appearance rate after conditioning sound emission

in the A, B and C area of the experimental cage in 20

days after finishing the conditioning experiment.
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water tank.
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Fig, 5-15. The varation of sevesband grouper's total length of

symphony projection group(Q) and comparison group(@®).
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Fig. 5-16. The variation of sevesband grouper's weight of symphony

projection group(Q) and comparison group(@®).
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Table 5-1. Variation of the total length and weight between comparison group and

Mozart symphony projection group

Elapsed Comparison group Symphony projection group
day Total length (cm) Weight(g) Total length (cm) Weight(g)
1 19.67 155.8 18.62 1356
8 19.78 1582 18.92 142.1
15 19.99 1616 19.22 148.6
22 20.10 164.7 19.51 130.7
29 20.22 166.7 19.83 159.9
36 20.55 168.1 20.12 1655
43 20.67 1705 20.46 169.4
50 20.79 1734 20.75 173.6
o7 21.01 1775 21.23 1827
69 21.20 180.2 21.60 209.0
76 21.35 1855 21.80 209.5
83 21.37 1914 22.08 2116
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Aol AQAEF A FAHFo4 350Hz, HNA2L A SAHFETRS 300HzoN A
b R FARYAE VA3 JAULEZ, o] BAE )& Fubg 350Hze &
28 T§F5ELE 39 A4Pg HAAFHH

Sas2 AT AZI(B&K, 1027)9M 350Hze €58 LAAMNIFE FFVI(INKEL,
PA-2500RD)l A F%35le] APFzx Jue AX® FF 237 (UNIVERSITY,
PAT2755)0l 2|8 24083 A& WAsA o, ol AdP+zUe gL 2 Y4
oA 130dRe] WI=E WASHAR, % 2¥EY 2L Fif FAV(B&K, 2032)2
A &H, §AsH.
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(2) ~Eg A~ =AY

2Ed 29 e ol=ddd EAY, €% £ T o8 7HA FAWl 2
BT - ¥, 1996), ©] A¥Ae SES WA F 5%, 108, 208, 3082, 452, 60
#, 1202, 240% E2 5upely g9g st 39 WdE dufosN FS
Bl WE 2EYE AT AR E FFFHAL oY YFE FTE AR w2 F
S B Aolg nyow, Algo H¢ 20~60mg/d Bx9 247t AL 4 ke
Foll et AN R 247 o] AR FolstA stk

d99 AHe vis F717F Llmg) 23G vhE# 5me §Fe] A2 FAE 138
FALZ19 FAubE S Ao mygAzen gREd X8 e WHEE F3do
18 5v4 2zt o] Futr}h lecd] Ehg& AFHL, A AAA vhH A ALE] o3
ool 2Ed2 2 % A4S dozivtn (Bal and Cowan, 1959 ; Schoettger et al.
1967 ; Smit et al. 1979 ; A F, 1994) B & AFAS0] Rusa glenz o Ay
dMe vtHAE AHE3HA @it

EF o7 AL XFFERTY FA0l F3] FHol FEIA Age] E71E
sty wWEA o] dYdde ¥ Pty HAd §E3tn e AU AU
A3t 4 ot

A 750 unit/meq] AP §Ho2 FAZIE EFE F, mdBe FH AYs
o AHE "4& EDTA-2K Wl Fol uHA G=& HGs) ESAM AHY U
o EANE Y $32 LAAL F Hel=E & F EAo) o] 83w}

g9 EMoe €4 AuHI Yt teld ¥R E JE(EYSY, Precision
QI-D)E AHE3tY EMagn, ¥9 £448 J1E B Avd €9 HiE AEY
(Blood gulcose sensor electrode)°] €33 £d w712 A4 F YA 2EY

of Eoj=g A7l dette ¥FE=E dUch
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olif Mg utas 2EYE ALY wuit ZHE 2EHS ol £4 JE
24E 2H ¥ AU
FFT analyzer » Computer
AD
1 board !

Underwater sound level meter

A

Signal generator

}

Power amplifier

600

u Speaker

600

Fig. 5-17. Block diagram of the experimental system used for measurement of

stress level according to the conditioning sound emission for sevenband

grouper,



2) 2n

Fig, 5-18& & 8744 &3% 350Hz9] &S H4e we] &S5 ddE ved
Ao, FzUd 3Bz €< $AT 3 3B0HzY FHpdMe 32579 &
ge® 27+ ok 60dBel Tk

olml &S T AL AAgd mE FA RF G =9 ¥agE Table 5-2
s} Fig. 5-199) Ve ih.

AFEE B A F49 vy ¥FF-S 203310557mg/ded e, o] g

4580 A7 & wrtA E Aot 1o 20~24mg/dee] ¥ZFAE e AL, 60
S Ag o ¥3go] 26.3311528mg/de, 1208 HFH Al7A] 48.67+3.055me/deR
438 7183, olF 2408 A# Folle 596715033me/ddS Z4Zd vehim o,
120% o] F 240® ZA A 7AAT 4L EHE F7HAE VERSA T

rfo

H
T



SOUND PRESSURE LEVEL{dB re 1nLPa)

130

110 |
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Amqlent noise e R P I s h i TR 1 W
100 300 500 700 Q00
FREQUENCY(H2)

Fig. 5-18. Conditioning sound spectrum and ambient noise spectrum

by the emission of 350Hz pure tone.



Table 5-2. Changes in blood glucose level of sevenband grouper by emission of

350Hz pure tone

Glucose(mg/dt)
Time(min.) Mean SD=
1 2 3 4 5

0 23 20 20 21 20 20.33 0.577
5 22 20 22 20 20 20.67 1.154
10 20 22 23 25 23 23.67 1.154
20 20 20 22 25 20 22.33 2517
30 22 25 22 22 24 22.67 1.155
45 20 22 22 20 21 21.00 1.000
60 21 26 25 26 28 26.33 1.528
120 54 49 48 52 46 4867 3.055
240 84 56 55 65 59 59.67 5.033

* SD : Standard deviation.
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Fig. 5-19. Changes in blood glucose level of sevenband grouper by
emission of 350Hz pure tone during the time of 240

minutes. 5 fishes checked per each time.
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Ed ggA diAEE dodle AU gLl wiaE A8 (1)
Stressorell 9§ AWMz AHA Fs, (2) AFAAAY HEU A g @&
FARY v 514 FEFUHE, 3) (Dol 29 23 dojubs EF AA g oz 3
7% A 87 oy, 2EHAE WS oo fAREE ol AHH Aol EFs
A 3 glen, 2Ed2E 499 FHA BAY FolFHe|x gon I olft

RE Yol AldEte] FEE 4o, aAAEE AFHA RA9AZEE o=
ded s VA ZAANZA-FAFAA), A F49d 2AFE2E(ACTH)
WEQatel #HlE FAAA ACTHY E¥l€ 23471, 2 Fx RA93A 3=&
(Z2AE F)d E2HE $7HA717] WEclgn Rasi gl

B g Ao ol=ddde g FAFdLd 4§ Aeolr] Wi wWE A
& EHoz sta jlew, Fe 2EdA QRS 9ty (IS wol ¥A %
AEAE B W7t dojuA Hed, 2 FAAN A AAFE Wi ¥99 E9
F7te]3 o] AL AR 6~4ANT A&Eun ¥8A glvh(Wedemeyer. 1972 ;
Larsen, 1976 ; Perrier et al, 1978 ; Robertson et al., 1987 ; Morales et al., 1990).

o] A¥AFHNAME & WA Aol £3E HATY ¥IFFE 20.3310.557mg/de-&
detlen, 458 Zst & dq7xE d ol7t (e, 60%, 120822 Bt
o] AojdALF ¥FFe F&E3] FUhEl:, olF 1 Tt 57 ERHANE AFL
B3

netA S Fas 3B0Hze €58 SHEA oFe FqELoR HHANuA T
W 2EdA AFo2Ae] H8E 57 A% H2TY AU AT 9 Al(Presentation
time)e ¥RAFE7 FAFIE 602~ 1208 Alol2 $4€}

olg} AL P FE FAHF Tt 2EHA WA vElve A¥FH 2313
A2l gt-§ 2 2 X (Hatting, 1976), 8¢ Fol ¥7o + TFUA N9 Glycogen i

_88_



Z3 dHE gl Ak

7] 12087t7), 899 A&H Frke 2EH2: ¢gd o8 FrkE ¥E
Catecholamine ol 2i#} ztell A2 Glycogen ©| Glucose & B HE 33 ofEo)
I(Brown et al, 1975 ; Mazeaud et al, 1977), 2 °|F AL EHE R Glucocorticoid
o ©J & Gluconeogenesis W&olgts @& x | vHRobertson et al., 1987).

olelg ZNE FHSE TS 0Hzd FFSE THO SZeA Pl
48 o 1A ol A%HM ASEFE YA A ARdAe 2EH2 AFUo
g4 Ueg ¢+ Uk

ol AFdME ¥F EAF ¥ ol=ddd e BAZ Fstnx sdHov AYa
ALEE FAdo o] oM7L Fo} ol dd Ao AT 4me o4 Heo] AYHXA
ol 2 AgdMs £48A K3

B 7459 d7EHd mEY ojsgdda €3 EF U2y AT &
oj, ct=wd®e] ¥ EAuvolr TFAE] FAFo FRE SIS R0
22 @333 ¥sd 4738 Jedda Rass gloy %5 29 40 "W
o, ol A F&& AZIE 2 AL AAEHA AT AU FEAR
Atele] B, & AFF] YAL 7HY Hart e AeE gddy,
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VI. 3813

FA4oje 7 o] F(Osteichthyes) 7o} (Teleostomi) % % (Perciformes)
2 3 (Serranidae)dl &3te 24 oEFo2A A FH¢ 53] AFE 4L
3 B FRo|F, FFIH, AT Fol £Ea, 4o 4t P& g Foid
B AN AF2, £4 5~60m H& AxFF B gxuige] F2 AAsn, 4
ot Bt o|{FREM & o|Fe A gon HeHon B dZo AMg d A
gzados dFgde 729 7Y 7t297 o

A e A28 QAN YT R oy T FANAN APA FAG FL
obuA gl HRew MIES £, o7}7t mrbely AA ol FEI YE oF
o, 49 YFe 598 71Ho2 108714 oY Fo] Friste AL vEUm

o old# Ase F 519N % FAHAFd ASLPAME 59 oA
Q5712 Wole AolFo] #adm AFo) B2sn 54 oF FAY Mo F
4e dehidths 2t ol £2o] A4ste A 5498 NHeR T4
o A4 A& WE Mo YEF FIs AYF Frhg AAse Yehrte
gAroleln Bdge}

olel gt FAHAE HNEEF &7 YA v Ay A FdE AF
@}@ﬂﬁoﬂ W FENRE Rol Yasioh gy sHAE HYEFN HEAH
o ged 87 AdAY FAEE AEY FH, TAHlE $&0] ¢ 5C U o WA
Aol Helgm, o 10T FoHE Hol& A9 ¥ @ovy o 15C7 Hd
Qo) 2aEE AL wadu pudm JAHE 1997). 28 AFE Fd F
9o 30d BF L AWMEY $L&o] 10T oat2 Walste B 7 A 87
fEol THole REE A5dd HEEH A dAolF2 A€l & A &
e,



£, TAE B Fol Ao Mol FA WIAHATL, A F-E FH LY
o AMMe FoplT, < A% oridiel AP Tl MAEFH #dG
of B Tl QYA aoA] L FA KA, oA AF 2 HAA
e T4 A 543 @] A 39 o FoY 8oz FEHW o
E AR2FH T4 SHeA o dAdRE AFdvtn wddd
olFE &4 ZFEETH 2ol o} Fole UL Wol(inner ear)t AR, ol
A o AR widn sRe o4rider vg F Jom (%G, 199),
o] 4ol AHEE T4 o4 g A HuFez #o BMT A o]

rfr

Z0 ¥ JolHg T e &L AT o] AF 1de] WA gL
o2 Bgdd

Eg, o] ATl E FAEHAE T2 A AAZAE AL Estd APsde
W2 AR 4019 HAA HdAdE BEe duert B9 953, RRZVAS 063%
B MW (1973 o8 =AY Ao, Foj9o A4 R RR AN vixd AYE
Uetiz slRev, FFojY AAcETE e FANE veun AT £=2H
PQ, QRS, QT #= 0, $o9 /AE dz vewd 28U 17 A3 2 &
FATE & AL F4019 A FAFA FAHA, gty g B
5531 % RR 34 109z% H=@ g Yk olgh FAld AAE sy
PQ, QRS, QT gE= @eyolet #4418 &S 7MAxn e Aoz et

olgt YA AARHAA Tl FAEEUAE & & FHFNA FoF, ¥
of, FEW F¥Wol T A oF A9 HlsshAl &3t 80~120dB(re 14 Pa)dl
ol ANt

E%, Tl Faed FLEGR go] ¥F Folx R R olfe H4AE
FHEZ AEsta ANed, Avtdole FAEYXI FHF 04 200Hz2 700Hz ol
N R4RE7 & WAHS FAEYAE dehle Ade €8 F49 F9
= WUEd mE FAEHAE FAFH 3B0HzY wl Y 948dBES VIELE 3§
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By Fopgrt el AY AA o 4 FErh veAe vaEe] F4EY
AFAE JehiA D, BALE WA T4 AGEEAE SY 101.8~129.8dB
o] HAHew, EFFus 300HzlM & 101.8BE 714 9138 Az A= B
odFn 93, HAFIS 800HzAlA &5k 1298d8¢ ZZ el Y. o] Ade ¥

g ATk

olgt FAlA HWAIL & oA o]F Ateld HGFHE v E37] Y Schellart
and Popper(1992)¢ll <& A¢td HA5PA,E FHE ZIAE olI/MAZ R
o] o Fet ¥z g Jvetdn e wEtd Aol FAFH S I o F
Mgk Ao gugd

4ol SYNE 48 AN A 22E A% S48 sz Uy 4%
7tgAE] A RFE AFIHoZ Fdse FFLS deEUgiod, oy PFL
T FA974 o A¥H Ze AR vehiz gk el FAole A
o] T % F& Breder(1965)7F AF T LEF o F(Solitary)dl &8 Aoz wdy
o, EF T ZF /A vy WIE LYo ofF AAMY Y XA
o] A¥ yEtA &gttt AL FAHAT dE FHAM N Forn JY4HE
ZHX 2 om, Aol dEa, N2 FHse Y& Hole Aoz 4dA o
o2 Ael FH @AYo UE AL ByETh

AFgd SFeA AFE HAEAIN7] A oAF A= 7BES AFS
€ 719t sleAd g8 JE#HR sct, of Ao Aled FAddw S¥}GH
4 FEF 20Ye] ZaE Fol= F53S 2 Jdstn g Aoz #ddd,
aHY oA 7R o AFEF Fo U FY dud FE, T, &
ol % HA il 79 AL7%e 48 Weda wHAT o], FF B
4¥e T Ho 7)197AE HEHE Dar) gl

- g2 -



Qzre] mY e A4BL Gy dste] g4 BT A@bol ohlg
AEAee A5t Sotg olevTest, AW ARNAA ol EsE F el Fof
of %g ol4slas B ALt ol FeiAm ek |

getd, o] RANE SAHE ALE W BEes BAo B oFe] vAE
G Lolnr] As) WIASTH SHAFFOR ol W AF 2 AFW
38 A Bged, 1 A3 SRASERY A% S80I RVHYD ol
@ ARE o F ASA 8% wAHoR A% 4UF GARE AR, g 78
& $%0l Maskingsle 37 Uehs] dgoladn ARG a8 o 4
e AY AL M, @yl dYelRen, L ALEH 8% AT
72 174e) 188 daez Adagsl HEd $4HA WEL WAVldE 4T

tha #ddn
S EE o8 HIETFL AFE 8 RoE o|FHA XA e AT
dozM FFE AEHAY Jo2 AFFo] 2EH2S fo EH FE A& A

olg} @} metA SgSd WE 2EdHA RE BEEHI] fId, 2EHA
BY A F 2EGA AFE wol 7MY @AHA ¥HeI, 4A #5Y ¢ e
3 =8 S 2

o] dFAFANNE FgS WA W FFFEs 608 olFd F43] Fr1e

2 84L vedgled, o9 e 89 w29 Frte 2Ed2 e vgue
APAHY 2204 QA g o= (Hatting, 1976), € Fo ¥ F F79Y

gl AM 9 Glycogen @ DT B¥ol vt

wEkd o] dFs}t go] Ty 3H0Hz &L FELLR AHEE S¥LH o
FE 24T q AFAA NG o F AFEE HAEY AS oAfdAE 2EH2
A5de] € 5 AL ¢ T AN

ool d4mE utgt Zo] FTAHNE HEFHA H LAV AHHE o Y
A gEd LA ool BAA, 3, T4 Fe 4948 F AA o
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@ 44 AE7 Base, 34294 YPlHE 45ALUE daol AYage
U, SR ALEd A8 RAEYAS NEo) EFUAI How, AR A7
9 guuAE e St ¢ $098)6] Rasn ou, Agel WAz
meh wolel = R RaAe Arlzk webd, 2 AF Fol gA@ozH 3459
o] #2% 2old + U0n AUHDE 4ols AR, Yole W WAEH
Ag AEH MEd BOZM Ueld Asls 7 Fuew FARdAG Au
AR HEN RE HUE 2T AL oAt A

29 Fu4 BN ¢S olgstd Ao SHE YL ANG o 4y
o A3} GEAY 5Y TRE £ G i 995 UERAT A4S H489
294 Wz 90 oo Wse] B £4 22 717 WE o] 9@ ARE FF o
At & A o Azd.

¢ 2 BEAYS B AY oY HESL JloldEA AR Ho o
» AE9 JREL FHES AAREA0] B A3E AT Bast gow, &
@ AMEE ot WU U8 Gas /delRe UE A¥T AN we
Aol wrad st wedd.

o ATAAE SF AKTH wm ALE] A7 4 2 $3 59 vT B4
& Ay a4 ANHA Fehgou, 2Edze] o8 $4 Wad U AT
¢ Bust oDz 2% HAdYS Eod SAUE Agydel ML 5 o
AYE RgAYPE ANBE AE Yoot o FAd o 4Y AR v ¥
% WED A olmdede EME 49314 oy AW AL A
o oAt Aol oj=elgd BAel Waw ant olae Wolo] AYHA akol, X
AYAAE 2AHA Raedoh

Be ATAES A7FAT] WEw ojmwds ¥we wE YRy A
Eaols, oEdgde] B¢ BATGNE Belste] WhFs Fae FrAATE
Edolnz @933 ¥4 24E URAGL BuYD gou, A% B NY
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o]l esithn AZEe, B AU B4 HAAE olsddd Bk ol &
28 A%5Y E4= gesivy B4Ed.

olg} A FAod Rt &Y AHAVE ZElde 488 AdAso SF
Aol A7l 2g Az Abold BA, & AT HAE THE st e R
oz #adn.
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Vi.e <

o] EAME FA $F &X4F HES EE AP oJMddd T A
58 4N F T 712A8E ¥7] A S A AT FANY F
AeAdH o8 EFF3 100Hzol A 1000Hz Abold] g3 6V AFHee A
Z1Z2=¢ Fa, T4 Ege AE wege 43 FEEdd o =&5¥ ECGA
Ax) A o8 d@hole] g BARAM FARHA, JAYAY R 4FH
g Z2AEAT

EF o F9 ZANALE o &&37] AT s AREA S Algdd 9
& 2% 54 EH ¥ TAHAE AUFEAA AT i SIS o] 48 AF oAF
o A g AFol vAEe FFH $HAE ¥ FFAFA 42 | }FS F
AA o] wE AEH2 ¢g R P HA F WAPAL Fol i AT

a1 doiA AAAE 2958 GgFH 2o

)

D &4 Fa4 12%39] &F AMA $A9] IZEHAE A F44 100Hz, 200H,
250Hz, 300Hz, 350Hz, 400Hz, 500Hz, 600Hz, 700Hz, 800Hz, 900Hz, 1000HzANA &
2 ztz}b 102.1dB, 97.5dB, 96.6dB, 95.5dB, 94.8dB, 97.2dB, 100.2dB, 102.1dB, 107.8dB,
112.2dB, 114.4dB, 1168dB(re 1 xPa)2 &2z Jeht giF£ o Ffe) fAR dFSH
ol& YElIR LM, FAF o4 B0HzoM &% 948dBZE M @& AL FEA Y
& Vel vag e AZtEEx 4 S B

2) WN2ST} AR ZN &= FZAANE 100Hz, 200Hz, 250Hz, 300Hz, 350Hz,
400Hz, 500Hz, 600Hz, 700Hz, 800Hz M 4z} &9} 15.6dB, 25.8dB, 28.0dB, 33.5dB, 34.2dB,
39.1dB, 47.2dB, 53.9dB, 60.7dB, 68.4dBZ W el A F 47t FIH3EHM SUE F
Jtete Aoz JvEbgtTh



3) ool AL UehlE 3245 FA4E AR 527, MALS A A
15602 2tz tehy, S4ols £A7) gol9 328 A Aol g %634 WL E Ao
2 vep,

4) BFAl Aol JHFU fAE €982 49 JHFeEe AL R F Y
A vebgon, & 7pgAte Fad JFHez 2¥se AL WAL, 9
PE2 A9 HolA w1, TIAAE 4 Ao el

5) BAA 54019 FJEL A FIFH27F AAE A29AZ)H C FAWHA 7}
Fg EDAA ggew, B T(FNRE)AE 20% WY vt

6) &% W4 AF vAE SFSE 4YS AT F 4 7AA e qEFE B F
B, C #H(&37 0N dARAE A2 AFE vatd o|Fate @4E ek

7

do

T 4YE AMFAE 5d AR FRE TFE TAHA A 79 THEL 80%
HE, B AA TAY Fole 0%NE FEI] FART Qo] EF WA o F
dol FS F83 eA4ENd T wddE

off

8) THE SHYRE TEF 0¥ ZHE FolE TFF WA FAA ATFHA
60~70% Wele] 4T3 € dYeirt 289 SFTE AAV FEI FAHL
itk {oE

9) B¢ WA 150Hz ~380Hz9) F ool M 9172 BTk 2¢bo] 10~40dB 4 =
A Uy BREE 49 FAFRSE 150~380H 9 ¢ 4+ Ao,
Hols) AAFES & Fh4 Q) 100~500z8 B el TP AT
249 dgto] 2¥aTtn Bed,
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10) S48 ARE 5SS A Fe v AFTH §F ATl 4 AF
ARAA BT AFgTol o 10mm A= o 2 2oz ysgou, 48 AN F 57
QA S AARE $F AT i ST AFe N2 GaH0] 8 A%

29 AA 277 N AKT BY © A dER

tle

11) 540198 AF W SPASZ3 v LA TFo] AY Al AFelA v AT
o] ¢f 20g A= 1 & RO etwtovt 48 MAl F S574dARE S AST
AA =77 Bl AT Ry o 3 A Vel

12) 2Ed 2 3¢ 93 53 247 248 Hlue ¥9FL 20.331057mg/ddE
yebs o,

13) 4% B0 he AIFS) Ve HRo) AR WAN 20~Ung/UE A9 W
7} AT

14) &3 A F 60858 1208714 "2 26.33£1.528mg/deoll Al 48.67+3.055mg/de
o2 43 F71eta, 2408 B IAF T 59.6715033mg/de-E “ERH AT

15) S35 d4 350HzY] 6 S SUsF ofFe dFLoE HEAF A & o A
9 A (Presentation time)& 60% ~120%& Ale]l 2 el Q&3]A 1A13F o] 4 T

& WA AFdAe 2EdL ATl € F S ReE Addrt
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