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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 amberjack (seriola dumerili).

The auditory threshold level, critical ratio and hearing index of
amberjack 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
sound and electric shock in the experiment were from 80 Hz to 800 Hz
and DC7V, respectively.

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 65dB, 70dB and 75dB(re 1
uPaV Hz).

1. The amberjack could hear a sound in the frequency range from 80
Hz to 800Hz. The mean auditory thresholds of amberjack at the
frequencies of 80 Hz, 100 Hz, 200 Hz, 300 Hz, 400 Hz, 500 Hz and 800
Hz were 1181dB, 116dB, 105.3dB, 945dB, 103.1dB, 104.5dB and
108.2 dB, respectively. As the frequency became lower than 300 Hz,
the auditory threshold increased rapidly.

2. The critical ratios of the measurement frequencies were 45.9 dB, 52.8
dB, 425dB, 36.4dB, 386dB, 39.4dB, 44.4 dB, respectively. From 300

Hz, the critical ratio increased almost linearly with decreasing

-1 -



frequency.

3. The noise spectrum level that started masking was about 65 ~ 75dB
within frequency range of 80 ~ 800 Hz. This suggests that hearing of
amberjack 1s masked in the natural environment with the noise

spectrum level above 65 dB.
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Fig. 2 -1. The bodily appearance of amberjack.

Fig. 2 - 2. The structure of the inner ear of amberjack.
(a) Mesencephalon (b) Cerebellum
(c) Medulla oblongata (di), (d2) Saccule

Fig. 2 - 3. The otolith of amberjack.
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Signal generator 7V DC supply

( Power amplifier ) Electric shock switch

A\

Preamplifier Bioelectric amplifier ) —— ( Digital real-time oscilloscope)

iema

Fig. 3 - 1. Block diagram of the instruments for measuring auditory threshold

of amberjack.

Fig. 3 - 2. Photo of amberjack with electrodes inserted by precordial leads
method.
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Table 3 - 1. Specifications of instruments used for measurement and

analysis of auditory thersholds.

Equipment Specification
Voltage sensitivity : -205dB re 1V/uPa
Hydrophone
Frequency range : 0.1Hz to 120kHz
(B&K, 8104) . . .
Horizontal directivity 100kHz : £2dB
o Amplifier sensitivity : 0.0lmV to 10V/pC
Preamplifier )
corresponding to —-40 to +80dB
(B&K, 2635)

Frequency range : 2Hz to 100kHz

FEFT analyzer
(B&K, 2143)

Frequency range : 0.7Hz to 22.4kHz

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

Maximum rating : 7.5V peak, 50V DC

Bioelectric amplifier
(NK, VC-11)

Sensitivity : AC 10uV to 20mV/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)

Output rating : 0V to 72V, 0OA to 1.5A
Resolution : Voltage 10mV, Current 1mA

Signal generator
(NF, 1915)

Frequency range : 1uHz to 2MHz

Output rating : 2V or 20V switchable

Resolution ; 2V range AC 0.01mVpp,
20V range AC 0.1mVpp

Power amplifier
(Inkel, PSR-2000)

Frequency range : 20Hz to 20kHz, +0.5dB
Output rating : 500W per channel with 82

_13_
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Fig. 3-3. The time sequences for emissions of pure sound and electric shocks.
(a) Time sequence for the emission of pure sound stimulus
(b) Emission time and period of pure sound stimulus

(c) Pulse of electric shock stimulus
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Sound response

|< |< 5 sec > >
10 sec

Fig. 3 — 4. Electrocardiogram of which amberjack was not conditioned and
conditioned by pure tone 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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Atten@—» Graphic equalizer
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Fig. 3 - 5. Blockdiagram of the instruments for measuring auditory critical ratio

2

of amberjack.
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Table 3 - 2. Specifications of instruments used for measurement and analysis of

auditory critical ratios.

Equipment Specification

Frequency range : White noise 20Hz to 100kHz,
White noise generator Pink noise(White noise decreasing
(B&K, 1405) 3dB/Octave) 20Hz to 50kHz

Output load impedance : > 5kQ

Frequency range : DC to 1MHz
Attenuation range : 0 to 121dB, 0.1dB step

Maximum input level : 17Vrms

Attenuator
(Kenwood, RA-920)

Frequency range : 20Hz to 20kHz
Maximum Output level : +20dB

Mixer

(Inkel, MX-642) . .
Maximum voltage gain : 384dB

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

Graphic equalizer
(Inkel, EQ-9231)
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3 sa0 -
. II ]

Fig. 3-6. 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 stimulus under white
noise.

(c) Pulse for electric shock stimulus.
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(a) Before conditioning with pure sound stimulus.

Sound response

] o
I Sxoc I

Frra T T N

dlsac

(b) After conditioning with pure sound stimulus.

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

Fig. 3 - 7. Electrocardiogram of which amberjack was not conditioned and

conditioned by pure tone sound stimulus under the white noise.
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Table 4 - 1. The hearing index of amberjack.

Condition fs f1 fs S SRR »  Qua HI

Ambient noise 300 200 100 400 -5.5 0.75 21.8

White noise 300 o04 269 235 -2 1.27  16.98

f, + Frequency correspond to the most sensitive auditory threhold(Hz).

f, + Higher frequency correspond to the point of higher 10 dB than
most sensitive auditory threshold(Hz).

fo * Lower frequency correspond to the point of higher 10 dB than

most sensitive auditory threshold(Hz).

[

: Frequency range on hearing(Hz), # = fo
Q 1048

Spt Sound pressure level at most sensitive auditory threshold(dB re
lubar).

Q 1aB * flibfz

HI : Hearing index.
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Fig. 4 - 1. Noise spectrum level in the experimental tank.
(L] : Mean white noise spectrum level of 75dB,
O : Mean white noise spectrum level of 70dB,
A @ Mean white noise spectrum level of 65dB,

B : Ambient noise spectrum level)
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Fig. 4 - 2. Audiogram of amberjack with ambient noise spectrum level.
(H : Auditory threshold level (dB re 1pPa)

O : Ambient noise spectrum level(dB re 1uPa/V Hz)
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Sound Pressure Level (dB re 1p Pa)

Fig. 4-3.
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threshold level under mean white noise spectrum level of
65dB, A : Mean white noise spectrum level of 75dB, O
Mean white noise spectrum level of 70dB, [] : Mean white

noise spectrum level of 65dB)
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Fig. 4 - 4. Auditory critical ratio of amberjack in the measurement
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Sound pressure level (dB)

Fig. 4-5.
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