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Recently, wide spread distribution of the giant jellyfish, Nemopilema nomurai, has occurred in the East
China Sea. This increased distribution has caused serious problems in inshore and offshore fisheries in
Korea and Japan. As a result, it is necessary to evaluate the damage caused to the fisheries by jellyfish.
Accordingly, several hydroacoustic studies have been conducted to estimate the target strength (TS) of
the giant jellyfish. However, the effects of fluctuation in the acoustic scattering characteristics on swimming
patterns have not yet been elucidated. Therefore, in this study, we theoretically estimated the effects of
changes in the acoustic scattering pattern on the swimming behavior of jellyfish using the Distorted Wave
Born Approximation (DWBA) model. The results confirmed that acoustic scattering of jellyfish results
in a significant change in their swimming pattern. Specifically, our theoretical estimation indicated that
the TS of giant jellyfish (d=40 cm) fluctuated until 8.5 dB at 38 kHz, 13.8 dB at 70 kHz, and 15.1 dB
at 120 kHz based on changes in their swimming patterns.
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Fig. 1. Swimming behavior of giant jellyfish captured from movie file.
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Table 1. Parameters to calculate acoustic scattering characteristics by DWBA model

Parameters Values Remark
Sound speed contrast (h) 0.984 Hirose et al.,2007
Density contrast (g) 1.013

Sound speed 1,500 m/s

Frequency

Size of jellyfish (d) 40 cm

38 kHz, 70 kHz, 120 kHz
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Fig. 2. Umbrella shape change of giant jellyfish (d=40 cm)
by swimming behavior. Coordinates of oral arms were
averaged from four data.
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Fig. 3. Acoustic scattering patterns changes of giant jellyfish by swimming behavior theoretically estimated by DWBA model
{d=20 cm, p=0.984, h=1.013). Solid line (motion (a)), dash line (motion (b)), dot line (motion (c)) and dash-dot line (motion
(d)). 0° indicated swimming angle when the body axis is horizontal and+is head up and - is head down.
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Fig. 4. Fluctuation of target strength by swimming behavior within horizontal swimming angles (0°+15°).
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Table 2. TS estimated at 90° of aspect angle for the four swimming pattern of giant jellyfish (d=40 cm)

Target Strength

Frequency (kHz Mean (dB Max. - Min. (dB)
v (e @ (b)* © @ )
38 -54.3 -52.5 -54.2 -61.0 -54.6 8.5
70 -52.0 -46.7 -46.8 -60.5 -49.1 13.8
120 -51.4 -65.5 -50.4 -56.5 -53.3 15.1

*Swimming pattern.

-30 T

1)
[«
T

Target strength (dB)

-100

Aredursends

110 bttt b
0 50

PV | P S
100 150

Tilt angle (deg)

Fig. 5. Acoustic scattering patterns of giant jellyfish (motion (d)) for three sizes at 38 kHz.
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Amakasu, K. and M. Furusawa. 2006. The target strength

of Antarctic krill (Euphausia superba) measured by
the split-beam method in a small tank at 70 kHz.
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