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Occurrence of acoustic attenuation by sailing corresponding
with ship speed and sea condition in hydroacoustic surveys

SATOSHI HONDA,* CHIHIRO SUZUKI, 22 TOHRU MUKAI? AND KoHJ1 IIDA?

1Hokkaido National Fisheries Research Institute, Kushivo, Hokkaido 085-0802, 2Graduate School of Fisheries
Sciences, Hokkaido University, Hakodate, Hokkaido 041-8611, Japan

The attenuation of acoustic energy due to the effects of sailing were measured on the RV Kaiyo-maru No. 3
by integrating the area backscattering strength (S,) of the sea bottom. The attenuation of the bottom S, appeared
with the increase of the ship speed. In particular, the attenuation was apparent under the head sea condition of
sailing; maximum attenuation of 1.3 dB was attained at 38 kHz, and 0.7 dB at 120 kHz. On the other hand, no
clear attenuation occurred under the conditions of a following sea. Under the head sea condition of sailing, the at-
tenuation by sailing occurred at a slower sailing speed than the appearance of a missing echo or apparent attenua-
tion shown on the echogram. That is, the attenuation by sailing exerted an influence upon the acoustic data
without the operator being aware of it. When planning an acoustic survey by the RV Kaiyo-maru No. 3, or even in
a survey field, setting the sailing direction in a following sea will prevent underestimation of the acoustic biomass

index caused by the acoustic attenuation due to the effects of sailing.
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Fig. 1. Schematic side and section views of RV Kaiyo-maru No. 3.
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Table 1. Conditions of the experimental runs and the sea states

; Max. rolling
Le Direction Speed Wind Swell Wave (deg.)
g against swell (kn) — class —_—
Direction™ Speed (m/s) Direction** Class Left Right

1 Head sea 6.9 0 0.5 300 4 3 8 10
Following sea 7.2 0 0.3 120 4 3 6 7

9 Head sea 7.8 300 4.1 300 3 3 7 9
Following sea 8.0 69 2.1 120 3 3 8 8

3 Head sea 8.8 294 3.8 300 3 3 7 10
Following sea 8.8 85 2.8 120 3 2 7 6

4 Head sea 9.6 276 2.7 300 3 2 6 9
Following sea 9.7 74 3.6 120 3 2 8 6

5 Head sea 5.3 319 2.9 300 3 2 10 10
Following sea 5.5 63 2.6 120 3 2 8 10

6 Head sea 3.3 0 1.7 300 3 2 10 15
Following sea 2.7 70 1.1 120 3 2 11 13

- Head sea 4.2 298 2.0 300 3 2 8 10
Following sea 4.2 67 1.8 120 3 2 12 15

* True wind direction which was formed with the direction of travel.
** Relative swell direction which was formed with the direction of travel.
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Fig. 2. Distribution pattern of mean Sy in the proximity
of the sea bottom at each 1 m vertical unit (Upper: 38
kHz, Lower: 120 kHz). Thick lines indicate the layer 3
m beneath the bottom.
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Fig. 3. Variation of the mean bottom S, and its standard
error with increasing ship speed under the combina-
tions of the three factors: frequency, speed and direc-
tion.
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Table 2. ANOVA table for analyzing the effects of the three different factors: frequency, direction and speed against the attenuation

by sailing
Source of variation daf Sum-of-squares Mean square F P

Main effect

Frequency (Freq.) 1 1285.550 1285.550 1334.570 <0.0001*

Sailing direction (Dir.) 1 38.261 38.261 39.720 <0.0001*

Ship speed (Speed) 6 7.728 1.288 1.337 0.2399
Interaction

Freq. * Dir. 1 4.450 4.450 4.619 0.0323*

Freq. « Speed 6 9.774 1.629 1.691 0.1223

Dir. « Speed 6 17.269 2.878 2.988 0.0074*

Freq. « Dir. « Speed 6 4.537 0.756 0.785 0.5822

Residual 340 327.512 0.963

* Significant (p=0.05)
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Fig. 4. Variability of the mean bottom S, taken for every 0.005 nmi run for each combination of ship speed and direction. Broken

lines indicate the —25 dB level.
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Fig. 5. Average of the bottom S, taken for every 0.005
nmi run including or excluding “‘slumped’ data which
were below —25 dB.
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Fig. 6. Maximum rolling angles with the combination of
two factors: direction and ship speed. Upper: head sea,
Lower: following sea condition.
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