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Recently, domestic fishing production of Japanese horse mackerel has been continuously decreasing. To achieve sustainable
fishing of this species, it is essential to acquire its target strength (TS) for accurate biomass estimation and to study its
ecological characteristics. To date, there has been no TS research using a broadband echosounder targeting Japanese horse
mackerel. In this study, for the first time, we synchronized an underwater camera with a broadband frequency (nominal
center frequency of 200 kHz, range: 160-260 kHz) to measure the TS according to the body size (16.8-35.5 ¢cm) and swimming
angle of the species. The relationship between Japanese horse mackerel length and body weight showed a general tendency
for body weight to increase as length increased. The pattern of the frequency spectra (average values) by body length exhibited
a similar trend regardless of body length, with no significant fluctuations in frequency observed. The lowest TS value was
observed at 243 kHz while the highest TS values were recorded at 180 and 257.5 kHz. The frequency spectra for the

swimming angles appeared to be flat at angles of =5, 0, 30, 60, 75, and 80° while detecting more general trends of frequency
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spectra for swimming angle proved challenging. The results of this study can serve as fundamental data for Japanese horse

mackerel biomass estimation and ecological research.
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Fig. 1. Schematic diagram of TS experiment for Japanese
horse mackerel.
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Fig. 2. Body weight-total length relationship of Japanese
horse mackerel.
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Fig. 3. TS frequency spectra by total length of Japanese horse mackerel. The thick black line indicates the mean of frequency
spectra. The upper and lower lines mean 10th and 90th percentiles.

Table 1. The mean TS and the standard deviation of the
mean TS frequency spectra by the total length of the
Japanese horse mackerel

Length (cm) Mean TS (dB) S.D. TS (dB)
16.8 -49.0 1.4
17.2 -46.8 1.9
17.4 -47.7 1.3
19.0 -46.2 1.3
20.0 -44.9 1.5
21.2 -47.0 1.4
21.8 -46.5 1.3
22.4 -44.3 1.7
23.4 -44.1 1.8
23.8 -42.7 2.3
24.0 -45.3 2.0
25.1 -40.9 0.8
25.5 -43.8 1.4
26.7 -433 1.7
27.4 -45.3 1.3
28.3 -42.6 1.7
29.1 -45.3 0.8
323 -42.3 1.2
33.7 -43.7 1.0
35.5 -39.7 1.0
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Table 2. Previous studies conducted on TS measurement in Japanese horse mackerel

Frequency (kHz) Fish Length (cm) TScm (dB) Reference
70.4 14.2~25.2 -69.95~-65.13 Yamanaka et al., 1999
75 16.8~34.3 -69.7 Lee, 2005
18 -68.70
38 -68.70
gg 7.5~12.9 :2228 Nakamura et al., 2013
120 -69.60
200 -69.90
38 -65.33
70 12.2~22.0 -65.90 Hwang et al., 2015
120 -66.65
13280 12.5-27.5 2;; Kawauchi et al., 2019
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