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Research on acoustic target strength of Larimichthys crocea in South China
Sea based on Kirchhoff Approximation Model

WANG Wenzhuo', ZHANG Chun’, BO Ping', WANG Haoran', JIA Shuo’, WANG Nana'

1. School of Agricultural Engineering and Food Science, Shandong University of Technology, Zibo 255000, China
2. Hainan Acoustics Laboratory, Institute of Acoustics, Chinese Academy of Sciences, Haikou 570100, China

Abstract: Fisheries acoustics is as an important method for assessing fish abundance and distribution, but the acoustic assess-
ment of Larimichthys crocea is often limited by insufficient Target strength (TS) data. Thus, we employed the Kirchhoff Approxi-
mation Model to measure and calculate the TS of cultured L. crocea in the South China Sea, and analyzed the relationship
between its attitude inclination, body length (L), acoustic frequency and the target intensity, so as to supplement the target in-
tensity data of L. crocea, and provide scientific references for the acoustic assessment of fishery resources in the South China Sea.
The results show that at the frequencies of 38, 70, 120 and 200 kHz, the relationship between TS and body length can be approxi-
mated by TS=201gL—74.12, TS=20lgL—74.34, TS=201gL—71.98, and TS=20IgL—70.01, respectively. At the same frequencies, the
TS of L. crocea increased with increasing body length, with higher values at angles of —20°——10° and 10°-20°, aligning with their
swim bladder orientation, movement posture and behavioral patterns. Moreover, when the frequency was over 70 kHz, the TS of

L. crocea increased with increasing frequency but without a direct linear relationship.
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Fig.1 Geometric construction of acoustic fish models

Note: a. Lateral isometric slice; b. Abdominal and dorsal isometric sec-
tion; c. jth element; d.Rotation of (x, ) to (1, v) coordinats.
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Fig.3 Measurement of morphological parameters of L. crocea
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Table 1 Environmental parameters and acoustic
parameters of marine fish

I HE P

Medium Density/(kgm™)  Sound speed/(m-s™")
WE7K Seawater 1030 1490
fa{k Fish body 1070 1570
£ % Swim bladder 1.24 345
2 AR 55

21 EESH

e R R RV 215 B an gk 2 i
No TESCPRMNEZMT, KREMAMKKNT
22.43~35.72 cm, FEEKH 26.83 cm, (RFEA
T 232~450 g, FIARTR N 324 ¢,

AT X GRS B A R AR ) G S
B, AR | MEGE | B MRS M A (3R 3),
F X B AR A A ], 2B R IE T

R2 HRBESERER
Table 2 Morphological information of sample fish

i £ LSS R
No. Total length/cm Body length/cm Body mass/g
1 28.20 25.11 290
2 28.40 25.23 300
3 25.30 22.43 232
4 27.20 24.17 270
5 28.10 24.02 296
6 29.00 25.46 308
7 30.50 27.20 320
8 31.20 26.33 326
9 38.00 35.72 448
10 35.80 32.65 450

PSRN Hrp, HEMFEEK S 9.34 cm,
SEIEETE R 1.56 cm, FIYEEE N 1.57 cm, Z G N
RN SRR AT TN ) S ) A R Y)  Ad
BLIE 7GR NN Ol NS A 7 AL 1 -
B, HARGPHERILE 4,
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Table 3 Morphological parameters of sample fish
i L3S K38 (L35 (S BETE ] IREE f
No. Body length/cm  Body width/cm Body height/cm  Bladder length/cm  Bladder width/cm  Bladder height/cm  Tilt angle/(°)
1 25.11 4.67 7.36 9.54 1.56 1.31 14.89
2 25.23 4.54 7.19 8.26 1.39 1.22 14.72
3 22.43 3.90 6.72 8.20 1.41 1.11 14.10
4 24.17 4.54 7.39 8.15 1.42 1.34 16.01
5 24.02 4.55 7.45 8.89 1.60 1.65 12.60
6 25.46 4.37 7.24 8.71 1.33 1.50 17.85
7 27.20 4.25 7.07 9.66 1.55 1.52 16.11
8 26.33 4.65 7.56 8.95 1.36 1.89 17.55
9 35.72 5.87 10.13 12.16 1.89 2.09 17.44
10 32.65 6.14 9.97 10.88 2.10 2.06 13.88
FI{H Mean 26.83 4.75 7.81 9.34 1.56 1.57 15.52

Bl4 REAREART A X ORAR SR O BRI A b FR T

Fig. 4 Back and side X-ray images of L. crocea samples and schematic diagram of Kirchhoff Approximation

Model slice processing
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Fig. 5 Change of target intensity with attitude inclination of two samples at different frequencies
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Table 4 Average target strength of L. crocea at different frequencies at a normal attitude in
clination probablity density function (-5°, 10°)
g Tk HFRIEEIE Average target strength/dB EVEES g9
No. Body length/em 38 1gy, 70 kHz 120kHz ~ 200kHz ~ 38kHz 70kHz  120kHz 200 kHz
1 25.11 —45.74 —46.08 —43.31 —41.47 -73.74 —74.08 -71.31 —69.47
2 25.23 —46.15 —46.77 —44.04 —42.14 -74.19 —74.81 —72.08 -70.18
3 22.43 —46.82 —47.97 —45.58 —43.92 —73.84 —74.99 —72.60 —70.94
4 24.17 —46.56 —47.15 —44.59 —42.56 —74.23 —74.82 —72.26 -70.23
5 24.02 —46.23 —47.09 —44.17 —42.65 —73.84 -74.70 -71.78 —-70.26
6 25.46 —46.39 —47.09 —44.63 —42.66 -74.51 -75.21 -72.75 -70.78
7 27.20 —45.24 —45.94 —43.58 —41.45 -73.93 -74.63 —72.27 -70.14
8 26.33 —45.60 —46.05 —43.50 —41.39 —74.01 —74.46 -71.91 —69.80
9 35.72 —43.60 —41.43 —40.32 —37.95 —74.66 —72.49 —71.38 —69.00
10 32.65 —43.96 —42.96 —41.22 —39.04 —74.24 —73.24 —71.50 -69.32
SF-#4{H Mean 26.83 —45.55 -45.77 -43.35 —41.45 -74.12  -7434  —71.98 -70.01
— 38 kHz: TS=20lgL—74.12 S R =35 . ¥4 Data
— 70 kHz: TS:201gL*74.34 A “_\ ATS=TS TS .
=36 120 kHz: TS=20IgL-71.98 v Data point e Simin
200 kHz: TS=201gL-70.01
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Fig. 7 Target strength-body length fitting formula and
scatter plot
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Fig. 8 Difference in intensity of target at different frequencies
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