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Study on the Backscattered Signal of Swimbladdred Fish:
Target Strength due to Length and Behavior of Red Seabream (Pagrus Major)
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Ziolo] w}E Ao At e ZH FAPH R TS gyan = 20 logol §) — 66,41, TS o = 20 loguol §) — 71,80,
TS oo = 20 loguof /) — 73,942 Vet AE Azje} ]2 2 v|nsly] Hate oifd deiE 2AR
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B3 8o} 5838 2o (5.2)

The backscattered sound energy by fish depends on size and physical structure and, most important, on
the presence or absence of a swimbladder, Target strength experiments of red seabream (Pagrus major)
were conducted by using 38 (split—beam), 120 (split~beam) and 200 kHz (dual—-beam) frequencies with
live fishes confined in a net—cage and free swimming in tank without the cage, respectively, For 38, 120,
and 200 kHz frequencies, target strength equations are expressed as a function of fish length! 7.5 sau
= 20 logio( &) — 66,41, TS oz = 20 logiof 2 — 71.80, and TS a0 = 20 logio( 7) ~ 73.94. To test the acoustic
models by using Helmholtz—Kirchhoff ray approximation, predictions of target strength based on
swimbladder morphometries are compared with target strength measurements, The target strength of whole
fish depends on variations in swimbladder morphology than fish body morphology, In the mean time, when
the fish is confined in the net cage, scattering length by the backscattered signal matched with the Gaussian
PDF, while under the free—swimming condition, scattering length is close to the Rayleigh FDF,
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Fig. 1. Apparatus for target strength measurement on
encaged fish. The distance from transducer to fish
is about 3.1 m,
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Table 1. Morphology measurements from individual red-seabream.

Num Tot{al t?;‘}mh w?é?ht N, N, Vol, Vol,
1 10.34 21.65 14 20 1.03 224
2 11.22 23.24 13 23 1.18 22.9
3 10.63 23.60 13 23 1.22 233
4 23.70 197.35 15 30 9.24 206.2
5 24.30 270.60 12 22 13.63 ana
6 31.30 578.65 15 22 25.89 7359
7 34,90 791.19 18 27 39.89 999.9
8 25.30 27846 13 17 1551 3823 |
9 29.25 426.00
10 28.00 436.00
1 14,52 46.00
12 14.42 44.00

13 1569 58.00

14 14.21 48.00

15 10.94 19.26 i1 17
16 11.54 30.11 13 17
17 26.00 326.00

18 27.00 380.00

19 17.80 104.00

20 16.30 84.00
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Fig. 2. The relationship of the total length~wet weight is
expressed as follows:
weight (g) = 0.0148 {)*%, {r=0.9).
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Fig. 3. Lateral X-ray of red seabream (pagrus major). The
swimbladder is light part and its angle relative 10 the

to the horizontal axis is about 18~22°
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Fig. 4. Fish body and swimbladder outline from lateral X-ray
image {upper). Helmholtz-Kirchhoff ray model re-
presentation of fish body and swimbladder {lower).
The Cartesian x-y coordinate system is transformed
to a u-v fish centered coordinated system.
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Table 2. Acoustical parameters. 5 is density and ¢ is sound speed.

L o lkgim?y ¢ (m/s) ' a h
Sea water () 1030 1541 - -
Fish body (£) 1070 1570 1.04 1.02

Swimbladder (s,) 1.24 345 0.001 0.22
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Fig. 5. Target strength histogram for single red seabream in net cage. Examples of experimental results with split-beam
echosounder at 38 (a) and 120 kHz (b). The fish length is 10.3 cm.
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Table 3. Backscatter measurements from individual red seabream.

Num Freq.(kHz) T %3 (dB} YT
38 5.386-5 -42.7 0071
1 120 2.75¢-6 -55.6 0.016
200 8.35e-6 -50.8 0.028
38 42385 -437 0.057
<2 120 7.87e-6 ~51.0 0.025
200 2.95e-5 -45.3 0.048
38 3.42e-5 247 0.055
3 120 3.16e-6 -55.0 0.016
200 2.566-5 -45.9 0.047
38 9.266-5 403 0.040
4 120 3.516-5 -445 0.025
200 1.136-5 -43.5 0.014
38 1.42e-4 -385 0.049
5 120 1.606-5 -48.0 0.016
200 8.66e-6 -50.6 0.012
38 1.90e-4 -372 0.044
6 120 6.93e-5 416 0.026
200 7.70e-5 -41.1 0.028
38 9.35e-5 -403 0.027
7 120 1.08e-4 -39.7 0.029
200 2.188-5 -46.6 0.013
38 t71e-4 377 0.051
8 120 5.30e-5 -428 0.028
200 1.82e-5 -474 0.016
38 143e-4 384 0.040
9 120 6.77¢-5 -417 0.028
200 5.408-6 -52.8 0.007
38 1.28¢-4 -38.9 0.040
10 120 3.92¢-5 -44. 0.022
200
38 51485 -429 0.049
1 120 4.83e-6 -53.2 0.015
200 5.69¢-6 -524 0.016
38 7.126-5 415 0.058
12 120 1.38e-5 -486 0.025
200 4.288-6 -53.7 0.014
38 5.54e-5 -426 0.047
13 120 4.076-5 -439 0.040
200
38 433e-5 -436 0.046
14 120 1.66e-5 -47.8 0.028
200 3.25¢-6 -549 0.012
38 407¢-5 -439 0.058
15 120 1.29¢-5 -489 0.032
200 3.216-5 -449 0.051
36 2.356-5 -46.3 0.042
16 120 491e-5 -43.1 0.060
200
38 281e-5 455 0.020
17 120 1.80e-5 -474 0.016
200 1.686-5 -478 0.015
38 2.896-5 ~454 0.019
18 120 "6.88e-6 -516 0.009
200 1.52e-5 -48.2 0.014
38 1.726-5 -476 0.023
19 120 $.20e-5 -492 0.019
200 6.296-6 -52.0 0.014
38 9.626-6 502 0.019
20 120 7.288-6 -51.4 0.016
200 3.148-5 -45.0 0.034
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Fig.7. Target strengths of a red seabream {Pagrus major) by
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in target strength by whole fish indicale maximum target
strength and lower filled circles mean iarget strengih.
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Fig.8. Target strengths of a red seabream (Pagrus majon by
HK ray acoustic model. Total length of the fish is
31.30 ¢m, and incident angle is 0 degres. Upper filled
circles in target strength by whole fish indicate maxi-
mum target strength and lower filled circles mean
target strength,
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Fig. 9. Probability density function of backscattering length
from a live red seabream that was placed in net cage.
Vertical bar measured scattering length and solid line
are Rician PDF. Fish length is 10.94 ¢m.
(A) 38 kHz, (B) 120 kHz, and (C) 200 kHz.
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