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Fig. 1 Morphological parameters measurement of Sllago sihama
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Tab.1 Seawater environmental parameters and acoustic
parameters of typical marine fish®®

(kg/m®) sound density sound speed

medium density speed contrast ratio
/K seawater 1030 1490 —
414 fish body 1070 1570 1.04 1.05
fa % swim bladder ~ 1.24 345 0.001 0.22

T BWELW g=p/p . HH p, WEOKSMEEET, p i K
B AHEL h=c/c, Hic Shfi ikl sk, ¢ Rk
HR A7

Note: Density contrast formula isg=p,/p, ; p, is density of fish
body or swim bladder, and p, is density of seawater. Sound speed
contrast formulaish=c,/c, ; c,is sound speed in fish body or swim
bladder, and ¢, is sound speed in seawater.
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Tab. 2 Biological determination results of Sillago sihama

£ P& fem ZxK/em R H/g
serial number body length total length body weight
1 13.2 14.9 26
2 13.9 15.9 28
3 15.7 17.2 37
4 141 15.3 29
5 14.5 16.3 32
6 13.8 15.2 30
7 134 15.2 25
8 12.3 14.1 20
9 21.0 234 103
10 229 25.3 123
11 235 26.2 127
12 20.9 23.3 96
13 18.3 20.6 69
14 21.0 23.2 103
15 15.8 17.7 58
16 16.9 19.0 52
17 18.2 20.4 64
18 15.6 17.3 41
19 16.7 18.2 51

H12& 2 A1, 19 BB 2 MR i i (K FEY
12.3~23.5 cm, ‘F¥AK R 16.9 cm, £KEFH
14.1~26.2 cm, F¥ 4K 18.9 cm, KEIEEH
20~127 g, F-¥iAE Jy 58.6 g, X 4 L kA K
54 B 50N R A /N IR IR R AT AR S A Y, 15
B Z R F R KA R AN
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Fig. 2 Fitting curve of body weight of
Sillago sihama with body length

22 AESETSHERIREERESHEAN
Tl 45t

TEXTR S 1~19 2 WERe T X BB R
Qb T i G A R RS R AR AR S KL, A
MATLAB AR AR 00 T B9 B bros B ik
i, 045 3R K 70 kHz . 120 kHz F1 200 kHz
T Z g H bR B BE AU e, B’ O3

NS 6 MR 3 FBTR T HARSR S BEATS

X 45 1~19 Z2 st (i 11 B Ar o 5 Rl S (0
AR AT BT R B, ARSI R K £t
SR A AT TR N SR E i I (E e
HArom g5 a2 B B g AR S, B
P, RO 0B 2 E R U R, X2
figs () H bR R e e . 7F 70 kHz, 120 kHz
F1 200 kHz 3 Fiiie s Z s H brom 5 bl 2 250
AR R R Z R, HBEE WA K,
7 i 85 B 22 285 M 72 T e AR, e 0 5
H A i 8 d5e FAE T I 9 S0 3 K. 7 70 kHz
T, 2 s E bR o R S5 (BN I 19 3 25 i A
fii F-15°~-5°, HAEHIE-10°L47; #£ 120 kHz
T, H bR R e KA X B S A EE T
—10°~0°, £Eh7E-9°ffif; 7 200 kHz T, HFrm
JE f RABDRT IO () 8 25 M0 A R A 67 F—10°~0°, {HLi
P AS B 2 IR
23 ARAMETSHERIREEHERKNETH
i

TE 58 1 2 Wi iE H AR i 3 2 S 0 A A L 52
ToadtIe, FIRSERE R RIER T 3 FliiR T

AT - AN R 22T 73 A R T 22 b -7
Py AARSEE AT, Geit o b HoF 2 A AR

SRR AR, He b A AR A0 A 53 AT R AR
JPEFE(-5°, 15°) J2(0°, 10°), 455 L% 3,

MR 3 WA [F] A B2 434 pR R (-5°, 15°) (0,

10°) M 4574 %%% i B B8 S ot oy K Kl 1)

o 1 AR TR 5 Ffe /N it i &, R TS=alog, L+b
30 5 30 30 TS,
35| f=T0KHz —TS, 35| /=120 kHz —TS, _35| f=200kHz — >
0 L=13.8 cm —TS; L=13.8 cm 40| L138cem - gb

9 J%/dB target strength
b
3

B
3

SRJE/dB target strength
|
W
W

B
L4
wn O

=

_8—050—40—30 —-20-10 0 10 20 30 40 50

{BiEHf /deg tilt angle

-80 .
-50 -40-3020-10 0 10 20 30 40 50
fBisRkff/deg tilt angle

0
-50 40-30-20-10 0 10 20 30 40 50
{Bi4Rl £/ deg tilt angle

K3 ANIFEERIARA T g 6 22 s 3 bR 52 bl 22 25 22 10 5]
TS Oh SRR HARSRE, TS MBE H AR, TS, Jfafk HARuRE, Ly b kK.
Fig. 3 Variation of target strength (TS) of No. 6 Sillago sihama with tilt angle at different frequencies
TSimeans TS of the whole fish; TS; means TS of the swim bladder; TS, means TS of the fish body; L, means body Iength of fish.
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Tab. 3 Target strength of Sillago sihama at different frequencies and angle functions
A MRE(-5°, 15°) T34 H Awis A B PREI(0°, 10°) T - B bRoi J&
g mean target strength at angle function of (-5°, 15°) mean target strength at angle function of (0°, 10°)
serial number $# [kHz frequency bao Ji R IkHz frequency bao
70 120 200 b0o/70  b/120  b,o/200 70 120 200 bo/70  by/120  b,o/200

1 —41.8 424 —43.1 —64.2 —64.9 —65.6 —41.5 —42.1 —42.7 —64.0 —64.5 —65.2

2 417 422 —42.9 —64.6 —65.0 —65.8 —41.5 —41.8 —42.6 —64.3 —64.6 —65.5

3 —-40.7 -41.6 —42.0 —64.6 —65.5 —65.9 —40.9 —41.7 —42.2 —64.8 —65.6 —66.1

4 —411 419 —42.0 —64.1 —64.9 —65.0 —40.5 —41.2 —41.3 —-63.5 —64.2 —64.2

5 -40.3 413 -41.3 —-63.5 —64.5 —64.5 -39.3 —40.2 —40.1 —-62.5 —-63.5 —-63.4

6 -409 420 -41.8 -63.8 —64.8 —64.6 —-40.5 -41.5 -41.1 —-63.3 -64.3 —-63.9

7 —42.1 427 -42.9 —64.6 —65.2 —65.5 -41.8 —42.2 —42.3 —64.4 -64.8 —64.9

8 —442 438 —-44.6 —66.0 —65.6 —66.4 —44.7 -43.8 —44.5 —66.5 —65.6 —66.3

9 -38.8 3838 -38.7 —65.2 —65.3 —65.2 -37.5 -37.4 -37.3 —64.0 —63.9 —-63.8
10 -37.6 -384 -38.1 —64.9 —65.6 —65.3 -37.1 -37.9 -37.7 —64.3 —65.1 —64.9
11 -380 -39.0 -38.5 —65.5 —66.4 —65.9 -37.3 -38.2 -37.7 —64.7 -65.7 —65.1
12 -38.1 -38.9 -38.9 —64.5 —65.4 —65.3 -37.3 -38.2 -38.2 —63.7 —64.6 —64.6
13 -388 -394 -41.0 -64.1 —64.6 —66.3 -38.0 -38.4 —-40.3 —-63.3 —63.6 —65.6
14 -384 389 -38.9 —64.8 —65.3 —65.3 -37.5 -37.9 -38.0 -63.9 —64.3 —64.4
15 -39.7 405 —41.2 —63.7 —64.4 —65.2 -39.5 —40.1 —41.1 —-63.5 —64.1 —65.1
16 -394 405 —40.7 —64.0 —65.0 —65.2 -38.5 -39.6 -39.7 —-63.1 —64.2 —64.3
17 -38.2 -39.0 -39.7 —-63.4 —64.2 —64.9 -37.0 -37.7 -38.3 —62.2 -62.9 —-63.5
18 -399 411 —-40.3 -63.8 —64.9 —-64.1 -39.6 —40.7 -39.6 —-63.4 —-64.5 —-63.4
19 -394 404 —-40.6 -63.9 —64.9 —65.1 -38.4 -39.3 -394 —62.9 -63.8 —-63.8

B, Gertortr AT 2 ke B bR B2 R
AL R, A L nTE 4~15 6 FR, 458 a0F:

(1) 5 BREC R (<5°, 15°)F, 70 kHz T H bR
FERHA K AU A 75 7 TS=18.3l0g,,L - 62.3, R,
L A Z s, A cm; a 1Y 95%E (5 X 8] N
[14.3, 22.3], b 1Y 95% % 15 X [0] H[-67.2, -57.4],
FHE Z BN 0.8458; 120 kHz T H A5 5 % 4 K- 48
& )7FE N TS=17.8log, L — 62.3, a 1] 95% {5 [X [i]
“H[15.0, 20.5], b Y 95% & {5 X [6] &[-65.7, 59.0],
FHE R BN 0.9162; 200 kHz T H A5 5 % 4K 41
&7 TS=19.8log,,L — 65.1, a 1] 95% {5 [X. ]
“H[16.4, 23.2], b 1) 95% & 15 X [H] 4 [-69.3, —61.0],
FHOC R HCH 0.8992,

(2)ff &£ pR %M (0°,10°) B, 70 kHz K H ik J&
X A K A 7 B TS=21.5log,,L -65.7, a
95% {5 X [A] 4[16.0, 27.1], b [ 95% 15 X [d] Ky
[-72.5, -58.9], X A% N 0.7979; 120 kHz T H
P 5k B WA AU & 7 #E O TS=20.2l0g,,L —64.6,

a i 95% % {5 [X 7] N [15.7, 24.6], b i) 95%E (5 X
6] #7[-70.0, 59.2], & F%(°H 0.8455; 200 kHz T
H AR BE XA AU A 757 #522 TS=21.6log, L - 66.6,
a i 95%'% % [X [A] 4 [16.5, 26.8], b i) 95%E (5 X
i) [-72.9, —60.3], #1FR %k 0.8218,

K F AR 12 % J5 12 TS= 20log, L — bzo & 303
TRRE AT LT 2

(1) ff )& R % (-5°, 15°)if, 70 kHz F HFri®
J¥ SR KMKIEE R TS= 20log, L — 64.4, 120 kHz
4 TS=20log,,L —65.1, 200 kHz Ty TS=20logy,L —
653,

(2)ff1 FE pR %R M (0°, 10°)}, 70 kHz F H broi J&
SHARKAA T TS= 20log,,L — 63.8, 120 kHz
J TS=20l0g,,L —64.4, 200 kHz T4 TS= 20logoL —
64.6 .

Sk 77 (58 X6 AN [R50 25 R A B bR KT 22 i H A
SRR K LG LR T by RAHAT AL,
X AR B R TR, S5 IR Lk 4,
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Fitting curve of target strength of Sillago sihama with body length at 70 kHz and various angle functions

_35 -35
120 KHz (=5°, 15°) 120 kHz (0°, 10°)
-37 g -37
B
-39 8 -39
8
g
- 2 4
41 =
=
_43 o SEUN{E measured value % a3 o SLJI{H measured value
TS=17.8log,, L-62.3 TS=20.2log,, L—-64.6
—+=TS=20log;, L—65.1 —-= TS=20log, L-64.4
45L 45 - - —
10 15 20 25 30 10 15 20 25 30
&K /em body length A4 /em body length

K15 ANIal B2 R AT 120 kHz 22 @i H b B 5 1A KOG R A 4

Fitting curve of target strength of Sllago sihama with body length at 120 kHz and various angle functions
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Fitting curve of target strength of Sillago sihama with body length at 200 kHz and various angle functions
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Tab.4 Formula of target strength of Sillago sihama with body length at different frequencies and angle functions

iR IkHz £ B R Bl (—5°, 15°) angle function of (=5°, 15°) 7 PR % (0°, 10°) angle function of (0°, 10°)

frequency & R fitting formula bao 3K by formula P& X R R fitting formula bao 723 by formula
70 TS=18.310g:0L—62.3 TS=20l0g:,L—64.4 TS=21.510g1,L—65.7 TS=20l0g:,L—63.8
120 TS=17.8l0g;0L-62.3 TS=20l0g;0L—65.1 TS=20.2l09;0L—64.6 TS=20l0g;0L—64.4
200 TS=19.8l00g;0L—65.1 TS=20l0g;0L—65.3 TS=21.6l09:0L.—66.6 TS=20l0g;0L—64.6
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Modeling study on the target strength of Sillago sshama
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Abstract: Measurement of fish target strength is one of the core components of fisheries hydroacoustics. Research
focused on offshore fish in the South China Sea has not met the needs of fisheries-resource estimations. As a typ-
ical offshore fish, little is known about the target-strength characteristics of Sllago sihama. To understand the
target-strength characteristics of S. sihama, a Kirchoff ray-mode approximation was used to calculate the theo-
retical target strength of 19 S. sihama samples and the morphological parameters, calculated using a model of the
fish, were obtained using an X-ray machine (SOFTEX M-100) belonging to the South China Sea Fisheries Re-
search Institute, Chinese Academy of Fishery Sciences. The changes in patterns of target strength of S. sihama
with tilt angle were obtained by calculating programmatically at different frequencies. The empirical formulas of
target strength of S. sihama with body length were established for different frequencies and the distribution func-
tion of the tilt angle was produced using a data-fitting method, and compared with the conventional b,y expression.
The results show that the various patterns of target strength of S. sihama, with tilt angle at 70 kHz, 120 kHz, and
200 kHz, show multiple-peak-like distributions, and the variation of target strength with the tilt angle is more sen-
sitive at higher frequencies. As the number of crests increased, the maximum target strength corresponding to the
tilt angle increased. Maximum target strength of S. sihama occurs between —15° and 5° at 70 kHz, and the maxi-
mum target strength appears between —10° to 0° at 120 kHz and 200 kHz. The position of maximum target strength
occurred differently at each frequency. The varying characteristics of target strength of S. sihama with body length
changed under different frequencies and distribution functions of the tilt angle. When the angle function is (-5°,
15°), frequency is 120 kHz, and when the angle function is (0°, 10°), frequency is 200 kHz, the empirical formula
and the conventional b,y expression curve of target strength with body length coincide, the degree of fit is higher,
and the conventional b,y formula can be used directly for resource assessment of S. sihama. In other cases, there
are some deviations in the two formulas, and the direct fitting parameter equation is more appropriate. The study
confirms that the Kirchoff ray-mode approximation can reflect the target-strength characteristics of S. sihama,
providing a useful reference for the study of target strength of inshore fish in the South China Sea and a scientific
basis for improving the accuracy and credibility of hydroacoustic assessment of fisheries resources.
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