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Target Strength of Anchovy Engraulis japonicaus by Theoretical Acoustic
Scattering Model
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This study estimates the target strength of anchovy Engraulis japonicus required for studying their distribution and
density using acoustics and evaluates the acoustic scattering characteristics of anchovies by frequency using the Kir-
choff ray mode (KRM) model. The experiment was conducted on 30 anchovies with 4.7-21.5 cm total length. The
maximum TS (Simming angle, 9.1°; standard deviation, & 13.1°) according to total length was -66.9, -65.2, -64.4,
and -63.4 dB at 38, 70, 120, and 200 kHz, respectively. The average TS (Simming angle: 9.1°, standard deviation:
+ 13.1°) according to total length was -68.9, -68.8, -69.6, and -70.0 dB at 38, 70, 120, and 200 kHz, respectively. The
results of this study provide an important basis for future studies that use acoustics to estimate the target strength of
anchovies.
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ol B2 KRM (Krichoff-ray Mode) T+ DWBA (Distorted
Wave Born Approximation) ® 21} Zro] thAl &0 &}
FelE 2ARE] tid A= TSE 546k Wiolth 5%
ARto| 2 mE wh S o] galol T A TSE S T
oA Az AT A%, Sdleh WEH], Reo] S5 ol
e A= FEAAA, Tk 50 vl eSS AL slof
3ttH(Mukai and Tida, 1996; Sawada et al., 2002; Yoon et al.,
2017; Park et al., 2022).
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& 203709 X-ray ARl 5 B ] A} 7 o] Fej7t AT
Tk 30719] APlE S 5, T A|ERo] A A E 9)of(Getdata
Graph Digitizer V 2.26.0.20; Getdata Pty Ltd., Berghain, Ger-
many)E ©|-§-5to] H2 9] it SHE 0.5 mm 7HA 02 1t
o] B2 AP HelE LAHTHFig. 1). B4 F39] 2
= o|u|R &2 T (Image] V 1.54; Bharti Airtel Ltd.,
Bethesda, ML, USA)S- o|-&35}o] 2435}9ct. KRM o]
AREEE E 2] 0] A B 4.7-21.5 cm (Avg, 9.7 cm)©o| %L

[Noa7| TL:59em [ FL:52em | BH:07em | BW:06em |

a) Lateral

b) Dorsal

Fig. 1. An example of comparing the X-ray image of anchvoy En-
graulis japonicus and measuring the size and tilt angle of the swim-
bladder. a, Lateral; b, Dorsal.
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o, 7}2}o] A4 4.3-20.8 cm (Avg, 9.0), A3l 0.5-2.3 cm
(Avg, 1.2 cm), A &L 0.3-1.7 cm (Avg, 0.7 cm), 5-&¢] 7]
7] Ve 4.7-42.3° (Avg, 17.19)°] 2 H(Appendix Table 1).
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Table 1. The mean swimming angle and standard deviation of fish

Mean swimming  Standard

Sources Species angle deviation
Kang et al. (2009)  Anchovy 9.1° +13.1°
Pilot studies Fishies -5.0° +15.0°

y = 0.1564x + 0.5026 °
R?=0.6077

Swimbladder length (cm)

Total length (cm)

Fig. 2. Relationship between body length and swim-bladder length.
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Fig. 3. Relationship between length and height of swimbladder.

= [e)

= 2124 1,070 kg/ne’, 1,570 misol 10w, Feflol gt 34
9} HEH]E= Z42F 1.24 kg/m?, 345 m/sti(Table 1).

24 al =t

FHdH Xeray AHle Fol BA| 3071A| 9] AP Feeke]
L8R 9] AAFe] 4.7-21.5 em (Avg,

9.7 cm)¥ ujj, g 2] Zol=0.9-4.1 cm (Avg, 2.0 cm)Z A|
ol A™SE Fe|o dol= kst o, Aol tigh Fe
9] Zo]B|=0.10-0.350] it F-e| Aolof wh& Fejl&f o=
0.07-0.70 cm (Avg, 0.3 cm) & ket on], Ba|o] o]/} =
7¥eE 59 B SUbehs A3 UER Sltk(Fig. 3). B
2] 9] B FARS A3 Ok and Gueu (2019)2] ¢1Fof| A &
A f o] 27 SAACR 9] ERtE b W] Aok A
o] glow, Ihgig At Algo] BA| Fa o] Z7]of 74
3t S vebdltha shgich E3E, Zhao et al. (2008)3} Tong
et al. (2022)9] Aol Wh=H F=4lo] Zloj x| QF=o] AA|L
o] Qlsf| Fallo] 7|7} s, ofof] whe} o} 7o) TS Fho]
Hagiths A4-4 7t ok whebA, E@A) Fa o g4 7]
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Fig. 4. TS of anchovy for multi-frequency according to the tilt angle. a, TL, 5.5 cm; b, TL, 16.9 cm. The blue bars represent the bands with

the highest TS values. TS, Target strength.
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KRM HES- o]-§-5to] H2] 9] fJAA|ZH(-60"-60")0l| w2
Zub4=(38, 70, 120, 200 kHz) TS H3}-= utelslglchFig.
4). B2)9] ZpAZko] 0°Y o) A= = WS YERH, 2h
Alzto] mpolUA(-) Y ti= H el & ol 2 3HlS wf, AbA ko]
EAH Y de W E Y28 WS vebdch A 5.5
cm (No. 5) B2] 9] Fu}4=1 TS 72 -99.0 —-52.0 dBE L&}
STk A Zbo]| whE Fub Z[of TS 42 38 kHzO| 749 ++
GAAZTO] -3°d wf -62.5 dBE 71 -2 gk YER $lom,
70 kHzol| A "BA] 9] TS 412 5 @AHAlZto] 2°Y wf -58.0 dBE
7V =8 4 e ST 120 kHzol A B2 9] TS 72 79
ApA|zto] 3°Y uf -54.2 dBE 7H =94.01, 200 kHzo| 4]
A9 TS #h2 + @A bAZte] 3° wf -52.0 dBE 71 w2 3f
< eI A4 16.9 cm (No. 28) 29 Fu}4=1 TS gk
& -88.1 —-37.5 dBE UEFITh ApA| 2] whE Futae X
TS %k 38 kHzo| A f-gAFA|Zto] 0°Y wf -39.9 dBE 71 &=
2 ZHe YERIl e, 70 kHzol A E212] ) TS 3+ 7+
ApA|Zto] -6°U wf -41.1 dBE 71 322 74 YeR Sict 120
kHzol| A "B x| ] X[t TS gk 5@ AtAl1Zto] -5°d o -38.5 dB
2 7P =2 S YEeRg 9l e n, 200 kHzol| A B 2] 9] 2|t TS

e Al Zro] 478 1) 37,5 dBR 714 & 2 Uehy)
Ark. A 47215 om BA|0] § AAIZko] w2 Fahp

TS+ 38 kHz9] - FdAAZbo] -7° — 37 wf -62.6 —-29.7
dB, 70 kHz®| 3¢ FA9AAMZo] -7° — 9°Y uff -58.0 — -34.3
dB, 120 kHz®] 7§ 3G ApA| 2} -8°— 27U wj| -52.2 —-34.3 dB,
200 kHz®] 73 A A Zo] -8°—3°Y ufj -55.7 —-35.6 dBZ

He| & ofl o2 u 7P &2 TS g2 Uehi itk

Mol TE HX|o ST E

O L-L-0

Sl 2 d S o] 8sto] A& thE =7]9 EA] 307)
Aol thk Fuh<=1(38, 70, 120, 200 kHz) o TS} Ha+ TS
£ A3 tHTable 2). H o TS AFAZE-60° — 60° Ato] o A]
7P 2 S etk Wi TS+ A2, A £13.1°
o Az} -5.0°, EEHA} +15.0°S PDFE AAKSH ghe wst
o} E3H UhA 0 2 o] 7] TS k2 o] 79 §-4 5ol g
FFS Hon R B Ao A= Hat FFAANZ | w2 EA
O] TS z}o| & uolstala} 271A] Bt FPAA| 22 0|85
o P 9] Wt TSE uhetsaitt. 38 kHzol| A 2|t TS+=-62.6
—-29.7dB, 70 kHz]| 4] -58.0 —-34.3 dB, 120 kHzol| A] -55.2 —

Table 2. Summary of linear regression of TS vs body length of an-
chovy Engraulis japonicus at frequency 38, 70, 120, 200 kHz; the
values in the horizontal column are the average swimming angle
and standard deviation of the fish

Target strength Frigr&r;cy w Nﬁsr:a(lcisze)d
38 33.9 -80.1 -66.9
. 70 25.7 -70.7 -65.2

Maximum TS

120 23.3 -67.6 -64.4
200 231 -66.4 -63.4
38 282 -76.8 -68.9
Average TS 70 200 -68.9 -68.8
[9.1°, £13.1°] 120 178 676 -69.6
200 185 -68.6 -70.0
38 288 -771 -68.7
Average TS 70 209  -69.1 -68.2
[-5.0° £15.07] 120 184  -67.2 -68.7
200 18.5 -67.6 -68.9

TS, Target strength.
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Fig. 5. TS of anchovy according to the total length. a, 38 kHz; b, 70 kHz; ¢, 120 kHz; d, 200 kHz. The blue colour represent the maximum
TS, while the red colour represent the average TS [9.1°, £13.1°] and the green colour represent the average TS [-5°, £15.0°] value. TS,

Target strength.

-34.3 dB, 200 kHzo|| A -55.7 — -35.6 dBZ LJEp T} TSE )
%] 250l wlEste] Asket EEShE Hdf TS, 4> 38 kHz
o ] -66.9 dB, 70 kHzol| 4] -65.2 dB, 120 kHzo|| A] -64.4 dB,
200 kHzo| 4] -63.4 dB& L}eRT}.

B9 Ft AAZHE9.1°, BEFHAE +£13.1°2 78S
o] E2) 9] B4 TSE 38 kHzol| 4] -63.2 —-30.2 dB, 70 kHzol|
A] -59.4 — -38.5 dB, 120 kHzo|| 4] -58.4 — -42.0 dB, 200 kHz
ol A -59.1 - -43.4 dBE Ly E251E B TS, 72 38
kHzo)| 4] -68.9 dB, 70 kHzol| ] -68.8 dB, 120 kHzo|| 4] -69.6
dB, 200 kHzo|| 4] -70.0 dB& LR T}

B2 9] Gt AN S -5.0°, BEEHAE £15.0°2 7P45H3
< uf B2 9] H4 TSE 38 kHzol| A] -63.0 —-30.3 dB, 70 kHz
o) ] -59.4 —-37.8 dB. 120 kHzol| A] -57.8 —-41.1 dB, 200 kHz
o]l A -58.0 - -42.0 dBE L} E251E B TS, 32 38
kHzo)| 4] -68.7 dB, 70 kHzol| 4] -68.2 dB, 120 kHzo|| 4] -68.7
dB, 200 kHzol| 4] -68.9 dB& UFEFTHFig. 5). LutA ¢l o)
o] ot A ZhE =2 A Fal VR HA| Q] Hat ApAZH
< o]-g-5to] YRt EX]2] FF TSE uhetgh A} 38 kHzo) 4]
= A9 Aol & Ho|A] ¢Ferom, 200 kHz= B+t TS - °F 2
dB = Aol5 el o|2f3t Aol Kol olf= A
A gl wet SFASE v WA o] th27] wiftolzt Hehd

oh AR Fol et W] B A2 EAL ol
2 90 2 95t Afefo]ml, Avhalel o) Wt f AL

Table 3. Summary of average TS estimates by previous studies for
anchovy Engraulis japonicus

Sources Method Frequency (kHz) Avg. TS_ (dB)
38 -68.9
. ) 70 -68.8

This study Modeling

120 -69.6
200 -70.0
Zhao (1990) ex-situ 38 -72.5
Yoon (1990) in-situ 38 -72.9
Zhao et al. (2008) ex-situ 38 -67.2
Kang et al. (2009) ex-situ 38 -65.8
38 -66.5
ex-situ 120 -68.9
Sobradillo et al. 200 -70.5
(2021) 38 -65.8
in-situ 120 -66.4
200 -68.7

TS, Target strength.



7L HE g ol 02 et Aol 7] wiEel BhAbE =
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ouR e Aol HA9 Wt FFAALI EEH
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In-situ W& o]-gsto] HX] 9 TS #4& 72t Yoon et al.
(1996)2] A+tol| w=w Fuk= 38 kHzo| Al HA9] b, Fh
-72.9 dBE YERIT} Ex-situ WS o]-8-5to] BA9| TS 7t
2 7% Zhu (1990)9] o]l wh=H F=ub4= 38 kHzol| Al b,
22 -72.5 dBZ YERSITE Ex-situ Wi 085t A% 6.0-
15.0 cm¢l BA| &S thAo 2 TS 32 545t Zhao et al. (2008)
o] Aol wp=H F=ubk4 38 kHzof| A b, 32 -67.6 dBE LpE}
ot ex-situ HHS o]-&31o] AR 4.8-12.2 cmQl A2 TS
£ 3793t Kang et al. (2009)2] -]l wk2H 38 kHzolA] b,,
e -65.8 dB, 120 kHzol| 4] -68.4 dB, 200 kHzo)| 4] -69.1 dB
2 Uebgtt. in-situ S ©]-8-5to] A% 3.5-19.5 cm?l HA|
9] TSE 243} Sobradillo et al. (2021)2] ¢ILo] w2 H H3|
o] b,, gh& 38 kHzoll A -66.5 dB, 120 kHzol| 4] -68.9 dB, 200
kHzol| A} -73.2 dBE YElSITE ex-situ Wi o]-8-5to] HX|
9] TSE 243} Sobradillo et al. (2021)2] ¢ Lo] W= H H3|
o] b,, gh& 38 kHzoll A -65.8 dB, 120 kHzol| 4] -66.4 dB, 200
kHzo|| 4] -68.7 dBE UFEFTH(Table 3). & -2 1ke} v] wat
G W TS= 2F -4 dB A &= 2po|& Uehfiglen, o] gt o] &
= Aol AR E A 9] Ao] thE 7] wjEo|t} & At A
A7 10.0 cm w|gke] 22 HA| I o] g-5le W29 TSE
519 o, Aol A= A% 13.0 cm o]/4d2] AJojThE o]
sho] B[O TSE F745F31 7] wixzoll ol2igt 2po] 7} e
O & gk ek T35, UYhA 0 & 41 Q)= o] 72] Bt A
Fel-5.0°, = HA} +15.0°(Hwang et al., 2012, 2015; Park et
al,, 2022)7} opd A3 S Fal Urebd B2 9] Haf AAIZE9.0°,
FZHA £13.1°(Kang et al., 2009)2 it TSE 431997
o2l TSE| Aol 7} vpepd 2 0 = s},

N oo o (|

Al AL

o] =E.o WA} (A1 4 SHrATH], 202315520001)
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Appendix Table 1. The total length distribution of anchovy En-
graulis japonicus used in the KRM model

No. ToteELI:ra]r;gth For?clrir;gth BH (cm) BW (cm) Sv;irr%tlnleagc)ier
1 4.7 4.3 0.5 0.3 1.5
2 5.0 4.5 0.5 0.4 27.0
3 5.1 4.6 0.6 0.3 9.0
4 55 4.8 0.6 0.3 16.1
5 55 4.8 0.6 0.3 10.9
6 5.6 53 0.6 0.4 23.0
7 5.6 53 0.8 0.3 281
8 59 52 0.7 0.6 28.4
9 6.0 55 0.8 0.4 14.1
10 7.8 6.9 1.5 0.6 71
1 8.5 8.0 1.0 0.7 4.7
12 8.7 8.0 1.1 0.6 1.5
13 8.7 7.9 1.2 0.6 27.7
14 8.9 8.2 1.2 0.6 10.6
15 8.9 8.3 1.2 0.7 423
16 9.0 8.3 1.2 0.7 12.1
17 9.0 8.2 1.2 0.7 9.3
18 9.0 7.8 1.2 0.8 18.6
19 9.0 8.8 21 1.6 21.6
20 9.1 8.3 1.2 0.6 8.8
21 9.1 8.4 1.0 0.6 26.6
22 9.3 8.5 1.2 0.6 6.5
23 12.6 12.1 1.9 1.2 325
24 13.2 12.6 21 1.3 19.2
25 14.5 13.7 2.2 1.7 25.0
26 15.4 14.5 1.2 0.6 6.5
27 15.4 14.5 21 1.6 9.1
28 16.9 15.0 23 1.6 12.7
29 215 20.7 1.7 1.0 13.2
30 215 20.8 1.5 1.0 204
Avg. 9.7 9.0 1.2 0.7 171

KRM, Krichoff-ray mode; BH, Bladder height; BW, Bladder
weight.





