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Target strength of juvenile Antarctic silverfish (Pleuragramma antarcticum)
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In this study, the target strength for multi-frequency (38 kHz, 120 kHz, 200 kHz) of juvenile silverfish (Pleuragramma
antarcticum) was estimated using by the KRM (Kirchhoff-ray mode) model. The body shape of the silverfish was described
by a picture and the body length of nine individuals ranged in 1.8 ¢cm to 8.8 cm. The maximum TS, according to the
total length for the constant term (b20) was —92.93 dB at 38 kHz, -86.63 dB at 120 kHz, and -85.89 dB at 200 kHz,
respectively. The averaged TS.n according to total length for the constant term (b20) was -100.0 dB at 38 kHz, -93.0
dB at 120 kHz, and -106.9 dB at 200 kHz, respectively.

Keywords: Antarctic silverfish, Juvenile fish, Target strength, Kirchhoff-ray mode model

M 2 A, 34, At el ZHo)|A] F23) &) oo tH(Davis

Gs= A A4 7P AR o] EHSL Fdo et al., 2017). = 2X|(Pleuragramma antarcticum)+=
SRt 71} Ak Qo) gl Adshe Al SRl e waohan glen, S e s, ),
T ARE pake A bleh ek SRS A B WU 2 sl A4S dhiie] Aol
aL Qlek 53], sfef 55 (Marine Protected Areas: ARe] wol7} w, Z5Fe] wAAIQl = ﬂ'ﬂ% Holw
MPAs)©. & 2 A E Fo Zas)s daola Aabgol  BFol, 2] SR e] HolakgolA] 9] aAxtet 29
714} =3 choFsh sjokl o] AAlElT 9l Fodow S AHoh= A3k ¢S Slti(Vacchi et al., 2004; La

Received 27 October 2022; Revised 24 November 2022; Accepted 25 November 2022
*Corresponding author: khlee71@jnu.ac.kr, Tel: +82-61-659-7124, Fax: +82-61-659-7129
Copyright © 2022 The Korean Society of Fisheries and Ocean Technology

Journal of the Korean Society of Fisheries and Ocean Technology | 345



OlMlE - 224 - LigS - £2F - UNE - 0lgE

Mesa et al., 2010; Suttin and Horn, 2011). H}E}/\i, e
FAdo] ks slPat g2o] axeky) oAy

el AL ceR W % 5%
2g7Ie d17e] We e moket 4 glo]

O

of
AR A E(Target Strength, TS)Z u}o}sl=
83tk o 78] TSE S4sh= WMol 3
= o]8sh= WS i 01*‘-4 FEfehE 54
sko] 7], 9 AAZ, e 27), A

St e et T :@w »g—fzk@

o)

-

r
to 2 b S

K W
oo Top@ ofN B

36
‘1N O_u
&

5 I

L

:(,)é
—{11
ofr
2L
2T
|O

lo w2

= Apse) weps ol gatel FAste Wl Hast
A S 43 4= Qok(Park et al,, 2022). W 291X
2| o Q} ofo) 2 AH(E.crystallorophias)y>- A4 8k= ArA
O TS/} Seapsto] ol A1 Helali= Jlo] 44] gko
uE ek A% 2L NS ek 2aul

H o Lof| A AMEE W= Lokz] FEO U 2 A
oA Framed Midwater Trawl (FMT, net mouse
area 4 m” and mesh size 4 mm)S ©|-83}0] 2019 =0
AR skl AR F2 =2t S -80°CollA]
& WEAIZI ofo] AUAS ol gate] §A0m, W
off AREE 7HAl= F 9 ZHAI= A 1.8 ~ 8.8 emo|3iaL
231 0.2 ~ 1.5 em, #H)Z= 0.1 ~ 1.0 cm©| ) tH(Table 1).

KRMEZES 0I85t0{ F8st 1= 2RI

|
KRM (Kirchhoff-ray mode):2 @2 o]-&a}to] W= &

346 | The Korean Society of Fisheries and Ocean Technology

Table 1. Measured scale of silverfish

No. Total length  Body height  Body width
(cm) (cm) (cm)
1 6.0 0.8 0.5
2 5.5 0.7 0.4
3 6.0 0.7 0.5
4 5.5 1.0 0.5
5 6.1 0.8 0.7
6 1.8 0.2 0.1
7 8.8 1.5 1.0
8 7.0 1.2 0.7
9 4.6 0.7 0.3
Avg. 5.7 0.8 0.5
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Fig. 2. Target strength patterns of juvenile silverfish by
average tilt angle at frequency 38, 120, 200 kHz.
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Table 3. TS of Juvenile silverfish at frequency 38, 120,
200 kHz

Target Frequency 15= alog,, TL—b

strength  (kHz) a b R2 b20
38 52.136 119.00 0.891 -92.93
TSmax. 120 52.103 112.67 0.841 -86.63
200 46.32 107.24 0.829 -85.89
38 47.742 118.44 0.884 100.00
TSavg. 120 47.651 115.43 0.866 -93.00
200 41.379 110.21 0.876 -106.90
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Fig. 3. TS of Juvenile silverfish according to the total
length; 38 kHz.
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Fig. 4. TS of Juvenile silverfish according to the total
length; 120 kHz.
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Fig. 5. TS of Juvenile silverfish according to the total length;
200 kHz.

-60

g 8 8
80 -
8 ¢ ©

) ° o
= @
= -100 - o
on
=
o
= °
8 1o
]
[ Q

140 | @ TL (cm) vs This study

o © TL (cm) vs Azzali et al., 2010
QO TL (cm) vs O'Driscoll et al., 2011
160 L L ) )
2 4 6 8 10 12

Total length (cm)

Fig. 6. Comparsion of the relationship between target
strength and total length with juvenile silverfish from this
studies.

Journal of the Korean Society of Fisheries and Ocean Technology | 349



OlME} - Q94 - LSS

g

ox

Lol

Fol
Fol

=

3} e uleze] 2 YR W] whize] TS Az
gel Zol7k 2] Lhehd Alow wekE

Fukgrk otol wet Asali et al. 2010)2] A1
T A3 gt Aol B vehgh, ofeet olf 413
Aol W LN AP g NFoR Tl
ROpO R AR, B Aol ¢ 2k A
G2 AL, Al e Aeie) ez st walst

e}

N
chglck, E3l, AWATE oMok BALS thire] 2w}
ARIZFES ARSI diel] B A Avkel AfolS

A B

7 E
LA g 2o solo] wolxlzolA 4
SmA Aol Hok9l W AAE Adehs Fagk JAS
8kl itk AoAL SFPARIOLE malS: o]}
of g Lorxe] SFAUEHE Tt

T A Alofo] Al o TSO] A4
38 kHzol| 4| 75=152.136log,, 7L—119.00, 120 kHzol| A 75=
52.103log,, 7L—112.67, 200 kHzol| 4] 75=46.32log,, 72— 107.24
o g vEgtow, Ayt et TS| A4 38 kHzo
A TS = 47.74210g,, TL— 118.44, 120 KHzO|A] 75 = 47.651l0g,,TL
—115.43, 200 kHzo|| A 75=41.379log,, 72— 110.21 2 L}E}E
th Fubed TSE Ae] 250 Hdsto] Aliket
713} TSSO 2] TS 32 38 kHzol| Al -92.93 dB,
120 kHzol| A —86.63 dB, 200 kHzo|| A —85.89 dB= L}
bt Wt 298A] H|ofo) 7|%8} W TSE: 38 kHz
of| 5] -100.00 dB, 120 kHzof|4] —93.00 dB, 200 kHzo] 4]
-106.90 dB= UE}yIT)

£ ATl A W 2ok Xolg dabo.s Sakl
E4e FAFA. dTF S A 1ol

= =

A o] HepAl= Alom delA glom, 2ofef 4o
o) 2 guMtebes) A7 #ol7l UEhth(La Mesa
and Eastman, 2012). whe}A], thefst 37]9] W= 2¢1%]
2 gaom At sasolof gtk W Lo
z]o]7]0f ool AHI} Al 424 o] a1 TS7F 94}
SR ERELE BRI REER R

350 | The Korean Society of Fisheries and Ocean Technology

=<

ey

C
w2
1g

i

i)

A A
o] QI SFPARLY] AR Bfepsatrtels]
AE] A2 ol S UK © KIMST
2 Abe] AA ZEste] 741 A4S
A S} WAL A=

References

Azzali M, Leonori [, Biagiotti I, De Felice A, Angiolillo M,
Bottaro M and Vacchi M. 2010. Target strength studies
on Antarctic silverfish (Pleuragramma antarcticum) in
the Ross Sea. CCAMLR Science 17, 75-104.

Chu D and Wiebe PH. 2005. Measurements of sound-speed
and density contrasts of zooplankton in Antarctic waters.
ICES Journal of Marine Science 62, 818-831.
https://doi.org/10.1016/}.icesjms.2004.12.020.

Davis LB, Hofmann EE, Klinck JM, Pifiones A and Dinniman
MS. 2017. Distributions of krill and Antarctic silverfish
and correlations with environmental variables in the
western Ross Sea, Antarctica. Marine Ecology Progress
Series 584, 45-65. https://doi.org/10.3354/meps12347.

Foote KG and Traynor JJ. 1988. Comparison of walleye
pollock target strength estimates determined from insitu
measurements and calculations based on swimbladder
form. The Journal of the Acoustical Society of America
83, 9-17. https://doi.org/10.1121/1.396190.

Hwang KS, Lee KH and Hwang BK. 2012. Verification and
application of Target Strength for Japanese anchovy
(Engraulis japonicas) by theoretical acoustic scattering
model. Korean Soc Fish Ocean Technol 48, 487-494.
https://doi.org/10.3796/KSFT.2012.48.4.487.

La Mesa M and Eastman JT. 2012. Antarctic silverfish: life
strategies of a key species in the high-Antarctic ecosystem.
Fish and Fisheries 13, 241-266. https://doi.org/10.1111/



j.1467-2979.2011.00427.x.

La Mesa M, Catalano B, Russo A, Greco S, Vacchi M and
Azzali M. 2010. Influence of environmental conditions
on spatial distribution and abundance of early life stages
of Antarctic silverfish, Pleuragramma antarcticum
(Nototheniidae), in the Ross Sea. Antarctic Science 22,
243-254. https://doi.org/10.1017/S0954102009990721.

O’Driscoll RL, Macaulay GJ, Gauthier S, Pinkerton M and
Hanchet S. 2011. Distribution, abundance and acoustic
properties of Antarctic silverfish (Pleuragramma antarcticum)
in the Ross Sea.Deep Sea Research Part II: Topical
Studies in Oceanography 58, 181-195. https://doi.org/10.
1017/S0954102009990721.

Park GC, Oh WS, Oh SY and Lee KH. 2022. Acoustic
scattering characteristics of chub mackerel (Scomber
Jjaponicus) by KRM model. Journal of the Korean
Society of Fisheries and Ocean Technology 58, 32-38.
https://doi.org/10.3796/KSFOT.2022.58.1.032.

Sutton CP and Horn PL. 2011. A preliminary assessment of
age and growth of Antarctic silverfish. CCAMLR

== 2X|(Peuragramma antarctioum) X|02] SEXRIEN

Science 18, 75-86.

Vacchi M, DeVries AL Evans, CW, Bottaro M, Ghigliotti L,
Cutroneo L and Pisano E. 2012. A nursery area for the
Antarctic silverfish Pleuragramma antarcticum at Terra
Nova Bay (Ross Sea): first estimate of distribution and
abundance of eggs and larvae under the seasonal sea-ice.
Polar biology 35, 1573-1585. hittps://doi.org/10.1007/
$00300-012-1199-y.

Vacchi M, La Mesa M, Dalu M, and MacDonald J. 2004. Early
life stages in the life cycle of Antarctic silverfish,
Pleuragramma antarcticum in Terra Nova Bay, Ross
Sea. Antarctic Science 16, 299-305. https://doi.org/10.1017/
S0954102004002135.

Zhu Y, Mizutani K, Minami K, Shirakawa H, Kawauchi Y,
Shao H and Miyashita K. 2022. Target Strength
Measurements of Free-Swimming Sandeel Species,
Ammodytes spp., in a Large Indoor Experimental Aquarium.
Journal of Marine Science and Engineering 10, 966.
https://doi.org/10.3390/jmse10070966.

Journal of the Korean Society of Fisheries and Ocean Technology | 351





