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Hydroacoustic and open-closing zooplankton net survey were conducted to understand the characteristics
of the sound scattering layer (SSL) and to estimate the density of an euphausiid (Euphausia pacifica)
in the SSL, in the northwestern part of the East China Sea. The survey was carried out during July 6-9
2002 at 8 sampling stations for zooplankton. The virtual echogram technique was used to identify E. pacifica
from all acoustic scatters. Mean volume backscattering strength difference (MVBS 20kuz-38k12) and target
strength equation for E. pacifica were derived from the Distorted-wave Born Approximation (DWBA) model.

Although vertical migration of the SSL is similar to the general pattern, dispersion at nlght shows some
differences. Estimated mean dens1ty using acoustic data ranged from 20.4-221.4 mg/m’ over the whole
depth and 87.1-553.5 mg/m in the SSL. The density using the zooplankton net ranged from 0.2-362.4
mg/m’> and was not related to net deploying method. The results from the acoustic and net survey suggest
that E. pacifica might be an important zooplankton community in the northwestern part of the East China
Sea.
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Lie and Cho, 2002). ©] 213} alle &7 9] A|HFA L SSLE
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HMES 4% FHAE ol 5 T A2 ¥ A7
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49 93E Fu Yok

5 AHolA ssLell thgh A7 1980'd FHHRE] A7)
o] H27HA APE glom, o] SsLe| EA) s}
L 53 o]F E4 (Lee et al, 1990; Aoki and Inagaki, 1992;
Chou et al, 1999)° A7) F £2& T3tk o2l & A4
vtetrte] A g HE Afolehs W9 3ol
o F AR AR B0 B ot A A3
Aol F Uy BEZ2 A8Fo N A5 BYelE wako =
AF7F Mg Folt) 2o, SSLe| 2% AT 2RE 74 F
EEFIAEY TS Hetsl) At 57 olgg A 83t
Hovt A Aol A FHETE oo 2 52
FAEL X E4E 7Iesten 2X32 Ao (Liao et al,
1999).
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Fig. 1. Map of the acoustic transect and ocean environmental
survey of the East China Sea during July 6-9, 2002,
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MA S8 AMSoM SSLe) =&

APl oF ANEE AASY 8 OF Fa
o] Ha AANHPE 2}o]H(mean volume backscattering
strength difference, MVBS)& ©]&3l%t} (Miyashita et al.,
1997, Watkins and Brierley, 2002). ol ¥-2l& 71X 1 =
oF= Fug FAd A8 ddiH oz AF ) 38 kHzol A,
T2t Qe T EEHIEL 1FHQ 120 kHzol A 73 A
AT (SvE 7HAA Brh 2822 U3 FAM o)F
A (102)F T4 (1m)yE L3 g A HAA, SSLo]
gk Fod SvE 7 223 7S AHSSHE echoview
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(Higginbottom, 2000; SonarData, 2000).
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Fig. 2. Length frequency (a) and wet weight-total length (TL)
(b) of collecting Euphausia pacifica in sound scattering layer
at Station 1.
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Fig. 3. TS estimation based on Distorted-wave Born
Approximation model. (a) shows TS difference from total
length with 11 mm, and (b) represents TS-total length curve
at 120 kHz, TS (dB)=-135.5+39.4 log (TL, mm).
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Fig. 4. Two frequencies echogram obtained from station I. Sound scattering layer appeared around 30 m depth. Net was

deployed at sound scattering layer during 20 minutes.
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Fig. 5. Vertical migration pattern of sound scattering layer in the northwestern part of the East China Sea. Acoustic measurement

was conducted on July 7-9, 2002.
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acoustic data, over the whole depth (a), and in the sound
scattering layer (b). (x-axis: sampling station, y-axis: mean
density).
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Table 1. Mean Euphausia pacifica density calculated from acoustic data and open-closing net sampling data. Acoustic data
were divided into whole depth and sound scattering layer. Information about the specific layer of sound scattering layer

was described.

Acoustic method (mg/m®)

Open-closing net (mg/m®)

Station No. - Depth (m) Time (local)
all depth / SSL SSL layer (m) Towing method & layer

1 204/ 87.1 24 - 40 m 363.4 horizontal (33 m) 98 00:25

2 167.1 / 476.0 47 - 60 m 250 vertical (0 m - bottom) 83 04:45

3 129.2 / 434.9 40 - 57 m - - 69 11:55

4 47.9 1 27111 52 -62m 173.8 vertical (40 m - 70 m) 72 17:50
51.1 vertical (0 m - bottom)

5 81.5/ 109.3 20 - 35 m 445 vertical (30 m - bottom) 50 22:50
1424 horizontal (30 m)

6 221.4 | 265.6 25 -36m 130.4 vertical (0 m - bottom) 39 03:45

7 126.5 / 285.0 40 - 46 m 0.2 horizontal (35 m) 50 08:50
50.6 vertical (0 m - 40 m)

8 166.9 / 553.5 30 -37Tm 85.7 vertical (20 m - bottom) 41 13:00
252.6 horizontal (33 m)

Z}o]Z Holw 1t} (Fig. 6(a), Table 1). A|FetH o g 2tz
250 JE 4 100m B2 AFE A2 (St 1, 2; B
A% - 938 mg/m’), T4 50-75 mQ) APE BT (St 3, 4 HIF
2% - 88.6 mg/m’), 54 50m o]3te] F= A¢te] HER
(St. 5, 6, 7, 8; HF LE - 149.1 mg/m’)oN X E. pacificas]
B 95E 71 F4lo] €& T3 At BFIdA e 2
= Yeliz Juo

g, sfAHEANA EF7HA 3 AYT VE AsolA
juvenile® G BFF nd FFFL St 2, 5, 6, 894
A8 Aol 73T (Table 1). olw) MEd] <& A=
Axe} S8 252 AR 4% Bl& UESHS 2 A
A1 0.15:1.0, 0.63:1.0, 0.59:1.0, 0.30:1.02.2 vjeh} BE Aol
A 28 Agd g% 4= X7 A4 e ik

SSLLHe| Euphausia pacifica B A&

SSLe] #¥ 752 4F7] 54 wet 24 Zuic g2
et lov, A7 A AAd A F4le] AiF oz 2
2 A9 (St 1-4)94E 40m FF& BAZ SSLY] £E A
7} w3 wtel vl= 5AE BoFa Qo 38, $400]
50 m Bk e (St 5-8)0ll4] SSLE ¥ A7t Fitolle A
W R, ¥ Aol E SFA EAlHE Egg Hol1
ATH (Table 1).

SSLUe] Y= St 8914 5535 mg/m’ 2. & M E1, St
1914 87.1 mgm’©.2 714 @Al AAFE AT (Fig. 6(b), Table
D. A 553 ssLe 2eE nwdde o Ho 58} I
SSLolA =7 Yehtar gloh st 12 A Q% R E Aol A
100 mg/m® ©)3e) & YWE BRI T5F3) B4 s
957t 55 BT ok

HEE o] &3 28 AF A v EZ} SSLE T3
AzZre] e e HA YeRt gl 9 (St 1, 5, 82 9
AR, SSLo] §l= Z (St NS T3¢ dxve wl @A Y
Ui ok o] E HFolH e UEEF 0|83 TEESHAEY

o

TE BSolM SSLY A sjofol FAFE HAFT
YEE o)§¢ UEE 47 YRt A #7hE 4 e

ey 9o

kg

il &

ATz A sz G F5 AFelA 19979 A5
19981 &l Yoon et al. (2000)°] =3t 37 A A7,
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A B2 B2 2572048 A7} BEE Y=, AA) 2
A dolE 1lmm, B F4L 75m= A4eld Hd 2=
E 3532813 mgm’ 22 VYElA "k o3 9 EXE
TETs HA afgurnt ohvzt el e ¢ E
pacifica AHE0] FEFE & 5 Utk B AFelA gFo=
A A S0 A% W9 (2042214 mg/m’)9} SSL TS 118
3 HE 9% W9 (87.1-553.5 mg/m’) = Yoon 5 (2000)9]
A7 AGRG ol 2-9-H YA WA HoE 52 Y]
E. pacifica?} B3-S HoF3 9lt} 0|23 E. pacifica?]

£ 8k opvet 4 Ahg

dge g US4 5 ATk
tA, gt A4 s BN 1AL
AAEE RAINAM = GIYGRANAR), E. pacifica®] 9%
F3 vlwste] w9 WA vYehta gtk WE 8%
o] A oA ZHo] FEZHAE] T8 Fo] ohd AL

ok

rr

.

=3
j=}
e B2olN ¥ WES adUe] YA oz

" vo

de= B FAL) st 13 St 7004
AANE 8 Q- vt ek St 1914 SSLE 24-40
m 5o et glom, 3 AFAL <F 33 moljA] o] Fof
A HE U5 ©AlelA oF 783t AkgkAlzp wxlE 22 278k
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At (363.4 mg/m’). A, L& o) &3 A4tol A SSL F9
B dee 47 22rg 2R 871 mgm’ o2 vEh} A
AL Y= AAE 2 4 Aok 2y ssL el 159
A o) 3 B DEE ALSHE Fd 416 mgm®, 28
o] B Az H UEE 2525 mgm’ S8 B4 et
(Fig. 7). WetA, MES] o]F H=e) SsLo] XFEe oo
wel % 7S] WA A JelA Btk o)id ol St
7904 EEglo) Vel a ¢ltk SSLE 4046 m A A vpeht
=l (285 mg/nf) olmf VIE AF FEE oF 35melA o]Fo
A ARE dEE 02 mym’S.E Bw A9 9uirt $iA
"o} o] WE A3 584 EAe A E YE

olF AEE Fotd 4 Q& TDRE 233 23F 2499
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500
Mean density = 87.1 mg/m®
400 L al Mean density in box = 252.5 mg/m?|
E W "
o 300 u
£ "
£ 200
c [ ]
2 =
(& ] | ]
100 ... B

Ob——— | ENSEERSS- EESEREEENREEN--
01:16 01:26 01:36 01:46
Acoustic sampling time

Fig. 7. Mean Euphausia pacifica density per 1 min calculated
from acoustic sampling time at Station 1. The data in the
box indicated higher density. (x-axis: acoustic measurement
time, y-axis: mean density).

AT 1“91 SSLE dF7) o]Te YE - A2l It

ARl A BoF:n oy, 4l whe) sSLej R -84
o] th& 7A 2 et slck vk 5% Yeh= SSLY
Zol WFol T Lee et al.(1990)2) AFA U= Foj=

SsLo] &3] 317sid, 6‘}7& £EE %la - SSL«l ]

g

"]ﬂ’i‘loi thE Al B ARgME X
ol FF =3 ssLe] YurAQl o]F Hdog
FZd ZASHE 23 AuA el &4 ge
7] AT 2 FHZoe Ak ] AE e
377}}1 Fefsjjor she GAIZFA] APH T F,
Az Aqstisd e el TEEFAES
of A3 AsE YF FLor 1P 5 vk
W (identification) A o] Hup= =] gko x)z+A o]
Hulo] AL L2 AR A AiloA Be o==
A Ao 3 FAFe HEPE 54 dohe 44

-l-r‘

2 o

A1 e

o

LS
DA

)

w _b, Pl
o & o oo W

Ju OSL
_<l
Mr % o

>

K o ol & do —[x' Lw
o -

i

o]

At B AFNA E pacifica
}-8-3F 38 kHz, 120 kHz2} 244k
21L& DWBA Eda o 7 RE]
| Rl 2o AME-EE E pacifica AR S

£ o] &3t ST Ao) ohz},
paczfca«] ARHA QI ZES AHESIAT weks % B
AEs A i A7 AY 1*1 iH’“El E. pacifica
Aol B=n] &4 59 W = EAE oo}
ofof %o},

Oﬂ?‘ﬂl/ﬂb ANANBRE Zo)HE o] &3t o F I}
uﬂzﬂ-ﬂ SSL &< &85} W, ©) 8SLE WM E. pacifica
Aevs O]E“f?_ AT AxbE AEST 7 T35 A3
ABRE B o e dA e A5 g A7) A}
StAAR, 7R} o) +HFT S Fdse AEAV} E
pacifica®t B SSLUlol| ¥ Xshe 7o Fell7t F4HA]

-% AR 9l E pacifica®] BE7} A F7HE b

o] At} Stanton and Chu (2000)°] )43+ 7¥E9Jr MAF
18T AA Bl | mme] 84729 S, 120 kHzol A
FAEE -135dB H|TH] WS UrEMﬂ At} o] g
e} AR ‘%Hb i%ﬂ Hls) oF 40 dB 01*0‘ s

R oo

o o o_u &2

dBolB &, 374%4 ADAEE 1135 dBE 7}%‘%‘ HJL Y3
ABAEE A E 22 3 AA ) s 2AFE F2F
10°9) WA 55 7hAoF & on|ith, wEbA Bt gEe
Y| AxE 741*&0}7] AehA e SSLY F =4 AT HA ol
A otelg mlA AetAle) Bx K okt g

2.2 gH.S B3 T2 }\1 sHodo“/q_,]
4% & A=stAt) SSL £X 54
EE 2% A0S ﬂ’cﬂ stPou U 4L YE ﬂr%%
2 T P‘Rit} FHooll A L o]&
71 o8 2 HAHAo,
= /“*lﬂxl Sokth A 2
8 A AR = BF
o 25k A H ZFLP_E} @“‘61 A3 o] A &=
= AEE AL FYR|9e] 4E A8
3} ALl Aol HAA T FALe] AldA]
o2 AEA B 44 A a8 2419 SSLE

] &

rlo

2
x
B

2
Tp
%

2 AFE d2HATHY BEF7)ZATF (RO1-2002-000-
00222-0) “FF % o} &% TEETIAE AT FY #
2% AeE B4 vl Halel ATHh QLGEAFI
(Japan Society for the Promotion of Science)2] Y4 4]
(Postdoctorial Fellowship for Foreign Researcher)Z 8 5}

#uo

fir 4
O{N



756 FEY-FEAMEG-FFE- A YA L5208 E-Kohji lipa

#oe s

Aoki, I. and T. Inagaki. 1992. Acoustic observation of
fish schools and scattering layers in a Kuroshio
warm-core ring and its environs. Fish. Oceanogr.,
1, 137-142.

Chou, S.C., M.A. Lee and K.T. Lee. 1999. Diel vertical
movement of the deep scattering layer on the con-
tinental slope of I-Lan Bay, Taiwan. Fish. Sci., 65,
694-699.

David, P.M., O. Guerin-Ancey and J.P. Van Cuyck. 1999.
Acoustic discrimination of two zooplankton species
(mysid) at and 120 kHz. Deep-Sea Res., 1 46, 319-
333.

Gerlotto, F. 1993. Identification and spatial stratification
of tropical fish concentrations using acoustic popula-
tions. Aqua. Living Res., 6, 243-253.

Han S.K., H.J. Lie and J.Y. Na. 1995. Temporal and
spatial characteristics of surface winds over the
adjacent seas of the Korean peninsula. J. Oceanol.
Soc. Kor., 30, 550-564. (in Korean)

Hewitt, RP. and D.A. Demer. 1993. Dispersion and
abundance of Antarctic krill in the .vicinity of Elephant
island in the 1992 austral summer. Mar. Ecol. Prog.
Ser., 99, 29-39.

Higginbottom, I.R., T.J. Pauly and D.C. Heatley. 2000.
Virtual echograms for visualization and post-pro-
cessing of multiple-frequency echosounder data.
Proceedings of the Fifth European Conference on
Underwater Acoustics, ECUA 2000, M.E. Zakharia,
ed., 1497-1502.

Kim, Z.G., Y.M. Choi, K.S. Hwang and G.D. Yoon.
1998. Study on the acoustic behaviour pattern of fish
school and species identification, 1. Shoal behaviour
pattern of anchovy (Engraulis japonicus) in Korean
waters and species identification test. Bull. Kor. Soc.
Fish. Tech., 34, 52-61. (in Korean)

Lee DJ., HI Shin and J.H. Park. 1990. Acoustic scattering
layers in the East China Sea 1. Diurnal fluctuations
in echo level of the scattering layers. Bull. Kor. Soc.
Fish. Tech., 26, 14-19. (in Korean)

Lee M.A., J.R. Wang, T.J. Cheng, S.C. Chou and K.T.
Lee. 1999. A case study on the category composition
and distribution of zooplankton in the sound scattering
layer of offshore waters of north Taiwan. J. Fish.
Soc. Taiwan, 26, 133-144.

Liao, CH., K.T. Lee, M.A. Lee and H.J. Lu. 1999. Biomass
distribution and zooplankton composition of the

sound-scattering layer in the waters of southern East
China Sea. ICES J. Mar. Sci., 56, 766-778.

Lie, H.J. and C.H. Cho. 2002. Recent advances in under-
standing the circulation and hydrography of the East
China Sea. Fish. Oceanogr., 11, 318-328.

McGehee, D.E., R.L. O'Driscoll and L.V.M. Traykovski.
1998. Effects of orientation on acoustic scattering
from Antarctic krill at 120 kHz. Deep-Sea Res., 11
45, 1273-1294.

Medwin, H. and C.S. Clay. 1998. Biomass echoes, rever-
beration, and scattering models. In: Fundamentals of
Acoustical Oceanography. Academic Press, pp. 348-
404.

Mitson, R.B., Y. Simrad and Goss, C. 1996. Use of a
two-frequency aigorithm to determine size and abun-
dance of plankton in three widely spaced locations.
ICES J. Mar. Sci., 53, 209-215.

Miyashita, K., I. Aoki and T. Inagaki. 1996. Swimming
behavior and target strength of isada krill (Fuphausia
pacifica). ICES J. Mar. Sci., 53, 303-308.

Miyashita, K., I. Aoki, K. Seno, K. Taki and T. Ogishima.
1997. Acoustic identification of isada krill, Euphausia
pacifica Hansen, off the Sanriku coast, north-eastern
Japan. Fish. Oceanogr., 6, 266-271.

Simmonds, E.J., F." Armstrong and P.J. Copland. 1996.
Species identification using wideband backscatter
with neutral network and discriminant analysis. ICES
J. Mar. Sci., 53, 189-195.

SonarData. 2000. SonarData echoview user guide, Echo-
View v. 2.10.53. Sonar Data Tasmania Pty. Ltd.

SIMRAD. 1997. Operation manual, Simard EK500 scienti-
fic echo sounder. Base version, P2170. A Kongberg
Co.

Stanton, T.K. and D. Chu. 2000. Review and recommen-
dations for the modeling of acoustic scattering by
fluid-like elongated zooplankton: euphausiids and
copepodas. ICES J. Mar. Sci., 57, 793-807.

Watkins J.L. and A.S. Brierley. 2002. Verification of the
acoustic techniques used to identify Antarctic krill.
ICES J. Mar. Sci., 59, 1326-1336.

Yoon, W.D., SH. Cho, D. Lim, Y.K. Choij and Y. Lee.
2000. Spatial distribution of Euphausia pacifica
(Euphausiacea: Crustacea) in the Yellow Sea. J.
Plankton Res., 22, 939-949.

2003 9% 259 HE
2003 12€ 179 ¢



