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Distribution and Biomass Using Acoustic Method of the Squid
Watasenia scintillans Near Dok-do, East Sea of Korea
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The spatial distribution and abundance of fish species was estimate near Dok-do, East Sea of Korea by conducting
midwater trawl survey with hydroacoustic method. Acoustic and midwater trawl data were collected onboard the R/V
Tamgu 21 during 7-8 March 2016. Acoustic data were collected at the frequencies of 38 and 120 kHz and converted
to nautical area scattering strength (m?nmile?). Species are distributed mainly over an extent of 30-55 m, generally
around southwest of Dok-do; the squid Watasenia scintillans was the dominant species found. The length-weight
function and target strength of squid and other fishes were used to estimate the W. scintillans stock at 2499.1 tons and
other fish at 43.8 tons during the winter season. The hydroacoustic method offers an approach for the determination
of the biomass and vertical and spatial distributions of species aggregating near Dok-do, East Sea of Korea.

Key words: Watasenia scintillans, Hydroacoustic survey, Mid-water trawl survey, Dok-do, Stock assessment
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2007; Zwolinski et al., 2012; Kang et al., 2015).
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(Fig. 1, Table 1). S3F ZAR= ZAPHo] 428 A48 Thsto]
SH(EKS0; Simrad, Norway) & o]-8:31910}. ZA}0] AL83 &3
AlA = E3H (split-beam) ¥-4] 9] 38 kHz®} 120 kHz F-at=
2, " Z(pulse length)} £-3} 7HA (transmission interval)S
Z¥Z} 1.024 ms@} 0.25 pings/s2 A st SF AR E 55}
& TH(Table 2). EK80-2 #H] ] EAJAF Narrow-Band Continu-
ous wave ©=(NB CW)&} Wide-Band Frequency Modula-
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Fig. 1. Location of the hydroacoustic and mid-water trawl survey area around Dok-do, East Sea of Korea during winter season, 2016. Study

area showing the acoustic transects (black line), trawl transects (gray dot line), and CTD station (black squares).

Table 1. Detail on mid-water trawl surveys

Trawl location

T t Fishing depth (m Distance (nmile
ransec Start En ishing depth (m) [ (nmile)
37°12.6'N, 131°49.2°E 37°17.8'N, 131° 49.3'E 100 1.99
2 37°11.6'N, 132° 6.3'E 37°13.0'N, 131° 59.5°E 207 1.61




FANY) BE %

sphere)E ©]-8-5F0] 1A A AT AMAIRE 33k Al |
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2= ol 7o) i 9 FEF AL Al Q]8T
o]8] ZAH= 2% EE o]9(net height, 3.6 m; net pendant,
97 m; cod-end mesh size, 60 mm)E ©]-8-510] SFAL T =
A} A W 2709) FAHOI 2k of7t 22t 1818 53 B
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Seabird electronics, Bellevue, WA, USA)E o]&3lo] 23 =
AF A3 2719 A (St1:37°20.0° N, 131°54.7” E, St.2: 37
18.1" N, 131° 493" E)of| tisjA] 42, &, I3 = (fluo-
rescence)®] W52 S5 HFig. 1). 9714 F3H == &
= 24-a (Chlorophyll-a)2] At o] 7S Yellich CTD= 4=
41200 m7HA|RE 2 FSHA L, D53 AR s | mbA o Wk
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LA R O] AL ekt g ] A] =2 1M (Echoview
ver. 7.0; Myriax soﬂware Pty Ltd, Australia)2 ©]-83t 7}4}
o1 WA 0 F AYsTE STARAE 24 HAo]
A D53 ST 5 38 kHz9F 120 kHz F=uf=of] thsfjA] 4
22 247+ 69.7 nmile?} 250 me] ol tiafiA]
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B8 AAFIC) Fig. 2= 38 kHzE ol &0] A1 1320
A B3 SaF Ao doltt. SYARA L S A4

oAl 253t 38 kHz9t 120 kHz9] $H1A| 2 4HH7} = (Volume
backscattering strength, SV) A}z o] T3] 4 (Fig. 2a), 3|44 El

Table 2. System parameters calibrated for the acoustic survey

System parameters Simrad EK80

Frequency (kHz) 38 120
Transmitted power (W) 2000 300
Ping duration (ms) 1.024 1.024
2-way beam angle (dB) -20.6 -20.6
Received bandwidth (kHz) 243 3.03
Transducer gain (dB) 24.69 26.48
3-dB beam angle (°)(along/athwart)  7.06/6.93 6.46/6.31
Absorption coefficient (dB m') 0.009 0.059
s, Correction -0.57 -0.28
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(a) 38 kHz Raw data

38 kiiz 38 kHz SV, [1:1] 38 kiz 38-M, [1:1] 38 kHz 38-5, [1-1] 38 kiz 38-TVT

[1:1] 38 kiiz 38 kHz SV x [1:1]38kHz 38-M x [1:1] 38 kHz 38-5 x | [1:1] 38 kiHz 38-TVT x

‘ (b) 38 kHz TVT noise removal

Fig. 2. Example of echograms from volume backscattering strength
(SV, dB) at 38 and 120 kHz around Dok-do, East Sea of Korea
during winter season, 2016. (a) raw data with general background
noise at 38 kHz, (b) echogram after removing using TVT compen-
sation st 38 kHz. Echogram after median filter at 38 kHz(c) and
120 kHz(d).
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etal., 2002). Al S| RAE FalA A 7] ZALel ol £
&2 | 2 A of(Watasenia scintillans)Z 3} & o], ujl 23] o]

] EHET]—.QI)‘]:/\ E—r—Eq o) x]_ojaok.g/‘kl—ZJO]. r;]- 03 x}OJEkA]—
A 8 249 985 vlesolo] et £ 54 A7)
e A] e33k7] Wizl 2 dAtoll A= SaFeH2] E4do] fA
S} Ak @ 2 of(Todarodes pacificus)ol| that &aF EAS 243
o] AAkst3th(Kang et al., 2005). t2.7 9} 715} o1+4 Al
S5 & ¥ 38 kHz F=upof| thsto] 242to] A ibetAl 4
(Nautical Area Scattering Coefficient, NASC, mz/nmllez)—

=39k = 1E SRS 0.1 nm1leA EDSU (elementary
distance sampling unit) 7+4 © & &% NASC 31& o|-8-5}o
o} 0] FUHE 54S sotelit] A8t 358 5
b= o]l & A1 MABLAB 2 “13(R2009a, The MathWorks,
Inc., USA)E- o]-8-5tof EA41& 2Ia)s}ict.
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£ 2N §F EE 2rbe F03 oREA7] % 23]

o] A4 X8|}, ]3] 7:11,} o A o) (W, sc1t1113ns)4 ZHA
520} Fep2 217k 2,0097079) 23,456 g2 WA o2 of
2£9] 90% 0|4kl X-0-ALS #3191 (Table 3). AFo-HEo2
W5 °|(Maurolicus japonicus, 1,518714], 979 g), =75 (Arc-
toscopus japonicus; 71704, 840 g) =02 o2& ¢lal, 251
2l e A ofef e o7} 242 1714 ol &= et 2AM7]
AFEEL EF B910.7°C ol e BES ehia
100 m¥-E] 40| Zraxsto] =41 200 moj| 4] F 3°C o] 82|
We o B S WY rh(Fig. 3a). BHH FE-2 3o A 4
200 m7}4] 33.95-34.16% 424 o & Z zjo|7} ¢lrh(Fig.
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Table 3.Weighted ratio with dominant fish species by mid-water
trawl fishing data around Dok-do, East Sea of Korea during
winter season, 2016

Species Weiglz(tyeo;i ratio Wt(aéi]g)]ht L?Cr:ﬁ;h
Watasenia scintillans 92.70 23,456 4.4 (ML)
Maurolicus japonicus 3.87 978 4.3 (ML)
Arctoscopus japonicus 3.32 840 9.3 (BL)
Other species 0.13 34

Total 100.00 25,302

ML, Mantle length; BL, Body length.

3b). FBA Y - EEE 2A Y W FE AR St 1 A

[e]

% A1 9Q1 St.20] H|shA FA o= w2 —’rﬁ’— BxE Hr}
(Fig. 3a) Al EZ3E2 A& Q1 &2l Fluorescence®] =2
7o) B 27h0] ZAP Aol A 2 2fol 2 1 gIrkFig. 3¢). A
A 1ol|A= 4 49 m olstz 2 £ o2 TAsE3laL, 44 20
A= 30 m o|stE AA| 7HAsGiT

20169 FAA7] sl =i Qe oA S3F 2AF Axt
AR 2 4241 30-55 m So|A] BEskg L, 4=
OF 40 m Fto| A H 2 EA5H3IcHFig. 4a). A4S
sk Ao FHat 28 A1 8= 38 kHze}F 120 kHz 2] 9]
= -76.21~-68.74 dB2} -74.62~-67.67 dB Yol Al YEFFAL,
71 9] 27 AFtE 9] Ao A= <75 dB )51 SFAI BT} 4

A= QIT}. o]i= A 7|7 oftto] 7] wfjiZof] AE9] -oF 422

o] (diel vertical migration)©. & ¢15}o] 5=4] thu] AF=Hoj
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jakad
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BT A0 maE Ea 4 147 oAl 57 Aol
XU A0 2 b vh(Fig. 4a). o2 A = HEF
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Fig. 3. Vertical temperature and salinity profile of the water column measured by conductivity-temperature-depth casts.
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W Bk NASC 23 E= 4] 30-55 m F-2olA FAFH e
2 7 2 E|9Urk(Fig, 4b). 2AA]7] 07 F7HH B
B3 A4 192 RI F2 B B0l 4E 53 4
B/ RAEYIL, S 55 R E ST AT BA HY
th(Fig. 5). ¥ AEE Sk 222l HA 4-80| A of o] 4l
B7h A9 S A sk
Hstolet 2AMS Ealo] 53 A4 8 NASC gk} 78 o
(a) SV (dB)
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2
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o
150+
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o - - -120kHz
200 ! !

Z2l j eA o], AFo], EREL] AL, cm)-AlF(w, g)-
AA(w=al®), A7 &2, Jé‘:rF 28 HHAP} = (Target strength,
TS; 75220 log, (L)-b,; o=4710°"), 2| A% e o
251 -5-3F H 34| 4(conversion factor, CF) 5 &-8-3}0] o]F &
W UE(p)E BAL T, 2A WA Y olR] ST BELE

ARgslleh £Q ofFQl mje o], dFo] E=FTf gt &
AP = 7] A A3 RSt ALl o W oL
(®) NASC (m?nm?)

50

100

150

—38kHz
-=-=-120kHz

200

Fig. 4. Vertical distribution of acoustic backscatter into different frequencies from mean of all transects. Black line show average 38 kHz, and
black dot lines are average 120 kHz. Vertical axis is depth in meters, x-axis are acoustic backscatter measured as SV (dB) (a) and nautical
area scattering coefficient (NASC) per 1 m depth channel (m?nmile?) (b), respectively.
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Fig. 5. Spatial variation of trawl catch per unit area (kg?/km?) and nautical area scattering coefficient (NASC, m*nmile?) of demersal fish

around Dok-do, East Sea of Korea during winter season, 2016.
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Table 4. Value of conversion factor (CF) and nautical area scattering coefficient (NASC) partitioning by fish species around Dok-do, East

Sea of Korea during winter season, 2016

Species w,'’ <g>? Conversion Factor (CF) NASC partitioning
Watasenia scintillans 0.93 4106754 20 0.1917 0.94
Maurolicus japonicus 0.04 4106714 20 0.0646 0.03
Arctoscopus japonicus 0.03 4106740 20 0.0405 0.03

'w,, Weighted proportion of species i in fish samples; > <c>, Mean backscattering cross-section of specie i.

A& o v 2o o] o 2 A v gES 0.94%, Aol
O} mREL 7171 (.03% 0 2 A4 ]9 tHTable 4; Yoon et al.,
1999; Saito, 2004; Kang et al., 2005). 20161 3% 23k} 1%
APRFE S o] vj 2.4 ofo] Wi 6.13 g/, U5
o9} wREL 717} 0,049} 0.07 g/mlE AMYE T & WA
40,742.3 hao|| thgt o] 72] AEeF2 2542 8:20] 1L, wj 24 o]
£2499.1E, BFol9 =FE2 771 26.9 EX 16.9F 02 4t
74 =] 2AcH(Table 5).

Table 5. Standing stock estimation of squid Watasenia scintillans
using acoustic survey around Dok-do, Korea in March, 2016. The
n, is the number of 0.1 EDSU (elementary distance sampling unit)
and NASC is mean value of the nautical area scattering coefficient
(m*nmile?) along i-th trensects

7-8 Mar 2016

Transect No. . 20-300 m

' NASC? per 0.1 EDSU
Transect 1 59 538.9
Transect 2 107 793.2
Transect 3 65 126.5
Transect 4 51 42.0
Transect 5 73 186.0
Transect 6 68 10.0
Transect 7 62 72.7
Transect 8 51 3.9
N, 536
\’QVAengI(;ted mean 34.04
Survey Area (ha) 40742.3
Species 0% (g/m?) Biomass (ton)
Watasenia scintillans 6.13 2499.1
Maurolicus japonicus 0.04 26.9
Arctoscopus japonicus 0.07 16.9
Total 2542.8

Un, Number of 0.1 nmile averaging intervals on i-th transact;
NASC, Nautical area scattering coefficient per 0.1 EDSU (0.1
nmile); Y5, Mean biomass density.

o F#

ZAA 7] B2 ool 9] o) H ul| &%) o( Watasenia scin-
tillans) 2| AL 92.7%5 *}A| 5= Z|-$-HFo|thTable 3).
i @A ol= Uit B5 oA st o8, ok ol
= o]0 2 2714 7] 300-500 m, oF7FA] 7] 20-60 mo]| £3E
= Zlo2 A4 A Qlth(Watanabe et al., 2006). E5t F3Z 5}
= 419] 4288 F71A]7] 36°Co| T, Oz 5-15C RE
Bt} 2Als ool A ofzbAl 7] T2 0]} BTl 4418 40
m P02 7|20 Aof|A] Fish= 2o Z3HEth(Fig.
20). Bl Aok AR EE 2T 9 Wy £RFOR, 4
3l AFgF3(Deep scattering layer, DSL)S o] £ 9-2|u2} 5
afietell de] Bastal Q= o' defA] ik ES vl @ 7o
= oA AHA Q] A8 07 o] G| K= grot e Ao, 7
A], a5-0] 50 Yol BE 2 A 5a3F oot} o] |3k Hol A
=AY £ Y AEFY He2 ol HolMER S=
A 2H1 9 ofshi-sofl 21 A 91 FaFo] Y& A= o AXIT
whEba] & 2AL SS9 Z|EA Q] v @ %] 0] o] A-F7HAQl Hak
A ALFO S ol A WEY] 71 & AR 2 280
7ts & Ao & wekE

38 kHz9} 120 KHz9| TE75155 olgalo] 20 of2)%
ol wjegojet B BEAete] ReE Xttt me o]
oF Bf AEA|9ke] E2|A] 7 Fubas mho]o] W)= -1 dB <
SV otin 35 s, < 3 dBE A48 THGoss et al., 1996). EK60
o B=g LS % il eols} B B Aolela e
AR 8 AR 30-55 me} EPYEA7F B2 S o s o
Tl SHE ARRES 56-95 m B2 £E]ste] &5 chFig.
6). 7L Au} AH ARG 25415 -1~3 dB H9] ¢l A
A2 A5 2= 90.94%7) 3E5HE] 37, 38 kHze} 120 kHzo| B+t
SV= 717} -62.89 dB (standard deviation, (SD)=5.07)2}-62.61
dB (SD=4.42) ${th(Fig. 6a). WA sH SAtekS-o] Bt SV
+= 38 kHz®} 120 kHz 212} -73.00 dB (SD=2.70)2} -70.18 dB
(SD=2.12)2 AF5LZ=o] H]3}o] ¢F 10.10 dBL}7.57 dBA)] 2F5}A|
SAE AL, v 2 o] = ke = H9lof] Welli= ©F 43.44%7}
eI THFig. 6b). 3HE- ARS 413 5 -1~3 dB & WS 9l
o]t th-o] 4154 120 kilz7} 38 kHzol w]sto] A 4 0.2
&5 4157} 75}, ol vl e olo] ulsle] 473 o] Ei
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Fig. 6. Compare acoustic signals of squid Watasenia scintillans and other scatterer identified on a 38 kHz (Fig. 2c) and 120 kHz (Fig. 2d)
echogram in the acoustic transects (T1). Scatter plot of volume backscattering strength (SV) at 120 kHz against 38 kHz from 30 to 50 m (a)
and from 51 m to 95 m. The gray and red dots indicate the wholes SV and SV classified with dB difference windows of —1~3 dB for squid

Watasenia scintillans.
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