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Fig.1 Sketch of target strength measurement of

tethered purpleback flying squid (S. oualaniensis)
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& 1 Simrad EY607} 3 & R 12120 kKHRBER N EES K
Tab.1 Main parameters of EY60 scientific echosounder

with 120 kHz transducer

x2 BEEMAFERERNMTSOITIHNSHRE
Tab.2 Setting of some parameters concerning single target

detection and TS analysis for S. oualaniensis

ZH 120 kHz#2 ¢ XA ZH BE LEbA

parameter 120 kHz transducer unit parameter setting unit
Hepe A il ES120-7C L E ARERIN 72 split beam - method 2
transducer type single target detection method
T IDIES 500 A i 5 R ~70 dB
transmitted power TS threshold
PR TS 7.00 © Tkt E if s 7K~ 6.00 dB
alongship 3 dB beam width pluse length determination level
IR T 7.00 © /MR AR 5 0.7
athwartship 3 dB beam width min normalized pluse length
ORI -21.0 dB R ARAERK 5 2.0
equivalent beam angle max normalized pluse length
Hrepeas I 2k 27.00 dB B A KM 4 dB
transducer gain max beam compensation
L& 0.046 dB/m EON DA B 4
fibsor‘phtion coefficient maximum phase deviation
DR 50 m J A 0.8 ©)
ra‘nge\ B minor-axis angles
A ] ! s Khsh 08 ©)
ping interval major-axis angles

A DIRE, PATSIE LA I w4 (TS raw pings) il
A7 B JF 4R K v U (angular position raw pings) A
BTG, BIEESr 2L R B H AR R AR i (sing-
le target detection - split beam, method 2); QR
5O I SRR T AL R BE L I R R B AR L TS
(B8 R /NS 1 2 40 7 5 2 I AR TS Y | R IR B
N5, FIHEchoview X 4 B4 43 25 T RERS 1 2 1Y
50 I AR AR R 2 B E SR <n] 23 X R
P57 (analysis region data) Ao #T, %0 BN
ATRET DR T A 5 S PR TSE M B e £, X
SO AR 5 A Y [ B AE S HERR R AR
frEanBeil, Horph 208 80 IR 4008 /Y 5 H AR #i
TSR ) 5 5 AR [ e 55 (R SR AR R R %
BALH BRI w0 TSR P2 i, e AT ey
AERE, Fi B TS, &5k B AR
TS 73 Hr ok 7> S50 B WAk 2.
AR HARERI S 8000 35 B X R I 45

A B P R o B S U A 5 LA
H broi B2 0 & 25 2R B 52 00, AR S5 DU K d5e /)
(10.8 cm) A 14 55 5 AR TSEE Xt 52, 745
Tl A S BORAEIEHLT 430 5 k28 ok v B2
5 /K- (pluse length determination level, PLDL/
dB). #/pHEK % (min normalized pluse length,
min, NPL). f KA5#EK 58 (max normalized pluse
length, max NPL). %l /i B i Kbr ofE g 25
(maximum standard deviation of minor-axis angles,
MIA)FIK Bl £ B fie KA ME i 2 (maximum standard

deviation of major-axis angles, MAA)EZ %L, 4
B DL 145 2 8000 28 Ak X 55 2 I B 5 A o B
EAURIYE I, DI E St S 808 (R2),

1.5 ESWBRALHEREENITE

TSI — e X

TS = 101g (ops) (1)

K, oy HAR Y J5 7] U T (backscattering
cross-section, m?), A LLFRA#E Ky AR T A G A Ik
[ X C N AT SR

RS MR TSR ik B
SRz AR BT A B0 B A B 8 TS(TS) % 4k 4tk
18, ﬁ%?ﬂfﬁnﬁiﬁffﬁﬁi(m), SR G TR T A 5 1] 1L
SIRT AP (7, AP SR
PLTOK IS A X4, B4 3092 15 2% o 44 1) OF- 1
TS(TS), HiEanitiaa=.

;= 1075710 )
7§=mg<§ﬂ> 3)
n
B 5 TS5 1 K A 5 R i
TS =alg(ML)+b 4)

HATIG . Aafib R R H 5. FIH Microsoft
Excel 2013 f1Matlab R2014ai/t #7 #9515 fn 4t it
AT, RIS S TS 5 ML 7345 B DL R TS 5
IgMLI £ &R . Al Kruskal-Wallis FlJonc-
kheere—Terpstradl: 250K 5 L 45 55 15 T B4R 22 ]
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i 43 51 4 10.8~25.2 emH1(15.543.65)em, 3E4E
T ity B4 JRH S LR 34 I 43531 249 17.6~20.2 em
FI(18.61.16)cm (#3). B 5 I AE 5 A 35 I 4 41
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AT 4 1 S BTSSR K B O &R (F2), H
SR BERAET 10 em DL F S L RN, FEL
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AHESCERY ), A5 PLDLAE 46 dB,

6 = ML frequency 125
- H4rt percentage
ST n {20
- /\ /\ 11559
~ o | =
S | 1088
R T g
1 15
0 . . . y 0
12 16 20 24
Jii¥/cm

mantle length

El2 E5WEREKSH
Fig. 2 Mantle length distribution of

S. oualaniensis specimens

Min NPLFImax NPL¥ & 7 BBl /3 51 4 0.1~1.4
F10.8~2.5(&13-b, c)o ZEAAR H b 1 14 ik vk
¥ 4 T 'min NPLHImax NPLZ [&] i}, 3% & bk i
F T B SRS Bl min NPLY I, B2
A B bR ) B 2 R >, TR TSI B
A KAE TR /MBS o 7Emin NPL<0.7E F A,
FHTSE WA ETHEH S 2min NPL=0.7/,
B BB R B TSH 4 F AR K F . S min
NPL=0.7H] i3 TSHH L, A min NPL=1.1H]
S TS HOFT & 3 A0 T 0.28 dBIF ik #g(H, {H)5
HHARH bR 2R N R, B B 57

*3 EEMEmEKARS
Tab.3 Mantle length (ML) and activity of S. oualaniensis specimens

T Hi/em HUE e Hi/em I
specimen ML remarks specimen ML remarks
1 11.7 SEIEAE A, B i 14 12.2 SRS AR
2 12.7 EREAE S, XA i 15 11.4 SEVE AR, IR A
3 18.3 HEBUREf, BB 16 17.9 SETHE
4 17.3 SEREAE L, IXRIBET: 17 15.8 SEVE R, IRISET:
5 12.2 WEVERBUE, BUEIETS 18 13.0 SEVE AR, IR A
6 17.6 FETRE 19 20.4 SEVE AR, IR A
7 17.0 BEERES, AASEER 20 17.7 SEERE S, WETER
8 13.9 FES IS R £k 21 20.2 SEVE AR, IR A
9 10.8 Il FE e 2 R 22 12.0 SETHE
10 18.0 FEfER 23 252 SEVE AR, IR
11 21.4 EREAE S, XA i 24 159 SEVE R, IRISET:
12 16.2 SEREAE L, IXRIBET: 25 163 SEVE AR, IR
13 124 SRR, HRIBET:
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Fig. 3 Variation of single target number and their mean TS for

S. oualaniensis versus single-target detection parameters

(a) pluse length determination level (PLDL), (b) min normalized pluse length (min NPL), (¢) max normalized pluse length (max NPL), (d) maximum

standard deviation of minor-axis angles (MIA)

TSEH B RS, Kk, ALK min NPLE
$90.7(E13-b), max NPL<1.20F, BA{k H ¥ A9 %L
i fEmax NPLAYIG MG fn, (H-F- I TSEIBE Z s
/N 4 1.2<max NPL<1.8ff, HL{A& H b £ i mg
AR, AR, O TSI A LR
FE, L, ALK max NPLE 4 1.8(83-c).
MIA 5 MAAWMRI S Ak, S 52 964 H e A A+
[FE, AT MIAZS AT B H AR A5 08 (151 3-d).
Bl B MIARY R R, AR H RS N, (HF34TS
M Z 98/ s HMIA>1.8°0f, — 3 FEAANFARL
LA R R bR ECRE R TSEIF S 52 A
EFE, ARSI MIAFIMAAY] E 40.8°,

23 BEHBAEFEZRE

5 1% W PP A AR BR S 1) I 55 BE (S, R fR 45
R, TS AR, FEAHE 12~14 moK

J2 B A AR R R O R AR A R 6 mPL IR
K Z R 2GR T K R AR S IR e AT .
YR 0 B 72 A A5 5 15~16.5 muK J2 Y 75 2
PR 2 45 B 0 TR A 5 (8T 4) 0 15 15 TR 174
HAR R AR S5 R 8w, @ R K2, AL
BTN A= R N N 1 6 B R 7 U B I BIE e e
WHE bR, K5 % BT A AR HARTSLL#E — 2041
B AR AR (E15) o
24 BEEWBHRBEREENTHMRE

M2 22 B ARRE S, 1SR &
I3 )8 L TG A o %) b 5 BE 0 A AT, TR AR
B 5 U BRL R SF- 1 TS Y d5e KA A5 /M 43 51 8
—49.95 dBF1-68.90 dB, H:AHN A4 431124 25.2 em
F12.2 cm, T AR /M (10.8 ecm) 3 TSy
-61.98 dB(K6)., % 6E(ML=17.0 cm, ¥
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4 EEMW A KRERREBGEEEFREG
Fig.4 Volume backscattering strength (S,) echogram of

single S. oualaniensis

[1:31] 120 kHz Single target detection - split beam (method 2) 1

30m ©)

B 5 EL5MHHERRNRE
Fig. 5 Single target detection echogram of

S. oualaniensis

TS=-66.57 dB). %$9E(ML=21.4 cm, V¥
TS=-56.22 dB). ¥ 112 (ML=12.4 cm, F3
TS=—68.42 dB) I 12 B (ML=12.2 cm, 1
TS=-69.01 dB)H¥ i FLAA 1] 35 %5 5 N30l LA 26
24 13F1144-, B AR D, LR RS S0 A
il 25 R T T BOS 2 W AR SR SRS ) A L AR
B T s s G, FERERERNA
B B H iz sk (3R 3)
FI19E RS (ML=25.2 cm, N=288, F-}TS=
—53.30 dB)H bRo FEM 22 B K, 27.95 dB(—69.70~
—41.75 dB). JFH AR R B AE 5 20 1 5 5 R
TSSO i I BFEARIES A B, B 11E ML=
12.4 cm, N=13, FH¥TS=-68.42 dB) 545122
(ML=12.2 cm, N=14, F#TS=—69.01 dB)%; 1 Jif;
FAARTSAr 7 G B 3% 22 5% (Mann—Whitney /6 55,
P>0.05; Kolmogorov—Smirnov Z# %, P>0.05);
#14E (ML=15.8 cm, N=786, F¥JTS=-65.87
dB)5 %202 (ML =15.9 cm, N=376, F
TS=-65.47 dB)E S FAKTS 0 i 4 it % 25 &+
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(Mann—Whitney £ 5, P<0.01; Kolmogorov—
Smirnov Z¥;%;, P<0.01); %5168 (ML=20.4 cm,
N=58, FHTS=-61.71 dB)5 4 18J2(ML=20.2 cm,
N=58, F¥TS=-60.11 dB)&5 1% I FAK TS 43 i 1%
A B #F %5 (Mann—Whitney ¥4, P>0.05; Kolmo-
gorov—Smirnov Z¥z 45, P>0.05),
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TE IO v 16 2 B A H A ik B A1 38 43 A A
(0 85 5 R, X S 4 TS FIML AT [ 9 43
Br, S5 TSS HMLIXFR: I'S=34.22
1g(ML)-98.23(N=16, R*=0.603)(/¥17).

3.1 E5WHBFERNSHAEE

R HBRRE I, X R A S e [l
55, Bk R P E K (PLDLYR — T 14,
WAL FPLDLER Z I W 83 A 45 64T A7 B A Al
ZE YN, 2 ki E S A BE AR IR 22/ T iR
FRUEM 22 (MIA, MAA), WHZESBRE, &0
B8R . PLDL % A W22 2% R 4400 4k H A5 1) 28
o, IR EAR IR I B RO R, R
TERRI A B TS /34 A (AL T& B FE N, a0
TSP A e &5 @ T IEA /i o Bk B A5 S 5
(1) bk K B 2 4 F min NPLAImax NPLZZ[f],
ZEAR I A R U], I, min NPL#R /N ER
max NPL# K H — 3% i 22 K, ik H bR fiE
Wz, (HBEE PR E PR, TS
BEZ Ak, R, B B IR LT, R
B A TS A /N,

BT AMERRGE L RS HUR R %5 R 4 AL
FRREFREARAE P WZER, RIEAF
WESEX R B I, SBE RS AT
A, WJosseds PP 37 I B 6 4 4 £ FN B TSH
Fmin NPL . max NPLF1 & KA M 22 43 90l 7€ A
0.8, 1.8F12.0, ififZhang% "B 37 I & & 1 I
TSHT, Kfmin NPL. max NPLFIH KA 7 i 22 7
B RH0.75. 1.50H14.0, 7 S50 M4 il L — A% i
AR BE A3 T 85 S R B AR BRI ROR 5 28
PR R AR, (A I 255 7% RN [6) 2 800 5 12
BR H bR A KR FTSE S TSIE B KN, B 85 12 0
HpR H bR 2 %0 APLDL=6.00 dB, min
NPL=0.7 dB. max NPL=1.8 dB, MIA=0.8°, #&
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W BPLUR TS I 23 FRIAR 98, 3 5 TSBE ML 43 A M

B MR ) . AR AR ARSI R R R AR, e, 6 155 MORE i A K I R fif
~ 11.7 cm, N=212 ~ ~
15 mean TS=-59.89 dB 45 _ 12.7 cm, N=633 18
H SD=3.79 mean TS=—60.21 dB M 18.3 cm, N=200
SD=1.47 mean TS=-58.55 dB
> 10 30 12 + SD=4.64
S8
5 2
= o
RE s 15 6t
O " ) 0 " mJ J— ) O " i Y
=70 —60 =50 —40 =70 —60 =50 —40 =70 -60 =50 —40
(a) (b) (c)
367 07 12.2 cm, N=1 484 207 17 em, N=48
M 173 em, N=1 060 -2 em, N= I N
mean TS=—59.82 dB | mean TSi*62.63 dB - mean ;‘;:g6§176 dB
o oa | SD=3.73 20 | SD=2.16 =
S 2
o O
¥ 2 10
TE 12t 10 +
0 L ,.rr[ —I'h-rrlﬂ'n-v-n-._.-._ , 0 L —I-H'im . , 0 L d , ﬂ ,
=70 —60 =50 —40 =70 —60 =50 —40 =70 —60 =50 —40
(d) (©
21.4 cm, N=24
24 15 ¢ 10.8 cm, N=622 15 ¢ mean TS=—54.22 dB
M mean TS=-61.45 dB SD=6.70
13.9 cm, N=826 SD=3.92 - -
1| mean TS=—64.05 dB
> 16 | SD=1.89 10 + 10
X 2
3
= o
RE 3 51 1
O L J 0 Il 0 " " —‘ ’V H m )
=70 —60 =50 —40 =70 —60 =50 —40 =70 —60 =50 —40
(8 (h) (1)
12.2 cm, N=33
18 ¢ 7 16.2.cm, N=306 24 12.4 om, N=32 30 ¢ mean TS=-61.64 dB
i mean TS=—62.74 dB mean TS=—65.42 dB M SD=2.78
1 Sh=2.45 SD-2.83 I
> 12 + 16 + 20 +
S 2
5 2
= o
RE 6| 8 | 10
O " ) O " ) 0 |_| |_| —| —l-ﬂ )
=70 —60 =50 —40 =70 —60 =50 —40 =70 —60 =50 —40
0) ®) O @ Fig. 6

http://www.scxuebao.cn


http://www.scxuebao.cn

2540 KoE ¥R 43 &
36 ¢ M 11.4 cm, N=280 36 ¢ 7 15.8 cm, N=786 157 m;;?g;ﬁ?;lng
mean TS=—64.27 dB mean TS=—60.68 dB M SD=3.50
SD=2.27 SD=3.66 '
o 24t 24 | 10 |
S 2
M 3
= jon)
RE | 12} 51
0 0. o , 0 —|.ﬂ'|-|'ﬂ_n , 0 ,
=70 —60 =50 —40 =70 —60 =50 —40 =70 —60 =50 —40
(m) (n) (0)
12 — 45 — 20 —
20.4 cm, N=638 _ 17.7 cm, N=362 M 20.2 cm, N=68
M mean TS=-56.67 dB mean TS=-60.38 dB mean TS=-58.37 dB
SD=7.91 SD=2.72 SD=2.72
o> 8+ 30
S 2
¥ 2 10 b
= o
RE 4L ) 15 | i
0 HHMﬂl o L L | OI{_ HI |
=70 -60 =50 —40 =70 -60 =50 —40 =70 -60 =50 —40
(p) (@ (r)
9 ™ 252m N=288 2% 15.9 cm, N=376 Br 16.3 cm, N=911
mean TS=-51.79dB || ] mean TS=-63.01 dB mean TS=—64.57 dB
SD=6.25 r M SD=5.69 SD=5.71
o > 6 i 16 22 -
S 2
M 3
= o
o nﬂ'm-" | 1
o u F‘_H-h o u { J o ul { J
=70 -60 =50 -40 =70 -60 =50 -40 =70 -60 =50 -40
Hpk B ARi#E/dB Hpk HArEE/dB Ak H bR E/dB
single TS single TS single TS
(s) (t) (v

Ee 2IEESEMEFEREEEMESTEAE
(@~ A EREEL,2,3,4,5,7,8,9, 11,12, 13, 14,15, 17, 18, 19, 20, 21, 23, 24, 25 B & L (CxF N %K 3)

Fig. 6 Frequency distribution histogram of single TS from 21 specimens

(a)-(u) represent the 1, 2, 3,4,5,7,8,9, 11, 12, 13, 14, 15, 17, 18, 19, 20, 21, 23, 24, 25 tail S. oualaniensis, respectively (corresponding table 3)
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AR FAR R AR B 8, Zhang %R H
Simrad EY 6048 £ { FIAT Y B2 X R A X} g 1 5
TSI R, JIOEBEMNMFEN TS
W B T v 23 AR W S 1) B A (el g R A, RS
L i P I 7 TS 23 Bl 45 15 5 W 2% B 1 v T
. AE% IR v I & M A SR B, A5
35 S TS 5 F ML G R

TS70kn, =19.131gML — 77.84 (ML : 7.5 ~ 25 cm);
TS 120km, = 26.681g ML — 88.00 (ML : 7.5~25 cm),
AU B R, BEE SRR, 55
M TS5 T i #a

I 0 i 5 S TS E 2 Hinkb
TAHARRET, ZIW AT, Mg R
— AT DA B N T REIE S 2 PG TR
BB SRR XS, 5N FHTS
FERBIML, Fiv DAOYE A RO 5 55 1 Ik B0 0K (1 75
SRR o R AR AR kR I A AT 1 T AR
TSAEAL AL, A BT 1 fff HC S (Y 75 2 UM R
fiE, (Hil T B A NHERWES, L g
HAT AR kA4 5w A8 b, DiBUS 30 TSE
ATHE S HARRAA T R LR EAEZE . Ik, H
FASTR 5 354 3 2 TSPE Fb it 58, Jeie 2 *t
PR SRR IPAG KRG B, 3B T A LR SR UM RRAE
WHEZEE L,

ARSIy RS b S A R AR S
LTS, A4 E IR S 5 R 7 HUR 4y
PR T = 5 W5 RS AR AR R TR
BE, TRBE A A Sk RSB0 B AR B T
MRS % LR, BT RIRE K,

R RE A AR Xoh 85 5 R A R AT PR, R BE
BT 3K RS, L, TGk W & 5
Mz iR, SCssg i n, HELE U] Y 5 5
1o ity B4 30 7 B 1A 2 U7 A W] R s R RS, 4fE
S 36 PP RE i 8 52 A 0 2 B S R M . A
I, ZRGE A S AL, DR S S K TS
RO SRR

SEH:

[1] Roper CF E, Sweeney M J, Nauen C E. FAO species
catalogue. Vol. 3. Cephalopods of the world. An annot-
ated and illustrated catalogue of species of interest to
fisheries[M]. Rome: Food and Agriculture Organization
of the United Nations, 1984: 377.

(21  BRBTZE, xlbtk, E58 RS2 2KM]. dbat: i
HRR AL, 2009: 312-314.

Chen X J, Liu B L, Wang Y G. Cephalopods of the
world[M]. Beijing: Ocean Press, 2009: 312-313(in
Chinese).

[31  GRAR, RIS, SRS, 5. & Tl 5 2 FT b BRI

B R S B IR PEAL[I]. KRR, 2014,
21(4): 822-831.
Zhang J, Chen G B, Zhang P, ef al. Estimation of
purpleback flying squid (Sthenoteuthis oualaniensis)
resource in the central and southern South China Sea
based on fisheries acoustics and light-falling net[J].
Journal of Fishery Sciences of China, 2014, 21(4): 822-
831(in Chinese).

(4] BRAKS, BRI, B AR il BRI T AR X 5 sk
WCY/FRATF IR 2 2 AR I 2 B 58\ J | ARV
HEx. HLm Rl MER2RTK
TEIL . WL T RIBEMIE 2, RIS,
Hh A S TR 7 23, 20132 199-203.
Qiu Y S, Zhang P. The south China sea ocean fishery
resources development and utilization countermeasu-
res[C]// The Paper and the Assembly of Tropical Marine
Science Conference, Also Known as the Eighth
Guangdong Ocean Lake Marsh Society, the Seventh Gua-
ngdong Ocean Society Member Congress. Zhanjiang:
Guangdong Institute of Oceanology and Limnology,
Guangdong Marine Society, Tropical Ocean Chapter of
the Chinese Society of Oceanography, 2013: 199-203(in
Chinese).

[51 oK@k, BB, WA, 5. 8 Tl g vH 2ol i e i

http://www.scxuebao.cn


http://www.scxuebao.cn

2542

Ko AR

43 %

[7]

[10]

[11]

[12]

X b 5 Y5 AT 3 AR (0], HEPE SRR, 2017, 39(8): 25-
33.

Zhang K, Liao B C, Xu Y W, ef al. Assessment for
allowable catch of fishery resources in the South China
Sea based on statistical data[J]. Acta Oceanologica
Sinica, 2017, 39(8): 25-33(in Chinese).

Teh L S L, Witter A, Cheung W W L, ef al. What is at
stake? Status and threats to South China Sea marine
fisheries[J]. Ambio, 2017, 46(1): 57-72.

MR, 427Kk, SRS, 5. JETATOC R PE N EIE S 5
W S VA BRI FT[I]. K= 4R, 2013, 37(7): 1032-
1039.

Yang Q, Li Y Z, Zhang P, et al. Acoustic survey of the
Sthenoteuthis oualaniensis resources in the South China
Sea based on light falling-net[J]. Journal of Fisheries of
China, 2013, 37(7): 1032-1039(in Chinese).

AR, BREE, BRES, 5. B S 5 MoK A 2 i 2
A AR R E AT [I]. #5777 7K 7R, 2014, 10(6): 1-
11.

Zhang J, Chen Z Z, Chen G B, et al. Hydroacoustic
detection and estimation techniques of squid Sthenote-
uthis oualaniensis in the South China Sea[J]. South
China Fisheries Science, 2014, 10(6): 1-11(in Chinese).
TR, MG, BRIEE, 4. iGN R R B E L
HAAR]. #KF=REE, 2016, 12(4): 38-48.

Zhang J, Zhang P, Chen Z Z, et al. Biomass and
distribution of carangoid fish resources in the offshore
South China Sea[J]. South China Fisheries Science,
2016, 12(4): 38-48(in Chinese).

AR, BRI 5, 90, 5. P il b i b R R A
I ARG B K 7S 2 PR [D]. B 7K R, 2016,
12(4): 28-37.

Li B, Chen G B, Guo Y, et al. Hydroacoustic assessment
of spatial-temporal distribution and biomass of fishery
resources in the central South China Sea[J]. South China
Fisheries Science, 2016, 12(4): 28-37(in Chinese).
BUBET, KR, ZAUE, 55 M T B 4 T X AR
Z3alb AR A IR B ik BRIR M. bt B R,
2004: 1-674.

JiaXP,LiY Z, Li C H, et al. The fishery ecological
environment and fishery resources in exclusive econo-
mic zone and continental shelf of South China Sea[M].
Beijing: Science Press, 2004: 1-674(in Chinese).
ZkdR, BRE S, B 5, & Mgt iEa N A

http://www.scxuebao.cn

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

BB 2 PG [I]. A IR 2 R (B AR R
fii), 2005, 35(2): 206-212.

LiY Z, Chen G B, Zhao X Y, et al. Acoustic assessment
of non-commercial small-size fish resources in the
northern waters of South China Sea[J]. Periodical of
Ocean University of China (Natural Science Edition),
2005, 35(2): 206-212(in Chinese).

I M. 2 T ' B2 00 vk 1) g o 3 4 < A 0 7
BORWEFE[D]. K& R, 2015.

Liu S G. Hydroacoustic estimation techniques of the

il

south sea yellowfin tuna based on light falling-net[D].
Dalian: Dalian ocean university, 2015(in Chinese).

Sk, BEAKS, BRAER, 5. B M AINEE P P v 3 U5
PWEVEAGHERI]. BT /K 2R, 2018, 14(6): 118-127.
Zhang J, Chen Z Z, Qiu Y S, et al. Progress in the
investigation and assessment of oceanic fishery resou-
rces in the offshore South China Sea[J]. South China
Fisheries Science, 2018, 14(6): 118-127(in Chinese).
Maclennan D N. Acoustical measurement of fish
abundance[J]. Journal of the Acoustical Society of
America, 1990, 87(1): 1-15.

B H, BREiN. b5 (Theragra chalcogramma
Pallas) H 459 B2 L7 00 5E (7], HF K™ B2, 1996,
3(4): 19-27.

Zhao X Y, Chen Y Z. In situ target strength measurem-
ents on walleye pollock (Theragra chalcogramma
Pallas)[J]. Journal of Fishery Sciences of China, 1996,
3(4): 19-27(in Chinese).

Simmonds J, Maclennan D. Fisheries acoustics: theory
and practice[M]. 2nd ed. Oxford: Blackwell Publishing
company, 2005: 218-232.

Zhang J, Chen Z Z, Chen G B, et al. Hydroacoustic
studies on the commercially important squid Sthenoteu-
this oualaniensis, in the South China Sea[J]. Fisheries
Research, 2015, 169: 45-51.

Simrad. Simrad ER60 scientific echo sounder software
reference manua[M]. Norway: Simrad Maritime AS
Kongsberg, 2008: 19-31.

MR, R0, MRASTR, &5, B B0 1 i H Aw
R B B A FT[T]. H EK RN, 2010, 17(6): 1293-
1299.

Chen G B, Li N N, Chen P M, et al. Target strength

measurements of pearl-spotted spinefoot (Siganusora-


http://dx.doi.org/10.3969/j.issn.0253-4193.2017.08.003
http://dx.doi.org/10.3969/j.issn.0253-4193.2017.08.003
http://dx.doi.org/10.3969/j.issn.0253-4193.2017.08.003
http://dx.doi.org/10.1007/s13280-016-0819-0
http://dx.doi.org/10.3969/j.issn.2095-0780.2014.06.001
http://dx.doi.org/10.3969/j.issn.2095-0780.2014.06.001
http://dx.doi.org/10.3969/j.issn.2095-0780.2014.06.001
http://dx.doi.org/10.3969/j.issn.2095-0780.2016.04.005
http://dx.doi.org/10.3969/j.issn.2095-0780.2016.04.005
http://dx.doi.org/10.3969/j.issn.2095-0780.2016.04.004
http://dx.doi.org/10.3969/j.issn.2095-0780.2016.04.004
http://dx.doi.org/10.3969/j.issn.2095-0780.2016.04.004
http://dx.doi.org/10.1121/1.399285
http://dx.doi.org/10.1121/1.399285
http://dx.doi.org/10.1016/j.fishres.2015.05.003
http://dx.doi.org/10.1016/j.fishres.2015.05.003
http://dx.doi.org/10.3969/j.issn.0253-4193.2017.08.003
http://dx.doi.org/10.3969/j.issn.0253-4193.2017.08.003
http://dx.doi.org/10.3969/j.issn.0253-4193.2017.08.003
http://dx.doi.org/10.1007/s13280-016-0819-0
http://dx.doi.org/10.3969/j.issn.2095-0780.2014.06.001
http://dx.doi.org/10.3969/j.issn.2095-0780.2014.06.001
http://dx.doi.org/10.3969/j.issn.2095-0780.2014.06.001
http://dx.doi.org/10.3969/j.issn.2095-0780.2016.04.005
http://dx.doi.org/10.3969/j.issn.2095-0780.2016.04.005
http://dx.doi.org/10.3969/j.issn.2095-0780.2016.04.004
http://dx.doi.org/10.3969/j.issn.2095-0780.2016.04.004
http://dx.doi.org/10.3969/j.issn.2095-0780.2016.04.004
http://dx.doi.org/10.1121/1.399285
http://dx.doi.org/10.1121/1.399285
http://dx.doi.org/10.1016/j.fishres.2015.05.003
http://dx.doi.org/10.1016/j.fishres.2015.05.003
http://dx.doi.org/10.3969/j.issn.0253-4193.2017.08.003
http://dx.doi.org/10.3969/j.issn.0253-4193.2017.08.003
http://dx.doi.org/10.3969/j.issn.0253-4193.2017.08.003
http://dx.doi.org/10.1007/s13280-016-0819-0
http://dx.doi.org/10.3969/j.issn.2095-0780.2014.06.001
http://dx.doi.org/10.3969/j.issn.2095-0780.2014.06.001
http://dx.doi.org/10.3969/j.issn.2095-0780.2014.06.001
http://dx.doi.org/10.3969/j.issn.2095-0780.2016.04.005
http://dx.doi.org/10.3969/j.issn.2095-0780.2016.04.005
http://dx.doi.org/10.3969/j.issn.2095-0780.2016.04.004
http://dx.doi.org/10.3969/j.issn.2095-0780.2016.04.004
http://dx.doi.org/10.3969/j.issn.2095-0780.2016.04.004
http://dx.doi.org/10.1121/1.399285
http://dx.doi.org/10.1121/1.399285
http://dx.doi.org/10.1016/j.fishres.2015.05.003
http://dx.doi.org/10.1016/j.fishres.2015.05.003
http://dx.doi.org/10.3969/j.issn.0253-4193.2017.08.003
http://dx.doi.org/10.3969/j.issn.0253-4193.2017.08.003
http://dx.doi.org/10.3969/j.issn.0253-4193.2017.08.003
http://dx.doi.org/10.1007/s13280-016-0819-0
http://dx.doi.org/10.3969/j.issn.2095-0780.2014.06.001
http://dx.doi.org/10.3969/j.issn.2095-0780.2014.06.001
http://dx.doi.org/10.3969/j.issn.2095-0780.2014.06.001
http://dx.doi.org/10.3969/j.issn.2095-0780.2016.04.005
http://dx.doi.org/10.3969/j.issn.2095-0780.2016.04.005
http://dx.doi.org/10.3969/j.issn.2095-0780.2016.04.004
http://dx.doi.org/10.3969/j.issn.2095-0780.2016.04.004
http://dx.doi.org/10.3969/j.issn.2095-0780.2016.04.004
http://dx.doi.org/10.1121/1.399285
http://dx.doi.org/10.1121/1.399285
http://dx.doi.org/10.1016/j.fishres.2015.05.003
http://dx.doi.org/10.1016/j.fishres.2015.05.003
http://www.scxuebao.cn

12 4

EXH, G O F AR B R A 2543

(21]

[22]

[23]

[24]

[25]

min) in the South China Sea[J]. Journal of Fishery
Sciences of China, 2010, 17(6): 1293-1299(in Chinese).
Higginbottom I, Woon S, Schneider P. Hydroacoustic
data processing for standard stock assessment using
echoview: technical manual[M]. Hobart: Myriax Softwa-
re Pty Ltd Publication, 2009: 1-137.

P, EEEE. A F AU R (TS) I =4 T8y
J7IE[CY/ Hh 7 2 2 22200 64F 45 [ 7 24 3 R 45 Wik
& T P A2, 2006.

Tang y, Guz C Y. Three-dimensional average method for
scattering intensity (TS) of single fish target[C]// Procee-
dings of the 2006 national conference on acoustics of the
Chinese acoustical society. Xiamen: Chinese acoustical
society, 2006.

Sawada K, Furusawa M, Williamson N. Conditions for
the precise measurement of fish target strength in situ[J].
The Journal of the Marine Acoustics Society of Japan,
1993, 20(2): 73-79.

Foote K G. On representing the length dependence of
acoustic target strengths of fish[J]. Journal of the
Fisheries Research Board of Canada, 1979, 36(12):
1490-1496.

Benoitbird K J, Gilly W F, Au W W L, et al. Controlled
and in situ target strengths of the jumbo squid Dosidicus
gigas and identification of potential acoustic scattering

sources[J]. The Journal of the Acoustical Society of

[26]

[27]

(28]

[29]

[30]

[31]

America, 2008, 123(3): 1318-1328.

Josse E, Bertrand A. In situ acoustic target strength
measurements of tuna associated with a fish aggregating
device[J]. ICES Journal of Marine Science, 2000, 57(4):
911-918.

O na E. Physiological factors causing natural variations
in acoustic target strength of fish[J]. Journal of the
Marine Biological Association of the United Kingdom,
1990, 70(1): 107-127.

Zhao X. In situ target-strength measurement of young
hairtail (Trichiurus haumela) in the Yellow Sea[J]. ICES
Journal of Marine Science, 2006, 63(1): 46-51.

Yoon E, Kim K, Lee I, ef al. Target strength estimation
by tilt angle and size dependence of rockfish (Sebastes
schlegeli) using ex-situ and acoustic scattering model[J].
Bulletin of the Korean Society of Fisheries Technology,
2017, 53(2): 152-159.

Pérezarjona I, Godinho L M C, Espinosa V. Numerical
simulation of target strength measurements from near to
far field of fish using the method of fundamental
solutions[J]. Acta Acustica United with Acustica, 2018,
104(1): 25-38.

Zhang Y. Fisheries acoustic studies on the purpleback
flying squid resource in the South China Sea[D]. Taipei,
China: Taiwan University Institute of Oceanography,

2005.

http://www.scxuebao.cn


http://dx.doi.org/10.3135/jmasj.20.73
http://dx.doi.org/10.1139/f79-216
http://dx.doi.org/10.1139/f79-216
http://dx.doi.org/10.1121/1.2832327
http://dx.doi.org/10.1121/1.2832327
http://dx.doi.org/10.1006/jmsc.2000.0578
http://dx.doi.org/10.1017/S002531540003424X
http://dx.doi.org/10.1017/S002531540003424X
http://dx.doi.org/10.1016/j.icesjms.2005.07.010
http://dx.doi.org/10.1016/j.icesjms.2005.07.010
http://dx.doi.org/10.3796/KSFT.
http://dx.doi.org/10.3813/AAA.919142
http://dx.doi.org/10.3135/jmasj.20.73
http://dx.doi.org/10.1139/f79-216
http://dx.doi.org/10.1139/f79-216
http://dx.doi.org/10.1121/1.2832327
http://dx.doi.org/10.3135/jmasj.20.73
http://dx.doi.org/10.1139/f79-216
http://dx.doi.org/10.1139/f79-216
http://dx.doi.org/10.1121/1.2832327
http://dx.doi.org/10.1121/1.2832327
http://dx.doi.org/10.1006/jmsc.2000.0578
http://dx.doi.org/10.1017/S002531540003424X
http://dx.doi.org/10.1017/S002531540003424X
http://dx.doi.org/10.1016/j.icesjms.2005.07.010
http://dx.doi.org/10.1016/j.icesjms.2005.07.010
http://dx.doi.org/10.3796/KSFT.
http://dx.doi.org/10.3813/AAA.919142
http://dx.doi.org/10.1121/1.2832327
http://dx.doi.org/10.1006/jmsc.2000.0578
http://dx.doi.org/10.1017/S002531540003424X
http://dx.doi.org/10.1017/S002531540003424X
http://dx.doi.org/10.1016/j.icesjms.2005.07.010
http://dx.doi.org/10.1016/j.icesjms.2005.07.010
http://dx.doi.org/10.3796/KSFT.
http://dx.doi.org/10.3813/AAA.919142
http://dx.doi.org/10.3135/jmasj.20.73
http://dx.doi.org/10.1139/f79-216
http://dx.doi.org/10.1139/f79-216
http://dx.doi.org/10.1121/1.2832327
http://dx.doi.org/10.1121/1.2832327
http://dx.doi.org/10.1006/jmsc.2000.0578
http://dx.doi.org/10.1017/S002531540003424X
http://dx.doi.org/10.1017/S002531540003424X
http://dx.doi.org/10.1016/j.icesjms.2005.07.010
http://dx.doi.org/10.1016/j.icesjms.2005.07.010
http://dx.doi.org/10.3796/KSFT.
http://dx.doi.org/10.3813/AAA.919142
http://dx.doi.org/10.3135/jmasj.20.73
http://dx.doi.org/10.1139/f79-216
http://dx.doi.org/10.1139/f79-216
http://dx.doi.org/10.1121/1.2832327
http://dx.doi.org/10.3135/jmasj.20.73
http://dx.doi.org/10.1139/f79-216
http://dx.doi.org/10.1139/f79-216
http://dx.doi.org/10.1121/1.2832327
http://dx.doi.org/10.1121/1.2832327
http://dx.doi.org/10.1006/jmsc.2000.0578
http://dx.doi.org/10.1017/S002531540003424X
http://dx.doi.org/10.1017/S002531540003424X
http://dx.doi.org/10.1016/j.icesjms.2005.07.010
http://dx.doi.org/10.1016/j.icesjms.2005.07.010
http://dx.doi.org/10.3796/KSFT.
http://dx.doi.org/10.3813/AAA.919142
http://dx.doi.org/10.1121/1.2832327
http://dx.doi.org/10.1006/jmsc.2000.0578
http://dx.doi.org/10.1017/S002531540003424X
http://dx.doi.org/10.1017/S002531540003424X
http://dx.doi.org/10.1016/j.icesjms.2005.07.010
http://dx.doi.org/10.1016/j.icesjms.2005.07.010
http://dx.doi.org/10.3796/KSFT.
http://dx.doi.org/10.3813/AAA.919142
http://www.scxuebao.cn

2544 KopE o R 43 45

Target strength measurements of tethered live purpleback flying squid
(Sthenoteuthis oualaniensis) at sea
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SUN Mingshuai ', HUANG Jiaxing ', QIU Yongsong '
(1. Key Laboratory of Open-Sea Fishery Development, Ministry of Agriculture and Rural Affairs,

South China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510300, China;
2. School of Marine Technology and Environment, Dalian Ocean University, Dalian 116023, China)

Abstract: Knowledge of target strength (TS, dB) is essential for accurate assessment of fish abundance using
acoustic methods. In order to investigate acoustic scattering characteristics of purpleback flying squid
Sthenoteuthis oualaniensis, 25 squid specimens were collected by jig in the open sea in the northern
South China Sea in September 2017 near geographical position 18°42.9'N 113°05.5'E. The TS of 25
specimens were measured respectively one by one using Simrad EY60 split-beam scientific echosounder
with 120 kHz and self-made tethering-controling device. In this paper, we primarily explored the impact of
different parameters on the single target detection for S. oualaniensis, and the parameters included pluse length
determination level (PLDL, dB), min normalized pluse length (min NPL), max normalized pluse length (max NPL)
and maximum standard deviation of minor-axis angles (MIA). Then we analyzed comprehensively the stochastic
nature of single TS which was highly variable, and concluded the mathematical regression relation between TS of
S. oualaniensis and mantle length (ML, cm). The results showed: (1) As the PLDL increased, the number of single
target of squid detected increased firstly and then decreased, and the number was the largest when PLDL was 6 dB,
while the average TS of all single targets increased monotonously. With increase of min NPL, the number of single
squid target decreased; in the range of min NPL<0.7, the average TS of all single targets presented increasing
obviously. When the max NPL was less than 1.2, the number of single squid target increased as the max NPL
increased, but the average TS decreased; when the max NPL fell between 1.2 and 1.8, the number of single squid
target presented increasing slowly, but the average TS remained relatively stable. As the MIA increased, the
number of single squid target increased, but the average TS decreased; (2) In this study, the optimum parameters
settings of single target detection were as follows: PLDL=6.00 dB, Min NPL=0.7 dB, Max NPL=1.8, MIA=0.8°;
(3) The maximum and minimum values of the average single TS of live Sthenoteuthis oualaniensis specimens
were respectively —48.6 dB and —63.63 dB, and the corresponding mantle length of Sthenoteuthis oualaniensis
were respectively 25.2 cm and 12.4 cm. The mathematical regression relation between 7S of Sthenoteuthis
oualaniensis and mantle length (ML) was concluded as follows: 7S=34.22 1g (ML)—98.23 (N=16, R*=0.603). This
TS measurement was the first attempt to investigate the acoustic scattering characteristic and TS of live S.
oualaniensis using tethering controlling method at sea by field work. The results of this paper not only
accumulated important information and experience for further investigating the acoustic scattering characteristics
and improving the acoustic estimation precision of S. oualaniensis, also provided the reference for measuring TS
of other squids or fishes by tethering method at sea.
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