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WE: ETLHEERMA EY60 BlEiRAaNUCREM (Katsuwonus pelamis) i Y22 KE S5 22 W%, Gl i 287 )5 16 74
TR SR Sy (dB). T34 HARBREE TS (dB) B SR RAE R FR A -3 10 50 H (V) 5505 8., BIFFT R I i 23 43011 5 335
H AR A4, S13 3l o7 Ay 8815 A (362.20+35.73) mm, S14 35407 18- 44 XK (357.66+36.61) mm, A12 3k {ir fit i
T XK (366.70£36.43) mm, 10~50 m JREJLE N, 3 Aol A B Sy B AR ML, HafsITAT AT
(18:00~19:00), & FE /34T 40~50 m /KR KTOCHTIVIG, BB AR 1T (Sy 231 il 2R 04 (0 L AR TR HE A2 v )
Wi 25 T 375 06 1) A9 389 4.(20:00~21:00), BRFESE 43 AF T 10~30 m IREETE I . 10~50 m EEETL A, 3 A ulfr A 5 ) Bt
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Ko 2 5 S8 B i, KBTI G, MREieaA4E 17, RIOVEEAIRE S PR ERE, F5REHEHL,
ARG 3 AL BIANAEAE Ny BRAE, BT ol T8 TS Mgt . S13 itk iig ¥ TS K
(—51.84+3.84) dB; S14 v (R 937 - 15 TS H(~49.87+3.72) dB; A12 uhi i (%335 44 TS H(~49.68+2.96) dB., 3
AN R TS 2952 R IE A3 (P<0.05) o WF5E 45 A BY T 504 i 1 AT S 5 4 A T A RAT O B LS b
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WFFEO AN, AR Uk bR — R R R S
Jo s 7 4 % Le A, 3 AT LA R 2K 2E R RS %
VIR e B VR b o A v B B 28 A (5 B M i
H AR5 B (target strength, dB, T LA #K TS), Zhang
A TVRE T 6 L ) e A ol o B3 ) 75 2 5
FHEE 5347 6355 554 T 5 S W SARAT 5 o0 A TR
555 Sy, W58 T BB MR 5 5 0 B 23
YA AR B B TS i T 2 1l it B
() FAth AR (AN R | B g AR ) s S, 1
KA AEFE, AH T 3 m ool A= 7= 5 a2
FREEAT MBS . 36T AH AR, AR EY60
b R A0 AR A B1 ARl B B ) 75 2 AR
25 G A ) 2E R A, AR IR AR A S 1 O A TR
B G5 Sy, P TS F2HUE R, bRt
FERT B RS T BB 28 o0 A AR (L B, 5 i
B TS H, WEFREs /A B TIRATE L3 1
KT CBIE SR T B BT T S 2R R

1 MREFE

1.1 RHihs

ABFSE 3 AU AR S R R R
£ 2 AR RIS A . 2012 AR 2R
ERfEY 9 H 4 HE 10 A 17 H, H&ELEE A
5°30'~16°00'N, 109°00'~117°00'E, 47T 40
Al ol 2R A, o B 2 A
AR G YRR AR R, AR 2012 4F 9
H 16 H(S13)5 17 H(S14); 2019 4F ()75 I 2 i
mWA5H4HE6H1H, MALEN 1800~
21°30'N, 114°00'~119°00'E, ILikf7 T 28 ufifi
AL R A, b U 1 AN el SRR
TR, b 20194 5 H 22 H(A12), wis i BEIEL
B 1o 2 YR A FH 035 A AT O B8 ) it <A
80208, VML M 400 GT, &1 43.6 m, %!
%t 7.60 m, HIPE 4.10 m,
1.2 WERERESHRE

AT foff FH 28 D00 SR AR A 4 (1] 2), BRI
1 290 m, PIAH ELE B 85 m, BT H 36 mm,
M HE D H 20 mm, {EMKIREZY 50 mo FFATHS[H] R
19:00, Jilt WA ] — A 21:00, M K5 FF 2 4l
B 45 RO 2 40 min, A UGE W5 B3R D (8] 78
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Fig. 1 Light-falling net acoustic study stations
of Katsuwonus pelamis
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Fig. 2 Falling-net fishing operation

AR |, 4% — 2 L@l BEALIORE, I 5 51 10 s % 1Y)
XA RE . ML PR AR SRR E R
W, PR T 50 ind, WIHLEE 50 ind; Z/NT
50 Sk, W AdEEORE . AR T A
Kolmogorov-Smirnov (K-S)R 5 afF5% 3 A~k i i
XA 2550, BEMKE R 0.05, 4 2 Fhfm
SER B ER, E 3 A ub i py e SR AR
PE22 5% P44 a8 1] Seabird SBE 37 CTD (Sea-
bird Electronics Inc., USARERESE, ¥ CTD
ORTE B W PEFT 1 — v, BEPE T TR EE 0~50 m ¥
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Fig. 3 Characteristics of temperature and salinity
versus water depth at station S13
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1.3 A¥MEGHERE

fii B4 Simrad EY 60 Bl 0 R4 &
I AT A T 5 VR B B I 7R 2 g, BRI
REAVE T UL E N, 8 B4R 2 T i A
T EAS S ARk, DASRE SR AR BT A B fE
IEH TAE, BaessnzK2y 1.5 mo {1 B 3 Y
“FrRufERk” P A E B A, R E B A 450k
2012429 H 3 HAI20194:9 A 4 H, M5 Rikr
SR, BEY60 AU EESHIEIE 1.

F1 EY6O#MmAERSHIEE
Tab.1 Main settingsof EY60 transducer
R a S
transducer setting

ES70-7C ES120-7C

ZH parameter

HafEAR A5 transducer type

I SR A3 2% /kHz beam frequency 70 120
Jok i & FE /ms pulse width 0.512 0.512
fok wf (] B /s pulse duration 1 1
YR /W power 800 500
W R ZERL ST K 1 /dB equivalent beam angle —21.00  —21.00
AR 14 £5/dB transducer gain 27 27
W% Wi 2 %%/(dB/m) absorption coefficient 0.018 0.045

M.EﬁmﬁﬁﬁmLﬁﬁiﬁ

M SCHR[13-14], 6 HUR 5 5 50 7
SR FE T 85 % IR AT 3 7 1Y) P 2
BEARHEA TR SY, LU AT R b 5 I 8 a5k 1)
RS T EHCE R s B Ecoview

(V6 1, Echoview Software Pty. Ltd., Australia)f{4:

TR FR AR 5 RE A% 1Y WZ K TR B2 5 B AR
HQE, AHIF G FH AR A b ) < AT L2 (visual line)”
AR RERIERTA 10 m PAE K 50 m DLF B 22

185 PO 2 Fhod DB H 2 BRI A A 22 B2 3 19 T
Yo7 g P S O AL S A P S
G0 TR AR 5

15 HREGK(ZSIREN

15 R A4 v 8 B AG:  (single target detec-
tion) /4% i S IR (1 ARAE 5, SRIUVEAME S5
] (R 5% B Sy(volume backscattering strength,
dB). TS, BN EAEE R, Kl )y ikl iy 2ok -
J71% 2(split beam -method 2)”, Kl ZHEILZE 2,

*2 BEEHERNSE
Tab. 2 Singletarget detection parameters

28 parameter ﬁﬁ
setting
H #7538 & B {/dB minimum TS threshold -62
Jok 55 B 17 %€ 7K F-/dB pulse width determination level 6
He/INRAENK 6 minimum normalized pulse width 0.75
e KFRUENK 6 maximum normalized pulse width 1.5
e K s #M22/dB max beam compensation 4
/PN EPE K EE minimum echo length 0.8
AR EPKEF maximum echo length 1.8
T RANI 22 maximum phase deviation 8

For i 52 18 S5 Pl R << 2 80300 38 B (detect fish
tracks) 2% & i V5 B 5, T B 08 i U S
FEALE B ) 2 ARG 5 (— A DT 3 1),

P 7R — S5 A K Bz sh i, RV 28 s T
[l — 2R ) 24 R (S S o JBERSE MU, il &
%@E‘Jﬁﬂﬂﬁwo

1.6 @37 TSIHHE

VB R A 7 005 38 B S 1) P S A )
4 100 pingsx5 m R4 BAIE (cel)!, $REEATT
WY ER ARG S8 E . SR . 5511 Sy,
V¥ TS S8, JHTE R IEEH Ny (mean
number of fish per sampled volume, inds), &HHT
] Bt A 18:00~21:00, 2% Sawada %' Ik, LI
FHITH Ny MdEbE, Tk T H TR AR TS
MELTT, DAGRE s B BTy TS SA{EAE A A
IR TS, Ny T RAR S 22 R AL 21
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NI RE S M ESE, YN KT —E
B, XA BT T35 TS S8R FRE R, MK (E
FE SO R, TR B TS B, &2 Nv K
Fizhe BRI A BT A ol Ny B AR
Ny = coyR%p, 2", o ¢ AR5 1 (m/s), 1Rk
P (ms), w AR MK o S0 AR AR (LR rad
FR), RARROE B BEAR U 25 (m), p, fCFRHRR
J¥ (ind/m*), RAELLTFARITE: po=s/ons, HH s,
N TG A I T AR U R B /m’), avs NS )L
SRR, AN 6,=10""0 K HITHY
Ny G5, 3% Zhang ZUEESE, ¥ Ny HETT
Ig F A, LI G b 0 55 B0 o P B e S8 i,
HHERIBIEEY) TS 5 1gNy Z 18] B US43 46 1#,
i T F Tt AR I TS AT,
1.7 WE=SHEETN

R4 18:00~21:00 =[] {4 75 24 ML A HLIT )
SERE Sy, BRERESEE | (55 R
SRR BRI B (Y B 25 A3 A b . OB
B[] B 1 75 22 AR 53 o 6 B (1)18:00~18:30;
(2)18:30~19:00; (3)19:00~19:30; (4)19:30~20:00;
(5) 20:00~20:30; (6) 20:30~21:00, 10~50 m IR
Rl ) P 2 R 43R 8 MR BL: (1)10~15 m; (2)15~
20 m; (3)20~25 m; (4)25~30 m; (5)30~35 m;
(6)35~40 m; (7)40~45 m; (8)45~50 m. it & HC
(73 Sy St B R A5 5 i 50 B 5 5340 TR B Bl sf
[ P A A A A IE 9 0 1) i 24 43 A R
1.8 Zit4rir

ARWFFAH FBAREAR K-S B IHT5T 3 D ubhify
i A5 I TS B4 A AR, 027K 24 0.05,
M6 25 R B E I (P>0.05), BV IEAS 6. il
J K-S #I0BF5% Sy & TS 4345 (R 23 22 Sk, i
F ANOVA K50 05T Sy B2 TS HIE I H 25 25 71,
BEHKEEE R 0.05, BIFGELSEHR P>0.05 Y,
INE A AR B B 22 7

2 ZERE5HMH

2.1 HRAEYEEE

3 Al SR 5 5T AR R AR 1 A X
it 85% (3 3~5), HIFEELH A N 50 %%, S13 3k
7 R A 281~431 mm, FH(362.20+
35.73) mm; S14 B 7 [R5 H 290~442 mm,

F3 SIBHUEMERYHESES LG
Tab. 3 Species composition caught by
falling-net at station S13

Tk e H% EEg A%
species number percentage weight percentage
fillz 750 87.41 811750  97.22
Katsuwonus pelamis
fify 27 3.15 5667 0.68
Euthynnus affinis
AN 31 3.61 4222 0.50

Symplectoteuthis
oualaniensis

KA R % 6 0.70 829 0.10
Decapterus macrosoma
i g iR 46 5.13 12423 1.50

Auxis thazard

R4 S4B EMERYBESES GG
Tab. 4 Species composition caught by
falling-net at station S14

[UES How H%  dEiRg /%
species number percentage weight percentage

iz 264 85.44 280704 94.80
Katsuwonus pelamis

EE oA 21 6.80 8652 2.92
Thunnus lbacares

fif 9 291 2550 0.86
Euthynnus affinis

MR 5 3 0.97 637 0.21
Uraspis helvolus

i A 12 3.88 3573 1.21

Auxis thazard

R5 ARBUESMERMBESEER LA
Tab.5 Species composition caught by
falling-net at station A12

S e A% dE/g HH/%

species number percentage weight percentage

iz 375 87.61 362875 98.37
Katsuwonus pelamis

20 5% [ fi% 37 8.64 5772 1.57
Decapterus macarellus

A=A 6 1.40 148 0.04

Symplectoteuthis
oualaniensis

L A B 1 0.23 43 0.01
Ostracion cubicus
FH 4T 58 0 9 2.12 22 0.01

Myctophum asperum

F-H1(357.66+36.61) mm; A12 w18 XK 5
302~448 mm, F-14(366.70+36.43) mm (& 4), 3
Al o7 1) 8 S 3 2 AR TE A 4 A (P<0.05), o
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TR BT S AR T KT D' 8 0 Rl 82 P B S 0 A

S13 1 KA E H—0.67, WEFE N 0.15; S14 1 LK
TREE N 0.34, WEJE H-0.18; A12 f KA E K 0.34,
WEFE H-0.23, 3 A~ulifr 2 6] A il XK A3 A 51
NI T B #2255 (P>0.05)
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Fig. 4 Fork length frequency distribution of
Katsuwonus pelamis at three stations

R K(E S S A HmFlE
10~50 m FEEEFL R, 3 A~V AS [ B B g
BG5Sy A BECAHR I 5~7), Wi I
ST HT(18:00~19:00), fil 32534 F 40~50 m 7KIE;
KTCHT I )G, BB B 5 45 V% (Sy 0 A Hh 2k 04
(B X LAY R B 8 V), B A AT U5 TR Y 8 K
(20:00~21:00), #ESE 5347 T 10~30 m EREETLFEN
10~50 m VLRI, 3 S ub A7 A R i BE AY 7
¥ Sy K Sy oA B 56 4o 145 A AL (& 6~8).
WA FFXTHIY 2 A8 [A] B2 (18:00~18:30, 18:30~
19:00)Z [A] TG 35 25 5%, (H S FFAT/R /) 4 ASEf[E]
B2(19:00~21:00) Z [ fF7E B & 22 5 WK 2 )5
SR B Z M X Sy B Sy 447 1) 22 7 AR A s
K5, IR/ Z AR 3 AR BE(19:30~
21:00)Z [ (-1 Sy B Sy 70 Ai JG i 35 25 5%
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- 18:00~18:30
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--19:00~19:30
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Mean volume backscattering strange (Sv) at
different time phases for S13 station

- 18:00~18:30
*-18:30~19:00
L ~+-19:00~19:30
-#-19:30~20:00
-+-20:00~20:30
-20:30~21:00

1 1 1 1 1 1 1 1
12.5 17.5 22.5 27.5 32.5 37.5 425 475
YR /m depth

Mean volume backscattering strange (Sy) at
different time phases for S14 station

*18:00~18:30
*-18:30~19:00
- -+-19:00~19:30
-=-19:30~20:00
+-20:00~20:30
+-20:30~21:00

125 17.5 225 275 325 375 425 475
¥ /m depth

A2 A AN TR] IR [] B f) - 159 0 o) PSRRI 55 B2 (S )

Mean volume backscattering strange (Sy) at
different time phases for A12 station

%x 6 SI3 LA [E R iE R F1E EERBETRE(S)R Sy AR SITTR
Tab.6 Test statistics of mean and distribution of Sy among different phases for S13 station

i [A] Bt time phase

A [A] B time phase

18:00-18:30 18:30-19:00 19:00-19:30 19:30-20:00 20:00-20:30
18:30-19:00 P, P
19:00-19:30 P, P P, P
19:30-20:00 P, P P, P P, P°
20:00-20:30 P, P P, P P, P P, P°
20:30-21:00 P, P P P P P P, P° P, P*

1 a 7275 ANOVA 455 b F275 K-S KB gh L, * 3R i 2% 5 (P<0.05).
Note: a indicates the ANOVA result; b indicates the K-S test result; * indicates significant difference (P<0.05).
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Tab.7 Test statistics of mean and distribution of Sy among different phases for S14 station

fi (8] B time phase

i} 6] Bt time phase

18:00-18:30 18:30-19:00 19:00-19:30 19:30-20:00 20:00-20:30
18:30-19:00 P, P
19:00-19:30 P, P P, P
19:30-20:00 P, P P, P P P
20:00-20:30 P, P P, P P, P P, P
20:30-21:00 P, P P, P P P P, P° P, P*
1 a TR ANOVA 455 b 7R K-S K045 3R, *Fs I % 22 7(P<0.05).
Note: a indicates the ANOVA result; b indicates the K-S test result; * indicates significant difference (P<0.05).
#=8 AL AEBEEFEY S &S SAkkEsitR
Tab.8 Test statistics of mean and distribution of Sy among different phases for A12 station
f (8] B¢ time phase HIHBL time phase
18:00-18:30 18:30-19:00 19:00-19:30 19:30-20:00 20:00-20:30
18:30-19:00 P P°
19:00-19:30 P, P P, P
19:30-20:00 P, P P P P P
20:00-20:30 P, P P P P, P P, P°
20:30-21:00 P, P P, P P, P P, P* P, P*

¥:a /R ANOVA 452%; b FRR K-S K4 51 ; * =R 1 325 5 (P<0.05).
Note: a indicates the ANOVA result; b indicates the K-S test result; * indicates significant difference (P<0.05).

23 WEBEESFEH TSHHHIFHE

WL TR AR S TS A MBS %M %
SCHRPO ASESY HEBE TS 7E-60~—43 dB i FE
() RAE S AT, LATH bR i 3K vh Ho A f 2
[ A RZ R . 10~50 m PRIESE I, 3 sl AN ]
it B 114 il AR A 5 5 B 51 U AR AR =R A
(%l 8~10). a7 Hi7(18:00~19:00), i FAIR(ES
FEA T 35 m I, HEA IR 1555 H 38
D ATRIT R, R L, R ek
MG S PR AR, FoBE R,

3 AN uh AR B ] B BRSSO TS &
TS s RIS IE AR A F, Bk E, -
XTI (18:00~19:00) 5 T 1 h J5(20:00~21:00) ) il
HARESHE TS M TS /M4 B F k27
(F 9~11), FFETZJ5 4 A~ a] B Py G 22 518 Dl
ISR, TFATJE 0.5 h (19:00~19:30) 55 ik 9 1
0.5 h (20:30~21:00)Z [ {73 TS } TS 43 fiith A4
WEER
24 #RIUZEH TS

AW 3 AUAIE 1gNy 5 TS ¥ToHH G
(P>0.05), IgNy B K, TS BA MR K, BIATE

TEMBRIE, B Focy 1T TS 37l &
(Bl 11~13), S13 b AR TS “h(—51.84+3.84) dB,
SRS Kl 362,20 mm, fRE 0.11, 1§
—1.14, S14 B HER TS K(—49.87+3.72) dB, %I
NS K A 357.66 mm, R 0.01, W5 BE
—0.82; A12 B YR TS H(—49.68+2.96) dB, X i
FSE 35 KA 366.70 mm, MR 0.58, 155 -0.64.
3O AR I TS ¥ 2 4R IE 531 (P<0.05).

200 450
180 - —— %(& number | 45
160 |- —— IRJE depth
5 140
2140} s
E 20} 135 &
a el
5 100 - 430 €
og 20T 425 %
=60 120
40
20+ 115
0 1 1 1 1 1 10
N o 9 N 9 N
W Y 9P o @
o & T LY

I} 6] B¢ time phase
P8 S13 ufi v AN [7l i fia] B ) il B¢
ERe GRS R SR %
Fig. 8 Number and mean depth of single targets of Katsu-
wonus pelamis among different phases for S13 station
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Fig. 9 Number and mean depth of single targets of Katsu- Fig. 10 Number and mean depth of single targets of Katsu-
wonus pelamis among different phases for S14 station wonus pelamis among different phases for A12 station
*9 SIBHAMUAEBMEERFEH TSKR TSHHRIEEITR
Tab.9 Test statistics of means and distribution of TS among different phases for S13 station
fsf 18] BZ time phase MHIFIBL time phase
18:00-18:30 18:30-19:00 19:00-19:30 19:30-20:00 20:00-20:30
18:30-19:00 PP
19:00-19:30 PP P, P
19:30-20:00 PP P, P P, P
20:00-20:30 P, P P, P P, P P, P°
20:30-21:00 P, P P, P P, P P, P P, P
¥:a /R ANOVA 45258; b FR/R K-S K4 51 ; * =R 1 325 5 (P<0.05).
Note: a indicates the ANOVA result; b indicates the K-S test result; * indicates significant difference (P<0.05).
* 10 Sl4MEAEMEETEY TSE TSHHKRESEITR
Tab. 10 Test statistics of means and distribution of TS among different phases for S14 station
fis} [6] Bt time phase M FIBL time phase
18:00-18:30 18:30-19:00 19:00-19:30 19:30-20:00 20:00-20:30
18:30-19:00 P, P°
19:00-19:30 P, P P, P
19:30-20:00 P, P P, P P, P
20:00-20:30 P, P P, P P, P P, P
20:30-21:00 P, P> P, P P, P P, P PP
H:a FR ANOVA 455 b R K-S K045 3R, * 3R I 3 22 57(P<0.05).
Note: a indicates the ANOVA result; b indicates the K-S test result; * indicates significant difference (P<0.05).
R11 AREMUARKEERTEY TSKE TSHHKREEITR
Tab. 11 Test statistics of means and distribution of TS among different phases for A12 station
i} 8] Bt time phase M FIBE time phase
18:00-18:30 18:30-19:00 19:00-19:30 19:30-20:00 20:00-20:30
18:30-19:00 P, P
19:00-19:30 P, P P, P
19:30-20:00 P, P PP PP
20:00-20:30 P, P P, P P, P PP
20:30-21:00 P, P PV, P PV, P PV, P P, P

1 a R ANOVA 4551 b 7R K-S K045 3R, *Fs i % 22 57(P<0.05).
Note: a indicates the ANOVA result; b indicates the K-S test result; * indicates significant difference (P<0.05).
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Fig. 11 Mean TS as a function of the IgNy index for S13 station

Ny is mean number of fish per sampled volume.
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Fig. 12 Mean TS as a function of the IgNVy index for S14 station

Ny is mean number of fish per sampled volume.
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Distribution of skipjack tuna (Katsuwonus pelamis) associated with a
light falling-net in the South China Sea

WANG Teng', ZHANG Peng', LI Jie', ZHANG Jun', XIE Bin®, YAN Lei', YANG Bingzhong'

1. South China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences; Key Laboratory of South China
Sea Fishery Resources Exploitation and Utilization, Ministry of Agriculture and Rural Affairs, Guangzhou 510300,
China;

2. Key Laboratory of the Ministry of Education for Coastal and Wetland Ecosystems, College of the Environment and
Ecology, Xiamen University, Xiamen 361102, China

Abstract: We investigated the distribution and the in-situ target strength (TS, dB) of the skipjack tuna Katsuwonus
pelamis associated with light falling-nets in the South China Sea using the Simrad EY60 scientific echosounder.
The volume backscattering strength (Sv, dB), TS, and mean number of fish per sampled volume (Ny) were studied.
The average fork length of skipjack tuna in the S13, S14, and A12 stations were (362.20+35.73) mm, (357.66+
36.61) mm, and (366.70+36.43) mm, respectively. There was no significant difference in the average fork length
among the three stations (P>0.05). Within the depth range of 10-50 m, the mean Sy change pattern of the three
stations at different time phases was similar. Before the fishing lights were turned on (18:00-19:00), the K. pe-
lamis was mainly distributed at a water depth of 40-50 m; after the lights turned on, the K. pelamis was gradually
attracted and floated, and thus the depth corresponding to the peak of the Sy distribution curve became shallower.
With the increase of lighting time (20:00-21:00), the K. pelamis was stably distributed at a depth range of 10-30 m.
In the depth range of 10-50 m, the number of individual signals at the three stations in different time phases was
also similar to the mean depth change pattern. Before the fishing lights were turned on (18:00-19:00), the signals
were mainly distributed at a depth of 35 m, and few signals were detected. After the lights were turned on, K. pe-
lamis were gradually attracted and floated, resulting in a shallower mean depth of the signals, and the number of
signals increased significantly. There were no Ny limit values at the three stations in this study, and all cells can be
used for the in-situ TS calculation. The mean in-situ TS was (—51.84+3.84) dB at the S13 station, (—49.87+3.72) dB
at the S14 station, and (—49.68+2.96) dB at the A12 station. The in-situ TS of K. pelamis at the three stations were
non-normally distributed (P<0.05). These results help us better understand the fish behavior and acoustic charac-
teristics under the conditions of light trapping and also set up a technical foundation for future acoustic evaluation.
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