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G, Wi — RGN IR, IR IR KRR,
DS S Yok /0 B8 R e O PO AR L 4 9l 7 D R R 7
W3 F i3 107 P28 5 B AR S

1 RS

11 iR

Vg g AR R T e R A A e R 3017,
FHLIAR 800 kW, Aimifi 398 Gt, Ml 42.8 m,
IS8 8 m, HIYR 5.2 m, P& MY A KA T, RmdEfT
SR, AR R b B ) B0 TR JC R A A 1
SR, AN T T 2 Wik, B 45
H20194%5H 19 H55H 28 H, i EIELIK 1,

N
25°30' F

wEs
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Guangdong Province

23°10' -

22°0' -
R
South China Sea
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19°40" |- AR ¢
* test station
115°10"  116°20°  117°30" 118°40' E

P L 9B L P KGEE A A o s T
Fig. 1 Test stations for deterrent Senella attenuate

12 FHEEZRS

7E 25 B [ P A AR 56 SClk po Al 1 g
JE TR 2EK 5 AE 5 G B EOREE i A5
e, WITIHHHIE TRk R S, wisES k4
Pl #s AID i ds DIREOR A I EERR (K] 2),
PGS KA R 25T Labview %5 19155724
KA TRy, LGS MR U NG5S
B A b E S g, IRBORA TR T RS
PR T, ARAIE SRR 3% £ 3k B R 8 KA TR .

e RE A H T L IO A LS 5 5 AL 7 E SRR
SPFOKIE H . AR RGN AE 5 o R TR AR
(LEM)E 5, Dok af i R D% 80 W,
KR RERR A AT DI 12 W, i T A B2 e
WP RS, 76 DC~1 MHz Sy N B4 Bk
KAEH, PRI A 55 10 £ 00 B 75 A5 5 1 P TR R /)N
FEAAAIE], S ATk 180 dB re 1 uPa; JF /KA
Here s ARG 2 DK ERRERS, TAEMB 52
20 Hz~20 kHz 5 20~40 kHz, W] % 5} 7 S 4ty
U 7E 35 20 Hz~40 kHz; &40ie /K05 80
F M, T IR ] £40°,

P2 75 i R S B 0 K R 9 A i 1R
Fig. 2 Acoustic dolphin deterrent system
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MR T KT 5, A B RO Ko AR TR
JEE, SR ES T 10~30 m, BRAKA I ME 5 & 5
S, PRl X VA KA T SRy 8 T 32 L R s PR PR A A
ORI K RO E T UK T 5 mIREAL,
LI B B R KRS, R S — i B i ke
=5 (4n 1~10 kHz. 10~20 kHz. 20~30 kHz %), %
AT, RARB S S ESE R T 20 min,
WRZZ 10 S5 30 6] T KA T 2R o RV K B A )l
T AR, WIE SRz B Tosl, AR5 4k 221
AL o G SR A B 1 A A (AR ZE AL
&), WE AN BO I E A RO B, SR )5 G &
45 30 mint™, WL E BERIE K R R E R, &
VR T L0 R A D Pk a0 A 5 A B, AR I VA MK
SR PGS B A I i AT B 1) i A AN IR R
WIZE AL, FF T R SR B T 50E
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14 FEMIERE

TEE PRV A Al I, AMREET 2 7
Ii] 1) 7 A AR DLE = PP AR SR IKSOR, b e
[ (R P 2 RS T 2 EK 60 #5841 {342 (38 kHz
120 kHz), i@ XT L RGEFFKHTE 20 min, R
Pl G BE 9 (10~50 m) By 75 24U R %0 NASC
(nautical area scattering coefficient, NASC, m?/nmi?)
K VAL o KT 5 1) B o R O T 4 X
EY60 (120 kHz)#R SR 4 (Ff 7wz an &l 3), 4
WFFE BT T e RE AR AT [ e 3, DUA DR R Y
YR (& 4); @ X R KRTE 20 min,

- v
20m®f
o B
0 -
50 '
60 © T

P 3 EY60 £ fh (R A M1 5 B SR 43 74 S AR
Fig. 3 Part of the dolphin ecogram collected by EY 60 transducer

4 R KT [ 2 B

Fig. 4 Transducer horizontal fixture device

S BRE SR I 1) B 5 B B T S8 I Ok
A, 2 B A [ B b R
WEHEATRCIERS, RS IE ] 20184 8 A 16 H, i
SRR T L EK60 5 EY60 # MY
FESHOENE 1 55% 2,

® 1 EK60MEERSHIEE
Tab.1 Main settings of EK60 transducer
S HAE AR &
parameter transducer setting

ES38B ES120-7C

HeAE RS transducer type

A beam frequency 38k Hz 120 kHz
Jok nfr i £ fms pulse length 1.024 1.024
Jik i 18] B /s pul se duration 1 1
Y15 IW power 2000 500
R &3 7 14 ff /dB equivalent beam angle —21.00  —21.00
e 24 25 /dB transducer gain 26.8 27

% Wi 22 %5/ (dB/m) absorption coefficient 0.007 0.043

x2 EY60iREERSHIEE
Tab.2 Main settings of EY 60 transducer

ZH R AR S
parameter transducer setting

HBES IS transducer type ES120-7C
I A 2R IkHz beam frequency 120
Jok wh & & /ms pulse length 1.024
Jik i 18] B /s pul se duration 1
)3 /W power 500
R 3% <7 14411 /dB equivalent beam angle -21.00
HefE #3135 /dB transducer gain 27
% Wi 22 %%/ (dB/m) absorption coefficient 0.045

15 FEERGLIE

fi | Ecoview (v6.1, Echoview Software Pty.
Ltd., BAF)KPFALEE 120 kHZ AR5 2204
HRE 2 EHROAAINZ KR 5 B AL BREE, ASpF
FEIEHN 10~50 m J il N 1Y 2 L A A S 6~120 m
T L 7K OF 75 A g, i 22 s B AR it e R
MRS A P 220 S, K140 2 minx 10 m Y
BUrso, il 5o0h NASC fH, SRE1H
Kolmogorov-Smirnov  (K-S) £ % Fll Kruskal-Wallis
(K-W) K5 5673 1 R GE T K HTJE NASC 1928 = 1%,
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W ZE PRI 0.05, XY 2 Rk gn S SR 2 et
(P<0.05), NEFTER EMEZER . KPR LS,
P IS B S K 1) AR A 5
16 mEESEEEFESRN

W AR H br oo BB, R B A A
(single target detection)” 25 fg, HEHUK W% b iy
ST R K AR S, R Ty o o R R
¥ 2 (split beam-method 2)", il % L2 347,

* 3 BFHRKENSH
Tab. 3 Singletarget detection parameters

S0 parameter W H setting
H A% % [ {E/dB minimum TS threshold —35/-30/-25
fikirh S i 7K F-/dB pulse length determination level 6
Be/MRMERKSE minimum normalized pulse length 0.75
B KFRUERKFE maximum normalized pulse length 15
T KU AR #Mz2/dB maximum beam compensation 4
/N E minimum echo length 0.8
T KK % maximum echo length 1.8
B KARDI 2% maximum phase deviation 8

FUAK I JTE: single target detection method — AMELETR—rEE 2

2 #£REHW

21 IREBMINE

5 1 19 H kg4 R % W: 30~40 kHz. 20~
30 kHz, 10~20 kHz 43 Bz i 4545 5 T BH I 3K AL
5 1~10 kHz WIS 5 & 315 1 K 3 25
MY, 20 min JFRHI RS, ZJa AR W IKEHR
£ TESE LRIRIR R a1, 5 H 28 HiEfT T4 2
PR, HE IR 1~10 kHz RUEBIE S, 450 %
WY IR DV KT A 5 i 3 i T 3 2 ) A A
KRG 30 min J5 I IKE B R E, FRASIZ
B, WK RIL 55
22 HEEFMGLIE

KV 2R AR AR BRES SRR W] 2 KA ISR,
ARG TR R 20 min P9 IK RS S50 H KT F
JaJa, MBI/ N R (E 4), H 5 H
28 H RS I A Ja B A R ) AR5 5, BIAE 25
120 m Y N, T s B 06 A7 A o B B 7S 2 R
WEFREE IR RGIFAATG 20 min N IE 5 AR
Ay B0 1 - 4 NASC 77 7F W 3 1k %
(P<0.05), HIFJE AT NASC /NFIF I G (32 5).

R4 ZREFEHE 20min ARESFAEKESS

Tab. 4 Signal of Stenella attenuata within 20 min before and after the system work

RGHFIE T 20 min ARG HIRJE 20 min

‘ 20 min before system work 20 min after system work

W HM TS Hf/dB — — — ———
date TSthreshold PRES TS BRI S T PARES TS 5 IR g Ty
HHM i FEl/dB JE[El/m PE B /m BEN i FEl/dB JE[El/m PEES/m
singlenumber TSrange rangefromvessel meanrange single number TSrange rangefromvessel mean range

=35 10 —33--17 2795 54 4 —-31--29 73-117 95
SH19H -30 8 —32--20 27-68 47 3 31--29 73117 97
May 19

-25 5 —24—-20 41-68 55 0 - - -

-35 11 -30—--22 11-103 60 0 - - -
57128 H -30 10 —26--22 11-103 56 0 - - -
May 28

25 8 —24—-22 11-96 52 0 — - -

x5 ZR&GEHARBAIE 20min BHERS B THTFH NASC
Tab.5 mean NASC of vertical unitswithin 20 min before and after the system work
m%/nmi?
mfE] date ZEIFIART 20 min 20 min before systemwork RS JFJi /& 20 min 20 min after systemwork 2251 difference

5H 19 H May 19 19.44 36.70 P<0.05
5H 28 H May 28 18.58 32.41 P<0.05

3 g
FE] e A 450388 1% Y K KL 5 A P 0 5 T

JEe g 8 g e R e, 4 2 T
SRR e AN Y S R N i PR ol s e e
Al T2 T Sl R S e A Y — o R A
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il 155 0ok AR v B SR B B SR . A A
PR IRIK RS, T IR, &P 1~10 kHz
(R LR AL TRAIAE 5% o5 B SR KA — 2 IR EEVE

TR AR, 3 R I KA T A A T SR
A RE PR DA IR RCSR, E T A S — Rl 2 0 BR
KT s, BT BT R R PEAG 25 SR R el
WF 8N B3R FH 22 B vk e s DAk 7 0 0K A5 2R
(1) fit FH K W7 % R 4 3K K S B 30 194 ¥ K T 38 A7
F, X I BRIKHT S (9155 50 B 255 5K IKIL
F - 243 e B PP 22 (203 it R 9 AL B A L5
WER 5 254, T S BRIRAY A R — 5 1 23 315 il Y
R I R L Bz il b Lo BIR KR I 80 368 KA
B K K55 3K KA ) F¢ /1N 1] 5 (closest observed
approach, COA) i fEIEAHP; (3)%F Hb 4K K il
PR Sfl) oA 3 5155 D0 ok rE R IEA, (EAS Tk A A2 PR IR
K%, WERER 2L o T R e 1 e M A
b, BTG 38 i 90 WL )y ik 5 e VEA . ARE
¢ 2 W4, R A FRR I T AR, A
FE MR 5 v A 0 B % EL R a2 PP A DR AMARHIF ST
i A K T 255t WA R 4 3] 70 A R80T A B I
R IR0 5 A5 5, AT B 2 PR R 3 6 e ) ¢ e i /K
Wb RE A PR, R ok ] 2 43R 58 B ) U T 15 5
KA

bR T Bk ik 2 AN, A ST AR 4 IR A1 UCR 4
R 7 2 RGO RE VTR, IR RR . B A
SBRE L JUC R A AR U ] 1B K S i i Ak
Yy, MHBORE R, WIRY ST G T &
BRETEWNE T Oy, AW R G T i IE B
B BATTIE Y NASC HE/NT IR G, 29
B 1L R B 9 R BCR A BT R AN, R
G5 FF I 7K P WA (9 1 K SRR S 8 H KT
FJE, BN TSRS, 0K K
BT AR . SRR SR I ) S R S G
18, Au 226 EK60 £ 143 (70 kHz. 120 kHz
Y5 200 kHz)>R A T K VG 1 56 W i K 11 75 27 L,
I DUV KA B AR 5, 4531 3 MR R 1Yl
JASF- B bRoi 435l —26 dB . —34 dB, —40dB.,
3 i A5 PR Y b A i A5 BRURE IR X 75 kHz f9 75
W 18 B H ARk b —25.8 dB, AWF5R3 % I
WSCHR, WE T 3 kel {E(-35 dB. —-30 dB,

=25 dB), Iz RIFRW T IKIKABMEGE 4),
AR T B AT B 2 R A T DA 58 3%

] 7 3 P Al T 698 P JB K K8 5 14 P IR
Fil°l 132~174 dB re 1uPa, #5i%3ifil 20~160 kHZ,
AWFFE T & IR 180 dB re 1uPa, T
VEAR N 20 Hz~40 kHz, A% 4% 19 7 PR 9% s T 1)
HMIR IR 75, 3R AR T £ & 5 1) 7 I A5 5 oo B T
K, X v A Y KR RACR S R (BLAE S A R
A, kAN S ES, NI S s
0 TN B ST I BIKGEERICR, Kok aT s i
B e A BE A DA 56 B LAE 5 i B

[l A 5 3 BT JOGH BIK B 15 5 A — a2 Y 3 1
P, Palka 251 5 [ 46 B M AT T 34 A
0 D B KR g, RS T 12 Sk RUIE K
(Phocoena phocoena), H:H i) 11 Skl & 4= 761k
WriEfs 2 8, R\AMEE TS R K A e
2555 I T UKGE(E 5. Cox 2?9 F Netmark 1000
IR IKAL (FP O AR 10 kH2Z) 457 22 3K GEE 7 725 LI K,
R IZE KR EE R B AR 4 REFEA> T —2F,
FEE 11 KA E & 58235 0N T 3KEE(E 5 . Carlstrom
S IEAT T AT S, e S0 25 0 9 e 1] ) 4
TS VS BT IR IR VA SRR 3 o 300 g A48 38 m, - 3% B
LK IR S EEIE N T — iGN . AHE
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VAR A T et TR D0 I 4 75 155335 1z vk
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R RAS 2%, HBE 52 Wi <1%0 1 KA 2, H 4
AIRIKAL I FE M JE Il <2 kmo R, KREEH
F14) Ve JPAR K JEE % A 2 1 1 5 ) 1T 22N T BRI
T TR SN RA RS, LS5 5 KR
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IEFE
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Acoustic deterrent of pantropical spotted dolphins (Stenella attenuata)
from light-falling net fisheriesin the South China Sea

WANG Teng', ZHANG Peng', L1 Jie*, FU Weijie?, 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, Ching;

2. College of Ocean and Earth Sciences, Xiamen University, Xiamen 361102, Ching;
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Abstract: The use of light-falling nets is an important fishing method in the South China Sea. Pantropical spotted
dolphins (Senella attenuata) often gather around fishing vessels using light-falling nets for predatory activities at
night, leading to accidental injuries and even death. In this study, we used a wide-band acoustic system to deter
pantropical spotted dolphins from the fishing vessels. After two tests, the effective deterrent frequency was deter-
mined, and the deterrent effect was quantitatively evaluated. The results indicate that a 1-10 kHz linear frequency
modulation signal could deter pantropical spotted dolphins. The number of dolphin signals and the average dis-
tance between dolphins and vessels were greater after the signal launch. On May 28, no suspected dolphin signals
were detected at the three thresholds. In addition, by analyzing and comparing the nautical area scattering coeffi-
cient (NASC) value of each cell in the vertical acoustic ecogram, we found that there were significant differences
in the NASC values of each cell before and after the dolphin deterrent was applied (P<0.05), and the mean NASC
value was larger after the deterrent was used. This study has verified the effectiveness of a wide-band acoustic
dolphin deterrent system, and established a preliminary protection method for the pantropical spotted dolphin in
the light-falling net fisheries in the South China Sea. However, this study has some limitations, and further studies
are needed to improve this method in the future.
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