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(1. =k Rl SR GE WdL BB 443002; 2. dba aZad IR ERBHE/ERM Wdt HE  443002;
3. K AL T EIIE TS A IR T T A E] KE 300222; 4. PG [H 16 XK H H R i T
PO PIEE 8500005 5. mMkRHFEASHESFEE Bdh HE  443002)

WE FRaBZAEIHBTaflz—, AEAGRIEAXEKAA AT &S E, TR 4
KRB K ETmERASENEEZEN, AFTXAREFETHHR, U E & (Ctenopharyngodon
idellus)4h & AR FHAT R AT HET, EERRE A4 & WA B FFNATHRN, L KiE
(3.6 mx1.1 mx1.0 m)fi & T T 2% Al B K3, FHAKER 05m, FHmEN 0.06 m/s, £ A
1 A 395 & (1 000 Hz)An 5 AV & 42 5 (& ir o0 7 5| 85 @Y 850 75 374 = Frlis fiE 7)), 7 JE % (sound
pressure level) 77 (117.69+2.77) dB re 1 uPa, xt 41 k& 7= & ot E ATy LN 8 df . 4R TR,
BHA TR, FEWR MRS, BERE ., B0 E Y B FE T 205 ot B 4(P<0.001),
B AT R ROBL B[] . P2 R BB R 34 B 3R T SR A B 41(P<0.001); A A E ., X B
FRBWESR RS B EEERA, REAFHFRAHNESRNAS, BHFHERN; A4
Fop, % B U RN B R R BT B (] A, H(23.4045.13) s; % B 5] REOEY B A AR R
RLET 5K, 4(146.00+7.82) s, B F KT H M & 2% #(P<0.05); % 2| Ui At 75 Fo 37 A 7= | S oy B
)RR ] A8, 4B K (26.52+3.01) s #1(28.76+4.07) 55 % B f i 54 75 H| 3 0y B & P34 KN iR
K, N(64.76+17.82) s; B FFH, ZE| & iFsh = R Gy E f 3 sy et ] ik B, 4(98.47+0.48)%:;
Z | 7] Ak A R g B 3R B B ] R, 9 (94.5840.54)%; BB R, BB R BRE . WK
SRR B NB] | 34 R B ] 32 B B A 3 S AR B £ R (P>0.05), AR K, S A&
W E . FIEE. s E . THEEREREE )N a4 s AABARR. AMEEFEEENR
#E AR E R, 2R TAR P IR & A Bt e T AR R T AR
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TR TR B % AN SO 2 R T it e T N i
FIRELL R R INEESK , T HRE A Mo A ik . VR
KHL L Wiz Dh Rtk A5 22 07 TH DG &R E T RAE A TR) T,
T Pt ] 80T A 25 R B 06 11 B ) AN T4 v, /K AR
PR DA S €5 1) D DU A RN 2 e o A G 3 £ ]
FERFFOKBEIR , #2830 as FAE 2085 A LSS &k
K, AREHE AL ST RN R A K ] T B w5
K, LHMAEARWANE LR, 0T H X —
5, KT KR T AR A 28 FRBE P Y 2K 52 Ml 1) AH GBI 5
H a4 AT AL (SR AR 45, 2020), 22 i K ) T
TR X BREE 7 A B AN RS0, A8 ot 00 3 it 1A R S )
MAESRG . R METRE A EEASHME TR
(Stone, 2016), {HIESLPRIZfTIIREY, 3 M) f
JEIiE 38 2 SORMKTH AN AR 75 3K B AR AR A i By
SURER iR IE S/ N - O e = e N e A L )
FAT R, HAYEE ) 9K £ 2S00 B K B sl K 1 | i
TR, I 45 £ F [X sk (Ruebush, 2011), A 1)
BB IERA O R ARSE, 2020), A B T4 e faik
It AR, R LR AR B T
ORBE (o . PSE . LSS ENZR ) FHIE 3 R G R
1190 (Noatch et al, 2012), AR TYHEEE, 59
PR B A2 AR A BT FUTE 2 A T2 TR /N, X R
B R AT ROR VA OF T B A R X (Kelly e al,
2011),

R BRISFE W — o i B R RS SRS
TEZ BN BAES B RS S HNE , R A& Fh
SRERAT A O —— i PE . Tk, b IESE
Rttt gt ST B 5 SRR R IR T N RN
FRAE#EE, Rz AR, 2019),
HAFEENRE, OZIFEX A = S8 s
PEo PR, Gk R AR RS L A2 A o S T
FFXF 3k 26 75 5 A A RCPE HEA T SR FASCR PR — B
BEISCENGHPS .

ARBFFEIEIC 1 FPEpSii il 5 P ey, R
(Ctenopharyngodon idellus)Tt 6 P F 32 F 1T R
FI 55 ANHE O B A6 BEZH R AT X B, 358 AT R
FUlE . BSR4 1000 Hz, REH
XF 300~3 000 Hz M 85 R, WF 52T, 1 000 Hz
TR R T ) BE (T B4, 2021; BHAME A,
2018), REMEXRLAT Ny A RN o fE 8l P R W)
2 (Alligator sinensis)" Fi ¥ AW K, Hrp, fadif
SN RSP A A, W) S Y R R A A i A
o MRIEFE SRR, X 2 &
AR AT S BB o i, B 3 ] 5 AN 05 £
(Opsanus  taw) 1 Wl M 75 GE % 52 15 ifE P [F] 2 (Mensinger,

2014); 774 22 KIR 6 (Espempheris adspersa) % [H A [
K1 7 1L R AE — 7 (van Oosterom et al, 2016),, T ffi
T B S S A S Rk B R BN, K
P bE(Clupea harengus)™z 3 5i(Orcinus orca)it &
AE RS, BT AT L O EL il vk R b
(Dokseater et al, 2009). 5125 | Wi e FFTAE 5 8 T
B Ry Ry R B R MR, B — SR IR SRR X a2k
572 A2 800 . Murchy 25£(2017)%] 1 0.06~10 kHz it
AR M 7S A AR T i (Hypophthalmichthys molitrix)F
i (Aristichthys nobilis); 1E Nedelec Z£(2016) 1 AH &
FEH, WERE IR T =B §R(Dascyllus trimaculatus)
(kT N . Hawkins S5 (2014)0F 58 K 3L, 52 2NFTHE
7 ) 2R filE (Sprattus sprattus) B8k 25 7 I A 2L
% FREXTFFIKE RO AR RGN, B
= 0 28 0k VAT Ry SO B RRAE Y BARER A

AN TR B0 28 1) £ % 75 1 i 0 s gt A7 E R 22
5% (Slabbekoorn et al, 2010) . % {4 g T 2 & H
(Ostariophysi), & EHEEMIRKFFHEMAE, S
Rt AR LL, B RS (L A R AR 5 N HAHE)
Xof P S SRR (W38 22 5%, 2013), 5KITAR
SE(2005)WF 58 T B A TE R & RICR X NF T T4 R R
o LA K A% 3l s 0 H i i SR ROR (IR AR 55, 2004);
IR B (2008) B 58 T Fifa B R E 400 Hz REIE %
S FE XY 14T R RO s B = S (2021) BF
% TR AR T R g p AT N RRE . DL B FSE R
B, ot B WO [R5 (5 5 010 I B AR R AT
I RETT o

HHT, Ik AR AR E S OESE, HSEFR T
R RYAOC A 2 8 B A [a] B e, —
E T HEIS AR WA 2, 5 — i NE s R 5
PR TARAEAE2EHE o [ N AR 0 288 B0k & i AH G AT
FRFEE R TEEE, BT RATF UK T IR
PRI SE AN FE L | IR ST 22 B AR IR S g o S I
AWFFE LR AR RN S, T RKIFBOKR T 8
B AEAS DL AR NIl ERER C W A BUD U S FANAY & S
IRy A A 1IN 5 P A N 1 BN < = 8 5= e ey A 1
LA bR ST LR B AT R o FEILRMB 2 A R
PR AR A R, S it P B A 5 B A0 284
PEPR AR

1 #REFE
1.1 SEIgizith

S e RE T LA BB TR BE XA R AR IR K
(30°46'N~30°58' N, 111°10'E~111°18'E), FAZER/E
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¥ B 545 4%

KT, PRI RIS AL 50, T A S
KPR, NARGEE . ASS Z2XK)E. mMExE
M AKIL, 2K 26.7 km, &%, SL¥H
FE T MK (30°48'17.57"N, 11°15'16.45" E).,
ORI FESEIE | K BER, FEIOKER 0.5 m, P
YR 0.06 m/s.

1.2 S HA

S AT B LA BER T f R i, SE IR
K H(14.88+1.09) cm, P K Hy(12.46+1.21) cm,
SEAAA T A (44.58+7.28) g, BELLIN 200 45, S2E
], B T T A R 5%, A A R T4 )8 S 4e,
P LR AR R RS B 7S AT AR, ORAIE R A 3 228
(] £ ] B 7 b GG B % b T AR S g b b
50 m MR Rk, KRS (23+1) T, A
H>8 mg/L, pH=7.2~7.3, LK FREPLEMAEE
it A, G X S0 7™ A 3 M T R ) SR 25 R

1.3 SLIgEE

S 2 P ES AN KR | R R O AR SR
B 3 TR, KRR RS 5 mx1.13 mx1 m
(KexTaxm), Hr, Ll XEK 3.6 m. %8 1.1 m,
ISR A 5K TS 0 EAT, L 5 R R 2R Sy 30
SPYEALRL, 22 AP E LB kA, A
558 Bl K AR R 3% o PSRRI R Ge R 2B 0 A HL i
(LAPTOP-AGIRP69D, #& 5 ) . I B (XLS-1000
amplifier, Crown Audio)fl 2 4~/K T 47 7 £ (UWS-045,
JUINT MK BHECA R A R, L s, KT
Vs A A B K 0.15 m, BE/KHE—I5 0.6 m, [0 EE
0.5m (Kl 1), K FHFHETEERET KT, HrdsS
D, I ICFE sh i HK T 45 3 T e 5 56
A, I 8 R R R RN o T B R B ARk
(DS-3WFO01C-2NE)/E Sy M1 55 ] % £5 MK #EE F 7
XF S AT AR R

KW

Water direction

Hk

Central axis

KT

Underwater microphone

N
>

1.1m

KT 7

3.6m
Bl 1 SCE R 2

Fig.1 Experiment setup (top view)

14 LHEH

SO AT A 2 R S AR AT

(DB . K 1 000 Hz, BASE#E T Cool
Edit Pro 2.1 #k4& .

(2) 5 M ZE . MifEshr | myzns | 5%
A UERE RS A THE RS o &2 2% 8 KT it sk (Reson TC
4032, Slangerup, F+4), FizH Cool Edit Pro 2.1 X
P LB SR R = A i 2 o Hodr, faiE 8l s Sl
Hi 5 R BB T R S G A I B B AT AR KA, KR
50 cm, JKUFIFETI/KT 10 cm &b, Hbpfa ki fath
5 51 B PS RN AE 7 9 S 1 b 57 T 5 VBRI 5 R 30
WIFT 1000 m, HATFRSIE, SEH1E FRKUTTHM
IR Sl 518, M5 AR EE 10~15 m, ViR
ST ) B 9 A S8R 2 Sy 40~45 k/h; T 7 SR Mb 2 R B
5T VG B DX S it T35 5 e g i ] 7 SR b sy
R, KT B W 6 3 m &2, KR
W IR A B o R K T e 5 AR R
FAE TR, B kK A 30 i fa 2 g

G)XFHRZH . AR 5T % R ZH 15 B o0 R AR o i
A PAT R SO A o e, TR R A R
Atk RN, I LAAEGE T RO YRR . WU B[]
ISF- 25 07 st ] At DG X6 HR A 580 o ok HE 4 ) o o
JE B AR i R I O L X IR A
()32 BT TE] FE, B AR 0% 5 I 2 A8 4k Tz SRS
) st ] 5 s ] A A

G K 211 Adobe Audition 2019 R f44RHL
AEEAE , 1 Origin 2022 B AF2: 5w (& 2). Hti
FEIBICHE S P s L i (FE TR A2, SRR SR 2084,
SREERON 44.1 kHz H15 5] 6 B 35 B K T/ i ol
FEKAE B LL 30 em MIEIEE S0 13 A& S, 9
L 10 cm SATE]HEE AR AL 12 ANI0E S, BT 156 A4
o, HKUT T . S RO BRI RN, AT
7R HERE R R, B Origin 2022 #F4: 7 1K
(K 3).
1.5 TAEX

R 52 30 75 S B A A TR SO, K R
1) A e AT R AT AR R S

(WFEEF RN : & S F IR 15 s N
I B R, AR 30 s I KA TR £, R AR R
I R] P I FP R A BRI, B S8 R — YR R T S

Q) REEF[E] : 5E A N 75 28 I i B 5 £ 58 i
T SN 22 (6] P s ) B T2 e i) B PN A0 AR S
PRk S AR
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G)ELL N : & XCHFAES MM 2 Wk UL L SEAOKRE, WEN 2 h FITIRSCE . SRPRRINT

T K O (OWE e, WERMMBFEALS, JFREIf
fORER IS IR L 30 s SRR I aBEE hgy BB A, RO AR T T —20
BT AT A IR FAUAT o E AR g 1 s (2)5 FE A I BRGSOV, SRR M4 7
16 TR R IEATIT 53 A — M 47 75 i 5 5 A f0 R B Ak i
0 AW R U ZERE RO 75 30 s 5% 1465 , 13 A8 2 min
161 F¥FE  NERNEREEHEER 5 B REEPE 1.
140r 160 - (F;)L%ﬁard i e El?adﬁ—:vm noise
5 HiJ7iF Pure tone ;i 140 fa 57 Fish swimming sounds [~ E_Im;% nq;gme moise. il i g '
31201 % 140 Hissing sounds Outboard motorboat noise
2 100} £ 120 2 120
% % % 100 F
S 80t <100 i)
o 5 3 80
)
5 o &
M 40 H 0 B 40
e e e e B T T S L e
NI N OO\ N N TSSO S O N NN
P E S S RSO S O PN R ,5@ WO PP S \QQ
Ji# Frequency/Hz J5 Frequency/Hz #5R Frequency/Hz
K2 FEEG
Fig.2 The power spectrum of sounds
74 SPL/ 7 RS, SPL/ 7S SPL/
(dBre 1 pPa) (dBre 1 pPa) (dBre 1 pPa)
129.0 129.0 129.0
£10 %%3491 ELO 1234 E10 i%?’g
808 7. 808 1179 808 7.
112.3 : 112.3
506 F 1068 £06 123 06 1068
A 04 1 ;(5)16% 804 1012 R 04 ;216%
g 02 90.06 g 02 T g 02 90.06
0L 84.50 84.50 0 84.50
0 05101520253.035 0 051.01520253.035 0 051.01520253.035
FF S Distance/m 75 4% SPL/ FEES Distance/m FEELR SPL/ [E®S Distance/m 75 4% SPL/
(dBre 1 pPa) (dBre 1 pPa) (dB re 1 pPa)
129.0 129.0 129.0
g &1 1234 1234 g10 1234
2 8o 117.9 179 5 og 117.9
& é 112.3 1123 g 1123
A 11068 1068 206 11068
H O j 1012 1012 504 {101.2
B o 25.63 9563 g 95.63
& 0. 90.06 90.06 0.2 90.06
0 e 84.50 0 W5 o e 84.50
0 0.51.01.520253.035 0 051.01.520253.035 0 0.51.01.520253.035
FFES Distance/m FEES Distance/m FEES Distance/m
K3 A
Fig.3 Sound field figure
A Bl B: FSN; C: 515N, D EWESNE E: STHES; F. RS
A: Pure tone; B: Fish swimming sounds; C: Outboard engine noise; D: Hissing sounds;
E: Pile driving noise; F: Outboard motorboat noise
x 1 TAFLEERRER
Tab.1 The description of behavioral characteristics
2% Parameters iR Descriptions
SV YR EL Times of response F A A OB RN Y R IREL
¥ M Maximum swimming speed towards different sound/(cm/s) %A Ab 67 45 5 R 25 B B i R Uik oo
WYUK S W B [8] First reaction time/s B VR R T RN I B[]
S35 ) )% i [A] Average reaction time/s F AL A T 08 B SRR A 1 BT ] 5 BN RO LR

iz B[] H Ratio of exercise time/% A7 AL T IE SRS R B E] S R E] Y L
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Q) ks M i v, WEELHE 1,
RN 22 2 T g P47 7 2 , 38 2k AN DB e 28 7 ) 0K A 5 £
kL IR SOV 5 Ay Ak AR BN, T
1R, bR 2 min JoEEAE 1, FIREEK
A 10 min, SCETFLR 10 min 5, JCieHE A
BN R ERL R

SCd 7 o, WAL EL Sk, Hr, X
AHERE o B IR TC N E S AU A S T,
B 55 S 56 TG 5 114 R 2% S 06 4 SR A s
1.6.2 #BEALR gkl eSS, 1B logger
pro 3.13 BAFHATZBEWIFT &5, RIGHRGRERRENFE
DA A5 21 5 (R i DGR B & B A 3R HH S 30 A A
ST Ik, £ E S Buchanan £5(2006)09 3 5020
1% hb $H % (principal component analysis, PCA)#4T
AR, e DL R AR R O AR Ak f (7 78 5 o
OIS X B B AR A A S i, B
I

B, 18 logger pro 3.13 #4285 1 min SZEA
WA N 1500 ML R, SR 5 dEA T F AR PCA EIE
AEFR, PEZ TS T o AT S5 5 £ 1Y 32 B B AN AR Ak s
], )5, MR4EET logger pro 3.13 BIFAT ST RYSE
IR R K mAL RS AR B, R T A TR SR
11 5 P iz I A% I RN Dk R .

WS Z R R R BB SR IR, A

EW ¥
D= lzl\/[(xi _xi+1)'kx]2
i=1

K, xiv ¥ W logger pro 3.13 AR R S ALARE;
R IEWIEG 0 NSRS SR TG k. &,
LRSI, k=1.469, k=0.38; D MIPR{L
AR, FAN em,

T viGE B F LR 2T
D- f,

K, DN AP LRI 5 £, NI A AL
SRV s f; R 58 UK SR T FHUES s v R Uik R
BANN em/s,

g 20 52 5 A 1Y) 52 N7 R BB 3 i S AU 5
sk o SRt A LU Y {E 5 ME 25 (Mean+SD) R/ . 42
THEC I S A9 B0 R JH Excel 1 SPSS Statistics 24 45 4:
HEAT B IK 2 77 223 HT (one-way ANOVA), K6 I B 5
(1000 Hz) N 24 (FaliiF sl e L 5188 | Jawplisny s |
Ui A P RN F TR P ) 25 1 % B 2 v R £ ) AT R B8 B L
AR, P<0.05 HERNWE,

V =

2.1 RMNRE

S Al Y BB N2 2% i R R G ) A
(117.69+£2.77) dB re 1 uPa, XfHBZH Jy RAF S 5 I HL
0 AT R RN B o R R I, 95% 1Y) B AR X B
W A SN, — RIS, O — ez
7 2 JE B K i By o BRI IRBE T, R BN YR
H(1.60+0.75)IK, LR IIRECH 0, B 248 %
T, R SN RS SN AR B 25 S (F=41.5,
P<0.001), 0%y & ff 1IN IELL /N . faliEshs . 5l
B AW ESI R FTAR R R R S PP A AR
T AR 2R B R (15.2042.06) | (26.20+1.77)
(23.40+1.69) . (32.002.30)A1(35.60+2.46)IK (K 4), &
AT, 2 B U P R R RN IR B U, 2 F
037 2 75 R R AR S N IR B IR T A A e
(P<0.05),

50
s?_s 45
8 40
835

£=1
9530

1

T/ Treatments

TR P R OB UCR

Fig.4 The responses of C. idellus under different sounds

& 4

R B 47 25 5 1 (P<0.05); R
Different letters on the column indicate significant
differences (P<0.05). The same below.

2.2 FR I R R B A0 ) e R e ]

O T R BE T WA A) U B ] (F=31.83,
P<0.001)FIF- ¥ N B 1] (F=149.92, P<0.001)3) & 2%
MTF R . QR S Bios, B4, 32 503 f
TR A AT U SO LA [ e BT, b (23.40+5.13) 55 32 3]
o A Of UK A R RS B R SRR, Ry (146.00+
7.82) s, WEARTHALE 2235 (P<0.05). Wl 6 fiK,
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2 B i A 7 0 T 3 8% £ S 349 S R s ] e
38 (26.52+3.01) s F1(28.76+4.07) s 5 5% Bt fiif 5 5
SR SP3BTl e, R (64.76+17.82) s,

23 HBEEE

WAL 7 Feos, AT AT An] 7 Ao 2 £ 9 e ol
H(11.60+1.25) em/s, HAREFREE T, BB W
(12.19+1.43) cm/s, 5%F B ANAFTE B 3 25 57 (P>0.05).
SRR EREHOIE] , 95% 1) B B VR G B g | G
BRI AT R, R R R i TR R A A
B (F=39.75, P<0.001), &Z«&Hd, Z 20
SRR R R R R K, A7 38 0 i B P R Y A

a

W

[=3

S
1

250

HIYK 52 J8i ] First reaction time/s
=
S

\“QQ‘&%; G2
G

T/ Treatments

K5 AN[RL R R R AR AR U B I ]
Fig.5 The first reaction time of C. idellus
under different sounds

300

250 -
200 -
150 -

100

50

SEH4 R B E] Average reaction time/s

T.% Treatments

6 AS[RIF F BAF 2g S R i [A]
Fig.6 The average reaction time of C. idellus
under different sounds

TR /N, TR | I | g
FIBERS FEAE S 5 Fh A2 e BB, R i i i
A3 (40.2643.69) . (42.00+3.72) . (47.69+3.72) . (47.54+
1.95)%1(53.60£2.02) cm/s,

24 EFMETELE

WK 8 FrR, ANREHATA 5 &I, B iz g iy
[B) FE oA (74.2542.45) % BUM0E PR T, WA Y2 B A
[B] Hb A7 (75.22+3.23) %, 5% B4 TG ik 3% 25 5% (P>0.05) .
BB, BAanF34is g ik ] 97.53%,
2 TN BB 4R B (F=50.36, P<0.001), & 4%
b, S E sl Y S A s she ] e i, A

—_

N

[=)
1

100

2]
(=]

N
(=]

S
S

[\
S

(=)

#3% HF Maximum swimming speed

towards the different sound source/(cm/s)

T, Treatments

B 7 AS[ED R R R AR A T
Fig.7 The maximum swimming speed of C. idellus
under different sounds

100

BBl Al
Ratio of exercise time/%
oo
)

T/ Treatments

K8 ANIElSE T HEAE Az BN A HE
Fig.8 The ratio of exercise time of C. idellus
under different sounds



92 ook B

2 R 545 4

(98.47+0.48)% ; 37 2|5 | 45 75 il 1) e £f iz Bl B[] be e
i, h(94.58+0.54)%. faliFghm . 5% m | gy
P TR A 75 5 Fh A2 A4 22 8] 932 B[R] H G
I EZE7(P>0.05)

3 itig
3.0 BEWEGAEEERNEN

Vetter 25 (2015858 ik o fka & PE R, 434
500, 1 000, 1 500 F12 000 Hz 4 Fh 25 % i £o ik
TP, R ARE] 1% it 25 s IR0 & A fota
K. Liu Z5(2019)AWF 5T R EH, BB X fa OK
RO A, 85%) B A AT Tt U . AR5
DL EZ5EWI4, 1000 Hz FRARE ST T, 95%M Fifh
HAE R B[] PGz 2 U, e B L as shif e e S
X HRH TG 4 35 22 5 o AR B N A 2 A ] A )
LB 2), S AR AR L A A o — | S
7o WS ARRE, AWFFT &0 o 7 7E S0 50 X 35
6 1) (57 8 194 25 £ 43 B H 78 5 e o AR R BT 5 A
BT 3), B IR, PR SR AR ] R
BERE P, U TR e, RO RS
i T 25 ) FR 5 L o R S e . AT SRR, A
R YR S S NG A2 e il £ s K 11 1) B i TR
R BN AR ALY A (Vetter et al, 2016), A 4h, a2k
HA i N AR ST, ST 8 RE A% LB 1 [R) 45 2 A
PR, HAHHAL T3 R ERBE 1 £ 25T ) 25 B i
TR, R TR (RO . BRI X A
JEWT 7 0 ELR S 18 5 B SE R A TR E .

32 EXREBEXMNEEMETHENZIT

B Pk B 3 B AE S A0 e W B s 3 5 e R
B R IRIAT R o ABFR Y, 2B 348 R0 30 s
DAY 370 3 P R R VR B B S v T X R AR R A
(B 4, [EAEERIE, 23055 Jl 3 & AP
S HsF ) RSP 257 2 7 BsF ] 43 5310 R (146.00+7.82) s Al
(36.46+5.36) s, X ULHAREE & & R KA, 51%E
7 EREE T A A 5 IO A 1) B S 2, FT R (R ARE R
%G . Murchy %5 (2016)F1] FH A I Rt ms 06 EE 5 £ i fie
f A FE R, DA R R 10 2854 ST a5 < RS A
BRI R AR R I Tk Y 5 — AT AR
S AR W B 75 I U KGR BE Y T . AR T T 4
(2020) 7 A [7] 75 F M AR 8 7 X6 R 25 1 (Larimichthys
crocea) WM AT ST H & B, T 60 B A9 IR
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The Negative Phonotaxic Responses of Juvenile Grass Carp
Ctenopharyngodon idellus Subjected to Different Sounds
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Abstract Acoustic fish driving technology, as an auxiliary fish passage measure and a non-physical
barrier, is based on the use of sound signals to prevent or regulate fish behavior. The purpose of these
techniques is to guide the fish away from dangerous areas, such as the water inlets of hydroelectric power
stations, spillways, and ship locks, allowing them to easily locate the entrance to the fishway, which
would help improve fish passage efficiency. Studying the negative phonotaxis behavior of fish is vital for
establishing non-physical barriers using acoustic characteristics. However, there has been little research
on verifying the effectiveness of acoustic fish deterrence technology in field environments. Therefore, this
study used alternating sound playback to conduct negative phonotaxis experiments on grass carp
(Ctenopharyngodon idellus) juveniles to explore their behavioral responses to different sounds. The
experimental tank (3.6 mx1.1 mx1.0 m) was created in the waters of Xialao Creek in Yichang City, Hubei
Province, with an average water depth of 0.5 m and an average flow rate of 0.06 m/s. The experiment used
one single-frequency sound (1 000 Hz) and five complex sounds (fish swimming, engine, short-nosed
crocodile call, pile driving, and yacht sounds), with a sound pressure level of (117.69+2.77) dB re 1 pPa.
The effectiveness of acoustic fish-repellent technology has been proven, but there are only a few
applications in practical engineering. On the one hand, the theoretical knowledge is not comprehensive,
and on the other hand, there is a gap between theoretical research and practical engineering. Moreover,
there are differences in proton movement (vibration) modes between indoor and natural environments.
Compared with fish in an indoor environment, fish in natural waters tend to receive sound signals by
proton movement rather than sound pressure. At the same time, the distribution of the sound field in
natural and indoor environments also differs; thus, field experiments are necessary for the advancement of
acoustic fish-repellent technology. Globally, studies on the negative phonotaxis of fish have mainly been
conducted in vitro. Detailed studies using natural open water conditions are insufficient, and further field
verification experiments are needed. Therefore, this study conducted experiments in natural open water,
compared the sound field changes in the natural and indoor environments, and studied negative
phonotaxis behavior by observing reaction time, initial reaction time, average reaction time, phonotaxis
speed, movement time ratio, and other indicators. The results showed that when the complex sounds were
played, the reaction times, tone trend speed and movement time ratio of grass carp were significantly
higher than that of single tone and control group (P<0.001), and the initial reaction time and average
reaction time of grass carp were significantly lower than that of single tone and control group (£<0.001).
Among the complex sounds, the grass carp stimulated by the yacht sound had the largest response times
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and speed, while the grass carp stimulated by the fish swimming sound had the smallest response times
and speed. In the complex sound, the first response time of grass carp stimulated by yacht sound was the
shortest, which was (23.4045.13) s. The first response time of grass carp stimulated by engine sound was
(146.00+7.82) s, which was significantly lower than that of other complex sounds (P<0.05). The average
response time of grass carp stimulated by the sound of yacht and pile was (26.52+3.01) s and (28.76+4.07) s,
respectively. The average response time of grass carp stimulated by fish swimming sound was
(64.76+17.82) s. In the complex sound, the motion time ratio of grass carp stimulated by fish swimming
sound was the highest, which was (98.47+0.48)%. The motion time ratio of grass carp stimulated by
engine sound was (94.58+0.54)%. There were no significant differences in reaction times, initial reaction
time, average reaction time and exercise time ratio between grass carp and control group when playing
single frequency tone (P>0.05). The experimental results indicated that the five complex sounds used in
this study (fish swimming, engine, short-nosed crocodile call, pile driving, and yacht sounds) all had a
deterrent effect on grass carp juveniles. This study not only enriches current knowledge of the negative
phonotaxis behavior of fish but also provides a scientific basis for the design and optimization of
sound-based fish deterrent facilities in practical engineering.

Key words Negative phonotaxis; Ctenopharyngodon idellus; Technique of fish repelling using sound;
Open-field trial



