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4t Xt 10 Hz 1975 5 FEAE bR T RS 6 (Hypo-
phthalmichthys molitrix) ¥ X} GEAf & R Tk
FORiM s PN RS R, AR N A (Amatit-
lania nigrofasciata) WIRREA T A3EIN, KRNER (Hem-
iculter leucisculus) Fl = §| fii (Gasterosteus acule-
atus) FRA W] )k REAT ST, R SR R 0
RS W 25 7 5 AN Sy HL AT DI A3 A [a) SR /)N
BOM R R, RN R R IR R R T )
DMK W DR S e AR (=R (Y = Wy S 67
YER AT, I M) DU a2 3G .
T4 B 35 R 1 o 7K Sl B 3 o Y 2 T R R Y
W, A R A ] f 2R BRI 708 5 4R Ry R 2 e B LA
I/ SR BESZ BN fa H BOCH

Har, EAS a0 K o 02 DL iR
(Salmonidae) ff1 28k F= B fa X 4B, iy v [ o £
Wit Y 3 2 5 £ 0 G R o S R (Cyprinidae) 1
PP SE ek AR T BB 0 28 ] A e 3R [E KA
(ER Q) IO R N6/ IS E B N N e
BT ANRIZRLS, SR FH R R0 S8 P AR 0t
RO TSI, 38k A ) £ W 6K AN ]
AT R SO, 0 I O e L BURR B froka v, St
N Pl B % K T B MOK R 25 vk e 8 2K
I SR SR

1 MRSk

1.1 SZHEESHHE

SCE KA S IR Vetter Y 197715, RAIRSE
9.0 mx0.6 mx1.0 m BYFASTREE LK, KAEIE
TR KA T AR 0.6 m B B RS, DUAE WL
LIS AR KA TR A AL FEZK T W O R
BEOKAE W I 1.2 m B E N, B Ok SC
T AMIWUSJr, SEE XIS 6.6 m (K 1), 25
AR, AEPKIEN 20~25 °C, AKIEMRFEFE 0.5 m.
TKAE 7 BRI B R B (LA 4815k, 48
P54 mm, W% 24 Hz, MWERHEEAL), RRSCEIFIR
A, EATRUAB SR, DAIC S5 5L 0 A FE 7R 1 s
AT R U

S8 B B Sk B (Ctenopharyngodon idella),
JE#IE H (Cypriniformes) A} HE & £ IV F} (Leucis-
cinae) ¥ 1 J& (Ctenopharyngodon), #HZ H 255
THAH Mg MLERES, EEAFAIK
P HSEE H ATt RGN e, W
JIHINEUE . JEREITT, B d E FEEEROK
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Fig.1 Experimental flume

1. flume, 2. netting, 3. underwater loudspeaker, 4. camera, 5. supporting rod.
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2500 13 000 Hz MM ¥ o FEM e 1Skl : 4+
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MO E, FE LML B R AT S, PR O T A 2L
f 7 3535843 i Cool editor pro B4 #EATAL B, 155
— B 4.8 s HUEH
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SR 2 h &2 47 o TR SEBR R, Mg i
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AL AR 15 s PIITEES 75 IR IFAE 30 s PN I KAl
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1.3 HIRD
KT AWML ey FAE  HHEMRITS
ARWETHARIE I 57T W KB TR 57 i Y 7 i

R E K7 2: 2 E /) sponsored by China Society of Fisheries

B o MR, B K A% i LY R Y 7S SR AT
S s NISFYIME, SR)5 FH Origin 8.1 %4 imj M 0]
WA, H R S X A Y, B
PR Z [ 9 X (K 6.6 m, FE& 0.6 m). KK R
434 0.1 mx0.4 m [ IAS 78 55T KRS 10 BE 1) {37
K143 4 0.05 mx0.40 m f) A% E AT 00 &, L
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(4 A G P HE K P, T B A 003 1 A X 7 R )
(SPL). SR 2 048 i P {df B it A8 6 (L7 % ) AN
SRAERN 44.1 kHz 97 0 F R T R I B AR AT
4%, H Origin 8.1 BRI H 75 50 45 K 4]

BT T ik {68 B BR 25 K14 Logger Pro
3.8.5.1 B A X AR AT 43 BT o Logger Pro $7 i 1
BFEE A 1s, REARUAELT 5 600 4, LU E
R 2 S0 O B . DRSNS 42
XoF ek T RE A RERS [ AT Ak, RS R
R RAL ., Wi AR 2 i Bk . IOV R
KRR BE | P35 18 B i Uk i sk 7K R v £ i
], Ad FH BN 2R 75 22537 (One Way-ANOVA)
3BT £ S U ESORITE Uk o S A

2 4R

21 BEEEKEGTHSE

X T 6 R R i LY 7S AT
WE B2z, Bl 2-a~f & 500~3 000 Hz 11 5
B Tl

PRSI B, P R e AR s B
9 130~145 dB; eI 5 78 KR K g, A 80~95
dB. TEREAN KA R SR — 08, R K
TR EE R 60 dB, dR/NEEIRIE Y 42.5dB. Kl g
IKAE R M, R Zh 76.8 dB, H/hN K
60 dB. &l h R4 4% -6 LY S s iy 22 1 11 75 4
B, B, K SR A R 130 dB, f/)s
PR 80 dB,  FEZKAE H ) REWI B 24K 50 dB.

22 P EEREBMHE

B 3 R T R 1500 Hz B85 il 7 5L
M Ah TR X 7K T B RE i 18 4 1 B ML s gt
Ik NERTLE L, S50 s
IV RSY QST OE 7R S NVEE TR S W =3 1|
HIEE 4 H7E 100~500 Hz.
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(2) 500 Hz, (b) 1000 Hz, (c) 1500 Hz, (d)2 000 Hz, (e)2500Hz, (f)3000Hz, (g) &H/H¥%, (h)HTEEmm~, E6lF.

Fig.2 Sound field distribution in flume
(a) 500 Hz, (b) 1 000 Hz, (¢) 1 500 Hz, (d) 2 000 Hz, (e) 2 500 Hz, (f) 3 000 Hz, (g) background sound field, (h) 4. sinensis roar, the same as Fig.6.
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Fig. 3 Several typical sound intensity frequency diagrams

(a) 1 500 Hz; (b) A. sinensis roar; (c) A. sinensis roar (underwater).

WHCH (0.4~1.7) R o HAERE L 500 Hz B, SE5%
1V 4 SO B R, Ol (1.7+0.6) T, TTIHE ik
1 500 Hz () 50503 I, 5290 0 1Y S B Ik B e b
H(0.4+0.3) WK, 5N RIS X B A, TE
R4 - g ML R, S Y P 34 SO B
FWEIN, Eik (5.0+£0.9) K (F=8.158, P<0.000 1)

S0 0 i o K R 2 S BN L S T
FESZHG I IA] 10 min P, S50 0 50 RN CECA 55

[ K 722 2: 32 /5 sponsored by China Society of Fisheries

5]
= E
K2
25 3¢
X 5 b
s 27t b
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| FLLE
OPW A
1 34 5 6 7

ZH
groups
B4 FRESTEEMNRRRE
(1) ZEXE; (2) 500 Hz; (3) 1000 Hz; (4) 1500 Hz; (5) 2 000 Hz;
(6)2 500 Hz; (7)3000Hz: (8) #FHsMLMA. Kl AFRFRERR
HEFER P<0.05), Fs. 7. E8[H.

Fig. 4 Times of response of C. idella under
different sounds

(1) blank control; (2) 500 Hz; (3) 1 000 Hz; (4) 1 500 Hz; (5) 2 000 Hz;
(6) 2 500 Hz; (7) 3 000 Hz; (8) A. sinensis roar. There were significant
differences between different letters in the figure (P <0.05), Fig. 5, Fig. 7,

Fig. 8 are the same.

5 0 i KR Th 2 OB B R,z B, 2 R
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WAL XL 4 RS, FERR R TE AR I, 5K

12

L a
o] t

2 g
R E
'52 6 b b
*1:[34'—g b
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Fig.5 Total number of C. idella swimming through

the middle line of the flume under different sounds
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8 101 14 S50 YR ORI IS IO VR 5D 8 1 TS
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TESCH T, 8 R SE it iy AR S 4] 6
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SRR, S EXRAMLIL, fEdttT
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Fig. 6 Representative response curves of C. idella to
single tone and broadband tone

' x 'represents negative phonotaxis of the experimental fish.
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HEEYIE N 0.20 m/s, 125 FHXTREZL N 0.14 m/s;
FERE I 500~3 000 Hz 1 BT I, S50 fa 1) -2
FE L R (0.11~0.17 m/s), 7] AR HY 76 7% i Bt
B, SIS RN A O IR 25 S
AN, MR T e F e, S5 ) oF
B8 s IO B R v T S S PG IRAL, HITE
FFER (F=1.156, P=0.348), {EN[FRH T ckm
) e RS R 3 FEE Y FRL A (0.12~0.29 m/s), FHL7e %
JilA T B LY R R, S0 A ) R RSO R R R
FERE T 3 000 Hz [ B s S 56 £ 1) 5 K f of ik
JEfR /NN, 3K 5 S T 2 5O R A SR — 3

FSRTERE S T 5L FR B, 206 A0 19 e K
S TP e T AS A R B SR AL, (H
BN EES (F=1.232, P=0.308), MK 7 Fa] LA
Bl R e PR, 20 ) SO
B A (0.10+£0.01 m/s), 525 FA%F R4 (0.06+0.01
m/s). 500 Hz (0.06+0.01 m/s). 1 000 Hz (0.05+0.01
m/s) & 2 000 Hz (0.05+0.02 m/s) (1) B 45 25 55 5 4
M T 225, {55 1500 Hz (0.03+0.01 m/s).
2500 Hz(0.030+£0.005 m/s) &% 3000 Hz(0.04£0.01 m/s)
Y BB S 2 A L BOR W 22 R (F=6.372,
P<0.000 1),

a
0.10 +
—~ T -]-
23 L
ELOCL e
2% 006 | b
EE b
X 0.04 +
o= b
FIaINS]
< 0.02 +
O " " " " " " "
1 2 3 4 5 6 7 8
453
groups

7 BENRFEERE
Fig. 7 Total average speed of C. idella
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IR, BUS25ARTIELE . 500, 1000 K2 2500Hz 1 %o B0 355 4 S W AN s 2 ) [l B 428 i K R

HRERATTREZER . A5 1500, 2000 &
3 000 Hz B0 5 55 56 21 25 55 Wb 3% (F=6.446, P<
0.000 1), 7EHEAT 3 000 Hz [ 5405 UG AT, SC5:
0 UL KR T 2 Bl B ) Bk, LG 1500
2 500 Hz [ BN 5256
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ab H
500 ¢ ~]~
abc
L 400}
%qé abed abed
E: 300_ bed
200 cod
100 + m d
R H
1 2 3 4 5 6 7 8
2H )
groups

8 EfaE Kk P B AT E]
Fig. 8 Time required for C. idella to swim across

the middle line of the flume for the first time
3 Wi

1 20 P B B R PR AT SR e AR T Sy
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ARSI AR, a2 o PR E R 1A A S 3 7R R
S AR, 7R AR IR B AR,
S AR 2 P

KRR S X S AR oA AR A AR
S, HE KR 24 SRR AR R, Jfaa il
1 578 BN ALV K B AR N R B,
WREEAT g SR A 1 (AU o AN [R] o 288 174 £ 3 3o 4R
L, AR T 28 Ty B PR IR R R R R AT Ry B
AT 4% 30 B T3 B A e AR IR BE T, R A K R S
MAPERGE, S EIREAE 20~32°C, i T 4—5 H
(R il 22 78 Ak o AR S2 B 3 A KR 4R FFAE 20~
25°C, fER IS PRGN, Al 2008 K X A
47 Ry BN BRI

SR i) R A AR R R R, 4R
T AR R ol RIS R, 7R
NBIBEFE H, Vetter 29 LU (Aristichys nobilis)
Xt G AT S S RS, I S kAR
TR BB 73k, EEE X B (500~2 000 Hz)
FIBEAE (0.06~10.00 kHz) F9F7T R Ry, &5 F 2 1
X RS (RO SO BURR, R TuE T,
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P 5 SR R T B A (0.05~5.00 kHz) sk & Y
FoAiE, PEASERIE 20 (Ptychobarbus kaznakovi)
1) BN U ESCRIARE [ i Dk 1B, RS SRR,
- 5 05 T R R Ik R R I T ) A AR TR
XSG IIAEE R B, LR R o R 2
Xt SE AT ) SN B A R B

Aty JENT BT 19 207 376 AN U X AR A4
s AN, e B A R AT R R T O A Y A
FEP A S ] WA R A R A 2 X R, R[]
2T 7 B A BT ASTR] . 75 588 o 0 2 i T g
U & P E ARG VT R GE, 3 AN v )
PiERY, LR R S A A T I E N, A
SN H R . AR, KB aZaenr
FI) ()75 5 AR YL A 50~1 000 Hz, /DHaZShENT
B RT3 kHz SR &, (A W S Rehs
W %) K F 100 kHz 45 % 19 75 % %, Ladich 48
Xt S1TRF 111 B a2 iy BT 71 68 1 AT T HiiR A0
Phie, &I 2 B EERH 0 2% 300~3 000 Hz Hil % Lt
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Screening acoustic deterrents against Ctenopharyngodon idella

YANG Ji ', WU Yujiao '*, LI Xiaobing’, NIMA Danzeng®, DA Wa®, ZHANG Zhan*,
LIU Guoyong ', XU Jiawei’, KE Senfan'?, LI Weidong ?, LI Dongging *, SHI Xiaotao "**
(1. College of Hydraulic and Environment Engineering, China Three Gorges University, Yichang 443002, China,

2. Hubei International Science and Technology Cooperation Base of Fish Passage,
China Three Gorges University, Yichang 443002, China;
3. China Water Resources Beifang Investigation, Design and Research Co., Ltd., Tianjin 300222, China;
4. Tibet Water Conservancy and Hydropower Planning Survey and Design Institute, Lasa 850000, China,
5. College of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing 210024, China)

Abstract: The construction of dams will hinder the migration of migratory fish, and the water diversion structure
and pumping activities will cause damage and death of juvenile or adult fish. In order to solve this problem, meas-
ures such as deploying physical barriers can be taken to prevent fish from entering dangerous areas. However, such
physical barriers are expensive and difficult to install and maintain. Therefore, as a non-structural measure that
does not cause harm to fish, acoustic deterrents are widely used in water conservancy projects. The acoustic
deterrent is an important means to prevent fish from entering dangerous areas and protect fish resources. In order
to screen sounds as potential acoustic deterrents, this research used six single-frequency sounds (500-3 000 Hz)
and a broadband sound (Alligator sinensis roar) as experimental sounds to screen deterrents against Ctenopharyn-
godon idella juveniles. The behavioral responses of C. idella juveniles to different sounds were compared by
alternately broadcasting at both ends of the flume. The results showed that most of the experimental fish respon-
ded to the sound, and the roar of the 4. sinensis had significantly different effects from other sound groups. In the
single-frequency sound experimental group, the average number of responses was the largest when playing 500 Hz
single-frequency sound, which was (1.7+0.6) times, while the average number of responses was as high as
(5.0+0.9) times when playing the roar of A. sinensis, which was significantly higher than other experimental
sounds. In the total average speed, the total average speed of C. idella in the broadband sound group was signific-
antly higher than that in other groups, indicating that C. idella was sensitive to the roar of 4. sinensis and escaped.
Studies have shown that C. idella shows negative phonotaxis to the roar of the 4. sinensis, and the roar of the A.
sinensis 1s a sound that has a driving and deterrent effect on C. idella. This research can provide a reference for the
auxiliary means of inducing fish in fish passing facilities and avoiding fish entrainment in water conservancy structures.

Key words: Ctenopharyngodon idella; juvenile; Alligator sinensis; negative phonotaxis; single frequency sound;
broadband audio
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