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Tab. 1 Advances in domestic and overseas studies on fish responses to hydraulic factors in the past decade (2014—2024)
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Tab. 2 Advances in domestic and overseas studies on fish attraction and repulsion responses to acoustic factors in the past decade
(2014—2024)
1 PR ik BRI SLIR R SRR
Fish species Sound type Phonotaxis Specific performance Experimental type Reference
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fif FapEg Ly ot FUME RSO0 A G BB IR R, B [70]
Hypophthalmichthys 0—2000 HzH4 & &k 0—2000 HzF=145 & Fl kg vy fig iy 7= 5
molitrix FIHE AR TCE S R RCR, ML R
FE v 75 AR TC i 1t
LX) 1000 Hz B4 & A oS RS AL BEE NG RCR, ME EASER [71]
Ctenopharyngodonidellus 5 7<% (B iE 5l froE Fe BN B A W IKGEUR,  ARERAE
N UL AL LA 5 0 o 0 SN K
E}Li[?é\ FIHEFE A T 4 RN IS B I (]
EF)
EUIEPN LS FE A e 7 =Ry 0 TR SRS ) SR IDLER S) EASEER [72]
Pseudopleuronectes BT I D TG R R 2
americanus
=Xi) 500—3000 Hz ¥ifiasrt Eax TR ERURREELT ST FAER [79]
Ctenopharyngodonidellus H. 4075 B, P35 RSB K (5.040.9)IK,
YTy s BRAERETH
L) 500—3000 Hz M LEEE PSR AR BIRAR, R AR [80]
Ctenopharyngodonidellus A0 s =R=gis AN R BEREER,  IAE
Bam A LR B35 5 2 B v A o i
HIIE BRI [8)
PR A Y-y HffaEtE ZRMaxT TSR E YR I AR A SR [81]
Schizopygopsis Ri, BB AR RGBT 25 £ )
younghusbandi L L 75 B g Uk
WU 25
Ptychobarbus dipogon
Jo7 I e D
Triplophysa stoliczkae
B AR R Yy gLy E Bk PR L 7 TS I ARy BN [82]
Schizopygopsis TR 7 *ﬁﬁf%%‘ﬁ T PE, Hmsmybimn, 703 e,
younghusbandi FIHERR MR o B (E O VORE e P M) B I 7 1 S i
PEARGLZE, B SR
N g AT Ra R Gt LWL <60 dBI, KMy RN [83]
Larimichthyscrocea FokaT EATRE, (H Rk,
AT BRI K, RUCRIL : Wbk 2
k., fi 5 2 JE) e fh 5 R )%
Al IR S TG R AR ER S5 4T
RRIE M Zitn BE~ PEEENE  BESIIRBEN S EENIEES SRS [84]
Ptychobarbus kaznakovi it = T, RERAF 1000 Hz B A5 Flin] i g
1000 HzH45i#% 7
HRIE M Zi 500—3000 Hz HroaErE A IS%IMREH I S g —  ENER [85]
Ptychobarbus kaznakovi — HINE YR, T AR P 2 50k 47 - 6 L Y
YTty s 7 S B R, XA 8 4T SR
T 106—212 Hzf& 8 Bt FEN4R S S A2 BT, SFIK SR [86]
Phoxinus phoxinus Ly SE BRI,  BARSUESZYE
1556—3112 Hzf5 4 XEREARAT 9 B0 55K
A s
150 HzIE 3%
2200 Hz1E 3%
R 141 FC L Hola gtk REETR 100 R IR A ML 3R A SR [87]
Moxostomaaureolum IEFIfEETE  fuBEE e, (RIFIZ RS AR KA H M
WAKA X PSS ET, R BEETEE
Aplondinotusgrunniens AN TCE R R B S, 1O SR AT
RS o I ML IR 7 2 LA o T 5

Micropterus salmoides
0T £

Oncorhynchus mykiss




13

TR ZE AL AR SR DR G B FLAE T B0 A 5

IR 20 1 2K 00 R B AT . Mcllvenny ™ R K 76
VB S5 Al TR Y i £ 28 1 IR R AT O AR 2 3 % B
Bt IR 4% [ 2

JERAE A EERIR(E S, il LAl kAR
AT R, 1K 28 J2 B4 G R 1 (Phototaxis) o
IR, KT ISR LS T R,
FERIAE B0 e S PR 20 #RAT s (1)
RANRZR, LSS M AW £ 5 . Rl IeE
Z IR Z AL BRI FURHTE 2, Wik oeig. et
LK B SRR R 14 A, dE— Do TR
AR R HE. MEFITAME RN, S5t
[FNF, AFF FE 30 ARRAES T ()06 ] St £ 28 E AT
NEAEEEH, THEAEBRTHENIAET, f
RAETCIE 564 T 1) LB B AT ik # A
ERE 2R X REE R 52 w2 s Ik f
FARMA EZ Ty W . A %M E 5 o

FURCR WLZE 3. FRARE A B IR 5 I I B T
], G AT 3 R T D e (R 2 ) YY) A 67
S (2 B IR . A [F] 0 8 ) S R A
PR3 22 5, R I HH AN [R] AR I B SR o DAZTO R,
B 1 i P 08 T 21 M 2 TR B S 4 TE # 6
SR, xb T 2L "I FL R a7, 2r e s &
oY, IR e TR 46 X 3. 1E R ELE
EEM, YR IR (Color temperature) A [F] X .25
MRt & B . X s T
SRR ARy RN (ISP AN C 5 N S BRI
B 5y £l AT A B S R B, ARG [RDGIE SRR
B I 0 H O B BB B i, LRV ED AT
e MhAh, MR 't (1) S A I 2 B AR AT
REIPR AR RE 2 T, A EE T MR I R
7, TEPR P R AT REAFAE 22 570 Mo, sk bk ™
I, Z 0 240 il e B AR AR R T R H BH B () 4

#3 IETHQ0142024F)E RS R T B LI E FFEE R NI R

Tab. 3 Advances in domestic and overseas studies on fish attraction and repulsion responses to light factors in the past decade
(2014—2024)
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younghusbandi Ml T, £ T0 R 5 AF i T
B £ 5% / PE XA 0. LM ST REE RS, W =N SER [107]
Danio rerio é‘g‘ﬁi B I B AR R I
F ORI G0 10010001 7£100—1000 XEDEAMF, FFOMEMIER SH%EK  [108]
Schizothoraxprenanti Bt 0—1000 1x PHRE ST 10—100  IxEf6 LA R HEEE 1,

LA R R 2% 51 RS HC R SR A A B B (] P B A
PN / 7.05 Ix TEBRIGRAF T, KRG B GG, RRIIE EHNER [109]
Oncorhynchus keta 11.83—31.71x  Bdulk; T 7R KRG o e, HikEs
I 75 KRR 1 B T NS
Oncorhynchusmasou
S5 2o / 63 #0175 [ R AR (8] 561 R AR DL AR I S s [110]
Acipenser transmontanus P, HE051E 151 15k
Ak (B 5k / RIS f B T4, EBARIE A% [111]

Spinibarbus sinensis

PEFNEESR A LE DG W R AR
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PEo BR TG, SLaRAE TR AT R TT WA EE
KRB, JEuR I AR AL 23 520 2 LR
JEGN, B ] Be it — D R e R R S ST
AT N PRI, IR KAE T, 2T M
(Hemigrammus rhodostomus) ™4 [8] ¢ 55 34 53 i 15
W EL SR, TRk T 1) B A8 A A 1 ™, T
IR BEFU A B F.(Sciaenops ocellatus)TEAR NGR4T
R R B Y, Beah, 73 IR
T, #8451 2R U0 K SE B (Scophthalmus maximus) 115k
B S 2
14 B

HL 2 K AR PR () OGS B R 3R, E LR OK
PRI I SR . B EEE T B 2R 1
B, WARE AR g . /KAt A
R R L, T8 2 ) BH AR B, 2 25 B
P B X K R SR A T
AR FEA, RO OGN B 7 M) . H AT, MUK
2% H i F I HE 3 2 2 6 455 LU FE (Direct current).
ZZ I HL (Alternating current) Al ik B 7t HE (Pulsed di-
rect current). LA, fkyH ELIA HE ER T RSO 50,
A TN, REFERIG, 2 FR IR A EOR B B
Iz p g Rt

FESE R RN, F R R T8 S 4 A
Hr, FI S 0 e SR BEL b o R e X 3kl 5
G H N 8 B AR, A O R K HL I 1R S 40 TRk
R 4. BR3EEZKAEBE LN AR CA K
IR . 1, ParkerZ! I AR U BT B
B s, AR TN AR P R 1\ B
BRI, AT ERAP T A 8 28 Sk AE AR 38 R HIF
o SAUEFOE R, T R g A
A Fh, AR A0/ IN F e s PR B T B 1 O 2 P L2 2
R BEAMFEE REE NS, FX AR B ES
i A B 7 L Bk R L Tk R R ik o
BENIAT 7R, B R A &
it f1#0, JohnsonZs " Bl T B MM LUK P 4 B
of T i S 422 20k SR B A, O HE A T K IR BRI X
35, Webers "B I8 T £ A ik i HL IR 55 5 A 2H
B, R FM 2 e D TR AR Y SR kiR R (H
ik e 5 FEE R FL s ) 7 A %) 108 T 6 N 3 R e AR,
£ rUM R A 2 S PR B R ) 58 ELAE A AR 2 3
WANIF L8 T 72 e . i, BF 50 R B /K T
ERRTE AT ER) O] R = & e Lk ey I S 3
AL KU R AR g A ek g
2t U2 8 R ST B B R
SR, L6 f SN % 7 S ad R o B A PR 26 3
KRR AR, R IAAS R FL 2 S A AN [ Fh oA gk

TR R e 2= 7,
1.5 5%

AT R E I K R R TR T I % AR
SRR G A, H 3 B R 3 B SR
F1 BT, DL RAE 7K AT R A i T 1 2
RPN AL, S R R 0 S R B A,
0 K e R R YL S e B S 5 A
BRI RS A R WU 0 R AT R A
AN

P o B R A e i ) A K R
BERE, fEAIE R S AR 7 A KERI R
2 R 1A% 71 W A U I W OF - 57 N 0L
T HARRA . RIGERAR M. &) DU &
AN [R] KA B A e P, B8 3 7R B 2% 1 2R /K 3k
(R B AF o aet> P tbah, T SR
BRE. SE. FLEMSLEE, v LR R T
BRI FXAFE AR5 S8H . R0, S
TR AN R R ) 5] R 22 RO, —Hefa 2k,
JCH 2 B B N RE 1 R, ] et S T
WK, HES B X,

1.6 £HEAF

£ W) IR -F- (Biological factor) & ¥ X} 1 2247 Ny
ARSI ) S PP AE D) R R, IR R SR
A BB, S E AR R LAY R
FINEY, X MR 2 H 5 KA AR T SR %
PIFAOE, FEAEAR KA vk 1 R qT A,
A W) i (Biomass density) & 5 7E R i€ XA, e —
VIFPEL 2 AN A AR B ) (R AR AR
BRI P A A G £ B o e
PN RNl () 56 4, 3E 11 51 R B A AT R =0 X
Ao A5 an, e FE AR R K BE AL AL £ (Cottus perifire-
tum) 1 B 37y, £ ) B4R 5T B AH LU AR B B 3 A Bl
BEAR, ESE T R 24 ORI ™ . it 7EAR A
Y FEG LT, FLANTE X iR (Litopenaeus vannamei)
MR R ERR R AT Y (B R SRR
ik, FLAEHHIR U 2 26 I E B e e oA
THRF IR B PP DL R o0 At mT DL i £ 2
HI D8 BAT . lhn, B, HEEE = kL A O A 2R A
B 7R PR R K B A X IR SR, FE R
e ERZ . EFREIWCRIIE O, R fE R
DX ARy dE . T A S HL A B B AR AT g
B BRI, B4 E IR EAS R o B
1B, B RN Gk X, # ki S
AT A AR ST OE B DL B £ 5 4 B 1K
Kro B, A ik (Rhodeus ocellatus) %)) F.7E i, &
3R] FE T T ) ST O™, ELO k5 o
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TR ZE AL AR SR DR G B FLAE T B0 A

7

R B R B S AT A
SR, FFARPTA B SRHR S R B FARRE SEms . i,
B0 R, DIVRIR A A R s ) 2 T P A1

BEAL, 2 BB SIS R RS, EAT
SMRRNAS L A0 SRR R a4, ] el R, A%
HE DI S IS M 5 R SR W A U B 1R AT

Fz 4 E+HFQ014—20245F)E N KT & A3t B Fla R i Rt R

Tab. 4 Advances in domestic and overseas studies on fish responses to electrical factors in the past decade (2014—2024)

i fh MBS H HARRI : SRR
Fish species Electrical parameters Specific performance Expetglllrjr;ental Reference
s miilic] HEEATE: 3Pk B (68.57. 90.39F0  EEELAT EAKTAT BB bk B B Al = A SR [112]
Petromyzon marinus ~ 113.57 V). 4R HLEB (043, 0.68. BIReA 2005 il -Lanes, HaE E A E N
YT £t 0.72F10.94 V/em)F145 ik 5 BE (1.6 £ A Yo T 8 14 422 5 SR O 2 £ KT
Oncorhynchus mykiss ~ 8.2ms. 41.8msF1300ms)3 H 4 & i
AKPATE: 3Rk LR (164 205140 V),
3Ff L S B P (0.05—0.34 0.06—0.42F1
0.15—0.85 V/em). FkyAiiE3 Hz ik
B B 2ms % LA
1 Jik P FLE0.91 Viem FE 22 JMaE B AP R 3 Sy, 22t A T LS B [115]
Hypophthalmichthys By 1 NAS R - 135\ 2 BRI, R
nobilis 280 B P AR R B ROR RAT, (H
fik TE [ BHHE SR B K AN, M
Hypophthalmichthys- Ho T A B I 45 B
molitrix
il kPR30 V. HUEREE0.2—0.4 Viem,  BHS, EBEIAERT, fEdEam = H s [116]
Cyprinus carpio Jok v B8 0.3 ms ANk 4 8] % B [12) 10ms MR B R8>, HAE RO AL B
AU, S0 1 2 5 £ T (7D o s A
R A
filf JIKFRRT0 Vo Bkl B 0. 4ms MK phIA] 3 B RMIAE = AN BUh MR R BRAR SR [117]
Cyprinus carpio kB 5] 6ms BERRA BT I PH A RO, PR RTE
95.8%—98.6%
hT Al ik B30 V. HEREE0.2—0.4 Viem.  SEHLS, 42 ML s e e = A S [118]
Oncorhynchus mykiss ki 52 £0.3 msF ik (] B& ] 5] 10ms Rk, By 2% T e S
TR, AT AT R R B R
R HR Py 3Rk HUE (0 60180 VYFIARNK I SE kb B MU TORIRIRG R 523, NS [120]
Sander vitreus J£(0.3ms. 0.5ms#10.8ms)*¢ H4H A 30 B A A T R B ) L 3G
XS ETITR0% ik 5
fige 3Rk HUE (80 11040140 V), 3R fikot  FEmd= o b SERH2 ROR IRBMY NS [122]
Hypophthalmichthys S (6 8F110 Hz)F3Fh ik 38 £ R FEAR OO . Bkph e . FRk
molitrix (10ms. 20msF130ms)< H.2H & BT BRI, ERE K& T, 32
A PR 6 £ 359 BE 42 22 78 K It B 1
Z£0.3 m/sif A5 ] IE 100%, {HiE—B 1 %
0.5 my/sitf BHEHA7 — 5 T
Fifh AR L R (1204 160 20041240 ALLEEREER) PomN TRy e st by N A N A S S [123]
Ctenopharyngodonide- V/m). 4Pk (2. 4. 6F18 Hz)Hl IR ZAR O K R . Bk AR L Jlik
llus AFp KPP T B (10ms 12ms.  14msAll MRGERE; FE K26 T Bk B 160V /m
16ms)3 HAH & Jk i ABI 2R 6 Hz ANk v B8 16 ms 142 f HE
MR dre f
R 55 i 3Pk (2 Hz B ks 2 HzXUBkaFl AR LUK, Bk 5 2 AR R0 = seie [124]
Anguilla anguilla 10 Hz 5L kv P4 R 5| EC R B2 i dh 4%, 0 g A
%o L Sz I8 TG )
fi SRR AER L (80 110R1140 V), 3Rtk R4 A M BEH £ HORAB TR RS [125]
Hypophthalmichthys — $Z(6+ 8F110 Hz)Fl3Ff ik 8 [ REVMYBEFR IR E T, K
molitrix (10ms. 20msH130ms)3s H.24H 4 PR ko g AT ki 2R, HLBH A
RICR A1 2 B U A 0 TG 2 3 22 7
HT it 3Pk B R (51,44 69.0+0.8F191.4+0.8 ik Bt JB A5 KT, WL 6 £41 &) £ i i A Ead [126]
Oncorhynchus mykiss V)« HJEFE0.00—0.45 V/iem. Fkoidi  fL68 60 1 s, 24 8kah 5% 280, 7ms
#:30 Hz Akt 58 £ 0—0.7ms ST, 3 T e A T B R B ok 9
(%Eﬁnsﬂﬂ‘rfj/", AR R T H o %o PELA 2K
=AU
filf 3 e AR B 7 (T BT KR T ) B HE S s MO SO P AOR KB B A SRR [127]
Cyprinus carpio HUBRIRIBE Y80 em T ELTORFT AL AW PR AK IO AR A B 73 ki 98 L
HEHLIRI B 160 e B KRR TSI R PR T B U B
68° H W HF A A B 480 em) s 3Kk AL 80 emAfi L. fikif 140 Vo fik iR
JE(80 1101140 V). 3Pk 5% (6. 10 Hz UK ikl 56 P 10ms 2 f 2OCR f 1
87110 Hz) FI3Fh ikt 58 (10 20F130 ms) LB fikant 56 J5 g 484 i, P45 5247 Fe i
ARG, B ko e, s 5, 4%
1 AR
REM A Jik R R38 Vo Bkt B 0. 3ms MKt IA] 240 A MR s AU AR R AR O = S [128]

Alburnoidesbipunctatus KB 7] 7ms

D it
Anguilla Anguilla

PR BF, ST AR 2T 1596 %,
X e IR HBAT86%
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SR,
2 BRFPRAETEREPHINA

VLI EBUNERS ) oG & = 2 IV RS i 53
ARBEWSA G| 5 5 2 OB I Wi, M F T+ 2)
RERUAR o 1 IS B HE 12 2 5 - 3R 75 SR T 42 1 1)
—PAT RIS HESE, W 1R . 1B R I R
FrE ATk 7. e B S R
YA 7 45) 2 3 51 T 8RR 2K, SEILHAE K A

HI5E MHE BT NS . RERE S A FHIKEE
T AE I it A R DA R R SR AR A 5T T 1] .
2.1 K

RIS H AR A B i £ TE T R AR R )
BB, d I W A K R I 2 UK B DD RRAE, 1
5uFy 1 2T Y i AR BT DA G VDT S U B K]
8T £85I KB Tt A8, 12 it AT B0 s 8T s 5%
A HIE N 1, H & T B AP AT P AP A A = (1B 2).
KA AU R T SR GRS 2 Y A,

®5 ETHEQE4—20245)ERNET AN SABMNNHARHR

Tab.5 Advances in domestic and overseas studies on fish responses to bubble curtains in the past decade (2014—2024)

ffh RS H ALK, LB R Y SCHRAR IR
Fish species Bubble curtain structure Specific performance Experimental type  Reference
i 30 emfLEEAN2.5 em I AR BV FERIUKEL I 5% 1T LAy /D A L RN T 47 SR [129]
Cyprinus carpio % 5 emALIEAI2.S emfl PN 7 AR I SRR LFRIET5%—85%
PR 5 cmfLEFAN
2.5 emfUR AR
LA AFPFLEE(L.0, 2.0, 3.0  JEHEEEEF, A4£1.0 mm. fLEE2.0 e FIS NS [131]

F14.0 cm), 4FhFL12

Oncorhynchus mykiss

120 L/min <055 B2 BUR B0, ATk

(0.5, 1.0+ 1.5 F12.0 mm) (96.32+3.99)%, T S M5 2% {1/ 0 5% () PH 42 %

I3RS E (60 120 F1
180 L/min) & H.4H &
3FFLIEE(1.04 2.5F01
4.0 cm), 3FHFLAR(1.0+
1.5 F12.0 mm) 3 H4H &

e
Spinibarbus hollandi

il 15 emfLEEFI3 mmALAE
Cyprinus carpio
it

Hypophthalmichthysnobilis

}-Iypophthalmichthys molitrix

HHTBA, J9(87.48+2.55)%

KIS, OFPZE AL B TIEA DL EIR SR ENSE [134]
AEIFHIBHAZRCR, 1590% LA L. JiK 5L
ﬁ%? BELEZRICR, T TR 6 6 f5 ) A K 5

AR, SEAIGEY AT BE HARARE =R [135]
FEROR, A B B4R o>
73%—80%

i 5emfLBEAN2.S emfLE IR MTIE R MEA R I IEGRE B [136]
Cyprinus carpio o EE %?&%, T X 39 1 L 422 280 S D A e B8
Kife gt 2FRFLAE(1.0412.0 mm), Xﬂﬂiﬂ%f‘ﬂiﬁﬁ%‘]@%ﬁ]ﬁ%EZE"JKE%T’E)%, ENE [137]

2R FLEA(2.5F15.0 cm)ad  HAFFLAE1.0 mm S5 FLER2.5 em 4L & 1S i3

FELA2 R4 TR 5 F, T BHAE % N53.2%

ISP BRI E W EREEACR, S8 EA%R [138]
60 L/min )@ %2R 5 5, N81.3%; 1M

oAt S A S R L AR BT B LR

Hexagrammosotakii
HHAE
ANRNE A 3R (60, 90F
Schizothorax oconnori 120 L/min)
HRE QAR (KT

Schizothorax oconnori

AL T K S A, WK SEAE N f R 5 ENE [142]
A 290°f145°) F, 3F, WA BR B B iz, T B T /K7 AT B ACR B 4T,

(15, 30F045 L/min)3¢  H R G A6 G 2RI E T

HAL
L 30 cmfLELAI2.5 cm
Hypophthalmichthysnobilis "< 1%
filf

Cyprinus carpio

K 1SR fy
Micropterus salmoides
KV B 1 emFLEEATT mmFLi%

e 5

(EANER

FEOGLL TR AL BT R, R X K VE Pt &)

S g A0 =P AR L B AT LS = SR [143]
WA B AP ROR, 24 F120—2000 Hz)
A A5 RS $297% ) N AR

Salmo salar

el /
Gambusia affinis

PN NN 2.0 Ij/sﬁﬁﬁﬁiﬁ&-“*%?@

Oncorhynchus tshawytscha R

K s 3RS E(60 120F0
Hexagrammosotakii 180 L/min)
fik 8FPS & (10, 20+ 30,

}-Iypophthalmichthys molitrix40~ 60~ 80. 10070

120 L/min)

N SR AEF AL [144]

¥ 5] SR AE S0 = A R IL B195%, H AR SIS

RS IS 3190%; T BRGEFRET T, ROUR

2 AR

FITE AR, AU e a2 B 7 Ll 1 £ [P [145]
%f:g&% B D) =9 32 9 ) D5 1 R SR IR AS

S

AR AN AT AN 7S R A 8 4 A AR AR B A1 S5 [146]
Wy st B, A5 X055 T REE R %)

£ R AR AT R I B 28

SRR B SRR KU N 2R 3 B R EfbYy [147]
PR 2505, HL180 L/min < 52 BH 22 300 S B

S B (I B R 4 0 H A FELE2 R, Py [150]

T, 200130 L/min 3 P R i 0T, it
RS ESHESREE % ETHE TR




1 3] TR ZE AL AR SR DR G B FLAE T B0 A 9
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Ko JEEEH A LA JLT i — 20 T ()i
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SR VAT AN (7] 25 1) )R AL 32 R A o) 8 2J Y i i A% Jsk
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KM 7T R SR A LU 7T (DA SESR 7 3 2 8ot
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AR PRSI . SR AR KSR, Wit e
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S I 7R AL SR AR, A K PR A SR ) S R B,
o Sl B IR VR 1 75 AR R Y, B REK AL . IR
FERG R R BT 7 A S B i 4 5 DR 256 7 30 % R (1)
CRARI . @I Sl B S EUA S A, AL
O 81 152 25 1) AT B 7 25 R TR R

23 %

6 IR AR AE R — MR B M 1 2R AT N
BFE ks O ) RN .
, WEFEN RAE AL BT S 5 2R — 2K sl A B DA 2%
18 HE 3 XN 3, M FR I A KON ATE RS, A3
T THEBHRENFEARCRNE 4). R, 1ZH
ARATYHEAE N FH 38 7 R0 AR 25 5 ) 45 ) J AR £ i
Yo ARHFFT AT LA R 5 T — P () R
YIFR ) 2 G X LU A 5T, R BE 2 ) f SRR SRR AR
AR, DA 7R AN [A) A J 3R 6 B BEX 6 1 i
A, A e BB E M RS IR A AR RS
%, QEARFETH— DT, e HH
TlASE R F- (/K IR 7KV 7K B ) 1 28 BLAE FH
HRAT NIIRE I . R R R R E 4 e ik Ik
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Fig. 1 Diagram of the influence of environmental factors and fish traits on migratory behavior and fishway effectiveness
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i

2 AR HEE KR L S A
Fig. 2 Photograph of the water flow-based fish attraction facility
at Songxin Fishway

Pl 3 i Vi) £ T S O £ Ve ST I
Fig. 3 Photograph of the sound-based fish repulsion facility at

Xianghe Fishway
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H, P A FEE R ik o o B s .28 5 3R H bR fa 25110
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25 SiEE

I HE RS TR B B fh £ 2R 1 DL R 2
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B4 5o — oK b AR IS f R G005 th it S 1
Fig. 4 Photograph of the light-based fish attraction facility in the
fish transport system at Mamaya I Hydropower Station

Kl 5 REKHIuhEEE R G i IR B S K
Fig. 5 Photograph of the electricity-based fish repulsion facility

in the fish transport system at Guoduo Hydropower Station
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Fig. 6 Schematic diagram of the bubble curtain-based repulsion
and guidance facility in the fish transport system at Madushan
Hydropower Station (sourced from [164])
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THEORIES OF FISH ATTRACTION AND REPULSION IN RIVERS AND THEIR
APPLICATIONS IN FISH PASSAGE SYSTEMS

TAN Jun-Jun">, SUN Jun-Jian"” and SHI Xiao-Tao"’

(1. Hubei International Science and Technology Cooperation Base of Fish Passage, China Three Gorges University, Yichang
443002, China; 2. College of Hydraulic and Environmental Engineering, China Three Gorges University, Yichang 443002, China)

Abstract: Fish passage facilities, as an important ecological compensation measure for restoring fish migratory routes,
have been widely implemented in aquatic ecosystem conservation. However, their effectiveness in facilitating fish
passage remains below expectations. Fish attraction and repulsion technologies play a critical role in enhancing fish
passage performance. This paper systematically elucidates the mechanisms and guidance theories of water flow, sound,
light, electricity, bubble curtains, and biological factors on fish behavior, based on nearly a decade of indoor and field
experiments. The paper also summarizes the advantages and limitations of these technologies in fish passage applica-
tions. Key conclusions include: (1) Research on fish behavioral responses to attraction and repulsion factors has
evolved from two-dimensional to three-dimensional perspectives (e.g., from flow velocity to flow fields, from sound
intensity to sound fields); (2) The effectiveness of attraction and repulsion factors shows both commonalities and
species-specific differences among fish, with varying behavioral responses across different fish sizes; (3) Research
focus has shifted from marine species to freshwater economic and protected species, with increasing attention to the
interactive effects of multiple factors on fish behavior; And (4) the performance of attraction and repulsion technolo-
gies is influenced by multiple interacting factors, including species-specific characteristics, engineering design adap-
tability, and operational management. Future research should further explore fish behavioral responses under multi-
factor interactions, optimize attraction and repulsion designs for various operational conditions of fish passage facilities,
and advance aquatic ecosystem conservation.

Key words: Hydropower development; Fish behavior; Fish passage facility; Fish attraction and repulsion technology;
Fisheries protection
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