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Fig.1 Geographic location of the study area
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Tab.1 Physiological parameters of experimental fish

ik /em

species length
PRI S, younghusbandi 25.67+£5.78
WAt P. dipogon 17.79+4.89
W= 588 7. stoliczkai 10.9+1.72

RHE/g AL T /(g/em’) JEAL
weight group fatness qantity
209.55+114.08 1.16+0.30 60
93.3+75.76 1.45+0.75 60
17.37+14.35 1.21+0.51 60
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Fig.2 Schematic diagram of experimental area

1. fishway entrance 1%, 2. fishway entrance 27, 3-4. underwater speaker, 5. support material, 6. PIT system. In the figure, the red lines represent the migra-

tion route of fish into the fishway, and the green lines represent the PIT system.
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Fig. 3 Sound intensity point monitoring map

1. fishway entrance 27, 2. under water speaker, 3. support material, 4. sound intensity point, 5. the direction of the water flow.
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2 Logistic BIFERNEELHTE

Tab.2 Data file variables of Logistic regression model

A4 A B v IRAE 5
variable meaning of variables value range assignment description
K T AA RO 2 0.11~4.95/(g/cm’) LS
group fatness continuous variable
0 TG E/(m’/s) 118~120 LRSI
river flow continuous variable
WS 3G RE C2" ) (ms) 0.81~1.32 AT R
fishway entrance2” flow continuous variable
WT JKIR( °C) 10.2~12.7 Uy
water temperature continuous variable
AU A L IFaAS, 2. KHFHEG IrRAE
sound 1. on, 2. off assignment description
S i fh L BB RRAR AR, 2. XU 2, 3. J7 IR e SR TrRA
species 1. S. younghusbandi, 2. P. dipogon, 3. T. stoliczkai assignment description
PASS o £ P 4 R 0%, LATh
result 0. fail, 1. succeed

ZE LM, (8 MASS” B GHR RY A i) 5 AR
L0 i b A G = b7 X 15 i (1 BU N (LY =D
= fEN) (Akaike Information Criterion, AIC) fifi % 5%
A, YR AIC [Hi/DAEAY

AIC = 2k — 2InL(6)

A, k4 Logistic IHBEAI R () S 808 &, L(0)

2 gEi

2.1 EEGUEREE

WO K TR a IERT T 1 m yu N A
B, & BT I PR B R Y LY 0.05~8.00
kHz, JU{H K 10~1 000 Hz, 544535 FK T
FERIERTT 1 m Y@ e S0 & R T M
my 7 BE 7= 4 0.05~8.00 kHz 1Y % 4 %, 73 000
Hz NARRERE R KT (B 4).

K T A RRITRIEO T, I 0 P45 0
H2H 95~100 dB. JFIR/K T dE, Sk T
7 2 X 75 TR 2R (160 dB), I H 5 2
Bt BE 2 A 1 I g i s e, (B 2" B R
90 128 dB, =IRMREEZ) R 33 dB (141 5)

22 AEXEEROET RS

AW hRIC 180 B, LA 69 EiRid
MR P D 2" B R E A I B {5 5, X R M
KA FE B EWIRITR (8 3). 18 6 YO SL S hin
$15 7718~ QN < D= 7 B - L) T BT e B L B O
fIE 2"HE AR Y PIT REA I 2 A bric i fs 5%
W, SR A AR IE B9 bR a0 f 0 3 T R
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Fig. 4 Sound of the A. sinensis hissing

1. underwater background sound, 2. 4. sinensis hissing (original sound),

3. underwater 4. sinensis hissing.

(#3), XERWPHEENH G dHTEEHLIY ) X
BHA —E W BARAEH o 82 X H S 6 20 et BR
Y TE E T G R R B, LI 4 B £ T O I
R EE TX A (X =535, P<0.05),

23 AEBE&MEETOBITRSH

ASBIFGE T X AN (] S5 56 8 A ) #8213
AR LIRS A (53.3%) 14 3 BE 8
b g, U WU £ (46.2%) FHHT K
J Ak (30%). 38 3k < T A 50 T b 3 ol S 50 Y £ JE
HE R B, BB RR S RRUR 2 £ 1Y)
0308 T 38 5 Rt T I R R (X = 5.97,
P<0.05), 1747 5% #4424 Bl o FRU -2 £ f1 £ 38
FHE R & 25 (X =027, P>0.05),
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7 4 /dB
sound idensity
160
2
155
150
145
£ 8
w81 140
.4
=g
135
130
125
FEES/m 120
distance
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LK THm S, 2. K THm e, 3. fiEdtn 2%,
Fig. 5 Acoustic field distribution map of the river channel
1. underwater speaker, 2. underwater speaker, 3. fishway entrance 2*.
®3 KBIR
Tab.3 Experimental working condition
T H 39 HOEFE 29/ (ms) Ki/eC WERE/(mYs)  FE WNEE i E LR /%
trail date fishway entrance 2" discharge ~ water temperature discharge sound no.detected fishway entrance import pass rate
1 2023-06-05 0.81 10.2 118 AR =] 17 56.7
2 2023-07-14 1.32 12.7 120 K 8 26.7
3 2023-06-12 0.92 10.5 120 Fia 16 533
4 2023-07-01 0.84 114 118 KM 12 40
5 2023-07-06 1.03 11.4 120 Vi 9 30
6 2023-06-20 0.85 10.7 120 PRl 7 233
24 RFFHNFETEZMEEHFOBIRNX 3 Fip
4RSS

R 0 2 g 1 TONTRSRAMERKERBOES
AIC {HLR, WORBRLE (% 4). i RefEBOR T 4 SIS R IRILL 5 5 5
BT RAC A, BB (AU) MG 2% BAPF TR T R ATILGES3 50 £ B 17 1
B (WS) X0 i 110030 8 5 B3 (5 6) DA, ZEBESN IR SRS N i h X 1 6t
(P<0.05). AT TR AT, AT 3 £

x4 ETHREEDEN AIC) KR EREIERE

Tab.4 Model selection base on the Akaike information criterion (AIC)

Ii% %l AIC; AAIC w; w/w;
dB+WS 230.58 0 0.42
dB+WS+S 231.09 1.49 0.20 0.47
dB+WS+WT+S 232.50 1.92 0.16 0.38
dB+WS+WT+Q+S 233.29 2.71 0.11 0.25
dB+WS+WT+Q+S+K 233.60 3.02 0.09 0.22

7E: w=EXP(=0.5A,AIC)/[EXP(-0.5A, AIC)+EXP(-0.5AAIC)+EXP(~0.5A; AIC)+ EXP(~0.5A,AIC)], w MU, w iR BRI .
Notes: w=EXP(~0.5A,AIC)/[EXP(~0.5A; AIC)+EXP(-0.5A,AIC)+EXP(-0.5A;AIC)+ EXP(~0.5A,AIC)], w; is the weight of the model, w; is the weight

of the optimal model.
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Fig. 6 Best model forest diagram
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IEAHSE . (EAHFFEM T Logistic [ 9455 81 {H 51 Hy
£ T8 I 6 R E JE O G R A A 3 R (P<
0.05), H. 038 1 1138 2k 56 0 £ 18 U it 2 1] 52 67 A
X (K 6). FEGHIAMIRA R EF, I EE
2 PR e 0 30 [ 3 O R R AR . AR AIE S
Wi, fmIESE O 2 M E N 0.81~1.32 m/s, TEf
B L X ER 4 S 56 £ Y B AT RS R T I
BREf, NN B0 113 i R 5 0 i e 5 R 5%
(K 6). BLAh, 7E BRI WD FE Hh 2 B I 1 1
A TE S 2 AR DRI, R XA A K
WA RUR I AR, s 20 i 2 i
T E 171 B35 K I -5 D3 X B e 7 K 3 1) — B
W, KA RO S g, RS K i s
o (R TGO R 24 0T PR T A7 fEK IS R Y
TG /K 7 AR BRI, S pian AR KR I, S
S0 K G 1 5 3 R KRk o BVl £ 3 3
VA0 K T AR X R R, (HR R TS KR Y
SN, TS B0 S DL SRR ] X

3.4 FEEXMBEHEOBITRNFME

FE SRR B AR T, faEHE O TR
JEAXTE /N, AEAE<ETF RN, H A TE T
Weom Ak, A AUA FUK R B AL, $5L
o IEIE O FE RO AR, M REAR T ik 0
(14) 38 35 SR 0T Sy b A £ 2SR A FRL Sl R K TR DX -
Aol e PR R B A1 T, R B K £ it ok
G S, P Bl SR R it 1 S AN X a2
1 AR Y BE R, BTz N KR TR
HB N Riesgraf %857 (YA 5E 45 R E ], MK
BEFCHE AR SR )G, 88 (Cyprinus carpio) 15 ]
BAF 30 114 457 B4 Ik ] S 35 /b o AKBIF S TR fTE O O 2
U AT P A KR 5 7 AR i i Ly
7, 2 SR S A R A T R
TXT B4 (P<0.05). B4R 5 Riesgraf 5% py if
RAR—F, LW TN — 2R 6k
R

A7 i ML 75 7E BF AN RS R A — i 1 AR
B, (AARBFFEE AR T E NS LR SR
—EWNSEZMHE . SEFRNEINRIAALL, EN
I ST, TR AW SR LI AT
KRR . PHIE, 7EEF AT R AH S 5 Al i 2 X
H b 284 B0 P e T o Y

3.5 GAEMERT &IEE OB R
TR] T I 72 A o £ 28 Y T g o LR AT LY

https://www.china-fishery.cn

SO AR SY & I, T g ) HE O
I REA BE R (P>0.05), T £E 2 ARAES 1
FEERF, WINZNE @ (S wangchiachii) W) T
SHLFNT] T U i 22 () A7 7R 5 A DG, HLA 20
i 00 1) L 990 St AL B A Ve I s T R . AR
(] B 5 r ) T A8 S B ) 22 S S B SR
AL RN, AHIFZE AW I T A K R
41 4 G LA AT AR HE Cm R, J g
LN [ it B P S T =B 1= = Rty F A
KBA G T B K TR A B 3l ) 3 7K SO AR A
PH W ORI, WA R AR RIE R K, S
PN g0 B e R IR R (A N WL

Kl 2 5 M) £ 28000 i 1) EE B A R, A
TE KT (2 B S ALAE e B 2 g, H i
SHHLBEE 7K IR 0 T, AEAS IS 2 Y
RS H e B, KR T T R TG  E R
(P>0.05) (35 3)o ASHIF5 W5 I 30 i) Sy G 3880 e DX %) T
A, R ZEARAIE R I AN K, X A] e A S BOR X
038 FE T AT W E R N 2 —, (HAE
S M0 e R B, R A S 0 3 B AE AR A%
4 (10.2~11.0 °C) F ik A i, L& FE ] 10.2~
11.0 °C Al g b iE G e gy L. ZK A A2 1k
23 T4 IR B2 s e S R B vE B L AR R
VKRB ST, R A AT A P e 3 A 2 0% T B i
ZPESEE R R, PLEER AP A A KRR T 7 °C
REARERE, /KiRN 8~11°C WG ShIEH .

AHIEFE A IS ATE AR 43 B 1 9 it e S
WK FIHXAL 4 5 WL ACRAS T IR HOR RER
P f A HE A ORI A 2 R R
A AL 7 A T 20 R R £ T
WP T A OCER N R o ABFSE 40 1 SE PR T
FErf, KA R R RE A R e A0 %R
Xof 7 K L AR 7R S B TR R L R AR T S
%%,

(3 7 WA A SUTC 52 B s 22 B Al 25 )

S &3 Hk (References):

[1] Vorésmarty C J, Mclntyre P B, Gessner M O, et al.
Global threats to human water security and river biod-
iversity[J]. Nature, 2010, 467(7315): 555-561.

[2] Cumberlidge N, NgP KL, Yeo D C J, et al. Freshwater
crabs and the biodiversity crisis: importance, threats,
status, and conservation challenges[J]. Biological Con-

HPE K FE2:2: 3290 sponsored by China Society of Fisheries


https://doi.org/10.1038/nature09440
https://doi.org/10.1016/j.biocon.2009.02.038
https://doi.org/10.1016/j.biocon.2009.02.038
https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

A5, IR 24, 2024, 48(9): 099713
servation, 2009, 142(8): 1665-1673. Liu M, Wei Q W, Du H, ef al. Auditory thresholds of
[3] Baumgartner L J, Reynoldson N K, Cameron L, et al. Chinese sucker Myxocyprinus asiaticus[J]. Journal of
Effects of irrigation pumps on riverine fish[J]. Fisheries Fishery Sciences of China, 2013, 20(4): 750-757 (in
Management and Ecology, 2009, 16(6): 429-437. Chinese).
[4] IRERTE, BRES, HOR, S5 NS RIS AT ROR T [121  HHBE, A/, xR, & BESaEARNS TS
15 W B AR FE L83 [7]. AKRIK s AR kR, 2019, JEH ] KA F A E, 2013, 34(4): 89-94.
39(5): 49-55. Hu Y S, Shi X T, Liu D F, et al. Technology analysis
Wen J Y, Chen A, Cao N, et al. A review of effective- and outlook for the sound guidance fish[J]. Journal of
ness assessment and monitoring technologies for fish Hydroecology, 2013, 34(4): 89-94 (in Chinese).
passage facilities[J]. Advances in Science and Techno- [13]  Lovell J M, Findlay M M, Nedwell J R, et al. The hear-
logy of Water Resources, 2019, 39(5): 49-55 (in ing abilities of the silver carp (Hypopthalmichthys
Chinese). molitrix) and bighead carp (Aristichthys nobilis)[J].
[51 BRI, #afk, #ma, & REaENEEIIRS Comparative Biochemistry and Physiology-Part A:
JEER [J]. AKRIZER, 2012, 43(2): 182-188,197. Molecular & Integrative Physiology, 2006, 143(3): 286-
Chen K Q, Chang Z N, Cao X H, et al. Status and pro- 291.
spection of fish pass construction in China[J]. Journal of [14]  EW =, IBR®R, EIF0, &, a7 a6 riE
Hydraulic Engineering, 2012, 43(2): 182-188,197 (in SEMEH [J]. AKAEAE2A9R, 2021, 45(1): 153-160.
Chinese). Wang M Y, Shen X J, Ren K Y, et al. The attractive
[6] TEHeIe, HHH), 4, &, IR A HARIE AR effect of feeding sound to juvenile grass carp Ctenopha-
RN [1]. 2B #2426, 2021, 40(10): 3364-3374. ryngodon idella[J]. Journal of Hydroecology, 2021,
Huang X L, Bai Y Q, Cui L, ef al. Application of elec- 45(1): 153-160 (in Chinese).
tric fish driving technology in fish protection[J]. Chinese [15] Liu GY, Wu Y J, Shen X J, et al. Laboratory experi-
Journal of Ecology, 2021, 40(10): 3364-3374 (in ments demonstrate that the hissing of the Chinese
Chinese). alligator can effectively inhibit movement of flower fish
[7] Ruebush B C. In-situ tests of sound-bubble-strobe light Ptychobarbus  kaznakovi[J]. Hydrobiologia, 2019,
barrier technologies to prevent the range expansions of 836(1): 97-108.
Asian carp[D]. Champaign-Urbana: University of [16] Qin X H, Liu Y H, Shen X J, et al. Spatial avoidance of
Illinois at Urbana-Champaign 2011: 37-48. tu-fish Schizopygopsis younghusbandi for different
[8]1 BRI, A, AW, & i 4 Bh i ok f b sounds may inform behavioural deterrence strategies[J].
AE T [7]. BHE X, 2020(10): 195. Fisheries Management and Ecology, 2020, 27(1): 10-19.
Wei Y J, Shi M, Cao M X, et al. Study on the key points [17] BN, SRR, W5 2. vE AT /K R AR 41t o 22 514
of technique of fish inducing and expelling in fish pas- Wit [J]. KRR S 255, 2021, 27(1): 9-14,26.
sage[J]. Technology Wind, 2020(10): 195 (in Chinese). Sun Y, Zhang Y L, Xie F C. Design of fish crossing
[91 fARAZ ZRIEA. BT RS M) HIT: HITRSHR structure of Xianghe River water control project in
1, 1998. Tibet[J]. Water Conservancy Science and Technology
He D R, Cai H C. Fish behavior [M]. Xiamen: Xiamen and Economy, 2021, 27(1): 9-14,26 (in Chinese).
University Press, 1998 (in Chinese). [18] P E XK 5. i 28 R H B [M]. dbat: &
[10] KA R. BT AESERALRE ] LK™, Al Y A, 1995.
2007(104): 20-24. Xizang Autonomous Region Fisheries Bureau. Fishes
Zhu C L. Advances in fish behavioral ecology[J]. and fish resources in Xizang, China[M]. Beijing: China
Journal of Beijing Fisheries, 2007(104): 20-24 (in Agricultural Press, 1995 (in Chinese).
Chinese). [19]  Putland R L, Mensinger A F. Acoustic deterrents to man-
(117 XAR, feie s, Ak, & IR fa v RE S 7 (1], H age fish populations[J]. Reviews in Fish Biology and
KR, 2013, 20(4): 750-757. Fisheries, 2019, 29(4): 789-807.
[ K 72 2% 2: 32 /5 sponsored by China Society of Fisheries https://www.china-fishery.cn


https://doi.org/10.1016/j.biocon.2009.02.038
https://doi.org/10.1111/j.1365-2400.2009.00693.x
https://doi.org/10.1111/j.1365-2400.2009.00693.x
https://doi.org/10.3880/j.issn.1006-7647.2019.05.008
https://doi.org/10.3880/j.issn.1006-7647.2019.05.008
https://doi.org/10.3880/j.issn.1006-7647.2019.05.008
https://doi.org/10.3880/j.issn.1006-7647.2019.05.008
https://doi.org/10.3724/SP.J.1118.2013.00750
https://doi.org/10.3724/SP.J.1118.2013.00750
https://doi.org/10.3724/SP.J.1118.2013.00750
https://doi.org/10.3724/SP.J.1118.2013.00750
https://doi.org/10.3969/j.issn.1674-3075.2013.04.019
https://doi.org/10.3969/j.issn.1674-3075.2013.04.019
https://doi.org/10.3969/j.issn.1674-3075.2013.04.019
https://doi.org/10.7541/2021.2019.230
https://doi.org/10.7541/2021.2019.230
https://doi.org/10.1007/s10750-019-3943-6
https://doi.org/10.1111/fme.12375
https://doi.org/10.3969/j.issn.1006-7175.2021.01.002
https://doi.org/10.3969/j.issn.1006-7175.2021.01.002
https://doi.org/10.3969/j.issn.1006-7175.2021.01.002
https://doi.org/10.1007/s11160-019-09583-x
https://doi.org/10.1007/s11160-019-09583-x
https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

JK P24, 2024, 48(9): 099713

201 B, SEW, B, 5 FE AU S L ).
IKFE2ER, 2024, 48(4): 049718.

Yang J, Wu Y J, Li X B, et al. Screening acoustic
deterrents against Ctenopharyngodon idella[J]. Journal
of Fisheries of China, 2024, 48(4): 049718 (in Chinese).

[21] Ladich F, Fay R R. Auditory evoked potential audi-
ometry in fish[J]. Reviews in Fish Biology and Fisheries,
2013, 23(3): 317-364.

[22] Popper A N, Hawkins A. The Effects of Noise on
Aquatic Life[M]. Springer US, 2012.

[23]  Perry R W, Romine J G, Adams N S, et al. Using a non-
physical behavioural barrier to alter migration routing of
juvenile chinook salmon in the Sacramento—San Joaquin
River Delta[J]. River Research and Applications, 2014,
30(2): 192-203.

[24]  Vetter B J, Murchy K A, Cupp A R, et al. Acoustic
deterrence of bighead carp (Hypophthalmichthys nobilis)
to a broadband sound stimulus[J]. Journal of Great Lakes
Research, 2017, 43(1): 163-171.

[25] Lawrence B J, Smith R J F. Behavioral response of solit-
ary fathead minnows, Pimephales promelas, to alarm
substance[J]. Journal of Chemical Ecology, 1989, 15(1):
209-219.

[26] eI, RIEER, BLE R, 55 IR K ML #IZ ) e )

XA R B A R (7], AR 3SR Ae A, 2023, 42(2): 342-
351.
Long Z M, Zhu F Y, Duan X B, et al. Responses of loco-
motor ability of juveniles of the four major Chinese
carps to predation stress[J]. Chinese Journal of Ecology,
2023, 42(2): 342-351 (in Chinese).

[27] Wang Z H, Yao H, Ding Y Z, et al. Testing reintroduc-
tion as a conservation strategy for the critically
endangered Chinese alligator: movements and home
range of released captive individuals[J]. Chinese Sci-
ence Bulletin, 2011, 56(24): 2586-2593.

[28] Huang C C. The ecology of the Chinese alligator and
changes in its geographical distribution[C]//Proceedings
of the 5th Working Meeting of the IUCN/SSC Crocodile
Specialist Group, Gland, Switzerland: IUCN, 1982.

[29] Ross J P. Crocodiles: Status survey and conservation
action plan[M]. 2nd ed. Gland: IUCN/SSC Crocodile
Specialist Group. 1998.

[30]  HIEY. BRI B RIAE A S ThRE (J]. AR R A R
1983, 14(1): 58-62.

https://www.china-fishery.cn

10

311

(321

[33]

[34]

[35]

[36]

[37]

Shen J. Structure and function of the auditory organs in
fish[J]. Advances in physiological science, 1983, 14(1):
58-62 (in Chinese).

X EME, TR, AR, . RIKTE AR K
BECORHEFLBUR 5 R A0S (0], KL 2 B Bk,
2019, 36(5): 42-48,61.

Liu Z X, Zhang D Y, Yang W J, et al. Technique of fish
inducing and expelling by light and sound: research
status and application prospect[J]. Journal of Yangtze
River Scientific Research Institute, 2019, 36(5): 42-
48,61 (in Chinese).

Fink S V, Fink W L. Interrelationships of the ostario-
physan fishes (Teleostei)[J]. Zoological Journal of the
Linnean Society, 1981, 72(4): 297-353.

RIS, &%, 2EE & RE 8 DKM 15 Fhid
06 GlE vk RE JIWTE AT [3]. WA AR, 2022, 34(5): 1608-
1619.

Ke SF,Jin Z J, Li Z M, et al. Swimming ability of fif-
teen target fish from eight hydropower stations in
China[J]. Journal of Lake Sciences, 2022, 34(5): 1608-
1619 (in Chinese).

Hou Y, Cai L, Wang X, et al. Swimming performance of
12 Schizothoracinae species from five rivers[J]. Journal
of Fish Biology, 2018, 92(6): 2022-2028.

WAL, W E, /N, & IR 5 A BORETE T
HERE [7]. AE&E 4K, 2021, 40(4): 1198-1209.

Tan H L, Tan J J, Shi X T, ef al. Research progress on
the technique of fish attracting in fishway entrance[J].

Chinese Journal of Ecology, 2021, 40(4): 1198-1209 (in

Chinses).
FiNE, R, wazak% - VUL R U SO R K]
A S w3 o A RCOR W 5 VT A []. W R

2023, 35(3): 972-984.

Shi X T, Bai T X, Xu J W, ef al. Monitoring and evalu-
ation of effectiveness through fishway in Songxin Hdro-
power Station of Heishui River, lower reaches of Jinsha
River[J]. Journal of Lake Science, 2023, 35(3): 972-984
(in Chinese).

BT, INOURE, ARE AL, 4. A K SR P £ i
frEAR R [1]. Ak TRE2A3R, 2019, 35(24): 81-89.

Li G N, Sun S K, Qie Z H, ef al. Arrangement of fish-
way entrance in power station tailrace channel[J]. Trans-
actions of the Chinese Society of Agricultural Engineer-
ing, 2019, 35(24): 81-89 (in Chinese).

HFE K FE2:2: 3290 sponsored by China Society of Fisheries


https://doi.org/10.1007/s11160-012-9297-z
https://doi.org/10.1002/rra.2628
https://doi.org/10.1016/j.jglr.2016.11.009
https://doi.org/10.1016/j.jglr.2016.11.009
https://doi.org/10.1007/BF02027783
https://doi.org/10.1007/s11434-011-4615-8
https://doi.org/10.1007/s11434-011-4615-8
https://doi.org/10.1007/s11434-011-4615-8
https://doi.org/10.1111/j.1096-3642.1981.tb01575.x
https://doi.org/10.1111/j.1096-3642.1981.tb01575.x
https://doi.org/10.18307/2022.0515
https://doi.org/10.18307/2022.0515
https://doi.org/10.1111/jfb.13632
https://doi.org/10.1111/jfb.13632
https://doi.org/10.18307/2023.0317
https://doi.org/10.18307/2023.0317
https://doi.org/10.11975/j.issn.1002-6819.2019.24.010
https://doi.org/10.11975/j.issn.1002-6819.2019.24.010
https://doi.org/10.11975/j.issn.1002-6819.2019.24.010
https://doi.org/10.11975/j.issn.1002-6819.2019.24.010
https://doi.org/10.11975/j.issn.1002-6819.2019.24.010
https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

i
S

=
N> =

48

A

IK P24, 2024, 48(9): 099713

[38]

[39]

[40]

[41]

[42]

[43]

Taft E P. Fish protection technologies: a status report[J].
Environmental Science & Policy, 2000, 3(S1): 349-359.
Riesgraf A T, Finger J S, Zielinski D P, et al. Evaluation
of a broadband sound projected from the gates of a nav-
igation lock in the Mississippi River shows it to be a
weak deterrent for common carp and unable to block
passage[J]. Management of Biological Invasions, 2022,
13(1): 220-232.
{EF U, B RK, B, S ST TR SUK RS
W RS2 W 7S [T]. =0k AR A IR BE A, 2020, 5(1): 8-
13.
Ren Y F, Zhao L S, Cao H, et al. Influence of ecological
regulation of cascade reservoirs in the lower Jinsha
River[J]. Ecology and Environmental Monitoring of
Three Gorges, 2020, 5(1): 8-13 (in Chinese).
Capra H, Plichard L, Bergé J, et al. Fish habitat selec-
tion in a large hydropeaking river: strong individual and
temporal variations revealed by telemetry[J]. Science of
The Total Environment, 2017, 578: 109-120.
G, F/NVE, VESRH, 5. S TL SR B KT AL B
FHL 3 %6 2N 4 6 f4. (Schizothorax wangchiachii) i3 3 5
RWIAT N [ WA REE, 2023, 35(2): 622-631.
Jiao Y L, Shi X T, Xu J W, et al. Upstream behavior of
Schizothorax wangchiachi after crossing dams at
Songxin hydropower Station in Heishui River, a tribu-
tary of the Jinsha River[J]. Journal of Lake Sciences,
2023, 35(2): 622-631 (in Chinese).
FEZE, BT, M/ 5R . I XA AR A48 2 509 KR
AR S FRER ) L I S0 B [Cl//H B R B} 2 2 22 3R
B LRI 42 b E PR R 22 22 2 2021 R 2 BOREE
S—— B TR RS M Y210 &
(=) g E I e v B 7 B A BR A =), o [ =gk i
(BER]) AR AT, 2021:8.

R E K P72 2 E /) sponsored by China Society of Fisheries

11

[44]

[43]

[46]

[47]

Yan X, Cheng B X, Yang S R. An ecological-restoration
case study of mountain river: analysis and restoration
measures of eco-environmental issues in the heishuihe
river [C]//Chinese Society of Environmental Sciences
Environmental Engineering Branch. 2021 Annual Meet-
ing of Science and Technology of Chinese Society of
Environmental Sciences-Environmental Engineering
Technology Innovation and Application Branch Field
Proceedings (1). Shanghai Institute of Survey and
Design Research Co. , Ltd., China Three Gorges Con-
struction ( Group ) Co. , Ltd., 2021 : 8. (in Chinese).
Zimmer M, Schreer J F. Power M. Seasonal movement
patterns of Credit River brown trout (Salmo trutta)[J].
Ecology of Freshwater Fish, 2010, 19(2): 290-299.

Bayse S M, McCormick S D, Castro-Santos T. How
lipid content and temperature affect American shad
(Alosa sapidissima) attempt rate and sprint swimming:
implications for overcoming migration barriers[J]. Cana-
dian Journal of Fisheries and Aquatic Sciences, 2019,
76(12): 2235-2244.

TKACIA, BRI, MR, 4. KRN IR KR K I 1 S A Ay
BRI [T]. KAERFRE, 2021, 42(4): 117-122.
Zhang X B, Hu Y P, Yang W, et al. Effect of water tem-
perature on the life activities of temperate freshwater
fish[J]. Journal of Hydroecology, 2021, 42(4): 117-122
(in Chinese).

AR, SRR T, AR, 45, 3 PR 1 M 240 fa K
TR 52 M WIS AT (9], K72 AL, 2019, 38(1): 115-
118.

Zeng B H, Zhang B B, Mu Z B, et al. Tolerance of
juveniles of three species native fishes in Tibet to water
temperature[J]. Fisheries Science, 2019, 38(1): 115-118
(in Chinese).

https://www.china-fishery.cn


https://doi.org/10.3391/mbi.2022.13.1.13
https://doi.org/10.1016/j.scitotenv.2016.10.155
https://doi.org/10.1016/j.scitotenv.2016.10.155
https://doi.org/10.18307/2023.0225
https://doi.org/10.18307/2023.0225
https://doi.org/10.1111/j.1600-0633.2010.00413.x
https://doi.org/10.1139/cjfas-2018-0406
https://doi.org/10.1139/cjfas-2018-0406
https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

BFIN, 5 IKP= 4R, 2024, 48(9): 099713

A preliminary study on the acoustic deterrence system at Xianghe fishway in
Xiang River, a tributary of the Yarlung Zangbo River

LI Jiaxin ', LI Xiaobing®, BAI Yanqin **, SHI Xiaotao **, ZHANG Zhan®, NIMA Danzeng °,
DA Wa’, YANGIJi*, LIXinyu®, SUNPan>!, WANG Yan® LIU Guoyong **
(1. College of Biological and Pharmaceutical Science , 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. College of Hydraulic and Environment Engineering, China Three Gorges University, Yichang 443002, China ;
5. Tibet Water Conservancy and Hydropower Planning Survey and Design Institute, Lhasa 850000, China;
6. College of Civil Engineering and Architecture, China Three Gorges University, Yichang 443002, China)

Abstract: Acoustic deterrence system (ADS) are pivotal for fish attraction and protection, holding con-siderable
value in fish conservation efforts. Despite this, Chinese research on ADS has predominantly centered on identifying
sounds sensitive to fish in laboratory settings, with a dearth of practical engineering studies. This study aimed to
determine if sound-driven fish technology could augment fish passage in field conditions. Underwater speakers
were strategically positioned at upstream river channel near the entrance of fishway 2+ in the Xianghe River, a
Yarlung Zangbo River tributary, broadcasting alligator sinensis predator sounds (Alligator sinensis) on a
continuous 24-hour loop. The negative phonotaxis behavior of target fish species (Schizopygopsis younghusbandi;
Ptychobarbus dipogon and Triplophysa stoliczkai) was monitored as they traversed the Xianghe River's hydrolo-
gical hub, employing a Passive Integrated Transponder (PIT) system. To account for the influence of hydrological
and environmental factors on this behavior, a multiple-factor logistic regression model was developed. The optimal
model was selected based on Akaike Information Criterion (AIC), pinpointing the critical factors influencing fish
negative phonotaxis. Findings indicated that: () the experimental group's fishway entry rate significantly exceeded
that of the control group (P<0.05); @ sound exposure and the discharge at fishway entrance 2+ were pivotal in
affecting fishway passage rate (P<0.05); @ post-sound activation, the entry rates for S. younghusbandi and P.
dipogon markedly surpassed that of T. stoliczkai (P<0.05); @ during the study, the flow rate at the fishway
entrance 2+ between 0.81-1.32 ms/s, with a negative correlation observed between flow rate and fishway passage
rate (P=0.007). Excessive flow rate were found to diminish fishway passage rates. decreased with the increase of
fishway flow rate. This research demonstrates that ADS can deter fish from hazardous zones like power station
tailwaters while enhancing the likelihood of fish entering fishways in practical engineering applications. This study
seeks to offer scientific foundation and reference for the engineering implementation of ADS and the refinement of
ecological dispatching at hydroelectric stations.

Key words: acoustic deterrence system; negative phonotaxis behavior; AIC; Logistic model; Alligator sinensis
hissing; Xianghe Dam; Yarlung Zangbo River
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