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Abstract. The construction of Songxin Fishway is one of the important engineering measures to restore the connectivity of Heishui
River, an alternative tributary of fish habitat in Baihetan Reservoir area of Jinsha River. In this study, the Songxin Fishway in the
Heishui River, monitoring and evaluation of fish passage effect in Songxin Fishway were studied by net catch method and radio fre-
quency identification ( RFID) remote sensing technology. The results showed that: (1) A total of 19 species of fish were detected
in the downstream of the Songxin dam site of the Heishui River, of which 12 species could reach the upstream river smoothly
through the fishway. (2) The fish diversity was influenced by the motivation of fish migration in a seasonal pattern, with the Shan-
non-Wiener index of fish diversity at the inlet and exit of fish passage being significantly lower in the non-migratory period ( Decem-
ber) than in the migratory period (March and May) ; (3) The import attraction rate of Schizothorax wangchiachii is 31.50% and
the passage rate is 44.44% . Using the monitoring data of net, it was found that: when the water temperature exceeded 20°C , the
species and quantity of fish decreased with the increase of water temperature; When the discharge in the fishway exceeded 0.50
m*/s, the species and quantity of fish decreased with the increase of discharge in fish passage. In order to identify the key factors
affecting the fish passage effect, the S. wangchiachii as a study subject, a Cox proportional hazard regression model was constructed
based on multiple factors (fish passage flow, water temperature, circadian rhythm, pH, wet weight, body length etc.). It was
found that: fish passage discharge, water temperature and circadian rhythm were the key factors affecting the fish passage effect;
When water temperature varied from 14.0 to 20.0°C , the passing rate of S. wangchiachii increased with water temperature. When
the discharge in the fishway ranged from 0.01 to 0.50 m3/s, the passing rate of S. wangchiachii showed an increasing trend with the
increase of the discharge in the fish channel. The circadian rhythm had a significant effect on the abduction of S. wangchiachii, and
S. wangchiachii preferred night upstream migration. The research results are helpful to the fish habitat restoration and the protection
of fish resources in Heishui River, and provide a theoretical basis for the construction of fishway in cascade hydropower stations of
Heishui River and low head sluice dams of mountainous rivers in southwest China.

Keywords: Songxin Fishway of Heishui River; fish diversity; Schizothorax wangchiachii; fish passage efficiency;

environmental factor

B 2 (R VTR AP ) R VT AR A i S B IO AR LK 1 6 | WK TR f S S BP9 2 B R A, T
CHLR I $0U06 85 | 2 %) 00 2K 308 0 L G [ 32 S 1 8 B £ K i 3 4, S B 2 T AT
T BT AE RO IE Y L AR SE AL, B 2000 4ELUR, FREA 110 240K TR E T ik

i, Herp AT 5 HRG K 65.14% , R EE 1989 4F 2 Fifs K T 66.46% 70 RS £l 8 # 1 7 B) T R R H 9
WA RO B 2/3 1 A e 2 i e i SR W A3 7 B A £ R RS 2 M R T, T R G i
AR I T A 2 B R R 2 O A S AR T e AR TR R, A 0l 1 £ 5k
R S 8 A A A« 0T S A0 A R R R T T R A £ T W T v ok 2 Mt i
A (2 A K I ) B A v i i R 2 B A T 5 A HIERA T T T Lt {H
T R HIME L . A ol 3 e Al 1) BT (R AN IR T e T i TR 7 2 RS A T 5 3
WS TTH: , FE B F 2 A Bt v, 4 2015 4F Yoon 2557 F S AFR 51 W358 46 Xof s 5] B VT fr) — i £ 108

PEAT T Wi | % B0 3 % 5| SRR i 240 o 15.3% A1 43.2% L FL R, FEAMEF R a5 o ORI
T e i WA 2R B W B2 WS PR W b e s A Y N A R
VIBIF 8 A0 25 e, 5 30 TLATE W AR 242 e , /0 T 50 W 44 R s A 0 3 R 7 P 3 328 W o,
2017 AT 255 FH RS 1 00 5 S AL 590 4 00 3855 08 A 3B ST B Sk 30— 8 /K L it 0 5 0o fra 0 R T T
TG , & BURRIC Y 6 AR fid i 2 0~60% 2 [1) ™ | TS5 [ Py 3 1oF 0 00 R W 2 £ e ] A/ S 0
FEAR I 77 v B — | W A A0 A0 i 1) A 25 1) RT3 ik 7 A, 300 V7D 7 BT Ji 2 6 4 T - a5 2R
WY

TE £ T T A AR W P e BRI 0 G 7 T 2 R PR, SR R IR M B4 e
JELA AR i f 06 52 52 B A H T WA BRBE P 26 KR e R e K245 ) il Rt R
TSR] £ 1o F R0 A DGR PR 2 A S G, [ A AT 7 T W B Bt R BR
BEBHOT ST SRAE 5 7 100108 1 (0 A0SR A 1 B 445 DX 2 4 AR T 10 0 T VAN A 280 o R0 B A 4% TR 2%



974 J. Lake Sci. (#38#3) ,2023,35(3)

X il i R CR A R AR EE , R T4 TR AR A R E DR . A Keffer 2 7 094 4 /R R0 38 T Uiy B
2170 BRI IR ICH-LHA8 (Lampetra japonica) , K BUAT 49% B H AR faE A f38 (H AR i 2 i £ 18 , i i 44
LTI ] — o A AT vk 9 22 R AR U S e e i 22 s A 003 (9 SC B IR 30 B AR KL, ffk
AN SR 3R a3 W v 5 Bl BT X0 S £ R AT B AR SE S G S e T TR K
Pt O PR 3R PP B R £ 05 72 , S SO 0 aed MO R A (B o X LA B R A T B

TR PSR B UL AE R — S, s A L B AT 4 S KSR, 7350 R R 0 Ll A D
R AR R A AT L ( CLURER) o SRKIT AR BT R R, BUA I8 A 45 SR SR W SR OK I LA 2K 44 Bl
Sela 4 H 0B 33 8 L B RS R R K, SRR R TR 2 TRLR A — 2D R WK A B
TET e A o Ay Dol 2 X £ 248 A 5 1 FRURBE I R AN IS, 2019 A 3 Al A R #1038 B A FROKAT A 251 S TR v 2
— BB AL 55 O ORI A2 OGS I AN LARA KT £230 DA 6 75 , SR T e 8 4 4 8] A 30 300 i
T8 A8 2 X F B P I , 2Re 5K 190 35 RSB RUA 1A 45 22 T B T M 0 2 AR, T JR b £ il o 20 R
I S PEAG T A, o3 M ST At Ak ol R AR A A ol R ORI A U R
i T S A RCR A OB PR B, SRR i T I A B S R KT 38 O T v 3l 5 A 0 L o £ T AR T B R
B2 RGN ] i 1 e SR B A R L

1 MR E7H*®

1.1 FRKRE
ABIFFEAR U X IS TR 58 185 A 5 3L T M7 B Ak (1 1) o A R AR K Sk ik 00, o %k B

FARE UL 00 % R A7t 300, 2020 AR T HART 3t AA KT S8 00 T WA 17, e a s f T, 3 £ %)
G LB 025 (AL fr 5 10 SR 025 ) A (4T R 8K A R Rk R R AR e B 5 ) RS (B ek

TFANCEE) J7 3, I 38 4 3 0K & T A 26 ol BRI K A2k 106716 m, R RN
1063.87 m, Bty 0.75 m/s, Bt A 0.176 m’/s, W24 56 N 1.6 m, W2 Ky 2.0 m, fiEYEIE N
1.80% , 2% PR MR FHAF 45° G 1 £ 19 S e 4 s 454G ™ o SRyt oy 000 11978 #0046 e /I 30 3 X 3
HECTHEATRM K
1.2 W%
120 HUTHEHHH B N T MRSET T (KW IR0 MU, 2020 4F 12 H 1 2021 4E 3— 5 A ZEARHTHL T
50~ 100 m [y JFiT 38 25 A7 1 S 1T B (AERR 20 m) JEIEE 6 SRR A, R 0 M 28 Rl 647 78 H RBEDY 4
A RAEWAY) 6 d, 1045 K RAE R B ) B A0 ATE 25248 hm (2K R K UK AMATE)  F2 B¢ )i fa
KB VX R AR B U AT R S R, M S T I R DX R
1.2.2 % W43 B0 ACSII T 2020 4 12 A 2021 4 3— 5 45 F 2 I 57 JH o0 190 el #0033 0 ol 2 5
AT o LR BT | B R, £ T B 1A T A AR AL TR T 0, SR 43 T RS 3
J2, P9 I LS4 /N R P £ 2K 00305 0 0 B EGE A B 100 /5 0 MG 1 2) o ARt s Y e R~ o 0 T
HE TR 13K R B A HE SR K X GE X R 1.76 mx 1 mx 1 m, FWEIF KX 8 0.3 mx0.3 m, 37T 1K x5
0.1 mx0.1 m, QP 2 75, HY FK 2235 70 100 E W — 45T Es , 30 13 D0 2228 1 £ 8 1 11 50— i s
Sy [ 5 5 0 B ) P 24 AT 5, 0 £ S T R S A TR R BRI 3 A I 45 H 64T 6
o, FL R A B ORI TRV W 3 do U WIS o, 566 PR it [ 1], A 3 10, Wi S i 3 £ 2 i %
FRUCCEE Y AR 1 ELRI ) % £ PO 25 2 4 (A K R SRR TR ) |, 972 BRI 1] £ 24 75) 0 SR B 110
BRI T RIS | T L DX O o 45 TR 4 T I [ 3t 2 (15 , 7 I 10 6 — e M
1.2.3 PIT 4732 691l ASSZ8GF 2021 4E 3 [ 19 H—25 HHI2021 45 7 2 H—8 Hikf7. PIT fRic il %2
SR XU SHFRG (RFID) 3545, 5% 45 2H A0 S A5 v 0 L D e 2 KA A 28 i £ B BBURA 357 3
B i) i % G AT B 1 ( Schizothorax wangehiachii ) , 1AL AKFRZSHT , % bx fh HE 47 BRI (£ 2 5 MS-222,
0.10 mg/L) , I I FIE A2 K0d . RIS AR 10 (A9 F 2 1R K Jg (249.71£96.70) mm, - 24 14 T Sy (247.93 +
34.55) g, FRKE PR RERSS HIEE RTORS T 255, 8 PIT ARZSHEA M URIE I 9o O 1Rl £ 6 953 107 6 31 £

@O THifE. WA RER: WIRRERAR B, 1994,



BNHE AT T A TR TN B 55 G aE A & AR ) 5 3R 4E 975

27°30'0"N

ARFIE L
o ATEINE

ANt

27°10'0"N

0 15 km

DR if2750 1)
FRIK S
PRI

— ML

x4

102°30'0"E 102°40'0"E 102°50'0"E 103°0'0"E 103°10'0"E
1 RIS S PR

Fig.1 Geographical location of the study area
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Fig.2 Schematic diagram of the Songxin fish passage and test equipment arrangement
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Tab.2 Distribution of fish resources below Songxin Dam
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BRI T RS (1E5) .

R S B AR B b 10 f T 3 ok i AR W, 5 SR AR W - A S R 0T O, 7 i E 1 Rk
PUNEIbRIC f 63 F2 , fl ) 1 RZ UM B bR IC 1 28 J , AT i itk 5 | 300y 31.50% , il ik %6 °hy 44.44% ,
Fa B E T 5 A ] A (12.28+16.05) h, £A 38 38 o B (8] 4 (55.09+£73.54) h,

U S f8E L £ SBOR 1 SRR D 3R SRR AR f R WF SR B, KA T R T A AE AR R Cox JXUR:
FEA [T U ) L 9 B AR s i ALC DU MR AT B 9 DML B 45 P Al AALC E/INIR 452 1 23 A7 i
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Tab.3 Types and sizes of fish imported and exported through the fishway

WiE/g A/ em ER/AANT LR P/% R F/% IRI
fafp
piigl iy biign| o biign| e #o o o #o o
MBI A 29.06+£80.9299.14+£90.73 7.67+6.21 17.72+8.14 21/7.66 5/5.15 41.67 16.67 1333.33 639.83
FFOZME . 41.85 — 29.60 — 1/0.36 — 8.33 — 16.95 —
fil] 45.70 — 11.30 — 1/0.36 — 8.33 — 18.23 —

eyl 8.37+3.29 8.70£2.90 7.41+x0.94 8.12+1.12 45/16.42 31/31.96 75.00 66.67 2358.61 3608.74
TolghE  30.26+7.14 20.45+1.25 11.59+1.02 1.16+£0.20 16/5.84 2/2.06 25.00 16.67 628.57  80.07
SR 5.26£2.89 9.69+4.22 5.94+1.23 7.57+1.08 44/16.06 16/16.49 50.00 25.00 1264.27 867.11
AR 10.53+5.01 3.40 7.53+1.35 6.00 6/2.19 1/1.03  25.00 8.33 117.75 10.49
KA )R 4.68£3.10 5.85+3.61 6.50£1.59 7.47£1.93 75/27.37 19/19.59 66.67% 50.00 2772.24 1410.49
NERE RS 6.10£0.40 3.65+0.85 0.75+0.00 6.05£0.75 2/0.73  2/2.06 16.67 16.67 20.27 42.52
v E e JR R 7.70 5.30+0.80 8.40 8.10£0.70 1/0.36  2/2.06 833 16.67 5.60 46.21
ZIREFIE 4.70£2.01 4.41£1.44 7.61+£1.38 7.73x0.97 34/12.41 7/7.22 33.33 25.00 626.03 254.33
JEIREIEHK  4.35£1.93 4.81+£1.85 6.38+8.67 6.86+1.31 20/7.30 8/8.25 33.33 33.33 358.81 371.68
MLk 4.07+1.34 6.60 6.69+6.87 7.70 7/2.55 171.03  25.00 833 92.28 12.28
A ek 3.00 3.63+£0.19 5.30 5.33+0.47 1/0.36  3/3.09 833 16.67 4.04 173.35
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Fig.3 Comparison of species diversity at different sites in different periods
(different lowercase letters indicate significant difference)

G L AR ABR BRI 0] (RT) WRE (W) BT (D) AN E (Q) UK (W) 520 B T 1 5
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Tab.4 Model selection based on the Akaike information criterion ( AIC)

R AlC, AAIC W, Wi/,
W+RT+WT+Q+D 126.38 0 0.26
BL+RT+WT+Q+D 126.53 0.15 0.25 1.04
W+BL+RT+WT+Q+D 127.56 1.03 0.15 1.67
W+RT+WT+Q+D+pH 128.49 0.93 0.16 0.94
W+BL+RT+WT+Q+D+pH 129.31 0.82 0.17 0.94

w W, W, BERBORMAGE , HEA R W, (W)= EXP(=0.5A,4IC) / [EXP(-0.5A,AIC) + EXP(~0.5A,AIC) + EXP(-0.5A,
AIC) + EXP(-0.5A,AIC) ] ,
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Fig.5 Effect of flow and water temperature changes on inlet fish attraction and outlet fish passage
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Tab.5 Evaluation of parameters of the optimal model for Cox risk proportional regression pass rate

t ZUISES fliHE FRAfEDR GRS P1H
L4 -0.004 0.003 0.996 0.143
RT 0.027 0.014 1.027 0.066
D -1.299 0.629 0.273 0.039*
wr 0.930 0.414 2.534 0.025*
Q 3.058 0.751 21.282 <0.001*

* FRA BEM.
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