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Fig.1 Distribution of monitoring points in the middle reaches of Jinsha River
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Tab.1 Candidate metrics of F-IBI in the middle reaches of Jinsha River and their response to human disturbance

I EEEN FF 5 Ei=2 X i
Attribute Number Metrics Response to disturbance
M1 2R TR
M2 Shannon-Wiener Z #4454 TR
M3 WL R EL %
M4 BERHI RN 23 L i561y
M5 SRR 23 L TR
YIRS AN S 5 M6 BERHRIECE Sr 1L TR
Composition and richness M7 LR A ECE 4 e +H
M8 B H YA ECE 3 1 TR
M9 e H AR 7 L Bt
M10 L2 YR E 23 L TR
M1 N Z I RECE S L TR
MI2 JIR)Z IR o3 L TR
— M13 PR AR ET 0 1L TR
T;'rop};inc structure M14 PP B AR 43 L R
MI5 IRETEAE AR T T I Tt
SR T A MI16 i 2V AR BRET 40 L BT
Tolerance M17 BUBE 2 RBT 4y 1 N
M18 PRULTEDN (R R S 1 TR
g AL B M19 DUEDR e RB 4r L R
Reproductive guilds M20 Rl o1 0 A A0 3 T Tt
M21 Rk 90 s A AR 23 1 TR
0 AR M22 02 AAEL TR
Quantity M23 SRR T o A BTt

AWM ETE T BCRER M1 532 2,
A BT A 198.28 kg, 2 Br At 1 938 &, B T A
72.51 kg, REMEIL 3T, FIE T 4 H 128 46
J& o /N Af 28 P AR 32 Ok B 4 0 (Abbotina
rivularis) 15 R B2 (Rhodeus ocellatus) 7% fifh
(Pseudorasbora parva) 55 , H K R0 24 $5Fh &
B R N e | gl 8% 24 S A (Schizothorax
chongi) S5 Ry F WIE H 2 b Ak,
L3R} 36 JE 48 Flt, (5 SN IELH 75.19%, H L
Rl 1 25 o, 326 J8 34 B, 5 R R B
53.97%; B Hik 2z , 3L 4B 58 9 Fl, 15 14.29%;
B H AR 48 ST, 4 7.94%; 86 H 1R 18 1
Pl 5 1.59%.
2.2 F-IBI#OEFREY I i

UV T I K SOK 3 KA IX
0 ISRV AL S E S O 5 S A W 2
PR, 4 U0 VT HP it 4 S5 A 7. T 3 RS2 G Y F-IBI
WMIER.

X1 23 MR bR HEAT 20 A0 T R G 5

TE 90% LA b 50 £ BB 2 0 17 59 B 46 AR M21 Al
M23. Fl 4% 21 46 bn AT R0 BE 07 i 3k,
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AR 6 A F8 b AT 1E A5 36 AAH 5G4 B (3%
2), A5 R R WP A 6 bR E A RIIE /N T 0.9, 8048
PEIEAT bR . &5 I, fe 0 ik S AN PR 36 A
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Ui Tt F-IBLIA &R A% O A8 5

[F) =, X6 S 23 Mgk Ag A AT 4341 31 LA
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Tab.2 Correlation coefficients among candidate indicators of main stream of the middle reaches of Jinsha River

M3 M4 M5 Mil Mi8 M22
M3 1

M4 -0.106 1

M5 0.062 -0.585" 1

Mil -0.645" -0.062 -0.281 1

Mi8 -0.131 0.178 -0.226 0.214 1

M22 -0.542 -0.353 0.073 0.293 0.043 1

T FHRIRTE 0.01 K7 B35 HI G * IR TE 0.05 K7 i 3556,

Notes: ** indicates significant correlation at the 0.01 level, * indicates significant correlation at the 0.05 level.

R3 &I hiETRIEREIEIRENEX R

Tab.3 Correlation coefficients among candidate indicators of tributaries of the middle reaches of Jinsha River

M5 Ml1 M13 M18 M21 M22
M5 1
Mil1 -0.545 1
M13 -0.394 -0.227 1
M18 -0.008 0.038 0.026 1
M21 0.071 0.492 -0.317 -0.298 1
M22 -0.430 0.330 -0.115 0.266 -0.070 1

TE 4 FORAE 0.0 1K AR C , *FIRTE 0.05 K- |- ik 4G
Notes: ** indicates significant correlation at the 0.01 level, * indicates significant correlation at the 0.05 level.
2.3 &ITHIEKESERITEMN 41.39 53, HAPA S5 90 A e ™ Ayt 0 e 1S AF
KM AL v e T SO F- - T T s, TR PN SE SO — Y
IBIFAHA R AR IR AR AN (AR S) M HEI 3L 74>, 5 1L 50.00% , 8 T 329 7.69%;
UG A WD G F-IBL MBS #EAT A 20 SOOI AAAE 3PP SR S0 i XU ™ A s D
BEAFR Y, A EB e FRK A S R GO R MR A
RRAEPPA B, RO bV rpife 1 S dt
NS \ - S ok . R4 @WTHiETR F-IBIZOEIRTEARN
324 A A O AT FABIIAN 45 R 3k 6 Tab.4 Formula for calculating of the core attributes in

i %Tﬁﬁiﬁ:ﬁﬂéﬁﬂj‘z b {I':F‘ﬁ‘ﬂ(’jlz,u,%gﬁ the main stream of the middle reaches of Jinsha River
FEFER AR, 15T B R 6.54 £ 63.11 43, JEHF Metrics #4243 Formula
(A TR TT R BT 40O iAo IR M3/0.64
YA — B B W S 8 A, 1L 29.63% 3 ﬁfﬁﬁﬁi@iﬁﬁwm (o050
WAL Ay TR XSS A W A5 3 134, 5 FE 48.15%; VLA B £ AR ET 43 (M 18) M18/34.81
e RR IR 0 Sk < RURS: R 0 e 3 3 A e 1024 MAMARE(M22) M22/1 316.05
11.11%; “Jota " i il st 24>, 5 16 7.41%,

FE T X RN R L B aT 22 WA, e R 1 /K A= ®£5 T HESRF-IBIZOERITEAR

BAEROR L TR IX . PEIX Rk A 25 R 4 18 4% Tab.5 Formula for calculating of the core attributes of
- N tributaries in the middle reaches of Jinsha River
1 FE Ol 22.42 2 49.09 43, IR T P /9 30.78 =

— —
.11 %-ﬁﬁ&@t%a@%@%jﬂml 52 S s HRER Formle
M JEDCHR P AR U Y th T JZ ST S (ML) M11/42.57
RS A4 3 66.67% ., R TR B Y 28.57%. P £ 0 354 AOBCE 43 (M 13) M13/18.58
T T A SR LB SR R B, TR K AR TR PEOE A AMARCE 43 L (M) M18/16.10
DR FRBA T L. TRASRMKAEE R R By A S A A3 e (M21) M21/18.84
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Tab. 6 F-IBI evaluation results of monitoring points main and tributaries in the middle reaches of Jinsha River
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Fig. 4 Correlation analysis of F-IBI values and water environmental factors in the middle reaches of Jinsha River
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Assessing the impact of cascade hydropower stations on the aquatic
ecosystem health in the middle reaches of Jinsha River based on fish-index
of biotic integrity

WEI Kunyu', CUI Lei*, CHEN Hao®?, MA Siying', LIU Ling', WAN Fan’, HE Jia'

(1. College of Water Sciences, Beijing Key Laboratory of Urban Hydrological Cycle and Sponge City Technology, Beijing
Normal University, Beijing 100875, China; 2.China Renewable Energy Engineering Institute, Beijing 100120, China;
3.Power China Northwest Engineering Corporation Limited, Xi'an 710065, Shaanxi,China)

Abstract: To assess the impact of cascade hydropower stations on the health of aquatic ecosystem in the
middle reaches of Jinsha River and to explore and establish relevant evaluation systems, surveys of fish
resources and water environmental elements were conducted in December 2021, April 2022, and July 2022
in both the reservoir and tailwater parts of each station and its primary tributaries. Historical survey data
from April to May 2007, March to April 2008, and June to July 2008 were utilized as reference conditions.
The distribution range, discriminant capacity, and redundancy of the selected indicators were sequentially
performed. Evaluation criteria were established through the implementation of the ratio method.
Consequently, specific fish-index of biotic integrity (F-IBI) assessment frameworks tailored to both the
main stem and tributaries of the Jinsha River were formulated. Additionally, an investigation into the
correlation between F-IBI scores and various water environmental factors was undertaken. The results
suggested that: Evenness index (M3) , percentage of cyprinid species (M4) , percentage of mid-lower
layer fish species (M11) , percentage of individuals of fish producing floating eggs (M18) , and total
number of fish individuals (M22) were screened out and analyzed as main stem core indicators. While
percentage of loach species (M5) , MI11, percentage of carnivorous fish individuals (M13) , M18,
percentage of individuals with special spawning methods (M21) and M22 were filtered as tributaries core
indicators. 32 monitoring points have been set up in the middle reaches of the Jinsha River. F-IBI scores
range from 6.54 to 63.11 points, with evaluation grades of “sub-healthy” , “normal”, “medium risk” ,
“high risk” and “fishless” accounting for 3.70%, 29.6%, 48.1%, 11.1%, and 7.4% of monitoring points,
respectively. In terms of correlations, the F-IBI values demonstrated a significant negative association with
water temperature (WT, r=-0.404 9, P=0.044 7) and a significant positive correlation with secchidepth
(SD, r=0.569 1, P=0.003 0) and flow velocity (v, =0.450 9, P=0.046). In conclusion, the research
results indicated that the cascade hydropower stations in the middle reaches of the Jinsha River exerted a
significant impact on the overall health of its aquatic ecosystem, with a notably higher level of impact
observed in the tributaries compared to the main stem.

Key words: the middle reaches of Jinsha River; fish-index of biotic integrity (F-IBI) ; cascade hydropower
station; aquatic ecosystem health
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