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Tab.1 Statistics on the power stations removed in
the Chishui River headwaters of the nature reserve
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Tab.2 Basic information on the
investigated river section
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Fig.1 Location of the removed power stations and

monitoring points in the Chishui River headwaters

1.3 ERNERERLZE
131 ERa#rE JRIR iR (AHP) @ i € 1 7
TR L2 A i b 2 T8 (14 A AE IG5 A YK (Saaty et al,
2005) , BB W R 3R K Aa b K 5 1 H AR JZ
HEN JZ AR AR J2 AT R 00, M R S5 R R AR &R . 2
R R AR HIWTRE R, ASGIEH — Bk, tH R 45
PR FERE A «

Ai=(Ai1=Ai27Ai3:"':A' )" @

1.3.2 WACE WAUERIE SR RS B E 1
H AR AR 0 B, AT 7 78 AU EE (Wolff et al, 2013) .
FabRAE FE X, P8R R B0E 22 0K, MIFE bR 145 B 065
BNHERERCR . L, 7T LAR 85 8 bR (5 B T
SR AR AR RUE , AR T D R 2%
XIZLF S (2022)
1.3.3 4% A AHP-W AU AL & % W I I AL 7
e AR IR AR AN B 2 A, % 07 T R 5
5 7% Ty W A H5HE AR AR AR P A8 e 52 e DY A7 & SR 11
BPE. HF AHP 52 32U R 2% 5 00 it , T 0 A7 )
Y0 B, o T o G T SR A A oy A B LA
IXFEAS B B IR = S B 28,2021,
FIFH 5 AHP BUE 505 BB L 256 L
Hx— R EAL N

+A,
W, = :D’ —(i=1,"-n) ©)
29’1 +A,
i=1

THRE TR EL S AN EILE
R A BCE [ & X

X=X, X, X, X, )" ®
1.4 FMEIRME R ST RE
141 PR RS MRS AR KR B 2R 5

R, SR AR 2 2 0 B A S B AT VA 1
FE ST pR AT I M STURRAIE K SRR AR | £ 2R L L K SRR
TIE 4 AN HE 2 3L 10 AN FE AR LI VRN 4 2R (5K iR 4
2010;Newcomb et al,2006) .

76 WG L H BF 4 b5 #E (Dolloff et al, 1993; Han-
naford et al, 1997) FEfith by 5& P 43 bR v , 757 2K ] ] YR
B B 2R & VP bR QR 3
142 R & K08 E 7k ARk IR B f
KPR FE I P LR BRI B A A
F59 %, @ s H 128, Hop E R iy kit 7
o, B4 1T R SR KT IAT YR B fa SRRl 2 5L
T 7R KT A8 A SRR 21 50.9%, % DLE JE
(78 AR MO S 2 g o 2 EE ) SR RS Tl
KK ) S R I BN 18 FloRe A fR 4 fa 25 3t
TR S RAP A . 3T f R e R Al 4
S R B B AR S R A 2 B o AR A R
HuPEAN 2R L AR bR S o

PARH R SR ORI ZE , 2004) A2 1 75 K8 gt
fith, 252 FE A MG FE B (BK M55 ,2022) R E
(ZEHR1E, 2012) 2 T PURRFE (A R ER S, 201D S5 K 37
e T 10/ M TERR . S PR TEARIIPR N E R N 1~457
ARG, AR IR T X £ R T B R0 P 7 2
LSRR EE TR L R AT AT 4BV E -

(DYIFNBFFEE

VIR MR RN B R IR T A2
P FRERE, 8 T BHIRBULR WS E 77 0P 1
TR 7S 4 FhFE AR

b SRR IUIR VP 70 K48 B2 IR BR AR i e , 2

R I /NS W el A =
F;
Hyy = ]Tm @
A FARR S i MR BB 5 F, R~ R B
HERYF R 2 .

S AR e ] SR (U1 52 55 2020) K B
TR 5 5 77 B L B i S TR A0 2 Bl AH 5 SR
SEWTFL X NS 5 1R B #1287 B2 R R Tl i 0 -

(DY Fhis ALk

Wb 38 A R 0 2B ) 2 Ak T R 7 A 1 A% 2
DRI R R 5 A X 0 SR A 38 A% L 1) 5 BV, 5
JE T R R DL 2 A FE AT 3 M E bR R

AR 2 Bl AR S SRR E W TE X N2 S5 TP A 18
TSRO0 s 43 AT Y BT 43 LAY 68 2 10 TR BT AL e
PRI Z 3070 s NOAT-PEARE ML AT, AR SE P R AT
Bt NISEINA TS OB L 53T 0 AT oA



B R FAOT IR B B IR RS A SR 37

2023 455 2 3]

CHLG B AL /W 0 LS F B

OO R R CHHH BT AT W | Tl
W | B . . e WSO YL T W EE ., 01
R LL S g TR TR A R e e iR S A T
XN
Bt B [ [/ 2 B IE G %S L~%ST TR [k X T Rrlot EER WK E B fut 6
B pe I R A GHEYS7 %SLAMBON It Y WHEN W i GO g o T
e a i ey g W
H I SR T B AT RS B %St AT TN G B T %s<HE N BRI TN FTANUY 5
oo %05>14H3 240214 O oy
HOSIHIE AL NSESU0EH USMPUNEN~ 1 36 AT SSLMMENEN ~ 1 POOSHTPIE FRERIE gy ¢
IO T T SR : - ,
W RATOPCGAG TG I o e R N ey FHYNCY 9
G HRTATRE WU ERO BT RE Y pbey O B IREE L R ek
mw
O T T3 96055 TR %SL-%0 B TR A St
B M W G R EE — F AR R BN %L O F MMM BT :
SR TN AT A Y T s e
AT M Wl (T WOEE D WY WRERETN WD su ey | SWERTEE ORAEERT gy .
NI ST A TR R W S FE R T bW SRR sy T AR o
2k i/
R A Wl W) Y B B T N YA S
W EBTY SR BRI 20 WRTEET omen o SHRTHERE ¢
Bt M AR RGN A Y R AR YRS M, 2 R, 1 AT
e o . e T % Ui B S R
ey e W0 NG S Sy T D T %L z
v . meemEen S EP DE BRERCT Y %SL~%08 LR R0V EZA C oL )3V E [l
1< T M LT 10 %S 07 71 T60 T 14 %S w05 3T M T T 14 %S O B8 T 10 %S A i
0 S~¢ 8~9 01~6 .
g

P LA

SI9)eMPeY JIIATY INYSIY)) Y} 10J BLIIILID UOI)BN[BAD JelIqey] dAISuaya1duio) ¢ 'qel,

FUYR O E B O €3



38 544 B 2

A ¥ L

2023 4 3 H

rORD

B [ HATT R ST B RIFA |
3 '] )
[t | s | At |
T
1 A
2w 2] |5 (2 = |3
(e | A HEINE: x| |2
=l '] |= g1 %
# ||| | # =
u

2 E TR LM IRK R S 2 i
TAREME R
Fig.2 River habitat evaluation system for the
Chishui River headwaters based on the

priority of fish protection
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Tab.4 RWeighting of the evaluation index system

for fish conservation priority
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Tab.5 Evaluation results for key fish species in the

Chishui River headwaters
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1 FLAAR R 1.15 1.51 2.75 5.41
2 ST 1.62 3.39 4.32 9.32
3 L PR D 0.69 226 2.75 5.70
4 1 61 231 3.01 5.50 10.82
5 K gV 2.08 1.51 4.72 8.30
6 EayS AN i 1.85 1.51 4.72 8.07
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8 Lryb ity 2.31 3.01 432 9.64
9  FHHFM 1.38 2.63 472 8.73
10 Py ] 2.08 2.26 3.93 8.26
11 EL AR 1.38 3.01 5.11 9.50
12 PUzE s 1.38 2.26 5.11 8.75
13 R 2.08 3.01 5.11 10.20
14 HHE Sk 1.85 2.26 3.93 8.03
15 7 BRI 1.15 1.88 5.11 8.14
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Tab.6 Weight for each habitat evaluation indicator
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Fig. 3 Evaluation results for the guideline layers of current habitat in the Chishui River headwaters
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Health Status Assessment and Restoration Strategies of Habitat in the
Headwaters of Chishui River Based on Fish Protection Priority

LI Xuan"?,ZHANG Jing®, Al Zu-jun’,ZHAO Jin-yong®, YU Zi-cheng**,HAN Hui-ling' , FENG Shuo

(1. Hebei Agricultural University , Baoding 071000,P. R. China;
2. China Institute of Water Resources and Hydropower Research,Beijing 100038, P. R. China;
3. Yunnan Management and Conservation Bureau of the Upper Yangtze River Rare
and Endemic Fish National Nature Reserve, Zhaotong 657000, P. R. China;
4. Hebei University of Engineering, Handan 056038,P. R. China)

Abstract : The headwaters of Chishui River are located in the Yunnan section of the National
Nature Reserve for Rare and Endemic Fishes in the upper reaches of Yangtze River. In recent
years, demolition of small hydropower stations in the reserve has reduced fish habitat fragmenta-
tion, but the habitat remains seriously damaged. In this paper, we ranked the protection priority of
important fish species in the Chishui River headwaters and a comprehensive habitat health assess-
ment index was then developed to evaluate fish habitat in the section investigated. We aimed to
provide a reference for fish conservation and habitat restoration of Chishui River. In November
2021 and April 2022, a fishery resource investigation was carried out in 18 river sections from
upstream to downstream and information was collected on water quality, hydrology, and the river
landform of sampling sites. To assess the disturbance to fish habitat resulting from the removal of
small hydropower stations, a habitat health assessment index was developed consisting of 10 parame-
ters from four aspects: river landform, hydrology, water quality and fish protection priority. The
weight of each component of the habitat health assessment system was calculated using the analyti-
cal hierarchy process (AHP). The habitat health evaluation system includes four status grades based
on the AHP score: excellent, good, fair, poor, and the index system was used to assess the habitat
status of the Chishui River headwaters. Six fish species with protection priority were screened
according to the AHP-Entropy weight method, including Percocypris pingi, Euchiloglanis davidi,
Coreius guichenoti, Procypris rabaudi, Schizothorax grahami and Leptobotia elongata. Habitat
evaluation results show that 30% of the river habitat was in good condition, 50% of the river habi-
tat was in fair condition, and 20% of the river habitat was in poor condition. Removal of small
hydropower stations partially restored fish habitat, but the quality of the habitat needs further
improvement. In addition to the habitat status assessment, five river restoration strategies were
recommended: channel dredging, addition gravel, flat form restoration, and construction of gravel
bars and ecological spur dikes.

Key words: small hydropower removal; conservation priority ; habitat evaluation; evaluation standard;
Chishui River



