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Fig.1

Location of sampling sites in Heishui River
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Tab.1 Sampling site information of the fish resource

survey in Heishui River

PREI=(CNTD G £ I8 /m
AT (S 102°33'12.70"  27°23'41.83" 1139
PE#$3A] (S2) 102°33'43.97"  27°23'36.01" 1145
FRA B _E(S3) 102°33'39.65"  27°22'57.49" 1134

TRFEIEIUR (S 102°33'49.71"  27°21'36.83" 1099

A I _E(S5) 102°33'55.47"  27°21'07.29" 1089

AEFIUR(S6) 102°33/51.15"  27°20'12.21" 1064

AMERTFE ST 102°03421.71" 27°18'10.47" 1050

FABI R (S8) 102°35'01.99"  27°16'40.41" 1030

FARTRIEH (S 102°35'47.70"  27°15'42.06" 995

IR (S10) 102°35'55.62"  27°12'56.06" 962

= A(S1D 102°37'11.64"  27°13'13.02" 1000

Fadr) B5 R (S12)
ZAWHE(S13)

102°36'41.73" 27°11'40.82" 914

102°19'47.88" 27°11'44.68" 908

ZARMPTF(S14)  102°39'09.94"  27°10'01.97" 880
ZARI K (S15) 102°40'17.06"  27°08'46.11" 852
LW R(S16)  102°40'50.26"  27°07°29.12" 827
825 [Hl/K AT (S17) 10204228.77"  27°02'57.78" 779
{EARIT(S18) 102°42'21.19"  27°02'54.16" 784
KIS EHE(S19)  102°43'23.59"  27°01'53.03" 765
765 [817K £1(S20) 102°47'08.31"  26°59'49.13" 687
B 28T 11 (S21) 102°48'57.27"  26°57'45.81" 660
Y 3 (S22) 102°48'56.91"  26°57'45.45" 663
FEIKITIAT 11(S23) 102°52'13.57"  26°57'35.39" 617

1.2.3 AR ML (D746 u i ik (Barbour
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(2) F 3 8 7 07 35 QA 55,2016 < M B 2 BE R0 0
I A EF'M’;%ZTXT?J‘ZS%JS% o L B R Rk 2 4R
Fr o (3) Pearson AH 5 14 73 Bt 7 1% (2R H % %5,2016) :
X4 R AR bR 3EAT FH IS 2 BT 5 25 F8 bR 2 B AH O 1
REUNT 0.9, a7 3% , 45 2 A6 A5 2 ) A7 56 1
REOKT 0.9, MR F14ME BERZ 18-
1.2.4 F-IBLAgAR0 BT E  AHEFIEECE FH 1.
3.5 WK AH 7% (Karr 19815 %8 i ¥, 2006) 1 L {H 1%
(Blocksom et al,2002) 73 5i| X 22 7K i) (1] 81 S A 4 56 B
PEFEE(F-IBD #4710 i 5.
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Tab.2 Candidate indices for the fish—based index
of biotic integrity (F-IBI) evaluation system
for Heishui River
LA S AN D)
AR TD
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SRR S 5 SRR AL G (13D
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TR H & S R H A (15)
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h b R 2R E (D7)
R R E SRR (8D
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R YA E 1D

SRR 1 R E(112)

FKR A (113D
AL IE B A SRR A (114D

T FE AP 15
A P SRR LB (T16)
B 1 SRR LA (117D
AP B R L) (118)

U 0 SRR E (119)

i 52 14 0 S R £ (120)
FEULME IR SR AR L (121D
E L PRGN SR LA (122)

LA P B S L (123D

7R T B £ 2R R LA (124)
2R BAMEE (125

A0 99 A8 BORG AR AR B (126)

AL B kg (127)

VE P RORBE PG O, Z R AR LT s | RORBE T PLIE O, iZ R AR

TR
Note: 1 indicates that the index increases with the increase of inter-

ference; | indicates that the index decreases with the increase of interfer-
ence.
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maxO, A3 i NS FRAE BT RE 5 33K
(8,55 955 i DMEBR IR LG B, IS § MR R LE T
1 RAE 1 5% T R0 R BA 1

% SRRE S5 10 P-TBI {4912 55 % M B AT bR i 148

125 @R ESL USRS F-IBLA 2 ET
B  25% 7R HON RS HEBEAT R 2, $E /N T F-IBLE 72
1B 119 25% 53 B2 50350 3 M 3 A S0y % AR A I
YA A S A0SR AR D N To R, DK T I A Btk
L R 30 I N T 7 R R R — T R
“fiEFET 5 AN 25 gk (Karr, 1981 ; 35 = 15145 ,2010; 1 5,
2015: K HE55,2016) (K 3).
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Tab.3 Grading of the fish—based index of biotic integrity (F-IBI) for Heishui River

FHAE

ANFEF RN EEAT KR 5E B TTBOERR L IR 2R L) o 5 R X AR
IRIGOR /NS 5 T T RE HE B AR 0 SRR SR B 7 (L, e 4 i 5 B AR
PERR AR IS D055 2RI SR AR A /A 5 0% S5t B AN A B Bh ok e i 2 L 491
A%, HAS BLAR AT O 1T 5 KT G R FE AU

IK 2 58 BEVE AT O 8 14 52 2] — e R FERU I, 72 4R 52 31— e R LN N B8 SR 5
2 A TR G B B S L e R S ) SR B B AR R
AL s AR AE VTR (/N 5 TR S 8 R R o T — KO s SRR AN R i
THER B A ORE 5 K A5 G2 FEAR o

TK 2 58 BEVE AT 0SB 1 52 BB OFE R, KR N e AT 5 35 1 SR
o UV L A B B I F SRR 5 ) SR B R R O AR A AR
TR i AN 5 T A S AR BCRE  T — FBOKT s SR AR B BT, BT 4 41

RN IN T 5 ARG G LR o
KA RREAL TTBOEEIE 2 B8 2 A, B AR5 2 B ; 35 38R0 5 0

S B SR SR LU, AR RN I 55 L D3 SRR BEAI T S A

P BURLZ  SMRPANMEECR 2 S IR SRR O s KA TS R

B ME.
F-IBL B &394
> % M8 1 25% 40 A KL fHRRECHD
(23~ 18 15 25% 3 i 8 — M (F)
(1/3~2/3]1x Z [ 14, 25% 43 L 5L BZEP)
(0~1/3]x Z 18 £ 25% 431 5 W22 (V)
0 TN

NFKETYBRIE R, KI5 , B RAE, B R,

1.3 ABC H &5 H#TIE

HHE == B2 AR ) & LGl 2k (abundance biomass
comparison curve , & # ABC 1 £E) (Warwick,1986; %
B 5E 2017 R AESE, 20200 H A= R0 3 1 K1
P MR (U B, 53 M R KT R T SZ B I 0L
M WIE# R ABC iz giit &, AN

W:X(Bf—Ai)/[50(S‘1)] @

b ST, B, A, 53 ) D i 42
K SRR AEEMEER RIPE . WEHS
RBEZ T B R R ANR A PR .
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Tab.4 Relationship between the W statistic

value and disturbance of fish community
structure in Heishui River

FAF 2R

WONIEARIN , A4t i e fr T = B i 2 177 RZTH
WALESL T O, P2 2k BE sl B AR RT3
WARL S GBI S AR B 2R o T = 2R R 7 T E T

KA SPSS 19.0 AT A5GEFE bR 347 16 FEL A2 51
BEJIRTRIZE LA K Pearson AHMHE 34T R #AH Microsoft

Excel 2019 i+ 555 KAf 5515 %, K ¥4 PRIMER 6.0
fiit ABC HHZR P, A Origin 201834 T L 2 .

2 HRE5HM

2.1 &EFEFRAR

2018411 H-20194F-9 H7E R /KRR 1 25HR
420817 &,120.4 kg, K& T4 H 108t 33 J& 45D Fh,
KA B 201 Bl NRPFh 2 Fh (R 5) . Hrp i
T H R, 3R 24 8 31 7, SR 68.9%:;
T HRZ ARk 6 J& 1077, 15 22.22%: 5T H 281 2 J& 3
,156.67%; At H 1R B 15, 5 2.22%.
2.2 1BHRIRIE SR

T 36 B AKIRT 27 AN 3G i bR 4 A7 i R R O
161718, 110113, 114 117,124,126 25 9 N 45 bR M
(B e FE bR TP M B o AR FR AR EAT H ) RE 70 i ik , I
12,1319 111.112.115.118.119.120.121 . 122 . 127 &
12 R ARAE LI AR 2 B8 B B35 22 7, 2 O
EESREN N — R0k (B 2) . XX 12 M e bRt AT
Pearson #H 1 43 BTG 36 (R 6) 5 K4 13.19.120.121 %5 4
ANFERR MR TR bR I B . S e S8 T 5 NI
H 1 8 e bn 1y 2 7K 0T T A B VAN 14 2 1 VT
VEELNE FOR
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Tab.5 Fish species composition in Heishui River
H & (IE)Fif EA I il WEKE > i LESE!
NN Paracobitis varigatus fiif 52 14 JKE PR Atk UPEGE
LA B A e Paracobitis potanini fiif 52 14 JKE PR Atk MR
1158 Oreias dabryi fiif 52 JKZE SR A MR
KM v 5 Triplophysa dagiaoensis fiif 52 14 JKZE SRR Fear MR
T I v o Triplophysa stoliczkae fiif 521 JKE SRR At MR
) I = JEr 5 A Triplophysa anterodorsalis fiif 521 JEJZ SR Jetrtk MIREATY
R TP e i Ak Triplophysa bleekeri fiif 52 4k JRZ SRR It bR
V4 2 v SR K Triplophysa xichangensis fiif 524 JRJZ SRR Aerk R
ARtk Botia superciliaris fiKf 52 1 2 SR WETE R PEGY
ISTI0S Leptobotia elongata fiif 524 JEJZ SR WEE R PEDY
Vet Misgurnus anguillicaudatus fiKf 52 1 R JE R PEgka Rt gy
K% R e bk Paramisgurnus dabryanus fiif 52 14 JR)= SR Rtk Zh g
B i fifd Zacco platypus fii 52 L= SR Hetr ik MIRE
R fif Squaliobarbus curriculus fiif 52 7 HEE JiER ZatE RN
rhAE Y Rhodeus sinensis fii 52k K2 Sy IETE ZHPEGR
LIS & Hemiculter leucisculus fiif 52 7 B2 JUiER IETE ZHPEGY
F Rl Pseudorasbora parva B o EE k2 BT ZH Y
BefEf Abbottina rivularis U JRJZ S Wk DUPESR
s iy Saurogobio dabryi U TR SR Fert ER DY
o PR S AL i A Xenophysogobio nudicorpa U K2 PR WEME R
i 1E2 e Percocypris pingi U bR SR W MR
SEEE] Onychostoma sima U K PR B ZHEOp
SR Pseudogyrinocheilus procheilus TS FRE PR Fea i MIREA
7 A A Discogobio yunnanensis U A JRZ PR Atk MR
TEN G 1 4 Schizothorax wangchiachii U 2 SR iR Ui
PIRE S PRER Schizothorax prenanti U JEZ2 SR HEH MR
ill Carassius auratus iy 52 1 2 JTIER Jtrtk iGN
bk ik Carassius auratus i 52 14 K2 JUEM T ZtEon
A S fifk Lepturichthys fimbriata U JEJZ SRR EEt R
PSR FAE G VD x Jinshaia sinensis U 2 SR [I=N= S i A ]
DU 1 e 5 ik e Beaufortia szechuanensis U JR)Z Pt HEaE R
i Silurus asotus fiKf 52 1 PR JUER R ZPEgp
o) kil Pelteobagrus fulvidraco fiKf 52 1 &2 SR FEgka Rt gy
FL I Ff Pelteobagrus vachelli firf 52 7k 2 A PEgka Rk oy
JFET A Pelteobagrus nitidus fii 5% &)= SR ik ik gp
W HE i Leiocassis crassilabris fiif 52 74 JRJZ A PEgka ZhvEon
- YA AL 55 Pseudobagrus pratti fii 52k K2 SR Ftrtk ZH Y
IIPEEON: Pseudobagrus emarginatus fiif 52 7 K2 A BT ZHPEGH
V)R il Pseudobagrus truncatus fiif 5%k JRE SR Ftrtk ZH Y
Bk 1 45 ik Liobagrus marginatus B JRJZ S ATk MR
okt R AL ik Glyptothorax sinense fii 5% K SR Ferrik MIREA]]
A fa H At R i i Monopterus albus fiff 52 14 IR JUE R AR g IR
s 7 FRE RN Ctenogobius giurinus U JKE JUE R W MR
it H B M P £ Ctenogobius brunneus U K JER W MR
AL Je % B Oreochromis niloticus fiif 52 7 PR it IETE RER

T s e AT LR A 38+ N W F.

Note: % - endemic fish species in the upper Yangtze River; *- invasive species.
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Fig.2 Box—plots showing twelve candidate indices for the fish—based index of biotic integrity
evaluation system between reference sites and observation sites in Heishui River
£R6 EKA 1249 F-IBHEEIERE XSS
Tab.6 Correlation analysis among twelve candidate indices for fish—based index
of biotic integrity (F-IBI) evaluation system for Heishui River
EIED 12 13 19 111 112 115 118 119 120 121 22 127
12 1
13 -0.399 1
19 0.723%* -0.245 1
111 0.666** -0.259 0.811%* 1
112 0.731%** -0.241 0.763** 0.784%* 1
115 0.745%** -0.271 0.965%** 0.742%* 0.777** 1
118 -0.693%* 0.199 -0.459* -0.253 -0.502* -0.563%* 1
119 0.596** -0.035 0.714** 0.707** 0.852%* 0.752%* -0.454%* 1
120 0.703** -0.268 0.739%** 0.683** 0.749%* 0.776**  -0.542**  0.926** 1
121 -0.615%* 0.267 -0.686** -0.494* -0.687**  -0.700** 0.469* -0.537%*  -0.703%%* 1
122 0.571%** -0.208 0.653** 0.484* 0.625%** 0.639%** -0.346 0.508* 0.653**  -0.968** 1
127 -0.165 0.959* 0.418* 0.185 0.378 0.347 0.025 0.559%** 0.395 -0.242 0.246 1

VE: 7 RIR P<0.01, "R IR P<0.05.
Note: **denotes an extremely significant differentce P<0.01, * denotes a significant difference P<0.05.



2024 455 2 3]

F O, N 3R A Ay 5T B MR BOT I B KT BER L 79

£7 ZXKAF-IBLIEMIERR
Tab.7 Indices of fish—based index of biotic integrity
(F-1BI) evaluation system for Heishui River

i A Iz IR RO Ej;g
Shannon-Wiener £ #£ V4344 (12) !
, . FEAT (R R (1D !
PR FE SRR R E(112) !
AR (115 !
HIRGH et P SRR H ] (118) 1
fiif 52 4 U (1 R PP E (119) !
ST PR IR 0 AR L] (122) 1
0 R H 0 S R FARLES )4 B kg (127) !

VR TG 5 2 A8 b BT s | RORBE TR 2 % AR AR
.

Note: 1 indicates that as interference increases, the indicator in-
creases; | indicates that as interference increases, the indicator decreases.

2.3 ES5FM
PO H ) 8 AN TR b 7 AR F 1,335 TREL VA AN Bl

EETF AR bR (R 8. 9) . HER 8. KM
PR AR HE T B R U 50, 2 Bl 75 s F-IBLE
A3AE I 25% 4368 B9y 1) 42.67.97, BB /K] F-IBI ¥
s W2 10,

iz ] F-IBL A B /K] 23 AN KR 5 4d BRI 1)
SRR Fn. 1.3 5 RV 45 B oR , BEK
T 23 KRB A 10 N E” 8 AN A — /7, 54
NAERR” s LA IE VPN 45 SR R, 5 N NI E T, 154
R BN N AERE . 2R T VEBTC SRR U
7 MR 227 KF (11D o BB IK I K823 SRAE 1 1)
fa BER LA T8 227 A — 1K F o 548 ,1.3.5
TRk AL V25 gk R 0 A “ B 227 SRR R o I B s T
g B M SRR T BB 5 B ARV i BER N
IR RAE R o5 I A v TR R R R
Fe 5 Le ol (L 3D o ARG, g J /KT 1 i, F-
IBIfE k= (40 .

F8 1.3 5MEZEZEHRNITSTE
Tab.8 Calculation method of the F-IBI metrics by the 1, 3, 5 assignment method

Fabr RIS wME RKME . W‘ET{E o 4 1 g 1o
Shannon-Wiener Z ¥ 8% (12) 0.75 2.1 <1.20 1.20~1.65 >1.65 !
R 28D 1 6 <2.67 2.67~4.33 >4.33 !
SR S P (112) 6 24 <12 12~18 >18 !
b AR (115) 5 27 <12.33 12.33~19.67  >19.67 !
A B A AR LA (T18) 0.69 0.99 >0.89 0.79~0.89 <0.79 1
TR R AP (119) 2 11 <5 5~8 >8 !
PR PRGN R A (122) 0 0.12 >0.08 0.04~0.08 <0.04 1
LB i kg (127) 0.09 1.1 <0.43 0.43~0.76 >0.76 !

TE A FORBT P58 238 bR BT | OB T 98, %8 bR T .

Note: 1 indicates that the index increases with increase in interference; | indicates that the index decreases with increase of interference.

F9 HEFESERENITESITE
Tab.9 Calculation of the F-IBI indices by the ratio method

fabr (Fabrtas) 5% - hi 25% 53 (4 95% 431 4 O] AR
Shannon-Wiener 2 P84 (12) 0.81 1.08 2.03 2.1 12/2.03x100
ESREREE S/ QIRD) 1.25 225 5.75 6 111/5.75%100
SRRt A E (112) 6.9 10.5 23.1 24 112/23.10%100
SR (115) 6.1 10.5 25.9 27 115/25.9%100
AV AR L) (118) 0.70 0.76 0.97 0.99 (0.99-118)/(0.99-0.70) x100
Ut S A (119) 2.45 425 10.55 11 119/10.55%100
FEREE IR 0 SR E R L ] (122) 0.01 0.03 0.11 0.12 (0.12-122)/(0.12-0.01) x100
AN BS D  E kg (127) 0.14 0.34 1.05 1.1 127/1.05%100

£10 ZE/KAF-IBIiENFRrE

Tab.10 Assessment criteria for the F-IBI evaluation system for Heishui River

Vo T5 2 T (N) Wz V) B#EP) — & (F) e (HD
1.3 5 Mt 7% 0 (0~14] (14~28] (28~42) =42
B (ERFA 0 (0~22.66] (22.66~45.31] (45.31~67.97) >67.97
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Tab.11 F-IBI scores and health evaluation results 60 o M fE
[~
for each sampling site in Heishui River . é" 0
L5 40
o . WRAEE  tefEyE RMEE LA 2 2 g,
SIRE 11 30
RRNUED  ciprg rmrf pEss WSS S
[_4
WA (S1) 21 39.34 L 7 10
PG (S2) 21 38.08 BE BE 0

TR FEIEHE(S3) 27 52.42 B — % % 3 W Te fh

BEREHGSSH 20 05 mE 8% AL

AN (S5) 21 45.41 L7 — N o e 4

P S 3 EATARRR AR A S & Ll

LA 5 R B E5% W

MR BT (ST ” 1837 e 0 Fig.3 Percentage of sampling sites of different

N YR . . ;

AT (S8) 39 62.6 _— — health status in Heishui River

AT (S9) 27 5301 BE Tk 1001 —— Witk F-IBI —— WA PRI
TR (S10) 36 62.26 — & —f& e AR OREIE F-IBUED s St (% F-IBLED
=X (S 36 60.7 — — o

FAH) B R (S12) 33 48.01 — — i o 3

LRI (S13) 42 64.13 fi B —K f 8

|

EARWIT (S14) 36 60.46 — & —f& =
ZAI K (S15) 24 49.57 B —f&
ZARWT PR (S16) 30 53.68 — & —f&

825 [l 7K £(S17) ) 68.27 il il B B O NN
RIS mE S B A e
R S ST Sl

IR Ei7(S19) 42 67.67 fa e —& _- 5(”&6“)

765 [117K £.(S20) 45 71.38 33 i Samphng‘sm(éode)

e B4 Bkl 234 RSN F-IBI A

FHY - 1
ii;j; (;?223) zz ;g; @ﬂ; ﬁ;}; Fig.4 F-IBI values of the twenty—three

2.4 F-IBISESIMERERFHIMERE

Pearson A <4 70 T 278 5 1.3 5 RAE 122 A0 EL AR v
() F-IBI 7B 5k 5 5 B3 RIS (P<0.0D (R 12) .
2.5 ABC HZ&iTMH

ABC & 5 s, F R & Bl —2
FEEEMIFHAS , H WAEHET 0, IRYE 8 WH SR SZ T
(5 R (R A , R HE /KT RBEE A T B TR
3 iFig
3.1 F-IBIEMERAHE

Z: {8 R0 PR I IR RER T B AR U AR IR

52 N Bl 5 0 B W/ (R R 2L (Hughes et al,
1986) . H A, EVATAT R 17— L8 [ 5 [ 2R IR0 X Y

sampling sites in Heishui River

SRRV G e NS AL N (8 |
WS REFE— B E N TIABIR GE R
25.2013) . K, 75 S Fr N H 38 g B S 508
FNAZ N 235 Bl 5 W 5/ (SRR SR A S IR S Rt
FIH S198,2004) o B /K] 7 SL i e/, @ i SRR
R AR T Ji 3t R 7K 3508 3 T B F) 8 K B R T 2
A LT B 7K T A L 3 2 2H RRORN Gy AT R A AR 0
(V3% T,2013; TR EESE 2014 8 75 525 2016 1 £ 45,
2017; R—IE%,2018) K BLAE AW 70, AR HE 1 25
gE FE I N RIS BN KB EE VR
2 FE 0 5 2% B B KT 1 L 7K Sz B 825 IRl K 2
3ANKAESAVE NSRS AW FCEE YRR 27
AN e bR AT 5 A 76 B U B8 40 K Pearson FH

F12 BKARERTFESF-IBIZ EIMHEXERE

Tab.12 Correlation coefficients between environmental factors and F-IBI values in Heishui River

PEIYJii: KR AR It A EYIE ik pH %8 A TR AR [ A HLF AR
1.3 SIRfEE -0.073 0.126  -0.626%*  0.117 -0.010 0.247  0.031 0.103 0.404 0.397
ERiERS -0.035 0.120  -0.623**  0.183 -0.041 0.180  -0.014  0.184 0.396 0.380

T FRIR P<0.01.
Note: ™ denotes an extremely significant differentce P<0.01.
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Fig.5 Abundance biomass comparison (ABC) curve

and W values of the fish community in Heishui River
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River Health Assessment of Heishui River Using the
Fish—based Index of Biotic Integrity
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Abstract: Heishui River is a tributary of the lower Jinsha River, and an important alternative habitat
and priority protection tributary for the fish community in the mainstream of Baihetan reservoir. In
this study, we constructed a fish—based index of biotic integrity (F—IBI) evaluation system for the
Heishui River. The biological integrity of the fish community was then analyzed and the ecological
health of Heishui River was evaluated. Our aim was to provide data to support sustainable manage-
ment and habitat restoration of the fishery resource in Heishui River. Construction of the F-IBI was
based on fish resource surveys conducted at 23 sampling sites in Heishui River from November 2018
to September 2019. Fish samples were collected using gill nets and cages, and all the fish collected
were classified in situ. A total of 45 fish species from 33 genera, 10 families and 4 orders were iden-
tified. Fishery survey data at the Heishui River estuary, upstream of the hydrometric station, and the
825 backwater point was used as the reference point. Eight of the 27 candidate metrics were selected
to establish the evaluation system using distribution range analysis, discriminatory power analysis and
Pearson’s correlation analysis. The F-IBI value of each sampling site in Heishui River was calculated
in two ways, using a ranked scale of 1, 3 and 5, and the ratio method. Five grades of ecological
health were set based on the F-IBI values: (1) no fish, (2) very poor, (3) poor, (4) fair and (5)
healthy. While the ecological health of sampling sites was higher with the ratio method, the trend
was consistent. The health status of most sampling sites in Heishui River was poor or fair. Pearson
correlation analysis shows that F-IBI values were significantly negatively correlated with altitude (P
<0.01). The abundance—biomass comparison (ABC) curve shows that the fish community structure in
Heishui River was moderately disturbed. The assessment was consistent with the actual situation of
river drainage and provides a scientific basis for environmental protection and health monitoring of
Heishui River.

Key words: fish biotic integrity index; river health; Heishui River



