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Abstract

The indicators are selected commonly to assess the health of water ecology environment, which
can reflect the actual situation during the study period. It is difficult to continuously reflect the
changes in the water ecological environment. Water ecological restoration is a long dynamic
process. It needs a theoretical technique and method that could reflect the health condition and
restoration effect of water ecological environment in real time. Based on reviewing the current
assessment methods of water ecological environmental health in recent years, the qualitative and
quantitative movement behaviors of fish were proposed, and the indicators of movement behavior
and sensitivity water quality of fish were used as water ecological restoration effects of eutrophic
water. A set of effective and operability assessment system for water ecological restoration effects
was developed. It was more in line with the actual conditions of water ecological environment. It
can provide scientific reference for the evaluation of early warning and restoration effects of wa-
ter ecological environment.
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1. 5|15

KA SR BTN 7R 1 R AR K A R AT A, R TR XK AR A R L AT 9
I P 0 SR K IR B ¥ GRS BEAT M AN AN o KSR R —ME KIS EE, W HNKAESKHEE
TR PPN 7 V2 MR K AR R ARG AT 25 G V- s — MRS OL R, B FC T B PN 8 A s ikt
BRI IR R P SEBRTE L, AR MERREE S LK AR AR A IR B I ELSIR L, R I R 0% S A f Bt /K A 2 PR (e e
ARG SANE R AR AT I 150 78 7K AR A IR B A R VPN (Rt 9 4 o

Hul, EAHTKRESHEERENRI7EEEG R fabrik RiEATERYME[L]. febrfk &Rk
e HATERE S WSR2 I —Fio7iE. TR BIMIER 2 o, FEGYENY: . BB 2
ZNFERRbR, PRI TR bR — MRS G T KIS B B SR AE DU AT IR AL . FRAR YRS R AR AR P B R A 4
FARETR 1) 50 B SR I B /K AR S IR SR A FROIR L B — Fh e & 0 A 7 v
2. IBFRERE

AR RIE MR KES REPRHER RS DhRe, 26, 1% EYEHBEH AT
febrfh &, BRI ER VM K A SRR EOIR G . TR E H 5 KA S S IER I s 7k &
PRI A AE AN A7 . — U7 T R K AR AR PR R R VAN OS2t 1) AR B R TAREAT VRN
M, ST TH R R A VN TR bR R R0 2 KA S RGE B E R AT VG [2]
2.1. IKBRIBFRIFENERE

TR AR PEAN A FR % 0 BLE ik SRR v R TF B, X XSRS i b AT i e B IR
H AR PN 0732 32 A 15 J AR BOPAN I BRI TIROE . B TR SR G KR A0
PR R W) AT RN I BRI EOSE R L K 68 2R G VPR AN A 28 I 4% 1922 3] . 77 %5 (2001)
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HENEBUK LA RRGEVIRE . SR B0 SRR BFMAMM23R Chl-a). KAEYHRIR(E
PILBFIMAEYE) . ZAETEIREEE = 24808, 0 X el K875 G TREVA B ROR BEAT PRI 4] R
(2010)5F NG FH R BB, AHA IEAHEAI 43R Chl-a SE/K B AR KGEMDKAES B E TR R T
e KB AAC TG DL BEAT VAT, S5 SRR WK B 210 R 25 (5] E8(2012)55 Nk i) pH B WA
SR, BEELFEMA. HEE. COD. BODs. %A WA, M. SM. BEFEASE 12 TUK R EA
fEFSAN Cry Cd. Zn. Pb AT Cu 55 5 5L g2 #i5 A3t JHE i Kt HERT R T8 A4 B 2R i TRE B R AR
B HIEAT ER G PO [6]

2.2. GEVNIEFRERE

ERE VRN R AR AR R 2K A A AR G 00 FL AR S B DR EBURH L ) PP A0 8 B ot K A A2 RO AT
MZRE VR, 2 PR AR, Hh . QP2 MR S MRS aRn e R, HiTCleE 7
PFZHIBT TR . A EE (2014) 55 N U AR 78 AN REESIHIK BT 8 I Eh AR S ) A PR 4R 5
M5 52 B A A ) 5 B P 7 T 25 B VP T RIS I AR RS R G R[] SRR H(2015) Bt %) 39 T I
WASTIRE . BREAHAE ™ R TR 1M AE S B RO “CAREN - ER T R
PP IR RS S PP SR AR IO RO, B AR T DUSEIN A 4 S R TR AR S IR R I RCR[7] . 5K F
(2017)55 NG5 & A K AN R TR A0S 1, M3 T 3 MRS 7 MENIAN 19 NMEFRI A KRS
RU TR K A B B BRI R bR 2R, IR B SRR R TR i E S 4R AR AL [8] . FRUR
(o17 ks TR T KB AT ThRER T IR 44 DNERGTabr OB, 1
BT TR S DI RE RO A RPN, IR XTI R X AR S R G BOR LA T IR [9]. T
3L(2018)%5 N R U R GEHHE MBI 73 Wi B KA B R RCR VP A Fa 45 /2 U5 MR 7 IR F e 2 ok
SR R HE KRB EVEN SRR IR, XE PR HE AR 10 Hi8 B0 AT 0 PORbREAL AL BE, il TRt A 5 &
Lz R ARV bR dE[10]

2.3. AFEM RS

1) K FEFR PP R RIE PR

TR AR FR PP A 2232508 106 KIS K T AR HEAT B 04T, FFARAE K Fi bmons 7K 2R 2 Ak e AT 1T
s PP SE RAAER o (H BT RN AR B b R AR I AR BOIR DL, KRB — R B &S R 4
B I IRl DA S S 2 P A T A A A o PRI, BEARSRAS — NIk, S LR I 45 2R,
HEALTNREM NI S IFI 8] B S8 .

2) LRV TEAR IR R DL oh 1

ERETRIMR RN Z A A AR I A, I CEAT AR ML P Fa b K A A (R BEHEAT 2R 5 VR4
SRJE FHE BT BRI S N AR KA AR S MEAR S S AT SR G VP, AT € B EUE
PERIAES RGMERIPEIR . Bt SRS MR E 2 LA PP b R R IR T m . B R
BUCE LT A RIS KERIGE, SGREREGE. BRI ERSE, SR I ik
HARB A WHHRRD RN RIRZE RS &, RS ERRRRZE . LT R EE
MERZR, ERZMIERZIEA . ERZENEMRRETIT Y, BB TIFE 2R 5. WA
THFEFWHEER, FEFDZES, AR E TR EBUREZR K. SRR IEMR, KEE
FAEAAAE E R Z A, HOE T EORIRAGME IS5 R, SR WIA[11]. (B air B BT,
IHRERBREONR S, FNK, [ERGIHRET SRR EMR.

EIRPIR A R EAT S A RUEER A, DRI R BT PR 5 EL R gk e HL R s i B SR TR
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I T O K AL SRR PP BB T T7 170 o T JUEESR, K AR S IR RPN 75 12038 AR B PR 6 10 48 7

IR
3. BRPME
FE TRl 35 I 7K R e B 3 S B I SR S A AR K AR A R G HEIRIA,

—F k. H RN F )z iR A 56 B M H8 025 (Index of biological integrity, f&ifx IBI), H2Wf 7 #
IR H RPN K AR S A BRI — Fh L ZE Tk

3.1. YT MEIESUL 1B

FE R RED) T, —ROERE IR R YR R A 2R RN S, TR
Vi YR E R A, TARYE AR AR BRSBTS . BT, NN AR FR R
DAA S RIS RIS T, o 0 2R f R R (UK AR S ISR AN 1 — P e s . £
2 5e B FR $0 (Fish-index of biological integrity, fRi#R F-1BI)2 & P9 AN 58 K A A5 R 5% i B dpe A s I —
FhT[12]. 1K T5(2014) 55 NG X A 21 A ERSERMEIRAR T T ik, M T RIL T (M E)
R TERMEIRIMA R, JERAIZME RN 15 ANBURE s @ BERGLEEAT T PPM[13]. 7K FE38(2015)55 NS H]
1 S SE AR AL F-IBI AR R VP VERNRNA AR A AR FER DL, FF A 23 ANk HE bR Hh 7 i & TV AT i3
ARG SRR D BRI S SRR SRR S ] TSR RT S EuE . RS YR o b
A AT 5 Le 4L 6 N ERRIG F-IBI AR R[14]. R50(2017)5 ANMIEE T LAE SR A fa ks
FhSECELG) . BRSSP RB ] PRI AR 1 28R S E b . A A b SR R B L A RS
W - Fak A B v A SR L] 6 NMEARIIRSAVE F-1BI PR R, FFRHRYIRS A Ml Kk i A4 24
ISR FER LT T VRN [15]. 35 9L(2018) K% T LA WM. /MA%L. Shannon-Wiener 2 FEIHFE4L.
JEMTE PR AR T by TR A2 P RAMA T A b, PR RO MR A b PETRE IR SR AR A
b REASAMRE S ORI Al 28AMA 20 LU EE 9 MBRRIY F-IBI PPMA R, FE0T BRI S R
Gl FEHEAT TR [16]. X1 #(2018)%F A\ KA Karr #2Hiff. Fausch ZB1T 1 12 AN AR A K 5 {8 JE R
Worik, AL T EA KL B TR B F-IBI FabrA R, FFERHKIT B A i i a2 e B
BEAT T [27].

1 S SEREVERR BT R A R R AN 5 EE BT B — RN i, TR R B IR S
rAgE I, eI, TEREHIAEA e, Kk, REOPus H S e K A S PR i H
PR SR K A A PR R VP A 0t 98 AR R R 7 o

3.2. B TEIT IO B A 7K A AR IR R BR VT4 P B9 B

TEARZ KT Y BE T, S R I KR 5275 Je 1A A 3G 7E K I (v B, I Sk y5 Yo SRt i il T
FE I S AT AR A BRAB LR, 0 28 LR I D e B PRI R J St S R A 4 i R SR . sdid
X LRI AR AT e SR AT ST K AR 2 A FROTR Y AT VR ATV 2 H 0 P SRR ) —
FLRT, FRIEA RIS R T A AR A (AT 9 BB AR R4S 21 7 ) V2 5T . #H & 9%(2014) 55 A LABE Ly £
RGNS TR A, I FE AR RO B L 2 b 22 8 AT s e FL B tE R 0 AL, RILKR
WA 2 Bt 4 u TR I Ho2s S B fa R i T Bl 2 B RE p 8 o A i 5 R [18] o FIMIR ST (2014)
CABE Ly £ 487~ AR, Wt 90 = b S G 3400 S50 B P 53 14 A PR A0 A 2R A= AL (R 5 MR [19] « 5K AR 4.(2016)
S N LU I TN B, 3E I W U T R O i £ 2 B A AR A R RS RV T AT I G IR
ot s i) E AR [20]
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SEAh, AR KAT N IR VE R RAT ORI KA BLIR G AT PP AT AR A BN o FE T
DRk 787 S Y S ULl T SRR 1 P N TR BT 9B L = BN B R L & R 2 B S < et
FTEYE. K BRI ARl S A TR . KA rh i B mT LS i ) 48 58 ) 35 K g
71, RIREIL ATy, HRZHERE AR K —m, WRBDKFUEZ 2558 Pk mlEe
BESNE RN B A, I U SR M BTSSR 5 D s s, W REAT R RAEAR
A, WA 2 I 7K A5 G0 H

557 (2014) AT 1y #1121 #01 AN T Bl £ 0 32 AE, AERR MK TS Qe dilleh R 15 e By %
By A2, I SRR SR K AR 2 M S8 70 Bt 7 AN RS Qe s SRIZ SAT S IO RE MR [21] o J 4
S5(2014) LABE Tt | 16 £ 075 B 1 SR AE I AT T R — S R CA™t L T bR R IR R . DU IR
XUy A X8 SR IR VE RN [22] - SRAEE R (2015) 52t 1 — Pk -0 S8 = Eia sh Bz 1) AR P 2K o 5 3 s
%, T SEALCH BRSBTS K BRI .58 = 4EAT NISSRHIE S 3, @I REAR I RIS T
BP 22 X1 2% ) 7K S SRR, R A RS 40 SRAT R S B AT 0 VP ARY - TR M 0 7 o 1) S IR
HL[23]. FEIZL(2015)55 ANAIH 1 3IEZ0 AT x5 5 K BEEAT VA, XK3A BN 1 5 Ria sh R e S e
() 32 BAR SR R 5 3EAT 18I 7E[24] 0 ZFid(2015) i3 SR I A 53 A ) B 1 s 00 (300 B 2 8 £ 2 /K A B
WE AT TR AT SEI S, F Bt (R IE B AT A RO B A AR B, R A R B (s s AT
DNRFHE S BL/K R (i AR DL [25] . #L4R 4R (2016) LABE S 948 A4, W SUAE 2R B ihia B35 18 R s AT
N CL K SR B A AR BR L [ A S, 5 SR B ) £ A B AT o L5 1 Py I 28 2 TRV AE B 2 5]
AN FR[26]0 G2 (2016)55 AR FH AMIAT Dy e [ M N0+ 6l 1 £ T < Jm AR JR 8 1 04T 8t , AU
e AF R T A8 AT DR A HORIE 7t B e SR A B e 3 BN A AT e B, SR E R B R T A
TSR A I RE AR [27]. 228 HRQ017)X K5 S E BT NRFIE 2 8] A G VR EAT 1 2 J5 T
WHFE, WHFEAE REMIIET 522 o AT AR AN hoL B4R B = ANRFAE S B DK B AR R i S A A B Ay
R R AR ROR (28] $ R (2018) A ORISR R, I AR K B IR PR 5 £ 2K
FHATNIICTILR[29]

REGE N W SRR . AR A SE ST NI BUK PP 5 VS AT R A AE — s I R PR P
Fednist fia s SR AR F AL . FRon SR REMERAR TR . TR IR BRI DM 7555 Ik, Bk
T W EAEIAE B BEAR SEGEA P EARSN, BRER ) EREARISHIT Y. FHEENA R,
T A REXS K 5 AT S 4t~ AR 0 B P A o

4. B RBRT AN RHEIRE K ES BRI R R

BB K ESEE BRI W mAZE D S0, LT KA RGURDL . R REE SRR T7 A
FEAWTI AR E DA, UG B Rk MERRI VRN R SR AR B R R, FFIRGE SEPnts ot — b
PEIE AU AN B A 3B R 7 R AR S ME R TR I et - /KRS R G AEim A KT HESh 1
A, WK E A, B LESS T REIA R K A S R G RETUE BT A BT, AKAEEYIRAE il
HAESBE R R 10 EZIRPRAUR[30]. fRIEKAEAMI PRt T /WeEr 107, e
AT RE R SR K ARIA IR DL, AL KR P R AT D i I K A S ) 28 A 17 0 RE s BE Ji 3t s e /K A 2
BEMCR, BAMEHARNE. B, SRENCSOPIKAES@RNEZTB, 8 i R a1
DN IS R 7K A B A S5 1) i DR DU EAT VAN SO L P AR RIE FE A e M #0028 bl 1 32 R AR5 B K 5
1117 A ) 28 T AT DA 0 2 SR A 7K AR B35 FeR B0 L /K s AT M AT AT K A= 38 AR VPO (K B2 B
Tk

AR5 £ S (AT i LA A AT B FIW K T 5 Gt AR AR A MR AR . SERRatE, IR K AR 3
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BB B AR PP ST . AL, SR A8 B B AT O RLAR R R VPO K AR K FUIR DL, BE R SE
SEI H S OK A SIS BRI . BT, P 0BT x K AR 25 B0 8 2RI B AT N B i 1) g AT SR
I FE RIS D o 2 7R AL S IR 7% 40 0@ AT 7 AL R 1 AL ) 2 AN A 25 2 SRR K AR AR 3R 85
ARG A FEVE VP 2 /K AE SIS AN 1) — TR 2 AR N . DA IS AT i BN FE br (I 28 &
DU g . A0 2K A0 A T P 12 R e R kR 88 ) AN B SRR PR AR BT AR (I il 4 DO A 2 i B B 3R
MC-LR MAER T NHs S8R 1E A E & FRMK AR S BRI fabR,  #l€ —EE AT GKE
SWBEEEEOLN . AR TR K AE S BRI R R, KSR RO TAR
ML, KA B FUEMBEE RPN RS K5

E&WE

U H AR RSB BB E WH (2 LR K I AR I AR 2 3h AT e R A
2019JJA160149); | 7i H 2AF}H 5L 43 (2018GXNSFAA281022) .
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