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Evaluation of impact of continuous discharge of high residual chlorine tailwater

on wetland water ecosystem based on aquatic animals
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Abstract ; Tailwater replenishment of urban river can not only solve the pollution problem caused by waste water to a certain
extent, but also alleviate the shortage of water and hydrodynamic power in cities, which has significantly social, ecological
and economic effects. Since the outbreak of COVID- 19, the dosage of chlorine-containing disinfectant in tailwater has

increased significantly, and the excessively residual chlorine had a potential impact on aquatic organisms. Haizhu Wetland
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belongs to the urban lake and river wetland of the delta, which contains 40 rivers and is the largest and best-preserved
wetland ecosystem in Guangzhou. In this study, we selected typical streams in the Haizhu wetland for a long period of
tracking observation. The physical and chemical index, the number and density of fish and benthic animals in the streams
were measured during three periods: the suspension of tailwater discharge period (5—10, Aug, 2021), one month (10—
13, Sep, 2021), and three months (15—18, Nov, 2021) after the tailwater was discharged, respectively. The stream that
was not directly connected with the tailwater was selected as the reference point. Index of biologic integrity, redundancy
analysis and other methods were used to explore the impact of continuous discharge of high residual chlorine tailwater on
aquatic animals, and to evaluate the water ecological health status. The results showed that: (1) after the discharge of
tailwater, the residual chlorine, total nitrogen and salinity in the water near the discharge outlet increased significantly. (2)
With the continuous discharge of tailwater, adaptable and pollution-tolerant fish became the dominant species, while the
number of dominant pollution-tolerant species in benthic animals decreased, and their density decreased significantly,
especially in the streams near the discharge outlet. (3) According to the fish biologic integrity index, the water
environmental quality were mainly sub-healthy and general in health, and had no significant difference among the measured
sites. While by the benthic biologic integrity index, the water environmental quality near the discharge outlet changed from
sub-health before discharge to sub-health and general in health after continuous discharge. There was no significant
difference at other sites hefore and after tailwater discharge, mainly for health. (4) With the continuous discharge of
tailwater, the effect of residual chlorine on benthic animals was more and more significant, but the effect on fish did not
change obviously. In general, the continuous discharge of tailwater with high residual chlorine significantly changed the
water quality and affected the survival of aquatic animals. Further studies are needed to explore the impact of tailwater
discharge on other aquatic organisms and the specific influencing mechanism. In this study, the characteristics of community
structure and biological integrity of fish and benthic animals before and after discharge of tailwater were discussed in detail.
The study provided the theoretical and data support for water environmental health assessment and rational utilization of

tailwater.

Key Words: tailwater; fish; benthic animals; water ecological health
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Table 1 The biological parameters that constitute the IBI index system are presented in this study
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Fig.2 Physical and chemical indexes of water during three sampling periods
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Table 2 Species and numbers of fish in Haizhu wetland
, ey FEKHERC LA H N
' R = HE } Rk 3 4 H
H B 4 X Tailwater } .
. . Suspension of . Tailwater discharge
Orders Familys Species . . discharge for
tailwater discharge for 3 months
1 month
#EIE H R} fi Hypophthalmichthys molitrix 2 2 2
Cypriniformes Cyprinidae ) Carassius auratus 3 49 10
il Cyprinus carpio 7 3 1
8% Cirrhinus molitorella 5 5 0
i Aristichys nobilis 2 2 0
7 UE Pseudohemiculter dispar 1 0 0
SAWEEN Culter alburnus 7 2 0
Z R MPLEE Cirrhinus mrigala 16 15 8
BB % Labeo rohita 1 1 1
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Orders Familys Species .Suspens%on of discharge for Tailwater discharge
tailwater discharge for 3 months
1 month
4101 Carassius auratus var. 0 1 0
= At Megalobrama terminalis 8 15 7
IRAREE Squaliobarbus curriculas 19 8 1
J5 3K FEHE Luciobarbus brachycephalus 1 0 0
28U/ Puntius semifsaciolatus 1 0 0
B Cyprinus carpio var. specularis 0 0 1
& Hemiculter leucisculu 0 0 3
WA A Culter recurviceps 2 0 0
BAf Ctenopharyngodon idella 0 0 3
il Cobitidae Bk Misgurnus anguillicaudatus + + +
% H i Rk JELJE WU T £ Amphilophus labiatus 0 1 0
Perciformes Cichlidae JE B B AEf4 Oreochromis niloticus 24 18 15
FERBAELL Coptodon zillii 8 25 4
S g 45 B8 Sarotherodon galilaeus 5 2 0
LERAEM [ . Herichthys carpintis 1 0 0
i 5% Bl R A Glossogobius giuris 2 1 1
Gobiidae WUk f0 Periophthalmus cantonensis 0 + +
Wt 4 i B Tridentiger bifasciatus 0 0 +
BESCTH PR Glossogobius olivaceus + + 0
ﬁiﬁiﬁdae 505 Anabas testudinrus 1 0 2
Jiﬁfif:lae RLYEE Eleotris oxycephala 2 0 0
L[| iR} Engraulidae 285 Coilia grayl 4 1 2
Clupeiformes U Carassiodes acuminatus 0 0 3
filiF} Clupeidae L8 Clupanodon thrissa 0 4 1
@%ﬁﬁﬂ Eﬁﬁ%ﬂ’ SIECE Y Prerygoplichthys pardalis 3 4 39
Siluriformes Loricariidae
A e
f/?uﬁg/ilionnes l@\/?ujli dae KIGEEIE Chelon macrolepis 3 2 0
“+ (R L BUZIT R bt R, SUSOE M R
R3 BEABHNEEMANEZEERE
Table 3 The relative importance index of dominant and important fish species
AR AR FARHER 1A H FeAKHER 3 A H
ﬁlg Suspension of tailwater Tailwater discharge Tailwater discharge
Species discharge for 1 month for 3 months
§% Hypophthalmichthys molitrix 142.4 133.3 243.8
i Carassius auratus 229.1 3676.4 1042.6
il Cyprinus carpio 829.8 197.3
1% Cirrhinus molitorella 208.2
i Hypophthalmichthys nobilis 164.6 155.1
FAWESA Culter alburnus 201.8
E i INPLEE Cirrhinus mrigala 951.0 1403.7 617.2
= f4ffi Megalobrama terminalis 203.1 231.0 252.1
IRHAR Y Squaliobarbus curriculas 687.2 191.0
=i Ctenopharyngodon idella 556.1
JEF B Oreochromis niloticus 2430.0 1720.6 964.1
FIRP M Tilapia zillii 234.4 1081.1 118.5
U Carassiodes acuminatus 252.5
FILLFL T Y Prerygoplichthys pardalis 453.9 2548.6
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Fig.3 Number and density of fish species at each sampling site during three sampling periods
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Fig.4 Comparison of niche widths of common species
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Fig.5 Redundancy analysis of fish and environmental factors
speed : LI ; T 7K I s salinity ; 5 ; SD . 3B W ; DO A TN, B TP - Bl s NH N 280 ; CODyy, « BT FRER TS 4 Chla: 4 2 a; CL ANV
biotoxicity : A= ¥ 8 E ; TN/ TP . & LU ; TLIc . 53 B TR S HE 5K

K 17%, 245 S1—S7 HHEESSS 19% , WARREEH Y 28% , — 5% i 53% ., S6.S8 Fl SO i ¥ 4%
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Table 4 F-IBI results for each sampling sites in Haizhu wetland

Rk e FKHER 14 H Rk HERL 3 A
Ui Suspension of tailwater discharge Tailwater discharge for 1 month Tailwater discharge for 3 month
Sampling sites F-IBI 43 TEHEEER F-IBI 43 TEREAELR F-IBI 43 fHHEFER
F-IBI score Health level F-IBI score Health level F-IBI score Health level
S1 30.01 — i 30.61 — 34.76 —
2 52.59 DI&fd5 49.02 . f 77.66 11235 3
S3 29.33 — & 47.14 Ak 28.24 —
S4 34.71 — 63.39 fa R 28.74 —
S5 43.45 RIRESE 3 52.31 AR 24.12 — i
S6 62.52 fi B 59.25 e B 36.83 {5
S7 25.6 — 21.83 — 35.59 —
S8 89.4 fat 81.37 {e B 62.37 f
S9 60.28 fi 54.86 {5 48.83 RIR/E3E 3

F-IBI; £ 384 W S¢S PEHE AL Fish biologic integrity index;S1: PHYLI S2: = HIHh/K 1153 PEVLIE (— . I K TR ) ;84,3 1 I ;S5 &
RS VU SBT3 96 : HAE1H 5 ST FRVLAMK 115 S8 . A 1 5 7T 5 S9 - B
2.3 RS AL
231 JERMShYIREK SRR
WK 6 FZK 5 Jrn, B/KEFHRON R R 201 %00 R sh A 35 #p SRIE T 4 117 49 17 B L3R R
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BB W rh AL W] ( Tubifex sinicus ) 1 EE T 7K 22 15|
hoffmeisteri ) . 2 & W Y& W W &
( Tylorrhynchus sp.) , B B S 2 E 40 95 [ 2 8 1]
( Branchiura sowerbyi ) FIEK H NI ( Gammarus sp.) ; B
IKHERL 1A A )5 R AR IF 4 5 IR Sh ) 18 Fi, S
F30T74 11 B RSN TR BN E K228 ZEH
PEW D e FFRIORHC R RIS B ( Tanypus sp.) , B E R
SR AN BRI RN 22 B A9 14 W) VD B ( Nephtys sp. ) 3 FE/KHE
W3 A AJEIRAEI LW 16 L RIBT 31716409
Bl AR SR N5 KRR RIS 2 BRIV 4, &
B O BROH 9N B UR T R AW 45 T 8% ( Stenomelania
tortuosa ) FNFZISCRIHHE 2 1504l HL ( Petopia sp.) . FE/KE
PHEBCR R K HERL 1 5 SR AR B B9 IR 3 ) 22 i
1A BAKHRE 3 AN H 5 R BRI 5 2RI s A7
Jri b = UCRMEILRIFG 7 B b Ik R S £

( Limnodrilus

RKHEBBAH

g

RARHEIAH
oK R
Bl6 =XRRERMEINMMFHEL Venn E

Fig.6 Venn diagram of benthic species changes during three

sampling periods

SEby Y/ S B S SR T E AL e S S ey

K22,
x5 EMEMAEHNEEMENETEERE
Table 5 The relative importance index of dominant and important benthic species
e R R FEakHERC 1 A FEsKkHE 3 A~ H
S " Suspension of Tailwater discharge Tailwater discharge
pecies

tailwater discharge for 1 month for 3 months

MRS R Petopia sp. 25.27428 148.622
K EFEIAN L Tanypus sp. 44.16894 1064.089

FUF Gammarus sp. 729.7743 268.7205 284.994
IR GRS Branchiura sowerbyi 185.35 2126.622
FRABERS| Tubifex sinicus 1815.693 83.36622

FEHIKLE Limnodrilus hoffmeisteri 1058.967 1255.957 79.29642
PEWI Vb %% Tylorrhynchus sp. 2557.981 3144.928 1840.316
W)V AL Nephtys sp. 42.39351 160.0008

2558 Stenomelania tortuosa 283.4856

WE 7 PR, AR AR A= Py Py Fgic Bl (] 22 T B A, L koK 1 BRI A0 S2 R S3 LU BRI
AL ST B A: I R AR D 37E S FRLLTR, ST R S5 SRS o 4 W R AR i S RIS T, S4.S6..S8 Al
S9 miBERT ] 2 R Rk, S1.S4.S6 Fl ST SR ) 2 B A R /K RS HEUR 35 A, o2 ST A, HEik
FIRMIE S2 F1 S3 i SABCE i S8 AR B4 %5 B A IGAR AR, Horp S3 i s diR, SO s sh ¥ % B o | F+
Je B RRAG, E R KHE R 1 AN 5 F B8 i 1 Bl R $2 sRE R BRI A (67 AN/m?) FEK B 4R £
(53 4/m*) .

SUCRERES A AT sh W P Fh B e K FE A A AN T 8 BT, B 4R T 4 N S B A 7 R /KR A5 HE I ]
VIR B i 22 |, Bl R /K RS, Py b B S R AT 5 [l T, ST AN R S i A A R 34 ) 5 2 d s, e B0
RS mE RN BEE RS 2 BRI R B E A A, L B RS . IO SE BN TR
FEAKHER 1A A B3 BRI 5 i T, R 4R e 405 B I, HLIG A AR A, B o 28 1 W) e 8 Ay e
=R N T EE
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Fig.7 Number and density of benthic species at each sampling site during three sampling periods
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Fig.8 Number and density of various classes of benthic species during three sampling periods
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Fig.9 Redundancy analysis of benthic animals and environmental factors

2.3.3  B-IBI $8hR1A R PEH
B-IBI 48500 /K HEBGE M PPN 25 R 3R 6 TR, 7% s S8 Fl S9 il HE A5 95 83% , I it 5 25 % ot
17% ., %Ak S1—S7 B ER Y 52% , WA RS2 5 28% , — 59 i 10% , 55 22595 10%, S4.S6—
SO ST G5 R BT g R 2 R A I, S2 sSITAT 45 R 2, S1.S3 Fl S5 s TP 45 A 85 22, filt R R A7
E— A 25
F6 IR ZIES B-IBLIEEITMER

Table 6 B-IBI results for each sampling sites in Haizhu wetland

- oK R Rk 1A~ H Rk 3 4 H
Salf;‘)'ﬁng Suspension of tailwater discharge Tailwater discharge for 1 month Tailwater discharge for 3 month
sites B-IBI 4+{& {R AR B-IBI 4ME 1SR B-IBI 43 {H {ER AR
B-IBI score Health level B-IBI score Health level B-IBI score Health level
S1 80.93 fet 17.07 — i 26.61 DIZ:
S2 28.82 DIR3 22.61 NIZ: 26.56 it B
S3 31.16 RIAE35 17.17 —ft 8.39 L
S4 44.91 fERRE 32.72 fi R 29.76 AV f
S5 34.55 fHERR 8.78 g 38.61 feRE
S6 65.66 fa e 41.27 fa e 42.08 TR
S7 59.61 fEERR 40.14 {ee R 31.58 feRE
S8 48.88 {5 33.88 {5 29.03 DIR{idE
S9 75.41 f 50.36 {3 31.40 fd e

B-IBI. JEEA 3 A 4 52 4 P FE 5L Benthic biologic integrity index
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Table 7 Results of comprehensive evaluation of fish and benthic animals

S F-IBI /3 B-IBI 4MH ZEH TE AR
Sampling sites F-IBI score B-IBI score Synthesis score Health level
KB HEL S1 30.01 80.93 52.40 fi
Suspension of tailwater discharge S2 52.59 28.82 42.14 IV feit
S3 29.33 31.16 30.14 —
s4 34.71 44.91 39.20 W fd B
S5 43.45 34.55 39.54 W fg B
S6 62.52 65.66 63.90 fthR
S7 25.60 59.61 40.55 Y fa B
S8 89.40 48.88 71.58 fdthR
S9 60.28 75.41 66.93 feth
FRKHER 1 A~A S1 30.61 17.07 24.66 —
Tailwater discharge for 1 month S2 49.02 22.61 37.41 P fi
S3 47.14 17.17 33.96 3V fit
S4 63.39 32.72 49.90 feRR
S5 52.31 8.78 33.17 WA B
S6 59.25 41.27 51.34 {eBRE
s7 21.83 40.14 29.88 —
S8 81.37 33.88 60.48 fdt R
S9 54.86 50.36 52.88 fdthR
FKHER 3 A S1 34.76 26.61 31.17 —fi%
Tailwater discharge for 3 month S2 77.66 26.56 55.19 fet b
S3 28.24 8.39 19.51 —
S4 28.74 29.76 29.19 —
S5 24.12 38.61 30.49 —
S6 36.83 42.08 39.14 T ft B
S7 35.59 31.58 33.83 3V fit
S8 62.37 29.03 47.71 fiad
S9 48.83 31.40 41.16 AV f

A=W S B APEFR RS A SR B B SCPE AN 10 Bz, K B 45 HEOW 8], F-IBT 23BN B-IBI 23 {H 5 4%
FOCH AN, , B R /K I RFEHE , F-TBT Z0 -5 A S 22 AR 5G9 HLAR SCAR I Je i inJm i), B-IBT 23K
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Fig.10 Correlation of biointegrity index with residual chlorine and salinity
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PR S R i P B R /K R v AR 6 T, TR /K AR 11 375 B 8823 T v KRB R 2 1R 42 em THETEE 110
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KBRS IR A2 2 ARBFTE R B 3k B K ke B B A S, Bl R /K i R S Hile , HE
JHCFT BT (S1—S3) YA ) dE R AN BTG N . A 2B X AR ST 52 PR s, A BF5E 6 1] 0.04—0.08 mg/L FYAR S
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TEHREEWME BN, AP 25 F e 2 B 25 AR Ak, $2 50— M2 4l B Ak iRt 4
BUEZ A BB TR 2 ARBF g K HE 1 A A9 A) B ARl 3 ok, 5 9 H .10 A R
4y U A Y R B — 2,

5% 2 WA Rt 25 56 B RO 3G I WS = & BE R T R I AR 98 R BUK IR SR B T+ £ A AR A
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T S MR ER i S /K SO O, e s R /K I 101 A HARS T35 R /K 2 /K RS 11 S8 N S9 S A kA2 /K
T/ NG R HERIIR] , 5 BRI AT 35 4 2 ) 0 B V5 B DT 45 SR 25 O i R I ft B, 2

http ; //www.ecologica.cn



8530 xR 43 4

T ERITAK R FHARTC Y LA T A AT S 0 e b T B PP 25 5 5 0 28 28 4y 5 MR R DAY
SEIL TR WA A — I, S AT A S PR A5 R o — 3, RUKHEUS , % 1 (S8 il S9) fa 2 A ) o
H R A Sh 4 A W S B PPN 45 SR A8 LA a0 B s HEZK BRI S1.S2 A S3 A5 Ak 19 28 A W) S8 K P A 285
B R — B, F BN AR A — 8 5 (EJR AR B HE K DTS Y S4 S5 Fl S6 A5 fa S AE Wy e B M RN 45 2R 2
SV 5 R — i, TR SX = A a5 AT 201400 A 40 50 P DT 235 SR 28 g fe B I {5

A W) SRR HR RS A ENER BE AR S T & B 25 R K A RP S B, JEC AT Bh ) 32 Ay SRR BE B 2 i 3%
WONsE | Ay S AL B R S 52 A . Y& A B-IBI 40H (F-IBI /0 SRS MM A2 RN 5 A1
AT — A AR E YRR B KA 3, 0t A S 32 Vv TR s, M 2 R IR s 32 4%
ST A T TR Z KR T AR KRR B S A G (r = 0.812,P < 0.01) , AEMKE K il LTt
2B K AR P TV A I A B B B IR R ER E | T B 5w £ SO HE Sh W W Fh 2 AR v B L R
%, TR 00 T IS A A A7, S5 OB HESh Y A TR] , 7K A= 36 HESh B fn e 2o £8 B At sz e i > % R
IR AT A 5 A TR 3G 1 3ok B R e R AR, , 7 3R 1 3 4 DX sl P K R ek, 398 58 K A B SR [RI J
IK I RFSEHE R 75 32 G R i e SR B 4R T R S AR TE T RE S K A AR AR AE AR IS e, ARBIF 5T
AU T A0 2 R S % R AR R SR HE AR M AT T VAl 5 B A 0 4 i 1 A S A BRI, iR T 4
JEVEAN R G  ANTRIEAR Y T sh ) LA R R K A A ) &5, FE0EA 5 B ek ) 801 B8 R Pl 174 R B I A

4 Zig

3 0 1o A% SR K HE T T S K AR K A Sl ) R e ) A B, FE K 5 eI S 2 3 1 ok
B KRR SRR SR R, AR R /KON £ 2 RIS Sl ) BV 540 7 2 1 AN TR s - H
0 2 R SR D o ST 52 1 i P 0 26 S S, I 1 BRF A AR AR R R B LT s KRR e
JER 4y 2 AT 5 b R 35t e R K HEUR SRR 3l 4 W i it A7 e KR AR 08 975 010 38 8 B2 S5 IR . TR
)R IS R ) e R DAY 25 R DA 3 0 R ST A G B R K AR B A A v i 1 A e R 2031, B 2
IKBYFFSEHRTL , IS S 52 A EANER BE RS2 Ok B i 2 | 2832 B A2 L/, 2R B PPN S 2R 3R WK AR
B2 A AATE TR R SR, iR AR KRR GEWE 1 /K AR SRR AT | Jim S04 5 A ) 2 A I ] 15
FEL it — 2 R R KR OR B K A A W s i Bz AR B 2 WAL

S % 3L HR ( References)

(1] farside, Ze8kdn, YU, E5E, ko0, UL, skUR. RS RGMEREMINEVITE R, FRERHL, 2018, 31(6): 71-75.

[ 2] KarrJ R. Assessment of biotic integrity using fish communities. Fisheries, 1981, 6(6) : 21-27.

[ 3] Feio M J, Hughes R M, Callisto M, Nichols S J, Odume O N, Quintella B R, Kuemmerlen M, Aguiar F C, Almeida S F P, Alonso-Eguialis P,
Arimoro F O, Dyer F J, Harding J S, Jang S, Kaufmann P R, Lee S, Li ] H, Macedo D R, Mendes A, Mercado-Silva N, Monk W, Nakamura
K, Ndiritu G G, Ogden R, Peat M, Reynoldson T B, Rios-Touma B, Segurado P, Yates A G. The biological assessment and rehabilitation of the
world’s rivers: an overview. Water, 2021, 13(3) . 371.

[ 4] Ruaro R, Gubiani E A, Hughes R M, Mormul R P. Global trends and challenges in multimetric indices of biological condition. Ecological
Indicators, 2020, 110; 105862.

[ 5] Oberdorff T, Pont D, Hugueny B, Porcher J P. Development and validation of a fish-based index for the assessment of ‘river health’ in France.
Freshwater Biology, 2002, 47(9) . 1720-1734.

[6] Fak, X220, £Ek, 28, D, TS MAETLT W ORBL RN S Wy I8 4500 5K BT A W vv 4. i AR ZS 2541, 2012, 23(1) :
247-254.

[ 7] Herlihy A T, Sifneos J] C, Hughes R M, Peck D V, Mitchell R M. The relation of lotic fish and benthic macroinvertebrate condition indices to
environmental factors across the conterminous USA. Ecological Indicators, 2020, 112 105958.

[ 8] Mulvey M, Leferink R K, Borisenko A. Willamette Basin Rivers and streams assessment. Hillshoro, OR: Oregon Department of Environmental
Quality, 2009

[ 9] USEPA. National Rivers and Streams Assessment 2013—2014; A Collaborative Survey. Office of Water and Office of Research and Development
Washington, DC, USA. 2020.

[10] W37, S8 AR KM AR M F 0. RT3 S5, 2021, 32(4) : 10-11.

http ; //www.ecologica.cn



20 41 FRIGIE A B TOKAE ST 2 A SR K HE RO P M K AR 1 52 ) 8531

[11]
[12]
[13]
[14]

[15]
[16]

[17]
(18]

[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]
[41]

[42]

[43]

Al P BTN 3T 5 K A ) AR FEAE A . WiTLRHE 24 B4R, 2012, 24(4) ; 316-322.

EFw, AN b ET AR AR AR BORBESE. 4K HEK , 2021, 57(7) : 48-53, 59.

RELTHN, JTARLL, sk, Bl RN 57K b3 i1 7 3. 4K HEZK, 2020, 56(4) : 40-43.

RO, WA, IR, MRk, IRALG. e RIS KAL) SR AR TS RE T AR PR AR U SRR Y. 47K HEIK, 2020, 56(6) : 1-
5, 14.

MOLT, RATE, M, WEAR, B0, . REKA MR, 4%, 2005, 25(10) ; 2717-2724.

TEME, MO, BRARY, ZRAEE, FhSE ) BT 1980—2007 A KIS fa MRl A | X RAFIE I A AR . AR S 244k, 2010,
21(9) : 2403-2410.

Shannon C E. A mathematical theory of communication. The Bell System Technical Journal, 1948, 27(3) ;. 379-423.

BSEsE, AR, R, JOBRRR, BEETHE—, ZRAE. REEOKAY) SE RPN AR R R kg S . R PR 2013,
33(7): 1280-1289.

TRER, SRR, BAGR, W, sRkE M, RO, AR, BT S R MR BN AR VLT R BN BUAE S R BRI SN RO R
2014, 42(12) ; 183-190.

AR, XVERI, SKIE. bRiffb s iE T 2 I RN s ) A W e e MEFE 4. A= 35573, 2012, 32(15) : 4661-4672.

E&H, BT, BIAHE, SOAREE. BT S e B MR B-IBLIT-M R A NE. £, 2005, 25(6) : 1481-1490.

SR, RO, FUE, EKIE. I TR S AR Y e S M DU NN AR S RSB ET . AKA RS, 2021, 42(5) : 52-61.
TRA, TR, JH AR 2018—2020 4R IR W) 0SSR 45 0 SO EREE P 3 B XT R AT, A3 SRR R 241, 2021, 37(5) : 674-680.
RO, AKERR, MIE, 2R, Wbk, sRER, JTHTH, AME. WL RS SR (37 X 3 2 I Bt R o SR S L.
YIZFEME, 2016, 24(2) : 175-184.

BARRAR, skittse, TREU, BRIER, fRITEE, BRI, BOR, Tarr, KR, AP KRR AR R L S IR R TR K
FeREdR, 2018, 42(5) ; 694-703.

Lotts J] W Jr, Stewart A J. Minnows can acclimate to total residual chlorine. Environmental Toxicology and Chemistry, 1995, 14(8) . 1365-1374.
TLRSE, B3, SRR, PRk, BILT. RGO 3 MR BT T HE . HAE2A TR, 2009, 27(4) « 86-94.

BRI, RIS, FRRESRG, VERT, sROMR, BRERDT, IS As, BRESE. TN R VDI R R R 3 W A AR AR S AL BT R A R
2021, 17(3) . 13-17.

B, AR, BEER, SOBORT, BRI, R B R R W VA T AT 3l ) R IS R A A AR S AL A A, K AR AR, 2007, 31(5) -
675-681.

ZepaE, SUME, XUGRIRG, T HE. RIS S A8 7 AR ) AR ARV T F K A S BB 5. A SRR, 2017, 12(5) @ 161-169.
KRN, BIBRA, MRS, S, EAE, SKUEHT. LU SR RIS MR T 4 1 RO s AR . KA RS R, 2018, 39(5) : 31-38.
HOME, AR, s, BRANVE, SRIII, SRESE, ARk, &R, sk0g. ) M T BRI R R S RE A R ALSORI S AR IR,
IR 2020, 18(2) : 200-206.

. BB ATRERE. PEK™, 2008(2) : 73-74.

AR 1l B Rk BEMRAL R VL g )3 KB S S A [ D], B ARIMR AR, 2017.

TRAR. BRIL I R AR MR BT S ) AP BB L BE KR AE L. 2R, 2014, 22(3) : 302-310

M5 9, Vladimir Razlutskij, Lars G.Rudstam, Erik Jeppesen, JEMEMT, TG4, X1 SC. Z2 BP0 280 R A K RS- 170 A= S5 i & VE FH Y
S SRR, WIARLE, 2021, 33(3) : 667-674.

Stoddard J L, Larsen D P, Hawkins C P, Johnson R K, Norris R H. Setting expectations for the ecological condition of streams: the concept of
reference condition. Ecological Applications, 2006, 16(4) . 1267-1276.

SRHL, FEME, UY, KUK, FEE, PRS0 ST IRIEEY A Y S R RS B IIA AR B RGN ——L 2012 AFE & R R ). AR
2F4R, 2016, 36(5) : 1431-1441.

Bozzetti M, Schulz U H. An index of biotic integrity based on fish assemblages for subtropical streams in southern Brazil. Hydrobiologia, 2004, 529
(1/2/3) : 133-144.

Wu W, XuZ X, Yin X W, Zuo D P. Assessment of ecosystem health based on fish assemblages in the Wei River Basin, China.Environmental
Monitoring and Assessment, 2014, 186(6) . 3701-3716.

RS, BB, RIS, XBIEME, TRV, B-IBI 7873 VLT 3 6 HE DAl b (9 B IS, AR RIS A4l BSR4, 2016, 48(2):
52-60.

R, BRAS, WRAGEH, SR8, 2308, R, T KRB 3 Hst 2L 90 o 48 BO0e S in i i A S PP AL i L. K AR R ARG
2021, 42(3) . 14-22.

Bal A, Panda F, Pati S G, Das K, Agrawal P K, Paital B. Modulation of physiological oxidative stress and antioxidant status by abiotic factors
especially salinity in aquatic organisms. Comparative Biochemistry and Physiology Part C: Toxicology & Pharmacology, 2021, 241 108971.

http ; //www.ecologica.cn



