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Fig. 1 Distribution of benthic sampling sites and water quality state

controlled sections in Yitong River basin
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Tab. 1 Candidate metrics and their response to disturbance
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Fig. 2 Changes of benthic community structure in urban section of Yitong River
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Fig. 3 Box plots of candidate metrics between reference and impaired sites
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Tab. 2 Pearson correlation analysis results of candidate metrics
TebRgn T M, M, M, M, M, M,, M,, My M,
M, 1.00
M; 0.93 1.00
M, 0.97 0.95 1.00
M, 0.93 0.97 0.94 1.00
M, -0.62 —-0.58 -0.59 -0.60 1.00
M,, 0.50 0.52 0.47 0.59 —-0.60 1.00
M,, 0.80 0.89 0.76 0.89 —0.51 0.48 1.00
M, 0.81 0.80 0.84 0.83 —-0.90 0.47 0.76 1.00
My 0.75 0.64 0.67 0.78 —0.64 0.38 0.94 0.86 1.00
xR3 FEAMEXE B-IBL TR
Tab. 3 The criteria of health assessment based on the B-IBI
in urban section of Yitong River
Ta eSS f R RIZi247 3 — i B e
B-IBISME >2.76 >2.07 ~ <2.76 >1.38 ~ <2.07 >0.69 ~ <1.38 <0.69
2 A5 5m% 165
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Fig. 4 Temporal and spatial variation of B-IBI results in urban section of Yitong River

2.3 B-IBIMAS KB E T8 m % £
231 AJETF & KA

7K J5 R F-[B] 1) Pearson AH &M M4 S LA 5.
COD,,. BOD } COD —# Ik PEism, HISJRFER
KA LG G & w0 7, Hod COD,, T DA it
I T A 5 75 7K S A TR KA TS e i, R KR
Gy M — A R BR, 5 A P ) St A
L5, #0 kR BOD, COD, {48 CODy,. NH;-N,
TN J¢ TP J& DA ABE T R N E KK s E = mis
Yt br, Hor m AR b & BT IS HE sh W e v =1 5%
M ", NH,-N 5 TN, TP 77 75 83 S 28 M, 00 B
NH,-N, f£8 TN #il TP, 4k, T, pH, EC, DO 5H:
b7 5 R R S e M 5, DR B . AR T
pH. EC. DO, COD,,,. TN, TP 1 Ay tF jnl 3k [X Bt 11
FEIKFH T

P38 T30 X B 32 2 KT PR A8 B AR AR RRAE D
4, WA T FIEAIERN 1115 ~ 12.74 <C,
pH ZE AL LN 6.85 ~ 7.92, EC &AL B H 5
AR LI, ¥E AT 28.08 ~ 46.62 ms/m.
DO Ji it Vi BE ¥ {8 A2 4k 5 Fl O 7.16 ~ 9.85 mg/L,
2017 4R Ja ik B T 2K SR i, 78 2020 4F 35 B i K

166 £ &5 57K

{H . CODy, WV EYIEAN T 4.17 ~ 8.75 mg/L, &
R b 2R R, 2016 4R JE TV JEK AR AE,
2017 S IR B MK FidnifE . TN BT vk FE Y (A8
FEIE N 2.34 ~ 11.23 mg/L, 2016 F1 2017 4EH L T
KR B, ¥ 11.23 mg/L F % 3.13 mg/L,
2017 4E S5 AR R ARtk . TP J Rk B (B AR 1kl
Flok 0.06 ~ 0.57 mg/L, fif 5% 3] (6] T P& 2 35 & 3%
2016 “FHTJE T4 VIOK AR, 2017 4R et fE 1 .
MoK BibrifEZ 8 Bk B7E 2017 4R LA, BEE T
IMTZEA TR TR 0 S, 25 7K 0t R4 B el
FETE 2020 4EIRF AL, 2021 AR08 TR
2.3.2 B-IBIf8 5 A B F 848 % M

RDA HEJ¥ (51 9 4l I ff B T B-IBL /R R A8 57
) 77.96%, H:rp, RDA1 3 f# R T 65.50%, RDA2 f
T 12.46%. T 1 HE P il B-IBIK & 5 /K T
PR FH G 2R 5034 3 BE AR G, RDA HE - g 4 b b S e
WF5E 1] B-1BI 44 R S AR bR 57K B R F Rl G &R o
FEK K ) RDA Zr g iH{E W3R 5, 7 17K T
TFXF B-IBL AR R 1 S0 B R ik 5] 82.20%. 5%
R BRI A5 R E I, TP(F=8.2, P=0.026<0.050) X}
PS8 AT X B A B-TBIT (B S A% O P8 A ol 25 ki



i), fRERER IR 57.90% .
PP IE T30 X B B-IBI (B K A% O F6 b 5 7K T R 7
) RDA HEF WL 6. 5 €0k i 2k A4 3 B-IBI{A &
Bl d6 s, 4L R B FKTHF, oS54 m
TR B A A SEAE F AR A DGR/ 25 £y
INTF 90°HT, e ff /N A SR AR R, 2 1Y) JE AH DG 1
s 252 F R T 90T, e ffg ik K A% 5% (i 4 Xof {1
K, P I SR e . Horpr: X T A B-1BI 3F
Wik R 4 S0 FEARR UL, TP, TN, CODy, 1 T
X A% O FE AR 43 28 B ST AR A X BE (ML) A IE
] 5, X 432K 0 8 (M) S Marglef 35 48
B (M) A B 1] 520, B0 H A RA T E (M) 5
EC A3 85 1E M52 . X B-IBI{H 1) fe 2 45 5ok
Ui, 5 EC. DO 2 IEAH¢, 5 TP, TN, CODy, Al T
BEHMSE, Hr, DL TP XF B-IBI B A4 7 1) 5210 e
[TEN

Z
o
£ 2 8 B 8

-1.0
T W FORTE 0.01 KT EREANSE; * FURTE 0.05 AT L RFHIRK;
28 AR T E AL
Bl s iRk EE X R IEREE
Fig. 5 Correlation coefficient matrix diagram of water quality factors in

urban section of Yitong River

x4 PETHXEREZKREFEUFECFEAVEE)

Tab. 4 Variation characteristics of main water quality factors in urban section of Yitong River(Means+SE)

JFE A E/ (mgeL ™)

AEfy T/°C pH
EC DO CODy, TN TP
2015 11.4849.04 7.26+0.06 28.08+2.09 7.41£1.14 8.75+1.33 11.23+2.99 0.57+0.23
2016 11.91+10.27 7.17+0.04 30.62+7.82 7.16+1.40 6.66+1.80 7.17+3.65 0.49+0.29
2017 11.29+10.08 7.27+2.36 39.17+15.90 8.81+3.07 4.45+1.49 3.13£1.89 0.07+0.05
2018 11.52+11.43 6.90+2.49 43.08+19.98 8.54+3.51 4.78+2.12 3.15+1.31 0.17+0.20
2019 11.26+10.23 6.85+2.42 39.30+19.52 8.48+3.92 4.17+1.78 3.91+£2.43 0.20+0.26
2020 11.15+10.67 7.92+1.33 40.56+12.69 9.85+2.84 4.37+0.98 2.34+0.90 0.06+0.03
2021 12.7449.71 6.86+2.30 46.62+16.65 7.86+3.22 4.70+1.77 3.04+1.38 0.12+0.09
0.8
x5 FEAMXBEEEKREF RDA SH#%EIHE
Tab. 5 RDA analysis of main water quality factors
in urban section of Yitong River —
X
Nel
KB T R % pseudo-F P N
=1
TP 57.9 8.2 0.026 é
CODy, 8.9 1.4 0.318
pH 7.9 1.2 0.394
EC 3.0 0.4 0.680 M,
-1. RDA1(65.5% 1.
N 1.8 0.2 0.848 0 (65:5%) 0
6 fRIBIAHXER B-IBI {E RAZILIRIR
T 14 0.1 0.884 5k EEFH RDA 4347
DO 13 <0.1 1.000 Fig. 6 RDA based on the key indexes of B-IBI and water quality factors

in urban section of Yitong River
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Response time lag of benthic integrity to water quality
in the urban section of Yitong River

WU Sixuan', ZENG Qinghui', HU Peng', WU Zhonggiang’,
HOU Jiaming', LYU Xiaolong', Zulifeiya Kasimu’

(1. State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin, China Institute of Water Resources and Hydropower Research ,
Beijing 100038, China; 2. Xiaojialou Water Conservancy Facilities Management Station, Cangzhou 061000, China;

3. Water Resources Planning and Research Institute of Xinjiang Water Resources Department , Urumqi 830000, China )

Abstract: With the development of social economy, the river ecosystem function is gradually degraded, and the
health status of river is increasingly declining. These problems restricted the sustainable development of cities.
Therefore, it is of great significance to evaluate the health of urban rivers and studied the response time lag of river
ecosystem to water quality change. The response between aquatic ecosystem and environmental factors had
nonlinear characteristics and time lag. Macroinvertebrates were used as important indicators for river health

assessment because of their obvious response to water environment changes. However, the time scale of most
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current studies was usually one month or different hydrological seasons within a year. Few studies analyzed the
changing trend of benthic integrity on an interannual scale and evaluated its time lag effect on river water quality
change.

Taking the urban section of Yitong River as an example, macroinvertebrates communities were investigated in
2015 and from 2019 to 2021, and the monitoring data of water quality under the state control section were collected.
The benthic index of biotic integrity was used to evaluate the ecological health of the urban section of the Yitong
River. Pearson correlation analysis was used to screen the collinearity of water quality factors, and Redundancy
analysis was used to analyze the relationship between benthic integrity and water quality, to determine the key water
quality factors affecting the benthic index of biotic integrity. The response time lag between benthic integrity and
water quality was determined by Pearson correlation analysis.

The results showed the following:(1) Aquatic insects and mollusks were the main groups of macroinvertebrates
communities in the urban section of the Yitong River. During the study period, the proportion of Oligochaeta
decreased from 33.3% to 9.5%, and the proportion of Gastropoda and Valmobranchia increased from 25% to 35.7%.
There was no significant difference in the number of benthic species between different months ( P >0.05) and had
significant difference between years ( P <0.05);(2)Four biological metrics were selected for the benthic index of
biotic integrity, including the total number of taxa, relative abundance of the most dominate taxa, the relative
abundance of Diptera and Marglef richness index. Compared with 2015, the benthic index of biotic integrity value
increased slightly in 2019, but it was still "fair". In 2020 and 2021, the benthic index of biotic integrity upgraded to
"sub-healthy". Two of the three reference sites were "healthy" and one was "sub-healthy". Three sampling sites were
"sub-healthy", six were "fair", and only one was "poor"; (3)Total phosphorus was seriously polluted in the urban
section of Yitong River, the mean value ranging from 0.06 mg/L to 0.57 mg/L. The first two axes of Redundancy
analysis explained 77.96% of the variation in the benthic index of biotic integrity index system. Total phosphorus
could explain 57.9% of the benthic index of biotic integrity core index, and the response time of benthic integrity to
total phosphorus was about 9 months (7=—0.88).

The conclusions are: (1) The community structure of macroinvertebrates changed in the urban section of Yitong
River, the number of species decreased first and then increased, and the main taxa changed from tolerant groups to
intolerant groups. (2) The water ecological health status fluctuated and rose annually in the urban section of Yitong
River. The health status of the upper reaches was better than that of the lower reaches. (3) Total phosphorus was the
key water quality factor affecting the benthic index of biotic integrity in the urban section of Yitong River. The
benthic integrity had a time lag in the response of total phosphorus. This study could provide a scientific basis for

urban river health assessment and management.

Key words: benthic integrity; river health assessment; Yitong River; urban river; time lag effect
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