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Assessment of Ecosystem Health Of' an Urban Rlver Based on the Mlcrobe Index.
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Abstract The #lex bt b10t1( integrity (IBI)# has been w1dely tised in river ecosystem health assessment. However, few studies have
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reported the application of microbial communities in ecosystem health assessment so far, especially for urban rivers. In this study, the
[lumina .:high—thmughput sequencing technique was applied to analyze the microbial community diversity and composition of five urban
rivers selected in Zhejiang Province. Canonical correlation analyses (CCA) and Spearman correlation analysis were used to evaluate the
relationship between each taxonomic group and the water quality properties to select the most sensitive taxonomic groups as candidate
indexes. The functional metrics, including the relative abundance of pathogenic bacteria, pollutant-degrading bacteria, and nutrient
cycling bacteria were also selected as candidate indexes. Based on the distribution range, discriminatory power, and Pearson’s
correlation analysis for candidate indexes, five metrics, including the Shannon-index, the number of microbial phyla, the relative
abundance of Verrucomicrobia, Chlorobi, and Mycobacterium were selected to establish a biotic integrity index of microbes ( M-IBI)
evaluation system. A ratio score system was used to get metrics into a uniform score for all sampling points, and the results showed that
among the urban river samples studied, most of them (40.9% ) were at “Great” level, 45.5% were at “Good” level, 9. 1% were at
“Moderate” level, and 4.5% were at “Bad” level. The index of M-IBI effectively discriminated the least, medium, and highly
impaired sampling points and provided a good match with the water quality (R =0.753, P <0.01), indicating that the M-IBI has
potential as an index to evaluate the health of urban river ecosystems.

Key words :urban rivers; microbial community; index of biotic integrity (IBI) ; ecosystem health assessment; microbiome index of
biotic integrity ( M-IBI)
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FRE Shannon  Simpson Ace Chao PD oTU 1% BEFLH IR (R L) /%
EiER AL A G (<5 ASTETET] RG] TR AR DU SRR
1 4.386 0.028  573.586 598.122 56.892 445 18  65.67  13.84  13.48 5.09 0. 64 0.01
Do 2 4.017 0.037  477.815 492.500 43.619 356 16  51.60  14.55  22.84  10.49 0.12 0. 00
3 3.392 0.136  485.653 503.000 50.756 373 16  19.39  14.02  11.88  51.43 119 0.00
4 2.700 0.256  452.741 452.068 44.453 335 13 21.02 12,11 _ 7.54 5559 0.36-" 0,00
/ : a1 A
1 3.468 0.134  633.530 620.042 63.795 481 14  20.42 (19.39 | 11.48 37.76 4, 52;'“:: 0. 89
2 2.762 0.293  607.620 615.571 627525 472 16  10.82  [17.09 6.87  58.42 1317 0.98
PT] 3 3.274 0.155  693.940 722.400 67297 534 16 2200 |21.4 8.6 4217 2.0 47096
4 3.666 0.119  776.045 764.111 80.625 593 20  28.40 | 20.89 6178  38.19 120047 0.19 |
5  3.834 0.113  899.038 923.209 /87.793 710 19  32.46 | 15.34-"4 624 37.57 0.95 028
1 4537 /0,039 977.543[ 998.098 100:262" 785 23 36.36 _ 19468 (12,76 | 19.62 2703 | 20.37
N © 0033 821.991 7967143 81 81157641 21 45.73 17 1199 13,4747 13.09 1.67 0.25 .
F 30 43640 0.034  757.466| 46523470029 593 17 45.98 2458 | Jo.7  12.00 1,88 _ 0.37 4
4 4397 | 10.033 1004805 862821 70.733 4647 20  47.85, 24.91/ 864 10.52 1.88 0. 145"
I aam | o0a4 778.236 776034 6812 605 17  55.87 -,“fr27.04 334 62 1407 046
w24, 4pes 0.036  897.831] 9]1.523 ‘78’.‘014 666 | 18  54.96 .. 26.98 3.63 4.98 1.49 0. 45
O 3| 4308 ©7 0,046 825.395 8241029778135 601 | 18  64.280 23.33 3.45. 3.26 1.01 0.24
i A L4 700 0,023  921.945 891.709 .78. 653696 18  53.31  30.56 3.13 5.35 0. 87 0.30
17 4682 0.023  823.107 828.118 72906 649 17  49.73  32.47 4.52 4,65 1.16 0.16
2Y 4.977 0.015  881.885 882.567 83.806 709 19  40.36  34.67 6. 39 4.43 0.71 0.11
ZIT 43 4.872 0.016  841.600 852.034 79.168 679 18  40.51  31.93 7.01 5.21 1.24 0.25
4 4514 0.027  779.787 778.444 68.795 633 17  44.30  30.22  12.50 3.79 2.23 0.01
5 4972 0.015  914.492 930.495 83.116 729 19  44.58  31.75 5.17 5.58 1.17 0.22
K CCA 73 Hr i 2 Wy i T 45 4 A2 Ak 5 K i 9
FRIBIAE 2R, 4551 o CCA-1 Al CCA-2 Sl
W RETE o0 A R R R 030 R 33.12% F1 17, 41% 05

(Bl2). S5 RPEHKGE KRV KEE pH, DO,
NH, -N, TP, MnO, #l COD & ¥ S5 E Mg o
i BA B EAHICR (P <0.05).

HE— 2D H, 3 HTIk SEOK BT AR 5 & A P2
BEZ [B]AY Spearman AHICHE, 4NIE 3 fras, 4583 H
Bacteroidetes ( #1 #T- % ] ) #1 Cyanobacteria ( i 4l
[]) AT 5 DO, MnO, Al COD i B 25 1E
A (P <0.05), T Actinobacteria ( £ B [7]) #1
Chloroflexi( 5425 E1 1) I F IS DO . MnO;
COD it 2 EHMA KKK (P <0.05). MAH,
Verrucomicrobia (PE R []) A1 Chlorobi ( £% 5 []) W
5NH, -NAI TP & &2 B E A LR (P <0.05);
Firmicutes (JERETE []) W 57K 1A pH 5 8 35 6RH O

CCA2 (17.4/%)
=)
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Fig. 2 Canonical correlation analysis of microbial community

distribution variation and environmental factors
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Table 2 Main chemical and physical properties and scores of each sampling point
KB KB
AR pH /m;)_OL_] /1::4LN. /mgl_PL . /r;‘oljl /m(;(_)f_] pH DO NHf-N TP MnO; COD 474
1 7.8 660 2.98 0.41 4.00 26.00 500 4.00 0.00 0.00 4.00 2.00  2.50
pg 2 T 610 4.04 0.53 4.80 33.00  5.00 4.00 0.00 0.00 3.00 1.00  2.17
3771 6.70 3.09 0.50 5.30 39.00  5.00 4.00 0.00 0.00 3.00 1.00  2.17
4 814 7.2 4.41 0.63 8.00 44.00 5.00 4.00 0.00 0.00 2.00 0.00  1.83
1 1712 662 0.27 0.07 4.12 1500 500 4.00 4.00 4.00 3.00 5.00  4.17
2 73 9.70 0.59 0.06 4.44 13.00  5.00 5.00 3.00 4.00 3.00 5.00  4.17
PT) 3 774 470 0.39 0.04 3.04 11,00 5.00 2.00 4.00 4.00 4.00 5.00  4.00
4 751 6.68 0.51 0.11 3.42 14.00  5.00 4.00 3.00 3.00 4.00 5.00  4.00
5 746 6.39 0. 68 0.11 3.34 12200 5.00 4.00 3.00 3.00 4.00 500  4.00
1 748 430 0.61 0.19 4.48 13.00 500 2.00 3.00 3.00 3.00 5.00  3.50
m 2 T4 450 0.65 0.19 4.52 1400 500 2.00 3.00 3.00 3.00 5.00  3.50
3750 4.60 0.67 0.21 4.54 100 5.00 2.00 3.00 2.00 3.00 5.00  3.33
4 745 530 0. 68 0.20 4.62 13.00 500 3.00 3.00 3.00 3.00 500 3.67
1 7.82 3.6 2.22 0.22 2.90 8.00 500 2.00 0.00 200 4.00 ~5.00" ;3':00
wrr 2 171 3.3 2.10 0.27 2.6 10,00 5.00 200 0.00 2.00 4.00 5,0@-{ 100
30769 2.93 2.30 0.25 2,90 1100 5.00 1/00£0.00 2.00 4.00 5.0/ 2.83
4 774 319 2.42 0.22 147280 10.00  5.00 2 09' 0.00  2.00 4.00 5'_.00 frs 00
1 7.89 4.98 2.85  ~0.21 ;  4.00 14.00 500 /2.00 0.0 12000 400 3.0 -;-" 3 00
2 782 2.9 293 | Jo. 10.00  5.00, 1:00 j,‘--'“"o. 00 1200 4.00 500 2. 83/
Zr 3 71657 2.56 3.30 | o, 6.00  5.00 4,00 0.00 2.00 4.00 5.00 '2.‘83.
T8 165 R 2021 LA 9.00 5000 1007 000, 200 400 500 285
5 7.8 /3.8 3.06 ) 1000 5.00 /2.00 | 0,00 2,00 4.00 5700~ 3.00
2 | S ::1"' gy | :
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Fig. 3 Spearman correlation analysis between microbial community
phylum composition (top 10) and water quality index
Z(P<0.05). ik, Frixss 5 FHK TS bn i T
FAR TR AT I AN A SEVE A I A R .
2.2 FELISARA I
A5 308 T LA S W] T AR WA 7 2 RE
SEFFNTIRE, [A] ] e /K 5T A A 8 AH DA Py 20
JRLAE Al T A ) 14 £ W) e B PR R 0 (M-IBI) #5328
2R, /J@J_%ﬁ%ﬁ 224, WnFk 3 R, A
Fr e S B AT U R ST W‘ﬂ%\, PAHITUZSY

S MIBLAG 54 M B 4 (4 A 49,
_Shannon F8¥g(M1) | #5325 850 (M6) |
TR T IAERT FERE (M11) | SRR T AR 32 B (M14) il
A3 AT R SR AR =E B (M17) .
2.3 M-IBI #5451 R PP ST 25
15 07 08 H B FE AR FH F AR R 3 B A5 bR ML,
RN S P,
B R FCAE 5 19 M-IBL 38 bR K 2 07 0 o (35
6) , dEmAE AU LS I A RAE S T P A ) 5 4
PEPES> I RV (2 7) , &5 ﬁﬂﬁﬁ%’ﬂ(ﬁ”ﬂ/\
PERE IS % 5 PTI-1 M PTJ-2 ¥k« fad R As, H
75 Y sSSP G5 S 7 RS KRS R G i
FERAS, 10 RSN WAERE”, 2 MES N —
M, 1A B 2ET . RAETIE M-IBI (A5 R 2
N, T LR A s M-IBI (B 3 & T R WERAE A
R K R A5 A A X B
2.4 M-IBI XF T 0 2 Ak
HRAE A B A B AT A4y, X T kAT
TRy, Horb, Y0 BRI s R SRR 2 PTI- 1
M PTI-2; T Aok R S5m0 58t 12 4, s
PTJ-3, PTJ-4 . PTJ-5. ZD-1, ZD-2 . ZD-3, ZD-4 .
WRT-1. WRT-2 . WRT-4, ZT-1 fl ZT-4; HA R
FOAIK TP A 5 (1) . M-IBL PR 45 51
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Table 3 Description of candidate metrics for M-IBI and their expected direction of response to disturbance
Ei=F Y A B S =1 ) TR || e RdEhe POR /NN
M1 Shannon 84X TR M12 SR AR TR TR
M2 Simpson 5% TR M13 BT A 42 ThE
M3 Ace K T M4 SRR T
M4 Chao 154§ TR MI15 Methyloversatilis A%t 3 B LTt
M5 PD $54¢ T M16 Anaerolinea ( JRALEH & ) FXTF & Tt
M6 ﬁ(i%ﬁﬁiﬁﬂ( D) Tr% M17 Mycobacterium( S SCAT B R ) A E 55,3
M7 AR EE(OTU) TR M18 Nitrosomonas ( JAH L BB R ) AN B T
M8 TR TR T hE % = TR M19 Nitrospira (T PLIR RIS ) AHXS 52 12 L7t
M9 TEAN TR AR 2 T M20 Sulfurimonas (Bt S MY T & ) AHX F 7
M10 T B T TAR RS 1 EJt M21 Clostridium (HZ T & ) HIX$ = B T
MI11 bR GIRE RS E S T M22 Salmonella (V> TR B & ) AN F B L7t
6 24 4
.
§
5t 2t -
= T Sl T £
& = S
g 4t IR Coaf T
ST : :
® 26l 1L =
E3f _ 1+
L]
. I
2 . - 12 ; . 0 ¢ :
153 BH 55 BEL T3 BHR
1.2 .
=
= 0.8 %
B &
= 27
g 04 =
s BHN REE ST 2H ]
B4 MIBLEGES S A55RANEEE
Fig. 4 Discriminatory power of selected metrics for reference and impaired sites using box and whisker plots
%4 M-IBI #E4RHI Pearson 18X 15 47"
Table 4  Pearson’s coefficient of correlation between nine candidate biological metrics
FILAR R Ml M6 Mil M14
Ml 1
M6 0.594 ™ 1
Mi1 -0.032 -0.017 1
Mi4 -0.497" -0.396 0.528 " 1
M17 -0.051 -0.061 -0.285 -0.327
1) * F/R P<0.05, = = Fm P<0.01
£5 5N M-BIHERERERPHIBREENIEBITEARX

Table 5 Distribution of the five metrics at all sampling points and formulas for calculating their relative scores

EEL) 5% ikt 95% sV %L SN AR

M1 2.786 4.853 4.980 M1/4. 853

M6 14 20 23 M3/20

M1l 0.37% 2.17% 4.52% M8/2.17%

Mi14 0.00% 0. 46% 0.98% M12/0. 46%

M17 0.26% 4.56% 7.51% (7.51% -M17)/(7.51% -0.26% )

1)MI 1 M6 %7K Shannon 8 UM /- JBICH; M1, M14 Rl M17 43 B FORPEREBATT | SRTE T 1A 3T B i A = B
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Table 6  Urban river ecosystem health assessment

criteria based on the M-IBI index

». — f— Y _ =% p AT 4]
{E ARG B T 00T, 4559 8 n M-IBI A nf A 3% X M-IBI FECfi e 2
N ol TR 3.472 ~4.339
SETARIREENS, th . BIREEA (P 5) , RUIAHF B
ST o o - 2.604 ~3.472 5
FUR LR M-IBI 5 85T 45k RO S oK 1A 7K 52 1Y) L 736 - 2. 604 Y
%%L‘Ejj . Jﬂﬁﬁl‘ ) %Fﬁéﬁ‘@ E] Uﬂﬁ*ﬁ M'IBI {E‘%ﬂ( 0.868 ~1.736 ﬁ;ii
JAR SR G F , S5 7R 4R 8 M-IBI 46405 <0.868 e
HIK B84 VE e BE 857 (R =0. 753, P <0.01) (A
R7 BHXRES M-IBLETMNER
Table 7 M-IBI results for the sampling points
/\/EE =P
T A M-IBI feHER B
Ml M6 M1l M14 M17
1 0.8842 0.8592 0.2878 0.0125 0.9234 2.967 A
Do 2 0.8097 0.7637 0.054 5 0.005 6 0. 8882 2.522 -
3 0.6828 0.7637 0.5351 0.0000 0. 406 4 2.388 “%
4 0.5438 0.6205 0.1615 0.0000 0.0000 1.326 sl
1 0.6989 0.6683 ; 4 1.0000 1.0000 | [0.9974 4.365 e ey
2 0.5559 0.7637 ©  0.5861 1.0000 | £0.9574 | | 3.863 gzr% :
PTJ 3 0.6586  0.7637 0.9813 0.2957 | 1.0000 3.699 SHER
4y 0.7392 0.9547 & 04460 0.2188. 10000 3.359 i e &
= #5 0.771 4 0.,9069 &/ 0:426 1 0.2943 @ 07770 ¥ £8.176 AR |
‘i 0.914 4 00007 40,9090 0.4272 / 0.6258/ 3.876 ol
"o iy 0.8963 = T1.00007 " 07497 0.2890,/ 0.6842 ¢ 3.619 _ fe
3 0.878 1 0.8115 708435 0.42372 fr 0/603 7" 3.560 T
4 0.8842 09547 ¥ 1 0.8436 0.1611 & = 0.4248 3.268 T Ak
7 1 . 0.8802 0/811)5 0.6092 )  0.5364 0.8367 03,694 3
der o . 7 0.8983 0.85927 06659 0.5167 0.788 4 3.728 e
¥ i 3 0.868 1 0.8592 F0.4510 0.2808 0.8954 3.354 LA
4 0. 946 6 0.8592 0.3877 0.3476 0.793 4 3.335 I A
1 0. 908 4 0.8115 1.000 0 0.0155 0.8573 3.593 3
2 0.9809 0.8592 0.5550 0.2915 0.7374 3.424 I fi e
A\ 3 0.9426 0.8115 0.5185 0.1902 0.7937 3.256 Al
4 1..000 0 0.906 9 0.3164 0.1328 0.4914 2.847 Ak
5 1.000 0 0.906 9 0.5226 0.2539 0.6077 3.291 A
1) FRARYE K AR50 R B S5

3 g

3.1 25 AR
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Fig. 5 Sensitivity of the M-IBI to discriminate the least,

medium and highly impaired sampling points

R=10.753, P<0.01
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i, Fig. 6 Analysis of linear regression for M-IBI

and the water quality index
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