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Fig.1 Schematic diagram of sampling section
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F% pH A ORP R WA A FHR A Z S H0K
JE AT MTACHEA T B0 5, 325 W R ) 2 1G5 45 B 3
WE . FESFERUREE 2 M PATKME(K 1 L), &
TORIRAE PARIELRAE (4 °C) , T 48 h Pt [l 52 56
FEHATRE S K B bRl o . LB (TP) [
K B R % 4y Y6 6 BE¥L (GB 11893—1989) , i
ZUCTND) (0 5 R FH B M 2o B TR 80 48 40 43 e
JE1:(GB 118934—1989) ,NH,-N il 5 % FH 4
G 4 96 96 B 1 (HI535—2009) , ELiA S 16 3
B0 21, i rh TP R FHIH -0 6 0 2 D6 e
2, UUB) R FH A 3 0 D~ W s el 2, i
JIE TR S W 43 B 0 FH A% HE4) 52 ( GBWO07309,
GSD-9) .
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JE A Sl ) f 46 55 B 28 IR sh i ok A R
SRR R B A5 AR R VB AR A A R 2 1K,
SRIG 40 B 3L 38 M U, B AR R A
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PV TR 2 AR A . TR LR =M sh
M ARG EE TR S AR AR AR B BCh 8% 1) Y
VS, S s T EORRR R R T 0
B TR (m® ) B ANAE R AR
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T et 2 REURN 32 5, 38 2o SR 1] 12 0
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FIFH HOAB IR T 5845 4% 0 38 BR (B T 22 sk 44 2]
5 R R TR JEC G I A B ) 2B W o R T R 4K
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Wb SR WE I, I8 T TR T TP (RIS T
KITHRpTRB S B & 2 (H L Cu™ 3 i
B TR ITHIA Cu™ & 5, X A R JRE G JG 5 i 3



41 EFH A ST RN IO MESh LR W 58 B AR RO 75N T K A A A A A 765

MR AN, kEYRESHE —EN
AR
2.1.2  JREAT Bk 45 R
ABFELE TN TTIRIX Y 23 AW A o)
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fIEo SE5HEFBH, TR N TR X 23 /K7 1] A4 AR b X
[RIZGRERY 5 5 B8 s 3 8 IR A 0 HE S 31 )
2 SEIET3TT649 H 14 8L, THSh# 6 Fi,
SIS T 2 4, i HSEa 2 F R AN 4 B ik s
P11 A SRIE T 2 40, Hoh iE 40 10 i HEERZN 1
PSS 5 A, B 3 g Y 2 Fp, 2
R AIEOLIAE 1, 2017 4F 11 H %58 H G sh ¥

7 PRI 2 Bl RSN 4 B PSSR T R
2018 4 1 J 455 R sh 11 Fl, Hrh SE 526 3
it RSN S T R 2 Fb SR 1 A;2018 4E 3
FEE R sh ) 11 F S22 3 Fh ik s)
Yy 7 Fh FECT ;2018 4 5 ) S 5E HI RS ) 8
Fifr, PSR 2 A AR 5 Bl FRICA A1 Ay
2018 4F 7 H %o IR sh i 8 B, Horh ZEE 2K 3
it BRAAZE S B3 2018 4F 9 4 7E H AUE R 1 12
( Bellamya purificata ) . 77 1 ¥ # 12 ( Bellamya
quadrata) SRR ( Bellamya aeruginosa) \Ji .
W2 ( Glossaulax didyma) %5 4 Fl, &ZFEIEHE
W2 Ly h i, AR

x1 R#EsWHE

Tab.1 Classification of benthic animals

i
dqo
Z
f=1
£
o
3

["] Phylum

24 Class

Y4 Species name

—_

IR Branchiurs sowrbyi

2 1548 Clitellata BRI IK 2245| Limnodrilus hoffmeisteri
3 WA Annelida TERIIAIK 2215 Limnodrilus claparedeianus
. FEEH Oligochaeta ﬁ%%ﬁ Whi{marfia pigra<

5 J\H 1% Whitmania pigra Whitman
6 TR A 4 Semisulcospira cancellata
7 ZUE BRI Bellamya purificata

8 TR Bellamya quadrata

9 B PR IE Bellamya aeruginosa
10 . X 1 240 Gastropoda ‘ FHEEH‘!}% Glossaulax did}:ma

11 AR Mullusca LUIRNE Parafossarulus striatulus

12 FIiE2 Cyraulus albusHutton

13 [ 5] [ B2 Cipangopaludina chinensis
14 JRIFBEFAME Succinea evolutaMartens
15 310 |5 B2 Hippeutis cantori

16 84N Lamellibranchia E A Joik 1% Anodonta woodianapa
17 40 Crustacea ETI=E Sibe'zrian ].)mwn

18 F UF Macrobrachium nipponense

19 W HEEHT] Arthropoda ngéﬂzﬁ}%?x Cladopelma e.dwar'dsi
20 Bt 4 Insecta h EHR R BRI Tanypus chinensis
21 PEUL4)) . Chironomid

22 Rl Ceratopogonidae

2.2 BIBIigtRE RHE L
2.2.1 WA E

H i A= 9 58 5 P 48 BOTAN R R4 T2 85
BRI A W R AT B e — B b e, [ P A E g
FPOE R PR A2 BN B TP el N2 B
THRAR X ) W A 2 IR SR TR TR
BT B SROR XA 0 X W A7 R 32 N 2506 B
THANR TSN, HoAth ¥ B 32 BIAS [R) 72 B N 2k 7=
TESRZ I, I, HRE S B AR X 52 T /iy

TENS R SR AR AR Hb X 55 25 M 39 DX 33
[F) 43 8, (AN [) 28 B A VR R 47 52 N R 52 0 /)
ASRELITE R S DMWTEIVE A Z IR, BS IR
R — oK IR L UF . MoK i TN TP
N E R E AR [ ~ 12K EREE W, R
[, Jo R A A e
2.2.2 FLiEhR

AT 225 A G SCHR L B2 DA 43 A B 40 1) AT 4K
WCHERR FE e, 275 5] N A R B AV A 1) 58 B
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SRCOT 5 Szt I 25 A IR T Y b R ER
B SABRE MoK 75 W I SE R B 17 40 W 0
Ve VEICYIRN B B RN RS RBCR L

SERIATR TSRS 4 AST7 1 17 A5 3050 Bi
JEIFEBRE N AR SR i £ kAR (R 2) .

% 2 BIBI &Fikigtx
Tab.2 Alternative indicators for BIBI

Ja it a2 gt o PO K7W AT
Attributes Number Alternative indicators Reaction of interference
B, ST b /N
B, WA B o 2 oK F TN
Yyl 4= B Species richness B; AR oy e T /N
B, W B4 FE BT B N
Bs Shannon-Wiener Z2FE 45 %1 VN
Bs T ARIE 43 1/ % N
B, BT FE TR E 53 1/ % PN
By HEBWNMAE I/ % xR
R AR L] By WEIANAEE 43 L/ % o
Number of individuals B N8 AR E 4 e/ % VSN
By IR AR ANMATE 43 b/ % N
B, FRNAEE 2/ % /N
B B A 3 L/ %e HK
By WEHARE I % (PN
EFR4EH Nutritional structure Bys B E 4 e/ % N
Bis WEHFMEE /% TN
fit 75 P Stain resistance B, it V5 2B AR 4 1/ % N

T )7 A o S A ) AT 3 AR S SCHR AN B8 , AR FL S0 Vi Ll R AN ) A A 5 DA 2 BTN AR ST B 2% W T A
il SR AR A% SRAE T 1T ) 00 34T I AR S5 2 T TR PR BB LE B 100% 75 HH B

Notes: Widespread species by consulting related literature and books of benthic animals, it is determined whether it is a widespread species

according to its distribution range ; The percentage of dominant taxon individuals refers to first calculating the dominant species of each section, and

then according to the ratio of the number of dominant species individuals in each sampled section to the total number of individuals in the sectionX

100%.

2.2.3  $EbRiHiE

R 17 DI (R 3) IR A
UECAE B A3 A7 Va1 5 I 48 A, i 17 A& ik 4
A BB AT AT H e T ik

ffi ] Anaconda 3 BB A A I, R A 4
FITS B &R bR e S b AL (3R 4) AR5 Bl BR
SEHARRRCTT HARTT R Xk I A 2 R
e S B o T 7 N7 N = V1% 7 o (VA -
(Interquartile range, 1Q)= 3 ; 2 Xy H 57 BCAR 78 X
T FERFE IR Z A0, ) 1Q = 25 AT — A Ho (37 B 7E X
JIARVRIEER A, ) 1Q = 15 25 W5 Hh s BB A X 7
YOI, M 1Q=0, HA 1Q=2 WI5tr A4 fE
HEAT R —5E Y Pearson AH I MG 56 i 1€ , L) AG: 26
S SHUT A B ST . BRI T A
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Fe45, B B, B, Bs B¢ By By; By, #EAAH KM
K 5 o

iz H] SPSS 24 X #5 EH8 AR 4T Pearson FH ¢
FESIHT R BARBOUR %5 ftyfrafe . Mk 4%
(] A AE G R B r 1 =0. 75, D)2 B W 8 450 R) 4225 1)
FEABRZNES, Rk b — A~ B a 38 )
ML EBRAEFERERERD— X FIri<
0.75 A8 B0 HH:5 54U

HiZ S nl WL, B, (B, . Bs B, HAERE, A
B, I Bg By, 5 AH A%, Bf AR B, , fe ¢
e NIETRBR R 6 4> B, BB B, 1)K
¥ 43 25 B 0L B Shannon-Wiener 2 ¥ 14 18
B A FNE 43 LBy B AN AT S LA
B, T V5 2B A 43 L
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Tab.3 Distribution of the values of candidate biological indicators at each sample point

F245 Indicators SEY4{E Mean FrifEZ Std Fe K AE Max %/IME Min W2 Pp
B, 3.219 512 1.538 327 7 1 6
B, 0. 902 439 0. 849 817 3 0 3
B; 1. 878 049 1.272 507 5 0 5
B, 0.390 244 0.579 236 2 0 2
Bs 1.631 786 3.173 651 18.858 73 0 18.858 73
Bg 43.966 570 36. 600 780 100 0 100
B, 93.214 370 13.262 210 100 40 60
By 17.908 830 24.043 580 100 0 100
By 0.447 154 1.983 140 10 0 10
By 58. 652 640 34.815 770 100 0 100
By 1.628 602 5.670 106 33.333 33 0 33.333 33
B, 14.504 070 33.091 410 100 0 100
B3 6.775 953 18. 582 480 76.923 08 0 76.923 08
B 1. 628 602 5.670 106 33.333 33 0 33.333 33
Bs 0.355 691 1.587 449 8.333 333 0 8.333 333
Big 95.576 680 16. 179 790 100 0 100
By, 78.477 880 34.642 150 100 0 100
F4 UNS5SRINBEREE NS AERE
Tab.4 Indicators range of observation points or reference points and IQ range
fabr WL A5 A FE b ] Z: BT TR bR 10
Indicators Indicators range of observation points Indicators range of reference points
B, 1~7(3.11) 1~5(4.5) 2
B, 0~3(0.94) 0~1(1) 1
B; 0~5(1.89) 1.5~3(2) 1
B, 0~1(0.26) 0~2(1) 3
Bs 0~2.07(0.96) 0~2.2(1.33) 2
B, 0~100(33.3) 70~100(79.29) 3
B, 76.9~100(100) 97.05~100(100) 1
By 0~50(11.11) 0~13.33(4.87) 1
B, 0 0 0
By 0~100(66.67) 0~90(29.61) 3
By, 0 0~13.33(0) 0
By 0 0~25(0) 0
Bjs 0 1~76.92(45.24) 3
B 0 0~13.33(0) 0
Bis 0 0 0
B 100 86.67~100(100) 0
B, 88.89~100(100) 0~100(42.03) 3

TE A5 5 R BON HERR LR PP A2 8, 1Q =2 RYFRER AT

Notes: The numbers in parentheses are the medians excluding outliers, indicators with 1Q =2 were selected.

2.2.4 (@RI BRI SR E

T, B AR R ST
BT R A A BRI AT 43, B T E I
—bRUE T XA R GE AT T A . 8 — T 40
BT 3 vk 4 4 T R E R & AT
GEUO S LU VR RO HE AR R T 3 AR 4 4
B, TR, ARS8 0 B ke g — 4. LM
PRI 95% 43 i KL (FEHRBESN AT 1 hn 6 5

{H T FE) 808 5% 7350 8 ($5 4R BE AT FH AL A T A8
R WA AE Ay SR AR R0 o 412 38 B 344
FEBUE BT AR WA A 30 (1) BT Pk
FEANFE R T FE R FE A DL A 50 (2) , SR e 3
S 45 Ry BIBT {H, BIBI Ay 3158 05 ¥ W22 50
(3) o AR BT T L35 b3 o0F 14 5w 1z, el HIAS 9]
AT SRR ME (3L 6) o
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Tab.5 Index correlation analysis results

J5F5 Indicators B, B, B; Be By Bys By
B, 1
B, 0.15 1
Bs 0.532** 0. 108 1
By -0.318" 0.372* -0.204 1
By 0.288 -0.472" " 0.185 -0.768" " 1
By 0.322" 0.673** 0.016 0.268 -0.257 1
By 0.319" -0.704* " 0.182 -0.620" " 0.763"* -0.350" 1

TE: = o £ 0.01 ZUH (XUR) , AHRMERE ; + 7E 0.05 B (RBUR) , FCHE R

Notes; #* # At the 0. 01 level (two-tailed) , the correlation is significant. #* At the 0. 05 level (two-tailed) , the correlation is significant.

®6 FBIEMILEZTEAR

Tab. 6 Calculation formula of each index ratio method

LA A 95% 53 4 5% 53 hi%K N
Indicators Calculation formula 95% quantile 5% quantile Max
B, B,/5 5 1 7
B, B,/1 1 0 2
Bs Bs/2.20 2.20 0 18.86
B B¢/100 100 0 100
B3 (76.92-B3)/(76.92-0) 57.14 0 76.92
B, (100-B,,)/(100-0) 100 0 100

TE A7 B; pifEfLE> 1,0 B, iCoh 1, B B, 7L O~ 1 ZJi],

Notes; If the standardized value of B;>1, then B, is recorded as 1, that is, the value of B; is between 0 and 1.

B, = (Bmax_B)/(Bmax_BS%) (1)
B;=B/Bys, (2)
BIBI= Y "B, (3)

KB, NS SRAEIRE; B, N IZIEIR I IR K
{63 B N IZAR bR I IAE ; By, 9 IXAE R Y 5% 537
B0 Bosy, IZARPRI 95% 73 %Ko

PAZ: 5 BIBT 23455 1) 25% 73 K01 o f e
BIME o BIBL AR T2 B fEL AR A 152 D8 f B 25 2 5
XE/INT 25% 535080 o3 A S LA T U 2553, 23 5]
IR R — B A2 P 22 S 4, SR s 5 M T
BIBL (PP rife . HAARM RARMEIL R 7,

xR7T XEEMHTEENY T EEIEEITRIRHE
Tab.7 Criteria for integrity index

of large benthic invertebrates

BIBI {# BIBI value ZEY% Level & 43 Score

=4.01 (R 5
3.01~4.01 ERSE 4
2.01~3.01 — 3
1.01~2.01 B 2
<1.01 e 2% 1

T X RJSE > A2 145 FF , B BIBL{E =0,
Notes: The interval range is left closed and right open, and BIBI
value = 0.

http://www. shhydxxb.com

2.3 BERIMERSKEEXESH

fik¥ BIBISEEOTH (K 2) | & B4 W e £E A
[A] 14 2 4 D 45 2R A — Ry, 2017 4R 11 A
(BKF) A1 A~ ik A B (60 4. 20,2 4~ W i
RLAF B0 5300 3. 31 A1 3.96,3 AWl — ¢, 64
2.14.2.67 F12. 68,1 44525 i 9 1. 89;2018 4F
VA (%) 3 AWy — e (658 2.73.2. 44 FI
2.38,2 AT RLGF, {4 3. 11 i1 3. 1352018 4E 5
HEF) 1A ERERm, (Ho 4.20 ,3 4~ RAFIET
T, £ 5351 %9 3. 87.3.95 1 3. 31,4 4~ Wi,
B350 2. 10,2, 14 2. 17 F1 2. 30,2 N4 2% Wi
T, B4 1. 66 Al 1.87;2018 4E 7 A (HZ) 1 1R
I (E A 3. 04,2 A~— BEWT i, {E O 2. 02 Al
2.93;2018 49 A (BkF) £ 1 AWriiii oy R4, {5
92,49, HLAR T I 2 O B2 2%, 2018 4F 11 (B
) A1 ANBTIR A fE R (R 2. 48, HAds o — i
FPE o ARG BN 2 r9 I e HL, BIBL B9 {0
REBOIFAE— oK L35 PP 951 T BIBT B
{4 3. 16, A A BEIRAE N — KT

i 8 MISCHE D M R m] & B, BIBL B {5
B HA AR SGHE, BIBL &5 TN TP ['TDS [pH |
IR LR Z A SR SCE, BIBL 5 DO i B
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PFEEQE)??E (222930 g b B YERH T BIBI F5 %K

72018. 03

2017.11

0 2018. 01

{ELRERS SR KA A 2 A FRAR B0, 3 8 T K AR A 2
TR AT — 2 B4R 5 18 o

2018.05 [@2018.07 [2018.09 2018.11

(]
=
i
<
>
—
m
—
m
o
—
m
= -
\ S S &
10 11 12 13 14 15 16 17 18 19 20 21 22 23
SKAEMTTE Sampling section
2 BIBIiFMfr &R
Fig.2 BIBI evaluation results
%8 BIBIES&/KREXMESHER
Tab.8 Correlation analysis results of BIBI value and water quality
sk BIBI TN/ TP/ DO/ DS/ H 7K it B ??% ES
HR (mg/L) (mg/L) (mg/L) (mg/L) P WT/°C TS/cm naeators
(pS/cm)
BIBI 1
TN -0.209 1
TP -0. 181 0.740" " 1
DO 0. 180 -0. 160 -0.248 1
TDS -0.289 0.550" " 0.479" " -0.466" * 1
pH -0. 155 0.338" 0.185 0. 044 0.425" " 1
wT -0.015 -0.250 -0. 005 -0.400" " 0.041 -0.499 " * 1
TS 0. 088 -0.193 -0. 141 0.127 -0.540" " -0.338" 0.032 1
EC -0.244 0.462" " 0.458" " -0.591" " 0.930" " 0.264 0.355" -0.465" " 1

TE:# o= 18 0.01 GO (XUR) , AR s + 75 0.05 5l (BUR) , MR

Notes: #* # At 0.01 level (two-tailed), the correlation is significant; * At the 0.05 level (two-tailed) , the correlation is significant.

3 e

i ARG RAT LA T 2, IR M AR OK A3
AT AR (— BRI 22 ) BARAS , A 3R 23 W
Ab TR RE B R AR . 32 B K B AN TR
PIFE AR KRR A R 7T L H K
A B AR ELK MR 5 s e (K T AEBOR RE 3R
BOHFICE R R I e Lk, A8 W) 35 1B 2 UKL
Wi, Ak G2, S BORREALRE %, R
R B e U U R R A T B IR AR,
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Evaluation of the ecological health of Suzhou Water based on the biological
integrity index of large benthic invertebrates

WANG Xiuyun', HAN Zheng', TAN Meng', ZHENG Haisu', CHEN Siwei', ZHANG Shengman', PENG
Ziran', SHAO Liu', CHEN Lijing’, GUAN Weibing', HE Peimin', HE Wenhui'

(1. College of Marine Ecology and Environment, Shanghai Ocean University, Shanghai 201306, China; 2. College of
Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China)

Abstract: In order to promote the management and protection of urban water bodies, a survey of large benthic
invertebrate communities was carried out on 23 river sections in Suzhou. On this basis, the core indicators
suitable for urban water ecological health assessment were selected by analyzing the distribution range,
discrimination ability and correlation of the candidate indicators. The ratio method was used to calculate the
core index values, and the macrobenthic invertebrate biological integrity index value ( Benthic
Macroinvertebrate Index of Biotic Integrity , BIBI value) were obtained by accumulating and summing. The
results show that 22 species of macrobenthic invertebrates were found in the Suzhou urban water and reference
points, belonging to 3 phyla, 6 classes, 9 orders and 14 families. After screening, the BIBI that was suitable
for evaluation of Suzhou was composed of the following 6 indicators: the total number of taxons, the number of
arthropod taxa, the Shannon-Wiener diversity index, the percentage of widespread species, the percentage of
individuals in the class of insects, and the percentage of individuals in pollution-tolerant groups. The optimal
expected value of the calculated BIBI value is 4. 01, even the BIBI value = 4. 01 is healthy, 3.01-4.01 is
good, 2.01-3.01 is fair, 1.01-2.01 is poor, and <1.01 is extremely poor( the interval range is left closed
and right open, and BIBI value = 0). According to the results of BIBI, the ecological health of the water in
Suzhou was uneven. There were more fair and good sites than healthy ; the health status of each point in
different seasons is different. The correlation analysis between BIBI and various water quality factors proves
that BIBI can be used to evaluate the ecological health of urban water and has scientific guiding significance
for the evaluation of urban water ecological health.

Key words: benthic invertebrate; biological integrity index; health assessment; Suzhou
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