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Abstract; To develop benthic macroinvertebrate-based multimetrics for the bioassessment of the water quality of Taihu
Lake, benthic macroinvertebrate assemblages were sampled at 60 sites in 8 subareas of Taihu Lake. A total of 24 species of
the benthos were collected ; 14 species of Mollusca, 5 species of Arthropoda and 5 species of Annelida. Based on Hilsenhoff
biotic index discriminatory criteria, 15 sites were considered relatively clean while the remaining 45 sites were polluted . A

comprehensive evaluation of the metrics was carried out. The results showed that 7 metrics (i. e. , total number of taxa, the
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number of Mollusca & Crustacea taxa, % Mollusca & Crustacea, % Gastropoda, Goodnight-Whitley index, Hilsenhoff
biotic index and % Collector-gathers) were sensitive. A score of 5, 3 or 1 was assigned to every metric for standardization
of the metrics, and a multimetric on a scale ranging from 7 to 35 for bioassessment was developed for each site by addition
of its 7 metrics. Four levels of discriminatory biocriteria for water quality were eventually proposed by quartation: 7 — 14,
very poor; 15 —21, poor; 22 —28, fair; and 29 —35, good. The re-scored results from the 60 sites showed that the water
quality of southeastern Taihu Lake was relatively good, whereas that of northwestern Taihu Lake was relatively poor.

Basically, the discriminatory biocriteria are suitable for the assessment of the water quality of Taihu Lake.

Key Words: benthic macroinvertebrates; metrics; bioassessment of water quality; scoring criteria; biocriteria; Taihu Lake
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#5. 4% Hilsenhoff A= #738% (HBL) RI4M7K TR BIBARIE IR0 ~5.75; BBV YN 5.76 ~6.5; 155 h
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Fig. 1 Sampling sites in Taihu Lake
(@ Western coastal area; @) Zhushanhu Lake; @) Meiliang Bay; @
Gonghu Lake; (5) Eastern coastal area; @ Eastern Taihu Lake; @
Southern coastal area ;@) Central lake area
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Tablel Candidate biotic metrics

el EYRE RS P F 3 B RS
Category Metrics and Serial Number Response to stress
FEFHER M, : 5=EE & Total Species Abundance [ Decrease
Richness M, : B2 BT HL Total No. of Taxa [ A

M, . P2 BE T8 No. of Chironomidae Taxa F+ & Increase

M, : (B5sh¥ + ARz ) 5K BEITTH No. of Mollusca & Crustacea Taxa [ A
Sy B AR M; : % 48853 % Chironomidae AN
Taxonomic Composition M : % (B 5230% + #{X3h4) % Mollusca & Crustacea [ A

M, :% B RM % Gastropoda A

M; : % MABH % Pelecypoda A

M;.%4iJ& % Corbicula iy

M, : Shannon-Wiener #J# £ 545 $ Shannon-Wiener Species Diversity Index F&A%

M, : Goodnight-Whitley ¥4 Goodnight-Whitley Index 15
it 32/ U B M.,  SBUBR B 2K B8 No. of Intolerant Taxa A%
Tolerance & Intolerance Index M,; : % #UFEKFE % Intolerant Taxa A

M, : % tAE 32 BEIT % Dominant Taxon 15

M, : Hilsenhoff 4=#j$5%{ Hilsenhoff Biotic Index (HBI) A5

Mg : I A ¥4 %L Becks Biotic Index FEAR
BB ARBHEY M, :% ®I&E % Scrapers A
Functional Feeding Group Index M :% HHEE % Predators FEAR

My, :% BiZEWEZE % Collector-gathers 15

M, : % 1B EEE % Collector-filterers i1

M, : % i #& % Shredder A
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18E0) , W T 50% s PB4 YHEBUEIC 5 43, 78 10% S ALEFN 50% 4300 H (AR X FME) ZIE H 4 Y1ig
BAEIE 3 4, KT 10% 3 AHER A PR H0T 1 435 XF 25 W48 BB K 15 e iy 38 3 T 38 I i 38 25 (RN =)
18H0) , MAET 50% sH(LfE A W8 BB 5 43, 78 50% 53 H{EFR 90% {8 (W AREX ME) Z B A4
TBEMEIC 3 4, B T 90% 3 P BRI AEYIFREEE 1 4. BJatRIEX BI040 8 HEAT A W8 B0 15 G e ) iUk
PR, 40 SR A VIR B 3 85 43, M COR TR IR i OB TS RE A B XA R IEHR Y, AN SR AR Mide S 15
430143 YR TR T E TS JekE R XA R IE R s 2, MIFF IR S XA RS R . AREHTEAY
TEB X 4 TR R ST R AR, R AR A IE A X A BRI B A o AR 23378 60 LA 1,
x5 RAR B AR B BRI A, 3R T8 M4 A A e B (B 00 18 B0 R R e B 00 (s 80T S it
BEMER ) ML EE,
2 HER5HH
2.1 RIS

FFARHA 8 A~ XIHAE 60 A A BRI A SLIRAS IRAE 34 24 #, Hp 3Rk Yy 14 7,5 Bshy 5 #,
FENW 5 F, 4B 5 BRI 58. 33% (20. 83% F120. 83% , AR SR IS R IB I 03 2,

£2 Kl 60 M REERRESNMMFAR
Table 2 Species composition of benthos in 60 sampling sites of Taihu Lake

{1 Phylum 4 Class F Species

ik sh¥r Mollusca MAB4N Lamellibranchia Wi Solenaia sp.
WIERW Sphaerium lacustre
TR Corbicula fluminea

i Arconaia lanceolata
#RIK5E3E Limnoperna lacustris
8R4 Gastropoda T IFBEE Bellamya quadrata
EBIFRUE Bellamya aeruginosa
FUE IR Bellamya purificata
WEWT Margarga melanoiides
B RIT SR, Semisuleospira amurensis
Fr A&V W Semisuleospira cancellata
LLYBYE Parafossarulus striatulus
K £ 48 Alocinma longicornis
B ¥ ME Radix auriculalaria
FREEIY Arthropoda B4 Insecta B4 B Chironomus sp.
K EIBEY Tanypus sp.
K HHB SR Tanytarsus sp.
H5E4] Crustacea FEWREYP Palaemon modestus
FR4EKIT Caridia denticulata sinensis
#1534 Annelida B EH Oligochaeta 2% K9 Aulodrilus sp.
B KLY| Limnodrilus hoffmeisteri
W 2243| Lumbriculus sp.
2 B4 Polychaeta KW & Nephthys sp.
#24 Hirudinea JRUE Glossiphonia spp.

2.2 YR EIY T

R 4E Hilsenhoff A= #135%k (HBL) R 437K i 4% 51 B b v , ¥ 25 H <€ S13.,S19,535,536.,537,538,539,540,
S41.,842,543 544,546,548 1 49 It 15 MRS AKX B MR, HR 45 MESABEES. £TF
XA X5, 2E AT Y 21 AN EYHE S, A 10 M8 T WM B EHRLE(p <0.01) (K 3) ,Hb , EFEERH
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F3 BEEWIEBNIER
Table 3 Evaluation of individual candidate metrics

AMEE MWORB()  KSPRR() B A REgy R .
Metrics M-W test (p) K-S test (p) CE® Included or excluded ﬂ;ﬂ::u_icm melidimg or excluding
FEEHREE®
M, 0.007* 0.015 HeB& Excluded PSitul
FiFh BEHRE®
M, <0.001° 0.003* 55 R cluded  SEIFHHRR, SZHEA
M, 0.010" 0.081 HEBR Excluded BN FFH BEMR KO
M, <0.001° <0.001° 85 R cluded  SEIFHHRR, SZHEA
Sy BT RO
M, 0.006* 0.023 HeB& Excluded PSitul
FiFh BEHRE®
M <0.001° <0.001°* 82 R cluded  SEIFHHRR, SZHEA
M, <0.001° <0.001°* 82 R cluded  SEIFHHRR, SZHEA
M, 0.535 0.400 HEBR Excluded BN FFH BEMR KO
M, 0.394 0.635 HEBR Excluded  RIEAFF BEHHR®
Mo <0.001° <0.001° 53 HEBR Excluded 2RI XA 3RD
M, 0.003 * 0.003* 72 R cluded  SEIFHHRR, SZHEA
T 3%/ Bk
M, 0.086 0.999 HEBR Excluded BN FFH BEMR KO
M, 0.082 0.988 HEBR Excluded BN FFH BEMR KO
M,, 0.185 0.055 HEBR Excluded  RIEAFF BEHHR®
M5 <0.001°" <0.001°* 100 552 Included SERFERRR, S HEE®
Mg <0.001* 0.002* 55 HEBR Excluded 2RI XA 3RD
DR A AT
M, <0.001°* <0.001°* 82 HEBR Excluded  ABIHFR S M, BBP
Mg 0.032 0.164 HEBR Excluded BN FFH BEMR KO
Mo <0.001° <0.001°* 75 R cluded  SEIFHHRR, SZHEA
My, 0.377 0.036 HEBR Excluded BN FFH BEMR KO
My, 0.984 1.000 HEBR Excluded  REW W BEHH KO

(@ M-W ;:Mann-Whitney U; @) K-S: Kolmogorov-Smimov; @) CE ; Classification Efficiency; @ Richness; (%) Taxonomic Composition; & Tolerance &
Intolerance Index ;@) Functional Feeding Group Index;@®) Did not pass both significance tests; (@ Pass both significance tests and universally applied; @
Low classification efficiency; ) Overlapped with M,

A M, (BardBsnso M, ((R72s0%) + BARsh¥)) 732K BI80) ; 70K RITHBEEH0E Me(% (F5esh +
BAshY) ) M, (% B8R 4) M,, ( Shannon-Wiener #J55 ZHAAE4) FI My, (Goodnight-Whitley 1545 ; U/ it
ZAGECA M5 (Hilsenhoff A= Y850 1 My (W FEAEYHSEL) ; HEER R R ECE M, (% BIEEH) F1 M, (% H
WEE) o TER EEYIRECD, T MEBRX 2 TG 517 R R BRCRTE T0% U b, Hrb M X 7330580y
100% , X 2 AR R X RE T IZELE EMUEEHAEERFR, MAESE TWSHEFR, EX
B R IZ , B A e SN R B AR, M, 1 Mo B9 X M SR, 235 R 55% 1 53% ,{B.% )&
BIRTE MR, T EIKAEEOR MR , g TR B, T My B HERR . 55 S0 AT R 58 2 B9 JRATS 3l 7 2K R
B M BRERW SRR S M, E2ES (BT ARNEIRE P RABREE) , HItHR M, REAZER
YR EEAE 7 A M, (B B0 M, ((F 5esh¥) + SR SY) 70K BI0H0) M, (% (F 5e3h4 + Bk
2h111) ) M, (% B2 4) My, (Goodnight-Whitley $5%) \M,; (Hilsenhoff A= 45%0) Mo (% HIRIEE)
2.3 JRWESHYISEA YIHE UK PR BEHERY T 52

T A BAE NG YR EEI TR MR FIE e LR 4, RGN EYHE BUEE T THH S P B
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MHITAS, 3, 1A HIL A T 7 MAEYHREE BN EA YR, i TX 7 MR RE SN
545, /MR 1 40 UGB YITs BUE R T RETE R 7 ~ 35, T LR AR E R M WAk B S £ Y
TEEERI 734 4 DK REANE Y HNE:T ~ 14,1R Z (very poor) ;15 ~21, 2 (poor) ;22 ~ 28, —f (fair) ;29 ~
35,%F(good) ,

F4 LEREYPRYEETERESOFAEA HRTNES5E
Table 4 Frequency distribution statistics of the final metrics in the clean sites and its scoring criteria

BB 4tit Statistic i04y Score
Metrics B/ME 10% Gl S0% i 90% il BRE

Minimum 10th Percentile 50th Percentile 90th Percentile Maximum 5 3 1
M, 2 2 5 7 8 >5 2~5 <2
M, 2 2 5 6 6 >5 2~5 <2
M 74.42 97.60 100. 00 100.00 100.00 100 97.60 ~ 100 <97.60
M, 0 48.33 93.33 100.0 100.0 >93.33  48.33-~93.33 <48.33
My 0 0 0 2.40 6.98 0 0~2.40 >2.40
M5 3.38 4.46 5.88 6.17 6.52 <5.88 5.88~6.17 >6.17
My 0 0 0 4.40 23.26 0 0~4.40 >4.40

2.4 K 8 XK RS SIS
AR TR € B 7K B 3| A M B E B BN 60 MR AT 4R i 43, it 8 AN XK A “ — k" K UL b
ZA (GBI =22) R B (RS) , R B, KB AR XB 7K B X 48 4 19 X 38R, 17 75 I X 38
D RBEKERZER X, 7EAT 60 MR Rt , K R WA A W R 33, 33% , BB R 323 T El 1
RS AHERHMESRPAKRI—BWELEZINEISBSL
Table 5 The percentage of sample sites with fair and above level of water quality in the geographic region of Taihu Lake

:;E?Zi%c region HHEEHD  HLg® BRE® FHO  ABEEHEC ARWC mEERE°  Box®
JBRE S % Total number

of sampling sites 17 2 15 3 2 8 9 4

B 47 b Percentage 0 0 13 100 100 75 78 0

(D Western coastal area; (2) Zhushanhu Lake; (B) Meiliang Bay; @ Gonghu Lake; (5) Eastern coastal area; &) Eastern Taihu Lake; (?) Southern
coastal area; Central lake area

3 itig
3.1 kA Ye B R

ARSCTE R 15 YR B F B RARIE A IR H A B LA A RS W R R O, LAk B B
1t 2 VA YR BT RAES T B S 0T . B E 7R € B TR S I sl K R K SR VR A M da e, 16
Vs s—iA 5 K1 AR EER LI T R B R T A S D AR B A B B A S 1
a8, X H NIRRT VB E, AR B VR E B EE KA EE T E MK E N A ) ]’
AIERBEEYIE . XFBEEETARKEASEREZF %R, 808 FIERKE, HIEREAR LR
A 6 —t , A S M B A B A e P B — , T R DR BRI AR SR S5 e T MR 3 1 , RS 3l 400 ) A= S 10 o) AR X B
o ZEHEFFRHD"" Lk R A EPT $550(3 4375 YL Ui K A= B 43 2538 4 B Ephemeroptera , 4%
¥ B Plecoptera f1E3# H Trichoptera i) B3 H ) BB E AR AEYIEE, T ERH TREFRAERIX 3
5, 3 BB KA 2 3 T R V5 4L e .
3.2 EEFESAEEE XS

BT REKEE SRR, 7 A S KN FREIERN TCE R SR FTRERY, B A S0
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W RE SRS Y B0 5 FURAIGE o ZER SMBI7Y b, S 3 Pk , BISRF Shannon-Wiener 474
FEHHC ) Hilsenhoff A PR FUBALAGHE ™ o e RALISAR R 5 BB, (BT RO B B
HR M2, B RAMT HOBORI XS 7, Shannon- Wiener WY & REHEHIHUR ARV H L HL BT B0, IR 4 0 2R
7, B TR A TR RS 53 . T Hilsenboff 2 7ROy T4 24 45 R OK 0TS 1, AL H B
W, T EL B R 2% A SRR B 3T (VDK T3 Hilsenhoff 2 W8 40, T X R AR
VIR HEITIR S IR A3t ) 15 M VRE SRR 2ok O MBS TAER ABIRIR, 2 MRS A TE 7R
WA K SRR R R > BAT B TR
3.3 JRAIEHYIG A PR HUK TP S e

R PR S 5% 2 A ROK R 4 0 AR IR I 0 B 0 B M A A R
S BRI o (3 6) XERWIA MK FRAGIA SR, R IFIH X AWK M4 KGO 2 R — 3
S R A5 7 T O PO R 2 LMY MRV AR B R T R A R A 25
AR, (R TR KP4 ST BRI (32 5 Ak 6) ARSI A A W o
TN (K B V645540 0 B A0 2%, TR £ K SRR MOV 4 55 5 S0 IV 2k (B622) A T
K CBL) ORI T 5 P R K A R 2 B ORE 06 R s 2 TR 3%, BTRRP A ZE SO X
FUBRCRE (BN B3 F 3 A1 4 A AEHRIA s AR TN TR % B0 T R IX /T AT (S35,
S36 1 S37) , By B K IR, AK R RIXHECAT 7 R 48 ) A A B R — 05 e R I
JE M4 G TR SV O Il AR T L, SO RO AN R 1 R
REEER , KT AU K KI5 R TR B, ABISZEN0 K BRRE AR 7 3 A SEETS e by
BPEERO S SRR R (P 1) , T AOBORE A (1L 5l & LT 14 S47) MUAR o T
D AR TR 2 5, BURP 4 60455 T R 808 1 e T8 A K B SRR K ORI o 7625
LM FUR BT R, AR P 2 AVIORE 4, o BRSO G ORE 25 B A 4, 7 BIUK RSP 5 Sk —
B, RS R S RGN R RO A S AR BRI TI SiL
SR 2003 4F AW : A5 IR G B 0o K PO X 161 7L X R 3, BRI B & A R
PO R IR AR, b ERBE, ot T2 ok W B e R OB G M e . B
T AR K HO A XIS, I PSRy Mkt & AW /K P4 25 St 5 M A SOG4 A — 3, IR
ABRGOITEE S BB 054 e W BOK T A B A T I KW R IR K SR A TR B o 7R
S A e S B TR S AW 4 DK BRI K T , £ R SR FE G TR S L
PR A SRR KW A K BUK R P 4125 008,

6 2004 54 AXAHTEKRS BGIHER DY)
Table 6 The result of main water quality parameters of Taihu Lake in April of 2004

Geographic region (me/L) (me/L) (mg/L) (mg/L) (ue/L) Level of water quality
PR Y e ® 0.09 4.40 2.74 6.65 26.10 m
AP 0.15 7.73 5.10 9.10 40.70 v
pEm® 0.17 11.2 6.10 11.7 60.25 v
it i 0.12 5.45 3.65 7.38 40.70 v
FEPYs g ® 0.07 3.22 2.36 5.79 20.50 m
HAR® 0.08 1.32 1.91 5.05 13.30 m
B 0.09 2.17 1.49 5.34 16.95 m
BLEO 0.09 3.54 2.74 6.65 28.35 m

(D Western coastal area; (2) Zhushanhu Lake; (B) Meiliang Bay; @ Gonghu Lake; (5) Eastern coastal area; &) Eastern Taihu Lake; (?) Southern
coastal area; Central lake area
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4 %E

FT R 60 N B SR ShAIR R , 455 SCRRPTRHEIR 21 R WHEMOF R RS gt e i
B AT, BR RIS 7 AR W KRB B RS = PHE 5, R T — i 4 X o iniE
o L 255 HE WDAE 50, ZEARTE T PR A AN ) X 380 7K 3 2 S R B0, oL R 2 5 7K o390 331 45 2R B s ORI 7K
BUROLE R B -
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