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Abstract; Lake eutrophication has resulted in loss of biodiversity and degradation of ecosystem function. To inves-
tigate the structure of the benthic macroinvertebrate community and explore their responses to changes of water
quality, samples were collected at 51 sites in 16 lakes of Jiangsu Province in Spring and Autumn of 2012. The rela-
tionships between water environmental variables and benthic macroinvertebrate indicators were examined using
Pearson correlation analysis. The results showed that STSI of the 16 lakes ranged from 35.5 to 66.4. 81.2% were
nearly eutrophic or super-eutrophic. The benthic macroinvertebrate communities were dominated by Limnodrilus
hoffmeisteri of oligochaetes with a dominance value of 13.0% . The Shannon diversity index ranged from 0.00 to
2.20,which suggested that the benthic macroinvertebrate community diversity in 16 lakes of Jiangsu Province was
from quite deficient to rich status. Compared to historical data, sensitive taxa of macroinvertebrate communities de-
creased or even disappeared; the dominance of small size taxa increased greatly. Total density of benthic macroin-
vertebrate animals was significantly negatively correlated with total nitrogen and total phosphorus. However, no
significant correlations were detected between trophic index and benthic macroinvertebrate indices. Our results sug-
gested that synthesized trophic state index can’t reflect the ecological health of benthic community. Therefore, a
new evaluation system should be established according to water quality, hydrology, aquatic organisms, habitats and
other factors in the future.

Keywords: Jiangsu Province; eutrophication; benthic macroinvertebrate community; diversity
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SR IR AL A REAN B 1) 2P R 22 18] ) 5 28 %
P BRI BA R, H AT R Eh Y
ARITSE 32 ZAR AR TR ) ) AR S )
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IKAAY ZREE T BENY R 2T fRE R
AR i RIATIZ | 1 B A KR & B SRR 1)
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BAL, NI, ARSI A VLR 16 DA 51 4
BRI YV 45 MUK R BE 25 &8 TR0, 70 B
JERA S Z R R RS K IR S BRI R & IR R
IKFRIE s 300 AT B 0 A v B VA B2 I, DT A 7K
AW ZARPE R DR WA B IR A & BRI R 5
BB ARl

1 ##l57 % (Materials and method )
1.1 A58 X

BT E 16 AR CRET 10 4> BEEEW 9
A TR 2 A A A TR 4 A 1
A BHEE 7 A BRAAW 1A K 1A 1
AEBS S 2L s 4 A KR4
A BRI 1 ASFE P 1), 3 ST ASRER A,
HEFT I SR S R R S () RS 5 B (B 1),
TLIE 16 NI AUR 6 100.96 km?, (5 VL4
WA BV ET AR Y 89.0% ., b oK R R 55 = Kb,
TLINVE 55—, HoK 0 AUk 2 338 km?, I
WoE A AU NN ity N i s N TR A
2 069km” , = Ml i8] Sk ] 565 7S KM, VL9848 58 — K
W, AR 780 km® , A1 FLBITE AL A 208 km?, i 1H]

117°E 118°E 119°E
T T T

AR 164 km®, R AN 140 km?, BH 7 18 1
R 120 km? , BRAEITIAA 98 km®, 3% W AN
85 km®, [EIIIHI LN 39 km? , VE W EI AL A 26 km?,
AW AR 23.5 km®, = LN 5.8 km®, X
R A R 3.78 km? , BERKIITI AN 0.58 km?, 8 7Y
WA 0.3 km?,
1.2 FEECRE
1.2.1  KJRES

S3HIF 2012 4R F AR UEA TR SR A B
BCRAERIZKT 0.5 m ALK BREf . AR (K
FEE AW oA 73 ) SR DU R K /K IR (WT) . pH. Al
RE(DOYH YSI(HI S . 6600V2, ZE[H) 7 0T , 155
N 8 FH 2E G 4% (5. SD20, [ P AT I 0, 5
Hh, BT i R £ 45 80 (COD,, ) . M (TP) M A(TN)
FI-2% 2R a(Chl a)il %E (14 7K S5 RE f 20 51 FHR AR R
£ FEAE 0~4 CLRAF, 12 h PV 15250 3 404t
1.2.2 KA S REE AR S

K FE RS, R AR AU 116 m* 1Y
Peterson >R e+ 3517 JEE A6 20 40 B v A O O SR 4 5 4
ASRFE SR UCREE 3 A FATHE BRI ITAS BB 4T
B 40 B JE IR T AT 4 b T B AN 43, IR
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Fig. 1 Distributions of sampling sites across sixteen lakes in Jiangsu Province
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F 70% HIPORS CRAERI AP s Il se st
1.3 iRy
1.3.1 B &

WT pH DO F1i% B B2 i# 17 B 37 I 2 I 90 %,
COD,,, & H = % 2 1 48 201k I % (GB 11892—
1989), TP 19 4341 77 vk % FH AR R & 0 e O B 1k (GB
11893—1989), TN F3Hr J7 72 K B 1 2 Tt 192 440 91 fir
L HNOEREE(GB 11894—1989), Chl a a2
2 (KT K W 43 A7 75 125 ) (B IO RR)/(2002 4F), A
TAK TR 25 78 37 R A5 45 %X (synthesized trophic state
index, STSHAHBEIHE .COD,,, . TP TN #1 Chl a i
FREOPATIE

STSI:=TSHedji W, x TSI) (1)
IR FNZE G 78 TR 548 B (STSI) 1] f ¢ & W
#1,
1.3.2  JEWishIRES

JEAT Bl A i 7 S 3 3 AT A U, R R BT
il B rh Pk e DR SRR A . B4R B 1A IR
WEE  SEEBR SR B A H BB R E 400 £
WL A YA R B , T AT D Rl 4 0 28
RAT Ry 43288050 I8, F DIHR R AR
WO PIAE i RV 2% B LSRR E(S),
JfH PRIMER 6.1.10 115 sh W46 80 TR HE
445 % (Shannon-Wiener index)H’ Fll Pielou J5] £ $§
@) AR Y R4 AT RIS (318 BI(Biot-
ic Index)F& (", WIS TRPEN PR UEIN R 2
R 3 MK 4 PR,

1.4 Hdmib

FH K-S K30 e i i ge 22 X, P<0.05 %
ARG B B2 L, H Pearson AHIGPE
SIHT IR AR 5 AR B W e B oG R X sy
Hr¥7E SPSS 19.0 #kf4:(Chicago , Illinois , America) H
17,

2 Z5R (Results)
2.1 JEANSIYIRETS

VLI 16 DWIA 51 A RAE SR AEF] 86 Fh
ARSI RN (R 5), EEAFERAR SN 23 Fh KA
B He 32 B (FEBCE 29 B, HoAt 2R 3 Fh) ZEE K 21
i 2B 3 B 182 3 R A 5C3h Y 4 B IR 3h
YRI5 B R 590 4> - m? PRI AR /N 5
B2 E B 7K 2245]( Limnodrilus hoffineisteri) , . %4 &
N 13.0% .

®1 HMAKREZAEFRKSEHEXR

Table 1 Synthesized trophic state index (STSI),
trophic state, and lake water quality
HIPRA KT
STSI
Trophic state Water quality
HETR RS 55
0<STSI<30
Oligotrophication Excellent
HETR as
30<STSI<50 o
Mesotrophication Good
BERESR BTG
50<STSI=<60
Eutrophication Polluted
HIEREESR SNEREEC
60<STSI<70
Supereutrophication Super polluted
REEER EVEREpL
70<STSI<100

Hypereutrophication Hyper polluted

x2 BREHUIEHSBTENIRE

Table 2 Grading criteria of Shannon-Wiener index

Shannon- EZ=3 g @il KB
Wiener (H”) Grading criteria Water quality
H >3 F % Abundant i i% Good
2<H’ <3 BEH Good 2594 Polluted
I<H <2 —Jt Medium TPV Y Super polluted
0<H <I %= Poor FEJEI5 4 Hyper polluted
H’ =0 %% Z Extremely poor T {54 Hyper polluted

&3 Pielou WA ERHS RITEMNIRE
Table 3  Grading criteria of Pielou evenness index

2R el b

Pielou evenness

index (J) Grading criteria Water quality
1>0.8 ¥4 Evenness {7 Good
0.5<] <0.8 BI5) Good $RBEV5 Y Polluted
0.3<J <0.5 —f Medium *h V5 4% Super polluted
] <03 2% Poor HT5 Y4 Hyper polluted

R4 EWEHEU(BIEH) S HRITEMIRAE
Table 4 Grading criteria of Biotic Index (BI)

IIA7K BT Water quality of lakes

Biotic Index (BI)

<54 Wi i Excellent
54<BIl <64 1% Good
6.4<BI <75 4% Medium
7.5<BI <85 — % Fair

>8.5 2% Bad
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x5 Lynd 16 MEARMESYE R (HIR AW HIRE SN E)
Table 5 Directories of benthic macroinvertebrates of sixteen lakes in Jiangsu Province

(Occurrence/% : occurrence of taxa/ observation frequency)

Yy F % Yrfh /%
Taxa Occurrence/% Taxa Occurrence/%
A 5%2& (Crustacea) =AM Hyriopsis cumingii 1
pRyEEN Caridina sp. 3 ALY Corbicula nitens 1
i1 A=LiN Palaemon annandalei 2 HATov g Anodonta angula 2
LU J S Fh Gammarus sp. 6 HFH AR Bellamya aeruginosa 34
FizK EUE SRR Asellus sp. 1 TRER I Unio douglasiae 2
12 (Hirudinea) rhAER K % Novaculina chinensis 6
[ 1% Hirudo sp. 1 RS 5 P 48 Cipangopaludine cathayensis 9
R R Helobdella sp. 3 EIEIN /Y Bellamya parificata 20
PN Whitmania pigra 1 22l FH 2 Cipangopaludine chinensis 14
2 F 2 (Polychaeta) KA IR Alocinma longicornis 3
H A&7 Nereis japonica 1 e MR Cyraulus albus Hutto 2
WU A b Nephthys sp. 6 11 75 T 17 e Anodonta woodiana elliptica 1
EACLIE N Polychacta sp. % I35 (Chironomidae)
#£EJ(Oligochacta) TGS RIS He o Procladius sp. 11
A | Tubifex sinicus 1 SRR T BRI Dicrotendipes nervosus 1
A J] | Rhyacodrilus sinicus 8 PR R FR I Tanypus vilipennis 8
TEH K 2215 Limnodrilus hoffmeisteri 64 /NI Microchironomus tener 1
e Feiity o2 05 Lumbriculus variegatum 3 LR ISR Cryptotendipes sp. 4
EEY/ €24 5] Limnodrilus grandisetosus 11 NGRS R 1 Microchironomus spl. 4
SEREIA K 2215 Limnodrilus claparedianus 30 ISR A 2 Microchironomus sp2. 3
FRRTT 7K 22.15) Lumbriculus udekemianus 9 IINFE ISR S 3 Microchironomus sp3. 4
SN L Nais pardalis 2 VA GRS AN Procladius choreus 6
S E i i Nais variabilis 2 2T BT I Propsilocerus akamusi 5
B A 1 Tubifex spl. 2 PRIUR F A1 Chironomus spl. 5
B B 2 Tubifex sp2. 1 TR F A 2 Chironomus sp2. 1
TK 2215 Jeg HE Fefr Limnodrilus sp. 21 Wt I o i Crytochironomus sp. 7
I G R g Branchiura sowerbyi 67 PRI Tendipes plumosus 7
B EIE R Chaetogaster diaphanus 2 K HHRR ISR Tanytarsus sp. 1
IRIK LS| Monopylephorus limosus 4 KR H I A Tanypus sp. 13
il 2% B 4 Dero obtuse 1 Z MR Microchirnomus tabarui 1
BT H i A Spirorbis sp. 2 rp R R Tanypus chinensis 1
ZBE K| Aulodrilus pluriseta 2 Z JE RIS F R Polypedilum sp. 1
K] & F A Aulodrilus sp. 1 e EG A e b Cryptotendipes fridmanae 1
Jiz FCAE /K | Aulodrilus pigueti 1 T HE Chironomus pallidivittatus 1
F5 82 5 Dero digitata 5 HlBle i P Tanypus punctipennis 14
R 3h 4 (Mollusca) HEIE $2 00 B Pelopia sp. 8
7 k8 ) s Sernisulcospira cancellata 13 FOHELAE 42 050 Ao Macropelopia sp. 5
i I2 A Bellamya quadrmia 7 Z2 MR I B A Clinotanypus sp. 1
A IC B Anodonta woodiana 1 B H /NSRRI Micropsetra logana 7
598 T e Lamprotula leai 1 PRI IS0 e Propsilocerus sp. 2
bEL) Corbicula fluminea 29 7288 73¢ Jafl S 2 A Glyptotendipes tokunagai 1
LS AR TRAL Sernisulcospira amurensis 2 S 2 A e Glyptotendipes sp. 4
I s Limnoperna lacustris 14 HAhZ(Others)
HldE Arconaia lanceolata 1 U2 [ T Ceratopogonidae sp. 1
YR Radix sp. i L Gomphus sp. 2
L2y Margarya melanioides TKUE & HE A Nymphulinae sp. 1
25080 Corbicula largillierti 15 / /
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TLTRAE 16 A T8 2 WA AT Sh 0 1 9 7 vk 24
PEARBUSEINGR 6 Fron . MR i Z RS BUK R
PO SRR IER 2), KW IR W S < 1 A
FEVUIAE 5 AR R S ) 2T T3 Z AR,
KR LTS3 HA 11 AN WRATEWsh Y S ekt T
— RS R T ge, ARAE Pielou 3457 B 45 %
IR BV SR E (R 3), BRI L R A0 1l
PRI 2 e 9 M S R 25 6 AR 3 5 AL T4
SPIRZS KU, Heof 10 WAL TR SR,
IKBURBETG R . AR BI 48 BOUK PFAT S0 b i (3

4), UE B R S N BB K L R
W R 2 IR P I 0 AR K B R A K
0 Al = b IR R I o I 2 ] B A S It i B B 1
— B, RIS R 2 AN IIA K R 2%
2.2 AR

ARWFFEH TTIRAE 16 MTALZES S TRIRSTE L
SATEILILE 6, 52 M REES AL A BRI
FERUR = E N 66.4 (T SRR A5 5 B AR AE N
349, (0 F &40, RN SE A B IRIRETR
BOoy bR | BHVE W [ S0 AN 4 2R 9045 3 NIBIALE

Fo6 IHRAMHRENMBEERSERUERERE:

Table 6 Macrobenthic indicators and synthesized trophic state index (STSI) of the lakes in Jiangsu Province
75 WA £ PR B ZAEPERR L Pielou 345 464 R LR E TR R
No. Lake Shannon-Wiener index H’ J BI STSI

1 Kbl Taihu Lake 0.96(0.00~1.52) 0.78(0.00~0.98) 8.2(6.6~10) 51.3(35.7~63.9)
2 PR Hongze Lake 1.70(1.40~2.20) 0.89(0.77~0.98) 6.3(5.6~74) 59.5(55.8~62.6)
3 IR Gaoyou Lake 1.08(0.95~1.20) 0.93(0.86~1.00) 6.6(6.4~6.9) 55.8(49.6~61.5)
4 A1 Shijiu Lake 1.21(1.15~1.28) 0.88(0.83~0.92) 7.5(6.2~8.8) 51.0(50.2~51.8)
5 %) Hegu Lake 0.98(0.67~1.28) 0.68(0.10~0.96) 8.5(6.5~9.5) 60.4(56.6~63.0)
6 i Baoying Lake 0.99(0.85~1.14) 0.62(0.61~0.63) 6.6(6.6~6.7) 50.9(45.5~56.4)
7 FH# W) Yangcheng Lake 1.22(0.00~ 1.90) 0.81(0.00~1.00) 79(55~9.5) 48.0(41.2~53.0)
8 AR5 Shaobo Lake 0.77(0.71~0.83) 6.8(6.8~6.8) 55.4(50.5~60.2)

9 3% Changdang Lake 1.51(1.20~1.82) 0.72(0.61~0.83) 72(6.6~7.8) 52.2(48.9~55.5)
10 3] Gucheng Lake 1.42(1.37~1.47) 0.76(0.75~0.76) 72(6.8~7.5) 46.8(45.3~48.3)
11 Y1 Qinhu Lake 1.26(0.75~1.67) 0.66(0.46~0.75) 74(5.1~8.4) 57.3(54.1~61.9)
12 41 Jinniu Lake 0.98(0.87~1.08) 0.66(0.54~0.78) 7.9(7.2~8.7) 37.0(35.5~38.4)
13 ZJE# Yunlong Lake 1.92(1.61~2.11) 0.86(0.73~0.94) 8.1(6.8~9.3) 53.7(51.1~56.6)
14 Z i Xuanwu Lake 1.60(1.26~2.05) 0.71(0.57~0.89) 6.9(59~7.9) 53.1(47.1~56.5)
15 07K Mochou Lake 1.84(1.48~2.20) 0.82(0.67~0.96) 8.5(8.1~8.9) 61.4(56.5~66.4)
16 JE P§] Shouxi Lake 0.56(0.50~0.63) 0.68(0.46~0.91) 6.5(6.3~6.8) 61.5(61.4~61.5)

x7

LA ARSI I 5 M E T 2 Pearson 13X X FR (n=102)

Table 7 Pearson correlation coefficients (n=102) between macrobenthic indicators and environmental

variables of the lakes in Jiangsu Province

6.3} 3 PFRVEL(S) ERIEZEER T Pielou 4] BEF8 %L K
Density ~ Species (S) H’ J BI

7K Water temperature -0.086 0.075 0.101 0.092 0.087
pH 0.188 0.154 0.222 0.122 0.063
W74 Dissolved oxygen 0.020 -0.106 0.101 0.223" -0.078
A Transparency -0.109 -0.169 -0.134 0.000 0.169
44 % a Chl a 0.113 0.063 -0.066 -0.068 0.067
R ERFE L CODy,, 0.072 0.094 0.167 0.167 -0.158
R TP -0.234" -0.072 -0.022 0.064 -0.250
BA TN -0.247" -0.106 -0.112 -0.013 0.037
LA EFRALIEEL STSI -0.052 0.109 0.090 0.073 -0.190

% o P<0.05, RIS i #5AH G,

Note: * P<0.05 was used as the threshold for statistical significance.
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FEFACIREAE T HE IR IR R R
S0 IRE YL IS Y SRS s A LI 2 i e A ST
W5 10 ANIIAAL TR & B IR KR 15 4 iR
) BRI A P A 3 NI 2R B R AR S b
T EE IR KBRS,
2.3 MRERAS SRS YR RR O AR

1L 16 TR E AL i 5 A sh ) 2 B4
RACL K BL AR BB AHSE R R AN 7 FR

3 1712 ( Discussion)

VLA ARG SR 2540 5 Z R R A
T ERMAEAL, AT ) P A B 35 K B 3 A 3 ) 7 ik
b ARBUEINI S BIAERE N, 1950 R4, [E A}
22 BE ST ST BTN K T A AR LE AT T 3 4R
RIFFT , & BT B AT 2h o Fh 2 RE R W
B ABE AR ) LT W A A R
WRFE, WA UK A A 1 W 5T sh ) 4 IR g R o
Y1960 AR BIFFT A BRI 7K B S A Ak T 5%
FFRK, LA R 0.05 mg - L'V ZkHi
SRAERURTE T 1987 AE—1990 4F it % W e sk B0 I il
SRR 75 B, HA AR R K A TR MG B A B 4
25 @At 43 B T REE W 25 J@ 25 R, AT A 3 N
7 B, 1970 AR, A 58 & B L R ) K AR A B
BT AR A AR S R B SAE R 0.02 mg
L, AR HE R 0.15 mg - LY, 1991 4F—
1994 4 L & UG 24 47 B, AR S Y 76 iR
WA TS v o B A 34, PR RS Sy K AR i 2R
R ABUR AR £ A BB 6, 3 Tk s e
TG AR e e mUAE KA R S W R B Y
BHRIIK S SR T s SRR ARIFsE LR &
B IR TE Y T R 5T & WA (R 5) A
ST Ry 5L B IARFE R AR S P 25 LA
/N, 3R R AT TS Y S EOMIN & B IRk, O BUK
A RETR SR NRAR DA R 2 REVE R R L X S
Pk PR SR 25— 2,

UG AW PR ZR A B IR SR RS
RGN 2 FEEFE BOR BI 35 5000] TG B 35 M 6 6 &
(3 5), KBS FRARBLIEM 45 55 G sh 6 B FAN
SERAPE— S, WA K A A i A B8 A1
KA, K SCA ) ol AR — 2 R B XK AR
- PIRETR 2500 5 Z AR P A R B, FE R
ST UE SIS FR AT 2 ) R AR Y e A
2 MRS Al A R R Tk e
S b R WA SE PR AR S BDIR O, ARG R T

WS SRS B, 61.5 RS ik Z AL
FRBURAR, b F 5 Y% Wi E R840 60.4, JIEHH
SYFRZFEERRBUNT 1, b TFEI5 G, BF5E
At 4 ARIRVE FEACEIA T R AR SRR 451
KIL AT S Fh Z2 R v S5 W08 SR R 2
FHOCEY Zok A AEC M & BT KT R lEHL X 10 4
WA E FRACRSIRBCS RABIY) Pielou X15] FE 455K
R EOAIC, SRMANII kIR EER L5 68 TR
BB 614, K Bk R Brd A sy,
h1.84 , SRR K AR A K B KA A, WK AE )
FNRAEAEYY 0 E, K AR A 9 BB A% R IS AT 3l 1
TRy 4= 5 () A B R A A AT, W] B B A ZE K
AR b A % SR ARG Sh A AT A st —
FERBEEY  BEEEIE SR8 5k 59.5, Ik sh W)
R R T BRI, B A IR
BRI R RIS, XAl GRS R s i K )
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