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0.36 ~0.73 km, K44 5 f FAL Y 1.33 km®, -3
IKIRZ) 2.7 m(1.0 ~4.5 m) o BRI AL T H
P2 KA X, SR RN, DY 2R 4 B, 4 4E P
PIKIRZ R 17.5 C (4.8 ~31.0 C) .,
1.2 EFNRERZE

HR A IR 89 I8 B DI RE R R R & 5 R A
MCET), T 2017 44 H % 2018 4F 12 J X AHZR
WA SN ) 4738 H R . R el R AR AR R
JeAs (FEOE AN 0.062 5 m?) 7R AR o R4
TR 2 W, 5 I SR i U 43 A DA A 4 2ot 0 1) ()

H 450 pm) , 757K 5 98 )5 K 19 v 3 43 ) 121
A 500 mL EHHE A, A7 (9] 52 56 = PE AR RA A= 1
FEAS, FH 8% 119 HY I A0 8 R, DU s 28 LA ok —
AP | 3 JETHBORRE it i oA i (O
3] 0.000 1 g) , e Ja AR RAF i RT3 2
(ind./m®*) A (g/m”) o LEREARSIPIRAL Y
), KR (WD) KR (WT) GBI (SD) |
A (DO) \pH A (TN) M (TP) vy il i £k
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Fig.1 Sampling site distribution in the Mingzhu Lake of Chongming Island, Shanghai
F1 20172018 £ EZEHRAFHENE
Tab.1 Annual average of the main physicochemical factors in Mingzhu Lake from 2017 to 2018
GO KB B KR H ey e o0 il BT X BA X
Year Depth /m SD/cem WT /C P DO/ (mg/L) CODy,/(mg/L) TN /(mg/L) TP /(mg/L)
2006—2008 2.40 55.50 17.60 8.10 8.67 4.30 1.44 0.12
2017—2018 2.40 £0.20 46.40 £2.80 19.50 +£1.40 8.30 +0.10 8.99 +0.20 3.22+0.12 0.79 £0.09 0.18 £0.02
ARfl 3%
AL 0 -16.4 +10.8 +2.5 +3.7 -25.1 -45.1 +50.0

Variation rate/ %

1.3 HiEALE

XA Margalef £ & & 38 % ( R) . Shannon-
Weaver Z2FEVEFE R0 (H', T 3C ] X Shannon £ 4%
PEFERL) (Pielou ¥ 25] BEH8 4 (J) Al Simpson I #
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H = - 3PP, (2)
J=H'/InS (3)
A=S[n(n -D/N(N-1)]  (4)
I, = (n,/N+f/F)/3 x 100 (5)

S HPIREG f R AR R B0
F R A b s R n, SRR © AR
MK N R PR SRR 1 B
(I

1.4 KREMEFEN

iz A Wright 5% Carlander L ¥ 3550 H'
J.Goodnight-Whitley 4555 (1., ) PE-H BRI K 5T,
BAREOH A A X POK Y AR ED T .

Wright 58548 57 J5 K B s B o i, PR
FrifE: < 100 7 if; 100 ~ 999 S 58 {5 Gt
1 000 ~5 000 K54y >5 000 K G

Carlander 245 W PEAN A5 U : JIGAR 240 A2 40
AT 0.2 ~1.7 ¢/m” I EF; 2.50~6.25 o/
m’ JHEFE; 10.0 ~25.0 g/m” g,

I VR A 0] A 5 A T 55 A 3l A IS A B
VR RCR A, L3 AR A
Shannon Z2FE P48 £, I ML 48 40 B s 14 4] 29 /K Bt
TGYERH R0 ~1 ZFHIGYY; 1 ~2 &gl
2 ~3 BRIGY; H >3 i,

Pielou 3457 FE $8 5 0 /K B PEAN . J < 0.3
NHEGY; 0.3 ~0.5 S AETG YL 0.5 ~0.8 Ny
RREETEYY, 1>0.8 SEEIRE"

Iy =n/N x100% (6)
Krn HEBRMER; N N8 A Y
()5 BEF o K B PEH Bk s 1oy < 30% ¥ 15
30% ~60% J %75 Uk ; 60% ~ 80% g iis Yy
Loy >80% NG Y
1.5 Sitom

BRI R AEEIH Excel 588, fESETH 34T
B SPSS 19.0 i, ok I = A & J 22 43 7 ( three-
way ANOVA) 3501 JIC AN 2l 1 %5 B2 A= W) it F 2 4
PRI AR BR L 22759 F 23 (8] 22 S k. R PRIMER
SO T IR/ M (CA) AR i 2 4 R
A3 A7 (NMDS ) LAFR T BH SR80 I A 20 40 40 o 2L 1 1)

IS AL o 20 BT Z B, B AR 45 AR T 1%
YR EE B 51— 8, 20— 4 728 & (PR AR
A ULFR) o R R R AR A R R B B O A
XS, IR T o B R AT - 5 AR SR 5% oR BCRE
e, SR V- 44 3% 4605 1 Bray-Curtis JR 25 #5147 526
I3HT. FIFH NMDS K 54k 45 5 15 i, NMDS
A3HiH R A Bray-Curtis BE 5. #:36 NMDS (4
EERFE S R 8 (stress) , 24 stress <0. 1 B,
Y AT B A AUL 5 B 5 24 stress <0. 05 1, 6]
B BA R, ZJ5 2R T ANOSIM AH {8144
3BTRS 36 AN [v) B v 22 1) 22 59 19 32 3 1, ORI
SIMPER AR 43 Fo o3 B & W Fh 78 ) — i 41
PRSP S8 AR T3 R 258 RS ] B i 4L ] 1) °F- 24
FASEPE DTk

2 4k

2.1 EWMBYYMESRERNTER

2017—2018 AEILAE B BRIIR A 3 25 R
¥y ,2017 12018 4E4F 23 120 i, LB
ST ST RS AR S T T A
Mo Horpr, TREh R e 2 (12 Fh) , di B b
B 48. 0% 5 HR A 84 (7 #.28. 0% ) Fi
AR Yy (5 F,20. 0% ) s KIE W) RA 1 Fh
(4.0% ), W32,

REASTR AL I JRAT S s mh o K 22
W5 ( Limnodrilus hoffmeisteri ) . H [E | & #& B
( Tanypus chinensis ) A1 #% £4 3] $& W ( Chironomus
plumosus ) , 73 5l 5 T HETE BHE BAEAY 23. 5% |
21.6% 1 18. 8% , Qi EE 2 SEp IS 1 7,
J& 2 AR HEESS 2 ~ 3 £,

R A R TR, WIER AN 3 P (e 21y
FIEFHZF (ANOSIM,R =0.547,P >0.05),
NMDS 75t AH [R) 25 5, o ) R 2K stress =0. 12,
Wi HITHE 7% 4 23 T 3 S5 7 ol 5 IA) 0 T W 3 22 S
(ANOSIM,R =0.588,P >0.05) ,NMDS 75 H} #H [A]
G5, H T ) R A stress = 0. 12, BEHI RIS &) 730
2
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Tab.2 Important values of different species in macrozoobenthic community in Mingzhu Lake

["] Phylum ZH Class Yi#p Species 24 Scientific name 2017 2018
Néfjjtzjrjn?r:)ﬂa KM 28 0y Nematode sp. 1.3 1.8
i EGAS 7K | Aulodrilus pigueti 1.1 0.4
LB K Aulodrilus pluriseta 5.2 6.6
TEH K 215 Limnodrilus hoffmeisteri 24.0 23.2
BT B [EEEY, €245 Limnodrilus grandisetosus 4.1 0.2
Annclida R AT | Rhyacodrilus sinicus 2 0
I G R il ] Branchiura sowerbyi 0.2 0.7
Z T4 VoA 1 Fh Polychaeta sp. 6.4 4.1
H A Rz Grandidierella japonica 0.2 0
7225 H A i 45 0 2% Corophium volutator 1.5 0.7
EYEES Isopoda sp. 1.4 2.5
5 /N K A PR I Rheotanytarsus exiguous 0.2 0
AR kAN Propsilocerus akamusi 1.1 9.6
Rilsesit7la| VRGeS 3 Procladius chorus 1.7 2.7
Arthropoda 0 3P PRI Chironomus plumosus 23.4 14.2
2N 5% Bt I Cryptochironomus rostratus 0.2 0.8
53 Ceratopogouidae sp. 1.1 2.1
TN I Microchironomus sp. 1.8 0.7
P 2 i L Cryptochironomus digitatus 1.3 0.6
Fp K R R I Tanypus chinensis 20.2 23
PEEY Corbicula fluminea 0.6 4.5
BoEH a8 Cristaria plicata 0.2 0
ISPTREIRN
%\]ﬁzﬁjjj?al ] 64 LR Parafossarulus striatulus 0.6 0
Dok S SRAL Semisulcospira libertine 0 0.9
e e 1 Stenothyra glabra 0 0.6

T BB RSP T2

Notes: The bold digits in this table represent important values of the dominant species

2.2 EWEIVIAFEERENZTTWL

HF SR80 IV AV 2 40 100 4 34 9% B R A ) £ 53
J51116.8 ind. /m® F13.53 g/m*, Horp, 35 3
VI BLAE I B K, % FE R0 AE W i 43 1 ol 650. 9
ind. /m® F12.65 g/m’; B RSP TKZ, K
1Az (446. 6 ind. /m*) FILIE S (6.1 ind. /
m® ) IR s AR W R AR B4 (0. 55 g/m* ) FIFRAY
5 (0.32 g/m’) 43505 2 Fsh 3 17, &I sh i
% (0.01 g/mz)O

LR RT3 R0 W o R E K 22 145
(340.3 ind. /m”, F4EY BB 19 30.5% ) L E
KR PRI(303.7 ind. /m*,27. 2% ) F0 w4 €6 P FR i
(253.8 ind. /m*,22. 7% ) ,3 H B ARy 58
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JEIY 80.4% . A m B ET 3 MUK S
BEAE P PRI (1. 91 g/m?, i 4R 5 A W 1Y
54.2% ) FPEK LR (0. 44 ¢/m*,12.6% ) Fll
FERHK 2218 (0.22 ¢/m*,6.1% ) |3 HEY = 4
YIRAEYIR 72.8% . —HZE 25001 R, %
JELEAFAR M S A e R 225, Y
AT 1 2= 284k, AN AE 2 35 1Y 4F PR AT
2R [ ARA , 3 L R - 2 [) X 4% B A A = B R A 7
HERLHAEH (£ 3 ~6), Duncan [RZH LK FE
KA REES TAEMNE S FFRE
TR R A= B A AN AR R 2 (3R
5)o
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®3 PRMRENVAFERSHERB=ZERAESN
Tab.3 Three-way analysis of variance of the standing crop and diversity indices of benthic animals in Mingzhu Lake
[# 5 7 Fixed factor

A geitE - S 4 TN xR B x TN B x B R x F xR
Variables Statistic value _* " 4 o I Season X Year x Year x Year x Season x
Season  Station Year . . .
station Season Station station
. ) A 2.380 0.434 0.058 0.474 1.573 1.216 0.749
I Density

P 0.081 0.783 0.811 0.921 0.207 0.316 0.698
) F 4.209 0.376  1.601 0.198 2.536 0.510 0.440

1 &: Biomass
P 0.010 0.825 0.212 0.998 0.067 0.728 0.939
TR F 1.576  2.552 1.784 1.086 0.233 0.591 0.288
Shannon diversity index P 0.207 0.049 0.188 0.392 0.873 0.671 0.989
30 P R F 1.775 2.615 0.706 1.080 0.291 0. 645 0.346
Dominance index P 0.164 0.046  0.405 0.396 0.832 0.633 0.976
| BE e B F 0.933 0.763 2.150 0.880 0.521 0.023 0.594
Richness index P 0.432 0.555 0.149 0.572 0.67 0.999 0.837
5] BEFS R F 1.481 3.170  0.598 1. 146 0.708 0. 660 0.630
Evenness index P 0.231 0.021 0.443 0.346 0.552 0.622 0.807

x4 BPRHRWEIMIAFERSHEIEHEREN

Tab.4 Annual variation of the standing crop and diversity index of benthic animals in Mingzhu Lake

X %2 Density/ A

SENN/Ye: H' R

O/ Year (ind. /m?) Biomass/ ( g/m”) A y
2017 1166.0 £174.6 3.70 £1.21 1.10 £0.05 0.43 £0.03 0.97 £0.05 0.66 +0.03
2018 916.6 +144.5 3.09 +£0.35 1.23 £0.06 0.39 +£0.03 1.10 £0.06 0.70 £0.03

®5 HARMREDVMAFERSHEREHINETEL

Tab.5 Seasonal variation of the standing crop and diversity indices of benthic animals in Mingzhu Lake

1 Density/ e
FA7 Season ﬁzid /m? )y Biomij%(%g/m2 ) L A R I
#2 Spring 1270.8 £201.9 3.57 £0.45% 1.20 £0.03 0.40 +0.03 1.07 £0.07 0.67 +0.03
HZ Summer 736.3 +88.7 1.55 +0.44°¢ 1.24 £0.06 0.36 £0.02 1.11 £0.07 0.73 £0.03
FkZ Autumn 1172.2 +236.8 5.50 £1.75* 1.04 £0.09 0.48 £0.04 0.95 +0.09 0.64 £0.04
A2 Winter 981.9 £379.0 2.04 £0. 44" 1.23 +0.10 0.38 £0.05 1.04 £0.09 0.69 £0.05

TE Bl R + s sn =4 R PR ZE R B35 (P <0.05)

Notes: Values represent Mean + SD; n =4, different letters indicate that differences were significant (P <0.05)

x6 BRHEMEIMIAFERSHFEERNZETL

Tab. 6 Spatial variation of the standing crop and diversity indices of benthic animals in Mingzhu Lake

35 Station iﬁ(%ldDjr:Isllzt}) / Y i/lil};n;lass / v N R ]
S1 1462.6 +312.0 2.25+0.43 0.87 +0.10" 0.55 +£0.05* 0.86 +0.07 0.53 £0.05"
S2 1156.4 £352.7 5.73+£2.76 1.15+£0.09* 0.41 £0.04" 1.01 £0.08 0.68 £0.05*
S3 860.4 +£143.0 2.75+0.58 1.35 £0.07° 0.32 £0.02" 1.11 £0.09 0.76 +0.02*
4 1049.8 +244.3 3.27 +1.08 1.25 +0.08? 0.37 +0.03" 1.09 +0.10 0.72 +0.03*
S5 677.3 £118.7 2.99 +0.71 1.19 £0.09* 0.40 £0.04" 1.11 £0.09 0.69 +0.04"

T B I+ PRAfE2E sn =5, A PR 25 3F (P <0.05)

Notes: Values represent Mean + SD; n =35, different letters indicate that differences were significant (P <0.05)

2.3 RSB ESHERTT WAL HAER(F3~6),
“HERFZESEN, FEERBCEED Duncan [QZ K, S1 3 55 49 Shannon

AEPR RIS [A] 22 5%, Shannon ZAEPEFRRC Y RRIESR BORIEY 53 B 45 400 e 25 (% T oAl 4 4>
SRR R B B RS R, o i, U3 B SR SR S A B, oAt 4 Al i 9
WEFPRAEAER,3 RX 4 MR BB EER(FK6).
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2.4 HEENMZHUERBSHEETFHXER
FHIR I HIT I, 52 M BRAT 0 22 R 45 B0
SERERREE N T il 2 G R R R A 8 RO K
TR ARG 5 58 48 M 55 K R B 35 GE M K
Shannon ZFEMERE B, F & S 48 KOMIN ) 2] B2 45 5L

LOKRE . AP LS IR RS
R TR B 3 IEAH ¢, Shannon Z2 R PE 4R B0
AR RS R R R 1 R R OO AR
w5

WAHSRBEIEHR(RT)

_HPVH’P

=
==N

x7 HEFEENSHEEERSNMEEFHEXES T

Tab.7 Correlation analysis between standing crop and diversity index and environmental factors

W 2 Density/ H: ¥+ Biomass/ " N R ]
Environmental factor (ind/m?) (g/m?)
NO,-N 0.109 0.213* -0.085 0.089 -0.077 -0.095
CODy, 0.133 0.237" -0.303" 0.261" -0.233" -0.148
WD 0.270* -0.032 -0.254" 0.227* -0.275** -0.221*

. = KW P <0.05 AF7ERFNEMG, = = 3R] P <0. 01 fF1EM AN, Hofth 53 T SECR A HL B T 1 AH 5 R HOR 7 1

Notes: * indicate P <0.05,
environmental factors are not listed in this table

2.5 IKREWZEIEMN

K F Wright $8 %4, Carlander 4= %) & 38 %k,
Shannon £ #f 1k 45 %t (H') | Pielou ¥ 5] ¥ 4% %t
(J) .Goodnight-Whitley 45 %5 5 > Hoxt B B it
TR - Wright FEHOTM 45 R R S3.95 &
RN RTG YOIR AR, ST .82\ S4 5 v 45 A TG etk
oy Goodmght-Whltley P8 HCPE A i B R W S, 82

#* % P <0.01; The correlation coefficients with no statistical significance between the biological parameters and

SN RCRTE TR, 93 .4 S5 Bl pi A RIS YLk
A5 M\ Carlander A= W4 15 BP0 A9 25 2R ol DL
.5 ANl 0 S IR ARAS s il it Shannon 2
PEAR BOMK AT PRAN, S A uli a5 34 w75 etk
A5 Pielou S 2] BERR RO 945 R R, ST S0
MG ROIR A, At 4 >l A R TG g S
(£8).

®8 JIEHIATRMKRATEM

Tab.8 Water quality assessment of Mingzhu Lake according to different indices

s Wright $5%% Goodnight-Whitley $5%% Carlander $5%& Shannon ZFEMEFEEK Pielou 5] &
Station ~ Wright index Goodnight-Whitley index Carlander index Shannon diversity index Pielou evenness index
No. VI LWQ VI LWQ VI LWQ VI LWQ VI LWQ
S1 1348 gy 29% W 3.40 g g 1.41 rhiE gy 0.50 hys Yy
2 1081 Hiymye 26% HiE 3.40 g 1.72 s Y 0.64 Y5y
53 860  RI5Y 48% AP 3.43 g 1.70 EREPS 0.76 Bim g
S4 1050 Fhy5Yye 51% Ry Y 3.45 g SR 1.72 Hrys gy 0.72 25y
S5 677 i5he 41% 5y 3.49  hER 1.93 GREES 0.69 Ry

T VL F8%0UfE ;s LWQ. K 4544
Notes: VI. Value of index; LWQ. Level of water quality

3 e

3.1 REMESEEMR S H MR BMAR
THREZMESR

R TR TR TG 30 0 B 96 455 4y o 2
PR RN 20 RE R B I 2 A0 A TR A B 0 S R
MRS R 26 R KR KR DL K B FE KRR
S 2006—2008 A W B I JEE A 3 i 1 b 4
BB A ) RN A5 R 2 A e RO o s TR 22
ST G — B, AT 4 R R %R A S )
W LR R R RN T2 ) 2 S (HR T

http: //www. shhydxxb. com

F& AR AN HA 3 Fh 2 REPE SR RO A7 A
I 228 ) 25 5 (3R 6) , X AT RE % 5 0l UK R AF
TERR 25 7 K%, 2006—2008 4F JiK A7 2 47 1 £
S 1R], BB AR i T R Ak T A5 B B, AU
ot 3k o ASBIE ST Z AT, %R i 20 2
B, R T R A Sk o Sl T R A 45T Bl A
(A2 X ST 53 0 BRI K ST 53R , K TR A5
DIshn . AR LI, TE S AN uk i, S1 S

mUZKIR (3.6 m) e K, KT S3(2.4 m) F
S4<2 7T m) S WA LR E KT S2(1.5
m) F1 85 (1.6 m) Sl i OB Z Ty 2253 #r: =4,
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F=0.190,P =0.903 >0.05;u4 %, F =48. 003,
P<0.001 ;2= x v a8 HEAER,F=1.148,P =
0.337 >0.05),

IR GBI T (Ui R
AL ) it Ak T IV 2 5 W R AT 01, I A S
ok L 75 R G0 R A 3 W 4 A 1 56 B R S
T2 K PR Sy b 4 B K T Y
BT B 2 2 PO A e K I A
R BTSRRI IR R ST Sk
(A Rk R |, Hofhh g 2 ~ 4
i, AN AKURIG BN T R 2> S B 2 115 48 45 i
IR BRI 26, 7 7K 2208 S5 T 2 B 3R 1 )
Rl A 5 FEE I8 T, DA T 38 0032 32 15 A9 3l 0
VR ARSI BE , T Shannon Z KL
PR Mo I 4 BE 5 3R 0T B R 58 45 S — 3L
Shannon ZEEVEFE BRI &7 B 45 05 /K 5 8.3
e RS 48 B0 S K IR B TE A6 (£ 7) 581
3k 15 /4 Shannon ZREMEHE BRI 5] BEHE $0Y 10
FARTHAD 4 D3 R B (£ 6) .
Y340, ST S 5 K R BRI B BR F B, BB AR
B Jo H A A S T AR S O Bk ST Bl R
Wsh ¥ 22 RE 1k B 3 % T oAt ol 5 0 BRI SR
EPY e B FE KR AL S m B K WA K
VREFHEN 1 m, S 34 % B9 2L 330 ind. /m”,
ARG 45 5 5 R I, W 0 R 0 5 B 5K
VR L3 TEAH G, ST Sl UK IR IR, 35 e (3
6) o KIEEL I 7 7T fE A A T HLR UL 2
S BRI KRR 10 b TR A2 b s R 4
B, T LA v 1 b 7 Y e L9 T e, L AL
I i A RGN ] YR T 2 N 4y o
B ERTEA HLB & IR A

—BRIFFE W, S S W R o A AT
DA M AV S REVE 28 5 (b2 7 A (COD, ) 5
COD, A %™, CODy, 8% COD, & FAL KA TS
PR I T RIS bR 2 — BT 7 s
YU B E SRR (TG ) BB AL, IR 3
W 22 R FIBAT 1 St BRGS0 A, 7 B — 7 JR K
FF B R, TR E S Tix— B, 2k
PERIBU AR TR KRS 2R S
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Macroinvertebrate community structure and the biological assessment to
water quality of Mingzhu Lake near the Yangtze River Estuary

QIAO Xue'?*?, LIU Qigen'?*?, CHEN Liping"**, HU Zhongjun'*"

(1. National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai
201306, China; 2. Shanghai Engineering Research Center of Aquaculture, Shanghai Ocean University, Shanghai 201306,
China; 3. Centre for Research on Environmental Ecology and Fish Nutrition, Ministry of Agriculture and Rural Affairs, Shanghai
Ocean University ,Shanghai 201306, China)

Abstract: Macrozoobenthos was monthly sampled at 5 stations of Mingzhu Lake in Chongming Island of
Shanghai, China from March, 2017 to December, 2018. The temporal and spatial variations of the structural
characteristics of macroinvertebrate community and its relationship with environmental factors were studied. A
total of 25 species were collected, and Limnodrilus hoffmeisteri, Chironomus plumosus, Tanypus chinensis
dominated the community. The three dominant species contributed 80. 4% to the density and 72. 8% to the
biomass of the community. There were no significant differences in species composition of the community
between seasons and among stations. The density and biomass were 1116. 8 ind./m’ and 3. 53 g¢/m’,
respectively. The density did not differ yearly, seasonally and spatially, and the biomass differed only
seasonally. The spatial rather than yearly and seasonal differences in Shannon diversity (H') , evenness (J)
and dominance (A ) indices were observed, and no spatial and temporal variations in richness (R) index were
found. The biomass was significantly and positively correlated to nitrite nitrogen ( NO,-N) and permanganate
index (COD,,, ). The H' and R were significantly and negatively correlated to water depth ( WD) and
COD,,, and the N was significantly and positively correlated to WD and COD,,. Significantly negative
relationship between J and WD and positive one between density and WD were found. The H' indicated that
Mingzhu Lake was moderately polluted, and its pollution level has not changed significantly from 10 years ago
to now.

Key words: Mingzhu Lake; macrozoobenthos; community structure; diversity; water quality evaluation
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