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SR K AT B A A o B R RE AR R
S GRK BT AR W VF B bR . ) IS G 3 P Y
Shannon Wiener ( H) 4§ £ PF A 7K BT 1) b5 1 — ik 2
M ERG MRE A k. T
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FLBY #5504 "t FAE K R 9 5K
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M Margalef Z A P45 80 (D) | & W 30
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53 0 5 B R 9 2K R b 75 e AR B, I 45 6 K B B
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1.1 FERE S

F2009 4F7 A .8 H.9 H .10 A &K1 K,
AR AR O3 ) K DR M R 2E R R A, 0 O TE A T
(01) 4% (02.,03) ] IX (07) (/K ZRHK (08) (I
FRIT I (04,05 .06 ,09) (7% M (10) 55 2 £ 10 4>
Bk mi (B 1) .
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Fig.1 Sampling sites of bio-investigation in

Dalianhu water source area
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BN T5% 1 CEEPORAT . bRAS &5 THERIFR
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1.3 sHAE
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AN NI IS A K n, AR T AR A
B, AR AE A 7 S B

ZREETR B H >3 KU i ,2 ~3 HRETS
Pe, 1 ~2 i REiGge 0 ~ 1 BRSO, Z R 1E 2L
S0 SR

Margalef % 44 n X,
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A, D ZREEEHGS FREGN DMA%L

Dff:1.0~2.0 fFEIGY,2.0 ~3.0 Kk
[RCT S
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Goodnight 14 3T #5 4%
G =N-N,/N (4)

A, N AR R S A R B N, O RE
hEEBENMEEE .

G:1 ~0.4 EiERRIGY,0.4 ~0.2 hy5hy,
0.2 ~0 Fi54L,0 " Hi5 4% (0 /Y5 LM HE S o
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A 4 F 75 F 38 2 (BPI)
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1.4 KRS EHIELE

K SR B R AL B 7 3 BAT K A K
ORFE T ) 0 KM R A R A T S
AR 3 A 5 ok F G Ay HACH DR-2800 {3 45 il
E L FE A T (CODy,, ) R o il R B4 12 I 7€
KRB TFEY) (TSS) R I L4 0. 45 um P8 i
€ ,103 ~ 105 C LT 5 18 5 5 5 o

B AL P SPSS ( Statistics ) 19. 0 3k 44511,
FHHLR 2 J5 22 47 Bt Al Duncan [C £ & B A B 3%
PERG o 2590248 B05 7K T TS Y d6 b 22 1] 1) AH 56
PEH] SPSS19. 0 % 4 Pearson J3 #7 .  F Ji. 73 43 #r
K FH SPSS 19. 0 B, 75 F 543 40 B o A4 9 A~
PP 5 g R e 2 A B0 - |, 14

Bl fp A 4% [31-33] )
2 4k

2.1 EFHEIYHEYFRY

Shannon-Wiener 35 4 (H, ) R #5 2008 |
2009 4 FZ Bk = (6—10 JI £33 ) (1 ) 2 Hhodle , Bk 2
TR ] A YR b K BRI R W S 15 R 24
Fr, HorpAtii o Jg 13 F, 5 SR %Y 40.0% ,
SFRER 54.2% s B3 4 T/ 6 B, 5 B B
26.7% , 15 BB 25.0% s A8 2K S T/ S B,
KRB KR 33.3% , 5 SRR 20. 8% o A [A] K 5k
R PR S 4 R L 23 Al & Shannon Wiener 45 %5
(H)W%k1,

R 1 KE MoK E b B i 3 ) 7 3K 53 % & Shannon-Wiener 154 (H, )

Tab.1 Distribution and Shannon-Wiener indices of zooplankton in Dalianhu water source

S R P T WX K 2R AR TH
external river ponds inner river lake water-forest marshland
# it Rotifera
& R 46 W JE Brachionus
AL A B. calyciflorus + + + + +
AR E R I B. angularis + " + .
IS R4 i B. forficula .
PR R 4e U B. falcatus N N
G R R4S H B. urceus .
LR8I B. diversicornis + 4 " +
fa W R Keratella
WA 4 il K. cochlearis + +
IR H e i K. quadrata "
it & f6, R 4 0B K valga
Z W% W& Polyarthra
IR Z B4 P trigla +
ZHFE R Filinia
K Z R4 i F. maior + 4
Shgess mUE Asplanchna
AR B AL sp. + n . + R
K% )/ Epiphanes
HE KA E. senta +
A ff1 2% Cladocera
JEH5 {& Nauplii + + + +
% 8% J® Bosmina
KB %A% B. longirostris + + N +
W55 % 5% B. fatalis + + .
75 K% J& Diaphanosoma
SR FH KR D. Brachyurum + + + +
IR JE Moina
RIS R M. affinis + i + N
RFIEIE Alona
IR H % M. intermedia + .
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gx1
S T 3 A TR ) X 7K BB TP
external river ponds inner river lake water-forest marshland
1% /£ 2% Copepoda
¥ K EZ I/ Sinocalanus
hAEPr K % S. sinensis + i N .
VK % & Schmackeria
BRI K % S. forbesi ¥ +
Hri K & J/ Sinodiaptoms
KA K 2 S. sarsi + 4 .
Sk & & Cyclops
JEABEIKE C. vicinus + + + . + +
H1 8K & J& Mesocyclops
A 8l K ¥ M. Leuckarti + + + n .
#it 14 9 19 15 3 10
Shannon Wiener $§%{(H, ) 1.55% 1.342 1.56° 1.83% 0.3" 1 520

TERAPAE NG PR R 257 8.3 (P <0.05)

Notes ; Different small letters of table indicate significant difference( P <0.05).

AT U Bl ) £ 0 A 15 DL R A DR ) K U5
T DX AT b ) i S W A R A AL 2 T O
K BRI AR 1 P2 e S ) R 2R 8 0

Shannon-Wiener ZF:M48 50 (H, ) B~ , 8 X
1Y (1.83) K ARG Y48 (0.3)

Margalef 4 # % #3524 (D) P A B s
1715,2008 2009 45 K Fk 2= 75 R % ] K I b 7 UF
S35 B 1 580 A/L, 1% B4, 4
W 710 A~/L, 5 BB ER) 44. 9% ;£ £ 2K 500
A/LL N BB 31.7% s KA 2% 307 A~/L,
WL 23.4% o TR RIEMIA A X5, 1707 3h 9 1
W2 SRR o, THEE K A b i 3 )

BEd 5 2 6 740 A~/L H it g% 2 193 4~/L, 5k
)R DX A P w5 3 Sl ) 16 E R X AL 2
300 A~/L A 77 5H 1t I K R 7 Ui sh ) 4 BE Y 177
(£2),

I ] Margalef $5 %0 (D) 73 # % BL, K% 1 7k
AN ) XIS K BR AR (1.0) (TR (2. 4) 1t
¥ (2.9) [y Margalef Z #4580 (D) B A%, SMTT
KR (D) fH e (10.4) o 45 I Margalef £
FEPEE B (D) K TG G A 45 R, RS ) 7K 5
K AR AR TG G B T, R TR PR b 3, A1 T
IR (£ 3) o

R2 REMN KR M7k 5% i 5 ) % E A0 Margalef 1551 (D)

Tab.2 Density and Margalef index (D) of zooplankton in Dalianhu water source ( x100)
Hh ] T I [SREI} X K FR AR MERES U]
external river ponds inner river lake water forest marshland
TRUFsh W % B/ (4~/L) density of zooplankton 350 2193 1203 290 2 210 6 740
D 10.4° 2.9° 7.6" 8.5" 1.0° 2.4°

TERPAF NG FREFRR 257 8% (P <0.05),

Notes : Different small letters of table indicate significant difference( P <0.05).

B 2 Hr N )G # # Dominance (Y)
I3 M & B, 2008 2009 4 KRk 2 1A R 3 ) K I
M PE I S W) R O B R 32 B R R 4% (B
calyciflorus) %8 B 75 K% (D. brachyurum ) FliT 4B
Bk & (C. vicinus) . MWPLHFH A R F , KE
T K U5 b 3 30 2 0 A D0 A 2 SR TS e bR
e 1 R ) K U5 M 1) 9 G AR A

2.2 RWEHYHNEYFIRBSN
Shannon-Wiener 454k ( H,) 5 Goodnight - 3T
F}¥#(G) 4 2008 ,2009 4 K& £k Z= 45 (6—10
J1A ) i 8 4 B0, 5Bk 2= 1 R 3 ) K U5 3t K R
R RIS 1S ML RE T 3 1T 12 /. Hoh
BARZ Y 7 Jm O Bl SEBK 3 JE 4 Bl FRI 2 g 2
LAl B R B 60% (26. 7% F113.3% . K
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T T 7K VR b AN [) DX 3K A HR S AT 3l 0 AL AR L S FRE(G) W3 3,

1 5 Shannon Wiener 544 ( H,) 5 Goodnight f&1]

R 3 KIEMKIEHE #3314 4> %5 F1 Shannon-Wiener 35475 Goodnight {& T 54

Tab.3 Shannon-Wiener index and Goodnight index of benthos in Dalianhu water source

Shiel LB P WX K AR TV
external river ponds inner river lake water forest marshland
WA I 8 Bellamya
5 I8 B. aeruginose + .
LRI B. purificata + + . . .
FU B W8 B. purificata + N . . .
fAI2JE Angulyagra
Z 1% I8 A, polyzonata + .
IR JE Alocinma
K I A. longicornis + " . N
VB2 JE Parafossarulus
HIAEJR IR P. sinensis ¥ .
W J& Limnoperna
RIKFEHE L. lacutris ¥ .
R JE Unio
[F Wik & U. douglasiae + .
Jo 5 I J& Anodonat
I JC R AL fluminea .
W8 Annelida
JK 22 85| )& Limnodrilus
YLPLIHIK 224 L. claparedeianus ¥ " + .
FERTIK 22 08| L. hoffmeisteri + 4 . .
JE &8 45| J& Branchiura
IR ARE] B. sowerbyi + . . .
B3 & Tubifex
E W T. rubifex
3% Arthropoda
P )@ Chironomus
HAOPFELL C. flaviplumus + . . .
T X HEIUR Dicrotendipes N
R &k X FE W D. pelochloris
At 11 6 4 12 5 3
H 1.23 0.91 0.81 1.26 0.97 0.92
G 0.88* 0.67° 0.75° 0.75° 0.40° 0.30°

T RPAFENEG FRFRR 257 83 (P <0.05),

Notes ; Different small letters of table indicate significant difference( P <0.05).

MR 3 F Y, R W 7K b AN (7] X3 A 5l
Py 8 2H RSAT 5 R 22 S, G v i) DX AR A 3T v Y RS A
YRS 2, T I T PE ) IS A Bl )

JEAFi 1% Shannon Wiener 584X ( H, ) 73 ¥71 &
7N R ) A [) X380 7K 14 o I 6 3y ) Shannon
Wiener 38 40 ( H,) I 2 sy B A 0. 81 ~ 1. 26,
Forpr, W) I o (1226, K 7 J% FH 1t 3 B I
(0.81) ., %M Shannon Wiener £ ¥¢ I 45 ¥l /k 14

15 QL PEH 8 A, KT T AR b 7 K 7 5 B S 0
P K AR MR LT B TS Y g L AR R X TS

I 34 Goodnight & 1T 480 ( G) 437
R, K K U A W] XS A B
Goodnight &7 5% (G) # 0.30 ~0.88, H: 77
P b K A AT 35 4 11 Goodnight 81T 4841 (G )
AR (0.30) , A fi i (0. 88 ), 7K 5t it % 41 1
41 0.63, 4% Goodnight TEAM 45 5, /K FR AR TH B
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M I YR, A XS e R R R
JETG Qe
B R A A ¥ 5 4 48 2 (BPI) RS

B 7 R T AR b T A 2 1 S 34 9%
1079 A~/m?, Hep ZEEEK N 2 655 4~/m”, ik
Y TN 614 A~/m® | FE W4y U Ol 603 4~/
m’ R WA 3h W -2 A Ol 475 g/m’
Ho ks A iy 472 ¢/m’ SR BN
10.3 g/m* fRigh A Y &R 5.8 g/m’, FEJiK
Wi AL, SE B 68% , R s i AN
PRI HL 455 16% 124 Wy s Al b, Bk s 5
97% ,FEEIH N 2% WA 1% (K 2),

AR 4l 25 A 18 A A 0 A, RS 9 K U b
JIEAT AR ) I DL 350 S J7 TE 31 0 88 ( B. purificata) |
FIE B 8 W (B purificat) F K ff IR (A

longicornis) ,

E% R population r14EHJE biomass
3000

: 500
cz2ml @ 7 7 1iis
Ezamor |/ Y
< § 1500 g 7 20 = &
= E 1000 4 or Has
¥ & 500 A ﬁ d 11003

. % ‘ e (5)0

HER BEFY BEGR FH
mollusca mollusca chironomid mean
larvae

F species

2 REIMEESLEMEAN
Fig.2 Density and biomass of the benthos

o7 FH RGPS 26 W0 19 25 5 A 2 15 Y 45 % ( BPT)
O3 AT B, S T K U b 1) B R AR ) 2 S Y dE R
(BPI) My 1.1, /R S 5 ek &5
2.3 JKREHE

E I R] X [ 3 EORE A K B HEAT T A #T
IIMTEE R (£ 4) .

R4 KEHKRMARRKL

Tab.4 Water quality of Dalianhu water source mg/L
K AR Hhinf P b I WX
water-forest external river inner river ponds lake area
TN 4.82 +1.57° 2.06 +1.04° 3.58 +1.23° 3.44 +0.25° 2.52+0.94°
NH, -N 0.97 +0.34% 0.45 +0.22° 0.57 £0.21°¢ 0.56 0. 14° 0.35£0.18"
TSS 96.0 +11.2° 135.0 +24.5" 152.0 +32.5°¢ 165.0 +44.1°¢ 138.0 £25.5°
TP 0.48 +0.04* 0.09 +0.04° 0.32 +£0.09* 0.28 £0.05° 0.12 +0.02°
COD,,, 15.56 +1.23* 6.78 +0.70° 12.06 +0.98° 8.97 +0.87°¢ 5.06 +0.34¢

TR AR NG P B R R 257 8.3 (P <0.05)

Notes ; Different small letters of table indicate significant difference( P <0.05).

R 4 ) K U5 KRR RORD 3R B
T IE KA B 5 G R B J v T AN A X, o
IKFRMRAKAK ) TN TP COD,,, ¥ F 43 31| 4 3 [ 52
Mo F KK BURR UE V 28K 2.4 4% (1.2 A% (K % )
16 F1 1. 03 A% s i IR PR 9 TN TP 3 B2 55 31
i B G R AKOK AR E V 2RK 1.7 %5 1.4 5 LA
o TR JRGEE ) K TR K AR AR TR K SR B
PE) SEIEY) (TSS) Mk BE A i, BEAS A& T A
BT EAE o A2 36 K o 42 BE i 2 /K PR 45 0 4 [
FARHE KRB TR R WL IE N SV KK, WX
WIERAEAN ~ VK,
2.4 EYFERYSKEEFRHEXES T

Sk B AE W 2 4R RS K S YR AR I OC R
% A SPSS statistics versionl19. 0 % {2 i) person #H
KA IT I, o3 B T AS[) A W) 2 48 05 K Bt 4
B Z AN AH G (3R 5) o

M5 FEH, FIFs YY) Shannon Wiener $§
B (H,) 5/Kkd i TN TP COD 4%, 5

TSS IEAH K . ¥ iiF 3 W) 1) Margalef 2 K ¥ 45 %k
(D)5 NH,;-N TN & F M X (P <0.05),5
TSS IEAH X, THilFshP% &% 5 TN TP . COD IE A
K, 5 TSS i G. IRUFEI R AEES TN TP,
COD A&, A W] i, 26 WKt i R Wi 7 e
A L7 L7/ B A S ey S WA N B 5 T 1
AW 2 48 B0 7K T A DG MRSk & 8 I i 3
YIF WE s ¥ 1 Shannon Wiener $§ % ( H, ) FI
Margalef Z # V£ 35 % (D) 7] DL 4 19 52 i 7K J5t
RO

i 3 4 i Shannon-Wiener 4§ %4 ( H,) 5 /K
i) TN, TP #1 COD fi Ml 3. JiK WG 3 9 1Y
Goodnight 114840 (G) HK ) TN TP i 3%
TAHSE (P <0.05) 5 JIEAR 2 4 10 Fl 28 50 5 oK Ak h
19 NH, -N g 25 0 AH 56 N5 7K T i A0 ¢ P ok
&, JH Goodnight Ji& 1 3l #) 2 1 1& 1T 45 %L
(G) PEHr 7K it 5 YL R 25 b Shannon-Wiener $§ %X
(H) 5 o
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RS FHIVANRESIVENFERLSKEIERBEXRH(r)
Tab.5 Correlation coefficients of zooplankton and benthos’ bio-indices with water quality
TS fatR B §s80: R i WA RIATE MEEY
species indices TN TP COD NH," -N NO, -N TSS
H, -0.854 —-0.848 -0.520 -0.769 0.197 0.608
VR D -0.887" -0.860 -0.849 -0.978 " 0.155 0.746
zooplankton & density 0.857 0.861 0.753 0.781 0.509 -0.131
PP HL species -0.645 -0.608 -0.717 -0.817 -0.319 0.330
H, -0.701 -0.749 -0.864 -0.689 -0.649 0.014
R -0.930" -0.892" -0.797 -0.519 -0.798 -0.211
benthos
2L species -0.824 -0.869 -0.792 -0.900 " -0.036 0.642
2.5 REHKEMARRFTEREEESH I3RS — F R KRR BA(TN) (&

% SPSS statistics version19. 0 % {4 49 3=
O3 3 A D5 R TG G A W) 2 48 B OK B bR R AT
oHr, NER S E R (K 6) Bl 1 1
HF 2 FRAEMR K+ 1, Har 2 A~ F Z R 5tk
A3k 94,595 FEAAL T AR AR bR B oA I BUE A
KL, AT DU 4 s e 4% DX B K BAR B . 5 R
NG5 B ik () FE I #2 2 AS E o N E
B A BN e BT (KR 6) LU 0.7 Sy

B (TP) b2 #E%( & (COD) (& A (NH, -N) DL K&
Shannon Wiener 45 %t (H, ). K #i 3h ¥ 09
Goodnight EIT48 % (G) , 7] LUA B B AT R KA TS
ey 800, W) I s /2 e iy Shannon Wiener 45 %4
(H,) JEWi ¥ 1) Goodnight & 1T 45 % (G) n] LA
oK BTG Ge A8 bR — A R K AR TG gk A . B 3
W K &R R BETEY (TSS) 5K 5
Y1) Shannon Wiener 8% (H,) .

x6 ETHAAWER

Tab.6 Results of principal component analysis

HFAE AR 3k J7 22 5Tk R variance contribution of eigenvalues

254 F MM comprehensive component

5 H RS PR/ RBUTE % BoERE, BTG F
. contribution of cumulative
component eigenvalues variance contribution no. 1 component no.2 component

1 7.039 78.216 78.216 TN -.982 . 120

2 1.474 16.379 94.595 TP -.980 .153

3 .297 3.297 97.892 NH, -N -.978 -.130

4 .190 2.108 100. 000 COD -.947 . 046

5 3.020E-16 3.356E-15 100. 000 G .944 . 187

6 1.812E-16 2.013E-15 100. 000 H, .936 .237

7 -7.836E-17 -8.707E-16 100. 000 D . 882 -.236

8 - 1.493E-16 - 1.659E-15 100. 000 TSS .585 . 810

9 -5.169E-16 -5.743E-15 100. 000 H, .614 -.783

VP T R (R 7)), REBKEA 5 > S > HIIX .
D S 7 5 B U K R > 1T > 3
RT KREHKEHFTERIESITEN
Tab.7 Comprehensive evaluation of pollution at Dalianhu water source
X 3 5 — E MY Fl He# 55 T My F2 He# g4 M F 4
area no. 1 component ranking no.2 component ranking component ranking

Jtb I ponds 0.211 43 3 0.933 23 1 0.318 226 3
K FR MK water forest 1.289 13 1 -1.637 87 5 0.740 039 1
PN inner river 0.498 28 2 0.618 99 2 0.491 119 2
HIMA] external river —-0.845 36 4 -0.129 90 4 —0.682 48 4
i X lake area -1.153 48 5 0.215 55 3 -0.866 9 5
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Pollution analysis and characteristics of pollution biology at
Dalianhu water source based on zooplankton and benthos

LIU Xingguo'?* , XU Hao'?, ZHU Hao’, WANG Xiaodong®
(1. Key Laboratory of Fishery Equipment and Engineering of Ministry of Agriculture , Fishery Machinery and
200092 , China;
201606 , China)

Instrument Researhc Institute ,Chinese Academy of Fishery Sciences,Shanghai

2. Ponds Ecological Engineering Research Center ,Chinese Academy of Fishery Sciences ,Shanghai

Abstract. Pollution biology indices on zooplankton and benthos were used to analyze the pollution state of
different areas of Dalianhu water source,in order to study the pollution characteristics of Dalianhu water source.
The evaluation effects of different biological indices on water pollution were considered with its water quality
indices,and principal component analysis was used to analyze its pollution characteristics comprehensively. The
results showed,during summer and autumn,the range of Shannon-Wiener index ( H, ) and Margalef diversity index
(D) of zooplankton in different areas of Dalianhu water source was 0.3 —1.8 and 1.0 —10.4 ,respectively ;and the
range of Shannon-Wiener index ( H, ) and Goodnight index of benthos (G) was 0. 81 —1.26 and 0. 30 - 0. 88,
respectively , which all showed it were in pollution. Correlation analysis results was in comparison with the water
quality indices,showing the Margalef diversity index(D)of zooplankton and Goodnight index ( G) of benthos can
reflect the water pollution state preferably. Combined with the results through principal component analysis, the
rank order of pollution state of different areas of Dalianhu water source was water-forest > inner river > ponds >
external river >lake area. The results showed the lake area of Dalianhu water source had certain ability to purify
and protect water, and the pollution was mainly from interior sedimentation of organic matter and pond
aquaculture. The ecological restoration measures for Dalianhu water source should include reshaping the terrain,
sediment dredging ,communicating water network ,controlling pond aquaculture,and so on.
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