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VLA 3 B T AR 52 56 3k b (29°47760"N, 120°23
42"E) 4T A = AL R 2009 AR R ) iR
W0 F WA e 2R — K IR Y, SR
10 d X i S0 JC A SR A v TR o i ]
55 T 2009 4E I [ #7704 151 T v — Ik K
AP, SCURET, = A WLE R G R R
FE—ANTEFLR 1,33 hm’ i b

FETH LI AE W RN 32 m® Y i 6 [l B b gt
1o FIFRALIEAE AR 1.33 hm” [ L3 p . [
B A4t (5 A S S BESCHR (13 ]/ 7 ko
1.2 LWiFIH5FALR

R BB 3R S g i, 153 A Ak AL it G 3
(DM) \Jiti AL JE ( CF) Ff it 15 3 Ak 2 (DC) o 1
FEM AT Z 0 & AL 3, AL AR A 35 R R B IR — &
B (KH,PO,) ., DM FI CF (it AL 5t AR 5 A= 7= 42
55 RN 7 B KA B & B B i RNE WY B 1 2 , DC it
UK DM i1 CF Jifi I & 4 5 & 4% H R e 46
il AR 3 AEE A 9 M. B
L B PR 1) = A L e B B R T R R
20.15.5.5 15 A~ SEHFE = ML R A F R
HRIER . IS EAE R 30 em, BN GE N CA
4 AU R FRIREE KT 40 em,, Fifa SR AR
FEL B A AR (1 mox 1 mox 1.5 mo) w6l g 4
TFRAEE R N o FRAE 29 R 2 155 d, FRAE 4 FL S
Jite % S it A o5 2 BESCHR[ 13 ] 07 vk o
1.3 FiFEYREMDH

S5 1 5] 2 0T SRAE 43 B R U A o 28 2 A
Pt 4R a(Chl.a) , Hrp, PRI W) Fh 26 4H
BRI A i B 30 KA H7— 1K ;Chl. a B 15 K430 #Hr
—Wo KAEHFE]N 8:00 ~10:00, H 5 L RKER7E
il B — 0] ( B BT B B 24 50 em, ZK AT R 50 em Ab) 3R
IKFE, 43 HE A 250 mL 35Sl (A 3434 Chl. a)
AL BEES) T DU T 23 A i i A 0 o 248 2 e
W) o Bl 10% & 55 FC 1 W A2 17 U R
YIRE S o KFEZ A1 5285 % )5 , ] Turnner 10 — 0057
PECTHIE DEGAE (X)), AR 58 gl 57 A 1|l 15 5
Chl.a =115.8X —4.418 i}% Chl. a ¥k Jif (ng/L),
N [ I W AR KRR AR R 25 F R & 24 h )5
Wedii 28 30 ~ 50 mL, KV 4 K AE 78 43 TR A1 Ja IR
0.1 mL Jin A S0 7FIWEAE P 7 EOHE v, 76 10 x 40 AL BT
TSI BEAIKAET RO Fr, B iR
5> 15% WHECE = /Y o RSk 15 ] % E
TFIFAE P R 2SR AR W it

1.4 #HES5FHItSH
AR T I A R IR R P (V)
Shannon-Wiener Z #E P55 (H') """  Margalef 3
BERE(D) "™ K Pielou #y5TEERREL(S) 7
Y = (n/N) xf,

s
H =- Plog, P,
; log, P,

D = (S -1)/log,N
J = H/H_

K, n, BE @ ORI B LR i, N R AL
TR B AR W i, f o 5 | AW R B A
S M TP TR AR R L PO
PR AE Y R SRS TP B A R R A (P, =
n,/N),H,, =log,S, ¥ Y>0.1 K EHFAHY) I
Fil g Ry E B R

K FH LN R J7 2253t (One-Way ANOVA) £
i AL FE XS H' (D J PRI FEY) AP & Chl.oa
U520, A F Duncan [ 50 125 34— 25 43 AS R ik
PHE B 22 5. AR Y >0.005 [0 A5 4 Fh 2k
A= Wy i X6 R A 1) 54 Ak B Lo PN 1) 7 00 A
YIRETE AT 2K M X Y >0.005 (137 M9
Tl 2 A W B MR AT 2 B B g 4 A7 ( DCA) 75 Ho 4
J7 A b R B e K <3, R & PR R IU A o
(RDA) J5 1: 43 BT I e A 9 E 7% 55 IR 55 X G i
Wi (SD) A% (DO) (& A& A (NH,-N) (3 P
(PO,-P) MRS A (NO,-N) (Wil iR 75 & ( NO,-
N) EA(TN) (G 8 (TP) A BE L (TN/TP) Fil s
HRERATHE S (CODy,, ) M e R . B o B R
17 Lg(A+1) 54, BUP <0.05 225 5 1 2 K
o Jr 253 HTRIE S H FIF SPSS 19. 0 (IBM®
SPSS® Statistics ) % 4 52 i , DCA F1 RDA 43 #7 |
i Canoco for Windows 4.5 #4347,

2 4

2.1 FFEYFMEART S FEME

g ISR R U ESIRE S i 7/ R S i
71730 %70 J&., Ht,DM £t 58 Fi, CF & i
56 Ff,DC i th 71 Fh (£ 1) o SEERFi T, Bl BE A
LY % 01 8+ 88 ( Crucigenia)
WhEE & ( Scenedesmus) 1) Ff 28, J5 ] 8 F 2L B Jm
(Merismopedia) . 1 3% 3 J& ( Microcyslis ) F1 = 3k
)& (Goelosphaerium) ) Fh 26 (£ 2) . #H[E H 1
A [R] Ak PRI i A ) S AR A 22 N
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Tab.1 Species of phytoplankton observed in the experimental enclosures

J& 2% genus and species

DM

Q
e}
v}
Q

I'T phyla
W ¥ Cyanophyta

Z§3: Chlorophyta

S-Z49%: Merismopedia sp.

OBk Chroococcus sp.

FEk 8 Aphanocapsa sp.

THAEWE Microcyslis sp.

JEER ¥ Goelosphaerium sp.
W2 Yk P Dactylococcopsis sp.
433k ¥ Raphidiopsis sp.

A FRE Nostoc sp.

1 2 % Anabaena sp.

W2 E 4 22 % Lyngbya contarta

IK AT 2238 Aphanizomenon flos aquae
L MR EE Anabaenopsis sp.

WEjE 8 Spirulina sp.

¥ Volvox sp.

ZSER ¥ Eudorina sp.

SEEK I Pandorina morum

UZETE 5 HE Schroederia nitzschioides
W2 JiE = JE ¥ Schroederia spiralis

T 5JE ¥ Schroederia robusta

+F TRl Chodatella wratislaviensis
/NDU ff B Tetraedron minimum
= PUff ¥ Tetraedron trilobulatum
/NEREE Chlorella sp.

A F ¥ Selenastrum sp.

BE I ¥ Kirchneriella sp.

05 H ¥ Closteriopsis longissima
LT Yk ¥ Ankistrodesmus sp.

PR PE Oocystis sp.

‘B I ¥ Nephrocytium sp.

I ¥ Quadrigula sp.

R ¥ Actinastram hantzschii

U H ¥ Tetrallantos sp.

PERSE Tetrachlorella sp.

B #% B ¥E Pediastrum simplex

DU £ 45 B 38 DU 5 A Bl Pediastrum tetras var. tetraodon

+FH Crucigenia apiculata
P2+ F# Crucigenia tetrapedia
WIE 8 Dimorphococcus sp.

PO M Scenedesmus quadricauda
Mt Scenedesmus dimorphus
BHEMEEE Scenedesmus obliquus
P ¥ Tetrastrum sp.

F Wi PE Westella botryoides

LI LT3 W Westellopsis linearis
HALEE Mougeotia sp.

JK 45 Spirogyra sp.

RILEHE Netrium sp.

¥ Cosmarium sp.

£ BB Staurastrum sp.
PR E% % Arthrodesmus convergens
TS Triploceras gracile

Bt H ¥ Closterium sp.

R G EE Micrasterias sp.

Y5k W Elakatothrix gelatinosa

Iy 2Bk R BRIE Asterococcus superbas
AW Chlamydomonas sp.

25 B Coelastrum sp.

+ o+ o+ 4+

+ o+ + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+

+ o+ o+ + o+ + o+ o+

+ o+ + 4+ o+ o+ o+ + o+

+ o+

+ o+ o+ o+ o+ L+ o+ o+

+

+ o+ o+ o+ o+

+
+ 4+ + + + + o+ o+ A+ o+ o+ o+ o+ o+ A+ A+ o+ A+ o+ o+ o+

+ o+ o+ o+ o+ o+ o+ o+
o+ o+ o+ o+

|
+ o+ o+ o+ o+ o+
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38 &

gx1

I'] phyla

J&2& genus and species

DM CF DC

#L# Englenophyta

[% 3 Cryptophyta
# 7% Xanthophyta
fik # Baelllariophyta

H1 ¥ Pyrrophyta

Il ZL 4L 3% Euglena sanguinea
FEYLEE Trachelomonas sp.

Y 2L £l ¥ Lepocinclis texta

it BL#E Phacus sp.

It B8 Cryptomonas erosa

Wi 223 Heterotrichales sp.

/NFREE Cyclotella sp.

JEIE W #3 Stephanodiscus astraea
MR R §5 3% Coscinodiscus lacustris
HAHEWHE Melosira sp.

FHE # Navicula sp.

Ui 8P Gyrosigma acuminatum
FH R EHF 3 Synedra ulna

YR B Cocconeis sp.

WEZEEE Surirella sp.

¥EFF ¥ Rhopalodia sp.

FLE UM Attheya zachariasi

i 25 % Cymbella sp.

HLH 8 Gymnodinium aeruginosum
i ¥ Glenodinium pulvisculus

|
+ 4+ o+ o+ o+
+

+

o+ o+ o+ o+ o+ o+
+ o+ o+ o+ o+ o+ + 1
o+ o+ o+ 4+ o+ o+ + o+ o+ o+

+ o+ o+ + o+ o+
+

+ + o+ o+

{E : DM. jiti 1§ 2% ; CF. jiti fL /It ; DC. Henti s 26 MALIE , TR “ + 7 B~

-k

Notes:DM. fermented duck manure; CF. chemical fertilizer; DC. combination of fermented duck manure and chemical fertilizer. Similarly

hereinafter. “ +”

represents appearance;“ — "

represents no-observed

®2 RRERANFHEDEELEHHOABE

Tab.2 Dominance index of dominant species of phytoplankton(Y >0.1)in the experimental enclosures

KA A b 2 fi# & dominance index
date dominant species DM CF DC

5 A May + ¥ Crucigenia sp. 0.167 0.288 0.496
Mt Scenedesmus sp. 0.700 0.446 0.346

6 H June +F ¥ Crucigenia sp. 0.207 0.443 0.409
M Scenedesmus sp. 0.561 0.770 0.408

7 H July Mt Scenedesmus sp. 0.136 0.133 0.140
T B Microcyslis sp. 0.448 0.173
- %438 Merismopedia sp. 0.133 0.635
& ERPE Nostoc sp. 0.140 0.130
1t JJ 3% Anabaena sp. 0.511

8 H August B Microcyslis sp. 0.543 0.265 0.420
SE-ZL W Merismopedia sp. 0.107 0.206
W ER ¥ Goelosphaerium sp. 0.247

9 H September Mt Scenedesmus sp. 0.127
T B Microcyslis sp. 0.741 0.260 0.584
Bk Goelosphaerium sp. 0.194

10 H October THHEWE: Microcyslis sp. 0.612 0.440 0.337
SE-Z4E Merismopedia sp. 0.168 0.293 0.528
i Bk 3% Goelosphaerium sp. 0.179 0.142

SIS W [R] AN TR it AR 5 3k H' (F =4.00,
P=0.04)FJ(F=3.62,P=0.05) B4 %5
M, fHX D sZmg A (F=1.22,P>0.05,%

3) o H'ANJ 4% M BAK A9 X 7 HE 5 2 DM >
CF>DC; D fit )\ i B 19 % 5 HE 51 2y DC >
CF >DM,
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Tab.3 Diversity of phytoplankton in

the experimental enclosures

15 ZRETEIERL(H')  FRER(D) AR
° Shannon-Wiener’ s Margalef”’ s Pielou’ s
treatment
index ( bit) index index
DM 2.32 +£0.20" 0.73 £0.20 0.53 £0.05"
CF 1.98 +0.32° 0.77 +0.07 0.45£0.10®
DC 1.97 £0.20° 0.91 £0.29 0.42 +0.04°

T BRFR R P E + A2 (n =3) o [A—FIAR AR b AR T
BpRR 2250 8.3 (P <0.05)

Notes: Data are expressed as mean = SD (n =3). The superscripts
present results of Duncan’ s test, and different superscript letters

indicated significant difference at 0.05

o
(=]

oDM eCF a DC

33
(=]

(=]

biomass of phytoplankton

I D) R /(% 10°4N/L)

<

2.2 FHFEWEHEF Chla

S5 E), DM CF i1 DC [E] [ P /9 3% Ui 48 4
ARSI 2.6 x10° 2.1 x 10°H1 6.0 x 1054~/
L, BfF7 5 i 18] SE 4, [ B PN 3 O A8 90 A ) 3
I, WE A I A ) AR ) B b B o L 0 T
Te SE5 5 A, A AR I A ) A ) b 1 o3
MK 96.0% 89.5% Fl191.8% ., A~ [A] 4k 3 [a] 1 i A
W 1 0 A K S A T A ) A ) b Y B T
WEXER(P>0.05, 18 1), FfiFR5 0] R E K, [
W Chl.a 5 EFHR@H (B 2) o A [A] it I8 i i %
FElB% A Chl. a JC i #5200 (P >0.05)

—
(=N
(=]

oDM 8CF e DC

—_
33
(=]

e}
(=]

biomass

B
(=

BRI R ) %
(=]

ratio of blue-green algae to phytoplankton

Bl XRERAFHFEVEDENEELZHEDENEDRLLH

Fg.1 Biomass of phytoplankton and ratios of blue-green algae to phytoplankton in biomass in experimental enclosures

1501 - pM = CF-=DC
120}
-

S
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)
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#& 5 60
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Q
ﬁ 30.
0

&) S T T e N e
DS O R

H (H-H) / date(month-day)
2 IRERIHMHEER«RE

Fig.2 Concentration of chlorophyll @ in

the experimental enclosures

2.3 FHEDBHESMNTUREZMESR

TEUFAE YRR W] 3o 3 98,56 IR AE
PikEvE IR 12, R BRI T A 37 .8 .
9.10 H {5y (Ab¥E DC Br4b) v M P v e 11 2%,
FE B AT A W R S T SR R R Bk 5 10
H A DC F7 iR W BE 3% R 28, F2 B0 3Ry 1%
WHATHE(E4)

5-DC
5-DM

9-DC
9-DM }_,7 —
10-DM

10-DC il

10 12 14 16 18 20 22 24

B3 RHEFHEMHEEARE
5347 B (SR ¥ B (8] —Ab 22 )
Fig.3 Dendrogram of cluster analysis of
phytoplankton community during the

experimental period ( date-treatment)

LI Y >0.005 /Y7 iF A ) A7 31 Fh (Fw
W3 4) , RDA 31 i 30 Ffe Wi ) i) 34 4k 34 555 A
] i R WA W A VR S AR Y 69. 4% |, H b i
ANHEF WA M T 32.3% 1 9.3% ., Monte
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Carlo B I 45 B /Rn: TN(F =6.08,P =
0.002 0) NH,-N(F =2.22,P =0.006 0) f1 DO
(F=1.64,P =0.020 0) 735/ fift B 7 ¥ e 46 W) 4

=

—

AR AL 1 28.0% . 15.0% #17.0% . SD.PO,-P.
NO,-N NO,-N TP TN/TP fil COD,, % V% it #i4)
B A B E (P >0.05),

Wes-s.
[N

DO *

-0.6

E4 FHEVEEZSEUATERFHXER
SD: i Wi ; DO i % s NH, -N: S A PO, -P o 1 PRI s NOS-N i PR A A ; NO, -N: WA FR A &L TN : B4 TP B ; TN/ TP Z i 1L 5
COD,,, : RIS R, * :P <0.05
Fig.4 Relationship between phytoplankton community and environmental variables during the experimental period
SD: Secchi depth; DO :dissolved oxygen; NH,-N:ammonia;PO,-P:reactive phosphate ; NO, -N: nitrate ; NO, -N : nitrite ; TN : total nitrogen; TP

total phosphorus; TN/ TP :ratio between total nitrogen and phosphorus;COD,,, :chemical oxygen demand. * represents significant effect

x4 RBEY>0.005 PiZiFEYFHEREKD
Tab.4 Code of phytoplankton species with dominance index >0. 005

11 code P species Y code 2 species

Mer. -2 Merismopedia sp. Sce. Wi Scenedesmus sp.

Aph. [ Ek % Aphanocapsa sp. Nep. ' JE ¥ Nephrocytium sp.

Mic. T HEH Microcyslis sp. Act. R P Actinastram hantzschii
Goe. Je 3k Goelosphaerium sp. Ped. B ¥ Pediastrum sp.

Nos. IR PE Nostoc sp. Cru. [##% Crucigenia sp.

Ana. i it 3 Anabaena sp. Wes. F i Westella botryoides
Ana-s. L JE ¥ Anabaenopsis sp. Wes-s. LLIE 35 Wi Westellopsis linearis
Spi. W2 Spirulina sp. Cos. g P Cosmarium sp.

Pan SLERPE Pandorina morum Coe 25 B Coelastrum sp.

Sch. S I ¥ Schroederia sp. Eug. Ifil T 4R 3% Euglena sanguinea

Tet. U ffi # Tetraedron sp. Tra FERLIE Trachelomonas sp.

Chl. /NBREE Chlorella sp. Cry [ Cryptomonas sp.

Sel. H 7 Selenastrum sp. Coc JIE . Cocconeis sp.

Kir. BT ¥ Kirchneriella sp. Nav FHE # Navicula sp.

Ank. 2T 4k Ankistrodesmus sp. Gym ML Gymnodinium aeruginosum
Ooc YU 3 Oocystis sp.

http : // www. scxuebao. cn
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3.1 REHEAR 7 % Xt a0 Fh S A 0 &
4 B9 52 )

Jitl RS A 5| 0 7 L Sl 8w 3 U A 0 A 25 4
KA AR S b T B P R WA
BEPL TN Ry R AW R R 2 S Wi R R
PR R R AR TR A R — M 28
FB1 i 4 357 T L T 9 45 ) 4230, SR D AS [t ES Ak
{14 ] P 4] 357 U A 00 o IS 2 F0 RN )0 3o TG T I 92
T o 3X 3 B FB] B PN 3 TR R ) A 45 ) o S ) (i)
ASAL T A8 Ak, 32 5t HE J7 15 5 R BN . 4 95
2 0TGN g 25 AR A R E T IR R A0 R Y
A5 g5 1], it A AN 3G P 3R i 35 B Terziyski
A1 R A HLE 5 it AR ) 3% A 3 3 1] 9F
Y 28 25 oA B, B H R b A — B
Mischke ™' $ it 4 25 Jiti o HLHE K 5% 1) 3% 0 3t 9 1%
TR PR B, E o T A e . ARSLE
B i 1A 9 300 L 40 00 B A5 4 2 Y T ARG 1Y
[Fi) J01 10 i 2555 % B S 6 L ol v %) 9 DR AT 4 A
Al % F A% KR (20.8 ~33.3 T, F
28.0 C) P54 F&EP K (23.4 ~33.5
C,F128.5 C )L, HA S b N Py ™
6T Ja 5 ma s 5 W4 I WA 5286 ob 7 U
YRR ZNATRES NP W B2 57 K.
3 2 W A6 2545 MR 09 1% B0 R, 78 9% £h 25 57 X T
YRR St = AR B . 3 it B 7
AR FESREAKE PR NP & &7k 2%
S AT A AR Sz 6 P A (5] A (] 9 0 A 0 A
VRS 25 AW R R 2 —

KR B NP AT 5 W VR A W 1 £ kR
P AWESE B, DM CF 1 DC [H g A H' Hl J
Fie M\ = BIMIKHE S 1 K S5 (DM > CF > DC) 5 K {4
H TN/TP #ie M s BRCHE S B HE e — 3, %W
TFUFIEY) Z R 5ok IR T N/P A —E R KR,
DC [l N IF I AE Y R 2R 8 R 2 (0 H'FI T /)y,
2 FH SHfe it 75 28 0 A0 NS B AN () 3 i A 0 o 2K 1) 3=
25 BB A BT B e 77 e A W A2 ) b T
{1 A1 8

J 4 R AR A 1 A A A
TR KR b Kk AR W BE K AE . RDA 4y Hr i A&
W58 W I EAR P B 9% A2 4 5 TN (NH,-N £ DO
EHK (K 4) . FH—415 TN IEMX, 5 DO fiMd

K IREE—Hl Y >0.005 1) 35 JiF A8 ) Fh 2 £E 35 A
LR VE W I B R AR, VLW B TN Yk ¥
SR S £ T R R 1) T R A SR S S B
Bl P9 P B A A v 90% g E L IESE T Bk
SYWTEE R T, f R A FRAS K R R
A K A 5 B4, i i A 7 i M LA B 4 1
WK K
3.2 REEEAEGEHEYEDESHEM

LA G R 5 5 B K MR R R U A A A
N (3.5 ~12.6) x 10°4/L202 0 AHF 5 10 il
B B P 37 U R 0 A R B (2.1 ~6.0) x
10° /L. LA B MRS AR I, KR
KT AR 2 A 0 0 5 Ay 97 58 K A TR O T A 2
W H ) B 5 {45 e AR R 25 4L 6 %5, U0 B £ i £
SR B KM R WA ) A ) A R R K
A FE [ B P I Ui AR ) 2E W 5 R Chl. a B 55
it B 1) F2E K % 97 389 000, 33K 4 A 7% K R T IR O A
9y H R 7 Al — LR

LR, A BRSSO 1y
AT SN FE B K AR RO AR ) A ) i B Chll a
L ER A 0F 78 4% S 2 W it ME o 2 9 A 4 2B K TG
BER 0 B, R R KL S B0 OF W
LR W) B I S A A E 2% 5 . Mischke 457 47 18 7] i)
Tl TG HLAE AT HLAE f) 3% £ 3 8 2 36 2 0 4
SR W R R Chl. o 525 T e A LT 9 i 3k
Ludwig %' 4% 18 i K A1 NPK 5 jiti K B . NPK
IR 1 040 10 855 3 38 P Chl. @ 525 785 T it K 1
WiyE . Hossain 45 3R 8 76 S 05 510 TR & 3%
I 37 U A 0 A R A A I (R R R i B TR
B5) I U it A 2 I A o ASBF S, 1 0 U A
Py £ Wy A7 A 19 X% #E 31 . DC > DM > CF,
% I S 1t 0 246 0 e ML 5 B s 24 s £ A A L
AR TR IE MY EY R, X SR 50 A
WRgEgsie '™ B, AN [R]Ab B A 9F 7 A AR 4
Fl Chla YRS R R B E LR, X — iS5
SR PR 150 7t A Ak B £ BT Il 1) 9 9 490 2 0 42 A
BORA S, 55— J7 T 5 A 0F 5 o e IR 1 (i
JE A5 ARG N P S AT BB N PR A T
PGS /N ) O WA W A W 3 L R Y R
iy N\ CAn e 1RDRE) B 52 8 R G .
3.3 aEGAFEYBETESKUENIZNE
EMHXE

TR 5% 32 B, 36 0t 105 3% A4k IR B = 7 Lok 2 Bk

http : // www. scxuebao. cn



1428

Ko7

¥R

38 %

7R e T B e 0 2 A0 g R BR Y (EL R R
[7) i AL b B3 fr) FEL B P NP 5 BRI COD,, 6 W 3%
P RN N SR ) Y N L
AR T R 2 R R AR S R . IX
VR 2 VT AR K A2 RO A RE S G 1 2 AL
A AT 42 5 = AL R R IS5 e . Z LA
Sy Bl i, S A UL £ T 0 AL 40 0 K AL 2 4
FRAS X K B Bk 7 1 5% 0 A B 01 10 B
DA B A B VA S f I 25 5 R AR S R 4G
IRZS , HAR PR o 7 it — S IR A

S E WK

[1] Zhang Y Z, Tan Y J, Ouyang H, et al. Pond

pisciculture in China [ M ]. 1%,
Press,1989. [ 5k 4% 5%, i K 8, BKBH &, 55 [t
JEFR A g 1R JE st Rha A, 1989. ]

Mischke C C, Zimba P V. Plankton community

Beijing: Science

[2]
responses in earthen channel catfish nursery ponds
under various fertilization regimes[ J]. Aquaculture,
2004,233(1 -4) :219 -235.

[ 3] Dhawan A,Kaur S. Pig dung as pond manure ; Effect

on water quality, pond productivity and growth of

carps in polyculture system[ J]. Naga, the ICLARM

Quarterly ,2002,25(1) ;11 - 14.

Wang Y, Wang W L, Qin J G, et al. Effects of

combination and

integrated quicklime

supplementation on growth and pearl yield of
freshwater pearl mussel, Hyriopsis cumingii ( Lea,
1852) [ J]. Aquaculture Research, 2009,40 (14):
1634 - 1641.

Yan L L,Zhang G F,Liu Q G, et al. Optimization of
culturing the freshwater pearl mussels, Hyriopsis
cumingii with filter feeding Chinese carps ( bighead
carp and silver carp) by orthogonal array design[J].
Aquaculture ,2009,292(1 -2) :60 - 66.

[6] JinFF,Sheng J Q, Hong Y J, et al. Difference

between the composition and abundance of
phytoplankton among four seasons with spreading
different kind of manure in Hyriopsis schlegeli
breeding ponds[ J]. Journal of Nanchang University
(Natural Science) ,2013,37(1) :88 —=92. [ 4355,
TP, U — VL, A OR T) BE AE & 1R T it B e 7R A
T 3% 2 55 0L O i L K DAY 22 S T B R Rk

R FRRL AR ,2013,37(1) :88 =92, ]

[7]

[8]

[9]

[10]

[11]

[12]

Kangéombe J, Brown J A, Halfyard L C. Effect of
using different types of organic animal manure on
plankton abundance, and on growth and survival of
ponds [ J ].
Aquaculture Research,2006,37(13) ;1360 - 1371.

Kolo R J,Mani I A, Musa H A. Effects of different

Tilapia rendalli ( Boulenger ) in

types of fertilizers on plankton productivity in earthen
ponds [ J |. Journal of Aquatic Sciences, 2001, 16
(2).:127 -=131.

Terziyski D, Grozev G, Kalchev R, et al. Effect of
organic fertilizer on plankton primary productivity in
fish ponds [ J]. Aquaculture International, 2007, 15
(3-4):181 -190.

Davies O A, Alfred-Ockiya J F, Asele A. Induced
growth of phytoplankton using two fertilizers ( NPK
and agrolyser ) under laboratory conditions [ J ].
African Journal of Biotechnology, 2006, 5 (4 ):
373 -3717.

Wang X D, Wang Y, Wang W L, efal. Water
chemistry for culturing freshwater pearl mussel,
Hyriopsis cumingii under different stocking and
management models [ J ]. Journal of Fisheries of
China,2008,32(2) ;303 -308. [ £/N&, £ &, £
R, A5 R [R)CR AE 3 5 30 = A WL 37 48 K 1A
WK A6 % ke AE. UK 7 % 4R, 2008, 32 (2):
303 -308. ]

Dai Y X,Wang Y, Tang J Y, et al. Effects of co-
cultured fish and feed supplement on water chemistry
characteristics of freshwater pearl mussel farming
[J]. Journal of Fishery Science of China, 2013, 20
(2):351 -360. [#iM &, £ 4, F4E, %5 AR
Fr #3 ZE FL MR Ty 30T 8 0 28 37 FE K AL 2 R AE
F R . [ K = R ,2013,20(2) 2351 - 360. ]
Dai Y X,Tang J Y, Wang Y, et al. Effect of three
fertilization programs on the chemical water quality
for integrated culture of freshwater pearl mussel and
fish[ J]. Journal of Fisheries of China,2013,37(3) .
407 -416. (B &, E & £, £0, % ARG
TR X 8 0 5 3R B K R K A 5 B S R K R AR AR
2013,37(3) :407 —-416. ]
Havens K E. Fish-induced sediment resuspension-
effects on phytoplankton biomass and community
structure in a shallow hypereutrophic lake [ J ].
1991, 13 (6 ):

Journal of Planton

1163 - 1176.

Research,

@® Dai Y X,Wang Y,Tang J Y, et al. Effects of fertilization regime on pearl yield and fish yield in integrated culture of

freshwater pearl mussel Hyriopsis cumingii( Lea,1852) and fishes

http : // www. scxuebao. cn



9

JRE A, A A Tt D o e % SR B T K O U AR ) A 5 A R

1429

[15]

[16]

[17]

[18]

[19]

[20]

Hu HJ, Wei Y X. Algal of China, systematics,
taxonomy and Ecology [ M ]. Beijing ;: Taxonomy and
Ecology Science Press,2006. [ #1884 , ZLEI.L. HE
WOKWE—RG L RLAS 0t B2 R
#1:,2006. ]

Lin FZ,Wu Y L, Yu H C, er al. Phytoplankton
community structure in the Changjiang estuary and
its adjacent waters in 2004 [ J ]. Oceanologia Et
Limnologia Sinica,2008,39 (4) :401 - 410. [ pk &
i, REFE, TEAL, 5. 2004 45 KT FIF i A W 1
45 R RR AL 23 M. W A 5 W) T, 2008, 39 (4)
401 -410. ]

Shannon C E,Wiener W. The mathematical theory of
communication| M |. Urbabana; University of Illinois
Press, 1963.

Margalef D R. Perspective in ecological theory[ M ].
Chicago ; Chicago University Press,1963.

Pielou D P, Pielou E C. Association among species
of infrequent occurrence: Insect and spider fauna of
Polyporus betulinus ( Bulliard ) fries [ J ]. Journal of
Theoretical Biology,1968,21(2) :202 -216.
Mischke C C. Winter pond fertilization can increase
phytoplankton density in aquaculture ponds [ J].
North American Journal of Aquaculture, 2014, 76
(1):67 -71.

Tang J Y,Wang Y,Dai Y X. Effects of co-culturing
freshwater pearl mussel Hyriopsis cumingii in a fish
polycultural system on fish yield and water quality

[J]. Journal of Fisheries of China, 2014,38 (2):

[22]

[23]

[24]

[25]

208 -217. [JE& £, Eh, & EIRKARR
FRRGE T R IR = A WL IE XS FR 5E 7 A R OK B RY R
M. K =24k ,2014,38(2) 1208 - 217. ]

Sun L, Jin X C, Zhong Y, et al. Changes of algal
communities in water body with different proportions
of nitrogen and phosphorus [ J]. Chinese Journal of
Applied Ecology,2006,17(7) :1218 - 1223. [ #p &%,
S AR, B, S5 A R R L AR T I i SR
%2 A W RS E Rk, 2006, 17 (7):
1218 - 1223. ]

Zhu S B, Wang Y, Wang X D, et al. Plankton
community and primary productivity in waters for
culturing freshwater pearl mussel ( Hyriopsis
cumingii) under different stockings and management
models [ J]. Chinese Journal of Ecology, 2008, 27
(3):401 —407. [ RAEW, Fi, £/NEL, % ARETK
e A0 AR T = A LI R R K MR P R 3 3 A
MR I R A, 2008, 27 (3):
401 - 407. ]

Ludwig G M, Hobbs M, Perschbacher P. Ammonia,
pH, and plankton in sunshine bass nursery ponds:The
effect of inorganic fertilizer or sodium bicarbonate
[J]. North American Journal of Aquaculture,2007,
69(1):80 —89.

Hossain M Y ,Begum M, Ahmed Z F, et al. A study
on the effects of iso-phosphorus fertilizers on
plankton production in fish ponds[J]. South Pacific

Studies,2006,26(2) :101 - 110.

http : // www. scxuebao. cn



1430 Ko7 OF IR 38 %

Effects of three fertilization methods on phytoplankton community in
integrated culture of freshwater pearl mussel
( Hyriopsis cumingii ) and fishes

TANG Jinyu, WANG Yan~ , DAI Yangxin, ZHOU Tao
(College of Animal Sciences,Zhejiang University ,Hangzhou 310058, China)

Abstract. The freshwater pearl mussel, Hyriopsis cumingii,is commercially important for freshwater pearl
production in China and contributes more than 95% of the annual pearl production in the world. In traditional
farming ponds, H. cumingii is co-cultured with some planktivorous fishes ( silver carp Hypophthalmichthys
molitrix and bighead carp Aristichthys nobilis) ,and huge amounts of organic manure are used to provide
natural food ( phytoplankton and detritus) for the mussel and fishes. Excessive fertilization with organic
manure results in serious environmental problems. Previous studies found that adding some omnivorous or
herbivorous fish species( grass carp Ctenopharyngodon idellus and gibel carp Carassius auratus auratus) in
the traditional mussel-fish integrated system and feeding the fishes with formulated feed can enhance pearl
yield and growth of mussel. Moreover, pearl yield of mussel is also affected by different fertilization methods
(fertilized with fermented duck manure,or chemical fertilizer or both fermented duck manure and chemical
fertilizer ) when the novel mussel-fish integrated culture is used. In the present study,a 155-day experiment
was conducted in land-based enclosures to evaluate the effect of different fertilization method on
phytoplankton community in a novel mussel-fish integrated system. Three kinds of fertilizer, including DM
(fermented duck manure ) , CF ( chemical fertilizer ) and DC ( combination of fermented duck manure and
chemical fertilizer ) , were experimented. Each treatment was three replicated, therefore, total 9 enclosures
were used. Each enclosure was stocked with 20 mussel, 15 grass carp,5 gibel carp,5 silver carp and 5
bighead carp. During the experiment, water samples were collected regularly from the enclosure,and species
and biomass of phytoplankton and chlorophyll a( Chl. a ) were determined. Results showed that the biomass
of phytoplankton ranged from 2.1 x 10° to 6.0 x 10° cell/L in the enclosures. No significant differences were
found in the species composition and dominant species of phytoplankton, Chl. a,biomass of phytoplankton
and ratio of blue-green algae to phytoplankton in biomass among treatments DM, CF and DC. However,
fertilization method significantly affected Shannon-Wiener’ s index and Pielou’ s index of phytoplankton.
Phytoplankton community in the enclosures exhibited an apparent seasonal trend, and concentration of total
nitrogen ,ammonia and dissolved oxygen were responsible for the alteration of phytoplankton community.
The results of the present study could not provide an explanation to the conclusion that pearl yield is higher
in treatment DC than in treatments DM and CF. Further studies are needed to explore the linkage between
pearl yield and phytoplankton community in integrated culture of H. cumingii and fishes.
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