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RE: B SdERAALRAB T AL S 8 & HEARATRAZ ANSHE & EH
AKRWYH. R2MNE RETBRE e 0 s AN EAR ] Fa bee s =111
By Lo TR 6 2 WL . SCIe AR B R AT R A A KR A B R A (P)
B H(R) % 4 (DO) pH % ¥ & (SD) £ Z & § (CO}” (HCO, .CI" ,SO; . Ca’" |
Mg ') BBE BEE AASA EHBRAL MBRAL ERS EA(IN) £8(TP) A%
HL3k (TOC) .7 4 8 47 3% # (COD,,,) #n & (L4 A & (BOD,) . £ R KA, B A= ANB R % 4
AW Ca® " RE ER AU FHEREY M., ABET s @ & ERFTAEL A
GrERBKTES RUELE B 8 SARARAFH LI WLARKZANET LS HE
&l =BT L2 S BH B . A8 T2 3 H 4 % Bt (Shannon-Weaver % # f 45 % |
Margalef # % ¥ 3 4 \Pielou 3 4] £ 45 # fa #% % % ) P .P/R SD 2 DO w5 % T4 % | , 71 4 4
4 .7 t£# TN TP COD,, .BOD, % TOC 8 & F & # R W E R A ALY RAZANH TR
FHARKA AL Ca® B FIM T — 2 BE LR & T B 5K P& DO KK TN,
TP.COD,,, .BOD, 71 TOC, %R kW Ak kKt X B4 AL P ELRAZ ANS THRS KA

WaFRE A ASTREAERAZNE AT ANLEINRE,
REW: BRRF; Z AN FAFE; FHAD; KLF

RE %S S 964

K= IR AR T N T AR E R BT, A
38 1) ) FH 803 5T, TR Ot 5 B0 5% B IR W) TE 3R 0 &
G R . BEARTRGE IR ) AR R AR RO K 7 97 B
b n] 45 252 Je L B AR R 1) 1) i 3l 3k R A A AR
AT 4 ey 2K 7= 7 B BT IR R AR BEAR 3R B TS
Yt RV I A B S8 K 7 o A X0 Ak AT
TREAROER " BT A B SCk b, 4K
7R BT U A R AR5 15 G 1 2 5 PEAN i AN
Z UL I SR E IR OK 28 SR SR A A R Ty
o FRBER K H 25 I 77 58 7 S A A, I 2R & 57
%t (integrated culture) o J& 7% ( polyculture ) 27
AT RA IR FE R S0 SR, 32 4 W) 25545 5 E B
TR IR I AR 25 IR B W AV A 0l 5 AR G 0 B o

%5 B #5:2013-11-09 &8 B #§:2013-12-08

XEktRERD A
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iz .

=ML (Hyriopsis cumingii) J& 5 5§ IR K&
PRI B2 D EREW T MR Efh
GE 10 =y WL SR AR M R b, 8 R RS G SR AE AR
idella ) . il
auratus ) ., i ( Hypophthalmichthys molitrix ) . fifi
(Aristichthys nobilis) % 1R 7K #0128 , o 8 L3l # ol
17~ 121077 BFFE R W], RO Jf 28 4 ) 1 =
FLIE 2R K0 G TR R e Rl 2k e
JSCR B LG T 52 m B R A DA AR
B 00 ) P 503 O B AR IR e e A P R BRI 7
SR, (2 SR I 2 G0 P IC % = A WL o £ 7
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MR R B SRR 4 IR A2 5% fa 3 b i
e = A WU T e 36 IR A K PR K B, (R Bk — 20 3F
P IR SRS 2R R MIR I = i R R, =
FWLIE 5 £ S8 255 IR B v 3 5 3 LR O 2 i )
WA TR . AP R TTEIR K IR TR RS
HRBC IR = A LR £ 7 I A A O A S Y
SR, F B S DE A TR K it I 5 4 A X g 3t R o
A

LRk

1.1 =R aXREKER

S2EGF 2011 485 J1 30 H— 8 A 16 H 7247
VLA 1 B T NP 52 56 3 3t (29°4760"N, 120°23”
42"E) AT o T A = A WL 43 5 F 2009 4F 4 S
(fa PR 3 Wt ) B 2010 4E 5 H (RiFR A 2 i hF)
W WA e i T — SR, o 3 i iR AE 2010
GERIEEN /W 87 () o/ N0 A N
FEEF 2011 45 4 A0 A WL MEE T — A,
S H , = A WUEE 7 % 7 AT 52 3 B i ) — 1
Mo, o Rh T 95 16 R — D W o N R AR P B SR
A IR), g K 10] P A P A PR W VLR AR D A
TR I S IC A 1 BE (S5 8006) |l kHL 2R &
BN 28%,

R P i B T B AT R A S 0 Tl B R A — T
Bl 1,33 hm’ (i + oo A4S LB B — 5K K
10 m 58 1.7 m J& 5 mm {95 24 B AL IR 6
(B 1.59 m, {A K 8 m*) , [ 4% 1 4L IR 45
FUR 22 [ 7 o TR LM PR T i AR A Tt 3 IS
o (K 20 em) , A R T 2% B 1T R R ) E 2 S
B AN AR B o A B S B — 2%
HAE 20 cm () PVC & 3H F R K FIHEK .

1.2 XWFIH5FAEAXRK

W2 PR S, AR P T VR SR A i A
i, A0 T AEALER T Jhty 4% fa: E =101 (W L
S =i, FAAmi3 ~EE, LA 6 4
FEBR o SIEIGHT, 4T F [ B ik HE K 8738, ) K 3R
1] 1 i P il 7K ol LR PN 0 7K 3 30 2R AT 58 43 38
3o DA PR AIE S 56 I 4 5] 161 B 22 1) 7K 5 45 10— 3 4%
=AML A ELAR S 40 cm [ 9 58 (44 58 N
4 A 3R IERT 1A 2 W) | i SR A R K
TR 40 cm Ab 5 A 0B R A FEL IR P 0 A
(L.Omx1 mx1.5 m)rp 4 65 F1 85 78 F RS
Po AbFE T YA [ B P i 60 f% | A ik 5 ot

Syl 10,5 .4 1 &, b BRI/ B A~ [ B o fa
) % HEAR R AR T, 5 AN 20 H = A
BEC3 RmE 16 K2 ik 4 H) o B 8 BE 6
V- ) I A BT i 4300 Ry 23,8 41.5.59.0 F1 98. 2
g/ & ;3 WA IR 2 % w1 - 34 9] 46 1A 5 5 43 5 Ry
189.0 #163.9 g/ H ,

S E]) 2 78 d, W] 4K 800 F1 17:00 [a]
L B A £ 19 4 v 45 IR B % 8006 TiC & Fe) k. A
Bl B AT 2 140 g 5 0 5 /K @ FN & B FE o HI G
AR A AR N 2T — DG A Ak, BT
Sl 12 h DUGRAIE RO A6 P RS RS Bl 4R
S 25 I A PR DA A R A R R, A
H, 47l A L B P ) G A o O AR R IO
PO 8 P 18 = A WL R i A 7 30 B 2 Ok
B E h
1.3 FiFEHMMAKLZES T

S 9 8], AR 3 K 4y i AE R (6:00 ~ 8
00) .M (16:00 ~18.:00) 1] YSI 85 ¥ 4 A% ( YSI
Scientific Instrument, Yellow Springs, Ohio, USA)
F1YST 60 pH i % [ f P4 /K i L 9 & (DO) Al
pH, 2 Yl & /Y7 408 0 24 B e . HTZE IR
#f7E 6:00 ~8:00 M £ FEHBE(SD) , £ 2 A S
L SR 7K 5 175 Fl B — ][] 7€ SR AF fK T 50 em 4k
KAKHE . KAEFEA 1 L BLEAE SO (O Tk 4k
oA AL LT O SR (TR A
M) o TR R ) KA B 37 FH & BF IR SE R E
KA IR BERAFAE 4 CF L IIFERFEG 3 d WoE
B Mo K AL 2 o B 48 AR A HE BR R AR B T
(COY™) ERIRAMRE F (HCO, ) B ¥ (Cl17) |
BB AR B F (SO, ) 458 F (Ca’" ) (B8 T
(Mg™") BB F (Na® + K') BB (Alk) |
SVBE BE (HT) & 25 A (TAN, {4 & NH, "-N #
NH,-N) A MR 5 A (NO,-N) (i IR 5 A (NO, -
N) I P (PO,-P) (EA (TN) (&85 (TP) (AL
B (TOC) | fmi i i B 5 % (COD,,, ) AL L #E 4 it
(BOD, ), H ', TAN K NO,-N, NO,-N, PO,-P,
TN TP ,TOC,COD,,, #il BOD, 4} 2 JA il % 1 ¥K;
CO:” \HCO, .Cl ., SO; . Ca’* Mg’" Na' +
K" Alk #1 HT 45 4 @& 1R B A9 o0 i
FEPR LG 4 K a (ChL a) | T7 i A ) Fh 2 0 2
Yrik . Horb,Chloa 3 2 W E 1 W # WEAE 9 Fh
KA HR 4 JE 1 K. TAN NO,-N PO,-
P HCO, .CO;” .SO;  .Cl~ .Ca’* Mg’" Alk HT
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O 38 %

1 COD,,, M4 SCHR[ 13 — 14 ] 19 77 36 %€ s NO,-N
PR - RE R S I TN R TP AR 4
Ebina f J5 91 ') . TOC F] Multi N/C 3100
TOC 43 #7% ( Analytik Jena AG, Germany ) Jil] %€ ;
Chl. a F§ Turnnerl0 - 005 %% Y6110 2 , R ¥E 5¢
JGITFEEECRT Chl. a W JE — ZEOGH (X)) )3 75 2
Chl.a(pg/L) =115.8 X —4.418 i} 44 Chl. a ¥
J o IR A A K R MR Sk AT

T2 A ORI R ) Gk
PR R T W B 2R LB DR 2 ARl 250
mL, 7EH | 6:00 ~8:00 H:jf, £ & B 43 3 N
IR /2 355 WY B R s WY RE, H 0/ I 18] 2 24 b
FIA YST 58 % & ¥ ( YSI Scientific Instrument,
Yellow Springs, Ohio, USA, fi. YSI 5905 BOD #i
) M E B 4G DO DL K HE 25 SR SR L A
DO, #4EHI4G DO LUK H M 45 Rk 8 N Y
DO J3 53+ 540 9 A= 77 T3 (P) RETE FE IR (R) Al
P/R,
1.4 BERHESHITSHR

AT 9 AR I (W) BB
(PW) Fa Bt R E(FCR) .

W(g) =akfa W& - SRR SR

(D)

PW(g) = BNk EHE R HEE < [H

Pl F 77 % 4 T I R (2)
FCR = M et/ (iR E i - iR &

) (3)

W T ¥ A X 3 & 3% F AL Y Shannon-

Weaver £ ¥ PE 48 % (H')  Margalef ¥ & J 48 4k
(D) J% Pielou ¥ 5] BEFe % (J) "2,

S
H =~ Plog,P, (4)
; &2
D = (S -1)/log,N (5)
J=H/H,, (6)

K, S HFE S IR Y R, PSS DR
ARG FE S P A R BB LU AR, N SRR
MR EEGH,,, =1og, S,
HRAE T HIARISE Na® + K e
Pras i (ML) =(1/2 Xpeor- +pyco; +
172 XPso2- +Pai- -1/2 >;pC32+ -
1/2 X pygs ) X25 (7)
K, peor- \Puco- \Pso2- \Per- Pews ~Puge e HIHLAL
i mmol/L,py, ., M HHL 2 35 - H 25,
e kg sy Ar b B8 T Fn I 22 0] 332 58 77 i
FCR A ) Z2 FEVE S O AE P 5 P R UK AL
AP 22 R P <0.05 O 2 55 W KT
FIFH SPSS 19. 0 (IBM® SPSS® Statistics ) # {4 i
R
2 4

2.1 & HFENBKTE

AbEETL Y [ B PN | B 6 7 o T 4 (E
W TR L, HHEMESARFE (P>
0.05), #bBE T F1 N Z[A] FCR X &% % 7
(P>0.05)(#1),

®1 & B DRFEREMREY(FCR)

Tab.1 Yield of fishes and mussel, pearl yield and feed conversion ratio in the enclosures

i/ (g/ ) IR/ (g/ FFR)

fish yield mussel yield Bk R/

15 — T o/l TS
treatment L i fifff 3 ik Wt 4 £ ,ﬁq FCR
grass carp and X . non-grafted pearl yield
. silver carp bighead carp grafted mussel
gibel carp mussel

I 652 +75 282 +324 167 +12 3.38+0.89
I 687 +99 411 +£265 75 £21 223 +95 87 £52 14.48 +4.77 3.46 +0.11

TE: TR B BERIGE; T SR A fa B0 BE S = LI . RO P £ ARUEDE (n =3)

Notes: | :grass carp + gibel carp + silver carp + bighead carp; Il : grass carp + gibel carp + silver carp + bighead carp + H. cumingii. Data are

expressed as mean + SD(n =3)

2.2 EFHFEYBEEEHFIIEE

S5 B R A R VR A 64 B LSRR T T 1)
24 BL56 Jm (£ 2) o SLHaniA, b b ey e
Fh o S 24 EE ( Merismopedia sp. ) F1 i H% B
(Microcyslis sp. ) , Ja WAL 1 Bl P& N 5% o I Bk i

( Goelosphaerium sp. ) , &3 11 F g N 55 - 24
P ALY [ B P B R A ) Rl R 2 T A
BL,H' D FJ A mg e FARE T, {H =2 A
HXZ55(P>0.05,%3),
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R2 KIHEERNHREFRE R

Tab.2 Species of phytoplankton observed in the enclosures during the experiment

) ES Vs g Al
phylum species treatment | treatment [[

-2 ( Merismopedia sp. ) + % .
A ER ¥ ( Chroococcus sp. ) + +
[ 3k % (Aphanocapsa sp. ) i .
TWHEHE (Microcyslis sp. ) - + %
1 JiE % (Anabaena sp. ) + _

J 8 ( Cyanophyta) F{?fﬁ?%( Goelosphaerium sp ) - .
Wi 25 4E 3 ( Dactylococcopsis sp. ) + _
2R3k ¥ ( Raphidiopsis sp. ) i _
A ¥k ( Nostoc sp. ) N +ox
#5223 (Lyngbya sp. ) i .
W2 3 ( Spirulina sp. ) _ .
i ¥ ( Oscillatoria sp. ) _ +
3K 3% ( Preromonas sp. ) + B
A< ( Chamydomonas sp. ) _ n
23 Bk ¥ ( Eudorina sp. ) . +
SCEK ¥ ( Pandorina morum) _ .
25 Jg 8 ( Coelastrum sp. ) n .
5 3 ( Schroederia sp. ) " .
W2 5 I ¥ ( Schroederia spiralis) + _
Wil 3 ( Franceia ovalis) + B
U £ 8 ( Tetraedron sp. ) + +
/NER#E ( Chlorella sp. ) _ .
H ¥ (Selenastrum sp. ) N +
B ¥ ( Kirchneriella sp. ) + +
W H 3 ( Closteriopsis sp. ) i .
JU 3| 38 ( Treubaria triappendiculata) + _
"B J& % ( Nephrocytium sp. ) + _
1% % ( Quadrigula chodatii) _ .
4 2 i (Sorastrum hantzschii) + "
B 0 i HLfLZE Bl ( Pediastrum simplex var. ) + _

429  Chlorophyta) A% B ¥ (Pediastrum duplex) + _
VU ff 4% £2 3% ( Pediastrum tetras) + .
# 55 f B L E (Pediastrum integrum ) ¥ _
2T 4 38 (Ankistrodesmus sp. ) + +
W ¥ ( Micractininm sp. ) _ +
+“# 3% ( Crucigenia apiculata) + .
U JE 17 # ( Crucigenia tetrapedia ) _ .
pu £+ 5 ¥ ( Crucigenia quadrata) - + %
I M EE ( Scenedesmus dimorphus) + % + %
U Mt ¥ ( Scenedesmus quadricauda) o .
Wi ( Scenedesmus sp. ) + _
L7 Wy ¥ ( Westella linearis) + _
W2 3% ( Mougeotia sp. ) _ .
Y 52 ¥ ( Tetrastrum sp. ) N _
# ¥ ( Cosmarium sp. ) + _
A IEXUE # ( Dimorphococcus lanatus) + _
A1 25 3 ( Staurastrum sp. ) _ .
HE ) DY ik 5% 3 (Arthrodesmus subulatus) - .
XM 3 ( Geminella sp. ) B N
VY H ¥ ( Tetrallantos lagerheimii) + +

http : // www. scxuebao. cn
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ZmR2
Il LU pOEg| AT
phylum species treatment | treatment ][

1L 21 #8 ¥ ( Euglena sanguinea) + +

B Y ( Trachelomonas sp. ) i .

##%: (Euglenophyta) I 855 FL 3% ( Lepocinclis ovum) + +

Jit 4 34 ( Phacus sp. ) + +

[ 42 35 ( Strombomonas sp. ) _ .

e [ ( Cryptomonas sp. ) N .

[f& 3% ( Cryptophyta) o

% & ( Chroomonas sp. ) + 4

#% % ( Xanthophyta) #2238 ( Heterotrichales sp. ) + _
/NFR 3 ( Cyclotella sp. ) - +

FIIE 3 (Navicula sp. ) _ .

1 9% ( Bacillariophyta) o P

A1 -3 ( Synedra sp. ) _ "

1745 3% ( Cymbella sp. ) + .

L 8 ( Gymnodinium aeruginosum + _

"1 # (Pyrrophyta) %< ’ ‘ )
i 1 3% ( Glenodinium sp. ) n .
TR+ 7 B =7 Rl e 7 A
Notes: “ + "represents the species appearing in the water; “ — "represents not found in the water;“ * ” represents the dominant species

®3 FHEVEHESHEEEY
Tab.3 Diversity of phytoplankton in the enclosures

st LRSS H(H) FREARE(D) AT EEAR () i
treatment Shannon-Weaver’ s index ( bit) Margalef’ s index Pielou’ s index species no.

I 0.96 +0.68 0.55+0.35 0.23 +0.13 17 £10

| 1.64 £0.56 0.75£0.20 0.36 +0.11 23 +6

VO 2R I £ bR (n =2)
Notes: Data are expressed as mean = SD(n =2)
S35 19 18] [ B Y Chl. a 25 52 Bl 55 58 I ] S8 4<
5 BT, Z2 80 b B [ A Chl. a
SEHE S T AL T A RIS R R KT
WEZESF(P>0.05) (K 1), SLmimE, a8 1
AL 1 LB PN T AR 1 280 A= W B 3 il Dl 5. 4 x
10°F1 4.4 x10° A~/L, —H LR ELR(P>
0.05) . ALFE T F0 1T i Fl bR N o 88 o 7 e A ) 26
Py L ) 53 390 91, 5% F185. 2% (72 4k [l

30r gy gun
120 -

E Pl

05-30 06-16 06-30 07-16 07-30 08-16
H (A -H) / (month-day)
d

ate

nt4k&Ka / (ug/L)

Bl SBRHEERNHEESENETL
Fig.1 Variation in Chl. a in the enclosures

during the experiment

69.6% ~98.9% ) , LR B o 1 Ui AH ) A2 W4 1) LE A5
Ayl 7. 8% 1 13. 6% (A5 kL HE Sl 0. 6% ~
28.8% ),

SCH AL BT A IR N P AT R CE Y
W AL BRI, {E ¢ AR 6 5 SR R W] A e
ZE5(P>0.05) (% 4), A2 1 A0 LA FE R A P/
R¥JRT 1, ZFELRFEZER(P>0.05),

R4 KHRMEEERTIRES N
BEMR[mg 0,/ (L -d)]
Tab.4 Primary productivity and community

respiration in the enclosures during
the experiment

WA FENT
e : 7 #k &
primary community P/R
treatment
productivity ( P) respiration( R)
I 7.46 £1.27 4.99 £0.67 1.57 £0.21
I 8.15+1.30 5.59+1.10 1.65 +£0.25

T J s 2R P 2 £ AR ifE 22 (n =3) , R[]
Notes: P/R means ratios of primary productivity to community
respiration. Data are expressed as mean + SD(»n =3). The same as

the following
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2.3 JKiR.SD kL Z4EIR

SO R, B BRN K R S AR Y T Ry 23. 4 ~
33.5 C, kiR HR28.5 C(FES5), S5 1
FALG AL 3R T @ [EIBE ) DO Fi SD (42 5) ~F- 4 fE g
& ,Alk HT , TAN PO,-P TN TP, COD,, .BOD,
I TOC(# 6.3 7 3 8) F-IMHMRAL ., « K5 4%
RERVILTE RGN Ca’ B EMTLART (P<
0.05,% 6),{d —% = [ SD,DO,pH, CO; .

HCO, .Cl~ ,SO;” . Mg’" 'Na" + K" Alk, HT,
TAN, NO,-N, NO,-N, PO,-P, TN, TP, TN/TP,
COD,,, .BOD, . TOC F C/N %55 J¢ I 2 95 W (3=
5.36.%7 MK, P>0.05), SLELs g nt, kb3
[ ¥y &% 4 TN, TP ,COD,,, .BOD; fil TOC - ¥
RN & TR H o F R 2R AR E (P>
0.05,/2),

x5 ZLHEERAKE.SD.DO 1 pH
Tab.5 Water temperature,sechii depth,dissolved oxygen and pH in the enclosures during the experiment

Qb P K/ T SD/cm DO/(mg/L) H
treatment water temperature sechii depth dissolved oxygen P
I 28.4+0.0 30 £5 6.22 +0.47 7.74 £0.15
I 28.5+0.1 34 +11 6.90 £0.34 7.76 +0.11

®6 XEERANETEEFRE.SEEMDEE

Tab.6 Concentrations of the main ions, total alkalinity and total hardness in the enclosures during the experiment

Qb3 HCO; / Cco;~/ cl-/ SO;~/ / Mg?*/ Na® +K'/ Alk/ HT/
treatment (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg CaCO,/L) (mg CaCO,/L)
1 73.65 £4.59 - 5.13£1.58 4.22+0.39 14.27 £0.60 4.04 £0.69 23.67 +1.56 60.43 +3.76 52.55 +1.91
I 66.60 +7.52 - 6.31 £0.11 5.13+£0.56 12.14+1.06 3.09 £0.15 23.36 +2.23 54.65 +6.17 46.93 +7.94

T - RoR RA I E

Notes: — represents not found according to our analyzed method

®7T TRERAENHESE

Tab.7 Concentrations of nitrogen and phosphorus in the enclosures during the experiment

yis:il TAN/ NO,-N/ NO,-N/

PO, -P/ TN/ TP/

TN/TP
treatment (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
1 0.737 £0.175 0.014 £0.001 0.087 £0.024 0.673 £0.271 3.572 £0.167 1.305 £0.154 6.13 £0.61
I 0.711 £0.207 0.019 £0.011 0.117 £0.052 0.330 £0.208 3.144 £0.626 0.741 £0.428 9.83 +£4.84
8 XRHEBERAENRE=E
Tab.8 Concentrations of organic matters in the enclosures during the experiment
b 3 COD,,,/ BOD,/ TOC/
b 2 M 5 C/N
treatment (mg/L) (mg/L) (mg/L)
1 16.85 £1.59 18.93 £3.36 43.99 £19.28 10.54 £2.71
I 14.39 £3.93 17.46 +£5.38 28.57 +£11.85 11.42 £4.80

{E : COD y, F7R L2 1 S8 s BOD KR AE WU AE L3 s TOC R B WLEK ; C/N RIRBRA L o B R N - {E + A2 (n =3)

Notes:COD,,, represents chemical oxygen demand; BOD; represents biological oxygen demand; TOC represents total organic carbon; C/N

represents ratios between carbon and nitrogen. Data are expressed as mean + SD(n =3)

3 0hie

TR o 26 2 BSM R 5 I AT B2 i b 3 25 1 7
T BB R R SR B R e AR
FEAE KA A e fn G B9 R AR 4 N E R
— BRI = AN, AR ERAR (M
FHEY) f 7 R R, ] iF AT Ah SR A B Bk EE

T 7 = fh WAL 1 BT 01 52 2 o< i 9 =
LI 1)1 , T 0 72 W I 05, 28 4 9 i
S A KR L. = R LR B3 g £ 3
Yy, Horb = LR TS £ 2.5 ~ 60 pm A
BERTYEEY 10 ~ 100 wm Ay 0K 2 6 7T 38 1 17 ~
3000 wm BR0RE )L ek = WLEE T S EOT U
HU AN o EL IRV i 3 0 i T
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o 38 %

60 ¢
o1 On
45t

30

BRSO s

;‘ll

CODwmn  BOD:s TOC

=3
=
=}

FFRE / (mg/L)
accumulation of nutrients

|
—

sL TN TP

2 LIHEERA TN, TP.COD,,
BOD,f1 TOC FR &
Fig.2 Accumulation in total nitrogen, total
phosphorus, chemical oxygen demand, biological
oxygen demand and total organic carbon in

the enclosures during the experiment

S BB = o il , 7 #0255 57 4 b 5
ORI R BT REROKE IR & T
FrREAGE , N TE Rt ) R SR IR RGP SR =
FHWLIE R] 52 R SR 2 B A A . AT BOAR =
S WU 4 [ B FCR W 5 T R T 37 = #A WL 119 [H]
B, X 55 BC A% = #A WL 0 5 Bl = R B (FCR 3t
AR R AR

Mueller %" i3 72 36 € 4 1046 & £ ) T 7F
WA BN R S . AR, B IR = A
WL A 4y T e PN 72 30 AL A 0 S IR T R BC IR = A
WLEE Y [ B L {5 Chl. o S & TR, X — R
SRR = A WL T B0 A /D R A A R (RIAE
PR R R /NELE ALY Chl. a 7 W R R TR
VR ) o A TSR Y MR SR A WL 1 B
B A PR AR O A P o e . ARSI P iE TR =
1 WL 114 FE B P9 97 0 A ) 2 R i RO ) G A 7
T3 F s TR TE R = A WL F) R B 2 T E SR =
Ff WL T IS £ ISR R I A I B AL A v 2 A A
TIRE o S TTUfy Ik L el P 05 A 4 10 35 b O o 3¢
PEAGICIE S, 5 0 C 7R = A WL f) BB P e P
S4B, RBOTF = A0 WL 1) B R A 3 0 IR R . X
W TCVRIC TR = A WLIE 5 75 [ B P T A ) 0 4
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Effects of co-culturing freshwater pearl mussel Hyriopsis cumingii in
a fish polycultural system on fish yield and water quality

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

Abstract. An enclosure experiment was conducted to evaluate the effect of co-culturing freshwater pearl
mussel Hyriopsis cumingii in a fish polycultural system consisting of grass carp Ctenopharyngodon idellus,
gibel carp Carassius auratus ,silver carp Hypophthalmichthys molitrix and bighead carp Aristichthys nobilis
on fish yield and water quality. Two treatments were examined. In treatment [ , polyculture of grass carp,
gibel carp,silver carp and bighead carp was used. In treatment ][ ,the mussel was co-cultured in polycultural
system of grass carp, gibel carp,silver carp and bighead carp used in treatment | with a mussel-fish ratio of
1: 1. The experiment lasted 78 days, during which water samples were collected regularly, and species
composition and biomass of phytoplankton, primary productivity ( P) , community respiration ( R) , dissolved
oxygen(DO) ,pH,sechii depth(SD) ,main ions(CO.~ ,HCO, ,Cl ,SO; ,Ca’" ,Mg’* ,Na" +K") , total
alkalinity , total hardness, ammonia ( TAN ) , nitrite, nitrate, reactive phosphate, total nitrogen ( TN ) , total
phosphorus ( TP ) , total organic carbon ( TOC ), chemical oxygen demand ( COD,,, ), biological oxygen
demand (BOD; ) were monitored. The results showed that co-culturing H. cumingii significantly decreased the
Ca’" concentration in the enclosures,but did not significantly affect the other water quality parameters, such
as species composition and biomass of phytoplankton,diversity of phytoplankton( Shannon-Weaver’s index,
Margalef’ s index, Pielou’ s index) ,P,R,DO,pH,SD,CO:” ,HCO, ,Cl ,SO; ,Ca’" ,Mg’" ,Na" +K",
total alkalinity, total hardness, TAN nitrite, nitrate, reactive phosphate, TN, TP, TOC, COD,,, and BOD;,.
Yields of grass carp, gibel carp and silver carp were relatively high, while production of bighead carp and
accumulation of TN, TP, COD,,,, BOD, and TOC were low in treatment ][ ,compared with treatment [ .
Therefore , co-culturing the mussel in a fish polycultural system of grass carp, gibel carp, silver carp and
bighead carp not only enhanced economic income of aquaculture practice,but also reduced the accumulation
of nitrogen, phosphorus and organic matter.

Key words fish polyculture; Hyriopsis cumingii; yield; phytoplankton; water chemistry
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