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sp- ) /PEREE (Chiorella sp. ) K (Chlamydomonas sp. )55, L HE L 80% L b, WAL
EAEIH BB XERDaphria magra) NERKEKEBMIANTRARE, B KEEER
2240k, S SAaFUER 2.5~3 5em) BRI . EXEIBHENE 1 ARH
FLERAXHKESE AFL . VAS SR8, T4V FER. AFENTR4I. TR
FeeL 27 3,85 . SBGRR 21 A,

KEEMAI R RO SR AATIRG, WTH YR R 5000~ 60000, 4§ X JE B i {H] 24
120 BRUIF A ZHEFEN . AR T AKESNATEN 28 2:02.8C, TH—8
] REKERAAKBAEZ 0.3~ 0C, &R FRBEHRIRXEKBIASENERDMNE
KK BEEHRYHZRREMWC T ERBY i~SUZHHN, TRMMAHTHRAS
0. 0061g F/(m® < d),

HEEMF 41 HE HEETRENSHEDIREDITEETHAN 1 % EWNKRR
FAERIXNIBEABFEDR HOEENMREFE L. FIrHOONE T ER N KERFR1/2
KRS 50mL K, 4% 1 %89 B I £ K (Lugol’s solution) B & , 55 48 I UK ¥
0. 1mL i+¥. BHHPHWE, ZRALRE N KRS FEVRE IL BEKRE, EE#1T
TG R MM A KN EEARE MERE=HERIBKERATSRARENEBY
TAFUMLHESY RPELTEERERERETLMRESH U RAERNE BT
HMPMEREFRADY, ER/VREFHHERF RERKEHRANET B TEERNE
L, FHHYMRAE DA B3 AEGERMREF AN REN#TT 1 K. BRELH A
% Bruhns FFE1F 8 Winkler 3,

TRZFRN ,BRTHT ERSHAEGHURZ A AT HELERETHALLY
B REYHARY (SREERPOR HTRIFYEREKETHEEEILEN 0. 45um #Y
BREEEHBHYRA.
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2.1 BREEVHEEUNEDREFT RN

BB, SAMBETREOFRS MY PHEEFE-ENZERGE D.ER
TIANBREYEERESTIACP<0.05)Z/ . HASHAMNENHYTELR
MFFDHYEENANLERHRBED, #f SHIAMEETRSE, KE IR BB EEK

F HUESRETWTIND A EE GE LR
Tab.1 Zooplankton and phytoplankton densities(mecan$:SD) in the microcosms

s ) #iEsh (/L) TR (X 10° 4~/L)
4 k0] MhE R fwy BEE
1 52.8+34.9 85.3465. 4 76.6184.6 169.3+118.9
X 42.94-33. 4 10. 6+13.3 85.4+99.2 188.84183. 4
] 58.0425. 9 35.3437. 4 31.5422.6 179.9-+135.3
1% 71.9441.9 7.5+14.9 £6. 6+97. 2 389. 84+-385.7
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Fig. 1 Phytoplankton composition in the microcosms
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Fig. 2 Regression relationship between zooplankton and phytoplankton densities in the microcosms

W RERAZEZNHEAABENERAMEX R EARKERRHFRT Bl H
PZ M ST HXRAZARFREGEER, T L AR KETEFROTEHBW, LUK
HEH AR LB A E R,

AEXBRBEXRFRERTIHRL KESRETREN HYZARANFETHS L
TR FRERZIERENE BEAHTAXSHIEREYZAHXR BREFRREK
BERHENIRBE.

2.2 PREFHEESHELSHZENXE

B BEBORET, S AMBESREORB K TREAREA G D, ERFENAMER A
BEF. #. BN, ELTRANBMRES . URT VANFHEDTIREFNEER
FABTHEMAP<0.01 K 0. 00D IFHET VAN BMREFAHNBFHHDORES
BHEEFHERP<0.05), HREFHANHERUAEE. AN, SLRAFHEYIFE
MIAREYRENP/R ZRYIBERTHEAP<O.05~0. 0D, AR EWAM L L F
MER. A8 SRAWHRE, I~ VANBMBESNERT 19.1~34. 2%, REYHE
B P/R RBREET 1.9~13. 3%, M X FAH B R A P/R RESTHIRRET 10.1%4
MeT%. RFBEYRENRBKTRHS, L.OAMNMRETAIHEET 16. 9%
27. 8%, 10 VAR TIREHHMT 10.6%, I~VAHP/R REHMT 6.4~13.0%,%¢
RAMPEEF S P/R KRB HIEAET 56. 1% 5.6%.
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x2 WEESEREONREFSTAP/R ZROHLIFHEE
Tab.2 Primary production and P/R ratio (mean$+SD) in the microcosms
w H I | | v
BOBRED S (mg 02/(L + d)) 4.15+2.60 5.3412. 39 4.7411.79 5.0942.75
B P/R &Y 1. 034:0. 23 1.041-0. 24 1. 1340. 33 1.0240.19
-;‘?,} PRHHDPRE S (mg 0./(L + ) 2.1242.19 1.95+ 1. 61 1.63+1 14 2.0742.14
P/R ¥ 1.0740. 42 1.2640. 84 1.154:6.15 | 1.39+ 0.48
BYRER ST (mg 02/(L - d)) 3.7342.08 | 6.3641.60 | 5904227 | 6.83+2 84
B P/R B¥ 0. 9440. 25 10240 12 0.98+0.17 0. 97+0. 19
g BHUMPIRAZA (g 0/ G 0.93cr 32 1.6240. 82 1.1840. 85 2.2942.21
PR &M 1. 0140. 38 1.3440. 56 1. 294-0. 48 1.574£0. 88

EEFOBRNARNERRF T, FAMEATRENREKT KA BESHHNE
TRET AEFIEML & FERN HAESREELTRAMKFTHE HFAOROHE
ARE HF NS B EEREIHANBRE G HERETELRL LR JYRE
PSR, PR EE AR TR DADREKEERR (V) ., FERIF
EREASRHHYZANERD RS XEREZTE YR H L F8 R0, 68 . 8 H T+
BN E LR AN PR TREEAET T HEA BNEEHAR KT TRABEEELX,
XRERERRRT 8 WS RETE R T EALH,

BMAESRENRBKTESRIFEYBESHZMAXERE, FIFs HYEEHE
LKA RE HVREFEHNINFERKER. HEMTERGE DEL  HARKHIR
A ARREHEMEFREEYZE(P>0.10 K P<0.02,0.01), T FFUsh B H
HEREMRMAP<C0.05~0.0)., MEARKNS,  h TREN MY ZNFELTE
meyEE, ROREZNERFHEN HYTEHHFARENHEMRX R, E£H . SHEWHT,
WEESRENRBIKTHEANER AERREREFTHLOSGRES E—Flme,
X—HREW. HEEDRENEFNARBRENEH NELENERYAFRET R
FMEREWRET ENEREFNKT.

#3 WHAESAEMTIRYPRES N ST AYTEEOHXRY

Tab.3 The correlation cocfficients between primary production of phytoplankton

and zooplankton or phytoplankton density in the microcosms
'S # 1 | { ] h

Po—ZD(a=9) 0.052(P>0.80) —0. 708(P,<0. 05) —0.836(P<<0.01) —0.772(P<0. 02)
Pe—ADx=10) 0. 346(P>0. 30) 0. 749 <0.02) 0.512(,>0.10) 0. 819(P<0.01)

* Po BB ET™T1,2D.AD 351 0 FHE0 I B0 R AR,

2.3 BAYWRETDEZBENEFRE

R EHMTN 8 BIE Ry 100%, RECRB T 4. L4+, T~ VA,
SETY AR IIEKT 4.9.3.6 M 5.6 5, Hhs MY TFH T EEIIEKT 4.1
S IR ESBARSRFOFRT, ARMN THEREZRTH BEAIMERR
K EANFHEEDE FHMERTFREREFLEEALR
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#F4 BAESEFTEHY) BAODNBREDROSETIFED
Tab. 4 The initial and final biomass (mcan3-SD) of silver carp(Hy)
and bighead carp (Ar) in the microcosms
% K h B * B@e
A (R/KER A~ & R A~ & #
Hy | Ar & 2 Hy Ar 2 = Hy Ar
1 1 0.97+0. 06 0.52+40. 04 0. 4540. 04 5.704.. 49 3.273:1.0] 2.43140. 55
| | 2 0.93+0. 06 0. 47+0. 05 4.2513.21 2. 124:0. 83
1) 2 0.8040.10 0.0+ 0. 05 | 3. 2742.5) 2.6341. 14

ERERR, 5 XRAMKSE BV E G RAR,oH AUNARBERE T RAGE
. Ho, 8 WHMEBEEMVANpH HEEZHBRTRBFHRA (P <<0. 05 K
P<0.02),3 BN NVAMBEWUEFRFREENLR(P<0.05), FSTRANFHRDEEH T
MRAR, AP I . VANBHEDRES I EAH 5.7 3.9, ANLREEMETT
DAP<O.05), FERANVUHYBHETHEA AT I . VAHARY RS B H3HE
A T75. 6 %M1 7%, BHERAESHEARARALRAZAHERABE.

&5 ERGRNUEAET RGN KEREHE. o H. BRI HEES CIE L IREE)
Tab.§ The water-column transparency, pH, seston and sediment in the microcosms

at the end of the experiment (mean+SD)

A A BYE em) pH O (TFE) (me/L) FREBER) )
1 23.640.4 8.7240.23 0.740.2 21. 746045. 5845
I 26.6:+1.4 9.1440. 14 4.0%1.9 16. 436212, 3464
| 28.740.5 8.93+0.13 0.8+90.1 18. 38804-4. 1158
W 22.443. 6 9.29+0. 24 9.7+5.5 16. 033743. 5011

ERERZY B BERERFEHUESREYBEEH BB FERET
AEBEMNZEL. BEECRERNAOAN, | ~VANFHEY FHEES N 115.4X
10°,236. 4X 10°,137. 6X 10°,563. 9X 10° 4~/L, L X B M B MR £ = A KK Y 0. 59, 1.
73.1.35.2.48mg O,/(L « d). HUHF B ERHERFHMRMERKE . HAFARE MRRE
RKBBEHERRES EXDHEEXRETERAMHAKEE, HAESREPHOTHY
W ERRF G T MM R &0,

ETHPTITER, ARFEEMREYTRERNERAUEZLHARI, FEE
HNFEEHRFREE ETREZFEMFEREN S, ML 0953 &Y 450~ 3000kg /am?
M, BERKENFHAYEYRENDREFHBE TR, AR 105~780kg /hm?,
R TR EENOZ ST KENFPERDEDERMRETHEERK. BEHER,
H—HEEEERRCRETEYETNE S PEENTERKEREN—RTFR. U
FRMEHANE. AB—FTEXE IUETTERFLEMREHEG~10 B BHLEE,
MERGEHTTEREN . MEZ AW REGOBB LIRS BEESRENHB. S-S
FBERF RAUKBRRESATENEHRA B A TSR HERERATHER T AXHE
EXGEERLZIANHELR. AXLRFNE WRFR TN 158/m®, AT HER T
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BEIBOF% 3 09 B B F 6K R (1~ 2m) 1 3E 6 150~ 300kg /hm?®, IR F 58 i 0L T SR &
., MEESRREFTRERFFENERNBER/N EESARNSE WRRURE—
FREEEARNTERNERET K.

UERAR, MEESRATPEERENEDERRBAE T KB L, URRUHY
EEEFRZMNBERY TS E AN, HHED 8 SRR BB RIFHDNE
WHEHMMBRESAMES RSB E A0, S @A T4 48 60 30 I £ (8 5
RFEAIMEGESTRBE. Z—-SREGREFTHANT IR HARNEMTERIEE
BEFFENGERN FFFERERTNE FLRE Vo € 2 SIS T Brsh i fe gt
FUE e ERMEEUD, LTS m B e MM AESREPIIATAA
BEBANESGR N ARKPIENEYH T EGEDR MR KT R &4 AT H
KOATE RS TFEFEMERE RS,

BETFREKET OSSN RETFE TR EMIEORETERR Re B EFlnE
KAEBEERUHER ATPHOERAREN TR EEEF LR ABERYZKEE
HUBENRRZ— WA TG (EEEH FOTUEEWHEEROHR, XLXRE
AN FHRBREEWNBERDBBUTEAENER EECEXTFEETITEMY
FRMEF TR ETRE RS AR TR K B0 L EHAIIHAE
WEHOKERFRADTEERKENKE R H PSS NE B nE
TR - B EFSBREHBTHEE.
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EXPERIMENTAL STUDIES ON THE TOP-DOWN EFFECTS
OF SILVER CARP AND BIGHEAD CARP
IN FRESHWATER MICROCOSMS (1),
PLANKTON COMMUNITY AND PRIMARY PROLUCTIVITY

Ruar Jingiong Rong Kewen  Wang Shaomei
(Unstuute of Hydrdbwlogy . Chinese Acad emy of Sciences, Wukan 430072)

Abtract

Experimental studies were carried out on the top-down effects of silver carp
(Hypophthalmichthys moliriz ) and bighead carp (Arstichthys nobilis) at a stocking level of
15g/m? in freshwater microcosms under relatively high nutrient loading (average P loading =
0.0061 g P/(m?® * day)). The results indicate that the community structure, metabolism and
physico-chemical conditions of the microcosms stocked with fishes changed obviously; the
microcosms containing bighead carp alone (monocuiture) or both species of fish (mixed
culture) became more or less eutrophic at the end of the experiment. It is found that primary
production was correlated positively with phytoplankton density but negatively with
zooplankton density in the microcosms, so the differences in productivity among various groups
of microcosms could be on the whole explained by the trophic cascade hypothesis. However,
the dynamics of plankton community show both top-down and bottom-up effects between
zooplankton and phytoplankton, and the increase in algal density did not entirely result from
the trophic cascade effects. It is considered that dense stocking of silver carp and bighead carp
for the purpose of increasing fish yield played an important role in accelerating the

eutrophication processes of natural waters with rich nutrient sources.

Key Words Microcosm, silver carp, bighead carp, plankton community, primary

productivity, eutrophication



