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K@ BUEARS. K PO, PHEM &

R ERt R K E SR KR EFRYEAN FEREY, HEHE, AR SR
FYRBNERYTHTRHEEYE. B HFERMN 3%—171%"", BN 5, Pzl
P itk B v R B L7 R 2 EBERR L (PO, —P) B R, sk & 78 MR & Bk (SRP) ZE KB Ik fY
B G MR HLES, B, VRS AT HEE R B R R R W, BB
T BR AR R A R EHE KT,

£ % & % 9k 8 [Oreochromis niloticus (Linnaeus) ] 5 & [ Hypophthalmichthys molitrix
(Cuvier et Valenciennes) . # [ Aristichthys nobilis (Richardson) | FATEMBMBERR AL
LR, WNFE B R LK KE PO,-PHKETEH L LA RAMK, HMREF~HAH T EH
BTRERSE, AHIANABREP BT RBAT REENEARSY. Bifeksraksd
PP A SR G BRI FRE R AR, KIS A R Fi PO, -PI¥ R % B M AT T A
5 R, ERF S E R HEM A R, NMEE T R AT RS E PO, -PHEM
R, VRN L4 T B e sh W O B HE 72 R SRR B BB 3R R BT iR A9 4R .
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K AHINEBRAM—IVIMIANRAQ, 5—-HREINEE. KEHENFEHAER
H60L, LB K WCH SR 5, AT ABMERM I M REH Y (KE & Daphnia
magna). BB AERR KRR, HFXBHE R E KRS, B4 L0 H 7S 3F f 5k,
., PIEAREEARSEERSE I-IVANBGRES BN 17,37/ 728 / m’, &,
SR H S HAE, PSR ER 15.0g/m’, R 10 IV A4 51 5055 55 55, 112 0 85
SRS, FIFAMEE ST R e E 4 Hh 31 M 27 A, BT REBAKKERHH
FRERNERY, L FH#E A2 50 0.0105 1 0.0061gP/m’/d. HEAMBUESRALR
M40 1T TR R E.

1.2 XKEESE PO PHEM EAME

R R W AR B MER D, B E G K LD 3 RBIRET, R BIYRE
3INER. SFRHNERN, 3 MBI R BN AR K S B/ T 1.5, 1.5—3.0mm FK
F 3.0mm. REHK B RK, BFEERSIEFERK 24h, HKE R 23—25T.,

IREE B : RS NERESRAPRE —EREHE R KR BME K
FIER 100 24, 3R/ 300 4, /M2 1000 ), BBl — DN BA B RKH BB+,
RERLHMFRB=ZFHHEERE 3 NS EHF 400ml HRKK B, HERHEE 10
30 A1 60min B, G AN BEARAK IR B BR H 40ml 7K B, BURE B F IR B 7E B2 AR R R IR sh vk
(KBTS BA, B a3 & PEAR 8 2 B AT I8 R T 51 B K BR B9 PO,-PIRE .
PO,—PHy I & K FI A B be 5 31, HOKBE SR 2 FLAR 0 0.45umAY SE RIS 38

HRIEA R B A GEAR K B F1 PO,-PIR B W AE 30, DL R B — 3 K BB AMA R
SEE (TH), THEZRHN KR EMEA R & o B K% 5E PO, -PHIMER . AEKIHIL
HMEMEFHEE(TE), RHHLTFHEEK (ADNBIRSFIBCY 0.80,2.25 A 3.50mm)
MEK (D) —RE (W) XEZRX W= 6.5856>":Kkg,

1.3 KEEME PO-PHItt R EHE

MBESRAED R BEMEY PO, PHM R FHAXMEE.

Epz = z Espi x Bi
i=1

X, Bpz = PO-PHEME (ug P/L/h),

Esp = ¥ PO, PHFM# (ug P /mg d.w./h),

B =4 (mg dw./L),

n = RBEBMER/NRF.

MEAETRALBEY, KB BN EER R R 3 ANRFRME W, FLHEAR
M- HERRX—HERFHEE, E-RHNKRBEBEMOEYR, RIEBRETYEE
FF- R 8 (3% R Oy 3 BUE ) R T &

2 GRS

HEAKRESRAES, FHHVEFRYBERLH EE LR RO g
FURBER, HEEMARN, K REEO R EFRYRER". KR, BT A% #%E
LR, BRI R E R Y, E RSB N HR R E R T UWE, U
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AHFEEAFER ERYHRE X~ RETER ERYyEERD, [, E#NELE
MELAAG B B2, s R AL TR REA 486 B S He 38 HRi, Wi R s Y 2 X
&3 VR BURT & BT R B B SR, T AR B S [, s 3 AT o i L R T
BHMER, HEARRA —Min I sE 2 BN 7 AT RN, fEEsk
HEBHM AN E, RS HZM AT ZRAMFETDD, A E SR ARLER
BEMERFEM T HTH, BB FREET KBRS S AMHEE 0 ELROE
i,

1A TR EE B AMEA R 5 B SR N B E PO, PHEM A SEW M, &35 F
B JA] B4 4% 5E PO, —PHEME 3¢ 5 Ak F iy 813 77 A1, A B p 4% 16093 O R R A5 9 4 R 3 e
8] P& 5 MAFEE PO,-PHEME R BB, KAREEH 0 M8 EE PO,-PHEME 3, &
WEAERHE KT ERBER TR, XFEFEEEXTARRI YR E R HEM AW
WEERBT -7, R, REEERHMAR R E PO,-PHERE 3R, ¥ 5E % 15 & H 6] 4
BT R KRR, £ e —E RAFEESENRMEER (r =— 0.665,n = 27,p<0.001)",
Korstad 7% 2 B /R {815 FP /2 W 30 40 09 SRP T4 2 55 3% 5 i i) 22 A1 ) 5% AR ef, AR ELAR T 2%
LS5 R, BEE R F AR E K, KB BOAEE PO, -PHEM RIEE, TR HEREH
A AKF B YU T R S, R S HHFE BB BAE — /XA, KRBT HWE],
RIS BENEH| AR — NI HFE 30 1 60min A # PO,~PHEN B % [FIAT 10min — B, 1
A —NAKAH 60min N PO,-PHEM B 57 30min M. X—ERERH, MARKRIIYH
PO, ~PHEHE 53 B ZFEHT 10min A 30min A RAY, KGN 5% L BA PO, -PHE. MEXHE
HIXWERB R, REBRERGFHRBIK T 5HE, 508 & o 8 69 5  B 3 T, X
BT A FE A E PB4 E PO ~PHEM REFTEIR AR . RIS R 235 ), IR I sh
ERYHMERESMEZAN AR, ARFLZEENERMARANZEHT, B
B, BMER X T M — R s KB M E R Y HE, AR % EFBREMMULER L]
REFRYAMB)EEBTFEEHTRET.

#1 KEENERE POPHME (Esp) RESMEE (W) ZENAR
Tab.1 The specific POs—P excretion rate (Esp) and its relationship with the individual weight (W) of D.magna.

$&F sl Esp(ug P'mg d.w./h)

Esp—WHPAFE
Incubation SEWE Measured value RECKLE
Esp—W
time (mean+SD) Estimated value regression equation
(min) L L: L: L L. Ls
2.12 1.25 0.79 2.14 1.09 0.81 Esp=0.557W °?*(1)
10 ]
£047  +049  +0.26 (r"=0.70, n=9, p<0.01)
1.20 0.68 041 1.14 0.58 0.44 Esp=0.302W °*%2)
30
+0.54 +0.21 +0.13 (r"=0.61, n=9, p<0.02)
0.71 0.42 0.31 0.65 0.39 0.31 Esp=0.236W " *(3)
60 2
036  x0.11 +0.10 (r'=0.43,1=9, p<0.10)

* L. LA LRl R KB EAR N 1.5, 1.5—-3.0 FIKF 3.0mm 8K, L. L, and L, represent D.magna
individuals of < 1.5, 1.5—3.0 and > 3.0mm in body length, respectively.
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EFR 1A 3R RES, A ERPEEMEEPRBH B EWEN S, 23R E
3 F BT 1E] 10 1 30min B X0 0 B BT SR 45 04 [ 93 5 R (1) A1 (2), B3 B iR T $e 3% F 6t )
60min H VL8 B R 45 9 [E1 Y3 05 42 (3) . IA45 I8 3 J7 B2 B AR 48 (R LT Bk B , 7E 3% 5 B[]
BT 10min P§, B T IAR S HEE B BRI R0, FoA% € PO,—PHEHE 32 i U8 10 {8 7T BB 4w 5, T
TEH B BF 18] 60min P, BB A5 34 #9483 /K SF K BT B, A% € PO,-PHEME i WL IIE
ATRE AR, BRI TRE (1) A G) TR KRB EH B RET 8% E PO,-PHEH 2 4
BIAF T BRI, 5048 e, ZE3E B ISl 30min P9, BT R34 34 89 5 R i
] A HE 3 4 2 W 2 RT3 b, R B B AE PO, -PHE M 2R (9 0 8RBT 5 72 (2) B i
T EBERBMBE A EE. AT, %8 Peters B4l B 77 U7 3 ¥ 45 8 BERE U 38 1y 1B YA U 0
(BERADEEFRM)IHHE, KEEERHNMMETE 25C KB KT HREE PO,-PHEM 3,
4% 0.72—1.78(L,) . 0.25—0.61 (L) #1 0.15—0.38 (L,) ug P/mg d.w./h, & L #ES
TREEFFE Q)R Q) By sl E 2 8, LA L ERE R I35 Q) F Q) FRaHi
fEIHEHIE, BETAMMELEE, EMERREMBEY PO, PHH e, AR RAT
E9375 % (1)—(3).

LREHHBESRATAERRNEYEREREPEFE()— Q) MEYEM
B PO, PHEM RFI T % 2, ARFRFEAWRL S, KEBFBHNEYEM PO, PHEM
RRFEAHGFEERERT TR, RS SORAT, AR ER TR R,
B SRS ARSI F ZE WD, AT, CRRER —HELRF, SHAR LM IR
HEMYBERNTTAERLE (P <0.10—00)", BA—ALTRHHEARALE. BT
FERALKF TAS ILIV AN —THEEEFEEEER (P < 0.10—0.02) 24h, FiE#
LRP OLIV AMEE SHLRHRELRAZHHWERBALRE.

F2 RABESREPARENROEYWE (B)F PO PHEE X (Epz) (1H + 47 HEX)
Tab.2 The biomass(B) and POs—P excretion rate(Epz) of D.magna population in the microcosms. meant SD

mA Exp. (D) Exp. (1)
Item I 11 I v I 11 I v
B 4.032 0.054 0.026 0.013 6.956 0.053 1.816 0.036
(mg d. w./L) +0.962 +0.017 +0.015 +0.005 +2.474 +0.038 +1.703 +0.047
Epz(1) 3.68 0.12 0.06 0.03 6.05 0.06 1.61 0.04
(pgP/L/h) +0.75 +0.04 +0.03 +0.01 +2.33 +0.03 +1.51 +0.04
Epz(2) 1.98 0.06 0.03 0.01 3.26 0.03 0.87 0.02
(ugP/L/h) +0.40 +0.02 +0.02 +0.01 +1.25 +0.02 +0.81 +0.02
Epz(3) 1.37 0.04 0.02 0.01 2.29 0.02 0.61 0.01
(ngP/L/h) +0.29 +0.01 +0.01 +0.003 +0.86 +0.01 +0.57 +0.01

* Expp DA AN A B RAFEALTHMEE 8L, Epz(1). QM)A AKETHITHFE Q). @)
(3) KMt &, FH. Bxp.(I) and (II) represent the experiment for Oreochromis niloticus and the expcriment for
Hypophthalmichthtys molitrix and Aristichthys nobilis, respectively. Epz(1). (2) and (3) are the estimates on the
basis of regression equations (1).(2) and (3) in Table.1, respectively. The same applies to the following table.

WMAAESR G D RRERMEEL PO,-PHM R 5 ¥ 1Y PO, PHBUE"1Y L (&
3), KAE LR T RE BB AL R A BEHEIF R TRIMER, D FELRMEE
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®3 RBEETREPAEEMEL PO PHIM R (Epz) SEHEY PO~PIREUE (Upp) HILL{E (%, M8 + 40ES)
Tab.3 The ratio (%, meant SD) of the PO+P excretion rate (Epz) of D.magna population to the POs~P uptake
rate (Upp) of phytoplankton in the microcosms.

i H Exp.(D Exp. (1D
Item 1 I I v 1 I 11 v
407.4 3.8 1.2 0.7 472.8 3.1 88.9 1.8
Epz(1)/ Upp
+251.0 +2.2 +0.8 +0.2 +347.9 Cx1.7 +98.2 +1.8
219.6 2.0 0.6 0.4 255.0 1.7 479 1.0
Epz(2)/Upp
+1354 +1.2 +04 +0.1 +187.4 +0.9 +53.0 +1.0
152.4 1.1 04 0.2 178.8 1.1 334 0.7
Epz(3)/Upp
+94.8 +0.7 +0.3 +0.1 +130.2 +0.7 +36.9 +0.6

WELBHTARET, REEMBEH PO,~PHEM % (R B KA IHEITE) LR Y PO,-P
BRI B 3.1 5 3.7 5, MAERARES, ZHWHAESFI8 0.7%—3.8% 1 1.8%—
88.9%, HH M FAF AWMV AR AN EMMTHAFRLE, RAMFEHEENE, M4
SEATHWEEMREFE. R TRFHEN A BOHFERENEERE, HEYWEE
HURARFAER, HRRKFH SHRLE, MBAFRFEANRAR/D. B, £LE
Gorh R T BP0 B HE M I W A 10 KB PO, PELA R, A RN FIR E HK T £ 3 A5
HEHE, A, FALRTEERANX — LEHFRKER THERSE, LR PO,
PHRHARBVELHARKARBE. BX, EAENTREMT, KB EABEH B HM R
EHRGT PO-PHEMTIERR, EHMAFRANBRERATES —EHNIER, TEK
FEEARBEHRFETMENERABRN. ETILRAPUBRBERATIERLBELIH 5K
BTN, LEHE S K%M PO,-PHEM R B £ 1 F LIS R,

2 £ X ®
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ESTIMATION OF ORTHOPHOSPHATE EXCRETION RATE OF
ZOOPLANKTON IN FRESHWATER MICROCOSMS

Ruan Jingrong

(Institute of Hydrobiology, The Chinese Academy of Sciences, Wuhan 430072)

Abstract In the later period of the experiments to investigate the top—down effects
of Oreochromis niloticus or Hypophthalmichthys molitrix and Aristichthys nobilis in
freshwater microcosms, the specific orthophosphate (PO,-P) excretion rate of Daphnia
magna, the sole species of zooplankton in the microcosms, was measured for the
different size classes of the amimal and in the different incubation time. Moreover, the

rate of PO,-P cxcretion (Epz) by D. magna population in the microcosms was
estimated with the equation Epz = Z Espi * Bi, where Esp = the spceific PO,-P

i=1
excretion rate, B = biomass (dry weight), and n = size classes of the animal. The
results indicated that the specific PO, -P excretion rate of D. magna decreased
exponentially with the increase of individual weight and reduced markedly as
incubation time increased. And the rate of PO,~P excretion by D. magna population
and its ratio to the rate of PO,—P uptake by phytoplankton in the microcosms stocked
with fish were significantly lower than those in the fish—free microcosms, whereas the
estimated values of the above indices in the microcosms with Oreochromis niloticus or
Aristichthys nobilis were obviously smaller than those in the microcosms containing
Hypophthalmichthys molitrix alone. It appears that phosphorus excretion by D. magna
population have made some contributions to PO,—-P regeneration in the microcosms
stocked with Hypophthalmichthys molitrix alone but contributed inconsiderably to the
recycling of phosphorus in the microcosms with Oreochromis niloticus or Aristichthys

nobilis under the given experimental conditions.

Key words Microcosm, Daphnia magna, PO,~P excretion rate.



