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TRFEEFEENMREFNRE
13- Ex3inl N Fad fiok &N
KR B BAY BXE IRH

(THERAK =BT E)

# -3
AXRET EFEARMIEEHED LA IO EE R, BRTHEEE. FHEL
KESEEESHET . AFBEKE B HAENXR, 7T D/B, Po/Ry, N/P K{Ef,
HRAERA: 1R EKENREFEESKERTEEN 0% UL, KEELEEEELS
#£5.00--17.04 WE/PHXK - HzlE, KEFFEEK 210632814 THEF/FEHX - FE, ¥
PEFBEERE S, FHEE 7—8 A,

C EREHARESTER 7500,11250, 15000 AT/ AT BRI IR B R 5 5
B4 100674.4,118 560,128 197.6 ,NFr/ ANER-FE, 54 HEHBERFESR=AE 15000 AT/
ARG MIERP R EEE BB 137 323. 2 A7/ A - &,

d—11 BL,EBVIRAEF M AFREHENRIAEN 0.81-1.11%; & 8= &N ZHEY
RN EERREN 3.49-5.13% ; KIAEHEB S E& = BAUES¥HE 4 0.028—0.055%,

KA R R B A, B A LA R

REMIPT TR ARKERARIBAER S5, 8 TR BB T W og &k R0 5
FEEENEYRSKESRANERBH AELFHSTERRNLREN,. Hm5IEE
WHINEBENEMR. X TEFHEDEYR WEEF I RESESRE AFBNXEREW
HREGZ. R HIRKEHHE, Winberg™®®' | Westlake™ !, Jorgensen®?, Feel!19
Bindloss™', Mur®™', Beijdorff", grik®, EEI (TEEEAETHRRE, 7
MR F IR, Hepher™ | Boyd™ ™9, Almazan"?, Schroeder™, Norieva-
Curtis®, EZAY, AEE 2w Bz S AETHRRIE. XETIE4H
TRIFFEDNRET NIRRT EE R BXTRESAEFAESMBEBWEET o
FERB A ERARARESIT, MRLRE. BRI 1982—1984 FExf R HF AR,
FAFEAFEUR 3P EL51(7 500, 11250,15 00043 T/ /A Bt 18 75 78 45 #1094

*ARABERASERL AR EREL AR ESMIENERXE RER- BB . A58 ket 2.
B RERERE —H B0,

1) EFBE #1981, BRAMKFMRRE, THEAFER(3): 30—42,

2) {LHEK=RYKL>1980, MIFHBFANERRETT, THREK=LL2RKAEL,
1987 45 12 A 21 B E(,



2 i HERE: ERFEASTMEONRES DR BIL 08 = RAOKE 115

FAEFNEEMMERE—ST AL, UM S FabEn IR Er=HaSMRa
RE BT BHA XEREE,

r B % &

HxfAFaMEa EaFERNMERASHTAMER= RN EHA,T
1982—1984 £ F B e M EELE 11 Ok E @ E (4—11 B) 37 TR
Eg e HmECE Do

FEaMPOMEER, Biffl. B/AKRERZE 1.5m &5 0.25 XEIE—E, M 15 XKLL
TG 0.5 kE— R XFE,1L9—2.0 RERIMIELE 7 B; 25X RO E s &
28—3.0 KFEWMEILE o B, RER . AU EMBR KT IAR L KE AHEKER.
BEMEEREMIE 0.2 XEGMmA St K%,

EATHERBRET B AREERNE,BE 2R ARKETHLERM.

FBEY S BEEME: 06:00—10:00 W 10:00—14:00 If, 14:00—18:00 B,
18:00—00:00 &f, 00:00—06:00 if, RN MEIZFTKIER. K, BHE., KE, pH,
P,0s. NH;-N, NO;-N, NOy-N, §i0,, KK, RN, RAFEFRREF REHEEDNED
o

BESVRABRSMEDE. BHER Secchi &E. BEFRABLSTHRA—K
BRARIERE. BHFEMEMERRITESF M HREARE), BREREESERE
WHHEDNER. KMENERAYBSRIERE

g R AR ER(RAE/ T RE/EH K)o

EERKBEFENTENTEYN: ORSBRZERIBMREFBRENLESE
Are8, ARERANNENBESBRZERN KR EEE, UEFER 80%
YENEF=EE (Winberg, G. G. 1972)c B EBUKE&™EER & BEKENAE
=R

WESFHRATIITE: | BesERNAEY T 1.2 TR(EHERESE, 1964)Y; 1 2%
=61 BRFIHEYEER 0875 ZRFHEDTE(ERSE,198)%; 1 EEE =351
& (BunGepr, 1960);1 735 =0.3 E 5k (BunGepr, 1960)0; 1 =4.182 4 (J);
10° 5 =1 ZnE (MI)s 100 E=1FNE (GIo A TXELHERIL, RXA5H K575
KATFF (Keal) it &,

GZRE IR

Lyg4r-RYEESH

MFIEH 8 DR, R AHARRSHB MR ETBHEES> AR DBEREL:
R E R MR =B (primary production) BE&1EIFH RO IR RIZ
EMBESGENEEER, . FRERENEE L. KE 25 EXD L, BERE 1/2 &
TEZHEDNREFIINREET R, X—4 e 5XWEF(1981 F)VERMHA B
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HF9 & = A 7 B BLZE O FREE B K 2024 5 000—15 000 1x Z[AIRY 1/2 B EFRKE
W R—%,5 Steemann-Nielsen (1954) fyBF B BB AT BRRELNE B
|ER 12— 13 NERER—FEHEH : FEERAFAHR (4—11 B) FAMERERK
KEKEBREEmMB A7 10:00 FHEER)% 70— 140 EK, B85y 105 EK s 7E 14:00
W AR X% 90— 160 Bk, SEH) 135 JEX o LRl E/KENEEERAEFER SKELAHE
E190.9—100%,

2 KkBEEFRERE KR ERR

KEFHEY A LB EERE AT KR (B EK B E 5 7R EMRT
LR B4 BOD) HHE,RI Po/Ry ZH>1, =R EFARERARERRME, BT K
FREERK,E 7 BEMNBERER Po/Rw ZHEEFA 3.63, MBARKAEZ AR, MER
BERR, KEZHENERERERSE, BEFHERK. XNERIRET K, “/KkoF
W RIEREHLNBIEAIEREFRER, Po/Pyw 2t <lo HENTEHH Po/Rw Z
PR AR AR AR, MEBEEER, EAEEMOTMEERK, WHERREY
0.85—3.63, ZRIRM>H 0.78—1.81;EF. EAHFHERAFMENS L1 512 Lo4—L161,
HBRE. PR XMERSAFRETEIRAABERFNEREX » MAKEEFEE

A

9. f‘;(\‘:\
S
3
- )
270
ED -
L] £ L
TR 2100
6pst 1 800
5 + - E BRIVE [REssled
1f 20 [pealy)
3h5 21909
23 1800
143 300
FE P SR T ST S ST ST SIS T W S T T S
4 5 G 7 8 g 10 B

fi(Month

A1 wELEFHERHE. KR ENENETS Al
Fig. 1 The seasonal distribution of radiation energy, water temperature and N
with primary productivity
A WA P H(A R/ A - A) Primary productivity (kgO,/ha. month); B i@4iHE (MI/F
% - A)Radiation energy(MJ/m?®. month); C KBAIMRE(CC) Accumulateive water temperature

for 10-day (°C); D EHKE(CC) Average water temperature (°C); E EHE (EHE/HA)Inorga-
nic nitrogen (mg/L)
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KPR ERBEEHENETE M. KEEMHEF=ETEITE 5.00—17.04 BH/FH
¥ - B2 KR KR EERTEE 3.42—12.10 TR/ B HX - H 2, S
£ 7—9 AMCE 3),

L. MEEFRNFTAGRASETESHENXR

B3 E 1 OERER . BEFEN 20 2IAMRERE, &R (AgER>
BEREEBR.ZZR . PARRKOUNERE, T RUZERSHENERITEHRN) s M
REABEROMEESIITE 40 H1IRPERRM 1983 FXHRFENRETHER
SRR ENEOEE e B 34 HE 1 BH: VMEAEFHOEIREREER%
M AMERAFRKEURENEKE. EFER . FHEUFESESERTE. W
EFFAR, FEAFSHN 7500, 11250, 15 00047/ AH - &, EHERESBH
2.24,1.7—1.95.2.42—2.46 &7 /T, N/P ZLk4r B4 487,445—567, 121—307 fyfiig,
4—11 A ERE RS 18567 A .21 777—22 360.5 /A 7, 23 260.5—23 643
AFRE/AGEA EAHER, PEKEN 15000 27/AH - &, THEREN 4.08
B /T, N/P 2tk 102 foRbd 4— 11 FEP=HE% 25 326 247/ Ao

MBEFREERA 1 o, HHEE7, 8 Atr. XERSEZSHKRGI—
32C)FH BKE (200—250H BURE/ A)E R HMNM/KEZEZHASEHEAX 4182
—4600.2 MI/SEHK - fFo 1983 F4F,3— 1L A AU % 3 646.7 MI/ 53K, LIFKRIR
MAE L, MEERE (Y, RE/FEHX - B) 58H (§, TR/IEHK - H) BIRRA
(E 2): IR

'
1.2999x10 14X

Y = 5.5509e

n—=29, r=04617, AEAKRFRRETEER,

VIgErER (Y, RE/FHK - H)EAER (X, «c) BXAHE 3):
Y = 0.2527X + 3.2078

n=18, r = 08272, MAAK FREEVIBNDEM(S99%)ER,

5.5

MEREFD (CRR/FFX - H)

Primary productivity (g0,/m?2 » day)

0w
<
o

TrrY I rrrYY Ty T Trrr TYrT T T LDAARS]
2250 2700 3150 3600 450 4500 (Keal/m? - day)

9.4 s 132 150 j89  18.8 (MJ/m? - day)
241 @ Radiation value (Kcal/m? - day) )

-~
I}

B2 MREFEBEFFTEHSEABEXA

Fig. 2 The relationship between radiatien energy and primary productivity
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A

PMEER N CRYUF B A
Primary productivity 40, /m? - day)

AR ALS | \asaasas ga

B3 %

——TrTTYYYLTYYY e
8 12 6 20 24
Kif. Water temperature (*C)

B3 PREmENFETELSKRBRE

Fig. 3 The relationship between primary productivity and water temperature

o

7 e ® .

WIEREFED CRE/EAK B
Primary productivity (go;/m? . day)
=)
L J

F
A

s 345 6 15 9
F i Inorganic nigtrogen(mg/ L)

o

B4 MREFEOETELSENRERE
Fig. 4 The relationship between primary productivity of phytoplankton
and inorganic nitrogen

mEpErEE (Y, RE/EFK - HEENE(ZEEE, X, 27/F) HXAME

4): "
Y = 0.7650X + 7.1650

n=21, r = 06258, HXAWFREFHEBHNEEU(>I9%)ER.

EHRFASMBERASEN 0.003—0.04 Z5/F; ME=ELEN 1.7—552 2%/
F(HEPFEHFHFER 1728 7 /F; FAEAFEAN 4.08—552 8% /F+),N/P Z
b5 102—7220 HREMBE (1949)M BUBF 5T, BAOIRBETE 0.26— 1.3 Zow/F LT, BE
0.018—0.098 Z 5w /FLLTF, #IBRABREHREIETo KRB MP N/P Z X #1%4
PR FEREEBERE, ISk 14 S 1984 F 4—11 BRHHEDEFEAERS, &
25326 N )T/ UL HEHMBENL RS, 0.04 =5 /T, N/P ZLb& K, % 102, 5] LT HL##
TR AMPERIS 473 (Primary productivity) HIEZRHIRTo

FE R EEERSTFAMBEYCAERNYRERM, HAeFBEEMRE ZEY
LLE,BP P/B ARMEEBYR LN EDBRWEEEIR. &R 55T 1983—1984 4
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XS5 MMV NANSHRUE~DREOKETERAHOHE P/B K
Tab. 5 The daily P/B rarios in phytoplankton in the high output ponds with Black
carp and Grass carp as the major culrured fishes

M 5 B B T Mt 5 B WM
Pond and date The rdaatiiloy P/B Pond and date Th:a:liaoily P/B
HE R Dongyan pond, #HERER Dongyan pond,
Skengzhuang, Shengzhuang,
1983 4 f Ap. 0.51 1984 78 July - 1.15
5 § May 1.04 8 A Aug. 1.38
6 H June 1.27 9 H Sep. 0.73
7 B July 1.03
8 H Aug. 3.68 &5 b 14 5 Pond 14, Zhanshang,
9 B Sep. 1.53 1984 4 B Ap. 0.71
108 Oc. 1.77 5 § May 4,08
11 B Nov. 0.80 6 J June 4.00
7 B July 4,42
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Fig. 5 The relationship between primary productivity and biomass of phytoplankton
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Fig. 6 The relationship between primary productivity and silver and bighead carp yield
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Tab. 7 Ecological efficiencies in ponds with black carp as the major cultured
fish during April-November
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production ; .
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(g/m?) (MJ/m?) % P % radiation
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B -1 201982)@) 1 856.7 27.2542 0.81 3,49 0.028
$E5§ﬂa(1983)@ 2 186.6 32.0967 0.96 3.73 0.036
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& 14 %(1984)@ 2 532.6 37.1756 1.11 4.98 0.055

@ Pond 1-1. Shengzhuang, Suzhou; @ Dongyan pond, Shengzhuang, Suzhou, @ Pond 14,
Zhanshang, Wu county, Suzhou
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PRIMARY PRODUCTIVITY AND ENERGY CONVERSION
EFFICIENCIES FOR SILVER CARP AND BIGHEAD
CARP IN HIGH-OUTPUT FISH PONDS WITH
THE BLACK CARP AS THE MAJOR
SPECIES FOR CULTURE

Yao Honglu  Wu Naiwei  Gu Yuelan Bian Wenji and Wang Youliang

(Jiangsu Provincial Freshwater Fisherics Reseack Instituie. Nanjing)

Abstract

The primary production by phytoplankton was determined during 1982-—1984 for fish
ponds with the black carp as the major species for culture. Investigations were made on the
vertical and seasonal changes in primary p-oduction in relation to major ecological factors,
overall fish yield and yields from the silver carp and big-head. During the growing season
(April—November), the depth for photcsynthetic compensation varied from 70—140 cm (mean:
105c¢m) at 10:00 and from 90—I160 cm(mean: 135 cm) at 14:00 O, production from the water
column in the upper 1m accounted for over 90% of the total production. The mean daily

O, prodution ranged from 5.00—17.04 mg O.m™*-day

~' The daily gross oxygen production
usually exceeded oxygen respiration. The annual oxygen production was 2063—2814g O,

-2 -1
‘m”ryear” .
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Monthly primary production showed only one peak whilh usually occured in July -August.
The relationship between primary productivity (Y, gO;-m™2-day™) and solar radiation (X,
Kcal - m™ . day™) was:
Y = 5.550961.299&00_“)(

The relationship between primary productivity (Y,gO, - m™* -day™' ) and temperature
(X,°C) was:

Y = 0.2527X 4+ 3.2078

The relationship between primary productivity (Y,g0;-m™%-day™*)and concentration of
inorganic nitrogen (X, mg.l™") was.

Y = 0.7650X -+ 7.1650

The average phosphorus concentration was 0.0! mg.17! and the N/P ratio ranged form
102—722, 1ndicating that phosphorus was the limiting factor for primary production.

The relationship between production (Y,g0;.m~*-day™')  and biomass (X, mg.l™") in
phytoplankton was:

Y = 11.58426—5'785“10—3)(

Net phytoplankton production in wet weight was 100674.4, 118560, and 128197.6 kg -ha™!
-year™ respectively in black carp ponds with net fish yields of 7500, 11250 and 15000 kg.ha™"
-year~-In ponds with both black carp and grass as carp the major species for cuture and with
a yield of 1500 kg-ha~' year~', the ner phytoplankton production in wet weight was 137323.2
kg ha~'-year~'.Primary productivity (Y,g0.- m~?: day™’) increased with increased yield
from silver carp and big-head(X,g fish m~* + day™)in the form: Y =3.2599X +5.2568.

During the growing season (April-November), the efficiency of converting solar radiation
to gross primary production ranged from 0.81—1.11%. The efficiency of converting net phyto-
plankton production to yield of silver carp and big-head ranged from 3.49—5.13%  the
ecological efficiency of converting solar radiation to fish yield was 0.028—0.055%.

Key words Primary production, Primary productivity, High output {ish pond, With

Black carp as major culired fish, Depth of phatosynthetic compensation



