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RERHbESEHEE RaFANREE S HRERAMYBIARR KR 1% ,1EH
RIS M 1 )8 (0. 880ha) , % B ( I )4 11 (0. 453ha)F1% $L ¥ % [ (2. 600ha) , £ B 5t
HHRERE 1. RRBUFS N E, SRRSO RS, R Y58 8R 0. &
B AFEERFEY 105X 10°—1. 20 X 10°kg/ha, T ka6 29 % 1. 20 X 10'kg /ha ; 3 F8 7
AR R L AR SR B BRI B R 518 4. 05X 10°.7. 95X
10°kg/ha, IiEHE 6 X 10°—9 X 10°kg/ha R FAEF —fF T HABMBEAE CHHLAER % 7. 5 X
10'kg/ha).
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Tab. 1 Stocking details of each species in ponds at Dongxihu.

fr¥ | @M (B/ha)Density| &4 (% )Percentage #H & Weight (kg)

Species 1 1 | I | | T-1% v-2%] 1-16) 1-2¢ 1B { 1® | m® | m°
# f | 7500 30001 2700 50 20 15 | 315 | 375 {115.5] 105 | 234 {427.5} 840 | 615
# f1 | 2000 7500 9000 | 20 50 50 | 270 | 270 | 79.5| 90 |967.5] 1230 {787.5] 900
o & |1500](1500( 2700 10 10 15 150 | 135 | 40.5| 45 | 450 | 255 | 243 | 180
HL85 | 1050 1050{ 1260 | 7 7 7 42 | 42 91.5( 90 | 51 60
8 f4 | 1050|1050 1260 7 7 7 ]10.5{10.5 100.5| 90 | 51 60
W f | 900 | 900 | 1080 6 6 6 |10.5(10.5 70.5( 75 | 15 | 30
4 i |[15000{15000{18000] 100 | 100 | 100 | 798 | 843 [235.5| 240 | 1914 [2167. §1987. § 1845

A BAFREFHEGRBE)HYES— A BT AN NKES A:B 1987(1-1,1-2).1988
(L D EFHER.C 19884 8 HERMYEAT, D 1989 FHAMBFE.

MEWMB MEESHERER AR EMBERE ™ & 30—40d iR <
EREREL KR REAMES XWETHE. ANEEERE. =A% 12 9KkL*
FE0R TR SRR A S B I H R R R IR B E A B (PO B B, 6 HATH AL
FEANERRE BREGERRS MAGEREFENERE(/ke) s UBA = H A
AR R A A B KRR R T BARE 1989 FRARBRM S HAR T Y
ZEFNWEGRTETS SFES BN R ANERTERABMERNFRMEE
BN TTRESSH XM K AL,

& R

BENBRESHRE FAKESEFAREAGTOKR 23.1—-30.7C), YR\ EGE
B A fatkEA 20.30.40.50 % B, B A f (73—209g/ B X H A E G E D T
MARGRRE/RRE)N 0%, HERBGHRR/HER)24. 15% . 25, 100g By
FTE R 2.55228,P,05 0. 4260g. F b yE L 0R 1 357 BL B 6 2 30 F A L S G 3, 0
FABFRRBBANEAHSBNFEAERME 2 iR,
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%2 BeREHFERAROHRROTELR (kg/ha)

Tab. 2 Relationship between annual greenfeed intake and faecal production by grass carp.

— P RETIER
B(FE) £#+ESE B Equivalent to inorganic
E 4 (4 B Green feed Faecal N content oo t fertilizer
Time |Group . ,O; conten
& = F H Production of faeces of facces HR HRME

Wet weight | Dry weight
[ 9526548865 | 111154+1035 | 26851255 |68.55+6.51|11.40+1.05(342. 75:+32. 55 57. 001+5. 25
1 2394048580 | 2790311006 675+240 |17.25+6.15| 3. 00+0. 90 |86. 254+ 30. 75| 15. 00+ 4. 50

1988

L 110782014680 125704540 | 3030135 |77.40+3.45{12.9140.45387.004:17. 25 64.55+2.25
1989 I (75000410605] 8745+1230 | 2115-£300 (54.0017.65| 9.004-1.20 [270. 00+ 38. 25 45. 001 6. 00
E 41250 4815 1155 29. 48 4. 95 147. 40 24.75

MBEFHHEER WEPWMRESNZEATEER /D, 5—10 AU ELRY
REHER 70—80%, B 75% 11,1989 EAKBEE R A/NMIFEI I > 1 > 1,45
HRAI>T1>T KEFE5=E01 1 A8EE. 98T 1 4(3%3).1988 EX &1
HERIBMONES BB EEREU. SENHFEHTH SR (ug/L): T (44.63)>
I(42.51)>1(39.81) ,HEAZ ML B EMELEF (p>0.05),

%3 1989 FEAARSERAKEEEEMI/m2 - B)

Tab. 3 Monthly oxygen production and consumption of water colum of 1989.

KEE=E KEHEEE K&
A # Gross production of water colum | Oxygen consumption of water colum | Net production of water colum
Month 1 1 r I 1 1 1 1 1
5 4.25 3. 67 5. 06 2. 08 2. 02 3.04 2.17 1. 65 2.02
6 5.85 4.78 4.77 3.22 2.72 3.01 2.63 2. 06 1.76
7 8. 37 8.02 8.49 5. 36 5.05 6.79 3.01 2.97 1.70
8 8.24 8. 11 9. 68 5.77 6.57 8.23 2.47 1. 54 1. 45
9 7.12 8. 06 6. 88 4.34 6.21 5.16 2.78 1. 85 1.72
10 3.70 3. 87 3. 75 2. 00 2.32 3. 34 1.70 1. 55 2.41
&1t Total| 37.53 36. 51 40. 63 22.77 24. 89 29.57 14.76 11. 62 11. 06
W}ile f;r 50. 04 48. 68 54.17 30. 36 33.19 39.43 19. 68 15.49 14.75

BNER WETHRRALE MBMERSKEEP/BER(EY, HpREapysg
P/BRE L. VAMBSE AT LA, Seo A Sk 1 . 1 AE KT 1VH. LAY
LV PR RES N B ST STy I 35.60.10g, 11 A4l g R,
H B 0 BB E R K, B L8 300—350g. 3 8 450—600g . R H 4R 200—250g,

HARRRLROTE  FHENKRITEY, T ANESE TMRE. S8 um.
AUREERFHEEBT I . 1 AE(p<o. 05), MEHE FESNBEZTT 1. 14
SO0-05)(E 5. BMAFHKYLER, [ -2 AEAMRIERY 79.2%,5 1 -1 K 87. 6 %8
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BT, b 1, A4 B4R 4. 9% F1 29. 2% L,
%4 ARA.RAOLRALIE P/BEY

Tab.4 Annual P/B coefficients of fish in experimental. control and routine fish ponds

i P/B ¥ Annual P/B coefficient
Eis |
1988 1989
Group -
B f 5k 09 1 BARE B f L1 gil BiRE
I 1. 54 1. 14 1.32 1.51 1. 09 1.39
I 1. 66 1. 10 1. 15 1.51 0.93 1. 0%
| | 1.09 1. 06 1. 37 1.10 1. 09 1. 37

B METIALCEAFNENT1987—1989 &, KEH) (mg/D
Tab. 5 Chemical composition in the water from fish ponds at Dongxihu (1987 —1989).

#H 5 BER THEE ZRERM FHHE (cm) BE HUERE

Group NH}-N NO; -N TN Transparency D.O. CcOD
-1 0.159 @ 0.011 b 0.254 ¢ 30 a 2.70 a 13.62 b
1-2 0.184 ¢ 0.017 b 0.288 ¢ 29 a 2.70 a 13.09 b
1 0.269 b 0.022 a 0.363 b 23 b 1.96 a 14.20 b
1 0.541 a 0.042 a 0.703 a 20 b 1.56 b 15.20 a

(DSampling time was 8 : 00(a. m); @)Means followed by different letters are significantly different from each

other at 0. 05 level.

RERMEFORERA K 1989 EMHRAMF U R EEXBANE . B &H

RERRRNBESHEERGESE).
%o MEVMNESHEEHER1939. KEH
Tab. 6 Estimated energy conversion efficiency and energy consumption based on the gross and net yields for the 1989

fish production at Dongxihu.

I H £ 7 Gross yield @ 7 Net yield
Items [ i 1 [ I 1

A5 ¥ ¥ & Energy conversion efficiency (%)
HHE Total energy 6. 09 4.99 3.67 5.05 3.61 2.97
Y64 B Photosynthetic 10. 85 8.09 5.76 8.99 5. 85 4. 66
4 ¥18E Biological 14. 48 13. 82 10. 56 12. 01 10. 00 8.54
4 BE- Lk B Biological-industrial 13.89 13. 01 10.13 11.52 9.41 8.19
BE M ¥ ¥E Energy consumption (GJ/ton. fish)
588 Total energy 77.57  87.71  113.09 | 94.67  124.02 138.96
KIHEE Solar 43. 55 54. 08 72.08 53.16 76.47 88.57
H: ¥ 8E Biological 32.63 31.68 39. 33 39. 82 44.79 48. 33
£ WEE- T b #E Biological-industrial 34.01 33.63 41.01 41. 51 47.55 50. 39

I —VAMEREAMAE L TR, RPEERRZ 4R | A5 & A THm R,

© BEILAF.1990, MR B E {5 ey R KBTI (IR R 5.
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Eif 2T EREA  E ARt a3RaeLs% 0. 618MJ/m’, T AMEMAEER 0. 755
MJ/m?[0. 324 (A THEAE) 40 431 (3ERE> 1, T AN 3. 114MJ/m?[ 2. 884 (A THIAE) +
0.230(3&R) ], B, B AMALMREIL 1. TARBZE.

HE fak WOsL 16
Greenfeed Fingerlings Pellet feed
15.55 0.50 21.94
10.84 0.34 17.34
6.39 0.24 20.28
TR ETa 3.0
Gross particulate 4 5719
feeding fish 1.3
yield @R
Eo30 Net fish yield
Feces
0.62 4.50
0.43 2.85
0.24 2.52
|
QA :

AN 5417 |[WWE | | REEESR
- % Gross filterfeeding
A PESES Phytoplanton fish yield

iati 0.00 0.4
Solar radiation 032 07
88 ‘ 0.3
2] fafh
Manure Fingerlings

1 R ) KRR DM )EY R BRI A
Fig. 1 Annual flow of matter and energy in experimental ( 1 ).
control( 1) and routine fish ponds( ¥ Y(MJ/m?)
EHHEEG EMTFaRE 1.0,

BREER 19871988 SEMIRBAE R | P19 E 9375kg/ha B2 I . B 4148
H 25.8%0F 28.8%, I AL B fa A EWMIR AL 63.4%, 1 1. 0 AL 33. 8% F
31.4%. 1988—1989 FiH e, 1. 1, K AMERF14 B4 11490, 9000, 7515kg/
ha =85 515 BRE) 82.71 M 81% . B (SERAFMLE | ARKE,. N 62%,

RS 5 40260 169, “PE R GBI L] T 415K 5 73%. 1 4% 54%, B {0 4
36%.

51T

1. E2HRRRHN NG 1 tiE8e S

B X D5 E A A AR, X B B Y, LR R AR R e g
HH, AR FEHLER Y 9.00X10°—1. 05X 10°%kg/ha, ARG, A HE3 (FE)2. 55
X 10°—3. 00X 10°kg /ha , 8 24 F [ it M B HE AL 8% 3. 3 X 10°—3. 9 X 10%kg /ha . 3% i 1 B
BTG4 60kg /ha . 24 o B BUIR S5 v o, BSR4 AR B PR B 60— 70% ., B4 % 1k 1
IR RYEAART 0. 25kg MMREM 0. sk W BB . ARARAB B AKSE 30%, kp
1.05X10'%kg/ha HHH, M EAFEFREHH BEELYTFEOSATFHBALAEMHT
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0.12kg HIBRMEEA 0. 02kg WA BEMEEE, AIFEAXRTARERABE, 5% M ik, ]
T ERA BN 50%  BRENHAS S THEAL., BR. B3 EXEIE,. £t
BRERETHINES TOEEHRK EENHRRA . AEVER @& 2> [T LEL=
FEERBRRETY . UBBEABEN YR A EERE:EREVUR N EE AR, A8 E
HERENNYER S BAEFLLEE, B PWEY PRI AR BaEE
HRERBRA BERBES/N BAXBRZAH XSG ELHELEHENEERES S
1—3mm’ {/pRC, BIABEVREN FEARTS. AHRE AN, AREEH LY
HYARBEEEEREE . 28 TE RN G RFTE e KRB X EHE LW
MARKBHRYEEES —SHBIRER, BAET A ZBHRS 0 —MMEMER,
Ot m SRR A AREEDY. Eatednt | LanESETNER LAl gs
FEMREERERAXMEAEE T ALRAVE, MR AR, NEREIEX
ENEERE, LRE— —ARBHELRE THEEL 10X, ZEF TR = REBRHL
VUL R, AXEMMEARFNERNE, AMURRFEHHEE, SRR THENE
RMEREEKPHEE, EREEYEER/DRRYE, EE KB LT, EAXMERH
BEEMHS RN, R LWL aRE ISR AN 8, RIERRATRMEN.
1988 EMEEREZYW, FHNAFWHEY EDE Y 18. 08mg/L . EEH &K
20mg/L #FRME; W AR AR R 17. 22mg/L RBENRB AR HFEMEWE
BEE06. omg/L), BEESBMNEMBARZRYEE 10—20mg/L FEAKM, LA
s, S ENAFER(UYEZRAKRSY 1/3—1/2, [ LUK, A BB LS
SR AEBREAERMTER. 1989 FEHRES R, X141 % S0 & 5 Bt R h G2HF
R = RO AR B T X A, BRI, 5—10 ARTRMM IR E N
25 AR FERE (3—11 ARED M 80—90%, 1L 85%, it H, XK A . M RAMKRA
EEEES Y 42645.41475, 81 46170kg/ha. 4, BIBERGAEE T A BB AKN
ek A iR I8 4 2340kg (1485kg 8% + 855kg #), X B4 2160kg (1605kg # + 555kg
S5, % M4 2400kg (1785kg 8+ 615kg 8 . Fif L, iR A S RAM ¥ MATABUK K
85O TER L, N L& B B SRR & 2550kg /ha GRS 4) . 2940kg/ha (X B4H) |
3945kg /ha CH HL4L) , T 5K €21 ) S 42 7 1 Y 4 4890,5100,6345kg/ha, 5 bR 7™ &K
g5 A, FE R E A T T, AT RS S SRS R BR , B4 7 kg B TR B4
A 0. ddkg R AN, EREBEREH AN ST ENHE, REHT4E 0. 8kg 18
gl
2. THhaNBRGERSE
EadERTHSEN T EERARNGERESN REGNERNATREAZELES
SBARIEZ — o T 0 2 IS K AR E (R R X R R G S R R R .
ABEA KR EERES, RBEEAMNEP/B RECHY 1.51—1. 54, X BA
1.51—1. 66 AHIE, L A . 09—1. 1008 (BB AL AW FEEFE R RA. KR
M 2 4L L, UL, R AT, R AR RN E RN B E T HEMNA . SR Aan
FREEA KR, R AYAE P/B R, FHH 111, M4 1. 08,3 A 1. 01, #HIEMN
B 177 22 4 X 5 8 VR 5 O BE SR AL 4 P/B R B4 A108 105 A 1. oz;ﬁ@%}?‘ﬂtiﬁ!ﬁﬁ@:
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f4E P/B £ 1. 00—1.75 Z[E, A P/B £¥(4 0.03—0. 76, L Z T, A58 M € 49
H P/B Z%(0. 021—0. 235) Ly, 118 i) 45 AR (K, 3X 55 %0 49 B Ui W 22 A0 B 3R 64 S P L A
A (100—200g/B)H K.

KNRGE S E ST ARESEERY b 878 £k E - 0] A0)

B AR SN BN AR, bRSIIRKFEFEY TR, B
ST mARN LR, CHENHERY. STELEFP, EHE FE . AT
AR UHREMEESRRNAEREYINXED, UEga b Fhansind, 2
FEHFTEERIE 9X10°—1.125 X 10°%kg/ha 1 2 5 F FAC K B AE (S H HLIEAE 6 X 10
—7.5X10%kg/ha) ¥ FERY LR, BUE T KR BRALERE, 2 S E AN W FFERHM
B, 5 W55 B A iR SR BURG ) . Rl B, BE LR T RS i, B TR, A SR EHRS
ALASAREENERNTREGOEA, BRAKTERERIIT. RBAEHE4,
PR B RARE AR AL, AN AR B BN S L
B E AEHRY BT N R AT R AR BT A B, B B B E R R R I R LB
SHIA3—4: 1. 2. 10: 113 : 1, AR THEAMNEBRTER, NBEEMAH IR
T PR K R [ B SR L 0 55 £ 6 TR 5, AT MR AR o I T, TR 28R L R
BE R P LY B 2 % I ) R R DGR, B RO BB e Y SR R BT .

4. FERFHAZBIEERITHNER S > RIIFH

UESANRBHENRRE, REEF SR ABEXMNBA FHAMN 1.2—1.7
& RRANEDE-TWEEFHENE 13.89%, EREAMEREEY . A HEY
BREFEHBEN 10.85%, B T X BEA K 40 E SR Y 3% 0 i ok 88 b 3 SRy
FAALRROY AR A A R A S R BTN AE S I 77. 57GT H 87 71GS R T EI M E
PRI E A, AN B 11.99G]/t ., STHRA, L HEH AN SR EL
RBPAK matBHERs T RAR4, FERMEFAKMNRESH AR | 5 &M
A VR RE A 22 BB R R AR R OB B L B LM AT A R B ALRE R AR g
B, ERARERSARA, . FHRE, HAIUREAREBHEM LK, it E8
FREREAEDRERFEAERBEYERZ - FHBEARRBRE,7—9 Aa4EK
EE,ERERAR AFLTFESERRE . MPESATHESE 0. 541mg/L, HEH)
HRERE THHECEEHBMRER, XN EFERKB=ERBHEM, HEZT,
RRAMEa SHMAan g RG—6): G—) (B¥OHKA.5—2.5) : 1GLFHEEY
B EAaEEERETNEHNEE, E TS, SRS aEREERNTIRE,
FELAE SRR AFAIARRR, ERHCERTFRE. KERNEMEE, KR4 b
F8: 0 MBE —ME2mg/LU L, HBEFETHALEBLSED 0.5mg/L (FH
0.172mg/L) ., XEF N RBAKFEHIARIE Y, RIEL N2 S5 A0 G EER, R
THRENDRER E—cBE LXR T KR, RET R IE R mRE.

RS, W AN R KA NN 260—600g/m? ZiH], UEEHELNEWE
FAERP, BB AR A SRS, HaTdAk LERRE, STHE K. &k 1989 F
R AT E=RRY 3. 69g/m% d, A FI R RAHAAHN 1. 48 FM 1. 54 F, T+
BR A ERIREFEBANERARNESR, MRES=XERIL=ZAMNAKEHE. &
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THE RATIONAL DESIGN OF POND FISH CULTURE WITH
REFERENCE TO THE PRINCIPLES OF YIELD INCREASE

I. Rational structure and energy conversion efficiency
of the community' of major cultured fishes in ponds

Chen Ligiao, Chen Yinghong and Ni Dashu
(Institute of Hydrobiology, Academia Sinica, Wuhan 430072)

Abstract

Pond culture experiments (1987 —1989) and indoor supple-mental experiments showed

that the commonly used stocking ratio of 1 grass carp to 3 filter-feeding fish in polyculture

systems fails to fully utilize the interspecific benefits among the grass carp, silver carp and

bighead carp, resulting in a low energy conversion efficiency in the pond system. Because of
the low food availability caused by high densities of silver carp and bighead carp, over-fertil-
ization is frequently practised, resulting in deterioration of water quality and diseases and poor
condition in the grass carp. Based on the food-supply potential of the feces produced by grass
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carp, and the energy flow pathyway acting on the filter-feeding fish. the weight ratio of
stocked grass carp to filter-feeding fish was adjusted to (1. 5—2.5) : 1 I . Green plants were
used as the major food, supplemented with pellet feeds. The growth rates of major cultured
fishes and energy conversion efficiency of the pond were apparently higher than those in ponds
using routine culture methods. With no exogenous fertilization and suitable green and pellet
feed inputs in accordance with the biological characters of the grass carp, each unit weight of

grass carp produced could yield 40—80% of its weight of filterfeeding fishes.

Key words Pond piscculture, Community design of cultured fishes, Energy conversion ef-

ficiency



