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x1 BERAFS
Tab. 1 General conditions of fish ponds

guws | F @ ERERE | RCHRE | RKEER | RKUEEE | BKrEE E Va4 b T o
(cm) (%) (hm?) (m) (RB/tm?® (kg/am?) | (kg/hm?)

A 1988 45.2 1. 42 2. 33 1.2 7155 3055 3476
1989 30.6 1. 46 2. 30 1.2 5605 3015 2682

1990 51.3 .83 2. 30 11 320 | acre 3614

1992 65. 2 1.12 2.33 i 7590 L 5759 5009

e 1989 63.7 1. 31 1,27 1.3 =385 2807 2510
1980 67. 4 1. 36 : 1. 87 i. 3 | 7165 3570 3203

T SR GE R O /it BTG % B e

Ruws | F L owm | mm | W " " © BT

.y R [EL " o7 8 | ] = 8 [ 7 B | | 3 P [ O = B [ LY

T 1588 | 2700 |77.6] 444 |12.8] 163 |4.7] 33 ]0.9] 52 |1.5] 84 [25] 9.2
| 1989 | 2079 [77.5{ 315 [11.7| 135 (5.0 36 |15| 60 |22| 57 |21| 80

1990 | 2880 [80.0] 446 {12.3( 180 |4.9{ 43 {1.2{ 56 [1.4] 9 |o2| 8.9

1992 | 1710 |34.1| s90 |11.8] 208 |s.9] 285 {s5.7| 972 [19.4f 1157 (23.1] 6.6

mAR 1989 | 1345 |31.6| 497 |20.6] 198 |7.6] 90 |3.5]| 148 |6.6| 232 [10.1]| 7.9
1990 | 1562 (46.0{ 465 (13.4] 300 9.2 171 |5.2) 278 |11.6) 463 |14.6] 8.7

« HEREERT SRALYHEEL, 199 FRRESKK, RBROTE. 4 50RH,
M. BRIMEFEBERNEZREN 1 K, SRR 20D, /EDFIvEWEE 0£5.0.5
OB LSBH20FREK. U 2AMENKERFRE T HEERZAKER ™
R EBEARSEARSEKMFTER.

1.2.2 Rt ¥R % METHIREVEUERERER S PN Y 5K
WHEWENILENERERATERNE B8R 2K A THEENZXABYAYR. B
LP/B REUEMHHKEETRE. AEFERA BB B EETR.
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WTFRE,BE S SREAHYETHE W - ERUARY R, BT AUURBONE
RAEGREFREREE G

1.204 224 458F KEB.EWH . pH {H.DO.COD.CO,.NH{-N ,NO;3;-N . NO;-N .PO}-
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Tab.2 The annual primary production and sccondary production
in ponds cultured mainly with common carp

BENS LEE. [ m | omm | s
DREFE k] w a | Bax | wes) Ai | PR | @@ | Em
AAFS | 1988 41. 281 6.777 | Q.444 | 0.1303 | 0.150 l 1. 504 | 0.089 15. 216 320. 28 177.99
1989 61. 926 6. 683 L 10,618 0198 | 4.101 {17.601( 0.109 15. 888 498.79 | 208.22
1890 €2. 342 7. 287 . 6.920 ) 0.248 | 0.196 | 16. 652 | 0.081 10. 821 460.45 | 204.79
1382 l 51.717 S.447 | 7.071 ( 0.260 | 0.188 | 12.966 | 0.096 14. 290 334.98 191. 42

MR 19891 51,142 9.137 | 9.274 | 0.180 | 0.103 }18.694 | 0.101 | 18.845 | 377.55 | 184.77
1990 |  61.119 6.321 | 0.105 | 0.275 | 0.172 | 15.873 | 0.090 | 21.012 | 459.14 | 214.97

* 1G61J=10°1, L1 FH.

2.2 REREMNE

22,1 AMEHAELAIRBEPOLAF S+ ANEHEEREEASRERENTIEER
REER. BFRAEYW(FERETIFEYEI XA EAEEOAMER R L ETTEATRRE
FHRERIR. BATHEASHBREEMAHNUIEAR, XERSEHERELE S, RH
MAFE. REEAEHEN ATRERZEREFEANEEDE. AREMTHEYENER
AR AR A R E R 0. 204~0.308% ; kiSRRI R E B
BEH 1. 195~4. 815% ; KMIER B ARB AR LR R0 = ML BELHEN B
3% 0. 054~0. 123% F1 0. 0024~0. 0095% (& 3).
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Tab.3 Ecological efficicncies in ponds cultured mainly with common carp

iitﬁhhﬁ 1 Ry

ARKBH | £KEMA | £KER | EDREFR | SRETE | KRISHESTE | KRISEHER
S P XKRE | Bkl | 2iEY | sHASES | %8R4 | BREisd | Sneaxd

’ RGER | BEKE | BB | EROMAE | ~EOHA | arEBNSES | pEBRNES
(GJ/am?) | (GI/am?) | (GI/um?) | BE(%%) WA PREY | £HE%)

RAFE | 1988 | 25892. 4 52.82 41. 28 0.204 1.744 0. 0024 0. 089
1989 | 26443.9 79. 39 61.93 0. 300 1.195 0. 0028 0. 067
1990 | 25936.7 79.93 62. 34 0.308 1.317 0. 0032 0. 093
1992 | 26272. 4 66. 30 51.72 0.252 4.815 0. 0095 0.123
MEhak | 1989 ] 26120.8 65. 57 51. 42 0.259 2. 092 0. 0041 0. 062
1990 | 25669.3 78.35 61.12 0.305 3.845 0. 0091 0. 078

ARG ERWTEREKTET AT A M (458 0.16%.8. 48%.0. 135%#1
0.0399%) P I kMM (4r H% 1. 15%.4. 16%.0. 067 % #1 0. 05%)(0, £ 31 % 1 b (43 51
5 0.76~1.11%.3.49~5.64% .0. 186~0. 283 % 1 0. 028~0. 055%) I & £ ik @
4y 515 0.86~1.64% .8.64~15.56%.0. 082~0. 179 % H1 0. 085~0. 156 %)}, X B R
ERELH . ETRESEREBAKEEE R MBRSERNE. AWEKENL, &%
B KRIRER AR BEFRILEM. 34~0. 40%) LG e A M Tk BB, o i F 2 3
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Q. 1590 A - B A B HAN S MR ECENAMAAREETFRILEH 0. 54~
1. 48 %) HIEE BT (0. 3390, KIS A Ml A P R E S 2B R R T R HH
7K BE (0. 03~ 3. 70% )0, i 73 F B LR (0. 0010~ 0. 0044 % )30 Bt 3§ (0. 0005 % )17,

AXRMF R VIREBRRE RREANEAAZERATHEEERE NEZKH
BRKBE ERAG M R ETE A, EXWIF MR E=ESMENRE S,
R BRKERFIERHBER. BB, KBEPHEES AR 0 226~ 0. 512mg/L (F Y
0.451mg/L); HRHEERH 0.063~0.087my /L (T & Q. 072mg /L), HXERTFESRETA
R (1. 70~5. 52mg /L), EFE S EIEH M (1. 47~ 7. T8mg/L) ., W[ 5 O B 0 (0. 97 ~
2.06mg/L) LI R HE R RIE0 AT (I ~2mg/L); MHARSEEEFS T LA E
(0. 001--C. 090mg /L, "7 # 0. 024~0. 03Img /L) . B . Bk B 4> 51 1E 0. 26~ 1. 3mg/L LA
NHI0.018~C. 098mg /L LUFH AR ABERERKETRIE RN —BAESR . FREBE .
RYZFHHDMRETBRHBEBER WALRERZ, LA AREEAKTBE
MR ABILEFEAESREFHEDVRESENEERHEF.
2.2.2 H¥figdd HERBERREAFIEBTANBANHDER BERATED
HESBARTS., AR HWEENRARSY 180~2606)/mm?>, UBETFERFAM
(400~870GJ/hm»)UY, BAGEIEE . QUL MsE FAE KL B RE R o A A YR PR K 4 R 8. 91
~14.05%.,10.96~17. 20 R 11.06~17. 57% A S FHXBFEH T AL, BT £ H5E8
@A, B ERTHILES ENRMEE. A QOHBIEEERE N 17. 59~
73.74GI/tL, — A K B AN AP RN 1. 795~ 3. 807MI/m* Y S I B FRK F LA s |
KRB E L RAE T A 29.76~46. 09% & 15. 01~27.80% (% 4.5, BT
EFeiaEdEan.

F4 EFBHFRABAMLEATHE B .GI/hm?
Tab. 4 Input of subsidics encrgy and output of fishcs encrgy

in ponds cultured mainly with common carp

2R K T %o Lk
w4 B
o SN | e | AT | S| ATEE | bt = | B~
R4S 1988| 211. 64 2.00 213. 64 11. 49 0. 92 42. 41 256. 05 25.37 23.37
1989 153.13 1. 80 154.93 43.24 0. 90 44. 14 196. 07 19.17 17. 84
1990 179.32 2.19 181. 51 39.69 0. 86 40. 55 222. 06 26. 69 24. 12
19921 180.11 3.47 193. 58 43. 64 0.72 44. 36 237.94 38.07 33. 36
pabd 1989 133.82 1. 43 135. 25 44. 36 0.95 45. 31 180. 56 17.95 16. 06
19901 149, 34 1. 68 151. 02 45. 52 0. 84 46. 36 197. 38 23. 47 20. 51

1992 FRPARB O WS . CEDENHRAENETE T ERE AT E 65
AW PR BB B R TR R R BCR H A 20. 4% 17 ST BT ERF AR WHET
EfRsBEEn. CRAZTEFHERTARENHESE. AR EwEy
FE FERGEMNER . ER EURNBREZERIBHATRBEESRETENE
B EOEL R AHE R A EREERELRS, SRR AT L R £ri 5.

@ IMI=1000, L T,
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Tab.5 Conversion efficiency of subsidics energy in ponds culturcd mainly with common catp

HERE) SERMEGH/Y (e AR ANEAR
R | FG » A . v Py | Ma/md | BEOD | mEGH
1988 SR 9.92 9.14 65. 67 73.17
4D 11. 90 10.96 54.77 61.03 2.537 29.76 15.01
bk E g 1 12.01 11.06 54.10 5 46
1989 BE0Eb6E 9.65 8.94 86.36 | 73.74
BEEYE 12. 40 11.52 | 51.64 | 57.27 1.917 31.95 16.13
73} $0 BB 12. 54 11. 63 5105 56. 70
KECEN v BELNE | 12,0 10. 85 55.52 | 61.70
( BEYRE 4.7 13. 28 45. 40 50. 41 2. 669 36.23 19.54
| ' e B 14. 90 13. 45 44.83 49. 80
1997 S5REhEE 16. 02 14.05 41.01 47.59
SEWEE 19. 68 17. 26 33.38 38.72 3.807 46. 09 27.80
A5 $ B BE 20. 04 17. 57 32.78 38. 02
1989 BB 9.96 8.91 64.28 72.24
BEDEE 13. 30 11.88 48.32 54.12 1. 795 30. 30 18. 84
4% ST BHRE 13. 45 12. 03 47.80 53. 52
LSk 1990 L RaEneE 11. 91 10. 38 54.83 61. 68
SEMEE 15. 56 13.58 41.94 47.18 2. 347 35. 46 22. 68
1 S B RE 15. 74 13.73 41.50 46. 65
BEEHE SHBhEE 11. 58 10. 38 57.95 65. 02
LAY 14. 59 13.08 45.91 51. 47 2.512 34.25 21.09
L S B RE 14.78 13.25 45.34 50. 86

T~8 AAKEZAMAKNREKE RS KA KATEBESESLEZE BRARTEY
Rt RABFRESFNYO I EEHEAT . MEEFH DT, FERAHIRE AR Y™~
BETR . EESYERMMEE SN 1992 F - FF B H 1989 E4F FTRET 32. 9% K
8.2%  MAMBEEDFMA 33.3% K 8. 1%), NTiiRE T HBREREERE. TR, BiEHA
PR EHSER, TR ERRHBENSHEEA MAKXEBYRTEH, SN SR
BURBRE EREFKAESATOUE BREMBEESREEN AR EEREHZIA
AR ERANEHRS EEEEN. SHENRITENEFE. REHEIERME
HOREARSERELTRESTRS NTTERBREENE Y.

ARRERRY . HBERRIEMER AR D FENENTES. RS8N
2500kg /hm?.3500kg /hm? 1 5000kg/hm? § 3 PR A, Ll 5000kg/hm? FERHERE K
BEARER ZERN QHEE. SAYENER B ER R VAR ESL T A
14.05%.17. 26 % & 17. 57% : SR i B BN B B R B/ 4 46. 09% & 27.80% .

MRERERY HEEREAELSHERE BFAEHEL. RIRRERTE HAK
FEFAMER, FREERFA . FH AT RBE—MHEH SRS RS, TREEH
REHBEBFH R EBENEREE. ZRRHHERENRREREN RS H N
EBF EK: DERK=57.4:23.7: 18. 9, HIEERAK TN 26. 674 ; KR REH N A
FRPEAS MY BEEAKE BESE 11.6%, AEEAK@ B H) Y 42.5%,



268 1 m B % 7%

HaEAREES S 11L.8%., XHRRALEH R 58S B8 HEE . REH.
RS FEA RBASARTHAEYENFENABZN A —FHRE, o] REFHIFH,
EIEE R EZBRAFZHMAAMES MESL NI R B R HRR XK,
2.3 BEF

FREMRELEZXDTBRAAYRSEEMERYGH SHEREEELENMU HEAR
ErEERmE S EREFUE R E AR, B PR S000ke /hm g0 EE 5 51 (9 1),

BN Twmw | [T TknEL
l90.llA‘ 3.4'L i._44"‘24 L 26272.4
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BERE
33.36

L& PR AT U A
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b JiAY
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P41 ¥ 5000kg/hm® RLYERE EEMiSI4EIE (R.(L:GJ/bm?)
Fig. | Encrgy flow in net production of 5000kg/hm? of pond ( unit; GJ/hm?)

MEFTTUGE ZEHATR S B4 HECEEXNEEE R HEMNR
EHFEER, - MERERERFAVURBERIFROENEEANTHHEY S5 T
WEFEN S SE. TIMENEattASHEMEM PN —T o A% HAREEYAE.
M X A A IR s A A9 136/im?) |y 50% . B 1. 57GI/hm?, W) @ 5§ BY
BB K MBI BE I KPR RE R v ART A K 15 12%.18. 81K R
0. 136 %, 82 A KT B85 7. 63% .7. 12% % 10.63%, XX . FE—FHnetsEHER
FETRE XA REREE F, A UGS, EaEEF S ERLEd, KIOEME
Nh17. 8% MiBHRES 82. 2% . AP FEKE AL CURZTITRHEXIEE
PRI XA T B EEA EFE AN 3LE A

s EHBRKELH FEHREXFSMA LM FLHE.
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ENERGY CONVERSION EFFICIENCY
OF PONDS CULTURED MAINLY WITH COMMON CARP
IN THE MARSHLAND OF THE SANJIANG PLAIN

Yang Fuyi

(Changchur Inditute of Geography, Chimese Acad emy of Sciemces, Changchua 130021)

Abstract

The energy conversion efficiency of solar radiation and subsidies energy on ponds
ecosystem cultured mainly with common carp in the marshland of the Sanjiang Plain during
1988 ~ 1992 was analyzed. The results showed that during the growing season, the net
phytoplankton production in energy was 56.534GJ/hm?, 54. 915GJ/hm?and 51. 717GJ/hm?
respectively in common carp ponds with net fish yields of 2500 kg/hm?, 3500 kg/hm? and
5000 kg/hm? In the aforementioned ponds, corresponding with three net fish yields,
productions in energy of zooplankton, zoobenthos and plankton were 18. 148 GJ/hm?, 16. 343
GJ/hm? and 12.966GJ/hm? of zooplankton, 0. 105GJ/hm?, 0. 090 GJ/hm?*and 0. 096GJ/hm?
of zoobenthos, 17.367 GJ/hm?,15. 716 GJ/hm?and 14. 290 GJ/hm? of plankton respectively,
while the productions in energy were 437. 67 GJ/hm?, 413. 26 GJ/hm?and 334. 98 GJ/hm? of
suspended detritus, 196.50 GJ/hm?, 199.31 GJ/hm? and 191.42 GJ/hm? of deposition
respectively.

The annual input of solar radiation was 25670 ~ 26440 GJ/hm?. The efficiency of
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converting solar radiation to gross primary productivity ranged from 0. 204~0. 308% , and of
converting net phytoplankton production to net yield of silver carp and big-head 1.195~
4.815%, which showed that the ecological efficiency of converting solar radiation to total net
yield of fish was 0. 067~ 0. 123%. The primary productions of the experiment ponds in the
Sanjiang Plain were lower than those of other kinds of fish culture patrerr: in the south,
because the solar radiation converses less efficiently . the marshland area.

The effective nitrogen was the main restrictive factor of primary productivity on peat
ponds ecosystem cultured mainly *vith common carp. The conversion efficiencies of subsidies
energy input and output in tire ponds and their 1elations with pond conditions, fish yield, feed
structures and the administration measures were further given. The results showed that the
annual inpu: of subsidies energy was 180~ 260GJ/hm?. the energy conversion efficiencies of
total subsidies energy (bioenergy and industrial energy), total bioenergy (feed energy and
fingerlings energy) and feed energy converted into net production of fish were 8.9] ~
14.05%, 10.96~17.20% and 11.06 ~ 17.57% respectively. The fish productivity, feed
conversion efficiency and feed protein conversion efficiency were 1.795~ 3.807 MJ/hm?,
30.03~46.09% and 15.01 ~27.80%. The energy conversion efficiency of the ponds was
14. 05%.

The optimum fish production for the ponds cultured mainly with common carp was 5760
kg/hm?, with a corresponding fish productivity of 3. 807 MJ/hm?, feed conversion efficiency
of 46. 09 %4 and feed protein conversion efficiency of 27. 80% , which were higher than those of
other kinds of fish culture pattern. The energy cost (equal to the input energy divided by the
fish yield) was 47. 95GJ per ton fish, which was also lower than that of other kinds of fish
culture pattern.

Considering three different net production levels of 2500 kg/hm?, 3500kg/hm? and
5000kg /hm?, the net production of 5000kg/hm? is an optimal one. In the process of total
energy flow of fish production, the solar energy accounted for a mere 17.8%, while the

subsides energy for 82.2%.

Key Words Sanjiang Plain, marshland, common carp, pond ecosystem, energy

conversion efficiency



