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<O 05); TR A G THERBRL A . AFHE o UR . BABGEBEHHEERR, £HE
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XL B 1986 SEPKE 1989 AL W, K KM H A — S0y L WM 1T
SRR, P 1 —1 AeERRH, | —2 hEGERKRA, | —1 A& FES LR
KERE, | —2 AREEEY. FHAN 12 K. ER 1. 44ha, BFEFEEH 1. 2X 10
—1.5X10* B/ha, YEF KKV EEHEBBHEAR A, RLHEMBEET., -1
BAHKFEEE H6X10'—8.25X 10 & /ha, &AM B ki I 2V BARKEE
6X10°—7.5X 10° B/ha, AW B A HE, LB ERBL T EER ARG HEEH
A M BT AT T .

TRRBIERE FAAFF 0. 3m® #y/KkH 10 4, BFHA 10—20cm E & 20 B, RRF
#. B EAREARKBMREESNS EASHKRERE 714 C,RARHH 40d, 3
WA M E ARERFKBAGF THERBRESEKER.

Ss4ErMNE DHNERXNMGHEMNETANLK. ERMEE, HEaM
(Ctenopharyngodon idellus) 994 B, 8 1 (Hypophthalmichthys molitriz) 507 K&, 8§
(Aristichthys nobilis)614 & , B 3k #5 (Megalobrama amblyocephala)479 B . W€ fa ity L H
(RIERTHBIE AR ABE IR EERYIE R K . RERWRA . KRWHEHE
B EREAN BEREES. RERHSHEAREN 12 RE—2FEE) /S HER
—1/3 & E),1/10 BRE—1/6 REUR MER . LR E EAaR 320 B, FMERKR 5—
10 B fafb, ey O A7 I o BRBE I AL A0 L L4138 A L LK BV B, 3
B 240 B, RFH BRI E AN JFREE 5 RS .

BRHENHSSIRN WHITERENREA R LAY, FREERR. NS &, 0
WhOARE NOES MEAEOE. B EABEHRN, EHARREE/ LR 115
6% 10 MBS, BT Fuzzy L2677,

#RGrHe
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BEMENEEREN. AFNARBH AN TRBEI. DAEREELHEN
M aABREEPREERTEKK . EHRE. CARE, —ERAFEHBR, KEE
5—8CH, ERBRAA., IRTEAFANKE TR EHESERKHBRA2 A1
A), B A TR Sk, 3—5h SR MmERT &R %W 4.7-6.3C,H 71—100%#)
e, e R A MK® 1 Ao, £BKEN 1. 5—2. 8 CET, 11 2932 M falfiE
hESBREWED.
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Tab.1 Feeding condition of grass carp fingerlings in wintering ponds
. HEATESEOD s
L] Kigoo) | BEg | £kem) e
% of fish [ndex of
Sampling water No. of Total
feeding {fullness
date tempertature fish length
R th fig (%)
1987 4 50 8.2—-10.4 50 30 20 195
4.7—6.3
12514 H 53 11.1—13.4 20 10 70 104
1987 £
4.7—5.9 37 7.4—9.8 30 20 21 215
12416 A
1988 & 43 6.5—10.0 29
1.5—2.8
1H27H 47 9.0—13.3 32

wRISRAE ENKERKIERE S 5—5. 9CH, AMEIERY . BEiEs,
15—30min Wﬁﬁﬂﬁlﬁm’ﬁﬁﬁmi,x\ﬂ?ﬁ% HEAERERI 3% E7T—14C,BEaX
(DIR)BEKEB (T R IF A XiEH . DIR = —4. 145+ 1. 102T (r=0. 985,df=2 ,p<<0. 01)

FE2
%2 ARANEAHERE &RENRG

Tab.2 Effect of water temperature on daily intake rate (DIR) and mean
growth rate of grass carp (ingerlings
AN H] Group 1 2 3 4 5
ARECO
5.8—10.0 5.8—10.0 8.0—10.0 10.0 14.0
Warer temperature
SHEE
593 740 963 1407
Total amount fed
BEaED
o 2.86 4.45 6. 74 9.76
Daily intake rate
LI A FH K (cm) 11.61£1.13 | 11.5+0.77 [11.514+1.17{10.924+1.20[11.97+£0. 85
Initial size PHKE (g) 28.00+8.76 | 27.5748.2 |[28.62+8.5] 25.5+8.36 [33.11£7.03
RBJE T (em) | 11.6341.09 | 11.7040.73 [11.67%1.22|11.82+1. 28{12. 304-0. 87
Final size EHAE(g) 26.7217.34 | 28.42%5.1 |29.5419.44)27.04%8.59| 37.040. 38
H#EECD
—3.43 2.30 2.41 4.53 8.82
Monthly growth rart
ﬂgﬁﬁ'iﬁiﬁ‘(g) 0.96 0. 64 0. 68 1.16 2.92
—0. .6 . . .92
Monthly weight gain

MEESKBNXR BEWMAAHEE AR EFERERLEHNE G 3.
R AW, FERE 10—100g A Fl, RS | HEFH AR ER R 0—13g, XA
KER10—14%; 1-1 BRHREERRFRE; 1-2 AR S HER) 5
BHEAGTET 9—14%M 1—4g. ERIRAR, £ 7 4CKBN, AFH A HNIEE
(RGR), A& ¥ EH & (AGROKI KRB IE A B . X B HRGR=—5.707-+
1. 025T (r==0. 9807,df=2,p<C0. 01) fll AGR=—2.220540. 3578T (r=0. 9733,df=2,p
<0. 05).
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B3 AR KERS W (1986—1988)
Tab. 3 Stocking of fish fingerlings at Honghu and Dongxihu

My HE ! *TE -] XFEE-2
Group $M Feeding "R Feeding AE IR Unfeeding
B Yesiable | g . (i} b5 k4 FE s i 8
f1% Fish () (10% B /ha) (%) ) (104 B/ha) () (105 & /ha)
® f 23 6 50 20 3 10 6
Grass carp 27 7.5 26 6 15 7.5
® & 77 2.4 20 54 2.25
Silver carp 80 3 100 1.5
N f 84 1.2 10 100 0.75
Bighead carp 100 1.5 130 0.75
» 30 0. 84 7
Wuchang hream 40 1. 05
Riba 1.56 13
Orther fishes 1. 95

%4 BINEMLBMBH &

Tab. 4 A comparison of mean size of grass carp fingerlings before and after winter

BAH LG mMERE | /MK
BHE(EE) | BB . . .
Before winter After winter Relative Absolute
Date Group
T K (em)| FHERE (@) | FHEK (cm)| FHEREQR) | growth(%) growth
15.78+1. 82 16.1610. 26
I (132) 92.82%11.82 azn 106. 05+3. 13 14. 25 13.23
15.16+1. 82 15.8211. 40
1986/1987 1-1 6D 64.8+23.11 (59) 64.4133. 64 0. 60 0.4
11.42£0.51 11.3340. 68
k-2 (60) 27.31%10.22 (54) 23.49+%11. 4 13.99 3.82
14.25+1. 44 14.7011. 41
I ais) 76.90+29. 32 (120 85.42132.08 11.08 8.52
11.67+0. 47 11.86+0. 24
1987/1988 | &-1 69) 47.221+11. 33 (6 47.53+1). 98 0. 66 0. 31
7.90%1.51 8.9+1.77
1-2 (65) 12.75+8.2 (65) 11.60%7.35 9.01 1.15

HFEANBRESKBHEAR B ERER - ANAILFRRILKRNEA
FER, AHNHEREHEAERY TRERE 5—7CH 3—9CHBMEHER"". BN¥HE
BMK FTAEHEMNBLKES, EABEREY, BELFANE. FXERIMESER
EWQ—4CHARSBRER.SCULE ABDER . BERVHEE. 5 ERBEFHRA
A, EHl 3 9CHAREAFMEY TREE. ETFTHR.MEHLZEREAR, FRAEH
DARIEEA Y. FTLL, BRAMIEE LK R R EEN . SHFE R, fEEEHE T ARE
EXAGTRENEERLEET, BAERAR, HHREPIRE KT, FrilslnX 6
BE, KRERBAXFBEHXRET.

ABSHERMXE F£5.8—10CHFH7.2C),BLRBAAMEBENK
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2.3%, WA %4 FOYRANIEHE 3. 43%, X~ R GHE 15CHE AL RANBER
HE AR ESE AR R R KEEAREMGLER—B. BN NUEERE,
BENEKEBRE —EHEW, 1 -1 AELZEWARE BEEARESTE X5
FHEEFTARERMER RFTECFEHKFERAERNGEEA X, AERRRETRH
1, R /DN, BT LA R AR S (R 4 78 BUAH L4000 B R R AR HT s 0y S R BT LA AT BB LA Y
MARESRER#T, RE LRXAFKER 1—6CLULE, MEBELFHRF LB
MR, ZE /R S PR A K B A R A AT KT, U 5 R AR

2. FEEAHAI & Fhie R H R

BRHEMBEMNLLE BRANESFAANEKOAD. AR QL EREMWIHRXR
HTUE E .

S5 RBANEREHEESL K HRIXE

Tab.5 The relationship of body weight(W) to total length (L.")or standard length(L)

in grass carp fingerlings before and after winter

w5l AR W=alLb W=aLb

Group No. of fish a b S.D r a b S.D r
BARB) 114 0.037 | 2.643 | 3.276 | 0.974 | 0.087 | 2.503 | 4.095 | 0.982
I 112 0. 036 2.644 | 12.519 | 0.973 0. 087 2.497 | 14.201 ] 0.989
I-1 176 0. 007 3. 085 2. 030 0. 990 0.019 2. 978 2. 025 0. 990
-2 46 0. 015 2. 859 1. 963 0. 991 0.032 2.775 2.181 0. 989
r:p<0. 01

Fo BENERBHEHSLEMHXR
Tab.6 The relationship between body circumference (BC) and head circumference (HC)

in grass carp fingerlings before and after winter

A 5 [: X W=a+bx
BC/HC

Group No. of fish a b '
AR H(B) 114 1. 2208 0. 0539 1. 2107 0. 9544
I P12 1.2173 —0.0476 1.2218 0.9226

|
-1 176 1.1589 —0. 2357 1.1638 0. 9565
-2 46 1.1203 0. 4996 1. 0612 0. 9443
r:p<c0.01

MES AR, 2KH 11—28cm LEN, FHANSKIEKHRAN, We2W, >
Wi >W L i FERANRSIBR T A ARBENHEE, XSTAEBR S LB HE
(BC/HOBMR/MEBRAE. WRAFNESHAANKE/ SEHTEEARE . XA 1A
BAWMZEEREEER(P>0.05), | H5HMAZ RIHFEEREER (P<0.05)(FE6). A
BAH R EHAKLE AEZ EEPFERE, HEEAR G B K/NEFEHR b, >bs
>bia>by L, WHESEBAE, LEHEMRN AR, | ANEaREH, 1-1AKZ, 124
BENMBLE1-24GHBHE.

BHERRBTL BLUNSHAEABRBEBNILFT2EBETHE, HE 4 KU
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E. BRI HABRBWHHMFER 1 >1-1>1-2, %8k 4.3.3.5 M 2. 7%, ZYUREY
124,526 RRBHEARR. X RH RIS HERRYEIE. FEIREY,
BANSHAERARRBELER(P>0.05) . BKE, 1 .1 -1 HZEERRER (p>
0.05),M [ . I-14MI-2HZEHAPIRBERER p<0.0D), HFRX—LERYHEER
AFHEAFIRPREK C-3 M), YaRBrEYRE AP 3 rent, Pk LB HEEE R
FHEMPRTSBEEREARTRE D, ZARTHFERIE, TERKEEA BKZ &

LRPEREAR S WL &
%7 BANEESHENRRBRLS

Tab.7 Differences in the fullness index in grass carp {ingerlings before and after winter

# I Fi: | w1 ¥ £ Fullness index
Location Group 8 & B Before winter WA G After winter
1 1.9140. 072" 1. 8740. 054
(15)2 an
Bt
E-1 1.81+0. 05" 1. 790,094
a5) 15)
it I 1. 81 £0. 05 1. 7410. 044
(40) 40)
I-1 1.79 +£0.01° 1.72140. 024
(30) 28
KA/ 1-2 1.7740. 07" 1.5540. 068
(30) (30)

(DMeans followed by the same letter are not significantly different from each other at 0. 01 level;

@Numbers in brackets are the sizes of fish samples

SR AR LR MRS FRAHEENXR, AREFKTEE
i Bl M S AR S RO, BT R ARBUMYO AR MAEH RN K S EAEN
Rl R R TR R 8).

MFESH R BLMEAANOCHRYE MAEA MR EEQNERH AR (P>
0.05),BEE, A1, 1- 151 2 {AZHMOHARPALBEER (p>0.05.H1,
2 AZHMERBE(<0.05); 1  I-TAHS I 2HZAMOLLEASRUABEE
B(p<0.05); I AEI-1, 1 2l MELEASRARBELER <0.0D),HI-1 5
12 ZHERRK, BT L, RESL AN ER DR EmERE BN, —&
W, ERARI IR MIEAMTERERERKEMBRE ANRBENALESE
WA S K RERERAEXYS. EESRLAEP FEEERKF TR, ZBEATHX
EEw. BT, ERBAUNASHEERYERE 6—12mg/L BEE KT . BTN NE
FAVRERESHEFEAOET. KBREFW.IURSIRALR BIEORNEXSEASE
B TRERTSE B,
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R FEEENBENRATHESHMNELSDHESD
Tab. 8 Effects of density and nutritional level on blood

composition of grass carp fingerlings

A5 BAAT ARG
EAR ) MaEH mELEH £L48 merE miEEG
Group | RBC(104/mm?) Hb(g%) PTP(g%) | RBC(10*/mm3) Hb(g%)> PTP(g%)
[ 299.16168.87*| 8,13+1.84> | 4.1940.54% | 292.06+66.68* | 7.78+1.24* | 4.1910.594
(50)@ (50) (50) 50 (50) 50D
U-1 | 287.21474.592 | 7.5641.66° | 4.3540.40° [269.95+64.54%01 7.1141.36% | 3.2440. 428
(30) (30) 30) (35) (35) (35)
E-2 | 283.30469.20° | 7.54+1.44* | 4.2040.43" | 218.83+32.44> | 6.03+0.93" | 3.2840. 308
40 40 (40> (35) (35) (35)
H.O—QF%7

SR FFIEEFRE AN SAAKIA FRE R ESR S SERR
HARBERGED. BEE,BAKSFEEAEASN RS ERAEEES TR, B
FIANNEAERELHEZRAHE 0>0.05), I-1MI-2 4NN EASSHAMT
BEHBAFEZ RS HRF B F (p<0. 05) Mk BF (p<<0.01), BAGHFIS ] B
ZHI AR (p<0.05), I-2 AMAES HEAZ LA BEER (p<0.05), XEHHS
YA YRS 24 Hoft 5 900 A 09 o3 R 4H 2200 B 2 RECAE 5 5 i W B8 O 4R ) 33 T 5 v 3
JEZH LRI L PR ZE 2R A A2 2R R, X 5 G e B £ | 680 28 R D RF R SR AR50, B,
TERRAC AR FEELAH , R LA R 15 B I RS & K

3. &R BNGRE RN

BEBLMNEHNBERER L BXKARLEEBE KR, A0k EESER
T A R K BSE TS BIE T AT BN MR 7 fafh B SR IS ER Z N ARBT R
BHEN. BAHLEARE, aF T ENE RS SR B TRANE N E YR, &
i f PR AT A A 3 AR LS AR B R . BRSO B . B o i o Y B2 M R R
B RREAEAERANEEMNY. VURSSIEMBRER EEHEY, IR T HARL
Tt B 8 B A RO Tk I 4, X 5 H R 7 A BRRE 2% o0, & BAYLIRAY fa b, 78
PR3 R IR AR R, B BAMEL I b, TR PRI, &S SRR, &
FER, MR Z R KB AWAORES B S4TERR IS A TE, EWE S £
BE X —HEWREP LA EENE L.

ESRHEROEESIFN SXEERAR - HFOEE AR AERE. ERE. A
MR EEER AN EARS R ERIEREUIRIE A R, X R e —
EHRRE, B FIEMA BTG RB T -8, Y MR HE S X BT 5
—HIBEWEN . BN, S RRRRM S HEEREN, RBERE N ZREHEEY
GEE TN aRERRE X ERMHMHERLE SN FEL Sk ER AN AlKAR,
M A LR R, A BB R 2 TR AR 8 . AR LUUL IS B B9 . L T g iy 5
10 MAESE A, R Fuzzy L2 & EH, 8 d, d, . du 50 5)H 0. 924,0. 832.0. 735,80 [ 4

O FEE. FARRASFHIRTER. 1989,
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MERET -1, 1 -2, RPLTERERBRFRESR FHELFTBEHTRBEN B4R

ARPHFHE SPHBATHEREXER, RN EBRHRETZHRNIHEE.
BN S AR

x9

Tab.9 Proximate body composition of grass carp fingerlings

before and after winter

Ji4 43 A B Before winter A G After winter
Composition 1 1-1 [ I-1 1.2
K4 Moisture | 79.5640.54*Q 1 77.38+2.07° | 80.6140.76* | 80.93+1.18° | 81.17+0. 87
(18)® (14) (18) a4 (14)
HE Protein | 17.1640.44* | 18.11+2.212 | 15.73£0.512 | 15.3940. 635 | 14. 0410, 71°
e as) Qa4 as) (14) as
(%) HAER; Lipid 1.414+0. 31 1.6640.06 | 1.56+0.12% | 1.7240.45% | 1.24+40.51b
Muscle 18) a4 18) as (14)
K5 Ash 1. 2430. 08° 1.2340.16* | 1.1940.04° | 1.2230.05% | 1.3340.09°
as) as (18) ae 14
Eit Total 99. 25 98. 39 99. 09 99. 26 97.78
K4 Moisture 73.65+1.33" | 76.89+41.25° | 76.48+0.99° | 78.1640. 62* | 80. 431+0. 82°
(18) (14) (18) a4 ae
BE[H Protein | 12.9240.39% [12.56+1.034| 7.99+0.888 | 7.51+1.04B | 5.8741.108
FFRE as) (14) as) (14) aq
(% BB Lipid 6.85+0. 50 6.25+1.64° | 4.81+1.27° | 5.2431.12% | 4.1141. 30P
Liver 18) 14) (18) (14) 14)
K 4> Ash 1.3340. 10 1.3540.10° | 1.2040.06° | 1.19+0.03 | 0.98+0. 05
(18) (14) (18) (14) a4
£t Total 94.75 97.05 90. 48 92.10 91. 39
E:.O—OR% 7
BeaAnREIEsar-t “RAFKRFERZAC]-DEAXMIEERN 76.8—

88% (F1 79.2%) , B BA (1 -1)K 85.3—90.9% (87.6%), | -2 WA AL -1 EH
A (T-DBEREL. 9% M29. 2% AR A T ™8805kg/hayr Hl 1-171 1 -24H 1Y
1. 47.1. 49 4%.1988 SEZE ML KA B s i 75 KRR, B Rk 10. 7Tha(10 1), B
BIEZR R 70—76% (EH 72%) , Xt B 30—50% (-1 48 %) R & 24 % . iR B b A
% 15945 JC/ha, 3t B3R & 2355 TC/ha ¥ EM TRA T AR HRE A REHN
e, AT R ER aE RN BRMBIERMa™ &,

M ERGE RO ES, R E I o F i ORI X, B R
£F AT B EMARF OHR B ARETEERKERN, B RRR IR EH,
A Bl £ 2 R A A<, T EL VT R AR B9 £ 0% R R A R A E BB R IR EUE
ERANIERKF, Risafat kR, THMAREERL, AR EMERATY
A AMIRE, HRARER RS A AR VERFBRRBKRNEE STFHYRM
R, ERAKERAYN ALK T EERERAS TR, ARRERNSE T Af
HR. BENEE, ARERKERE R NS ERERANRERNRARETR.
B, AR B Sy 3R E R i X B FoF 3 R A LB AT T BRI
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THE RATIONAL DESIGN OF POND FISH CULTURE WITH
REFERENCE TO THE PRINCIPLES OF YIELD INCREASE

I . The biological charateristics of the winter fingerling in pond
Chen Ligiao Chen Yinghong and Ni Dashu
(Institute of Hydrobiology. Academia Sinicas Wuhan 430072)

Abstract

This paper presents results from a series of pond and indoor experiments conducted dur-
ing 1986—1989. (1) Grass carp fingerlings continue feeding during most of the winter —time
in the area south to the Changjiang River. The mean growth rate of fingerlings was 10—14%
during winter when the fish were not crowded and fed properly. There were no significant dif-
ferences (p=>0. 05) in the condition factor . number of red blood cells, homoglobin, total plas-
ma protein, and chemical composition of muscle and liver before and after winter. (2)In the
fingerlings in partially crowded wintering ponds. body weight and condition factor did not
change obviously (p>>0. 05) over winter, but the number of red blood cells,total plasma pro-
tein, and lipid content in muscle and liver decreased significantly (p<C0. 05) ,even when they
were fed. (3)When in fingerling density stocked in ordinary wintering ponds only and rarely
fed. the mean weight loss was 9—14 % over winter. Their mesenteric fat was almost deplet-
ed. The condition factor and protein and lipid contents of muscle and liver decreased greatly
{(p<<0. 05). The fish were unhealthy and suffered from severe anaemia.

The experiments demonstrated that different methods of winter not only determened the
fingerling’s quality,but also affected the production of adult fish in the following year. It is
necessary and feasible to abolish the method of concentrating fingerlings for winter, in which
is adopted in most regions especially around the middle and lower reachs of the Changjiang

River. and in some areas around Huaihe River and Huanghe River.

Key words Grass carp. Fingerlings, Wintering



