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WACF, AB G E MR KESGR). HHEKE(DGC). B #HH E(ADG)H # Rl &
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BUTU A i A AL ARDRHR SR AT ek 951

FEH R AE K GRS, 1 R AR AR A5 B R AR
I, Bk MO K ™ 5 RS R,
MARAS [ i R R0 At il B . T RFEE R R, #R
B A8 PR 2 A A%, AT R I DR AR RR YR 9 S B0
KA IT Y . T AL T8O a2 k%
7E A — DI B AR SR AR

EANE SRR A T EW, #r—F
RGN bREAR . X SRR B A R B
KT R G, A BT Mok #F R HE R 5k
A ) TP A A5 FULES Hhs B A R0 b S il % 7 A 7 A
PLs /D e R 2, 48 SRR R ROR . FRAIRSR
B R W HETL , W80 IR A A R 1 R R B
WA Z G A BK = ST, I
—EMPBEAERK . WPRR] A SR I a6 R R
FRUELE AR 22, AL AT LT e — 5% A b 34 v
ASFEFE SRR, TN R A AR S TR R IR A
JE IR X Ak 1) 5 2R DL RO IR B A R FR A
ARHE A B & &, 0] DU R K = 57
FAG P . AR SRR A T ) A — 3% 58 o A 2R
K AF O, AERER 22 5 DL R 3 B A HE R A
JEYN) G, KT SR R LRl 2R 1 48 T A
PSR

BT, 78 E PRS2, RAA R
T RYAbAB B T 5256 A4 7 i A o Choi‘fﬁ[12 Pl
B UK UL 55 (Oncorhynchus mykiss) = 7= %4 1 F#4)
A K TR Y AR Y N T g R
R WA WU B L SR Y, WU T AR S
AR o Soares%5 ! HE & T —Fif B 75 4% =2 KPS
i (Salmo salar)AIFET- R RS, KRG
FETHAE N TR R AR S & T br . BRILZ
Ah, AR SCHR B K 7 SR A R K S
AR R IB BRI RS

¥ 71 (Ctenopharyngodon idella) e 3% [E 1R 7K 37
SR B A Z —, S EEAE20154F95.7x10°t,
2y 5 AEIR K FRFH BT R 120%", IEAER,
AN SO B B SRR R AT TS, 2R Y
AU R A A N UK R gy R T 3N AR
BrBe, JRMga 7R fn s IR Al fH X SR A 2
SR TSI A, YN H T A, )
BA—EmmMRM., A9 F%Hpy 2

AL [A) IR B A5 A R B AR AR TR IR A
gy R A A Y SR AR R, A S A O R

R, S FRFH MO AN DB ARG o Y R
ERAE R, DUIR S ROt 45 5 SR A0 A 7 AR
BHE WAL, PO [F) SR 08 By Be v g A, O

Fo2z S Al by S SO, [R] ik i IR 50 I 1
7T S B O HE O, R SR HIOA A I L
R IRAH 5 Qe 4R it AL ds o

1 MRS Tk

L1 FREEKERPLLE
TERIRI e, AW R 2s 1 T
KR (SGR). HIEKH(DGC). HIHE
(ADG)FI A &R BU(TGC) ik JLF I A KA
A, HAHRA K,
FERE A K (specific growth rate, SGR, %/d) =
100 x (In W, —In W)/t
H 3K #(daily growth coefficient, DGC,
%ﬂnzloOX(Wﬂ3—Wﬁ”)ﬁ
H¥5H & (average daily growth, ADG, g/d) =
(We— W)/t
j:iﬁ]":{/ml?ﬁﬂ[[thermal—umt growth coefficient,
TGC,%/(°C - d)]=100x [ P—w D1 STt
A, WA 3 o AR Y 24 A AR 5T = (g) FT )
KRBT (g), CAFRIERE(), THIRFEKIRCC).
A FARAR, R AR KA
R & (final body weight, W, g) =
Exp [In (W) + ¢t x SGR/100]
R E (final body weight, W, g) =
W&“W+txDGC/mﬂ3

LRARJIUE (final body weight, W, g) =
Wo+ [t X ADG]

LRARJIUE (final body weight, W, g) =

. 1/(1-b)
W&bﬁ+ZTxthGCﬂmﬂ

FEAFUR R BTGCHITH S, HARE(1-b) 8 otk
W B = O ) e o 1 S 5= i s 10
RS2 B 5 B B0 v 1) e /DN 2 7 O ik (RSS) Y
KIE, B3P RSSEUHE /MY, THARSS T HKH]
A, T H R HMicrosoft Excel 20131 %] 3K fii
R, HTb>0, BMCYRSSH/NEE, 1-b<1, 5%
SR

RSS =Y (yj — ¥j)P!
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Ao, A KR I, YRR

B A KB ok A SCER[19, 22-611FIER A
SEREUE (R 1) o SRAESEI0 Hh S A A S i
GRMY), BAA =D RAELIR, M20164E8H —

20174F4 7, FpZef s, RS R 420~
100} faFEFI100 gl b, [RIERHE Ak . K
R S RO (R ), AR LA R
AR A A AR IR B AR

F 1 REFHEZHIEKREC), BIRETE(C). E&YIKRERE(URBHRERHEES (g/ke)
Tab.1 Water temperature (°C), interval time (days), initial body weight (g) and final body weight (g), average daily feed

consumption (g/kg) of C. idella at different stages in ponds during the sampling period

AR B i 1fl/d Kig/°C YIgh iR /g KRR /g H ¥ (g/kg)
production stage time temperature initial body weight final body weight average daily feed
HBrBL stagel 137 14~31 1.7+0.2 31.540.2 53.6
B BB stage2 142 8~31 31.5£0.2 752.8+104.8 35.4
FE=MB  stage3 142 9~30 737.240.2 2336.4+201.4 33.8

VE: * FS RO R kg fi 1 BB DR

Notes: *.average daily feed consumption is the amount of feed fed per kg of fish per day

1.2 E&AEEARSTHh

A AR Al o B = N S 40 SCRR T i
3201 W R H AR AR A, SR R R[] A 19874
F20174EP00 0 B R R 0.2~2 000 g
P B SOk T, AR AR R I e T kR
AOAC" bR e . FE A AR b o3 34 R FH e f fR
J5T i (BW) Rl 7K 43 % 5t (BWat) . 8 [ it & it
(BP). JEWi & & (BL). K& & (BA)FIAE &
(GE) &t Z [8] (1 A6 56 [l )3 4347
1.3 ZMEEERMEI

1 JEAEAN ) AE K B B A Ak 1) 75 3R o Hh T Ak
AE(DE,eq, kNPE, il i T3 Bl A QI B8 (HeE,
k)). ARG FAE(RE, kJ). £ 08 fE (HIE,
KD LA B PR AN B8 A3 BE(UE+ZE, kDA, A
DG 55 A0 (W DE, o, 3 T 3R 45 75 £ 16 57 58 1) 5
AP AR R oK i, A RE R A 2,

JHILBERS K & (digestible energy requirement,
DE,¢, kJ) = HeE + RE + HiE + (UE + ZE)

H AL B2 (basal metabolism, HeE, kJ) =
(a+bT) x BW"8

HAREFARE (retained energy, RE,kJ) =
GE,—GE)

PR EAHEAE (heat increment of feeding, HiE,
kJ) =R — HeE

PRIGANERFCHIBE (urinary and branchial
excretion, UE + ZE,kJ) = 24.9 x (UN + ZN)
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Kb, a, bAFE, BWHKFE(g), AT
A A T T L RE S TH AR R R E
P, K 22 BUORF 5 30 308 3k I A SIC 560 Y0 o i 2K
SR A SR HeE s AR S0 AN [ A o o e FE AUt
BRSOk H SCHk[63-72], SAIMARBCRH13.6 kg,
GE, M GE 53 3 h & K F ) 4 0 1R SF 34 g & &
i, REMARERGEMK T ENER. RV
R RE, JEHeESHIEMSEAR, A [R5 v
RIE K E SCHk[17, 26, 63, 73-76]; UZFMZN%Y 3
R PR, IS IEH GO RIEAEL g
R Y T T24.9 IRERT, W) LI3E i I
HAL A HE R R K UE+ZE, 7S 5236 v s fn HE
FRHRSE A SCER[31, 72, 74, 76, 78-80],

1.4 1RAIRI0IE

56 IF £ AR K DAL T SRR 1) B a2
K AN B 52 Ha S GR N ) R 43 B & 2 SCHR [22-
901, M ILAL A T8N IE MY STAN A K B, B
R D 1.7~2 336.0 g, HafER kA
B R RE, EDREE 3R A WL 2 B
T3 N AR Br A 33% . 28% . 23%),
FE SR BT B R R B R 20K, MBI, RS Y
Az A A TR ) R T SR ASE R G L AR R AR T
T H SRR SRR R B SR UL 5 AR
HRU I A > BIE

1.5 SERYHIRE G

25 BF 58 AR 4 SOk [22-90] T B £ 7E A 1) 2 K
B B m i) Al Rk B A0 A T B R A TS G W HE L
. Gk AL AE (DE) AT i )Rl oL 3 A AR
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x2 TREKMEBEERANEFERMBELES S
Tab.2 Proximate composition and digestible energy of

the feeds used in different growth stages of C. idella

R AR B production stage

composition of feed FHBrE BoBrE H=Mr B

stage 1 stage 2 stage 3

HEA/% 33 28 23

crude protein

HHLAR Wi /% 2 2.5 2.5

crude lipid

FLH 1% 8 8 12

crude ash

1%/ % 1.4 1.4 1.4

phosphorus

e B AE/K] 15 14.1 13.1

gross energy

A AL T % 54.4 50.6 46.7

digestible dry matter

AL 5% 27.7 23 17.9

digestible crude protein

THALRE/K) 12.2 11.3 10.2

digestible energy

(ADCcp). HLRE Wi TH AL Z(ADC o) R K AL 9 T
R (ADC o) Rl B
DE (MJ /kg) = 26.35 x CP (%) x ADC¢p+

36.22 x CL (%) x ADCcL+
17 x CHO (%) x ADCcho

Arfr, CPRICLAr oM HLER FI AL AR G & 5, ADC
JRWIEAE . BEARE R FIN . PI5 Y o
MY E . % H(ADC 84%). #E(ADC 68%)

LTS AL AL B, A UL TE AL R s 20k A
T O kFCHR[22-26, 64, 81-901% 2 11
B, ESCHRMERE T, SRS 22 ks 55 il
43R A4 SR

S5 G (TW) B BEAL 5 B 575 Y M1 (TSW)
P 20 fff AR 37 B /KA Th WA T5 4 ) (TDW),
FRFE 11875 G 4R I AR A

TSW =DM x (1 — ADCpy)

SWN or SWP = (IN or IP) x (1—ADCy or ADCp)

DWN or DWP=(IN or IP ) x (ADCy or ADCjp)
—(RN or RP)

K, DMICEREE T W& &, ADCpy 184
BT B R AL 2 . SWNAISWP43 il 4L 3%
A /5 Je ) MR A TS e % & ; DWNAHI
DWP 53 51l by 5 il 25 805 e W) VA e S B 5 )
i INMREBRANESA; IPREHEAME
B ; ADCy 11K HLEE (0 R T 1L R
ADCH R TRl 1 T bR s RNAR R fa {4
AR A RPACER fa i f B

2 HEH

201 EKERPEE

AR AN [R) A B B A5 TR Y foil
R o 48 B (1-0) 77 70 2 35 25 53 (3) 0 MRS —2E

#3 HEAEMNAEIEKFESGR, DGC. ADG. TGCUARKIEFMTCGCIRE EHE., FRERBMZEFHHM
Tab.3 The regression coefficients, body weight (BW) exponents and RSS of SGR, DGC, ADG,
TGC and revised TGC models for three stages of C. idella

ERiN 15 e REEARKE Hig HhgE PR R R IE G B R
production stage value SGR DGC ADG TGC revised TGC

BB FHIME  mean value 2.79 %/d 1.57 %/d 0.2 g/d 0.06 0.02 %/(°C-d)
stage 1 %/(°C-d)

TR iR 0.33 0.17

BW exponent (1-b)

RSS 92.7* 42.9" 1022.4° 64.5" 10.1°
BB TFHIME  value 1.7 %/d 3.16 %/d 3.81 g/d 0.29 0.52 %/(°C-d)
stage 2 %/(°C-d)

R AR %L 0.33 0.41

BW exponent (1-b)

RSS 152 801° 51905 371 609° 7485 629°
BB FHME value 0.78 %/d 2.93 %/d 11.7 g/id 0.11 45.52 %/(°C-d)
stage 3 %/(°C-d)

T AR % 0.33 1

BW exponent (1-b)

RSS 456 318° 119 521° 167 208" 460 382° 4531°

T * SRR E AT IR ECR A BNRZEF T FEAWTRIE ;77 Z 20 Bk Tukey HSDARSR, R Z2-F 05 AL A F) 5 BEFRORTE AN R B

2 A2 5 B 2 (P<0.05)

Notes: *.coefficients and revised body weight exponents were determined by an iterative process using least square method; different superscripts
besides the residual sum squares values indicate significant differences (P<0.05) among the models determined by Tukey’s HSD test in One-Way ANOVA
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KBrB, S#AKEERSGR, DGC. TGC Al
IS TGCHE A AYRSS (10.1~92.7)8 B AL F
ADGHLAI(1 022.4) (%3, Kl1-a), FMiEE LM
TR T e b YO A A G, RS I BE, TGO
TR 2% J5 19 TGCAR B (RSS43 1) 629F17 485)Fi
25 SR B S Ll Al AT fr] 452 780 B 47 (RSS . 51 905~
371 609)(#3, Kl1-b), FE5 =FrE, faEUHE N1

W o MMEOBS.Wt)  m TGC
0 K IE(modified)TGC A SGR
05 + DGC © ADG
‘D /
5‘1@} 2 20 o s
% g ¢ ..
~ Qo o -
S -7 A
;w1
00=——8-""% : - -
0 30 60 90 120 150
I al/d
time
(@)
800 o FE (OBS.Wt) ©
700 b O FiE(modifiedTGC 4,
600 | + DGC )‘
UMH > A /
w2 400 L o ADG @
<8 300 | N
=28
200 | o &
100 | A
0 u - f 1 1 J
0 50 100 150
I 8]/d
time
(b)
2500  —e WfE(OBS.Wt) mTGC
2250 L © ¥ 1E (modified) TGC A SGR /@
+ DGC © ADG ~
= 2000 | p
o0 7
m@g 1750 | g 2
+E/ //
E Z 1500 ¢ o »
S 1250 + //*
1000 | /@
750 §—— - - - -
0 30 60 90 120 150
I al/d
time
(©

1 25IASGR. DGC. ADG. TGCFKIER/TGC
(Rev. TGO)FHE BRI IA B & p 4 K
@B —MB: O FE MR FE=ME
Fig. 1 The growth of C. idella predicted by SGR, DGC,
ADG, TGC and Rev. TGC model
(a) stage 1; (b) stage 2; (c) stage 3
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B TGCHR R [ RSS (B 5 AL T HABAR A (23, Kl 1-c)o
i, FAT S B TGO %Y G815 5 - b 7 ) 2%
AR RS AR A KR

22 &ERENRS

AW L T A5 0 H )5 i y=aBW+b
1S5 T8 (0] 05 7 R y=aB WK Ak AN [ AR o Y
RS2z i, 25 o, WA T B AR AT DA
FH A A R £ R o e 5 LA P 2 1 5 (1 2-0,)12-b),,
e Wi (12, [812-d), K53 (E12-¢, K 2-D R HE I (K]2-g,
EI2-h) A JEFR o 2G40 ) FH 3 9 A [l 05 7 75 ke 33 0
AN [ A4 o it ) R A AR Ak 22 21 St R B, Sl
T 000 {5 S B B =2 ) (9 RS S i T 4 i U7
(FR4). Wik, ML TRE R, RS s
FRA TR AL Ak, 2 R A T Y
H15~2 000 gitf, oA A B B i [R) A B A AT AR
Jo B A9 A 34 (BPR=0.004 5xBW—-0.001 8,
R*=0.93)

2.3 EfRiEE(HeE), BRMIBEE(HIE), X
i1 BE(UE+ZE)

T RE RTINS TEKIE 26 °C,
T kAR BRI £k BE 430 R 33% 120 MI/kg) 5%
L S N i N G A N o O = R Y 1 |
7B} 22 % (feed conversion ratio, FCR) L6, H2
K2ATE M, FE—EREEEN, HfMHeEMA
5 2 11 5 A1 S NG Tl oA a2
RRtadh, MEmik <7 gif, SmIEatCiiey
J188~110 kJ/(kg-d); i 24 B 04 T 5t 29 4250 g
IF, HEERH A 2 R 45~55 kI/(kg-d). 534k,
o kM, ®MHIESREMHeES U141 ¢ ;
UE+ZE 5 DEZ VI, 43 51°826% I RE+HeE A
5.7%HY RE+HeE+HIE(#£5).
24 BHBRRE. ANERENTLEIHM

A H 344 B 230 B R BT R 3 n
AL — B Bei H A B R 3.1%~5.9%, 124
FATESS = B By, HAR R T 1.0%~1.7%
(ET). HMN0.5gKFN2500g, A5 MmEATHILAE
TR R3.9x10° kI, AR TR FEL HR3.7 kg
(F8). HEIHAEL thARE DL S B A 7 1 e g (MK i
90.5~2 500 g), EnE AT G W HERCE 43 1 R 440
1623 kg, WIS A5 U 5 510 7.5F110.6 kg,
WS L) 53 1) R 6.2F118.8 kg(7R9).
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39 _
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R*=0.93
L0 %
g £
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L0 en
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R=0.95

o 2
KE 4
<
e
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lg(fk i = /g)
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()
5 _
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= R*>=0.99
ey 20
I @
&9
L0 .50
L0
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lg(TR )5 &/ g)
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(h)

BEEKREMEEKREHK (@, b). BB, d). K5 (e, DFIEKEE(g, hyZ BRIV S

Fig. 2 The regression analysis between carcass protein (a, b), lipid (c, d), ash (e, f), gross energy (g, h)
content and BWin C. idella
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R4 FERABMINBAEIFTTEFRE LK
AR 53 0 HE B Y T B 5 SRR UM E Y
5% E T 75 F(RSS)
Tab.4 Residual sum squares (RSS) of the isometric and
allometric regression analysis of the relationship between
body weight and carcass protein, lipid,

ash and gross energy

TR RSS (7 HE) RSS (FiE T HE)
predicted models isometric RSS allometric RSS

HE 320 28334 41 596
body protein
i} 320 46311 66 707
body lipid
oy 320 5678 5825
body ash
e 320 65 461 690 66 886 357

gross energy

3 e
31 EKiER

HAT, 78 E W R F R b 284 K B
RUJESGRETAL, SR, 3X 4~ SR X Bob A A 7E
A1 F 30 ) B A A RE A o b T 2 i AR K, 2
2RIt TR, A S AR AR bR
A 0T R 2R AR T i 2 () A A i T 1 20
M, FESEPRFEFE P, SGRARAY ) T (i 14 A kb 5k
b UL AR =5 i 2 . ARSI, MoKIRE &
Bf, 38 EKE AT B MR R 0 S IR S 3R
B A [E) S 2R PR AR CT 1% BORT F DG OB AR R
waRAELK, Hii FakeE TRy, K
A U B K I AR AT AR A, Y KA B AR B

x5 EeEMAH. BER HERHEEURELETRERRE

Tab.5 Coefficients of equations for the estimation of body chemical composition, basal metabolism,

heat increment of feeding, urinary-bronchial excretion and digestible energy requirement

A5t dependent variable J7#% equation R
AERMES =  retained energy RE=5.91x(W~W) 0.99
FABRIHAE  basal metabolism HeE=[(2.02x7-9.02)xBW"*] 0.93
TR ANAE  heat increament of feeding HiE=[0.26x(RE+HeE)] 0.96
AR urinary, branchial energy UE+ZE=[0.057%(RE+HeE+HiE)] 0.96

JHALEE  digestible energy

DE,o;=RE[5.9%(W~W,)|+HeE[(2.02XT-9.02)x BIV**]+
HiE[0.26%(RE+HeE)]+UE+ZE [0.057x(RE+HeE+HiE)]

¥E: HeEXRH A :NHeE=(a+bT)xBW 5, HiEXF /A NHIE=R-HeE, #tmit5HAdEK H ik
Notes: HeE and HiE can be estimated by the formula HeE=(a+b7) xBW"*, HIE=R-HeE, all energy data come from the pubished study

*o6 EEMEMESR.

FSBKESHNRHECR)

Tab. 6 Energy and oxygen requirements and expected feed conversion ratio (FCR) of C. idella

kiR RS/ EERMRERE/(Ke)  BIERR(/g)  ARUEEE(K/g)  TEHLRE/(K)/g) AR (g/ke) Tk REC

body weight RE HeE HiE UE+ZE DE oxygen requirement FCR
2 5.91 1.30 321 0.59 10.90 238 0.96
10 5.91 1.74 341 0.63 11.60 253 0.98
25 5.91 2.00 3.53 0.65 12.00 261 1.00
50 5.91 2.12 3.58 0.66 12.20 266 1.01
100 591 222 3.63 0.67 12.40 269 1.05
150 591 2.74 3.86 0.71 13.20 287 1.11
200 591 3.12 4.03 0.74 13.70 300 1.17
400 591 3.84 436 0.80 14.80 324 121
800 5.91 6.43 5.52 1.01 18.80 412 123

FE: * FEA R =(HeE+HIE)AEA R H(13.6 kI/g O7HAE): **1ikl RE(FCR)=1 KL W Fer/ 0 1434
Notes: *.oxygen requirement=(HeE+HiE)/oxycalorific coefficient(13.6 klJ/g O, consumed); **feed conversion ratio(FCR)=total feed fed/weight gained

of fish
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®7 FEKEA26CHFZHTHRREN~1600g
BEaMENRERE
Tab.7 General daily feeding rate of
C. idella reared at 26 °C growing from 1-1 600 g

BRI kg REF/(%BW/A)
production stage body weight feeding rate
BB (0.5~30) 1 5.9
stage 1

£ 10 3.7

25 3.1
5 I B (30~750) 100 3.6
stage 2

200 2.8

400 2.1
= B(>750) 800 1.7
stage 3

1200 1.3

1 600 1.0

*8 BEafREEKFMABEKESKEMANEKRE
Tab. 8 Digestible energy, feed requirement of
C. idella at different stages

AR B THALRE T R/KD TR R /g
production stage energy requirement  feed requirement
5K BL0.5~30 g) 517.98 43.39
stage 1
M B (30~750 g) 8777.6 796.41
stage 2
=M B(750~2 500 g) 29 496.83 2887.67
stage 3
J11(0.5~2 500 g) 38792.41 372747

total

iR AERKBRSZRBRMZmN, Hitk, 7
Py g 2 R KOS ALY, R 5 R KR X £ 2
AR, AR, E—DRKRMIRE
T (6~30 °C)N, TGCHEAIT] LLA R FUI 4 £ 1)
A FARLRY 5 R R K AR Iwama %5 P i
B8 0T AR LT 5 8 (Salvelinus leucomaenis) . 41 /5
£ (S. namaycush) . 8 (Salmo trutta), KR (0.
keta) R R VG A fik A5 fiek B 40 2 A I 52 v
WEmEEARKS B PE AT R EAK
FUT 20 TR, EU B R B A R A
RIS T £0 25 R A A i JE 0 A AR K 0 R R 3
. BEsE R, HAT SR 7 — il
FEL P, 4R H0Ch 1/3 00 TGO AL A B S 1 70000 £
FRy AR, T HAR BT AR T s T X A L
HoA: KAGE(1-b) 2 B 2 27E " ), Chowdhury 45"
1EXT e 2 B Ak i (Oreochromis niloticus)B W 58
K, HA LB /NT30 gt , HTGCRIR

xR 9 BEGESSEPMMBRSSEIHEKRE
Tab. 9 Output of solid and dissolved wastes of C. idella
during the cultured period
ZH PRAIHECR kg

parameters waste output
ERSE )] ST G TIARDREHE 440
solid waste total solid waste 1t feed fed
1 £ 4R L 623
1t fish produced
AR TIARDRRHE 9.2
solid N waste 1t feed fed
Lt 4R L 13
1t fish produced
[ A B e L) H 4.9
solid P waste 1t feed fed
Lt 4R L 6.9
1t fish produced
WIS G BRRARERY) IR 7.5
dissolved waste dissolved N waste 1t feed fed
L fa R L 10.6
1t fish produced
ERABHS Y IR 6.2
dissolved P waste 1t feed fed
LW £ 4 8.8
1t fish produced

AR IR RO 173, B % AR 10 00 PR I i AN
B, HAR KRR B (1-p)y i B B AR Y
#e, FHBRBUERA L. AOFITER M
JEB B AR A E IR EE A RARL, (B J
R ERORR 225, X AT RER th T AR
KRB AT SRR, Hik, EHER
[F) £ 2 4 AR A BRI, 7 BEAR 416 52 B 97 B 1 0
X TGO F) A 5 ek 15 450 (1-b) BT o 45

32 EaffrE AR, EEWTMANE
KiEH

R R EE K, EAK. IR
[0 JoT R /b ek At B 43 O D S O R Y 45
ST, A0 288 37 T SRR T M S e A0 2K 4%
B IR TR, DL B S8 R - x4 A
PR LG A B STk . A PRSE R, fRT R
1) 25 3 28 0] 09 O B2 (y=ax BW+b) Bl 5 5k 5 12
(y=axBW°)a] L Sk $f v fa 44 Jo R0 HL 78 5% i A
ZIANH SR 200 AR5 [R) i T S A
25 7 R ke T R 1B AR R . AR
WoR, FEAKMRIERE . RN R o A
WK B 22 5 0 00T, 87 B 0 &F SR R L
S A TR 174 T 0 R R NG WA R, ISR
RGP P A AP 25 FAH— B, (05 i
() B I 2 0 TN A BT 25 5 (5 O R B IR
), X AT A8 0 S 5 b 25 S5 R0 k) b IR B
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—&—— ADGTIE predicted _
a5 P AL y=1.02x+19.51
— I — ADGWIIE observed R?=1.00
! 2500 +
2.0 -
DA

/

344 /g
average daily gain

0 200

400
B al/d
time

(@

—— FCRTME predicted

— B - FCRWIU{H observed

0.0 1 1 1 1

600

0 100 200 300 400
HFa)/d
time

©

500

%5 B T AE /g
predicted body weight
@

S
S

1000
500 -
0 | | | | J
0 500 1000 1500 2000 2500
Ao AR /g
observed body weight
(b)
18 r y=1.150-0.27
R*=0.85
1.6 +
o~
R
214t
&3 [
S |
8512 ~0
= [ )
1.0 (
[ )
08 Il Il Il Il J
0.8 1.0 1.2 1.4 1.6 1.8
FCRWLIIME
observed FCR
(d)

E3 E& [ AYEE NN ERTUNE @), RSN EF TN E X & (b),
FCRAY L& FI TN AE () A R E 12 18] % & Bl (d)
Fig. 3 Observed and predicted average daily gain (g) of C. idella (a) and the relation between
observed and predicted BW (g) (b), observed and predicted FCR of C. idella (c)

and the relation between them (d)

ANFEA G, HERE AT it — 5T .
H5REZHBHFL YA, I HeES 775
KBEBAEF BV LRDT, — B )38 80y
FEUNHeE=(a+bT)xBW B 8 I B ] LA FH > i A T
B %t £ S He B 52 20 1 HiEMIUE+ZE4S 31 A
i 2S5 TE Bl RN L PR IECHE M P R  RE
HiE— il i 1F 5 4% A BB 5 REMY % 1k 3k 4115
UE+ZE:f 52 1158 1 28 PR A8 04 20 20HE 3R A .
B W5 %, HIESHeEMREZH, UE+ZES
RE+HeE+HIEZ [H] 4 i E AR S Y 2 b Se R o0 100100,
A5, HiEZ) H26%[1)(RE+HeE), (UE+ZE)
2414 5.7%) (RE+HeE+HIE), XML R 58 %
3 £ POVRTAT SO DL K FC A £ 281 F 5T 45 SR AR
o, MEERKEARKRER, XS mks
v . 5% 5H 5 58 R RHE SR A AN R DG . AR E
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g8 R 3 Y R A0 25 R RE A R 40k B
FERKFEMCH[17, 26, 31, 62-80], HRIEAER
WS B, AR AL BE T SR AR L 4 DE, . =RE[5.91x
(W~W,J+HeE[(2.02xT-9.02)x BW**]+HiE[0.26X(RE
+HeE)]+(UE+ZE) [0.057x(RE+HeE+HiE)], 3 iz Il
et A0 ) A A J5T R R R BE B R) Y SR KR, 8
A A AR TR X R — ) ] B2 e ) AR K AT T
DU, P 3 5 £ T Ak R R SRR AL SR L AN [ 4
Jo7 5 R A X E AL BRI 7oK, A TR DR B R
B B A R S b, fe 2B A8 T AN )
TR T w0 H S B R R oKk &, A
A E B R —E 48 AR .
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LW, FCRULTT LIAE JJy B ik a1 28 ] et 7 SR S 7
() ELFEART 20 A5 38 2 X FCRASE A i) 1)
BN SEPROLIAE UEAT %, 45 BoR, FCRAYTH
UL 0 52 o X000 S8 3 A O, 100 I i A A B %
PR el e o N A o S E (R T P S =
SRM,  F T kL AN £ R B Ah 2 B 4 AR fE AR K
FCRHRERE P RS, AT 2N
REE I8N e 0 ok fa R T B I RIOR . SR
[ 200 A . 71 . RBE ] B FCRA 1310 2% 2%
i, FCRAY AT 2z K 5
33 BE&TEARIER

K FEBE A YT Y W A A AR T G
Y. SRS RS BEG e. ME TR sk
YIS, IR AR 2 07 AR A R K AN
o ERM B P W2 A K . A7 R
TR SR RUR P g 42 mAR
EL A — S 5 22 3K KAl K™ SR B v i T G HE
O OTY T A D) AR P S R R R 2 R AR AR
IRk A0 28 TS e W HE R . H K AL G )
il SR AN ANKE IS RE 7 L B0 RAS T ELAG SE(E
ALY, — e R, fERTAY R
2 JE PR LAY T, 38 A A R A SR
FREE 5 YL W) L B AN SRS BB A 10
i T AE B B fa 2 SR L rp TR 4R R A
HO LA BRMIEL, WK R 5]
1%, 78 B B3R B R ity h,
1 43 0 g R R A B AT T AR A
e, BAREYGERR . BT LIRS
B MOS0 I S — T T, AT TS Y 4
T I T FE AR P SR T B R, AT L
HRAE T3 AT AL 8 57 28 (NFIP) Y 45 A i RO B
ZERAEDS " WL, FEIRAS IR ISR TR
i, RS R A R T A RDRHE 2 2
FVRDENS B I TE AL R M5 B R, T DU 2 4L
2R R A B 2 3R B A 1 T G HE RO o
A 5% R A R A AL R R E 3R AR ]
BEE 5 8 19 T8 b 2R SE B0HE ¥ ok A Scik, e R
AR BRY DRl R SR A5 7 3R 15 7L f0 14 5T 52 Fl
T RL BV A SRR b, RS SR AT A T
FAn G YO R ARSI, AT EE L RDRERD
BEAE R b () 8 [ 2S5 G W HE R 53 3] R 4401
623 kg, X3 TP B R E 1 ERH A
1t B HE R 20 91 Ry 3311423 k) Fl T it 12 (% HE
B (CBE 1 el R AIRE 1 e ) HE R 20 51 Ry 2201

250 kg)o X2 5 Al g i TR A Rk P AR
R 50 26 PR s S ARDRE B T Al ) B R IR
1M 2

4 e

AT FE AN 00 0 A G ADRE G SR S Gt
IR TR Y S A S R A S 56 ML SO B R o
TRDHE R AL 2 AR K AR 2 (R TR oY
2H AR DK 1 SE il AR R Y o %R W AR
B2 R T Kl X 2R A DR OR L AR
AR R LR A X — S e £
AR TR SR AR R R A O B2, I AE AN
AP IR B AR CANE BT | AT S I Y R
FEFRAA ), AT BE 2 52 B F= A 1k AR KR
AR, T B 2 B A5 R A AU
RARR AR 2 5, T IR B il B P R

TEARWFSE, B AR BT | R
I CRAE S5 B (L A0 T L 22 1] 1) e JEE A AL IR W 2%
TR0 ] LAY RO TR R A S B SR A A AR
A ARR R R MG Qe W HE R o AR, TR
SE WA E = 2T, N SRR, b
T B LR % 97 58 25 15 8 A Jo] 4F 3 SR B AR
A5 1) B8 TR R A A
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Establishment of bioenergy models to predict growth, feed requirement and
waste output of grass carp (Ctenopharyngodon idella)

LIU Xiaojuan', LUO Wei', WANG Chunfang ", LI Dapeng', Dominique BUREAU *

(1. Freshwater Aquaculture Collaborative Innovation Center of Hubei Province,
Hubei Provincial Engineering Laboratory for Pond Aquaculture,
College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China;
2. Fish Nutrition Research Laboratory, Department of Animal Bioscience, University of Guelph, Guelph N1G2W1, Canada)

Abstract: In order to predict the growth performance, feed requirement and waste output, and improve the preci-
sion of feeding management, the current study reported some bioenergy models developed in grass carp (Cteno-
pharyngodon idella). In this study, the growth rate of C. idella at different growth stages was calculated by specif-
ic growth rate (SGR), daily growth coefficient (DGC), thermal-unit growth coefficient (TGC), average daily
growth (ADG) growth models. The optimal growth model was selected by the least squares method. Feed require-
ment was estimated based on digestible energy requirement (DEreq), calculated from the summation of recovered
energy (RE), basal metabolism energy (HeE), heat increment of feeding (HiE), and urinary and branchial energy
(UE+ZE), all estimated by compiling and analysing data from published studies. The waste outputs were estim-
ated using a nutrient mass balance approach. Feed requirement model simulations were compared with the results
from a growth trial based on C. idella fed with 33%, 28% and 23% crude protein for different growth stages. The
result shows that the modified TGC models produced a better fit of the growth trajectory of the fish across produc-
tion stages compared with other growth models (SGR, ADG, DGC). Values predicted for body weight and feed
conversion (FCR, feed: gain) by the models were highly correlated to the observations from the growth trial. The
digestible energy requirement is about 1.55x10” kJ for 1 t C. idella with the body weight of 0.5-2 500 g, and total
solid wastes (TSW) output of C. idella was estimated at about 440 and 623 kg per tonne of feed fed and per tonne
of fish produced, respectively. These results indicate that the model can effectively estimate the growth, feed re-
quirement and waste output in the actual culture operations of C. idella, and could be a valuable tool for the differ-

ential marketing, reducing the cost of feed and feed waste, and for pollution assessment.
Key words: Ctenopharyngodon idella; bioenergy; models; waste output; feed requirement
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