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AEEIEIREX T FBEHNEK,
i 5 B AR AR5 AN BE B S Y =2 T

FEE, BERAT, zEE', dHe’, KGE, F5E, XN
(L WRAAEE PRI WA A 264006,
2. o SRR AT R S0 % R ) 260003)

RE: AR TAABRLEEAG R EFENEK BROAR RAFRER N YR, &
HEAES MO C(H A, L g2 PR a4t ) ;S2F4 A (YLK 2 d, %% 4 d) ;S4F8 41 (1L
M4 d, #5028 d);S8F16 41 (L4 8 d, 12 16 d) ;S12F24 41 (14 12 d, 4% 24 d) , 523 B ]
2d, HREW HEANAFE EKFE(SGR, M1 SGR, ) B F & THALRAL4(P<0.05),
Mt PR 41 S2F4 A G ERY AN KR ELR AR EEZR(P>0.05) A HARER THEA4
(P<0.05), MEALHESGYE2NHMERFRTHELLA(P<0.05), MEEEHMLES
SI2F24 A% A B % %7 (P>0.05) ERFRTHE 3 NMLEL(P<0.05), S4F8 43¢ &
84 4R LR B KT S12F24 4 (P <0.05) , x¢ B 4147 K 2% b R % T S2F4 41 fn S12F24
AEEHEEZEZRF(P>0.05), XEAFHETHYaNBELFEERTHEEL4(P<
0.05), K4y, EaeEMIK. ZRABNEKT T B, S2F4 4 o 3t B 4 78 F 5
WEHLERHLELZR(P>0.05), S2F4 HAth# A R A R HRMK, FHEANE L
DEGTHEAA(P<0.05),S2F4 AW TR SFRLEOLALETTHEL(P<0.05),
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M sE 2 £ T R EY = KRR T 507
T ST R R M ST R A AR
18 o AT BEE AN ) 18 UK JE D, BF
FEA T BRI R R AR A AR A R R
ARDL , A B AR 2527 Ay BE R A2 AR K Y D A
FIALA , 4= SR AME A AR TR, LI
R A T B ) £ R R e de IR S 4 S A G
1t o

O RS WIRES

1.1 SLEWFRIESYIL
S8 FH 2 T 40 £ ) 0 5 9 FH T K

AR, AT (9. 73 £0.86) g, MA@ TC
Ja , TG TR

ik A\ SEE % T, B IR T R B EE 3 5 K
(1000 L) N, it K RS UEK , $hBE 29 ~ 31,
pH 8.0, A% <0.19 mg/L, /KiH 22 T, %
KT YL B F 7 do SRR IR AL (WEIPRO
MX300 IC) ¥l 7K i, LA 2 K% % 15 B 1T 7%
1EL S E £0.1 TLIN,

g R L MG P R AR MR TS 5 et (B e HE 2Bt
FARAR]D) , HEFEA AR INIE L, HREL
HE 1 h oK, #K 3 100% /d, SEREE[A]E
14 L:10 D,24 h a7,

®1 ARKEERELEAR

Tab.1 The energy content and composition of the artificial pellet

AEfE/ (KI/g) HEH G % NN& Wi/ % K5y % K53/ % U/ % 5/ % /%

energy content protein fat ash moisture fibre Ca P

20.90 +0.13 50. 00 10.00 <16.00 3.85+0.05 3.00 2.3 >1.5
1.2 IWigIt5EE PR FRE LI E

SIS BEE 5 AN A ER R AL B, oA 1 A4k
PRAFELAENE A XTI (C) |, 53 5h 4 A b R4
“PUR— MR — YU — AR AR AR

S2F4 4 iUk 2 d, $EME 4 d, B 12 K, S4F8
YUk 4 d, R 8 d, F K 6 Ik, S8F16 41 : 1)1k 8
d,$¢mE 16 d, B4 3 Ik, SI2F24 41 YLk 12 d, %
24 d,HA 2 I, BRI S5 DER, Lk
] 72 d,

BRGHE, L aylik 24 h i 5 N HE
7o SRIEPRRAEIE TR R/ IR MR RS
AR K AR (LA Ry 55 ¢m x 30 cm x 35¢cm )
WIHFATSESS , B K IEFE N & TR 5 B4 fa, [
i, B 25 AR E G A - 70 CUKF R 1ER
W hE FE dho K TG AR K R R R EE B4R R Y
( WEIPRO MX300 IC) ¥, 7K i i sh ¥ i 78 +
0.1 CTLI,

S S 1A, AR e S5 5 B3 B R 08: 00 Al
19:004) 2 YCAPRICA T AL, e T 450 MR i R o 1)
FFIE5R (0. 000 1g) , H 4l 5k V360 42 17 100 3 B 8
Bt . BRTEFMEAT 40 min DL SRR 1 h 51K
I, I T 70 CTTHHTIRAE

SEE T 2008 4 6 H 17 H 4R, 2 2008 4 8
H 27 HE5H, L HaYLE 24 b 5, fH N
HEZS SR80 5 WP A, FEAR R O 4 RO F T

1.3 #HmilE

SEIG A BT B | ZE A LA B AR T 8
F 70 CIUTJEFRE B, SR 5 HEATAHOC A3 HT o
Hodr R FEDRL o B B R AUE i % 6. 25
53], i & & F Vario EL I 51 2431300 2 |
i F 00 7 SR P 2 i e 4 925, K 43000 7 R L 5 4
BEETE (550 C) o fa A e A 3% 5 BB (8 1
PARRI281 A& G R o 7K H i i 4R
FH YSI-5000 i 2 , NH,"-N ¥ J& FH vk TR 2 4 4601k
I E o
1.4 HEEWZITE

BT AR (C) AEK(G) Pl
(R) ZEMH (F) FHEM (U) WREE A T 41
KR

C=G+F+U+R
K, C AWM ELREE, G hAEKRE, F HE
J&fie, U JHEtRE, R M AR . HEMEAE LT 5K
A

U=(Cy -Gy —Fy) x24 830
K, COCHERE BRI & A, Gy kA K
NS, Fy R 288 ir 2 1 0, 24 830 g fg
FHRBIREM (/) ™ Blscm W], 20 &
FEHRMY A, IR EHERAR N, X L0 2
VAR, R EAS 5T Z 0 AT, I AR fg
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KoopE

35 4

S ¢

HAEEI XA R=C-G-F-UXKili.
1.5 HE\EHITESLE

SO HA ] 2 1 Al o R A K R R R
b3 THAR AR

SGR,, =100 x (Ln W, —Ln W,)/t

SGR, =100 x (Ln E, —Ln E,) /t

FCE, = 100 x (W, -W,)/C,

FCE, =100 x (E, —E,)/C.

ADR, =100 x (C, -F,)/C,

ADR, =100 x (E, —E,)/E,

FR=100xC, [t x (W, +W,)/2]
XA, SGR,, Fl SGR, 4371 24y L) J57 £ Fl G 7t 278 11
M T gl N e 4R K %8 FCE,, #1 FCE, 41 jl]
A e FRE % m 19 1) kL5 4k %, ADR,, Al
ADR, 435124 D it i FlRE 2 7 I 1L %, FR 2
B, C, 1 C, 350 LA I RE 5 2R 12
W SR B, W, AW, i A
PR R i, E, fE, S DABE LR
AR AR ST R AR BT 2, ¢ S SR R ]

A E s B R 2 7 25 40 A (ANOVA) K&
Duncan [CZ 5 WA TANRE, DL P <0.05 fER 2
S E Ko

2 4k

2.1 &£,

A AL B W R A 0 VR TR R A
ZH(P>0.05), X4 K HEE £ KR (SGR,, Al
SGR,) it & TR A 4L (P <0.05) . S2F4
410 Wy T 4 a1 SGR,, B 2% & F H B & 16
ML (P <0.05) , XF BRZH FIS2FA 40 2 1

k2

) AR R A B 25 (P >0.05) 3
HHBESTHESA(P<0.05) (K1), Hrh
Xof BRI A M o 8 de e, 9 35. 10 g, S4F8 | S8F16
M SI12F24 ZH i AR AR T A % 25 5% (P >
0.05),

22
5 20}
1.8}
Lot
2 14}
g 12}
“ 10

8SGRy

8 SGR.

a

TEEKRE %
pecific growth rate

S4F8 S8F16
feeding modes

C S2F4
BRARK

S12F24

E1 AERRELTEEEHHHFEERE
P AN ] A B 2 18] 75 A A () 7 B 3 s A L 22 1) 2 S I 2
(P<0.05), R,

Fig.1 Specific growth rate of tongue sole in
different feeding modes during 72 d experiment
The data with different letters at different treatments means
significantly different with each other ( P < 0. 05). The same

below.

2.2 GHLE ARNELENBERER

A 2 AT LA ), o R 2H e ¥ B 40 £ 7 37
LR B ERT HEHA (P <0.05), ML
5 S12F24 kA W #2257 (P>0.05) (HiE %
RTHE 3 M (P <0.05), SAFS 4
W A 0 A R AL R i IR T S12F24 41 (P <
0.05) ,f BEHRDRHL AL KT S2F4 ZH 71 S12F24
SHAHAT B R (P >0.05) . Xf R ZH 2 W5
R E R EMTHESH(P<0.05),

FEEREXTHEEBNERGELER ABBLRNERER

Tab.2 Growth,apparent digestion rate,food conversion efficiency,energy conversion

efficiency and feeding rate of tongue sole at different feeding modes mean + SE
F=tal £ 27 &b ELf- 27 Ll EL W [ 257
. i R R/ e BB R/ % RER LR/ %
b3 kg AR g . , TR % o B/ %
o } . K food conversion energy conversion . . energy digestion X
treatments  initial weight final weight . . digestion rate feeding rate
efficiency efficiency rate
ST control  9.73 £0.36  35.10 £0.56"  93.09 =1.08%® 23.42 +£0.99 84.19 £0.61° 91.52 +0.57° 1.69 £0.03*
S2F4 9.83+0.33  32.75+0.47° 96.47 £1.74%® 21.81 £0.85 89.06 +0.56° 93.47 £0.44° 2.33 £0.03°¢
S4F8 9.72+0.21 30.16 £0.72* 91.75+2.07*" 22.29 +0.69 88.33 £0.31°¢ 92.96 +0. 22" 2.33 £0.04°¢
S8F16 9.68+0.25 29.69£1.10* 92.25+0.91% 23.04 £0.77 89.27 +£0.35°¢ 93.83 £0.21°¢ 2.29 +0.02°¢
S12F24 9.94+£0.30 29.91+0.83* 98.03 +2.92° 23.49 £0.95 86.20 £0.45°  92.05 +0. 34 2.13 £0.02°

TE R R b H 2 (8] A AN R) 5 B A B s AL 2 8] 22 5 (2 25 (P <0.05) o Rl

Notes : The data with different letters in the same column at different feeding modes means significantly different with each other( P <0.05). The

same below.
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2.3 KA

S2F4 21> 1 7 5 1 7K 43 % o S R TN I
21 S8F16 ZH (P <0.05) . & 1% B YLk
JEI 1 2 K T T B, S2FA 20 5% R 4 8 V8 5 53 11
EATRERAREES(P>0.05) (HEE ST

S8F16 Z1 il S12F24 iy H &= (P <0.05),
M & AE S8F16 41 fi &, X A1 Fil S2F4 418
M FHE A4l (2 3) . S2F4 4123 & 65 1) K
e R E T AIEA (P <0.05) (H5HE&
HRAREZEF(P>0.05),

£3 TRBWEXTHBEHHER S HAN

Tab.3 The body composition of tongue sole in different feeding modes during 72 d experiment mean = SE
JOEL] K43/ % NNg Wi/ % HEH/ % K53/ %
treatments moisture protein ash
% B control 78.00 =0. 56" 14.17 £0.45% 73.20 £0.25°¢ 12.23 £0.27*%
S2F4 79.79 £0.24° 13.59 +£0.59* 73.33 £0.79°¢ 13.16 £0.22°
S4F8 79.17 £0. 28 14.80 +£0.49* 72.03 +0.53" 12.51 £0.21*
S8F16 78.31 £0.43° 15.90 +0. 35" 70.16 +0. 52* 12.57 £0.26%

S12F24 78.64 £0.43%

14.52 0. 60®

70.58 0. 60 12.38 +0.30%

2.4 PREIR A

ANl M T 2 1 5 SR AR S R N HE R
DL 2 FESE 50 45 S 76 A1 A I AR SR A
HESZ 2 B Lk 15 MR R % A K T 3% T T
S2F4 41 & SR ) AR E R B EH IR T H e &4
(P <0.05) ,S4F8 2 W5 7 fig Y #E 48 5 5 0 I 41
WA REZER(P>0.05), S2F4 411 & 1
HERR S AT R EZF(P>0.05) ,{HE
FRTHESL(P<0.05),
2.5 geEKX

SEBGEE A, AN [ 45 AR 20T 2 1 5 ) 44
REEIRA B EZER(P>0.05,584) X IRA R
Bhe AR B E R T E AR, HEt
REAE S12F24 HiflR (P <0.05) , M H B & H A

BEEF(P>0.05), XA ML EE &, H
&5 S2FA A B E 2R (P>0.05),

g —~—#E% % oxygen consumption §
2 -+ HE# ammonia excretion
55 o0 ¢ an B
= c 3.0 S 5
e 0 b b T g
S E ° a b 25 & 9
~ 2 b )
g 10 a a 20 5 3
S (ST - = .S
Eg 15 28
¥ 20 0 = E
o % =
N © 10 0.5 N <
E C S2F4 S4F8  S8F16 SI12F24 2 E%
e #

B2 FEKRREXTHEEHENEARNEGEIE
Fig.2 The oxygen consumption and ammonia
excretion of tongue sole in different feeding

modes at the end of the 72 d experiment

F4 FRARREATEASTHHEER ZHIRERKREE

Tab.4 Energy parameters and body energy of tongue sole at different feeding modes

trefrﬁms V(g )] V(g d)] FV(g-d)]  WIV(g-d)]  RIV(g-d)] 14&5055/;;1;5)
Xt Hf control 343.32 +5.73¢ 80.32 +2.97° 29.06 £1.24° 28.81 +0.94° 205.13 +1.80°¢ 22.35+0.33
S2F4 315.02 +4. 73" 68.56 +1.70* 20.56 +1.38% 27.97 +0.55° 197.93 £3.00" 22.44 +0.40
S4F8 315.02 +5. 74" 70.20 £2.41% 22.18 £0.77% 28.07 £0.71° 194.57 £2.25° 22.90 +0.20
S8F16 310.49 +3.27" 71.55 +2.69* 19.16 +0.73% 27.80 £0.48° 191.97 £2.15° 22.43 +0. 36
S12F24 288.25 +2.63* 67.65 +2.38% 22.92 +1.00° 24.94 +0.33* 172.74 +£3.61° 22.09 +0. 38

IE:C. R AE; G. A= K RE; F. ZEMERE; U. HEMERE R, IFINAE. T,

Notes; C. food energy ; G. growth energy ; F. feces energy ; U. excretion energy ; R. respiration energy. The same below.

H12E 5 AT LA Y, AR BT 2 3 0 g
A RE S RE M LB A B =R (P >
0.05) , mix i 20 B FEBE o5 F 2 BE Y LU ] 3% i OF
HA5 SI12R24 A 225 (P >0.05) {HE R
FRTHERH(P<0.05), X M4 HEMRE 5 5%

BREM LU i I 8. 38% , 1% 5 S12F24 H A
BEXER(P>0.05), HEEEMFHESH
(P<0.05), WFUERETERE SIS &30 H T | EL 3]
i , S2F4 AT BE o5 5 BE Y LU A9 3 s TR
MEZH (P <0.05)
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F5 AEARBEATIEEHBNEENX HEBRENESL
Tab.5 Energy allocation of tongue sole at different feeding modes %
Qb F treatments C G F U R
X} control 100 23.42 £0.99 8.48 £0.57°¢ 8.38 0. 16" 59.71 £1.09*
S2F4 100 21.81 £0.85 6.53 +0.44*° 8.87 £0.06° 62.78 £0.87°
S4F8 100 22.29 £0.69 7.04 +0.22% 8.91 £0.09° 61.76 £0.59%
S8F16 100 23.04 +0. 77 6.17 £0.21° 8.95 £0.09" 61.84 £0.72%
S12F24 100 23.49 £0.95 7.95 +0.34% 8.65 +0.06% 59.90 £0.79*
3 W PG HACH 2 B2 T, —BUmt )G, 2RI

TEF I M A K R H, LR X
KBS TR i 2 00, R — MR E
OSSN G i 211?117/ 312 e =R (ORI N o2
KM, AR AS [ B RIF 5 R 5 Xt 4R 1 A i 22 531
XA i 2T 7, AR A K Y & A B AR R R
[ 2 A e — e, T R R A 4 )
SRR 1) A [5] AT i 7 A N Rt BE b 2 KAk
N TTE S A o o B e 3 K N [ )
AT RES T AE A —FERAMEE K BB T . 1EL
DItV 5 PR 52 M, AR o B 2 R RE A R, 1A
117, 21 V0 B ) SR A 3o o e, SR B WLk — T4
M— PR — PR - " AR MR SR WA R e
KA R ) AME A K BE 1o ARMFITIESE T 3X —
J TEBE MR [ A XT BE 2 2/3 (BB TR] 72 d) 1
TEOUT , ANE] B8 P4 M2 34 e B0 M T Aot 1 b
PerE KRBT, HEJE S2F4 4 SZ Il T 5 E
K, BARHE A A ST M AR R R IR T
P BRALAE S 48 RS 27.94 g, X
W PRI AT RE 8 TR 1 W B T 1 b
A KRR T X AE R & T 8BS 1 o 6 o 25
KRB AEZDETE R S2FA 4L I 4 £ 28 5 36
d (B ER AL B DR AR S o T R

RIENUR G IR AR SR B DT
A AR B e A R R Y s B kR
PR R i £k A AR B e R
a5 BRI, AEER AR L I A R A A
R T R, T AL R 5 xR 2 G
BEMZES . UL SR PR R R p K
T AMEA K F R R A I AR m R R
[ I 5 S AL RS2 B L X 5 A RO RIF ST 45
AL (SRR PR BT AR ) o R = A
PRBER R R WAL R 7E TIAN 255 fy k5
DR IR T B AE Uk A R) A A SR A T AR R

FIX0 HRAH 7K 2 AT B AR K. 7R
AHIFE R PRI A5 W 1) I TA) A A 2 T 5 1
e R BN, IF Hox IRl B e H AR A T
PUARIA B354 1Y RE ST AR, A 2 1 B 7 1) o
FE A RIBE I A, 3 BOH AR 58 3 L A B i 7
BYREACR LRIk, X — sSA 58 A RE 1L 4
BC A AR BE 25 TR S8, FERE I A S U P A R R A
I ERE R E L T X I AL B e, 2 Ll
HIHE ERE XA B2 1 AR RE R0 T IR RE o A K
AR, BV R A

FEYUT R, 25 5 B SR L U e A7
PRI SR AR H AT . Al a2 X fe iR
Py R R R P 45 25 57 . 28 HE
LRI B SR BSR4 B B R 0
WA 0 2 1 S A & 1R N R R A R
TIAN 25 Sk 0 T SR YLIR S I HME AR KR ST &
B, ARV B rh e e s R W VR W RE IR ) 5 .
MAFSE J B BE 2 VLR R BT SE 1, 2 W 35 3 %)
RO AR s el N TR NS N s e DO B
LR e o N R e L kg N ST RO IRE 9 SER
T S TE R IV AR R — e R S R A B
VES BB 0T, {H I Pk 2 45 M IR~ i 3 85 1 S Pk
SEARPING I , TP S A5 MR 1 B TR AS A2 LA 58 AR
TIPS X il 28 52 A N R YLK B 38 7 2
T R AR 7 e 7 S 06 445 AR AT 2 R T ) R
1R A K s D UL AR 7 T S e A
YR AR AR R R T X R, W
MACHADO %5 % ¥ 5 [ fal ( Rhamdia hilarii )
TEPR S 5 W 1] fig 195 0 2 1 o [m) P A2 . PRI
AT RES P A S5 F Fhs A TE AR 2
M7 HE A — A AME A R R

REIGH 25 7 %4 B 7 8% ( Silurus meridionalis)
AIBIFSE o i B0, 70 77 58 56 B P S8 AT 5 BRI 2R 4%
WA AT DA D S I 3 3l a5 . A BFgE R
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B, T T B E IR R HER I A v 2 B H AR 14 AP
e KM RE, R R S2F4 4L 7E 5 44 1D kLI #E A
PEFEAER T T B S 8, R, 7E R 5 5
G P AT LT AT 2 o B A T A S U LA S
AMELE A BE JT, [R]BF Al DL A GRDRHR A I A TF
3o MR FEIEI R AR A = T
X e I Tk, R A SN 2 T
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Effects of repetitive periods of fasting and satiation feeding on
the growth,body composition , metabolism and energy budget of
tongue sole ( Cynoglossus semilaevis )

FANG Jing-hui' , TIAN Xiang-1i®, JIANG Hai-bin'“ , LIU Xiang-quan',
ZHANG Xi-jia', WEI Xiu-mei', DONG Shuang-lin®
(1. Marine Fisheries Research Institute of Shandong ,Yantai 264006 ,China;
2. Key Laboratory of Mariculture ,Ministry of Education,Ocean University of China,Qingdao 266003, China)

Abstract; Compensatory,or catch-up, growth is a period of unusually fast growth that follows a period of
reduced growth resulting from restricted food availability ,or some other unfavorable environmental conditions,
including low temperatures, hypoxic conditions, density alternation, etc. . The compensatory phenomenon has
been found in a wide range of aquatic animals including fish. For some fish species,the magnitude and duration
of compensatory growth depended on the length of food deprivation. In the wild, fish often suffer starvation
because of unstable food supply. And the underlying physiological mechanism for increased growth potential
during compensatory growth is still inconsistent and poorly understood. In the present study, the juvenile
tongue sole( Cynoglossus semilaevis) ,an important cultured fish in China,was selected to research the effects
of repetitive periods of fasting and satiation feeding on the growth,body composition, metabolism and energy
budget. There were five groups: the control fed ad libitum throughout the experiment (C),and other four
groups which were subjected to repetitive periods of fasting and satiation feeding(2:4,4:8,8:16 and 12: 24
days for group S2F4, SAF8, S8F16 and S12F24). Feces and uneaten food were collected twice a day by
pipetting during the experiment. All samples were measured at the end of the experiment. The specific growth
(SGR including SGR, ,in terms of weight,and SGR, ,in terms of energy)in group C were significantly higher
than those in other groups( P <0.05). There was no significant difference in body weight between S2F4 and C
fish(P >0.05) ,and both of them were significantly higher than those in other groups. The apparent digestion
rate in C fish was significantly lower than those in other three groups( P <0.05). The energy digestion rate in
C fish was not significantly different from that in S12F24 fish (P >0.05) ,but was significantly lower than
those in the other three groups( P <0.05). The food conversion efficiency in S4F8 fish was significantly lower
than that in S12F24 fish( P <0.05). The feeding rate in C fish was the lowest( P < 0.05). The protein content
in fish decreased with increasing starvation period. There was no significant difference in protein content
between S2F4 and C fish( P >0.05). The oxygen consumption and ammonia excretion were lower in S2F4 fish
than those in other groups. The food energy of the control group was the highest( P <0.05). The food energy
assimilated to metabolism in S2F4 fish was higher than that in C fish( P <0.05). The data indicated that the
juvenile tongue sole of S2F4 showed complete compensatory growth. The complete compensatory growth in
juvenile tongue sole could be attributed to hyperphagia and an improved digestion rate. During the repetitive
periods of fasting and satiation feeding,the protein content in juvenile tongue sole was significantly affected.
The results provided useful evidence to understand the feeding biology of tongue sole,and were conducive to
the best management in large-scale aquaculture ,especially indoor intensive culture.

Key words: Cynoglossus semilaevis; repetitive re-feeding; compensatory growth; metabolism; body
composition; energy budget
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