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L3 A0 B 42 IR X 1R B 5 T 4 A 77 7
& K A0H LB TE 189 =2 i

R &

A T wEk RER BHES HRE

(TURRAMTE B, WITL T 315211)

i E AXKERTINEME 5K BRI RIS MR EE EK ATH KL,
BEEURHNEEANE N AEZAEFRNSTETIRT S ER(WEETE N 4.95£0.48 g) ty
P (0,1.2345.6d)MEZR(LS5d) X% EREA ., TR YUK B RIS W47
TR KR R E R A B E ) o B MR U 8 e ] e B e R R
WIWE THREHR EPIR3IdE, FREEFHUE TR, KR ERREN L, 40 &H A5k
EHMAREREANAMHENEENERTRE EANEE ERBEELUNK 44
&K (0.07+£0.02 U - mg™" - prot™ ) ; Mg A B vE A7 UYL 2 d 4 &K (18.47+2.07 U - g' -
prot™") YLk 6 d 4 & 5 (57.60+3.98 U - g™' - prot™") , B & A B & f i & A B vE 4 DLOLAK S
d 4 (1.98+0.59 U » mg™" -+ prot™") L4k 4 d(186.68+20.72 U - mg™" - prot™") & K. YLk 4L 3
ERjE,Z15d FHE, S RBAFEE HEAKE FRILMBEEEZREE, RN FE
R RFEAEKE FRIAELEASINRAEREERBR; IR I fm2d A5 BHANF
R RFEAEKEMFHEAMEEZEZR MK 3~6d AEZFRTHEA; MK 1~2dAH
BEEARHTHEA MIK6dANERFARE /DT HRA L ARENES EBEEH T
LE¥zr  BEOBEREOBENZREF AUMEARG (FEAHBIE N 7.06+£0.64
U-mg' - prot™" & ABEE N 914.67+£26.54 U - mg™" - prot™") , ULtk 6 d &K ( § & & By
771 3.210.57 U - mg™" - prot™', ik & A B 7E /1 660.04+37.92 U - mg™' - prot™') .9t ¥ B 3E 5
TR B S R AL AT 3 B (PNR) M & 6 K, H A Mz £ K.
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Effects of starvation and re-feeding on survival rate, growth and digestive enzyme activities
of juvenile Sepia pharaonis. LE Ke-xin, WANG Yuan, PENG Rui-bing, LIANG Jing-jing,
JIANG Xia-min* , HAN Qing-xi (School of Marine Sciences, Ningbo University, Ningbo 315211,
Zhejiang , China).

Abstract; To investigate the effects of starvation and re-feeding on survival rate, behavior, growth
and digestive enzyme activities of juvenile Sepia pharaonis, the manipulative laboratory experiments
were conducted with 0—6 days of starvation and 15 days of re-feeding to reveal the mechanism of
compensatory growth. The results showed that starvation exerted a significant negative effect on the
survival rate, growth, hepatosomatic index and digestive enzyme activities ( P<0.05). The survival
rate and digestive enzyme activities declined during the whole starvation process. After 3 days, the
survival rate began to decline significantly, the decrease rate of body mass increased obviously and
juveniles experienced some abnormal behaviors, such as inkjet, fighting and so on. The effects of
starvation on digestive enzyme activities of juveniles were significant, and the digestive enzyme ac-
tivities declined and then rose during the whole starvation process. The lowest amylase activity oc-
curred after 4 days of starvation (0.07+0.02 U + mg™' + prot™'). The lowest lipase activity occurred
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after 2 days of starvation (18.47+£2.07 U - g™ - prot™') , and the highest after 6 days (57.60+3.98
U - g - prot™'). The lowest pepsin and trypsin activities occurred after 5 days (1.98+0.59
U-mg"' - prot™") and 4 days (186.68+20.72 U - mg™' « prot™') of starvation, respectively. The
effects of re-feeding on survival rate, growth, hepatosomatic index and digestive enzyme activities of
juveniles were significant. The survival rate, specific growth rate, hepatosomatic index and feeding
rate were negatively correlated with hunger processing duration. The survival rate, specific growth
rate and hepatosomatic index showed no significant difference between 1 day starvation group and 2
days starvation group (P>0.05). The survival rate, specific growth rate and hepatosomatic index of
3 days to 6 days starvation groups were significantly lower than the control group. The feeding rates
of 1 day and 2 days starvation groups were obviously higher than that of the control group. The feed-
ing rate of 6 days starvation group was significantly lower than that of the control group. The amylase
and lipase activities were not significantly different among different starvation treatments, whereas
the pepsin and trypsin activities were significantly different, with the highest value in the control
group ( pepsin 7.06+0.64 U + mg™" + prot™ , trypsin 914.67+26.54 U - mg™' + prot™') and the lo-
west value in the group with 6 days of starvation (pepsin 3.21+0.57 U + mg™" - prot™', trypsin
660.04+37.92 U - mg™" - prot™'). Six days of starvation would be the point of no-return for the ju-

veniles, without any compensatory effect after starvation and re-feeding.

Key words: Sepia pharaonis; starvation; re-feeding; survival rate; growth; digestive enzyme.

IKAE S R S i b il T2 B IR B AR A 2
AT N (] 5 S R B S B IR )
TN 2 B SRR Al 2 I YU R, ALK
TR K A Bl A T S ) — A 32 SRR aE PR
AN 6] b al ] — b B AN [ B B 8 i 52 )
o7 5 e AN AR R S LR 2 38 T LA T A
IR Sl Wyt OUR B 38 B8 . 33X XI5 K 7 s 1 3R
A PR H Y B R S AME A KR AR S 4k L
TR ERE SR 5 R A A B SR B e T
AR IS W5 R W], 6 T — 2ERp 2 AT
F MR RO U Ry 4 e 2 93 ss . H A
ENAMH P O A A Dl ERE R TR
Fiol HFERITRFEE  OCTF3k RAAILIR
5 AT i

FEBE K ( Sepia pharaonis ) J&=—F AR (K
1E5 kg DL ) AERM(FRFE 3 A H ATk 0.5 kg LA
) BAFEASER R EEATE S S
FRoE R T2 B M R A S EUER
ANIER A 22 T I LR W 3a . AR DG BIE S R B, 7K
A SIAEDUVECIRAS S AT S@ L /Y 11 B A RE 4 I
AIZKF-F04) 5 RE 5T FE >k N s DL B 38, P45 R
J MU AR AR A 45 T TH TR AS LZ Wk &, {H
JE e BRI ) 4G AL 5 R S R 4 RE
e HH TR AP HAUARTE 3 A PR S L B ERL
B HLRE L 2332 ) b 52 ). PR, A S DL AR itk 2
FRBOR X AW A A0 BB JF D) RE AR
IR 700 SZ 0] TR LR Ak BT JHE 4 Jiip e 7 1 K%

PP F A AT O, TR 2= G BEAY YL
PR T7 58 2 0 B AR DU I & R AR KR
F1oh AR A A LA AT S5 S DA R, B FR
B WO IUAR M 1 A 38 LA, B ILER AR R
Bt AL, LS D PR B RO AL 85 77 R
o T RE 3 BB SR B BRI AR Al

1 #R57EE

1.1 HEr R

2014 4% 3—4 J, T AR A4 WL AR 5 15 35
WP IR & B R HME SRR 7R 5 2 1 i 5
PR, YRS T AR i 2 S T K PR BT b
ZNTIEE 45 HIBGIA, H1K K (5.46+0.23)
em, PRJF i (4.95+0.48) ¢.
1.2 YURiEs

TEK VM (4.5 mx4.0 mx1.4 m) 1, 5% 78
BHE (B4R 0.6 m 5 0.2 m) M0 R el Sk
7T AAFEYUERBT AR (0,1.2.3.4.5.6 d),45 6 1
AT, Hor 3 AT LR B ER , 53 A0 3 A4F
AT DU AL 38UFD P48 MR &2 A A . g — ik
AR 20 Hol5e K b ug A AR MK 1250 10 [A]
KB KR 26.2~28.6 °C,$hJ¥ 23.7~25.4,pH
7.9—8.2 AR, H /K 50% ~ 100%. HH 2R
[T ILER A TR AL B AS , 37 B L H 3 AP A7 v ke |
FEAFI R BEHEYEE R bR, 7300 3 AT R YU A B
G5, L BIFOG FEAR ML 25 B A3 R 15 d, 4R
G55 ORI & A8 hm. M DL/ N 25 (1 emx0.2
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em) APH, H B0 3 Yk 480 i 4 B 20 B9 O FR B BRI
B R HOER G AR 1 SME R AIE 32 30 5 =X P Atk
B RESE, KATH; HFE T AMA, IR0 SRS B G AR
LG AET 2.
1.3 JHfbAEN

DURALHLS , 25 2N 3 A FA7 h BEHLER 214 9
HE—FATH 3 H), BARRES ol mt, 53 oh 3 4
SEATHBREALR A 9 H (P43 H) AR 9
U G TR EURE . W K 4R K BRI R 2 1 7K 43, 16 AR
i S BCE I IOE S A, AT A A1 3R 5, D T
AT 7 (B T B | TE R R D ) . U
FE T VR R FH M At R A ) TR I 5 T A
( A080-1,A080-2.C016 . A054) , J7 15 UL .
1.4 Fdaabr

FREA K = (In ZARK & - In #) 161K 5
) /1A 7B} 8] x 100%

AR = (LR B/ W IR B ) x100%

PR PR 3 = (WA AR BT i - AR i i) /
WIR IR BT X 100%

JHHA L = (PR BT i/ R BT ) X 100%

B = i wm/ [ R KB (LR =+
IR AR &) /2] %x100%

B M AE SPSS 19.0 844 itk A7, A H 5 22
3BT (ANOVA) 43 I SE 173 B & 50 i 5cal , R
Tukey HSD A6 56 21 W 45 Ab # 2 [6] 22 5 () i 5, 22
S EKEHR a=0.05.

2 ERE5SH

2.1 YUERXT GG R A K AT SR T
Al

Bt LA IS TB] %) 4 PR BRE % I 4 AR A7 1 R
PR RERE BRYLER 1 d 41 .2 d 5% IEZH (0 d) G
BEZEF(P>0.05) Fb, HA &4 5% A (7715 %
ik 100% ) 53 .2 (P<0.05) , WYL 3 d &, 7815
RPN R, YLk 6 d J5 ff% (33.3%+8.5%).
ARV S [ X 4 A 4% 5 s o360 23 Wb =5 52 . o
VRIS RIS I, gl A4 ot PRI R R e 3
HEF 406 d(22.9%+2.5%) >5 d(14.6%+0.7%) >4 d
(11.7%+1.7%) >3 d(4.0% +0.8%) >2 d(3.3% +
0.5%)>1 d(1.3%+0.3%) >0 d(0%) , YLk 4 K
R PR WA (B 1) U 1 d 4, 4k
WH JEEIER, SX L LHEES, Ik 2 d
H GRTF R A5 0 Al 8 65 B s DL 3 d 4, gk
AR WA AE A VU4 A4, 4 iRk Bk

x1 EBREMLHEREIIEREITARE
Table 1 Observation of juvenile Sepia pharaonis after star-
vation

IUARHS ] EIE
Starvation Phenomenon
time (d)
0 T i WUk AR IR T S
1 C A O 2 ) N SN A G B Wl N |
2 6 R B SRR 5 (Tl AR 2
3 TR, AR A SR AR A
4 T 125 AR EIT IR & B, BARB B Yt 1 Bl
Wik
5 6122 AR = T8, ok A KR, Bk —
L K
6 SRR RIE ) R B BRI T K, X
SR
100 a ab ab
90 b 'I' b _
sof '1' g
< 70+ E
5 @ : £z
g & 8
$= sof c 1 ©
%E 40t E Lé
@ 30t %
20r c g
d
10 de A
e H R a
U A
Starvation time (d)
B 1 UM E X B WA A AR K S A s )

Fig.1 Effect of starvation on survival rate and weight loss rate
of juvenile Sepia pharaonis (mean=SD).
R B 2R Ab PR ) 22 5 1 2 (P<0.05) Different letters meant signi-

ficant difference among treatments at 0.05 level. “F @ The same below.

I ;. 7775 % Survival rate; I . 1K & F# K3 Decrease rate of body

F UK S d 21, AR i 96 (RO AR B = MR, Joik
TEATKIE UK 6 d 41, ik 2400k 220 7 5T Tk
(R 1) & 2 AT DIE AN R IR S [R] 0T B 2 Tk
4y PRI L g s b 25 BRI 1 d2H(2.1%+0.2% )

3.

a
S .
o +
R ‘o b b b
®£E
=4
gi1r
<
2
0 0 1 2 3 4
YUREH TR
Starvation time (d)

B2 YUEMO X FEHE L A R TR L AR
Fig.2 Effect of starvation on hepatosomatic index of juvenile

Sepia pharaonis ( mean+SD).
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F2 AEYIEETEIXFEBE S W 4h 4l 4 B iE MR
Table 2 Effect of different starvation time on enzymes ac-
tivity of juvenile Sepia pharaonis ( mean+SD)

LR i BHEH B 1 Ve g s ity
Starvation Pepsin Trypsin Amylase Lipase
time (Uemg™'s  (Uermg's (Uemg'- (U-g'-
(d) prot™!) prot™!) prot™!) prot”")

0 6.92£0.40a  921.67+29.87a  0.27+0.02a  24.79+2.93cd
1 5.75£0.35a  782.59+26.32b  0.2840.02a  20.16+3.43d
2 4.20£0.23b  690.63+15.74c  0.25£0.03a  18.47+2.07d
3 2.75£0.63bc  382.13+25.33d  0.15+0.02b  29.03+3.36¢
4 2.68+£0.63¢c  186.68+20.72f  0.07+0.02c  43.68+3.12b
5 1.98+£0.59¢  245.58+24.33ef  0.12+0.03bc  51.49+2.60ab
6 2.37£0.33¢ ~ 315.40£30.97de 0.1840.02b  57.60+3.98a

[F) 3 A ] T R 22 53 . 35 ( P<0.05) Different letters in same column
meant significant difference at 0.05 level. F[A] The same below.

53t HR2H (2.3%+0.2% ) To it 5 2 5240 AR 4 He
MG, 2255 B Ak 2~6 d AR B E 25
2.2 YUERRT LA Akt P 52 g

Bt 2 DU [R] 9 S 4 | B2 B 2 Ik 4)) 140 45 P Ak
BRI T TR S LA b (R 2). B &
FIBEILER 2~6 d 55 IRZAH L35 W B0 28 25 5,
RIS B 2H $5 175 (6.92+0.40 U + mg™" - prot™") , Wik 5
d K (1.98+0.59 U - mg™" - prot™") ; B FIEEYL
B 1~6 d 5XF AL 22 5 2 W BB 2 5 i (921.67 +
29.87 U » mg™' - prot™") , BifiJ5 2 L B A 34, DLk
4 Rl (186.68+20.72 U - mg™' - prot™') , J5 X
T TEREELER 3~6 d 41 S50 IR 22 5 W YLk
4 d HFEM(0.07£0.02 U - mg™" - prot™"), J5 ETF,
ALk 6 d A1 5PV 3 d 4701835 2 5 IR B AE DL
Ho~2d NEITREBIH, HAAN TR E2%ES,
DU 2 d A (18.47+2.07 U - g - prot ") ,J5 I
Th, 56 4 K2 5XT AT 3% 22 5% ULk 6 d 4w
55(57.60+3.98 U - g - prot™").
2.3 PHERXYALATE 3 R A K A A R
TR E RS

BHAYEST , /N T AR 15 d il
SERABHMBAEIE R E I TR, Ik 0~2 d %%
HEFHERLEELE T (P>0.05) , Uik 3~6 d,iH
DU [B) EH A7 20 T B, 45 LA 15 R I HE
J9:0d(92.7%+2.8%) >1 d(92.0%+2.7%) >2 d
(83.4%+4.8%) >3 d(58.7%+4.1%) >4 d(46.5% +
4.0%)>5 d(31.5%+1.7%) >6 d(13.6%+2.6%) .}¥
8 AR R R A A A B LR Bof ) S S BT R e X
MR 5 (4.7%+0.1% - d7') WLk 3~6 d 2H 5% e
HEREE (P<0.05), Il 6 d 45k (2.9% +
0.5% - d7") (& 3)  FF4A He Bl ALk R ] 2iE 4 45 41 2
TR X IR 2 5 (8.6% +0.6%) , Lk 3~6 d

HEXMHAH2ZESBE, ULk 6 d HHEM (6.3«
0.3% ) ; TR 5t B 3 BAT 1 35 52 ), B X BRU2
Ah BEE YUK R S AR e R R LA AT
A S HRERAHEF A1 d(4.3%+0.4%)
>2 d(3.6%+0.3%) >0 d(2.8%+0.3%)=3 d(2.8%=
0.6%) =4 d(2.4%+0.3%)=5 d(2.4%+0.2%) >6 d
(1.8%+0.1%) , HYLHE 1~2 d ZH45 £ R0 W Tt
HEAL(0 d), YLk 6 d A ERHM(1.8%+0.1%)
(Kl 4).
2.4 PHELIET A4 A0 B Y 52 e

M3 ATLUE Y, A 15 d 5,4 FRiE LS
T BN A5 k. 25 VLR 2H 1 S 93 I R B 07 T
T 53R TC B E S (P>0.05) 3 B ARG Sk
DU d dLoh, Hfh 5 A S5 IA 2% W E (P
<0.05) , H YLk H) SE < 52 3R B a3 DLk 6 d
20 B AR S 8% (3.21£0.57 U » mg™" - prot™").
Ji 2 BTG S L0 ~ 3 A AL i 25 5, ML

100f ga  Lab o171’
90} %b . L]l _
80 14 T
cd cd by
s 1 d e
IS b m_v
60f 13 2
8 . U E
ﬁEE 50t iﬂg
2 ol LEE
§ d 5
@ 301 g
20+ M1 L
w1

10+

0% 1 2 3 4 6 ©
DR E]
Starvation time (d)

3 PR PRI L AN A A K A RS
Fig.3 Effect of re-feeding on survival rate and specific growth
rate of juvenile Sepia pharaonis (mean=SD).

I . A3 % Survival rate; IT . $5E4EK# Specific growth rate.

toor a o115
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w T0F c C c —_
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g 4of 127%
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g 3o0f
T 20t 11
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Fig.4 Effect of re-feeding on hepatosomatic index ( I ) and
feeding rate ( II) of juvenile Sepia pharaonis (mean+SD).
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Fig.5 Body mass of juvenile Sepia pharaonis after re-feeding
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Table 3 Effect of re-feeding on enzymes activity of juvenile
Sepia pharaonis ( mean+SD)

YU [h] B TR 11 VERI i i
Starvation Pepsin Trypsin Amylase Lipase
time (U mg™! (U« mg™! (U-mg™! (U-g!
(d) - prot™}) - prot™!) - prot™!) - prot™ )
0 7.06+0.64a  914.67+26.54a  0.26+0.04a 25.00£2.00a
1 6.07£0.75a  889.00+46.57a  0.30+0.01a 23.48+2.01a
2 4.89+0.47bc  844.30+41.97a  0.27£0.02a  22.37+1.37a
3 4.48+0.41cd 829.36+41.97a  0.26+0.0la 22.82+1.91a
4 4.36£0.20cd  689.02+49.24h  0.28+0.02a 21.37£3.00a
5 3.54£0.41cd  694.76+24.31b  0.27+0.03a 22.65+1.65a
6 3.21£0.57d  660.04£37.92b  0.29+0.02a  21.09+3.21a
4 d ZHERJEEEE TG ) o0k R 25 e W, TiAL

Hk4~6d G EEESR.
3 it e

3.1 YUEkIIE FFFAR IR XS A4 5 e

TROTYUES 72 oK A S 9 ik ity A 3 A A A4k
YANTHWEAEZNRESE L — R 2Lk
LT KA PR NEAE K5 LT &2 3m
il 10 LA B Ao e 2 A B A T PR AR B
GELEIRAT L R 5 PR i T IS A AR T Y
IR i 1A (08 A 0 T M B LR R[] Ay 385 I 3 6
[ A= 0 2T PR R I IR B, BRI R 3 d 5
giRE ARG R A I EARSR R 6 d JEIETE T K
L aX S YUk A A2 B 8% £ ( Cirrhina mrigola) 41
fAERETE S S RS SRR L

TEVVBRAAET AR B D SNIEPERE HE RO |
THiR N IEPERE S BT TR AR, LLERR F B 19 A= i
B K4Sz BN YU B a B A 5T s 3R B
IR ~3 d A5 R A RS I, AT
REJE FH T AT A4 i 2 303 S5 40 T 1E # K F i
J5 39T T B A B B IR T A N SR

MTHAE. XA B P2 TR R 5 2 IRTCE 5
W, ( Sepiella maindroni ) 7E UK P IE R B & 58 F [
Je BT B RS [R]L X AT B TR R A Y 2
PE22 5 TS R i R BRAE VR e T A LR
W, BRI SR 4R 4, Bt 130 I ) B | IR 35
20 H X 55 AR WA AR M B DU W 38 T R il
( Silurus meridionalis ) f1HE 0 1) i 25 45 |, -4 2148
FRBAS , AL AR /N W 58 45 RARW) & 7 LU Y, B
TN BRI T AT AL i K AL —
SE SR 2B, WA E B A FLARAS h P2 L.

FEPUGA S, SR DL 3 d J5 I i H 3L 2.
FETZ, Uk 3~4 d HFHERE, 2 K L-F AR REHEAT
Y B0 R 55 AR g =D, B AR
55 2 RIET IR X AT g2 i TR E U S | TH 1k
B AR A REAR T RS s T R
g0 EHBAE R R LG, 5808 ¥k A
WAL, PR FE T . ) e AT i — 2 A
T ARG, 4 d HAFTE RN 46.5% , /I 50% 2L
FERFIR] (A HBETS) A 4 YLK 6 d R ZH MR
FERE BT, RS I A5 R AUH 13.6%. “ A
n] 3% &5 (the point of no-return, PNR) tLFx“ A= 2558
T2 SRR YUK G R IR 12 S AT BE A7 16 — B
] (HEL K 2B BE 0 R, B BT 1 0 4 4 A
PNR AL 6 d.
3.2 4iRREMEAE K

H T E AR o SR PR I s ) A
ABEE A, ) 2% =2 BV E0E 77 A 2 0
AR A A S B — b M, Sh Ak LR Ek
BRI TR TR B I e B Hh B i R 32 0L
TR FRAS R B8 1 1 B A A B A R B BRSO kb
e KRG A B R A KB
MRS 4 26 R AME ARG SE AR R
MR IR BERME AR K FE HATIE BL T, 41
FMEAE A FEEORARHE AR A A= K [l 9 e AR R
TR IR A0 40 5 £ 5 0 R 2 B E T A U R
A R — B[R] 5 PR M, AR W (AR 1 B o i
A RS B R M AR R B AR R AR K A7 B [R] 1Y
Pt AR /N F ER 55 PR - 1 52 e, R S 1 X AR
( Penaeus vannamei ) TEYUK 1~3 d ]G Z W W, B
A e EAMEARRE ST ULk 4~ 6 d 5 AUE AR R Mz
AR [ AR 40 10 ( Acipenser schrenckii ) TEYL 7
114 d J5REB 8 eAbE A 1 LR 21 d 5 eidab
P K20 BEAXTER ( Penaeus monodon ) TEWLEE 2 Fl
4 d R AWRE S, BEARAT HR 7 AME AR S R LI 6
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8 d J5 MR HEMETEk A K2

PR, 2 DUERZH 1R o A 4 3 1 /N T 0 IR
HBRYLER 1~2 d 2H 5% B T0 18 35 22 5w 4h , 5 4
A AR o HE 35 B J /N T B (1L 5) T L
JRBE L WA & T AR DUV IS AN BEAME AR KRy 288,
PR, 78 R BE S 4 (R i 35 Bl A 28 IR 7
R FRYEERL, LA gl A AR A Ok Bl | e & S A
TR Jed /)N
3.3 YUBRMME 5 AEE R 4 AT 7 0% 52 e

YUHIT , 7K 7 Sl 1A o T AL TG 7 B o LR
] A SE A, B B AR [ A2 AR 3. H AR TR AR (Mac-
robrachium nipponense ) BEZE VRS A A IE K | B HH
Tit | JR 2 1 T A0 A U Tl ) 0 M 2 S B R i
WYREG J1 B TH 05 48 B il ( Sebastiscus marmoratus )
TEAURI ] 64 £ 11 I | A0 B ) B A &2 e T
LN Y S PARSREN N  EF R 1
% ( Trachinotus ovatus ) 1Bt &E VRS A 2B | & H
TR 3 2R IA e T I W R B T AR R A, Ve il DU AN
Wi %, i 0 AR | R B R R A A G
SRR PRBE S WA R DU 38 AT IS 8 R e A
IR 5 1 RS T AR 58 v, DR ik AR I Tk ) 4 g
TEAR T A R AR AR i, X SR S MR A
PESh W) 5 BUR AT 4 R AL ) 2 R B R S kg
Je TS E AR IR I (] 2 25 S G R
N B L AN A DY 8 it RE ) o AN [, PEORLE 7R 45
PN TR] 55 | DT S A P O A Tl 7% ) A8 Al A — 3L
KIS R I BEE 0 T R R E 2 . 1) 1L
A S AR P E B DL 245 1k B85 M 205 2)
BEYIREIE AL Lo S5 5 T AL IR Y 53 0 TE VL
RSO, B = X SE AR5 3 ) WL A 3 W 1A s A 553
S 43 WA AR TG v AR G I TESE S R
AR AE (1.98+0.59 U - mg™" - prot™") , JEEE H
BTG S A 5 4 K Hh B IR {H (186.68£20.72 U -
mg ™'« prot™'), 5 AE H i i = IR TCAT L W AE
DU R v 18 A AR A TS A A A
[F]. 31X AT g2 1 TR IR EE K 1 22 S 5 RS Y.

VR LIEIIL /LN & A 3 E A
IEH AR, 2800 15 d MIRE IR, 3E R 1 5 1R
iy BiE SV AR H K B E B REER 7L 1 d
20 55X BREA TIC Wik 35 22 S b, AR AL T T 351K I
FIEE S 9L 4 5.6 d ZHATSAL TALARK -, Wl g2
I TR | B P52 AR AR T P 2R
PTG K2 AN — Bk, AT BB i T PR Y 2H K
SRR, BAR ) KA R ik — BT

4 & &

TENT A W SR I fe b LR 51k 4h
PRFETH)— A T2, X H I R OC R 5%
D) A5 FEHE S R AT sl A A B R AT
JUsi 1) il 8 70 R TR ol S 2l AR LIRS D0 ik A
A5 2) AR B IURAS AT A5 6 d, I A5
IZOCHEIT ] A5 3) g AR PURAR 2SR 55 Hh B EL A 5k
A% TSR AF PG A B T AR v R R S A L
HRIRAS ;4) Al i i WALl IR 1 PR 5470, W 4
IRIEREIRZS.

S 3k

[1] Mehner T, Wieser W. Energetics and metabolic corre-
lates of starvation in juvenile perch ( Perca fluviatilis) .
Journal of Fish Biology, 1994, 45. 325-333

[2] WMillan DN, Houlihau DF. Protein synthesis in trout liver
is stimulated by both feeding and fasting. Fish Physiolo-
gy and Biochemistry, 1992, 10 23-34

[3] JinL (4 W), Zhao N (i WB), Zhou C-J ( JEf%
71.), et al. Effects of starvation on hematological parame-
ters and hematogenesis in Myxocyprinus asiaticus. Acta
Hydrobiologica Sinica (/KAHY)ZEH) , 2012, 36(4) .
665—-673 (in Chinese)

[4] Bolasina S, Perez A, Yamashita Y. Digestive enzymes
activity during ontogenetic development and effect of
starvation in Japanese flounder, Paralichihys olivaceus.
Aquaculture, 2006, 252, 503-515

[5] LiY, Zhu ZQ, Ortegn O, et al. Effects of short-term
starvation and refeeding on the survival, growth, and
RNA/DNA and RNA/Protein ratios in rock carp ( Pro-
cypris rabaudi ) larvae. Acta Hydrobiologica Sinica,
2012, 36: 674-681

[6] Zeng L-Q (¥§4%), Peng H-L-Y (ZHiMIK) , Wang
J-W (35@145) , et al. The effects of food deprivation on
individual variation and repeatability in swimming per-
formance of juvenile southern catfish ( Silurus meridiona-
lis Chen). Acta Hydrobiologica Sinica (7K =¥ 2%
), 2014, 38(5) : 883-890 (in Chinese)

[7] Liu L (X B%), Wu L-X (R5LH7), Zhang W-G (5K
£5%) , et al. Effects of starvation and refeeding on car-
bohydrate metabolism of Marsupenaeus japonicus. Chi-
nese Journal of Applied Ecology (N JH 4 A& 2#4R),
2007, 18(3) : 697-700 (in Chinese)

[8] Yan X-W (EHE®R), Yao T (¥k 3L), Zhang Y-H
(KERIR) , et al. Effects of starvation and refeeding in
winter on the growth, survival, and biochemical compo-
sition of different size Ruditapes philippinarum. Chinese
Journal of Applied Ecology (W HAZ2#H) , 2009, 20
(12) : 3063-3069 (in Chinese)

[9] FanF (F& M), YinF (# &), Peng S-M (¥+
B) , et al. Impacts of starvation on biochemical indices

and behaviors of Sepiella maindroni juveniles. Chinese



2008 NoOH AR F¥ iR 27 %
Journal of Ecology (A:752%2%3&), 2011, 30(10): nologia Sinica (¥ 5W7E), 2001, 32(3) . 233-
2262-2268 (in Chinese) 239 (iin Chinese)

[10] Qu Y-J (KXA#), Liu Z-W (X|¥f). Starvation and [18] JiangH (YL %), Chen G (& MNI), Zhang J-D (3K

(11]

(12]

[13]

[14]

[15]

[16]

[17]

compensatory growth in the young Lutjanus sebae. Jour-
nal of Fisheries of China (/K7=2:4%), 2007, 31(3):
323-329 (iin Chinese)

Sun Z-W (#MFH5) , Zheng H-P (¥RHF¥) , Zhang T
(5K

tion on larval growth and survival of nobel scallop

V), et al. Effects of low temperature and starva-

Chlamysnobilis reeve. Acta Ecologica Sinica (' 752
), 2010, 30(1): 1-6 (in Chinese)

Wang Z-Z ( F&#), Shi J-J (MEHZE), v G-T (A
B ), et al. Development, biochemical composition
and digestive enzyme activity of juvenile Cirrhina mriga-
la under short-term starvation. Oceanologia et Limno-
logia Sinica (MFFESIHITE), 2006, 37(3); 218-224
(in Chinese)

Song Z-B (REM), He X-F (fif2£48&). Effects of
starvation on morphology and histology of digestive sys-
tem in larval and juvenile Silurus meridionalis Chen. Ac-
ta Hydrobiologica Sinica (/KAAEYI2EH) , 2000, 24
(2): 155-160 (in Chinese)

Gao L-J (i #EIK), Chen L-Q (BESLHF), Zhao X-Q
(BXIEE) , et al. Starvation and compensatory growth of
Acipenser schrenckii juveniles: Effects on digestive or-
gans structure and digestive enzymes activity. Journal of
Fishery Sciences of China ( FHE/K=F2£) | 2004, 11
(5): 413-419 (in Chinese)

Wu L-X (=37.5), Dong S-L (FEXHK). Advance in
studies on compensatory growth of aquatic animals after
starvation or under nutrition. Chinese Journal of Applied
Ecology (R A523]) , 2000, 11(6) ; 943946
(in Chinese)

Zheng S-M (FREEH) , Wang Y-N ( EHMELR) , Nie Y-X
(ZMEZ), et al. Study on the recovery growth after
starvation and amylase activity in Pangasius polyura-
nodon. Journal of Huazhong Agricultural University (¢
Tl K224, 2003, 22(5) ; 483-487 (in Chi-
nese )

Wang Y (E ). Bioenergetics of hybrid tilapia
( Oreochromis niloticus X O. aureus) reared in seawater,

in relation to compensatory growth. Oceanologia et Lim-

[19]

[20]

(21]

(22]

[23]

(24]

%), et al. Effects of food restriction and starvation
on compensatory growth in juvenile Trachinotus ovatus.
Journal of Guangdong Ocean University (] ARIHERE
#4R), 2014, 34(3): 35-40 (in Chinese)

Lin X-T (#/Ni&), Zhou X-Z (J&/NH:), Yu H-N
(FH#HEE), er al. The effects of starvation on biochemi-
cal composition and compensatory growth in Penaeus
vannamei. Journal of Fisheries of China (KFE2EAR)
2004, 28(1) : 47-53 (in Chinese)

Gao L-J (Hi#&#%) , Chen L-Q (FRSZHF), Song B (K
£2). Effect of starvation and compensatory growth on
feeding, growth and body biochemical composition in
Acipenser schrenckit juveniles. Journal of Fisheries of
China (FK7=%4%) , 2004, 28(3) : 279-284 (in Chi-
nese )

Yang Q-B (EAM) , Jiang S (£ #), Huang J-H
(TEHAE) , et al. The compensatory growth of Penaeus
monodon after starvation. South China Fisheries Science
(FEJTK R ) | 2013, 9(5) : 25-31 (in Chinese)

Li Z-H (Z=&48) , Xie S (# #3), Wang J-X (E£%E
%), et al. Effects of intermittent starvation on growth
and some digestive enzymes in the shrimp Macrobra-
chium nipponense. Journal of Fisheries of China ( /K=
224%) , 2007, 31(4) ; 456-462 (in Chinese)

Jiang L-H (YLWN%E), Zhu A-Y (K& E), Yuan S-B
(BEIEL) . Effects of starvation on digestive enzyme ac-
tivity and digestive tract index in dustry stingfish Sebas-
tiscus marmoratus. Fisheries Science ( K 7= B ),
2011, 30(4): 187-191 (in Chinese)

SuH (FF ), Qu Y-J (K3H), Li J-E (%
JL), et al. Digestive enzyme activity of Trachinotus ova-
tus. VI. Effects of starvation on survival and enzyme acti-
vity in young fish. Marine Fisheries (1 7 #a0l),
2012, 34(1): 45-50 (in Chinese)

EEE T

IRAIEE, 53,1990 4EAE - wF o A N IK

e FR ST E-mail . lekexin0115@ 126.com

RIERE H

AN

SRAT 88 TETT, R K, A VRN MRS FERE O WA (A AR AR AL B T B2 0 FAE 252741, 2016, 27(6) : 2002

2008

Le K-X, Wang Y, Peng R-B, et al. Effects of starvation and re-feeding on survival rate, growth and digestive enzyme activities of ju-

venile Sepia pharaonis. Chinese Journal of Applied Ecology, 2016, 27(6) : 2002-2008 (in Chinese)



