Tiﬁr + i

< A i O fRE E RSB T A g

P 8 4 4 H

L i)



FoE

BIE

BE4E

HOE

#

il

RN BT 5 e EE B
FE1E  AFHEE O R HERENL
o JEREPI R R D 5

HIRBEOLRBELE R EER
F1E TR
ol NREBFRE WY A X

FEEHR L BT O Y
FIE NREEH & AR T
F2f  BEESICRITTREROEE

PEER E HELR

B HE L RERS

ol HOTREAMEC X B MEREONE
e CNR S

FIH BEDB L USRI T ENEE 08
ot MMBRICRIZTEBIERAE RS

5 1 3CHR

LR

11
14

18
22

27
31

35

39
43
=
47
48

54



&

WHBELOECLHEE Lv ) EEBED
bETHEEBESER SN, BETIIETEM
WEBEBREEICI0MEMTIGEL TV D (CO5RME
BHE ), COWRABEREOEERIEEREY LR
DIMEBRFEOEERICILBLTEB Y, BEHER
—IEOBREFWH TS (SHRBBEEOHE ) B
BBEOBRSIIIEBMONRE 25 NLEW O
R, OO LEWEESTEORIAMRE 22
W, TOXBLEIEEEERKORBIIRLT
BHRLOTE b o7, —BRICBILEROFMA
BEAA IR EONTRELY ZITHE,
& LR OITEN R HALBINAE T % #1453 LA EIE
M2 525, NSRBI LR Z THAE DN
RS T WERICES, TOMHM L&
BETRSY LFROBMEDIET L, 20k
oL ZBHELALLTOEROTERM I 2\,
Blaxter and Hempel (1963) i&, < 0@ BEH IR
NRBEOFRDOERER I H L
return”  LETEL, BHEOARBIICL TR S
KE~VTEES % &Lz, 0
TOBEEEITZ D “critical period” DOWMIAREE
EVPKHRT 5 PBRAROMBETH 7205, ¥
FIZXY KT LAY ONHEB~OEHLEZR S0
KEBERN OB X o TEY MBI TE
e, AIHWOEBREIRBIHELE, £
Ok, BARERMECIZ2ARORENOEE,
RIS X % 24 3 X R T Ao~ RIARTR
s, MPEE R O B EE R O X
h, BEEEBMIRES LG EYRITSHKCE
S5 TWw5,

BEREROEBRO—DL LTHRFENTNS
DYEHBHBRETH S, HRFRIRERRER~DA
THHEORMCL T, 2hEhOBORRED
PEHTEERBRBNE TS, BHEERFOMLE
CHWREET OZERR TR R > 72 BET
i, BEEELYBEML LARKBE 2ELSHT
fThh, BoXREL2 L8 EHILLODH
o KEIT - BAFFEBEEGSE RN X 5T
SEEOEEBOREME REIT - BEW, 1995 T
2, ABOBEREISRK SN CBY, KikBEE
AT AEIROKRS S5 pAZ D, MRFED
PTH VA RBELMETE> b RIEER S L

“critical period”

“point of no -

i

%
L

LT, EHHHRRIZ20005BICELTE K
BT - OB, 1995), 24#HFE T 01444801 X
DHmAERE TV B KRERF - HE,
1995).
BEHBRELEGET 2ERIE, K& {Z2iki
T&%, —2i, HREEORBIVECEET
LB RHEHOMET, ) 2R EHOH
WRIETH 5. BB O RBINETI IOV Tl
BEE (1986) ARFaH T 5 L 912, MEBROKRRKR<
A MBAOEFRHR, HHRE Ak o
REEOLRERELRIATL2LEIH B, &
72, B EN/BYFERT 500 EERR
BFCRET 20, MREN G EEENY L
BRELENMELEERTEY A ZICET MR
PREEL S, BIR (1986) WIHEICHT o HWRIE
KWOWTERLTWS S, BHERTCIREEY O
B aEM R B Y A XY AR IEE
ZULL, HADHIEF A X1 LT D 144480 T
10mm#A» 5 154mm (KEEJT - BB, 1995) & —%&
DMLV, ‘
BSR4 OBRRAEIFHERPRRA
LORERLPLIITbRTEY, Bishi<
YA OBMAERCERENZEICET 2HR &
Washoodhs, BA - %k (1980) 13, WikHED
<A DENEW AR XD B A
OEBFRRCEST A E ISR Eb7HB R
Btz lbrBELTVWSE, T4, EBAR
(1979), B8 - K (1982) 12 X 2 BB ®
FETHE, BRAOBMIFEY - KR A L
FHIC 2537825 10AMFELTBY, AL
B E SN ABEFBARREICES T 532
ZYOBBERETLEEZOND, —F, Wik#k
DB ORMERS TR, BEE (BERWKR, 1979),
C/NKW (3%, 1976), FEHE ( Nakagawa et al,
1991; Villa-Navarro et al,, 1991) 2282BUC BT 5
HEMLNT WD, AR RRBE S
L, LA RAA L HUY 5121330
BEzET 2 (BWAR, 1979, BE S 1984), B
ATHEEH OBE S 2ES AL ¥ —RiIHE
FEHOLORMRLRIE D ATHE ST I~
BFAEPIEVEE LGN, TOBOBIRE P
BRI L 22 V¥ — 8% koL #E



BizloT#HoTwa E# 2 5 2%, Tsukamoto et
al. (1989) it o< ¥ 4 OMMHBLEER D, #
BRRPHBIC LA ETHLLBH LTS, R
PR AE L AT B T & (Yin and Blaxter,1987)

Fod, WMRKWOL AN - ERIBKAOER

*EATHBEELERT, By A4 X+@EEHO
L2,

—F, BPNAETTEIHVERELZEL I LM
B TH 57 o RRBEICHATHECH Y
FESMRShTWE, $72, BRE, M, RE
BROEHSOEBOER L B D+ &M b
hTtwvs, AFROBELMILFAOKRE SIC3RE
HWERVFLET S50, MHERTHIDL ) 2L
REHAEFELEB L EICIE KSR 500 E 1964
Yamagishi, 1969), #0720 Eh 2BH 0¥ 4
ARAEARTCELLRRERDOLDUTL LY
—T%V, COXILKREEDELLHEN K
WLABE, YAXK Lo TELEHRRIET

.3
mjl

FTAHIENFBELPIERTVEBESE S, 1978).
Tsukamoto et al. (1989) b KX X DERLZZEH T
FWLABEOANBEHORELRBL, hdi
PO O T EMEKBEEIC X 5/ B O
BTHBELYHLPWC L, TOXDREED
5, BEORELB - REEMICET 2%
BB LETH S, '

DI EEROD LI, AR AMK
W BT 2 HEEHAE MW o
L, SheziBge LERARKY A APEHOH
KWOWTHRE LA 2BXU3#E), /-, BEXR
ORZLIEHH THEZHRKE L LBL, B0
BREBELIBEER BT I2EMHBRLHL
EEBBET L ERICHEE4E), IHEER L HEC
BWAEEARABRCE UL AEET T 2 BHAF
2, BHBE ST 5 EBHHAFTOADH S
VTR LA (855,



E1¥ AR B 2 lRE AR

B8 FRENICHITIEEEREE |

B1E (FHAMOIEEBRMA

—BRCAEHOMMET D od Tk, BbiFads
BE% % AN LA IR LB 2 B L,
AL OHANEBITT L EEIERC AR
WHRBBEPRENWEEZONRD, T0LI %
REBRBOBITICH ) BREY, AHZMMR I
WA ERNOBIRPHBECKECEMLTS
Foo RTAKXBWTHFHABIC BT B4R
(fBE, 1976a, 1976b; Fukuhara, 1985), W ¥ 18
{(Matsuoka, 1984; Matsuoka and Iwai, 1984;
Kitajima et al., 1985, 1993), {T8I#%R (B - @17
1978 K - B H,1980), &2 H W2k (H,
1969a,1969b,1971a ; Z2%5 - BEH, 1973; EH &,
1992a, 1992b; Uematsu et al., 1992) IZB$ 5%
Bk ShTE 7, |

FHAPOEE X, BRMELE S ERET

BAT A ¥y GBHEHS,1986) 24 4 (D¥,

1991) THIHRTWE, Tho5DBSIL, FHA
DIEFREFREMBITO-ODL A NLE—FEL
THAENRTWEETTE L, W 2POREE

BE2RETHARELECTRA L > CTIREILA .

THLILERLTWS, L Ly A NHRST
BRCBITAIREEHEICHET 202, M
—, HH Q97 K X - THEEAHEO—HL LT
EEORIUCE T 280 8E X h TwWaEET
b, FITHRFE fdvﬁ4ﬁ%ﬁ%ﬁﬁwé
TEEERAHARBEOREAR L OEEL &
HMBENFELRHWTEE LY,

BB LEH X

HER 1987 B L 1994 A BIRHBREER
KRTELLS0 t O LA THE s FHMAL
Bz, ERRFNIME E b I32E—T, WLk
HE»G38HBF 43Xy Ry, 20H
B637HRETR7NMF I 7RIE, 14HP 552
HEETREAE 5 L, AFHBATOHE
BHKIRIT1987EA518.7~19.6CT, 19944FEH%17.3
~195TCTHH, WENFHRAOEEIFASTH
272, REOFRIVIWALHEG, 11,16, 22, 27, 32,
37,42,47, 528 L Us6H BTV, HAF—VT

FERR R EEE R L@ BN BED 20
OREE L7,

HEBYNERE BSLERLTEBI10% Mk
=)y, b LRI UVERETCEEL, BHER
KNG 7 4 vEBE, BEE10umOBEE L
MR R ZER LA XY ¥ - 24 ¥ V(HE)
REEHLZ,

F)a—yrokithci, fBr Yy rrF-a
WTEZE, FEICXY NS 77 EHEB, 10xm
D F - McManus @ Periodic acid schiff FLits (BL
TPASEIIC X 2% BI AT X2 1) v e
YL 2B, ) a—-rrom@icirran
5 — b MR CULEE, PAS RIS ®1TO &R
rHHLTENLS,

FVA DTGl ﬁﬂ%z%ﬁw&w7
LI FBIXU225% NN KNV LT AT FiEG
B0 IMDY > BREEE (pH, 7.4) T20M8, 4T

—REFEL, 1%NUEBRILA A I LB TIOHH
KEEZT oMo THVI—LTHAKE, Quetol
S1IZBH LYV FS 270 b —ATEXL 4t
HEEEL, MvAY 7 r— T L,

BFRgAIE HESE 2/ U2 BT & Jaiss
VFAZBICHO L, FRERESoNTEr T4 A
F—rkfVvaro—y—CAHL, SXRATHEE
BRAT 7 b (Nikon Cosmozone-2S) % FIV»C AT

%L fE 2 R0 72(Toyoda and Uematsu,1994), '

#® B

WALk B B o< ¥ A {FROBLE IR Y
BROLN, T CRERLEBEMSFEBEIATY
2o COREOEEE LM S BRERS O EDN
A, FEIRMABAHAIE LS BEFIIL T/, BB
WA E L, 4 TlBgEshsFE—>
CYEROFENRBOLRLZERE, TTICESR
LEALEHFEINTWEEEZ LA (Figla.
Rl LB ALt 6 B B i ARKERT SR o B Ar i L,
FRABEEIFE LS o0, T T



F1E FHRAMICBY 5 REERER

Fig.1. Histomicrographs of digestive system in the post-larval stage of red sea bream. a; Cross section
through the medium part of body of a 6-day old larva. Larval esophagus, liver and pancreas differentiated in
a certain extent at this stage. Stained with H-E. b; Cross section of the liver of a 6-day old larva, showing
PAS-positive glycogen granules. Stained with PAS and hematoxyline. c¢; Longitudinal section through the
* posterior part of the intestine of an 11-day old larva. The intestine produces PAS-positive materials. Stained
with PAS and hematoxyline. d; Cross section of the gut epithelium in the posterior part of the intestine of an
11-day old larva, showing many vacuoles in the epithelium cell. Stained with toluidine blue. E; esophagus, L

; liver, P; pancreas.
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Fig.2. Histomicrographs of the di
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gestive organs of juvenile red sea bream. a; Cross section through the
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medium part of body of a 32-day old juvenile. Gastric gland and pyloric caeca were developed. Stained with
H-E. b; Cross section through the liver of a 37-day old juvenile, showing fat accumulation which was
detected by Sudan III staining. c; Cross section through the medium part of body of a 37-day old juvenile,
showing some adipocytes in the pancreas. Stained with H-E. d; Cross section of the hepatopancreas of a
56-day old juvenile. Pancreatic tissue partly invaded into the liver. Stained with H-E. A; adipocyte, G,
gastric gland, I; intestine, L; liver, P; pancreas, Pc; pyloric caeca, St; stomach.
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Fig.3. Changes in the liver volume in the early
stage of red sea bream. Data are shown as mean
and SD (n=5).
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Fig4. Schematic illustrations of typical adipose
tissue (shadow) in the four developmental stages
of red sea bream juveniles.

a; 37 day, TL=10.1mm, b; 42 day, TL=12.3mm,
c; 47 day, TL=13.5mm, d; 52 day, TL=16.8mm.
Arrows on the illustrations of a, b, and d indicate
position of cross section shown in Fig.5a, Fig.6a,
and Fig.6c, respectively.

e; esophagus, i; intestine, r; rectum, st; stomach.
Each scale indicates 1 mm.

E1E FHRAHCBT 2 REERAR

iAo FELE RO IZIZHOICAHET
%R 1232 b 7z (Figda, 5a). TEHEBEMEEC
S3EBETIE, BHMBOoARBIIEZRTED S
NTH Y (Fighb), TN 5 DIRFFHIZNERL A R 3
7 A TEAICHEE S N2 (Fighe), BEBIE T3,
MiaZ MR RV FREZ L, BHRFIC
%o B E W72 (Fighsd)e F72, HEHI/NE
ORI TR E R B E & At
(Fig.5e), T HIEEEZERFOMBETHLLEZD
h, BELLCEHBERE LR OMEoEERE%
BRTBLEEZONS,

(Bfbfk42H., £F12.2mm)

HALE I, WSS PREIBAICEP > THE
LB, BHEREITEBEEEOHMBRICH-
THAFAIM~EHE L2 (Figdb), BREEAER S OIRES

PR AR % RIS BVWR S X ICF 0

Fig. 5. The adipocytes of 37-day old juveniles of red sea bream. a: Cross section of medium part of the body
as shown in Fig. 4a. Some adipocytes (arrowhead) appeared in the pancreas in right part of the body cavity.
Stained with H-E. b: The adipocytes in the pancreatic tissue with high-magnification. The cytoplasm of
adipocytes is a thin rim surrounding the lipid droplet. Stained with H-E. c: Semithin section of the adipocytes
in the pancreas. Note the presence of osmiophilic lipid droplets in adipocytes. Fixed with OsO. and stained with
toluidine blue. d: Electron micrograph of adipocyte of red sea bream. The nucleus is displaced to one side of
cytoplasm by accumulated lipid droplet. Original magnification X 12,000. e: Electron micrograph of immature
adipocyte containing multiple lipid droplets. Original magnification X 75,00. A; adipocyte, G; gastric gland, I;
intestine, L; liver, LD; lipid droplet, N; nucleus, P; pancreas, PC; pyloric caeca, S; spleen, St; stomach.
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Fig. 6. Localization of the adipose tissue of 42 and 52-day old juveniles. a: Cross section of a 42-day old
juvenile as shown in Fig.4b. The number of adipocytes in the pancreas increased. Stained with H-E. b: The
adipose tissue with the digestive tract of a 42-day old juvenile. The adipose tissue mass elongates along the

mid-gut toward the rectum. Stained with Sudan III.

c: Cross section of a 52-day old juvenile as shown in

Fig4d. The rectum was surrounded with adipose tissue. The pancreatic tissue (arrowheads) was on the
extreme border of the well-developed adipose tissue. d: The adipose tissue with digestive tract of a 52-day
old juvenile. The adipose tissue enlarged so remarkably as to occupy the mid-gut and the rectum.
A; adipose tissue, I; intestine, L; liver, P; pancreas, PC; pyloric caeca, R; rectum, St; stomach.
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Fig.7. Changes in adipose tissue volume (A) and
their cell diameter (B) in the juvenile stage of red
sea bream. Data are shown as mean and SD.
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Fig.8. Relationships between body length and
body depth, pre-anal length and intestinal length
during secondary rearing of red sea bream.
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muscle, showing lipid accumulation. Stained with Sudan III. b: Cross section through the

hepatopancreas. Stained with Sudan IIl. c: Scanning electronic microscopic photograph of the
intraperitoneal adipose tissue.

Table 1. Proximate composition (%) of red sea bream during secondary rearing

Body length (mm) 27.2+54 33.9+5.6 40.8+4.5 53.5+9.5
Days after hatching 68 75 83 95
Muscle
Moisture 793 78.6 773 773
Ash 18 1.6 1.6 1.5
Crude protein 17.5 18.0 19.1 19.2
Lipid 14 1.8 2.0 2.0
Hepatopanceas
Lipid Nt 72 14.1 11.0
Intraperitoneal fat body
Lipid 5:1 53 6.0 7.5

Body lengths are represented as mean and SD. Nt: not determined.
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secondary rearing of red sea bream.
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Table 2. Biological characteristics and proximate composition of red sea bream before and after

starvation at various growth stages

Days after hatching
68 83 95
, Before  After 16 days Before After 21 days Before After 22 days
Body length (mm) 27.2+542 30.8+¢1.57%*  40.844.56 47.7+3.33%*%* 5354491 58.9+3.90%**
Condition factor  3.39+0.38 2.27£0.33%%** 3361044 2.64+024%%*% 3381023 2.8420.18%**
Viscerosomatic ND ND 994086 4.15+1.36%** 1194271  4.23£0.65%**
index (%)
Hepatosomatic ND ND 1354033 039+0.21%** 1.18+0.46  0.32+0.15%**
index (%)
Proximate composition (%)
Muscle
Moisture 79.3 84.5 773 83.2 77.3 81.0
Ash 1.8 43 1.6 22 1.5 1.7
Crude protein 17.5 11.0 19.1 13.8 19.2 164
Lipid 14 0.2 2.0 0.8 20 09
Hepatopancreas ‘
Lipid ND ND 14.1 1.8 11.0 38
Intraperitoneal fat body
Lipid 5.1 2.6 6.0 2.9 7.5 3.0

Data are shéwn as mean and SD (n=20). Significant differences from the value before starvation are
shown as follows, ¥*p<0.01, ***p<0.001. ND; not determined.
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Fig.19. Changes in body length , body weight and
condition factor of 43.9mm size fish during
starvation. Data are shown in mean+SD (n=10-15).
Significant differences against the initial value are
shown as follows, ** p<0.01, *** P<0.001.
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starvation. Data are shown in mean+SD (n=10-
15). Significant differences against the initial
value are shown as follows, * p<0.05, ** p<
0.01, *** P<0.001. '
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Table 3. Biological characteristics of young red sea bream reared with different ration size

#38 REEM L RS OR

Initial After feeding
6%BW /day 3%BW/day 1%BW/day

(n=30) (n=60) (n=59) {n=50)
Body length (mm) 27.6+2.87 53.7+6.46 47.8+£5.01 38.9+4.25
Body weight (g) 0.69+0.21 540+£1.73 3.58+1.24 1.76+0.58
Growth rate (%/day) — 1.58 1.31 0.82
Survival (%) — 78.5 77.5 38.0
Condition factor 1.8720.10 2.10+0.16a* 1.98+0.13b 1.76£0.10c*
Muscle ratio (%) 19.51£3.0 38.0+2.da* 33.5+2.8b* 30.7£3.8c*
Hepatosomatic index (%) 2.01+0.56 1.80+0.37a* 1.64+0.35b* 1.10+£0.36¢c*
Viscerosomatic index (%) 10.32+1.72 9.62+1.27a 8.63+1.19b* 8.201.26b*
I P F ratio (%) ND 0.88+0.50a 0.23+0.24b Tr
Body depth ratio 4.20+0.15 4.24+0.16a 4.07+0.13b* 3.96+0.12¢*
Relative intestinal length 0.61+0.09 0.71+0.08a* 0.55+£0.07b 0.57+0.07b

Values are shown as mean and SD. Values with different letters (a,b and c) have significant differences (p<0.05) among 3 ration
groups. Values with asterisk (*) have significant differences (p<0.05) when compered with initial values. IPF; intraperitoneal fat

body, ND; not dtermined, Tr; trace.
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Table 4. Effect of ration size on proximate composition and triglyceride contents of young red sea bream

Initial After feeding
6%BW/day 3%BW/day 1%BW/day

Muscle

Moisture (%) 78.7£2.0 76.9+£2.1a 78.8+2.1a 83.0£2.3b*

Ash (%) 1.940.2 1.6+0.1a* 1.840.2a 2.020.1c*

Crude protein (%) 18.1+0.5 20.3x0.5a* 18.8+0.6b 14.8+1.3¢c* -

Lipid (%) 1.2+03 1.240.3a 0.6+0.3b* 0.4+0.4b*

Triglyceride (mg/g)  0.96+0.4 4.54+1.6a* 0.52+0.8b 0.14+0.2c*
Hepatopancreas

Lipid (%) 9.9+3.1 11.1+2.4a 9.0+2.8a 3.0:2.4b*

Triglycerides (mg/g) 55.9+9.7 70.2+10.3a* 40.9+12.5b 1.9+£3.1c*
Intraperitoneal fat body :

Lipid (%) 9.1+1.6 10.1+£1.1a 7.5+2.1b 2.0+1.9¢c*

Triglycerides (mg/g) 54.7+9.8 89.8x15.3a* 34.4+16.3b 3.6+4.8c*

Values are shown as mean and SD (n=5). Values with different letters (a,b and ¢) have significant differences (p<0.05) among 3
ration groups. Values with asterisk (*) have significant differences (p<0.05) when compered with initial values.

Table 5. Fatty acid composition in the experimental diet and muscle triglycerides of red sea bream reared
with different ration size

Diet ~ Initial After feeding
6%BW/day 3%BW/day 1%BW/day
14:0 4.3 3.7 4 : 4.5 ' 55
16:0 193 24.1 218 26.2 27.0
18:0 52 8.5 89 83 8.7
22:0 1.7 13 0.7 13 4.0
> Saturates 30.5 376 353 404 45.2
16: 1 : 5.0 56 4.5 56 6.2
18:1 189 24.5 24.9 232 24.7
20 : 1 47 93 7.1 6.2 58
22: 1 4.1 72 45 4.4 34
% Monoenes 327 46.6 41.0 394 40.1
16: 2 0.7 Tr Tr Tr 0.6
18: 2 105 55 103 9.2 8.5
16: 3 Tr 1.1 0.7 0.9 Tr
18: 3 34 0.7 09 0.9 0.9
20:3 Tr 0.6 0.5 0.6 Tr
16: 4 Tr 0.9 Tr Tr - Tr
20:5 11.0 1.8 33 2.5 13
22:5 13 0.6 0.8 0.7 07
22:6 91 4.6 72 50 28
7 Polyenes '36.8 158 23.7 19.8 14.7

Tr; trace.
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Table 6. Fatty acid composition in muscle phospholipids of young red sea bream reared with different

ration size

Initial After feeding
6%BW /day 3%BW/day 1%BW /day
14: 0 2.1 22 2.4 22
16: 0 19.0 17.0 18.6 174
18: 0 6.1 6.0 6.5 6.6
22:0 17 0.7 13 1.6
3 Saturates 28.9 259 28.8 278
16: 1 48 4.2 4.7 43
18: 1 17.2 184 18.0 18.6
20:1 5.0 3.2 3.6 3.1
22 : 1 1.9 0.8 12 0.9
Z Monoenes 289 26.6 27.5 26.9
18: 2 45 9.8 9.1 10.5
20: 2 Tr 0.6 0.6 Tr
16: 3 0.6 08 0.7 Tr
18: 3 Tr 08 0.6 09
20: 3 14 2.1 18 23
20: 5 8.6 8.5 52 6.1
22:5 26 27 2.0 13
22: 6 24.5 22.2 23.7 242
Z Polyenes 42.2 475 43.7 453
. Tr; trace.
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Fig24. Starvation tolerance of young red sea
bream reared with different ration size.
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Table 7. Comparison of biological characteristics of young red sea bream having different growth rate

Precocious Moderate Runt
Body length of 4224149 42.0+1.24 42.9+1.29 43.2+1.24
sample (mm) (n=10) (n=10) (n=10) {(n=10)
Sampling date Jut.21 Aug.4 Aung.17 Aug31
Days after hatching 73 87 96 111
Daily growth rate(mm) 0.58 048 046 039
Average body length 33.8+£1.37 41.3x1.89 45.5+1.38 52.9+1.65
__of samplinglot mm) _______ ®=30) ______(@=30)_____ @=30) _______ ©=30) __
Condition factor 3.54+0.22a 3.25+0.16b 3.36+£0.44b 3.12+0.70c
(n=10) (n=10) (n=10) (n=10)
Viscerosomatic index (%) 10.2+0.79a 10.3+0.88a 10.3+0.57a 8.79+0.70b
(n=10) (n=10) (n=10) (n=10)
Hepatosomatic index (%) 1.50+0.14a 1.23+0.20b . 1.77+0.42ab 1.51+0.31ab
' (n=10) (n=10) (n=10) (n=10)
Muscle ratio (%) 36.0£1.2a 31.5+14b 31.8+2.5b 28.7+2.9¢
(n=10) (n=10) (n=10) (n=10)

Data are shown as mean and SD. Values on the same line followed by different letters are significantly different at p<0.01 level.

Table 8. Comparison of total lipid and triglyceride contents of young red sea bream having different

growth rate
Precocious Moderate Runt

Daily growth rate (mm/day) 0.58 0.48 0.46 0.39
Muscle

Lipid (%) 1.79+0.29a 2.17+¢0.51a 1.87+0.18a 1.24+0.33b

Triglycerides (mg/g tissue) 2.240.9a 2.2+13a 2.9+1.1a 1.0+1.0b
Intraperitoneal fat body

Lipid (%) 11.72+42.42a 9.28+1.56ab  9.83+2.79ab 6.78+4.62b

Triglycerides (mg/g tissue) 9.3+2.9a 8.0+1.2a 82+3.1a . 4.143.7b

Data are shown as mean and SD (n=10). Values on the same line followed by different letters are significantly different at

p<0.01 level.
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Table 9. Comparison in protein, nucleic acid and acid phosphatase (ACP) activity of young red sea

bream having different growth rates

Precocious ~ Moderate Runt
Daily growth rate (mm/day) 0.58 048 046 0.39
Protein (mg/100mg tissue) 18.2+0.77a 16.7£0.73ab  16.4+0.69ab 15.8+1.40c
RNA (ug/100mg tissue) 77.6+6.35a 84.3+7.56a 68.2+2.5% 58.8+10.5b
DNA (ug/100mg tissue) 14.5:0.64 15.0+0.62 12.9+0.75 1431226
Protein/DNA ' 1.25+0.08a 1.11+0.02b 1.27+0.05a 1.00+0.06¢c
RNA/DNA 536x0.61a 5.63+0.55a 531x0.17a 425+1.12b
ACPase (unit/min/mg.protein) 1.06+£0.17a 0.72+£0.17a 3.16+0.43b 5.34+0.99¢

Data are showed as mean and SD (n=10). Values on the same line followed by different letters are significantly different at p<0.01
level.

Fig.25. Radiograph of young red sea bream.
‘Unfed (A, upper) and fed fish (B, lower),
showing some iron particles in the stomach
(arrow head). Scale bar=10mm
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Table 9 KHFRH Oy o7 BEEEBIUEBE
BEXRT GHFO I N2 EBIEIBEEDET
CHWEZY, REREFHLRETIRFEOBIZ
HRELERVAON, DNAGBESHOMTIZ
EAY—ETH o720, RNA ERIBBEARED)S
FECE S Zo7%, ZORBE, REREHOD
RNA/DNARIZMFF I HRTERICE o7 %
72, ACPase {HtiX, REODF - B CHEMEIE
{lpotz,

BE&EYA XEBEE Fig 25 CTHEHEEATZRER
AL EELERE EEREORXREE ¥ 7R
T, EEEREE, TIrEHGEKROBRESRTH D
P, BELABETEITORCHEIEIBLE S
hiz, B, RBRANEERE x) LEHB ) LB
2%, y=157.43%-4.40, r=0.994 (n=15) T/REh
7255, CORRREFBECHRAODXHTHRE S,
B, BER%)=(REEAREE)X100
EHEE L7

Table 10 KHAAREX LBEBDL0%ICHHY T
LRBREAR RS LSBRREROKBER L/~
BEEOBERLRT, REKEORE, KEE

Table 10. Feeding rate under the coexistence of large and small sized red sea bream in satiation and

restricted food supply
- Satiation Restricted(1/2satiation)
Large Small Large Small
(n=15) (n=15) (n=15) (n=15)
Body length (mm) 8.09:0.38 6.26+0.51 8.55+£0.24 6.16+0.35
Feeding rate (%) 2.57+1.04 2.69+0.66 1.36+0.52 1.02+0.74
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Fig.26. Relationship between total length and
otolith diameter in the early stage of red sea
bream.
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Fig.28. Micrograph of sagitta of 60-day old
juvenile of red sea bream under UV light. Fish
was marked with ALC twice on the 22nd and
40th day after hatching (arrowheads).

_32"

F4E RELTHLBEER

100

804

604

y=21.574x +59.991,
r=0.927 (n=102)

20 T T

500

450

Otolith diameter (um)
>
o
o
i
®

y=39.797x +140.715 ,
r=0.969 (n=50)

150 T T
8 10 12

14 16

Total length (mm)

Fig.27. Relationship between total length and
otolith diameter on the 22nd and 40th day after
hatching.
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Fig.29: Relationship between measured total
length on the 60th day and back-calculated total
Iength on the 40th day (A), and 22nd day after
hatching (B). Dashed lines indicate 95%
confidence limit of the relationship.
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Fig.30. Size frequency distribution of measured
on the 22nd day after hatching and that of back-
calculated from otolith reading of 60-day old
red sea bream juveniles.
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Fig.31. Size distribution of original Lot 1 (76d, 36.1
+4.6mm) and Lot 2 (65d, 29.9+5.4mm). Small size
group of Lot 1 (S-1, n=70, 31.8+2.0mm) and
medium size group of Lot 2 (M-2, n=70, 31.7+
1.9mm) were used communal stocking experiment
for 48 days.
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Fig32. Size distribution of original Lot 1 (76d,
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Large size group of Lot 2 (-2, n=70, 374+
1.6mm) and medium size group of Lot 1 (M-1, n=
70, 38.0+1.8mm) were used communal stocking
experiment for 48 days.
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Table 11. Muscle consitituents of medium (M-2) and small size (S-1) groups of red sea bream after
communal stocking for 48 days

Initial Final
M-2 S-1 M-2 S-1
Body length (mm) 31719 31.8+2.0 62.7+£9.0 63.3+8.8
(n=70) (n=70) (n=64) (n=064)
Body weight (g) 0.93+0.12 0.89+0.15 9.01+2.36 9.18x3.09
(0=20) (n=20) (n=20) (n=20)
Survival (%) o 914 914
Growth rate (%/day) 4.05 3.47 139 141
Coefficient of variation (%) 6.15 6.17 14.31 13.9
Muscle constituents (n=10)
Lipid (%) 2.5+0.25 2.210.12a 2.520.32 2.7+£0.30*
Protein (mg/100mg) 18.2+2.49 17.4+2.48 20.7+£3.09 19.5+3.00
Triglycerides (mg/g) 7.6+£2.11 1.2+0.48a 9.7+4.42 11.8+4.00
RNA/DNA ratio 3.0£0.67 2.5:0.70 8.1+0.89* 10.7+1.92a*

Data are shown as mean and SD. Values with different letters (a) have significant differences (p<0.01) between two groups.
Values with asterisk (*) have significant differences (p<0.01) between initial and final values.

Table 12. Muscle constituents of medium (M-1) and large size (L.-2) group of red sea bream after
communal stocking for 48 days

Initial Final
M-1 1.-2 M-1 -2
Body length (mm) 38.0+1.8 37.4x1.6 69.7+5.8 68.0+5.9
(n=70) (n=70) (0=66) (n=68)
Body weight (g) 1.68+0.13 1.70+£0.15 11.0£1.78 10.3+1.99
(n=20) (n=20) (n=20) (n=20)
Survival (%) ‘ 943 97.1
Growth rate (%/day) 371 4.31 1.22 124
Coefficient of variation (%) 4.76 435 8.26 8.66
Muscle constituents (n=10)
Lipid (%) 2.4+0.23 2.7+0.49 2.7+0.37 2.6£0.27
Protein (mg/100mg) 17.3+1.47 17.3x1.70 183+1.85 19.1x2.67
Triglycerides (mg/g) 524336 7.8+3.38 9.942.37* 10.0£2.07
RNA/DNA ratio 3.1+0.74 4.7+1.10a 8.7x1.26* 8.7+1.37*

Data are shown as mean and SD. Values with different letters (a) have significant differences (p<0.01) between two groups.
Values with asterisk (*) have significant differences (p<0.01) between initial and final values.
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Fig.35. Growth of red sea bream released into
the natural water after acoustic conditioning.
Vertical bars indicate SD (n=10).
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Table 13. Biological characteristics of red sea bream released after acoustic conditioning for feeding
into the natural water

Date Oct.2 Oct.7 Oct.12 Oct.28 Nov.15 Dec.8
Days after 0 5 10 26 44 68
release
Body weight (g) 274456 37.2+8.6 46.6+9.2 48.9+104 60.819.5 68.4+6.8
(n=10) (n=10) (n=10) (n=10) (n=10) (n=10)
Condition factor 2.50+0.14 2.53+0.12 2.53+0.15  244+0.07 2.60+0.13 2.42+0.90
(0=10) (n=10) (n=10) (n=10) (n=10) (n=10)
Viscerosomatic 8.77+0.85 9.99+1.74 10.03+0.83 8.66+£0.58  9.18+1.03 10.0+£0.90
index (%) (n=5) (n=5) (n=5) (n=5) (n=5) (n=5)
Hepatosomatic 2.06£0.40 2431044 2.194£0.40 1.70+0.32 2.60+041 2.65:0.50
index (%) (n=5) (n=>5) (n=5) (n=5) (n=5) (n=5)
IPF ratio (%) 2.16+0.78 2.74+0.85 2.62+0.70  3.18+0.67 240+056  3.33+021
(n=5) (n=5) (0=5) (n=5) (n=5) (n=5)

Data are shown as mean and SD. IPF, intraperitoneal fat body.

Table 14. Proximate and lipid class composition (%) of red sea bream released

conditioning for feeding into the natural water

after acoustic

Date Oct.2 Oct.7 Oct.12 Oct.28 Nov.15 Dec.8
Days after release 0 5 10 26 44 68
"Proximate composition
Muscle
Moisture 75.8 75.6 75.3 758 758 74.6
Ash 1.6 16 1.5 1.4 1.5 1.4
Crude protein 193 193 194 19.8 194 19.5
Lipid 33 35 3.6 42 34 4.6
Hepatopancreas ‘
Lipid 15.2 157 11.8 10.8 9.1 11.2
Intraperitoneal fat body
Lipid 70.7 747 73.4 73.7 69.6 78.2
Lipid class composition
Muscle
Triglycerides 77.8 83.2 86.7 87.8 852 874
Free fatty acids 3.5 03 14 12 1.9 1.1
Cholesterol 03 02 03 02 0.1 02
Phospholipids 18.5 153 11.7 10.8 12.8 114
Hepatopancreas
Triglycerides 71.5 744 78.7 493 64.9 553
Free fatty acids 214 16.7 9.5 359 12.9 288
Cholesterol 04 03 0.2 1.1 04 14
Phospholipids 6.7 8.6 11.6- 13.7 21.9 14.6
Intraperitoneal fat body
Triglycerides 96.7 97.5 97.0 983 96.9 98.6
Pree fatty acids 0.8 0.6 0.6 03 0.7 03
Cholesterol 0.5 03 0.5 02 04 0.7
Phospholipids 2.0 0.5 1.9 13 1.9 04

.40.
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Fig.36. Changes in muscle lipid content and lipid
class composition of red sea bream released into

the natural water. PL, phospholipids; TG,
triglycerides; Oth, others.
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Fig.37. Change in triglycerides (g/100g fish)
of red sea bream released into the natural

- water. 1, intraperitoneal fat body; M, muscle;
L, hepatopancreas.
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EXEWH

Studies on lipid accumulation in releasing red sea bream

Tetsuya Umino

Recently, fish release projects have been routinely carried out to enhance and rehabilitate natural
resources of Japanese coastal waters. Red sea bream Pagrus major is one of the most important finfish
species for this sea farming program. There is a consensus that a major loss occurs in the released fish just
after released into natural waters due to insufficient food intake. Therefore, higher level of energy storage is
required for seeds to be released. In particular, the lipid accumulation level of the seeds is considered as a
key indicator for setting up the optimum release size as well as for evaluating seed quality. In the present
study, the lipid accumulation of releasing red sca bream was investigated in relation to optimum releasing
size and seed quality. I also investigated the relationship between lipid accumulation and growth depensatibn,
and the possibility of improvement of seed quality in relation to rearing conditions.

I. Lipid Accumulation in the Early Life Stage

Development of lipid depository-organs

Glycogen first appeared in the liver on the 6th day after hatching. However, lipid accumulation in the
liver was not observed during the postlarval stage. In this stage, the lipid accumulation was localized in the
vacuoles of the epithelial cells in the intestine. Thus, the epithelial cells of the postlarval intestine are thought
to play an important role in lipid absorption and storage. Concurrently with the development of gastric gland
and pyloric caeca, the lipid vacuoles in the intestinal epithelial cells disappeared. Lipid accumulation in the
liver and the adipocytes were detected histologically on the 37th day after hatching. This result indicates that
the liver and adipose tissue develop to the lipid depository organs after fish grow into juvenile stage.

Development of the Adipose Tissue

The adipocytes were first observed in the pancreas of the 37-day old juveniles. The volume of the
adipose tissue increased in the pancreas with the progress of the growth of fish. However, there was no
remarkable change in the average size of adipocytes during the early developmental stage. The results
suggest that the growth of the adipose tissue was exclusively caused by hyperplastic growth of adipocytes.

II. Morphological Development and Lipid Accumulation
During Secondary Culture

Morphological Development

Until 30-35mm in body length, the relative fin area (%) (=total fin arca / body surface area x 100) and
viscerosomatic index (%) (=viscera weight / body weight x 100) decreased with the progress of the growth of
fish and these parameters stable. Muscle ratio (%) (=muscle weight / body weight x 100) increased
parabolically with growth, and the value reached constant level when body length (BL) reached 40mm. The
mouth size and intestinal length increased in proportion to the BL, showing a turning point of the coefficient
at 35-40mm in BL. These results revealed that morphological development in the juvenile fish is completed
at 40mm in BL, at which the developmental stages of red sea bream change from juvenile to young stage.

Lipid Accumulation and release size

Moisture content of the whole body gradually decreased until 35mm in BL, and keep a constant level
thereafter. Muscle protein and lipid increased with growth of fish, and became stable at 40mm in BL.
Triglycerides (T'G) level among total lipid in the muscle increased with the progress of the growth and
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reached 30% at 40mm in BL, which was two times higher than that measured before secondary culture. TG-
level in the intraperitoneal fat body increased parabolically with growth, and reached constant level at 40mm
in BL. These results indicate that the development of lipid accumulation in red sea bream is almost
accomplished at 40mm in‘BL. Therefore, it can be concluded that minimum releasing size would be at 40mm
from the standpoint of the lipid accumulation.

1. Lipid Accumulation and Seed Quality

Lipid Accumulation and Starvation Tolerance

Fish at various growth stages were submitted for starvation test to assess the nutritional condition and
seed quality. Starvation tolerance increased with growth. The TG, the level of which increased with growth,
was preferentially consumed during starvation with suppressing exhaustion of muscle protein. On the other
hand, average body length highly correlated to starvation tolerance (50% survival) within the range of 15mm
to 50mm in BL. Moreover, excellent correlation was found between TG level (per 100 g fish) and starvation
tolerance. This result suggested that storage level of TG is a good parameter to evaluate seed quality.

Effect of Ration Size on Body Constituents

The effects of ration size, i.e. 6% (satiation), 3% and 1 % per body weight per day, on biological
parameters and body constituents were investigated. When fish were fed 6% ration for 42 days, their storage
level of energy such as protein, total lipid and TG, increased. When fish were reared with 3% ration, their
lipid accumulation was inhibited while they experienced a body length gain 1.7 times. This indicated that
increasing the body length gain has priority over lipid accumulation in the dietary energy provided.
Condition factor and muscle ratio decreased with decreasing ration size. Body depth and relative intestinal
length showed the same tendency. These results indicate that these indices are good parameters to assess the
nutritional condition of young red sea bream.

IV. Lipid Accumulation and Growth Depensation

Growth and Body Constituents _

Some biological and biochemical characteristics were compared among fish having different growth
rate (runts, moderately-grown and precocious-grown) of the same lot at a similar growth stage. Runts were
characterized by a low muscle ratio and viscerosomatic index. Analytical results indicated that the runts
lacked energy reserves such as protein, lipid and TG On the other hand, RNA/DNA ratios of runty fish were
also lower, compared with the other groups. Low energy storage and protein synthesis of runts could be
explained by low food intake under the pressure of size hierarchy.

Estimation of Growth Process Using Otolith-tagging )

Growth process in seed production was estimated using otolith-tagging with alizarin complexone
(ALC). Fish size on the 60th day corresponded with that estimated from otolith reading of the 22nd day.
This result indicates that the size-differences is formed around on the 20th day after hatching and the
differences is maintained during subsequent growth. The observed average total length on the 22nd day after
hatching was 5.76 = 0.69mm (n=301). Back-calculated total length estimated from 60-day old juveniles was
6.291 0.71mm (n=138), which is significantly bigger than observed one. This disparity in average size could
be caused by that smaller fish preferentially died or was killed during the culture in the tank.
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V. Evaluation of Rearing Conditions in Relation to Lipid Accumulation

Effect of Size-grading on Body Constituents and Growth

Two experiments were carried out using juvenile red sea bream of Lot 1 (76d, 36.1+% 4.6mm, n=471)
and Lot 2 (65d, 29.9+ 5.4mm, n=383). In experiment I, fish of a small size group (31.8 2.0mm, n=70)
and a medium size group (31.7+ 1.9mm, n=70) were selected from Lot 1 and Lot 2, respectively. These two
groups, after differently marked by fin-cutting, were reared together for 48 days. In experiment II, a large
size group (37.4+ 1.6mm, n=70) and a medium size group (38.1=% 1.8mm, n=70), which were sorted out
from Lot 2 and Lot 1, respectively, were also reared. No differences of size distribution and daily growth rate
were observed after 48 days rearing between the two groups in both experiments. The size-grading resulted
in the enhancement not only of RNA/DNA ratio but also of lipid and TG accumulation in the small size
group. These results indicate usefulness of the size-grading for growth improvement especially in runts, and

suggest that runts have an ability of growth as well as medium size fish.

Usefulness of Acoustic Conditioning

Young red sea bream fed with artificial diet under the so-called "acoustic conditioning" for 15 days in
floating net cages were released into the natural water. The fish recaptured from the natural water were
subjected to determination of biological characteristics and body constituents. Any apparent reduction in
condition factor and storage level of lipid was not observed in the released fish, which was probably due to
active feeding under the acoustic conditioning. The released fish accumulated sufficient TG before
wintering. Thus, the acoustic conditioning for feeding before release was found available for increasing

stocking efficiency as to alleviate perturbed condition after releasing.
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