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Studies on early mass mortality during hatchery rearing of three

grouper species, Malabar grouper Epinephelus malabaricus, red

spotted grouper Epinephelus akaara, and leopard coral grouper
Plectropomus leopardus

Kenzo YOSEDA

Abstract : Some grouper species belonging to the genera of Epinephelus and Plectropomus,
studies for aquaculture and stock enhancement in various countries have been undertaken
because these species have a high economic importance for fisheries. However, mass-scale
rearing of grouper species has not been successful compared to other target aquaculture
species such a red sea bream Pagrus major and Japanese flounder Paralichthys olivaceus
owing to an unknown cause of early mass mortality. For this reason, the cause and mecha-
nism of the early mortality during endogenous nutrition and initiation of exogenous nutrition
is urgently required to elucidate making improve on early survival under mass-scale rear-
ing.

In the present study, three species of hatchery-reared grouper, Malabar grouper Epi-
nephelus malabaricus, red spotted grouper Epinephelus akaara, and leopard coral grouper
Plectropomus leopardus were studied to elucidate the cause of early mass mortality under
rearing conditions. The duration of absorption time in endogenous nutrition ranged from 0O
to 28 hours after the onset of feeding, but that of the other five target species is longer than
grouper and ranged from 43.5 to 90.5 hours. It means that larvae of grouper are character-
ized by the earliest exhaustion of the endogenous nutrition and for that reason the shortest
time leeway to the onset of feeding. Moreover, the negative growth point exactly coincides
with the time at which the larvae completely consumed the oil globule in the present study,
and they also possess very short periods for resistance of food deprivation from the onset
of feeding on 6 hours in the present study. These results indicate that early mass mortality
of grouper species occurs due to food deprivation depending on unsuitable rearing environ-
mental conditions related with first-feeding during the period that endogenous reserves still
remain and/or immediately after they are exhausted. Based on these results, I conclude here
that the most important matter to improve the mass-scale early survival in grouper spe-
cies is to keep and maintain optimum environmental conditions such a water temperature,
photoperiod, aeration, light intensity, and circulation methods in tanks related with the first-
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feeding stage during the “critical point”. Such an experimental design and approach demon-

strated in the present study is available to clarify the early stage of mortality not only new

aquaculture target species but also natural larvae when and why the early mortality occurs.

Key words : Hatchery-reared grouper, Epinephelus malabaricus, Epinephelus akaara, Plec-

tropomus leopardus, mass mortality
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N Bt Serranidae DI, WY, BIO
B I IA < 4048 (B, 1984 ;5 Randall, 1990;
AE, 1993 %W - /AR, 1994) L, mCTHh~NF R
Epinephelus & X Y 7 T J& Plectropomus \ZJ& T % %%
DO R I REFN L ATEATE W T & H 5 BRI B
FTEHL K OMEPHAROAR L ST, KET7T V7L
DOFETHITbNTE 2o AFIFETHRE L2y
FII~NTIBDOY A NN Epinephelus malabaricus
& ¥ VNS Epinephelus akaara, BELIAT T TIED
A YT 5 Plectropomus leopardus ® 3FTH 5, DL
Tizans 3O EMATREBNT 5,

YA MFEIINIEOFTIEIEE 1m M LICE
FTHREDONYFTH S, RFEIIFKRFELHHT
79 A B LKL 2% (Randall, 1990) o PR
BCAMIIRD EELRERNFEO—DLINTED
(FH 5, 2005), F7z, HETHEMGICERITTD
NTBYEEINBHEEET VT R ENE RSN
Tw3 (Liao et al., 2001)o AMIZDOWTIIME M
TAZBUT 2 BIREIR & T ATESR (EARS, 1986),

JFFR (Chen and Tsai, 1993; Shiau and Lan, 1999;
Wu et al., 2002) 7 EWCBET 2078047 T & 72,
FINTIEINTROPTIEEE60cm FEE D/
FIZE SN Do AREIEH RIS WA N,
S 5 IZHIEEE B R R W B RIS T TR ST
A (Fril, 1984 ; EAE, 19935 M - /AR, 1994)
BV CTIE7 a7 EMSNEIRTH L Z L6
HRMOEM L LTHS »OBESNTE-EES
NRESEGIRO 1 D TH 525, 42 O A HR
LTWwa (FFE MY E BB G, 2001). A
EER T TORBBMHEA T 2012, dH 68
IS A2 TN TE Y, THFETITHEINE
PRFEA B L OESoFEE (BT - RBH, 1991 ; = -
KA, 1993 #BJ)I 5, 1996 ; &, 1996 ; EE &,
1998 : Kusaka et al., 2001 ; Okumura et al., 2002),
FEHHII D 583% (Kaji et al., 1995), A (K &,
1990; E®F - T, 1990 ; &ET - ], 1997 ; Yamaoka et
al., 2000), B X OEHERMN (BB S, 1998 ; =¥,
2001 ; BAS 5, 2002 5 BAS S, 2003) SIS 5
W5
AT T I, ABEEHS» OWEEBA - T
7, BXUA Y FEHEEHATHEAYT TROMPTD
% (Frili, 1984 ; Randall, 1990; #fifk, 1993). AHiiL,
U I TR A ) PEBOFRE MR LK
STHESN, HHTEINTHOP TR D EMETID
FlEINTVREELDRIEZRD 1 OTH b, &
2OV TIE, KENTOREIRARE (FES, 1992
A - Bk, 2005), SRPNSSAE LAT-HEMR DO TEREZAL
(Masuma et al., 1993 : Dody et al., 2002), B XY
L VTHRT AR OB ERYE (FHE - A7, 2001)
7 EIZT A T b T &7z,
FRL72&912, ZTho oy 3 HIERF 2
EASE W72 DI A B B 5 IS5 B 9 A IFZE 28
TN TED, NFHEIIBEORD 510 H#RI#IC 4
U5 KE RS RELZHTHEE SNTEL
(8IS, 1966 ; Hussain and Higuchi, 1980; it # 4 -
K, 1982 ; A S, 1986 £ A1, 1989 ; Fukuhara,
1989; b B, 1991 ; Duray et al., 1996, 1997; &% - i,
1997; Toledo et al., 1997; Okumura, 1997; Sawada et
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al., 1999; Yamaoka et al., 2000; Toledo et al., 2002; 1=
&5, 2003 ; HEE, 2003 ; HEZE - BL{iEH, 2006), —
BSOS A U % K e 00 54 &
BRICEDbo T LR INTWS (Lasker, 1962;
Blaxter and Hempel, 1963; Laurence, 1973; Wiggins
et al., 1985; Kohno et al., 1994 ; Kohno et al., 1997;
Kohno, 1998), I HDFLTIE, N & IhEk % W
§ B WEH ASWIEFE & BRI G LT b EEES
NTWwa, by, N"FEOMBBIEICEL T
NERSTE & BH R D% (Kohno et al., 1994; Kohno
et al., 1997; Kohno, 1998), f44 X - %, K,
MREE4 (Toledo et al., 1997, 2002, 2004; ¥ - fif,
1997; Yamaoka et al., 2000; HH &, 2005 ; HE}E - i
fik[Hl, 2006) = EDBEALTRONTEZ, IhD
DFFEIE, NFFHTIINERED SHHRREICY ) B
b HHrEE “critical point” DIBALIREENEFRICK X 72
B RITTREZRRL TS, L2L, NYH
DR H A PE TAE T2 BT 2 WIHIHE & BB b o T
V5 LRI N TV 2 NERRIEN O &8 & I
5 % & AR ITY) D Bb 5 iR & o BIFRIZIH S
PITEIN TR,

ARWFFETIE, bk L7205 F 3O NIRAKED S
TRARIZE) ) Brb % F TORBINHE H Z A > TR
KAEOWIPLRR % /720 T2, ZOMAITEDWT,
PIREAT O RENDIN & FHOMIBREFE I & D X 5 125
LTz, NFHOBFERT 2@ LT,
yEOMUAEROmM L HE L7z, 1 ETIEYA
MN%, E2ETIEIFINY, EIB/TIIATIT I%
B & 5T, KHAFEONFBREOWIGERE & ¥ ]
DENDPZDORDOTHOME & EFRICKITTEEL N
Rize HARFELESBECTIATT T 2MFEEMEL L
A Z I LS5 720 0FEARBICZI D A
7o HBOMTIEINS ORRZIDY M, WFenf4 &
L 722N % % 3 FHIZ 51T 2 WIIRRE D S BUES v & #I0IAE
FOm LI L TRENZZEL1TH LI, 481
B S N ZEERE I D W TRk L 72,

FT1E RESKEEVEBEOEADP YL MNE
Epinephelus malabaricus IF & DK & IC R
FyEE

YA INFEWRFEL ST 7)) A B L OFLEIC
AT AREDONY OMEITH % (Randall, 1990),
AT HATIEMWMT (PS5, 2005), T/, i
TIT TIREFICHEE CTHEE RS E L ThHED
FH5NTWw5b (Liao ef al., 2001). JiREIE K B RERY;
JNE IS CIE19974R 1 94 & 35mm T24)7 ) Dff

WAEIZE L TWAD (&5, 1999), HEAH
ORRFEIZ L - TH Y BT R0 EFEIZ0.7~184%
EREL TRV,

ARETIE, YA MIIFRONTRED B IHRRE
WZH) ) B B F T ORI R 4 5 KR TOWNES
REOWIOERZ TN, ZFofERICESE, fREL
DENHZEOBOFAORE & EK, B L O HETHE
T LRI T T T B O W TR 2,

mhEFE

HE L3R

B O AR AL DRI K R S B N E 111 5235 T 200k L
AAE 112 ATy, RAHOI8RE (FHhE
20.6kg) % FEIIICHL L 720 AKIEEAER & ) ME A FRER O
FEBRIH W22 HEIE, Wi d IR K R A
WIS TR L7285 o BREIN TR Oz O
ML 720 AR OKAENTOREINEZI8~20WF (2 BIZE &
N, FEINEARIZR 1R CRET 5. HREIITRS
NP, IR I L, SZAEI0 & £ ZRGI0 (LK)
W2, ZAREIOARE EOE = — VENEKE & b
12#910,0008% /L OBECTINAE L THIBREZHAL,
20L AEDFEIEAF T — VA (FKEI0L) (AL
THDH ARREE S N EINFEY (B, () KER
GWfget vy — NEINFEEL Y - DF, A&
IR e v & —) F TR0 ) Tk L7z,
AR ERER I B 72 52 K IR 20014F 6 H17H S,
72, IEEAE BRI AL L 72 b 01320024E 6 H21H 1245
BN DTH B, KRB L 72J 0 Fupes &
B e AR 2213923 £ 176 um (n=50) TH o720 ThH
DO E 1kL BaR) 5 L VKM SENENZE
12500047 /kL O EETIVE L7z IR R Tl
500L BfaRY =F L VKR (7Y v 7KiE) 6
~SZABHN 2 = 22, 1250k / KI O BET, 72,
R THROAEKREBREEZARSLI00L R) =51~
JRAE 6 1 I2iE 1 Hio sMbiFa %2 ZFh 2333923
DA L7z WE LA OER L EERFAEIE275+
0.07mm (#=22) T&H - 720

1. BEBKBEHETTOY A FNEFEDORERRE
RN & HEFBE

HEBRRORE Fh 5 KIRIZB D RO
KARWIGEAR 2 R 5 72012 KH25, 28, B X 031T
D 3RBRIX %% E L, 250000052 KE98 % 1 kL K4
SEANZENENNE L7z, b, FEIIKIEE ZEKIE
DIREED D - 72KiH25TC & 31T K DZHINZI0L %%
BOCEZ— VEICANT, 1kL KHENEIN, K1
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BRI MRS E = — V48 h 5 1 kL KMli~NiEKRE & D
B L7z KBk~ % IS EZ LT — Y5
ATVhV, ZHEINNEROBEEAT — VIXEARD
(1986) 12HED EMABBIED G AT — TV Thotze A
FRERIE50% DA DS S L L 72 I 50 & 3Bk % Bds L
WMERDE G DS HRT 1 %R & 2o 72T
BT E L7 BB, 22 TIE50%DHFHADEHIL
TR 2 BAIIRE & 2k L, SMEB ORI % HAH &
MR L, S SICREBMGRORERE (HAH) 22
WTIEsfbtr e R L L7z,

FEOABERE KABIAFEILHENHELY ¥y —T
20014E 6 H17H~6 H21HIZ2 M 1kL Ry = F 1L ~
KA 3T & IV THER L 720 &R Bk O EEIZ60W
DHENEEKLIMEDS L, WTFHORERIX 2480 0
TS E Liee 72, AW LHH 5 VI RKIERIZIZ
HEE=R99% D IEAY & Bl LIS H Ot 8l L7z, 15
B4R L7 BRI U H Sk 3 A7 o 7 B3R T
ZEESEL7-0HTHS (Yamaoka et al., 2000). #
REIIMEICHEL, EAOEKREIZS5 ~10mL/ 5%
THEH L 72o Ki25T X 132.2kW 0% H#E (TC -
2200E, 1W—#4Ef1) %, F7-, Kil28CIX &31TIKX
TIE1IkWoe—F— ¥ —FEX % v b & T
L7z RERMIE o0& X 0kiRIE25C X 2525.2+0.6
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T, 28CX#%281+02C , B L V30T K #31.0+0.3C
LY, 1ZITHREKREHERFTE

YA M AErZHRBICES, #EFEKTD
DT LYOHEZE IS 2 HET, JPRNERD S
AR TRECT WRoOBEMHFy /77007 T R
Nannochloropsis sp. (A x ) = HBIEEDS0H
cells/mL & 7% X511 H2M (9, 16W) #wimL
720 SEIJ L ¥ Brachionus rotundiformis % 4 ¥ (LA
T, 74Y) @A—nN—ArulLs (FulL 5T
15L/ 7 & Y 10MEMEKR) T 6 ~228:f o Fez@imfbizic
2 HE D17 RGNS~ 10K /mL o it T 4.
2770 3 HiaH» o BT £ TIXI0RE & 15K 1 H 2
MIFHKF DT L 2% %GR IR R ORI &
WEE L 72,

HEOERERE SMErOHBKTET2~6
I 5 R B C R D BRI & Y8 & 4T o 720 SRR
RIS N7z 5 RBX D10 DO fl, m -7 3/
BREBIFNVAY A VEL— b (BRI T
5~10ppm D #EEEIZ THEEBZICA T A F 7T A2
B L, HE{%MH Y 7 b (Image - Pro Plus, Media
Cybernetics #) Z#FHWTAEE, WEELE IPHE
£, BXOWMEREZ0Imm B E CHE L2, I
L Bk DR F4 1 Blaxter and Hempel (1963) 12#E 1,

0 6 12 18 24 30 36 42 48 54 60 66 72 78
Hours after hatching

—0—25C

—+28C —A—31C

Fig. 1-1. Yolk sac (upper) and oil globule (lower) absorption
in Malabar grouper E. malabaricus larvae under different
temperature conditions. Different symbols and bars indicate the
mean value and standard deviation, respectively.
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Hi# I 3ME MMk E LT V= /6LH® (L 139 D ERE
H I3 OF%), HEIEMKE LT V=4/3nr’ (r
HERDPE) OFMRATHIE L2, 5123205
7 % AKImGAF I BV 5 B B4R31E Yoshida (1956)
e, BT X5 I2RkD 72,

[=loo— (loo—[y)e "

22T, L BEHEBOER, t ISAELTHL0R
MR, oo 13 WRIAE, [, 3ALEHROEE, B
I aHITHERKZRT . ZOMEBRAIL IMP
Ver5.0la (SAS Institute Inc.) THH L7z,

HETIE K RBRIX oI & koA L X OF
YaEREo#EE, —ItiE OGN THEEDRD 5
NAEICRY, ZEIEME (Scheffe ) & Hw
THEBEZOBELZIT, AREKEZXS %E L, 32
DR KRG T TOREARE - test THRE L
720

2. YIEEEEER

HEBRRORE AKREBETEY 7)) v 7KW LD
5 1~ 2 K¢ IR C20R A7 & S 2 (PRI L C Y
IR % 3R, 50% OMRASBIIT L2z (2 Hio
198 ; OHAMO) %3kt UCBrZ B L7z B
W27 A Y 2 20fE 4K /mL D JE#ETH- 2 5 RERIX % &)
WMEXHIKX (Gp. 1) &L, 1X25 6mMEIZEZ
521X (Gp. 2), 1 K2 5128881252 5 3 X (Gp.
3), BIU1RX» 52412525 41X (Gp. 4)
T —F, WMEXICNTAEAA T4 T3 b0
—VELTEGMo5X (Gp. 5) &&ld, Ait5 ik
BRIX & L7z,

6 Hifid 7 W (84HAMO) IZH ¥ 7Y ¥ 7Kl 5
XORBX TIEEWITEVRETH 572720, F0
B TEREBR T E L, 100L R 5L ¥R LK
AU & o THM L 7 AF Ml % 3B T o A2 5% )2
B L ek, RilBEToORBEBGHE ORI
(HAMO) (22 TIXBORy % Jik & 172,

HEFZE BRI AE LR v ¥ —T20024F

6 H14H~ 6 HISHIZA T TEHNDI00L KV = F L
VOKMEI0M 2 IV CHERM L, FlBRXIE 2 X328k
7z TOMICKREBX OY > 7)) v 7RiEE LT
500L R =F L v KM 5 & Hv7ze Wi hd KiR
#2CIHED DI + ¥ — N ZAFRTIREZEH
L, 100L KX 1-kW Db —F —LH—FRX ¥ v

%, 500L KHEHIIRA T—2HWTHEL. &
FRER X 0 KA E TSR H#R99 % D FEW Y & B L
7o AKABTYLERIZHOGAT 4 2 8 KR (36W x 8) % 2
FLRRE L, KR TH1,0001x F2 5 0 IR A3 HERE T
X5 L9107 IS0k &V, RERRIE D
O RERHE T IR C2REH OEI &R & L7z, kI
EICHE L, #AKOEKRILS ~10mL/ 5 T
L7zo YA IFHREREIRBICRD, fEKbO
7 LY O E iS5 BT, JRIERED O Bk
TH % T, DHA & EPA # K Lzikkr oL
S5 (A—n—H2rulF V12 rul L% ik
TEEASI0H cells/mL & 75 X921 H2ME (9, 168F)
WML 720 Z OO 7 dd Lk U 7K a2 ik
U7z,

HAEOEMEBFESZE WBEZHG L 2 BHiol19
K (OHAMO) 7 & #lBi#% T (84HAMO) % T 6 I
] T B CREL O BRI & P E % 4T o 720 S BISIREIIICER
W E N/ RBX D20 Dol e g Lk L7z
KRB HE U7z, RS Lo, HILEdh
DILYRFHMT B720, A54 FZFATHLOR
L7:%, AEWBEMEET TT A Y OILEEOAZ L
THADO T A VB RD 72, SFIEARITITA L
T ORE R R IRIR TEl - 72, FHEE UL,
Y xi/N (i 1 ¢ T HOEAROBA L, NIZEIZE L A7
%) TmRL7z

HEtE KRABXHEoOFHERE A 1RYND
OB O, B L OAEERERE, —IoEEDSE
N CHBEEDSED SNHAICRY, S EEKRE
(Scheffe ) & HI\WTHBAEOBEZITV, AREKE
E5%& L, HEANBRDLNZHEIZOVWTOARIZ]

Table 1-1. Some selected aspects examined of early stage larvae in E. malabaricus under different

temperature conditions.

Temp. Mean total length £ SD (mm) Mean volume of yolk sac Mean volume of oil Time (h) from hatching to
8D (%10 *mm’) globule + SD (%10 *mm")
At Atonsetof  Atonsetof At Onset of At Onset of At onset  Onset Onset  Exhaustion
hatching mouth opening feeding hatching mouth hatching mouth  of of mouth of of
opening opening feeding opening feeding endogenous
(C) nutrition
25 1.84 £ 0.10" 2.83+0.10" 2.77+0.14"° 1,910+ 742° 30.6 +8.7" 259 +16.5" 44.6+ 8.3" 56+1.5"22+1.6"56 68 86
28 1.79+0.22" 266 £0,05" 281 £0.06" 1,347 £377" 232 £8.7" 4.9 £10.0" 484+ 7.8 49+ 1.6"1.1 +1.9"47 65 74
31 1L71+0.16" 267+0.14" 272005 1336+865" 162 +9.7" 28 = 38" 459+10.8" 4.9+3.4" 1.6+ 1.3°40 46 52

Mean values in the same column with different superscript are significantly different (£ <0.05).
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% CHENEZITo720 72, 1~ 4 XOKBERH B R
DT L VEHROERTI LT L VRO SR
DM R ET ~ ¥ OIEAHB TN, A RKRER 1. REB3KEXRHETTOYA MNAFEADOANEBERE

1%& L7z, IR & ST BIE
H R D SMUAF A (1=10) DINHE & MhERARL
25C X 1,910 £ 742 446 83 % 10 'mm’, 28T X T

35
25°C

a=0.045+0.003"

28°C

Total length(mm)

31°C

25 F

20 F @=0.173+0.01F

Oil | 1 1

0 20 40 60
Hours after hatching

80

Fig. 1-2. Growth of Malabar grouper E. malabaricus
larvae from hatching to the time of complete oil globule

absorption under different temperature conditions.
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(31,347 37748478 % 10'mm®, B X U3ITK TIZ
1,336 8654459+ 108X 10 —4mm’ TdH - 72, D
GREEARREAS LRI HERT 5 % LU N £ TR &S 7zl
KA R b H 31T X T2HAH Ll b <, 2
WT28TC X T32HAH, 25CIX TI338HAH & ik b &
Dol IMERD PN & AR 2R L, SMERRICEH
T 5 %N E THRINS N7z RE1X31°C X T22HAH,
28°C X T56HAH, ¥ X U"25C X CT68HAH & 7% D,

5T, MMERAEAECPIN S W72 IE31TC X T
52HAH, 28C X T74HAH, B X Uf25T X T86HAH

80 r
60
40

20
0

(ind./larva)

[+
[—]

60
40

20

Ehhotze TOEHIT, WNEBREIZRKIRIT EHRH
WX SN B AEEE TH - 72 (Fig. 1-1), F4
OO E MREEIZZhZh, 25T X TIR56HAH &
68HAH, 28C X TIZ47HAH L 65HAH, X U31C
X CIZ40HAH L 46HAH ICBI%2 < 7= (Table 1-1),
KRB X D ST DI & HERD TR ICOWTH
BEAEOREZIT-72 (n =10) WEAROAEZ
B LIRE & W AR IO B, Wb 25T X DN
HARABICK L) bFFICKE o7 (P <005),
L2 L, MEROARREIZSEE, BICIEE, 3 X O EE

Gp. 1, Rotifers fed initially from 0 HAMO

0

Average number of rotifers in digestive tract

80
60
40
20

0

0 6 12 18 24 30 36 42 48 54 60 66 72 78 84
Hours after onset of mouth opening

9 1 7 13 19 1

L1 1 1 I 1

(Time)
1319 1 7 13 19 1 7
] | 1 1 | 1 1 |

2DAH 3DAH

4DAH SDAH 6DAH

(Days after hatching)

Fig. 1-3. Diel changes in average number of rotifers in the gut of Malabar
grouper E. malabaricus larvae between Gp. 1 and Gp. 4. Negative control of
Gp. 5 is starved. Closed arrows indicate time of first-feeding.
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fHREO VT IIZBWTH BB oA EET o7z
(P >005, Table 1-1)o

— 75, Yoshida (1956) 28wy, sAbd S aliEk %
CEWCEINT 2 FTOREEZTARLL A, HER
B oa HI1ZKIE25C X T a =0045%0003, 28CIX T a
=0.116+0.009, B L UI3ICK Ta =0173+0014& %
D, BARIEIERERBPERICELS Zo/z (P
005 Fig. 1-2), L2°L, BOBOEEDOARIX, K
AR DIV CEAMBD 2 EBX L ) S AEICKE
o7z (P<005 Table 1-1),

2. ¥EIREHER

YA MNEZFAOTLVBEEOHE 55Xk
BRI 0 % BB X O SF AR 2 728 2
%, 1X1366.1%, 2[X13679%, 3 X13624%, »
TU4IXI3564% & e o720 1~ 4 XDEBEHEH D
T A VRO SR EBIRT 5T A VEEROS
R e OMPEZ R E A, MBEOMIIIHER
M (P<001) 250, 74 VEHRITLIFY
AR & ) LTz,
FR1IBRLAYDTLSEFLHBEHORE &%
RBXBEICBIT 2001 R4S ) OFHEMB D

EWE R L7012, AEREOMELRZIT> 720 TOHK
B, A2HAMO TIZ2 KP4 X I Db HEIC (P
005), 3X4XEDIHEEICELLEHL TV (P
<001)s 60HAMO TIiZ2 XA 1 X & D, B2
AARX I HEEICE CEMHL Tz (P<005),
66HAMO Tl 1 X & 2 XA VFNd 3K LD AR
WCECEHLTWE (P<005), X512, 78HAMO
TIRIXPARIDDABEICECHEBLTWZ (P
005, ZOLIHI, FARLIENZYDOT L VFHE
EICIE, TR~ 3 XA 4 RICHNTHEICS B
T AHENEH -7 (Fig. 1-3)o

ARB R B 2740 1 R Y472 ) o FEEEKO
LEIIFRBERBTERL72L ) ICEEENEDON
7oo LA L, 24RERIEIGME L LTW A I D ST,
FZHRBX OB O — 7 3nFhd 10ICBIEsS R
AT O HNZ BN 5 X % BTk /8y — V&R L
72 (Fig. 1-3),

BREEEZE ABBEG (OHAMO) 7 5 B
T (84HAMO) F T, 1285 [ R FE < & 3B X [ 12
BUILVPHEEDAEEDMERITo 7 AHEER
24HAMO 2258 6N, 3XP4RXESKEID LA
BIZK& D o7 (P<005), 36HAMO % 584HAMO

Table 1-2. Results of initial feeding time on mean survival rate and mean total length in
malabar grouper E. malabaricus larvae at the end of the experiment

Gp. Initial no. Final no. Survival ~ Mean total length + SD

no. (individuals) (individuals) rate (%)  (mm) at 96 HAMO

1-1 3,339 302 9.0

B 3,339 208 6.2 (n=23)
6,678 510 7.6 3.74+0.24"

3:1 3,339 84 2.5

23 3,339 826 24.7 (n=20)
6,678 910 13.6 3.71+0.11°

3-1 3,339 79 2.4

3.2 3,339 259 7.8 (n=22)
6,678 338 5.1 3.69+0.13"

4-1 3,339 194 58

4-2 3,339 35 1.0 (n=20)
6,678 229 3.4 3.330.18"

5.7 3,339 17 0.5

s 3,339 3 0.1 (n=5%)
6,678 20 0.3 2.67+0.11°

HAMO is expressed as hours after mouth opening time. Mean values in the same

column with different superscript are significantly different (P <0.05).

*, Only five samples were successfully measured due to the weak condition of larvae.
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FT1~3RXIEVITNHA4XESXIDAFREITKEL
(P<001), %72, 48HAMO » 584HAMO % Tid 4
KA5X &) bHEEICKEN-72 (P <001)o

— 7, ERAE L7225 X 0KEIZ24HAMO 2
LHAMO ¥ CHOBEZ R L, B o Tt
L4557 (Table 1-2, Fig. 1 -4), RE®ETH
(96HAMO) O F¥AEFERFEIX, 1 KH376%, 2 X
136%, 3X1351%, B X4 X1334% & 725 720
IR LT, WHHE L5 K TIX03%E 2D,
HRBXETHEZIED SN o720 00D, FH
BAOEBPENS Z L0 & o THEBREMMET 3 4
AR 57z (Table 1-2),

E N

R O T — IR O R 2 S e 36E 1
KO EF I - TRES NS & Sh, JFICERZ
) FFEDEREY 4 X3 & ) IR TREME T 5150
BRONS (BEfr, 1988; Seikai e al., 1986; A i 5,
2003; Aritaki and Seikai, 2004) c AHFZEICB VT B
L1, #InEEH, B X ONHREORIN R L ORESR
BlIEKiRIE EFEMEE SN (Fig. 1-1, Table
1-1) 72& z1E, Kii25C X o B LT & ) [ B i
RO EARRIZKEIICK OB DL D A EITKE
< (P<005, Table 1-1), WXOHREKRE %228
TR OINH & IMEROBIPGEFE Z T X O EfEZ R L7z
(Fig. 1-1)c IhH ORI, B2 KESEMHEICE
o TFRAR RN A T 5 N REORINGE DSR2 5
TLEERLTBY, Thbb, WIRERIUIKIRS
Ik oTary ra—VTELIERRBLTWVS,

4.0
£
£ s
. - x: Gp. 5, tifer fed
5 p. 5, no rotifer fe
=T}
=
=
E 30
o
(=]
=
2.5 A L

99

EHIT, HFROBRERIEKRIZEABIIES RS
S (P<005, Fig. 1-2), #i2, HFAOBROKEDF
BeERIIKESDTCTXA28CKX EIIITCTK I ) AEICK
Ehosz (Table 1-1), DN FFHONEHREZILIL
BT 5mXDOPT, Fx A B WNF E. coioides
FFEDOMERDOTIGER I KIEDO A TR L TEFICL 5T
LB EZITHLEWMEINTEY (Toledo et al., 2002,
Toledo et al., 2004), HFHADFEE LD IMERTIUTBR
BEMICEoTREAENDLZEERBLTWS, 55
BEFFLEMTO LD X ) RERBEER T ONERRTE
WGAFE B EZ 52 TV AR E ) 2R T 2058
Wb

WIBREII 72T T RIS E b mAKIRIZ &7 <
RS NS Z Lid Ll L7225, BKIRIC L o TRES
NIRBE IR ONERFBRINOE LD HELET
5HEMBAERO RS IAFE S EDL EH RV,
LS, BAKRICE S TEEMEEI N LY A b
INTAFHIZ24HAMO ISR 2 WL, BRI D
B VITAEFRIY AL % A ) AR R DRI A3 2 <
ENE BN OTH b, ARIFETIERLR B KESEMT
TOHEFRRIZE L TE#EL T Zawgs, KiE31TK
DOWERFTH IR D B RIS I, ARz I ) Fb
5 FTOREMMAT L HEHIOWM & v ) FHIEZD S b W
EBROE» S IAFTH S Z EBRLFICTHMENS,
FERE, AMHGAOREMEBYTIINTCTEZBASL L)
KR TIERERESHRE SN TBY) (&S,
2005), ZORRITEEHE 1T L TKIREGDH
WIAERICHS T ARELRERO—DTHD I L 2R
LTWwb, &5, ¥IYNY E. akaara TIHEKIRT
BHERLT L, INRELTFROT A APKREL RS

- O3 Gp. 1, Rotifers fed initially from 0 HAMO
{3 Gp. 2, Rotifers fed initially from 6 HAMO
; Gp. 3, Rotifers fed initially from 12 HAMO
A Gp. 4, Rotifers fed initially from 24 HAMO

0 12 24

36

48 60 72

Hours after onset of mouth opening

Fig. 1-4. Growth of Malabar grouper E. malabaricus larvae under
different feeding conditions. Symbols indicate the mean values of

total length.
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E#ESNTEY (Okumura, 2003), Z OFHEIIN
SHEOREMBEZIT) LCIEELER 2L, A
D KR & FINATR D BARIZ OV TX SR ORFIEHE
RefFb7zv,

—F, B AR ICARTLIYA PY LT
BERD, BAKRPOSEAKEE TR AATELA ST
Ammodytes personatus TIEKit6.5~15.5C DK
BRI CORENRETH D, NHHREIZKIESST
DFEMTTIE 9 HEDIREIZZE2ITHIN S, HLERIREE
THERMMAERET 52 L2 5 NERBEOWIND AT D
MIAERICE > TR T LHBRNZ DO T A
T T (Yamashita and Aoyama, 1985),

AAFTERELRDY, YA YOI IZHEEE
RIS REZ IR L, #IFEA R & WATET
T EB A EE D WK [H] & SR BAAG 2> © D [l 1] fig 2 7t
LM EREE & ORE TS 2 Lk, WEHERT % EH
5 LETHRHICEETH S,

MR ERER T Bk L 72 SRR O R B B DA
RO E, Kin28C D&M T THIREHE DR L
DEDTFADOE EAFRICRIT T EZ Mz, FH
2250, 6, BLOLRKHZICKELAZ1~3KXT
FEMOHNEE) L REICHE L TIIAERELRZITRD S
Niroiz (Fig 1-3,4) TOZ &L, BHKEDR
512HAMO F TIIZIBFABRAEH L KELZRT &
RELTWS, L2L, 4HAMOICT7 A Y % 5.2 72
AXOBEREIX 1 ~3X L) BHEREICH - 72(P<0.05),
RER THROAERIZOWTERBXB TAEAEERHR
DO NLh o725, PIBHEEFORHE R D B, o724
XTI 1 ~ 3 XOKGHHRE L D b EFRDSE 1
Holz (Table 1-2), ZHITKH LT, HLERIREEE L
725 KO EIZIZHAMO 2 5 REBER T F TROKRE
ZRL7 (Fig. 1-4), ZORMIZAS{LHEORIC
B4 5 ETIHAH ISAHY L, BB L7258 7% %Ki g
HFETFTOY A IIFADONIRFERII & FHHHFED
FERACHE L 2 LBk 2 S22 S L 2R (7TAHAH)
EIFIE—HT 5, X512, 3XIE5 X TRDOEENEE
U7224HAMO IZHEI L TV A IZ L ST, HEE
HEFRAST ~3IX & ) P ITH 5 T/, Yamashita
and Aoyama (1986) &4 & F TOHEHELE BN
AEFREREBICRITTEEEZRR, AHETIL9 Himb
RS IIGRE % 4T o 7 B R T 12 H B AR 9 Il ke
AT OBV WEZ IS o722 L h b, TR
[ % ALK IS 2 9 % 1145 0] fE 20 0 S PR & e e L
720 AWIFETIECOERICED, X I HEEL
HERABHZICE DL RA ¥ P EANZHOYKICTHT 2 ) 5
AR T RE 70 M AT IR RS & 33 %, LT O TIE,
COEFICEL L L, ¥4 PFFHTIZ24HAMO

KT 2 9 5 B4 ] BE 20 # B R & 72 B0

A 71 TTIIIPE OWRIPURFINE A SR I L CTRabEny
HLDOTIEHRWVWE LTW5 (Yamashita and Aoyama,
1985), L& L, ¥4 b F TR ERBRLAXHICHS
227 “critical point” ASEFE L, Z OEERH W) ]
ISR 208 D TEDOBROBE L ERIKEL
Efidhiz,

BAETHRRD LI, NIYOMBEDOAT TS P,
leopardus (A TIIHNTBRED ST RZIIY D Bb
% 3 HigO#EM=E L 5 HEOAEKRR L OMIZIIEE L
MBS, WEEHO S 4 IV I BZEOBROTHO
R & AFRICER IS LTEBY, AEOHELEL
—HE L7

K= ¥ Clupea harengus (Blaxter and Hem-
pel, 1963), plaice Pleuronectes platessa (Blaxter and
Ehrlich, 1974), grunion Leuresthes tenuis (May,
1971), 4 &1 F I Ammodytes personatus (Yamashita
and Aoyama, 1986) 7 & o> £ W] 45 0T HE 7 i 4 ek
2351tk 5 HELEH D, HUKISH L TlRVWARTH
HIEPMEINTVSE, IS0 fElX, plaice %
B TEREEIR & 2 W IERIE IR T AT RO T 4 X5K
&L, BARBETHAZ L EORBELRT S, —,
Y7 5 Scomberomorus niphonius £ 0 BIE W] HE 7
BERIIZ0O~1H&E XN TWwWS (Shoji et al. 2002)
Houde (1974) & Lined sole Achirus lineatus, bay
anchovy Anchoa mitchilli, 3 & U sea bream Archo-
sargus rhomboidalis ® 3 fFE % R L, Zhb
® critical point 1 51b#%25~35HICH 5 L HEZE L T
Wb, TOX) AR TS YD, HEBWIRKIE
WCABL, SMEEHMBICKE 2EELE L 5 005
BTHDH.INOLOMHBEIZHRTY A bNY ORI,
PRNAEA30.88~0.96mm T HiZ4AT & 5 V13 BT Hhigi 12 A
BT5 (EAD, 1986), F7z, AT TIZHEOK
FBERTRA v b EMERE EEITWILT 5 B & 2513
1%L, PEEEOY A I V7 ERERPZEDHDT
BOWELERICKRECEEE 52562, 51,
FFADREEINIMFRE L FRICHS L, AEfHATIE
FUKIZ T AIEDS T E B S o &5
12, RBBRTIEIMNEEOKMERH SRR Y, D24
R OEWASMEE L2 lb 63, Ml (1~4
X) ©7 L TEHRE T L VEBEEOHNEENIZITIE
—HLTBY (Fig 1-3), WMEDOMIZITAE =B
BRED LN (P<001)s ZHIEAFEFMATEN%
DA DOBRED SB) XL HTHIEERELT
BY, BROHREY AL2EET 5 LHKICTIHZH 5
[ fE ] B e A AT PR R X S SR s b 2 Lick
5o

2



N5 HH 3 HO> 1) 1 IRCRE 2E IR o 1 1 101

IO, YA MY OMEKREZM ESEL7-0
\21&, FE8 “critical point” DIBAEIZE b B B 7 fil
BRUEEZ DI ENLETHY, LhblF, YA b
NG AFRCTIZB 24 BLNIC A & — XZHEE S € 5
EDPREEEERIT) LTRFICEETH S,

F2E ¥WEIBBHOEN D X P /\4Z Epinephelus
akaara 1IFRDIEE, BEK, PLUEKICKR
F9E

FINY E. akaara \INFR=NFEIEL, KB
DO TIZAER60cm FEEO/NFIZHI S b, fEK
5 (1990) |ZGDH ARIBEEMER S EHHEEY (B
(M) KEREMIEL v & — EWEEEL Y ¥ — 5 D
T, EEEEMEYL Y5 —) TIRYMEIZ4 MDA GET
Fr 2 EH30mm O % A5H40307 8 (CE¥ AR
341%) HETHI LI Lz, L, Thlk
32005 R Lo EALIS KD L 7R8I % <, £t
AR REHAN DU IR LT & 7z AFIIBAIRED
10H AT IZAE U AR & 2 00EE, & 0 b FIIHE
BRI L 270 LA Coss (b 2 BT I & Sh
T & 72 (Okumura, 1997; Yamaoka et al., 2000). *
7o, EE A (1997) (ZHEENIHDI L 2 0 AUIA
M7 3EI2 2 5 R, v bW % Point of no return (PNR)
RRETE LD ->72b00, BHBORED TROEHY
\ZPNR DSFFET 5 LI L TV 5,

ARETIIKI26C DULEESM T TOMNIBARIE DI
BWEELIR, ZORHRIHEOE, WHEHFOENDZ
DBDIFRORE L AT, B LU RIZ %
BIZOWTHANTz,

M EFE

HE LR

FEERICH W 2/HINE, wEhd () KERS
Wiget v & — R REEL v ¥ — TR L7238
POHREINTEONZ DR L2 FINTIHH
DO PERHTE OWRINGEFE % T 722 K913 20024E 7 A 30
HiZ, F7z, FINMHEEEGRER % P72 H 01320034 8 A
AHIZHLNZBDTH L, BB THEOLNZIIDOF
PNEE & R 2213763 +19.3 1 m (n=50), ZHEHIZ
37.3%CTdh - 720 20034F12 BT 5 EFpEEEHEL Y ¥
—TOFINT OFYZRERIZI05%TH Y (FH,
2003), fAH Z&MF T TIEZR IR O DK O R %
Thb. BAOERIIEHERHEL Y ¥ —T50kL
KA 1M & T T, MO NFUIIE0R (K E
03~0.7kg) & HE10E (KE05~09kg) TH - 72,

AR CA SN0, FEIRRENCEIN L, AR50
EARZHEIN (TRIR) (25T, PEBARAE O WILEFE % 7
N7 TIZ05KL R Y = F L KA 1 1 ~\20,000%7
/KL OFETIE L. MREH ORI, 58 L
TZHEIIE S HO ¥ = — VigNEK & & B 1210,000%:
/LOFETINAELCHMBEREHAL, 20LEFEDOR
WAFO—VE (F2KEI0L) (SHIE LT () KER
Higet v & — Ll v & — F TR 8 e A
Tl L7ze WA L7 RN PO HIY T,
0.3ppm D F F T ¥ ¥ MK T 1 GBI #ER, 5001
TNT I T SMEAREICIEE L CAMLEfED, Z 0K
T 2 Hilfh % Tk OKi23C, #i4-34ppt, HE25L/ 45)
THML 720 2 HEHIZ, 500L 7 V7 3 7 LK<
BHHL Q7% SR Bk~ 2 BEH I X - T
2,500 3 DI L 72

1. KB26CERHETOX I NFFAORTFRERIN

EREBE

HEBRRORE AHABIIKIRE26TIZBIT 70N
PRI L FE M ETRD 72D E N L7z ABR
1250% DOMAEASSE L2 S L, WhER%E 554
WX L 7B CReT & Lo B, B O %%
L RERBAH ORGBIERICOWTI, 1 ZEoNLER
W & FEE MAE % 7R BR e U 7,

FAREOEETRZE RRIETREHEL 7 —T
20024 7 H30H~ 8 A 3 HICHENE L7z Bkt 1
BT 136 (36W) ikl L, 24BFRIofEBH &M
& L7z SR A L, SRR R koK
HE Lo KifIZOSkW Db — % — 2 H—F R % v
MEHWTHREL, SBREHBRED23.2C2A51H1T
DEETHEA IR Z TV, REKIRD26TC I3
DBAI100 % Wl E05E L, S80I o K 125.2 =
09CTH o7z RAKZBL T (A=—=HrulL I
V12, 7a L 7 13) ORMGE, 74T OfaiEkE
BLOT AT ORERLT L, B 1 FEOMBHEAE
BRICHE U 72,

HEOEMEBTESE MoK T I T4
1 I B TR O FRIL & ME 2 AT o 720 B BISTRERIICER
WENBRBX D0RBOFMAIZ, m-7 3/ LRAE
BT F IV A5 v ANFA— b (AF L) TR (5
~10ppm) ICAT 4 K75 AICBL, Higdkek (=
IV —-12) THOREICHIEKL, Y8V FA (3
v ha) EHWTEE, WHEE WENE BIY
MEREE 2 0.Imm HALF THIE L7z, IR & ilisko 1k
e, 81 ZONIREBRIN L BEH MR T2
RBRIZHE U 72
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Fig.2-1. A; Yolk absorption in newly hatched larvae of red spotted
grouper E.akaara at 26C. Closed and open arrows indicate the
onset of mouth opening and feeding, respectively. B; Oil globule
absorption in newly hatched larvae of red spotted grouper E.akaara.
C; Growth in total length of red spotted grouper E.akaara larvae
from hatching to the end of the experiment.

Table 2-1. Some selected aspects examined of early stage larvae in E. akaara at 26C water temperature
condition

Biological aspects Hatching Mouth Onset of Exhaustion of
opening feeding endogenous nutrition
Total length (mm) 1.58+ 0.03 2.27 +£0.05 2,30+ 0.04 —
Volume of yolk sac (x10 “mm’) 1144 + 168 212+43 15.4 £ 4.1 -
Volume of oil globule (x10 '4mm3) 265+ 3.5 24+03 1.0£0.5 -
Time from hatching to (hrs) = 56 71 92
- — = 21

Time from onset of feeding to (hrs)




N5 HH 3 HO> 1) 1 IRCRE 2E IR o 1 1 103

2. YIEEHEHER

HBREOFRTE F2WELEIFTIE, AWHENICE
fHASUTRE & 72 B e & [HEEIRHLG), F72, FEBICH
%52 BNTHHAPEIGD 2 W % [FIREA] &
LCXAT %o AGRERICA 2 R IEAT B AG o e R % 77
N5, REX L ZPNREHEH oK (0.5kL K
VT L UKAE) Rk, BIIIRE (3 HEgo 0FE) 12
75T R20EE /mL ©FEHETH Z, HEBIE~2
R[] [T bR C & D KAl 2> & K950 R FEBE DA & FRILL
T LY QBRI E TR, FORE, 3 H#D17
B (BATBRAG 0 BERY - OHAOF) 24T B % A350
%LLEICERE L 72720, ZF O % BRI O KRR &
EFEL, RREBRZRG L7, BERBORIC R L
CAREE LT T AV R 5 2 BRI 2 A IEX (1 X
Gp. 1) &L, 1RX»56RMEICTAYZE 25X
(21X :Gp. 2), 12BRIBICT7T LAY %25 25K (3X:
Gp. 3), BIXUISHMIRICT AT 25 25K (41X
Gp. 4) %70 —7, RMEXICHTL2ATT 4T
arvbu—)v& LTEREX (5X: Gp. 5) O&F
5 BRI & it L7z 6 HiiO 118 (66HAOF) 125
X OREEX T EBITEVIRETH - 72720, Tl
HTHRBRT L Lze 2 HEOWNEREZ RBHED
ARRERE L, /2 6 HEOEEGEHIZ X > THI
L 7 ke B T D A FRIB R E L7z ARERT
OREFER MG R ORGERER (HAOF) 122w Tl IEAHEH
BRERJLHE L LCim U bo

FAEADOEERZE Rl LHEEnEery vy —
T20034E 8 4 6 H~ 8 HIOH IZZE N ®DO5KL K1) = F
LV KRAE10TH &2 WV CTHERML, &RBRIXIE 2 X3 Dok
F 720 HRERX O KAl E I3 EER9% DG %
P L 7ze KA UL ERICHOT 2 2 (36W x 2) %
ARIE L, AR TH2,0000x R EE O BREEASHERE T &
X907 INLOEOLIT & v, RERB I 2
SMERAR T CURM OE ML L, KikER
X DK 0 cm 37K R EE 121,600~1,8001x, 7K
T30cm TiZ710~1,000lx THERE L 720 SRBRBA UGS 2
BB TR F TOMBAmIZ025L/ 5k L, BRI
IR AKREE & Lo KlBRX OBAEmRF 13591~
6.72mg/L THER L 720 KiILIZ0DKkW O — % — & ¥
—ERXZy b HWCTHIRL, RERFGEE (2 Hi)
D244C %5 6 B 120.5C D EA T 4 (2R % 47
W, BREKIRD26TC I 3 HEGD 7 REIZHNEL 720 3
Hiii 5 3B T TI1326T 2R L, ZBRX O
¥KIRIZ244~267C O#MPA TR L7z, K7 B L
S5 (R—=sn—Hrul s V12, rualJIT¥) oM
Tk, T Ay ORI, BXUT LY oREmL)
L, B 1 EoOYREARERCHE U,

HEOEREBIERE AERBIIGIEA 5 BT
T 6 KEHI I CRABL ORI L [ & 1T 5 720 K BIEEHE
MR S N7 B X D20 DIFADOHIE, T4
HA, BIOPHEMBORN TR, £1EOH
[EIEE S L A

HEtE KRBXHEOFHERETM1BYSD
DOEME D, BLUEREONE, BFICT L VE
fE#R L T A VBB OMBIZ, %1 Eo) R IEAE KR
IZHE T 72,

B R

1. KB CEHTOXINZFAORIFRERINE
HEBE

SMLEEDIF (1=20) D4&E (B = M F%)
(£1.58 £0.03mm, JP# & ERAAE 131,144 = 168mm’ &
265+35x10 "' mm*Tdh - 72, FIHAMERL D L F L
WL RN, i IE25HAH 12 5L X THI75%,
44HAH \ZIZFARIC5% LT T, & 5IZ76HAH T
SN E N (Fig. 2-1-A) —F, %H&HIX
40HAH 12 5 LBRICHA~TT75%, 68HAH (213 [AARIC 5
% LT T, $5I1292HAH TEHAEIIWINE 7 (Fig.
2-1-B)o

R OBIES6HAH, 72, EEBAIZ7TIHAH I
BlEEs N, S SIHEMBMAD S MBkE 22T
% TORMIZ2IKEHETH o 72 (Table 2-1).
L OLFEIZSLA 512HAH £ TR Y472 1001~
0.03mm DEFERZ R L72A, FHLKED SRR T
F T130.00~00lmm &fEen K EFRExR L7 (Fig
2-1-C)o

2. ¥EIREEEER
XUNAFEOTLIVEEROHE S5 XEBRE
fEBAG 6 FER R O K RREX OB R 2T/ L 2
%, 1IX1350%, 2X135%, 3KXIx25%, BLU4
X1345% & 72> 72 (Fig. 2-2)0 1~ 4 XDOKEILEHE
M7 A HEEROSARFY EHBR T 57 2 T EEK
DL L OMEEZFARZEZ A, MEOBIZIZE
B (P<001) PEOLN, 7oA VEEERITIY
2V b i) L TR L 72,
FRIRBYUZVDT LYV EYEEAROER K&
BX BT 27184720 O FHEEROE W
R0, AEEOMEEZITo. TOMKE,
30HAOF Tix 1 X254 KICHRTHFEICEL L (P
<005), [36HAOF Tix 1 XA 3K & 4 KTk~
THBICZSHEEL TV (P<00D), & 512,
48HAOF TIZ 1 K22 ~4 R XD s FEIC (P<
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Fig.2-2. Changes in feeding incidence of red spotted
grouper E.akaara larvae fed rotifers between Gp. 1 and
Gp. 4. Negative control of Gp. 5 is starved. Closed arrow

indicates the initial feeding.

001), F54HAOF Tid, 2RXA» 3K L) b AHEIC (P
<001), 2XKA4X LD HHEEIC (P<005) £ #E
LTV, 2OEHIT, FALBYUZVDT LT
WEMEE, 11X 2K~ 4 KICHRTHEICEE
B9 A2 H - 72 (Fig. 2-3),

AR R B U 21740 1 R472 ) o FEEEKO

ZHIERBXHETER L2 L) ICHEESRO LN
7205, TEDE =7 17-23R B s h, £
7o, B0 HWNEENZ S REBX B TRk ZR S — 2 %
w7z

BREEER ABRBMGR & R TR (66HAOF)
DERERIX BV B P EROABAEOBEEZIT->
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Gp. 1, Rotifers fed initially from
0 HAOF

[
o
LI L) LI} LI} L) LI L]

Gp. 2, Rotifers fed initially from
6 HAOF

}

—
=
) LI} LI} L) LI} L
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Gp. 3, Rotifers fed initially from
12 HAOF

L AN B D B BN B B |

Average number of rotifers in digestive tract (ind./larva)

20  Gp. 4, Rotifers fed initially from
18 ' 18 HAOF

0 6 12 18 24 30 36 42 48 54 60 66 72

Hours after onset of feeding
i | L L L L 'l L i | L 1

17 23 5 11 17 23 5 11 17 23 5 11 17

Time of day
Fig.2-3. Diel changes in average number of rotifer in the gut of red
spotted grouper E.akaara larvae between Gp. 1 and Gp. 4. Negative
control of No.5 is starved. Closed arrow and bars indicate the initial
feeding and standard deviation, respectively. Different letters represent
significant difference among Gp.1-4 (One-way ANOVA, shceff s test,
a>b).
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LA, MIBTESRBXBETHERTROONE
Motz (P>005, LML, BETIE 1XA2K
IDHAEEIC (P00, F/ 1XMFIXEIDD
HEIZ (P<005), EHICIRXP4AXIY HHEHEIC
K&ho72 (P<0.01, Table 2-2), —F, MR
L L7255 KO EIZI2HAOF #8 & L CRRERR T &
THOBEZRL, RBXOPTRL% -7 (Fig. 2
-4), R THE (66HAOF) OFAkRFE, 1K
7320.3%, 2 1X136.3%, 3X137.9%, B L4 X326
%Eholze TMITHLT, BHRE L5 KXTIZ01
%y, HRBXHECTHEETRDON L5720
OO, MEEHORHAIEND Z LI & o THEEFED
T3 @A 5/ (Table 2-2)5

z =

FIUNZFRONIEETIIINHEDMERE D &
RTINS N MEI DD Y, §i# IZ44HAH 12 5
AERFIZHEART S %L T T, 2512, 76HAH T4
RN S 7z, HRFIZ6SHAH IZIZFARIZS %L T £
T, E5HIZ92HAH TREeIWR sz (Fig 2-1
- A, B)o FROMITIZS6HAH 12, F 72, HAHHLNG
Z7TIHAH I[2@i% S 7z (Table 2-1). #HATHLGR
2B BAFMOINHE & MERIE, BUE IS LRFIC N
THRITL3%, BREIFRIZ38% LN %A 5 bk
fFLTW7e SEH 5 NEREZ I 5 £ TOMK
x5 L, ELMROBAEHEGNENEN508

i
a O = e

RW
= in

Total length (mm)
(o]
W

N
¥

% £729% & 72 o 7212HAH F TIEREM 2472 9001~
003mm DFERZIR L2, ZHLFED S REEK T
F Tl12000~001mm &R REERE/R L (Fig
2-1-C)o

Yamashita and Aoyama (1986) (ZHLEKIZTIT 2 5 %
IRF 1) & 045 0] R 20 A S PR IRE R & o2 & L, W) IRlRET o
RE R 2 AL AR & & TR B 5 — 2 DLk S 1412
BETEB0E) e, A HF I TIZIRE O
RN AR I L CRativ e b o Tld v LA
TWwb,

ZF T, FIUNFALA O R G 7 M £
ERNRZEZAH, RO 1~ 4K TRETOREK
X CHBEBIMGRE &L D D RE (oo Tz, RERIRT
KOPHERIT1IXS2RX I BAEIC (P <001)
12, ¥ 1IR3 EDDBAEIC (P<0.05), &
BICIXAARE D BAFEICKE -7z (P <001,
Table 2-2). 72, ABHTROFHEERFEDS 1IX
73203%, 2 X1363%, 3XI379%, B I U4 X
26% &7, PIMBHOBMIPENSLZ EIZXoT
e D & SRR O T 25 TH - 72 (Table 2
=2)o G ORERTIZARERE O P AFRRIT T
GHEBEAENED LN TV, ITHIE 2 HlbEIZEK
RIS & o TREBUKIA~NIE L BN Y Y 2 7D
HEIZL DO D -2 b D LR SR, &
e g OAGEIRE O PR LT 1 R4 0T
A VPEBE OMICIZAERHBEPRD S0 (P
<001), F72, HEHOZLABXOEMO Y — 71k

0 6 12 18 24 30 36 42 48 54 60 66 72
Hours after onset of feeding

—O—Exp. 1| ——Exp. 2 {1Exp. 3 4—Exp.4 —@—Exp. 5

Fig. 2-4. Growth of red spotted grouper E.akaara larvae
under different feeding conditions. Symbols and bars indicate
the mean values of the total length and standard deviation,
respectively. Different letters represent significantdifference
among No.1-4 (one-way ANOVA, shceff s test, a>b).
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B DR ® > T THITIT—H L TW2D
FERIET S (Fig 2-2, 3)s 2O &) REHO
HNZBNL, YA by (5518) LAY T T (53 #)
THBEINTBY, FINTTHRBICH R Y
DEREPSEMOHE) X2 2 6T 52 L HEESH
2o —F, AATF4Tavu—E UTHRSEME
L7:5 XD EIZIZHAOF #8 & LTRBRT T
BHOMEZRLE (Fig 2-5, Table 2-2), 2@
A DORENE UK (12HAOF) 1%, 5 L8oM:H
WHH L, b L2k RICES L, NEB
FeAE (MER) eI L Z2REH (92HAH) 1213
IEF—H LT, 72, 3XTIHS KX THOMENE
iz U7212HAOF (#2417 > T A I b 5
T, LRI EREDPEEICEL D (P <005),
0, ERERD AU T ETET L TCWwW, 203K,
FINTOMIZYA b (BL1E) LAVTT (5
3#) THRERICHE SN, A TIZ 6 HAOF L
Rl Il 2 4T - 72 BRI T 1 K & R TR RDE
BIZHY, o, TORMEEL L TAEREDETL
TWbZ EHRS, 6HAOF 2 F I F - O FLEKIC
it 29 % A5 5E 2 At W ER R CTH B L E X B
N F TISH R o 1 45 0] B 22 ik R LS D

WX, KW= ¥ Clupea harengus (Blaxter and
Hempel, 1963), plaice Pleuronectes platessa (Blaxter
and Ehrlich, 1974), grunion Leuresthes tenuis (May,
1971), £ # F I Ammodytes personatus (Yamashita
and Aoyama, 1986) Z ETHRNOLNTHBH, T
NH PR LT ERESSMEESHU ED D, fl
IR L CHRWATETH 5 2 LA MG SN TWw 5,

—%, BAKREOBIEOF TH T F Scomberomorus
niphonius 1 (Shoji et al., 2002) 1, 4 ~ 6 H#h
FTIHNIEE AT L90% L LW EKRT 5205, £
NSl HimEN % & TR A20% £ TRBUIRT T
%, Houde (1974) 1 lined sole Achirus lineatus,

bay anchovy Anchoa mitchilli, # X U sea bream
Archosargus rhomboidalis ® 3 fafE#F B2t L, =
5 ? critical point 15 1b#%25~35H 123 % & %
LTHED, Wind SMEEHBZRICKE s EL
LO0HEETH Lo Lk L7-BFEICHART, FI0Y
TR IR S 6 KR o R LA BRI D) L 2%
W e EHER R O R ER R AERROR T 2HE TH
D, HLEKICET A HD TR EEOT S
N5, WETUL, ZORINIANIRIRE CHEET
EDL L) LMBERBELTEZ LDV INIHABTORD

Table 2-2. Effects of delayed initial feeding on survival rate and growth of red spotted grouper

E. akaara larvae at the end of the experiment

Delay of Number of larvae X Mean total length £ SD (mm)
Survival rate
Gp. no. initial feeding  Initial at Final at (%) Initial at Final at
(Hours) 2 DAH 69 HAOF 0 HAOF 69 HAOF
1-1 0 2,500 687 27.5
1-2 2,500 329 13.2 (n=20) (n=60)
Mean 20.3 2.38 + 0.06" 2.67+0.17"
2-1 ¢ 2,500 221 8.8
2-2 2,500 94 3.8 (n=20) (n=60)
Mean 6.3 2.39 + 0.05" 2.55+0.12°
3-1 i5 2,500 185 7.4
3-2 2,500 210 8.4 (n=20) (n=60)
Mean 79 239007 2.59+0.13
4-1 i 2,500 7 3.1
4-2 2,500 53 2.1 (n=20) (n=53)
Mean 2.6 2.36 + 0.05" 2.52+0.14°
5-1 s 2,500 0.0
5-2 2,500 3 0.1 (n=20)
Mean 0.1 2.35 +0.08" —

DAH and HAOF are expressed as days after hatching and hours after onset of feeding, respectively.
Mean values in the same column with different superscript are significantly different (P <0.05).

# No food.
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BELRFATORL VN TH D, MEREEZEZ L ET
B KROREITEELERNTH Y, RABRTHN:
26C DKL TIZSEERAE L, FAFROFEEIMK
Wi Esh (EH - R, 1991), X512, ®WEITHEK
5 (1990) A%07 RO RFEICH O T L 72 fHE KR
ED—HT 5, EAFITEMBL (3 HE) ~5HimE
TOEMICEDLZKRPIEE BKRFE BLUTTALAY
DR R E2BEHETH I LICE T, FHOBEDE
FHRASIEI L, SRAEIITHLD B0 T R D A i it & AR FR R
A ELTWw2 (EA, 2003; #M5, 20040, Zh
WBAEDOE AT LESFEORATY T I THRHBLTVS
£, WBHE O EEME 2 AT T 5,
REFFEC LD, F I 5O WIAE R B 4G
A B 12K O FNAT & 22 OFEEARRIZ L » TAHELTW
AU RNV EDBHS PR 5Tz, o T, A
HOMIIFEZ MBS 5120, IO 2546
BHELT, KEOBREITV, HL2 I DO@IE%
OB ZEATEL L) fiERHEEZ S LN
ROEETDH S,

EIE BEEDIKBEVEEHOEhSGZIITS
Plectopomus leopardus 1¥& DIEEE, KK,
BLUEZRICRIFTEHE

A YT T P. leopardus 1%, MHME O TIE=K
FRAD 12 LTHEDITFONTEY, NyEOH
T d S TR D 51 & SN TW 5 BELFIEYE
JBThH 5B, HIGEAEMOBFRAMENGME L TAEL
WL v 7 —Tlx, 19854EH & AFH O 1 Az i
MIBHFICI Y A TE s LA L, Ao~
B ASHICIERT 5 O T TOMPIRBEED K E VD5
HmThsb (fEikS, 1990 ; Duray, et al., 1997 ; JII8,
1999 ; MR, 2003 ; LAE 5, 2003 ; M= - B,
2006) o

ARETIX, AV T IMFHRONIBFED HIHTRIEIZ
) B B F TORBIIRIIZ R 4 5 KR TOWNER

FEOWIGER 2T, FOHRIZES VT, #)EELH
OBNDA VT FMOEM, K, BIUOAEKICKL
TR,

MR EFTE

FRLRD

FEPIIAE L 72 840 L SR mIUT 2D W TiE, AR
JEDH A FIHE U720 HREINC X o TR SN2 H
GP % SRAMVAL IR K THRINIEIS, TRk 3 % & Bkl
NI L 720

1. B2 KBEHETTORIT7 FFAOABRER

IR & #E @

HERXORE a5 KIRICB T S AREFH O
FEWIIGARE Z RS 720, Kil26C, 28C, B
0CH 3RBEX 7k E L, 2 HROZHIN%E 1kL K
B 3 THANZENZENINE L7z IV O KIRIZ258C T
HY, FEKRE DMREEMND - 72KiH28T £ 30T X
DZREINZIOL BREOE = — VRIZANT, 1kLAK
FEATFELR, F 1 REMEERICE = — V805 1KL
HAG~HEK & & DI LTz B NNE# O ZH
PCIZIREZILZ —8) 5 2 T e\ SZASINIA RO
FEEH AT — V& Masuma et al. (1993) 12569 & BK
EEDK AT =T Th o7z ARERIZ50% DMEED
SALL 7R SRR Z G L, WEROFI & 53 5Lk
WZHART 1 %R & o B CHRBRI T & Lo %
B, BORH O E % & RBREIRE ORBIEIC DWW T
i, 1 EONIRFEBILE FEH M % P72
L7z,

FEHE ABRIZ20014E 5 H20H ~ 5 A25H 2207
TI1kLEBfRY) = F L kil 32 v THEt L 72
ZBAA O EEIC60W ol EER 1 ER L, W
ORI D24 OWEIASM & L, B3
HICHTEEL, WKOFEKREIZS0mML 5 TEHL 72,
KiE26TC X322 - kW O EIZ: (TC —2200E, 1Hi—

Tabel 3-1. Some selected aspects examined in early larval P. leopardus under different temperature

conditions

Temp. Total length

(mm) (%10 ~1mm"‘)

Volume of yolk sac

Time (h) from

hatching to

Volume of oil globule

(%10 “'mm"}

Complete

Exhaustion of Complete

oil globule Mouth Mouth  endogenous oil globule
("C)  Harching Mouth opening absorption hatching opening Hatching  opening opening  nutrition* absorption
26 1.64 £0.10" 2.65+0.12 :|h— "2.59+0.13"  2078+256" 8.7+35 404+41" 1407 56 52 64
28 1.69 +0.10™ 2.53 +0.09 ]J 247012 1572+485" 122%7.8" 314x14" 13x07 52 52 60
30 175 £0.06" 2.530.07 "234+0.17" 1838+ 53" 127+57" 32.6+29" 1.6+09" 52 52 60

Mean values in the same column with different superscript are significantly different ( P < 0.05). *Time when oil globule was consumed less than 5 % from the initial volume.
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BERE) %, F72, KiE28CIX L30CK T 1kW ®
L= =B —FRAFy bEAVTHIERL . bk
WP O IX DOKIRIZ26T X A7265+05C, 28T XA
284+06TC, BIU30CTKAB02£04CTE%RY, i&E
KinZ (2B T X 720 AV T TR ERRIE ISR
L, fABEKRFOT LT OHEE LT 2 HT, JIIY
WD OB TR C, koW~ 2 7o
T 7 A Nannochloropsis sp. (X x v) ZHINgik
JEAB0H cells/mL £ %5 X921 H21ME (9, 168
WIML720 7 &Y ORI L T 4> D5z b )ik
(&, 5 1 oY RHEATRERICHE U,
HEOIRBMEBIE L2 SR T T T 4 KERIR
b CRAEL ORI & W8 24T - 720 S BIEERERNICERI S
N7 BB D20 Do g, 6H2FEON
ERFEWRIN & FE T AR % P72 BRI HE U 72
HETEE K RABRIX oI & ko FE B X OF
BEEDOXEOBEIX, #1 EONIBREWRIN L 5EFH
% R ABRICHE U7,

2. YIEIEHEHE

HBREOFKRTE AR TIZ10077 8 0 ZHEI0 % # ik
T % 6 DORBEANZNZNINE Lz, EBICH L
ZREHN OB & B 72 130.87 = 0.016mm (2 =60),
SMEFEII51.2% TH > 720 RERIX & 1ZPNIBATBAME O
K¢ 2 X% 720 OB O JKAl (60kL /A o
) — b)) EFGT, ORS00 D%
IR %2 WA L7z fFAOBIIRE (2 HEO18KE) (27
LY %20f84K /mL O EHETH 2, WHEHHIE 1~ 2 1
bR T2 0K H S KIS0 EOFH AL, 7
LY OBARMZ TRz ZORE, 3 HEGD 7
(OHAOFR) I DA #7350 % LL_F I H5E L 72720,
Z ORI 2 A BG ORI L2 L, ARBZ s L
720 FREHBAME ORI Fak L 72 i ke T A v & L
ZBERBX X (1X:Gp. 1) &L, 1X»5
SHERIRICT A %5 25X (21X:Gp. 2), 6K
MBICTATE5 25K (3KX:Gp. 3), BXUY
REMBICT AT %25 25K (4X: Gp. 4) i%l)7z,
—F, WEXIIHTLEAT T4 73— L
TEBMHIX (5X: Gp. 5) OARHS RBX %% L
720 5 H#® 4 K (45HAOF) 125 X ORBEIX Tld 4
BISEWIRETH - 72720, ZORETRERTEL
720 MFRREIIHIRT B X ) ITHEMEHLIC L - THIE
L, 3 Hiw& 5 Himzx 22N ilBaBiG s L U
TOERRE L Lize KRBT ORBRBHIGH OB
W (HAOF) 2o\ I B phne 2 L & L7z,
BFBEHE ARRBRII20044E 5 H1I9H ~ 5 H21H 12
HNO60KL NI T > 2 1) — KA 5 1 % H W THE

i U720 % 3RBRIX 00 K HE E LS 3 Y6899 % o 9E 4
MR B Lo AR IR HOGKT 4 2 8 AR (36W X
8) & 2HIEE L, MM TH1,000lx 1 0 M
MPHEFTED X HIC L7 INOHD 2MMOEIEIT %
Wy, BRI & SRERIE T I T 24K R o T 4
E L7 HBRIX 0K 0 cm O3k h IR 12718
~9201x, JKT F50cm Ti3497~684lx THERE L 720 B
IR (2 HEO18KF) 20 5 iR THE (45HAOF) ¥

DRI F0.5L/ 7, 25201/ 4, K OE
K IZ1OKL, e & L7z K ilBRIX O BAF R F#137.39
~10.79mg/L THER L 720 JUNAEH S RBK T T
28C ZHEFEL, £ RERX O FHKIRIZ28.0~28.2C D
HWPATHR L7, kraL s (R—8—HruoL s
V12, 7a L T3) ORMGE, 75 Ot HkEE,
BLOU AT oRFEWALT L, B 1 EoOMEHEAR
BRicHe U7z, AREEIE, 3 &4 HEBLU5 Hiigo
3 M BIZ ¢ 40mm DALY = — VES 4 7% H W T
AN D 6 EFT2 S#920L ZHK L, BREICI A
HL7,

HAEOEMEBTESZ WBEHG L3 Hino 7
i (OHAOF) # 5[l H @228 (15HAOF) % Tix 3
BERIIRE, 2 PAREA S BRI T (45HAOF) Tl
6 ¢ TR C R OFRI & W AE & 4T o 720 S BIEEIRER
RIS N7 K RBRIX 020 R 0 oflE, 74 v E
fHE#, B XOEYEMRoOSN L, B 1 EowN
BRI HE U 72

HEtE KRABXHEoOFHERETA1RYND
DOEMB O, BLOERBONE, BT L VE
AR &7 A VBB OMBEIZ, 1 o) B R
IZHE L 72,

B R

1. BRBKEBRETTORI T FFEDALBRER
IR & REF@E

HRBRIX O ST (1=10) DU & MERARE Z
26°C X T2,078 £256 £ 404 +4.1 % 10 'mm®, 28C X T
131572+485%314+14 %10 'mm®, B X U30CK T
131,838 £53%326+29%10 'mm* TdH - 72, DI
HIAKERAR b V30T XTI SR ORI LT
6HAH T25% £ T, F72, 48HAHIZIZ10%LL T £ T
WX & N 7zo 26TC X & 28°C IX DA Fa DY DWRIL S &
— VIR RENZRL, WTNH24HAH 121350%
FTHA LTz, HFADOMEROWILSY —1F 3
KX TR ZEINZ /R L, ¥ LD bR
W hzEmasisns (Fig 3-1). 52HAH 2w
FTNORBX THHFAOMKOEEDL5 BT & %
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Sl A =

Yolk sac absorption

Yolk sac volume

Oil globule volume
(xlﬂ'dmm‘;)

0 6 12 18 24 30 36 42 48 54 60
Hours after hatching
—0—-26'C -O0-2%°C 30T
Fig. 3-1. Yolk sac (upper) and oil globule (lower) absorption
in larval leopard coral grouper P. leopardus under different
temperature conditions. Different symbol and bars indicate the
mean value and standard deviation, respectively.

290
2.70
2.50
2.30
2.10
1.90
1.70
1.50

Total length (mm)

0 6 12 18 24 30 36 42 48 54 60

Hours after hatching

Fig. 3-2. Growth of leopard coral grouper P. leopardus larvae
from hatching to the time when the oil globule was consumed
less than 5% of its initial volume.
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0, MMERDS 1 % AKh F TN S 721326 C X 28
64HAH, 28CKX £30CK TiZWwTNL60HAH TH -
720 fFFOBITE, 28TIX L30T X TIid52HAH I,
26 CIX CTII56HAH (2#ig Sz (Table 3-1), &K
HEETIZ 2 HMOLTIZ T A Y 2R L7225, wih
DFRERIX b B BRI IR T AITIN S L T
Wiz, RERERT Lz ito T, ZZTiR&R
BRIX O $E A B AR IR ] LA AIR LA IS DWW T S R L &
W,

B RBRX D SUAT L DI L IMERD KR ICDOWTH
BEAEOREERIT-7225 (n =10), Hi#H TIZ26T
XA28C X & 0 b ARICHAREIKE L (P<001),
26CIX £28CIXB L U28CKX E30C K TIIAEAED
ol (P>005). %% TIE26T XA328T X £30
T L) DERICHKRESKRE 27228 (P<001),
28CHKELEINCKRTRABEDRBO LN Loz (P
>005), BHIORED SUT-f DI & Bk o FFF I
HZRBX M THEEDPED LN R o7 (P >0.05,
Table 3-1). —7F, HFlBEXOMUTFMOEEDOK
ERZWXDODVWTHEBEEOREERITo2E A (#=10),
0CKA26CX LW b AFEICKE L (P<005), 26
CXEWBCKBLU2CTK EI0C K TIIAEAED R
Motze T2, B TIR26T X A28CIX £30C X
IDHAEFICKREL (P<005), S50, MMERIZIX
RECIF26CIXAB0C K & D b HEREICKE o7 (P<
001)s WTFNORERX TH48HAH F TOREIZAIER
WCBIRR R S MRk @I 2R L7225, 30CKOAIZEN
DIFEA & i Br#& T (60HAH) I TIRRADOKEZMRL
7z (Fig. 3-2),

2. YEEHERR

AT IFEADT LVBHEEOHE 5 XKE KL
K 3 BER O K RBRIX O F | LTIz L
A, 1K E2XI395%, 3X1k85%, BL U4 XX
B THY, 4 XOFHEMERIBHX O ~4 X
O TIERBIED o 720 FoflH 3 REFHE D O R T
(45HAOF) % TOPHE|MAFIT 1 XAH720%, 2 X
H722%, 3 XH%638%, 3B L U4 X Tl3464%THh Y,
9HAOF (27 & ¥ %5 2 7= 4 KD A3 3R BRI 8 vh % 5@
LCPEERN 1 ~3 X L) bECHER LA (Fig
3-3)0 1~4XDBKBEIEH DT L T EARD LK
LBk 57 A VEEBO KRS E OB % R
R7-e 22, MHEOMICIIEZELME (P<001) »°
FDHON, T A VEIEIZT AV PEATE ) L
TEH LT,
FEI1RYEEUDOT LY FHEHAKORE %R
BRIX BB 24740 1 R4 72 ) o PR 0 E N

WD, ARADHMEERIT>72. TOME, 9
HAOF TiX 1 KA 3 XICHRTHEEICZLEBHEL (P
<005), 21HAOF TiZ 4 XAT1 X & 2 XIZH~RTHE
P EEICL 72 (P<001)s X512, RERT
K (45HAOF) T3 1 XIZ2 X X0 HEAKSEEIC
Vlhrdrolzbon (P<001), 1XIZF3XE4KXE
DHAEEIC (P<001), T/, 2KIF3XE4KXE
DHEZICELEHLTWAZP<00), 2D X HI,
FRLIRYEY)OT L DFHEMEIE, 1XE 2K
SXEAX I BHEBIILEIICH -7 (Fig. 3-
4)o F72, 1 ~4AXOFM 11BN ) OFIEAT
DY — 7 1 ZWEFHRE ORI AR - TH 3 HETIX13
~16HF, 4 HEGTIZ10~ 16 IS S N7z,

BEEEE #FHRBRXoREBMHEH (0HAOF) &
HEE THE (45HAOF) OPH4eE% t Mg ClR7:
LZh, RBBHREL D QAEEICKEDP-ZDIFTX
(P<001) 2K (P<001) Tholo IXE4K
TIRHFEAEDP R L (P>005), —7F, 5K Tl
BRIGIE L D AR/ S 2o 72 (P <001, Fig. 3-
5)o

FRBRBA G R & SRR T REIC B U 2 & B IX 1 o
YEROEBEDOKMEEIT > 72 (Table 3-2), €
OFRER, WiH TEERBX B CHEA RO N
Motz (P>005. LAL, BETRIKE2KXT
ZHEEEN o 7208 (P>005), 1X&2KXiE3
K~5KEDBHRICKER>7 (P<O0D. &5
2, SKE AR TRAEREENBEDONR 7208 (P
>005), 3X, 4XIZWITNH5X LD HHEHEICK
o7z (P<005).

RER TR OAERRIE, 1K E 2 KI13414% £42.3
%EdHorze 3IXTIE33T7%, 4 X TIE204% %0,
HEARAEIX D 5 X TIZ 0 % TH Y, WIEHEAT O ASE
NBZEIE o THEREMET T2 EHEARD Sz
(Table 3-2),

Z =

A YT T O IR D KIROFE V30T X Tio
2 BEIX X ) B FE RIS A MEIND D - 7225, hEk
1326~30C KORERX T b ER RIS 7 — >~
L7z (Fig. 3-1). A OBITIZAKIR26T X
T56HAH, Ki28TC X &30C X TIZ52HAH 2% &
n, TR ORI TH52HAH (21X MER D E A A5
LR ICHEART 5 %A E CTiA L, BIITRE R TR
EEITIFWILL T W72 (Fig 3-1, Table 3-1),
T/, HONOFEXOERICIIAEETRDLNT,
SMb H48HAH F TOREII KR S wih
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Fig.3-3. Changes in feeding incidence of leopard coral
grouper P. leopardus larvae fed rotifers between Gp.1
and Gp. 4. Negative control of Gp. 5 is starved. Closed
arrow indicates the initial feeding.
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Gp. 1, Rotifers fed initially from 0 HAOF
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Gp. 4, Rotifers fed initially from 9 HAOF
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Hours after onset of feeding
7 13 19 1 7 13 19 1 7

Time of day

J—
=]
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Fig.3-4. Diel changes in average number of rotifers in the gut of
leopard coral grouper P. leopardus larvae between Gp. 1 and Gp.
4. Negative control of Gp. 5 is starved. Arrow indicates the initial
feeding time. Different letters represent significant difference among
Gp. 1-4 (one-way ANOVA, shceff’s test, a>b>c>d).
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OREBEX T ABARENTH o720 LeL, 30CKD
HIE52HAH 7 5B T (60HAH) F CHOME%
RL7: (Fig. 3-2, Table 3-1)o ¥NFZEDY A
FNF TRAKRDEWNIZ X o TR DI & aliEko
WIS 5 — 2 H3ge ), 25~31C OKIRSM T TOM
BEREAKRKIZERESR, Do, NERFEED R IR
WENDLZEDRENTVED (FEL1E), 2VT 5
1740 C B MIARIC N SRR T B W IR TSR S 7z,
Toledo et al. (2002) (¥F x4 T~ IL\¥ E. coioides
THR% B0 Ll E DR OMMERBIDGR LS 125 2
LB ERTBY, 6 HETIX0.62mL/ 77 D b K
ViR, F7216ppt OIS CTIERARE AR b K& »
S72EWMELTBY, WEIIKEBOATER L Z0MmD
BRESMFICL->TOEASNDE T LERIEL TV,
L2L, W LARFEFAO X I IZHHBRFEICY)
0 Brdo Z B L2 B RS 55 CREIC R 2 % S8 A IR 3
LA R OAMIIME LA T TEIARTHL EED
KD e hv, EB, RHIIBWTHEE 4 = OAHF
BTIINERRIED S AEBREICY Y B 5 3 HEmDHE
fEAS5 HigO A5k L MM H O, WIInEAT o B
DI X N Twv b, Yamashita and Aoyama (1986)
R EHEAE O A L ERIGE S AN H 2 —ED
AR EMRICRECTELNE ) DR, £ HF T
VT DI XA FR IR L CRatn 2 b o Tl
W EFRERRT TV, NSO X5 ITHITEFEITK &
WA TSR B AR 2 © o [R5 T 70 4 ATk g 1 2
FRD Z L, WA T A L CRICEETH
%o

Z 2T, FERZIAYT IO BE T RE 4
PERER 2 03RS 5 7200, JKiE28C ORESM T AT
B> & 3 R3O W A O E[H 2 8 58, W)
FHE %O OEM, HE, BIOAKRIIKITT
BRIz, TOMRE, WX (1K) &xtlXH

Sl A =

5 3MFHIERIZT & T ZAafl L7z 2 X O IR T
(45HAOF) ICIEDOEEZR L7225, HRX 25 6 I
& OS2 3K E 4 XK TRBEEIEHD 5 W
FHOBEER L (Fig 3-5, Table 3-2)o —
T, AHTF4Tarbu— vk UCHUERSLE L5
XTIZ6HAOF #55& L CRBH T E RO EL
~L7: (Fig. 3-5, Table 3-2)c ZOHEHDEEN
iz U705 (6 HAOF) &, 5 b6l L,
Lol U7z KRB O RS RO &, NERSE (JER)
SN L 72 E (60HAH) 121Ziz—& L Tw
720 F72, 3XTIES5 XKOADKENE L (6
HAOF) IZHIIFE 21T > T AICH b ST, Bk
EARBICERBENRE L TWD, TORMMEZA YT FF
FOHUERICH 2 9 2 MR A AT R & 2 5
h, A TIEAIBRED SRR ) Bb 5 438
RO A 59, HMET TR & D TRV o
DEEIYTDH - 72,

AT A OB SR > TV BT D
Mb o3, HEH (1~4X) OBfERL T L EE
BoOHNERZIZIZ-HLTBY (Fig 3-3,4),
W& OMIIIAEZEHERD 57z (P <001,
CoX) HEMOHNEHE, Y4 by (GB1E)
EXRIUNY (BE2E) THHEHEINTEY, AVYT 7
THDL ) AMOBRB» SEMOHE) A L2 HT 5
PRI NI,

KW=~ Clupea harengus (Blaxter and Hem-
pel, 1963), plaice Pleuronectes platessa (Blaxter and
Ehrlich, 1974), grunion Leuresthes tenuis (May,
1971), 4 &1 F I Ammodytes personatus (Yamashita
and Aoyama, 1986) 7z & o fa il 13 [\ 15 W i 7 it P R
2351tk 5 HELEH D, HURISH L TlRVWARTH
HIEPMEENTWS, IS 0MAFEL, plaice
B TEREEIR & 2 W ITRIE IR T AU RO Y 4 X5K

Table 3-2. Effects of delayed initial-feeding on mean survival rate and mean total length in leopard coral

grouper P. leopardus at the end of the experiment

Delay of initial-feeding

Number of larvae x10* (individuals)

Mean total length + SD (mm)

Survival

Gp. no. (hours) Initial at Final at rate (%) Initial at Final at
3DAH" 5 DAH 0 HAOF** 45 HAOF
1 0 403 16.7 414 261 £0.07"(n=20) 2.81 £0.13" (n=20)
2 3 42.1 17.8 423 2.67+0.04"(n=20) 2.78 +0.14" (n=20)
3 6 445 15.0 337 2.56+0.10° (n=20) 2.57 = 0.15"(n=20)
4 9 40.7 8.3 204  2.58+0.09"(n=20) 2.55 = 0.09"(n=20)
5 — %3 43.9 0 0 259+007"(n=20) 2.40 +0.10° (n=20)

Mean value in the same column with different subscript are significantly different (P <0.03).

1 + + 2 s i 3
*: DAH is expressed as days after hatching; **: HAOF is expressed as hours after onset of feeding; **: No food.
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L, BARHBTHLILLLOEMELET 5. —F
Y7 5 Scomberomorus niphonius M TIZ4~6H
i E TICHEFAEE %179 £90% LA E A FR % 7R § A5,
ZNAY] HiEEN 5 & EFRFA20% £ TR T T
% (Shoji et al., 2002), Houde (1974) & Lined sole
Achirus lineatus, bay anchovy Anchoa mitchilli, 3
X U sea bream Archosargus rhomboidalis @ 3 a5
ZREICAL, 2N 5o critical point (& 51L#2.5~
35HICH D LB LTVD, TDX) LffliTidF
TEIR TR A AR L, SMEBEHB®RICKE %
WAV E L B0 HEMTH %,

Kohno (1998) &, [blf50] A 70 #i £ 12k IRE i &2 3
TWiwahs, BEEREIED S NIREZ S AIRINT 5
FCTORMHZ 6 OMWMEAFTHRIRL, ~NJEDE.
coioides & E. fusoguttatus ® 2 FHZF S D TIE
WA IRE R A58 b B, A T285IRE[H, 4% Tl1325.0
Wi, F72, Wil e b IEATBHAAKR I IE IR & Bk & 1
DEBOATLEREL TS, T, INFTEOY
4 MNZ E. malbaricus TIWIEABAIGAH S 9 RE I
PSR E 2 5B L, Wi d AR AR 2
IREPEDPED LB OFRAFT S B1#), NYHT
BATOMIZY A My & FINF TR RE iR
MRS N TB Y, WFIIWThd 6 HAOF
THY, ZTOMATTERR & NS Z BRI L
ekl B —F Lo WMEENR TS (BB, 25),
LT, AYT IR TIIEEFRGOK T TRE
WSR2 2RI L, F72, IR TTRE 2 M £
PERFIDSY £ DT EFTNT ERBRIC 6 R & v
HEWFN YR AT, S0 XS AW RS
AFEOMN L NI L TV EERTHELEEZ D
Nb, TORFEIL, KRUFFEOLE 4 7 TR L7 ARFET4
TIIWNERFK D ST RFBICE D b 5 3 HilO A
w5 HO AT L NS 5 L O~ E 1w
5o

ARIFGEC XD, AT T T O EEFE IR B iR
SN 6 R ORI S 2DBARIC L > TEL
TWVWALU RSB THWI EPH LN h o7z, Bt
> C, AT O FIHREE % 085 2 121200 AT 2>
5 6 IR ORI ICRIER R <, 2D #MIE 2 & O}
R TEZ L) AFRBEAEZ LI LENERTH
D, N A ZDT LY O (B4 5E) RERHOE
WEE (B58) IANEAFTFETHLLELOLNR
%o

FTAE YA XDEREDZ291MTDITLYNRI TS
Plectropomus leopardus {F & DHEAIBEE &
YEAEEIC RIF T EE

B1~E3ETIEIYVAL Y, FINY, BIW
ATV T T ONYH 3FONTRAEE EETRINT 5 I
& LRI OREM ETIZ—RTH T EZHLNIC
L, NZHETIRIMEREICY Y Bb b BEOEHICE D
LB RMFOEEEZ WL 72

RETE, NIYHOFABFEEORTO EELUR L
ZHMBIHEOT LAY EFIZEY, O HE2 5 5 Hilh
FTICHEMERS T, BEBBTY A X0RLRL 24
ATDTEYDBATT FTAFAOEMARE, A,
BIOMN) Ty ViEEICE 2 5B RBETL7.

mHEFTE

BAELMOmEYR  FEINCEE L oBaE, A LS
MEL Y7 —TEELIZRRMA (£E49.0~725cm,
fk#2.0~8.1kg) Th b, B, NEILFEREHFEL
v & —®200kL FE LA 2 HICFNENIIRZ A L
720 WEMEDOMNFUIHE 4 ~ 5 2 & ME26~27R TH - 72
IS OB S HIREINC X > TR SN2 K %
FEINL 72 HOHBENEIL L 720 1 18 H X372 K052
KO &2 BRIN L, 100L OFREBAME (7 V7 I 7 H A&
fLKAE) 2% HAVCTLYGR /L OFET, 2\ HEIE
450 7R ZFRIB L, 1M H & FEIC2305k /L O
THIEILZAT o 7o WU L 72525001, SRV i
KCHINE, I FAKAE I —REY IS L7z, IR
&, AR X DR RIS FIR A R, AT
5 REEEE L, AKAEORTEICET L2 FIN %
TR ER IS 3 S M2 NV T 2 B THLY B 72, IS
HKRIZIE, PRICIEOZT7A M- 2ETLTHE
KahL, 7 v/ S—KIEK  CitK (25~50L/ %)
T4~ 6 R OINEHE, B LO60kL AAIa Y s
1) — N KNS5 T L 72,

HBREOBREEFAOCEATRE NE LRSI
¥ty —TH®ELZSHET LY (Brachionus
rotundiformis ; LLF, ST AY) LZNXDLHFH
BORMSWSHT ATy A8k (LT, §4743) O
284 TDTLYEATT FIFAOMPEE L L TR
BRICHE U 7o AERIZ, 60kL AfMEIa Y 27y — Kk
WEAGHL, EdRL2Z2723E2HCTIA 7L VM
X&STAUHREBXZZRT, 2HORETHRS 36
DFHE#IT-72 (Table 4-1), 2 HDRERTIZ,
W RABRIX DAL, KA L % 524108 - C4R R o 1H
RSt L7259 A T A VXIS 522074 73
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Table 4-1. Experimental conditions of mass rearing trials for first feeding larvae of leopard coral groupr P.

leopardus
Expt. Trials. Strain of rotifer Rotifer density ~ Water exchange  Light condition Duration of experiment
no. no. (ind./ml) (elday) (day)

I 1 Thai-type 15 30 ambient July. 5 ~Jul. 9 2000 (5)

2 S-type 12 30 ambient July. 5 ~Jul. 9 2000 (5)
| 3 Thai-type 15 30 ambient Aug. 8 ~Aug.12 2000 (5)
4 S-type 15 30 ambient Aug. 8 ~Aug.12 2000 (5)
5 Thai-type (negative control) 15 30 L:D=0:24 Aug. 8 ~Aug.12 2000 (5)

Y= VX EHRE Lz, SORBRKORALWIEY A
TAYERET SO0, 24 OER 4T T
AHEEEFED &) & ZFDOHDAFRE TIRD 72012 7%
F72b0TH b, ok, NEINFREELYF—ITB
2RI o HAAOBRE Y X 203 6 B 5198 £
TOLIMFMAHHE, 7z, 195 6 FEE TOIIRERAS
BCTH o7,

ARRBECIE, FHIE LCINNEL SRR T E T
KiiE HRSEM, 7 4 Y OfFE KR O IZ15ME R
/mL, #KTHIIHHA30% / HodkLR, 72, +
v zau sy A Nannochloropsis sp. DI H
K DOBES)H cells/mL Z3##EL LT io7ze T A
¥ ORI AT OEE FHTHAABIT LR % 45D
LEIH® 2 HEGO168FI24TV, 3~ 5 HEbZ108E & 15
o1 A2 ESEKRDOT L BEEFBBICIEIER
DOARTZEBINLTZe §4 70V ESTAVIZWTR
bA—=—=HrvlL T (15L/ 74 V10EMHEE) T6
~ 221 D RAEEAL BRI L 72

AR, BT F ¢ HERMIC ¢ 40mm D3
b == VB TFEFCTRIBND 6 K4 ¥ b5
F20L 2K L, FREEICL D EB L.

HAEOEMEBFESZE AR L AFFI1E3H
B 4 HEIZ100% OFETHIOL72Z &9 56, lFo
T ZEFHO 5 KR S L7, BEREGH %25 3
H#sD 5 N LB HDOITREE T, 24~ 5 KOG %
BT 2 BERI BB CHE AR oKl K1E _E30cm @
IEEE (IM -5, Topcon) & 7K F100cm (2B % KH
MR (ALM -1, Alec), & 512, iifrl# = (55/12FT,
YSD) ZHIEL7ze 72, KIEHND4RAL ¥ b 2
LY—7—%2HWTHISL 2K L, EEREIZEAT
PO T A VEERFRE, FRAOAZILE—7 -1
AR UGB L7z A5 BIZEIRE PRI S 72 & 3k B X
D2RBDFHDOWE, 75 TEER B X OFHEY
BommidE, B1E5omnEERBRICECZ, |k
ik L7 Et o, iR OFME KBTS 7T A
VOMEMBEOER RS 72012, 5 %KV
Y VB TT00MAM EoT A Y EEIEL, HHYH

E2AEWEMECHE L, 3518, WilBRXA, 58
S0 DFAEZLREICERIL, 5 %iEKIV<) U EH
THEIEL, %HEFAOOEZ EWRSE CllE L7,

AREFFEIZ BT B IR FIGEEEIT 5 ~ 21K D IR [
TR 1B 72 ) O PIEMED KD R o 7L &
L7

MN)TIVEMOST 2 HORETIX, WR
BIXE A AT 473y ba—VXIZBT BFHDON
LB WD 72012, £ 7Y v FREIC
HFHE1I0B% 1 RF2PZyRY FVT7F2a—TIZAR
T-80C DwaEIZfRAF L, BHASHITHL 720 b
VT G L AR SO o PR E A3 AR
% Ueberschir (1995) OllE HiECHE, MY T
YO HE L L T Na-benzoyl-L-arginin-methyl
-coumarinylamide # i\ 72, HHIE S 7Y V7
KO10fEZn 2z onTillE L, 2% (Total
activity: unit/min./individual) TR L 72,

et WRABRXEICB AR 1 R4 oE
B E T LA EHREDOE, SHICEN VT L &
F21%, Student @ t ME THMEZIT - 720 HEAKHEX
P<005& L, AEENAZDLNIHIZOWTORIT
P <001 CTHEHR~/Z,

B# R

FAERE WM ToREEE (DO) AL T
473y ba— VXD EFH]258.13~8.67mg/L T
wbDEL, D04 EEFHHTIE5.67~8.67mg/L
HMiPHCHERE L 720 BB KIRIZ28.0~29.27C, Jkifi L
30cm DO EEIE 0 ~82,600lx THERE L7z T/, KE
T100cm DX, 0 ~20,000lx O FEpH CTHERE L 72
(Fig. 4-1),

AHT 473 b= VX TIIIEG & AR O
BIRR 2> 5 AHT3 2 DB T 1 0D A501x DK H IR
JERME S NIzh, FNPUATITHEH 0 ~31lx &K
Noz,

FaoeREOBREDERE 1RHOWED 3 H
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25000
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15000
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The first experiment

25000
20000
15000 -
10000 -

5000 |

Light intensity (1x)
(=]

5 9 13 17 2 5 9 13 17

. —oO— Thai type feeding
Timeofday __ type feeding

—{O— Negative control

Fig. 4-1. Light intensities at less than 100 cm from the water surface in the
first and the second experimental trials conducted on 3-4 days after hatching.

285
265
o O
E s} s
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= o © CCO
Eg 165 oo
145
125 'l 'l L
1.85 2.10 2.35 2.60

Total length (mm)

Fig. 4-2. Relationship between total length and mouth width
length in leopard coral grouper P.leopardus larvae.
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Fig. 4-3. Comparison of size distribution between Thai and S-type
rotifer of lorica length (LL) used in the first experimentaltrial on 3
days after hatching.
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W (7)) 4 H# (TH) OF A7 LAVHREXE S
7 A VIEX O oEREOEREZIEL, WXO
FNENOEZE t METHNIZLE TS, WThLHE
EFAROLN L o7z (P>005), #oT, 22T
G X O H O % FHE L TR L, 3 HEDFY
EREFHOEREIXZNZN229+011mm (2=119)
£2128 um =139 (n=119), F7z 4 HTlXENLZ
12.32+0.11mm (2=104) £2185um *187 (#=104)
ThHotze 512, 2HHEOREEIZOVWTH 1 HAE
RIS X OFfa D4R & TTERICIE tRETIIAE
Dotz (P>0.05). HE- T, MHDMHE T
{LLTRT & 3 HOFHER L FHIRRIEENE
1225+010mm (z=107) £1992um *16.3 (#=107)
Tholze 4 HOERLEORBRIIENZFN22]
013mm (2=110) £2084um =159 (#=110) TH -
770 61T, 3~4 HEIBITAEE L OREEOERZ
K2R E ZAH MWL=10225TL —22.31 (2=247,
r’=057) &% ol. 22T, MWLIZMEE, TL X
SR, n FNERK BXUr 3MEREERT (Fig
4-2),

TLYOERRMEROZEIL 1 MHOHRED 3 Hifw
D5 ~23FIHE L7254 T L VHEIEXE ST LTV
FFIXIC BT B EE KRB O T L 28 HEHIK ORI
% Fig. 4-312R L7 AT AVHRBROT L VF
WA EI1507 £ 247 um (#=500, P35+ HEHE R )
THolze FATAVKEROT LV PHERRIES
BrE 7RI E— FOHL28120~140 um 12D 1,
130umLF DT A Vi3 EKO51%FHE LTz, LA L,
Z U OB T T13160~180 um (ZH 0D - 72
A%, R T80~100 um A XD/NELT 4 v 5
B EB28%IFAELTe —H, STLVIHREXD
T AR EIF1748 198 um (#=500) &% D,
1B0umBUTOTLAVIZIATLATERRLZ ) RO
D7 % LGRS, L& TORMETs A
TATEDHEEITKEL (P<001), 80~100um
B A XO/WET N VIE01% T LOFEL B0 o 72,

2 HORERIZBWTH 3 HD 5 ~23K:CHlE L
oA T AVRBIMIX E ST A VKX OFEKBIZE
57 AT OFPREMEOREZE 1 H &3
FCThHo7z0 ¥4 T A VREROT AV FHEREIX
1384+151 um (n=500), S 7 & X TIX162.3+
226 um (n=500) & 7% 0, &AL T TORMN
THZEORBX DT AL P EREIBREDOLD LY
LEBEINE o7 (P<001)s

AT IFADT LVEBEEROANZEE 1HHOD
ARBRTIEMX & S ICHUHENI, 3 HED 725 %
DOEETHEIN, 50% U EOTVIGERITZY 17

AVIEEIX TR ORFICBIZ SN, ZoBROfhoeR
13246 £0.10mm (2=20, FI¥fE + EH#FE) THo
720 F72, ST LA VHHEIX T 2 KRR TIIKEZ50
%Ll L OB MESBEIN, Fhoekid244+
0.09mm (7=20) TH > 720 MX & I FIGEARIL
13~21H F TIX60~95% & 7 < R L 72 b D 02305
SIE2MICIKT LA (Fig. 4-4). 4 H#Go 7 KLU
VERTH & Rk 2 A T & R L7z,

2 [l H ORI BT 2 FIERANL 7 4 7 A VRHEFIX
ESTLVHREXOWTRD IKFICBIZE S, Wi#HT
125 %, HBETIHIS% TH o720 50% L EDOFILEL
RIF¥ A UL VRAMXTIURICBE SN, 0BT
B OEEI1F242+011mm (#=20) TH > 72, T 77,
ST A VIEX TIE 2 RIENTIMFICBIZE S 1, 1
D4 REI13231£011lmm (#=20) TH o 72 WX D
SEEFEAEAE 1 0 H & FERIC 21 LR S 12 BB
T L7 4 HEo 7 RLARRIHETH & [k 2 S AT ) %
~L7: (Fig. 4-4)0 —H, 74T LD T 4T
2 b a— VXTI RIEBAT A5 % D B&TEl
BENH00, BEFKIEFETFIZ0~15% KD
WZHER L 72,

FEARHAEYDT LY FHEEROLEE Wbk
KBB4 1 R47 0 OB OE N2
R572DIZ, T4 OEMEDE0% % 8 2 72 R 12
OWTHEEDRETToT2e TORE, 1HHDRK
o 3 H#Ti3158 (P <001), 178 (P <005) ¥
U9 (P <0.05) DORHITSY A 7L VHREX D
FFRBAST A VHHX I D BAERIIT LAY EZHEL
BE LTz, LA L, 4HEICR S ET LY OE
BoOAEA ISR CROON LD > 72 (Fig. 4-
5)o

2 HOREBTIE 3 HEGOLIBORMTE T 4 7 A
VX O S T A VHIEX X ) DA EICEL B
fFL T (P<00D)e —F, ZATEYDARTT
473y bu— VXTI, FHEMEEIZ025M0EM4K /B
DFElio 2 XX ) b SICH -7,

BRREER 1HHORBZETR (5 Hi) B
FAPEHERERZY AT A VHREBIX T259mm, 72,
ST A TYHEIXTIE263mm & &), WMRABRXET
WEEPBDO LN o7z 2 1B HORERTIEHIE A
250mm, %EH252mm & 740 1 HH & RERICAK X
SOEWIROSNLR D o7z (Table 4-2), —H,
HER TR QAR A L2 2A, 1HHEHTIEY A
7 A URRIXT3LT7%, ST A VR TIZ59%, *
7z, 2 HTIXRIEA133%, HBED62%ERD, W
THOREBETHL 54 T LA VIBEROAFRANES 7 4 T
X XD bEhroTee —KH, AAT4 73 bu—)
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Table 4-2. Results of mass rearing trials for first feeding larvae of leopard coral grouper P. leopardus

Expt.  Trials. Strains of rotifer No.of larvae (x ]{)4) Survival rate Total length (mm)
no. no. Initial Final (%) Initial Final
I 1 Thai-type 142.4 45.2 31.7 2.35+0.10 2.59+0.15
2 S-type 146.7 8.7 5.9 2.35+0.10 2.63%0.22
I 3 Thai-type 125.3 16.7 13.3 2.28+0.09 2.50+0.26
4 S-type 121.8 7.5 6.2 2.28+0.09 2.52+0.16
5 Thai-type (negative control) 127.5 0 0.0 2.28+0.09 —

Feeding incidence (%)

100 - The first experiment

—y

8 ] [42] ~J
o o o o

] L 1 L [

The second experiment

e |
(2]
1

(+2)
o
1

25+

5 9 1317 21 5 91317
C gpaH MC 4 pay

[ Thai-type rotifer feeding
B S-type rotifer feeding
Negative control

Fig.4-4. Differences in feeding incidence of leopard coral
grouper P. leopardus larvae maintained in three different
feeding conditions:Thai-type rotifer, S-type rotifer, and
negative control tanks on 3-4 days after hatching.
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5 1997 The first experiment
en
et
3 L * ¥
- *
= 5.0~ *
L
20
= 2.5+
g«
HE
g ;- The second experiment
& 5
e al
k2 1.5
2  5.0-
5 .
& 2.5-
>
< 0.0~
5 9 13 17 21 5 91317

Time
- 3 DAH : 4 DAH
[ Thai-type rotifer feeding
B S-type rotifer feeding
Negative control

Fig.4-5. Differences in average rotifer number in the gut
of leopard coral grouper P. leopardus larvae maintained in
three different feeding conditions: Thai-type rotifer, S-type
rotifer, and negative control tanks on 3-4 days after hatching.’,
Significant difference at P<0.05 and*™, significantdifference at
P<0.01, respectively.

XTik5 HEZAR L7z (Table 4-2 ),
FPUTDVEMEOBRZEE 20HOREBRICE
554 7L VREX, STLAVREXBIORY T
473 ba— VRO M) T EEEO HNEE %
Fig. 4-61ZR L7z FA4 T A VHRMXE AT 14T
Iy bPu— VX TIE3 HED 9BIZ, ST A VX
TR HOIIEEEO Y — 7 SR SN2, 72,
AATA 73y bua— VX TIZFRHDIIKIZ, 147
A VKB X CUIEFERIC21EE, BLX ST A VKREX T
(RIBRIC 23R IR PR AN b I > 720 4 HEl Tl
AT L VHEEEX E ST A VHREX TR A R %
MOBRLIA, AHT4 73y ba— VX TIHI3EC

W Lo LRSS S W,

ZAT LV, STLAVHREXBLORATT
4732y = VRO 3HBRXIZEBTEFHO M)
Ty UENE LA L B4 ) OFEEHE 0
fREFRIz, Th o ORBRX OMBAREIEZRZN
r*=0.006, r°=0.076, B X U »*=0016& %, V»Ih
OFEEX T H WA O TIZAHBEIEEED b o7z,

zZ =

A YT FAFROMIEEINIZ 1 HoRBETIE 3 Hif
O 7, 2 W HORETIE 9 BT ERIX TR 8
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XNz, LA L, DT L TEBIEE)50%I1H)E
T 5 IR B TRE D, ¥4 7 L5 VXA
WTFNORETD 2R 257 (Fig 4-4). ¥
72, 3HWIIBIT A1 BN ) O A
KREBEXETHEL-E 24, 1HHORBRTIZYIA T
L VBB X OFA A3, 168 X 17RO T, 2
| H QR CIZ1IREOREMG TS 7 & VX 0744
IDHEBEICLBEBHLTYE (Fig 4-5). 74
T AKX O T AP EREDOE— FE2BIET 5
&, MBS SNz 3 HEo 7 HEIZIZE— Fof
LA120~140um 2B D, F¥5 G1%) OMEEH
130um NFO/NEIT 53 Tho7z05, 9ELKEDE
— FiX160~180 um I2BAT L 720 TOBHIIA T T
FAFAAAI30 um PUF O/ £ DT LY % BRI
WHEEL, ZoORFEL LT, KRBT L YHHEFAKFR
KW EEN, 247483 OFHEDE— FA5160~
180 umICBITLAzd DL IN, TR LT,
STAVKEEX DT A FHEREDOE— FodulIL
160~180 um ICIFIF—ELTBY, ¥4 TLTD&
I/ A ZH BB ST B Ik EIEBIZE S
Nhh ol FEBE, FH - A (2001) B4 HO
3SHEDA Y7 I E R L, 3447074
V(A TLY, STLY, LETLAY) BREL

DT LT A4 x5 Ivley OB RIEE %
Ko, PHEFELOum OT A Y RN EA L
TEWMHELTHBY, AEOKRERBL—FH L
72, HE S (2005) 1, ~w g ERHEEMAE LTHW,

Chesson OfEFEIRIBEIC X W FaOHF A4 XI2L BT 4
VHOBMRIREZHN, 4 Hioffa i rEyiy
£1215+152 um O/NIT L3 F@IRICEE L, 3
FIZEWPNEIY AL XD T L6 KRB AL XD T 4
UANE R SBAT L EWME LT D, T2,

ATT I T4 IR EWTRORBTH Z0E
FEBUC MR X B CHEENRBD SN - 201,

TAY A TOECICERL S ATV T FHANFEY
THEIR mBEDST LAY TLEHETEL RN
25 LI THho72bDLMEETE, ZOBEOTHD
SR EEHINERIIZENEN226mm (#=214) &
2135um (n=214) TH o7,

AT IO 3~ 4 His B 2O HNEH)
E, 1EHE 20 HOREBRTHERERX & HICHEUC X
) REMER Lz, ThbE, 3HEO 7~ 9K
PINREE AR S, ZO®BTA1RY ) OEA K
R AL, 1I5~17TRICE =2 1E L7, 17~
2UREIZ 2 TR BT AAMET L, 23~ 7RoOMT
BRI ARED SN o Tz BHO 7 RELED S I3H
CEEZBL, ZRUBICOWTIZRTH & 22K

BRI AERL, SBICHRL T » SEE 2 G0
THH 1 HOY -7 2Rd & 9 % HNEB) 2T
Hotze Thbh, XAVT7 IFHATIIWNEHFORE N
B, S X202 FT 52 LR sh/: (Fig
4-4,5) ZOLH) UM OBMHERII I U0
Thunnus thynnus TH #HE SN TE Y (Sawada et
al., 2000), HEEATEAHERRICKEILELGEINS
AL LTEREINTWS, THIZH LT, Atlantic
cod Gadus morhua {FHETix, 24FMOEHSM %
T LK o TR & OB AT 2 Lick
D, 0~28H#E ClIHE, A5kB L OWHILE oFh
FEOH»LRBIFTHo7z b OMERLRINTBY, &
Dby, DOBMARBIEMICI->TRLEHL
5N Tw3% (Puvanendran and Brown, 2002) o
LSRR THO THUE L7 MY 7 UG EIR S
NORBXIZB TS 3 HED 9 ~11RIZ BV CTiFE
D=7 PEDOLN, ¥—7I|2FE LI N %2
RL72. COBME LT, BERAERZOTMTIZE
L7 B Z5E2ICHLTE B IZ EDOBEOHK - 77l
PHEITL TV oo b Eg S5, LaL, 4 Hi
D 7TRLDEIZ VT NORBRX T iHEo%e» % LA
MRDOENIZZ LSBT A Y 2 LT 5121
TN RDOBEEDP DM ENTVEDIDEEZ NS, —
T, 24N OER; Stk CHEA B D R h oo A H T 4
73y ha—= VIXIZBWTITEEMEO ¥ — 213 3 Hilf
DL 4 HIO13KFIZ 2 MEED b, LA b, 4H
WMDY — 27 DAY 4 7 5 VR E ST ATk
fHXOME Y bE»o7ze ZOHMHIIIFETE TR
WA, AAT 473y bu— VX TIEAEEF X HART
T A Y OB R L, HLEER OGS
G0l ENTIDOERELTELONL, $72,
Z DY — 7 O D24 H OERE S TH 212D H
bOTIATATE ST AKX & Rk 6N %R
L2 EI3ERIEL, B3 HICHELVRHPLE
ThH b

R TR LRy HBX Tk L 25, 3H
BICHBICE DT AV EBIMIL T4 T AV
X D5 HEGDAFRAS 7 A VHRIIX X0 &R
LCHEY, BITYHOEAAS HnOAEFRIEEEZ K
FLTWAIREMATED Sz, T O 2 TR
%7212, 20004F 12 FEt L 72 ARRER DAL O FE A BE
BB D DT 3 HEGIZ B 217480 e R iaay
¥l 5 HOEKR L OBRE R, KRB O
HFHEATIETIA T LAY ZHBILTW225, Kiie
T A VEEOFMEEIRBRE D LR > Tz, €0
WRE Fig. 4-7ICR LD, WEOBICIEE WA
AROLN (P*=071), BENSH (3 HEG) 2B
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Fig. 4-6. Changes in total tryptic activities of leopard coral grouper P. leopardus
larvae fed rotifers of Thai-type, S-type, and negative control. Open circles and
vertical bars represent the mean and standard deviations, respectively.
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LRSS HOAFRICK & B2 RIZFL TV
WHEVEDSH V), S HRAREOM N A MR 2 o T
WL ETOEELRRA ¥ MIhb, EB 2HHORK
BOAHTT 473y b a— VIXIZB W T 250lx
DT OREETTIRIZEALEMTEXFII5 HITE
WLTWBZENLRETY, BMOYH2LEHIIMT
TOBMOGH L ZENFOHBOERICKE S EEE
FIZLTWB LML TE 5,
NZFOBEEREIZOWTIE, TRNEFTIZFIN
% E. akaara &% - ], 1997), Fx¥ A a<)N% E.
coioides (Toledo et al., 1997), 7 H /N ¥ E. fasciatus
(138, 1999), 2 ¥ 7 5 P.leopardus (F+ 1 - ™A,
2001), BIU=~y (HHE S, 2005) 7% & THE S
nTwb, ThEoEOHT, BOROERED239
£013mm E/NEVFINT T, F 4T 53O
WIMNERMO 2 HIcRms e shcn s (B -
fif, 1997) —7%, BANBEO4EA277~292mm O 7
HNY TREOED S S 7 & VIO RIED R S
ncTBY (JNE, 1999), T/, </F D30mm Kk
DOHFAIZTHELINI~160um DT 2 I IE0 #IRK:
HHY, Fi2121~140um DT A VIRV IE D FEIR
PEZERTESR, FAOBROEREHLENTOT LY
BHRREOKRZSHILK[HTATALAIDOY L THHERE
nTwa (Hf 5, 2005,
AFEIZKIR28C Tld 3 HlBICBAIT L, $EAFBALAHTIC
GRE LIMER Z SIS A 2 e S Tw 5 (5
3H)o DX ITNIRHKEZ BT Y HIZHR 222K
W3 &) fafcEsTiE, EBRLZXHICHO
U H OB RCLIEA B 2 EHZDOHOEIRICK & L
BREZTWHEEZOND, L )b, FHEHD

o
o
1

wW
o
1

Survival rate (%)
> 3

o
I
B

v =3.09X —5.81
(r2=071)

B2 & 0 NI DSR2 BRINAICHEBAT 3 2 X 9 AT
X, A XD/NEVWF AL T LAY ERIT S 2 & DT
OMPERBIOREICHF L THNITH L EERZ N
5o

$B5E EEiEDBAEZHSH XTI TS Plectropomus
leopardus FEDMEIIEE, MHEZRS LV
HILBEREHICRIFTRE

BAFETIE, NIYHOMFEAIOPTH HELRENR
L MHEROT AT RFICE Y, BERBKTY A
XD DB 254 TDTLYDPAYT I OBAE
T, WHAER BLOMN) 7Y UEERICE 2 28R
FN, WHERE 25T LY 5 A4 T A AR
GIFDOIFAOBMERIEE L5 2, 2612, 3 HlmO
BEHAS HEOARIZKECHE LTS Z 2]
LT L7z,

% O EAFMERIIHRIC X 2B 21T, #
HBEBOWMEICL>THET A EHEINLTW
% (Blaxter and Stain, 1970; Hunter, 1981; Blaxter,
1986), F 77, EBEL NV TOHESM &) bit,
R HB DS AT HEf OB AR, AR DB IO E
WCRAE TR R IEAREIC X > TR 5> TWwW5b (Blaxter,
1975; MacFarland, 1986; Batty, 1987; Bolla and
Holmefjord, 1988; Duray and Kohno, 1988; Downing
and Litvak, 1999) .

ZFITARETIE, AVT IOMMEREN ESE5
ZLRHMEL, #7425 HESEIMTHOEARE,
MIAEERB LN 7Y EEICS 2 5B mER
BECHREET A & & D IC, ARBRCTHEIELEZEZ HN/-H

0

5

1
10 15

Number of rotifer (ind./larva)

Fig. 4-7. Relationship between maximal number of
rotifer eaten by a larva on three days after hatching
and survival rate on five days after hatching in
leopard coral grouper P. leopardus larvae.
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JE 4T OERALRER 2 M L 720

M EFE

1. BEHR

FAREMOEYR FEICHE L2288 L IR B
IOWTIE, ARFIZEDOH 4 TITH U/, HIAEINC X
ofwgnﬁmmﬁmﬁ%W%%%ﬁLﬁﬁmf%
Pt£IZ, BE Lo60kL MR I > 7 ) — b KIS
W2 T L7z,

HREOHRTE EFAOCHATRHE ARBUIE H AR
Sk N E LGy (LU, AHEILNHSEY; Bl
() A BE AR A W%/&—Aﬁm%%@%%/y)
T20014FE 12 SN D60KL AR 3 > 7 1) — b /KAl 3 T
T HEM L 720 AR _E 1 1258699 % 0
TG EREL, METAREEL TR AT (1
X)o ZOIREETIZRIAIA S 0BG H LI MR S
BH, KAEMIE DS O AR AFT 5, o 2 SRERIX
IZDOWTUE, #k54 T TRIEHE D IS 2 MA T, £
*1Ekﬁtﬁ§@%*%%“ﬁ’%of%b%%
R L 720 SOPICHOGAT 4 35 8 K (36W X 8)

%mﬁ¢%%h2ﬁmﬁb,mﬁﬁﬁfﬁwmkﬁﬁ
DOREIHEFFTEL LI L. ZOMESMIZ, 2
X CII24RF R O ESfE, 3IXTIZ0~6ME12~18
e WGttt $72, 6 ~12W & 18~24ME 2 M54k & L
THA<—TiH¥ L7 (Table 5-1),

2XORB VL, BITEED S 24RO &M%
BT TF OB 2 Fab S8 5 2 & & EAT ] RE 72 H R
MRS L, F72, 3XIEWRE O HE &2 EEIC
1H2REEYEL, ZOHBICHFASETEESES
ZtERbwE L7 (Table 5-1), %&b, NEILNZHE
ST BT B BB o F AR O WIRG R 6 K S
19 F TO13MEHIASHE, F72, 1905 6 FEE TO
TIEE ARG & 72 5 T B

ARRBETIE, IR B R T F TRIRIZERK
Sk, 7Y OfEKTOEEIZI0MEMAE /mL, #K
FEERERE30% / HOWwAKRE L. $72, dHllo
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BB~/ 2 aa 7Y A Nannochloropsis sp. (X
NV x V) OFRIMIFAE KRBT OEESN cells/mL %
AL LTI o720 747 4T ORBIZETOMRE S
BICHFASB I LI % 453 1 H o H s 2 D 161RF12
T, 3~5 HEmid 10 & 15K 1 H 2 MfE Ko
T A VEERFBBICEEREORESEEML,
72, 6 HEASIESET LAY 25 4T LY O
EMUIEHETRE L7z AT AT EST LAY DNRE
AL HEE S 4 ZEICHE U2, ERERE, 0,3, 40
B LU 6 HEo 4 MIERIC ¢ 40mm DIEL Y =— v
BSS TR TKEND 6 K4 >~ +H5KI20L %
KL, BFREBEICLVERLL.

HEOEMERERE SMUFAOBHRKA L
%% 3 HEGO 3WE 5B HD2IRF T, 22~ 2ROk
MW &2 BWT 3~ 9B E Tl 3RFHIMFE, 9 ~21HF
F Tl 6 RFEIMIRE CRBE KPR oK, K F10em &
100cm {2 B1F B KHERE (ALM -1, Alec) 2 #HI5E L,
FMEREIZ BT 2 B ORI & Mg FiEITo W T,
HEAR|ITH DT,

FUTOUEEDMT 3~ 4 Hilmk 6 ~7 HifGIC
:!oﬁéﬁigﬁl:@ﬁﬁﬁ O LEERIEE O 5T T 13 4
EIZHE T,

ﬁE‘l‘ﬁ&E FRBXE BT ML) O
BB EWY EFROEREDEI, —ITRIE DD

AT CTHBEENED bNSE G@U % B LR e
(Fisher's PLSD ) TilBRIX [ O &2 DOME % 17
ofze HREAKIEIXS % & L, ARENRDSNIHEIC
DVWTDHRIE 1 % THEMEZTT- 720

2. EEMREOEALHR

FALHOEYR FEINCEE L 7Ba L I o R

IZoWTIE, AR08 3EICHED 2, HREINIZ X
THEON-ZHEIN %2 6 1 TIX61.05k, FH2 T

i56 AT B L OVFHB) 3 Ti293.8705 kL & SR /LR LB i

KCHIE, B LED60kL AMAEIa > 27 1) — b RkAEA

ENENINE L7z

HEAE bk LHEOREBSEEZIEH L%

Table 5-1. Experimental conditions of mass rearing trials for first feeding larvae of leopard coral grouper P.
leopardus
Expt. Photoperiod Time of light regimes No. of Electric light Condition of black screen
no. (36w)
1 Ambient 6-18 None Covered only at the upper interior surface of tank
2 L:D=24:0 0-24 Sixteen Covered completely with black screen
3 L:D:L:D=6:6:6:6 0-6, 12-18 Sixteen Covered completely with black screen
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1L 3AER % 20024E 1290 L 720 SRBRIZ Z N D60KL /£
Bar 7y —bKE3HEZH, WTIhoKETH M
E, HE, BIUREGEHEEZR—LHEFHETT-
720 AHE LTHITIZEEERII% DG A HE L, 0~
2 Hin ¥ Tl HEM, 3 HRIBEIIHRH BH oS54
EL7e O0~4 HEIHNEIT 484K 36WXx 8) %
FRAE YL IR 2 JERE L, 24RO EIH e L&
WEHF 21To720 5~ 7 HEIZHROHBEMIZED
S-BREAT TV, 7 ~18ME LM, 18~ 7%
Wb LTH A~ — T L7, 8 HlLIRIZER
kL, MEIXEARSMEE Lz (Table 5-2), K
IIEINNE 7 5 RBE T £ TIRIRAKR A F—%2 HWT
IRAEREE I FRE L7 F 7 VECEPIICIRK 2R S 4,

28C TRl L 720 SH B L D S K~ DEKZAT
W, JINAED S SMEE TIZ 1 BH Y4720 2R 0100~200
%% BEICHmAK LIz 1 ~5 Hiw, 6~10Hi#s 11~
20H#B L U21~43H#EF Tk, #hEh, 1 HN7%
N &R D30%, 50%, 75~100% B &£ UF150~300% %=
HZIHAK L7z T72, dilRO@EERGEF >/ 700
7 A Nannochloropsis sp. (A % ) O L
FCO HERERCHE Uz, FERLEBROERIZIZ Y A 7
LAY, STLY, TVF IT Artemia sp. CREZ & M
VIV LA 7 INVE) @/ =797 254 (LT,

TNATIT) BLOHROREER (%) 2/
W, Fheh, 2~5H#, 6~39H#, 11~42H#
BILO12~43HEOWE G- 2 72, #EIEHETY 4 7 A
& ST A VIF20MAE /mL, TIVT 3 7 IF0.1~0.318
& /mL B X O & #HE50~500g/ H /60kL & L7z,
FATAVESTAVIIVTNRE A= —raL T
(7a V71, 15L/10 M) <6 ~221/, 7
73 71& Fa¥% DHA + 4 Vv (USC, 50mL/kL) T
6 ~22IK¢ [ D AR MALIR KA L 72,

Bw R

1. BEHR

KRB TIE3 ~4 AliE 6 ~7 HEhlc BT 5 K
W O R, EAE, B, BLXUOMN) TV
WEYED IR 2 B 5 72026 URESRYI TR 2 &
L7

FAERE #ABXoOKE TAVEE S/
ou sy ARES X UKPIREL Table 5-312/RL
7oo KB ZBRWT, REBXHETKRE 2RI
DN H o Tze B H O KT 10cm O FEEE X
1 XT0~1300lx, 2XT475~648lx B L3 X T
13 0 ~653lx OHIPAT, K F100cm DEIZZNZE

Table 5-2. Experimental conditions for mass rearing trials of P. leopardus in 2002

Trial. Condition of photoperiods No. of Condition of black screen at ceiling
no. 0-4 DAH* 5-7 DAH* 8 DAH*< Electric light 0-2 DAH* 3 DAH*<
1 L:D=24:0 LD=13:11 Ambient Sixteen Closed Half closed
2 L:D=24:0 LD=13:11 Ambient Sixteen Closed Half closed
3 L:D=24:0 L:D=13:11 Ambient Sixteen Closed Half closed

*DAH: days after hatching.

Table 5-3. Results of experimental conditions for first feeding larvae of leopard coral grouper P.
leopardus such as water temperature, rotifer and Nannochloropsis sp. densities and light intensities at the
depth of 10 cm and 100 cm from the water surface during experimental periods

Expt. Water temperature*'  Rotifer density*'

. *1
Nannochloropsis sp.

Light intensities at the depth (1) *”

No. ) (ind./mL) density (x10"/mL) 10cm 100cm
| 27.40.4 7.6+3.8 24.4+17.6 266(0~1303) 155(0~310)
2 27.3+0.5 8.7+4.1 24.7+18.7 571(475~648) 300(231~345)
3 27.7+0.8 6.8+3.6 19.8+13.9 272(0~653) 140 (0~328)

a1 i
*: mean = standard deviation.

2 .
*°: mean value (min, ~max.).
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1, 0~310lx, 231~345lx B & U° 0 ~3251x DHEPHT
R LA (Fig. 5-1),
ZAVTIFAOFHIBEEOARNETE ARARICB
U B R AT I 240 I E A Sk & L7z 2 X T 3 Hili o
6 FFIZ50% DEET, DWT, WX L5 1 XIZFE
HoD 9IREIZ25% DEIETHIZE S iz 6 R CHA
ERESM A 1 H 2 MY K L7z 3 IXIZF H O 158290
%DOHEETHRDELSBIEIN, 50%D. EoFIE
FIZ2KXTIRIIT0%DEETROE BN, £
OB D4 RI32.66+013mm (2=20, FIHfE =%
) Thole WIS, 1R 2KX LD DH 9K
ENTISRIZ100% DEE TBE SN, TOBOIFM
DA F13256+010mm (#=20) TH o720 T2, 3
XT3 1 X & FRFRIIZ90%DEA THE SN, ok
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D D4:F13267011mm (#=20) THh -7 (Fig.
5-2-A)

3~ 4 HEwlZ B % & WlBiX [ o P E A2
AT 2 B BEZED LN Lo 2A, ZoFHHEIE
2XA%617% b E L, 1 XTIF417%, 3 X Tl
400% THolz0 F72, 50%LLEDOFIEEARE K2
BRXHCTHKELTAB L, 2K TIE3 HEBD 9K, 15
B, 4 H#bO 48, 9BEB X OSIGKEOGEN 5 |, B
b IBEINOCHL, 1 XTI, 3 H#EDI15
B, 4 H#o 9B X 15K &FF 3, §X_THH
2, ¥/, 3XTIE, 3 HEOIGR, 2B L 04 H
EO15MED AL 3 0], BISOIERIHT ISR - THlg
N7z (Fig. 5-2-A),

6 ~7 HEIZOWTHRBKICHRZEZA, 1K

1500 3-4 DAH A
1000 }
< 500 F
>
.
g 0 : L 2 I b L L 'l ']
S 1500 p
= 6-7 DAH B
-
N
=T1]
= 1000
500 |
O : L a2 i A L . 'l ']
0 6 12 18 24 6 12 18 24
Time

—o— Expt.no.1 —— Expt.no.2 —o— Expt.no.3

Fig. 5-1. Light intensities at the depth of 100 cm from the water surface
between 3-4 (A) and 6-7 (B) days after hatching.
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Feeding incidence (%)

36 91521 3 9 15 21
O Expt.no.1

W Expt.no.2
Expt.no. 3

Time of day

Fig. 5-2. Differences in feeding incidence of
leopard coral grouper P. leopardus larvae reared
in three different photoperiods: ambient (no.l),
24 Light tank (no.2), 6 Light repeating tank
(no.3) between 3-4 (A) and 6-7 (B) days after

hatching.

& 2XTIE 3 ~4 Hiig & M B SN2
L, 3XIE6 HEOMHSGMHE 25 3K 1 MBI s,
FNLDREIZOWTIIBESKE (a7 v 7
BAWGRE 2 ), FHBEBHRELRRL I EBTE Lh
-7: (Fig. 5-2-B), LA L, 50%LL LoFiiEay
RIIABEP2E LT, 1XTIHERIZ, 2KTIE
BREZMDY, 3XTIE1 R ERERICHSEAEOR N
IR T 7z,

FRARBLHLYDOT LY FHEEHOLER 3~4
HENC B 5B MENE, 1 K TIRHBESEAOKRT
HREEICREN L C, “PEEEBZIL L T 2 HIahdH
-7z (Fig. 5-1-A, Fig. 5-3-A)s Z®7z®, 3
~ 4 HimlZ B 2% PIgEATE & KT 10cm O RREE &
DRRICOWTHBREE KDL 25, 1 ROAKIF
r=066& 72 o> THERME (P <0.05) 7D HM7z,
ZAUTH LT, o 2 RERX TIa T ] THI B A3 A

Of:o

3~ 4 HICBIT 5 1 XoFEGEAEE, 15k2E
fEDOY— 2251 [Md > THHIEMEAE L, 21~ 4
REOZMNCIT 1k / BUT &K o720 2XD 3 H
WS BT B BRI, 1 IX & FRBRLGECE D Y
— I PEEIN-0IIH L, HEIZBWTDH 1K
/RUEOBMAR SN, 4 HETIREHOE — 27
MHED D 6MEHEATIRICBIREIN, 3K
Tk 1 K& IZFRBREREZRL, 3~ 4 H#EsIZ158;
B O Y — 7 BB s N8, EHEEEL 3 R
XM ci bK< HER L2 (Fig. 5-3-A)s

6 HEOIGEAEIE 1 X & 2 X TIIFIZ Mk
MZ/RL, WX EHIEMOY — 271315 IcEg SR
720 7T H#® 2 X TId 3 KA 5 1582 20 ) THIHIEAT
BAs1a» S 125Mk / R e 28 LA L2, 1XT
Z 9L SRKREL TH T v 7 TETIC
BB ERARD BN TE L) o7 (Fig 5-3
-B)o 3XTIX6 Hiigd 3WLIEIZ 1 X EF LB T
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Expt.no. 1 .
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Fig. 5-3. Differences in average rotifer number in the gut of leopard
coral grouper P. leopardus larvae reared in three different photoperiods:
ambient, 24 Light tank, and 6 Light repeating tank between 3-4 (A)
and 6-7 (B) days after hatching. Different letters represent significant
difference among Exp.no.1-3 (Fisher s PLSD test, a>b, P<0.01).

METEh o7,

FRBRIX N BT 2 R OENE LD 729
2, SEEBEEANB0% F WA 7 3 AO158, 4 il
DKL 15KB L U6 Hilho 9K L 15K A5 oD
R ICOWTHEBEEEZ MR, ToOE, 3 Himo
15K E 4 HED 9 HFIZ oW T ORI, RBXBTEE
EDHDOOLN, 3HEDIGKTIE, 1RMB2KE 3K
IV OEFEICELLEBHELTHZY (P<001), 4H

BD OB TIX 2 XA K& 3K E D QEFEIZE B
LTw7z (P<001)o

T EMEOBRES 3~4 HimICBLY
5 BX O M) 7Y ViEE R RN 2 A, 3
Hio b 7y ViGtkiz, wTFhoRBXIZBWT
b3S BIIHTTIRERHICEA L, 4H
BBV TR I XE SKTREL &) 2@, $4b
£0.05% 50.48unit/min./ind. PP TEDIZHERE L 72
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Total tryptic activities(unit/min./individual)

A Il Il 1 A L ']

o6 12 18 24 6 12 18 24

Time of day
—o— Expt.no.1 —— Expt.no.2 —o— Expt.no.3

Fig. 5-4. Changes in total tryptic activities of leopard coral grouper
P. leopardus arvae reared in three different photoperiods: ambient, 24
Light tank, and 6 Light repeating tank between 3-4 (A) and 6-7 (B)
days after hatching. Different letters represent significant difference
among Exp.no.1-3 (Fisher's PLSD test, a>b, P<0.01).

2%, 2 X TIZ 4 HED 9 B 521K 12T TZ DflAs ANEH L7 (Fig. 5-4-B)o —F, 3XTIZ6 Hills
0.537%* 51.37unit/min./ind. ¥ TAHIC LH L7z (Fig. D 3RELUBEIZRFEDSKE L TH U 7)) v I TETITH
5-4-A), MTEXLhols

6 HEGD 3HEIZHBIT S M) 73 iEMAHIE, 3B 3~ 4 HilZBIT 543 BRX O MY 7Y G
KETKERP 572 LA L, 1R TIZZDEA 3K L7225, 3HEOIGR, 4 Hio 9B X
A5 9 BFIZA ) T0487%> 50.89unit/min./ind. ~ & 2% DO WTIIAEEEYR DY), 2K 1IKXE 3K X
WCEA L7202k L, 2K TIE6 HEo21k:E 7 Hil DHAFICEL (P<005), 1XE&3IXTIHAEES

D15 HE R 2\ IH A A30.17%> 5 047unit/min./ind. Wleholze 6~T7HEIIHTTUIIXDY 7)) ¥
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TWRTERDo7272012, M) Ty O FEAED
BB EIATh L h o 72,

3B IZBIT A D M) 7Y S E A
RBY7-0 OFHEEKEOMRERRZEZAS, WT
NORERX T b WH O THE LMD b h
272

BREEEER WK TR (6 HEOIbK) oL
HEFROFERE Table 5-4 1R L7zo BB T RO
BHeEEF1 X T280mm, 2 X T332mm &%y, 2
EBPTRXEDDBAEREIIKREPo7 (P00, Zh
WX LT, 3RIEMEIRECWEHOY > T s
Bonhrole —F, 6 HiGE TOEKEYILEL -
EZAh, 1RE3RIE3HEm,S 6 HEIZ T TaM
LWEEAH D, 6 HEOERFIIZNZENE7T% L1.5
%THolzo TNIIHLT, 2XTIE3HEA2S6H
WElZP TR E RFER R SN, 6 HilmoERkIX
694% & =<, FHERLFAMKICAEKRTD 3HBXD
FTiE 2R ENTV2 (Fig. 5-5)0

2. ERHER

FERE SHMICBITL3AMLS5 AT TO
BRI E Fig. 5-6 IR L7z WTNOHFIZBW
THPHEERO ONESIZFAMEREmZRL, 6K

HitR 72 S 2 40T, & OI8MEFIRICEM O ¥ —
IHBBOLNTz. T2, SMELLIY LI E ToORE
E3HBITELARRY, BY LIFHi#O40H O
AREEHEF 1 (233+£213mm) & 2 (243+2.32mm)
AHEH 3 (201+022mm) LD HEEICKE, -7
BEDOFERIIIFETE Rd o7 (P <001, Fig 5-
7)o —7J5, 10H#F TOMMIERIZHER 3 TI1E4 0
T 72 HERRD 2 X & FMERENZ R LA, €0
fDHEF 1 & 2 TEBOE TOWHEIKE L, FHH)3
L3RRS TEY, ZORNERETE Ld o7 (Fig
5-8)c L2 L, BT TOMMBIIBEINTD
HHHl1 & 2 TIEMY EFEFCRELMET A2 LT
&, IS 3MoFERRERT, FHLE£E26mm O
FETE %2 A R3347TRELY kT, HEFEERIZ27~29% &
g LTz (Table 5-5)0

zZ =

AT FAFA OB X 2485 B E I 4 % i L 7
2IXC, WX D1 X LD b 3MEH, HIRESM% 6 I
BB CTLH2H#ED K L3 LD b oM &
U7ze F72, 3~ 4 HEZBIF 550% o FE3EaT
Fi, 1XE 3IXTIIAENFHAFICOA 3 H, HEH

Table 5-4. Results of mass rearing trials for first feeding larvae of leopard coral grouper P.

leopardus
Expt. Photoperiod No.of larvae (x10*)  Survival rate Total length (mm)*
no. Initial (%) Initial Final
1 Ambient 54.9 8.7 2.30+0.11 2.80+0.14
2 LD=24:0 66.3 69.4 2.30+0.11 3.03+0.17
3 L:D:L:D=6:6:6:6 65.4 1.5 2.30+0.11 —

*Total length: mean + standard deviation.

Table 5-5. Results of mass rearing trials of P. leopardus in 2002

Trial Condition of photoperiods No.of larvae Survival rate  Total length (mm)# Experimental periods

no. 0-4 DAH 5-7 DAH Initial Final (%) Initial Final (days)

1 LD=240  L:D=13:11 356,000 10,456 29 2.29:0.10 23.3+2.13" 4.19-5.31 (42)
2 L:D=24:0 L:D=13:11 287,000 7677 27 2.33:0.14 24.3+2.32" 4.24-6.06 (43)
3 LD=240  L:D=13:11 557,000 15344 28 223+0.11 20.120.22" 5.24-7.05 (42)
Total 1200000 33477 2.8

*Total length: mean + standard deviation.
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F U< 3 EGEEORRWICHRE S LTI N,
ZHUSHF LT, 2 XD50% LL E BRI EK %
b5 Mg shz (Fig 5-2). —F, Fiy#E
5L 3 HiO 15 TR IRX & 2% 1 KAT2 X & 3
KIDHERIE,L-> A (P<001), 4 HEGD 9
BCE2EPIRXEIXLIDBAERBIIELS ZoTn
(P<001)o BRI THEOARTIE, 2 X5%694% &
SHEBRX B CIIRLEL, /2 FHEETY, 2K
A5 3 FRERIX I Cldik d RiF &%/~ L7- (Table 5
-4), TNLORBAER ARG S & HISML
L7z 2 XA 3RBMX M CldmdbENTEY, 24EHO
BIREE VA O AT & BRI L TRIR s H - 7- &
fgRIND, L, REBROQS VIl IO
FEAE 2 Fd X4, 200, HHORSEZRIRX LD D
BWMPg IR LMW TE 5, SHIHLT,
BIRG S fh % 6 BFRIRIBEC 1 H 2 Mk &L, HEY X
A CHEMOBEEMNEIELZ L2 AbWE L
72 3XIE, WEHEHORM AR DEL, T2, BHEEO
X 2o AT BIgE S E0s, &
DHEY X 23R ORE L BRI LT
ERIFTIENPHLNI R o720 ZOHMY) XL T
BT O RE I AS 150 & 3 BRI I CThe b 2 < BigE =
NTEY, Thbb, KETIEHLIZESL)IEET
Ewve 5 HRIZIZ AW T 2 RE R KL (5
3HE, H4E),

245 M D E AT A DO AFR & REICHRE 1T

8

[*a) ~J
o o

Survival rate %)

L7-faffi e LT, 74 I Siganus guttatus (Duray and
Kohno, 1988), ~ % A O] Sparus aurata (Tandler
and Helps, 1985), B X O"KWH#E~ ¥ F Gadus morhua
(Puvanendran and Brown, 2002) 28#i# S L Tw
B0 ZNUTHE L C24RE B DB D A5 & K
RICEREZRIZL-AMTIE, I—uy XAXF
Dicentrarchus labrax (Barahona - Femades, 1979) %%
WEEIN T2,

KW ¥ ~ % J G morhua (Puvanendran and
Brown, 2002) TIiZ24F:R, 18, B X O121KERHA
etk & L7z 3EH O HE G £ 300~2,4001x D% 7% -
TAEOMESME AV, [FROBMAR HE
BELUHEERRRIRARSENTWE, ZRITL B L,
24001x O BERESe & 24 I DT B 41 T b IFESR
MR & LT 5285, 24KFH O EBI G328 H g
PNk ERETHAHELTEBY, BRICL2%E
WCIRBRARDH LI LEFRL TS, EEE, KRBT
b 2X T4 HOEEED Y — 27 255 H D158 5 9 Ky
Y7 PLTVWLOMPBIEINTEY, 24RHOER
B> T, AMTREIHAH»LEMELBKDOTY HIC
1HOEMOY —7 20z, KHEIZIZEHELEZWE W
S TAFRAROEE ) X ADPHEDEIN TV AR D
Hbo UL, ARHEATAIZEFHBENICNIBRER %
WIS B2 Eehn (BB3E), HIORERH,»ICHE
fHTEB0E) P05 HEOAEKRICKE (S LTw
%o o T, ARREED 2 KOFERIVRT X 9 12HEHE

0 1 2

Days after hatching
—o— Expt.no.1 —&— Expt.no.2 —o— Expt.no.3

ok

2 5

Fig. 5-5. Changes in survival rate of leopard coral grouper P.
leopardus larvae reared in three different photoperiods: ambient
(no. 1), 24 Light tank (no. 2), and 6 Light repeating tank (no. 3)

during experimental periods.
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Fig. 5-6. Differences in average rotifer number in the gut of leopard coral grouper P.
leopardus larvae reared in three experimental trial tanks on 3-5 days after hatching.
Open circles and vertical lines indicate mean and standard deviation, respectively.
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( Artificial diet

e o)

C Artemia nauplii

( S-type rotifer )

30 r
. 25 o Trial 1 %*
E A Trial 2
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=
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5 - gk EE
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Days after hatching

Fig. 5-7. Growth of larvae and early juveniles in leopard coral grouper P. leopardus in three
experimental trial tanks. The three different symbols and vertical lines indicate mean total length
and standard deviation, respectively. Feeding schedule is illustrated at the top of the figure.
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Fig. 5-8. Changes in survival rate of leopard coral grouper P. leopardus in three experimental
trial tanks between 0 and 10 days after hatching.
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IO Z R4, D0, BRIZbIz-> TEAEORK
SERMEPLT AR E M L35 L CIdERL
FHERE L TIRADIENTED, 2D, HF
SO AL ERE L, DI ZET S5
HERIZICIIHETRETHS I,

200241z bk L2 2B E 2 C, EEHBTO
FEHAALRER Z60kL AMAEIa v 7)) — bARFETHENE L
720 HIESMZ, Table 5-21R_L72L912, kb
L7z HREGRBROAERZISH L, 0~ 4 His F Tld24k
M oOEBEEM, 5 HEh» S 7 A CIZHROHRY
ALIZHHEEL, 8 HMDIREA S X BIRAIH 2k L7z
B xIT o720 TORE, 43H#E TO 3 HFOMEF
TEERN20mm O % 4533477 Y LiFs 2 &
MBTE, WY RIFREDFIETEERIZ28% ThH - 720
COEFRIFE L1999 EDEIERE L 2 KT 5 &, %
FF02% Lo THBY, T/, WY LT F TITHRD
L 728 H FHNL27HGI R 2 5 FHB LMD TRLET
Hotz (i 1999, ZHIZHET 5 E20024E1% 3
HETRTUIBNWT, B LAERELEDL 2 LI
YLTwb, ThiE, F3BETHRAZLHIZ, 3 HiE
DOFBFEAH 5 HMOAEFRICKECHELTBY, #H
BHOEEEICE) E2ADPRKEVERER T 2T,
WA R B ST L0 W) BEH» S, SE0
HREREBEZIT o720 2D OREF R 2 BERBK TG
MLT, HEFTT3IFAOEINRBEEZITo72L 25,
I TIZh 2 BREOMIBFELS D -7 L LTHHERE
2, LADER LD &R ORI 25T g
otz SO0, AR T HIEAT OB % o,
BRE OB L BT SO TA L — XIhHESEAN L
Y2 DI EDREAEEIEDDE, MMEETD
EERRA VI THDHEEZ LN,

LT 5 7224Rs B O BREF HSA V7 T 1O
AR L RIS LTRSS D Y, A EHY T
BN RECTH A Z LU L2 b 00, iz iR
FEIIFHINTBE ST, SHOBEE L-w,

F72, 3~4HEIIBITA M) 7Y ORI, K
CEEFROBIFTHo2 2K THO 2R L 1 3
ARICELSZ->TEBY (P<005), 77 (JI&E
2001) O &) IfEEeMEREMTIINY 7Y L OENE
EASHH SN ERL Y, FARONZRTIREE K &
LU REEAVRIE S N, A% b IHbEERTEN:, A&
IR B & U5 & O BARIEIRAE 2 kbt 2 30 H
%o

FOE MEEE,;, N\NFEOUHBFEDOERF

AWFEDHE 1 ~EIETIEIYA by, FINF,

BLOATT T O HH 3FONTBRAE 2 582X
§ % IRp ] & [l 0] RE 2 fLER I PR IR 1] & B, T I
M2ANEIE—F T 52 L, Thb 3HTIEHLERICHT
BIHEARRD TH N &, 512, AHREEICY Y &
DOLBEOREEE DY 4 I ¥ I HEZFDBROTFAOEE
EEREEALTWD I EEWLNII L. 65T,
INZ FEOREN A PE TR TS U B KR IEE 2 [l L
MR Z ) S5 72D 13 ol 7 i H 5o % i
THIEDNEELRRLA VI THAZ L 2RHL,
BA~ESETRAYTIRHNICE Y, WMARKRE
] 1S 27200 @R B b % ik 2 fF &tk
S 5720, BhbT 0894 XL HESMEI A
OEFHAERE, MPERBI N TV ENRICE 25
WELZEERBETRE L. BB, 2hsoRE
TH#IE & % 2 5N fE 5% H 7 F55ER B % i
L, fEkX 0 QLEMICATT I 2 EET 56T
FHEEWSPIIL 22T, ThIETORELR
AIICHLY #ed, N FHOMMFEER ORRFE 2O W
TEET %,

1. NZHEIBEOAFRERIN &ERTBIZDLE
NGO A E TR T &, B2 510 H T
BICAE U B KRE LOMHRFESERELZ BT K & &
& 31T &7 (Hussain and Higuchi, 1980; Fukuhara,
1989; Duray et al., 1996, 1997; Z 5 - ], 1997; Toledo
et al., 1997; Yamaoka et al., 2000; 145 5, 2003 ; fREE,
2003 ; HRE - B, 2006), = oW % fFIT 9
b7, TNETIIHNEREL BKERDIEE (Kohno
et al., 1994; Kohno et al., 1997; Kohno, 1998), £
A X - HEE, KR, BESLM (Toledo ef al., 1997,
2002, 2004; = B % A - A, 1997; Yamaoka et al.,
2000; HH 5, 2005 ; HEE - B, 2006) 7 &A%
RHENTER, TNHOHZEIE, HNFEHTIIHERE
Fh HARRFEIZY) Y Brb B FTEE “critical point” @
FEAIRREAVEFRIC K & 3B % AT REME 2 R L
TWwb, 2T, F1~EIETIEYVA by, IV
NY, BIUORYT I 3WONTEEBIZELY, N
REEOWIPLER & IR E 2Rz, ZORE LT
TYVTBLUTHRTEBEIMMTON TV AHIEERHLE O
KA & L L 7245 R % Table 6-112R L7z,
g e LNy BOF v 4 a0 Ny
E. coioides & 7 H =% FN% E. fuscoguttatus, T 7
A DA Lates calcarifer, 73Nt — Chanus chanus,
I T A T Siganus guttatus, I 7 T ¥ A Lutjanus
argentimaculatus (Kohno, 1998), B & F ¥ ¥ 4
Pagurs major GEARS,2001) ® 7T TH 5, #WIDIZ,
NYHESHBE TR L TADL E, MUTFHOY A it
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2500 O P. leopardus (26) @ P. leopardus (28) O P. leopardus (30)
—_ B E. malabaricus (25) & E. malabaricus (28) < E. malabaricus (31)
"’E A E. akaara (26) @ E. coioides O E. fuscoguttatus
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Fig. 6-1. Relationships between yolk sac (A), oil glouble (B), and total
length of hatched larvae (C) and critical point in hatchery-reared five
grouper species, P. leopardus, E. malabaricus, E. akaara, E. coioides
(Kohno, 1998), and E. fuscoguttatus (Kohno, 1998). Numbers shown in
parentheses represent the rearing water temperature.
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TARTINTHEELMmm ERb/NEL, ¥A b
INFH184mm LD KE L, ToMho 3 TIZ158
~1.75mm & K#EZ% v, SMEREOIREERFIETF IS
2L145% 10 'mm’ e b /M E L, ATV T T DKIR26
CEHMT TOERMA2078x10  "mm* & ik b KX 5o
72o S ALIRE O JHERACHER (290 B AR F & R Bk 22 ) &2 R
L, 26~48x 10" 'mm’D iz /R L7zo #IEHELH 2 5P
HaeEE (MBk) 2 eaICRINT 2R (LT, “critical
point”) ZHE LA, RKIMEREIKE D5
T2ATTINOREMERBEL, YA T H6~18
REf, F INF W20, 7 A~ 5 T\ D325,
BIUOFv A u<x Ny P28k b ENP- 72
UAHHE T KRS & o THIEE & IhBRARAE 0 TR I8
FIERZ-TBY, BEKRETER S IR IR S
NBEOPEETH o720 ZZTLERLINFHEHSHED
SALEFOPIHEE & “critical point” (Fig. 6-1-A), 4
LD HER & “critical point” (Fig. 6-1-B), B &
DS 4 X L “critical point” (Fig. 6-1-C)
EOMBEEMRI-EZ A, WHEIFENEN = -039
(P=037) & r= —0.17(P=067), B & 0" »=015(P=061)
L), BFEAZIRDON Lol 2O LI, A
ERRAE DR R DY A4 XHS “critical point” DE
EEMELTVEIDTIREVWI EZRBL TV,
FRE, F NSO X ) ITHIE LIRS NS 5
DR TR D/MZIVIZE D ST, NERRERIGERE
I3 FHICRES ZoTEY, —F, ROKEARH
WA AIT AT T 70D R S WK EZ ML T
BY, THOMBAEKROBINE DI, I LIMEROA
L bEL LA “critical point” DR X AUFICHEL
REEE T2 %0 WEBIAVKIROEELZZ T 5 2 Lk
E U728, Kiosazsd (1, 3#), R
WREICL->THHEEEZITL L8N (Toledo et al,
2002), IEHLRREE 2 RE S5 7-0118E8) 7 w5
EHROWEBPEETH 5,

Wiz, Ny EDA AL 10 T “critical
point” DESZILET L E, NFHSHA 0 ~280F
MTHzoIx L, NyHEUINO 5 TIZ435~905
K L ROCOIREBNTHo7ee SO LIE, NIH
@ “critical point” AL HEREE A L 1 b KRB AY IR
LWZEZRBRLTWS, FRIZ, THADOMEO L.
calcarifer \Z ST A DY 4 X H140mm & /M E W2
Db 53, “critical point” DFE X A0S & o
THB Y, “critical point” & Lk L7z & 9512 51biFM
DY A ZRNFREORBICELG I NT, Ehs st
O SPDOFEOFFREITER L, L) bINFEHTE
OB PH OV TH o720 £72, HRTIEE
ELCTHEAEEMIONTEL T 3N HE TR

%Y, TORESHISIEMDH Y, IR
TOBHENL L, »o, 100%EHIE T 5 K- D
ML, WHEEOBRD L EWIBEREEE R o T 5
TENFEE SN TS (AL, 2001). Z D#EHI,
“critical point” D X SWINEHF O WS E % R T U
HPITH A 9o Kohno et al. (1997) I NFHH LMo
WEAEE ZHEL, FICOBR EONBEROFRE
& PR ARIN OB A SN 7 T o g pe fafFHIC IE
NC,HEEAEEPHBETHLES R LTS, LAL,
COBRZTTENYFHOMPBIEENZHETET
W\, ENUTIMAT, NFHOMMEE»HEL Vo
1, kg BNy M OBER ZICHRT B a4
HE 2 LRI PE R DS oD TV Z LSRR T A2 L %
CCTHITRIBL 22,

2. PERHEER

ARFZETIE Bl L2 RIZHEEDS VT, Ny HEO
“critical point” AYEBEFORE WA E LR T T O L
BREEEICHTIZEb o T AEREW) ZEZHSH
125 5720, IEHE ORI D 7 8 3 HTM O AT,
B, BLOUEKRICKITTEELRA, ZORKE,
AWFFE TRz 7 JH 3 FE TIPSR & S22 12N
3 % IR & A5 T R 2 LA 1 D IRER & ASANITIT— 3
352, (Fig. 6-2), T/, Ny HE3HOMETHE
A AT TER RN, EEREGEEEL L YA b
Ny (FE1E), FINY (F28), BLOAYTI
TlEwWFnd 6 (3%) &4h, Tho3MT
AR R ZAZHIR T 2 LRI A D T W 2 &, &
12, AHRRAERICY ) b ZBEoMEEMD 5 £ I
IRZOHRDFROBE L ERELLALTVDI LR
HOEMZLze ZOMERE Fak L2 PER R EIGEFE
BLUOHAOREZEDTELETLE, NFEHOMY
WEEIE “critical point” O FEILAVMLO g IE I AN
THENZ LT, 1BI4E 0] RE 20 HE 14 R 5 & FE A5 B
WEOMED 6 FE & O THWZ LITERT 2 b0 L
RINTz, Thbb, AR TETOANEYZHAE
S L o TN FFARHER I M 5 &, £
DWEPRE L EFRICRE RS, ZofRE L
THNBFENEL D DD LML SIND,

2T, FHONCHBMEAKEICAE LT 5 M
ELER L7y E 3O M2 B % i3 5
E, BT 5 Scomberomorus niphonius 1 13 5 £
BA#E 0 ~ 1 H% (Shoji et al. 2002) & &N TWw5b,
% 7z, Houde (1974) iZ lined sole Achirus lineatus,
bay anchovy Anchoa mitchilli, 3 X U sea bream
Archosargus rhomboidalis @ 3 faFf % BRI L,
INBO “critical point” 1X51b25~35H%ICH S &
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HRELTWD, ZOLHIE, Lz 38 % D,
NG 3 CIT BRI B O 7 6 ~ 120 o [ 12 I nl
BEIIZRBT 5 & ZDOBROITFROETR L RRITELE
BHELALZEIZRY, ANCHREESEETH S )
ERLTW5, F72, ABIETHSE Loy 8 3
Tk, WINHHEROAT T4 7arbu—n& L
THUMRX 2% T 525, X TOROBEEZRT
RA ¥ DHNERHEE 2 2 AR B BER & 1 31E—3K
L, L»d, TORICHE L TdBEIERXIZHT
RTHERBIZHY, POEEDLLILIREINTVS
(1~ 3%), SOREIE, N ARETRT ChET
HE 70t FT R PR RE I & SR B BRI, MEAG AT IX o A
FTAER D 3~ 6 R BECARREZMEL, HOMK
E2RTRA Y FZ2WPSPIT B2 THROITILIE
WHETH DI L ZRBLTEY, MoEiEfEIC D%
ISR LI FETH 5,

NFH 3O B OREEMEICOVTIE ER L
7o, EEE, ATVT T CHIMEAICH D 5 EE R H
BRUFLEZONL BT A X (B4E) R
AE&N (5% #HLMCTAIEICEY, @)
WIS R L, ZREERIHETO VWTnE, 2,
2 T E. bruneus HFHCTRRILEMIZ L o TET LMK

FHERICLoTEHE, 512, RELRBESKILE
LT H I EICE o T, MEEAIRET A FE A
mHELTws (BE - #8iEH, 20060, £/, FIN
7 CHEMBEM (3 Hifd) ~5 HEE TOHEMIZED
LKHEREE, BRGE, BIXUOT LAY OMBEEELRE
EYRETHILICE-T, FOBOEEREITML
BAIICELY BT RO A pE R & EFR S R L Tw
A (EFF, 2003 ; #EAT S, 2004), ¥ 512, ¥ NNF E.
septemfaciatus T, FIERKEHNOBRNICEHL, W
B ko coii K2 m LS EH - hHE T
BERABELTYS (RES, 2006 Sakakura et al.,
2006a,b) o TS DRI, AWFZETIENE L 72 %0 [l
HOEEAEMTTDEE 1 ~53), LA - T,
N HOMPIERZ 0 LS5 720121%, WEEIC
Mb bR REENEHAL T 5 I e b ELE
Thb,
SRR, ORI, Bvh - AV TR
F, H2VITERMEL EICXGL, NERENHHHER
KA ORI & [MAE T RE 20 M6 FT I PR 2 AR, &
D “critical point” & FHIREE & OB = B S
295 2 & 3FRAEICB Y AT AE TR TOMHE
oAz 59, RMMFMOBRHOBMELHEET 2 I

Hours after hatching (HAH)
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Fig. 6-2. Diagrammatic outline of developmental events related with early mortality in
hatchery-reared larvae of three grouper species, E. malabaric, E. akaara, and P. leopardus.



140 SHLAH e =

THRECHMT L2 DEEZ LN,

&!I

5

R BT 21 H720, KIGBY % 5 TIHE
& TR R o R H R T 4 — IV FRMREE I
vy —HEHY I CERE R EEHOEYRELE
Fo T, KMXOTKEzETHE, EELIELLY
SZAKFET 4 =)V FREFHEENEY v ¥ —#dZIL T
P, WBhEIZHNEN MR BILR L RF 5,

AT BOE NREERAITE v & — Bk ol
O JuHRE, ASAKE JuEE, WHHEXOKERZE
it b BPTRE B X OB E S R IR
RBICEAZCHRYE, CHExl-o7, TZIZRLT
WEEELIZV YA MY OFFRBRTIZ, HHEK
FRFMEROBA K E DB R S ADWKIZT
WhxalYy, BLHL EFFET,

W DY A DR & A 3% STRAEZTHN:
MFLER KRR IEE—IREEZ, WRGERSF)
PR E RO X ) BILR L B E T

MOTATBOE NKEERATIE Y v & — B AWERO A
Je A, FAAEERO SR g T — 7 1 A
—&— (H, MEFEEEY Yy —), RiliRssE
sy —o H—HE Bl KERSDELY 5 —
REEMME), FEBREG¥EY Yy —olAREE
Wik (B, AGigs&E XK T FE T R S B 56 & >
y—), FEhgkEaEr sy —BE AlE AL
W20, MK D BRI & A A e TR A THW 72,
HMATEHOBEERT S,

RWFFED—EIE, BAATEGE OKERGWZEL > ¥
— BRI SERN O & B AR T — A 0 —
BLLTEBLZDIDOTHY, WF—2)—F—0Dk
Wil UC hiliskismdte vy — (B, #geit Ll
BRI v 7 —) ORBEMAFMLHAMEHIEE %
WBUHETEF—L XU N—OFR AR E,
BLUEBRBH LI 2 M D2 272E, O
JOBFHLEFET, F72, HLm#EEHELy 5
— (Bl, F#EWIZERr Ll g v 4 —) L E
WRREEY Yy — DR EZII L LT A AR
BIUOGARELEEREY Yy —0E) MEE G,
I FERT AR B3 & > & — i H 3
Hifge 7V —7F— 2 5K) #iZLo LT 5MEZNM
WIZMR R B HZTHE, ZoR2ME0 ThLH L E
FET.

X ®

AR N, KHE@EE, JWHE, HINEY, He
2003. 7% ZFHEKEAF A VAFHRDOFEE L
ZRRE P L 7R R o MBLC T HE . H
AIKBEF 4356 70, 8 -15.

Aritaki, M., Seikai, T., 2004. Temperature effects
on early development and occurrence of
metamorphosis-related morphological
abnormalities in hatchery-reared brown sole
Pseudopleuronectes herzensteini. Aquaculture
240, 517-530.

Barahona-Femades, M. H., 1979. Some effects of
light intensity and photoperiod on the sea bass
larvae (Dicentrarchus labrax (L.)) reared at the
Centre Oceanologique de Bretagne. Aquaculture
17, 311-321.

Batty, R. S., 1987. Effect of light intensity on activity
and food searching of larval herring Clupea
harengus: a laboratory study. Mar. Biol. 93, 323
-327.

Blaxter, J.H.S., Hempel G., 1963. The influence of egg
size on herring larvae (Clupea harengus L). J.
Cons. Int. Explor. Mer 28, 211-240.

Blaxter, J. H.S. Staines, M., 1970. Pure-cone retinae
and retinomoter responses in larval teleosts. J.
Mar. Biol. Assoc. U. K. 50, 449-460.

Blaxter, J.H.S., Ehrlich K.E., 1974. Changes in the
behavior during starvation of herring and plaice
larvae. In: Blaxter J.H.S. (Eds). The early Life
History of Fish. Springer-Verlag, Berlin. 575 -
588.

Blaxter, J. H.S,, 1975. The role of light on the vertical
migration of fish- a review. In: Evans, G. C,,
Bainbridge, R. Rackham, O. (Eds.), Light as an
Ecological Factor: Part II . The 16th Symposium
of the British Ecological Society, 26-28 March
1974, Blackwell Scientific Publications, Oxford,
pp. 189-210.

Blaxter, J. H.S., 1986. Development of sense organs
and behaviour of teleost larvae with special
reference to feeding and predator avoidance.
Trans. Am. Fish. Soc. 115, 98-114.

Bolla, S., Holmefjord, I, 1988. Effect of temperature
and light on development of Atlantic halibut
larvae. Aquaculture 74, 355-358.

Chen, HY., Tsai, J.C, 1993. Optimal dietary level for



N5 HH 3 HO> 1) 1 IRCRE 2E IR o 1 1 141

the growth of juvenile grouper, Epinephelus
malabaricus, fed semipurified diets. Aquaculture
119, 265-271.

Dody, D. T. Yoseda, K., Hirokawa, J., Tagawa,
M., Tanaka, M., 2002. Effects of thyroxin and
thiourea on the metamorphosis of coral trout
grouper Plectropomus leopardus. Fish. Sci. 68,
282-289.

Downing, G., Litvak, M. K., 1999. The influence of
light intensity on growth of larval haddock. V.
Am. J. Aquacult. 61, 135-140.

Duray, M.N., Estudillo, C.B., Alpasan, L.G., 1996.
The effect of background color and rotifer
density on rotifer intake, growth and survival
of the grouper (Epinephelus suillus) larvae.
Aquaculture 146, 217-225.

Duray, M.N,, Estudillo, C.B., Alpasan, L.G., 1997.
Larval rearing of the grouper Epinephelus
sutllus under laboratory conditions. Aquaculture
150, 63-76.

Duray, M., Kohno H., 1988. Effects of continuous
lighting on growth and survival of first-feeding
larval rabbitfish Siganus guttatus. Aquaculture
72, 73-79.

Fukuhara, O., 1989. Review of culture of grouper in
Japan. Bull. Nansei Reg.Fish. Res.Lab. 22, 47-
57.

AR, B LR, o EREA, NG, LIRS
1990. HAFEE: ikl & - EEFHELRICBT 5
REDF INF P AEREREOHEKE FEMNIIDOW
T, FEEBEME 19, 33-40

AR, FM=M, FH 2 F¥ed, 1986. v
4 MoN% Epinephelus salmoides (LACEPEDE)
DIKAEN RN & A TE . BB AT 15, 213-218.

Houde, E.D., 1974. Effects of temperature and
delayed feeding on growth and survival of
larvae of three species of subtropical marine
fishes. Mar. Biol. 26, 271-285.

Hussain, N.A., Higuchi, M., 1980. Larval rearing and
development of the brown-spotted grouper,
Epinephelus tauvina (Forskal). Aquaculture 19,
339-350.

Hunter, J. R, 1981. Feeding ecology and predation of
marine fish larvae. In: Lasker, R., (Ed.), Marine
Fish Larvae: Morphology, Ecology and Relation
to Fishes. University of Washington Press,
Seattle, pp. 33-77.

Kaji, T., Yamaoka, K., Issiki, T., Yamada, T., 1995.
Mucous sell development on the body surface in
larvae of the red-spotted grouper, Epinephelus
akaara. Bull. Mar. Sci. Fish. Kochi University
15, 117-120.

SR, hATESE, REFEAT, AORE, 1999. v
A My OFEFHGRER.  IhARIL K RE BB S
#,OPHC9SEEE, 135-154.

AnES, 1984. % #F. HAREAEKKERH
B — - REER— - REPHE - HEE ), R
MR, WO, 123-124.

NAEE—RR, 2001, {78 A O LBIDURERE 2 & W7 %
IR CGEBANAOCRAL SR B o — X 7 %
A ME XV (A EOREBIR & iR O 52
siAb). JKEEFT, GDHARREMSE 2, FR134E
BE. 1-36.

EEREA, T OEM, BH OE, A, 1990. F
ToNE HESITR T B REAG AR, KRS SE 38,
319-326.

BEHRA, BH I, 191 FINFIORAEICE X
KRR KERGE 39, 309-313.

EEHRA, KT OB, 1993 FINFOIEAEB LD
ST DO EIRICRIZ TR ORE. R HHT
22, 35-38.

BIFRA, 1996, F D5 BB O IR OREFE
k. ARIGHAF 25, 47-52.

HERA, M EBR, 1997, F I Ao R
LN, KEEREGE 45, 213-218.

BEIRA, OERBR, OB K fRACCA, 1998, GE#E
DR B F VT BT HIRE LI DN
B, JKEENSSH 46, 213-218.

IR, MR, B, R lE—, 1998. i
A A BRI R BT A A O A AR
LR INTRGAOERE. BEHAT 27, 27-34.

WERA, 2001 A LHAESICIBET 23Ny 0 R
. KENEGHE 49, 15-21.

LB, 1999 T ANFFEOMPEEE LTo
WhWwb ST LAY OFRME . KEWGE 47, 403
-408.

& 71, 191 =7 OINFEAEB X UTHEICE 5
HHEFDIZREZAL. SRR 38, 47-55.

Kohno, H., Ohno, A., Taki, Y. 1994. Why is grouper
larval rearing difficult?: a comparison of the
biological natures of early larvae of four tropical
marine fish species. In: Chou, L.K., Munro, A.D,
Lam, T.J.,, Chen, T.W., Chen, L.K.K,, Ding, J K,
Hooi, K.K., Kho, HW., Phang, VP.E, Shim, K.F,



142 SHLAH e =

Tan, C.H. (Eds.), The Third Asian Fisheries
Forum. Asian Fisheries Society, Manila,
Philippines, pp. 450-453.

Kohno, H., Ordonio-Aguilar, R.S., Ohno, A., Taki,
Y., 1997. Why is grouper rearing difficult?: an
approach from the development of the feeding
apparatus in early stage larvae of the grouper,
Epinephelus coioides. Ichthyol. Res. 44, 267-274.

Kohno, H., 1998. Early life history features
influencing larval survival of cultivated tropical
finfish. In: De Silva, S. S. (Eds.), Tropical
Mariculture: Academic Press, London, pp. 72 -
110.

Kusaka, A., Yamaoka, K., Yamada, T., Abe, M,
Kinoshita, I, 2001. Early development of dorsal
and pelvic fins and their supports in hatchery -
reared red-spotted grouper, Epinephelus akaara
(Perciformes: Serranidae). Ichthyol. Res. 48,
355-360.

Lasker, R., 1962. Efficiency and rate of yolk
utilization of developing embryos and larvae of
the Pacific sardine Sardinops caerulea (Girard),
J. Fish. Re. Board Can. 19, 867-875.

Laurence, G. C., 1973. Influence of temperature on
nutrition utilization of embryonic and prolarval
tautog, Tautoga onitis. J. Fish. Res. Board Can.
30, 435-442.

Liao, I. C., Su, HM.,, Chang, E.Y., 2001. Techniques
in finfish larviculture in Taiwan. Aquaculture
200, 1-31.

McFarland,W. N., 1986. Light in the sea—correlations
with behaviours of fishes and invertebrates.
Am. Zool. 26, 389-401.

Masuma, S., Tezuka, N., Teruya K., 1993. Embryonic
and morphological development of larval and
juvenile coral trout, Plectropomus leopardus.
Japan. J. Ichthyol. 40, 333-342.

FHHAEE, AT, 2001 AV T IR0 3 54T
T AT R EIR . AR HAE 28, 69-72.

W —, ANBREEHE, 1994, [ H A £ g AR HE K X85
HOER I, HT. 109-114.

May, R.C,, 1971. Effects of delayed initial feeding on
larvae of the grunion, Leuresthes tenuis. Fish.
Bull. 69, 411-425.

EARIEN, A A, SRR, R 3 2001 <
7 AL OWEBRFED D ANERRIEN DRI, K
JA5H 49, 323-328.

ey —H, 1988. A LFEICBITA~aH L A {FHifa
DIFEEEREIZOWT, KIEHGHE 36, 27-32.

Wk, A0, EHESCR, TAESE, 2005, 2#
YA MY EET T MBS .
UL K R SBR e &, 159-163.

e &, FREREESC, AT, BEFR, KUtEH),
2005. Y A4 g FEE AR DRI K EE R
Wk, CPROSHFE, 169-172.

Okumura, S., 1997. Seed production of grouper
in Japan. The proceedings of the Second
International Seminar on Fisheries Science in a
Tropical Area. 97-102.

Okumura, S., Okamoto, K., Oomori, R., Nakazono,
A., 2002. Spawning behavior and artificial
fertilization in captive reared spotted grouper,
Epinephelus akaara. Aquaculture 206, 165-173.

BRAY A, EA—, AIRE, 2002, AKREIEERIC &
% F UG FARGERME D FAEAM.  HAKE S
7% 68, 186-191.

BN EAS, HATIR—, SLIE, 2003, AT 9B
W& 5RO VT A REE O L.
HAOK ¥ 238 69, 57-64.

Okumura, S., 2003. Variation in egg size spawned
under differtent water temperatures in the
red spotted grouper, Epinephelus akaara.
Suisanzoshoku 51, 231-232.

Puvanendran, V., Brown J. A., 2002. Foraging, growth
and survival of Atlantic cod larvae reared in
different light intensities and photoperiods.
Aquaculture 214, 131-151.

Randall, J. E., 1990. Serranidae. In “Fishes of
the Great Barrier Reef and Coral Sea”. (ed.
by Randall, J.E ., Allen, G. R., Steene, R.C.,),
University of Hawaii Press, Honolulu, pp. 105 -
115.

Mo BR%, #MEEE, HEAEP, 2006. KN O
B X =y HHAEE. HAKEFRE
72, 267-270.

Sakakura, Y., Shiotani, S., Chuda, H., Hagiwara,
A., 2006. Improvement of the survival
in the seven-band grouper, Epinephelus
septemfasciatus, larvae by optimizing aeration
and water inlet in the mass-scale rearing tank.
Fish. Sci. 72, 939-947.

Sakakura, Y., Shiotani, S., Shiozaki. M., Hagiwara, A.,
2006. Larval rearing without aeration: A case

study of the seven-band grouper, Epinephelus



N5 HH 3 HO> 1) 1 IRCRE 2E IR o 1 1 143

septemfasciatus, using a wave maker. Fish. Sci.
(In press).

Sawada, Y., Kato, K., Okada, T., Kurata, M., Mukai,
Y., Miyashita, S., Murata, O., Kumai, H., 1999.
Growth and morphological development of larval
and juvenile Epinephelus bruneus (Perciforms:
Serranidae). Ichtyyol. Res. 46, 245-257.

Sawada, Y., Miyashita, S, Aoyama, M., Kurata, M.,
Mukai, Y., Okada, T., Murata, O., Kumai, H,,
2000. Rotifer-size Selectivity and optimal feeding
density of bluefin tuna, Thunnus thynnus,
larvae. Suisanzoshoku 48, 169-177.

Seikai, T., Tanangonan, J.B., Tanaka, M., 1986.
Temperature influence on larval growth
and metamorphosis of the Japanese flounder
Paralichthys olivaceus in the laboratory. Bull.
Japan. Soc. Sci. Fish. 52, 977-982.

WRE £, 19930 NF R BAREMRERER (hYifEex
M), BRI, WA, 601-603.

Shiau, S.Y., Lan, C.W., 1999. Optimum dietary
protein level and protein to energy ratio for
growth of grouper (Epinephelus malabaricus).
Aquaculture 145, 259-266.

WEE B8 (1999) @ D-1-3-1) FEEAEEEAMFHTED
BWE.1-4-(DAY 7 J. MHARRHERSSHE
SEEH, ERU4ERE, 171-176.

Shoji, J., Aoyama, M., Fujimoto, H., Iwamoto, A.,
Tanaka, M., 2002. Susceptibility to starvation
by piscivorous Japanese Spanish mackerel
Scomberomorus niphonius (Scombridae) larvae
at first feeding. Fish. Sci. 68, 59-64.

He &R, BRERF HH A, HEEE T
A, 2005, NFAFRDOT A TH A XRS5
fRPME. HAKESRE 71, 911-916

Tandler, A., Helps, S., 1985. The effects of
photoperiod and water exchange rate on growth
and survival of gilthead sea bream (Sparus
aurata, Linnaeus; Sparidae) from hatching
to metamorphosis in mass rearing systems.
Aquaculture 48, 71-82.

ZAMERE, 1989. % 57 OYRNTEA L AFHEM O
TEREZEAL. JKRENEGH 37, 99-103.

WEMA, FHEEE, A8 ¥, 1992. KN TO R
VT T OEIB X OREINTE). FREEHAE 21, 69-
72.

MERIA, 2003. (3)7 ToOREMME R FH144EE
HASREE SE I X 4R, 290-291.

MR, BALHIE=, 2006. 7 TAFMOE & A5
Vo U 72001 R St & R B i SR, K
H4%iE 54, 187-194.

Toledo, J.D., Golez, SN., Doi, M., Ohno, A., 1997. Food
selection of early grouper, Epinephelus coioides,
larvae reared by semi-intensive methods.
Suisanzoshoku 45, 327-337.

Toledo, ]J.D., Caberoy, N.B., Quinitio, G.F., Choresca,
C.H., Nakagawa, H., 2002. Effects of salinity,
aeration, and light intensity on oil globule
absorption, feeding incidence, growth, and
survival of early-stage grouper Epinephelus
cotoides larvae. Fish. Sci. 68, 478-483.

Toledo, J.D., Caberoy, N.B., Quinitio, G.F., 2004.
Environmental factors affecting embryonic
development, hatching and survival of early
stage larvae of the grouper (Epinephelus
cotoides). In: Rimmer, M.A., McBride, S.,
Williams, K.C. (Eds.), Advances in grouper
aquaculture: Australian Centre for International
Agriculture Research, Canberra, pp.10—16.

L& B O SO, 1982, 3 7 FOREIIARE
LIS B X UMD W T, ZEEREKER
By, WIFIS54EREE, 29-34

HEAER—, 2003, 7 EEPESEY; 3. MR B AOH
O LM OB (FTN8). BAIEE M
KW FREEW, (H AR WER S, PI5E
B, HHL. 2003 ; 80—8l.

AR, R, NEZEELA, B =, 2004, 1.
e OMEBEBMOBS. Iy OWH
BIZBT 2 FMba ok, gL v & —
Bolss 15, (W) KEREGWRL Y Y —, Hi,
45-48.

TAGHE, Wil B, REEE, MARIEE, HhE 4
2003. <N HEEAERE B BT RO &
ZOEFKRICRAT SRR, G, BLO7 14— A
AIVORE. JKERGH 51, 49-54.

Hp VY [ BUR e EHE RS, 2001, PR 1 1AE R 143
FOBE, WILEWREGS, Wil 47,

WNERE, SBOIES, KT 8, 1966. F N5 O
DB & R ATE . AR 13, 156-161

Ueberschar, B., 1995. The use of tryptic enzyme
activity measurement as a nutritional condition
index: laboratory calibration data and field
application. ICES Mar. Sci. Symp. 201, 119-129.

Wiggins, T.A., Bender, Jr. T.R, Mudrak, V.A., Coll,
J.A., 1985. The development, feeding, growth,



144 SHLAH e =

and survival of cultured American shad larvae
through the transition from endogenous to
exogenous nutrition. Prog. Fish. Cult. 47, 87 -
93.

Wu, F.C., Ting, Y.Y., Chen, H.Y., 2002.
Docosahexaenoic acid is superior to
eicosapentaenoic acid as essential fatty acid for
growth of grouper, Epinephelus malabaricus. J.
Nutr. Sci. 132, 72-79.

Wyatt, T., 1972. Some effects of food density on
the growth and behavior of plaice larvae. Mar.
Biol., 14, 210-216.

IARFIA, BEHIE=, 2005. fESMATICBIT5 A
TT T OMEIERE. HEHEL vy — BB 4 5,
() RERATEE > 7 —, HE(, 9-13.

Yamaoka, K., Nanbu, T., Miyagawa, M., Isshiki, T,

Kusaka, A., 2000. Water surface tension-related
deaths in prelarval red-spotted grouper.
Aquaculture 189, 165-176.

Yamashita, Y., Aoyama, T., 1985. Hatching time,
yolk sac absorption onset of feeding, and early
growth of the Japanese sand eel Ammodytes
personatus. Bull. Japan. Soc. Sci. Fish. 51, 1777
-1780.

Yamashita, Y., Aoyama, T., 1986. Starvation
resistance of larvae of the Japanese sand eel
Ammodytes personatus. Bull. Japan. Soc. Sci.
Fish. 52, 635-639.

Yoshida, Y., 1956. Relation between the sardine and
the food plankton- I . On the growth curve of
Sardinops melanosticta. Bull. Japan. Soc. Sci.
Fish. 21, 1007-1010.





