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DEVELOPMENT OF SWIMMING- AND FEEDING-RELATED CHARACTERS IN
THE GROUPER, EPINEPHELUS COIOIDES, LARVAE

Yukito Narisawa*!, Hiroshi Kohno*"? and Kiyoshi Fujita*'

Developmental sequences of swimming- and feeding-related characters were examined on the
laboratory-reared grouper, Epinephelus coioides, from newly-hatched larvae to juveniles. Further-
more, in order to know the specific characieristics of early life history of the grouper, the results were
compared with those of seabass, Lates calcarifer, and milkfish, Chanos chanos.

The following three phases were recognized in the grouper larvae based on the developmental
mode of swimming-related characters: 1) the phase with less active swimming (from hatching to 13
days after hatching, D13); 2) the phase in which all fins and vertebrae appeared, the swimming
modes of rush and maneuverability developing simultaneously but slowly (from D14 to D34, divided
into two sub-phases at D25, depending on swimming ability); and 3) the functional juvenile phase
with complete swimming ability (beyond D35). On the other hand, the following four phases were
recognized according to the developmental mode of feeding function: 1) the phase with no
functional feeding ability (from hatching to D7); 2) the phase in which fundamental elements
forming the oral cavity appeared, the feeding mode of sucking developing (from D10 to D25, divided
into two sub-phases at D20, depending on sucking ability); 3) the phase in which pharyngeal teeth
increased in number and ossification of oral-cavity elements started, the grasping ability being added
(from D26 to D34); and 4) functional juvenile phase with complete feeding ability (beyond D35).

Based on the developmental modes of swimming and feeding functions, the compared three
species were divided into two types, the milkfish and seabass types, the former having the mode of the
caudal fin-propulsion swimming and straining feeding represented by the milkfish alone, whereas the
latter having rush-maneuverable swimming and sucking-grasping-biting feeding represented by the
seabass and grouper. The following results were obtained in the comparison of the developmental
modes between the grouper and seabass: 1) the swimming- and feeding-related characters appeared
much earlier in the seabass; 2) the caudal fin, vertebrae, unpaired-fins and paired-fins occurred
simultaneously but developed slowly in the grouper, whereas in the seabass, the caudal fin, vertebrae
and unpaired-fins occurred first to strengthen the rush-swimming, followed by the paired-fins for
maneuverability, all of these characters occurring in a short period; 3) the feeding modes of grasping
and biting were acquired earlier in the seabass; and 4) the grouper developed functionally into the
juvenile stage beyond D34-35, whereas the functional juvenile phase was recognized beyond D18-20
in the seabass.

Based on these results, the developmental modes of characters related to the swimming and
feeding functions in the grouper larvae were considered to be disadvantageous to survival; this seems
to be one of essential causes of the difficulty in rearing the grouper larvae.

Key words: Swimming function, Feeding function, Ontogenetic development, Groupers, Epineph-
elus coioides, Lates calcarifer, Chanos chanos
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R, s HRNCET ARBEIE, YU AR-ARIA, T4 VEY, RLAVT, 4
YRRV TIREOKHET YV THEET, 1980 FR» SBEONREL LTHEEHE N TE L, LHL
ZTORMEHER, RAKE, SEHI NI HE, YR VIEERE, AEPREL O ET
BB SBP RGBTSR E0D, WHbWEEERETDH S (Kohnoet al., 1988), </~ % J& (Epineph-
elus) O BEHORBE GBIED L CATRLI RAROBEHITKREL TV, ZDH ATEH
HERXZZELLEROMB HAA STV 3B (Supriatna and Kohno, 1990; Doi et al., 1991;
Muchari et al., 1991; Ruangpanit, 1993), L2 L, 23O OHET 2% L {, REORBRIFTLE
B TERMICBHAESTOLNTVE DD, REIKEEXDOLXNVICIRZEL TOVRVONSEIRT
H 5,

OV RBPT, K="y BABEHOWBIHENES LTHLVWOLEBR LKL
L T Kohnoet al. (1994a, 1997) 8HF 5N 5, RETIR T A<= ¥ 5N ¥ (E. fuscoguttatus) DAL
EREPHNTREEOE(L, VHHBEHEN LT EOI TS ETUAYENEE L, $LEBETRF v A
o <% (E. coioides) D & IOz EHMC LI BEESRE OBFENHEE ., thoBGEEERE
T 52&T, "BEORBOH L XDEREHSMILTWVWS, LiArL, T85O EDN
RARSEBR—BEIP» S5 10 H SVETOFAT, &L ICHEEED SHAMEBE O
DATES DRI B NDBIbI TV S, T8, HMidh SHEEIC W 72 3 EIAEE O & —# D
BEThY, ChCL->THHOEHEEL2R L2 CRBERLELTRRVEZEZL SN B,

ZLTAHAMAETE, F+ 42y DSUFRH» SRERICW I B £ TOMK & BEEKAEICRY
TEBRED, L RZDOBRROIERBAFANG I LA2FE—DHNE L, Frfu=iny
2, PRIIKBOREE~7 7 ) 4 ORED SRR FEEORIKFIE~A -2 5V T7TD=a—¥
TRY 2= NI\ B A v F - KEFEOEEGE « BEERICAS 26 L, R O0E
STDOEVWEKEIC S & T 3 A8 TH % (Randall and Heemstra, 1991), ABEDHE F TOE
IUEEPHFHEEETEIC DWW TIE Doiet al. (1991) Ik - T, FHNWEERD SAITKRBENOEKHE
IZ2 W Tt Ordonio-Aguilar et al. (1995) ik » THIRE SN TV 3, AHE TR E i, HEBHE
ELT, BVHEEMTH S 7 H * (Lates calcarifer) & 4 /Nt — (Chanos chanos) DHEFE TOUE
K EBEHICBET 2B EORELTN Y, CTNODRKRERKTEIEICEST, Frfawin
s OFRETER oS L VIHS LIS D EHFE N B,

Wik & BEHICBIY 2 BE O BEKRRDIEBERIC OV TIE, Kohnoeral. (1983, 1984) AR 4 < ¥
A (Pagrus major) & < 4 N (Scomber japonicus) 12>\, F Il (1989) 537 Y (Seriola quing-
ueradiata) \Z2>\ T, Omorietal. (1996) 237 1/ 14 (Sebastes schlegeli) I DWW TRELTHED,
S SICBBRORE ICE D Bk « BEEBAEO R ITEE L TIZAR (1991) LR (1992) DS
BdHb, 58, AFETHEMEE LzTH A EHNE—2oVTd, Wik BEEKEEICET S
FEERIZ, Kohno et al. (1994b) & Taki et al. (1986, 1987) itk » TR AZHFSHICI TV B,

MHE L HFE

AFETHOWONEF v+ A a2y DOERIT, 191F 1 H~2 Blch T, ¥B=LA V7T
DHRBILHZAINN—D2 LA Y THRKEROY vV a vFE ViBEASMUSTHBS N
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FHAaTH B, EWNIZ 1B 2HIKE D N, ThiF, BED 150 b va vy ) — bKIENTE
L T W EBOBIAR GEINTSM U o EBEEPHI I AR BHARERL/-bDTH B, EN
ENIPR 2501 Doy 54 rKEICB S, KRB IR LIRS, FE
1, BoHLULHZoLIEANTEVES b vOMEFABEKEZ, UdHDK20HBELEXD
KINE &N t, 5bt& 2 HH» 5 5 + (Crassostrea spp.) DYHEE Y AFESS 7oV %252, SHHE
DORBEEORZIDOTLVEEBZ, MEBI3HE»SETVFITD, —7 ) 9 254E%
mAz, 25 HEH» SR 77 I 7TIRATAR v F 288 L 7o fAEHEGOKE L 28~317C,
¥45313 28~30 TH - 72,

EADIREIZSHMLE ITHE TEH 2 B >ITbhicd, AFETR, ThosDEROHH,S,
R IEHHEMEAICHE U S BRigd, 5718 2551 140 Bk (K&K 1.58~17.77 mm) DEAR%[EH
Ltzo THODIEERR 5% wv< ) v THEE, HRIEFLIHE, Potthoff (1984) IZfE » THIHEG:
B L, Wik EEEICET I2REOLE - ERBEREHAN, S SIHEPHAET - 2o KB
ECHVEIHE - B VTR, BROBFICHIEL 72,

THAEHNNE —DEAR, 1956 A~THIK74 )V EVvHFIEDO A oA vichbbERHET YV
TERERFE L vy —BEBF TREB S N AFHATH 5, RECEBSHERICS W THEICHE
NrDld, 7H*Tid3Li% 31 B TOKRET 155 f{iE (A& 1.99~12.69 mm), #/Yt —Tidds
{bi% 42 H £ TOHRET 210 ik (FE 3.91~22.42mm) TH > 712, TN S5DERITOWVT, BEAK
IZRTF v 4 B2y LRI OBk & BEEREEICBE T 2 IEE OB 21T - 1o,

AHFFLTHA L BRI TN THFUKERF/KEBREIC L TORES TRHERINMRESATL
3. F v A o=y, MTUF-P(L) 206; 7 # #, MTUF-P(L) 204; % /Xt —, MTUF-P(L) 202,

= ES

TTTIR, BREICEWVT, DUTOlFicHEkE BEICBT 2TEEOREKEICE 785 E{LEIL#HT
%,

WkicBAd 2E: BRARMTOAEOE, BEORE, BEFHESFOYMOEN, TR
BORE LK, HHEESOKOEN, BEXREORE LHOHEM, BIEEER DO DEMN,
MEEFF ORE, WEERESLOKOIEN, BEXREDORE, MEBEROBOEM, BHEOR
B, BAEEEZOLEDOEAL,

BEICBT 2 2E: BWEORE, HELXERKT 2BREELES, 5 (THSOA) ORE,
EEFORE, HHEOKOHM, WEKOKOEM, FiLHERE EHEOLOZE L, OROZE
1t

BEAHETR, LHIDIHERCHEROBE I NAB/MIEDO A ICES D, RAMIIE
B/MEEOEE BFEE L 72,

K&

SMEk1HE (HS D offaokE (B EEREZ) 1$1.7820.12mm T, HF3 TR 2.22+
0.02mm TH » 1z FDHIFELHIKEL, HS 10 T2.55+0.27 mm, 21 T 5.61+0.33 mm, 31
T9.07+1.08 mm %258 L, HS 35 T3 14.57+2.16 mm iIZZE L 72,

Wik(CPATSEHE

ERRXRBOB/E A SHS 15 (EAEGOEER 3.4 mm) £ TOHFRADERRK R
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Changes in swimming-related characters with days after hatching in the grouper, Epinephelus
coioides. A, flexion angle of notochord end; B, number of caudal fin rays; C, number of dorsal fin
rays; D, number of anal fin rays; E, number of pectoral fin rays; F, number of pelvic fin rays.

F-TThHo7. LEIRHS 16 G/MEKDEE L 3.63mm) » 585F - /o (Fig. 1A), BROD
KA EB L ST DI3HS 25 GMEEDOEE IR 5.20mm) LIET, 20/H
FEiL 55 ERIRTH - Foo
EBE EBERUTOBRELLIE S, BHERE, 52 3 BEHATHEE, 252, 3 BEEHRTHGA
MEERR, 6 2, 3 BEEMERTHEARIERR, TRE 1~5 ®TREE, LRE1~3, BaiEE,

EEEREOTTRINCHBT S0 TER 1 £ 27T, HS 16 (KK 492 mm) OFEKTEE
St ROT, TREI LHETEENHS 18(5.51mm) T, TERF 4 »#H% 21 (5.54mm) T,
ISITREESHHS 23 (5.77mm) THEL 72, HS 25 OFE 8.06 mm DA TIE, BTEE
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ETRERB1E2BBILTRAL, SOSKTEEBIMMLELED I, B TEEOLEEIES
26 (8.40mm) T, FEE S D/LEIZHS 29 (11.80mm) THOH, BETIRTREEOMIZERL b H
HLTW,

FRE21EHES 18 (KK 5.51 mm) THIHTHEL, EEE1 &3 EHS 21 (5.54mm) THIH
Utco 852, 3 BEEHERTHEA O MR SPHERE IEHS 21 D 6.13 mm QA THIO THBLL 72, 83
RIEEHERTHER O ME S PIIRE O/LEIEHS 25 (8.06 mm) T, 3 2 EEEHERTHEAR O FESFIEKE
OLEIZES 29 (11.80mm) T, F/h EREEFEDO/LEIIHS 35 (13.13mm) TED O, B2E
FEMERTHEA O MEEMREIZHS 18 (5.51 mm) T, 7% 3 BEHRREAOMESPRE 2 H
4521 (5.54mm) THIHTHE L/, ThoDREIZHS 25 (8.06 mm) TILE LiEdH i, £k
kT, %23 BEEAHA - BERBRESHEAL TV, BEMfEESPHS 29 (10.87mm) T
HEL, ChTEBOITRTOERENHE Lz, BEEHEET 3RENT XTLE LIED 0
i$H4 35 (13.13mm) TH - 7,

BHIHE EETELVPISDTHELAODRAS 18 DA K 5.099mm OBEKTH - 72
(Fig. 1B), ZD%H% 26 (KK 6.53mm) TEKTH % 9+8 iz L 1z (Fig. 1B),

BHZHE OHEREIIES 11 (.06 mm) TRINCHIBEH L7, HS 14 (KK 4.14 mm) i
FATAIEEER 3 3 TS - foo JENHHEEF O/LE I HS 16 (497 mm) THEZE 0, RO 2 H2MLE
LTWi, @iriHiEE 3, H4 18 (5.09 mm) T2 HHHE L 7z, AAEEE &L ICE P ->T%
OAERL, HS 25 (8.06mm) TEMTH 5 24~25 BIEL 12, % EMEKTIZ, EABES
SERITEL TW i, ENEEROLEIE A ED - THITL, H4 31 (10.93 mm) OEAET
AL EBMEE LTV,

EHHHEE £ 1EEOE 2HAHS 11 (KK 3.06mm) TEFHBL (Fig. 1C), ik & & bic
ZFOEXEB 12, 52 HFHEORLIIHS 15 (3.44mm) THIAD S HB LG, BHICHE» - T
AR L7 (Fig. 10), EHTdH 5 111 13~16 8R&LITIIHS 26 (6.67 mm) TiE L /- (Fig. 1C),

BRTEER BEOIMEEESZE S oB/MIKIHS 21 OFE 6.13 mm OfE T, 4H0H
EESHEONT, OMNBEBRIBR A ICHL > TZOKAEHELL, EHOIBEICEHES
25 (8.06 mm) T L 1z, & 5IIEEETIZ, B 1AAHEESbLE LigYy, EBEES 9 M
Bl LT\, IS OLERBHICHED > THEITL, HS 31 (10.93 mm) 3340 ot
NHEEEPLE LTV,

BEERER BEERESIIHS 25 (BK 6.63mm) HOHELIEY, EHTH 5 3 B 8 BRI IIH
429 (7.42 mm) T L 72 (Fig. 1D),

MEEST IR REEIRE SRAERE, FEeNE, BeE, REHE 1 L2, BHE, ROE, &
HE 1~4 5185,

Mg FrE o TRINCHER L0 3ENE & SO-BHERE, HHERERT, 5 OBRE
%2 bO5/MAKIZES 3 OFE 2.18 mm OEETH - 7o, FEEHE LRAEIEHRZHS 14 (K&K
4.14mm) THEHL &, S SEMEKE TR, BO-BHREOKRRIIBR T HICHEL, HHEKENR
OHRICIF1IODORFTEHVBEE SN, BEHET 2 12IHS 16 (497mm) T, /@1 IEHS
21 (5.54 mm) THEL 7z, HS 23 © 5.77 mm OEE TR, FHHKEROH I B 3 2icidy, &
rRBO-BHKREOMERIEZ Y, Z0oXmEI TAZRV TV, FHHTRERORIHRI S SITH
#L, HS25(6.63mm) I ZFHHBRPRT2o18b 0TV, FRAKETE, BHELE 1M
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OENMHEEEFSEHL TBD, IS KHRAEFEETE LEEECIEERL b BENSRELTL
tzo SHHBE I HS 25 (8.06 mm) T4 43EH L, BEHEWEIHS 29 (11.80mm) T, BOFIEHS
35 (13.04 mm) TILEDIEE - 7o HHHE 113 HS 29 (10.87mm) T, F/HHE2~4 3HS
35 (1446 mm) TILEMIEE - 1o, 1, BRETREMHEEETIIXTHEAL TV,

PasktEE MEESIIHEHS210522mm) THEL, EBTdH %18~20ic I HS 35
(13.04 mm) T:ZEL 7z (Fig. 1E),

REESTEHE RWEOEREIZIHS 10 (296 mm) THRANCE SN, BkEE & biT, =HELS,
DA BHMLEEES -1, {LBIRHS 16 (4.92mm) THEAICHEZAS L, HS 18 (5.09 mm)
TREMHBEESIEHEL 7o, ZO0RCEBHILPY, BWWEARICKESEL, B
31 (9.07mm) Tt 2 FEHEHOEMBEFHHBLL 7o,

[EEEEEE H5 11 (3.06 mm) THEMSRYICHEL, EFIOKSEIIHS 13 (3.81mm) THRS
Nt (Fig. 1F), B TH 5 1 B 5 RKITIEHS 25 (8.06 mm) TE L 7z (Fig. 1F),

EHE FHEKIZ10+14=24 ThH 3, BHEBEOHEKERD I B, KINCHBIL -DRE 1~
4 FESPIRE T, HS 14 ((FK 4.14mm) TR O N /o, #ESPIRE B & CAEREKE 3R I
Ml > TZDAEL, HS 16 (4.92mm) T 1~20 OMESFIRE & SRS S HE L,
H4 23 (5.54mm) TRIXNTOMBESMHRE EHEHKRE2EBD O, HFE230KE
5.38 mm DAEKTIE, 5 1~5 ESFRE & MRERIKE DLEPIE T » TO 7, {LERERAITH
Do THITL, HS 31 (10.93 mm) Tld§ N TOMESIIERE & MK E M LE L T\

—%, HS 17 (4.52mm) TH 1~8 MESPKESIHBL 72, MESPHRE & MEWKE 3K
Hih - TZ20KEHEP L, HE 23 (5.54mm) OFATIRTXTOIMESFIRE & IMERRER
BWBED SN, HS 23 D 5.77 mm OEETIIH 1~14 OMESFKE & MEBEREBLE L
BT\ iz, LB IR H ICRD - THITL, HS 25 (8.06 mm) Tl T X TOMESPHRE & &
BEREBEE L TV,

HS 23 D538 mm OETEID T, H 1, F2HAESHEERL o, HERE A D > TZOK
P L, HS 25 (8.06 mm) TRTNTOMEELSHEL T,

BUICHBRUAMBE IR 44T, HS29(8.73mm) TRAICE SN, B REHICHE» > TH
L, HS 37 (17.77mm) TRZOIZ 8 RICKE > TV,

BAEE HS1omk KES (Pt E®FEFE 30191002mm T, HH3T R
0.5410.02 mm T& - 7z (Fig. 2)o BAKS IZEPLH»IcHEML, HH 1012120.7810.11 mm, HS
211213 1752015 mm & - fo, ZTOHEPPECKEKE L, HS 351213 5.0550.83 mm IZ&E L7,

BRGEBOLME MEHASHB 15F TOFROBARKESIETICH D, YWikh» > OEED
0.5mm K TdH - 7z (Fig. 2)o HD 13 05 25 I TRAKSOAE IFBEZHICEBH L, zh
& B - THBEES 1~3mm ML 7 (Fig. 2), HE252 535 TREHIMICH O ERED
3~5mm &£73 0, X SICHS 35 LIRBRIAEREI A ICEE L 7o (Fig. 2).

HEEICRAT B EHE

I3 BFORES3 T, RAFcEEHEESHE L, T LEE. & >B/NOMEIEHS 3 0k
£ 221 mm oA T, HELTIEHE B L, Bl & RHRSPPLL SATO, HIEH
BHZHS 13 (k& 3.81mm) THIHTHEL, kEicEd8-7T, OR»SF EFEZHRT S
X5 ThHCEDP > THELE, BS 17 D&E 424mm OfiETIZ, FLEBOT3ISHD2H
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Fig. 2. Changes in the greatest body depth (GBD: left) and its position measured from the tip of snout to
the position of GBD (right) with days after hatching in the grouper, Epinephelus coioides.

KEL S BH, BigaD 3%E (F LFEEHE, MEHER, OFFR) MERsh TV, 1,
H% 23 (5.77mm) TERIESEEOE FHEHEMEESER SN, FRAFEEGREL TV,

TH THEEKTIERTRINCHBE LD A » ¥ VERE T, HS 3 OKE 221 mm O
EBBRINTH 5T A v FVRBEDEDLDICHBEAEVHELAZDIZES 10 (KK 2.96 mm)
THoto HE 17 D 424 mm OFETIE, £ v 7F VKRB O®RFICH LA ICED 5 BESFEL,
SHORHBRIFBILASC TV, RBEHBFRIES23(5.77mm) TED SNz, HE 35
(17.66 mm) T3, FPHIBAIERSRIC SMEL, BERRERICILEBRIA X SHRASEREA T
726

BEE HS3 (KE221mm) TERYIOBESFTH 3BIROEH-BEHRE & H-#EIRK
BBRD SN, HE 13 (3.81 mm) ITEOFKRENHBEL, &5 OFBKE & A RRIRKE
B—2 &8 > T=HILORBEREZZK L T, HS 16 (4.92mm) T3, HFHEE LEHE, HE
BOLEDEE > TV, HS 18 (5.51mm) ¥ TIIFEETH 3 ARKRE L NERESHEL 72,
H4 25 (8.06 mm) I 3OFEF L RBRIREOILENSIEF - oo 2D, BEBRERO(LEBIZLD
D, HS31(8.40mm) TiF, HEFOREBHHE L CHEGEOLHEEE > 5128y, FH
B0 E#icit 3 > ORISR S iz,

BB HS 206K 221 mm OffiFT, TERE AL LERE, BMERESEDSLT, H
T 13 (A& 3.81mm) T, AE-EEHREOHRL SPPHATH THEEOLESIEE D, S5I1c
BESRE b 3AMBIL7:, HS 16 (497mm) TR NEFEH, £/2HS 18 (5.51mm) TR EFEE
RIEESLE LD, HS 19 (5.17 mm) TEERESHEL 2, HS 25 (8.06 mm) T3, &
BREROENTTA, FHBEES THEEKA 1.

B8 AMRTIE, DEOTKREERL, BECOBNICEELAECS 2 LDICEERR
o AR TS OBEET- 1.

BRANCHBL L 7o TRRS ORERRER S EIIRE 1~3 & KT 1, AflKE01&27T, HS2
DOFE 221 mm OFETHD TED S, HS 4 (AFE 224 mm) I3 FHKE 2 & 3 BLUH
BRERE 3 L 4, S5ICHS 12 (3.18 mm) I AATERE S SHEHL 72, HS 14 (4.14 mm) THE
BRERE ORFICTBEL fo/NRER BHBE L 2o HS 18 OAE 5.51 mm O {E THI» T HERRE
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I~4 DILBHBE SN, —F, HS 18 D 5.63 mm DA T IIHAEKRE 5 O/LEBEE -7, H
4525 (8.06 mm) TI3HEREE 3 45, /-HSD 26 (8.40 mm) T3 NMEEKE 1~3 M{LEF LiEH 7z,
H4 29 @ 10.87 mm OFEATIE, S ZEKT 2T XTORETILEDEE - T,

BBER HAS 10 ((FK296mm) TEEEFHIED SN, AIEES, THESS X UMEEE
Bz ZhZHHS 13 (3.81 mm), 14 (4.14 mm), 16 (4.97 mm) THID THH L 1z, HifEEET O IZ
H4 16 D{KRE 4.97mm DA T2 AR TH > 7205, HS 25 (8.06 mm) TiF 3 AKicisy, &Kz
D> b OREMIFICAIET 5 KERPRITBIICSER AL TV,
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Fig. 3. Changes in feeding-related characters with days after hatching in the grouper, Epinephelus
coioides. A, number of upper jaw teeth (O, membranous teeth; M, conical teeth); B, number of
lower jaw teeth; C, number of upper pharyngeal teeth; D, number of lower pharyngeal teeth; E,
ratio of premaxilla to gape; F, mouth width.
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Il i EEE RT3 EEEE, ) TOEBRIROE T, RO TH#ENKICE X#b -
too BELREGHSHHE L 2DIZHS 13 (KK 2.90mm) T, 2.90~2.81 mm @ 5 F{EDEE L 0.6 &
T®H - 7z (Fig. 3A)o HS 25 & 26 (5.20~8.40 mm) i< 3 FRRE O IIRE LY, EHY T2 K
AT, D%k, BRACEOEEIEAL, HS 35(13.13~17.66 mm) i 13T 9.3 Kics -
tzo —7F, M2 HA 33 (8.13~1040mm) THIER LK Y, EHYTO08AKTH - = (Fig.
3A) ZOHMSERORIIHEZ, HES 35 T 125 Aic#EL 7o,

TEE THHIcE, ESREBRRD, BRROWEIHELLE» -7, FTHEIIHS 15 (KK
2.90~3.44mm) THIHTHEL, 2DOHIIFET 03K TH - 72 (Fig. 3B). FADEKE L EbIC
bz, FHEKIZES 21 (5.23~6.13mm) T404&, HE 35 (13.13~17.66 mm) T 15.3 &
T® » 1= (Fig. 3B),

- brEEESE  FUREESGIZ HS 12 (2.77~3.18 mm) TYH 1.0 AHSHB L 72 (Fig. 3C), Kz L &b
CZOHAERL, HS 21 (523~6.13mm) T 83 A, H4 35 (13.13~17.66 mm) T
49.0 K7 - 7z (Fig. 3C),

TrEGREE T IEGHENG 1 H 4 16 (3.63~4.97 mm) THHE L, L 0.7 KTh - /o (Fig. 3D), &
51z, HE 21(5.23~6.13mm) TE 3.3 &K, HA 35 (13.13~17.66 mm) THE 31.3 A L, HE
& &bl o (Fig. 3D),

HtEER/FEE R LSENHBLALHES 13 (KK 2.90~2.81 mm) T3, R LHEEHMS L
WHEICED 3EE5VIZEE 7.11% TH - 72 (Fig. 3E), JOEGWIZEML, HS 16 (3.63~4.97
mm) T 59.09%, HE 21 (5.23~6.13mm) T 81.2% &30, HE 21 LIKIZ 75~80% T3
—%E & 15 - 12 (Fig. 3E)o

A BOK (B4 3) OOEOFE T EEFEZ3 0.2020.01 mm T - 7 (Fig. 3F), HO%
SOERS F OKEES, HS 10 T0.21+0.02mm TH - = (Fig. 3F), % DHEIIPPELHIC
KEL, HS 21 T052+0.05mm, H4 35 T 2.06-0.36 mm 22 L 72 (Fig. 3F),

B =

BEEDRENSAT-F + 4 O ILNY (FRDOREFERRE

WEKBEE St S IHBF TIHBEL cBkIcBET 2IEE I, HEoEHE & /{O-BHK
H, BHHRERIZ I TH -7 (Fig.4)o LT, TOBRBETIREXREENZILREROENEEL DS
na (L LBSEFOEMEIC DLW TREBHOIATHIAT %), & ICINHEBLRED, BEZMBL
TLWEWFATIE, #REVWHI LD BBITFEEL TVWERT T, BRARLEEHE-TBEHTS b
D E#EZ 55, Supriatna and Kohno (1990) it &k 5 &, TH= ¥ 5N HATIE, SHMEEIHZF
T, BRI EKRTREVIRE S, FELLELEO SRAICEEELEZ 5L L bIchL2K%E
F-BHBEVBEDEEVS, WFNICL TS, ZoBoFAaREKES EKE L E2RE
i DERL GEH, 1972), Ub blEHGES) IERFR OEErExR (AR, 1991 KfRohTwn3
bDEEZ LN B,

ROWTHS 10,11 12705 &, HHEELIEEOXRE, I OoHE2HBEHEIEERISTET 2
(Fig. 4)o ZOBH RN IREHOBHO—o L &N, &5, BEOEEOR IEOAEICFHIH
SN T3 (Johnson and Keener, 1984; Kohno et al., 1993), % 7-#AEHI T, WREF I 584
B, PEEHELER A ENELSNTVS (Moser, 1981), L L, TOBRMBORBRETII,
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Fig. 4. Schematic representation of the development of swimming-related characters with days after
hatching in the grouper, Epinephelus coioides. O, cartilaginous and/or bony elements start
appearing; ©, appearance of all elements, completion of numbers of fin rays and vertebrae, or
flexion points in proportions; ®), ossification of cartilaginous elements; @, all cartilaginous elements
start ossifying. Developmental phases and swimming modes are also shown in the bottom.

BEERICD, FABOEELVIETD, TOHEHRIPLBHEVWEEZI SIS,

HS B3 526 TREFIFUEMABRSNSD (Fig. 4), ZDHRIE Kendall et al.
(1984) O flexion larva ( FJEFf) 1cfiX4d 3, 30b b, BREKEO LEHBHS 160 58EF D
[ 25 1T i35ERR L 120

ORI, OXEBRBEITNTHHEEAL, LB LIEY, B BEE L gL
FEBICET 2, SOIHHEEZERT 2BEROINTUERICEL, (LB IEE S, FHELE
FEDRESR ZRIEERNIC L bR HOBBENEPC &S, o OREIAIEEHIES DR LER
L (Gosline, 1971), o & IEEED & 73 AXEEDFE L, HMYE DN L4 /Rd (Lagler et al., 1977;
Matsuoka, 1987), %7, B L BHEEOHKE L, BEOIRE TE 2 #EME ) 2 BHES THENICH -
THRAIERZ, S5ICHIET S8E1%2 9 T & %2/RT (Gosline, 1971; Omori et al., 1996), H4 13
TRONBEAREEONE DD SHEIL~OBH b, LROAET 2EE/10HEMERL T
% (Aleev, 1963; Kohno et al., 1983, 1984),

D&, #EKIBETIEZLOERES 1325200, ZIF_BAMELTTYW - D ER
ETA, CThoDBEXHBEERNICIEA2DIIHS26LIBTH S, LA d, EEHETHLEE B
g, BEECLTHER TR, MEECEEL ZIZTEICERT 2 2 &0 5, ZEAER & kb
FRfIC, UL bBRAICRETSHIEIEZELONS,

ZLT, BR300 5 35T T, I XTOHEKICBET2ENERICIE Y, FbE b
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TEIEDS, HERL L TOBKENBRIIERI NI L BT 5 (Fig. 4), KB, BEREMST
NTEBICEL, oS LE WS EA (i, 1979 » 5 b, HAIKKEZ20DIIHES 35S (KE
13.04 mm) T& » 77,

VIEofsRICES X, AT, F+A1 oI FROEROBIERTERNE 3EEIC
43 1o (Fig. 4)o 1) 13 E A EBWHKEENZ75L, BlEL TV BB GRAEY: MtroHR 13 &
Tlo 2) TRTOENP - D LB, FFL, BHEESNLERMEFNREL 28HE (2EHHA
B HS 140534 7)), COBREIIE, 51, HE 2SR TR BTSN3, 3) #
BE L TOWKREN P RIIER SN 2B e BS 35 LB,

EEEMEE BAOE (B9 3) iid, BEEECETIIEEEL LT, FEHEFE XA v ¥ VKRE, B
JUBBEFO ML ES, BESORFERENRD 5 h i (Fig 5), BEOMHKBRK (HS 3!
Ordonio-Aguilaret al., 1995) 7> 5 H4 10 £ Tld, Frpl7sSEgE@EEIZ2 <, HiclHOLl, #E&L
BEEMEBARALE T TH S ¥ a3, BB, BEOY (HS3) cHERT2BHEFORTA
DO XD, FEYOBTAERBRICEESEEEZZ SN TS (Gosline, 1977),

HS 1005 21 I2h i3 TR, 2L OEEOHBEPHERERDTRM A o, $THS 10T
TYHRE & FEEENHEL, B I5ARICEAT ESEE S FTSEE (7272 L EES I BEIR
Bi), L THEESE, B T c MEEESHEL, BESLES, TRSO—HALELEBED TV
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------------- -I Biting |

Fig. 5. Schematic representation of the development of feeding-related characters with days after hatching
in the grouper, Epinephelus coioides. O, cartilaginous and/or bony elements start appearing; ©,
appearance of all elements and flexion points in numbers of teeth and proportions; ®, ossification of
cartilaginous elements; @, all cartilaginous elements start ossifying. Developmental phases and
feeding modes are also shown in the bottom.
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(Fig. 5)o HS 20Hi#% £ TOHFAR, INS5ONOMAERT 2EANTEREZM >, OBFENI
BEZELCSE, 2ORVIAL N TEHAYAEBTAAATWEEELZOND, TOXA AN =X LIF
Gosline (1971) % Otten (1982), Kohnoet al. (1996a) 73 & &k » TSN TWS, & O
ik 2@ ICAEBKIEES L, HEEVHICHE T 28EO T HICMNE T 5, Lh LIEEE
HER D KM 5 &, Kohnoetal. (1997) bIEfEL TV A KDL, TORBETOERERZ K
<, LIzS->THEEENOLBVEVEDEHES LS,

HS 21 KA EFHBEO LRI ED 2HEVWS—TE L& - 7o, ThiZ, O K b EERERICHIEA
TX 5% E%5RT (Gosline, 1971; Kohno et al., 1983, 1984), & 5z, EHHHICBETLES, T
S OBRENTXTHEAL TV, ThoDFERIE, Gosline (1971) BIEfEL TV 5 X 51T,
CEAfl « FAHHRL, XD@BORVIAANEEAHT, ChoDl o, HS 20 LIREE,
FREIOLOEEZNT28ENEZSSICHEML, BRICEEMER VAL L IICEIbDEEL
bbb, £, BEROEOKGEMLTVWAI LS, BATREWIILTS, BWOITEE
Sl 286 bH 5 L BB TE B,

BEE L5, B0 ELEEZEB LD RHES 25~29 T, I OB I3HEREE &
AL, FAORGEBICKE L 7 - 7 (Fig. 5). Gosline (1971) i & % &, WHEESGICIE, S A
PEEYE L - DHERT AL E, BEICEVALEHEVH S, FLOROAREIEFIROGN
LEEHEYI DA E & 2 HET S (Hunter, 1981), L7 - T, TOBRBEICIE, B’WVIAADHESHHET
EEBIT, LOREBEEYEHOZIONE LS, LErb—ERS 2 LAY HEE T
Loh &L bAACENDHD > 12 E&2RT,

THEOSWMMPHES 3B THOLN, L LHTRERERROEAMHMEICH > TRb oM
(Fig. 5)0 CORBREORMRIT A 2 TEHEZINL TV S (Kohnoeral., 1994b), X HITHS 35
I E FOMREEEE S EIE L lc, THIIMAFT ZEENOZBIS R EE/RL (Gosline, 1971), Th
VIR iE, ML L CoBEENBBITEREINIEELIONS,

PDEORER»S, F+ 4 02wy FROBEOKEERE LT O 4 B ICH T (Fig. 5).
1) BEACEHEENREL, ROl THEYEZ 3ZERICH S 2 5Bl CRAEED: 3t
HOHSIET) 2) OFEEEKT 2 FRIZEOHR THRVIAABENSFREL KD, I ol
KT AT RTOERMHBET BT, ZORENSETERE (PEHEELE: 51052525
FT)o X 5ICT DEREIE, TVIAARENICK - T, HS 20 TR E BT S5 5, 3) HER
OB OBEME OREORERE DILFICL > T, BVIAHRENMSEL, 51K bAABEN DM
DB (LEY: HS 2605 34 £T), 4) FHRHOEMPH#EROHBIC L0, WA EHES
DL, MEfRE L COBERENIER SN BB Gonkdi: BE 35 LI, 708, LGV
[FH4 35~40 TEIE I TW3 (Doi et al., 1991),

FeAOTINGETHA, BINE—EDRBFEEOLE

THAAEYNE—DREBEERRE AHETIT-7T7h 2 &3 e —DFROBEKEEEHICBIT 5
EOHEICE D &, RLXORBEBIEBLUTOX S I3 o505 (Fig. 6),

TTH A DFATIE, EkOEHOARRETRENHS 3~4 T TH<, HS 8 FTOHFAD
L % PO FERCE D FeE % S iCH L 72 Kohnoet al. (1996a) 13, H4 3~5 OBITHERET,
FROBEHRENSFET S LR L TV 5, LEFRIEES 725 11 o"EECED S, £
OHHAS 11~13 12 TR, BEEEHHEE, CHENERI N, BEEOIREIC & 2 H#EtE /%Ki
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Fig. 6. Changes in developmental phases and swimming and feeding modes with days after hatching in
the grouper, Epinephelus coioides, milkfish, Chanos chanos, and seabass, Lates calcarifer.

K-> TRANET 2 RENLEROFET 5, O, OEEEKT 2EANTERIC
A CHI LSAE P THOME, FHh, LW/ EAHEL, Zhick->T, RVABREND
HmE & dic, K bAAABIOHERES) R B3 5, Anonymous (1986) % Parazo et al. (1990) i
3L, EVETIOEHP 12~15TH 5, SLICHS17T~19 T T, MNESHEST S
& TREAENBEKICMA TERHELRET & & bic, ScMEE»HE L ORERE LB i k -
TRVIAHBESI & D ZABRENID R LT 5, B 20 2B E 3 &, #AL L TOWEKEES I HFeE
L, BHEOHMPLOFEOMARICL->T, AT ZXRENSMDOIEEIONDG, BB, §NXTOHE
SHDBEHICEL, ALK -HLDORBHES26TH -1,

HNE —OfFfD, HES5~6 $ TREXRLGBHOARELRETH S, HH 8 T ToFADON
PED R BFE % FEMIICECH L 72 Kohno et al. (1996b) 13, ¥k —(FROBEEREZ7H 2 &3
RIGDFEOED AT, HE 6~7 23T, HEKRKOR(LIBTVWb 00, BEENSHES L
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5ELTVW3E, FEHFAIZES TH»5 10 TED LN, TDIK, HS 101X TIIREEE T3,
¥ FDERIIAKEE L BFHELREET S, iR, FNE—FROVLDLWSE V5 RBOKERE S
FCFALBEEEREEL SN, FTRESMEVEEM > TEMD 5 WV IRIET 88/ %
BL, &5IRNEE FHEE CHEME ) 2 KElcin - TRACEL, X0EVAERENEZ/TYL
BbDEEZ LN B, Liaoetal (1979) IZHS 14~15 THKITIHE(/LOEHNE L 2HEL T
W3, 52D (HS 6~18), BEICRET 2EE L Tid, OFEREKT 2 AR ERD
W< D EE, RBELI, v ABIOBFERKA & BEHICET 2 IEEORR KL £ DFEKRI
(Kohnoet al., 1996b) & 2 ZET 3 &, ZOHHHDOY N —DOHFAIR, OBV E KL, 8
AR OIS EVWSBEZ L TVWEEEZONS, $h¥/Ve —ITi3, ZHlEIREENE & HE L
HOWEWHIEHLHE, HS2005 351X TR, XHESFEL THEMENSET L L i, &
EHICBAT 2 TEBBRA LB L THROVEDEEN T, 2 LT, ThlBiciis EHRELTD
Wik « BEHRENI A A A bDEEZ OGN B, FFM (1992) Itk 3 &, HS 35 HP SKEDIEE
W LIE® 3, & 5 Taki et al. (1987) A% 30 B TRMUNSZE( T H T L AL TV S, &
B, HE 39 TINTOBREPERICZEL, HRICKE -1,

REBEORE AHWETHBLELFr Aoy ETH A, $5E — Ok « AR
i3, BI-ZEBEBICABITE S (Fig. 6) THHLEF v+ A 02y ETH A TIIELE - HHE
KL VAL o« { DEIAD « WA SEHEBEL O LT, /vt —TILEE « K2 AR
Wk WD BB T H 5, & L IWBHEBEROBEVICOVLTIE, FIFEII>VWT TR 555,
Kohno et al. (1996a, b, 1997) HFHM S EREFIHE AT > TV b, Flo¥ Y e —(FROEEMIC
DVWT UL, BEBPERS DEILE D S, Morioka et al. (1996) % Ordonio-Aguilar (1994) 12 & - T
XN TWb, Lch->T, T TREICE)R - BEI A T THEF +41a 3N FETHAD
HEA2175 2 &T, RIEOEHEHEHS»ICT 5 (Fig. 6 25H),

FPERSEEOHERI T A TRAS S DOTHBDOIXHLT, FrA a2y TIIHS 14
Pk, BDIBVENS, Lbd, THATRHS S~I3ICIIERE LSBT, AXTEELS, F/:14~
17 W 3HES I L, 3Rk, RO TEREMESFEL, HRE L COBEKIENZHA 5D
bHS 18LIEE, PROBLIRET Z, — 4, FrAueNITRHS 400, BEEEH
B, AXUEES S 3EAFEIRPC BT 5 2 &0 5, Btk & BHtEsEIRIC, L dhiy
Wol D EFREL, HALELTOWKENZKAZOOHR IS ZRBE TP OTH S, KL,
FrAae Ny TRONIEIR, F2HEHROEERDO X S SR EHEIT I A TRRS
N -t

THATRASADO, F+ Aoy TRES 1005, OFEOBERANLBERICMATHA
WARTEEPHBE LED 5, Zo%MEES b, KEICE 8- T, BEEIRVASL, KOA
B+ bAAR, EHIBVIAZ+L HDIIAA+EALE (HADRED¥ER) &, 2<5lD
DT 5D TIREL, FLOERSMb S Lick > CTEEEIMEI LT 5, LrL, £
OF L WERSMD 2N T A XA TRAS 12 E20BDICHLT, F+4 o<y TRES
26358, IEDENSD,

L AT, Kohnoetal. (1994a) BFIFRDOT A< TS5 N5 ET7Hh A, b —, T=74 T
D ATBOEYFIEHA B LSRR, 7H 28 (FhxET=T4 D) &9 e —BUHT,
IH oML, FEROIZHOBIBRIES S 0D, S MHORERTCORKHEAFTEH Y > T
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BELTe LL, THREINIRDVTRIDELLDRITHTIRE 5, AN
WIRAF B A & - TV EERMBL TW5, £/, Ordonio-Aguilar ef al. (1995) 13131X[E UAE
YIHEHIEEE F v A 02 NS DHFRICOVWTHN, 7A=Y I35 & RERKROKERER, &
BICBARITHBELTWVS, &5, Kohnoet al. (1996a, b, 1997) (3EEH, & < icOFEAERR
TRELZOBFHIRELEF v A0 NTETHA, BN —THEL, 7H 28 (Fj2f) &
H$oNb =R E KB L, 2D LT, THAAEY NE—F, BEEREIELZ3 0D, WEE D
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7o
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