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ABSTRACT

Serial experiments were carried out to investigate the possibility of seed
production and aquaculture on the rabbitfish, Siganus canaliculatus, distributed

locally off the coast of Cheju Island of Korea.

1. Annual reproductive cycle

Annual reproductive cycle of S. canaliculatus was studied on the basis of
monthly variation of gonadosomatic index (GSI) and histological observations
of gonads. Samples were collected monthly by a set net in the coastal area of
southern Cheju Island, Korea from January to December, 1996.

The monthly mean GSI values showed similar trends in female and male.
The GSI values increased from June and reached the peak in the spawning
season of July (9.65+1.96 in females, 10.00+4.27 in males), then decreased
rapidly thereafter. Female HSI values ranged from 1.26£0.22 (in April) to
2.34%0.39 (in July) and those in males from 1.27£0.21 (in April) to 1.87*
0.30 (in October). Annual reproductive cycle was classified into the following
successive stages: in female, early growing stage (in February and May),
growing stage (in May and June), mature stage (in June and July), ripe and
spawning stage (in July and August), recovery stage (in August and April); and
in male, early growing stage (in October and April), growing stage (in April
and in May), mature stage (in May and June), ripe and spent stage (in June
and August), and recovery stage (in August and December). Based on these

data, this species was a synchronous fish having one spawning season a year.
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2. Spawning and early life history

Human chorionic gonadotropin (HCG) injected (500, 1,000, 1,500 IU/kg
BW) to the wild stocks and the cultured stocks (two years old) to induce the
ovulation. All females injected both 1,000 and 1,500 IU/kg of body weight
ovulated in all trials. Time to reach ovulation after the injection was 77 ~270
hours in the wild stock and 192~360 hours in the cultured stock, showing
shorter as spawning season approached. Generally, time to ovulation of the
smaller females was a little late than that of larger ones. Gonadosomatic index
(GSI) and pseudo-gonadosomatic index (Pseudo-GSI) were 28.6% and 24.0%
in the wild rabbitfish, and 18.0% and 14.7% in the cultured stock, respectively.
Hatching rates of the fish treated with 500 and 1,000 IU/kg were relatively
higher than that of the fish with 1,500 [U/kg treatment. This result
demonstrates that HCG treatment during spawning season could be very useful
method for ovulation on S. canaliculatus and its suitable dosage was suggested
as 1,000 TU/kg.

Broodstocks were stocked in indoor tanks to induce natural spawning in
spawning season of 1997 and 1998. Spawning occurred during August 12 to
15, 1997 and July 31 to September 4, 1998. Most of spawning occurred
between the first quarter and the full moon stages in lunar calendar, showing
the distinct lunar spawning rhythm. The number of eggs spawned per female
ranged from 190,500 to 866,300 eggs. Fertilization and hatching rates ranged
from 85.6~93.6% and 80.4 ~88.8%, respectively.

Fertilized eggs were relatively small (0.58=0.02 mm in diameter), demersal
and adhesive, and it contained numerous small oil globules. Under the

condition of 25.0°C and 33.00%,, fertilized eggs was developed into two



cell-stage in 58 minutes, 32 cell stage in 2 hours 20 minutes, morula stage in
3 hours. Gastrula stage was observed in 5 hours 30 minutes, and embryo-
formation stage in 6 hours. Larvae hatched in 30 hours after fertilization.
The newly-hatched larvae were 2.03£0.16 mm in mean total length, and their
mouth and anus were not open. In 4 days after hatching, the larvae grew to
2.6 mm in total length, and their yolksac and oil globules were almost absorbed.
Fingerling stage, in which their fin ray counts were same as in adult, was
observed on 30 days after hatching, and their mean total length was 20.8 %

021 mm.

3. Seedling production and culture

Under 25C lower salinity lowered the hatching. Optimum hatching was
performed 25°C and 33%,. The larvae stocked under 26 ~32°C resorbed almost
their yolk and oil globules within 48 hours. Rotifer (Brachionus rotundiformis)
and oysters trochophore larva were given to the newly hatched larva. Only
oyster's trochophore larvae were found in the gut of fish larvae at 62 hours
after hatching.

Survival rates of 3~5 days-old larvae were 20 ~30%; the rate of 30 days-
old rabbitfish was only 2.8%. Growth of body length (BL), body height (BH)

and body weight (BW) against total length (TL) showed regressional relationships

as follows:
BL = 0.8565 TL + 0.0852 (R* = 0.9996)
BH = 0.3207 TL — 0.5052 (R* = 0.9641)

BW = 0.0652 TL*** (R* = 0.9925)
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The larvae fed on mixed foods of oyster's trochophore and rotifer (Brachionus
rotundiformis) as the first food were survived 3.3% for 10 days after hatching
The larvae, however, fed on rotifer and ciliata alone as first food could not
survive at all.

Amount of one-time consumed rotifers by a rabbitfish larva was increased
rapidly accordingly growth: 11 rotifers by a 5 days-old fish, and 167 rotifers
by a 15 days-old fish.

Mass production of rabbitfish seeds was attempted in an outdoor tank (23 m’
in actual volume) for 50 days. Natural live food ecosystem composed of
diatom, Nannochloropsis oculata, Brachionus rotundiformis and copepods was
cultivated before the stocking of fish larvae. And oyster's trochophore larvae
were fed during 2-~-7 days after hatching.

A total of 76,000 seeds were produced after 50 days of hatching with 12.7%
of survival rate. Mean total length and mean body weight were 65.6 mm and
3.4 g, respectively.

These fingerlings (2.9+0.4 cm in total length, 0.8 20.29 g in body weight)
were reared in an indoor tank for a year (August 31, 1997 ~ August 26, 1998).
At the end of the rearing experiment the fingerlings was 24.2+2.0 cm in total

length and 206.01+47.3 g in body weight with 48.7% of survival rate.
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I.4 &

E7INABE AFe A AAF R of 2099F o] FE3A ) (Nelson, 1984),
Sl = Chyung (1977)e Q3tH E7}AIX], Siganus fuscesens 1%WF Bl
o] 9tk 2 F Park et al (1992)e] S7MAAIFY 429 Siganus
aonaliculatus®) FPER ATE ot F7F B HAG SR ERGHLR
TR EVMAGER S7MNAIR &ile ol FEA fuet ER % & FF
8, FEotAlel AL Edist oldY AHH S FHLE ZYA E¥stun o
(Lam, 1974).

BTN A F o F EVMA A, S fuscesenst S. canaliculatus= €% ) eA
S F o}F vzl T FUFLR FHPE AL (Mevey, 1972), £ 5t
A te Fog gk lam, 1974 &M %, 1984). AlF A¢d Exsie A
WA, S, comaliculatuse #% FHAH L8 FIMA X9 ofF FALEAIRL &
ThA A b g AL A vige] A2 WA wkao] F A A AAEH 3l
I, ZpEA=ee Bt 23, FAo] JpERenl e 1.1~1.38 Hxolx, o}7in|
7 H& dZo] AZHE Ho 05~15 en 2719 @4 wdo] AgaA e
1t 9lo] o] 7hesitt o] AFoA e o] Fo EHo g HA wiio] JE A
& aejste] 39S FHEIMAAZ s

F7PAAFE ER7E B A RG] ks o8 AddMe Ao
WHE Aoje] o|2717A HEZFE FE Ak 2440 A7 RaHdes &
#A Q1 o] FHA FAF st =M(venom gland)e] A =87, R3¢
o), ZheA =8 T BE Ak n) JMA e §lolM drle] A g EFE 2
© A% (Duray, 1990; Randall et al., 1990).

BHAEANAE 8 vet AFE Aol F2 6~109 Atoldl A, 29,
FA ToZ ojgE I glon, oFH 7T~-8Ye| A#etE oFo|ct o] FL A



o] WA o2 o] gl ko] Holu} Hztely} ol g o ARy TE ofF
ojAIk, 2o dE Fol o3l Aol FA Aaste FAol7] wWEed FRAN
Z1ggel 9 FRARE i A HEE AT wHo] HH By A
oy, g A fejvte} skl AR BAHE wol7] HaAME WA R
2958 939 FAN st FHEAASG 22 AY FAFe SR
ZNedg B8 44 FF dgste Age sdsor & 39 #A otk SIHAA
Fe AFH dd=s 2 Feop ol FAAME ngd AFo8A o8 HEH 7
IAFoRE # gefA AtH(Peiris and Grero, 1972). 53] o] A HoA HFIFAAF
o FA2 NG AAHe] w1, Holde] F o] FojH A g @ st fol|d B
ofigt &Ago] Zst7] wWEel AFe] AAREE o] AET, FHFEA N}
A THEeA A A e ] FARAToRAM B FHE Za Qv
(Lam, 1974). 22} ol 2} 8§t &2 A F7AA = At X0 & AfE st F2 & F
B2AM o]gste F&Eo MEL JoH, dlFRAM UF FEAAS 27] o]
710 g Hol e FTHIA X HFoz HAEE 9ot gol AAAH
L2 FTMNA & offF = AF FEAL o @d A2 ofA 7R AEHA &
st e AAoltLam, 1974, Juario et al, 1985).

57t A& o fel #E 3l A7 BHSTIANAY Ay s A
(Park et al, 1992)% elutA AAA=SE2EHCG) A I3 wjddxo] #g
A+ (Hwang et al,, 1999) o]9]o & ol 4 it}

T9le] EIJIARE ojfo] I AT 2V Al #eld S fuscesens
(Fujita and Ueno, 1954), S. guttatus (Hara et al, 1986), S. rivulatus (Popper.
et al, 1973), S. lineatus (Bryan and Madraisau, 1977) S9A 2usi gt
sy S, aonaliculatus®l WEX s GEAel e gl Bar) 9lS ¥(Soh
and Lam, 1973), £7] A&} Axte] #AsfAe o}ANA A7t o] FAAA Y
AT



AN 79} Abgho)] BE = d=29 ool M S caaliculatusS W4do
2 AYF7 FEAHE vgezg AEV|E 799 2™ (Hoque, 1994), S.
guttatusSI N = AA9 22 8E FE AALFFAS(GODS gWSE T3 A
25718 T3 tH(Rahman, 1998). AH&ol B = S, guttatus®] Fd Aol
A% A7t IH(Hara et al, 1986), 8 FH7FAIA] &9 tiF-29 oJRES 9F
7)ol W} Atgo] o] Fojx= o]8¥ & F71A(lunar periodicity)S e RLE
a4 stew old B3I} AFE S amaliculatus (Manacop, 1937), S
vermiculatus (Popper and Gundermann, 1976; Popper et al., 1976), S. argenteus
(Burgan and Zseleczky, 1979) SolA ¥ 250

FAFE A4 AT & E4S 2 FToEA AEA o FEs Es
& A7l FRAMNE 3] AaMe 22 A o s@FErt et o
g oA Eel #eMe g 2R s282Q Hity AAASEZEHCG) 2
BAAFEE2E-HETEE(LHRH %&£ LHRH-a)$ A3t wl@fx7} 7153
Tk B 3189 tHAyson, 1989 Ayson, 1991; Garcia, 1991).

7N A3 o) = AA A FHA E23n lon, ¥ T2 AF Fart

-9 7] WEoll AA 2t Aol FEALN o F2o] A=HT glvh(Juario et
al,, 1980). 53l, B7tAA &9 S argenteus, S. canaliculatus, S. guttatuss 373
Sdol tigt A@Yol] Fstu, o] war] W FAE g ofF e F
o7 QANE gt o]2fd FE& F40Z MRS A FIAXE oj/Y F
BEAA AEE S andliculatus® 9422 Manacop (1937)] 28] #22 RoH
Ao, tEEY A= 7] SAGA A ALEsld o.M (Popper et al, 1973;
Soh and Lam, 1973; Avila, 1980), & t& d7ellr= M| o]F7k4] 1% v %
9] @& MELS B aIUTHMay et al, 1974; Popper and Gundermann, 1976).
o772 BEFF B$= S vermiculatus (Popper et al, 1976), S lineatus
(Bryan and Madraisau, 1977), S. fuscesens (Shinhata and Shima, 1980),



guttatus (Juario et al, 1985; Hara et al,, 1986)ol4 BRI =gt}

o3} o] BIAAE o F FRAMN AHAA ¥ ATEE Hole AL
Az ATANY o 2717 28] HE WY FF 2udANN 925 E
Az AAsted Alzke) AiF oz gol, A Ho|AEE Tk AT &
AR HAg Az HolA&o] JpdEe YA 7] @&l ofHgol A+
(Duray and Kohno, 1988). w2t z7] ALS A4 FollA §& 15 Alo]d 5
29| zpojzt Holg Ad#H A Rk AgstA grt o2 g FAE s H 37| A3
of AFojALFel glo] HG7IzE BT AEES AN A8 A Hol2A 2%
rotifer® A9¥de FFFA N Duray, 1986), = FAE 7] HolEAN FF
(Juario et al, 1985) 8t 9 =% &73ta 7MNAHQ Aake AFA et
= AAe, of AFAMT 27t AFF7ITE Fofl ok8je M & THEVIE AAst
kg FHE FFAES WS A wslE FA8S 249 rotiferg TR
FEote] zojrt Hol§ M od YA F YURE 3o, 7] YEEY FFS
£ 02 AYES HAAHTE olg T AlRE dF OE oFdAE AEEHT JYA
g ol 7EA] FTMAA S o} F o] FHAMAME AR v} gl

o] A7t AFE ¢iote] 2 B¥de A AL 17 oFQ P HIIA A
o] &4 VehEg EHoR A oju]e WYAFIE 2ALeL, A ofH] Y
A ArSAEE F3) AUE Hotsle] AN} T28 Ao o 2
98 AAFEE AASH I, olo] wE dAFH 2IIYFAE THIACH £33 o]
d 7123 ATE AlRoR st i FRAMN JFEo2N ofFnA A
AAH o2 FFHE v gl 23 A& BRde SI/MAFYA TN 7
9 71w FH3ich



o. As 2 8y

1. 484 =

MAFEI QAT JARAE 2AEL7] H8ke] 19969 1958 129
7R g AT FAFE Yu] AdeA F2 A o5 oY A
< AH2e g ohFig. 1). A¥ele= A3 260~308 cm, AF 23294782 g
A 2A u g 30~409eY F 4610t & 2AFSEA O

olulel ALSME  A$g Folo Hus YHZAE A LYl
19954 119 GAFE 0] A Aol TA BFHY 243437 en,
Y AF 231311071 g He 14598l & FAFFATEANEY AW =2
JE SE(FEFE 80 m)ol $A £48 F 193 Agsac

MEFT HwtA AMAZEEZE(human chorionic gonadotropin
HCG) Helol & i@ fres a2t 43 18uta)(A 3 269~333 cm, A
F 324~678 g)t AFA 20 4A 6ui(AY 27.6~30.8 cm, HF 324~
385 g)g AW 939 PP FR(FEFHF 35 m)oll F&3o ZAIAT A
A AYE 199737 1998 AAAt vl FYste B BRI}
Yotsk AL Ze AW 98 PP FRA g 4 139 vEE F&
steo] AAD AQargds #EAsH

SR HojAdd HAdL AW d¥ PP FR(FEFH 170 L) 6
Aell 23} AF 2o & Z+zh 20007te]¥ FE£39 AAEA 2FA o9
A JEE APL 98 PP 2G5 m) 270 #3xelE 22k 30,000
npe] 4 =88t ZAE AT HEF FRAYM AFE-E AE-E ojve @A
FT WAS vt sl A FA 42 19 (dF 364 cm, HF 913
gl 3 3utEl (A 275~316 on, AF 256~480 g)& Fxo| 43
F Adardg fEstdthFig. 1).



33" 40’

KOREA

‘CHEJU-DO

3319

N
A\
337 0%

126" 00" 1% 30

127 00

Fig. 1. Location of the sampling site (shaded area) of Siganus canaliculatus in the southern part of the Cheju, Korea.



UM AHole HARALE Y3 A S AYoe AT FRANY B AF
2.88%£0.39 cm, A% 0.78+0.21 g A o] 150¢}2] S o] &3t 19979 84 314+
B 1998 84 269 7t & 1zt ARSI H.

2. ¥y
1) B4F7]

AAF7)E dgole A7), AAA 4 AFEAT g Fetstict =Y A
B A¥019 24D AL 01 7R SN, AT, BHLFF, 25F F
Ao HEFod 001 g7tA &R A4 A2F %A (gonadosomatic
index : GSI = A 4FF x 100 / AAF)} 745 FA=(hepatosomatic index :
HSL.= 74%% X 100 / o AF)E AP

A4 2= Bouin's solutiond]l ZAste =284 AL AN} 2L 7
2 HdEye] o) 5~7 mleE 94 AHI ZAFTEE WEJF, Mayer's
haematoxylin-eosin |5 s, AAF7]d @ G dRALS] Sdd
Ae FetdwAstol A et JARAH A e 4 a9 ¥g DA
Hu)7 EUE AlA€(Zeiss, Axiolab) 3t ZAHH S 3wkE FHA st T&3}
At

¥ U5 AAFL Bagenal and Braum (1978)9] 2% & A&t H T}

2) A F= B x7] AEA

(1) oj" &} AL AH

AHEMNAE AddA 240 TT ZAAN oFolr] WEA Az
HolgdS FAoH ong X FE4&F 104 T Ao, ZIHAL,
e 5 H2FE 1¥ 2~3 kge TFHLH, V1Y T FrolE AR
AZAE(HFADE 19 2~33] FF&AT ol £ ojFele= YA &
g EEAEe JF ABo)E 4 6 B€E EF% moist pelletS THE
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o] AF 1-2%F 7NELE WY 24F 13 FHIHUL, BFE Hol2AM
Y4 AFAR(HSALAIR)E 1Y 2~33] B Hol2A FFsth
AFS 71 Fo] ojule] AAEE 3~4704Y Fe R 200EE 74y 2
o] MS-222 (Sigma, USA) 100 ppme & vl A7l & A& A%, Az,
AF & ZANEDT ASFE AQHTE 19 6~T7R 2 FFAFH

W, AT B 525 HFE LA 1049 SR

(2) HCG A@ o 93 wgf=

A% o]  Portable reader (DESTRON/IDI Ltd)E ©]-839] radio
frequency identification tag (ID tag)E S2Fo] A4YE F F£xo =83
Ao, W NAT D tagd] LHHEE FRIsty FH5Hh

AR EE 93ty HCG (Sigma Co., USA)E B7}d FAMstged, 2
A FE A E AAF kg 500, 1,000, 1,500 IUE, &AM =
1000 IU Hx, dx=Fe 22 HCGY &0l AgAds 06 mt 98 F
AFstE T, AgA7lE AdelA HRF AR Aar|Q] 7~89H Bl &d
A7l 79 FeRE 7Y FeE AdAbe 123, F4ke 1999d 74
17958 8Y 6Y7k% 78 tA o2 2~33 FALI{tHTable 1, 2). 32
BFEAL F 12800k BRg b B FHE 204 580 m W99
FEHEZ AN E 69T, TEE A3E HCG FA £ 7474
Hjgho] &1y Ao sty AAsH .

AdE 42 dHPer FAANRHLY, AP 4 A7 10 cnm petr
dishell 100~20070& &3t dHAH+E AL F HEEA 3 B5F
715kl A A&, v E 5& FAsAcE F3h&-S 24 d]e]AH 100~
150709 &g 83t 44 &% 25705C9 incubatorol A H3}A 74X
#astel ZALEA GAL TeFG7I0AM 10004 S4sth.e9, 4 A



Table 1. HCG treatments for ovulation induction in the wild female of

Siganus canaliculatus

T g v e A0 fmes Dt o

' (cm) (g) of HCG'

wWIi-1 33.3 678 500 TU 680 IU by 2 doses July 14~27,
2 32.3 516 520 IU by 2 doses 1998
3 28.0 348 350 IU by 2 doses
4 31.2 535 540 IU by 2 doses
5 26.9 322 1,000 IU 640 IU by 2 doses
6 325 625 1,200 IU by 2 doses
7 31.0 434 870 TU by 2 doses
3 28.9 378 760 TU by 2 doses
9 329 665 1,500 TU 2000 IU by 2 doses
10 32.0 474 1,400 IU by 2 doses
11 325 484 1,500 IU by 2 doses
12 26.7 314 940 IU by 2 doses

Control 288 402

WI-1 216 331 500 IU 170 IU by 1 dose July 27~Aug. 2,
2 30.8 377 190 IU by 1 dose 1998
3 29.7 332 1,000 IU 330 IU by 1 dose
4 285 324 320 IU by 1 dose
5 295 385 1500 IU 580 IU by 1 dose
6 28.7 326 490 TU by 1 dose

‘Cont.rol 27.0 335

* Designed dosage of HCG per kg of body weight.
** Total concentration of HCG injected per kg of body weight and times of treatments.



Table 2. HCG treatments for ovulation induction in the cultured female

of S. canaliculatus

. ) Designed
Fish Total length Body weight Actual treatments  Duration of
No (cm) (@) dosage of HCG™ experiment
' of HCG"
CI-1 29.0 457 1,000 IU 460 IU by 2 doses July 17~Aug.
6, 1999
2 28.8 381 1,000 IU 380 IU by 3 doses
3 275 381 1,000 TU 380 IU by 3 doses
4 26.5 361 1,000 IU -~ 360 IU by 2 doses
5 275 368 1,000 IU 370 TU by 3 doses

6 27.8 404 1,000 IU 400 IU by 3 doses

Control 289 401

* Designed dosage of HCG per kg of hody weight.
** Tatal concentration of HCG injected per kg of hody weight and times of
treatments.

_]O_



A Agaes BRoE &) FAEH ¢ F 01 g& AFste AA g9
BAZ gAst o
GSIE AAAZEHX100/AFLE ASEI 1, HAYA2FHFX T (pseudo-
gonadosomatic index : Pseudo-GSI)& Park et al. (1998)¢] e uwhe}
ot Zo] T,
Pseudo-GSI = (B / A) X 100

A @ weight of fish before injection
B : weight of stripped eggs

(3) Aol o] AdrtE

A7 F Holz dAE& DRAEE 19 2~33 FFAn, #&29
de AN AEDEE 13 AE QoM ourt MAHES ey, §&
vletoll &= ojule] &£9o] &= E T PVC o] Z(dia. 200 mm, 60 cm)
€ 27 3704 Heo] 2AAHE "EE] FUAY Al AdAEE 19 7
~83% FrHEE Fodte dAd FARAEL FAGAT

Aol §FE ujy 4A2F Ao g AP AddRe 549 S
(30X30 cm), PVC H¥H(30x30 cm), AFH(30%x30 cm), AF FHEAAHE
FHE0X30 em) T& AHESEom, 3 & Ao AP aHE &=
ettty FEE e Alee 2 AR IF FEE MAYsA Aed o
S+ e F AddEFg Fegch ¢ 4 &
dte] RbeFR712 S5

Ho
-4
ol
flo
%)
<
<O
=
io
e

St A A F AT FADL nylon meshs(FE 125 m)E AME-3ho
Ae & 250 ¢ 98 PP 2o 8359 Fs ¥7E HAAFHEA
petridish®} hole slide glassol] 15 E&AAIZcH 247 238 gL 2 ¢



Hlo] 7 370el $=&8te] B8 HD| % (Zeiss, Axiolab)3} TV G4Fx& A4
ste] oo wAe #ad U AAEHUT 2 incubator (MIR-150,
Sanyo) ¢HllM AgH oz #elsdod, 4 124120 70% A5 A
2¢ o4 a@sgn, L= AR gt dgA fA4F P2
25205CE AASFAG. 74 F 44 dAE 28 A 7 T dA%L
50% olFoA & WE 7IFLg A, 3 X9 AHAE HTLE I
c}.

g #3 £2d Al £ 8 7] gstd ddTe 20,
24, 28 3 3RTTF=Z AHAE multi-chamber incubator (Hanback Co.,
Korea)& ¢l &&tadct. #H#L 2 Ag7F 2 LHo]AE 344 HXAstn
Hlo] 713 o 500784 &5t H&etH .

7o WE BASEE MLV, 47, Kupffer X 287 ¥ 38
A0171E 7lEo R HA GAE 4~Q A7 uiEl vlwEd, 7 9Ad
BAL A F 308wt FeEnpRE etelA BEEGT g 7 AY
7o & F3aolg ARk AR AP, SA 718 AAY FEE
& ZAEAT 71EE L BEAF ZolF AMYANA, AF ¢ A, G

3 #77 2WE AN 5 WAEHA AAY 8 &2 e

(5) AHAol o] FeiteEd YA

A=k ofn]E st TG o3 HAHoR sAHANFAY, ¢
Ade FE B AE FEAANE g Fol REAAA 48 PP FR(FE
% 35 m)el F&3A AP7IT FU& 1~39 HF 22 100k WY
AdHE ME8Y 5% FAHAEX=2LH nAstq AR JRPHE =
7, dEsA
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3) FRAA
(1) 3¢ 2 Aolg d8UA

TR ARG AFAM dEFEE F3&d FIALS ZAMEY)
#ate] 10, 15, 20, 25, 30, 33, 35 ¥ 37%9 87/F AFF3uE)z AAHA
o} o) FRFEE AAAEE JESAVN(YSI-0Z A F F4e
ALddE ANste Z AFALE Axsdoh F3LL AQNTE +F
T QT AP FATES g 24 HlolAHA <F 200/ &I F
25+05TCE AAE incubator WollA #elstdHAM ZAEIAY. A-FA)E
HCGE 1,000 IU/kg Ae3dte wids =390 H3&9 V8P 8 &
FZ3AANAN BN} 71 FANAE wobate] zAEA .

@B 8d 9 Aol WY EHL Aolg MEIY &% MS-2222
A S 1 m7hA S48 E Y. 38§32 Blaxter and Hempel
(1963)e] o] wel 449 = 7 /6 X I T G3EH, h: &
ez At d o

E5ed Faatole] HEES FAFSLY] H3h4, 15, 20, 25, 30, 33, 35
R 37%9 T ARTEREEE A, 4 A4PTd RS 200
N/ L& 83t RAFY 3 & RIgHA e gL ez AA
Fom, §Y dEFERZ AZE ASTE WY 50% = @ald F91
o Hole FF8A skon, Aoje] AE&L AY 7EY 242 1
o= A JHAE ZAMEL &G

_1

(2) Hzx Yol 77 A7y 2

HEEs L AT AMZE Ao dF FFe B T AL 2
23~32TCel X 3C THALZ 4749 ABFE 2AstY A e A4S
multi-chamber incubator ¥ water bath® ©]&3th xtoje Z+ AF T+

o
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% 20 ¥lelAE MY MdAs ZbZ 2000k gAY A FE 12
17t H o2 FY £ FFZ 50%Y FFdPod, A&7 F¢

le 34 gt 43, 7 2 F3xe] FAHL2 12A% Fe g
1072 &) #joj & AT MS-2222 vl AR ¥, 1 mm @97AA 33
At #79 £74L2 Blaxter and Hempel (1963)2] #Wlof uwlal -84
= /6 x & d: HFTA)LE At At

Ao o] AFAE G& FrEE 2ASE S HoE ZAEIAR, A
TAIZE BAL ApolF oF 90% o] do] MTE AlHg 71EoZ T

b

)
53

HEo ool 37] #E 2 HE HoldFH AL AF Az @E Ao
o ¢ A7l H A Hol dHAMNVE A TAHEFZRB.0X30X0.7 m,
5% 7 m) 249 H3 Aolg o 3¢ utEy FE5te] FAEIHT 9
ol 3} 294MRE AW FRAAA WNF, Crassostrea nipponas)
trochophore FAE FFsaL, ol A  rotifer, Brachionus
rotundiformisE 1570 A/md Wele] D2 FFIACt. W, Holg TF
atA] F& AHdA Aol AELEL HMER 24Y FZE ol &t FA}
stk 4871 T AMSeE B4E A g1 AFAEHE fR39e
o, $&2 248~265TC, GEFEE 324~333% BHAA

ateje] 9] :7)(d) W3lE zboe] Aok =7|(UJL, upper jaw length)
& 71£2 2 3 Shirota (1970)9 el wel d = /2 X UJLY Aoz
otttk Aol AF R Aobd Avie R F 1243 12405 10wt
Wele] Aoj & AF s MS-2226 vt AR &, 1 m 99713 S48k
ot Zole] A HolHdH Al7le K3 F 643 BH o2 2olE 107
Aot FRAT PN 23BN HolAE M FFE AR
123
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(3) AR o] A JEL

ZIotA Y=o o|X= T2 HF VoA AEE HdEL T2 23
26, 29 H 32T 4709 H¥8+2 AA3AN 2™, multi-chamber incubator @}
water-bath& o] &3le] 7]o}r)e] AEEE FASIAY, Aol 7 AHF
T 24 Mlo|AF MY AA s, Z+z 2007kl Y g3t A AT A
B W7A A AAFE AT FoolE HISYT 12417 BHo =
Y F29 dF2 50%Y it £EF L FAHACG AEES
2 Aol AlgE HAE Alo|Eo g FAFE AFete AU Ao
o] A AFE R 4=(SAI survival activity index)© el 2oz 3o

1 K N.: #po] $
SAT=— 2 (N -h) Xi Ih:i AR 34 A% 2o} 4
N kAot BE Agg WA 94

Hol Aol IE =J & ASSE 53 F 497A € AFTEHE
AR, 5YFEE 7 100~200 med 53tk 48T Fig. 29
Zol 37 9ol AEE uFoM H:EHT. A AYFE rotifer, B
plicatilis (3 2~10¥4) + Nannochloropsis oculata (%3 2~109), B
A TE #F trochophore (3 19 ~54) + B. rotundiformis (%3 2
d~10¥) + N. oculata (§-3} 2~10¥), C ¥ TE ciliata (£33 14~5
d) + B. rotundiformis (53 29 ~109)% FdF3t9h Rotifers] 5%
2 BE Ag7dAM mE 10~1574AE FAHA FFIHEn, e
trochophore fA12 mF 15~2070 &), ciliata® med 10~2070 A& &2 3}

At =T N oculatas= 10~20% cells/miS # A A #H T,
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Brachionus plicatilis  {(10-15 ind/mé)

Nannochloropsis oculata

A
Qyster trochophore(15-20ind/mé)
" B. rotundiformis (10-15 ind/mé)
w B s
E Nannochloropsis oculata

Ciliata (10-20 ind/m#)
o o S

Diatorns

B. rotundiformis (10-15 ind/mé)
e e e iy
2 4 6 8 10
Days after hatching

Fig. 2. Three kinds of food regimes used for rearing trial of S.

canaliculatus larvae.
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430 U= A A 20d4AREH F2Ho A3 aerationd T A
ol X 1Y 3~538d HA @48 A7|dM F2FE S A ETXEE
Atk AbE ZIEFO Bege AN 271(F3 F 7d)dE A AHE
FABE oy, 2 oFREE 1Y 03~053A Wz F5E AAEG0L
o, A WAL R FE o] BolAEN #BeFE FIAA FAY

d¥ 71 F< FHE Hol T/ ¥ FFFH S Fig. 3o e

=9 trochophore FA(56~62 um)S F3 F 2AdA2E 74dA7}A m
2 10704 W8 AL FFE ) Rotifers £3 F 2986 3087HA)
FEeHey, ¥i F 2047+ B rotundiformis (120~180 m)& FF
a5l i, 31 & 159 %-H 30U7A = B. plicatilis (230~310 m)E 3&3}
At &5 3ore 1Y 1~33 FFeden, 33 d=& AMSS: Mg 10~
HBNAE FRA 89Tt Artemia naupli 3 3 ¥ 25958 35U 71A
TSt AgAEE i F 17988 9A$ 27 AE(Kyowa Co.
Ltd, Japan)E rotifers} & -&3le] A8k %%‘%}7] Al2tele, 1Y 4~53]4
FEAL, 44T tEo] HA YA 271E 2Esgch A AFEE
FTEANA 1~39 BH22 107t WHele AojE TR dEFd S
o MS-2229] WA F A, A L AnE 10 m FYAA E489
i, AFL 01 mg7tA FAHsH

(4) Rotifer®} Artemia nauplii 4] 4

Rotifer #1412 Rotifere] 93] Ha%F 49S F TEUL AHAA
& FLY oM T3 F 13U47HA] HABAL, I o]FHEE AW &
AYE FEQBX3IX1 m, FEFF 7 m)olA AA AT
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Oyster trochophore (5-10 ind/m£)

«—>
B. rotundiformis (15-25 ind/m{)

+— ~»

B. plicatilis (10-15 ind/m{)

Kinds of feeds

Artemia naurzlii (1-2 ind/m¢})

Commercial diet (4-5 times daily)

<

0 5 10 15 20 25 30
Days after hatching

Fig. 3. Feeding regime for rearing trial of S. canaliculatus
larva and fingerlings.
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Rotiferd] 35 wid 23 6Alel Al&ste], 2 F 24 11A% 2% 4
Aol AFESFE ol rotifer AEE EAstL, BE 2L BE3F F9vh A
712t ¢k AFSFE W rotifer B+ MY 10~257048 HA&Hch o
3 AAg ZAle wjd AA G ew, rotiferd FEH ¥ 24 AdE 2
A 8Ale] zt zulch Aol g 2074 F Y ARPsAch AYE Aole
MS-222¢] A7l & 5% FAHAEXE LY 1A A 9 AFE 34
stglal, AAdu At A AL o] &8 astAg s H3EtA rotifer TE
Als=at At

Artemia nauplii A 2F Artemia nauplii A4 % FAE= 23 £ 1298
B 2643 2l E iAo Z 2~3Y 7tHo 2 FASGEY A¥EE 2000 m
FT2E AlFZd Aol & 1ntey 4638 F 68 &<t Aol g4€8 #
Zote] 2E#H 20 ¥ ol fHT HRl Aol TE A= A
o R APE AoY FRE okt BFHFE FIAIA AMS FRUYA
Artemia nauplii7t A9 FeldA &L AHAAM xo]E AZsto] AFH
o] &3t At} Artemia naupliis- Z+2Zb 2,000, 3,000, 4000 2 500070 A% F
BotA L, 12A12F Fol d¥HE £ thg &2 e dolde Artermia
nauplig Alste zZ+ 4874 P dH%ES T L€ 49 33
REEo 2 AAlstgloh

®) d#F T8 A

AR el ARE A8 AE FuANE B9 15 sets}t Al BE &
2] H(30x30 cm) 107HE = A A Th ov] =& F 4Ude] =}
A Aol olFo| Fom, AP FA ofujg AIK & slog REge
H, AFFE F37 dag AN A
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Apo] AbEE Apdbo] wrEo i3, AR Hd A FHR AALE
HFE 5% 23 m)ellA F3t 15¢
AR A&stgen, 1 olFREHe AW E2IYE £32 NKE FF 7
m, 10 m)E &A AbE AYE AEsH. 27 Zoi7] ¢t AS 23
AR e ouE &Y 17d AFE 1Y 1-28d JA /rE
MZIRA el F2F 9 718 FF4 27571 HAREE A €
W8 9, 2L C|FREHE B rotundiformiss md 20~4070A A
stHA Wi gstarct. zkol AME717 F AMS e B3 5U7A AT H
& FAEHA N oculatattS FF5HH e, 6dFHE 2 AR & At

$45 foN0E FFGUD, G4FL 19 01~35100 2goly A4
Bol

HO|ME Rotifer?] Holo] A&tz 2 wjFL ok FTAYE
FZGBX5X1 m) 37RE olfstH o, AlSTE 1AR Ry LYo R
35 A5E 3 um cartridge filter2 23} 343 & ALL&FcE S 2dgto)
HEL 400~600%F cel/md FEZ FHTH

Ao ALEF rotifere 48 F Y el rotifer, B, rotundiformis$t o
8 Z 9 rotifer, B. plicatilisE AM&3F9 3, rotifer ¥l Alzt ZagE 4
Z(GBX5X1 mdA 23S AHAFLH, AMS £ HYHE o] &5t
Azl A9 28CUHEE FAQL, FAE B5CHYE FAAZIHA =)
Fst At Rotifer Mg 98 Hols A E2datg g5 02 A3
o, FF HEE rotifer WIgRe] 500~700%F cel/meE FAEIAT.
Rotifere] 2744 g4¢Aas 5Ho2 i 552 LTS rotifer WEF 1
BZ 100 ME 71EeR 19 13 FF8A0

Hl 2 1999 84 5 Ad AAEANA AAA(ET 2 12~25 cm,
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244 8~13 em)& AUEHREH 50 kgg FY3A FAFFAFEAIG R
$A 92 ¥FnET o 2osdn, UeAE 28 FRP #&4 &
dAdFE 19 7~83A 5 A7IEA @ Ech Ade oF gA A
AN 2E ARsd dulAgedd dg AT G, AT s34 AA
o 10417192l g 24 6217 #3HE trochophore 4%

24 FTFEA.

ofo] 38 FTE Hold FHA 4 Fig. 49 et vigiZ9
trochophore 482 #3} 24ARE 74714 FF&F e, TFFHFS 16~
20N A/mE A3 Rotifers 3 & 19%H 2347HA] S5
o B2s T U ANAE A8EQ B rotundiformis (120~180 m)E 37
R, ¥3 F 139%E 2394744 = dE8F A B plicatilis (230~310 m)
g TR FEEEE Agely Arlet ARl AMSF T 10~25
AAE FAFFct = N oculatad 53 3 2Fd FF 40~607 cell/
M2 AtS FFRo HIMAA FAT. Artemia naupli® T892 F3} 139F
B 2397bA 23 10418 &% SAIE VELoE 19 284 AA FH3A
ot MFALEE rotifers} E435led R3 F 99RE FFE) AFdsAch
9§ 27 WY E(Lasy 2-ZM, 28 m °)3h)E F3 F 9T ol
BUE ARREA 1Y 2~338 A% FIFsgen, ®3 & 124%HE
A4 %7) W) ¥ALE(Otohime, Nishin Co. Ltd, Japan)& X019 A3
A dAtel AV|E ZFEsHA 1Y 4~103] FF3A

A% 4ze 49 FAzagd SEHESS 35 m) 248 ogdqe
W, Ag4E A 4E 19 05~60 HHOZ FEARLH, Fxuo
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Qyster trochophore (5-10 ind/me)

B. rotundiformis (15-35 ind/mf)

F 3

B. plicatiis (10-15 ind/m¥)

+—

Artemia nauplii (1-2 ind/mf)

—

Kinds of feeds

Commercial diet (4-7 times daily)

v

&

1 L I 1 A 1

0 10 20 30 40 50
Days after hatching

Fig. 4. Feeding regime for the mass seed production trial of
S. canaliculatus.
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qALES AA st A4aE BESHUT A4F 717 B HolFgdS &7
ARE (63 7h)el = gx1€ 27 8l AR (Otohime, Nishin Co. Ltd., Japan)
& Ao wg 2715 2dddA T, W] 122 cnE AT
12958 4y FRANAAT GAE pellet AAR(HEAD)E 27| A
FH3e FFPG AlET 19 3~43§ vro] FEEA It 4%
T A= w9 13 AAERa, dEels WY 15200t FA9 AR
ate] MS-222 100 ppmel mtHAIA M 9 AFE FASHUY. 77T
T FLH dEFES MY 24 104 FAsAH-

5) FA AT
Ay A3 ANOVA-test® 4AA8l Duncan’s multiple range test
(Duncan, 1955)2 H 7] {94 (P<0.05)S AAs A
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1. 3457

1) A2 729 FH

Aol AHE3 BHEIIA X ofvlE Table 3% 2ot o]F o
M2 A4 293+32 cm, A% 3B42*1163 gollen, FAHL 20572
AY 286126 cn, AFL 3198+833 ge 2 Ao ARG ok AU

Azo] gk oA 2zt B9 #AE Fig. 5~7% Zth AHTL)A &
AZBL)Y #AE BL = 07601 TL + 21146 (R? = 0.9308), A7(TL)*l
3 A 2(BH)S #A+ BH = 02852 TL + 0.7000 (R* = 0.7419), A7
(TL)o) g AZBW)S &4 BW = 0.0134 TL** (R* = 0.9072) I
c}.

AHEANA Y dae 3 Boz BYF HEH Y@t dae 3¢

g g vgA Hee 2
719% AgzAer FAd B FEY dhLrEoR TS JUT E
3 dae ddadd g B5 &
A) 2 e gN(gs dA)Y dgd A4S drh

Are AA A% & e 43y AR ZeE, s
e AL 7R M AihisGE] B} ol AYES A H(sperm duct) L
ARt i A DDA w BEEEE WA dA), dE€E5s W
A% wA) 2 FRAgs gA)Y dodd A4S doh

rIJlo
2
g
ki
e
Y
o
1)
I
f

fu

2) GSIS} HSIY ¥¥s
A FE7)E AL 1996 A sl =23 FF7]9 49 W8l Fig. 8% &t}
£ 140 128CE 9% FHAA Feov, 8Ye 263C=E 7FF =St
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Table 3. Measurements of the adult S. canaliculatus used for gonadal
maturation investigation (Mean=*SD)

Number Total length Body length Body height Body weight

Date  Sex of fish (cm) (cm) (cm) (@

Jan, 25 F 17 29,1%£2.5 24.4%£2.0 9.6*+1.8 374.7£100.3
1996 M 23 29.9*1. 8 24,8*1.5 9,5+0.4 389.5* 54,8
Feb. 23 F 16 29.4*3.7 24,4%3.0 9.4%+2.0 357.4%151.6
M 24 30,2129 24.9*2.4 9.1£1.0 367.0%X107.1
Mar. %6 F 15 30.8x2.0 25.6%1,2 9.5x0.6 407.7% 70.9
M 25 30.8*1.5 25.4%1.1 9.5%0,4 391.8%* 46.0
Apr. 26 F 14 27.2+2.5 22,912, 1 8.4x0.5 272.9% 73.0
M 24 28.7x3.6 24,0%2.8 8.6%0.8 310.9£ 93.9
May’ 27 F 22 27.1+4,0 22,4%3.0 8.5F1.5 269,9%£137.6
M 16 26.5%3.2 21,7x2.4 8.2%1.2 244.9*107.7
June 26 F 14 27.2%3.0 22,3%2.1 8.3*1.1 275.8+107.0
M 16 26,5120 21.5*1.7 8.3x0.7 263.4*= 57.4
July 15 F 10 29.2x2.7 24.2£2.3 8.9£0.7 340.2* 87.3
M 9 26.9+1.9 22,216 8.2x0.7 272.7%t 70.2
July 31 F 32.0t1.4 26.6%1.2 9.8+0.5 400.2+ 82.2
M 13 32,9%1.2 27,1%0.9 9.9%+0.4 472.8% 33.2
Arug. 17 F 8 33,0%3.1 26.6X2.7 10.1x£1.0 478.2+124.2
M 9 26.3%2.4 21.1*1.8 8.1£0.8 234.4% 63.6
Aug. 31 F 7 26.0x1.5 21.0*1.5 8.0+0.6 254.9% 50.3
M 15 27.5%4.1 21,7x3.2 8.0xX1.3 267.8%135.0
Sep. 30 F 22 27,3+3.8 21.6*3.1 8.2+1,3 275.31X148.6
M 25 26.1%2.9 20.6x2,1 7.9%£0.9 232.9%£100.1
Oct. 29 F 18 30.4%3.4 23,91t2.3 9.7*+1.2 414.0*121.4
M 20 28.4%3.3 23.5*2.8 8.9%+0.8 338.6* 98,4
Nov. 25 F 15 30.8*2.8 24.01.9 9.6x0.9 397.3*+ 96.8
M 25 29.3%£1.8 22,8%1.5 9,1%0.6 331.6*+ 62.9
F 16 31.4£3.1 25.1x2.5 9.8+0,9 437.1x116.1

Dec. 23
M 16 28.9%£1.2 22,9%1.2 9,1+0.3 318,0% 38.4
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35

30 | BL = 0.7601TL + 2.1146
(R? = 0.9308)

25 L

Body length (cm)

20 |

15 1 1 )
20 25 30 35 40

Total length (cm)

Fig. 5. Relationship between body length (BL) and total length
(TL) of S. canaliculatus.
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14

12 L n
BH = 0.2852TL + 0.7000 .
n (R? = 0.7419) .
5
< 10}
oy
2
D
g
8 8|
[»]
@
6 | a
4 J 1
20 25 30 35 40

Total length (cm)

Fig. 6. Relationship between body height (BH) and total length
(TL) of S. canaliculatus.
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800

600

400

Body weight (g)

200

BW = 0.0134TL2.99%2 -
F (R? = 0.9072)
i
[ ]
20 25 30 35

Total length (crm)

40

Fig. 7. Relationship between body weight (BW) and total length (TL)

of 8 canaliculatus.
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AHZIINA Y Abetr)Q 795 899 ¢&EAE 21.2~263T 9 Bt 9
o] o= A9l 74(14 L : 10 D)ol 9% 7 At

GSI9 9 Wik 4% 25 1958 597148 HaE e g FAs ) 59
2e AR} F71817) AaEte 6~849e HolEol 73] FUhaitrt Ay o
FA3A 7astE %ol tk(Fig. 8). ¢ GSIE 194+ 54701 0.80+0.31
oA 10910339 W2 wny wokchrt 6488 FF3 7187 Az 79
of 9.65+1.9622 HulgtelA:, olF FA8] Fadtd 9gelE 0.65£0282 7Hg
votth #719] GSIE 9% 4AF FAMG Zeo.2 790 10004272 HfA
getg ot 89 olF FAs8) Zastd 1099 025401002 HA%g Byoh

HSIY €wgs o4 25 GSIo w8l $28 AFe A Fig. 9). 429
HSIE GSIZF #ujztold 790 2.34+0.39 o|om, HAghe 494] 1.2610.22
Ark, 28y £330 HSIE GSIZ} 7 24d 790 HolswA 13610252 A
A8 Z7kste] 10499l 1.8710302 Hdigtel =g@stdon, Hazte Bl AVle
dAT T 492 1.272021010

3) AT P4

(1) ¥4

gLy gAY GEAZEE ¢ % 20 mid2 g AXHT 4T
WS ARk 2 #e 7ML itk E402 haematoxylinell A g%
A3 2 8 Bzt 97 GRATE 237 YA Eet B daelA
AT LA HIUAHFig. 10A).

FHEII| FEAEE 0] 40~50 m AFE el whet MEA Fo] A
A U3 Ha, ol2¥ MXAL haematoxylindl A GA=Y kg we 2
At Qo] ¥ gt A4 4 AMEA-L haematoxylinell tidt A5FHo] 7H4s
I GEAE FH = 2 qXdo] fEEH(Fig. 10A).
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30
25
20

15

Temperature (‘C)

10

16

12

GsSl
o

Fig. 8. Monthly changes in GSI values of the female S. canaliculatus

—&— Female
—0O— Male

2 |

Jan. Feb. Mar. Apr. May Jun. July Aug. Sep. Oct. Nov. Dec.

Month

Y
(5]

=)
Day length {hr)

(4}

during the annual reproductive cycle. Each value represents

the mean+SD,
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3.0

—8—Female
25 —O—Male T T
20 L
n
I
1.5
10 |
0.5 1 1 1 1 i s L L i J 1
Jan. Feb. Mar. Apr. May Jun. July Aug. Sep. Oct. Nov. Dec.
Month

Fig. 9. Monthly changes of hepatosomatic index (HSI) in S. canaliculatus.
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T2 GRAEZ 4G wet AxdE HA FUhEd dAe] of 130~
140 m7AA] AR R MFEZe] HFo2RE FEA Y st A7]9 {37t 2E3)
71 Al2rska, AEde Hj3] Ao s AR g FHPo|n, Hrutl Hajo theg
o] wvjdgeH(Fig. 10B).

HEEMNI| 3ol 100~240 mdl €3 AEAdE BT FTE] FH
571 AFsta, d7e] 230~240 ol ©1ZH eosinel AA FAEE LA}
HAEHFig. 10C). Y3384 279 R Lo|AE WA 150~300 mm 5 A<
o] iR AR eHA =i, Hato] AXSGHEN AEAL S8 Feh dETE
HE A9A e 9 +3rE2 7383 fuhFig. 10D).

#o|F7] FRAIIF dBE FH3t T2 AgetE A¥A FAF HA
shal Q14 #o] FESF08 o)Fsty, |t 450~600 m Hv SEGER davt
AR5, AEFelE G879 f7E0] $hds dFg =HH, Axde FAE
At " o] FEFHLE o] FTTHFig. 10E),

S| A T dhadids gadS An JE S X7} ol Ak
A

EXS B9Fu UHFig. 10F). Ahg 5 @4 23497 quixEn 2349 e
wpeh FR7) dRA ¥ Fdde] dRAEI} W= 2(Fig. 10G), 30~60 um =
T ojd dREAMEge] adid b EXEH, Hise 48 2xaA €v
(Fig. 10H).

(2) AR8A

HBAFTAA Y Ahe S8 GEE S o] 3, B4 WRE F298 ogat
ArigEo] T o] £YES 7IFY FABOR ddH] vk 27 AF
7] =7 Al ¥(seminiferous tuble) Arelol= ZHE M E(interstitial cell)7} as] 9l

0



Developmental stages in the ovary of S. canaliculatus.

A. Ovary of the early growing stage. Oc, Ovarian cavity;
B. Ovary of the growing stage; C-D. Ovary of the mature
stage. Yg, Yolk globule; N, Nucleus; Od, Oil droplet; E-F.
Ovary of the ripe and spawning stage. Fl, Follicle layer;
G-H. Ovary of the recovery stage. (Scale bar = 200 um)
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2, AR B 494V we FAAT S B F48n YHFig.
11A). Aaigdls AYAEE] o BEotT glom, A4 49 Wdde 3
ZAXE 87t 2ddthFig. 11B). 49 €989 A A4 28de FEAE

Z, ANEE, 2579 AAFe7t #3HT, 2449 & met A ES] et
QHFig. 110). A44Y FE¥o|L ARATT, ANLF] E¥3T, WidE
AAZol #Ho7 Frrsta UthFig. 11D). A4 A& 34 HAXEL AL
AR HEE T Jrrde dHY 37 FUER 1S A YekFig 11E). B4
& Aridel 459 HaA4ge] Yol Jlowk(Fig. 11F), ol&& HA HilHn &
9897 AiA AokFig. 11G). olojA 2G4HE wat FYAESo] 40 &
HAgH(Fig. 11H).

4) L3
S AFAA Y 4R 247048 ddes A R ATl BE F X
s AR 2HE Table 4~58 Atk A1 JiAE & AW ZTd5E 7

AA S A} AFL 42 330 ecm R 6371 g oIUT, EJFE 1452,11670
A XBE 7R AAY A AFL 47 253 cn, 2651 g olAeH, T
T 503, 702H ATk whEbM AR AFo] T el whet dad LIeE e
2 37hke 3¥%ud

5) A7)

HA dEAXe davds 247 Table 654 2tk G479 FHely] drAl
¥ Well A A% fa=lon, 53] 94FE o5 4479 didM+e
A7) gk FHA7| RAES] EA3IAT) dale] dRAX EAH FAo|
A&E e 547D HolgHA AdFel wE AN AEAWe] F77t FA
He wEol 2884, old 77 YEAEY v &L 0.1%2A #Eth 695H

r1r
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Fig. 11. Developmental stages in the testis of S. canaliculatus.
A-B. Testis of the early growing stage. Sg, Spermatogonia;
Sc, Spermatocytes; C. Testis of the growing stage. St,
Spermatid; D. Testis of the mature stage. Sz, Spermatozoa;
E-F. Testis of the ripe and spent stage. G-H. Testis of
the recovery stage. (Scale bar = 100 um)
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Table 4. Composition of fecundity by total length of S. canaliculatus

Number of
Total length Number of eggs um. er
fish
em) Range Mean examined
25.0~26.9 h03,702~584,314 544,208 3
27.0-289 554,600 ~ 827,306 707,786 6
29.0~30.9 742,200~1,197,467 1,067,759 3
31.0~329 793,103~1,216,418 864,200 4
33.0~34.9 732,211~1,452,116 1,050,396 4
35.0~369 891,500--1,315,059 1,079,519 4
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Table 5. Composition of fecundity by body weight of S. canaliculatus

Body weight Number of eggs Number of
() Range Mean exaf.tlisl?ned
220.0~299.9 503,702 ~ 827,306 695,565 5
300.0~379.9 554,600~ 742,200 649,876 4
380.0~459.9 732,211 ~975,000 950,013 7
460.0~539.9 895,000~1,036,211 966,024 4
540.0~619.9 891,500-1,315,059 1,079,619 3
620.0~699.9 1,452,116 - 1
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Table 6. Monthly changes of number and proportion of the oocytes in
each ovarian developmental stage of S. canaliculatus

Developmental stages of ovary

Number Chromatin-  Peri- Yolk stage Migratory “-
¢ " Oil-droplet Bryty Atretic
Date o nucleolus ~ nucleous pri . nucleous i
stage rimary  Sccondary Tertiary o oocyte
oocytes slage stage ¢ stage

No. % No. % No. % No % No % Noo % No %

2857 465 163 2392 837
2655 484 180 2211 820
Apr.28 D462 694 127 4768 873
2459 374 152 2085 843

3752 92 150 1523 850
2663 301 113 2352 883 10 04
2536 387 152 2147 847 2 01
May 27 2421 271 112 2150 888
2685 356 133 2329 867
10305 1315 128 8978 &72 12 01
1746 45 26 1345 770 266 152 90 52
2284 20 09 1746 764 401 176 94 41 23 10

June 26 1937 15 0B 1660 &37 170 88 92 47
1992 25 13 1600 803 294 148 73 37
7959 105 13 6351 798 1131 142 349 44 23 03
978 30 31 467 477 40 41 116 119 70 71 207 212 48 49

P sl 18 19 4M 40 @ 87 4 52 14 120 148 157 126 134
July 91 15 16 302 412 74 78 8 90 108 114 180 189 96 100 +
T oam 9 32 %0 M5 6 74 T5 85 1% 136 170 193 163 185 -
_____ 3752 92 24 1523 406 261 70 3% 87 412 110 705 188 433 115
, W8 % 36 478 472 B 86 48 47 106 105 127 125 131 129 e
687 29 42 210 306 3 04 10 15 45 66 130 189 260 378+
A"g'al 918 25 27 893 973 v e
168 5 51 1013 949 . e
3% 145 39 2504 704 90 24 58 16 151 41 257 70 301 106
1479 292 197 1187 803 -
1768 317 179 1451 821 .
Sep 30 4000 1015 253 2994 747 o+
2692 305 113 2387 887 N

9948 1929 194 8019 806

* Relative amounts of empty follicles and atretic cocytes are indicated by marks, + to +++.




e AEd ol dETFE] 2Es7] Ao 8€7HA #RAEHAL, F77] GEA
¥ol &L 142% % Frtetdch 79 H dERAG7] GRAXE A 33T
Holgdem, Al 1, Al 2, Al 3 FAT7] FRAEY HE&L A7 87%, 11.0%,
188% 2 AHat Zrrstgon, fr77] GEALY v&(7.0%)2 FA 7gastc 8
4 1797 FEA7] GRAELS R B AT, 89 31YdE ZAL
€ A AE AR B2 79RE dF dadA e g E3S Yede
AXAEET HalEe YEALE 44 FFEHNOH, 89 1790 2AE A9
dadA 74 2ol BAHNT, HYTL 8¢ 31Uel Hux|o &k sYLHY
© HBEAAY) dRAEF BEEA gon, 49714 g7 9 FHEY] dE
ME7F hE-EE AAEA

oju o] dEATAY YwA¥e ¥ g dAE ETHsto B
W, dAe] BAFI = 271HF7((2~59), 4371(5~649), HE71(6~7
), g« % AAV(7~849), HHZI(B~49)2 YE F UK Fig. 12).

A AdAxe g 2 WE7IQ 699 798 A3y dAF pEEHAen, 3
=719 10858 12974 F4& W FLAE] E3H]go] 100% 2ot
(Fig. 13). 49578 FRAE] u]-&o] o 50%714 F7tete £27143A71E€ AA 5
YR AAX 25 A2 F8ske A7 Sk d&o] AAEE 6
Yol HA A2 o AR FEH&o] HA} FVhete] 2GuWA BEste A7)
Z Holert. 9 Aol wE MAdA e 697 WHE vy Aot FHE F
Agstar, 79oll= A48 68% olde]l AAZ M5 AAAUA AT EHo] #AH
71 AN&ste] 8Y7tA @44 R WEI|F A& Eh 89 AWM W HE
A7 H3) FrEL 294800 FLATE] Auix == 3 B7) FEv)
129742 A& = ck(Fig. 13). o}4de) ARE F3le) ANF7) =g gA
FAE Ao FAE QG
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Fig. 12. Monthly changes in proportional frequency of developmental
stage of the oocytes of S. canaliculatus.
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Fig. 13. Monthly changes in proportional frequency of the testicular
stage of S. canaliculatus.
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¥=EY 150~200 ppme] FEolA 30~40%-wtel A E] A HATH
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Table 7. Growth and survival of S. aanaliculatus stocked for spawning
induction indoor tank (80 m’)

At the start of rearing
Date
Number of fish
Total length (cm)
Body length (cm)
Body height (cm)

Body weight (g)

November 14, 1995
145
24.3£3.7
205%29
75£12
231.3£107.1

At the end of rearing
Date
Number of fish
Total length (cm)
Body length (cm)
Body height (cm)

Body weight (g)

Survival rate (%)

December 31, 1996
96
27719
245*14
9.3£0.9

3737719
66.2
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2) HCG Aol o9& wj&fx

A=A HFARESE FHo2 HCGE #Zd A7|E gty E7
of o}AF 1 kg@ 500~1,500 UL 1~28 FAbsle] vlgt 23S =AM
AN+ Table 8% 20 A4 HF7A W-14ME HCGTA F 793
TE AP wj@e] FEHA @ol 284 Fost A, AT kgd
500 IU Mg Foll e 4utelel AP F 1nte)rt widb=Eo] 25%7F Wi
EHA3, 1,000 U 1,500 IU A TFolAe A Ao vfdo] &<l
o] 100% Hgte] Fr=E AT W-TME 500 [U HeFollAe wf@o]
EE A @gkor} 1,000 U 1500 IU P FelAE 13 22 100% H
@o] FEHUT AF AHF(C-1)AHE 2~33d AX T A
HEZ o eutalel Aol F 4utElrt wdEo 67% wFe] fEEHUAT
TE AYFolr 2T o] FEHA il

HCG A8 F wido] FEH7/74A9) A9 AL #& 231~270T ¥
Aol 172~270M7F (W-1)3 77~132A1 (W-T1)o] Q= l, TEER &

TE O& wgen, vud &¥ AN HE FEAZRe] ZATHTable
8). A& AYF(C-1)AME HCGE oIHF kg® 1,000 IU &¢502 F
A A2 192~360AF0] 8o wjge] Edsiod FFE Agte] &
RRSR A

AAMHW-1) AFAHC-1) 4B T4 GSI, Pseudo-GSI, A% %
3EE& FAME A3 Table 99 2t W-14dA wigt & GSIE 22~
33%%.1, Pseudo-GSIE 19~28% olloH, 328 Heske g <
A QAHA FJATHP>005). HEH Do 5 354000~847,8007H2 o
A%F 100 g2 113,000~16500071 2 FAFH QAT FAL AgdZEy 282
A8 x99 TARle) 576~588 m=B ¥R A gAFA). £ dEE @
o Fo AFIe] FABAL #dHFig. 14). a8z JAFAHC-1)¢A



Table 8. Effect of HCG on the ovulation in the female of S caraliculatus

Number of Number of

Dose ) ) Time to
Exp. No. fish fish . .
(IU/kg) injected ovulated (%) ovulation (h)
Control 2 - -
500 4 1 (25) 266
W-1*"
1,000 4 4 (100) 173~267
1,500 4 4 (100) 172270
Control 2 - -
W-l 500 2 E -
1,000 2 2 (100) 77~132
1,500 2 2 (100) 91~129
cC-1" 1,000 6 4 (67) 192~ 360

*  Elapsed time in hours after the first injection.

**  Wild-caught spawner injected two times with HCG.
*xx  Wild-caught spawner injected once with HCG.

#+¥* Cyltured spawner (two years old).
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Table 9. GSI, pseudo-GSI and egg numbers in S candliculatus

Fish. No. bOdy(Weight el Gl PS;S? ° e hgﬁﬂefff
g) Egeg® Ovary ' (%) (%) numbers ()
WI-3 348 89.3 24,0 32.6 25.7 535,800 576
I-5 322 81.0 17.6 30.6 25.2 486,000 578
I-6 625 141.3 30.9 276 22.6 847,800 580
[-7 434 1196 22.9 32.8 276 717,600 577
I-8 378 89.6 22.3 29.6 23.7 537,600 583
I-9 665 136.3 18.0 23.2 205 817,800 587
I-10 474 130.3 21.6 32.0 215 781,800 580
I-11 434 117.3 15.3 274 24,2 703,800 588
I-12 314 59.0 8.7 21.6 18.8 354,000 576
----- Cl-1 457 86.0 13.7 21.8 18.8 516,000 594
[-4 361 20.0 145 96 556 390,000 604
[-5 368 58.0 12.0 19.0 158 348,800 Hhog
1-6 404 75.0 11.3 21.4 18.6 450,000 579

* Weight of the eggs stripped.

** Weight of ovary after stripping.
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N =2.4035W —318.67
800 | (R*=0.8822)

N =1.6373W —158.78

Number of eggs stripped (1 03)

(R*=0.8001)
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200 : ' ' - - : ' '
200 300 400 500 600 700
Body weight (g)

Fig. 14. Relationship between body weight and the number of
eggs stripped in the females of S. canaliculatus.
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GSI¥= 9.6~21.8%, Pseudo-GSIE 55~188%=2 wmA wetom wag
&el F= 348,800~ 516,00071 .}

HCG sx° m& w3 Hrto] ¢ iez FHE, 734 HAYLE
TS AT 24 e Table 107 2o}, Adddel A +HEL A APFAA
96.0~984%2 =% om(P>0.05), ¥3&L oIAF kg% 500 IU AT
A 89.6%, 1,000 TUAIA 57.7%, 1,500 IUIA 50.3% <=0] A THP<0.05). Wi
APAAES 500 U A FoAE 725% 9+ 1,000 TUSF 1,500 U A
B Zr7h 64.9%9 58.1% ©1ULH(P<0.05), TFE HYTE 242 Hile
I AP Eo] Eokrh AFA AP FAME HE +AHE, g ¢ v
A Y ES 42 94.1%, 68.1%, 71.9%%t}.

3) AelA e zhdat@

(L ou e A, AR, AF =4

AAstel ALEE HAFIRAIA ojn o) A, AF 2 AFE Table 11
W 2o 19979 79 19 AAD Adad AP AFEE A 3utd g A
e 279~303 cm, AFE 228~256 cn, AEL 3065~416.9 g B Atk
FARL kRN FAL 270~317 cn, AFLS 220~270 cn, HAF
2475~4553 g HH Ak 28x 19989 7€ 19 A ¥ A" AL &
T 8ot =AM AL 265~360 com, AL 215~298 cm, AMEL 2751~
8325 g HHAAY. FAL F 4viYPEA AFL 268~31.0 cm, AZL
21.6~26.0 cm, MFL 264.4~510.3 g B At

2) A2 F A
Aastd AYeA AT E F2 Qe Abde] o]Fo Hou Y

Hoojujd A o] Abgo] BmAHIY ABHEL Fig. 159 Ea)sg o)
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Table 10. Comparison of by fertilization, embryo formation, and hatching
rate in different HCG treatment trials between wild-caught and
cultivated females

Fish No. Fertilization rate forn]f;l;l%rgorate Hatching rate
(%) (%) (%)
WIi-3 96.8 72.5 69.6
I-5 97.1 63.6 54.9
[-6 97.9 67.4 63.3
-7 98.4 66.3 58.2
[-8 96.0 62.4 54.3
I-9 96.5 61.2 47.3
I-10 98.0 61.0 525
[-11 96.8 56.9 52.2
[-12 97.6 63.2 49.3
h CI-1 935 73.5 69.3
I-4 96.7 70.1 68.5
I-5 92.8 74.3 70.3
I-6 935 69.8 64.5
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Table 11. Size of S. canaliculatus females stocked in a tank (35 m®) for the induction of spawning

Trials Date Total length Body length Body height Total weight

{cm) (cm) {cm) (2)
97-1 July 1, 1997 30.3 25.2 9.3 416.9
g7-2 279 22.8 9.6 306.5
97-3 29.8 256 9.7 361.2
98-1 July 1, 1998 285 225 92 375.7
98-2 31.3 250 92 409.2
98-3 315 255 9.7 4233
98-4 265 21.5 9.0 275.1
98-5 36.0 208 11.8 8325
98-6 33.0 255 10.1 543.5
98-7 28.3 24.5 9.3 306.1
98-8 290 24.7 96 375.0

Mean 30.2 248 9.7 4205




A7) o)M= e TR gl £ AAE FIIAT dF 4~59 A
FH Gt Fx2 ovpgel] ks R AA A fdstdeh A 5A
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A 1~2 vtE7t 42 F95 #ED AT ol AL Ao Brh A
& AZMog AFPn, FRAL B} g Moz A FH AAEH Y&
ko] dugatA =yttt 1A BE AAstdA 43 1vkgd 37 1~
2utg)7 AMEAN F9& ASU A4F 34 AFREHE A0 RS
3 Brt FAAQ PFoZ BR FUG ASstgoen, oy PFolF
FAL A% HAPoy AL WA Gt o)A YF L wEE}
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F&4 ATE fstd dd P QRS ol fote] Lo BRI A
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A gzol A ojmle] MAG 2d e AFE Table 129 2t} 1997
74 19 4A 39 E 4T F 439 w9 89 1299 1uEs) Haw A
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23:00~04:00 Afolef o]FolHom WE APFN 132 stgo] F3H
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Al

Fig. 15. Drawing of spawning behavior of S. canaliculatus.
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Table 12. Results of natural spawning of the wild and cultured stock of S. canaliculatus in 1997 and

1998
ilizati Hatchin

Tnals SD;(E;S; Dates and ‘.Lime of cslzzzrar Nuz;b;; o Fertll'lalzfztlon rate )

pawhine date (%109 (%) (%)
97-1  July 1, 1997 Aug. 12 23:00~02:00 10 450.0 85.6 88.4
97-2 15 03:00~04:00 13 390.2 87.3 84.2
97-3 13 01:00~02:00 11 4100 83.3 82.1
98-1  July 1, 1998 July 31 13:00~14:00 9 190.5 89.0 80.4
98-2 Aug. 4 02:00~03:00 13 384.2 86.9 83.3
98-3 3 10:00 12 866.3 89.3 88.3
98-4 NS -
98-5 Aug. 2 10:30 11 335.9 90.3 38.0
98-6 5 05:00~06:00 14 746.8 926 88.8
98-7 12 02:00~03:30 21 393.6 936 85.0
98-8 Sep. 4 15:00~16:00 14 356.2 8.7 82.1
Mean 461.2 33.9 85.1

* NS ' Not spawned.



o] B ol4e] A FEAHA gkt A 1vtEld A_IF| 49 =
390,200~450,00070) WAL, HF 41673374t Atgo] HA @z
A2 Wl Folle & HF 60000712 v&sHdT I8 HsdAe] &
Eo] EAFH YA FAEL 856~883%(HF 87.1%)HAQeH, #3}
& 821~884%(B T 84.9%)d 9 Act.

19983 9] A 74 144 ¥ 8ulE & F&3toq 7riE]rt A@FEAG. 5
Zo &% F 309 7l 79 31de Hx2 Abge] #EEFo g9 444
FaEHNoU, F2 R AdFo] JFHLR o|Fozct AFYS &Y
o2 ZAE B A gRE AgdA thd 1~6Y Alelo] F2 4]
#gaso] o Fy|Ad wel Adsich 1998del AbgA|ge] 02:00~
16:00A o]0l o] Foiz] Wbk FH- glo] Abgho] o]RFH o 138 Ao F
FHAY 4A 19tEF Ad#FE 190,500~866,3007 HHARew, #HT
46120070 5 vh. A EL 856~93.6%(HF 839%)WoH, F3}&& 804~
888% (BT 85.1%)Ath Adidd £AFY FAL 053~064 mm B A
I, G dAL 058%£0.02 ek AL ZAFeY] # HAs 97
el 212~275T, '98del 202~270CHeH, GEFEE '9rdxd 316~
34.6%, '98'd el 29.0~33.2% X .
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(1) &AHA
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Hetlith A #E 73 T AFAH S Wausle A4 HFHPeloh
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Table 13. The egg development and hatching of S. canaliculatus

Developmental stage

Simbols

Time after
Features of eggs and embryos

in Fig. 16 fertilization

Fertilized egg

2 cell stage

4 cell stage
8 cell stage
16 cell stage

32 cell stage

Morula stage
Early gastrula stage

Late gastrula stage

Early embryo

formation
Kupffer's vesicles

appearance

Pulsation began

A

vs]

=D ™o o O

0 min Spherical in shape, 058 mm in
mean egg diameter,
58 min

1 h 17 min
1 h 35 min
1 h 55 min

2 h

2 h 20 min

5 h 30 min Blastodisc occupied of yolksac,
fomation of germring,

6 h 40 min Appearance of embryonic shield,
closing of blastopore,

7 h

11 h 56 min Appearance of optic vesicle and
Kupffer’'s vesicle. 6-7 myotomes
stage.

26 h 32 min Begining of heart beat and
embryonal movement.
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G & 2B5E05CTAHA 4 F 10~20F T F2 Y& (perivitelline
space)¢] AA71HA wuk(blastodisc)el A EHAH(Fig. 16A). &4 F 58&
gkl Hjulo] F-AEIFE o2 ER YN A 1d¥e] AFHY 2
AE7)e o] 23t (Fig. 16B). A 2dEL A 1ddo] ggd F o 14T
178 5ke] 4N E7]0] o)ZH T (Fig. 16C), 1A+ 358 Fo 84 ®7|(Fig.
16D), 2A1ZF 208 324 FE 7] o] ZH t}(Fig. 16F).

ddo] A AHUEM &9 A7t FA FobA A, 4 F AT
of Wiytg FA3ET T FE A F g dH7IZ AU (Fig. 16G).
T F AN 108°] RS A Eur]d o]2¥A uiHEY (blastoderm)el
71571 A&k 1 F aE vjkge] WolAWA 3 g €] AEsE)
At FA F 5AIF 308 0] AH#HUT o wikE AEF 4B €A ¢
WA i g(grerm ring)e]l HAEEA 27 7l HAEJHFig. 16H).
FA F 6217 408 AHHAE W YT (blastopore)7t #H 2 = A (Fig.
16D), 3 F 7xzbgtd] #j$=(embryonic shield)e] HFAHHAA wjA 7} o}
Bl (Fig. 16]).

FA F 1IAZ 56%0] AVEA FE7F LA kxrt FAHJ L,
6~7/M8 <do] FAHHUAN(Fig. 16K). o] W F 3% E(Kupffer's vesicle)
7 WAl el HE REEAA #FHUAT

F3 F 26A17F 328 ke Eel lens7t A7 UAX HE o|E} A
Halow, ojojx wjA e FA o] AFEHUA JtE AAuEo] #EE
th e REe] d@oERE FH wjAe] FA<QJe] WS FEAHL
o, 29 F7EL S4HT 2~-09 Y K701 BEHAAD olg =A
T 23~267] A ch(Fig. 16L). 27241t 302°] AAstge o EHLEE F
2 9 4 JdFg ¥ {7 EH AdHod FEsA ¢ F 30
AlZbRbel] wiA S &g SAYe] #|AHUL, WA HALFol AF
dojubda A S3p7t A2 E QT £ IR E 2 &5
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Fig. 16. Embryonic development of S. canaliculatus.
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(2) LSS} R}

FEER 72 B dAe =gdte Al3E Table 149 2t 20TAA 8
MEZI7HA 288 AL HT 23X jH, 24Tl M= H 14417
32CeAME 1247 285Utk AA717bR o] $AAL 20Tl A 5247,
28Cel M= 25A12ke] AR FHUTh Eg FEztol 77129 i 284
20CY wl 552413, 24T w 340413, 28CY o 27.041zh 32CY o
220/ 7to 8 £ EETE FAGAE A8 AT Folxe Aol
o} 2 35CelME o o TAle] AR ket

olde] ARG YR UeWE W, 28 TALEE A5
HAGHFig. 17). Fig. 179] X&F-2 &, Y& A7 94E Jein
Qom, Zh SATAE A8 AT houn) T F2(T 1 T)BY BAYL
3 2.

8ME7) ¢ 1/t = 00370 T - 0.2702 (R* = 0.8438)

A7 1/t = 00238 T - 0.2880 (R* = 0.9587)

Kupffer £ 287 : 1/t = 00062 T - 0.0843 (R? = 0.9387)

2ahxel7] ¢ 1/t = 00024 T - 0.0303 (R® = 0.9781)

olg #AANE 7|2E YEY ol 04 W 3AZXMe] XFo Hele
=, & 27 o)A Aol JAEA Ye AFYEEH = (biological
minimum temperature)© H 11.4TCo] gt}

T2 Falg ANaE 2 71¥ES Fig 184 JE Wt R3ge
20, 24, 28 2 32T AP TN 22+ 133, 92.0, 857 R 721%EA 24T A
Yo A b Zten, 20C A FAME 123%24, & AP os
T3 A RAh(P<0.05). F-3E AoF J1PAAY 2H v &P E)S
Hahgo] 7M1 e 20C AHFAM 55.0%2AM 713 F:3o.#(P<0.05),
24, 28 9 T AP FANNE T 121, 171 ¥ RI1I%EN £20] mold+=
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Table 14. Relationship between water temperature and time (hour) required
to distinctive development stages from fertilization

Water temperature

Development
stages 20T 24°C 28°C 32°C 35C
8-cell stage 2.3 1.40 1.25 1.15 0.55
Morula stage 5.20 3.30 250 2.20 dead

A f
ppearance o 2%6.50 13.50 11.00 9.10 dead

Kupffer's vesicle

Hatching 55.20 34.00 2700 22.00 dead
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Fig. 17. Relationships between water temperature and time required
to distinctive development stages after fertilization of S.
canaliculatus .
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Fig. 18. Hatching rates of S. canaliculatus eggs at various water
temperature. Different superscripts on the bars are
significantly different (P<0.05).
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N8 g0l Az Zrbste Agolgout AFpe Foates JEYA sk
tH(P>0.05).

5) Ztxjole] et} AFEA

(1) 7] &)

B3 AF9 zoje AAe] 1.73~241 mm(H T 2.03 mm2A H4L 2
wol glew Y& otz dUA FUrHTable 15). d&E BtdF ez A
e oF 1/424 W 2 7] 04970.09 moller, 21 & 2708
(A7 010~025 e TFHOB Wao] HuiRd Xt ZHFE 8
+16=2471 % 21, 6~9 TAHo| AstFo] BEAHYL Y FES ofF FAHH
A ggteh BRI =HuE Ay ¢ES AAdtue EFEAA F A
of AAWE AAL YA tEA=HrlE BFHA Gt FHLEE
T2 vy $REY ¢E Fdo oA U m, 45 ZAe] o FE
FA4e] e ddor Ryt YA F3 xele £z AAR
2Abstel f9gdsta, Mg otaFor Fin FAYHE FASUt £
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Table 15, Measurement of the newly-hatched S canaliculatus larvae

Standard
Range Mean L
deviation
Total length (mm) 1.73~2.41 2.03 0.16
Body length (mm) 1.60~2.28 1.96 0.17
Preanal length (mm) 0.68~-0.85 0.76 0.05
Body height (mm) 0.45~0.61 0.54 0.04
Long axis of yolksac
0.30~0.41 0.35 0.03
(mm)
Diameter of oil globule
0.10~0.25 0.15 0.05

(mm)




d#o] FaHHEAM AR Zolivh FA=gr], "X x=n B m AL
ol obd EHEHA FRAT, JteA=gvE Tdsty] AFEdd. 34
A2X e 25# A%oE B2y s dAstn dden, 225 wg
BRZogx AAH JUG. Aoe @HdA 44 S Bo L5
Hell A & /A3 rotifer’t A7 #EFAoH, gt Wo| Hojix 3Fol
el o] A7E d&E Frdtan R ERE Jd4E JFHoR IFF
Wotop a7 WEe Y Z7I7F 28A Al HAFE Avje Holg A
g s W AFAAE A sts 918 7] (critical period)ell A ¥ g}

T35 9dA Aoe HE 1A 431045 mA oW, Aol Wiy, Wl
Ao (Mg o 20%), H4L A3 24 Yo h(Fig. 19B). AN
Z(preoperculum) ¢ZEol] 2719 T 7iAlek ulgZ o g 4709 A7 U
EruRiA ol7km] Aol Aol v} FA =ule 17)e] Fo] E&3}
I, 7haA=en] ofgF e g wjx=gn A 477 2EEHY. B
# 9e wIdy FEAR FHLETL O Bo] Ao glen 2HE
wets wFe R meAFA A AAEH Y FMAEE I FU)
5~6/ME EAENLY 7= | AL

53 1694 Aoje W A 921138 mAz, Az} HEo] B =
olted, A go FFo] FEHUGH(Fig. 19E). AN =&rle &, ¥,
mA =2 4z FEHAC} FA=YuE S 10~127, 92 7
AR, FA=ue F2 4 d2 BT /9y, mal=n) dx
15~19702 #ZHAY. A 25A=9 g st =g & F=x
& AdRMEE mE FUEYLR H o] Wiy AR & HAEL
HHE HAsdh =8 Jug Hate d5s HAstE 33, 2%

3
OE Aofd mYPEE FARE FA Ao oluRE BaAHY.
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(3) Xo}7]

na 204 e HF A 1425146 mB2A SX=#u] 22 ¢
12~1374, A& F= 9~10/eH, A =gr)e F= = 6~74, &
FE 8~IMEA Z Axginy F2 ok Ax b ol A9 &
e cHFig. 19G). B3 SA=8v] Al 2 33 WA=z A 1 & 4
A AZFFHAY. ZHLZE S WA B Axo) sl ofriu HEA4
' 9, AR, SA=YRg fAx=ue J)A BYd e Ee
Ayt EXEH SHx¥e G B AYXE F, obtu g € &
Ho Apdd oz Fd@stAT. Ayl JMAYAAA oo XHE F=
o] FA%FE wet TAYES A AL 98 @dEA fIsAth

na 309 e HF A 2031021 mEA 7} Aedue Fx ¢4 @
Z Fye oug go] ¢AsA Afd masle Xo7lz HJvHFig.
19)). F-3F 4044 Hoje HFT A 4331036 mm=A, A7t Yoz
T 579 AW fHol & AAd FAAHE T AH] AL A /A
35 ok (Fig. 19M).
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Fig. 19. Larval development of S. canaliculatus reared for 60 days.

A : 7 days after hatching, 3.8 mn
B : 9 days after hatching, 4.3 mm
C : 11 days after hatching, 5.7 mm
D : 13 days after hatching, 6.6 mn
E : 15 days after hatching, 9.2 mm
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Fig. 19. Continued.



3. 24

D FA@ 2 zole] WA

(1) F-3A2t7 F-34&

F2 BCAAN dEgrod e AT F3A e Table 169 ek
waich 15~33% AP FAME 27.0~2747%0.2 & Aozt gl Wi
(P>0.05), 35~37% 7T WHANME 255~264X022 G& AFTde #
A5t P o (P<0.05), GEFE/ wolAFF RIANDL HJuHoR we
e Aol Al

Ao o AT Hag 2 7PEL Fig. 207 2o 25
7h 10%2 2438 AFTe FABL ddo] BT, B4 Fd A5t
wALE ST G 16%9 AFE d¥rAAE 57.9%2 tE AF T ¥
3 FodtA Wt om(P<0.05), 25~37% AHF AbolalME 71.5~815% 2
M M RA ol FoAtelrt AR HA FUTHP>0.05). TH, 7P E Y
M F-3hgo]l AZE 16% HYEFoIM 245%= 7H =%k o.v(P<0.05),
0% LY TAA A skt mEA 2SS AR ddTolA Z9E
APTE 2542 uuy qgoed, JgEL A =AY B d¥ 49
Fol A ¥y st

T2 FA) ¥ FATY T3 VI EL Fig 219 ok AdE
AP 15%7 20%TANA 3H&e 247 46.0%9 56.1%2 A, 25~37%
AY T 67.4~76.7%° Hls] festA RATHP>0.05). £ 71HELS 15%
AYT(284%)9 37% AHFT(252%)NA ThE APFd H Egon
(P<0.05), 20~35%4= 83~129% HH At wets 23pgo] ¥ dA
UERE 30~35% APTAA vAd AAY 2@ &R B o1 4
#E EWE ZAN#T 32 EFA b o) AFG FHS 23ES A
wE B A, W AYFM Aol o Q@ DA e
o] AW, Foxte AAHAA LRATHP>0.05).
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Table 16. Time to reach hatching of S. canaliculatus eggs stocked
at different salinities

Salinity Time to reach hatching
(%0) (hours after fertilization)
15 27.4£0.3
20 27.310.1°
25 27.3%0.1°
30 27.0£0.2°
33 271£0.2°
35 264104
37 255%0.2°

Different superscript in the same column mean significantly different (P<0.05).

_70_



100

O Normal larvae b
W Abnormal larvae b b b
80 | b 1 I T
In YN
I |
;\;~ a ab J_
o 60 i T
E 1
o
£
-
G 40t
©
=
20 |
0

10 15 20 25 30 33 35 37
Salinity (%o)

Fig. 20. Hatching rates of the naturally spawned eggs of S.
canaliculatus at various salinity levels. Different superscripts
on the bars are significantly different (P<0.05).
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Table 17. Total length and yvolk volume of S canaliculatus larvae
hatched at different salinities under 25£05C (Mean£SD)

Salinity Total length Yolk volume
(%o) (mm) (i)
15 2.40%0.09 0.025%0.012
20 2.38+0.06 0.017%+0.013
25 2.38+0.11 0.014£0.006
30 2.35x0.06 0.014£0.008
33 2.32£0.09 0.013%0.005
35 2.25%0.18 0.011£0.005
37 2112007 0.009=0.004
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Fig. 22. Survival rate of the newly-hatched larva of S. canaliculatus
starved at different salinities.
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Fig. 23. Resorptions of yolk and oil globule, and total
length of S. canaliculatus larvae reared in various
water temperatures.
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Fig. 24. Mouth opening time (MOT) after hatching of S. canaliculatus
larvae on different water temperatures (WT).
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Table 18. Variations of mouth length of S. canaliculatus larvae during

the prelarval stage

Calculated mouth length

Hours TL(cm) Upper jaw (mm)
afte.r (Mean+SD) length (mm)
hatching (Mean £ SD) d’ 0.75d 0.5d
48 267£0.19 0.103£0.009 0.146£0.012 0.110 0.073
60 281+0.17 0.118*0.016 0.166+0.023 0.125 0.083
72 279031 0117x0.025 0.166%0.035 0.125 0.083
84 309013 0.127%0.011 0.180*0.016 0.135 0.090
96 3.20£0.21 0.136%0.021 0.193%0.030 0.145 0.097
108 3341024 0.143+£0.012 0.203+0.017 0.152 0.102
120 346022 0.144x0.015 0.206%0.019 0.155 0.103

* / 2Xupper jaw length.
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Fig. 25. Feeding and survival rate of S. canaliculatus larvae in
fed or starved condition from hatching to 5 days. MO :
mouth opening; YR : yolk resorption; OR : oil globule
resorption; OF : onset feeding; RF : rotifer feeding.
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Fig. 26. Comparison of survivals of the newly-hatched S.
canaliculatus starved at different temperatures.
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Fig. 27. Comparison of survival activity index (SAI) of the
newly-hatched S. canaliculatus larva starved at different
water temperatures. Different superscripts on the bars
are significantly different (P<0.05).
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Fig. 28. Comparison of survival rates of S. canaliculatus larvae
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oculata; B : Qyster trochophore + B. rotundiformis + N.
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Table 19. The changes of total length (TL), body length (BL), body

height (BH), body weight (BW) (Mean®SD) and specific growth
rate (SGR) of S. canaliculatus larvae and fry during 30 days

after hatching

T;‘:’f l‘fmr TL BL BH BW  SGR® Survival

datc.

& (am) (um) (mm) (mg) (%) (%)
(day)
1 2.36+0.12 199%062 055003 701 85.00
5 2671014 245+014 057+£004 09 309 1820
10 411+049 3824047 087016 20 863 752
15 6.94+0.60 602+050 1774014 50209 1048 455
2  1330+200 11.36=1.87 351+059 3015 1301 331
95  10.07%205 16181196 443£056 80+33 7.21  2.80
30 2900+2.31 2511+251 963+t142 160+54 838  2.80

* Specific growth rate (%/day) = (loge Ltx—loge Lto)/(tx—to) X100
Lty = Final mean total length at time ty
Lty = Initial mean total length at time to
tx = Final time (days)
to = Initial time (days)



30 100

— Total length
—@— Survival rate

{80
E ot S
= {60 g
> { E
Q@ ©
T 7} {40 2
Q 10 } 3
k= (73]
120
]
. ® 0

oL 1 ol
1 5 10 15 20 25 30
Days after hatching
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Table 20. The number of rotifers consumed by a S. canaliculatus larva

for 19 days after hatching

Number of rotifer fed
Days after Number Total length (individuals/larva)

hatching examined (Mean®SD, un) Range  (Mean+SD)

5 17 27610.20 6~15 106+34
7 15 3.8410.50 19~45 31.6L6.7
9 16 4.65%0.49 29~55 423187
11 17 5.84%0.79 39~80 61.3114.8
13 15 7.16+£1.15 56~93 7871136
15 16 9.01+£1.19 110~210 167.6%=33.8
17 17 9.97+1.88 142~210 1792218
19 17 13.9x1.07 140~-330 239.1£54.8
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Fig. 31. Change in the number of Artemia nauplii eaten by a S
canaliculatus larva at four different densities.
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Table 21. Growth and survival of S. canaliculatus larvae during the

mass seed production trial

Date Age TL(mn)  Number of larvae Survival rate

(days) (Mean*SD) (X 10% (%)
Aug. 20, 1999 1 2.1x0.1 710 100
Aug. 23 3 297*0.1 472 66.5
Aug. 25 5 3.1xX0.3 106 14.9
Aug. 27 7 39105 96 135
Aug. 30 10 49106 79 11.1
Sep. 2 13 6.7t1.3 79 11.1
Sep. 9 20 144*+15 79 11.1
Sep. 14 25 23.3%29 78 11.0
Sep. 19 30 309+04 78 11.0
Sep. 24 35 36.4+04 78 11.0
Sep. 29 40 51.1£06 77 10.8
Oct. 4 45 546£05 77 10.8
Oct. 9 50 65604 76 10.7
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Fig. 32. Growth and survival of S. canaliculatus larvae during the mass
seed production trial.
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Fig. 33. Fluctuation of water temperature and salinity of S. canaliculatus
in a seed production tank.

_98_



4. ¥4

D AR 84

1997\ 8HF-E] 19989 9¥7tAe 4WT F2% d% FET Fig 349
2o}, £ 199737 19999 99 F4Z 244TC, 254TE M4 &%,
£33 F2& 1998d 199A 387HA] 34T 142~146CR 2Fut}. &
], 19 22458 1Y 3087HA& 132~138T(HF 134TC)2 A 717
F M gston, ojde Hax F43 WolAt dRFEE 32.1~357%
HAD, 1998 7E5E SEAAE AuA FF FAFLREE A
25 Y922 8 FA3% s

i

ol

2) 98 A% AEE

1997d 79 QF FEAAT HAFENANA XoF gidez 19974 8Y
3178 1998 99 28Y7HA] AW FxolA A£3d Aite Table 229
Fig. 359 ‘b Sich
A 271 1973 8YHEH 1297b49] 4F4E HF A 150+1.7 mm,
Ho AF 50.0L£95 golA i, =20] 169~142CE 3743tE 129 30¢ %
B 1998 49 20974A &= #HeE A 172+11 m, BT AF 762+183 ¢
o2 @utstA ARsigen, o 7 Bk 47 AFEE 0.208~0527%
2 /b @tk F20] Asste SENE AFol tAl FEly) A Fed
Aol F5H 99 2897119 AL Ho AF 242120 m, HTE A
20601473 goldth AS &L 7] AMS7IZHRI 1998 19 31Y7HA] 40%
o] #HALSt WEF] 57.3%HRom, A G wat HAIZe]
o HF NETEL LBI%AT. AY 7EG AF(TLA dd AF
BW)Ze] 3ALAgYL BW = 01715 TL*™ (R? = 0.9821)°] 4l th(Fig.
36).
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Fig. 34. Fluctuation of water temperature and salinity during the
rearing period of S. canaliculatus.
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Table 22. Monthly pattern of growth and survival during the rearing
experiment of S. aanaliculatus from August 1997 to September

1998
. Initial Final Survival Daily
Rearing
iod rate growth
Detio TL (m) BW (g) TL (cm) BW (g) (%) rate (%)
Aug. 31, 197 ng10,  08+02  35%04 45+04 800 4684
~Sep. 29
Sep. 30~
35404 45+04 49*05 98+%09 680  2.332
Oct. 31
Nov. 1~ 49105 08+09 122+13 314%25 626 3390
Dec. 1
Dec. 2~ 122+13 314%25 150+17 500+95 607 1577
Dec. 30
Dec. 31~ Jan, 4 + i +
31 1998 150+17 500195 162+14 57.0+67 573 0405
Feb, 1~ .
162+14 570167 165+13 61.2+103 560  0.265
Feb, 27
Feb. 28~
+ + + +
Moo 31 165+1.3 61.2+103 167£12 654+140 553  0.208
Apr, 1~
165512 654140 172+11 762+183 540 0527
Apr. 29
Apr. 30~ i
17.2+1.]1 762+183 184+16 97.4+253 540 0813
May 29
May 30~ 19,416 974+253 195+09 1186214 526  0.754
June. 24
June. 25~ 105+00 1186+214 207+13 1367276 526 052
July. 21
July. 22~
207+13 13671276 225%21 1723360 503  0.659
Aug. 25
Aug. 26~
Sep 28 25%21 1723+360 242%20 2060£473 487 0523
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Fig. 35. Monthly change in body weight and body length of cultured
S. canaliculatus from August 1997 to September 1998.
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S. canaliculatus from August 1997 to September 1998.



1. 457

A STIA A ad
o jlem, ol
and Lee, 1985), A}&]%, Chromis notatus (Lee and Lee, 1987), 37 E-g,
Sebastes oblongus (Jang et al, 1995) FAdAAME Ei=z vh H, AL
= A5 vdAe 998z 4 EE lobule typel-Z := 7 (Chung
and Lee, 1985), A2 ¥(Lee and Lee, 1987), 3%, Pagrus major (Matsuura
et al, 1987)% 22 el &z vk

AFY Ax- A4dE Aojate A /RN EE Wit 0] o] AT
I otz ®Rusta e ™(De Vlaming, 1972, 1975, Lee et al, 1984; An,
1994), Aida (19D)= T3 W T 842U st Y 59 ¥
€ 6717 FE(E4 e, 5t AEY, stA AR, 54 Aed, #
A ASY, A4 AEEH)E AT

BHE7RA A9 A AL gy 2 dE2:ATe] Y doAa &
o] Agste 6EFH A3 Ho, Ad FF7| 9 neeriel 74 F&
HE 8dz/R FE AL offoizict wEA sAdRHA L3t &
HETIA R 9] A d Agdde s&445d BF7]9 Uyt 24Hos
Agste Aoz AddEY. AL E(lee and Lee, 1987), H3FE-+9,
Lepomis macrochirus (Lee and Kim, 1987), Lepomis cyanellus (Kaya and
Hasler, 1972)d| M= &3 FF7] & B o= §Fo] dxoz IS
mAlE Aol ofyet TFEEI FY FFVI(14 L)7F 5HAA o2 A4
a9 A5t dojdrtn BauHu vt WY FIHAA Y A2 g GSI

B 6URE Ax FUlst7] AReted A% dFFr) Ao, £ 44

o 29 geld ¢ 49 WUy YEEe &

A FFRE= »Yv|, Agrammus agrammus (Chung
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TH2EY FFE7] AFSAT. o] A7l AL e dAE ¢4A e

A Wolls U e G S0l 2Hd JFHA] dRAE E g
go] &dsta, FAHY Ai dde AAE % AL FH7 £dI}AT
SEF-EHe ¢ BF GSI® 34% #ay A4l AAART HE - &
FHo] FPEIINAY 4dr)E 7~892 FHHo|, dE Okinawa o3l
o] FHETIAA] @71 4~6¥9(Hoque, 1994) B}t 2~37149 AR %A
ooolHE daE o] A7 ArY AYAA AFE AAXL Z(33° 307
N)Z= Okinawa =8(26° 40 ' N) Bt} m9 %o $xstn Qo] £ F¢
FH a9 AolelA 7]elE A2 HZhdrt,

Kagawa and Takano (1979 Oryzias latipesd) §lo] Z238+3 %23}
&, AEeH FAAM wdd T FelE BEIF O, wjFolF Tah
Hell Hobgle i@ EA2 shto AFAIEZA A¢HT o] A7 F
e #gFAME B2 AFEH(empty pollicles)o] 7HeollA g¥A}o]
A 7Y dielA BAHUTH

3t Hara et al.(1986)2 B HNXM Siganus guttatuss A2 2
FEAM ALFEEA AdAAGE BB A, dF AT =28 P
H

At M= A9 AF S guttatus, Siganus canaliculatus, Siganus

's

LY

spinus & YWEEL E/AR] & ofFe o/l EHEEE HawA 2 F
dokalop Actel MAate S7HAIA & ojfe T Al Aoz B3
ok EF &Y Okinawa 3o A2 ste F7IAXFoll AAXE A
717v HAag 2-3M49 T dEHA AFYste Ao 8 H H(Hoque,
1994; Rahman, 1998). o] & o] AFolA e} AH th& Aadadg Hole

AL, dritdoz Ad 873 544 dUAYd AAde JFEL 5
AR fa, gRE dF 4SS dde Ao g & A vlsid
she 3ol YA A vidE Ao

'

2
]..rl
¥
L
i
lo,
AL
H
03-‘—
el
rx
=2
o
ofl
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2 ARHeg FF oo tiz TAAL A7 AEI} o]FoijHor T A &
=3

AHE7MAI A 2] HSI9 9 Wste 439 A 74 7 #3t3, o &
7= Hoque (1994)¢] wisr dx3tn), b 25 GSI F3F JHaA
E Uitk g 4 olF A E HSI go] ol AR &L FE9 AL A
Ao o] RF JUo] e 2RH FFHE RE v g

AREH 0.2 ojfe] itg FAL FA Ly, T A HEH, ¥F
Al dtggom FRE T I th(Wallace and Selman, 1981). ¥ F7HA A £
Aed dadee 48 pjggd dRAXE E¥s g i 4R
AXEE FAo] 450~600 m FEe A& FEAELI} g AA 3,
g 82 (Jang et al, 1995), A7§el, Stichaeus grigorjewi (Lee, 1996), &
¥, Branchiostegus japonicus (Yang et al, 1997) S3 Zo] v %7] &
g3o] &3vn Aedd. d8 6@ AT dAAEH Aiasgel o
WEd vt AAEL HE - S &7 27 GEAE 2 ARAZE
2 ANZA G aHE EAst Yo &> olF3 A7V 2R F
dsted 27| J&EHE Aoy AZdd,

o] g #Zol AFE At HFFIAA ] gl A BEHAN A
NFE7)E Hu AES AFH B FL2 Lo dEsts 6YRE AV T
@t nF27|Q 7T~89d Abgei™, g @) 13 AtdEe FToE
gl = it

2. AAKE W 27 QBA

FRAN AEANLE AANE AQY olrle Guszel HgAA A
$ vz BgAL Yol e Fadth WHEANAE BYAT 5L
2 g8 R ¥ ALt § GY $A8A 4 Uyl ofF Fw
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RAo2 el grhlam, 1974). 71&€9 WFEY FAEL 7 AF9
2ol Xojih golE HEST AR 2HAH R AAHY foh. =7HAA
29 S rivulatus& AWF2 889 Z2F(Ulva sp)st 24 dlFAE
g TEE A% AAHY HolEYt FAol shEstAtt olek FUY F
T JFo2 stFEodA AARAEE 3 ", FRUAA Bop 4 w2
A st on, A2 pellet AR B Y moist pellet& FHFI AG 7oA
U353 S BRIy duh(Kissil, 1972). FHS57MA A, S, canaliculatus
£ Ad AeAdMe 240 e FAHH R dA ol (Lam, 1974),
o] ATXLE AAL & AUz FE3to ol EdE A =

, AH T AEFE 1095 TFT AR AR AN HEzHRE A

B 143 g9 AFol TSR, HEEE 662%H Y. =T ALFHAAA
Y& % Benedenia sp.8 7189 Y& FGZSIIAR 9 AEH HAE
o E I, AetH 2 Pdol TAEAR, ol s HAF A
st o, X222y FFor e FASGAT. ey oy d FFEA
= AYAR, FE R 20 g} ofAd AE & st ol FF
4 TARNYLE des Ao g A Y E AT ok Ao
A ZrE

HCGx dut¥ oz th& z=283 Wists ALEE F 31& By oy
g SAHeR FFIE Qo] ARE vwasted Loldtn FHEY A
b AR o FY A R @] AHAR o]&5 3 th(Lam, 1982;
Donaldson and Hunter, 1983; Lee et al, 1988). E3], &lito]Fel lolA

Al o

—_

A

o=
ol

L R )

+ Common sole (Ramos, 1986), @, Paralichthys olivaceus (Park et

al., 1994), 574, Epinephelus septemfasciatus (Kim et al., 1997) Sl A}
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Wg A7 dFEHRNe, FAAMA £ S guttatusAAE FEFHYA o)
ol F =5 AT Ayson, 1989, 1991, Juario et al., 1985).

FHAFIIAA Y FAAR AT E HelAe HCGY FoqFS oAAF
kg'd 1,000~1,500 TU7F A3 Aoz zAR ol3d AdE d A (Park
et al, 1994), TAo(Kim et al, 1997) ¥ 38 Takifugu obscurus (Jang,
1996) SolA A F kgd 1,000 U7 EHH ok AT AR B
o]t 13y Common sole (Ramos, 1986)% Sparus aurata (Zohar and
Gordin, 1979)°] 4 & HCGE 1A% kgd 250~500 U] A7 XA
Azt oerm, vt Z Epinephelus fario (Kuo et al, 1983)%= 2,000 IU ¢]
A Aol Mt wjo] #lHo] ojF o wet MTHFEE YT T2E A
FEA glel & Aol AT EF HCG FAMAIZI9 349 #R3EY
Ayson (1991)2 S guttatusE AL E s 2000 [U/ke BWS HCGE
28 FAElY a#HAH 0 R wjdo] oo, olHFd AAE V] YR
Axel zi7)ol uheh v E e Rpelzl uki stAT o] AFME A
% Z7]d HCGE A=& AP FolAMe 23 FAZA wj@e] FEHAX
v, Ab@ )l Ak ojrd A d AP Tl 13 FARA dl@o] #
=50}, Ayson (1991)9] A¥st dASGIth 28 FAL & wige] X
H77hA o) 28X AMEFE, SER FE 2 oue A4 A Fol
wrer Zhel7k gz, o] dFdlM = AAA 77~270A17, A3 192~360
Ao g vuy Z Aol HARE], ols nFE AP AFTAMe
A gty A¥s)AcM e @ FEA] FUlF ez ATl Ayson
(19912 HCG FA} ol F wi=71A] 9] 48 A7HE “RAXe =277 v}
A AAAAME vide FEskEd o 2@ AlZte]l 28591, Common
sole (Ramos, 1986)1AM %= o|gt FAMSHSt HAF7HAIA 7 HCGl ¥-&
3= 4£XE Common sole (Ramos, 1986), Milkfish, Chanos chanos
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(Marte et al, 1987) Bt} 93] =% om, #E(Jang, 1996)%4 #AE A
g By =3 22E AHE Alvie #-Hsteq 29, Plecoglossus
altivelis (Hirose et al, 1977)%} Y% (Hirose et al., 1979)o) A = & 2l
A zEZHR &) A A7t 22 @gkeh oldl Wl FAME
o], Oncorhynchus mykiss, Atlantic salmon, sea bass %2 vl &old &
EEZ AT AF dRARXY a3 wFS FINE £ dAuATL,
WA Aste] & o] Hr|E FHCrim et al, 1983; Crim and Glebe,
1984; Garcia, 1989). WetA TEZA 2 o7 AFHYU HEfFEe A
A7l FAe &S de Aol FHo7] wEgd Z2E vxg ¥4 B2
=4qg AZE AFd HEE T AAs & AoE dAddHth 328
o o AHAHQA MF FEA diHe 2L Fo MAAE GSIE
dAs A e Adeg FZAHEAY a2y o A7 HIFA GSI%
Pseudo-GSI= HCGA# wiko wzt & Wst= glled, Wazdkst 373
E v dAs AHFIIAAY @FEe] HCG7E EHHQ Ao
cEagaasy

oA ¢d Hris oFd wE o vjEe] vrgeta, FANEo]d
AoAM & e FAHAES AAHOZ 4 FAoA HEH $ e ¢
A g7l 71F02 A3l Ut Bromage et al, 1992). & 3jAlo]F 2g A
AelM e dird oz RA4EHR AZES dAE FrhEle 7IEez @ol
43t B3P (McEvoy, 1984; Carrillo et al, 1989). #-3H, Kjorsvik
et al. (1990)& 44 d(chorion)d] &8 &, 4o e FHYE, F79
230 o) dAE& Frre £ Avkn FAYT, 53 FHE, B ¥
4o F= Gl SdoiRe GE Bl & ARV gy Bude
o adn, g5 erE Ao 7 Fk L&Y ARE FE A4t
olopt2 AL Hristed F8F g9olg & & AdhDe Leeuw et
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al., 1985; Manickam and Joy, 1989) o} dFdH e FHEL T2E F&
g} ojul o] Ao #AGel A AFFAN XA, F5EF WAL E
€ 1%L AYTE ZFE vt gEgs ged] EfET v
1,000~1,500 TUZ} A HAfsez FEHAT o9 2o dd H7E F
g3 2 u aRssAAY AFAA @ 3l g4S HY HCG A3
FEE OAF kg¥ 1,000 IU A7 HFE Ao A74dAT

AWFzoA FPL 2ALE e A7 Aatds #de 4
7 19979 % AHlME 8¥ 1297 H 84 159 Atoldl o] #HFHANL
o], Age F 2 ofzte] o] Rt 19983 % AYAME 7Y€ 31YFH 8
4 129717 o REY ojule A Atde] AFHPOH, 4t WY TE
glo]l olFojAd 1997d AEH s B{th dF SIMAARF FAAe
Y%7 (lunar periodicity)el W& YFY A PFo] AV LA
91 =49 (Manacop, 1937; Popper et al, 1976, Bryan and Madraisau, 1977;
Hara et al, 1986), o] @ 7oA % 1998d A oA 17/]A o] oH =&
S FHAA, 1 Yolle dF LT T Atolel A sbgdo] o] FolRT

A 28~36 cm, AF 306~832 g WY AYF/IAA ¢A 10t F 4
@EE  191,000~886,0007H 2, W 46120078t olHFE HA=s
Manacop (1937)0] 223 30~40T/0$ Lam (1974)¢] R3¢ 30~50%H7)
o} FARSIY T Ed S7HAA &9 S guttatuse] 3@A €A 19t A
@ 210,000~1,160,000M H 2, B 57000070 24 o] FrRUT}E ot &
k.

Popper and Gundermann (1976)® Gundermann et al. (1983)2 #A4
ol A E7kA X F2 AFQ S rivulatus, S. luridus R S. vermiculatus®)
ARYEE BET v Qo FAHeR Ad@AAE Y #A}A XA
v} Hara et al. (1986)2 S. guttatus®& WA o2 FRU A Jd@AF&
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o

g Az Adgv)d oule AL dFlo] YAMo R WEI, FA
Arelel d Zeokol B4 whyol AWEA ey A oE ARHo
dody BastAch 2 SRR Fe glo] AddalsE A
oA el e ANHYA UM AAYE AN T 27t e
2 B aEJtHKuwamura, 1983). o] dFoM A 57FA| X At
FAIZF oF BAIZE AR EH AFYFE Ho|y] AFEPL, FE Fx v
AMFEE FR 1~20E7t GRS F0FEA Abge] FPHY, S
guttatus (Hara et al, 1986)2] A& 35 2o Ao} H]==dt & B
oh e 3 AET)EE A gAE HYPdeR WHyn, £ AEH
of AR Qe FHWA HEe] Bey AWEA e 45 EQAQAE
Hltt

BHENANA 9 @& AY FRATo2A Adsted o Atdae] wi=
Al BoE B9k ofgt AjAlS S YA E thE F2E AltE 42 o]
ot APgel FFAA W Hdt}h webA, o] AYPAME GY
g AAE ABRor ol gt AL T AY FH FEdel Y He
do] HAGov, o vhgoz HE FyAds FEA AR (poly
carbonate)o] ¥& 4Eol HFsHtt. 53 HE FHAMNE AHE EY
o 71994 AR o] HAshH XUHS HE WA Festx, 25 A
FZ2E dg olEstyo] Hedy] Wi HAY 4§ Hested ZLH
Y Ao AREd, g g dxgEd glo] Fe] vR Foy,
ol weo] Fx| ol AaFFog Qste] Ratgo] EojA oz A
Zhgl o},

Blaxter and Hempel (1963)& Atoje] Z7l= W43 UAHIF o) 9l
i, dAe] Z ofE FNHeE #3 Aole AFE AM £F Aojn
OE 27 AFgo] wx Rtk olg & Arie ofFd ug

L
=
Mo
=
tllo

oy
B

lo

A

Al

¢

_
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ggFstA vdetuda, $Y9F HelME &9 A7d Aelrt e AL A4
A A, MALT, A¥AY], 4% Tl weh Zol7t wh(Farris, 1960).
dubd o g EJIAFY 445de 2%, FARW, 7%, J4 HAI{EoE
A7 FTE Zn e Aol EAHo|tt(Lam, 1974). o] AFAM A
3 A=A A FARY AV)E Ha 058+£0.02 mml+=d), Park et al.
(1992)2 060+0.03 mm= 213t th 22832 Fujita and Ueno (1954)= &
A8t £9 S fuscescens® F7AL 062~066 mE BIde] o] Frols
vt 2 Hol o}, Hara et al. (1986)0] B33 S guttatus®] 7% 0.56
£0.01 moe FABIAT e o F R v EW g9 ¢4 091+
0.04 mmn (Rho and Pyen, 1986), 8%, Oplegnathus fasciatus®] 37 0.77~
098 mn (Kumai, 1984) Tl u]#] o F9 dF L olF &Fo|Uch EF
ol FRUE thh 28 Fulgl, 0.76~0.85 mn (Kayano, 1988) Rulk
i AL Helrh

TAHY HI7RA ] AQAHE 20 ma thh Aolrt dEdH, S
guttatuse T2 26~28TolA 18~20~172ke] 48 ¥ U7 (Hara et al,
1986), S. fuscescens® A9+ & 235~260ColA B o 2743 o] A&
8.5 A th(Fujita and Ueno, 1954). o] ATNA8 HHZIIAIA & FL£
W REAHE BE 20TAA 552413, 24Tl A 34.0A17F, 28ColA 27.0
Az, 32Co| A 220A17ke] A8 =0}, S fuscescens (Fujita and Ueno,
1954)8F A FAEstAT &, &0 ESTE A4 dAY LAk #
ol AFoldTd, olEd AFAE WHNTF, Gadus macrocephalus
(Forrester and Alderdice, 1986), X /H%¢](Garside, 1986), =7}AHH],
Kareius bicoloratus (Jun et al, 1999) % %2 o|F9 W H4d 3l
oj Al deizdl UwkHY ABFolrt. o] Aol FHFIIAIAY A HA
olq =3 FE= Hd 114THT F&E T2 wE Y F88
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& AF FAA AQHAFY FF ¥ 24T AGTANA M =2A ¢
Bton, 719 /A 288EE & AlgTol "8 s 2ol AF
YA A FRAA 24T W9 F2 M dAEeE Aol Bl g7 et}

F7FA A o] Apx o] Ao whE 2% FHefo] st S fuscescens
(Fujita and Ueno, 1954), S. caanaliculatus (Lam, 1974), S. rivulatus
(Popper et al., 1973), S. guttatus (Hara et al, 1986) 52 tQAale2 B
HAA R, derA ]l Held ddat Fyo gloiM & Aolrt stk thRb
o] F& WelHAAA K3t F 15945 FHBFTS BoldXM 2799
(territory)2 BA 87| = &, /HAZE Aol FFA WY A
o] nElE FAse Fo FAEAo] vehvte 54 qlth

3. FRAM

AT e TEAY HAHF Ao A YEET oy
& F3&, Aol 8 JBAFF, Yolig s Tl JgL AL 53, &
o glojA Abe A Fatated die] A & d%E weth(Holliday,
1969). Go and Rho (1996)v AFElA 35%NAM 24.7%, 37%: N 76%
o] $3&8 Ragled, 8E ofF R JEF A Bt o) Fojzlth
I Ee s Ax 7P EY FUHY 35 Aol & HALR o]}, o
AToME QEFE7 2o 2255 €9 FIANNE YHon b=
He 99 A#® #@AA=H, o3 AA(E S guttatus (Yong and
Duenas, 1993), 3o, Clupea harengus (Holliday and Blaxter, 1960), ™l
(Forrester and Alderdice, 1986) % %< ol®/29 dA-olA WAL o &
FolA 2AAdaEE FATY F3&E 25-31%N e T15~815%2A =
%A, 7IBEL M R dEFES M & GRFRAM U
BE FAb 9% FAH T KHIE&L 460~767% HHAEAM @it n)
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) AAHez WA, 4 APFEe] o] FAAs AAHA U
H2 AAAdE g HEggol ik UAR, AA FEAYN FANA
E7PA A9 4 HEAA goly] wiel & Bk AFHL F3E AsA
e ZEEANF 4% AFFAH] Bry &Y Ao AGHL
AEFEE FAF zoje AL AGRAM BHuh I, TPEe=
T2 HA oA AFo|don, Aol FFHEHE ARG up
JhA 2 AgRaM A Fo}, S guttatus (Yong and Duenas, 1993)& ]
o 3 AFNNE 4~40%9 BEFE dtelA F33 Aojo WA
d3ado) A7) vud da o] A7 A dASATh TloHdE A
S. guttatus®] F3Alols @ AEFEAA © ¥ AFPE e AL
2 B1EAI(Yong and Duenas, 1993), Lee et al. (1981)2 Sillago
sthamaoll Xl ¥& HEszol HA wE 38 2nlg A Abge] 7t
i 2agch o] AFdME FAFIIAA REAFE Ao AGET
A gx & 9 WS BAAT, BAF ARbe] AFFel wat Atd s
9 AE¥Fzol 7MhE %A 7HE L# AEsIATH olAHE sfite] o
BIAL Aojo glo] L ARFEANA MEL] 2 AL 59 &3
2 A% Ay BEHF 37 AuE H23 & 7 QY] WEA 22 F
B FEd Hg] FEFHANE @ A dE F e A Addrth
gt oz gjatelfel o] dFE A Aolr] F 4%, dAL EF
s o] &HIx 7] W Bt & dFHE ZAe AolE 21X ¥ A
ofo] wla] AE rMeAHel R L Ae® delAd stti(Johns and
Howell, 1980). E7FAIAF9] o] A& 7|3EFo] 3 F 2~69 Apold
FL Aol ZAsted, ol HEd HeldEo RE, EEF A4 TH
o Ak, WA dFoRA dEe] 44 Az Fo] FAT 812 FE
g chH(Lam, 1974; May et al, 1974, Westernhagen and Rosenthal, 1975).
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53], W& Jd3 F549 EF 2T Hol|E A% ot S guttatus A4l 9
AbEE FUHA7IE FE 2o g U4 Eoe] gl Avila and Juario (1987)
T 9 F77 FFEH oA x3k#e g4, vl d It o) F
o]zl Aol WE JUYe A 25T H Ao} 22 Ho|F HAF
Yol gle VloldHle Aole B2 AWEY FE ddoE FHYth
o] AFollA F& 26~29CYE W HHZIIAA #poje] dahg 24A17F o
°F 80%°]d FFEAL, F3F F 56A1ZF Well dEre] fxE] F4so]
20l #ETE J3E-= g2 walx] May et al. (1974)9] B 18} X
8ttt Bagarinao (1986)¢ll &5t H9 tid o|F & FAHENMANANE ¥
£ ofFol v&) ddHeE 4o A7)t FY] Wi dBE5Fo w2 A
AYHe Aoz Budgct vy APEAAX e dahe 2gojq, ¢

T £X7F FE EF, 5ol § A 24 ofFRy g4 wary)
WE dUHer R JFTGARY ARG HAN A 5y RFos
2719 &2 A g d9lo] He Zog: durdn)

olFeol Af dwrron dEgpdE 7 ga A F5Evn g9
A gtvh(Houd et al, 1976). Hypel9] 2 ¢ 437 §77 225 E A7hL
7k GRRT o 12A% AR =gA FYdcti BusytH(Llee and
Hur, 1997). ©] dAFoljX= 23~26TolA < 63417 el &77F SA37)
FrEAL, 23CoAAE oF T2A7F Yol &7 F7 ¢85EHY g By
8~10417t A= A Y=o, Futele f-AFskc),

HHZTIA A 2ol F8 ATAIZEE 23T, 26T, 29T, 32ColA z
7t 52, 40, 37, BBAIL2A AFLor nFLoT AFE HY FolAe
Agoldth, BE7MAR] &9 S, fuscescens (Fujita and Ueno, 1954)0 A =
235~26.0Tol A 48A] 7+ vtoll 7375 o] o] AFeAae} & Aol QUATh
el wME dde YRFGdA JEggoze] wME HEL AT

o

{
_1
4
= -l‘r

ot X

e
=)
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(Watanabe and Kiron, 1994). €%, @AS7IAA Faateie] § A7l=
Rat 3 2AZAAE 0103~0117 mol WL, AZte] Z#el upet et
Aol Ha E7bste] B3 F 96AI AT 0.13610.021 mnol Rt ol A&
Shirota (1970)9) wWrel wet Al4td =il #4 d= 0.166~0.193 mm,
0.75de 0.125~0.145 mm, 0.5d¥ 0.083~0.097 melSlel. ol ¥ AA= &
vta] (Kayano, 1988)dlA41 Hol& HHAH 4 Y= Hax F+4& 05dE 713
@ We 4 =Z7] 0078~0120 mn Hrh ok Agiey = Hxz2 NG
W Aol HF AAL EFE(Kumai, 1984) 3.17 mn, Y (Rho and Pyen,
1986) 3.4 mm, Hv}g)(Kayano, 1988) 1.8~2.0 mmelt}t. o] dAFolM HH=
JEAI A Abel 281 mEA, Apole] A wiE] § A7t YA er 2
of 7] HolAES AAH R HFd e 42T ALl AT
ZRA Autd oz de AMEE 3T Y& rotifere] ¥ wiAgL 25T
28 A B plicatiliss 266 um, B. rotundiformis< 137~156 m2.
Z R 1E9th(Hwang and Pyen, 1995). ®etAl A E7IA 2] ZHo{7} A o]
& & 9le A AVl 8~97 moE & o, 7P 4&FQ rotifers ¥
F7HA1A] Aoje] 27] HolRA UF AA ALHQ] AHe] EBrbEsiva
laech=3
BAo]F Fo)A WYX (Rho and Pyen, 1986), % (Kumai, 1984), %9
(Kuo et al, 1973) T3 Zo] F3F dAA o] A" F o] dd=
Eo] 9= wd FHx v, Hexagrammos otakii (Kim et al., 1993)¢} #78
o|(Lee, 1996) &3t #o] H-gale] ojn] A FEo] deigles FE Atk
AAte] A€ FERFH AHE QA E o= AR Ao AR, £
o] 4= "ol FHol W o]Fojxer vk e IHEIAAY F
e A AV A3 GREF S22 GE oF vlE wer] GE A
FE A7) ] Z7]e] ge HelE FFdte ol Fasith o dFelA

=
8]
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AHEIIAIA zlole] Hzx AL dd FF71 A9 d5d A3 #3
60~ BFS1Z 9] trochophore #Aio] AdgolA I8 FEHYL F3
T RAZARE DA ZANA F F 25% A7 Y& 73 F 4
Ao e Mgor MY rotifer’t #ZH AT

HolE FFatA FL FHdA Hd AELFE F& 23T, 26T, 29T,
32Tl A 27k 8AMRY, 132417F, 96413Y, 60410l lTt. o3 Aode =5
6Y (Fukusho, 1979), A& 16U (Han, 1998)c] H]dle] A stA 2o
meta] FHEIAA ZFojs dHE FFSA GFZRE Ho] Ao =
Blg2 o] Fojxjok A4 AR AEo] THsdte e Y

FE 212~272T 23dA AXl 7] A& 3 = 1044 Ao
o] P AFL 4111049 mn, 208A 13.30£2.00 mn, 304 A 29.00+2.31
mSA ot ol §ALE FREFANX S guttatuss F3F 28UR HEF A
1445159 mm (Hara et al, 1986)$13L, S. lineatus®] YojAd &= %3t 304
A Ha MFe] 177 mn (Bryan and Madraisau, 1977)24 o] <3| 1)
& Aol =xrth olH & Azl AFL 7] A el Aolg}
zoje] AAGAERZ AHFg we] HAgo] T3] o]yPx| ] gkskd B 7]
AHE Ao AYHY BELES H3} JEREH dddo] FAI FE
£33} 354 Alolo HA AMR-Fe] 70~80%7F AbgEle] 2v] BEE] of
F Az e, F3 & 04 PFF ASES 28%ATH o Fe U
Hahg o Avletn RERE GFS TFLY] AFdEe 23 AF z}o
71E 7V g g Al7I(critical period)2 EFHIL glow, o) YA
= o7 &5 ZVd "I dAAAM dojuvt di HiE s
(Watanabe and Kiron, 1994). Kamler (1992) ©]213F 9879 94a& )
FAA 293 54 g9z yrnglen, YA gRlogs ojr)d
A 7108 AY e BT dolue A Aoz QI Fi £ o
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Z Halste AAS BIY, R Y g9ozE AWo; A Hol A4 A
7lo] AP Yol MHSA RaAY e A2 REH ¥4 e
o] AETH a3 ALRS 2%, gEFE T M 82002
i ok B8 2ol A Fukusho (1979)+ 3 ¥ 7~109 4t F-31
209 AFZE 23]o] A dF AAVE LAY ol AL HF
o] AEe] M4 At FYHQ AP o) x=EHe 4oz Ry
th o] AT FHFIIAAE F3F F 3~59 Abole] tiF HAMstA o)
717y g7z Bddn. HF7IAAE AT o) FAEANNIE 49
ol7] W&ol W QFLEAAA JRZEY Hx HAsed g Ao
s7Hed, o A7l e HEE HoAES HAA EE Al FI
Aoz Az}

Hol FF Ao wE FHFIIANA Aol 7] HAEL F3 F 194
2 #AZ9 trochophore #A3% 43 rotiferg FHFET AP TN H
¥ 10d9A7A] AEEL 33%A oY, WE rotifers @ FEE 4¥TH
AEREZFFG A 4F rotiferg FFE APFAME FIEFE 64 ol
BF AMgEt ATt ol Ade 718 sladold FRAAA YRt
2 AgEo]& Ho| FF AA(rotifer —Artemia — HTAIR)ZE FHE
7R A Zpel Al AE37)7F Z@sith &, HAFIAA e 48
rotifer® A &o] E7/}53¥ 1, FAsA F=E9Y trochophore FAJ(60 um)
< AHste A Hol2A Hwsitta AAHAR, FE FAY FES &
Z BRI Z#d AA )

FE Aoizt 139 HE = A rotiferd %S HAFY 7~10%019, A
A AT 50% ool wE AEZA HAddn Basm v
(Kuronuma and Fukusho, 1984). ¥ A4 7 m #FE Ao rotifer 13
A e 498704, 10 m2 AAstHA 194502 F£3) Z78t9 1, 3

)

ol

£ # £
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7§0o](Lee, 1996)2] ZA$E HF A% 7 m Ao & o 231704, 10 m=2
AgstEA YA9MAZ Fobet e A SIIAA Aol BT AF 38 m
Ad o 13 MHAEE 31670A, 7.1 m & ® 787 /MAAL, AFol 10 mE
AZaVAM HAFE FH3] Fristd Ao 1etElzk B 1792704 & A
Nale] FEFH v AT ABo] Rus 453 BE& %S T A
o2 ZAH A

AF 27]9 HolFES Aol Slo] Hxg Hol EYS HFTFHL
FHsted 72¥oE Fad L AR Aol o gt 3
of FTEAL AN Z7] HolJERAM del ol&H1 ¥ rotifers
Brachionus plicatilis®}  Brachionus rotundiformis®] 2%Zolt}, o2 gk
rotifer®] A7l Y¥bH o2 150~300 mEA, 4 Z717F FL 2o e ol
2 FARES Bod A& A9 rotifer (24Y 80~100 m)e R
7} 218 ¥ 51 UrHSnell and Carrillo, 1984; Polo et al, 1992). Polo et al.
(1992)2 Sparus aurata A1) ' Z7] Hol2A ¥} 43 rotifer &
F9% A% 43 mm (45 pg) o5l AojE A2 ¥ rotiferE A48, 51 m
(90 wg) °12< #ole FS AYHOZ HHasdd. F7HAA £9 S
guttatus (Kohno ct al., 1988) #tejol] M E HE Ho] A2 Rl ¥
56A17tA Bl o)m] HAE rotifere] WIS 125 mo)dte) A8
AADE Aoz Jyste Aol WALt o] AFNME 23t & 54
A 2% rotifer WE ©EOE FFI Ao} AlEGFR ol rotifere] i
4AS He 136 mA 2, A7t 4T rotiferd wiEL HT 125 me
= Kohno et al. (1988)¢] AT YA st F2 27 7jATE Hedd e
2 AYste Ao wreifch. £ F3 F 1394 Ay dyS £2F F
ol# Ad 4ol $AHHT VYl HIFE AAHoE HAAn, H4FE

of wal Wy rotiferz A4 WEZF ABFHE Aoz ZAHYC o

[is!

[
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Aty durdQl itele) FEAA FAHAME B3 F 1FALL LY
rotiferE FF38te Aol 7] AEEE FHAFled Bl & Ao, |
3 S7MNAIFV TR 28 AFe § AVE FEE oFd M=
428 rotiferd] FFAIZIE | Eelv WAFA ¥ rotiferg €Y Fol 3
s AS nyder & Ao 44dEH.

skl FR A FAdA rotifer thE GA Yol HEZA {FE5HA ]
&5 Arternia FA W 4 YAF ZAME BY, A3 7~10 mo
HEE Aol A 100~12074 A& A4 st i(Llee and Rho, 1987), 4% 10
me Y3z Zojol M= 120~1407F A (Rho and Pyen, 1986), A3 945 mm
2 Eg ol e 227045 HAd A2 A A H(Hyun and Rho,
1996). o] ATl H AF 99 mn BAFIIAIX Aoje] Azt 44
2 232~5TTNA 2N W 4384 E AdYst ZAAE, 94X, =9EF F
W ouayg o 4535 W FE AAste AR 2AEHUT ol Zol
o} F el M4 Aole Hole] AR F AISZAF AlSFL wet o)
& zZe|zh dAste ALg AAHY, AF=IIAA AeE 27 4 27
7t Ztol HAEe] tta A Aoz BHdy] A9 E o Fel 43
23tgke] dojrt doj ooz Aol B2 2R AZEch webA
BHAFTIAA 22109 2889 T3 TERAS AE Bo] AT
o #AE THEE A7V JPHA o # HAoz AztEr).

¥ AT ANE EUE 19930 AAF dF TN Age s
NF TERAMNM dgtH oz M AAKFZA A AA S 7]&E2] Wy
A EHste o9 FRoM 7] AMEE AAG HAF JAHA AHRE A
FAG. HAoAM AFF B Zo] FUMAARE FIEtY ¢& U ow
23, 7 4F FF AN o 2l BtE FEd HolAE S R
A Z3 R FEAMN AP & AHE AFA Ratn dAsgo
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(Lam, 1974). o] @F oM e o]#H 7] A& L@3HA 317 A8l ok
F2E ol&sta] AAlS Fxuld B WEIE AL T HE Y
AEo AAste A AejA 7t7he A 21& WE HolAEY T
e Frdted FHstArh

Aole] Ao ¢S uXE 88L& 2% (Tandler et al, 1989), #F
7}(Duray and Kohno, 1988), HelAld 7 o] HAegdo] mE& 2 g Hol
A& (Polo et al., 1992) T o]},

E7ANA T Ao AL 7|2bEe] dEEFe vl R AY AH ¢4
el HelE FRE 93 rotifer o)A @A Hol2ZA 7]Eo] ALE-H
< ZZ9 trochophore H#A42 Z7] WAdME AHZsitta Q14Ho gt
(Juario et al,, 1985; Hara et al, 1986). 12{u} $-#vie}t daictel] A28
T RFES A7 58 ~640)7] e ¥ e EHE FHAYL
A7 g7t 73 oy deElBaME S guttatus®) FRAAY FH
oA 27 AR F 2~5d) Hol2A F FAL HGEAL F B
B 7HFe] BAn, BRE A7) &4A FE £ v 3ol A= A
o7 By §Yth(Juario et al, 1985; Hara et al., 1986). ©] A-FolA =
FRAMAA Hol2 A AMGR HIES HAHSTIAIA] AFE7IQ 7890
vt AE 2esled F83 49 trochophore F4-& F33% zko
oAl A HolzA FFE £ YU ¥NEF Y trochophore FAS 15Y
A BHEIIAA Aol FEE A K3 F 3dA Ao AstE oA
Aol gaEgen, 73 F 4dAFEE F42 ¥R Frkstgr.
mEtA wslE §FAL FE /AR HEo rotifer A AZAE o F &
£33 HolMERZA H3GE o2 #aEHX T vslg EdlE 2Aday &
dFo] AA Fof hFos: FYHIIZF FEGE Tl AUk

ikl FRAAN BAAA 274 GFT wMAEFY Hote Aol F

- 121 -



o ¥33 AR AE=L£Y AFNE 71* %2 (Bromley and Howell, 1983;
Naas et al, 1992), &AL AL&42u] rotifer?] 94733 a7#4E 7H
& 4 de Aoz BuEi g vHReitan et al, 1993). 22y Juario et
al. (1985)2 S guttatus® Ao Sz Tetraselmis sp.&t Isochrysis
galbanag #H7bste] H3 2dAFEH Aol Aol HHFAUAR, Ao
7t AR HolzA ol g3tfeAe §AstA XY o] dFdAE AHF
RN A Zpeyz) b "ol oA rotiferg HE F JESF N oculata® F
3 F 27U A AbS Fxo HZIAA FEA rotiferd] F4& 7Hss)
A At WAZFE rotifer ¥lEE 9T Holwat o}, AojALS 7]
HEX AFYHE KA FL 7T o xR ZESE rotifer
o] do TEYLeEA FoFd 8L e Ao A4 183, Ao
g 837 Ao v & 9EVE FI TR S 45 asE
o ez Qs Hol F 24& tddetd Ao AL £xE Ad A
A9 v PR fAEE L e, 2 Y o2l NEE F
He EFHE FHIAE RIPAY, doFE F0 AEHA BNE FIY
AbgAl2g e FRdo] zbole] 7] AT & Al G #Itel FAH
1 @7 Fastot

Z FAY FEE HE 288 FBelHe R &% rotiferd #EE
R FF 7IE 2FAZH ¢ 1S Zolth Hara et al (1986)E &
o rotiferg #FREY] Y PHoReE WERoE AN Ho 2¥<
rotifer (S5%) ®H& A¥ste] 22 widats BA3 4F straing £ o)
kate WHS AAEACE 24F rotifere YEHA, AW Ao}, AVtEE,
e, WEY 5 Fdolrlele] @eo] AR gt} (Fukusho and Okauchi,
1982). Tsukashima et al. (1983)2 ol2{ ¥ WO 2 rotifer§ HABAN &3
MNAE ol &3 Hreld, Sillago japonica Aol FF3 FTd Y&
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=S AT B3I ALE 8BS 2HE A rotifers AFEIE HHL
Fukusho and Iwamoto (1980)% <=0 u}} rotifer?] 7| % Wgitix
e GA T, Snell et al. (1984) ¥iHge] arlEs TEAHOE &
Holol] o3 AAE 8 2, d&, o] T #FAHHA 8 &
n A A] gevhi Basts.

Artemia naupliie= @2 7}4c] Feste Folsted BE7E go] AE
7] wEol & A olelfel YA AF7A el me] FRAML
HZANA rotifer thE Al HelWEZA K3 o] &Ho St May et
al. (1974 FAFZ7IANAEY Aolg didezx WUF #H=¥ Artemia
nauplii 5 F APTe ARE sty AR, SR FY &
Bl7)] Hol|MEZAM Artemia naupliits "4 FEIT HolAER 454
$o+(Bryan and Madraisau, 1977; Hara et al, 1986; Juario et al, 1985).
olel g ATFM= Artemia naupli®] FF 7I17tE Wy RE 2% 15~
2547t AL3 YA, o] AFolAE A sTFAIE Yol ol AFat
Artemia nauplii & 718 10482 9F3te] Ay A3 37 4429
o ME HAE HAT AT 5 AU dA FEAY 27 PR
A2 A e olAdFE wPAIE] Hel BYd AFgtH
Artemia nauplii 35 S7A& 3L rotifersd WFAE TOoBE EIPA
A FEAYRL FEY ted Aoz goE,

E7MA AT FAsted 1o, 27 Aol wEn gy 3wyt
obuet &4 Wl Wgo] 2§ FAol glck(Lam, 1974). ©o] AFAME
23 m FRAAM FRAAML AFL AA ) 2 23.0~280C HHAA
3 5 1098 HT 49 on, F3t F 3094 309 mn, 3} F 4094 51.1
mE gt 559 A5 H8 3BYH HF AFo] 193 m (Kumai,
1984), =2 53 F 3BIA Ho AAe] 1579 mr (Lee and Rho,
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19872 A FAHFIIANRAY 27] Aol ASA = =8 BESL
23t F 3Y4A 665%0A dF Fevt SRFHTEA T ol A4 @A
F3 F 544 149%2 FA38] Lot I ol FFEHE A9 HA A
7b AR kol H3l F 5047A & 107%9 AEEE FA}ACT ©F
A AP A S FRAL AAAM A Hol HYe HF HFE TR
Aol AHE A4 TF FLI dolu, o9 A Hol FTE ALY
Ago] o Aoz Aok
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v.8 ¢

AF dAgtolA F2 od=e A AEAAY LFE oFUA FAHFIIANA,
Siganus canaliculatus %2 71E/WE-g EHOR HAF7], Ao A
A8 @ 27", B3 xpo]e) o] HA rotifer®} Artemia naupliiol
e A2 Qe 5 FEAAMNC B3 ddY A7 F4 AES NS
33 Sdo A A

1. 3457

BAF7) ZA ] ALEE A S7IAIR] 4A(n=196)9] BT HFH AT
Zt7} 29.3+32 cm, 354.2+115.3 gol Y, A (n=265)L 247 286126 cm,
319.8+83.3 golith AXLFTIFAPE g5 v AFgeldow, YAL 5
A7 e wA FAETIE 649FE G438 FUrete] AETIQ 7ol 965+
19602 9% 7 g1, 2 o|F FAsA Zastd 99l 065610282
74 with SR L 790 100014275 7H ¥9k1, 1090 025101022
7 gt 99 7 BEASE 790 23410392 HAXH T, Hage
490 12670228tk A2 T9RE F7bste] 1094 18703022 H)
AL, 490 12710212 748 dtth A F7e 43l Bs 27 A%
712~59), AA71(6~69), A&71(6~7Y), &= L AF7(7~84), 3E7)
B~4)= g F Atk AR 27 4AV10~49), HA74~54), B
71(6~69), ¢ 2 WA7(E~84), J&E7IB~12¥)E s F Ut
A ool F& dae WA AR G At GEAEe & &
X HEE Hol U TA 29FLEA 13 e oFoz FAHAW
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2. AJHE P 27 JFA

BAENMARY S FAG FrE A8 Addn QTN oz
Bt A M2 22 (HCG)E 500~1,500 U FEZ A#7]o] FAbsly
g fEIFe AdA d8FdAe W 722%7F widEda, AF
Abe] wl@ FE&L 67.0%%ch HCGHE F wgdo]l AEH7N7HA L84
& Adake]l 77~270A kel AL, QFARE 192~360A1 ko] Ktk vl F
GSI®} Pseudo-GSI&= A4Atel A Z}2; o 286%, 24.0%H 3, AFAH
A 24z 18.0%, 147% At $AHEL RE AP FAAM 928~984%2 %
o, At APl wAPPYER F&E HCG 557 AAF ke
7 500 U 1,000 IUC A Z}2} 53.2%, 72.5% %t

A Akehe 1997d T 19989 AA AUFERAA AdAEs AFATH
Ao A2 A AFL 2751~8325 golli, AR 2475~5103 ¢
oliTh At 1997d 2 8Y 129UFH 159 Atold] o] Fojxom 1998
o 74 319%H 949 4U7tA JPHATY, Abde AEI bl Alo]d
T2 FEH & FrIdol AAHUT AR AT dA 19t £A
1~2utg]7} &E& Aol fFoddtgoen agde woz oz 4A 1
ohe| g @ 190,500~866,300 AR AT dAL HT 058+%
0.02 mol e, 3~10719 23 &AL FF& 712 A4 dFde)A). 4
s g FHEL 856~936%A 1, #3H&L 804~88.8%ATh.

Hdd AP $2 250CAA F£4 F 58wt 24X 7], 241 7F 2029
2AE7], 3AZER FA7IZ =} #4 F 5AZE 308 W@Hlr], 74
to] AL o wlAs YHHUJL, A F 30410 B AF
= A},

53} Aole] HAS wWH 2031013 molix, ¥ dAA &% ¥
3 494 A= P AR 262016 m2 ARRQLH, ¥} F7=

1
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A9 EFFEAR, A2 BFS LA BRI F3 0LA Xoje B
A 2081021 mEA BE A=Y F o A2 £ Agd 2€d
dow, F AAe g2 WA wHo] AbAFH o e

3. FEANN F4

FAY D Zojo ¥ WA APAM FHH RIES GE 15%0°0A
579% %2 @tom, 25~37%°NH e 715~815%A 2, 1P EL 15%-°14
245%2 743 vk B3 Aole 37%0A 7243k BES oL, 35%:00
e 108A13F Fot &3

Z7] Aole] AE 54T #AHA di3y f79Y F5 AL F20]
ESTE #gkon, £& 26~32TC HHdA F3 T 4827 oulel 90%
olde]l I fKF37 FFHAT. (WD wgE AFAZHMOT)E
MOT = 2861.1WT *# (R? = 0.9438)¢] AWAY 2 vetict R3ia
ole] Hz o) M2 R3 F 62A0A Fon, 2B rotifer’}
TRE AEE F3 F 96AART

ARl e} HFL & 212~272T, 9% = 31.4~346%°04 w3 F
04A ] HE AAL 200+£0.20 mo, B AFL 251£019 mA. H3
F 3~5YUA] AELo] 20~30%FEA FAI ZastAon, 30¢7A ¢
AEge AT 28%ATH FHEIIAIR zAo e AAF(TLO oz A3
(BL), A (BH), A FBW)2 @AAL &3 2ok

BL = 0.8565TL + 0.0852 (R* = 0.9996)

BH = 0.3207TL — 05052 (R* = 0.9641)

BW = 0.0652TL?>™® (R? = 0.9925)

B FTIAA] Apofo] Blo] AL AEE AP F3 F 1dA2H F
= 9] trochophore A3 B. rotundiformis® 333 A¥FoA 2 F

- 127 -



109 /74 BT+ 3.3%7 ALY o, rotifers} ciliatag FF 3 AP Tl
M A on HAsA Rapa 23 F oA EF AlHEdh

Apolel Aol wE rotiferd] 13 A2 #FE £33 F 5dANE HE 11
MA, 23 F 9ol s 4370, F3k F 15U 16770 F43] T
7¥etel 199 A= 239 AE A4t sth

Artemia nauplii®] 43t A% 53 & 1294 HT 435704, F3}
T 159AREHE dAFe] 343 718t 48AAE YAt ed, F3t
T 24 A= Ao} 1ntelrt a5l Fd 30007HAE s

e FRALL okgFE@23 m)dAAM TERE HAAIIL UA N
oculata® AV AA 1FUL EUNEZE HAASFEY O o]FHEHE B
rotundiformis (136 um)$} copepoda® & w3 AEloA FAHAFE &3]
of B3l xpojE 50U7 Atk E3 HZ 9 trochophore f48(58~
62 m)2 Aol HF FAE RS HEIN(F-E 2~Td)el T8,
rotifer2 9] Holdgo] AEA o] Fozrh R F 5URAAY PYEELS
14.9%, %3} & 104974319 BEEL 11.1%7 2, HE AS 71 TEL A
2L 107%, A9 AF AFL 656104 mo] A v}

AFTFE AT FAHZ/AAA(ERE 29 mt04, AF 08102 g
19973 849 31YFE 1998 84 2697HA AFEZoA ALSsATH I
A} Fo] st7ste 19973 12958 1998d 497HA1= A% 16.0£1.69
mn, A% 5001952 g2 WA AP ot, o] ot bEF
B el Fristd HE 99 28Yo BT A 242£20 m, HF AF
20601473 gol A1, HEE-E 487%H )

- 128 -



r {

VI. F3&

Aida, K., 1991. Environmental regulation of reproductive rhythms in
teleosts. Bull. Inst. Zool., Academia Sinica, Monograph. 16, 173~187.

An, C. M, 1994. Studies on the reproductive cycle and reproductive
control mechanism in a spring-spawning bitterling, Rhodeus
uyekii. Ph.D. Thesis Nat’l. Fish. Univ. Pusan, 81 pp (in Korean).

Avila, E. M., 1980. Hormone-induced spawning and embryonic
development of the rabbitfish, Siganus vermiculatus. Philipp. Sci.
21, 75~108.

Avila, E. M. and J. V. Juario, 1987. Yolk and oil globule utilization and
developmental morphology of the digestive tract epithelium in
larval rabbitfish, Siganus guttatus (Bloch). Aquaculture 65, 319~331.

Ayson, F. G, 1989. The effect of stress on spawning of brood fish and
survival of larvae of the rabbitfish, Siganus guttatus (Bloch).
Aquaculture 80, 241 ~246.

Ayson, F. G, 1991. Induced spawning of rabbitfish, Siganus guttatus
(Bloch) using human chorionic gonadotropin (HCG). Aquaculture
95, 133~137.

Bagarinao, T., 1986. Yolk resorption, onset of feeding and survival potential
of larvae of three tropical marine fish species reared in the
hatchery. Mar. Biol. 91, 449459,

Bagenal, T, B. and E. Braum, 1978. Eggs and early life history. In W.
E. Ricker (editor), Method for Assesment of Fish Production in
Fresh Water, pp. 166~198.

- 129 -



Blaxter, J. H S. and G. Hempel, 1963. The influence of egg size on herring
larvae (Clupea harengus L.). J. Cons. int. Explor. Mer. 28, 211~244.

Bromage, N., ]J. Jones, C. Randall, M. Thrush, ]J. Springate, J. Duston
and G. Barker, 1992. Broodstock management, fecundity, egg
quality and the timing of egg production in the rainbow trout,
Oncorhynchus mykiss. Aquaculture 100, 141 ~166.

Bromley, P. J. and B. R, Howell, 1983. Factors influencing the survival
and growth of turbot larvae, Scophthalmus maximus L. during
the change from live to compound feeds. Aquaculture 31, 31~40.

Bryan, P. G. and B. B. Madraisau, 1977. Larval rearing and development
of Siganus lineatus form hatching through metamorphosis.
Aquaculture 10, 243~252.

Burgan, B. G. and K. A. Zseleczky, 1979. Induced spawning and early
development of the rabbitfish, Siganus argenteus in the
Philippines. Silliman J. 26(2/3), 163~171.

Carrillo, M., N. Bromage, S. Zanuy, R. Serrano and F. Prat, 1989. The
effects of modifications in photoperiod on spawning time, ovarian
development and egg quality in the sea bass, Dicentrarchus
labrax. Aquaculture 81, 351 ~365.

Chung, E. Y. and T. Y. Lee 1985. Studies on the reproductive cycle of
greenling, Agrammus agrarmmus. Bull. Nat'l. Fish. Univ. Pusan 25, 26~
42 (in Korean).

Chyung, M. K., 1977. The fishes of Korea. Iljisa, Seoul, Korea, pp. 443~
444,

Crim, L. W, A. M. Sutterlin, D. M. Evans and C. Weil, 1983.

- 130 -



Accelerated ovulation by pelleted LHRH analogue treatment of
spring-spawning rainbow trout (Salmo gairdnerii) held at low
temperature. Aquaculture 35, 299~ 307.

Crim, L. W. and B. D. Glebe, 1984. Advancement and synchrony of
ovulation in Atlantic salmon with pelleted LHRH anlogue.
Aquaculture 43, 47~56.

De Leeuw, R, H. H. T. Goos, C. J. J. Richter and E. H. Eding, 1985.
Pimozide LHRH induced breeding of the African catfish, Clarias
gariepinus (Bruchell). Aquaculture 44, 295-302.

De Vlaming, V. L., 1972. The effects of temperature and photoperiod on
reproductive cycling in estuarine gobbid fish, Gillichthys mirabilis.
Fish. Bull. 70, 1137~1152.

De Vlaming, V. L., 1975. Effects of photoperiod and temperature on
gonadal activity in the cyprinid teleost, Notermigonus crysoleucas.
Biol. Bull. 148, 402~415.

Donaldson, E. M. and G. A. Hunter, 1983. Induced final maturation
ovulation and spermiation in cultured fish. Ini W. S, Hoar, D. J.
Randall and E. M. Donaldson (Editors). Fish Physiology. Vol
9(B). Academic Press, New York, pp. 351 ~403.

Duncan, D. B, 1955 Multiple-range test and multiple F tests.
Biometrics 11, 1~42.

Duray, M., 1986. Biological evaluation of three phytoplankton species
(Chlorella sp., Tetraselmis sp., Isochrysis galbana) and two
zooplankton species (Crassostrea iredalei, Brachionus plicatilis) as

food for the first-feeding Siganus guttatus larvae. Philipp. Sci. 23,

- 131 -



4149,

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

Duray, M. N. 1990. Biology and culture of Siganids. Aquaculture
Department, Southeast Asian Fisheries Development Center,
Philippines 47 pp.

Farris, D, A., 1960. The effect of three different types of growth curves
on estimates of larval fish survival. J. Cons. Perm. Int. Explor.
Mer. 25, 294~ 306.

Forrester, C. R. and D. F. Alderdice, 1986. Effects of salinity and
temperature on embryonic development of the Pacific cod (Gadus
macrocephalus). ]J. Fish. Res. Bd. Canada 23, 319~340.

Fujita, S. and M. Ueno, 1954. On the development of the egg and
prelarval stages of Siganus fuscescens (Houttuyn) by artificial
insemination. Jap. J. Ichthyol. 3, 129~132.

Fukusho, K., 1979. Studies on fry production of parrot fish, Oplegnathus
fasciatus. Spc. Rep. Nagasaki Pref. Inst. Fish. 6, 173 pp (in
Japanese).

Fukusho, K. and H. Iwamoto, 1980. Cyclomorphosis in size of the cultured
rotifer, Brachionus plicatilis. Bull, Nat'l. Res. Inst. Aquacult. 1, 29~
37.

Fukusho, K. and M. Okauchi, 1982, Strain and size of the rotifer,
Brachionus plicatilis, being cultured in Southeast Asian countries.

Bull. Nat’l. Res. Inst. Aquacult. 3, 107~109.

- 132 -



Garcia, L. M. B, 1989. Dose-dependent spawning response of mature
female sea bass, Lates calcarifer (Bloch), to pelleted luteinizing
hormone-releasing hormone analogue (LHRHa). Aquaculture 77,
85~96.

Garcia, L. M. B. 1991. Spermiation response of mature rabbitfish,
Siganus guttatus (Bloch) to luteinizing hormone-releasing
hormone analogue (LHRHa) injection. Aquaculture 97, 291 ~299.

Garside, E. T., 1986. Effects of oxygen in relation to temperature on the
development of embryos of brook frout and rainbow trout. J.
Fish. Res. Bd. Canada 23, 1121~1134.

Go, H. B and S. Rho, 1996. Low salinity tolerance of eggs and juveniles
of tiger puffer, Tokifugu rubripes. ]. Aquacult. 9, 43~55 (in
Korean).

Gundermann, N, D. M. Popper and T. Lichatowich, 1983. Biology and
life cycle of Siganus vermiculatus. Pac. Sci. 37, 165~180.

Han, K. N, 1998. Effects of starvation on growth, survival and feeding
incidence of tiger puffer (Takifugu rubripes) larvae. ]J. Aquacult.
11, 521~528 (in Korean).

Hara, S, M. N. Duray, M. Parazo and Y. Taki, 1986. Year-round
spawning and seed production of the rabbitfish, Siganus guttatus.
Aquaculture 59, 259~272.

Hirose, K., P. Ishida and K. Sakai, 1977. Induced ovulation of ayu using
human chorionic gonadotropin (HCG), with special reference to
change in several characteristics of eggs retained in the body

cavity after ovulation. Bull. Jpn. Soc. Sci. Fish. 43, 409~416.

- 133 -



Hirose, K., Y. Machida and E. M. Donaldson, 1979. Induced ovulation of
Japanese flounder with human chorionic gonadotropin and salmon
gonadotropin, with special reference to changes in quality of eggs
retained in the ovarian cavity after ovulation. Bull. Jpn. Soc. Sci.
Fish. 45, 31~36.

Holliday, F. G. T. and J. H. S. Blaxter, 1960. The effects of salinity on
the developing eggs and larvae of the herring (Clupea harengus).
J. Mar. Biol. Ass. UK. 39, 591 ~603.

Holliday, F. G. T., 1969. The effects of salinity on the eggs and larvae
of teleost. Ini W. S. Hoar and D. ]J. Randall (Editors), Fish
Physiology, Vol.I. Academic Press, New York, pp. 293~ 310.

Hoque, M., 1994. The reproductive Biology of the rabbitfish, Siganus
canaliculatus in QOkinawa Island, Japan. M.S. Thesis Univ.
Ryukyus, 53 pp.

Houd, E. D, S. A. Berkeley, ]. J. Klinovsky and R. C. Schekter, 1976.
Culture of the larvae of the white mullet, Mugil curema.
Aquaculture 8, 365~ 370.

Hwang, H. K. and C. K. Pyen, 1995. The effects of water temperature
and salinity on the propagation of rotifer, Brachionus plicatilis. ].
Aquacult. 8, 59~67 (in Korean).

Hwang, H. K, Y. J. Kang, S. G. Yang, S. C. Kim, K M. Kim and ]J. U
Lee, 1999. Natural spawning of artificially produced parrot fish,
Oplegnathus fasciatus, and the change of its egg quality during the
spawning season. Bull. Nat'l. Fish. Res. Dev. Inst. Korea 56, 67~72

(in Korean).

- 134 -



Hyun, C. H. and S. Rho, 1996. Studies on the early growth of rockfish,
Sebastes schlegeli. ]J. Aquacult. 9, 25~42 (in Korean).

Jang, S. I, 1996. Induced ovulation by wusing human chorionic
gonadotropin and gonadotropin -releasing hormone analogue plus
pimozide in yellow puffer, Takifugu obscurus. J. Aquacult. 9, 3~10
(in Korean).

Jang, Y. J, H. K. Lim and S. K. Byun, 1995. Gonadal maturation and
reproductive cycle in oblong rockfish, Sebastes oblongus. ].
Aquacult. 8, 31~46 (in Korean).

Johns, D. M. and W. H. Howell, 1980. Yolk utilization in summer
flounder (Paralichthys dentatus) embryos and larvae reared at
two temperatures. Mar. Ecol. Prog. Ser. 2, 1~8.

Juario, J. V., M. N. Duray, V. M, Duray, J. F. Nacario and J. M. E.
Almendras, 1985. Breeding and larval rearing of the rabbitfish,
Siganus guttatus (Bloch). Aquaculture 44, 91~101.

Jun, J. C, C. H. Kim, J. S. Kim, B, K. Kim and S. U. Kim, 1999,
Influence of water temperature and salinity on embryonic
development of stone flounder, Kareius bicoloratus. Bull. Nat'l
Fish. Res. Dev. Inst. Korea 56, 83~90 (in Korean).

Kagawa, H. and K. Takano, 1979. Ultrastructure and histochemistry of
granulosa cells of pre and post-ovulatory follicles in the ovary of
medaka, Oryzias latipes. Bull. Fac. Fish. Hokkaido Univ. 30, 191 ~204.

Kamler, E., 1992. Early Life History of Fish. An energetic approach, 1st.
ed. Chapman & Hall, London, UK. 267 pp.

Kaya, C. M. and A. D. Hasler, 1972. Photoperiod and temperature

- 135 -



effects on the gonads Green sunfish, Lepomis cynaellus
(Rafinesque), during the quiescent, winter phase of its annual
sexual cycle. Copeia 101, 270~275.

Kayano, Y., 1988. Development of mouth parts and feeding in the larval
and juvenile stage of red spotted grouper, Epinephelus dkaara.
Bull. Okayama Pref. Fish. Exp. 3, 55~60 (in Japanese).

Kim, B. H, K. M. Kim, Y. D. Lee, C. B. Song and S. Rho, 1997.
Reproductive biology of the sevenband grouper, Epinephelus
septemfusciatus. 1. The effect of HCG on ovulation induction. ]J.
Aquacult. 10, 55~61 (in Korean).

Kim, Y. U, K. H. Han and B. H. Kim, 1993. The embryonic and larval
development of the greenling, Hexagrammos otakii. Korean J.
Ichthyol. 5, 151~159 (in Korean).

Kissil, G. W, 1972, Experimental growth of Siganus rivulatus.
Oceanogr. Limnol. Res. Co. (Israel) report, 5 pp.

Kjorsvik, E.,, A. M. Jonsen and I Holmefjord, 1990. Egg quality in
fishes. Mar. Biol. 26, 71~113.

Kohno, H., H. S. Hara, M. Duray and A. Gallego, 1988. Transition from
endogenous to exogenous nutrition sources in larval rabbitfish,
Siganus guttatus. Nippon Suisan Gakkaishi 54, 1083~1091.

Kumai, H., 1984. Biological studies on culture of the Japanese parrot
fish, Oplegnathus fasciatus. Bull. Fish. Lab. Kinki Univ, 2, pp. 5~
10 (in Japanese).

Kuo, C. M., Z. H. Shehadeh and K. K. Milisen, 1973. A preliminary

report on the development, growth and survival of laboratory

- 136 ~



reared larvae of the grey mullet, Mugil cephalus L. J. Fish. Biol.
5, 459~470.

Kuo, C. M., Y. Y. Ting and S. L. Yeh, 1988. Induced sex reversal and
spawning blue spotted grouper. Aquaculture 74, 113~126.

Kuronuma, K. and K. Fukusho, 1984. Rearing of marine fish larvae in
Japan. International Development Research Centre, Ottawa, Canada,
109 pp.

Kuwamura, T., 1983. Spawning behavior and timing of fertilization in the
mouthbreeding cardinalfish, Apogon notatus. Jpn. J. Ichthyol. 30, 61
~71.

Lam, T. J, 1974. Siganids: Their biology and mariculture potential.
Aquaculture 3, 325-354.

Lam, T. J, 1982. Applications of endocrinology to fish culture. Can. J.
Fish. Aquat. Sci. 39, 111~137.

Lee, C. K. and S. B. Hur, 1997. Yolk resorption, onset of feeding and
survival potential of larvae of red spotted grouper, Epinephelus
akaara. J. Aquacult., 10, 473~483 (in Korean).

Lee, C. S, F. Hu and R. Hirano, 1981. Salinity tolerance of fertilized
eggs and larval survival in the fish Sillago sihama. Mar. Ecol
Prog. Ser. 4, 169~174,

Lee, C. S, C. S Tamaru and C. D. Kelly, 1988, The cost and
effectiveness of CPH, HCG and LHRH-a on the induced
spawning of grey mullet, Mugil cephalus. Aquaculture 73, 341~ 347.

Lee, J. E., 1996. Spawning season and controlled seedling production of

long shanny, Stichaeus grigorjewi. Ph.D. Thesis Nat'l. Fish. Univ.

- 137 -



Pusan, 187 pp (in Korean).

Lee, J. J. and S. Rho, 1987. Studies on the seedling production of the
black porgy, Mvylio macrocephalus. Bull. Mar. Resour. Res. Inst.
Cheju Nat. Univ. 11, 1~20 (in Korean).

Lee, T. Y. I. Hanyu and K. Furukawa, 1984. Effects of photoperiod and
temperature on the gonadal activity in small filefish, Rudarius
ercodes. Bull. Korean. Fish. Soc. 17, 523~528.

Lee, T. Y. and S. Y. Kim, 1987. Experimental studies on the
mechanism of reproductive cycle in the bluegill Lepornis
macrochirus. Bull. Korean Fish. Soc. 20, 489~500 (in Korean).

Lee, Y. D. and T. Y. Lee, 1987. Studies on the reproductive cycle of
damselfish, Chromis motatus (Temminck et Schlegel). Bull
Korean Fish. Soc. 20, 509~519 (in Korean).

Manacop, P. R., 1937. The artificial fertilization of dangit, Amphacanthus
oramin (Bloch and Schneider). Philipp. J. Sci. 62, 229~237.
Manickam, P. and K. P. Joy, 1989. Induction of maturation and
ovulation by pimozide-LHRH analogue treatment and resulting
high quality egg production In the Asian -catfish, Clarias

batrachus (L.). Aquaculture 83, 193~199.

Marte, C. L., N. M. Sherwood, L. W. Crim and B. Harvey, 1987.
Induced spawning of maturing milkfish (Chanos chanos Forsskal)
with  gonadotropin-releasing  hormone  (GnRH)  analogues
administered in various ways. Aquaculture 60, 303~ 310.

Matsuura, 5., M. Matsuyama, Y. Ouchi and T. Hidaka, 1987. Maturity

classification and group maturity of the red sea bream, Pagrus

- 138 -



major. 1. Male maturity, Mar, Biol. 96, 169~172.

May, R. C., D. Popper and J. P. McVey, 1974. Rearing and larval
development of Siganus canaliculatus (Park). Micronesica 10, 258~
298.

McEvoy, L. A. 1984. Ovulatory rhythms and over-ripening of eggs in
cultivated turbot, Scophthalmus maximus. J. Fish Biol. 24, 437~
438.

Naas, K. E,, T. Nass and T. Harboe, 1992. Enhanced first feeding of
halibut larvae (Hippoglossus hippoglossus L.) in green water.
Aquaculture 105, 143~156.

Nelson, J. S., 1984. Fishes in the world. 2nd' ed., John Wiley and Sons,
New Yolk, U.S.A, 523 pp.

Park, H. Y, J. Y. Lee, Y. J. Lee and H. C. Kwon, 1998. Induction of
ovulation by LHRH-a and Pimozide in the bullhead,
Pseudobagrus fulvidraco. J. Aquacult. 11, 151 ~158.

Park, I. 5., H. B. Kim, H. ]J. Choi, Y. D. Lee and H. W. Kang, 1994.
Artificial induction of spawning by human chorionic gonadotropin
(HCG) or carp extract (CPE) in olive flounder, Paralichthys
olivaceus. J. Aquacult. 7, 89~96 (in Korean).

Park, M. E,, Y. D. Lee and S. Rho, 1992. Gonads of the spawning

period and development of the egg of the rabbitfish, Siganus
aanaliculatus (Park)., Bull. Mar. Res. Inst. Cheju Nat’l. Univ. 16,
67~74 (in Korean).
Peiris, T. 8. 8. and J. Grero, 1972. Chemical analysis of some Ceylon

fishes. Bull. Fish. Res. Stn. Sri Lanka 23, 1~7.

- 139 -



Polo, A., M. Yufera and E. Pascual, 1992. Feeding and growth of
gilthead seabream (Sparus aurata L.) larvae in relation to the size
of the rotifer strain used as food. Aquaculture 103, 45-—54.

Popper, D., H. Gordin and G. W. Kissil, 1973. Fertilization and hatching
of rabbitfish, Siganus rivulatus. Aquaculture 2, 37~44.

Popper, D. and N. Gundermann, 1976. A successful spawning and hatching
of Siganus vermiculatus under ficld conditions. Aquaculture 7, 291~
292.

Popper, D, R. C. May and T. Lichatowich, 1976. An experiment in
rearing larval Siganus vermiculatus (Valenciennes) and some
observations on its spawning cycle. Aquaculture 7, 281 ~290.

Rahman, S., 1998. Testicular development and hormonal changes during
the annual and lunar reproductive cycles of rabbitfish, Siganus
guttatus in Okinawa. M.S. Thesis Univ. Ryukyus, 32 pp.

Ramos. ], 1986, Induction of spawning in common sole (Solea solea L.)
with human chorionic gonadotropin (HCG). Aquaculture 56, 239~242.

Randall, J. E, G. R. Allen and R. C. Steene, 1990. Fishes of the great
barrier reef and coral sea. University of Hawaii Press, Honoluly,
507 pp.

Reitan, K. 1., J. R. Rainuzzo, G. @ie and Y. Olsen, 1993. Nutritional
effects of algal addition in first-feeding of turbot (Scophthalmus
maximus L) larvae. Aquaculture 118, 257~275.

Rho, S. and C. K. Pyen, 1986. Mass fry production of rock cod,
Epinephelus fario and flat fish, Paralichthys olivaceus. Rept.
Aquacult. Lab. Coll. Mar. Sci. Technol. Cheju Univ. 3, 20~37 (in

- 140 -



Korean).

Shinhata, T. and Y. Shima, 1980. Seed production of Siganus
fuscescens. Saibai Gyogyo Gijutsu Kaihatsu Kenkyu 9, 75~80.

Shirota, A., 1970. Studies on the mouth size of fish larvae. Bull. Jpn.
Soc. Sci. Fish. 36, 353~368 (in Japanese).

Snell, T. and K. Carrillo, 1984. Body size variation among strains of the
rotifer Brachionus plicatilis. Aquaculture 37, 359~367.

Soh, C. L. and T. J. Lam, 1973. Induced breeding and early development
of the rabbitfish, Siganus oramin (Scheider). Proc. Symp. Biol
Res. Nat. Dev, 49~56.

Tandler, A., M. Harel, M. Wilks, A. Levinson, L. Brickell, S. Christie,
E. Avital and Y. Barr, 1989. Effects of environmental temperature
on survival, growth and population structure in the mass rearing
of the gilthead seabream, Sparus aurata. Aquaculture 78, 277~284.

Tsukashima, Y., N. Yoshida, C. Kitajima, S. Matsumura and C. L.
Besch, 1983. Mass-rearing of the fry of Japanese whiting, Sillago
Jjaponica initially fed with smaller size rotifer, Brachionus plicatilis
filtered with a fine mesh net. Suisan Zoshoku 30, 202~210.

Wallace, R. A. and K. Selman, 1981, Cellular and dynamic aspects of
oocyte growth in teleosts. Am. Zool. 21, 325~343.

Watanabe, T. and V. Kiron, 1994. Prospects in larval fish dietetics.
Aquaculture 124, 223~251.

Westernhagen, H. V. and H. Rosenthal, 1975. Rearing and spawning
siganids in a closed sea water system. Helgol. Wiss.

Meeresunters 27, 1~18.

- 141 -



Yang, S. G, J. M. Lee, J. H Lee, K. M. Kim and C. M. An, 1997
Reproductive cycle of red horsehead, Branchiostegus japonicus.
Bull. Nat’l. Fish. Res. Dev. Inst. Korea 53, 73~79 (in Korean).

Yong, P. S. and C. E. Duenas, 1993. Salinity tolerance of fertilized eggs
and yolk-sac larvae of the rabbitfish Siganus guttatus (Bloch).
Aquaculture 112, 363 ~377.

Zohar, Y. and H. Gordin, 1979. Spawning Kkinetics in the gilthead
sea-bream, Sparus aurata L. after low doses of human chorionic
gonadotropin. J. Fish Biol. 15, 665~670.

mH - - BRI - REE— - EEERE - FEK, 1984, B ARE KA KE
. R AREBHRE, pp. 231

- 142 -



At 2

d

GEe ALY 5 ASE 4e FAFNL, o] EFo] FAH/AA o
A A AZYT §718 F4 x4 BEWA Adow PAE =7
o, mhmy FoT =29 AAE w2 glFAm FHA tEel FA T
e med, AR 15, J9E N4y, AR 15dH JAF B4
97 e BAE =Yt 23 ' B 2A0E AAE oA @
04 B w4y, R4 3bdd A4
oz FAEPUD. A0 wd WE AZe NYH BED Aol @
& 4 oo =34 weyd de BAE =gt 283 AAY
HE@ AT A Heden = BRE 21 BUlel AV i
WET A5de GAe) o =EL 29U

Ao e Au&A FYL & & Y= vielsed FAD A7 F A
td 8719 AEE FA FYFNATL A9V B, 28 43
F& Y, JFE Y, 28 F2EY FAFFLERAER ol
49 AAdA ANeE PAE =PUT,

A 2e AYY FE A S BAS oA AFS) AL
A2 g ol271A AR B4 T FATSAFEAYL F4T <
FAN, A48 ATAbd, 23W AFAES BAsd, 434, 494
d, Msud, edd, 2589, AATY, A449A 248 =dUd
o EE FAsHEd oJrlE FUsY BE Ege F4 A6y ¥E

=
oA Y, o7|¢ WFH, $F

e

FAZAA #AAE =93, F ZYE A Pk Y BUFA G
FTAITLE HAE AFAEH ESFS ABE AP, ABRENY =4
& T AHFUAIEY ol 87154 17 EFAREA FAE =@YT A
Ha 275 Adgsted B2 AE Beld AFddn T4 24

- 143 -



44U, 2AUSE FaAdA 24 Sdyd 97 245 Be 597
$1% ® B AEE 43U 2N S23, B A9 A9
% AEAY £48 F A9, U TS WE ol FFIAYA
FuEoA At hes ARUT obgE wES TR 24 AAY
FUQTE 205 SAUAE GAE =PUT.

oW AZE WA with AY Bl HA8A 2T, @ 42 WA
F UEE wAZA RutE A & FA 2Rde e 2 el HY
oW U 29T AAG 9% AuE pAoz EE@ FAA o
o A 2¥d, AeuY, d UARA Aed ol FAE =@y,
wo] A Fze v FAUe cgsdsy cuw TL 44T A
e & B AAte F ARHE b Saolsh AW WY “ob Pu)
A8"E oAE AEE WelE APTol Wael, A Aol E shtel
Yo el oIk of 7We A P,

- 144 -



	표제면
	목차
	영문초록(ABSTRACT)
	I. 서론
	II. 재료 및 방법
	1. 실험재료
	2. 방법
	1) 생식주기
	2) »ê¶õ À¯µµ ¹× ÃÊ±â»ýÈ°»ç
	3) 종묘생산
	4) 양성
	5) 통계처리


	III. 결과
	1. 생식주기
	1) 생식소의 구조와 형태
	2) GSI와 HSI의 월변화
	3) 생식세포의 형성과정
	4) 포란수
	5) 생식주기

	2. »ê¶õ À¯µµ ¹× ÃÊ±â »ýÈ°»ç
	1) 어미의 사육 생태
	2) HCG Ã³¸®¿¡ ÀÇÇÑ ¹è¶õÀ¯µµ
	3) 실내에서의 자연산란
	4) 난발생과 부화
	5) 자치어의 형태발달과 성장단계

	3. 종묘생산
	1) 수정란 및 자어의 염분내성
	2) 최초 먹이 공급시기의 결정
	3) 자치어의 성장과 생존율
	4) Rotifer와 Artemia nauplii의 섭식
	5) 대량 종묘생산

	4. 양성
	1) »çÀ°È¯°æ
	2) 월별 성장과 생존율


	IV. 고찰
	V. 요약
	VI. 참고문헌
	감사의 글

