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ABSTRACT

To know the possibility of artificial control in sex and reproductive cycle of
the black seabream, Acanthopagrus schlegeli, the effects of water temperature
and photoperiod on the gonadal development and plasma level of sex steroid
have been investigated with the first- (6 to 17 months old), second- (18 to 29
months old), and third-year (30 to 41 months old) classes of the black
seabream. In addition, sex reversal has been attempted by oral administration

of estradiol-17 4 (E2) and then plasma level of sex steroid were examined.

Sex phenomenon and sex reversal

The lowest GSI (gonadosomatic index) values for all three year classes were
recorded in November, and then a peak was reached in May, whereas highest
values of both hepatosomatic index (HSI) and condition factor (CF) occurred in
November and low values of both were maintained from May to October.

The proportions of ovarian area in the gonads of the first~, second-, and
third-year class of the black seabream were 0.1, 12.2, 27.4% in November and
2.3, 3.6, 39.6% in May when the highest GSI were detected, and relatively high
values (384, 32.1, and 45.3%) were maintained from October when the low GSI
were detected.

Plasma E; levels in the gonads of the first-, second~, and third-year class
of the black seabream were 10, 10, 100 pg/m¢ in both November and May, and
80, 10, 100 pg/m¢ from September to October. Plasma T levels in the first-,
second-, and third-year class of black seabream were 15 100, 201 pg/m{ in
November, 15, 300, 200 pg/mé in May, and 115, 100, 10 pg/m¢ from September to
October.

From the histological features, the chronological order of sex reversal in black
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seabream was young hermaphroditic gonad, young male gonad, hermaphrodite,
adult male gonad, hermaphrodite, and adult female gonad. Hermaphroditic
gonads were observed in 10~17 em TL (total length) from the first-year, in
18—-22 cm TL from second-year, in 20~35 ¢cm TL from third-year class of

black seabream.

Sex reversal by hormone treatment

To know the effect of hormone treatment on sex reversal, the black
seabream were treated by oral admunistration of E, in dose of 2 ppm/kg diet
density to the first~, second-, and third-year classes of the black seabream
from November, 1998 to October, 1999.

The lowest GSI values for all three year classes were recorded in November,
and then peaks in both second- and third-year class were reached in May, but
GSI value for the first-year class was significantly low (p <0.05) in May and
then increased from September to October.

The highest values of both HSI and condition factor CF occurred in
November and relatively low values of both were maintained from May to
September.

The proportions of ovarian area in the gonad of the first-, second-, and
third-year class of black seabream were 0.1, 12.2, 27.4% in November and 2.5,
3.6, 53.4% in May when the highest GSI were detected, and relatively high
values (914, 849, and 808%) were maintained from October when the low GSI
were detected.

Plasma E; levels in the gonads of the first-, second-, and third-year class
of black seabream were 10, 10, 100 pg/m¢ in November, and 10, 10, 1,115 pg/mé
in May, and 430, 10, 950 pg/m¢ from September to October. Plasma T levels in
the first-, second-, and third-year class of black seabream were 10, 100, 200

pg/md in November, 5 200, 100 pg/mé in May, and 40, 200, 10 pg/mf from



September to October.

Reproductive cycle

The reproductive cycle of black seabream could be divided into the following
successive stages: growing stage (February~March), mature stage (March—~
April), ripe and spawning stage (May~ June), degenerative and resting stage
(July ~ January).

In growing stage, the GSI value increased and E, and T levels in plasma
also increased to 1,000~1,400 pg/m¢ and 700 pg/mf, respectively. Qocytes of the
perinucleous stage were observed in ovarian area, whereas spermatocyte and
spermatid in testicular area were actively differentiated.

In mature stage (March~April), the GSI value increased rapidly and T level
also elevated to 1,000 pg/m¢, whereas E, levels decreased rapidly to 100 pg/ml.
Ovarian tissues of various developing stages were observed in ovarian area,
and spermatids and spermatozoa in testicular area formed cysts.

In ripe and spawning stage (May ~ June), GSI values were high in May and
low in June. Both E, and T levels remained stable at 100 pg/m{. Mature
oocytes were filled in the female gonad and spermatozoa occupled with in vas
deferens of male.

In regressing and resting stage (July~January), GSI values were maintained
low. Primary oocyte mainly occupied in ovarian area, and testicular area was

still filled with spermatocytes and spermatids.

The control of reproductive cycle by water temperature and
photoperiod.

To know the effects of water temperature and photoperiod on the
reproductive cycle of black seabream, 240 fish were reared in 4 culture tanks

by controlling water temperature and photoperiod, and monthly changes of GSI,
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HSIL, CF, and E; and T level were monitored during the experimental period.
The results were as follows:

GSI values obtained from the experiment 1, I, I, and the control were 0.39
in all in September and then those from experiment I, I, and the control,
were at 12.6, 9.8, 12.1 respectively in May. GSI values from the experiment II,
however, reached a maximum value of 12.01 in April and then decreased to O.
3~0.5 till August.

HSI values reached the maximum values of 3.24 (experiment @) and 2.31
(the control) in November, 3.31 (experiment I) and 3.48 (experiment ) in
December, and then decreased to 1.0~1.5 (all experimental groups) in August.
As the highest HSI values observed from all experimental groups were revealed
5~6 months earlier than highest GSI values, HSI and GSI seemed to have a
counter relationship.

CF values reached the maximum values of 19.28, 20.73, 19.15 (experiment II,
I, and the control) in November, 19.18 (experiment [), and then decreased to
17~18 (all experimental groups) in August.

From the experiment II in which water temperature and photoperiod were
simultaneously controlled, the first spawning started at 192th day (Apnl 6, 1999)
after the beginning of experiment, and 1t was 37 days earlier than from the
control. The conditions induced spawning were 14/10 (L/D) of photoperiod and
16.2C of water temperature, and the ratio of female to male among 46 mature
fish was 1 to 1.6.

Among total 2,625000 eggs, the number of flouting eggs was 2,124,000 and
flouting, fertihzation, and hatching rate were 80.9+225, 90.1£0.3, 74.3*12.3%,
respectively. Mean egg diameter and oil droplet diameter was 0.84x0.02 mm,
0.21£0.01 mm respectively and the eggs became smaller while the spawning

was in process and then got bigger in the late spawning season.
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A E, Acanthopagrus schiegelis Ev| 3o &3l AUA AF2A S-ve}
A dE], 48 Edlol® old, B3, FF I BEsL, 4 50 m o] wf
o ZF7 e Zddoly daxAde F2 MAsH, & o]Fe] fH. 9
L ISR 4~5d 4R ¢ 72 BYHY 5~6¥Y ABEE ofFort
(Chyung, 1990).

ARES WA FEIENA Az A7 Q1S 83 o} sto] Fol 3z,
7ol T 1ENFLE g w3 gloy, Hd Af{ELR 4y ojfHa 3
o oy, 39S A ndHn e AFeE ¢ Y FFeE oY AR
B FEET U FAFE 27 dF FRAMN] o] FoiA A gro} @d 2
2 JbedtA gk Faijte] hFEEE FALE FHe] Hi

AAEE 2T FESA FRAAL 7l@fEe]l AlxE o] 1990dw FRER-E
waitat Mafietol A TR Aol o] FojA I oyt #AES] FHS ALH
A7)k HF ofgFo] Holgle AAoH,

eyl FAAEA dE A7e FHEF FrRAMNC A d7(Lee and
Rho, 1987), AACEA}FA ] ¢ Z8F S #F A7 (Lee and Rho,
1988, Lee et al, 1988), =9 AEste] B JdF(Lee et al, 1994) 5& #o}
2 7 At FAAd e dAN A AEAHA F4 A S 95t TR ANVE
AQ A7 dFZ "aAol YHHUA oAFY HYEAAdE AT AFL
B2 A7 93td FJEHo| goh 1F £ FFV) MR ojF9 AT
718 2337 98 Q7T #FHE, Pagrus mgor (Kim and Kim, 1990), 93,
Faralichthys olivaceus (Kim and Hur, 1991), €%, Oplegnathus fasciatus (Jeong
et al, 1998) Fo] gov, dlMFoa: e Sebastes inermis (Ko et al.,
1998)ell #g AF7t ok s wE Z229 &4 W g 7= 3



7}A4v], Verasper variegatus (Kim, 1996), &3 ¥, Sebastes schlegeli (Baik,
1993; Kang et al, 1998)elA e} & 4 glovh, A5 oFAd #FA4E A
AN g7 2437, JASHE, BAF7d w2 JrdHBol=s2Ee @A #
3 A7 uu g Aol

FY AL A4 408 ¥i BY AYY S FAH SHe2 Yr
o] Z+z Mald A (physiological sex)3 #4 4(genetic sex)2& F&& F
Ack, A2 e 2gAAge] SAAT Y HulHe JarHBo=sEEe A4
& Wol AFTH #AFE AAM AUz, FEEFH 4 AR TEHe A9
etk 183, AN AL A 2% Ao FAHA AAHE AL £4
ojct, o] Tl HL ol Fo AAARE AR EA%E JoBH, 1 A
B2 ZAgolA oFe #HA Ad AYH Ao dANA ¥& F$E ¥,
AEEA AFS FHH AL T AelH Awto] W B4 8 wIth

ATolfFo AEIE 722 3o AL AR AAFA A4 Az
olEzEES FoE gl ofFo dYHd A F2¥ 4 o, &
Boll ogt JAFA S22 g WAFe UEAH, T2E ¥& ALd, H

2AZA 2 MR Fol F8AHI 9 vH(Yamamoto, 1969, Hunter and

t

l

Donaldson, 1983; Pandian and Sheela, 1995).

AAFS &8 A7le F8 ¥ 250Yd AFe] A4 95 cm A A AAAY
A& olF= AAAHIL dEstAM AHhUd HiFel FRE FA AAE
& ANYPAE a28n ARAMETH AAET] YEtY th(Lee et al, 1994).
wetx, o] Al7]d Z2EE Aude AL FEsE Po] Bo| ol&HT
A,

HAAE AT Adxzd A4ste 2d7F A48 AE A5 28 AF
(Robertson and Coat, 1974)%} Il A AAdM=sF9 w7 F(Lee et al, 1992),
5289, Epinephelus septemfasciatus (Lee et al, 1996), &4v}&], Epinephelus
akaara (Hwang et al, 1998) To] e} gAMsF AAZ #F A+&



Fotw 7] YET}

Yamamoto (1953)7} 4:A}8], Oryzias latipes® WAL 2 AAZ #§ A9
ATATHE AHF o|F JFE A2 & AHY dTRurt §o] o]FefA 1
9l3 (Clemens and Inslee, 1968; Jalabert et al., 1974, Yamazaki, 1976; Goetz et
al, 1979 Donaldson and Hunter, 1982; Tanaka, 1988), @A ol F¢ AAlo] 7]
& Ao, o], PX FoAA AAF &0 A5 DA ojl2m Ut

A-gol Aol o] AAole MATAY FAAN B2 2AEHIT dojute A
71 FEI} JHZolEs2EE ARAF, AV AGse A w2} sHgs
25 ot AEEAHY Aol BT AT ofA wn G AAo|tt

A, AHE FEEYHS I2EE ALY A2 Ao AAY IS5 Fo
&+ Wy (implantation method)¥ ZTE2E-E& AR AN ATFAsE @€
(feeding method) = Al&Fo] T2EE HAste AHgste ¥y (immersion
method) Fol %t
Yamamoto (1969)= FAE]E o] 88 TRAA 4oz JHAP oy A4y
5229 FEAFTEE AMZEZY FHYINY GDso (HAHEOESEE AP
50%7t ¢ReR AR "ol 1 gFe 328 vE)E A vustn Ao
Ao, Fo]FoME F=2 estradiol-178 (E, 7F A&s3 o}, Ao AFE
T A 432 FAe Aol JiA FoE AHTE AT oFe] BAW, A4
ghe] ZAg-oll= AolMAl Fol AYETEEE AEsidz 297 gl B9 gl
53 35 d@ F5Ud AHAHE stn 2 Fell vnA & FER Z2
BE BT F49% a7t ok o] AR 30 A QRS dAF 2 A7
el 27F e Ae @AEa A SAEe Ay 28 A A7 Eo
E AR@EE A vEtdAT FAH $3¢ ¢ e A APdTEE
o] AEAZIE MEA A God ¢AY

olFe A, Wiz ZeEln A2 AAYEHA Ao std 2AHAY, o]
Y As2dE FRESE AL FE 74 8A4 gEFH Y, o|FAME s&3



FF7)e) o3 Geo] Avta UelA glvi(de Viaming, 1972a, b, 1975, Asahina
and Hanyu, 1984). Z&ju}, Ao B4 & fedte L9 357 &P £F
Ao A3 glon, Fo we 2 WU Z47) dE2A GEuL Ao (Hunter
and donaldson, 1983; Kim and Hur, 1991). 44 EAME A% A 72
3 BFE79 2A0] BolstA Jee & dor HAFEY AN s 22
< Wile VzAez 8% & 3

AAF7Ng A5 2E ARG dF AFE Ao F(Scott et al, 1980), &
o, Carassius auratus (Kobayashi et al., 1986), white sucker (Scott et al.,, 1984),
W 7], Heteropneustes fossilis (Lamba et al, 1983)% %< w09 7habu] {9
QE  Pleuronectes platessa (Wingfield and Grimm, 1977), #73o|F2 4%,
Pomatomus saltator, 25 F 9 YUF, Scomberomorus cavalla (MacGregor et
al., 1981), %9, Mugil cephalus (Dindo and MacGregor, 1981)& XE 33 &4to]
FolA A&7t ALHRolEda e WHIE Rudgny. a8y, A4F)
Z EQE & AsFAA dE doHBol=s2 29 &4 Hlae Yo A8
=2 AAolt} Yeung and Chan (19873, b)) 2AAHEZEa AAAH5F0 4
ANFE B 44 d& HHEA N Y androstenedione, testosterone (T), E,
9] W3 e Haustyoh

H ZAEY Aol Adstd oz AR 87t U Jden, FR
9] FAE FAHR FY&r] HHMe FA FAVS AgHoR A" 5
d4, AtdAlo 78y Fasty ey, Ve ZF Mgy £ =7
i o] AR H4 7|he] FHS 7 2PAA FAFE] AA AR (G~6¥9)e
FAEE FEIe A Ao A FA #E& HALEC] EAMNEIT AT F
& 7] & FEF A % AFAY] 2H2 x| FABE FEE
Ao AikE 27]FHE AAF2e] 4% Jtsd 24 =e@® o Sid 7
FEE A AR AENE A S B ol A AELE
FAAE & Q.
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o] AFE SAMSFY #AFY =VFREAMNENLE Hstd 1AHe=2
AAdeol N JEAYL JAFE FHINL, 234H oz FPYNLE M AR
(6~17/19%, 18~29709%, 30~41/1¥%) A¥AE dFoz E, & Aelstd &
ALE AAT FEE YA 3AdNE AddAY A AT A5, A
AAEY gAY, dadl dARA, AAFENE G n, M £
BF7) 5 YR Aold AY AAFIIE A old WE YA W
3, ANLxe G2y, 7 22 g AadRonsage Wi, @A)
2 Ab@ekel W3l §& FAsigoH, Atdd oo dAHILE std AT

& RAE FAE R ¢4 2 £773 5& A



m. As 2 9y

1. 48A=

MM ZAE Mo AT QAP ZAbe AR DA EFLS FEHPAA
FY ALFAZTEANGFAA ALEFA FAb o FF 1de] (1998d4l), 2¥9
(1997'd4h), 3de] (1996¥4H2 A, 1, 2, 3do] Zzt 120ute] & 1dele 1 E, 2, 3
Jdel= 3 B FRP 98420 2 £2% dolE 2 /4o 14/min 2 371349
=8 F43dtH(Table 1).

Table 1. Body measurement with the first-, second-, third-year class of the

black seabream, A. schlegeli

Total length (cm) Body weight (g) Number of
Year Range Mean(£SD) Range Mean(£SD) Sample
1 10.5~20.2 143807 23.5~1215 417473 120
2 144~24.2 19.891+1.6 55.2~2795 1354%12.2 120
3 234~315 27.25+24 182.5~640.6 3585x15.6 120

HAHROES2E X288 AH AHAH =& sty 19 ~3do7A
A A#Ere viro] AEIAC 199834 A F6~17/1493) 1200 (A
A 105~202 cm), 199734F 24 B(18~29/0 9 %) 120v+2) (B4 144~242 cm),
199634 #HAB(30~41/09H) 607t} (Mg 234~3L5 cm)& <&yt & 4¥
7o ARE71ZHE 19989 119 ~1999W 10¥ (12 )7HR] BF TYE Al7)e HA|
st th



HAMFI| =AE 8o

AAAE FHRRE A ) %

TAEE

QAN 3 E FRP WA5z0] ZHE 1, 240, 3deE 20 E fadE 4
gaze 2tz 1209t24 +45d AgSRN TAAL Y 10vteL 353
4 499 AHgach

+en ZF7 =8 Mo

Agel A8E FHEL TIPVUEY AF
L

FAFEAI YA A 19950 5UFE 19989 8¥74A 30 E(HTF 22 ) 9¥

agesx 240 242 230nkaAH B st A

5%

2 460vkl St o1

23

 225~331 cm(H 264 cm), HF 1905~6102 g(HF 3267 @< 3~434

oju] 240mtE] & 4 AP T 60vtely HEad 7 & 99 FAYE F

#F 5&) 474 &3l H(Table 2).

£ (TEF

Table 2. Monthly changes in mean total length, mean body weight and their

ranges of the cultured black seabream during the experimental period

Total length (cm) Body weight (g) Number
Date Range Mean(£SD) Range Mean(+SD) of sample
Sep. 1998. 22.5~33.1 26.38+12 190.5~610.56 326.71x56 40
Oct. 24.1~30.5 27.89%67 215.2~449 5 360.45+ 25 40
Nov. 241~315 27.25+33 282.5~560.6 398.52+17 40
Dec. 235~31.2 2737t 14 245.1~5H95.6 365.59x32 40
Jan. 1999,  23.5~32.0 27.46+35 210.5~730.4 358.34+£19 40
Feb, 23.5~35.0 27.97+83 208.5~581.2 401.96+78 40
Mar. 24.2~33.5 28.16+06 251.31~786.3 416.95X+65 40
Apr. 24.5~33.4 28.34+21 287.95~799.5 42312104 40
May 25.6~35.0 28.42+£272 301.11~755.5 414,53+ 31 40
Jun. 26.5~31.8 28.63+43 264.65~589.9 402.64x35 40
Jul. 24.5~32.3 28.91+49 248.7~512.2 405.17 106 40
Aug. 25.8~34.5 29.35+18 312.8~675.33 474.33x£22 40




2. A3y

D384 448

ASZH AEAT AR ZAE AT A¥eld ASPEE 1delE 1§, 2,
3deli 3 & sxel 47 1200h 4 F§8tel Agsianh ARE MTARS 4
AZESAYDE 1:39) &2 £ AEE 21 10049 FIstn Y
of 4HzAA AW H&E AASFAT ALV (S, WF, pH, 2E)E 1Y
24 1049 FASAT ASFLe UEF 10T ol 94 HES @A
AR Ago 2 e A¥UnE £ 06~27.8TC, BF(51D> 1.018
6~1.0253 HH Ao},

YAX| 5o =H3H Al BY2 Ada A 4HAGE A8 Astq] A
2] & % %2 9~ (gonadosomatic index’ GSDE A A2ZFFEX100/ANF o8, HEEA
F+(hepatosomatic index: HSDi= UF#HX100/AF .2, B]9E(condition factor:
CPR)e AFx100/473° & Ao 3t Arkatet,

AAA e 2Abe wiE 20del & AFTER 10vEY Ao E AF s
AFE 01 em, AT, WA, 2 R A2 FAE 01 g E87HA AU 4
H gHae] 22 HEE A7) At AA2Y FGFHE NG F
Bouin & AT A4 =9 FFA2 P i) & FYRES AN
&te] mEye] AAIIR 5~7 m FARZ AEAd, 2HHNWL haematoxyhnd}
eosin® 2 o]F FAHG. AT waEwhA = Htun-Han (19783, b)9) ol
s 2 AlRY A4L FEHRANN ALoxAd dAzH HES U F

g7)8tl A A4ERATH(V-12A, Nicon).

HulZA AJUEML Lee et al. (1999)9] WRol wel 4o z5F F 4L



9] AR AR N WE&E WERYGTIsN FE F, O HEE 6SAR
ok o - A4 vl go] 0~10:90~1002 stage I, 10~30: 70~90< stage
O, 30~50:50~70& stage I, 50~70:30~502 stage IV, 70~90:10~30<
stage V, 90~100% : 0~10%% stage VISR TJTE&UTH ol & A7}
70% o4& AAEE B2 - +E WIS 0~-70% ¥ AFTAL B
i 8} F oH(Table 3).

Table 3. Proportions (%) of either ovanan area or testis area in gonad of

black seabream, A. schlegeli

Stage Ovary (%) Testis (%)
[ 0~10 90~-100
il 10~30 70~90
m 30~50 50~70
v 50~70 30-50
A 70~90 1030
Vi 90~100 0-10

2) 32E A o9 JAE

HHE RE HAE FE2 A8he] 4¥TE AT Urol 1dolE 1 B, 2,
3dol: 38 FRP 98420 S48t $2E(E,)S F75 a3tk & 4T
& B, & 2 pom FEE FTEA #9ch 4 A% dETE YL 2
ppm FEZ ATEA A AF4E AA4E A5Hoz FUHUA 453
10T o387t Ax) 4% sty

boh

2eH2l s28&Hee Guerrero (1975)7F AHEd dEFRHoz 3ttt

2iid

HAREEA ] 29 420%, A% 50% o4, ZAHH 35% °ldh, 23& 17.0% °]



3l, Zd 16% o4, ¢ 1.8% ol&tel WA FAAEA E, & H7bedch AR
o) E; (2 mg E; /kg diet) & FLF PY F 1AL ¢ =dho] L8 AXAA
WAREsD, Algfde] RS wd oAF 1% Wz dAFE FEIH
(Table. 4). A#o] sampler|o] 7H¥-& AW FAE HAP 27 €L
£ AlRe] F9H A F A2AA YRREsy FFAG. ASRA(FL, ¥ F,
pH, £E)& 24 107 A3,

ZEHH A U MAHRBOESTE2E B4 AH2HZoEmi2E ANRE
ZAE7) 98 g 20del AEFER 10vEle] ARE ANHEGS MS-2222 w)
#3t3 heparin M@ FAZIZ A FaFHoZ FE P4 B2 F YF 44
28 71& o] &3t 10,000XGllA 1087 d4Zdct 288 ¥A-E hormone
FE &R0 AHEE A7bA -70Te APk 2AFEL DFH 5L8A A
o},

Table 4. Amount of estradiol-178 fed to the black seabream, A. schlegeli

during the experiment

Age Range (months) Date (months) Kinds Treatment‘
(mg E, /kg diet)

1 6~17 Nov. 1998~Oct. 1999 estradial-178 2
Control 6~17 Nov. 1998~Qct. 1999  ethyl alcohol 2

2 18~29 Nov. 1998~Oct. 1999 estradial-178 2
Control 18~29 Nov. 1998~Oct. 1999  ethyl alcohol 2

3 30~41 Nov. 1998~QOct. 1999 estradial-178 2
Control 30~41 Nov. 1998~Oct. 1999  ethyl alcohol 2

_10_



g EAsle 2uRel=9] &L Ueda et al. (19859 Rjel whgtct,

&2 A7 250 woll 2 M9 hexane ¥ ethyl ether® A7stxn 287+ 7Z31A
Aeeka, oA 1023 WAt £F5% etherd S wT & -70CH ¥&F7
oA 1083 ¢5% AN 2 4FAE AP &A o 23 wHEF X
APBY ethers YHEH7IE o] &3te] A3 FLAZY AD AAE A3
ZvE 50% methanol 04 méol 0|3l hexane 2 mE HA7ste] Z3hA F3n
A Ao] =ol9lE hexane &2 pasteur pipeto 2 AAZHATE AH| Ro|x=7} Ho}
€ methanol F2 HFEH7IE ol &3ld FEAIIL 429 FEE 1 w9
0.1% gel~PBS buffer (pH 75)& Yo Z8tA nwtdte 2gRo|=g =t} o]
o d& Mg @AWY S 4 Y (radioimmunoassay, RIA)e] 9&te] AFE w7}
Al -20C R#@aHt

~H2o]= RIAS 4wy #HAH 2 Aida et al. (1984)¢] ¥yl wsiod, 24
EolE £A& HAstY -20TM BEEFTY A8 2dZo= $EE 003 ng/m
7HA 8EAR TE 2ElRC=E 24 A F A8 2HZol= 747 200
ol *H 2 WALEAE AHZo =g Z42) 100 w0 (¢F 10000 cpm)d W& o
84 A (Bo/T: 30~50%)& 200 w4 93 HIAA 4T dtellM 1247 T vt
SAA Y FA ) 298 K8 23] A8 DCCE 250 wH A7}l
of Jestal 4Tl 158 WX T F 4TolA 2000XGE 1583 dAEY 84
o 2P 4E5Y 500 wE SR AFRLE HA 97l 3 mel scintillation
cocktal (Hisafe, Wallac)& $o] £ F 247 Ft WA 52420 g
scintillation counter (Wallac, Model 1409, counting efficiency: 53%)¢] 2} 3}
duplication®.2 127} counting 3+$3c}.

4% steroid BF 222 SigmaAlg AMEE93, HALER steroid2E 2-'H
-estradiol-17 8, 1,2,6,7-H-testosterones Al€-3t¢ch E, &4+ =g~ INRAY
A Azpste] waRtE Y AE, T A Sigmadl & AHE o}
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Mul2Y  HE2Z s o 4N FE FHE 2] ot AN 4o
A FRYREY YUUS VEFEAINE olgs) DA £IF wPon AHuE
e

SAXNE A8 BN 2T E, AT Ale) HiHRENEIERE FR9
GSI®] Hezkel #9142 Duncan’'s multiple range test (Duncan, 1955)2 +3&}31
AuE X-testS o) &3] HAsA)

3) A4 F7]

MEEH AMGE Hole WPAIERS AAR(YFHBNE 1:39 H&2 &
¥ FAEE d AAFY 1% WAZ FFd 1 AT AL 20%E ¥
TRY AFZA(FE, HFH)S Y A 1049 SR U ARUNNF £
9.6~2587, H)F(§15)< 1.0186~1 0253 9 A} (Fig. 1).

O

ZHEH AL APo)E dHEE 1G0T AASESHEA wiY 109 AP e o
AAZA = AN2FF 2 AFHE AN, A s AIEHI) Y&
AN 2E A/le F Bouin &9 ARG 2AFFL DI FIF PHe=
&t v

HAZAL dAZAE 428 10% formalnd] AT F 1 cm FAR PA
Dol A daFG7RA] Herdte dAF A2 Gilson £ 9(Love and Westphal, 1981)4]
Wol Az dEsd FHFT F AREuA R EAH 5

4) 23 FF7)d g7 AHF7] =4
MEZEA A2 45T 10T o7t HA §EE 9 ASAago

- 12 -



26 1.026
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L 11024 o
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= —aA— Natural temp. 1 1.023 E
é 18 1 Rearing temp ]
16 11022 &
E O
14 X {1.021 2
o 4oL O
= 11.020 W
é 10 7]

sl 1 1.019

6 1 1 1 L L 1 1 i i 1 1 i 1.018

S ONDJFMAMUJ J A
1998 1999

MONTH

Fig 1. Monthly variation in water temperature and specific
gravity measured in rearing tanks for black seabream

during the experimental period.
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Z 2489 HFig 2, 3). AHRE MEAE} PAB(YFHACNE 1:39 H&=
EFY FARE 23 10A%0] dFAAe dAE & Fao ofjd dAFE

Fatdo, ARTF 1 AT A_Fe 20%E Frstin Uhde) 134 AN
3= Ado] AERAA A AY H2E AAFIATG AFEA(FL, 132 i
27 1049 &R 3}AH.

23 FF7 =3 A¥L 19989 99 23U RE A Fdch AFEred 4
AN Y et FF7)e APF 1 AA89010~24C) + FF7] 24, 4

I: P285(14T~24C) + BF7) 24, A¥T I FL2854(14T~24C) +
A FFE7], WETF ALAF=(10~24T) + AQD FF72 23} HHTable 5).
FF7) 24 AdxdRv 209 wEA i FRRITEL Bdy H
heat pump& o]&3td HEF I, ML 14CY A2z A3y 4971 ¥
HzTFE Ad4E A3z FYsdHFig. 4.

Table 5. Water temperature and photoperiod controlled for this experiment

Exp. | Exp. 1l Exp. 1l Control

Water Natural >14C >14C Natural
Temperature

Day Length 2 Months early 2 Months early Natural Natural

Fzd e HEgeE 9o 444 A28 29 ¥9 &9 AN E
A g JR2 RE 9E Adgs F Ao 77k F(300W)H 24417 Elol
o(10% H7)E AHASte o4 Ao A FFr|RT 249 AdFY AR
HAHog L/DE 1998 99 12: 12014 1149 27Y¢) 105: 1352 ©#A AT
3 F, oA o3 of 1087 FYAEd 290 12: 128 =438 1999d 3499

“14_



/Q REMARK A MANIFIED PLANE FIGURE

_gI_

[P

HF | HF HEATING DISK FILTERING SEDIMENTAL TANK
TANK TANK

~ h \ = SUTFIOW

RT
LARGE TANK

\__ (50005000 j

SMALL TANK
(R=3,000)

Fig. 2. Diagram of the rearing system for the control of water temperature and photoperiod. CW: control of
water temperature, HP: heat pump, CP: control photoperiod, B: boiler, RT: rearing tank, EV: egg

gathering vessle.
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C@U%T|ON —» NATURAL S—EA WATER
!

INFLOW i DISK FILTERING TANK *

- ] [I

L | 4

HEATING
TANK
SEDIMENTA[TION TANK

OUTFLOW <—I outTFLow <+ =ouTFlow «—= |—

Fig. 3. Diagram showing the experimental installation for the test of nitrification in the rotating biological

contactor RBC system.
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Fig. 4. Changes of water temperature in four experimental

groups (experiment I, I, I and control).
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14:1022 ZAsHHFig. 5). FU) 4T FEREE $2 FYo] 100 lux, 7}
2227 80 lux F=F stEch

S22 &4 g 204 4 AEFoA 10vEy 9 o FeA AHFT F QAR
g st¥th 29¥ 8342 hormone F% &Ad AFLE w7tz -70TCo 2#3
o AAHZEZ 2R BN )4 4% Bz sy

2 3 Add BAEE JAdxd HAE AH AER(FE 05 mm HUYE,
A4 70x70X70 cm)Holl Eol=F stk €49 FHL oA AR R,
THE 4L 23 AdY FARFE AFSdAc FAEL FATH W ¥
FaFe WMELE AdAdHRLH, FHEL 10049 PG F dgel AFPHL
Ae Y F2 A & Agre £FHeR &9 1 ocP 900/HE Faka
Ao

2 U4y AP FEL onE #F FF7] 2HEZ 2] ARE FRTY

SHETS A4HY ARG L R4 AT Aot DA A1EF BAE
FAYE 43 FF/1E 2 LY 09 T& o $3o
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Fig. 5. Changes of photoperiod in four experimental groups

(experiment I, I, I and control).
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1. 43433 448

D Ada g

1:401(6~ 17708 d) 1dole] Ada AFHe A= Fig. 6% F

130 ZAE A ZAYGHAN d2ZAR Aoz HHE Fig
7A, Boll uebich 11499 67085 FAFAAH AW Db 10709 44
A ZAF 27T BFHANUC 1499 FfERAN A4 dA2ZAL ZE )
AoA dEdHAn FAzA T =AM (Stage 1), 107 LH 7 2 o] Hw
A FAN AL FirREANA HARMNEFE, JHNEZE, ARFF dedad
A9 AagAde] AYPHAL(Fig. 7A). 117183 o] A 19999 499 FA4W
AREL X3 g vk A7) FJ 6EFHAINEH) G2 A F
7}et 3 aL(Stage M), 8HAS/HER)olE FAQA7], FHAY) dRAZEE THE33
}HFig. 7B).

2:0{(18~2970 € &) 2deoe] AR AT ¥ BAE Fig. 8% 2

2do] AE ALY 2AYDHAM dAEAS FLzH) HYHE Fig. 7C,
Dol vetwivh 11499 18744 BeA AL dAhxHL [0/4A AW 5
AAZ BEEHFJE 2000 dB AN Hr2x4S F 2HT G223 P By
RATHFig. 7C, Stage [). 21/ ¥& A A2 d4Z2H ALz g o A
Fat7l A Fgch A7) nEd FARES @A LEPu, 499 23749
Z15AA R AU 7€ B/HEERE LR ES HIsHD dARHE
w39 oH(Fig. 7D, Stage I).
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140 - N=120
BW = 0 0057 TL? 3949 (R?%= 0 9723) .
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100 +
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Fig. 6. Relationship between total length and body weight of
the first-year class of black seabream, A. schlegeli.
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Comparison of the transverse area occupied by the testicular and ovarian

tissue in the central part of the gonads from black seabream, A.
schlegeli.

A, B! lst-year class; C, D: 2nd-year class; E, F: 3rd-year class; A, C:
stage 1; B, E: stage IV, D: stage IIl; F: stage V. ov: ovarian part; ts!

testicular part; vd: vas deferens. Bars: 100 gm.
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Fig. 8. Relationship between total length and body weight of

the second-year class of black seabream, A. schlegeli.
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3O (30~417HHB) 3doe HAAR AT AL Fig 99 Z

3doel ZAE A4 ZAYPGUAN FaZzAR 22 Y€ Fig. TE,
Fol vebdch 11499 30/MEA0A A dARE 1078A19] A LdolA
107) 2% ##E AN (Stage O) . 299 33MLAAA dAFEAANA FEAET}
daEdn AR 22EUHFig. 7E, Stage IV). 389 34/MEANA di
299 AaRe F of A7) AT ABI)EA AL BE FLaxHS
ol #&e] HJoz FAF AFHPL, AAVY 54 Z1EHY A Ee 4A
o] HAch(Fig. 7F, Stage V). A&7 ¥l 642 H 847Ax A2l & -3
A9 v o] HxdtA EESAC

2) 44
FA ik BAES ASEHA GHEZ DA AR mE o FEWEE

Fig. 10, 11, 12¢} #t}.

1ol 1dole] Aol mE Ao EdRIEE Fig. 1034 &

A7 105~202 cm HHeA B EdNIEE A A 61.6%E TR, 342%
= AETA, 42%c 43 FHAT. A7 27E2 BE £33 &8 He

{

105~185 cm, A-&F5#4 9 28 HY+ 105~192 cm, 4R &8 W= 17
20.2 cm €4t}

2do 2dole] AAe wWE Ao EdANEE Fig. 113 2

A7 142~242 cm WA Hd €N E A 675% 3, 292%E
AEEA, 33%E ¢ AT AP AV|EE BY FR9 £¥ HAE
142~221 cm, A$EH9 28 99t 145~244 cm, ¢ 53 H&= 22
3~245 cm R}

3dol 3doje] A W Ao FANEE Fig 129 Zo
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Fig. 9. Relationship between total length and body weight of
the third-year class of black seabream, A. schlegeli.
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Fig 10. Composite figure showing the relationship between
sex composition and total length in the first-year

class of black seabream, A. schlegell

_26_.



]
o

-
0]
T

[ Hermaphrodite
Female
B Male

N=120

—_ - —_
] E Y (o))
T —TT

FREQUENCY (ind.)
S

14 16 18 20 22 24
TOTAL LENGTH (cm)

Fig. 11. Composite figure showing the relationship between
sexX coposition and total length in the second-year

class of black seabream, A. schlegell
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Fig 12 Composite figure showing the relationship between sex
composition and total length in the third-year class of

black seabream, A. schlegeli.
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A7 234315 cm HHNAM AE 2¥EEE A NAY 475%= FH, 383%
' ALEA, 142% AU A 2rE2 B £ 28 WE
235~30.4 cm, A&FH 23 HY= 235~302 cm, gAY FE HY= 26
5-31.1 cm $ith

3) A-gEH 8

1dole] AHaxdrMe e oYl AR oM d2ZHL & F
ey, AZ7] FA 7~10814~1718%)RE dade] LEHHEAN G447
GEAES B 7 AU 2d0ldAE AAF-YE B & AU 3de] T
B o) ddlMe A5E Ba7E JdRow ERgwoz Hodo] FFHAG 39
ole] B MAAME A&7 Fetel HhzAo] A9 g dadrh <AL 4
HAZ HolEHA AN R 753 ¢zl Bel 7ty AFstn g o
LNEAA A GEAENG EAYY.

HAEFL A BAfNe FARES XFEE ML HAEEAM Azt
b AAEE Y, AAPA 0] Bud HAidAE A5 FotE 4 Uitk
A Zt7he] 715 gde R G AR FE MR A
g 7R YN AEFA MAe A4 FA7) A 119~299 g8
o Wol 2d3AL, AT BEAE A FRA FUrh ZAHS MEFAA
2454 AT A] 4L 102~305 cmA T
AP710EY dEE] FRAM AXie Y BFET o] JH5e e
TAELE EAT 2y, A A571 5~69el= & & F @F Ao ud
gt WA A4 REL EFFHoR Gt

a2
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—
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Fig. 13. Monthly changes in GSI and HSI from the first-year
class of black seabrem cultured under hormone-treated
and natural condition. The triangles and circles

represent GSI and HSI, respectively.
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Monthly changes in GSI and HSI from the
second-year class of black seabream cultured under
hormone~treated and natural condition. The triangles

and circles represent GSI and HSI, respectively.
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Fig. 15. Monthly changes in GSI and HSI from the third-year
class of black seabream cultured under hormone-
treated and natural condition. The triangles and circles

represent GSI and HSI, respectively.
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Fig. 16. Monthly changes in condition factor from the first-,
second, third-year class of black seabream cultured under
hormone-treated and natural condition. The 1-T, 2-T,
3-T and 1-N, 2-N, 3-N represent hormone-treated and

natural condition, respectively.
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Fig. 17. Monthly changes in testosterone from the first-year
class of black seabream cultured under hormone-

treated and natural condition.
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Fig. 18. Monthly changes in esradiol-17 8 from the first-year
class of black seabream cultured under hormone-

treated and natural condition.

_38_



800
— —&— Control
E —O— Treatment
o 600 |
R
L
5
o 400 |
L
|_
w)
o
) 200t
L
|_

0 1 I 1

N D J FMAMUJ J A S 0
1998 1999 MONTH

Fig. 19. Monthly changes in testosterone from the second
year class of black seabream cultured under hormone

treated and natural condition.
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Fig. 20. Monthly changes in estradiol~-178 from the second
yvear class of black seabream cultured under hormone

treated and natural condition.
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Fig. 21. Monthly changes in testosterone from the third-year
class of black seabream cultured under hormone-

treated and natural condition.
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Fig. 22. Monthly changes in estradiol~174 from the third-year
class of black seabream cultured under hormone-treated

and natural condition.
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Fig. 23. Transverse sections of the gonad from the early first-year class of
black seabream, A. schlegeli.
A! control at 9 months; B’ treatment at 9 months; C' control at 13
months; D: treatment at 13 months. co: chromatin-nucleolus oocyte; po:
peri-nucleolus oocyte; sci spermatocyte; st: spermatid sz! spermatozoa.

Bars: 50 um,

_44_



REL 22 A7) GRAXG FHA7]) dREAEE] HA TEsy UANS
(Fig. 23C). Mg+ AALREL AN B2 AAEZ 754 Jor, 44
2o Fuly] dRAZLEL FF TPtz AU (Fig. 23D).
999 WaT ALRER AP0l A dojun JARAT, dERES
HaREo] wE doyez Ao YolAx, daidede B F9 FHQ
th

7] YRAEE] Ex33 JATHFig. 24A). A To ALFELE J¥er
old HAME G EXFAY, YA AR WA Frhak:, FUAY] @

EAEE] wedln AT (Fig. 24B).

1089 2T ALRELS AABU AEBAE AHNEEC] EX3N
B QM7 dRAXY FHdy] dEATEE EX ) (Fig. 240).

AT ALREL W AFH AU, JEAEETe] EEIFAL AN LW,
Ao vd] yRHoE WL FAFELS A dRAXe} FHAY GEA
FETre] £x3t3 JAATHFig. 24D).

2dolo] Yalo g 299 o7 Fhe FRFAE0] BLEA doutn 5l
on, AduldE HYMAE, ARAE, FAEEC] BXFR YU dA¥EES
2FWel FHA7] dAle] FEMHNEET] BEXEDn AHFig. 25A). AT
Aot HYNE, AEAE, ANE oA S8 AP AHo] dojutn gle
o, dARES d2TFe HRd dde] FHy GRATEC Adgu Jut
(Fig. 25B).

499 27 A2 FARNA B 9 AAER 5 UYL, ArRE
& FH7] dRAEE] AR UAYG, ARZMAE, FAE @AY SHd A
g Aol dojupa gilom, GARES R v & Gy FHAY) UR
AEEe] AR AN HFig. 250).

A8 AaRE =2 ZAYAe] dojutn Jod, AAE SA H=H
dol dojuti glglen, dARES daTd v FAde] FHAY] GEAXE
go] Agza AU rHFig. 25D).
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Fig. 24. Transverse sections of the gonad from the late first-year class of
black seabream, A. schlegeli
A! control at 16 months; B! treatment at 16 months; C: control at 17
months; D treatment at 17 months. co: chromatin-nucleolus oocyte; po'
peri-nucleolus oocyte; sc' spermatocyte; st spermatid; sz! spermatozoa.
Bars: 50 /m.
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Fig. 25. Transverse sections of the gonad from the early second-year class of

black seabream, A. schlegeli.
A’ control at 21 months, B: treatment at 21 months; C: control at 32

months; D: treatment at 23 months. po: peri-nucleolus oocyte; sc:

spermatocyte; st spermatid; sz: spermatozoa. Bars 50 pm.
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89 ALy daiEol HF4L RERG U Yo, AAFE W
de FA7 dHE BojE AYAMEETe] £¥T AT (Fig. 26A).

A7y darie FA40E e GPAE, G487 GRAEEC] AW
2= 1 AU THFig. 26B).

1099 dizt Haxe FA47] AHE Heoln Uen, dak
GEANEED] 2FU AAHA AAJ(Fig. 26C). AT ALFEL 4
oz vj§ f5H UAUAR, FAFZY FHEAY] dREAXES AH dEstn

A8 HFig. 26D).

79

r2
N

]

flo

H
A

2

3dolel MAR wet 299 AAAE gET AT Aol WAL of v
$ e UEIL AT AAREe FU9 APl Jojun glew,
F@eds] dEAzEdel ¥¥ay UUTHFg /A, B).

399 HETY PARPE FRAVN PAER ASH Y, GAREE
Fody] GEAZETel BEaR UNUTHFig 270). ATAN HaREe @
23 ARGl Dol HETS FAE FBol Ushin AAADY, FaR 2ol
e $77) @2 vRAZ2 d2aa AQAckFig. 27D).

) & - Ao mAH W}

Hz7d 28 A FdrMy dA#%E gyi dgddd g J - Fage
W &= Table 63 o)

Age] AldE 19983 11¥e] 1doj& stage [°1A 19993 10€] dz+&
stage M~IVE, E, A& & stage V~VILE W3dct 2do &= 1998 1199
stage TolA 1999 10¥o] W33+ stage I, E; X & 7= stage VIS 2 W3}
got. 3doi s 1998 1149l stage OolA 19993 109l d=T & stage IV, Ez
Aa e stage V2 33
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Fig. 26. Transverse sections of the gonad from the late second-year class of
black seabream, A. schlegell.
A control at 25 months; B: treatment at 25 months; C: control at 25
months; D: treatment at 25 months. co! chromatin—nucleolus oocyte; po:
peri-nucleolus oocyte; sz: spermatozoa, Bars 50 ym.
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Fig. 27. Transverse sections of the gonad from the third-year class of black
seabream, A. schlegeli.
A! control at 33 months; B: treatment at 33 months; C! control at 34
months; D: treatment at 34 months. co! chromatin-nucleolus oocyte;
odo: oil-droplet oocyte; po: peri-nucleolus oocyte; sc: spermatocyte; st

spermatid; sz: spermatozoa; sz: spermatozoa. Bars: 50 um.
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Table 6. Reproductive stage in the gonad of black seabream, A. schlegeli

cultured under either hormone-treated or natural condition

Initial stage Mature stage Resting stage Recovery stage

Age  Group (Nov.) (May~Jun.) (Jul.~Aug.) (Sep.~Oct.)
1 Control | [l v -~
Treatment I I v V-~V
2 Control I I I[ i
Treatment I I~V Vv~V Vi
3 Control I in I~ v
Treatment I v v~V vV ~Vl

10| 1998 11¥ 204 FE 1999 108 2047+A] FRP €8 +ZdM E, &
ZAFEA FAA AEH 1de] ZAAE] A mE 4y daR e Wde
Fig. 289 21},

=79 Z$ 1998 11¥%EH ol F3) 5¥7A 01~23%(Stage 1), 68l
23.4%, 8Yoll 75.2%(Stage V)2 F73% s F, 1097A 57.3~384%(Stage
N~DHZ Za23%T

E, Aal7e 24 1998 119%¥ o] &3 3974 0.1~2.1%(Stage 1), 590
251%9 A 699 61.8%(Stage IV), 78l 71.4%(Stage V)E HZ3 F713tn
8~1087tA] 749~91.4%(Stage V ~VD)E A A3 F713FHct,

20] 19989 1149 209%¥ 1999 109 2097HA FRP €352 M E, &
ATFS A AREE 2do] A FES A wE 94 dAaFe] WEE
Fig. 29¢} £},

ze 24 1998 11956 ol53 1¥7MA 12.1%(Stage O)&E A 3tH7t
299 176%% 4t F713 F 5U71RA] 36%(Stage 1) ZH4ad F, oA 794
36.4%(Stage M2 A3 718t 1097kA] 321%2 A A3 AR,
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Fig. 28. Monthly variation in the proportion (%) of ovarian
area in the gonad of the first-year class of black
seabhream cultured under hormone-treated and natural

condition.
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E, a7 19989 114 %3H oS5 4974 106~154%(Stage O)E # A &
t}7b 594 23.1%(Stage M), 69 61.6%(Stage IV), 78] 82.4%(Stage V)&
FA3 F718kaL 8~10¥9d] 84.9~91.4%(Stage V~VI)E =A et}

3ol 19989 1149 209%H 19999 109 20¥71A FRP 98 FZoA E, &
AR AA ARSE 3do] AT A wE d4¥ dARHe s
Fig. 303 zd},

WETe g 1998d  11EFE  olFd 3¥7kA  274%(Stage I)lA
96%(Stage )2 A A8 otz F 6€71A] 47.2%(Stage IE ZolATtir 74
of thAl 19.8% (Stage O)E Wobxl ¥, 109l 453%(Stage IDH7HA] F-7}3 gl

E, Ae79 ZA% 1998d 1195 E o]53] 3¥7tA 29.7%(Stage M)A
12.1%(Stage M)E A A3 Fopzl & 449 331%, 58l 53.4%(Stage V)& =
o} 1 108 7+A] 80.8%(Stage V)7HA 713l o),

5) Al

1dol 1dole] Ao we 4o F9uEE Fig 315 Zt,

A7 105~202 cm MHAAM A A AMAY 375%e FH, 37.5%% A&
A, 250%E 43 AHA A2 AF FEAHYE 105~185 cm, ASFA
t 134~192 cm, $AE 152~20.2 cm¥ o

20| 2doje] gl WE Ao FHRNEE Fig. 32¢ 2t

A% 142~237 cm HHAA AR A JRA 66.7%E A, 166%= A&
A, 167%< 42 FHAT FRAY #8 H{AE 142~227 cm, ASFAE
165~ 23.1 cm, AL 185~237 cm .
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Fig. 30. Monthly vanation in the proportion (%) of ovarian
area in the gonad of the third-year class of black
seabream cultured under hormone-treated and natural

condition
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. 31, Composite figure showing the relationship between sex
composition and total length (TL) in the E:treatment
group of the first-year class black seabream, A schlegeli.
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Composite figure showing the relationship between sex
composition and total length (TL) in the Ez-treatment
group of the second-year class black seabream, A

schlegell,
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3do] 3dole] AAe g e FdRIEE Fig 33% &4,

AR 234~315 cm WA AR A AL 333%E FH, 35.0%= AF
FA, 317%% &3 g #39 £@ MAE 235~294 cm, AZFEAE
235~31.2 cm, ¥R & 255~31.1 cm¥

3. A F7]

D AHae] e 72

ZAEY ANaE 57 FHdA H32F9 P& 258 ute} 1] digE o]
Fa glom, 5o wet AFHY Foju Ryor A4 AAJL DA =
ojuf ALy FRE7X ST da geels ¥He] Ry dgHo
AR, 53 dErlde v d@o] FREAYL HRAXES AHeE di
e FHLE 39 dF M WFer FAAHoZ HEEHT WPy da Wi
W Ao widE FHE d5dE& B 5 A (Fig. 34A).

Bat d28 wR7HAR F§ 18e2 o|FolA glow, B3 QteA g4
HelZ AL JAT AAE Ah APoE FAHY ANeH, 4 2g9ES
Ao FYd fRAEA de FAHABLR oMY For 5ol AYHUA
oA Fuago g AP cH(Fig. 34B).

FeH A i RVIAE FHE 1B o]FofF jlown, HJFAT]
FAH o g ALQa dAage] Aoz FEEHY A BEF LelM FHY BF
o2 wasta YU H(Fig. 340).

o

12

2) AAA 7o ds

GSI AW AdzAstel A AR 2B GSI9 Y¥sls 19983 9¥ ol
0392 W& oA MM ZAstd 108 HAA 0310192, 1€ 0.39, 3
g 0922 MAM3E  Frtslr] AlREgsr 499 4212 FH3F FohelY
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Fig. 33. Composite figure showing the relationship between sex
composition and total length in the Ia-treatment group

of the third-year class black seabreamn, A schlegell
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Fig. 34. Gonad Photographs of the female (A), male (B), hermaphrodite
(C) in the black seabream, A. schlegeli. ov: ovary, hp

hermaphrodite; t: testis. Bars 0.5 cm.
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5490 12012 Haxo] 2 F 6¥] 801, 7€ 152, 88 038& ZA8Hct
(Fig. 35).

HSI HSI® ¥W3lEs 29 1998d 949 1228 B2 o|%F FF3 57187
Al &3t} 1090 32302 HIAAFE B F, MM st 149 233, 249
216, 39 1828 7ZtAste A7t Asudsle A@Ee 492E 8¥71A
1.16~168 HHE F}h(Fig. 35).

3) AXAE ¥4

(1) 9384

dEAY AL drAXY AU 5 AN, TREH dd, AR F
g, 9 o]FF 2AAH #FZe & G442 7](chromatin nucleolus), F¥U7|(
perinucleolus stage), 7 71(oil globule stage), Y¥ ¥ 7](yolk vesicle stage),
3 7-7) (vitellogenin stage), A} % 7](maturation stage), ¥4 7](ripe stage)2 7%
2 uE g Ul o159 ¥uH 542 Table 73 o}

AU/ GREAZE ¢ 10~20 m2 FIFHFY GUYHTE Aol AX
Ao QFEE AAGL Y TZEFY I e G714 Mid 94" @
4 4& 7HAZ Utk ol F Abeld] MEAe] haematoxylindl FFH ¢lo] 2~37
YElteE 407 dEAZZE FEEHA

FHUAY Y dRAEE F7 30~50 m, BA 10 m HF7 HH o] A&
el 12 AV 7b AAIEM 71 Forste] Yuhe] A lz, AxXAL oA
3] haematoxylin®] A dM® Ae]Hc),

GRHEVY GRAZEE AEZY A TdVIHAAN ZAHeR ulH,
27] YEAEL] m37)= @7 60~80 m, F73 100~120 /mo) o) 2}, FFH A
o dEMEE 4853 JHE Bol ALA I3 (primary yolk globule stage)
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Fig. 35. Monthly changes of GSI and HSI in black seabream,

A. schlegeli cultured under natural condition. The

triangles and circles represent GSI and HSI, respectively.
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Table 7. Cytologycal characteristics of oocytes during the oogenesis In

black seabream, A. schlegeli

Qogenesis Oocyte o
¢ ) Y Characteristics
stage diameter(um)
Chromatin ] . .
A conspicuous nucleolus  associates  with
nucleolus 10~20 ,
chromatin threads
stage
The nucleus increases in size, and multiple
Perinucleous 30~50 necleoli were located n periphery of the nucleus
stage The nucleus tend to locate at the center of the
cytoplasm
The oil droplet began to appear in the ooplasm.
Oil globule 50~100 As the oocyte grew, it decreased gradually in
stage affinity with hematoxylin. A this follicle layer was
first observed around the oocyte
Yolk vesicle 100080 The oocytes were increased in the number and
stage yolk vesicles scattered in peripheral cytoplasm
, ) Yolk droplets are formed as a narrow ring in
Vitellogenin ' _
¢ 250~400 cytoplasm and many small oil droplets lie around
stage , .
8 the germinal vesicles
Qocyte diameter increases markedly due to yolk
) accumulation. some large oil droplets are formed
Maturation ) . ,
) 400~600 and lie around the germinal vesicle. Cytoplasm
stage
g divided in two concentric zones by a ring of volk
accumulation
The vacuoles begin to coalesce with the
migration of the nucleus toward the animal pole.
Ripe stage 600~750 The yolk globules start to fuse from the side

where the nucleus departs. Oocytes are ovulated,
they gather to ovarian lumen to wait spawning
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9 A23 F8T7](secondary yolk globule stage)2 FEE 4 AN

Alx GFT7 e GRATEL 374 350~450 mZ o] AlZjde WREY ¢
BAL MEA dFT FHol ARHAUA FHe] A& AAL dAEAA=
dgTE0] HARAA # Jrtelz AP AL & ARdde dHTE
2 JIEAA Sz dHE 500~600 mz FrHEE A23 dETII Sz
283 GRAEE BN e GXEAXEe wedn, YAdgE s FH
A A Mo FA FAEH YU

Q479 GREAEE WA 600 um AFZ FHT HHo] grH WHFIL
FdeA BE¥stzn glon dute vjAgos F3EA BolA @i o] 55
o} YA Ho] FEFHOE o]FF e 2457 thFECIUH.

A@7e] gd GEHATE AV 750 m AR @in dRAZEE 43
7tE FHE WE FEIEOZ olFE 9ET F Wo] 24HFHY WAF A
XA FEe] ojE A,

(2) BAREA
i A 94 Rz A¢udAS olFUL e A2 MEez 74
Hol itk #AAE FRY YAAE dEAF L WAANEE F7] EEE EA
s Aol ol 9% AANANEES 4F7d ¥4 Jdeidor AAFAEAARE
Axay), #7435 HAe] G4 Fo mat AYAHE7](spermatogonium stage),
A 174 2 A ¥ 7] (primary spermatocyte stage), #2742 M X 7](secondary spermato
-cyte stage), M X7|(spermatid stage), A =Z7](spermatozoon stage), ¥=7]
(ripe stage)®] 6@ A2 FAHAUTE
HAANE] AAL 5~10 m =L, AFL 3 m Ao} FYAXE o)
TR} AL g0l A gNeH, ulde FHE 1749 A8 JHAx
Az, e vjste] AEAL m$ NPt FHANE B HsA £EE sertoli
cello] #& = it
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FEAEE 2719 AXds A7 Yo me} ALY AHRAEER
ol gEEgen, AlFEAEE A0 7T m AFS 1 m =L X3 &€
Aol Utk AEAEE AXAYAA S8 FFEE F4E BojH, ol #
g e P 2 AV vhdatA dehdz vk A2FEAEE AlFZAZeG
FAFSY 277 5~7 ym BEE AIFZAE 2o} o7 Zsgko)

BAXNE AAZ d3te AZI2 ) 440 EH3E FFE Bt A
AT FHE 3~4 m Aoy, YZL FHAEET} o P ANEL FXo
A¢A gk, AAEEEE U & AR &9 WA dysS 3, AR
S57} haematoxylin®l dA=e 2H& dx Az I3 =] BX3 U},

4) did 4R =4

A7) AFe AAEL didoes 4R 2L 2AY ARE Fig 367 2t
A@7] AQ 3¥oE 250 um o)3te] AH FRAEF 31.3%% 350~550 m A
ol YR AMEe] 687%% 2702l & A3 Atk 4¥el= 350~650 m Ale]
8 TEol &dscd 350~550 m Akl I YRAEFEC] FE o]F 3
o} 5golE 550~750 mm Abele] thE FEAMEFo HAH Utk 6€elE 750
pm AEe iy dREATF 11.1%% 100 mm o)dte] 2% R A E T 889%
z 2/ & gA4sn Yot

5) BYF7]

B dF 2AE BAAF HE, AH4N GEAAAT AP AA Y
ZAA zA, dAaW B3 A o AHE FHE ol HAFVE A
Z71(Growing stage), 4% 7](Mature stage), €= % t&7](Ripe and Spent stage)
a2ln ¥ 2 FA7](Degenerative and Resting stage) 59 |d&4 e F7& v}

B 4 Isteh
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A&7 247" dRRA e Gt &85 AaEte] 39 GFEY] dE
AER TEdtes AF7)ed Hledw A2FHE FLAZAN ARNER @
gats 2o vEhdz JATh ol A7) AAEE 2~3929 7+ gel uE
YL AN 2Ev, AR 399 AL H2EA% daR AT
2 22 ¥% 99 BRI AAste ¥uE 2y

H457] 3¥U Food 4N2e ¥ee F743 AYso] b EE AT
shite) Aol dFdtA dgst=d, QR dadaE dFe 3F3e 981
BAA U AEE dg GREAESE HNA UL A2FHE ojn) S&7)d A
e g HAgel T E I YA

2= H MED] 549 HolEo dA Addlde 700 i AFe gs@doR
=]

U] g4719 YolEn Yed AT RN FEO2 Hgo WYH T,
229 2950 BAHD AR50l FYE Y4 A2QUBE WRE A
A 3o,

e 2 #FX7 74REe AEF dad vdEdE 4539 HY . wyge)
dojutz FHQly] GEAEET HEFE da 2T auz FEE o)F
A 2874 FA7] FHE v, B8 F Fhdde vNAddE 3E AAE
Qe EXdn 299 AAFAE AuiAetn ARt

4. 7&H FFI)4 % JHF7) =4
1) Ao guig

1998'd 99 23UFE 1999d 8Y 20¥U7HA] ARG wRM 2 R FH
F7) Z2HE ASE 7 AP T4 3~499 B EY APl whE YU GSI, HSI
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¢t CFE Fig. 37, 38, 399 2t}

GSl GSIe WzT9 #$ 19989 9¥ol 0.39e) 4 MM 7HA4sted 129 A
AAQ 03493, 190 1.01, 299 1.24, 396l 1722 1956 A A3 Z7}317)
A Zste] 496 4812 FA3%) Foret 599 12602 Haxd @F & 6499
501, 799 144, 89 0372 #43tAh,

AAeLAAN FF718 AAZHET] 209 493 FHE AMSE AH 19 A
¥ 949 039914 1199 0272 HAAHUI, o1& 149 12322 FEH7| A
ZreiA 39 3172 A|A 3] Frlstel 490 7772 FH3) F71eto, 594 1221
2 HADAE 7T 68l 1342 F43) 74ste 89714 025~051 HYE B
Aot

TEE 14TE 7testa #5718 209 490 JH2 A8 A809 H$
99l 0392 W& elA 1196 0442 HEH7) AF3le 1294 0.75, 199
141, 29 4042 w2 F718 F 390 895 49 120302 H2AE /1A
o 2%, 549 0.728 §43] ZAste 8974 030~045 WA E 2Hh

TEE 72 AAFFIE AT AP A9 1299 0328 HAAG
i, olF3 1€ 1.072 BEH7] AAste 246 215 399 6022 F233
F7tete] 49 823, 59 9.85E Aed F, 640 0642 F23 FAzte 8¢
74 0358 Bt}

HSI HSI® 4¥3tE ¥ 79 7%, 19989 99l 12014 F74817] Al
Ztake] 114el 2812 HuAE 717 ¥, 19 233, 29 2.16& et 34
of 1.87% za:-8l 8¥7tA 1.02~1.592 @A velxoh

AT F5 9¥ell 12914 F7Hsk7] Alzste] 119 246, 1290l & 2892
F7rsked 1999 1€e] HmA) QA 3316 DAt o]F MAE Fhdted 499
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Fig. 37, Comparison of monthly changes in gonadosomatic index
(GSI) of black seabream, A. schlegelt during the

experimental period.
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Fig 38 Comparison of monthly changes in hepatosomatic index
(HSI) of black seabrem, A. schlegeli during the

experimantal period
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Fig. 39. Comparison of monthly changes in pondition factor
(CF) of black seabream, A. schlegeli during the

experimantal period.
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1212 wolxl ¥ 8€717) 095164 ¥ & Rt

AR A% 99l 12604 23 F743t7] AzHare] 1196l 348, 1294l=
34002 Aed F MM gady] ARt 196 267, 28] 2448 4499
1442 2% ¥ g974A) 1.15~144 MY E AT

AEme A3 999 129014 2FH F718t7] AlZEeted 1199 3.24, 12¥4d&
3212 e F MM3 Badte] 190 249, 29 2342 349 184 2 #
o F 8¥7t= 098~1.46 HHE EA.

TE QPP HSI 2R E GSI 12 B) 5~6709 Aol B e B
GSI¢t 99 Z4a#AAE B4

CF Cr4 943 ¥9 dx=+& 19983 994 1862904 MM s F71s), 11
4+ 1294 19282 %2 & veERosE 19999 190 1639, 39ell 17.13¢1 4
17~18 M & 7874 Holtirt 899 2022 thA] F73t At

A9 49 1998d 99 1862, 1197 1290 19185 JehAir} 19999
190] 1558 o}zl F 249d) 186352 Fvls] 39 180322 MM 3 743
o 847tA 17~18 HHE BRYct

APOY A% 19983 9¥ol 1862014 1193} 129 20732 &L #< g
Wehrh 1999 1496l 18172 ol F 5¥Uo] 16958 HAXNE B thg tha
8Y7t#A 17~18 HHYE HAT

APM 7% 1998 9€e 1862914 11493 1294 19152 ¥ & e
Wkl 19999 1499 18028 Reldl ¥ 6¥o] 16332 H4XE B ©g oA
8E7HA 17 HF 9 Y48 B

dRHoz AHEF A4S 9F CFY ¥ Adr|nde Mo 5o &¢d
7Hedd 19~209] # g eI, ARF71Q) 699 163322 HAAXNE B
Act

o
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2) BAXNE P4
1) d¥A

T 849 A¥ie HAFE7E AEHA & o] HI F5HT Y
AWM AMAEHE 2Y¥S BIR, 99~12974A FAUA Eo7 G
Gz HLAZE FAAHAHFig. 40A). 19993 29o) 50 mm HAF ] FWQ
7] GRAEZ AAE a7 AlAskg o

AT 1 ~M9 AYie 11998 40~100 me 7] GRAXER 433}
7] Azste], 1297 199E 200~350 m¢ FHE7] FEA¥z YA
(Fig. 40B). 53] 2499 H43¥709 AHaE AHdo] Fugrs] Aggley, vai
P o] AL FHTY FHo] FANAL o]F Atolo] v|AF {F7}
YEY o ¥EFe AE7F dgd 500 mm HFY sl FE3FHATHEIE. 400).
399 A% A¥F 1~ EE $3A o] BHHGo} das AEDY
A9 700 m AFY gH@o] FHs AP/ dHASTE 4 F AN
(Fig. 40D), 449 6ol A Atgte] Yoiytr

(2) BA94

949 AYLe HYFF7|2 HAHA g AV HE F5HT A2l
A ANMAFRL, 10~1197A FA716] Eo7t HiE} FFHA ¥ ARAE]
AYAEEE 7Y AgGHed dob AT o)E 2 BUMEY FEL
dojrtA] ol Aol B4 EA K AHFig. 41A). 1999 19 v A
& 2gedMe 29 AVEHeR RE HAAESe]) &9dA 2dFHsa 4
B ARAXe HAAE=R ggdloh(Fig. 41B).

290 ARAE, ARV dFE 22X ANFH IFT FHe AR
7FS A A9 (Fig. 41. C). °] AHAEEL haematoxylind FYHUR 49 =
ool Eu¥7] AlZ#cH(Fig 41D).
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Fig. 40. Qogenesis in black seabream, A. schlegeli.
A’ early growing oocyte, chromatin nucleolus stage and perinucleolus
stage; B! growing stage, yolk vesicle and oil globule stage; C: mature
stage and yolk globule stage; D! ripe stage, Ip: late peri-nucleolus
oocyte; od: oil-droplet; n! nucleus; po: peri-nucleolus oocyte; yg: yolk

globule. Bars: 100 /m.
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Fig. 41. Spermatogenesis in black seabream, A. schlegell.
A’ early growing stage, B growing stage; C. mature stage; D
ripe stage. sc. spermatocyte; st! spermatid; sz: spermatozoa. Bars

50 ym.
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ATl ~me Adae 196 AALFYS $¥aT, 59 299 AP
o 4R ANAE Ao BulHs] AR 3°e A$ YT ~mM TE
RN Ajo] u YT

3 % =24

zve) A A W= Fig 429 2ok 4% F 439 2 233 958 1
MEER TAHE T 2980 APaA fEs] AvkFig. 42A). 1149 ~19 &
A T e 48 AT FHe] HI| AFEa, FAXES X AR
ZEMA 7] ANFe A h(Fig. 42B). 2¥-3¥ole 2+ 230 & ALT FF
o] oz, ZtA R} A7) 7} FIketAHFig 42C, D). 4@r)Ql 599 A A
wet ¥t 3 22 BEEHD JedH R T AEFe] i d4F5EHn gl
od Yo Arlx YAz FHopAm P 2t A AXAdAE F
49 EXgel A8t UATHFig. 42E, F).

4) }AYRol=32E =xo W3
AMG 7|V a2 FFE7) FA-0 of 7 Ag T ALHBEIEE 3
¢] ¥W3EE Fig. 43, 449 v}

(1) Testosterone (T)

272 ZA$ 1998\ 99l 100 pg/méoll A 129 700 pg/me=E F7}sta 3¥
of HX9l 1000 pg/md ¥z, 4¥°) 600 pg/mE Yold o]F X A3d] FAdA
84l HAAY 100 pg/meZ RFotFrh.

AET 9 25 1998 9¥e] 100 pg/miol A 12¥7HA 500pg/m s A A& F7}
a1 19994 2, 3™l Z+ZF 1000, 1200 pg/mE 718 ¥, 499 H 1z 1300 pg/
m JIL, o]F 5497 69 FA3) 700, 100 pg/mE ol o) % 897X 100~
500 pg/m¢ ¥ Ak
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[FJ

Fig. 42. Seasonal changes of the liver tissue in black seabream, A. schlegeli
Al limd droplets almost disappeared; B: lipid droplets began to be
accumulated (November~ Janualy); C: accumulated lipid droplets were
consumed (February and March); D: small lipid droplets appeared
(February and March); E: large lipid droplets appeared (May, spawing
season); F lipid droplets almost disappeared (May, spawing season).

Bars: 100 /m.

_77_



1600 [ o Exp |
_ —O— Exp i
E 1400 | —v— Exp Il
g 1200 + —— Control
11
Z 1000
&
o soof
0
O 600 |
7
ol 400 |
'—-

200

0
1998 1999
MONTH

Fig. 43. Monthly changes of plasma testosterone levels in all

experimental groups of black seabream, A. schiegeli.
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Fig. 44, Monthly changes of plasma estradiol-178 levels in

all experimental groups of black seabream, A. schlegeli,

_79_



A 7% 19983 9€el 200 pg/m A3, 19993 1€ 600 pg/mZ F7}
3t 299 1300 pg/mZ HLAE B o|F 49 F23] 600 pg/mE ol
¥ 8¥€7tA 200~400 pg/mt HE HERAC

AYEMe] 7§ 1998 9¥€ol| 100 pg/meell A 1999 29l 500 pg/mbz 53}
3 49 Hiz 1500 pg/mé ©)R A, 69 H43] 500 pg/mzZ Pl o] F 84
74A 200~400 pg/mé HHE BRI

(2) Estradiol-178 (E;)

T S5 1998 99 100 pg/miol A o153 1€o] 300 pg/mE F7+3k
24 H3X 750 pg/mé €1, 499 F43) 200 pg/mE Roly o] % g
&g YeEhg s 799 340 pg/mE o3 FUHE

AT 79 19989 99 100 pg/miolA 29 Hzmx¢l 1260 pg/mE Z7}
S, 5ol 100 pg/mE ol olF w¥e g Yelhtst 79 vAl F7}
8] 420 pg/mlE EOTAH L

AF0e A9 1998d 10981 100 pg/mE HAAE B F o5 149
1400 pg/mt= F238 F7bg & 2¥9e] HuAY 1640 pg/mE F7tet i, 49
of §43 100 pg/mZ Hobd olF ¥ k& viellitirt 79l F7Hated 520
pg/mE FolA o,

AHMS 74 19983 9¥e 100 pg/m=2 oS8 1¥7tA ¥e e Ro|gr}
380 #2438 Frlste] 830 pg/mE A5 HuAH @iy, 49 oA 100
pg/mE L F ¥ @& JEditst 784 oA F718e) 480 pg/mL T

5) AAZAI7] H ¥ w3
TER FF] ZA A% Z AFTE AT Feo] WHE Fig. 45, 46,
479 vreb o},

=7 279 FEFLE Fig. 459 2o} 3 AFL $220]) 169CE A5 5
H 1294 AlREAYG. HE AL 088 mm, FHEFE U 2576¥/g, B3}
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Fig. 45 Number of floating and submerged eggs recorded

from control during the spawning period
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Fig. 46. Number of floating and submerged eggs recorded

from experiment I during the spawning period.
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Fig, 47, Number of floating and submerged eggs recorded from

experiment II during the spawning period.
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& 0200% Ao 4717 549 129 ~79 1147kA] 59U3kel Hl o,

FASFL 57430, FAEF 5206 M(F}E: 5.06~99.12%, BT, 90.6%
2051%), FAHEL 99.31%, &L 41.73~97.96% (B, 79.0£152%), @B
082~086 mm (H#, 083£0.014 mm), 7% 019~022 mm (BT, 0.20%
0012 mm)Ath. AF#7]FEL F&2 169~224T Tt

ME I AFIY e e Fig 467 2ok A AFE £20] 167CE A
%% 59 11¥e) A1FHAT HFFHL 086 mm, GHFFT 5 2528¥/g,
238 91.04%)ATH AR/ 59 119 ~6¥8 2197HA 4190 F o
FADFL 425637, BASFL 3T53HMNEAE 32.04~97.42%, M, 8312
t178%), FHEE 9527%, *5&& 3640~9857% (T, 91.04*£125%), ©73
£ 082~088 mm (¥ T, 0.84+0.027 mm), #7742 019~022 mm (B, 0.20
+£0.012 mm)$ch A7) 7HEG 2L 167~21.2TCTHATh

ANl 2P0 A AdE Fig 4739 2o A A $20] 162T2 4
S 49 6¥ AFHJAT. HEdE L 087 mm, HHFFT g 25828/g,
2382 7430% Aok A7 ¢S 49 69 ~59 1197HA] 35U ho] it

EABHFL 262687, FATF 21243 MFAE 3.04~96.34%, HT, 8090+
225%), FAEL 90.10%, F3-&& 3534~92.12% (HF, 74.301123%), A&
0.83~0.89 mm (H#, 08410.022 mm), +T4L 0.19~023 mm (FT, 020*
0.019 mm) SAth(Table 8). A&7]12HE ¢ F2-2 16.2~21.8TC, HF (6152 1.0190
~10244% 9 4 }H(Fig. 48).

Ag EaAe £ 202C W3, YA ¥bstE AdsIHE 089 mmolA
083 mm HHAR A A Aol BAGe] ARG FelFE wrEsd oy 3
FAE FUE A ARFIE EFE FolA e AL BYdh 18, #
T3 sl Adde] ALAsE vy 2HEA FolAE AL BAHFig.
49),
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Fig 48. Changes of water temperature and specific gravity

during the spawning period.
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Fig. 49 Changes of egg and oil globule diameter during the

spawning period.
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Table 8 Number of spawned eggs and rate of floated eggs, fertilization and

hatching eggs, mean diameter of eggs and oil globule

Number of Rate (%) Diameter (mm)
spawned eggs
(x10*) Floated eggs Fertilization  Hatching Eggs O1l globule
262.5 8094225 90.1£84 743+123  0.84x0.02 0.20%0.01

Al M FLE TR AASIE FF7)e A &L AFMAA
£ B AP 59 2344 4 AR JADHOUL £8E ofn)e] girol
FROB HHee AFe oluA At

6) ¢

GAol AMES AAE 42 2T FFIE T JYOAAM AJTE EEA
FHEEH 7Y FRAFLE FAL 08110018 mol, F7E 12 A
71 0.18%0.012 im sith.

& 185TolA A HAFL 3 & 3B wlidA, 1A HEA 24X
7], 2A kel 4 7], 24 7F 2080 8MEY), 3A13F SR 164 7], 3X7F 358 0]
32ME7), 4A 7 108 64 E7], 8AZE 108 A4 7], 9A1ZF 358 Eul7), 10
A 7F 4580 Wi EE Y, 14412 5580 @ul7], 15417 508 A ¥e o 128 7
I o edA wAgg, 2247 502 Y7 #HA F A olz1 wiAt 3
dol NAEI X, FHRXE, FE 6~7/H A, £ F 24213 58 wjAAd
of ZA4e AxyL dAAon ZHIHAA FTHAILI Algkxz, WiAe] FHdE
el MAY Edes 44 HMa2yrt Aoz AbA st

A F 25A2 2580 2HL 15~167) FA4HT, =7 FRAHY] ANFEA
o, WAGAE Ug H2¥sk A FNFHD, F76 2N R F4Y42¥)
ZEIC oA F 3247 58 AA9FE, A =Hu g4, WA SFge] Hel
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I, F2Y ¥ FHE S MAETL AR wEd Jon, fged &
Mg MaxE FRdor W] gt

A F 37A7 5080 F3E 3k Ratato] ] HAL 226~243 mm, F&#HE L
@70l 045~051 mm, F7Z°] 060~061 mm, FTE P& HE YA
Ark, AH FFE dUA For, HHe AMFPe|Uk. FHEL 10~11+12~
13 = 22~24% vk ZNqe MAEVl F SFEH FFE, 29D 5F2Z 5694
S v Rge 4 JAFFo YAH AAF] glon, FFANE A F
o] o o] wiAdelE FaM g MAFIE A ATt FA =
nE XEATFEE o] F AT
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Fig. 50. Developmental of fertilized egg of A. schlegeli.
A. unfertilhized egg, B: fertilized egg: C: 2-cell stage; D: 4-cell stage
E' 8-cell stage; F: 16-cell stage; G: 32-cell stage; H 64-cell stage; I
morula stage; J' blastula stage;, K. gastrula stage, L. postgastrula stage
Bars: 200 /m.




Fig. 50. Continued.
M: 90%-epiboly, N. closing of blastopore O formation of optics vesicles
myomeres stage; P! kupffer s vesicle; Q! appearance of melanophores, R:
just before hatching, S hatched larva; T: larva, 48 hours after hatching.
Bars® 200 m
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1L 484 448

ol F9 il AgolAYH AgEAYLRE WEE, AL 27 £
Aol wret £y ey oz oAt AEFAF A UM E A A A
mel EAASA%Y, A58, $AHAs¥oER uUFran YAtz 1964
Yamamoto, 1969).

ZARNEL ALFANYY SN 48 (Kinoshita, 1936; Okada, 1965a, b;
Nakazono and Kuwamura, 1987), ©]¢} 22 EAAsole Tul#{(Sparidae), ¥
) 2} & (Platycephalidae), #%7}e]l& (Amphipron)dl X RuH 3 Qoh(Fujii, 1971
Moyer and Nakazono, 1978).

HAAEe] 27 BEESE B3 F 39" AAAA FBIH HYrlol] A Ful
4 Aol A)Q9 YA E(primordial germ cel)Z ZHFEEE A7) 6.8~72 ml
3~4/M8 AR HFA4 AFH B8 AEHI ofF AFFHAM £33 F
AE AAde &L otel uE3te 429 M Z(proto-gonial cell)7t YERGZ g1t
YA A Zeoll A AN HA R 27|EE2 F3 F 6/0€o] YA ez o
olZ g A Ao HEH HE& ofFd wek 7] g2 Aol7t e FU oAF
A Brox A, AL A2 o wet zolrt 4E Aoz dA
tHLee et al, 1994). ZAE A& F3 F 74NN E3sted di4 o
o] i EAE FHoE FHstAvh

M5 FE SuHAe A8s HAAHE BH YT ZHE ovotestisdl A |
A Qe AR VTS ¥ F PAREC] HY ATEY o)F dFoR M
3t A typedt WA AAR J)5E @ g FAWYA(ovotestis)E AH FARL

2 Agse B typeo® WERm QIoh(Fujii, 1971). A EY A4 2@97R =
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FRCZ A5 g FA/Y ALEA A4S Y F 3 dojRH dAem
H@at7] Alaste] B typeol 3T

Kinoshita (1935)= A EAY 744 %, Sparus lonispius®] A#EHI1FY] A2 2
A RE AAE odA sl FRe] Hi e AFFAC Ak stk 2,
2 9s A7l dAAeH, Ao V%A gAY 43 RidHd Hs
3 A9 B AFA1936) &l Milio latus 9% Rhabdosargus sarba 7 &4
BuEA

3 Ee] 2 wgdAE A FAY AFE G E =EAA Oshuma (1942) o
Al | Fel W {07 AAe $ANEE A FAHIAY, Fo Ao Eeldd
i Eh ol AdAAN FAFL BE MAAAM FAVANE FHTE 437
de F4%el BF ARttt derd o= #F9 Hoz dud F I
W thA] ASFA A4S B

AEEANEL T AAY AN Ao AT ALTEFL V5E VA AE
gk AEFEAY 715AH AHLE Folx A 8% 34F}o) 350~400F o2 =

o

I.ﬂ

I..

i)

Ao 2 By 9 (Nakazono and Kuwarmura, 1987).
AGEA AAoE dd Bx AL2A 7)FEE A7 wE 3tA Fgor
g2t & O SdAE ot dik, AVt BF FAA AKse FAYE5Y
(synchronous), @ A&l Y4ZE HA&dte dACIZA 7]5E dn 2Fd dia
7t BEste a2 S R 45T sALR Jeite A4 459
(protogynous), @ WA A4t BAHHO 7edd FLE Hed F tEd
a9 Hztet A diaE2 B ¢AoR JFEe $A4MsY
(protandrous)e] UTtHAtz, 1964; Ghiselin, 1969; Yamamoto, 1969, Chan, 1970;
Reinboth, 1970).

%0 F(sparidae), =7, ¥ ] F(percichthyidae), T4 Fl gojr RE o
AT HPo) Bis i Y (Chan, 1970). AT A48 AUlM & A9

ME
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Aol wrgsln thE Ae] AFFozH FAY LAV AYEA 8
dE e Adog MZAHGarratt, 1986; Sadovy and Shapiro, 1987)1 35|
of AN FAES AHae AANAAT & -5 F47 AFEAC o
T8 HeolA AFsEAN st Jo2 AEdHn UE AL EFHoE E
HEH AR e S e Adwe] s,

ARAEY FAMAESY AIAGEAEE 67§ YN 2\@7A] Ex5tx, B4
A dazAL ARt Aoz EAsted, o fAR AAe FAAY 59
AF, Diplodus sargus?IX X & 4 31th(Micale et al., 1987). 18]}, AAhxEL
AEER AYaddA BAdE AlgAAE @33, EHFHez dHoldd
(Sadovy and Shapiro, 1987).

dazAn Lz vy Fdd UldHEAE 100H BN Fdz
Aol M Aoz diaxy BF AP AYAE AAPHJez JAPHG
A, AE Ak daR Y] GV GRAEST BEIT. FAVH 18
NEFolA dazze] vedtt, a2y, Ad71d 6709 F 24783 0] HEA
Bazzo] JAgste 7]5AHA F3e] Hdh

oNdE FAdEANA EF T 204 FzAHe] A" wo] T FE9
AE7E gl A7 e Re=rt FEAAE @ Aoz Alggd. 19
U, ARE71RE Y 11 AEEY FRAM F T7h & $AE Bole AL AA
Aol o] 2¥Rol=2 F43 HE&E BAF I gIck(Fostier et al, 1983). 3,
T} 11-ketotestosterone Aol Fad oz 2&3lxn glci(Billard et
al., 1982).

Pled AAPE Adae ASEAH AAd 7FZE JHRE 5Fe] YA As
U dAE Asdte Fdede dol E¥Eth a8y o) FA4MS A F
oltt. ¥ F 3do] AuH AXNiE Hir9 FiAE FAHHAREH 3do] R
9] 48%7} 71% MY FHUY, BE AA 4] dAYER HAREL Fud 9
d S HA.
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2dolg] A FARAAN AAYARFL FYAN 29 AR EA]
o8 PFL e vE, GARFEHAA GRAE ¥EE FRAY] GRAX B
olge] e gt wetd, o {7t Audte dAAN FANLE daRS
b EAFAE FLEAN 7)F5E dn, iR Ae 9F55HL, Adre dLEA
1S A E3ln, AR wegc) ol d AL ATl $HHNEF)
P AHlg AFsn gl

#AAEE Y29 A& wEvAs AL, AR, FAA, FH, EA
o2 ZFRch 2dols} 3o} Atele] AAEF FHLIL HrolAH daEe FEH
Aol A= s AF7F dolok & AR AzEr

2. Z2E Ad 98 YA

TE2E Age g% AAFL Fo wat e, WA o Fo HAAE o]
A A 289 FF/, AdsE, ALrr], A7), A F& 29
sofgk shgdict. £33 AgFA Y AAMAE HEAL ARBHA ¥ 4 o
Aol 7t Aoz delAd gtk Y, $AMNSF T2E Mo 93 A
e olElE dAolth

Jalabert et al. (1975)2 A-&olA E3Fd &df= FANEoA estrones 7
T5¢(30~120 mg/kg diet)dtd dFHo 2 2FAH A4S wEo] ANFA
A% FALYEY 7HedE AAEIL At o] F S ARFTERA FAHIREF o
HEe] HrdZolEd % Jhgdtr] W FAu GAR VFHOR J&EHE
A 489 AgFAAE THE F A

Nakazono and Kuwamura (1987)% #AEE EF o 2A74A Rz 7%
T F gReE qEddy sy, ZE AAAA dHdo] dojuhes AL oY),
dae]l TaelA 7] AARe)ZF Uz, o] - AR E AL FA
AHE Ade Aoz 4748 AAdE A4 A ed A HA
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B ga BEo] AR F Fae HEH wzt A4stEH3, o Adz]d A
5N HYANE Bdo] A Gyt B Ro2 HAZG. o] JAA
e gy AL olUAw Holh dATZ AN AT EE YAV T HAR
FAE A APrFoE ST EEF] FAstn 0] thile] APITEE
F7kel 9l ARG AL Aoz Alsd. R 29 Fo] AAEE A
ol A4 T2EE FAEN BFHoZ FAF B, ALRE] o] v F
g v dAaRRe] ddo] ASA vebdoin Basic

o] AFolM s Al7IA ¥ F 6AMLHEE 193t E, & Aedte AL
A A@7|F AN G v o] FTolur] AFE 15~17HEH e
dAao] 80~90%% %A vebxtl

T OE AFFANE dihged EHVF F Ae: 48R Yt (Fostier

at al, 1982, 1983). E, o 7% AL ZAgolA o FelA st hgdtan BIA
3t 717HE¢ke] gFH e g AAo] Pl (Yamamoto, 1969, Hunter and Donaldson,
1983; Yamazaki, 1983). E, G2l A-go)A] o|FgdA diad2s F=Ich(Ng
and Idler, 1983). ©] A7 A B E, AFeA 2, 3doje dadde &
F7) GRALZGA7A Eest ot

2do] ZAZ(MNET)NA E, #%7t @A vebgi=d olgld ZA#E Chang
and Yu (1990), Chang et al. (1994)AN A= FAEH ol SAA%H ZFAEY
g 2dole) QAT &0l sty YEom AR

Chang et al. (1994)2 %<& ¥F E, FE& UZT B20E E, A Fola A
7123 A #A YEva, 8% E, o AaA e AT AdHez 44
H REGEN)AM BAETT siged, o dFNE 3dol A$ E, F
B HE2FROE B, AETdA g4 debgta, gz AdFrinces A
@71 'A deht vsd ARE BHch 2, dR2FAA AdrE 79
o 500 pg/mé & wA vEbsTh o]E g BFL 3dojo A@dr] Fo gAReF A
Bt AN E, $27F ¥4 YeEhdE Aoz A4RE,
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B3 T FEE 1 2 399 EF E, AT/ d27R0 @A Jetdz, E ¥
=g AT dETEYG B g4 vEgth 53, E, ¥E2 A TN 4@
71 Feol A velxen] o] Al7ld AiAd dAH v &o] FrkstAT FA
7 AAEFd A E, ¥=& sobaity (Kime et al, 1991)¢ 433 F3HY B
A et ¥zt olE @ E, ¥ET A TolA E, & Ae§ AIRE oA
Tuo=t T8 E, ¥9& ASEHA 82 gew, RIAMAM E, & 4&9
AT o Ut

HAREE MAY £ E, 58 K437 AP E, 9 342 $23HChang
et al, 1994). Guiguen et al. (1993)2 E, & $+A44%% ¥o|F, Lates calaarifer
A AAGe Fosivtn RustHe 2y, FAHIEEY AFFAR AAGAH
=% Zo)H, Monopterus albus 9 =718 ¥%F, Thalassoma bifasciatumdtp$]
71938 AAEFE HAAHHTang et al, 1974, Kramer et al, 1988, Miura
et al., 1991a, b; Nakamura et al., 1989).

Okada (1973)= FA/NE el E, A#A A3EA7t doldntn Eadga,
Herman and Kincaid, (1988)% E, o] 9§ ZAHAL By =, ol E; 9
4% SHdAAGn AAEHH FYFAMT dEz2To H# AFA vwtert @A
WELRETH

AL F A o1F ¢ Rivulus marmoratus, Menidia menidia X 34 474
2o BHa &3 AZAA(environmental sex determination) &, &, pH &
o] duldl JFE& F= o2 deA vk M. menidias XGi 2A AR}
59 A3 AFAM ZolE AEH A 4R £H&0) FAHLE L Ao
2 Yetwth(Conover and Kynard, 1981; Conover and Fleisher, 1986).

o] TN E, At d4E I2ANHL Are ARNFYH L dAANZAY 5 &
A8 ¥ 1de], 2do], 3dol9 1999d 1089 AFAM gRer HgA ¥ &
< 1de] 25%, 2¥0] 16.7%, 399 3L7%E 2de7 Auyges wopon 3do
7b A vEbgth do2e) AFE AAE AAEE FA8AEFL, 48, FF
N} NHLAZZE, 9% A8 DA 248 "Hart i Az,
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3. A4 F7]

AZoFe dae AAgsgod Tz ABdHA AdwHoz AA AIH
(gymnovarian condition)# ‘@4% (cystovarian condition)2.2 79 (Hoar,
1957), BA48E vAhe 2AHH EAo wat thA] FAF 1% Mo F7HA de
2 FEs 31 gvh(Takano, 1964, 1989). A E9 d47E G4 AT TF
S5 WA AA AEE g AR GAFS 2RENA FHAM sEH
o2 dA=AE 1o &8t

Fe durdog AAAFIE AARAIZIA gt 6714 #FHER T3 Ao
(Aida, 1991). ¥%-¢l, Carassius auratus (Razani and Hanyu, 1986) &2 & 4l&
¥, 1E2xFH A, Rudarius ercodes (Lee and hanyu, 1984) & o & Atad,
Achellongnathus rhombea 9+ A. longipinnis (Shimizu and Hanyu, 1982, 1983)
e 7+E A8, Chasmichtys dolicognthus (Kaneko et al, 1984)%}
Chaenogobius macrognathus (Hibino, 1984)% Z& A& A&d, A $atd,
Orhyzias litipes (Awaji and Hanyu, 1987, 1988), A W=, Tridentiger obscurus
(Kaneko, 1986) 52 EoF At&+d 128l Repomucenus benitegurt (Zhu et al.,
1989)9F &L E7HE AARE Folvh ojdd A@drY FEAL F EHY F2H
g g FeAHCE vehe, ARt oE JBAE AT &3 oJFE A
Ah Ao AFa @78 AaL L8 Aed ity FEEAAIH, AFT
o Fae dFY dY9sd ity fFzEATtn Budi 9lti(Asahina et al,
1980; Asahina and Hanyu, 1983; Awaji and Hanyu, 1988, de Vlaming, 1975
Kaneko, 1986; Shimizu and Hanyu, 1982).

B S A AREEL FE QA ddstd o5t A A Ao
280 ¢34 tH(Shimizu et al, 1987, Lundquist, 1980). 7Z}A 5¢] Alge
5~69e] dojun YA Rol=s2EF GSI ¥EE R AAEL E4E 4
#yo £¥vun E 5 Ao FAEAEFY AEE 549 ~6¥0 dolur H2HEZR]
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zo} GSI9 ¥3E BY BAQE AT v & 5 Yok

2714371 dERAXE 9 widn dge wek  g4<07](chromatin
nucleolus), F¥<e17] A7 (early perinucleolus stage) % FHE<l7] F7|(late
perinucleolus stage)Z &332 ™ Guraya et al, 1975)

FHly] dRAXY AEAd vevs dEHe =dv,  Agrammus
agrammus (Chung and Lee, 1985), &%, Chromis notatus (Lee and Lee,
1987)5 tiFEe] AFofFoA GRAXEY AXAe] daEZo] FAH7 Ad
haematoxyline]l FgHE 78 AM2A JeuE A0Z Guraya (1979 o
g dEAE AFHAHAN Fag dEE T RAojgtn Busta Y

3dolell A Wk o] de Asd AAE 7ML FEe o HYo] EHFUAT
Jdolol A HH MAs EFHFHA ALZAG du dEE dAZ BHJAT 4
dojoll A @zlo] Frletr] AlAtetn davel M d= dEAXLI E8EUH.

2 A LM AAF e V)7L 2A ZAE, AFFdE L2 He
slt} 1 Kinoshita (1935, 1936)& 2z it o HollA methyltestosterone
Fol HolA WA AHheE ALEA He Foeg AL LA9L AV AAz
AN a2, vl AR ¥ B& AHHE stz AR HA gt ¢
o], o]# g AN 4A#HL M2 Th2A FAEH w oA e

olFel waEM F79 EFIAMNZE wEA e, 79, Lebistes
reticulatus (Takano, 1964), ¥}, Lateolabrax japonicus (Hayashi, 1972)% ol A&
G&8E7] A% FAe A0 2212 A2 FLee and Lee, 1987)A = G#XE
o] |Adol AFE Foll Aok o] AFANM FAFLE FHEAY] DX EAA &
FX7] GRALE Fo7tE A7)el FAH] oMt FAIYE AF(E A

ZAE T2 UF E, & T 559 HuAx Adr] Aoy, oleig A
v 948 ASFA olF<Q AE, Rhabdosargus sarba 1A Yeung and Chan,
(1987b)e] B.a1 &g,

Kinoshita (1935, 1939)+ ZA4E A#7|teete A TS A2 koA da R
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Ao wee wa g sgoh 2, o] AFAM 3dojt 1 oldte
AEY dawge Fuly] @Al HEy glon, dF A5 wE 3dolodA
GEAE AEZe] de] FHH7 AFERon, dazAdM FHAAES AL
AdEAEE JrzHde 2R TSR

ArzALE AsgdA AU 43 ASAAE 4T, EFFHOR dol
A% tHSadovy and Shapiro, 1987). ¥4 ZAE 3o F 39%+ A2z A
3z U E s +348 £ W% AP (Lin et al, 1986, 1987
3R R o] AFXE 3d0 F YRR AEE dERTIAA 142%
2 9 dehd R @A3aded g9 AAE d4E wod Bavt dvu 4%
"ot

4. F&3 FF7)d g3 A F7] =3

& ojFe 4] AR A7)l F&, adEe AdvIE FALR A
#2718 velz gled(Lee and Hanyu, 1984), o7 As3 wiad 2@ A3
AAUEY A A efel o3ty ZAHEARL o] 2HEE FESS AL YEE @
ZAagleln, o|FME S U & Jgo] M AT d# A Urkde
Vlaming, 1975, Asahina and Hanyu, 1984). 121} F /2] A2gFo| A3
A7 ALRZ1E A, A ke 848 FEde 2R dFAY 2o B
o7 ZALstx: on, Fo wel 2 W7t A7) dE2A vehtn itk (Aida et
al., 1984, Kim and Hur, 1991).

AR EL Fadel A 5~69 Alold] Asddse AAEF7E RBeled, §4
FzoAg F A= 5~6¥9olArt F& 165T ojdolA] 2THF7A o] Fof
A A A71E 18~20C At

T3 Fa7] 28 HAETAA Y AT FJAS o AL g g
A7l ¥kt gigich A 19 AderLd A 49 2d94 dzT-9%
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EBUEA Ado] dolyten, AYMe +2& F&stn 43L& AdLH=2 & 4
S0 GSIE 1~497tA t& AFFRD £/ vexol el FRoE A
&8td A&TE /MR 432 E 5 AT

o] AFoA F&3 FFINE FAHI} HFNAAM 28 RE FAMANA
BRotate] o)) Aol EujHo]l £ 1~2/0Y9 HA 53 FFE AL
™ 49 69 Atgo] JRAIF S diET R} 374 A Atde] MAHUC A AdL
AF 12 59 1190, AFOoIAH & 167C, LD 14: 102 449 6¥el, &7+
59 1290, AEmML Atsto] dojuAl gkgieh. ol d A#AR & o AAHF 4
ol &1 FF7E 4 2FAUE 9 V@] FEFNLH, FF7)
ZHY APIAME Aol dzFe Fdsidon, AIMe) AFA F22
4CE FAFIAAD, AR AAZ FRE 530D A5ES 713 43l
g7l Wil AdEe dojuiA gkgtrh wekd A ES] ARHA g2 F
FF717F A43ta FEeo] RAHOE FEde AL AlsEH

Y9 A% Kim and Hur (19 &3 3F71& 2439 5L 13T AF,
14L/10D A 145L/9.5DZ vp7dS o 60 vte] Atehg f=3%a, 259 3+
Kim and Kim (1990)& #3719 & ZEste AANHEYG ¢ 149 27
e A

A A o]EQ A%, Rhabdosargus sarba ¢4 Yeung and Chan (1987b)e] E.
a1 ZAHY AHBANME 39 HF E T w29 HaAs Ad7] A
EbY ol Adtet A& dAHI vk AAF7|Fd FAAHAAN T E9
AE & WEE oz Fskth(Yeung and Chan, 1987b). Lz, o]&& FAA
Bl A 8F E:9 androstenedione(free)® ¥& FAE 7M. @189
ZAA B T7F & FAE Holg AL AN o] &HRo|=e] Fog
A& BogF3 glth(Fostier et al, 1983), B &o], T FE7} Adh7] Fo 7438
£ ¥t o] Al7]e] 1l-ketotestosterone FE¥ FA UENY AP AP Faw
g4 2H=2ol=® #4433 rhBillard et al, 1982).

)

p—

=

4
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Pickering et al. (1987)& WE=HXEH2ZE Q¥ androgens o FF& =
28}t 8% T E, o AxXe TEF 4AAA & F AAYu et al,
1986). ©] ATFAME GAAN EF T & Et F3AM%e daA B9 TY
AnAe AB7IRG AF7 AR o wA dgwth & F 2gRel=e W
€ (<100 pg/mi)o] BRHUY AL A=Yo ¢ 2EH2E A Hn}

e A&0ES GSL WA, T, E; 9] AL $&E7)9 45735
Azezol =g AAE ABDAE 7HRt )AL YkH o g oM AT
AL E, g9 oA o)X AtHde Vlaming et al, 1980).

AdzAsY g z2TAA AFAA A7) 1998 999 HF AFS 2638 cm
o, FEAFTL 32671 g oIk AEMA F 124449 1999 849 HF
AZL 2935 cm Fon, HAAFL 47433 ge & AFL & 3 cm, AFL 150 g
Frred ot €4 F318 WEe HolA gsith

HAZA AR REe] EARAYTE JX D glen, ZAE IA Ry
S 7HAE oFeltt RAFY dAA RTAA e Kim (1970)2 0.81-~0.96
mm, 0.22 mm, Lee and Rho (1987)& 0.87+0.04 mm, 0.23£0.01 mm HH &
Badgsd, o] dpdMe ¢ 084410.027 mol X, 7742 0.199£0.012
mz e Ao F A Ut

T34 377 24 YT EFAAM #AHE, Fa& 3F, #1774 F dE0
&7 Hxd d3E 2o FEdA ey 2VFEFE AESte FBRAAAL
€ o E ddd ZAE S Aoz YL

FE(Kim and Kim, 1990)% &% (Jeong et al, 1998)& w¥doz & HA¥HA
ARA7IEG dAL Ay Fur|2 ZSE Folrvn Rustgsd, o AT
ME 27, 487 25 ohd E7F388 A3 g ngont Addrzte) Anges
Az HelAe AFgeolder 74 AR IVNZ BeE Aol Aol &
33
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VI. & ¢

145 AP Be 4A8 a4 FHsy] 98 1del, 2do), 3301F o
o YHAEY e 4T estradial-178 (E,) ATFFAN 9 48 &
E 283 od BE JaHRZSsRE B4uUsE 2ANYT FAFY 44
2719 RNoje) 274 $EE P8 4e3 FF7) 27 a3 ool me A4
& wen Jadzossage] g4us 2 dojo Aad £339 £7) B4
52 WAMEHHo s BaasT,

AEdF JA g

ZAE 1, 2, 3del 24 120vE] & AMSEHA Ud AAAFYG HLHRolE
T2 AW, E, Al o AAg 9@ Azd d - AaueE ZAEg
c}.

AQEHAeRE ASTE HETFAM BAAF] WEAE BEW 1do6~1714 %),
231 (18~297143), 3de)(30~41/1€ )¢ GSIE 19983 1199 Z+Z+ 0.061,
0.13, 0342 wgten), 19993 59 zt2}t 0.21, 751, 12012 Huge 7H3 3, 94
of FelEol &2 0.079, 0.21, 0.37% @kt

HSIE 19983 129l Z+zh 2.71, 252, 2.64%2 Egkom, 1999 590 z+zH 1.89,
158, 1672 @& gt 73, 1089704 2hz 2,07, 147, 1.832 w3tch,

CFE 19989 11¥el Zt7} 208, 192, 1918 Esten, 19999 54 z+7 165
19, 1782 @& & 7k2 F, 1999d 1090 HASe Zhz 191, 204, 1982
Al EwohA o

1, 2,338 g4l A - dade dgoy dide] AAse BHL 119
of Z+7Z} 0.1%, 12.2%, 274% 3, GSIgte] HLXE Eolx 59¢ %tz 23%,
36%, 39.6% 18|31 GSIgte] w2 109 Zt2} 384%, 32.1%, 453% = AtH o
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2 ®=%h

1, 2, 3dolg Ay & g g4 E, $ET 1199 242 10 pg/md, 10
pg/mé, 100 pg/md i, GSIZte] H x| F ol 59 Z+7 10 pg/me, 10 pg/me,
100 pg/m¢ 23] FARY AHo] AhHeE F& 9~109¢ &L 80 pg/me, 10
pg/mé, 100 pg/m¢ .

1, 2, 3ol AL e W 3 T =& 1194 22 16 pg/me, 100
pg/mé, 201 pg/m¢ 1, GSIge] HuxE Rolx 59 747 15 pg/md, 300 pg/
me, 200 pg/m¢ 283 9~10€el Z+Z} 115 pg/me, 100 pg/mé, 10 pg/mé K ct.

ZAAAE9 1~3399 FA 715y BE JAAA dHF AR BARC] A
S5 AL nion, AAFAAF L FAATFAH — A7 SN - AEF
A - EANA - AEFA - AN M2 JEA.

TE2E AEd o A

E, & ZXE 1, 2 330l 2 ppm/kg diet FE2 1998 11€9%H 19994 10
Y72 AFES 9 | GSL AdaW A - dae SN dhHe] XA E
= A3, g4 E, & TY & #aE ARG

1, 2, 30l 9] GSIE 19984 11€el ZZ 0061, 0.13, 0.34% ke, 1999 5
Yol Fdol¥ 0052 Al F23E haoy 2~3doe 42 221, 3912 FH3L
s MR 28R, 19999 9~1099] HolEo 1dolE® 0282 F7hstA ot
2~3dole 747} 084, 04002 Wk},

1, 2, 3deol9 HSIE 1998 129 2tz 271, 250, 2402 w3tom, 19999 5
Ho] X% 155 ¥ & 7HH 3, 10¥de &4 1.08, 076, 2.14& “HeERHT

1, 2, 3d0¢ CF& 1998 129 242t 208, 191, 1912 wgkon, 1999d 54
of 242 16.0, 15.2, 1768 W& 2 7k %, 19999 1094 HoAgo ZZ 172,
168, 19.12 A A3 Eotxch

ALY A -dage B dadge] AAsE BAHS 1194 72 01%,

- 103 -



12.2%, 27.4%12, GSIZtel HnX & Holx 59 zt2 25%, 3.6%, 534% 17
3 GSIgte] B 9~1090) Z+7} 91.4%, 84.9%, 808% % JUH oz ¥kt

AL B BE AW E, R 1199 EF 10 pg/mt ¥, GSIFel #H
A& Bole 599 &4 10 pg/me, 10 pg/mb, 1115 pg/mé 223 FAF9 WA
o] 4UlH oz &L 9~109 Z7 430 pg/me, 10 pg/me, 950 pg/mé .

Axa gede wa 44 T ¥E+ 11¥€4 242 10 pg/m¢, 100 pg/me, 200
pg/m¢ 3z, 58l 22 5 pg/mi, 200 pg/mf, 100 pg/mé 223 9~10¥ el 22 40
pg/mé, 200 pg/m¢, 10 pg/m¢ A}

A2 57

ZAE AHF7IE BV02~34), 4%713~49), ¢4 2 I&7](6~64),
H3 2 Fx7(7~19) 59 d£HA 718 e

BANC~39)NE GSI #el F7HstAL, Y2 Fede FEA7] GRAEZ]
AAsRAon, B, ¥EE 1000~1400 pg/mt 2 F7Heta, HaRAE ARAE, A
ANEEo] B3 Badgx, T ¥5& T00pg/m = 7+t

Aa71(3~49)dt GSI ghel F43 F7lstn dadgee o7 dA9 drA
¥Zo] $AHAY E, FEE 100 pg/ml 2 F43) 7481, ALFHE AALS
Aage] A9E A9 L, T ¥=E 1000 pg/mt & F7HEo

4 g AFZ)G-69)E GSI - 548 FA vEld F 6dole ¥A o
Bai dRANME ¢5do= 7S 2od E, FEE 100 pg/mE Ve, &
29 ARBAE ARER 7152 AL, T FEE 100 pg/me S e}

Hal 2 FAZ(T~19)el= GSI &> ¥A ey dagee Al
EANE7}F F& o) F 3, ALHde ZUAE, ARMNEERZ FAHY UATH

#e3 JF71d 9@ JAF) =23
FHF ANTFIE 2R BHRY F 2LH #7709 J¥e Lojny)
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A8l AdFLH AAFF7] 219 27, AAdFL 244 FF7) 24T A9
I, #22314~240)% F57) 24¢ & 490, F22414~247)% &
AEM 2004 AAAST] duse) AF 2 E, & TY 43 A3E A
dae i 2.

gz7, AY1, 490, 4¥Me) GSIE 19983 9¥eo] =5 0.399H Wz,
AY 1, ML 580 242k 126, 121, 98, APLE 49 12012 HDAE B
% 1999 89744 03~05% #FAHch

HSIE wiz79 A¥M-S 1998 11496 281, 324, ¥ 1L 1494 331, 438
O 1299 3488 Axnxg 29 F 1999 8474 1.0~152 #4fd =&
A¥ 79 HSIE GSIRT 5~6704 #Hel 2 g& Hd GSIet 99 J@AAE
Bt

CFy WZ79 430, ML 19989 1194 1928, 2073, 19.15, 4P 12 124
of 19182 HIAE B F 1999d 897X 17~182 &gl CFY W=
ABEGE Aol o] @¥d shgHd 19~209 EL FE velym, A
71%<l 699l 163~170202 HLAE B}

T3 FFIE FA =AHFE HAPOoA APNA 1929 Z#g 19993 4
469 72 162CE 4%3tx L/D7F 141049 A Atgho] 7fAIH o] =R}
37d 97 Ar#Estact

AFL L 162TE 4@ 49 69 AlFEo 549 1174 3793 ALHA
oo, MPFL 2620HWNME 2F FAVFE 214N JERAELS 809122
5% Wew, FAEL 90.11843%, & 743+123% A}

¢7L 0841002 mm, FTZL 0212001 mm A Age] APL4EE Hx)
Ztokx = 7ol rh
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