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Abstract

Gonadal develpment and sex reversal by 17 a-methyltestosterone
treatment of Epinephelus akaara(TEMMINCK et SCHLEGEL) were investigated
histologically on the gonadal development, sex change of the gonad and
studied by gonadosomatic index(GSI). Samples were collected at the
indoor tank of Marine Reserch Institute, Cheju National University,
from August, 1992 to August, 1993,

GSI began to increase from March when the water temperature began
to increase and the reached maximum value in August. Respectively, it
began to decrease from September, the low temperature season, There
after, main tained relatively low values until January of next year,

The annual variations of HSI were correlated with those of GSI,
HSI began to decrease in autome with the decrease of GSI, and reached
the maximum in the spring when the ovary was getting growing stage.

The annual reproductive cycle of this species could be classified
into four successive developmental stages: Growing stage(April ~June),
Mature stage(June~July), Ripe and Spent stage(July~September),
Degeneration and Resting stage(October~March),

Male grouper were obtained by accelerating the process of sex
reversal of females through oral application of 17 @ -methyltestosterone
at the dosage of 0,5mg/kg fish and 0.2mg/kg fish over a period of about
120-day. The concentration for treated fish increased from the dosage
20mg/kg(BW) at the sexual transitional phase to 60mg/kg fish in group A
at the stage of functional maturity of the testis,

In E. akaara, individuals with hermaphroditic gonad were observed

in 23~33cm in total length, Functional male of this species by 17a
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-methyltestosterone treatment could be oceured from 31.5cm to 36.5cm in
total length,
Condition index, correlated with reproductive cycle and water

temperature, was remakably decresed by spawing,.



Bule|, Epinephelus akaara(TEMMINCK et SCHLEGEL)Y: s’doi#t
(Epinephelinae)o] M3h= Z& 50cm RSt Bdh= ABREAM MAZCR
sdolfoll = 358 37080] U A UrH M - R, 1987). feuelelde
BRR, 53 28 530 okl wAEAA 2%t BX FRLUERR,
@, gt Fudolrol A Hojztx] cifio] dArielld 2cthe] Bilgel 24
SCHEEB, 1963). Hulele I o] Fof e felvtelel d&oM 2
Zaelo] Agse] gon 53] fejysioAs MENEEOTA RMBR
o] EXREI o FEMMoltl BE VAol A= s RMER
o] HtihS AMolA LMY Mol diFE &SR Aok Y. ARE
s ol W ofyzl REMS H#iko] ol TR R3l7] uiFol XM
BRol £E o eglo] Elx glo] MHLEE BBl AFY AYolrl

ol VY HRLE  Yamamoto(1953)7} FAl2le] €% Orizias
latipes & oS3 HMARTIRE ZAZ 3l £#8 AEE dde= &
WARFRE7L olFolx Un, Mol dol, Oncorhynchus keta, 4o,
Oncorhynchus kisutch, Y X|, Paralichthys olivaceus oA EEHCE
Hol 7hs%t iAol o]23 gltHClemen and Inslee, 1968 : Jalabert et
al,, 1974 . Yamazaki, 1976 : Goetz et al., 1979 : Donaldson and Hunter,
1982 : M+, 1988).

Nakamura(1975)%= Tilapia mossambica 2} R5{t BEE EUSX slo 4
FE=EL o|8% UNRHECRE, HHK FE=EAE BE BRI HE
oL} O #HESIE HES AHSF Mt HBEASL Wi ot Bulele
TS S0 ol FAld AR MEERAMARCIL(Chan and Yeung, 1983),
2K 30cn Wiol £RoT #HN#Mo] dojut: KHES AU o] 439
Y57 ElikEe] 2 EAE Ha UrHFL - Bk, 1990). HEERRdE
Hol#, WaJIH, =HIIE s4olETel I ¢8A oden, o MES
SEERMS fsiME BIkA] EREEo] ol &5 olch



Chen #(1977)2 Hulele} e mol &3l= 344 E tauvina &, Kuo
%(1988)2 W49, Epinephelus fario 24EfRo| methyltestosteroned O
#msto] MR BAE WGl ok 2ela, W o} +(1986)L SdolH
o] EEHEERENMRS HMAE 1004n KRS o]t HolyEe] BERtz}
REFT ATHATOIAN ESRA R BE £38 ¥RE x| Hsidr).

metAd o] FRE BN REM RMNSECS U Bule)le] ME4&
EEHMAR EAH71 Hagds BBY 20 ¥RE 9sle] HullE it
oF EMNBZRE 17 a-nethyltestosterone fREHS] oJ3F Md{L T 4
MRA EMMRe] BEEARES RMEHBHN WEIA FESIAC



. M3ist R FHEs

o] Bifeol AT HEL 199265 7~8F Alo] Ay St Zsjol 2
d$r12 BEe 28 19.5~352cm(F¥  25.7cm), ME 215~630g(F3H
275.85g) 5= Hule] 218RE 19924 8F 18H=} 95 5H, 104 108, 198
4¥lo] Ax A oHdF B4 &3 7R A Felq Fsidct. RM&
o] £uke 402 Eajodal AxH60cm x 30cm x 20cm) 127]0f Z+z} 6kg/40¢
A A Relegslo] 3UE A4S FUT ¥ URY R, AROT A
13T RS SAISlo] #9 4B THe] A Foista fPd s FRAMLE &

nistgict.
1. BESHAR

RBAL 19924 88 18HYE 128 10A71A] 7ton(HAHS43 5ton)
Q¥ FRP4Z 2700l Ztz} 10984 F e85t xBg o]FoF dx|slal
vlctols AR THP(XZ 300mm x Zo| 60cm)Z¥ shelter 4714 & #Es) F
dch Hols F2 YE AZCIAHS Fil L FHkol HKId2 RAES
18 7~8EE K MAFsIAon, Ho|FFF 1RKM LR Fl+7E §
3] nigte] ®AZIE AAstAch K@} HES 481 10:000] WESIASL,
2 SIEHNe KB HES zZtzh 16.6~27.2TC, 1.021~1.025 H9i(Fig,

1)ct.

2. ENREE
7ton 2ol AHSEA HEAME Holel RE/(LBERE #13to] 1992
£ 127 18%H BRel REFY ERE 3] WERKI == TR
lton FRP Q¥ 4= 2700 2tz 254 48&3ldct. ASsele A3E
AX g oy U W FYARE AE AMSAIRIY 934 1A 1A¥E &/
Mol &ojzich.

-3 -



Water temperature (°C)

29

Time{month)

Fig. 1. Variation of water temperature during the preliminary rearing

experimental period of red spotted grouper, Epinephelus akaara

in the rearing tank(Aug. 1992~Dec. 1992).

Table 1. Amount of accumulation observed in the grouper, Epinephelus akaara, in
January through May, 1993 following 17 @ -methyltestosterone feeding

Group Treatment Jan, Feb. Mar, Ari, May.
(mg MT/kg B¥) (day 30) (day 40) (day 80) (day 108) (day 120)

A 0.5 15 20 40 54 60
B 0.2 6 8 16 21.6 24
C 0 0 0 0 0 0




HELERE 3 HBI=EOoTLE |7a-methyltestosterone(sigma)S
AHgslgdon T 220 oNF lkgW HEE A ABMEL 0.50g, B ABES
0.2mg, C RMEL 2719] Au|AIR4ZRE )& o] 83l Unx] 58RYE
8313 FAe|7+=2 FEsisdri(Table 1),

MMl HAY ol MAE 12m MY B EfBolY =] FRY
32 ethyl alcohol(99.9%)0]l £31% ¥ sH= SFtel 3 BFAA o
1A AZAN F JARAS 18 1~2E% 12004 EoREIATH K
KE(C)ols Al TEEANE M7l 4L FUF alcoholE A
BEsld wEES dAsigdon mmEmE 7t REEAe] HES 3ty
Z} RBENS Al7]E EXREI BERE Table 29 Ath ARRM+ K&
2 A, B RMELS aquatron, C RREEX A 7|36 (1kw)E(17£0.5C) ZH3}

At

3. migNEZ ARERE

ASEEe 23 AT HEe 19924 8AYE 19934 8H7IA] A 6
~312 BulzlE AH4RoA R FEsio] KBEA ZRLE 0.1cn,
WES 0.1g712] st AiEs FE dold 4mite] HEk Y FEES
0.01g7hx] Etwsich 4mMEEe] MKEN WES sisto] Lmiist F2
It Bouin’s Mol 24RsRl BEVF At 70% &Zol BAstn 4
Q] Paraffino] Eojgt ¥ nlo]AREE ol&3l 4~5un FAE YA
AREA S )23 ¥ Hansen’'s haematoxylin} 0.5% eosin®E Hjz FA
staich. £MMEARS HES T2 EMEME] 459 HchdeA B3
T} &R ME RN (gonadosomatic index)= XA FH x 100/AFoE, fF
MEFHE M (hepatosomatic index):= ZHEF x 100/A]ZF2] Aof 23l A4ts}
gt IEMEES] A4 Fulton’s Condition factorgl X|F x 1000/ A 2P & A}
&3}t
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1. EMMBERK(GS])] FhBb

19924F 8H KE] 19934 8A 71| 4MMMBEIRM(GSI)e] ZAAZR:= Fig.
22} P}

TR AejHa Ao ojH GSI A FHmb: B 8F
2.4308 dF AU 2oy 9A 0.972 FA3| 4] A FsHo
10556 12A712] 0.50 k=S YolHclh ZI=E Azlo wlE WKl
A8 128 o|F2] zt RMED GSI2] M3l 17 a -methyltestosterone &
EOfESIEY A, B RRELS 25 180 2Agkel 0.3601%ct. 22y A
RREANAM S 370 0.722 ti4 Assidoy 4A5E tiA] 2E 74slo
8Hol 0.31% BREME 2dtl B RMEAME 27 olF AN F/HELE
voltlzl 6] 0.66& AAR 3lod UY AERE 0.498 ZA3tE v Un
A ARLE 8A0 2.042 Z7I8ls FUIA] typel® WrojZrnh ¥H X EF
& Aa3lA| e wEEAME 2AYE F71817] ARt 6H0f 0.87, 8A
of 2.42¢] &3tsdct

2. FPREERM(HSI) 2] FEopii{b

RSl AFGMEE 29 Fig. 32 ol 2=EXN|AA 19924
8ANEl 12H71x]e] FREEEE 9H0 HAAXA 1.31604 12A71A& 2.41
2 A3 278t 934 18 TEEA L o]¥:= HMRE A BolAM 2AY
B WRBRE 2T wE Z73AMAE BEo EMNFEEL7 dolu: 4Hede
2tz} 3.76, 4.258 Z7}8193 68 7R = 3.46, 4.1328 fA|HA oY o F
EBfiol Hol=& 8Hele ztzt 3.32, 3.08% Yolzch I3y, HKE(C)
ol 3AKE Bx} Z7sle] 4A0] 3.018 HIxTH ¥ 5AYE 2.702
2 7rAas}7] At ESRHAQ] 8H 0l 1.878 W3S HAth
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0.5
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199289 10 11 12199812 3 4 5 6 7
Days (month)

Fig. 2. Changes in gonadosomatic index in cultivated red spotted

grouper,
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4.5

4-
Control
3.5 A
A Group
31 B Group
)
T
2.5
|
2_
1.55
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199289 10 11 12199312 3 4 5 6 7 8
Days (month)

Fig. 3. Changes in hepatosomatic index in cultivated red
spotted grouper,
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3. EmMike] REAE

9H A 108712 Hulele] GSI:= 0.9701A 0,492 & & Ueli=R
gom, o] Al7|e] FRMMEMERS FPRA 350ume| SEMIRO] BT MRS
ol MiS RIRKED Qoo LM JHol: AARY F3 =
) Eo| wests QITHPLATE I-1, 2). SRR PMELEE oz} RS B
slo] S RIEMSHE 5~8undl SPFEMMS AEFo] haematoxylino]l FHH
P& 20xm AAFS] ofF URAME 23 PE 774l FHAI] GRAMEE
o] Eajsle] Ueh}= Z(PLATE 1-3, 4)3} BIMA H84 33 zZo| wt
Rt M ER boll HZBMII= SRR ol SIRMEEC] uix =2
& Zlo] QITHPLATE 1-5, 6). 110l GSI7} 0.53& Uehd: SIRAERK
e 2, HRE 3FF o] U £ ER Foll: W& 134n RIS
IPRME BBl Q= Z(PLATE II-1, 3)2} KEAROl: 2.5unm Rij#2
WS BEEste = o] QAUHPLATE II-1, 2). 12H0lA 3F0 Ax
RREEES 57 KRIEHREBE of 8 IR 50~60um &= FHUA7]
ZAEZ} 10un2] ol2l SN UER S QTHPLATE 11-4, 5).

482 £MHMERNE 60~80ndl FHAJ WRAMEL} 30un A 5
AR 2e2ln, EXRE ulel SRS SZERMke]l etttz ATHPLATE
m-1, 2).

580 HolEdA BMAolE AHEY FHol tHEI Yephun E
o] o XA} Ut PR 130un Rtk FRMKS M ERES] RE
Mol FR MRl st ITHPLATE NI-3, 4).

8HS &BEAE= ¥uto] Ax|sn o] o] FAUIAHA
ol& Alolo] = =EF frEol Uehun apddiel 23] MRS} g
H 500 £ne] TSP 100 £w Ak o7 SRRMEEC] UERITHPLATE I
-5). 3212 A% AAol = 754m RIS ol MMt FMlRol &
2§53 QUTHPLATE M-6).



4. EMER

WEE dF A AMRA BTBREE BTBIERS HkEn
o zZARY AXE FYste o5 £MEHIE HEN, ERM TR U
ESH el Bk L R 5o A543 EHE Jehd 4 alddrh

(1) BREH(Growing stage)
4A5E 4dF ANEe] ML FE{kE7] ARBt] 5He ¢RES]
2R sl mEM HolErt Zela A4 s1Ee] F Al
B B®ol Uehta gch olE RRH MEES 5Ad 7Y "ol U
Ehtm AR 6A7HA] A& ch

(2) k¥ (Mature stage)
7Hel HolEd SpMe] RS ZH5| Aslo i MitelA:
tlate] RS sl wAlHcisl U R FRMEREE AYxiA €

ch.

(3) sz 9 EEIIHH(Ripe and Spent stage)
gHol MolEHA R AYuols 5004m MK TRILE FiEo]
SRS HolEx dtd, d¥ HicAdE o JURAM e} FiERke &
Y M (ovotestis)& YeEhAL lr).

(4) B4t R $KIEHi(Degenerative and Resting stage)
9Fol HolEHA MMA ulY2d MY BT Mol dojfa ¥
ol71e] FRRHMEERIC] &Y WK SEERS U2 BAF PElE o]
B3 REME 2~3A71A LR BelE 453 2 &M bRl SREM
B SEMMEERS Jehde R, 222 Edule] KNRMKR |3l M
#(ovotestis)& UER)E= Zo] alc)
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5 Rt BN

Kt WHUE I3 1993% 18 18¥E 58 10871A] 17a
-methyltestosterone& Z}2z} ojA|ZE kg 0.5mg(A RBE)(22IE MT
60mg/kg(B.¥)) 2l 0.2mg(B AME)(Z-ZT33 MT 24mg/kg(BW) )& Az|sigcl.
2He] GSIZtS HEEE(C AME) 0.613, A RWE 0.586 12|3 B RARE:=
0.513 o]Qltl. olE& GSI: 3A7HA] Hlxyt ZF7174%old oy 482 GSI:= K
BEoA 0.7642 A& F718h= ubd A RREE 0.676, B ARES 0.667
E ot F718la ot 8Ae] Molgo] GSl: HKEOA 2,458 HaxF
Uehdsl A BREREE 0.31¢0 ¥hd, B HRE] SlojA SS7l By fEmMe
GSI&= 2.04%151, HEE By 2] GSI: 0.49%9cHFig. 2).

olE MEES 4£MM HMR BEBES 23 A RRES] 28 &MM
Aol 50~90 £mQl FHI] R XL} 254n ol FRMEES] Atz)s}
2 AL 71 BEA MRMERSol Uelha QITHPLATE V-1, 2).
32|32 B REEAAE 404n AFo BHMESC] BT 7Z1AUdE K
R KRR 222 3T WTEC FaE ¥dsiz Ao}
(PLATE IV-3, 4).

3Ac] HolEHAM A RMES] LMMEACE 30~504ne) SFRMMES
45~75pml FHUA7] GRAHXEE0] 4tAfsla 7]Ae] REAO KERMEESO|
SEMMSIS FRERE, Rk 33U BTE FelE ¥din
SQACHPLATE V-1, 2). ®td, B HBES £RMMAE £HU7 URAMEE
o] xtafista 71 AUlol KR, WHAME 222 BB KTFEol Uehua
SATHPLATE V-3, 4). ST# U EMfcl Hol=: 7, 8Ho A RMES] ZE
NAe] ERMAE BITFA L4 o7 MIBMEE} AU BFESol
2§ #lo] YelUda QTHPLATE V-6). ubdo] B RBES WAlHu 7} @
Hla M2 el f37 el B 500 um Riitke] seRSR 7]
AU BT Eol 218 AA(PLATE V-5)2} &mMMAe BT o3 SpRE
BEo] st +3AUel BFFEC] Fal§ o] Yelp= Z(PLATE V-6)
2} FAIR @RS Hol:= EmI it
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6. MEEMNS] HR

Futele] ENR AFE mfetstr] g3 £MR HREZS Bl BWE
AN HRES AE slch REEMRE 2t Al ERfIR 39
LMoY £2 Yehtz olcl

HEEA 431 HERLE AR A AAF B/MERY 2K 19cmolA
HE 29cn HlLoU FE 22~26cuollA HBEIACE FEEEe] HBEEE
L 23~33cnd 2 22 26~33cmollA] Wo] sttt 2R/ 23~29cmoll A ¢
A hEmIt 3850 A3t AthFig. 4). RME A, Bo] lojMq ¢
AL 25~29cm, S 24~33cno] HBESIA, 7|5 £33 31.5~36. 5cm
oA YelstcHFig. 5).

7. IEWES] FE{L

fmRol 2 Hulele] @Ee MLE UdVIH ATBIEMES AN
A= Fig. 63 Ztl. Eo] FESE 9A 14.72 BxE & & UE]
Utk 23 388 AA Adolzt Ut 10 %E 17.34 AF] &2 UL
28t 11H0] 18.21F A3 3 %S Holthrl 3A0 14.45% A US
Ueldict ubd I=EmBEREME 16~17 H¥Y & FA¥ch oty
EWEC] Mt EMEBHEUoI e Kilzs Y BAE Kol Ut
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26

Control group | [ _JFemale [__Jintersex
- N:125
-]
3
=4
e
S 10+

6 | .
i’ | 1 1 1 1 L I 4 1 1 i 1 1 i 4 I 1

19 20 21 22 23 24 26 26 27 28 29 30 31 32 33 34
Total length{cm)

Fig. 4. Relation between sex composition and total length of

red spotted grouper reared in captivity.

10
Treatment group Female [_lintersex [ Male
rst e N: 50
>
g 6_ ..... —
[}
=3
e
o o4r
2 —
0 1 1 4 1 | 1 ] 1 1 1 1 1 1 -_J_

18 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38
Total length(cm)

Fig. 5. Relation between sex composition and total length of

red spotted grouper treatmented in captivity.
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Condition facter

20
19+
18- '\
171 \ .
u
167\ \
\
Control
144 —h—
A Group
134 —
B Group

T T T T T T

12 T T T T T T T
199289 10 11 12199312 3 4 5 6 7 8
Days (month)

Fig. 6. Changes in condition facter in cultivated red spotted grouper.
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gFEY fREE Z7] 3R mefiol ik, EMe EBHE 42
EMERRE JehAL Q=dl(F4k, 1984,1985 ¢ F - F4k, 1984), £MIE
S Aol 2Udo2ME ANMERE2 Y7 REEERoE W3 20| A
o] #Aq3t grtz #WE&=T Qrh(de Viaming, 1972a, 1972b). EHu}e]e)
GSI el WEE SIFAR U AR BIAA Bd HREMo] Zojx|a X
ol EolA7] AFsH: 3A0] HoAEHA Ae3tr]l Alzsie] HARBEAA 8
Hol #axjo] &3t glo] FEA{Le: KB LAl AMNABRE R=3ta &
Aillo] HRFS FUAFE ALeE Algsel

Filels EMNRERE FRERERE J33BAZ H3sle=d ogf
e AL 1EIF X, Rudarius ercodes(F - A4, 1984), wWiAlo],
Anguilla japonica(Sugimoto et al., 1976), A}2|%, Chromis notatus(Z,
1987)50lA XRax|3 Qlch wbA, 150}, Scomber japonicus(Noguch and
Bito, 1953), X @n|, Agrammus agrammus(§f, 1985)FollA= GSIL} HSIZ} &
HBB/AE 71A 2 Aded, olRL Kol LMERRe] HAst=s EF 53
GRATEA] A2 el U FFoE Y el #aslE RRivL o
Zoll wel xjolzt AedAM BRAH T J3H FAE 7 A= R
o2 ZHFHTh

olFe 2 Ui MERRCIAT AR A HA| drl. MER

+ Yo T ML EEER RREERARE 738 5+ AdrhAtz,
1964 : Yamamoto, 1969). Mol 13 439 Hkol wat g8zt &
4oz FEHEU, o 5% 4R d¥I £ALE HNRSI: 584
o] LRl vlEEd, TZXB(FME, 1991), =A71H FolA &
Xe]7], Halicoeres poecilopterus([H. 1979 : Z & 1991), H&==)7],
Pseudolabrus japonicus(Z %, 1992)%o°] R332 9t}

8ol F ol Fe EmABER R Tel, 1) Serranus ¥,
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2)Rypticus-Anthias ®, 3) Epinephelus #e2] 37| Meoew EH/3aon,

8ol ol EYE = Epinephelus Flof| 9lolA, MEMES] MM HK2 Ay
ZAFoE F¥s] Hel=ga] 43, HRAES KB U 437 RN
of RES BEsto] Abxist dcK(Smith, 1965). %’doI|Me] Epinephelus
tauvina (Tan and Tan, 1974 : Hakima, 1987)% B9 Epinephelus fario
(Yeh et al., 1986, kuo et al.,1988)2 HiEERMAE RIxE 3 oo, o]
AMol AHE3H Fulele] F¢ EMEBRRI SRR BEEERM &
3t 2o $3dch

BEFARRER ol HERM SRS Eo el Iy dFER
tigstAl Uebdrl. Tan 5(1974)2 5/do|Mel E tauvina®] 7% BE
2.5kgql 34EMo] glo] WK 40~50cm AlojoA YRoT HHEHBIL FAHO
2 MRS 7EEoA Yok, E marios ME 11kgdl 9ELolA Mo
2 #mko] dojuton(Moe, 1969), E. salmonoide (=E. amblycephalus )
(Tang et al., 1979)= MHE 6kg(#R 60~70cm)Ql 544l dojytrh Kuo
#(1988)2 Huielel B2 Mol H9¥, £ fario (MR 46.9cm, ME
1.69kg)oll ojA| 2% 17 @ -methyltestosteroned 0.5mg3} 1.0mg H5F 145H
M BoRRsl KRk RHBES A=3idch o] HBold 2R
27.2511.47cm, @ 334.82181.76g == HHu}lelo] MT 0.5mg& 12097 DO
BHEIGE A RBE} A AP Holx Ut

o] BiFol AHgRt Fulele] S£MWBES HRM(4~64), HMIA(6~7
o), TR L EMH(7T~9Y) T2lx Bk 2 KIER(10~39)E d&45HA
BPE Jebdch KRIEH BRACdE dR8 3339 bR bol 4Bmmsl
= RMERNS 2= EM(A type)o} SNNE FHE wel RE & 8
‘gste] SPUBMSH: RMEHS 2t AM(B type) 12|32 A, B typeo]
A st BRES Uth A typed] HEREMBRNES FZ HHUMEBE
Wetsta B type2] SRRMIMES MRHKRE REsi glch

88 st#ifliol 500 unm RItRel SERIRE 1R ML} 704m RAL] FEHA
7] dRAX} REAN MOHE BERSc] sk AlREo] o #E:
Holx thdlel 715 +3es BRI E ZoE AlE¥r}
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MT X 2] 40848 0.5mg/kg(BV)MBE(A ARE)2] 7= £MMA 25
um2] o3l dRMEE0] Alx5l, WRHEKRE HNHlEC] 713 RER
of Uehdrtl 22|31 0.2ng/kg(BY)MENE(B SARE)2] El:s £MEA F
2 20um Btk o3l JRMXEO] BN /NE Z1RRelo] St 71F
Uoll= MRz A=Y BT ECl FaE o Yehtz glo], A REEXR
T} MT 5571 W2ex BTFHBR Bito]l dold AL 7Majxie] & LMK
A R&MHMHE(gonial cell)7} Mifg(t W2 4 BRI ZAdxE go
2 o sl ¥ BES YAHcl

MT 2] 80Ho| Az A REES] EEE £MEA 30~504n2 R
HREol Azt Z|Auol: SN KRME BRHE FHEksE
o] Uelyd, £+BHAUdx HFECl Fel& Ao Yetz gich wbd, B
MEES] AN EMMA 50~704md FHA7] JRAM X} KNFMEKE K
MR, WER, BTSol 4aisle doy AT HFFele= dAdct
MT A 27} U 90Ho] A 8Hel A REES BREE £MEAN o7
GREHAEE0] =F =F X33 7Y 22 BTFEel Fe& ¥4l
3= HFECl FAE B43tx ol olajyt P4 ARE
A FRoR ENANY RHBERAME MR GKRS NE LR
=E o3l Ryt Aaist2 AUl BT Eel FelE Ao UE}
Th= Chan 2} Yeung(1983)2] #&et & X5t glct.

ot B @REEE 7| Aol BT ECl FelE Mk Mol £MN
Aol 500 zme] SEMHRZ o} GEAMEE] tFE Ax|sln ol 7AYo
A40] HFEo] AAishe At EfE Uehds] ool et Az}
£ Ed MT 0.5mg/kg(BW) 5571 71'e3 ME{bEH APy Joex 4zd

c}l.

(O [ B A
qn e

Bulg] XRKY W|ENAN 2R 20ca ¥ 43 7} #&(RE
& 1986 : R, 1987)E3, ALELS 28 18cmollA 32 22171 #&s
ol(HF %, 1990) Ux|ql, HRE Huleld] HEER= B 30~32cn Alo]
ol 2 WHEITIZ WESIFon(FL - Bk, 1990), S4B RElA
HlRe Adutdos MM oloo] LMol iEHRie]l B U Refiol dof



U= ziog #4532 QcHSmith, 1965). o] HFAIHE= 2K/ 23~33cn H
2ol A WEEEst 2835t BFLE o Bk (1990)8] B3 Rl HEZRS] X
7t cia wA Jelych £33, 89 MEEeE Uehh:= ZiMES] £MR
ol Waldciel o XA X7 U 500 Li2]e] sE#IRe] E¥ 2} FAll
ulelel MaRe] AT Kol oyt WEEMEMES 8 XEMY
E AR Foll £ 0F ko] dojd Aoz 7ML

el A71el dlo] WE Hulzle] #WRe SWHE, BRRM K
EEe BAZANAN B A 7tz HBEE] Holg WS EE
e U g AzEEg ZF oy oM dFAEI H olFo|H
of & Z At}
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Aacjtts sjaraTas] £&AMgolA SHF Bulel, Epineprelus
akaara(Temminck et Schlegel)e] MEHE(L RS 95t Hol|Hol 17a
-methyl testosterone& T Al 22} 0.5ppm(A AEBE), 0.2ppn(B RABE) =
T2 mEY AWES SLEEC RBE)NA AMARE ENRBAE
vl FEsICh

1. EMBHERM(GSE ARl Ao Kio] LR3E= 3AYEH F
7tst7] A=ste] 8fol 2.42% AthxE Uehdn 9Ael 3173 A z}Hsto]
10F%E olEs] 4H2 REMIIA 0.5~0.6& RAsATH S=EREE?]
GSI& 2H%E 687 0.6 B=E Roltl 80 A RMEE 0.31% FAE
2. B ABEe] Slold ETFHEMERE 0.49, FRAREERS 2.044cl

o FPRREEREB(HSI) = AMREET dolus 4~580] 3.012 ¥ 2
& Bo¥ EMM 7~8H0 1.8~1.92 sth ZeRpEE= 37 %H
6H 7] 3.5~4.58 EA Uelsicizh Efiel 3.1~3.32% zZr &l

3. AMEME REN(4~64), RBM(6~79), R R EMH(7T~9Y),
Bk P KIEEI(10~39) S A4 EHE vehilch

4, NS BA= 17 @ -methyltestosterone& A 120¢dxe] A RBRE
ol WTFBRe] U 7Y £Aes HPHUL, B RBEAE B
3 TS 2 @R} 2o ARV @EEY st

5. A ZAANZE BEAERE 2R 23cn~33cn, olA L 2/ 19cm~29cm,
17 a -methyl testosterone BEENAN 7153H £AL A RMEA 31.5cm~

36. 5cmoll A LELYETE
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6. EMEMo| S ERYEMEMLE AIFE 9A0 14.782 AFL7]
3ol 14.450]3 Ado}7} iUyt 1170f 18.212 Fd HIAZPE YEL
o] Bzt Killo] WE dolot YT AA AUt

_23_



Atz,

Chan,

Chen,

VI. 2 3 SC R

J. W., 1964. Intersexuality in fishes. In: C. N, Armstrong androge-
nesis induced with gamma irradiation in Verterbrates including Man.
Academic Press, New York, pp.145~232.

S. T. H. and Yeung, W. S. B., 1983. Sex control and sex reversal
in fish under natural conditions, In: W. S. Hoar, D. J. Randall and
E.M,Donaldson(Editor), Fish Physiology, Vol. 10, Part B, Academic
Press, New York, NY, pp,171~222,

F-Y., Chao, T-M., and Lim R., 1977. Artificial spawning and larval
rearing of the Grouper, Epinephelus tauvina in singapore. singapore.

J. Pri. Ind 5:1~21.

Clemens, H. P, and Inslee, T., 1968. The production of unisexual broods

by Tilapia mossambica sex-reversed with methyltestosterone, Trans,

Am, Fish, Soc,, 97:18~21.

de Vlaming, V. L., 1972a. Enviromental control of teleost reproductive

cycles: a brief review, J, Fish, Biol, 4, 131~140,

de Vlaming, V. L., 1972b, The effects of temperature and photoperiod on

reproductive cycling in the estuarine gobiid fish, Gillichthys
mirabilis, Fish, Bull 70(4), 1137~1152.

Donaldson, E. M. and Hunter, G. A, 1982. Sex control in fish with

particular reference to salmonids. Can, J, Fish. Aquat., Sci,,

39:99~110.

Goetz, F, W., Donaldson, E, M., Hunter, G. A, and Dye, H, M., 1979.

Effects of estradiol-178 and 17 @ -methyltestosterone on gonadal
differentiation in the coho salmon, Oncorhynchus kisutch,

Aquaculture, 17:267~278.

PUERSR8E. 1963. REMEMEME. JLRefy. 358



Hakima A-R. 1987. Aspects of the reproductive biology of the grouper,
Epinephelus tauvina (Foskal), in Kuwaiti waters, J, Fish. Biol. 30:
213~222,

AL Th. 1984, ROEMY XL L BREER . KEOHR. 3(6), 90~93.

A4 T 1985, ROEMY XL e REHEE 1. KEOHR.4(1), 50~54.

Jalabert, B., Moreau, J., Plangette, P. and Billard, R., 1974,
Determinisme du sex chez Tilapia macrochir et Tilapia nilotica :
action de la methyltestosterone dans lalimentation des alevins sur
la differenciation sexuelle: obtention de males inversesfunction-
nels et production des sexes dans la descendance, Ann, Biol. Anim
Biochim, Biophys., 14:729-739.

M. 1985. c#lin|, Agramsus agrammus?| HREFA] WY TFIR. FLILKKX

KB LBV RI. 4147
Kuo, C. M., Y. Y. Ting and S. L. Yeh 1988. Induced sex reversal and

spawing of blue spotted grouper, Epinephelus fario, Aquaculture,
74:113~126.

FEA - P4 T, 1984, 1 EF 2|A|, Rudarius ercodes?] £MAM. WK
gk, 17(5), 432~435,

FHW. 1987, AlelE, Chromis notatus®] #EEE#RS] WY BIE. EILUKK X
8B HLBLRL.

FEY  REBR  FEFE  F®I 1992. B=e}7], Pseudolabrus japonicus
(HOUTTYN) o] &REiIot %, MM ARE: WHEEH HRARE. 8 16
5.

FHY - BoE  FEBA 1991, £X|&eEl7], Halicoeres poesilopterus
(Temmink et Schlegel) AMENE. MHAMRE WEHRH HREH.
15:93~102.

Moe, M. A, J., 1969. Biology of the red grouper, Epinephelus mario
(Valenciennes), from the eastern Gulf of Mexico. Florida Dept. Res.

Prof, Pap,, 2207:1-~20,

_25_



Nakamura, M., 1975. Dosage-dependent changes in the effect of oral
administration of methyltestosterone on gonadal sex differentiation
in Tilapia mossambica, Bull, Fac, Fish, Hokkaido Univ., 24(1),
1~13.

Noguchi, E, and M, Bito.1953, On the seasonal variations of the liver
weight and oil content of the mackerel, Bull, Jap. Soc. Sci, Fish,,
19(4), 525~529.

B kEE 1986, WHEE RBH(s/dolmEmM) e MEEE WY XM
MR Jdx] EEdEel WY IR, MAARE BENEX REHRAE
5 39

Smith, C. L. 1965. The patterns of sexuality and the classification of
serranid fishes. Amer. Mus, Nov,, 2207: 1-~20,

Sugimoto, Y., Y. Takeuchi, k. Yamauchi and Takahashi. 1976. Induced
maturation of female Japanese eels, Anguilla japonica by administr-
ation of salmon pituitaries, with notes on changes of oil droplets
in eggs of matured eels. Bull. Fac, Fish. Hokkaido Univ., 27, 107~
120,

REFHEE - ARKZ  /PDREF. 1986, 1. ¥UNYEHEE. FERAKR®E
#., EBFCOEHE. 88~92.

REEE. 1987, II. ¥y NSEHEE FRAATEH., HNC0FEE. 57~59.

H7%H, 1988. LS ADEMBORSECRETIALZ T4 L-178 DK
W EMEH.. 138.17~23.

HhFEE - KEE— - ¥ Lkd - BSEX - AWEX . 1990 FINZOE
B NS, RMER., No 17:1~15

Tan, S. M. and k., S. Tan, 1974. Biology of the tropical grouper,
Epinephelus tauvina(Foskal). I. A preliminary study on hermaphro-
ditism in E, tauvina, Singapore J, Pri, Ind, 2(2):123~133.

Tang, H. C., Twu, J, Y, and Su, W. C., 1979. Preliminary report on
artificial propagation of black spottes grouper, Epinephelus



amblycephalus Bleeker, Bull, Taiwan Fish. Res. Inst., 31:511~517,

hE{E. 1979. HEAEASHANE SEOHNR L ERFTBHCHTIHE. A
ABRKKER., 4, 1~64.

hEBA{E. 1991. MEEMHERRIER RELERE KBNE  ZE D A
EEnt™M4ER. pp. 327~361.

EBAE - BREE. 1987. REOENR. HRARHKRE. pp.20~25.

BAMK. 1989, RIEWME L FRIEA. KEOWR 8% 4M: 36~40.

B ERkth - kAR, 1990, RIEWME L HRBEH. KEOWR 9% 6M:
103~109.

Yamamoto, T., 1953. Artificially induced sex-reversal in genotypic males
of the medaka (Oryzias latipes). J. Exp. Zool., 123: 571-594.
Yamamoto, T., 1969. Sex differentiation. In: W. S, Hoar and D. J. Randal
(eds) Fish Physiology. 3. pp.117-175. Academic press, New York,
Yamazaki, F., 1976. Application of hormones in fish culture., J, Fish,

Res. Board Can,, 33: 948-958,
Yeh, S. L., W. S. Luo and Y. Y. Ting., 1986. Studies on the sexual

conversion of grouper with hormone treatment, Bull, Taiwan, Fish,

Res. Inst., 41:.241~258,



EXPLANATION OF ABBREVIATIONS

Bv : Blood vessel Ct : Connective tissue
Fc : Follicle cell N ! Nucleolus

0 : Oocyte Oc : Ovarian cavity

0d : 0il droplet Oo @ Oogonia

Sg @ Spermatogonia Sp : Spermatocyte

St @ Spermatid Sz ' Spermatozoa

Vd : Vas deferens Yg : Yolk granule

Yn @ Yolk nucleus Yv : Yolk vesicle

Zr : Zona radiata

EXPLANATION OF PLATES

PLATE 1

Fig. 1,2. Transverse section of the degenerating oocytes. The ovary is
consist of degenerated oocyte and perinucleolus stage ones.
x100,

Fig. 3,4. Transeverse section of the resting and ovary recovery stage.
The ovary is mainly filled with early growing oocytes and
oogonia. x100, x400

Fig. 5,6. Transeverse section of the resting and ovary recovery stage.
The ovary is mainly filled with early growing oocytes and

oogonia, x100, x400



PLATE 1I

Fig. 1,2. Transeverse section of the ovotestis with the presence of few
spermatocyte, x100, x400

Fig. 1,3. Transeverse section of the ovotestis with the presence of few
oogonia, x100, x400

Fig. 4,5. Ovary of the resting stage, The ovary is mainly filled with
early growing oocytes. x100, x400

PLATE I

Fig. 1,2. Gonad of the early growing stage, primary oocytes and oogonia
appear. x100 x400
Fig. 3.4. Section of the growing stage, Note well yolk vesicle stage
oocyte and spermatogonia. x100 x400
Fig. 5. Section of the mature oocytes, Note well developed zona raiata
and follicular cells, x100
Fig. 6. Transeverse section of ovotestis. ococytes and spermatocyte are

remand, x200

PLATE IV

Fig. 1,2. The ovotestis at various phases of spermatogenesis and early
growing oocyte., x100, x400
Fig. 3,4. The ovotestis at various phases., Figures of active

spermatogenesis are generally seen, x100, x400



PLATE V

Fig.

Fig,

Fig.

Fig.

1,2

3.4.

The gonad consists of male germinal cells at various phases of
spermatogenesis, x100 x400

The gonad consists of male germinal cells at various phases of
spermatogenesis, x100, x400

The male and female germinal cells are spermatogenesis and
section of mature oocytes, x100

Gonad of the mature stage. Figures of active spermatogenesis

are generally seen, x400
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PLATE I

_33_



PLATE IV
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PLATE V




Bado] Wad A & AN FAL 42 US gold + ULH
olglE AW AEE st} 24w M nadA WAt WEE YT
MpmAl ZolE UA T EES THECl £4 ¥3F AW nFY A
28 47 4oT PHAYA 10| 24 o|QE a4dr 2AE =gyt
EY Py BAE NN 247 AE g 24 A 249, oA
2ad, A4 24y, o/ R4y P PAE =Yyt
ael3, ohed Yol AE ol BY 34 =Y TAYA ZA=YUTh
AYe Bio] o] ABFUL EA4FAD U A EES HFA
Aedrs nBE 2244y, SeAduet QAYE T8 Fad
A AUdTA BN S =YY
2 =2e gEdcle] YAE olFINATAY chuuY WEER AES
dzE, 72NA, Fuod, WAE, 294, ZUH FAEDS FAN Be
239} £&e FANEEAE Tobge EPuh
Zoz sool AYY + ASS Al FHLE FUFA FEUA oA
A$ %ol B of e AAL whyULh
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