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Summary

This research was conducted to understand sex differentiation and gonad
development of the parrot fish, Oplegnathus fasciatus, by using histological
methods. The various stages of fish from newly hatched larvae to the adult
were examined with regard to the appearance of primordial geﬁn cell, formation
of primitive gonads, female and male sex differentiation, and process of
gametogenesis. As a result, the primordial germ cell was elliptical and its cell
size was 14 im and 8 /m in the major and minor axis, respectively. They were
located between gut and mesonephric duct of the eight day-old larval fish, and
their standard length (SL) was 3.0%0.06 mm. At 35th day after hatching, the
germ cells of the larvae (SL, 13.34%£1.061 mm) migrated to the rear abdominal
cavity, which was encompassed by fibrous mesenchyme, and then the initiation of
genital ridge formation was occurred at the newly settled place by somatic cell
outgrowth. The formation of ovarian cavity was observed in the 60 day-old fish
larvae (SL, 5.48+0.374 cm), and it grew from front to rear side of the gonad
during the early ovarian differentiation.  After invagination occurred in the
medullary layer, ovarian lamella was built up in the 125-day old larvae (SL, 9.84
+0510 cm). On the other hand, testis differentiation was initiated relatively later
than ovary. Gonad of the 70-day old larvae (SL, 7.20+0.582 cm) was enlarged
due to the increase in the number of the somatic cells, and then testicular lobules
were developed inside the gonad. Multiplication of spermatogonia took place in
the 155-day old larvae. Interestingly, the gonad with ovarian cavity had a
transient stage of having ovo-testis before maturation. However, spermatocytes
in ovo-tesis were diminished when ovarian development was proceeded to
maturation. Such a phenomenon was observed in the fish collected from different
rearing conditions such as indoor concrete tank, net cage, and set net. This type
of sex differentiation in the gonad is first reported here and named, “Incomplete

differentiation of gonochorism.”
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FEEEY b e ERPREd ARe RAKEE hLoE BEs
3, wEARY YAdXE FE RAKKAA KRED (FHESL REEE HEE &
#Had gt ey, S EEEE U (FHAS] EEHEKC AU &
EEBHUEES L2 AREEY ool #dtd AATE HEZE olHAT
=3

|59 M4r{te]l TE AR T Robertson (1953)°] A, Oncorhychus ketas
Ao 2 RS olg) Yamamoto (1969)E= F#le @B A AdTEE Eof &Y
WA SAS MR ERFEETICE AFS T HREFIBAS MHEERE,
R FERRENCcE Eodtdon, MERBYS SRR Ro(ERHOE
ESsdt. SR e ok oldel & - FPuHE AXA ¥3 bz -2
HEE s RO2 M Oncorhynchus keta (Robertson, 1953), Anguilla japonica
(Satoh et al., 1962), Oryzias latipes (Tuzuki et al, 1966; Yosikawa and Oguri,
1979), Brevoortia patronus (Combs, 1969), Salmo gairdneri (Takashima et al,
1980), Casterosteus aculeatus (Shimizu and Takahashi, 1980), Salvelinus
leucomaenis (Nakamura, 1982), Paralichthys olivaceus (F % Z, 1990),
Misgurnus mizolepis (Kim et al, 1990), Limanda yokohamae (Suzuki et al,
1992), Takifugu rubripes (Matsuura, 1994), Odontesthes bonariensis
(Strussmann et al, 1996a), Ictalurus punctatus (Patino et al, 1996),
Odontesthes argentinensis®t Pdtagonina hatcheri (Strussmann et al., 1996b) &
M B 4 UAx, KHEELE Hok olHd HATL AAFHE Holurt o -
2 Mdt= Ao 2A, Brachydanio rerio (Takahashi, 1977), Cyprinus carpio
(Davies and Takashima, 1980), Barbus tetrazoa tetrazoa (Takahashi and
Shimizu, 1983), Tilapia zilli (Yoshikawa and Oguri, 1978), Pagrus major (& ,
1989), Anguilla anguilla (Colombo and Grandi, 1996) F°l dtt.

Bl A el pafbol #E HRYE Pagrus mgjor (€, 19898 AZFHLo=,
Misgurnus mizolepis (Kim et al, 1990), Paralichthys olivaceus (% o} %,
1990), Acanthopagrus schlegeli (o] %5, 1994), 12lx 2ujajel 3ufA] v 2}x],
Misgurnus mizolepis® ¥t & (&, 1995), Sebastes schlegeli (¥ %,
1996), Ditrima temmincki (% ¢+ %, 1996) §ol B ¥ 3o

-1 -



o] H%E dA WERMEMOEAM J|Zxe AFAH] HL EF,
Oplegnathus fasciatus$ W02 Bk thFE MERHZA #LREL Wil
ERE R L BEEES HGENOE BE - MU EA HEIEMEKS B
mE ¥ BRI A% ERAHE Ritstnat BIT3AH



O. skt R J5ik

o] W% EIIKEREK BEMEESY EREELKEAA 1995 61 21
Holl #{tAlA #b #% 355872 fHEA Ao2A HL # 1008 olH7HA = 1
~5H Aoz, 100H%H 3B5HZAAE 156~200 HFo 2 HMFH KEY &5
o 1996d0l FEAEEY 20@AE % 21vteE], B RKEAA R A E E o
JEFEMEE HY e AT TR FAHA ALSE 10EA 7 20H BRE &5
& Z+zh 17, 18vte], aele HA9HE o83t KEH livtee BRE E5&
oz .

HRED HHEe 2B BES WHIE # Bouin's Bk EESFAL, F- H&
HREE Bl vlgsted AMETE A o¥r] "WEol wig 282E EE
U AMEE Sdos HEYS & e GANA BES AAdME EEET
& dFHse] FEEstdot. sy A Mol paraffin G#EE A&, H&EA o
g FEB/ELES A5z A2H {57 (Richert-Jung, Histokinette 200002 (£
3l 3, k= Tissue Embedding Center (Richert-Jung, 8040)8 F|f3ld
o fF - MEROA WE7) D M) RRet AmMR R RaEmEY] F8Y 9
g B3] A5 vo]2EE (Reichert-Jung, 820)& ol&3t fmiRel HE
HE MEES wiTstd 5~7 m FA9 Zetd E@YS S BEAC. HEEX
& Hansen’s hematoxylin 3 eosin®. 2 H#&¥uf 3tQch HHE x-test 2
a8 FAMS A

Lol 2 EiEe) HoRRe AMEBME (Zeiss, HBO 500& ©] &3}
o %, o, RS Jelds ARE SNl DR, KR,
e BiES HHS dotry] st @Avi@FH CCTV system (Sony,
KX-14cpl)& o] &3to]. MBS FEH =HL F 279 #Hse] Hhsdts
# @< transing paperol BAMG ¥ Z+zte] Mfast A= HHE £HE7] A
3 M= & (Sartorius, BP 3100s)& FlH3t 001g7tA] FA A

o] RS 37l A% VAV EA77IE EMKRBR BHEARAAAN 28
9 ZAAE 19954 64 FE 19984 S5H7MA o] &3t



L Mo et BGAEME BIK

bR A S M A (primordial germ celD®] B4 FA4HHEE EEis H&9
M e B 184 FH2E 22010001 m%E B % 500 FHEE
40.02+0872 mn HMEREHEA AtololA oyt MMk 1HA A7) Aoje 2R 20~
24 m 22X IPHERES 2t F T EEKY BEF BRI YA 1
4 718E FAstE B8 Pe A kot KR, mEAREMERE B3
== &%t (Fig. I-1, 2).

Bt & 8HE FTHER 301006 md FEY H$ PHS S43) ®KH
i, WA FE M (primordial germ cel)7F &/ NVES BILE Alo] TF g
HAst U= Aol AHHAY HEAEMMEY] RES 14 m, A 8 mzZA
gedfol ¥ = Zm, Ak Fete] wA o] TS A A HEHAHFig.
-3, 4).

Bt ® 3BHYE THLERE 1334+11.061 md fMFANA £RM(germ cel)=
B RO TS EHYE MFEe %o HEEoR BEHSIY, FiAmE)
AX & el 4 pEMEE (genital ridge)E K EH7] A& TH(Fig. 1 -5, 6). ol
AL RS 14 mm, RS 8 mol 2 BRAE 53 o] A=Y &
I MEES 4A TR Hu RES oJEE A1 e MEHEAE 7ol of
2 2l

it & 5009 FTHER 40210872 mn #Ee 2 BEHEMEN} RS
o AN, AR = BERS) BmveR A Bmstn AAL. o Bz}
Ao e MERHOE MES 5T & QAR HMWoE RHLT RE
S (Fig. 1 - 7, 8).



Fig.

. Indifferentiated gonad of parrot fish, Oplegnathus fasciatus. 1,

Sagittal section of the one day-old larva having a yolk sac. 2,
Enlargement of Fig. 1 showing uncoiled gut duct. 3, Cross
section of the 8-day old larva. 4, Enlargement of Fig. 3 showing
primordial germ cells (PGCs) located between mesonephric and
gut duct. 5, Sagittal section of genital ridge of the 35-day old
larva. 6, Enlargement of Fig. 5 showing the initiation of genital
ridge formation by somatic cell outgrowth. 7 & 8, Cross section
of primitive gonad of the 50-day old fish. G, gut duct; Ge,
germ cell;” Gr, genital ridge; K, kidney; Md, mesonephric duct;
N, notochord; Pg, primitive gonad; PGCs, primordial germ cell;

Ys, yolk sac. Bars = 100 zm.






2. ¥ el Jrvt

Wb 8 SOR7HA = HENSE fEe IEE SR EFNE 4+ oy,
B & 60H& ATt FEmmAEME s DI MBS S BEsdon, sk
7h BERT Oa w2 g Sert dojddth & PIEE Mt & 600 S Bk
o] HeR7t A= AA PRGBS Fasty] tafEste] SIS KiEn Bss 2%
FAG N FEMESS B % 7080 WK MEMR BEd 98 ©
B - #Esurl B & 155HFC ¥2A LMY SMEHEe] dojva, o
o} BHAE Zoldte &KE/IVECl Ho AME 17t doidoh

7b. gpst el sk

Bt & 60H (FH2R 548+0.374 cm)o] HMBolA [FrAtmEe AaRy
o] AT AR AZHAVA IS 7] AlFstAch RS HEHSS o
S KOl o Moy, 1 EEHE W HMik & HA3o (Fig. O
-1, 2).

B & 708 (FH2E 72010582 cn)& Atk 3t MFEREY Moy
T HURAs g2 Aol MEH 4T IIEEHIE Eo (Fig. O0-3

#Mt ® 1250 (FH2R 98410510 cm)& Atk 3t 4AMHEE O BE
|3 At WHAZ T3] Erdch ol SR Koo SEEMAXNE 3
Aol AZEEA PRGiFEES] HREVL #iEdLY] AAEa, gEelE mEol wWe
#FiEste, 2A4 AAo YEIAHRZ IIEAES Pdts Adok(Fig. O-5 6).

4. K9 21t

FAEE7Y RS st Sise] BEm HEs 2= 23 28 BR
= Bt ® 70H (FHER 72010582 cm)Aitk o] EEEA mikss 44
el &yl osf 4K/ BE HAA L &E/Eol BKE 7 AT
(Fig. -1, 2).



Fig. II. Early ovarian differentiation in parrot fish., Oplegnathus fasciatus.
1 & 2, Cross section of ovary of the 60-day old larva, showing
the formation of ovarian cavity by somatic cell outgrowth in the
direction of the front to rear side of gonad. 3 & 4, Cross
section of ovary observed in the 70-day old fish showing the
complete formation of ovarian cavity. 5 & 6, Cross section of
ovary from the 125-day old fish. Bv, blood vessel; Oc, ovarian

cavity. Bars = 100 gm.






Fig. . Early testis differentiation in parrot fish., Oplegnathus fasciatus. 1
& 2, Cross section of testis from the 70-day old fish, showing
underdeveloping testicular lobules. 3 & 4, Cross section of testis
from the 155-day old fish, showing the proliferated
spermatogonia. 5 & 6, Cross section of testis from the 155-day
old fish showing completely developed testicular lobules. Spg,

spermatogonia; Tl, testicular lobule. Bars = 100 /m.
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Wi # 155H (FHEE 11.1810722 cm) o) A7MA W= 4K
rEMaEe] glo] Rl MEMESC] BWEmd o3 AMis O BE
- HRE T e #  155HAC MEMEEC] HEEAAN MEMESY =2
wol SRS B3, &K/ BEET old WMEMEY 7= 12 mw
ool EgMMaYE MIEMMY A7l 3~5 mAT ol MK MEMKEY
#2-2 hematoxylin@} eosinoll KFEo] o3l A el n, MME S hematoxylinol
Z3tA REES A T MES] ol £oldtth (Fig. M-3, 4).

W, Rl WE I55AE dF EESS AMERNd NEEL B
trfFsl ., BEEE S EHd s BHRYE MEMERESC] Fo2 wdsas &
NES HEEY SHd BEEES 254 fdd(Fig. M-5, 6 ).

3. M B

7h. BB BiE

i & 10MAY 2K 145 cm fAfRAA AMM e #Esto, JIRBEZ O
= BNE A k7 dojAEA IIE/ R RS T AFIT BRERMEHRE
2~3704 & Ao £EME FESHaL, 1 AlolAleoldd = fafifutt RIEMRES
o& A} olF1, gHMAE mES #EEA Ark (Fig. V-1).

it & 300H (F¥H2R 131810547 cm)® %59 4AMHE T2 EF
BE 3o EEREA 23 BESE 12 m RS IREMEY 30 m Fik
o gl FACH EMESel Yetvd dk(Fig. V-2).

¥t #  20@A Ad 2K 190 cmd @8] AMEAX 50 m i #
M A SRAREARS 200 ¢m ATEC Sl MERI DREMMZT SR8t EiEstn gl
tHFig. IV-3).

2R 275 cm¥ = A8 EMEAXM 50 m Ak % FACH IPREMM)
180 pm ATEES] IMERS] UREIMERECE AN FESta, HFE 350 m ATHE S PPEM
B OREIAEM 7Y #ESHT UtH(Fig. IV-4).






U B BiE

i % 201Y Ad 2K 173 cnd £HEHACN = X4 JESO] #HiEs)
of FRL HHNES olF1 on, £HE FLEdE REF HKHA
o o]E AMEY JELERE EolE UEA SREMPA KEMAEE v Eso,
WA, MRS Felg olFo #EsS Utk(Fig. V-1, 2).

=, B % 2009 Ad 2K 218 cml  EEEAA S HE/ N E K
s} olm| #MAEE v BTES B F AHFig. V-3, 4).

4. Ovo-testisol A A HEE KB

Mol A ARMER = MM 2iE misel HuMiae BiEol o
ojum Utk ML #% 140H Y MEESCIAM RES M £EER #iRFEK ]
AzZE Tl HRMEEY Tt gt Ao (Fig. VI-1), o]% AMmH
Aol AR PREMRY BiEH SAC KEMEE oFdx FEe] 2HA
1 ArhFig. VI-2 ). £MER Aol =1 JRRMRY HaMia7T &4
5] &= ovo-testise 7FFElolA @EEHU AL HrESY AES &R(Fig. VI-3, 4
o} AAFel M HEFY AL MY ARES AAI KERAE FASA ey
T Qom(Fig. VI-5, 6), AAT MAF & AA 4mudss IRMEH7T A
e RPN BRMRYT B¥3e FEo TEHY ﬁ%ﬁ}il A} H(Fig. VI-7).
o]F o] ¥ ovo-testisE e AFMEN HAMEESS JEMRZT BEEdl

ue} RIeH i Ao (Fig. VI-8).
EES ERELAEET (2K 15.7~218 cm), 7178 @\F (&K 136~205

m) 23832 FAY (2R 150~219 cm)olA KRESA #o] FEE dHBEne
2 AAEY HEES Table 19 Yehldch AWSAFzAA BEFS 3¢ 210
% 209t8] 7t ovo-testisB 1, 7FF2l AMSH Aol A AMYF AL ovo-testisst
F3 9 vl= Z+zh of 22113 271 o|ATh



Fig. V. Development of testis in parrot fish, Oplegnathus fasciatus. 1 &
2, Cross section of testis of the 20-month fish, showing a
number of testicular lobules filled with spermatogonia and
spermatocytes. 3 & 4, Cross section of testis of the 20-month
fish showing testis lobules filled with spermatozoa. Sd, sperm
duct; Spc, spermatocyte; Spd, spermatid; Spg, spermatogonia;

Spz, spermatozoa. Bars = 100 m.






Fig. VI. Gonad with ovarian cavity having a transient stage of ovo-testis
in parrot fish, Oplegnathus fasciatus. 1, Ovarian cavity of the
140-day old fish. 2, Cross section of ovarian lamella of the
225-day old fish sampled from a concrete tank, which was filled
with perinucleolus and spermatocyte. 3 & 4, Cross section of
gonad of the 10-month old fish sampled from a net cage and
their lamella was filled with perinucleolus and spermatocyte. 5 &
6, Cross section of ovo-testis of the fish (TL., 15.0 cm) sampled
from a set net and their lamella was filled with perinucleolus and
spermatocyte. 7, Gonad of the 20-month old fish showing
separation between ovary and testis part. 8 Ovarian lamella of
the 20-month old fish, which was filled with perinucleolus, oil
droplet oocyte, and spermatocyte. Oc, ovarian cavity; Odoc, oil
droplet  oocyte;  Ov, ovary; Poc, perninucleolus oocyte;

Spe, spermatocyte; Ts, testis. Bars — 100 gm.
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Table 1. Sex ratios observed from the different rearing conditions in total

length range of 13.6~21.9 cm

Sex Concrete tank Net cage Set net

Male 1 : 11 3
Ovo-testis 20 24 8

Total 21 35 11

5. Ovo-testistl SHAMAINS, Fs AR =) @M B

E59 MR @} ovo-testisol A IR, MM, SRS ES o}
w7 flate] #MBYTIAA 242 #irl AR stE HAREE §HXE AL
Table 2o YepWc}

oA"Y =w9 4% R HadiErst AR sfh@EEe 47
385%%t 40.6% = A9 fFrASIA . 1dE 59 A$ MAMEIT X8 5
RS 739%0) 7, MEMIEZ Ao SaRES 3% MEERS 547
aA @A Uk olF 298 59 A¥ ovo-testisHol WM S
82%= WA 3do7t HAEA HEMEY HBES JEeruA ¥x 9t §8
M= 6719 a8l A ovo-testisHol 209% & AAdrirt gEdA mak B
Asta o

Table 2. Precentage occupancy with oocyte, spermatocyte and somatic cell

In cross section of ovo-testis

Oocyte Spermatocyte Somatic cell
Ase (%) (%) (%)
6 months 38519.722 40.6+14.473 20.9%9.171
1 years 73.9+3.252 13.0£6.730 13.1£7.516
2 years 87.6+2.666 82+3271 4,7+1.078

3 years 98511410 - 3.0%1.410
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Fig. VIol= ovo-testisol Al FRAIANAE, ¥EAIAIMESL fSfEMue]l MBS e
2 EA L.

6 A Y EFol oA, ovo-testisHol SNRIMAAES KT MM7T REol B3}
I glen, ol59 HffEE FAST Bk 1F % 4AHEEAdE XN 9§
A BRfEMIAS KRR HBEtT o, MRMIETE AR st sAEE = IR
B Ho o F 26 &M KRMAY AAdE HHREERET 0% B
g3, 3FERAAE AFERC AMEER gy T Jdow HEdie
HBEE gtolE & o

6. Bkl e #it dEK

SEo (EE REd T MGSy Bol dd BAY s MK
AR MSEY BRS B % SE B % 600873 Table 301 et
Wk

HRBNY Bzol o3 PNS MES EH 75 AME R 163E1EE 50

He 123(E88 HHES 45EEE PIE7E 2%y, #HikE o 312 vEwud
(P>0.05).



Table 3. Histological characteristics of the gonadal differentiation in the parrot

fish according to its age and body size.

Age Total Sex Histological characteristi
(days) length U F M istological characteristics
1~8 0.21+0.001 Primordial germ cells located between the mesonephric
~ 0.30+0.06 duct and the gut duct ; large nucleus, mononucleolus
17~ 35 0.549+0.232 A migrating germ cells were enveloped by the somatic
~ 13.34+1.061 cell and mesenchymal epithelium.
40~50 26.34+0543 Formation of genital ridge and proliferation of somatic
~ 402+872 cells are present
60 5484374 9 Ovarian cavity have made in the undifferentiated
gonad
- Ovarian type consist of the ovarian cavity and a
70~95 72.0£5.82 8 5 few of gonia cells
~ 870632 - Testis type contain large number of somatic cells
and a few of gonia cells
91.3+5.44 - QOvarian type ; ovarian lamellae were filled with
110~140 1009+ 15 6  perinucleolus oocyte and spermatocyte
100.9+8.76 - Testis type contain a large number of somatic cells
*Ovarian type ; ovarian lamellae were filled with
155~200 111.8£7.22 2 9 perinucleolus oocyte and spermatocyte
~ 1205*1261 - Testis type consist of testicular lobules and a few
of spermatogonia
- Ovarian type; ovarian lamellae were filled with
995285 1275235 5 6 oogonia and perinucleolus oocyte, and spermatocyte
~ 135.3+547 » Testis type; testicular lobules were occupied by
spermatogonia and somatic cells
- Ovarian type; ovarian lamellae were filled with
137.8£5.12 oogonia and perinucleclus oocyte
300~ 355 ~ 1493+8091 2 12 - Testis type ; testicular lobules were occupied by
spermatogonia and spermatocyte :
* Ovarian type; ovarian lamellae were filled with
+ oogonia, perinucleolus oocyte and yolk vesicle oocyte
600 1865218 2 1 + Testis type ; testicular lobules were filled
spermatocyte, spermatid and spermatozoa
Total 11 123 45

U, undifferentiated; F, formation of ovarian cavity and ovo-testis ; M, testis.



ot 2 AR PEGBRESS MIFREMMRY B —BHoE Ml

9] A7), MES %Y X 83 Fedko] XSt AtH(Satoh, 1974). o] #
geolA EEL Wt 8HA FB/IEI BT AloldA @A ®& uje 2
i, Aok o] GAAE XL A R 14 m, G 8 mY tHFEAEFEHM
fa7h &A= Aot

AR SERREAA Hart A3 dojurid RS HEE okHe FH
AT #BIS ffEl] del BiErQ HEEXelu fbdl Ho3ts MM
MEMBEEe] L2 FH53 Ut ols F MFAEMEY HEA AT #f - #
ol EHlo] 7t BEOZE HI HEETG Rute] 23 27t W doin
o] %9], Ctenopharyngodon idella (Jensen and Shelton, 1983)9} i+ 2¥ o=
s, BiE A& ¥ e yellow perch, perch flavescens (Malison et al,
1986), 133 47FA] f 3o #mae mEMRY S s EHERC Jhe
@ 9=, P. olivaceus(ZFE 9 ZF, 1990)9} FAEFEES] N9 P 9olA
o] dojuta, ®iHo|l Q= FHAEMERY A7V & AMEY s St
3l= catfish, I punctatus?t $1tHPatino et al, 1996). °] RN = LAZ #
Ae7t dolyr] A AMEE TASE IEEE B A& webA ik} 1F
H2 B F AT S 9 AMEY AdR9 A o3 skl B
HE AR IVER AREE b, BESAI, IIEE PERle] it R
$o) sy, BMERK RMEMEE 3 EEHY, ERBMEREC &REE
& MREE £MET BEZE o1, #EFEsIAC.

BEREY PSR HRERS IR ke FIEMEC] B H S entovarian
sac FURES}H SRS 73 Rtele] PNfiREC] FBLSl = parovarian sac EEE UL
Aok & 7tA 27, C aculeatus (Shimizu and Takahashi, 1980), Ez}3jo}7<l
T. zilli (Yoshikawa and Oguri, 1978), ¥doi® o HF<Q B. tetrazoa tetrazoa
(Takahashi and Shimizu, 1983) ZH & S schelegeli (F %, 1996)% 9 i
ol parovarian sac® #EH7F Yetdzn gt zEn Fodde] FHI&=
Brevoortia patronus (Combs, 1969), &4}, S leucomaenis (Nakamura, 1982),



E2X 7 49, S gairdneri (Takashima et al, 1980), ‘d x|, P. olivaceus (% ¢}
#, 1990)5 2 entovarian sacHEHE 717t o] A72AF EF5L 4] 7=tz
of Pikifro] K% = parovarian sacH Bl S viebdich

Yamamoto (1969)= &S #& 4ME o1k, FEHMHA o2} grEFEsR
I RGO E ¥y, HEREFESAYS bRt MEHEFEA Y KK R
v, oAl HRRER HEERE S MR BRI E REH3A.
bR HEREFESR &S - 7t Rkl #EEHeFozA FAlE R &3}
T Rivulus marmoratuse JVH, KEE7F Rkl st BEREHE Aol
Harrington (1971)ell ol & #a2= Ach. it HAMERERIEE = X 3o SRS A
o] 75 E ¢ F BHEE HEHRSES AN FAOE J|sdeRAoll, AR
MR T HHEE B3t 7le& & § IIEE HEHRS AX 439 75&
3t Zloltt. ol2| g EEMERS 7153 AmE = @A 8H 34Ftel 350~400%E
o2& oz HuHu JYo(HE - B, 1987). HEERBRIS SAIY ki1t
Bozg Eiastded, SR £ME HuBodA HEREE AXA %1 B
B Y IHE bEE Zolx, RS MHEES AX HEY IS
SeHE RAo2 AYdta Y. HLHA AFE, Takifugu rubripes?! 725 ¥
b 8 45~508 Alolol] FRH=E, 75H A= WEE EE HoMtIdvs R
™ (Matsuura, 1994), k751t&IQ) zebrafish, B. rerio= 10~12H 7o A# 7 <
Z Y Holttr} 23-25HH ol oF 50%7F RiHEIES RolHA FHoZ Hik
@t} (Takahashi, 1977). ©] #HEANA S5 Bk 8 608 Holl I Faol Al
Aol A WA PIRZ bte AEEIE BEHD, 708 Ao &E/IVE K
oA WA HRE fbdle AFE7T BRADAS. olF |, KEAde —&md
fEE RS FASA BT BURRC] dojyun Jou, BIRE Sid Smiel
M= 1408 3ol PRskEo] A 4 /A MRS BEER S KR
M7 HB3E ovo-testis AMHME ZHEr) o] 2§ ovo-testis ATEEE 2R
742 2@stal, AHALS, 7HFY AL, AP AR st ARG A3 BT
FrAbsHAl vettom, ojdf AT MY T2 BESAE deth oF
EREAC SIRMES o] Aoy A KM HES BEL 7 dATh
oje}Z e EF9 Hot Keieh HALE Fig Vol EX1 stch
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Fig. VI. Diagram of the sex differentiation of parrot fish, Oplegnathus

fasciatus
U, undifferentiation stage, O-C, formation of ovarian cavity;

O-T, ovo-testis; O, ovary; T, testis.

Fig. IXol= Yamamoto(1969)°l 9l& EEE &S 4 oit BEH 59 &
ME ot B8RS HRBNCE HRYT £RE ERAt At Yamamoto(1969)
e B B RN KobAT HMEBoE EHtdoyd, 59 A
S 27 -2 &HE SEEY GAY A B & 1408 % 20EA
74A] ovo-testisE ZFX| b7} 3dol7t HWEA BEEN) AR HLHBERE TE
2 SR o2 FEIAY. 28 BE o7]ME Yamamoto(1969)7F HR S HERE
RPASS S — W “RHOER, ‘s, “ERohE o=
B8tk

EEHERE ¢ RE ERS REAERERY] FEY XEE T3t HMERETA
{8 % (male heterogamety)9} it B HCB ¥ (female heterogamety) 2 B 73t &
By HERE(genetic sex determination)® ZHF o) F HAYRSLEFHAC REE
Holl o3t #o] REST REH HRE(environmental sex determination)©]
otz 2 2 ) cH(Bull, 1989; Conover and Fleisher, 1986). R34t WHolo 2S¢ &
BEFR T30l Wol HBE3L, KEE fHFR 430 @o] HEIO <A
2l A ¥H(D'Ancona, 1957, Degani & Kushnirov, 1992), o}3& #&EEES ¥ o
S ®EolAe AR FolY, stress®t ¥ REH ] BFA WA= ¥
2 vk glok, 29 &, S schlegelid) 7% HE # 127149 #EIEES] =
o 12 Ruslol Yom(F 5, 1996), Fdol, D. temmincki®) 3% WAFRS
Mie o 16512 Jetda Joh(FE F, 1996). o] AP A-¢ IEe KEE
e otzlo] Wo] WHEA, #HitE o 312 YeEdm o olHd # REER
o tig FAMAE A oz ASHA A7V JYH o & Aoz Azd
o}
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EES HEOZ WMLER T8 RBEEAA mEEEMERS] BB RGEm
ol MR, Mg Hotst REE PRAES HEEMSR HAS A, os9 #
i @R AR BERRES HRSGA

1. BRAMMREE L % 88 (FHZEE 301006 mmd FRAAM BED
hEVE Abololl X BIEHATY A7]= BE 14 m, EE 8 mA

2. ¥t # 35H (FHEE 133411061 mmE FEANA 4MKE (germ cell)
= AR EEEY BHN R %o BBEEC=Z BB WERNA 4M
F& #2(genital ridge)E HA3H7] MAfERCH

3. BB Wik WL % 608 (FHER 54810374 cm)d #MfRolA s
RS AuRFo] LR ANFHHA PRREHK MIFA L, Bt &
125H (F£#H2K 98410510 cm)¥ fEgA AmE SBEL A HIFH
HA B/ O] mafEE O

4. ¥ g oMb B HlE A dojva U Mt & T0RE MR
(BEER 72010582 cm)oll A #@Mif1el ®ay Bl o3 AmE7 EE H
o &&VEOl BRE o, Mk % 155H (F¥HER 111810722 cm)
Aol WEMES sEmol BEA A4

5 A FRY AMEdAE B # 1408 (FH2E 109010876 cm)FE
PRRIMEAES) e MEFo) FAMKEYT HBSE Ovo-testis £MEE Zre=t
ol# Y AMEE ERHEF, /Ml AXTAA HREHS RED £F H
A Jetda glow, SiRMMEYT mEdel e HaMkst ®dsta Aok
oo}z EEY Mot HHE “TxEE /ML o2 YT
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Fig. IV. Development of ovary in parrot fish, Oplegnathus fasciatus. 1,
Cross section of ovarian lamella of the 10-month old fish
showing oogonia, somatic cells, and blood vessel in cortex. 2,
Cross section of ovarian lamella of the 300-day old fish, which
was filled with oogonia and perinucleolus oocyte. 3, Cross
section of ovarian lamella of the 20-month old fish, which was
filled with perinucleolus oocyte and oil droplet oocyte. 4, Cross
section of ovarian lamella of the 3-year old fish, which was
filled with oil droplet oocyte and yolk granule oocyte. Bv, blood
vessel; Oc, ovarian cavity; Odoc, oil droplet oocyte; Ol, ovarian
lamella, Oo, oogonia; Poc, perinucleolus oocyte; Yoc, yolk

granule oocyte. Bars = 100 gm..
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