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Sex reversal of protogynous hermaphrodite fish
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Studies and reviews have been based on sex reversal diagnosis of histological change and body color
change by sexual dimorphism on protogynous hermaphrodite fish, Labridae, Serranidae inhabited at
the costal area of Cheju-do, Korea. Halichoreres poeclopterus, Pleragogus flagellifera and H, tenuispinis were summer
season, spawing species which mainly spawn in Jun and July, but Pseudolabrus japonicus was autumn season
spawing species which mainly spawn in October and November. The standard length range of sex
reversal were 13.0-15.0cm H, poecdopterus, 9.5-15.Qcm P, flagellifer, 11.5-16. 0cm P, japonicus, and 10. 0-13. Ocm (total
length) H, tenuispinis respectively. Sex reversal mainly appeared before and after spawing season. H
Poeclopterus, H. tenuispinis and P. japonicus were composed of monandry and diantry, but P. flagellifera was diandry.
By sex reversal, the body colors of H. poecilopterus, P. flagellifera and P. japonicus change from pale red or yellow
lines to brilliant green or dark yellow lines. The body colors of H. fenuispinis change slight, but containe
lateral stripe pattern and blue spot in body center. In P flugelifera, 1st, 2nd spine process of dosal fin
were grown with body colour change. In sex reversal process, histological change of Labridae of inner
gonad showed development of various interstitial cells and blood vessel by degeneration of oocyte.
Thereafter, spermatogonia and spermatocyte begin to appear at the inner edge regions of the ovarian
lamellae and then converted from ovary to functional testis. Epinephelus moara of 30.0-92.3tm in TL, E
Septemfasciatus of 23.4-38.7em in TL were female with contained oocyte of perinucleolus stage. E. akaara
of 22.0-33.0ecm in TL appeared individuals of ovotestis. '

Key words : 2H3 4% 9a18- 54 (protogynous hermaphrodite), 4% 3(sex reversal), 2R3}
(histological change), #4#3Hbody colour change), “&o|d¥At(sexual dimorphism)

M 2 o}fe) Ae Agolsleh AgEAR cpEHc
AgEaolol Aalxlel] web FAIAEEA,
o]f-o] Axjoi(sex control) & BAM L3 apdse], $AHAEdZ FEsln Sich(Atz

(sex differentiation) o] L3t WA7L ot 1964 ; Yamamoto, 1969 ; Reinboth, 1970).
(Yamamoto, 1969 ; Yamazaki, 1976 : Chan 2 Mool = Solx}(Serranidae), Eunle)=}
and Yeung, 1983). (Parapercidae), #l=2kx7}(Blennidae), &)

AFeheta sfFdFaol AHY 263 ASAAAEA]E(1993.12.10.) ol UER R
£ e A da sl Tae] d7Aanel FIFAYATA 718 A el xdel) fsie] e A
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7|3} (Labridae), 2ulEE7(Scaridae), HE
3} (Scorpidae), Pseudochromidae, 28l Ak
S 2ol AAsle defj4bzzoR-(coral fish) oll4]
FolE 4 QIch(RFE, 1985 ; Springer e al.,
1977 ; Moyer and Nakazono, 1978a ; #[&,
1979).

ApodolA] oF-2] Ajole} JASe wfE 4]
Al 2o} MM Eo] wWFol T =ASA AT}
ZEAE didtez ojfoixlm 9l (Chan
and Phillips, 1967 ; Reinboth, 1970; Taka-
hashi, 1977:; Tang et al., 1974a. 1975).

olf-o] A=ty AHAojoll P ATFE 4
AR 23l B TFEHU F2E9) vlEo]
FAlakad el el 7lejx7} Eolkm & 4 9lck

2 e AFdasil Aalsie S
AEEAH A EH7IF) FHAFE R 4
ABol] & A4 =28 of Fof Al ¥
slof] ohE AA o) (sexual dimorphism) dAS
£ zesled olE9 AAE SA4E nE 3] B

=} gk

A= 2 e
2 Aol AR EElZl R 1990 109 R

<l
=

1993\ 109 74=] AFE Fu} FHAGE FAo
2 AFEta T4 dF2AE o] §3lo]
A gz alee 19909 3€ 58 10
4 7 AFE ZEEdelA AR e 89ANA, 5
Aol 19939 6-¥ell FHaAgkllA] AAF 7704
olcl. Hulelol Tt xFEE £(1993) o] =AKGH
2187449} 22& JE3}oick

A ANEe AR A o5, ANE=
FEE E QA0 1em, AF 019, 23 A4
€ 0.0197kx] AZFslgich AAlLo] JEHeE
zAsH o7 PR H8 AE HelEHy
232 olo|zZ2E-§ o|f3led 5~Tum ZAELS
nhE9l ond, Hansen's haematoxylin®} eosin.2
2 ujmg sloic)

sel715e] 4Rl B2 AAslE 2As]
28 w7155 el A& & 10002 Z&}
£E &0 F&35}o] 44T FH F5E o] B4
Hzlol] whg AAHSLE H4z) dlgion], AF4
2 ulksled Abxl # % s R-slo] YAl oy

dhoh hRFEE ZAbslgich

Azt ol o3

seli7Fel MuE Maypist

MAMZET| A4 e x]eo] YHmsiel Q44
upgke) zAlehy PAE Bol2 Felrlfe S
71E A7), X%, 95 9 A oEln Bt
5 FA7150) @4 F712 T 4 e

$X1zel7], Halichoeres poeclopterus, ©12)=2H7),
Preragogus flagellifera, =2}7), Halichaeres tenuispinis £
BF A7) 569 457 674 g5 o A=t
6-84, el E3}t 9 Fx7] 9492 Faw)s)
7899 sHAdRT ol

wlodo]l Fizel”), Preudolabrus japonicuse 3771
794, 457 9-10%, = o 4eh 107129, o
2z =3} 2 F2)7] 12692 FAe]71 10-11%
Ql FAAFo|cHESE, 1991, 1992. 1992)

AXE MAlao| LIRTEHSEL

2X|E7| 27 2 570l Holze 569 A
A Fol| A AABEE A L] Yol FHY] o]
Aol GBAZr} EyHAsm, 4ge] 7]l
AANZAR DAAEZ, 449 A Z 28 g
To| FE3m YA (Fig. 1-1), deiell 20-
50um AFe] EaiF FEA L} 15um HF
oAU B L Eo] EAsla, 4TSl &
PA gl ool HARAZEo] 7153 e Aol
glel (Fig. 1-2).

Faketo] 2 9ol A 3kE] = slAle] AL
dguiols 20um 9o ojddEA T Eo| H
o Au] S-S wel JEA T3 Hel g Y=2Fal
o] EAstn, 439 FEZelE T4 2
A ZEo] 85 ®lo] £XE3kxm glon, 4|8
ol Aol FA=lo Qlct(Fig. 1-3).

ofd=alr| 43 o A7)l A o
€ AL Tz Wske xEe7] Fig. 1-
134 Fig. 1-29F fAkslck. ey 437 A5l
A A s EXEerIed A AATA 794
Eo} TAMIAA Z 7T FHFA] F sk ulo]
ol =7 A% o] wig whdsla Qo)
(Fig.2-1). F=17]oll Hol& Aol 4] AFalau
AAGEA L Eo] WAo] HYP=wWA H B3,
Z1ZA el = AMAZA AL Eo] o2 A3}
2 Yck(Fig. 2-2).
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A3 A4 (protogynous fish) o] AJA%

Fig. 1. Transverse section of a transitional gonad and secondary testis in Halichoeres poecilopterus.
1. degeneration of oocyte and increas of interstitial cells.
2. degeneration of oocyte and spermatogenesis mixed in the gonad.
3. secondary testis with newly formed vas deference.
(oo , oocyte sc , spermatocyte sz , spermatozoa
Vd , Vas deferens Ic , interstitial cell)

Fig. 2. Transverse section of a transtional gonad in Preragogus flagellifera.
1. transitional gonad at the growing stage.
2. transitional gonad at the resting stage.
(Bv , blood vessel Ic , Interstitial cell)

=27 8% 3 A5V 4H8Ae =2
BAL HRTRe ke §4E719 Fig. 111
% Fig. 129} fAk3let. zeju 4%7) Sl
A ] i gl SR E M E o] 2
st glovh e} 719-% o ue) anduelle A
az=o] FAE 7 Qich(Fig. 3-1). el <)

Aol AAEE T AL I WS HimA
olz Zel& A dRA ZEo] A3l 3l
o] AaxzAx JFizAo] T ckFig. 3+
2). =3 7151 AREAHA ] Al A
& dndoll s IRA T Eo] 2-37) =& 47
A =Fed FIeRE U (Fig 33).
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Fig. 3. Transverse section of a transitional gonad in Pseudolabrus japonicus.
1. transitional gonad at the growing stage.
Note testicular tissue(T) in the inner edege regions of the ovary.
2. transitional gonad at the mature stage.
Note the topographic segregation of the ovarian and testicular tissue.
3. degeneration of oocyte spermatogenesis intermimgled in the secondary testis.

Se7] 44 % 4] AAFld 4BBIE £ oalel, 24T 532 WA g FF
A ol chegel A7 G4HZ 2 F R Feh 2ol 1 2aat A9 wlaHe
Rs] U¥ el Lot ofAGEATEe] He 2 vehduhFig. 5. 134e) WRFEE of
W45z dch(Fig. 41). eble] £odeg vhreld gl Aode] Z)¥el 4

AHgo] $)x]3kx (Fig. 5-2), 4hsdol] 2344+ &
MR/ 1 2R 8 A 2AFSE} tiRT=E 13} 739 wto g AL zz-g Fejatn glon] 7 ke
a2 ofgele AL % JReulE wet 2 Qs 2so s o]2eix 9oy o) W7}
A 9 F3& TR o R Jrelx gl < @52 QohH(Fig. 53).
Sy o slefolit &2l 71Q] Thalasoma duperry7d$- 43413
Aol uhE Y|4 UF-TRe| Wik = A
Az vepiz ok 1) ZA3 270 Jdi£9) o
g XA Yl S RAl L) FE) HAE
I, ofojA] FHRIY]] oj/GEA| EEo] F3 H
gl 74l 2) JFAERH(Ovarian lamellae)
FHRof AAAZ 45 Frlsln Al x4
o] ukzlgit}. 3) o|F HAAMZE HRAZE, HA
T2 weksbna F4e] Jlsg gk agla
FRTE A4 FHe] fro] Eapct(
FreE, 1984 ; Nakamura e o., 1984).

(WURNE:]

N . . X - N 2

Fig. 4. Transverse section of an ovary in T. duperyo} 7o) 02 7]5-& uf AUAZ
Halichoeres tenuispinis, Note degeneration & I#¥ HLzFo] gle d4f Ze 2H4AS
of the mature and growing oocyte o= Anthias squamipinnis(Shapiro, 198la), olsj%&
and lump of lipid(L). g7l Exzelr), eerl, E=l2)EE%, 1991
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I M40 (protogynous fish) o] AA

Fig. 5. External appearance and internal structure in Labridae.
1. External appearance of primary testis(A) and a secondary testis(B).
2. Transverse section of a primary testis.
3. Transverse section of a secondary testis.

1992, 1992) & B2 Fo] LAz ok
wlddo]l 5-Ado]H-9] Mylio macrocephalus(Okada,
1965a). #=kel (3L 1993), =#sl=F9 Mon-
opterus albus(Chan & Phillips, 1967) Z&l71§-2)
Labriodes dimidiatus(Robertson, 1972) e Asd
UibFol| A4zAo] I3l Q)

/;gwam—n—ﬂ] Qloy A} Scolopsis monogramma®] A3
B4 T dupern} S-2}5t A4E ez 9le
(SRR taemopterus W3 o] whiulglo] A4
z7 02 A=) A2tsle] GrAl 2] HeiF o
Bo] AalH o RE halglo] HazAo] Hu
9lch(Young and Martin, 1985). £xI=eh7],
olef =~ EHehrlE S monogarammast F-AFE A
zl?&%ge}]—i’— 7z glomd ZEefrle S taenio-
plers?] AAZZA R fAEF o2 ARE

=z} K0l Q] Monopterus albuse 3 EA] Ha=x

[¢3

2.9 who =7 wc) gki] 7hAe] Leydig celle) @
-8 wolx(Chang and Philips, 1967), °l&

Leydig celi®] #2342 F44z|7} v] T
3,3~hydr0xy~ster01d dehyronasecl] & oFAdul
L2 W ole}l ofE AL F] FR T

Vd:;Vas deferens

e WEe|g4de kst 9ok (Tang o dl,
1974, 1975). ==iA Leydig celle] Wl#u] 84
o] AAFL ol AU FE Uk
(Chang and Yeung, 1983).
—“‘"]71-%-94 AR Fo] QlojAE FEA L] Y
A= ol-g2] AAZA A Lo} Take] M
'*ﬂl€—4 2@ FA 0] Fio] et glo] o]E¢
WEu] 2ol e} A S AL
2 AlEdoh

A A (body color)

EBAs27| AL F277t g2 & U
cllofl Qlofl4l ¥ o]yF7kA] gl SA|=2n)]
o

ulg 8-9lof 23 S-S vx|z glch :LE]
T AI3F Aol el F2ikdo] stRE

sk o} (Fig. 6-1). uhdel =3¢ —‘.%—"—‘!77]
7} @ AFw, FR=Be] e sfx]ze{e]e
ElE ] Fe ubdo] BE3le], Aol HelE
w4 olrim] 5% EX-9lol] Z-2ubHo] FEEA
vebdcl(Fig. 6-2). Aol 3oz A=
2 A2 FL2A77 AR iRl THA E5
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Fig. 6. Five colour type of Halichoeres poeciloptrerus.
(1. female, 2. male, 3,4,5. intermediate colour type)

Fig. 7. Four colour type of Preragogus Slagellifera .
(1. female, 2. male, 3, 4. intermediate colour type)

A3 1, 239 717} Zox)7] Al et (Fig. 7-3, 4).
] 2 A5l gu = Fig. 7-29F 2L

cHFig. 63, 4, 5). 7154 AL AFAUT A %

@& Fig. 629 22 A4-& Aotk

Bhzal] AL A3AE o SR =20]

ofglsay| Al Aol n SRl =2n| ol Zeubdo] EAlsl 7t2Eg FAs, ol
wixlzeju), zeln mejxlseele] FUxel A rejo)s A3ae mol g2 Bio] 3kl
the Lz, BRvele AgAe AckFig. - o] i 22 (Fig. 81, 2). FAL AFEAH
D). 78 Aol Ao A3gdoln, FA=2n] & e} FEE aezle] e (Fig. 85
A1, 23l VE7E P4GH(Fig. 7-2). @2l 6), FA=evl] kel 270 glz, E5el
A =702 AP0l A Fudol] Heubde] AZIn FHojg AL FFH7} 344 glck ol F#7e] Al
AL e Ao AekslwiA] Ex=uie Al Axlole A4 A FAlo] @E Zom
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243 M 4o] (protogynous fish) o] AA%

Fig. 8. Six colour type of Pseudolabrus japonicus.
(1,2. female, 3,4. intermediate colour type, 5,6. male)

Fig. 9. Two colour type of Halichoeres fenuispinis .
(1,2. female or primary male, 3,4. secondary male )

2 PIUASE = usix ok
1o H|otol e AFEA o5 EElIFE AAT FHAl Aol theks}
AFol ol LTPh oIM FZoE AUH A wskelm, 5§l oidwAIdl =

A% 54
w4 walo] gle T2 wmE FHedes Wil o Al 23 FIFAE AT
[¢]

o &= it & = = 4 [~ |
3 9k (Fig. 83, 4) 3 (sexual dimorphism) ¥&¥e] it
=27[ ok 4 25 o2 g o sfslel] =

g} 207} FgaeiAn g2 FEAE afeZlo] 3l A - HAgoll w2 A2

t}(Fig. 9-1, 2). zela Briulet §Fel B =7 A a7t BEA A, F2
A sha wade] vhea Fxshe Az Sle A7} e B Fiekdck A Asle A%
ol (Fig. 9-3, 4), °l52 7o uifi 23k AL 10. 0-17. Ocmoll Al 38utelglam, bl 2guied, 13
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olgE 74w - el - o))

7] 2vfe], 2xk=A 2ole], |z AR 130 EE 3% mj=x Ba %L—r;}m'r-} A¥9 A
15. emol| 4] Ao} of AW ALE ZH=A e 6 A= A 9. 0-15. Oemel Al 55ul2]9 sz, Bie)
slzlgich BEAAE A% 11, 0-18. 0emoll A& 1 A A 11. 0-18. 0emoll A 91UM°3D} Agol =)
27 9ute], 22k 21vlE]%ich(Fig. 10) (=F o4 &4 51ule], 2a=A 2ule], AHdIA
& 1991). WHAALE e 2ulEgls, BEAACNA 12h

OfEsz] e B2 el A, 22 72 %7 5ulg], 237 73ule), aEln ARsA
08 w7 B —TLTSRM. AL A= A o A LE Ze=A 8ulelgich(Fig. 12) (&
2&7. 0-12. 0cm ~bolel] 35u}2i9is, B¥ 7RAlE A &, 1992).

3 10.0-17. om A}oloﬂ 63oleigich. Aol 4] S WA e Ay} Eelsix] o
n}\%ﬂﬁl AR o] FPUALE 2= Stk 2 AL AR 8.5-13. 5emoll4] 73tk
2 9ule]ich :Lal.x- BaAA 4 =7 55u}], 122702 9. 5-14emoll Al 79ute], 2x14=712 10. 0-
FAA L F 7=zl guleldich(Fig. 11) (FEE, 13. Ocmoll A 14ule], zelz A Arle] oFgAy
1992). A&E 2 AAE 11.0-13. 0cnoll A 2u}e] e}

gher] A2 AEAS deAd A, AFEN ok (Fig. 13).

Color A ! red - yellow B : green
Pattern o0 : Secondary o : Primary o ' Bisex m : Ovary
B L 0, 0 i | 00 0,0 © L 00 |
B
| Jjoao I ] Boo o oo Dlu 0 0 , DOooo,ad
A | L ___© ) L © ! ) 1 !
A 1 1 { { 1 0 1 O 1
A 8
1 i L0 [e] 1 0,0 . 1 Il -
A [ | NN Eem (I}
/M8 WE, N BEEN S ENEN SASE NEN ;N =8 N E B N ®E@ ®
1

9 10 11 12 13 14 5 16 17 18

Standard length(cm)

Fig. 10. Relationship among size, clour pattern and sex type in Halichoeres poecilopterus. Each
symbol shows one individual.

o red - yellow o o o o o
Mal 000 0000 000 00 oo
SeconSary o : dark - green o o ooooooo 00000000 000000000 00 00 0 0O o
Bisex o
o} o
o0 0oo o oooO OO o o o
o o Q o o
Female gooooO0 O0DODOODOO O 0 00 0 a
10 11 12 13 14 15 16
Sex pattern t13 ? 0 1 ? 3 4 9 6

Standard length(cm)

Fig. 11. Relationship among size, colour pattern and sex type in Preragogs flagellifera. Each symbol
shows one individual.
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2144 4] (protogynous fish) o] st

B A : red - yellow
QOvary <)
B : dark - green ] o o [
B
Bisex o 00 o o 00
o
o o0 o
0 o 0 o
B o 00 0o 000
Secondary T. 0 o 00 0 00O 00 0 O 0O 00 O 000 O
0 0 0O 0000000 0QO0000 0OOOO00000000 O 000 O oo o
B
Primary T. o [ o o o
A
Bisex
[ o
A
Secondary T.
o o
A
Primary T.
o o
A o o 00 o) o
Ovary 00 0 0 0000 00 o
o o o 0 0000000 00000000 000000000 0 O O
Color and
Sex pattern 9 10 11 12 13 14 15 16 17 18
1 L 1 1 1 1 1 1 1 1

Standard length{(cm)

Fig. 12. Relationship among size, colour pattern and sex type in Pseudolabrus japonicus. Each

symbol shows one individual.

Bisex
o o
Secondary
male 00
o o 0880 o o000
Primary E
u
male u
u
u
u = E u
] ER W N W
u W EE N B N
sf s HERE L. o
Bud u BN BAN NAE R GEH R N RNES =R .
Ovary §
T S
og .o g
gog m 88 Bog
oocb B8 BBoocl B B8 cnomo o Bo l |
T T T
8 9 10 11 12 13 14 15 16
Total length(cm)

Fig. 13. Relationship among size, colour pattern
shows one individual.

and sex type in Halichoeres tenuispinis. Each symbol
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o GE - TuE - AR - 1A - 013

Sd0Re 4NE

A FAdel|A] F2 oiBsl= FAolFE Al
Epinephelus moara, “5-31 E, Septemfasciatus, +9}2] E,
dkaares& & + 3lch

AR] =AM =@ 30. 0om - 92. 3on H10l
A (Fig. 14) thi-g-2o] A aujol] FHR17] FEA
o} AAAlu|Ake] JAAZz A=l Yot
(Fig. 15-1). 2t Lyialolla] AAjafel] &
3 QA4S whe} A4 Z (gonial cell) 7} 7
5.4 3 (spermatogenic cell) 2.8 whdsla 9l
oy ojAte) whge WAER] 43t

SA0| A4 23. 4em-38. TemHlellA] AR50

SHi2| A4 22. 0cn-33. OemH 2ol A AL
of ciFE FHQY) FEAZE] AxlFha gle
u, 7|28 gAAzle] AYAHEFo] FE 3
Astn A T (crypt) & FAsted H2Al
Za Fspidsln s lohFig. 152). 4
A7) o4 AT o] Trdlo]l Qe

2 ARAEZ2 Eilsian, A4 AT
o] Foix FEI=RL FEAER 3 sl
7Agkol Qo3 1993). % 22. 0em-33. Ocm ¥
ol FBAXLE Zhe AlAEo] vt Qi
(Fig. 16).

FRRZE (1990) © A3 30cn A Sofl4] A7 3704
7} $93ln FALE M2 F2 A EHAAL

e,

0

A

W o o

]

SR Aulels} fAb AULUDL e
o}(Fig. 15-1).
10

) AEe] § Agel dolud, A A< (first

Frequency
¢

30 35 40 35 50 55 60 65 85 90 95
Total length(cm)
Fig. 14. Relation between individual number and total length of Epinephelus moara sampled at the
costal area of Moseulpo in Cheju-do.

Fig. 15. Transverse section of a gonad of Epinephelus moara(left) and E. akaara(right) .

Sc , Spermatocyte .

(Sg , Spermatogonia. Sp , Spermatogenic cell)
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Fig. 16. Relation between sex composition and total length of red spotted grouper, Epinephelus

akaara reared in captivity (Hwang, 1993).
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