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The early gonadal development and sex differentiation of the mandarin fish, Siniperca scherzeri was described
from hatch to the 130th day post-hatch (DPH). Primordial germ cells were observed on the just hatched fry (5.10
mm in total length (TL)) and began to protrude into the peritoneal cavity between mesonephric duct and gut. The
primordial gonad, with the formation of genital ridge, developed on the 8-10th DPH (10.77-12.47 mm TL). Ova-
rian differentiation was identified by the presence of ovarian cavity and meiotic oocytes from the 40th DPH (29.75
mm TL). Testicular differentiation was identified by the presence of spermatogonial cells with efferent duct also
from the 40th DPH. Sex differentiation of the mandarin fish was identified as gonochoristic type.

Keywords: Mandarin fish, Siniperca scherzeri, Sex differentiation

M B2 NAE Farteigtshy s 540 9 dQ71EE A 19052
AR Yok 2rreet ke dist AR dte
27Ve] (Siniperca scherzeriye &1 5-(Order Perciformes) Z|  Bang et al. (2001), Lee et al. (1997) 2 Park and Kang (1981)
A)3H(Family Centropomidae)®l] 3= o1F2 AAoll= M o] 2] B Fxvtele] 44, 487 Alx =7] 2 Ax
AR o= 22%0] glon, 98] Yol 24 3%] X3 91 DNA S vlad vt glom, JAH +(2n=48)s} 3o 2
t}. 0|5 2& £ AXE(Genus CoreopercaXil= AX (Coreoperca 71219 UL, BRI o] 3¢S A2 Yt 5Y T2
herziye} AR 7V(C. kawamebari)7}, 27}2145(Genus Siniperca) = FF 53 Ut (Park and Kang, 1981). #271E= AA7d
ol = 27V (Siniperca scherzeri)?t ) tHCheng and Zheng, E2 XAH o|F M9 S = Az e] I3t &
1987; Kim and Kang, 1993). 27}el= $Elvzt SFAIE § 9719 Ao ol A 3E-S A% TEAL Fo] AleHaL
Aog EFS HET APl 525 & skl SR itk Ty At B IS AN Faviele A A
2bzo] 2R e ol Bxsta Qv zey A2 s, o] vlgo] A5sA EA vEht 9 oY) gR7} 8olA] &
29572 FEo= e AR WAL, 55, W oF ¢ FATRIE o] &F FHAM A Urk(Lee et
3, 4%U% 5o E 98 FAHE FE AL g, AA  al, 1997).
% F73HE tKim and Kang, 1993; Lee et al., 1997). AAE 71He #rsl) o
B L GFE F 7350 2 L2 AdFA 2 7 E FEEAY ofFollN U
W8E S2A717] 48 A7t o)A $LOU(Kim et al, F48 59 27t E A5 & 7E kS Ao RN 44
1988b), 7|0l FF3} AFALE X7t o9 A4S & ofFe A M-S HEiM T de] AME-E o] Frh(Yamazaki,
2l ol e B731a AF7HA] A 2 g o 1983). 28U o] SEiX e T2 it diakEe] 717,
Aol o]2X] Ealar At ZEE &, AW, Hx A 2 A1z 5ol oigt
&7k F Ad ooz Aol Mo He EdWe] AR REA] FrEojolrt dh HEs JHg xg 279
g fsiM e tdEe] AEs 33 2ApE E4Fen
*Corresponding author: incbang@sch.ac.kr (Pandian and Sheela, 1995).
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27V (Siniperca scherzern®] 7] A2 B € 423t 77

2 A7NE AA T Faskee dag AuE) 9
so] BastPsl FYToR FFHE 2719 444 718
A3 27) AN BYE 2ATHOE 2A, 423 BF,
27) lRsh A 20 Bh Ee e BEsE 39S 79
33 B3e s2E AN % 717 ARk Sl

Mz A L

AEo ¥ MERE

1995 =5 B3 AR @), HAFEEA) oA 34
olAk | At 271E)E Age = AR Et FEHFHA A
W ok ARBARE 5 m, Y 1 mell &, $& FEI 7§
3 ¥ PVC TS o83l 2AAE BES] FIL 3RTE &
Zo g FeA7|e ARSER g AFe Joli AoE
283 FFsled Fole] JPdEt HFol HeF BsiH
210} (A4 30~40 cm, AF: 0.5~1.5 kg)ol 45E F=37] 9
B ARSFLS 2200904 27°CE 297 AMA 3] AFAIAoH,
LHRH-a (Sigma, USAYE oJAIF 15 pgkgl = FAIE A 26
A7k - 2R olpd oz Y&y g AU AAHes
FARAANZ & 7-89 Algrsle] 25°C 2 23z §A F3t
A vt

A " B2

B3alst Apx]o]e] Z7)AEL AR (240X 60X 40 cm)ol
74z} 2712} 24y 4,000~5,00001 8 488 F A o2 AL
ST AFSERL 25°CE FRIERT Heole YoA(Cyprinus
carpioys 1ZERANEA 1Y 23] $83] FFBIAT 271
AR oF 30Y & oF9) ARSA|(15X20X0.5 mZ A T25
25~29°CE FAIANFTAA A3 0 Hole EA-F-(Palaemon
paucidens)®} BFo15E FF3IATH

AN A BAZE 97 Ax|oje] BEL TARE F3) 2o
A 1087HE wiY, 10~3087HAE 29, 30~60¥7HAlE 59
7HA 02 20~30mEly FA9 2 BRI BEE Aojo A
A2 wojue] AFHAE 0.01 mm SFH7HA, HFE FHAA
2 (Sartorius, Germany)y2 AF&-3l | mg T$71A] SHsIRA
Aol et 4L von Bertalanffy (1938)0] &J3iA, X5
o that 432 Gompertz (1925) WHS AME3lY 73R
t} &Aoo Td RELS 4 222 E= Bouin’s solution®
2 A F 2407 Foll 70% alcoholZ WA ST

WA A =F 2E
A A 24 AZS QEle] I3 BES A ofF == A
2 &3 95 elsi] FedE defddl Eejsie] 3~5 um
F7Z transverse sectiond}ATE. ©)F- ZH LS Harris’s hematoxylin
3} Eosin-phloxine B2 H]i FA3Act. 24¢ 24 29 <
Zo|=Z #1)7(Olympus, Japan) slollA] 73t A4 &

=

2 A3 o, F2o Ak ARs FFE 2T 4 2
AY SR 2AFS FoEn)d F3d tAd bt
(Olympus, Japan)Z ZJ 33t}

2 =

ARRZ1ZH0l wE M

27 e 279 AL gl we JEst Ag-& BEe)
st A 2 AF A4S ARG AgL 3} A5
B 5.10+0.55 mmol o 73 F 130dE 103.16+6.97
mmE AL, A5 F3 F 129490 0.017£0.006 ol
A 23l & 13040 13.512+2.692 g & AT

B3l A3RE 60U7HA AEAQ A RAon A% A
AL TL5.35 (1-e19C29) (R2=0.9244)°] 129 (Fig. 1), A
ZF A2 BWr=0.02¢ 9201 (R?=0.4778)°] A THFig. 2).
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Fig. 1. Growth curves in total length (TL) of the mandarin fish from
hatching to 60th day post-hatch. t: time.
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Fig. 2. Growth curves in body weight,(BW) of the mandarin fish
from hatching to 60th day post-hatch. t: time.



Fig. 3. Transverse section of the undifferentiated gonads in manda-
rin fish, Siniperca scherzeri. (a) Transverse section of gonad on the
just hatched fry (TL 5.10 mm). Scale bar, 10 um. (b) Transverse sec-
tion of the early gonad on the 8th DPH (TL 12.47 mm). Scale bar,
10 pm. (c) Transverse section of the gonad on the 22th DPH (TL
20.54 mm). Scale bar, 25 pm. (d) Transverse section of the early gonad
on the 35th DPH (TL 27.26 mm). Scale bar, 50 um. PGC: primordial
germ cell, MD: mesonephric duct, G: gut, GR: genital ridge, PGO:
primordial gonad.

=7| dala @Y

LAY A E (primordial germ cell)?] EH YrAYASE
A 239 7] Bske F3) AFRE 3598 dFS A
ojo X Dot Q= Ao] BAFUATHFig. 3a~d). YAIATAA
e 33 A% Ao#HEHE: 5.10 mmelN ASos &8
St E=d F41F (mesonephric duct, MDY H(gut, Gyrtolel
A7 FS5Ho YRFAL YT BAAA T = AE
o dA TEE & de & dEHY AxE HAo] oF 11 um%
29 hematoxylin® = oFetA] Fa=lo] T3l M xAst 52
-8 xEstar glo] ol thE HZo|FoA akd Za v
g X9t 54 R UATHFig. 3a). 23 F sUA(EHT
2% 10.77 mm) AojdA= ML 2 27| A (primordial
gonad, PGO)E WEE & U= A24187](genital ridge, GR)S]
@o] HAEHA=H ole YAAAM R A7) SU 4 F
7te} GEo] AME Ego] AJala At AAH Fs) Lo
= ¥ 2FE & SSIok(Fig. 3b).

I F 53 & UAET A% 20.54 mm) A= 7] A
Aozt ZR AR AL A AMEF EdEE A
o] FAFATKFig. 3¢). 7L 3 3507 2jo) BFAH: 2726 mm)
o] AAlaw Aoio] AR T A2Ae Zolx u& A4 F
7ol A=, a4 fF-o] AAEe] AN AMERE oF
2 37+ JepIATHFig. 3d).
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Fig. 4. Transverse section of the differentiated ovaries (a-c) and tes-
tes (d-f) in mandarin fish, Siniperca scherzeri. (a) Transverse section
of the early differentiated ovary on the 40th DPH (TL 29.75 mm).
Scale bar, 100 pm. (b) Transverse section of ovary on the 50th DPH
(TL 35.36 mm). Scale bar, SO um. (c¢) Transverse section of ovary
containing oocytes in the peri-nucleolus stage on the 130th DPH
(TL 103.16 mm). Scale bar, 50 um. (d) Transverse section of the
carly differentiated testis on the 50th DPH (TL 35.36 mm). Note the
presence of spermatogonia and efferent duct. Scale bar, 25 um. (e)
Transverse section of a testis on the 60th DPH (TL 38.37 mm).
Scale bar, 50 um. (f) Transverse section of a testis on the 130th DPH
(TL 103.16 mm). Scale bar, 10 pm. OC: ovarian cavity, MP: meiotic
prophase, PNO: oocyte in the peri-nucleolus, CNO: oocyte in the
chromatin-nucleolus, ED: efferent duct, SG: spermatogonia, SC:
spermatocyte.

¥ ELERE AZRGo] @UsHA o] Fo)A YA 27 (ovarian
cavity, OC)°] B 74Ed Il (meiotic prophase, MP)
of M| EEo] VERFY] A2}t THFig. 4a). WA 73] 8
d& ZUHE YEl= entovarian sac®] ERE JIA I 9)
o] dAaRe] B3yt o AFES &5l thFig. 4a). F-3}
F 5044 2P| (FFA A 35.36 mm) AAdolE b 27
(ovarian cavity, OC)°l B F80] B8 U= Gq27)
WS A) E(oocyte in the chromatin-nucleolus, CNO)E-°) L}ehL}
7] A12FEFAtH(Fig. 4b). 53} 3 13084 (B4 73 103.16 mm)
wiolME 27 dEME(early cocyte in the peri-nucleolus,
PNOY7t o]l 715 2] Alzbste] 7153 dio] Hea
stslz] Alzbetad om dlut 2900 2~3719] Q% HFHAUTE
(Fig. 4c).



272 (Siniperca scherzeri)®] 7] 24 ¥4 2 A3} 79

Haol 28}

Bal & 5004 2o} (HEHA: 35.36 mm) B2 AolA A
2N F ) ST FAREE A (germ cell mitosis)S Ha$H
S 2X HAAhZFe] 3 AT F AUATH(Fig. 4d). o]l Wt
o} XYM 3 (spermatogonia, SG)9] sl 2418 Hal F 60
A Ao (B 38.37 mm)e] Aol BT 4 9l
ATh(Fig. 4e). 73} & 130LA 37 103.16 mm) Al
AMe AL B8 BE S45H o8 B8 g2olxl A
Zo} BE3} g7 A wA E(spermatocyte, SC)= 2t
(Fig. 41).

n #

2 Ay A3k, 2712 Siniperca scherzeri®] YA A X =
53} 25 Aojo A AFAEHJOH, o]y & AAE pejerrey
(Odontesthes bonariensis)2} V1 BefoN(Oreochromis niloticus ol
A 53l A Sl LA EI FHI Aol FAIART
(Strussmann et al., 1996; Kim et al., 1988a). &3 t)&F7§0]
(Leiocassis ussuriensis)| X 53} 194 AAB2ME7 &8
3 AFots SALSH THPark et al, 2001). ¥HE, n]EA]
(Misgurnus mizolepis) & 20|(Plecoglossus altivelis)o| ¥+ ¥
2} & 2R, FXN (Psedonagrus fulvidracoy= -3} 397
of FAMAYAMEI EHBHL(Kim et al., 1990; Bang et al.,
2000; Park et al., 2004), WEX| (Rhynchocypris oxycephalus),
Tilapia mossambics$} T zillio|\AE ztzh 531 & 84, 8~104
o2)3 B3l 3 15260 YA AT eAE T ok (Park et
al.,, 1998; Nakamura and Takahashi, 1973; Yoshikawa and
Oguri, 1978). o]21&t AAIAAME E-A7]7F 2|7t e A
2 F Bold S e, B4 ol Aoy (Oncorhynchus
masou)?] 73-F B3 F 244 = thh =4 E£EEE luh(Park
et al,, 1997). 27}l 33} F 8~109%] A2]-§7](Genital ridge,
GR)2] Aol 98l A2 7] A& (primordial gonad, PGO)
E ypiEo] 239U 7] AAAv dAE Ud gy
OH(O. niloticus)?F B15=8 P Red FATHKim et al., 1988a).

ojFol lo] A4 B3 It oz A ke dH
o gt #AA7} Ack(Hunter and Donaldson, 1983). ©]F-2]
2E FoA = ulEe A& ;7 A&FHI HF dHo|
ErsltgE AL 4R35 A7E AA3le 83 8Rle=s
7¥E5] 3 UtH(Francis and Barlow, 1993; Blazquez et al., 1999;
Luckenbach et al., 2003). 22712]9] AE317} 0] Fo)2|= A7)
E 33 430 40dcFAY: 29.75 mmyAE LR 3
(0. masouA F3 F 40| ARSI Lol Ao}
YA (Park et al.,, 1997). 01213 &3} Al7]= olFo) o}
2 g8t AN fulvidraco)x 122045, thE78ol(L.
ussuriensis)I = 15259 2 2F7+ w24 AE37) Lot
W, S|P, altivelis)IX= 90-1004 2 B} =A A&7 o

o3t} (Park et al., 2004; Park et al., 2001; Bang et al., 2000).
&2ro12l southern flounder (Paralichthys lethostigma) 35—
A7 7.5~10.0 mm Ateld] FES7E dojup ol &rteE]e]
488 A HFEA 29.75 mme} oldt AHE HAF)
Th(Luckenbach et al., 2003). Z71gle FAg9 B3} e
3l & 4090 fARRG A 2] QA4 A E (germ cell mitosis)
o] FHo= Fgom, dAame] B3} gl Rl 3 40Y9
z27] Al 2 A7 (meiotic prophase, MP)2} A
X2} entovarian sac®] 7+F £¥ o 2 st el &7}
gleo] &8} ke Haly 218 oA (differentiated gonochorism)
AT

o} g3t P2 AP ARolAF o R giEs
3, AR AL AT, F4A5Y, BAA ASEAE
O & 1 proir, Aol YL nEsY A Beyges viE
Th(Yamamoto, 1969). BZFE] it B TS dad
Foll wAdo] FAIE= entovarian sacTF A9 7FY
o) da7te] H4E= parovarian sacd] F 7HA] FE|E UFaL
AcH(Lee et al., 1996). 2OY(P altivelis), B2 ONT. zilli), ¥
o131} o172l Barbus tetrazoa tetrazoa® tAol 4= parovarian
sac®] FH|7} YERIL QUTH(Bang et al., 2000; Yoshikawa and
Oguri, 1978; Takahashi and Shimizu, 1983). ¥ o] 2K Clupeidac)el]
43}= Brevoortia patronus, 5-%°)(Salvelinus leucomaenis),
BR7NE0 (Salmo gairdneri), X (Paralichthys olivaceus), ™
B780)V(L. ussuriensis) SNA= entovarian sacol 81} Combs,

-1969; Nakamura, 1982; Takashima et al., 1980; Lee and Lee,

1990; Park et al., 2001). 271219 7§ 4ol Zobo)| Gazt
o] A== entovarian sac®] FElZ VERiT-

olde] A+ Axt &rlEe] TEE A& % Hx A
71 3 AY 717k 27] AAL7 F4EE T8t 3 8~10dF
B A&} o] FolAlE F3h F 4097HA] oF 3047 Xt
T Ao {7 ZoR Algdrh

o (o]
i =

&71ee] A A A% 7|2Hd 7= F3} 4
FEFAR: 5.10 mm)FE F31 9 13084 G374 103.16 mm)
B udom 27 44 g AEsE RAgHoE 2A}
&t

271 A& FRA = 23} A5 Saldst Aol
Zrate] AR Z7L Velston, 23 & 8UA (FAH
10.77 mm)e] %7} B Lo)XE genital ridges B4sh= 9
Al A A& 25 JepIIT 231 3 4097 (HFA87%: 29.75
mm)2] AAaiE o, 2 B3y} o)Foixth. 23 T 504H)
@7 3536 mm) HholM= 27GRAEE] LYER}Y)
AlZsIR o, Eé Wil AR EAR)E o A+ entovarian
sac®] T} WA FUF-E) el H3 & 509K Fi

)
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80 : olgol, oI, 74, 2ME, ¥

dMe i 2B £ ST FANRL £7F HRAS
2 27151900, 13094 BioAME UM 4 Zv1e
A 4= AU o] At B T2 2] AEs 3 =}
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