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Annual Reproductive Cycle and Changes in Plasma Levels of Sex
Steroid Hormones of the Female Korean Dark Sleeper,
Odontobutis platycephala (Iwata et Jeon)

Won-Kyo LEE
Department of Aquaculture, Yosu National University, Yosu Chonnam 550-749, Korea

To clarify annual reproductive cycle of Korean dark sleeper, Odontobutis platycephala (Iwata et Jeon), we
examined the seasonal changes of gonadosomatic index (GSI), the proportional frequency of oocyte development
stages in the ovary and the changes of sex steroid hormone levels in blood from December 1995 to November
1997. In July and August, GSI was 0.35 to 0.72 and most oocytes in the ovary were chromatin-nucleolus stage
and perinucleolar stage (proportional frequency: 87%~96%). In September, GSI was 1.20 + 0.12, some oocytes
in the ovary were yolk vesicle stage (proportional frequency: 22.8%9 and vitellogenic stage which appeared very
rarely (proportional frequency: 2.2%5). GSI increased gradually from October and reached 4.59 + 0.61 to
December. During this period, oocytes of vitellogenic stage increased slightly (proportional frequency in December:
22.1%). In: January, GSI was 4.32 + 0.72 but the proportional frequency of oocytes in vitellogenic stage increased
(proportional frequency: 51.2%). From February, GSI was increased sharply and reached to 10.51 + 1.04 in
March, the highest value throughout the year and the proportional frequency of oocytes in vitellogenic stage also
reached the highest levels (proportional frequency: 60%). From April, GSI was gradually decreased and fell down
to 1.11 £ 0.35 in June. During this period, the proportional frequency of mature oocytes was the highest in April
(proportional frequency of mature oocyte stage: 40% in April, 12% May, 5% June) throughout the year, and
atretic ovarian follicles were appeared.

The blood level of estradiol-17 B (E;), which stimulates the hepatic synthesis and secretion of vitellogenin, was
0.84 £ 0.20 ng/mf in August, and thereafter was not changed until December. From January, it increased sha ﬂg
and reached the highest level of 2.85 * 0.35ng/m in March throughout the year, but fell to 0.14 + 0.02 ngl})
in July (P<0.05). 17 a-hydroxyprogesterone (17 a-OHP) was the peak 13.37 %+ 0.52ng/m in March, but no
significant changes in other period gbelow 3ng/ml, P<0.05). 17 a, 20 p-dihydroxy-4-pregnen-3-one (17 ¢, 20 f-P),
which was known as the final maturation inducing hormone in teleost, was 0.74 + 0.09 ng/m¢ in April and 0.54
+ 0.07 ng/mf in May, but no significant changes in other peried (below 0.26 ng/m{, P<0.05).

Taken together these results, the annual reproductive cycle of O. platycephala divided into 4 periods as follows:
1) ripe and spawning period from April to June, main spawning period was from April to May, 2) Resting period
from July to August, 3) Growing period from September to December, 4) Maturing period from January to
March. Moreover, It was showed that the changes of sex steroid hormone in blood played a important roles in
the annual reproductive cycle of O. platycephala.

Key words: annual reproductive cycle, Odontobutis platycephala, sex steroid hormone
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F(Kim et al, 1986) %+ $AH2 9 4542, Odontobu-

%A}al(Odontobutis platycephala)= &9 B (Percifor-  tis obscurus interrupta®l N A4A 83 A1 (Iwata et al,,
mes) A2l EH(Odontobutisdae) FAFEI Bl &8 3 1987; Iwata et al, 1988)7F o9, ojFo AHyF7ie
F B4t o]F2 2(Chung, 1977; The Korean Society of 3%, Pagrus major (Ouchi et al., 1988a; 1988b), 5%
Systematic Zoology, 1997), %81 uet Wi¥E9 &3  (Hanyu and Razani, 1986), A4 vl 7], Ictalurus puncta-
Z - 879 ol gusin 2y AZo] Be R tus (Mackenzie et al,, 1989), Repromucenns beniteguri
MAE A ZZolu) AL oFE HiAe §44 (Zhu et al, 1989) ¥ &0}, Plecoglossus altivelis (Hirose
ARZ AN - 7, 1993). et al, 1985) % B2 FoA didxe IdFde
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wstol A4 WEN A A7 4 FPHAG 28y
g3 5 ojF 9 AR #AF AT GAR
Rhodeus uyekii (An, 1995a; 1995b) 9 A A, Coreoperca
herzi (Kim, 1997) & 4o 2 $gggion Wiy gy
L AY Qv 4Aodg.

AEoHAM ArHRolE 3289 ¥F Fx ¥
FEe AAFI] 2ATH AL B e Ror ¢
A3 423535 2 Z(gonadotropin, GtH)¢ A5
22 ARAMIEAM HHE estradiol-17 f (E)E ZHelA
WA 34 - FuE st GEAZ 34
HoZH dEAHEY 43L& Fr@ch(Kagawa et al,
1982, Yoshikuni and Nagahama, 1991). =%, 17020 §-
dihydroxy-4-pregnen-3-one (17 ¢,20 -P), 17 2,20 ,21-
trihydroxy-4-pregnen-3-one (17 820 821-P) % C-214
HrEZoE TERL YRATY HE H5d B}
= Aoz ¥ AU H(Nagahama, 1987a; Trant et al,
1986; Trant and Thomas, 1989; Thomas, 1994). o] &%

Bugty dFe A% 2 AT 52 58 9F A
& Jlelde €853 Ith(Richter et al, 1987,
Kagawa et al, 1997).

3 543 0% BA 2 fAAY FH 743,
$28 LR o7 AEA AFrda FFAIN] 4
M AAF7]9 olo] BHEP HArHZoE T284
3 AF7k el B i) mekA FAE Y] AT A
71EME N2AEE FHIL FEF AHFIIS A2
HZole $2&9 W3S Woaa £ d7E 3
aglct

M2 Uy

SAYE 19959 1298 19973 11€74A ZAdE
AT AN Y Ao q¥Fe=z ¢
F TRo] ojE Y ATHAA HF T AHE A o3
Agstch AE AA9 AR HYTS 128~205cmBL
o, AF e 24~124gol ATt AF Alvpc} AAFA
9 £e& JIFsgen FF7 e AF 74d Y &34
AE ol 83ttt

AHE Ase To] g2 APH2 &4 AL 01
cm, AFL 001 g7tA ZAsPoH, njRsgHoZ R
g d3d AZd 1384 FA0n, 542 Ede
AF 3t 4Tl A 10000XgE 10870 48NS & 4
Sduks Fd —45Co]A] 2HZolE AF A7 Bt
. ol F RS AN das FE3Y 0.001 g7 A
ZAE ZA331 Bouin’s solutiond] ILAAZ -

paraffinig ol wel 5umzZ ASHHE AFsA Dela-
field’s hematoxylin® eosin®2 GA43Gch B A
g F 22 Technovit resin (Kulser) o ¥o13k3L 1 ym 3
HE& A toluidine blue 1% 2 QA3te} J3+@u) 73}
X GRAZEYG XA X GBS ZASAY. 7
dao Aty S4E 3 FEke) she i 24
FEA o gAE duAYo] £8 92 gz 433
of Vel &8 VX (proportional frequency: 22 @7
W AR AE FX100/AH dRAE )9 AT HA
7(gonadosomatic index, GSI=X44% %X 100/4F)
o EstE 85t AAF7I0N 4 A7 AR {Y
GRAEY AR @n7 e vlo]ag WEtE o] &3t
AR GRS AST HA}E AL dRAX
e O 9 742 Kaneko and Hanyu (1985)9] %4
& o3

g 2olE 28L& YA IS Z Y (radioimmunoa-
ssay) 2.2 38 gon 24 MHE Ueda et al (1985)
o g wiich WA 4 AR e 4L diethyl ether
3IméZ 3 FZ38 A (recovery ratio : F,=87%, 17¢-
OHP=95%, 17 020 B-P=93%) A7} oA FutA|
71 ©h, 100 u29] gelatin phosphate buffered saline
(NH,PO, 11.6g/¢, NaCl 8.8 g/¢, thimerosal 0.1 g/¢, ge-
latin 1g/4, pH 73, 40)o2 AFAHIAL. 97
5,000~6,000 cpm/100 p€] FAZ} FEHE 247t 100
A B & A F 4CNA 17~2047 W FE T
Bl ¥ dextran coated charcoal 200 u¢& 78] 4C
oA 1087 ABAD F AL (500X g, 10 min, 4C)
&t 4F A9 counting vial2 FZth. & vialol scin-
tilation cocktail (ready safe, Beckman)& 4 mé% ¥ 1 g-
counter (Beckman, LS 6500)2 =A% ©%& ImmunoFit
EIA/RIA program (Beckman)< ©]4-3}%1 personal co-
mputerd] Al 2B 20|29 FEE AT AEW
(intra-assay) 9 4 8 ZtH(inter-assay) HolAFE Evt 2
7t 9.7%, 88% 2.1, 17 a-OHPE 62% % 82%, 12|31
17 2,20 B-P7} 87%, 94% 4t} FAAZA E= 246,
*H-oestradiol (85Ci/mmol, Amersham), 17 a-OHP< 12,
6,7-"H-17 a-hydroxyprogesterone (58.5Ci /mmol, Amer-
sham) & AHE3tA929, 17020 BP9 FHAY 1,26,
*H-17 @20 B-dihydroxy-4-pregnen-3-one= 1,2,6,7,°H-17
a-hydroxyprogesterone (58.5Ci /mmol, Amersham) 22
BE 320 p-hvdroxysteroid dehydrogenase (Sigma)&
ol g8 At A& ATt Eot 17-0HPY FEH
L 3G 489 LF2HH ATLTHEH, 1720 P
o F¥YL ¥ /NZBEFAT A Nagahama LFE
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FH AL ES $¥3F g2 2H sl
ARG EE estroned] 1.7%0)3 L 99 A R0
001% ©l3t4 2™ (Kwon et al. 1991), 17 ¢-OHPY] &
A% G 22029 AAWEEE 17 o 21-dihy-
droxyprogesterone® 1.6%, progesterone® 0.8%, preg-
nenolone® 0.001%, cortisol@ 0.03% UL o] ~
HZol=%e 0.001% ©l3t5tH(Ahn et al. 1991). 17 ¢,
20pPe FEHL 17 ¢,20 p-dihydroxy-5 p-pregnen-3-
one, 17 @20 B.21-trihydroxy-4-pregnen-3-one, 17 a-hydro-
xyprogesterone, 20 -hydroxyprogesterone, 17 a-methyl-
testosterone® 2t} 2.54, 1.55, 0.82, 0.03, 001% ©]3}2
A28 (Tamaru et al. 1991).

TAAY P2 E, T AUZNY TAF foHe
Student’s ttest=, 4FTEY A% Hstd T F9A4
€ Duncan’s multiple-range test® ¥43tg o0, pgho|
005 2t 2 Z¢E fosivtn #asig.

- 7

L T2 9 337

A ARAGY 23 FF7)9 4EWE Fig
1A9) YEQIY. A 717 3 & ¥ e 1~28TY
ot 128 7CAIA 199 1T7A] Rolgon 294 2T
Aok o F F2& A53td 39 8T, 49 11T, 59 20T,
69 23T, 79 24Co] @alien gdd 28tz Y =
ok 99 HEH 22 99 25C, 108 20T, 1199 13¢=2
o5 197t e 43t ¢S B

€Y #3719 HslE 1y w7} 1290] 97hLE
7V gskon, o] & Zojx 7] AFste 19 107hL, 29
11.6hL, 39 12.5hL, 48 13.7hL, 59 143hL, 699 146
hLE 7HE ZAch 79%H O #olA 1149E 101
hLE 1297HA] ZolAe ZAeE B

2. GSI2| 3}

A 439 9 8 GS19) Wil Fig 1Bl Yeh
Ak 1297 149 GSI= 42 459 + 061, 432+ 022
Hlstglon 295 EH F484 A5ste 39 9%
7 #& 1051 £ 1045 JERATH(P<0.05). GSIE 48
6.81 £ 047, 5€ 610+ 125 6¥ 111 £ 0358 Z4std
789 035+ 0052 7HF ¥gton, 89L& 072+ 0.158
H &8 28 FAAHP<0.05). 22 99e] 120+
0.12, 1049, 281 £ 021, 11¥dE 375+ 0312 129744
gt A dsste 23S ZATHP<0.05).
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Fig. 1. Monthly changes in water temperature, da
length (A) and gonadosomatic index (GSI, Bg
under natural condition in female O. platyce-
phala. Each GSI is mean = SEM.,

3. il x=xsy Hsl

day dRAREY g dA 2 odEAEY s
Table 13 Fig. 201 YehliAch 7~899) daoMe ¢
YAZE, A1 FeEY A7 GRAZZ(YYY]) 2
Yok <t Zo 2 A A& A GRATE(FEAN)
of #2 YERtHFig 2a). 929 d2dMNE B E
(yolk vesicle)7} A= & GRAE(IFEI)EH
ol EHRT Yt AZTAE(follicle cell) S Eo] &
+ YU (Fig. 2b). 10¥2H 397AE dg=Hoz
GEAZ(GFYANDE 2A 4337 AFReH, o
EAXE 5 HAAYATEY FVE FUH3 g oH(Fig 2
o). ¥ AN E dRAES B e A H

T 9292 ER YERth(Fig 2d). 490) HHEAN Y
3 ¥ (germinal vesicle) 7} ©15%¢ YRAE(HEI)E
o] 232 (Fig. 2¢), S¥ole wjgd dao¥e}
HaHe d2qdEEE JEgok(Fig. 2f).

4. ool Hoo s

Ha9 4&2g 4 dg dAe YR ZEY 28
Hxe W2 Fig 39 WYl Gsib 4% g
S 790 HE) dAG¥EI 102 15%2 AR U
Bstovt F2 GAaQdrel s dRAEI} 867 +
98% & A or, 88N 956+96%2 FA7|Y
& HAFa gt 99de ¢8I YRAEES
28+41%90m dFFY7 ) dRAEE 2P
U 22+03%2 3] 4%d AYA gk 109%
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Table 1. Microscopic characteristics for the determination of ovarian developmental stage in female O.

platycephala
. Oocyte diameter . .
Ovarian stage Histological appearance
(ym)

This stage encompassed the various chromosomal

I. Chromatin-nucleolus stage 230 stages from leptotene to onset of pachytene during
prophase of the first meiotic division
This stage was normally marked by the appearance

Il Perinucleolar stage 30~100 and onset of migration of multiple nucleoli to the
peripheral nucleoplasm.

IL Yolk vesicle stage 00~450 Thl‘S st:agc was marked by the appearance of yolk
vesicle in the cytoplasm.
The oocyte diameter increased markedly due to yolk

IV. Vitellogenic stage 400~ 1500 accumulation. The architecture of the follicular wall
increased in complexity during this stage.

V. Mature stage 1200~ 1900 This stage was marked by migration of germinal

vesicle and germinal vesicle breakdown.

VI. Atretic stage

Atresia and absorption of yolky oocyte occurred, if not
ovuiate.

He GSIS ¢33 3719 tio] dFI47] AR
Ex Z7tste] ¥ 221+27%9 2o U3
7] dRAZEL 165+ 1.5% A0k kA 993H 12
ARAE 4ANY9E B3 Ao 199 333
7] GRAMEE] 512+75%8 F/H8den, 39de
60+ 64%8 9F 3 54 o=k ety 195
397A7F A4 & BoFET 4¥ole 3&7] dRA
XEo] 40£35%2 9% /M EXL, 597 edolle
242} 12+ 13%, 5+ 04% 2 VERT o] e B3
A7) GEMEE A& EAEA HTdE dadE 2
HiHe dAadIEo] Yeikt webs 445H 697
A ¢s 9 A@7)olH, 457 GRAE H&o]
73 Yol & 497 590 FAA7IYE RAF 2 Yot

5. HZ AfHzolE $229| v}

A g3 A, EF E% 17¢-OHP 2 17020 BP
9 Fx=9 Wsle Fig 40 Ve

3 K9 $E(Fig 4A) = 1299 1.02 £ 021 ng/né
o0 14958E 2713814 1.79 + 043 ng/mé, 2¥ = 230
+033ngmé Gov, GSI7F 7HE =Y 39 239+
039nymZ 4F H1 FFo o=tk 49dE 086
+0.13ng/meZ ZA28] 69 0.19 £ 007 ng/mé, 78
0.14 + 0.02 ng/n7}A] Yol T2t AR EE 084 £
020 ng/meZ Al A3t 129714 vIsd & &
28 H(P<0.05).

8% 17¢-0HPY = (Fig 4B)T 1289 263120
nymZ 1497 v&digoen 298EHE 4201 132 ng/d

2 Z748Y 394 13371 052ngéE 9% A1 F
o2, s¥dl+ 025+ 005nyME AF HA FFoE
vopgon, 6458 12974 3Ing/md |32 FoF ¥
35 Bolx ohH(P<005).

8% 170204P9 FE(Fig 400 1249 0191004
ng/m¥ 2w, GSIPt =349 3EAAE vKE F+EE F
AgEt. o] F FAH3 Frlstd FARIA 4
074+ 009 ng/m2 71§ =to™, 59744 054 + 004 ng/
M2 & FEE RAAY 685 343 Zadd
o]&3 39714 019~009 ng/mbe] FFo g Fold W
g Bolx FAtH(P<005).

U2k

a

A2 3719 T2 QAN FAM, Pseudobagrus fulvi-
draco(Lim and Han, 1997)= 437, A%71 A4 2
@), E37), FA719 uA Azlz T, 438
22, Lepomis macrochirus(Lee and Kim, 1987)& 4%
7, A&7), ¢4 2 A7), =3t L FA7IY o] AVIZ
Bugol ojZd u} g Aoz LAk FAE A
£ A1 sERE FA719 797 W@ ¥ H3lde
d2d ¥ 5ol el EHEIE UE A7Ig £E3H] of
A (Fig 2f). WA FAE S BT 48%H 6
A7) @& P A7), 795H 89S FA7), 997 H 12
4o 477 1958 3974AE 45719 v AVZ T
5k
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Fig. 2. Monthly vanation in ovarian histology of female O. platycephala; Bouin’s solution fixation; Technovit resin
section; 1 % toluidin blue staining; a: Section of ovary during resting period (July), Note the oogonia, various
chromosomal stage and perinucleolar stage oocytes, b: Section of ovary during growing period (September).
Note yolk vesicles found in ooplasm, Small micrograph was 4 times high magnification of marking site (3%).
Note formation of follicle cells, c: Section of ovary during maturing period ovary (January), Note yolk
accumulation and increase of oocyte diameter, Small micrograph was 10 times magnification of marking site
(%), Note zona radiata, granulosa cell and thecal cell, d: Section of ovary during maturing period (January),
Note atretic ovarian follicle was appeared, e: Section of ovary during ripe and spawning period (April), Note
the migration of germinal vesicle, f: Section of ovary during ripe and spawning period&[ay), Note atretic
ovarian follicle and ovulated ovarian follicle, AF: atretic ovarian follicle; CN: chromatin nucleus oocyte; FC:
follicle cells; G: granulosa cell; GV: germinal vesicle; Nu: nucleolus; POF: post-ovulatory ovarian follicle; Og:
oogonia; T: thecal cell; YV: yolk vesicle; ZR: zona radiata, Scale bars: 100 um.
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chromatin—nucleotus stage+perinucieolar stage

: yolk vesicle stage [l : vitellogenic stage

histological descriptions.

R&%P: ripe and spawning period; RS:
resting period; G: growing period; M: maturing

mature stage : otretic stage

3. Relationship between proportional frequency of
ovarian stage and annual reproductive cycle of
the O. platycephala. The proportional frequency
represents as mean = SEM. See table 1 for

(B), 170,20 3P (C) levels in female O. platy-
cephala. Values are mean + SEM. E.: estradiol-
17 3; 17 a-OHP; 17 a-hydroxyprogesterone; 17

a,20 p-P: 17 0,20 B-dihydroxy-4-pregnen-3-one.

(=2

olfel oA AAFIE AEe FHQYLEE
e A7 228 2902 d#A JoH(Lam,
1983; Razani et al, 1988; 4, 1991; Shimizu et al,
1994), B ojF o QoM &3 FF7])9) Wl ujz}
o) A&V MR fAT A FFE FoEA
E A B-dF A3y, dF 48y, Hs AEE,
AL A3 B HE AEE 59 F3E Holn it
(Aida, 1991). BAHE) Y] 44 Bl &0 F5dty, 29
Aol AL YE Al71¢ 4LHH AFS Alzstd
68 58 Ao HolA ¥ AdFoz 4Ad
o]y B Ay AN E Bl 2= AeH HE
o] AZHo] ogd nF2d I FEHe AR ¢
HAA e (Aida, 1991), BAFE] S g ¢ 47 F
okl 49 EH ¢8R £&& 11.0CHA 230C2 57t
stgon) el Aol 137hLolA 146hLE HAE

A 71
BAE ¢4 P GSIY #EE BE, Ad 98 F 74,
329 IF7)dE FAU7IS} FHAY GRAEEC]
Fz Yehuy GSIe 9% 718 ¥kt $&0] wopA
70 AZse 94 Y NEAAE dHE7| dRAE %
Ao GatE Ay dRAEY Z719 fEe GSIve ¢
A AEEn, Fol AN 1€98H 3ERAE
G338 37 drAZs FAsgou, GSIe 24 H F
A8 Z71adct ol%A GSI /Mt F QAE vr
o]X¥= 7%+ Gnathopogon elongatus caerulescens
(Okuzawa et al, 1986), Guleld A8, Acheilognathus
tabira (Shimizu and Hanyu, 1981) % ZA]8¢}(An,
19952) SME HuEQon GSF GFE FA
o3 gwrs) FHn, BT FH o5 438 Fh
HEe Aoz S E o] F GAAtolg A et
dao Wiyt dojuA 43, Gt F7EA e Al
Zle AA7 2 FRIG. 28y Skl GSI¢) W
7t dEhtR g 129 190 dadgA e d3EA4
719) R A X7} F7hshs Wt YoUBE o] A71E
A2 FEE F e, GSUF F7HEA ¥ o
55 AAA fFo| ofd T E Yl Wrd oz 47
Ak & AFL71e FAE AWy A% JUAY £
o8 AALE AYT AFY F/E A FHLz
o] A ahe H]&o] Yold A HOE GSIZH
EAAAA 9 A% dg & Ak 23Y
d
3

ol

AL a7 gAME AHS 4 58 B A
Aok & ZAolth, 44 Y ¢UMNAL
zys9oH GSIE 243y &
o Fo3 u|sdA g el Zolzt

F7h ol
4R A EI}
g Ay

(8 o nd oX oY L
Ao e BB
o

e N
A
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BolAle 7hede dad Ao dojvtA ggteH),
o] 2hd A 2] (Shimizu and Hanyu, 1982; 1991) 2 ZHA]
5ol(An, 1995b) FAXE o A7le] #5440l Yen}
9 F37)9 9FE e Ao wIzen Uz
2oz 71 AEEE FET & AW . wa}
A BAEE £ B 357 279 248 54 443
719 A9H 2o 7t5¥ Aoz AZAHY, o5 93
Ae FEAA 2 FEAY QALRS Y29 PA4ES
A= F e FF7I1249 Fio] MAg ool & A
oz Aztgr,

o]FY GREAE Y FAe FALLY, dIFAL
@3, visAEggos FRYEY, negadgge A
715 dEd A4S e Aoz 4YA Yed(Wal-
lace and Selman, 1981; de Viaming, 1983), A2 ¢} 74
T As719 dhdME QGHQl], FHAY], FBFET)
d&8F4719 dRAXEI} 2ol Yy s 2 4
71E G ET} o] F e &7 YEAMER o] 53
A EAste Ao BolA(Fig 2e), B%5°l, Boleo-
phthalmus pectinirostris (Chung et al, 19919} 27}
(Lim and Han, 199X 3 HISAZEREQY Aoz A7
Aok, gt A7) 4 Ay RS T £ e A
22 FRASHY, A3 A5 & F A

AEORY GEAL 2 % #FI] F 424
B3t Holl A FoE o] ASR-HGFA-ALE S
SEG UREYAY 322 PHE 3 = JAges
A 2A45e Aoz2 g4 UcH(Peter et al, 191). &,
Adeto A B4R E 2 UF 2909 FEe YAz
532 2% &3 2 E(gonadotropin-releasing  hormone,
GnRH)¢ ¥4 ¢ #4915 233} o] GnRH A28
Hale AN GtHF FulHo], dau dEAXE S8
A3 dE AEZAEY AFS 53 AHHE H2H R
T 5229 o3 ¢34 FAo] 2FEY. oy dad
E9 FHIAEANAN YA = Eoll & oM deta
FA7E A dEAX FHFo2H dRAE:
BAEA =G, C21A 2HREo =Y AHEhrEER
(maturation-inducing hormone)°ll 938 #HF A%9e
Aoz dHA gle=vl(Nagahama, 1987b; Yoshikuni
and Nagahama, 191), ¥ %9 8% E, ¥5& 44
G347 dEAEe 28 W=st 7 94 34
o 713 ®A Jvehden = ge ¥xE 4309
C21A4 2HZ20]=9 17 ¢-OHPE A% 7] YR E7} 1}
gur] A9 39 F48) 5713 F Basgg. £
49°] HHEA E9 17¢-0HPY 8% F&v oA,
C21A AL 2ol= 328 170205P7 23 3

7tebe= Aoz Hol FAElE Catostomus commersoni
(Scott et al, 1984), Oncorhynchus rhodurus (Naga-
hama and Adachi, 1985) ¥ F o, Sardinops melano-
stictus (Matsuyama et al., 1991) 59 o] FelA HojAl&
AAE dRAESY HAde Bt BAED, 4F A&
de 17q, 20 p-P7t #ojdles Aoz A7 A &
2e C2A A2HZolE 3229 17¢0HPY T&ET
AHE7) Aol A48, 17 20 B-P7F F713HAA Yol
€ 30 E Bol 170-0HPE A dEAEY 4&E &
37| B %AtEl, Oryzias latipes (Kobayashi et al,
1996)9} Aol o] F(Young et al, 1986; Nagahama,
1987) A A, YRAE A4HE 289 AFAZ
Zgshe Ao AR o drHRolE s282
o Buld 2 d¥Y 7HE ¥F v AE 59
dadl dREAEEY Hsk #es seA & ez
oxigle

2 oF

&A2), Odontobutis platycephala $H S BAFINE
B8 1Ak 19959 129 5-E 19979 1197HA A X4 5%
A 4=(gonadosomatic index, GSD), H4 9] YA o ¥ wg
2 3 JAgoln 322 Wi AL zAEYY.
GSIE 743 g¥d 035~072%0 20, P& oo
GRAEEL 4490719 FH¢7] GAQHEE HE:
87%~96%). 9929 GSIE 120+ 0.2¢ 0.7, Y&
3710 GEARXER GFFARY Y dRAXE 283
Qo I3 AR AvA gkl £ HE.
28%,22%). 10958 GSI= ¢8 A F7tste] 129
459 £ 0611 2t on FFFA 7] dRMEE] 7t
701289 28 W 221%). 199 GSI9
& Wl oy dg34r] dEAZEL YR
4 Z71 9 HEE ¥R 512%). 2982 GSIe &
3 Z715te] 39l 1051 £ 1042 AF 7 Egton,
g2 dEFA7) GRAZER dF 1§34 o=
HAGEY 28 Y5 60%). 425 H GSIE B4
699 LIt 035829 4%7]19 dRAEE 713 o
29X EG ud ¥ EHEgEHE dhoIEo] Y,
ol59 ¥ N 499 /1 EAF(AE7] GHRAXT
28 V% 49 40%, 5€ 12%, 69 5%). Estradiol-17 B
(B9 8% v=& 889 084020 ngml2 12E7A
© Y58 £Fd mEod 197HE F718 9 399
2851 035ngmME IF 7HF %oy, 4495He #A2
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3t 799 014+002ngmZ 7HE FRTH(P<0.05).
17 a-hydroxyprogesterone (17 ¢-OHP) 9] 8% F:=
399 1337102 ngml2 EJFSH TE A7EAL 3
ng/mé o]32 FF WHE Holx= ¥ArH(P<0.05).
17 @20 p-dihydroxy-4-pregnen-3-one (17 @20 g-P)] &
F FET 499 074 £ 009 ngmlE HI FEOIUL 5
AAAE 054007 ng/nl2 £& FEE $ARAT 1
29 A7lelE 026 ng/mt oJ3t2 AF ¥ WSt 9
ATH(P<005). olA% AHE FH3Y, A &
2 AR7E 48~69 2A FARTE 493 59 Afolo]
o, 79~89L FA7], 9¥~12¥8L 437, 1¥9~394¢
A2 FEHE AAF0E Bgen, o wae
HA2HR2ols S22 WG YHT B e
Aoz A4dn
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