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Annual reproductive cycle of the file fish, Thamnaconus modestus (Gunther), was histologi-
cally investigated. Samples were collected monthly in the coastal waters of Chungmun, south
of Cheju Island, Korea from July 1997 to June 1999. In males and females of T. modestus GSI
values reached the maximum in June and May, respectively. Reproductive cycle could be
divided into the following successive stages: in females, growing stage (March to April), mature
stage (April to May), spawning stage (May to June), degenerative and resting stage (July to
February), and in males, growing stage (January to March), mature stage (April to May), spent
stage (May to June), degenerative and resting stage (July to December), respectively. To clarify
the spawning cycle of female in T. modestus, some were examined, that is, the weekly changes
of GSI, detail developmental stages in the ovary and the weekly changes of sex steroid
hormones (E, and T) levels in plasma during the spawning period. Throughout histological
observation of the ovary during the spawning period, T. modestus belonged to an asynchronous
and multiple spawner. Changes of plasma E, and T levels were similar to the changes of GSI
and ovary maturity.

Key words : Thamnaconus modestus, reproductive cycle, spawning cycle, sex steroid hormone,
asynchronous, multiple spawner
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Fig. 1. Map of sampling area in the southern coast of
Cheju Island, Korea.
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Fig. 2. External morphology and gonadal shape of T.
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Fig. 3. Monthly changes in water temperature and day length (A), gonadosomaticindex (GSI, B) in female and male file
fish, T. modestus.
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Table 1. Monthly changes in number and percentage of oocytes with the developmental stage of the ovary in Thamna-
conus modestus

Developmental stage of the ovary

Month N of  Peri-nucleolus Oil droplet Yolk granule Mature Atretic Empty
oocytes stage stage stage stage stage follicle
No. % No. % No. % No. % No. %
Jan. 2137 2137 100

2354 2354 100
2276 2276 100

6767 6767 100

Feb. 1894 1894 100
2463 2463 100
2774 2774 100
7131 7131 100

Mar. 1857 1741 93.7 116 6.3
2119 2032 95.9 87 4.1
1998 1998 100

5974 5771 96.6 203 3.4

Apr. 2264 1320 58.3 944 41.7
2065 1699 82.3 366 17.7
1920 938 48.9 511 26.6 471 24.5
6249 3957 63.3 1821 29.1 471 7.6
May 1516 590 28.7 448 29.9 476 313 2 0.1 +
1265 523 41.3 347 274 279 22.1 116 9.2 ++
1431 445 311 375 26.2 413 28.9 198 13.8 +++
4212 1558 36.9 1170 27.7 1168 27.6 316 7.5
June 610 162 26.6 170 27.9 216 354 32 5.2 30 4.9 +
581 149 25.7 150 25.8 194 33.4 88 15.1 +
920 268 29.1 314 34.1 274 29.8 64 7 +
2111 579 274 634 30 684 324 184 8.7 30 15
July 1847 712 38.5 696 37.7 432 234 7 0.4
1560 1342 86 218 14 +
1460 1443 98.8 17 1.2
4867 3497 71.8 696 14.3 432 8.9 7 0.1 235 4.9
Aug. 1414 1414 100

1399 1399 100
1726 1726 100

4539 4539 100

Sep. 2104 2104 100
1544 1544 100
2316 2316 100
5964 5964 100
Oct. 2457 2457 100
2336 2336 100
1963 1963 100
6756 6756 100
Nov. 2024 2024 100
1895 1895 100
2241 2241 100
6160 6160 100
Dec. 2017 2017 100
1742 1742 100
1583 1583 100

5342 5342 100

* Relative amount of the empty follicle is indicated by marks, +to +-++
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Fig. 4. Developmental stages of the ovary in T. modestus.

A: early growing stage (Apr.), B: late growing stage (May), C: mature stage (May), D: spawning stage (June), E:
degenerative stage (July), F: resting stage (Oct.). Ao, atretic oocyte; Mo, mature oocyte; N, nucleus; Nu, nucleolus;
Od, oildroplet; Pn, peri—nucleolus oocyte; Yg, yolk granule oocyte. Scale bars =100 um.
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Fig. 5. Developmental stages of the testis in T. modestus.

A: structure of a testis (x 20), B: proliferation stage (Mar., x450), C: growingstage (April, x200), D: mature stage
(May, x200), E: spent stage (June, x100), F: degenerative stage (July, x200), G, gonad; Ge, germinal epithelia;
Sc,spermatocyte; Sg, spermatogonia; St, spermatid; Sz, spermatozoa; Vd, vas deferens.
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Fig. 6. Monthly changes in frequency of the gonad developmental stage in T. modestus. A, female; B, male.
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Fig. 7. Weekly changes in the gonadosomatic index (GSI) and ovarian developmental stage in female file fish, T.
modestus during the spawning period. o, peri-nucleolus stage; =, early growing stage; &, late growing stage; ®,
mature and spawning stage; O, spawning and degenerative stage; A, degenerative stage.
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Fig. 8. Photomicrographs of the ovary in T. modestus during the spawning period.
A: section of the ovary in the peri-nucleolus stage (April, 14, 21 and May, 3), B: early growing stage (April, 14, 21
and 26, May, 17), C: late growing stage (April, 26, May, 10 and 24), D: mature and spawning stage (May, 3, 10, 24
and June, 1), E: spawning and degenerative stage (June, 1 and 22), F: degenerative stage (May, 10, June, 8, 15 and
22). Ao, atretic oocyte; Ef, empty follicle; Mo, mature oocyte; Od, oil-droplet oocyte; Pn, peri-nucleolus oocyte; Yqg,

yolk granule oocyte. Scale bars =100 pm.
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Table 2. Weekly changes in number and percentage of oocytes in each developmental stage of the ovary in female
Thamnaconus modestus during

Developmental stage of the ovary

Month No. of  Peri—-nucleolus Oil droplet Yolk granule Mature Atretic Empty
on oocytes stage stage stage stage stage follicle
No. % No. % No. % No. % No. %
April, 14 2276 1991 87.5 285 12.5
2014 1437 71.3 577 28.7
1964 1450 73.8 514 26.2
6254 4878 78 1376 22
April, 21 2065 1699 82.3 366 17.7
2123 2123 100
2977 2775 93.2 202 6.8
7165 6597 92.1 568 7.9
April, 26 1618 696 43.0 470 29.1 452 27.9
2304 1320 57.3 522 22.7 462 20
1920 938 48.9 511 26.6 471 24.5
5842 2954 50.6 1503 25.7 1385 23.7
May, 3 1265 523 41.3 347 27.4 279 8.6 116 9.2 ++
1967 1709 86.9 258 13.1
3232 2232 69.1 605 18.7 279 8.6 116 3.6
May, 10 1516 590 28.7 448 29.9 476 31.3 2 0.1 +
1431 445 31.1 375 26.2 413 28.9 198 13.8 +++
1209 341 28.2 287 23.7 404 334 177 14.7 ++
4138 1376 33.3 1110 26.8 1293 31.4 377 9.1
May, 17 1241 411 33.1 432 34.8 398 32.1
1266 396 31.3 462 36.5 408 32.2
2060 968 47 680 33 412 20
4567 1775 38.9 1574 345 1218 26.6
May, 24 1043 295 28.3 447 42.9 202 19.4 99 9.4 +
1072 198 18.5 453 42.3 275 25.6 146 13.6 +++
1046 257 24.5 392 37.5 258 24.7 139 13.3 +
3161 750 23.7 1292 40.9 735 23.3 384 12.1
June, 1 610 162 26.6 170 27.9 216 354 62 10.1 +
715 181 25.3 245 34.3 186 26 103 14.4 ++
581 149 25.7 150 25.8 194 334 88 151 +
1906 492 25.8 565 29.6 596 31.3 253 13.3
June, 8 559 168 30.1 163 29.1 2 0.4 226 40.4
585 176 30.1 192 32.8 217 37.1
1144 344 30.1 355 31 2 0.2 443 38.7
June, 15 987 364 36.9 623 63.1
1309 1022 78.1 287 21.9
628 425 67.7 203 32.3
2924 1811 61.9 1113 38.1
June, 22 732 181 24.7 228 31.1 103 14.1 220 30.1 +
920 268 29.1 314 34.1 274 29.8 64 7 +
596 135 22.7 139 23.3 112 18.8 210 35.2 +
2248 584 26 681 30.3 274 12.2 279 12.4 430 19.1

* Relative amount of the empty follicle is indicated by marks, + to +++
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Fig. 9. Weekly changes in plasma estradiol-173 (E,) and testosterone (T) levels in female file fish, T. modestus during the

spawning period, () : individual.

0.16 ng/mlZ A}&3E & 5% 17Y¢)] 0.12ng/mlZ ©HA|
a7etd A o]2l3t T B¢ mixiA| 2 59 2444
0.59+0.35 ng/ml=2 FA43] ArSste] FH ks Bt}
o] = 6Y 199l 0.28+0.04ng/mIZ t}A] 3H7kaE 5 o
Az Fe 7e 82)5thr) 69 2296 0.36+0.1ng/ml
2 ga Aot

3)Atet7] F IRAEZ Ao FE W)

TH A9 AR 7HEE A dEAE A
Ae] F1 W3l= Table 29} 2t}

49 1443} 21dell= FHRl7 e} f77] dERAZE
qho] Ao Hx RMUP 49 264 RE = P77

GEAZEEC dadel 23.7%F 2A|se EAssich
54 3ol davlell & FEAEE] 3.6%2] H&
2 Z¥stx Al EAd HleldE dxFEx

4 A= 59 1096l F77)9) s dRAE
59 ulge] 47k 31.4%, 9.1%= oA vledlE

£

HAEZFTEE o4 REHAT 59 176l 45 drA|
ZE52 FHEA] Uit 549 2493 69 1Yol 3
F7] =AM E (23.3~31.3%) ¢} ¢+ FEAE (121~

13.3%)2] n]Eo] A7 &= A A EHslgon
Hlol3lE xS EE v HFEET 69 8YF 15Y
ol dael 39} ke AR ZEES Ao &
At kokx E3 dRAEZEEe] ¥ u|&(38.1~
38.7%)% Ho|m Zd3h 64 22l oA w3
T7] (12.2%) 9} &< FRA| ZE(12.4%) 0] ZF 3l A1t
=3l A ZEE 19.1%2 v &2 Z3soh

L

| QAFlx # x| 3} (Family Monacanthidae)sl] <3}
w3 %], Thamnaconus modestusS A %] slo] P2d
zAR oz 2R AT AL 423 3

wajol whel A7) AR Aeehe e A

=7
Vg Rolm 9eE & 4 A

=, FAAE AR 2 $oo) AT B
% AN Aol 3URVE A4t BSHEA

AR B 2717kl Al GEA L] A% o
FolAa o] MAE 44RE AlRES S| 5]
GSIZte] HH S Holn FAlgte] dojrtar 9gich 64
o= AREE Al AT AY2ae] dRoA] o|n] 3}
A HAER 2pT| 2 Hme 7Y
o] GSIFtE Holx WA A7} EFE 2 FA]7)el
Sol7be MAEE BAT 4 gtk

S D)9 Alstel] B3 AT} el AP (1982)
3} kb (1985)el o) RuHul 9=t Fi(1985)e AT
B ME E3e Ml BFH R AEA7]7) 5~6
o, oAb 4~690] FAkRAZ|E L BaEa gle]
2 AT el AMAske 2R ¢} AlkA7)7F 28
Z Aol S HelA gtk FHlol] MAlsle TH A=
olu] BI¥ °a:r£r+ 2 °a“' E3 60| Algho]
7] F8ET YL 4 Qloh QEA BHHQ A
<= NH (1927)°] -46]] ARIA 717 6~T74, Kltajlma
etal. (1964)= &5 Rkl AAlsl= w3 ]9 Al=bA7] S
5~74, Ikehara (1976)= Fiighk <detel MAste w3

p

L
=



82 o585 - DRE -

9] ARA7E 5Y Fte~TY FoE Busty 9l

o QAL BAA}F FHAE Bk AN} @ 2 A
E B v AE 9 4 e

o3t BE7)9) wshe] WE ofe] A T
(Aida, 1901)0] SJeiA] FAAE AR mch AL B
Ro) 1~28 %A% Q%7)7ke] AHo] wls) A3 ¥l
4 AGerle] QAR Aol ol Felzleh e 4%
o Wl A7 ASkow] mAer] g B
o) A Eo] AL mAE Aoz e} - a4
Holl %ol Aoz FEduh

WA e] Abgte] Jge
B57)% Ayojel AAun AL 2
3 BF7)9 7k ARERE B T4e3)
o Ravth 1 ﬂfi}ﬂoowi
2 RaEg. ges oD AARALIES ool

J

.1

o9 AlRHE fFEshs WA gh—g—oﬂ # A7E A
nAhoz As|Her T Aoleh =% W F& FA 2
e seel AN AXsh 2] AR 2E ]
) ¥ v AHe) AR} BREA A7) 2
2 Ao Belrhe Helz Ueht £ %9 A7
7h 38 A g Ui elgA FAT el

MAEE T Fzke] AlE7|7Ee] A171H )l Afel A o] A}
dAeal ?8*0“’ 2l o™ o] Eo] Mz ARIA7|E 2E
HA7] o] o]FofAE AAAE I
7] S’r]%H’H—'— 01%4 Abetel] ofgkE F& WiEv] A5
WA eE3t HolAd] A, LAF2F] o AlRA
ol A7t e Eo]of & 7ol

o] F2 dEAM =z whgekae] - (Wallace and Sel-
man, 1981; de Vlaming, 1983)¢l] ¢loiA] wF A= i
ko] gro] F 29} n]&gt FAFS Mol 9le] WA
= HFALE e &3he olFoz ATE. 53] o
W ATl BFHAE Yoz o] 52| ARIAZIW ]
A7) 9 AR 4E 28] 93 o B A=A
719 4~69, 3719 Bt AFY BAez e Gl
Hejsl g 2AHes BT FREAYA
Z931A 2H8-3l= A steroid 329l estradiol-173
(E»)$} testosterone (T)e] W32 FA}algdch w3 A=
A 49557 (449 149, 219)HE dad dEA 27}
ARl e AERBIEAITE 22 AlE 5Y 2+
7469 3Y) FEA6GY 179), ¥ %2 JHAE 5¢
a7 (59 24)ell = Adske AA7F ZRskact 49
ZEARE A= Ao 93] o]= MAE 5Y %
£73 (549 39 Loz AELES AFEE Aoz A7t
9% 59 547 69 109)elE ojn] HE7E 2 )
As BANAT 59 27 ¥E AR AA S o

CHAH - B

o

o

3 59 37 (59 243 69 227 (69 1)l o
BBl A Se] Aletstu vty A= 6Y F4

¢

7 (69 89, 159l ZE A7} H31E 23 Q9
o} 69 3147 (649 2ol = AISHE AAEel WA
QLA o] AANELS oot AP 2A AE AR
AAE6Y 24el €T Aelet A4 o] A7)
AAES] dat 1 d¥oh Ssgels velw gdm
dae] AR =) gHE 2 AAE WA 4
algih
U7)9)

735, b (1985)9] dF5 B3 A7)z

ote] AESleE WHHREs B3 AT

3~43]o] HA Wzt °l FolAz glgtx B

3, @RS FHE(1969)2 A THAE AW Fxulel

A AR A AESIeE RAS AT} 4~53] A= b}

ety vtz Basta glut o] dFe] AdE HelA
= FHAE 543 64 2EA | FAlRe] o] FoiA|n

o= AREZIZ 23] o)ide] AlEE 3= wh3]AlREe]

o &3 Aoz F5H
ojfo] dF A 3=2Ee M Exx 7k ST
£ (vitellogenin)$] A S &8l 03 A 322

o2 GSI7} A5l wet ¥ B v=x 7 F7tet
= 733k& M 9lt} (Kobayashi et al., 1986; Razani et al.,
1989). Tx E¥Ae ATA d8S 3he 3=2Po=
a8z gt = Fg23 Pz o g o] FoA o
AzA Zel| GleiA] ko] FAHE A7]e] FeEel A
£ steroid A 2ol oJ3) T7} "RHEe]A| 1L, o] T 3
Yuizom Sol7bd Waksh el o3 B,z W
g2 d2x 9lo} (Nagahama, 1987; Nagahama and
Yamoshita, 1987). 2 & F-ol| A @]z 7le] Alb7)7E
e B9 TO) A% E WEE Ave A3, F s=w
R GSIHEeL 78] fARRE Fe Bl S deAl
27h e ) AgsEA Bt Te) st Z7he
I FET] dRAEe) dsstEe] w2 A7)
o Az e e fAsdon AN E
b 7 A dejubs 5Y 24l F =2
2 =% Ao sEghe vehlch dbhes deA
0 Aol glolA HIEA WIYel 3 oI FE
o 3 o]
&

>
>,
&

o
N

N,
4,

et W AR = el wlad g oFe]
7] SRAZZ} Fot sle] HF E, v=7F =4
Hoy Bausta
S, 2ekfol o] WAbg el AWaAE
FTE> A7 F EAREY AR JTFE
o= o) Ews} vhol W76l B0l S7F
Hojopy} drMzrt HFASIAZ o =W 23]
Ex9] Zt47h delddx A 9l (Young et al.,

elo} (Law, 1988; Rinchard et al.,
1

ol

2
oot do



1983).

o AsfolA BAAL HBA LD Sal Ao
= Bgony 9% B9 =i »}wﬂﬂoﬂ =
Fhshar Farare] dofubs Al7jolm ol E2) wanfel
gt Bt ohel B ko] WHT) A EE
FA7t 2oz FAPo2A B9 Fwrt ¥ o
ehtoslel Amg aeby BAANNE IF E7t
dEA R e Belsts Aoz AAEH E 3
F = 2 B9 2 3o RuAEEe] Y= 9
AVA1 719 gheto] Fhgstelet A4 Tl A9k 7
Fo| 7] WS QoM 2 H7o] ofx] HEEA u
AR AUAT B> AFofellA Ak 9l wEY)
Tl HE T w=e AsS AFFE S dde
(Pankhurst et al., 1986; Barry et al., 1992), T®] =7}7}
ok # dusEe] AF 4 2 vjzke] dofuinim
BuET Qlok (AL, 1991). o] AFeM = D] 2]
T8%F w7t FE3A7e AR w2 aFS &
28k 9le] T HF = W3l Mz o F9
FARRY7) A o] 7hsstelzt A=

sk

¥ 2

1997\ 7€ 3E 19999 6¥71A] 27 AFE PG
Aqel FF eels AckelA HY ARG B,
Thamnaconus modestus®] AJAF715 =23 el vy
o= qshaleh ¢ - $709) GSIASH qleiA e
54, #712 6¥el | F Hayge Bk AHF=
A7l A5 A7) 3~4%, J%7] 4~59, A7) 5~
64, B3t 9 FA7] 7~24=2 FEEHYL A A
A7) 1~34, J%7] 4~54, A7) 5~69, E3}
#7) 7~1082 FEE F 010%:}. AFE7) 2453

PAE Ngom OB AUFI] B ARG
Teher) s el Hg‘a@:s;— L R

Z3slar Al steroid 32 2¢l estradiol-17(3 (E») ¢} tes-
tosterone (T)9] 8% =2 RIA FALS Edle] ZAFSH
A FFH A= v FAEE | &3 oJF oz AR
ZH Helx 23] o] A %% 3tz oer F
AEY, B2 TO 8% v= Wdle dRA x| A5z
GSIH 5ol 7¢] *J%Xiii W akstar s

F L.

P

ol

j>_l,

fe m!i il o

de

A A}

S El‘;i%

H00020).

997 = gh=stezl S| d7u]el 9
gy} (A 5 KRF-1997-022-

MAIAZET| 83

g8 #

Aida, K. 1991. Environmental regulation of reproductive
rhythms in teleostei. Bull. Inst. Zool., Academia Sinsca,
Monograph., 16 : 173~187.

Aida, K., T. Kato and M. Awaji. 1984. Effects of castration
of the smoltification of precocious male masu salmon
Oncorhynchus masou. Bull. Jap. Soc. Sci. Fish., 50 :
565~571.

Barry, T.P., L.S. Procarione, A.F. Lapp and J.A. Malison.
1992. Induced final oocyte maturation and spawning in
walleye (Stizostedion vitreum). In Abstract, World
Agquaculture Soc., Baton Rouge, pp.35.

de Vlaming, V. 1983. Oocyte development pattern and
hormonal involvement among teleosts “Control Pro-
cesses in Fish Physiology” (eds. J.C. Rankin, T.J. Pit-
cher and R. Duggan), Croom Helm, London, 176 ~199.

lkehara, K. 1976. Notes on the spawning and growth of
Navodon modestus (GUNTHER) in the near-shore waters
of Niigata Prefecture. Bull. Jap. Sea Reg. Fish. Res.
Lab., 27 : 41 ~50. (in Japanese)

Kang, D.Y., Y.J. Chang, Y.C. Sohn and K. Aida. 1998.
Changes in Plasma levels of Thyroid and Sex Steroid
Hormones in Rockfish (Sebastes schlegeli) during
Maturation and Parturition Periods. J. Kor. Fish. Soc.,
31(4) : 574~580.

Kim, G.H., S.K. Lim and C.H. Han. 1996. Radioimmuno-
assay for gonadal steroid hormones in a bullhead,
Pseudobagrus fulvidraco (Richardson). J. Inst. Bio-
Prod. Res., Dong-Eui Univ., 12,13 : 53 ~65.

Kitajima, C., M. Kawanishi and T. Takeuchi. 1964. Egg
development and post-larval of a filefish, Navodon
modestus (GUNTHER). Suisanzoushoku, 12 : 49~54.

Kobayashi, M., K. Aida and I. Hanyu. 1986. Annual Chan-
ges in Plasma Levels of Gonadotropin and Steroid Hor-
mones in Goldfish. Bull. Jap. Soc. Sci. Fish., 52(7) :
1153~ 1158.

Law, Y.K. 1988. Endocrine analyses of maturation and
spawning in carp Cyprinus carpio. University of ToKyo.

Lee, W.K. 1998. Annual Reproductive Cycle and Changes
in Plasma Levels of Sex Steroid Hormone of the Female
Korean Dark Sleeper, Odontobutis platycephala (lwata
et Jeon). J. Kor. Fish. Soc., 31(4) : 599 ~607.

Nagahama, Y. 1987. 17a, 20B-dihydroxy-4-pregnen-3-
one : A teleost maturation-inducing hormone. Devel.
Growth Differ., 29 : 1~12.

Nagahama, Y. and M. Yamoshita. 1987. Mechanisms of
synthesis and action of 17a, 20B-dihydroxy-4-pre-
gnen-3-one, a teleost maturation-inducing substance.



84 ols

ORY

Fish Physiol. Biochem., 7 : 193 ~200.

Pankhurst, N.W., G. Van Der Kraak and R.E. Peter. 1986.
Effects of human chorionic gonadotropin, DES-GLY
(D-ALAS)LHRH-ethylamide and pimozide on oocyte
final maturation, ovulation and levels of plasma sex
steroid in walleye (Stizostedion vitreum). Fish Physiol.
Biochem., 1 : 45~54.

Razani, H., I. Hanyu, K. Adia and K. Furukawa. 1989.
Rematuration of female goldfish under continued warm
or cool temperature in combination with short or long
photoperoid. Nippon Suisan Gakkaishi, 55 : 1499 ~
1504.

Rinchard, J., P, Kestemont, E.R. Kuhn and A. Fostier.
1993. Seasonal changes in plasma levels of steroid
hormones in asynchronous fish the gudgeon Gobio
gobio L. Gen. Endocrinol., 92 : 168~178.

Suzuki, T. 1976. Relations between feeding rates and grow-
th rates of file fish, Navodon modestus (GuNTHER). Bull.
Jap. Sea Reg. Fish. Res. Lab., 27 : 51~57. (in Japane-
se)

Wallace, R.A. and K. Selman. 1981. Cellualr and dynamic
aspects of oocyte growth in teleosts. Am. Zool., 21 :
325~343.

Young, G., H. Kagawa and Y. Nagahama. 1983. Evidence
for a decrease in aromatase activity in the ovarian
granulosa final oocyte maturation. Biol. Reprod., 29 :
310~315.

Young, G., L. W. Crim, H. Kagawa, A. Kambegawa, and Y.
Nagahama. 1983. Plasma 17a, 20p- Dihydroxy-4-

Received : January 2, 2000
Accetped : March 5, 2000

-IRS-0ld

CHAH - B

i

-

o

pregnen-3-one Levels during sexual Maturation of
Amago Salmon (Oncorhynchus rhodurus) : correlation
with Plasma Gonadotropin and in Vitro Production by
Ovarian Follicles. Gen. Comp. Endocrinol., 51 : 96~
105.

R - FEEIE. 1969. v v Y I X oM AR BT
W5, 1 Rk AT ER, 18(2) : 1~32.

Bl REREFE. 1994, iy R fafEe] ARgel @,
pp. 80~95.

SEFE - FEE 1991 EEE I=RFAEH (F1H) A%
o] SJE, HBE AER AR, 3(2) : 98~119.

N ECKER. 1927, % 7 ¥ o> S B o FE i e O B PR Bk
VT B3, 39(462) 1 161~ 178.

FMAE. 1985. HEl L DF XS] WRAWER . K
IRMFFE R, 34 1 1~64.

WA 22 - FEEIE. 1966. v~ Y I ¥ oMb L URB,
I 7k R i, 36 ~40.

MA Ty 1991, ARREJRIMH. FEAR A (BREENE S, AL D)
). 162 ik AR B0, pp. 287 ~325.

2555, 1999. F = =], Hexagrammos otakiio] &4 kS
Ak MR BRYE RFEEREE KB B
X, 123pp.

BEFE - AbHBR. 1982, HE miAE R0 st A
IRIRMFZEER 5, 30 : 73~80.

T ME, SR —, AT — R—HB. 1978, JE4EIR A o 1M
FIEp &R estrone, estradiol-17pB, estriol ¢ radioim-
munoassay !> & » i G RIEE. FVvE v & BIR, 27 77
~80.



