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Abstract

This study was conducted to investigate effects on sex differentiation
of sexually undifferentiated rockfish, Sebastes schlegeli by the treatment
with 17 B -estradiol (Ez), 17 a -methyltestosterone (MT) and high water
temperature (27+0.57C).

Experimental fish (56 days after parturition) were placed into 100 £
circular tank, at a concentration of 100 individuals per tank, reared from
15 Aprl to 26 June 1998. E; MT and high water temperature were
treated for 21 days from 56 days to 77 days after parturition. At 56
days after parturition, gonad was composed of only gonia cell in the
matrix, sexually undifferentiated. Sex ratio of all experimental groups
was analyzed at 128 days after parturition by histological examination
of the gonads. Ovary of female was composed of ovarian cavity and
ovarian lamella. The oogonia about 10 g in diameter and the
peri-nucleolus oocytes of 20~30 im in diameter were distributed in the
ovarian lamella. Testis of male was composed of a large number of
seminiferous tubules. The Spermatogonia of 10.0~135 m in diameter
were distributed in the seminiferous tubules and the pigment cell was
scattered in the testis. Control groups were 48.4% in the female and
51.6% in male (approximately 1 : 1, P>0.05). In groups treated with 20,
40 and 60 pg/g diet of Ez female was 75.0, 83.3 and 91.7%, respectively.
The proportion of female was significantly higher than that in the
control group (P<0.001). All groups teated with MT were 100% males.
Group treated with high water temperature was 5% in female, 95% in
male. The proportion of male was significantly higher than that in the
control group (P<0.001). At 128 days after parturition, growth between



control, high water temperature and E; treated group was not
significantly different (P>>0.05) while growth of MT treated group was
significantly different (P <0.05).



I. A4 &

o] HEA YL AFAANAE JHA T Ao we} o)
9-z}(Male Heterogamety)$t =43 o] vl -$-2H(Female Heterogamety)dl 2|
gt o) A= F33 JHA(Genotypic Sex Determination)s T4
B o BEHYA7| RulsEE HJ2uReo|=9 ZAE-E Wol YA AHE
AR Aol AA=E A=lHA 4 d A (Physiological Sex Determination)
a8ln £ o)F AHuEE Ve @73 82 F, 422, pH, AHSEE R
FHAH F g5 FH A0 it o] FrEE BAH ABH(Envi-
ronmental Sex Determination)e] @2lA i AvH(Yamazaki, 1983; Abucay
et al., 1999).

a8y, H2o o PCBs (Polychlorinated Biphenyls), :=d®l%&, Y]
2¥E 9 tjo]&A T W Eu] A2 & (Endocrine Disrupter Chemicals)al
EHUAE Yol o7 A F8E vAde 477 Ra=3 Q
tHHowell et al., 1980; Gray, et al., 1997).

oJFe Aud AARE #FEF AFT Yamamoto(1953)7F FAHE,
Oryzias latipes® WASE A JHPE =g olF oo e &
& 437t BuEa g, o & §9, Yd™&ol, Oreochromis niloticus
9} Pejerrey, Odontesthes bonariensis®l 178 -estradiol& A4 F¢39
Fo & 4AE F=F v AR(Kim et al, 1993; striissmann, et al.,
1996), Demska-Zakes®} Zakes(1997)= Pikeperch, Stizostedion lucioperca
AAE 3} 9lo} 17 @ -methyltestosterones) 3o e 478 R udg
121 Estrone, Estriol, 11-ketotestosterone % 17 ¢ —ethynyltestosterone
Y AzHZolE TE2EE ol&3le ofFe AL HARE F:=9
A7l RaEs Qv (Yamanoto, 1965; Jalabert et al, 1975; Guerrero,
1975; Nakamura, 1981a).

agn 387 890 ¥ AFE Atherinids, O argentinensis %



Patogonina hatcheri® AE8to] o} &0l WX& FFE XABAL
(Striisssmann et al., 1996), dX), Paralichthys olivaceus® &3 71 &
Feo) 9% AAAKImM et al, 1996) F° R1F3 22w, Beamish
(1993)2 Southern brook lamprey, Ichthyomyzon gagei®] d¥l7t 4%, A}
9%, pH ¥ 9% $29 98 d%& T=vhan LA

FE & o Ao wet HAE, PFFA, HAAT], AA, MY
7] 59 #ol7t A7l wWEd), FRAMAY FoA/tES ALY ST
g o|F7) g3 HAAEHH T AAHQ A oA - FE Y
AbSE ALY GAAIS S st n Fvh(Yamazaki, 1983). AAF9 A Aol (sex
control)8 A& ol &% ¥4 ofF 9 AHE BHY, & ol wel e
Ztol7b uar Wl A UsE FAAQ F(d A, P. olivaceus)ol Art, B
& 3e Ayt ol#lE ol F(d: 9], Plecoglossus altivelis)olA %A £
AAg 88 $ch(Berner and Sager, 1985 Matsuyama and Matsuura,
1985). EF Qo] - FolRANE A di H5d wE AHALENG &
7] WEe iy ALolE FHY AS F£A £ BY dHE AdsE A
o] AAZ 7tx7} ¥oh(Parks and Parks, 1991, Donaldson, et al, 1996).
olg} & AN AHE Z1ge] AAS aPHum AAY, A - 59
dolvt &8 Ao oFe we fFatr] WEe AgAde] +AT 4
B 1ME 43t ds BA 4

metd, o] AFE AHoR nidd =MEF, S schlegeli 2019l
WEH A gelod AAEEZESQ 178 -estradiold FHEFE2ES 17a
-methyltestosteroned A 3P, ARPRLA0E 3L HIYFE 3Y
AEge] mAes -y 2de A4 AEHHoZ ZASH.
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o] AFo] Al E ZWEFH Aol AFUR HEFATLAN AHA
FRA ] s 19983 2¥ 190 EAE Ao, YEY FI Wi
A& ¥ FRP 985+ 2(4 300X90 cm)ol A AHS-3% 2™, Yol Rotifer,
Artemia nauplii 3 HAEE HF Ao wa} 2P FF}AT

Ago)= 1998 49 5U(EA F 469)9) 100 £(4 60X30 em)EH T
22 &7 49 14974 1092 oH] ARG, ol AR F OAY
o] A4 A A A7t FHE AMHE A2 AASAT AH
19989 4% 159U(&AF & 564)9] 100 £(4 60X30 cm) VYR 2+
AYT & 10008 F4351 69 26UAA 72YT AMREHn, 4EL 2
3 v FYPsH

AY7105%e] AFSELL 14~175C o0, vdEe 8y FY
vl AAE o] §8y R HE FA AF WMEHEE I, FHEL
FARZ AW ALE o 43 AAFAY

MAHRO= B2R3 24 A

Mrdgole 2R a5 AFA7)E Lee F(1996)2] ¥ A
#Eg Fustd JEH}/ dojvir] A A4 F 56U (AF 2711030 cm, Al
% 0282007 @)% 8 &4 ¥ 77S(AF 5091041 cm, AF 1871042 g)
A 21 el At

HA2rdH2ele E=2EL 178 -estradiol (Ex Sigma, USA)# 17«
-methyltestosterone (MT: Sigma, USA)-& At&-& %t E: Ag+E 2 A
2l 7EE AR 100 g9l E2 2, 4, R 6 mg2 FA89 FTF FA At MT
A TFE Z M FER ALR 100 gol MT 29 5 mg& F33sd AT &



st 2L Fo PP 7zt AYTEE ZTE2EE 99% ethyl
alcohol (Hayman Ltd., UK. 10 mgell €8 & Algd] FFHAA o 14
ZF3AAZ ¥ ¥ 2@t FEsido d&2Te AR 328 3
7hEtA] ¥& FYF ethyl alcohold FAAIA FFHAT. 49 A8 ¥
HF& 7t 49782 35 13~15 g dFY9 100 g& HAHE A2 ®
o] BT FIeEPI, 357 HiAth o Fellv F AYTER FUF
gut A HE AlrE TS

5 AEYTFE L A g 2EH2E Ha2E FolY] AN A
gl Al olE ARH AR $£2& ARF [-2TY A7EHA kw)E A
A8 ZAstS 27£05TAAM A&sH HeAFs F 64 68(&L ¥
1289)71 A ZA A EN L A8 £ 14~175T=2 AL AFeHch

Hu|EY

RE AYTEY Aule 4 F 12899 MA AHALE Ao
2 #gsty EAEAY ANAe 2H8E 33E 93] Bouin's solution
o2 IAANAR, AF=F AR =7 (Richertjung, Histokinett 2000)&
ol &8t et FEAAYELE AX 5 m= WS TE ¥ Hansen's Hae-
matoxyline®} 0.5% Eosino] ¥l @43t ¢ -4 AEE9 H(Carl
Zeiss, HBO 50)& ol &, ANAMYE FFsleg FE3HY.

Mz

43 A2HZelE 328 34 AYAHEAL F 564), AT
B2(EN F 77Y) zEa AuEN(ES F 128Y) A 2AEAG &
EE 5 AgANZy HaFa Ao Z AgFeit 2004, Hul B
AlellE ZF Adgetn 50ete Y Fabg 2Edo AR AFE 4Z 01
cm, 001 g SH7HA &AL ALt AFL REFE ol L3lo A A 73
54 B 983N, AFL AAA&(Sartorius, BP 31008)& o] &8}
2434}



BAEY

AYPAae] YA Statistical Analysis (SAS Institute North Caroline,
USA)E o]839d ANOVA-test® AAIF F, Tukey's multiple range
testZ Ao 4L AARPO, HHlE 2 testS AAFY L



1. HAYA 2o EY

ZA § 569" AF 27103 cm, AF 0281007 g MAE] A4
T F 2 Fo ANATEY T/} R4S o1FH AAA A A (primitive
gonad)& ¥As YvkFig. 1-A). 282 AZF 11.25~1375 m 2719
A2 9 Al E(gonial cel)Eo] YA B A 7149 HHA BFF Atold] EX
stz deh(Fig. 1-B).

2. #4209 2AFHE

24 F 12899 AP 86%045 cm, MF 98%143 g MAEY HHx
€ dF%d AY7d d2TE vla FARYLS o, AN gRPET)
718 AAEL AU, TN AFE Y29 AF dd 42
TEHUAG AAAE ZASHoz AFF A TANLY JAFY AL
A, BT Qe RS dARE B3EH0 {Gor G- 59 Ao
7V& 8 R ok (Fig. 1-C).

3. HAHZ0|E S22 22 Xelo gt MES



1) AAadd

&4 % 128909 M 86+045 om, MF 98+143 g AAMNES] P4
g zA%Hoz BAY A AATY 2T AL FEFYel FA
ARt it B2 IFAVLR o]Feo] AL, olE AT W 10—~
135 me] AYMEE) Fel& Aol X vt 281 P2 £AF
B 7R Z MA¥Ee SREE BYX&ST ATHFig. 1-D). d2E
dautge] o8 M2 Brlste dedsn gon olg dadds 7%
ol 10 m Wl GUAX FHEH ¢ 20~-30 me FAA7IGA
Z7] GRAHEE0] £ UtHFig. 1-E).

2) AAH 2ol TEE A

HrEBolE 28 ol o Au] A& Fig. 29 Table 1, 2%
Zr}h dEzte Aol 484%, #A ] 516%ZE 1 : 10| tH(P>0.05). WA
o, E» 20, 40 2 60 ug/g diet AN 3ol 242t 750, 83.0 R 9L.7%
2 dE7d b3 $ASEP<0.00D), R vgo] T2 AHIYFE
7t 7 E4E =4 Jdeidg ZE MT 27 A A7 32 &
=N, T2 ANEszol ¢E A v&9 ol gt

3) e A

e Aqdd o Al FBE= Fig. 29 Table 33 £t 175Tel A
AbSE iz Te 4R R Au)sL Zbzh 4849 516%2 1 : 1913
(P>005). ¥rde, 27+£05TCHA AMR§ AFe GAHR $3He 67t
Ztzk 505 95.0% = 2T B3 FHe] A S HP<0.001).

443

A2uRes $2E3 4L AHAIHEL F 56Y), A FE(EA
T 77Y) 283 AHEA(EA F 1289) Aol 4AL 2AE AdE Fig.
3, 49} Thale 4, 59 2vh. 2 A¥THE AT 2AAE vlas] BYH, A
(&N F 569) Aol AL E» 20, 40 2 60 pg/g diet HEFAM Zzt



Fig. 1 Sigittal section and external appearance gonad of the rockfish, S. schlegeli
(A) The larva, 56 days after parturition. The gonial cell (Gc) and clubbed
primitive gonad (Pg) formed to the retro-peritonium. Scale bar=100 gm. (B) This
micrograph magnified the gonial cell (Ge) of the primitive gonad. Scale bar=25 m.
(C) The juvenile, 128 days after parturition. External appearance of gonad (top;
testis, bottom; ovary). Testis was covered on the exterior with pigment cell (Pc).
Scale bar=17 mm. (D) The juvenile, 128 days after parturition. A number of
spermatogonia (Sg) and seminferous tubules (St) appeared in the testis. The
pigment cell (Pc) was scattered through testis. Scale bar=25 im. (E) The juvenile,
128 days after parturition. The early growing oocytes (Oc) were distnibuted in the
ovarian lamella, Scale bar=100 ym,

_10_
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Fig. 2. Effects of sex steroid hormone {xg/g diet) and high water temperature (27 C)
on the resulting sex proportion in juvenile rockfish, S. schlegeli.
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Table 1. Effect of oral administration of 178 —estradiol (Ez) on sex differentiation of rockfish, S. schlegeli

Steroid No. of No. of No. of Frequency
ovary testis
Conc. (ug/g diet) fish treated fish survived fish examined of female(%)
Control 200 171 60 29 31 48.4
E2 20 200 164 60 45 15 75’
E» 40 200 170 60 50 10 83"
Ez 60 200 171 60 55 5 91.7

Asterisks indicates significant differences in the proportion of females (P<0.001) of treated groups with respect

to the control group.



Table 2. Effect of oral administration of 17 @ -methyltestosterone (MT) on sex differentiation of rockfish,

_S‘[_

S. schlegeli
Steroid No.of No. of No. of Frequency
ovary testis
Conc. (ug/g diet) fish treated fish survived fish examined of male(%)
Control 200 171 60 29 31 516
MT 20 200 164 60 - 60 100"
MT 50 200 174 60 - 60 100

Asterisks indicates significant differences in the proportion of males (P<0.001} of treated groups with respect
to the control group.
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Table 3. Effect of high water temperature on sex differentiation of rockfish, S. schlegeli

Rearing No.of No. of

temperature  fish treated fish survived

fish examined

No. of Frequency
ovary testis
of male(%)

17.4T 200 171

27T 200 164

60 29 31 516

60 3 57 g5’

Asterisks indicates significant differences in the proportion of males (P<0.001) of treated groups

with respect to the control group.



2.72%0.39, 276+£0.30 R 267£0.28 cm, MT 207} 50 ug/g diet * 2] 7oA
27610313 277+0.31 cm, T4 X FolA 2681021 cm, HEFINA
2661027 cn® Frolxrl AAHP>0.05). 2 HAFR(FL F 779)
Aol AL Ep 20, 40 2 60 ue/g diet A3} Foll A Z+zh 4.89+0.42, 534+
042 R 5241031 cm, MT 203 50 pg/g diet M FolA 2z 5061043
B 5111038 cm, &L AalFAM 4961035 cn, EF1A 506£052
mZ A Al Alg}h kAR R FrdAzE AJATHP>0.05). 22 AdRlE
M(E2A F 1289) Ao AL E; 20, 40 R 60 ug/g diet AN &
7} 87611.03, 9121092 ¥ 895+1.08 cm, MT 203 50 ug/g diet A&+
oA 7.95+0.899F 8.02+1.03 cm, I4L A FoA 8561094 cm, =T
oA 8861077 cmZ Ez 40 we/g diet M2 7& Asuie dE2TF, 5L
AT L B HEF0 AANE AFde fAA7E QAP >0.05), MT
AT EE AETEDA FrAR7T AA(ATHP<0.05).

A e A ZHEA & 56Y) AN MFLS E; 20, 40 ¥ 60 ug/g diet A2 F-oll
A zbzh 0.29+0.09, 0.2910.07 R 0.28+0.06 g, MT 203 50 ug/g diet A
ol M Z+zb 0.28+0.073 0281007 g, TF2 ATAM 0272006 g,
HETAA 0271006 g2 KA HATHP>0.00). HAF2(EL F
779) Aloll AFL& Ep 20, 40 R 60 pe/g diet A8 oM 2+ 1.69+0.31,
2051056 % 2071042 g, MT 203 50 ug/g diet Ha]+olA Z+zk 1.83+
0449 179+036 g, L& HTFolA 1851038 g, WETNA 1.8%
048 go & #oa7t YATHP>0.05). 2t o] EH (A F 1289) A
o]l MEL Ey 20, 40 R 60 ug/g diet H &) Tl 22 10.78+3.09, 11.19+
305 % 10.71+3.48 g, MT 203 50 ug/g diet N2 TFolAx z+z} 7.83%2.58
T 7741221 g, 2 AYFAM 997+318 g, AETAA 1051267 g
o2 E AYF, 2152 AT 2 dzFdAde FAx7F AJAHEP>
005, MT MaTe AZd aanxg B& AYFEdd #1471 AN
tHP < 0.05).
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Fig. 3. Change of the total length of the sex steroid hormone (ug/g diet) and high water
temperature (27 C) treated groups and untreated control group. Withen each
sampling, groups with different letters are significantly different (P<0.05).
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Fig. 4. Change of the body weight of the sex steroid hormone(uzg/g diet) and high water
temperature (27 C) treated groups and untreated control group. Withen each
sampling, groups with different letters are significantly different (P<0.05).
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Table 4. Effect of sex steroid hormone {rg/g diet) and high water temperature (27C) total length
of rockfish, S. schlegeli

Exp. No. of No. of parturition parturition prrturition
groups fish teated fish survived 56d ays 77 days 128 days
Control 200 171 2661027 506+0.52 8.86+0.77"
Ez 20 200 164 2.72£0.39 4.89£0.42 8.76£1.03"
E» 40 200 170 2.76+0.30 5.34+0.42 9.12+0.92°
Ez 60 200 171 2.67£0.28 524+0.31 8.95+1.08"

27C 200 164 268£0.21 4961035 856 0.94"
MT 20 200 164 2.76+0.31 5.06%0.43 795+0.89°
MT 50 200 174 2.77+0.31 5.11+0.38 8.02+1.03°

Mean within a column superscripted with different letters are significantly different(P <0.05).
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Table 5. Effect of sex steroid hormone {(ug/g diet) and high water temperature (27C) on body weight
of rockfish, S. schiegeli

Exp. No. of No. of parturition parturition prriurition
groups fish teated fish survived 56d ays 71 days 128 days
control 200 171 0.27£0.06 1.83+0.48 1051267

E: 20 200 164 0.29+0.09 1.69£0.31 10.78£3.09°
E; 40 200 170 0.29+0.07 205+056 11.19+3.05°
E; 60 200 171 0.281+0.06 2071042 10.71+3.48°

21C 200 164 0.27£0.06 1.85+0.38 997+3.18"
MT 20 200 164 0.28+0.07 1.83+0.44 7.83+258°
MT 50 200 174 0.28+0.07 1.79+0.36 7.74+221°

Mean within a column superscripted with different letters are significantly different(P<0.05).



o] AT BT PR3 wX - AFH 898 ZAEY] 9
8 AA nlEAz) WEHH 8oz AAPLEEQ 174 -estradiol
(B9} $485289 17 @ -methyltestosterone (MT)E At&e| £ 4+F
o A, ¥ AR F FL&o A% IFL A3 d4 2y
A (27£05C)& sttt .

Yamamoto(1953)7t #Atel, O. latipes® A3 @ dBY A7
AiE YEY F, o]F HAE AT77F Bol o]FoiA 1 U A o F
9] A Aol dol, Oncorhynchus keta, ¥°|, Oncorhychus kisuth 3 9
2], P. olivaceus FoNA QA G0 71gd @Al o231 §)t(Jalaber
et al, 1975, Yamazaki, 1976; Goetz et al., 1979). 282 @A47A e
oAFY AAE = e J2HBE TEEE AR Ho BT FY
3t WY (oral administration)® AlS4e] Z28& EA4sta] Ausie %
H(Immersion method) ¥ =28 E7 FYates Wy a8z $£& 2
Zbel &g 9yl Fo] Uuh(Blazquez, et al, 1995, Tan-Fermin, 1994;
Patifio, 1996).

o179 HHge L vANE 48 8 F B2 EY A A A
719 Hel71, HPdte 28 F7, v € A ¥ & 4239
#AEH v FaeAHIT 9lch(Yamazaki, 1983; Hunter and Donaldson,
1983). #A& F =3t STAHAZEE FFHE A AAN dAAAN SA8
+ 1l-ketotestosterone, testosterone, androstendion R androsterone ¢
AAz2E3% AAY drA #2814 ¢ methylandrostenodil, 17 @
-methyltestosterone ¥ 19-morethynyltestosterone 59 $AFT=2E0] ¢
o B AFAEL $A8, O latipesE HASZ ADsp(HE Al 50%7}F
TROZ A He Yol 1 gFY TEE ¥3)E File YA A
A3E vmEAct o] AT Ao @29 17 ¢ -methyltestosterone® 19-

_20_



morethynyltestosterone®] ADsp& 4Zh 159 1 el wHs), A4z 284
androstendion®} androsterone®] ADsp& Z+ZF 5007 580 wugo.E 4T =
ol HAZZERY 3 AP ENE B oA §YZ280 A
dz2ERY 7§ A st Jdegd olfe $AYIE2ES Edde
fB47b e EAdA] e Aog HiHn ey okF7A B4
g A A g vk(Hishida and Kawamoto, 1970; Kawamoto, 1969;
Yamamoto and Onitake, 1975). ©)]e]l = MTE ol &3l S48 FES
APl M= F%9), Carassius auratus, Tilapia mossambica & T. aurea®l
Z+zh 25, 30 2 60 mg/kg dietd] FEZ MTE AT HF984U< 9 100%
Ao E AFHUTE AA7 RuH3T vk (Yamamoto and Kajishima,
1968; Clemens and Inslee, 1968, Guerrero, 1975). ¢1A @ MT7I 32 # X%
ZHmale inducer)Z €@ Al£Ho &7 dE Aoz HuHz o,
2F=e] MT M Al aromatased Aol o3 443 @4o Yehdois 4
T RuH3y AeHGoudie et al, 1983). I8 Nakamura(1975)& T.
mossambical 1,000 ug/g?) ¥ EZ MTE A 4$¢ 100% R0 &
=2 g, whdd 50 pg/ge] AEERE MTE Agd FS$ 100% 53
o] #Ett 2yt Hackmann(1974)E Hemihaplochromis multicolor
o 11-ketotestosterone® 250, 500 ¥ 1,000 pg/ ¢ & HAFEZR AFH g3}
Wg o, AL FANI oA gt Budgvt o] dFA
zu 8, S schlegeli& Widoz MT 203 50 ue/g dietd] ¥E& A+
FAsNs W, AgT A A} FAL2 FEHJAY. o)d 9F A9
Aole ZEEY FH, A ¥ ¥ A v BE F 5o)AHY Aol
ol g RAolg} Al gt

Yamamoto(1969)= R EE2 &Y FFHEE FAE HYsty AL
fFredted 28% FAFES Foo vastge o] A7 A w2y
#2299 A#F9Q hexestrol, euvestin B ethynylestradiol® 282
o, A8 Wt dRoeT AP Hed o AR 1 gFY T2
FEZL 42 04, 08 R 1.7 wgeldrt. 2dd, WA FAERE 178
-estradiol, estron ¥ estriol® 22t 58, 200 ¥ 130 wgo & $XHIEZEZEH

_21_



A7t 2 FPTEEe HQZ2EEY Agsd A}V Eon 232d
T Yt I ol fEAM FAHT2EN wAAR FA AHT2E] AW
oM E#fH7 o7 wEolzstn 4AHAT FH3 @HHAAAE ¥ 3l
t} o)A E E& HE st AAPEE FEF AT T Savelinus frotinalis
o 20 mg/kg diet ¥EE AT F4% A 100% ¢Hel F=HALH
(Johnstone et al., 1978), Goetz $(1979)2 Coho salmon®l HA A g% 10
mg/kg diet ¥EZ AT F4F ¥t mHAY AYRAE BEUW
Nakamura (1981b)% Masu salimon®] Ao18 05~5 wg/L FEd 189 ¥
(R ¥ 5YRHE) AAANY & AY 100% ¢AE HE=3#AL, Kim F
(1993)& #3 & 799 Jdd€etHol, O niloticus® Aojol 30¥3 EE
60, 120, 240 ® 480 mg/kg dietd] FEZ AT FAEHHAE @, 90% o142
e 43 fEE BT, 53 480 w/ke dietd] FEAMT £AE EE
olF7t dRe g el 28 480 mg/ks diet FEAM ME Az 10,
20 2 30U mE A FEES FZ 642 843 R 100%E 2o AT
Algto]l AojAL2 4R FEEo] A JEwT BIsHch o ATt
Me 2988, S schlegeli® AL Exd 20, 40 % 60 ue/g dietd &
ER AT T4 A Rl 4 750, 833 R 91.7%E Kim F(1993)
o] dF¢ wAMANR Z2EY TR FAESFE GANI A JdEw
=3

oJF9 HAA T A= ¥ FFA F £ B HAFR
YA, P olivaceusE iAo 2 B3 % 3pAREH 100474 AlS F#2&
18,21, 24 ¥ 27C=E ZAH3HE o, &3 v &o] =20 F7LFE ¢
AEA dolxle FAE RYIKim et al, 1996), 53 Pejerrey, O.
bonarienses®] 7% AE3te] AAA 7 AFL FL AFLLE AL
A7, 24z 100% 4R H 3 e] PAE A cH(Stritssmann and Patifio, 1995;
Strisssmann et al, 1996). 28 2 Altantic silverside, Menidia menidia®l
M G MEE A 30 7R FL&21E @Yste A{E A A5
AREAL AR EIZE 23, GORE AR AMSA] FRABG 2L ARE BY

tHConover and Fleisher, 1986). ©] AFolM%E &4 ¥ 5645 E 7747
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A 2 gL AR 27H05C AST 243, 95.0% 430 FEH U
Hunter 9 Donaldson (1983)& o|#]& o|f-& 142 AHule e R %
49 237t ARAEA AR wg g WweEtAY E28e] #4oly &
2&e F24 dF%E v1A Aguld A7t drtn Basta gldh 2y
Stnissmann $(1996)& P. hatcheri< 18, 21 R 25CE A% o 4
Hl7F A& 1 19 v{L BojA GtAw, & Aot #e37t ©
. Bustn lo], offe AdAel AU H4EAE Hole FE
Qe W ZHEHF FAH JHALE s AFE Utk A& AAbEtn
At

o] A9 Z Ad¥TE 4l 3o Ez 40 ug/g dietd] M7t AR
912+£0922 7H4 AT =T E A Tele A7 fAdRP>
0.08), L& AT AS$ =T E; 203} 60 pe/g diete] M tAME
27 YAATHP>0.05), E2 40 pg/g diet AT F9371 AN
(P<0.05). 18l MT AHg+ e B8 AFF9 Foa7 A1k P< 0.05).
AEe A9 A% BN B 40 pe/g diet HATIF 111943052
7V RAAR, B A, f2F 2 224 F e A7 QP>
0.05), MT A7 ZE A¥79 F9a7F UATHP<0.05). Pheleps
(1992)& JYddetaole)] fluoxymesterone A2 Al Ao} A=Yt
HE BIAH 3, £ Kim $(1993)2 JYdgegoelo By A Fx7t
E4E Q%o F3HUUR Badlzm ¢k 2y o] dFAME E
7ot dzFRde Foa7t gl Bt 2 EEe] A U 4%
NAAe dv Aoz AlgEth. 283 Demaska-Zakes? Zakes(1997)+=
Pikeperch, S. lucioperca®l MTE& Ha]sg-& o), JE2FHtt @& 4Z &
€ 2AYx HuEHey, o] dFME MT N 77t thZ79 H Al
FE A& BT olAY MT A7/t B2 Mal7t9 nexe e A
ol glo] Fxart e HE & Foll HE 4A AejFrince 2L
o 9% J¥F¥ d&Eolzt AyzdEct

A2 H2 ATFAEL HERFFTY HEHA aromatase L 71F
o g d7& 2usgdrh olg A7 A wEd PN A3 ¢

2k dr @ ofn
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AN A4 K& A% $2xF 285 ARAY &34 Yo Eh
A0 F7tEH, AR 71 d@gle]l ANA AE A #A8
3 AABL QM Chardard et al, 1995 Desvages et al., 1993; Pieau et
al, 1994). £3|, o] A4t A4 £ FH 2843l androgend] A4
2 WA (Yu et al, 1993), G429 £ 2H 243 estrogend
AxE A AAlEd2 Q9 (Rhen and Lang, 1994). 22y o F9 Ul
Balh 4& HJ2Hgos 28 Ao A H4A AFHA, 2R A F
oJFolM A3 T2EY AFHI AFA U Bo) AHZo=g AFPsE
androgen & A7} B o gintn Busn ok 283 o]FL AF
8 FAdol FiuHlRols FT2EY FHHQ g 3] xHETGR AA
33 ltH(Fitzpatrick et al, 1994). WekA, ojFo AH2A4 7|3 @ 4
B3 7HE A8 AR ARAA A2y Eols F2E) R P42
ojw Mo ojPA AF&3A gog o B AT/ o]FojHer E A
o2 Aty Hr,
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V. 8 oF

o] AFw I B, S schlegeli®] JHv|E3} Al7]el 178 -estradiol
(E2)# 17 @ -methyltestosterone (MT) I8 24+&(274£05TC)2 A3}
o JEsle vAE T A AETH o2 AP,

AYPe)= 4 F 569 € JHAE 100 ¢ ¥ 100 vy $435)
o 441595 H 6¥ 26U7tA] 729U ALREH L, B2 MT J82 242
Mgl &4 F 56YolA 7TTd7A 2143 A A &4 F 6P 8 (A
271703 cem, AF 028+007 g) NAEY Adae 71de AAPAR
EWo] £X33 o] ez vy JEHdr, EE AT EY Y=
4 F 128¢ ¥ AMAEQ AYL2E 2ARHo=z FAsle B4
AR daE dA7T dadge] o AR ErAFL oE diauy
9 g71Rode of 10 me] GHAEY FEF 20~30 me] FHANGA
o] 7] dRMEE] BEI}Z Ut FA HiAE B JFTHAHR
o] o] i, o] MBFU] 10.0~135 me] FJHAEEZ] Fa& Ao &
3 EM MA¥EC] Aio F£AEI IR SESE BEsT YA
o dETE 4H 484%, TR 51.6%2 1 : 1 (P>0.05)°Ich v, 20,
40 # 60 pe/g diet®] Ex M2 FANA d3el 4 750, 833 ® 91.7 %=
gzl v A3 (P<0.00D). € MT AHaFe A AN £R
22 HIAL, 4L HIHFRIEZ05T)AME 43 5.0%, 3 BI%E F
Rol hEFe] s LAt (P <0.001). &4 F 128¥ 8 A,
E; A8, MT A7, 14E AT 28z g7 442 vasid,
MT 2|7} fFoatA Q3o ¥kt (P <0.05).
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