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Genetic improvement of rice fish by
induced sex reversal and interspecific

hybridization

Seon Yeong Kang

Department of Fisheries Biology, Graduate School,
Pukyong National University, Busan 608-737, Korea

Abstract

The present study was performed to produce stable transgenic fish as a
model for aquatic ecological risk assessment by induced sex reversal and
interspecific hybridization with rice fish (Oryziadae). The results are as

follows.

1. Induced sex reversal of asiatic rice fish
1-1 Feminization of asiatic rice fish by oral administration of 17
-estradiol

Oral administration of asiatic rice fish (Oryzias latipes) larvae were

treated with 17p-estradiol in 50, 100 and 200 mg/kg diets for 20, 40 and



60 days. Survival of the highest dose (200 mg/kg) for 60 days group
was reduced significantly (81.7%) compared with this control (91.7%). Sex
ratio of untreated groups was 1 : 1 (female : male); however, female
incidence of all treated groups were higher than 55.4%. x* values of
experimental group indicate that sex change was taken place effectively

in all treated groups (P < 0.001).

1-2. Masculinization of asiatic rice fish by oral administration and
immersion of 17a-methyltestosterone

Oral administration of asiatic rice fish (Oryzias latipes) larvae with 17a
-methyltestosterone in 40 mg/kg diets for 60 days altered external
morphology. Survival of the oral administration group was not different
from that of the control (92%). Incidence of males was significantly
higher than untreated control (P < 0.05).

Immersion of 17a-methyltestosterone in 200 ng/ ¢ for 20, 40 and 60
days altered external morphology. Survival of the immersion group at
the longest duration (60 days) was reduced significantly (81%) than
untreated control (93.3~91.7%). Sex ratio of untreated groups was close
to 1 : 1 (female : male); however, male induction rates of all treated

groups were higher than 64.3%.

2. Interspecific hybridization between asiatic rice fish and rice fish
Viable interspecific hybrids between asiatic rice fish (Oryzias latipes) and
rice fish (O. sinensis) were produce. Hybrids were similar in external

appearance and morphometric traits which showed intermediate

_iv_



characteristics of their parents. Fertilization rates, hatching rates, abnormal
larva incidences and early survival rate of hybrids were also similar to
their parental species. however, hatching time was similar to those of
female parents. Egg diameter and size of the larvae of hybrids were
intermediate of their parents (P < 0.05). The growth rate of hybrids were

also similar of their parents (P < 0.05).
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1.4 &

) U,

Fotlotdl dE] EXse 28 FFolQd A Oryzias latipes (asiatic
ricefish) 52X 2 (Beloniformes),  %A‘2) Hadrianichthyidae), EA}e) &
(Oryziadea) F2M HAZAA 1B 12fic] RuEQom(Uwa and
Magtoon, 1986), 3t54F FALE] & oF F $AM](O. latipes)e =3 A
o 48 E£Xde FToEA, 39 FHE FAddte A AYGd By
(17 & 1987, Sakaizumi$} Jeon, 1987; Uwa$} Jeon, 1987; Kimi} Lee,
1992, A3 7, 1993; 7, 1997). £ALE)(0. latipes)= Mth7} &3, W2 59
o Hojus, dFAW Algo] golste] AE3, A, KA T 4Y
A2 o2 FopdllA d7EHe oy 2 7| AFAY AHKez <
el 33 dddel A= de DdHol AUk

olF9 AR 2AE T £F /PP A NP $AHE g

2 3t JE37F dojur] AL oo 443t 328 rE YA 3=
5 AT F43l9(Yamamoto ,1953; Yamamoto 1958) 4 AE-S FE 3§ ©]

T oFdA B2 A7l ¥ HUHPandian and Sheela, 1995; Devlin
and Nagahama, 2002). 3Z olF¢9 AEst AL vIgstn EXA3 A
(Francis, 1992), $2& AHzjd 3 AHE == ds] 88 RS
olsfst=rl & AFE 3t AUth olouE} AT APL 55F 9] ojFolA,
31%(16 androgens, 15 estrogens)?] A T =& AHIHJTGE AFHr B
wo]  QltiDevlin and Nagahama, 2002). F#H3} =22 F 17
-methyltestosterone©] 7} dg] AFE-¥ 1 21 Salmonidae, Cichlidae,
Cyprinidae, Anabantidae, Poecilidae, Ictaluridae 5 39 A AFHAH



(Gomelsky et al, 1999; Dabrowski et al, 2000), g3 ZT22 = 17p
-estradiolo] offF YAzt AIAZ Y] BHEHY A ofF ¢} =&
% 7 H#”oz AgEY  Salmonidae, Cichlidae, Cyprinidae,
Anabantidae, Poecilidae & Cyprinodontidae 5 36% o]Atol|A] A75o]#
THSehgal and Saxena, 1997; Blazquez et al., 1998).

AEFAA HAHBE F=37] S8l H32Eg HAHY Fxaz A 3}
ojof atm o}F 7t At HA Y o] F F HolHoz s A ey
D2 99y Aty AA8E e Hx2Ed u gddt He 3
M3} %ol QF@THPandian and Sheela, 1995; Devlin and Nagahama,
2002). olzd AME z2E Hz WHORE oA ZHoF AU
(implantation method), Al&d] ZT=2E& Hrleld Hse AT FoAH
(feeding method), AF54o A ZT=28L &3, X3ty Hstes Y
(immersion method)E°] Yo olF AT FAHT JAYo] 713 HHF
o2 21851 Ych(Pandian and Sheela, 1995).

N5 $AlElE 52X E(Beloniformes), %A} Hadrianichthyidae), 4A}E)
%(Oryziadea) AAFEZAR F33 Fuete] AMaicte] XAt 28 F4of
o A dE FAEE A & JRFEN T FL Uy 53
A Majetel 247t MAsld £ Fe xHoz Ao R¥sa Utk

olf el FFstel W A= 1947 T R AdA A EAs= AA
of e BAeM BlEHYo, 1% 2 FEte YT Tl AS
FEse XF 7heshy 99U uidM e & F9 PR A (pronucleus)
# ooE F 9 A FAH F, o]FL  FH(heterospecific
insemination)&  ojv|@d. wex FF P FFIAE B oI

(heterozygosity)= 57HA17131, & A|(heterosis, hybrid vigour)& #5538t $



FH Aol 53 NMAE YT + 3o AAF FH £F FobllA FaA
Ha o

+ZF ¥2 455 AT oldF FHFF(interspecific hybrid)e] fx&
Ao)z o} FH(Ord et al, 1976; Parsons et al, 1986), & e}u]oHChappell,
1979; Giudice, 1966), ™| 7] ©]&(Dunham and Smitherman, 1985), w]3tg]
& o (Kim et al, 1995 #}, 1992)F A FZuA A7€ vt At

A7t el B¢ 3oz BEY3) He AP dn 27 AE
o] FAEG ¥7] fEo FF3 Fx Al W Folg 4F f= 2 AF
SRS AAolsle ol go]l Yo HKim et al, 1995; Colin, 1993), 4
AN S $AHI(8) el s SAE(S)S SAE(0)Y F
T =E NAEL £, F3E, 27 AEE] FAF Bw A &
Zpol7} flod(dd A, 199), HHsdo] e Ao BHuE glo(AH
H, 1993) A A EA3A B 2L B ofFo g sgo] JbF
gk ojFolrt.

g 2 dyoMe g 54 LMO9 A H7HE 9% model of
8 MLl fstd FAE] (O. latipes)9t thF A (O. sinensis)S] 1
ME T3l FF 24AN7A FHAA AAAN EAEA FeE M2 2d
ojFo 2o s Ths S FAIA R, $AFEI(0. latipes)E FH B3I o] &
of A&EHAS Tl ALAS} e AFAS F F e 7S AR

o}.



I. Als 2 9y

1. ¢}o](abbreviation)
OL : Oryzias latipes ¥ x O. latipes §
OS : O. sinensis & x O. sinensis §
LS : O. latipes & x O. sinensis &
SL : O. sinensis ¥ x O. latipes &
2SL : SL $x SL ¢

2. 438
2-1. 4Yo)

¥ 43¢ AHEE $AEe S Ve dTLdAN 29l 434
1Azt AR E JojE AMS-S e, 36 x 22 x 26 cm f2] F2AXA 26 +

e

05CZ #A 3t4A FF7] ZH(14L10D)E 3t A3t

2-2. 17B-estradiol | z]of 2|3 AAH

d&ol FHR A Holg 9y AFEeE F3F F 3YAEEH 178
-estradiol (Ez, Sigma Co.)o] H7lE AIRE A+ 59439t AHd E9
FXE 50, 100, 200 mg/kg diet (Yamamoto, 1958)2 &} z} ¥=¥Z 20,
40, 6043t Astgon, xro %% dELH BE 4R 4L A8E
THAT AY 717 B4 26 £ 05T &5 28-S FAFHEA ALSEI

£



ARG AP HAFAEE BEE 5% deLd 39 stock solution
A8 s A AR AgFed 4% F, FR3I] 515 @A X
AR (AR, ) Hol wrEstd TEden, AEIL F% ¥F B
#AotAT. 2T AtgEe BE AA ¥1 99 U Pz ARIA
o Alg e 19 1080 24 FHE3en 33 ALRE o #Hr] Mol A)
2& A2 E FF3AH
2-3. 17a-methyltestosterone A z]of <J3 JAH

dio] FFHn A Holg Hy ARde %3t F 3UANE 17a
-methyltestosterone (17a-MT, Sigma Co.)°o] H7}¥€ A8 & AT HFoH7
A3 AAgez AT AP $EE AT 59 X 40 mg/kg dietZ,
HA A2l Al 200 ng/ £ £ Yamamoto (1975)¢] o whe} A& gt

AT 599 AR 2 AlRE 17¢-MTE 95% ogh&o] ¢l stock
solutiong 40 mg/kg diet Fxo A 7AX Aslgo] 343t FH3)
71N F, 93 Ao ALR(SAAR, FF)o 4] urEsle nEQen,
AR 7 T ¥E RASEA AxSHY AP AARE 1Y 1039 2
A 6043t FFIHRLH AIRE o Y| Aol N2z AHEE FF3AT

FA HEE A3t 17a-MTE 95% oleh-&oll =9 stock solutiong 7
0] ¥F RuaUA 19 13 A{FE 85 A 200 ng/ £ 2 ALSS
o 3]A435te] 20, 40, 607 AT LT}

HEZOZA 17¢-MTE HA &2 AIRE AHF s A 22 2

+ 05CE FAA

[

24. JAE AT ¥ AHEE

P8 ¥ 399 $AH)E YoR A 528 B 2 17¢MT He



o WE FH AYEL ZARDA, RS 4Y A% AHRY Ade| B
BHE AHY 609 B Aol 4Pzl WY Agse AAse 8
FAstATh TS HAL AT AAHA EE AAE AP AHAIA A
Jston, AAR o ARE AT oz EAAT:

2-5. AAF AT Fe}A, =AT}A B4

E:9t 17a-MTE Hejgh Ao AL E4357] 98 135e=
el o g zAbstaL, 234F 08 A Wy o zAME G

Zt Zhol AR s28 HYTdA ARA=gue 9% et ¢AH
TR T} FEE vEdE AAE 1a3oz 4AWF F(Yamamoto,
1975) Add AA F 7Y 35, X2 sl o9} FE o|F o] ma B
AE AAY 5 FES Bouins &0 nAF F, P vy AW
o @e 6~8 m FAZ AAstd Fdol=F AFsUTh Harmis's
hematoxylin#} eosin-phloxineg A}£3le] BE L Jas F 33 o)A
(Nikon, Japan)stoll X} ZAZste] A Ae] ¢h- 29 A G 2 A
£ AT o9 ofgE AAE B &5 Y AR IS AN
At

2-6. 4AY AT A& AA

BAY AT T FHY AT S FAH3NA XX AAFE e F
2% gZle AAYE TS XY AP L vHAE dHE AwE] 9
st QA AFTE A7 AA AT &, Y dRH 5
wHfAA AEL A AT AE HAES 98 AMRE 4AE APTe
E; A2l23 17a-MT Aol b 2t entely dwiste] 34 433 3



< dW 42 wejARey, dxTes F4 & -5 74 ontElE dd 4=
wefstH Tt 2T vastd JAE AT AL £4§, B8, 27
BEE, 71 ES A SH, F3 7, 60U AE AL Hulg &

gk

—

i

3. Z¥3
3-1. 439]

B Agd AHgE A dESAEE F4 Ve AFieM B
ol APAY A ALS3td &XE AANE JoJ2 AHE3AT 36 x 22 x
26 cm f2 FxA 26 + 05CE #3 sdEA FF718 =3 (14L:10D)3}

of geElolst 7] BlAA AR(IE TRAVA AL

32 §E3} F%

AT oS SAAY wH L g9 adE FH FFRE fxa
71 A8 FAH 9 kS BE $Ah 53R e E Uu U2 fes
zo) WHNA LSZS FERE FESFASH, B S FA In
FAbe) 53 vhlE Ad A2 fP5ze] wils SLEe AEAE &
=39,

HzZosA A% UE $AUE F-4 2 ey Ay U=
freeze wasto,

33. 271 G @A), £ E, 138, 27 AFES XA}

S, & SAbe] el 3 2k ael g i fx

it
)
ofN
o
2
ox
lo



BN
tjo

7l AEES dUdE mujAIzl 4+ 4
AR 271 W AL wEjAlA Y
RIS F3 dv]7(Nikon E400, Japan)oll A ¢ LS #Fsidr £3
g WA 0%oldo] FHEH DAY =EIHE WE Fe 7 aAE
AZ+E 7128 A  digital camera (ARTCAM-300MI, Japan)$} viewer

2 27 ¢ 24, $3% 38,
3 z

9F 9 78 WAL NFom

software (AR-UMB300VI], Japan)Z A}Z-& A2 0.1, ocular micrometer2 ¢
o] a71g FA3Ah

THEL T4 F oA HA A G o AE F, FAHG S
SA%9 HELZ Yehlen, $3&L HAA £ T 23 )
AFE WEEZ SAHSAY. 7] AELEL A5H FFo] gwtyog %
7] BEE0| dona(¥, 1994) F3tE Aolo dFFSHIL FRHE A7
3 F 234 AR AAFE WFez FH3A

i

4. A5 92 54 2 93 =4

Fed FTH d2Foz AL8dE $AHE, dF SAMEAN -5 F
3utel ¥ g st 10% F4 X29d g 24 - naspax Bstdn)
73 (Nikon E400, nikon)dtell x| Hefjstz) zALE HAI3HH

AS BAS A7) fste] st 74(1993)9] B At FA=
gul, A=), nA=Yu], JtEA=AvFE A5t sy A

9 zASAT

3-5. AFE FA}
H3l $HE 17 1302 WALV FAEHE A7 204972 7 A

BT F SuhEl Y 100% ¥ERg st FFES FAEIAC AA A



e WU s a2 A, AFE FAAA & (Sartorius 420D, USA)
2 mg SA7A S8 A-

3-6. rd AT Al £A}

2" JFH dE2Te AHE E487] A8 £33 F L 737
12 30mie}y 3RiEo R FES FEF ¥, AA=Yr] JHZ PuE X
At et o g - Uk Reld ATl A2 100y
E, B2t mgst F& olF9 me FHE AAY 5F ¥ & Bouin's
gdo] 1T F PA] paraffin AAYOZ 4~6 mFAZ AP}
A M-S Harris’s hematoxylini} eosin-phloxine® 3} on, 33 HulA
(Nikon, Japan)atell ] #23}sich.

4. A A=

FAE, 38, 271 AEETY V1FELS A9 AL 37 S8
ANOVAE 331, ARG Mz o089 A&AAE T8 Fdx FA
2 93 ¥ testE 3G}



m 2 3

1. 4348
1-1. 17p-estradiol A 2]} G A LA +3 Alg &

F3 ¥ dgo] F549 39 @ oo EE Xd A Table 1,
Table 29}Table 3o e UTh

AAPEL RTo| 482 + 1.5~527 + 28%, 95% AerL-S A3 A
ol 500 + 26~509 + 15%8 Jehgon, YELL tzFo] 933 +
29~917 + 29%, 9% AFEE AT HPLo] 933 + 76~917 + 29%
2 AAEETH APLEAA [FYg Hol7p YA ol dgkge 23 JFFo]
e o2 Yey.

EAg] ko 0 7|zhd JAFEL 50 mg/kg dietE T AP L
o] 20U ME 554 * 2.7%, 40YAE 63.6 + 2.8%, 60LNHE 68.0

H

23%2 JEGon, 100 mg/kg dietS s AP Fo] 20U HE 731
46%, 40ANME 760 + 09%, 60UIME 780 + 28%F LERGTH 200

+

mg/kg dietE g AP0l 208X E 673 + 4.0%, 0YAAE= 776 +
33%, 609 XE 833 + 36%2 Ve RE HPFo] 52 ES X5} X
B2 2T} 5% TS AT ALY AHEEH viaste o3
2pol & e ATH

E» xglol] 93 WEEL 50 mg/kg dietS A3 AP Fo| 20U0A
933 + 29%, 40¥olA 917 + 29%, 60U 883 + 29%F LiEltow,
100 mg/kg diet& A z}g AFFo] 20U A 933 + 2.9%, 40D o)A 833 +
29%, 609X 833 + 29%=Z vEldTh 200 mg/kg dietES A3 AYF

_10_



o] 20U Al 86.7 + 58%, 40UA 817 + 2.9%, 60Ul 80.0%% ‘}ER}
100 mg/kg diete} 200 mg/kg dietE 40¥ o4 AF dFYL A$ U=+
7 5% EEe] YEEE Ul FAES W FAF 27t AE Rz e
Wt
Tz B9 AT F9E T gFHOoZ Y AT o] AEEo]
& F=d B8 wou} 200 mg/kg diets 60Uz At APFo A
&o] 71 =4 e

1-2. 17a-methyltestosterone 2o} 2|3t JAF {3 3 AL E

17a-MTE A AMeEls} A7 £9=2 A3 A= Table 4, Table 59}
2.

40 mg/kg dietz 60Y7F AT E=AE 17a-MTe] AAgEL )z Fo)
478 + 64%<) R vl 66.7 + 1.8%2 A Jelgton, 2L yxF
o vwstyE W FAF oIyt YA ¥ttt

200 ng/ /2 AF AL 17a-MTe] AHAFLL tjzFo] 20¥A
518 + 1.5%, 409l 473 + 28%, 60QoA 527 + 13%=2 JeEhd Ao
Bl&) 20Ul A 643 + 2.2%, 40 A 82.0 + 0.6%, 604 88.0 + 59% =
A 71zte] doAFE AL A Jegon, AELL gx2To] 20
Aol A 93.3 + 2.9%, 40U 91.7 + 2.9%, 60 A 93.0 + 05%F Lyebyt
o1} 200 ng/ ¢/ & H3H AT AFPFoAAM T 20804 983 + 29%, 40l
X 832 + 29%, 60UAA 81.0 + 33%2 g 7|7to] RoJAFE YE Lo
A YeEbgH

60Ut AT T FH AR W FAFEL 200 ng/ ¢ 2 A

AZtRe Wt A7 FAREE W Ro A4 Jdehgon, YEELE 40

_11_



Table 1. Effect of various concentrations of administration treatment with

17B-estradiol (Ez) for 20 days on survival and sex ratios of Oryzias

latipes.!
Concentration . - . » L
of E No. of fish Survival rate Female ratio X" against
0, [») .
(g /kg; diet exposed (%) (%) 1% :13
0 20 95 474
20 95 474
20 90 50.0
Total 60 93.3+2.9° 48.2+15° ns
95% Et-OH 20 95 47.4
20 85 52.9
20 100 50.0
Total 60 93.3:7.6°  50.1:0.8" ns
50 20 95 57.9
20 90 52.6
20 95 55.6
Total 60 93.3:2.9° 55.42.7° w
100 20 95 68.4
20 95 63.1
20 90 72.2
Total 60 93.3+2.9° 73.1+4.6° z
200 20 90 66.7
20 90 61.1
20 80 68.8
Total 60 86.7+5.8 67.3+4.0° z

! Means with different superscripts within a column are significantly
different (P < 0.05), based on ANONA test.
" ns : not significant, w : 0.05 < P, z: 0005 < P

_"2_



Table 2. Effect of various concentrations of administration treatment with

17B-estradiol (Ez) for 40 days on survival and sex ratios of Oryzias

latipes.'
Concentration . . . 2 L
of B, No. of fish Survival rate Female ratio x° against
0, o, .
(mg/kg diet exposed (%) (%) 1% :193
0 20 95 52.6
20 90 55.6
20 90 50.0
Total 60 91.7+2.9° 52.7+2.8° ns
95% Et-OH 20 90 52.6
20 90 50.0
20 80 50.0
Total 60 91.7+5.8° 50.9+1.5% ns
50 20 95 63.2
20 85 66.7
20 95 61.1
Total 60 91.7+5.8° 63.6+2.8° z
100 20 90 765
20 85 76.5
20 75 75.0
Total 60 83.3+7.6 76.0+0.9° z
200 20 85 76.5
20 80 81.3
20 80 75.0
Total 60 81.7+2.9° 77.6+3.3¢ z

' Means with different superscripts within a column are significantly
different (P < 0.05), based on ANONA test.
" ns : not significant, z : 0.005 < P
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Table 3. Effect of various concentrations of administration treatment with

17B-estradiol (Ez) for 60 days on survival and sex ratios of Oryzias

latipes.'
Concentration . . ) 2 L
of B, No. of fish Survn;al rate Female ratio X against
&) .
(mg/ke diet) exposed (%) (%) 1% :1793
0 20 95 52.6
20 90 55.6
20 90 50.0
Total 60 91.7+2.9° 52728 ns
95% Et-OH 20 90 52.6
20 90 50.0
20 80 50.0
Total 60 91.7¢58°  50.9+15° ns
50 20 95 63.2
20 85 66.7
20 95 61.1
Total 60 91.7+58"  63.6+2.8° z
100 20 90 76.5
20 85 76.5
20 75 75.0
Total 60 83.3+7.6° 76.0+£0.9° z
200 20 85 76.5
20 80 81.3
20 80 75.0
Total 60 81.7+2.9° 77.6+3.3° z

! Means with different superscripts within a column are significantly

different (P < 0.05), based on ANONA test.
" ns : not significant, z : 0.005 < P
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Table 4. Survival rate and sex ratios of Oryzias latipes exposed for 60 days

with 40 mg/kg diet of 17a-methyltestosterone.

Concentration ) . . 2 L
of MT No. of fish Survival rate Male ratio X" against
(mg/kg diet exposed (%) (%) 1% :13
0 25 92 52.2
25 92 43.5
Total 25 92 47.8+6.4 ns
40 50 92 67.4
50 90 67.4
50 94 65.2
Total 150 92120 66.7+1.8 z

" ns : not significant, z : 0.005 < P
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Fig 1. External morphology of Oryzias latipes used in this experiment.

A

Control male (XY)

B : Control female (XX)
C:
D : Pseudomale (XX)

Pseudofemale (XY)
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Fig 2. Transverse section of ovaries and testes of Oryzias latipes.

A

: Control female
B : Control male
C:
D

Ovary of an 17B-estradiol treated fish

: Testis of an 17a-methyltestosterone treated fish
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Table 6. Spawning period, fertilization rates, hatching rates, abnormal larva
incidence and early survival rates of Oryzias latipes produced from

crossed with pseudofemale (XY) and normal male (XY).'

Spawning No. of o . . Early
Exp. . . Fertilization Hatching Abnormality .
period spawning survival
group . rate (%) rate (%) rate (%)
(day) eggs rate (%)
A %A1 10 17 529 100 0 100
23 21.7 80.0 0 100
34 17.6 83.3 0 100
33 485 81.3 0 84.6
32 344 100 0 100
35 54.3 89.5 0 94.1
Total 174" 37.9+16.1° 89.4+9.1% 0 94.9+6.3°
N R-2 7 48 95.8 95.7 24 100
38 89.5 85.3 0 96.6
64 86.0 87.3 0 93.8
63 88.9 85.7 43 100
69 82.6 93.0 19 96.2
55 80.0 86.4 0 100
Total 337° 86.6+6.0° 89.0+44 15+1.8  97.7+2.6°
A -3 9 35 8.6 100 0 100
45 37.8 211 0 100
46 348 75.0 0 91.7
45 20.0 88.9 0 100
35 371 69.2 0 66.7
50 16.0 87.5 0 100
Total 256" 25.8+12.5" 83.3+11.6° 0 92.7+13.3°

" :up to 6 times of spawning
! Means with different superscripts within a column are significantly

different (P < 0.05), based on ANONA test.
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Table 6. Continue

Spawning No. of . ) . Early
Exp. i . Fertilization Hatching Abnormality .
period spawning survival
group . rate (%) rate (%) rate (%)
(day) eggs rate (%)
A %4 10 30 93.3 89.3 0 96.0
28 89.3 88.0 91 95.5
47 87.2 80.5 0 97.0
39 923 77.8 10.7 89.3
35 971 91.2 0 100
57 91.2 98.1 0 100
Total 236™ 915+34° 88.0+5.9° 2.6151° 96.8+4.0°
A %5 7 45 95.6 86.0 0 100
37 94.6 94.3 0 93.9
52 84.6 93.2 0 100
37 86.5 100 0 100
30 83.3 92.0 0 95.7
23 78.3 94.4 0 100
Total 224"  880:6.7 92945 0 98.412.7°
A £-6 6 23 60.9 929 0 100
11 90.9 70.0 0 100
20 85.0 82.4 0 100
33 78.8 100 3.8 100
40 87.5 943 3.0 97.0
39 94.9 100 0 100
Total 166° 83.7+121° 935+11.7° 15+1.8°  99.2+12°

" : up to 6 times of spawning
' Means with different superscripts within a column are significantly
different (P < 0.05), based on ANONA test.
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Table 7. Spawning period, fertilization rates, hatching rates, abnormal larva
incidence and early survival rates of Oryzias latipes produced from

crossed with pseudomale (XX) and normal female (XX).!

Spawning No. of o . . Early
Exp. . . Fertilization Hatching Abnormality )
period spawning survival
group . rate (%) rate (%) rate (%)
(day) eggs rate (%)
A DA 6 13 69.2 100 0 88.9
21 90.5 84.2 125 87.5
17 9.1 100 0 93.8
32 93.8 86.7 0 100
24 100 875 4.8 100
41 92.7 94.7 0 97.2
Total 148" 91.9+10.7% 91.2+7.0° 22+51°  96+55°
A B2 6 18 66.7 91.7 0 100
18 83.3 100 0 100
27 741 95.0 0 89.5
31 80.6 88.0 9.1 100
29 724 100 0 100
22 81.8 100 0 944
Total 145° 76.6+6.5° 955151 14+3.7%7 97.2+44°
A 3-3 7 31 871 96.3 0 96.2
33 90.9 90.0 0 96.3
26 84.6 90.9 0 95.0
44 93.2 100 0 100
18 88.9 100 0 93.8
34 91.2 100 0 93.5
Total 186° 89.8+3.1% 96.4+4.7° 0 96.3+2.4°

" :up to 6 times of spawning
! Means with different superscripts within a column are significantly

different (P < 0.05), based on ANONA test.
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Table 7. Continue.

Spawning No. of L . . Early
Exp. . . Fertilization Hatching Abnormality .
period spawning survival
group . rate (%) rate (%) rate (%)
(day) eggs rate (%)
A $-4 6 12 83.3 100 0 100
44 90.9 77.5 32 100
47 915 97.7 24 97.6
36 80.6 100 0 100
14 78.6 100 0 90.0
26 57.7 86.7 0 100
Total 179 827+123™ 919+94* 12+15° 985:4.0°
A §-5 7 32 62.5 100 0 100
35 88.6 83.9 0 96.2
36 100 86.1 0 96.8
60 68.3 95.1 51 100
59 76.3 711 0 96.9
59 69.5 854 0 971
Total 281° 76.2+14.2° 85.5+10.0° 0.8+21° 97.8+1.7°
A D-6 6 23 100 95.7 0 100
28 100 929 0 88.5
38 100 974 0 91.9
28 100 929 0 96.2
25 96.0 100 42 917
42 90.5 921 5.6 94.3
Total 184° 97.34+3.9° 95.0+3.1° 1.7+26° 93.5+4.0°

" : up to 6 times of spawning
! Means with different superscripts within a column are significantly
different (P < 0.05), based on ANONA test.
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Table 8. Spawning period, fertilization rates, hatching rates, abnormal larva
incidence and early survival rates of pseudomale (XX), and

pseudofemale (XY), control Oryzias latipes.'

Spawning No. of L ) ) Early
Exp. . . Fertilization Hatching Abnormality .
period spawning survival
group . rate (%) rate (%) rate (%)
(day) eggs rate (%)
Contr b ab b b a
| 7.3+1.3 1191 90.8+9.9" 93.9:6.6 09+1.7" 96.1+54
o

A Y 82417 1123° 853+11.7° 933+73° 13129 96.2+3.9°
A 9 63+05° 1393°  68.81285° 88.8+83* 08+2.4° 96.9+63°

" : up to 6 times of spawning
! Means with different superscripts within a column are significantly
different (P < 0.05), based on ANONA test.
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Table 9. Data of progeny tests crossed with sex reversed female and

normal male.

Mating  No. of fish Male Female X2 against X2 against;
No. analyzed ratio (%) ratio (%) 1% :2% 1% :33
A% 28 64.3 35.7
28 67.9 321
28 71.4 28.6
Total 84 67.9+3.6 32.1+3.6 ns w
A2 26 69.2 30.8
26 65.4 34.6
25 72 28
Total 77 68.8+3.3 31.2433 ns w
A3 28 714 28.6
28 67.9 321
27 70.4 29.6
Total 83 69.9+1.5 30.1+15 ns w
A%4 21 66.7 333
21 66.7 333
23 69.6 30.4
Total 65 67.7£14 323+1.4 ns w
A% 35 714 28.6
35 71.4 28.6
36 69.4 30.6
Total 106 70.8+1.2 29.2+1.2 ns w
Af-6 20 50.0 50.0
20 50.0 50.0
20 55.0 45.0
Total 60 51.7+2.9 48.3+2.9 y z

" ns : not significant, x : 0025 <P, y:001 <P, z:0005<P
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Table 9. Continue

Mating  No. of fish Male Female X2 against X2 against‘F
No. analyzed ratio (%) ratio (%) 1% :2% 1% :3%
Control-1 31 45.2 54.8
30 46.7 53.3
30 50.0 50.0
Total 91- 47.3£25 52.7+2.5 y z
Control-2 25 52.0 48.0
24 542 458
24 50.0 50.0
Total 73 52.1+2.1 47921 y z
Control-3 23 52.2 47.8
23 47.8 52.2
23 47.8 52.2
Total 69 49.3+25 50.7+2.5 y z
Control-4 29 51.7 483
28 53.6 46.4
28 57.1 429
Total 85 54.1+2.7 45.9+2.7 y z
Control-5 22 50.0 50.0
21 52.4 47.6
21 47.6 524
Total 64 50.0+2.4 50.0+2.4 y z

" ns : not significant, x : 0.025 <P, y:001 <P, z:0005<P
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Table 10. Data of progeny tests crossed with sex reversed male and

normal female.

Mating No. of fish Male Female X2 against*
No. analyzed ratio (%) ratio (%) 1% :0%8
AT 25 440 56.0
24 41.2 58.8
24 45.8 54.2
Total 73 43.8+2.1 56.2+2.1 z
AD-2 23 0 100
23 0 100
23 0 100
Total 69 0 100 ns
A5-3 25 440 54.0
25 56.0 44.0
25 52.0 48.0
Total 75 50.7+6.1 49.3+6.1 z
AL-4 22 31.8 68.2
21 429 57.1
21 38.1 61.9
Total 64 37.6+55 62.4+55 z
AL-5 19 0 100
19 0 100
19 0 100
Total 57 0 100 ns
AL-6 21 429 57.1
20 40 60
20 45 55
Total 61 427425 57.3+2.5 z

" ns : not significant, z : 0.005 < P
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Table 10. Continue

Mating No. of fish Male Female X2 againsf
No. analyzed ratio (%) ratio (%) 1% :03
Control-1 31 45.2 548
30 46.7 53.3
30 50.0 50.0
Total 91- 473125 52.7+2.5 z
Control-2 25 52.0 48.0
24 54.2 45.8
24 50.0 50.0
Total 73 52121 47.9+2.1 z
Control-3 23 522 478
23 47.8 52.2
23 47.8 52.2
Total 69 49.3+25 50.7+2.5 z
Control-4 29 51.7 48.3
28 53.6 464
28 57.1 429
Total 85 541+2.7 459+2.7 z
Control-5 22 50.0 50.0
21 52.4 47.6
21 47.6 524
Total 64 50.0+2.4 50.0+2.4 z

" ns : not significant, z : 0.005 < P
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Table 11. Characteristics of egg development in Oryzias latipes, hybrid

between O. latipes and O. sinensis, and O. sinensis (water

temperature : 26 + 1TC).

Time" Developmental stage

OL oS LS SL 2SL
Unfertilized eggs (A)

0:00 0:00 0:00 0:00 0:00  Fertilized eggs (B)
0:30 0:30 0:30 0:30 0:30  blastodisc (C)
1:05 1:05 1:05 1:05 1:05 Two cells (D)
1:45 1:35 1:45 1:35 1:35  Four cells (E)
2:25 2:05 2:25 2:05 2:05 Eight cells (F)
3:05 2:35 3:05 2:35 2:35  Sixteen cells (G)
3:45 3:05 3:45 3:05 3:05  Thirty-two cells (H)
4:25 3:35 4:25 3:35 3:35  Early morula (I)
510 4:10 5:10 4:10 4:10 Late morula (J)
6:25 515 6:25 5:15 515  Early blastula (K)
7:45 6:30 7:45 6:30 6:30  Late blastula (L)
9:15 8:00 9:15 8:00 8:00 Pre-early gastrula (M)
12:05 8:30 12:05 8:30 8:30  Early gastrula (N)
14:05 9:50 14:05 9:50 9:50 Pre-mid gastrula (O)
16:45 11:00 16:45 11:00 11:00 Mid gastrula (P)
19:30 13:30 19:30 13:30 13:30 Late gastrula (Q)

* . time after fertilazation, hr : min
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Fig 3. Egg development of Oryzias latipes (water temperature : 26 + 17T).

Time required for each developmental stage is shown in Table 10.
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Fig 4. Egg development of hybrid between Oryzias latipes and O. sinensis,

LS (water temperature : 26 + 17T). Time required for each

developmental stage is shown in Table 10.
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Fig 5. Egg development of Oryzias sinensis (water temperature : 26 + 1TC).

Time required for each developmental stage is shown in Table 10.
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Fig 6. Egg development of hybrid between Oryzias latipes and O. sinensis,

SL (water temperature : 26 + 1T ). Time required for each

developmental stage is shown in Table 10.
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Fig 7. Egg development of F2 hybrid between two species, 2SL (water

temperature : 26 + 1T). Time required for each developmental

stage is shown in Table 10.

_37_



Table 12. Spawning period, fertilization rates, hatching rates, abnormal

larva incidence and early survival rates of Oryzias latipes.

Spawning No. of o . . Early
Exp. ) . Fertilization Hatching Abnormality .
period spawning survival
group . rate (%) rate (%) rate (%)
(day) eggs rate (%)
OL-1 10 28 96.4 100 0 100
22 100 100 48 95.5
39 949 91.9 0 100
41 92.7 100 53 100
33 97.0 96.9 3.4 100
38 94.7 91.7 0 87.9
Total 201  965+25° 96.4+4.0° 22:25 97.3+49°
OL-2 14 2 100 100 0 100
5 100 100 0 100
17 100 100 0 100
21 100 95.2 0 100
21 85.7 100 0 100
28 78.6 100 0 90.9
Total 94° 90.4+9.5°  98.8+2.0° 0 97.6+3.7°
OL-3 6 35 77.1 704 0 100
32 90.6 93.1 37 96.3
42 100 100 24 100
49 93.9 95.7 45 95.5
45 100 91.1 0 N7
54 92.6 100 0 100
Total 257 93+8.4°  93.3+11.0° 1.8+2.0° 97.3+3.0°

* 1 up to 6 times
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Table 12. Continue

Spawning No. of . . . Early
Exp. . . Fertilization Hatching Abnormality .
period spawning survival
group R rate (%) rate (%)  rate (%)
(day) eggs rate (%)
OL4 6 44 97.7 95.3 49 100
43 95.3 90.2 0 94.6
49 87.8 97.7 0 100
51 922 89.4 0 83.3
45 95.6 90.7 0 974
34 91.2 100 0 100
Total 266° 93.2+3.6° 93.5+44% 0.9:2.0° 95.7+6.5°
OL-5 12 24 87.5 95.2 0 100
21 76.2 93.8 0 86.7
36 944 91.2 0 90.3
37 9.6 97.1 0 91.2
36 833 90.0 0 85.2
41 95.1 97.4 0 100
Total 195°  89.7+7.7° 943307 0 92.7+6.4°
OL-6 8 12 58.3 80.0 0 83.3
13 62.5 80.0 0 100
34 91.2 93.8 0 100
31 87.1 88.9 0 95.9
51 86.3 90.1 25 92.5
37 973 944 0 100
Total 178" 86+16.1° 90.8+6.4"  0.7+1.0° 96.4+6.6"

* : up to 6 times

_39_



Table 13. Spawning period, fertilization rates, hatching rates, abnormal
larva incidence and early survival rates of hybrid between

Oryzias latipes and O. sinensis (LS).

Spawning No. of L . . Early
Exp. . . Fertilization Hatching Abnormality )
period spawning survival
group . rate (%) rate (%) rate (%)
(day) eggs rate (%)
LS-1 10 16 625 90.0 0 100
19 52.6 100 10 100
16 75.0 91.7 0 90.9
17 88.2 100 0 93.3
14 57.1 87.5 0 100
19 84.2 100 0 100
Total 101° 703+14.7° 95.8+5.8" 15+41*° 97.1:4.1°
LS-2 11 11 100 100 0 100
32 93.8 100 0 96.7
35 100 94.3 0 100
43 100 100 23 95.3
45 100 97.8 0 95.5
46 100 100 22 100
Total 212° 99.1+25" 98.6+2.3° 1.0+12° 97.6+2.3°
LS-3 8 42 97.6 87.8 0 97.2
36 100 97.2 0 100
45 100 100 22 100
37 100 100 0 97.3
36 972 914 0 100
59 98.3 98.3 1.8 96.5
Total 255"  988+13" 96.0+5.0° 0.8+1.0° 983:1.7

* :up to 6 times
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Table 14. Spawning period, fertilization rates, hatching rates, abnormal
larva incidence and early survival rates of hybrid between

Oryzias sinensis and O. latipes (SL).

Spawning No. of o . ) Early
Exp. . . Fertilization Hatching Abnormality ]
period spawning survival
group \ rate (%) rate (%) rate (%)
(day) eggs rate (%)
SL-1 8 6 100 100 0 100
15 93.3 64.3 0 100
18 100 100 0 94.4
27 100 100 3.7 100
21 100 100 0 95.2
32 96.9 100 0 100
Total 119° 98.3+2.8° 95.7+14.6"° 09:15° 98.2+2.7°
SL-2 9 12 91.7 100 0 100
21 100 95.2 0 90.0
24 91.7 100 0 100
31 96.8 93.3 3.6 100
28 100 96.4 74 96.3
25 100 96.0 0 100
Total 141° 97.2+41° 96.4+2.7° 23+31° 97.7+4.1°
SL-3 6 10 90.0 100 0 100
25 92.0 100 0 95.7
25 100 100 0 100
30 100 60.0 111 100
26 100 100 0 100
27 100 96.3 3.8 92.3
Total 143° 979+4.7° 90.7+161° 24#45° 97.6+3.3"

* : up to 6 times
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Table 15. Spawning period, fertilization rates, hatching rates, abnormal

larva incidence and early survival rates of Oryzias sinensis.

Spawning No. of L i . Early
Exp. . . Fertilization Hatching Abnormality .
period spawning survival
group . rate (%) rate (%) rate (%)
(day) eggs rate (%)
0s-1 8 18 94 41.2 0 100
26 84.6 77.3 0 94.1
24 833 90.0 56 100
22 77.3 100 0 100
28 75.0 95.2 0 90.0
27 815 100 45 100
Total 145° 821:68 849:226° 20:26° 97.0+4.3°
0s-2 6 21 524 54.5 0 83.3
14 64.3 66.7 0 83.3
36 88.9 87.5 71 89.2
23 88.4 86.8 0 94.0
20 92.5 83.8 0 96.8
29 87.2 88.2 4 83.3
Total 153° 83.4+165° 83.2+14.0° 28+3.0° 90.3:6.0°
0s-3 6 22 100 95.5 0 100
22 86.4 100 0 94.7
23 100 95.7 0 100
28 96.4 92.6 0 100
20 85.0 824 0 100
33 87.9 724 0 95.2
Total 148° 92.6+7.0° 89.1+10.4° 0 98.4+2.6°

* . up to 6 times
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Table 15. Continue

Spawning No. of . . . Early
Exp. i . Fertilization Hatching Abnormality i
period spawning survival
group . rate (%) rate (%) rate (%)
(day) eges rate (%)
0S4 7 21 714 733 0 100
29 93.1 85.2 0 95.7
26 923 87.5 0 100
21 95.2 100 0 100
24 95.8 82.6 0 89.5
29 96.6 75.0 0 100
Total 150°  81.119.6" 84.0+9.6" 0 97.4+4.6°
0S5 9 3 100 100 0 100
10 100 70.0 0 85.7
8 50.0 100 0 100
16 62.5 90.0 0 100
25 92.0 95.7 45 100
31 100 100 0 96.8
Total 93 87.1+221° 93.8+11.8° 13+18 974157
05-6 8 13 93.1 90.9 0 100
18 100 722 0 76.9
14 78.6 90.9 0 80.0
21 81.0 941 0 100
23 87.0 90.0 0 100
22 95.5 714 0 93.3
Total 111%° 88.3+8.4" 83.7+10.3" 0 92.7+10.6"

* : up to 6 times
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Table 16. Spawning period, fertilization rates, hatching rates, abnormal
larva incidence and early survival rates of F2 hybrid between

two species, 2SL.

Spawning No. of L . . Early
Exp. ] . Fertilization Hatching Abnormality .
period spawning survival
group . rate (%) rate (%) rate (%)
(day) eggs rate (%)
2SL 6 219 88.1 88.6 8.8 52
171 96.5 86.7 14 44
125 72.8 80.2 12.3 58.9
206 83 80.7 16.7 529
299 90 743 15.5 51.5
139 914 86.6 10.9 48.2
Total 1159 87.7+82 822454 145129 50.845.0

* . up to 6 times
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508 + 50%% T2 APl nle) 50% A vebde & & ok

Hebd fed FEE FAE FE, 27 AEE0] dxeY vus
o 9A vetuA gGovt &F A 24ddlA 71 Eol Frlsl 27 AE
&o] 50%2 A UERstT

22. 9139 2 AF 93

F FA g g A9 FES A A 1 Aol e we A 4R
o2 A e 548 Ze Aol Yehgth

FAHE A AR A9 A 14 WA= A7) A g
g de v, d§ $AEE gRoE AT A¢ W =Yn AL
Fol url v Mk =3 AAA7lY $A1EE FACE AT BL
Al 1A e AL SR, WA=Hu], AR =gn], A= F
Foll k@A mryt delgon, gig $AEE dFoE A3 A% A
Al M A=), wjA=2u], AA=gn), RHA=gv FHR| HL
A e] w7} vepsich

A diF S, f28 JEY AS ¥2 & 243 AAE Table
173 2o

SA=u] 7l2F9d WA =gu] 7257 RE APFANAM 7 7} 56,
91002 Aol7t 2AIHA Fon AA=n 7|z249 nex=gw] 7]
ZFAdA Zol7t A A}k AA=v] Z12FE FAHE 19~2000, S
SAFZE 17187091, r=8 5 LS9} SLS 18~19702 o] 59 F3H3
3ES YeEAT SLE A7b wefdk FE 24l 25L 17~1870 2 ti &
SA 9 fFAVHA vEtstth mE] A=u] 7|245s $AR 7 19~2070, of
F $AE7E 24002 2AER e fed FEQd SL Lse 7 7 21~23,
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22~-2308 ZAHC] olE9 FHH AFE Uitk =3 2SL 19~207)
2 zZAME o] A} frAMSHA ZARE A

SIS AF FAEY 3 2 B8 2ol ZAolg AR A
t}2-3} Zti(Table 18).

FAHI9 G448 152 + 002 mmol1, i $Ate]lE 140 + 0.02 mm
2 A7 @A8A A YA & 3716 o £ Fyae N2 &
TEHANG. F e nge A SAEE g3loz muse de A1
Aiet A 24 hE 149 £ 001 mm, 1.50 + 0.02 mmP L, RF A S

o2 wujste] AL A 1MUY} A 24dlE 143 + 002 mm, 141 =+

01 mmt}.

Bty xoje] ZAole 47 £ 01 mmZ A7 o, 42 + 01 mm
2 U5 $AR7E 2717 Fop F F3F Xojof Aolo glolM {3 xle)
b AT T A auE g de FF Ade 28k Aol 2

ir

oebA T F AN welE 4L A 1Ad e} A 2409 98, ',

A% ¥4 5o wile) ASE ol St £9 AL 2E oz 4y
Ehitt.
23. 448

A, dEF $AH, 49 2l E 59 R AEY 4FES R
A3} Fig 83 Fig 99 e At

ARG AAAFTE 8T AF A U SAEEG Aol ax
ojAFo] Hom vt wulE T3 fxd FHE LSY SLL HAlElet i
At Y B ES JeEdT 4 AP EF 33 3 4FREH A7)

_46_



A 27k, oAF 9 42RE FAA ST 6Fo0A
83 Atole] Aol vsl 3 F7k wlgol ¥A e o Azl Az}
FAA F7H5H7) Wzl

et At wElE Fl AR FF ARES FAES dEs F4)

24. =8 ZF9 Al
F Fo W3l uF 4¥8S #9% AH vebd 4HlE Table 199 e}
WA
FAH, A $AEE AQ dEdA gAG £ vzl dgdE &
Agte, 2 APoA 3% 24x dUdE Jeigt 59 ZF59 Ayl
t 433 £39 87} LS7) 476 + 25%9) 524

I+

25% R o1, SLo| 54.2
t 24%%} 458 + 24%, 2SLo] 522 + 29%9} 522 + 29%% YEh} 1% : 1
& Aule ds) faAF ozt e Aoz YehdP > 005), FEF fxEd
e Adule] Wt gle Aoz yehgth

+
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Table 17. Distribution of dorsal fin ray, pectoral fin ray, anal fin ray,

caudal fin ray numbers in sample of Oryzias latipes, hybrid between O.

latipes and O. sinensis, and O. sinensis.

. Number of  Number Number Number Number
P fish of dosal of pectoral of anal of caudal

group . . . . .

examined fin-rays fin-rays fin-rays fin-rays

OL 30(15) " 5~6 9~10 19~20 19~20
oS 30(15)° 6 9~10 17~18 24
LS 30(15)° 6 9~10 18~19 22~23
SL 30(15) 5~6 9~10 18~19 21~23

2SL 30(15) 5~6 9~10 17~18 19~20

* : number of female examined
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Table 18. Diameters of fertilized eggs and total length of hatched larvae

Oryzias latipes, hybrid between O. latipes and O. sinensis, and O.

sinensis.!
Diameter of
Exp. . Total length of hatched
No. of eggs fertilized
group larvae (mm)
eggs (mm)
OL 12(3) 1.52+0.02° 4.740.1°
LS 12(3) 1.49+0.01° 4.5+0.1™
LS x LS 12(3) 1.50+0.02° 45+01™
SL 12(3) 1.43+0.02° 44+0.2°
SL x SL 12(3) 1.41:0.01° 4.5+0.1"
0s 12(3) 1.400.02° 42+0.1°

* : number of female examined
! Means with different superscripts within a column are significantly

different (P < 0.05), based on ANONA test.
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Fig 8. Growth in total length of Oryzias latipes, and hybrid between O.
latipes and O. sinensis, and O. sinensis. Days indicate age post first

feeding. Values are group means + S.E.
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Fig 9. Growth in body weight of Oryzias latipes, hybrid between O. latipes
and O. sinensis, and O. sinensis. Days indicate age post first feeding.

Values are group means + SE.
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Table 19. Sex ratios of Oryzias latipes, hybrid between O. latipes and O.

sinensis, and O. sinensis.

Mating group No. of fish Female (%) Male (%) X2 agains*t
analyzed 1% :1793
OL 73 52121 479421 ns
os 88 52.3+1.5 47.7+1.5 ns
LS 63 47.6+2.5 524425 ns
SL 72 54.2+2.4 458124 ns
2SL 69 52.2+29 52.2+29 ns

ns : not significant

_52_



V. 2 &

Aty AL Fo AYS 328 FHY HEH w57 FE B
gk ooty M R, 733 AT, A Al AIRE 2 AP 713§l Z2A
¢ v (Hunter and Donaldson, 1983; Nakamura and Takahashi, 1973;
Pandian and Sheela, 1995), 53] a8 AA% FE& AsiNc YL
3t Al7le] A A AF Az 2R L d§- Fasiti(Hunter and
Donaldson 1983; Nakamura and Iwahashi 1982).

olF9 43 s2Foe I Wol AHRHE AL Eoln, FAHY A4
A AFAM=E del o]&5H3 ti(Yamamoto, 1975). £ ApoA E &
50, 100, 200 mg/kg dietZ T2¥S BT FAF A7, 200 mg/kg dietE
6047t A2 dPTo] e =2 A ARYG FEEL Foy AHE
&0] 833 + 36%2 ¥A UBNTh EE AHEStd FAEE YR HA
& ojde] H4HE d7oA Yamamoto (1963)= 43t S22 me} A
&5 fredted B8 vt 2y By & 8 Aok B EE A
st AAES =8 2 58 ug/mg dietell A 100%2] ¢HES HAttn
B3 gtk @A B AFoA olde] AFE HB o R EE AU
o olFde Fxo v @& FEZ A3t 80%c) Y AAES L& A
O 2 Hol 200 mg/kg diet Bt} £F ¢ ¥ FEoM ¢AF 52
& & daAo] Aot

ofFel 43 zEEoE M dY AHEHE AL 17eMTolH,
Yamamoto (1975)c]l 2}&] o]de] AFHol W vt Yok & AFdAME 17a
-MT& 40 mg/kg dietE 60U+ A7 F43% 3L, 200 ng/ ¢ & 20, 40, 60
AA AYT A, AP BT Fo A 667 + 1.8%, FAH A A
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602 F<¢ Held dgFo] AEEL o} 880 + 59% 2 YEhY AF A
7t AT FoART AAFEol A deiwTh ol AF Ayt A7 FAR
O A" =7t $ou 17a-MTE A B4t AT Fort off
o AHAez HH7 WE i 2Fe Aol deu AAEEo] =
veld Aoz Alg gtk Yamamoto (1958)7F 17a-MTE 7.8 mg/kg dietZ
AT Foste] 50%9] AAEE FAche Bavt ok gEtd B AY
M olde A7 Bt 2 ¥xol 3 40 mg/kg dietE FF5F 3}
o AFAA JAFES F=sAh

Yamamoto ©]%¢] o)) 4 &(Onitake, 1972; Hamaguchi-S, 1992) A} &
HAo] F3 ojdo APdriar Bug uf Qo] AFxe] s2EOF AHA
o8 JAEES #Fx8t7] A8 ¥ A FFBo|Y FjAlold z=2g HF
AEete] AAEE FE3t7] A d77t A= ool & Aoz AlgHoh

A AT S BAH] AT ez dutmoz QAo 2
4 o] Jdoey FAEAME 4R, 3, 43 AgTol FHHoR
olzt 444 EAS vEhdty X33 vl glti(Yamamoto, 1958; Egami,
1975). AW, &AL AA=nie Jert FA AA =g B 27171 F
A ARge 77beH, FAES A= FHTE AR ke 4R
Az vl vlg mA=grld 273 e Aol FAoltt. add 4A
# AT JA=Yr FHr ol FX FAL Ytk BaEo
THOka, 1931). o]d] f =¥ AAF AL S AR3AeH, 2R F =A%
A wges MY Ad BE AT AFTdA dRAEZ 34=HAL,
17¢-MTE A& dPToM FAE7 45 AL 83 & 5 ANeH,
7ML JehuA astt

AR Mg #AL dx2Fd va 39S W 38 ooy, &
g ztel7h glAom, AA AFE Fo] ¢ FH7A AEsHE do Yo
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HELL 81%A oY 75% 5 UEstth ol T3] 438 8 39 A 3
do] ARALE o]FHTE ¢ & UoH, A¥E A 6vlg] F 2vEs}
1% : 08 A4¥E Yehle Aoz ZAMEAT =23 438 HgE g3le
TSI Fgo] dEd v dA3] HojRorn, A aFdd go]
g FF7kA] A& do Qo] 58%9] yieldE YehfAth 2T 549
g Bl&ol 1% : 18 Anlof dis] {od Holr} gilen, A AT
A 6vte] F SebElsh 1% ¢ 28 Adulel oiE foF Aolrt fle Ae=
Hol YYUAEE 7HAE FAL Ad Agshs A2 uehygrt. Aida
(1936)7F XY &R XYFAE wujste] A4S 3 43 1% : 382 A
H7F vebgtha Rad vl 9lom, Yamamoto (1955, 1959)7} Estrogeng 7
T FAstd XY /A& VA RS AE AAE A Aidadl Ao}
22 1% : 289 4nZ vkt YYAAE S 7HRE #3428 A
57vte] F 2vhE]E XY : YY) 20 19] HlEo] YelYR] gton o]E 3
YY F3o] fFxd FEo] ¥EE ¢ F Utk olF F3 B Ayl AE
AAE 4R AAE HYF T YY IA¥ S YEE FAL 53 "
7t de Ao E Alsdth

FE 4 ZAFse AL E 2A £ 24 genomed] @A BT A7
T8 #FFY #FF FAE T A9 o8 FHEE 5 2Y3 /=
£ 93 A3 glthButh, 1979; Chevassus, 1983; Hubbs, 1955; Schultz,
1969).

SAHE A g ¢ WA dAxe d 24 9AY oy B ZAs 39
AZ FEstq A& vt o m(Iwamatsu,1994) $AHe] <} th & $A1E]9 &
AAE v A7 w3t H(1998)el A7 2 vk AUk FHDBE FL& 26 +
1T, B57] 15/9(L/D) 1A $AHEE 74 F 90, UF $AEe +
3 F 749 Fete Ao E vEnTh B AN AN wuE 53 /=
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B $A29 g £ FE9 27 ¢ TS 24 A9 Aoz A4
Aol Eahe Fo A P wIsaA Uuikth $AkE, 9E £,
SAkEl s g FAHE RAELS), BF SAtelg $Ab FEEGD, AE 24
(SL)e] & HAE 24 Ax $A1E, SA s dF Ak ZELS) o
ol s b, WE SAlEs S48 FEESL), *F 249 @SL)H T}
A8 S=rb =g@on, Bz FA A7 94 2~39 = 9~10Ye] B
st5lo] vpa H(1998)0] g3l RuE W YNSATh 2 AR Ay
GEE M SRS W B AolE $A1E, SIS 08 $A 23E
(LS)ol hF HAtel, FEASG S48 REGDRT Bo] A2kl §of
@ ol vhehilo] i H(1998)9) Rl wle] AL YehEw), of
A gole B Ay A4E $AE o Aol 2H 2 A7ANA A}
SHoZR A% 270 AFFoT A S WE Yed Az A}
g A9 538, 23g, 27 4L $AA9 UF £, o5 #E
AX 4ol atolz} thehtA ggtout, FF 1AUE A7 mujste] AL 2
AN 23g, 27 AEGC] A3 Wojgon, 71¥so] Z/HE AF
= Ho olF F3 A 3AddAEs B3g, 7] AES] Flo] AHsE A
o dqAFH, 718 TF 718 Ao R o]y AE WA
APHYNA 25 FAA Al FHY BAXNY) 4 Aoz AlRAT

A7 2(199)e] Bue] f2d F F9 wgd od fE FEL I
oz ol Yehdtty Bug u o] o]F wgoz o meg
u, gA=eu, e =gu), =g 2As EA HAd 2 F
A=ejn), FEAsdue 2 A2 FF 3ol YehhA tort,
QA =n), mA =g fo8 Holg Jehhth RA=HA] 7|z
E Ug $Aet 17~18AQ0H, $Abelrt 19~20/2 dehd $Abe o

Aren) £7b B, FEL ol £ £ 7 2L vep A me

4 ¥

pait
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Axgu] ZlzFE $AHEZE 19~2070, iE $AHE7F 2402 gk FF
<> F F9 % 4L e A s FAE e $448] ZF(SL)
9] 24 (2SL)= A= AFe dF FAEY F93Ron, me X
o Age AR f-98tA JEhth

33 F3td 2ole] 2VE S F FH o5 AF EHJL B
3 A FAHS dAe] 152 m, #3} 2o] dol7} 47 m YoH, iF
SAE S o] 140 mn, ¥3} =] Zolrt 42 mE el FAlElY WA
3 53} ztojo] Zol7h g FAMEG AA eyt 3 o8 #F3
FFS AE wufst AL Al 24 GAFH 23} 2ol Lol AF #
= A A" $A F3 visEAl Jdehd A 2(1998)0 4 Had upel g
ol ettt a2y 2AME AFEL #4127 dF $AME Bk AAo] 2
olMFol Bol uztort #og Aozt vehA ggten oo FE
& % Fo 37 348 dEie Ao2 2AFIQG B ARA Ak,
& Ak, ol5 AT AuE ST 49 25 1% : 15 AHy B3
o} A% A= st Aulel PP wA P Ao HUoh

£ ATeNE $ARIE 4AE do 2U%E FEaRon, $Alelg
5 SAH S wulE F3 FFol AATHe] v Aoz FAHAG. o
2t Ho ' o5 S o83t YA EYS FE L FET & JdE 7ZRE vl
3o ol 471 FFE 2d ojFoz AMgded o £4AH, UF
SAHE 9 Hlwste] AR =ejv], nA=gn] 71257 2y, dZoy
Bue il 7 F9 F F4E Jehiy] mEe A =& FES
4 e HeEHd markerz A ol4E 4 UL Ao AP

Hog AHIE oGX7t vlEEHo] 2006 d0] HEVF F Aol mE FH
2 1Y AEATE 9] HAS AF olEY AAAES FA F F e =Y
oFoz AHRE 7HsAdol A& Aol

H
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FAHEE A 817] $sted RSt 2821 EE 50, 100, 200 mg/kg
diete] =2 20, 40, 6093t A7 FH3 A3} Fxrt FolAFE, X 7
ol Hojda5 AYE&L o, 4L =A JEdd. F, 200
mg/kg dietE 6043t AY3}AS W FAFE] P wA VeEbgd A
3} T 282 17a-MTE 40 mg/kg diet2 A7 F93 A3} 3580 66.7%
2 ZAE tET ] 47.8% < #23 Aoyt AN, 200 ng/ ¢ & ALS S
of 343t} 20, 40, 60U A A A JHELL 209 ALl
64.3%, 40d Az o] 82%, 60 Az Fo] 88%F JEh} T 527~
47.3%% Bl L& AAEEo] FEHAT

AAEE FAH AN XY JAAF S M SRS dAs7] A3t 2
ARE AN A ¢A emte] F 5ukElvE 19 0 28 9 Aulet {3 Fo
7b e Aoz vggen, YYJIAFE S e AL £, 38, 2
7] BEES ZAE A 25 A4 APTE o2 Jeigt EE, XX AR

F2 7HE RS AR A% 100% Aol F=HUT

FAE S oE $AE AFAE A2 2 27 o @A, dAE e =27
7FRAE 7= A AHE 4R F9 SAE JEYeH, 271 ¢ E4L o
F A dF FAE ¢ x $AH §& aMiE JFFol $AHE, A
¥ x & FAE 0 o5 FHF 24ulR Wi

FAE, F3lg, 7] JEEE A A9 uxToE AHEE $41E,
s FAHES 28 JF 2 KT oyt tA gtk 28y giF $
Al 23 A 8 MY FE S AV wdistd fiEE B2 3F AMES
F-8hgo] 822%, 7] AHEE] 508%E F1 #FF ot WA vetgen 71¥
&8 145%2 A F2HE 237 Jehyto.
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2SS 243 A% $41E7 1.52 m, HS $AE7}F 140 m2 ZAMEQ
x10je] Aol JA] FAZE 47 m, NF FAEIF 42 mE AL
ol FAE7 dE FAEIEG dAA olo AVt Ad =Y AT
G733 Xole] doje FAlE e} dF A T AL el Aoz
ZAE A

AAES S dsSAE ] AZH AAFTAN F47 Zolr) vx
dxeH, #28 FF A F4F Aolrt deEhA #%th RE AP
A ARe B3 F AFFEE oHFL 657 THE FHSA Ftste B
S YA

FAHE 9 S $ALEY] HuE & Ax 19 : 159 A8lE Yehy
Ao, 8 FF Ayl =3 1% : 189 AuE vehfo] F23 xo)
7b VerdA] gkt

K
iz
Jou
i

i
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HA o] =#o] $HE F UA=F P& 8719 AFE FAIL, EFUYUE
=

Aet2 A HEA ALE 7}

a3 AR B 5 ASS wWeHRFA 32 AY dsta By as
97 AseE, olee W Be 582 74 32 AF A7 =38 A
Y ATRIAE WAo2 FAEHY T

AYe }EM ol YET AT W olAYE Az AdE HFA
W2 wpARY, ol4e b, 9@ A W4eR =P o
F2 £F 2YA9 FRA FeAY, oA, FHAD 4 FoA £
22 HANFR Y B F oHE 2N AE SUIGEAAE DAL
Fee Ao,

aelm Agol ¢ € drid Yol e HFT A4S AF /A A
A B3 AP ATE WA, 29A AWY, v WY, dREd,
gy, BARHAAE e nheg AT,

AP Solsh o =Fo] $4 B & ALS PN ARL sl=A
2 AT, AFAGANAE %S 221, o}2d AR T & ASS o)
sz @7 A st gen AAGAE Aol nleg A

Aol BolshA A $L 2ol dw, AL U YE AL WA U

)

o
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ol FREGF £5W A, ole7) WMPIAE A Ean, FelA
ge ol iz wysh Auy, wd Wy, =4 A, X8 A
Wi, 83 e, AAFY, PP A=, B4 =y o}
o obgglE 2AS 1 WEY AEAE =PI

del dAT B4 ARZH £71E BELAFL GES AR Wse
A% 238 A7 395, BN, 461FY, ol52d, AEAY, o4
2, BAYAAE At Be AU

RAmog e5% ke MY FAE AW A4 B v 4 3
5% Agoz FAHoz A IF4 Adste oA, ofsy awn
GolN A2s 8718 & 2 oW, 4 emolAE 7S =29 P4 A}
FogH g B F1 Gold Pol HolE oS AT A B&
Ay,

_6]_



VIL 3 3 & @

Arai, K, T. Nomura, T. Hayashi and R. Suzuki, 1997. Sex-reversal
by high water temperature in the loach Misgurnus
anguillicaudatus. In: The Sixth International Symposium on
genetics in Aquaculture, Stiring, Scotland, 24-28 June 1997.
University of stirling, UK.

Blazquez, M., S. Zanuy, M. Carillo and F. Piferrer, 1998. Structural
and functional effects of early exposure to estradiol-17 beta
and 17 alpha-ethylnylestradiol on the gonads of the
gonochoristic teleost Dicentrarchus labrax. Fish Physiol. Biochem.
18; 37-47.

Brad, J. A, L. Zhangjiang and R. A. Dunham, 2003. Dress-out and
fillet yields of channel catfish, Ictalurus punctatus, blue catfish,
Ictalurus furcatus, and their F;, F» and backcross hybrids.
Aquaculture 228; 81-90.

Burtzev, 1. A., 1972. Progeny of intergeneric hybrids of beluga and
sterlet. In: Genetics Selection and Hybridization, Keter Press,
Jerusalem, 211-220.

Chevassus, B., 1983. Hybridization in fish. Aquaculture 33; 245-262.

Chevassus, B., R. Guyomard, D. Chourrout and E. Quillet, 1983.

Production of viable hybrids in salmonids by triploidization.

_62_



Genet. Sel. Evol. 15; 519-532.

Purdom, C. E.,, 1993. Genetics and Fish Breeding. Chapman & Hall
UK. 158-177.

Cruz, V. M. E. and G. C. Mair, 1994. Conditions for effective
androgen sex reversal in Oreochromis niloticus (L.). Aquaculture
122; 237-248.

Devlin R. H. and Y. Nagahama, 2002. Sex determination and sex
differentiation in fish: an overview of genetic, physiological,
and environmental influences. Aquaculture 208; 191-364.

Donaldson, E. M., U. H. M. Fagerlund, D. A. Higgs and J. R.
Mcbride, 1979. Hormonal enhancement of growth. W. S. Hoar,
D. J. Randall and J. R. Brett (eds), in Fish Physiology, Vol. VI,
Academic Press, New York, NY and London. 455-598.

Dunham, R. A, R Smitherman, M. Brooks, M. Benchakan and ]J.
Chappell, 1982.  Paternal predominance in reciprocal
channel-blue hybrid catfish. Aquaculture 29; 389-396.

George, A. H. and E. M. Donaldson, 1983. Hormonal sex control
and its application to fish culture. W. S. Hoar, D. J. Randall
and E. M. Donaldson (eds), in Fish Physiology, Vol. IX. Part
B. 223-303. Academic Press, New York, NY and London.

Gomelsky, B., N. B. Cherfas, A. Gissis and G. Hulata, 1999.

_63_



Hormonal sex inversion in striped bass and white bass X
striped bass hybrids. North Am. J. Aquacult. 61; 199-205.
Guerrero, R. D. and L. A. Guerrero, 1993. Effect of oral treatment
of mibolerone on sex reversal of Oreochromis mossambicus.

Asian Fish. Sci. 6; 347-350.
Giudice, J. J., 1966. Growth of a blue x channel catfish hybrid as
compared to its parent species. Prog. Fish-Cult. 26; 142-145.
Hamaguchi, S., 1992. Sex differentiation of germ cells and their
supporting cells in oryzias latipes. ]J. Fish Biol. 4; 11-17.

Hervé, M., P. Fontaine, P. Kestemont, N. Wang and J. Brun-Bellut,
2004. Influence of photoperiod on the onset of gonadogenesis
in Eurasian perch Perca fluviatilis. Aquaculture 241; 561-274.

Hulata, G., 1995. A review of genetic improvement of the common
carp (Cyprinus carpio L) and other cyprinids by crossbreeding,
hybridization and selection. Aquaculture 129; 143-157.

Hunter, G. A. and E. M. Donaldson, 1983. Hormonal sex control
and its application to fish culture. W. S. Hoar, D. J. Randall
and E. M. Donaldson (eds), in Fish Physiology, Vol. IX.
Academic Press, New York, 223-303.

Hunter, G. A, E. M. Donaldson, F. W. Goetz and P. R. Edgell,

1982. Production of all-female and sterile groups of coho

_64_



salmon (Oncorhynchus kisutch) and experimental evidence for
male heterogamety. Trans. Am. Fish. Soc. 111; 367-372.

Iwamatsu, T. 1994. Stage of normal development in the medaka
Oryzias latipes. Jap. ]J. Zool. 11; 825-839.

Jahn, L., D. Douglas., M. Terhaar and G. Kruse, 1987. Effects of
stocking hybrid striped bass in Spring Lake, Illinois. North
Am. ]. Fish. Mgt. 7; 522-530.

Kavumpurath, S. and T. J. Pandian, 1992. Production of YY male in
the guppy (Poecilia reticulata) by endocrine sex reversal and
selective breeding. J. Asian Fish. Sci. 5; 265-276.

Kavumpurath, S. and T. J. Pandian, 1993. Production of YY female
guppy (Poecilia reticulata) by endocrine sex reversal and
progeny testing. Aquaculture 116; 183-189.

Kenneth, B. Davis and M. L. Gerald , 2004. Hormonal effects on
sex differentiation and growth in sunshine bass Morone chrysops
x Morone saxatilis. Aquaculture 231; 587-596.

Kerby, J. H, J. M. Hinshaw and M. T. Hoish, 1987. Increased
growth and production of striped bass x white bass hybrids in
earthen ponds. J. World Aquacult. Soc. 18; 35-43.

Kim, D. S, C. H.  Noh, Y. H. Choi and Y. K. Nam, 1996.

Production of supermale (YY) and superfemale (4YY) nile

_65_



tilapia (Oreochromis niloticus) by sex reversal and chromosome
set manipulation. II. Progeny tests with supermale and
superfemale nile tilatpia. J. Aquacult. 9; 101-106.

Kim, D. S, H. Y. Cho.,, I. C. Bang, G. C. Choi and Y. K. Nam,
2001. Effect of immersion of larvae in oestradiol-178 on
feminization, structural changes of gonad and growth
performance in the Far Eastern catfish Silurus asotus
(Linnaeus). Aquacult. Res. 32; 323-328.

Kim, D. S, K. Y. Lee and T. Y. Lee, 1990. Gonadal sex differentiation
in Misgqurnus mizolepis. Kor. ]. Ichthyol. 2; 95-105.

Kim, D. S, Y. K. Nam and 1. S. Park, 1995. Performance of diploid
and triploid hybrid loach, Misgurnus mizolepis female X M.
anguillicaudatus male. Aquaculture 137; 326-327.

Kim, D. S, Y. K. Nam and J. Y. Jo, 1997. Effect of oestradiol-173
immersion treatments on sex reversal of mud loach, Misgurnus
mizolepis (GUNTHER). Aquacult. Res. 28; 941-946.

Kim, 1. S. and E. H. Lee, 1992. New record of the ricefish, Oryzias
latipes sinensis (Pisces : Oryzidae) from Korea. Korean J. Syst.
Zool. 8; 177-182.

Nakamura, M. and H. Takahashi, 1973. Gonadal sex differentiation in

Tilapia Mossambica with special regard to the time of estrogen

_66_



treatment effective in inducing feminization of genetic fishes.
Bull. Fac. Fish.,, Hokkaido Univ. 24; 1-13.

Nam, Y. K, C. H. Noh, C. H. Jeong and D. S. Kim, 1998. Effect of
17a-methyltestosterone immersion treatment on sex reversal of
mud loach, Misgurnus mizolepis. Fish. Sci. 64; 933-945.

Nam, Y. K, L S. Park and D. S. Kim, 2004. Triploid hybridization of
fast-growing transgenic mud loach Misgurnus mizolepis male to
cyprinid loach Misgurnus anguillicaudatus female: the first
performance study on growth and reproduction of transgenic
polyploid hybrid fish. Aquaculture 231; 559-572.

Noh, C. H,, Y. K. Nam and D. S. Kim, 1997. Effects of temperature
and estradiol-173 treatment on phenotypic sex determination in
different genotypes of Nile tilapia (Oreochromis niloticus). Kor. J.
Ichthyol. 9; 195-201.

Ord, W. M, M. Le Bere and P. De Kinkelin, 1976. Viral
hemorrhagic septicemia: comparative susceptibility of rainbow
trout (Salmo gairdneri) and Thybrids (Salmo gairdneri X
Oncorhyncus kisutch) to experimental infection. Can. J. Fish.
Aquat. Sci., 33; 1205-1208

Oka, T. B, 1931. On the processes of the fin rays of the male of

Oryzias latipes and other sex characters of this fish. J. Fac. Sci.

_67_



Imp. Univ. Tokyo 4; 209-218.

Pandian, T. ]J. and K. Varadaraj, 1987. Techniques to regulate sex
ratio and breeding in tilapia. Curr. Sci. 56; 337-343.

Pandian, T. ]J. and S. G. Sheela, 1995. Hormonal induction of sex
reversal in fish. Aquaculture 138; 1-22.

Park, 1. S, B. S. Kim, H. M. Park, Y. K. Nam, C. H. Jeong and D.
S. Kim, 1997. Improved early survival in backcross of male
mud loach (Misgurnus mizolepisy X cyprinid loach (M.
anguillicaudatus) hybrids to female cyprinid loach. J. Aquacult. 10;
363-371.

Park, 1. S, J. H. Kim, S. H. Cho and D. S. Kim, 2004. Sex
differentiation and hormonal sex reversal in the bagrid catfish,
Pseudobagrus fulvidraco (Richardson). Aquaculture 232; 183-193.

Park 1. S, Y. K. Nam, S E Douglas, S C Johnson and D. S. Kim,
2003. Genetic characterization, morphometrics and gonad
development of induced interspecific hybrids between yellowtail
flounder, Pleuronectes ferrugineus (Storer) and winter flounder, P.
americanus. Aquacult. Res. 34; 389-396

Parsons, J. E.,, R. A. Busch, G. H. Thorgaard and P. D. Scheerer,
1986. Increased resis tance of triploid rainbow trout x coho

salmon hybrids to infectious hematopoietic necrosis virus.

._68_



Aquaculture 57; 337-343.

Peter, F. G. and H. T. Gray, 1995. Sexual maturation and fertility of
diploid and triploid Atlantic salmon x brown trout hybrids.
Aquaculture 137; 299-311.

Pifferrer, F. and E. M. Donaldson, 1992. The comparative
effectiveness of the natural and a synthetic estrogen for the
direct feminization of chinook salmon (Oncorhynchus
tashawytscha). Aquaculture 106; 183-193.

Rao, H. N. S. and G. P. S. Rao, 1983. Hormonal manipulation of
sex in the common carp, Cyprinus carpio var. communis (L.).
Aquaculture 35; 83-88.

Robinson, E. J. and R. Rugh., 1943. The reproductive processes of
the fish, Oryzias latipes. Biol. Bull. 84; 115-125.

Sakaizumi, M. and S. R. Jeon. 1987. Two divergent groups in the
wild populations of medaka Oryzias latipes in korea. Kor. J.
Limnol. 20; 13-20

Shaojun L., Y. Sun, C. Zhang, K. Luo and Y. Liu, 2004. Production
of gynogenetic progeny from allotetraploid hybrids red crucian
carp x common carp. Aquaculture 236; 193-200.

Shegal, G. K, P. K. Saxena and H. S. Sehgal, 1995. Hormonal

control of sex in common carp and its application to

_69._



composite fish culture. Aquaculture 129; 219.

Shegal, G. K. and P. K. Saxena, 1997. Effect of estradiol-17 beta on
sex composition, growth and flesh composition in common
carp, Cyprinus carpio communis (Linn.). J. Aquacult. Trop. 12;
289-295.

Shelton, W. L., D. Rodriguez-Guerrero and J. Lopez-Macias, 1981.
Factors affecting sex reversal of Tilapia aurea. Aquaculture 25;
59-65.

S. Scholz and H. O. Gutzeit, 2000. 17a-ethinylestradiol affects
reproduction, sexual differtiation and aromatase gene
expression of the medaka (Oryzias latipes). Aquat. Toxicol. 50;
363-373.

Stephanie D., S. A. Villalobos, K. Kannan and ]J. P. Giesy, 2001.
Morphological effects of Bisphenol-A on the early stages of
medaka (Oryzias latipes). Chemosphere 45; 535-541.

US EPA, 1991. Guidelines for Conducting Early Life Stage Toxicity
Test with Japanese Medaka (Oryzias latipes). EPA/600/3-91/063.

Uwa, H.,, 1986. Karyotype evolution and geographical distribution in
the ricefish genus Oryzizs. Indo-pacific fish Dbiology
Proceeding of the second international conference on

Indo-Pacific fishes, edited by T. Ueno, R. Arai, T. Taniuchi

_70_



and K. Matsuura, 867-876.

Uwa, H. and S. R. Jeon, 1987. Karyotypes in two divergent groups
of a ricefish, Oryzias latipes, from Korea. Kor. J. Limnol. 20;
139-147.

Uwa, H. and W. Magtoon, 1986. Description and karyotype of a
new ricefish, Oryzias mekongensis from Thailand. Copeia, 2;
473-478.

Yamamoto, T., 1953. Artificially induced sex-reversal in genotypic
males of the medaka, Oryzias latipes, ]J. Exp. Zool. 123; 571-594.

Yamamoto, T., 1953. Artificial induction of functional sex-reversal in
genotypic females of the medaka (Oryzias latipes). J. Exp. Zool.
137; 227-264.

Yamamoto, T. and N. Matsuda, 1963. Effects of estradiol, stilbestrol
and some alkyl-carbonyl androstanes upon sex differentiation
in the medaka, Oryzias latipes. Gen. Comp. Endocrinol. 3;
101-110.

Yeager, D.M., 1985. Creation of a hybrid striped bass fishery in the
Escambia River, Florida. North Am. J. Fish. Mgt. 5; 389-392.
B4, 199%5. fre® gAloh M7pAm 3k ZF Aoje] AE B A

w3 A7 FTFA3E A 8; 69-76.
deadad, 198 A7y FASFH JdoY S8 Bt AF

E

_71._



o YA R. 17; 129-136.
HAETE=FTEHEEFEH, 19%. 448 2 A F3 7Y E ol &
ZA(AYY) Y™ty ol (Oreochromis
niloticus) A4AF II. WAE 25A 2 297A Udealuole] z}
44, = FA I AL 9; 101-106.

g 2FAYY) 2 2%

9%, 1997, FFENEEZ. A WA FER(ISIR). wgR

287-291
ALY, 1998, FFH S T o) aFAY. BI85
). 5; 113-121.

=g, 1987. = FA] Y AY. x5 EEI)A. 30; 379-386.

FAE, 1993, 44 A5 FEZL oFtH WA F, AL,

, 1997. I FAESY TEAU(FESFORF), 2H A 374 A&

=F 3, 1995. 17a-Methyltestosterone] F 2o o3 o detgo},
Oreochromis niloticus®] A3, BFAAYew XAy HF=

o™,
10
%Y 4

=39, 1998, A4A 2347 A WL 088 JAgujote] A
SR A BASAUsE uiaety) 3
SEAHAY, 1998, FAlelo tESAIE e At YA 2 xjole)

A, Iar_-4-813] A]. 31; 109-118.

upel4, 1992, mlTekAsh vl REe] FF % AF A B AT
RS HALEES] FTER

AE7], 1997. sh=2olx B, UR|r}, A&, 213-214.

_72_



	표제지
	목차
	초록
	1. 서론
	2. 재료 및 방법
	2.1 약어(abbreviation)
	2.2 성전환
	2.3 잡종화
	2.4 통계 처리

	3. 결과
	3.1 성전환
	3.2 잡종화

	4. 고찰
	5. 국문요지
	참고문헌

