S9les e D5l59
STy 9 migel «Olhded Olojl
@13 Olnlo T3 3ol § i Oldon 357 0 — 39S (Sl pole Dladiod duwige
THl S yakw gl

WOlge
LS (5 IT J 38 000 plod Cumo> W 93

i g (5 jlw 00lo gy 4

JCP ol
b Al

o oylod
MV.#



Siogls sler =lig

SIS g9y 9 Jrigel (Oliied Slojlu

210w Obdle 3T5H Mol § i Wlidss ¥ 4 39S (S pole OlE duwgo
3ol (& sebio g

s g (S5l 03l 9y 4 O 3Ty VT I35 00k plod Cumes g @ 039 Olgis

YA AY=11-AR- 1Y 2 0399 Dgan osled

b dub 1 QWIS (oIS Folgils pb g pb

D(0310 5 e 9 Mo Slg> b 9 038 9 4 ol ) Jghus S om0 Tl £ g pb

b dub 1 O e ] 8 2% (OIS pU g pU

3918 (LGS (A Plmo 081) > Oplod (Obds pb Hgam 1 (U)K (Folgls p6 g pb
ST Al > LS e (PIINE (s (033 IS (>0 o (S il el 52
IR AT (s ¢ > L0 30 i Ol (g2l 09y (25 Al

-1 (ON)oglie Folgils pb g pb

-1 (O 66 T olgils pb g pb

o1 999 9 4 9lles Ol 11! foxo

ANV/Y 2 £9 5 ga b

JLo ¥ il Sae

39357 Vb ol Slakons duwsgo t 53

1148 Jlo & L go b

alo 3L y1og0i g by oo ¢ Jalu ¢ poladi ¢« Ll J& . ol Bgdome o 1y Dl G
ol 2o



«S 20 [ Jguo 5 30 905991 T b Sgw>
ook 9y 4 Olos™ Sy YT J38 08k plod Curos Mgl 1039y
b g (55l
PPN T—11-AR - 1) : Oguo oS
WIFFIF : g sb DYV +5: (Camsd B) ol 0 lond
(et 5y (S8 bk dub Wl S ol Cudgien b
Sl o0 138 Ol ol o) 4Ry 30 Al gwlidd sl
092 9 S g AP TH! ) i (il 5910 awgi 0395
Wl I ady b g S350 0590 /510 0,6 30 QLT
NS

10 G0y Sl o) o

O ol I;ﬁDoM52Dém

THhol 9 i Oldss 3 w50 3§ Mol Wbl )l Cuows b

il 0393 Joio gl (S satro Mg (2T0 g Oliako ST 5




dxio « Ol yoin S 5g9 » Olgas

LSOO O OOOO T OOO O OOOO T OOO s OOOO T OO PO OO PP OT P TP PO OPR oS>
Y et eeeeee e asdie —
Y ettt bbbttt bbbt et s saeen Olabe 55 (g5l osle sla i, -V-)
K e i &S Obale W 5 ey en gla g, )Y
K ettt Olale (g3lw osle 43 o la Oloj -V
K ettt Olale (g3lwosle 3 Jse (g (g0 —V-F
B et ledgy 5 50 g0 —Y
B ettt Gz (&) ) s Y-
G ettt ettt u)'v:e&ur;aja.dyow—'r—v
Y ceeteeeessssssssssss s ST o Sladeie Y-V
P eeeeeeeeeeseessssssss s oo sl leg —Y-F
Moereveeeeseessssssssssss s s IAE a5 O g0y 58 03 g a3L5I —Y-0
ettt ettt ettt et et s e e ar st s et e R et et es e st e st et e st e s et e s et et et anteaeteneens S puns =Y
| K @l Canimr i 03l Olale 5 Jsems 5 Olale &K 54 505 00 Slis st oy o ==V
LI 4l Sz oS 03l Oliale p ol kS gy YA
L OO zs 0eT-Y-4
VY s bl CohS b)) g W 0 a5 Y-
L OSSR @bl ZILT-Y=1)
VB e eeeetee e R m-r
Ny s S pudS 2 5 O 9oy e ;50 V=)
N0 ettt ettt ettt s b a et ne e s s nnes calizes gl les Olabe iy dns lae —Y-Y
LK @l G o 03l Olale 5 Jgore 5 Olale (K508 50 Solas guast )y o TV
0 ettt e R R R z 0T s -Y-¥
Y ) coeeeeesssssssssss s ssssssss s s S St g o —
Y ) e Cir i 2l O3y 98 56 —F-)
T et Calzbes (gl jles Olale dd ) duw is —F-Y
Y e z5 0T -F-¥
YV ettt laslgrin
WA e eeeeeeeeeeeeeeesesseseeeeeeeeee e e



V e Gl 4 GaS 85 YT 8 ol alad Cumans 2l g8

oy

old Jsane YT U3 o3le plod Cumaz 5 (sl Olale i o5 gy Sl enlitul L) 5287 51 (5l )3
Ll 03le Olale & Lo 0LaS 55,5 YT U35 5 Olale 55 ag) gl oo ol e s Jds .l
Colg 53 5 O gl Jetn WTAV O gy STy 55 LXX 3 plad Olale sl Gt o 51 ok
A3 Pl Glag,¥ G (nl )3 Sl e3le pled Jud 5 S XX Jsome glo e3le b (p 5o n] 2
O3 el e WT WV O3m550 (S5l slalde b b i g5, 1 555 70 Do 4 0LST 5555 YT
3o Yo 3ldad (6503 ges b St (ol il 5lad (12 p S5LST 55 0 8 (L Ve 5% 0 /0 2/0)
S s S 5 53 3E reties odalin b g # W) s 595 A 5 VAL 0L 55 5o 255 25 b
Calte o)l 53 55 iy 5 Shee 5 aBl St i Olable (sl i 0yl oMo (255 O s
0595 Slgl H3 LS osls Sy, t;.b Ol b odd (g5l Olale (gile Wge jsbia 4 s pw)y
o) 83 plas Cmar b ik 03l 8 ok (35 Olabe cpl ool b pmms a3l Obale 35 ¢ o555
S 098 53 2 ke (olad 53 05 e gt Jite WT IV 0 gny 90 039 5 n 0id bl gl (o 2353
RO WA P N P W PR R R p@;,; RYVRPNS p?sg..v)\/a 1 ol o b odkd 4 dis
e 5 1 0SS 55 Osnypn 08 (et /0 55 (sl 0y b ot 45 Olale 53 by Olje o 2
Lokd 5 ool dops Voo Comazr s 25 sleml 4 e 4 3500 olad 53 s olalie dald las
W5 el s 4,8 5 53 Gamspn sl b o s b 4 ol W5 o3l Olale Sl 4
el e NT U3 ale 255 53 (50 Olgie 4 osy cpl 5 ealizal Lasle plad Cumax

Jo WT Y Og0s5m ¢ Gsmsm s (i i OLS 5805 VT U5 (omir 3l 1S SIS

\AJQ},‘L#H”LA(\.JCM‘Q}}:M}QJ



Aiad g gl 1K /Y

dodo —
a5 g el a5 5 VL Caenl 5 Olgz 3,0 5L 5550 Sla s el 5 OLRT A o) el
AP g s, e 3l Gt (pshae o ame )3 o gt 5 LT S)5 0 o Ol 039 3 gdoueny
B Sl 3t 011 55 OLS™ 555, VTS ale W5 Ol g (63 520 Ligy ¢l sla Sl b 5,8
S5 VR G AVVE Dl s 55 00 s sl Sl ale ol AVl W 5 Olee 457 () sb 4 (Sl 4215 g 5
Il 53 e ol s Ol b ol L OFRY (10 O (6 LT aslile) ol oy WWAY Jlw s
&S S (ol Sop M5 28 ol bV 51 S ity 5 IO g 4 e smee Gl L IYAY
il o O was fys bauwy JSls,ls 03] i Sl o3 Sl eslizal daly 45Tl 0dd Ol e VHS
boamslie 53 Olale cpl i Ab,y (S13,05 035 oo sla o505 3l eslizal & O was s, bl e
Fr okl Ws ol o)ty sas J5ls s Ol Sl ol 1> sl o35 51 Jol Olale
303 68 S VT U5 ale s Cmio & Solest i S 51 5 B 0Ly (g0 03500 A5 i A
L3 ewd gy Jodims bl 53 LI (854, Al S OLS O:fdj YT J5 ab 5o i &b LT s
e 4BV 5y Jedd 5 la Sl (655 (el slge W5 g 551 e s il
o fak 3 (Bl 53 Aal 5 i 53 0515 4 Ay Ol e EASTSS S ee A 335 e
4 358 o 0T, 5l 5o llaal SIS G5, 5 b8 CodS el el bS5, VT U3
Lo SR dammn sla ozl 5 olen Jolge 4 S (Al ol (i fsl o8 4 0 0e
ST 5555 505 ,550b OWS 550, YT 5 i 4> Ol i ) .(Bromage and Cumaranatunga,1988)
¥ oos ol iy (S Y 35 i) esle i Sl 55 Jle &5 il 5 et 1) 03 s o
8 s 4 OB AS 9 pzs oo 45 LT I .(Simpson et al,1979: Solar et al., 1987) 53 5 - (S
S5k 8314 oS OT 51 8 5 obabe | g 5 BB doys ol by cipls d3le 0 S YO (VL sla ale
55 T iy 5L 0d 8 O pllanl oS s 4 13 45T aSE ) oMo 5oy F b 4 ki
doz 1 i S5 gl Cumex sloul 5 5 p b (Solar et al., 1987; Bye and Lincoln,1986) b o zalS

.%T@gmqovbb\}cﬁﬂ‘éhuﬁjjﬂé OL«{&:&)GYTJJ@MBCLJW@}'

Obdb Ho il ook S way V-
o i 3 s (Sla gy Jals oS el s Ol G b gs 4 (63l oSS gl 88 (5l esls

Q::*JJ{LSJ::E 43;@»03.,\{&0}«’)}& Sesleal b G J 187 (gl 59, s (Piferrer, 2001) il

S e S YT U35 5le ol 68 53 ol ply Sl SIS 3T i L5 Jol e 65y p ol S

L _ feminization
2 - gonochorism



¥ e OhigL A OlaS (K5 YT 38 bala alal Cumay g

0355035 ¢35 4T gasd oo 'Sl s Gl sl Lol ) ol el sn35 5058 D) 4 i
ol &8 e 0T &l (s 2 b3 {(Hendry etal., 2003) 33 & i 55 Olo s I jws _omir (Slo
XX (slaosla il (555 ol 53 bl Sl gagn S g 4 ba 03le iz ol s 53 45T Sl ol
X p355m3,S Lo 47 Wik (sla 5 pl p el s (g gr AT 5 o 4 Sl e Ogessh dhowy
{(Hendry etal., 2003) &35 o033 55T Jbo 5 (gla ¢S b ookl

Camer gl o 53 5 358 oo o3litl 055 2l 31 sl L3y 53 o byls ols sl KuK b gy 53 0yl
b i OS5 Carer M g Sl 5058 (oo o3lial 055, 5l e pg) 53 bl el dal = Slow | i &S5
Osopsh Ly ol b 53 a8 ola abe Sl oslinul abubs 35 O WS (o pae e 43 (il oo 5L s 35
Sldllas |5 03,1 ake Gls abdbs ol & Wil odkidie pl p Oldieils a5 . I |y Ll 03 57 (s e
PR (600 4 0 )3 Dy n o  Ssmssn STy O Sl ol dir B8 I ey dns e LS
.(Pandian and Kirankumar, 2003) Cus (5,8 o3Il L 45" Ll

o &0 Oldbe Mg (Sgergn S (91T

g5l Jolos S s alyle ooy cpl Crim (1985) 3,05 350 5 U O goy g3l osliul (gl (godate sla i,
L;Lhdjﬂgfj‘osu:M\j&\;@ﬁj)c(u}c&)}' Aﬁb@\k&j}@()\j@f)ﬂ&.&lmﬂﬁy}n
LLocsyld s Sy obtl js il ‘_;)l?,;cb.ﬂ,;uoy,ﬁ;\ o.sl.é:.w\Jf\ Jl= .3 a5 0, La] silastic
5 (b) plam b (555 dbss oy 55 BB 5 a3 5 M s 1 ealasl g ee Sl
(Crim, 1985) 5 g dal g oslazul Ll (pe50) )15 O g0y 8 (1A 51 oslazal

ol a2 15 eslinul 5y 50 (3l e3le gl Sldlas 53 egtas oS 58 5 b S ST s ab
Jlé 53 T SUls O «(Folmar et al., 2000) o e s 3 (£ sme 5 b (Sl 05l S5l
Kavumpurath and ) 54 dalss S35 ,2l 059 sl 0 (ols 5 abeud v:lé.ﬁ_g o9l sla o.,ujf Sl
s 059 el Sleslazal b Olale (g5l osle 5 Cim J 257 55 oS Sl ke o 2ege .(Pandian, 1993a,b,c

35 Al (B pan O ga) 98 Ol 5 Oleys 0593 dsb Ole)s 0L

bl (&3l odko yo Sl b Oloj-1-Y
bolas oi fowly i mnl b Olays & ol (o 3l a5 Sl Olale 1 (g5l el Oliaiils

S Ao sy ps sl dins o (6 Cand ey ( SBL L Ol 53 jism slajss & JSl

1 _ masculinization
2 _ Neomale



(il Sag b e GBI K /¥

e 3 S 0l ol s b i LS el 0595 Dol & das e Ol ol oy 53 1)
(Piferrer, 2001) L&l o 059 sl 3l eslazul (gl s Us Lane

Slod S4Bl el Ole sian b auglie 5o Ll adls il iz Blosd 51 487 Glale S8 b 4
i s elio 0y93 dsbys Sloys Oseysm S5 cpb (Piferrer, 2001)L 5 ol Wals s 2l
2393 g 55 AL G5l K 5y 5m i 4 (alies Sl s el Oljee (o eST 5 Obe) Jil 4 55 plan]
sdalive ¢G5 ) grann Blod 511, 0T 015 ool 7 ol a3l 3 sioes Eo3lgm Kol puir 3l Ll
335 g i plad G55 s e sl s sl opl |5 «(Nagahama, 2000) s ges
i 23 gl 0TS (a4 il (ol alo o O35 2 b 6553 ol o3 5 ot (Nakamura et al 1973)
2S5 YT U5 sl 65 93 55 2 W (ounp (Piferrer, 2001) 35 o 5L &S5 58
das e Olis (Hermihaplochromis multicolor) ' e G Olas 4w ale 5 (Onchorhincus kisutch)
Piferrer)Mad,:@uajj)ngwww;f\»)'!;a,; b 055 2l a4 Cand Sl STU>
3550 03 g plad bl 095 cla m'jf u..ejfjb 23 09 s e Oli el opl.(and Donaldson, 1993
.(George and Pandian,1995) LT o 5505 4 b 055,47 55 0593 ol 51 5595 s 059 2l

Lolis s sl 68 5 s o ol Sgline Calises sla 48 55 pwim plas w090 ghs Ol
385 s 399> 4 0,95 pl (Poecilia sphenops) J s 68 53 ke Olge 4 il s walite 093 cpl 5l
s Ol 53 0595 ol (Poecilia reticulate) s}? 88 ;58 S o 335 2 Os A 5l e

.(Kavumpurath and Pandian, 1993b) 5 ,Is ! 3

bl Silw odlo 1o Jao S Hgoyen-)-f
a5 A5 5 5l Slgiser 98 T o e S con 55 SIS 30 Olale i 1o 55 (St Slgi30) 58 055 0
5 4bg e Dlizte 5 Ul il 5 s 1o 5 Lisespn gl aly ul 53 ABL 0 i Sla sl o5
Al Ldis Ty el )d G i (Milg oo S g0 Ul ola g)ls 5 sl (lag,ls glsl 5

.(Piferrer and Donaldson,1993)

O yw gid 99090 —1-F-
ol s e LS5 U madST 0T el ol Olasstle aS el (g s il (sl 3oy 98 51 O3y 52

Sladsbo 514 (6 803 058 by OT i 5 5 35000 e 4y 3L 53 K (lad sk 51 Dm )50

1 labile period
? - Egyptian Mouthbrooder



8 [ove Sh9 Ay S (5 YT U8 oala plall cuman 4

RIS (6,8 e 5 okn 3L 53 (6518 1 (sl Op g 3 b 0 J S0 55 o0 b b s A1
ook ;S L Coda slael & JUSl 1 da 5 0ds oS 5 S 5 old wsle GlaSs s (S b b
ldie IS 55b 4 .S e slal 1y 556T 5 03,8 jse Johu Sl g odd S 5 3L 5 54 50
O3 g oS Sl o) 51 (ST 355 0n plowil Ol gl 0)lps 4T (Slidos 5 (S50 50 5 (owlibiiom
WOy Jorls SV 5 a5 b 51 0 e s A5 51 A ST e (5L el OBl s ST B
Ch5 Sileasdome Corge s 5 s VWbsea 35 A5 00 S Gleks p SU L Osess
33 03 g o b sl Eol foe 358 o (LH 5 FSH) W 5 5936 5 &S e (gla0y g5 5
.(Couse and Korach, 1999):35‘._“.1&:)15:}5- g 4 OVl ol bow g HISs 5 5k 4 O
s 33 Al o ad sl 5 de 59, 00V (OT Ve 0C Sles s i el 095 Olabe 515T s
(Piferrer , 2001) Wl ol o&iulasT 3 o3le oy Vor Olabe dom 5 4 o0 OLS K, YT U3
Pl Osm5m ol e Ll osle do)s Vrr Ol glies S 5358 (e anS ol 4l
osbe ¢ UL jalS wdi Sde b Olpe & s 53 sd ol Olabe 4 joy 5 Cele VP Ole 4
Ly, 4 ol sl 6l 8 i 58 53 b Ol Vol i dal g ploil Bl s 4 5 (S5l
S 51059 B Olale (O 3a)y 98 (9 s 0,93 plodl a4 S L uutfuf.m\,m)@;
VPV ) S0 Ll o 5L 5 5

esle b9, 4 (Oncorhynchus mykiss) (LS wi‘) YT J5 ol 5o sk pld Comaxr g Oda b = b
3 s b (S5l osle oy 4 esle el Coma g JRash opl 53 3,8 (e plnil s b (55l
IS i st 09 st Jio WTIW Dgny58 alow sy 8l Coior i i Olale L5 3o
Obale 6 b Bl Comir i Olale XX p sl aalsl 535,87 (o &) g0 ba g, ¥ b 45 5,5 O

.JﬁJ—ﬂb—aJ\AJ‘pjb\" L:Mq-\?.,b'p@asbcwg}wnb

1. 17- a-methyl testosterone (MT)



(AT Sl g 5K /7

b w9y 93lg-Y

Gaid Sl oY)

S5 ool 5 oS Slidod S 5n 53 WAL oo egy 51055 AREWST Jole 5 Gl ol e a8
1> 5 A8l o sl s sz (5 kST Y 3 S el el sl (6 ek dgd (T e Olale
d;dl.wJ}L):c\fv\,&l{u.»éfj..dﬁﬁMgfng@u.gw\dxméhOMUjaﬂéubwj
33 5 0 ol ol 5LE il a3 VoY OT glos il o ite 4l 3 gd V0 Ve o OT OT
Wil o A 03 p 8 e V- gL n a4 T 058 e 5 o s Lo o 5l VADY plis|
el Jlo s a:jv..i.g-r.;u'oxl.:a Yo g oslamal 4 LY 55 S sl Jle slaws J(0-Y s sd)
(63185 (Bl s 5 7 r9) ARELST oo 5 (L)l S 5 Sloss e58) Sl Jo1 e
W23 el el (6l dgd (2T e Olale 15 Pl 5 &SC 5 Sliis S50 03 55 035

0399 &l Jxo Sloi V=Y goai

033 i S 35 § (Vg Ulaskio —¥-Y
O35 5 48l> o Jlo Y0 o s bl (ST 035 Sles (612 5 0 0pl 55 25 b 55 8 o5
88 g s o (s alb Lol 5168 id Ol 135 Jlamial g gl go 35 0 8 YAF 10 1T
JSSsn ool W 5 6,8 ol (S o3 e Sl eSS Callses ol e izl (g le S (o3Dle
Spd sde Fres Sl o5 Sl e LIS 8 s 0LS 0K, VT UB b s s 2SS
Sle i B S0l o ety JUSH 0l SO0 0553 (b g 0l S e 5 OBl p e
anS 11> Gl )Y 055 0 08 S T sue VY BN 2 05 5 e (ke /0 FVY S5 035 ot

.;”Jfg;:‘.\h—wo&ufﬁ'ay@m;



V e GhigL A OlaS (K5 YT 38 bala alal Cuman gl

3 bl (51108 8 &y g i (sl 35 ol 5 5 U o505 w05 J ST 00l Sl 053 o )
5‘$ufrsaj\m@mu}°u@pu\~'/.L~,i>t:f\,.4s\,~,,¢,,“fﬁ#6u‘.,'.sgg;ismu@\s
Al o Chibloes s ) 5

b Bl 3o VA 5 O3 3o WA (5 gt 4 o 1] (S gp 8 Sl led Jlesl 5 (55106 g
S 0313 15 5 e Bl il n Sl g b s e 5 b D15 Skl & S s Sl g
"“‘\’5‘VJL‘"”J‘(":“’v'('5'5)."'\:"5*‘tSL“V';JCSJ'L‘”“'\?'JCS"L:‘.V';J}‘uﬁ'&f"\g“b‘fﬁf’@f"’”
o A 03 (58 53 5de Ve b ge L) (3 e Tort sl L 5 db (ileld o35 e Fee e
=Y ) 3 aalsl Jlab A5 5500 Ole3 B 05 S g aslad 0387 3 5 (5,8 DU LS sill
Y

SIS 0909 0390 Job Sl UKo :V-T p o

s‘_fb}& O laswin-Y-Y
o SluiS e W5 Slamils )87 51 g Calide Olyss (bos o5 Dsse Gl SL 2 ST
(Skretting) di.::.iji.w\ oS e glde )l (’J? Y 005 4 Odewy U lag,¥ 4dis Cg 3 S 4y obw

i g ety (gls 6l 1S 51 ale ST 5 (6yls e 0 CotSSH (o oI s g s eslinl



Aiad g s gl i) K /A

‘5&“%}7 S ylos-Y-¥
o Olse a ey opl 1) el ealiial o 1ok 6l Oge) 00 (S s o) 3 G ol 5o
awds g L g% S ey ko8 (Pandian and Sheela, 1995) ! c.J.iJJf B L oS L g
b led 2 5 oled A shyls 035 ol Ll 4 A5 s Dsesm B Les,y) anS slila slag Y JR
S 0zd 8 515 eskizal 355 315 VA Tna IS 65,5 55 A5l on 55Y anld VO e (ool a Sl 5 1SS
3 basles Sloys Osaysn 6y b 155 (Gilulay oY anksd B v s 53 5 e 4w 35 A S
alsl gy 70 ke (sl 5 4B p5 8 b 4% Ol 51 Olale (o3lde (V=Y Jguar) ol 0o 5 gt
e syl Jglus bl aslde ds s (Kuzminski, and Dobosz, 2010; Feist et al., 1995; )C.ils
5o el 53 9 505 5 5L Ve aslde dawl js 8L zalST aslde do s Olale Li L Ol jen 5 i dcloe

238 D)o A3 555 53,5k 7

oo bl g Og0red slaie) Al Cuwis wud 00l Ol Mg L Se0ied Sl N-T  feus
(ol 00l G151 138 (Ma/kgf) p 5 oks™ 58 p 5

& o
F E D C B A
dals \e § A \ /0 (MY/KGF) O 40y 52 ,ldie
5 & z z z 2 Gap) Oleyseyss

138 4 Og0y9d Odg0d 4dlol-Y-0

Jete WT AV 050y 08 Sl pabuiie Jlie (o opols it ags Jslos Do & IS 3 b (500
Lol jor Jill oo (o B0 148 ST Ja (ghjl & 5 00 905 o= ar 5o Vo J5b1 5o sled o (sl 1y O 2 s2d
S g oy 0358 5 @S s by oSCaay (s55 2 1B FSY pad) s 8 (gl 1B 4 D050
e plod L SIS 030508 U 28,8 oy g am i ST ) o planil (6 el 0533 5 o hiea 145 (6 ol
53 s3> g b s 5 odys § aSCist Sl Sl 3 e b L 1S Al o ol oLl 1 g 2335 b s
s (S Jomiey



8 /e Gl Aa Gl (85 YT I8 ala bl Cuman Ml g5

5 ol (S1AE 45 390790 (93903 Bl 092 F-T y gui
S S a
)50 Copmiar (et g (e o) g ol led 5 Sgn) 50 Slasled Jled 4 dis 9,0 51 dn ole =y
5 Ko o3le 5 5 Olale sUE 515 S ag (g 55 Son 500 Laslad alad (51 5 235 13 (6ol g
0355 £33 3B 5 ey pladl @ (4Bl Coizr 85 5 Obale U 5) 055 ol 5B 5 ol @ ol 4 DL

3L aslsl g sk Oloj 4 4Bl S 85 S OLale Oy U

P 0 039 Sl b lpdle Sy s F-Y IS



Aiad g s g GEE /Y

A8l Camir di 03k Obdrlo 9 (Jgoxe § Oldle (05989890 Do guas (wy p-T-Y
5GSI (i ) 3l g 035 00l 055 Lt Hler 51 0bale &S5 5058550 sl (S5 i)l L
s el Chs S =

WL S il 03l Ol Pyl Sl (w2 —V-A

S5 el 095 =V

(00 ppm) &Ssun 8 35 by oD b 5 G al gy 3l ey (Aals ) Jsame 5 e
055 5 Mo LT odan 5 LolE walsl 55 5 C85 &ojgn i S Il Ll g (WWAY ¢ o g0)
de VIaming ) T cows 4 O 055 51 (b3 Ol i 4 1 4y 09 drmnlons b S5 lo g 35S a5t i . Liks
O oLl 5 p e dT AL (1) e 10 AT Gl A Tl ke ol g, et al., 1982
c,%.udjuﬁsdtaaw“;uwou;u)uafatf\,\?),@@uﬁ(ﬁ1mmmo.uuﬁ
S5 4y gale a sl 5 S e (DT o 5l elge b5 (oS8 4l (ST 68 2 55 5l Cniles
Q,yuuj:»M&QU‘J,SJ,W‘_;LAJ;J‘_;J;(”J.(Dreannoetal.,1998)4$¢§43>'d?‘h_wj:
Geffen and Evans, ) A 43 5 p ol (slgn b aas 05 Jols Jsame 5 Olale 512 GSI plply (23 8
53 Olg) MlS 5 asl Conim ok osle Olabe 51 28T Jt Jgpeme i Obale Shoe a3 Sy 5 (2000
s ool Obale b sane Oliale s s lie Cogar ) o dle ol bt 05,57 385 4 51 0l 2
ST ks 8 8 Jgans i (Ale e ¥ 5liad @y Sl s Sy g0 4 pal (Sl €S 0Bl i
) 3 el I s b g o 4l ST LB Bl G ok 03le la (e s el Sl 2
@8 Olale ool (sls 4k S| et Hsb 4 p el s i b Jlasil Jpene hs) 4 Leals
Y).a;.:s‘_;H,,é_g(sﬂ\)(_;ﬁf rﬂ:.w‘ S o doda @sgcﬂlﬁj:mﬁw\ia (Tsumura et al., 1991) L%
Ola Jlazl Sl Jlo LT a5 55 o ol oo 2 LIS ol 51 Cods .23 8 &y poo Olale ) 3l sue
AL e el Gl 53 8 E b L aBL Gt i 03l Olale 5 (Jsene S Olabe g sl
L3S s o3lizal gy g Voo Vs lowgze 055 b 5 (Slass o 3 4l i ok 03le Olale
LS ool g 5 (0270) w3 8 )l ods S 056 Bl i i o3le Olale S| (i Jas b
Lph Ol (gl ady (gls oL s 03l jae g me Lo Y B eSS 1 HLas b aan L 03,48 s
G55 S0 b e opl ol lendlas 3 55 3L s 45 S 5 (513 4Bl oz o o3l Olale

JSLSALa.:“J:.’bd{ﬁj‘ﬁwkﬁﬂ/y}wom&})w\gbﬁwdg}wu



VY o s 4 OlaS 0G5 YT I8 ol alall Cuman Al g

TW Ogo3T-r-4
a‘;,a.oyg.uacﬂ‘.mmf;fd.u,ﬁ;mu.uyg.uv S ol sla w3 0555 OLL o
VT U35 ale o sle IS 55 bl p ) s a8 8 55l i it o3le ale ) 5 als e
b (SBlol Olse 38 (b 1) 05l 3851053 S o QLSS Lol 3 5 4l i (Glgoss 5,25 8 &) 50
cjjfﬁ): ale due ¥ :L:fwjﬁl.:pf\‘ O o3 gy G s J 1S b a0 dis gars Ol

P ol CodaS” (Sb 501 g T GgeiT-T-)

A S eslial b ol o )3 5 28 8 Sy g (513 p 4 ged bn o3 Sl ST Sl I ey a5 St
d-ly A S s sde Yo sl 21 e Sy A S G A5 8 dealowe Y=Y sl o
(VN G b)) e O 5 Jigibie ceSCal deal Jloen (63l J2us (5,0 S5 Lo 5 axils » a&ilejT
3l W Gl 035 Sl bl mae A paS S el b Sl oy 4 4iS5 0 38 Sl am 5 esls Ll 3
.(Ottesen et al. 2009., Geffen and Evans., 2000, Springate et al., 1984) Lé o3ls jaseis

CLEJM).3=@QCLEJLSLAV;;JMMX\“/LAV.;JJYNM (Y=Y abaly)

P99 Kang gl 33 30 (mae Ny o8 oo (ol p T Caddge Ol pus BT IS



AT slag s kel G /)

&bl 3J6T-Y—1
ST 51 g gl 4 23,8 plonil SPSS 19 5 Excel 2013 slal 3l o5 S oslizel L nosls Jlout 5 4 2
osl2w! Dunkan d".ﬁ)T )‘ Luwial:.a 4»«.1[.3.5 é\j Cpeome A ealannl 4.9;]9 gs_ii 9 ABJ.]a 95 ANOVA U"";lﬂJ‘ﬁ

.afj\;ogu;,ﬂ\w,_”stfcfofﬂmuojﬁpu,wﬁwwaﬁw@ﬂ A3 5



VY Gl A S 08 YT OB ol bl Cuman 3 g5

eL-r

i i 3 Q1 Ogergh WE-T-)

Sale iy 55 s o 0L 1y el 63 8 5 (25T 5500 Slasled 55 g Sl Y o5led S
slsles 5o ile s Ao ys Ver sl o b S elad ys ojﬁww&u—wT W Oseysa 5
Y 5 sl wyp o pl bodd odalie Jseme 5 Olale o )5 OF/F 55F 095 53 .ol odys § Calibes

8 g5 cpkiz 5 Sbls 2S5l O E 5D slasled 53 oS (sosb 3l Sl sl mls Sl

i odalice (..4;
b3l 3590 Oldle 13 (qwir Slgims —1-T Jou>
F E D C B A o sl
dals g ¢ ¥ ) /0 (M/KGF) O se 52 Hltie
iz & iz iz & iz (G32) Oloys oy9s
OY/f Yoo Yoo Yoo Yoo Yoo ol 53 g3l st s
OF/YY AS/5Y 4/0¥ Yoo Yoo Yoo S Y s il Ao

Kok 8 3305k § 5 Olak L NV g




iad g sk s Gl /) ¥

OOl b 4Bl Cumd> gkl XX (Sl 5 OLS Y-V g0
Sl ¥ g 38 9 g g ko T VY (g0 98 3

A,

T g 33 LS 09 7 Jpnre (Sl 5 ST F-T g



VO /o, Ghgydg has (&) YT 038 sala plad Ciman il 68

/& ;
S ¥ g 38 B gl Olslo LS :0-Y 5 g

aliseo S slowd Oldlo Ay dus oY

B A=Y (sla 15 ped 55 Og i st e — TV 050558 3 g 51w OLS™ 555, VT U35 Olale iy O 5
el o &1 AT

D b3 Obale 035 S0l 457 513 OLa JB6 435 ¢ 9,3 51 g 53 V10 Olale o (555 Kb i
Sl by Gols sme Ol 5 (F/FY £ 0 /¥F) o3 g dald Hles 1 i ()l e sk 4 (07:A £ /0F)

=Y 515 500) 510 OLad Ssey9n sl yles



iad sz sk S GiIK /) 7

JBE 4dss £95% 31 e 395 100 Oldlo d3m 539 (Sl duwlie —)-T slog05

E sl Obale 035 o80e o 1> OLs JBb 45 g3 ,3 51 g S Frv Olale o (555 (ke Ay lie
5 (YWF/o o £ VNPV YOA/v s £ AXFF) 035 C 5 Bolas 1 i 6ol sme 5k a4 (YA 4+ £ 1Y/VY)

(Y=F 5 5002l QLA dald Hled eoma 5 (G058 SLsledd plu bl 6515 (gme D

JBE 4 94 3 395 Foo Oldlo dmy (539 (Sl dwslio —Y-T 510905

Sl s Olale 05 ke o7 515 0L JBb 4335 g3 ,5 51 ey S OF+ Olale a5 (Kb 4y lie
DL 5 515 simn ] oa L (Peo/o s EFVF) A 5 (BAZ/SY £ 54/+2) dals P90/ + £ A/A) D

-y )Ls}u') Lsls plis 1y gyls B Ml byl sl b g sl



VWY Gligu 4o GlaS (&) YT 8 oala alad cuman 2l g5

JBE 408 £9,5 3 (s 395 OV Oldb dm (59 (mSke dwlie —T-T 510905

Obale 0535 ke o 303 DL IR 405 g5, 31 g 535 PAY Olale o (355 nS0ke Alie (Zulgi 3
e O D les Olale 055 xSobe Jl ol by bajles sle 51 jzi (VAY/AQ £18/0Y) D les

LF=Y 15 509) sy OLad 1y (g4l gae oD

JBE Shis £95% 31 395 FA+ Oldb a3 (J39 (Ske dwlio —F-T 51305



(AT Sl s g K /) A

900

800

700
60
50
40
30
20
10
o s o il - -
A B C D E L

;r:".‘-‘;‘T el

(f.:) djs
S © o o o

=]

0395 FAe 9395 0395 b Olslo by gy —O-T slag0s

D Jbess Olale 035 il ke o7 515 0La IS 4085 55,3 31 gy S5 PAY Olale 035 il 31 4 i
dali 5 (VPAAL £ AV A la Sls b o)ls ime sl aadl 5 bayles ole 51 j2is (VAMAY £ ¥/1Y)
ssb a4 (VY E¥/OV) B s Olale 035 Ll ! xS0ke S5 (e I 5l OLis (VOF/FA £ Y/4V)

(?—r_)bj_u)J‘&QWM}WﬁML‘)GJ‘)@MJ%‘}JyMLZ}DLgLAJL«c:J‘fJL;JbL;M

820

800

780
o 760 I
3
3 740
| 1
© 700 I
680

660

640

620

A B C D E al

@‘:’.L‘)T sbasles

0393 FAs i385 0398 (b Oldk 039 Sl Bl —F-T sl



V8 /o Gl A OaS (8S YT OB ol bl Cuman 3 g8

QL:.ALA)J \VAd==Vand )‘ a};) A g_,a..f,p Q‘ﬂ‘\s.ﬂb olas 69> 6\.@.‘5‘).} (SGR) °j’:‘.) L “—‘:’,_}*’ 4..“;“\.8.»
g.aifé O‘J:AJJ LSJ"’L;MJBA:"‘ 44)?@.&)@‘ obﬁx‘.;.':.eD‘)Lo.:J Q\:ALA)J \/Y'Aj: '/V\ UB)L«.:.?
.(V—r‘)‘é}aﬁ)MOMu&Aﬁudu‘)WJJ o}‘} -l..ia)

1.45
1.4
Y 135
3
3 13
2
-
=125 I I
&2
0
? 12
1.15
1.1
A B c D E Lt

b slasles
0,95 slegdl 4o &Lo)T S ke (SGR) 0519 Ay cu po Y-T 510905

Olabe 43 (V/YF £ /AL 51 (CF) Bl o 0 O e aS 305 OLES 0y e S48 (CF) Bl o pp dnlin
calallV) J ST R Ol 09> S ST P A
@Mgwm;@)gu&;uauwﬁ.@mﬁﬁm A s Olale 55 V/FY £ /YO LD [l

A=Y 515 508) i odaline Calides (slaslas 55 Bl o b Ol e 53 (5,lo

1.50

1.45

1.40 I

1.35 I

1.30

1.25
1.20
1.15
1.10
C D E KIS

(CF) Slx <0

1.05

u;‘i"l"‘)'T slabs

0599 Slgil 33 LaboiT Sk (CF) Bl o yo AT 510903



Aldat slaz b oled iKY

A8 Cuwi guxi 03l b 9 Jeoe § Vbbb (O 5gie8 80 Obogas wy g -T-Y
GSI 5 ((gmizr b)) SSlosm 03 IS 05 Lot ls a5l Olale ¢SC5 8,00 sl S iy byl Cgr
J:.:JJ LSL“ osle ") C,..M.a LEJ:“:".‘." GSI u.p;-l.& Ls‘)b L&jﬁ J;'g.g-; u’j}w Lgl.af (\—Y’ d_j.b-) Lé eslanal
sl el cmbls (6 5V G 055 4 (65 ol LT ey 1 87 Jsame 5 Olale s gy 4l i

ol 03 g B3l b 4 555 Olale oyl

Ol 3Ky SYT I § Oldle Ll (S 09 5 30 &K 3glgd 190 S el Curdy — V-V J9ua

wlogw 039 S 039 S logugdls” aslo
(p5) () (GSI) P obdl Llisw b o9 5
VOY/PF £+ \/FY YV/YY £Y O+ v o /¥8 Bl i i Olale
VVY/PF £84/YA | YA/AY £F/VY NARESVAA] (ot 5,8 el Jene S Olale
V¥4/00 £VY/ & FA/NALF/¥D AMENA%y (6l 4 pl) Jyoms 5 Olals

TW Og0)l bi-v-f

53 ggu_msudm,fcw 05057 Gl ) Jrol ot g e3le Olale 5 (S Lle3L Lo ys
By e Lo3 QV/BY B FFNF 5l daliog S L awlie 53 S bbb des s ol o @141 g

Voo e 3o V8 ol (Sen o ik 215 A5 4 e sde VP Bl St oW 5 b G0 Ve

.J}A.;u\:.‘joblﬁM)JFV//\J':.;MUQOJJf.vUJ}Q.;J:.‘jOJL&M)J

XX ABL i gxi 00k Olislo ol dlml S odlo Gl 9 (T Xlob (W wo 3 Y- J9u>
(Mo 30) 03k i (no30) Skl W oy Ty
Yoo \AZAR AV/+ %

S J.:::J osle QL:AL:A

FV/A Va/\g aF/Ys (als 05 ) Jsans 5 Olale




Y [ Gl A O S, YT U8 aala alal Cuman 3 g8

S5 domii g S ¥

iz e g (215 Ogergh p6-F-)

AEL o XX 5 Olale 5 55k 4 Olale iz o cosle pled Comer bl s SUSS 1 (S
i 53 DUl 5 S Ll 5 o e b G55 4 03le plad Dlale sl g s Comezr 51 o3lizel
S SESS bl B b 1) (5585 (555095 Gl 5 8aes fm o3l pled Comer Ay eins
03l (SIS el (AU S 0555 55 (gME 0 53 O s gt Jito WT AV 05090 1 03l o jlis L5
,'o\:.m;\m(._;\,:{uf‘.@mmiJ{ls,;g:&m\f)ts,;@,bw;yd\gpJa\,Jj\
3305 o3lital o3le ples Comezr sl S SIS ol I @olete Sl (b Ol5 e (oS 5 1) XX
.(Feist et al., 1995)

S b OLS 5505 VT U (ol 55 puizr S o DGl s ) Sl 0T iy ol
015 o daliiog 8 5 lajled 55 i (Slgees dngliio bl oo Au 5 15 05 2 g2 Jiza —WT WV 0150 5
o Do cgie Olale A5 55 5 5 Olale Ao ys (il I el 5 555 O g0 50 8T 25 8 ns i
U5 YT U3 ale )3 5 dops Vor 4 ot Sd i 48 51 0L (25T (ol s e o5 1)
23 08 et W5 VD 0 e 4 05 s Jeto T WY 05058 (SThs 5 b Ol 1 OLS
Ssne 5 Olale o ys OF/F 55 dali 03 5 55 3 g0 sl i L3 Gl 5353 (b 55 112 p S48
oS s LS (oMo ale ST e Sl s ale sl s OLS 50, VT U5 ale s s odaline
Okada et ) ol 63 5 ol jat s 30 b 09 2w 525 Jiza — T VYV 0505 58 5l aslizal LXX (6,8 5 ale Al 55
(al., 1979

os jiza (YAVD) O, as 5 Jalabert v 5 OLS™ 555, VT U3 ale (g5lu i Lo sas 55 Sledbl
o dle OT 51 ds 48§ Oy pn S ok oy (3o digy g (g3-0at0 Slalllas aslsl 53 5
590 #) VAAF O, s Solar <oy 70 5 OA 5 5 4 V9AY 5 14VA) O, 5 Okada ladllas 4 Ol 5
Gy &+ NAVA 5 VAVA) o, 5 Johnstone (G5, OA (VAAY) Lambert 5 Van den Hurk «(jg, VY
5 03 0Ll (g, VA (VAVS) Yamazaki 5 (G5, ¥+ }AVA 514VA) OF,Sea 5 Johnstone

Foml sliss (St s Sras 3 ookl b 5 adl G ok Olbale sl g hlibe e
O1,&aa 5 Johnstone andllae 53 Al Caws sl Culbge 4 5 03,5 W O i gied Jute — T VWV 05050
65 e ¥ 553 L O sied e —WT AV O g0 5m L OLS 5555 YT U5 Olale oaslde L 55 (1AVA)
WY 58D o 53 ol (6503 45e5 Obale (olad @ di5 go,0 51 dm 0jgy A0 0y (b 12 Df)l;);
e 65z s b edalie 35 e Olabe ol pedle sy S8 S oS lls (Sl
W\:l)o\uwvj)béjbﬁc\sﬂ@u\5‘)'|45}*3Y:\MuiahYT)>Jb-d\Lg..uJaMLiﬂo|M



AT Sl b g K /T Y

S 5 e gl S (23T 55 s g Olasd oa 5 () 4k 3L lols o Kos 450 ¥
VA oS dsls plowl S, ¥ (b Iy e p?,gsﬁ Dfdtf ¥ 53 b O g Juze ~WT VY (e )90
odalin 35 cwiz g3 5 o3ke Olale pw ol > €l s o3ls Ladeis 5 el YY w3 b 4 4ed oy
)"(’ffgfl?" V590 b 0 e sid Jae =TV Oy 58 STy 2 50 (VAVP) Yamazaki asls 53 . As
s Jalabert .d 5 Olale Lo y3 AV/Y sll ol (G 31 das ole i B ole &S5 055 () 102 D?,L;

03 a5 ol Ty 3le a5 e Olale O gy g8 (STTy5 5 g2 51 ey 555 alllan 55 (VAVD) 01, Kn
23S el 5000 6333 b Og i gied o ~WT Y Og0y50 L OLS 55, YT U5 Olale aslie
A5 WL Olale Zomem 53 5 ale Aoy PP gAY sl e S S a0y Proe)ss (b 1e 05 kS
Osoysn 3l eslizul L (Y4AR) O, 5 Cousin-Gerber.(Cousin-Gerber et al., 1989; Tsumura et al., 1991)
g5 3 dmoias & 570 slaoyss by e p SHhS 55 p 8 (e ¥ B /0 (slajss b Og i std Jite
553 L O8AY) OLKea 5 Okada bl Cows (S5la s o> AV B A 4 o3l pled Comasr b 4 dis
3 rf};#? 55> L (YAAY) Lambert g Hurk 453 ges sl 5 oale Ao ys AF 1A D?jl,f)s (’f?%./a
A3 S W5 5 ol doyn Ve (VAAR) O s Solar 5 Ly 5T Caws 4 5 ale dasy3 44 u;(v?}l;
A4l e alS (G5l 5 Oy 8 ke 1580 L aST sl LS O gep g0 (ST e Slasled o
Gy G5l 53 Ll go Ol s 55 O 30538 53525 £ 1 b %5 9,5 Olej 51 OAS 55 Ay o
b S i e loml (5l O30y 58 A Sl bl () Sl ekeT ey s bl s oo
8393 5 Jb w5 58 Olej 31 OT 52205 s slp e Olej 5 1e o S5hST 030 8 s v/ (ST 55
et 2l ) B b 5 (VAAY) Yamazaki Low 5 ool ooy pul Al (o0 555 70 cmlin 5 52
G5 g3 Sl g S y3 oS L5 OS5, VT U35 53 Ogepsn (SThs 505 (53 5 4 il oo
5 okake g S 5 (colas 5 old skl G ok (Yamazaki, 1983) ol 5 5 3e 35 8 LT Jleb
Gl 68 55 iz Slg5 Joe oS ol ol slimel 5 oSl aals OLST 5K, VT U5 able alas
;\;T;\@)mg@w@m:gﬂum@)“u,{@z”;gg“jmmgﬁwWaﬁ:
5 Johnstone .(Piferrer, 2001; Yamazaki, 1983 ) g5 o dd & L Olgy g op! chJL'.f e ples
sSolar ¢ 5 ale Loy3 A 4 5,40 Sie w 1is (,Jf}gs,a rf&m,;;u;mw(wvx\m\,&w
O, 8en 5 Okada Ly 5 ale o y5 AP 58N 039, 80 5%+ 5,55 53 ¥ ppm 55 L (VAAY) O,
Kol oS oy 5 ale o ys FY 4 g5 o3le plod Comar S5 3 Sy #1 Suke 53 0ppM 3 25 L (V4AY)
o Oldlas s 5gd 1S SIS 4 e Sl (S Y oppm G 5YL lajss oS Sl dlas
oy e 0 S 53 08 he V0 B4 w55 (B a5 Ll esls 0L (14V4) 01, Kea 5 Okada aallae



Y /e Gl A eSS YT U8 aala alal Cuman 3 g5

350 oo T ooits a5 5 Wl sad 5 Ay o IOl sl 05a,4T Glgisessn 250 53 03
.(Piferrer, 2001)

Aas oo Fy b i a5 5l ey S FA 35k OLST 0805 VT U5 e o L &5 T
N 5as 70 bl wdi g, 5l de Aol Osay 50 20 ol anllls 55 oyl 5L ((Okada, 1973)
IO Jols Gz ol 55 O e sted e ~WT AV (g0 98 onlinal 350 glajs5 .23 5 &y g b i
m.uJ:Au;t:,mﬁ@t,mL;u;,;pwmﬁu;,ga\.gﬁw¢fj1;,s¢ﬁdp\~ P AV
Gl oS T el 0k 5 Olale duoys Voo g 4 mte a5 ppm Y B Y a8 LS 5 Ob ale
b Ole o sSas LUl 4 05 o 13 YT 55 ale 53 5 mae 95 035 b J> .(Okada et al., 1979)
2 0L Lol s ple &8 Glej cplpl 3500 Olsie S 5 gz 5W 3550 533 5 (0l 5 050058 0553
i i g g Ogop 38 3 e 593 AL ki gl 5 Osespm 0395 Usb o Lsh 8 8
(B S el 4 S L3 Jl 3 Gl Colus 095 Jgb (Piferrer, 2001) 55 dal s S
Calizee slasles o T (les 055 ol .(Yamamoto, 1969) 515 L;m.; Lo 5 LaslE a5 595 90 095 4
FoSS 0595 53 les 2 Jl opl b il il byl gw 0sep 98 oS Ol 5 b Led b odd o
S B Ogayn b polde 095 Jsb am jo g atle Jlel) Hled oy95 dsb Ll5 o auY 5 S
Wil dal g ey 9n oL 5 e

Fer OB /015 553 055 m OS5 VT U5 oale 53 0ds 8 8 &) s Slalllan ol § gozes 3
Vs oss 5 5V (slajas s S edel jy, 70 GO b@u)aowﬁoujav\ﬁjm(ﬁ%,;(f
S odid Jo ulal JSKis 53 el ol dan b i ol e Olale Cod s (e SRl 3l 4 e 5
R

Sl 1 b G Sl s |l i g3 Gl Camex G5y Sl ol zie &Sl Jyl
St 1 U Wl e KGN L 5 AL i LS 0500 8 s 56 51 BL on LTS e gy 50
A (14Y4) 01, 5 Johnstone  anfllas 5 cazess 53 il o3 ba ai 31 (S Ol Ol 53 Jlaz>|
g3l ol 48T gl andllas LS o (S5 esle sl gy p 5 ade 03 31 (S bl el sl 5 Caren dasys
By odd 4 § s ABly S i &5 35 (VAAY) 0,50 5 Okada andllas A 3,15 OT

S Goye 53 Sl adgl ol e 53 alis S5L ST B b ) Coir e () SIS (pes
G e g JSE 5 a8 4 (YAAY) Lincoln 5 Bye «(Y4V4) 1, Sen 5 Johnstone ) (gsdate piisus
93 .S a slowl IV Jls slge JI51 s Y| alie ol 47 il azls Ole3l (gday ol o 5o Juls
.@1aﬁo,yéwjaudag;@fé;gw43,?@“5615



Aiad g s gl G /Y ¥

03 el Golome 5 iz 348 IS (695 O st o ~WT WY Osa)50 36 )y p 1 Jool> il
B el Solome 5 o 30E S5 shose 53 Lasled ples o sls Ol OS50, YT U5 b
s sl pled 53 oS b b QLSS L i 38 Gl oale (3L sl balie sy RSNt
il padsn cnl e (OIS b k) b (i 3UE (lls (ale (S slum flie 55 el
Lincoln 5 Bye daw 55 casly Comir i 0LS™ 55, YT U5 Olale 53 adn b 1o sledSCs Saalie
U Soke 4 ¥ PPM llie 4 O 5 2 520 e STy 5925 45 5,8 5,15 Bye .ol o b 55 (VAAY)
Hunter ) W3 g anbs  (slaaiay shyls Leanle ol 51 s ;500 &8 W3 5 5 ale ds )3 4F W 5 el o,
I 3503k Olale 53 (g5le 5 skie 4 a8 2le3T 53 55 (V44Y) 0l s 5 Tsumara .(and Donaldson, 1983
5 Johnstone L35 518 1 IS8 (65,5 5 b b Slaady 3 clisls plowil OLST K5, VT
S gr OS5, VT U5 (ale & O sied Jita b Aol ol o2 (g 03 ¢ (V4VA) 01,8es
.(Hunter and Donaldson, 1983) s S outaliu ol Cawir b i 348 0 1) i

sdé glyls e r,f,gf,; Oso)sh (,,?61:,, Vo g8 lasles s Olale 1 (sldas oS s Ol Slidsw
035 O3np 98 b5 palie S3l,s o 4 iz 3 ol bl ok Vel iy ode JSE (56 i
4 09w gind e TV Os0y58 5005 G b 5l &S slaT 55 55 (V44Y) Krieg 5 Chevassus .l
Olabe 1 (el sluas A &5 csls rbﬁ;\ A VT U3 a5 55,06 5,70 Sode 4 ¥ppm ldie
oAbl e s3I 3T ale 53 Sl cpl sdalie .3 i 315 1) L3y JS8 (S e iz 32 ls &S
505 J= YT U5 5 (honstone et al, 1978) ulLS™ .55, VT J;5 «(Jhonstone et al, 1978) (Salmo salar)
.(Chevassus and Krieg, 1992) .l ou\.LJJ? u:j;f = (Quillet et al.,1991) (Salmo trutta)

O, ea 5 Johnstone &S 35 dals 05 5 51 1S sy gla 0 S Ll s Sl g gslE Lasls

Ll 0313 1,1 sglin S 35 ((VAAY) O, an 9Bye 5 (YAVA)

e (1 ylowd ldle Ay dug io—F-Y
Joo T WY Gpeypn sl wiy JaST L5 GBI 0T Bosn 05 (andte e clolpl 5l (S
»5S «(Ctenopharyngdon idellus) ,l sdle ,5S ahax 31 Jlo Sl sdeinl Olale Caliss g5l 53 05 s
2ol 5 0S5, VT U5 ale ((Oncorhynchus kistuch) ya ™ 55T _ale «(Cyprinus carpio) _J sexs
Fagerlund et al., 1979; Nagy et al., 1981; Boney et al., ) "l ol L S b e (Anguilla anguillu) Ji.llf
L, .(1984; Degani and Dosoretz, 1986; Ostrowski and Garling, 1987; Manzoor Ali and Satyanarayana Rao, 1989
5 Sl 0l O35 SRl Col it Doy 50 4 00550 0 LT a8 G adeiin 35050 (5 53 dl=

.g.,ﬂu,u.yuojjﬁtp\d\wma&kﬂ&gg



YO /... Gl A OhaS S YT U8 sala alal Cuman 3 g8

5o Oy iy 5586 3 05 o g2 Jita =TIV O g0 98 3 s U 51 (grlin oo (ol aalllan s
5334 Gsb 4 ol 0k o3lie Calibes (ol Oliale iy Wig) 53 ekl o o5 S5 Ole 4 dias
mg/kg Jt,,g\{@bG;MQ}u:ds,mowbu,qu\a,;:ﬁ&;iwu;(ﬁ}g,wfup9
33 Olale ot s T 31 .cusls (gyls gme (oMl bty b bl ol b Cobls dali o5 8 5 +/0 feed
Sl Ll 3 51 (AU L5 (o A8l i cal nl gl (i 033 g n ea e Sy (It lels)
e ggnyon ol a5 ale Ady il 48 adls 0ledl (VAVS) Yamazaki 505 (6w Sl kBl 550
S s e Voppm VL e S ale 53 &S 65k 43 )ls Sy Dgessn 5 e Ol
m)ﬁﬁ»fﬁjbﬂﬁ: R (9 e gl e 350y 98 ) PPM Ol e Yamazaki aslles 5> .Cowl old Ui
el ails

2l b5 ga odalie diy Olsee 5 (gl gme oD 095 ol S5, 70 (b o3 (Vo0 4) 0, Kea 5 Atar
Olabe 55 Ly Oljoe o ey b oaliin Ly & 5 )3 (6,13 me Dt (S50, VAL B 81 055 55 -
A ool 09 st JuiS =T Y 5 05 s g e —WT VWY 05058 Lol s dis

2 @HE Jge gl s S Ctle (i) Bl S ot Sl Dy pn 3l eslinal SG1 s s b
old Jol ud 5 gls 4 ia 53 3L b g W 5 sl g el Culbge Sl sab g pls S5
4 Olale @E\ib\b‘ 05 Sladsy (Sl ol é\j axg Sy S Al gy s db el L
Clemens and ) ol sk 5 gdoms wede Olals sl 3 Comir ol Slllas & Bikos (i slacks s 2l
Sl gt fewsly 3550 53 50 G?L:»)\j'f 3¢9 opl b (Inslee, 1968; Chan et al., 1972; Takahashi, 1975
G5 b (0@V4%A) Hibiya s Hirose .Cowl odd @15l Joyg Olale 55 ddy sla &5 s Ol e 4y & ss
JB Il 0S50, VT U5 (b 5 oD ale )3 O J§ -F Opepsn b slajso
S35 5 i) S 4 e Oge)ep opl i GlaSss s s S edalin Ul Ol e 53 (gl ale>Dle
Pl a5 e 53 JoSe Olie bkl Ogepsn 3l eslial s LalE O w5 kS 5 US
Jst S 525 [(Bulkley and Swihart, 1973) 5 gei 3wl (g35dmes Ad) g ( Db bl 5 JUE
YT U5 Olale 55 ol L .(Hutchinson and Campbell, 1964) 4% 2o LS ool 55 5l ddy 4 J g 2!
OLis glde )8 e g iyl ime il 3l J gl 51 (gl 0 b odd 4 dis 33T 5 0LS™ 5K,
oo =T Y Ogaysn 05all o550 5 sae (534xis Syl S sl esde (Simpson et al., 1974) Lsls

McBride and Fagerlund, 1973; Fagerlund and McBride, ) Sr" 9 }A; 5T Bl s 53 O e gt

1. stanozolol



a3 Sl s g K /Y

Sl AVE) OLa 5 Katz .ol ol 1,1 (Yamazaki, 1976) olS™ 55, YT Jj5 5 (19758, b

53 g o alice slE Lous b ol o iy I3 me a3l 5 3,8 gy 5 LoD 1y 0 el g, T
Sy 53 5 ol 0355 Sludl Cojlian Cgm 53 andllas cpl 53 0l 3wl XX 5 Olabe Carezr S T )
o sl 3 Olale iy Ol e 5> oDt i 015 (oo a3 ok dial 5 o3l o5le plaS Comar W 5
Sl sl (55 03 sied Jita ~WTIV O n )50 52 g 4 STl dal i SIS g (5,80
Lol Hles Olale 55 i,y ailne Ml 4 55 (Y4 +04) O Kan 5 Atar .ol azdls Ly 2153 e

.l 03 gaj o,Lal Calises (gla O30 oo

TW OgoyT-F-v

G 3) sk (il esle Olale I eslizul Slalesl3T 53 iz gl (6,0 3,55 sl B,y 5l (S
Johnstone et al. 1979; Bye and Lincoln 1981; Hunter et al. 1982, 1983; Johnstone and Youngson ) <! (XX
osle (L‘,: Come Oy o (Jgome o3l Olable L CLEJ 5 0kd il osle Olale (ﬂ\ Sl eslazsl L (1984
S XX 5 gl ge el S o3le plod 215 ol 51 (oS sldad Lslaze .(Johnstone et al. 1979) 5 gos 3lavy|
Slas O gid Jo ~WT AV Ogosn Lol plad Olale ST 48 S50 53 s (oo Sloys Osmysm
Lgd fad XX gla 54 b Olabe  led kg

A esle doyn Vot Comar bl 4 i by 85 Jpame e3le Olale b XX a8l Conir i 5 Olale L)
Lincoln 3 Bye .53 g5 A g5 0sle oo y3 V00 G 9 Likewy de et 4 55 (14VA) 01, &%es 5 Okada
Ao yn Ve XX gl 5lE s Shae 5 s ads K8 1 k5 Co o 1 0kd (5L 5 03l Olale 15 55 (V4A9)
m,:ogudw@dﬁwdﬁa@)b@J&u,;gua!MJ@ow@u@\.m;cwmu
03 sl il g Olale 2287 2alST 5 b 51 K05 (6 g Sl (656 Aited Bl i
AP 3550 &S5 s 55 (0844Y) 0L 5 Tsumara LS o 5 Ol 1) i ¢S5 gle Camer A5 la

5 (VAAP) Lincoln 5 Bye ki ulal ;3 ged slwl o3le ples gale dupys Vo oy 8 il )5 5 doys
oM&jLWJSaJLaQL:A\Ag;fﬁdglﬁ)bi)y)ﬁa)jscw\Qo\j@(\‘\‘\\)()b&‘ﬁstumaraw

..sbu’:i\jé\b‘_;)lfﬁ(aﬂ\‘_;\ﬁu‘_gbb

! _ androsterone



YV o g0 49 QS 050 ¥T 08 ala alall Cuman 3 g5

b dlgaing
o:\.a)j.bkmtgudﬁwJb&@}jjﬁ}ulj)my-‘id}obb€w¢:‘j °
Sl g oske Olale Sl ,od5 S (69 4b 58 o) Sl skl o

5 5ean S 055 7l b o Sl S ALS (la 055 2l Sl eslizal o



Aiad s A I /YA

&b
o8 a0l OLL OLS” 550, VT U5 i o 3 1 00y 58 3,587 oy MYV (1 C e o
.mw.Ju.;,\,65.\>|)@au;\;Ta@u&\w;opjwm,&w;u,\
Olojlo dms g g 4l 55 Oy ke dnm sy (S50 4sly Coglas . VAT ¢ 010 OOLE (o LT wldle o
Ao F0 Ol ) SO

Sl OS5, YT U5 ol Jlo 53 b 93 25 Jas oy 5 hsge YA L 6 el o
oo V0o 4@)\..0\

Atar, H.H., S. Bekcan, S., and Dogankaya, L. 2009 Effects of Different Hormones on Sex Reversal of
Rainbow Trout (Oncorhynchus Mykiss Walbaum) and Production of All-Female Populations, Biotechnology
& Biotechnological Equipment, 23:4, 1509-1514.

Boney, S.E., Shelton, W.L., Yang, S. and Wilken, L.O., 1984. Sex reversal and breeding of grass carp. Am.
Fish. Sot., 113: 348-353.

Bromage, N. and K., Cumarantungo, 1988. Egg production in the rainbow trout. Recent advances in
aquaculture. Vol.3, F. Muir and J. Robert (Editors), Croom Helm. pp : 63-138.

Bulkley, R.V. and Swihart, G.L., 1973. Effects of the anabolic steroid, Stanozolol, in the growth of Channel
catfish, letalurus punctatus, and goldfish, Caraseius auratus. Trans. Am Fish. Sot., 102: 444-476.

Bye V. J.,, R. Lincoln, 1981. Get rid of the males and let the femalcs prospcr. Fish Farmer, 4, 1-3.

Bye, V.J., Lincoln, R.F., 1986. Commercial methods for the control of sexual maturation in rainbow trout
(Salmo gairdneri R.). Aquaculture 57, 299-3009.

Chan, S.T.H., Tan, F. and Lofts, B., 1972. The role of sex steroids on natural sex reversal in Monopterus
afbus. Excerpta Med. Int. Congr. Ser., 250: 139.

Chevassus, B. and F. Krieg, 1992. Effect of the concentration and duration of methyltestosterone treatment
on masculinization rate in the brown trout (Salmo trutta). Aquaculture, VVol. 5. No. 4, PP: 325-328.
Clemens, H.P. and Inslee, T., 1968. The production of unisexual broods by Tilapia mossambica sex-reversed
with methyltestosterone. Trans. Amer. Fish. Soc., 97(1): 18-21.

Couse JF, Korach KS. Estrogen receptor null mice: what have we learned and where will they lead us?
Endocr Rev 1999; 20:358- 417.

Cousin-Gerber, M., Burger; G.: Boisseau, C. and Chevassus, B., 1989. Effect of methyltestosterone on sex
differentiation and gonad morphogenesis in rainbow trout, Oncorhynchus mykiss. Aquat. Living Resour., 2:
255-230.

Crim, L.W., 1985. Methods for acute and chronic hormone administration in fish. In: Lee, C.S., Liao, I.C.
(Eds).., Reproduction and Culture of Milkfish. Oc. Institute and Tung Kang Mar. Lab., Hawaii and Taiwan,
pp. 1-13.

De Vlaming, V., Grossman, G., Chapman, F., 1982. On the use of the gonadosomatic index. Comparative
Biochemistry and Physiology 73A 1. 31-39.

Degani, G. and Dosoretz, C., 1986. The effect of 3,3°,5-triiodo-L-thryronine and 17a-methyltestosterone on
growth and body composition of the glass stage of the eel (Anguilla Anguilla L. ) . Fish Physiol. Biochem., 1(
3):145-15 1.

Dreanno, C., Suquet, M., Desbruyeres, E., Cosson, J., Delliou, H., Billard, R., 1998. Effect of urine on semen
quality in turbot, Psetta maxima. Aquaculture 169, 247-262.

Fageriund, U.H.M. and McBride, J.R., 1975b. Potential for sex steroids as growth promoters in salmon
culture. Proc. 13th Pacific Sci. Congr. Vancouver, Canada. Vol. 2: 139-145.

Fagerlund, U.H.M. and McBride, J.R., 1975a. Growth increments and some flesh and gonad characteristics
of juvenile coho salmon receiving diets supplemented with 17a-methyltestosterone. J. Fish Biob, 7: 305-314.
Fagerlund, U.H.M., McBride, J.R. and Stone, E.T., 1979. A test of 17a-methyltestosterone as a growth
promoter in a coho salmon hatchery. Am. Fish. Sci., 108: 467-472.

Feist, G., Yeoh, C.G., Fitzpatrick, M.S., Schreck, C.B., 1995. The production of functional sex-reversed male
rainbow trout with 17 alpha-methyltestosterone and 11 beta-hydroxyandrostenedione. Aquaculture 131, 1-2.,
145-152.



Y4 /.. Gl A OS5 YT U8 sala alal Cuman 3 g5

e Folmar, L.C., Hemmer, M., Hemmer, R., Bowman, C., Kroll, K., Denslow, N.D., 2000. Comparative
estrogenicity of estradiol, ethynyl estradiol and diethylstilbestrol in an in vivo, male sheepshead minnow
(Cyprinodon Oariegatus), vitellogenin bioassay. Aquat. Toxicol. 49, 77-88.

e Geffen, A.J.,, Evans, J.P., 2000. Sperm traits and fertilization success of male and sexreversed female
rainbow trout (Oncorhynchus mykiss). Aquaculture 182, 61-72.

e George, T., Pandian, T.J., 1995. Production of ZZ females in the female-heterogametic black molly, Poecilia
sphenops, by endocrine sex reversal and progeny testing. Aquaculture 136, 81-90.

e Hendry. C.1., Martin-Ribochaud. D.J. and Benfey. T.J., 2003. Hormonal sex reversal of Atlantic halibut
(Hippoglossus hippoglossus L.). Aquaculture. 219 769-781.

e Hirose, K. and Hibiya, T., 1968a. Physiological studies on growth-promoting effects of protein anabolic
steroids on fish. I. Effects on goldfish. Bull. Jpn Sot. Sci. Fish., 34: 466-472.

e Hirose, K. and Hibiya, T., 1968b. Physiologic studies on growth-promoting effect of protein anabolic
steroids on fish. 11. Effects of 4-chloro~st~~rone acetate on rainbow trout. Bull. Jpn. Sot. Sci. Fish., 34: 473-
479.

e Hunter G. A., E. hl. Donaldson, J. Stoss. 1. Baker, 1983. Production of monosex female groups of Chinook
Salmon (Onchorhjnchus tshawjtscha) by the fertilization of normal ova with sperm from sex-reversed
females. Aquaculture, 33, 355-363.

e Hunter, G.A., Donaldson, E.M., Goetz, F.W. and Edgell, P.R., 1982. Production of all-female and sterile
coho salmon (Oncorhynchus kisutch) and experimental evidence for male heterogemety. Trans. Am. Fish.
Sot. 111: 367-372.

e Hurk (Van den) R., J. G. D. Lambert, 1982.Temperature and steroid effects on gonadal sex differentiation in
Rainbow Trout. Int. Symp. Reprod. Physiol. of Fish, Wageningen, 69-72.

e Hutchinson, R.E. and Campbell, G.D., 1964. An attempt to increase the weight of Tilapia melanopleura, a
fish used in fish farming, with an anabolic steroid ethylestrenol. in: Handeilinge van die Kongres van kir
Voendingvereniging van Suidebke Africa, Durban, 17-19 April 1963. Abstracted in S. Afr. Med. J., 38: 640.

e Jalabert H., R. Billard, B. Chevassus, 1975. Reliminary experiments on sex control in trout production of
sterile fishes and sirnultaneous self-fertilizable hermaphrodites. Ann. Biol. anim. Bioch. Biophys., 15, 19-28.

e Johnstone R., T. H. Simpson, A. F. Youngson, 1978. Sex reversal in Salmonid culture. Aquaculture, 13, 115-
133.

e Johnstone R., T. H. Simpson, A. F. Youngson, C. Whitehead, 1979. Sex reversal in Salmonid culture. Part
I1. The progeny of sex-reversed Rainbow Trout. Aquaculture, 18, 13-19.

e Johnstone, R., Youngson, A.F., 1984. The progeny of sex-inverted female Atlantic salmon (Salmo salar L.).
Aquaculture 37, 179-182.

e Katz, Y., Abraham, M. and Eckstein, B., 1976. Effects of androsterone on gonadal and body growth in
Tilapia nilotica (Teleostei, Cichlidae). Gen. Comp. Endocrinol., 29: 414-418.

e Kavumpurath, S., Pandian, T.J., 1993a. Production of an Y'Y female guppy, Poecilia reticulata, by endocrine
sex reversal and progeny testing. Aquaculture 118, 183-189.

e Kavumpurath, S., Pandian, T.J., 1993b. Determination of labile period and critical dose for sex reversal by
oral administration of estrogens in Betta splendens. Indian J. Exp. Biol. 31, 16-20.

e Kavumpurath, S., Pandian, T.J., 1993c. Masculinization of Poecilia reticulata by dietary administration of
synthetic or natural androgen to gravid females. Aquaculture 116, 83-89.

e Manzoor Ali, P.K.M. and Satyanarayana Rao, G.P., 1989. Growth improvements in carp, Cyprinus carpio
(Linnaeus), sterilized with 17a-methyltestosterone. Aquaculture, 76: 157-167.

e MocBride, J.R. and Fagerlund, U.H.M., 1973. The use of 17ru-methyltestosterone for promoting weight
increases in juvenile Pacific salmon. J. Fish. Res. Board Can., 30: 1099-1104.

e Nagahama, Y., 2000. Gonadal steroid hormones: major regulators of gonadal sex differentiation and
gametogenesis in fish. In: Norberg, B., Kjesbu, O.S., Taranger, G.L., Andersson, E., Stefansson, S.O. (Eds)..,
Proc. Sixth Int. Symp. Reprod. Physiol. Fish. Univ. Bergen, pp. 211-222.

e Nagy, A., Bercsenyi, M. and Csanyi, V., 1981. Sex reversal in carp (Cyprinus carpio) by oral administration
of methyltestosterone. Can. J. Fish. Aquatic Sci., 38: 725-728.

e Nakamura, M., Takahashi, H., 1973. Gonadal sex differentiation in Tilapia mossambica with special regard
to the time of oestrogen treatment effective in inducing feminization of genetic fishes. Bull. Fac. Fish.,
Hokkaido Univ. 24, 1-23.

e Okada H., H. hlatumoto, Y. hlurakami, 1981. Ratio of induced males from genctic females at various dietary
concentrations of methyltestosterone. Ann. hleet. Jap. Soc. Sci. Fish., Abstract, p. 33 [in Japanese].

e Okada H., H. hlatumoto, F. Yamazaki, 1979. Functional masculinization of genetic females in Rainbow
Trout. Bull. Jap. Soc. Sc. Fish., 45, 413-4 19.



(il Sag b e G K /T

Okada, H., 1973. Studies on sex differentiation of salmonidae. I. Effects of estrone on sex differentiation of
the rainbow trout (Salmo gairdneri irideus, Gibbons.. Sci. Rep. Hokkaido Fish Hatchery 28, 11-212.
Ostrowski, A.C. and Garling, D.L., Jr., 1987. Changes in dietary protein to energy and total energy needs of
17a-methyltestosterone treated juvenile rainbow trout. J. World Aquacult. Sot., 18(2): 17-26.

Ottesen, O.H., Babiak, I., Dahle, G., 2009. Sperm competition and fertilization success of Atlantic halibut
(Hippoglossus hippoglossus L.). Aquaculture 286, 240-245.

Pandian, T.J., Sheela, S.G., 1995. Hormonal induction of sex reversal in fish. Aquaculture 138, 1 22.
Piferrer, F., 2001. Endocrine sex control strategies for the feminization of teleost fish. Aquaculture, 197,
229-281.

Piferrer, F., Donaldson, E.M., 1993. Sex control in Pacific salmon. In: Muir, J.F., Roberts, R.J. (Eds)..,
Recent Advances in Aquaculture, vol. 1V, Blackwell Scientific Publications, Oxford, pp. 67-77.

Quillet, E., L. Foisil, B. Chevassus, D. Chourrout, and F.G. Liu, 1991. Production of all female triploid and
all female brown trout for aquaculture. Aquat Liv. Resources 4: 27-32.

Simpson, T.H., 1976. Endocrine aspects of salmonid culture. Proc. R. Soc. Edinburgh) B (75, 241-252.
Simpson, T.H., Wright, R.S. and Fraser, M.H., 1974. Some Observations on the use of Anabolic Steroids in
the Culture of Salmonid Fish. Marine Laboratory, Department of Agriculture and Fisheries, Aberdeen, Great
Britain. Report No. M.20, 7 pp.

Solar 1. L., E. Donaldson, G. A. liunter, 1983. Optimization of treatment regimes for controled sex
differentiation and sterilization in wild Rainbow Trout (Salmo gairdneri) by oral administration of 17 a-
methyltestosterone. Aquaculture, 42, 129-1 39.

Solar, I.1., Baker, 1.J., Donaldson, E.M., 1987. Experimental use of female sperm in the production of
monosex female stocks of Chinook salmon (Oncorhynchus tshawytscha) at commercial fish farms. Can.
Tech. Rep. Fish. Aquat. Sci. 1552, 14 pp.

Springate, J.R.C., Bromage, N.R., Elliot, J.A.K., Hudson, D.L., 1984. The timing of ovulation and stripping
and their effects on the rates of fertilization and survival to eyeing, hatch and swim-up in the rainbow trout
(Salmo gairdneri R.). Aquaculture 43, 313-322.

Takahashi, H., 1975. Masculinization of the gonad of juvenile guppy, Poecilia reticulata, induced by Il-
ketotestosterone. Bull. Fat. Fish. Hokkaido Univ., 26: 11-22.

Tsumura, K., Blann, V.E., Lamont, C.A., 1991. Progeny test of masculinized female rainbow trout having
functional gonoducts. Progressive Fish Culturist 53 1, 45-47.

Van den Hurk, R., Lambert, J.G.D., Peute, J., 1982. Steroidogenesis in the gonads of rainbow trout fry
(Salmo gairdneri) before and after the onset of gonadal sex differentiation. Reprod. Nutr, Develop 22, 413—
425,

Yamamoto, T., 1969. Sex differentiation. In: Hoar, W.S., Randall, D.J. (Eds.., Fish Physiology, vol. I1I,
Reproduction, Academic Press, New York, pp. 117-175.

Yamazaki F. 1976. Application of hormones in Fish culture. J. Fish Res. Board Can., 33, 938-958.
Yamazaki, F., 1983. Sex control and manipulation in fish. Aquaculture 33, 329-354.



YA Lo Gy de OlaS (5 YT U8 ol ald Cuman g

Abstract:

The sex reversal technique in fish is widespread in many countries. The development of these techniques is
desirable because rainbow trout males reach their gonad maturity earlier compared to the females. Rainbow trout
alevins were treated with 17a-methyltestosterone incorporated in the diet (0.5. 1.5, 3, 6 and 10 mg/kg) for 60
days from the beginning of first feeding. Sex was determined at 180 and 680 dpf by sampling fish (n = 20) from
each group and examining gross gonadal morphology under a dissecting microscope. Also sex reversal ratio and
growth performance were determined in hormone-treated groups. These sex reversed functional males were
reared for brood stock until they attained sexual maturity. At the end of experiment, normal rainbow trout eggs
were fertilized with the sperms taken from sex reversed males for producing all-female populations. Examination
of the results showed that 17a- methyltestosterone was effective in all treatment. The highest sex reversal ratio
with 100% was observed in group treated with 0.5, 1.5 and 3 mg/kg 17a- methyltestosterone. The highest live
weight ratios were observed in groups fed with 6, 0.5 17a-methyltestosterone and control group. Female
progeny produced from the sex reversed males were 100 % in all males that sired offspring. All female trout
stocks produced by this method have advantage in rainbow trout culture since the fish is not meant for direct
human consumption and is used to generate brood stock, therefore, difference of growth parameters do not
influence the success.

Keywords : sex differentiation. Oncorhynchus mykiss, sex reversal, hormone treatment, 17a-
methyltestosterone, all-female population, steroids
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